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The ovastruetion and performance of & meutror
generator consisting of & low-voltage are and an
socelerating tube is descrided. Deuterons are formed
by lonization of heavy hydrogen ges ia the are souraes,
fooussed by an electrostatic leas system and scoeler-
sted by & Van de Greaff-type generstor. "hen these lons
fall on & target of heavy ice, neutrons are formed by
the deuteron-deuterom reaction.

A tudy of the relative sctivities of the Sé4-minute

and the 4.l-hour period of indium is meade, showing thet

the latter period is setivated primeipally by fast
neutrons. Absorptiop measurements give & cross-section
for resonance neutrons in indium which agrees with
previous values.

Two separste attempts are made to detect the
diffrection of neutroms, using & focussing method.
Results are not conclusive decause of high deokground
and low intensities, bu. indicate that the 4iffraction
intensities must be small.

The effect of neutron energy on the mode of ersnium
fission is investigated, uslag neutrons from the Be-D
and Li<D resctions in the eoyclotron, & specisl lomizetion
chamber, linear amplifier and recording oreillogreph.
Plots of the nusber of pulses versus recoll emergy of
the fragaents are made. With slow sevtrons, an energy



Gistridbution of single fragments agreeing with thet of
former lnvestigstions is found. Tith fest neutroms,
thres new modes of fisslon are sssumed to exist: Nighly
assymmetr-ical binary, symmetriocasl bimary and symmetrioal
ternary.

By applying the law of tonservation of msomentum, it
umamummumtnmnm
fragments in ssch case. mmuwuntm
obtained by using ohemical analysis.

Using & wrenium lager on & thin supporting feil,
Weasurenents on the total ilomizetion are made. These
Agree with the energies ocaleulated from the single ,
fragments and correspond with those ealoulated
theoretically.

The energy loss by single freaganents whioh have
mmmmun“ohul’dum
caloulated from the eross-sections given by En‘pp and
Teller.



The principal topic of this thesis is the
investigation of uranium fission by neutroms. At
the request of Dr. K. Lark-Horovitz, director of the
research, a rather complete description of the
neutron generstor and its suxiliery appearatus heas also
been given. This was done in order to complle the
esquivalent of & working manual for thoss who may be
wsir . thir apparetus in the future.

As & result, the remainder of the paper follow-
ing the introduction divides naturally into two parts:
the descoription of the seutron generator and the
experiments performed with it, and the discoussion on
fission.



I. Shatement of Provies

A latreduetion. The inwestigations deserided is tais
mmunmmnt-«-mmmm
mmmtmt&mmm’m“uw
warious saterials. m—nx-mu“m
detall are: lxlnoounucuu-xmu soattering of
m.mnhruh-umm.-l
(2) fission imduced ia wreniws by seutrous, iavestigated
® & funotion of the mewtron energy.
!tumﬂuthmmmmuo—
m.ummumnmuumqum
thnt-ﬁom-owul-lmotmm
wﬁowunmduhmt;unhdm
um«mmanc-uuomuu-
of the appareatus used. The detecting apparetus 1s nert
Gesorided together with some results of preliminary tests.
hmmdwu«mm
Seattering work is next given and the finel sections deal
with the lawvestigation of wrenius fisslon and diseuss the
results.

Be Beutron seetteriag. The scattering of sewtroms sy

m.munmmmuw
‘ﬂ“ﬂnWﬁ“immm.
m-n--nuuum.u-mm-u
sinees they are wneharged and, sscordiagly, will not be
Mnmmram«mmnum



sucleus but will be deflected ouly when Shey approach the
sucleus very closely and come within the range of the
true nuclear rorees.

A particularly interesting phase of this work is the
possibility of coherent seattering of neutrons by atomie
nuclei. This would correspond to the diffreactiom of
electrons and x~rays--processes which have already been
thoroughly investigated. Acordiag to deBroglie's wave-
mechaniocal pioture, assoelated with any moving particle
is a wave pasket of wavelength given by A «b/m¥, where )
is the wavelength, b is Planck's constant, u is the mass
of the particle and V ite weloeity. In the eslastic sostt-
ering <f such a particle by regulariy-spaced seattering
ceaters, interference will take place between the incident
wave and the seattered wave. If the conditions for
cvsstructive iaterference are fulfilied, large irtemsities
of scattered particles should be observed. This theory
has besn thoroughly tested by electroms and has led %o
sew methods of studying the structure of materials by the
patteras formed by the diffreacted slectroms.

The electrons are seattered by the stromg sleotro-
statie fields existing around the atoms and never approash
the mucleus closely emough to be affected by the muelear
forees. A heavier particle such as & proton or an alpha
particle still is deflected principally by the electrostatie
field of the nuwcleus, dut a neutron, haviang no charge, will
be deflected only by the nuclear forees. Another probdblem



arises when heavy particles are used because the wave-
length wvaries inversely as the sass. This means that
the welocity of the particle must be small. More

specifioally’ Bragg's egquation for the diffrection of
& wave by a orystal whose lattice comstant is 4, i»

ohe 24 sin ¢
where n is an integer equal to the order of the reflection
and § is the angle detween the beam and the orystal plane.

For most orystals, 4 is of the order of a few angstroms.
This means thet \ wmust also de of the order of one
angstrom in order that © may bde large snough to messure.
nn-kut\d'.ltmth-ud-mw.
asutron in the deBroglie equation and solwes it for V,

one finds: ,.w.%-uv;u‘.{m.
1.8 x ™

This corresponds to 1.1:""”00.-'0." electrom-volts.
The detection of single protons or alpha-particles of
such energies is virtually impossible sinee they are
recorded by thell lonizetion and it requires about 30 eV.
to produce one ilon-pair. On the other hand, slow neutrons
of this and even much lower snergy are sasily detected
from the disintegrations produced by them in s large
number of nuclei. Henoe the observation of neutron
dirfraction would appear such simpler than of proton or
alpha-particle 4iffrection.

It should be mentioned that specular refleection of
hydrogen and helium molecules, whieh is & zero-order



diffrection, was obtained by Stern and his co-workers
in 1933. Also, Yearism (Y-1), wsing protoms of sbout
50 kv. energy and & long camera to permit the measuressat
of wery small angles, found evidence for protos 4iffrection.
Three major items would result from as experiment oa
aeutron diffractiom: (1) Purther wverifiscation of the
deBroglie equation, or, assuming its correctness, a direet
measurement of the veloeity spectrum of slow neutroms;
(2) the possibility of using the 4iffreacted beam of
neutrons as & monochromatic source for other experimeats;
ts!mnmm«mm

(1) On she dasis of the deBroglie equation. ome ean
at onoe caloulate the weloeity and energy of the neutrons
whieh are soattered from a orystal of knowm lattioce
constants. Direct measurements of the weloeity of slow
neutroas from & redon-berryllium souree surrounded with
parartin were made by Dunning and his co-workers (Del),
using a pair of roteting 4isks with cadmium scetors between
the source and the detector. The disks were sounted some
distance apart on the same shaft and each was adjacent to
& similar stationary disk. If the tihe of Tlight of the
aseutron equalled the time for the disks %o adwvance by
one sector, the meutron would bde imtereepted. From the
deorease in neutron intensity for a givem speed of rotation,
the veloeity distribution is determined directly. The
results showed & maximwm intensity at s weloelity of about



250,000 em/wwe. with saa approximate Maxwell distridctiom,
the intemsity om the high-veloeity side being higher
than that of a Naxwell ddstridution besaunse some of the
Boutrons had not been completely slowed dowm in the
paraffin. h”WﬁhM“*
velosity predicted for/ seutrons from the relatiom,
B «3/2 kT, Their were extended to neutrom

require high-intemsity souroces
and elaborete timing eirewits. A direct check by measure-
ments from neutr s diffraction would therefore be most
valuable.

(3) Blow seutroms (emergies of & few electron-volte
or less) are suitable for & wide range of experiments
whioh lead to results of greet theoretical imterest. The
Breit-Wigner theory «f slow newtron processes (B-2) (B-3)
is based on & muclear model iz which there ars a sumber of
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posaible exoited states. If the snergy of an ineident
seutron solncides with the snergy of sueh & state, the
prodebility of neutron sapture is particularly large and
the abscrption oress-section of a mucleus for suech a
resonance energy will be very large. In order to test
this theory, ome should make abdsorptin experiments on
slow monoshromatic nevtrons. Unfortusately, sources of
such meutroms are not known. The best muclear reactions
for the produstion of mewtrons (F* . #%, »e « 2%, 14 . #®,
Be + Het, ote.,) yield seutrons of snergies of several
zillien slectron-volts. If the seutroms pass Shrough
paraffia or other hydrogencus material they are guiekly
slowed down by slastiec eollisions wntil therwal emergies
(0,085 oF) are reached, dut this is & statistieal process
and resulte in & wide spread of smergies. (Of. Dunning's

experiment mentioned above). The selection of monocehromatiec

neutrons by uwtiliziag short mesutrom bursts, as already
deserided, offers a solution to sShis problem dut imwvolwes
very elaborate apparatus. In primeiple, > orystal
*moncehromator®, operating comtimucusly, would offer &
much simpler solutiom.

(3) Pisally, there is the consideration of the
mschanism of meutron seattering and the lifetime of the
seutron in the seattering mwcleus. This, possibly, should
bave been comsidered first sinee it determines whether or

2ot seutren diffraction should de possible, sven in principle.

Ascording wo the comnept of the compound mucleus, as



proposed by Sohr, suslear processes are initiated by the
entrance of the bdembarding partisle iste the sucleus,
forming & compound sweleus. The ssergy of the ineldent
partiele is then shared smong the seversl muelear particles
and Shere 1is & free sompetition smong them as %o whieh
will attain sufficient emergy to overcome the potential
barrier and sseape. In the case of newtroas, If the
particie re-emitted 1is & proton or an alpha-partiecle or
Af the snargy is dissipate . a8 & gamme~ray, the newtres
is captured. If the meutron is re-emitted, but part of
i%s snergy dissipated by emission of & second partiele
or & gemma ray, it will have & changed wavelength and
cannot show imterferences effects. Only Af the seutrea is
re-emitted with no loss of energy, oan 1t exhidit imter-
ference phenomena. On the other hand, 1f the secatteriag
takes place without the newtros's setually entering the
sucleus, there is ne chanoe for an ssergy loss and strong
interference should be obserwved. Hemce, even a negatiwve
result from & seutrom diffrsetioa experiment will prove
valushls in deciding which of the sbove theories 1s sorreet.
Mitohell and Powers (M-2) and Von Haldas and Preiswerk
(Vel) have obtainmed gualitative results whieh imdicate
the existence of 4iffrection, dut those results are not
entirely eomelusive.

£._Ureniwe fissien by sewtrops. Is 1939, Habm and

Streassmane (E-2), after a careful and exhaustive series of



mwmm—.mw-—u—.
split wp %o form Lsotopes of masses in the nelghburhood of
140 and 100 and identified thess as isotopes of dariwm
and lanthanum and stroantium end yttrium, respectively. This
Giscovery was of great isportance, first, becsuse it re-
moved all the scoumulated difficulties of the *trams-uramie
elements” which had deen disturding physisists for several
yeoars, and second, decause this was the first case of aa
atomic transmutation whioh resulted in the splitting or
fission of the mucleus into two messive parts. PFollowing
the announcement of the fission of urenium, experimentalists
all over the world set to work om this problem and soon
acoumulated a great mass of data. On the theoretical side,
Bohr and Wheeler (B-4) developed the theory of fission
based on the liguid-drop model first proposed by Meitmer
and Prisch (M-1) who also suggested the word *fission” %o
desaribe the process.” &
Ascording to the liguid-drop model, the nucleus is in
equilibrium under the asetion of two groups of foreces: the
short-ranges nuclear foroes which have an actiom analogous
to the surfece tenmsion forees of & liquid drop, and the
repulsive forees dwe to the slectrostatic snergy of the

protons. If the surface forces predominete, the most
R EEEE,

* It 1s not proposed to attempt & comprehensive sum-
mary of the pressnt state of the problem of fission here,
rether, only a brief sketch of sspects pertiment to the
research to be desorided later will be given.



stable shape will be that of & sphere, dut as the sueleus
becomes heavier and more highly charged, the slectrostatie
forees play & larger role and the nucleus approsshes instad-
1lity. If the sucleus 1s now givea a fiafte dlstortion,
fission ocam oocur. Bohr and Wheeler caloulated this prodlem
in detall and showed tlat for protactinium, thorium sad
uranius the eritieal smergies to produce flssion were of the
order of 58 Mev. If the exeitation is by & seutron, the
same ocaloulation must be made for the compound nuoleus thus
MﬂM“M“.m-&.lM.MR
This seans that a thersal neutron can produce fission of
this lsotope. The values for U™ o4 Mm% Loy 0.7 ae
1.7 Mev. respectively, so these should underge fission only
with fast neutrons. This has been wverified experimesatally
in the case of Th and is usually assumed to be true of UO,

The theory has not yet been developed to the polat
where the relative size of the two fission particles osn b
predicted bdut incdicates that gquite & range might bde possibdle
Sepencing on the wvarious modes of vibratior whioh are
excited. Of partioular iaterest to the preseat ressarch
are the following data:*

(1) The energy release per fission, as measured bWy
various methods, leads %o & walus of 160-180 NMev. Most
of these messurements are based o>n ionisation processes.

SRR EEE
* A detalled compiletion has been made by Turmer (T-1)

for publications prior to December, 1939.
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(2) Por siow seutrons, the twe Tragments are of
wmequal sise. The redicactive isotopes observed fall
inte twe groups; one with atomie sumbers betwsen 35 and
43, and the other with atomis mumbers between 51 and 7.
The ssymetrisal fission lesds directly, with the law of
conservation of memsntum, %o 4ifferest ssergies of recoll
for She %we fregeents. Eaaser and Barseball (E-1),
wsing & limear aecelerater So produse D-D meutroms and
an ienisetion shamber to record the sizes of the pulses,
found these snergies %o be 65 and 90 Nev, respectiwely.
Jentschke and Prankl (J-1), using slow seutroms from &
polonium-berryllium souree, obtalmed somewhat lower
wiues of 57 and 93 Nev.

(3) The distridution surves of sumber of pulses ob-
served va. energy isdieate rether broad saxime st the
energies cited above with & wvalley between the two peaks
of about one-balf peak height. This sorrelates with the
chemiocal evidence that there are groups of isotopes of
various sasses formed in sach case instead of & single
predominant isetepe.

(4) Yasaki (Y-2) found that the Lsotopes of imtermed-
iate atomie mumber PA(46), Agle?), 04(48), and In(eP) were
observed irn addition to the is topes mentioned abowe if
the seutrons weed ware the extremely fast omes ( 13.8 Mev.
reastion energy) from the resstion of deuterimm on lithiwm.
If Be=D neutroms were used, the intermediste isotopes were
mot found. This isdicates that & more symmetrical fission



of wranium oan be obtained If wery fast sewtrons are weed.
The purpess of the present lavestigation of fissies
is %o study (1) the emergy of the single particles frem
the fission of wrenium a8 & funetion of the iseldent
seutron ssergy: (2) She tetal lenisetica of the resell
particles as a funetion of the ilaclident meutren snergy;
(3) renge-energy aad stopping-power relations for fissios
particles. PFurther disouwssion of these prodlems will be
given later ia commeetion with the sxperissntal results.

I1. Predwstion of Newsress
Ao The \SULIOR SSRSISNOr. Whem this research wes started,

there were 20 neutron sourees ia the laborstery se the
production of aeutrons became the lmmediate prodlem. The
possibilities ware: (1) Purchase or reatal of & guantity
of redius which sould de mized with deryllism powier te
atilise the resction of alphe particles oa derylliium;
(2) wee of & boam of secelerated lons %o produse sevtrons
by deuteron bombardmeat of deutercas, berylliium, or
lithimm. The second alternative wes chosen decause the
tmount of money awvailable for the work made the purchase
of ‘he radiceactive materials prohibisive and would allow
the rental of ouly & ssall smount of material. (800 mg.
of redium nized with deryllium powder can b reated for
minisus periods of one year at an snsual rental of $1000).
Thais would definitely limit the type of work possible.
The equipment ochosen after some cossiderstioa of the

11



various possidilities was & linear scoslerstiag Sube
wsing & low-voltage are sourece and a Van de OGrsaff-type
gensrator as the soures of high potential. This wais will
Menceforth be ret.rred %o as the “meutron generator®.
This sholee was distated partly for ressons of seoncmy and
partly because it offered the most flexible wmit %o be
duils in She space available. MNMueh Righer intensities
would be awailable with a eyelotren of the sise now
operating in this laboratory but both the sost and She time
of somstruction are large. A Ooekroft-Eaiton or similar
sransformer-sultiplier unit might bde used as & high-voliage
soures in place of the Van de Graaff generator but the sost
again is greater and other leboratories have had
difficulties in ashieviag voltage outputs whioch even
approach the salsulated values.

The setup which was svolwved for the seutron generator
is shown schematisally im Pig. 1. (The photogreph of
Pig. 2 is taken from a direction imdicated by the arvow
ia Pig. 1).

s

-
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PG PLAN OF NEUTRON GENERA TOR

7ig.1--Flan view of neutros geasrator



'The lom souree and powsr supplies are housed ia &
eylindrical alumisus shell whish 1s mounted om poreelaia
insulators. The high-voltage generator (HVG) is placed
beside this houwsing 12 & B§ foot pit (because of restriet-
od vertical clearance) and 1» comnected %o 1t by a »
sopper tube. The accelerating tube (AT) extends from the
housing %o & comorete pler (mot indlosted) whiech supporse
the slecstromagnet for magaetiec saalysis N'), the pumpe (P)
and the Sarget assembly (T). Power for the lon souree (A)
and Tooussing witages 1s supplied by & 2 E.P. soter (M)
on the fleor which drives a 1500 watt A.C. generetor (AOG)
in the housing by == iasuleting belt. PFider rods extend-
ing from the somtrol panel (CP) to the mseter panel (MP)
provide the comtrols for the various sireuits. Meters for
are witage and surrsat, ote., are sounted in the meter
panel and oan be read from the control station beack of COP.
Copper mesh is placed over ihe meters to provide sleetro-
statie shielding. The resistance stask (R) 1s used to
dﬁhﬁ”wmwlwm-n‘om
electrodes (E).

A small D.C. generetor (DOG), driven from ADG by &
V-belt, supplies 110 wolts %o the are. A low-voltage
transformer (F) supplies the are fllament. FT, C and K
represent the trassformer, soadensers and ksnetrons of
the supply for the fooussing. A esocoling uwnit (OU) for the
are slreulates water ia & slosed cireuit between the are
and a pair of suto-heater radistors where the water i»



sooled By » blast of air.

m-lmmm“-ﬁ-m
type generatiang voltmeter (GV) drivea by a synchromous
motor .

The pmping lead 1s at the grounded end of the se-
selerating tube. Two 4" metal oll-diffusion pumps in
series D.r)mmuﬁ-mmw
..hmufﬂ)mdputumho’..oﬁom
dMﬁt“lﬁttM”ﬁnm. A megavac
nmummmmmn
produces the fore vacumm.

hm“l‘mlﬂhﬂuhmﬂ
disoussed in further detail later.

m.s—-%«mmm

B. Jen Source. Two different types of ion sourses hawe
been used in the neutrom genmerator. The firet ocne was of



&mmw.m.hﬂ-ﬂ. Ite eom-
mu.—-uummnm A are
un—am&m-ﬁmnmm
filament (2). Nomumwmm
the 5 mn. Glamcter sapillary in the steel are dody. 4

mmmam&uhmmmu
‘mﬂlwl‘ohtﬂﬂo‘hﬁ&ﬂﬂldﬁm
-a-(l!mum--mu-ﬂmuun
respect So the are dody. T™he prode has & oanal 1 mn. In

uu:munmuuommnmm
spaced 3 mil aiskel wire. T™he purpose of this plamc-wire
muum.mumnmm
nuummmmmmuu
“Mumdﬂmmm
Sathodes. The eoating 1s & commevelal strontius-barius
mmrmmum.m It s ap-
MD‘o-Hﬂl—cﬁ‘-“.‘Mh
ary. nu-uuu-uxuhm.ruu-.
ﬁuunl.mmm. At Tiret, the heating
nmmu-qmmw’auu—nu
hmm&ﬂ“mumh‘.“
eir.
ﬁoﬂ.“&nm&mmn‘-ﬂm



beated ia & vaouum so the Tilament is wsually wermed
slowly and rua et reduced curreant for 10-15 minutes
befors attempting to odtain any emission.

