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UNITED STATES PATENT of FICE 
2,462,877 

ELECTRON DISCHARGE DEVICE 
Charles W. Litton, Redwood City, Calif., assignor 

to Federal Telephone and Radio Corporation, 
Newark, N.J., a corporation of Delaware 

Application November 23, 1942, Serial No. 466,566 
(C. 250-27.5) 14 Claims. 

This invention relates to improvements in 
electron discharge devices and more particul 
larly to a vacuum tube resonator capable of 
producing large amounts of power at ultra 
high-frequencies. This application is a con 
tinuation-in-part of my U. S. Patent No. 2,372,213 
granted March 27, 1945. 
An object of the present invention is to provide 

a novel high power vacuum tube resonator. 
Another object of this invention is to provide 

a vacuum tube resonator capable of producing 
larger amounts of power at ultra-high frequencies 
than heretofore possible. " 
A further object of this invention is to provide 

a vacuum tube resonator having relatively low 
internal capacities for the amount of power which 
the tube is able to handle. 
A still further object of the invention is to pro 

vide a novel annular cathode construction. 
The invention specifically contemplates the 

construction of a vacuum tube resonator having 
a ring-shaped cathode surrounded by concentric 
annular electrodes such as an anode, or a grid 
and anode. 

In its broadest sense, the invention is directed 
to a novel vacuum tube resonator in which the 
capacity between electrodes per active inter 
electrode area is maintained extremely low. 
These and other objects and advantages of the 

present invention will appear from the following : 
description of a preferred form of vacuum tube 
resonator embodying the essential features of the 
invention, illustrated in the accompanying draw 
ings, in which: 

Fig. Il is a vertical cross-sectional view, in par 
tial perspective, illustrating a preferred embodi 
ment of a vacuum tube oscillator in accordance 
with the present invention; 

Fig. 2 is a horizontal cross-sectional view of the 
Cathode structure, taken along the line 2-2 of 
Fig. 1; 

Fig. 3 is a circuit diagram of the vacuum tube 
oscillator illustrated in Fig. 1; 

Fig. 4 is a simplified circuit diagram showing 
the effective high frequency circuit of the oscil 
lator illustrated in Fig. 1; and 

Fig. 5 is a circuit diagram similar to Fig. 4 
showing the tube operating as a self-excited os 
cillator. 

For the Successful operation of vacuum tubes 
at ultra high frequencies, it is known that the 
electrode spacings must be kept small in order 
to reduce inter-electrode transit time. on the 
other hand, the inter-electrode capacities must 
be kept small so that the resonant circuits can 
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develop the required impedance. Consequently, 
as tubes have been developed to operate at higher 
and higher frequencies, the area of the elements 
has been reduced in order to lower the inter-elec 
trode capacities. The reduction in cathode area 
means low peak emission and low peak power out 
put under pulse operation, while small plate area 
means low average power capabilities. 
Applicant has discovered, however, that by the 

use of a cathode formed as a figure of revolution 
of relatively large radius but with a narrow effec 
tive cathode emission surface, the periphery of 
this cathode being surrounded by a suitable an 
nular anode, large amounts of power at ultra 
high frequencies can be developed. This follows 
from the fact that whereas the total capacity be 
tween the electrodes is increased, the capacity per 
unit circumference of the cathode is maintained 
relatively Small. This follows from the fact that 
the electrical characteristics per unit circumfer 
ence are dependent upon the thickness of the ad 
jacent electrodes and the distance between them, 
and are substantially independent of the radius. 
The resultant tube is, in effect, equivalent to an 
infinite number of tubes connected in parallel, 
each tube having a low unit inter-electrode ca 
pacity. In such event, the power developed is 
greatly increased but the extra capacity intro 
duced does not add the capacity already exist 
ing in the ordinary sense, because the circular 
Symmetry conditions existing at one point along 
the circumference cannot influence the conditions 
at any other point as contrasted, for example, to 
known types of tubes having concentric elements 
in Which the radius of the centrally positioned 
cathode is extremely small relatively to its length. 
One form of such a figure of revolution tube meet 
ing the desired conditions outlined above, is de 
Scribed by Way of example below, while another 
form of such a tube is shown in my above identi fied copending application. 
The vacuum tube resonator illustrated in Fig. 1 

