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This invention relates to an improved arrangement- of
input and output circuits for double ended vacuum tubes,
that is, vacuum tubes such as triodes. or tetrodes con-
structed .so that they may be physically and electrically
inserted at axially or longitudinally intermediate points
in coaxial line input and output circuits or cavities.

At very high and ultra-high frequencies; such as from
about 150 megacycles to 1000 megacycles, it is difficult
to construct high power vacuum tube circuits because
certain-, physical d1mens1ons necessarily related to the
operatmg wavelength are small. The small- physrcal di-
mensions. limit the. capacity of the tube and the associ-
ated circuits to handls high powers without voltage break-
down.

Another lrmmtron at the high frequencies results’ from
the fact that an appreciable portion of an electrical wave-
length exists within the vacuum tube envelope 'For ex-
ample, when a coaxial line input circuit is coupled to
the cathode and grrd electrodes of the vacuum tube, the
physical lengths of the cathode and grid eleéctrodes may
be a substantial portion of a quarter wavelength at the
cperatmg frequency Therefore, when the input circuit
is. tuned to resonance, the electrodes at .one end have
maximum signal voltage thereacross and at the other
end have a relat1vely low signal voltage thereacross.
Thus, the electrodes are relatively 1nact1ve at one end.
- The foregoing drf"lcultres may be overcome by em-
ploying a double ended vacuum tube wherein a central
cylindrical cathode is surrounded by a cylmdrrcal con-
trol grid which is in turn surrounded by a cyhndrlcal
anode. A double ended tetrode may be employed hay-
ing a cylrndncal screen grid between the control grid
and the anode.  Electrode contact rings are connected
from both ends of each cylindrical ‘electrode 1o the ex-
terior of the vacuum envelope.  The large cyhndncal
surfaces of the electrodes provide correspondingly large
power handling capacity while maintaining small drmen-
sions between the electrodes. ‘

The cylindrical configuration of -the electrodes and the
electrode contact. rings at both ends of each electrode
permit the cathode and grid electrodes to, be inserted at
an axially intermediate point in a coaxial line ibput Cir-
cuit, and permit the grid and anode electrodes to be
inserted at an axially intermediate point in'a coaxial line
output circuit. One end of the input- circuit is termi-
nated - to. provide. a signal voltage distribution such'that
a radio frequency voltage maximum eXists between the
cathode- and: grid electrodes at the axial’ center of ‘the
electrodes, and high radio frequency voltages- exist
throughout the entire axial length of the electrodes. One
end of the output circuit is. terminated to provide ‘an
optimum signal voltage . distribution between the “grid
and anode axially along the lengths thereof. :

. An object of this invention is to provide an- 1mproved
vacuum tube circuit capable of translating very high radio
frequency power at high frequencies.

Another object is 1o provide an improved vacuum tube
circuit construction capable of being adjustéd for-op-
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eration at any desired frequency over a “broad range of

‘values.

A further object is to. provide an 1mproved vacuum
tube circuit capable of uniformly amplifying broad band
signals such as’ television radio frequency visual’ srgnals

A still further object is to provide an. improved double
ended vacuum ‘tube circuit construction havrng many
advantageous- practrcal features.

“In one aspect, the invention comprrses a circuit includ-
ing a double ended vacuum tube having cathode grrd
and ‘anode electrodes constructed and arranged in, the
form of progressrvely larger concentric _cylinders. Elec-
trode contact rings are connected: from ‘the ends. of each
cylindrical electrode to the exterror of the - vacuum’ en-
velope.. A coaxial line input c1rcu1t is connected fo. the
‘grid and cathode electrode contact rings at one end of
the vacium- tube, and an open-clrculted coaxial line
input ferminating line or c1rcu1t is coupled to the: cathode
and- grid electrode contact rings at the other end of the
vactum tube. The input coaxial line and the 1nput
terrnmatlng line are ad]usted to provide a’ 51gnal voltage
maximum at the axial center of the cyhndrrcal cathode
and grrd electrodes. A coaxial-line output line or. cir-
curt is coupled to the grrd and. anode electrode contact
rmgs at one end. of the vacuurn tube, and a short-c1rcurted
coaxial line output terminating line or circuit. is coupled

.to the grid and anode electrode’ contact rmgs at the other

end of the vacuum tbe. The output coax1al Tine and
the output terrmnatmg line- are ad]usted to. provrde a
signal voltage maximum- at the axtal center of "the grrd
and anode electrodes w1th1n the vacuum tube. . The in-
put coaxial line and:the output coaxial line extend from
opposite ends of the double ended vacuum tube.

These and other objects and aspects of the: 1nvent10n
will be _apparent to those skilled in the art from the fol-
lowmg more detailed descrrptron taken . in- con]unctron
with the appended dr awings, ‘wherein:

Flgure 1is a verttcal sectional view: of- an ampllﬁer
constructed accordlng tor “the teachlngs of this. 1nventron

Frgure 2 is.a transverse sectional view. taken on. the
line 2—2 of Flgure 1;

Frgure 3isa transverse sectronal v1ew taken on the
line 3—3 of Frgure 1;.

