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Wireless World

1—Deflector Coils:
General Principles

IN a television receiver in which 
the electron beam of the 
cathode-ray tube is deflected 

electrorriagnetically the recti- 
linearity of the picture, and the 
attainment of a good and even 
focus over its surface, depend'very 
largely upon the dellector coils. 
Their design and construction are 
thus matters of the first import
ance, and it is unfortunate that 
hitherto very little useful informa
tion about them has been pub
lished.

This is undoubtedly because of 
the extreme difficulty of any 
quantitative analysis, for in such 
an analysis it is necessary to cal
culate the three-dimensional mag
netic field produced by the pas
sage of a current through coils of 
known physical shape. Such a 
calculation can only be readily 
performed when the coils have 
certain very simple geometrical 
shapes and it is found experi
mentally that such simple shapes 
do not give a performance which 
is adequate for television.

In general, therefore, design is 
carried out on an experimental 
basis, bearing in mind the general 
theoretical principles involved. 
The form of coil adopted must not 
only conform to these principles.

Fig. i. The deflection sensitivity 
is proportional to the length I of 
the deflector-coils and to the 
distance D between their centre 

and the screen.

but it must also be such that it is 
possible to construct it without 
undue labour and without elabor-

The articles describing the construction of a television receiver which hove 
appeared in “  Wireless World ”  during 1947 are reprinted in this book. 
No previous practical experience of television is needed for its construction, 
but it  is very desirable that the builder should have good practical ex
perience of ordinary sound-set construction and a knowledge of television 
circuit principles. In addition to the receiver proper, constructional details 

are given of a number of special components

ate tools. Because of this definite 
limitation it is very desirable to 
consider principles and construc
tion together.

In view of the 
l a c k  of pub
lished informa
tion a n d  th e  
fact that pos
sible forms of 
coil are limited 
by mechanical 
feasibility, this 
article on the 
construction of 
scanning c o i l s  
n e c e s s a r i l y  
opens with a 
discussion of the 
principles. This 
is desirable in 
order that the 
reasons for the 
form of con
struction finally 
adopted, " a n d  
described later 
in the article, 
may be fully 
understood.

The first step 
is to consider the general deflec
tion problem. The basic arrange
ment of cathode-ray tube, focus 
coil, and deflector coil is sketched 
in Fig. i with the path of the elec
tron beam shown dotted. The de
flection sensitivity, i g n o r i n g  
second-order effects, is directly 
proportional to the distance D be
tween the screen and the centre of 
the deflection system and to the 
length I of the deflection system 
itself. I t is always desirable to 
keep the sensitivity as high as pos
sible to economize in scanning 
power.

With a given tube the distance 
2

from the screen to the front ends 
of the deflector coils is fixed, for 
the coils cannot normally come 

further forward 
than the start 
of th e  t u b e  
flare. This is 
th e  distance 
D -  1/ 2.

The first fac
tor limiting the 
length of the 
deflection sys
tem is the need 
fo r  avoiding 
beam cut-off on 
t h e  t u b e  
shoulder. This 
can be seen in 
Fig. 2(a), which 
shows the path 
o f  a b e a m  
through a long 
deflector hav
ing a current 
such that, in the 
absence of the 
shoulder A, the 
b e a m  would 
strike the screen 
towards its edge 

at B. It is, however, intercepted 
by the shoulder at A.

With a given tube this can be 
avoided by reducing the length of 
the deflector coils and increasing 
the current to produce a stronger 
field and bend the beam more 
sharply, as shown in Fig. 2(b). It 
can be seen that with the shorter 
deflector the beam at maximum 
deflection just clears the shoulder 
at A.

The second factor affecting the 
length is the necessity for provid
ing a focus coil between the back 
of the deflector coil and the elec
tron gun. In general, a smaller

Fig. 2. When the deflector coils 
are too long (a) the beam strikes 
the tube shoulder at A and is cut 
off, but with the correct length 

(b) it just misses the shoulder.
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spot size can be obtained when 
the focus coil is moved towards 
the screen but the focusing cur
rent increases and there is more 
danger of deflection defocusing 
through overlapping of the focus
ing and deflection fields. A com
promise is often necessary and in 
general with modern “ short” 
tubes the length of the deflection 
system is more often limited by 
the requirements of focusing than 
by beam cut-off.

The deflection of an electron 
beam through a magnetic field is 
proportional to the strength of the 
field and in a direction at right 
angles to the field. A vertical 
field is thus needed for horizontal 
deflection and a horizontal field 
for vertical deflection. For a uni
form scan, the field must clearly 
be of constant strength and direc
tion across the area through which 
the beam passes.

If two large-diameter coils are 
mounted horizontally in parallel 
planes, as shown in Fig. 3(a) and 
connected in series-aiding, the 
field between them depends on 
their separation, d. With circular 
coils, it is shown in elementary 
text-books of electricity and mag
netism that the field in the centre 
becomes most uniform when the 
spacing of the coils is equal to 
their radii.

When the coils are too widely 
spaced the field tends to bow out-

"1

wards at the sides as at (b) and 
when they are too close it tends 
to bow inwards (c). When they

are correctly spaced the field is 
substantially uniform (d), over a 
large area.

In order to obtain a uniform 
field the two coils must be 
correctly spaced and the coils 
must be as large as possible. The 
size is usually limited by the need 
for interlacing two pairs of coils 
for the two deflections and also by 
considerations of deflection sensi
tivity, since if the coils are large 
the uniform field in the centre is

weaker because it is further from 
the coils.

Flat circular colls cannot be

placed closely enough for a uni
form field unless they are of pro
hibitively large diameter, because 
they must be separated by at least 
the diameter of the tube neck. It 
is usual, therefore, to adopt rect
angular coils with the “ sides” 
lying parallel to the tube neck and 
the ‘ ‘ ends ’ ’ bent around it. The 
shape of the coil then has the 
basic form sketched in Fig. 4(a).

The shape of the field can then 
be controlled not only by the 
spacing of the two coils, but by 
the cross-sectional shape of the 
winding, which can be circular, 
square or rectangular.

The required deflection field is 
produced chiefly by the straight 
sides of the coil lying parallel to 
the neck of the tube, and it is this 
part which must be as long as pos
sible. The simplest method of 
construction is to wind a rectangu
lar slab coil, in a suitable former, 
tie it up, remove it from the 
former and bend it around a cylin
der of the same diameter as the 
tube neck to form a coil of the 
shape sketched in Fig. 4(a). Al-

(b) (c) (d)
Fig. 3. The field between two parallel coils (a) depends on their separation 
d. The dots in (b, c and d) indicate the cross-sections of the windings 
and the general shapes of the fields are shown when the separation is 

too great (b), too small (c) and optimum (d).

Fig. 4. A thin slab coil bent to lie around the neck of the tube is 
shown at (a) and a similar coil with the ends bent up at (b). A greater 
effective length is secured with the latter. The way in which two pairs 

of such coils are interleaved for the two deflections is shown at (c).

3
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Television Receiver Construction—
though it is simple to make, such 
a coil does not give the maximum 
useful field, for the effective length 
of a side is the distance I between 
the centres of the end parts.

If the coil is of square section, 
so that a —b = c, the loss of length 
is small, but if a is greater than c, 
it can be appreciable and a greater 
effective length can be secured by 
so winding the coil that the dimen
sion a is about the same as c. When 
the overall length is 2jin, the sec
tion of the side limbs might well 
be fin fo" b and ^in for c. With a 
coil like Fig. 4(a), the effective

length I would be 2 J — |  = 1 Jin when 
a is also fin. By making the coil 
in the form of Fig. 4(b), the effec
tive length can be increased to 
2f —J = 2fin, for the part a be
comes fin only. This represents 
an increase of 13 per cent in the 
sensitivity.

As line deflection is usually con
sidered more difficult than frame 
and as the deflection amplitude is 
greater it is usual to make the line 
coils of the full available length 
and with a shape like that shown 
in Fig. 4(b). The second pair of 
coils for the frame deflection is 
frequently made of the same 
shape, but with the dimension I

shorter so that they will just fit 
inside the line coils as shown in 
Fig. 4(c).

This is a very satisfactory de
flection system. I t is usually pro
vided with an iron “ core,” which 
is better termed a ring, since it lies 
outside the coils. Sometimes it 
consists of a stack of circular
shaped laminations around the 
coils, but in the writer’s experi
ence this is unnecessarily elabor
ate. He has found that it is suffi
cient to bend a few strips of sili
con-steel around the coils. The 
purpose of the iron ring is to re
duce the reluctance of the mag-

Fig. 5. One way of making coils 
similar to Fig. 4 (b) is shown here.
A flat slab coil with rounded ends 
(a) is wound, and the ends are 
bent up (b) and the sides are 
twisted (c). The twisting is done 
by holding a side between two 
strips of wood and applying 
pressure in the direction of the 
arrows (d), so that the sides are 
twisted as in (c), which is more 
clearly shown in the end view (e).

netic path external to the coils 
and by so doing to increase the 
useful field inside.

As the complete magnetic cir
cuit necessarily contains as an air 
gap the whole distance across the 
neck of the tube, the reluctance of 
the total magnetic circuit is con
trolled largely by this air gap. As 
a result variations in the shape, 
quantity and kind of iron used for 
the external ring have a very 
small effect on the performance. 
Practically speaking it is sufficient

4

if there is some external iron.
It was said earlier that the re

quired field is produced chiefly by 
the straight sides of the coils. 
However, the ends must neces
sarily produce fields as well and it 
is through these that most of the 
troubles of magnetic deflection 
arise. If the coils were of flat 
rectangular shape the effects of 
the ends would not be serious. 
The fields produced by the ends 
would be substantially uniform 
and that produced outside the coil 
would tend to cancel that pro
duced inside. The cancellation 
would not be complete for the 
fields produced by the ends would 
lie at different distances along the 
tube and so exercise different 
' '  leverages ’ ’ on the electron 
beam.

However, in practice, the coils 
are not flat but bent, and in the 
simplest form are like Fig. 4(a). 
The end fields then have a large 
radial component and are equiva
lent to very non-uniform fields, 
one acting across the tube parallel 
to the field produced by the side 
limbs and the other acting across 
the tube at right angles to this.

This seriously affects the recti- 
linearity of the picture. This 
could be corrected by adjusting 
the separation of the side limbs, 
but in addition there are compo
nents of the field which act length
wise along the tube and which 
thus have a focusing rather than a 
deflecting action. Such fields are 
always present in some degree and 
their importance depends on their 
magnitude, their position and the 
deflection angle of the beam.

I t  can be said at once that the 
simple bent coils like Fig. 4(a) are 
satisfactory only for small angles 
of deflection. If the coils fit 
closely around the tube neck, as 
they must for efficiency, very seri
ous defocusing and picture distor
tion occur with the large deflec
tion angles of modem " sh o r t” 
tubes.

This trouble is avoided by using 
the form of construction shown in 
Fig. 4(b); for by bending up the 
ends in the manner shown the 
field produced by the ends is 
moved further from the electron 
beam and so weakened over the 
volume where it is harmful. There 
is also a further point, without 
bent-up ends, the outer iron ring 
increases the " e n d ” field nearly
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as much as the wanted ‘ ‘ side '' 
field, but with bent-up ends it has 
relatively little effect on the 
“ end " field. This is because the 
ring then lies closer to the tube 
than the ends of the coil.

For good deflection the use of 
bent-up end coils is a necessity 
and the fact that they also tend to 
be rather longer, and so give 
greater efficiency, is really a minor 
point. Even if they were less effi
cient they would have to be used.

It is now necessary to consider 
how coils of this bent-up end type 
can be constructed. There are 
two methods—winding directly to 
shape or bending a flat-wound coil 
to shape.

Coils of the shape of Fig. 4(b) 
can be wound directly to the re
quired final shape on a special 
former. The wire needs manipu
lation around four separate 
corners in each turn, however, so 
that the method is too laborious 
for anything but low-inductance 
coils. Practically speaking, it is 
limited to coils of less than about 
200 turns apiece. For such coils, 
however, it is a very satisfactory 
method of construction.

Coil Bending

An approach to this shape can 
be obtained by a bending process 
illustrated in Fig. 5. For a start, 
a slab coil with rounded ends (a) 
is wound on a former comprising a 
core piece and side cheeks. The 
cheeks are slotted at intervals, so 
that after winding the coil can be 
tied up before removing it from 
the former.

It is taken off the former and 
the ends bent up as in Fig, 5(b) 
and the sides are then twisted (c) 
to bring the coil to the shape (e). 
The twisting is done by gripping a 
side between two strips of wood 
and applying pressure in the direc
tions shown by the arrows in (d).

The merits of this scheme are 
that there is no limit to the num- 
ber#of turns that can be used and 
the winding itself is easy. Its 
great drawback is that quite a 
little skill is needed to carry out 
the bending and twisting process 
without ruining the coil. It can 
be done and, in fact, it is not 
nearly as difficult as it seems. 
However, the final shape is not 
quite what is wanted, for the ends 
do not start off away from the

tube along a diameter. It is a 
usable compromise, however.

The main difficulties of bending 
are brought about by the fact that 
the lengths of wire needed on the 
inside and outside of the bends are 
different. If the wire were rigidly 
held on both sides of a bend, the 
outside turns would necessarily be 
stretched; with fine gauge wires 
there would inevitably be break
ages. However, if the wire is held 
rigidly on one side of the bend 
only, the necessary adjustment is 
obtained by the displacement of 
the turns in the unclamped part 
of the coil.

Now when the ends of the coils 
are bent up well away from the 
tube the field produced by them 
within the tube is quite weak. 
Therefore, the uniformity of wind
ing over the ends is itself of no 
importance. We thus conclude 
that during the bending process 
it is necessary to clamp rigidly 
those parts of the coil which will 
form the side limbs, but not the 
rest of the coil.

When bending, the wire sprays 
out horribly over the undamped 
part, but can afterwards be 
bunched neatly together. The 
result is a neat coil which is by 
no means difficult to make. For 
success in bending the coils it is 
essential to make a simple jig for 
holding the different parts.

There are thus two ways of 
making coils. Winding to shape 
is practicable only for low-induc
tance types, but bending can be 
used for either. However, bend
ing is actually slightly more 
suited to the many turns of fine 
wire of high-inductance coils than 
to the few turns of thick wire of 
low-inductance types, because the 
fine wire is rather more tractable.

Low-inductance coils must be 
fed from a transformer but high- 
inductance can be resistance- 
capacitance fed. In the case of

the line deflection low-inductance 
coils are a necessity because it 
is not practicable to make the 
coils with insulation adequate to 
withstand the several thousand 
volts which would be developed 
across high-inductance coils on the 
line fly-back.

For the line scan, therefore, a 
pair of coils of about 150 turns 
apiece and former-wound to the 
shape of Fig. 4(b) is practicable 
and efficient, and the labour of 
construction is not excessive.

For the frame scan, high-in
ductance coils are electrically 
satisfactory and the transformer 
needed for low-inductance coils is, 
because of the low frequency, 
rather a difficult component. It 
must have a high primary induc
tance and it demands a large iron 
core and a considerable quantity 
of fine gauge wire. The primary 
turns needed are at least 20,000. 
Because of the labour of winding 
if no machine is available and be
cause both wire and laminations 
are not too readily available now, 
it is well to avoid the use of a 
transformer if possible.

It is thus desirable to use high- 
inductance coils for fhe frame 
scan and this means some 1,500- 
2,500 turns per coil. Coils having 
the shape of Fig. 4(b) are a neces
sity, however, and there is con
sequently no alternative to the 
bending process.

Taking into account the electri
cal requirements of efficiency and 
performance, together with the 
need for economy of labour and 
materials, we conclude that for 
the line scan a pair of low-induct
ance coils is needed and that they 
are most readily constructed by 
winding directly to the required 
shape. On the other hand, for the 
trame scan high-inductance coils 
are more suitable and are most 
easily made by bending flat 
wound coils to shape.

TELEVISION RECEIVING EQUIPMENT
By W. T. COCKING, M.I.E.E.

The second edidon deals in a comprehensive manner with cathode-ray 
receiving equipment. The circuits of the television receiver are split 
into a number of sections and a separate chapter is devoted to each. 
Other chapters deal with general principles, servicing, etc. Over 200 

illustrations, circuit diagrams, etc.
Obtainable from all booksellers 12/6 net, or 12/11 by post direct from :— 
lliffe and Sons Ltd., D orset H ouse, Stamford Street, London, S.E.I
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2—Line Deflector Coils: 
Winding Data

IT was shown in Part i that the 
most suitable form of deflec
tor-coil assembly consists of a 

pair of former-wound low-induct
ance coils for the line scan and a 
pair of bent high-inductance coils 
for the frame. The choice of high- 
inductance coils for the frame is 
dictated largely by the desirability 
of economizing in wire and 
laminations.

The construction of the coils is

carefully. The line and frame 
coils are of quite different con
struction and the latter will be 
treated in the next article.

Full details of the individual 
parts of the former for the line 
coils are given in Fig. i (a) and
(d). The main body can be cut 
from a solid block of wood, but 
it is easier to fabricate it from two 
side members, two J-in spacers 
and one V-block as shown. They

-fV-in sheet. This material has 
been chosen on account of its 
strength and the ease with which 
it is worked, but is by no means 
essential. Brass is just as suit
able, but more difficult to work.

The end cheeks and core pieces 
are most easily made by cutting 
circular discs with a tank-cutter 
and then cutting off the appro
priate segments.

The edges of the end cheeks

SIDE RETAINING STRIPS 
2 OFF, '/ s ' PAXOLIN

’/s'

-Is/."—
J h i  DIA. HOLE C’ SK 

FOR N9 2 *  5/s " LONG 
WOOD SCREWS

(C)
Fig. i. These drawings show the construction of 
the winding former for the line deflector coils. As 
shown in (a) and (d) |-in Paxolin sheet is used to 
separate the wooden side members from the V-block. 
This material is also employed for the side-retaining 
strips (c) and end cheeks and core pieces (b). 
Shallow saw-cuts across the face of the main body 
assist the binding of the coil before removing it 

from the former.
by no means difficult, but it is 
necessary to make certain formers 
and a jig and to adopt a definite 
procedure. No difficulty should 
be experienced if the instructions 
given in this article are followed

are held together by four long 
screws passing into the V-block.

