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 UNITED STATES

PATENT OFFICE

WALTER LOUIS XRAHT, OF MONTCLAIR, NEW JERSEY, ASSIGNOR TO ARCTURUS EADIO
TUBE COMPANY, OF NEWARK, NEW JERSEY, A CORPORATION OF DELAWARE
' POWER OPERATED VACUUM TUBE CONSTRUCTION

Original application fled Decembor 84, 1086, Serial o, 156,946, and in Canada October 4, 1037, Divided

_and thisapploation fled January 87, 1928, - Serial No. 249,008, - -

This invention relates to electron emitting
devices of the general type known as thermi-
onic vacuum' tubes, and more especially to
tubes of the type in which the cathode is

6 heated by radiation transferred thereto from
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another source of energy, and is a division of
my co-pending application, Serial No. 156,-
946, filed Dec. 24, 1926. - R

More particularly, the invention relates to
a thermionic tube so constructed as to per-
mit the use of ordinary household or fluctuat-
ing lighting current as a power source for
heating the cathode material of the tube to
electron emitting temperatures. -

One of the objects of ‘the present inven-

tion is to provide a thermionic device, which
(f to operate if desired, on an alter- -

is adapte
nating or fluctuating current for cathode ex-
citing purposes, and the output of which is
independent of fluctuations in heater cur-
rent, and particularly is free of “hum” here-
tofore usual in such devices when used on
alternating currents of commercial frequen-
cy. Another object of the invention is to
provide a device of the class described which

1s simple and economical to construct, and ) _ ) :
. approximately constant potential unidirec-

positive and reliable in operation.: :
Another object of the invention is to pro-
vide a vacuum tube of the four element type
including plate, grid, cathode and heater
with such connections as will permit its use
in an ordinary or standard type of four
terminal socket, the terminals of the tube
being four in number and all positioned upon
the base of the tube in the ordinary manner,

and with all leads passing through the base’

and through a single press into the evacu-
ated envelope, so that the insertion of a tube
according to my invention into a standard
four contact socket to which circuit connec-
tions are established, closes all necessary con-
tacts. ' :
Still another object is the provision of a
vacuum tube adapted to operate in a circuit
arrangement which when employed with a
radio receiving set, will permit optional use
of said set without modification of internal
wiring, either with alternating or fluctuat-
ing direct current tubes as disclosed in this
application and in my copending applica-

-therefrom by
- the energizable length of the heater. Fur-

tion Serial No. 140,245, Patent No. 1,869,566,

on the one hand, or with standard constant

glre((i:t or hattery current tubes on the other
and. '

Another object is the utilization of a tube

construction in which the cathode is separ- -

ated from the heater element, and insulated -

vacuous space only throughout

ther objects will become apparent on con-
sideration of the following specification and
accompanying drawing which is descriptive
of an em

Fig. 1 is an elevational section of a vacuum
tube. incorporating the novel base construc-
tion of the invention, and a portion of the
circuit arrangements; and '

Fig. 2 is'a diagrammatic showing of the
tube circuits of the tube itself.

The type of thermionic vacuum tube now
in general use is provided with three inter-
nal elements, the anode, cathode and control
electrode or grid, the cathode being in the
form of a filament adapted to be heated by
a dry or storage battery or other source of

tional current.: _For this tube four base ter-
minals are utilized, affording connection to

grid and plate, and a series connection

odiment of the invention which -
. may be preferred, and in which
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through the filament. This type of tube is

in most cases unsuited for use in connection
with a fluctuating or alternating current,
commonly used for house lighting, because
of the pronounced hum produced in the-out-
put circuit. - ’
In the present invention, use is made of a
four element tube operative on alternating
current without substantial hum as described
in my co-pending case Serial No. 140,245,
Patent No. 1,869,566, in which the cathode
and heating element are physically separated,
the heater being substantially enclosed by
the cathode, but electrically connected in se-
ries therewith as regards heating current at
a point spaced far enough from the energiz-
able length of the heater to prevent heat con-
duction from the heater to the cathode.
Heretofore, it has been the usual practice in
four element tubes to keep the cathode phiysi-
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cally and electrically separated from the
heating filament which made it necessary to

* provide such a device with at least five exter-
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nal terminals, two for the heater circuit, one
for the cathode, and one each for the plate
and grid. In the present arrangement, how-
ever, I utilize only four terminals for these

four elements, by including the cathode .in

the heating circuit in series. All of these
terminals are positioned in the tube base in
the usual relationship so. that the ordinary
commercial type of vacuum tube socket is
adaptable for the use of the tube, and the
insertion of the tube therein completes all
necessary connections.

