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RE-VIEW!

REBUILT TUBES!

You're safe when you buy from

SURREY.

* Each tube is rebuilt with a completely
new gun assembly and the correct voltage

RE-VIEW ELECTRONIC TUBES

237 LONDON ROAD, WEST CROYDON,
Tel. THOrnton Heath 7735

heater.

> Each tube comes to you with a guarantee HERE IS WHAT YOU
card covering it for two years against all PAY:
but breakage.

%  Each tube is delivered free anywhere 12in. .. £4.15.0
in the U.K. and insured on the journey. 14in. . . £5. 0.0

He Each tube is rebuilt with experience and 15in. .. £5. 5.0
know-how. We were amongst the very 17in. .. £5. 5.0
first to pioneer the technique of rebuilding 19in. .. £5.15.0
television tubes. 21in. .. £7. 5.0

Cash or cheque with
order, or cash on delivery

Trade
Old Tubes Purchased

Discount for

COLOUR
TELEVISION
SCHOOL

DAYLIN ELECTRONICS ANNOUNCE A
CORRESPONDENCE COURSE IN THE THEORY
AND PRACTICE OF COLOUR TELEVISION

A series of 10 lessons dealing in detail with:—

Colour mixing, the PAL colour system, colour receivers, de-
coders, IF circuits, time-bases, convergence, waveforms, set-up
procedures, test equipment, fault finding, typical circuits.

This course is designed for engineers who will be called upon
to service colour television receivers within the coming months
Expert guidance throughout the course. Test questions with
each lesson. Model answers supplied. Terms available. Certifi -
cates awarded.

Fee for the complete course 10 guineas.

| To  DAYLIN ELECTRONICS LIMITED
32 PARKSTONE DRIVE
l  SOUTHEND-ON-SEA, ESSEX

Please send, without obligation, details of your colour
television course.

NAME
ADDRESS ... i .

COCKTAIL/STEREOGRAM CABINET £25
Polished walnut veneer with
elegant glass fronted cock-
tail compartment, padded
position tor two 10in. elip-
tical speakers. Record stor-
age space. Height 35jin.,
Width 523in.. Depth 143in.
Legs 1 gn. extra.

Other models. Send for
free list,

TAPE RECORDER
CABINETS 49 6. Dia. 16" x
124" x 74”. Red and Grey. Cut
u out for BSR dec. P. & P. 7'6.
TRANSISTOR CASES 19/6. Cloth covered, many colours. Size 957 x
61" x 334", P. & P. 4/6. Similar cases in plastic 7/6.

SINGLE PLAYER CABINETS 19/6. P. & P. 7/6.
TV TURRET TUNERS, 5/-. New, less valves, 5/-, Press buton models
19/6, P. & P.4/6.

17in.—£11.10.0

3 Star Guarantee

TWO-YEAR GUARANTEE
* Tube % Valves EX-RENTAL TELEVISIONS
+ Componenls Carr. 30/-

FREE ILLUSTRATED
LIST OF TELEVISIONS
17"—19"—21"—23"
WIDE RANGE OF MODELS
SIZES AND PRICES
DEMONSTRATION;S__D&Y_ -8
TWO-YEAR GUARANTEED &
TUBES 100% REGUNNED
14in.—69/6 17in.—89/6
21in. and all SLIMLINE TUBES 99/6
Exchanged Bowls Carr. 10/6
EX MAINTENANCE
TESTED TUBES
17in.—35/- 14in.—15/-
Carr. 5/- (not slimline)

DUKE & CO. (LONDON) LTD.
621/3 Romford Road, E12 01-478, 6001-2-3
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- STEP UPYOUR EARNINGS

with this complete library of electrical know-how and practice

It tells you all about

]
|_ Installing domestic
; witing, regulations,
equipment, testing,
cables and faults,
1 meters and switchgear,
lighting, water heating,
space heating, cookers,
refrigeration, public
address equipment . ..
In fact everything you need
to add to your income, to
really advance

TR WOTHATATY WL

MEWHES ELECTRICKL POCKET mocw

ol

ABSOLUTELY COMPREHENSIVE:

Use it FREE for 7 days

Thisis whatyou receive with-
out cost or obligation—

4 Volumes strangly bound in Grey
Moroquette, 9% in. x 6% in. 2,352 Pages

You can have this handsomely-bound library of
facts, figures, vital theory and day-to-day prac-
tice sent to your home to examine free of charge.
It will help you understand the many branches
of the wvast electrical industry from Installation
work of all kinds, Equipment, Instruments, Motors
and Machines, Repairwork, Maintenance and Opera-
tion right through to the Generation and Distribution
of electricity. And, to make the 2,350 pages of
absorbing text crystal clear there are over 2,000
“action” photos and explanatory drawings. In
addition you receive a slipcase of 36 large Blueprint
charts and sheets of handy data. Plus fascinating
colour booklet of transparent pages which peel
away to reveal how a Nuclear Power Station is
operated.

PRACTICAL

LEADING EXPERTS EXPLAIN IN DETAIL

Written by 87 contributors and edited by Dr. G. F. Tagg, one of
the most eminent men in Electrical Engineering, this PRACTICAL
library is planned to give you the knowledge which would
normally take a lifetime to acquire. This is the way to become
highly skilled, to step up your earnings. Send for your free trial
set now-—no obligation to purchase.

of instructive information on ldtest

practice. Over 2,000 Photos, Dia- l . . . I
orams. Perepective and  Working I o . '“i i:u]ckmgham Press Ltd., 4 Fitzroy Sguare. London W1, i
Orawings Electrical Circuits, and lease send Practical Elec- 1 vou X coupon
h et O o LT, CRS: trical  Engineering  without [f ) are under 21 your father must fill up coup I
| obligation te buy it you Piease tick [/ here g
co0o0 accept my application. 1 wili Full Name...... seeeesssessennessvessiss  Treadtacsonleltis I
24 Data Sheets In colour and 12 Quick- I return the books in 8 days or (BLOCK LETTERS) y/our progerty
reference Blue-print Charts complete post— e Reated I
In strong Chart Case. | Tick (V) here F S ] I
000 D Full cash price, or Furmished accom|
5 R
Nuclear Power Stations Booklet 16/- dep. & 16 monthly SO
Contains fascinating cut-away sections I payments of 20/- COUNIY carvnvvsnsersoncnsensrsevasscens |Fromeeliesion I
in full colour with explanatory text. R N . ) pluase answet bers
Cash price £16 (Credit price .
coo £16 165.) For Eire and N.J.  OCCKPation «...eccevevescassasssscannss I
Free! Newnes Electrical Pocket I send £16 with coupon. Else- ————
Book (Value 10/8) Nearly 400 pages where Overséas add 26/= SIgnature. cov .o ciennans 000000000000 000 I
with 258 illustrations, dlagrams, p. & p. {MR., MRS., MISS) PEE/3513 I
tables. , ol
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242 PRACTICAL TELEVISION March, 1968
.
LINE OUTPUT TRANSFORMERS INVICTA T118, T119, T120 40/s.
ALEA Gieh DUy K.B. PV40. MV100, OF100, PV100. NV40, NF70, OV30,
DYNATRON  TV30, TV3548/6, TV36 68/6. QV10, QV30 45/~ pair.
EKCO T231, T284, TC267, T283. T293, T311. T32, T327, PETO SCOTT 1416, 1418, 1419, 1422, 1423, 1716, 1719, 1720, 1722,
T330 48,6, TMB272 68,6, T344, T344F T345, TP347. 1723 1724, 1725 32/6.
T348, T348F, TC347, TC349, TC356, T368, T370,
TC369. T371, T372, TP373, TC374, T377A. T30, LI U (CBENe £ ’
T380F, T381, T382, TC386, T393, T394, all at 78/6 PYE V4, V7, VT4, VT7, CTM4, TCM7 40/-,
each. REGENTONE  10-4, 10-6, 1017, 1021 30/s. T176, TT7, 191, 192 45/,
.FERGUSON 306T. 308T 4B/6 each. 406T, 408T, 416, 436, 438, 506, R.G.D. Deep 17, The 17, 600, 590 35'-.
508, 516, 518, 536, 546, 604, 606, 608, 616, 619, 636, SOBELL TPS 180, 5.C. 24 range 35/-.
646, 648, 725, 726 727, 3600, 3601, 3602, 3604, 3611,
3612, 3614, 3617, 3618, 3619, 3620, 3621 3622, 3623,
3524, 3625, 3626, 3627, 3629 70/-. \ VALVE LIST ‘
FERRANTI T1001, T1002, T1002/1, T1004, T1005 48/6. T1023, Dv87 (11} PCo7 719 PY81 6/6
T1024, T1027, T1027F, TP1026, T1057, TI1057F, EB91 36 PCC84 63 PY82 S/- Iﬁ
T1058, T1061, T1063. T1063F, T1068, T1068F, T1071, ECC82 5/3 PCC89  10'6 PY800 66
T1072 78 6. ECHs1 56 PC189  11'6 PY801 66
G.E.C. BT302, BT304 77/6. ECL80 7/~ PCF80 HO ucLs? 76
. i 1892 ECL32 .9 PCF82 gi- u2s 12/3
H.M.V. :ggf 11::697?15 1870, 1872, 1874, 1875, 1890 \ o Ath et NG e e
' : ) EF85 6/3 PCL82 HO 0C15 118
PILOT PT450, 452, 455, 650, PT651 P60. PEDA, P61 82'6. EF183 68 PCLSS oF T 103
PHILCO 1962, 1967, 1967M, 1019, 1010, 1020, 1621 82,6. 1029, EF184 66 PCL84 36 30FL1 13/9
1030, 1035, 1036, 1040. 1050, 1060 82/6. EL84 41 PCL8S &1 30L15 14/9
PYE V200, V400, 200LB, 210, 220, 300F, 300S, 310, 310S, EY51 §'10 PFL200 136 30P12 9/3
410 55/-. 11U, etc. Please state part No. 75/-. EY86 §10 PL81 8- 30P19 133
- ,
ULTRA 1770, 2170, 1772, 1782, 2172, 1771, 2171, 1775, 2175, £261 Sia PL83 7 0PL1 - 14'9
PC86 13 PLS4 - 30PLI3 1419
1774, 2174, 1773, 2137, 1980c, 1984c. 100c. 200c, Rcs R Gen o e s
2380, 2384, 1984, 1985, 1986, 1980, 1980a. 1780, 2180, ! - -
181, 2183, 2182, 1781. 1783 82/6.
2 Guarantee Post and Package 416 C.0.D. 6/-

LINE OUTPUT TRANSFORMER INSERTS
Tv53, Tv56, T57, TV57 TUGS8, M59. TUGS9,
TV62 TV63 TV66, TV67, TUGES, M69. TUGEY 27/6.
EMERSON E700, E701, E704, E707, E708, E709, E710, ET711,
) Portarama 35/«,

BUSH

FERGUSON 204T, 205T, 206T, 214T, 235T, 236T, 244T, 245T,
246T 30/-.
FERRANTI! 14T2, 14T3, 14T3F, 14T4, 14T4F, 14T5, 14T6, 17K3,

17K3F, 17T3, 17T3F. 17K4F, 17K6, 17SK5, 17T4,
17T4F, 17T5, 17T6, 21K6, 21K6V 35/-.

All new components inserts are guaranteed for three months
from the date of invoice subject to the breakdown being due
to faulty manufacture or materials.

D. & B. TELEVISION (Wimbledon) LTD
131 KINGSTON ROAD, WIMBLEDON,
01 540 3513 S.w.19 01 540 3955

AERIAL HANDBOOK

By G.A.BRIGGS
with R.S.ROBERTS

CEnyg MIERE. Sen MIEEE as Techmical Edutor

secondditionPUBLICATION DATE 26th JAN.1G

REVISED AND ENLARGED

176 Pages Fine Art Paper. 144 illustrations (including 50 new to this Edilion
and 14 cartoons).

PRICE: 15/- (16/- post free) Semi-Stifl cover
22{6 (24/- post Irce) Cloth Bound Library Edition

The first edition of Aerial Handbook was published in October 1964 and
the 5,000 copies were sold out in just over a year.

This second edilion has been delayed until the plans for Colour Tele-
vision and Multiplex Siereo have matured and could be dealt wih from the
angles of Transmission and Reception.

The activities of the BBC and ITA are well covered. Relay Systems,
Eurovision, World Satellites and Colour Conversion, Pos! Office Tower
etc. also receive attention in non-technical {erms.

Chap_tel Confents No. of pages
- General Principles 16
2 Medium and tong Waves 7
3 Shorl Waves 3
4 VHF and Band Il (FM and Stereophonic Sourd) 15
S5 Television, Bands | and Il (VHF} 14
6 Television, Bands IV and V (UHF) 14
7 Indoor Aerials 9
8 Diptexers, Multiplexers and Splitters 6
9 Boosters and Atlenuators 10

10 Transmitters (including Colour TV and Stereo) 44
11 Relay and Communal Systems 20
12 Questions and Answers 7

Sold by Radio Dealers and Book Shaps or Ia case of difficuily direct from the
Publishers:

bad

RANK WHARFEDALE LIMITED

IDLE, BRADFORD, YORKSHIRE. Tei: Bradford 612552

“SABRINA"”

STILL WELL IN
FRONT

COMPLETELY REBUILT C.R. TUBES
ALL TYPES

12” now .. .. £5. 0.0) For o
14” 10 17" now .. £5.10.0 LS'n le J
19” now .. .. £6.15.0( 719

21" now .. .. f£8.0.0) '4PeS a

ALL C.W.0.—TRADE SUPPLIED

Special Bonus Scheme for Service
Engineers—Reducing to:
12"—87/6; 147/17"—97/6; 21"—147/6

FREE Pass. transit & Ins. anywhere in
British Isles or N. lIreland (12 months’
guarantee).

ALSO FULL RANGE OF VALVES
{Guaranteed 12 months)

SABRINA C.R. TUBE CO.
Electron Works, 50 North Bar
BANBURY, OXON
Telephone 2390 C
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Practical Television

INVITATION

IN spring, says the poet, a young man’s fancy turns
lightly to thoughts of romance. It may also, if he reads
P.T. (and even if he is not in the first flush of youth)
turn to thoughts of the film show we organise each
year in association with Mullard Ltd.

Our poet would probably disapprove of those
among us who are prepared to forsake the birds and
the bees for a London lecture hall—if only for one
evening—at this time of year. But each spring, the hall
is packed out with readers of variegated ages.

Another poet, in a more popular medium, once sang
that spring will be a little late this year—and by coinci-
dence so is our film show. Part of the proceedings is
taken from a Mullard presentation which has been
playing to packed houses up and down the country
and the demand has been so great that an earlier date
was impossible to arrange.

This year’s programme is unusually interesting and
topical, for we have concocted an evening of film,
demonstration, talk and discussion aimed to “take the
lid off” colour TV. Even those who have read up the
subject, or even had practical experience, have the odd
blind spot or aspect which refuses to become really
lucid. Well, here is an opportunity to clear up those
stubborn details in an informal atmosphere.

As usual, the whole evening’s entertainment (we
use the word advisedly, for education can be fun!) is
absolutely free—and this includes the refreshments
during the interval.

To obtain your ticket, write to Film Show, Practical
Television, Tower House, Southampton Street,
London, W.C.2, enclosing a stamped addressed
envelope not smaller than 5 x 3% inches and we will
do the rest. The venue, as usual, is Caxton Hall,
London, S.W.1. and the date is March 29th (kick-off
at 7.15 p.m.).

Tickets will be sent out in strict rotation until all
accommodation in the hall has been filled. As the
advertising people would say—write now to avoid
disappointment; every year we have to disappoint
those writing in late. We expect a big response this
year so make sure of your place if you want to be
switched-on (with Colour)!

W. N. STEVENS—Editor

MARCH 1968
VOL. 18 No. 6
issue 210
THIS MONTH
Teletopics 244
Bench Power Unit
by Martin L. Michaelis, M.A. 246
An Enthusiast Looks at Colour
—Part 2 by H. Peters 252
Inside TV Today—~Part 6
by M. D. Benedict 256
Servicing Television Receivers
—Alba T990 series continued
by L. Lawry-Johns 261
Obtaining the Best Signal
by Gordon J. King 264
Underneath the Dipole
by Iconos 268
DX-TV by Charles Rafarel 270
Letters to the Editor 27
Microphony in Camera Tubes
by K. T. Wilson 272
Video Tape Recording—Part 6
by H. W. Hellyer 276
Trade News 281
Your Problems Solved 282
Test Case—64 284

THE NEXT ISSUE DATED APRIL WiLL BE

PUBLISHED ON MARCH 22
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NEWSFILM OF THE YEAR COMPETITION
1967

b g
g
£

ORD HILL of Luton, Chairmanof the BBC Board of Governors, is seen

presenting the Rank Organisation Trophy for the British Television
Newsfilm of the Year Competition to Mr. P. Beggin of the BRC who
becomes this vear’s Briush Television News Cameraman of the Year.

The picture was taken at the Royal Lancaster Hotel, London, 13

Decemnber 1967.

LIVERPOOL'S CCTV

PYE TVT Limited of Cambridge
announce that they have been
awarded a contract for the supply
of a closed-circuit television central
area traffic control system for the
City of Liverpool, whereby chan-
nelised intersections controlled by
link traffic signals are able to deal
with, among other things, the 5,000
vehicles per hour using the Mersey
tunnel during peak periods.

Initially there are eight cameras,
but provision is made for extension
to sixteen, each of which is fitted
with pan and tilt mechanism and
remotely controlled 10 : [ zoom
lenses. All controls are routed back
to a control desk in the central
control room.

Distribution of Jap CCTV
equipment

AS a result of negotiations, which

have been taking place between
Nichimen Company Limited of
Tower Block 4, Hillgate House,
Ludgate Hill, I.ondon E.C.4 and
Negretti & Zambra Limited of
Stocklake, Aylesbury, Bucking-
hamshire, agreement has  been
reached with regard to the distribu-
tion of closed circuit television
cquipment manufactured by the
Ikegami T'sushinki Company Lim-
ited of Tokyvo. Overall marketing,
sales promotion and servicing will
be undertaken in the United King-
dom by the Negretti & Zambra
Group, of which Visual Engincers
Limited, is a part, and is already
well-known in the miniature closed
circuit television field.

PRACTICAL TELEVISION FILM SHOW — 1368

For further details of this film show see

the Leader page.

www americanradiohistorv com

Face-lift for Crystal Palace
TV tower

HE BBC’s 708f1. high TV tower

at Crystal Palace, originally in-
stalled tn 1956, is 10 have a shightly
newy profile.

In order to accommodare w.h. f.
transmitting aerials which will ex-
tend the range of BBC-2 program-
mes together with the extra aerials
required for ultimate 1T A participa-
tion, BIC Construction Co. Lid. has
recently complered the supply and
erection of a 60ft. high cantilever
spine which replaces the topmost
helical tvpe experimental aerial.

Fven 1o erectors accustomed to
working hundreds of feet above the
ground, the unusually confined work-
ing space presented problems con-
cerning the lengths and weight of the
steelwork to be installed. These
difficulties were successfully over-
come by using round steel members
varving in length from 12f1. 9in. 10
20ft. 3in. to make up the required
3ft. 3Bin.-sided triangular section
spine and upper 27f1. of the tower.
The picture below shows the 60ft.
cantilever spire in position.

v

[P 4

P ———— |



www.americanradiohistory.com

March, 1968 PRACTICAL TELEVISION

NEW ELECTRON GUN

ENGLISH Electric Valve Co. Ltd. has developed a new electron gun

tor its cathode-ray tubes. Compared with previous designs, this new
gun produces an extremely narrow stream of electrons.
name, “Laminar Beam”.

The cathode and focusing assembly of this new gun have been
designed to produce an electron beam with smailer beam angle and
therefore much reduced aberrations. This laminar beam has a uniform
electron density (rather than the normal Gaussian. or bellshaped,
distribution); it theretore produces a spot which has unitorm brightness
and a very sharp edge, and the narrowness of the beam at the point
of deflection minimises anv deflection detocusing. The spot size may
also be varied without detocusing.

SOVIET COLOUR TV

A SYSTEM ot closed-circuit colour television tor use in industry and
otker specialised helds is being developed at the Bonch-Bruyevich
Institute of Electrical Engineering in Leningrad.

Obvious uses are in hospitals to enabie students to follow operations
and in steel toundries to observe the colour ot molten metal.

Tests at the Kirov School of Medicine and at the Izhora plant
showed that the equipment 1s easy to install and operate, but there is
some difficulty in getting a picture true to the colour of the original.

Work is now going on to achieve simultaneous colour transmission on
a narrower frequency band, which is expected to eliminate the
present problems of colour variation.

MARCONI TELECINE SYSTEM

THE Marconi Company announces the introduction of a new telecine

system which sets a new standard of reproduction of television pictures
Sfrom all tvpes of colour films, black-and-white films, and slides. At the
heart of the colour unit, is a version of the Mark V1I colour camera which
receives images through a revolutionary opzwal swuch, operating faster
than the reaction of the humnan eye, and allowing “on air” cuts between filmn
and shde projectors.

The photograph shows Mr. D, A. Pay, Group Leader of the Telecine
Group, Broadcasting Division, working on the colour television telecine
equipment. On the left is the 35mm. pro;ector, on the far left, a 16mm.
projector and on the right of the photograph is a dual slide projection unit.
The colour camera and optical switching svstem is shown in the centre.

Hence the

www americanradiohistorv com

245
Royal Warrant tor DER

DOMESTIC Electric Rentals

Ltd. (DER) the television
rental company, has been granted
the Royal Warrant ot appointment
as supplier ot television receivers
to Her Majesty the Queen.

COLOUR TV FOR HIRE

COMPLETE closed-circuit
colour television system can
now be hired, with a cameraman
and engineer, for as little as £150
per day. Closed Circuit Television

A

Hire ot 93 Greentield Road,
London, E.1, have recently added
a Bosch-Fernseh colour camera to
their range of equipment available
tor hire.

CCTV Hire believe the colour
equipment will be particularly use-
ful for medical teaching applica-
tions, for relaying fashion shows to
overflow audiences, for advertising
agencies to make pilot colour tele-
vision commercials and other
applications where colour is of
tundamental importance. The firm
specialises  in supplying a wide
range of CC'T'V equipment, from a
simple camera system to a tully
cquipped and manned outside
broadcast vchicle, with expert
technical advice when required.

‘I'he three-vidicon Bosch-Fern=
seh Type TV-140 colour camera
channel originates high-quality
RGB signals on 625-line standard.
Pre-amplifiers built into the yoke
provide adequate screening from
external interference and extra-low
noise level.

An interesting feature of the
CCTV Hire installation is that the
RGB signals from the camera are
encoded to a composite PAL signal
allowing a domestic Decca colour
receiver/monitor to be used, for
both local and off-air pictures.
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with a clearly arranged front panel in spite of the
many outputs, and requires only a quite simple
circuit.

The design is based on very careful thought
concerning the number and types of supplies which
will cover the needs of almost all circuits, so that
optimum versatility is achieved with a minimum of
components. The aim has been to provide a basic
power unit which meets ail essential needs, yet does
not contain any circuit auxiliaries or performance
refinements which are not really essential, i.e. which
are required only occasionally for special experiments.
However, optional external units are also discussed in
Part 2. These can be built and interposed between the
basic unit and the experimental circuit, to provide
performance refinements tor those readers who feel
a need for them in their particular experiments. By

ench POWER UNIT

MARTIN L. MICHAELIS, M.A.

IMES have changed in the design of television

I equipment as much as in any other field of

electronics.  Therefore it is appropriate to
develop a new approach to the design of a handy
bench power unit for the television experimenter.
Nowadays one requires a much more versatile range
of outputs than in former days, because transistorised
stages have become at least as common as valve-
operated ones in television receivers and test gear.
Valve-operated equipment calls for conventional h.t.,
bias and a.c. heater supplies. Transistorised equip-
ment calls for relatively low voltages at fairly high
current, and either polarity or both polarities
simultaneously may be required.

With the gradual development of transistorised
circuits over the past five to ten years, workshop
practice has too often drifted towards segregation.
Conventional h.t. power units were retained for work
on purely valve-operated circuits, whilst separate
high-current 1.t. power units have appeared for
exclusive use with transistorised equipments. This
means doubled expense for the newcomer when first
equipping his experimental bench. Scrious television
experimenting is no longer possible if one is to
impose a restriction to either valves or transistors,
especially since television receiver manufacturers
have adopted the practice of hybridisation, i.e. using
a judicious mixture of valves and transistors in their
recent models.

In the long run it is uneconomical to power
- transistorised experiments with batteries. Thus it is
essential to equip the bench with "a suitable
mains-derived power supply for all types of circuits.
It has often been maintained, by manufacturers
and experimenters alike, that a combired power
supply unit for transistorised and valve-operated
circuits would be unwieldy in size and would
-need to have a confusingly complicated front panel,
so that separate units are preferable. This is no
comfort for the reader with limited purse and limited
space—and many readers doubtless suffer from both
~these restrictions. This article is intended for just
these readers. The author shows that a combined
power unit can be small, lightweight, cheap, fitted

keeping the basic unit down to minimum size and
weight in this manner, it is small enough to be taken
in the toolbag on field work, as well as serving as an
extremely versatile bench supply. Its circuit uses
semiconductors exclusively, so that it is relatively
insensitive to mechanical shock and vibration and
thus unlikely to be damaged on field work it reasonable
care is exercised.

CONVENTIONAL OUTPUTS

The conventional outputs comprise h.t., bias and
a.c. heater supplies. These are all intended for valve
circuits. As can be seen from the complete circuit
shown in Fig. 1, the positive h.t. supplies are derived
from a conventional 350/250:0/250/350V transformer
winding, using silicon diodes as h.t. rectifiers. D1
and D2 serve as full-wave rectifiers for the 350V a.c.
taps, with Cl as reservoir capacitor and R1, R2 as
discharge resistors to prevent retention of charge
on C1 tor long periods after the unit has been swit-
ched off. The output is fed directlv 1o P15 from Cl,
as “+500V”. The low torward resistance of D1, D2
and the reservoir action of Cl peak-up the 350V
r.m.s. a.c. input to this value of 500V. The actual
output voltage was --520V on open circuit for the
prototype, and still +470V with maximum permis-
sible continuous loading of 50mA. Much poorer
regulation would be obtained, i.e. the output voltage
would drop much more with increasing current
drain, it valve rectifiers, selenium rectifiers or
metal (copper oxide) rectifiers were used instead of
the specified silicon diodes. Thus only silicon diodes
are suitable for this circuit. Cl1 must not be made
greater than 8uF, since otherwise the rectifiers could
be damaged by the large surge pulses on each half-
wave of the a.c. input. On the other hand, a value
smalier than 8uF provides poor regulation.

D5 and D6 function as full-wave rectifiers for the
250V a.c. taps on the transformer, with C3 serving as
reservoir capacitor to peak-up to a nominal *-- 350V’
output at P16. R3 is the safety discharge resistor for
C3. The high wattages specified for these discharge

\
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Fig. 1: Complete circuit of the bench power unit.

resistors are necessarv to ensurc adequate physical
size to withstand the voltage stress. Since D5 and D6
are .operated with lower peak inverse voltage stress,
they can withstand greater surge current pulses, and
accordingly C3 has a much greater value than Cl.
This value has again been chosen as an optimum
compromise between good regulation and tolerable
stress imposed on the rectifiers. The value of C3
should thus not be made difterent trom 32upF. In the
prototype the ““+350V” output at P16 reads -390V
on open circuit and -+310V at full load of 80mA.
Again, it is important to use silicon rectifiers to obtain
this quite good regulation.

