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METHOD OF GENERATING HIGH-
FREQUENCY OSCILLATIONS

David H. Sloan, Berkeley, Calif., assignor to Re-

search Corporation, New York, N. Y.,

ration of New York

a corpo-

Original application November 4, 1940, Serial No.
364,284, Divided and this appllcatlon June 9,
1941, Serial No. 397,233

(CL 250—36)

10 Claims.
1

This invention relates to electronic tubes, and
particularly to tubes adapted for the production
and modulation of ultra-high frequency oscilla~
tions, i. e., oscillations of frequencies of the order
of 1,000 megacycles. This application is a di-
vision of my prior application Serial No. 364,284,
filed November 4, 1940,

The progress of electronic and radio develop-
ment since the inception of the art has been
marked by two steady advances. One of these ad-
vances has been toward higher power, the other
toward higher frequencies. The latter line of ad-
vancement has been, to a certain extent at least,
incompatible with the first, since with increasing
frequency the effect of interelectrode capacity has
become greater and more froublesome, Neverth-
less, up to the last few years, the difficulties have
been met by a steady evolutionary process consist-
ing in large degree of refinement in detail, which
has enabled the vacuum tube art to keep pace
with the increasingly rigid demands of the manu-
facturers and operators of transmitting and re-
ceiving apparatus.

The attempt within recent years to carry the
useful spectrum into the range of wavelengths in
the range of 2 meter and less has involved diffi-
culties of a new order of magnitude. For one
thing, the frequencies involved are so high that
the transit time of an electron stream across the
interelectrode spaces of the tubes becomes an ap-
preciable fraction of a cycle. For another, even
with connecting leads reduced to minimum
lengths, their inductance has been sufficient so
that the capacities required in tuning them to the
desired frequencies are small in comparison with
the interelectrode capacities in conventional tube
structures and these capacities have therefore be-
come not merely a nuisance, limiting the efficiency
of operation, but frequently an absolute bar to
such operation; so much so, in fact, that it has
been only with tubes of very small size and conse-
quent small power output that operation has been
obtainable at all.

There therefore exists at the present time a
need for a tube which will meet the severe re-
quirements of producing large power outputs by
generation or amplification at extremely high fre-
quencies. These requirements are first, a cath-
ode-grid structure which will effectively modulate

an electron stream without the application of ex- *

cessive control voltages; second, a cathode-grid
structure whose capacity and inductance rela-
tionships are so proportioned that they may be
tuned to the high operating frequencies desired;
third, a structure lending itself to circuits of low
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relative radio-frequency resistance of high im- -
pedance, so that excessive energy will not be re-
quired to swing them through the necessary range-
of control voltages; fourth, fixed relationship be-
tween the various elements, irrespective of tem-
perature or ordinary shock, so that the frequency:
to which the device as a whole is tuned will not be -
affected by relative changes of position; fifth, "
minimum undesired or “incidental”  radiation -
from the various elements of the tube and its aux-
iliaries; sixth, a minimum of insulating material -
subjected to high-frequency fields. To these may"
be added the secondary requirements of demount. -
ability for replacement of filaments, facility in
watber cooling and avo1dance of hot spots and ease
of tuning. N
From the conventional approach these reqmre-
ments are incompatible to a large degree. A high’
degree of control requires close spacing of cath-
ode and grid, which leads to high interelectrode -
capacity. Rigid structure ordinarily means mas--
sive structure, which again leads to high inter-
electrode capacity. Water cooling systems tend to
form effective antennae, leading to large stray:
power radiation. ‘The broad purpose of my inven-
tion is therefore to reconcile these and other ap-
parent incompatibles. :
Pursuant to this general purpose, among the
objects of this invention are: To provide a tube-
which is capable of producing many kilowatts of”
power at extremely high frequencies; to produce-
a high frequency generator of great frequency
stability; to produce a high frequency amplifier
and oscillator tube of relatively high efficiency,-
and particularly to produce such a tube wherein’
the losses due to undesired radiation from the--
tube itself are reduced to negligible proportions; .
to produce a high frequency oscillator and am-
plifier which may be tuned to operate at any de-
sired frequency throughout a reasonably wide
range; to provide a high frequency oscillator and
amplifier which may be constructed with the high’
degree of accuracy required to meet the close tol- -
erances demanded by the frequency of operation
and to maintain those tolerances under  the
changes of temperature produced by such opera- -
tion; to provide an electronic tube of the charac~
ter described which may be fully fluid cooled and
wherein the cooling system does. not introduce
material parasitic radiation of radio-frequency
power; to provide a high power oscillator and am-
plifier tube which is readily demountable for re-
placement of filaments; to provide means of den-
sity-modulating an electron stream at ultra-high

5 frequencies, in order to produce extremely short:
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bursts of electron emission occurring at the peaks
of the oscillation and of substantially uniform
velocity, whereby the conversion of energy into
high frequency power occurs at high efficiency;
to provide a type of structure for high frequency
electronic tubes. which. is of great flexibility, and
which will, because of such flexibility, permit the
construction of tubes exactly adapted to a large
variety of powers and services; to provide a novel

and effective method of tuning apparatus of’ the-

character described; and to provide a type of elec-
trode support for high frequency electronic de-
vices which is massive and rugged; and. which, at
the same time, does not introduce interelectrode
capacities which either severely limit the fre-
quencies upon which the device.is operative or the
power which may be developed at such frequen-
cies.

My invention possesses numerous other-objects
and features of advantage, some of which, to-
gether with the foregoing, will be set forth in the
following description. of specific apparatus em-
bodying and utilizing my novel method. It is
therefore to be understood that my method is ap-
plicable to other apparatus, and that 1 do not
limit myself, in any way, to the apparatus of the
present application, as I may adopt various other
apparatus embodiments, utilizing the method,
within the scope of the appended claims.

The tube of my invention involves two basic
concepts. The first of these comprises forming
electrode supports of sturdy coaxial metallic cyl-
jnders which constitute  a- radio-frequency trans-
mission line of at least one:and preferably a plu-
rality of quarter wave-length electrical links, with
impedance irregularities at or near certain of the
quarter wave points, the electrodes themselves
forming g portion of these transmission lines as
considered: electrically. Means are preferably
provided for varying the position of the imped-
ance irregularities to provide exact tuning; but
this is not essential since, as will hereafter be
shown, by a proper combinagtion of the charac-
teristic impedances of the quarter-wave sections.
and their terminating impedances, it is' possikle
to- make the radio-freguency impedance of the
supports as viewed from the elecirodes themselves
extremely high, so that the overall effect. is al-
most; as though the electrode- capacities together
with the: inductances required fo- resenate: them
were supported freely in the spaece within an un-
broken metallic shield. This latter feature is se-
cured by providing multiple coaxial line sections
forming branch vaths of greatly different imped-
ance, certain of these paths acting as by-passes
of negligible impedance at points where it is . nec-
essary that some circulating currents should flow,
although D.-C. insulation must be maintained,
while.-at the same time maintaining the high im-
pedance desired in cther paths which would oth-
erwise lead to radiation. By placing these by-
pasg sections at current nedes, the 2R losses
therein may be made too small to-need considera-
tion.

The second fundamental concept comprises
mounting on th2 ends of such supports, prefer-
ably in biaxially symmetrical configuration, one
or g plurality of cathode=grid combinations which
act, as before stated, as the termini of the trans-
mission lines formed by the supports; mounting
the grid opposed toan gndde or other accelerat-
ing electrode in such manner as to produce an
electrostatic field between grid and accelerator
which comprises tines of force very sharply curved
in the immediate neighborhcod of the grid; and
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mounting the cathode in the region of sharpest
curvature. One of the best ways of obtaining
such a structure is to form the grid of pairs of
cylindrical surfaces whose axes are parallel to
the plane of the anode, and to make the cathode
as a filament or strip having a flat or slightly
concave face lying between the cylindrical sur-
faces of the grid. 'This results in the lines of
force from accelerator or anode normally termi-

‘- nmating in the grid structure, none of them reach-

ing the cathode, from which emission is there-
fore normally suppressed. A few volts relative
change. in. potential. of the cathode, as referred
to either accelerator or control grid, results in
some of the lines of force from the accelerator
terminating in the cathode surface, which is
aceordingly subjected to an extremely powerful
field causing very large emission to the anode.
The result is what may be termed an “explosive”
type of emission, giving electron bursts of high
density for very short. periods at the peaks of
the cycles. It will be evident that this structure
results in.a relatively high capacity as between
cathode and grid, but the tuned transmission:
line support enables this capacity to be effectively
resonated with an inductance as small ag may be
desired and still form a sharply tuned, high' Q
circuit whose high resonant input impedance may
appear as resistive, capacitive or inductive as the
conditions of operation may require.

Referring to the drawings:

Fig. 1 is a longitudinal section through a high-
frequency oscillator tube. embodying my inven-
tion, the particular tube illustrated employing a

» radial arrangement of filaments and grids.

g, 2 is a transverse section of the tube of Fig.
1, showing the multiple coaxial-grid-filament sup~
ports, and water connectiens for cooling the fila-
ment mounting, the plane of section being on the
line 2—2 of Fig. 1.

Fig. 3 is a transverse section.through.the anode
structure of the tube, the plane of section. being
indicated by the line 3—3 of Fig. 1.

Fig. 4 is an enlarged. detailed view illustrating
water-cooling connections from.the exverior of
the-tube to the filament mounting.

¥ig. 5 is a sehematic sectional view through
filaments, control grid, accelerating grid, bound-
ary grid, and anode of the tube.

Fig. 6 is a sectional view through the. grid
support line, showing the radio-frequency by-
pass between aeccelerating and boundary grids
and the tuning mechanism for isolating. the con-
trol grid and water cooling the same.

Fig. 7 is.an enlarged: detail showing the method
of insulating certain.of the supporting rings upon
which the coaxial electrode.elements are carried.

Fig. 8 is a section taken at.right angles to the
view.of Fig. 1, and.showing the-anode~supporting,
cooling, and tuning system.

Fig. 9-is a perspective view of the accelerator
grid.

Tig. 10 is an elevation of the control-grid struc-
ture.

Fig. 11 is a sectional view, taken on the plane
between the filament and grid structures, and
showing in detail the filament support.

Fig. 12 is a fragmentary axial section taken on
the line 12—I12 of Fig. 11.

Fig. 13 is an elevation: of the active face of the
anode.

Fig. 14 is a fragmentary section of the anade,
the plane of section being indicated by the line
{a—{£ in the preceding figure.

Fig. 15 is an elevation of the boundary grid.
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Fig. 16 is a sectional view taken on the line
16—16 of Fig. 15, and showing a portion of the
anode in elevation.

Fig. 17 is an elevation of one of the filaments.

Fig. 18 shows a modified form of coaxial line
structure for grid-filament support in a tube gen~
erally similar to Fig. 1, but adapted for use either
as an amplifier or an oscillator with inductive
feed-back.

Figs. 19, 20 and 21 are sectional views through
the tube of Fig. 18, taken on the lines numbered
in accordance with the figures.