is provided with a cathode to having a configura 
tion which meets the requirements outlined above. 
It will be noted that the cathode 0, shown in 
more detail in Fig. 2, is provided with a hollow 
ring having a relatively narrow periphery emit 
ting surface 2 whose radius is Substantially 
greater than its width in the longitudinal direc 
tion. The cathode to may be immediately sup 
ported on either side by a pair of partially oblique 
disks f52 and 53 having outwardly directed 
flanges 66 and 67 spaced close to but not con 
tacting the inwardly directed integral cathode 
flanges 64 and 65, except through a plurality 
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of circumferentially spaced intermediate metal 
disks 68, preferably spot-welded between the 
opposing flanges. The disks 52 and 53, in turn, 
are supported by a cylindrical shell formed by the 
two half cylinders 46 and 69, and connected to 
gether through opposed flanges 72, 73. The 
half cylinder 69 may be strengthened by the 
cylindrical corrugated insert 5. The lower half 
cylinder 46 is supported by a cup-shaped member 
4 at one end which, in turn, is attached to a hol 

low supporting tube f6. The other end of the 
tube 6 is attached in any suitable manner to a 
metal closure member 7 connected to a glass 
seal 8. The latter, in turn, is connected to the 
end member 20 to which is attached the rod 22 
passing through the tubular support 6 and ex 
tending upwardly into the interior of the cylin 
ders 46, ?69 for connection With the cathode 
heaters 24 of which there may be six connected 
in parallel and Spaced circumferentially within 
the Cathode 0. One end of each heater 24 may 
be directly connected as by Wire 26 to a disk 62 
mounted on the end of the rod 22 by means such 

' as screw í6 f; the rod 22 will then form one of 
the heater leads. The other end of the heaters 
24 may be attached by lead 25 to a ring 63 fas 
tened on the tubular support 6 between a rigid 
collar f74 and a threaded collar 75 threadedly 
mounted in the upper end of the support 6 which 
then serves as the other heater lead. The leads 
25 and 26 will extend through suitable openings 
in the cylinders 46, 69. To further increase the 
thermal efficiency of the cathode, six heat shields 
TO are placed behind the respective heater coils 

24, and are attached to the cylinder 46 as by 
brackets 7. w 
The cathode construction, described above is 

advantageous in many respects. The spacing be 
tween the emitting surface 2 and its supporting 
disks f52 and 53 acts as a thermal insulation 
preventing excessive heating of the disks and per 
mitting the dissipation of such heat. The emit 
ting surface 2 is electrically connected to the 
disks i 52, 53 by the capacity between the op 
posed flanges 64, 67 and f65, 66 and directly 
Connected by the metal disk 68. 

Coaxial cavity resonators 32 and 34 in the form 
of Split toroids are positioned coaxial with and 
upon opposite sides of the annular cathode emit 
ting Surface f2. In the preferred embodiment of 
the invention illustrated, the resonator 32 is 
spaced from the cylindrical member 69 and sup 
ported by an inverted cup-shaped member 36 
mounted upon the end of a longitudinally adjust 
able bar 38. The bar 38 is slidably mounted in 
a centrally positioned opening within the tube 
cap 40 and at its outer end is provided with suit 
able threads 42 which are engaged by a nut 44. 
It will be clear to those skilled in this art that 
rotation. Of the nut 44 will result in an upward or 
downward movement of the bar 38, and a re 
Sulting adjustment in the position of the reso 
nator 32. The end of the tube is sealed despite 
the presence of the longitudinally movable bar 38 
by suitable means such as a flexible metal mem 
brane 48 tightly conencted about the bar 38 at 
its Center, and connected about its circumference 
to a metallic wall 50 of the tube. - 
The coaxial resonators 32, 34 preferably form 

the high-frequency input circuit for the vacuum 
tube oscillator and coupling thereto may be made 
by a suitable loop 5 projecting through an open 
ing into the resonator 34. The loop is supported 
by a coaxial line in the form of an outer tubular 
member 52 surrounding an internal lead 54. A 
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4. 
Suitable seal 56 closes off the outer end of the 
tube 52 and holds the lead 54 in position. The 
tube 52 is held in place relatively to the resonator 
34 by firmly connecting it to the lower outer 
shell 58 of the tube. In accordance with the pre 
ferred form of invention, and in contrast to the 
mounting of the resonator 32, the lower coupled 
resonator 34 is rigidly attached to the cup-shaped 
Cathode Support 4. Depending from the center 
of the lower outer shell 58 is a metal cylinder 60, 
connected by glass cylinder 62 to the metal closure 
member 7, thus completing the sealing of the 
lower end of the electron discharge device. 
The grid is positioned concentric to the cathode 

