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TN TRODUCTION

The cloud chamber is =z means of observing the path of jonizing radi-
ation. It does not reveal the radiation directly, “bub glves a2 visible trail
of the path along which the radiation has traveled. The trail is fomed by
vapor condensing upon pairs of ions remaining after an ionizing particle has
rassed through the medium. : '

The mutual interaction amons rays, aboms, nuclel, and particles, can

studied and measured with the aid of vapor tr&llao Keasurements of changes
n di action and range as recorded on the photographs may be interpreted in
erms of changes in momentum and energy of the particles in these reactions,
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To obtain a precision measurement is difficult with a cloud chamber
The dependence of the aprnaratus upon a sudden gas expansion is certain to cr°a+
distortions resulting from turbulence. Furthermore, since any radiation is
subject to variations, precision nceasurcments can be obtained only be the
collection of numerous observations for statistieal analysis.

OESORTPTION

The essential portion of a chamber is the volume of zas and vapor
enclosed by a glass covcr nlate, a eircular glass rim, and a noveable diaphragn,
This volume is subjected %o an adiabatic excgansion that caouses the saturat d
vapor present to become supersaturated, Then the adiabatic expansion occurs,
the ilons 1n this space become drop cenbters, and about them drops grov to a
risikble size by condensation of the vanor, The vath of the ionizing radiation
in this volume can then be observed visually or photographically. The droplets
formed about the ions in the wake of a moving particle appear as a line when
proper illunination is used, .
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The sensitive time of a chasher is defined as the time interval
associated with a sinzle exmansion during which any radiation in the chamber
is made visible by that exzansion. Vor obtaininz sharp tracks, the scasitive

time is usually a fraction of a sceond so that the ions do not diffuse before

the pnotogranh is taken. It is possible to obtain more tracks per expansion
by using a large sensitive time. illians,™ using a rubber-diaphragm trpe
chamber thirty centinmeters in diamebor and thirty centimeters in depth, showed
that an increase in the depth of a chamber increased the sensitive time. Lost
chambers used in nuelear research have had to forfeit this deoth because of
difficuldy in obltaining a large, lincar field distribution when the chamber is
used in conjunction with s magnet. However, a large volume and large sensitive
time make a cloud chamber 2 very sensitive detector of rddlatvcn
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To onerate a chamber conbinuously by performing successive expansions
on the working voluue, it is neccessary to orovide some means for removing old
drops, This removal can be accomplished by sweeping ions from the chamter u:th\
a oouontﬁal gradient and waiting for precinitation of neutral droplets. )
Blackott? has determined a cycle requiring a mininun of fiftecn to twenty scconds
that allows old drops to be removed, some of the condensate to re-evaperate, ang
the chamber to re-establish themal equilibrium,

Continuous cyclic operation is useful in the investisation of auclear

shenomena that are so rare that numerous pictures must be talken to-detecet a
single event; and 1t 9s desirable for the most rapid accwmulation of the large
amounts of data necessary for statistical studies. For an accurate & -ray spectra
determination, it is nccessary to record some ten-thousand pietures depending
on bhe number of tracks per oicture. “Then it is necesnary to take a large
aumder of photogranhs, an auvtomatic arrange.ent is recuired for controlling the

sveep voltave; the expansicn, the lishting, the camera, and the resstting of the
chamber. This is easily accomplished by the use of electroanic circuits in which
relays are operated at the propsr instant.

PR DR CTTH THD CLOUD SHALTTR

Soecific Tonization

A determination of an isnization density is readily made with the
cloud chamber, For alsha particles and protons, the ionization density is
large, and therefore they tend to vroduce a heavy solid-look*ng track. These
tracks are usually straight but ocecasionally thore is a deflection where the
varticle hag closely anproached a nucleus. Tor electrons and positrons, the
ionizmation is veak and the tracks look thin. In this case; it is convenient
to count the total number of i ns produced per centimeter of path which is
by definition the specific ionization. An approximation of the velocity of
beta particles can be obtained from specific ionization. liesotrons have a
tendency to produce an intermediate desree of ionization. For neutrons,
neutrinos, and gamma rays litble or no ionization is obtained directly, and
these studies must resort to secondary recoil particleso

As regards the mediunm the radiation traverses, the specific ionization
is directly dependent on the number of electrons por cubic centimeter. The
specific ionization depenis on the charge and to a large extent varies inversely
as the square of the velocity of the incident particle. The average rate of

issipation of energy through jonization gné excitation by fast primary particles
has been deternmined by Rossi afd Greisen.
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Alshough there are many ways of measuring the specific ionization of
a charged particle, the cloud chamber is the only method that enables one to
determine the primary and the total ionization separately, There exist errors
which are due to recombination of ions and to losses of enorzy which are
less than the jonization enerzy.

