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REBUILT TUBES!
You're safe when you buy from
RE-VIEW!

*

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

heater.
Each tube comes to you with a guarantee
card covering it for two years against all
but breakage.
Each tube is delivered free anywhere
in the U.K. and insured on the journey.
Each tube is rebuilt with experience and
know -how. We were amongst the very

*

*

HERE IS WHAT YOU

PAY:

first to pioneer the technique of rebuilding
television tubes.

RE -VIEW
LONDON
SURREY.
237
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Trade

Old Tubes Purchased

£25

Polished walnut veneer with
._ elegant glass fronted cocktail compartment, padded
position for Iwo 10 in. el p

1

Other models.
free list.

complete course 10 guineas,

without obligation, details of your colour

Send for

TAPE RECORDER
CABINETS 49 6. Dia. 16

x

x 71 ". Red and Grey. Cut
out for BSR dec. P. d P. 7 6.
TRANSISTOR CASES 19 6. Cloth covered, many colours. Size 9; x
6;" x 3;". P. d P. 4S. similar cases in plastic 7'6.

12;

SINGLE PLAYER CABINETS

TV TURRET TUNERS,
19.6. P. d P. 46.

5

19.6. P. 5 P. 7i6.
-. New less valves, 5: -. Press button models

17in.- £11.10.0
Star Guarantee
* Tube * Valves 30.Carr.
3

*

Components

TWO -YEAR

GUARANTEE

EX- RENTAL TELEVISIONS

FREE ILLUSTRATED

LIST OF TELEVISIONS

"

WIDE RANGE OF MODELS

NAME

£7. 5.0

Record stort cal speakers
age space. Height 351in
Width 521in
Depth 14', n
Legs gn. extra.

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

ADDRESS

£5.15.0

Discount for

-; s

-

television course.

£5. 0.0
£5. 5.0
£5. 5.0

COCKTAIL /STEREOGRAM CABINET

A series of 10 lessons dealing in detail with:
Colour mixing, the PAL colour system, colour receivers, decoders, 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. Certificates awarded.

Please send,

£4.15.0

Cash or cheque with
order, or cash on delivery

ROAD, WEST CROYDON,
Tel. THOrnton Heath 7735

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

Fee for the

21 in.

ELECTRONIC TUBES

COLOUR
TELEVISION
SCHOOL

r

..
..
..
..
..
..

12in.
14in.
15in.
17in.
19in.

'.w`-

SIZES AND PRICES
DEMONSTRATIONS DAILY

TWO -YEAR GUARANTEED
TUBES 100% REGUNNED
14ín. -6916 17ín. -8916
21in. and all SLIMLINE TUBES 99¡6
Carr. 10;6
Exchanged Bowls
EX MAINTENANCE

TESTED TUBES
17ín.-35Í- 14ín. -151Carr. 5/- (not slimline)

DUKE

it

_

CO. (LONDON) LTD.

621/3 Romford Road, E.12

01

-478, 6001 -2 -3
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STEP UPYOUR EARNINGS
with

this

library of

complete
111

r

electrical know -how and

practice

You can have this handsomely -bound library of
facts, figures, vital theory and day -to -day practice sent to your home to examine free of charge.
It will help you understand the many branches
of the vast electrical industry from Installation
work of all kinds, Equipment, Instruments, Motors

It tells you all about
Installing domestic
wiling, regulations,
equipment, testing,
cables and faults,
meters and switchgear,
lighting, water heating,
space heating, cookers,
refrigeration, public
address equipment ...

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

In fact everything you need
to add to your income, to
really advance
in your
work.

operated.

PRACTICAL

ELECTRICAL
ENGINEERING
LEADING

-

Volumes strongly hound In Grey
Moroquette, 9¡ In. e 61- ln. 2,352 Pages
of Instructive Information on latest
practice. Over 2,000 Photos, Diagrams, Perspective and Working
Drawings Electrical Circuits, and
Data on test procedures, etc.
4

-

0 0 0

Use

Data Sheets In colour and 12 Quick reference Blue -print Charts complete
In strong Chart Case.
24

Contains rasclnating cut -away sections
in full colour will) explanatory text.

Book (Value 10/6) Nearly 400 pages
with 258 Illustrations, diagrams,
tables.

-

If

4

Fitzroy Square, London, Wl.

you are under 21 your father must

Full Name
(BLOCK LETrExs)

Address

Full cash price, or

Nuclear Power Stations Booklet

0 0 o

FREE for 7 days

Tick (V) here

o o o

Free! Newnes Electrical Pocket

it

trical Engineering without
obligation to buy if you
accept my application. I will
return the books in 8 days or
post

1

DETAIL

set now -no obligation to purchase.

To: Buckingham Press Ltd.,
Please send Practical Elec-

(

EXPLAIN IN

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

ABSOLUTELY COMPREHENSIVE:
This is what you receive without cost or obligation

EXPERTS

16/- dep. & 16 monthly
payments of 20/Cash price £16 (Credit price
£16 16s.) For Eire and N.I.

fill up

coupon

I

Ness, tick (4 here
The address on left is

ylour

property

(Rested

unfurnished[]
Furnished

I

.ccom

Temporary

aedreu(]

County
please

mien der.

Occupation

send £16 with coupon. Else-

where

Overseas

add 26/-

Signature
(MR., MRS., MISS)

/3513
I

PEE

1
PRACTICAL TELEVISION

242

LINE OUTPUT TRANSFORMERS
655,6567716.
ALBA
DYNATRON
TV30, TV3543/6.TV3668/6.
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1118, 1119, T120 40' -.

K.B.

PV40, MV100, 06100, PV100
QV10, QV30 48/- pair.
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PETO SCOTT

1416, 1418, 1419. 1422, 1423, 1716, 1719, 1720, 1722,
1723. 1724, 1725 32 6.
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1231, 1284, TC267, T283, 1293, T311, T326, T327,
1330 48,5. TMB272 68/6. T344, T344F T345, TP347,
T348, T348F, TC347, TC349, TC356, T368, T370,
TC369, 1371, T372, TP373, TC374, T377A, T380,
T380F, T381, T382, TC386, 1393, T394, all at 7816
each.
3061, 308T 416 each. 406T, 408T, 416, 436, 438, 506.
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ULTRA
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PUBLICATION DATE 26th JAN.19

and 14 cartoons).

PRICE: 15/- (16/- post free) Semi -Stiff cover
22/6 (24/- post free) Cloth Bound Library Edition
The first edition of Aerial Handbook was published in October 1964 and
the5,000 copies were sold out in just over e year.
This second edition has been delayed until the plans for Colour Television and Multiplex Stereo have matured and could be dealt with 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, Posl Office Tower
etc. also receive attention in non -technical terms.
-
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Sold by Radio Dealers and Book Shops or la case of difficulty direct from the

Publishers:
LARANK WHARFEDALE LIMITED

IDLE, BRADFORD, YORKSHIRE. Tel: Bradford

612552

COMPLETELY REBUILT C.R. TUBES
ALL TYPES
12" now
£5. O.0-1
..
14" to 17" now
£5.10.0 For
19" now
£6.15.0 Single
£8. 0.0J Tubes
21" now
ALL C.W.O. -TRADE SUPPLIED

Ì

Special Bonus Scheme for Service
Engineers- Reducing to:
12" -87/6; 14 "/17" -97/6; 21 " -147/6
FREE Pass. transit Et Ins. anywhere in
British Isles or N. Ireland (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
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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.

THIS MONTH

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

Teletopics

-if

Another poet, in a more popular medium, once sang
that spring will be a little late this year-and by coincidence 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)
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NEWSFILM OF THE YEAR COMPETITION

Face -lift for Crystal Palace
TV

1967

tower

THE BBC's 708ft.

high TV tower
at Crystal Palace, originally installed in 1956, is to have a slightly
new profile.

In order to accommodate u.h.f.
transmitting aerials which will extend the range of BBC-2 programmes together with the extra aerials
required for ultimate ITA participation, BIC Construction Co. Ltd. has
recently completed the supply and
erection of a 60ft. high cantilever

Chairman of the BBC Board of Governors, is seen
Trophy for the British Television
Newsfilm of the Year Competition to Mr. P. Beggin of the BBC who
becomes this year's British Television News Cameraman of the Year.
The picture was taken at the Royal Lancaster Hotel, London, 13

HILL of Luton,
L()RD
presenting the Rank Organisation

December 1967.

Distribution of Jap CCTV
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 channelised 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 : 1 zoom
lenses. All controls are routed back
to a control desk in the central
control room.

equipment
result of negotiations, which
have been taking place between
Nichimen Company Limited of
Tower Block 4, Hillgate House,
Ludgate Hill, London E.C.4 and
Negretti & Zambra Limited of
Stocklake, Aylesbury, Buckinghamshire, agreement has been
reached with regard to the distribution of closed circuit television
equipment manufactured by the
Ikegami Tsushinki Company Limited of Tokyo. Overall marketing,
sales promotion and servicing will
be undertaken in the United Kingdom by the Negretti & Zambra
Group, of which Visual Engineers
Limited, is a part, and is already
well -known in the miniature closed
circuit television field.
AS

a

PRACTICAL TELEVISION FILM SHOW

-1968

For further details of this film show see
the Leader page.
www.americanradiohistory.com

spine which replaces the topmost
helical type experimental aerial.
Even to erectors accustomed to
working hundreds of feet above the
ground, the unusually confined working space presented Problems concerning the lengths and weight of the
steelwork to be installed. These
difficulties were successfully overcome by using round steel members
varying in length from 12ft. 9in. to
20ft. 3in. to make up the required
3ft. Sin.-sided triangular section
spine and upper 27ft. of the tower.
The picture below shows the 60ft.
cantilever spire in position.

March, 1968
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NEW ELECTRON GUN
Electric Valve Co. Ltd. has developed a new electron gun
ENGLISH
for its cathode -ray tubes. Compared with previous designs, this new
gun produces an extremely narrow stream of electrons. Hence the
name, "Laminar Beam ".
The cathode and focusing assembly of this new gun have been
designed to produce an electron beam with smaller beam angle and
therefore much reduced aberrations. This laminar beam has a uniform
electron density (rather than the normal Gaussian, or bellshaped,
distribution); it therefore produces a spot which has uniform brightness
and a very sharp edge, and the narrowness of the beam at the point
of deflection minimises any deflection defocusing. The spot size may
also be varied without defocusing.

245

Royal Warrant tor DER
DOMESTIC Electric Rentals

Ltd. (DER) the television
rental company, has been granted
the Royal Warrant of appointment
as supplier of television receivers
to Her Majesty the Queen.
COLOUR TV FOR HIRE

SOVIET COLOUR TV
circuit colour television for use in industry and
is being developed at the Bonch- Bruyevich
Institute of Electrical Engineering in Leningrad.
Obvious uses are in hospitals to enable students to follow operations
and in steel foundries to observe the colour of molten metal.
Tests at the Kirov School of Medicine and at the Izhora plant
showed that the equipment is 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.
of closedASYSTEM
other specialised fields

MARCONI TELECINE SYSTEM
Marconi Company announces the introduction of a new telecine
THE
system which sets a new standard of reproduction of television pictures

from all types of colour films, black- and -white films, and slides. At the
heart of the colour unit, is a version of the Mark VII colour camera which
receives images through a revolutionary optical switch, operating faster
than the reaction of the human eye, and allowing "on air" cuts between film
and slide 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. projector, on the far left, a 16mm.
projector and on the right of the photograph is á dual slide projection unit.
The colour camera and optical switching system is shown in the centre.

closed -circuit
ACOMPLETE
colour television system can

now be hired, with a cameraman
and engineer, for as little as £150
per day. Closed Circuit Television
Hire of 93 Greenfield Road,
London, E.1, have recently added
a Bosch -Fernseh colour camera to
their range of equipment available
for hire.
CCTV Hire believe the colour
equipment will be particularly useful for medical teaching applications, for relaying fashion shows to
overflow audiences, for advertising
agencies to make pilot colour television commercials and other
applications where colour is of
fundamental importance. The firm
specialises in supplying a wide
range of CCTV equipment, from a
simple camera system to a fully
equipped and manned outside
broadcast vehicle, with expert
technical advice when required.
The three -vidicon Bosch-Fernseh 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.
,

www.americanradiohistory.com

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 all 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 for those readers who feel
a need for them in their particular experiments. By

bench POWER UNIT
MARTIN

MIMES have changed in the design of television
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 equipment 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. Serious 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 combined 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
'

L.

MICHAELIS, M.A.

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 if 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 Cl for long periods after the unit has been switched off. The output is fed directly to P15 from Cl,
as "-{-500 ". The low forward 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 permissible continuous loading of 50mA. Much poorer
regulation would be obtained, i.e. the output voltage
would drop much more with increasing current

\

drain, if 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. Cl must not be made
greater than 8µF, 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
smaller than 81/F 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 " -I- 350V"
output at P16. R3 is the safety discharge resistor for
C3. The high wattages specified for these discharge
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+500V +350V
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0
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Red
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Fig. 1: Complete circuit of the bench power unit.

resistors are necessary to ensure 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 different from 32µF. 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
is produced from the 350V
transformer taps in the same manner as the +500V
output but with the corresponding silicon rectifier

-500V output which

diodes D3, D4 and the reservoir capacitor C2 connected with reversed polarities. D1 to D4 thus constitute a conventional bridge rectifier circuit across the
entire 350-0 -350V a.c. winding, producing an output
of about 1kV across CI 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 +500V, -500V and 1kV d.c.
Any of these alone may be loaded up to 50mA,
whilst if they are used simultaneously the sum current
may be any value up to 50mA. The full IkV 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 permissible to take a nominal +850V (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 amplifier 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 not permissible to take an output of supposedly
+150V between the " +500V" and " +350V" terminals because this would demand withdrawal of
electrons from P16, i.e. reverse current in D5 and D6
whicn 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 nevertheless required between P15 and P16, a resistor
must be connected simultaneously between P16 and
I'17 such that it passes a somewhat greater current
here at 350V. To avoid the danger of charging C3 to
500 volts, this practice should be restricted to maximum currents of 2 to 3mA.

VOLTAGE COMBINATIONS
The general rules to be observed are thus: Any
terminal P15, P16, P18 or P19 may be used with
respect to the common terminal P17 (white) to provide the corresponding output voltages. If the common white terminal P17 is not used, the output must
be taken between one black and one red terminal,
not between two black or two red terminals. These
"like colour" outputs are the only forbidden ones.
The allowed outputs may be used simultaneously.
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 transformer 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, +850V 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 l.t. 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 equivalent internal earthing connections in conventional
power packs. These connections are not made
internally in this design, to permit the greater versatility 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,

VRl. This chain of resistors also serves to discharge
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C2 after switch -off. Three resistors are used to distribute the voltage stress. D14 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 volt. In the prototype, 1V appeared at about
one -third track, 10V at about two -thirds track and
100V at full track. Bias voltages as low as 250mV can
be set with sufficient accuracy for normal purposes.
It is hardly necessary to stress that the bias supply
possesses high internal impedance, and is thus intended 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 + 350V 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 terminals 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 manner. 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 l.t. a.c. voltages at P10 to P14 serve as
normal heater voltages for vallves, for powering small
low- voltage soldering irons for working on transistorised circuits, for small lamps, etc. The l.t. 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 sections. 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 simultaneously, with appropriately, shared current rating.
When feeding valve heaters from these terminals,
remember that an earth connection must 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 O. 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, i.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 maximum 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

ti
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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

COMPONENTS LIST

Resistors:

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 S2. Any set
of connections satisfying all these conditions is
permissible and safe.

