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INTRODUCTION

There are many types of detectors of radioactive
ray8, such as Geiger Counters, ionization chambers,
photographic emulsions, #lectroscopes, and cloud chambers,
Many of these give only information such as the amount
of radiation or the minimum =nergy of the rays because
the information is registered as a change in voltage or
a "count".

Outsténding among the different kinds of detectors
is the type commonly called "cloud chambers"”., In a cloud
chamber the path of the ray* can actually be seen and
photographed, itz radius of curvature in an electric or
magn=atic field can be measured, the amount of ionization
can ba measurad by counting the number of ions per length
of path, and the amount of deviation from the predicted
normal path ci&n be studied. From this type of information
the mass, velocity, and charge of the ray can be determined.

The basic principle utilized in any chamber 1s that
a gas which 1s supersaturated with a vapor will act as a
means of detection of radioactive rays by forming a cloud

trall along the path of the ray.

*The term rays as used here fs\meant to include

S

particles as well as ultraviolet reys, X-rays, } -rays, etc.
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The most common method of obtaining a gas which 1is
supersaturated with a vapor is by cooling. Gas which has
be#n saturated with vapor can be cooled until a high degree
of Supersaturation is reached if thers are no particles in
it to act as nucleil around which droplets can form.

J. Aitkenl during his investigations (about 1880)
indicated that dust particles do act as such nuclei and
utilized the fact to count dust particles. In 1896 C. T. R.
Wilson? showed that ions formed in a supersaturated gas
could also act as centers of condensation. This fact led
Wilson to the discovery of his famous "expansion" cloud
chamber. It is theorized that high energy rays in their
motion through matter ionize many atoms along their path.
These ions form nuclel for condensation, thus producing a
trail of droplets which are visible to the eye and which
also can be photographed if desired.

The method used by Wilson for obtaining the super-
saturated gas 1s expansion of a saturated gas by means of a
piston on the floor of the chamber. This sudden increase of
volume causes a decrease of temperature, thus causing the
ga® to become supersaturated. The main disadvantage in
Wilson's chamber 1is that it will show tracks for only a very
short period of time =fter expansion and then must be
recycled for the next expansion. Therefore, ther® has been

considerable interest in some kind of chamber that would be
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continuously sénsitive,

The first continuously sensitive cloud chambar was
reported by L. G. Hoxton3 in 1933, This cloud chamber
operated by passing air over water at 709C and thence into
a water-jacketed observing channel at room tamperature.
Condensation phenomena were produced by electric dischargas
but not by radiation, so this method was not satisfactory,

In 1936 R. E. Vollrath" described a continuous cloud
chiamber that operated by interdiffusion of two vapors such
&8 hydrochloric s&cid vapor and water vapor, at the interface
of which the gus became supersaturated with respect to the
mixture (dilute hydrochloric acid).

A, Langsdorf, Jr.J reported progress on a continuous
diffusion cloud chamber in 1936. The construction® of
Langasdorf's chamber iz essentially a glasas cylimdar with a
refrigerated floor and & heated roof. Through the roof the
vapor of & liquid w»ith & high vapor pressure is allowed to
diffuse and saturate the gas in the chamber, Then as the
saturated gas diffuses downward 1t becomes cooled and thus
supersaturated and within & limited region acts &8s an ion
detector.

Although diffusion chambears hava the adventage of
baing continuous, they frequently have the disadvantage of

having diffuse, fuzgy, or distorted tracks which do not
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generally present & great problem in a well designed
Wilson expansion chamber, There is a definite need to find
out more about the conditions that axist in diffusion
chambars in order to improve their design. The purpose of
this paper 1s to investigate some of the conditions that
exist in & diffusion chamber, =imilar to the type proposed

by Langsdorf,



THEORY OF DROP i"'OR.J-;'I‘IOl'z&8

In order for droplats of any vapor to be formed 1t
is necessary firet of all, that there be nuclei to form
the beginning of a drop and secondly, that the drops once
started, be in a region which is sufficiently supersaturated
so that the vapor pressure of the drop is less than the
vapor pressure in the region.