0, being Spaced relatively closely to the active 
cathode surface 2 and also relatively closely to 
the outer annular surfaces of the resonators 32, 
34. The grid 64 may consist of a plurality of cir 
cumferentially spaced wires 66 supported at their 
ends by rigid annular members 68 and 72. These 
annular members may be strengthened, if desired, 
by respective corrugated cylinder 56, inside the 
grid and corrugated cylinder 58, outside the grid. 
The lower end of the grid support 68 may be 
turned over as a flange 76 connected to a support 
ing ring 78 by Suitable means such as a clamping 
ring 50 and screws 80. The ring 78, in turn, is 
mounted on one or more rods 8 extending outside 
of the tube through means such as the cylinder 82, 
the cylindrical tube 84 and the closure cap 86. 
The rod 8 may thus serve as a grid terminal for 
the grid tube. 

Radially Spaced from the grid 64 and in juxta 
position. With the coaxial resonators 32 and 34 are 
positioned a second pair of generally open toroidal 
coaxial resonators 88 and 90. There are, thus, 
four cavity resonators about the electrodes, the 
first and second cavity resonators 88 and 90 being 
supported rigidly by the metallic wall 50 of the 
tube, the third cavity resonator 34 being supported 
rigidly by the cathode 0 and the fourth cavity 
resonator being adjustably supported by the cup 
shaped member 36. The resonator 90 is rigidly 
connected to and supported by the lower outer 
shell 92 of the tube, and at its upper end is pro 
vided with an inwardly turned flange 93 Support 
ing the annular anode disk 94. The upper reso 
nator 88 is rigidly attached to and Supported by 
the upper outer shell 50 of the tube and is pro 
vided with a similar inwardly directed annular 
flange 95 at its lower end. It will be thus seen 
that the anode disk 94 is, in effect, mounted be 
tween the resonator flanges 93 and 95 and is 
directly electrically connected to one side of these 
resonators. The flanges 93 and 95 are so posi 
tioned that the inner periphery of the anode 94 
extends about the grid 64 and is concentric with 
the active cathode surface 2. The spacing be 
tween the internal anode surface and the grid 64 
is made as small as desired, noting, however, that 
the internal annular surfaces of the resonator 88 
and 90 are also spaced from the Surrounded grid 
supports 68 and 72. 
The high frequency output may be taken from 

the resonator 88 by means of a suitable loop 96 
extending through an opening therein and 
mounted within an output 98 rigidly electrically 
connected to the resonator. The loop 96 is di 
rectly connected at one end to the tube 98 and 
its other end is in the form of a lead OO extend 
ing concentrically within the tube 98 and out 
through a suitable glass seal 02, closing the 
Outer end of the tube. 
A second high frequency output may be taken 

from the resonator 88 through an oppositely posi 
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tioned loop f 8 extending through an opening 
therein and mounted within a tube 85. The 
loop 78 in this case is directly connected at One 
end to the tube 85 and its other end is in the 
form of a lead 77 extending concentrically within 
the tube 85 and out through a suitable glass 
seal 200. 

If it is desired to provide water cooling of the 
anode, an arrangement such as shown in Fig. 1 
may be used. A continuous piece of tubing start 
ing from the inlet junction box 83 is wound in 
Wardly on the upper outer surface of the anode 
94 in a flat spiral to form tubes 80, 8 and 82, 
ending in the outlet junction box 84. A second 
piece of tubing runs from the inlet junction box 
883, forming tubes 90, 9 and 92, also ending 
at the outlet junction box 86. 
The high frequency electrical circuit resulting 

from the construction illustrated in Fig. 1 can 
best be understood from the circuit diagram of 
Fig. 3. Beginning with the high frequency input 
lead 54 connected to the loop 5, it will be seen 
that this is coupled to the resonator 34. The 
other end of the loop 5 will be electrically con 
nected to the anode 94 via the cylindrical Sup 
port 52, and the tube shell sections 58 and 92. 
This same end of the loop will also be electrically 
connected to the resonator 32 through the upper 
tube shell 50, the flexible metallic membrane 48, 
the movable bar 38 and the inverted cup-shaped 
support 36. 
The resonator 32 will be variably coupled at 

