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CHaP9ER I
LATRODUCT 10K

In recent years the detection of particles e jected from
the aﬁams of redlioasctive substances has become of major impor-
tance in nuclear phyaies and related fields, Several devices
are in common usage which serve this purpose. For example,
alectroscopes and vacuum tubes have found extensive uas in
the detection of radigted partieles., Seversl modifications
of the slectroscope and s varlety of vacuum tube clrcnits
have been used to sccompllish thie resslt. among the vacuum
tube ecircuits nsed are the familiar linear amplifier, the
proportional counter, several modificatlions of the Gelgere
Haller counter, and many other recording snd counting
devices., Wiscussions of these various instruments may be
found in literature conceraning nuclesr physice and related
topice. FPollard and vavidsonl and Eoag and E&rffg give
excellent discussione of these devices in thelr books on
atomic and nuolear physics. Another device which has been
neeful in the development of atomic and uwuclear theory is

the cloud chamber., 4 study of the eleciroscopes, vaclus

1k, Pollard and #. L. Davidson, applied Huclear Physics,
PP. 1B-~44,

23..3. Hoag and S. 4. Xorff, Electron and Huclear
Physics, wps 456461
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tube circults, and cloud chambers reveals that each depends
fandamentally upon the deteotion of charged particles pro-
duced by the ionizing effect of the radiation being studied,
The cloud chamber is perhape the nmost graphie of all
the instruaments mentioned, It is graghle in so much 8% the
path of the particle asud secondary effects of the particle
may actually be observed with the eye., Lssentially it‘aep%u&s
uponr the condenestion of a superssturated vepor on the ions
created by the radistion ander observation, In 1911, C. 7, &

é developed such a cloud chamber. Until 1934, his cham-

ber was uged extensively almoet without mﬁéificatien4 gver

#ilson

though it suffered from two msjor d4ifficultlees in its oper-
ation, First, its operation was intermittent, Leing sensiw

tive to ragdlation for only a fraction of a secopd out of

approzimately one minute, and second, the chamber reguired
mechanisms which were expensive and difficnlt to operate,
Bach of the &iffieulties wae the direct reeult of the method
used to obtain the supersaturated vepor. His method wae to
expand adiasbaticslly a vepor in coantact with the liguid pro-
ducing it. The cceling due to the expansion caased the vapor
to become supersaturated and sensitive to condensation. To
accomplish this expsnsion the vapor and liquid were enclosed

in a ¢ylinder which was fitted with & piston in one end and

%Inia., pp. 458-460.

4). D. Stranathan, The "Particles® of dodern Physilcs,
? » 43Q ' ‘ ‘




g tvassperent window in the otheyy The liquid used wes ususlly
water or sleohol, %be chacber wae opersied with the plsten
dows me that the liquid wee in contaot with the plgton aend

the vepor was in contact with the iransparent tops The ooyl

ing procene conplsted of opsratling bhe pieton to elowly con-

prese the vepor snd then suddenly expead it. ¥he expansion
ceolad the vepor 10 the extent thet £t becsws swperssturated
and would then coodense va mny Gust pavticles or lene ln i%se
prececce, Nhen o radiated particlc pasesd through ihe chame
temediately afber the uxpsaelon, the lons 4%
erented formed nnelei syon which the vapor vould condonse,
gne condensed droplet coull then be mafe visible by Aliumie
nstion with o fadrly intense Light been pesecd through o wine
dow in the mide of the chamber, Thus the lons oreated all
along the path of the particle could e nude visible and the
entire troek could be seen, After the expanslon, which
yielded vepoer that was sensitive to redlstion for a snsll

bey dnring or

portion of s pocond, it was neoeesary 4O walt fov spproxizately
one minnte to allow the vaepor Lo come %0 therual wn&ﬁm@m ,
with the 1iquid vefore the vext expansion. oovnld take Placo.

4 highly wodesirable cousecuense of this time lepse e that
many important events baking plsce in the substacce producing
yhe redistion gnd evests subseyuent to the radigtion couid
espily be misged, Mueh vesesrch has beea devoted o isngthe
ening the sensitive tiwe and shortening the PesOVery time fox
an Ghanibey

thie type of clond chamber; however, the expansi



is of necessity intermittent in 1ts operatian,s This not
only causes Important events to be miased; but also makes
photography difficult since the exposure would have to be
mede at exactly the correet time after the expansion. Coole
ing the vapor to supersaturation by thls methed requires
expensive, precise instruments and intriecate timing devices
for operations which follow the expansion,

Another diffieulty experienced by those who have uged
the expansion type cloud chamber is that dust which 1s pres-
ent in the vapor will zlgo aet as muclel for the formation
of droplets., A4z long as 1t is present to any appreciable
extent, the entire track cannot be observed because the
availablg vapor is used up In condensing on the particles,
Often many repeated expansions wore necessary to free the
chamber of undesirable dusts A minor diffieulty which has
arisen due to the necessity of illluminating the tracks is
the convection currents in ths vapor, The heat produced by
the light source causes motlon of the vapor which tends to
break up the tracks and make photography difficult.

The two major difficulties encountered by those who have
used the expansion type chamber make it Immedlately obvious
that a chamber of simple construction and contlmious cperation
would be very desirable, and if at the same time some of

5A¢ &aagsﬁarfr; Jr., "4 Continuousgly Sensitive Diffusion

Cloud Chamber®, The Review of Scientific Instruments, X (Mareh,
1939}, 91.




the other diffilenltles could elther be alleviated or leszaensd,
a very desirable and useful Iinstrument would indeed be the
result., ©Several notable attempts to construet such an instrus
ment have been made, The earliest attempt was made by Langs~
éerffé in 1938, but his spparatus was never widely accepted
for practical use due to 1ts complexity and the intervention
of World War II which prevented the necessary simplifieation,
Other independent attempts were made during the same perlod
by Hoxton and Vollrath.7 Work on the continuous clond chame
ber was dlscontinued untll the close of World War II. At this
time a surprisingly simple continuous diffusion cloud chamber
was constructed by Needels and Hiaiaan.a A much more elabo-
rate continuocus ehamb@r, yet #till simple as compared to the
expansion chamber, was constructed and atudiaé by Cawan? in
1950 with satiafagtomy resulta, E&ngadﬁ?ffg Cowan, and
Needles and Nielsen construeted chambers which utilized the
diffusion of a vapor from & warm to a cooler reglon, This
diffusion process allowed the vapor to become supsrsaturated
upon reaching the cooler reglon, Hoxton's chamber utllized

warm air pasged over wabter and thence 1nto a chamber cooled

by a water jacket, Vollrath's chamber operated on the

brpid.  TIbid.