Figure 4 .is a lme dragram whlch will. be referred to

in descnblng the operatron ‘of the amplifier. shown in
Figures 1 thru 3; and

Flgure 5'isa diagram. 1llustratmg an amphﬁer similar
to that shown n Flgures 1 thru '3 but having:modified.
1nput and output termmatrng c1rcu1ts

Refernng now in greater detail to the amphﬁer shown
in thures 1 thru-3 of the drawmgs, wherein all- parts
are ﬁgures of revolutlon the- amphﬁer includes a-double

,ended vacuum tube desrgnated 10 havmg, at the mput

end. of the tube, a cathode contact rmg 11, a-grid con-
tact ring, 12, and- an: anode contact ring '13; and havmg
at the output end of the tube, a cathode contact rmg 14,

a grid. contact ring 15, and an anode contact ring " 16.

The anode contact rings 13 ‘and 16 are actually two
parallel surfaces of a smgle metalhc structure The var-
ious electrode contact rings are separated by means of
ceramic. portions 69 defining the vacuum envelope. .. -

“The -double ended vacuum tube- 10 may be-an RCA
I'ype A-2335 vacuum tube which is described in patent
application Serial' No. 534,971, filed. by Lloyd P. Garner
on September 19, 1955; and. assigned to the- assignee: of
the-present application. The electrodes within the vacu-
um envelope are arranged in the form of concentric cylm-
An innermost cylindrical filamentary .cathode is
connected at its ends to the cathode contact ring 11 and
the cathode contact ring. 14, A cyhndrlcal grid electrode
surrounds the cathode electrode and has its ends, cof-
fiected o the'grid cotitact Ting 12 and the gtid contact ting
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18.- jAn anode electrode within the tube is alsd of cylin-v

drical form surrounding-the-grid -electrode. - The ends
of the cylindrical anode electrode are effectively connected
to the anode contact rings 13 and 16. . The double ended
vacuum' tube 'construction is generally similar to “that
shown ‘in Figure: 1 of Patent No. 2,591,963 issued on
‘April 8, 1952, to LS. Nergaard. * Since the double ended
'vacuum: tube per se is .not -our invention, and since our
mvennon can be undcrstood with'a general understanding
of the double ended vacuum tube; it is unnecessary to here
‘describe the constructional details of the tube.
. ‘Radio frequency energy is applied to the input elec-
trodes. of the vacuim  tube 10° by :means of aninput
‘coaxial line mcludmg an inner conductor 20 connected by
‘means of -spring fingers to: the cathode ‘contact ring ‘11
‘and’an outer conductor 21 connected by means of spring
fingers to the“grid contact ring 12.* An annular shorting
"phuniger 22 between the ‘conductors 20 and 21 defines one
end of acoaxial input: cavity ‘or circuit des1gnated 23.
The -position of - the ‘shorting plunger 22 is adjusted by
‘means of a rod 24. - The shorting plunger 22 is positioned
,to provide a t.hree-quarter waveléngth input cavity meas-
‘ured” from.the shorting plunger- 22 to: the center of the
‘cylindncal input-electrodes: within thé vacuum tube - 10.
“-Radio, frequency input ‘energy is applied to the input
‘cu'cmt 23 by means of a branch coaxial line including an
‘inner-conductor .25 and an’ outer ; conductor - 26.
-ond coarnal branch' line 27,28 is connected from  the
‘_mput circuit 23 to a swampmg or broadbanding grid- re-
‘sistor (not shown) ‘The: inner- conductors: 25 and 27
of the two ‘branch- lines ‘are directly ' connected to the
inner conductor 20 of the input circuit 23, and the outer
- “conductors ‘26 and 27 ‘of the branch” lines are-directly
‘connectcd to- the ‘outer conductor 21 of the input circuit.
-The mput circuit 23 includes an adjustable section des-
-‘ignated 30-of low impedance coaxial line closely adjacent
to, the -input -electrode contact rings 11 and 12. The
quartzr wave section of low impedance line 30 is consti-
‘tuted. in: part ‘by.an" apertured, cup-shaped element ‘31

‘which ‘is axially- adjustable by means of a rod 32." The .

‘scct:lon 30 of low 1mpedance lie acts as ‘an impedance
. transformer which pemuts high signal voltage within the
‘vacuumtube 10 while maintaining a relatively low signal
voltage. between “the “inner ‘and ‘outer ‘conductors “of ‘the
input cavity 23.. The resultmg voltage “distribution_will
be described in greater detail in connecnon w1th an ex-
planatxon of the diagram of Figure 4.-

'l-‘he mput ‘circuit 23 does ‘not termmate Wxthm the
Wactom’‘tube 10" but ‘confinues -thry’ the vacuum -tube,
‘emerging. out from between the cathode contact ring 14
‘and the: grid ‘contact-ring ‘15, and continuing to an mput
-terminating line “or: circuit 38 ‘constituted ‘by an inner

conductor. 35 connected ' to- the cathode contact ring 14 ..

and an! outer conductor ‘36" connected to the -grid’ contact
nng 15 "The inner conductor 35 includes two telescop-
ing parts ‘so-that the-‘axial length of the inner-conductor
35 ‘may be-adjusted in accordance with the desired fre-

‘quency’ of operafion. “An: expansion ring 37 i is provxded :

to'lock the two telescoping sections into any relatlve posi-
txon ‘in‘which-they may ‘be set.”