The two side-retaining strips (c) 
and the two end core-pieces (b) 
are cut from |-in Paxolin sheet 
and the two end cheeks (b) from

6

must be carefully rounded and 
smoothed, to avoid damaging the 
enamel of the wire should it be 
allowed to scrape along an edge. 
If a buffing pad is available, the 
edges should be polished.
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THE CONSTRUCTION STEP BY STEP
Fig. 2. (a) The former mounted ready for winding;
(b) the first few turns in place ; (c) after fitting the 
first pins ; (d) with the second pins ; (e) the fully- 
wound coil; (f) end-cheek and core pieces removed ;
(e) the end of the coil bound ; (h) taking the coil

• I i \  fVio f ono/1
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Television Receiver Construction—
Assemble the side-retaining 

strips, end cheeks and core pieces 
on the main body, and mount it 
on a spindle so that it can be 
turned easily by hand. One 
simple way of arranging this is to 
passa length of 2B.A. rod through 
the centre of the main body and 
to clamp it with a nut on each 
side. The rod can be held in the 
chuck of a hand-drill, which is 
itself clamped vertically in a vice,

Fig. 3. This sketch shows the 
correct way of looping the bind

ing thread.

as shown in Fig. 2 (a). While 
winding, the former is held in the 
left hand and rotated by it while 
the right hand guides the wire and 
maintains the tension.

The winding must start at one 
curved end, pass round it in the 
slot formed between the main 
body and the end cheek, up and 
into the straight side. Then 
down into the slot at the other end 
and so on. The winding finishes 
on the same end as the start and 
the coil has a total of 150  turns of 
No. 28 enamelled wire and re
quires some 2J0Z  of wire.

Care must be taken about the 
disposition of the wire along the 
straight sides. The first turns will 
naturally lie at the bottom of the 
slot, but after a time it will be 
found that there is a tendency for 
them to build up along the bot
tom of the slot (the |-in  side) in
stead of to pile up to the full 
depth (Jin). This must be re
sisted as far as possible and the 
aim should be to build up the

F O U N D A T IO N S OF WIRELESS
(4th Ed.). By M. G. Scroggie, B.Sc., M.I.E.E. 
Teaches the students the principles on which 
the design and operations of modern receivers 
are based. 7s. 6d. net. By post 7s. lOd.

WIRELESS SERVICING M ANUAL
(7th Ed.). By W. T. Cocking, M.I.E.E. Essen
tial testing apparatus and logical testing 
methods are explained.

IDs. 6d. net. By post 10s. lOd.

RADIO LABORATORY H A N D BO O K
(4th Ed.). By M. G. Scroggie .B.Sc., M.I.E.E. 
Describes the laboratory equipment and 
methods of working. Many important 
additions to essential data have been made in 
this edition. 12s. 6d. net. By post 12s. lOd.

winding to the full J-in depth as 
soon as possible so that the wind
ing grows gradually at its full 
depth along the width.

It is not possible fully to achieve 
this, but if the winding is kept in 
triangular section an adequate 
approach to it can be secured. 
Fig. 2 (b). After some 50 turns 
have been wound it will be found 
that the wire starts to bunch at 
the comers. At this stage, insert 
a pin (i-in nail) at each comer, 
and continue winding, passing the 
wire over the pins, Fig. 2 (c). 
After a further 50 turns bunching 
again starts, so a second pin. Fig. 
2 (d), is inserted at each comer 
and the winding continued.

It is at this stage that difficulty 
will be experienced if the winding 
has not been kept to the full depth 
of the slot as it has progressed. 
The turns passing over the second 
pins can only lie naturally in the 
end third of the sides, and if this 
has already been partly filled by 
the earlier turns there will not be 
room for them here. Some adjust
ment is quite possible, but not a 
great deal.

When the winding is complete. 
Fig. 2 (e), give the coil a coat of 
shellac varnish* and leave it until 
the varnish is only just tacky but 
not hard. Remove one end cheek 
and core piece (the latter will have 
to be gently prised out), as shown 
in Fig. 2 (f). Then tie up the 
end with thread, using a needle 
to pass the thread between the 
turns and the former in the saw- 
cuts provided, Fig. 2 (g). The 
correct method of binding is illus-

* Shellac varnish consists of shellac dissolved 
in methylated spirit. Ordinary methylated 
spirit is not very suitable, however, since it 
contains substances which may affect the enamel 
of the wire. Commercial spirit should be used, 
but is not obtainable. The way out is to use 
french polish. The high-grade uncoloured 
variety is just shellac in commercial methylated 

spirit and is eminently suitable.

Obtainable from all booksellers or direct from :— 
The Publishing Dept., Iliffe & Sons Ltd., 
Dorset H ouse, Stamford St., London, S.E.I

RADIO CIRCUITS
(2nd Ed.). By W. E. Miller, M.A.(Cantab.), 
M.Brit.I.R.E. A step-by-step survey of super- 
het receivers. 3s. 6d. net. By post 3s. 8d.

trated in the sketch of Fig. 3.
Do the same thing at the other 

end and then take off the side- 
retaining strips and remove the 
whole coil from the former. Fig. 
2 (h). It will spring to a slightly 
greater size when doing this, but 
this is unimportant, as it is cor
rected later. Now tie up the sides, 
taking care not to bind too tightly 
and so pull them out of their rect
angular shape, Fig. 2 (i).

Sleeve the end wires in 5-in 
lengths of sleeving of distinctive 
colours, noting which is start and 
finish, and bind the sleeving to 
the top of the rounded end. Then 
tape the coil with i-in linen tape 
and give the whole a coat of 
shellac varnish. The coil then 
has the appearance shown in Fig.
2 (j).

Take a piece of round wood of 
t Is-in diameter as a dummy for
mer, wrap a piece of paper round 
it and mark ofi lines parallel to the 
axis and 180° apart. Draw lines 
parallel to these and T̂ in away on 
the same side so that the angle 
between them is less than r8o°. 
Take the coil while it is still soft 
and place it on the cylinder so 
that the outside of each straight 
side coincides with the lines and 
bind it firmly in place, Fig. 2 (k). 
Slight final adjustment can be 
done after the binding. The sides 
must be parallel and the curved 
ends at right angles to them.

The coil is then left to dry. If 
heat is not applied this will take 
48hrs or more, but can be accel
erated to some 6hrs or so by dry
ing in front of a hot fire, or even 
less in an oven.

Two coils of identical construc
tion are required.

Details of the frame coils and of 
the assembly of the coils to form 
the deflection yoke will be given 
in Part 3.

RADIO DATA CHARTS
(4th Ed.). By R. T. Beatty, M.A., B.E., D.Sc., 
revised by J. McG. Sowerby, B.A., Grad.I.E.E. 
This standard work of reference contains a 

series of monograms providing graphical 
aid to most of the calculations required in 
receiver design. 7s. 6d. net. By post 7s. lid . 
TELEVISION EXPLAINED  
(2nd Ed.). By W. E. Miller, M.A.(Cantab.). 
M.Brit.I.R.E. A step-by-step survey of tele
vision receiving circuits.

3s. 6d. net. By post 3s. 9d. 
BASIC MATHEMATICS FOR RADIO  

STUDENTS 
By F. M. Colebrook, B.Sc., D.I.C., A.C.G.I. 
This book covers the gradual development 
of mathematics step by step.

10s. 6d. net. By post 10s. lOd.

8



Wireless World

3—Frame Coil Winding and 
Deflection Yoke Assembly

DETAILS of the line deflector- 
coil construction appeared 
in Part 2 and it will be 

remembered that because of the 
moderate number of turns it is 
practicable to wind the coils 
directly to their final shape. In 
the case of the frame coils the 
number of turns is much larger 
and this form Of construction is 
far too laborious. They are con
sequently wound as plain slab

fore assembly, and when the con
struction is otherwise complete 
the core is cut into four segments, 
so that it can easily be removed 
from the finished coil. Saw-cuts 
are put in the brass cheeks and 
carried down a little way into the 
core piece so that the coil can 
be bound by passing a needle and 
thread under the winding.

Each segment on the cheeks is 
given a very slight twist with a

The former is conveniently 
mounted for winding on a length 
of 2B.A. rod held in the chuck oi 
a hand drill as shown in Fig. 2 
(aj, which is itself mounted hori
zontally in a vice. It is desirable, 
but not essential to arrange a 
second bearing for the rod and 
time spent in seeing that the 
former runs true is well spent. 
It is important to avoid any 
wobble, for this will cause the

Fig. 1. Details of the core of the winding former are shown at (a) and of 
the end cheeks at (b). The assembly is sketched at (c) and the way in which 

the segments in the cheeks are twisted is indicated at (d).coils and subsequently bent to 
shape. This necessitates a bend- 
ing jig as well as a winding 
former. Details of the latter are 
shown in Fig. 1; it consists of two 
brass plates (b) separated by a 
core piece (a) of jf-in thickness. 
After fitting, but of course, be-

pair of pliers so that they are 
as shown greatly exaggerated in 
Fig. 1 (d). This is necessary to 
prevent the wire from catching
against the leading edges.

wire to pile up at diagonal ends 
of the straight sides to the coil 
and the finished coil will not have 
the right dimensions.

The reel of wire must be mounted
9B
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Fig. 2. (a) The former mounted for winding ; (b) binding the
coil ; (c) one cheek removed ; (d) the coil off the former ; 
(e) a clamp lined with waxed paper ; (f) the coil in the clamps; 
(g) the coil with the ends bent at right-angles ; (h) the jig 
completed by attaching the clamps to the V-block ; (i)
the end of the coil tied ; (j) with leading-out wires fitted ; 

(k) the coil tied to a mandrel-to dry.

10
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Television Receiver Construction—
to run freely and a revolution 
counter attached to the end of the 
coil spindle is a great help.

The winding process itself is 
simple and a total of 2,000 turns

of No. 40 enamelled wire* is run 
on each coil; some ifoz is needed 
per coil. No attempt at layer 
winding need be made, but care 
shbuld be taken to see that the 
coil builds up evenly. Any irregu
larities should be smoothed out as 
they occur. Every few hundred 
turns insert a piece of f-in wood 
and press down the winding, since 
there is always a tendency for its 
outer turns to become elliptical 
instead of rectangular.

Having wound the coil, bind it 
with needle and thread, passing 
the needle through the slot in the 
core beneath the coil and loop
ing the thread up the side slots. 
The photo of Fig. 2 (b) will make 
this clear. Now take out the 
spindle and take the former to 
pieces, Fig. 2 (c). The core will 
drop out, and the coil will be left 
quite free, Fig. 2 (d).

Line the clamps of the bending 
jig, constructional details of which 
are given in Fig. 3, with waxed 
paper to protect the coil and to 
prevent subsequent shellacking 
from sticking the coil to them 
[Fig. 2 (e) ]. Place the ends of 
the coil in the clamps and apply 
shellac liberally over the parts of 
the coil in them only.

* The use of No. 41 gauge wire as an alter
native is permissible, but No. 40 is preferred.

Cover the clamping pieces with 
waxed paper, put them in place 
and tighten them up so that the 
ends of the coil are now firmly 
gripped as shown in Fig. 2 (f), and 
held in the correct shape for sub- 

s e q u e n t  operations. 
These should be carried 
out straight away be
fore the shellac hardens. 
Cut the binding at

posed part of the coil bend it at 
right angles where it comes out 
of the clamp. Then do the same 
at the other end. The windings 
between the clamps will bunch 
horribly, as shown in Fig. 2 (g). 
They will probably spread so 
much that one may overlap the 
other ; it is as well to slip a piece

the exposed sides and undo it 
right back to the end clamps, 
leaving the four ends for the subse
quent attachment of a fresh bind
ing thread.

Now take one clamp in one 
hand, and with the palm of the 
other hand held flat against the ex-

Fig- 4- A pair of line coils assembled on 
a former.

of paper between them to prevent 
the turns intermingling.

The next step is to attach the 
clamps to the central V-block. 
Fig. 2 (h). This brings the two ends 
of the coils, which are held in the 
clamps, to their correct relative 
positions. Now take the flat spread 

of one of the sides and 
bend it upwards so that 
the wire lies above the 
lower turns instead of 
at the side of them. 
Attach a thread to one 
of the old ends of the 
binding and bind this 
side firmly tying off the 
thread on the other old 
end for that side. Then 
do the same with the 
other side. The coil 
then has the form 
shown in Fig. 2 (i).

At this stage distinct
ively coloured leading- 
out wires should be 
fitted. The insulated 
wires should be bound 
firmly to the top or in
side of one of the sides 
of the coil, so that any 
external pull on the

I I
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wire comes on the binding. 
The ends of the windings should 
be soldered to the leading-out 
wires and the junctions covered 
with thin tape. The appearance 
of the coil a t this stage is shown 
in Fig. 2 (j). . „ . ,

The coil is now in its finished 
shape. The sides should be 
shellacked, and it should be put 
aside until the shellac is nearly 
dry but not hard. The clamps 
should then be removed from the 
core piece, the clamping covers 
taken off, and the coil removed. 
The coil should now be taped and 
shellacked again for its protection.

The wax paper prevents the 
shellac from sticking the coil into 
the clamps, but as it is difficult to 
be certain of getting a complete 
covering of paper at the corners 
there may be a slight tendency to 
stick here. In view of this, it is 
wise to remove the coil before the 
shellac is hard, but after it has be
come surface dry. The coil will

6-W AY TAG BOARD OH OTHER SIDE

olin tube is suitable, but a former 
can easily be made by winding 
2-in gummed brown-paper strip 
on a rj-in rod. When quite dry 
it sets surprisingly hard and with 
a couple of coats of shellac, makes 
a very good former.

Take the pair of line coils and 
two spacers. The latter can be 
of Paxolin or wood, fin x -ftin x 
i Jin. It is convenient but 
not essential to slip the former 
over a length of i£-in diameter 
rod which is held in a vice. 
Attach a length of thread to one 
end of one of the line coils at a 
point where it rests against the 
former. Place the two coils 
round the tube with the leading- 
out wires at the same end, drop 
the spacers between the straight 
sides so that the sides are separ
ated by fin and hold the assembly 
temporarily in place with a 
rubber band. Now carefully line 
up the coils so that the sides lie 
parallel with the axis of the 

former and the ends 
coincide, and then 
bind them on to the 
former tightly with 
the thread already 
attached to the coil, 
finishing it off on 
one of the coil ends. 
A binding of about 
six turns per inch is 
adequate.

Remove the rub
ber band, cutting it 
if necessary, check 
that the coils are in

Fig. 5. Details of the 
mounting board which 
is bound to the coil 
assembly and which 
carries the tag-board 
for the connections.

then be somewhat malleable, and 
may be distorted a little during 
the taping. As a last thing, 
therefore, the coils can be tied to 
a round rod, Fig. 2 (k), and 
manipulated to final shape just 
as in the case of the line coils 
jsee Part 2). They are left on this 
until the shellac is bone hard.

For the coil assembly a 2-in 
length of -pj-in wall, 1 J-in inside 
diameter tube is needed. Pax-

their correct positions, for slight 
adjustment is still possible. Then 
give the surface of the former, the 
thread and the sides of the coils 
a coat of shellac. The pair of 
coils thus assembled is shown in 
Fig. 4.

When the shellac is dry, the 
frame coils are fitted in exactly 
the same manner, using another 
pair of identical spacers to separ
ate their sides. They are, of 

12

course, mounted with the gaps be
tween them at right angles to the 
gaps between the line coils. An 
imaginary line drawn across the

Fig. 6. An end view of the de
flection yoke. The ends of the 
spacers between the side limbs 
of each pair of coils can be seen.

end of the former and bisecting 
the spacers is a diameter of the 
former in the case of both pairs of 
coils. It is necessary that these 
imaginary lines for the line and 
frame coils should be at right 
angles otherwise the horizontal 
and vertical sides of the picture 
will not be at right angles. Slight 
final adjustment can be made 
after tying but before shellacking.

When the shellac is hard a turn 
or two of tape should be placed 
around the whole to protect the 
winding from the outer iron ring. 
This ring is by no means critical 
and can be built up from strips 
cut from old transformer lamina
tions. The iron must extend for 
the full distance permitted by the 
frame coils otherwise the effici
ency of the line scan will suffer. 
If iron of this width is available 
well and good, if not narrower 
strips must be used and cut so 
that a pair side by side will fill 
the space.

If long strips are available, 
again well and good, but if not 
shorter overlapping strips must be 
used. I t will be rare for more 
than eight strips to be needed to 
form a single iron ring with half
inch overlaps. Two thicknesses 
of iron are desirable, so that not 
more than 16 pieces are needed. 
They are assembled round the 
middle and tied on with string.

In order to hold the assembly
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a Paxolin board, shown in Fig. 5, 
is tied to the four comers of the 
line coils. This carries the tag- 
board for the connections and has 
two slots. These pass over bolts 
on the focus coil mounting and 
the assembly is retained by two 
knurled nuts. The purpose of the 
slots is to permit the deflector as
sembly to be rotated slightly about

ing to the time base. No diffi
culty arises in the case of the line 
coils for if the coils are both 
wound in the same direction they 
are necessarily alike. In the 
case of the frame coils, however, 
it is necessary not only to wind 
them in the same direction but 
to bend them the same way also.

The matter is not very impor
tant, however, for if a 
mistake is made and 
little or no deflection is 
obtained, it can be re
medied merely by revers
ing the connections to 
one coil of a pair. Simi
larly it is not worth 
while to try to get the 
time - base connections 
right from the start for 
it is simpler to determine 
them by trial. If the 
picture is upside down or 
reversed left to right, it 
means merely that the 
connections to the pair of 
frame or fine coils must 
be reversed. Two views 
of the complete coil 
assembly are given in 
Figs. 6 and 7. In the 
former the ends of the

Fig. 7. Another view of the assembly. The 
string holding on the iron ring is clearly 

visible

the tube neck, to bring the the 
picture vertical.

There are six tags on the board, 
three for line and three for frame, 
one of each being used for 
the junctions between the two 
coils of each pair. When the two 
coils of a pair are identical, the 
two outer ends (or the two inner 
ends) of each are joined together, 
the remaining two leads connect-

spacers between the sides 
of each pair of coils can 
just be seen, and in the 
latter the string binding 

iron ring around the 
assembly is clearly visible.

The line coils have an induc
tance of 8.9 mH with a resistance 
of 15!!, while the frame coils an 
inductance of 1 H and a resistance 
of 1.7 kfi (2 kfl with No. 41 wire).

Details of the time-bases and 
other associated equipment for 
use with the coils will appear in 
subsequent articles in this series.

