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1

The invention described herein may be manu-
factured and used by or for the Government for
governmental purposes, without the payment to
us of any royalty thereon.

This invention relates to apparatus using elec-
tron tubes, and more particularly to a shield box
and tuning mechanism therefor.

The primary object of our invention is to gen-
erally improve radio apparatus using electron
tubes, and more specifically the shielding and
tuning thereof.

An ultra high frequency oscillator tube of good
performance is that known as the VT-158. This
tube is described in a co-pending application of
Harold A. Zahl, Serial Number 473,556, filed Jan-
nary 25, 1943. One object of our invention is to
improve generally the shielding and operation of
the said tube. Another object of the invention
is to improve the tuning of the cathodes of the
said tube, and more especially to provide a cath-
ode tuning unit which is disposed in a horizontal
position for compactness; which will provide
symmetrical tuning loops; and which may be
made up as a rigid structure, rigidly supported
at both ends, without necessitating the use of
R. F. insulators across the tuning loop.

Other objects are to shield the tube; to shield
the cathode tuner, and to shield the tube and
tuner from one another.

A further object is to provide a shield box which
may be readily and rapidly opened, and which
when openied exposes the tube and tuner and their
connections inside the shield box so fully and
widely as to facilitate rapid change to a new tube
when the old one has worn out.

To the accomplishment of the foregoing gen-
eral objects, and other objects which will herein-
after appear, our invention resides in the shield
box and cathode tuner elements and their rela-
tion one to the other as are hereinafter described
in the following specification. The specification
is accompanied by drawings in which:

Figure 1 is a partially sectioned elevation of a
shield box embodying features of our invention;

Figure 2 is a plan view thereof;

PFigure 3 is'a front end elevation thereof, drawn
to a reduced scale;

Figure 4 is a similar elevation showing how the
box is opened;

Figure 5 is a side elevation with the box opened;

Figure 6 is a schematic wiring diagram ex-
planatory of the wiring for filament heating;

Figures 7, 8 and 9 schematically show how the
shield box may be used for either cathode, anode
or grid keying;
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Figure 10 is a partially sectioned plan view of
the cathode tuner;

Figure 11 is a partially sectioned side elevation
of the same;

Figure 11-A is a section taken in the plane of
the line t1A—{ 1A of Figure 11;

Figure 12 is explanatory of the method of mak-
ing the lower part of the shield boX;

Figure 13 is a section taken in the plane of the
line 12—13 of Pigure 12;

Figure 14 is a side elevation of the lower part
of the shield box;

Pigure 15 is 3 section taken in the plane of the
line 15—I5% of Figure 14; and

Figure 16 is a plan view of the partition used
in the shield box.

Referring to the drawing and more particularly
to Figures 1 and 2, the shield box is a metal en-
closure divided into an upper compartment 12
and a lower compartment 14 by means of a metal
partition 6. The VT-158 tube, indicated in
broken lines at 18, is housed in the upper com-
partment 12. A filament-tuning loop generally
designated 20 is housed in the lower compartment
14, The shelf or partition {6 serves not only to
support the tube (8 but alse to shield the tube
and the tuning loop 20 from each other. (This
is in addition to the shielding of hoth the tube
and the tuning loop from external fields.) The
tube is cooled by means of an air blower 22 driven
by a motor 24 (Figure 2). The air-intake and
the air-outlet of the blower are shown at 26 and
28 respectively. The outlet opens directly into
the rear end of the shield box, thus blowing a
stream of air directly around the tube 18. The
air is discharged through screened windows. The
main window is the window 38 (Figure 3), located
in the upper compartment at the forward end of
the box. There are also two windows 32 in each
side wall of the box, these windows preferably
being located in the lower compartment, as is best
shown in Figures 1 and 5. The absence of side
windows in the upper compartment insures the
passage of air all the way through the upper
compartment around the entire length of the
tube. The windows in the lower compartment
cause some of the air to flow downwardly around

- the glass stems projecting through the partition.

The bottomn windows also afford convenient ob-
servation of the shorting bars of the cathode
tuner. The windows are all screened with appro-
priate copper screening in order to complete the
shielding of the apparatus.

