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The invention relates to discharge devices and 
especially to discharge devices utilizing a va 
porizable metal such as mercury. 
An object of the invention is to quickly va 

porize the metal to the desired vapor pressure 
without increasing the pressure beyond the 
prope Value. 
Other objects and advantages will be apparent 

from the following description and drawing, in 
which, 
The figure is a view, in cross-section of a pre 

ferred embodiment of the invention. 
The present invention relates to an electric 

discharge vessel filled with metal-vapor, which 
contains inside the vessel, and more in particu 
lar on the bottom of the vessel, a certain amount 
of an evaporable metal such as inercury. This 
metal, when heated under operating conditions 
by the heat developed in the discharge vessel, 
will produce the vapor-pressure required for op 
erating the vessel. It is necessary that the 
amount of metal stored in such a discharge ves 
sel shall be brought up to the proper temper 

(C. 250-2.5) 
containing a certain amount of evaporable metal, 
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ature without appreciable delay, in order that 
the vapor-pressure in the vessel Will rapidly reach 
its normal operating value. This requirement is 
especially important in the case of a discharge 
vessel having an oxide-coated cathode, for in 
such a vessel there is always the danger that 
the active cathode-layer may be destroyed when 
a potential difference is applied between anode 
and cathode before the vapor-pressure inside the 
vessel has reached a sufficiently high value. And 
if the anode voltage is not applied until after 
the vessel is brought into the proper operating 
condition, a time-delay of considerable length 
will be the result. 

Discharge tubes heretofore proposed to deal 
with this problem are unsatisfactory for either 
one of two reasons: either the final vapor-pres 
sure, although having the proper value, is not 
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this metal can only accumulate in the vicinity 
of the lead-in wires through which the heating 
current is supplied to the cathode. The accu 
lation of the metal in the vicinity of the lead-in 
wires through which the emission-current flows 
is made impossible. The measures specifically 
consist in giving the bottom of the vessel a spe 
cial shape. Furthermore, the dimensions of the 
lead-in wires for the heating current and of the 
heater for the cathode, and at the same time the 
material of which these members are to be made, 
are chosen. So as to make the vapor-pressure 
inside the vessel reach or have reached its nor 
mal operating value at the instant at which the 
temperature of the cathode reaches its normal 
Operating value, 
In order to meet the latter requirement, the 

arrangement should be made such that, as soon 
as the vessel becomes energized, there will be 
immediately delivered a considerable quantity of 
heat to the stored metal (present in the form of 
drops produced by condensation), so that the 
temperature and thus the vapor-pressure of the 
metal will rapidly increase. On the other hand, 
the rate at which energy in the form of heat 
will be delivered to the metal must be automat 
ically reduced when the cathode-temperature 
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reached until after a long time-delay, or the Wa 
por-pressure, although reaching quickly the 
proper value, will rapidly increase beyond the 
permissible value determined by the desired 
blocking voltage of the tube, on account of the 
continuing supply of heat received by the metal. 
In fact, such discharge vessels can only be made 
operable by skillfully compromising between the 
length of the heating-up interval and the mag 
nitude of the blocking voltage. 
The present invention seeks to avoid the dis 

advantages just outlined. In accordance with 
this invention, measures are taken so that, in an 
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approaches more and more closely its normal 
operating value, so that finally a state of equi 
librium will be reached in which only a rela 
tively small amount of heat is continuously sup 
plied to the stored metal. 
This can be done in practice by using for the 

lead-in wires a material whose resistivity has a 
temperature-coefficient that is as small as pos 
sible, and by using for the cathode-heater, which 
may be provided, for instance, in the form of a 
heating spiral, a material whose resistivity has 
a temperature-coefficient that is as large as pos 
sible. The electric resistance of the entire heat 
ing circuit at the instant at which the vessel 
becomes energized will then be equal to the sum 
of the lead-in wire resistance and the very low 
initial resistance of the heating spiral. In other 
Words, application of the heater-voltage, which 
should preferably be constant, will result in the 
flow of an initially very strong current, which 
will produce a correspondingly large amount of 
heat in the lead-in wires. 
In the final state of equilibrium, however, the 

resistance of the heating spiral will be so high 
that the initially very strong heating current, 
and thus the amount of energy that is being con 

electric discharge vessel of the hot-cathode type 55 verted into heat in the lead-in wires, will be 



tightness of the glass seals for the lead-in wires 
shall not be endangered naturally limits the per 
missible temperature rise of these wires. Good 
results were obtained, for instance, with lead-in 
wires made of chronium-iron or of nickel-iron, 
and with heating spirals made of tungsten, of 
molybdenun, of tantalum, of iron, and of nickel. 
The effectiveness of an arrangement in accord 
ance with the present invention can be further 
improved by adopting a special arrangement for 
the lead-in wires at the points where these wires 
are sealed in the glass. It will be advantageous, 
for instance, to provide the portions of the lead 
in wires for the cathode, i. e., for the heating 
current for the cathode, that are sealed in the 
glass in the form of tubular members. The 
adoption of this particular arrangement will 
facilitate the transfer of the developed heat to 
the stored metal, and will make it unnecessary, 
therefore, to raise the temperature of the lead 
in wires beyond a reasonable limit. At the same 
time the advantage will be secured that the 
lead-in wires will be mechanically very rigid, so 
that it becomes possible to use one of them in 
the course of the manufacturing process for 
connecting the vessel to the vacuun pump. 
An example of an arrangement in accordance 