one end to the cathode 0 by reason of the serial 
capacitances existing between the adjacent parts, 
represented in Fig. 3 as C32-169 and C153k. The 
other end of the resonator 32 will be capacitatively 
coupled to the grid by reason of the capacitance 
existing between the outer surface of the resonator 
32 and the surrounding grid support; this capaci 
tance is represented in Fig. 3 by C32g. The input 
resonator 36 will be connected on the One hand 
to the cathode ?o through the cup-shaped Support 
4 and the capacitance C152k, as previously de 

scribed, and at the other end capacitatively 
coupled to the grid by reason of the capacitance 
existing between the outer surface of the resona 
tor 34 and the immediately adjacent surround 
ing grid support; this capacitance is represented 
in Fig. 3 as C34g. 
The output loops 96 and 8 are, as previously 

described, each directly connected at one end to 
the anode 94 which, at the same time, forms a 
center tap between the resonators 88 and 90. 
The other ends of the loops are, of course, Con 
nected to the respective output leads 0 and 7. 
The inner, opposite ends of the resonators 88 and 
90 are capacitatively coupled to the grid by reason 
of the capacitance existing between their respec 
tive inner surfaces and the adjacent grid supports. 
These capacitances are represented in Fig. 3 as 
Ca8g and C90g, respectively. The high-frequency 
oscillator circuit is completed by the internal in 
ter-electrode capacities indicated in Fig. 3 as Cpg, 
between grid and anode, Cpk between anode and 
cathode, and Cek between grid and cathode. 
The simplified high frequency circuit of the 

tube operating as a high frequency tuned ampli 
fier is illustrated in Fig. 4, in which the capaci 
tances C34g, C152k, C32g, C32-169, C153k, C90g and C88g 
have been neglected, since they will all be effec 
tively short circuited at ultra high frequencies. 
Under these conditions, the resonators 32, 34 and 
88, 90 may be shown as lumped inductors forming 
tank circuits with the grid cathode capacitance 
Ck and the anode-grid capacitance Cpg, respec 
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tively. The resonators 32, 34, 88 and 96 are so 
proportioned as to act, as inductive reac'Ors at 
the generating frequency. The tank circuit 
represented by the resonators 32, 34 and the 
shunt capacitance Csk may be tuned by varying 
the dimensions of the resonator 32, as previously 
described. While this also varies the capacitance 
C32-169 slightly, this variation is unimportant and 
can be neglected at high frequencies when this 
capacitance is an effective short circuit. 
Additional means such as can be readily de 

signed by those skilled in this art may be used 
to tune resonators 88 or 90, by making one of 
them slidable similarly to resonator 32. 

If the tube is to be used as a self-excited oscil 
lator, a circuit such as illustrated in Fig. 5 may 
be used. In this case the input 52, 56 is con 
nected to one of the outputs 98, 00 through means 
such as a coaxial line 20, 22. The output of 
the self-excited oscillator may then be taken 
from 77, 85. 

It will be seen that the construction described 
above is admirably adapted to provide a vacuum 
tube oscillator with high power for ultra-high 
frequencies. While there i? a large amount of 
active inter-electrode surface for producing high 
power, the thickness of the effective cathode 
surface and of the effective anode surface in the 
longitudinal direction has been kept extremely 
narrow and, as a result, undesired capacities 
between these elements have been avoided and 
the resulting capacity per unit of circumference 
is extremely small. At the same time, the ar 
rangement of the resonators to form the oscillat 
ing circuit is relatively neat and compact and pro 
vision is made for adjustment of a resonator, if 
desired. 
While the invention has been described in con 

nection with a certain specific constructional emi 
bodiment, it will be apparent that the novel fea 
tures of the invention may be applied to tubes 
having other structural relationships. For ex 
ample, the principle of obtaining high power at 
ultra-high frequencies is applicable to tubes con 
structed as diodes, as well as triodies. The reso 
nators themselves may be of other configurations 
known to the art and the manner in which the 
individual parts of the tube are constructed is 
without any particular importance. While a 
special improvrd form of cathode has been shown 
it is only essential, however, for the optimum 
operation of a vacuum tube oscillator in accord 
ance with the present invention, that the cathode 
be shaped with an outer effective peripheral Sur 
face whose thickness is smaller than its radius. 
This form of cathode may be variously described 
as “annular, ring-shaped' or by any other similar 
connotation. Furthermore, it is important that 
the anode, of preferably substantially the same 
thickness as the cathode, surrounds the cathode 
concentrically in order to provide a minimum of 
inter-electrode capacitance with a maximum of 