Fig. 3--Tuve-type iom source.

Typieal procedure in activating such & 15 mil tungsten
filament is She followiag: After coating filemeat and
heating in air, it is installed and the tude pumped dowm.
T™e filament is turned on and held &t & surrent of shout
S amp. for 10 %o 15 misutes. The ourreat is then
gradually inereased %o shout § amperes and the are woltage
applied. Aotiwetion will thes wswally Sake place within
5 minutes. Enough residual gas is wsually preseat ia the
ien soures to cause the are %o strike. When the are
becomes stable, the filament ourreat sanm be reduced teo
ahout 7.5 amp.

Other sizses and shupes of flilaments have alsc been
wied with good results. The filament whioch had the best
sharacteristios was made of 15 mil tungsten, 5" long,
wound ia & senieal helizx with the vertez amay from she

eapilliary. 25 mil tungsten was alse used but reguires a



M-mm&h.-mwﬂ-fmb
The Dody and Shis helps 1n igniting She mais are Shrough
the oapillary. n—n-a—nunuunuom
dﬁnuﬂﬁmhﬁunm&ﬂh—

wmmumn—ommm
o start the discharge. hmdﬁm

Mmm-“lhmlﬂm
umu.x-uu-umm-mumm
Source Shrough & sompound seedle valwe of & type weed
txtensively in Shis leboretory. This seedle valve was
Goveloped by Nr. K. A. Burd, of our lnstrument shop. The
mawnnmmu-m.—
right and one left-hand. The differential setion can be
Mwmﬁmdﬁﬁmdﬁt-
serows.

ﬁdeﬁhmh
m_umwum-mumm



output surrent of positive lons depends on ot least four
variables which are themselves somewhat interdependent:
ﬂ_“.m“.-‘-n'-‘mw
hmaummmanumm
Shere will e ar optimwm are current and are voltage and
that the output will drep fer both Righer and lowsr walues.
Purther, the prode voltage deterwines the fooussing
properties of the loms, and the are wvolsage, belng &
funetion of the gas pressure, 1is conneoted with the
peresntage of protenie ions preduwsed. Hemoe, while 1t was
iastructive to make measurements oz ien output as &
funetion of the several warisbles, 1% was simpler ia
prectice to adjust the apparatus for best performance by
Srial and ervor, wsing the msasurements only as & rough

- guide.

Best lon outout was obtalined with an arc surrent of
0.9 amperes, filament currest of 7.5 amperes, are-voltage
drep of 90 wits and probe woltage of 2400 wolts. This
§ave a focussed beam of 280 mioroamperss Shrough the first
fooussing elesctrode.

In view of the limited current aweileable from the
RMigh-witage gensrator, 1t was impertant to obtaisn ¢ large
perosntage of protemie loms in order to get the largest
possivle meutron yield. Measurements made on the deuteros
besm after aceeleration, using the magnetie snalymer, gave
ouly 15 %o 80 pereent D' loms. This seemed to Mo approxim-
ately iadependent of the operating conditions exeedting



only that the percentage deereased with imereased total
surrent. These measurements are in agreement with those
of other investigators on metal-capillary lom sources.

A study of other avallable types of lou sourees was
“h‘“h“”ﬂd‘dmlho
mmcmww“
essentially the same bebavior: large percentages st small
mmdhmd.dm.-‘-‘
Sualler percentages for the larger surrests of 300 so 400
uiercamperes desired for thls work. The msodificetions
Geveloped by Zian (3-1) gives surrests wp %o 4.5 milil-
Smperes but 1s sot sultable becsnse the protonis 7ield is
agaia only 18 %o 20 peresnt. Bradbury and Bloeh (B-8)
mm-mmmmn&-d
dsbr (L-1), weing & pair of soncentrie cones %o foous the
mergent beam, and succeeded in odtaining surremts of 100
bﬂMthdmm
icms. mmwbhmwﬁ&
rether limited owrrest.

T™he only lon source, other than the original Tuwe
Wpe, whish has besn sonstructed and tested 1o one bdased
o8 & Gesign deweloped by Preof. R.D.Powler, of Johne
-—-.-n—-u--mn--
spesifications for it. The design has not been published.
This soures was not installed watil sear the end of these
iavestigations but will be deserided at this time.

A section through the ion souwrece 1s seen in Pig.s.
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1g.4--Sestional Powler-sype
Ay L4

The are is formed between the ring-shaped filament (FF¥)
ad the anode (A). The discharge must pase Shrough the
annular space between the are comstristor (C) amd the
probe shield (5). Thus & dense clowd of fons must b
present ia freat of the probe sasal and will arifs shrough
the hole 1n § %0 be acted on by the Tield from the probe
(F) whish is saintained at 8000 to 20,000 wolts negative
with respect %0 5. The fllaneat is sade of & platisus
ridbon 003" shiek, §* wide and about 3" long. Before
mountiag, the ridbon was firet run detween & knurlisg
Sool and & bress red several times and then folded sccord-
iaa-fashien %o form a rough surrace for the oxide ecoating
and %o make 188 length adjustadle. Thres supports of &0
mil siekel were then spot-welded %o the platianve and these
ware bent %o fit inte three bress mounting posts. Theee
posts Are not shown in detall on She dArawiag but each
consists sssentially of a sut and bolt mounted in an over-



sise bole. A mies washer on the laner surfase provides
insulation and a rubber washer on the outaide provides
insulation and forms & vaoumm-tight seal.

The anode 1s threaded on & stesl rod and oo
sorewsd in or out. I%e position is not eritical. It is
tasulated from the are body with & gasket Joiat. The are
sonstrictor is made of stesl and 1s alse Shreaded. Iw
distance Trom the prode shield is guite eritical. The
distance should be the smallest whieh will »still maistais
the are sines this asmular gap sarves the sane purpess &8
the sapillary in She Tuve-type are ia soncentrating the
dischargs. A clearsnce of 3/32* was found So be suitable.

The shape of the Tace of the preobe shisld proved %
be & very importast faster in the performanse of the are.
T™he shape shown in Pig.4 was found %0 be the best of
several tried. This appears to allow the formation of aa
ton sheath whioh is 2ot easily “punctured™ by the Field of
the probe. The lon cutput was decidedly less with both &
sore poiated nose and s flatter sose with & coniesl
depression in the middle.

This type of are soures requires unususlly high
probe voltages. Fowler clse found thet the highest
protonie yields were alse found for quite high ges
pressures (.15 to .5 mm of Hg) so the problem of preveat-
““Mﬁpﬁoﬂﬁ”ﬂm
becomes seute. This prodlem was solved by keeping all
distances in the direction of the Tield of the erder of



1 wn. Within the range of are pressures used, the
fenisation over sush & short path is very ssall and there
is less Qiffieulty with Wreakiows than shere would be for
& larger gap. The probe is threaded inside & lawe riag
whish is Shreaded, in tura, inte the are body. Te
sonnsetion fer the probe, as indicated, 1s made Wy & Shia
brass red sarryiag & Shis strip of phosphor-breamss whish
makes & flexible contast with the outside of the probe.
Insulation is previded by the glass eylinder. There are
wax jeints betwsen the rod and glase and between the glase
ad 1% sugperting flangs. The gasket jJoint is previded
ia sddition so that the entire assesbly may be guiskly
removed fer imspection of the aligmment of the probe and
She firet fosussing slestreds W).

™he swrrent for the filament is supplied By & Sewols,
20-ampere transformer with & series resistanes in the
primary. The platiswm filament 1s uwewally rwn ot 18 %o 19
amperes ani sotivated at 235 amperes. The asstiwvation
surrent everloads She transformer somewhat, but this is
only for short perieds of time.

T™he are woisage is supplied Wy & 300-watt, 180-wols
D.0. generator whish is Arivea bWy & V-belt frem the shaft
of the main gensrater. A series resistor permits s reage
of are ewrrents between .5 and 2.5 amperes.

Twe differeat supplies for the probe voltage have
boen weed. The Tiret testing was dose with & half-wave
eireuit using eme-half of the secomdary of the foeussing-



voltage tramsformer. This hookup 444 mot permit the
independent adjustment of prode and fooussing voltages,
however, so was replasced by & half-wave sireuit supplied
by aa 8000-velt R.M.S. tremsformer whose primary voltage
was somtrellied by & potentiometer arrangemeat.

T™he gas pressure in the i1oa soures 1s measured bWy
ssans of & small tilsing NeCleod gage whieh 1» mounted ia
& ground Joist and conmected %o the gas supply line. The
SAge 1%eell consiste of & small Muld wish & eapiliary
Sealed into 1% Sop and & side tube conmeeting with &
meroury storage buld and the grousd jJeiat. Fig.S show
the somstrwetion.

The gage 1s sormally )
tilted scoumter-elcokwise
with all the mereury stered —
in buldb A. To take & Ht -
pressure reading, the gage w : 'l"
is rotated somewhat past the
position shown watil duld B
is filled, then returned te | Rasin Vo
the vertisal poesition. Frem
the height of the sapiliary
and an application of Boyle's law, the pressure is sasily
saloulatod from the measured hedght X. If © and X are the
distances shown ia the ligure, & 1s the esross-sectional
area of the espillary and V, 1is the wolume of the gage the
pressurs is caloulated to bde Pe (CoX)al/V, mm. of Hg.

Fig.5-Tilting MeCleed
ege



For the partisular gage sonstructed, O- 30 mm., & « 2.4 mf,
i Vor 15,300 m®. Por X equal te 10, 20, and 30 .,
Tespectively, this gage then lodicetes pressures of 0.07,
0.18, and 0.32 wm. of Ng. This sovers the renge of
mhh“hﬁm.“dﬁnm
of only 30 sm. lemgth.

Onhl:m—shmumz.
the gags . Mmu-mummm
ﬂ-h“hﬁwmluh—nmt
bm‘n!—im—lﬂ-h”u
belag filled. The openiang inte A should hawe & Sefinite
mmmum«n—mux—umm
tube is Geternined by this point. The offset of the whole
Sage from the griund joint C and the sngle st whieh the
storage duld is Joined to the supply tube must be sush
Mﬁmdﬂmq&uﬁdﬁndm
the ground joint when the gage 1s belng smptied. Also,
ﬁlﬂhh-!hhuumnlmm
w_u“u”utnmnum

T™he accuracy uf sush & gage is prodeably set very
groat. However, successive measurements have indicated
that the heights are reprodusible withis & millimeter.
hmm-ﬂnn.-ﬂxm-anudtm
%o the gage dack of the capilliary so that & pressure
reading oan be taken in & few seeonds.

The rfiret tests of the Powler<type are were sost
weatisfactory. The are was very 4ifficult to start, jon



surrests were small and tShe fllament lasted only & few

bours “afore aseding & fresh oxide esoating. Part of the
Giffienity was fisally found te b dwe %o an istermittest
lsak in & soldered jJoist whish scecunted for the short

filament life, but this still 444 mot clear up the wheole
trowble. Pref. Towler fisally indicated that the origisal
Gesign whieh be sent had not showm the shape of the probe
shield ia suffisient detall and thet he had alse fousd &
shorter probe-canal leagth %o be more switable. (Fig.4

gives the sorrected desiga). These changes improved the
performance & great deal.

Work o2 wrenium fission with seutrons from the
eyelotron was started before the 108 sourece bad been
completely tested and it seemed more laportest to econ-
centrate on the fission work, so the fellowing results
st be Saken a8 tentative: The tetal available surreat
from the ion souree can be made very large, 2 %o 8 milii-
mperes, but the loms are mot wll fooussed wnder these
conditions. A wmll-fosussed beam of 200 misrcvamperess was
ohtained, however. The ssasurements were sade by grounding
the probe, allowing the lon souree to float at & positive
potential and measuring the current colleeted by all the
slestrodes ‘n the fooussing and scoelerating system. With
a2 are pressure of .28 mm., are ourreat of 1.0 amp., are
drop of 40 wolts, and probe woltage of 4500, & steady
ourrent of 200 misrcamperes was obdtained. Inereasing the
probe witage inersased the besm intensity greatly bdes
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§ave it & very bdbad divergesmce. This could be overcome
somewhat by strong focussing &t the next gap. The total
outputl was quite satisfectory, dut magnetios amalysis of
the ascelerasted beam showed saly 20 te 25 percest pretenie
ions, as with the Tuwe-souree. This does not confirs the
results whieh Fowler obtained with Rhis eriginal design
whish iadieated 60 percent preotomies ioms &t the gas
pressure used in these tests. It may be that miser
changes in design have a grester effect than suspested.

Nention should be made here of work sow being done
by Getting (G-1) end (G=3) and by Lame: (1-2) with glass
capiliary sources. The results already odtained indiecete
that this type of are is capable of both large currests
and high protemie yields.

S. Mogh-voltege SupRlY. When the neutron generster wes

first comstrusted, it was tested by wsing & large disk-
type electrostatie gemerator whieb 1s wsed for demcnstrat-
ion purposes in the general physies lectures. Whes proper-
iy dried, this generstor was capabdle of producing sbdout
100 misroamperes at 100 KV. With this aveilable power,

it was possidle to demomstrete the production of meutrons
but it was apparest that the neutrom intensity was teoe
small to permit the type of experiments desired. Some
@isoussion has aireedy bdeen given to indicate the reasons
for the csholee of & Van de Greaff type of electrostatie
generator for the new high-voltage sourece. Of the several
nodifications of this generstor whieh had been developed,



that of Gettiing and Fiske (G-1l) appeared %o be the most
suitable both with regard to compactness and avellable
ecurrent. Dr. Getting very kisdly furnished complete
spesifications for the ap areatus defore publicsetion of
his results and was of great service in many other ways,
losning patterns for the various ocastings and assisting
us in obteining the special spinnings required.

Fig. 6--Schematic drawing Flg.7--View of completed
of high-voltage generator. gensrator.

The general construction of the high-weoltage gemerater
(HVG) is showm in Fig.6, end the appearance of the assembdled
generator is showm in the photogreaph of Fig.?7. Three belts
are used to ocarry the eharge to the upper sleetrode, the
middle belt rumning counter to the outer two. The use of
multiple belts instead of & single wide belt makes the out-
fit more compact ard permits placing bdelts inside the



irsulating tertelite solumn where Shey are protected agsinmst
st and bumidity. By russisg the middle delt sourter %
the other two, higher sharge densities oan be obtained

sines the middle deit then carries the opposite sharge %o
the others and reduces the transverse sleetrie fleld. The
belts are driven at & lisear speed of sbout 90 feet per
second by & E H.P. 3500 B sotor sounted on a belt-tighten-
ing support in the base of the generster. Alse in the bdase
of the generator are a 10,000-woit rectified supply for the
spray voltage and & sooling wnit. The msoter drive and the

spray supply oan be seen in Fig.8.

Tig. 6--Base of generstor with shielding
remo ved .

T™he upper assembly is supported By a Sextelite tube
12" in dlameter with 3/16" wall. This Sube is gripped at
the bottom by & three-plece casting which is supporsed
iz turn by three tapered channel iroms welded to the stesl



base. The channels and & section of the eolumr support
oaR be seen in Fig.8. A riag-shaped alumisus casting is
driven over the tep of the textolite solumn and 1s held in
place by several bakelite serews. The under-side of this
oasting is turned to it the curve of the resatrant
tlumiswm spisning whieh forms the bdottom of the upper
shisld. Stwis serewed into this casting support a second
tlwmisum ring whiok sarries the long studs on whieh are
-Mtht&nwnuoyn”om. These can de
seen in Fig.?. The tension and treacking of eack shargiag
belt can be ad Justed iadependently by means of nuts on
these long studs. The pulley Suppert rings have oversise
holes and are fitted with Phenclite sleeves which slide on
the threaded studs. A phenclite washer on elither side of
the support ring ecompletes the insulation of pulleys:
required for the surrent-doubling arrengemeat. Seoft
rubber washers are alse inserted om either side of the
ring. These serve to damp out mechaniocal vidrations.

rig.9--Upper

ater dﬁ.:lm )

ing removed.




The delts are of four-ply endless-woven sotton
fabrie manufactured by the A.5.0rowm Oo., Tiltes, W.A.
They bave & special tresting whieh is intended te sut
Gown surfeaee leakage wnder bumid conditioms. In apite of
this treatmest, It was mot found pessible te obtais steady
currents from the generator under wmost weather sondltions
without beeping & dryiag agent iaside ot sll times. These
Belts are much heavier than rubberized sheeting or paper
sonetines used for Shis type of generater and therefors
mcwuaunnumr—rmm.
This disadvantage is far outweighed by their durebilisy,
resistance o puneture by sperking and sase 1n aligament.
The original set of belts 1s #till in wee and shows ne

apparent signs of wear.
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SEF self-aligniag reller beariags are wsed on all
the pulleys. BEach pulliey shaft has one free bearing and



one Fixed bDeariag, i.e., ouly one beariig on sach shart
holds againet end-play. This follows approved prectice.
hnummuutmumw.h.dn
mnmm:mm.wmmmm.
Snd shafts of 3/4" cold-rolied steel. Oetting's original
design indioated pulley comstrwotion wsing & plug and
Stub shaft welded into each end of the rolier but &
Gesign uwsing & full-length shaft was thought to be less
1isble %o flexing and distortion et Migh speeds. Ascord-
ingly, the design indicated in the working drewiag of
m.umwmn&murml.a.m.

mmmmm-—.m,mwu.
mWamm.mmmmm
Mhm.ﬂ*nMﬂihl&mu.
mb.hh.—lﬂlyw.hh’ﬂm
um..hmnmummmnm
removed in the dalancing precess. That the dynamiocal
Mnmtux-.n-w-mu-tqm
Mmallest roller, 3-inches in diameter, was retated ot
7000 R.P.M., 1ts normal operating speed. In spite of
mmmummmnmm,nnm
vory badly and was wery solsy. The balanced pulleys
showed no sush dehavior.

The power supply elreuit i1s shows i1n Pig.1l. Ae
is indicated, 1t consiste of & simple Malf-wave restifier
mmw-muumumm&m
transformer. The control box was losated on the mais



scntrol panel of the mewtrom generstor. The spray poiats
sonsisted of & row of phonograph needles (Vietor “Loud™)
set iato & drass rod at L/2" istervals. These were set
Mummmmmxm-no-uuu
sohematioally in FPig.s. The brass rods were supported
by slotted bakelite plates and could be adjusted for
spray-point-to-belt distances of O to 3/4". The power
mntwumummnmw‘nu
san partially be seen in Pig.8. The 10,000-weit transform-
or is located bdebind the tapered shannel next to the
pulleys. The rectifier and condensers were mounted om &
transite bass and this was placed on & rubber mounting %o
ainimize mechanical vidbration shooks.

" agert

m.n-m supyly for spray
t of gemerator.

m-mmmumw“uu
-mmmumwmum
also ad justabdle. As sesn in Tig.9, they are loested
directly above the sorresponding pulleys. The additional



eleotrode, bdarely visible inside ite alumines shield, 1i»
the current-doublisg electrode and is sonneoted directly
to the pulleys. It is adjustedle both vertisally and
borizsontally. The three collecting eleotrodes abows the
pnmthmwromtmw
megohm resistances.