In order to understand some of the features of
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the present invention, it may be desirable to out-
line the arrangement of tube {8. This tube com-
prises tuned U-shaped circuits 34 (Figure 1) con-
nected to the anodes, and additional tuned U-
shaped circults 86 therebeneath, connected to the
grids. The grids project upwardly and are dis-
posed within the anodes. Filamentary cathodes
are disposed within the grids, there being four
cathodes, grids and anodes, two at each gide of
the tube. The anode leads 38 preject upwardly
through glass stems 45, Grid-circuit support
wires 42 project dewnwardly through glass stems
44, A pair of wires for each filament projects
dewnwardly through each of four glass stems 46.
The four fllamenis are connected in parallel for
the heating current, but pairs of the filaments
are at opposite phase in respect to radic frequency
voltaze.

Referring now to Figure 6, the fouy flaments
are schematically represented ab 48, 58, 52 and §4.
The leads of filament 48 are connected as shown
to bars or straps of metal 58, B8. In praciice
these are disposad face o face with 5 thin sheet
of mica therebetween, théreby insulating the bars
one from another with respect to the low voitage
filament heating current, but not with respect to
radio frequency energy. The leads of Alament 53
also are connected to the bars of 58 and 58. The
leads of filaments 52 and 34 are connected to an-

other pair of bars or straps of metal §9, 32, which 3

are similarly disposed face to face with a thin
sheet of mica therebetween. The inner bars 58,
60 may be connected together ai 84, while the
outer bars 56, 62 are connected together at 88.
It is thus possible to heat all four filaments in
parallel by means of low voltage connections
€8, 78.

The filaments 43, 50 operate in phase opbposition
or push-~pull with respect to filaments 52, §4. The

push-pull related filaments 53, 52 are tuned by 4

means of a loop or trombone adjusted by a slid-
able U-shaped spring cr “shorting bar” 72. Sim-
ilarly the filaments 48, 54 are tuned by means of a
slidable spring or shorting bar 74. These short-

ing bars 72 and 74 are preferably simultaneously -

equally moved in opposite directicns, thus keeping
the arrangement symmetrical with respect to the
filaments.

The structure for this purpose may be seen in
detail by referring to Figures 10 and 11 of the
drawing. Figure 10 clearly shows the meia] bars
56 and 53, separated by mica strip 78, and also
the metal bars 68 and 62, separated hy mics strip
78. Bars 56, 58 and mica film 7% are assembled

by means of screws 88, which are screwed into

bar 58 but which are insulated from bar 5§ by
appropriate washers. In the same way the bars
68, 62 and mica film 78 are assembied by means
of screws 82. Two of these screws may be used
to hold soldering lugs 84. The inner bars 58, 80
are fixedly secured to the metal block 84 by screws
§6. The outer bars 58, 62 are fixedly sccured to
metal block 58 by screws 88. This provides s
rigid tuning-bar structure deveid of R. F. insu-
lators between opposite sides of the tuning Icop.
The use of metal spacing blocks 64 and 63 ot
both ends also facilitates sturdy suppor: of the
tuning loop within the shield box. In Figure 11
it will be seen that these blocks are secured to
plates 88 which are fastened to the upper ends of
insulators 82. The lower ends of the insulators
are secured to the bottom 146 of the shield box.
The insulators 92 may be moulded of ceramic
material, and are designed to insulate the tuner
for high voltage direct current, but are not sub-
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4
jected to a radio frequency load because they are
located at R. F'. potential nodes.

Each of the adjustable shorting bars 72 and 14
comprises a metal block 24 carrying a pair of
phosphor bronze or equivalent springy contact
arms 98, which spring outwardly against the
inner bars 58, 68. The ends of the springs prefer-
ably have small outwardly bent tabs 88 to hold
the arms against vertical displacement. These
tabs must not project far enough to touch the
outer bars 58, 62. The blocks §4 are carried by
a threaded rod (89 having right- and left-hand
threads 182, {84. The rod {40 is made of a suif-
able insulation, such as Bakeliie, and therefore
does not shori-circuit the filament heating sup-
ply at the end blocks 64, 66, The use of insula-
tion for the rod 1080 also protects the operator
against D. C. veltage when using the control
knob 188, the latter heing secured to the forward
end of the rod at a point outside of the shieid box,
as is best shown in Figures 1 and 2. In order to
increase the insulation for this purpose, the rod
is preferably extended at the forward ead of the
shield box and the projecting end is supported by
a surrounding shielding can (08,

