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This invention relates to electronic tubes of the 
Space discharge, rectifier class; and relates more 
particularly to the initiation of the discharge of 
Such tubes. 
The invention has particular application to dis 

charge tubes, which comprise an anode and a 
vaporizable self-replenishing cathode, both con 
tained in an envelope. Such tubes are in general 
Well-known and the material commonly employed 
for the Self-replenishing cathode is mercury 
which has led to the designation of such cathodes 
as "pool' cathodes. 

In the practical use of such tubes, the anode 
and cathode are connected in a load circuit, and 
the discharge therebetween, that is to say, the 
load current flow through the tube between the 
anode and the cathode, is maintained by the volt 
age impressed upon them after the flow once 
starts, but in order to initiate the discharge cur. 
rent, Some kind of starting means is provided. 
Likewise, if the impressed voltage on the tube is 
discontinued or reverses, the discharge ceases and 
the starting means must again be utilized to start 
the tube when current again is wanted in the load 
circuit. 
When the tube is used in an alternating current 

load circuit and the impressed voltage therefore 
passes through Zero value, the tube, because of 
its inherent rectifying property, stops passing 
discharge current at the zero value of the half 
cycle during which current flows, and must be 
started again and repeatedly for each half-cycle 
in which the polarity is in the direction to main 
tain discharge. When a succession of half cycles 
of current is wanted in the load circuit, a timing 
apparatus is utilized to actuate the starting means 
On Successive half cycles synchronized with the 
alternat’rns of the im"ressed voltage. It follows 
that, particularly in alternating current practice, 
the starting means for the tube must be consid 
ei'? in conjunction with the timing means. 
Various starting means and devices have been 

proposed for Such tubes. 
In One well-known type, the cathode is a pool 

of mercury; and a starting element, in the form 
of a high resistance pencil is mounted in the 
envelope and has its end projected into or pass 
ing upwardly through the mercury pool; and to 
start the discharge, the pencil is energized by 
electric current conducted through the wall of 
the tube. This type of starter requires large 
amperage in the pencil to effect starting, and 
when, as is frequently the case in practice, it is 
desirable to employ a timer of the electronic tube 
type, the very Small electronic timing current, 
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which such timers provide, must first be amplified 
by an amplification apparatus with attendant 
expense and complication. 
In another type of starter, an electrode is pro 

vided which is normally Spaced from the Surface 
of a mercury pool and, by means of a mechanism, 
is moved to contact with the pool and then with 
drawn to draw an arc at the Surface of the pool; 
or the mercury pool is made in two separate parts 
and by mechanical movement of the tube the two 
parts of the pool are made to contact with each 
other and then Separated to cause an arc to be 
drawn therebetween. These starters have the 
disadvantage of the mechanical features neces 
sary to draw the arc, and do not lend themselves 
readily to timed Starting. 

Starters have also been proposed comprising a 
starting electrode mounted in the tube above the 
surface of a mercury pool and starting is effected 
by impressing upon the pool and the electrode, 
voltage sufficient to cause a Spark discharge 
therebetween, and to produce an electron emissive 
“hot spot' on the mercury, this type of starter 
having however the disadvantage that to effect 
starting the impressed voltage must be very high, 
so high in fact that it weakens and breaks doWn 
the insulatihg property of the envelope wall 
through which the high potential energy to the 
starting electrode must be conducted, as well as 
the disadvantage that such high potential must 
be developed by the timer when timing is wanted. 

