Oct. 30, 1928. N S 1,689,971
| E.'Y. ROBINSON' N

VACUUM ELECTRIC TUBE DEVICE
Filed June 27, 1924 2 sngets-sneet 1

Z’i‘”ﬁ L A7 oé&fw'aiz

W / b

%?orygy




Oct. 30, 1928.

1,689,971
E. Y. ROBINSON
VACUUM ELECTRIC TUBE DEVICE
Filed June 27, 1924 2 Sheets—Sheet 2

1 7| e § T
J x 33 | 35| TH
8 # 9 EJ;J ) ;ié\ J A %E‘“\ﬂ

”) 4 9i %

"9
/N '
| @\_&_ o LAt "
=

mnm Ver;?ﬁ?‘
LrvzesF /

05 CEre Sa7E

%WA’//WP

Aliorpe cy.




10

15

Patented Oct. 30, 1928. -

'UNITED STATES

1,689,971

PATENT OFFICE.

ERNEST YEOMAN ROBINSON, OF WITHINGTON, HANCHESTEB, ENGLAND, ASSIGNOR TO
METROPOLITAN-VICKERS ELECTRICAL COMPANY LIMITED, A COMPANY ORGAN-
IZED UNDER LAWS OF GREAT BRITAIN. N )

~ VACUUM ELECTRIC-TUBE DEVICE. = - - . -

Application filed June 27, 1924, Serlal No.

This Invention relates to vacuum electric

tube devices of the kind employing heated

filament cathodes such devices being common-
ly termed thermionic valves or rectifiers.
Owing to the fact that the space current
increases the actual filament current at the
negative end of the filament and decreases it

at the positive end a flow of space current in

the device results in unequal heating of the
filament. The life of the filament and hence
of the valve is dependent on the temperature
of the hottest part-of the filament and since
at the temperatures at which incandescent
cathodes are operated, the rate of evaporation
of the filament is extremely sensitive to the
temperature of the filament it is necessary
that the temperature should not be varied ex-
cept within very narrow limits. For instance

" at the operating temperature of a tungsten
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filament in a thermionic valve a .3 per cent

increase or decrease of filament current re-:

spectively halves or doubles the life of the
valve. In consequence of this it is necessary
to arrange in practice that the maximum emis-
sion current is not greater than 7 to 10 per
cent of the filament current. In large valves
this necessitates the use of high filament cur-
rent which is undesirable, ,

In order to reduce this unequal heating of
the filament alternating current can be used
for heating the filament and the space current
tapped to the mid point of the secondary of
the filament transformer or to the mid-point
of a choke coil connected across the filament
terminals. It will be seen that both in this
case and in the case wherein the filament is
heated by direct current the space current is
led into the filament at two points, namely at
its two ends. S
" The object of the present invention is to
decrease unequal heating of the filament due
to the addition of the space current to the
filament current proper or conversely the
object of the invention is to increase the ratio
of space current to filament current which
may be used in the device to give the same
degree of unequal heating of the filament and
so permit the use of filament cathodes sup-
plying a large emission current but which do
not take a large heating current. =

According to the invention means are pro-
vided whereby the space current is led into the
filament at more than two points so that
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‘the unequal heating of the filament is re-
duced. ' ST
It is arranged that firstly the filament is
heated by alternating current, secondly the
space current is led into the filament at more
than two points and thirdly an inductive
winding or windings are connected across the
‘space current taps on the filament in such a
.manner that they prevent a short circuit of
~the filament portions while they present no
appreciable impedance to the space current
flowing to the filament tappings. The tap
on the winding. is such that the potential
thereof is the same as that of the correspond-
ing filament tap. . ’ '
To enable the invention to be clearly under-
stood several arrangements thereof will now
be described with reference to the accompany-
ing drawings in which Fig. 1is an electrical
diagram explaining the invention, Fig. 2 is
a view of a hairpin filament illustrating how
the invention may be carried into effect ac-
cording to one arrangement, Figs. 3 and 4

are front and side elevations respectively of

a complete electrode structure of a vacuum
electric tube with the invention applied there-
to. Figs. 5 and 6 are electrical diagrams of
further forms of the invention, Figs. 7 and 8
are an elevation and sectional plan respective-
ly of a modified form of part of the structure
illustrated in Figs. 8 and 4 and Fig. 9 is an
electrical diagram of a still further modifica-
tion of the invention. ,
Referring first to Fig. 1, 1 represents a
-thermionic rectifier having an anode 2 and

a filament cathode 8. These electrodes are.