Reverting to Figures 10 and 11, the rod {00 is
supported against axial movement by means of
appropriate threaded collars {18 and lock nuts
112 screwed thereagainst. The collars {18 pref-
erably have heles for a spanner wrench or cap-
stan bar. Rotaticn of the control knob {05 causes
simultanecus opposite movement of the threaded
blocks 84, thereby equally lengthening or short-
ening the filament tuning loops.

Clamp plates {14, 116, {{8, and {28 may be pro-
vided for detachable connection of the filament
leads to the bars 84, 58, 66 and 82 respectively.
These plates are L -shaped in section, as is best
shown in Figure 11A, and are held in assembled
relation by means of screws 122, which are
threadedly received in the inner L-shaped plates,
but which are insulated from the remainder of
the structure, as will be clear from inspection of
Pigure 11A.

The clamp plates §{4—129 are released by loos-
ening the screws {22, whereupon one lead from
filament 4§ (Figure 6) is disposed between plate
{14 (Figure 10) and bar 5§ at the left end of plate
114, The other lead from flament 48 is disposed
between bar 58 and plate {16 at the left end of
the plate. The top flanges of the plates are pref-
erably notched as shown at 124 to fix the posi-
tion of the filament leads. The cther flament
leads are clamped in position in a similar fashion
at the other notches. Proper location of the fila-
ment leads is important becauss it affects the
overall length of the filament tuning loops. This
is 50 because the tuning loop includes the vertical
filament leads and also the horizontai portion of
the tuning hars disposed between the point of
attachment of the leads and the shorting bars 94.

The glass envelope of the tube 18 is generally
cylindrical. It is supported or eradled in posi-
tion by means of four blocks $26 (Figures 1, 5 and
16) which are fastened on top of partition 16,
The upper ends of these blocks are properly sloped
or concaved to mate with the cylindrical surface
of the tube. The tube is additionally supperted
against upward movement by means of four
spring pressed blocks {28 best shown in Figures
1 and 4. These blocks are carried on the inner
ends of spring arms 138, the outer ends of which
are held by blocks 132 fastened te the top of the
shield box. The blocks 126—128 which come into
direct contact with the heated tube envelope are
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made of a suitable heat-resistant material. A
good example is the refractory insulation known
commercially as “Mycalex.”

The top wall 134 is cut away to pass the up-
wardly directed stems 40 of the tube, and the
resulting aperture or window is preferably fin-
ished by a rounded metal rod 136 (see Figure
2), thereby providing a smooth rounded finish
to prevent high voltage breakdown to adjacent
conductors connected to the anode leads 38.

The partition 16 beneath the tube is provided
with three holes, best shown in Figure 16. The
smaller outer holes 138 receive the downwardly
directed stems 44 (Figure 1) of the grid circuit
support leads, while the large center hole (Fig-
ure 16) receives four downwardly directed stems
46 (Figure 1) of the filament support leads.

The shield box is openable for tube replace-
ment, and inasmuch as a change of tube may
have to be made very rapidly as, for example,
under field conditions in military use, the box is
preferably made readily and rapidly openable
and is so designed that when opened the tube
and all of the internal connections are fully ex-
posed. Referring to Figures 4 and 5, the top
wall 134 and the side walls 142 are made of a
single piece of sheet metal. The front and rear
end walls 144 and the bottom wall 146 are also
made of a single piece of sheet metal. When the
box is changed from the closed condition shown
in Figures 1, 2 and 3 to the open condition shown
in Figures 4 and 5, the tube and the filament
tuner and all of the internal connections are fully
exposed. The top is shown adjacent the bot-
tom to show the relation therebetween, but the
top may he removed altogether.