NEW UP-TO-DATE EDITION OF
"Wireless W orld"

GUIDE TO BROADCASTING STATIONS
now in preparation

Gives details arranged] for easy reference of over 1,200 broadcasting 
stations in every part of the world. The B.B.C. has co-operated in 
checking station frequencies. Space is left against each station 

for recording individual dial readings.
Demy 16wo is. 0d. net. By post is. id.

Obtainable from all booksellers or direct from :
The Publishing Dept., Iliffe & Sons Ltd., D orset H ouse, Stamford St., 

London, S.E.I

fo r  the
WIRELESS

WORLD
TELEVISION

RECEIVER

use

CO SSO R
VA LV ES

45 iu
Rectifier, Heater 4V., 3.5 A  

■500 Volts, 250 mA 
OR

53 k u
Rectifier, Heater 5 V 2 . 8 A  

500 Volts, 250 mA

43 iu
Rectifier, Heater 4V ., 2.5A 

500 Volts, 120 mA

•
WRITE FOR COMPLETE 
VALVE DATA FOLDER 

TO

A. C. C O S S O R  LTD.
Technical Service Dept.,

COSSOR HOUSE, 
HIGHBURY GROVE, LONDON, N .5
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4—Frame Time Base
and Sync Separator

A SAW-TOOTH current wave 
with a repetition fre
quency of 50 c/s is needed 

for vertical deflection, and is 
generated by the frame time-base. 
Synchronism with the transmis
sion is effected by locking it to the 
synchronizing pulses in the trans
mission. One limiter is employed 
to separate the sync pulses from 
the picture signal and its output 
is used to lock both the line and 
frame time - bases. A further 
limiter is needed in the frame 
circuit in order to remove the 
line pulses. I t is purely a matter 
of mechanical convenience that 
both these limiters are included 
in the same unit as the frame time- 
base proper.

The circuit of this unit is shown 
in Fig. 1 and the saw-tooth 
generator is V3. The valve is an

variations (6J7G, 6J7GT, etc.). 
The valve is chosen in preference 
to a triode simply in order to keep 
down the number of different types 
of valve used in the complete 
equipment. V2 is of the same 
kind and it is also used in other 
units.

For the moment ignore the 
connections to the anode of V2 and 
to R14. The circuit of V3 is then 
merely that of a grid-leak oscilla
tor in which the 1-1 ratio trans
former Tj replaces the tuned cir
cuit and in which the grid leak 
R12 + Rj.3 is returned to positive 
H.T. instead of to cathode ; Cs 
is the grid capacitor. The valve 
commences to oscillate at a fre
quency determined by the con
stants of T 4 and the stray capaci
tance, but so much charge is 
accumulated on C, by the grid

across L4 acts against the H.T, 
to drop the anode voltage, but the 
induced voltage in L2 drives the 
grid potential in a positive direc
tion. This further increases the 
anode current and results in the 
grid being still further driven 
positive. The induced voltage in 
L2 can be quite large—say, 100 
volts—but the grid is not positive 
with respect to its cathode by this 
amount. Grid current flows into 
C6 and charges it so that its 
upper terminal becomes negative 
with respect to earth and cathode, 
and the grid-cathode voltage is 
the sum of the induced voltage in 
L 2 and the voltage on C6. The 
latter is nearly equal to the former, 
and the grid is never more than a 
few volts positive with respect to 
cathode.

The anode current does not

Fig. I. The circuit diagram of the sync separator and frame time-base is shown here. Vt is the main sync separator 
and V2 the frame pulse separator ; V3 is the frame blocking-oscillator saw-tooth generator and V4 the output valve

feeding the deflector coils.

EF37 connected as a triode ; the 
characteristics needed are in no 
way critical and the EF36 can be 
used instead. As another alterna
tive, there is the 6J7 and its

current that after one-half cycle 
of oscillation the valve is cut off.

More precisely, and starting at 
a time when the anode current is 
rising, the back E.M.F. developed

14

continue to rise indefinitely. The 
anode potential becomes very 
low because of the back E.M.F. 
across Lt and the rate of rise of 
current falls off. Because of this
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View of the chassis with the components in place before wiring.

the induced E.M.F. in La starts 
to drop, which further reduces the 
rate of rise of current. The cur
rent very soon starts to fall and 
then the induced E.M.F. reverses 
its sign and becomes negative, 
and the valve is very rapidly 
cut off.

The terminal OP on the trans
former, which is joined to C„, is 
negative to earth by the voltage on 
Ce ; it is at, perhaps, — 90 V. 
Because L2 is a part of a resonant 
circuit, however, IP is not at the 
same potential and through the 
fly-wheel effect it swings still 
more negative. IP cannot swing 
more negative than OP by more 
than it was positive to OP when 
the valve was conductive—per
haps 100 V. Losses in the circuit 
make the swing less than this and 
in fact it is imperative to have 
high losses if the valve is to func
tion properly as a blocking oscil
lator.

If the losses are such that the 
overswing is 50 per cent, then for 
100 volts initially the overswing 
is to — 50 volts, and with — 90 V 
on C6, the grid swings negative to 
— 140 V. This is followed by a 
positive swing and again with 
50 per cent oversvmg, IP becomes 
25 V positive to OP and the grid

is — 90 + 25 =  — 65 V to cath
ode.

This is well beyond cut-off so 
that the valve is kept cut off by 
the charge onC,  and cannot oscil
late again until either this has

disappeared or the grid is driven 
sufficiently positive by some exter
nal agency.

It is particularly to be noted 
that this action would not occur 
if the overswing were too great. 
Thus, if there were 90 per cent 
overswing, the first swing across 
L2 would be from + 100 V to 
— 90 V and the second to + 81 V. 
With —90 V on C„ the grid would 
then be —9 V only with respect 
to cathode. The valve might well 
conduct and regeneration would 
start. The stage would, in fact, 
act as a class C “ sine-wave ” 
oscillator.

For the proper blocking action 
it is necessary to have a heavily 
damped resonant circuit and this 
is conveniently obtained from the 
core losses of the transformer. 
The heavy damping necessitates a 
high L/C ratio and tight coupling 
between the windings, both of 
which demand an iron-core. In 
this case, the core losses are not 
quite sufficient and an extra 
damping resistance R 12 of 100 kn 
is added.

An exact analysis of the circuit 
is quite a complicated matter and 
is, fortunately, unnecessary, be
cause the transformer constants 
are in no way critical. Almost any 
1-1 ratio transformer of some 
5-30 H inductance functions well;

The finished unit. The mounting bracket for Rla ii clearly visible.
15
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Television Receiver Construction—
with some components a damping 
resistor across one of the windings

this. This is more of a safety 
measure than anything, for the 
lock is actually so hard that R la

This view shows the blocking-oscillator transformer Ta ; the coupler for the 
extension shaft of Rn is visible. A similar coupler is used on Rjo-

is needed, but not with others. 
Constructional details of a suitable 
component are given in Fig. 2. 
I t consists simply of an iron-stack 
of the kind commonly used for 
small speaker transformers and 
two windings each of 3,000 turns 
of No. 41 or 42 enamelled wire. 
Several layers of insulating tape 
should be placed between the 
windings.

When V2 is cut off the upper ter
minal of C, is at about — 90 V. If 
the grid leak were in shunt with it, 
it would discharge exponentially 
a t a rate depending only on the 
CR product. The resulting saw
tooth would be positive-going but 
very far from linear, for the oul put 
needed would be a large fraction of 
the total voltage acting in circuit.

To linearize the discharge the 
grid leak R 12 + R13 is returned to 
+ H.T.i and the total voltage 
acting for the discharge of Ce is 
of the order of 500 V. The rate 
of discharge is governed by C, 
(Ria + R 13) and R 13 is made 
variable to give some control over

EACH WINDING i.0 0 0  TURNS
NO 40 OH 41 tNAMEUED WIRE

can be varied over wide limits 
without affecting 
anything but pic
ture height.

If no synchroni
zing signal is 
applied Ce dis
charges until the

A general view 
of the chassis 
with the valves 
removed, showing 

C2 and R(f.

grid potential be
comes below the 
cut-off v a l u e .
Anode current 
then flows in Vs 
and the whole 
c y c l e  recom
mences. In the 
synchronized condition, a positive
going sync pulse is applied to the 
grid before C6 has discharged so far 
and this is of sufficient amplitude

to drive the grid above cut-off 
and start the trigger action in V3.

The pulse is obtained from V3, 
which is normally cut off. It 
draws current on a sync pulse and 
this current flowing through Lx 
induces a positive-going pulse on 
the grid of V3. In effect, there
fore, Tx is also used as a phase- 
reversing pulse transformer. In 
this way a saw-tooth wave of 
moderately good linearity and 
with an amplitude of about 65 V 
is produced across C6. A portion 
of this is applied to the output 
valve V4. If R 20 is zero, one- 
half of the saw-tooth voltage is 
applied between the grid of V4 
and earth since R14 and R15 are

— 1 ■

Fig. 2. Constructional details of the blocking-oscillator transformer. 
The laminations are Magnetic and Electrical Alloys Silcor I Pattern 
No. 74 or Richard Thomas & Baldwin's Quality No. 3B, Type E & I 86. 
The core is in no way critical and any lamination approximating to 

this size is satisfactory.

each of 1 Mil. Because of negative 
feedback from R 12 the grid- 
cathode voltage of V4 is less than 
this. V4 has gm = 10 mA/V and 
R19 is 220 Q, so that feedback 
reduces the gain by 3.2 times and 
the actual input to V4 is only 1/6.4 
of that across Cs. When R 20 is not 
zero, further feedback occurs.

The resistors R1?, R i7 are 
merely stoppers to inhibit parasitic 
oscillation. The output valve it
self is resistance - capacitance- 
coupled to the deflector coils (see 
Part 3), two capacitors C8 and C„ 
in parallel and of 8;iF each being 
used because it is convenient to 
use small insulated types and such 
types are limited in their current 
rating. Both terminals must be 
insulated from earth.

The capacitance used is far 
from sufficient to give a linear

16
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The V.F. input socket can be seen in this photograph. When the unit 
is mounted it comes close to the base of the C.R. tube.

coil current and correction is 
obtained for this and for the non
linearity of the scan voltage on C, 
by the inverse curvature of the 
valve characteristic. To help in 
this the bias resistor R1B is rather 
higher than usual.

Negative feedback from R 20 
reduces the remaining non-line
arity to negligible proportions and 
the variable resistor Rso acts as a 
“ Picture Height ” control.

Turning now to sync separation, 
Vj is the main sync separator 
and it is fed with the V.F. signal 
—the grid being connected to the 
cathode of the C.R. tube through 
a o.i-yuF capacitor. This com
ponent is not shown in Fig. i for 
it is most conveniently mounted 
outside this unit.

The sync pulses are positive
going at this point and D.C. 
restoration is eliected with R 2 
of iMQ and the grid-cathode 
path of V j. This valve is operated 
as a straightforward limiter with 
a fairly low screen voltage and 
the separated negative-going- 
pulses in the anode circuit are fed 
to the line time-base and also 
through C2Rg>-—a critical time 
constant differentiating circuit— 
to the frame limiter V2.

The back edge of the first frame

pulse is used for synchronizing, 
the line pulses being eliminated 
by V2. The mode of operation 
was explained in the April issue, 
and it is to be noted that although 
the sync pulse output of Vx is 
negative-going the back edges of 
the frame pulses on the grid 
of V2 are positive-going. Con
sequently the pulses in the output 
of V2 are negative-going.

The waveforms to be expected 
at various points in the circuit 
are sketched in Fig. i. I t  should 
be noted that those shown for 
the input and output of Vj are for 
the line pulses, whereas the rest 
are all frame-scanning signals.

The reason for this is that the 
detail of the frame synchronizing 
pulses cannot readily be observed 
on an ordinary oscilloscope and 
sync-separator checking is thus 
more readily done by observing 
the line pulses.

The photographs illustrating 
this article show the form of 
construction adopted. Later 
articles will make clear its inter
connection with other units and 
it is sufficient to say now that all 
connections save the V.F. input 
are taken to the tagboards by 
flexible leads. The chassis is 
mounted alongside the C.R. tube 
and hinged at the back so that

In this close-up of the unit most of the smaller parts are easily seen. The left-hand tagboard has six tags 
serving as junction points for the inter-unit connections.

17
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Television Receiver Construction—
for maintenance and experiment 
it can be swung clear of everything 
else and easy access to any part of 
it can be obtained.

The chassis has a height of 
gin, a length of ęjin and a depth of 
2 Jin and is bent from one piece of 
brass sheet. The valve shelf 
is supported by strips of Jin X 
3/i6in brass rod screwed to chassis 
and shelf and is 5m below the 
top of the chassis. The V.F. 
input connector is an ordinary 
wander-plug socket mounted on 
a small strip of Paxolin and 
screwed to the chassis, with a 
large clearance hole to reduce 
capacitance. C2 is mounted close 
to the top of V2, but spaced from 
the chassis, again to reduce the 
capacitance to it. I t serves 
as a useful anchorage point for 
the grid lead.

No detailed drawings of the 
chassis are given since it is 
expected that minor variations in 
layout will have to be made to 
suit the particular components 
used. I t  should not be necessary to 
increase the chassis size however, 
and no major changes of layout 
are likely to be needed to accom
modate any normal components.

The two variable resistors are 
mounted on brackets with exten
sion rods for their operation, 
these extension rods having saw- 
cuts on the ends for screwdriver 
control. As they are set back by 
differing amounts the shaft centres 
can be only 1 Jin apart.

Fig. 3 shows the waveforms 
and their amplitudes at various 
points in the circuit. If the 
initial testing is done on the 
bench, and it is always a good 
plan to do this, a 1.7-k re
sistor can be connected to the 
“ Frame Coil ” terminals in place 
of the coils themselves if this 
is more convenient. With such 
a resistor the high-voltage spikes 
on the wave on the anode of V4 
will not be obtained since these 
are generated by the inductive 
back E.M.F. in the coils. V4 
and Va can, of course, only be

checked with a V.F. input.
When checking on signals it is 

well to check the output of V, 
closely, and it is instructive to 
replace R4 by a variable resistor 
while so doing. With an oscillo
scope set to show the line pulses 
and with a high value for R4, a 
large output is obtained from V4 
and the V.F. signal will be visible 
between the pulses as a feathery 
band of light. As R4 is reduced 
the pulse output will fall slightly, 
and the picture signal rapidly, 
until a critical value is reached 
at which the picture signal just 
disappears. Beyond this point, 
the pulse amplitude steadily de
creases as R4 is reduced. The 
optimum value for R4 is slightly 
lower than the critical value for 
a V.F. input corresponding to a 
signal on the tube rather weaker 
than is ever likely to be required. 
This will usually be obtained with 
R4 about 20 kił and a pulse 
output of about 80 V will be 
secured. However, valves and 
resistor values have a fairly wide 
tolerance on their characteristics 
and in some cases some adjust
ment to the value of R4 may be 
needed.

This applies also to V2, where 
the important resistor is Rg. If 
Rg is too high, V2 will give no 
output—if it is too low, line 
pulses will appear in the output 
as well as frame. The best 
method of checking is to remove 
V3 and connect an oscilloscope 
to the anode of V2, replacing 
Rs by a variable resistor.

Starting with a high value for 
Rg, no output will be obtained. 
As Rg is reduced a critical value 
will be found at which frame 
pulses just begin to appear. 
Further reduction of Rs results 
in increased amplitude of frame 
pulses until another critical value 
is reached at which the line pulses 
begin to show between the frame 
pulses. The optimum value lies 
between these two, but nearer 
the second than the first.

When testing without sync 
pulses, a variation of Rlt has a

... , . ,. ■ /a\ _nj are resoectivelv the waveforms between the anode of V4 and earth
S '  L  Tm I iT I S  f S t b S v  « X « d  ,  norm," ig J l input and th, o,dll.,dope .dju*,d t .  ,how com-

(f) is the grid voltage of V, and (g) the voltage across C„, while (h) is the anode voltage of V«._________________

-------------------------------------------------------------------------------18
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COMPONENTS
The parts in this list are the ones employed in the original model. Any 

components of the same electrical specification and suitable physical dimen-
sions can be used.

Capacitors
C*, C5, Cg, C9 .. 8 pF, electrolytic, 500 V working .. Dubilier Drilitic

c t 200 pF, mica, 500 V working
B.R. 85c 

T.C.C. Type M
Cg, c4, c 7 0.1 nF, paper tubular, 500 V T.C.C. Type C.P. 43.5
Cg 0.05 11F paper tubular, 500 V B.I.

Resistors
Rl. R13* R14* R15 1 Mn, J watt Erie
R2* R4» Rl. 22 kn, £ watt Erie
r 3, r 10 33 kn, £ watt Erie
r 5 220 kn, £ watt Erie
R6. R,, Rg ■ • 47 kn, £ watt Erie
r 8 15 kn, |  watt Erie
Rl, 100 kn, £ watt Erie
Ri. 2 Mn, variable, linear law Reliance Type SG
Ri, 47 n, £ watt Erie
Ris 5 kn, 15 watt Welwyn
Ri» • * 220 n, 1 watt

2 kn, variable, wire-wound, linear 
law

Erie
r 2„

Reliance Type TW

Valves
Vi EF50 Mullard
V. V EF37 Mullard
V, EL33 Mullard

great effect on the frequency of 
the saw-tooth wave, but when 
V, is synchronized varying R ,, 
over a wide range has no effect 
other than to vary the amplitude 
of the wave somewhat.

The amplitude changes be
cause the pulses see that the 
generator is regularly triggered, 
but the rate of discharge of C6 
depends on the value of R12. 
When synchronized the output is 
always smaller than when running 
free and it is of higher frequency.

Details of the power supply 
will be given later. The + H.T.2 
line is nominally 250 V, but can 
be anything from 240 V to 270 V 
without affecting the performance 
appreciably. The +  H.T.i line 
is also not critical and the voltage 
is dictated more by the require
ments of the line time-base than 
by the frame. So far as this unit 
alone is concerned anything over 
350 V is satisfactory.

Testing with a 420-volt supply 
for H.T.i and 250 V for H.T.2 
the cathode of V4 was at + 6.6 V 
and the anode current 28 mA. 
V3 took 0.4 mA anode current 
with 100 V at the junction of 
R9 and R10.