&T, 8. Needels, and C, E, NWielsen, "A Continuously '
Sengitive Cloud Chamber,” The Review of Scientiflc Instruments,
XXI (December, 1950), 976971«

QE. % Cowan, "continuously Sensitive Diffusion Cloud
Chamber," The Review of Belentifie Instruments, XXI (December,
1950), pp. 991=596,




priocipie of lanterdiffusion of two vapors which became Buper-
gatnrated with respect t0 bobth components., OFf theee wvarious
models, the ones which use the principle of diffusion from a
warm tb s epoler regilon appear to glve the more sensitive
vepor and ere somewhat more stsble and easlly operated than
other types.

As was previously polinted out, one advautage of the ¢one
tinaougs chamber over the expasusion chamber is irmedistesly evi-
dent, A continuous clond chamber of sufficlently prseticsl
depign would yileld much more data in & given time and thereby
improve some types of experiments which have been previocusly
performed by the expansion type chamber, A continucus chambe
ber which is inexpensive to operate would be ldezl for class-
room demonstration since a large class could observe cloud
chamber phenomens in a short time, a fesal imgossibia with the
older expansion type chamber. A4lso,the llkelihood of obtaine
ing photographe of tracks without expereive timing devices
would be inereased, It is also within the reslm of possibility
that the time requlred to free the chamber of dust could be
shortened. With these facts in mind, it seems that a continu-
oug cloud chamber would be a valuable asset {0 laboratory work
in nncleur and atomie physics. For this reason the constrauction
snd investigstion of & continuously sensitive diffusion c¢loud
chamber hae been undertasken, It is the purpose of this paper
to report the deglign and operating characteristlics of such &

chamber.



CHAPTER II
GENERAL CORSIDERATIORS AWD THEORY

The baslc components of all the eloud chambeys which
have been previously constructed are a chamber proper, &
vapor source, & refrigerating system, and a gource of light,
If a diffusion cloud chamber iz to be construeted, an investi
gation of the functlons and desirable characteristics of each
component should be mede,

The chamber proper 1s the reglon in which & supersatue
rated vapor will be created to condense on fons which form
tracks, This region must be provided with a means of keep-
ing it relatively dust-free or the vapor will condense on
the dust, It should be easily accessible from the ocutside
8o that sources may be changed readily. A means of observing
the tracks from the outside must be provided. The entire
sensitive pregion should be clsarly viéibla go that all the
tracks can be observed., Thers must be a means of 1lluminating
the tracks after hﬁay ars formed. A light source ean be
| placed outside the chamber for this purpose, Cowsn hasg
constructed a square chamber, but diffieulty in keeping it
air tight has been encountered, It has been sugpested by
Langsdorff that a glass cylinder be used as a chamber proper.
A top and bottom can be made to keep out the dust, Viesibil-
1ty can be through the wall of the cylinder or through the

7



tops The top could be made removable to allow & source to
be introduced into the chamber,

The vapor source should supply an amount of vapor sufs
ficient 1n gquantity to condenss on all the ions in the ehamber
and should supply this vapor continuously. The source should
be designed so that different vapors éan readily 5@ uged,
Langsdorff'e chamhar»utilizad a vapor source external to
the chamber and connscted in such & ﬁayéﬁh&t the vapor entered
the chambey through small holes in th&'%ap. A mwﬁa sanveniant
method was uvsed by Cowan, A4 hsavy vel#ét‘paﬁ wes attached
to & thin metal sheet, saturated with tﬁa 1igquid used to pro~-
duce thﬁ VAPOTr; &nﬁ clamped in place atiths top of the cyle
inder by means of prods which pressed th@ top and bottom tightly
against the eylinder, Having several SQQh pads avallable |
#aulﬁ‘mﬁka & simple matter of changing iiquids, A saturated
pa&dahould supply én&ugh vapor to aﬁaraﬁa the chamber gon-
timously for over an houy. |

If the vapor source ls placed in ﬁﬁs top of the chamber,
refrigoration must be applied to the beﬁtam* The purpose
éf this vefrigeration 1s to cool the vaﬁar to a sultable
degree of supersaturation to allow eondénﬂatimn on ionsg,

All that is requlred to d@}thiﬁ ls that the flamr‘bé‘kapt
et a temperature below that necessary for condensatlon,
about minus thirty degrees Centigrade for methyl algehal.l
Langadorf{'s method was to pass a ¢old llquid between two

IGW&XX’ P« m;»; Pe 993



glass plates which formed the bottom of the chamber, Cowan
and Needles and Nielsen used dry lce as a refrigerant for
the bottom of their chambers. This appears to be the most
practicel method, If dry ice iz used, 1t must be clamped
tightly to the bottom to meintain the necoessary low tempera-
ture. |

I1lumination can bhe preduced by any reasonebly intense
light source placed outside the chamber, If 1t becomes desir-
able, s fairly weak source might be placed inside the chamber,
It might be necessayry to provide a reflector for the source
if an ordinary incandescent light bulb iz used, |

After consldering the basic componente of a diffusion
eloud chamber, the most practical combinetion seems to be a
gless cylinder for the chamber proper, a felt or velvet pad
to hold the liquid whieh produces the vapor, dry lce appllsd
to the floor as a refrigerant, and a strong light source
placed outside the chsmber, The top for the chamber could
be made of glass, plexiglass, or metal. A hole, covered with
a transparent material and sealed, will have to be provided
for visibility from above if 2 metel top is to be used. A
hole will also have to be cut in the absorbsnt pad to fit the
hole in the top. The bottom should be Wlack to provide a
contrasting background for the tracks., A4 msans of keeping
the dry ice clamped secursly to the boltam can be provided
by & system of springs. These componments can be c¢lamped

together with stove bolts as shown in Figure 1,
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With this srrangesent, tracks feon commic snd othes
ground radlations osn be obeerved, Needlss and Pislsen
dlscoversd thet auch & chanmber will opovate satistoetorily

with & souree of radletion ineide. 1£ this is possidle, It
will not be nscessary bo vrovide a mount Tor the vadistion
gouree, In vome cases the souree mey reoulire a sulbtabls
gonbainer bafors 1% cun be lowopsd %ﬁ£m @ﬁ@ VEPOL

