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8 Claims. 

The present invention relates to improvements 
in insulated electrical conductors, and to the 
manufacture of grids for photo-electrically ac 
tive screens for cathode ray tubes and embodying 
Such conductorS. 
In co-pending application Serial No. 34,304 

filed August 21, 1935, there is described television 
transmitting apparatus comprising a cathode ray 
tube having disposed within its envelope a photo 
electrically active mosaic Screen. The mosaic 
screen comprises a metal signal plate, which 
henceforth will be called a “grid', pierced with 
a multiplicity of closely spaced Small holes; this 
grid is coated all over With a thin layer of in 
sulating material and the holes are filled With 
metal rivets which pass right through the grid; 
the surfaces of the rivets on one side of the grid 
are coated with photo-eiectrically active material. 
A mosaic screen is also known which comprises 

a grid in the form of a Wire mesh, the mesh being 
covered with insulating material and the holes in 
the covered mesh being filled With photo-electri 
cally active rivets of the kind described above. 
During the operation of tranSinitting apparatus 

of this kind an optical image of the object to be 
transmitted is projected upon the photo-elec 
trically active side of the mosaic screen, the op 
posite side is scanned with a cathode ray and pic 
ture signals are generated in an external circuit 
associated. With the grid. 

Difficulties have been experienced in the con 
struction of mosaic screens of this kind arising 
Out of the fact that the distance between the 
centres of adjacent holes in the grid must be 
very Small. In the first place it is difficult to coat 
the grid with insulating material without filling 
up the holes and this difficulty is enhanced by 
the fact that, since the insulating material has 
subsequently to withstand being baked in vacuo 
and also must be a very good insulator, the in 
sulating materials available are Very few. Glass 
Or vitreous ename has been found suitable, but 
even with these materials it is extremely difficult 
to avoid filling the holes. Secondly, if a grid in 
the form of wire gauze is used, the Weaving of the 
wires gives a rough final Surface which is detri 
mental to the Operation of the mosaic Screen. 

It is an object of the present invention to pro 
vide a simple method of producing insulated elec 
trical conductors suitable for use in a mosaic 
Screen of the kind described above. 
According to the present invention there is 

provided a method of coating Wire With insulat 
ing material wherein a tube of insulating material 
is drawn whilst Surrounding the Wire to be coated. 

(C. 250-164) 
The improved method preferably includes the 

Step of evacuating the tube while it surrounds the 
Wire. The tube may be evacuated after drawing, 
and it may be redrawn while it is in an evacuated 
condition. 
According to the present invention in a further 

a Spect, a method of coating wire with glass com 
prises the steps of passing a part of a length of 
Wire through a glass tube, sealing the wire to one 
end of Said tube, heating a part of the tube until 
it becomes plastic, drawing the tube, evacuating 
the drawn tube, and reheating and redrawing the 
evacuated tube. 
This method of coating wires with insulating 

material is clearly not limited in scope by the 
use to Which the coated Wire is subsequently put 
and the grid of wires, formed as hereinafter de 
Scribed, may be used for purposes other than the 
formation of a mosaic screen. 
According to the present invention in another 

a Spect, a grid is formed of crossed wires, the wires 
being coated with insulating materiai and being 
held together by adhesion between the insulating 
material covering the wires. 

Preferably two sets of wires are used, each set 
Consisting of Substantially parallel lengths of 
Wire, the Wires of one set being disposed trans 
Versely to those of the other set and the Wires of 
One Set lying Wholly on one side of the Wires 
of the other Set. Alternatively a small amount of 
Weaving of the wires may be utilized, however, in 
order to hold the Wires together during the con 
Struction of the grid. 
In the preferred method of constructing such 

a grid, the Wires required to lie in one direction 
are placed in grooves in a plate, the Wires required 
to lie in the other direction are placed in grooves 
in another plate, the two plates are juxtaposed 
face to face in such a manner that the wires on 
One plate lie transversely of those on the other 
plate, and the Wires on one plate are secured to 
those on the other plate by adhesion between the 
insulating coverings. Thus where the insulation 
is of glass, the Wires may be joined at the inter 
Section by fusion of the glass coverings. 
Where the finished grid is required to be as flat, 

as possible, each plate is provided With a second 
set of grooves disposed transversely of the set in 
which the wires are placed, the plates, after being 
loaded with the wires, are so juxtaposed that the 
empty grooves of each plate register with the 
loaded grooves of the Opposite plate, and the 
plates are thereafter forced together. 
The invention will be further described With 
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2 
reference to the accompanying diagrammatic 
drawings, in which 

Fig. 1 is a side elevation of a draw bench, 
Fig. 2 is a side elevation of a part of the draw 

bench of Fig. 1, With an additional element, 
Fig. 3 is a sectional elevation of two grooved 

plates, loaded With insulated wires, and nearly 
juxtaposed, 

O 
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30 

Fig. 4 is an elevation of a part of a finished 
grid, With SOme of the insulation broken away, 

Fig. 5 is a section on the line 5-5 of Fig. 4, 
and 

Fig. 6 is an elevation, to a smaller scale, of a 
finished grid. 