E.H.T. SUPPLIES

The negative bias supply is derived from the
—500V output which is produced from the 350V
transformer taps in the same manner as the + 500V
output but with the corresponding silicon rectifier
diodes D3, D4 and the reservoir capacitor C2 con-
nected with reversed polarities. D1 to D4 thus con-
stitute a conventional bridge rectifier circuit across the
entire 350-0-350V a.c. winding, producing an output
of about 1kV across Cl and C2 in series, i.e. between
P15 and P19. The centre-tap of a transformer winding
feeding a bridge rectifier always provides a centre-tap

for the rectified d.c. output, and the three resulting
d.c. output terminals (here P15, P17 and P19) may be
used in any combination up to the full current rating.
In other words, the present circuit provides outputs
of 4500V, —500V and 1kV d.c.

Any of these alone may be loaded up to 50mA,
whilst if they are used simultancously the sum current
mav be any value up to 50mA. The full 1kV supply is
suitable for many oscilloscope cathode-ray tubes, as
well as for photomultiplier tubes commonly used in
flying-spot scanners and other CCTV equipment (e.g.
photomultiplier tube, RCA type 931A). It is permis-
sible to take a nominal 4850V (or — 850V, according
to position of external earth connection) output
between the “--350V”’ and “—500V” terminals P16,
P19. This may be loaded up to 50mA maximum,
giving a useful supply for small CCTV transmitter
power amplitier valves (r.f. distribution systems) or
amateur TV transmitter power amplifier valves, or
any small amateur transmitter for that matter (e.g.
the popular 807, or the smaller types in the QQE
double tetrode series).

It is nor permissible to take an output of supposedly
4150V between the “+4500V” and “+350V” ter-
minals because this would demand withdrawal of
elecerons from P16, i.e. reverse current in D5 and D6
which is clearly impossible. However, it does become
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possible if an additional, larger forward current is
drawn through D5, D6. The net current through
these diodes then remains ih the conduction sense.
Thus if a small current at nominally + 150V is never-
theless required between P15 and P16, a resistor
must be connected simultaneously between P16 and
P17 such that it passes a somewhar greater current
here at 350V. To avoid the danger of charging C3 to
500 volts, this practice should be restricted to maxi-
mum currents of 2 to 3mA.

VOLTAGE COMBINATIONS

The general rules to be observed are thus: Any
terminal P15, P16, P18 or I’19 may be used with
respect to the common terminal P17 (white) to pro-
vide the corresponding output voltages. If the com-
mon white terminal P17 is not used, the output must
be taken between one black and one red terminal,
nor between two black or two red terminals. These
*‘like colour” outputs are the only forbidden ones.
The allowed outputs may be used simultancously.

The entire h.t. and bias outputs P15 to P19 are
floating as they stand, and an earth connection to
define polarity may be made at any point, at one of
these terminals or even at an intermediate level on an
external bleeder. P2 to P4 are connected internally to
the mains earth, to the metal cabinet, to the trans-
former core and to the electrostatic shield, but to none
of the actual output terminals or internal circuits. The
earth connection can thus be established externally
as one pleases. For example, if P19 is linked externally
to one of the green earth terminals, voltages of
-~500V, 4850V and -+ 1kV with respect to earth are
available at P17, P16 and P15 respectively. On the
other hand, if P15 is linked externally to one of the
green earth terminals, outputs of —500V and —1kV
with respect to earth are available at P17 and P19
respectively. In most experiments the white common
terminal P17 will be earthed externally, so that the
other h.t. terminals will then provide output voltages
and polarities as labelled. The terminals with negative
polarities in this sense are black, and those with
positive polarities are red.

EARTHING

Three green earth terminals are provided (P2 to
P4) for the following reason. It is evident from Fig. 1
that the h.t. circuits and the Lt. circuits constitute
respective complexes which are floating with respect
to each other and with respect to ground. Thus we
have a free choice of two earth points, one on each

' complex Thus an external link (piece of insulated
. wire with a wanderplug on each end) is taken from
one green terminal to the desired earth point on each
complex. The third green terminal is then for the
*output’ earth connection to the chassis or reference
rail of the experimental circuit. For most normal
circuits the earth connections will be taken to the
white common terminals, corresponding to the equi-
* valent internal earthing connections in conventional
‘ power packs. These connections are not made
" internally in this design, to permit the greater versa-
_tility of alternative earthing as described.

NEGATIVE BIAS SUPPLY

The negative bias supply is derived from the

~500V output, via the bleeder chain R8, R9, R10,

+VRI1. This chain of resistors also serves 1o discharge
]
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C2 after switch-off. Three resistors are used to dis-
tribute the voltage stress. 1D14 stabilises the voltage
across the track of VR1 to 100V. The adoption of a
logarithmic potentiometer for VR1 allows good reso-
lution for all bias levels up to 100V, even at levels
below 1 yolt. In the prototvpe, 1V appeared at about
one-third track, 10V at about two-thirds track and
100V at tull track. Bias voltages as low as 250mV can
be set with sufficient accurdcy for normal purposes.
It is hardly necessary to stress that the bias supply
possesses high internal impedance, and is thus inten-
ded for biasing grids or feeding high-resistance
bleeders, not for drawing appreciable current. For the
former purposes there is no objection to using the
bias output with respect to one of the red positive
terminals instead of the white common terminal.
Thus if the 4350V terminal is earthed, a negative
bias output variable from —350V to —450V with
respect to earth is available at P18. But appreciable
current must not be drawn.

A.C. OUTPUTS

All output terminals carrying an alternating voltage
with respect to the associated white common ter-
minals are blue. In effect, the complete set of white
and blue terminals represents all secondary connect-
tions and tappings on the mains transformer, taken
straight to the front panel. It is useful to be able to
make use of the mains transformer alone in this man-
ner. For example, some experiments will require their
own special rectifier and smoothing circuits. Or it
may be necessary.to check a piece of equipment when
its mains transformer has burnt out, to determine
whether any further damage has also been incurred or
whether the equipment is otherwise intact.

All manner of simple tests also require various a.c.
voltages. The I.t. a.c. voltages at P10 to P14 serve as
normal heater voltages for valves, for powering small
low-voltage soldering irons for working on transistor-
ised circuits, for small lamps, etc. The Lt. a.c. output
may be taken between any pair of the terminals P10 to

P14 without restriction. The output voltage is always

the sum of the voltages marked against the embraced
sections, and the current rating is the smallest (1A or
3A) one of the marked ratings of the embraced sec-
tions. Thus voltages of 2:3, 4-0 and 6-3V r.m.s. are
available at 3A, and furthermore 10-3 and 12-6V r.m.s.
at 1A. Any or all of these outputs may be used simul-
taneously, with appropriately, shared current rating.

When feeding valve heaters from these terminals,
remember that an earth connection st be established
externally. It is not essential to earth one of the
terminals feeding the heaters directly, but the d.c.
resistance from there to the actual earth point should
never exceed 20k (). Otherwise there is a danger of
gradual destruction of the heater/cathode insulation
through micro-corona induced by stray capacitive and
ionic voltages. This danger is most serious when the
heaters are left floating, 1.e. without any d.c. path to
earth, which is a strictly forbidden mode of operating
valves. Capacitive and ionic leakage then take over
entirely and often lead to very high voltages impressed
between heater and cathode, greater than the maxi-
mum ratings. This seriously reduces the life of the
valves.

HEATER-CATHODE VOLTAGE

~The makers usually specify a maximum permissible
voltage which may be applied between the heater and
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the cathode. If such information is lacking, 50V
may safely be assumed. Observe polarity if the makers
specify a particular polarity. Many valves will tolerate
higher positive cathode voltages with respect to the
heater, because this polarity opposes emission current
from cathode to heater or heater supports. If the
cathode cannot be brought near to the mean heater
potential in a particular circuit, aim to make it positive
rather than negative with respect to the heater. As far
as use of the present power unit is concerned, one of
the l.t./a.c. output terminals feeding the heaters may
be connected to any point on the experimental circuit
whose potential with respect to the valve cathode is
not greater than the maximum rating. This point or
any other point on the circuit may be grounded by
linking it to one of the green earth terminals. The d.c.
resistance between the heater connection and the
green earth terminals must not exceed 20k 2. Any set
of connections satisfying all these conditions is
permissible and safe.

L.7T. SOLDERING IRONS

When using the Lt./a.c. outputs to feed low-voltage
soldering irons it is more important than ever to
establish an earth connection from one of the termin-
als feeding the soldering iron to one of the green
earth terminals. Otherwise the floating I.t./a.c. supply
may actually be resting at large capacitive voltages
with respect to ground (often the full peak mains
voltage, or even the peak voltage of the 700V secon-
dary winding, as can be checked with an oscilloscope),
so that the purpose of using a Lt. soldering iron for
transistorised equipment would be detfeated.

The capacitive stray voltages on a floating l.t./a.c.
supply possess much too high an internal impedance
to give a shock. Nothing, or at most a very weak
tingle, would be felt, so that the earth connection is
hardly dictated for reasons of human safety. But the
capacitive leakage is more than enough to destroy
sensitive transistors, especially field-effect transistors.
It is recommended that a white and a blue insulated
wanderplug should be attached to the respective leads
of the soldering iron, and an additional picce of wire
carrying a green insulated wanderplug also joined to
the white wanderplug. The three wanderplugs must
then be inserted into the l.t./a.c. and earth terminals
of corresponding colours.

L.T./D.C. OUTPUTS

The bridge rectifier circuit D7 to D10 supplies the
entire L.t./d.c. outputs. The two 6-:3V heater windings
of the mains transformer are used in series to feed
12-6V to the rectifier bridge, producing a peaked-up
d.c. output of nominally 18V across the reservoir
capacitors C4 and C5 in series, i.e. between P24 and
P26. P25, the associated white l.t. common terminal,
is connécted to the junction of the two 6:3V trans-
former windings, i.e. to the centre-tap of the wind-
ings feeding the bridge rectifier. It is thus also the
d.c. output centre-tap.

P24 and P26 provide outputs of —9V and 49V
(accordingly black and red) with respect to the white
common terminal P25. Either one of these outputs, or
both simultaneously, may be used at current drains up
to 1A. Alternatively, the white common terminal may
be ignored and an 18V output taken between P24 and
P26. Since the circuit is floating, we may earth P24 or
P26 to obtain a positive or a negative 18V supply with
respect to earth, as desired. The 18V output may also
be loaded up to 1A, in either polarity.

TELEVISION 249

COMPONENTS LIST

Resistors:

R1 1MQ 1W

R2 TMQ1W

R3 1MQ 2w

R4  22k0Q1W

R5  22k0Q1W

R6 6802w

R7 270Q 1W

R8 82k 1W

R9 82k 1W

R10 82kQ1W

All 10% Carbon

VR1 250k{2 log

Carbon pot with pointer knob
Capacitors:

C1 8uF 500/550V electrolytic

C2 8uF 500/550V electrolytic

C3 32uF 350/400V electrolytic

C4 500uF 15/18V electrolytic

C5 500uF 15/18V electrolytic

C6 250uF 12/15V electrolytic

C7 250uF 12/15V electrolytic

C8 250uF 12/15V electrolytic

C9 O0-1uF 400V miniature foil
Semiconductors:

D1-D4 Silicon h.t. rectifiers, 1kV p.i.v., 0-BA

D5, D6 Silicon h.t. rectifiers, 750V p.i.v.,

0-5A
D7-D10 Silicon Lt. rectifiers, 100V p.iv., 1A
D11, D12 Power zener, 3-9V, 150mA

D13 Power zener, 6-8V, 150mA
D14 Power zener, 100V, 5mA
Tr1-Tr3  Germanium power p-n-p transistors

£ =50, 3W dissipation

Miscellaneous:

T1 Mains transformer 350/250/0/250/
350, 50/80mA; 0/4/6-3V, 1A; 0/4/
6-3, 3A (or near equivalent)

S1 Double-pole, panei-mounting toggle
switch

F1 0-5A panel-mounting

P1 Mains input connector

P2-P26 4 white, 6 black, 4 red, 8 blue, 3 green

coloured, insulated wanderplug sock-
ets, panel mounting, 1kV rating
Material for printed circuit and metal
cabinet, bolts, etc.

The regulation of the -9V and -+18V d.c. outputs
is quite good, again by virtue of the low-resistance
silicon rectifiers used and the high values of the
reservoir capacitors C4 and C5. The regulation is
approximately the same as that of an average dry
battery of the same nominal voltage. In the prototype,
the actual voltages were +9-5 and +19:0V on open
circuit, dropping to £6-8 and +13-6V at maximum
permissible load of 1A. The exact nominal voltages of
9V and 18V are obtained at about 200mA drain, which
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Fig. 2: Load characteristics of L.T./D.C.
outputs. Except for very small currents (bias
creuits) of a few mA do not take outputs
between the 7/10/13V 0-5A sockets. For
high currents these outputs MUST be used
with the common positive socket. Thé ~-9V/
Common/ -9V 1A outputs may be used in
any combination even at high current.

Short-circuit
Quipur current F1 blows
7V 0-5A 1-7A No
9V 1A 15A No
10V 0-5A 2:5A No
13V 054 35A No
18V 1A 15A Yes

“nine-volt standard”, and the current
rating of 1A is ample even for multistage
television equipment, large portuble radio
sets (2'5 to 6 watt outpur stages), erc.
It is not coincidence but intention that

!
(4] o 2 03 wa (e 1) [ Q7 o8
Amperes

is at least double the average current drain of items
such as portable battery tape recorders and radio
receivers.

OUTPUTS FOR TRANSISTOR
C/IRCUITS

In contrast to valve circuits requiring as a rule only
positive h.t. supplies, transistor circuits equally often
call for L.t. supplies of either polarity or both polari-
ties- simultaneously. If the circuit uses entirely or
predominantly p-n-p transistors, a negative collector
supply with respect to chassis is usually adopted, and
a positive supply correspondingly for n-p-n transistor
circuits. However, these rules are not the only possi-
bility, since there is no fundamental objection to
earthing the collector returns of p-n-p transistors and
then using a positive emitter supply if external con-
nections or other considerations concerning the par-
ticular circuit make this desirable. Similarly, a nega-
tive emitter supply can be used in place of a positive
collector supply for n-p-n (usually silicon) transistor
circuits.

After years of considerable variety 9V and 18V are
gradually emerging as standard design voltages for
transistorised circuits, in the same way that 6:3V is the
most common heater voltage for valves. 9V batteries
are becoming the standard types for portable tran-
sistorised equipment, and simple germanium p-n-p
circuits are commonly designed for a single 9V sup-
ply.-Silicon circuits (n-p-n) may also use a 9V supply,
or an 18V supply where higher voltage swings and
powers are involved. This may be provided either as
a single positive or negative 18V supply, or as a
simultaneous positive and negative 9V supply. The
latter arrangement is common for pulse circuits, to
permit waveforms symmetrical to ground potential
with d.c. coupling, and is thus particularly likely to be
encountered in experimental television circuits.

‘These factors show that the —9/0/--9V 1A outputs .

P24, P25, P26 provided by centre-tapped bridge
rectification of a pair of 6:3V r.m.s. a.c. windings
furnish us with all polarities and combinations on the

the nine-volt standard supplies can be
obtained by rectification of standard
6:3V heater windings. This consideration
is one of the factors leading to the gradual dominance
of this voltage standard.

A second standard for transistor power supplies
which enjoys great popularity makes use of the d.c.
voltages produced by rectification of the 5V and 8V
outputs of standard miniature bell transformers. This
produces d.c. output voltages of about 7V and 10-13V
respectively. Thus it is necessary 1o provide these
outputs on the power unit in addition to the nine-volt
standard, for developing designs which will use a
miniature bell transformer when finished. A maxi-
mum rating of 0-5A is here adequate, since a minia-
ture bell transformer cannot supply more on con-
tinous duty without serious overheating.

7/10/13V OUTPUTS

It would be uneconomical to provide these outputs
from a separate transformer, i.e. from an actual bell
transformer, in our power pack. A more elegant
solution is to derive these outputs by voltage division
of the 18V output. This brings up the question of
preserving good voltage regulation, since the division
ratio and output voltage of a purely resistive voltage
divider are strongly dependent on the current drain.
Thus the current through the dividing resistors would
have to be very much greater than the maximum
intended output current to preserve good regulation.
But we have only 1A input current available trom the
18V supply, so that we could never obtain the desired
0-5A output with good regulation by this means. A
chain of zener diodes provides much better regulation
than a chain of resistors as a voltage divider, because
the impedance is then given by the differential zener
resistances and very low figures are here possible
without calling for large currents. The top resistor
R6 (Fig. 1) must be chosen so that the open-circuit
current through the divider chain is somewhat greater
than the maximum load current. To avoid unduly
large standing currents in the divider chain, we can
use a parallel chain of amplifier transistors. This
combination of zener diodes D1l to D)3 and tran-
sistors Trl to Tr3 in Fig. 1 provides us ¥ith 4 voltage
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Fig. 3: Load characteristics of h.t./d.c. out- Aoor
puts. The short-circuit current of all h.t./d.c.
outputs is at least 1A ‘and causes F1 to blow
immediately. It is NOT possible to take a
150V output between 4350V and +500V
except at a very low current of 2-3 mA.
700f
,, 5%
divider possessing at least as good regula- 3 . .-
tion as the input supply driving it. The z
voltage division ratio is determined by the  4cok
individual zener voltages and is largely
independent of the load current drawn 3008
from the respective transistors. 200}
When using these supplies, it is most
important always to employ the red com- 100/~
mon positive terminal as one of the output a
terminals, in conjunction with any one of o

the black output terminals for —7, —10

or —13V. Two or all of these three outputs may be
loaded simultaneously. The maximum total current
rating is 0-5A irrespective of voltage. If an output
were to be taken between two black terminals here the
load current would have to flow through the base of
at least one transistor and through one or more zener
diodes. This would endanger these components and
lead to very poor regulation, except for very small
currents of 1 or 2mA for which such connections are
permissible.

We may thus recapitulate and extend our rules as
follows: White and blue output terminals (a.c.) may
be used in any combination without restriction. White
terminals may be used with any black (negative) or
red (positive) terminals, or several of these simul-
taneously. If a white terminal is not used as one side
of a d.c. output, then a red and a black terminal must
be used to feed each circuit. D.C. outputs from like-
coloured terminals (two blacks or two reds) are
forbidden. The earth connection may be made any-
where, so that all outputs are available with either
polarity with respect to earth, without restriction.

DRY BATTERY SIMULATION

At first sight, it may appear to run against the aim
of including nothing but really essential features in the
design when introducing the zener diode and tran-
sistor voltage divider just to simulate the bell trans-
former supplies. Would it not be cheaper to use a bell
transformer with its rectifiers and capacitors, or to do
without these outputs altogether, the 9V and 18V
outputs being adequate for basic requirements?
Readers who feel that way may certainly omit the
zener diode-transistor voltage divider network and
associated terminals. However, the price of these
components is about the same as the price of a
separate bell transformer and a set of rectifiers and
capacitors for the same outputs, so that the more
elegant arrangement as used is certainly appropriate
when included.

- To justify its inclusion, we must point out that it
fulfils the vital function of allowing equipment tests
under conditions simulating new, partially exhausted
and nearly fully exhausted 9V dry batteries. This
function is not realisable with the 9V/18V supply
alone, yet it is considered to be of extreme importance
for versatile experimental work. When designing new
circuits, we must have a means of testing their behav-
iour when the batteries for which they are ultimately
intended are approaching exhaustion, or are providing

1c 20 30 40 50 €0 70 a9
Milliamperes

overvoltages when brand new. Conventional 1.t./d.c.
power units meet this requirement with the help of a
voltage regulator circuit which uses a zener diode and
one or more transistors, and can be varied by hand
using a potentiometer scale or panel meter. This
involves greater expense and complexity than our
fixed voltage divider, which meets the basic require=
ments just as well.

For normal operation of circuits and equipment
intended for a 9V supply, connect as appropriate to
the —9/0/+9V output terminals. Equipment with
any current drain from near zero to 1A will then be
powered correctly and may be operated continuously
for any length of time. For checking performance with
overvoltages corresponding to very fresh batteries,
connect to the 10V output, earthing the appropriate
side to obtain the desired polarity. Current drain
must be restricted to 0-5A continuous, but 1A is per-
missible for brief periods (30 seconds maximum). To
test the behaviour with batteries approaching ex-
haustion, connect to the 7V output. This will reveal
any failures due to low voltage, but not any tendency
to instability due to the high resistance of nearly
exhausted batteries. To simulate this feature where
relevant (multistage circuits) insert appropriate
series resistors externally.

The complete range of l.t./d.c. output voltages
(7/9/10/13/18V) also provides a useful selection for
the heaters of one or two P-series valves in series, e.g.
for working on television tuners outside the set. The
detailed load curves (Figs. 2 and 3) should be plotted
(according to the actual mains transformer used, they
may differ slightly from those for the prototype), and
consulted in relation to the heater voltage and current
ratings of the valve(s) concerned. One of the available
outputs will be close enough (+10% of nominal
heater ratings) for most such requirements. The 7V
output is also intended for d.c. heating of individual
6-3V valves, either where hum reduction is of impor-~
tance, or for critical oscillator stages requiring
stabilisation of the heater supply. 63V heaters with
0-3 to 0-5A current rating may be connected directly
to the 7V d.c. output, whilst a small series resistor
must be inserted externally for smaller currents. It is
seen (Fig. 2) that the 7V d.c. output alone possesses
such high regulation that it may be termed stabilised,
and it remains effective even in the face of mains
voltage Huctuations.

TO BE CONTINUED
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AN ENTHUSIAST

By H.PETERS

looks at (

PART 2

molour

HE main problem facing anybody considering

I investing in a PAL colour set at the moment is

that there is no experience on which to base vour
investment. Which reports take time, although it has
already commented on the relative merits of buying
or renting. Three years from now things will be
different but somebody has got to attempt the
qQuestions you are bound to be asking. The first one
is, of course: “How much?”

A full-specification, 25-in. De-luxe PAL consolette
retails at about £300 give or take £25. Rental
prospects stand at 27s. 6d. to 40s. per week, which
at the time of writing involves a deposit in the region
of £75. Licence is an extra £5 per annum, an aerial
if your BBC-2 array is inadequate can cost about £10,
and if you purchase your receiver, particularly on
H.P., you may find yourself obliged to take out a
maintenance insurance. This doesn’t mean that the
trade is expecting trouble with colour so much as
that servicing will be expensive initially if anything
does go wrong, since the character of colour receivers
does not permit the “flow-line’* type of rapid TV
workshop repair built up by the larger dealers in most
towns. Some 19-in. PAL receivers have also been
introduced at about £50 less than the larger 25-in.
sets.

What are the design snags?

Probably the design snags would fill a book on
their own. Besides the basic circuitry that has had
to be developed, such factors as the dual-standard
system, the economic situation, purchase tax, and
scarcity of rare carths for tube phosphors all add to
the problem of producing a set that will have to be
able to receive any BBC-2 station and give good
results when first switched on even though its design
is based on the limited experience gained so far.

Who is ahead?

Probably nobody. From the limited technical infor-
mation so far revealed one can only assume that the
realisation that PAL is a complicated system rather
slowly sunk home in taking the place of the desperate
“there must be a better way” attitude. The writer’s
personal view is that insufficient attention was paid
to PAL in the early days. The BBC were “‘sold” on
NTSC, and although some preliminary work was
done by ABC TV on the PAL system their chances
at the time of being allowed to radiate colour on 405
lines were considered fairly hopeless.

What do | watch for on

demonstration?
Points 1o watch for when being given a demon-
stration are first that the conditions approximate to

home viewing. Colour sets are rather shy of daylight
and high levels of artificial light. Then check that
colours—especially flesh tones—are stable over
periods of viewing. Compare sets together if possible:
you will never remember what thé other one looked
like if they are yards apart. Check the black-and-white
picture reproduction and look for colour fringing.
This would merely indicate a badly set-up shadow-
mask tube, but it reflects upon the skill of the
demonstration staff and their ability to correctly set
up receivers. Look for “automatic degaussing™ as a
feature.

Am I colour-blind?

Well, are you? Remember that all television is a
subjectve illusion. There is never a picture on the
screen, black-and-white or colour. The illusion relies
upon the eye being too sluggish to be able to follow
the rate at which the scanning spot moves, merely
resolving the “Comet’s tail” as it were. Eyes vary and
so the image on the screen can appear different from
one person to another. This is why grandfather
always has the contrast up more than you consider
correct. He is different from you. It is possible for
an optician to test you for colour-blindness; in fact
the writer has it done during normal sight testing
and finds it quite painless and very interesting. If
you are colour-blind consider carefully if it is worth
going any further.

The specification

The majority of receivers offered for sale initially
will be 25-in. De-luxe PAL dual-standard sets.
Remembering what we said in Part 1 they will, to
start with, be a rich man’s pleasure, and so we must
expect price variations due mainly to cabinert styling.
The enthusiast, however, will be more concerned
with the circuitry rather than the cabinet. What then
is the differente between “De-luxe” PAL and
“simple”” PAL? Basically the tormer incorporates a
delay line and the latter does not. The importance
of this is worth explaining. As you will have read
elsewhere, the basic feature of PAL is that the red
colour-difference signal is transmitted in anti-phase
(““upside down”) every other line. If, therefore, any
distortion occurs during transmission or radiation of
the signal it will be positive with respect to the red
colour-difference signal on one line, and negative on
the next. If we can store the “upside down” red line
for one whole line period exactly, turn it back
upright, then add it to the next red line, the dis-
tortion will cancel out. This storage is carried out in
the delay line, which is a scaled unit precisely ground
10 very close limits.
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In simple PAL receivers the delay line is absent
and the upside down red line is merely turned
upright—not stored and added to the following line.

his means that any distortion on one line will be
complementary to that on the next. Purc red, for
example, may become more orange on one line and
more crimson on the next. With a bit of luck the
eye will take the average of the two and see pure red,
but conditions have got to be right. Certainly a
25-in. tube would show up this effect more than a
19-in. tube and viewers in bad signal areas would
notice it more than those receiving a clean signal.
So in the beginning the manufacturers are taking no
chances and making their sets to the *“De-luxe”
specification.

The arrival of duplicated services on u.h.f. will
bring more economies to the colour set. Making a
dual-standard receiver is not only a headache to the
designer of the i.f. strip, where compromise results
such as are at present deemed passable on mono-
chrome sets simply will not do, but the timebases are
more expensive to produce. In dual-standard colour
sets there must also bc duplication in the convergence
circuits (and controls) and whereas in monochrome
sets the compromises are confined to the i.f, align-
ment and horizontal linearity the dual-standard colour
set has it compromises made mainly in the converg-
ence circuits. Since perfect convergence is never
achieved, one must settle for results which are
acceptable on both systems, bearing in mind that
ecarly receivers will display black-and-white pictures
for more than half the time that they are on.