O sram &&C. Q sram
. P H O T O  CELLS CATHODE RAY TUBES VALVES

- J  he G.E.C. 9" diameter cathode ray tube 
6501 is intended for high quality television 
reception, and is magnetically focused and 
deflected. The screen fluorescence is white. 
The tube end is made by a special moulding 
technique, which produces a screen face nearly 
flat. A picture size of approximately 200 x 160 
mms. is obtainable with slight masking of the 
edges and corners.
The bulb is made of high insulating glass giving 
a minimum of screen charging effects.
The electrode gun is designed to give a high 
picture brightness, with excellent definition 
for a relatively small voltage drive to the 
modulator.
Detailed technical data sheetavailable on request.

The General Electric Co. Ltd., Magnet House, Kingsway, London, W.C.2.

19



Wireless World

K .12/10  a n d  K. 12 /20  LOUDSPEAKERS
12' cone m oving coil loudspeakers for use as 
single u n it reproducers in  q ua lity  television 
and radio appara tus, pr as the  low frequency 
section of a dual channel system , the 
K.12/10 and K.12'20 Loudspeakers incorporate 
high efficiency Ticonal m agnets, accura te ly  
cen tred  poles and in terchangeable  diaphragm s 
im pregnated to  res is t hum id ity  changes.

SOUND EQUIPMENT

VITA VOX LTD, Westmorland Road, London, N.W.9 
Telephone! Colindale 86/1/3

20
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5—Line Time-Base and
E.H.T. Supply

THE essentials of the line 
time-base are a saw-tooth 
voltage generator with a 

recurrence frequency of 10,125 c/s 
and an amplifier. It is possible, 
and in fact, common practice, to 
use a blocking oscillator and a 
pentode power amplifier in a 
circuit very similar to that of the 
frame time-base described in 
Part 4. As compared with the 
frame circuit, however, both 
linearity and synchronizing are 
less easily secured.

Linearity is more difficult be
cause there is an additional factor 
involved—the oscillatory nature 
of the deflection circuit. Syn
chronizing is more difficult because 
the line-scan blocking oscillator 
transformer must have fewer turns 
than the frame and it becomes 
rather hard to develop enough 
synchronizing voltage across it. 
In addition, the blocking oscillator 
develops a large amplitude pulse 
of opposite sense to the sync

pulse and immediately following 
it. This upsets the interlace if it 
is allowed to reach the frame 
circuits and consequently a buffer 
stage between the line and frame 
circuits is desirable.

As an alternative the Transi- 
tron-Miller integrator saw-tooth 
generator has many advantages 
for the line scan. I t requires a 
very small synchronizing voltage 
and the "back
wash " from it 
is small enough 
not to affect 
the interlacing 
even if a buffer 

R9
33 kfl.-vVW^

is not used. The saw-tooth out
put is remarkably linear but is 
negative-going.

The output pentode must be 
supplied' with a positive going 
saw-tooth. This can be obtained 
from a resistor in the cathode 
circuit of the Transitron, but it is

0 + E .H .T .

Fig. 1. The complete circuit diagram of the line time-base and E.H.T. supply. A Transitron- 
Miller integrator is used for the saw-tooth generator with a two-stage amplifier having

heavy negative feedback.
2T

6-3 V.
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Television Receiver Construction-
more satisfactory to take the 
normal negative-going output and 
use an intermediate stage, because 
this permits the use of heavy 
negative feedback in the amplifier 
and this makes it extremely easy 
to obtain a linear deflector-coil 
current.

The circuit diagram of the 
complete line time-base unit is 
given in Fig. I. The saw-tooth 
generator is Vlt a valve of the

EF50 type. A detailed explana
tion of the action of the Transi- 
tron-Miller integrator has already 
been given1 and it is, therefore, 
sufficient to deal with it rather 
briefly.

Starting with C6 charged to the 
full H.T. voltage which, in this 
instance, is the voltage across the 
decoupling capacitor C3, the con
ditions are that the suppressor 
grid G3 is at about cathode 
potential and that both the screen 
grid G2 and the anode are drawing 
current so that the potentials of 
these electrodes are below H.T. 
Because of the voltage drop across 
Rb, the control grid Gt is negative 
with respect to cathode by this 
amount, and there is no grid 
current.

The capacitor C5 then discharges 
through Rs, Re, and R, and the

1 “ Linear Saw-Tooth Oscillator,” by W. T. 
Cocking, Wireless World, June. 1946, Vo! 52, 
p. 176.

voltage across it falls and so the 
G4—cathode voltage changes in a 
positive direction causing both 
anode and screen G2 currents to 
rise and the electrode potentials to 
fall. The rising voltage across R6 
is very nearly equal to the falling 
voltage across C6, so that the 
voltage across Re and R, is nearly 
constant. This is the condition 
for a linear change of voltage 
across Cs and as the voltage 
across R6 is changing similarly

this also is nearly linear and is 
the voltage used for the scan.

When the anode voltage falls 
beyond a certain point the field of 
the anode becomes insufficient to 
attract to itself the normal pro
portion of the electrons passing 
G2. A s a result, the anode 
current drops and the screen 
current rises. The latter causes 
G2 to change negatively in 
potential because of the increased 
drop in R, and the potential of G3 
also changes negatively since G2 
and G3 are connected through C2. 
This turns still more electrons back 
to G2, further increasing the 
screen current. The action is 
cumulative and the valve is very 
rapidly driven to the condition of 
anode current cut-off, a heavy 
screen current, a very low screen 
potential and a highly negative 
G3 voltage.

In normal operation the action 
is initiated by a negative-going 
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sync pulse applied to G3. This 
reduces anode and increases G8 
current.

The above conditions hold while 
C2 discharges through R2 and 
during this time C6 charges 
through Rs and the grid-cathode 
path of the valve from H.T. It 
does this because with the anode 
current cut off, the control grid 
becomes positive to cathode.

When the charge on C2 has 
leaked away sufficiently, G3 be
comes lower in potential and once 
more permits anode current tc 
flow. This reduces the screen 
current and causes the screen and 
G3 potentials to rise further. 
The action is again cumulative 
and there is a rapid change-over 
to the assumed initial conditions.

The time for which anode 
current is cut off is governed 
largely by the time constant 
C2(R2 + R3) and by the grid 
base of G3. With the EF50 
rather a small time constant is 
required and with 100 pF for 
C2 a resistance value of around 
50 kri is suitable. The sync input 
needed is small and so it is applied 
to a tapping on the grid leak 
formed by using 47 k£l for R2 and 
4.7 kO for R3. It is applied 
through a 10-pF capacitor which 
together with Rs acts as a 
differentiator.

The cathode resistor R4 and its 
by-pass capacitor C4 are included 
to make the generator self starting. 
Without them, it would sometimes 
fail to start in the absence of sync 
pulses.

The saw-tooth output is taken 
from the slider of R6, which forms 
the “ Picture Width ” control, to 
the input of the amplifier. The 
first valve V2 is an EF37 (or 
EF36, 6J7, 6J7G, GT, etc. 1
strapped as a triode and RC- 
coupled by Rn , C, and R12 to the 
EL38 output valve V3. A grid 
stopper R13 is included to inhibit 
parasitic oscillation and a screen 
stopper R14 is also used. The 
screen is fed from the + H.T.a 
line at about 250 V.

The valve is self-biased by R1( 
and feeds the deflector coils 
through the transformer T4. A 
resistance R18 is included in series 
with the deflector coil and the 
voltage developed across it by the 
passage of the deflector-coil 
current through it is applied to 
the cathode of V2 as negative

General view of the chassis showing the rectifier mounting.
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current feedback. With the high 
degree of feedback provided, the 
whole amplifier, from its input 
voltage to the deflector coil, is 
extremely linear and it is con-

valve V3 is actually cut ofl for a 
short period following the fly
back. If it is cut off, negative 
feedback is inoperative during 
this period and variable damping

A voltage-doubler rectifier circuit 
is used and fed through the anti- 
parasitic oscillation resistor Rls 
from a tapping on T i ; this is 
done since rather less than the

Details Of the layout of components are clearly shown in these photographs of the underside of the chassis. 
C, is joined to a single insulated tag to which a lead is run from the Line Sync Output tag on the frame time-base.

sequently easy to obtain a Unear 
scan. However, this is not 
sufficient to ensure a linear scan 
at the extreme left-hand side of 
the picture, for with the most 
economical operation the output

is accordingly provided to control 
the linearity at this point. It is 
provided by Cf in conjunction 
with Rj#, R20, R21, R22, 1̂ -23*

The E.H T. supply for the tube 
is taken from the line fly-back.

23

full voltage on Tj is needed. 
Three capacitors, two rectifiers 
Wj and W2, and a resistor R1? 
form the rectifier which provides 
an output of some 5 kV.

The form of construction

LINE
COILS

Rin-19-22
+ H.T.|

-t-H.T.j
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Television Receiver Construction-
adopted is clearly shown in the 
photographs and is similar to that 
of the frame time-base. The 
chassis measures gjin by gin high

end of the main chassis. A shelf 
mounted fin below the top carries 
the rectifiers and is cut away near 
the rectifier terminals.

On account of their length the

protective cover to prevent 
accidental contact.

The power supplies at 6.3 V, 
250 V and 480 V are taken by 
flexible leads to a tag-board on

START

6 0 0  TURNS NS 3 4  ENAM EL, 
150 TU R NS PER SLO T, PAPER 
INTER LEA VED  IN 7 LAYERS

2 5 6  TU R N S  NS 2 6  EN AM EL, 
6 4  TURNS PER SLO T, PAPER 
IN TE R LE A V E D  IN 5 LAYERS

4 5 0  TU R NS N? 5 4  EN AM EL, 
150 TU R NS PER SLO T, PAPER 
IN TER LEA VED  IN 7 LAYERS

TAP SHEET PAXOLIN  
END CHEEK 2 '5 m m

V F IN IS H

>  E B O NITE  
\  SPACING RING

’N 4*5 mm WIDE

' ’ "^ L O C A T IN G  PEGS

SLOT DEPTH 2 ’ 5 m m

30 38

U7 5 J  i*7'5*l i*7-5*i (*7-5*1 
*----------------- 48------------------ *

ALL D IM E N S IO N S  IN M IL L IM E T R E S  
EXCEPT CORE HOLE D IM E N S IO N S

SLOT D E P TH  2  5 mm

Output transformer details. The complete assembly of bobbins is spaced from the core by two ebonite rings to 
increase the leakage paths. A and B are joined and the tap is between the 2nd and 3rd sections.

by 3m deep and has a shelf 
mounted 5m from the top to 
support the valveholders. The 
shelf is carried by strips of Jin 
by -fjin brass screwed to the 
chassis and which also act as 
stiffening members. On account 
of the great height of the EL38 
its valveholder is carried by a 
small sub-panel standing iin below 
the main valve shelf and secured 
to it by two pillars.

The E.H.T. components are 
carried in a sub-chassis measuring 
3in x 3m X 3 fin screwed to the

rectifiers are not easy components 
to dispose of, particularly as they 
must be kept away from hot parts. 
They are held in place by a simple 
clamp and lie across the C.R. tube. 
As the connections are all at high 
voltage to earth ignition-cable is 
used for the leads and a pro
tecting box cut from fibre sheet 
is used to cover the ends remote 
from the chassis. Similarly, a 
fibre plate is used as a cover for 
the sub-chassis. The fibre does 
not provide any normal insula
tion ; it is used purely as a
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which there are also two tags for 
the deflector coil leads. A single 
tag near the input circuit is 
used for the sync input and is 
connected by a flexible lead to 
the “ line sync " terminal on the 
frame time-base unit.

The 1.88-Mn resistor R17 in the 
E.H.T. circuit comprises four 
0.47-MQ resistors connected in 
series and this arrangement is 
adopted to reduce the voltage 
existing across any individual 
resistor. The feedback resistor 
R n is two 33-n resistors connected
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in parallel, because the required
16.5 n is not a standard value. 
Similarly, R16 comprises two 300-Q 
resistors in parallel.

The waveforms at various points 
in the circuit are shown in Fig. 2 
and it is a great help in adjust
ment if an oscilloscope can be 
used and connected across R19. 
In order to obtain the full scan 
the line linearity resistance Rlt— 
R23 must be carefully adjusted in 
conj unction with the picture width. 
Several fixed resistors, connected 
to sockets and a wander-plug, are 
used in conjunction with the vari-

Fig. 2. The waveforms across R3 
without and with V, in place are 
shown at (a) and (b) respectively. 
The suppressor, screen and anode* 
waveforms of V, are shown at 
(c), (d) and (e) and the grid 
voltage of V3 at (f). The voltage 
across R18 is shown at (g) and 
shows the output current wave.

able R23 merely because variable 
resistors of sufficiently high power 
rating are too difficult to obtain at 
present for it to be practicable to 
use a single component.

tries to obtain too much output. 
Beyond a certain point a kink 
appears in the wave as shown in 
Fig- 3 (b). at first small A, and 
then very large B.

Fig. 3. The waveforms appearing across Rlt shown at (a) are with 
correct A and with incorrect damping B and C. The effect of excessive 

drive on V, is indicated by the waves of (b).

Set the wander plug to include 
Rl9 and R20 in circuit at first 
and with Rs set for a small output 
examine the waveform across Rlg. 
It should have one of the forms 
sketched in Fig. 3 (a) in which A 
is the correct one. By adjusting 
R23, in conjunction with the 
wander plug to bring in or cut out 
additional resistance if necessary, 
there should be no difficulty in 
bringing it to this correct form A.

Now increase the amplifier input 
by R,. There will at first be 
little or no change of output 
waveform, except for its magni
tude. At length, however, it will 
start to change to the form B. 
This occurs when the input is 
sufficient to cut off V3 at the end 
of the fly-back.

As soon as this point is reached, 
readjust R23 to bring the wave
form back to A and continue the 
process of increasing the input 
and readjusting R23 to keep the 
waveform like A. The adjust
ment should be carried out with 
the saw-tooth generator synchro
nized to the television signal, 
because there is a change of both 
amplitude and frequency in V2 
between the synchronized and un
synchronized conditions. If the 
correct sync pulse is fed to the 
line sync terminal, it is necessary 
only to adjust R„ to synchronize 
the generator and the setting is 
not critical.

The process of adjusting R5 
and R23 should, of course, cease 
when the correct picture width (7J 
in with a 9-in tube) is obtained. 
There should be no difficulty in 
obtaining this, but it is as well to 
indicate what happens when one
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This appears because V3 is cut 
off for too long. The overshoot 
starts the scan correctly but 
the valve does not start to drive 
early enough and a flat in the 
wave appears. On the picture the 
effect is a vertical bright fine about 
one inch from the left-hand side.

If an oscilloscope is not used, 
the adjustments must be carried 
out by observing the picture and 
this is not so easy. Waveforms 
like B of Fig. 3 (a) are character
ized by a bright line on the 
extreme left-hand edge and in an 
extreme case, by a folding over 
of the left-hand edge. Waveforms 
like C, however, result in an

A close-up of the E.H.T. compo
nents. Great care must be taken 

with the insulation here.
extension of the left-hand side 
and if one observes an object in 
the picture on a panning shot it 
will be seen to increase in width as 
it comes to the left-hand side. 
On the test pattern the black 
rectangles in the border will be
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Television Receiver Construction—
wider on the left than on the 
right.

There is a considerable differ
ence in the current taken by the 
EL38 with and without drive. 
With 480 V for H.T.x and 250 V 
for H.T.2 the anode and screen 
currents are 72 mA and 8 mA 
with no drive and rise to 94 mA 
and 14 mA with drive for normal 
output. The screen dissipation 
rises from 2 W to 3.5 W and is 
well within the rating of 6 W. 
The anode dissipation with no 
drive is about 34 watts, which is 
considerably in excess of the 
rating. Care must be taken not 
to run the valve for any lengthy 
period without drive. With full 
drive the stage draws 45 watts 
from the H.T. supply, but this is 
not anode dissipation, for the 
major part of it is dissipated in 
the load and not in the valve. 
The exact dissipation at the anode 
is not known, but is of the order 
of 10-15 W only.

The E.H.T. voltage can be 
checked roughly by inserting a 
meter in series with a string of 
resistors totalling some 40 MO as 
a minimum. The voltage is the 
current multiplied by the resis
tance. I t will be lower than the 
actual voltage, however, because 
of the load of even a 40-MQ 
resistance. With 40 MO series 
resistance, the voltage is 4 kV 
per 0.1 mA and an indication of 
some 4.5-5 kV should be obtained; 
the actual voltage without the 
meter will then be some 5-5.5 kV.

Although the current require-

The bobbins, end cheeks and 
spacing rings are shown on the 
right and the parts partially 

assembled above.

C O M PO N E N T S
The parts in this list are the ones employed in the original model, 

components of the same electrical specification and suitable physical dimes 
sions can be used.

Cl ..  .. '. . xo pF, 250 V working T.C.C. Type CM22
c2 .. 100 pF, 250 V working. . T.C.C. Type CM2:
c3 .. 8 nF, 500 V working Dubilier Drilitic
C4 .. 0.1 pF 350 V working T.C.C. Type CP4:
c6 .. 200 pF 250 V working T.C.C. Type CM24
C6 0.001 fiF 350 V working T.C.C. Type M
c , ........................ 0.01 pF i,ooo V working T.C.C. Type CP4:
c, .. 0.002 fiF 5,000 V test Dubilier Type 68c
c,. C10, Cjj
Resistors

0.001 jxF 5,000 V test . . Dubilier Type 68c

Rj, R2 47 kfl $ W ........................ Erie
r3 ........................ 4.7 kfl i  W ........................ Erie
R«> Rio 1 kfl £ W ........................ Erie
r 3 ........................ 10 kfl 3 W, variable, linear law Reliance Type TV.
R e ........................ 2 Mil, variable, linear law Reliance Type SG
R», R» 2.2 Mfl i  W ........................ Erie
r 8 ........................ 33 kfl i  W ........................ Erie
R u ........................ 100 kfl J W Erie
R » ........................ 0.47 Mfl, i W ........................ Erie
Rl3i Rl6 2.2 kfl i  W Erie
R » ........................ 47 fl i  W Erie
Rio • • 2 x 300 fl 1 W, in parallel Welwyn
R17 . . . . . . 4 x 0.47 Mfl £ W, in series Erie
Rl 8 • • 2 x 33 fl ł  W, in parallel Erie
Rib, R20, R21, R22 • • 1 kfl 3 W ........................ Welwyn
R^ .. 
Valves

1 kfl 3 W, variable, linear law. . Reliance Type T\V

W ...................... E F 5 0 ................................... Mullard
v2 ...................... EF37 Mullard
v3 ......................
Rectifiers

E L 3 8 ................................... Mullard

Wj, Wa .. Output rating (based on R.M.S.
input), 2 kV, 3 mA .. Standard Telephones

& Cables, 
H4/200

Type

ments of the output stage are 
heavy, the early stages take very
little. V2, for instance, draws
only 0.9 mA and Vi takes 2.8 mA 
all told. In some cases, alternative 
valves are permissible. For V2 the 
EF36 or any variety of the 6J7 
can be used, while the American 
type 807 is a suitable alternative 
for the EL38. No changes of 
component values are needed.