In 1870 Lord Kelvin? showed that owing to surface
tension, the vapor pressure of a liquid in the form of a
drop of radius (r) is greater than the vapor pressure

exhibited by the same ligquid st & plane surface, The

Py, 26M
Bq. 1 L2 (%) Ripr

where (0) 1is surface tension, (o) iz the density of the

relation is:

liquid, (M) is the gram molecular weight of the vapor, (R)
is the gas constent, (T) is the absolute temperature, &nd
(Pp) and (P-.) are the saturation wvapor pressures over a
drop and & planea sheet respectively.

The ratio of (Pyp/P..) 1s defined as the gquilibrium
supersaturation ratio for the given values of (r)., Super-
saturation ratio (8) 1= the ratio of the vapor pressure
which actuslly exlists to the saturation vapoer pressure
which would axist if the ges were just saturated with vapor

at & given temparature,
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The variation of (P,/P~) for different values of (r)
i#s shown by the dotted curve of figure 1. This curve shows
that as the drop radius increases, lower supersaturation
retios are needad to hold the drop in aquilibrium. A drop
formed to the left of the curve will have a saturation wapor
pressure greater than the vapor pressure that asctually exists,
so it will evaporste, A drop formed to the right of the
curve will have a saturation vapor pressure less than the
vapor pressure that actually exists, so it will grow larger
and the larger it grows the fnnFer it grows until its size
is finally determined by the amount of wapor available for
condensation in the ragion. A drop formed on the curve
will grow if & molecule is added to it or will evaporate
if a molecule leaves it, The only requirement for drop
formation 1# tha presence of nuclel on which thes vapor may
first condenss,

The air usually contains dust particles whose size
may wvary from 10"+ to 10-6 cm, These present very large
surfaces of condensation and, from the srpument sbove &nd
the dotted curve of figure 1, it is clear that very little
(1,001 to 1.12) suparsaturation 1s needad in order to
condense on such nuclei, This explains the phenomenon
observed by Aitken that when Austy sir is present very little

supersaturation 1s needed to produce fog.
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An extension of the dotted curwye would show that
the value of (S) needed for the formation of a drop of
radius 2(10)=8 cm 1s mbout 235. Since the largest value
of (B) obtainable is of the order of 8, such smsll drops
will evaporate at once aven if formed,

The above information 18 applicable in most instances
to dust purticles which may be uncharged. However, i1f the
particles are charged the situation is affected by this
charge., Assume that & drop 18 formed on a single lom, that
is, it carries an slementary charge (e). Equation 1 is
then, according te Thempson, modified to
t. 2 to8(ft)= 4 (3¢ - s%r)
where k is the dislesctric constant.

The two terms on the right hand side of &q., 2 signify
the pressure due to surfece tension and electric field. The
two are in opposite sense, for while the potentisl energy
due to surface tension (4ITr20) decreasses with the decreasing
radius (r), that due to electrification (e2/2kr) decreases
on lncreasing the drop sire, The former tends to decraase
the radius of the drop thareby increasing the vapor pressure,
while the latter tendes to increase the radius and decrease
the vapor pressure. A charged drop will therefore always
have lesz wvapor pressurs than an uncharged one.

It can bes detergined from aq., 2 that for

rse=(e</16 k )§, Pp=P-
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r>c y PpoPo
(c) 1= the critical radius determining the size of the
charged drops when the space 1 just saturated. Each gaseous
ion in satureted vapor will be surrounded by a drop of radius
(e).

The variation of (Pp/Pw) with drop radius (r) for a
charged drop 1= shown by the so0lid curve of figure 1. For
a drop radius r>10=7 cm the effect of charge is negligible
and the supersaturation required i1s the same for charged
and uncharged drops., But for lqlllnr radii there are
eignificant differences. Whereas for uncharged drops the
equilibrium supersaturation ratio increases rapidly with
decrease of (r), with cherged drops superaaturation ratio
equilibrium reaches a maximum value of 4.1 at r=6,05(10)=8cm.
end for still smallar drops supersaturation ratio reaquired
is less, Thus while no uncharged drops can be formed in
space for which (8)<1, charged drops do form, but they will
have & radius less than 4(10)-8 cm.

The %0l11d curve of Fig. 1 shows that the radius of
the drops formed around iong diminishes very slowly as the
guantity of vapor in air diminishes., Since there are always
present in air some ione &nd some vapor, very fine droplets
are also always present., But thaese Arops cannot grow to

vigible size because, as seen from the curve, for the

ascending part AB, the saturation vapor pressure must also
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incresase &s the drop radius increaszes. This is not
physically possgiblea, The drop merely grows until radius
is equal to such a value that (Pr/P.) is equal to the
existing value of (8).

