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- The present invention relates to frequency
translating systems including oscillation gen-
erating circuits, but more particularly to the
thermionic tube apparatus employed in such
systems and associated reactive elements.

- In the art of frequency conversion or genera-
tion of oscillations, dealing with the transla-
tion of relatively high frequency current, sym-
metry of circuits and parts thereof is highly de-
sirable.  All causes of extraneous electrical
disturbances must be avoided and tubes should
be accurately matched and properly positioned,
particularly when they have a balanced func-
tion within the system. Circuits of this char-
acter usually employ reactive elements such as
condensers, inductances, etc., and it is necessary
that these elements be symmetrically positioned
with respect to the tubes. Heretofore, the posi-
tioning of these reactors was a matter of mere
skill and judgment which might be the cause
of variations in the frequency being translated
or generated.

The primary object of the invention is to pro-
vide an improved tube unit for use in frequency
translation circuits, the unit providing an ac-
curate balance of the thermionic devices and
their immediate associated reactive elements.
-"Another object is to provide improved tube
apparatus for use in high frequency circuits and

in which the elemeénts of the tube or tubes are :

constrained to fixed positions which will promote
the electrical balance of the associated circuits.
- Still another object is to provide an im-
proved combination of a tube or tubes together
with a condenser reactance or reactances all
parts of which including the electrodes of the
tubes are so arranged with respect to one an-
other that electrical balance within the associ-
ated circuit is effected without depending on the
skill or judgment of the fabricator of the ap-
paratus or of the operator in obtaining the bal-
anced operating conditions.
»In the case of large load apparatus involving
thermionic tubes, the latter are usually of com-
plicated design, expensive to make and assemble
and in addition, difficult to take apart for inspec-
tion and replacement purposes. The problem is
made even more difficult when double unit tubes
are employed surrounded by water jackets for
increasing the load carrying capacity.
Accordingly, another object of the invention
is to provide tube apparatus for use in frequency
translating systems carrying large loads, such
apparatus being made of simple parts, readily
assembled and disassembled, in fact, these parts
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may be made out of ordinary machined elements:
In accordance with this object water jackets are
provided about any one or all of the tubes in
such manner that the jacket may also be as-
sembled -or disassembled from its tube unit and
without affecting the ease with which the parts
of the tube or tubes may be disassembled. .

The above objects are attained in brief by pro-
viding a double tube unit in which the tubes
are placed end to end but spaced apart to re-
ceive one or more of the reactive elements., The
water jackets are so arranged and secured to
the tubes in such manner that they may be
readily added to or taken away from the tube
structure, still leaving the facility of disassem-
bling the tube and the reactive elements. The
invention will be better understood when refer-
ence is made to the following description and
the accompanying drawings, in which:

Figure 1 represents a longitudinal section of
the entire tube and reactive element assembly.

Figure 2 is a cross sectional view taken along
line 2—2 in PFigure 1 and showing the elec-
trode configuration and arrangement of the
elements of the double tube unit.

Figure 3 represents a schematic view of a
typical convertor ang circuit in which the im-
proved tube apparatus and associated reactive
elements can be used to advantage.

Pigure 4 is a longitudinal sectional view of a
modified form of the improved double ended tube
and one in which the intermediate condenser
elements have been omitted, also the water
jackets. The view is taken along line §4—4 in
Fig. 10.

Figure 5 is a sectional view cutting across the
middle portion of the tube shown in Figure 1 at
the line 5—35.

Pigure 6 is an enlarged cross secticnal view
of a detail taken along line §—86 in Figure 5 and
showing the manner in which the heavy cathode
wires or rods are connected together.

Figure 7 is an enlarged fragmentary sectional
view showing a modified structure for making
connections with the cathode and grid elements.
from the exterior of the tube. This section is
taken at the line T—T7 in Fig. 8.

Figure 8 represents a section taken along hne
8—8 in Fig. 7 but in smaller size.

Figure 9 is a transverse section across one of

- the end tubes in Fig. 4 at the position 9-—3.

55

Fig. 10 represents a view taken along line
10—10 in Figure 4.

In order to explain the character of the im-~
proved tube, g typical circuit will now be de-
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scribed in which the tube offers special advan-
tages. The system shown in Figure 3 has been
disclosed and claimed in my co-pending applica-
tion 677,448, filed June 18, 1946, and entitied “A
Convertor.” It was explained in the said applica-
tion that the system employs 4 pair of multi-
electrode thermionic tubes | and 2, vacuum, gas
or vapor filled and in which the discharge is con-
trollable by an electrostatically charged member.
Within the tube 1 there is a cathede 3 which may
be indirectly or directly heated, a control grid 4
and an anode 5. There are corresponding elec-
trodes in the tube 2 and these ele¢trodes have
been given the characters 6; 7 and 8 respectively.
The cathodes 3 and 6 may be connected in parallel

to any suitable source of current, alternating or:

direct as indicated at 8. The two anodes are con-
nected together through a high frequency circuit
represented by the conductor 10, {i and 12 and
the inferposed condensers €3 and {4 A lead 15
is taken from a tap 16 on the conductor it to &
relative large vertically positioned tank coil (1
which is grounded at ifs upper end, ds indicated
at 8 through a condenser {9. The grids 4, T are
connected together by an equipotential conductor
20 from which g lead 21 is taken fo a second coil
22, also preferably positioned in a vertical posi-
tion and éontained within the Iarge coil 1. The
coil 22 is grounded as indicated at 23 through a
condenser 24,