Tt has besn noted previcusly that all
astually detest She

dotecting deviees

fenisation produced by a particle, In
the e¢loud chamber, the fons produced are the puslel upon whieh
sondens

nbion tabes plsces For Lhese yespons thw procecses
of lenisatlon and cemdensation on lons should bs considered,
The proecsss of lonizetlon Ls woll aesounted for by the
st
snerzy ls alloved Lo enter a gre or obther mediuvm, The wubual
ef the stom
1s grester than the mutusl ettraction botwesn the slectyon

theory of the stoms, OSuppose that sn elsetron of falrly gm

vepulaion Letween the electron and the slectvens

and the nuelens, Thus the elevtron and

the stom experisncs
a wubual forge of populelon, Yhen the electven pesses nesy
an atom, It lmpart

5 some of lte emergy to the atow dus to

these Torces and may sventuslly loss 8ll fbte snergy and

de  On the olher band, i the electyon comes
vory clowe Lo an abomy the possiblility thet s planetary
electvon would be dlelodped from 1te mucleus s prests The
mutusl fores ef repulsion betweon bthe slectron and the

baeome ebsorbe

planetery eslsetrons would be great snouch to seoouplish this,
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Ihis procoss ls Loown se lonlzublon. The disledped alectron
ig the negatlive portlion of an lon paly, while the positive
portion 18 composed of tho muolens snd the resaining sleow

tvons of the sbhom,

fondensatlion Lo & process which hes boen ohperved and
experinented wilh lor many yeurs. 4 wall known feet is thati,
in opder to grow, & drop muet ebeyrt with a fniZe sizeg 1t
thevefore requires & mucleus for condensation, Thus vapor
will condonse weadily lua the pregence of duat, fous, or solew
eulozl but without such particles vapor can not ocondense, 17
8 suparsuturated vepor L sllowed te fopn in & dustefroe
rogion, & degree of guperssturation will Fioally be vetchod
whieh i3 great sncugh to allew the vapor to condense on the
molecules of the surronnding wediums. UDowever, this degree
of pupsresturation ia greater tisn thet whieh l2 pequired fop
sondengatlion on i@wagg Thus o 8 dustelpes pepion 1t s
pogaible to mainteln & supersatursbed vepor which will cone
donee on any Lfons in lte presente. The econdongatlion process
1iverates beet which will couse conveotlion currsnte 1n the
chembop, ,

The eperatlon of ¢ d1rfuelon olowd ochambey doponds upon
the princisle that & wapor will dilfues

sooley pepleon. This iz the result of the wéndow moblon of

rom & wars o a4

the vapor moleculss whiloh will eventually sause molecules to

move o the oooler reglon whers thay loss some of thelr onewgy

Zstranattan, npe 8ites e 42
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to the ice. The mean free paths of the cool molecules are
less 1n the cool reglion than in the werm ragiaﬁ and, conge-
quently, the moleculss will tend to stay In the cool region,
forming a supsrsaturated vapor there,

A msthematical analysis of the conditions inzide a
diffusion cloud chamber has been carried out by Langsdopff,
Some very Interesting conclusions have been drewn Trom the
vesults, [is analysis shows that thers ghould be an optimum
range of chamber height which must bo detemained sxperimenw
tally for each.aaﬁ'of operating eonditions, The upper limit
on this optlimm range of height is raaﬁﬁ&d when & favorable
balence between vapor available from the source and vapor
removed by condensatlon on excesg long oceurs,. The lower
limit occurs when the liquid 1z cooled sufficlently to pro-
vent evaporation or when the warm liquié raises the tempera-
ture of the wvapor sufflciently to prevent condensation. A
chamber of this type should be very sensitive to temperatnre
conditions, In fact, a change of a few degrees might be
enough to prevent operation, If the supersaturation ig in
any way lowered, the sensitive layer wlll decrease in thick-
ness, In the case of methyl alecohol & #aper flux of the
order of 10”6 gramg per agquare centimeter per gecond is
necessary to mailntein condensation on ilon tracks., It should
be pointad ount that the uée of the ecloud chamber iz not
1imited to.the detectlon of particles, It may be used to
determine the range of particles in different gases which

is o measure of the energy and type of the particles. 1If
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the radiation 1z in the form of a beam, the deflection of the
beam by an elscbric fialéd may be nbs@rﬁe&w The energy of
particles 1s Iinformation of valus to the physielst, The astlon
of a constant magnetic fileld on & charge moving with eonstant
veloecity is such that 1t causes the partiels to move in a
¢ireular path, If the mass m, the ah&rg@ g, the megnitude

of the magretic fleld B, and the radius of the path r are

knawn,‘the eneprpy of the particle E is"givan by eslectro~

Subsequent ealculations with this»aquati@a reveal that

ragnetice thaory aAe

the magnitude of the magnetic field neeéaaa?y to bend an
electpon of average enerzy in & aircl&"?f measurable radius
is approximately 1000 gauss, This aaléﬁlatiaﬁ iz based on
the asaﬁmption that an "average® aﬁ&rgy‘is four millién’elae»
trom va1ta and & measurable radlug of eﬁrv&ture iz slx centl-
met@ra§' |

in order to measure the radius of curvabture of the
tfajgntary of the particle, a record of the path muat.be
maae . Tﬁﬁ»maat uamman.meﬁhaﬂ of pecopding tracks is the
photograph, I1f a photograph is to be maﬁ@, the axis of the
camers muatllia along the lines of forece of the magnetic
field. This requires that the camera be plaged at one of
the polesg of the magnet, a condition diffieult to fulfill
ainﬁe a fairly large field is required, A large field can
be produced with a large permanent magnet, ean iron-core