Fig. 22 is a longitudinal section through a tube
built in accordance with this invention but where-
in a cylindrical, rather than a radial filament-
grid and anode arrangement is used.

Figs. 23, 24 and 25 are transverse sections
through the tube of Fig. 22, taken on the lines
indicated by the respective numerals.

Figs. 26 and 27 are detfailed views indicating’

the tuning mechanism for the tube of Fig. 22.

Fig. 28 is a longitudinal section on a larger
scale through the filament support of the tube
of Fig. 22.

Fig. 29 is a transverse section through the sup-
porting columns of the tube of Fig. 22, showing
the construction of the centering mechanism, the
plane of section being indicated by the line 28—29
of Fig. 28.

Fig. 30 is a sectional view taken on the line
30—390 of Fig. 22,

Fig. 31 is a fragmentary section taken on the
line 31—31 of the preceding figure, showing the
passage of the cecoling pipe past the anode and
between the two sections of the filament support.

Fig. 32 is an impedance diagram for an cpen-
ended, half-wave length section of transmissicn
line.

In the ensuing specification the invention will
first be described in its various aspects as applied
to an oscillator tube of moderate power (i. e.,
approximately 10 kw. peak output at 20 to 40
centimeters wavelength). Following this there
will be described two modifications illustrating
respectively the application of the principles -of
my invention to a similar tube adapted for am-
plification or for generation of oscillations by
inductive feed-back, and to a somewhat higher
output device showing the principles as applied to
a tube constructed with cylindrical rather than
radial arrangement of electrodes.

The tube shown in longitudinal section in Fig.
1 is of the demountable, constantly pumped type,
as, in fact, are all of those herein described al-
though the principles involved are not limited for
use in such tubes. From the structural point of
view the tube comprises a series of flanges con-
nected by sections of tubing and held together in
compression. From a practical point of view it
is advantagecus to have the flanges pierced for
and held by circumferential bolts to hold the
parts firmly in position when the tube is not un-
der vacuum, but when in use the external air
pressure tends to hold the entire device together,
and the tube has actually been operated without
the retaining bolts, these have therefore been
omitted in the drawings since they add a further
complexity of detail to an already complex struc-
ture.

Considering for the moment, therefore, only
the external structure which forms the housing
and which supports the remainder of the equip-
raent, the tube comprises an anode housing flange
i which is grooved to receive tightly the end of a
tubular anode housing 2.

This housing fits .an-
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internal recess or counterbore in an annular grid
flange 3, claniping a boundary grid 4 between the
housing tube 2 and the flange 3. A rabbet-on the
outer periphery of the flange 3 receives one end
of a main support cylinder 5, whose other end
terminates in another annular flange 7. All of
the parts thus far mentioned are of metal, and
I have found it convenient to make the flanges of
steel, and the tube 5 also of seamless steel tubing,
while the cylinder 2 may be either chromium or
copper plated steel or solid copper, with copper
preferred since it forms a portion of a resonating
circuit. Carrying on from the flange 71 is a glass
or “Pyrex” cylinder 2 whlch abuts a terminal
flange 10.

As has been mentioned already, the device as a
whole is fully demountable. The ends of the tubes
contact the flanges with smooth machine fits.
The. joints thus formed are sealed by applying
thereto ordinary wide elastic bands as indicated
by the reference characters il, these bands being
smeared before application W1th a small amount
of vacuum line stop-cock grease.

It may be pointed out at this time thag all of
the structure thus far described with the excep- .
tion of the terminal flange 16 is at D.-C. ground
potential, and as will later be shown in detail that
the “entire exterior struciure is-substantially at
radio-frequency ground. This means that. the’
insulating section formed by the cylinder 9-is not:
subjected to R.-F'. fields. I{ also renders easy the
support of the device by any desired external-
means. Part of such support may be the connee-
tion to the pump, which is by a pipe 12 of rela-
tively large interior diameter, welded or other-
wise secured into the bottom of the anode hous-:
ing 2. This pipe is not-shown in Fig. 1, but:’ is
clearly visible at the bottom of Fig. 8. :

The various elements which contribute to the
electronic action of the tube are mounted within
the envelope thus formed on columnar supports
each of which has transmission line character- -
istics designed to meet its particular function.
These elements are shown in schematic grrange--
ment in Fig. 5, and comprise an anode 13, a
boundary grid 4, an accelerating grid {5, a con-
trol grid 16, and a filamentary cathode 17,

Fig. 5 is drawn to & greatly enlarged scale and
shows a fragmentary section of the elements co-
operating with a single filamentary cathode. In-
the tube here shown §ix such cathodes are used
and the portions shown of the otheér elements are’
repeated for each cathode. One advantage of the’
type of structure here shown is that the ability of-

the tube to supply power output varies almost - -

directly as the number of filaments used, and that
the changes required to add additional filaments
are relatively minor. ‘Tubes have been designed
conforming substantiaily to .the structure here
shown with as high as twenty-four filaments,
each with its attendant grid-anode structure, but
since each of these assemblies is mereiy the duipli-
cate of the others as far as performance’is con-

cerned it is sufficient for the present to consider .

one only,

Considering, therefore, the 'po’rtio-n'of the ele-’
ments shown in Fig. 5, the anode $3, preferably: -
made of high conductivity oxygen-free copper, is
operated at the maximum potential of the system,’
say 10 to 50 thousand volts positive. It is pro-

vided with a V-shaped groove 28 with its axis
parallel to the axis of the filament. Next, pro-
" ceeding toward the filament, is the boundary grid
4, which is also preferably made of oXygen-free |
This is' provided with an aperture: sir-

copper.
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rounded by a collar 21 in accurate alinement with
the groove 28 in the anode. Next in line is the
accelerator grid 15, with an aperture 22 which
is somewhat narrower than ithe opening in the
boundary grid, and which is operated at a poten-
tial above the cathode of from 5 to 20 thousand
volts. All potentials mentioned are illustrative
and relative only, since the actual values used
will depend upon the size, power output and op-
erating frequency of the device. Furthermore,
modifications in design are possible whereby the
functions of certain of the grids are combined,
other electrodes are operated at ground potential,
etc. Such modifications will be considered later;
the purpose here is to show the application of the
principles of my invention to the present tube,

The most important portion of the combina-
tion is the arrangement of the cathode-grid
structure. The important features here are first,
that the control-grid elements comprise parallel
cylindrical surfaces, curved as they are present-
ed to the filament. In the present case they are
rods or wires, but they could be cylindrical sur-
faces formed as the edges of a slot in a flat
plate without affecting their performance. Be-
tween these surfaces, and slightly back of the
plane of their centers of curvature, lies the fila~
ment, which has a flat or preferably a slightly
hollow ground face presented to the anode. It
is convenient to operate the filament at ground
potential (disregarding for the moment the slight
voltage drop slong the filament) and, for the
powers here considered, to operate the grid 16
at 200 to 500 volts negative.

It will be seen that at the orders of voltages
given the major fields are from the accelerator
grid {5 to the control grid. As is well known,
the lines of force constituting such a field termi-
nate at right ansgles to the surfaces of the field-
defining electrodes. It follows that in the region
adjacent the cathode the lines of force emerge
from the grid wires in the general direction of
the cathode and then curve very sharply to-
ward the anode In a direction nearly at right
angles to their direction of emergence. There is
also a fairly strong field between the control
grid and the cathode itself, which is superim-
posed locally upon the field between the control
grid and accelerator grid, and is directed toward,
instead of away from the cathode. As a result
of the interaction of these two fields none of the
lines of force from the accelerator-grid normally
terminate upon the surface of the cathode.
Emission has therefore no tendency te leave the
latter, since the space adjacent it is nearly neu-
tral, with such weak field as exists therein di-
rected toward the cathoede.

Ag is the case with any grid-controlled tube
operated through cut-cff, when the grid swings
positive some of the lines of force from the ac-
celerator-grid which formerly terminated on the
control grid now terminate on the cathode, and
as the cycle progresses the cathode-control grid
field weakens or even reverses, permitting emis-
sicn toward the anode, and a space charge builds
up in the region immediately in front of the
cathode face which has the usual effect of lim-
iting emission. The distinguishing feature here
is that the region where the field is weak enough
to permit such space charge effect is very shal-
low, so that even with the low velocities impart-
ed to them by such relatively weak field the elec-
trons can and do traverse it in a reasonably small
fraction of a cycle.

The biasing potential between cathode and
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grid is so adjusted that emission can occur only
for an instant at the cycle peaks, and cut-off
may occur even before the first electrons emitted
have traversed the space charge region. Fur-
thermore, while in this region there is a maxi-
mum difference of velocity as between electrons,
both by reason of differing initial velocities of
emission and, more important, by reason of dif-
fering acceleration due both to phase of emission
and field strength at various parts of the cathode
surface.

The important point is that because the region
is so shallow all of the electrons emitted do get
through it before the cycle has advanced too far,
and, having traversed it, fall into the region of
high potential gradient where acceleration to-~
ward the anode is very great; space charge ef-
fect is of no further moment, and they receive
so large a portion of their final velocity that their
differences of velocity in the initial region are
immaterial.

It should be realized that while space-charge
effect prevents some emission and decreases the
acceleration of electrons emitted, it will not drive
those which have been emitted back to the cath-
ode nor prevent their reaching the anode. It
follows that the space-charge region may be con-
sidered as a reservoir for emitted electrons. With
conventional grid-cathode structures it is rel-
atively deep, so that, at the frequencies and
powers at which this tube is intended to oper-
ate, transit therethrough occupies a major por-
tion of the cycle, and with the varying velocities
obtaining while in this region the -electrons
straggle through to reach the anode in such
varying phases that the density modulation of
the stream is almost if not entirely lost.

With the arrangement of my invention, how-
ever, the space-charge region is so shallow that
even the stragglers among the emitted electrons
traverse it in less than a quarter cycle and in-
stead of the density modulation of the electrons
being lost they reach the anode in bursts of such
power and suddenness and with such close ve-
locity grouping that I have termed cathode-grid
combinations of this type “explosive.” The ob-
ject of the design is to make the electron reser-
voir constituted by the space-charge region as
shallow a3 possible, and in practice the ideal can
be so far realized as to permit density modula-
tion of electron streams at frequencies in the
range of 1,500 megacycles, where in the past it
has been necessary to use velocity modulation,
involving larger and more complicated struc-
tures, to get reasonably effective results, even in
smaller sizes and at much lower powers than
those here contemplated.

When the tube here shown is used as an os-
cillator in the manner now to be described, the
various potentials are so arranged and propor-
tioned that the transit time of the burst of elec-
trons is substantially one-half cycle. The anode
{3 is in a tuned circuit, as is also the grid (6.
The condition of oscillation then is that the po-
tentials of the anocde and the grid swing in the
same sense, so that the grid reaches its peak of
positive potential at the same instant as does
the anode.

One of the results of the conformation of the
electrostatic fields is a strong focusing action
upon the electron bursts, and these bursts accord-
ingly fall upon an extremely limited portion of
the anode surface, substantially none reaching
either of the intermediate grids. The anode area
upon which the electron bursts impinge is that
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included in the V-shaped slot 20. The reason for
this arrangement is to spread the area of impact
and so increase the size and decrease the in-
tensity of maximum local heating, while increas-
ing the cross-sectional area of thermal conduc-
tivity by which cooling occurs, and also to insure
that secondary electrons are not vrojected into
regions of high field intensity which would ac-
celerate them so that they, in turn, would cause
serious heating effects.