The mutual inductance between the coils 17
and 22 can be adjusted in any suitable manner
as indieated by the arrow 25. A work circuit 26
of preferably one turn or Iess is in inductive re-
Iation with the. coils 17, 22 in order to constitute
g high frequency voltage step-down transformer
to provide low voltage, high frequency energy at
the terminals 27 of which one may be grounded
if desired. A conductor 28 is conmected to the
upper end of the grid coil 22 and conneets with
the movable tap 29 of the variable resistor 38. A
conductor 3[ is: connected between one end of
the resistor 3¢ and a milliammeter 32 to ground
33. A condenser 34 of suitable capdcity may be
shunted across the meter.

High frequency chiokes 35, 38 are connected
respectively to each of the siodes 5, 8, the op-
posite ends of thie chokés being connected to-
gether with a sécondary coil 31 of a voitdge step-
up: transformer 38. The latter is supplied with
gurrent, preéferably a 60 cycle outlet as indicated
at. 40.

A circuit as deseribed is very useful in convert-
ing the relative low frequency current of the
supply mains 40 to considerably higher frequency
dvailable at the output teriningls 21. The fre-
quency conversion factor is determined by the
mutual inductance between coil IT and 22. It
hds also been explained that the partial or unit
turn 26 which is inductively reldted to the coils
i1, 22 provides a voltage step-down effect so that
the voltage of the high frequency current avail-
able at the terminals 27 is not inreasonably high
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and. may be adjusted to any desired value. Thus .

the currents translated within the oscillatory cir-
cuit including the coils t7, 22 and also the tubes
f and 2 and condenser 19, are relatively large but
the attendant voltage is relatively low so that in-
sulation difficulties are reduced as is also the pos-
sibility of initiating an uncontrolled glow or arc
discharge in the tubes { and 2.

In dealing with large currént values, the man-
nex of properly positioning the various parts of

65
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and 2 is very important. 'The coils {7 and 22 are
preferably arranged in a vertical position, and
the condenser 19 which may comprise a pair of
concentrically arranged cylinders is positioned
directly above the upper edge of the partial turn
26, the latter being also constituted of a split
cylinder. The ax%is of the cylinders I8 is prefer-
ably in line with the axis of the two coils 22, {7
and of the single turn cylinder 28 so that all of
these elements present a symmetrical arrange-
ment. The condenser 24 is preferably positioned
above the eylinder 26 and at the side of the
cylinder gway from the slot.

The tubes { and 2 are preferably equidistantly
spaced on opposite sides of the coils. The con-
duetors 18, if, {2 and 28 extend preferably in a
horizontal direction, i. e. at right angles to the
axis of the coils 22 and 1T so that the condensers
to which these conductors are connected are posi-
tioried accordingly.

It is highly desirable in order to eliminate any
extraneous eleetrical disturbances due to uit=
balance of the system that the electrodes withiyg
the tubes I, 2 be positioned in strictly sym-
metrical relation with: respect to-one another and
it is equally important that the condensers 13 and
t4 be equidistantly positioned from the respec-
tive tubes and the contained elements.

The present invention is directed more espe-
cially to apparatus including the tube structures
{ and 2, also the condensers i3 and (4 which
will accurately positionn the elements of these
tubes and the condensers symmetrically in place,
at the same time permitting ready reéplacement:
of any of the elements without affecting this
symmetrical arrangement of the parts. Refers
ring now to Figure 1, the anodes 5 and- 8 are
shown as cylindrical members closed at the ex<
treme ends as indicated df 41 by Hemispherical
portions and terminating at their inner ends in:
an outwardly extending flange 42. These flange
pertions are clamped by means of bolts 43 be-
tween rings 44 and 45 both: of which are prefer-
ably made of metal. Each ring 45 has an inner
diametzr approximately the same as the inner
diameter of the anede.

The grids & and. T are constituted of four or
more heavy stay rods 46 about which the respee<
tive grid wires are wound to- a eylindrical shape.
As can be seery in Figure 1 the stay rods of the
two respective grids are integrally joined together
becauss both grids are at the same potential in
the exemplary ecircuit shown in Figture 3. The
grids are intended to receive heavy control eur~
rents and a bar 41 of substantial size may be
brought out to the exterior.