electromagnet, or a many-turned electromagnet.
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Ions are formed by radiation throughout the vapor, and
these ions drift into the sensitive region to form random,
undeairable droplets, This not only deevesses the amount of
vapor available for condensation, but also forms en undesir-
able mist in the senaitive reclon, These ions may be removed
by an electric fisld applied between ths tovp and the bottom
of the chamber, Suppose that an al&ctiﬁe fleld exlaets through-
out the chamber. Tons in the ehambar,will experisnce & force
in an vpward or downward directign,d@paﬁding on the nature
of the charge, Thus half of the unﬁ@&i?mbi@ Zons will be
attﬁ&ﬁtad to the top while the othsr half will be pulled
through the sensltive region.near the bottom., A track formed
in the sensitive rezion wlll also be affected by such a fleld,
The effect will be & tendency to slow down the fall of half
the track and speed up the fall of the other half, However,
this effect should not be prohibitively great if the fleld
is not too large. Any tracks formed just above the sensitive
reglon will have half its lons pulled into the sensitive
region where they can be made vieible, The overall effeet
of such a field will be to create more tracks and eliminate
about one-half of the undesirable mist, This should be an
improvement over operation without an eleetriu field, If
the field described above tends to break up the tracks to an
uﬁdegirabls extent, the rield may be applied between alsctrodes
sbove the sensitive reglon, The tq@ can act as one slectrode
and a ring or grid wire system placed just above the sensie

tive region aa the other, In thls manner more than half the
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undesirable ions can be eapbtured withoul disturbing the
tracks in the sensitive region. This method would not create
edditional tracks as was the case with the previouns method,
Another method of applyinge thse fleld will ba to utilize a
third alectrode placed Just above the sensitive repglon (see
Pigure 3). The third electrode econ be held at a positive
potential while the top and hottom of the chamber can act

&g the ground electrodes. FHssentially this wlll be a eom~
bination of the Mirst two methods and will probably be the

moat satisfeetory.



CHAPTER ITI
CONSYRUCTION AWD OPERATICH OF PLQFE ﬁWﬁ”ﬁWﬂm

The purposes of the Pfirst cloud chamberp emﬁstru@teﬁ wers
t@ test tha basic eompsnants auggasfad pravlausly and to pro=
v#ﬁa 8 means\af;exﬁarimﬁnting with.variaus‘vapsrs and radiations,

The. éﬁﬁﬁhéf'?ﬁﬂpar consisted of alélagsvﬁylimﬁar whiéh
wag @ aaetieﬁ,eut from a reagent bottle; Thﬁ'aylinﬁar was
flve inches in dlameter and three ina?aa hiuh with & wall
Lthilekness of cne*@igh%h ineh, A piee@ of ;aper wag rolled
around the battl& to provide a atr&iwht odge as a warkey fov
a groove cut with.a triangular f11@¢ : himh rmsist&nce wire
was placed in the groove and & currant p&a&e& through it to
produce haat which»@xpandsé the glas& anﬁ\magsa& it to break
amaathly‘along’tha~grpeva. The edges wore ﬁﬁgn sanded until
smocth on an ﬁrﬁi&aryvdisc sander using & very fine grade
emery cloth, The sdges had to ha.&mmmtﬁ‘ta provide an alr-
tight seal at the top and bottom of thé'chgmh§f;f A top five
inches square was wade of plywood and a piaaé;@f Telt wasg
bradded to the bottom side. The liquid used could then be
poured directly onto the felt until 1t was seturated, The
vapor aﬁureé wae formed by placing th&g,topkﬁﬁ the eylinder,
¥o arrangemont for heatling the %iquiﬁ‘waa provided since most
of the 1iqu1as‘us@d avaporated readily at room temperaturs,

A pan of hot water placed on the top appeared to give only

17?7
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8lightly more satiafactory r@suita:than allawing the liquid
to evaporate without external haat,‘but‘might be aévantageoua
when operating the chamber at 1aw‘r0am tomperatures.,

The battom,was‘made of a shest of black, phenolic bskelite
five inchees square. Drry ice was pressed firmly Bo the bottom
by a pilece of plywood supported by compression springaﬁ 1
hole was bored in each corner of tho top, battam, and plyWGad
support to allow the components to be bolted together with
three-sixtesnths ineh stove bolts, six inches in length as
shown in Flgure 1. The bolts were threaded ome-half inch on
one end and three ilnches on the atﬁavu

The light source was a 200-wati lantern-slide projeatmr
with the slide-holding mechanism ramqvad;in order that it
could be placed close to the‘ﬁhamb@r."%aaﬁ results were
obtained with the light source onla'levalfwith the sensitive
reglon and inclined slightly to allow light to fall on the bot-
toms The sensitive region was found to be just &bova‘thﬁy
bottom and approximately oné«fcurth inch deeps

The first veapor used was that of ordinary &uplicatar
fluild which was very nearly pure meithyl aleohol. When the
chambey was\first set up, a very dense mist formed throughout
the chamber, The process of satting up th@ chamber consisted
of saturating the felt with liquid, placing & piece of dry
i1ce between the bottom and the ice support, and tlghtoning all
the nuts to seal the chamber and to press the lce to the bot-

tom. As the vapor in the chamber condensed on the dusgt partieles,
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they wore eliminated since they fall_aut due to gravity, The
chamber vepgan to clesr except for auragian near the botton
which appeared to be subject to a diffuse rain of particles.
After about ten minutes, tracks beg&n to form on cosmic and
background radlations, These trackﬂ ranged in length from
about one to slx centimeters. $ama»weré‘vary ﬁhim, while
others waré heavy, dependlng on the characteristics of the
radlatlion involved. ‘

The éiffusé mist which r@mainaﬂiinfth@ chamber after the
dust had séﬁtla& out was caused by iaas'mhich drifted down
through the sEﬁaitiva region., If thls had not been the case,
a tightly sealed chamber would have eventually become free
of this milst. |

Under the influsnce of gravity,;th@kionsveraated by
particles that passed through the ehamber became heavy with
condenged vapor and drifbed downward fairly“rapidl?.“ It
was observed that’bhe lon trecks @xy&?ieﬁceﬁ a slde-~wlse drift
which tended to break them up as‘ﬁaﬁm_thgy‘war@ formed,  This
effect waé‘réﬁuzé&%bé 1evaling'the ¢namhér g0 that the tracks
drifted straight down in the aentef‘mf’ghe chamber, - Gonveetion
currents erﬁ&tﬁd by heat from the @iﬁ@éﬁﬂl 1ight source and from
the heat of condensation of the va?éw'¢éuaad considerable tupr-
bulence in the mist, Thelr actienfcauééd the vapor to drift
slowly outward from the center of the éhﬁmber even when the
chamber was level, This effect was undeslrable because 1t

tended to break and delform the tracks, Seallng the cylinder
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to the bottom with a falt gasket did not affect these currents
in any way. |

With this avparatus, observations were made threush the
glass cylinder, The zlasa was not of uniform thickness and
created considerable distortion, and the view throuph the zide
of the chamber was not advantageous. To give a better view
of the tracis, a six-inch by siz-inch by one~fourth-inch plexi-
glass sheoet was substituted for the‘plywaad tops A small hole
approximately two inches in dimmeter, was eut in the folt to
allow a’viaw from the top, With thia‘grraﬂgament the tracks
were more clearly visible and there wag no distertion.