It has already been stated that the transit time
of the electron burst is one-half cycle of oscilla-
tion, and it follows that immediately after the
electron burst has occurred the anode has started
to swing negative. The electrons accordingly
reach thelr maximum velocity at or about the
blane of the accelerator grid—ideally, just as they
pass the effective plane of the boundary grid 4.
As the anode continues to swing negative they
encounter a decelerating field, either in an abso-
lute sense or, if still being accelerated by the
D.-C. field, from the anode, at least in compari-
‘son to the acceleration of the D.-C. field alone.
In passing through this decelerating field the
electrons are delivering energy to the anode cir-
cuit, and they are traveling at minimum relative
velocity when they enter the slot 29. This slot
acts in some degree as a Faraday space, and the
electrons suffer little change in velocity or energy
as they pass through it. Therefore their work
is done and their transit time effectively over as
soon as they have entered it.

Since the acceleration of the entire burst of
electrons takes place with substantial uniformity
they retain their close grouping at the time of
impact, and since the impact occurs when the
electrons constituting the burst have suffered
maximum deceleration there is a minimum of
energy wasted as heat and the oscillator conse-
quently operates at relatively high efficiency.

For operation in the manner described the
desiderata are that the control grid 18 and fila~
ment {7 should be effectively isolated from each
other both as regards D.-C. and radio-frequency
potentials, and should have an effective capacity
sufficiently low so that it may be tuned to the
desired operating frequency, or, in other terms,
it must be capable of being connected in circuif
with an inductance sufficiently small to tune to
that frequency., The accelerator grid {5 must be
insulated from the other elements to maintain
its D.-C. voltage, but should be effectively ground-
ed as regards radio-frequency potentials, The
boundary grid 4 should also be grounded to radio-
frequency and for convenience in operation and
safety’s sake should preferably also be grounded
as regards D.-C. potential, as it is electrically con-
tinuous with the envelope. The anode should be
free as regards both A.-C. and D.-C. potentials.

The various mounting and auxiliary means next
to be described are designed to meet the desid-
erata as fully as possible. In this description
terms such as “above” or “below” are used to
indicate position as shown in Fig. 1. They have
no other significance, as the device may be op-
erated in any position.

Starting at the bottom of Fig. 1, with the flange
13, a high conductivity column or pipe 25 extends
a major portion of the length of the entire device
to the plane of the flange § and the boundary
grid 4, This column is brazed or otherwise per-
manently secured into the flange {0 so as to be
accurately concentric with the remainder of the
tube structure and, of course, to be vacuum tight,
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At its upper end it is threaded to receive a grid- -
supporf ring 27, which is clamped between locking -
nuts 29 and 230, and an additional locking screw
31 (Pig. 10) is also provided for further security.
The pairs of parallel grid wires 16 project from
the ring 27 parallel to its radii, six pairs of -grid
wires being provided in the present design, the
pairs being equidistantly spaced around the
periphery of the ring, ) }

Two sliders are mounted on the column 25.
The upper slider 28 comprises a short section of
tubing 32 surfaced to a sliding fit on the column
25 and shouldered at each end to receive discs 38
and 34 between which a short section of tubing
356 is clamped. The column 25 is provided in this
region with a longitudinal slot for the passage
of a.screw 387 which engages a piece of tubing
39 sliding within the column. The tubing 38 ter-
minates in an annular blcck 40, and an adjusting
rod 41 is threaded into one side of the block and
passes to the exterior of the tube through a gland
box 42 and a “Wilson seal” 43. It is apparent
that the position of the slider may be adjusted
by sliding the rod 41.

A word as to the Wilson seal may here be in
order, and in this connection attention is drawn
to the showing at the lower right of Fig. 8. The
seal proper consists of a normally flat washer 45
of synthetic or natural rubber, which is forced
against a conical seat 41 by the internally conieal
edges of a gland 49. When the washer is un-
stressed the aperture therethrough is slightly too
small for the rod 50 which it is desired to seal.
The seal is lubricated with a small quantity of
vacuum stop-cock grease. Such a seal is vacuum
tight under conditions where other known types
of packing would leak badly, since the differen-
tial pressure on the washer serves to make it hug
the central rod more tightly and it remains tight
whether the rod be subjected to rotary or sliding
motion in either direction.

Returning to the general tube structure, the
second and lower slider 5i is essentially similar
in construction to that just described, except that
its actuating rod 52 is mounted externally of the
column 25 through the gland box 42 and Wilson
seal 93.

The slider 51 makes a close sliding fit within
a8 cylindrical conductor 54 mounted in the flange
10 accurately concentric with the column 25 and
maintained in this concentric relation both by
the slider 51 itself and by an auxiliary diaphragm
or spacer 55. - The tubing 54 does not, extend the
full length of the central column, but terminates
a distance above the flange 7 which is somewhere
in the neighborhood of one-eighth of a wave-
length at the mean frequency for which the tube
is designed.

Accurately coaxial with the column 25 and its
surrounding conductor 5f is a third conducting .
cylinder 57, mounted on the flange 7 and extend-
ing below it for approximately one-eighth wave-
length, so that the two conductors 54 and 57 over~
lap by a distance approximately equal to one-
quarter wavelength of the average operating fre-
quency of the device, wavelengths in this sense
being used to mean the wavelength of the fre-
quency transmitted along the two tubes as a
coaxial transmission line. There is no metallic

contact between the two conductors 54 and 57,
and they are separated by va¢uum so that d1e1ec-
tric loss does not occur in the space between
them.

Column 87 is brazed or otherwise secured in
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the flange T, is made of highly conducting mate-
rial (preferably oxygen-free copper) and is pref-
erably provided with a cooling system comprising
a water pipe 89 coiled around and soldered to
the external surface of the column. The ends
of this pipe are brought out through the flange
1 at the right of Fig. 1.

The upper end of the column 57 carries an
intermediate ring 6! which supports indirectly
one end of each of the filaments 17. The other
ends of these filaments are carried by a group
(here six) of pipes 82 mounted in the annular
inter-space between the column §7 and the outer
shell 5. The lower ends of the pipes 62 are
mounted in a ring 63 which is bolted to and insu-
lated from the flange T as is shown in Figs. 2
and 7. The ring 63 is counterbored at three
equidistant points to receive insulating beads 64
of porcelain, lava, or other refractory insulating
material which heads space the rings slightly
from the flange 1. A cap screw 85 passes in turn
through a clamping cap §7, a second bead €8, the
rings 63 and the bead 64 to clamp the ring firmly
to the flange. It should be noted that the poten-
tials which this arrangement must withstand are
of low frequency and are only those across the
filament, i. e., the insulation need only be of suffi-
cient value to withstand a few volts (three at 60
cyeles in the instant structure) and the insulating
material is not subject to dielectric heating from
radio~-frequency fields.

The actual filament mounting can best be seen
in Figs. 11 and 12. Each of the tubes §2 carries
an inwardly projecting L-shaped lug 79, and the
inner ends of the lugs are provided with slots T4
for receiving the downturned ends of the staple-
shaped filaments i7, the ends being clamped into
place by set-screws 72. The inner ends of the
filaments are clamped in an annular groove 73,

formed in an inner mounting ring 74 which is 4

supported on column 57 by the intermediate ring
&1 before mentioned. The actual clamping of
the filament ends is accomplished by pairs of set-
screws 75 bearing on small blocks T7.

The pipes 82 are surrounded by open-ended
cylindrical conductors 78, which terminate at the
1evel of the upper end of the lug and extend down
over the pipe 62 for approximately one-quarter
wavelength and are supperted by the ring 6i.
Within the conductors 7198 are inner tubular con-
ductors 80 of substantially the same length, open
at their upper ends and mounted by their lower
ends on the pipes 62 by means of conductive
blocks §1. ‘The concentric tubes 19 and 39 are
both open at the filament end, being notched to
clear the lugs 79 and also being provided with
alined holes to permit tightening of the set-screws
2. It will thus be seen that the only connection
between the inner columsn 5% with its supporting
rings 61 and 74 and the group of filament sup-
port tubes 62 is the filaments themselves.

These are shown in Fig. 17, and as will be seen
are relatively short and rigid. They are prefer-
ably of pure tungsten and have a considerable
degree of strength. It will further be seen that
the support afforded their outer ends by the tubes
82 ond lugs 18 is light and of small inertia and
that the tubes 62 have relatively large resiliency.
The filaments therefore are very unlikely to be
ruptured by shock on the device as a whole, and
there is ample flexibility to take up their ex-
pansion.

Each filament is preferably formed of round
tungsten wire, one surface of which is ground
flat ot slightly concave. The diameter here used
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i 50 mils. The grinding is preferably performed
in a jig which deforms the wire slightly in the
longitudingl direction, so that the ends of the
flament are ground a few thousandths of an inch
thinner than is the central portion. This grind-
ing forms the flat emitting surface of the fila-
ment, and if done with a relatively small wheel
whese axis is maintained parallel to the: length
of the filament, it gives the slight hollow grinding
which has already been stated to be advantageous.
The effect of thinning the two ends, adjacent the
point where the filament is clamped, is to give
a greater current density at these points, with a
consequent greater liberation of heat which com-
pensates for the heat conduction to the clamping
means and results in substantially constant tem-
perature and substantially constant emission over
the entire effective length of the filament. Being
of pure tungsten, the filament retains a degree of
resiliency even at its emitting temperature, and
this, together with its resilient support, prevents
buckling or change of plane of the emitting sur-
face when in operation and keeps the electrical
constants of the device fixed under such minor
variations in operating temperature and expan-
sich, snd inequality in these factors as between
the several filaments, as inevitably occur in
practice,

Cocling for the support of the inner ends of
the filaments is accomplished by conduction
through the support rings 74 and 61 to the col-
umn 5% and thence through the cooling coil 60.
Cooling for the outer supports is by circulatory
systern within the support pipes €2 themselves.
A small water pipe 96 enters the side of each of
the support pipes 62, and extends axially within
it to a point adjacent the lug 78, so that water
entering this pipe will be squirted against the
inner end of the lug. From there it returns
through the pipe 62 externally of the pipe 80 to
the bottom of pipe 62, where the end 88’ of the
nexi pipe is connected to carry the water to the
next filament support, circulation thereby occur-
ring through each of the support pipes 62 in
succession. . .

The supply for this circulatory system is
through a fitting designated by the general ref-
erence character §i, comprising coaxial pipes §2
and $3 which connect respectively to the two ends
of the system. The outer of these pipes is perma-
nently secured to the support ring 63 (see Fig. 4).
The fitting 91 passes through the flange T and is
insulated therefrom by insulating bushings 94 of
steatite or other refractory between which is a
compressed rubber washer 85 forming a vacuum-
tight seal. A connecting lug 87 for connecting
one filament supply lead is mounted upon the
fitting 6!, and the ring 63, and the circulatory
system comprising pipes 80 and 62 all constitute
the conducting system.for supplying the filament
current. The return circuit is through the col-
umn 57 and the flange 1, to which a second con-
necting lug (not shown) is attached.

