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Our invention relates to an electrical discharge 
tube and, in particular, relates to such a tube 
embodying a novel type of cathode structure 
adapted to maintain constant spacing between 
the cathode and other electrodes of the tube 
despite some variations of temperature of the 
structure. 

Certain types of electron discharge tubes en 
bodying an anode, at least one control electrode 
and a cathode are designed with very Small 
spacing intervening between the cathode and one 
of the control electrodes. The cathodes of Such 
tubes are designed to operate at high tempera 
tures, and due to the substantial coefficients of 
thermal expansion of the materials employed in 
the cathode structure, the dimensions of the 
'cathode naturally change as the temperature 
'changes in the course of operation. Where the 
spacing between the control electrode and the 
tea;thode is extremely small, as is the case with 
certain types of electron tube, these changes of 
dimensions in the cathode structure tend to alter 
such spacing by amounts which produce substan 
tial changes in the electrical characteristics of 
the discharge tube. In some tubes, the tempera 
ture of the cathode is a controlling factor in 
the power output of the tube. Thus it is im 
portant that the cathode position remain fixed 
as the temperature is varied to control the power 
output of the tube. It is also important that 
*the cathode be uniformly at the same tempera 
-ture-over its area. 
One object of our invention is, accordingly, to 

provide a novel type of cathodestructure in Which 
temperature variations of the cathode do not 35 

: result in alteration of the spacing between the 
selectron-emissive surface of the cathode and the 
associated electrodes in the tube, and in which 
the active cathode area is uniformly heated and 
rigid in form. 
Another object of our invention is to provide 

a novel type of cathode structure in which the 
:changes in dimension of various portions of the 
strutture cancel each other as far as their effect 
on altering the spacing between the electron 
semissive surface of the cathode and the control 
electrode is concerned. 

Still another object of our invention is to pro 
vide an improved structure for mounting the 
'electrodes of an electrical discharge tube of the 
ihot cathode type. 

Other objects of our invention will become ap 
parent upon reading the following description, 
taken in connection with the drawing, in whileh: 
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trical discharge tube having electrodes embody 
ing the principles of our invention; : 

Fig. 2 is a side elevation of a cathode embody 
ing the principles of our invention; 

Fig. 3 is an end elevation of the cathode struc 
ture shown in Fig. 2; and 

Fig. 4 is a diagram useful in explaihing the 
principles of our invention. 

Referring in detail to the drawing, a vacuum 
l:0 tight container encloses an anode 2, an ac 

celerator electrode 3, a control electrode 4 and 
a 'cathode 5, the latter being of a novel form 
according to the principles of our invention. The 
'cathode 5 is supported on a pair of in leads 6, 7 

l5 sealed through the walls of the container and 
terminating in a pair of relatively massive end 
portions 8, 9. Inleads 6, 7 are relatively massive 
land well-conducting thermally or the massive end 
portions 8, 9 can be fluid cooled through inleads 20 6, 7. Supported on the endportions 8 and 9 
by some suitable means, such as screws A, f2., is 
a thin metal-sheet bridging member 3 having 
risers 14 of relatively restricted cross-section, and 
ihaving a horizontal portion 5 of larger cross 

25 sectional area bridging the space between the 
crisers f4. The horizontal portion 5 may be bent 
to form two aprons 6, 7, which constitute a 
'rigid portion. The upper surface of the portion 
5, 6, may be coated, in a way too well known 

33 in the electron cathode art to require detailed 
idescription, with a coating of barium oxide and 
strontium oxide or other suitable electron 
emissive material which, with the base metal, iform a composite-layer 8. 
When operating, heating current is conducted 

igh the leads 6, and end portions 8, 9 to 
the risers f4 and thence through the bridging 
member 3, thereby raising the temperature of 
the latter sufficiently high to produce a satis 

30 factory electron emission from the layer 8. 
'External circuits well known in the electrical dis 
icharge tube art may thereafter be connected be 
tween the leads 6, 7 and the anode 2, accelerator 
telectrode 3 and control electrode 4. To take only 
one illustration of the circuits in which a tube 
of the type here disclosed is useful, reference 
may be made to an application of David H. Sloan, 
Serial No. 583257, filed March 17, 1945, for a Tube, assigned to the assignee of the present 

if applicatioh. The bridging member 3, 4, 5 
of the cathode may, of course, be made of any 
suitable metal or alloy capable of withstanding 
the desired operating temperature and having 
the specific resistivity to generate the heat de 