All such starters, and others which have been 
proposed, depend upon the theoretical conception 
that, in Order to initiate the discharge, electrons 
must be emitted from the surface of the pool in 
sufficient number and velocity to effectionization 
of vapor or gas in the envelope, which ionization 
rapidly multiplies and accelerates until the tube 
“breaks down' into a full discharge. 
Mercury is in some respects an ideal material 

for the cathode of Such tubes because after the 
discharge has started it readily vaporizes and 
provides the ionizable medium in which the dis 
charge is maintained, and because it readily con 
denses again and flows back to the pool to con 
stantly replenish it; but the use of mercury as 
the cathode introduces disadvantages and diffi 
culties in the initiation of the discharge both in 
the starting means and in the timer therefor, such 
as those mentioned above. 
Furthermore, when a mercury pool is employed 

for the cathode, the starting of the discharge is, 
in general, unreliable and variable; that is to Say, 
when the starter is actuated, Starting does not 
always occur, and the starter must be actuated 
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again or repeatedly to effect starting; or the 
actual starting delays for a measurable time 
period after the starting energy is applied; and 
such irregularity can be overcome only by in 
creasing the quantity of starting energy; and 
Such irregular starting prohibits the use of Such 
tubes in those fields of application in which very 
accurate timing of the discharge. is wanted, and 
in which electronic timing is desirable but ren 
dered too expensive and complicated by the 
necessity of amplifying the starting energy. 
Typical of such fields is that of electric Welding 
in which the duration of the welding current is 
wanted for exactly a pre-selected number of half 
cycles of current and in which the value of the 
current is to be controlled by controlling the 
exact instant in each half cycle at which the 
discharge current begins to flow. 

It has been ascertained that mercury cannot be 
made to give off electrons from its surface sufi 
cient to ionize an ionizable gas or vapor in con 
tact with the surface, except under the impulsion 
of a relatively great quantity of electrical energy, 
that is to say, mercury has a relatively high 
"electron affinity'; and it is believed that it is 2. 
this property of mercury which renders starting 
of the discharge irregular as mentioned, except 
when a relatively great quantity of energy is 
utilized, because with a mercury pool cathode 
tube, it has been demonstrated that starting of . 
the discharge is caused by the emission of elec 
trons from the pool surface of sufficient velocity 
and quantity to ionize the vapor near the pool 
surface, as will be referred to hereinafter. 

I have discovered, however, that if a suitable . 
material which has the property of emitting elec 
trons under the impulsion of a relatively small 
quantity of energy be incorporated in or dis 
solved in the mercury to make of it an alloy or 
amalgam, the quantity of energy required to 
cause the emission of electrons therefrom is less 
than can be accounted for by the emission char 
acteristics of the components of the alloy; and 
that if such an alloy be used as the cathode of a 
discharge tube, the discharge of the tube can be : 
started by the application of a quantity of energy 
less than the minimum required to effect ioniza 
tion of the gas or vapor in the tube envelope by 
the emission of electrons from the alloy, and that 
starting may therefore be effected by a quantity 
of starting energy so small that unamplified elec 
tronic timing current is ample for the purpose; 
and that a striking improvement is made in the 
reliability of starting of the tube and in the ac 
curacy of the timing of the starting. 

I have found that such an alloy which for 
practical reasons adapts itself to use as the cath 
Ode of a discharge tube, is made by dissolving 
pure barium metal in mercury, although other 
metals may be used as Will be referred to. 

It is among the objects of the present inven 
tion: 
To provide generally an improved electronic 

tube of the space discharge type; 
To provide a space discharge tube having an 

improved self-replenishing cathode; 
To provide a space discharge tube having im 

proved starting characteristics; : 
To provide an improved self-replenishing cath 

ode for space discharge tubes; 
To provide an improved starter for space dis 

charge tubes of the self-replenishing type; 
To provide a Space discharge tube having asso 

ciated therewith improved means for cooling the 
Sale. - 
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Other objects will be apparent to those skilled 

in the art to which my invention appertains. 
My invention is fully disclosed in the follow 

ing description taken in connection with the 
accompanying drawings in which, 

Fig. 1 is a longitudinal sectional view of a tube 
embodying my invention in one form and show 
ing means for cooling the same by the flow there 
over of a cooling medium such as Water or oil; 

Figs. 2, 3, 4, and 5 are views illustrating modi 
fications of the tube proper of Fig. 1, showing 
particularly modifications of a starter electrode 
and the disposition of the same shown in Fig. 1; 

2) 

3) 
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Figs. 6 and 7 are views showing other modi 
fications of the starter electrode; 

Figs. 8, 9, 10, and 11 are diagrammatic views 
illustrating examples of starting circuits for the 
tubes of the other figures which I may employ. 
This invention may be embodied in various 

forms of tubes a few of which have been illus 
trated and will now be briefly described. 