The filaments 3 and 6 of other cgthodé struc=
ture shown in the circuit of Figure 3 are at the
same relative potential with. respeet: to one
another so that these elements can be connected:
together. Thus in the improved tube, the cathode:
may comprise a pair of efongate U-shaped:heavy
wires or rods: 43 joined together at the center-
Leading-in conductors 49 may be taken fromy
opposite sides of the filanient or eathode niem-
ber, these conductors being positioned remots
from: one another, preferably at diametrslly op~
posite positions. The metal out 6f which the

"~ anode, grid and cathode are made may be rela-
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the circuit including the coils {1, 22, the con- -

denser {8 and the electrodes within the tubes {

76

tively inexpensive: and - easily worked. The
cathode may, if. desired;, have an active electron
admitting coating such as an oxide er alkaline
earth, but ixx general, T prefer to eniploy metal in
its bare state such as nickel. .
One of the most important problems in tubes
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of this type is to maintain symmetry of position
between the various electrodes. In the tube
structure described which in effect requires the
two tubes to be rigidly maintained in an end-to-
end position, it is impossible to get the eiec-
trodes out of line with one another. However,
extreme care must be exercised in applying the
leading-in conductors 47 and 49 to connect with
the respective electrodes at the exact mid-elec~
trical position. A seal by which this can be
accomplished is shown in Figure 5. A pair of
abutting heavy discs 50 of insulating and slightly
flexible madterial, such as hard rubber, is pro-
vided, these discs having openings therethrough
to receive the bolts 51. One of the discs is pref-
erably thicker than the other and is provided
with three radially extending grooves which
tightly receive the bar conductors 49, 47. At the
outer surfaces of the discs, there is a pair of metal
plates 83, 54, these plates being clamped together
by bolts 51 at the nuts 5ie. This clamping effect
is sufficient to squeeze the discs slightly together,
causing any minute voids between the conductors
47, 49 and the grooves of the dises to close and
become sufficiently hermetically tight to psrmit
the tube to operate without appreciable ioniza-
tion. One of the bolts is received by a sleeve 52
of insulating material where it passes through
the grid conductor. If desired, the conductor 47
can be moved entirely away from the position
of the bolt so as to minimize electrical disturb-
ances. A heavy conductor 55 is secured to one
of the plates and it will be noted that the same
structure is effectively connected to ths other
of the plates by the bolts §1.

Referring more particularly to Figures 2 and
5, the cathode rods 48 extend from the mid-
point of the tube toward each end as explained
hereinbefore and comprise a pair of U-shaped
rods mounted 90° apart with respect to one an-
other. One of these U-shaped rods is indicated
at a in Figure 5 and the opposite leg of that rod
is indicated by the mark b. The U-shaped rod
disposed at 90° is indicated at the letters ¢ and
d respectively. These rods support a heavy plas-
tic plate 56 and the latter is suspended exactly
at the mid-point of all of the cathode rods. Ex-
tending along one edge of the plate 56 there is
a conducting strip 57 which interconnects two
of the corresponding legs of the angularly dis-
posed cathode portions and these two legs are
then brought out through one of the metal strips
49 which terminates in a terminal 58. Thus,
the two U-shaped filament members at each end
of the tube are connected in parallel through the
strips 81, and inasmuch as the members at both
ends of the tube constitute extensions of one
another, the conductors 49, are in fact con-
nected across the filaments at the mid-point of
the cathode structure as a whole.

Thus, by properly positioning the various con-
ductors radially with respect to the insulating
discs 50, I am able to make contact at the exact
mid-electrical position wtih respect to the cath-
ode structure and also with respect to the con-
trol grid structure of the double ended tube.

The plates 53, 54 (Fig. 1) are separated from

the plates 45 on each side thereof by concen- -

trically arranged insulating cylinders 64, 65.
These cylinders are secured edgewise to the plates
against which they contact in any suitable man-
ner. The adjacent faces of the plates 45 and 53,
also the adjacent faces of the plates 54 and 45
are provided with circular grooves for rigidly
recelving a plurality of circular metal plates in-
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dicated at 66 forming a plurality of condensers.
One set (3 as illustrated) of the plates are at-
tached to the left hand plate 54 and the oppo-
site set of plates, forming the other side of the
condenser are attached to the plate 45. Likewise,
there is one set of plates of the adjacent con-
denser 67 secured to the plate 45 and the oppo-
site set of plates of the same condenser are
secured to the plate §3. It is apparent that the
plates 66 and 6T are held in rigid concentric
spaced relationship by the grooves formed in the
plates to which they are attached and the con-
nection to the condenser 66 can be made through
the left hand plate 54 and the plate 45 while
the opposite sides of the condenser 61 are elec-
trically connected through plate 45 and the right
hand plate §3. It is further evident that a part
of the plates 66, 6T are electrically connected to
the respective anodes 5 and 8 while the interme-
diate plates of the condensers are connected to-
gether through the plates 53, 54, the bolts 51 and
the common conductor 55.