Once the drop has crossed B, the saturation vapor
pressure decreases &8s the drop gets bigger, =o that vapor
will condense on the drops and the drops increase in size.
But the bigger a drop gets, the smaller the saturation
pressure and the faster it grows, In faect the region
between B and C is unstable and when once the drop has
passed the stage B, the drop soon bacomes visible, Hence
in the presence of ions if the supersaturation ratio
increases to 4,1 drops will grow on i:ns as nucledi.

Above & valua of S=8 a dente cloud appears aven in
tha sbsence of an ionizing source. The reascon for this fog
has not been clearly shown but J. J. Thompson9 has postulated
thet 1t could he due to the fact that small droplats are
béing continually formed and instantaneously evaporate away.
Some of these may be caught by pure chance and act as nuclei
of condensation. This seem®2 to he supported by the fact
that the density of the fog increases with an incresase of

supersaturation in this range,



THE DIFFUSION CLOUD CHAMBER

The cloud chamber used for the experimental work in
this paper is a diffusion chamber the design of which is
essentially that of Snyder and HeilemannlO, It was chosen
because 1t has been tried and tested and is especially
adaptable to experimental work,

Figure 2 is & sectional view of the diffusion chamber
drawn to scale, The chambar 15 a clear plastic cylinder
with a oné-sixteanth inch wall provided with a removable 11id
of the same material and fitted as showmn. A ring of dlotting
paper, supported on small plastié blocks, when moistenad with
athyl alcohol serves as the source of tha vapor. An aluminum
plate painted a dull black 1= the cold surface on which the
alcohol vapor condenses, This plate is cooled by an acetone-
dry ice mixture contained in & thermos bottle, Thermal
connéction batwesn the aluminum plate &and the cooling mixture
is made by a solid iron cylinder which passes through & hole
in the bottom of the chamber, Cotton is packed around the
bottom of the sluminum plate to help seal the chamber and cut
down the flow velocity of the vapor nesar the cold surface,
A circle of wire held in place hty friction is one electrode
of a continuous sweep voltage of about 1000 voltssy thea other
@lectrode is the aluminum plate. Tha purpose of tha sweap
voltage 1s to clear the sensitive ragion of unwanted ions

that were formed sither above the region or by prawvious



Figure 2

Sectional view of a diffusion type
cloud chamber drawn to scale
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tracks in the region and tend to depletes the supply of
vapor and cause a background fog.

The chamber 1s supported by & hoard with & hole
large snough to permit the thermos to he raised around the
iron cylinder and sgainst the bottom of the plastic cylinder.
A matting of cotton is placed between the chamber and the
support for extre insulation to help conserve the dry 1ice.

The 1i1d of the chamber has three one-quarter inch
holes to &allow & thermocouple to be placed in the chamber.
One hole 1&g in the center, one hole is 2.3 cm from the
center, and the third hole is 4,8 cm from the center. These
holes were used to study the change of temperature with
distance along the radius,

Because of condensation there is a flow of vapor
downward, It "falls off" the aluminum plate and bacause
of the flow veloclity there is a tendency for the tracks to
becom# distorted. To prevent this, a cardboard strip about
an inch high was glued around the aluminum plate. In fact,
& numbar of measursments were taken with the strip in place
and ware found to agree with those taken with the cotton
around the bottom of the plata, The cotton was substituted
for the cardboard strip because the cardboard blockad the
light from the #lide praojesctor which was used to illuminate

the tracks. The cotton substitute ssems actually to serve

better than the cardboard strip a= & preventative measure

109390
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against the flow of vapor,

For an alph& particle scurce, both radioactive lesad
chloride and thorium were used. The tip of a wire or a
sliver of wood was covered with glues, then dipped into the
radioactive material to make sure the alrha particles would
be emitted from the radiosctive material on the surface and
therefore would not ha stopped before they could enter the
cloud chamber,

The slpha rays were emitted radially from the small
source and could be seen quite clearly in the sensitive
region immediately after they weres formed, but because of
the motion of the vapor they diffused rspidly.

