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ABSTRACT o

, The ebasolute excitation fusctions for tﬁe production of fission
were invaétigated with the 37.6 4iev alpha-particles and the 18,7 Hev
deuterons available from the 60-inch Crocker cyclotron, Théfium and
uranium of ordimery isotopic composition were used as targets inha pfe-
liminary ezperiment which employed the stacked'foil techniquevaqd aséuméd
that the beta astivity of the eomplex of fission fregments couldlﬁe used
as an indicator of the relative number of fissions in a givenvexai%ation
fﬁnoticn.

A second experiment wgs'done to measure the same excitation functions
by @ more direct method, In ¢his work the pulses of ionization produced
»by-tha fission fragmonts‘were eounted in the presence of the ioniéatian
produced by the cyclotron beam. The effect of ‘the :etter was largely.
nuliified by using an additional cancellation electrode in tﬁe fission
fonization chember. The excitation functiona for (238 wére algo obtained

in this experiment, In ordsr to find the absclute figsion cross section

it was necessary to measure the average amount of energy recuired to

form én ion peir in argon. The walues 29.6 ev and 30,5 ev wers obtaiheé

for 17 ¥ev deuterons and 30 Hev alpha-p&rtiele§ resﬁectively.
Consideration of tha‘calculated totdl erose segtion and- the observed

fissiqn eross sections in the threshold enargy région indiéaﬁes thatiro

must be gf@at@r than 1,3 (the nuclear radius, R s 1, Al/g-x 10=13 cm)

and that eppreciable competition exists with the fission process in the

higher energy region in any of the reactions observed. The competition
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U259 ‘ana greetest for Th °, On the other hand

is least in tho ocase of
prelinminary measurements using the 184=-inch synchrowecyclotron show that

the fiesion cross section is still of the order of one bayn for 340 Mev

‘protons. Thus the fission process ean still compote offectively at

high energies whereas it has been observed that the excitetion functions
for reactions in which a certein number of particles is emitbod decrease
rapidly in the high emergy region if they have en appreciable eroes

section at lower enerpgies.
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FISSION EZCITATION FUNCTIOKS FOR CHARGHD PARTICLES

John Jungerman

1. INTRODUCTION

The production of fission by means of bombardment with charged

'particies was first observed by Gant.l He found that uwrenium had a

fission threshold for a deuteron energy of 8 Hev gnd that the fission.
erdss seotion repidly inereaéed in éhe ragion 8 to 9 Mev, Jacobsen and
Lassena tried to get a quantitative fission c¢ross aectioé for deouteron~
induced fission by ﬁaasuring tho beta activity of the fission fragments.
By making the assumption hhat.threé bota-particles were emitted, on the
average, from every fission fragment during the time of their beté acte
vity measurement they obtained & cross éection of 6 x 10727 cm® for the
figsion cross section 9 Mev deuterons on a uranium targets lThey also‘
found the velus .7 for the raetio of the fiasicn‘oroes sections of thoe

rium and uranium bombarded with 2.5 Mev dgrberais. Dessauer and lia fnerS

found that fission could also be indused in uranium and thorium by

~ proton bombardment. The production of fissién was idontified by means

of the complex decay curve of the fission fragment beta sctivity. The

proton energy used for these experiments was 6.9 Heve Fermi and Sesrd®

" Pirst & socoversd the production of fission in uranium by alfha-particle

bombardment using the 32 Hev élphéoparticles of the 60e-inch Crocker e?&loc
troh. Several of the mofe prominent members of the fission chainsg were

separated chenically end identified from their beta sctivitieé.
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11, PRELIMINARY EXPERIMENT i -

A, 1Introduction

_ The following is a description of a proliminary attempt to measure
abaolhtely excitation functions for fission induoced in thorium and
uraniun of ordinary isotopic composition under élpha-paftiele and deute-
@raﬁ'bombardment. This experimen£ was performed by S. C, Wright and
the author.® The méthgd used oonsisted of placing thorium or‘urgn;wh
coated aluninum fq}ls alternately with aluminum "catchers" in a etacﬁ;
The stack was then bombarded with élpha-partioles or &euterons. Later
the beta activities of the recoil fission fragments collected in these

"eatoher" foils were counted. If it is assumed tﬁat, for a partioular

‘reaction, the distribution of fission products is independent of the

enérgy'of the bombarding particle, then the measurement of these beta

© metivities at a given time after bombardment givee 2 relative exoie

tation funoction,

B. Experimenta)l Details

vasblute calibration of the cross sestions was made possible by

the measurements of B, Segr%; He used the Chieago pilé to produce a

’ ~ ¥mown number.of fisslons in one of the foil stacks, The decay ocurve

- sobtained from the beta mctivity of one of these "eatchers” provides an

absolute oross section soale if one assumes that counters of identidal®

~ -

' cqﬁstrqqtiOn.used in Berkeley &nd.chiéago had the same efficiency for

fr@gmg#tléé@ivities ﬁheﬁ they had the same counting rates for a uranium
gless standard, fﬁ ﬁu@t also be assumed that the complex of the fission
products formed in the slow neutron end charged-particle reactions have

the seme decay ourveé for & given number of fissions, It was fully

fig
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realized that this last asswnption iz open to perious objections bew .
cause of the probability of different composition of the product com-
plexes in the various cases. ) | | |
The thariuﬁ or uraniuﬁ conted foils.were ?repared by being alter=
naﬁely peinted with a solution of the nitrate on ,00L inch aluminum end
thén baked at 550° G until the oxide was formed.® Alphe counting deter-

mined the amount of material per foil., Collimstion of the cycletron

beamvas .attained by using & collimating tubé-abogt two and ono=half feet

long which was terminated by a 1/8 inch slit of tumgsten, The tube was

N _ ,
attached 'édreci;ly %o the cyolotron vacuum systeme. - The bsam passed thx;oxxgh
the slit into a wheel with 20 slots which 6ontainmdudiffarant-thiekne&sas
of aluﬁinum ebeorbers and in one slot conteined the foil stacke After
paésingAthrough the wheol, the beam wes ceught in & Faraday cup, which
elso fomed thavvaouum seal for the éoilim&ting systems Jhe position
of the wheel could be changed by remote control, Thus each of the
absorbers was in turn placed in the path of the beam, while the émount

of beam current stopped and the emount transnitted wero determined simule

' ¢aneously by current amplifiers, This gave the fraction of the total

beam current transmitted for various thiclknesses of absorber. Thus the

rnean beam renge was determined for each bambardment, During & bombardment

4£hévéuérent collested by the Faraﬁay'cup_was amplified and‘reeoraedvon

én Esfgriine.ﬂngué Reoording:ﬁilliamﬁﬁterg The réaulting %raqé was planie
metered te detefmine the number of pafﬁiclea that hed passed through the
foil stack, |