... active inter-electrode energy transferred. 
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Accordingly, while I have described above the 
principles of my invention in connection with 
specific apparatus, it is to be clearly understood 
that this description is made only by Way of ex 
ample and not as a limitation on the scope of my 
invention as set forth in the objects and the ac 
companying claims. 
What is claimed is: 
1. A high frequency electron discharge device 

including a pair of electrodes comprising a sub 
stantially ring-shaped cathode whose outer ra 
dius is substantially greater than its longitudinal 
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dimension, and a ring-shaped grid surrounding 
the periphery of the concentric with said Cathode, 
means forming a cavity resonator capacitatively 
coupled to and coaxial with both of said electrodes, 
and sealed envelope-forming means enclosing said 
electrodes. 

2. A high frequency electron discharge device 
including a pair of the electrodes comprising a 
substantially ring-shaped cathode whose Outer 
radius is substantially greater than its longitudi 
nal dimension, and a ring-Shaped anode Sur 
rounding the periphery of and concentric with 
said cathode, means forming a cavity resonator 

0. 

capacitatively coupled to said cathode, directly 
connected to said anode and coaxial with both 
of said electrodes, and sealed envelope-forming 
means enclosing said electrodes. 

3. A high frequency electron discharge device 
including a pair of electrodes comprising a sub 
stantially ring-shaped cathode whose outer radi 
us is substantially greater than its longitudinal 
dimension, and a ring-shaped grid Surrounding 
the peripherey of and concentric with said Cath 
ode, means forming a cavity resonator capacita 
tively coupled to said grid and to said cathode and 
coaxial with both of said electrodes, and Sealed en 
velope-forming means enclosing said electrodes. 

4. A high frequency electron discharge device 
comprising a substantially ring-shaped cathode 
whose outer radius is substantially greater than 
its longitudinal dimension, a ring-shaped grid 
surrounding the periphery of and concentric with 
said cathode, a ring-shaped anode surrounding 
the periphery of and concentric with said grid, 
means forming a cavity resonator capacitatively 
coupled to said cathode, directly connected to 
said anode and mounted coaxial with all of said 
electrodes, and sealed envelope-forming means 
enclosing said electrodes. 

5. A high frequency electron discharge device 
comprising a substantially ring-shaped cathode 
whose Outer radius is Substantially greater than 
its longitudinal dimension, a ring-shaped grid 
surrounding the periphery of and concentric with 
said cathode, a ring-shaped anode surrounding 
and concentric with said grid, means forming a 
cavity resonator capacitatively coupled to said 
grid and to said cathode and mounted coaxial 
with all of said electrodes, and sealed envelope 
forming means enclosing said. electrodes. 

6. A high frequency electron discharge device 
comprising a substantially ring-shaped cathode 
whose outer radius is substantially greater than 
its longitudinal dimension, a ring-shaped grid 
surrounding the periphery of and concentric with 
said cathode, a ring-shaped anode surrounding 
and concentric with said grid, means forming a 
cavity resonator capacitatively coupled to both 
said grid and cathode and mounted coaxial with 
all of Said electrodes, and sealed envelope-forming 
means enclosing said electrodes. 

7. The combination according to claim. 6, in 
which said cavity resonator-forming means is di 
rectly connected to said anode. 

8. A high frequency electron discharge device 
comprising a cathode in the form of a hollow ring, 
open at its center, whose outer radius is sub 
stantially greater than its longitudinal dimension, 
a pair of disks on each side of said ring, circumfer 
entially spaced metallic Spacing members con 
necting said disks to the lateral faces of said ring, 
and a hollow cylinder supporting said disks, an 
annular grid surrounding the periphery of and 
concentric with said cathode, an annular anode 
surrounding and concentric with said annular 
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grid, means forming a cavity resonator coupled 
to said cathode and one of said other electrodes, 
and mounted coaxial with all of said electrodes, 
and sealed envelope-forming means enclosing 
said electrodes. 