R1

R2
R3
R4
R5
R6
R7
R8
R9

R10

1MS21W
1MS21W
1M522W
22kS2 1W
22kf2 1W
680 2W

2700 1W
82kS2 1W
82kS2 1W
82k52 1W

All 10% Carbon
25016-2 log
Carbon pot with pointer knob
VR1

Capacitors:

L.T. SOLDERING IRONS

Cl

When using the l.t. /a.c. outputs to feed low- voltage
soldering irons it is more important than ever to
establish an earth connection from one of the terminals feeding the soldering iron to one of the green
earth terminals. Otherwise the floating l.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 secondary winding, as can be checked with an oscilloscope),
so that the purpose of using a Lt. soldering iron for
transistorised equipment would be defeated.
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 piece 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.

C2
C3
C4
C5
C6
C7

C8
C9

8µF 500/550V electrolytic
8µF 500/550V electrolytic
32µF 350/400V electrolytic
500µF 15/18V electrolytic
500µF 15/18V electrolytic
250µF 12/15V electrolytic
250µF 12/15V electrolytic
250µF 12/15V electrolytic
0.1µF 400V miniature foil

Semiconductors:
D1 -D4
Silicon

h.t. rectifiers, l kV p.i.v., 0.5A
Silicon h.t. rectifiers, 750V p.i.v.,
0.5A
D7 -D10 Silicon I.t. rectifiers, 100V p.i.v., lA
D11, D12 Power zener, 3.9V, 150mA
D13
Power zener, 6.8V, 150mA
D14
Power zener, 100V, 5mA
Tri -Tr3 Germanium power p -n -p transistors
50, 3W dissipation
D5, D6

Miscellaneous:
T1

L.T. /D.C. OUTPUTS

S1

The bridge rectifier circuit D7 to D10 supplies the
entire 1.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 connected to the junction of the two 6.3V transformer windings, i.e. to the centre -tap of the windings feeding the bridge rectifier. It is thus also the
d.c. output centre -tap.
P24 and P26 provide outputs of -9V and +9V
(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 lA. 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.

249

Mains transformer 350/250/0/250/
350, 50 /80mA; 0/4/6.3V, 1A; 0/4/
6.3, 3A (or near equivalent)
Double -pole, panel -mounting toggle

switch
0.5A panel- mounting
Mains input connector
P2 -P26 4 white, 6 black, 4 red, 8 blue, 3 green
coloured, insulated wanderplug sockets, panel mounting, 1 kV rating
Material for printed circuit and metal
cabinet, bolts, etc.
F1
P1

The regulation of the +9V and +18V d.c. outputs
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
is

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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16

2: Load characteristics of L.T, /D.C.
outputs. Except for very small currents (bias
c'rcuits) of a few mA do not take outputs
between the 7/10/13V 0.5A sockets. For
high currents these outputs MUST tie 'used
with the common positive socket. The -9V/
Common/ + 9V 1A outputs may be used in
any combination even at high current.
Fig.
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is at least double the average current drain of items

such as portable battery tape recorders and radio
receivers.

OUTPUTS FOR TRANSISTOR
CIRCUITS
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 polarities 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 possibility, 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 connections or other considerations concerning the particular circuit make this desirable. Similarly, a negative 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 transistorised equipment, and simple germanium p-n -p
circuits are commonly designed for a single 9V supply. 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/ -F9V lA 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

-

F/

Output
7V 0.5A
9V 1A
10V 0.5A
13V 0.5A

current
2.5A
3.5A

1$V lA

No
No
No
No

15A

Yes

1.7A
15A

blows

"nine -volt standard ", and the current
rating of lA is ample even for multistage
television equipment, large portable radio
sets (2.5 to 6 watt output stages), etc.
It is not coincidence but intention that
the nine -volt standard supplies can be
as
ró
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 to 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 miniature 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 lA input current available from 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 DII to D13 and transistors Trl to Tr3 in Fig. 1 provides us 'kith a voltage
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Fig. 3: Load characteristics of h.t./d.c. out-

Nominal

puts. The short- circuit current of all h.t.ld.c.
outputs is at least 1A 'and causes Fi to blow
immediately. It is NOT possible to take a
150V output between +350V and +500V
except at a very low current of 2-3 mA.
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700-
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j

divider possessing at least as good regula500
tion as the input supply driving it. The
400
voltage division ratio is determined by the
individual zener voltages and is largely
300
independent of the load current drawn
from the respective transistors.
200
When using these supplies, it is most
100
important always to employ the red common positive terminal as one of the output
00
terminals, in conjunction with any one of
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 simultaneously. 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 likecoloured terminals (two blacks or two reds) are
forbidden. The earth connection may be made anywhere, 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 transistor voltage divider just to simulate the bell transformer 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 behaviour when the batteries for which they are ultimately
intended are approaching exhaustion, or are providing

+500V or -500V, to Common)
Nominal 350V 80mA (Rin 'kW
(+350V to Common)

electronic

(

HI,

stabiliser

For normal anode and

screen circuits of
amplifier valves

I

20
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30

40

50

60

70

80

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 requirements just as well.
For normal operation of circuits and equipment
intended for a 9V supply, connect as appropriate to
the
9/0/ -1-9V output terminals. Equipment with
any current drain from near zero to lA 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 lA is permissible for brief periods (30 seconds maximum). To
test the behaviour with batteries approaching exhaustion, 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 1.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 importance, or for critical oscillator stages requiring
stabilisation of the heater supply. 6.3V 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 fluctuations.

-

TO BE CONTINUED
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PART 2
THE main problem facing anybody considering
investing in a PAL colour set at the moment is
that there is no experience on which to base your
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
questions 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 earths 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 information 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 I watch for on
demonstration?

Points to watch for when being given a demonstration 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
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.

th

Am / co /our -blind?

Well, are you? Remember that all television is a
subjective 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 cabinet 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 former 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 distortion will cancel out. This storage is carried out in
the delay line, which is a sealed unit precisely ground
to very close limits.

www.americanradiohistory.com

1

March, 1968

PRACTICAL TELEVISION

In simple PAL receivers the delay line

`

absent
and the upside down red line is merely turned
upright-not stored and added to the following line.
This means that any distortion on one line will be
complementary to that on the next. Pure 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 monochrome sets simply will not do, but the timebases are
more expensive to produce. In dual -standard colour
sets there must also be duplication in the convergence
circuits (and controls) and whereas in monochrome
sets the compromises are confined to the i.f. alignment and horizontal linearity the dual-standard colour
set has it compromises made mainly in the convergence circuits. Since perfect convergence is never
achieved, one must settle for results which are
acceptable on both systems, bearing in mind that
early 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 expensive 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 blackand -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 earth's

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 illumination 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 off 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 tar 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 expensive.
If only there were other ways to produce coloured
pictures! There are, in fact, quite a few, and although
the following notes are intended only to suggest
various lines of approach, there is no reason why
any that fire your imagination or suit your spares box
cannot be tried out.

Three -co /our
systems

Screen

Mirror

PAL is a three -colour
system, deriving its red,
blue and green information from the red colour difference signal (R -Y),
the blue colour -difference
signal (B -Y) and the Y
luminance or monochrome signal. Tailored
as it is to suit the shadowmask tube, the only two

Green
1.7Pf

253
Corresponding part of the screen

is

output

output

Fig. 5: Using projection
units to provide a three colour display. The snags
are that the three optical
units in (a) would be

difficult to register while
synchronising (b) would
be just as hard as three into
fifty does not go 1

ta)
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R

-(R -Y)

(R-Y)

cyan

magenta
magenta

Burst

--

R

yellow

-(B-Y)

(B -Y)

Blue

B

-(B -Y)

>

(B -Y)

yellow
Burst
magenta

.cyan

Green

-(R-Y)

(R -Y)

Fig. 6: Maxwell's colour triangle for fights (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 fine of PAL
with the triangle of (a) superimposed. (c) Inverted vectors for the succeeding fine 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 monochrome display tube with rotating filters locked to the
field timebase. With this second technique synchronising 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 Acceptable as those
obtained by three -colour systems, but since the
prospects of the enthusiast being able to construct
receivers with two -colour displays on a 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 b 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
decoder (if at all hazy go back to the April 1967
middle pages of PRACTICAL TV), either simple PAL or
PALO, 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 illustrations. Vectors come hard to some people, and the
essence of PAL is that the red and blue colourdifference 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 negatively. 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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/
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Of 1Oc /s on

orange/ cyan axis

to be
* Components
carefully selected for

stability with heat

the red difference -signal is inverted to enable distortion 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 yet cannot tell which
way up the red difference-signals should be, and so
tht burst is swung 45deg. tither side of -(B -Y)
Y

from

luminance amp

"T"

Fig. 7. Suggested block diagram for
a practical orange /cyan two -co /our
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
frequency (7.8kc /s) which can be used to switch a
display tube from the orange to the cyan signal,
and (b) a reference signal which is exactly on the
orange /cyan axis on every 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, phase detector, and crystal oscillator.
A block diagram for you
+
to fill in by experiment is
shown in Fig. 7. The key
move is to lock a fairly
stable reference oscillator
to the burst at the beginning 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 detect the chroma signal on
the orange -cyan line in a
simple synchronous detector. The resultant sigLv from luminance amp
nal can be fed directly to
Fig. 8: Suggestion for a two - colour display the orange display, and
system using two direct -viewed tubes and feeding after inversion to the
them with orange add cyan colour- difference signals from the cyan display.
set -up shown in Fig. 7 or matrixed as shown from the "orange"
-continued on
(i. e. R--Y) and "cyan "(it B.-Y) outputs of a standard decoder.
page 263
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DURING the 1950s it became apparent that the
expanding 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 rehearsals 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 programmes 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 7Ain. /sec. do not handle
much more than 20kc /s, whilst a 625 -line picture
requires a 5 --Mc /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 /s5:¢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 frequencies (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 these systems
suffered from a basic disadvantage that a vast amount
of tape was needed, and the tremendous speed of the
tape and the transport mechanism made such highspeed 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 differences 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 type 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 instruction 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
black- 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 shape required.
A spooling potentiometer which supplies infinitely 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 exception 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
tape 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 (30 % modulation) 5.0Mc /s and peak white
(100 %) is represented by the 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 considerable amount of high- frequency information in
the form of the 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 considerable 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 achieved by controlling 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 f.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 ---1,

/Audio track
Head

overlap

Video

Movement
of tape at$

tracks

155/8 misse.

2"

Head overlap
}

Master erase head

._W
l

erd

Tape guide
To

vacuum

Sound erase
head
Sound record

head

Pinch

roller

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 from
a x 5 multiplier circuit driven by the field sync pulses
and the 250c /s signal from the 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 achieved by making
sure that the field sync pulses are recorded by the
first head. The capstan motor is driven by a 62.5c/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.e. exactly in step with studio
pulses. Here advanced servo 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
phase of the head drum. Comparison of this signal
with the signal from the head drum photoelectric cell
or tone 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

.
.

.

.

.

4 tracks

Edit pulse
every 20 tracks

Cu e track
(or 2nd. audio)

Control track and edit pulses

Fig. 8: Arrangement of tracks with a s andard four head
video tape recorder..
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R.C.A. TR22 video tape
BBC
equipwith
recorder
ment bays for monitoring at
various points. Sound and vision
faders, a stabilising amplifier,
vidicon caption camera for identification and telephone control
panels are all included.BBC photo.

An

50c /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 are compared with incoming reference sync
pulses (mains or the local studio sync pulses). To
do this the capstan error signal is derived by corn paring the field pulses and special "edit" pulses which
are added to the control track waveform when recording. 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 is moved
against the head 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.
Fully synchronous working can be achieved by
modern machines and a large part of the stability
required for this operation is achieved by very tight
electro-mechanical servo control of the head drum
and capstan. "Automatic" and "Pixlock" modes, as
they are called, are not switched in until field
synchronisation is achieved. Very high-gain servos
control the head drum by a comparison between the
timings of incoming reference line syncs and the
reproduced line sync pulses. Remarkable stability
is required; any disturbance in syncs causes a considerable 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 delay 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 effect. 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 capacitance, and this varies
the delay of the time. Such a delay line can be fed by
correction waveforms so that it corrects for any

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 signal off the tape and the reference
studio pulses, deriving a signal
to delay the signal off the tape by
the required amount to bring it into exact synchronism.
Such units are called Amtec or A.T.C.
Each head mounted in the head drum should be
exactly 90deg. apart but even the slightest error in
assembly can show up. As the tape is 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 applied during playback.
Similarly the height of the head with reference to the
edge of the tape is important. Effects of this misalignment cannot be seen on a tape replayed on the
same machine as all of these errors cancel out. But
if a tape is replayed on a different machine errors
will be apparent unless both machines are standardised. Delay lines for each head on both record and
playback correct for the heads not being 90deg.
separated, and mechanical adjustment of the head
guide height corrects for one type of error and a motordriven 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 programme 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 transmission 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 London 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
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difficulties are foreseen, prerecording inserts are 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 programmes 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. Similarly when part of a complete
recording is required the operator Editing video tape. The jig with built -in microscope is on the front of the
ATV photo.
winds back ten seconds from the video tape recorder -an Ampex 1000.
required starting point and marks
the tape. After checking that the "run up" is exactly
exact position under the edge of a guillotine where
ten seconds the tape is rewound to the mark when it the tape is clamped before cutting.
is ready for technical line -up before transmission.
After selection of the next editing point the tape
Complete programmes are recorded often on one to be joined is similarly cut at the same point with
continuous take, as though the programmes were
reference to the control track. Both ends of cut tape
going on the air, but sometimes with breaks in
are then spliced with very thin adhesive tape on the
recording. These are physically edited out of the back of the video tape. Use of a microscope and
tape to give a continuous programme.
fine adjustment of the tape position on the jig by.
geared rollers allows a nearly exact synchrbnism to be
achieved between the two parts of the tape, so that
Editing
a good edit causes no disturbance on replay.
Sound problems can be overcome by lifting off the
Editing video tape is a rather delicate operation
and a highly sophisticated technique using a micro- sound, i.e. recording it on a sound recorder and
scope for accuracy is required. To edit video tape re- recording the sound on to the second part of the
the part of the tape under consideration is run tape without erasing the video.
through the machine, which is stopped at the required
A recent development is electronic editing which
cutting point. A mark on the back of the tape is allows a machine so equipped to replay and be
made with a felt- tipped marker before rewinding the switched instantly to record. Hence a sequence can be
tape and replaying it again. As the mark passes the added to the end of a sequence already recorded.
head the operator checks that it is the correct cutting Two basic modes of operation are possible. One
point both for sound and vision. At this point a allows a sequence to be added into the middle of a
conflict may arise. COMMAG film editing and
recording so that different shots can be inserted.
video tape editing both suffer from the fact that sound
Sound can be re- recorded or left undisturbed during
and vision are recorded at a slightly different point this process. Alternatively a sequence can be added:
on the tape so that although the sound track may be on to the end of the recording. In both cases the
satisfactory this would result in difficulties with the video tape recorder is run up in lock with the
pictures. Video tape is worse in this respect as often coming signal. When stable, the signal is adjusted so
a cutting point coincides with a change in camera
that the incoming signal ready to be recorded and
on the recorded sequence which must be eliminated the replayed signal are in phase. On pressing the
entirely. In fact, on some occasions sound has to be record button the erase is switched on. After a suitable
taken off tape and "relayed" after the edit.
delay to allow the erased part of the tape to reach the
When the exact cutting point has been established,
record head (about sec.) the video head is switched
the operator cuts the tape with scissors and lays the to record and continues to lay down the tracks in
cut tape in a special editing block. Editing fluid, exact synchronisation with the signal just reproduced
which is a suspension of fine particles of iron, is off the tape, so achieving a smooth cut. Both modes
applied to the surface of the tape making visible use the control track Io effect the synchronism but
the magnetic tracks and control track signals. Using in the mode "adding on a sequence" the recorder
the control track as a guide the tape is moved to an lays down a signal in the control track.
.
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BBC slow- motion video tape recorder. Tape follows an
unusual path round an arm which is 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 is 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 excellent 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 itself 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
difficulty.
Modern four-head machines can replay colour
although a great deal of 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 of 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 field 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 of 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
frozen field from the magnetic disc if 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 field 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
they are often used to replay goals just scored and
other highlights of sporting events. Colour versions
have been announced
Video tape and its techniques have come very far
from the first Ampex recorder in 1955; it is one of the
fastest expanding branches of television engineering
although one of the newest.
TO BE CONTINUED
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Valve voltages

VI
V2
V3

V4B
V5A
V5B
V6*
V6fi

V7A
V7B
V8A
V8B
V10
*

V5

Severe interference

53
164
170

0.3

Severe interference giving rise to irregular vertical flashing and white dots is most often caused by
breakdown of the insulation between the line
deflection coils and the line linearity closed -loop

187
14
93

17.3

Va

V,

154
150
142
42
50
215
22
168
93
228
168
116

2

2

--

--

2.6

sleeve. This is of course on the tube neck, partially under the coils. The clamp should be slackened and the sleeve pulled out a little 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
sleeve may be fitted as a more permanent curt.