The beta activity of the “catcher™ folls was counted at standara

times after bombardment, corrected for the aluminum background, and
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for counter coinclidence when neeeséary. Then all counts were reduced
,&0 one microampere hour of particles incident upon & fixed number of
urenium or thorium atoms, Conversion of the besm energy from mg/bmz
of aluminum'to Mev was made ueing the range ratio of air to aluminum
obtained ﬁy Re R Wilson7 and the range in alr obtained by Livingston
and Bethe.s |
Activities of the fission producté in the various "ecatohers” of
the foil stack romeined in ﬁ constant rﬁtio during the course of time,
within the limite of experimentallerror; This constant retio indicates
thet the beta activity of thé fission products in t‘hebocmplexs for a
given ra&qtion is indapéndant of the epergy of the partiocle causing

the fission. This circunstance supports the use of the fragment acti-

-vity as an indlcator of the relative number of fissions ocourring

Y

at different emergies in a given remotion end also makes it possible

to obtain 2 more accurate decay ocurve of the {ragment cqﬁplex of each
reaction‘by averaging the activitles of sevaralﬁof the assooiéted-
"catchers,”
-Co Results

Figﬁre 1 shows the decay curves of the fission produet complexes
férmed"iﬁabhe;varibﬁs reactions. To obtain these curves the activity
of each of “twenty or mofel"@atchars“ essociated with a particular re-
action was messured at & gigeﬁwﬁime after bombardment, The average

6f,théﬁe activities gives a point oﬁ the'dorreaponding decey curve.

- A1l these curves are normalized to 100 o/m at 66 hours after the end

of a bowbardments A% this time the beta activity of & catcher from a
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foil bombarded with the full beam energy was several thousand counts

per minute, | | '
Figure 2 shows the fission exoitation functions measured, The

absolute cross seotions for the alpha-fiésion reactions were obtained

by matching the recoil fregment deecay curves directly to éhe slow

neutron fission fragment deoéy curve at £,76, 3.0, and 6,0 days and

averaging. As a slow neutron fission fragment decay curve was not

available beyond & days, the deuteron decay curves were matched to the

thorium alpha curve of Figura 1l at 12, 28, end 42 days and averaged.
The experimental probable error due to beta counbing, honfuniformity
of foils, integrated current measurement, etc., is estimated to be
about twenty percent,

This method was found 1napplicable tec proton-indueed fission
because the maximum proton ensrgy (9.4 Mev) available was just ebove

the fission threshold snd therefore the aluminum background was proe

hibitive, This baokground activity was instead less than five percent

of the frggmént activity seven days after a short alpha-pertiole bom-
barémentiénd twelve days after a short deuteron bombardment, Bombarde
ments were of 40 minutés to 90 minutes durstion, pnd the beam eurrent
was of the order of 10-8 anpers,

»D.: Discussion

If no competing processes are essumed, & galoulation of the cross

Aéection mey be madg;byfh method given by Bethe® and Bethe and Konopinski .

. Aocording to this treatment

O eotay 27 N 2}‘5 (2Le1) By

10
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Gkotal is the total oross section for formation of the compound nuéleus.
K 1s the wave length of the incident particle divided by 2T, Py is

the peﬁatraticn prqbability qflthe coulomb barrier of an 1noom1ng wave

having an anguler momentum 14 with respect to the nucleus, Using the

‘above expression an effective nuclear radius for the interaction of

yranium and elpha~particles of R 8 1,78 x 10'13 Al/3 en fits the. ' .

observed excitation function, Again if no competing processes are

aseuned and Oppenheimer-Phillipa type interaction is neglected, an

effective radius for uranium bombarded with dsuterons is 1.60 x lohlsAl/ch
in order to get agreement with the U(d, fission) excitation function.,

As will be seen later, the assumption of no competition with the fi;sion
process in the case of uranium is not confirmedrby the results of the

next experiment,
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e ;arrangement was similar to that descrived by Kelly

'ﬁhe ﬁheola oould be rotated while the cyclotron was in operation, This

 elde
I1I, CONCLUDING EXPERIMENT

A, Introduction

In recognition of the possibly unwaiéanted assunptions made in
the above experiment oanoerﬁing the beta activity of the {ragments
from the charged paitlgle fission, it was decided to repeat the ex~ 7
periment by a mors direoct method, This method conslsted 4in counting
the pulses of lomization produced by the f£1ssion fragments iﬁ an ibﬁf:;%
ization chamber, Tﬁe detection of a fission pulse in the presence of .
the ionisation produced by the beam itself ie made possible by using
a cancellation principle suggested by C,. Wiegand.®* |
B, Apparetus “« | 7 .
1. Beam Ccilimation and Energy Keducing ﬁquipment
| Figure 3 shows & schematio drawing of the experimental arrengement,.
The beem collimation was done &s in the preliminery experiment egoept
that the slit width at the eand of the tube was widened to 1/4 inch,

The beam emerging from the defining slit was found to be quite homow

" genous in energy by Kelly and Sagré,ll bscauae the fringin? field of
‘the eyolotron magnet causes the oollimating tube to act as a velocity
: selactor. The enorgy of this homogenous beam could be varied by means

: of aluminum foils plaoed in the two wheels shown in the figure, The

12 exc@pt that a

winduw of «001 inch dural e substituted for the Faraday cup. One of

*It wes latgg discovered that this method had besn used by Baldwin
and Klalber*® to measure fiassion pulses in an x-ray background,



whoel had aluminum foils ranging in thickness from 1.6 mg/bmz %o

30 mg/en® and one slot had %89 mg/om® of eluminum, which was greater
than the range of either the deuteron or slpha-particle beams. The
second wheél wae provided with aluminum foils whose thiokﬁeéa inoreased

about 30 mg/hma from slot to slot. In this way it was possidble to

“va?y the energy of the beam particles over the entire energy rmge of

_the excitmtiod funetion in steps corresponding to the energy loss in

}.S‘mg/bma of aluminum,
-2+ Fission Ionizét;on Chamber and Seam Our;ent Coileoting Equipment
After leaving the wheels the beam passed through & ,061 inch dural
window, them through about 1 am of eir, and then entered the fission
chember through snother +001 dur§1 windows. The beam encountered the

