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. . This invention relates to a cathode for mercury

arcs and has for one object to provide a cold
cathode electrical rectifier. In the particular
form here shown it may be described as s mer-
cury pool type, cold cathode.

It has for another object to provide a cathode
of the type indicated in which the discharge
is initiated easily and may be maintained simply
in trouble free operation.

Another object is to provide a cold cathode
means for stabilizing the arc and for facilitating
the transition from initial glow to effective arec.

Another object is to provide in a cold cathode
means for securing arc operation at low tempera-
tures and without the use of auxiliary starting
devices.

It is recognized that mercury ares have been
extensively used. In such deviees in the past,
however, substantial and relatively expensive
auxiliary equipment has been required for start-
ing the arc, and this fact has tended to limit
the use of such devices. In general it has been
- .considered that pocl type cathodes are Justified
only in the case of large installations in which
the cost and bulk are not prohibitive. However,
the cost and bulk of such auxiliary equipment has
made the use of pool type cold cathodes prohibi-
tively expensive in connection with small tubes.
It is, therefore, one of the objeects of the present
invention to provide a pool type cold cathode
which eliminates the necessity of auxiliary equip-~
ment and which is suitable for small installa-
tions and which at the same time gives rapid are
initiation and satisfactory operation over. long
periods. o
Another object is to provide a cathode of the
type indicated which will not be damaged or put
out of operation by overloads, whether they be
instantaneous, as will often occur, or long con-
tinued. - .

The cathodes of the present invention are illus-
trated in the drawings and described herein. - Be-
fore describing the drawings, the general theory
of operation and construction will be outlined.

. 1 Generally the cathode comprises a pool of mer-~

cury within a glass tube or envelope, and means

are provided in one form or another for limiting
the area of the mercury pool which is exposed.
-‘Fhis may comprise a constriction in the wall of
the tube or other envelope within which the are
occurs. By this means the cathode pool area ex-
-posed to the discharge is limited to something
less. than the total area of the pool. With this
is.combined in the tube or envelope an auxiliary
cathode which in general consists of a conductor
-in the form of a solid or relatively large area.

(CL 250—217.5)
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In another form the-device of this invention
comprises a cathode pool of large area which is
divided by a constriction—preferably slot shaped.
This constriction produces an inner area of the
pool which is relatively small and an outer area
which is relatively large.” ‘Relatively small open-
ings such as “pinholes” may be formed in the
constricting tube or other member. : -

The device - generally: comprises in all forms
a tube or envelope formed of ‘insulating material
such as glass. Within this is placed a:pool of
mercury and constricting means are provided
which are effective to 1limit the cathode pool are
exposed to the discharge. By means of this con-
struction an effective mereury arc is provided

which operates satisfactorily without .auxiliary

starting equipment; which accomplishes a rapid
initiation of the are and continued satisfactory
arc operation. The source of electrons in all the
forms of the device of this invention is a small
luminous spot on the “surfacé of the mercury
pool. This spot covers only a small portion-of

_the area of the pools.

It is unnecessary here to describe or explore
the various theories concerning the exact mecha-
nism or process for the extraction of electrons

_{rom this spot. It is sufficient to state that arcs
- are characterized by high current densities at the
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cathode and that devices made according to the
present invention operate satisfactorily as ares.
A theory of operation of the devices of this in-
vention is that the discharge from the anode
is channeled or directed and that the current
density at the cathode is increased, even before
the spot forms, by the channeling. Because the
current density is high at the cathode as a result

.of channeling, the formation of a spot is facili-

tated. After the spot is formed a limitation of
the effective area by this  chahneling tends to
maintain the existence of the spot. By “effective
area” is meant the effective area of the cathode

. Dpool exposed through the opening in the restric-
. tion. This area is substantially the projection
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of .that opening upon the expossd surface of
the cathode pool. The lumincus spot is developed
and the arc initiated promptly and satisfactorily.