So far no mention has been made 
of the output transformer T2. This

is a very important component and 
details are given in drawings anc 
photographs. The requirements 
are high insulation, low leakage in
ductance and self-capacitance, ana 
an adequate primary inductance. 
Windings are carried by three 
concentric bobbins each having 
slots in which the windings 
are layer-wound with paper 
interleaving.

Experience has shown that 
surface leakage is the biggest
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trouble and so the slots are not 
symmetrically placed in the bob
bins but are to one side to increase 
the leakage path at the high- 
voltage end, If bakelized paper 
or ebonite tubing of the right 
size is available the bobbins can 
be turned from this. However, 
such materials are not easy to 
obtain and the writer has success
fully used ordinary gummed- 
paper strip.

A mandrel should be turned of 
the diameter of the inside of the 
former and wrapped with a layer 
of thin waxed paper to prevent 
the former from sticking. The 
strip is then wound on slowly, 
wetting it thoroughly as it is done 
and giving time for the paper to 
stretch. The paper should be 
pulled tight as it is wound and the 
former should be built up some
what oversize. I t  should be put 
on one side for two days or so to 
dry thoroughly, and with a little 
care it will be found to turn on a 
lathe quite well if a sharp tool is 
used. Of course, as with any 
laminated material one must turn 
in the right direction, otherwise

the tool just digs in and starts 
unwinding the paper.

The turned bobbin should be 
baked, if a dry oven is available. 
The oven of an electric cooker 
is quite suitable, but the ordinary 
gas cooker is hardly advisable 
since the combustion of gas 
produces quite a lot of water 
vapour amongst other things. 
When quite dry give the bobbins 
two or three' coats of shellac 
varnish.

The end cheeks are cut from 
laminated bakelized sheet and 
have rectangular holes to take 
the core; grooves are turned on 
the inner faces to centre the bob
bins. As the leading-out wires 
from the inner and middle bobbins 
pass through holes in the cheeks 
it is necessary to prevent them 
from turning, since if they did, the 
leads would be sheared off. This 
is done by drilling a small hole 
through one end cheek and a 
little way into the edge of the 
bobbin, and putting a small 
wooden pin through with a touch 
of glue.

In spite of the poor apparent

qualities of the former material 
the writer has found it to be quite 
satisfactory and has had no 
breakdowns in any transformer 
built in this way even when 
working with voltages 50 per cent 
higher than those found in this 
equipment.

The voltage per section is quite 
high and it is thus necessary to 
put the windings on carefully in 
even layers with a single turn 
of paper between layers. Care 
must be taken to prevent the 
end turns of the late layers from 
dropping down at the edges. It 
is well to cut the interleaving 
strips very slightly wider than 
the slots. *

A J-in stack of 0.02m silicon- 
steel laminations is used; No. 4 or 
4A in the Stalloy or Magnetic and 
Electric Alloys ranges or type 
Cio in the Richard Thomas and 
Baldwins’ range. The type 4A or 
Cio is preferred since the lamina
tions have corner holes through 
which the clamping bolts can 
pass. The laminations are 
assembled with all U- and T- 
pieces the same way round.

g p ec ia l ly  chosen for the ^ ef
"Wireless World Television

Chosen by “ W.W.” designers 
for high stability and long life, 
SenTerCel Selenium Rectifiers 
are light, occupy little space, 
have a high overload capacity 
and are practically indestructible

one long one . .

The SenTerCel H4/200 is 
i2j" long. If this length is 
difficult to accommodate 
in the layout use two 
smaller ones in series.

.o r 2 short ones
Two SenTerCel 

H4/100 rectifiers 
in series, length 7\" 

each, may be more suit
able for your layout. This 

is equivalent to the H4/200.

Standard Telephones and Cables Limited
Registered Office : Connaught House, Aldwych, London, W.C.2

‘ W A R W I C K  R O A D ,  B O R E H A M
Telephone : ELSTREE 2401

_ i O'
„ e C T I F I E f l  D l V t S '

W O O D ,  H E R T S .
Telegrams : SENTERCEL, BOREHAMWOOO
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6—Cathode-Ray Tube
Mounting

THE equipment is built in 
three units, apart from 
the power pack, which 

are carried by a framework pro
viding also the mounting of the 
cathode-ray tube. Two of the 
units—the line and frame time-

base units have 
already been de
scribed. Tly third 
unit is the com
bined sound and 
vision receiver and 
will be dealt with 
in a further article.

The general framework not only 
holds the units and tube together, 
but it carries a few components 
and all the inter-unit wiring. 
This is shown in Fig. I . The power 
input is brought to a tag-board by 
a 5-way cable and from there

TO LINE TIME BASE TO FRAME TIME BASE

distributed to the three urn'
6.3 V, -  H.T. and + H I 
directly, and + H.T.3 thr 
the focus coil after which 
becomes + H.T.2.

As one heater lead is earthed 
each unit it is necessary in m; 
the interconnections to take 
ticular care to see that all 
earthy leads on the one hand 
all the non-earthy ones on 
other hand are joined togeth 
If they are mixed up the 6.--I 
supply will be short-circuited.

The focus coil is shunted by A
RECEIVER 5 °  M F  C a P a* l

tance and

( to line t. b.) line coils +  H.T. 1

■0 +  H.T.1

by Ę

the latter fo; 
the Focus Contnj 
The grid of tM

the slider of til 
potentiometer rh 
across the H.* 
supply and is :ih 
passed to earth bJ 
Cs ; this potea*J
tiometer f o r isi

BrightneJ

( to frame t .b.) frame coils
6-3 V

(TO line t .b.) e.h.t. 

(TO frame t.b.) sync

Neither p j 
is mounted]

(TO RECEIVER) V.F. OUTPUT = 0

on the frameworij 
They form the oniJ 
panel controls of the 
set on the vision side

they are corn
nected by a 4-war 
cable. They can thu*

Fig. I. The connections on the main frame 
are shown in this diagram. They comprise 
the inter-unit connections and the leads to 
the C.R. tube, deflector coils and focus coil, 

and a few associated components.
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+HT.J

WOOD 

4 Vz LONC, 3  HIGH, 

I |4  THICK

CLAMPING SCREWS 
FOR DEFLECTOR YOKE

4 -WAY CABLE TO 
BRIGHTNESS & FOCUS CONTROLS

A view of the complete? receiver assembly, 
except for the receiver unit, is shown below 
and the picture above shows the general 
arrangement of components around the C.R. 
tube. Other photographs depict the C.R. tube 
mounting, the focus and deflector coil assembly 

and the tube base and tag board.
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LIST OF COMPONENTS, 
o.i /iF, 500 V working 
50 ^F, 50 V electrolytic 
8 /iF, 500 V working, electrolytic

C apacitors
C,
Ca . .
C3, C|, c,
R esistors
R. ••
Rf • •
R, ..
R* • •
M iscellaneous
Cathode-ray tube, 9-in
Cathode-ray tube mask (for Mullard MW22-14C tube)

0.22 MQ J W
500 il 3 W
1,000 Q 5 W variable
100 kO variable ..

T.C.C. type CP435 
Dubilier Drilitic BR59 
B.I.

Erie
Welwyn
Reliance Type TW 
Reliance Type SG

Mullard MW22-14C 
Long & Hambly

Television Receiver Construction—
be mounted in Sny convenient 
position on the containing cabinet. 
This will vary according to in
dividual requirements.

The cathode of the tube is con
nected by a short lead terminating 
in a wander-plug to a socket on the 
Receiver Unit and also through a 
o.i-/xF capacitor Cx .and another 
wander-plug to the Sync socket on 
the Frame Time-Base Unit. The 
capacitor must have a low cap
acitance to earth and so is inserted 
in the lead and supported by its 
connections. The resistor RL of 
0.22 M£1 is merely to prevent the 
tube cathode circuit from becom
ing open if the wander-plug is 
inadvertently removed with the 
set switched on.

The tube* used is the 9-in 
Mullard MW 22-7 and it has a 
tetrode guns The first anode re
quires about 200-250 V and is 
connected directly to + H.T.2 ; 
the second anode needs about 5 kV 
and is joined to the E.H.T. supply 
in the Line Time-Base.

Other tubes can be used with 
the obvious alterations dictated 
by physical size, provided that the 
electrical requirements are similar. 
It is necessary that the tube neck 
should not exceed 35.5 mm, since 
the focus and deflector coils are

picture width at the centre of the 
deflection yoke should not exceed 
48° otherwise it may not be 
possible to obtain a picture of the 
full width.

Larger tubes than the 9-in can 
be used with obvious alterations 
to the mounting. The deflection 
angle is usually about the same 
so that no scanning difficulties 
arise. The brightness will be 
less with a larger tube, however, 
but should be adequate for most 
purposes up to the 12-in type. 
’Ideally one would increase E.H.T. 
with a larger tube, but this would 
entail an increase of scan power 
which is difficult to obtain without 
using more valves and increas
ing the H.T. supply.

I t is not necessary that the 
tube used should have a tetrode 
gun. The more usual triode gun 
is quite satisfactory. The writer

since the focus-coil current needed 
is usually greater with the triode 
gun than with the tetrode. Be
cause of this there is likely to be 
rather more change of focus with 
temperature. Further details 
about the use of alternative tube< 
are given in Part 10, p. 47.

As the photographs show, the 
framework consists of a plywood 
base carrying a plywood front 
by two stout brackets. The 
front has a hole of 6 |in  diameter 
which is bevelled out to 7jin 
at the front. A length of rubber 
draft-excluder is tacked around 
the edge to form a resilient support 
for the tube. A notch is cut 
out of the hole opposite the join 
in the rubber seating to give 
clearance to the sealing-off cover 
on the tube.

A moulded - rubber mask is 
fitted to the tube and is faced

BACK PLATE, 
'It MILO STEEL

24 MILO STEEL SPACING BAPS 3/l«  OIA.

37/ I'/*'

10,000 TURNS N ! 56 ENAMELLED WIRE 
INTERLEAVED WITH PAPER 

EVERY 1,000 TURNS (APPROX.)

37,."

V32 OIA. HOLE

Full details are given here of the focus coil. As explained in the text the 24 spacing-bars are used only because of
the difficulty of obtaining large diameter steel tubing.

designed for this. This diameter 
is more or less standard, how
ever. The angle subtended by the

• The MW 22-7 tube is now obsolescent and 
replaced by the MW 22-14C. The MW 22-14 
is also suitable if its external metal coating is 
oonnected to — H.T.

has used in this equipment a 
pre-war tube with a 2-V heater 
and a triode gun with very good 
results. With this type of tube 
some increase in the values of 
R 2 and R3 may be found necessary

by a sheet of J-in plate glass 
loin by 8Jin, held in place by 
brass corner supports screwed 
to wooden stand-off pieces.

The focus coil and deflector 
coil assembly are carried by a
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steel bracket supported by a block 
of wood, carrying the various 
capacitors and a tag strip.

Details for making the mount
ing bracket are given in one of the 
drawings. Two i-in strips of wood, 
one of which has cut-outs to 
clear the brackets, are screwed 
across the base to carry the units. 
Hinges on the'rear of the Receiver 
and Frame Time-Base units are 
screwed directly to the rear 
strip. The Line Time-Base hinges 
are screwed to a cross piece 
joining the ends of the two strips. 
A metal sheet is erected between 
the two time-base units to provide 
inter-unit screening. It is, of 
course, earthed to — H.T.

Details of the deflector coils have 
already been given and the assem
bly is held to the bracket by two 
screws fixed to the latter. Milled 
nuts permit the assembly to be 
slackened easily so that it can be 
rotated slightly about the neck, of 
the tube, and so bring the picture 
square with the mask.

The focus coil is held to the rear 
of the bracket on three short 
lengths of 2 B.A. studding. On 
one of these a short, strong spring 
is placed between the coil and the 
bracket with lock-nuts to hold 
the coil on. On the other two 
half-nuts are used, one each side 
of the coil flange. By slacking 
these nuts the focus coil can be 
tilted for centring the picture in

the mask. The use of a spring 
for the third avoids the need for 
access to a rather awkwardly 
placed nut.

Details of the focus coil itself 
are given in one of the drawings.

magnetic circuit and are adequate 
for this purpose. 11 is more usual 
to employ a piece of large-diameter 
tubing of J-in to -fr-in wall in place 
of them. With such a piece of 
tubing the construction would be

A rear view of * £ &  ^he onTy*
£ „  i ? t h i 0p l u g - c o n n e c t o r  to the « Sync Input ’ • socket on the frame unit.

It comprises front and back-end 
plates of mild steel held apart 
by 24 mild-steel spacers around 
the outer edges. Inside there is a 
core tube, which is Jin shorter than 
the spacers so that there is a J-in 
gap between the end of the core 
tube and the front-end plate. 
It is in this gap that the magnetic 
field for focusing is developed.

The 24 spacers complete the
DEFLECTOR ASSEMBLY 

MOUNTING STUDS, 2 B.A.

18 S.W.G. 
"S H E E T  STEEL

Constructional details for making the steel bracket that carries the focus 
and deflector coil assemblies.
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easier since only six fixing screws 
would be needed at each end 
instead of twenty-four, so that 
thirty-six fewer holes would have 
to be drilled and tapped.

However, steel tubing of the 
requisite diameter is extremely 
hard to obtain in short lengths 
and the construction with separ
ate spacers was adopted as a 
practicable alternative. Incident
ally ordinary 5-in wire nails 
represent the most easily obtain
able material for the spacers! 
Tubing is necessary for the core 
piece, but because of its smaller 
diameter it is easier to obtain.

A lathe is almost, essential 
for making the focus coil, since it 
is necessary for the ends of the 
core tube to be true. It is ad
visable, although not essential, 
to true up the ends of the spacers 
in a lathe and it is also better 
to use steel screws than brass for 
holding the parts together.

The winding consists of 10,000 
turns of No. 36 enamelled wire. 
The coil resistance is 1,000 tl and 
it requires a current of about 
45 mA for focusing. The coil 
is inserted at a point where 
the current is about 90 mA, and is 
shunted by resistance to by-pass 
45 mA. The resistor is variable 
as a focus control and has a 50°" H 
fixed resistor in series to limit the 
range as already explained.
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7—The Receiver Unit
A CHOICE between the 

straight set and the super
heterodyne for television 

reception is by no means easy at 
the present time. Each has its 
own peculiar merits and its short
comings, but they are very evenly 
balanced and under the present 
conditions of a single vision 
transmitter a t 45 Mc/s there is 
really very little to choose be-

Ideally a response from 48 Mc/s 
to 42 Mc/s is required with high 
attenuation at 41.5 Mc/s; the 
change of frequency from the pass 
region to the sound channel is 
only 1 part in 84.

In a superheterodyne the pass- 
band might well be 16 Mc/s to 
10 Mc/s with the sound channel 
at 9.5 Mc/s and the change of

These points do not arise 
present because the only vi 
transmitter operates at 45 Me 
When the Birmingham station 
opened, however, the posit" 
may well be different. No 
nouncement of its operating 
quencies has yet been made, 
if they are much higher than 
present ones a superheterodyi

pre-detector valves pull their full 
weight as amplifiers, whereas in 
the superheterodyne the fre
quency-changer may use two 
valves and provide a gain of no 
more than one-third of that of an 
amplifier. There are no problems 
of oscillator drift or radiation 
to be solved in the straight set 
and it is free from I.F. harmonic 
feedback troubles, second-channel 
interference and I.F. pickup.

I t  is easier to achieve stability 
with the superheterodyne than 
with the straight set but there 
is no serious difficulty with the 
latter a t 45 Mc/s. The real draw
back of the straight set lies in 
achieving the required bandwidth 
combined with sufficient selec
tivity to avoid interference from 
the sound channel on 41.5 Mc/s.

frequency is then 1 part in 20. 
The separation of the two channels 
by rejector circuits is then easier.

At the present time it is just 
possible to obtain adequate sound 
channel rejection with the straight 
set. If television transmissions 
were on a higher frequency than 
45 Mc/s it would probably become 
impracticable to secure it. Thus, 
if the vision transmitter were at 
65 Mc/s with a sound channel at
61.5 Mc/s the sound channel 
rejection would have to be ob
tained for a frequency change of 
only 1 part in 122. This alone 
would almost certainly necessitate 
the adoption of the superhetero
dyne. In addition, the lower 
input resistance of valves at such 
a frequency might well render its 
use advisable.

receiver may well become almost 
a necessity.

There is a further point. If 
more than a single television 
transmission is receivable in any 
area then some form of station- 
selection mechanism becomes 
necessary. This alone almost 
forces one to the superheterodyne 
because station selection can be 
achieved with changes to at most 
three circuits, whereas in the 
straight set the tuning system 
would have to operate on at 
least nine circuits !

All this lies in the future, for 
the present Alexandra Palace 
transmissions are guaranteed for 
some years to come. For their 
reception the straight set is 
adequate and is simpler than the 
superheterodyne except, perhaps,
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when the high
est sensitivity 
is needed. The 
set described in 
this article is 
accordingly of 
this type. In 
W ir e l e s s  W o r ld  
for November 
1946, when giv-

field strengths in which ignition 
interference is not usually a 
serious problem. Accordingly no 
suppression circuits are included.

The second receiver, to be 
described later, will be of higher 
sensitivity and will be designed 
primarily for use towards the 
limits of the service area. As 
ignition interference can be very 
serious in such areas, it will 
include limiters to minimize its 
effect. I t  will be a superhetero
dyne—partly because of the 
higher sensitivity required and

A /V W W -T —' O O O O O V  F. OUTPUT

■O + H.T.,

O  -  H.T.

6J V

Fig. x. Circuit 
of the combined 
sound and 
vision receiver. 
The first two 
stages are com
mon to both 

channels.

ing some preliminary 
details of the appara
tus. it was said that it 
was intended to describe 
two different receivers 
—one of very high and 
the other of medium 
sensitivity. The present set is 
the latter and represents pro
bably the simplest satisfactory 
form of receiver. The aim in 
design has been to obtain the

Cso001 /xF
41----- OAf. OUTPUT

widest bandwidth consistent with 
adequate sound-channel rejection 
with a simple form of construction.