fissionable material after pessing through 3.4 em of argon and another

4001 inch of aluminum upon which the fissionable material was deposited,

Six different semples 6ou1d be selected while the cyclotron vas in
operation. This was Qccomplished by means of a direot éurrent computefw
motor.and & control oircuit which dutamatically stoppod the motor mheh
a pfeviously selected sample had reaehed.the prcper'éositien in the
ionié%tion cﬁamber. A direct current motor was necessary since the

appargtnﬂ“ﬁﬁér&t@d in a magnetic field of 2000 gaues which was caused

'by thé cyclqtron magnet. The usuml magnetic cluteh brake used in the

computer motor was inopsrative and had to be removed besause of the
strong external megnetic field, However it was found that the semples
would still position accurately sinee the eddy currents set up in the

moving armature quickly dissipated its angular momentum,
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Each semple was provided with a mask which cévered all but a
ciroular area of 3/8 inch dlameter. The mask was made of o002 inch
brass and was thorofore of a thickness which was greater th&n the
range oither of the fission fregments or df the alphanarticlea eni tted

by the radiogsctive samples. Before atriking the semple the beam was

RS

further cellimated by passing tgrough a hole 5/16 inch in diamstéf'ig
alumimum of 40625 inch thickness. ' The hole was ascurately positioned
%ith respect to ths sample mesk. It was thus assured that all the
beam particles passing through the ionization chamter had actually
traversed the fissionablé substance, |

The distsnee from the semple wheel to plate B was cneshslf incﬁ.
This was egual tc the range cf the fission fragments at tho pressures
uged (about 150 em Hg), Plate B was connccted t;‘the grid of the firet
tube of the‘pfaamplifier. 1t was constructed of aluminum leaf (.17mg/bm2)
which was held in position by a brass ring,' ?léte ¢ wae‘cohstrudted
eimilnrly and served as a cancellation électro&a. .it was placed such .
tﬁaé,platé B was equi&istant from A and Co The potentiais were as ine
Adicéted on the diagrem, Since the pulsé from the ionization in th@
. chamber was detarminéd 5y the collsction of the electrons, the cancele
~ lation actién:onn‘be widerstood as follows: an electron falling in the
potentisl gradient from A %c B produces é'smali' changze in voltage of
~piate Ba _Aﬁ_el@etron folling from B to C produces a change in voltage
of equal magnitude, but ofIOpposit@ sign on plete B°’,:f the distance
AB is made eqﬁal to BC, then the ionizetion pﬁlsa produced by the

charged particls bsam froﬁ_side AR will be cancelled by an equal end

.
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opposite pulse from side BC, This ie explained in greater detail
in the appendix, The fission fragment,; however, spends its kinetis
energy producing jonization in #16@ AB only énd hence. produces s
relatively Lafgé:unbalanced;#olbagévon;the preamplifier grid.

Plates D,vE, and F constituted an ilonization chamber used to
neasure th@‘beam current, The ocenter colleoting electrode, E, was
surrounded by plstes at high potential (600V) so that the charges would
not be collgoted that were not formed in the region between the ioni=
© gation chamber plates, Plates D, E, and F were gconstructed of.aluminﬁm
leaf supported on copper wire rings, Aqua&ag‘wns uﬁeé to bind the leaf
to the wire, Insulation was provided by ceramic standoff insulators
on all parts (ineluding plates A, B, and ?).

ﬁi‘ter tmversing thé ion chamber, the beam passed through a ,001
inch durel window. It then passed through 2 om of air and enﬁered a
Qwﬁﬁf;ééy cup throughv& similar window, The vacuum in the cup was maihe

t&iﬁeé by means of a aonn@etiqn to the cyclotron vacuun by means of .
two feet of rubber hose of 3/8 inch inside diemeter, Insulation for
the Faraday oup was prgvidwd_by a piece of polystyrene. Since the
aéparatué wa g o?erated ina magnetia field of 2000 gauss, the geometry
“"of the oup was sunhvthat seoondary eleeﬁrona ejected Ly the beam would
have to exceed 220 ev. in order that they‘wéuldvnot be captured by %hé
Cups |

3. Eloctronios

A block diagrem of the experimenisl arrangement is also shown in

Figure 8, The pulses from tho fission ionization chaﬁber Were preampe
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lified before the signal was sent through the thirty feet of cable
that was noocessary to reach the emplifier outside the eydlotrbh
ghielding, The preamplifier was equipped with magnetic shields around
each tubo so that the effect of the magnetic fisld on the tube gain .
would be minimized, The preamplifier was so oriented that the péth
of the electrons in the tubes was péréllel to the maghetic lines of
force, A test showed thet the electron oollectio; in the fission ion=-
izatlion chember was unaffected by .the magnetic field, This matter is
treated more fully.in the appendix,

The output of the emplifier wes connected to a scale of 64 and

mechenicel rezister, Paralle)l outputs fed s pulse into a blocking

_ oselllator which trigrered the swesp of a bu qut Noe 248 oseilloscops

while arother pulse wes simultansously delivered to e delmy line of
two m;croseconds which terminated on the deflection plateé of the
pseilloscope; By means of this arrangement the form of the fonization
pulge could be ohserv@d if a five microsecond sweep cpeed was useds ’
The delay in the grrival of the pulse on the derleetion plates provided

ot :
time for the sweep to astart, By this method one can also obsorve the s

... Fform of the bmse line bsfore the ionizetion pulse arrives at the de-
fleotion plates, The shape of a typical fission pulse can be obtained

-‘Aﬁbbyquserviﬁgﬁthg pulse form when fission is induced by slow neutrons,

It'ié“éhown in the fa{ibwing.diagr&m. ﬁmglifier RC wng adjusted so

‘that the pulse decayed to l/e in 5 microseconds,
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.The pulses recorded as fissions in this experiment were observed to

have the same form.and magnitude as the slow neutron fission pulses,
(810w neutrons were generatsd with paraffin and a Ra-Be source,) =~ '
4, Beam Current Integrator |

The beam currenﬁ wa s integrated by measuring the voltage attained
by & known capacitor, The ocspacitor could be charged directlj by the'
beam ocurrent caught in the Faradey oup or it ocould be charged with the
beam eurrgnt magnified by the order of ten thousand times Sy measuring
the charge colle;ted by the ionization chember, Polystyrene coaxiel
oablgs sonducted the currents to the woltsge ﬁeaauring equipment.
The voltage mﬁasurameﬁt was done ocleotronically using a modification

of a oiroult of Vance*? designed by C, Wiegande The eirouit is char-

* acteriged by a high input registance and therefore gakes it poseible'

to measure the voltage of the condenser without chenging the value

of the voltage. This waa.ﬁested for the lowest capacity used in this
experiment, ghéﬁ of the coaxial cabies thqmselves (001 miorofﬁrad);
byvoh@réing the condenser to o7 volt and observing that the readiﬁg
wasvunchangeé after five minutes. The usuml time for charging the
ﬁ%hdénﬁervd;;ing"the:axperim@nt was ebout two minutes. Thia instrdmsnt.