%evaral,ﬁiff@rant gources of fadiaﬁiam were Lrled by
placing the:ﬁaure@ inglde the chamber. Bach source gave
satisfactory_resmlbs by produeing many tr&ekﬁ'whinh were
easlly observed; however, when a very sectlve radimm~-beryilium
source was brought in the vielnity mf the cha&ber, no tracks
of any kind could be observed, With tﬁia atrbng souree, the
chamber wus overloaded and the availablg vapor condensed out
on scatiered gawtial&s leaving a éafiéiénwy of vapor for tracks,
The éiffuse mist beecare quite dense unﬁéy these condltions.
This characteristic limited the usefulness of the chamber to
the weaker sourees of radlation. A pan of warm waber was
placed on top of thm chamber to vapmrigé the liquid more
rapidly, but %hé dense mist still prevailed. An undesirable
tendencey of ;h@ chamber was to produce lapger droplets vather

than more droplets ag the vapor supply wag inereased,
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Among the sources tried wers an izotopo of cobalt (Ggg)
as a gamsa source, radloactive car%on.{clk) a8 & beta source,
and uranylacetate as an elpha source. 4All three produced
tracks of good quality. The alpha.yarticla produced & heavy,
smooth, straight track, The beta particle's track was light,
spotty, and sometlmes bent quite drastieally, Gamma particles
produced an irrepular path giightly heavier than the bota par«
tiele. Tracks of gamma particles pave the appearance of great
ionizetion over a falrly large reglon as compared to great
ionization over & small reglon by the alpha track.

Collision phenomena have been observed with bete and
garma gources, Thls oseceurred when a particle came sufficlently
cloge to an atom either to causes a nuclear reanction or to he
deflected and give energy to the atom. When this cecurred a
track appeared to break up into two tracks at the peint of
collision,

3everal vapors were tried with satisfectory results. A
mixture of ether and alcohol 1lncreased the thilckness of the
sensitive layer to a ﬁm&ll extent, Pure ether also gave &
better layer than alcobol, but evaporated so rapldly that its
use was not practieal for this particuler chamber, Very good
resulte were obtalned with a_mixturé of thirty per ecent water
and seventy per cent aleohol, Acetone worked falrly well
but did not appear to be as sensitive as other vapors iried.
From these results, the coneluglon was drawn thet most volae

tile solvents will give falrly aatiafactery.r@aultﬁ,
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Az pelinted out In Chaplsr TI, in order to perfomm quan=~
titative measursments, & moans of defiacﬁing the particles muat
be avallable., To deflect the pa?ticlaﬂ th® method of applyling
a magnetic {ield doscribsd before was atbtempted, All three of
the sugpested magnets were Investi-zated, Iinge the field
strength decreasss as the dlstance between the poles inereasses,
another chanmber of smaller helizht was coastructed,

The gsecond chamber consbtructed waa'exastly 1ike the lipst
excopt that the chamber proper conslested of & lucite cylinder
six inches Iln dlameter and only two Inches high, Conecsntrie
eireles of radii differing by one centimeter were cut on the
balkellite to cive & scale for estimsting the length and curva-
ture of the tracks, The same souvrces and vepora itried in the
first chamber were also tried In the sgecond and each produced
satisfactory results., The vewy short chamber height caused
the aides and top to hecome cool and difficulty was experlenced
with condensation of molsture in the eir, This condition was
improved by heatling the top and sides with a amall laboratory
hot plate, W¥ost of the vapors that were tried produced a
thinner sensitlve layer in thils chambeyr than in the firsty
however, thls chamber allows a heavier lon load because of
fewer excess lons. HMethyl aleocliol produced a vapor that
appeayred to gzive results &g grod as any other liguld and since
it was easily obtained, it was used in the lollowlng experl-
ments,

An easglly porﬁabl& permanent masnet would be tho most

desirable method of producing the necessary magnetic Iield
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for a d&manstration eloud chamber, A magm@t of this type was
triad, but th@ fiel& wag not astrong enoug gh to Qroduce -k ojv) o T8
clable purvatare of the tracks, iheﬁmagﬂat uged gava_&ppraxiw
mately 200 gauss with the pole yieaes separated by six centie
meters, ‘?hﬁ permanent magnet ma%haé,?as diaéaréea in favor of
an alr egre ela¢tP5magnat which a110W&ﬁ‘a camera to b@ mounﬁéé
above the chambe?. In amy cage the permanent magnet was Ilmprac-
ticable aince 8 camera cohld not be placed in!thﬁ correct pogi-
tion to obtaln photographe sviteble>far‘quantitativs study,
Pole pleces larme enouch to permit a éaﬁer& to be m%ﬁﬂtad‘iﬁﬁiée
have been constructed but they are impﬁééﬁiaﬁi from a flnancigl
standpoint, | -