The funetion of the surrent-doubling electrode may
be explained as follows: We will sssume & positive high-
voltage poteantial amd sonsider the generstor short-
eireuited to ground through & millismeter. If the spray
potential is V, the ocuter surface of the belt as it leaves
the lower pulley is V and the ianer surface 1s at pulley
potential, or sero. When the charged belt is opposite
the doubling electrode, & brush discoharge occours %o it
and 1t sequires the potsatial V whioh 1s alse communisated
%o the pulleys. When tar ilmmer surface of the bdelt
contasts the pulleys, it then has the potential ¥V se the
outer surfase must have the potentis’ Ve ¥V « 2V, The i
brush diseharge to the sollectur eleotrode--and to
ground--will then ococour until the ocuter surface of the
belt approaches serc and is et -V with respect to the
ianer surface. As the belt returns to the lowsr pulley,
the inmer surface must sequire szero poteatial and the
outer surface must approach -V with respeet to ground. If
the capacitance of the belt (per unit ares) is C and 1t
soquires & charge Q with = potential 4ifference V between
ioner and outer surfases, one sees at once that & charge



2Q 1» required So restors the cuter surface of the bdelt %o
its original potential of ¥, 1.e., 1t sarried & sharge +4§
wp and & sharge -§ down. If the doubdling slectrode were
oy weed and the pulleys sonneoted te the upper slsotrode,
the downwarf-moving delt would be wmebarged and woul?
earry only s shargs Q in one round trip. Tt hes been
assumed heare that the brush disoharges provide s short-
sirouit Betwsen Belt and slectrode, which is mot, of sourse,
stristly true. Also, the argument is restrioted to the
oas: of the short-eireuit current with upper elesotrode
grounded, but the reascnifg is sotually true i general
sinoe ounly the potential 4ifferences betwesn the inner
and outer surfaces of the bdelts, enter. Fimally, ne
scoount was taken of the surreat drewm by the doubling
slectrode. If the insulation detween the upper pulley
suprorts and the shell is good, this current is negliaibie.
under steady conditions after the initial charge bhas been
drawm to give She pulieys their positive potential.
Before sonsidering the jerformance of the generstor,
several other items of the somstruetion should be mention-
ed. The main drive belt 1s subjectsd to severs flexing,
-Wmmuummum
high temperatures (under continuous rumning’). The firet
belts tried falled after some 40 hours running wder
these conditions. These bdelts were alse of the endless-
woven type and were made of Beavy-duty four-ply material.
The coating was & blask son-skid preparstion ( Sreatment



HTef). This cceting seemed to b one ssuse of the trouble
lbﬂltw_rﬂ.'mtﬂmhit“ﬂ
became warw. Later the bdelt would shew broken strands
and required replecemcnt. The sanufscturers were unable
to find the trouble dut suggested & lighter belt (medium
four-ply ' with a SOTLR coeting. This was tried and found
o e wvery satisfactory, the origisal belt of this type
#till delng in use.

. The 2 E.P. driving sotor runs under spproximstely
full losd and most of this power 15 dissipeted inside the
fenerator, sinee the ocutput of the generstor is omly of
the order of 300 watts (1 me., ot 300 EV.). A good share
of this power is uwsed in melnteining delt speed sgainet
sir frietion and lutersal fliexing losses. Conseguently,
the interior temperature of the generstor rises steadily
on long runs. The housing of the generstor is purposely
sade searly air tight to keep the humidity low and the
polished surfeees of the sluminue provide poor Ml-m‘p
¢ it was secessary to istroduce & sooling mecheniss. An
Suto-heater rediator carrying eold water was first tried,
wing ar electric fan to sireulate the air. This was
insdegquate sc was supplemented by & system of four 174"
copper tubes spaced about ome imech apart whish were tent
to Torm & sirele ritting Just deseeth the resentreat
tlumisus spioning of the lower housing. About 100 eopper
fine were scldered to thess tubes to imoreass the sooling



Fically, It was found necessary to sool the textollise

column and Shis was done by directing & blast of air from
& rotary blower on the outside of the column. With this
sombination it was possidle to run continmucusly without
overheating.

A strong deersase in output ourreat und avallable
voltage is found if the iaterior of the generstor decomes
moist. To prevent this, several contalners of silies gel
are kept in the bdase and the upper sleotrode. A tubular
beuting element is also placed in the base nesr the
sleotriec fan and is run at reduced ourrent when the gener-
ator is idle. This keeps the generator a few degrees
above room temperature st all times, further reducing the
relative humidity. A relay controlled from the main
panel turas off the heater and turns on the blower when
the generator is started. The fan is kept running at all
timen.

After the gen rator had been assembled, the bde'ts
were aligned by adjusting the upper pulley supports and
were run idle “or some time to wear in the dearings.
These showed some tendency to heat at first due to
fristion between the shalft and the fel: packing glands
but th's was soon overcome. The adjustaent of the spray
aad sollestor points was next made by measuring the
thﬁuﬁsﬁmq“o” Brass
strips 1/4", 5/16%, 3/8%, and 1/2" thiok were used detween
the electrodes wnd the bdelt to measure the clearances.

-




The process of adjustasnt was one of successive
approximations sinee the optimum specing of ome electrode
was dependent on the spacings of the others. The fiasl
spacings used were: 5/16" on the two lower spray sleotrodes
and 3/8% on the upper one (mmallest pulley); 1/4* on all
collector electrodes, o~d 5/16" on the ourrent-doubling
elesctrode which was adjusted vertically to be about 24"
below the point of targency bdetween belt and pulley.

The short-sireuit currents were never greater thans
S ma. on the first tests. This current was fiaally
inoreased to 1.0 ma. after several weeks during whieh
drying agents were kept in the generator, the originsal
S000-volt spray-suprly transformer was replaced by a
10,000-wit unit, & brass ring was inserted in the jJolast
between the solumn support and the solumn to eliminate a
sharp sorner, and the insulatios detween the studs and
the upper pulley-support rings was improved.

Bver in dry westher, the output curreat of the
generator is low for 24 hours or more after it has bdbeen
opened. The curreat is alse low when the generator is
firet started and willi resch a steady walue only after
rusning for approximstely one-balf houwr %o wars up.

The variation of short-cirouit curremt with spreay
voltade is shown in the curve of Fig.l2. The abscises
is the primary woltage of the transformer. The truwe
sazisus spray voltage corresponding to 115 wolts on the
primary is about 135,000 wolts. From the figure, one sees



that the ourve is flatteaing dut still inereasing. At
the maxisum woltage, howsver, some sparking ccours. Por
continuous runs, 108 wolts on the primary is set as an
uwpper limit sinee thers 1o some dangsr of punoturiag the
belt at higher voltages. With this limit, the sazimmm
current from the generator is detwsen 850 and 1000 miere-
amperes, depending on the relative Bumidity and the
condition of the columnm.

-

of “aerator with sprey witege.

The maximum available voltage from the generator
has never besn measured sinee the generating voltmeter
Measured the potential on the neutron generator and
breakdown of insulation and leakage on Shis part of the
apparatus set the upper limit. The highest potential
obtained when connected te the neutron generator was
385 Kv. When discomnested, She high-voltage generator
would go to sueh higher potentials sines the woltage



would inorease until sparking cccured im eir bdetwees the
wdmm..mnm
four feet. mumum.mu&lﬂ
is possidle.

hmmnmwmx’u
(200-275 Kv.) 1s quite small. Measurements at warious
s“l“'Mﬁmu-mnm
from the short-cirouit current give values between 30 and
40 mioroemperes. M‘mmtul..m.
After the generator has been run for & matter of 100 hours
without attention. PFlashes and brush discharges along the
outer surfeace appear to be due to the sollection of soot
and to a surface layer of moisture. Periodiec swabbing
un*mwummtun-mmn
cere 8in dissclved in napthe eliminates this trowble.
mm-onh“lMlﬁMﬂ
between the colummn and bdelts ascribed to the presence of
& black ocarbon-like deposit whiok gradually forms. Sinee
the generator is rether thoroughly emelosed this could
bhardly be due to the wbiquitous coal soot dut is delleved
to be from She meterial used to treas She belt to prevest
surface leakage. This costing is resdily removed by &
“ﬁ.mmmm-mm
wed instead of napthe as & precastion ageinst & possidle
explosion from fumes trapped imside the genmerator.

The sbove clesning procedures and & cheok of the
belts; bearings, spray poists, imspection for looes bolts,



ote., are sarrisd out after sech hundred hours of rusning
time. Fresh drying ageat is put in after sash inspection.
Cenco Dessigel 5 was substituted for the ealoium shloride
lumps originally weed sines this silics gel is mueh more
effective and oan be reslaimed by daking.

R Ihe scoelereting tube, The initial fosussing of the
fon beam a8 1t smerges Trom the prode 18 sccomplished
by seans of & ssparate voltage supply consisting of »
80,000-welt R.M.5. trensformer fed by the A.C. generator
in the seutreon geserator housing and conneoted iate »
Greinscher voltage-doubling eireuit. Tw G.E. ER-1
Balf-wave rectifiers and two 0.2 mf., 30,000-wo it condens-
ers complete the siements of the fooussing-voltage ciremit.

The high-voltage transformer and & Tilamest transform-
or with two lG-volt, LO-ampere sesondaries insulated from
sach other and from ground are housed in & siangie oll
tank. The secondary of the high-veltage transformer is
in four seotions and the comnection bdetween the twe
sentral eolls was made avallable dut ot brought out of
the sase 1n the initial setup. A Sype 200 C warise
(maxisum curreat 7 amp.) provides wvoltage comtrel. Aa
overload relay is alsc wsed in the primary for proteetics
and is connected %o open the cirouit abead of the warise
to prevent damaging 1t.

During the work with the Tuve-type lon soures, the
output of the voltage-doubling eireuit was comnected



directly to the secend fooussing eslectrode and asross &
blesder resistance of sbout 76 megohms. Origisslly,
the firet fosussing slectrode was connected imte 4iffer-
ent tape of this biseder resistance. Nore stability was
found, however, If this First slsctrode was somnected
directiy te the nidpoint of the condensers. This is
shown in Fig.13 and Pig.l4, the fosussing elreuit deing
shown only schematioally ia the second figure a8 the
batteries Bg and By . This smouste o wsing the
Greinasher cirouit as two Balf-wave restifier sireuits
in series.
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eireuit. the scuroe.

The sbowe setup was weed for most of the sxperimental
work with the seutrom generator bui was modified whes the
Powler-type ion souree was installed to form & single halr-
wave unit whose output is commected directly secross ome
fooussing sap-



h-mmmmum
Sections of 6" pyrex tubing esch 16" long. These sections
bottoms of the jars and grinding the sade square. The
Jars were purchased instesd of the tubing for reasons of
sconomy. Belng osst imstesad of blown, they were not
Eite wniform in diameter or wall thiskness sc it was
Becsssary to fit saech slectrode support separately. The
slectrodes were made of thin 4" brass tubing and were
fitted with 1/4" rings at the ends to minimise sparking
mhno. hﬂhdﬂmnn‘cﬂ“ﬂ,
values between 3/4" and 14" being sultedble. Bash slectrode
s supported by & sleew whiokh formed & part of the
Gssembly at the joints of the glass suwelope. Rlsotrode
Saps sould be sdjusted by sliiding the slectrode in the
Sleeve but there was no provision for alignment, this
hhm._ﬁ-ﬂl-tdﬁnmm
themselves.

The jointe between the glass seotions and the slee-
trode supports were sealed with ploein wax. The proeelurs
in assembling the tube was to place the base of the tubde
(grounded-end with pumping lead) on the floor and lewel
it with shime. The glase sections and the slectrodes were
then waxed on in the proper order, care being takes to
Esep the Dot wax from flowing down the immer glass walls
Sines bombardment of the wax sauses it to give off gas.
ﬁﬁ*“h”ﬂﬂﬁﬁm.ﬁ



It was carefully pet in plece. Slings mede from sotton
upmhm-ﬂuﬂhmﬁm
Sections of the tube and prevest sagsing.

ﬁﬁmhm-m.
mn—mmhnmm. The
“ﬂ.ﬂ“‘“h‘“hh.‘
a-am-nnmna-m. Thie
M“‘*h“hﬁ““h
mm-“m-mmm
mm“mmmnmm
diameter. This change was prodedly & sistake sines the
”nmummmumm-
relessing secondary slestroms 1s mueh grester and the
mhu-&lmhm“”u
“mmwmmhmu
ion beams with this new tube 1n spite of the provisios
MWWI‘&MM“
elignment.

The general problem of fosussing 108 beams oan be

L. AL tens bave seme initial weloeity.

2. Only fons trevelling searly parallel and
slose to the axis of the tube are sonsidered.
(Parexial geometry).
&mmnmu—um
ol



4. Aderrations and other second order efTeots
ars disregerded.
Then simplifying generalities willi follow:
L. ALL fons are foowssed in the seme manner
independently of their sharge-to-mass retic.
. A change in the seale of the apparstus
does not ochange ite fooussing properties if
the reltive dimensions are unchangsed.
3. T™he relative magnitude of She potential
differences being constant, the fooussiug 1s
independent of their absclute magnitudes.
These simplificetions make 1t possible to apply the
*M“-m.’ituhmit‘h
opties. The discussions such as thoss in Naloff and
Epetein’s book: "Rlestron Opties in Television” then oan
be used directly. Simee all the slectrostatic lenses
wed in the present work sons st of soaxial eylinders of
squal diameters, the more specialized results of
Kirkpatriok and Becherley (K-2) and Hansen and Webster
(E-3), whioh deal with this case, are of more lmmediate




vo (W « ¥,)/500 where Vg and ¥ are the potentials of
the % slectrodes i kilovelts shove the i1on soures,
e (W « MW/ % « Y1), R 10 the redine of she oylinders
i r squals twice the specing divided by the rediue, all
dimensions bdeing ia centimeters.

On She banis of this squation, one oan saloulste
the fosussing astion of sny systen of lenses and san
predist the offect of variows modifications--subject teo
the restrictions given sbowe.

Uafortunately, the lon beams setually ebtained by say
ion sourees 40 ot completely setisfy the limitations
given. Nany of the lons are sot formed i the are et in
the caplilary of the probe and have & redused snergy. The
ions emerging froem the probe suffer from sutual repulsies
and therefore tend to diverge badly.

After sxperimenting with & wide wariety of less
somwdinations it decame appareat that caloulations of the
lens comstants were valuable in finding the approximate
conditions for Tooussing, bdut that wide variations from
these ideal conditions must be esxpected for intense beams.
In other words, there 1s rarely any 4iffieultsy in odtalaing
& moderately fosussed beam approximetely one sentimeter ia
diameter If the total surreat does set sxeesd 5 % 10
micrcamperes but the comditions fer fooussing & similes
beam of 200 te 300 gloresmperes may be guite 4ifferent.

In erder to overceme the initial divergence, the first
fooussing gap was placed at the end of the probe and the



second gap shout 3™ frem this. The arrangesest 1s shows
in Pig. 4. 'uum";m'ﬁﬁ'h“m.
respectively. The beam swerging from thess two lenses
is now quite well defined and bas an ssergy of some &0 Ev.
o the subsequent lenses in She scoslersting tubs Bave &
lesser affect and need 2ot be adjusted ss sarefully.

T™he above setup was uweed with the Tuwe-type soures and
yielded beams a# Bigh as 50 miercamperes, seasured after
pessing through defining siite §#" in dlameter st the
grounded end of the tube, some 50" from She lon soures.

Por sueh surremts, veltage distridution betwsen the
three sccelerating electrodes could not bde sccomplished by
means of corona points. This was Firet sttempted dut was
sbandoned when repeated experisents showsd that the setup
was unstabis. Wnile the potential distridutios d4id net
seem to be partioularly eritissl, It was nesessary to
maintain & dlesder surrent approximately equal to the
beam surrest in order to prewent stray loms from chargisg
up one elestrode to the polnt of flashover. When the
this Sroudble disappeared.

The high-resistanes tapes were constructed by ruling
s line of India ink slomg & ridhbeon of erdinary drawing
paper formed by gluing #* stripe end-to-end. The laked
lime was sbout 1/8% wide and wew weualiy applied in »
double sest to imeure sontisuity. Bash taps wesdout &'
long and was fitted with & copper sontact on esch end



4

which gripped the end of the paper. The resistance of
onch Sape wra 200 to 300 megehme. One tape was used for
saeh section of the tube and was wousd on the glass 1o &
Belix. It served the sdditiomal fusetion of helping te
She giass. The tapes were ot satirely permanest sane
wuld cecasionsliy develop high-resistances spots whied
saused aparking. Repairs of such spots was & sinple
satter, however, and 1t was felt theat these tepes furnish-
o a guite satisfectory solution to the prodles of voltage
disuridution.

Tee faet What the gaps between the scoelersting
slestrodes exposed the lon beam to the field from amy
charges colleeting on the glass snvelep ceused some
soneers. Deflection and defooussing of the bdeam rrom
fush effects was svident partisunlerly in the gap searest
the grounded end. To sorrect this, & shield of 5 stubing
sounted o8 & slesw to it the slsstrode was placed over
Shis gap so the lon beam could sot “see” the glass. This
proved effective. Asother suech shield wes also pleaced oa
the next gap dut this sesmed to have 2o offect o was mot
used later. ‘

Sinee the lens smerging from the probe are sot soso-
shromatis, 1t is not possibie to satisfy the fecussing
conditions for all the flons. The central beam is con-
sequently surrounded by & more 4iffuse but still comsider-
shle sloud of unfooussed lons which san strike the sleo-



trodes snd disturd the potential distridution by producing
secondaries. These ions, alseo, do ot comstitute a useful
losd and are detter removed from the beam. To scoomplish
this, a dlaphreage which is not showm in the sketoh of Pig.ls
was placed in the accelerating tube betwsen the second
fooussing gap end the firet sccelerating gap. The dlaphrags
et & 3/4" hole and was sectioned to offer s small resist-
anoe te gas flow. This served to out down the load on the
high-voltage generetor bdut did not decrease the inmteasity
of the fooussed beam apprecisbly.

Some scattered bdeam still struck the end of the
accelereating tube and produced secondary eleoctroms. These
could 4Arift dack up the tube into the secelerating rield
and them treavel up the tube., comstituting & wseless load.
To prevent this, an electroa trap was constructed by
iasulating the end plate and commecting it to ground
through the rubber water tubing used to cool the plate,
mﬁm-m-m«mmm.
Colleotion of positive ionse would then reise the potential
of the plate to sbout 100 wolts sbove ground. Any electrons
released by the stray besm would then be attrected bdask to
was very effective and helped inorease the beam intemsity.

As mentioned before, this fismal arrangement yielided
surrents of 200-260 miSBPIHIY o the target at 200 to
250 kilowolts. Most of the experimental work was done

e, s W "Flw“‘ww




with this arrangsment. When the new iom source was in-
stalled, the smaller electrodes mentioned sbove were put
in and the high-resistance tapes were replaced iv a
resistance stack consisting of 12 200-megohm, 50-kilowolt
resistors in series. Leads from this resistor steck
were brought to the wvarious electrodes. This arrengesent
is the one pletured in Fig. 1. Since this last arrange~
“mmw-lﬂmww.
and sinee further modifications to Be made when the
outfit is moved to the new physiecs laboratory, 1t has not
seemed worthwhile to disowss this new setup in detall.
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E. Zsscet and masnetis spelysis. A plen view of the
target assembly is given in Fig. 15. The beam passes
inte the target chamber where it strikes on & sopper feil.
This folil is soldered to & sireular loop of & sepper
tubing which extends into & mickel-silver Dewar flask
above it. The fask sontains liguid air whioh eireulates
in the copper tubimg and keeps the foll cold. To sstivate
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the target, one closes the large stopooek %o isolate the
target chamber and them opens the stopecok sommunioceting
with & small gleass duld containing & little heavy water.
wm“ﬁW“Db-ﬂﬁm
in sbout 5 seconds. About 10 seconds more should bde
M-mmnmn-ﬂtm
before reopening the main stopoook. The remaining stop-
took permits one %o open the target shamber %o the at-
mosphere or to commeet it to the forepump so that work
oan be done on the target shamber without disturbing tae
vecouum in She rest of the system.

The target ochamber is mounted or s frame whioh
pivots sbout the ceuter of the polepleces of the magnet.
Free rotation is provided by a sylphon bellows. The deam
can be observed by means of & small glass window waxed
into the tube near the targ : chamber. Rach section of
the target assembly is imsulated electrically from the
other so the surrent to each ocan be measured. The
insulation is afforded through gasket joints with the
clamping sorews fitted inteo bakelite dushings. The en-
tire ssotion containing the observation window oan bde
removed, If desired, end the target shamber mounted
directly behind the stopoocks if no magnetic amalysis is
to be used.