Generally it may be said that there is at pres-
ent no complete ‘agreement as to the theory of
electron extraction in cathodes of the pool type.
However, in the devices of this application, by
condensing the discharge from the mercury pool
by means of a constriction, it has been possible
to facilitate the transition from gl6w to arc and

1in:one typical case to maintain a true arc with a

cathode spot:for a current as low as 25 milli-




“ure:6. :
- . Dike psarts -are -in
“throughout the specification-and thedrawings.
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An auxiliary metal cathode may be used in
addition to the mercury pool cathode. This
cathode may be in the form of a wire or a metallic
cone or a metallic tube or thimble. It may also
comprise a metallic film on the wall of an insulat-
ing member, whieh insulating ‘member -accom-
plishes the ¢dnstriction ‘above referied to.

Mercury has been spoken of above as a suitable
metal for forming the cathode pool. Another
suitable metal is cesium, which. is a_metal liquid
at room temperatures which ‘émits “elecirons
freely and which is used in ceftiin types of gas
discharge tubes. Its chafeteristic radintion aif-
fers from that of mercury. A choiee hetween the

two metals would involve a eonsideration of the

relative cost of the metals and of the type of
radiation desired or useful in the partiduldy “use
to which the cathode s to be applied.

© iAoy “the udvahtdies inherent ii-the struc-

eite ‘of this “inventioh wre “the -following: The

gpot “is -formed more -rapidly. . The ‘relatively
-FarBe total ‘cathode:ares makes it-€asy to estab-
-Hshaglow. Thé‘?i?e}ati’?ély‘fsmaﬂlchobl -areq eX-
iposed to the -dischirge facilitates the iegtowr<to-
‘ayc-transition. Once the -ate-has -been formed

the spot remainsstable—that s, it is-maintained
pgsfly and ‘does not ‘tend to -disappear. - It -nright
He said thet-the vestiiction “channels” the-elec-

_Jtﬁc‘icurre“nt’ from' the anodeto the-cathode.

-fPhis- invention -is Hiustratedmore or-less di-

~ggfammatically 45 the ‘Wedompenying -drawings,

“whereih: .

" ~Pigure 71 -is- a-longitudinal Seetion through a
tebe-embodying-thetinvention; -

- -Pigures'2 to %, inclusive, are-similar wiews il-

~Istrating modifled formis; and

- Pigure -8 -is*a-Section taken ‘at line 8—8-of Fig-
.inditated by ‘like characters

Generally the cathode of-this invention .is-em-

. “hodied in -a tube, bulb -or ether envelope which
45 .gastight -and from which -the air has been re- -
- -moved-and into which a-gas-or .o Vapor may -have

. ‘been ‘inserted. -A -metal-anode which .may ‘be-of
- -nickel, tantalum -or any other :suitable-.anode
. inaterial-is positioned .Within the envelope, and

& -cathode formed .of mercury -or cesium. is .also
‘positioned within the-envélope. The -anode and
-¢athode- are connected ‘through -the envelope to

. +a -gource-of-electrical :current outside of the en-

. ‘velope,

+~general -features in-

-A restriction of :some-sort is.positioned

“between the anode-and the cathode. - With these

nd, ‘the ‘seven -forms -illus-

“trated-herewith willbe described. . . - .

Figure 1, | Ais_f';ghe'-egirélbpé_. In
‘this : ‘be-a-glass tube. -An-anode 2
“ispositioned within “the ‘envelope -and ‘g gath-

-Ag -shown -in

~ode -pool -3 ~of ‘mercury lies in-the bottom. of the
. ~envelope-or -tube -f.

“A'Tead-in wire 4 of tungsten

. or -other -suitable ‘material :passes ‘through the

“wall -of -the envelope and ‘through the pool of

. mercury. -A Cone 5 -of taiitalum ‘is positioned

__within the ‘erivelope and above the mercury and
“piay be supperted by the tember 4, .as-shown.

- -it-may-be in contact .with he envelope. .
"lower end -the cone-is open, -perforated or trun-

-anode -2 :an

' rom $he envelope,.