The set in the home

Taking our pipe dream to its logical conclusion,
let us suppose we have having our set installed in the
living-room. Is there anything we can do to assist the
installation team? Yes, plenty. To begin with, it is a
heavy, fragile, and cxpensive item, so the way through
should be cleared of all the usual impediments. Then
you should take the advice of the engineer as to where
to put it. It won’t go just anywhere, like the black-
and-white set. Colour receivers like a dark corner
shielded from the daylight and the main room light
(Fig. 4 explains the reason for this); they also hate
excessive heat and are very allergic to the carth’s

Screen

output

L=

Mirror
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Corresponding part of the screen
Part of shadowmask

Beams from the three guns
(R,G and B) in the shadowmask tube

Fig. 4: Why shadowmask tubes prefer a dark corner.
The spaces between the coloured dots on the screen
contribute nothing towards jllumination while the
shadowmask itself has only one hole for each group of
three dots on the screen. Thus only a quarter of the
beam current is turned into useful light.

magnetism and large metallic objects such as
radiators, steel cabinets, and cast-iron fireplaces.
Automatic degaussing will combat colour fringing
collected on the face of the tube during use, but it
will not help if you stand the hi-fi loudspeaker on
the top of the set or if your wife switches oft the
vacuum cleaner just in front of it. Still, having
acquired such a luxurious piece of equipment, we
are certain you will look after it all right.

Some possibilities for the

experimenter

As far as the enthusiast is concerned the snag with
colour TV is the shadowmask tube and its scanning
assembly. At the moment both are rare and expenstve.
If only there were other ways to produce coloured
pictures! There are, in fact, quite a few, and although
the following notes arc intended only to swuggest
various lincs of approach, there is no reason why
any that fire your imagination or suit your spares box
cannot be tried out.

Three-colour

systems

PAL is a three-colour
system, deriving its red,
blue and green informa~
tion from the red colour-
difference signal (R—Y),
the bluc colour-difference
signal (B—Y) and the Y
luminance or mono-
chrome signal. Tailored
as it is to suit the shadow~
mask tube, the only two

Screen

Fig. 5: Using projection
units to provide a three-
colour display. The snags
are that the three optical
units in (a) wnould bhe
difficult to register while
synchronising (b) would
be just as hard as thrae into
fifty does not gol
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Red R [(R=~Y) —=(R=Y)
e magenta = *cyan
- ) 5
45
)
(B-Y) -(B-Y) v (8-7)
Blue B ygllow 7
Burst
magenta
Green .cyan
-(R=Y) Ritr-v

Fig. 6: Maxwell’s colour triangle for lights (painters note: the mixtures don’t work with pigments!). (a) Showing how
white light comes from mixing a primary colour and its complementary intermediate. (b) Vectors for one /ine of PAL
with the triangle of (a) superimposed. (c) Inverted vectors for the succeeding line in the PAL system.

alternative means of producing coloured images from
it are as shown in Fig. 5, namely (a) three projection
systems focused on a common screen, which would be
almost impossible to register, or (b) a single mono-
chrome display tube with rotating filters locked to the
field timebase. With this second technique synchro-
nising is awkward as three into fifty will not go.
Clearly apart from shadowmask tubes three-colour
TV systems have many snags.

Two-colour.systems

Some of you may remember a few of the early
post-war films and periodicals which relied upon
two-colour systems. The results obtained by these
systems were nothing like as dcceptable as those
obtained by three-colour systems, but since the
prospects of the enthusiast being able to construct
receivers with two-colour displays on 2 modest outlay
are so practical, it does make them worth considering.
Before we do, and for the benefit of newcomers to
the subject, let us look at colour as a whole.

Colour mixing

In Fig. 6 we see the well-known colour triangle for
additive colours (lights). In each corner are shown
the three primary colours red, blue and green.
Half-way down each side are the complementaries:
magenta, cyan and yellow. Assuming that we get
the proportions right: red and blue make magenta;
red and green make yellow; blue and green make
cyan; red, blue and green make white; red and its
complementary cyan make white; blue and its
complementary yellow make white; green and its
complementary magenta make white.

Lines are drawn on the triangle to illustrate these
last four conditions, and as you will notice they all
meet in the centre of the triangle at white. Any two
colours on a line passing through this centre will
indeed make white. The two colours chosen for the
films and papers mentioned above were orange and
cyan, which you will see lie roughly along a line
cutting through white on the triangle. Naturally
colours at right angles to this line such as mauve and
the grassy shades of green will b2 badly reproduced,
but the eye has been found to respond better to
colours on the orange-cyan line than to colours on
the purple-green line. Thus if a two-colour system

is to be tried, orange and cyan are the two most
likely colours to give viewable results.

Two-colour electronics

A two-colour system is particularly attractive from
the electronic point of view. A standard PAL
decodér (if at all hazy go back to the April 1967
middle pages of PRACTICAL TV), either simple PAL or
PALp, can be used, omitting the (G—Y) matrix
and amplifier. The signal needed to modulate the
orange part of the display is very similar to the
(R—Y) signal with some negative (B—Y) signal
added. The cyan signal similarly is the (B—Y) signal
with some negative (R—Y) signal added. This can
be seen in the second and third illustrations in Fig. 6
where the colour triangle has been superimposed on
the PAL modulation vectors for even and odd lines.
Further liberties might be possible to the “pulse
minded” amongst you, but before we touch upon
them a word of explanation about these two illus-
trations. Vectors come hard to some people, and the
essence of PAL is that the red and blue colour-
difference signals (R—Y) and (B—Y) are used to
modulate the colour subcarrier with a 90deg. phase
difference between them. In this way one of them
reaches its maximum whilst the other is passing
through zero. Both of the difference signals can
modulate the subcarrier either positively or nega-
tively. If you find this confusing let us take the
example of a bunch of bananas against a blue
tropical sky.

Whilst scanning the sky part of the scene the
subcarrier will be modulated by the blue colour-
difference signal (B—Y). When we get to the bananas
the subscarrier is modulated by a negative blue
colour-difference signal —(B—Y) simply because
yellow is complementary to blue. If you find negative
quantities hard to appreciate simply think of a
negative waveform as a positive one turned upside
down—as it would be if you passed it through an
amplifier. Any particular hue or colour can be
represented therefore by a combination of positive
and negative red and blue colour-difference signals.
Magenta is the vector sum of (R—Y) and (B—Y),
yellow is —(B—Y) alone, and so on. Put another way,
any particular hue can be represented on our vector
diagram as a phase angle.

The snag with PAL is firstly that on alternate lines
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Vision
detactor
4-43Mc/s trap
Luminance 1
D s delay — }
Orange
display
Orange
4:43Mc/s Sggi\;g?g:ﬂs colour —dliff
J‘ acceptor signal amp
Chroma amp Mirrér
4:43Mc/s ==l
*1iMc/s
Burst gate
ir‘ldg olocyand tf
ft C ur - ot
amplitier Keyed 4:43Mc/s signaf amp
reference osc.
Cyan
Orange-cyan display

Gating pulse;

from
line output
stage

Swinging burst
of 10¢/s on
orange/cyan axis

the red difference-signal is inverted to enable dis-
tortion to be cancelled out, as we saw earlier, and
secondly that since the colour subcarrier is suppressed
at its source (the transmitter) it has to be reinserted
at the receiver by an oscillator working precisely in
phase and frequency with the subcarrier oscillator at
the transmitter. The receiver oscillator is synchronised
by a burst of 10 cycles of subcarrier radiated during
the line flyback period. More complications are
introduced here. The set as vet cannot tell which
way up the red difference-signals should be, and so
the burst is swung 45deg. ecither side of —(B—Y)

Y from ‘
luminance amp

Dark box

¥ Components to be
carefuily selected for
stability with heat

Giass
reflector

|
!
A\
!

Viewing apertyre

<

Y from lumindance amp

Fig. 8 Suggestion for & two-colour display
+ system using two oirect-viewed tubes and feeding

them with orange and cyan colour-difference signals from the
set-up shown in Fig. 7 or matrixed as shown from the “orange”
(i.e. R—Y) and “cyan” (i.e. B—Y) eutputs of a standard decoder.

coloyr-ditferance

signai

Fig. 7: Suggested block diagram for
a practical orange/cyan two-colour
decoder.

on alternate lines to produce the identification signal
as well.

This feature provides the enthusiast with two
useful signals: (a) an “‘ident” signal at half-line
tfrequency (7-8kc/s) which can be used to switch a
display tube from thc orange to the cyan signal,
and (b) a reference signal which is cxactly on the
orange/cyan axis on c¢very line of the transmitted
scene. You will immediately see possibilities here. A
simple decoder should be a practical proposition,
omitting all the PAL “sticky bits” such as the delay
line, bistable, phasc detector, and crystal oscillator.

+ A block diagram for you
to fill in by cxperiment is
shown in Fig. 7. The key
move is to lock a fairly
stable reference oscillator
to the burst at the be-
ginning of each line. ‘It
only has to be stable
enough to last the line
out, as on the next one it
will be triggered again
90deg. out of phase.
Since it is always in phase
with the burst it will de=
tect the chroma signal on
= the orange-cvan line in a
simple svnchronous de-
tector. 'T'he resultant sig-
nal can be ted directly to
the orange display, and
after inversion to the
cyan display.

—continued on
page 263

Orange
amp

Cyan
amp
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PART 6 M. D. BENEDICT

URING the 1950s it became apparent that the
Dexpanding television networks of the world
needed a system of recording that allowed
programmes to be quickly replayed. For example,
ABC TV had to cover two ITA areas (North and
Midland) at the weekends. Only rchearsals could take
place during the week and all live programmes had
to be crammed into two days of the weekend, leaving
the studios hardly used for the other five days. In
America, too, the various time zones led to pro-
grammes being repeated three or four times so that
the programme could be broadcast at a certain time
of the evening. Many companies were in the field to
develop a recording machine capable of handling
both sound and vision. All faced a similar problem.
To record video information on to magnetic tape
two things are required. First, a high tape speed to
allow the large bandwidth to be reproduced—audio
tape recorders operating at 73in./sec. do not handle
much more than 20kc/s, whilst a 625-line picture
requires a 54Mc/s bandwidth. Secondly as the output
from a playback head is proportional to the rate of
change of magnetic flux on the tape, the output
increases with higher frequencies. In audio work
frequencies of 40c/s—20kc’s are about all that are
required and these nine octaves can be achieved
quite satisfactorily by direct recording methods with
equalisation of the frequency response on playback
and record. For television work the range is 50c/s—
5%Mc/s, a swing of 16 octaves, and this cannot be
directly achieved. Equalisation as applied to audio
tape recorders does not help as so much low-frequency
boost would be required that the low-frequency part
of the signal would be swamped by excessive noise.
To overcome this second problem it is necessary to
use a modulation system of some sort in recording,
with corresponding demodulation on playback.
Early video tape recorders designed for broadcast
use, as well as some later simple video recorders for
home use, used a straightforward type of high-speed
tape transport. Ordinary }in. tape similar to triple-
play audio tape was pulled past the heads at a speed of
around 120in./sec., about the speed at which many
sound tape recorders rewind. Special heads were
used to reduce high-frequency losses. In addition to
this high tape speed a modulation system is used.
For example, the BBC’s VERA (Vision Electronic

Recording Apparatus) separated off the low fre-
quencies (less than 100kc’s) and modulated them on
to a carrier, and recorded that and the high-frequency
parts separately. Other systems on similar lines were
developed in America by R.C.A. and others; even
colour versions were developed. All thesc systems
suffered from a basic disadvantage that a vast amount
of tape was needed, and the tremendous speed of the
tapc and the transport mechanism made such high-
speed video tape recorders rather dangerous. Head
wear was also a considerable problem.

Just about the time that the limitations of VERA
and similar devices were being realised, the Ampex
Corporation in America announced a completely
new system of recording which is still in use today.
Ampex, in common with several others, realised that
although it was necessary to have a high speed
relative to the tape, it was possible to move the head
as well as the tape. In the system Ampex decided on,
four heads were used. These are fitted on the edge of
a rotating disc, across the circumference of which is
pulled the 2in. wide tape. This arrangement, shown
in Fig. 7, is the standard four-head system used by
many manufacturers the world over.

In this country Ampex and R.C.A. are the main
manufacturers of four-head machines. Many differ-
ences occur in the design of these machines but the
basic principles of operation are identical. Each
function of the machine may be performed by
completely differing circuits but the end result is the
same. Naturally the video tapes can be replayed by
any typc of machine.

In all machines the heads rotate in the “head
drum’ at 250 revolutions per second. During the
same time the tape has been pulled along about 15in.
resulting in each head making a track across the tape
from edge to edge. As a result, tracks are laid down
as shown in Fig. 8. Following the rotating heads are
two sets of stationary erase and record/replay heads,
mounted on both edges of the tape. Programme
sound is recorded on one edge and cues and in-
struction on another narrow audio track on the other
edge. Yet another head, mounted near the rotating
video-record heads, records a sinusoidal signal
derived from the position of the head drum. In this
way an indication of the phase of the record head is
recorded on the tape. This is most important when
replaying the tape.

Continuity of signal off the tape is ensured by
fixing the diameter of the head drum and the tape
width so that the tape is curved around the head
drum over an arc of 114deg. Thus during 24deg. of
head rotation two heads are replaying information
and the switch from one head to the next can be
made at a convenient time during this period. In
fact it is arranged to occur during a line blanking
period so that switching transients can be suppressed.

Tape transport is more or less standard using
take-up spools of up to 14in. diameter carrying 95
minutes of tape. Tension arms are used to steady the
tape and this in conjunction with power applied to
the feed spool motor provides back tension on the
tape. Friction is reduced by using an air bearing type
guide which is a fixed pillar in which small holes are
bored from the bearing surface to the hollow centre.
Air is blown through these from the centre of the
pillar and as it leaves the holes it cushions the tape
and reduces friction.

Air bearings are also used in the rotating head. A
motor drives the head drum and a disc with a notch
in it so that the disc and an adjacent coil form a
variable-reluctance device which indicates the phase
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of the head drum. This is called the tone wheel. Early
machines used a lamp and photocell system with

lack-and-white segments painted on the head drum.
All these rotating parts are carried in air_bearings
which also reduce friction and give an improved
performance as regards stability of reproduced
picture.

Also air operated is the tape guide. A groove in the
centre of this is connected to a vacuum pump. Tape
near this is sucked against the guide and takes up
the curved shapc required.

A spooling potentiometer which supplies in-
finitely variable power from the take-up motor and
the feed motor allows the tape to be wound smoothly
in each direction at any speed up to the maximum.
This facility is found on most professional quality
audio tape recorders and allows the operator to find
an exact spot on the tape with great accuracy,
assisted by a tape timer calibrated in minutes and
seconds. This is driven from a roller around which the
tape passes. In general, with the éxception of the
video-head assembly, the tape transport is similar to
an enlarged professional audio tape recorder.

When recording, the video signal enters the video
tapce recorder and is modulated to produce an f.m.
signal in which the signal level of the bottom of the
sync pulses (zero modulation) is 4-28Mc/s., black
level (309, modulation) 5-0Mc/s and peak white
(100 %) is represented by ihe frequency of 6:5Mc/s.
Unfortunately owing to the large swing in frequency
at a low value of carrier frequency considerable
distortion of the sidebands occurs. Patterning, not
unlike r.f. patterning, tends to occur, becoming very
severe with colour signals, as these contain a con-
siderable amount of high-frequency information in
the form of thc subcarrier and chroma signals. A
“high-band” standard of 7-16Mc/s for sync tips,
7-8Mc/s for black level and 9-3 Mc/s for peak white
has been adopted in an effort to reduce these troubles.
A considcrable improvement in patterning is
achieved, but this technique demands more of the
heads and tape to be able to cope with the much
higher frequency (up to 16Mc/s for some sidebands).
Frequency modulation is achicved by controllmg a
v.h.f. reactance circuit which is heterodyned against
a fixed frequency oscillator to give a lower frequency,
with wide deviation.

From the modulator the t.m. signal is amplified
by a power stage and fed to all the heads by slip rings
or rotating transformers in the newer types of head.
These are mounted on the side of the head drum.

Guard band—  JAudio tracks

Head overlap
Movement .. Video .
of tape at ; tracks 2
15%g in/sec. ‘{F{Head overlap
\Cue track
: 4 tracks (or 2nd. audio)
Edit pulse

every 20 tracks Control track and edit pulses

Fig. 8 Arrangement of tracks with & s andard four-head
video tape recorder. ,
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Drum motor
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To vacuum-e—(=]
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Pinch
roller -

Capstan-

Tape
timer

Fig. 7: Basic deck layout of the Ampex 1000 video tape
recorder.

Motor control

While recording, the head drum and the capstan
motors are controlled accurately so that a standard .
recording is achieved. A 250c/s signal generated fron .
a X 5 multiplier circuit driven by the field sync pulses .
and the 250c/s signal from thc head drum are
compared in phase and the resulting error signal
controls the speed of the head drum. As well as the
correct speed, correct phasing is achicved by making .
surc that the field sync pulses arc recorded by the
first head. The capstan motor is driven by a 62-5¢/s.
signal derived from the 250c/s control signal by
dividing it by four. This ensures that the tracks are
laid down evenly.

Control during replay is far more complex. It is
necessary to refer the replayed control signal to an .
external signal. This may be the mains frequency or it .
may be the field frequency of the studio’s sync pulse .
generator. All but the earliest or the simplest machines
can control the replay to such an accuracy that the
replay is synchronous, i.c. exactly in step with studio
pulses. Here advanced scrvo techniques are used and,
the reference is sync pulses from the studio. .

During reproduction it is necessary for the heads
to follow the exact tracks that they laid down during
record. The control track record head acts as a replay
head and the output from this gives the required .
phasce of the head drum. Comparison of this signal
with the signal from the head drum photoelectric cell
or tonc wheel would indicate the error in tracking .
over the recorded tracks. An error signal derived in
this way controls the speed of the capstan motor and
adjusts it until the recorded tracks are aligned
exactly.

Of the various methods of replay control the
simplest is where the head drum speed is controlled by
only a tone wheel or photoelectric cell and a reference
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5Q0c/s signal (the mains or studio field sync pulses).
Although the reproduced signal is running at the
correct frequency there is no guarantee that it is in the
correct phase and when cutting to it a considerable
field disturbance may take place.

With the “vertical” or “‘switchlock” technique,
however, the field sync pulses from the replayed
signal arc comparcd with incoming reference sync
pulses (mains or the local studio sync pulses). To
do this the capstan error signal is derived by com-
paring the field pulses and special “edit” pulses which
are added to the control track wavetorm when record-
ing. These correspond to the field sync pulses as
recorded on the tape. When the capstan error signal
has allowed the tape position to bring the edit and
field pulses in approximate sync the tape i$ moved
against the hecad drum and a signal reproduced.
Control of the capstan is then by control track and
photoelectric cell or tone wheel outputs as before
and the head wheel is controlled by the comparison
between the reference sync pulses and reproduced
field sync pulses. R.C.A. machines use a different
technique but achieve a similar result.

Fuily synchronous working can be achieved by
modern machines and a large part of the stability
required for this opcration is achicved by very tight
electro-mechanical servo control of the head drum
and capstan. ‘*Automatic’” and “Pixlock” modes, as
they are called, arc not switched in until field
synchronisation is achieved. Very high-gain servos
control the head drum by a comparison between the
timings of incoming refcrence line syncs and the
reproduced line sync puises. Remarkable stability
is required; any disturbance in syncs causes a con-
siderable break-up to occur and even when operating
satisfactorily the stability is not entirely satisfactory so
an all electronic technique is used in addition by both
Ampex and R.C.A., which utilises the principle of a
variable dclay line.

A coax cable has both series inductance and parallel
capacitance between the inner and outer conductors;
it also introduces a very slight delay. This delay can
be increased by increasing the inductance and the
capacitance. Artificial delay lines with the desired
inductors in series and capacitors in parallel across
the line give the same ecffect. By using variable
capacitance diodes in the place of the capacitance
the delay can be varied by altering the bias of the
diodes, and hence their capautancc, and this varies
the delay of the time. Such a delay line can be fed by
correction waveforms so that it corrects for any

PRACTICAL TELEVISION
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An R.C.A. TR22 video tape
recorder with BBC equip-
ment bays for monitoring at
various poin's. Sound and vision
faders, a stabilising amplifier,
vidicon caption camera for identi-
fication and telephone contro/
panels are all included.BBC photo.

instability that remains between
the signal off the tape and the
studio sync pulses. In addition
geometric errors in the picture
caused by head misalignment
can be corrected. Correction is
achieved by comparing the sig-
nal off the tape and the reference
studio pulses, deriving a signal
to delay the signal off the tape by
the requtrcd amount to bring itintocxact synchronism.
Such units are called Amtec or A. T.C.

Each head mounted in the head drum should be
cxactly 90deg. apart but even the slightest error in
assembly can show up. As the tape i1s held by the
vacuum guide against the head drum with a fair
pressure the tape is stretched very slightly. Exactly
the same stretch should be applicd during playback.
Similarly the height of the head with reference to the
edge of the tape is important. Effects of this mis-
alignment cannot be seen on a tape replayed on the
same machine as all of these crrors cancel out. But
if a tape is replaved on a different machine errors
will be apparent unless both machines are standard-
ised. Delay lines for cach head on both record and
playback correct for the heads not being 90deg.
separated, and mechanical adjustment of the head
guide height corrects tor one type ot error and a motor-
driven control (which may be servo operated) gives
an adjustment of the tape stretch or head “‘tip
projection” as it is called.

These errors appear as a series of bands. of ten
lines being offset slightly from the rest of the picture
(heads not 90deg apart) or the picture being broken
up like a venetian blind (guide height and tip
projection). All these errors can be eliminated by the
delay line technique provided that they are not too
great. Hence Amtec and A.T.C. allow tapes to be
replayed on different machines although as a matter
of principle all machines are aligned to a standard
tape produced by the manufacturers. Each video tape
recorder is aligned on the recorded programme
without the use of Amtec or A.T.C. before a pro-
gramme or insert to a programme is replayed for
transmission.

Use of video recordings

Video tape recordings are used for two sorts of
items; complete programmes recorded for trans-
mission at a later date and parts of a programme
prerecorded at an earlier date. Inserts to a complete
programme are often used for sports, news and
current affairs. Highlights of events are recorded as
they happen and can be shown at a later round-up.
News and current affairs use video tape to record
items when news personalities are available in the
studio and when films shot in one of the regions are
recorded in [.ondon for replay into a programme at a
later time. Difficult sequences, in particular fight
sequences, are prerecorded, as are those which
require a lot of cleaning up afterwards. In fact, if any

www americanradiohistorv com


www.americanradiohistory.com

March, 1968

difficulties are foreseen, prerecord-
ing inserts arc often used, allowing
more time and studio space to be
used to get the sequence right.

When the operator has recorded
the complete programme or the
insert for a programme he has to
“cue” it up. All complete pro-
grammes and most Inserts are
recorded with a close up of a clock
running for one minute or thirty
seconds. The programme is started
as the seconds-hand reaches zero
so that on replay there is an
indication of how long is available
before programmes start. This
guides both the operator and
presentation staff, announcers, etc.
As a guide to these people the
name of the programme, episode
number, etc., are chalked on to a
board adjacent to the clock face.
With a clock on the recording the
video tape operator stops the tape
at the ten-second mark and then
marks the back of the tape with a
felt-tipped pen to show exactly
where his starting point is. Simi-
larly when part of a complete
recording is required the operator
winds back ten seconds from the
required starting point and marks
the tape. After checking that the “‘run up” is exactly
ten scconds the tape is rewound to the mark when it
is ready for technical line-up before transmission.

Complete programmes arc rccorded often on onc
continuous take, as though the programmes were
going on the air, but somctimes with brcaks in
recording. These are physically edited out of the
tape to give a continuous programme.

Editing

.Editing video tape is a rather delicate operation
and a highly sophisticated technique using a micro-
scope for accuracy is required. To edit video tapc
the part of the tape under consideration is run
through the machine, which is stopped at the required
cutting point. A mark on the back of the tapc is
made with a felt-tipped marker before rewinding the
tape and replaying it again. As the mark passcs the
head the operator checks that it is the correct cutting
point both for sound and vision. At this point a
conflict may arise. COMMAG film editing and
video tape editing both suffer from the fact that sound
and vision are recorded at a slightly different point
on the tape so that although the sound track may be
satisfactory this would result in difficulties with the
pictures. Video tape is worse in this respect as often
a cutting point coincides with a change in camera
on the recorded sequence which must be eliminated
entirely. In fact, on some occasions sound has to be
taken off tape and “relayed” after the edit.

When the exact cutting point has been established,
the operator cuts the tape with scissors and lays the
cut tape in a special editing block. Editing fluid,
which is a suspension of fine particles of iron, is
applied to the surface of the tape making visible
the magnetic tracks and control track signals. Using
the control track as a guide the tape is moved to an
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Editing video tape. The jig with built-in microscope is on the front of the
video tape recorder—an Ampex 1000.

ATV photo,

\
exact position under the edge of a guillotine where
the tape is clamped before cutting.

After selection of the next editing point the tape
to be joined is similarly cut at the same point with
reference to the control track. Both ends of cut tape
are then spliced with very thin adhesive tape on the
back of the video tape. Use of a microscope and
fine adjustment of the tapc position on the jig by,
geared rollers allows a nearly exact synchronism to be
achieved between the two parts of the tape, so that
a good edit causes no disturbance on replay.

Sound problems can be overcome by lifting off the
sound, i.e. rccording it on a sound recorder and
re-recording the sound on to the second part of the
tapc without erasing the video. .

A rccent development is clectronic editing which
allows a machine so cquipped to replay and be
switched instantly to record. Hence a sequence can be
added to the end of a scquence already rccorded,
Two basic modes of operation are possible. Onc
allows a sequence to be added into the middle of a
recording so that different shots can be inserted.
Sound can be re-recorded or left undisturbed during
this process. Alternatively a sequence can be added.
on to the end of the recording. In both cases the
video tape recorder is run up in lock with the in-
coming signal. When stable, the signal is adjusted so
that the. incoming signal ready to be recorded and
the replayed signal arc in phase. On pressing the
record button the erase is switched on. After a suitable
delay to allow the erased part of the tape to reach the
record head (about } sec.) the video head is switched
to record and continues to lay down the tracks in
cxact synchronisation with the signal just reproduced
off the tape, so achicving a smooth cut. Both modes
use the control track to effect the synchronism but
in the mode ‘“‘adding on a sequence” the recorder
lays down u sigual in the control track.
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BBC slow-motion video tape recorder. Tape follows an
unusual path round an arm which 1s vibrated by the
electric motor fitted on the top plate. This gives the
correct tape motion for replaying one field at a time.

BBC photo.

Advanced electronic editing can be used for the
most complex editing as the position of the electronic
edit can be recorded on the special cue track so that
its exact position can be adjusted field by field. In
fact, using one camera, direct animation techniques
akin to stop motion cine photography can be achieved.
In the same way the simplest studio equipment can
be used to record very complex items as the recording
can be stopped and restarted at will, allowing
cameras to change position, and both sets and lights
to be repositioned.

Besides these highly complex and rather bulky
video tape recorders there exist a considerable
number of portable machines. All but the Ampex
3000 use a helical scan principle, the 3000 being
a record only miniature version of the tour-head
machine, complete with its own camera and pulse
generator.

