
Oct. 9, 1945. L. J. WOLF 2,386,733 
HIGH FREQUENCY APPARATUS 

Filed Nov. 25, l942 3. Sheets-Sheet l 

w ry----- 
Ge/a N. D. 
Mao'7. Yi-J.-- 
4. -76 

Sassassicz, 

: NVENTOR N ! 

BY : 

ATTORNEY i 
  



Oct. 9, 1945. ... J. WOLF 2,386,733 
HIGH FREQUENCY APPARATUS 

Filed Nov. 25, 1942 3. Sheets-Sheet 2 

% 

SSSSSSSS NY 
R 1 - 

R 

/2 sea. 
aaaaaaaa e zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz 

S s 
C O 
S Es 

a 444 a 

o 
YY. 

52. 

37 A 2 
A. R 

2 s 21, a1 52S 
(= 59 ex as: 

4.E. Azi ICH AE - Cis 

2O OH 25 H SH 
SPR) SH 

47 Titi, V 
Faize. A sistestsease st 
was 2.522-142Art, a Yin -P. NWENTOR crazeerae le—at 2aag 

BY ) #64-e-u- 
ATTORNEY 

  

  

  

  

    

    

  



Oct. 9, 1945. L. J. WOLF 2,386,733 
HIGH FREQUENCY APPARATUS 

Filed Nov. 25, 1942 3. Sheets-Sheet 3 

INVENTOR - 

Zeytez ca, Z70/. 
BY );-3 /2-e-w-011 

ATTORNEY 

  

  

  



Patented Oct. 9, 1945 2,386,733 

UNITED STATES PATENT OFFICE 
2,386,733 

HIGH-FREQUENCY APPARATUS 
Lester J. Wolf, Audubon, N.J., assignor to Radio 
Corporation of America, a corporation of Dela 
Ware 

Application November 25, 1942, Serial No. 466,879 
(C. 315-38) 18 Claims. 

This invention relates to new and useful high 
frequency apparatus, and is particularly directed 
to high power push-pull amplifiers, with novel 
cooling and mounting arrangements of the am 
plifier tubes. 
An object of this invention is to provide a com 

pact and highly efficient composite cooling system 
for a high frequency high power amplifier. 
Another object of this invention is to provide 

an improved location, mounting and securing 
arrangement of the amplifier tubes so as to pro 
Vide combined flexible mounting means for hold 
ing the tubes and cooling the anode electrode, 
also the grid and filament seals thereof, and to 
provide easy access to the tubes for inspection 
Or renova. 

Still another object of this invention is to pro 
vide both circulating water and air for cooling 
the anode, cathode and grid electrodes of the elec 
tron discharge devices. 
A feature of this invention is the insertion of a 

pair of electron discharge devices within closed 
metallic chambers, which chambers form a part 
of the amplifier tank circuit of a radio trans 
mitter, and also a fluid or air cooling duct for 
Cooling certain portions of the electron discharge 
devices, the fluid cooling duct being combined with 
an additional air blast arrangement and a water 
cooling System. 
This invention will best be understood by re 

ferring to the accompanying drawings, in which 
Fig. 1 is a schematic circuit diagram of the am 

plifier portion of a radio transmitter; 
Fig. 2 is a cross-sectional view of the amplifier, 

the Section being taken through the center of the 
tubes; 

Fig. 3 is a longitudinal cross-section of the am 
plifier, the Section being taken at line 3-3 of 
Fig. 2. w 

Fig. 4 is a rear view of the amplifier partly in 
Section. 

Referring now in detail to Fig. 1 of the draw 
ings, the push-pull amplifier circuit comprises a 
pair of electron discharge devices and 2 of the 
RCA #2027 type. This tube will be found, de 
Scribed in detail, in the Zottu et al. Patent 
#2,113,671, issued April 12, 1938, The anodes 3 
and 4 are of the water-cooled type, and each tube 
is cooled by a ceramic helical tubular water com 
municating member 5. (For the sake of sin 
plicity in the circuit diagram, only one helical 
Cooling member is shown, although it is to be 
understood that each anode has its separate cool 
ing helix.) Within the envelope of tubes and 
2 there are located control grids 6 and , and 

O 

5 
maximum value. 

spect to the anodes. 

although these members are shown in the con 
ventional form, it will be noted by referring to the 
above mentioned Zottu et al. patent that the 
control grids are concentrically arranged with re 