The firat air c@ra‘eleﬂtrﬁmagna% canaiét&d‘ﬁf two eolls
of wire saparat@ﬁ:hy‘aix aentimaters;* In thia manner the cﬁamaf
ber could- be plﬂaaa between the aeila and nhotographs made
from the top.: E&ch cail, six incheﬂ ﬁn diametar, congisted af
110 turne af number s@vsntaen eapﬁer Wira. ﬁn arranyemﬁut
such as thiﬂ gﬂve awprcxina%aly kGG gaua& for intermittent
uge, The #f?ﬁeta of Lh& fleld wara vieibl& an\aame very 1aw~
energy pﬂrtinles but the tracks Wera nmt gultable for nmHa.suUre~
ments 48 pointed out ﬁrQVLnusly, thﬁ minimum field necessary
is of the orﬂer of magnituﬁe @f iﬁﬁﬂ gauss, & value rmuch
greater than‘was ebtalined with.sua§5p¢§la, Since & larger |
field was mg@@ggary, th@ next z£§§7§ag £¢ experiment with an
1r9n~c9ra'ﬁléﬁt#¢magnat. A magnatrgﬁ magnet was available which
pre&ugéé tha:@r&er of 1530 pauss er;iﬁtermiﬁtent uge or 1000

gauas for steady operation, This magnet consisted of many



turns of wire wound on two pole pleces, Those pole pleces
were mounted in such & way that the ﬁis%anae’batwaen them
could be varied conveniently. This arrangamant allowed a
maximm magnetic Field to be praﬁucéﬁ by adjusting the separse
tion of ths pele pleces to a'minimam; Such a magnst required
a high voltage power supply which wes available from other
apparatus, Th& eloud chamber waz set np and plaeced between
the poles, The pole pleces were adjusted for minimum separf-
tion, and a current passed thraughith@ Qeils, A current of
£ifty milliamperes produced no deflectien, but upon incraasing
the voltage until the currsnt was ab@utflﬂﬁ milllamperes,
deflection bscame notleesable, The fiéld thue ereated was not
sufficient so the current was gradually increased to 250 milll-
amperes, Sharper bending became noticeabls aé the current

was 1ncrﬁassd¢"%1th this field, the tréeks ware clearly cly-
gular. Some of the low-snergy parﬁialéé were hent into a
gomplets eiréla of about two or threes centimebers radius;
Photegraphs were not attempted sinee the view Trom the side
was very limited., Two factors which 1imited the vlew ware
molsture on the walls and the small chamber helght, After
geveral minutes,af operation, 1t was noticed that the wall of
the chamber bepan to ¢lear up. This was due to the khesting
effeet in the upper coil, The heat thus a&ail&ble served twe
very cmnvanieﬁt rurposess flrst, it.eléar&d away the undesir-
able moisbura; and gecond, 1t createsd mers vapor which gave

a greater lead limit and enlarged the sensitive reglon,

~
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A quantitative measurement of theWmagnﬂtie field of this
magnet was made to determine the véliﬁity of previous ecalcu~
lations, The magn&tic fislds for various values of current
wers me&sur@d’&nd'a graph of the resulits was made as shown in
Figure 2. 'Thaa@ meagurenents were made with a Cenersl Electric
Flux meter, Hodel Number 320248. ?h@_currant was maasureé
with & Nodel 260 Simpson multiqmatar;5:Thﬁ seareh coll was
mounted on a lueite vod and hinge&,t&‘a rigld support =o thet
1t could easgily be passzed thraugh,thé fielﬁ.élong the same
path for each measurement, The fiaié was measured at approxie
mately the center of the region b@twéém the pole pileces where
the sensitive reglon would be if the chamber were in place.
Sines the flux meter measured the avﬁféga flux density; the
valu@ayabtainaﬁ were AVeragss avar;%ha'éntira.a&n&itiv& reglion.
?ha,ahamb&r §as}agt up nsing aleshol taqpraduca the vapor and
an igsotope of cobalt {6566) as & radlation source, This source
wag chosen bescauge the zarms radi&timnvit produced caused
secondary radiation of widely varyling energles of the crder
of these encountered in the laboratory, The chamber was placed
between the poles of the magnet and,ﬁhs'faiimwing gualitative
observations wers ma&e, In & fielé,qf a§prox1mata1y 5@0‘gauss,
oceaglonal bending of low anergy_partiélaa wag noticeable, A
few were bent o a radlus of,curvatura af‘six aen#imatarg, The
avarag@;ra&iaa'mf curvature wasg greatarbﬁham this, satimated
to be abmutfeighﬁ cantimaters, Many tfacka gppeared bto be

unaffectad,
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Those which‘ﬁére hent the moat‘di& nbi gypaaf to be parfact
elrcles, ,?hiﬁ'wag‘prqbabiy due té'ﬁﬁﬁvéaéiéﬁ cmwrénta,
aelliaians,,#aféimgVvelocitiag, ané afﬁémaﬂnifmrm magnetie
field, A field of 600 gauss altered the sitiation somewhat bub
not ta_any.gféat extent., The av@raga,éadiue;@f eurvature was
eatimated ta bévaEaut gaven camtimeﬁérﬁ, ﬁpén‘iﬁcraasimg the
fileld to about 700 gauss, ths avarag@ ré&iuﬂ?ﬂas approximately
slx centimeterg, Even with & field;af_ﬁhis étreﬁgth, a fouw
tracks were virtually unaffected, ‘ﬁkfiﬁld of 830 gauss brought
the estimated averape radiug of cu?waﬁﬁfe down to about five
centimetere, With thie fi@1§,the_eff@qt gaui& definitely be
seen on ail %ut a;#er§ fow traaka;,,?hié_migﬁﬁ e the minimm
tolerable field for laboratory workgrﬁuf & fow wepe still not
curved enaugh‘tm ailaw accurate maégﬁﬁ@ﬁeﬁt,v A few twa@ks were
bﬁntiiﬁté;almgsti¢amp1ete cireleafﬁgﬁ field of 900 gauss gave
an ave?&ge ra6i&svéf approximﬁtaly;fiwe cantimat@r&, Some
tracks formed complete circles of radius not more than two
e&ntimetaré,Q Tf&&ka'warﬁ obgerved whieh had a radius of
seven or elght centimeters, & fisld sf‘aypraximataly 1000
geuss ﬁraduéed,m@asurable bending of all tracks except thoge
formed by tﬁe alpha particles fr&m\urénylaeetatg* It seemed
thet the averagé raﬁina vas about f@ar ¢entimet@rs¢ At thie
point tha coils were cerrying a current grester then their
reting end became toe kot for further operation, These obser-

vetions substantiate, to & small extent, the conclusien thai
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a field of 130@ gauss would be about the least field required
if the chamber ié to have wids ap fliﬁa%ility.

An air-core solencid was availanle, but calcuiatiana'
showed that‘it'would produce & [ield of only 200 puuss so it
wae not used. 4 sclsnold @f‘r&éiué jﬁﬁ% greaet snough to
ﬁﬁéommodaﬁe'th@ phambar would be very de&irahlag but from
a c@naurmaticn&l standpolnt 1t was Impracticeal at that time.