The 1nput terminating line ‘38 constitited by the cylin-
dncal conductors 35 and 36 is: open-crrcurted at the end.
‘The tclescopmg inner conductor :35 is ‘adjusted in length
to provide the open circuit termination at a point one-half
wavelength from the axial center of the cathode and grid
¢lectrodes ‘within ‘the vacuum tube "10. "Although the
outler‘oonductor 36 of the input terminating line continues

A sec-.

a4

" the cut-off frequency. However, a circular partition 39
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“'on‘ and constitutes an“inner conductor for the output cir-

cuit t0-bé described, no. energy from' the input terminat-
ing-line 36'is propagated beyond- the end -of the -inner

_conductor 35, Energy - is' not-propagated “because’ the

circomferential - dimension of the outer-conductor 36°is
constructed to be less than a wavelength at the operating
quency Under thls condmon, the outer conductor 36
}it“tcs a wavcgulde ope,rated at.a frequency below

is fixed-at any convenient location to prevent the propaga-~
tion of higher harmonics of the carrier frequency which
may be present. It may be seen that the dimension of
the input terminating line 38 parallel to the longitudinal
axis of the tube is small compared to the similar dimen-
sion of input transmission line 23.

An output circuit generally designated 40 is constituted
by an inner conductor 41 connected to the grid contact
ring 15, and an outer conductor 42 connected to the anode
contact ring 16. The end of the output cavity or circuit
40 remote from the vacuum tube 10 is terminated by
means of an annular shorting plunger 43 adjustably posi-
tioned by means of a rod 44. - Radio frequency. energy
is taken from the output circuit 40 by means of a branch
coaxial line including an inner conductor 45 connected
to the inner conductor 41 of the output circuit, and an

outer conductor 46 connected to the outer conductor 42

of the output circuit. -~ The inner conductor 45 of the out-
put branch line is tapered to provide a smooth impedance
transformation from the output cavity 40 to the output
coaxial line used for conveying the radio frequency energy
to an antenna or other utilization device.

The outpuf circuit 40 includes a section 50 of low im-
pedance coaxial line which is-axially adjustable in posi-
tion by means of a rod 51 extending thru a slot in the
outer conductor 42. The section 50 of-low impedance
line is constituted by an inner conductive sleeve 52, hav-

'ing spring fingers engaging the inner conductor 41 of the

output cavity, an outer conductive sleeve 53 having spring

‘fingers engaging the outer conductor 42 of the output
cavity, and-a_generally cylindrical® insulating dielectric

‘member . 54 positioned between. the sleeves 52 and 53. -
"The insulating cylinder 54 may be-constructed of “Teflon,”

a trade-name for tetrafluoroethylene, or it may be con-
structed of a ceramic dielectric material having a low
radio frequency loss factor. The section 50 of low im-
pedance line has an axial dimension of approximately a
quarter-wavelength at the operating frequency, and the
low impedance line section is. positioned in the output
cavity 40 near the vacuum tube 10 to provide an imped-
ance transformation such that high radio frequency signal
voltages- are present between the electrodes within the
vacuum tube and relatively low voltages exist between
the inner and outer conductors of the output cavity 40.

The coaxial line output cavity or circuit 40 extends
from the shorting plunger 43 thru the low impedance
line 'section 50 and into the vacuum tube 10 thru the grld
‘contact ring 15 and the anode contact ring 16. The cir-

‘cuit continues thru the vacuum tube 10 between the grid

and anode ‘electrodes therein and emerges from between
the grid contact ring 12-and the anode contact ring 13 to
an output terminating line or circuit designated 55. The
output terminating line 55 is a radial line constituted by

‘a’square, transverse, aperfured conductive plate 56, cou-

pled at the edge of the aperture to the anode contact
ring 13, and ‘a parallel, square, transverse, apertured con-
ductive plate 57 coupled at the edge of the aperture to
the grid contact ring 12.. The electrical length of the
output termmatmg line 55 in the radial direction, as shown

‘in Figure 2, is ad]usted by.-means. of four arcuate short-

ing strips 58 operated in unison by a knob 59’ and four

‘rods* 59. Peripheral walls 57’ prevent the escape of

radio frequency energy. The output terminating line or
cavrty 55 ‘thus consists of a radially extending transmis-
sion line having four arcuate shorting strips 58 which
may be positioned  to determine the electrical length of
the output terminating. line. The electrical field condi-