Figure 1 is a diagrammatic showing of an elec- 55 sired for maintaining the temperature of the 
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layer 8. For example, we have found tantalum 
to be a suitable material for this bridging men 
ber, although nickel or tungsten may be desired 
for certain specific types of cathode. 
A moment's consideration will show that the 

heat generated by the flow of the heating current 
in the bridging member 3 will cause an eX 
pansion in the dimensions of the bridging men 
ber 3 and Will also result in heat flow through 
the risers 4 to the terminal portions 8 and 9. 
The latter are designed with sufficient maSS, SUr 
face area, and conductive cooling to dissipate the 
heat flowing into them before it seriously affects 
the seals at the inleads 6 and 7. As a result, 
the portion of the bridging member 3 which 
supports the emissive layer f8 will stand at an 
elevated temperature, while the lower ends of 
the risers 4 will be at the much lower tempera 
ture approximating that of the terminal portions 
8 and 9. The cross-section of the risers 4 is 
made Small in order to minimize the heat flow 
to the members 8, 9; and may be so proportioned 
that the heat generated in it so compensates for 
that flowing to the end portions 8 and 9 as to 
avoid substantial temperature gradient between 
the midpoint and the ends of horizontal portion 
5 of the cathode. 
As a result of the high temperature to which 

the horizontal portion 5 of the bridging member 
3 is heated, the length of portion 5 will in 
crease when the tube is put in operation, but at 
the same time the lesser temperature rise of the 
risers 4 will expand their length to a substan 
tially smaller degree. The increase in length 
of the portion 5 will displace the upper ends 
of the risers 4 in a horizontal direction so that 
the angle between them will increase; and except 
for the above-mentioned concomitant expansion 
in length of the risers 4 mentioned in the pre 
ceding sentence, this displacement would result 
in displacing the bridging portion 5 downward 
toward the terminal portions 8 and 9. However, 
this downward displacement tends to be com 
pensated by the expansion in length of the risers 
4 and by properly proportioning the length of 4 
the latter to the length of the horizontal portion 
5, it is possible to make these opposite tendencies 
toward vertical displacement of the horizontal 
portion 5 exactly compensate and cancel each 
other. 
The relation between the above-mentioned 

lengths which Will result in Such compensation 
may be determined in the following way. 

In Fig. 4, we diagram the hot, flat surface 5 
of half-length. A supported by risers 4 from fixed 
end portions 8 and 9 which have the half spacing 
S. The distance B can be measured from the 
line of support to the end of surface 5. It is 
possible to measure the minimum angle U be 
tween the line of B and the surface 5, which, 
as Fig.2 shows, is also the angle between the line 
of B and the surface through the support line and 
parallel to surface 5. 
The condition that the Surface is remains 

fixed in distance from end portion 3 is met if 

(1) E-cos U 
Where dA is the reversible incremental increase 
in A (here due to increase in the temperature of 
surface 5) and dB is the corresponding simul 
taneous increase in B. 
The validity of this condition may be shown 

as follows: 
B sin U is to remain constant 
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Taking the differential, 

(2) d(B sin U)=0= dB sin U-B cos Udu 
dB sin U 

(3) dU = - B cos U 

From the geometry of the structure, 
(4) Al-B coS U--S 
taking the differential, 
(5) dAsdB COS U-B Sin U dy 
substituting from (3) in this equation for du 
(6) 

dB sin' U cos U--sin' U dA=dB cos U+B if =dB r is . 
dB 

(7) Therefore =cos U 

We also have another expression for U by the 
geometry: 

(8) A-S 
B 

(9) Thus, from (7) and (8) 
A-Sid B Cos U-ii 

cos Us 

It is thus obvious that given any 
dB A< 

and any A, we can always find values of B and 
S to satisfy (9). 

In practice, the dimension A is fixed by the 
electrical requirements of the tube. The 
dimension B is chosen to fall between convenient 
limits determined by the space available. At 
the operating temperature, a small variation in 
temperature causes a Small AA and AB which can 
be measured. The ratio 

A B 
AA 

is approximately equal to 

d B 
dA 

and thus determines cos U, which in turn de 
termines S. 