Helical scan video tape recording principles have
been discussed in PracticaL Tv by H. W. Hellyer
and little need be added except that only the best
quality video tape recorders of this sort find their
way on the air. Machines by Ampex, Sony and
Mactronix have been used in this country but the
simpler types can be found in use in closed-circuit
installations, such as educational television. All
simple machines suffer from complete loss of picture
information at one point—this is the point where the
head runs off one edge of the tape and on to the next.
Video information 1s removed by the sound erase
head before the sound track is laid down. Normally
this information occurs at the top of the picture
but on the best quality helical scan machines it is
made to occur during field blanking. On replay a
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special processing amplifier regenerates this part of the
signal so that a clean signal will result. Cheaper video
tape recorders, as used in educational television and
in industry, do not use such a processing amplifier
as it is not necessary for producing stable pictures.

Helical-scan machines can give exceilent results
but owing to the much simpler techniques used they
are still inferior to four-head machines. They are not
entirely compatible with regard to replaying on a
different machine as the tape guides which determine
the path of the tape around the rotating head assembly
must be exactly similar to the recording video tape
recorder. If this is not the case then the head will
not follow the same tracks on record and replay.
Another disadvantage is that the simple helical scan
does not lend itseif to a remote control of head and
capstan, so that locking the replaying signal to the
studio sync pulses is very hard to achieve. One
system seems to have overcome most of these faults
by using a conically shaped head assembly and two
capstan motors. Along with this greater stability, it
is claimed that such a technique will allow colour
television signals to be recorded without undue
ditticulty.

Modern four-head machines can replay colour
although a great deal ot development has been
required to bring colour video tape recorders up to
the standard where colour signals can be re-recorded
up to three times without noticeable loss ot quality.

Another facility sometimes to be found is slow-
motion video tape recording. Helical-scan machines
record a complete field in one continuous track so
that when the head geometry is altered slightly and
the tape speed reduced (or even stopped) then the
head can be made to reproduce one ficld four or five
times before moving on to the next track with the
next field recorded on it. Four-head, slow-motion
video tape recorders have also been made. For the
1964 Olympic Games the Japanese produced a
machine using a special head drum with each head
offset with respect to the first head. A much simpler
machine, but without the excellent performance
of the Japanese machine, has been built by the BBC.
In this machine the tape path was modified to give a
section ot tape that could be vibrated backwards and
forwards past the head. This movement, combined
with the slowed movement of the tape through the
machine, allowed the tape to be moved past the head
at normal speed, stopping and restarting after a
suitable pause. As only one field is replayed at a time
a special rotating magnetic disc system was used to
store the signal and read out the signal four times
before the next field is replayed off the tape. Hence a
slow motion ratio of 4 to 1 is achieved, along with
trozen field from the magnetic disc it required.

Also available is a simple magnetic disc recorder
on which about 30 seconds of picture are recorded on
a spiral track similar to that of a gramophone record.
On reproduction a “‘freeze” button is operated and
the next ficld is recorded on the reverse side of the
disc and then is reproduced for as long as required.
Such machines are very simple and compact so that
thev are often used to replay goals just scored and
other highlights ot sporting events. Colour versions
have been announced

Video tape and its techniques have come very far
from the first Ampex recorder 1n 1955; it is one of the
fastest expanding branches of television engineering
although one of the newest.

TO BE CONTINUED
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No. 143 - ALBA T990 SERIES

—continued

Valve voltages

The readings in the following table were measured
under no-signal conditions and at maximum gain, with
230V a.c. mains input, using a 20,000¢/V meter.

Valve Va Vo Vi
\'2! 154 53 03
V2 150 164 2
V3 142 170 2:6
V4B 42 —_ —
V5A 50 — —
V5B 215 187 17:3
Vo* 22 14 _—
Vot 168 93 2
V7A 93 — —
V7B 228 188 5
V8A 168 — 43
V8B 116 163 43
V10 —_ 177 —_

* Readings on 625.

1 Readings on 405.

Fault conditions

by L. Lawry-Johns

the lack of full width condition, check the R94
1.5k screen dropper, V8, the PCF802 line oscil-
lator valve and its 33k{) (pin 6) load resistor R&9
which can change value. In stubborn cases check
the width circuit resistors.

Severe interference

Severe interference giving rise to irregular verti-
cal flashing and white dots is most often caused by
breakdown of the insulation between the line
deflection coils and the line linearity closed-loop
sleeve. This is of course on the tube neck, parti-
ally under the coils. The clamp should be slack-
ened and the sleeve pulled out a liule way to
verify whether this is the source of discharge.
Sometimes it is only necessary to move the sleeve
slightly in order to stop the discharge but a new
sleceve may be fitted as a more permanent curc.

No picture
If the line whistle is normal on 405 but there
is no e.h.t, verify its presence at the top cap of

Fig. 4 (right): Modi-
fications to the field

The most likely trouble spot is the PL500 valve
which is pronc to lose emission, causing lack of
width, or go soft, causing a no picture, no c.h.t.
condition. Where the PL500 is not responsible for

oscillator.

Fig. 5 (below):
Layout of the time-
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Fig. 6: Circuit diagram of the u.h.f. tuner unit.

the DYS86. Although it is well insulated, there
will still be a blue glow to the tip of a screw-
driver. If the high voltage is present here but
the DY86 does not light up. check the DY86 arnd
the continuity of the choke (L35) between pins
7 and 9. The valve has a low heater voltage and
there is only one turn on the transformer voke.
Needless to say an EY86 cannot work in this
position. In the event of there being no or very
little voltage at the top cap of the DY86, with
the line whistle being absent or very weak, note
the effect of removing the top cap of the PY&3.
If this brings the stage to life, replace C84 (0-25uF)
which will be shorted. If removal of the PYS88
top cap does not make any difference check the
PL500, the 8uF capacitor C83 and the PY88,

having first checked the DY86 for shorts by re-
moving its top cap. If the PY88 and the PLS500
appear overheated check the PCF802 line oscil-
lator and associated components, and also the OA81
flywheel line sync discriminator diodes D9 and
D10 if necessary. A rough check is to measure
their back-to-front resistance by applying one prod
of the meter to their junction and the other to
either side in turn, noting the readings, and then
repeating with the test prods reversed.

The pentode section of V8 is the actual line
oscillator. with the feedback via a tuned circuit
between its screen and control grids. The triode
section controls the frequency of oscillation in zc-
cordance with the bias applied to its grid from
the flywheel sync discriminator circuit.

re——— —
L7 (top) | LBA(top) @
116,17 L8 (below) | LEB(below) 1
/(top) L‘{z | L5(top)
i LI (top)
1 | © ef .
L0 (beiow)
_ L2(top)
L.28{top} L.29(top) L2425 t3L4
(top) (below)
1 —
@ L23(23
+ i (below) Littop)
L.26(below) L30 ®
(below)

Fig. 7: Valve and co/l positions on the receiver printed pane!.

www americanradiohistorv com

-


www.americanradiohistory.com

March, 1968 PRACTICAL

The field timebase

We have not had a lot of trouble in this part of
the circuit so can only dwell upon possibilirtes.
Complete collapse produces a single white line
across the centre. Check V5 and V4, ht. 1o pins
6 and 7. If h.t. is not available at either check the
PCL385, R49, RI111 and R52. If h.t. is at 7 but not
at 6 check at RII11 end of transformer TI10 and
if present here suspect T10 of an open-cireuit
primary. If however the output stage is function-
ing attention should be directed to the 2M()
height control R47, thence to the T9 end of R44
(original circuit later modified, sce Figs. 3 and 4)
as C35 (0-05uF) could be shorted to chassis.

If there is a gap top and bottom of the picture,
i.e. insutficient height, check C87 0-054F which
can short to the h.t. line (from the boost line).

If there is a white band across bottom accom-
panied by field roll, with the hold control at the
end of its travel, check C37 0.0541° for leakage
then C38 0-02uF. If the control is at the end with-
out bottom cramping check R48 1-2MQ).

If the bottom part of the picture is compressed
without any foldover check C39 100uF and C40
0-01,F.

Very weak reception

This applics to sound and vision including u.h.f.
As the PCCI189 in the v.h.f. tuner is not used for
u.h.f. this need not be suspected. The same cannot
be said for the PCF801 as the mixer section is
used as an iI. amplifier on u.h.f. This is not to
mecan that V1 EF183 could not be at fault. Indeed
it could, but the fault the writer has in mind is
morc elusive than a faulty valve and a good deal
more time consuming. On several occasions we
have traced this type of fault to the v.h.f. tuner
unit and have found little or no voltage at pin 7 of
the PCF801 becausc the 18k() screen feed resistor
R211 (22kQ on some tuners) becomes partially or
wholly open-circuit. It may read scveral hundred
thousand ohms or complete infinity. Replacement
is not easy but is not too difficult once the turret
or rotor is removed.

Video streaking

This is particularly noticeable on captions where
black streaks into white ctc. Attention should be
directed to the video amplifier components, particu-
larly the 4.9k} anode load R25 and R26 (10k(}).
Also check C27 32uF and C25 100¢F. These latter
components can also cause weak sync where the
holds become critical.

No results

Valves not lighting. Check F1 2A fuse, supply
to dropper sections R118. R117 and Rl116. If all
give full indication check through the valve heaters
starting with V10. If the valves are glowing nor-
mally, check R119, R120, R121 and output of
MRI (BY100) at R115, R112 and R113.

V.H.F. tuner

Sometimes a fault which can be confusing occurs
in the v.h.f. tuncr, affecting ITV and BBC-I.
The symptoms arc inability to properly tune in the

TELEVISION 263

required channel, and, after it has been tuned with
the oscillator core it will not be obtained the next
time the switch is operated. When thesc symptoms
show up the primary suspect should be the finc
tuner core which should slide inside a sleeve. The
plastic can snap or the metal sleeve become loose
on the plastic former the remedy being obvious in
either case.

AN ENTHUSIAST LOOKS AT
C 0 I.O U R—-—con(inued from page 255

Two-colour display systems

A single cathode-ray tube, projection or direct
viewed, could be utilised in conjunction with a
rotating disc of coloured filters placed between it
and the viewer. A synchronous 50¢ s motor drive can
be obtained by amplifying the field timebase output
via a pair of thyratrons, thyristors, output valves, or
transistors as you prefer. The mechanism should be
made to pass alternate orange and cyan filters down
the screen at the same rate as the field scan. The
“Hicker rate” will be 25 per second, not quite as
objectionable as the 16 per sccond that would be
required for three-colour scanning along these lines,
and with this system a bistable circuit would be
needed switching the video signal on alternate ficlds
from the orange chroma detector to the one for cyan.
Although the colour filters will synchronise to the
ficld timebase automatically there is a 50 : 50 chance
that they will produce the right colour rendering at
any particular switch-on. This can be readily correct-
ed by momentarily suppressing the field sync pulses
to the bistable switch.

An alternative means of display is to employ two
identical direct view cathode-ray tubes arranged at
right angles with filters and reflectors as shown in
Fig. 8. This is the most practical form available to
the widest number of enthusiasts, Two identical
scts can be used, with the line scan coils reversed on
one since it will produce a mirror image. Registration
and brightness regulation should be carried out on a
monochrome transmission for the best black-and-
white reproduction.

Apart from the timebases it is not essential to
duplicate the receiver section. One r.f., i.f. strip and
one decoder should suffice. An alternative method of
display using two projection tube assemblies (if
vou still have them) may possibly produce registra-
tion difficulties unless they can be mounted very
close together. In all cases better linearity and
registration is always possible if you settle for small
pictures.

To those of you who were looking for detailed
circuits of how this can be done we can only say that
colour TV is unfortunately too young. The writer
can, however, add as a footnote that although un-
tried, a two-colour system should cnable the keen to
produce some sort of colour trom their spares boxes.
A few experiments were carried out on a PAL.,
receiver 1o this end. Each gun in turn was muted
during a colour-film transmission. Results werc
intolerable with no green, watchable with no red,
and quite presentable with no blue. In this latter
test the pictures had a vellow cast similar to results
obtained by taking indoor pictures on an outdoor
celour film. So clearly if a two-colour system is at all
practical it must indeed be demodulatcd somewhere
along the orange-cyan line.
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LARGE proportion of the reports of poor

television reception dealt with by the Query

Service of this m ‘azine, by the BBC and
ITV, the Post Office, television dealers and other
independent television consultants stems wholly or
in part from inadequate aerial signal. Enthusiasts
often spend a lot of time searching the receiver cir-
cuits for a fault that does not exist, when in the
majority of cases the reception could be consider-
ably improved by supplying the set with a few
extra decibels of aerial signal.

Low signal strength affects BBC-1 and ITV as
well as BBC-2 and colour, but u.h.f. reception
generally suffers more than v.h.f. This is because
most sets require a stronger signal on BBC-2 and
colour to give the same qualitv of pictures as ob-
tained on BBC-1 and ITV. In other words, sets
are less sensitive on the u.h.f. channels than on the
v.h.f. ones, and this shows as a gradual fall in
sensitivity from Channel 1 in Band I (the most
sensitive channel of all sets) to Channel 68 in Band
V, as shown in Fig. 1(a). To offset this sensitivity
decline the aerial signal should ascend with in-
crease in channel number, as shown in Fig. 1(b),
but this rarely happens. Instead, the problem is
often worsened by the aerial signal being less on
the u.h.f. channels than on the v.h.f. ones, as shown
in Fig. 1{c).

Beyond the line of sight

There are various reasons for this, but a major
one is that the u.h.f. signals reduce in strength
more rapidly than v.h.f. ones beyond the theoreti-
cal line-of-sight distance between the transmitting
and receiving aerials, as defined in Fig. 2. Another
reason is that u.h.f. signals fail to possess the same
penetrating ability of the lower frequency ones,
which means that while a v.h.f. signal might pro-
duce a satisfactory signal field strength on the far
side of a large obstruction a uw.h.f. signal could be
completely isolated by the same obstruction.

—
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(a)

—
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U.H.F. signals travel almost in the straight lines
of light rays, and can be likened to the rays of light
emanating from the top of a lighthouse. Disgount-
ing the influence of large buildings, hills and other
earthly obstructions, therefore, the signal induced
into an aerial increases in direct proportion to its
height above the carth, as shown in Fig. 3(a). Sadly,
this relationship does not always occur in practice
owing to the inflyence of earthly obstructions, and
there are times when the signal picked up by the
aerial actually falls as its height is increased, as
shown in Fig. 3(b). However, the tendency is al-
wavs for the signal pick-up to increase on average
with increase in aerial height, as the dotted line
on the graph reveals.

Sers call for a stronger signal on the higher

——

Relative
aerial signal

1 o ra X
Television band —a=
(c)

Fig. 1: (a) Fall in receiver sensitivity with increase in
channsl number. (b) Required increase in aerial signal
with channel number increase to maintain the same
signal-to-noise performance. (c) General effect of signal
fall-off with increase in channel number.

Transmitter Receiving.
M aerial
N

Line of sight

distance

Fig. 2: Line-of-sight distance.
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channel numbers because the noise signals gener-
ated by their tuners increase as the channel num-
ber increases, as shown in Fig. 4 Picture quality
is ultimately governed by the signal-to-noise ratio,
which is the ratio given by the aerial signal and the
noise signal. Noise signal shows up on the picture
as grain or “snow-storm” effect and for this not
to be discernible to any degree the aerial signal
must always be 200 times stronger than the noise
signal. This represents a signal-noise ratio of 46dB,
the practical minimum for high-quality reception.

To maintain such a signal-noise ratio, there-
fore, either the noise signal produced by the tuner
has to be reduced or the strength of the aerial
signal increased. Noise signal created by a tumer is
a factor of its design, and during the last three or
four vears this has been significantly reduced by
the use of low-noise valves and, more recently, low-
noise silicon transistors. One can be sure. therefore,
that a modern set in proper working order is pro-
ducing the very smallest noise signal possible with
the present state of the art.

Colour noise

Tuner noise is a little more troublesome on
colour pictures than on monochrome ones. This is
because of the extra colour (chroma) information
carried by the transmission. Sidebands of the colour
signal intericave with the monochrome informa-
tion, and if there is noise on the former it adds to
the general overall noise effects in a subjective
manner. Tests made by various authorities to find
out just how much the colour picture is degraded
by noise indicate that between 50 and 100 per cent
more signal is required by a colour set to vield a
subjective signal-noise performance comparable to
a black-and-white picture obtained under similar
conditions.

This is very important right now, for it means
that if a BBC-2 picture has just about adequate
monochrome signal-noise performance the same
signal applied on colour will show rather a dis-
turbing noise. The only way that this problem can
be satisfactorilv solved is to ensure that the u.h.f.
aerial is delivering about twice as much signal as

required to give the minimum signal-noise per-
formance on a monochrome transmission. The
colour picture will then be noise free. )

It is unfortunately not possible here to illustrate
colour noise, but some idea of how noise affects a
colour transmission received in monochrome is
shown in Fig. 5. At (a) the signal strength gives
the desirable minimum 46dB (200-to-1) signal-
noise ratio, while the picture at (b) shows how
grain predominates the background when the
strength of the acrial signal is only a third of that
required for the desirable minimum signal-noise
ratio. The ratio is cut to about 70-to-1, which is
close to 37dB. Since such a poor signal-noise ratio
cannot normally be improved by reducing the
tuner's noise signal, the only practical solution lies
in increasing the strength of the aerial signal itself.

Increasing it bv three times, of course, restores
the picture quality to that shown at (a). Further
increase is accommodated by the set’s a.g.c. (auto-
matic gain control) systems without overloading,
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Fig. 3: Aerial signal versus aerial height (a) in open space
and (b) in screened aress where standing waves are
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(a)
. 5: Signallnoise performance at {a) about 4648 and (b) about 37dB siynal-tu-noise ratio.

and to some extent the piciure bzcomes even less
grainy with improved definition. T'he aim, then,
should always be 1o abstract as much signal energy
as possible from the passing radio waves—and this
calls for a suitable aerial system, correctly erected
and adjusted.

Low signal symptoms

Other symptoms of inadequate acrial signal
include hiss on sound, which is the audio repre-
sentation of the picture grain, critical line and
vertical hold controls, the picture tending to “roll”
in the presence of even minimal interference, ab-
normally high sound and vision interference and
unbalance between sound and vision on the fine
tuning control. This last svmptom is often put
down to a fault in the set because when the fine
tuning control is adjusted for a fair picture the
sound is very low or appears off-tune. Converscly,
the adjustment corresponding to the best sound
gives a poor picture. In extreme cases of low v.h.f.
signal strength it is often discovered that the con-
trast control fails to work properly. This is because
the potential for controlling the gain of the set is
derived from the a.g.c. bias, which itself is obtained
from the signal. When the signal is weak, there-

- fore, there is little or no bias from which the
control can work, and the gain of the set remains
at maximum at all settings.

The strength of the signal fed to the set’s acrial

socket depends on the intensity of the signal ficld
in proximity to the aerial and on the aerial’s gain
and orientation. In most arcas devoid of local
- screening within about 30 miles of a main trans-
mitter the signal ficld is relatively high in the v.h.f.
bands at least, and rclatively simple Band I and
Band IIT aerials abstract suflicient signal encrgy to
provide a reasonable signal-noisc performance.

Aerials required

For Band I reception a simple dipole or “H”
aerial is generally adequate, but about five cle-
ments or so might be required for comparable
Band III reccption. On the u.h.f. bands, however,
the aerial requirement is nowhere near as clear cut.
A very rough guide is that for co-sited transmitters
receiving aerials having about the same amount of
mctal in them arc required for the various chan-
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ucls in all bands to give compurable aerial signals.

“This means that if Band T requires two clements,
Band III will require five or six elements, Band
IV ten or so elements and Band V even more,
depending on the channel number. This is because
television aerials are tuned devices, and the higher
the channel number, the shorter the tuned length
of cach element.

Height and screening are two factors which come
into play more with increase in channel number.
The diagrams in Fig. 3 show thc influence of
height, but it is not possible to be so definite with
regard to screening. Even the screening effect of a
brick wall or the roof of a house can scvercly affect
the signal field round the acrial, especially on the
u.h.f. bands in wet or damp weather. This is why
it is generally undesirable to fix the u.h.f. aerial
indoors. If this is absolutcly essential, however, the
attic or roof-space is far better than a ground-
floor room in which the television set is used. The
extra height of the roof-space puts the aerial in a
greater signal field away from living-room prox-
imity effects and variations, but even so when it is
wet the signal will drop to at least half that
available with the aerial outside the house at a
similar height. On no account should a roof-space
u.h.f. aerial be employved if it has 1o point through
a row ol houses, for example, towards the trans-
mitter.

By far the best idea is always to arrange for the
uwhif. acrial 1o be outside the house, on the
chimney stack or some other lofty site, cven if this
means putting the v.h.f. acrials into the roof-space.
V.H.E. signals. particularly those in Band I, are
less attenuated by wet walls and roofs than u.h.f.
ones.

Arcas more distant than about 30 miles from a
main station require aerials of even greater com-
plexity, especially on the uw.h.f. channels, but again
very much depends on the height of the site above
sca level (or local screening level). The maxim is
always to usc a more claborate acrial if there is any
doubt about the signal conditions, rather than one
of insufhicient gain or number of clements.

In arcas with heavy local screening standing-
wave signals arce generated in space, and since the
strength of these vary with height and lateral dis-
tance substantial rises and falls in the signal
strength induced in the aerial are not uncommon

www americanradiohistorv com
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Fig. 6: Tilting the aerial (2) to line up with the plane of
polarisation and (b) to increase effective aerial height.

as the position of the aerial is changed (Fig. 3(b)).

Long propagation distances and screening
effects can sometimes alter the plane of polarisation
of the signals at the acrial. This is more noticeable
on the u.h.f. channels, and it has been known for
the signal at the set to rise by almost 40% by tilt-
ing the aerial to match the changed polarisation.
Polarisation tilt should not be confused with over-
all aerial tilt, which is sometimes adopted to give
the aerial greater effective height. Fig. 6 shows the
two kinds of tilt, polarisation tilt at (a) and tilt for
increasing the effective height at (b).

The latter, too, can assist in increasing the signal
induced into the aerial, particularly when there is
rising ground betwecen the u.h.f. station and the
receiving aerial. Special boom-mast coupling
brackets are available for giving this kind of tilt,
while polarisation tilt is easily applied by releasing
the boom clamp sufficiently to turn it through the
required number of degrees. after which it must be
tightened. of course. Maximum polarisation tilt
rarely exceeds 15 deg. for optimum results (often
less than this). while a tilt of 25 to 30 deg. can be
applied to increase the effective height, depending
on the local conditions.

The majority of viewers are within v.h.f. signal
fields sufficient to give at least the minimum desir-
able signal-noise ratio on BBC-1 and ITV pro-
grammes, but this certainly does not apply to
BBC-2 reception, and the rest of this article will
apply mainly to u.h.f. problems.

Where possible always mount the aerial out of
doors as clear as possible from other aerials or
metal items, such as pipes, guttering, metal roofs
and so forth. In scrcened areas and at distances in
excess of 30 miles from the transmitter try altering
the position of the aerial for the best possible
reception (to clear snow-storm cffects, for in-
stance). Alwavs orientate the acrial for maximum
signal,. remembering that multi-element u.h.f.
aerials are extremelv directional and that off-beam
siting of 10 deg. or less can halve the available
signal pick-up. In notoriously poor reception areas
trv the effect of tilt (Fig. 6).

Always use a separate length of coaxial feeder
from the u.h.f. aerial to the set’s u.h.f. socket. It
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is possible to combinc the u.h.f. signals to the
feeder connected to the v.h.f. aerial, but the sig-
nals have to be split again at the set for applica-
tion to the v.h.f. and u.h.f. aerial sockets. This
scheme not only attenuates the u.h.f. signal, via
the filters used for combining and splitting, but
can also introduce mismatching, further reducing
the effective signal transfer to the set. However,
in high signal strength areas this technique can be
adopted if required.

Always use special extra low-loss coaxial from the
u.h.f. aerial, for the aerial sxgnal can be attenuated
by as much as 40% by passing through medium-
loss or poor-quality coaxial cable. The graph in
Fig. 7 gives some idea of how coaxial cable
attenuation rises with increase in signal frequency.

Alwavs make certain that the coaxial plug is con-
nected properly at the end of the feeder. Fig. 8
shows the correct fitting method and reveals a
common fault. that of a badly soldered inner con-
ductor to the inner connector. Sadly, many radio
dealers simply press the end of the inner connector
with a pair of pliers to save soldering. While this
may not affect v.h.f. reception unduly, it certainlv
can cut the signal by 509 or more on u.h.f. This
is very important.

Never connect coaxial cable together to extend a
u.h.f. feceder. This can produce impedance discon-
tinuity with a severe fall in siznal at the set. Similar
trouble can result from sharp bends in the feeder;
alwavs apply a gradual radius of bend when passing
the feeder from the roof to the wall and through
windows etc.

—continued on page 279

Outer conductor
{oraid)

Inner connector: Insutating block

Badly t | 7
soldered — Coaxial
nner ""l; o L ik Cabie
conductor — 1 3 ” d L gl
- _'\.
Outer connector  inner Dielectric  Braid Quter case
(barrel} conductor clamp (PVC)

Fig. 8: Correct way of connecting a coaxfal plug. Avoid
badly soldered inner conductor to plug inner connection.
especially at u.h.f.
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HE title of this column

Underneath  the Dipole was

adopted a good many years
ago, when television transmissions
were restarted by the BBC after
the war, in June 1946. In that year
there happened to be a popular
music hall ditty “Underncath the
Arches”, which was sung by
FFlanagan and Allen, the star
comics of the Crazy Gang. It was
Bud Flanagan who sang “Under-
ncath the Dipole” in a typically
crazy moment. At that time, being
underneath a dipole scemed to
carry with it a “onc-upmanship”
in clectronics, the privilege of
being in at the very start—or
restart—of British television. The
BBC restored the pre-war trans-
mitter and studios at the Alexander
Palace on June 7th 1946, This was
a date when television aerials were
rarc, because the total number of
television sets in operation before
the war was only about 38,000 and
most of these were useless in 1946,

Electrolytic blow-ups

The pre-war TV scts with the
405-line standard, using d.c. res-
toration circuits and many of them
with mirror viewing and all with
excellent sound were splendid—if
they had only been thoroughly
checked before being switched on!
The trouble was that not having
been in use for vears the electro-
lytic capacitors broke-down, blow-
ing up the transformers, chokes
and sometimes the whole scts,
with the emergence of acrid blue
smoke. Those were the days—
days when it would have paid to
have paused a few months or even
a year or so to agree upon a world
standard supcrior to the 405-line,
interlaced  high-definition miracle
of 1936.

14,560-Repeat-14,560

It now seems fantastic that there
were only 14,560 TV licences in
1947, when combined sound and
television licences were just issued !
How easily it would have been to
“buy oft” the 14,560 licensces at
£75 cach as compcensation and to
have aimed at 625 lines, negative
modulation and a standard of
operation suitable for all nations
which had a 50c¢’s mains supply!
The original transmission fre-
quencies now used by BBC-1 from
London are still the best in the
world—but we are now saddled
with uw.h.t. and its aerial troubles
for colour.

All of these nostalgic musings
arise from the birth of the original
ritle of this Underneath the Dipole

UNDER
NEATH

THE DIPOLE

agreed by the late F. J. Camm who
was then the Editor. There may be
portable TV sets in this day and
age, but when looking at a tcle-
vision sct undernecath the Adelphi
Arches, Strand, it would still be

necessary to have a  well-sited
dipole. In the rainy Manchester
area, the acrial should also include
an 1TV array resembling the
Granada umbrella-like trade mark !