There are two other features comprised within
the filament-grid structure and their supporting
systems. The first of these is a sliding plug 59
mounted in the end of the inner support column
25, and adjustable as to position by means of an
operating rod 189, and an offset extension rod 101
passing through a Wilson seal {02 in the gland
box 82. The second is a cooling pipe !03 which
extends substantially the full length of the inner
column 25 and is soldered thereto adjacent its
upper end for better heat transfer.

We are now in a position to consider the elec-
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trical characteristics of the filament-grid struc-
ture in view of the desiderata above set forth,
and it is believed appropriate to do this at this
point, since the same principles are involved in
the supports for the remaining elements of the
device and the explanation of all will be simplified
if these principles are in mind, The necessary
separation of the elements as regards D.-C. or low
frequency potentials have already been accounted
for. There is no metallic connection between the
grid-support column 25 and the filament-support
system comprising the column 57, and the sup-
port pipes 62. Remaining to be accounted for is
the impedance relationship between the grid and
filament members, and this is dependent upon
the impedance of the coaxial transmission line
formed by the inner and outer columns 25 and 57
and the coaxial conductors associated therewith.

The impedance characteristics of transmission
lines whose lengths are of the same order of mag-
nitude as the wavelengths of electrical oscillations
transmitted thereby are now well known, buf they
are restated here for convenience in the explana-
tions that follow. Most of them can be derived
from the impedance diagram of a half-wave line
open at the output end, as shown in Fig. 32, which
indicates such a line diagrammatically, and shows
the approximate curve of relative impedance
looking into any portion of the line from the
right, resistance of the conductors themselves
being assumed to approach zero. Extremely
short sections show a high capacitive reactance,
which falls to the characteristic impedance of

V%

of the line at the Y% wavelength point, and to
zero at the quarter-wave point, i. e., a quarter-
wave open-ended line acts as a dead short. From
this point on the apparent reactance is inductive,
rising again to the value

\/Z

C

at the 3 A point and approaching 1nﬁn1ty at
o\

The same diagram may be taken as represent-
ing the impedance of a shorfed-end line if the
origin be taken at the nodal or quarter-wave
point, which appears as a short when looking
into the line. For short sections the reactance
is small and inductive, it rises to

\/Z

C

at the 14 A point and approaches infinity at
A

4
Since this appears as an open circuit, increasing

the length of the line repeats the portion of the-

diagram shown at the left of the nodal point.
Stated in another manner, a quarter-wave open
line or a half-wave shorted line appears much
like a serieg resonant circuit, while a quarter-
wave shorted line or & half-way open line appears
like an anti-resonant or parallel reschant circuit.
The only other relationship necessary to the
understanding of the present invention is that
the characteristic impedance of a quarter-wave
line is the geometric mean between its input and
closing impedances. ‘The short-circuit and open-

circuit conditions are, of course, merely special
cases of this general relation,

The lines comprising the element supports of
the tube of my invention may be considered from
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a number of aspects;-all depending on the general
relationships gbove set forth, but in the treat-
ment here adopted they are generally considered
as divided into sections of quarter-wave length,
or thereabout, as this is believed to lead to the
simplest explanations,

We-are interested in the impedance of the grld-
filament support line as viewed from the grid
end, but this impedance is dependent upon the
terminating or output impedances of the various
sections and, therefore, in order to determine
what the grid-end impedance will be, we must
consider the various elements, section by section,
starting from the outermost or lower end of the
tube as shown in Fig, 1.-

From this aspect the first section of the struc-
ture- is- the section including the adjusting rods
52, &i, etc., the flange 18, and the section of the
tubular conductor 54 111ustrated as below the end
of the column 57. Electnca,lly this portion of the
structure is a single conductor, and viewed from
its. upper end constitutes an end—fed antenna,
It is preferable that its length be of the order
of one-half wavelength at the operating frequency
of the device, in which case its effective imped-
ance Zz will be in the neighborhood of 1,000 chms.
If - its length be reduced to one-quarter . wave-
length its effective input impedance will likewise
be reduced to the neighborhood of from 50 to 100 .
ohms, the quarter wavelength condition being the
least desirable in practice. This antenna is con-
sidered as being fed by the coaxial transmission
line comprising the tubular conductor %4 as the
inner element and the column 57 as the outer
element. With the spacing shown such a f{rans-
mission line will have-a characteristic or surge
impedance Zo of about 10 ohms, and as has already
been stated the length of this section of trans-
mission line is approximately

A

4

where A is the wavelength at the frequency of
operation. If we consider the quarter-wave con-
dition to be fulfilled exactly the impedance look-
ing into the coaxial line from the grid end will be
_Z '
o ' 21_72 .
If the antenna section of the system have an im-
pedance of the order of 1,000 ohms, the character-
istic impedance of the line being 10 ohms, the
input impedance of the line will therefore be 7%
of an ohm. This low impedance therefore be-
comes the closing impedance of the section of
line immediately preceding it. From one point
of view it acts as a radio-frequency by-pass. be-
tween the inner conductor 54 and the outer con-
ductor 51, so that viewed from the input end,
at radio-frequencies the cylinder 54 and -outer
column 51 appear as a single conductor, gnd
form, in connection with inner column 25, a single
radio-frequency transmission line considered as
fed from the grid-filament end through a slight
impedanceirregularity where the inner cylinder
54 terminates. Its effect from another pomt of
view will be considered later.

Even if the conditions as to impedance of an-
tenna and length of the coaxial line constituting
the column 57 and cylinder 54 are not exactly
miet the result will be substantially the same.  The
antenna impedance can easily be kept above 100
ohms, making the impedance looking into the
qua.rter wavelength line 1 ohm. If the length
of the line section is not exactly one-quarter
wave, but is still' materially greater than one-
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eighth wavelength, the input impedance will still
be low in comparison with the characteristic im-
pedance of the line, and although more power
will escape than if optimum conditions are met
the amount of power wasted by such undesired
radiation will be very small.

The section of the inner line comprising the
cylinder 54 and column 25 terminates in the
slider 54, which, as it is of large area and makes
good contact with both conductors, may be con-
sidered as of zero impedance. This section may
be tuned to exactly one-quarter wave by moving
the slider. Due to the spacing between the two
conductors the characteristic impedance of this
section of transmission line is high, and if the
resistance of the line were zero the input im-
pedance would be infinite. Actually it may always
be made to exceed 100,000 ohms and under opti-
mum conditions may reach ten times this value.
This section therefore forms a tuned radio-fre-
quency choke of extremely high impedance inter-
posed between the filament-grid structure and
the outside world, and the impedance involved is
so high that practically all energy reaching it is
reflected back to its source.

What actually happens can be expressed more
nearly in the terms of low frequency power line
transmission if we think of the antenna as a load
which is fed by a line terminating immediately
above the top of the column 52, Current fed to
this line from the central column 25 must pro-
ceed down the column, across the slider, and back
to the top of the conductor 54, since owing to
skin effect none will flow transversely through
the wall of the conductor, In so flowing the cur-
rent meets an enormoug impedance—say 100,000
ohms. Prom there the line continues down the
outside of conductor 54 to the antenna and back
within the column 57 to the terminus above the
top of conductor 54. This latter length of line,
including the load imposed by the antenna, has
an impedance of, say, 1 ohm, and since the volt-
age available at the termini of the line will divide
itself across this low impedance and the high
impedance line section in series therewith in the
proportions of the magnitudes of those imped-
ances, and since the current flowing at the input
points of the respective sections is the same, it
follows that the energy delivered to the respective
impedances will also be in proportion to their
magnitudes, and only /10,000 of that delivered to
the line will be transmitted to the antenna to
be radiated thereby—still less if optimum con-
ditions are met.

From still a slightly different aspect, the small
and largely resistive impedance offered by the
outer line is at a current node. We therefore
have a very small current flowing, and therefore
the value of I?R is vanishingly small, the R in
this case being the apparent input impedance of
the outer line and I?R (practically) the energy
radiated.

From whatever aspect the matter be considered
the result is the same: The sections of the trans-
mission line above the current node terminate in
what is equivalent to anm open circuit, just as
would a low frequency line connected across an
ordinarily good insulator. There is some con-

suimption of power, which can be neglected in fur-
ther consideration, (as in the case of the insu-
lator) and the succeeding sections can be treated
as if they terminated at this point in an infinite
impedance. It should he noted, however, that at
the frequencies we are considering substitution of
an insulator for the line sections would drop the
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impedance to a finite value and introduce large
losses through radiation and dielectriec phenom-
ena,.

The design problem to be met, therefore, is the
design of a structure which, when terminated by
an impedance approaching infinity, will have the
properties of an anti-resonant circuit as viewed
from cathode and grid. This structure is pro-
vided by two additional quarter-wave sections of
the same line,

The first of these sections extends to include
the upper slider 28, and its design is such that
its electrical length may be changed in opposite
sense to its physical length; i. e., such that it
may be “fitted in” beneath the section above it
even when the length of the upper section in-
creases with decreased frequency of operation or
vice Versa.

This effect is obtained by means of the ir-
regularity introduced by the low-impedance line
section constituted by the slider 28. From the
top of the high impedance section already de-
scribed to the slider is a length of relatively high
impedance line of less than ¥, wavelength which
therefore appears as a capacity variable from
zero to some small value as the slider is moved
to change its length from zerc toward

A

4

To this is connected the relatively great capacity
of the slider portion of the line about % A in
length, but presenting an effective capacity many
times as great as and apparently in parallel with
that of the lower section, so that moving the
slider to change the length of the section below it
changes the apparent capacity as viewed from
above relatively little. Therefore a very short
length of the high impedance line above the
slider is all that is necessary to tune this effec-
tive capacity to resonance, thiis completing the
quarter-wave section of line and bringing the
node or quarter-wave point of the composite sec-
tion a small distance above the upper slider face.
The distance between the slider and the node will
vary with frequency, of course, but only slightly
with the position of the slider.

It has already been pointed out that the nhode
is effectively equivalent to a short-circuit, and
hence, since by moving the slider we may move
the position of the ncde, by so doing we may tune
the uppermost section of the line including the
filament and grid. We have made that portion
of the line below the slider and above the im-
pedance loop relatively ineffective in tuning, so
that we have an “elastic” or extensible quarter-
wave section of line,

The final or grid-filament section may thus be
resonated or otherwise tuned to give optimum
operating conditions. In the case of Fig. 1, where
capacity feed-back between anode {3 and grid
cap 99 is used, the desired tuning of this section
must provide a capacitive reactance. This is
obtained by making the grid-filament section
slightly longer than one-half wavelength or, in
other terms, tuning it to a slightly lower fre--
quency than that of the desired oscillation, so
that as viewed at grid and filament it presents a
small anti-resonant capacitive reactance. Under
these circumstances the filament-grid system ap-
pears as a capacity in series with the capacity
between the grid structure and the anode, and
this latter capacity is adjustable by varying the
position of the cap 99. When, therefore, the po-
tential of the anode swings, the grid will assume
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4 pofential with respect to the filament (and
ground) which is intermediate between cathode
and anode potential, and which bears the pro-
portion to the total potential between anode and
filament that the effective series capacity between
anode-grid and grid-filament bears to the ap-
parent capacity between filament and grid. In
other words, the arrangement is essentially a
capacitive voltage divider which swings the grid
potential in the same sense that the anode poten.
tial swings, and in fixed and predetermined pro-
portion thereto. Since the criterion for oscilla-
tion of the device is that the grid and anode
should swing in the same sense angd in step, the
result is a highly effective capacity feed-back
which is under control either by varying the ac-
tual capacity coupling with the cap 89 or by vary-
ing the effective resonant input capacity of the
grid-filament circuit by varying the position of
the slider 28.