The detailed construction of the particular
shield box here illustrated may be further ex-
plained by reference to Figures 13 and 15 of the
drawing. The end walls (44 and the bottom
wall 146 are formed of a single piece of sheet
metal, which is preliminarily bent to channel
shape as shown in Pigure 13. Mitre notches 148
(Figure 12) are cu} in the side walls so that the
channel may be bent to the shape shown in Fig-
ure 14. The resulting mitred corners are brazed
or welded, etc., at 150, The ends of the side
wall may be cut away as indicated at (52 in Fig-
ure 12, thereby providing projecting pieces of
metal which may be bent over as indicated at
154 in Figure 14, and fastened by brazing, weld-
ing or the like.

The shelf 16 is itself made of a piece of sheet
metal bent to channel shape,as indicated in Fig-
ure 15. The width of the shelf is slightly less
than the width of the channel shown in Figures
12 and 13, so that the shelf will be received with-
in the side flanges of the end walls 144, The
ends of the shelf are turned downwardly as is
indicated at 156, the side flanges of the shelf
preferably being preliminarily notched as was
explained at 152 in Figure 12. The down-turned
ends of the shelf are preferably tapped to receive
small screws {58 (Figures 1 and 3), which hold
the shelf in position.

The upper part of the shield box fits slidably
around the lower part shown in Figure 14. In
order to clamp the same in position and to com-
plete effective electrical shielding at the verti-
cal edges, the lower part of the box is preferably
provided with four vertical clamping strips 160.
(See Figures 1 through 5.) These strips may
- be tightened or loosened by means of thumb
screws 162. Referring to Figure 2, the thumb
screw 162 is received in a nut 164 which is weld-
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6 .
ed, brazed or otherwise sectred to the inwardly
flanged edge 166 of the shield box. The knurled
knob is fixed to the screw and acts as its head,
the inside head 163 of the screw serving merely
to prevent complete removal and loss of the
screw. The side walls 142 of the shield box are
a little shorter than the top wall (see Figure 5),
so that they will be received between the verti-
cal rows of screws 162. With this arrangement
the upper part of the shield box is readily slid
upwardly when the thumb screws 162 (and ver-
tical clamp plates 160) are loosened, but the parts
are securely fastened together when the screws
are tightened. The bottom edges also are pref-
erably clamped against the bottom of the box.
In Figure 5 it will be seen that the sides are
notched at (68 to fit around the bottom thumb
screws (10 within the knurled heads thereof.

As so far described the external shielding is
complete, but the partition {6 may not adequately
isolate the upper and lower compartments of the
box. To help perfect the shielding between the
upper and lower parts of the box, we provide
spring strips 172 (see Figure 4) which extend
horizontally (Figure 5) along the side walls 142
and are so disposed as to bear against the side
flanges of the partition 16 when the box is closed.
The spring strips 172 are preferably made of a
highly-conductive resilient material, such as
phosphor bronze. They do not interfere with
the desired rapid opening or closing of the shield
box.

Appropriate connections are provided to permit
the oscillator tube to be connected for either
cathode, anode or grid keying. Cathode keying
is schematically illustrated in Figure 7. In this
arrangement, the tuned anode leads 38 are
grounded at {74 and a high minus D. C. po-
tential is applied to the cathodes at 176, It will
be understood that in practice the cathodes are
not connected directly together but instead are
connected to the filament tuning bars, as is shown
in PFigure 6. The plate and grid loops {718 and
180 are disposed within the sealed glass envelope
of the tube . The lead 42 to the grid circuit 180
may be connected to a suitable bias resistor 182.
The keying pulse is applied to the cathodes at
the point 176.

Plate and grid keying arrangements are shown
in Figures 8 and 9 respectively. In both cases
the cathodes are grounded (through the cathode
tuner), and a high positive plate potential is ap-
plied to the tuned anode leads, while a negative
grid bias potential is applied to the grid circuit.
In the case of Figure 8, however, the keying
pulse is applied at the point (84, while in Fig-
ure 9 the keying pulse is applied at the point 186.