Screen grids 8 and 9 are 
provided within the envelopes of the tubes, and 
are likewise Concentrically arranged with respect 
to the anodes. The cathodes O and are lo 
cated in the central axis of the tubes. 
The amplifier of this invention is particularly 

adapted for short-waves in the order of 2% 
meters, and because of the high frequencies in 
Wolved; namely, the order of 112 to 116 mega 
cycles, it is necessary that the capacities involved 
in the circuit elements be maintained at a low 

Likewise, because of the high 
power handled, and high voltages involved, I have 
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conceived the idea of mounting the tubes. Within 
the actual circuit elements which form induct 
ances and capacities for a tuned circuit, and 
screening them by a metallic compartment which 
is insulated from ground, the construction of 
which will be described in more detail later. 
The radio frequency tank portion of the cir 

cuit elements, which is divided into two portions 
in the form of separate metallic tuning cham 
ber portions 2 and 2', acts as inductance and 
capacitance members, and is tuned by means of a 
sliding tuning device, or shorting bar, 3 and is 
insulated from the other circuit elements by 
means of insulators sufficient to properly main 
tain the plate potential at approximately 10,000 
volts. Surrounding tuning members 2 and 2 
is a metallic screen compartment 4, which is con 
nected to screen grids 8 and 9, and insulated from 
the structural or radio frequency ground poten 
tials of the amplifier at 1000 volts. The Cathode 
leads adjacent the tuned radio frequency portion 
of the amplifier are connected to tubes. and 
2, and are shielded to prevent hun, by means of 
two metallic tuned lines 5 and 6 constructed 
of copper tubing, the outer portion of the line be 
ing terminated at A a wave length by means of 
shorting bar 7. The tuned lines 5 and 6 are 
tuned to A, the operating wave length to prevent 
feedback, which causes parasitics as the cathodes 
are at radio frequency ground potential. 

Each of the copper tubes 5 and 6 has a by 
pass condenser connected to them and the fila 
ment leads. With this arrangement the filament 
current travels in the two leads, and the radio 
frequency travels in tubes 5 and 6. Because of 
the high temperatures involved, it is necessay 
that grid and filament metal-to-glass Seals be 
maintained at a low temperature, otherwise heat 

  



2 
ing will tend to localize itself at one point and thus 
injure the tube. Therefore, in accordance with 
this invention, there is provided, in addition to 
the conventional water-cooling device 5, a fan 
f8 and a blower 9. (To simplify the showing 
on the circuit diagram only one fan 8 and One 
blower 9 are shown, although, as will be ex 
plained in more detail later, there are two fans 
and two blowers provided for the cooling of the 
electron discharge devices.) The air cooling de 
vices 8 and 9 are operated from a power Supply 
device 20, the circuit of which is controlled by 
means of power switch 2. The filaments supply 
ing the cathode voltage are maintained at the 
proper heating temperature by means of a Scott 
wound transformer 22, which arrangement places 
the currents 90 out of phase with respect to each 
other. It will be noted that the primary wind 
ing is broken by means of a plurality of series-ar 
ranged switches, including a water interlock 
switch 23 and an air vane operated interlock 
switch 24, which will break the current operating 
cathodes O and f . It will be noted, by referring 
to the circuit diagram of Fig. 1, that the Cathode 
heating circuit is broken by several interlocks. 
These interlocks may be connected in series with 
a relay winding, not shown, and the main power 
supply circuit. The relay has contacts for break 
ing the circuit of the transformer primary wind 
ing. The arrangement of this circuit is such that 
in case of failure of either the Water or air Supply, 
the filaments are automatically disconnected. 
There are also provided additional circuit ele 
ments not shown in Fig. 1, which will delay the 
connection of, and also remove, the voltage Sup 
ply on both the screen and anode circuits, but will 
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not be described in this application because they 
do not form a part of the invention. 
An air vane interlock switch of a type which 

may be amployed in this invention is shown and 
described in a J. L. Finch Patent F2,285,504, is 
sued June 9, 1942, or in J. L. Finch Patent 
#2,259,104, issued October 14, 1941. A water in 
terlock switch, which may be employed in this 
invention, is shown and described in an Ussel 
man Patent #2,148,395, issued February 21, 1939. 
Referring now to the amplifier structural ar 

rangement shown in Figs. 2, 3 and 4: (For rea 
sons of a clearer description, the panel and 
structural frame-work of the power amplifier Will 
not be shown or described.) 
The metallic anode tuning chamber portions 