9. An annular cathode comprising a hollow 
ring, open on its inner side, whose outer periph 
ery constitutes an electron emitting surface, 
a pair of disks, one positioned on each side of said 
ring, circumferentially spaced metallic spacing 
members connecting said disks to the respective 
adjacent faces of said ring, and a hollow cylinder 
extending through and supporting said disks, the 
diameter of said cylinder being substantially less 
than the outer diameter Of Said ring. 

10. An annular cathode according to claim 9, 
further comprising cathode heating means posi 
tioned inside said ring between said ring and cyl 
inder, heater terminals mounted within said cyl 
inder, and leads extending through said cylinder 
from said terminals to said heating means for 
supporting the latter. 

11. An annular Cathode according to claim 9, 
further comprising cathode heating means posi 
tioned inside said ring between said ring and cyl 
inder heater terminals mounted within said cyl 
inder, leads extending through said cylinder 
from said terminals to said heating means for 
Supporting the latter, and a heat hield con 
nected to said cylinder and mounted close to said 
heating means between the same and said cylin 
der. 

12. A high frequency electron discharge device 
comprising, a hollow cylinder having circumfer 
entially spaced openings near its center, arcu 
ately shaped heating means surrounding the cen 
ter of the cylinder, leads extending from said 
heating means through said openings into said 
cylinder, heater lead terminals within said cylin 

40 der, said terminals including a hollow tube ex 
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tending downwardly from and coaxial with said 
cylinder, means connecting said heater leads to 
Said heater terminals for supplying current to and 
simultaneously supporting said heating means, 
means supporting one end of said cylinder from 
said tube, a hollow ring-shaped cathode sur 
rounding and partially enclosing said heating 
coils, means supporting said cathcale from said 
cylinder, an annular grid spaced from and sur 
rounding said cathode, an annular, anode spaced 
from and surrounding said cathode grid, a gen 
erally cylindrical metal member forming an outer 
Wall of said electron discharge device, coaxial 
With said electrodes and supporting said anode, 
Said anode having a radial extension projecting 
through the outside of said wall, a pair of cavity 
resonators in the form of hollow toroids open at 
one side, supported by and within said cylindrical 
member with their open sides respectively on op 
posite sides of the said annular anode and their 
inner peripheries spaced from but adjacent the 
outer periphery of said grid, a third cavity reso 
nator in the form of a hollow toroid having an 
open side, supported by said hollow cylinder with 
its open side facing one lateral face of said cath 
ode and its outer periphery spaced from but adja 
cent the inner periphery of said grid, a fourth 
Cavity resonator in the form of a hollow toroid 
having an open side, mounted with its open side 
facing the other lateral face of said cathode, its 
outer periphery spaced from but adjacent the in 
ner periphery of said grid, and its inner periphery 
spaced from but adjacent the outer surface of 
said hollow cylinder, means adjustably supporting 
said fourth resonator from said generally cylin 
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drical metal member, said means including means 
sealing the tube of said cylindrical member, means 
sealing the bottom of said cylindrical member and 
forming therewith an evacuated vessel enclosing 
said electrodes, means supporting said grid from 
said bottom sealing means, input coupling means 
extending through the bottom sealing means into 
said third resonator, and output means extending 
through said cylindrical member into one of said 
pair of resonators. 

13. A high frequency electron discharge device 
according to claim 12, further comprising arcu 
ately shaped heat shielding means supported by 
said hollow cylinder intermediate the latter and 
said heating means. 

14. A high frequency electron discharge device 
according to claim 12, in which both said cou 
pling means are formed as loops, one end of each 
of which is galvanically connected to said anode 

O 
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through said outer cylindrical member, and the 
other ends of which are formed as leads project 
ing outside of the electron discharge device. 

CHARLES V. IT" TON. 

REFERENCEs CITED 
The following references are of record in the 

file of this patent: 
UNITED STATES PATENTS 

Number Name Date 
2,108,900 Peterson ----------- Feb. 22, 1938 
2,190,668 Llewellyn ---------- Feb. 20, 1940 
2,216,170 George ----------- Oct. 1, 1940 
2,259,690 Hansen et al. ------- Oct. 21, 1941 
2,289,846 Liitton ----------- July 14, 1942 
2,295,680 Mouromtseff et al. -- Sept. 15, 1942 
2.351744 CheWigny ------------ June 20, 1944 

  