?hqﬁng?aphﬁmg the tracks was the na?t *rmbl&m sncountered
and proved to be the most ¢ifficuit. The fiﬁstvchamber GOn-
5true£aé,wa& uﬂﬁ&,f0r the firat attémpt at gh@tagﬁ&yﬁy., The
camersa used_@as‘a thirﬁymfivs millimat@r‘ﬁ?gés raeflex, The
procedure was 2 straightforward anﬁ_af;fssusimg the camera on
& small mbjaﬁtkplaced on the flaar‘f@r“ﬁhat'§urpa$a, The
focus was seﬁ‘fmr the shortest p@éWibié}@b%@ét distance and
the canera moved until the oblest on thﬂ flmsr was in focus,.
The only reaulﬁs aah¢3ved by thils praeamure ware blurrad
pictures of tha tag of the chambser, I*iwaﬁ noted that even

ir the ylﬂturﬁ had been auosaaaf&l, th@ pwft4mn of the fleoor

that would app@ar in the picture wculd have b&@n ouly slightly R

larger than‘the hmfa in the top. Qr thia resson 2 taller
ch&mb@rywas ccﬂﬂtrﬁcted, It was thgugnﬁ alaa‘éha% a tall@r
chamber would in@ﬁ@&aa}th& depth mf_@&éisanaitiva r@gian.an& ?
be mgrefaﬂV&ﬁtageoua for classroom déﬁqﬁﬁt?aﬁian@

The thiid chamber was aanatruaﬁﬁ&iﬁn the same manner as
the sscond excepl that the chamb@r'prap@r wag six inches hggh.

The pesults of the first test opefatign"were dimappointing.
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The sensltive reglon was increased in depth, bub 1t was not
nearly as senslitive &s was the case lu previous models. in
thig chaniber the sensltive region was almost onew-hall inch
deop. Tracks were formed, bul many appearsd not to be com-
plote and tney were very spavse as compared to the number
obtained before, Actually, 1t wes lfound later, the primary
source of trouble wag that the a?ailabla'iaa w&as not suflficilent
In quantity to cool the {loor adequuiely. 4 second test

with more ice proved to give more satisfactory results, ¥Even
then the maonber Qf_tr&cka wus not Qamy&r&hlefwith those observed
previously. It should be pointed ouib that ié all chambers

the temperature of the floor is eritical., Dry ice will main-
taln this temperature only 1f it is pressed firmly %o the
bottom. %apéra %hieh had proved gatislactory in previocus
nodels pro@ucédisﬁtiafactory reaultS}With tais chamber,

An aieatficffiél& was tried witﬁ gbe& resulis, A simple
arr&ng@meﬁt‘af é?plying a field between the top and the bottom
was tried, ?a,ac@mmplish this, a br&sa‘tap»w&a nede with ciye
cular hole two inches in diameter in it& center, The hole
was Titbed with‘plaxiglass and aeal@d,  Insulators were meade
of luclte in such a way that the tay'c@uld bavelaetrie&lly
insulated from the rest of the ah&m&aﬁg, The other slectrode
consisted of & sheet of aluminum amall enough to be slipped
between the ice and the bottom of the chamber, The instant the
field Wﬁaﬁturﬁaﬁ on, & very ncticeable change occured in the

nunber and qualitykef the tracks formed, Ths nmumber of the
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traeke wer incregped &lmost bwo~Told, . The fleld tendsd oo

bresy the t?ﬁ?%ﬁ dSrto teo nerts,  One rert

£

rifted Jdown very
papldly, w&i}@;tha~mth@r tended to Mloot down wors slowly.
Gecaelonaglliy %.f?ﬁﬂ% zeattled gently or r%ﬁ eoncensed 1iould
on the floor ﬁmﬁi?ﬁmﬂiﬂﬁd for gseversl ﬂngmﬁﬁs; ik thie
TLE ‘*w»enf, Melds renging from 200 to 359 volte were »gﬁ‘m@dv

with very 1ittle difference in perfomsnor belns noted betwaen

the two euire

men. & thixd sleecbrode wos made of corper sereon
wire, 1t wes vloced belween the bwo- -2 % oan? the giz-ineh

eylinders used previously as shown in & two-ineh

hols wes oud iv the conter of ﬁ~"%&rwv&m m E@w the floor to

he seen Teon above. n thils case, ﬁ&@jﬁﬁwaﬁﬁéwiw@’ﬁriﬁ was

held st 300 velitz and the olher %W“ ‘iﬁﬁi?ﬁﬁﬁﬁ uged in the hird
ehEmber m?@ Bald at ground potent .;,-&,} g L ile arvunrement anpoared

bo give the same resvlits asz the t#ﬂ*ﬁlﬁe%ymh@ flald, The prie

mary @b%ﬁaﬁiﬁm to such an ﬁr%&ﬁgﬁm&ﬁgjﬁag that the grid ﬁbﬁ@ﬂ?@ﬂ

with sondenmed wanor
whleh ﬁfﬁﬁﬁ&ﬁ of? on bhe {loor, cand img'a‘eam&iﬁﬁ?ablﬂ distnrbe
snce, Tha nature af thls aiﬁﬁuyhanc@ wag very simllar to track

formatlion ail agbed the Q&ﬁﬁi@?”*%w of using & simdlor

clisanbar fﬁ& e ztudy o the hyh?ﬁégﬁ&mﬁﬁﬁ af m&ytlml@'mmﬁisﬂ-
#1th the third chamber sperating sablsfactorily, tnothey

attenst ab phobomraphy waz wade, Phe siz-inck shamber with

two alsetrnder was used and the camera Was an Pasbtman stwdin

type mounted on o byipod and Loadsd with Tsopan fils, The
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Eight pletures were taken with this apparatus with various
timeé and ap@rturas for the expoaure;‘ The resulis were again
of no value; however, more of the flaér,was visible in these
pletures than before and falr photographs of the radlation
soureces waré obtained,

A camora with a speclal lens system for!taking él@se«
range pictures was obtalned, The two-lnch gﬂ&mher wags gob up
without the electric field electrodes, using alcohol ag &
vapor source and uranylacetate and raﬁib&e%iVa carbon (clh)
as radiation sources, This chamber Wasiuseﬁ{ﬁecause the cenme
eva would take actual size photographe wlth &n objech distance
of four inches. A ringstand was used téﬂmcuﬁt the cheamber so
thet ite position relative to the camera could be sagily
ad justed, The film used was & 35 millimeter Kedak Panatomice-