connected respectively to an external circuit
which is indicated at 4 connected between
conductors 5 and 6. The filament cathode

3 is heated from an alternating current source

(not shown) connected to the primary wind-
ing of a transformer 7 the secondary winding
of which is connected to the filament leads
8 and 9. The space current is supplied to the
filament 3 by means of the leads 8 and 9 and
also by means of a lead 10 which is connected
to the mid-point 11 of the filament as shown,
the said lead 10 being connected to the mid-
point 12 of a choke coil 13 which is connected

- across the filament leads 8 and 9, the con-

ductor 6 being also connected to the mid point
12 of the choke coil and to the mid-point 11
of the filament. It will be seen that the ac-
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tual potential of the mid-point 11 of the fila-
ment is equal to that of the mid-point 12 of
the choke coil 13. The choke coil 13 prevents
short-circuiting of the filament 3 by the con-

* nections thereto for the space current.
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Referring to Fig. 2 which illustrates one
arrangement for carrying out the invention
as illustrated in Fig. 1, the filament 3 is of
the hairpin type the ends of which are con-
nected to supports which may constitute the
lead-in conductors 8 and 9 and pass through
a seal in the tube envelope as will be well
understood. The hairpin filament 3 is placed
in tension by means of a spring 14 one end
of which is attached at 15 to a member fixed
in position with respect to the lead-in con-
ductors 8 and 9 and the other end of which is
Erovided with a hook 16 which engages the

ight of the filament. The fixed end 15 of
the spring 14 has connected to it the mid-
point lead-in conductor 10 which also passes
through the valve envelope so that i1t can
be connected to the mid-point 12 of the choke
coil 13. It will be understood that a simi-
lar effect can be obtained by omitting the
coil 13 and connecting the conductors 6 and
10 to the mid-point of the secondary wind-
ing of the filament heating transformer 7.

Referring now to Figs. 3 and 4 the elec-
trode structure therein illustrated comprises
an anode 2, a twin filament cathode 3 con-
structed and mounted on a framework as
described for example in the specification
of my copending ‘application Serial No.
722,811, filed June 27,1924. The framework
comjl)rises two parallel side members 16 of
insulating material such as pyrex glass con-
nected together by means of a nickel mem-
ber 17 at the upper end and a nickel mem-
ber 18 at the lower end by which latter mem-
ber the frame thus constituted with the elec-
trodes mounted thereon is attached to a re-
entrant tube 19 of the tube envelope (mot
shown). The two parallel filaments 3 are
at one end connected to two rigid support-
ing members 20 and 21 mounted upon the
side members 16 of the framework and in-
sulated from one another. The members 20
and 21 have connected to them the lead-in
wires 22 which pass through the seal 23 of
the re-entrant tuge 19 and are connected with
the external conductors 8 and 9.

The upper ends of the filaments are con-
nected to a conducting strip or clamp 24
which in turn has connected to it one end
of the tensioning spring 14 the other end
of which is attached to a hook 25 provided
upon the frame member 17. The two fila-
ments pass through perforations in a cross
member 26 which consists of a metal strip
of channel section having perforations at
its ends through which the side members
16 of the framework pass. The strip 26
serves to register the filament in position
with respect to the framework.
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The anode 2 is constructed of two simi-
lar plates each having a pair of semi-circu-
lar channels extending longitudinally there-
in, the said plates being connected together
so that two relatively small cylindrical tun-
nels are provided through which the fila-
ments 3 pass. The anode thus constituted is
supported from the framework by means of
cross pieces 28 similar to the cross piece 26,
one of which cross pieces 28, for example
the lower one, is rigid, the anode being con-
nected thereto by means of a conductor 29
welded both to said cross piece and to the
anode.

With the arrangement above described it
is possible to construct a valve of the kind
set forth in the specification of Serial No.
608,715, filed November 27, 1922, that is to
say, a valve in which the cathode is of a
kind providing a concentrated source of elec-
trons, the paths available for the space cur-
rent are short, and the space current confined
to the inter-electrode space, this last fea-
ture being obtained in the present example
by maintaining the ends of the filaments 3
cool, namely, by means of the short-circuit-
ing strip 27 secured across the upper ends
of the filaments and by means of the sup-
ports 20 and 21 to which the lower ends of
the filaments are attached.