TV standards for film
production

The television industry and the
film industry arc highly technical
ficlds which have been troubled

from time to time by policy
decisions made by non-techni-
cians. The film-production

industry has learncd its lesson and
in this respect is growing closer
to television  production.  The
advantages of television monitor
aids for the motion picture camera
are at last being appreciated by
some of the film makers, particu-
larly those producing films specifi=
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cally for television, such as The
Awengers scries. This has naturally
led to the use of video tape for
artistes’ tests, scenc checking, cte.,
apart from its value for photo-
graphic trick shots cueing.

TV and live theatre

Television studios were hurriedly
improvised set-ups from the very

start, in 1936. As time passed they -

were improvised from film studios,
theatres, cinemas, agricultural
halls. This applied in America as
well as in England. The first
claborate purpose-built television
studios in Britain were, I believe,
those of Granada Television,
Manchester. This was where the
first  Mole Richardson slotted
lighting grid was introduced, from
which were suspended Strand
Electric 2kW spot- and flood-
lights. This type of lighting has
been introduced into a few of the
modern live theatres, to which
have been added very up-to-date
remote control dimmer consoles.
These are splendid when they arc
properly operated with the lighting
units properly sited.

What sometimes happens, how-
cver, is that the lighting is mainly
overhead and hard, resulting in
hard dark shadows. Thesc shadows
are not softened by
footlights, which are now con-
sidered out of date by the modern
arty-crafty lighting directors. This
is why good-looking actors and
actresses look so aged and, in
some cases, downright ugly.
“Filler light”” to soften the hard
shadows under the eyebrows and
under the chin does the trick; soft
front and side lighting plus hard
“kicker” light (angled from the
back) will take years off the faces of
the victims, cspecially if wide-
angle lenses are avoided on close
shots, whether for films or for
television,

In many modern live theatre
auditoria, dozens of splendid lamps
arc suspended around the barc
walls until they resemble a marine
storc or an ironmongers rather
than an elegant theatre, pleasant
to look at and comfortable to sit in.

Video tape in film
studios

The Film Production Associa-
tion is now in the process of
arriving at a standard for video
tape to enable recordings to be
readily played off on VTR
machines in studios other than the
originating studio. Film tests of
actors for films have bcen made

traditional -

{
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for years and years and are very
expensive to carry out. However,
such film tests are readily ex-
changed between the casting direc-
tors of film studios. Broadcast
quality video tape is an expensive
venture for capital and operational
costs and this method has not been
pursued. However, the helical-
scan, video-tape systems, des-
cribed by H. W. Hellyer in recent
issues of PracTticaL TV, have made
this a practical possibility. The
Film Production Association is
considering the adoption of a
standard of tape width, tape speed
and all the other specifications
which will enable a compatible
system to bc agreed between the
studios, with acceptable picture
quality at a rcasonable cost.

The universitics, schools and
other educational establishments
have rushed into television without
very much technical assessment
being made of what can be done.
The usc of video tape is desirable
for interchange, but the use of
broadcast quality standard equip-
ment is too expensive for most
establishments. Instead of deciding
on a lower standard of the helical
type, such as is now being agreed
in the Film Production Associa-
tion, each individually have gone
in several different directions for
several different standards. This
has therefore restricted the inter-
change of tutorial lectures that is
so desirable. Standardisation of
broadcast quality of video tape
and one lower quality helical
standard would be more sensible:
two standards only should be the
ultimate aim. In this day and age,
technicians should be brought into
the committees which decide upon
policies which require techmical
advice and agreement.

Executives! executives!
executives!

Top executives in the television
industry have a heavy load of
responsibility to carry, administra-
tive, financial, technical and artis-
tic. This modern complex of show
business was brilliantly summed up
by Nat Cohen, a top figure in the
film business and on the race
coursé, including the Grand
National. This is what he said:

“Executives are a fortunate lot,
for, as everyone knows, an execu-
tive has nothing to do; that is
except:

“To decide what has to be done;
to tell somebody to do it; to listen

PRACTICAL TELEVISION

to reasons why it should not be
done, why 1t should be done by
somebody else, or why it should
be done in a different way; and to
prepare arguments in rebuttal
that shall be convincing and con-
clusive. To follow up to see if the
thing has been done. To discover
that it has not been done; to
inquire why it has not been done,
to listen to excuses from the person
who did not do it; and to think up
arguments to overcome the ¢X-
cuses.

“To follow up a second time
to see if the thing has been done.
To discover that 1t has been done
incorrectly; to point out how it
shall be done; to conclude that as
long as it has been done it might
as well be left as it is; to wonder it
it is not time to get rid of the
person who cannot do a thing
correctly; to reflect that in all
probability any successor will be
just as bad or worse.

“To consider how much morc
simply and better the thing would
have been done had he done it
himself in the first place; to reflect
satisfactorily that it he had done it
himselt he would have been able
to do it right in twenty minutes
and that as things turned out he
himselt has spent two days trying
to find out why it is that it has
taken somcbody else three weeks
to do it wrong and to realisc that
such an idea would have a very
demoralising effect on the organi-
sation because it would strike at
the very fountain of the belief of
all employees that the executive
has nothing to do.”

BBC’s magical mystery

There was a proud Lancashire
boast that “What Manchester
thinks today, London thinks to-
morrow’’. There was also another
old Lancashire saying ‘Where
there’s muck, therc’s brass”. Of
course, as the late Dr. Joad would
have said on the wireless vears ago,
“It all depends what you mean by
muck.” In show business it is
referred to as rubbish. The BBC
demonstrated that there is moncy
in rubbish when they paid £10,000
tor two television broadcasts of
the Beatles’ Magical Mvstery Tour,
their Boxing Day débicle which
received the biggest critical blast
ever inflicted on “‘pop’” pertormers
ot world-wide popularity. 1 don’t
disagree with the newspaper critics,
who obviously enjoved hurling
verbal custard pies in the manner
tashionable at the end of 1967,

www americanradiohistorv com

269

the British year o down-beat
down-beat. But let’s think again.

Unfair to Beatles

Have the critics been quite fair
to this pop group? Have they not,
themsclves, been guilty of ele-
vating rather ordinary ‘‘pop”
entertainment to thc upper strata
of a new art form? What about the
critics’ pompous reactions to cer-
tain plays at the Royal Court
Theatre; to the shoddy “X” films
at many cinemas; to the smutty
paperbacks with even grubbier
covers. And what about the
avanr-garde psychodelic exhibits
at the Tate Gallery, with wirework
or hole-in-the-stone sculpture and
painted portraits of gentlemen with
triple eyes and no chins. And what
about the discordant gquarter-tone
syncopations, posing as modern
music, which hurt the ears and
make the teeth grate! Are these
any better in their own particular
fields than the film effort of the
Beatles?

And why—unlike the amateur-
ish film enterprise of Beatle Paul
McCartney—has some of the Arts
Council stuff been aided by you
and l—taxpayers—in the form of
grants? At least the Beatles make
a big profit tor their group and
provide an enormous taxable pro-
portion of the ultimate revenue,
plus dollars and ducats from
exports. This is something that the
Arts Council will be unlikely to
achieve! “Well done, the Beatles!”
is what Iconos says, even if their
Magical Mystery is poor stuff! We
must hand it to them that they are
professionals in their own field of
making tunes that are catchy.

PRACTICAL ELECTRONICS
March

THE P.E. FLUORESCENT
CAMPING LIGHT
with transistor inverter

Ideal for tents, boats,
caravans and any situation
where there is no a.c.
mains supply
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with a very unexpected change in the type
of propagation in comparison with the
period we reported last month.

The tropospherics for most of the current
period have largely gone again, although on
21/1/68. there was evidence of improvement. The
real interest, however, has been the reappearance
of quite considerable Sp.E. activity normally rare
in January.

These openings have been almost daily since
the beginning of the month and have produced
some quite long duration signals or alternatively
short bursts throughout the day, and this has
been a very pleasant surprise! As usual, here are
details of the best days for reception and there
was even some activity on dates not mentioned
but short duration programme signals precluded
precise identification of the stations. Period from
24/12/67 1o 21/1/68 Sp.E. reception.

24/12/67 Sweden E2 (short duration meteor
shower).

27/1/67 Czech. R1.

2/1/68 Czech. R1.

3/1/68 Czech. R1, Austria F2a.

:4/1/68 Czech. RI1, Hungary R1, Austria 132a.

5/1/68 Czech. R1, Hungary RIl, Austria E2a.

6/1/68 USSR RI1.

-8/1/68 Czech. R1. Austria E2a.

9/1/68 Hungarv R1.

10/1/68 Czech. R1.

12/1/68 USSR R1.

13/1/68 Czech. R1, Austria E2a.

18/1/68 USSR R1.

-21/1/68 USSR RI1.

‘One further point worth noting was the recep-
tion of Russian space communication messages
on 23/12/67 on the 35/40Mc/s band; these must
have been tests only this time.

High winds and unsettled weather conditions
carlier in the month put paid to the tropospheric
signals, but I am pleased to note that they are
now building-up again, and on 20/1/68 Ruisclede
¥:2' has put in its first appearance for a very
long time. I hope we shall have some Trop. news
1o report next month.

WHAT a turn up for the book” this time

NEWS

‘We have the following news items for you
froam R. Bunney. First some details of new
stations

W. Germany: Osnabriick Ch.39, 250kW Hor.
(Colour). E. Germany: Dresden ES5 power and
polarisation unknown. Spain: Santiago (2nd
Prog.) 3kW Vert. Alicante Ch.32 (2nd Prog.) 100k'W

A MONTHLY FEATURE
FOR DX ENTHUSIASTS

by Charles Rafarel

Hor. Seville Ch.52 (2nd Prog.) 100kW Hor.

And here are some amendments, for Spanish
stations: Izana C/I E3 350kW Hor. but mast
height reduced; that may not help us! Zaragossa-
La-Muela E3 up to 35kW Hor. Barcelona-Tibi-
dabo E4 up to 150kW Hor. Guadalcanal E4 up to
120kW Hor. Madrid Chamartin Ch.21 up to
100kW Hor. Bilbao-Archunda Ch.22 up to 60kW
Hor. Madrid-Navacerrada Ch.24 down to 870kW
Hor. Barcelona-Tibidabo Ch.31 up to 300kW Hor.
San Sebastian-Jaizquibel Ch.48 up to 100kW Hor.

The most interesting would scem to be the
2nd Prog. from Santiago on E2, and as far as I
know there is a new Ist Prog. transmitter at
Gomontiero~Asturias (E3 70kW Hor.) in North-
Western Spain—just right for us!

Norway, Modifications: Stiegen E2 up to
60kW Hor. Hemnes E2 up to 60kW Hor.

Switzerland, Additional: Rigi-Lucerne, Ch.32

100kW Hor. Daily pro-

Experimental.

Jordan, Amman E3
gramme 1600 to 2100 GMT. The source of this
information is as yet unconfirmed (remember the
Amman caption some time ago?) so we had bet-
ter be carcful over identification!

TOWARDS F2 DX?

American reports from Stan Panc of Utica
N.Y. show reception of Bl BBC sound only on
22 QOctober, 26 November, 15, 24 and 25 Decem-
ber 1967, so there mayv have been pictures by
now! The latest sun-spot counts are as follows:

1968. January 110, February 113, March 115,
April 117, May 117, June 116, but rising to 123
for November next. Not very startling, but
could be high ‘enough for F2 DX here all right.

READERS’ REPORTS

We have a log from D. Bowers, of Saltash. held
over from last month, which indicates that mid-
November Sp.E. was quite active in his area,
although relatively quiet elsewhere in the country.
Between 13/11/67 and 17/11/67 he had Holland
E4, W. Germany E4, Norway E4, Italy IB, and
Sweden E4, so skip distances must have been
right.

Reports of the excellent November Trop. open-
ing are continuing to arrive. S. Hoskins of York
reports CDX/TV (colour) from Lopik Ch.27 so
he is now our second CDXer, and our congratu-
lations to him, in particular because of the dis-
tance involved from York to Lopik.

“Steam” black-and-white DX/TV! brings us
a report from I. Rowe of St. Helens, and he is a
long way from the Continent too, so our con-
gratulations on W. Germany, Bremen Ch.42
Aachen Ch.58, Holland, Ilopik Ch.27 Smilde
Ch.47, and Markelo Ch.54; also in Band III
France Niort F7 as well.

R.‘J. Bentley of Huddersficld reports Holland
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DATA PANEL-25

WEST GERMANY SAARLANDISCHER KUNFUNK. S.R.

This Test Card is used
by Gottelborner—Hohe.
Ch.E2. 100kw. Vertical
polarisation.

This very distinctive
card is only used by
Saar TV. Due to the
short skip it is difficult
but not impossible to
receive in the South of
England, but in the
North and West of
British Isles it should be
a reasonable Sp.E.
signal.

This photo was taken

by Mr. G. F. Van de
Wijngaart of  Mierlo,
Holland as a tropos-
pheric signal and we
thank him for the
chance of including
this ‘“‘rare’” card in the

Data Sheets.

Goes Ch.31., and Roermond Ch.32, Francc Lille
Ch.21 and Caen Ch.25. He also mentions that
he saw CDX/TV on someone’s set from Wup-
pertal Ch.22, so therc is really a third CDX/TV
report from a person whose identity we do not, as
yet. know!

Top marks this month must however go to
J. Boswell, of Hornscy N.8, for his u.h.f. log for

November 1967. His total was 48 u.h.f. stations
and there is hardly a single channel on which
he did not get a signal. Among the rare ones that
he notes are Sweden, Horby Ch.43, France
Mezieres Ch.23. W. Germany Eiderstadt Ch. 31,
Bungsburg Ch.50. and Ostfriesland Ch.43 (I do
not as vet even know where this one is located :
perhaps he would enlighten us!)

LETTERS
TO THE

EDITOR

FUN WITH THE HELICAL

IR,—May I tell you of my experience with the
Helical U.H.F. Aerial described by Mr. Benson
in the November issue of PTV. For several months
1 have been renting a 19in. TV set capable of receiv-
ing BBC-2, but have not bothered to have a suitable
aerial erected. This is not a particularly good recep-
tion area and I have been told that a fairly complicated
aerial would be required.

1 decided to *‘have a go” at making the helical
aerial, but was determined that only those materials
that were already to hand would be used (apart from
the co-ax feeder that I had to rush out and buy). A
search of the garage failed to producc any {in. tubing
although there were plenty of scraps of wood.

The former for the helix and the reflector were
soon made and liberally coated with synthetic varnish.

The reflector was fashioned from tin-plate, and the
helix was made from Lin. thick galvanised iron wire,
wound to an approximate shape on an old paint drum
that happened to be about the right diameter. The
matching transformer was made from some #in.
diameter aluminium rod.

With the eager help of my young son the aerial
was taken into the house the next day and put on a
table pointing roughly in the direction of the trans-
mitter at Crystal Palace. We connected up, switched
on, and waited hopefully. To our delight the BBC-2
test card appeared! We moved the aerial around and
soon discovered that it worked better outside the
house, and better still when I clambered up on the
garage roof. The aerial was then coated with varnish
again and strengthened to cope with the wind. In
order to get it erected quickly it was firmly fixed to the
top of a 26-toot wooden extension ladder which was
then fixed vertically to the side of the house to raise
the aerial above roof level. The helix has only six
turns since I didn’t have enough wire for more.
Total cost was £1, for the co-ax cable. Reception is
quite good and no doubt will be improved when [
make a more permanent one and site it more carefully.

Thank vou Mr. Benson, and PRACTICAL TELEVISION
for giving us some fun in making it and a great deal of
satisfaction.—J. G. NipE (Bvfleet, Surrey).

The Editor does not necessarily agree with the opinions expressed
by his correspondents.

www americanradiohistorv com


www.americanradiohistory.com

MICROPHONY

IN CAMIERA TUBES

umebascs  excluded, sound-on-vision is the

most obvious and most annoyving. The ecye
becomes accustomed to 1Mc/s resolution, non-
linearity, ghosting, lack of black level and all the
other usual dreary faults which go uncorrected on
95, of the nation’s TV scts, but the spectacle
of moving bars on the picture does secm 1o rousc
cven the most passive viewer to action of some
SOrt.

Because of this, most vicwers appreciate the use
of the fine wner and adjust it accordingly, but
there are times when the picture presents all the
symptoms of sound-on-vision even when the
receiver is perfectly adjusted. This is quite baffling
and leads to complaints that sound-on-vision is
occurring at the repeater station or even in the
modulation stage of the transmitter.

In fact the effect is due to microphony in the
camcra tube itself, and the fact that it is so visible
and so annoying has made it a major problem
for the manufacturers of TV camera tubes in the
past. It is only at the present time that many
vears of rescarch arc paying off in the form of
tubes which cxhibit little or no microphony.

Anyonc who has constructed audio amplificrs
must be familiar with microphony in valves. If
the internal structure of a valve is free to vibrate,
then its amplification factor varies as it is shaken,
and this appcars as a variation of voltage at the
anode. If the valve is in an carly stage of the
amplifier this voltage variation is amplified in
cach subscquent stage and converted into sound
(as a “howl”) by the loudspeaker; and, if the
microphony is scrious, the sound from the ioud-
spcaker mav cxcite the valve further so that a
continuous howl is set up.

Very much the same thing occurs in the TV
camera cxcept that the clectrical voltage variation is
nof translated into sound by a loudspcaker but
into vision variations bv the c.r.t. In addition, the
amplification which is built into onc type of TV
camera tubce is very much greater than that found
in an audio amplificr so that microphonic cfiects are
that: much more important.

VIDICON MICROPHONY

From what parts of camera tubes does micro-
phony originate? Figure 1 shows diagrammatically
a portion of the vidicon camera tube, which uses
the principle of photoconductivity for its operation.
When the tube face is dark, the clectron beam
scanning the surface of the target forms a con-
nection bhetween the cathode and target just as
if the electrons were passing along a picce of wire,
and the voltage on the gun side of the tarect Javer is
the same as the voltage ar the cathode of ithe
electron gun; this vohtage is usually carth. Although
the other side of the target is at + 10V, practically
no current passcs through the target because the

OF all the maladjustments of a TV set, slipping

K. T. WILSON

material has a very high resistance when it is in the
dark.

When the target is cxposed to light, however,
the target becomes conductive where light strikes
it, the voltage on the gun side changes, and the
scanning beam has to pass current to the target
to bring the voltage back to carth potential. The
amount of current which is passed dcpends on
the voltage which in turn depends on the pattern
of light and shade (the picture) on the target
and it is this current which is used as the video
signal.

It is, however, necessary to provide some sort
of anode for electrons to land on when they are
not required at the target. For this reason, a
mesh of extremelv fine wire is plac i a fow
thousandths of an inch from the target and held
at a more positive voltage; this also has the effect
of greatly improving the resolution of the tube at
the edges if the voltage of the mesh can be varied
independently. Unfortunately, it is the introduction
of this electrode which makes microphony possible,
because the combination of mesh, target and the
empty space between creates a capacitor. Now
when a capacitor is formed by two parallel con-
dycting plates with air or a vacuum betwecn
them, the capacitance depends on the area of the
plates and on the distance between them, increasing
as area increases, and also incrcasing as distance
decreases.

If our mesh vibrates for any rcason, the capaci-
tancc between the target and mesh must also
vary, and the valuc of this capacitance at, any
instant rcgulates the current which flows to the.
target. Reference to Fig. 2 will clarify this. If
we have a fixed voltage available, then the total
current which flows momentarilv through a rcsis-
tance in scries with a capacitor increases as the
capacitance of the capacitor incrcases, and, con-
versely, we can draw a much more impressive spark
from a 1pxF capacitor than from an 0-001+F onec.
In the samc way, the electron current which flows
to the rarget of the vidicon depends on the capaci-
tance between target and mesh at the instant of

Mesh Dlrgfctuon
retainng — vibration
rlnq
Glasy —* Elgg,;:ﬁn
taceplate =
} PO"ft‘ion
Tarqet 1 o
- focusing
layer // cy hinder

Fig. 1 Microphonic partion of vidicon tubs. .
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Fig. 2: Effect of capacitance on charging current.

scanning, and, if this capacitance is varying, the
current must also vary, If the variation is at a
frequency between the field and line frequencies,
the effect is of a pattern of light and dark bars
which move up and down the picture unless the
frequency happens to be exactly a multiple of the
field frequency.

Vibration of the mesh may be due to camera
vibration (when being panned or tracked or when
changing lenses or zooming) or it may be due to
the impact of sound waves on the camera tube in a
noisy studio; in each case, the bar-pattern appears
if the tube is microphonic.

No complete cure has becen found for micro-

phony in vidicons. Fortunately, only a small
percentage of tubes have serious microphony,
and, in addition, vidicons are usually used

for outside broadcasts where the effects of sound
are less scrious than they are in echoing studios.
The worst tubes arc rejected by manufacturers in
an ingenious test which consists of connecting up
target and mesh as a capacitor micropbone and
feeding into a high-gain amplifier which in turn
feeds a loudspecaker at a fixed distance from the
vidicon. At some value of amplifier gain, positive
feedback starts a “howl”, and the value of gain is
noted on the tube test sheet. Tubes which require
less than a determined value of gain in this test
are rejected.

IMAGE ORTHICON MICROPHONY

The target portion of the image orthicon, the
camera tube most frequently used for high-quality
pictures, is shown in Fig. 3. I have already written
extensively on the operation of the image orthicon
(Practicar TV, July 1967), and shall only recall
the details brieflv. Here again, the signal appears
as voltage variations on an insulator, in this case
glass, separated by a very small distance (0-001in.)
from a metal mesh. In the image orthicon. however,
the signal at the target is used to modulate the
returning clectron beam, and this modulation is
amplified by 100.00¢ in the photomultiplier section.
Microphony in the image orthicon is thercfore
extremely serious; it occurs more easily and image
orthicons are used more frequently. What is even
worse is that the image orthicon shows two quite
distinct tyvpes of microphony.

The first tvpe of microphony has been christened
“shock microphony” and arises from the same
causes as the micrephony which we have seen in

PRACTICAL TELEVISION

273

the vidicon. The area of the target and the mesh
i much greater in the image orthicon than in the
vidicon, however, and the capacitance change
when the spacing alters because of this is much
greater. In addition to this both the target and the
mesh of the image orthicon are liable to vibrate,
since each is a thin sheet of material held in a ring
frame, unlike the case of the vidicon where the
mesh can vibrate but the target cannot because it
is fixed to the face of the tube.

The image orthicon is thus more prone to micro-
phony than is the vidicon, and the last straw
came around 1961 when most of the television
companies decided that they required a_larger
range of shades of grey in their pictures. This is
easily done with the image orthicon by raising
the voltage applied to the target, but. in a very
short time, complaints of microphony began to be
heard. At first the operator did not connect this
with raising the target voltage, and it was only
when the manufacturers of camera tubes started an
intensive research project into camera tube micro-
phony that this effect was discovered. One remedy
would have been simple, to lower the target voltage
at which image orthicons were warked, but this was
unacceptable on artistic grounds (in this country,
at any ratc). The only alternative was to discover
some method of treating the target assembly so
that microphony was lessened.

CURING SHOCK MICROPHONY

At first, it was thought that the construction
of the target and mesh might affect microphony,
and tubes were made with targets and meshes
slack or tight or with one slack and the other
tight. Although several methods were found of
making microphony worse, it did not seem to be
possible to improve the tube in this way, and this
line of inquiry was dropped.

=<
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Fig. 3: Vibrating components of image orthicon.
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Fig. 4: Target spacing strips. Fig. 5: Mica spacer.

The next attempt was much more fruitful. The
mesh and the target are normally held apart by
means of spacers, which, at that time, consisted of
%in. wide strips of nickel-chromium alloy of 0-001in.
thickness. These strips were pulled tight across the
mesh and welded to the mesh frame before the
target was clipped on (see Fig. 4). Reducing the
tension on the strips reduced the tendency to micro-
phony, and leaving them loose reduced micro-
phony considerably. The springiness of the material,
however, caused them to bow and increase the
spacing of the target to the mesh to an unaccept-
able degree.

The next step was to try the effect of soft
copper and soft nickel strips. The reduction in
microphony was startling, bur spacing problems
still existed. The best solution was found to lie
with mica spacers cut to fit between target and
mesh, and this method of controlling microphony
was introduced by EMI in 1964. The shape of
the mica is shown in Fig. 5. The thickness is
usually about 0:0005in. and great care must be
taken to ensure that there are no projections from
the surface of the mica which will alter the spac-
ing or even shatter the glass target.

ELECTRICAL MICROPHONY

During the time in which all this work was
going on, evidence was gathering of a further
form of microphony which had also appeared as a
result of running image orthicons at higher target
voltages. Several reports claimed that tubes gave
microphonic bars on pictures even when cameras
were running untouched in empty studios. At
first this was thought to be shock microphony
which had run on for a long time after the original
shock, just as a pendulum swings for hours
after being set into motion. Experiments soon
proved, however, that something new was happen-
ing, and that an image orthicon could produce an
effect exactly like microphony even when it was
totally insulated from the effects of shock or
sound.

Since the elcctrical signal of this “microphony”
seemed to originate by itself it was called elecrrical
microphony, a term which was much more accurate
that was realised at the time. Electrical microphony
was found to become more severc as the target
voltage was increased and as the illumination of
a scene decreased. This explained why the cffect
had suddenly become troublesome;  previousty
producers had worked at lower target voltages and
with stronger set lighting, but, with productions

PRACTICAL TELEVISION

"March 1968

becoming more adventurous, artistic demands had
led to higher target voltages and less light.

The research work on this problem was much
less straightforward. At least with shock micro-
phony the cause was known and research could
proceed to its prevention. With electrical micro-
phony the cause was not understood, and much
groundwork had first to be donc into the forces
acting at the target in the absence of mechanical
vibration.

FORCES IN THE TARGET

By the laws of electrostatics, there is a force
between any two charged particles which depends
on the charges on the particles and also inversely on
the squarec of the distance between them.
Mathematically, it is expressed as F = (q1 X q2)/r*
where F is force, qi and g2 are the charges and »
the distance between them.

In the image orthicon this means that the target
is being attracted to the mesh at the instant when
the beam lands on it (the mesh remains at a
positive voltage while the target is discharged to
earth potential by the beam) and this force of
attraction decreases as the target charges up again
by the action of electrons from the photocathode.
Since electrostatic force depends on light level
(since this determines the charging of the target
by electrons from the photocathode) and on target
voltage, it .seems a plausible cause for electrical
microphony. Hopes were dashed, however, when
measurements on targets and calculations on the
maximum possible electrostatic force showed that
the clectrostatic forces could not possiblv produce
cnough deflection of the taut glass membrancs of
the target or mesh to cause the observed effect.
Nor did it act on all the target at any onc time.
Some other force had to be found to account for
the effect.

EFFECT OF MAGNETOSTRICTION

There were two clues to the nature of this
force. One was that the metal alloy used for the
target frame happened to be an alloy exhibiting the
property of magnetostriction (change of dimen-
sions in a magnetic ficld), the material having been
chosen mainly for its ability to seal to the glass of
the target. Magnetostriction, incidentally, is the
effect which causes the whistle from line output
transformers. the laminations of which shrink and
cxpand as the magnetic field varies. The second
was that tubes using rargets of magnesium oxide
had ncver shown clectrical microphony, and their
target frames werc madc of another material.