Referring to Fig. 1. I have shown at the en 
Velope of the tube which may as usual in Such 
tubes be made of glass. An anode conductor 2 is 
Sealed through the upper end of the tube and 
supports in the tube an anode 3. In a lower 
portion of the tube is the cathode 4. A cathode 
conductor 5 is sealed through the wall of the 
tube and contacts with the cathode. A starter 
electrode 6, spaced a few millimeters from the 
Surface of the cathode, is connected to a lead 
in Wire 8 sealed in a glass tube 9 which in turn 
is sealed through the upper wall of the tube. In 
this particular form, the tube 9 passes through 
a perforation in the anode. 
The tube of Fig. 1 is arranged to be cooled 

by liquid such as Water and to this end is en 
closed in an upwardly open, cup form jacket, 
shown generally at f . The jacket f is prefer 
ably formed from metal and comprises a side 
wall 2 and a bottom wall 3, which may be in 
tegral, and a cover wall 4. On the inner side 
of the botton wall 3 is a metal receptacle or 
'spring clip 5 into which the lower end of the 
anode connector 5 may be inserted when the tube 
as a whole is inserted downwardly into the jack 
et . The cover 4 is placed upon the upper 
end of the wall 2 and sealed thereon by a gas 
ket or other seal 6, the cover 4 being secured 
in place and a pressure seal effected by an in 
ternally threaded nut element 7, threaded on 
the upper end of the Wall 2 and having a flange 
8 overlapping the cover 4. The upper end por 

tion of the tube may project outwardly through 
a perforation 9 in the cover 4 and a gasket 9 
may be placed between the cover 4 and a shoul 
der 20 on the envelope to sea the jacket 
at this point and to support the tube in upright 
position. The tube is supported by a bracket 50 
connected to the wall of the jacket. 
The starter electrode lead wire 8 and the anode 

connector 2 are by this construction accessible 
externally of the jacket , and connection to the 
cathode may be made directly to the jacket fl, 

35 for exainple by a wire shown diagrammatically 
at 2. 

A. Conduit ripple 22 communicates with the in 
terior of the jacket at a lower portion thereof, 
and a nipple 23 communicates with the jacket 
interior at an upper portion, and conduits con 
}lected to these nipples may conduct cooling liquid 
Such as Water or oil through the jacket to conduct 
heat away from the envelope ? for well-known 
purposes, the liquid preferably flowing in at the 
nipple 22 and out at the nipple 23. 
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By bringing the starter lead-in wire 8 and the 

anode conductor 2 out of the upper end of the 
tube, and by causing the upper end of the tube 
to project out of the cooling liquid, all necessity 
of insulating the wire and conductor from the 
liquid is obviated; and also the upper end of the 
tube, not being directly cooled by the cooling 
liquid, Operates at a temperature at which mer 
cury Vapor from the pool will not condense there 
on and tend to short circuit the anode conductor 
and Starter lead-in wire; nor run down over the 
glass tube 9 and short circuit the starting elec 
trode to the pool and prematurely or accidentally 
start the tube, or interfere with accurate starting 
as Will become apparent. 
The Cathode 4 is, in this particular embodi 