Referring now to Figure 1, a suitable large
porcelain insulator 188 is secured to the back
end wall of the shield box. A pair of concentric
conductors (mutually insulated for low voltage)
pass through the insulator {88. Filament heat-
ing current may be applied to the lugs 190 and 192,
The inner lug may also be used for the keying
pulse, ete. The conductors are terminated with-
in the box by lugs 194 and 196, which in turn
are connected by short direct leads fo the lugs
84 and 85 on the filament tuner. (These con-
nections correspond to the connections 68 and
70 shown in Figure 6.) Grid bias potential may
be applied to soldering lug 198 of conical porce-
lain lead in 200. The lug 202 within the box is
readily connected by a short direct lead to the
downwardly projecting wire 42 of the tube. The
anode connections are, of course, made to the
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upwardly: projecting terminals. 38. of the tube.
A ground connection to the shield box itself may
be made at the wing nut 204. With the connec-
tions. thus provided. the tube may be- wired. for
any. of . the keying methods shown in Figures 7, 8
and 9).

It is believed that the construction.and opera-
tion of our improved shield box. and filament
tuner, as well as the many advantages thereof,
will be apparent from the foregoing detailed de-
seription. The shield box.is compact; relative to
the size of the tube. If raises the efficiency of the
tube and minimizes radiation therefrom. The
particular tube illustrated oscillates at a. fre-
quency of, say 600 me. At ultra high frequencies
of .this - magnitude the problem of efficient shield-
ing is-critical, and the dimensions of the shield
box shoeuld be properly.selected to .obtain reflec-
tion of the energy in correct phase.

The: high frequency tube here considered gen-
erates a small but appreciable quantity. of X-rays.
The shield box, if made of reasonably heavy gauge
sheet metal, say is-inch thick, protects the oper-
ator from injury from the relatively soft X-rays.

The: filament tuner is a rigid structure which -

does not require radio frequency insulation be-
tween: its sides. Two equal loops are provided,
and are symmetrically aranged to provide identi-
cal tuning for the pairs of: cathodes even though

four cathodes are used. The desired equal length :

of:loop would.be readily obtainable by using a
single loop disposed vertically, but in such case
a;. cumbersome structure of substantial height
would. result. The present structure is made
compact largely by reason of the horizontal dis-
position of the tuner. With a single loop. dis-
posed : horizontally, however, the loop would be
longer for one pair of cathodes than for the
other. Moreover, & single tuning loop would re-
quire radio frequency insulation to support the
open end -of the loop, The present arrangement
overcomes all of these difficulties-and provides a
sturdy structure which is both rigid and efficient
and which may be solidly supported at both ends
within the shield box. The shield box not only
shields the-tube and the tuning loop, but also
shields them from one another. The shield box
is readily opened, and when open exposes the tube
and all of its connections, thus facilitating tube
change.

It will be apparent that while we have shown:

and described our invention in-a preferred form;
many changes and modifications may:be made
in the structure disclosed without departing from

the: spirit of the invention, as sought to be de- ¢

fined in the following claims.

We claim:

1. A metal shield box for an ultra high fre-
quency oscillator tube, said box being divided into
two compartments by a horizontal partition; the
top and sides of said box being made of sheet
metal into a unitary structure, the ends; bottom
and partition of said box being made of sheet
metal into a second unitary structure, the top
and sides being upwardly slidable to' completely
open the shield box and thereby expose the tube
for replacement, the said sides of said box-having
horizontally :disposed spring strips so positioned
as to bear against the side edges of the aforesaid
partition in order to effectively complete the
shielding action of the partition; said box having
spaced blocks to support the bottom portion of
the tube;, the removable top of said.-box having
yieldable means to bear against the top portion
of the tube when the box is.closed.
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2. A metal shield box for an ultra high fre-
duency oscillator tube requiring an external cath-
ode tuner, said box comprising an upper compart-
ment enclosing and shielding the tube and a lower
compartment enclosing and shielding the cathode
tuner, the partition hetween said compartments
being a metallic shield for shielding the tuner
and tube from one another, the top and sides of
said box being made of sheet metal into a unitary.
structure, the ends, bottom and partition of said
box being made of sheet metal into a second
unitary structure, the partition being secured be-
tween the ends, and the top and sides being up-
wardly slidable to completely open the shield box
and thereby expose the tube for replacement.