2 and 2' are shown symmetrically arranged 
within the metallic screen compartment 4, but 
insulated therefrom by means of ceramic insul 
lators 30. The screen compartment is insulated 
from the grounded frame structure of the ampli 
fier by insulators 30A. Located at the left of 
each metallic chamber portion f2 and 2' of the 
anode tuning member there is a large aperture 
3 provided in both the upper and lower Walls, 
the diameter of which is substantially larger 
than the outside diameter of tubes and 2. To 
the right of each metallic chamber portion 2 
and 2' of the anode inductance member there 
is an aperture 32, through which passes a rela 
tively long tubular insulating air duct member 
33, which also passes through an aperture 34 in 
the wall of screen member 4, and terminates 
directly below in the outlet duct of blower 9, 
The tubular duct 33 also insulates members 2, 
f2' and 4 from ground. A flexible fabric ring 
39 connects duct 33 and blower f 9 to prevent 
vibrations from being transmitted to other por 
tions of the amplifier. The inlet portions of 
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2,386,738. 
each one of the blowers 9 are connected to a . 
common inlet duct 35, the front portion of which 
is provided with an air filter 36, which is com 
posed of spun glass wool, or any other suitable 
filtering material, to filter the air before it 
passes through the blowers. The air from blow 
ers 9 cools substantially the entire tube and, 
likewise, the metal-to-glass seals, as will be de 
Scribed in more detail later. The anodes 3 and 
4 are also water cooled by means of twin helical 
insulating members 5, which are located ad 
jacent blowers 9, and are connected to the 
anodes by means of a flexible rubber hose 37, 
Which paSSes through apertures 38 in the tun 
ing portions f2 and 2'. The blowers 9 are 
mounted by spring elements to the framework 
of the amplifier to absorb vibrations. The cath 
Ode and grid portions of the tube are cooled by 
means of fans 8, one of the fans being located 
in the upper portion of the amplifier, centrally, 
between tubes f and 2, and set at such an angle 
as to direct a blast of air upon the cathodes of 

The other fan is located in the cen 
tral portion of the amplifier and set in such a 
position as to direct a blast of air upon the grid 
portions of amplifier tubes and 2. In addition 
to the aid blast from the fans 8, there are pro 
vided rubber hose connections 40 and 4f, which 
connect to the insulating pipes leading from the 
Source of water supply 42, and are arranged in 
Such a manner that there is internal cooling of 
both the cathode and grid electrodes. 

Because of the high power and high frequency 
involved in the amplifier circuits of the push 
pull amplifier of this invention, a great amount 
of heat is developed. Therefore, in addition to 
the above mentioned water cooling system of 
the anodes, grids and cathodes, I have found it 
necessary to depart from the customary cool 
ing methods, and to also cool the tubes locally, 
particularly at the grid and filament seals. The 
point on the screen grid portion of the tube, 
at which the glass envelope 50 is sealed to the 
outer metallic anode portion 5f, also develops 
localized heat. Therefore, in order to cool the 
tubes at this point, I have provided cooling 
means different from those employed in the or 
dinary prior art amplifiers used in short-wave 
radio transmitters. Also, the RCA #2027 tubes 
have Screen grid connections in the form of con 
centric rings 52 and 53 located at both the upper 
and lower portions thereof, therefore additional 
cooling means have to be provided to dissipate 
the heat generated at these points. 

In accordance with several of the other ad 
vantages and features of this invention, there 
are provided a plurality of metallic spring con 
tact clips 54, which are radially spaced and se 
cured to the lower portion of chambers 2 and 
2', by means of screws, or rivets, 55. These 

clips are SO arranged that approximately one 
half the number of spring contact members are 
Secured to the top and bottom walls of cham 
bers 2 and 2', and the other half are secured 
to a remcvable metallic base member 56, which 
is in turn secured to a removable door 57, 
through which access to the tube is made. The 
location and arrangement of the spring contact 
members 54 is made such that they bear against 
the Outer metallic anode portion 5 to make good 
electrical contact therewith. Additional con 
tact is made to the anode by means of a remov 
able clip 59, which is secured to the inner walls 
of members 2 and 2' by suitable means, such 