The magnetis fleld for the analysis is provided by
& rather bulky electromagnet whioh happened to be sawailable
in the laboratory. It is equipped with 4" pole pleces




with & 2" air gap. Fluzmeter readings show a moderstely
uniform field inside the polepleces of 2500 cersteds with
& magnet ourrent of 5 amperes. There is considersbls
fringing, as night de sxpected, but this 1s sot of
importance sinee the primeipal purpose is simply te
separate the protonie ioms from the other lome of the
beam. This 1» easily done with & S-ampere magnet surrest.
The shifting of the warious spots can be observed through
the window of the tube and the target chamber swung

to permit the desired spot %o snter. A 0 - 200 mierec-
ammeter commected %o the target shamber measures the
target current and & 0 - 1.0 ma. meter conneoted %o the
preceding section measures the residue of the desa so
that a constant sheok om the total deam and the protomis
beam oan be maintained.

The analyzed beam was uwsed in most cases Decnuse 1t
was nearly as effective as the total beam and osut down on
both the evaporation of the heavy loe target and the
consumption of liguid air.

The following teble compares the rate of decay of the
ioe Sarget with resclved and unrescolved beams. The
fotivities are in arbitrary units ssasured by the reate of
drift of a Lauritsea slectroscope equipped with s doros-
lined cap. The unresclved beam had an intensity of
200 mieroamperes and the resolved beam 37-40 microasmperes.
The woltage is the same 1o both cases: 250 EV. The tise
is tShe time in minutes after actiwation of target and the



asstiviny i 7m w mot initial setivivy,

PR —

h 2 & % B »» B B 9 =

= 100 100 « ® # M &
s 0

SUED W W,

With the resclved beam, the sotivity is stili sbowe

S0% of the initial setivity after nearly an hour while
the saxinmum life under the greater heeting of the anresolv-
od beam is less than 15 minutes. The decay is such less
pronounced with a somewhat lower curreat, tests at 150
microsmperes showing more than 60% of initial sctivity
after 12 minutes. The gain is still comsiderebles, however,
since the analysis >f the resolved deam discussed sbove
showed ounly 178 protomiec ions, 79 ocharged molecules and
the rest indeterminate. This means thet & total beam of
about 250 microsmperes would be necessary to obtain the
same aotivity as the 40 mioroamperes of resolved loms. The
liquid sir consumption varies, of sourse, as the heat diss-
ipated at the target. With the resclved beas it is only .4
liters per hour but is more than & liter per hour with the
unresolved beam.

L. Pumping system. Two four-ineh metal diffusion pumps in
series, backed by & megavec mechanicel pump are used to ex-
haust the accelerating tube. In the sarlier work, the pump-
ing lead was directly bdelow the grounded end of the scceler-
ating tube with so provision for lsoleting the tube from
the pumps. Later & gate valve we 'ad'od to the system so
that the tube could be opened an: wurked om, then roughed




out by the fore pump without disturbing the weowum in She
diffusion pumps. The gate walwe is of She type weed on
several of the vecuum systems in the laborstory, soasisting
of & gasket seal foreed against the end of e pumpling
lead by & serew driven through & sylphon Joint. When open,
it offers small impedance %o the flow of gas, but forms »
vacuum-tight jolnt when olosed under the combined pressurs
of the sorew and external astmospherie pressurs.

The speed of the pumping systen was seasured by the
mereoury pellet method® and yielded & speed (ot the pumps)
of 108 liters/ses at 1 x 10°% mn., and 95 Lisera/ses ot
4 %100 gu. These were cbtained with & 7/16" gap in the
Mgh-vaouun pump and & 1/4" gap in the roughing pump. The
mmwn-mm
with & perfect wvacuum is 11.7 Liters per sscond per
square centimeter. T™he sasular area of the sonsle of the

without drsstiec shanges in the pump design. with the lon
source in opersticn, & vecwum of 4 to 5 x 107 mm. could b

saintained in the sseslerating tube. With the gas flow sb-t
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off, en ultimete veowum of & x 10°% mn. could be sttatued.

The pressure in the pumping lead between the pumps
aad sosslerating Sube 1s measured by an lonisation gege
operating ot 3 ma. emission. Owing the presence of oil
vapor and cccesional operetion st high pressures, some
trouble was experienced with electrical leakage detween
leads on the surface of the glass press so the gage we
sonstrusted i & ground jolmt for esacy sceess. The
leakage sesns %0 be dus %o & thin layer of Sungsten and
this is removed by washing the gage in an NeOHE solutiom.
Sueh a treatment cures the leakage for several weeks
before & new soating forms.

§. Geperating voltmeter. A Kirkpatrisk-type gemersting
witsster is uwsed to ssasure the ssoelerating witage. The

photograph of Fig. 16 shows the general plan of construction.
The rotor is made of two semi-aylindric segments of al-
wmisus foll wound between layers of lasulating paper.

Leads are bBrought out to & sommutator. The holder for the
sarbon drushes whioh are commected to the galvanometer

is rotatadble to permit setting for the largest defleectiom.
T™he rotor is 4riven at 1800 R.P.M. by a synchromous

mo tor. -
The galvanometer is of the high-semsitivity wall-
sounting type with a gold suspension and is eritieally
damped. It is Bang o8 & damped spring suspension to out
down extraneous vibrations. The light soures is & 4.5
volt straight-rilement lamp operated from a step-dowm



mmmmum"u.h”
sransmission of vibretion to the galvanometer.
mmmuxm“mmm
when Tiret used which could sot be sorrelated with
sorrespond ing voltage changes. The souroce of these
fluctustions was fisally traced down to thermal e.m.f.'s
in the galvenometer eireuit whish had & free path
muwuwmmu



by She brushes. This was remedied by rebullding the

commutator with an lasuleated segment on whioh ome Lrush
rode while the other was changing sontasts so that ne

short-oirouiting was possidle. Whes thls was done, mo
further 4ifficulty was found.

The generetiang voltmeter was ocalibrated by spars-
#%p weasurements, using 12.5 em. dlameter spheres and
ine revised A.I.E.E. standards. Polats were taken ap-
proximately every 40 EV. ia the reange betwsen 80 and
180 EV. and gave & stralght line, sxeept for & slight
bending at the lower snd of the surve. A cheok of
salvanometer deflection against surreat showed that this
s & reproducible non~linearity in the meter itesir.
Sinoe the calibration eovered this non-limear portios
and a0 experiments were snticipated which required am
extremely sccurate measuremsnt of voltage, this son-
linsarity was tolerated. An scourscy of 25 is possible,
even with these conditions. The extreapelation So higher
witages leads to some unoertalaty but & shesk of the
salvanometer sensitivity showed no changes in this regios
80 & linear sxtrapolation is sssumed.

H. Messurements of asutron preduction. Sisee the rete
of neutron production depends upon the sondition of the

savy ioe target as well as the surrent and voltage, »
soniteriag devies of some sort was needed ia all the
experiments. This is provided by & Lauritsen slectroscope




with & boron~lined san. The scating is of amerphous
boren mized with & Littie Duse semeat a8 & bisder amd
forms an almost opague coating of & thiskness designed
% equal the raange of the borea-alphas. The electroscope
is sensitive %o all leaisiag redistion and s¢ bas &
baskground rete of 4rift whes the seutrom gemerstor is
renning whish is principelly due %o x-rays from the
secondary slestrons treawslling wp the tubes and frem
geama rays prodused by feast seutrons. A box of L/8%lesd
was made to house the eslectroscope and this greatly
reduces this bdeckground. Since the sross-sectiom of
soren for meutrons fellows the L/V law, the sisetroscope
is most semsitive %o slow neutrons and this is wtilised
in sheoking the et deflsction, sinee & sndmium shield
outs the rate of Arift by & faster of Shres, If paraffia
wae used around the target.

T™his slectrosccpe 1s weed a8 & sheok on Sarget
decay, a8 alresdy sestionsd, and serves as & soniter is
the newtron diffreection experimeats.

Lo Detecting spperatus. A Gelger counter setup wtiliziag
a Neher-Rarper cireuit sand & thyratron seele-of-eight
sireuit was comstructed to measure the beta-radicastistvy
induce? by neutrons. Sisee these sireuits are welli-
mows and ia geseral uwse, 5o Setalled deseription will
be givea here.

Por the sewtros 4iffrection experimest, aan lonisstion



shamber Filled with bdoros trifleeride gas was wsed with

& Lisear smplifier of the Dunaing type. It will be secess-
ary %o desaridbe She lisnear ssplifier in soms detall ia
sonnection with She work on wrenium fission, %o & Slsouss-
ton of the eirenit will be deferred watil leter. The
iohisetion shamber is showm in Fig.17. Its sonstruction

17--Sectional view of bdoroa-
ionization chamber.

is obvious from the shetoh. After the shamber had been
assenbled, the Joints were soate’ with hot serosin and it
e tested for vaouum leaks. It was thes filied %
stsocspherie pressure with OFy and the filling tube sealed.
The shamber works well wish about 8500 wolts on the high-
voltage electrode. The sentiral electrode is conneoted
directly %o the grid of the firet tube of the linear
amplifier. The output of the lisper smplifier is fed
inte the same Shyratron sealing counter whioh 1s uwsed
with the geiger apparatus. Dwe %o the solse and mechanio~
al vibretion of the supperting table when the high-veltage



genarater 1» rusning, 1t 1s necsssary %o sount the ion-
fisation chamber and Tiret stage of the amplifier in a
eradle suppe~ted by Saped springs %o slimisate false
counts. With this precantion the beskground amounts
only shout & somts per minute with the generetor runaiag
dut ne beam on, whils 450 sownts per aisute are reglster-
od with the bosm on and 140 sounts per misute with »
cadmium shield Interposed.

Ail. Iavestigatiop of Isdius

& Disswssion. Ooldhaber, Hill and Suilerd (0-2) have
Lovestigated the sotivities indused iz indiwm Ly sewtrons
from & redoa-beryllium soures and found theat the 4. l-howr
period is produced more strongly thas the Si-miswte
peried. They 444 not find the 4.1l-hour pericod when they
used ihe photoneutrons from & streng radimm-beryliium
souree although the Sl-misute period was wery streagly
sotivated. The photoseutrons have an energy of somewhat
less than | NMev. wheress the seutrens from the redon-
sipha-beryllive soures Dave & saximus soergy of 13 Nev.
The sonelusion from this iavestigation i1s thet the twe
sotivities could not be sssigned to isomers of the same
isotope sines thelr sxzeitation smergies are se differeat.
Sinoe the Sl-minute period hat already been definitely
aseigned to 1'% rorned by newtron sapture, and indimm
has but two stable isotopes: 115 sad 115, the 4. l-howur
period must be sssigned to 1n'3% or & new seshanien other



than newtron sapture must be postuleted. Ialld ., o
relative abundanes of only 55 so 1t was ruled out as
requiring too large s sreoss-section to glive the setivities
observed. Fimally, the experiment was repested with the
2.8 Mev. neutrons frem & heavy-iee target bombarded by
deuterons and & stromg 4.i-hour setivity observed. Sinee
the avallable snergy from these neutrons 1s muoh less
than the binding energy of & pewtron i sn indium isotope,
processes iavelviag newtron loss were sliminsted. A new
type of process was therefore proposed: Tormation of &
metastable state of Inll% whieh sculd revert to & stadle
auclous by beta-disintegration or by gamme-emission and
internal conversion. This postulate was confirmed by
further sxperimental work whish need not be detalled here.

It was thought to be of interest to repest the
experiment of bombardiag indium with D-D meutroms teo
confirm these results and investigate further possibilities.
Accordingly, & series of such bombardments were made
under various conditions as detailed below.

B, Progedurs. The target chamber was surrounded by slocks
of paraffin duriag all this work in order to ksep the
iatensity of fast neutrons below & value which might be
harmful to the workers. This seant theat there was &
sopious supply of slow neutrons is all the bdombardments.
The first run wes made »y placing an indiss foll on
the bask of the target itself without any shielding. A



S0-ainute bombardment with an unresclved beam of 178
siorcamperes at 250 KV gave & strong initial setivisy
of 2000 counta/minute whieh decayed with the Bé-minute
periocd, showing ne loager-lived setivity. It wee
suspected that the 4.l1-hour setivity sight be masked by
the mueh stroager activity of the S4-minute perioed.
This latter is nown %0 be water sensitive and %o hawe &
rescnance ia the region of thermal snergiss. To out
down its intensity, cadmium was placed arcund the sample
in the sext bomsbardment. This sample then showed bdoth
setivities, the 4.)l-howr seotivity haviag sbout L/6 the
intensity of the Sé-minute.

During this last bombardssat, short bombardssnts of
another sample of indium were made to detect the 1L3-second
sotivity whioh 1s sseigned to In' . e precedure
sonsisted of making dombardments of about 30 seconds and
then rusalag the sample to & sounter and “aking readings
every 5 seconds natil the sotivity dissppesred. Several
runs gave an average period of 15 seconds, whish agres.
with the sccepted walue of 13 seconds within the
sxperimental errer.

A sumber of runs ware made with two indius semples
placed behind the target with & lead absorder betweesn
them to fetermine whetier or not the 4.l-hour sstivity
might be dus to gamme-reays from the D-D resction. WNe
significant difference whioh could not be scoounted for
by the geometry of the bombardment wes found, so it was



concluded that the gamma-rays probably have no effect.

Sines the cadmiue shielding still gewe & 4.)-howr
mmm-umn&mmnw,
it was assumed that the cadmium was not effective in elimisat-
uummummmmnn
is most sensitive. This was based on rescnance snergy
measurements listed in Bethe'. article (B«3) (page 137)
where the resonance energy for the Sé-minute period is
estinmated at 2.6 volts and was confirmed recently by the
work of Baker and Bacher (B-1) whe made trensmission
measurements with monochrometiec peutrons and fovmd = velue
of 1.0 wolts. Cadmium strongly shesorbed neutrons of .3
volts snergy or less dut 1s not effective st higher
energies.

An experiment to check this argument was nade as
follows: Three samples were bombarded simultanecusly, the
front sample being Dext to the target, the widdle sample
sandwiched betwesn twe indium sbsorders of sbout 1.5 mm.
thickness each, end tie dack sample pimced dehind the
sandwich. The whole assembly wes put in & csdmiue box.
Two such bombardments wers made of four hours sash, using
& resclved beam of 30 miecrcamperes of deutercns at 2850 XV,
The samples were then placed in holders which permitted
them to be removed from the counters and replaced in the
same position. Counts were taken fTor some 14 hours after
the bombardment.



ﬁm*d*mmm“m
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m-ioduamhmﬁi-m
.m-ummuwm,
mwmammmmmw
sould be computed. From the known half-life of sach
pericd She retic of the mumber of redicective suelel of
4ok kind was determined. Sises the sanples were sot of
sxaetly the same sisze, the counts were reduced to terms
of counts per minute per sguare sentimeter. A further
sorrection was made for the faot that the samples were not
&t the seme distance from the soures of the seutrons.

. Besuils. The results are gives is the following teble.
u—xumummmmnmw
ot the end of bombardsent. Oolums II gives the retic of
sumber of sotive suelel of eeeh pericd. Oolwms III
sorrects the results of the preceding solumn for the
Gistance from the target; and Column IV gives the sumber
of sounts per misute per square sentimeter of the 4.1 hour
pericd corrected for the distance from the target.
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From this date we can drew certals comclusioms:

(1). Prom the faot thet the number of counts per
nisute of the 4.1l-hour peried is the same Tor all Shree
samples when the distance frem the target is comsidered
(Gol. IV), there must be negligible sheorption of the
nseutrons whieh produee this resctiom.

(2). T™he back sample was much Shicker then the other
mmm.nlbm--rdmw“.
This means that even the thinner samples were sufficiently
thisk to sbsord the beta-rays soming from the bask of »
sample.

(3). The iatensity of the 54 minute peried (Cel. I)
is stronger ia the back sample than in the froat ome.
Sinee this peried is mewn to be caused by slow neutrons,
most of its setivation comes mot from the direct beam of
seutrons, but from those which have laft the target
chamber, ocollided with pretons in the paraffia bloek
surreunding it and thes 4iffused back into the target
chamber. Thus the target chamber is filled rether wniform-
iy with slow neutrons whioch exeite the Sé-minute dut not
the 4.1-hour pericd. The inereased sotivity of the back
sanple comes from the feet that it was searer the wall
of the ehamber and hence nearer She soures of She glow
aeutrons than the fromt sample.

(4). The great decreass ia the intensity of the
S4-minute period in the middle sample as sompared with




sither the fromt or the bdack Sample indicates that the
indiun disks used as absorbers wers quite sffisient ia
removing the slow meutroms. The sbecrption eress-section
oan be saloulated from the data abowe.

The absorption law is given by N N, -t
where § « pumber of seutrons penetral iag %0 & thickness - &

No= number of seutroms iseident on the sbsorbder

5 = sumber of shbeorbing stoms per wnit volume
and

8 = offective absorption cross-sestios per atom.
The date gives:

N~ 8 a - 5.00 x 208

. 380 t=0.00 =
Prom which & « 1300 x 10~820 oFf . The value quoted Wy
Bethe (B-2) (page 181) 1s 1800 x 10780 oF nieh 1o quite
goof agresment since & limited supply of indiwm 4id not
permit the comstruetion of suffielestly large abserbdisg
Alsks %0 Be sertain that the sdges of She sample were not

exposed.

A Nathod of fooussing. Is Mareh, 193¢, Dr. K. Lark-
Horovits, ia & proposal for & ressarch grent to sssist

this work, dlscussed the provles of meutrom 4iffrestics.
It was polated out that dus to the low intensity in weing
& parallel beam, fooussing methods would have %o be



wtilizsed. Three different wethods have been suggested:
{1). Orystals of fetty acids deposited on & properliy best
glass surface; (2) a hollow eylinder of 4iffrecting
material so that the neutrons would b fooussed onte the
axis, and«/2’wa Johemuson-type of spectrometer with &
erystal ocut and bent o as @ séhieve proper fooussing.

The problem is to bombard & erystal st & kmown angle
with seutrons of low energy and observe the latensity of
the 4iffrected seutron beam as & Tunetion of the angle.
Ideally, if moncohromatic neutrons are used, wery sharp
maxins of intensity should de observed for the angles at
which the Bregg equation 1s satisfied. Thermal neutrons
are to b used for Shis purposse sines thelir deBroglie
wavelength, oaleulated by ¥ « 1/2 v 8/2 ¥7, 1»

Aw W MOM’ for T « 300°,

As alresdy seen, the thermal distridution is far
fron sono-shromatie, dut the above walus can be taken as
the most probable wawelength of She neutrons. Dwe %o
the rether bdroad distribution of waveleagths about this
value, 1t oan be expected that: (1) only & rether brosd
saxisum osn be sxpected at the Bragg sagle ocaloulated
for this value, and (2) an overlappiag of 4ifferent

Forders of reflection mnight possibly smear out the entire
4iffraction pattern.

Sines neutrons canmot be fooussed and the istensity
of a weli-sollimated beam would de rather small, She



Johennson (J-8) method of 4iffrection is wsed. This
sethod comsists of allowing rediation fres & poist or
ne swores %o strike on & arystal shish has besn both
bent and ground. The arrengesent is indlicated ia Fig. 18,

A e - \E" 'f
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Fig.18--Poouseing with & Johanneon-
type spectirome ter.

T™he souree, whish may be & alit Lllusiseted by & brosd
soures, 1s losated on the fossl sirele. The diwverging
rays from this souree strike the erystal and are fooussed
%o iaterseet at & corresponding poist on the elrele. The
front fece of the orystal is tangeat to the fesal eirels.
The orystal 1s bent %0 & redius squal to Br and thes
ground %o & radius sgual to r. The redial sagle 4 and the
Bragg angle & are related by 4 « 20 so the Bregg sagle
oan be determined direetly frem readisgs on & graduated
eirele comeentrie with the foeal eirele.

A erystal suitable for sush work with seutrons must:
(1) Bave & rether small latties constant %0 permit &



m-*smumumum
the bending eperstion; (3] be fairly perfect single erystal
(4) mot abeord neutrons strongly; (5) preferrsbly be made
of slements having » single isotope, and (8) be made of
slements having & ssall suclear spin %o give stromg
soattering.