3. A metal shield bex for an ultra high fre-
quency oscillator tube requiring an external cath-
ode tuner, said box comprising an upper compart-
ment enclosing and shielding the tube and a lower
compartment enclosing and shielding the cathode
tuner, the partition between said compartments
being -a metallic shield for shielding the tuner and-
tube feom one another, the top and sides of said
box being a unitary structure made of sheet metal,
the ends, bottom and partition of said box being
a-second unitary structure made of sheet metal,
the partition being secured between the ends, the
top-and sides being upwardly slidable to com-
pletely open the shield box-and thereby expose the

; tube in the upper compartment for replacement,

said partiticn having spaced blocks to support the-
envelope of the tube, and the top of said box
having a spring means to bear downwardly
agsingt the envelope of the tube when the box is
closed.

4. A metal shield box for an ultra high fre-
quency oscillator tube requiring an external
cathode tuner, seld box comprising an upper
compartment adapted to enclose and shield the
tube and a lower compartment adapted tc en-
close and shield the cathode tuner, a partition
between said compartments being a- metallic
shield adapted to shield the tuner and tube from
one anocther, the top and sides of said box being
a unitary structure made of sheet metal, the
ends; bottom and partition of said box being a
second unitary structure made of sheet metal,
the partition being secured between the ends;
the top and sides being upwardly slidable to.
completely open the shield hox and thereby ex-
pose the tube in the upper compartment, for re-
placement, and the sides of said box having hori-
zontally disposed spring strips so positioned as
to bear against the side edges of the aforesaid
partition- in order to effectively complete the
shielding action of the partition.

5. A metal shield box for an ultra high . fre-
quency osciliator tube, the top and sides of said
box heing a unitary structure made of sheet
metel, the ends and botiom of said box being
a second unitary structure made of sheet metal,
and a blower connected to one end of the shield
box, said box having one or more windows for
iree- flow- of cooling air, said windows being
screened with fine mesh metal screening for
shielding purposes, the top and sides being up-
wardly slidable to completely open the shield box
and thereby aliow a tuhe to be installed or re-
moved,

6. A metal shield box for an ultra high fre-
quency  oscillator tube requiring an external
cathode tuner, said box comprising an upper com-
partment adapted to enclose and shield said tube
and a lower compartment adapted to enclose and
shield said cathode tuner, a partition between
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said compartments being a . metallic shield
adapted to shield the tuner and tube from one
another, a blower connected to one end of the
shield box at the tube compartment, said tube
compartment having one or more windows for
free flow of cooling air, said windows being
sereened with fine mesh metal screening for
shielding purposes, the top and sides of said box
being a unitary structure made of sheet metal, the
ends, bottom and partition of said box being a
second unitary structure made of sheet metal, the
partition being secured between the ends, the top
and sides being upwardly slidable to completely
open the shield box and thereby allow a tube to be
installed in or removed from said partition hav-
ing spaced blocks fo support the. envelope of
the tube, and the top of said box having spring
means to bear yieldably downwardly against the
envelope of the tube.

7. A metal shield box for an ultra high fre- :

quency oscillator tube requiring an external
cathode tuner, said box comprising an uUpper
compartment adapted to enclose and shield said
tube and a lower compartment adapted to enclose
and shield said cathode tuner, a partition be-
tween said compartments.being a metallic shield
adapted to shield the tuner and tube from one
another, a blower connected to one end of the
shield box at the tube compartment, said tube

compartment having cne or more windows for g7

free flow of cooling air, said windows being
screened with fine mesh metal screening for
shielding purposes, the top and sides of said box
being a unitary structure made of sheet metal,

the ends, bottom and partition of said box being o

a second unitary structure made of sheet metal,
the partition being secured between the ends,
the top and sides being upwardly slidahle to
completely open the shield box and thereby allow
a tube to be installed in or removed from the
upper compartment, and the sides of said box
having horizontally disposed spring strips so
positioned as to bear against the side edges of
the aforesaid partition in order fto effectively
complete the shielding action of the partition.

8. A tunable cathode loop for a push pull os-
cillator tube, said loop comprising two spaced
parallel bars, each of said bars including two
strips of metal insulated with respect to each

other for direct currents but not, for radio fre- 5

quency currents, whereby the heater leads of one
cathode may be connected to the two sirips
respectively of one bar and the heater leads of
the other cathode may be connected to the two
strips respectively of the other bar, a shorting
contact slidable along the bars, and means for
adjusting the position of the shorting contact
along the bars.