was calibrated using a Leeds and Northrup potentiometer. It was



f;und that no apprecisble change in celibration occurred during the
course of the experiment,

For the integration of the current from the ionization chamber
a capaeit§ of aboutllo microfarads was needed. Seoveral of the usual
oil-filled condensers wore tried but noneproved satisfactory. That
is.‘the tost described ebove showed that the‘condensers had enough

dieleotrio'absorptibn so that about one~half of the charge originally

stored in them would reappear during successive dischargec, The con-

densers made by the John Fast Co. of Chicago did not show appréoiable
dielectrie absorption or leakage by the above test, Their dielectrie
1s made of polystyrene,

Since "fast” oondensers of grester thean ,1 microfarad were not

available, the range of the instrument wae extended by using a potential

dividing arrangement of cepacitors es shown in the éontrol box circuit,
Figure‘é.. This had the consequence that’the collecting elecirode of
the ionigation chamber could reach as pigh as 100 volts on the least
sensitive capacity selector position, while the integratorfreceived
only 1 volt, It might be suspected that such a high potential might
have an effect on the current colleoted.' This was proven not fo be
the ocase by colleoting the current with a voltage of 100 volts and 1
velt with no deteotable change in the emount of durrent obtained per
unit bamn current. (The boam current WRS8 monitored with the Farad&y

cup.) By this potential dividing arrang@ment equivalent capacities of

. 2147, 2,00, and ,206 miorofarads could be selected. All capacity

‘elementa were meesured with a General Radio oapacity bridge which was
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in turn ocelibrated with s standard capacitors

6. Control Box

vThe control box conteined a master gang switch which simultan=-
eéuﬂly actuatéd a sweep second timer, the scaling cireouit, énd the
surrent integrator, It had two 0" poaitiona{ the one lateled I. C.
in the diagram allowed voltege on the ionisation chamber to be measuréd
by the integrator, while the one labeléd F. C. comected:the Feraday
- oup to the int@graéor. Vhen the master switch was in the ”off" éégition,.
an additional circuit returned the potentia} dividing capacitors %o
gero potentials The gontrol boxz also contained the target selector
oi'rcuit.

8. Targets |

The samples of fiesionable ﬁatmriai were prepared as deoscribed’
in the stacked foil experiment. They were masked to 3/8 inch diamoter
cirecle in order to minimize the fission background due tb nsutrons
generated by ﬁﬂe oyclotron, The amount of fissionable material was
'detenmine& by alpha counting. The elpha couhting was done with the
ionization chamber and the electronic equipment used for the experiment,
In addition the samples were removed aﬁd counted in the laboratory
'élpha counﬁgf. vThg ﬁhicknesses agreed within experimental arfor (s )
percent):j in théhgégexoffug§§.§he specific activity was asswmed to be
known and egual to 750 counts per minute per milligram.efvuranium.
Sinoe the radioactive somposition of the Th®2 and U296 wms uaknown,
the speaifié aétivity wes determined experimentally. Two determine
ations of the specific activity were made f{or eaéh substanéeg fhey

agresd within two percent,
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" The hbmogeneity of the Thzaz and 0238 samples was tested bj alpha
counting portions of the lerge foil from which the bambarded sample
was cute These portions were of the seme arce as the semple and the
alphe esctivities differed by‘a maximum of threos percent from the mean,
In the case ofyﬁzss the inhomogeneity would be expected to be greater
sinoe 4t was made in 21 coaté end bakinzs whereas the other semples
were made in 130, As a consequence it was slso about 1/4 as thick as
the other samples, If the paintingvié indesd rendom, then one would
expeot the inhoﬁbgeneity as measured above?wnuid»ba inversely proe
portional %o the square root of the mumber of peintings. Thus one
. would expect &n inhcmogaheity of about 7.5.pereant for the U235
The following evidence of inhomogeneity was obtained for this assmples
‘8 oircular area of 1,0 inch di@mﬁter’wﬁs alpha counted and found teo be
7.5 percent lower in thickness than that obtained ffam.a»S/B inch die~
meter eircle in'the center of the 1,0 1nch_didmefer samples The 3/8
inch dismeter semple was the one ﬁaed in the execitation function exe
periment, The'thicknasags of thé tarrets were as follows: U238’
.856:£%)&ﬁ2; $h?$?. -68 mg/cm®s and 0235. 019 mg/hm?.. The Uo35
sample contéinéd grenter than 95 percent v?38,

€, Method -

1., Excitstion Functions

In the sxcitation funstion measurements, operation was as folléﬁén

'&vvalue of the bean energy was selected by rotating the wheasl containing

the fine steps of aluminum thickness to the appropriate pesition., A

target was selected with the semple changer, Then the master switoh

gemple,

’
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wag turned to the icnization chamber positicne This started the
charging of the cepacity of the iomisation oha@her cirouit, started
the socalar operating, connecte& the ionigzation chamber cirsuit to

\ :
the §urrent integrator, snd started the timing clock, When tye"
iﬁtegrator ghowed that the capacity-h#d roached the appropriate pot=
ential, the master switch was returned to "off" position and %hé"number
of fissions and the time wus recordeds At full besm energy this pro§bua
ﬁould take about two minutes and several thousand fissions would be ob;
tained, The target w.g tbsn ehangéd and the process repéated. After
all three targets had been bombarded, the energy wae again changed by

@ snall amount. In this memner three excitetion functions wero obteined

simultaneously,

At the beginning of each bombardment the number of fissions per
vnit beem versus the discrimimator setting of thé‘acalar was-measur?d.
After a certain velue of the bias is resched, practically ell the
Sisaions.dre counted and therefore one oblains a fission plateau, Fipge
ure 6 shows a typieal fiscion count versus discriminator bias ourve,
At very low values of the bias setting a point:is.reached where the
pulses due to the beém ionization are counted and the plateau ends. The
The beam ionication will alwayapmgk@ some pulges due {o the fect that
tﬁe distence AB is not exactly equal ﬁésgéivalsobnuclear feaotions
other thaﬁ fiseion would cause & eondition of unbalence if charged part-
iclez were émitted thet did net pass through bcthléf'regions-AB eand BC, ~
In order %o minimige the number of spurious counts from the beam ione

igetion, the operating poiﬁt was chosen near the end of the plateau on
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the high bias side. Fallacious oounﬁa gould also arﬁse from sparking
of the deflector or of the_high voliage on'the'dees of the cyélotran.
These were of greater height th&nbthe fission pulses and therefore
-eould not be femoéed by.discrimination. i% wns thérgfore neces sary
to have the oyclotron,iﬁ a very steady‘canditioﬁ if relisble results
Were %oAba obtainod. This was found to he the case if the eyclotron
had b@@n.running previoudly for several days so that it was well beked )

in,

One of the samplos.consisted of an aluminum blank of the same thicke

nese (001 inch) as that upon which the £1gsionabl e materials were
deposited. By gelecting this sample while the oyolotron oontinuéd to

operate at tha same lével, it wag possible to discover how many spurious

counts were being recorded as fisalons for a given disoriminator setting.