In the structure described hereinbefore the
anodes, the grids, the cathodes, glso the plates
of the condensers 66, 67 are all arranged in rec-
tilinear relation and the relative distances be-
tween the condensers and the various tube ele-
ments are absolutely fixed. If electrical sym-
metry and balance have been effected between
these various electrodes and condensers by proper
design, keeping in mind the various requirements
of the circuit as typified in Pigure 3 the same
symmetry and balance is always obtainable with-
in the structure shown in Pigure 1 on account
of the rigidity of the parts and of their relative
positions. No leading-in conductor is necessary
to connect the condensers together nor tsc con-
nect them with the anodes within the tube sec-
tions, and only one leading-in conductor is nec-

. essary for the two grids as they have both been

wound on the same set of stay wires. The only
connections necessary to bring out from the tube
are the conductors 49 which may be connected
to the mains at 8 (Figure 3), conductor 47 which
may be connected in parallel to the lower end
of the inner coil 22, and conductor 55 which may
be connected to the lower end of the outer coil i1.

In order to provide for a water cooling effect,
thereby to permit the anode to dissipate greater
amounts of heat and translate a larger high fre-
quency load, I may provide a water jacket about
each of the respective anodes. Metal cylinders
68 are received at their inner edges in grooves
formed in the plates 44, These cylinders may be
welded if desired within these grooves. At their
outer edges or ends, the cylinders are received
by grooves formed in a heavy metal plate 69 and
the latter may be welded to the cylinders. Cir-
cular partitions 78 are also contained within
grooves in the respective plates 69. These parti-
tions have a diameter slightly larger than the
outer diameter of the anodes and extend almost
the entire length of the anodes to leave a small
annular passageway indicated at 70 between the
inner edges of the partition and the flanges 42 of
the anodes. The rings 44 have an interior diam-~
eter sufficiently large as to clear the partitions
whereby an annular space of fairly small size is
provided between each anode and immediately
adjacent surface of the partition, this space ex-
tending around the inner edge of each partition.
Passageways 71 extend radially of the plate 69
and open into the space between each anode
and plate. Fluid under pressure may be supplied
through a pipe 12 to the passageway. It is ob-
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vious: that. this fuid passes as & thin: layer along

thé oufersurface of each anodé and [;hen around:

space bétween the- partltlon and the outnr cyl--
inder §8; The fliiid is-withdrawn from this space-

through: & passageway and an outlet pipe T3.

It will be noted that thé cylinders 68 and 18-

are in¢ rectangular alisnment with the plates of
the' coridensers: 66, 6T, also: with: the electrodes
formihg the tubes; and further, these cylinders

dre rigidly spaced with: réspect to the said ele-

meiits: Consequently, the partitions of the water
jacket in no way affect any electrical balance or

symmetry of the-electrical active portions of the

structure.

It is also evident that the various parts of this

structhre- can' be readily assembled” and disas-
sembled o aniy particular part ¢an be removed by
simply loosening any one set of bolts 43, 51, It
is snnply_ necessary when taking the structure
apartand inspecting or replacing any of the parts

to re-evacuate the interior of the anodes at the:

plug 74. An evacuating passageway 15 extends
radlally through the disc 50 to the interior of the
tube, When the tube has been evacuated the plug
T4 can be mserted or the passageway 15 ¢an be
sealed off in any suitable and well-known man-
nér,

It deslred an inert gas such as nitrogen, argon
or helmm may be introduced within the tube in-

térior. It will be understood that the character

of the cireuit shown in Figure 3 i$ such that the
grids 4, T must exercise a continuous control over
each entire half cycle of the alternating voltage
applied at the supply line 48 and for that reason

the gas pressure, in case gas is used, should be

stich as not to permit a cumulative positive ion
discharge between the electrodes. However, it
will be understood that for other uses it may be

desirable to have the grids 4, 7 act as an electro- «

static trigger for initiating an arc or glow dis-
charge and using, if desired, the well-known
phase or voltage magnitude control of the out-
put current.

It is generally unnecessary that the various
parts of the tubes including the ahodes should bé
denuded of gas prior or during evacuation be-
catise the voltages applied between the ecathodes
and. anodes aré usually too small to produce an
excessive heat radigting discharge and further-
moré the anodes are maintained at a relative
low temperature by the surrounding water
jackets.

Prom the foregoing it is evident I have dis-
closed a cotnbined double ended tube and con-
densers which ¢an be employed for the elements
{, 2, 13 and 14 iii the system shown in Figure 3
and in which the parts of the tube and con-
detisers can be readily inspected and replaced if
desired by simply loosening an ordinary nut or
an ordinary bolt. When the parts are assembled
ahd properly tightened they will dssume their
positions accuratély with respect to ohe another
i order to maintain the electrical balanee and
symmetry in such circuifs in which this elec-
trical characteristic is highly desirable.