These restriotions severely limit the sumber of
substances available. Mice and gypsum are very easily
bent but have large lattioce comstants. Rook sait has »
suitable lattice but the shlorime absords neutrons stromg-
iy. Quartz (Bi0y) was found to some mearest to meeting all
the specificstions. Johamnson wsed this is his origisal
work > I-rays, giviag sssurance thet the elasties propert-
ies are sfequate. Ite lattiee constant (priss fece) is
4.8449 angstroms, for whiech the meutron Bragg angle f»
sbout 10°, Quarts is & highly perfect orystal and seither
silicon mor oxygen have large cross-sectioms for thermal
seutrons. Oxygen is sssentially all of mass 16 and siliecen
is 90% mass 28 so the isotope effect should mot be large.
The suelear spin of 038 44 sere and thet of 8488 g,
probably sere.

Threes quarts erystals, esch 18 z 30 sm. and 0.5 mm.
thiex, were purchased from the seme firm whioh furnished
the original erystals for Johannson. These erystals have
the front face ground to & readiue of survature of 50 em.
and are therefore designed %o be bent to this redius and
used on ¢« 25 om. fooal eirels.




Flans were drews up for the spectrometer, following
the original design of Johemnson. As origisslly plasned,
the spectrometer was arranged %o be wsed 1a veouwm, o
that it sonld be uwsed later for x-ray work ia the longer
wavelength region. PFor the neutren sxperiseats, the
vaouun chamber was unnecsssary, due to the small
sbsorytion and seattering of seutrons by sir, and was s
sotual disadvantage since shislding was complicsted by
the pressnce of stesl walls. Ascordingly, the erystal
?mmmmﬂm-wmu

7ig.19-<Crystal bholder for spectrometer.

T™e general somstruction of the erystal holder ean
be seer in the photograph of Fig.ld. Tw slumisusm bdars
form & rigid are which supports the steesl erystal bholder
and dending mechenism. The erystal is olamped against
the lips of the holder by two sirips of spriag steel whieh
are bent by the astion of the serews Shreaded ia the

concentfie rihgs. Thess rings are pivoted to help equal-
ize the pressurs. The spring stesl strips Belp te



. alstribute the pressure over the length of ‘the srystal.
The Lips of the bolder Bave & redius of survature of 28em.
ané form an opening 10 mm. wide through whieh the beas
can strike the erystal. The effective ares of the erystal
is thus 3 en.2, 4 strip of cedmium 15 placed lmmedistely
behind the orystal to sbsor® neutroms whiek otherwise
might be scattered from parts of the bending wechanism.

The bending sechanism sppears % be very sucoessful.
The original quarts erystal is still lateet after being
removed and replaced several times.

hmumumamumo‘m
of fooussing, the spectrometor was taken S0 the »-ray
lsboratory and set up at & Sube with & sopper target.
The sopper E-alpha line has & wevelsnth of 1.54 angstroms,
which is wery searly that of thermal seutrons, S0 was
partioularly suitable fot this work.

With the assistance of Dr. E.P.Miller, several
plotures of the sopper E«alpha doublet were taken by
lining wp the spectrometer with & Cluorescsnt soreen and
plasing the fils on the fosal sirvie at the position of
the obsarved diffracted image. Fig.20 shows & contast
print from & pair of pietures takes in the fourth-order
with & 008" slit. The sxposure time was 5 minutes and
the srystal slowly moved back and forth over the proper
reange during the exposure. This last is secessary with
s well-defined source since the focussing properties are

e 5 e R ""'L{%.w%ﬁm



wary sritisal and it was 20t even Tound possidis e
obtains doth samponents of the doublet with & siagle
setting and statiomary erystal. The pletures indleste
the rether shary focussing whioh can de obtained with
this method.

20--Copper K-alpha doublet in
&-ﬁnﬂmcﬂnﬂ.

Some work was alse done with roek salt srystals.
Thin sections were cslsaved from & larger erystal and

placed ia & clamp turned %o & 30 . rediue of surwturs.

This was then placed under water and slowly tightened.

The mortality in this precess was sbout 708 but several
good erystals were obtalned. The rock salt dends plast-
feally #o retains 1ts shape. PFlotures were alse taken
with these orystals. They showed as good resclution s
the gquarts, dut exhibited » peculiar step-iilke structure
slong the length of the lines whioch was aseribed to the
faet that the erystal, in She bendiag precess, breaks up
iste & sumber of smaller erystals whieh are slightly

.

n



tilted. The rook salt was not used in the neutromn ex-
periments because, &s alresdy mentioned, chlorine shows

B.Meesurements with borep detector. The 5F3 chamber
slready desoribed w.s used as & detector in the mesasure-
ments made with the neutrom gemeretcr. The neutrom camers
was comstructed by mounting the erystel holder om o
vertical axis and meking cedmium slits and msounting them
on separate arms to pivot om the foecal sirele. A graduated
eircle was sounted on the same axis. The sourece of the
neutrons was & ball of peraffin which formed a 4" layer
around the target chamber of the neutron generator.

Measurements were made by messuring the number of
counts recorded from the 'F3 chamber for 80 divisions
drift of the bdoron-oap Lauritsen electroscope, which wes
placed near the target and used as a monitor.

Serious 4ifficulties were at once found in attempting
to reduce the background oounts due to scattered thermal
neutrons and to fester neutrons which are not stopped by
cadmium but osn be registered by the ionization chamber.
To make the shielding as complete as possidle, & long
mounting tube wes put on the lonization ohamber and the
whole assembly ocoated with osdmium and then buried in »
bloek of mixed borax and paraffin. Only the froat of the
chamber was left uncovered. The osdmium slits of the
neutron camera were substituted by hollow cadmium wedges



filled with the mized paraffin and boreax. Blocks of this
same nixture wers cast and mounted up %4 intercept the

randomly soattered meutrons. Omne-gallon canms filled withk
conocentrated borax solution weres used for the same purpose.

With all these precautions, the background ocount was
reduced comsidersbly but still smounted to 108 of the
beam through the siits. This could de improved by ilnsert-
ing more absorbing material between the source and the
first slit to leave only & parrow chamnel for the useful
neutrons. This involved inc “easing the distance betwesn
source and slit and a corresponding decrease in intensity--
which already was low.

Many sttempts were made with various setups but nome
yielded any significant results. PFor the standard
bombardment as measured by tbe electroscope monitor,
typiecal counts are as follows: Direct beam:3800; shield-
ing inserted: 7; erystal in place, slits set for sxpected
Bragg angle (10°), orystal moved 0.5° sbout central
position betwess FPuns: 7 to 10; seutron generator on but
beam deflected from target: 2 in two minutes.

From the negative results thus obtained one oan
only conolude that the intensity of the 4iffracted bdeam,
Af 1% exists, is less than the backgréund. While it
arrangement, this left the experiment in & most
unsatisfactory state, since it was not possible to assign



to repeat the experiment in & different sanner to achieve
better results, possible improvements were considered.
These are: (1) Higher incident neutron inteasity to
permit more effective shielding by thicker absorbders;
(2) & more acourate monitoring system to decrease srrors
from intensity fluotuations, and (3) s new detector whioh
is sensitive only to thermal neutroms.

By this time the Purdue oyoclotron was in operation
with deuterons and supplied & much more intense neutron
source. It was therefore declded to sbandon the aesutron
generator temporarily. The problem of momitoring would be
m-y_uummmmmu—u
simultanecusly. Dysprosium, & rare earth, was suggested
as a possible detector sinee it has & very large oross-
sestion for thermal meutrons (700 x 1072% &%) sna 1ve
2.5<-hour periocd is not exeited appreciably by fester
neutrons.

A 100-milligrem sample of DypOg was ordered from the
Pairmont Chemiocal Co. and work started on & new neutron
camera. TFigures 21 and 22 show & plan drawing end photo-
graph, respectively of the completed camera. Slits are
entirely eliminated since the foocussing properties of the
erystel are such that only radiation whiek starts from
the proper position on the fooal eirele will be fooussed.




Experiments on diffusion of slow meutroms in paraffia
have shown thet the mean-free-path of & thersal seutroa
is S an. This seans that suy seutron emerging from &
pareffin surfece must come frow & point within 3 mm. of
that surface. If & blook of paraffia is therefore ailled
to fit the foeal eirele, it serves ss an extended newtroe
source. A cadmium shield exposes only & sarrow strip of
the peraffin face squal in width to the helght of the

rig.2l--Plan drewiang of rig.22--Top view of
neutron oceamers. peutron oamers with 114 and
some of the shielding removed.

Howsver, this type of & source produces a widening
of the image and, &s & Sonseguence, reduces seriously the
definition of the spectrograph. We believe that part of
the uncertainty in the results is due to this aiffioulty
which will be removed in & pew constructiosm.

The continuous detector is wade by mixing the Dyg03



with & little resogles cement as & binder and spreading
1t s & unifors layer slong & strip of cadnium. The
caduiun then oan be bent and fitted inte Melders o lie
along the foosl cirele. This method makes the measure-
ments independent of fluetustions in meutroas inteasity
during bombardment. A somewhat higher background might
be expected with this arrengement than with an arrveage-
sent in whioh the orystal is rocked and & slit msoved %o
weover only the part of the detector irradisted by the
diffracted beam dut the difficulties and uncertainties of
this last arrengement also are grester.

The faot that the neutrons whish satisfy the Brugs
relationship for any given emergy sust come from & narrow
mnbmmumm-um.
sinee both the distence and the solid sagle subtended by
the erystal are Tumetioms of the ineident amgle. Asother
factor also enters, whish is the angular distridutios
of the neutrons emerging from & paraffis surfece. This
pas been saloulated by Bethe (B-2) (Page i33) who shows
that the dlstribution is proportionsl to (eos & + 3 coe® @)
where © is the angle with the mormal. This factor, to-
mﬂummwmnm
erystal as angle # (Fig.18) is varied, fortumstely
anmwmmu
“-M.-ﬂﬂomi-dnmd
two is o be expected in changing # from 40° to 18°. due
%o the foecussing sction of the erystal, no wvaristios ia



the 4iffrssted bean Jue to changling orystal-to-detector
distance 1s to be expected, althougs the 4iffuse seattering
whwummmnhuu‘.

Thes the dysprosium arrived, It was tested for meutron
sotivity and for semsitivity to fast seutrons. Por this
m-.m-hmdmmumuoﬂ
parts and placed in .001" pliofils envelopes. One sample
ﬂ“'“‘ho“ﬂ“‘ﬁ*m
backed by osdmium bdut left cpen ia freas. These samples
were placed side-by-side with 3§" of paraffia betwesn
them and the eyelotren target and bombarded for one howr.
ﬁq-—h”nhltmnuvt.dﬂm'-
ainute (on the seale-of-eight) and the shielded sample
30 sownts per minute, indiceting thet the fast neutrons
were responsible for omiy 5% of the total setivity.

An imteresting sidelight as to the possidility of

purpose of measuring the uniformity of the scating but
gave prastisally no setivity. Oheck bosbardments of this
-Mw-lﬁumm“mm
sew semple contained practisally se dysprosium. Oommunicst-
uanmmm that this new
*mnm-mm“mmm



besn sufficiently purified. 7. sample was returned.
Owing to the 4iffteulty of chemical methods of analysis
in the rere surths, this suggests & fleld for suwelear
physics. In this particular case, the instance was
unfortunate, sinee it iawived & delay of several weeks.

Another 40 mg. of dysprosium oxide from the origimal
batoh (all whioh was awvailable) was purchased and s ocont-
inuous sample of about 90 mg. was made, spread inte &
thin layer 1 x 20 om. on & ocadmium sheet. This was givem
& unifors bombardment in & pareffin sandwich and the sot-
ivity of successive lengths measured by plscing & lesd
sheet with 2 small aperture betwesn the sample and the
counter. The size of the aperture was ochosen and the
sample marked in such & manner that each exposed portion
sorresponded to & redial angle of 2.5° in the neutron
camera. The counts were reduced W sctivity at sero time
and reduced to unit sotivity. The result is shown as the
solid eurve in Fig.23.

1
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peutron ocamers.

Actwal attempts to Tind the sewtrom d4iffrectios
were now made. The neutron camers was placed ia frest
«mmmwaummrmmum
mwhmmnnmumm. The
m-m-hwmuwmnhl-mw
(not shown in diagrem) placed to thoroughly bloeck out
the direct beam bDetween the pareafrin and the dysprosium.
A—nm--uu-mnum-muu
u.waupoumumtm«mm.
The cadmium s~-ver was then put on and the bombardment
started. Two bdombardments of 2.5 hours sach were made.
The deuteron beam sveraged sbout 1L/2 mieorcampers and had
an snergy of 8 Nev.

After bombardmest, sounts were taken on the soatine-
ous semple with the ‘same setup used for its ealibretios.
huﬂﬂl“-am.&nﬂﬂotsﬁoﬁn“
twice the maturel baskground of the sowmter. Under the
mm&um.am-‘ummmu
gave 250 counts/min. is the direct beam outside the
camers after & 1/2-hour bombardment, gave caly 3 %o 4
pet counts/min. after 2§ hours bombardment in the
camers. The ssall sample in the floeor of the camers
mm.—nwmnwmumma.—u/
“hﬁm.ﬂtﬂﬂhﬁ“ﬂtﬂ.

With suoh small setivities, no definite conclusions



can be drawm. A sample curve from thess Seasurenents
is shown in Fig. 29. T™he existence of » 4iffreactios
pesk might be read into the varistions If it were set for
the weak sotivity which makes the steatistieal fluctustions
very great and the fect that secosssive rums 414 set
Wﬁp‘dﬁﬁnpﬂﬂhowlndﬁo
at 35° whieh would thus de regarded as a second-order
reflection of 1.5 % peutrons. This interpretation is
diffisult to reconcile with the sbeence of & Tiret
order pesk in the neighborheod of 207,

uwﬁ-mmmmoxuum
question of meutres 4iffrection unsettied. It is believed
that the metbod used is essentially correst and that &
greater neutron intensity and & larger dysprosiam semple
would suceeed in giving definite inforwatiesm. The larger
mwwwumwu-mmmu~
ator is imstalled in the eyelotren. Unfortunately, purs
mz—mummtnmcmutu
obtain. umnwm-.mmm-m
these sxperiments were made and further work is being
considered.

it has been suggested thet the apparent fallure of
the fosussing-erystal method is due %o the broad
Whmdﬁ-“Wﬂﬂﬁo
mmmmamm. A erystal
shieh retains the fooussing properties but which has &



smeller “"resclviag power® sight bhelp this matter. If

one oould make & series of 15 dally runs with & sultable
sonitor ia whioh all the dysprosium 1s conecentrate! is

& saall sample and placed at wvarious positions en the

foeal cirele the intensities could de greatly increased,
alsoc.

At the time this part of the work wes concluded, »
report by Thiessen (T-3) ot the Washington meeting of the
American Physioal Soclety gave results of Bragg reflection
sxperiments, uwsing seven large single erystals of Mg,
neutrons from the Columbia eyclotron and & boron detector.
Heavry shislding was wed, ia spite of whioch the peckground
was sbout eguel to the sesttersd intensity. His results
showed that the cobherent soattering was from 60 te ®
perssnt of the total sosttered beam and that & Maxwell
distridution was observed. No further publiestionm om
theses sxperissnts has been sade, to the suthor ‘s
mowl edge.

There have alsc been & nusber of lavestigations,
of. (B=6) and (R-1), in whish the 4ifference in
transmission of single and multiple crystals has indloat-
od the necessity of coherent scattering dut no direet
attack was made on the prodles.

If sufficient intensity is obtaimable, the warious
methods of odtaining mencohromatios neutrons already
sentioned should remove the shislding diffioulties and



permit unambiguous messurements of the Bragg reflection
to be made. num_m-nw-u
Sade in this laboretory later whenm higher intemsity
sources are available.

Y. Urenium Fiesion

A. Statement of prodiem. In sil the experimental work
done on the problem of fission, no investigation of the
effect of inereased snergy of neutrons on the mode of
fission prodused had been dome by the spring of 1940.
However, in a discussion of the results of Jentsohke and
Prenkl with different neutron energies, Dr. K. lLark-Horovits
pointed out that the valley between the peaks observed

in the energy distribution curve seems to ineresse with
inoreasing neutron enmergy. This would indicate symmetrical
fission and he suggested that, therefore, a systematie
favestigation of the fission as & funotion of the meutron
enargy should be carried out.

It had been showm thet urenium fission ccoured both
with fast and slow neutrons but there was no systematis
investigation of the differences between the two processes.
This investigation is of theoretical interest sinoe the
wm«ﬁmmummmw
\ of new modes of fission coming iz as the neutron caergy
_inereased. Detailed caloulations by Present aud Enipp (P-1)
(P2} indicate that two modes of bimary fission are possible,




one symmetrical and one unsymmetrical. The caloulations
were not sble to determine whish of the two should reguire
the smaller sctivation energy. Besides the ordinary
binary fissions, there is alse the possibility of Sernary
fission. Later caloulations by Preseant (P-3) indicated
that sush a process of division iate three equal droplets
is possidle and should release sbdout 20 Mev. more energy
then bdinary fissicn. The sctivetion emergy is the seme a8
for bimary fission dut the process is less predbedle for
low neutron energies becsuse of the less direct process
involved.

By measuring the recoil energy of the fission part-
icles in an lonizetion chember and applying *“he law of
conservation of momentum it is possible to decide between
the different modes of fission produced. Neasurements of
recoil energies have already been made by KEsnner and
Bearshall (KE<l) using D-D neutrons and by Jentschke and
Praskl (7-1) ueing slow neutrons from & Po-Be source, as
slready mentioned. Bach found two main groups of particles
with energies of approximately 64 and 96 Mev., respectively,
but the height of the walley between the two peaks in b~
distridution ourves appeared to inerease with ineressing
energy of the neutroms. it war therefore thought that this
might indicate the begimning of & symmetrical fission. Ir
pum.mdmwmmm
L4-D resction should show & much greater effect. It was
therefore proposed to attempt this experiment.



In She meantime, Yasaki (Y-2) and Segre and Sesborg
Mmm*m«rmm
by fast ssutrons. They found new fission fragments
identified as isotopes of pallsdium, silver, cadmius and
indiwm which were not proviously found with slow neutroms.

h_um.&m-mm,mm-.
distridution curve, the definite percentage and cross-
seotion of symmetrical fission processes.

B. Experimentel procedurs. The experimental arrengement

for measurement of the recoil emergies consists of a
special ilonization chamber comnected to & linear amplifier
MMﬁMMchumm
through a single-stage ourrent amplifier. A cathode ray
oscillograph is also comnected to the linear amplifier %o
uu.m“-mwm«mm—s.
Calibration of the pulses is obtained by use of am artifie-
ial pulee generator patterned after theat of Ksnner and
Barshall (K-1).

The various units are seen in Pig.24. The linear
Smplifier and its power supplies are mounted om & relling
table. On the top of the table may bde seen the three
last stages of the amplifier with the cable lesding to
the first-stage and iomisetion chewber. Behind the



amplifier is the cathode-ray oselllograph. The froat
m-mumnummu-mwm

mmauq-:

the amplifier. Back of this and to the left 1is the stebile
ized high-voltage supply for the lonizetion chamber shield-
od with copper mesh. In the far corner of the middle shelf

is the chassis with the current asplifier. The bottom

shelf holds the storege battery and charger for the
filaments and & pair of 45-wolt batteries whioch biese
the regulating eiroult of the power supply. The large
box on the weoden table contains the recordiag oselille-
greph and the small steel cabinet on top houses the
artifieial-pulss gemerstor.

The arrangenent used is 20t as nest as & relay-reck
mounting would be but iz far sore sceessidble. The power
uwnits are self-contained (exoept for ome set of bdlas
batteries) and are plugged into & bank of outlets comtroll-
od by & master switeh. All leads conneoted with the



mmplifier are cerefully shielded.

The warious units mentioned sbove will now be
discussed in detail.