2

188

-

5

4.3
4.3

163
177

No picture

t Readings on 405.

Readings on 625.

Lawry -Johns

the lack of full width condition, check the R94
1.5kí1 screen dropper, V8, the PCF802 line oscillator valve and its 33kf2 (pin 6) load resistor R89
which can change value. In stubborn cases check
the width circuit resistors.

The readings in the following table were measured
under no- signal conditions and at maximum gain, with
230V a.c. mains input, using a 20,00012/V meter.
Valve

L.

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

Fault conditions
The most likely trouble spot

Fig. 4 (right): Modifications to the field

the PL500 valve
which is prone to lose emission, causing lack of
width, or go soft, causing a no picture, no e.h.t.
condition. Where the PL500 is not responsible for
is

Rab

To

Bost

Ver t. hold

1

lY)

oscillator.
Fig. 5 (below):
Layout of the time base printed board
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Fig. 6: Circuit diagram of the u.h.f. tuner unit.

the DY86. Although it is well insulated, there
will still be a blue glow to the tip of a screwdriver. If the high voltage is present here but
the DY86 does not light up, check the DY86 ar:d
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 yoke.
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 PY88.
If this brings the stage to life, replace C84 (0.25µF)
which will be shorted. If removal of the PY88
top cap does not make any difference check the
PL500, the 8µF capacitor C83 and the PY88,

having first checked the DY86 for shorts by removing its top cap. If the PY88 and the PL500
appear overheated check the PCF802 line oscillator and associated components, and also the 0A81
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 accordance with the bias applied to its grid from
the flywheel sync discriminator circuit.
L7 (top)

J

LB (below)

L6A(top)

0

L68(below)

L12

L5 (top)

L2 (top)

o

L28(top)

L29(top)

L24,L25

(top)

o

L22, L23

(below)

L26(below)

L30
(below)

Fig. 7: Valve and coil positions on the receiver printed pane!.

L 3, L4
(below)
L1(top)

O
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field timebase

We have not had a lot of trouble in this part of
the circuit so can only dwell upon possibilities.
Complete collapse produces a single white line
across the centre. Check V5 and V4, h.t. to pins
6 and 7. If h.t. is not available at either check the
PCL85, R49, R111 and R52. If h.t. is at 7 but not
at 6 check at R111 end of transformer T10 and
if present here suspect T10 of an open -circuit
primary. If however the output stage is functioning attention should be directed to the 2M11
height control R47, thence to the T9 end of R44
(original circuit later modified, see Figs. 3 and 4)
as C35 (0.05µF) could be shorted to chassis.
If there is a gap top and bottom of the picture,
i.e. insufficient height, check C87 0.05p.F which
can short to the h.t. line (from the boost line).
If there is a white band across bottom accompanied by field roll, with the hold control at the
end of its travel, check C37 0.05/4F for leakage
then C38 0.02µF. If the control is at the end without bottom cramping check R48 1.2M11.
If the bottom part of the picture is compressed
without any foldover check C39 100µF and C40
0.011íF.

Very weak reception
This applies to sound and vision including u.h.f.
As the PCC189 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 i.f. amplifier on u.h.f. This is not to
mean that V1 FF183 could not be at fault. Indeed
it could, but the fault the writer has in mind is
more 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 because the 18kí1 screen feed resistor
R21I (22kí2 on some tuners) becomes partially or
wholly open- circuit. It may read several 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 etc. Attention should be
directed to the video amplifier components, particularly the 4.9k11 anode load R25 and R26 (10kí2).
Also check C27 3214F and C25 100;.F. These latter
components can also cause weak sync where the
holds become critical.

No results
Valves not lighting. Check Fl 2A fuse, supply
to dropper sections R118. R117 and R116. If all
give full indication check through the valve heaters
starting with V10. If the valves are glowing normally, 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. tuner, affecting ITV and BBC -1.
The symptoms are inability to properly tune in the

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 these symptoms
show up the primary suspect should be the fine
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
COLOUR continued 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 50e 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
"flicker rate" will be 25 per second, not quite as
objectionable as the 16 per second 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 fields
from the orange chroma detector to the one for cyan.
Although the colour filters will synchronise to the
field 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 corrected 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
sets 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 -andwhite 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
you still have them) may possibly produce registration 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 untried, a two -colour system should enable the keen to
produce some sort of colour from their spares boxes.
A few experiments were carried out on a PALI,
receiver to this end. Each gun in turn was muted
during a colour -film transmission. Results were
intolerable with no green, watchable with no red,
and quite presentable with no blue. In this latter
test the pictures had a yellow cast similar to results
obtained by taking indoor pictures on an outdoor
colour film. So clearly if a two -colour system is at all
practical it must indeed be demodulated somewhere
along the orange -cyan line.

P

ALARGE 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 circuits for a fault that does not exist, when in the
majority of cases the reception could be considerably 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 quality of pictures as obtained 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 increase 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 theoretical 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 produce a satisfactory signal field strength on the far
side of a large obstruction a u.h.f. signal could be
completely isolated by the same obstruction.

(

I

I

OBTAINING

SIGNAL
GORDON J. KIR
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. Discounting 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 earth, as shown in Fig. 3(a). Sadly,
this relationship does not always occur in practice
owing to the influence 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 always for the signal pick -up to increase on average
with increase in aerial height, as the dotted line
on the graph reveals.
Sets call for a stronger signal on the higher
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Fig. 1: (a) Fall in receiver sensitivity with increase in
channel number. (b) Required increase in aerial signal
with channel number increase to maintain the same
signal -to -noise pe,fdrmance. (c) General effect of signal
fall-off with increase in channel number.
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required to give the minimum signal -noise performance 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 -l) signal noise ratio, while the picture at (b) shows how
grain predominates the background when the
strength of the aerial signal is only a third of that
required for the desirable minimum signal -noise
ratio. The ratio is cut to about 70 -to -I, 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 by three times, of course, restores
the picture quality to that shown at (a). Further
increase is accommodated by the set's a.g.c. (automatic gain control) systems without overloading,
10

t_
channel numbers because the noise signals generated by their tuners increase as the channel number 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, therefore, 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 tuner is
a factor of its design, and during the last three or
four years 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 producing 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 interleave with the monochrome information, 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 yield 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 disturbing noise. The only way that this problem can
be satisfactorily solved is to ensure that the u.h.f.
aerial is delivering about twice as much signal as
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(b)

Fig. 5: Signal/noise performance at (a) about 46dB and (b) about 37áG signal-to -noise ratio.

and to some extent the picture becomes even less
grainy with improved definition. The aim, then,
should always be to 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 aerial signal
include hiss on sound, which is the audio representation of the picture grain, critical line and
vertical hold controls, the picture tending to "roll"
in the presence of even minimal interference, abnormally high sound and vision interference and
unbalance between sound and vision on the fine
tuning control. This last symptom 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. Conversely,
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, therefore, 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 aerial
socket depends on the intensity of the signal field
in proximity to the aerial and on the aerial's gain
and orientation. In most areas devoid of local
screening within about 30 miles of a main transmitter the signal field is relatively high in the v.h.f.
bands at least, and relatively simple Band I and
Band III aerials abstract sufficient signal energy to
provide a reasonable signal -noise performance.

Aerials required
For Band I reception a simple dipole or "H"
aerial is generally adequate, but about five elements or so might be required for comparable
Band III reception. 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
metal in them are required for the various chan-

nels in all hands to give comparable aerial signals.
This means that if Band I requires two elements,
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 each element.
Height and screening are two factors which come
into play more with increase in channel number.
The diagrams in Fig. 3 show the 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 severely affect
the signal field round the aerial, 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 absolutely 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 proximity 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 employed if it has to point through
a row of houses, for example, towards the trans-

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

ones.
Areas more distant than about 30 miles from a
main station require aerials of even greater complexity, especially on the u.h.f. channels, but again
very much depends on the height of the site above
sea level (or local screening level). The maxim is
always to use a more elaborate aerial if there is any
doubt about the signal conditions, rather than one
of insufficient gain or number of elements.
In areas with heavy local screening standingwave signals are generated in space, and since the
strength of these vary with height and lateral distance substantial rises and falls in the signal
strength induced in the aerial are not uncommon
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effects can sometimes alter the plane of polarisation
of the signals at the aerial. 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 tilting the aerial to match the changed polarisation.
Polarisation tilt should not be confused with overall 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 between 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 desirable signal -noise ratio on BBC -1 and ITV programmes, 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 screened areas and at distances in
excess of 30 miles from the transmitter try altering
the pósition of the aerial for the best possible
reception (to clear snow-storm effects, for instance). Always orientate the aerial for maximum
signal,. remembering that multi -element u.h.f.
aerials are extremely directional and that off-beam
siting of 10 deg. or less can halve the available
signal pick -up. In notoriously poor reception areas
try 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

combine the u.h.f. signals to the
feeder connected to the v.h.f. aerial, but the signals have to be split again at the set for application 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 signal can be attenuated
by as much as 40% by passing through mediumloss or poor- quality coaxial cable. The graph in
Fig. 7 gives some idea of how coaxial cable
attenuation rises with increase in signal frequency.
Always make certain that the coaxial plug is connected 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 conductor 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 certainly
can cut the signal by 50% or more on u.h.f. This
is very important.
Never connect coaxial cable together to extend a
u.h.f. feeder. This can produce impedance discontinuity with a severe fall in signal at the set. Similar
trouble can result from sharp bends in the feeder;
always apply a gradual radius of bend when passing
the feeder from the roof to the wall and through
windows etc.
is possible to

-continued on page 279
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Fig. 8: Correct way of connecting a coaxial plug. Avoid
badly soldered inner conductor to plug inner connection,
especially at u.h.f.

THE 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 "Underneath the
Arches ", which was sung by
Flanagan and Allen, the star
comics of the Crazy Gang. It was
Bud Flanagan who sang "Underneath the Dipole" in a typically
crazy moment. At that time, being
underneath a dipole seemed to
carry with it a "one -upmanship"
in electronics, the privilege of
being in at the very start -or
restart-of British television. The
BBC restored the pre-war transmitter and studios at the Alexander
Palace on June 7th 1946. This was
a date when television aerials were
rare, 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.

UNDER
NE

Electrolytic blow -ups
The pre -war TV sets 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
they had only been thoroughly
checked before being switched on!
The trouble was that not having
been in use for years the electrolytic capacitors broke -down, blowing up the transformers, chokes
and sometimes the whole sets,
with the emergence of acrid blue
smoke. Those were the daysdays when it would have paid to
have paused a few months or even
á year or so to agree upon a world
standard superior to the 405 -line,
interlaced high -definition miracle
of 1936.

-if

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 off" the 14,560 licensees at
£75 each as compensation 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 frequencies now used by BBC -1 from
London are still the best in the
world-but we are now saddled
with u.h.f. and its aerial troubles
for colour.
All of these nostalgic musings
arise from the birth of the original
title of this Underneath the Dipole

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 television set underneath the Adelphi
Arches, Strand, it would still be
necessary to have a well -sited
dipole. In the rainy Manchester
area, the aerial should also include
an ITV array resembling the
Granada umbrella -like trade mark!

TV standards for

production

film

cally for television, such as The
Avengers series. This has naturally
led to the use of video tape for
artistes' tests, scene checking, etc.,
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
elaborate 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 floodlights. 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 are
properly operated with the lighting
units properly sited.
What sometimes happens, however, is that the lighting is mainly
overhead and hard, resulting in
hard dark shadows. These shadows
are not softened by traditional
footlights, which are now considered 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, especially 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
are suspended around the bare
walls until they resemble a marine
store or an ironmongers rather
than an elegant theatre, pleasant
to look at and comfortable to sit in.

The television industry and the
film industry are highly technical
fields which have been troubled
from time to time by policy Video tape in film
decisions made by non- techni- studios
cians.
The
film -production
industry has learned its lesson and
The Film Production Associain this respect is growing closer tion is now in the process of
to television production. The arriving at a standard for video
advantages of television monitor tape to enable recordings to be
aids for the motion picture camera readily played off on VTR
are at last being appreciated by machines in studios other than the
some of the film makers, particu- originating studio. Film tests of
larly those producing films specifi- actors for films have been made
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for years and years and are very
expensive to carry out. However,
such film tests are readily exchanged between the casting directors 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 helicalscan, video -tape systems, described by H. W. Hellyer in recent
issues of PRACTICAL 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 be agreed between the
studios, with acceptable picture
quality at a reasonable cost.
The universities, schools and
other educational establishments
have rushed into television without
very much technical assessment
being made of what can be done.
The use of video tape is desirable
for interchange, but the use of
broadcast quality standard equipment 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 Association, each individually have gone
in several different directions for
several different standards. This
has therefore restricted the interchange 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 technical
advice and agreement.