ment, a mixture or amalgam or alloy of mercury 
and barium. The improved operating character 
istics to be more fully described will be present 
with cathodes of various ratios of mercury and 
barium and with the proportion of barium as 
Small as .005% by weight, but I prefer to employ 
about .1% of barium. And I have found that the 
characteristics of the tube can better be predeter 
mined if the barium when incorporated in the : 
nercury is in uncontaminated pure metal form, 
and to this end I prefer to take precautions in the 
process of mixing the two components, and to 
this end I prefer to proceed as follows. 
I first put into the cathode portion of the 

envelope the preselected quantity of metallic 
barium in a pure unoxidized uncontaminated 
condition, and then I sealedly connect the enve 
lope to an exhaust pump, and by means of the 
pump and the known processes of baking and 
bombarding, I produce in the envelope a hard 
WCIU, 

I then boil mercury connected to the exhausting 
System and distill over into the tube the quantity 
of mercury selected, condensing the same into a 
pool at the cathode end of the tube. The barium 
metal at this time floats on the surface of the 
mercury. I then impress upon the anode 3 and 
cathode 4 electric potential; and I impress a 
suitable potential between the starting electrode 
6 and the cathode 4 to be referred to and thereby 
Start discharge through the tube between the 
anode and cathode. The discharge heats or boils 
the mercury and the barium dissolves or amal 
gamates with the mercury. The exhaust pump is 
preferably again operated to draw off any oxide 
or hydroxide of barium which may be present o 
produced by the boiling of the alloy. w 
As an alternative mode of introducing the alloy 

into the tube, mercury and barium may be mixed 
and heated or boiled, externally of the tube, and 
distilled over into it. 
The tube may be sealed off from the exhaus 

at a pressure in the envelope Such as is commonly 
employed for pool discharge tubes; or an ioniz 
able gas such as argon may be introduced into the 
tube at a Suitable pressure if desired, but inas 
much as the mercury and barium of the cathode 
vaporize into the envelope in Operation, other 
gas or vapor is not usually receSSary. 
The anode 3 may be of usual material for Such 

anodes but is preferably of course one which does 
not amalgamate With mercury vapor. 
The starting electrode 6 in the form of Fig. 1 

is a bare wire in that portion projecting out of 
the sealing tube 9, and it may be of any suitable 
material such as graphited iron, tungsten, plati 
num, etc. providing that it does not amalgamate 
with the mercury. The tube when in operation 
and filled with mercury vapor, condenses the 
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vapor on the walls of the envelope, and vapor like 
wise condenses on the sealing tube 9, and since 
potential is imposed upon the starter electrode 6 
and the cathode 4, there would be a tendency for 
such potential to be short-circuited through a 
layor of condensed mercury on the tube 9 and 
the envelope Wall, and it is for this reason that 
the tube 9 is disposed in close proximity to the 
anode 3. The anode 3 in operation becomes hot 
and heats the tube 9 preventing the condensation 
of Vapor thereon in portions thereof adjacent the 
anode. Obviously the tube 9 could be disposed 
adjacent to the periphery of the anode 3 instead 
of passing through it, to the same end, as shown 
in the modification of Fig. 2. 
On the other hand, if, with the arrangement of 

Fig. 2 the tube 9 is not kept hot enough by the 
anode 3 to prevent the condensation of mercury 
and barium thereon, the tube 9 may have thereon 
a layer or sleeve 24 of material which will not be 
come Wetted by the mercury vapor, or which will 
prevent the glass tube from condensing mercury 
thereon, One such material being commercial 
"Asinag.' 
Again, as shown in Fig. 3, the starting electrode 

25 may be entirely enclosed in a glass tube 26, 
extending upwardly through and to a point above 
the Surface of the cathode; or as in the modi 
fication of Fig. 4 the starting electrode 2 may be 
entirely enclosed in a tube 28, and the wire 8 may 
be led into the Side wall of the envelope and the 
end of the tube 28 with the electrode 27 therein 
may be projected into the pool cathode 4. 
As a further modification, the form, of Fig. 5 

may be employed in which the starting electrode 
29 is electrically connected to and depends from 
the anode 3. 

