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secondary dislisicn frow lstalllce durfaces

due to Pogitive Rays.

Pris worlk wac entered upon at the 1netancc of Zrof.
R. A. ilillikan. The purpose and i.portance of the work ie
best seen by considering tne varioms means of lonizing an atom
in the so0lid state. 'Ene varioue methode zre:

1. Thermal. ([leuperature icaization).

oo

Zxposure to radiation. (Photoelectric uffect).

Strong potential gradiente.

hex}
-

t. >y vombardment.
fne fourith topic may be subdivided by concidering the various
bombe rding agencies as followe:

a, ~lectroas.

0. Loglitive ions.

¢. leutral projectilec.
Ilhe effect of electron boumbardueat is well known due tc¢ the

worz of illiima saad RBsrher, ledllieter, and otherse, while
the effecte of positive ions are comparatively unknowm. The
fact that secondary eniscsion due to positive ion bembsrdment
nacure at nigh primary easrgies is well known, but the minimun
amount of energy necessary to remove an electroa from a given
gur face, tire nunber of slectrouns removed per bombarding
poeitive at any energy, and ss to whether secondary positive
enlcgion occurs at low energies, are all unkno®i. The subject
of ionization dus to aneutrsl projectiles i¢ still .aore nebu-
lous, but it is out of the field of this particular pronlei.
It will probsbly be best al this point to taxe up

tre history of tne csse of positive hombardment. The second-



¥
how

ery enicsion due to positive rsve hae ceen ttudied by zany
CETEONS . ?nmhthauer,(li, Campoell . (2), Sexen,(Z), olimue and
Koenizsberger,(4), saxton, (&), Hahn,(6é), snd especially
Baerwald (7) have studied the metter, Bserwald hes studied
particularly the secondary emicsion due to slow cuaal rays
(7v) and he found & seriec of relaticns between the second-
ary euiesion snd the primsry, which he set forth as follows:

1. The quantity of secondary emicsion 1ls propor-
tional to the prinary intensity.

£. L‘he velocity of tihs secondary radiatiocn ic in-
dependent of the primery intensity and depends only on its
velocity.

Z. The existence of secondary radiation could be
detected witn prinary velocities as low as SOO volte and in
this csee its velocity was from 4 to 6 voltis.

4. The amount of secondary radiation was found to
be independent of the iwmterial of the target and to depend
only on the intensity of the primsry bean.

Hie results aleo seemed to indicate that emission took place
with a primry potentisl as low as 20-30 volts, sltho the
curve becomes asyaptotic amd does not break off suddeunly. lhe
invarisnce of the secoundary emission with reepect to the
material of the target, seens etrange in that we know that
vari me mterials have varioue work fuactlons, and sepecially
gsince lloAllister (8) found that the secondary emicsiom from
new =nd o0ld copper surfaces was different when they were bom-
DarGed by electrons. But perhaps this invarlance ls not so

strange when re coneider thet saerwald always worked at po-
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’tentiala of the order of a 1000 volts :md he might not have
heen =#Dble to detect the few wolte difference ia various
mnaterials.

Hahn's worxk ig of great interest. He bombarded a
tinin plece of gold lgaf with positive rays from a discharge
tube and observed tne emission on the rear side of the gold
leaf. He found not only a large electron emission of up to
eight electrone per incideat primsry lion, but alsc & second-
gry poeitive emigeion of perhaps three secondaries per priu-
sry. <Jbe plece of work was very brilliantly done, but un-
fortunately he was unable to work at low voltages sad thus
get the threstold valupe. These two pieces of work represent
the present statuc of the proble..

AAPERTILGIIAL DIVPICULT [Ls

Phe firet and greatest difficulty that srises is
the procurement of a steady aad plent iful source of low speed
canal rays. Altho ifaer.yald ia his 1919 peper used a tungsten
filament to supply hise iong they appesred not to be very
pleatiful, as he had to uce sensitive ingtruaents 1o measwe
hig effect, and even then was apparently only able to work at
nigh voltages. The writer started cul to uee a platinum
gquipotential emitter consisting of a tube € mm in diameter
and 6 cm loang. Chis was very unsatisfactory, as gfter being
exgosed to the air a4 then heated, it would glive a measure-
able emicsion for about twenty ainut es mnd then go desd.
During the twenty minutes the emisslon decressed exponentially.
In the case of activation of the emitter with aydrogen it was &

little better but still very far from being wueable. This
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qethod wae cuite impracticsl as the glaes and netsl parts could
not be baked out without destroying a conslderable part of the
active 1ife of the emitter.