Executives! executives!
executives!
Top executives in the television
industry have a heavy load of
responsibility to carry, administrative, financial, technical and artistic. 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 executive has nothing to do; that is
except:
"To decide what has to be done;
to tell somebody to do it; to listen
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to reasons why it should not be
done, why it 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 conclusive. 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 excuses.
"To follow up a second time
to see if the thing has been done.
To discover that it 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 if
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 more
simply and better the thing would
have been done had he done it
himself in the first place; to reflect
satisfactorily that if he had done it
himself he would have been able
to do it right in twenty minutes
and that as things turned out he
himself has spent two days trying
to find out why it is that it has
taken somebody else three weeks
to do it wrong and to realise that
such an idea would have a very
demoralising effect on the organisation 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 tomorrow". There was also another
old Lancashire saying "Where
there's muck, there's brass ". Of
course, as the late Dr. Joad would
have said on the wireless years ago,
"It all depends what you mean by
muck." In show business it is
referred to as rubbish. The BBC
demonstrated that there is money
in rubbish when they paid £10,000
for two television broadcasts of
the Beatles' Magical Mystery Tour,
their Boxing Day débâcle which
received the biggest critical blast
ever inflicted on "pop" performers
of world -wide popularity. I don't
disagree with the newspaper critics,
who obviously enjoyed hurling
verbal custard pies in the manner
fashionable at the end of 1967,

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

the

Unfair to Beatles
Have the critics been quite fair
to this pop group ? Have they not,
themselves, been guilty of elevating rather ordinary "pop"
entertainment to the upper strata
of a new art form? What about the
critics' pompous reactions to certain 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
avant -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 quarter -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 amateurish film enterprise of Beatle Paul
McCartney-has some of the Arts
Council stuff been aided by you
taxpayers -in the form of
and
grants? At least the Beatles make
a big profit for their group and
provide an enormous taxable proportion 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!"
iF 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.
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WHAT a turn up for the book" this time
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 to 21/1/68 Sp.E. reception.
24/12/67 Sweden E2 (short duration meteor
shower).
27/1/67 Czech. Rl.
2/1/68 Czech. Rl.
3/1/68 Czech. R1, Austria Eta.
4/1/68 Czech. R1, Hungary R1, Austria E2a.
5/1/68 Czech. R1, Hungary R1, Austria E2a.
6/1/68 USSR R1.
.8/1/68 Czech. R1, Austria E2a.
9/1/68 Hungary R1.
10/1/68 Czech. Rl.
12/1/68 USSR Rl.
13/1/68 Czech. R1, Austria E2a.
18/1/68 USSR Rl.
-21/1/68 USSR Rl.
One further point worth noting was the reception 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
earlier ;n 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 Ruiselede
12 has put in its first appearance for a very
long time. I hope we shall have some Trop. news
to report next month.

NEWS
We have the following news items for you
from R. Bunney. First some details of new

stations
W. Germany: Osnabrück Ch.39, 250kW Hor.
(Colour). E. Germany: Dresden E5 power and
polarisation unknown. Spain: Santiago (2nd
Prog.) 3kW Vert. Alicante Ch.32 (2nd Prog.) 100kW

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! ZaragossaLa -Muela E3 up to 35kW Hor. Barcelona -Tibidabo 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 seem to be the
2nd Prog. from Santiago on E2, and as far as I
know there is a new 1st 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
Experimental.
Jordan, Amman E3 100kW Hor. Daily programme 1600 to 2100 GMT. The source of this
information is as yet unconfirmed (remember the
Amman caption some time ago ?) so we had better be careful over identification!

TOWARDS F2 DX?
American reports from Stan Pane of Utica
N.Y. show reception of B1 BBC sound only on
22 October, 26 November, 15, 24 and 25 December 1967, so there may 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. opening 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 congratulations to him, in particular because of the distance 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 congratulations on W. Germany, Bremen Ch.42
Aachen Ch.58, Holland, Lopik Ch.27 Smilde
Ch.47, and Markelo Ch.54; also in Band III
France Niort F7 as well.
R. J. Bentley of Huddersfield reports Holland
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Goes Ch.31, and Roermond Ch.32, France Lille
Ch.21 and Caen Ch.25. He also mentions that
he saw CDX /TV on someone's set from Wuppertal Ch.22, so there 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 Hornsey N.8, for his u.h.f. log for

LETTERS
TO THE

EDITOR
FUN WITH THE HELICAL

May

tell you of my experience with the
by Mr. Benson
in the November issue of PTV. For several months
I have been renting a 19in. TV set capable of receiving BBC-2, but have not bothered to have a suitable
aerial erected. This is not a particularly good reception area and I have been told that a fairly complicated
aerial would be required.
I 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 produce 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.
I

SIR,
Helical U.H.F. Aerial described

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
Mezières Ch.23, W. Germany Eiderstadt Ch. 31,
Bungsburg Ch.50, and Ostfriesland Ch.43 (I do
not as yet even know where this one is located:
perhaps he would enlighten us!)
The reflector was fashioned from tin -plate, and the
helix was made from Ain. 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 fin.
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 transmitter 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 -foot 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 £l, for the co -ax cable. Reception is
quite good and no doubt will be improved when I
make a more permanent one and site it more carefully.
Thank you Mr. Benson, and PRACTICAL TELEVISION
for giving us some fun in making it and a great deal of
G. NILE (Byfleet, Surrey).
satisfaction.

-J.

The Editor does not necessarily agree with the opinions expressed

by his correspondents.
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MICROPHONY,

IN CAMERA TUBES

K.T. WILSON

all the maladjustments of a

TV set, slipping

timebases excluded, sound -on- vision is the
OFmost obvious and most annoying. The
eye
becomes accustomed to 1Mc /s resolution, nonlinearity, ghosting, lack of black level and all the
other usual dreary faults which go uncorrected on
95`;; of the nation's TV sets, but the spectacle

of moving bars on the picture does seem to rouse
even the most passive viewer to action of some
sort.
Because of this, most viewers appreciate the use
of the fine tuner 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
camera 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
years of research are paying off in the form of
tubes which exhibit little or no microphony.
Anyone who has constructed audio amplifiers
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 appears as a variation of voltage at the
anode. If the valve is in an early stage of the
amplifier this voltage variation is amplified in
each subsequent stage and converted into sound
(as a "howl ") by the loudspeaker; and, if the

microphony is serious, the sound from the loudspeaker may excite the valve further so that a
continuous howl is set up.
Very much the same thing occurs in the TV
camera except that the electrical voltage variation is
not translated into sound by a loudspeaker but
into vision variations by the c.r.t. In addition, the
amplification which is built into one type of TV
camera tube is very much greater than that found
in an audio amplifier so that microphonic effects arc
that much more important.

VIDICON MICROPHONY
From what parts of camera tubes does micro-

phony originate? Figure 1 shows diagrammatically
portion of the vidicon camera tube, which uses
the principle of photoconductivity for its operation.
When the tube face is dark, the electron beam
scanning the surface of the target forms a connection between the cathode and target just as
if the electrons were passing along a piece of wire.
and the voltage on the gun side of the target laver is
the same as the voltage at the cathode of the
electron gun; this voltage is usually earth. Although
the other side of the target is at + 10V, practically
no current passes through the target because the

material has a very high resistance when it is in the
dark.
When the target is exposed 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 earth potential. The
amount of current which is passed depends 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 extremely fine wire is plac 1 a few
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 d><tcting plates with air or a vacuum between
them, the capacitance depends on the area of the
plates and on the distance between them, increasing
as area increases, and also increasing as distance
decreases.

If our mesh vibrates for any reason, the capacitance between the target and mesh must also
vary, and the value of this capacitance at. any
instant regulates 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 momentarily through a resistance in series with a capacitor increases as the
capacitance of the capacitor increases, and, conversely, we can draw a much more impressive spark
from a 1µF capacitor than from an 0.001 'F one.
In the same way, the electron current which flows
to the target of the vidicon depends on the capacitance between target and mesh at the instant of
Mesh
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Fig. 1: Microphonic portion of vidicon tube.
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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 been found for microphony 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 serious than they are in echoing studios.
The worst tubes are rejected by manufacturers in
an ingenious test which consists of connecting up
target and mesh as a capacitor microphone and
feeding into a high -gain amplifier which in turn
feeds a loudspeaker 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.

is 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 microphony that this effect was discovered. One remedy
would have been simple, to lower the target voltage
at which image orthicons were worked, but this was
unacceptable on artistic grounds (in this country,
at any rate). 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.

Tube wan

Mesh frame

Target frame

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
(PRACTICAL TV, July 1967), and shall only recall
the details briefly. Here again, the signal appears
as voltage variations on an insulator, in this case
glass, separated by a very small distance (0.001ín.)
from a metal mesh. In the image orthicon, however,
the signal at the target is used to modulate the
returning electron beam, and this modulation is
amplified by 100,000 in the photomultiplier section.
Microphony in the image orthicon is therefore
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 types of microphony.
The first type of microphony has been christened
"shock microphony" and arises from the same
causes as the microphony which we have seen in

Electrons from
photocathode

electrons
from gun

Mesh

Spacer
T.;be wan

Fig. 3: Vibrating components of image orthicon.
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Fig. 4: Target spacing strips.
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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
tin. wide strips of nickel- chromium alloy of O.00Iin.
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 microphony, and leaving them loose reduced microphony considerably. The springiness of the material,
however, caused them to bow and increase the
spacing of the target to the mesh to an unacceptable degree.
The next step was to try the effect of soft
copper and soft nickel strips. The reduction in
microphony was startling, but 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 0.0005ín. and great care must be
taken to ensure that there are no projections from
the surface of the mica which will alter the spacing 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 happening, 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 electrical signal of this "microphony"
seemed to originate by itself it was called electrical
microphony, a term which was much more accurate
that was realised at the time. Electrical microphony
was found to become more severe as the target
voltage was increased and as the illumination of
a scene decreased. This explained why the effect
had suddenly become troublesome; previously
producers had worked at lower target voltages and
with stronger set lighting, but, with productions
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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 microphony the cause was known and research could
proceed to its prevention. With electrical microphony the cause was not understood, and much
groundwork had first to be done 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 square of the distance between them.
Mathematically, it is expressed as F = (qt X q2) /r'
where F is force, qt and qa are the charges and r
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 electrostatic forces could not possibly produce
enough deflection of the taut glass membranes of
the target or mesh to cause the observed effect.
Nor did it act on all the target at any one 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 dimensions in a magnetic field), 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
expand as the magnetic field varies. The second
was that tubes using targets of magnesium oxide
had never shown electrical microphony, and their
target frames were made of another material.
Magnetostriction seemed to be the clue to the
trouble. If the target frame shrunk at the same
time as a steady electrostatic force was applied to
the target, 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 parameter, 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. The 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 negligible. 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 :965.

IN
NEXT MONTH

Practical
TELEVISION
FAULT FINDING
FOCUS

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 vidicons since vidicons rejected because of this fault
may end up being sold for amateur purposes.
This story is an illustration of the way 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.

Part 1 of a new series devoted to speedy fault
diagnosis and the various practical problems
that arise during 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 -ube?
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 in clubs etc. The amplifier is based
entirely on components salvaged from old TV
receiver chassis, using a PL81 as the output
stage to give outputs up to 7W.

PRACTICAL WIRELESS
Build this
ohmmeter
both a.c.
instrument
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F.E.T. V.O.M.
twelve -range field- effect transistor volt with an input resistance of 10MS) on
and d.c. ranges. A simple but useful
for the workshop or laboratory.

PLUS ALL THE REGULAR FEATURES

REPAIRING RADIO RECEIVERS
a new series of articles concentrating on
fault finding and practical repair work on transistor
The first of

ORDER YOUR COPY ON THE FORM BELOW

radio receivers.

THE SIMPLE SIX
Now is the time to build this simple but efficient
six -transistor portable receiver for the summer.
Optional extras for the experimentally minded.

TO..

....._..._.»

(Name of Newsagent)

Please reserve /deliver the APRIL issue
of PRACTICAL TELEVISION (2/6), on sale
March 22nd and continue every month

until further notice.

MICROPHONE PREAMP
A midget preamplifier, easy to build and economical.
Ideal for a crystal microphone and to feed the main

NAME

amplifier.

ADDRESS..._...._ .......

APRIL ISSUE ON SALE MARCH 8th

L
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PART

6

H.W.HELLYER

HAVING last month looked at the record
circuitry of the Sony helical scan recorder we
shall this month turn to the playback circuits.
Replay is a much more complicated business, electronically, 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 distortion 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
head signal is fed to the preamplifier by a transformer.
The presence of the comparatively large (0.1µF)
capacitor from one side of the secondary to the posi-

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 succeeding stage by the 0.01µF coupling capacitor. The
second stage of each pair is an emitter- follower, with
the output fed, via another 0.01µF 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
+28V
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Fig. 19e: On playback the output from each heed is transformer coupled to a two -stage
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Fig. 19b: The outputs from the preamplifiers appear at
TP9 as successive "blocks" which should be within 6dB
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 I 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 -ohm 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 absol'itely
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

or

B

in all five limiter/amplifier
stages. (b) Superimposed
diode
characteristics,
showing the effect of
combined forward- and
reverse- biased diodes, giving a zone of "neutral" voltage before the clipping
action commences.

100021.IF

next
similar

To

01yif

2.5Mc /s

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 from the preceding stage, with a capacitor
coupling the signal to them and once again acting to
block the effective shu it from the collector- emitter
circuit.
Although it looks as if the signal will be permanently shunted, i.e., whether the signal is positive- or
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.
28V

From previous
similar stage

r f.

generator

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.

0,1yF
Fig. 20. (a) Single limiter
stage, showing a diode
pair used to perform the
clipping action. There are
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Fig. 21: Final /imiter stage and fm. detector. The detector output is fed to the video amplifier section via an emitterfollower and low -pass filter.

there is what seems, to this observer, the most interesting 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- cancelling circuit to a pulse mixer. The feed to the noise
canceller is from the emitter of the third video amplifier stage. Noise is contained in the high -frequency
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

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
f.m.

detector

Vid 1

Vid. 2

Vid. 3

Vid.4

Level

control

must remember that when the carrier
was at a low level the higher frequencies
were boosted to obviate losses. Boost
was also applied during recording, as we
noted last month. We thus have to bring
the response curve back to what it
should be, that is a video signal that as
nearly as possible approximates that
initially recorded. So in the output circuit 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 amplification and between the third and fifth

-r-o
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pulse circuit

control

Pu se
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Fig. 22: Block dia-

gram of the video
amplifier section,

showing
pulse
mixer position and
skeleton circuit of
the noise- cancellation circuit

Noise- cancelling
stage
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of the first cancellation amplifier, as shown in Fig. 22.
These act as an amplitude limiter and ensure that 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 -off to minimum,
i.e. letting the signal go through to the video output
"warts and all" for observation, if we want to adjust
the symmetry controls for best balance of the
modulating waveform. This is where video tape
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 is nice to be
able to see what one is doing -and with VTR jobs
one can certainly view the bad effect of 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 rectifier
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 features.
TO BE CONTINUED
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OBTAINING THE BEST SIGNAL
-continued from page 267
HTt

Fig. 9: Using a milllam-

meter to detect changes in
signal strength. An f.s.d.
of 1 mA is required.

1.