with the present invention is illustrated on the 

8,971,988 
tion 2, is provided in such a form that it can 
be used as a connection between vessel and 
vacuum pump in which case it will have an 
opening into the vessel indicated at 2. 
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drawing. The lischarge vessel shown has an in- . 
directly heated cathode, and is equipped with 
a control grid. Inside the vessel , which may 
be made of an insulating material or of a metal, 
are mounted the anode 2, the control grid , 
the heating spiral 4, and the electron-emitting 
cylindrical cathode , the latter being sur 
rounded by a protective cylinder . 
flow of the emission-current coming from the 
cathode there is provided a lead-in wire that 
is located at a certain distance from the cen 
ter-portion of the botton of the vessel; the 

or the 

lead-in and supporting wire 8 for the control 
grid is similarly located. The heater current is 
supplied to 4 through rod-shaped conductors 
and to which are attached sealed-in conduc 
tor-portions and 2 that are provided in the 
form of tubes. A quantity of mercury stored on 
the bottom of the discharge vessel is designated 
by 18; it is located between the two tubular lead 
in wires for the heating spiral, in a position 
such as to make the heat developed in these 
lead-in wires transfer rapidly and unimpeded 

the mercury. One of the two conductor-por 
tions just referred to, i. e., the conductor-por 
to 
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It should be understood, of course, that the 
arrangement shown on the drawing is only one 
example of possible forms of application of the 
present invention. For instance, the invention 
can also be applied when the cathode-structure 
is different from the one shown on the drawing, 
or when the cathode is of the directly-heated 
type. When the cathode is of the latter type, 
the emission-current can be drawn from it 
through one or more separate lead-in wires that 
are connected to the cathode at suitably chosen 
points, so that the amount of heat developed 
in the lead-in wires for the heating current will 
not be increased on account of the flow of ens 
sion-current. It is further self-evident that in 
so far as the arrangement of the electrode 
structure is concerned, the vessel can be de 
signed in various manners, and that the vessel 
may be equipped, instead of with the three elec 
trodes shown, with only two electrodes, or with 
more than three electrodes. And finally, a gas 
such as a noble gas, may be added to the vapor 
with which the vesse is fled. 

clan: 
1. A discharge device comprising a container 

having a vaporizable metal therein, a portion of 
said container adapted to receive said metal, a 
cathode heater coil in said container, Connec 
tions from said heater coll, said connections hav 
ing a portion productive of heat by current flow 
and passing through said portion of the con 
tainer for heating said metal. 

2. A discharge device comprising a container 
having a vaporizable metal therein, a portion of 
said container adapted to receive said metal, a 
cathode heater coil in said container, connec 
tions from said heater coil, said connections 
having a portion productive of heat by current 
flow and passing through said portion of the 
container for heating said metal, the resistivity 
of the material used for the heater cathode coll. 
having a higher temperature coefficient than the 

tivity of the material used in said connec 
O 
3. A discharge device comprising a container. 

having a vaporizable metal therein, the botton 
portion of said container being shaped to store 
the unvaporized metal, a cathode surface in 
said container, a heater coil for said surface, 
connections from said coil passing through the 
bottom portion of said container for heating 
said unvaporized metal and a cathode connec 
tion to said cathode surface passing through a 
portion of said container spaced from said un 
vaporized metal. 

4. A discharge device comprising a container 
having an ionizable fluid therein and having a 
cathode and an anode, a heater for said cathode, 
and electric-resistance heating means for said 
fluid, both said heater and heating means being 
electrically in series and physically remote one 
from the other. 

5. A discharge device comprising a container 
having an ionizable fluid therein and having a 
cathode and an anode, a heater for said cathode, 
and electric-resistance heating means for said 
fluid, the temperature-coefficients of heater and 
heating means being one larger than the other. 

6. A discharge device comprising a container 
having an ionizable fluid therein and having a 
cathode and an anode, a heater for said cathode, 
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and electric-resistance heating means for said 
fluid, the temperature-coefficient of said heater 
being large with respect to the temperature 
coefficient of said heating means. 

7. A discharge device comprising a container 
having an ionizable fluid therein and having a 
cathode and an anode, a heater for said cathode, 
and electric-resistance heating means for said 
fluid, said heater and heating means being in 

electrical series and said heater having a rela 
tively large temperature-coefficient and said 
heating means having a relatively small tet is 
perature-caefficient by which initial current 
flow will be maximum and will produce an in 
itial large amount of heat in said heating neas 
and a subsequent lesser heat thereira and in a 
creased heat in the heater. 
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