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My invention relates to apparatus for rec-
tifying alternating currents and more par-
ticularly to such apparatus as depend upon
the use of a conductive gas. The device of

5. the present invention is furthermore of the
type which employs a closed hollow cathode
and one or two anodes consisting of rods, the
points or ends of which are presented to the
inside of said hollow cathode.

In such devices the space within the hollow
cathode forms an ionization chamber; that
is, a chamber within which the conductive gas
becomes ionized during operation and to
which such ionization is confined.

The efficiency of rectification of current and
in part the life of such devices depends upon
the proper proportioning of the inner super-

iy

ficial area of the cathode to the anode and.

upon a proper shaping of the cathode with
20- respect to the anode. The efficient life is,
furthermore, prolonged by maintaining the
internal resistance of the cathode chamber
at its initial low value.
When a proper proportion of these ele-
o5 ments is observed, there is little disintegra-
tion of the anode under the bombardment
from the cathode. During disintegration of
metal parts a considerable quantity of gas
is evolved which renders the conductive gas
30- impure and produces a deleterious effect in
that it increases the resistance of the cathode
chamber. With increase of resistance a great
deal of energy is lost as heat. Such gases as
are evolved in the tube of the present inven-
35 tion produce no appreciable increase of re-
sistance in the cathode chamber and are of
such small quantity that they may if desired
be neutralized in the manner hereinafter set
forth. , .

Tt is an object of the present invention to
provide a device such as will have great effi-
ciency during a long life and which is char-
acterized by a very rugged and strong sup-
porting structure. By properly correlating
45 the cathode and anodes of my device, T ob-
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tain a rectifier which gives a very large out-
put and in which because of the constant low
internal resistance very little of the energy is
lost in the form of heat. .

The invention will be better understood
from the drawings to which reference is now
made — :

Fig. 1 shows the electrode structure of the
device of my invention in sectional elevation.

Fig. 2 shows the elements comprising the
cathode. :

Fig. 3 shows the electrode structure
mounted.

Similar reference numerals indicate simi-
lar parts in all the figures. '

In Fig. 1, one form of the device is illus-
trated. Itis a full wave rectifier and consists
of a hermetically sealed bulb, 1, which is
filled with a conductive monatomic gas such
as helium or neon. The cathode is formed of
two elements shown in Fig. 2, an upper part
or cap, 2, the upper surface of which is curved
outward on an arc rising to 14 of an inch on
a segment of one inch, the lower element is a
cup, 3, over which the cap, 2, fits with a tight
frictional fit. In the bottom of the cup, 3,
are two openings; 4 and 5, through which the
tubular cathode supports, 6 and 7, extend and
which also receive the insulated rods, 8 and 9.
The supporting legs 6 and 7, of the cathode
structure are formed of a conductive metal
and are in effect a part of the cathode being
in the form of hollow metallic tubes that
form a passage for the anode rods, 8 and 9,
which are encased where they pass through
caid tubes in insulating material such as
glass, 11 and 12. The cathode and its sup-
ports are shown in Figure 8, in which 2,
shows a cap with small tabs or extensions, 13
and 14, on opposite sides. To these tabs are
welded the cathode lead 15 and a support 16,
which is anchored in the press of the stem.

Tt will be observed therefore that the
cathode is held by two sets of supporting ele-
ments comprising the tubular legs, 6 and 7,
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on the one hand, and the lead wire, 15, and
the support, 16, on the other. It will also be
observed that both the lead wire, 15, and the
support, 16, are in a plane at right angles to
the plane of the tubular legs, 6 and 7, an ar-
rangement which gives the device an' excep-
tional strength and ruggedness and enables
it to withstand shocks incurred in the han-
dling and shipping.

Moreover, the anodes consist of metal rods,
the uninsulated points or ends of which pro-
ject very slightly into the cathode chamber.

As previously pointed out the efficiency of
a rectifier depends upon several considera-
tions. In the first place, the interior space
of the cathode chamber should bear a propor-
tionate relation to the size of the anodes.
Assume that in the form of the invention
shown in the drawing the cathode chamber
is circular in plan having a diameter on the
floor thereof of approximately one inch. In
such case I prefer to make my anode in the
form of a rod having a diameter of 0.06”
and being composed of a conductive material
such asnickel. I findthatin achamber of the
size mentioned by increasing the diameter
of the anode above .08””, I can correspond-
ingly increase the life of the tube, but at the
expense of efficiency of rectification. Simi-
larly by decreasing the diameter of the
anode, I can correspondingly increase the ef-
ficiency of rectification but at the expense of
life. For instance, with a cathode chamber
of the size mentioned and an anode of 2 mils
diameter, I approximate perfect rectification
but the life of the rectifier under these condi-
tions is only a few hundred hours. By in-
creasing the diameter to 60 mils or .06 inches,
other relations remaining constant, I can ob-
tain a current output of 85 milliamperes for
a period of from one to two thousand hours.
I prefer, therefore, to employ anodes having
a diameter in the neighborhood of six hun-
dredths of an inch.

The cathode chamber should have a suffi-
ciently large superficial area on the inside
to afford a large emitting surface but this
area is limited by the necessity of keeping the
internal resistance at a low value. ~Assum-
ing that with a diameter of one inch, the cath-
ode chamber had also a height of one inch, the

internal resistance of the cathode chamber

would be so great that the efficiency of rec-

tification would be very much impaired, de--

spite the very large emitting surface. Ac-
cording to my invention, I so construct the
cathode chamber that its interior superficial
area will be regulated by balancing these two
principles. “ It is thus evident, that by a
proper balance between the interior super-
ficial area of the cathode and the size of the
anode, I can initially produce and, by the
means hereinafter mentioned, effectively
maintain the efficiency of rectification and
Himit the heat loss to a constant low value dur-
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ing a period of operation of the tube of fifteen
hundred hours or more.