a 
  



2,386,733 
as nuts and boltS. The spacing of clips 54 is 
such that the blast of cooling air, as indicated. -- 
by arrows 58, passes through the spaces and 
around the envelope portion of tubes and 2, 
the blast of air continuing to flow down through 
apertures 3 to cool the screen grid portion 52. 
The reason for this arrangement is that in the 
prior art practice, particularly in the ultra high 
frequencies, there was a tendency for the tubes 
to heat up in a localized spot at some point along 
the metallic anode to glass seal, and it will be 
noted that by this novel arrangement the blast 
of air is broken up into a plurality of Small, di 
vided paths, which prevent the formation of 
heat in such localized spots. 
One of the novel mounting advantages of this 

invention is an arrangement Wherein expansion 
due to the large amount of heat developed within 
the metallic chambers causes expansion and con 
traction of the metallic chambers, and its asso 
ciated relationship between tubes and 2. There 
fore, by this invention, each one of the tubes is 
flexibly mounted within apertures 3 by means of 
two flexible metallic bellows 60, which are sol 
dered to the top and bottom portions of Screen 
grid chamber 4 at a point 6. Each one of the 
ends of the tubes and 2 pass through the bellows 
60. At the free, unsoldered ends of the bellows, 
which are opposite securing points 6, there are 
provided metallic rings 62, which are split into 
two halves and arranged to be fastened to the 
metallic bellows by means of screws 63, and 
clamped to the screen grid electrodes. The rings 
62 are Split so as to facilitate the easy removal of 
the tubes. The flexible bellows also prevent vi 
brations being transmitted to the tubes and 2. 
The screen grid chamber 4 is provided with 

two hinged doors 64, which permit access to the 
removable doors 57, through which the tube 
passes when it is found necessary to inspect, make 
replacements, or to change tubes in the amplifier. 
The radio frequency shorting bar 3 has a plu 

rality of contact fingers 65 to insure a perfect 
sliding contact to the walls of chambers 2 and 
2. The plate voltage is connected from a lead 66 
to a plate supply 67, which is grounded at 68. The 
Screen voltage supply is connected to a positive B 
voltage at 69. 
Although this invention has been described in 

connection with the cooling of a push-pull power 
amplifier circuit, it is to be distinctly understood 
that this improved cooling method will also be 
equally applicable to other short-wave-high power 
apparatus, such as is used with oscillator and 
modulating circuits. Therefore, this invention 
Should not be limited precisely thereto. 
What is claimed is: 
1. An ultra high frequency system having in 

combination an electron discharge device having 
at least a cathode, an anode, grid, and screen grid, 
a high frequency circuit including a hollow 
metallic element electrically connected to said 
anode, a metallic screen surrounding said hollow 
metallic element and electrically connected to said 
Screen grid, and means for forcing air through 
Said hollow metallic element and against said 
electron discharge device. 

2. An ultra high frequency system having in 
combination an electron discharge device having 
at least a Cathode, an anode, grid, and screen 
grid, a high frequency circuit including a hollow 
metallic eelment electrically connected to said 
anode, a metallic screen surrounding said hollow 
metallic element and electrically connected to 
said Screen grid, water cooling means for circulat 

3. 
ing water around said anode, ,and means for 

:-forcing air through said hollow metallic element 
and against said election discharge device. 
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3. An ultra high frequency system having in 
combination an electron discharge device having 
at least a cathode, an anode, grid, and screen 
grid, a high frequency circuit including a hollow 
metallic element having substantially straight 
walls, said hollow metallic element electrically 
connected to said anode, a rectilinear metallic 
screen surrounding said hollow metallic element 
and electrically connected to said screen grid, and 
means for forcing air through said hollow 
metallic element and against said electron dis. 
charge device. 

4. An ultra high frequency push-pull amplifier 
System having in combination a pair of electron 
discharge devices, each one having at least a 
cathode, an anode, a grid, and Screen grid, a high 
frequency circuit including a hollow metallic ele 
ment electrically connected to Said anodes, a 
metallic screen surrounding said hollow metallic 
element and electrically connected to said screen 
grid, said high frequency circuit Comprising a hol 
low conductive system, arid means to force air 
through said system and against said anodes. 