Figure 3 is & top view photograph showing two fairly
sharp tracks and many diffuse tracke formed along the path
of the alphas amitted from & thorium source on the an# of
a toothpick fastenad to & coll of wira which lies on the
aluminum plate. The light source wasz cross illumination
by a 200 watt slide projector &nd the camére was & Kodak
35 loaded with Super XX Eastman Kodak film, The camera
was equipped with & 1+ portrait lens and was used with
1/200 th of & secon? shutter speed and &n f/3.5 aperture,



Figure 3
Top view photograph showing tracks of alpha particles

from & thorium source in a diffusion cloud chamber




MECHANICS OF OPFHATION

As descridbed in the pravious section, to achieve a
sufficient supsrsaturation ratio the warm alcohol vapor 1is
&llowed to evaporsate near the top surfece aof the chamber at
a temperature (Ty) slightly less than room temperature. The
saturation vapor pressure at this temperature i= (Py). As
the vapor diffuses down toward the refrigerated floor the
partial pressure (P,) is greater than the saturation vapor
prassures st theses lower temperatures and sventually the
vapor reaches such a lavel whera ths supersaturation ratio
is great enough to produce tracks. Assume (T;) 1is the
temperatur= at tha top of the szansitive region and (Ps) is
the saturation vapor pressure at (Tg). Then the super-
saturation ratio (8) at the top of the sansitive region is:
8 2 Po/Pge.

Below the temperature (Tg) the supersaturation ratio
will probably increase. The exmct value of (8) will depend
upon the amount of condensation that takes place because
this condensation controls the value of tha vapor pressure
that actuslly exists in the sensitive reglon and below.

There will be & temperature gradient (G) established
between the top and bottom surfacé defined by G = dT/ds
where (s) is the vertical distance measured in the chamber
in centimeters, The grediant then is simply the change of

tamperature per change in distance. If temperature is
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plotted against distance for any cloud chamber, the curve
could be thought of as a function T = f(s) and 4T/ds would

be the slope of the curve at any point.



OPERATIONAL COWDITICNS

To study the temperature distribution within the
chambar when tracks were observable, a copper-constantan
thermocouple was used, The coupls was & conventicnal two
Junction thermocouple made of #30 cotton covered wire., The
calibration of the couple was chacked after construction and
the alectromotive force agreed within the limits of experi-
mental error with the walues published for such a couple.
The junction that was placed In the chamber was encased in
glass tubing to help keep it vertical and pive it rigidity.
A chromel-alumel thermocouple of #18 wire was also used to
determine if the thermal capacity of the couple had an
appreciable effect on the temperature distribution. The
readings of both couples were found to agres within the
limits of error,

The electromotive Torce was measured with a Leeds
Northrup potentiometer indicator which is calidbrated to 1/2
of & millivolt and can be read to the nearest 1/% of a milli-
volt which is egquivilant to about 1/20C for the thermocouples
used,

Figure & 1s & graphical representation of temperature
neasurements st Jifferent distantes wvertically downward om
the center axis of the chamber, Thess temperaturss are
representetive of a number of trlals and were taken after

tha conditions of the chamber had reached equilibrium and
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tracks were obsarvable, The shaded section on the graph
shows the sensitive region of the chamber., That is, that
layer in the chamber where tracks are being formed,

The temperature of the top surface is, of course,
depandent upon the temperature of the room, A change in
room temparature tends to change the character of the tamp-
erature-distance curve &t the top very slightly and leave
the bottom of the curve unchanged.

Figure 5 shows dats representative of & numher of
trials for both the transient and equilibrium states, The
transient state exists during the pariod whan the bottom
plate iz =2till cooling and clear tracks have already started
- to form, The aguilibrium state 1= the normal operating state
of the chambsr and sxists after the temparature gradient in
the chamber has settled down. It has heen reported that the
tracks are better during the transient state. In the present
chamber, however, no significant difference was noted.

From examination of figure 4 one can ses that the
sensitive region is & small fraction of the total distancs.
In an effort to expand this distance, the temperature of the
top surface was changed to 09C and figure 6 18 representative
of the trisls taken under thess conditions. To hold the top
surface at 0°C the 114 of the chamber was replaced by a flat
metal container filled with ice cubes and water. To give

& comparison with normal operation the points of the curve
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of figure 4 are repeated here.