Add
this

section

It now remains to see
any change in
receiver signal due to
altering the a e r i a l
system can be detected. Chassis
The best way, of
course, is to measure
the signal on a signal strength meter while
aerial adjustments are
being made, but very
Signal
few readers will be in
input
possession of such an
and AGC
bias
instrument, especially
for the u.h.f. bands.
The set itself can be
used, but since vision
a.g.c. tends to hold the
level of signal at the
picture tube constant
over a wide range of signal levels at the
aerial 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 background 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
attenuator 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.
Alternatively, a milliammeter can be connected in
series with the anode circuit of the i.f. 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 generally used to control transistor i.f. 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 Current).
how
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LAWSON

BRAND NEW

March 1968

CATHODE RAY TUBES

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 original specification but incorporating the very latest design improvements
to give superb performance, coupled with maximum reliability and very long life.
"Century 99" C.R.T.s, available as direct replacements for the following makes and types

MULLARD
AW36-80
AW36-21

MW31116

Twin Panel
Types

MW43/80

MW36/44

CRM121
CRM122
CRM123
CRM124
CRM141

MW53/20
M W43143
A W 59-91

CRM172
CRM173

AW53-89
AW53-28
AW53-80

21'

..
..
..
..
..

14.10.0
£5.10.0
15.19.0
£6.19.0
17.15.0

eor

SETS
5/-

7117

A7GT 7/8 7C5
H5GT 7/3 7C6
NSGT
B5
194
185
1T4
3AS

CME2306

C17FM
C17GM
C17HM

7/9
5/6
4/9
3/9
2/9
8/6
4/9
5/9
4/8

ti4

7

W Fl

10113

l'_AT7

I2AU6

Terms:

\04

9

,

D1F1AGP.

.

9 1,
DI.

E 911G'.

2/9 El.'s()
9l9 DF91
54
12AU7 4/9 DF96
8/- EF85
V4
12AX7 4/9 D1477 4/- EF86
U4G
I2K8GT 718 DH81 12/8 EFy1
5V40
8/- 20F2 10/8 DK32
/9 EF97
5Y3GT 5/- 20L1
518 EF183
17/3 UK91
DK9O

"53
llL35

DL92
DL94
DYSd
DY87
EABC80
EAF42
EB91
EBC33
EBC41

918 EF184

-/-

615
514/9
5/9
6/8

EH90
EL33
EL:f4
EL41
ELS4

519 EL90
519 E 1.95

6/8 EM34
8/6 Ey180
2/3
71- EMd4
6/- EM 87
EBF80 8/- EY51
EBP89 5/9 EY86
ECC81 3/9 EZ40
ECCB2 4/9 EZ4l
ECA83 7/- EZBO
E121284
6/8 EZ81
ECC85 4/9 KT61
ECF80 7/- KT81
ECFE2 8/9 N78
ECF86 9/- PC86
ECH35 6/- PC88

4/9
5/8
6/3
3/6
7/8
6/6
6/6

6/8
8l9
9/6
9/8
4/9

5/5/-

I"l'IK

6/3
7/e
7/6
4/6
4/9
8/9

15/14/9
9/8
9/6

,

1)1,94.

PY,o1

6/
1118
6/
820
12/9
'rH21C 9/
U_5
11/
l'2G
11/8
1.147
13/
U49
13/
PC.F911011/6 U32
4/
PCF801
U7x
3/8
/9
PcF.O'- 9/8 0191
11/
i'I'I'.0., 9/- U301 13/e
PCP,VO11/8 l'801
18/
PCFOs 12/8 CA BC80 6/3
l'('1vt 7/3 1.AF42 7/
PC1.n3
9/- 1'1041
6/
PCL84 7/6 UBI41 7/
Pi'L.a 8/3 CBP.11 6/
Pi'I.I; 8I8 CBI'z9 6/9
PENA4 6/9 C 8I:! l 9/P EN 36C15/- Cl re
5/PI'L20013/- t'C'I'N 7/9
PL3ti
9/6 CCI
6/6

6/9
8/8

5

CcF0 8/3

9/9
-/- CCH1 6/6
8/3 U. In2 7/8
13/- Cc1s 9/3
PL 504 13/8 'Foi 10/8
PL820 151- U 08
7/6/3
PSt5 10/6 01'89
PY32
8/9
9/8 1'1.41
PY3:i
9/6 t-1.44 20/PY80
6/6
5/3 UI.4
PY81
5/3 1141
7/PY8"2
5/9
5/- tl'K5
PY83
5/9 VP4B 10/6
PY88
7/3 151321 211PYtl00 6/9 Z,7
3/8
4145

READERS RADIO

85 TORQUAY GARDENS, REDBRIDGE
Tel. 01 -550 7441
ILFORD, ESSEX.
Portage on 1 valve 92. extra. On 2 valve, or more, portage C/I per
valve extra. Aug Parcel Inured agan.at Damage in Transit 6d. extra.

A

7203A
7204A
7401A
7405A
7406A
7501A
7502A
7503A
7504A
7601A

5E14170

SE17/70

LAWSON

A

TUBES

STATION ESTATE, MALVERN
Offices
18 CHURCHDOWN ROAD,

tilting instructions supplied

25/

5/6
7/9
PCC84
5/9
PCCn9 10/8
PCC1.9 9/9
PIT'O 6/9
Pc F182 6/PCF80 9/9

13/9 PLOT
619 PL82
619
PL83
13 PL84
7/8 P1.500

7/-

941

I

P.'97
Pc9u0

7201

7701

MALVERN, WORCS.

MALVERN 2100

PADGETTS RADIO STORE
OLD TOWN HALL,
LIVERSEDGE, YORKS.

NEW! TESTED! GUARANTEED!

1130

Dli92

Complete

7102A

C23AK

SAME DAY SERVICE

4/9 1:4104" 10/7112/6 ECB81 5/9
151- 13729
6/9 CCH35 9/- ECH84 8/8
5/6 DAC32 7/3 ECLsO 8/9
6/6 DAI'91 3/9 ECIC'2 6/9
9/9 DAU'96 8/- ECL6 8/3
10/6 DCC90 8/6 I:F:t9
3/9
3/9 DF33
7/9 E1,41
9/6

'i4G
7/6 20P1
9130L2 11/9 2UP3
14/9
ALI
17/2/3 20P4
A1116
3111 25U4GT11/8
AQ5
8/9
4/9 30C1
6AT6
4/- 3oC15 11/8
AUB
6/8 30017 12/6
BAO
4/8 30C18
9/BE6
4/3 30F5
121BG6G 15/- 3oFL1 12/6
SJ6
6/9 30FL14 12/8
C96
519
8/8 30L1
FL
7/9 3UL15 14/30L17 13/3/8
6F13
F14
9/- 3084 12/F23
12/8 30P12 11/6K7G
1/6 30P19 12/6KBG
4/3 30P7.1 12/6
OKBOT 7/6 30PL13 14/6
6L18
e/- 30PL14 14/8
6V6G
3/8 35L6GT 8/VOGT 6/8 35W4
4/8
X4
3/6 35Z4GT 4/6
XSGT 5/9 6063
12/6
10/9 AZ:i1
9/786

5/3T
14KPA
17ARP4
17ASP4
17AYP4
21CJP4

141K
171K
172K
173K
212K

512T
5/3

YEARS'
FULL REPLACEMENT
GUARANTEE

2

Carr. and
ins. 10/-

C217A

COSSOR also
ENGLISH ELECTRIC
GEC &

C23-TA
C23AG

C17JM
C17LM
C17PM

C.W.O.

4/14
4/15
4/15G
5/2

C21HM
C21KM
C21NM
CS1SM
C21YM
C23-7A

C17AF
C17BM

CME1706

VALVES
ASUT

CME1906

CRM212

C19i7A
C19/16A
C19/10AD
C19AH
C19AK
C21/1A

C21AA

C17AA

CRM211
CME141
CME1402
CME1702
CME1 703
CME1 705

AW47-91
A W 47-90
A W 43-89
A W 43-88
A W43-80

12"
14"
17"
19"

Twin Panel
Types

CRM171

A W 59-90

C14JM
C14LM
C14PM
C171A
C174A
C175A
C177A

CME2302
CME2303

EMISCOPE &
EMITRON

C17SM

C12FM
C14M
C14GM
C14HM

CME1901
CME1902
CME1903
CME2101
CME2104
CME2301

CRM142
CRM143
CRM144
CRM153

A47-13W
A59 -16W
A56 -13W

MW53180

BRIMAR

MAZDA

MW43/69
MW43/64
M W 36/24
MW31/74

Telephone: Cleckheaton 2866
Speakers Removed from TV Sets. All 3 ohm PM and perfect
6 x 4111. and 610. round 3 / -, post 2/9. Six for 22/ -, post paid. 7 x 41n.
5/-, post 2/9. Six for 34/-, post paid. 81n. round 6/6, post 3/6.
New TLin. Speakers with Built -in Tweeter, 28/6. post paid. 3 or
15

ohm Coli.

VALVE LIST
Ex Equipment. 3 months' guarantee
at 10 /- per doz.

lOFS, EF80 EB91, ECLOO. EF50, PY82, PZ30, 20P3. All
Post paid. Single valves post 7d,
ARP12
EY86
1/6
51- U25
5/EB91
90. KT36
5/- U191
5/F.FP80
3/- PCC84
2/- U281
5/ECC81
3/- PCF80
2/- 11282
5/ECC82
3/- PCL82
4/- U301
5/ECC83
PCL83
U329
4/5/51ECL80
PL36
1/6
5/- U251
PL81
4l- U801
8/6
EF80
10C2
1/6
EF91
PY81
90.
1/s SOP'S
2/8

&51

PY82

2Ì6 PZ30
EF50, 10 /- doz. Post Paid.

Indicator C.R.T. Type

1/6

5/-

185BT
20D1

8/6

3/-

20L1
20P1
20P3
5U4G
6Bß
6K7
6K25
6P25
6U4
6V6
6P28

5/2/6
1/8
1/9

5/5Ì5/-

1/9

Complete with 5111. Tube Type 2292.
Front marked in ligures, also many spares, less valves, clean condition. 10/- plus 10 /- carriage.
Ex R.A.F. Tube ('nit 'type 268. Fitted with VCR97 tube mu metal
screen, full of EF50 valves. Many spares. Grade 1 27/- plus 10 /carriage. Grade 2 22/- Pius 10 /- carriage.
Untested T.V. Sets. 171n. 50 /- carriage 15 / -. 14in. 30/- carriage 15/ -.
All sets complete with tube valves and back.
Bush Hin. T.V. Seta Type TV53. £5. carriage 15/ -. Ideal for 625 line
picture conversion. Complete with good tube. Tested working. all
BBC1 and ITV channels. Cabinet lair.
Jap Personal Earpieces. Small or large, plug 1 /11 post paid.
Silicon rectifiers 500mA, 900 P.I.V., no duds, 2/6 post paid.
Top Grade Mylar Tapes. 71n. Standard 11/6. L.P. 14/ D.P. 19/6.
51n. Standard 7/9. L.P. 10/-. Post on any Tape 1/6 extra.
TV Tubes. New regunned with slight glass fault 12 months guarantee. All types 19 and 171n., 50/ Carriage 10 / -.
Reclaimed TV Tubes with six months' guarantee. 17ín. types:
AW431b8, ÁW43/80, 40 /- each. AMW43 /69, 30/ -. 141n. types: 17/-.
121n. types 10 / -. All tubes 10/- carriage.
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TRADE NEWS TRADE TRADE NEWS TRADE
riEEINS TRADE NEWS NEWS TRADE NEWS
TV AERIAL CODINGS

' HEturer's FederationElectronic Component ManufacRadio and

have agreed to the following
coding and grouping of u.h.f. television aerials.
This will help in cases where the aerials for the different 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 D, colour code blue;
Channels 39 -68, group E, colour code brown.
MOBILE TV STUDIO
Marconi Company has developed a complete
THE
mobile television unit intended primarily for educational use. It is 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 staff 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, Essex.
SIFAM'S NEW RANGE
range of portable bench instruments,
ANEW
housed in 'ABS' plastic cases, to meet the special

KORTING COLOUR TV
have announced that they have been apDECCA
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 manufacture 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;

Calow TeSeviámn Set rica Generotpr á1312

«

40 III
AO

a

II
40

411k

ilk
41,

requirements of schools, colleges, universities etc.,
has been introduced by Sifam Electrical Instrument
Co. Ltd., Woodland Road, Torquay, Devon.
The complete set, known as the Sifam 'Student'
range, comprises seven instruments with scale ranges
as recommended for Nuffield Physics Courses:

-1A

-5A

0 -1A, 0 -5A, 0 -5V, 0 -15V, 0
and 0
and 0 -15V dual range and a
dual range, 0

-5V

3

-0 -3mA galvanometer.

Two terminals are fitted (three on the dual -range
instruments) suitable for wire, spade, and 4mm.
diameter plug connections. Accuracy of the instruments is to B.S. 89:1954 industrial grade; sensitivity
is 100mV (ammeters) or 1,000!1 per volt +2 per cent
(voltmeters).

SERVICE GENERATOR
Cross hatch; Colour bars exactly as per BBC, and a
choice of both PAL and NTSC colours; parallel or
vertical lines and a 1,000c 's note. A further button
allows the polarity of all these signals to be reversed.
The unit is continuously tunable over Bands IV and
V. There is a variable Burst Amplitude control useful
for ensuring that the decoder locks at a reasonable
level. The suppliers claim that the cross hatch, in
particular, is extremely stable, while the 1,000e s tone
proves invaluable for checking receivers when an
aerial is not availabïe on
the workbench and also
for a check on the audio
stages. The luminarice
signal can be switched Off
for adjustment of receiver
purity and the grey scale
can he checked without
the chrominance.
The generator is avail able ex -stock from the
agents, Decca Radio And
Television (M.I.P.), 'frigate Place, Queenstown
Road, London, S.W.8.
(Telephone 735-6677).
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Whilst we are a /ways pleased to assist readers with their technical
difficulties, we regret that we are unable to supply diagrams or provide
instructions for modifying surplus equipment. We cannot supply
alternative details for constructional articles which appear in these
pages. WE CANNOT UNDERTAKE TO ANSWER QUERIES OVER
THE TELEPHONE. The coupon from page 284 must be attached to
all Queries and a stamped and addressed envelope must be enclosed.

FERRANTI 1002

STELLA 2113

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 picture 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

I 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).

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 8252 each. The
resistor across the coil is 3.9kS2 and the PY32 surge
resistors are 3552 each.

The fault is usually in the L211 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.

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
3.9MS2 load resistor (R88) of the sound noise limiter
and associated 0.01µF 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, Yorkshire).
You should check V10 (2152) sync separator and
its associated components. Similarly, check V11
(Z152) and V15 (LN152) if necessary.

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 fora
bright ragged line to the left of the BBC -1
picture. -D. O'Sullivan (Hillingdon, Middlesex).

Replace the PFL200 video amplifier valve.
Change C249 to 0.15µF (at present 22kpF) and R258
to 150kí2 (at present 1MS2).
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 aeon tester.
The EY86 lights up but has a blue glow. After
about 20 seconds, there is no spark from the
EY86 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, Monmouthshire).

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 conditions of the PL81.

BUSH TV138R
The line will not lock when first switched on
but after about 20 -30 minutes it becomes
possible to lock the picture. The line hold control 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 PCFS0 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 adjustment of the fine tuner but sound -on- vision
ensues. -J. Ashdown (London S.E.17).
Check the 400µF capacitor in the cathode circuit
of the video amplifier PFL200. 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 is 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 ?-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 coupling components if necessary.

BUSH TV128

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

checked. -J. Davison (Morpeth, Northumberland).

You should replace the 10kí2 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
Boat (Swannone were found to be defective.
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.

-

-T.