5. An ultra high frequency amplifier system 
having in combination a pair of electron dis 
charge devices, each one having at least a cath 
ode, an anode, grid, and screen grid, a high fre 
quency circuit connected to said anodes, said high 
frequency circuit comprising a hollow conductive 
system including a pair of hollow metallic con 
ductors, adjustable tuning means interposed be 
tween and electrically connected to each one of 
said hollow metallic conductors, a metallic screen 
surrounding Said hollow metallic conductors and 
electrically connected to said screen grid, and 
means to force air through said hollow metallic 
conductors and against each one of said anodes. 

6. An ultra high frequency amplifier System 
having in combination a pair of electron dis 
charge devices, each one having at least a Cath 
ode, an anode, a grid, and screen grid, a high 
frequency circuit connected to said anodes, a 
water cooling system to cool the jackets of Said 
anodes, said high frequency circuit comprising a 
hollow conductive System including a pair of hol 
low metallic conductors, adjustable tuning means 
interposed between and electrically connected to 
each one of said hollow metallic conductors, a 
metallic screen surrounding said hollow metallic 
conductors and electrically connected to said 
screen grid, and means to force air through said 
hollow metallic conductors and against each one 
of said anodes. 

7. An ultra high frequency amplifier system 
comprising an electron discharge device, a 
metallic Screen Surrounding a Substantial portion 
of said electron discharge device, a hollow metallic 
Variable inductive tuning element having a plu 
rality of apertures therein, said hollow metallic 
tuning element located within said metallic 
screen, said electron discharge device located 
Within some of the apertures of said hollow 
metallic tuning element, a source of cooling fluid 
supply for said electron discharge device, and 
fluid communication means being connected be 
tween said source of cooling fluid Supply and one 
of the other apertures of Said hollow metallic 
tuning element, the arrangement being Such that 
the cooling fluid passes and Surrounds said elec 
tron discharge device. 

8. An ultra high frequency amplifier system 
comprising an electron discharge device, a line 

  



4. 
tallic screen insulated from ground and Surround 
ing a substantial portion of said electron dis 
charge device, a hollow metallic variable induc 
tive tuning element having a plurality of aper 
tures therein, said hollow metallic tuning element 
located within said metallic Screen, Said electron 
discharge device located Within some of the aper 
tures of said hollow metallic tuning element, a 
plurality of contact fingers surrounding some of 
said apertures and arranged in Spaced relation 
ship with each other, a source of cooling fluid Sup 
ply for said electron discharge device, and fluid 
communication means being connected between 
said source of cooling fluid supply and One of the 
other apertures of said hollow metallic tuning 
element, the arrangement being such that the 
cooling fluid passes and surrounds a portion of 
said electron discharge device, then flows through 
the spaces between said contactfingers, continu 
ing through said apertures to cool the other por 
tions of Said electron discharge device. 

9. An ultra high frequency amplifier system 
having in combination a pair of electron dis 
charge devices, each one having at least anode, 
grid and cathode electrodes, a high frequency 
circuit Connected to said anodes, said high fre 
quency circuit comprising a hollow conductive 
System including a pair of hollow metallic con 
ductors, adjustable tuning means interposed be 
Ween and electrically connected to each one of 
said hollow metallic conductors, water cooling 
means for said anode, grid and cathode electrodes 
of each one of Said electron discharge devices, 
means to force air through said hollow metallic 
conductors and against each one of said anodes, 
and means to force air on said grid and cathode 
electrodes of each electron discharge device. 

10. Ultra high frequency apparatus in com 
bination an electron discharge device having at 
least anode, grid, screen grid and cathode elec 
trodes, a high frequency circuit including a 
hollow metallic element having substantially 
straight Walls, said hollow metallic element elec 
trically connected to said anode, a hollow me 
tallic element electrically connected to said screen 
grid electrode surrounding the first mentioned 
hollow element, means for forcing air through 
both of Said hollow metallic elements and against 
Said electron discharge device, and water cooling 
means for Said anode, Cathode and grid elec 
trodes. 