(Al Jenisstion chewber snd linser smplifisr, Sinee
the full renge of the fission Freageents sust lies withis
the lonizetion chamber, s specisl ohsmber with & large
wiume is required. The saxisum renge of the fragasnts
bas been variously measured as 1.8 to 2.4 em. The
fonisation chamber was therefore designed to have the
nearest wall greater than 3 em. from the urenium layer.
In order to permit the simultanecus measurement of both
recoil particles, the grid slectrode, whioch served as a
support for the uranium layer, was placed in the ssnter of
the chamber. A cross-sectional view of the loaization
chember is shown in Fig.2s.

Pig.25--Section throigh iomization chamber.

/ he grid slectrode is supported on brass rods whieh
are insulated from ground by lucite bushings. The longer




of these rods is connscted to the grid of the W.R. 2000
used as the firet amplifier tube. Grounded bdress sleeves
surround the lueite bDushings and extend up through the
elearance holes in the high-voltage electrode %o aset as
guard rings. The high-voltage elestrode completely
snoloses the central volume except for the clearance
holes for the grid slestrode supports. The lesd«in fer
the high woltage 1s & brase rod, insulated by & phenolite
bushing where 1t passes through the grounded wall of the
chamber. It is shown in the drewing detwsen the two grid
slectrode supports.

The high-voltage slectrode is threaded into & lueite
ring whish is serewsd onto the brass dase plate. The
entire chamber is shislded by & brass osn which is thresd-
of onto the rim of the base. Ascess to the shamber is
sniced by removing the shislding ean and unserewing the
flat eiroular disk whieh forms the upper wall of the
high-voltage electrode.

To minimize insuletion troubles, the lueite ring was
coated with hot ceresin wax after assembly. After some
trouble with acoustie plekup hed been experienced, hot
oeresin was also ueed % rill the spece Detween the lusite
bushings and guard sleeves in the grid-electrode sssembly.
This eliminated the trouble.

The ohamber was not origisally designed to be svee-
uated but it was later found Decessary e use pure argon



s the rilling ges, so certain modificetions not shows ia
the Grewing were made. A rubber ring gasket wes plased
in the butt joint between the shielding cen and the dase
to provide & vecuun-tight seal at thet point. To slimisate
the leaks in the bdase, the chamber was inverted and o
layer of seresin §* desp poured imtc the mounting tube.
When this had herdened, » sharp tool was used So owt &
eirele sround ssch of the grid-electrode supports in
order to prevent electrical leskage between the high-
voltage and the grid. The heads of the serews holding the
large lucite ring were also coated with ceresis.

TS R e -

The ionisetion chember is mounted on the side of the
steel box which conteins the first stage of the lineer
smplifier. The gri1 end high-woltage comnections are
scoessible from the inside of this dox. A photograph of
the unit is shown in FPig.P6. The slab of cast parefrin
aud boreax is part of the “ast-neutron shielding deserided
later.




T™he linear smplifier is of the type developed by
Dunning (D-2) and follows his original eireuit with oaly
ninor changes. The cireuit diagrem is showm ia Pig.27.
The portion of the olreuit at the left, showm in & separats
Mield, is the firet stage whioh is Boused in the separate
steel bdox carrying the ionization chamber and commected to
the remainder of the amplifier by a 22-foot cable of §*
flexible conduit. This permits the lonisation chamber to
be placed in position near the target of the eyelotros
while leaving the main smplifier in the adjecent room be-
yond the water tanks so adjustaents and observations can be
msade during the runs. The filament, soreen grid, plate
and high-voltage leads are individually shielded by
braided copper sheathing and the group of wires fimelly
enclosed in a largsr breaided shield defore deing pulled
through the conduit. As & result of this careful shislding



One change from original Dunning cireuit is the
provision of the gain in place of & fized
plate resistor in the third stage. This wes made necessery
mcmml-mu-mum-m.
ﬁ-m--t-.mu*&-“dﬁ
mnmummumu
ocutput. A“mm“hﬁm-.
ummmnﬁmmm
from both fission fregments. These pulses caused & similar
mnhmmuummn,-
mwummﬁ.mmum
-lﬁn'u-m-.c..a—unmm
sutting the grid swing of the third stage in half.

mmmnﬁmmuwum
““M.“Miﬁ‘”“lm
Righ grid-lesk resistence is used. 4 2.4 x 20" opm
Tesistance was used. No measurable sttenuetion was found.

The heaters for the firet two steges are supplied
Momm-lmmmhnhﬁ—.
m&mm.a-m-&numm
o stages 1s 1.8 volte, But the lime drop in the ceble
commecting with the first ster mmounts % .3 wolts, leev-
ing caly 1.5 wolts for the firet heater. This reduced
heater voltage decresses the natural tube noise.




Power for the pletes and seresn-gride (+¥) s supplied
from & regulated-voltage wnit. It 18 & olreult of sssent-
fally the same type as the Righ-voltage suppiy for the
lonization chamber se 18 not deserided in detail. Is
e adjusted to supply & constant surreat of 11 ma. for
all the messurements. '

-mumumm‘oaaucm.n
indicate shielding sompartments. hen the smplifier was
nmmc.mwmumum
m-muum-nm The
mnmmuuumm
Shislding and 2o more trowble was found.

shamber is showm in Fig.28. This is the well-knows
voltage-regulator type of eireuit in which & pulse Sue to

"
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m,mmummumm The
wnum:--muuamw
-l.h*'-&th:ﬂu.n betwesn 300 and 2000 wolts. 4
M.smwum-ummm
mmm-wmuu-mmm. The
*ﬂ'“lﬂﬂth‘h‘_t‘_ﬁ lenisetion
hasber by & Migh-tension ignitics ssble (Belden PPP97)
“mwﬁmmuﬂh
Snclosed with the other supply leads in the flexibie
sonduit. The cable is completely shielded by bdraided
Sopper sheathing. It is indlosted by H.V. in Pig.28.
mmmmmmum
volte. This excesded the reting of the smeothing scades-
nﬂ.d&.“l.ﬂﬂh”uh*-m;c
ever observed.

(3l. Ourrest smplifier ssd recording oseiliogreph.
A Dudell-type oseillogreph (G.E. Out. § 38989770G11) was
mummcindﬁoﬂn&-m. This
u-m-&m:.m.m.m«.mnm-
m:&mmm.smuuu
plased ia the field of & permanent magnet. The ourrent
%0 be messured trawis in opposite directions in the two
Segnents of the lowp and therefore produces forees in
opposite directions. A tiny mirror cemented to the
suspension is weed %o record the deflections. The whole



-numu-uma—.m. The galvanometer
-uuumtm—mwpunm.um
Fesponse up to 4000 to 5000 eycles. The resistance of
mmuo.lumaumnuunumm
iﬂl-.wtumﬂtlmhﬂmn
20 ineches. hmumummuuum
m.ttmmhmomsnnrm
between the linear Suplifier and the oscillogreph. The
elreuit 1s shown in Pig. 29.
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Plg.2. ««Current srpililfier.

© The eireuit is essentially & single-stege amplifier
nuommmm-mmu-u
mmmmcm-unmumm
wuld be recorded by the oseillograph. The resistance R,
is conneeted into the elreslt to supply & dusmy load for
testing purposes when the oseillogreph is discommected.

The use of & trassformer output was guestionsd st
M“tummmnmm.
Howsver, the duretion of the pulse is sbout ome milli-



m.hoﬁnm.ummhm
oycles. mummnmmumaa
—u—um-mmmuma
iﬂmhmmmai-‘u“m
for the pulses. hmmmmum
end found satisfectory.
hmm«&.mmm
umum.a.mmnuuhmnh
ﬂmmuﬂ.ll’t—ﬂ.&mdﬁ
fllm compartment removed. Mm.mmtmw
nmx—.mwmmh-uunm
nmm«wmmnuumdm
box. h“huﬂoﬂdm-mnu
mu.mm.mummmum
on the film. hdi&m“.mmm
being adjusted to produce an image of the filament st the
plane of the recording film. The axis of the eylindrieal
lens is parallel to the motion of the beam.
hmw.nxmmmmm
can be seen in the photograph of Fig.31. The megazines
are made from contaimers for 35 mm. bdulk film. Slots are
out in the side of the can and 114 and strips of eopper
out and soldered to form lips. These are then coversd
with velvet to make light-tight slots. Photographie
mmumum-muamumq
suspioious joints. It was found necessary to install o
takeup reel in the upper megazine. This consists of a
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Fig.30--Top view of record «3l--Fila magezines and
oseillogreph with 114 r-w. :r‘t « Light beam snters

from left between film

magezines.
mlu‘macmmnOanwdlof
the film compartment. A pulley mounted on the saaft by a
setscrew is.driven from the sprocket shaft by o spring
belt. The pulley retics are adjusted so that some

slippage always coccurs, so the film is under a slight

Fig.32--Reduction unit for film drive.

e s rary——



In Fig.32 is seen the reduction system for the fils
drive. The motor is a 17150 H.P., 1800 R.P.M. synchronous
motor. It drives a worm gear through & spriang belt whieh
oan be placed on either of two gets of pulleys, siviag 1:1
and 3:1 reduction ratlios, respectively. The worm-gear
reduction ratio is 100:1. The counter shaft finally drives
the film sprook shaft through either of two sets of gears
whioh give & 1:1 or a 4:1 reduction. Thers are thus
several ranges of speeds between & low speed of 1.5 R.P.M.
to 18 R.P.M. The lowest speed is used for most of the
fission work and the highest for alpha-particle aeasure-
ments. These speeds correspond to linear film speeds of
1/3 and 4 feet/minute.

The two banans plugs seen in Pig.30 beside the motor
switoh are comnected to a 80-foot extemsion cord with a
switch at the snd. This is used % turm the motor on and
off from the syclotron control room whioh is located
soroess the hall.

(4. Arsificisl-gulse gemerstor. In order to oheck
on variations in the gain of the amplifier between runs
and to have a method of comparing the sisze of the Tission
pulses with those of the alpha particles, a series of
pulses produced by known voltages was recorded on each
film. The eireuit for producing these artificial pulses
was taken from the work of Kamner and Barshall (K-1).

It is shown in Fig.33.



‘ig. 33--artifieial pulse generator

The resistance Ry and meter ¥ comstitute & wolt-
meter measuring the total witage soross the four resistors
RgeooRg. The plug P can be inserted in the warious Jecks
%o place & known woltage serces C when the switeh 8 i»
closed. The sudden rise in potential seross the output
terminals as the condenser charges very nearly dupliecates
& pulse from the lonization chamber. The artifielal
mhmudu.-punu-nm.m“-
small condenser permanently oomnected.

The condenser consists of two L/8" rods fitted late
opposite ends of a 3/8" lucite red, thelr ends being
separated by about 5/8%. One of the rods is soldered to
the insulated csontact of a jJack mounted in the first.
stage box and the other is conneoted to the grid of the
tube. The output of the artificial-pulse generator is
conneoted into & shielded osble with & plug to sateh this
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Jack. The jack is of the self-shorting type so the
lucite condense: simply represents s small capacitance
to ground during iomizatios ohamber measurements.

(8). Prepsration of urenius ssmples, Por experiments
in which cnly ome of recoll fragments from the fissios
are %o be recorded, the support for the wranium semple
Besd mot be thin, but the urenium layer iteslf wust be
Yory thin and uniform in order to prevest strong sbsorption
of the fragments which originate near the bottom of the
sample. Attempts were first made to deposit urenium

oxide (Ug0g) from suspension in & thim solution of resoglas
in bensene or eellulose acetate in ethyl scetste. The

resulting films were non-uniform and were inefficiest in
that the biader contributed at least half of the total
stopping power.

The method of making the samples finally sdopted is
sssentially the same as used by Sismons and Greens (not
published) and by Jentschke and Prenkl (J-1). A solution
of about 0.5 ga. of uranyl anitrate fu 1 Liter of dlstilled
wmter was uwsed as the slectrolyte. Strips of platinum
ridbon were spot-welded together to form a grid sbout §
on. square and this is used as the ancde. The cathode is
& brass disk 5 en. in diameter and 0.5 om. thiok. A
current density of about 0.5 me/en® i1s weed. During
eleotrolysis the electrolyte is maintained at a temperature
between 72° and 76° C. Constant agitetion of the cathode
is secessary to prevent the formation of bubbles. A




distance of about 5 en. is maintaised bdetween the tw
slectrodes. The time of slectrolysis is caloula“e’ in the
usual sanner after the required number of atoms P r squars
centimeter is determined. Experiment showsd that the
thickness of the layer obdtained was always considerabdly
less than that caloulated in this way, even when allowance
ws made for the surfeace of the csathode hiddex from the
snode. The reasons for this will e discussed below.
Astual slectrolyeis times were usuclly betwesn § and 18
minutes.

Extreme sare sust be taken in prepariag the brass
surface if & wniform coating is %o be obtalned. The
surface must be completely free from grease, dirt, oxide
soating or other foreign material sueh as flecks of solder.
Por ease of manipulation, the drass disk 1s Fitted wita
& handle sonsisting of & ssaller dlsk % whiech & §* red
3" long has been silwer-soldered. This handle is sofe-
soldered to the bdack of the catholde with some ocare taken
%o senter 1t. Then the handles oan be chucked in & lathe
and the froat surfece snd rim of the oethode disk polished
with fine emery and crosus sloth. The polished swurfece
sust sever be touched with the fiagers and the smery
cloth should be fresh and as slesn % poscidle. Cless
tissue may be used to wipe off the sbrasive powder. The
disk should de put iateo distilled water immediately after
being polishe. and should be left there until ilmmersed in



the slectrolyte. If the surface is properiy sleansd,

water should sdhere to the surface and show no tendency
S0 draw uwp inte droplete. Another somvenient test is So
put the polished disk imte dilute nitrie seid for a few
seconds and then observe the surface. Dirty spots will
show up very sasily.

During slectrolysis the disk must be kept in sotion
ad occasionally “"bSounsed™ on the surfeace of the sleestro-
iyte to remove 4he bubbles which form. After & minute or
two, the surface should be sxamined for wmiformity. Very
brilliant iaterference fringes will show up on the wet
surface and these oan be wied %0 give & very scourate
estimate of the relative thickness of the differeat port-
fons. Very often it will regquire several sttempts to get
& good surfass. The old wrenium layer say be removed by
4 short issersion in dllute nitrie seld. In ewery case,
there was & tendency for the uranium to deposit more
strongly near the odge of the disk. This thick deposit
extends only Swo or Sthree millineters from the edge o
the prastics is to continue the electrolysis Iif the
deposit is otherwise uniform, then place the Alsk in She
lathe and remove the thiok lagyer with emery cloth. This
does not ocut down the effective area sinee the mounting
ring in the lonisation chamber masks off this area. It
seemed safer, however, %o remove this layer than %o trwst
that i 444 not extend inside the guard ring. This Shiek
peripheral deposit accounts for the disorepaney dDetween




saloulated and observed thickness menticned sbove.

The fisal step in the preparation of the urenius
layer 1is e oxidation % urenium oxide (Uglg). This 1
sccomplished by heating the brass disk %0 & dull red heat
for twe or thres nisutes and results in & grayish-grees
layer with rether faiat lnterference solors. In this
process the handls used ia all these ssaipulations i»
removed, also, and any surplus solder cerefully wiped off.

For measursmsats of the lonisation prodused by doth
particles simultanecusly, the supporting foll sust hawe &
very small stopping-power since one of the partiocles must
Sraverse the foll defore it ean be recorded. Alunisus
foll weighing .17 mg/en® wes uweed for this work. The foll
is %o fragile % b wed mawpported so 1t 15 sounted o
& grid ia & sanner similar So that wsed by Esnner and
Barsball (E-1). Ureaium should be deposited on the fell
only on the holes in the supportiang grid so the feollowing
proeedure was followed:

Some pleces of heavy perfora ed copper were available
ia the laboratory. The 140" hole' were punehed in »
square pattern 3/16” between senters. Two sections were
"t out and matohed %o form & dle. A 002" aluminus
Gisk 24" 12 ddemeter and & similer .0B0" disk were sut %o
serve as foil suppert and shield, respectively. These
were clamped between the two seetions of perforated copper
and 39 holes punched by means of & hollow stesl teel.



ﬁm*nmmuh
Sonstruction of the lonisation chember 414 not give the
Tequired 3 om. clearance between the periphery of the
@isk and the slectrode supports. The sllipse was later
Sounted with the major axis perpendicular to these
supports.

The foil support was now cleaned and soeted with
dilute shellas. It was then carefully dropped on &
Selected plece of foll and allowsd to dry for a few
minutes. The shield sould now be aligned and fastened
.‘*“'mdmm.

mcmmaﬁmnm—
attenpted with 0o suceess. Aluminum does not fors &
@00d base for slectrolysis and the 4ifficulties here were
partioularly great since the foil could mot be cleaned.
mﬂmmm-mmm
also unsuocessful, the melting polat of urenium being so
uﬁﬂ-m““ﬂmm.

Finally, & sputtering chesber was arrenged and this
process used with success. The setup closely parallels
that desoribed by Yan Voorhis (V-2). A small plece of
urenium setal 5 x 10 mm. is gripped by the forked end of
an alumisum rod suspended from the upper end of the
sputtering chasber. The red is protected by glass
sleeviag to limit the discharge to the wrenium and hes
& right-anglé bend at the lower end so She flat face
of the ureanium is paraliel to the composite aluminum




foll. This foll is festensd on & wmter-sooled brase
plate with the shield feciang the wrenium. The separetion
betwsen the two ia sbout 3 em.

Pig.M--Sputtering chamber.

The general arrangesent can be seen in the photograph
of Pig.%4. The veouun chamber scnsists of & glass jar
6" in dlemeter and 13" long, closed at the snds by brass
plates. The Joiats are sealed by rubber gashkets. The
upper plate sarries the support for the wranimm. The
plate itself is grounded and the high-voltage electrode
finsulated by & glasse sleseve. The support rod 1s Shreaded
iato the slectrode onp and can be ralsed or lowered bWy
ating the wax Joiat and sorewing the red in or out. The
lower plate is connected to the pumping systen and to »
flask of argon by separate leads. The mmode 18 supported
by the sopper tubes whioh csarry the scoling wmter. The
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of 25 ma. at 8000 wolts.

“dﬁ‘ﬂ““ﬂw“
tonduction from 1t, the ourrent is limited %o 5 ma. Argos
is uweed a» the sputtering ges. The pressures is sot
Reasured by is sdjusted by wetobing the limit of the
cathode dark space. This 1s salotained so that the ares
nbmmmmhm. It s
Becessary to adjust the height of the cethode severasl
hmmmnmumanuu
wnifors coating. The wniformity of the layer san be
Judged by the iaterference fringes produced.

With this proeedure & fairly wniform layer of 4 x 1037
stons/en® was formed in 4 Dours. The methods of saleulet-
ing the thiokness are discussed below.

(8l. Shislding. Sinee parallel experiments were to
h““o&uﬂmmnmmh
use the oyclotrom as & meutron soures. Slow seutrons
formed by slowing down the D-D neutrons from the seutron
Senerator could be wsed for part of this work but the
fast neutrons (15.6 Mev.) from the Li-D resction are sot
avalleble in sufficient quantities because of the low



snargy of the deutarcn bean.

nu-muummmﬂm«nu-u
& possible in the 4ifferest rems, all messurements were
aade with the syclotron. The Li-D resction was wsed for
fast neutron work and Be<D (5.8 Mev.) for the slow seutrons,
parartin and water beling used in the latter sase %o
produce thermal sewtrons. Sinee the snergy of the Seut-
erons amounts to sbout 8 Mev., seutrons emitted in the
forward direction have s higher snergy thes thet saleulated
from the heat of resction. The detecting ohamber was put
&8 nearly as possibls ia the direction of the beanm to take
advantage of this for fast wewtron work and wes placed at
right angles %0 the deutercs besm i some of the slow
neutron work te minimize the sffeet.

In order to get slear-eut results from the measuresents
ok slow and fest meutrons, one Should perform one szperi-
ment with only thermal neutrons present and ome with oanly
fast peutroms. In prectice, it is caly possible to arrange
shislding in suoh & manner that the ome type predominstes--
the other 1s always presest as & backgrousd.