9. A tunable cathede loop for a push pull os-
cillator tube, said loop comprising two spaced
parallel bars, each of said bars including two
strips of metal separated Dby thin insulation,
whereby the heater leads of one cathode may
be connected to the two strips respectively of
one bar and the heater leads of the other cathode
may be connected to the two strips respectively
of the other bar, a slider disposed between the
bars and slidable along the innmer strips, and
serew mechanism for adjusting the position of
the slider along the bars.

10. A tunable cathode loop for a push pull os-
cillator tube, said loop comprising two spaced
parallel bars, sach of said bars including twe
strips of metal separated by thin insulation,
whereby the heater leads of one cathode may
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be connected to the two strips respectively of
one bar and the heater leads of the other cathode
may be connected to the two strips respectively
of the other bar, a U-shaped spring or slider dis-
posed between the bars and slidable along the
inner strips, a screw made of insulation and
threadedly received by said slider for adjusting

. the position of the slider along the bars, and a

metal block between the inner strips at one end
of the strips.

11. A tunable cathede loop for an oscillator
tube having two pairs of cathodes, said loop
comprising two spaced bars, each of said bars
including two strips of mstal insulated from each
other with respect to direct current but not
radio frequency currents, the cathode leads of
one pair of cathodes being connected to the two
strips of one bar, the cathode leads of the other
pair of cathodes being connected to the two strips
of the other bar, a slider disposed between  the
pbars and slidable along the inside strips near
one end of the bars, a slider similarly slidable
near the other end of the bars, and means to
simultaneously equally move the sliders in op-
posite directions, so that the tuning loop remains
symmetrical with respect to all of the cathodes.

12. A tunable cathode loop for an oscillator
tube having two pairs of cathodes, said loop
comprising two spaced bars, each of said bars
including two strips of metal insulated from each
other with respect to direct currents but not
radio frequency currents, a metal block connect-
ing the inner strips at one end of the bars, a second
metal block connecting the outer strips at the
other end of the bars, the cathode leads of one
pair of cathodes being connected to the two strips
of one bar, the cathode leads of the other pair
of cathodes being connected to the two strips of
the other bar, a slider disposed between the bars

-+ and slidable along the inside strips near one end
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of the bars, a slider similarly slidable near the
other end of the bars, and jnsulated mechanism
for simultaneously equally moving said sliders
in opposite directions, so that the tuning loop re-
mains symmetrical with respect to all of the
cathodes. .

13. A tunable cathode loop for an oscillator
tube having four cathodes, said loop comprising
two spaced parallel bars, each of said bars com-
prising including two strips of metal separated
by thin insulation, & metal block connecting the
inner strips at one end of the bars, a metal block
connecting the outer strips at the other end of
the bars, insulators supporting the blocks respec-
tively, the cathode leads of one pair of cathodes
being connected to the two strips of one bar, the
cathode leads of the other pair of cathodes being
connected to the two strips of the other bar, a
U-shaped spring or slider disposed between the
bars and slidable along the inside strips near one
end of the bars, a second U-shaped spring or slider
similarly slidable near the other end of the bars,
and an insulation screw passing through the
blocks and freely rotatable relative thereto and
having right- and left-hand threads, one of said
threads receiving one of said sliders and the
other of said threads receiving the other of said
sliders, whereby hoth sliders may be simultane-
ously equally moved in opposite directions, so that
the tuning loop remains symmetrical with respect
to all of the cathodes.

14. A shield box and tunable cathode loop for
an oscillator tube including two cathodes, said
loop including two spaced parallel bars, each of
said bars including two strips of metal insulated



2,453,148

11

‘from each other with respect to direct currents
‘but ‘not radio frequency currents, the cathode
‘leads of one cathode being connected to the two
strips of one bar, the cathode leads of the other
cathode being connected to the two strips of the
other bar, a slider disposed between the bars and
slidablealong the hars, an insulation screw thread-
edly receiving the slider, and a, metal shield hox
shielding the tube and the cathode tuning loop,
said metal shield box having a partition disposed
‘between the tube and the loop, one end of said
threaded rod projecting out of one end of the
shield box and having a control knob for rotation
thereof, said end of the shield box having a shield-
'ing can projecting therefrom and surrounding the
projecting end of the rod in order to space the
knob a substantial distance from the loop so as
“‘to protect the operator from any high direct cur-
rent potential on the loop.