“The cone may at its-upper edges be spaced away
providing -a .clearance §, or
e envelope. - At-its

£ with

“cdted,asatT.
’;;;rvthe,-.fqr‘m' of

as-shown - in Pigure ‘1. -
tends into the envelope . _
full contact with the cathode pool 3.

onlyenouigh i

0 -be.
It 'ﬁfiay
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be of tungsten or other suitable material. A
funnel-like member 9 of glass or comparable
material is positioned within the envelope and
is sealed at its edges to the envelope as ab {0.
On the inner surface of the funnel 9 is posi-
tioned -or formed 2 film-f {-of.some suitable metal
or semi-conductor, such as tumgsten or silicon.
The open hottom end of the funnel extends down-

- wardly and contacts the upper surface of the

cathode pool 3.

“Threughout the specification when the cath-
ode pool “is referred to as being formed of mer~
cury, it ds to he umnderstood that this word is

- mged. nob-ezclusively, but is to include other ma-

an
b

terials which remain liquid at normal operating

“tetriperatures and thus to include also cesium.

InaM»of the several forms of the device shown
the cathode pool might be formed of cesium
instead of mercury. ) o

In Figure 3 the envelope I, the anede "2, the
cathode pool 3 -and the lead-in wire 8- are’as
shown. in Figure 2. -A glass tiibe 12 "is.posi-
tionéd within the envelope and its ends may be
flared as shown. They may also be straight:and
unfared. At its lower end the glass tube 12 is

fastened to-the wail of the envelope ‘I, but. one

or more openings 13 aie 1&ft in he ‘tube {2 and
within the pool. 3 so that the materidl "of the

. pool mmay circulate through Such ppenings. At

-l

as.

40

‘-;ra;téd .metallic member

its upper-end the ‘tube. 12 is closed by a perfo-
4. “As shown the mem-
ber. may be of copper. If desired a sl tubu-
lar portion 15 defines the perforation throush
‘the copper member 4. .
In the form of Figure 4 the envelope 4, the

“gnode 2, the pool 3, the Tead-in wire’8 and the

‘tube 12 with its.openings or. perforations ‘f3 are
all ‘the .same as shown in Figure 3. The upper

"end’ of ‘the tube is partially closed by a ‘metil-

lic member ‘16 “which may be perforated, as at

7. “Secured to the metallic member 16 and de-

‘pendling ‘downwardly from it and into ‘the ool

3 °is aplurality of ‘metal -wires T7a. “These mmy
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“ve of tungsten ‘or other suitable materidl.

As shown in Figure'5-the envelope 1, the'cath-
‘ode 2, the pool 8 and the lead-in wire 8 are’the
same-as shown ‘in ‘several previous ‘figures. -A

“glass titbe 18 is positioned: within the -envelope
-and sedled to it-about its upper etiges,as-at 9.
The tube is constricted and flattened at’its' lower
‘end, ‘as at 28, to form a slot-like opening 21,

“"The lower end 20 extends slightly*bélow *the 'up-

60

" ag that of Figure'd, and

- differs  from
“ithat o poftion at-Jeast-of the “inmer wgurfacerof

‘per surface-of the pool 3 of ‘the cathode.

The form shown in Figure 6 is the fsanreas

;“that shown in ‘Figure 5, with- orre-exception, "' The

‘tube ‘18, which is ‘Hattened, ‘is provided with' a

“plirality -of ‘small holes 22, ‘of the ‘ortier “of "pin
‘holés. These ‘may be ‘arranged -regularly-orfir-

regularly. The forms of Figures 5 and§vare
‘{dentical except’for-the pinholes. ) 4

The ‘form of Pigure 7 is generally ithe-same

‘most ‘of “the reference

ntimerals are ‘the ‘same. “The form 6 Pigure 7

n ‘the form of “Figure 5ipy ‘the fact

'“the Tlattened tube ‘18 is provided with a Im=23
- of tungsten or-equivalentmaterial. Do

“The use and operdtion oftheiinvertion in ‘any

" w6f the'forms shown is-zsifollows:

70

‘A ‘tube ‘with ‘the cathotle of “the presefit-con-
struttion is insetted in a-system where’it mray'be

“iiséfil, Cathodes of the présent-desisn are‘not

_limjted to the use ‘ x spectic:y
“pose. “They ma'y'ib_ehs‘eﬂdf:in:i'ectiﬁer‘ﬁ;be‘s‘;iiié‘ht—

5

in“tubes for any-specificpur-

ing tubes or-any ‘other tubes i which' 1t*1s de-
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sired to use a cold cathode which will start readily
without auxiliary mechanism and with low cur-
rent at relatively low potentials.