In Fig. 6 is shown a starting electrode 20 simi 
lar to the electrode 6 of Fig. 1 but provided with 
a plurality of depending points or teeth 3 the 
lower ends of which are spaced from the surface 

of the pool 4, and these may conveniently be 
provided by spot welding vertically disposed short 
pieces of wire to a horizontal support 32; and in 
Fig. 7 is shown a starting electrode 33 in the form 
Of a loop. 
To start the main discharge through the tube, 

potential, to be more particularly referred to, is 
impressed between the starting electrode and the 
alloy pool, and this may be done by any suitable 
circuit arrangement, those illustrated diagram 
matically in Figs. 8, 9, and 10 being suitable for 
any of the electrode arrangements of Figs. 1, 2, 
3, 4, 6, and 7, and the circuit of Fig. 11 being 
particularly directed to the electrode form of 
Fig. 5. 

Referring to Fig. 8, the anode 3 and cathode 
4 are connected in series with a load 34 and con 
nected to supply mains 35 and 36. The circuit 
for the starter 6 comprises a wire 3 connected 
to the cathode 4 from a supply main 38, and a 
wire 8 connected to the other supply main 39 
through a “control' 40, which control may be 
any Suitable means for closing the circuit at the 
time or instant at which it is desired to start 
the discharge. 
The supply mains 35-36 and 38-39 may be 

energized with alternating or direct current. 
In Fig. 9 an arrangement similar to that of 

Fig. 8 is provided except that a condenser 4 is 
provided which, prior to the time of starting, 
is charged from mains 42 and 43, and the “con 
trol' apparatus at the time of starting closes the 
circuit to the electrode 6 to discharge the con 
denser thereto. 
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The circuit of Fig. 10 is more suitable to an 

alternating current System. Alternating current 
mains 44 and 5: Supply the main tube voltage. 
The Starting electrode 6 is connected to the 
secondary 43 of a transformer the other side of 
the secondary being connected by Wire 47 to the 
cathode 4. The primary 48 of the transformer 
is connected to the Wire 4 and to a control. 49 
and thence by wire 5 to the anode 3. By means 
of the transformer, the line potential is trans 
formed to that suitable for the starting electrode 
6, and by means of the control. 49 the electrode 
6 may be energized or have potential impressed 
thareOn at the desired instant in the half wave 
Of the alternating voltage impressed upon the 
anode and cathode; and accordingly the control 
49 may be any known form of electronic or other 
accurate tinner. - 

in Fig. 1 in which the tube would be used to 
rectify current in a load 34 from alternating cur 
rent mains 5 and 52, the tube will start when 
ever the line SWitch 53 is closed, the main line 
potential on the anode 3 and cathode being im 
pressed between the starting electrode 29 and the 
cathode 4, and in this connection, with reference 
to Fig. 5, the main body. 54 of the starting elec 
trode connected to the anode 3 is preferably made 
of high resistance material to prevent any sub 
stantial current from flowing therethrough. 
Coming now to the improved characteristics 

of the tube as compared with prior tubes, a num 
ber of important features have been observed 
Which Will now be considered. 
With a mercury and barium alloy pool as de 

scribed, and with the starting electrode spaced 
a few millimeters, such for example as three 
millimeters, from the surface of the mercury, 
instantaneous starting will invariably occur when 
a potential as low as 30 to 100 volts is impressed 
upon the starting electrode and the pool. As 
compared with this, using a pool of pure mercury 
and with all other conditions identical, the tube 
will not start even with an impressed voltage as 
high as 30,000 volts. 
Again, the quantity of energy required to start 