At least 15" of wmter or 1% sguivaleat is reguired
%o effectively remove the fast seutross but Dumning (D-3)
bas shown thet saxisus siow sewtroo latessity 1s obtalaed
with only & 4" thickness. Beyond this thiokmess, the
intensity decresses repidly decsuse of absorptiom.

Unless the origisal seutron istensity is wery high, one
must use some intersediste thickmess. In the experiments



to be deseribed, @ 9" slab of pareffin wes usually used
between the eyclotrom target and the lonizetion chamber.

The eyclotron room is lined with weter tanks and
water oiroulates in the magnet ooils ilmmedistely sbove
and below the target so there is & profusion of slow
neutrons present during samy deuteron bombardment. Inp
order to sliminate as meny of these as possible when
working with fast seutroms, the ionization chamber was
enclosed in cadmium. The back of the chamber was permanent-
1y covered with cadmium sheet and the sides and front were
fitted with a remcvable cap. Since cadmium stops only
thermal neutroms, & square box built up of 2" slade of
cast paraffin and borax was placed sround the chamber,
leaving only the fromnt Tace exposed. The back of this box
is formed by the bloek seen in Pig.24. It is left oo
permanently. The other seotions were removed for the
slow peutron measurements.

mm.mmm“uumm-we
structure of S-gallon water cans. A side view of she
completed unit is seen in Fig.35 where one oan has bdeen
removed to show the position of the ioniszation ohamber.
mmmmnmmzﬁmmﬂm»‘p
of the amplifier. The lomization chamber is mounted on
it and faces the cyclotron target. The large bloek of
paraffin placed between the target and chamber for the
slow neutron work is seen ob the lower shelf of the
rolling teble supporting the water oans.



Fig.35--Neutron shielding for fission experimeats.

Fig.%--Relative position of target and lomizatios

chamber .

The relstive position of the lonization chamber and
the eyciotromn target, as sesn from the side opposite that
of the photograph of Fig.55, is shown in the sketeh of
Fig.56. The photographic plete indicsted iz the sketeh is
e special plate used by W.A.Miller, who co-operated ia
these bombardments and is seperetely reporting his work on



fission treaoks recorded on photographic plates.

Typieal prossdure iz making & bombardment is illustrat-
od by the following:

T™he lisear ssplifier is turned on and sbout one
minute allowed for hesters to warm up before turaing o
the high-voltage for the iomization chamber. The filamert
voltage for the first two stages is sdjusted to 1.8 wolte.
The amplifier 1s allowed to run for at lesst one howur
before sny wsasurements are takes. This interwval is
cocupied by thresding the fils ‘a the recording osellle-
greph, inserting the proper target ia the syelotrea,
putting the ilonizetion chamber ia plece and starting up
the eyeclotrom.

After the eyclotron is started and the dDean tuned
in, all weitages on the linear asplifier are checked and
the gain (Ry, of Fig.27) is sdjusted for proper pulse
sizse. This is done by obssrving the size of the kicks in
the cathode-reay oselllogreaph. Por sonvenience, & line is
made Oon the screen corresponding to full-seale deflection
of the recording oseillogreph.

The remcte-control switeh for the flla-drive soter
is sow brought inte the eyclotrom control room and the
linear amplifier setup requires so more sttention wtil
the completion of the first ren. From five to twenty
minutes 1s allowed per run, the tiae being estimated
give at least 800 pulses.

At the end of & run, the eyolotron oselillator is



turned off and the artifieial pulse gemeretor plugged

into the Tiret stage of the smplifier to put on the o -
foration. Five pulses of sach sise are recorded in »

series which covers the rengs of measurements in 6 %o &
equal voltage increments.

The neoesssary changes in nevtrom shieldimg are
effested and the next run made in & similer mamser,
followed by & calibretion. At the sonclusion of the
fisslion runs, the film speed is inoressed, the gain of
the smplifier redwoed and & short record of the wranium
alpha particles made, followed by its eslibretiom.

In most of the work, thres seriss of runs were made
#0 the bombardment schedule was the following:

{a). Li<D seutrons, 04 + borax shislding on shamber.

™). Calivration: 6.0, 5.4, 4.8 .....0.8 wits.

(o). Li<D peutroms, 9" paraffia bloek.

(@), Calidration....ccovvns

(o). Be<D neutrons at right-angles, #" paraffia bloek.
(f). Calibretionm........

(g). Ureanium alphs particles.

h). Calidretion: B..cvicssssscscssss 08 volte.

The order of the bombardment was waried to insure Shat
variations in the results sould 2ot be due %o & systematie
arife in the sensitivity. No such shange was ever found
Af the warmup time of the amplifier was not made %00
short. The salibretion pulses for the various runs shesk
one spother within 4%, whieh is near the limit of asourasy



of the woitage ssttings. These would also be reproduced
froa bombardment to bombardment for the same gain settings,
indicating good stability in the amplifier.

The calibretion pulses alse served & & oheok on the
over-all linearity of the smplifiar. A plot of deflection
sgainst voltage should yield & straight lise If the
amplifier is strietly lisear. This wes far from true
with the first experiments and ylelded distorted distridut-
ion ourves. Several hours of experimentation indicated
that it was futile to attempt readjustment by trisal and
ervor sinee readjustment of any one of the four biss
controls changed the woltage distribution on all stages of
the amplifier.

The method which furnished a guick and satisfeactory
solution to this problem consisted of matehing the she,e
of the approximate sine wave produced by & 1000-oyele
twming fork st the input and et the warious stages of the
smplifier. The oselilleter is the ordisary “howler® uwsed
in the intermediate laboretory. Its output was firet
conneoted direotly to the cathode-ray oseillogreph amd
the wave pattern traced on the sereen by a shins-marking
penoil. The howler wes then plugged inte the first
stage turough the artificial-pulss condenser and the C.R.
oscillogreph plugged intc the linear amplifier owtput.
Tae effect of the warious bias changes was readily seen
by comparing the amplified wave with the origimal trecing.
Ad justments were made until the image coinpoided with the



trace.

By sdjusting the gain of the amplifier it was possible
to go through this procedure without changing the geis
econtrol on the C.R. oseillogreph so & non-linesrity ia ite
response bas no effect. The voltage output of the currest
mmm-u-nmcmmm“
but tests across the primary of the outpul trensformer
indicated So distortiocn.

This method of adjustasnt, of course, oaly insures
linearity for the single fregquency of 1000 eyeles/see.
m.munwmmmmw
show & linear response so the smplifier camnot be very
sensitive to freguency ohanges in this range.

12). Messuresents on recording films. Becsuse of the
low 1ight intersity and the short duretion of the pulses,
it is secessary to use & fast panchromatie film® for

the light. The films are developed for 5 minutes in
mm,m.n—num‘mmnm
end washed in rusning water for 20 minutes.

Two different methods wers used “or messuring the

‘Bedght ¢ the pulses. a8 fizet, the fila wee Viewss
F A8

* Agfa Ultraspeed, 35 mm.



unmm-n-m“.
Special holder provided with s stesl scale set parsllel
to the direction of the pulses. As sach pulse was brought
WP beside the seale, the millimeter interwval in whieh It
snded was salled out %o an assistant whe kept & vesord
by the tally systen. The salibretion pulses were averaged
and recorded to the mearest Fi7th of & millimeter. This
Wethod was quite sscurate but tedious. It required &
mdﬂl—lﬁ”dﬁmmﬁ
fiim.

retitag recsetiag it =
ﬁm-nhl-huuldmmm-m
image of the fils on & soress ruled inte suitable intervals.
t-m--uummumn. A .
projector plased on the work table is aimed ot & smal)
plate-glass mirror set at approximately 45°. The light is



mmmmu-h—-mm
horisentally sbove the table. Prom this, the light
falls on & large sheet of drewing paper on the wable ia
Mdhmﬂhﬂnm
50 x 75 en. The paper i1s ruled fote £ om. intervals
whish are mmbered conssoutively from O %o 25. Sicee
the width of & 35 mm. film betwesn perforetions is 28am.,
the manification amounts to 20 x and the imtervels
correspond to the 1 sm. intervals uwsed in the fires
wmethod.

Spece is provided on the end of the drewing doard
Besrest the operator to tack down & strip of paper on
shich the pulses are tallied as observed. T™he original
mask in the projector war replaced by & larger one whieh
sade the sprocket holes visidle in the lmage. The sere
was maintained by aligning the edge of the sprocket holes
with the sere lise of the drewing bdoasd.

The projector method proved far superier to the first
sethod. Only one person was required and he could record
Oﬂhhﬂﬁmtbm.ﬁww
the old method. HNye fatigue was alse grestly deersased.

With either method, the scowrsey is independent of
the position of the undefleoted beam sinee all measure-
ments are referred to the standeard salibratios pulses.
Adventage is taken of this feot to lncresase the resolution
of the method by setting the sere of the galwvanometer %o &
few nillimeters off the edge of the film.



€. Resulte {7»3 fission sxperiments. (i) Osmersl. Oonteet
priats frou typigsl fillms are shown in Pig. %6, PFig.%8-a
Shows pulses from single fragments obtaimed by bomberding
uranium on & thin foil with slow neutrons, the back of the
foll belng sovered to stop the second partiele. Two groups
of pulses are clearly seen. In Fig.38-b are seen pulses
from he wmeovered foil in whieh both particles are
recorded. One group of pulses only is seen with the
exception of a few scattered smaller pulses due to single
particles. Fig.38-«¢c shows part of & salibretion rus taken
in comnection with the total iomizetion experiment. The
first and second films are not directly comparsble sinoe
different main settinms were used.

ssssssss
A ———————

(a) (») (o)
+3F, -~Typioal sections of recording film.
(a)--3ingle pulses from Be-D meutrons slowed to
theraal ; (b) total leniszation from thin
foll with Tt Li-D neutrons; (o) ealibration pulses.
Consideradble definition hes been lost in the prints.
It is, however, possible to see the individual pulses and
the general illumination along the lower edge of the film
from the undeflected light beam. The bdeam itself is

considerabdble narrower than iadicated, the appareant bdroaden-



ing being due to halation in the film and leck of letitude
in the printing peper. It is possible to make measure-
sents from the fila i1teelf on pulses within 2 sm. of the
sprocket holes.

The heightaof the pulses are recorded in the masner al-
ready descrided and are tabulated sccording te the iaterval
in which the pulse ends. On the pext page is shown such &
tabulation, together with the calibretion pulses inserted
between the runs.

~ﬁm-ummnmmn
shown in Fig.38. Since there is & possidility of assigning
& pulse to the wrong iaterwval whem It lies on the bowrdary,
the curves were smoothed by aversgiang esch sucosssise palr
of readings and plotting the result at a polnt midway be-
tween them. In this way, only peaks which extend owver twe
or more iatervals are given significance. This also has &
slight tendency to bdroaden the reaks, but probably presents
& more scourate picoture than the more jagsed surves shioh
would be formsd from the plot of the single measuresments.
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(Typloal teabulation of film resdings, sont.)
Ealibrevion
Pulses from artificial pulse generator. V. is propertios-
al %o the witage impressed on iagut condenser. II, III,
and IV are the observed pulses for the thres salibretions
sorresponding to the runs jJust listed.

v. 1.0 0.9 0.0 0.7 0.0 0.8 0.6 0.3 0.2
25.4 0.7 17.0 13.80 0.7 7.9 5.4 M0

p# | 0.5
III 25.5 20.86 1%.) 13.7 0.8 7.5 5.2 3.0 0.3
IV 25.4 20.6 17.0 13.8 10.5 7.8 5.3 2.8 0.3

Nany of the sarly runs were distorted by the non-
linsarity of the setup, part of whioh wes in the smplifier
iteelf and which was later sorrected by tests with 1000
eycles, as alresdy deseri® d.

The dats from these runs osould be used by applying
suitable sorrections. The non-linearity is evidenced by
& ourved calibreation eourve. It alse prodused & distertion
in the melative helghts of the peaks. For slow seutroas,
the aress under the peaks for the light and beavy frageent
should be the same sines there is an equal probebiiiny
of esither smerging from the uwranium layer. Sisee plots
ware made of susbers of puises versus observed pulse
size, If the snergy resge per siliimeter deflection is
ot constant over the range, %00 many or too few pulses
sill occour per millimeter. To sorrect this, & new plot
must be made by the following method:

i
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An integral curve 1s msade with the total awmber of
pulses having & length equal to or greater than t.»
absolissa plotted against the deflections as sbscisss.
On the same sheet one plots the ocalibration surve. The
integral ourve is now differentiated graphically by taking
the sucoessive differences of points corresponding teo
squal increments in woltage. The deta thus obtained is
then replotted to give the sorrected Rumber-voltage
curve. A test of the correctness is a somparisem of
the relative heights of the two peaks produced by slow
neutrons.

The method is rether tedlous so was used only in
the cases where a definite non-linearity was seen. The
actual position of the peaks as measured ageainst artifie-
ial-pulse woltage s unchanged. In the measurements used
in the final results, the curvature of the calibration
curves, if apparent, is very slight, so the replotting
was unnecessary. All measurements, however, are referred
to the sorresponding woltage instead of to the deflection
i1tselr.

Distortion of the peaks whioh 414 not correspond to
sorresponding curvature in the calibration pulses was
also observed in the early runs. This, together with the
fuot that the saergies of flission fragments were much too
low when caloulated from the observed pulses of uranium
alpha-particles, made it apparent that the lonization
shasber was not belng saturated with the applied woltage.



Alr was then bdeing used in the chamber. Increasing the
w-n‘mxmum-numuuuuu
mmm.un”mmmm.
mumum,mwﬁm
continuously during & run, ineressed the size of the
mwlhﬂﬂ“Mﬂwﬁt““
Teascnable agreement with that osloulated from the
alpha-particles.
hmmﬂﬁmm.mw
enough to disturd the fission measurements were observed.
-u-muhl-umthdﬁﬁtm
nuclei from elastic collisions with meutrons in the
ionization chamber, so argon was substituted for the
aitrogen. mmmmmu
somewhat inereased the absolute size of the fission pulses.

Mhﬂn“hmﬁhﬂnﬁ-
munmuﬂu)'_~m
energy. Nl!h.m.ﬁm-nlfot
nitrogen ruclel is only 4.2 Mevw. Sinee this is sbout the
energy of the uranium alphs particles, the observed
mmmmmmmau
impurity, for whieh the maximus snergy sould be the full
17 Mev.

Argon was used for the remainder of the experiments
for the above reasons and because its recombination time
is long, issuring that all the lons formed will heave time
to be coliscted before recomblration. It was inconvenient



sines the chamber had to be evacuated, flushed and refilled
sach time & change was made i the uwranium lager. The
other slternative was %0 use air in the shamber ot & wueh
higher woltage. Neither powsr supply mor chember would
permit this without complete redesign.

i2) Sedowlation of wrepium Shiockness. The thickness of
the uranium films was caloulated by counting the number of
alpha particles recorded on & measured length of film.
From the known fils speed, the number of alphs particles
per second is Tound. Using the decay sonstant for ureanium,
the number of atoms is caleuiated, from whioh, Tinally, the
WAass per sjuare centimeter can be obtained.

For the rils slectrolysed on & bress disk for the
single-particle measurements, 363 treoks were ocounted oL
50 em. of filn. The corresponding time is 15 seconds,
giving 84 alpha particles per second. Sinee only balf of
the alpha-pa~ticles oan be detected, the true number of
alphas is 48/sec. These come in equal numbers from Uy
and Ugz. We are only interested in the stopping power se
the alphas from Ury should not be counted since the
relative abuntance of Ugy is only 0.008% and it does not
contribute appreciably to the stopping power. This again
gives 24 alphas/sec. The coating on the dise oocuples
@ ares of 12.5 en®, giving approximately 2 alphas/sec/ow’.

The disintegration constant of Uy is 4.7 x 10-38/4ee,
N, the number of wranium atoms per om.% must therefore be
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B e /0.7 5 30, 48 2 20*V ctens/eet.
The fila is setually sade up of Ughy. Direct saloulation
thus gives & density of .21 silligrems/en®,

Sisilar caloulations on the fila sputtersd on the
<17 ng/em® slumisum foll yield s density of 0.16 ng/enf,
based oo the following deta:

Number of alphes from front surface-547 in 80 see.

Bumber of alphes from back surfece « 407 in 57 see.

g—m:-m.m.w-. in dlameter

Alphas/ont/ses from one side « 2

Density of metallie wranium = 0.18 ng/en®,

The difference in density in the two cases when the same
susber of o' pha-particles are obserwved, is due %0 the
effect of the oxygen ia the ureanius oxide.

T™he air squivalent of thess films can only de
est'mated sinee the relative stomie stopping power of
uwranium 1is not kmown. PFor lighter elements Lhe relatios
s« 0.568 2/(2 - 10/} 1o valtd. This gives & relative
stopping power for urenius of 5.2. The heaviest slement
for whioh good measurements have been made is gold.
(B-3, page 272). The value given for 4.86 Mev. alphe
particles is 5.96. The sbove formula gives 4.45 whioh i»
sbout 15§ too high. Onm this basis the relative stopping
power of wranium should be about 4.4.

If this walue is assuned, the air equiwmlen® of the
two filee are 1.0 and 0.7 mm., respectively, the alr



equivalent of oxpgen beling sbout wnity.

These values are somewhat bBigher than those obtained
by compariscn with Ksaner and Barshall’'s results. Their
uranium layer hed & density of .12 ng/ee® w0 whieh they
Sssigned & stopplag vower of 0.5 mm. of air. On this besis
the .18 mg/en’ sputtered urenius layer should have o
stopping power of 0.45 mm. instesd of 0.7. The basis for
thelir calouiations was not stated.

T™he ques lon of the alr equivalent of the
ureanius folls for the fission fragments csnnot bde answered
s yot. The whole matter complicated by the fast that the
energy loss of the fission fragaent in peassing through
& giver. thickness of any saterial will deyend upon the
distance of the absorber from the beginning of the remge.
The fragaeat is initially highly charged and loses its
sharge during the stopping proeess so It 1s %0 be
expected that the snergy loss will be greatest near the
beginning.

Enipp and Teller (K-3) have extended the caloulations
of Bohr (B-8) on range-energy relationships for fission
fragaents to ocaleulate the eleotromic and nueclear oross-
sections for the light and heavy fragments is sir. Their
esaloulations show that the electronic oross-sectionm
inoreases snormously near the beglaning of the path.
Lark-Horovits and Miller (L-85) have also shown Shis to be
true in photographie emulsions from the grain-spacing



observed in fission tracks recorded in specisl plates.

If one telkes the oross-sestion st the beglaning of the
rangs, as oalouisted by Enipp eand Teller, and assumes that
the relstive ste plag-power of wreanius 18 4.4 times thet of
sir, an sstimete of the snergy loss of the fission frageeats
whioh origiaate at the dottom of the ureanium layer oan be
sade. PFor the light freageeat, the cross-ssction is approxis-
ately 2.8 x 107 mov. <onf. Bultiplicetion by 4.4 10 ssewm-
od to give the cross-section for ureslium. The sumber of
stoms/on® 10 4.3 x 1077, The product 1s 5.4 Nev. Por the
Uty layer, the snergy loss smounts o sbout 7.8 Mev.

For the heawy fragaeat, the cross-section is initially
somewhat higher but decreases repidly so the sverage over
the uranium layer will be sbout the seme.

These walues are sush higher than those sstimated by
Esnner and Barshall. They assused that the rete of easrgy
loss was the s*me over the satire rangs and amounted to
shbout 1 Mev. for the urenium lapers used. With the sbove
sstimates, this should be about 3.5 Nev.

It 1s not possible %o test the scourssy of the new ast-
imates from the observed half-width of the peaks sinoe the
variety of elemsnts identified chemically from each group
indicate & considerable spread in measses. This leads to a
sorresponding spread in the energies of the single particles.
i3] Siagie pertisies fwem siow peytrons. The firet chesk made
on the results was & comparison of the curves of the siagle
fragaents from slow neutron bombardsent with those of Kanner
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and Barsball (K-1). buﬂhnm“uh--lnﬂu
d4iffereat conditions were selected. ™e result is showm in
Fig. 0.

Lt N S .