In accordance with my invention, I have
illustrated an embodiment of the vacuum
tube -construction in Fig. 1, in which the en-
velope 10 is preferably formed of glass or
similar material in the usual elongated tubu-
lar shape with a base 11 attached thereto,
this base being adapted for insertion in the
ordinary type of socket, and for this purpose
having four terminals 12, 13, 14 and 15 ex-
tending from the end. The envelope 10 is
optionally covered with a metallic deposition
forming a film 16 which may extend partially
or wholly about either the exterior or in-
terior surface, although I have herein shown
the exterior surface as so covered as that is
the preferred construction.

Within the tube there are provided among
others, certain of the usual elements neces-
sary for the amplification or rectification of
radio signals, including the anode which may
be in the form of a cylindrical plate 17, the
control electrode in the form of a grid 18
and the cathode 19. The cathode may be o
the type described in my co-pending appli-
cation, filed October 8, 1926, Serial No. 140,-
245, Patent No. 1,869,566, as for example a
tube of nickel or other suitable metal having
a coating 20 of a substance or mixture such
as oxides of barium or strontium possessing
high electron emitting properties when heat-
ed. - The limits of the cathode coating ter-
minate well within the plane fixed by the
plate ends. ‘Also in some instances, 1 may
slit: the tube axially to diminish inductive
reactions arising from the heater element.

Where this is done it is preferable that the
shielding of the heater be maintained undis-
turbed; and this may be accomplished by
omitting that portion of the grid structure
adjacent the cathode slot or by forming the
cathode in a spiral sheet corresponding to
the spirally wound grid. :

The heater for -the cathode is separate
therefrom and consists of the filament 21,
preferably but not necessarily carbon, extend-
ing co-axially within the cathode and con-
nected to the cathode at one end, preferably
the end remote from the press, through the
spring arm 27, support rod 28, and conductor
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series when heating current is supplied as
contemplated. The function of the spring

97 is to permit adjustment of the heater in .

accordance with temperature variation. The
cathode tube 19 encloses the heater filament 21
and extends preferably above and below the
same, so as to form an effective shield for
the heater and to diminish hum arising from
difference in potential between heater and
other tube elements. Preferably the cathode
tube should enclose the heater filament from
the point adjacent the junction 7 of cathode
and filament to the tube stem support at 9,and
for this purpose I have illustrated the sleeve
8 as an extension of the cathode tube and
resting on the stem and in electrical contact
with the cathode tube 19 completing a shield
which encloses that part of the alternating
current supply within the vacuous space
which has a potential value different from
that of the cathode. The sleeve 8 is axially
slit to facilitate assembly, the slit being dis-
posed away from the grid lead so that a solid
shield is interposed between the grid lead
and alternating current lead having a poten-
tial different from that of the cathode.

The cathode and heater arc separated by
vacuous space rather than by a solid dielectric
primarily to facilitate manufacture of tubes
as 2 mass of solid material within the space
to be evacuated would greatly increase the
difficulties of proper evacuation, and sec-
ondarily to avoid time lag in reaching tem-
perature equilibrium in operation due to the
mass of the solid dielectric. The electrical
connection of cathode and heater at a com-
mon point in conjunction with the spacing
apart of these elements and separation only
by vacuous space and the use of carbon and
the use of circuits hereinafter deseribed, per-
mit the use of relatively high potentials and
low current values within the tubes, which
may be as high as sixteen volts, and as low as
twenty-five hundredths ampere. As electro-
magnetic disturbances are usually more
troublesome than electrostatic disturbances
when alternating currents are used for cath-
ode heating, since electrostatic disturbances
are easily cared for by thin metal shielding,
I prefer to employ a low current preferably
not exceeding five tenths amperes and high
voltage, and the advantages which T have
been able to obtain are apparent in the free-
dom from disturbing noise and “hum” even
in multi-stage amplifiers.