ll. An ultra high frequency amplifier system 

2,386,733 
at least anode, grid, screen grid and cathode 
electrodes, a first hollow metallic tuning element 
having a plurality of apertures therein, a second 
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comprising an electron discharge device having 
at least anode, grid, screen grid and cathode elec 
trodes, a first hollow metallic tuning element 
having a plurality of apertures therein, a second 
hollow metallic tuning element having a plurality 
of apertures therein, said electron discharge de 
vice located within Sone of the apertures of both 
said first and second hollow metallic tuning ele 
ments, a source of cooling fluid supply for said 
electron discharge device, said first metallic tun 
ing element electrically connected to said anode 
electrode, said second metallic tuning element 
electrically connected to said Screen grid elec 
trode, and fluid communication means passing 
through one of the other apertures in Said second 
metallic tuning element and being connected be 
tween said source of cooling fluid Supply and One 
of the other apertures of said first hollow me 
tallic tuning element, the arrangement being such 
that the cooling fluid passes and Surrounds said 
electron discharge device. t 

12. An ultra high frequency amplifier System 
comprising an electron discharge device having 
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hollow metallic tuning element having a plu 
rality of apertures therein, said electron discharge 
device located Within Some of the apertures of 
both said first and Second hollow metallic tuning 
elements, said electron discharge device being 
flexibly mounted to permit heat expansion thereof 
relative to the first and second metallic elements, 
a source of cooling fluid supply for said electron 
discharge device, Said first metallic tuning ele 
ment electrically connected to said anode elec 
trode, said second metallic tuning element elec 
trically connected to said screen grid electrode, 
and fluid communication means passing through 
One of the other apertures in Said Second metallic 
tuning element and being connected between said 
Source of cooling fluid supply and One of the other 
apertures of Said first hollow metallic tuning ele 
ment, the arrangement being such that the cool 
ing fluid passes and Surrounds said electron dis 
charge device. 

13. An ultra high frequency amplifier system 
comprising an electron discharge device having 
at least anode, grid, screen grid and cathode elec 
trodes, a first hollow metallic tuning element 
having a plurality of apertures therein, a second 
hollow metallic tuning element having a plurality 
of apertures therein, said electron discharge de 
vice located within some of the apertures of both 
said first and second hollow metallic tuning ele 
ments, said electron discharge device being flexi 
bly mounted to permit heat expansion thereof 
relative to the first and Second metallic elements, 
a source of cooling fuid supply for said electron 
discharge device, said first metallic tuning ele 
ment electrically connected to said anode elec 
trode, said second metallic tuning element elec 
trically connected to said screen grid electrode, 
fluid communications means passing through one 
of the other apertures in said second metallic 
tuning element and being connected between said 
Source of cooling fluid supply and one of the other 
apertures of Said first hollow metallic tuning ele 
ment, the arrangement being such that the cool 
ing fluid passes and Surrounds said electron dis 
charge device, and water cooling means for said 
anode, grid and cathode electrodes. 

14. A push-pull ultra high frequency high 
power amplifier comprising a pair of electron 
discharge devices, each one having at least anode, 
grid, Screen grid and cathode electrodes, a pair 
of hollow metallic tuning elements having straight 
walls and a plurality of apertures therein, an 
adjustable tuning member interposed between 
Said hollow metallic tuning elements, a hollow 
metallic tuning element having a plurality of 
apertures therein, each one of said electron dis 
charge devices located within some of the aper 
tures of both said first and second mentioned 
hollow metallic tuning elements, said electron 
discharge devices being flexibly mounted to per 
nit heat expansion thereof relative to the first 
and Second mentioned metallic elements, a source 
of cooling fluid supply for said electron discharge 
devices, said first mentioned metallic tuning ele 
ments electrically connected to said anode elec 
trode, Said second mentioned metallic tuning ele 
ment electrically connected to said screen grid 
electrode, fluid communication means passing 
through one of the other apertures in said second 
metallic tuning element and being connected be 
tWeen Said Source of cooling fluid supply and one 
of the other apertures of said first mentioned hol 
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low metallic tuning elements, the arrangement 
being such that the cooling fluid passes and Sur 
rounds said electron discharge devices, and water 
cooling means for Said anode, grid and cathode 
electrodes for each One of Said electron discharge 
devices. 