The space current is led to the metal clamp
24 by means of flexible conductors 24, nickel
ligaments for example, welded to said clamp
and to the frame member 17, a lead-in con-
ductor 17* also being welded to the latter.
When it is desired to provide greater con-
trol of the current flowing in the central
tappings to the cathodes the arrangement
diagrammatically illustrated in Fig. 5 may
be employed, in which instead of the central
tap conductor 10 connected direct to the mid-
point 12 of the choke coil 13 as illustrated in
Fig. 1, it is connected to the point of con-
nection 12 of two similar choke coils, through
two similar windings 30 which are respec-
tively coupled to the two choke coils 13, said
windings 30 being in series with one another
and connected in series between the central
lead 10 and the mid-point 12. The turns
of the windings 30 may be so proportioned
that the current flowing to the mid-point of
the filament has any desired value relative
to the space current flowing to the ends of
the filament but preferably the mid-point tap
carries twice the space current of either of
the end taps.

_ Fig. 6 illustrates an arrangement in which
the filament is provided with a plurality of
taps, namely three intermediate taps. In
this figure the anode and external circuit are
omitted. The space current conductor 6 is
connected to the central tap conductor 10 to
the mid-point 11 of the filament and is also
connected to the mid-point of a choke coil 31.
The space current led through the portions
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31 is thus caused to divide equally therein.

- The terminal of each of the portions 31 is
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connected in turn to the mid-point of a choke
coil one terminal of which is connected to an
intermediate tap 33 between the central tap
11 and the lead-in wire 8 or 9 whilst the
other terminals 34 of the transformers 32 are
respectively connected to the leads 8 and 9.
The space current flowing through each of
the choke portions 31 is thus again equally
divided. ‘ ‘

Instead of equal division of the space cur-
rent as above described it may be caused to
divide in any predetermined ratio. Prefer-
ably the inner windings of the choke coils
32 which are connected to the filament taps

33 have half as many turns as the outer

winding of said transformers or chokes which
are connected to the lead-in conductors 8 and
9, so that the currcnt flowing to the taps 33

_is twice as much as the current flowing to the
ends of the filament.

When the filament is of zig-zag formation
the space current taps may be made at the
bights of the filament in the manner herein-
before described. '

Referring to Figs. 7 and 8, the portion of
the electrode structure therein illustrated is
generally similar to that illustrated in Figs.
3 and 4. However, a plurality of space cur-
rent taps are provided between the ends of
each of the two parallel filaments in the man-
ner now to be described.

The filaments 3 are constrained not only .
5 at their ends but additionally at intermediate

points. The additional constraining means

- compriszs hooks or eyes 35 (see Fig. 8) which

project into the anode tunnels and surround

the filaments. Each hook or eye 35 forms:

part of a tungsten wire support 36 which is
secured b¥ welding or otherwise to a cross
member 37 mounted upon the frame member

- 16, said member having a relatively large

central perforation 88 through which the
electrodes extend. Each wire support 36
passes through a perforation 89 formed in a
tunnel of the anode such perforation being
relatively large to avoid any possibility of
the support wire 36 touching the ‘anode.
‘When the valve is of the type set forth in the
specification of Serial No. 603,715, filed No-
vember 27th, 1922, each perforation 39 may
be shielded by means of a curved member 40
which may be carried upon a nickel wire
bracket 41 welded or otherwise attached to
the cross member 60, the wire 36 passing
through a perforation in the shield 40. In
Fig. 7 two such intermediate constraining or
registering hooks are provided for each
cathode filament.  The cross pieces 87 for
each pair of constraining hooks 35 may be
separated from one another by means of in-
sulating washers42. The constraining hooks
35 constitute the intermediate tapping points
by which the space current is led into the

3

filament, a lead-in wire 43 (Fig. 8) being
welded to each of the cross pieces 37. In
this arrangement the space current is led to
the intermediate tapping points through fric-

tional contact. If desired however the taﬁ- ;
t

Eing point may be constituted by a li

exible member securely attached by weld-
ing or otherwise to the filament or a light
spring of refractory material which is caused
to press against the filament can be used.

a helix of one or more turns and provided
with a radial extension
filament. o

Fig. 9 illustrates diagrammatically a
modified arrangement in which the: space

current is led to the centre tap of the fila--

ment by means of inductive windings and
compensating windings. The inductance 44
is connected across the filament leads 8 and

9 and an inductance 45 is connected between

the central filament tap 11 and the filament

-lead 9. These inductances are provided re-

spectively with two other windings 46 and
47 which are inductively coupled therewith
and constitute compensating windings. The
windings 46 and 47 are connected In series