Instead of adapting my invention to an end to
end tube structure in which the tube elements
are spaced by 4 split condenser, it is apparent
that the condenser could be ehmmated and the
tubes brought directly in contact with one an-
other, but with interposed insulation, if neces-
sary. Such-an alr angément hias been shown in
Flgure 4.angd the parts of this tube have been

given the same’ reference chatacters as the eorre~
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8
sponding parts of the tube showitand deséribed:
in connection with Figure 1.

The cathodes 48 in the modified: Structure are
constituted of two- pairs of U-shaped members
at both ends of tie combined tube structure simi--
lar to the arrangerment shown and described in
connection with Figiure:2: However, the leading--
in conductors for- these cathode members ate-
brought out from the envelspe in a manner dif-
ferent from- that shown and: described in Figure
1. The anode flanges are separated from one an- -
other by means of alternate rings of insulating
and metallic: character. The insulating rings
may be constituted of hard rubber-or fiber-and are
indicated by the reference character 79. 'The in-
terposed metal rings which may be formed of a-
good conducting material such as copper are
desicnated 80, 81 and 82 respectively. Al of:
these rings are peripherally complete and & plu-
rality of openings, four as shown may be pro-.
vided in each of the rings to receive the bolt 5{
which are contained within an insulating sléeve:
83. Washers 84 of insulating material may be’
interposed between nuts 5le and the anode
flanges 42 so that the bolts and the nuts are com-
pletely insulated from the metal rings. Exten-
sions 85, 85, 87, 88 and 89 are provided on the
left hand anode flange, the ring 81, the ring 82,
the ring 80 and the right hand fange 2 respec-
tively. These extensions carry terminal bolts or
nuts. The right hand ring 82 is provided with a
large central opening indicated at §0 which clears
the cathode structure 3 and in addition there
are four equidistantly spaced openings indicated
at 91 for snugly receiving the rods 7 of the giid
and to which these rods are welded or soldered
as inQicated on the drawings. Thus the terminal-
extension 87 constitutes a connection to the gri¢:
7 and this terminal and the associated metal
connections ihcluding thé ring 82 constitutes a
conductor adapted to receive large conticl cur-
rents. The intermediate ring §1 has a number of
openings therein, some of which are sufficiently
large t6 c¢lear the grid longitudinals 1 and also

5 one side of the filament longitudinals § biif othér

of the openings are of & size as siuigly to Tegeive
the opposite side of the cathode longitudinals 4
whieh the latter are connected by a weld or sOlder.
This connection is indicated at 82. Thus theé
terminal extension 88 constitutes one side of the
cathode strueture which; as éxplained héreinbé-
fore is made up of two pairs of U-shaped members
at each end of the tube and the lenigth of which
are connected in parallel. S

The ring 80 as in the case of the ring 81 has
various openings therein to elear the grid longi-
tudinals T and also to clear the side of the fila-.
ment to which the ring 8{ is connected, but theré
are other openings which snugly receive the res
maining side of the filament structure to which
connection is made by a weld or solder and in~
cated at 88. It is apparent, therefore, that the
terminal extension 88 constitutes the other and
remaining side of the filament.so that the eathode.
energizing circuit is connected across the ters:
minals 88 and 88. The remaining terminal ex-
tensions 8% and 89 are taken from each of the
anode flanges 42 so that connections to alk of
the active elements of the doublé-ended tube
shown in Figuré 4 are provided. If desireéd, the
terminal extensions 86 and 87 may be posi-
tioned out of line with one another as indicated.
in Figure 19 so as to space these termingls a sufM=.
cient - distancé from one -arocther and ‘thereby:
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facilitate the making and breaking of contact
to the external circuits.

It will be noted that the connections between
the ring 82 and the grid, also between the rings
80, 81, and the opposite sides of the filament are
spaced from one another within the tube and are
not connected at the exact center of their re-
spective elements. However, the distances be-
tween these connections are so small compared
to the extreme lengths of the elements of the
tube that all three rings 80, 81 and 82 are, in
effect, connected substantially at the electrlcal
center of all of the elements.