1f operating conditions of the'cyelotron viere satisfactory, it was
always possible to reduce the mumber of gpurious counts from the alume
inun blank to zero.

A second condition on the method of copsrating t;.he c:,miobron w8 the
demand that it produce as few neutrons ae poasﬁble. To minimize the
effeoct of the neutrons the sample area was made as near the beam area

aa ?raqticab}e. Since slow neutrons ere very effectiva-fdr prﬁduoing
RN - - [
fiasion-iﬁ‘Uazs;'ﬁﬁe'eﬁtire fission ionization ochamber was covered
<ﬁi€h 1/32 inch of éaamium, The cadnium resonance and subssquent 1/¥
oé?tﬁrs cr§ss geotion effectively renoves all neutrons below o3 ev
energy. BEven with those pr@cautjdns the neatron effact vas very gen=

sitive to oyolotron eonditions, An ﬁpper 1imit for the neutron fission

7
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béckground oéuld be obtsined for any {issionable semple selsoted by
rotating the gnergy'wheel to the slot which had sufficient sluminum
thickness to stop the cyclotron beam, -This gives &n‘uppar limit boe
cause some noutrons are formed in ‘the aliwminum in the slot as ﬁhe'beam
is_stoppéd tﬁeraa whereas under coﬁditions ic whikh the beam passes
through the slot the number formed there would bo lesse Soms neutroh;
aras always g;envarv'ated in the 31<‘3‘t sinse i'c in general oontains aluminum
to lower the incident beam emergy. The Mackground was obtained by
counting the number of noutron fissions for the same time es the charged "
particle qubardﬁent., The auxiliary ionization chamber, discussed
bélow, monitored tha-cycloﬁron radiation level during the measgurement,

It was found that the lowest neutron background was reached when
the arc ourrent and voltage of the oyolo#ron wero as low as poasible.
This is f@asonable since then the emount of besmm thet is circulating
betwsen (and some of it striking) the dees is as cmall as pogsibles
1t was furthor found that the background was in gen;ral lowest when
the magnetic field of the cycldtrqn ﬁas on the high side of resonance.
In practice the auxiliary iqnize%icn ﬁhmnbér shown in Figure & Wu;
found useful fo: estimating the neutroﬁ background, It was merely a
'lafgs (108 ina) air-filled chamber with 600V positive potential and e
" collecting electrode, It wes placed near the target chember cf the
eyclotron,s The collectsd current was delivered to a direst current
anplifier whioh read 1072 Ampercs full scale. It wae éisoovered that

there vee a definite positive correlation betwoen the neutron background

end thoe reading of the d.c. amplifier, This is plausible since it
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moans that the general density of radlation in the térgat area ine
¢reased when the neutron density incressed, In this manner a cone
" tinuous check on the quality of the beam was obtained, Vhen optimum
conditioﬁa were reached the current from this ionization chamber was

1 ampere. A steady beam setisfying the conditions

of the order of 10~
described above was in geneoral more difficult to obtain in the case
of alpha-partiole bombardments. This may possibly be due to the in
creased difficulty of forming He' instead of D*, This diffioculty
with the alpha-particles was reflected in a neutign background which
vas comparable or‘greater than that formed by deuterons, although one
might expect the opposite to be the onse beeause of the emall binding
energy of the deute}on. The neutron background wms_espoéially important 9
:in the ease of 0235.' In this oase, although it was only one percent M
at the full beem onergy, it became the limiting factor at threshold
“energies, | |
| The unstendiness of the alpha=-particle beam was particularly
" troublesome at the energies near the fission threshold, In this region
vthe fission counting rate is et a minimum and the energy lose by the
beam in the fission chamber at a maximum. In order to-get eufficient
figsions in a r@aaoﬁable time, it is then necessary to.haﬁé‘thg beam
intensity as high as possible. Aatually it was necegsary to lower
the beam intensity from the ﬁigh energy value to avoid spurious counts,
Now if the bémﬁ'ie unsteady, the beam-ieval must be so low that the |
intensity eﬁ the ééak of the fiuqtuation 8till does not give gpurious

counts, If the beam is very unsteady this may well demand intensities
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that give quite poor fission statistics. Furthenaoré a vory occasional
larger burst- of ions from the cyslotron are source would easily ine
validate the result under these conditions,

2. Heasurement of the Average Enérgy Required to Form an lon Fair
| In each sxeitation function bomb&rdmﬂﬁt, date was also taken to.
find the number of lonsg paifh produced ‘by one of the beam particles in
paésing through the ioniagﬁion ohambor, This was dome by turning the

‘master switch o the Faraday cup (F.C.) position so that the integrator
measured the voltage on the Faraday oup. In the meantime the ionie
sation ohamber was charging its oircﬁit. After the Faraday cup had
reached an gppropriate potential, ﬁh@ en@rgy whaél was turnsd go as
to stop ﬁhm beam. After grounding the Faraday cup and integrater,
the magter switeh was %urnsd to the ioniszation chamber position and
the potential of its condenser was determmined, Photographs of the '
beam were teken at the entrance to the Faradey cup to check the alighw
ment of the apparatus, Tha multiplication (number of 1ons‘produoed‘

by one beam partiole) produced in the Lonieation ‘chamber is theni

< C1aceV1uCoy

K
e 20y
CCreeVr.c.

where vria the nunber of charges on the besm particle (v @ 2 for
alpha¥paéticlea and ve 1 for deuterons) C and V refer to the sape=
.a@itiaa’and vqlt&gae of the Faraday cup and ionization chsmber oire
muitaalef.tgé energy lost by onse of the besm particles in the ione
izatioa ch&nber 1algﬁawﬁ,lvhe'avarage nuaber of electron volts, w,
necessary to fom an ion pair‘ih argon can be determined for the

energy region involved.