the till be with the mercury and bariuin pool is so 
Sinal as to be innaaSurable in a practical Sense. 
If, experimentally, the voltage impressed upon 
the starting electrode and cathode be gradually 
raised from zero, while a potential of say 110 volts 
is impressed upon the anode and cathode, and if 
an annetter calibrated to measure tenths of 
micro-amperes be connected in series with the 
starting electrode, then when the starting voltage 
has been raised to the point at which the tube 
main discharge Starts, which as stated may be a 
Starting electrode Voltage of 30 to 100 volts, 
the current in the starting circuit will be so small 
as to give no indication on the meter and is 
therefore less than to micro-ampere. 
Now the conventional, theoretical concept of 

the initiation of discharge through a tube of this 
type, is predicated upon the hypothesis that elec 
trons are emitted from the cathode in sufficient 
quantity and welcCity to ionize the vapor adja 
cent the surface of the pool, but experimental 
evidence points to the conclusion that Starting 
of this tube is not effected by ionization produced 
by electrons flowing between the starting elec 
trode and the pool surface, but is effected by the 
development of a field action therebetween, and 
not involving the flow of electrons across the 
field; because the minimum voltage per centi 
meter in the gap between the electrode and the 
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less, and the flow of electrons (if any) is less, than 
has been found by prior authoritative researchers 
to be necessary to produce electrons capable of 
ionization. 

Robert A. Millikan and others have found that 
the minimum voltage per centimeter at a mate 
rial surface which will cause electrons to be emit 
ted is 105; whereas in the present tube with a 
Working gap at the starter of 3 millimeters and 
a Starting potential at the gap of 30 volts as 
described the voits per centimeter is only 102, 
which is not enough to produce electron flow. 
Leonard B, Loeb has found that the minimum 

election flow out of a material surface which will 
ionize a gas or vapor is approximately 1 micro 
ampere; whereas in the present tube, when start 
ing occurs on a rising electrode potential, no elec 
tron flow is detectable on a to micro-ampere 
nineter. 
... It follows that with the present tube, the mini 
num starting Voltage per centimeter of gap is so 
low that the fiow of electrons is precluded, and 
that starting is effected not by ionization pro 
duced by the Starter; and that the starting volt 
age Collid be raised considerably above the mini 
In Uin value before any ionizing flow of electrons 
Would occur. 
As further and practical evidence that the tube 

embodying my invention effects starting of the 
main discharge by a phenomenon or principle dif 
ferent from that of effecting initial icnization by 
electron flow in the space between the starting 
electrode and the pool surface, starting of the tube 
can readily be effected with the modification 
for 1: S of FigS. 3 and 4 with the starting electrode 
enclosed in a glass tube and when the glass walls 
Of the tubes 26 and 28 of Figs. 3 and 4 have a 
thickness of 'A' at which thickness the low 
Starting Voltage used is too small to cause a flow 
of electrons through the glass wall sufficient to 
ionize vapor in the tube, 
And again, I have found experimentally that the 

tube discharge can be started by the influence of 
a Spark coil of the small commercial size 
used for leakage testing, sometimes known as a 
Tesla coil, operating at a distance of two feet from 
the tube, and Without any electrical connection 
With the starting electrode or pool. 
While as shown, the present tube using a pool 

of mercury and barium as described has minimum 
starting quantitative conditions which preclude 
the possibility that starting is effected by ioniza 
tion by the starter, there is experimental evidence 
to show that a like tube having a pure mercury 
pool does start by a starter effected ionization. 
As Stated above the present tube with a pure mer 
cury pool requires an impressed voltage of greater 
than 30,000 volts to start it. This, for a 3 milli 
meter starting gap is greater than the 105 volt per 
centimeter which Millikan found produced elec 
tron flow, and consequently considerable electron 
emission is present at the time of starting. 