It is expressly our intent to use structures 
which have angle U greater than 0 degrees and 
less than 90 degrees. 
While We have equated the displacement 

d(B sin U) to zero in Equation 2 to represent a 
Zero change in the separation of the cathode from 
the other electrodes, it Will be evident that in cer 
tain cases it may be desirable that this separation 
Vary at a predetermined rate with cathode tem 
perature changes and in Such cases the said pre 
determined rate should be substituted for zero in 
the second member of Equation 2. 
Since the net displacement of the cathode in 

the vertical direction remains zero, its change 
in distance from the other electrodes 2, 3 and 4 
Will likewise remain Zero, and the desired result 
of preventing variations in temperature of the 
Cathode 5 from changing its spacing away from 
the electrode 4. Will have been attained. 
While We have described our invention as used 

to maintain a desired separation of the heated 
Cathode of an electrical discharge tube from other 
electrodes therein, it may be applied in ways 
evident to those skilled in the art to maintain a 
desired Separation between other heated surfaces 
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and structural elements operatively supported ad 
jacent to them; as, for example, in furnaces, 
Ovens, toasters, dryers and the like. 
We claim as our invention: 
1. A cathode structure for an electrical dis 

charge tube comprising a member of sheet metal 
having a central portion of length 2A Supported 
by end portions making angles U therewith from 
two terminal blocks maintained at a relatively 
low temperature, the distance between the ad 
jacent ends of said terminal blocks and the ends 
of said central member being equal to B, the 
values of A, B and U being related approximately 
in accordance with the following formula: 

3E-cos U 
where dA and dB are respectively the increases 
in A and B resulting from a small increase in 
temperature of said central portion. 

2. A cathode structure for an electrical dis 
charge tube comprising a member of sheet metal 
having a central portion of length 2A supported 
by end portions making angles U therewith from 
two terminal blocks provided with means for 
efficiently dissipating heat, the distance between 
the adjacent ends of said terminal blocks and 
the ends of said central member being equal to 
B, the values A, B and U being related approxi 
mately in accordance with the following formula: 

E=cos U 
where dA and dB are respectively the increases 
in A and B resulting from a small increase in 
temperature of said central pOrtion. 

3. An electrical discharge tube comprising a 
vacuum-tight container having an anode, at least 
one control electrode and two cathode-Support 
members supported from said container the dis 
tance between said cathode-support members and 
said control electrode being substantially fixed, 
a cathode of sheet metal supported on said 
cathode-support members and comprising a first 
portion and two second portions making an angle 
U therewith, means attaching said Second por 
tions to said cathode-support members so that 
the distance between the ends of said first por 
tion and the end of said cathode-support mem 
bers is B, the length of said first portion being 
2A, and the dimensions A, B and U being related 
by the following formula: 

E-cos U 
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where dA and dB are respectively the increases 
in A and B resulting from a Srinall increase in 
tenperature of said central portion. 

4. An electrical discharge tube comprising a 
vacuum-tight container having an anode, at least 
One control electrode and two cathode-support 
neinbers Supported from said container the dis 
tance between said cathode-support members 
and said control electrode being substantially 
fixed, a tantalum cathode supported on said 
cathode-support members and comprising a first 
portion and two second portions making an angle 
U thereWith, means attaching Said second por 
tions to said cathode-support members so that 
the distance between the ends of said first por 
tion and the end of said cathode-support mem 
bers is B, the length of said first portion being 
2A, and the dimensions A, B and U being related 
by the following formula: 

E=cos U 
Where dA and dB are respectively the increases 
in A and B resulting from a Small increase in 
temperature of said central portion. 

5. An electrical discharge tube comprising a 
vacuum-tight container having an anode, at least 
One Contirol electrode and two cathode-support 
nnenberS Supported from Said container the dis 
tance between said cathode-support members and 
Said control electrode being substantially fixed, 
a cathode of sheet metal Supported on said 
Cathode-Support members and comprising a first 
portion and two second portions making an angle 
therewith, the dimensions of said cathode being 
So pl’Oportioned to said angle that the changes 
in Said distance which result from a tempera 
ture variation of Said first portion compensate 
the changes in said distance which result from 
the concomitant temperature variation in said 
Second portions. 
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