In Fig. 1 there is shown a draw bench having 
an endless belt 4 which passes over pulleys 2 and 
3, the pulley 3 being driven by a motor 5 through 
a clutch mechanism housed in the pulley 3 where 
by the beit may be started and stopped by the 
Operator, or Stopped automatically at a predeter 
mined point, by control means not shown. 
On the left hand end of the bench (as viewed in 

Fig. 1) is fixed a cylindrical glass chamber 6 hav. 
ing a neck portion . A cover 3 makes an air 
tight closure over the base of the chamber 6. 
A slide tube 9 connects the chamber 6 with a 
Vacuum pump and a manometer is also pro 
Wided. 
The belt 4 is provided with a stud 8 which can 

engage loosely with a slot in a wooden lath 
Which lies on the belt . 
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The Operation of covering a tungsten wire with 
glass Sold under the registered trade-mark 
"Pyrex' is as follows. A spool 2 of the Wire, 
Which in this example is 0.052 mm. in diameter, 
is rotatably mounted in the left hand end of the 
chamber 6 on a clip 2'. A rubber stopper 3, 
which is So bored as to be able to receive as a 
tight fit a piece of the glass tubing 4, is pushed 
into the end of the neck T. Suitable dimensions 
for the glass tubing are 5.5 mm. external diam 
eter and about 4 mm. internal diameter. The 
left hand end of the glass tubing 4 is about 5 cm. 
from the Spool. 2, and its right hand end pro 
jects some distance from the cork. A piece of 
StOut Copper Wire is passed down the tube and 
the tungsten wire 28 is hooked on to it, thus 
enabling the tungsten wire to be drawn through 
the tube. The tungsten wire is then sealed into 
the right hand end of the tube by means of a 
Suitable burner, for instance a Marshall burner 
i9, having finely adjustable needle valves for 
regulating the Supply of air and gas. The sealed 
end of the tube 4, while still plastic, is fixed to 
the lath by means of a clip le. 
The burner is now shifted along the tube 4 

slightly aWay from the sealed end, and the tube 
is heated until it becomes soft; an indication of 
the right temperature may be had from the degree 
of incandescence of the tungsten Wire 28 within 
the tube. 
When the tube is hot enough, the burner is 

removed, the clutch in the pulley 3 is engaged and 
the belt 4 carries the lath 7 to the right hand 
end of the bench, and leaves it in a trough 2) 
provided for this purpose. The clutch is then 
automatically released. 
As the lath moves to the right, it draws out the 

glass tube into a fine capillary, having inside it 
the tungsten Wire Which has unwound from the 
spool. 2. The diameter of the drawn glass is 
about 0.2 to 0.4 mm. 
Although the wire is completely covered with 

glass, this covering is loose on the wire, owing 
to the film of air which adheres to the wire during 
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the drawing process. The diameter of the glass 
COWering is also uneven. 
The glass covered wire is now examined and 

the end is once more sealed if broken. The vac 
uum pump is now started to exhaust the 
chamber 6, and to remove air from inside the 
gla SS COvering of the Wire. The sealed end of 
the covered wire is fixed to a Winding drum 2 
mounted on the draw-bench . The winding 
drum is rotated by any Suitable means such for 
example aS by a handle 22. The Wire is moved 
clear of the belt 4, for example by displacing the 
drum 2. and the chamber 6 transversely. 
When the chamber 6 has been sufficiently 

evacuated as indicated by the manometer f, the 
Wire is redrawn in a manner illustrated in Fig. 2. 
A Marshall burner 23 is arranged to heat a nickel 
through 23. The whole is fitted with a handle 
25, So that it may be held in the hand and passed 
along the glass covered wire, thus heating it 
locally. 
AS the glass, here denoted by 4a, becomes 

heated and softened, it collapses on to the tung 
Sten Wire oWing to the external atmospheric pres 
Sure. The Winding drum is rotated, and the glass 
is extended, the thickness of the glass covering 
decreasing. Tungstein Wire unWinds from the 
Spool 2 and advances through the tube did to 
allow for this extension, which usually amounts 
to between 4 and 6 times the length of the tube 
4d. after the first drawing. The tension re 

guired to draw out the glass covering is governed 
by its thickneSS, becauSe a thick Wall Will extend 
lengthwise more readily than a thin one, since 
With a thick tube a Smaller change in molecular . 
arrangement is required for a given extension 
than in the case of a thin tube. 