‘tions within the output terminating line 55 are complex

and difficult to analyze, but the effect of the terminating
line is to provide a short circuit at a desired distance from
‘the ‘axial center of the grid-anode region within the vacu-

um tube 10. The short circuit. termination is provided

at a point a guarter wavelength (or three-quarters wave-

3 length) removed from the axial center of the vacuum tube
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€lectrodes so that a voltage maximum exists at the desired
central region within-the active portion of the vacuum
tube. The output terminating line 55 constructed as
shown and described is eminently satisfactory in electri-
cal characteristics, and is especially advantageous in that
it may be conveniently and economically manufactured
from flat metal stock. A further practical advantage re-
sults from the radial arrangement whereby -mechanical
interference with the other circuit elements of the ampli-
fier is avoided. It may be seen that the dimension of
the output terminating line 55 parallel to the longitudinal
axis of the tube is small compared to-the similar dimen-
sion of output transmission line 40. :

A coolant such as water is applied to-the anode of the
vacuum tube thru a pipe 60. The water is discharged
from the tube thru a pipe labeled “Water Out.” It will
be noted that the arrangement for applying coolant to
the anode of the vacuum tube 10 does not in any way' in-
terfere with the circuitry surrounding ‘the vacuum tube.
Coolant for other electrodes  of ‘the vacuum tube is in-
serted between a pipe 63 and 'a conceuntric pipe 64.  This
coolant emerges from the vacuum tube thru the interior
of the pipe 64. * The pipes 63 and' 64 also serve to carry
filament-current supplying the ‘filamentary cathodé with-

in the vacuum tube 10. The cathode contact ring 11is

directly ¢onnected to the pipe 63. The ‘inner conductor
2¢ of the input circuit 23 is connected to the cathode
contact ring 11 of thé vacuum tube and is also com-
nected to ground. - The direct current potentials for the
amplifier ‘includé a B-- potential having an ‘order’ of
magnitude ‘of 410,000 volts with respect to -ground
comnected ‘1o “the anode’ of the'vactum- tube ‘19, and
anegative potential with Tespect to ground of about —60

volts cotinected to’ the'grid contact ring 12 thru the outer

conductor 21 ‘of ‘the input circuit 23." Most of the cir-

cuitty s thus-at high direct: curreiit potentials with respect .

to ground ‘and must be enclosed to prevent accidental con-
tact by'the operator. ~ © V7T o o T

- Several direct current blocking dnd Tadio frequency
by-passing capacitors 66 are required in-the amplifier.
These capacitors are cohstructed by compressing'a frustro-
conical piece of diclectric material between tapered mat-
ing édges of the cylindrical conductors. ' -

" Reference ‘will now bé miade to* the line diagram-of
Figure 4 for'an explanation of the operation of the ampli-
fier' of Figures' 1°thru’ 37 “The diagram of Figure 4 is
representative of th structure shown ‘in Figure 1 and in-
cludes diagonal crosé-hatching of the spaces in communi-
cation with ‘the input coaxial line 25, 26, and-different
diagonal cross-hatching of the-spaces in corimunication
with the output coaxial line 45, 46. - The same reference
nimeérals are used to identify corresponding eléments in
Figures 1 thru 4, '~ T e e

" Thé space in ‘cofarnimication with the input coaxial line
25, 26 will bé seéfi to extend from-the shorting plunger
22, thru ‘the quarter waveé section” 30 of low impedance
line, thru the ceramic seal 69 between ‘the cathode con-
tact Ting 11 -and the grid-cointact ring 12 to the interior
of the vacuum tube 10, therice thru the space between
the cathode 70 and the ‘grid’ 71, and out of the vac-
wim- tube *betweén the” cathode ‘contact ring 14 and
the “grid’ contact ring' 15 to’ the -input’ terfinating line
3% which térmiinates in ad opén’ ¢ircuit: Thestanding
wave voltage: distribution in’the input circuit- path “de-
scribed ‘is plottéd on’ the' left-hand ¢chart in Figure 4.
1t will be scen that the voltage at the shorting plunger
97 is'zero, that the voltage betwéeii the: cathode 7¢ and
the grid 71 within thé vacuuin tube is high throughout
the axial lengfh of ‘the-eléctrodes, and that’ the voltage
at ‘the opén circuiteéd end of the input’ terminating line 38
is moderately high. ' The quarter wivelength section 30
oflow impedance line provides an impedance and volt-
‘age’ transformation” betweeén the' tiibe 10 and the input
‘circtit 23750 that the signal standing wave voltage in'the
input circuit 23-is- of moderate value. The loaded Q. of
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6
the input circuit 23 is low, and therefore the input circuit
possesses broadband characteristics.