The set is intended mainly for 
use in areas of moderate to high
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partly to permit its ready modifica
tion for signal frequencies other
than 45 Mc/s.

The pre>ent straight set will 
meet most, but not all, presenf
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Television Receiver Construction—
requirements. As a conservative 
estimate of its capabilities it will 
be entirely satisfactory in most 
suburban areas up to io miles 
from Alexandra Palace, except 
possibly in a few blind spots, or 
where the aerial is close to a main 
road carrying heavy traffic. The

sensitivity is probably adequate 
for ranges of 15-20 miles or even 
more when the aerial is on high 
ground. Ignition interference may 
become troublesome at such 
ranges, however, and it is hoped 
to describe in a further issue 
suitable limiters which can be 
added in such cases.

The circuit diagram is given in 
Fig. 1 and it will be seen that on 
the vision side there are four R.F. 
stages, a diode detector and one 
V.F. stage. The first two R.F. 
stages are common to vision and 
sound ; the sound signal is picked 
out of the coupling between the 
second and third stages and fed 
to a further R.F. stage for sound 
only, which in turn feeds a diode 
detector.

The sound channel stops at the 
detector, for it is felt that most 
people have an existing A.F. 
amplifier or a broadcast receiver

with pickup terminals which can 
be employed. The output obtain
able is of the same order as that 
of the average magnetic pickup.

At a frequency of 45 Mc/s the 
chassis material is important, as 
also are the connections to it and 
their disposition. On account of 
its high conductivity, copper is

necessary for the chassis. Copper- 
plated steel would probably be 
satisfactory, but is usually harder 
to obtain than copper sheet. It 
is necessary to solder earth points 
on valveholders directly to the 
chassis with very short leads ; this 
is not difficult if tackled in the 
right way and will be dealt with 
later.

Referring to the circuit diagram, 
it will be seen that EF^o-type 
valves are used throughout for all 
amplifiers and that the bias 
circuits of the R.F. valves appear 
somewhat unusual. In the case of 
V4, for instance, there is a network 
R15. Cl3, R ,g and C42 in the cathode 
lead. Bias is provided by R16 and 
Rla totalling 133Q; Rle is by
passed to R F. by C12 of 0.001 jiF. 
Consequently at radio-frequency 
there is effectively the impedance 
°f R15 (33 D) and C13 (50 pF! in 
parallel in the cathode lead of the
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valve. In conjunction with the 
grid-cathode' capacitance of the 
valve, this has the effect of in
creasing the effective input resist
ance of the valve to something 
like i9k fl, and at the same time 
stabilizes the input capacitance sc 
that it changes negligibly with a 
change of grid bias.

This last point 
is important in 
the case of V, 
and V2, for with 
these the bias is 
variable by means 
of R4 to ob
tain gain control 
(contrast).

The screens and 
anodes are fed at 
the same voltage 
and have common 
decoupling com
ponents; viz., R lr 
and C16 in the 
case of V4. The 
intervalve coup
lings are effect
ively single-tuned 
circuits with their 
resonance fre
quencies staggered 
about the mid
band frequency of 
45 Mc/s in order to 
obtain the requir
ed bandwidth. 
They are double 
wound so that the 
anode and grid 
return leads can 

be taken directly to the appropri
ate valves. If a single winding 
were used with a coupling capa
citor this would not be possible, and 
it has been found that the increase 
in R.F. currents in the chassis 
materially reduces stability.

Details of the coils and the 
actual resonance frequencies are 
given later. The input is built to 
match a 70-Q coaxial cable, and 
this is necessary. The use of a 
twin-feeder will cause instability 
at full gain because it is not 
screened; a screened twin-wire 
feeder might be satisfactory, but it 
has not been tried.

The first circuit T, is damped 
by the transferred impedance of 
the feeder, the resistor R4 of 
3.3 k n  and the input resistance of 
Vj. It is tuned mainly by the 
input capacitance of Vj.

The second circuit T2 is damped 
by the resistor R , of 2.2 k Cl and

V.F. OUTPUT

A rear view of the complete receiver with the C.R. tube and both time-base units. All 
units are mounted on hinges so that access to their interiors is easily obtained.



Wireless World

the input resistance of Va. The 
capacitances effective here are 
m ainly the  output capacitance of 
V! and the input capacitance of 
Vj, but of course the wiring 
capacitance and the self-capaci
tance of the coils have quite an 
appreciable effect. Because of 
the higher capacitance the induct
ance of Ts is lower than that of T,.

The following circuits in the 
vision channel are substantially 
the same, but in T3 a single-turn 
coil is coupled to the main 
windings and is connected in 
series with T6 to form the first 
sound-channel circuit. This plays 
a dual role. In the first place it 
feeds the sound signal into the 
sound amplifier, and in the second 
it acts as a rejector of the sound 
signal in the vision amplifier.

A further rejector is provided in 
T4 and is the circuit T8 with Cn 
and is connected to a tapping on 
the secondary of T4 at one turn 
from the earthy end. No de
liberate damping is used on T4. 
A diode detector is used and direct- 
coupled to the V.F. stage through 
a double filter Lt, La of resonant 
chokes. The diode load is R19 of 
2.2 kfl with a correction choke Ls 
in series. The V.F. valve is 
biased by Raa, which is shunted by 
C19 to give a rising response at 
very high frequencies to compen

sate in some measure for the 
tailing response of the R.F. 
circuits.

Direct coupling to the cathode 
of the C.R. tube is adopted with 
a double-com
pensation circuit 
involving the 
two inductances 
L4 and Lj.

On the sound 
side there is one 
R.F. stage V, 
feeding a diode 
d e t e c t o r  V8 
through a pair 
of coupled cir
cuits which to
gether form T,.
They are loosely 
coupled and as, 
with the narrow 
bandwidth need
ed, there is no 
difficulty in ob
taining sufficient 
impedance for the required ampli
fication, io-pFcapacitorsare added 
to the circuits to reduce the L/C 
ratio and improve the selectivity.

rt will be noticed that V3, V4, 
V6 and V8 have o.ooi-nF capaci
tors connected across their heaters. 
These are not necessarily for 
stability since the amplifier is 
quite stable without them. They 
are used to prevent interaction

between the sound and vision 
channels. Without them it is 
found that the sound signal is 
carried by the heater wiring into 
the vision channel and vice versa.

Data on the coils and detailed 
photographs of the chassis show
ing the R.F. wiring—a very 
important item—are given in 
Part 8. In the meantime it may 
be said that the chassis are of No. 20 
gauge copper sheet with cross
screens of No. 26 gauge copper.

The vision channel chassis 
measures 14m by 2Jin wide by 
1 fin high, while the sound channel

A general view of the receiver unit is shown above 
and the under view, below, clearly shows the 

arrangement of the main parts.

35



T. V. AERIALS
Wireless World

The "  Belling-Lee ” view-odf ]is neat 
efficient, easy to assemble and install. 
The cross arm and reflector may be 
used as an anti-interference aerial (by 
adding “ Eliminoise ” equipment) or as 
a plain Broadcast aerial.
Supplied in kits suitable for the London 
or Birmingham T.V. frequencies, and to 
fit on chimneys, walls o r in the attic.*

C O A X I A L  P L U G S  
A N D  S O C K E T S  

F O R  T E L E V I S I O N  
A N D  C A R  R A D I O

U.K. Regd. des. 849635

Standard coaxial 
plug and socket 
L604 for dia. 
cables. One of a 

M range i n c l u d i n g  line 
coupling, through chassis, 
singlj and twin right 
angle, alo,  a modified 
version for larger dia. 

„ . . . . . .  rables, also L624 coaxial
outlet box for skirting board terminations.

*  Mease send for our illustrated booklet P335/&W  t Registered trade mark.

BELLING fc LEE LTD
CAMBRIDGE ARTERIAL ROAD, ENFIELD, MIDDX

chassis is gin long, but otherwise be of brass or copper, and is 51X
the same. The rear section, wide by i j in  deep and stands
erected on the main chassis, can 4fin above the main chassis.

Resistances
1̂» R l8 ....................... 3.3 k£2, i  W ............ Erie

R2, R8, Ri2> Rig, K-26 • • • 33 n, i  W ............. Erie
R3, R„ Ri3, Rifi, R26 ••• 100 fi,)W  ............ Erie
*4 ....................... 2 kQ, 3 W, variable, wire- Relianoe

wound. Type TW
&5> ^ 23» ^ 24* -̂ 28 100 kfl, i  W ............. Erie
•̂ 6* RlO, ^ 14> ̂ 17> *̂22» ̂ 27 220 n, i  W ............. Erie
R7, Rn, Ri 9 2.2 k£l, i  W ............ Erie
2̂0» •̂ '21 ••• 3.5 kfi, 2 W ............ Erie

r29 10 kO, i  W ............. Erie
Capacitors
O,, C3, C4, C8, C7, C10, C12, 

ClB> C22, C24
0.001 ,uF, 350 V, mica ... T.C.C. Type M

C2, Cg, Cg, C13, C23 50 pF, silvered mica T.C.C. Type CM23
C9, Cu , C1B, c27............ 0.001 ^F ............ Hunts Type Ll/2 (M.O.)
On ....................... 22 pF, silvered mica ... T.C.C. Type CM23
C17, CI8 ... 10 pF ceramic or silvered 

mica
T.C.C. Type CC30y or CM23

Cl, ....................... 500 pF, 350 V, mica ... T.C.C. Type M
C20 ....................... 16 pF, 500 V, electrolytic Dubilier Drilitic CT1650
C21 ....................... 8 pF, 500 V, electrolytic Dubiiier Drilitic BR850
C25, C26 .. . 10 pF, silvered mica ... T.C.C. Type CM23
C28, C2 # ....................... 100 pF, silvered mica ... T.C.C. Type CM23
C30
Valves

0.01 pF, 350 V, tubular 
paper

T.C.C. Type 345

Yi, V2, V„ V„ V8, V, ... — Mullard EF50
V,. Va ....................... — Mullard EA50
Miscellaneous
Coaxial cable plug Belling-Lee Type L.604/P
Coaxial cable, socket ... Belling-Lee Type L.604/S

HIGH-VOLTAGE TRANSFORMERS 
for TELEVISION EQUIPMENT

We specialize in 
the production 
of small high- 
v o lta g e  t r a n s 
fo rm e rs  of al 
types including 
small oil-filled 
components for 
use with Projec- 
t  i o n T u b e  
receivers.

Let us quote 
you for your 
in  d i v i d  ual  
requirements.

One of our many types of mountings
PRECISION • QUALITY • RELIABILITY

ALL-POWER TRANSFORMERS LTD., W im bledon, S .W .1 9 .
Telephone : LIBerty 3303.
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8—The Receiver Unit
(Continued)

AX high frequencies the use of 
high-conductivity material 

' for the chassis must be con
sidered essential. As the R.F. 
currents do not penetrate deeply 
into the material, it would be eco
nomical to use steel with copper 
or silver plating. However, it is 
simpler to use sheet copper, and 
the thickness needed is governed 
by mechanical considerations.

As shown in the photographs, 
the vision and sound chassis are 
of channel section and are bent 
from pieces of No. 20 gauge cop
per sheet. Cross screens, cut 
away to clear the valveholders, 
are fitted, and No. 26 gauge is 
adequate for these. The two 
chassis are bolted together after 
the cross screens have been 
fitted and it is, of course, neces
sary to use countersunk-head 
screws for those in the adjacent 
faces of the chassis.

The V.F. stage is carried in a 
compartment above the rear of 
the main chassis. This economizes 
in space and brings the V.F. out- 
put close to the base of the C.R.
tube. F o r  this, brass is adequate,
but there is no objection to cop
per if it is preferred.

It is essential to pay particular 
attention to obtaining very short 
direct leads, and it is especially 
important to make sound soldered 
connections to the chassis for all 
earth points.

In this view 
of the com
plete receiver 
the R.F. unit is shown tilted 
up for access to its underside. 
The focus and brightness con
trols can be seen fitted to a 
small panel which can be mounted 

in any convenient place.

are the earthy heater, one internal 
shield, grid and cathode connec
tions, while on the output side 
there are the non-earthy heater, 
screen, anode and suppressor con
nections. The second internal- 
shield connection falls immedi
ately beneath the cross screen.

This last is earthed by a short 
lead soldered to the chassis on 
the input side of the cross screen 
and the suppressor is similarly

This sketch shows the 
main dimensions of 

the chassis.

- i V -

along adjacent to the chassis for 
the live heater lead.

The earthy heater, adjacent in
ternal shield tag and centre spigot 
are all joined together on the 
valve-holder. In addition, there 
are very short leads from this 
“ internal shield” tag to chassis, 
and from the centre spigot to the 
cross-screen. This last connec
tion is important.

The screen and anode de
coupling capacitor is mounted on 
the cross screen on the output side 
and the 0.001 -juF main bias-re
sistor by-pass capacitor is held by 
the same screws on the input side. 
A small hole is drilled through 
the cross screen adjacent to the 
earthy ends of the capacitors 
and a wire passed through it is 
soldered to the two capacitors, to 
the screen and to the suppressor 
tag on the valveholder.

The H.T. side of the decoupling

The cross-screen divides the 
valveholder leads into two groups 
which fall into adjacent compart
ments. On the input side there

earthed, but on the output side. 
The earthy-heater tag is earthed
to the chassis as closely as pos
sible to it and a short lead is run

capacitor is joined directly to the 
screen tag on the valveholder and 
also supports one end of the de
coupling resistor.

The 50-pF cathode capacitors 
are supported in the wiring over 
the valveholder and soldered 
directly with the shortest leads to 
the cathode tag and the internal- 
screen tag adjacent to the 
heater. The main roo-fi bias 
resistor is soldered across the
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Television Receiver Construction—
o.ooi-/xF cathode capacitor with 
the 33-0 resistor from the un
earthed end to cathode.

It is necessary to provide some 
support for the H.T. ends of the 
220-O anode and screen de-

PATCH

Illustrating the kind of soldering- 
iron most suitable for making 
sound joints to a copper chassis.

coupling resistors. There are 
many ways of doing this. The 
one adopted is particularly neat, 
but a little troublesome because 
the supports are specially made. 
A short length of Ąin insulat
ing rod has a 2 B.A. thread run 
on it and a small hole drilled 
lengthwise down its centre. A 
tightly fitting piece of wire is 
pushed through the hole and the 
whole forms a lead-through in
sulator which is secured in a 
hole in the cross-screen by two 2 
B.A. half-nuts.

Now it will be clear from the 
above that there are a good many 
soldered connections to the chas
sis. If this job is tackled in the 
right way and with the right 
tools there is nothing difficult 
about it, but it is impossible to 
make good joints if one adopts 
an ordinary soldering technique. 
This is because of the high heat 
conductivity of copper, which 
makes it difficult to raise the tem
perature of a small piece of the 
chassis sufficiently.

The average soldering iron is 
quite useless for the job. It is 
essential to have a big heavy bit 
so that it can store an adequate 
quantity of heat; the smallest 
satisfactory bit weighs about 
Jib. It is essential to have an 
adequate contact area between 
the bit and the chassis so that the 
heat can flow rapidly from the 
" iro n ” to the chassis. A long 
tapered bit is useless. The bit

should not taper at all until it 
is close to the end, and it should 
then have a blunt, wedge-shaped 
nose. The whole flat end of one 
side of the wedge can then be 
placed in contact with the chas
sis.

The sort of bit that is satisfac
tory, and the simplest way of 
soldering the leads to the chassis 
are shown in the sketch. A small  
area is scraped quite clean, say, 
with the end of a screwdriver, and 
a piece of rosin-core solder about 
Jin long is placed on the clean 
patch. The iron must be clean 
and really hot. It is placed on 
top of the solder, which it melts 
almost instantly, and pressed 
against the chassis. After some 
5-10 seconds the copper chassis 
will locally be hot enough, and 
a slight rub of the iron will make 
the solder take. The previously 
tinned lead is then slipped under 
the nose of the iron and held per
fectly still while the iron is re
moved and the solder cools.

All this sounds rather difficult, 
but it is not, and a little practice

will enable sound joints to be 
made with ease. It is worth tak
ing a little trouble to acquire the 
knack, for bad joints will be a 
perpetual source of trouble. It 
will probably be hard to obtain 
an electric iron with the right 
shape of bit for the job, and it 
is best to use a plain one heated 
by a bunsen burner or a blow
lamp.

The photographs which illus
trate this article show the details 
of the wiring where they are im
portant. They are substantially 
the same in all compartments, 
there being only minor differences 
brought about by the trap cir
cuits.

The coils themselves are un
screened since in view of the low 
stage gains they are far enough 
apart for magnetic coupling to be 
small and the cross partitions pro
vide screening for the electric 
fields. They are double wound, 
not to provide a band-pass effect, 
for this is obtained by stagger 
tuning, but to save coupling 
capacitors and to provide separate

0  B .A . BRASS SLUG 

I LONG

V  DIA. PAXOLIN TUBE

THREAD GUIDE FOR SLUG

PAXOLIN STRIP 
I V s 'x  X 'll

6  B.A.
\  

b r a s s  s l u g

These drawings show the details of the R.F. coil construction. Winding 
data is given elsewhere.
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These three photographs show in detail the arrangement and wiring 
T2 coupling Vi (right) to V2 (left), while the right- and left-hand

different angles.

of the R.F. stages. The centre one shows 
pictures show the same compartment from

earth return circuits for the anode 
and grid circuits of adjacent 
valves. This helps considerably 
in obtaining stability at high fre
quencies.

Drawings of the coil details are 
given. They are wound on a f-in 
outside diameter fyin wall Paxo- 
lin tube and fitted with o B.A. 
brass slugs for tuning. An in
ternal “ thread” is provided by 
the simple expedient of cutting 
away two segments of the wall of 
the tube and winding this with 
thick thread ; this should be done 
with the slug in place.

Thin wire is used for all the 
vision-channel coils, since losses 
are unimportant as the circuits 
must be heavily damped to obtain 
the bandwidth. The effect of coil 
losses is, therefore only to modify 
the damping resistors needed.

This does not apply to circuits 
operative on the sound channel, 
either in the sound amplifier or 
as rejectors. Heavier wire is used 
here, but in spite of the higher 
losses as compared with copper, 
brass slugs are retained in the in
terests of uniformity. Copper 
slugs are better in theory, but the 
difference is not enormous and 
o B.A. copper rod is not easy to 
obtain.