Range

: The range of particles is of great importance because it is possible
to deduce the energy and origin from this observation. To determine the exact
range is difficult because of unlmovm losses of energy in reaching the surface
of the source and the effects of siraggling in the medium, The measured range
is corrected to centimeters of dry air at 15°C. and 76 centimsters of mercury

- pressure,

To obtain the energy, or the velocity, as a functmon of the range, onc
may resort to curves and tsbulated data given by Liwvingston and Rethe® and
Eular and E*Ie,1sen<>erb<,5 The observed range of the natural alpha grouvs agrees
with the theoretical range-enerszy relations of Livingston and Bethe since the
constants were chosen to overcome uncertainties in the average excitation )
sotential and losses through capture-recapture electrons at the end of the trask.

Yomentun and Magnetic Curvature

A homogeneous magnetic field applied to the chember provides a convenisen:
means for neasurement of momentum and for discrimination between negat iv@iy
and positively charged particles throngh the bending of the cloud track. This
allows measurements of very high energy. The rmmc,tlc' field selected nust not
allow the ionic particles either to pass undeflected or to revolve in the
chamber, Usually a field of a thousand gauss can be used for energies between
100 Kev, to 10 Hev, for heavy particles, However, for pamms and beta study, it
is found that £ield strengths as high as 2000 sauss are required.

A knowledge of the ficld strength and the radius of curvature makes it
possible to determine the momentum of a particle when its mass and charge ars
knowm., Equations exist that connect these values with the energy and the
veleeity of the partiecle,

. The measurement of the rate of change of momentum is accomplished by
the introduction of a dense medium, such as lead, into the path of the radiation.
Since negligible variation of curvature is observed in a path when a fast particls
travels throush a medium of low density, the curvature of any track inside the
chamber is assumed to be constant. Curvature measurements in the gas before and
after the radiation travels throu;rh the dense mediuvm reveal the rate of change
of momentum, g
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Mass Determination

The mass of an unknown particle can be determined by cloud chamber
measurenents, This requires the knowledge of any two of the following: specific
ionization, range, magnetic curvature, and the rate of change of magnetic curva-
ture, Some of these methods have been developed specifically for the study of
the properties of hish energy cosmic particles. For low velocity particles,
the mass can be recognized by observation of the density of jonization as this

identifies the radiation present.

Muclear Reactions

The obsaervation of sndividual collisions as they occur in nature is
effectively accomplished with the cloud chamber. The laws of the conservation
of momentum and energy can be apnlied to close puclear encounters throuth the
separate ranges and angles involved. The masses and energies of the product
nucleus, of the target nucleus, and of the bombarding particles, and the reactic:
energy of the transmubation are all jinvolved in a single collision. It is
sossible to caleulate anyone of these unknown when the other values are deter-
mined. Caleulations of this zxnd are used for determining constants and
cenversion factors,

Alpha particles, vroboag, deuterons, neutrons, and gamma rays may be
used for producing exciited states of nuclei. “hen the excited state exiiibits
2 resohance effect, the width and the enerzy for that resonance level can be
determined o5 the complets reaction is recorded on the cloud chamber ohoto-
graph. The sclection rules which govern nuclear disintegration can be readily
“emonstrated by such observations.

Spectra

A study to obtain the number of particles within definite ranges re-
voals the spectrum of those particles, Studies dealing vith the complexity
of alpha-ray spectra have been carried out by numerous investigators. The
difference between the discrete emission energies for alrha particles has been
accounted for by gamma rediation since the lower range alphas are associated
with gamma rays of discrete energy levels.