By the use of the two sliders the device is thus
given its very considerable tuning range. The
lower slider §1 brings the current node to the
point where the antenna is fed; the upper slider
28 moves the nodal point immediately above it
and thus tunes the filament-grid section. The
actual point of importance is that by adjusting
the position of the sliders the effective resonant
impedance of the filament-grid combination may
be made to assume any value which may be de-
sired, since the node above the slider 28 may be
moved near enough to the rather large lumped
cathode-grid capacity to embrace between the
node and that capacity the exact small line in-

ductance required for tuning it. In actual prac- -

tice the effective impedance will be made capa-
citive and small in comparison with the phys-
ical grid-cathode capacity, but it might, if de-
sired, equally well be made inductive or resistive.
Furthermore, since the effective resistances in
the circuit are extremely low, the losses are also
small even though the circulating currents may
be large. '

A system of transmission lines, chokes and by-
passes similar to that used in the filament-grid
circuit is employed scross the filament to prevent
transmission of energy to D.-C. insulation and
to prevent filament damage by R.-F. currents.
The actual ground point on the filament circuit is
the flange T on the outer casing § of the device.
This, however, is unimportant and the effect of
the transmission line grrangement may be con-
sidered as though the ground point were at the
inner end of the filament. This may be con-
sidered as terminus of a quarter wavelength co~
axial transmission line comprising the tubular
conductors 19 and 88, which is open at its lower
end, terminating in a high impedance. The
transmission line impedance is again low, being
of the order of, say, 5 ohms, and the line there-
fore forms g negligible series impedance as before,
acting as a by-pass to the inner conductor. This,
again, is a quarter wavelength line with the pipe
82 as its inner conductor, terminating in a dead
short, and therefore offering very high imped-
ance. As the potential imposed across this im-
pedance is merely that which can build up gcross
the short filament, amounting to a few volts at
most, the escape of power through the filament
support may be neglected, and the high imped-
ance effectively in series with the filament pre-
vents circulation of R.-F. currents which might
otherwise cause hot spots and burn-outs.

‘We are now ready to consider the mounting of
the remaining elements, i, e., the accelerator grid,
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boundary grid, and anode, which elements aré

‘shown in elevation in. Figs. 9, 15 and 13 respec-

tively. The accelerator grid is mounted from a
side tube 105, which.is welded to project through
the wall of the housing § immediately below the
flange 3. This side tube carries at its outer end
g flange 10T which is surfaced to receive the
tubular glass insulator 8%, and the latter, in
furn, carries a terminal flange 110, " This struc-
ture may best be seen in the enlarged detail view
of Fig. 6. As in the case of the main tube'en-

velope, the tie-bolts which hold the structure to-
gether are omitted, but it will be understood that
it is assembled in the same fashion as is the main
envelope with ground surfaces reenforced by
greased rubber bands or gaskets {{1 which form’
the seals. Two tubular conductors are fixed to.
and project inwardly from flange 110. The inner
conductor 112 is spaced from the outer conductor
1138 and is held accurately concentric therewith
by an annular spacer {i4. The accelerator grid
15 is supported from theinner member by a tubu-
lar bracket 115, the end of which fits within the
conductor {12 and is rigidly secured thereto. A
cooling pipe (11, bent into a ring to surround
the accelerator grid, has its ends brought down
parallel to the support bracket 115 and enters
the inner conductor on either side thereof, the
ends of the pipe passing into the inter-conductor
space distally of the spacer (14 and emerging
through the flange 110. A tuning slider 119,
which nearly fills the space bétween the inner
and outer conductors and doées not make ‘actual

.contact therebefween, is operated by means of a

hook 120 whose end projects through a longi-
tudinal slot in the conducfor 112. A control rod
i21 is threaded to the end of the hook and emerges
through a Wilson seal 122,

The supporting bracket (15 and coohng tubes
{11 are catrried up to the interspace between the
control grid and the boundary grid through an
angular fitting or shield (25, which passes through
a notch 127 cut in one side of the filament sup-
port ring 61. This construction is shown in Figs.
1,6 and 11, each of these ﬁgures showing sections
of the shield. The shield is electrically con-

_tinuous with a pan 129 overlymg and contacting
‘the filament support ring 14 -and slotted: im-

mediately above the filaments, which forms ‘an
additional shield or barrier to separate com- -
pletely the anode and control-grid sections of the
tube except at the points where intercommuni---
cation is necessary or- desired. “The shield and
pan therefore form oné terminus, and the ac-
celerator grid and cooling pipe {17 form the other
terminus of the radio-frequency transmission line
comprising the side tube 105 and the tubular con-
ductors 112 and 113, :

From what has gone before it is beheved that
the operation of this arrangement will be readily
apparent. Again-we have an antenna system
comprising the control rods 121 and cooling tubes
{17, plus the projecting end of the conductor 113,
which is fed by and offers a relatively high im-
pedance to a quarter wavelength transmission
line -of low impedance formed by the side tube
{05 and the conductor 113, and there is accord-
ingly a radio-frequency by-pass between the
grounded outer case 5 and tube 185 of the con-
ductor 113. Within this there is another series
section of transmission line comprising the con-
ductors 112 and 113 and termmatmg in a short
formed by the spacer i14.~ This inner line is

_tuned to a quarter wavelength by means of the

“slider 120, whlch acts as a loading capacity and
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increases greatly the electrical length of the line.
In practice this slider is moved back to a point
from which the line appears as a very large in-
ductance at the operating wavelength. The
proper point is that at which the remaining in-
ductance and capacitance of the line, considered
from the grid end, make it just a quarter wave-
length from the inner end to the shorting spacer
113, forming a very high impedance at the shield
where the grid {5 and cooling tube {17 are sup-
ported, and preventing any appreciable power
being transmitted past this point to be radiated.
The capacity of the grid 15 to the boundary grid
4 is large, and that to the control grid 18 is small;
there is little coupling tending to swing the ac-
celerator grid {5, and it consegquently tends to
majintain very nearly zero R.-F. potential.

As has already been described and as shown in
detail in Fig. 16 the boundary grid 4 is firmly
clamped between the flange 8 and the anode
housing 2, and is therefore physically and defi-
nitely at the ground potential of the housing.
The boundary grid and the anode face 12 again
form the termini of a resonant line, comprising
the housing 2 as its outer conductor and a cylin-
drical anode body, designated by the general ref-
erence character {38, within the housing. This
resonant line is one-half wavelength long, and
may ke considered as terminating hetween the
inner face of th? Alange i and the end {3f of the
anode body. This will be recognized as an open-
ended half wave line, and therefore of extremely
high impedance when viewed from either end.

The construction and method of support of the
anode body are best shown in Fig. 8. The sup-
port is from the mid- or quarter wavelength point
of the anode, i. e., at a potential node, so that
there ig little tendency for power to escape from
the support structure. Such tendency as there is
for power to leak from the support point is sup-
pressed by either or both of two methous. First,
and preferable in the cases where the tube may be
predesigned to operate at a fixed wavelength, is
a movable plate {32 mounted on the sliding rod
50 of the Wilson seal first described, and making
contact with the flange { by means of a spring
skirt §33. This may be adjusted to bring the node
of the resonant line accurately at the point of
support. This method of preventing direct radia-
tion from the ancde was adopted in the first
of these devices constructed. It was quickly
found, however, that the plate {32 was more use-
ful ag a tuning device, and therefore the prin-
ciple of transmission-line-choke support was
again employed to prevent power escape. In the
construction then adopted and here shown a
side tube (49 of relatively large diameter is welded
at substantially the midpoint of the anode hous-
ing 2. The side tube carries a metallic flange
14, with a glass insulator tube 142 fitted against
it and in turn carrying a terminal flange §£3.
Through this terminal flange passes a pipe 144
which projects through a pass hole 143 in the
side of the anode housing and on the end of which
the anode body is attached. The action bere will
be described following the mechanical description
of the anode, as the expedients adopted are pred-
icated upon the necessities of the mechanical
structure.

From the electrical point of view the anode
body is a simple cylinder with closed ends. Its
complexity, as shown in Pig. 8, is due primarily
to the provision for circulating cooling water
within it, and to the provision of what may be
termed a “rough tuning” device,
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Owing to the necessity for providing cooling
the body itself must be water-tight, anc accord-
ingly it is constructed of a flared cylinder 147,
to the flared end of which the anode face 13 is
hard-soldered. The other end of the cylinder is
closed by g threaded disc 149.

The supporting pipe 144 enters the flared cyl-
inder {47 through an aperture in the side thereof.
The end of the pipe is threaded into a boss 148
on an inner baffle cylinder {59, which boss is
soldered to the inner wall of the cylinder 471.
The boss {48 extends internally tc form a cylin-
drical chamber {51, which connects by & gide pipe
{52 through the end (53 of the bafile cylinder,
so that water introduced through the pipe 144 is
discharged directly against the active face i3 of
the anode, and thence is forced around the ex-
terior of the bafile cylinder to reenter its open
end. It can then return within the cylinder to
enter the open end of a return pipe {54, which
is mounted concentrically within the pipe 144 by
means of a perforated cap 155 which fits over
the end of the pipe i44, its lower end passing out
through the discharge chamber 15f. The cap
compresses a rubber gasket 146, sealing the joint
between the pipe 184 and the anode bedy to make
it water and vacuum tight.

The upper end of the pipe 154 is centered in
the pipe (44 by means of a metal bellows 57
which is sealed to both pipes and permits differ-
ential expansion between the two. Water is in-
troduced into the pipe 144 through a side pipe 159,
and its course can be traced by the arrows in
the drawings through the outer pipe, the perfo-
rations in the cap (55, the side pipe 152, and
thence around the bafile cylinder 158 and back
through the ceniral pipe 154.

The action of the mounting follows the prin-
ciples already set forth, although the application
is somewhat different. A disc #60 is connected
to the fiange {&f{ both electrically and mechan-
ically, and carries a cylinder I1€1. The pipe {44
and the cylinders {48 and 16{ form g transmis-
sion line one full wavelength long. Rlectrically
this might equally well be a half wavelength line,
but additional space is needed for the insulat-
ing cylinder 142, which must withstand the full
D.-C. anode potential of 20,000 volts or more.
The length of this section is measured from the
anocde and its housing, and the impedance at its
outer end is very high, so that looking into it
from the anode the impedance is also very high.