~
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QB is the energy loss in the ionisation chamber. in eleetron volts
and M is the quantity referred to above. In this experiment AE was
csaleulated from the usual expression for the rate of enérg,y loss by

ionizationt

; 4 2
= Q’fﬁaze i1n omv

dE/ax
mv? 1

This calculafiop was made by Aron and Hoffmanls and they used the ,
value 11,6 Z for I, This value was determined by Wilson' for protons \'
~of 4 Mev, If dB/dx is multiplied by the length of the Sonization
| chamber (1.90 em), AE is ébtained. The velue of dE/dx depends on
the number of argon atoms per em®, B, This san be detamined from the
gas laws if the pressure and temperature of the gaé is lmown, The
: tempemt@e was méaahmd for each bomhar&nant'and the pressure w@é
measureﬁ on & mochanical pressure gauge which in turn was ealibmted
againet a mercury oolumn,
8; Beam Energy Betémimtion
In each bombardment tfw enorgy of the beam particles wns deter-
.mined. This was done by measuring the current eo}leoted by the ione
ization chamber as a f.‘upétion of the amount of alminﬁn placed in the
beam by rota%ﬁng the eonergy wheel. A sl_ot 1vn the second energy wheel
was )go_a)taeted that.muld cauge the beam to end in the iéni_mtion ehambor
in the middleaf the range of the rotatable energy wheel. Only the | S
cable .;apééi‘,ty md ixmecil. in f.ﬁéh ..i;mization chamber cirouit (of neeessity)
" and the integretor was used with 106 ohmsﬁo ground across its inpute.

Thue in this case the integrator _‘bgq&z;a;e,vga_..ourr'ent'measuring device of
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10"6 smperes full scale, The sauxiliary ionigation chamber used for
tﬁe noutron background wes ugeful here in monitoring the cyclotron

beam in & rough waye Actually if the cyclotrod was rumning steadily,

the bean was sufficlently oonstant to obtain a reproducable Bragg

curve without using e monitor., A Bregg curve obtained in this way

is shown in Figure 8. The slope et the end of the curve is not as

oteep a8 usual due to the finite d@pth of the ionigation chambor,

When the mean renge was detennined,.tha beem energy was obtained ffﬁm
the range=-energy relation.ls The lose of energy of the beam in peseing
through the argon gas was converted te equivalent mg/bmg of aluninum
by using #ha previous expression for dﬁ/dx,. A similar procedure dee.
termined the energy of the beam on the fissionable material.
De Results

1. Excimtion Functions

FigureaA7, 8, and 9 show the excitation funetions for the three

substances investigated, A third bombardment was made with both alpha~

' particle and deuteron projectiles in order to investigate the fission

threcgholds. In the cess of deuterona the numboer of fissions observed

for a point at full beam onerzy was sbout 13,000 for Uzsa, 7500 for

h2%% and 4800 for U2%%, In tho case of alpha-particle bombardmont

the congéaponding number of fissions was 7300 for Uzaa, 5400 for fﬁzﬁz;
gn@,iéaé;in the case of 3235.' The value of thé beam energy differed

ag much as 2,5 pagggptcfroﬁ run. to rune Sincs the fission cross seotion
rises raepidly with er;éfgy, ‘_L_@%s;h-dif‘f%e‘renoe is importent if agrogment

is %o be.obtainad,between different bombardments, Besides changing the
' ¥
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abaéissa of the excitation fungﬁiga plot, aﬁ arro; ﬁn the enerpgy also
ohanges the ordinate such that if the’sneggy is higher than the correct
value, the ordinate is 1cwef and vice versa. This effect arises from
the fact that the number of beam particles depends inveréely on the
énervy loés in the ionigation chamber,
In the case of douteron bombardments the neutron fieaion tagk=

gs2 s and about

ground was found to bs aboul 2 counts for sts. 0 for Th
20 for 0235. These background figures are given relative $0 the mumber
of beam partiéléa.oorr@spanding"to the chsarged particle fissioﬁa quoted
- above, For tha alpha-particle bombardments the neutron fission back=
gound was about ) ‘count for.Uzse, O for Th 32, end about 15 in the
case of U0, For the latter substance it was necessary %o find ths
h@utron bﬁekground for eéoh poimﬁ'éinoeithe‘dumbera given could vary
as mﬁch as & factor five at different times during a,humbarémént.
The sensitivity of the neutron background to besm eonﬂitibﬁs ig illus-
trated by the faot that during one of the alphaeparticle bombardments
3 ch&ﬁga of filement ir the ion source raised the neutron baokground
by‘a factor four above the figures given, | B

Frequent checks wors made during the course of a bombardment on
the numbder. of spurioua eounts given by the aluminum blank target. This
wae esp@cially*n@ceés&r&fifﬁéhé Qéém énergy was uhangad appreséiably
 0? if the fission threshold wag being inveatigat@d. Beem eonditions
%ers alwmys adjusted so that this counting rate Was 2erd. .

Figure 10 and Figure 11 show the fission excitation function

near the threshold in greater detail, A logarithmic ordinate waeg used
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siﬁce in this enargy région the cross section is limited by pene-
tration of the Coulomb poténtiél varriers %he results shown include
the ends of bombardments 1 and 2 as well ag the special threshold
bomb&rdment:",eé 3. The lowest points on these curves represent the
observation of less than 10 fissions and are therefore unreiiabla.
In the case of U235 the excit&tion funetion was fot carried below the

enerpy at which the neutron bvackground became one-half of the totel

fiesion count,

2e Valuelof w

The wvalue of w, the average number of eleotron volts necéssary
tp form an ion pair, ﬁa§ determined in several pre;iminary benbardments
as well as bombardments that proved unsatisfactory for the determine
ation of the fi&éion excitation functions. The results are tabulated
in Tabie I, Eaéh value given répresants éha aversge of several obol
servations for the given bombardment. The results for lower energy
seem Yo show that the wvalue of w is cbﬁsténﬁ over the energy renge of

the experiment within the experimental error,

Tavlo 1
Partiele Energy (Mev) w ( ev )
d ' 1649 27,1
d 17,0 2844
d 17,0 , 2947
4 16,0 . 33,2
4 940 3148
x 2848 ' 28,7
ot 50,4 ' 3045
< 29,6 31,0

oL

2244 8le4

»



. it decays by K'dapture to Po

«40=
The average value of w for deuterons of about 17 Mev is then 29.6
ev, and for alpha~-particles of about 30 Mev it is 30,6 ove. These

values were used to find the multiplication factor, H, introduced by -

the ionization chmn ber when the computetion of the fission cross sectione

was madé. The results reported here for w in argon are higher than those
given by other investigators. Nioodemusls givesvzs.s for 17.4 Hev oleg=

17

tronsé® and Schmieder”’ repor:ts 24.9 for the alpha«partieles of polqni&m.