DECCA DMCD17
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 PL81 and PY81 valves in the centre
and the 4.4141 resistor to pin 8 of the PL81
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 EF80
valves. Check these, one at a time by replacing with
a

NEW EF80.
A 246T transformer can be used in the 145T

it

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 lay
Murphy Ltd. Biscuits for it are obtainable from
your Murphy dealer and are comparatively easy
to fit without 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 perfectly for the first hour or so, then the lines
started to close the sides of the picture in again.

-O. Jenkins (Newport, Monmouthshire).

The lack of width could be due to low h.t. or
more likely to change in value of the screen grid
feed resistor on the PL81 line output valve. This
is a large carbon type fitted behind the valveholder,
and should be replaced by a 2.71r.í1 5W wirewounr+
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 channels. 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
PL500 should have a value of 2.2k12 (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 you describe suggest an unstable
sound i.f. stage. This can usually be isolated by
taking a good 0.0003µF 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,

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 you 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 tin, to the left. After about quarter of an
hour, it becomes stable in the correct position. -F.
Sp -+ggs (Patchway, Bristol).
The fault appears to be associated with the discriminator diodes. If these diodes are definitely not
at fault, check their associated components.

QUERIES COUPON
This coupon is available until MARCH 22hd, 1968 and
must accompany all Queries sent in accordance with the
notice on page 282.

PRACTICAL TELEVISION, MARCH, 1968

TEST CASE -64
Each month we provide an interesting case of television
servicing to exercise your ingenuity. These are not trick questions,
but are based on actual practical faults.

A 405 -line-only set suddenly developed a background of weaving vertical lines. Examination on
Test Card D showed that the definition was also
a little below its normal standard, and the 2.0Me /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 at 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 okay, 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 series.

March 1968

SOLUTION TO
TEST CASE 63
Page 237 (last month)

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 often located in, the scanning
coils themselves it is often overlooked when diagnosing 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.
Sole Agents for Australia and New Zealand: GORDON & GOTCH (A/sia) Ltd. Subscription rate including postage for one year: To

wy part of the World £1158.
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Now available
Mullard 1968 Data Book
136 pages of data, including for the first time, colour -coded
sections for quick reference-- covering comparables and equivalents
and all current Mullard semiconductors, valves, tubes and components for Radio, TV, Audio and HiFi applications.

PRICE 316 from your local TV retailer OR direct from Mu/larr/ cash
with order, plus 9d for p. and p.

Mullard

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

NEW VALVES
Guaranteed Set Tested
24 HOUR SERVICE

i8
T4

á/9
4/3

3S4

5/6

3V4

5Z4G
6AQ5

I

4/6
6E1
6/3
OF1
9/6
10P13
10/3
12K8GT 7120F2
9/3jFL1 12/3
30P4
11/3uP19
11130C18
8/8
3UPL1 12/3
CCH35
8/9
DAC32

6/9
3/9

DAF91
DAF96 5/11

DF313

DFOI.

DF46

DK3'2

/8
2/9
5/11
7/3
4/9
819

DK91
DK96
DL33
618
DL35
419
DL92
9/3
5/6
UL94
DL9d
5/11
DY86
5/6
DY87
5/6
EABC80 6/3

l'CL84

LBF86
ECC81
ECC82
F.CC8"
ECC85
ECH35

ECH42
ECH81
ECL80
ECL82

ECL86
EF39
EF80
EF85
EF86
EF80
EF183
EF184
E894)

EL33

LIAI

F.L84

Eti51

EY86
E2,80
EZ81

N78b1
PC97
PC900
PCC84
PCC88
PCC189

3/9

4/3
9/3
5/9
9/6

PCL85
PCL86

6/9

P1,82

519

P1J13

PY'2

7/6
5/9

81-

PL81

7/8

8/3
9/3
4/6
6/9
813/9
4/6
8/3
14/6
5/3

8/3

YF1,21A 12/6
PL38
9/-

89
4/9
5/6/4/9
6/9
8/6
6/-

'/3

PL89

PL500
PY33
PY81

PY82
Y1"83
PY800
PY801
R10

5/-

10/9
10/6

UABC8G

8/-

UAF?2 6I11
7/6
UBC41
UBF89
6/6
UCC84
7l9
UCC85

UCF80
UCH42

UCH8I
L'CL82
UCI,83

6/8/916

6/3
7/8/9
10/5/11
8/6
8/8/8
5/6

10/3
9/6
PCF80
UF41
6/6
PCF82
UF89
5/9
PCF8o1 7/9
UL41
PCF805 8/9
ULM
UY41
EBC41
6/9
/9 PC1,82
PCL83
UY85
8/9
EBF80
5/9
Postage on valve 9d. extra. On 2 valves or
more, postage Od. per valve extra. Any
parcel Insured against damage in transit
8d. extra.
1

Office address. no

rallrrv.

GERALD BERNARD
83 OSBALDESTON ROAD
STOKE NEWINGTON

`are,/

4/9
5/3
6/9
6/6

U26

1

1

,

-

1

element, 4216. 11 element;
element, 62/ -. 18 element, 70/ -.
55/ -.
Chimney Mount ing .4rrax, ('out pletr, 7 element. 72/6. 11 element, 801 -.
element, 87/6. 18 element, 951 -.
19
Complete assembly instructions W it h
every unit. Lm Los.. ('able, 1/6 rrl.
l -.ILP. l'reangvs Item 75/ -. Slue
e leurly channel nimber required on

li

8/6

10/9

NEW RANGE BBC 2 AERIALS
All U H
bracket .. n..
'.37/6.
l.rll N11111111111g. U r:,,
52/6. la
11 element, 451
sling with
element. 80 /-. 51:tll a
ic
',min,
60/
Cranked
-, li
751 -. 16
element, 671 -. 14 ale,.
element, 8216. \11L \Irrunl nlc with 21n.
clamp.

8/6
6/12/6
8/6

U25
U191

Learn at home...
First Class Radio
and TV Coyrses

in

7

BBC - ITV AERIALS
BR('

study
undertaken at home in your spare time
YOU can secure a recognised qualification
or extend your knowledge of Radio and TV.
Let us show you how.
FREE GUIDE
The New Free Guide'contains 120 pages of
Information of the greatest importance to
both the amateur and the man employed in
the radio industry. Chambers College provides fire[ rate postal courses for Radio
Amateurs' Exam., R.T.E.B. Servicing Cert.,

After

brief, intensely

Interesting

Telecoms., A.M.I.E.R.E. Guide also

gives details of range of certificate courses
in Radio TV Servicing. Electronics and other

engineering, together with

branches of
particulars of our remarkable ternis of
'Satisfaction or Refund of Fee'

Founded 1885 Over
150,000 successes

L9'.,.0-

-.

'

1- ..

1

5.

VIII"

75/ -.

-

transistor

-

I

mounting nuit. Special leaflet avall.,h,.
F, \I (Band 11. Luit SIU, 15 / -.
3210 3 element. 55/ -. External units
ar ai able. Cieux. niable. 8d. rd. Creux.
plug.'. 1 /4. Outlet boxes. 5 / -. Uiplexer

Crus 'river Boxes. 13/6. C.O'.t1. or C.O.U.
I'. & P. 5 / -. Send Gd. ,tamps sur tilus-

open

all dun Sul urdau

K.V.A. ELECTRONICS(Dopt.P.T.)

(nieorp. National Inst. of Engineering)

Holborn, London, E.C.I.

1; ( vol rn(1 Parade, Ness Addington
Sumer (1'1110- /.1 lib 1.111)( 1: 11(Lí.' "66
1

LONDON N.16

FREE

pre -

amps, 75 / -,
1811('1
1T\'
('(1 \1131 \1:4) 1111(1
A1:1 IALS 1
70/-, 1 s5 19, 80 / -,
14.
5
90 / -. 1. 7 14. 100/-.

ttated list:.
,. nIrumr

CHAMBERS COLLEGE
148

ll

1

Write now for your copy of this valuable
publication. It rnuy well prove to he the
f(/Inin g point in your career.

(Dept.844V),

301 -.

1.1' \'
(Band
ment loi t aria). 80 /-..,
element. 40/-, 7 eh- Inrnl.
50 /- .K'all nunlutiu.r.aelement, 47/6. 5 element.
52/6. Combined It Bt I
l'l' \'. LottI - 3.40/-: I
50/ -: 1 7. 60/ -1 Ra/1:.
mounting i 3,57/6,1
67 /6:Chinutey1 -;3.67/6;

-

C. 6 C.

it

tlt.ttn,l

SM.

!

16 -PAGE

GUIDE

MAJOR REPAIRS AND
MAINTENENCE
Compiled to help you diagnose structural
faults and plan alterations and improvements.
Analyses Walls, Roof, Stairs, Doors, Chimneys, Fireplaces and Windows in minute detail.
MARCH ISSUE OUT NOW 2/6

www.americanradiohistory.com
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SITUATIONS VACANT
RADIO AND TV Exams and Courses by
Britain's finest home study School. Coaching for Brit.I.R.E., City and Guilds Ama-

teur's Licence, R.T. E. B.. P. M.G. Certificate
etc. Free brochure from British National
Radio School, Russell Street, Reading.

It :VIES: 4/- per fine or part
thereof, as oral,' rive words 10 lime.
lines. Box No, 1/- extra.
t0iait0ut0
lie prepaid
Ads eel isrnun 1s nul
and add ressrd lu Vdt errisemeut
Siaria w. "l'ruel ieal Television ",
15 11, hunt- Acre, Loudun %V.( .2.

A.M.I.E.R.E., A.M.S.E., A.M.I.M.I.. City
& Guilds, A.1.O.B., A.R.I.C.S., G.C.E., etc.
on "Satisfaction or Refund" terms. Thousands of passes--over 600 Home Study

Courses in all branches of Engineering,
Building, Radio, Electronics, etc. Write:
B.LE.T. (Dept. 171K), Aldermaston Court,
Aldermaston, Berks.

TELEVISION TUBE SHOP
THE

NEW TUBE Specialists
A47-13W ..................£12.10.0
A59-13W ..................£15.10.0
AW36-20, 21 ................f5,12.6
AW36-80
z..........f5. 7.6

AERIALS

FREE TO AMBITIOUS ENGINEERS!
B.Sc.
132 -page
Guide
to
(Eng.),

TV AERIALS
I. H. Mast Fitting ..
..
III. 5 Ele Mast Fitting
..
,.
/III. S/D and 4-Array
IV. 9 Ele Array
,.
..

Band
Band
Band
Band
Band IV.
I

18

Ele Array

.......

..
..
..
.,

£1
£1
£1
£1

£2

15
10
15
10
18

0
0
0

6

Lashing Kits from 101 -; Poles, Co -ax ad., Grade
"A" 1/4. Plugs 6d.
P. 51,
C.W.O., S.A.E. tor list.
P.

i

CITY

GUILDS (electrical, etc.) on
"Satisfaction or Refund of Fee" terms.
Thousands of passes. For details of
modern courses in all branches of electrical
&

radio,
TV
electronics,
engineering,
automation, etc., send for 132 -page,
handbook -FREE. B.I.E.T. (Dept. 173K)
Aldermaston Court, Aldermaston, Berks.

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

-

SETS & COMPONENTS
EX N.E.V. C.C.T.V. Camera and Monitor
Circuits. S.A.E. for list. LOWE, 62
Brownswood Road, London, N.4.

RESISTORS: } watt carbon film 5 %. All
preferred values in stock from 10 ohms to
10 megohms 2d. each. Send S.A.E. for free
sample. CAPACITORS: Mollard Miniature Metallised Polyester PC Mounting all
250V D.C. working. O.OImF, 0.022mF,

AW53-88, 53-89............£7.17.6
AW59-90, 59-91 ............£9.10.0
C14BM, FM ................£5.15.0
C17BM, FM, HM ............f6. 7.6

home -study courses in radio, TV servicing
and maintenance. T.T.E.B. City and
Guilds. etc., highly informative 120 -page

Guide -FREE. CHAMBERS COLLEGE
(Dept. 858K(, 148 Holborn. London, F.C.I.

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

Dept. P.T.O. BRENSAL ELECTRONICS
LIMITED, Charles Street, Bristol 1.

RECTIFIERS
Rectifiers- Contact Cooled

14RA128'2 /Ft'tU1 13/6; ISRD22811FC.124FW 13(8;
EC1 12(6; EU! 12/6; Fella 7/6; 141íA /1283 (FC31)

Silicon.

14A989 10/

,

FW 12V.tA

-;

5/

£7.10; 10/50 £10. Please add P.P. 5) -.
Open Sato. All new goods.
KING'S, 8 Cray Parade, Main Road, St.
Paul's Cray, Kent, Tel: ORPINGTON

C

M E2306

.

f5

.

1

7 6
.

............£7.10.0
............£7.17.0
.. .. .. .. .. .. .. ..f 15.10.0

CRM141, 2, 3,

4............f5.17.6

3..........'....f6.

7.6

..............f5.
..............f6.

2.6
7.6

CRM171, 2,
CRM211, 212
MW31-16, 74
MW36-24, 44
MW43-64, 69

..............£8.17.6
..............£5.10.0

..'

.. .. .. .. ..
.. ..f8.17.6
MW53-80
'...,£8.17.6
14KP4A, 141K .. ..
..£5.12.6
171K, 172K, 173K
7.6
7201A, 7203A ..............£5.12.6
M W 53-20

........
..........f6.

TOWERBY LTD.

10 /6;
19 / -;

2A 7/ -; 4A 10 /6.

MULTIMETERS from 32/-

Stamped envelope for full latest selection and
bargain offers in cheap meters. Radios. Baby Alarms.
Inter- conv., Wnikie.Tatkies yinclair and Eagle.

Line O.P. Trans; all 30/- each

Murphy V350 and V'230 Connor 946. Philips 1446U/45
and 1746E-45 with EY51.
Under xl. P. a P. dd. Over Ll Post tree. NO C.O.D

Manufacturers' Reprocessed Tubes
available at £1 each less than the

For Line Outputs and Deflector Coils

makes, includlno Ambassador, Baird, Cossor,

Il,

Equiv,. for RM4 9/6; 14A97 13/6; 14A86
14A949 19/ -; LW15 19/ -; LW7 19/ -; 14A190

Quote, Ekco /Ferr. Plastic Housing 15/each. Car/House Alarm Kits 25/- each.
Transistor Car Radios with fittings kit
£8.10 stnd. Push button £11.10 comp.
Band Radar Detectors for car £13.11)
comp. 8 x 80 Binoculars in hide case

WE have the Country's largest stock of Menu lecturers' Original (or Authorised Replacement)
Line Output Transformers for many "difficult"

SUPER SILICON RECT. TV etc. 1200 PIT 800
SEA
or complete with in'tr., resistor, condenser
7/6, 400 PT V. HW, 6A, 9 / -; 200 PEI/ H W UA, 6 / -.

Rectifiers -Fin Types

.

30566.

FOR SALE

see

. .

............£6.12.6

CME1901, 1903
CME2101, 2104

TV SPARES. all makes all sets, SAE/

BECOME "Technically Qualified" in your
spare time, guaranteed diploma and exam.

............£6.12.6
............£7.17.6

C17LM, PM, SM
C21HM, SM, TM
C M E1402
CME1702, 1703

0ImF,

0.22m F, all at 6d. each.
Hunts tubular 0.01 ni F, 200V working at 3d.
each. Send 6d. stamp for extensive list of
low priced Electronic Components, Instruments and Equipment. Please include 1/Postage & Packing on all orders under £l.