It has been determined by other researchers 
that the electron affinity of mercury may be taken 
at 1.79 volts, and that of barium at .1 volt ap 
proximately (different for different authorities). 
A comparison between the minimum starting volt 
age of the tube using a pool of pure mercury, and 
the same tube with a pool of mercury and barium, 
With a low percentage of barium such as .1%, 
shows Such an enormous reduction of the mini 
mum starting voltage for the alloy pool, that it 
cannot be accounted for by any comparative quan 
titative application of the electron affinity theory 
Which involves ionizing emission of electrons. 
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And conversely, the enormously greater energy re 
quired to Start With the pool, of pure mercury, 
leads inevitably to the conclusion that the pure 
mercury pool starts by ionization produced by the 
starter. The starting phenomena for the two 
pools, as the experimental evidence and physical 
data show, are different, and the principles of 
starting are different in consequence, the pure 
mercury pool starting by starter-effected ioniza 
tion, and the alloy pool without ionization. 

I have mentioned above the advantage of low 
starting voltage. Other advantages may be men 
tioned. For a discharge tube of given dimensions 
and impressed anode and cathode potential, the 
voltage drop through the tube with a pure mer 
cury pool will be approximately eight volts where 
as with a mercury and barium alloy pool the volt 
age drop is only five to six volts; and starting is 
instantaneous, that is to say, there is no substan 
tial lag between the instant of impressing the 
starting potential on the starting electrode, and 
the instant at which the main discharge Starts; 
and Starting is invariable, that is to say, it never 
fails; and starting occurs alike in different cases 
whether the discharge current flowing upon start 
ing is large or whether it is exceedingly small; 
and the discharge never dies Out or ceases if the 
discharge current is reduced by changing the ex 
ternal load resistance, or by reducing the in 
pressed anode to cathode potential, through an op 
erative range. 
The exceedingly small quantity of energy re 

quired to start the discharge is evidently due to 
the presence of barium in the mercury pool but 
the proportion of barium is not Critical. In gen 
eral the greater the proportion of barium the 
lower the minimum starting voltage on the start 
ing electrode; and the Optimum proportion of 
barium would probably be the maximum propor 
tion at which vaporization, condensation, and con 
tinuous replenishment of the cathode Would con 
tinue to occur; but since with a small proportion 
of barium such as .1%, the minimum starting 
voltage is So low, no practical gain is attained by 
employing a greater proportion of barium. 

I have found that the above-described advan- i. 
tages may be more completely developed in the 
tube of Iny invention. When the polarity of the po 
tential on the starting electrode is positive With 
respect to the cathode, when the anode is positive 
with respect to the cathode. 

I have mentioned that it is desirable to provide 
the mercury barium pool in pure state, uncon 
taminated by oxide, and this is because, as I have 
found, if oxide be present it tends to accumulate 
on the surface of the pool and raises the minimum i 
starting potential, but even more important, 
renders the starting unreliable. 

It is well known that barium has the property 
of emitting electrons when heated, and I am aware 
that it has been proposed to mix barium. With the 
mercury pool of a discharge tube, to increase the 
flow of electrons emitted from the pool by the 
heat of the discharge after the discharge has been 
started; and I am aware that it has been pro 
posed, theoretically, to emit electrons from a pool 
of mercury by the strain of an electrostatic field 
if of Suficiently great intensity. But So far as I 
am aware it has not heretofore been proposed to 
start the discharge flow between the anode and 
cathode of a pool type discharge tube, by any field 
action on the pool of the tube (with Or without 
a component of barium therein), by a field 
strength below the value at which the pool emits 
ionizing electrons. 
In the foregoing I have described barium as the 
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preferred metal to mix or dissolve with the mer 
cury to make the alloy pool, and I have chosen 
this metal because it can so readily be made to 
dissolve in mercury, in pure state; but I con 
template the use of other metals for example cal 
cium, SOdium, Strontium, etc. And while for prac 
tical and economical purposes I prefer to employ 
any alloy cathode pool of mercury and one of 
Such elements, I contemplate the employment of 
inercury and more than one of such elements. 