This high impedance is connected in shunt
across the line formed by the anode body {39 and
ancde housing 2 very near the nodal point, where
the impedance of the latter line is low, and ac-
cordingly a very small portion of the current
flowing at this point will take the high imped-
ance path to the outer world.

In other terms, the full wave line is connected
g0 near the node of the main anode oscillator
circuit that only a few volts are effective across
its termini, and therefore very small currents will
tend to flow therein, representing a power loss of

V3

Z
where V is the small input voltage and Z is the
large input impedance. Moreover, since the line
is one wavelength long, only the small voltage
V will ke effective to cause radiation from the
radiating system constituted by the end of the
line. It should be noted, however, that by de-

liberately unbalancing the anode resonator by
means of the plate 132 the support system can
be converted to a horn antenna which can be
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made to radiate as much high-frequency energy
as the device will produce.

It will be noted that the arrangement described
leads to and permits a new type of cavity res-
onator; i. e., one wherein various portions may
be operated at different D.-C. potentials, so that
D.-C. accelerations can occur while electrons are
within the resonant cavity. Such acceleration is
not always necessary or desirable if is true, bub
there are occasions where it is useful, and so far
as I am aware none of the various constructions
hitherto suggested or employed permit it.

Tt has already been stated that fine tuning of
the anode resonator can be accomplished by
means of the disc 132. Greater changes in wave-
length or operating frequency can be secured by
placing a cylindrical shell 162 around the anode
body. The effect of such a shel] is twofold, since
it increases the capacitance of the line formed
by the body and the housing, thus tending to
increase wavelengths or decrease frequency, but
it also serves to decrease the inductance, with
opposite effect. In a device of approximately the
proportions shown, however, the effect of de-
crease of inductance is more pronounced than
the effect of increase in capacitance, and hence
the overall effect is to raise the frequency of
operation of the tube. The extent of the effect
produced by the shell may be increased by cham-
fering the end, where the effect on the capacity
is greater than on the inductance. Because of
possible differential expansion the shell is solidly
secured to the gnode body only at the anode end,
contact with the opposite end flange being made
frictionally by resilient fingers 188 formed by
slotting the end of the cylinder {62 longitudinally
as shown.

Radio frequency power developed in the anode
circuit may be withdrawn by a variety of means.
A preferable one of such means supplies power to
a transmission line comprising a cylindrical con-
ductor 170 welded or otherwise sealed to the side
of the anode housing, and a central conductor iT1
which terminates in a coupling link {72 enfering
the side of the anode housing through an aper-
ture 173 and bent parallel to the axis of the
anode body substantially at the potential node
(and current loop) of the anode resonator. It
is convenient to make the link 172 of small-bore
metal tubing so that it may be water cooled by
liquid carried in through the central conductor
{71, In this case the tubing may be brought out
of the anode resonator as shown, and coiled
around and soldered to the outer conductor of
the line {70 to cool it glso. The vacuum seal for
this section of the transmission line is provided
by means of a quartz bushing {74 cemented to
both inner and outer conductors. From this
point on the coaxial line may either be continued,
or it may terminate effectively in an antenna as
shown. Where the line section is terminated in
an antenng it is advantageous to provide a slip-
joint 175,

Obviously the output line and its appurtenances
may be varied to suit the purposes for which the
tube is used. For instance, if a horn antenna is
being fed, considerable advantage is obtainable
by substituting a solid closure for the bushing
174 and terminating the inner conductor in vacuo.
Such variants are not directly relevant to the
present invention and are not here shown.

In connection with the water cooling as sup-
plied to the coupling link, as well as the other
water conductors, it will be understood that in
each case the metal pipe or tubing will be car-
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ried only so far beyond the exterior of the devicé
as a whole as is desirable in order that they may
serve as conductors, antennas for loading the
various by-pass-choke combinations, ete., and
that beyond this point rubber or other insulating
tubing will be used. ‘ :

Fig, 18 shows a modified form of my invention
in which the principles already developed are
utilized in a tube designed for amplification or
inductively coupled oscillation at a fixed fre-
quency. - The anode structure, designated by the
reference character 13’ is enclosed in an :anode
housing 2/, similar to that used in the tube of
Fig. 1, and therefore shown in fragmentary form
only. . The envelope comprises the flange 3’,
which is built with a comparatively deep skirt. "
This is followed by an insulating cylindrical hous--
ing section 200, 2 control grid flange 201, another
short insulating section 202, and a filament sup-
port fange 203 in the order named. The flange
203 is dished downwardly, and through it passes
the main central filament support column, which .
comprises an outer tube 204 and inner tube 20§,
the ends of which are set in & counterbore and
soldered or welded to a flange 207. Against this
flange abuts an insulating gasket 209, and the
end-plate 210 of the tube is held between this
gasket and a second gasket 2/1 by means of a
clamping ring 212 and tie-bolts 213, thus com-
pleting the outer envelope of the tube. .

In this case the central supporting column holds
the outer, instead of the inner ends of the fila-
ments, which are set in a terminal ring 214.. Two
sides of the inner tube 205 of the column are
flat, as is shown in the cross-section of Fig. 19,

and indicated by the reference character 21i5.

The spaces formed between the inner and outer
cylinders act as a conduit for the cooling cir-
culation, which is led into and out of the channel
thus formed by the pipes 2{1, 211’ respectively,
these pipes entering at the plane of a ring 219
which also carries a connecting lug 229 for the
filament lead. The two channels 215 are con-
nected at the top of the column by an' annular
groove 221.

The inner ends of the filaments- {1’ are sup-
ported in substantially the same manner as in
the tube of Fig. 1, upon L-shaped lugs 222 car-
ried on the ends of support pipes 223. These
tubes extend the full length of the column and
emerge through the end-plate 218. ‘As in the
former case, each is supplied with an inner pipe
224, which carries water from the bottom of a
preceding one of the pipes 223 and projects it
against the lugs, the circulating water returning
to the bottom of the pipe 223 outside of the
inneyr pipe, thence to be carried to the next pipe
in the system. Between the pipes 223 and the
inner cylinder 285 of the central column is mount-
ed a cylindrical conductor 225 which is three-
quarters wavelength leng and terminates closely
adjacent the filaments. “Its lower end is closed
by a conducting disc 227, supported by and spaced
from the bottom flange 218 by both a tie-bolt 229
and a spacer pipe 228, with which the disc 221
and the flange 210 are electrically continuous, so
that they form the other end of the filament
circuit, the flange 210 being provided with a lug
230 for connecting the filament lead. The end
flange 210 also carries a conducting cylinder 231,
which is a quarter wavelength long and termi-
nates slightly below the disc 221. )

As in the previous case the water pipes and
connecting lugs form a high impedance antenna,
fed by a low impedance quarter wave line com-
prising the conductors 205 and 231 which give
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it negligible series impedance and so form a by-
pass which makes the tube 231 effectively con-
tinuous with the tube 265 at high frequency al-
though insulated against filament supply fre-
quency and voltage.

The tube 231, together with the water pipes
223 and spacer pipe 228 form a closed end quarter
wavelength line, presenting a high impedance
when viewed from the filament end.

A similar series-line by-pass effect to that of-
fered by the lower quarter wavelength section is
offered by the upper three-quarter wavelength
section formed by the conductors 285 and 2285,
and in like manner glso the filament-support
pipes 223 form the inner conductor, and the
three-quarter wavelength cylinder 225 forms the
outer conductor of a three-guarter wavelength
line, closed at the end, and offering very high
impedance. R.-F. transmission from the inter-

nal or filament-support structure is therefore .

prevented as before.

The grid 16’ is supported at the top of a cylin-
drical column 232, borne by inner extension 233
of the grid flange 204. In this case, as is shown in

Fig. 20, the grid takes the form of a flat plate in .

which the grid apertures are slots whose rounded
edges form the cylindrical surfaces to give the
proper curvature of the field, A quarter wave-
length series-line by-pass and choke is formed by

a tubular skirt 234 mounted on the inner column -

204. In this case the grid-filament circuit is
brought to exact resonance, the closed end, three-
quarter wave transmission line comprising the
skirt 234, cylinder 232 and the grid 16’ and fila-

ment 17’ themselves being tuned to exactly three- -

quarter wavelength. This tuning is done by slid-
ing the skirt 234 on the inner column to get the
final exact adjustment which gives the necessary
high impedance at the grid. The adjustment is
made by means of a concentric water fitting com-
prising an external pipe 225 and an internal pipe
235’ which circles and cools the skirt. The outer
pipe emerges through g Wilson seal 23§, so that
the skirt can be adjusted using the fitting as a
handle.

Tuning with a siider of this type, which in itself
is practically a quarter wave choke, has the great
advantage that the junction between slider and
its supporting column necessarily comes substan-

tially at a current node, and accordingly there is 5

much less difficulty with heating at the siiding
contact than where such contact cccurs in the
vicinity of a current loop.

In this case the grid 16’ is operated at radio-
frequency ground, and may itself be considered as
a boundary grid terminating the grid-filament
line, while it is the filament which swings in po-
tential with relation thereto. The anode bound-
ary grid and accelerator grid are combined in a
single element, comprising a relatively thick plate
287, with apertures 238 for the passage of the
electron bursts as is illustrated in Fig. 21. The
quarter-wave, open-end by-pass line section be-
tween control grid 18’ and boundary-accelerator
grid 237 is terminated at the inter-space between
the two, and comprises the space between the cyl-
inder 232 supporting the grid 16’ and a short
length of tubing 239 which is mounted on annu-
lar spacers 240 and 24! on a cylinder 242 fixed
to the interior surface of the flange 3’. Another

annular spacer 243 within cylinder 242 carries an
upwardly extending skirt 244 which terminates a
small distance below the by-passing line 239. An-
other short cylindrical section of conductor 245
is mounted concentrically with. the grid column
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222 within the flange 233. This conductor acts
as a part of a choke, but its primary function is
to displace the point of radio-frequency stress
from the seal.

Again proceeding from the lower end of the de-
vice upwardly the section comprised cf the con~
ductors 232 and 245 is a closed-end choke, pref-
erably quarter wave, offering high input imped-
ance to the section above it. Peeding into this
high impedance section is an open-end, quarter-
wave blocking or by-pass section comprising con-
ductors 244 and 232, and making these conductors
electrically continuous, so that conductors 242
and 244 become the high impedance closed-end
quarter wavelength line into which the control
grid-accelerator grid section feeds. This imped-
ance gives the grid-accelerator section, as an
open-end, one-quarter wavelength line, negligible
impedance, and effectively shorts the two grids at
radio-frequency, although they are insulated
against their D.-C. potential difference.

The grid-filament circuit is driven by means of
a coupling loop 247 brought in by a side tube 249
through the flange 3’. This side tube forms a
coaxial line with the loop conductor, and where
the loop emerges from the line its grounded side is
brought in coplanar with the control grid disc
16’, Iying in a slot 250 in the disc. The loop is
located not far from the potential node and cur-
rent loop in the grid-filament line, and its size
is proportioned to give a satisfactory input im-
pedance. By means of this line the grid circuit
may be driven either from a separate source, so
that the tube as a whole acts as an amplifier, or
it may be coupled back to the output line from the
anode to make the tube self-oscillatory, the
length of line between anode and grid circuits be-
ing of the correct length to drive the grid circuit
in the proper phase.