Note should be made further of the ad-
vantageous use of carbon as a heater element
for the cathode. The use of a single straight
stiff filament of high resistance such as car-
bon and of short length and small lincar ex-
pansion positioned concentrically within the
cylindrical cathode, permits close positioning
of the cylindrical cathode even without a
solid dielectric, thereby decreasing the area of

85 29, so that both cathode and filament are in cathode in direct proportion to the diameter
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as will be understood. If we assume a con-
stant amount of energy transfer from the
heater per unit of area of the cathode to main-
tain said unit area of the cathode at electron
emitting temperature then since the cathode
area is decreased proportionally as the di-
ameter is decreased, the energy required is

~ also-decreased and the current supplied to

the filament may be reduced as the square

10 of the cathode diameter, thereby reducing the

magnetic fields which tend to cause hum.
It will be seen, therefore, that a close fit
of the cathode around the heater made pos-
sible by the use of single short straight high

5 resistance carbon filament concentric with
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the cathode sleeve and separated only by a
vacuous space, makes possible the reduction
of heater current and magnetic field to a
point where disturbing noise and hum is sub-
stantially climinated even for many tubes
in cascade. Also at the relatively low tem-
perature of operation, averaging below
white heat, the heating element has excep-
tionally long life. Where carbon is used as
the material of the heater, I preferably make
use of copper as an intermediary welding ele-
nent between the carbon filament and its sup-
port. The use of carbon as well as copper
is found to be advantageous, moreover, as
these materials function as getters in the tube
exhausting process, absorbing or occluding
the gas residue in the tube after sealing.
The cathode being in tubular form has a

considerably larger effective emitting surface

than filamentary cathodes and hence has
ample electron emitting capacity for all or-
dinary uses including operation as a so-called
“power tube”. . -

The plate, grid, cathode and heater fila-
ment are each supported upon the single tube
stem 22 by means of appropriate connec-
tions and standards as clearly shown in Fig,
1, the glass bead 6 being necessary as a sup
port for the grid and plate.

The base 11 is preferably but not necessar-

ily formed of insulating material and is pro-

vided at its end with the four terminals 12,
13, 14 and 15, hercinabove referred to. Con-
nections from the tube elements to the base

terminals are made as follows: from the plate’

17 by wire connection 23 to the terminal 15;
from the grid 18 by wire 24 to terminal 14;
from the heater filament 21 to the terminal
12 by wire 25; from the cathode 20 to ter-
minal 13 by wire 26; and from the other end
of the cathode 20 and heating element 21 to
the terminal 13 by means of the support rod
28 and wire 26”. Cennection s also made
from the external surface film 16 to the ter-
minal 13 by means of wire 30 for the purpose
of grounding the metallic film on the en-
velope.

With the above connections it is apparent

that T have provided a four element vacuum
tube adapted to be heated by alternating cur-

3

rent, and all of the connections for which
are in the base of the tube, and having the
standard spacing and disposition so that the
mere act of inserting the tube in a standard
socket makes all the necessary connections,
there being only four required terminals for
the operation thereof. As brought out in my
co-pending application Serial No. 140,245,
Patent No. 1,869,566, the use of alternating
or variable current as a power source is made
possible by utilizing in the tube heating
means for the cathode physically distinct
from and electrically shielded by the cathode,
and by providing a common connection be-
tween cathode and heater filament, so that the
cathode functions primarily as an electron
emitting body without appreciable effect on
the grid and plate arising from potential
variation introduced by the heating current.