Magnetostriction seemed to be the clue to the
trouble. If the target frame shrunk at thé same
time as a steady clectrostatic force was applied to
the rtarget, then the surface of the target would
move. If both these forces were turned on and
off, then the movements of the target might build
up in the way that a child can build up the
oscillations of a swing. This type of increase in the
amplitude of an oscillation is called “parametric”,
because the capacitance of the target (the para-
mcter, or quantity. varied) varies with the forces
applied to it and also changes the forces which
vary it.

It would have been possible to construct
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elaborate measuring apparatus to check this effect,
but it seemed unnecessary. 1he magnetic fields
were certainly present, the electrostatic forces were
known. The quickest way to check was to start
making image orthicons with targets of some
material whose magnetostrictive effects were neg-
ligible. Finding such a substance was not easy,
because it had also to seal to the glass of the
target.

The newly-available metal titanium filled the
bill, and tubes using titanium target frames were
carefully tested for electrical microphony. None was
found, and EMI started to supply tubes free of
electrical microphony early in 1965.

PRESENT POSITION

As far as high-quality studio broadcasts from
the major programme contractors in the UK are
concerned, microphony in camera tubes is no
longer a source of trouble. Other countries seem
to be less fussy, and viewers of programmes live
or taped from other countries may see this type
of fault frequently. It can be distinguished from
sound-on-vision because it does not change
frequency with the sound. The two forms of micro-
phony can also be distinguished; shock micro-
phony occurring after a noise or during camera
movement, and electrical microphony causing bars
to run up or down the picture for no apparent
reason, and often in shaded pictures. Amateur TV
is also likely to be troubled by microphony in vidi-
cons since vidicons rejected because of this fault
mav end up being sold for amateur purposes.

This story is an illustration of the wav in which
artistic decisions in television can have far-reaching
technical consequences. It also shows the continual
efforts which are made by manufacturers to keep
the British television system consistently ahead in
picture quality.
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Build this twelve-range field-effect transistor volt-
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THE SIMPLE SIX

Now is the time to build this simple but efficient
six-transistor portable receiver for the summer.
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Ideal for a crystal microphone and to feed the main
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Part 1 of a new series devoted to speedy fault
diagnosis and the various practical problems
that arise dunng the course of TV servicing
The first part deals with sync separators the
types of faults that arise in this stage and how
to deal with them quickly.

DRIVING SHADOWMASK
TUBES

What sorts of signals are required at the
electrodes of a shadowmask colour TV zube ?
In answering this question this article g ves a
clear account of the production of colour TV
displays and the problems of compatible
colour/black-and-white picture reproduction.

THE TELEAMP

A simple two-stage audio amplifjer suitable
for use in the home as a gramophone amplifier
but with sufficient output to enable it to be
used 1n clubs etc. The amplifier 1s based
entirely on components salvaged from old TV
receiver chassis, using a PL81 as the output
stage to give outputs up to 7W.
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VIDEO TAPE REC

ORDING

PART 6

AVING last month looked at the record
Hcircuitry of the Sony helical scan recorder we
shall this month turn to the playback circuits.
Replay is a much more complicated business, elec-
tronically, than recording. The signal from the two
playback heads, collected by the wiper/slip-ring
arrangement previously described (see Part 4), is
very small and has a frequency characteristic which
depends on the tape and the heads themselves. This
small signal first has to be amplified, under the very
best conditions to prevent noise increase, before any
“tailoring” can be done. For this purpose, separate
two-stage preamplifiers are provided for the signal
from each head, the outputs being combined at a
level that can then be handled with less fear of dis~
tortion due to frequency-conscious networks. The
outputs from these preamplifiers are fed to the
following stage via a control which provides a means
of balancing the outputs from the two heads and of
making some -allowance for slight discrepancies due
to wear. This arrangement, with the two preamplifier
circuits, is shown in Fig. 19a. It will be noted that
the first stage uses a pnp transistor while the second
has an npn transistor
To obtain the correct impedance match the replay
lead signal is fed to the preamplificr by a transformer.
The presence of the comparatively large (0-1uF)
capacitor from one side of the secondary to the posi-

H.W.HELLYER

tive line ties this side of the winding to chassis, via
smoothing, decoupling, etc. Thus the first transistor
operates as a simple common-emitter amplifier with
the output signal applied to the base of the succeed-
ing stage by the 0-01pF coupling capacitor. The
second stage of each pair is an emitter-follower, with
the output fed, via another 0-01uF capacitor, to the
balancing control. Taken off from this 500-ohm
preset, the signal is next applied to a two-stage
amplifier as a complete carrier. The carrier is matched
to the following limiting stages by taking the output
from the emitter-follower section of this two-stage
“block™, again via a preset control, which forms the
main playback output level control for the head
signal (not to be confused with the main video-level
control).

At this point, marked TP9, an oscilloscope will
show the combined head outputs as a positive and
negative waveform, something like that of Fig. 19b,
where the outputs from the two heads show as
successive “envelopes”. The amplitude should be
adjusted to more than 0-4V, and in practice something
like 0-6V gives best results. But of equal importance
is the balancing of the two outputs. There should be
as little difference between the two successive
envelopes as possible. In practice, the makers give
the surprising tolerance of 6dB, but a much closer
parity should be aimed at and can generally be
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Fig. 18b: The outputs from the preamplifiers appear at

TPY as successive “blocks” which should be within 6d8

of each other for correct playback conditions, with a
minimum peak-to-peak voltage of 0-4V.

obtained by careful adjustment of the two controls
shown in Fig. 19a.

The eagle-eyed will have noted that 1 have
passed and apparently ignored two other controls,
the two preset capacitors that tune the secondaries
of the head matching transformers in parallel with
120pF fixed capacitors. Their function is to give
maximum signal boost at the higher frequency end
of the response curve, where, of course, head and
tape losses are most likely to be-apparent. They are
tuned for maximum output at 2-5Mc/s, again reading
this at TP9, and are adjusted after the circuit has been
set up for gain and balance. An r.f. generator is
coupled—see Fig. 19c—to give an output of 100mV
across the attenuator shown (which provides the
matching for the normal 75-chm output of most
instruments).

At this point it may be well as to pause and
consider just what sort of signal we are handling.
Remember that this is the carrier signal, and it is
frequency modulated. In other words, it is absolutely
essential to reduce variations in the amplitude of
the signal to a minimum. These are principally noise
signals, but if the loading conditions are wrong
amplitude variations can be caused by the amplifying
stages themselves. Hence the need to balance and

adjust the signals at the preamplifiers before applying’

the carrier to the limiter section, to reduce the chance
of saturation which causes the signal-to-noise ratio to
be impaired.

There is no need to illustrate the limiter section in
full: it consists of five common-emitter stages in
cascade, with base voltages tied by shunting
parallel but reversed diodes which provide the
limiting. This technique, familiar to computer circuit
students and associated branches of electronics, may
not be quite obvious in its action, so to discuss the
limiting circuits more fully let us study a single

O1uF
%:/ %

From previous
simiiar stage

JO-OOZMF OAyF

Fig. 20: (a) Single limiter
stage, showing a diode
pair used to perform the
clipping action. There are
in all five limiter/amplifier
stages. (b) Superimposed
diode characteristics,
showing the effect of
combined forward- and
reverse-biased diodes, giv-
ing a zone of “neutral” vol-
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Fig. 19c: Tuning head transformer circuits requires an r.f.

generator tuned to 2:5Mc/s with a matching pad in the
head return lead.

stage (Fig 20a). The two diodes are connected across
the base-emitter circuit, the standing bias being
fixed by a conventional potential divider, and a
relatively large (to the 1-7Mc/s f.m. carrier) blocking
capacitor is included. In effect the diodes shunt the
output trom the preceding stage, with a capacitor
coupling the signal to them and once again acting to
block the effective shunt from the collector-emitter
circuit. ¢

Although it locks as if the signal will be perman-
ently shunted, i.e., whether the signal is positive- ot
negative-going there will always be one conduction
path, we must remember the fundamental diode
characteristic. The characteristic curves of a typical
silicon diode pair connected as shown are illustrated
in Fig 20b, on a pair of axes that denote at their
junction zero current and voltage. After a relatively
small forward bias current conduction rises and the
shunting action takes place. But there is always a
finite value of forward current, however small, and
the applied voltage reaches an amount determined by
the characteristic impedance of the particular diode
and the time constants of the associated circuits. In
Fig. 20b the curves of the two diodes are shown
superimposed to demonstrate that there is a region
of “neutral” positive and negative voltage where only
small leakage currents are present. Thus an applied
voltage that swings beyond these limits will be
clipped symmetrically as shown provided that the
diodes are carefully chosen to match. In fact, the
1-8V peak-to-peak waveform (1-7Mc/s) illustrated
is that taken from a test point in the final stage of the
limiter, and the lower connections of the two diodes
preceding this stage are taken not to chassis but to a
balancing preset which can be adjusted to obtain
symmetry of waveform.
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Fig. 21: Final limiter stage and f.m. detector. The detector output js fed to the video amplifier section via an emitter-
follower and low-pass filter.

Although this final stage of the limiter is in a
different part of the circuit, Fig. 21 shows it as it
occurs logically in the train of events, that is as the
matching input stage of the f.m. detector. This stage
is coupled by a differential transformer. When a
virtual square wave is fed to a circuit such as this
and the components across the secondary are chosen
with care for the correct time constant, the output
becomes a series of spiky pulses of opposite polarity
which are detected by the two diodes. The circuit
falls into balance and a pulse is produced each time
the voltage crosses the zero reference voltage line.
The combined pulse output is at 3-4Mc/s and this is
taken from the balancing control to an emitter-
follower which couples the signal to a low-pass filter.

The low-pass filter is quite complicated in its
action but we need only note that it blocks the higher
frequencies, rejecting the unwanted double carrier
frequency and integrating the video information
which is then passed to a common-emitter video
amplifier stage that serves both as a buffer amplifier
and to allow some de-emphasis to the signal. We

there is what seems, to this observer, the most interest-
ing section of the machine. This is a noise-cancelling
circuit of quite novel design. (Someone is sure to
demonstrate my ignorance by writing in to tell me
that Baird used it to control his spinning mirrors or
Blumlein patented it during the thirties!) The block
diagram (Fig. 22) shows the general arrangement, with
the video signal taking two paths, straight through to
the main video output stage and via the noise-cancel-
ling circuit to a pulse mixer. The feed to the noise
canceller is from the emitter of the third video ampli~
fier stage. Noise is contained in the high-fréquency
band of the video signal, which is, of course, a signal
of varying amplitude from d.c. to virtually 3Mc/s on
the 405-line standard. A network in the emitter circuit
where the sample signal is tapped off acts as a high-
pass filter and the following amplifier handles the
high frequency component of the video signal plus
any noise on it. A preset is included to regulate the
amount of cancellation signal that is taken off, and
the setting of this control is extremely important.
Another pair of diodes is employed at the output

detiTior =21 vid.1 > vid.2 // > Vid.3 > Vvid4 [T > VA5 b

Level M
control OSE

must remember that when the carrier From 50c/s

was at a low level the higher frequencies Noise= pulse circuit | Pylse

were boosted to obviate losses. Boost cancelling > mixer Fia. 22: Block dia-

was also applied during recording, as we control +ve ,g'm of the video

noted last month. We thus have to bring gm Jifier section

the response curve back to what it 2 o cfwing u Ise

should be, that is a video signal that as mixer position and

nearly as possible approximates that
initially recorded. So in the output cir-
cuit of this stage and of the next video
amplifier small capacitors shunting
some of the higher frequencies are
included to provide correction.

There are five stages of video ampli-

fication and between the third and fifth stage

HH

skeleton circuit of
the noise-cancel-
lation circuit.

i Nofse~cancelling

5
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of the first cancellation amplifier, as shown in Fig. 22,
These act as an amplitude limiter and ensure thar it
is mainly the noise component of the signal that is fed
to the base of the video amplifier—which seems a
curious thing to do! However if we remember that
this chopped-off upper part of the video signal, with
its noise, has gone through one stage since its take-off
point, whereas the main video signal has gone
through a further two-stage process, we see that the
two signals will be in antiphase. Hence the term
*‘noise-cancelling”. Observed on a good oscilloscope
and with the take-off preset varied it can readily be
seen that this is precisely what the circuit does. The
antiphase signals at the noise end of the spectrum
cancel out; the ‘“grass” at the top of the waveform
reduces and vanishes.

In practice we have to set up these circuits with
regard to the overall recording and replay conditions.
Last month we dealt with the symmetry of the
modulating waveform and stressed that it is necessary
to adjust the two symmetry controls with regard to
the playback signal. We must also remember that
the noise-cancellation circuit is a form of clipper
and it is necessary to reduce the take-oft to minimum,
i.e. letting the signal go through to the video output
“‘warts and all” for observation, it we want to adjust
the symmertry controls for best balance of the
modulating wavetorm. This is where video rtape
recording servicing becomes, like colour television
work, a trifle more difficult and time consuming than
the usual run of tasks. The action of the controls is
interdependent to a much more subtle degree than in
general television servicing. However, it 1s nice to be
able to see what one is doing—and with VTR jobs
one can certainly view the bad effect ot indiscriminate
twiddling immediately!

A clamping circuit is included between the third
and fourth video amplifier stages. This samples the
sync tip and clamps the video signal for correct sync
insertion. Remember that our video and sync signals
can arrive by quite different routes under different
conditions—we don’t get things ready made as with
broadcast TV.

Between the fourth and fifth video amplifier stages
a pulse mixer is fitted; this takes the clamped video
pulse and also an amplified vertical sync pulse (50c¢/s),
applying the mixed signal to the base of the video
output stage. The level of applied vertical pulse is
regulated by yet another preset. The reason for this
extra flip to the signal and sync waveform is really to
allow for the overlap action of the two-head replay
system, which must inevitably allow some noise to
break through at the preamplifier mixing stages we
spoke about earlier and illustrated in Fig. 19. This
will occur during the field blanking period and can
affect the locking of the field circuits in the monitor
unless it is cleaned up. This pulse-mixing method is
one way of achieving a clean field lock, and the preset
adjustment can be very useful under certain adverse
conditions.

At this point we have reached the main video
output stage, where the signal is matched to a 75-ohm
line and taken to the 8-pin plug which feeds the
monitor. This signal is also fed to the metering
circuit through a two-stage amplifier and a rectitier
circuit which is conventional enough for us to omit it.
Next month we shall follow the operation through the
synchronising stages, which have some unusual and
interesting fearures.

TO BE CONTINUED

PRACTICAL TELEVISION
OBTAINING THE BEST SIGNAL

—continued from page 267
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Fig. 9: Using a milliam-
meter to detect changes in
signal strength. An f.s.d.
of 1mA isrequired.

It now remains to see
how any change in
receiver signal due to
altering the aerial
system can be detected.
The best  way, of
course, is 10 measure
the signal on a signal-
strength meter  while
aerial adjustments are
being made, but very
few readers will be in
possession of such an
instrument,  especially
for the w.h.f. bands.

The ser itself can be
used, but since vision
a.g.c. tends to hold the
level ot signal at the
picture tube constant -
over a wide range of signal levels at the
acrial socket, detecting changes on the picture is
not very easy, The brightness of the picture tends
to hold constant, but there is a change in back-
ground grain as the signal changes, and it is on this
that attention must be concentrated (not picture
brightness).

There is a better way which involves putting an
artenuator in series with the aerial lead at the set so
that the line is barely locked. This puts the a.g.c.
into its “delayed” region. Now, if the line hold
control is adjusted so that the picture just starts
breaking up, any slight increase in signal will put
the picture back into lock. It can then be unlocked
again, and so on, as aerial adjustments increase the -
set signal.

Alrernatively, a milliammeter can be connected in
series with the anode circuit of the iLf. amplifier
valve under a.g.c., as shown in Fig. 9. The preset
resistor across the meter can be adjusted to give
full-scale deflection under zero signal conditions
(aerial removed), and then the presence of signal
will cause the deflection to reduce by an amount
according to the signal strength. This, of course, is
because the a.g.c. increases the valve’s grid bias,
thereby causing its anode current to fall as the input
signal rises. The idea is suitable for single- and
dual-standard sets, and also for those using i.f.
transistors. However, with transistorised strips, care
should be taken to avoid short-circuits and to
make sure that the meter polarity matches the type
of transistor used. NPN transistors should have the
meter connected the same way round as for valves,
but in the collector circuit, of course. The meter
must be reversed for pnp transistors.

Note also, however, that forward a.g.c. is gener-
allv used to control transistor if. stages, and with
this system the current passed by the controlled
stage increases to reduce gain (a series resistor being
incorporated so that the voltage at the collector falls
with increase in collector currenr).
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LAWSON BRAND NEW CATHODE RAY TUBES
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PRACTICAL TELEVISION

March 1968

The rapidly increasing demand for a complete range of new tubes of the very
highest quality is now being met by the new Lawson ““CENTURY 99"’

range of television tubes.
SPECIFICATION:

The new “"Century 99" range of C.R.T.s is the producy of Britain's premier C.R.T. manufacturers. All

types are exact replacements, manufactured to the origwnal specification but incorporating the very latest design improvements
to give superb performance, coupled with maximum reltability and very long life.
“Century 99"’ C.R.T.s, available as direct replacements for the following makes and types

MULLARD MAZDA BRIMAR EMISCOPE & |GEC & COSSOR aiso
MW43/69 AW36-80 CRM121 CME1901 C12FM c1IsM EMITRON ENGLISH ELECTRIC
MW43/64 AW36-21 CRM122 CME1902 C14M C19/7A 4/14 141K
MW36/24 CRM123 CME1903 C14GM C19/16A 415 171K
MW31/74 CRM124 CME2101 C14HM C19/10AD 4156 172K
MW31/16 Twin Panel CRM141 CME2104 C144M C19AH 5/2 173K
MW43/80 Types CRM142 CME2301 C14LM C13AK 52T 212K
MW36/44 A4T-13W CRM143 CME2302 C14PM C21/1A 5/3 71024
MW53/80 A59-16W CRM144 CME2303 CinA c217A 5/3T 7201 A
MWS53/20 AB9-13W CRM153 C174A C21AA 14KPA 7203A
MW43/43 CRM171 Twin Panel C175A C21HM 17ARP4 7204A
AWS59-91 CRM172 Types C177A C21KM 17ASP4 7401 A
AWS59-90 CRM173 C17AA C21NM 17AYP4 7405A
AWS3-89 CRM211 CME1906 C17AF CL1SM 21CJP4 7406A
AWS3.28 CRM212 CME2306 C17BM C21YM SE14/70 7501A
AWS53-80 CME141 C17EM C23-7A SE17/70 7502A
AW47-91 CME1402 C11GM C23-TA 7503A
AW4T-90 CME1702 C17HM C23AG 7504 A
AW43-89 CME1703 C174M C23AK 7601A
AW43-88 CME1705 C17LM T101A
AW43-80 CME1706 C17PM

”
12 Eeaes Terms: YEARS’ LAWSON TUBES
17 .. £6.19.0 c.w.0. FULL REPLACEMENT STATION ESTATE. MALVERN

"e * ’ c d GUARANTEE Offices

19’ £G 190 arr. an
o - Ty ins, 10/- Complete fitting instructions supplied 18 CHURCHDOWN ROAD,
21" .. f£7.15.0 . E Ee MALVERN, WORCS. MALVERN 2100

VALVE

SAME DAY SERVICE

NEW! TESTED! GUARANTEED!

SETS 1BS, 185, IT4 g34, 3V4, DATYL, DE9L DEYL DLO2, D4
Bet of 4 for 16/8, DAFY6, DFY6, DKY6, DLYG, 4 for 25/,
1A5GT 5/-17B7 4/9 ECH42 10/—PCYT  B/8PYS0L  8/9
JATGT 7/8|705 9 12/6| ECHxl 5/8|PUvo0  5/8 6/6
1HSGT 7/3(7C8 5 9/-|ECH=~4 8/6|PUCNY 5/9 12/9
IN5GT 7/8|7H7 7B KeLNe 81g[PCCNY 10/8 9/6
1R 5/8[Tv4 3{8|Rer~z  gig)PCuiny 9/9f U 11/8
184 4/9[10F1 6/-[EcLas  8/3|PLF-U - 618 11/6
185 3/8|10P13 X 8/8| K 3f9|PCFN2 6]~ 18/6
iT4 2/8|12AT7  3/9|DF33 79 9/6|PCFBE  8/9 13/8
345 B/8[124U6 4/9[DFe1  2/8 /9| PUFRI011/8 4/8
354 4/9|12AU7  4/9|DFI6  B/-{Krxs  5/8|PUFRUL 79 3/8
av4 5/9|12AX7 4/9|DHTT _4/-{k1wa T2 B8 11/~
5U4G  4/6(12KsGT 7/6|DHSL  12/6| gy 1376
5V4G  8/-[2002  10/6|DKa2  7/9|ppe;  7yg|PUFROG1LIE | Usol 18/~
5Y3GT 5/-|20L1 17/3|DK8L  5/8|ppyas  gpg|UFRUS12/6 l ABCs0 8/3
b4is  7/6(20PL  9/-|DKw2  9/3[FLIT glalPCLey T8 UAR4R 39
6/30L2 11/9 20P3 %419 DK 7/-\phay  6/6 EH‘:: 9/5 { 1;41“ e/g
2 7~ D133 . ! 3476l UB41 7
eﬁ[s 3/8 ;g{;jwn;s BLL Al 819 Lx5 3;3 CBF=u s?-
6aWs  4/8{30CL  6/9|DLY2 S8lpcing 8l6|UBray 619
6ATE  4/-(30C15 T11/6[DL94 59 SO|PENA4 6/9| ULl 9/~
6AU6  5/6[80C17 12/6|DLYs 6/ IOl PENEGCIS/— | U2 5f—
6BAG 418 30C18  9/-|DY¥6  5/8 SI-[PPL2ov13/-fUccss 779
SBES  4/8|30F5  12/-[DY<7  5/9(= 1555 PL3t  8/6|Ult~5  6/8
6BGEG 15/-|30FL1 12/6[EABUSO b/6 219 PLRl  8/9|CCFs0 83
6BJ6  6/9|30FL14 12/6|EAF42 8/8 oblpiez  efe|CeHA2 99
6C36  6/8|30L1  5/9{EBYY  2/3 Sf8lpLan  Tl-|UCHNL 878
6FL  7/8[s0L1s 14/-[EBCas 7 / Plak 62| Gyl g;g
6F13  §/8'3ul17 13/- CLs3
6Fls  8/-|30P4 12/~ UF41 10/8
6F23  1g/8[30P12 11/-|E Uk~ 3=
6K7G  1/6|30P19 12/- " Foy
6KRG  4/8{30P11 12/6[E NP3
6KSGT 7/6/30PL13 14/6|E v
6L18  8/-|30PLL4 14/6|EL N
6V6G  8/B|35L6GT 8/- N
6V6GT 6/8|35W4  4/6 v
6X4 8/6|35Z4GT 4/8|E v
6X5GT 5/9|6063  18/8 13|V
7B6  10/plazsl  8/-lECH35 6/-lpcss  wjeleysoo eislz

READERS RADIO

85 TORQUAY GARDENS, REDBRIDGE

ILFORD, ESSEX.

Tel.

01-550

7441

Poatage on 1 valve 9d. extra. On 2 valves or more, postage 6d. per
valve exira. Any Parcel lusured agaiuit Dutbage . Trawnsit vd. extra.

PADGETTS RADIO STORE
OLD TOWN HALL,
leEeTli:E?chl’w:o?li:(S.

Speakers Removed from TV Sets, All 3 ohm PM and perfect
6 x 4in, and 6in. round 3/-, post 2/9. Six for 22/-, post paid. 7 x 4in,
5/-, post 2/9. Six lor 34/-. post paid. 8in. round 6/6. post 3/6.
New 12in, Speakers with Ruilt-in Tweeter, 28/8, post paid. 3 or
15 ohm Coil,
VALVE LIST
X Equipment. 3 months’ guarantee

10F1, EF80 EB91. ECL80, EF30, PY82, PZ30, 20P3. All at 10/- per doz.
Post paid. Single valves post 7d.

ARPI12 1/6 | EY86 5/- U2 5/- | 20L1 5/-
EBY91 9d. | KT36 5/~ Ulgl 5/- | 20P1 5/-
EFP80 3/- | PCC84 2/~ U281 5/~ | 20P 2/8
ECC81 3/- | PCF80 2/~ U282 5/- | 5U4G 4/-
ECC82 3/- | PCL.B2 4/~ U301 5/- | 6B8 1/8
ECC83 4/- L83 5/- U3y 5/~ | 6K7T 1/9
ECLS8U 1/8 | PL36 5/- U251 5{- | 6K25 bi-

5 1/- | PL81 4/- U801 8/6 | 6P25 5/~
EF80 1/8 | PY33 5/- | 10C2 5/- | 6U4 51~
EF91 9d. | PY8L 1/6  10F13 2/6 | 6VE 1/9
EL36 5/- | PY8B2 1/8 | 185BT 8/6 | eras 5/-
EY51 2/6 t PZ30 5/- | 20D1 3/-

EF30, 10/- doz. Post Paid,

Indicator C,R.UF, Type 7921, Complete with 5in. Tube Type 2292,
Front marked in ﬁgure& also many spares, less valves, clean condl-
tion. 10/- plus 1U/- carriage,

EX R.ALF Tube Unit Type 266, Fitted with VCR7 tube mu metal
screen, full of EF30 valves. Many spares, Grade 1 27/- plus 10/-
carriage. Grade 2 22/- plus 10/- carriage.

Untested 'F.V, Sets, 17in. 50/- carriage 15/-, 14in. 30/ carriage 15/,
All sets complete with tube valves and back.

Bush f4in, T.V, Set, Tvpe TV53. £5, carriage 15/-, Ideal for 625 line
picture conversion. Complete with good tube, Tested working, a.
BBC1 and ITV channels. Cabinet tair,

Jap Personal Earpieces. Small or large, plug 1/11 post pald.
Silicon rectifiers 500mA, 800 P.I.V., no duds, 2/8 post paid.

Top Grade Mylar Tapes. 7in. Standard 11/6, L.P. 14/-, D.P. 19/8.
5in. Standard /8, L.P. 10/-, Post on any Tape 1/6 extra.

TV Tuhes, New regunned with slight glass fault 12 months guaran-
tee. All t¥pes 19 and 17in., 50/-. Carriage 10/-,

Reclaimed TV Tubes with six months’ guarantee. 17in. types:
AW43/8E, AWI3/80. 40/~ each. AMWAIS/EY, 30/, l4im. types: 17/«
ldn. types 10/-, All tubes 10/- carriage
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TRADE NEWS TRADE
NEWS  TRADE NEWS

TV AERIAL CODINGS

THE Radio and Electronic Component Manutac-
turer’s Federation have agreed to the following

coding and grouping of u.h.t. television aerials,

This will help in cases where the aerials for the ditfer-

ent groups bear similar appearances and thus offer

some confusion,

Channels 21—34, group A, colour code red;

Channels 39—51, group B, colour code yellow;
Channels 50—66, group C, colour code green;
Channels 49—68, group 1), colour code blue;
Channels 39—68, group E, colour code brown.
MOBILE TV STUDIO

HE Marconi Company has developed a complete
mobile television unit intended primarily for edu-
cational use. It 1s capable of providing both live and
taped programmes and is self-contained in a 30cwt.
Ford van complete with its own video tape recorder
and three cameras.

The van forms a versatile studio control room on
wheels with two 23inch monitors, vision and sound
mixers, and test gear: sync pulse generators, provision
for pulse and vision distribution and a control desk.