18 s '
Fano  has given an approximete calculetion of w which makes it plausible
that w should be fairly insensitive to the energy or type of projectila,

211

3. Valus of Bi(«, 2n)At“*" Cross Section

In o:der to have an independent check on the absolut value of
the cross section, it was docided to measure the Bi( «,25)At211 oross
section with the aquipmént used in this akperiment; The excitation
funotion for this reaction has been extensively stddied by Kolly and
Sagré.ll A bismuth foil of known thickness was kindly supplied by Kelly
| 211

and it was placed as one of the target on the semple wheel. The At

formed by the alpha bombardment is an alpha emitter of 7.5 hour helf

‘1ife. An alpha count of the bismuth semple after e bombardment with a

known number of alpha-particles then furnished the oross ssetion for
formation of the At2ll. At the bean energy used (32,4 Mev) 2610 g
also formed with about one-half the cross section as that of At%, since

0 2
21 » Which has a 140 day alpha activity,

‘1t-eontributes’a'negiigible activity if the émnple is oounted immode

iately after bombardment, The alphs count was made using the fission

excitation function equipment; it was only necessary to inorease

/

¢ Quoted from Rossi and Staub, LA-1004R, Vol, I, Part II, p. 308,
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the gain of the amplifier so that the scalar woﬁld be actunted, To
provide a cheek on the reliability of the apparatus as ah alpha ecounter
anoth@r.of the target positions of the sample wheel was provided with
a thin sample of %% whioh had been carefully counted i; the labor-
atory alpha counter. Dy selecting this target with the sample changer
ﬁhe condition of the apparatus could be checked at any time, In ordey
to obtain & reasonable alpha activity (300 o/h) it was necessary to
charge thé equivaient 21.7 microferad condenser in the icnization chamber
circuit 15 timees., A slight error was introduced here since a finite

time is requirsd %o tuwrn the master awitch to ground position and then

return it to the ionisation chamber position. However, the time to

charge the system to full seale on the integrator was of the order of

40 seconds, so this error wes less than one or two perqeﬁt;' The alpha
activity was determined to about three percent, The value for the
cross section obtained was 73 barns which 1g in agreement with the

result given by Kelly and Segratl of .75 varns,

 E. DMseussion

1. Comparison with Prelimimary Experiment
- Comparison of the present results with those found in the pre=
liminéryiaxperiment indicates that tha'assumption made concerning the.
beta~-activity of the aompi@x of fission fragments is incorrect by &
fnctoi of ab;ut'igﬁ %o 1;7;v.Ths;assumption was that the betaagctivify ,
of the cémplex of fissiép fragments is the same, for a given number of
fissiomeg, for charged particle induced fission and fof fiseion produced

slow neutrons. In each oase the charged partikle fission seems to
8 Pa
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give more beta activity in the fragments for the times after bombarde

ment investigated. Newton 19

hae investigated the flssion yleld versus
mags spestrum for fission induced in thorium by alphaeparticles, He
finds that the usual ﬂip in the distribution found with low energy pro-
jeotiles (neutrons) has ;isen from 1/600 to 1/2 of the peaks of the
distribution. The corresponding new bete activities appearing in the
figsién fragments might well account for the apparent increase in beta
activity per fission, N@wtan‘finda the value 6 barn for the fission
oross section at 37,5 Hev,. Thig is censiderably lower than the results

of the present experiment. Part of the discrepancy may be found in

_that he assumes the incident alpha=partiecle energy to be 39 Mev whereas

measurements made with the collimsted besm by Junzerman and Wrigh%ﬁ.

by Kelly and Segréll, and in the present experiment indicate that the
maximum alphaeparticle energy availeble was more nearly 37.5 Hev,.

This would also account for the discrepancy in the fission threshold

‘reported by Newton, He finds 23 to 24 Mev for the threshold whoreas

the recults of the preliminary experiment and the present one indicate
a value of arbund 21 Mev,. | | | '

2o Comparison of Fission Croas Saétiona and Calculated Total
Cross Seotions

If Oppenheim@raPhillipB 4type intersction ia negleeted, it ie
possibla to .aompute the total ceross section for fnnmation of the oome
pound nuol@us of any peir of target and bambarding nuclel using the
mathod of Bethe® and'ﬁeﬁhe and Konapinski;lo This oaloulation is

based on the transmission of the incident particle through the potential
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arrier of the target nucleus., The potential consists not oﬁlyvof
the coulomb forces but in addition includes the centrifugal potential
of the Z+ip partial wave, Thus we find |

| Jmt=W%2§(22+ 1) B
as given in the d’_iscussion of the preiimin)axy exvperimnt. This can
elso be 'written |
zmA2p 2

Jtoi;

)

where P is tho penstration probability for the s wave ({= 0) and (:

&

}ng%(-iﬁﬁ- 1) B /7,

Bethe and Konopinski give limiting expreesions for,qg in the cases

thet = > ) and x< ) where x = E/B', Here E is the energy of the bome-

barding particle in.the laboratory system end B! is thé Coulomb barrier
adjusted so that E cen be used in place of the relative kinetic emergye |
For x <1 | |
L2z g/(2 - %)
where ‘g B +282 (zZaAro‘/[a +A] )i: Al/ 6

¢ and & refer to the charge end mass of ths.i.ncident particlae sand 2
and A refer to the same guantities for the target nucleus. rg =
Iitl%']'-/:”.l()"']'3 where R iq %hé nuclear radius, For the case considered,
deuterons on‘ura.nium, g“:: 849 roé .

| g :'azpeal(a‘wi&)/ﬂl\ _
19,0/r, 1in this cese, .
‘gz(‘x -1) ¢ 744 g4/3(2x - 1)2/3

If BE>BY' , x> 1 22

"

Po is ds{:emined from the following expressions

. =2z ¥(x)
Po 20
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' total cross section bstween r

vy

The funetion Y(x) is given in grephical form by Botheo2 It is slso

‘seen that P depends on r, through the faector g.

For a given choice of r, these expressgions thsn allow calculation
of the total cross section. The valus at x =1 con be obtained by
interpolstion batwéen the two expresaionslforlx<(1 aﬁd x>le Two
choices of r, were taken, r, = 1.5'and:ro 2 1,3, The resulting ourves
are plotted on the U%88 deuteron excitation funotion for the fissiop
threshéld. It is seen immediately tﬁat the choice ry, & 1.3 is exclﬁééd
since it predicts a total oross seotion which is lowervthén the one
obgerved for fission alone., The choice rgy = 155 gives a total cross
sectbion which is greater than the {ission cross section anﬁ_therefora
some campetition with the fission process is alloweds On the d#hioda
assumption of no'oompetition one obtains r, I 1.48, _Qne might expect
campétition to be less below the Coulemb barrier because particle:fe-

aotions involving the emission of charged particlss will tend to be

suppressed. Howover, reactions whieh emit neutrons are etill‘possiblé.