Two forms of coil mounting are 
used. As can be seen from the

photographs the sound-channel 
coils, the rejector and one vision- 
channel coil are mounted in the 
usual way by a 6 B.A. screw 
through the chassis into a short 
metal rod passing through holes 
in the side of the former.

The other coils are mounted by 
a Paxolin plate which has two 
holes tapped 4 B.A. for fixing 
screws and a hole fitting tightly 
on the outside of the coil former 
The former is pushed into this 
hole and flooded with shellac.

Details of the detector filter and the various correction coils are given
here.
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Television Receiver Construction-
Winding details of all coils, in

cluding the V.F. correction coils, 
are given in the Table. They are 
not difficult to make, but are 
somewhat tedious because there 
are rather a lot of them.

The R.F. coil formers are nearly 
all alike, and the labour is re
duced by carrying out similar 
operations on all coils in turn 
rather than completing each one 
individually. The best procedure 
is to cut all the formers to length, 
remove burrs from the ends, mark 
off the positions of the slots for

This close-up of T3 clearly shows 
the coupling loop to the sound 
channel. It is formed in the 

wiring.

the thread holding the slugs, and 
then cut the slots with a minia
ture hacksaw. If the former is 
then slipped on a piece of iin 
brass rod, the segments are easily 
removed with a sharp, narrow- 
bladed chisel.

A few formers have holes for 
fixing bars, and these can now be 
drilled. The solder tags should 
be attached next. A small V- 
groove should be put in the for
mer where each tag is wanted 
with a small triangular file. The

COIL WINDING DATA

Note.— In  all multi-winding assemblies, all windings are in the same direction, 
and grid windings are overwound on anode windings with one turn 0/ shellacked 
paper between for insulation ; adjacent ends are grid and anode on the one 
hand and earth and 4-H .T . on the other.

Com Wire Winding Winding
ponent (S.W.G.) 1—2 3—4

(turns) (turns)
Tr 36 D.S.C. 2* 15

t2 36 D.S.C. 11 11
t3 36 D.S.C. 10 10

t 4 36 D.S.C. 9 9

t6 36 D.S.C. 13 13
T„ 26 D.S.C. 12 _

T7 (a) 26 D.S.C. 13 _
T, (b) 26 D.S.C. 12 _

t8 26 D.S.C. 10 _
u. t2 36 enam 84 _

h3 38 enam 108 _
L4 38 enam 90 —
h 40 enam 142 —

tags are short lengths of tinned 
copper wire, about No. 20 gauge. 
In most cases the tags are in pairs 
opposite one another. The two 
tags of a pair should be placed 
in their grooves and held in place 
by a tight binding of thin thread. 
The whole former should then be 
given a coating of shellac var
nish.

When dry, the slugs should be 
fitted. These are iin lengths of 
o B.A. brass rod with a saw-cut

Resonant
Freq’cy Remarks
(Mc/s.)

43 Winding I—2 is interwound 
with 3—4 at earthy end with
out interwinding insulation.

43
41.5 Sound coupling coil of 1 turn

inserted in wiring; to be 
disconnected while adjusting
^3-

47 Winding 3—4 is tapped for 
connection (5) at 1 turn 
from (4).

46
41.5
41.5
41.5
41.5

across one end. The slug should 
be put into the former and then 
thick thread should be wound into 
its thread, through the slots cut 
in the walls of the former, and 
tied tightly. This will be found 
to provide quite a good screw 
thread and is sufficiently robust 
for the purpose. Unless the ends 
of the slugs are tapered slightly 
and smoothed, it is not recom
mended that a slug be removed 
completely after it is fitted. The

EF 50 MW 22-7
A =  ANODE

G -  GRID

C =  CATHODE

H -  H EATER

S =  IN TER NA L SHIELD
M  =  M E T A L L IZ IN G

OR INTER NA L SH IELD

For convenience the base connections of the valves used are given here, 
in all cases looking at the underside of the valveholder.
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reinsertion of a slug with any 
roughness on the end is likely to 
cut the thread.

Winding is easy. The turns are 
given in the Table, and they are 
spaced by eye so that the full coil 
fills the winding space available, 
starting and finishing about one 
turn spacing from the tags. After 
putting on one winding, the coil 
is given a light coating of shellac, 
and when it is in the tacky stage 
one turn of thin, previously shel
lacked, paper is put over it. This 
forms the interwinding insulation 
and is held firmly in place by the 
outer winding which is the same 
as the inner in most cases. A 
second light coat of shellac com
pletes the coil.

In T, the feeder-coupling coil 
needs no special insulation, and is 
interwound with the grid coil at 
its earthy end. The end of the 
2J-turn coil is held down by tying 
it with thread. On the outer 
winding of T4 there is a tapping 
one turn from the earthy end of 
the outer winding. This is not 
terminated on the former but is 
run straight to Ts.

In all cases the inner winding 
is the anode one and the outer the 
grid one. It should be noted that 
the coupling coil in series with Tf 
is a single turn over the middle of 
T, done in the wiring by looping 
the connection around the coil.

BRACKET FOR 
VALVEHOLDER 

OF V8

The V.F. side of the set is shown here. A vertical screen separates the 
detector;'chokes Li, L2, L3 from the output V.F. components.

It must be emphasized that as 
the valve and other stray capaci
tances are relied upon entirely for 
tuning, the inductances needed in 
the coils depend on these capaci-

A general view of the underside of the sound and vision channels.

tances. Anything but minor 
variations in wiring, or the use of 
valveholders of widely different 
pattern will alter the capaci
tances and so the inductances 
required. The slug adjustments 
are provided mainly to correct for 
unavoidable changes of this kind, 
but the range of adjustment ob
tainable in this way is not very 
large. It is possible that in a few 
cases some adjustment to the 
turns may be needed. The two 
coils of T, are covered with a 
copper screening box 2 in by 1 in 
by i j  in deep with holes for access 
to the slugs. The coils themselves 
are spaced fin  between.centres.

A signal generator or calibrated 
test oscillator is needed for align
ment. The cathode-ray tube can 
be used as an output meter, even 
with an unmodulated oscillator, 
for with the D.C. couplings used 
the brightness depends on the 
D.C. output of the detector. The 
Brightness Control should be 
kept so adjusted that the bril
liance is low and the signal- 
generator output kept at a suit
able level.

The signal generator should 
have its output cable terminated 
in the proper resistance to suit it
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. . . precision moulded 

Rubber Products and 

Bonded Rubber to M etal 

parts fo r  the Television, 

Radio, Electrical and 

Allied Industries.

★
Consult

Long & Hambly
LIMITED w

Empire Works, Slater Street,
High Wycombe, Bucks.

Telephone: High Wycombe 0321 
Telegrams: Longhamb, High Wycombe

Television Receiver Construction—
and the signal from it applied be
tween the grid of V4 and chassis. 
T, is then tuned for maximum 
output with an input of 46 Mc/s.

1 hen connect the signal genera
tor between the grid of V3 and 
chassis, and tune T4 for maximum 
output at 47 Mc/s. Then adjust 
Tg for minimum output at 41.5 
Mc/s; this trimmer should be 
critical. Readjust T„ at 47 Mc/s 
and then T8 at 41.5 Mc/s.

Transfer the signal generator to 
the grid of V2 and chassis; discon
nect the coupling coil on Ts from 
T„ and adjust T3 for maximum

output at 41.5 Mc/s. Reconnect 
the coupling coil and adjust Tt 
for minimum output at 41.5 
Me /s.

Then go to the grid of V, and 
adjust T, for maximum output at 
43 Me / s, and finally connect to 
the aerial socket and adjust T, 
for maximum output at 43 Me / s. 
Leaving the signal generator con 
nected, adjust T. (a) and (b) for 
maximum output from the sound 
channel with an input at 41.5 
Mc/s. A pair of phones can be 
connected from the sound output 
tag or an A.F. amplifier and loud
speaker can be used.

T E L E V I S I O N  
/or T R A N S F O R M E R S

Here is a new E.H.T. Transformer utilising new 
ideas and a new impregnating material.

•  It will give 4,000 volts at 5 m.a. o r approxi
mately 5,500 volts D.C. from normal A.C. 
mains.

•  In spite of its small dimensions it successfully 
stands testing at twice voltage and frequency.

•  Normally made for 230 volts A.C. input.

•  Voltage adjustment may be made by tapping 
across the taps of main transformer.

•  Filament supply for rectifier and C.R.T. in
cluded where required and insulated 10 K.V.

The unit measures ... 
and weighs...

3£"x4|"x3i" high 
2 I  lbs.

Price 50 -
line TRANSFORMER suitable for Wireless World 
Television Receiver. Price 35/-

T.l. Transformer. Input I0-0-200-22O-240V.
Output 500 0-500V. 250M.A. 4V 5A. 6.3V 8A.

Price 59/6 
L.l. Choke. 20H. 250M.A. 185 ohms.

Frice 35/-

VORTEXION, LTD.
2 57 -2 61  The Broadway, Wimbledon, 

London, S.W.19
Telephones : LI Berty 2814 & 6242-3 

Telegrams: "Vortexion, Wimble, London”
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9—Power Unit:
Some General Notes

THE power requirements of 
a television set are con
siderable and the power 

unit is consequently much more 
massive than that of a sound re
ceiver. All the L.T. can be sup
plied by a single 6.3-V, 8-A wind
ing, but it should be noted that if 
a different cathode-ray tube is used 
an extra winding for it may be 
needed. Some tubes have 2-V 
heaters and some again have a 
heater-cathode voltage rating 
which does not permit the appli
cation of the signal to the 
cathode. In some cases, there
fore, it will be necessary to have 
an extra winding on the trans
former for the tube heater.

For H.T. a supply of some 
250 mA at 500 V is needed. Be
cause of the widespread use of 
electrolytic capacitors in various 
parts, of the equipment the output 
voltage must not be allowed to 
rise above 500 V at any time. As 
all valves are indirectly-heated 
types the load on the H.T. supply 
is negligible until they have 
warmed up and with a directly- 
heated rectifier the initial voltage 
would rise to about 700 V. An 
indirectly - heated rectifier (or a 
time-delay switch) is therefore 
essential, but such rectifiers with 
a 250-mA rating are uncommon. 
Cossor list one—the 45IU—and 
this has been used successfully in 
the equipment. The circuit of 
Fig. 1, however, shows two 
120-mA rectifiers as these are 
more usual and probably more 
generally obtainable.

T h e  reservoir 
capacitance C, is 
4 /iF and of at 
least 750-V work- 
ing . Actually, 
two 2-,uF  capaci
tors of 900-V rat
ing. were used 
since they were 
more r e a d i ly  
available than a 
single 4-/<F unit. 
The main smooth
ing capacitor C, 

is of 32/uF, rated at 500 V.
The choke Lj has an inductance 

of 20 H at 250 mA and must be 
of low D.C. resistance ; the com
ponent used has a resistance of 
183 0 . The full voltage after the 
choke, 480 V, is taken to +H.T.I.

strands of No. 36 gauge wire) is 
about right. If such heavy flex 
cannot be obtained it may be 
simulated by paralleling, say, five 
lengths of ordinary lighting flex.

Little need be said about the 
construction, for this is quite 
straightforward, and the layout is 
governed mainly by the desir
ability of keeping capacitors well 
away from hot parts like the 
valves and the resistor. Steel is 
an obvious choice for the chassis 
in view of the heavy components. 
However, it is not very readily 
obtainable and is not easy to 
bend, so the experiment was tried 
of using No. 16 gauge aluminium 
sheet. This resulted in a surpris
ingly stiff chassis, largely because 
of the stiffening effect produced

and is dropped to about 300 V in 
to provide the output+H.T.3. 

The power loss in R t is about 
15 W and a component of 20 W 
rating is used. As it gets quite 
hot it should be mounted above 
the chassis in a position permit
ting free air circulation.

Very heavy flex leads must be 
used for the heater connections 
between the power unit and the 
equipment; 120/36 (i.e., 120

43

by the transformers and choke, 
and this material has proved quite 
satisfactory.

Details of the whole television 
set have now been given, but 
before concluding it will be as 
well to deal with a number of 
points which have not been fully 
treated.

First of all, the aerial and 
feeder should have some mention. 
It will be clear from Parts 7 and 8
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that the receiver is designed for 
use with a 70-Cl coaxial feeder and 
this must be regarded as essential 
if the set is to be used at any
where near full gain. With a twin 
unscreened feeder the set will be
come unstable near full gain 
through feedback introduced by 
stray coupling to the feeder.

A twin-feeder would, of course, 
be quite wrong with this set in 
any case because the input circuit 
is not designed for it and it would 
operate in a completely un
balanced condition. Nevertheless, 
it can be used in areas of very 
high field strength where nothing 
like full gain is needed.

In such areas but little in the 
way of an aerial is necessary so 
far as signal pick-up is concerned 
and one can take very great 
liberties with aerial and feeder. 
An indoor aerial is then often 
satisfactory, but in the writer’s ex
perience it is most unsatisfactory 
to have an aerial in any living 
room. Although adequate signal 
pick-up may be obtained, it is 
found that the signal varies 
enormously as one moves about 
the room. Moving only a few feet 
near the aerial may so alter the 
signal that the picture changes 
from overload to black-out.

Any indoor aerial must thus be
come a loft aerial so that it can 
be well away from anything 
movable. A proper feeder is then 
necessary. As an indication of 
what is possible in an area of high

field strength, the writer has used 
the set at some three miles from 
Alexandra Palace. With the set 
in an upstairs room and a simple 
half-wave centre-fed dipole hung 
by one end from the gutter and 
about 20ft of twin unscreened 
cable for the feeder, quite satis
factory results were obtained.

Under view of the chassis which

The aerial was inefficient, for it 
hung only six inches from a wall 
on the side of the house remote 
from the transmitter, and the 
feeder was quite unbalanced at 
one end. Nevertheless, the signal 
pick-up was quite adequate.

At greater distances, of course, 
much more attention to the aerial

is necessary, but over a radius of 
five miles from the transmitter it 
will rarely be necessary to use 
more than a simple half-wave 
dipole. At greater distances the 
addition of a reflector may be
come advisable, and this is 
especially the case where recep
tion is subject to interference.

measures 14 in by 9 in by i f  in.

If ghost images are obtained 
they will almost invariably be 
caused by multi-path propagation 
between the transmitter and re
ceiver. Ghosts can be caused by 
defects in the receiver and/or 
feeder, but are very unlikely in 
this equipment and with a feeder 
less than 100ft in length. It will 
usually be found, therefore, that 
the remedy for a ghost image is 
to position the aerial so that it is 
responsive mainly to the signal 
travelling over one path only.

This is not always possible, but 
it is often found that the move
ment of the aerial by only a few 
feet does have a very big effect. 
The use of a reflector is also very 
helpful, since the aerial can be 
rotated so that its minimum re
sponse falls along the path pro
viding the ghost signal.

This is often the best way of 
dealing with other forms of inter
ference which may be en
countered. Diathermy apparatus, 
which produces a pattern, some
thing like watered silk, across part 
of the picture, can often be dealt 
with by rotating the aerial so that 
its null falls on the interference.

No serious interference prob
lems are likely to be encounteredGeneral view of the power unit showing the arrangement of the parts.
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Television Receiver Construction—
with this receiver for it is of only 
moderate sensitivity and intended 
only for use in areas of medium 
and high field strength. Inter
ference naturally becomes most 
troublesome in areas of low field 
strength and the use of special 
suppression circuits then becomes 
desirable. As has already been 
stated, a further receiver unit in
corporating such suppressors and 
intended primarily for areas of 
low field strength is to be de
scribed in a future issue of 
W ir e le s s  W o r l d .

Some mention should be made 
of the Contrast Control on the re
ceiver unit. This is the R.F. gain 
control, varying the bias on the 
first two R.F. stages. Some sur
prise may have been felt in read
ing Parts 7 and 8 to see that it is 
a pre-set control. In the writer’s 
experience this is all that is 
needed, for the day-to-day varia
tions are usually not in signal 
strength so much as in studio 
lighting and the ambient lighting

of the viewing room, and these 
are best corrected by the Bright
ness Control.

However, in a few cases where 
the signal itself varies, it may be 
desirable to have Contrast as a 
panel control and the resistance 
is so mounted on the chassis that 
this can be readily arranged with 
either a simple bevel-gear drive 
or a system of cords and pulleys.

LIST OF PARTS.
C,, 4 p.F, 750 V working (2x2 /j.F, 

900 V used) Dubilier Nitrogol. 
C2, 32 /U.F, electrolytic, 500 V work

ing. Dubilier Type CT.
L,, Smoothing Choke, 20 H, 250 

mA, 185 H. Partridge 4204 B. 
R,, Vitreous resistor r.5 kfi, 20 W. 

Welwyn.
T,, Mains transformer: Primary,

10-0-200-220-240 V. Secondaries, 
500-0-500 V, 250 mA. 4 V, 5 A; 
6.3 V, 8 A. Partridge 4204 A.

V,, V2, Indirectly heated 500 V, 120 
mA rectifiers, Osram MU 12/14, 
Mullard IW 4/500, or equiva
lent, or one 500 V, 250 mA, recti
fier, Cossor 45 IU.

PARTRIDGE have SPECIALISED 
in TELEVISION TRANSFORMERS and 
CHOKES for over 10 years and can
manufacture to your own specification

A p r ic e  l is t  o f  

co m p o n e n ts  a v a i l 

a b le  f ro m  s to ck  

w i l l  be s e n t fre e  

on re q u e s t

PARIMDGE
TRANSFORMERS LTD

ROEBUCK ROAD, T0LW0RTH, SURREY.
Telephone : ELMBRIDGE 6737-8

BE GUIDED
by the

EXPERTS
use

RELIANCE
V \A A A A A /N |(V V V \A A A /

POTENTIOMETERS

Sound design, consistent accuracy and 
unfailing long life service prompted the 
designers to specify “ Reliance ” in the 
units described in

T E L E V I S I O N  
R E C E I V E R  C O N S T R U C T I O N

--------------- as fo llo w s  ----------------
FRAME TIME BASE AND SYNC 

SEPARATOR
2 MQ linear.................................Type S.G.
2 k n  linear .................................TypeT.W.
LINE TIME-BASE AND E.H T. SUPPLY
10 kn 3W. linear ...................Type T.W.
2 MQ linear ........................... Type S.G..
I kn 3W. linear ...................Type T.W.