Also, tempersture readings were teken to show the
temperature as a function of the radius. The measurements
were taken: (1) down the center axis of the chamber, (2) down
a vertical axis 2.3 cm from the center, and (3) down a verti-
csl axis 4,8 cm from the center, Figure 7 contains infor-
mation representative of a number of trials showing this
variation of temperature with radius. The so0lid lines are

aqui-temperature lines.
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DISCUSSIOK OF RESULTS

From figure 4 the temperature (T,) at the blotter
is 199C, it this temparature the saturation vapor pressure
(Py) is 41,6 mm of Hg. Also, at the top of the sensitive
layer the tempersture (T,) 1s -0.59C. At this temperature
the saturation vapor pressure (P;) 1s 10.8 mm of Hg. This
gives & value of 8 = 4,0 which is in good agreament with the
value predicted as necesgary for drop formation since the
top of the sensitive layer could only be measured within
about 2 mm,

The saturation vapor pressures used above were tiaken
from the Haundbook of Chamistry and Physics, thirty-first
edition, page 1873.

From figure 6, (T,) 1s 9°C &nd (Tg) 1s <120C., Then
(Py) is 22.3 mm of Hg and (Pg) 18 5.3 mm of Hg. This gives
a value of 8 = 4,2 and 1s &lso in fair agreement.,

For a rough approximation of the temperature gradient
near the sensitive region oneé can take the change of temp-
erature and distence across 1t, i.e. G = AT/aos. For figure
4 between O and 1 cm (G) 1is found to be 44,5°C/cm. From
figure 6 between 0.5 snd 1.5 cm (6) is found to ba 19°C/cm.

If it was assumed that (P,) was constant throughout
the sensitive region, it would naturally follow that a
smaller temperature gradient would broaden the sensitive

layer, since it would start farther from the bottom.
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However, 1t 1s seen in figure 6 that the effeet of the
smaller gradient is simply to raise the entire sensitive
reglon and not aff=ct its thickness.

If the radioactive source 1g removed from the chamber
the region below the previous sensitive layer will show clear
tracks of occafional cosmic rays which pass through it. 1In
this case, since there 12 no condensation for appreciable
periods of time, the assumption of & constant (P,) in the
sensitive region is more nearly corract.,

Thus, for the purpose of cosmic ray study, the
sansitive region is dbroadenad by & reductic: o7 temparsturs
gradient but, when there 18 a great amount of condensation
taking placa, the smount of vapor available for condensation
on ions formed in the lower part of the sensitive region is
probably tha main factor. In the latter case the super-
saturation ratio could possibly fall below a value of 4.l at
the bottom of the chambar il the condensation were great
anough in the sensitive region.

The curve for the transient state in figure 5 shows
a temperature gradisnt of 24.49C/em in the sensitive region.
A broader sensitive laysr 18 not observed however, but this
is probably due to the fact that during this periad the
alcohol hgs rot had & chance to eavaporate enough te saturate
the sir in the upper part of the chamber. It im alzo

feasible to assume that (P,) is not constant during this
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period since it i1s probably in a transient state of its own.
Figure 7 shows that there is a difference in temp-
erature radially outward, but except very near the bottom
of the chamber the difference is not great. At the top of
the sensitive layer the temparature 1s evidently quite
even since no chiénge in thickness or height of the sensitive

layer 1s noticeable.,



" CONCLUBIONS

Experience with this particular cloud chamber wguld
seam to indicate that one of ite most serious limitations
for quantitative experimental work is the rapid motion of
the vapor resulting in bad distortion of the tracks., This
perhaps would not be serious if the tracks were photographed
using a spacially designed high speed pulsed light with high
intensity. Also redesigning the cooling rlate or shortening
the overall length of the chamber might tend to help this
problem, However, shortening the chamber would probably
increase the temperature gradient in the sensitive region which
would be undesirable if a wide sensitive region were nsaded
in experimental work,

For the purpose of cosmic ray study a broader sensitive
region may be accomplished by decreasing the temperaturs
gradient. Another mathod of doing this other than just
cooling the top would ba to control the temperature at three
points in the chamber, For instance, hold the top surface
at room temperature, the bottom surface at -459C, and a
surface in the middle at about 6°C. This would have the
effeact of giving & more uniferm texperature gradient through-
out the chamber and of decressing the temperature gradient

naar the bottom of thea chambsar.,
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