‘tg """..:‘.'-':'..m“""
r h--—----
!.i
) /
-

. -'.nt -
m—mrmauuhn
MA-t-uuihor.t-umnm-
-&muumn&mmm
ﬁb—lvﬁnﬁ..ﬁtmdmunhu.n
right sngles to the deuterocn beam. The fils was read with
the projector setup. Curve B was taken with the slectro-
mm-.mcm.muuwm
Tons from the Be-D reaction with the observation in the
@irection of the deutercn besm. The film was resd directly
with & magnifying glass. Curve C is copled from the art-
iole by Esnner and Barshall. The dotted portion of the
mhﬁmmhﬂﬁ“nﬂuﬂh“
reet non-linearity in their oseilliogreph. (of. diseussion
above on mon-limearity.)

The curves were arbitrarily satohed at 64 Mev. The



value given by Ksaner and Barshell for the higher peak is
7 Mev. The two walues from the present messurements are
P2 and 99 Mev. Quite good agresment is therefore foune.
The fact that the walley of curve B 1s not as deep s those
of the other two is explained by the 4ifference in the geo-
metry. In ourve B, the lonization chamber was placed in
front of the eyclotroam target. The neutrons emerging from
the bderylliium target in this direction have an sdded energy
Gue %o the transfer of momentum from the & Mev. deuterons.
As will be shown in the next sectlion, this inereases the
saximum snergy of the seutron by 1.8 Mev., making & total of
5.4 Mev. In ourve A, the neutrons emitted st right-angles
to the deuteron beam were used, for whiech the energy is 3.8
Mev., If symsetrical fission sets in at an energy intermed-
fate Detween these two, the incressed helight of the walley
is sccounted for. Paraffin was uwsed in doth experiments,
whioch slows down most of the neutroms, but an apprecisble
sumsber oan reach the uranium layer with their origisal en-
ergy. It is %o be noted that the talls of curve B at bdoth
the high and low energy ends extend farther than ia ou~ve A.
Highly ssymmetrical fission prodused by the faster neutrons
will also sscount for this.

The ourwve of Esnner and Barshall was taken with DD
neutrons produced by low-energy deuteron beam. The neutron
energy thus hes & maximus of 7.4 Mev. and no fest seutros
Mmuﬁw.
is). Siagle perticles--Effeect of ineressed meutron epergy.

It was stated esarliier that it had besn sxpected that higher



mmum““hl’luhmw,qm
the two pesks observed for slow neutroms. To make & direot
m-m-,mmm:uuunom: (m}
Slow neutrons to establish the two main peaks; (b) rast
mmuamw-u—nnmnmnm-
arfin, and (o) fast neutrons from Li-D with siow meutroms
filtered out with Cd + Borex.

The results of two independent series of runs are
show: in FPig.4l and Pig.42. The firet curve is the ome
of Fig.3%, normalised to the same total numder of counts
munmmx.nmc.-apmmxnum
of Mev. of energy. ﬁ-mutummmn
setting ihe low-snsrgy peak of curve A at 64 Mev. and
mmmammmummmmm.
mmmmuuw“mm
desoribed. maulmmnukr«m
between target and chember.

Fig. 42 shows three similear curves obtained with the
Sputtered urenium fils on aluminue foll, the bdask of the
foll belng masked by & thiok slumious sheet. Beocsuse of
the smaller amount of urenium, only 9" of pareffis were
“hmnﬁnummmun-m
neutrons and give larger yields.

.&M“ld'ﬁ-‘lmmdﬂiﬂ“m
projected in the line of the deuteron beam and thet of
Fig.42 was teken with neutrons emitted at right-angles to
the bean. As already discussed, this results in 4ifferent



aeutron snergies. This, together with the 4ifferences

. in the paraffia filters, sccouwnts for the vari.tions ia
belghts of the sorresponding pesks in these twe curves.

In both figures, run C was sade »1th the fast aeu-

i trons projected ia the forward direction of the deuteros

-
' layer.

It is apparent from thess two curves that some new




process must be entering as the neutron snergy inoreases.
If no new process is assumed, one should expect to find
only « brosdening and shifting of the peaks to higher
snergies because of the added snergy of the incident
neutrons. The magnitude of the expected effect of this
can be ocaloulated:

The maximum energy of the neutrons from the Li(d,n)8ox
reaction is 13.6 Mev., as observed from proton recolls
in a cloud chamber by Boaner and Brubaker (B-7). The
neutrons were observed at right-angles to the 0.85 Mev.
deuteron bdeam.

In the preseant case, the snergy of the deuteron beam
is about ® Mev. and the neutrons projected very nearly
along the line of the deuteron dbeam so their energy should
be somewhat higher. The maximum neutron energy can be
caloulatad by the following procedure:

If we consider the process to take place in two steps,
the firet one is the inelastiec ccllision of an & Mev.
deuteron with & stationary Li nucleus. Applying the
mdm-a

MgVa = (g + Mg) ¥,
“\mumummmmmnt—
inoident deuteron, My 1s the mass of the lithium nucleus
and V, is the velooity of the compound sucleus.

Putting in the masses, Mg = 2 and My « 7 and solving

W scamy



The energy of the deuteron By = BVe® « & Mev,

e Ve = (2/9) of

The second step of the reaction is the splitting of
the compound nucleus into & neutron and two alpha-particles.
The neutron will have & maxisum veloeity if the two alphe-
particles are emittod in the same direction and reverse
the path of the deutercn, the meutrom being projected ahead.

From the cbeerved maximus neutron energy B, - 15.6 Mev.,
the veloeity of the neutron ia & cemter-of-gravity system
oan de caloulated.

B, - Tt - 238 Vo= (27204 (M = 1)
The total welocity of the neutron in & stationary systes
will *hen bde

Y o- (2/9) of « (29.2)%
and the total smergy

Mo d Vg (5.00)% . 17 mev,

A similar caleulation for the Li(4,n)B resction gives
Vo= (a/2) ob; & - 5.0; v, (7000 v .00

and finally
"- 5.4 Mev,

One would expect the effects of thermal meutrons to
predominate in curves A and B, sines paraffin filters were
used, with minor effects due %o the residual fest neutrons
in A but larger effscts in B because the original mewtron
energy is higher. In surve C the fast seutrons predominate
because of the cadmium and bdorax filter.



m~m¢mm.~.~
Would expect to find an inoreased total ssergy of 17 Mev.
in ourves B and C whioh would be divided between the two
partioles. u—-mmmm-—h
nmcm,m“mumnuu
inverse retic, giving sbout 7 Mev. to the heavy particle
and 10 Mev. to the light rarticle. Siuee all intermediste
Mwmmmmmsmuo
broadening of the peaks and & shift of the maxime to
higher emergies.

%o the peaks of curves A. There are, however, sdditional
mmm-—uhm-mm In
ﬁwl,hﬂ“mmmh
m-—:—*n&.m:wm
whils new peaks appear.

Mmmmlu-nﬁt-uhd
“.“hﬂmﬂm«u”hm.
hm&#*wh&hﬁmw
al errors pius the broadening due to absorption in the
urenius itself. The change in relative heights can be
mmnmhmmw
in the two setups.

At the bottom of each of the figures is & listing of
the varicus peaks as ocaloulated from the calibration




ourve after assigning the low-emergy pesk of slow meuwtrons
45 84 Nev. Above sach snergy is given the surve for whieh
the peak exists.
nmwcm.mmuwum
ing any whioh & ot appear on both surves. If this is
dGone, the following peaks remain (energies in Mev.):

i 2 er 3 4 a“r s L
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mmmummwm
nﬁmnﬁmnuﬁm
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(a)<Posks 2 ant 4 of surves A, which are the
--uu--u—-nhummm
of U, are B30 fount 1n surves 5. In curves B and ¢ 1o
found & second grouwp of peaks (2f,4f) whieh represent &
tl.l.dﬁﬂmhﬂ..“!.m
energy. This might be due %o the ssymmetrical fission of
™ mieh 16 caloulated o have & threshold st 0.7
Nev. (B=4).




(v). Posk 3 is sssumed %o de & doublet
representing symme rical fission. The chemioal experimeants
of Yasaki (Y-2) and Segré (5-2) bave shown thet the slements
in the middle of the periodic table are produced only
when fast neutroms are used.

(o). Poaks 1 and § of curves B and C represent
4 Dew mode of highly ssymmetrioal Tission which i
produced only by fast seutroms.

(d). Poak & must represent some type of
fission which is produced oaly by fast seutrons and which
has & ssaller ercss-section sinee it 414 mot appear in
ourves B. If it represents the smission of two partisles
from ¢ Sernary Tission, there should b & sorresponding
poak for a single particle at sbout 68 Mev. This would
probably be masked by the gemeral overlapping. It is
true that the general lewel of the owrwe in that selighbor-
hood is higher in Fig.4l then ia Pig.42, while peak ¢ i»
also more promounced in Fig.4l.

Trom the law of conservation of momeatum, the product
of the mass and energy must be the same for the two
partisles in & Winary fission. This, together with the
mown total mass, makes it possible to estimate the
masses of the fragments for these various modes of fissiea.
Correlation with shemical experiments should them be
possidle.

Poaks 2 and 4 give the ratio 1.5, leading to masees
of 140 and 95. Sines this is the slow neutron peak the



chemioal evidence 1s i adundance.

Poaks BF and 4f give the same reatieo of 1.5, 1If
these are assigned to UB99 o sifterence 1a messes s
Soo small to distinguish them from the slow mewtron
elements.

Peaks 1 5 give a ratio of 2.5, leading to masees
of sbout 170 70. These masses 1is beyond the rengs
of the slements found iz slow neutron work. Howsver,
Nishine and Teasaki (N-1) found doth mercury and blemuti.
in chemisally-separsted frections from uranium bombarded
with fast Li-D seutrons. These indicate even higher
asymmetry.

Peak 3, interpreted as a doudlet representing
sysmetrical fission, gives masses of sbout 180. As
already mentioned, Yasaki has completed the series through
the niddie of the periodie systes 1 his work with fast
neutrons and has shown that these elements are not found
with slow seutrons. Segré bas confirmed his work and
extended his idestification of the isotopes.

Peak 6, assuned %o b triple flssion, will give
masses in the selighborhood of 80. Sises this overlape
with ordisary asymmetric fission, sueh elements are fousnd
but Shis does not sonstitute & preoef for its sxistence.

From the chemiocal evidenmce, therefore, there is
Gefinite proof for the symmetrical type of fission and
5o somtredietion in assuming triple fission. The highly
asymmetrical fission was found only with fast neutrons,
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confirming the evidence from the distridution ourves.
2. Comperises miihtetsl lonization frem Shin foll. The
total emergy of the peaks assumed to be soupled must
oheock with the observed snergies Iif & thin foll 1s weed
to permit all the fission frugments to emerge inte the
ionization chamber. Such weasurements were made bdut the
results are restricoted to low snergy limits only due to
en experimental error which was diseovered too late to
remedy in the limited time awailable.

The measurements were made in the usual manner, using
pulses from the artifieial pulse generstor to check the
linearity. These pulses extended jJust past the high-
snergy peak and indicated no noo-linearity. Later, the
question of the existence of smaller pesks of higher
energy was raised and the linear amplifier checked for
response to still larger pulses. It was then found thet
& sharp out-off existed at & pulse size correspondiag %o
the limit of the high-energy tail observed. Interpretation
of data on total lonization must therefore be limited by
this fact. a0

The curves of Fig.43 are lettered to correspond %o
those for the single fragments. A progressive shift
toward higher energies is seen as the neutron energy
is inoreased.
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Fig.43--Total iomization from wrenium
sputtered on this alwminum foil.

Adding the smnergies of the peaks sssumed to be
soupled ia the previous discussion, the following velues
are obtained:

Por At (2.,4) 158 %0 1
e Bl weeen Y e

Por Ot '.‘run to 18e; L'L' l. u lﬂs

Comparison of the ourves of Fig. 43 with the sbowe
saloulations indicates that the energies corresponding teo
the sentral saxims are setually found but that the spread
of spergies is less for total losisation thes would b
predicted from the single-frageent measurements. This

already sentioned sinee the stespness of the peak on the
low-energy side is not subjeet to these limitetions. It
is believed that this is good evidence for a large ab-



sorption of energy by the urenius layer itsslf. In the
oase of the single particles, an energy spread sgual to
the total stopping power of the urenium layer is to de
Sxpeoted, sinoe the fragesat may originate ia any part
of the layer. In the case of total lonisation, If the
stopping power is assumed to be approximately the same
for the different fragments, the total thiokmess of
material treversed by the two pertisles is scastent--
except for those whioh smerge st obligue angles.

Regarding tripls fission peax (6.48), sot sueh osn
be sald from the total lonization ourve dus to the sut-
off of the amplifier. The fast neutron surve does still
show & high-snergy tail whish is required only by the
triple fission. This 10 not found in the other twe surves,
in agresmsnt with the absencs of triple fission in the
single~partiscle ourves A sad B.

The minor peak in curve C at sbout 145 Mev. is not
yot wderstood. Comparisos with the C curves of Pig.4l
and Fig. 44 shows theat similar small peaks coour at sbowt
the same energy, indicating that this shoald be dws %o
single particlies. However, no sush peak is found in Pig.42.
There were two off-secale pulses found in this run whish
are pot recorded. This nusber iz Soc small S0 be of
significance. The matter requires further inwestigatiom.

Presont's caloulations ou the heat of reaction of
triple fission (P-3) indicate sbout 20 Mev. more energy
than for bimary fission. The walue sssigned here, 190 %o

S —
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fast neutron is taken inte sccount.

18). Svesping power messuressnts. A series of rus wes
made with & setup whioh Cupliceted as nearly as possidle
Mﬂ']‘.‘l"dﬂlﬁmmhﬁihmu
uuumnhu-num-u-mrwnm
hllmﬁ.u—h-hnwmth“l-
layer were recorded. T™he results are shown in Fig.44.
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por voltage unit) are shows et the bottom of the figure.
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power of alumisum to air 1s the seme as for alphe-particles.
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® Dus to an error, Pig.4l is referred to in the drewing.



As an spproximetion, assume the sross-ssotiom for
the different fragments, ss ocaloulated by Enipp end
Teller, 1s sbout the seme: 2.8 x 0% Mev..on®. e
sase of the slumisus is .17 mg/en®, giviag 5.8 x 1038
etons/ea’. The reletive stopping powsr of alumisus for
alpha particles is sbout 1.4. Multipliestion of these
fectors yislds an energy loss of 15 Mev.

Addition of 15 Mev. %o the observed pesk snergies
yislds walues which agres resarikably well with thoss of
Tig. 42, Por comparison, the waluss from Fig. 42 are
given in the bottom lime of Fig. 4.

Some diserepancy is %o be sxpected since the assumpt-
fon of & constant eross-sectign for the 4ifferent frageeats
is not strietly correct, the ervss-section beling smaller
for the lighter fragments. However the deata does not
Justify & more refined trestment. The agresment for the
slow new! .ons is almost swset for Both peaks, indloeating
that the 4ifference in eross-section is not large for
these two particles.

It should be pointed out here that the energy assign-
sents for the total lemization in Pig.4<3 were made Wy
setting the slow meutron peak at 160 Mev. and using the
ealibreation curve to determine the other peaks. Sines the
sorrection for the stopping~power of the aluminum foil 1is
the seme for the three curves, it need not be applied.

Eanner and Barshall made similar measurements on
both fragments with slow neutrome but determined the



absolute value of the pesk from the ealibreation woltage
directly, obtaining 151 Mev. They estimate the energy

loss in the sluminum foll to be & NMev. The sorrected

value 1s thus 150 Mev. This is £ Mev. less then their

seasured sum of the individual peaks. The foll used wes
of nearly th» same thiockness as the one in the present

experiment s¢ should heve 15 Mev. stopping power, scocord-
ing to the cross-section celeuistion. This would lead teo
an energy 5 Mev, too grest. All of these d4ifTerences

border on the limit of the sxperimsutal errer so oas not
4o more thar indiceate thet the assumed cross-section s
probably an upper limit.

12). Srisieisn of resuits. In the interpretetion of the
effect of neutrom energy on the mode of rsslen, every

effort was made to refrain from relying on dats whieh

414 not ceour iz every set of bomburdments. Due to the
over-lapping of the peaks, small irregularities are not
to be trusted unless reproducible.

This overlapping i1# due to the bdrosdness of the peaks
whioh results from three effects: neturel dreadth, straggl-
ing and stetisticel fluctustions. The matursl breadth
is sccounted for By the spread iz the masses observed
for sech mode of fission in the chemiecal expe-iments.
The straggling 1s Sue to sbeorption in the wanlum Itselr
and in the supporting foil and could be minimized by
decreasing these thicknesses. The stetisticel fluctuet.
fone iz any one run are gquite large and scoount for 41rf.

136



erences in resolution amd peak-height in the different
figures. The probebility thet sush fluctustions would
uw-um-n—u,m.m
small.

hmmﬁmmm«ﬁm
Snergy was determined by assuming the smaller slow neutron
peek corresponded to 64 Mev. and caloulsting the emergies
dhmmmmmummmm
curve. This was assumed to be the most scourete method
mmmmhmmmu-m
ing to the maximum energy of the alphe particles. Runs
always included a set of alpha-particle trecks to imsure
that the Jelative enirzies were of the right order. The
Md&-t&oummmw
pulses could give results 4iffe:ing by more than 108,
M.m&uﬁmdmm
ourve, S0 the use of the esteblished 64 Mev. peak ylelded
more acourate results.

When argon was used in the chamber, s decrease in
pulse size was observed If two similar runs were made
several deays apart, ome run being teken immediately after
the chamber was Tllled and the other after 1t had been
ssaled for two or three days. This was observed in spite
of vvery precaution te avold lesks. It is thought to be
due to the gradual relsese of foreign gases from the walls
of the chamber. While the sotusl amount of foreign gas



Effective cutgassing of the chamber was not feasible
-um-umm.mumm
uammummuw.m
Wade by repeating the firt run of & bembardment after o
mmummmuu-m-mu
mumu-mmuu. The decresse after
24 bours smownts to only 108,

nu%mwhummm
and reading of the films is very slight. The occasistent
mnhmmmmmu
uu.cwwmmmm
mm,ammmwnm
date camnot ex this. Subjective errors were checked by
wunmmmm.

hmdﬁﬂammﬂ
“ncmamnmua-uu
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to decrease the straggling. Such experiments are to be

S—



carried out.
i8). Swmmery of results frem fission siperiments.

(a). The observed slow neutron pesks agree withis
the experimsntal srror with those observed by Eanoer and
Barshall.

[»). When fast Li-D seutrons are used, new peaks are
observed at snergies which cammot be explained in terms of
the added kinetic snergy of the neutron.

(o). The new peaks oan be scoounted for by the sssumpt-
ion of three new modes of fission: bisary ssymssetrisal
similar to that of slow neutroms; highly asymmetrioal
binary, and symmetrical ternary.

(d). T™he sssumption of symmetrical bisary fission is
confirmed by the chemical analyses of Tasaki. This mode
of fission was also found to ccour only with fast seutrons
in his investigations. Symmetrical bimary fissioa is to
be expected with fast neutrons from the theoretical
- gsaleulations of Bohr and Wheeler and of Present and Enipp.

(e). The highly asymmetrical fission, ccouring
only with fast neutrons, is also found by Nishine who
identified Hg and Bi among fission fragments from Li-D
neutror bombardment.

(f). Ternary fission produces slements in the same
renge as ordinary bimary fission so the chemical evidence
is not conclusive. The theoretical ealoulations by
Present give & heat of reaction which agrees with that
observed.



(g). The stopping-power for fission fragments sel-
culeted by Knipp and Teller gives values which agree
with the observed loss of epergy - fission fragments
treversing aluminus foil.

These results must be taken as provisional and subject
%o further experisental check. In sddition %o this, &
mmcmmmnuwm
ion of the new peaks which will require further work. It
is hoped that the following questions can de lavestigated:

(a). Determination of the relative cross-sections for
the wvarious processes by more socurete experiments and
measurements of the relsative sbundence of slow and fast
neutroms incident on the urenium.

M-W-dﬁ“dm
power with residual renge of the flission fragmests.

(e). Corresponding messurements wits thorium to
determine If similar new modes of fission san be indused.
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