75
For examiple such light spring may comprise .

pressing against the .
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with one another between the filament lead 9 _

and the space current conductor 6. The
space current therefore passes through the
windings 47 and 46, then dividing and pass-
ing through the windings 45 and 44 and the
lead-in wire 9. The numbers of turns of the
compensating windings and the choke coils
are proportioned so that the current divides
in the various taps in the desired ratio. Pref-
erably the central filament tap carries twice
as much space current as the leads 8 and 9

-in which case the winding 44 has four times

as many turns as the compensating winding
46 and the winding 45 has twice as many turns
as the compensating winding 47. -

It is preferably arranged that the filaments
are tapped at approximately equally distant
points and also that the total number of lead-
in points to the filament isodd. Further, it is
preferably arranged that the intermediate
space current taps carry twice the space cur-
rent carried by either of the end taps.

If desired relatively small impedances such
as variable inductances or resistances may be
inserted in one or more of the space current
taps for providing fine adjustment of the
subdivision of the space current flowing into
the filament. .

Assuming for example that the maximum
permissible emission in an ordinary tube.is

'10% of the filament current when led in at

the two ends of the filament, then by the pro-
vision of one central filament tap in accord-
ance with the present invention, the maxi-
mum permissible emission current is 20% of
the filament current. With three such inter-
mediate taps the maximum permissible emis-
sion current is 40% of the filament current.
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It will be understood that the invention is
not limited to the particular valve arrange-
ments diagrammatically illustrated and the
particular arrangements described for carry-
ing it into effect, since various modifications
may be made without departing from the
scope of the invention.

I claim as my invention :—

1. In a system which contains a vacuum
electric tube with a filamentary cathode heat-
ed by alternating current and provided with
end taps and at least one intermediate tap,
the method of reducing the inequality in the
distribution of heat along the filament due to
the space current of the tube flowing therein
which consists in leading in the space cur-
rent to the filament at its end and interme-
diate taps while the filament is not short-cir-
cuited as regards its heating current and no
appreciable impedance is offered to the space
current. :

2. In a system which includes a vacuum
electric tube with a filament cathode, a source
of alternating current connected across the
ends of the filament for heating the same, the
filament having end taps and at least one tap
intermediate of its ends, a space current lead,
and at least one inductive winding having an
interconnection between the intermediate and
end filament taps and the space current lead
whereby the space current enters the filament
througlz all the taps and the impedance of the
inductive winding is neutralized as regards
the variable component of the space current
but is not neutralized as regards the said
source of alternating current.

3. In a system which includes & vacuum
electric tube with a filament cathode, a source
of alternating current connected across the
ends of the filament for heating the same, the
filament having end taps and at least one tap
intermediate of its ends, a space current
lead and at least one inductive winding hav-
ing an interconnection between the interme-
diate and end filament taps and the space cur-
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rent lead whereby twice as much space cur-

rent enters the intermediate tap as each end .

tap and the impedance of the inductive wind-
ing isneutralized as regards the variable com-
ponent of the space current but is not neutral-
1zed as regards said source of alternating cur-
rent.

4, In a system which includes & vacuum
electric tube with a filament cathode, a source
of alternating current connected across the
ends of the filament for heating the same, the
filament having end taps and at least one ta
intermediate o%its ends, a space current lead,
sets of magnetically coupled inductive
windings having an interconnection between
the intermediate and end filament taps and
the space current lead whereby twice as much
space current enters the intermediate tap as
each end tap and the impedance of the induc-
tive windings is neutralized as regards the
variable component of the space current but
is not neutragized as regardg said source of
alternating current.

5. In a system which includes & vacuum
electric tube with a filament cathode, a source
of alternating current connected across the
ends of the filament for heating the same, the
filament having end taps and a plurality of
taps intermediate of its ends, a plurality of
magnetically coupled inductive windings
having an interconnection betwen the several
filament taps and the space current lead and
through which the space current passes suc-
cessively to the filament at a plurality of
points whereby twice as much space current
enters each intermediate tap as each end tap
and the impedance of the inductive windings
is neutralized as regards the variable compo-
nent of the space current but is not neutral-
ized as regards said source of alternating cur-
rent.

In testimony whereof I have hereunto sub-
scribed my name this 16th day of June, 1924.

ERNEST YEOMAN ROBINSON.
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