Hence if the torque on the drum is constant, the 
dra Wing Will cause a greater reduction of the 
thick parts than of the thin parts of the covering, 
thus largely removing Variations in thickness 
Which arose during the preliminary drawing. 
The external diameter of the glass is of the order 
of 0.08 to 0.11 mm. The stresses set up by this 
extension also assist the collapsing of the glass on 
to the tungsten Wire. 
The redrawn wire, denoted by lib, most of 

Which is now coiled on the drum is cut at its junc 
tion. With the parent tube 4. The tube 4 is 
resealed at the right hand end, and pulled out 
from the neck to replace the used-up portion; 
the process is now repeated. 

If desired, the apparatus on the bench may be 
duplicated, and while one chamber is being evacu 
ated another length of wire may be drawn. 
The contios for the clutch mechanism are 

preferably taken to the left hand end of the bench 
so that one operator is able to control the whole 
process. 
The covering proceSS may be carried Out With 

various sizes of Wire, and Various thicknesses of 
covering may be given by Suitably choosing the 
size of the tube 4 and the extent of drawing. It 
is found however that as the thickness of cover 
ing increases, the variations in size of the finished 
insulated wire become greater. 

In coating Wires of larger diameter, the step 
of evacuating the glass tube may be dispensed 
With if desired. 
The Whole process of drawing may be carried 

Out in a vacuum, and the stage of redrawing may 
be dispensed with, when the unevenness of the 
coating of the wire is not objectionable. 

Before the wire prepared in the way described 
is used for making Wire mesh grids it is cut into 
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2,148,907 
the lengths needed for the grids, and graded, by 
means of a dial micrometer, into two sizes: 0.07 
to 0.09 mm., and 0.09 to 0.11 mm., larger and 
Smaller sizes being rejected. The diameter of the 
Wire is taken at 2 cm. intervals. The wire may be 
inspected under the microscope for faults, and 
testS may be made on the adhesion of the cover 
ing. It is found, however, that faulty adhesion 
is rare. 
In order to form an insulated grid a number of 

lengths of the graded wire may be arranged Side 
by Side On a metal plate. A further Set Of Wires 
are then laid on top of them at right angles, and 
another plate is laid on top of the crossed wires. 
The combined pile is then heated and pressed 
until the glass insulation is firmly Welded at the 
interSectionS. 

If the insulated grid so formed is to be used in 
a mosaic Screen the coated Wires should prefer 
ably be pressed together with sufficient force to 
make the resultant Surfaces substantially flat, as 
this facilitates the Subsequent operation of form 
ing photo-electrically active rivets in the holes in 
the grid. 

In an alternative method of forming an insu 
lated grid which will be described with reference 
to Figs, 3 to 6, the two sets of coated wires are 
laid respectively in grooves in Specially pre 
pared plates 26 and 27 (Fig. 3). Each plate has 
part-round grooves of the required radius and 
pitch formed in it. For instance, to form a 10 
cm. by 10-cm. grid with C.25-mm. pitch, the 
plate may be about 14 cm. by 14 cm. large and 
has one set of 400 grooves, such as 33d and 33b 
(Fig. 3) extended across it in One direction and 
a second set of 400 grooves, such as 34a, and 34b 
extended across it transversely of -preferably at 
right angles to-the first set. The outer 2 cm. 
at the edges is grooved in one direction only 
and the corners are plain, that is to Say the 
plate bears grooves which correspond to the 
position of the Wires in the finished grid. The 
elevation of the finished grid shown in Fig. 6 
indicates the position of the grooves on the 
plates. Such a plate may be prepared from an 
original Wax master which is suitably grooved 
and plated and from the naster SO obtained 
many duplicate plates may subsequently be made 
by further plating, the whole process following 
the technique well known for producing granO 
phone record matrices. The final plates 26 and 
2 may be of thin copper, nickel faced. Before 
use, location holes are put in the cornerS Of the 
tWO plates So that later they may be clamped 
together with the grooves in One plate exactly 
registering With the grooves in the other. The 
glass clad Wires are cut into 15 cm. lengths and 
the 400 north-and-south Wires 28a, are laid in 
the grooves 33d, in the plate 2S. These wires are 
held in position by cement placed near the edges 
of the plate, a Suitable cement being wax. The 
plate 2 is similarly charged with 400 east-and 
West Wires 23b placed in the grooves 34b. The 
two plates are then juxtaposed face to face with 
the Wires in contact and at right angles, and 
the plates are located So that the grooves regis 
ter. The plates are then mounted between thick 
metal plates which are heated and pressed to 
gether so that the glass Welds at the intersec 
tions. The pressing is preferably continued until 
the two plates are in contact. So that the grid 
assumes the form ShoWin in Figs. 4 and 5. In 
this way there is produced a substantially flat 
grid, the north-and-south glass surfaces being 
almost, or quite co-incident With the east-and 