With the tube embodying the present cathode
installed in any such system, the anode 2 and the
‘cathode pool 3 are connected to sources of cur-
rent and when the potential is sufficiently high,
a spot is formed within the uncovered area of the
cathode pool. Usually this spot will be formed
at a point within the projected area of the open
space within the restriction. For example, it will
be within the open space of the funnel 9 of
‘Figure 2.

In the forms of Figures 5, 6 and 7 it will noer-
mally be within the open space formed by the
flattened tube {8. In the form of Figure 6 it
‘may also form outside this area through one or
more of the pinholes 22. Generally a spot is
formed, and almost immediately a reguldr com-
plete arc is developed; znd the device is then
in full useful operation, and because of the con-
striction the arc remains stable and continues
until the device is disconnected from the source

of current, or the electromotive force falls below
g critical value.

The pinholes 22 are effective only at relatively
high gas or vapor pressure, of the order of 1%
millimeter to 5 millimeters of mercury. When
the pressure is such as to make the pinholes 22
effective, the discharge passes through one or an-
other of the pinholes and confinues to operate
through the hole with high stability, the spot oc-
curring where the discharge through the hole
strikes the mercury. The “streamer” of the dis-
charge remains concentrated rather than sprea ds
after it passes through the pinhole.

We claim:

I. In combination, an airticht envelope formed
of insulating material and substantially free from
air, a pool of metal which is in liquid form at
room temperature in said envelope, said pool com-
prising a cathode member, and an anode posi-
" tioned within said envelope and spaced away from
said cathode, and electrical connections to said
anode and said cathode, and means for concen-
trating the electron action of the anode upon a
limited portion of the cathode pool area, said
means comprising a generally funnel-shaped
“member with 2 wide open top and a restricted
open bottom, said top extending in the direction

" of said anode, said funnel-shaped member being
in contact with said envelope and being prov1ded
with conductive surface means.

2. In combination, an airtight envelope formeu
of insulating material and substantially free
from air, a pool of metal which is in liquid form
at room temperature in said envelope, said pool
-comprising a cathode member, and an anode po-
sitioned within said envelope and spaced away
from said cathode, and electrical connections to
said anode and said cathode, and means for con-
centrating the electron action of the anode upon
a limited portion of the cathode pool area, said

_means comprising a generally funnel-shaped
-member with a wide open top and a restricted

.. open bottom, said top extending in the direction

- -of. sald anode, said funnel-like member being

. formed of insulating material and sealed at its
upper end to said envelope.

3. In combination, an airtight envelope formed
of insulating material and substantially free
from air, a pool of metal which is in lquid form
at: room temperature in said envelopse, said pool
comprising a cathode member, and an anode

positioned within said envelope and spaced away’

e
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from said cathode, and electrical connections to
said anode and said cathode, and means for con-
centrating the electron action of the anode upon
a limited portion of the cathode pool area, said
means comprising a generally funnel-shaped
member with a wide open top and a restricted
open bottom, said top extending in the direction
of said anode, said funnel-like member being
formed of insulating material and sealed at its
upper end to said envelope, and metallic film po-
sitioned upon the inner surface of said funnel-like
member. ]

4. In combination, an airtight envelope formed
of insulating material and substantially free from
air, a pool of metal which is inliquid form at room
temperature in said envelope, said pool compris-
ing a cathode member, and an anode positioned
within said envelope and spaced away from said
cathode, and electrical connections to said anode
and said cathode, and means for concentrating
the electron action of the ancde upon a limited
portion of the cathode pool area, said means com-
prising s tubular member formed of insulating
material positioned within said envelope and
extending at one end into said pool, there being
a metallic partition positioned across the free
end of said tubular member, said metallic par-
tition being perforated.