%y ASA Tungesten 20, The field of view of this cemera with

the speclal puprpose lenses in plaee wagfvafyfsmall, making 1% 2;~“V

difflault_to obtain photographa of desirable tracks with rendom

expasur&a;k_seventeen(axpasurea were made ran@ingvin time from

one twenty-fifih to one-half second, and epertures ranging from
J , ping

£ 2,9 to © &.2. Tive photographs of tracks were obtained, two
of which are shown in Pigures l and 5,  Figure l was obtained
with & onententh.seccn& exposure at f ugz; Pigure 5 was taken
wilth one-rifth second sxpesure at f 5.6, These photographs
were enlarg@dfapyrmxima@ely four times,} The enlarging paper
was Kodabromide, Since the cemera gave:§gotcgra§hs which were
actunl size, the entiré track near the ecenter of the vhotograph
in FPigure 5 is approxigately 1,3 contimeters long,



33

Fige l.--Photograph of three alpha tracls

Figs Se==Photograph of an alpha track
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There are portions of three tracks in the photograph in Figure
L« The blurr in the upper left-hand ccrner‘is‘the felt pad,
The radiation scurce may be geen at ﬁhé right edge of Figure
5. These tracks were created by alvha particles from the
ur&nylﬂcatate; They are nuch heavier than beta or gamma
particle btracks {not vizible in'the,pictures) because the
alpha pérticles,iamize nuch more than the other particles,
Bete vracks obtained in thie chamber were extremely thin
and,'consequently; were difficult to illuminate suffTiciently
for photography,., BSince none of the bota tracks present at

the time of exposure were evident 1In any of the photographs,
no furiher‘att@mpt was made to obtaln photographs of such
tracks. It saems that such phobographs could be obtainad with
a more sensitive, higher contrast {ilm. This spselal purpose
squipment was‘not readily avallabla,

Fpr denmonstration purposes the t%ird chamber conatructed
was more satlisfactory than the others, When weak sources were
uged, the electrlc field was not necessary, Three sources
were placed in ths chamber simultaﬁecusly to demonstrate the

three kinds of tracks, Commerclal laboratory zources for beta

excellent alpha source. Thls arrangement made a convenlent
demonstration unlt which an entire class could observs almule-
tanecusly,

To meke the chamber more portable, an sttempt was made to

puild a light source in the chamber proper, A siz-watt, 110



volt bulb was soldered to a headphane Jaek, The jesck was bolted
to the top of the chember in‘such’a wey thet the light’bulb
very nearly touched the floor. & rafleatbr wae rede of shest
aluminum and attached to therbmlb. The phoune plug was connmcfed
to & 116~volt outlet plug. Tle chambér wos set up and the

iight eennec%éﬁ. Trackes were visible Iin the linmedisate regslon

of the light, tut they were immeéiaﬁeiy'broken up by swift

convectlion currents caused by the heat of the light. 5Since

{

s stropger Llght would only cause nore convecticn currents and
a wesker light would nolt illuminate théftr&cka sufflclently,
no further attempt was made to plece the light gource inside
the chamber, |

To add teo the convenlienss of mper&tien, a elireular groove,
five inches in diameter, was cut thrgmgh the brass top, OSwmell
holeg were bored in the bottoam of thisigrove, Ligquld was added
to the felt pad by Tilling this groove, The holes in the top
appareaily did wot affect the operatlon of the chanber to any
appreciable extent even though suma‘&ﬁst entered through those
holes, It appeared thab an alr tight =eel at the top was not
necessary, vult a leak at the betﬁam‘ypoduaa& drastic effects,
A4 swirl of condensed éapor,cculd be seen at any leak at the
bottom, This practically eliminated all track formation. A
good seal at the botitom was f&cilitateé’by pouring some liguid
on the bottom., This liquid also improved the background Toy

the tracks.



CHAPTER IV

SUMMARY AND CONCLUSIONS

Three contlinuously sensitive diffusion cloud chambers
have been constructed, Each chamber had its own particular
sdvantages in applieatian. The two-ineh chamber was more
satisfactory for the application of a magnetie field and did
not require an electric fleld for reasonably good load capaw
eity. Photographs of alpha tracks were obtained using this
chamber. The top and sides of this chamber had to be heated
to eleaé away condensed molsture, Th@ythreeaineh chember weas
an experimentel model to test the basic components of a diffu-
gion ecloud chamber and sources of vap@f‘&nd radiation, The gixe
inch chamber was best for demonstration, but for best reaulta;
an electric fleld applied between the top and the bottom was
required, Good results were obtained using a 300-volt d-c
power supply to create this field,

All the chembers constructed gave satlsfactory results
with several volatile liguidas furnishing tha‘vapar. Good
tracks were obtained with all the avallable commercially
prepared radiocactive sources except the radium-beryllium source
which overloaded all the chambers to such an extent that no
tracks could be observed, Photographs of alpha tracks were

obtained using a special purpose camera desligned for short-rangs

36
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photography. Fairly sensitive film and ﬁevelop&r were used,
but more sensitlve contrast would have given better results,
The cloud chambers constructed were not suitable for quantitative
study; however, 1t appeared that they will find applicability
in studying the weaker radiocactive zources.

An accurate quantitative chamber can be made with the
prover camera and magnetiec fleld, The most desirable method
of applying the field would be with an air-core electromegnet.
This would ailow,a camera to be mounted above to take pletures
suitable for quantitative study. Such a magnet would be expen-
sive but within economic boundaries, If the desirable field
of 1,000 gauss is to be obtained, caleulations have shown
that the product of the number of turns of wire and the current
in amperes must be approximately 20,000, For example, this
would correspond to 20,000 turns of wire capable of carrying
a current of one ampere, This can be achieved without great
expense and difficulty. A chamber four or five inches high
and four inches in diameter could be plseed inside such &
solenoid, A window which will permit light to enter the sole=-
nold must be provided., A camera sultable for mounting above
the chamber would have to be obtalned. The camera would prob-
ably be the most expensive part of a quantitative eloud cheme
bar.

’The work whieh has been done clearly indicat&a that the
continuously sensitive diffusion cloud chamber is excellent

for demonstration purposses. A useful gquantitative chamber
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can be constructed whieh i1s within the economic meang of

most small laboratorisse,
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