At this junoture Langmuir and Yingdon (9) published
their article on the effect of the vapor ¢f caesium and the other
alkalil metsals on the emicsion from a filament. This work in-
dicated a solution of the problem of posgitive lon emigsion.
Their method counsiste in the introduction of the metallic
gsegium into the apparatug, o that its vepor could cone in
contact with the filament. I[he vapor precsure of caesium ag
given by thea le approxi ately 10—0 mm of Hg at Zzto{;}., the
caesium haviag an ioniting potential of .90 volts which is
lower than the work function of tuagsten, 4.5& volts, when =
caesium atom approaches near to the tungsten, the tuagsten
robs the caesgium cf its vaslence electron, and the caesium ion
remaine absorved on the tungsten, held by the strong electric
attractive forcee., It wae then found that on heating thre
Tilzment to ahbout GUOOC it woulid enit an electron current
that would atiain a saturation value of .& anp/cmg of emlttiing
gurface. Ag the tenperature incresses the electron current
decreases and at a tempernture of VOOOC neutral caesiwa atoms
are evaporated. As the teaperature is further incresased
pogitive ions are given off by the emitter. Above this
critical temperature every caesium ion hitting the filanent
ig condensei and re-amitted, the rate of production of positive
ione is equal to the rate at which the atoms ctrike the
emitter, On performing the obvious linetic theory calcula-
ticn, one obtsins sg the saturstion current:

»
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It ig found that the rate of production of positive ions ig
indépenéent of the enittor temperatuvre sg long as it 1s above
the critical value.

In ueing this sethod the caecvium was made in a small
combuetion tube attached to the apparatvus. The combustion
tube wae filled with a charge of wetallic calcium and casesium
¢hloride. “Jhen the tubs wes hested to a temperature of about
700%C a reaction occurrcd rosulting in the producticn of
metellic caescium. Thecsesium appeared as a golGen uetallic
deposit in the cooler parts of the tuhe., Due to the small
amount of the metallic vapor necessary, it sufficed to leave
the czesium in the combucgtion tube =g enough'vapor qould
giffuce into the remainder of the apparatus.

"his methnd worked well with tungsten emitters,
but platinum was not very satisfactory as it did not last.,
The only difficulty with the method io that the caesium
vapor forus s aonomolecular layver over all metals wioce
worx function ic higher than 2.90. As the metal used for
the target was niciel it became coated with a layer of
eaesium atoms. “jhen the positive ion bombardment falls
upon the target it does not hit the nickel but it hits the
layer of caecium stonme, ©o that it is more or less of an
open questicn as to whether the secondary electrons
knooked off, come from the aickel or frem the csesium, The
writer hooes to determine the effect of this layer, by

observing the eomission from the target under electron bom

barémeat, with and without the presence of caesiun,
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DUescription of Apoaratus

The firet apparatue ueed waeg one gimilar to that of
illikan and Barber (10). It counsisted of a cylindrical platinum
gquipotential emitter, £ mm in dlameter and 6 cm 1long, surrounded
by three coaxial cylinders 10 cm long and of diameters 1.8 cm,

2 cm, ant & cm respectively. "le will c¢all the first two ¢f thess
cylinders A and 3, and the third, the target or 7. (See fig. 1.)
411 of our four cylinders belng coaial 7e will have a syuset-
rical field in betwoen them, if we neglsct the ends. Cylinder 4

nsd sixzty-three 1 am holes bored in it in aine rowve of seven

holes each, the rows heing 7 amn ceater to center. These holes
oceupied =a distance of Bbo6 c¢m in the center of the tube. Tube

B also had sixzxty-three holes bored in it to registsr with those

of cylindsr A, hut these holes were 2 mm in dismeter, so that an
ion goling through a hole in 4 would not be able to strike 3,

These two cylinders, A and 3, thus form a gystenm of gride, the
gecond of which is completely screened from bombardament by the
emitter. The radiation coming through the holes in A then strikes
tne target cyliander 0 and any secondsry emission from it is csught
by mesns of an accelerating potential upon the cylinder 3. The
provlem thoa was to cuppert these cylinders so that the holes in

£ aand B registered, sué¢ yet to keep all of the cylinders thoroughly
ineulated from each other. The emitter coasisted, as hae heen raid,
of = platinum tube. Yhig tube wae heated by a central tungsten wire
18 aile in dianmeter. The wire was placed in the tube and all of the
space betwesn it and the tube was filled with alundum cenent. One
end of the enitter was held rigidly frowm the glacs bulb while the
Giher wag guided but allowed to expand by meant of a phozphor-hroaze

lesf spring. ©This agsenbly was supported by means oI a glass Cage
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gongisting of two rings with three connecting parallel glacs
rods. Lach cylinder was atlacned at each end to the correspond-
ing glass riung by means of three tungsten wires sealed into the
ring. Thie gave ample inculation and far too much rigidity,
for when the spparatus was ussed the thermal expancsion of the
tubes broke the wires looce from their seales in the glsss.