8. In combination, an airtight envelope formed
of insulating material and substantially free from
air, a pool of metal which is in liguid form at
room temperature in said envelope, said pool com-
prising a cathode member, arid an anode posi-
tioned within said envelope and spaced away from
said cathode, and electrical connections to said
anode and said cathode, and means for concen-
trating the electron action of the anode upon a
limited portion of the cathode pool area, said
means comprising a tubular member formed of
insulating material positioned within said enve-
lope and extending at one end into said pool, there
being a2 mefallic partition positioned across the
free end of said tubular member, said metallic
partition being perforated, said tube being flared
at its upper and lower ends.

6. In combination, an airtight envelope formed
of insulating material and substantially free from
air, a pool of metal which is in liquid form at
room temperature in said envelope, said pool com-
prising a cathode member, and an anode posi-
tioned within said envelope and spaced away from
said cathode, and electrical connections to said
anode and said cathode, and means for concen-
trating the electron action of the anode upon a
limited portion of the cathode pool area, said
means comprising a tubular member formed of
insulating material positioned within said enve-
lope and extending at one end into said pool, there
being a metallic partition positioned across the
free end of said tubular member, said metallic
partition being perforated, and metallic wire-like
members extending from said partition to said
pool.

7. In combination, an airtight envelope formed
of insulating material and- substantially free
from air, a pool of metal which is in liquid form at
room temperature in said envelope, said pool
comprising a cathode member, and an anode
positioned within said envelope and spaced away
from said cathode, and electrical connections to

_ said anode gnd said cathode, and means for con-

centrating the electron action of the anode upon
a limited portion- of the cathode pool area, said
means comprising a generally funnel-shaped
member with a ‘wide open top and a restricted
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vpen -bottom; said top extending-in the direction
of sald :anode, said:-funnel-like ‘member -being
fattened at that :portion which is-in‘contact with
ithe pool.

:8: In-combination, an-airtight:envelope formed
roftinsulating'material-and substantially: free-from
iail’, . ipool ‘of imetal- which-is “in-liquid -form-at
sroom temperature:in said.envelope, said.pool com-
:prising -a-cathode “member, -and an :anode. pesi-
tloned’ within :said- envelope and spaced -away
from-said:cathode, -and electrical connections-to

said anode and said cathode, and means:for con-
tcentrating cthe -electron-action-of -the-anode upon
-a-limited portion .of the: cathode-pool:-area, said

means .comprising. ;a generally .funnel-shaped -

.member with:a-wide-open top-and-.a restricted
sgpenbottom;.said-top-extending in:the: direction
-0f.:said -anode, ‘said- funnel-like member -being
flattened-atthat:pertion which:is in:contact-with
the:pool-and being provided with.a:metallic:film
rorsitsinner. face:

9. In-combination, an-airfight envelope formed
«of-insulating material:and substantially free from
sair, a:pool of metal which is.in.liquid form-at-room

temperature in-said-envelope, said pool.compris- -

4ng a.cathode member, .and-an anode positioned
within said-envelope .and spaced-away from said
cathode, and electrical connections-te said ancde
-and-said .cathode; snd-means for:concentrating
+4he: electron ‘action.of ‘the :anode -upon- a-limited
yportion of the cathode paol area, said means com-
.prising- a-generally funnel-shaped member with
.a-wide:open top and a-restricted-open.bottom, said
+4oprextending-in the direction 6f.said-anode, said
‘funnel-like member:being -flattened.at that ipor-
tion.which is-in-contact -with the pool, .and a
plurality -of- relatively minute.. perforations .in
said flattened- member adjacent the surface of
:said.poeol. )
10.sIn  combination, an -airtight: envelope
formed-of insulating.-material -and- substantially
Jfree from air, a:pool of :metal which is in.liquid
form ot room-temperature.in:said-envelope, said
:pool’ comprising .a- cathode -member, .and..an
anode positioned within.said envelope-and spaced
-away from-said:cathode, and:electrical connec-
#ions $o:said -anode-and said-cathode, and. means
-for concentrating the:electron-action of the anode
upon & .limited.portion of-the cathode .pool .area,
_said means comprising: a-generally-funnel-shaped
.member -with .a- wide open -top:and .a-restricted
-open.bottom; said-top-extending in the direction.of
_said-anede, ;said -funnel-like member :being flat-
.tened at-that portion which is-in.contact with.the
:pool -and sealed: to <sald -envelope -adjacent..its
upper-end. .
11.:Im combingtion, .en -airtight. .envelope
.formed-of .insulating -material-and-substantially
free-from air,-a: pool of metal which is in liquid