The van holds all equipment and still has room to
accommodate 5 personnel, the low statt complement
is achieved by using the Marconi V322B cameras
which are extremely simple to use thus eliminating
the need for extra “‘specialist” personnel. Further
details from Electro-optical Systems Division, The
Marconi Company Ltd., Christopher Martin Road,
Basildon, Esscx.

SIFAM'S NEW RANGE
NEW range of portable bench instruments,
housed in ‘ABS’ plastic cases, to meet the special

TRADE NEWS TRADE
NEWS  TRADE NEWS

requirements of schools, colleges, universities etc.,
h.l\ been introduvced by Sitam Electrical Instrument
Co. Ltd., Woodland Road, Torquay, Devon.

The &omplclc set, known as the Sitam “Student’
range, comprises seven instruments with scale ranges
as  recommended  for Nuttield Physics Courses:
0—1A, 0—5A, 0—5V, 0—15V, 0—1A and 0—5A
dual range, 0—5V and 0—15V dual range and a
3—0—3mA galvanometer.

‘T'wo termunals are fitted (three on the dual-range
instruments) suitable for wire, spude, and 4mm.
diameter plug connections. Accuracy of the instru-
ments is to B8, 89:1954 industrial grade; sensiuvity
is 100mV (ammueters) or 1,00042 per volt -=2 per cent
(voltmeters),

KORTING COLOUR TV SERVICE GENERATOR

ECCA have announced that they have been ap-
pointed sole UK agent for the Korting Colour
Television Service Generator. It must be pointed out
that Decca are Korting distributors only for products
of this type. All domestic equipment of Korting man-
ufacture will continue to be supplied by Europa
Electronics Ltd.
The generator will provide all required test signals
for the alignment and repair of colour receivers, claim
the suppliers. Push button controls provide Dots;

Cadovr Telavisian Sorvica Gonevator 82512

P ». Satvax

@ﬂ = eeesse

5 .”’000

Vi< } levg, } off  wikes ot o8 im
" £ st w1 B SERYE ey oot
whmkmxrv:nhumm gl

Cross hatch; Colour bars exactly as per BBC, and a
choice of both PAL and NTSC colours; parallel or
vertical limes and a 1,000¢ s note. A further button
allows the polarity of all these signals to be reversed.
The unit 1s continuously tunable over Bands 1V and
V. There 1s a variable Burst Amplitude control usetul
for ensuring that the decoder locks at a reasonable
level, The suppliers claim that the cross hatch, in
particular, is extremely stable, while the 1,000¢'s tone
proves vatuable for checking receivers when an
aerial is not available on
the workbench and also
for a check on the audio
stages,  The lJuminance
signal can be switched otf
toradjustment of receiver
B purity and the grey scale
.| can be checked without
the chrominance.

The generator is avail-
able ex-stock from the
~ agents, Decca Radio and
Television (M.L.P.), In-
gate Place, Queenstown
Road, London, S.W.s.
(Telephone 735-6077,.

A e fvoo Fuba

g
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FERRANTI! 1002

The two resistors in the width control smoked
and burned out, I altered the 2-pin plug from
minimum to one before maximum and the
picture came on, but there was an arcing from
what I took to be the soldered joint of the choke
near the width control. I later changed the width
control to maximum and the result was no pic-
ture or sound and the surge resistors of the PY32
glowed red. There appears to be a short between
rectifier and width control. Could you state the
value of these burned-out resistors?>—G. Blake
{Co. Durham).

If you examine the coil near the resistors, you will
find the core is earthed to chassis. The coil has
probably shorted to the core. The simple answer is to
disconnect the earthing lead.

The width control resistors are 82Q each. The
resistor across the coil is 3-9kQ) and the PY32 surge
resistors are 35¢) each.

McMICHAEL M94HFC

The quality of the sound when turned down
quite low is very good. If the volume is increased
however, it becomes very distorted.—P. Willett
(Holt, Norfolk).

If the distortion occurs when the contrast is
advanced, rather than the volume control, check the
3-9MQ load resistor (R88) of the sound noise limiter
and associated 0-01uF capacitor.

If it is the volume control which has the decided
effect, check the PCL84 and associated components.

MARCONIPHONE VC69DA

At first, the picture and the sound are perfect,
but after about 5 minutes, the picture begins to
jerk about and then, after turning the vertical
and horizontal holds, it then becomes steady
once again.—W. Slegworth (Shipley, York-
shire).

You should check V10 (Z152) sync separator and
its associated components. Similarly, check V11
(Z152) and V15 (LN152) if necessary.

Problems

Solved

Whilst we are always pleased to assist readers with their technical
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
pages. WE CANNOT UNDERTAKE TO ANSWER QUERIES OVER
THE TELEPHONE. The coupon from page 284 must be attached to
all Queries, and a stamped and addressed envelope must be enclosed.

We cannot supply

STELLA 27113

1 have erected a BBC-2 aerial and I am
receiving a good picture on this station but I
am unable to receive any sound at all.

The sound and picture are perfect on BBC-1
and ITV.—M. Brown (Great Yarmouth,
Norfolk).

The fault is usually in the 1.211 and L213 coil can,
one of the coils being open circuit, possibly due to a
poorly soldered joint.

The clue to this trouble is in the h.t. supply to
pin 7 of V202 (EF80). If this 150V (approx.) fails,
when switched to 625, suspect the coils.

BUSH TV95

The picture has a margin of approximately
2in. all round it. After switching off the set for
the day and then switching it on the next day, a
broad white band appeared across the screen.—
L. Seaborn (Loughborough, Leicestershire).

We would suggest you change the h.t. rectifier
which has probably deteriorated.

The broad band that you mention could be caused
by a faulty video amplifier valve,

STELLA 2049A

The fault on this receiver is confined to the
BBC-2 picture. When first switched on and
switch to BBC-2, the picture is very good, but
during the next 30 minutes, the brightness of the
picture increases, with flyback lines showing.

Eventually, the picture is too bright to view
even with the brilliance control at minimum.
If the set is left on, the picture eventually
unlocks and rolls upwards.

Both BBC-1 and ITA are good except for a
bnght ragged line to the left of the BBC-1
picture.—D. O’Sullivan (Hillingdon, Middlesex).

Replace the PFL200 video amplifier valve.
Change C249 to 0-15uF (at present 22kpF) and R258
o 150k (at present 1MQ).

These video components are to the left of the
PFL200,
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FERGUSON 306T

There appears to be trouble in the line output
stage. There is no raster.

Soon after switching on, I can get a good spark
from the top cap of the EY86 but no spark from
the connection to the tube—this only just
lights the neon tester.

The EY86 lights up but has a blue glow. After
about 20 seconds, there is no spark from the
EYS86 top cap and also the blue glow and the
light-up of this valve disappear.

Further, a strong line whistle continues all the
time and the line output stage gets and smells
very hot but there is no sign of smoke or fire
anywhere.—W. Lewis (Pontypool, Monmouth-
shire).

Note the effect of removing the top cap of the EY86
on the line timebase whistle etc.

If there is no marked difference, change the EY86.
If there is no difference, check the operating con-
ditions of the PL.8I].

BUSH TV138R

The line will not lock when first switched on
but after about 20-30 minutes it becomes
possnble to lock the picture. The line hold con-
trol is not locking at one end but approximately
in the centre. However, slight movement either
way loses the sync completely.

I have replaced the valves PCF80 and PL36
but this has made no difference.

Also, since new, the sound level on this
receiver has not been very high, even set at
maximum. This can be improved by adjust-
ment of the fine tuner but sound-on-vision
ensues.—J. Ashdown (London S.E.17).

Check the 400uF capacitor in the cathode circuit
of the video amplifier PF1.200. Also check the
capacitor decoupling pin 3 of the sync separator
section.

If in order, check the sync coupling components
to the discriminator circuit. Check the PCL82'sound
output valve and the i.f. alignment if necessary.

MARCONIPHONE VT163

There is sound on both radio and TV channels
but there js no vision and no raster and no
10°125kc/s line whistle to be heard.

Also, could you please state how the slow
motion v.h.f, radio knob comes off 2——G. Young
(Darlington, Co. Durham).

To remove the chassis from the cabinet, prise at the
centre cover of the knob and unscrew the recessed
screw in the centre hole.

For the no-picture fault, check the PL81 valve
next to the PY81. Check the line oscillator and coupl-
ing components if necessary.

BUSH TVi28

After about 1 minute after switching on,
the set loses sync on both field and line. The
picture can be corrected by adjusting field and
line controls but slips again after a few seconds.

The picture has a “milky” appearance and
the contrast control has little or no effect on
this. The brightness control is set at minimum,

I suspect trouble in the video circuit—possibly
the video output—all the valves have been

TELEVISION 283
checked.—]. Davison (Morpeth, Northumber-
land).

You should replace the 10k() anode load resistor
of the video amplifier PCF80. This is situated at the
top of the left side chassis.

SOBELL TS17

The sound is normal but there is no picture—
only a white line when the horizontal hold control
is adjusted. I have had all the valves checked and
none were found to be defective.—T. Boat (Swan=
sea, S. Wales).

We presume the white line is across the centre
of the screen. Check the h.t. voltage to pin 6 of
the field output ECL80. If this is absent, replace
the field output transformer.

DECCA DMCDI17

A considerable amount of time elapses before the
picture appears on the screen and even more time
is required for the picture to actually fill the screen.
—D. Kennedy (Stranraer).

Check the PL.81 and PYS81 vialves in the centre
and the 4-4kQ) resistor 1o pin 8 of the PLS}
valve base.

Check the heating time of the valves and change
the thermistor if necessary (CZ1 or VA1005).

FERGUSON 145T

Sound and picture are good at first, but after
about half-an-hour’s viewing the picture breaks
up into a mass of horizontal lines.

Could you also state if a 246T line output
transformer can be used in this receiver.—
W. Hunter (Middlesex).

On the left side of the chassis there are two EFR80
valves. Check these, one at a time by rcplacmg with
a NEW EF80.

A 246T transformer can be used in the 145T if
necessary.

MURPHY V350

Can you state the type of tuner fitted in this
receiver and whether I could obtain the same with
biscuits and coil for BBC-1 Channel 4 Midlands,
as I have a broken coil.—N. Raeburn (Coventry,
Warwickshire).

The V350 has a special tuner manufactured by
Murphy Ltd. Biscuits for it are obtainable from
your Murphy dealer and are comparatively easv
to fit withour dismantling.

PYE V220

There are black lines on either side of the screen
that cannot be eliminated by use of the horizontal
hold control.

I changed the PL81 valve and the set went per-
fectly for the first hour or so, then the lines
started to close the sides of the picture in agam
—0O. Jenkins (Newport, Monmouthshire).

The lack of width could be due to low h.t. or
more likely to change in value of the screen gnd
feed resistor on the PL81 line output valve. This
is a large carbon type fitted behind the valveholder.
and should be replaced by a 2.7k} 5W wirewound
for preference.
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SOBELL 1005DST

The picture on this set is closed in about two
inches either side. This fault appears on all chan-
nels. I have changed the PL500, DY87 and PY800
valves but this has made no difference. Other than
this, the picture is of good quality.—W. Goodge
(Bromley, Kent).

The screen feed resistor to pins 6 and 7 of the
PLS00 should have a value of 2:2k{} (R122.) Check
this and the PCF802, the width control preset
and associated resistors and VDR.

MURPHY 216

This set has a Channel 3 unit fitted. I get good
Channel 1 pictures but there is a terrible noise
on the sound.

It is possible to eliminate this noise on Channel
3 by using the fine tuner on the channel switch,
but this is very critical.

All the valves have been changed one at a time
but this has made no difference.—C. Fenner
{Dorking, Surrey).

The symptoms vou describe suggest an unstable
sound i.f. stage. This can usually be isolated by
taking a good 0-0003uF decoupling capacitor and
bridging it across each of the decoupling capacitors
in turn. Replace any where difference is noted.

FERGUSON 3618
The fault on this receiver is a distorted raster,

TELEVISION March 1968
bulging at the left and indented to the right side of
the screen. I have replaced V7 (line osc.), V9 (line
output), V8 (efficiency diode). Checked electrolytics
C88, C97, C86 (line section) and h.t. voltage and
ripple. All seem to be in order.—S. Barton
(Stevenage, Hertfordshire).

If vou are satisfied that there are no faults with
the electrolytics, we would suggest that you check
the panel for leakage from a heater line track to
some part of the line oscillator.

BUSH TV135

The fault in this set appears to be instability
in the line circuit. On switching-on the set, it is
completely out of alignment and when an attempt
is made to adjust it, it locks unstably, displaced
about 2in. to the left. After about quarter of an
hour, it becomes stable in the correct position.—F.
Sp-iggs (Patchway, Bristol).

The fault appears to be associated with the dis-
criminator diodes. If these diodes are definitely not
at fault, check their associated components.

i QUERIES COUPON I

| This coupon is available until MARCH 22nd, 1968 and
| must accompany all Queries sent in accordance with the
notice on page 282,
PRACTICAL TELEVISION, MARCH, 1968 1

TEST CASE {3

Each month we provide an interesting case of television
servicing to exercise youringenuity. These are nottrick questions,
but are based on actual practical faults.

A 405-line-only set suddenly developed a back-
ground of weaving vertical lines. Examination on
Test Card D showed that the definition was also
a little below its normal standard, and the 2-0Mc/s bars
were the maximum that could be reproduced at full
definition.

The symptom was at first thought to be caused by a
form of external interference, but this was disproved as
the trouble occurred on all channels and ar different
locations. Internal feedback was then investigated, but
to no avail, and the vision channel alignment was
checked normal. The screening round the vision detector
was carefully examined, but nothing appeared wrong
here. The sync separator stage was working okav, and
all components were normal, proved by substitution.

What could have been responsible for this curious
symptom? The answer will be given in next month’s
PracTicaL TELEVISION, along with another item in the
Test Case sertes.

SOLUTION TO
TEST CASE 63
Page 237 (last month)

64

Many receivers now incorporate a thermistor in
series with the field scanning coils to combat change
in height with increase in temperature of the coils.
The resistance of the coils rises with temperature,
while the thermistor resistance falls, and one balances
out the other, thereby keeping the height constant.

As this thermistor is otten located in the scanning
coils themselves it is often overlooked when diagnos-
ing in the field circuits. This was, in fact, causing the
trouble in the Pye 510. The component had developed
high-resistance connections and was thus seriously
limiting the scanning current in the coils. More
current was developed by advancing the height
control, but the amplifier then ran into non-linearity,
causing the bottom compression. A clue was given by
the excessive field drive at the amplifier control grid,
as revealed on the oscilloscope (i.e., height control full
on).

Replacing this component completely restored
normal working, but both the height and linearity
controls had to be reset on Test Card D for the best
geometric form.

Published on or about the 22nd of each month by GEORGE NEWNES LIMITED, Tower House, Southampton Street, London W.C.2.
at the recommended maximum price shown on the cover. Printed in England by WATMOUGHS LIMITED, Idle, Bradford; and London.
Scole Agents for Australla and New Zealand: GORDON & GOTCH (A/sia) Ltd. Subscription rate inciuding poa(»&le for one year: To

w0y part of the World £1 15s.
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D) |
Mullard

PRICE 3]6 from your local TV retailer OR direct from Mullard  cash

Mullar

Now available

MG pages of data, including for the first time, colour- coded

sections for quick reference —covering compuarables and equivalents
and all current Mullard semiconductors, valves, tubes and compon-
ents for Radio, TV, Audio and HiFi applications.

Mullard Limited, Distributor Sales Division,
Mullard House, Torrington Place, London, W.C.1.

PRACTICAL TELEVISION

with order, plus 9d for p. and p.

285

NEW VALVES

Guaranteed Set Tested
24-HOUR SERVICE

4/9 | LBF8y 5/ PCL8Y 713
019 | ECC81 3/ PCL8s 813
2/9 | ECC82 4/ PCLYS -
413 | BCCy? 41 PEL2K 1%
5/6 o 4/ 1’136 /-
Tl 5 PL31 6/9
4/8 El PLa2 5/9
6/3 5/ PLA3 6/6
8/- 6/ PI.84 [
9/8 6/3 | PL500 1216
9/3 319 | PY?2 /
7l- 3/ PY33 8/6
9/- 4/ PY81 3l
716 5/- >V a2
1217 g | Lys2 4
i Py 83 5/3
e PY80O 619
' PY80L  6/9
15 R10 6/6
} U2s 10/9
f Uz 1009
] U1l 10/6
571 UABCHG 6/-
= UAR4Y 6/11
51 BC4l  7/6
571 UBF8Y  6/6
b ucest 719
af Ccys  6/-
fl UCH80 8/-
7 UCH4? 96
41 CCH8l  6/3
4/ ucLe2 G-
Y UCl8s 819
5/1 UF4l 10/-
4 5/ UF89  5/11
87 5/ UL4! 816
EABCS0 6/ Ul.84 6/-
EBC4 ¥/ UY4l 6/6
EBF80 5/ PCI.83 8/ uvYss  5/8

Postage on 1 valve 9d. extra. On 2 valves or
more. postage 6d. per valve extra. Any
parcel insured against damage i iransit
8. extra.
Office address, 1o callers.

GERALD BERNARD
83 OSBALDESTON ROAD
STOKE NEWINGTON
LONDON N.16

Learn at home...
First Class Radio
and TV Col Irses

/
/C@ Q@[‘e I

K’fo% J

After brief. intensety inleresting study

undertaken at home n your spare time
YOU can secure a recognused quabtfication
or extend your knowledge ot Radio and TV.
Lel us show you how.

FREE GUIDE

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

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

Founded 1885 Over

150,000 successes

CHAMBERS COLLEGE

{Incorp. National Inst. ot Enoineering}
(Dept. 844V}, 445 Hoiborn, London, E.C.1.

NEW RANGE BBC 2 AERIALS

AlLU.H.F. aenals now fitted with titing
bracket and 1 element grid refieetors.
Loft Mounting Avrays. 7 element 37/6.
tl element, 45/-. 14 element. 52/6. 18
element. 60/-. Wall Mounting with
Cranhed Army 7 clement. 60/~ 1)
clement, 87/-, 14 element. 756 18
element. 82/6. M=t Vlounfing with 2in.
ciamp., 7 element., 42/6. 11 element,
55/-. 14 element. 62/-. 18 element. 70/-.
Chimney  Mounting  Arrads, Com-
plete. 7 element. 72/6. 11 element, 80/-,
14 element. 87/6. 18 element, 95/-,
Complete assembly instructions with
\~vex\ unlt. Low Loss Calile, 1/6 yd.
eamps lrom  75/-.  State
Clear l\ channel numbel regaired on all
orders.

BBC - ITV AERIALS
BRC (Band 1) Tele-
= nm\ 1011.25/-. K

S/, 30/-.
'y (Band
ment lolt ay
elrment, 40/-, .
50/-.Wall mounting del-
cment, 47/6. 5 element,
52/6. Combineit BB}
Fry. Lotel 3,40/-11 5.
50/-: 1 1. 60/-: \\.Il]
mountingl o

G/Ib S himies s . b:/b,

5/-.

n
\ III Hﬂll\l*b()l pre-

nps,
COMBINED IHHI B2
ALRIALS 1 -4, 1:5 80/-,
15 14, 90/~ 1 100/-, Loll
mounring only. Spe jal leufier avinlable,
.M (Bandd ), Lol S/D. 15/ I,
32/G, 3 element. 55/-, Lxternul units
avatlable, Co-ax. cable §d. vd. Co-an.
pluz~. 1/4, CGutlet boxes. 5i-, Dipleaer
Cros=over H()\(\ 1376, C.W o C.O
Poox Pl Cosend ol stamps 101 allus-
trated hats
Catiors (elcome = apen oll dau Saturday

K.V.A. ELECTRONICS (pept.p.1.)
27 Contral Parade, New Addington
surrey (CRO-0013) L.ODGE HHLE 16

Special

Practical Tecaraling: uiking Supplement

Analyses Walls,

FREE ! 15-prace cuine

MAJOR REPAIRS AND
MAINTENENCE

Compiled to help you diagnose structural
faults and plan alterations and improvements.
Roof, Stairs,
neys, Fireplaces and Windows in minute detail.

MARCH ISSUE OUT NOW 2/6

Doors, Chim-
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SITUATIONS VACANT

RADIO AND TV Exams and Courses by
Britain’s finest home study School. Couach-
ing tor Brit.l.R.E., City and Guilds Ama-
teur’s Licence, R.T.E.B.. P.M.G. Certificute
ete. Free brochure from British National
Radio School. Russell Street, Reading.

FREE TO AMBITIOUS ENGINEERS!
132-puge  Guide 10 B.Sc. (Eng.),
AM.ILER.E.. AM.S.E., AM.I.M.I..City
& Guilds. ALO.B.. ARI( S.. G.C.E..etc.
n “Satisfuction or Refund” terms. Thou-
sands of passes—over 600 Home Study
Courses in all branches ot Engineering,
Building, Radio. Electronics, etc. Wrile:
B.LLE.T. (Dept, 171K), Aldermaston Court,
Aldermaston. Berks.

TECHNICAL TRAINING

CITY & GUILDS (electrical, etc.)
“Satisfaction or Retund of Fee’ terms.
Thousands ot passes. For details ol
modern courses in all branches of’ clculnual
engmecrmg electronics, radio,

automation, etc.. send for 132-page,
handbook———FREE. B.I.LE.T. (Dept. 173K)
Aldermaston Court. Aldermasion. Berks.

on

Practical Television Classified Advertisements

4/-
COF, AVeraRe
mnnnnnn 2 liles,
Advertisements
and  addr to Addve
Muanager, ctical  Te
13 17. Long Acre, London W.(.2,

per dine  or  part

five words to jine.
1/- extra.
id

Box No.
mnst  be

AERIALS
TV AERIALS
Band |. H. Mast Fitting .. . .. £115 0
Band HI. 5 Ele Mast Fitting .. .. £110 0
Band I/, S/D and 4- Array .. £115 0
Band V. 9 Ele Array . £110 0
Band IV. 18 Ele Array .. £218 6
Lashing Kits trom 10/-; Poles Co ax Bd Grade

A’ 1/4. Plugs éd.
P. & P.5/-. C.w.0., S.A.E. for list.
TELEINDUSTRIES LTD.
BREAKSPEAR ROAD, RUISLIP, Middlesex

SETS & COMPONENTS

EX NEY, C.C TV, Camera and Monitor
Circuits.  S.A.E. tor hist. LOWE, 62
Brownswood Road, London, N.4.

EDUCATIONAL

TV and Radio. A.M.LE.R.E. City &
Guilds, R.T.E.B., Certs., etc. on *“Satistac-
tion or Retfund of Fee” terms. Thousands
of passes. For full details of exams and
home lramlng courses (including practicul
equipment) in all branches of’ Radio. TV,
Electronics. ete. write for 132-page Hand-

Gl Please  state  subject.
STITUTE OF ENGINEER-
NOLOGY (Dept. 172K),
Aldermaston Court, Aldermaston, Berks.

BECOME “Technically Qualified” in your
spare time. guaranteed diploma and exum.
home-study courses in rudio, TV servicing
and maintenance. T.T.E.B. City and
Guilds. etc., highly informative 120-puge
Gmde——l—REE CHAMBERS COLLEGE
{Dept. 858K). 148 Holborn, London, E.C. I,

FOR SALE

VALVE CARTONS ut keen prices. Send
1/- for saumpte and list. J. & A. BOX-
MAKERS, 75a Godwin Street, Bradiord I,

RECTIFIERS

SUPER SILICON RECT. TV ete. 1200 PIV %00
MA 6/-, 01 cowplete with insir., resistor, condenser
718, V0PIV, HW, 64A, 6/-; 200 PIV HW 64, 8/-,
Rectifiars—Contact Cooled
JHRAIZSYFCLOL 13/6; ISRDRIFCIHFW 13/6;
EC1 12/6: BC2 12/6: FCVI6 7/6; L3R A/I283 (FU31)
see Silicon.

Rectifiers—Fin Types

Equivs. for RM{4 9/61 14447 13/6; 14486 10/6;
144949 19/-; LWI5 19/=; L.W7 18/-; 14A100 18/-;
14A854 10/-,

FW 12V-14 5/-; 24 7/-; 1A 10/6.
MULTIMETERS from 32/-

Stemped euvelope for full Jatest selection and
bargain offers in cheap ineters, Radios. Bahy Alarms.
Inter-coms, Walkie-Talkies Sinclair and Eagle.
Line O.P. Trans: all 30/- each

Murphy V350 and V230 Cossor 943, Plubps 1446T/45
and 1746U /45 with EY31.

Under £1. P. & P. 6d. Over £1 Post tree. NO C.0.D

DURHAM SUPPLIES
175 DURHAM ROAD, BRADFORD 8, YORKS

RESISTORS: ¥ watt carbon film 524, All
prelerred values in stock trom 10 ohms to
10 megohms 2d. each. Send S.A E, for free
sample. CAPACITORS: Mullurd Minia-
ture Metallised Polvester PC Mounting all
250V D.C. working, 0<0Imi, 0-022mk,
0-047mb, 0-1mFE, 0-22mFE, all at 6d. euch.
Hunts tubular 0-0ImF, 200V working at 3d.
cach. Send 6d. stamp lor extensive list of
low priced Electronic Compuonents, Instru-
ments and Equipment. Please include 1/-
Postage & Packing on all orders under £1.
Dept. P.T.Y. BRENSAL ELECTRONICS
LIMITED, Charles Street, Bristol 1,

TV SPARES. all makes all sets, SAE/
Quote, Ekco/Ferr. Plastic Housing 15/~
cach. Cur/House Alarm Kits 25/- each.

Transistor Car Radios with fittings kit
£8.10 sind. Push button £10.10 comp.
Bund Radar Detectors tor car £13.10
comp. 8 x 80 Binoculars in hide case
£7.10: 10/50 £10. Please add P.P. 5/-.
Open Sats. All new goods.
KING'S, 8 Cray Parade,
Paul’s Cray, Kent. Tel:
30366.

TOWERBY LTD.

For Line Qutputs and Deflector Coils

WE have the Country's largest stock ot Manu-
tacturers’ Original (or Authorised Replacement)
Line Output Transtormers tor many 'difficuit’
makes, including Ambassados, Baird, Cossor,
Ekco, G.E.C., H.M.V., KB, Masteradio, Peto-
Scott, Philips, Regentone, RGD, Sobell, Ultra,
etc. Also deflector coils output and oscillator
transformers, in. Alba, Bush, Murphy. Ex-
amples, L.O.P.T. Murphy 310/350/410/540/659/758,
95/-; Bush TV53 79 6; 80, 95/-; Cossors 950 77/6;
Ferguson 306/308 79/6; KB RV20 SV30 PV7082/6;
Philips 17680 L.O.P.T. assembly 112/6; Ultra
1984-200c 87/6.
SPECIAL OFFER

Ekco improved type for Models T221, 231, 310 all
at 37/6. Ferranti 14T4 series inserts 25/- Philco
1019/1021 52/6; Pye VT4 VT7 ex-equipment 42/6.
Terms: C.W.0. or C.0.D. (3/6) post/packing 5/-.
2 or more L.O.P.T.s post/packing free.

All enguiries answered but regret no lists avail-
able. Same day delivery on most types.

