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le JLHTRODUCTIUN

bue t0 the low megnetio moment of the aneutron snd its laek
of electrical charge, determihatisn 0f neutron ensergies by the
com:zon neguetie or electrogtatic deflection metiods is impos-
sible. Conseguently considercble work hus been done in the de-
velopaent of timing devihes edapted to the measurement of the
tine of flight of neutrons over s measured distaence, from wiieh
the neutron veloeity and energy c¢san be deterniued.

buaning, iJegram, Fink, #ltchell and degre (1) have reporte
ed a mechanlenl veloelty selecotor using rotating disces with
cadmium gectors. This apparatus is limited in resolution by
the speeds of rotation which sre mttminable.

411 other investigations have used apperatus of en elec-
trical nature to produce bursts of neutrous by peraitting a
beem of high energy perticles to fall briefly on & suitable
target. The resulting faust neutrons ure slowed Ly some hydroge
enous materiaels 4 detector pleced as fer from the source as.}.
intensity or other limitations will allow is in some way aade
t0 record only those neutrons arriving at some chosen time after
rroduction of the neutron burst. |

Alverez (2) used 60 or 120 oycle modulation of the oseile
lator voltagze of & oyclotron %o produce neutron bursts, end a
coincidence circuit t0 determine the time of ocounting. The
elapsed time between burst and counting was determined by &
Phase chenging devioce.

Baker and Bacher (3) modulated the ion scurce of the eyolo-

tron, producing a better defined neutron burst, snd recorded
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the delayed neutrons by modulsting the pulse wmapiifier in such
& weay ws to confline its output t0 the desired tiane interval.

fertel, Uibbs, dooun, Thomwon aud wyun=wiliisns (4) used
aodulstion of the ion source of a Coekoroft-walton type Line
ear goceleretor., The neutron pulses were recorded by photo=
grarhing the sereen of s, ccthode ray oseilloscope with o line
eur sweep upon which the neutron pulses were registered. The
method of sulse registration on the sercea was sueh s t0 pre-
vent sny ver, sasocurate determination of the time of arrivsl of
asutrong at the deltector.

Haworth, daenley and Luebke (5) used electrostatic defleo=
tion of the deuteron beem of a Cockoroft-walton linecar accelerw
ator. They elso recorded neutron pulses by photographing an
oseilloscope sereen upon which the vulses were impressed. Howe )
ever, the detalls of registration were greatly improved per-
mitting muoh greater aocuraey in the determinstion of time of
flight. 48 is pointed out by Haworth, dualey emd Luebke (5),
theilr spperatus "possesses both adventages and disedvaitages
compared to those of other investigators. 1t is more precise
thon nost in the matter of tine delmys, all 0of which are small
and easily eorrected for. The aotuwnl recordi.g is superior
to thet of Fertel, Gibdbs, soon, Thomson end wynu-willisns (4)
to judge by their published oseillograms. The pulses sre muoch
sharper; the length of trace per cyole is much grester; sad the
Presence of the time soale (on the trece) eliminates the neces~
glty of memsurements on the film., OCompared t0 the direct counte

ing method of alvarez (&) and Baker and Bacher (3) is has the



alventuage of obitelning the entire distribution record at onve,
thug reducliy the tiae 0f using the spravobus wid sim.lifying
thie problen of aonltoring. The chief disedveutage is thab cone
slderoble tine is reyulred t0 oount tlie puises recorded ou the
photogrephic Lilm. ¥

Oue of the two objects of the work resorted ia tiis taesis
huas been the development ¢f apparsatus for wewsurisg tie tiwe
of Liight of neutrons whioch retaing ell the adventuges ilgted
by deworth, danley and Luebke (5), at the saue time substitute
ing dlreet countiag for the photographic nethod of regording.

The second object was the appliéation of the mppwraitas to
the deteralastion of the slow neutron cupture ¢ross seetiou of
asnganese asg a Puaction of neutron veloclity. & probable res-
onance in the region below V.4 8.v. has becn reyorted by Lore
vath and selant (6}, @ad it seemed worth woile to looste tais
resonance more definitely, especlaully since saugumiese has been
found useful in work on the sspture of slow neutrous as a sub-
standerd, referred to the comson standerd boron. (kasetii (7),

U'§eal und Goldheber (8))



ik, DESCRLIZTIUN OF CIRCULTS

The elestricsl eircuits are shown scheacticaliy in the
bloek disgram of Fige L, and in deteil in Pigs. 2-18.

4 master osellictor feeds 1nto & ten stage Sculer wiiloh
then srovides various sub-frejuencies which are used to coutrol
the other cireults. 4 fairly low frequency called the "oyoie
frequeney,” provides s "master pulse” which triggers the "bean
pulse’ cirouit whieh allows the deuteron beam of the ilinewr
gecelercior to fall upon the targct.

e fast aeutrons produced are siloved by puwalfin surrvunde
ing the turget and are detected after iraversing e sultebls
distance by o 4Fy lonizetion chamber feeding into a four stuge
lineer anplifier and & diseriminetor. She discriainator output
feeds 1nto & puise shappener whiech feeds iuto the anulyzer.

The anulyszer sorts the pulses accordiug to the tine elupsed
gince the burst of fust neutrons was produced, and registers
then upon one of ten Ceneo impuise counters. Rach counter is
sensitive onee during a cycle for a length of time deteruwlaed
by = higher frequency taken from the frequency scaler, called
the "time sozle"” frequency. The counters are sensitive one
after the other in a fixed sejuence. However, tile senslitive
time of the entire group of counters mnay be eithsr sdvunced or
retarded with respect %o the neutron burst by proper use of the
delay circult.

The verious circuits asre described in more detail below,.