- The continuous spectra of beta rays and the line gpectra of secondary
electrons give information concerning the nuclear particles that are involved
in a reaction. Wuclear gamme rays produce the photoelectrons and conversion
electrons observed in the line spectra; and these electrons provide a means of
identifying the ganma ray energies emitted from the nucleus.
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The problem of counting neutrons and measuring their energies to
obtain the neutron spectra is answered best by using a cloud chamber, The
cbservation of neutrons is accomplished indirectly by resorting to recoil
protons. The energy of these protons can be associated with the energy of
the neutron responsible for the collision. A detailed study of various energy
distributions of neutrons and the rangeg of the recoil protons in a cloud
chamber has been accomplished by Bonner® for various 1ioht elements. HNeubtron
spectra‘ have been studied by various authors, Fermi ,7 Chadwick,” Xurie,
Dmming,lo Their results show it is possible to associate the neutron spectra i
a definite energy distribution with the reaction that could produce such neutronz.

DISCUSSI0N OF A PROPOSED CHALBELR

The radiations and energy ranges to be studied are of primary inpor-
tance in designing the working volune., 1In order to accomcdate a wide range
of radiations and cnergy, it is desirable to design sorme portions of the

chanber so that they may readily be interchanged., This should allow using
various sources and e: ,;)3.3.-.'10’1 rotios. A prelindnsry chapmver design is shown
in Pigure 1. '

The variation of the expansion ratio is to be accomplished by a new
design. Large variations of the expansion rotio would be obtajned by inter-
changing different thiclmesses of the circular rubber ring holding the rubbsr
diaphragm, The vernier adjustment would be obtained by resulation of the com-
pression oa this rubber ring. This compression would be controlled by special
nuts on studs arranged around the chamber. It has been computed that four
cireular rubber rings would cover an expansion ratio from 1.2 to 1.4 withoub
W fficudlty. These controls are not illustrated on the schematic drawrinz.

The use of various gases such as hydrozen, helium, nitrogen, oxyzen,
argon, or methane in the worlding volume makes it possible tc change the
stopping povier of the chaomber volume for a certain radiation. The gas esployed
may be operated at a variety of pressures: 1low pressures for low encrgy study,
and high pressures when the energy is large., The gas used and the pressures
chogen for a particular study will be constant while obtaining the reauired data.

The pressure of the air under the rubber diaphragn would be caried bob
above and below the pressure in the workinz volume, This would give the roqulreﬂ
motion of the diaphragm and cause the adiabatic expansion. The magnetie valves
which control the pressure change nay be operated synchronously with the come-
ponent parts of the chamber,

The use of a standard sample, such as a knomn alﬁna ent tter, gives a
path of known initial encrgy at the conditions { ~ 1
allows a comparison method of determiniaz the
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Likewise, an observed stopping power obtained at the working conditions can be
compared to tables of stonping power of the gas at standard conditions when
corrections are made for temperature, pressure, latitude, humidity differences,
and for the stopping power of the water vapor.

A colloidal graphite ring that is painted around the inside edge of the
cover plate is to be used to asply the sweeping potential for clearing old ions
in the chamber, Various types of coatingzs on this cover plate have proven
satisfactory for other investigators; however, a report from Argonne relates
that the adjustment of the expansion ratio and the elimination of background
fog are dependent on the cosbing,

Tllumination of the tracks will be accomplished by using two repeating
flashtubes. This provides lizh: approximating that from a black body at aboub
7COC° Kelvin. The short tiwe interval of this light will eliminate the need
for a camera shutier.

A single camera is to be utilized for obtaining sterecoscopic picture
using a prism and mirror system nounted directly over the chamber., Viewing o
the £ilm can be accomplished by the same or a simular optical system which
projects the dual chamber imsge onto an adjustable screen from which the nec-
essary measurements are obtained., This allows one to measure any track inside
the chamber with a degree of accuracy which is limited by the distortions from
turbulence in the chamber rather than by optical errors.

3
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The arrangement of the unknown shurce to be studied will depend upon
the radiation present. Because of the Jinitations of the range of alpha
emitters, such a source is usually placed in the chamber, A thin window can
ve ubilized for beta~-rays with little loss of energy when traversing the
window thickness, Gamma-rays are observed by the photoelectric effect,

Compton effect, or by clectron-pair formation. A thin sheet of light material
such as carbon gives the desired Compton effect when the carbon is subjected

to gamma radiation. One ray use a thin layer of lead to study the photoelectric:
- effect or clectron-pair formation from gamma radlation. A hydrogenous substance.
usually a gas, gives the observed recoil protons for the study of neutrons,
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