15, A shield box and tunable cathode loop for
an oscillator tube having four cathodes, said loop
including two spaced parallel bars, each of said
bars including two strips of metal insulated from
each other with respect to direct currents but not
radio frequency currents, a-metal block connect-
ing the inner strips at one end of the bars, a sec-
‘ond metal block connecting the outer strips at the
‘other end of the bars, the cathode leads of one
pair of cathodes being connected to the two strips

of one bar, the cathode leads of the other pair-of o

cathodes being connected to the two strips of the
other bar, a slider disposed between the bars and
slidable along the inside strips near one end of
‘the bars, a second siider similarly slidable near
‘the other end of the bars, and an insulation screw
‘having right and left hand threads, one of ‘said
threads receiving one of said sliders and the
other of said threads receiving the other of ' said
sliders, whereby both sliders may be -simultane-
~ously equally moved in opposite directions, so that
the tuning loop remains symmetrical with re-
“spect to all of the cathodes, and a metal shield
“box -shielding the tube ‘and the cathode ‘tuning
‘loop,-said-metal shield box having g partition dis-
bosed between the tube and the loop, and one
end of said threaded rod projecting out of one end
‘of the shield box to allow rotation of the rod.
'16. ‘A shield hox and tunable cathode loop for
an-oscillator tube having four cathodes, said loop

‘including two spaced parallel bars, each of said :

‘bars including two strips of metal separated by
-thin insulation, a metal block connecting -the
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inner strips at one end of the bars, a metal block
‘connecting the outer strips at the other end of
the bars, insulators supporting the blocks respec-
tively within the box, the cathode leads of one
pair of cathodes being connected to the two strips
of one bar, the cathode leads of the other pair of
cathodes being connected to the two strips of
the other bar, a U-shaped spring or slider dis-
posed between the bars and slidable along the in-
side strips near one end of the bars, a second
U-shaped spring or slider similarly slidable near
the other end of the bars, an insulation screw
passing through said blocks and having right and
left hand threads, one of said threads receiving
one of said sliders and the other of said threads
Teceiving the other of said sliders, whereby both
sliders may be simultaneously equally moved in
Opposite directions, so that the tuning loop re-
mains symmetrical with respect to all of the
cathodes, and a metal shield box shielding : the
tube and the  cathode tuning loop, said metal
shield -box having a’shielding partition disposed
between the tube ang the loop, one end of said
threaded rod projecting out of one end of the

5 shield box and having a control knob for rotation

thereof, said end of the shield box having a
shielding can projecting therefrom and surround-
ing the projecting end of the rod in order to
Space the knob a substantial distance from the
loop so as to protect the operator from any high
direct current potential on the loop.
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Certificate of Correction
Patent No. 2,453,148. November 9, 1948.
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Tt is hereby certified that errors appear in the printed specification of the above
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game may conform to the record of the case in the Patent Office.

Signed and sealed this 12th day of April, A. D. 1949.
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THOMAS F. MURPHY,
Assistant Commissioner of Patents.



Certificate of Correction
Patent No. 2,453,148. November 9, 1948.
FRED H. McCALL ET AL.

Tt is hereby certified that errors appear in the printed specification of the above
numbered patent requiring correction as follows:

Column 7, line 6, after the numeral “9” strike out the parenthesis; line 15, for
¢me.” read Me.; column 9, line 15, claim 6, after the word “from” insert the words
the upper compartment; column 10, line 15, claim 11, for ‘‘current” read currents;

and that the said Letters Patent should be read with these corrections therein that the
same may conform to the record of the case in the Patent Office.

Signed and sealed this 12th day of April, A. D. 1949.

[sxar]

THOMAS F. MURPHY,
Assistant Commissioner of Patents.