15. A push-pull ultra, high frequency high 
power amplifier comprising a pair of electron dis 
charge devices, each one having at least anode, 
grid, Screen grid and Cathode electrodes, a pair of 
hollow metallic tuning elements having straight 
walls and a plurality of apertures therein, an 
adjustable tuning member interposed between 
said hollow metallic tuning elements, a hollow 
metallic tuning element having a plurality of 
apertures therein, a plurality of contact fingers 
Surrounding Some of Said apertures and arranged 
in Spaced relationship With each other, each one 
of said electron discharge devices located within 
Some of the apertures of both said first and Sec 
ond mentioned hollow metallic tuning elements, 
Said electron discharge devices are each flex 
ibly mounted to permit heat eXpansion thereof 
relative to the first and Second mentioned metallic 
elements, a Source of cooling fluid Supply for each 
One of Said electron discharge devices, and fluid 
communication means being connected between 
Said Source of cooling fluid Supply and One of 
the other apertures of at least one of Said hollow 
metallic tuning elements, the arrangement being 
Such that the Cooling fluid paSSes and Surrounds 
a portion of each one of Said electron discharge 
devices, then flows through the spaces between 
Said contact fingers, continuing through Said 
apertures to cool the other portions of each one 
of said electron discharge devices. 

16. An ultra high frequency amplifier system 
comprising an electron discharge device of the 
type having a cylindrical anode, a glass bulb 
Sealed to each end of Said anode, a grid electrode 
connection located at one end of Said glass bulb, 
a cathode electrode connection located at the 
other end of said glass bulb, a hollow metallic 
tuning element having a plurality of apertures 
therein, said electron discharge device located 
within Some of the apertures of Said hollow 
metallic tuning element, water cooling means for 
cooling Said anode, cathode and grid electrodes, 
a plurality of contact fingers surrounding some 
of said apertures and arranged in Spaced rela 
tionship with each other to make electrical con 
tact between said anode and said hollow metallic 
tuning element, a source of cooling air Supply 
for said electron discharge device, a spun glass 
air filter for said colling air supply, and fluid 
communication means being connected between 
said source of cooling air supply and one of the 
other apertures of said hollow metallic tuning 
element, the arrangement being such that the 
cooling air passes around and Surrounds a por 
tion of said electron discharge device, then flows 
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through the spaces between said contact fingers, 
continuing through said apertures to cool the 
Other portions of said electron discharge device. 
- 17. An ultra high frequency amplifier system 
Comprising an electron discharge device of the 
type having a cylindrical anode, a glass bulb 
Sealed to each end of said anode, a grid electrode 
connection located at one end of said glass bulb, 
a Cathode electrode connection located at the 
other end of said glass bulb, a screen grid having 
tWO eXternal connection members, each one of 
Which is located intermediate said anode and an 
end of said tube, a hollow metallic tuning element 
having a plurality of apertures therein, said elec 
tron discharge device located within some of the 
apertures of Said hollow metallic tuning element, 
water cooling means for cooling said anode, 
cathode and grid electrodes, a plurality of con 
tact fingers Surrounding some of said apertures 
and arranged in Spaced relationship with each 
other to make electrical contact between said " 
anode and Said hollow metallic tuning element, 
a source of cooling fluid supply for said electron 
discharge device, and fuid communication means 
being connected between said source of cooling 
fluid Supply and One of the other apertures of 
said hollow metallic tuning element, the arrange 
ment being Such that the cooling fluid passes 
around and surrounds a portion of said electron 
discharge device, then flows through the spaces 
between said contact fingers, continuing through 
Said apertures to cool the other portions of Said 
electron discharge device. 

i8. An ultra high frequency amplifier System 
comprising an electron discharge device of the 
type having a cylindrical anode, a glass bulb 
sealed to each end of said anode, a grid electrode 
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Connection located at One Of Said gaSS bulbs, a 
cathode electrode connection located at the other 
end of Said glass bulb, a screen grid having two 
external connection members, each one of which 
is located intermediate Said anode and an end 
of Said -tube, a hollow metallic tuning element 
having a plurality of apertures therein, said 
electron discharge device located within some of 
the apertures of said hollow metallic tuning ele 
Inent, Water cooling neans for cooling said anode, 
Cathode and grid electrodes, a source of cooling 
fluid supply for said electron discharge device, 
and fluid communication means being connected 
between Said Source of cooling fluid supply and 
One of the other apertures of said hollow metallic 
tuning element, the arrangement being such that 
the cooling fillid passes around and surrounds 
a portion of said electron discharge device, then 
flows through the Spaces between said apertures 
and said electron discharge device, continuing 
through Said apertures to also cool the glass bulb 
portions of Said electron discharge device where 
they join the anode. 
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