As In the case of the structure shown in Fig-
ure 1 when the nuts 5la are tightened, a slight
squeezing effect is exerted on the insulating rings
19, particularly as they are made of a flexible
material such as hard rubber. This pressure
should be such as to assure a tight joint be-
tween all of the various rings and between the
rings and the anode flanges 42. Thus the tube
shown in Figure 4 is adapted to operate under
fairly high vacuum conditions if desired or inert
gases may be admitted to facilitate current flow,
with or without cumulative ionization effect. It
will be noted that the tube structure shown in
Figure 4 differs from that disclosed in Figure 1,
not only in the elimination of the centrally dis-
posed condensers and the water jackets but also
in the manner in which connections are taken
from the electrodes within the tube to the ex-
terior. By providing the peripherally complete
metal rings 80, 81 and 82 substantially hermetic
Joints can be obtained between the alternate in-
sulating and metal rings when the nuts 5{a are
tightened. There are no grooves-in the insulat-
‘ing rings 719 to receive the leading-in conductors
and therefore no voids to eliminate when pres-
sure Is applied at the bolts. It is obvious that if
desired, the two anodes in Pigure 4 may be elec-
trically connected together, by simply running
a conductor from the extensions 85, 89 or by
removing the insulating washer 84 to permit the
bolt 51 to constitute the interconnecting con-
ductor. When such connections are made, the
tube units would operate as a single electrical
member for providing the function of translat-
ing abnormally large currents within the com-
bined unit tube.

It was explained in connection with Figure 4
that the cathode and grid rings 80 to 82 made
connection to their respective electrodes in the
proximity of the electrical center, thus- main-
taining electrical balance between the elements
of the tubes when the latter are connected to
highly sensitive circuits.
I have shown a structure by which the connec-
tions between the various cathode and grid con-
ductors and their respective electrodes can be
made at the exact electrical center. The cath-
ode conductor ring 80 in this figure is provided
with a series of openings through which all of
the internal electrodes pass with sufficient clear-
ance. But a hollow boss 94 is welded or other-
wise secured to the ring 80 about one of the fila-
ment conductors 48, a weld or a soldered joint
being applied to the end of the boss and the con-
ductor at the exact physical anl electrical center
of the tube. The boss is hollowed out on the
inside so as to clear the filament conductor ex-
cept at the position where connection is made.
It will be noted that the physical and electrical
center of the tube coincides with the cathode
ring 81. The ring 80 is also provided with a
second boss (not shown in Figure 7) by which
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the ring 80 is connected in a manner similar to
that shown in Figure 7 but to the corresponding
filament conductor of the other cathode struc-
ture. Thus the ring 80 serves, in effect, not only
as a leading-in conductor for one side of the
combined cathode structure but also as a con-
nector to take the place of one of the strips 57
shown in Pigure 5.

It will be noted that the cathode ring 81 is
positioned at the exact electrical and physical
center of the electrode structure as a whole with-
in the tube so that the connections between the
filament ring 80 and its portions of the cathode
structure are made in line with the cathode ring
81 as shown in the figure. This ring 8{ is pro-
vided with openings to clear all of the electrodes
including the bosses 94, 95. However, the open-

-ings through which the two conductors 48 rep-

resenting the other side of the cathode circuit
pass receives these conductors snugly and a con-
nection, weld or solder, is made between the ring
81 and these two conductors as indicated at 95.
As in the case of the ring 88, the ring 81 takes
the place of one of the strips 51 (Figure 5) in
connecting the corresponding legs of the cathode
structure together.

The grid ring 87 is also provided with a boss
96 which extends to the left and surrounds the
grid conductor 46. A connection indicated at 97
is made between the left hand surface of the
boss 96 and its conductor 46 at the exact elec-
trical and physical center of the electrode struec-
ture, i. e, in line with the cathode ring 81{. If
desired, a second boss 96 may project from the
ring 87 and positioned diametrally opposite
from the first boss in order to provide two oppo-
sitely positioned connections between the ring 817
and opposite sides of the unipotential grid 46.

As in the case of the arrangement shown in
Figure 1, the structures illustrated in Figures 4
and 7 also preclude the slightest misalignment
between any of the parts of the tube, particularly
when operating these tubes and circuits of the
highly balanced type, an example of which was
described in connection with PFigure 3. While, I
have not indicated the use of a water jacket sur-
rounding the envelopes of the tube shown in Fig-
ure 4 and its modification in Figure 7, it will be
understood that if desired, such jackets may be
employed, depending upon the amount of the
currents that it is desired for the tubes to handle.

It will be noted in Figures 4 and 9 that each
U-shaped cathode rod element is positioned with-
in space bounded by the control grid stay rods so
that the general construction is strictly symmet-
rical. In Figure 4 one of the U-shaped cathode
members 48 is provided with an insulator 97 hav-
ing a.slot for.receiving the lower inter-connect-
ing leg of the other U-shaped cathode member.
In this manner the two U-shaped cathode por-
tions at each end of the tube are secured pre-
cisely at 90° with respect to one another.