Cooling of the accelerator-boundary grid is ac-
complished by a water pipe 251, brought in
through the flange 3’ and forming a single turn
in contact with the grid disc 237, as shown in
Figs. 18 and 21. Another cooling pipe 252 is
brought in through the flange 28!, encircles the
central column slightly below the filament plane,
in contact with the outer conductor 232 of the
grid-filament line.

This tube differs from the one previously de-
seribed in that it is designed for operation with
the accelerator grid at ground potential, and with
the filament at accelerating potential negative to
ground, the filament swinging with respect to
ground instead of the grid so doing, It differs
in operation in that, owing to the method of cou-
pling the grid circuit, it is extremely sharply
tuned, the first tube described being relatively
broad in comparison. 'The instant tube is accord-
ingly more critical in adjustment, but the num-
ber of adjustments is less, namely, the tuning of
the anode circuit and the tuning of the sliding
skirt 234, and the value of the accelerating
voltage.

It may be noted here that this form of the
device may and frequently will be operated using
a quarter-cycle or 90° transit time instead of the
half-cycle or 180° iransit hitherto considered.
The actual choice of mode depends largely on
the frequency desired. At the higher frequen-
cies, within the range of operation, high voltages,
to give high powers, will give half-cycle transits
along the lengths of path here provided. At the
lower frequencies of the tube’s range the elec-
trons would traverse much longer paths in one
half-cycle if subjected to the same potentials,
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and if the voltages be reduced to make the transit
occupy the half-cycle period much less power is
available.

At these lower frequencies, if the tube is to
be used as an oscillator it is therefore advisable
to maintain the voltage high, giving quarter-
cycle transits, and modify the feed-back to get
the proper phase relationships. Since the fila-
ment is driven in this modification, instead of
the grid, the proper phase condition will be met
by tuning the filament-grid circuit to exact res-
onance (i. e., so that its input impedance appears
resistive) and coupling the filament to the anode
capacitively, or by using inductive coupling and
making the anode-grid coupling line of the right
electrical length to give the proper phase at the
grid. Where used as a power amplifier the cou-
pling need not enter into consideration, the volt-

10

age merely being adjusted to give the proper -

chosen transit time.

The tube shown in Figs. 22 to 31 inclusive is
intended for operation at very high power and
in a vertical position only. Its envelope is con-
structed of successive flanges and tubes of glass
or metal, and since the lower portion of the enve-
lope and the major inner structure substantially
duplicate the upper, and the supporting and alin-
ing mechanism is all comprised within the upper
portion, only the upper half of the envelope is
shown in order to conserve space and avoid com-
plexity.

The portions of the envelope shown comprise
the conducting anode housing 388, anode housing
end flange 3081, and insulating cylinders 392, 303
and 368 mounted successively on top of the
flange 301 and separated respectively by a grid
support flange 3085 and s filament support flange
387. 'This structure is closed at the upper end
by a cap flange 305 and a filament bracket hous~
ing 318.

The tube is constructed of coaxial elements
each supported from its upper end, the innermost
element being supported from the uppermost
flange and the successive coaxial structures being
carried in turn by the successive flanges. The
central element is the lead connecting to the
lower end of the filament, and is suspended by
a spring 3{1 from a U-shaped filament support
bracket 312 borne by the flange 309 and extend-
ing upwardly from that flange within the fila-
ment support housing 3{8. The end of the spring
is provided with a hook or loop engaging a trans-
verse pin in the top of a threaded bushing 313,
which terminates in a flange 314. To the latter
is hard-soldered an inner cylinder 3{5, the sides
of which are flattened as shown in Fig. 24 to
form water channels between the cylinder 315
and an outer cylinder 317, The two channels
formed by flattening the inner cylinder are con-
nected by an annular groove 38 at the lower end
of the cylinder, and at the upper end they con-
nect through a closing fitting 320 with inlet and
outlet pipes 321 and 32{’. These connect with
the inlet feed pipes (not shown) by means of a
metal bellows 222. Above the fitting 820 is a
heavy copper washer 325, and laminated leads
of thin copper 327 are clamped between this
washer and an upper washer 328 by a clamp and
lock-nut mechanism 329, 330, threaded on the
end of the bushing 313.

The lower filament mounting ring 331 is
threaded to the lower end of this support assem-
bly. The ring is a heavy solid copper annulus
with a chamfered Jower edge into which the fila~
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ment clamp screws 332 are threaded. The sub-
stantially similar upper support ring 833 is
mounted immediately above it on a support as-
sembly comprising concentric pipes 834, 339,
forming a cooling system substantially like that
of the inner support, the-double supporting tubes
being mounted from their upper ends on the
filament flange 867.

The filaments 17’’ are mounted between the
two support rings at uniformly spaced intervals
about the two rings. A radio-frequency by-pass
between the two rings is formed between the in-
ner and outer columns by means of g short annu-
lar skirt 336 mounted on the conductor 317, which
forms a quarter-wave open-end transmission line
when -considered from the periphery of the two
opposed filament support. rings to the end of the
skirt. - Two quarter-wave untuned choke sections
337 and 339 are mounted on the conductor 317
above the by-pass section to prevent radiation or
escape of power between the filament support col- .
umns and accentuate the by-pass action so that
there is no danger of burning out the filaments
from radio-frequency currents in the event of un-
balance between the two halves of the device.
Considered from the outside of the filament sup-
port assembly, the lower support is made elec-
trically symmetrical with the upper with respect
to the midpoint of the filaments, by means of a
cylindrical conductor 338 the same. diameter as
the outer support 334, which extends downwardly
from the lower support ring 331, Outside of this
conductor all of the transmission line elements
which will be described in connection with the
upper half of the tube are duplicated, so that as
regards the filament-grid cireuits the tube is sym-
metrical ahout the midplane of the filaments.

The upper and lower filament supports are held
accurately concentric by two.sets of centering pins
341 and 340 as shown in Figs. 23 and 29 respec-
tively. The pins 340 of the lower set have
rounded or pointed inner ends, which seat in sim.
11ar1y formed cavities in insulating buttons 342
in the bottoms of tubular cups 343 positioned ra-
dially in the inner supporting cylinders 315 and
27 within the upper filament support ring 833.
The latter is drilled to receive sliding metfal caps
344 which receive the outer ends of the pins and
are adjustable by means of set-screws 345
threaded into the outer ends of the drill holes,
Two of the set-screws bear directly against the
caps 384; between the remaining cap and seb-
serew a spring washer 347 is inserted which per-
mits all of the set-screws to be set up tlghtly and
still permits the pins to rock slightly in ‘vertical
planes to compensate for filament expansion.-

The upper set of pins 341 have conical heads
348 of lava or other refractory insulating mate-
rial bearing in conical depressions in the pushing
213 from which the inner assembly is supported.
The outer ends of these pins also bear in conical
seats (rot shown) in adjusting cups. 358 threaded
into b'r'ackets 351 carried by the flange 307, one of
these pins also having a spring interposed be-
tween it and its seat. -The inner (and lower) fila-
ment support is thus accurately centered, and al-
though it is free to move vertically to compensate
for changes in filament length with temperature -
the major portion of its weight is carried by the
spring 311, so that. the filaments are nof over-
stressed, partlcularlv when hot and not able to
support any material mechanical load.

The grid structure. is suspended from the grid
ﬂange 305, and comprises a conducting cylinder
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352 secured to this flange and extending down-
ward to {erminate in an internally chamfered
edge immediately above the filaments. As can
be seen best in Fig. 25, which is a sectional view
taken in the plane between the two filament sup-
ports, the grid itself comprises parallel strips £83,
with the filaments extended between their
rounded edges, these strips being fastened with
screws between the support tube 352 and a similar
lower extension of the same 352’.

The cathode-grid circuit is accurately tuned by
means of a slider which comprises a piece of thin
wall tubing 254 fitting smoothly within the grid
column 352. Within this tubing a pair of spaced
annular collars 355 and 357 carry quarier wave-
length skirts 359 and 368 to form in duplicate the
now familiar by-pass choke combination. Cool-
ing for the slider is provided by a water pipe 364
brought in through the flange 385 and formed
into a plurality of coils above this flange to give it
flexibility. It is brought down into the slider
through the upper ring 355 and passes between
its outer wall 353 and a protecting liner 382 to the
plane of the coliar 357, where it encircles the col-
lar and passes back out of the slider again parallel
to its entrance.

The method of tuning the slider is best shown
in Figs. 24 and 26. A tuning shaft 363 passes
through the flange 289, protected by a Wilson
seal (not shown), the shaft terminating in a
small bevel gear 354. This gear meshes with a
similar gear 385 on a shaft 366, and the bevel
gear meshes with two others 387 on two branch
shafts 369, mounted nearly at right angles with
each othier so as to clear the central column.
The outer ends of these two shafts carry miter
gears 378 which mesh with similar gears 371 on
vertical shafts 372 which are threaded into the
slider., By this methed the position of the slider

may be accurately adjusted by turning the shaft «

383. The shaft 866 extends downwardly past the
filament plane in a groovz 373 in the outer pe-
riphery of the cylinder 352, and operates a slider
for tuning the lower portion of the grid circuit in
the same manner,
wall of the grid cylinder is one of six symmetri-
cally arranged grooves.

Two of these grooves 373’ carry grid cooling
pives 368, soldered to the grid conductorthrough-
out their length. The other three grooves 313"’
carry tie-bolts 376 which connect the upper and
lower halves of the grid conductor, so that com-
plete reliance for mechanical strength need not
be placed in the joints of the grid strips 353.

It will be noted that the lines extending up .5

irom the middle of the filament can be accurately
tuned to form a closed three-guarter wavelength
section by means of the method above described,
Above this section is a closed one-quarter wave-

length choke and series-line by-pass section s

which is not tuned, but which is provided merely
from an excess of caution to suppress residual
radiation which may get past the tuned section.

This excess of caution is, however, highly ad. -

visable in tubes of as high power as that for which
the present tube may be constructed,

In the present case the accelerator grid and
boundary grid are again combined in a single
structure, but in this instance this structure is

operated at anode potential. Furthermore, the 7

boundary grid-accelerator grid structure is made
unitary with the anode resonator, and comprises
an outer housing formed of sectors of D-shaped
cross-section, as is shown in Fig. 22, the semi-
toroidal member 375 which forms the inner sur-

The groove 3713 in the outer
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face or curved side of the D being slotted opposite
the fillament-grid slols to permit the ingress of
electrons. The straight sides of the resonator
sectors are formed of flexible diaphragms 377,
which are braced to the anodes themselves.