0.047mF.

AW43-88, 43-89 ............£6.12.6
AW47-90, 91 ..............£7.10.0

0

TELEINDUSTRIES LTD.
BREAKSPEAR ROAD, RUISLIP, Middlesex

TECHNICAL TRAINING

March 1968

Ekco, G.E.C., H.M.V., KB, Masteradio, PetoScott, Philips, Regentone, RGD, Sobel!, Ultra,
etc. Also deflector coils output and oscillator
transformers, in, Alba, Bush, Murphy. Examples, L.O.P.T. Murphy 310/350/410/540/6591759,
951.; Bush TV53 79 6; 80, 95/-; Cossor 950 77/6;
Ferguson 306/30879 6; KB RV20 SV30 PV7062 /6;
Philips 1768U L.O.P.T. assembly 11216; Ultra
1984.200c 87/6.

SPECIAL OFFER
Ekco improved type for Models T221, 231, 310 all
at 37/6. Ferranti 14T4 series inserts 251 -; Philco
1019(1021 52/6; Pye VT4 VT7 ex- equipment 42/6.
Terms: C.W.O. or C.O.D. 131) post /packing 51 -.
2 or more L.O.P,T.s post /packing free.
All enquiries answered but regret no lists available. Same day delivery on most types.

TOWERBY LTD.

DURHAM SUPPLIES

MAIL ORDER DIVISION OF T.C.S. LTD.
28 BROCKLEY CROSS, LONDON SE4

175 DURHAM ROAD, BRADFORD 8, YORKS

Tel: TI Dewey 5394

www.americanradiohistory.com

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 Comprehensive Insurance.

'Reprocessed tubes only of this type at
present.

Midland Stockists:

-

Amateur Electronics Co.,
240 Lichfield Road, Aston,
Birmingham

TELEVISION TUBE SHOP
BATTERSEA BRIDGE ROAD
BAT 6859
LONDON S.W.11.
JUST SOUTH OF THE BRIDGE
OPEN SATURDAY UNTIL 4 p.m.

48

28,
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SETS & COMPONENTS
(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
prices, 12 months warranty. Rimbands, etc. available. Lists. Rimband types, 19in. £8.10,0; 23in. £11,0.0.
£3
CRM121. 2, 3 & 4; MW31 -16, MW31 -74; C12FM; 121K, C12/1, etc
AW36 -80; MW36 -24, 36 -44; CRM143, 4; CME1402; C14BM; C14FM, MW41 /1, etc.
£4
ÇRM141, 2; CRM151, 2, 3; 15EP4, etc. C17BM, SE14/70, AW36 -20, 36 -21
£4
W43 -80, 43 -88, 43 -89; MW43 -64, 43 -69; MW43 -80; CRM171. 2, 3, 4; C17FM; CME1703, 5; C17AF; C17SM £5
AW47 -90; AW47 -91; CME1902; CME1903, etc.
£6
C19AH; CME1901; AW53 -88, 9; CME2101, 4; AW53 -80; MW53 -20; MW53 -80; CRM211, 2, etc.
£7
19in. Twin Panels A47 -13W; CME1906, £9.17.6
£12
23in. Twin Panels A59 -13W, CME2306
(Carriage 20/ -)
(Carriage 30/ -)

quoted
0
0
0

0

10
15
15
17
10
10

6
6

0
0

CARRIAGE AND INSURANCE. Up to 19in. 12/ -, 21in. upwards 15/-. Twin Panels (see above). Lists, s.a.e. please.
6 Potters Road, New
Barnet, Herts. Tel: BAR 1934/7873 (Robophone)

PHILIP H. BEAR MAN,

ALL ENQUIRIES

WELCOMED

BOB'S BETTER BARGAINS.

Any

valves 14/6 post paid. Refunded in

10

lull it

not satisfactory. PCF80, PCC84, PL81.
PY81, PL36, PCL83, EF80, U191, EY86,
U301, 30F5, EF85, PY32, PY82. EB91,
30PLI, 3OFLI, 30P4, ECL80. TV legs, set
of four with plates 5 / -, post 3/6. Mail
Order only. GREEN. 2 St. James Street,
Rawtenstall, Rossendale, Lancs.

BUSH TV

53 -66.

NEW FROM STOCK
U25 Type ECCO, state model.
PYE 200 -400.
FERGUSON 306- 308 305-307
All at 45IFERGUSON 406, 408, 416, 436. 438
P. s P. 41 -, C.O.D. 61S.A.E. Enquiries

WITWORTH TRANSFORMERS Ltd.
26

All Saints

W.11

Road, North Kensington
Telephone: 01- 229 9071

Burnley Road, Rawtenstall
Rossendale, Lancs.
Telephone Rossendale 3152

Any 100, £6.

PCF80, PCC84, PL36, PL81, PY82,
PY800, PY81, PY32, PCL32, PCL83,
PCL84, ECL80, ECC82, EB91, EY86,
EFB80, EF80, EF85, EF184 (30PL13,
30PL14), 30P4, 30F5 30F L 1, loF1,
P. & P. 1/20F1, 6 -30L2, U191,

Valves Boxed, Tested and Guaranteed

return.

OLYMPIC II TV. S.A.E. for itemised
price list. AJAX ELECTRONICS, Ita
Runlbold Road, Fulham. S.W.6.

3/-

t:ltl-

I:It

3/6

F:cc,ö.,
l':1'1.9e

t'sll

ALL VALVES SET TESTED
3 -BY100 Type Rectifiers with Surge

3/3/1/6
3/-

t:l'I,t

3/6
3/6

I:1.111

5/-

I-'/.4n

4/6
4/6

F.1
t

n''ll

Pat:
service requirements at "Willow Vale. The
Service Wholesalers ". 69 Station Road,
Hanwell, London, W.7. Free catalogue by

RADIO

R Ft R

Resistors, 10/-

COMPONENTS GALORE, CRT'S Valves, Transistors, Tools. Electrolube, all your

18

£3 -19 -6
Carriages Insurance 12/6
TELEVISION TUBE SHOP
BATTERSEA BRIDGE ROAD. SWII

Any 10 Valves 14/ -.
All at 56/-

WHITSAM ELECTRICAL,

Woodrow Close, Perivale, Middlesex.

BARGAIN PARCELS

below:

K.B.P.V.P.20, etc.
PHILIPS 1768U, 17TGI000, etc.

Post Free.

51

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

BRITISH

VALVES!

INl NEW ASSORTED Capacitors, Resistors, Silvered Mica, Ceramic. etc.
Carbon, Hvstab, Vitreous, 1 -20 watt, 12/6.

17 ", 110', 0.3A Short neck
Can replace AW43 -88, CME1705 etc.

IR

STOP
A few of the types are listed

THIS MONTH'S SCOOP!
NEW BRIMAR C17AF Boxet,

LISTS

CLOSED Thursday
8 Saturday afternoons

4/-

YI't'94

31-

P!'h'Nu
PI'PM'd
YI 1,92
PI'I.Y3
PI'I..r4

P1.4I
YL9:t
I'V::3

l'l'tlt

I'S allll

One valve 94. Two to

á¡6

4/4/5/5/9/9/513/6
3/6

3/-

PY9'2
0191
U:lo1

416

4/6

0Y`23

1nP14
201.5

:,ut':,
.lut,15
30Y12
301'1J
301' L

13

3019Lt4

Si: 6d. Over sir

5/3/312/6

5/-

4/6

5/5/6

5/6'

poet paid

VELCO ELECTRONICS
49 Bridge St., Rantsbottonl, via Bury

VALVE BARGAINS

Lancs.

Au, lu for 13/-: any "n !1.

PHILIPS 625 UIIF Conversion Kits, two

I's Mar,

and timebase panels. Escutcheon Kit and knobs. 22/6 each, post paid.
BARTLETT'S, 38 Clifton Road, Green -

S.

complete II

Ir,lyd, l'..r l'. .
ASHWORTH, 9 Manderville Terr.,
Hawkshanl. Via Bury, Lancs.

VO,

ford, Middx.

301'1,1:1, 301'1.14,
1'1'1.42. 1'I,1. P1.34, PV1.
li, L.o
F:ßal, r:cc+2.

/.1174.
KI'Fe, 1:K.:,,

I

TELEVISION TUBES

Large stocks of television tubes, London's leading wholesale suppliers, all tubes complete with guarantee card. By return despatch.
Terms: Cash with order, s.a.e. all enquiries.
£4 17 6
14in. types, AW36 /20, AW36/21, AW36 /80, MW36/24, CRM141, CRM144, CME1402 etc.

17in, types. MW43 /80, AW43/80, CRM173, CME1702, MW43/69, CRM172, AW43/88, AW43/89, CME1703,
£4 17 6
CME1705 etc.
£4 19 6
19in. types. AW47/90, AW47/91, CME1901, CME1903, CME1902, C19AH
£5 19 0
21in. types. AW53 /88, AW53/89, CME2101, CME2103
£8 18 10
MW53/80, AW53 /80, MW53/20, CRM211/ 2
£6 12 0
23in. types. AW59/90, AW59/91, CME2301, CME2303
.............
£13 10 0
23in. Twin Panel. CME2306, A59-16 W
.......
£12 O 0
23in. Panorama. A59/11W etc.
£10 10 0
19in. Twin Panel. A47 -13W, CME1906 etc.
£9 O 0
19in. Panorama. A47/11 W etc
Road
Services.
Many other types in stock including G.E.C. and Brimar types.
Carriage and Packing 12/6d. per British
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.

............

.......

....

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

www.americanradiohistory.com

Tel: 01-567-2971/5400

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

SERVICE SHEETS

(continued)

(continued)

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:

SERVICE SHEETS
3/6d. plus S.A.E.
71

SERVICE SHEETS

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

ft

A.
SUPPLIERS
C.

Name:

BEAUFORT PARK
LONDON, N.W.11

...

Address:

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

....... ......................
a o..... ... ..
.........

To S.P. DISTRIBUTORS
35/36 Great Marlborough Street,
London, W.1
Please supply Service Sheets for the
following:

Make'

Mail order only.

-,.

....

Make:

._

......

--

Model No , :.e
Make:

Model

P.T.3

Make...

....,. Radio /TV

Model No.

Name and address

d

w..w.._

March 1968

....

...........

.

.,. Radio /TV

....,.

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', and 8.
Also damaced 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 8, Yorkshire.

-

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

SERVICE SHEETS purchased, HAMILTON RADIO, 54 London Road, Bexhill.
ALBERICE METERS wanted, metal
type, any condition. 134 Yewtree Lane,
Liverpool 12. Tel: 051 -780 6253.

.

No..... ...o.........

Radio /TV

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

..--

(--FRÄGt><GA11``

ES

/ enclose remittance of

(which includes postage)
MAIL ORDER ONLY
(Mar PT.)

Model No

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

Make this
inexpensive

for your Service Sheet to
be sent by return. To:

OAKFIELD
ENTERPRISES
LIMITED

968 List
available at 2 -

plus postage

30 Craven Street

From

Strand

Address

If list

is required

indicate with X

TAPE RECORDER
from full instructions
starting in the March
PRACTICAL WIRELESS

London WC2
s.a.e. with enquiries please.

I enclose remittance of....__._.._......_...._.._(and a stamped addressed envelope)
MAIL ORDER ONLY
(Mar P.T.)

www.americanradiohistory.com

OUT NOW

2/6

'i

PRACTICAL TELEVISION

March. 1968

BENTLEY ACOUSTIC

CORPORATION

III

14/6 :i:d.L(:'r 8/3
8/- 1111'14 15/6 351V4 418
OLP!
1010Z4tPl' 4/3 I'lACII 8/- 5559
1118
9/8 12AD6 91- 35'l,4GT 418
1115
4/9 12AE8 7/6 35Z5OT 518
618
185
3/3 12AT6 4/6 50115
IT4
2/8 12AE6 419 SOLBGT 6/616
2D't1
5/8 1'üY1i 5/9 73
8/6
2X2
31- 12ItA6 5l- 85A3
16/81- lYBEO 5/8 90011
345
9114't.
34/36113GT 6/6 1211117
6/3816
3S4
419 I2J7GT 6/6 90CV
3V4
5/6 1245
el- 1171;5 1119
819 19AQ5
5/- "

OA'!

51-

5b;t;

2661

8IB 2uD4

.,1.:tol
.,'/.41:

,Ami:!

I;A(Ib
r;.41-n

i

dAl'ti
r.ItA1i
oHES

5/8

!Ft

=Ì8 201,1

1/8

2oi'1
2I1194
2nt'4

2i1P5

4/9
3/9 p;,ZlC.

18/- 6,160
20/5

611118 _3-11'EN218
13161
19/8
1718
eN719

171- AZ:11
1718
17/- Bi;l

419

C1Ir1.1

1916

8/3
(1,:t:t 19/6
="ZSr,'I' 8/6 tT31
719
4/6 3oC1:, 12/- DA 57a; 6/5/8

5/

4/3

111C.17

131-

SBGf,t:2015 I0t'1 916
8/6 30Fp
1116
r.eRG
7/- 3UFL7 15/,:It.If,
6 ttt/7A
7/- 5OF'1.1215/I111 R7
9/- 305413 61,tltlts 8/- 3051,141216
,'.Itwt; ^/- 501.15 19/
,:IiR'7 518 501.I7 13/11/6
,2'9
10/9 3oI'4

F,o;

151-

61'!n;
0597

61-

10/1,K40 1018

5641
1:It91

F:itra:t
F.HC11

EBt'el

4/9 17F40
2/3 5541
6/- E545
713 E550
8/3 E5eo

EI1F'50

5/9 EFO3
E11.Fs3 71- EFs5
EBF'89 5/9 EFS1i

EBL!l

E5s9
12/8 5591
419 E592
5595
6/8
15/8
918 EF9
1013

E(:53
55711

BCJ!

Eci4u

EFld4

E('CSl

418

E1C!.4

818 EB90
51- EILi2

E11 .95

V-

F.t'r'!n alEC11''01

E1.33
F71LW

7l- F,Ia1

EI'Fr, 6/9 EIA2
8/6 ELOI

EC F,6

E(5s11'124/- ELBa
40CI's0512/6 EL84
E1'1121

9/8

E1,s5

El'I135 6/- EL66
Et'l143 8/9 EL91
E1'1181 516 EI:95

3/8 E3'88
2/6 5E91

4/6 5540

61-

919 EZ41

816
319

4/8
6/3
4/9
3/3
2/6
4/9

9/-

57.80

EZSI

4/3

GZ33
GZ34
GZ37

12I6

l0114/6

RA6c809/8
2816
819

111115

8/3
8/3

PCLO3

19/6

KT44
3/- KTGI
12/- KTti3
8

9/6

KTr,1i

5/9 PF[.ia113/8
9/
12/- PL:3

4/- PL<r,

16/6

PL:;O

6/-

6/3

MRI.11512/8

l'1,500 1316

31I'12'144/-

P1.504

N37
23/3
N79
3814
N10O 2617
PA MIMI 718

I'M84
1'X4

131

15/9/3

14/818

7/6

616 AF115

5/6
14/6 AF117

Ol829
OC30

18/6
71-

41-

O535
04':t8
Ot'3s

1116

81- Bl'luu
41- BS554
31- 11P23s

2/8
2/6

LI-

10/7/8

SI-

Ol41
0144

10I-

4/6

0C45

119

3/8

OC7O

2/3/-

5/- 0C40

2/3

2/-

4/- Ol'71
41-

(t('73

21-

314

sYZ13 51-

tn',4

181-

15/8

lltln515/-

AF'l19

31-

OET1134/

ul',;

3Ì-

12/12/6

Vlll5ll

A5I2'

3/6

tlETlls416 VC,.