3 
West glass surfaces. In order that this result may 
be obtained, the initial radius of the glass-clad 
Wires must be less than the radius of the 
grooves, in Order to give Space to receiver the 
eXceSS gaSS pressed Out of the intersection points, 
Where the tWo glass-clad wires will be pressed 
into the Space of one. After cooling the thin 
mould plates may be stripped off or dissolved 
a Way in acid if they refuse to separate from the 
glass. Since the resultant grid is nearly or quite 
flat, rivets can be inserted in the holes (by elec 
tro-plating for example) Without contact being 
made between adjacent rivets. 
When finished, the wires of the grid shown in 

Fig.6 may be stripped of insulation at their ends 
and connected, for instance by Welding, to a 
Suitable frame, which may be in the form of a 
metal plate having a square hole to receive the 
grid. 
We claim: 
1. An electrode structure formed of crossed 

Wires covered with insulating material, said wires 
Comprising tWo Sets, each set consisting of Sub 
Stantially parallel lengths of wire, the Wires of 
One Set being disposed transversely to those of 
the other set, the wires of one set lying wholly 
On One side of the Wires of the other set, and said 
Sets being held together by adhesion between the 
insulating material covering the wires of said 
SetS. 

2. An electrode structure formed of crossed 
Wires forning interstices therebetween, said 
Wires being covered with an isulating covering of 
glass, and being held together by welding the 
glass coverings at every intersection. 

3. An electrode structure formed of crossed 
Wires coated With an insulating covering of glass, 
Said Wires comprising two sets, each set consist 
ing of Substantially parallel lengths of wire, the 
Wires of one Set being disposed transversely to 
those of the other set, the wires of one set, 
lying Wholly on One side of the wires of the other 
Set therebetween forming an interstitial ar 
rangement, and said sets being held together 
by fusion of the glass coverings at every inter 
Section. 

4. A method of constructing a mosaic electrode 
Structure of crossed wires covered With insulat 
ing material comprising placing the wires re 
quired to lie in one direction in grooves in a piate, 
placing the Wires required to lie in the other 
direction in grooves in another plate, juxtaposing 
Said plates face to face in such a manner that 
the Wires on One plate lie transversely of those on 
the other plate, and causing the wires on One 
plate to adhere to the Wires on the other plate 
by adhesion between their insulated coverings. 

5. A method as claimed in claim 4 wherein 
each of Said plates is provided with a second set 
of grooves disposed transversely of the set in 
which the Wires are placed, and said plates, after 
being loaded With said wires are so juxtaposed 
that the empty grooves of each plate register 
With the loaded grooves of the opposite plate 
and Said plates are thereafter forced together. 

6. A method of constructing a mosaic elec 
trode structure of CrOSsed Wires covered With an 
insulating coating of glass, comprising placing 
the Wires required to lie in One direction in 
grooves in a plate, placing the Wires required to 
lie in the other direction in grooves in another 
plate, juxtaposing said plates face to face in such 
a manner that the Wires on one plate lie trans 
versely of those On the other plate, heating said 
plates So that said insulating coatings of glass 
become plastic, and forcing said plates together, 
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4. 
to cause the coatings of the wires on one plate 
to become Welded to the Wires on the other 
plate at the points where said Wires cross. 

7. A method as claimed in claim 6, wherein 
each of Said plates is provided with a second 
Set of grooves disposed transversely of the Set in 
Which the Wires are placed, and said plates, 
after being loaded with said wires are so juxta 
posed that the empty grooves of each plate reg 
ister With the loaded grooves of the opposite 
plate and said plates are thereafter forced to 
gether. 

8. A method of constructing a mosaic electrode 

2,143,907 
structure of crossed wires covered with insulating 
material, comprising laying a plurality of insul 
lated wires side by side on a plate, arranging a 
further plurality of insulated wires side by Side 
on top of said first mentioned wires, and across 5 
them, placing on top of said Wires a second plate, 
rendering plastic the insulated material covering 
said Wires, and pressing said plates together So 
that said Wires become held together to form a 
grid by adhesion between the insulating material. 10 

ALAN DOWER BLUMILEIN. 
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