The space in communication with the output coaxial
line 45, 46 will be seen from reference to Figure 4 to.ex-
tend from the shorting plunger 43 in the output cavity
49, thru the low impedance section §9 in the output cavity
4§, thru the vacuum seal 69 between the grid contact ring
15 and the anode contact ring: 16 to the ‘interior.of the
vacuum tube 10, thence thru the vacuum . tube between
the grid electrode 71 and the anode electrode 72, and out
thru the vacuum seal 69 between the grid contact ring
12 and the anode contact ring 13 to:the -output radial
terminating line 55. The radial rectangular output-ter-
minating line 55 is terminated by a short-circuit provided
by arcuate shorting members 58: s R

The chart at the right in Figure 4 illustrates:the:volt-
age distribution at various points along the. path described:
ft-will be noted that the voltage is zero at the shorting
plunger-43 and at the shorting plunger 58. It will also
be noted that the voltage is a maximum within the vacuum
tube between ‘the grid electrode: 71 and the:anode-elec-
trode 72. -~ The substantially’ quarter wave long section 50
of 16w impedance transmission- ling ‘provides a wvoltage
and impedancé transformation such that the voltage exist-
ing in‘the output circuit 40 is of relatively low value: "By
this construction, the stored emergy in the output circuit
40:is kept at alow value with the result that the output
‘circuit' has - broadband- characteristics; as required ! for
liandling television - visual signals, and-has good'opera-
tional efficiency. T T

- The amplifietr- of ‘Figures 1 thru 4 s adjusted for-oper-
ation‘'at a given frequency ‘as follows: “The telescoping
eleinent 35 is adjusted in‘length to provide an open circuit -
at'a point’ one-half ‘wavelength’ removed -from-the: axidl '
céntér ‘of the input® electrodes within the! vacuum tube.
(All dimersions®hefein are given in ‘terms.of  electrical
wavelefigthis in -the circuit, Tather than' in:free space.)
This insarés- that a voltage maximum-exists at ‘the axial
center within 'the vacuum ‘tubé between the -cathode 70
and-the grid 71." As a second step, the shorting plunger

7-at the ‘endof ‘the input circuit::23 is-positioned. at a
point such that it is approximately three-quarters-of:a
waveléngth from the ‘axial centerof ‘the vacuum: tube: 10.
The adjustable cup-shaped member 31 defining the length
and position' ‘of the-low: impedante’ transmission line-sec-
tion 30 is then adjusted axially to* the- position ‘at' which
maXimurit’ grid-'current is - obtained. . After this. adjust-
ment is made, the electrical length from the certer of the
yvacuum tube to-the tuning plunger 22 is exactly three-
quartérs 'of a“wavelength. o L
- Now reférring to the output circuit, the -shorting ‘mem-
bers $8 in the output terminating line 55 are: positioned
a quarter-wavelength removed fromthe axial-cénte of
the vacuum tube. This insures a voltage: maximum with-
in the vacuumr tube at the axial center:of the grid eléc-~
trode 71 and the anode electrode 72. Thequarter wave
section' 50 of low impedance line-is thenpositioned so
that approximately’ 4 half-wavelength exists between the
load-end ' of: the section 56 and the axial:center of the
grid and anode electrodes within the vacuum tibe:” Then
the shorting plunger 43 is axially positioned:toprovide
4’ proper -impedance match -bétween the output cavity
40 'and the output coaxial line 45, 46, and ‘the desired
broadband characteristics. = - ° SRR
-+ Figlre'5'is a diagram illustrating-an amplifier similar
to that shown in: Figures ‘1 thru-4, but having-a modified .
input terminating line 38" and‘a modified output:térmi-
nating line 55’ which differ in construction compared
with the corresponding terminating-lines:38: and .55, re-
spectively, in Figures ‘1:thru-4. The-telescoping inner
conductor 35’ of the input terminating line 38" ‘s pro-
vided ‘with “a’ circular conductive closure or wall 88, A
circular’ shorting plunger- 81 'is' provided -with - spring
fingers around its periphery which®engage:the outer con-
ductor.36’ of the input terminating.line 38’. .The short-
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ing plunger 81 is:operated. by a rod 82. By this con-
struction, the input. terminating line 38’ is in the form
of .a-coaxial:line 35’;36’ which terminates in:an inwardly
directed radial transmission line-formed by circular mem-
bers: 80 and- 81.. - The radial :transmission: line is open-
circuited at the axial center. - The input terminating line
38’ .is adjusted so:that the axial.center of the radial trans-
mission.-line portion .is: moved from the axial center: of
the vacuum tube:an electrical distance equal to a multiple
of ‘half-wavelengths -at the operating frequency. The di-
ameter. of ‘the outer .conductor: 36" is selected to constitute
a waveguide which w111 propagatc energy. at the operating
frequency. ... ..

The output terminatmg lme 55 in the embodiment of
Figure § differs from ;that shown-in Figures 1 thru 4
in_that -the .line is of ‘coaxial line .configuration. rather
. than radial configuration. : It will bé understood that one
or:-both of the modificatiens’ illustrated in Figure 5. may
be mcorporated in_ the amplifier shown in. Figures 1
thru-4.