Since the filament resistance is high and
the cathode tube resistance relatively low, it
suflices to connect the grid return to any point:
on the cathode tube 19, or to the end of the-
heater filament 21 which is connected to cath-
ode tube 19. This metallic low resistance
connection of the grid return to the cathode
heater circuit fixes the potential between grid
and cathode for low frequencies so that for
any fluctuations of cathode potential due to
heating current, the grid fluctuates similarly
and no potential difference appears between
cathode and grid; thus preventing or mini-
mizing the possibility of noise being intro-
duced by the voltage drop through the heater
affecting the grid-cathode potential through

“unbalanced capacity effects, as might occur

if the cathode were electrically isolated from
the heating circuit.

As shown in Fig. 2, the tube may be con-
nected with appropriate input and output
circuits, including a B-battery or its equiva-
lent. The filament or heater is supplied with
alternating current from a generator or other
source 42 through the intermediate agency
of a transformer 43 including a primary 44
and secondary 45, : :

Since the noise as well as the signal pro-
duced by each tube is amplified by all the suc-
cessive tubes, it will be seen that my tube and
circuit arrangements are highly effective in
eliminating noise and hum, as five, six or even
more tubes may be arranged in cascade with-
out the production of appreciable or disturb-
ing noise or hum effects.

In the construction of the thermionic tube
of my invention, it is of course understood
that the exact dimensions of parts may be
varied within limits in accordance with the
uses to be made of the tube. As illustra-
tive, however, of a precise tube construction
which has been found advantageous, the fol-
lowing values are given: diameter of heater.
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filament 0.005 inch, length of heater 115 .

inch, diameter of cathode 0.095 inch, length
of cathode 11/ inch, length of oxide coating
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1} inch, diameter of grid envelope 1% inch,
length of grid envelope 34 inch, diameter of
plate tube % inch, length of plate tube 34
inch. The cathode tube has a wall thickness
of approximately 0.0025 inch.

The voltage of commercial current used
in connection with my tube is assumed to be
approximately 110 although any ordinary
value will give satisfactory results. The
transformer 45 has preferably such constants
as will produce a voltage ranging around 16
in the secondary 45.

"It is to be understood that the tubes here-

in descfibed are also applicable to fluctuat- -

ing direct current for cathode heating.
When application is made to direct current,
a resistance inserted in series with the fila-
ments of the tubes is used to reduce the
voltage to proper value. ‘ '

Tt is to be understood that various modifi-
cations of the base connections and of wir-
ing of the circuit may be made in accordance
with specific requirements in applications of
the invention, and hence I desire to include
all of such modifications and alterations
within the scope of the claims hereto ap-
pended. ’ .

Having thus described my invention, what
I desire to claim is:

1. A thermionic tube comprising a con-
tainer having therein an anode; an electron
emitting cathode of relatively low resis-
tance; a heating element for said cathode,
said heating element being connected in se-
ries with a circuit containing the cathode; a
shunt connection around said cathode also
in series with said heating element; a base
secured to said container; contact prongs
positioned on said base; aAd leads in said
container and base, one lead from one prong
and another lead from another prong com-
pleting the series connection to the heating
element and from the cathode and shunt
whereby electrical current may flow from
the one prong through the said lead, heating
element, cathode and cathode lead as well as
the shunt connection back to the said other
prong, said cathode and shunt connection be-
ing in parallel with respect to each other
and together in series with respect to the fila-

"ment, whereby the said relatively low resis-

tance of the combined cathode and shunt will
avoid production of an objectionable hum in
the anode circuit.

2. A thermionic tube comprising an en-
velope having a press therein; a filament,
cathode, grid and anode in said envelope
mounted from the press grid and filament
lead wires projecting from said press, and a
shield resting on said press substantially as
a continuation of the cathode and substan-
tially surrounding the filament lead and in-
terposed Dbeétween said filament and grid
leads whereby both leads may extend
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through the same press and be shielded one
from the other.

3. A thermionic tube comprising an en-
velope having a press therein; grid and fila-
ment lead wires projecting from said press,
and a longitudinally split shield substantial-
ly surrounding one of said leads with its split
side away from the other lead, whereby said
sleeve is readily applied and will completely
shield one lead from the other. '

Tn testimony whereof, I affix my signature.

WALTER LOUIS KRAHL.
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