While I have shown and described my improved
double-ended tube with respect to Figures 1, 4
and 7 as employing a single control grid which
extends throughout the length of both anodes, it
will be understood that if desired the control grid
stay wires can be separated by an insulating ele-
ment in order that the grids can function elec-
trically independent of one another as for ex-
ample in the case of a “push pull” circuit. In
this case separate leading-in conductors (not
shown) would be taken from each half of the
control grids, and heavy circular plates 50 or the
rings 80, 81, 82 may still be used for bringing out
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the: various conductors to: the exterior irom the
ends of the double unit grid. Obviously, iff desired
the cathiodes 48 can also be split mid-way of their
lengthy and separate conductors or metal rings
taken to the exterior of the tube. It will be still
further evident that when the anodes are elec-
trically connected through the metal bolts &
as shown in Figure 4 with the washers 84 removed
and the grids and cathodes constitute integral
members throughout the lengths of both anodes,
the tube units are in effect connected in parallel
and therefore give twice the capacity of one tube
unit in translating the current. The structure
shown in Figure 4 has all of the advantages of
that described in Figure 1 from the standpoints
of being easily made from ordinary machinable
metal and readily assembled and disassembled
'since the assembly operation consists mainly in
applying the bolts 51.

1t is further apparent that instead of employ-
ing only double unit tubes, I may provide three
or more anode sections with a corresponding in-
crease in length of the contained electrodes.
Each anode section would be provided with con-
‘wecting fanges and the two end sections would
have spherical terminating portions as shown in
Tigures 1 and 4. The various grid and cathode
elements could be either integrally joined as
shown in these two figures or could be physically
and electrically separated, and leading-in con-
ductors.in the forni of metal strips (Figure 5) or
metal rings (Figure 4) brought out at each joint
between the anode sections for connecting into
any type of electrical civcuit. In fact, the only
limit to which the electrodes can extend is simply
one of & practical limit, with the assurance that
all of the elements will be maintained in fairly
accurate alisnment, because I have found that
the joints between the leading-in conductors, the
metal rings and the anode flanges can be made
sufficiently tight by bolts 51 as to prevent the ad-
mission of any appreciable amounts of air. Thus,
tubes of this charactsr can be operated by a con-
finuous control of the grid or grids and, if de-
sired, inert gas of any suitable and well known
type may be introduced to facﬂltate the conduc-
tion of current.

It will be understood that various modifica-
tions and arrangements in structure could be

made without departing from the spirit of my ;

‘invention and, accordingly, I desire to compre-
hend such modifications and substitutions of
equivalents as may be considered to come within
the scope of the .appended clains.

Having thus fully described my invention, what '

I claim as new and desire to secure by Letters
Patent, is:

1. A multi-unit tube, each unit comprising a
cathode, a control grid and an external anode
open at its base and closed at the opposite end,
the anodes of the unit being flanged at their bases
the flanges being detachably connected in fixed
relation and the open ends of the anodes brought
into strict rectilinear alignment, the grids of the
unit being constituted of a plurality of stay rods
over which the grid wires are wound, said stay
rods extending integrally throughout the length
of the interior of the combined anodes.

2, A multi-unit tube, each unit comprising a
cathode, a controi grid and an external anode
‘having closed and open ends respectively, the
control grid and cathode being contained within
the respective anodes, flanges provided at the
open ends of the anodes, means secured to the
flanges for detachably maintaining the anodes in
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strict rectilinear alignment with: the open ends
in opposed relation, the control grid and cathode
being constituted of integral elements which: ex-
tend throughout the length of the interior of the
combined anodes and leading-in conductors taken
from the control grid and cathode at a position
intermediate the flanged ends of the anodes. -
3. A multi-unit tube, each unit comprising a
cathode; a control grid and an anode, said anodes
having flanges which extend exterior of the tube,
and means fer detachably securing said flanges
together to bring the anodes in an end to end
opposed relation, said ancde flanges being sepa-
rated by portions of condensers of circular shape,
said condenser portions and anodes being ar—
ranged in rectilinear alignment.

4, A double-unit fube, each unit- comprlsmg a
cathode, a control grid and a cylindrical anode,
a pair of condensers of circular configuration
interposed hetween the ends of The anodes and
separating said anodes from one ancther; and
means including spacers interposed between the
adjacent ends of the ancdes and condensers for
detachably securing said ancdes and condensers
in rectilinear alignment.

5. A multi-unit tube, each unit comprising -a
cathode, a control grid and an -anode; sa’d anode
being of the external cylindrical type and having
a flanged base, a pair of circular condensers inter-
posed between and separating the flanges of said
anodes, said cathode and eontrol grid constituting
clements which extend ‘throughout the entire
iength of the cylindrical anodes and of the-cir-
cular condensers, and leading-in conductors elec-
tricaily connected to the mid-point of the grid
and cathodes, said leading-in conductors extend-
ing through a circular plate of insulating material
and said plate being interposed between the inner
ends of the two circular condensers, and means
for detachably securing said anodes, condensers
and circular plate in rectilinear alignment.