-An amphﬁer in’ accordance with Figures 1 thru 3 of
the drawings:was. constructed for operation .as: the - final
stage of ‘a:U. H. ‘F. television: broadcasting transmitter.
The amplifier:.was. dimensioned for. operation between
450 to.750 megacycles; and was tuned to’540 megacycles.
‘A six kilowatt input signal was: amplified :to provide-an
output_of: 110. kilowatts: with -a :continuous:wave: signal,
and during-another experiment, 200 kilowatts at: the peak
of sync.of a:television signal. - ;With a: B--- voltage. of
10,000 :volts,. :the - amplifier uniformly ; amplified. - fre-
quencies within:a 12 megacycle bandwidth. The quarter
wave section .50 -of low impedance - transmission. line in
the output circuit 40 had-an -axial length of 3.35 inches.
The: dielectric sleeve. §4. was: constructed: of “Teflon” and
had:a mean diameter of 7.22 inches. :. The input termi-
nating line 38 had a diameter .of about 6 inches.; This
dimension .is ‘such..that radio: frequency energy below
1,170 megacycles.cannot :be propagated ‘thru the circular
~waveguide constituted by the outer conductor.36. There-
fore; no.additional structure ‘was needed to-insure an
open. circuit: termination at the. end: of the telescoping
inner_conductor. 35. . The dimensions ‘of ‘the various co-
axial line conductors in-the.amplifier were such that the
input line ‘25, 26 had :a characteristic impedance of 50
ohms, the input cavity 23 had a characteristic impedance
of about 40 ohms, the quarter wave section- 30 had a
characteristic. impedance of about. 4. ohms,. the. output
circuit - 40 had a ‘characteristic. impedance of about 35
ohms, the low-impedance section 50 had a characteristic
impedance of about 3 ohms, and-the output transmission
liné 45, 46 out beyond:the tapered section had a char-
acteristic impedance ‘of 75 ohms.

As shown in Figure 1 of the drawings, the input and
output circuit construction is-such ‘as to permit the flow

of .cooling: .air . past - all: structural  components at which ¢

excessive ‘temperatures could. cause failure. . Air is di-
rected under moderate pressure into the cavifies near the
anode contact ring of:the vacuum tube from which the
air-flows thru the various . spring contacts and. thru the
lines to. the . exterior. of ‘the equipment. -The air flows
past 'the quarter -wave sections 30 -and 50 and out past
the shorting - plungers: 22, 43, and 58. The provisions
for: directing-a coolant such as: water thru the vacuum
-tube 10 have previously. been described. -

It is apparent that according to this invention there is
provided - an improved vacuum : tube circuit capable of
handling very -high _power at very high frequencies.

."What is claimed is:

1. A 'vacuum ‘tube_circuit comprlsmg a.vacuum tube
including :cathode, - grid, - and anode electrodes generally
arranged in: the form of progressively ‘larger concentric
cylinders; -an -input transmission: line having inner and
outer conductors coupled :at one end to one end of said
cathode :and grid. electrodes, respectively, an input termi-
pating line having inner and outer conductors coupled
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at one end to the other ends of said cathode and grid
electrodes, respectively, the other end of said input termi-
nating: line being terminated to provide a voltage maxi-
mum between :the cathode and grid electrodes .in said
vacuum tube at the axial center of said electrodes, an
output transmission line having inner and-outer conduc-
tors ‘coupled -at -one end to one end of said grid and
anode electrodes, respectively, and an output terminating
line having first and second conductors coupled at one
end to.the other end of said grid and anode electrodes,
respectively, the other end of said output terminating
line- being terminated to provide a voltage maximum be-
tween the grid and anode electrodes in said vacuum tube
at the axial center of said electrodes.

2.. A vacuum tube circuit comprising a vacuum. tube
including first, second, and third electrodes generally ar-
ranged in the form of progressively larger .concentric
cylinders; an input ‘transmission line having inner and
outer conductors coupled at one end to one end. of said
first and second electrodes, respectively, said input trans-
mission ling¢ including a quarter. wave section of relatively
low characteristic impedance, an input terminating line
having inner and outer conductors-coupled at one end to
the other ends of said first-and second electrodes, respec-
tively, the other end of :said input terminating line being
terminated - to provide a voltage maximum between the
first and second electrodes ‘in_said. vacuum :tube at the
axial .center of said electrodes, an output transmission
line -having inner and. outer conductors coupled at one
end to one end ‘of said: second and third electrodes, re-
spectively, said output transmission line including a quar-
ter. wave section ‘of relatively low characteristic imped-
ance, and an output terminating. line.-having first and
second -conductors. coupled at one end to-the other end of
said -second and third electrodes, respectively, the other
end of said .output terminating line being terminated to
provide a voltage .maximum - between - the second and
third electrodes in said vacuum tube.at the axial center
of said. electrodes, said input:transmission line and said
output transmission line being arranged to extend from
opposite ends of said vacuum: tube.