In the form of the invention shown in the
drawings I preferably make the cathode in
the form of a hollow chamber having a diam-
eter of one inch, a height at the sides of ap-
proximately % of an inch and I curve the
top or roof thereof upwards about 14 of an
inch above the top of the sides; and the anode
I form of a rod of a diameter of .06".

The proportions of cathode area and an-
ode diameter may be varied to gain greater
life at the expense of efficiency or greater effi-
clency at the expense of life but I find the
best results are obtained when these relative
proportions are observed. I do not, conse-
quently, limit myself to an anode having a
diameter of .06 inch, for any structure hav-
ing the relative proportions hereinabove in-
dicated by the specific dimensions given will
be within the scope of my invention. Fur-
thermore, the curvature of the top of the cap
serves to focus the electron stream upon the
anodes, since the electrons have a tendency
to move in a direction normal to the emit-
ting surface. _

In operation of the device, the gas con-
tained within the chamber, for example, a

monatomic gas, such as helium, becomes

highly ionized and there is a considerable
bombardment of the anodes. In such tubes
the desired action is a flow of electrons from
the cathode to the anode and in the ideal case
the anode should be infinitesimal in order to
nullify the effect of this bombardment. Prac-
tically, however, the anode has to be of finite
size. This results in a-certain amount of dis-
integration of the metal of the anode, which
tends to evaporate or to evolve gases. Such
gases tend to increase the resistance of the
tube and the increased resistance results in a
loss of energy in the form of heat. The over-
heating of the metal parts in this manner still
Turther promotes the evaporation of the metal
parts with very great injury both to the
efficiency and life of the tubes.” It should also
be noted that the nature of the metal forming
the anode also has a bearing on the amount
of disintegration and on the amount of gases
evolved. :

I have previously explained that by prop-
erly proportioning the cathode and anode; I
am enabled to reduce this effect to very small
proportions regardless of other considera-
tions. It cannot, however, for reasons above
stated be wholly eliminated. I, therefore,
enclose within the cathode chamber a small

quantity of cerium and calcium in a metallic

state and either in the form of a powder or
as a’small pellet of an alloy of these metals.
During the operation of the tube these metals
give off gases at a comparatively low temper-
ature and these gases are not only advanta-
geous in adding to the conductivity of the
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gases that may be liberated from the interior
parts of the tube, rendering them harmless.
Careful tests have shown that the device con-
structed according to the principles of this
invention is capable of producing a very large
output current and voltage and that the de-
vice has little tendency to become overheated
which is a great defect in most rectifiers of
this type, in which a large proportion of the
energy is dissipated as heat.

Having thus described my invention, what -
I claim is:—

1. A rectifier comprising a sealed glass en-
velope, a closed hollow cathode, anodes con-
sisting of rods, the points of which project
within said cathode, a conductive gas within
said envelope and said cathode, conductive
tubular supports for the cathode and auxil-
iary cathode supports lying in a plane sub-
stantially at right angles to the plane of the
tubular supports.

9. A rectifier tube comprising a sealed
glass envelope, a hollow cathode and two rod
shaped anodes the points of which project
within said eathode, a cathode structure con-
sisting of a cup shaped element, a cap fitting
thereon with a tight frictional fit, two metal-
lic supporting legs receiving said rod shaped
anodes and, in a plane at right angles to said
supporting legs, an auxiliary system of sup-
ports consisting of the cathode lead and an-
other supporting wire ; said cathode structure
being mounted upon a stem forming part of
said envelope.

3. In a rectifying tube, a cathode consist-
ing of a cup-shaped element supported by
metallic legs and a cap having a frictional
fit on said element; and rod-shaped anodes
insulated within said metallic legs.

4. A rectifying tube comprising a hollow
cathode within which the rectifying action is
confined, an anode consisting of a rod, the
point of which is presented to the interior of
the chamber formed by said hollow cathode
a conductive gas within said chamber and a
quantity of metallic cerium and calcium
adapted to give off vapors during operation
of said tube which vapors coact with delete-
rious vapors within said chamber thereby
maintaining the resistance of said cathode
chamber at a constant low value.

5. In a rectifying tube a cathode compris-
ing a hollow chamber within which the recti-
fying action is to be confined mounted upon
supporting conductive legs, anodes consist-
ing of rods insulated within said legs, the
points of said anodes being presented within
said hollow cathode chamber, a conductive
gas within said hollow cathode chamber and
means also within said chamber for main-
taining the resistance of said chamber at a
constant low value.

6. In a rectifying tube, a cathode compris-
ing a hollow chamber, within which the recti-
fying action is to be confined, mounted upon

3

a supporting conductive leg, an anode con-

sisting of a rod insulated within said leg,
the point of said anode being presented with-
in said hollow cathode chamber, a conductive
gas within said hollow cathode chamber, and
means also within said chamber for main-
taining the resistance of said chamber at a
constant low value.

Tn witness whereof, I have hereunto set my
hand, on this 7th day of June, in the year
one thousand nine hundred and twenty-

seven.
EUGENE A. QUARRIE.

%5

80

o0

100

105

110

115

120

125

130