The resonator is supported by a short tubular
conductor 378, terminating in a mounting flange
380 to whichi the resonator is directly secured.
The anode is formed of movable wedge-shaped
sectors 861 (Fig. 25) supported from an annular
bracket 382 dependent from the flange 381, Each
of the wedges 381 has a square stem 382 project-
ing from its base and passing through an in-
wardly projecting boss 384 carried by the bracket.
The stems are provided with rack teeth 385 for
engaging pinions 387 mounted on vertical shafts
389 one of which, 289’, is extended through the
flange 381! and a Wilson seal (not shown) to per-
mit anode tuning. The shafts 389, 389’ all carry
pinions 392 which mesh with a single ring gear
381 which slides in a bearing formed by a ring
392, The anodes are thereby tuned simultane-
ously by rotation of the shaft 389’, back-lash and
consequent non-uniformity of tuning being pre-
vented by springs 354,

The capacity afforded by the anode surfaces to
the outer wall of the resonator cavity, as formed
by the boundary grid, is a large proportion of the
total capacity of the system, and very slight mo-
tion of the anode sectors will vary it through the
tuning range of the tube, The diaphragms 377
and wall 375 cf the housing readily flex to give
the small movement required. No particular pro-
vision need be made to prevent escape of R.-F.
power through the slots left between the housing
sectors, as these lie parallel to the planes of cur-
rent flow within the resonator, and no appre-
ciable potentials exist across them.

The V-shaped grooves 395 inte which the elec-
tron streams are directed are formed between ad-
jacent anode wedges. 'The bottoms of these.
grooves are closed by lugs 887 which project from
one side of the base of each wedge and engage
a corresponding recess 389 in the side of the next
thus preventing egress of electrons.

Provision is made for cooling both anodes and
anode resonator. Each anode is hollow and is
provided with baffles 409, which direct flow occur-

- ring into and out of the wedges through flexible

copper tubes 481 and 482. These tubes connect
respectively to inlet and outlet manifolds 483 and
484, which are fed by and discharge through pipes
485 and 487 respectively. Additional manifolds

- #89 and 418 are connected by small cooling pipes

[

75

411 hard-soldered to the anode resonator at the
edges of the slots therein which act as the accel-
erating grid,

Power is withdrawn from the anode circuit
through a loop 412 at the terminus of a concen-
tric line 412. These are indicated schematically
since they are brought into the tube at a point
not conveniently to be shown in the drawings be-
cause of interference with the showing of the
cooling system. The grid circuit is fed by a simi-
lar line and coupling loop 414.

All portions of both grid and anode circuits are
so closely coupled that it makes little difference
where the external coupling is made with either,
as long as the potential loops of the system are
avoided and even here coupling would not be
Impossible were it desired to use electrostatic cou-
pling. Considered on both sides of the plane of
symmetry at the mid-point of the filaments the
grid circuit is a closed three halves wave reso-
nator, with a potential loop at its mid-point. The
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two halves of the line may be considered as con-
nected in push-pull. This concept, of course, dis-
regards the low impedance by-pass lines continu-
ing to the outer world, and treats them merely
as the short circuits to which they are equivalent.

Escape of power from the anode housing is
prevented by choke-by-pass combinations com-
prising cylindrical conductor 415 extending up-
ward from the flange 301 and forming an exten-
sion of conductor 379, an annular spacer 416
shorting the end of the choke section, and an
inner concentric conductor 417 mounted on the
spacer and depending therefrom and forming the
inner conductor of the choke section and the outer
conductor of a quarter-wave by-pass section of
which the inner conductor is the grid column
252, 'The upper end of conductor 415 is turned
inwardly to reduce concentration of dielectric
stress on the glass at its point of termination.
For somewhat the same reason flange 3065 has
depending from it a short skirt 419, to remove
the point of maximum dielectric stress from the
neighborhood of the seal at the end of the glass
insulating cylinder 302.

Except for the fact that the anode resonator
is all at the same D.-C. potential there is no dif-
ference in principle between this tube and the
one last described, or, in fact, the tube of Fig, 1.
In all the filament-grid capacity is large. In all
this fact is unimportant because the inductance
to tune this capacity may be formed by a section
of low-loss line which may be made short enough
to act as an inductance as small as may be de-
sired. In all the grid action is the same, the space
charge region being made so shallow that the
“explosive” action is obfained. And in all the
transmission line supports, by reason of the im-
pedance ratios offered by their respective sections,
prevent undesired escape of power through the
gaps in the shielding which are necessary to main-
tain the required D.-C. potential differences, and
permit the electrodes to operate as though sus-
pended in the spaces within complete shields.
But it should be remembered that this is the re-
sult of careful predetermination of potential loops
and nodes and the impedances of the line sections
terminating at these points, for with other ar-
rangements it would be quite possible to radiate
all of the power generated from the tube ifself,
or even so to increase such losses and the damp-
ing introduced thereby that the device would not
operate at all.

The principles to be kept in mind to accomplish
the desired result are (1) that in a series-circuit
gaps in the outer shield necessary for insulation
should be formed as low impedance lines with
high terminating impedances, (2) terminating at
current nodes, and (3) effectively in series with
high impedance resonating line sections, and that
gaps for supports which are effectively in parallel
should (4) be at current loops and (5) constitute
high impedance line sections.

None of these requirements necessarily means
absolutely accurate tuning of the respective sec-
tions constituting the concentric line supports.
The closer to a current node a low impedance
by-pass section terminates the less necessary it
becomes that it should ifself be of exactly one-
quarter wavelength, and the lower may be the
terminating impedance at its outer end in order
to avoid important power losses, while cn the
other hand, if it be of exactly one-quarter wave-
length and it terminates in high impedance, the
less necessary is it that it terminate exactly at
a node. And, of course, the greater the propor-
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tion of the available power that circulates in such
a structure, the more necessary it becomes that
all the desirable conditions be met, for it is clear
that protéction which would be ample across a’
filamernt and would not warrant refinements of
tuning if so located would be quite inadequate in
an anode or a grid circuit where power is precious.

I claim: ) ‘

1. The method of generating electrical oscil-
lations of ultra-high frequencies by means of a
substantially uni-directional electron flow from
an electron source which comprises establish~
ing an electrostatic field directed from said
source and having a relatively low potential gra-
dient in the immediate vicinity only of said
source and a relatively high potential gradient
throughout a more extended region more remote
from said source, causing said source to emit
electrons in sufficient quantity to establish a
space charge only in the portion of said field hav-
ing low potential gradient, super-imposing on
said field an oscillating counter~field of sufficient
strength to suppress emission from said source
except for periods short in comparison to the
period of oscillation of said counter-field and of
the same order of magnitude as that required to
establish said space charge, and to accelerate
electrons during emission pericds into said ex-
tended region of high potential gradient, and

" absorbing maximum power from electrons mov-

ing through the portion of said field having a
high potential gradient one half-cycle from the
time of maximum emission from said source, with
the electron transit time  in said field portion

- having a high potential gradient large in com-

parison to the time of average electron transit
through the portion cof said field having a low
potential gradient. ’

2. The method of generating electrical os-
cillations of ultra-high frequency in an electron
discharge tube having an anode and a cathode
and a field modifying electrode, which comprises
terminating an electrostatic field from said field
modifying electrode on said cathode shaped to
confine a space charge closely adjacent said
cathode, superimposing on said fleld an addi-
tional -oscillating . counter-field of sufficient
strength to release electrons from said space
charge within a brief period of the order of a
quarter cycle of the period of oscillation of said
counter-field, and absorbing power from the re-
leased electrons in the space ahead of said anode
after a transit time of substantially one half cycle.
of said period of oscillation measured from the

5 time of maximum electron emission.

3. The method of generating electrical oscil-
lations which comprises moving electrons in. a
predetermined direction in a relatively weak ac-
celerating field during less than a quarter cycle
of the desired oscillation period, rapidly accel-
erating the moving electrons in the same gen-
eral direction, and collecting the electrons on said
anode after a total transit time of one half cycle
of said period. ‘

4. The method of generating electrical oscil-
lations which comprises developing electrons in
space for a substantial portion of the desired
period of oscillation moving said electrons: en
masse in a relatively weak accelerating field in
a “predetermined direction during less than a
quarter cycle of the desired oscillation period,
rapidly and uniformly accelerating the moving
electrons in substantially the same direction ou$:
of said accelerating field, decelerating said elec~
trons, and collecting said electrons on said anode. -




2,404,541

31

5. The method of generating high frequency
oscillations which comprises moving electrons
emitted from a source at random velocities in a
shallow space charge region over a period of less
than one quarter cycle of the desired oscillation
period, then rapidly accelerating the moving
electrons in substantially the same direction out
of said region, and collecting said electrons after
a total transit time of substantially one half
cycle of said period.

6. The method of generating high frequency
oscillations which comprises directing electrons
emitted from a source at random velocities in a
predetermined direction, in a region sufficiently
shallow that the slower moving electrons will
traverse said region in less than one quarter
cycle of the desired period of oscillation, then
rapidly accelerating the directed electrons in sub-
stantially the same direction out of said region,
and collecting said electrons after a total transit
time of substantially one half cycle of said period.

7. The method of generating electrical oscil-
lations of ultra-high frequencies by means of an
electron source which comprises establishing an
electrostatic field directed from said source and
having a relatively low potential gradient in the
immediate vicinity only of said source and a rel-
atively high potential gradient throughout a
more extended region more remote from said
source, causing said source to emit electrons in
sufficient quantity to establish a space charge
only in the portion of said field having low po-
tential gradient, and super-imposing on said
field an oscillating counter-field of sufficient
strength to reduce transfer of electrons from the
portion of the electrostatic field having a low
potential gradient into the portion thereof hav-
ing a high potential gradient, except for periods
short in comparison to the period of oscillation
of said counter-field and of the same order of
magnitude as that required to establish said space
charge, said field reversing to accelerate electrons
emitted during said emission periods from the
source into said portion of the electrostatic field
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having a high potential gradient and absorbing
maximum power from electrons moving through
the portion of said field having a high potential
gradient one half-cycle from the time of max-
imum emission from said source, with the elec-
tron transit time in said field portion having a
high potential gradient large in comparison to
the time of average electron transit through the
portion of said field having a low potential gra-
dient.

8. The method of generating ultra-high fre-
quency oscillations which comprises continuously
applying a strong accelerating field to a source
capable of emitting electrons, alternately sup-
pressing electron emission from said source and
accelerating electron emission from said source
into said strong field by an alternating field ad-
jacent said source, and absorbing maximum
power from the electrons moving in said strong
field one half-cycle from the time of maximum
electron emission from said source, with the elec-
tron transit time in said strong field large in
comparison with the time of average electron
transit through the changing portion of said
fields adjacent said scurce.

9, Method in accordance with claim 8 includ-
ing the step of dimensioning said alternating field
to limit the time of transit of the slowest elec-
trons through the changing field portion to less
than one quarter cycle.

10. The method of generating ultra-high fre-
quency oscillationg which comprises continu-
ously applying a strong accelerating field to a
source capable of emitting electrons, applying to
said source an electron emission suppressing
field alternating with an electron emission ac-
celerating field in the immediate vicinity of said
source within a distance from the cathode which
can be traversed by electrons in about one quar-
ter of a cycle, and absorbing maximum power
from electrong moving through said strong field
one-half cycle after maximum electron emission
from said source.

DAVID H. SLOAN.