3. ‘A vacuum tube circuit comprising a vacuum tube
including cathode, grid;. and anode electrodes generally
arranged in the form of ‘progressively larger concentric
cylinders; an. input transmission line having inner and
outer. conductors coupled at one end-to one end of said
cathode and grid électrodes, respectively, said input trans-
mission line including:a quarter wave section of relatively
low characteristic impedance, an input terminating line
having inner and outer conductors coupled at one end to

. the other ends of said cathode and grid electrodes, re-
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spectively, the other-end of said-input terminating line
being terminated to provide a voltage maximum between
the cathode ‘and grid electrodes in said vacuum tube at
the axial center of said electrodes, an output transmis-
sion line having inner and outer conductors coupled at
one end to one end of said grid and anode electrodes, re-
spectively, said output transmission line including a quar-
ter wave section of relatively low characteristic imped-
ance, and - an oufput terminating line having first and
second conductors coupled at one end to the other end of
said grid and anode electrodes, respectively, the other
end . of ‘said -output terminating line being terminated to
provide a voltage maximum between the grid and anode
electrodes in-said vacuum tube at the axial center of said
electrodes.

. 4.. A vacuum -tube c1rcmt comprising a vacuum tube
including first, second, and third electrodes generally ar-
ranged in the form of progressively larger concentric
cylinders; an input transmission line having inner and
outer conductors coupled at one end to one end of said
first and second: electrodes, respectively, said input trans-
mission line: including a substantially quarter -wave long
section ‘of relatively low - characteristic impedance, an
input terminating line having inner and outer conductors
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coupled at one end to the other ends of said first and
second electrodes, respectively, the other end of said
input terminating line being tcrminated to provide a volt-
age maximum between the first and second electrodes in
said vacuum tube at the axial center of said electrodes,
an output transmission line having inner and outer con-
ductors coupled at one end tc one end of said second and

third electrodes, respectively, said output transmission

line including a substantially quarter -wave long, section
of relatively low characteristic impedance, and an output
terminating line having first and second conductors
coupled -at one end to the other end of said second and
third electrodes, respectively, the other end of said
output terminating line being terminated to provide a
voltage maximum between the second and third elec-
trodes in said vacuum tube at the axial center of said
electrodes, the outer conductor of said input terminating
line and the inner conductor: of said output transmission
line being constituted in part by a common conductive
cylindrical wall, the inner conductor of said input termi-
nating line having an end uncoupled:-from the outer ‘con-
ductor thereof to provide an open circuit termination.

5. A vacuum tube circuit as defined in-claim 4 wherein
said common conductive cylindrical wall is dimensioned
to constitute a waveguide. havinga cut-off frequency
higher than the operating frequency of said circuit. -

6. A vacuum tube circuit comprising ‘a vacuum tube
including first, second, and third electrodes generally ar-
ranged in the form of progressively larger concentric
cylinders; an input transmission line having inner and
cuter conductors coupled at one end to one end of said
first and second electrodes, respectively, said input trans-
mission line including a substantially quarter wave long
section of relatively low characteristic impedance, an
input terminating line having inner and cuter conductors
coupled at ong end to the other ends of said first and
second electrodes, respectively, the other end of said
input terminating line being terminated to provide a volt-
age maximum between the first and second electrodes in
said vacuum tube at the axial center of said electrodes, an
output transmission line having inner and outer conduc-
tors coupled at one end to one end of said second and
third electrodes, respectively, said output transmission
line including a substantially quarter wave long section of
relatively low characteristic impedance, and a radial out-
put terminating line having first and second parallel
apertured conductors  coupled at said apertures to the
other end of said second and third electrodes, respec-
tively, the peripheral edge. of said output terminating line
being terminated by radially movable arcuate shorting
elements to provide a voltage maximum between the sec-
ond and third electrodes in said vacuum tube at the
axial center of said electrodes.

7. A vacuum tube circuit comprising a vacuum tube
including first, second, and third electrodes generally
arranged in the form of progressively larger concentric
cylinders; an input transmission line having inmer and
outer conductors coupled at one end to one end of
said first and second electrodes, respectively, said input
transmission line including a quarter wave section of
relatively low characteristic impedance, an input termi-
nating line having inner and outer conductors coupled
at one end to the other ends of said first and second elec-
trodes, respectively, the other end of said input termi-
nating line being terminated to provide a voltage maxi-
mum between the first and second electrodes ‘in said
vacuum tube at the axial center of said electrodes, an out-
put transmission line having inner and outer conductors
coupled at one end to one end of said second and third
electredes, respectively, said output transmission line in-
cluding a quarter wave section of relatively low char-
acteristic impedance, and a radial output terminating
line having first and second parallel apertured conductors
coupled at said apertures to the other end of said second
and third electrodes, respectively, the peripheral edge
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of said output terminating line being terminated by radi-
ally: movable arcuate shorting elements to provide. a
voltage maximum between the second and third elec-
trodes in said vacuum tube at the axial center of said
electrodes, the outer conductor of said input terminating
line and the inner conductor of said output transmission
line being constituted in part by a common conductive
cylindrical wall, the inner conductor of said input termi-
nating line having an end uncoupled from the outer con-
ductor thereof to provide an open circuit termination.