C.R.T. MOUNT NG
l.ooon 5W..................................TypeT.W

lO O nk ...................................  Type S.G..
RECEIVER UNIT 

2 kn 3W................................... TypeT.W.

Illustrated is the Reliance T.W. and S.G. types 
Other types are available covering the range 
and ratings below :
Resistance . . 10 ohms to 500,000 ohms. 
Rating . . . . 3 watts to 20 watts. 
Characteristics . linear, log., semi log., inverse 

log., non inductive, etc.

F u ll d e ta ils  f r o m

RELIANCE
Manufacturing Co. (Southwark) Ltd., 

Sutherland Road, Highant H ill, 
Walthamstow, E.17

Telephone : Larkswood 3245.
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10—Operating Notes and Conclusion

DETAILS of all units com
prising the television re
ceiver have now been 

given, including those of the 
framework which carries them and 
links them with the C.R. tube, 
deflector and focus coils into a 
complete receiver. To conclude 
the description it remains only to 
describe the operation of the set 
as a whole and to deal with a few 
points which have arisen out of 
enquiries made by readers.

Of these last probably the com
monest relates to the use of 
cathode-ray tubes other than the 
Mullard MW22-7. Some notes on 
this were given in Part 6, but 
there is a demand for some ampli
fication of them. The MW22-7 
has a tetrode gun and the heater 
is rated for 6.3 V and is run from 
the same heater winding as the 
other valves. The heater is thus 
earthed and as the V.F. signal is 
fed to the cathode of the tube the 
cathode is considerably positive 
with respect to the heater. Most 
other tubes have a triode gun. 
This occasions no difficulty, for it

heavy leads for the heater con
nections to a low-voltage tube, 
since much less voltage drop in 
the leads is permissible. The 
MW22-7, for instance, takes 0.6 A 
at 6.3 V, and if a drop of 5 per 
cent in heater voltage is permis
sible, a resistance of 0.525 fl can 
be allowed in the wiring; A 2-V 
tube may take 2 A heater current 
and the resistance for the same 
percentage drop must be no more 
than 0.05 O. The conductors used 
in the heater connections all the 
way back to the transformer must 
be of ten times the cross-sectional 
area in the case of these low- 
voltage tubes.

The next point arises out of the 
permissible heater-cathode voltage 
rating of the tube. With the con
nections given in the earlier de
scription the heater-cathode voltage 

has a maximum 
of about 130 V. 
Some tubes are 
not rated for as 
much as this. 
When this is so, 
cathode feed can

^ + H .T . |

J47kf l
JW

TO V.F. OUTPUT 
OF

Fig .I PART 7

Fig. 1. Circuit diagram oi anode-follower phase reverser for use with a 
C.R. tube having heater and cathode joined internally.

leads merely to the omission of a 
connection between +H.T.2 and 
a tube electrode. Most other tubes 
have a heater rated for a voltage 
other than 6.3 V, usually 2 V. 
This again causes no difficulty for 
it can be met by providing an 
appropriately rated winding on 
the mains transformer.

It should be pointed out, how
ever, that it is necessary to use

be retained by the simple expe
dient of providing a separate 
heater winding on the mains trans
former and connecting it to the 
tube heater only and to nothing 
else. As such tubes are usually 
rated for a voltage other than 
6.3 V the separate winding is 
needed in any case. The float
ing-heater circuit is a simple way 
out of the difficulty and in no

case in which the writer has tried 
it has it led to any undesirable 
effects.

There are a few tubes, notably 
pre-war ones, in which heater and 
cathode are joined internally. 
With these it is necessary to feed 
the signal to the grid. This 
entails the use of a phase-reversing 
stage and, of course, there must 
be a separate heater winding for 
the tube.

The phase-reverser, shown in 
Fig. 1, is an anode follower giving 
phase reversal and a gain of about 
unity. The direct connection to 
the grid of the tube is reasonably 
safe because of the use of the 
potential-divider output which 
limits the amount by which the 
grid can be carried positive in the 
event of a valve failure.

With this arrangement R23 R2< 
and C21 of Fig. 1, Part 7, are no 
longer necessary, but their reten
tion does no harm If they are 
omitted L, must be joined directly 
to the anode of Ve.

The "V.F. Output" socket is, of 
course, connected as usual through 
C; of Fig. 1, Part 6, to the frame 
time-base “ Sync" socket.

Some alteration is needed to the 
wiring of the Brightness control. 
The leads to the two ends of R4, 
Fig. 1, Part 6, must be reversed, 
and its slider and Cs must be 
taken to the cathode of the tube 
instead of to the grid. Resistor 
R, should be joined from grid to 
— H.T. instead of from cathode to 
+ H.T.2.

These modified connections for 
a tube having heater and cathode 
joined internally can be used, of 
course, with any tube, but when 
heater and cathode are not joined 
it is much simpler to adopt 
cathode feed.

When all units are completed 
and connected together the time 
comes to receive a picture. If it 
is at all possible the individual 
units should be tested indepen
dently to make sure that there is 
nothing seriously wrong with any 
one. If the whole equipment is 
put into operation at once in an 
untried form the location of any 
fault may prove quite trouble
some.
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Television Receiver Construction—
Start off with Brightness, Con

trast and Picture Width turned 
right down (fully anti-clockwise) ; 
switch on and give the valves time 
to warm up. Turn up Picture 
Width gently until the time base 
is heard to sing quietly. Turn up 
the Brightness until the raster just 
appears. Now adjust Height and 
Width so that it is roughly of the 
right size and Focus for maximum 
line sharpness.

Adjustments
It is assumed that the receiver 

has previously been aligned with 
a signal generator, so the signal 
should appear when Contrast is 
turned up. It will probably be a 
confused jumble of black and 
white marks. Adjust Line Hold 
so that the line time base locks 
in. A recognizable picture should 
now be found but probably mov
ing more or less rapidly vertically. 
Also the “ singing” of the line- 
scan transformer will change from 
a rough and ragged note to a clean 
one of lower intensity and prob
ably higher pitch.

Incidentally, this note sounds 
very like an inter-station hetero
dyne whistle and it is extremely 
difficult to make it completely in
audible. I t comes from the mech
anical vibration of the line-scan 
transformer and can be reduced 
by putting the transformer into a 
heavy box packed with sound- 
absorbent material. Care must be 
taken to preserve insulation, how
ever. The whistle is. of course, 
greatly reduced when the equip
ment is housed in a cabinet and 
these remarks about its audibility 
apply to the use of the set without 
a cabinet.

The next step is to adjust 
Frame Hold and the picture 
should then lock in and be seen 
as a complete steady picture. 
Now adjust Height, Width and 
Line Linearity for the proper pic
ture size and for an even horizon
tal scan. Focus will probably 
need readjustment from time to 
time during this process.

When approximately right, 
thrn down Contrast and adjust 
Brightness so that the raster is 
just not visible. Turn up Con
trast so that the picture appears. 
It will now be found that the 
frame fly-back lines show in dark 
parts of the picture; therefore, 
turn down Brightness until they 
just disappear. Contrast must 
then be increased somewhat and 
Brightness turned down a little 
more. This is continued until the 
best picture is secured. Some 
Focus adjustment may be needed 
during this process.

If Contrast is not advanced far 
enough a clean picture will be 
obtained but it will be " th in ” 
and either it will be very dim or 
the frame fly-back lines will show. 
If it is advanced too far the pic
ture will become what is often 
termed "soot and whitewash.” 
The scanning spot will defocus on 
whites and there will be no detail 
in the blacks.

Once the correct setting of Con
trast is found, this control will 
rarely need readjustment, for the 
day-to-day variations are best 
controlled by Brightness. Having 
found it, final adjustments to 
Height Width, Linearity and 
Focus can be made.

Normally, Focus and Bright
ness are the only panel controls. 
The former because occasional

readjustment during a programme 
may be necessary to compensate 
for the change of resistance of the 
focus coil as it warms up and the 
latter since it is advisable to black 
out the picture before switching 
off.

The focus drift is normally 
small and it is less with a C.R. 
tube having a tetrode gun than 
with one having a triode gun, 
since the latter usually needs a 
heavier focus current.

In normal operation the proper 
procedure is to see that the 
Brightness is right down, switch 
on and allow a couple of minutes 
for the valves to warm up. Then 
turn up Brightness to the required 
level. At the end of a programme, 
turn Brightness right down and 
switch off.

Before concluding, it may be as 
well to make some mention of the 
effect of mains voltage variations, 
since these can be sufficient nowa
days appreciably to affect the per
formance. I t is quite common for 
a nominally 240 V supply to be 
anything from 220 V to 260 V and 
at periods of heavy load it may 
well fall below 220 V. The most 
noticeable effect of a change of 
mains voltage will be on picture 
width and with any serious drop 
in voltage it mav not be possible 
to obtain the full width.

It is inadvisable to alter the 
tapping on the mains transformer 
to correct for the drop, unless a 
voltmeter is used to keep a check 
on the voltage, since it can result 
in the valves being over-run when 
the voltage rises. Unless a volt
age-regulating transformer is 
fitted, the best thing is to adjust 
the transformer tap for the aver
age voltage.

Other sizes available: for 6' C.R. tube (overall 'lens 
dimensions. 9 'x 7 £") 27/6 plus lOd. packing and post; 
for 12' C.R. tube (overall lens dimensions, 15'x 12') 
99/6 plus 2/6 packing and post.

SEE YOUR "WIRELESS W ORLD" TELEVISION

Us I  at ye as l ife /"
with the MAXWELL m agnifying lens. Overall 
dim ensions 1 4 'x n l"  to adequately cover the 9”
C.R. tube o f  the “ W .W.” T elevision  Receiver.

★  SIMPLE FOUR POINT FIXING
★  POSITIVELY NO DISTORTION
★  UNBREAKABLE

CASH W I T H  ORDER — IM M E D IA T E  D E L IV E R Y  

TRADE ENQUIRIES INVITED
M axw ells, 112, H am pstead R oad, London, N .W .i T e l .: EUS. 4583
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Answers to
B u ild e r s

SINCE the description of the 
Wireless World Television 
Receiver constructors have 

raised a number of queries about 
minor difficulties which they have 
encountered and modifications to 
the design which they propose to 
make. There are surprisingly few 
such difficulties and none of com
mon occurrence, but for the con
venience of builders some of the 
more important points raised are 
listed below: —

Synchronizing  
Line Scan .—Picture locks in, but 

a vertical black bar appears near 
the right-hand edge with what 
should be the left-hand side of the 
picture on its right. The cause is 
inadequate sync pulse amplitude on 
V,, Fig. i, Sect. 5. Check the wave
form at the " Line Sync” terminal; 
it should agree with Fig. 3 (a), Sect.
4, and be of 80-V amplitude. If it 
is too small, check V,, Fig. 1. Sect.
4, but in this case the frame sync 
will probably be affected also. If 
the amplitude is sufficient, check 
C„ Fig. 1, Sect. 5. Occasionally an 
increase of C, to 30 pF is desirable. 

Fram e Scan 
(a) P ic tu re  Cut-Off a t  T o p .— 

There may be also a horizontal 
bright line across the top of the pic
ture. The usual cause is a leaky 
coupling capacitor C,, Fig. 1, Sect. 4.

(b) P ic tu re  C ram ped a t B o ttom . 
—This is usually due to a faulty 
valve V4 or resistor (high) R,,, Fig.
1, Sect. 4, but can also be caused 
by low capacitance in C», C„.

(C) P ic tu re  D isplaced U pw ards.— 
When this is too much to be cor
rected by adjusting the focus coil, 
the cause is excessive leakage in the 
electrolytic capacitors C8, Cs, Fig. 
r, Sect. 4.

Line Scan 
(a) V ertical B rig h t L ine on Left 

of P ic tu re .—The line is usually 
about one inch from the left-hand 
edge of the picture and indicates 
a scanning waveform like that of 
curve C, Fig. 3 (a), Sect. 5. It is 
caused by inadequate damping of 
the deflector circuit. Check C„, 
Fig. 1, Sect. 5. Check that the line- 
scan output transformer laminations 
are not less than 0.02m thick. The 
grade of iron also has an effect, and 
an extra damping resistor should be 
tried across the transformer second-

Some
’ Q u e r ie s
ary. Adjustments should initially 
be carried out with a picture not 
wider than 6in, since it is impossible 
to avoid the bright line if V3 is 
driven too heavily.

(b) L eft-H and  Side of P ic tu re  
Folded O ver.—This is the opposite 
of (a) and indicates a wave form like 
curve B, Fig. 3 (a). Sect. 5. It is 
caused by excessive damping of the 
deflector circuit. Check C,, Fig r. 
Sect. 5. Check that the transformer 
laminations are not much greater 
than o.o2in thick and that an un
suitable grade of iron has not been 
used.

(c) P ic tu re  W id th  Insufficient.—
If the maximum width is about 6in. 
check V2 and V3, Fig. 1, Sect. 5. A 
few short-circuited turns on primary 
or secondary of the line-scan trans
former, or in the line deflector coils, 
may be responsible. If the maxi
mum width is 2-3in only, a short- 
circuit between layers in the trans
former is the probable cause.

(d) Blue Glow in Line-Scan O u t
p u t V alve.—This is normal and 
indicates no defect. It does not 
indicate a soft valve. The glow in 
a soft valve is purple rather than 
blue.

Receiver
(a) In sen sitiv ity  and N egative 

P ic tu re .—At normal Contrast Con
trol setting no picture is evident 
but the raster synchronizes nor
mally. When Contrast is turned 
up considerably a negative picture 
is obtained with erratic synchron
izing. The trouble is a faulty diode 
V5, Fig. I ,  Sect. 7.

(b) In s ta b ility .—As in any R.F. 
amplifier this occurs if stray coup
lings are excessive and the usual 
remedies are applicable. It is 
necessary for the aerial feeder to be 
of the coaxial type, or for the last 
ten feet or so near the set of a twin- 
wire feeder to be screened. The 
cross-screens in the chassis should 
be carried down to the chassis as 
closely as possible with cut-outs to 
clear the valveholders. Great care 
must be taken to ensure that all 
chassis connections are good.

M odifications
(a) Use of 12in T u b e.—In gen

eral, this entails no changes. The 
usual tube is proportionately longer 
than the 9-in type so that the de
flection angle is the same, and if 
E.H.T. is unchanged the scan cur
rent needed is not altered. Because
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the picture is bigger it will not be 
so bright, but will be adequately so 
for most purposes. It is not prac
ticable to increase E.H.T. without 
extensive re-design, because the 
use of a higher voltage would 
necessitate more scan-current.

< b) Use of A lterna tive  Deflector 
Coils.—This is not recommended if 
E.H.T. is taken from the fly-back. 
The design of deflector coils, line- 
scan transformer, line time base and 
E.H.T. supply are closely inter
related and changes in one part may 
involve extensive re-design. If an 
alternative E.H.T. supply is used it 
becomes much easier to use a dif
ferent scanning coil, but the trans
former must always be chosen to 
suit the coil. Even then the change 
is not one recommended to the in
experienced.

(c) Use of A lterna tive  E .H .T . 
S upply .—There is no objection to 
this, and the only change needed is 
the omission of R,,, Rlr, C„, C,„, 
Cu, W,, Ws, in Fig. 1, Sect. 5. The 
alternative supply should not ex
ceed 5.5 kV, otherwise there will be 
difficulty in obtaining a wide 
enough picture.

(d) Changes for B irm ingham  
S ta tio n .—The transmissions from 
Birmingham will be identical with 
the London ones save for the use 
of single-sideband transmission in 
the vision channel and for the 
vision and sound carrier frequencies 
of 61.75 Mc/s and 58.25 Mc/s _ re
spectively. Except for the receiver 
unit, Parts 7 and 8, all the appara
tus described will be suitable for 
the Birmingham transmissions.

The simple expedient of reducing 
the turns on the coils so that they 
resonate at the new frequencies is 
not likely to be a sufficient change 
to the receiver. Because of the 
adoption of single-sideband trans
mission and because of the lower 
input impedance of the valves at 
the higher frequencies, changes in 
the damping resistors and the align
ment technique are also required. 
The chief practical difficulty un
doubtedly lies in securing adequate 
sound-channel rejection, and it is 
almost certain that a greater num
ber of, and more efficient, trap cir
cuits will be needed.

It is not yet, in fact, certain that 
the straight set will be a satisfac
tory form of receiver for the con
structor under the conditions set by 
the Birmingham transmissions. The 
superheterodyne is free from many 
of the difficulties of the straight set 
and so may prove more suitable.

The matter is being investigated 
and a receiver will be described in 
Wireless World when a satisfactory 
design has been developed.

M a d e  a n d  p r in te d  i n  G rea t B r i ta i n  b y  T h e  C o r n w a ll  P re s s  L td . ,  L o n d o n , S . E . i .  J tK
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Conaensers
In addition to  the types specified by  the designer, the 
C ondensers illustrated here are recom m ended for 
T elev ision  R eceiver C ircuits.

I “ V I S C O N O L  C A T H O D R A Y ”  C O N D E N S E R S
Capacities from -ooi /xF to I /xF.

Voltage rating from 750 to 25,000 at 6o°C.

2 “ L E C T R O P A C K ”  & “ M I C R O P A C K ” 
E LE C TR OL Y TI C C O N D E N S E R S

Single, Dual, and Triple Sections. 
Capacities from 1 /xF to 1,000 /xF.
Peak Working Volts from 6 to 500.

3 “ M E T A L P A C K ”  T U B U L A R  PAPER 
C O N D E N S E R S

Capacities from 001 /xF to 1 /xF.
350 to 1,000 Volts D.C. Working at 71'C. 
200 „ 750 „ „ „ „ 100 C.

4 “ M I C A D I S C ”  C O N D E N S E R S
Capacities 0003 and 0005 /iF. 
Max. D.C. Voltage 350 at 7i°C.

S M I N I A T U R E  M O U L D E D  MI CA 
C O N D E N S E R S  TYPE CM 20 N

Capacities from 0001 fxF to -ooi /xF. 
350 Volts D.C. Working.

H ave you obtained  your T .C .C . L ists ? C onstructors o f  
T elev ision  circuits w ill find them  especially  valuable. 
S en d  2 jd . in  stam ps for L ist N o . 137 show ing  
com prehensive range o f  all types o f  condensers.

IN  THE B E S T  S E T S  YOU’LL SEE T.C.C.

RAPH CONDENSER CO.,LTD
N O R T H  A C T O N  • L O N D O N  • W .3
T E l E P H O N  £ :  A C O R N  0 0 6 /  ( 7  L I N E S )

IV