“he second apparatus was then designed taking thermal
expansion into accoumt , and ease in removing the emitter. Iu
thie asvparatus as 1n the mevicus one the glass cage was sesled
to the end of the containing buldb, but the bulb was designed so
that the entire grid and target systen together with its sup-
porting cage =and seals could be removed en masse by bresking
one large ring seal, in the same way that the filament csn ve
removed from an ordinary electric light bulb.

Yhe emitter wag supported from the top seal and the
bottom was puided by an eyelet supported from the lower glass
ring. (Pig. 2.) A flexible lead went from the bottom of the
enitter to the lower seal. In order to remove the emitter ths
two glass seals were cut and the emitter was 1lifted to disen-
gage the spur from the guiding eyelet and the enmitter lowered
out through tihe hole where the nottom seal had been. Ihe
epitter in thie design was the same as before except that thers
wss no alundum filler inside of it , the heating taking place
entirely by radiation. The tungsten wire was prevented from
touching the platinum tube by meane of quartz beads strung upon
it. Thie design wee very catisfactory except for the low meli-

ing peint of the platinwm.

Therzal expansion of the grid and target sgystem was
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allowed for dn this apparatus by makilog the top supporting wirss
nairpin shape 0 as to allow for radial expansion, and by at-
tgering straigit wires to the lower ends, vhich psssed through
eyelet guides supported from the lower glass ring. This cou-
gtruction accomplished a1l thet could be expected.

Prie apparstus failed Decsuce of the fact that =0
much energy bad to be put inte the emitter to heat it that the
grid A was heated fto a bright red oy radiation. Yhis caused it
to expard so much that all of the holes iz 4 smd 3 §id not
register so thet some of the primsry bveam nit 3. Ales bscsucge
A was red hot it ecmitted eloctrons which were collected upon 3B
and gave a spurious result. Jhe apparatus wag made of copper and
it was found that on haking out some of the copper sudlimed onto
the gises walls of the wvessel and oanto the glacse supporting cage,
meking 1t conducting aad ghort circmiting the 1lasulation,

Pne third and present apparstus was designed to over-
come these d4i fficulties. The new tube design (Fig., Z.) has a
guite different appearance from the old. The apparatus lc ande
entirely of nickel to obvigte the d1fficult les with copper. In-
stead of having nwxerous holes we have one dot 1.6 ma wide
going completely around the tube except for thne small amount of
metal necessary to hold the grid A together. This design has
seversl advantages, it enables a short filarent or emitter to e
unsed, it sllows & larger effective primary current to reach the
target, it doec sway with the difficulties of registration, aand
it allcwe the uce of =n ordinary filament ss the enission is all
taken in at one place, and so is esseatially equipoteatial. Zhe
grldé or rather cylinder A is £ om 1a diameter and 10 cm loug, The

other cylinders sre all 5 en long. A is made longer s0 that it
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will have more surface t¢ radlate and thus remsin as cool as
possible. 4n additional grid O 1e used in this tube. It'e
purpose is to catch gay radiation from 4 and preveant it from
getting to 3. Pris radiation may consist of two parts, that
from the edgee of the elit 1in A asnd that from 4 due to its
being & high temperature. JThe cyliader C is Z.5 cm ia diameter
ard B om long, ite slot i & mm wide., Jhe small pilecesg of
metal that hold C together are £o0 placed in back of ths corres-
ponding oneg of A that no rasdiation can strike C. The tube 3
reslly consiste of two parts, B' amd B", there is 20 connection
between the two inside of the tube itself. They are 4 cm in
disneter and sre g0 placed that there is an interval of € m
between the tvwo, thus enabling the vrimary raye to strike the
target 0 without hitting elther one of them. The target U con-
gletes of a tube 5 cm in dlameter and 5 cm long.

These tubes are supported as in the sgecond apparatus
from a glase cage. The metnoé& of attachument of the wires to
the gilags ip different from that usel before. The wires fron
the upper ends of the grid snd target systean go to the ring
and enter 1little glacs cupse into the bottom of which they are
sealed. The cups make the leakage path longer and improve the
ingulation., At the lowser end bdhe wires enter the cups and
enter holes in the vottom of the cups in which they slide and
are thug guided Lo allow Tor thermsl expansioi,.

The emitter in the new spparatus is supported sen-
tirely frow the bottom. It can be withdrawn from the tube
Intact by preaking one seal aboul 4 cm 1ln dlameter. The emilter

lealds are carried through the glass by mesms of copper diek
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geale, “hich s8llow the passage of heavy currents. The emnitter
itself ie’supported by & simple and compact arrangement of
glape tubes as shown in the figure. The tube for the produc-
tion of caesium is sealed onto the bottom of the emitter sup-
port.