§. A double unit high current tube, each unit
comprising a cathode, a control grid and a cylin-
drical external anode, said anodes being closed
at one end and open at the other end, means for
detachably securing the open ends of the anodes
together in order to position all parts of the tibe
in rectilinear alignment, said control grid being
constituted of heavy stay rods over which are
‘wound grid wires of ecnsiderabile size, said stay
wires extending integrally throughout the inte-
rior of the double unit tube and the contained
anodes, a leading-in conductor taken from one
of the grid stay wires to the exterior of the tube
at o position mid-way of the length of the com-
bined tube and the electrical center of the
extended grid, said cathode being constituted of
a rod construction .whch extends 1ntegra113
throughout the length of the interior of the dou-
ble unit tube, and leading-in conductors takén
from opposite sides of the cathode to the exterior
of the combined tube, mid-way of the length of
said tube and from the electrical center of the
exiended cathode. .

7. A mulli-unit tube, each unit comprising a
cathode, a control grid and an .anode, said .anode
being of the external e¢ylindrical type and having
g flanged base, said cathode and-control grid con-
stituting elements which extend throughout the
entire length of the cylindrical anodes, leading-in
conductors electrically . connected to the mid-

point of the grid and cathodes, said leading-in
conductors «constituting circular plates of metal
and positioned between the :anode flanges when

75 the latber are placed end to end, said plates being
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insulated from one another and insulated from
said anode flanges and means for detachably
securing said anode flanges and the insulated
metal plates together so as to position all of the
electrodes in rect:linear alignment with respect
to one another, and electrical connections to said
anode flanges and to said metal plates for con-
necting the electrodes in an electric circuit.

8. A multi-unit tube, each unit comprising a
cathode, a control grid and an external cylindri-
cal anode, said cathode and control grid being
constituted of portions which extend over the
entire length of each anode interior and being
electrically separated from one another, leading-
in conductors for each of the cathodes and con-
trol grid portions extending mid-way of the
length of the tube, said conductors comprising
peripherally complete rings arranged co-axial
with respect to the anodes and interposed between
the ends of the anode portions but insulated from
one another and from said portions, and means
for detachably securing the anodes and rings
together to position the anodes in their contained
cathode and control grid portions in rectilinear
alignment.

9. A multi-unit tube, each unit comprising a
cathode, a control grid and an external cylin-
drical anode, said cathode and control grid be-
ing constituted of portions which extend over the
entire length of each anode interior and are elec-
trically separated from one another, said anodes
being provided with flanges which are placed in
juxta-position but spaced apart, a plurality of
alternate metal rings and rings of insulating ma-
terial positioned between said anode flanges and
both passing through said flanges and rings for
detachably connecting the elements together and
positioning the anodes in rectilinear alignment,
and connections between the various rings and
the cathode and control grid portions, said eon-
nections being positioned at the approximate
electrical center of the double unit tube, and e¢on-
nections to each of said rings and the anode
flanges.

10. A muiti-unit tube, each unit comprising
a cathode, a control grid and an external cylin-
drical anode, said cathode and control grid be-
ing constituted of portions which extend over
the entire length of each anode interior and are
electrically separated from one another, said
anodes having flanges which are arranged in
juxta-position but separated from one another,
a plurality of alternate metal and insulating
rings positioned between said anode flanges, and

means for detachably securing said flanges and

the rings together so as to position the anodes
and contained electrodes in rectilinear align-
ment, and means for connecting the respective
rings to each of the cathode and control grid por-
tions, said means including extensions from one
of the rings to a position mid-way of the length
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of the tube in order to make connection between
that ring and its respective electrode at the elec-
trical center of the tube.

11. A double unit tube, each unit comprising
a cathode, a control grid and a ceylindrical anode,
each anode having an open and a closed end,
the open ends of the anodes being arranged in
opposed relationship when the anodes extend in
rectilinear alignment, a plurality of condensers
of circular configuration interposed between the
open ends of the anodes, said condensers being

- positioned end to end and in substantially con~
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centrie relation with respect to said anodes when
the tube is viewed from either end, and means
including spacers interposed between the adja-
cent ends of the condensers and between the op-
posite end of each of said condensers and the ad-
jacent open end of one of the anodes for main-
taining the anodes and condensers in fixed recti-
linear alignment,

12. A double unit tube, each unit comprising a
cathode, a control grid and a cylindrical anode,
each anode having an open and a closed end,
the open ends of the anodes being arranged in
opposed relationship when the anodes extend in
rectilinear alignment, a plurality of condensers
of circular configuration interposed between the
open ends of the anodes, said condensers being
positioned end to end and in substantially con-
centric relation with respect to said anodes when
the tube is viewed from either end, and means in-
cluding spacers interposed between the adjacent
ends of the condensers and between the opposite

‘end of each of said condensers and the adjacent

open end of one of the anodes for maintaining
the anodes and condensers in fixed rectilinear
alignment, the grid of each unit being constituted
of a plurality of stay rods over which the grid
wires are wound, said stay rods extending inte-
grally over the entire interior of the condensers
and the anodes, and said cathode extending
throughout the entire interior of the condensers
and the anodes.
CHARLES R. STEVENS.
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