3/4

191
251

'!v'

10/6 AF178 10/-

t;E1'll9

10/- .4F180

(t 51'575 816

N41

101-

Art

/

I

'BFOO

107
\V7°!11

15;
5/
7r,,,,,i,ro,.

I818
'41r!u 6/'.4BC'805/3
'A 542 9/6
'tt41 10/6
ßt'41 6/6

'Pt 01

el

NN'

1213
1218

2ï17

5/6

AC'113

5/-

14.\I

Elß
216

51-

L-,

L29

41'1:e4

At'I57
Al U;5

AI'Ir,,;
AC15n

'/-

ltrder.,

416

10/- OETbO7 8/6

.4511'[
BA

aoddi,d,...
6/2N404
4/6
AA120 3/6/6 Al'107 318

9/6

sit

tIETOS,1
" 4/6

GE'rss9 4/6

OI'7,1, 3/(0 81

E

Or811 2/-

t0's^
Ocs5

3/9

OA79

1/9

11t309

416

119

Iu'I13

0A911

2/8

1st

'I15

5/-

OABI

31-

OA91
OA95

1/9

O(17s

1/9

OI'l110
Ot'20'2

5/4/6

5/5151-

OA182
OA500

2/-

OA2113

21-

1/-

OC!::
IttV3:t
5/- 111'1'34 5/- OC23
5/- 101'38 51- OC25
51- is: N'3:) 5/- OC!ti
7/6 B6119 9/- Ot`!s
41-

5/

7l5/51-

5/-

2/3/-

6t'84

2/- tIETe9O 4/6
4/- tt37u 3/-

itt'108

2/3
2/6

t
I

6C107

B.41:IO

ItFO!t 5/9 AC'126 21- I11'115
'61:21 91- AI127 SI- B('IIO
Y!42
518 ACI:9
2/- 1111 In
'(Y84 8/- At354 51- BF) 12

c2
4

4/6
3/9
2/6
3/4

OC133

uC15o

u1'I7'
t8'17I

4/5/5/6

OI'!u:: 5/6
0t3'71 27/6

Oltl'I!

151-

MATtOU 7/9

MAI' i018/8
51A1'13n 7/9

MATI^1 8/6

e neu first 91 algy Ouanufastore old) and
slot handle
subject to taker,' toll g1 arantee. We
Otauutaet0 er.' -econ1. .r reieel+ wh'eh are often
and toted- but which have a
described a,
unreliable fe. Complete catalogue .,f
limited at
stock with re.i,tors,
er 1,0110 valve, actually

All goods a

d

1

..-.

1

1

1

i

-

THE KING TELEBOOSTER

9/- A5114

VP4

:i

tr

AI'Y90 4/9 B5173
ACY-'1 5/9 BFIS4
ACY2'! 318 BFV50
AC1'5s 4/3 BFYSI
ADWO 81- B5Y55

1013 AD149

51-

5/-

11F167

45

'8111

5/9

6/5/-

16/6

I"l'I\

,76

7/6

7/8

5/-

9/-

613

1616
34/11

'301

418

2/6

5/6

I9

"35

9/19/9

el8 KT\V6I 519 P1-51A
7/6 KT\VI'r!12/8 PL55
8/- K1'w1i3 5I- 1'1,8:1
619 MDD4 7/8 1'L84

8/-

9/- ACl

is

Ill-

5/8 BF154
8/4 11F159
5/8 BF163

Al '177

6/9 ACY 17
7l8 ACYIS

PCF85 81- I-12i14 7/6 I189
PCESIII 8/6 t'15
15/- 17L41
20 816 CL84
PCPOO'! 9/8
40/- 1-MS0
PCF8O5 9/8 1'1!I
PC'550011/8 22
5/9 1'('S
12/6
I'51,51 91- P15
1'1'51
l'l'1,55 6/6 '26
6/3 51-41
I'CL83 10/3 -31

6/3 K7'3i-A2911 PEK4b
20/5

9/-

819 1'542
6/- 195'I.9 8/3 It19
6/- l'C1'e0 7/- S13O 25/- C58O
718 19'I'82 6l- T3e6F11110 17585
1'IO
PC584
819/- 5F86
81-

8/9 EVOS
9/- E387

l'Y811
5/Et'1183 71- 111.1.s0 13/2/6 P181
51.1K95 818 E111s4 6/8 1:5171 141- 1911
9l9 l'Y92
515/9 PCöS
61.72 15I- Ei 1,0 e/. E\i80
5/6 'CCK5 6/6
8/8 t'Y83
6/9 l'G88
0I.95
el- ECI,2 6/- EMeI
6/9 PYSS
7/3 35:80 813
61- Pt115
6M7O
el- EI1
91- 4; m4,4
519 l'YBUn
6/- L'll'tl 9I10171
9/9 1:C1,4 12/- ENDS 11/ 1'l'97
l'Ve01
E3197
9l8/- 'C1142 8/6
3OI'4112
6/6
1,
':,00
1:r1,85
510t: 19/8
It5.7 519
11/I'C9'84
6/1"1:10
9/8 'C11s1 6113/
818
]n'Ls5 7/9 E1'51
1i.01'1 3315510
8/6
Y'LN'!
F1l'.1
15/
11/6 301I.5 11/- Esc 24/- EI'L1.8O11
^/- 19r1'+5 0/9 Rin
I95',8 10/6 107
17/6 '11.83 9/6
9/
23/9 155s3
4LI9
19/ 3OPn1 111- 28:11' 24/9/6 1'1ns9 11/
It 1'
1'41
7/
918
8/8 EN '..1
7116
10/9 :O11'11 15/- 158815. 12/- E15^2
317117
12/8 301'1.1515/- 151801' 17/8 F:F35
10E1
15/ :101.1.14151- I:AIS1' ,li 6/- E5:57A 7F Tenn, of l3t.iue+.v:-Ca,h wait 0r,hero01,. 9 o1' ItIt.
1,11-1111 10/
.IO1'1.15151- 1531743 718 E539
5/- P,wlac,. l'aekage 6d. per item.
p,,.t
.:\11, parcel insured against damage Jul
.i1
for .nli ,11 rextra,.411 orders desputched"ulday
We require tor prompt ea h settlement all types of
above goods, loose or boxed, but MUST be new. ..fdu,. i1.1. t allers welcome t0 the Amp. Mon.-Fri.
9
.m. .1.511 p.111. Oats.9 a.m.-1 p.m.
Offers made by return.

I1K95

All goods advertised are in stock

SPECIALISTS IN NEW VALVES AND TRANSISTORS

Nearest tube Chalk Farm

LTD.

Tel. Primrose 9090

33 CHALCOT ROAD, LONDON, N.W.1

Iramb,nuers, ttu roph,n es speakers,
metal rectifiers with ternis ofthO.lOess,0d..Toot fr.c.
condensers.

BBC2, TV, RADIO & TAPE REC. SPARES
IIHFI825. Mod 11y yours,t t,1 BBC!. 1955 to 19113ta,del. covered. Select inn nt
new Inx1
manufacturers conversion kits and tuners at reduced Pn'ces Lista val labl,.
SPECIAL OFFERS: S,r PHILIPS 1125 Conversion Kit is.l. toner. IF amp,
to ilch ,a.
nit.. 7 vats,'s, cte. 15.5.0;less calves 50/ -1.
6 -.FERG. ria
IFoeil, eha.si -, uri.,; valve, 551- des. valve,17 /6/. rirrnitandi ostr.:1
GEC 'SOBELL, i al 405 :635, IF amp and output chassis, incl. eiroalt 3846, pap.
valcea
trausi,torised
75/
-.
122),
UHF TUNERS. New 35/-:les4
I'd'- 4
SIGNAL BOOSTER UNITS. Sens. gain all scat inn.. IIY1:;LABr EA It l rama.
1111'
1111í'1 1'l'A or l' 11F Batten. "plug ìn ", 75/ -.
11 l' \tains "Plug in". 9716.
.

it

.

,

1

I

M:l -1 Oea'1 105/ -. Past free.

FIREBALL TUNERS. 1'w,i'good confit 1..11 30/-. Salvaged 17/6 pap. 4,5.

FPCM

THIS'-

Sr THIS

-TO -THIS

PUSH BUTTON TUNERS. For Sobel] 290, 11on 51.1, 619. 11511 17 1, l'.!.
Used good comfit
301-. Salvaged 15/5 p.p. 4 5.
TURRET TUNERS. New. (5, 1,1.91 C, 38 Me - 20/ -, KB 16 Me's, KIt DIV F'
3:: Mc
10 / -, p.p. 4'6. Many others available. 'l'eeh. reel. service nor rye, Fehr.,
Stella,
GEL', MsMich. etc. large s'l,-t ion channel coils.
Sotc11, Philips,
CRTs. rebuilt., guar. 17ìn. 711' 90 851-; 17, 19in, 110 1051 -. Callers ,0113-.
LINE OUTPUT TRANSES. Popular types available. brand new caet replacemeld s fully guar. A .elect ion which can be .nppiied:,

THE ORIGINAL VHF DUAL BAND TUNABLE
PRE -AMPLIFIER

Still the

best of its kind available. Latest low -noise transistor
and printed circuit. Boosts Band I and III simultaneously
without switching. Two amplifiers in one. Can produce good
viewing out of almost nothing in fringe 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, 9 and 5, all Band 3.
Power: Sell- contained 9v PP4 battery. 11mA.
Plastic case 31 x 31 x 2in., brown, with cork base.
Retail price. 23.15.6. complete with battery OR self -contained
mains version, retail price 25.17.6.
Specify channels, one Band I, one Band III.

21914 STELLA 8017-1097
17'1'1,.1 0o /5. STELLA to
1039

PHILIPS 175.

PHILIPS

EKCO 231 to

3:11

.

,125

5

v1

ptod

9816
70/
42/6
42/6
58/6
72/6
78/6

FERRANTI I001b,lull(I'25lcpesl
EHCO /FERRANTI i :'25 t ype.i 7i, 410
EKCO 344, FERRANTI 10!3 range
DECCA OM I, 2. 17: 1,3151., 11314c 170 )..
FERG 30517, 20 / -; 30; 4,42/8; 400, 505 455 58/6
FERO, HMV, MARCONI, ULTRA 351111.
2500, 4500, 6500 ranges 59 /6:.1-0ypot Oed t 85/'
HBIf1,611 t0MV-611,20/ :(41101, It V20 range 30 /.

LOPT Inserts pap.
Bush TV82, 36. 43
Bush TV53 to 69
Coseor 930 to 950

Ebro TP308

45/-

30 /-

35/38/6

35/Emerson 700 range
851 Ferguson 203 to 246
Ferranti 14T4 to 17T5 20 /Ferranti 14T6 to 211E8 35/KB NF70. OV80, PV4O,
15/PVPEO. QVP20
Peto Scott 1419 to 1724 301-

58/6
MARCONI, VTIS7, 159, fhb 104
.. 78/6
GEC 3112to320,65 /- : Lat l- rmodel5 ..
58(6 Philoo1961,1010to106035/HMV OtiS, 1869, 42/6: Is70 5, 1890;5
Philips 17TO 100 range 35/PYE V9'17, C617, I 'TM 17, e1V 17. 1721
62/6 Pye VT4, VT7
42/6
lo'i, 110 to 5111, 700 Ai u, 111
PAM,INVICTA equiv. LOI"l'e a leave rye 82/8 ROD D17. 590 to 619 351SOBELLTP8180. SC24, 34. 271/. :170 range. 65/- REG 10- 41017.192 35/ULTRA 1980C, 1984(, tom', 21100. etc. .. 651- Ultra 1770/1780/1980 35 /Also ALBA, BUSH, COSSOR. MCMICHAEL, MURPHY, DYNATRON.et r. Postage
A
and Packing for L.O.T.s 4 /6. C.O.D. 3i6 est ra.
SCAN COILS. Frame rop frame o c. transi., width!linearity coils, sound olp
trans(., main, droppers, control knobs, dual vol., controls, line ose., [rant.
si.sturs, "'nleusers, tape rec. belts. heads, motors, etc.
SALVAGED COMPONENTS. lare. select inn for popular models, clean, serviceable condition, tilrrete, í6a0 inners, etc. ENQ1'11t1ES illVited. quntatiotu
given. C.O.D. despatch available.
I

1

THE KING UHF TELEBOOSTER FOR BBC2
Unique design, employing quarter-wave cavity resonator for
100
stability, printed circuit for reliability, with the very
latest second generation low -noise transistor.
Channels: Blue spot 25-45, White spot 45-65, tunable.
Plastic case 31 x 31 x 21n., brown, with cork base.
Retail price. 24.17.6. complete with battery. OR self-contained
mains model. 28.15.0.
Sole manufacturers:

TRANSISTOR DEVICES LTD.
111011)61] HOUSE, NE%%'l'ON

Tel.

2957

ABBOT,

Iléon

Send for literature

SUPPLIES

MANOR

64 GOLDERS MANOR DRIVE, LONDON, N.W.11
:Callers: 5895, HIGH ROAD (nr.

II IL
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Granville

Road),

(DAY) OPE 4032 (233;)

N.

Finchley, N,12)

March 1968

PRACTICAL TELEVISION

VALUABLE NEW HANDBOOK
TO AMBITIOUS

fRE

ENGINEERS
"?

Have you had your copy of "Engineering Opportunities

-

The new edition of "ENGINEERING OPPORTUNITIES" 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 OPPORTUNITIES" 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 examinations 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.

-

Television Eug. -Teleision Servicing and Main-

Gen.

renance.

----

ELECTRONIC ENG.

Advanced Electronic Eng.
Gen. Electronic Eng.
4pplied Electronics
Practical Electronics
Radar Tech -Frequency

Modulation-Transistors.
MECHANICAL ENG.

Advanced Mechanical Eng.
Gen. Mechanical Eng.
17aintenartce Eng.-Diesel

-
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HOW to get a better paid, more
interesting job.
HOW to qualify for rapid
promotion.
HOW to put some letters after
your name and become a key
man
quickly and easily.
HOW to benefit from our free
Advisory and Appointments Dept.
HOW you can take advantage of
the chances you are now missing.
HOW, irrespective of your age,
education or experience, YOU
can succeed in any branch of
Engineering.
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WE HAVE A WIDE RANGE OF COURSES IN OTHER

SUBJECTS INCLUDING CHEMICAL ENG.. AERO
ENG., MANAGEMENT INSTRUMENT TECHNOLOGY.
WORK STUDY, MATHEMATICS, ETC.
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"ENGINEERING OPPORTUNITIES ", send
for your copy now -FREE and without obligation.

POST COUPON NOW'
To B.I.E.T., 445A Aldermaston Court
Aldermaston, Berkshire
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FREE copy of "ENGINEERING
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BRITISH INSTITUTE OF ENGINEERING
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B.I.E.T. IS THE LEADING INSTITUTE OF ITS KIND

IN THE WORLD