S0 far two designs of eamit ters nave Dbeen used ia
thig tube. The first was a system of four parallel filaments
of 10 mll tungsten wire. Jhese filameuts were quite satisfac-
tory till they burant out except that they did not mske an equi-
potential source, and that they were very difiicult to con-
struct and repair. The second emitter was a tnimble of platiaum
4 ram in diameter and about L.5 cm long. Qhls eanitter was rather
gatisfactory but didu't lset woll due to the low melting point
of the platinum. Ia this design the current affer traversing
the interior filsment comes back through the outside thimble.
Ag the recsistance of the filament is a great desl more than
thet of the thimble there 1s no apprecianle potential drop
salong the thimble so that the emitter is prsctically squipo-
tential., (See fig. 4.) The new emitter now under construeticn
will be the cane ag the secoud design avove, except that the
thimble will be made of molybdenun.

This tube hss hehaved very satisfactorily exocept
that there wers iapurities in the nlckel which evaporated out,
when the tube was in mee and short cirouited the ineulation.
Zhese impurities seemed to consist of metsls of rather low
melting points, as they subliied at 400°C. After tris ex-
perience the metal parts of the tube gere baked out to a rea

nest 1 an induction furnace, thanks to the kinduess of
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Nr. A HEe Werner. The ftuve was then washed ia aqua regia to re-
move tne deposits ou the glags and it wasg ready to use agsin,

The evacuating system used for all of tne iubes con-
gisted of a Hyvac puap for the fore vacuum, a two stage dif-
fugion punp, a Hcleod Guage, and a liquid air trap. The evac-
unating system was quite satisfactory and produced a vacuuu of
lesg than 10"6 am of mercury. This was more than sdequate as
it made the chance of collislon occuring in the space between
the emitter and the target slmost Infinitesimel.

The electricsl apparatus used is wit hout sny par-
ticuler interect, it coneiets of a Leede and Jorthrup type
1S galvanometer to read the secondary emlcsion, a Leeds and
Horthrup type 2 gelvanocaetcr to resd the curreat to the
target, miscellaneous voltmetere and amueters, several poten-~
tiometers and resistances, and a motor-generator set capable
of 6elivering 1b00 wvolts direct current.

lethods of Operation

The puryose of the resezsrch is to find out ss much
#8 possible sbouw secondary emission due to positive rays.
The two most important things are the relations between the
gsecondary intensity and velocity, and the intensity and
velceity of the nrimary. In determining the invensity of the
gecondary smiesion ss s function of the primsry easrgy, tie
two collectors B' and 3" are counected together and kept at a
gligit positive potentisl with respect to 7. {(Fig. 5.} DThe
iong emitted from L are accelerated to 4 smd then further ac-

gelerateé thru C snd hit T, the electrons emitted from I are

colleated st B by the slight positive potential ané the
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‘secondary eurrent ils read ia Gp. The galvanoueier o reads the
gun of the primary snd secondary currents, while galvanometer
Gp reads only the secondary current. Consequently the ratio of
tre seconfary current to the pri aary current, or briefly, seccnd-
sry electrons per vprimary ilon, is giwven by Gr—ﬁﬁgg. The field
vetween 4 snd C is el aply to keep A enough positive so that any
glectrons emitted from A will not get thru the glit in C snd be
collected by 3. C being very much cooler than a4 and not being
in the direct beam will not emit any appreciable quantity of
electrons.

Tor the measurement of the velocity of secondary
electrone the wiring shown in Pig. 6 is used. This is just
the same as before except that 3' is separated from B" and
that both 3' and B" are giveun asn increasing negative potential.
B" 1s magintained gligltly more negative than 3' ir order to
force the electrous to B', so that a true otopping potential
method may be used. With this connection no electrons can
gscape down the plane of symmetry between B' and B". By &d-
Justing the potentiometer P, we will find the best value so
thet we gel a maximum reading of Gy for any retarding potential.

To deternine the photoelectrioc current from T due to
illumination from the emitter, the emitter ig made asbout 180
voltse positive, A ig mede 120 volts positive mand C is grounded.
Then if B is made slightly negative, the galvanometer Gl will
read the photoelectric current from 1.

The regulte from this work so far have been rather
meager. The most 1aportent Deing that quite large positive

gurrents csn be obtained by the caesium method. There 1lg sone
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evidence thal secondary electron emlecsion occurs at pricary
velcocities as low aeg Z0 volts. The method shave great
prounise and will undoubtedly give satisfactory results ia

the future.

The writer wishes to thank llecesrs. J. Pesrson snid
W. Clancy for their invalusble help in the design and con-

struction of the apparstus used in this problen.
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