Weisskople-has caloulated the total cross section ﬁor‘alpha—paré
ticles on @ thorium target by @ procedure which he says is equivelent

to the one discussed here. The curves he obtained are plotted on the

~ eorresponding threshold excitation function. The threshold curves

zive results which are vary similar to the y238 (d, fiasién) conclusions.
Again it is necessary to exclude the cholos ry 3 1.3. Interpolafion for
& valus af r, whieh would meke the fission cross section equai to the

o = 1eb 8nd ry = 1.3 gives the value ry =

““1.46 m It should be remarked hers that the Coulomb barrier
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; | :  IV. APPENDIX

1, Cancellation |

The cancellation mechsnism can be understood in the following
ways® @& sohematic diagram is shown of the fission ioniméiim ohamber

and the cancellation elecstrode and their masociated cirocult,

—a > b 7

A - B ¢ Capacities Cy and ¢,
4 Cz A '

V1 1_ ¥ : Vg Voltages Vi, V, and V,
«X -3 Charges Ql_and Q.
-q

R
- +

-~

———||u!|i o)) =

‘

Supposé en ion pair of charges q and =q is generated et a point x in
the eide AB, Since the mobility of the positive 1ons‘ig much losse thaﬁ

| the electrons, ﬁe.need only consider the elaotron motion. As an alectron.
moves tqward thse collecting plate, B, it geins kinetic energy at the
expense ol the eloctrical syétem. This changes the voltege of ths col=
lecting eleatrode by an smount DV, Since the charge on pondensqr Ca
is Q, = cé(vz - ?) this neans that the charge Q, on plate C will change
by an amount , A -

",‘8% ¢, 07 : (1)

g 4

The charge on plate B will be assumed invariant in the electron cole

loction time bocause of the high value of R (15 megohms)s When the

~

charge «q has been collected, the sun of the charges on all plates of

the condensers Gy and C must be zero. Thus, alléwing for a change in

2

#The author is indebted to Prof. G. C. Wick and 8. Co Wright for help-
» ' ful discusgions of this subject.
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the charge on plate A, we have the condition:
Q,1+ 5Q1+Q2‘¢5Q2+q:~(-Q1vQ2—q)
) or -5Q1 b ;5Q2 (2)

Work is done by the batteries in supplying these charges at their

rospective potentials, Sines the change in electrical energy of the

' gystem is equal to the gnin in energy of the clectron we have,

8[%01(‘71 - )% 4 40,7, - v)zj 4V 60 4V,50, z g (1= VX

&

using (1) and (2)

sznm%)
Thus, a8 in the case of the usual ionization chen ber, the pulse height
is inﬁependent of the collecting volt&ge (if éaturation has been reached).
The frctor 1/(61 * Cz) is roassonable as this is what 05@ would expeot

for the case ¥y = V,. That is the plate C merely adds capacity to the

- systems The fact that the alphaepulse height was independent of whether

Vi z 4V or -Vz was chegkad experimental ly.

Ve now consider the passage of a high energy partiele through the
entire chanber with the production of practically wiform density of
chargé per unit length, O, We then obtein for the pulse heights

b v - - - o a - ‘

A treatment for side EC similar to the one given for side AB
shoﬁs>that
R BV - ¢ qy/b(01 + Cp)

where agniﬁhgﬂféleotron hes been oollecteds y is the distance of the

elsctron from plate C and b is the distsnce BEC, Intégration for the
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pulse height from a uniform distribution of charge gives for this case
§v, = pb/a(c, +3) |

Thus for comple?e eanéél}ation it is necegsary that a = b, The can-
%911atio§ is differential as well as integral for this simple case,
%hat is,-the pulse height is oancelled examctly for overy instﬁgtAaf
thné, dt, if @ = b. This is not the case, for example, if oﬁe wighes
to measure pulse heighte and puts a grid in side AB, Cancellation in-
this ease ;a complets only efter the chérgee have been colléotad. This
Ls due to the different form of BV/dt for the side with the grid and
the side withoute.

2, Bffect of Magnetic Field on Electron Collection

-1t might be exp@gbed that the operation of an ionization chambor

in a magnretic field of 2000 gauss would meet with gome difficulty if

‘electron collection is employede It wms shown experimentally that this

was not the case by orienting the ionization chember parallel and perpone
dioglar to the>magnetic field end observing that there was no change in
the pulse heights from an alpha-particle source. The reason for the
ineffécﬁivensss of the %agnstic field is the enormous number of coliisions

made by the elestrons with the gzas stoms, This is mede plausible by an

- argument of Frof. G. C. Wick. In this argument one assumes thet the

collisions made by the electrcn may bte ropresented by a "friction"” torm

in the equations of motion for the vecuum case. Let the electric field

- in the lonizstion chamber be directad along the positive x direction

and th@.magnetio field along the positive 2z direstion. Then the équao

tiong of motion ares
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, : ~49=

% of 4 iye/o = kx
my & -life/c - ky
£ and E are the eleetric and magnetic fields; m and e ars the mass
and charge of the electron; and k ia the friction constante
¥%hen the eleotron has reached a steady drift velo&ity. Xe ¥ =0,

y may then be eliminated from the equations above and one has

° . eb
X :——~*—§——
k¢ B o2
32E

One may eveluate k from the case H = O for then % 2 eB/fk . By
neasurement of the rise time of am ionization pulse % wag measured %o
‘ ;

be about 106 em/sec. Thus k = 107° Be, (E was the came for i % 0

or # ¥ 0.) Incerting this value for k in the expression for % one

chtaing
;t.._.,._}_‘f__
"1 + H2 1012 _
Re g2

For H g 2000 pgpuss and E

- 48

470 volts/em = 1,57 @.8.u. volts/em one

finds

e

210° 1 - .0018) om/seo
which is practiéally the same as the oase of no magnetic field. Since
the correction term due‘to His vefy small, the proaédur@lused in emle~
unting E is qutifiéd._&waaa also be calculated immedi;taly,

 § = ~elixfak = ~10%UR/o8 I -,042%
forvﬁhequluaa of & and H given above. Thus the electrons are collected
at an angia of about 2,4 degrees with respe&t to the electric field

direction,
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