8. A vacuum tube circuit comprising a vacoum. tube
including - first, second, and third electrodes generally
arranged in the form of progressively larger concentric -
cylinders; an input. transmission line having inner and
outer conductors coupled at one end to one end of said
first and second electrodes, respectively, said input trans-
mission line including a quarter wave section of rela-
tively low characteristic impedance, an input terminating

. line having inner and outer conductors coupled: at one -
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end to the other ends of said first and second electrodes,
respectively, the other end of said input terminating line
bemg terminated as an inwardly extendmg radial trans-
mission line to provide a voltage maximum between the
first and second electrodes in said vacuum tube at the
axial center of said electrodes, an output transmission line
having, inner and -outer conductors coupled at one end
to:one end of said second and third electrodes, respec-
tlvely, said output transmission line including a quarter
wave section of relatively low characteristic impedance,

and an output terminating line having first and second
conductors coupled at one end to the other end of said
second and third electrodes, respectively, the other end
of said output terminating line being terminated to pro-
vide a voltage maximum between the second and third
electrodes in said vacuum tube at the axial center of
said electrodes.

9. A vacuum tube circuit comprising a vacuum tube
including cathode, grid, and anode electrodes generally
arranged in the form of progressively larger concentric
cylinders;. an input transmission line having inner and
outer conductors coupled at one end to one end of said
input. electrodes, respectively, a cathode and: grid termi-
nating line having inner and outer conductors coupled
at one end to the other end of said input electrodes, re-
spectively, the other end of said cathode and grid termi-
nating line being terminated by an open circuit positioned
to provide a voltage maximum between said cathode and
grid electrodes at the longitudinal center thereof, said
open circuit termination being formed by terminating said
inner conductor and extending said outer conductor, said
outer conductor having a diameter dimensioned to con-
stitute a waveguide which will not propagate at the op-
erating frequency of the vacuum tube circuit, an output
transmission line having inner and outer conductors cou-
pled at one end to one end of said output electrodes, re-
spectively, and a grid and anode terminating line having
first and second conductors coupled at one end to the
other end of said grid and anode electrodes, respectively,
the other end of said output terminating line being termi-
nated to. provide a voltage maximum between said grid -
and anode electrodes at the longitudinal center thereof.

10. A vacuum tube circuit comprising a vacuum tube
including cathode, grid, and ‘anode electrodés generally
arranged in the form of progressively larger concentric
cylinders; an input transmission line having inner and
outer conductors coupled at one end to one end of said
input electrodes, respéctively, a cathode and grid termi-
nating line having inner and outer conductors coupled at
one end to the other end of:said cathode and grid elec-
trodes, respectively, an output transmission line having
inner and outer conductors coupled at one end to one
end of said output electrodes, respectively, and an out-
put terminating line having first and second conductors
coupled at one end to the other end of said output.elec-
trodes, respectively, the other end of said grid and anode
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terminating line being terminated ‘to provide a voltage
maximum between said grid-and anode electrodes at the
longitudinal center thereof, one-of said terminating lines
being. concentrically inside ‘one ‘of said transmission-lines
and being terminated by an open circuit at the end of the

inner conductor of said one terminating line, the outer con-

ductor of said one terminating line being dimensioned be-
‘yond 'said open circuit, termination to constitute a non-
propagating waveguide: at the operating frequency of the
‘ vacunm tube circuit. .

11.- A'vacuum"tube' circuit comprising ‘a vacuum tube
including first and second electrodes: generally arranged
. in the ‘form of concentric cylinders; a:transmission. line
-having inner and outer conductors coupled at one end
to.one end of said first and second electrodes, respectively,
and a terminating line having inner-and .outer conductors
coupled at one:end to the-other end of said first and
second electrodes, respectively, the other end of 'said
terminating line being terminated by an:open circuit posi-
“tioned to. provide 'a voltage maximum between . said first
“and second eléctrodes at'the:longitudinal center. portion
thereof, the outer conductor: of ‘said. terminating line ex-
tending beyond said .open circuit termination and having
a diameter such as to constitute;:a waveguide which will
not propagate ‘at the operating frequency of the vacuum
tube circuit.” Ce

12."A vacuum tube circuit comprising a vacuum tube
including. cathode, grid, and anode electrodes generally
arranged in the form-of progressively larger concentric
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cylinders; an input transmission line having inner and
outer coductors coupled -at one end to one end of said
cathode and grid electrodes, respectively, an input termi-
nating line having inner and outer conductors -coupled
at: one end to the other ends of said cathode and grid
electrodes; respectively, the dimension of said -terminat-
ing line parallel to the axis of said cylinders being-small
compared to the similar dimension of said transmission
line, an output transmission line having inner and outer
conductors coupled at one end to one end of said grid
and-anode electrodes, respectively, and an output termi-
nating line having first and second conductors coupled at
one end to the other end of said grid and anode electrodes,
réspectively, the dimension: of said “output terminating
line parallel to ‘the axis of said cylinders being small
compared to the similar dimension of said output trans-
mission line. :
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