Jform -at:room-temperature in said-envelope, -said.

.pool.comprising-a-cathode member, and-an-anode
.positioned -within said .envelope-and spaced away
from said cathode, and electrical connections to
_said-anode.and said-cathode, and.means for corn-
centrating.the-electron action.of the:anode-upon

g . Jimited. portlon of the cathode .pool area,.said

.means -comprising -a .generally _funnel-shaped
‘member- with a wide .open top and .a restricted
.open-bottom, said-top-extending in the direction
of .said anode, .sdid. funnel-like member being
formed .of .insulating .material .and sealed at its
..upper-end to:said envelope, and.semi-conductive
“film -positioned -upon- the: inner :surface ‘of sald
~funrel-liké:member.. -
;13 ITn combinstion;.
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:an. cairtight -envelope 75

formed: of insulating .material and substantially
free from:air, a pool-of metal which is in liguid
form at room temperature.in:said-envelope, saitd
poolicomprising a-cathode member,.and -an:anode
positioned within said envelope and-spaced away
from said -cathode, .and electrical :connections -to
said anode and-said cathode, and means for con-
.centrating the-electron ‘action of-the .anode upon
:a-limited portion-of the cathode pool-area, sald
.concentrating means.comprising: a member at:its
wpper end:in contact with the-envelope-and-at.its
lower end in continuous contact with the:pool-of
metal and provided on its interior with a:conduc-
tive surface:

13. In .combination, -an ’é,irtight .envelaope

Hormed of ‘insulating .material :and:substantially

free from air, a-pool-of metal which-is.in liquid

form af-room temperature.in said envelope;:said

pool comprising-a-cathode member, and an-anode
positioned-within szid envelope-and spaced away
from. said-cathode; and electrical.connections:to
:said anode. and-said.cathode, and-means-for-con-

-centrating the-electron-action-of-the.anode:upon

& limited portion of the eathode pool-area;.sald
concentrating means comprising a-generally:fun-
nel-like member sealed at-its upper and-larger
-portion to-the:interior.of said-envelope and pene-
trating at its lower and -narrower portion:con-
tinuously intothe liquid pool-and provided-on.its
inner face ‘with a conductive -surface 1in-contact
with the pool.

J14; In combination, -an -airtight envelope
formed-of -insulating material ‘and -substantially
free from air, a pool of metal-which ds-in liguid
form-at-room-temperature in.said-envelope, said
pool comprisinga-cathode member.and-an anode
positioned within said envelope and-spaced-away

from said ‘cathode, ‘and electrical -connections to
-gaid anode and said eathode, and -means.-for-eon-
reentrating the electron action of the anode upon

.a-lindited: portion of -the:cathode ipool .area;. said
means comprising -a tubular member formed-of
insuilating material positioned within: said .enve-
‘Jope and-extending at-one end into.contact with
-the metal of said pool, -one-end-of said. tubular

-member ‘being-sealed to'the envelope and.-the.op-
‘positerend ‘of the tubular member being provided
-with a constricted opening in -general.alignment

-with ‘the electron path between the-anede and
-cathode, -and -electrically -conducting ‘means-.in
-contact-with the metal of said-poel surrounding
-and - extending. outwardly -of said- coustricted
opening,

B. PEARSON DE LANY.
PAUL L. COPELAND.
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