TOWERBY LTD.
MAIL ORDER DIVISION OF T.C.8. LTD.
28 BROCKLEY CROSS,.ONDON SE4

Tel: TIDeway 5394

Main Road. St
ORPINGTON
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TELEVISION TUBE SHOP

THE
NEW TUBE Specialists

Ad713W ..o ee L2 £1221000
ABY-13W .. ...
AW36-20, 21............
AW36-80 .
AW43-80
Aw43-88,
AW47-90,
AW53-80
Aws53-88,
AW59-90, 59-91
C14BM, FM .. ..
C17BM, FM, HM
C17LM. PM, SM
C21HM, SM, TM
CME1402 .....
CME1702, 1703
CME1705 .......
CME1901, 1903

CME2101, 2104

ETIT RIS

CME2306 ..

CRMS3 ............

CRM124 ..........

CRM141, 2, 3, 4.... Byg
CRM152 ..................£6.10.0
CRM153 ..................£3.19.6
CRM171, 2, 3.. ... £6. 7.6
CRM211, 212 ..............£8.17.6
MW31-16,74 ...... ..£5.10.0
Mw36-24, 44 ...... ..£5. 2.6
Mw43-64, 69 ...... ..£6. 7.6

MW43-80 ....covvivnnnnnn.
Mw5s3-20 ......
Mwb53-80 ..

14KP4A, 141K ..............£5.12.6
171K, 172K, 173K ..........£6. 7.6
7201A,7203A ..............£5.12.6
7204A ....................£5.10.0
7401A .........eeeee. ... £6. 7.6
7405A .. .... £6.12.6

Manufacturers® Reprocessed Tubes
available at £1 each less than the
above prices.

All tubes tested before despatch and

guaranteed for 12 months

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

° Reprocessed tubes only of this type at
present.

Midland Stockists:—
Amateur Electronics Co..
240 Lichfield Road, Aston,
Birmingham

TELEVISION TUBE SHOP

48 BATTERSEA BRIDGE ROAD
LONDON Ss.W.11. BAT 6859
JUST SOUTH OF THE BRIDGE

OPEN SATURDAY UNTIL 4 p.m.
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(continued)
BRAND NEW TELEVISION TUBES — 2 YEAR GUARANTEE!
(CATHODEON AND OTHER LEADING MANUFACTURERS)

We hold large stocks of top quality tubes. why buy ordinary rebuilds ? Some rebuilds available. 19in. upwards at 21/- off quoted

prices, 12 months warranty. Rimbands, etc. available. Lists. Rimband types. 19in. £8.10.0; 23in. £11.0.0.

CRM121 2,3 & 4; MW31-16, MW31-74; C12FM; 121K, C12/1, 1€ . . o i it ie i iitecnnennanans o .. £3 0 ©

AW36-80; MW36-24, 36-44: CRM143, 4; CME1402; C14BM; C14FM, MWA1T/1, €1C. o .viitinnnnnnnnnn.ns £4 10 ©

CRM141, 2; CRM151, 2, 3: 15EP4, etc. C17BM, SE14/70, AW36-20, 36-21 . ..ottt iiieeinaninaianns £4 15 0

AWA43-80, 43-88, 43-89; MW43-64, 43-69; MW43-80; CRM171. 2, 3, 4; C17FM; CME1703. 5; C17AF; C17SM £5 16 6

AWA47-90; AWAT7-91; CMET902; CMETG03, €1C. .. .\ttt ittt et ittt et e et et et e eannann £6 17 6

C19AH; CME1901; AW53-88, 9; CME2101, 4; AW53-80; MW53-20; MW53-80: CRM211, 2, etc. oot ..n. £7 10 0

19in. Twin Panels A47-13W; CME1906, £9.17.6 23in. Twin Panels AB9-13W, CME2306............ £12 10 ©

(Carriage 20/-) (Carriage 30/-)
CARRIAGE AND INSURANCE. Up to 19in. 12/-. 21in. upwards 15/-. Twin Panels (see above). Lists, s.a.e. please.
ALL ENQUIRIES PHILIP H. BEARMAN, 6 Potters Road. New CLOSED Thursday LISTS BRITISH
WELCOMED Barnet, Herts. Tel: BAR 1934/7873 (Robophone) & Saturday alternoons VALVES!

BOB'S BETTER BARGAINS, Any 1O 150 NEW ASSORTED Capacitors, Re-
valves 14/6 post piid. Relunded in full i THIS MONTH'S SCOOP/ sistors.  Silvered  Mica, Ceramic, e,

notl satistactory. PCE80. PCC84, PL¥I.
PY81, PL36. PCLEX EESO, UIV], EYR6,
U301, MH°5, FIEBS, PY32. PY32 EB9IL.
J0PLIL. 30FLI, 30P4, LCL8O. TV legs. sel
of four with plates R/- post 3/6. Mail
Order only. GREEN, 2 S(. lames Sireet,

Rawtenstall, Rui\cl’lddk Lancs.

New BRIMAR C17AF soxeo
177, 1107, 0:3A Shotl neck
Can replace AW43-88. CME1705 ctc.
£3-19-6
Carriage & Insurance 12/6
TELEVISION TUBE SHOP
48 BATTERSEA BRIDGE ROAD, SWT1t

STOP

FULLY GUARANTEED L.O.P.T.
REWINDING SERVICE

A few of Lhe lypes are listed below:—
BUSH TV 53-66.

K.B.P.V.P.20, etc.

PHILIPS 1768U, 17TG100U. etc.

NEW FROM STOCK
U25 Type EKCO, state model. PYE 200-400.
FERGUSON 306-308 305-307 All at 45/-
FERGUSON 406, 408, 416, 436. 438
S.A.E. Enquiries P.&P.4-, COD, 6/

WITWORTH TRANSFORMERS Ltd.

26 All Saints Road, North Kensinglon
w.i1 Telephone : 01-229 9071

All at 50/

C()\IP()I\EF\ IS GALORE. CRT’S Val.
ves, Transistors. Tools. l]ulmlnbg all vour
service requiren “Willow Vale. Fhe
Service Wholesalers™. 69 Siation Roud,
Hanwell, London, W.7. Free catadogue by
return.

OLYMPIC IF TV, S.AE. Tor itemised
price list. AJAX FLICTRONICS, f8a
Rumbold Road, t-ullin 5.W.6,

BARGAIN PARCELS

Any 10 Valves 14/-. Any 100, £6,

PCF80, PCC84, PL36. PL81, PY82,
PY800, PY81, PY32, PCL32, PCL83,
PCL84, ECL80O, ECC82, EB91, EY86,

EFB80. EF80, EF85, LF184 (30PL13,

30PL14), 30P4, 30F5 30FLY, 10F1,

20F1, 6-30L2, U191, P. &P 1/-
ALL VALVES SET TESTED

3-BY100 Type Rectifiers with Surge
Resistors, 10/-

VELCO ELECTRONICS

49 Bridge St., Ramsbottom, via Bury
Lancs.

PHILIPS 625 UHE Cooversion Kits, two
conplete THoand timehase panets, Escut-
chean Kitand knobs, 226 cach. post paid.
BARFLETES, 38 Chlton Road, Green-
tord, Middx,

Carbon, Hystab, Vitreous. §-20 wait, 12/6.
Past Free. WHITSAM ELECTRICAL. 18
Woodrow Close, Perivale, Middlesex.

R & R RADIO

51 Burnley Road, Rawtenstall

Rossendale, Lancs.

Telephone Rossendale 3152

Valves Boxed. Tested and Guaranieed

|omees: 3o Y82 3/

i FoEse 3~ U1l 4/8

reFse 316 418

Fel3e 4)- 5/~

POIXNS 4f- 3/~

" 5/- 8-

5/ 28

4/~ 5/~

44~ 4/8

t 5/- § 8-

Fyst o 3/ mrl 1% 5/6

LBt 406 Fyson 378 20PLI4 5/8°

Post: One vaive 9d. Two to Six 8d. Over six post paid

VALVE BARGAINS

Ay 16 sor 12(- £1. S0PLLG, 36PLI4.
SORLE, 1Y 2 PLNL, PLSA, PY ST
Fason, o w, 1-.| A0 RR8I, RCCN
Nalves tented, Poa 10 ey

S. ASHWORTH. 9 Manderville Terr.,
Hawksham. Via Bury, Lancs, .

CME1705 ctc.
19in.
2%in.

MWS53/80, AW53/80. MW53/

19in. Panorama. A47/11W elc

types. AW47/90, AW47/91, CME1901, CME1903, CME1302. C19AH
types. AW53/88, AW53/89, CME2101, CME2103

Many other types in stack including G.E.C.
UHF Tuners, valve type. 45/- plus 4/6 p. & p. Transistorized type. 79/- plus 4/6 p. & p.
-Large stocks of valves, transistors and components. Electrolube, Servisol switch cleaner, Multicore solder. Service Tools etc.. }.

TELEVISION TUBES
Large stocks of television lubes. London's leading wholesale supplicrs, all Lubes complete wilh guarantee card. By return despatch.

Terms: Cash wilh order, s.a.e. all enquiries.
14in. types, AW36/20. AW36/21. AW36/80, MW36/24. CRM141, CRM144. CME1402 eic.
17in. types. MWA43/80, AW43/80, CRM173, CME1702, MWA43/63, CRM172, AW43/88, AwW43/89, CME1703,

20, CRM211/2

23in. types. AW59/90, AW59/91, CME2301, CME2303
23in. Twin Panel. CME2306, A59-16W. .. ... ..covt e
23in. Panorama. AB3/11Wete, ... ... . e

19in. Twin Panel. A47-13W, CME1906 etc. ..

and Brimar types. Carriage and

WILLOW VALE ELECTRONICS LTD.,

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

£4 17

17
19
19
18 1
12
10

Packing 12/6d. per Brilish Road Services.
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SERVICE SHEETS

SERVICE SHEETS. Radio TV, 5000
models. List 1/6. S.A.E. enquiries. TEL-
RAY, 11 Maudland Bank, Preston.

C. &A.
SUPPLIERS

SERVICE SHEETS
3/6d. plus S.A.E.

71 BEAUFORT PARK
LONDON, N.W.11

We have the largest supplies of
TV, Radio and Tape Recorder
Service Sheets, by return of
post. Please state make and
number.

Mail .order only.

Name and address.......... s

P.T.3

Make

Medel No

Practical Television Classified Advertisements

SERVICE SHEETS

(continued)

March 1968

SERVICE SHEETS

(continued)

SERVICE SHEETS with free fault
-finding chart 3/-. S.A.E. LESMAR, 17
New Street, Andover, Hants.

SERVICE SHEETS

4/- each, plus postage

We have the largest supply of Service
Sheets for all makes and types of Radios
and Televisions, etc. in the country
(speedy service).

To obtain the Service Sheet you require
please complete the attached coupon:

Name: ..

©a6 5ou sre o33 6ve wes sas HEe b.s Sie Sim eun

Address:

Oms Sus sre wag Bar 956 €28 San Sun Ses sum Ser

9.0 900 gap @ss B0k 1o Gus Axs o8 4aP 0iu sas 89S Bib Ges EiS

Jo: S.P. DISTRIBUTORS
35/36 Great Marlborough Street,
London, W.1

Please supply Service Sheets for the
following:

MEKO:  esn 00 ons m mt oms sm wme om0 wm wms mas 0
Model

Make:
Model NO.: vus e cxs an omn one o2 Radio/ TV

MEKE!  cre cus vus cm oma omm om3 r2s an s70 008 0re 0 0

Model NO. cus we sre sue es o o0 Radio/TV

| also require new 1968 List of Service
Sheets at 1/6 plus postage.
(please delete items not applicable)

NO. = = e o2 w2 e o R2diO/ TV

/ enclose remittance of........
(which includes postage)

MAIL ORDER ONLY (Mar PT.)

ate oxs ven

TRADER SERVICE SHEETS

4/- 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

Make Model Radio|TV

Please complete order form
for your Service Sheet 10
be sent by return. To:

OAKFIELD

ENTERPRISES

s.a.e. With enquiries please,

1968 List
available at 2/=

LUALIED plus postage indicate with X
30 Craven Street From

Strand Address

London WC2

I enclose remittance Of...u...

MAIL ORDER ONLY

tlf list is required I

(and a stamped addressed .g;:e.lop
(Mar P.T.)

www americanradiohistorv com

SERVICE SHEETS

RADIO. TELEVISION, TAPE RECORDERS
1925-1968 by return post, from 1/- with
free fault-finding guide.

Catalogue 6,000 models, 2/6d. Please
send stamped addressed envelope with
all orders/enquiries.

HAMILTON RADIO
54T London Road, Bexhill, Sussex.

WANTED

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

NEW VALVES WANTED. Popular TV
and Radio Types. Best cash price by return.
DURHAM SUPPLIES. 175 Durham
Road, Bradford ¥, Yorkshire,

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

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

ALBERICE METERS wanted, metal
type. any condition. 134 Yewtree Lane,
Liverpool 12. Tel: 051-780 6253.

Make this
inexpensive
TAPE RECORDER

from full instructions
starting in the March
PRACTICAL WIRELESS

OUT NOW  2/6
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March, 1968 PRACTICAL

BENTLEY ACOUSTIC

TELEVISION iii

CORPORATION LTD.

33 CHALCOT ROAD, LONDON, N.W.1 Tel. Primrose 9090
Nearest tube Chalk Farm SPECIALISTS IN NEW VALVES AND TRANSISTORS All goods advenrtised are in stock
1013 14/8 |35LGGT 6/3 | EB41  4/9| EF40 /- | PCCIwG B3 RIY 8/9 | 1'F42 BF 54 0(“'*' 18/8
0PI 15/8 |35W4 - 416 | EBO1 - 2/3| B4l 8- [PCFRO 7(-|8130 25— | UF¥0 9 I
12 Y 10/~ | EBC3S  6/-| EF$2 7(8 | PCErs2  8/-{TY®6111/10 | UF85
3574GT 4/8 | EBC4L  7/3| EF50 3/- [PCrse 8]-(1'10 9/ [ UFss
35Z5GT 518 | EBCKI 8/3| EFN0 8/- |PCFu6 8- | U114 716 UFNY
50B5 8/3 | EBF%0 5/9| EFx3 8/8 [PUEwol 8/8| L h 15/- | UL41
50L6GT 8/~ | EBI=G 7/-[EFsS 3/9 | 'Hm 9/8]{U1x20 676 [ 1'Lrd
7 8/6 Lnbm 5/9| EFst 413 =05 86|17 19 40/~ | "M==
8/6 1 10/3| EFsYy l’( |‘~m,11/6 22 5/9 |1'UK
16/- 12/6 | EF9L reLst o 8-t UYIN
Cleoca 3ay- 4/9|Er92 PCLK2 876 uy2)
90y 3318 | Ed 92 8/6|EFD PULRE 10/3 Uy4l
I.z,‘;?r gf l)()B’ 14/8 l-,(‘(‘ll 15/6 | EF97 PoLse 83 YRS
1545 5~ |’ 11/8 | ECeao " 9/8| BFON bels 813 RS
20Dl 13- 10/- | B¢l 3{8|EFIN reLsE 83 VP4
Suns 205 |° 6/- | ECOn2 4/8| EF184 7- VRIO:
Sope 118 2/8 | ECON3 4/8[ EFRO4 4/ v
SoL o 18r N ECUs4 8/-| EH90 20101316 \
;ul:l 19/6 | Kot 5f-|EL3S2 9/ g AFITS 1
> ING9 | Boens 71— 8/ AFIR0
79 | Eceyl 18/9 il
1 7/8
716 \h :
5/8 lJn'ﬂ e/- Transistors | BA 120
8/ [1'AY and diedtrs fia L
MHDY 76 [Pins 831 8/ |BeroT
MHLDE12/8 [ PL500 13/6 UB4L 7 418 | BCION [N
2/144]- nm 15/ 1 BC41 3/~ | BC10Y OvlTe 278
23/3 9/3 3/8 | BBt 5/ oclyl o 34
HRHK ™ 38/4 14/- 5/- |BCLlA 31— et a4
GRJIG Niow 2687 6/8 2/ [BeLls 5 O 5/-
GBQTA PABCRO7/6 51 2/- |BCIIN  4/8 O 5/8
GBRY - 61 2/ 5/- 2/- |BOY 10 5)- O 5/6
BRN - Pexs 8/9 5/- 5/- 5/- oC 718
ARWY = 5 14/ i 8- Pesn - 8/6 5/8 4/ 5/- ORI 15/
AW 5/8 [H0LIT 18/ DM 8- | E 5 8/9 N 718 5] 4 5/- MAT100 7/9
ote 10/9 S0P 1L/6 | DNMTI 9/9 | EeLad 12/— 5/9 [PY&00 8/ 165 5i- X 5/- MATI0L 8/6
GCDGe 1976 |S0P4MR DYNT 59 | KULss 11— 86 Iwmn YN0l 6f- A6 5/ Y 5/- MATIZ20 79
; 8/ 13/ |woee 33)- | ECLSG 79 8/6 [ PUCY 9/68 ACIGn  7/8 lsnm 9/ [0 MATIZ) 8/8
1148 [#0P12 11/ g 24/ | ECLLs00 71 |'|'l"‘5 R 5/
GLIe 18 [S0PI 1o peyy 247 /- [ PeeRx 10/6 |RET 17/6
TG 10/ (SOPLY 15/ pasce 12 Eyed  9/8 [Pecw 11 [RIs 9/ Al goods are tiew fest quality smanutacture only il
101115/ L0 17/6 subject to maker=" tnll knarantee, We do not hatstle
el - B~ 8/ Terins of Yasiness: —Cash with order only . NecC.0 00 F manufactyrers” secopds or rejects which are often
1u1|n|10/ APLIS 15/ |EAF4 778 Postage Package itern Orlers over deveribed as T cstedd " bt which have a
frec. Any pares nst dartnage it limited amd unrel s life. Complete TPV §
We require for prompt cash settlement sall types of Jior only ml extra, A rders despatehed on day | over L0 valves actually in stock with resstors,
above goods, locse or boxed, but MUST be new. Jarr pt, Callers weleonue to the shop. Mon,—Fric | condensers,  transformers, microphones,
Offers made by return, B a.m.— 330 pan, Sats, Y aam.— 1 pan. rmetal rectitiers with umw of baastpess, B, post free.

"THE KING TELEBOOSTER

FPOM THIS —~ 8Y THIS

TO THIS

THE ORIGINAL VHF DUAL BAND TUNABLE
PRE-AMPLIFIER

Still the best ot its kind available. Latest low-noise transistor
and printed circuit. Boosts Band 1 and III simultaneously
without switching. Two amplifiers in one. Can produce good
view]'(ing out of almost nothing in tringe areas, Ideal for DX
work.

Guaranteed gain: Minimum 18dB Band I, 14dB Band III,
Channels: Red spot, Band 1, 1. 2 and 3, all Band 3.

Yellow spot. Band 1. 3, 4and 5, all Band 3.

Power : Seli-contained 9v PP4 battery, 1AmA

se 31 x 34 x 2in., brown, with cork bas

3.15.6, complete with battery OR selt-contained
& on retail price £5.17.6.

Specn\ channels. one Band 1, one Band III.

THE KING UHF TELEBOOSTER FOR BBC2

Unique design, emploving quarter-wave cavity resonator for
100°, stability, printed circuit for reliability, with the very
latest second generation low-nolise transistor.

Channels: Blue spot 25-45, White spot 45-65. Lunable

Plastic case 3} x 3} x 2in., brown, with cork bas

Reta1l price, £4.17.8, complete with battery, OR self-contained
mains model. £6,15.0.

Sole manufacturers:

TRANSISTOR DEVICES LTD.

BRIDGE HOUSE, NEWTON ABBOT, Devon
Tel. 2457 Send for literature

BBC2, TV, RADIO & TAPE REC. SPARES

UHF/625., Madify your et to BRCZ, 155 0 1063 medels coversd. Seleetiom of
bew manufacthiue: wmversion Kits and tuners at redaecd prices. List avaitiablo,
SPECIAL OFFERS: New. PHILIPS 625 Converaiou Kot mwel tuner, 18 mx.,
Ruatel assy Oopemts, 7 valves, ete. £5.5.0 Uess valves 50f-), pup. 6 - FERG, 625
TF a1ap chassis, el h\dl\|~55 - (e valves 17/8). citewat and instr. 5 6., " i
GEC SOBELL ual 400 L LF amp and oatpot chasus, el cicemt 38 6.1y 1
UHF TUNERS. New 35/- e Tes 12'8). lrdlhh!nrl g
TV SIGNAL BOOSTER UNITS. umm all~tatio
BBCHITA or UIF Batters Uplug in”, 75—, UHF Mams
Ma~theand 105/~ Post free,

FIREBALL TUNERS. Used’ L....«l comdition 30f-, Salvaged 17/8 .p. 4

WA
pIHE L 978, UK

an

PUSH BUTTON TUNERS. For 120, RGD 612, 618, REG 1T 1s, 102
Used gond condition 30/- N

TURRET TUNERS. New, t \M..u « ~ KB MV F
v Mers 10f-, pup. 46, Many others g tor Pye, Ferg,,

ol Phi]1| Stella, GEC, MeMich, ete, Large selection channel coils,

CRTs. Relwilt, gnar. 17, 74 .00 85/ 17, 19in, 114", 105/, Callers nnly.
LINE OUTPUT TRANSFS. Popular types available, brand new exaet replaces
wents fully guar. A ~elecfion which can be snpphed:—

2196, STELLA ~617/1007 . 98/8 o

lm[n STELLA 1011 102! ) 70/ IM""" o
2 W2ty pes) 42/6| Bush TV32, 38, 43 45/-
FERRANTI lool to 1011 (1'25 Hp- <) 42/8| Bush TV53 to 69 30/-
EKCOIFERRANTI 26ty | T /‘NI 58/8 | Cossor 930 to 850 35/-
Ekco TP308 38/6
Emerson 700 range 35/~
Ferguson 203 to 246  35/-

Ferranti 14T4 to 1775 20/-
Ferranti 14T6 to 21K8 35/-

FERG. HMV, MARCONI
2600, 4600, G500 range 58/8

LQV2o 1 RV20rang-30/-| KB NF70,0V30. PV40.
LB, 180, ThHy .. 586 PVYP20. QVP20 35/-
lels, 78/6| Peto Scott 1419to 1724 30/~
<7006, 1906 0 58/8| Philco1981,1010t0106085/~
CTMIT, CWIT. 1721 Philips 17 TG 100 range 35/~
178, 110 to 310,700 Arb, 110 . .. 62/8| Pye VT4, V 42/6
PAM,INVICTA eqinv. LOPTR1oabove Pye  62/8) RGD D17, 590 to 619 35/
SOBELL TDP's1580, 8024, 44 Turanges 65/-| REG 10 4 10 17. 182 35/-
ULTRA 19%6C, 1984C, 100, 2000, ete. . 65(-| Ultra 17706/1780/1980 35/-

Also ALBA, BUSH,COSSOR, McMICHAEL. MURPHY, DYNATRON . ete. Pastiue
and Packing for LT« 4/68. C.O.D. 3/8 extra,

SCAN COILS, Frame o/p (rame osc, traosf., width/linearity
transf., mains droppers, contral knabs, dual vob., controls,
resistors, condensers, tape rec. belts, hemds, notors, cte,
SALVAGED COMPONENTS. Large selectinn for popular models, ¢lean, service-
able comlition, turrets, transformers, cte, ENQUIRIESR invited. quotations
given, C.O.I0 despaleh available,

MANOR SUPPLIES

64 GOLDERS MANOR DRIVE, LONDON, N.W.11
1Callers: 589b, HIGH ROAD (nr. Granville Road), N. Finchley, N.12)

railn, sound o/p
line osc., transf,

HIL 911% (DAY) ¥PE 4032 (EVG)
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PRACTICAL TELEVISION

March 1968

VALUABLE NEW HANDBOOK

FREE

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

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

On ‘SATISFACTION OR
REFUND OF FEE’ terms

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

WHICH OF THESE IS YOUR

PET SUBJECT?
TELEVISION ENG.
Advanced Television Eng.—
Gen. Television Eng.—Tele-
vision Servicing and Main-
fenance.

ELECTRONIC ENG.
Advanced Electronic Eng.—
Gen. Electronic Eng.—
Applied Electronics—
Practical Electronics—
Radar 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
Making—Inspection—
Draughtsmanship—
Merallurgy—

Production Eng.

RADIO ENG.

Advanced Radio—Gen.
Radio—Rudia Servicing —
Telecommunications—
Sound Recording—Auto-
mation—Practical Radio—
Radio Amateurs’ Exam.

ELECTRICAL ENG.
Advanced Electrical Eng.—
Gen. Electrical Eng.—
Installations—Draughis-
manship—Illuminating
Eng.—Refrigeration—
Elem. Elcctrical Science—
Electrical Supply—Mining
Elecrricul Eng.

CIVIL ENG.

Advanced Civil Eng.—
AMunicipal Eng.—Structural
Eng.—Sanitary Eng.—
Road Eng.—Hvdraulics—
Mining—Water Supply—
Petrol Tech.

WE HAVE A WIDE RANGE OF COURSES (N OTHER
SUBJECTS INCLUDING CHEMICAL ENG., AERO
ENG., MANAGEMENT INSTRUMENT TECHNOLOGY,
WORK STUDY. MATHEMATICS, ETC.

WHICH QUALIFICATION WOULD INCREASE YOUR

EARNING POWER?

A M.LER.E.. B.Sc. tEng..) AM.S.E.. RT.E.B. A.M.

AMLM.I. "ARILB.A.,

Al1O.B..

ILLPE.
PM.G., AR.LCS.,

M.R.S.H.. AMILE.D., AM.].MunE.. C.LENG. CITY &
GUILDS. GEN. CERT. OF EDUCATION, ETC.

BRITISH INSTITUTE OF ENGINEERING

TECHNOLOGY

445A ALDERMASTON COURT. ALDERMASTON, Berks

THE B.L.E.T. 15 THE LEADING INSTITUTE OF ITS KIND IN THE WORLD

www americanradiohistorv com

TO AMBITIOUS

ENGINEERS

THIS BOOK TELLS YOU

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

Y HOW to qualify for rapid

promotion.

HOW to put some letters after

your name and become a key

man . . . quickly and easily.

HOW to benefit from our tree

Advisory and Appointments Dept.

* % A

Division of

B.IE.T.
NOW offers you

a real laboratary

HOW you can take advantage of i, 3
the chances you are now missing. e
HOW', irrespective of your age. pom FF
education or experience. YOU [
can succeed in any branch of =i
Engineering. z2 : ﬁ
=55
132 PAGES OF EXPERT i~
CAREER - GUIDANCE -g }
PRACTICAL INCLUDING &
EQUIPMENT TOOLS &
Basic Practical awl The Specialist 3 i
Theoretic Courses tr— Elecgronics >
i
T
rraining at home i
with practical ZE
equipment. e 3
i e Ask tor detuils. ] g
Practical Eleetranse r i
ki BIET L&
Antoniaton oUoLJotig .
You are bound to benefit from reading

“ENGINEERING OPPORTUNITIES”, send
for your copy now—FREE and without obligation.

I

I To B.LE.T., 445A Aldermaston Court  3d.stamp if postedin

Aldermaston, Berkshire an unsealed envelope
Please send me a FREE copy of “ENGINEERING

| OPPORTUNITIES”. I am interested in (state subject,
I exam., Or career).

| WRITE IF YOU PREFER NOT TO CUT THIS PAGE
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