I am not certain as to all of the metals which 
will, when alloyed with mercury, produce the low 
potential field action above described; and it 
would be almost a physical impossibility to experi 
lileiatally determine all of them and all of their 
suitable combinations of one, two, or more, with 
mercury. Some of them. I have mentioned. 
Therefore I here define them as “activating 
metals' for the purposes described above in de 
tail for barium. 

claim: 
i. A Space discharge tube comprising an en 

velope containing an anode and a mercury pool 
Cathode arranged to be subjected to potential, 
a starter comprising a starter electrode having a 
portion Spaced from the pool surface, and means 
for CauSiig a discharge between the anode and 
the pool Cathode to start at a minimum potential 
impreSSed acroSS the electrode and pool which 
is iess than Sufficient to effect emission of ioniz 
ing electrons from the pool said means compris 
ing barium metal dissolved in the mercury. 

2. A Space discharge tube comprising an en 
velope Colltaining an anode and a mercury pool 
cathode arranged to be subjected to potential, a 
Starter comprising a starter electrode having a 
portion Spaced from the pool Surface, and means 
for causing a discharge between the anode and 
the pool Cathode to start at a minimum potential 
in pressed across the electrode and pool which 
is less than sufficient to effect emission of ioniz 
ing electrons from the pool said means compris 
ing an activating metal dissolved in the mercury. 

3. A Space discharge tube comprising an en 
velope containing vapor at reduced pressure and 
an anode and a pool Cathode arranged to be 
subjected to potential, a starting electrode hav 
ing a portion spaced from the pool Surface, the 
pool comprising mercury and one or more acti 
wating metals dissolved therein which cause 
starting of a discharge between the anode and 
the pool cathode to occur when potential is im 
pressed acroSS the Starter portion and the pool 
less than Sufficient to cause emission of ionizing 
electrons from the pool surface. 

4. A space discharge tube comprising an en 
Velope Containing an anode and a mercury pool 
cathode arranged to be subjected to discharge 
producing potential; starting means comprising 
a starter electrode having a portion Spaced from 
the pool surface whereby potential impressed 
upon the electrode and pool will cause a dis 
charge to start between tine anode aid the pool 
cathode; and means for reducing the impressed 
potential necessary to effect the Starting of the 
discharge, and for causing the discharge to start 
at less than electron-emissive temperature of 
the pool, comprising barium metai dissolved in 
the mercury. 

5. A space discharge tube comprising an en 
velope containing an anode and a mercury pool 
cathode arranged to be subjected to discharge 
producing potential; starting means coin prising 
a starter electrode having a portion Spaced from 
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... the pool Surface whereby potential impressed 
upon the electrode and pool will cause a dis 
charge to start between the anode and the pool 
cathode; and means for reducing the impressed 
potential necessary to effect the starting of the 
discharge, and for causing the discharge to start 
at less than electron-emissive temperature of the 
pool, comprising an activating metal dissolved in 
the mercury. 

6. A Space discharge tube comprising an en 
velope containing vapor at reduced pressure, and 
an anode and a pool cathode arranged to be Sub 
jected to discharge-producing potential; a start 
ing electrode having a portion. So disposed rela 
tive to the pool surface that potential impressed 
upon the electrode and pool Will cause a dis 
charge to start between the anode and the pool 
Cathode; and means to reduce the impressed 
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potential necessary to start the discharge, con 
prising pool material consisting of an alloy of 
mercury and barium. 

7. A space discharge tube comprising an en 
velope containing vapor at reduced pressure, and 
an anode and a pool cathode arranged to be 
subjected to discharge-producing potential; a 
starting electrode having a portion. So disposed 
relative to the pool Surface that potential im 
pressed upon the electrode and pool will cause 
a discharge to start between the anode and the 
pool cathode; and means to reduce the impressed 
potential necessary to Start the discharge, and 
to cause the discharge to Start at less than elec 
tron-emissive temperature of the pool compris 
ing pool material consisting of an alloy of mer 
cury and an activating metal. 

LOUIS H. LA FORGE, JR, 

  