FREQUENCY SOURCE

In obtaining verious portions of the neceasury dsta it was
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found desireble to use o nusber of differcnt ¢ cle frequencies
ead & nuanber 0f diflereat tiue secudle freojuenc.es, all of which
had %0 be known rather seeurately. Ihe nethod .reviously used
in this leborsbory wes ¢o construet osellisto rs, one for each
0f %he desired Zreguenciess :hile methodé preveated corteln dise
séventoges, nsaely, that eaeh hod t0 be wdjusted with great
egre, aud thal there woas no very euasy @heck wiich could be asde
durlap the eourse of an exporiment 0 verlfy the coustausy of
the ogeillctors. in the preseat work these difficulties wre
avolded su followa.

& 10U kiioeyole erystal osoiilutor L..i.,_,. &) is useu o
gontrol the frejueney of ma eleotron coupled caeilletor (JFige. &)
whieh is sdjustsble to elther of tvwo frequcacies, 10U zilooyoles
or 66 B/& xilocyeles. The ocutyut of this 0sc.lliator is shulpe
ened {Fis. 4) =nd fed into s ten stage sifshutsewtiison (¥) soale
ing cireuld (fige BJ. 'The vearicus plates of the sosling cir-
culd then provide duenty different frejuescies, all rigldly
goatrolict by the erystal oseillsators The ciystal Lrejuency
ngy be checked at aay tine by beating its out.ul apulast the
carricr <ave 0f B rediv station broudousting at o Lreguency

of 1300 zilosyeles.

BEUTRUE SUURGE
The 1lilinois lineer accelerstor, which hus been descrived
by .isnley, Haoworth and iluebke (10), is irovided with electro=
statio defleoating plates by mesns of whioh the beam of deuter-
ons may be prevented from reaching the target 0f heavy uater
ioe, aith the bess permanently deflected only a very sasll



neutron iatensity is observed. ihe dofsecitiug volitage (aboub
200 volds) is theu sbruptly reacved and reapplied tu provide

8 syuare burst of fast ueubtrosns. The evatrel circult is the
“bea: pulse! eilreudt (Fig. o) which i zeyed by o mester pulse
of the dezired freguency taken fLrom the frequeucy sculer. fhe
bews pudse eireult s the regenecrative trigger eirecult mealion-
ed by is.orth, Jenley cad suchkirs (8) in a Pootaote. ike volte
gge swWwing on the defileetiug plutes tuies plaee 50 very regidly
that the bew: 0f deuterons falis upon the terget with & celay
af nut nore than § aiero~seconds. 4n exact Xoaowledye of Sthis
deley ig ot lagorbent, & o asteimlistion of tie ovepr sli de-
L8y el duee snd s Jdiscussed later. The lenoth o7 the square
neutron burst iz continucsusdy veariable froa o aicro~scovaus
to LOuU amigro-gecondg.

Slow aeutvone are oviasineu by surrousding the turget with
parafyin.  The burst of clow asutroas cscwupisg from the yavale
fin bloek is Lot squere, but asy Ve ajproxiunately regprescuted
by en expounentiad growih sud detwy of lntensity. .ore wiil be

seid on this soint in & luter scetion.

a

BETECTUR
The detector ias s puarallel plete ionlzatioan chwiber filled
with 3Fg at atnospherice pressure. It consists of three plates
13 ea. in dismeter with o separsiion ¢f 2 ez. betueen sistes.
The 4o outer plates are abt & positive potsatial. The csuter
Plute coupled to the initial stege of a four stage linenr amp-

lifisr receives s positive pulse due to the lonizsation produced
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by the disintegration of boron vesulting froam the capture of a
slow neutron by boron, the resction beiag Blo€n.<1)1¢7, The
chember presents e sensitive volune of spproxiamately 110U cc.
and cetects about 6% of the incident neutrons.

The eorrect potentiel to wpply tuo the two ocuber plutes Ho
Gotuin the best couatiug rate wes found to vary widely froa
vWieelr to weeks The reason for this verietion is aot catirely
clczr but is provably due to & slow leak ia the chzaber which
pernlts the grsdusl infiltration of air and water vapore Volte
ages from 300 to 2000 were used at verious times. This chungs

in voliltage hod no spparent effeet upon the dotector efficiocney.

FULSE SHAHPENER

The neutron pulses going into the anslyger should be us
shayp as possible in order 1o minimize double counting, that is,
counting the geme pulse in two intervals, and they alse snould
be of uniforn height, since they sare expected to fire any one
of ten thyratrons, whieh nay or may not have an ejqual range of
Piring volteages. If the pulses are of uniform helght & long
count of purely rendom impulses should show upy any veriction
in the sensitivity of the thyratrouns, and asdjusitments cen be
mzde until sll are alike.

& oireult deseribed by Huntoon (11l), which gives an oute
put pulse thet is of uniform height and shsrpness, iudependent
of the input pulse, was used first, but it was found that the
vutput pulse wes sbout 40 micro-seconds long.

in ettempt was naode to improve on this by using a two tube

trigger cirouit involving & 6F8G double triode. Yne of the



tubes hes 1is grid at grownd and the vther is bissed below out
offe & nedgublve pudse of sy sige or leangth causey u comslete
reversel of the roles 0f the two tubes: Qe ia 8 tiue Gepenw
dent upon the tinme constants of the two grid elveults the Luves
return $0 thelr orliginal ststes. woines the action of the aly-
cult is all or unone the glutes of the tricdes give sguere volte
age woves of constunt helght and length.

The tine constants were reduced as much as possible in
order to shorten the oubput suise. 1t was found that redustion
0f Hhe pulse length below 20 mioro-geccuds resulted in wn Lo-
giuallty in height of the pulses. The electriie Gupacituices
¢f the tubes were so large thoeit the plate swing could not remch
Zull vaiue bDefore recovery of the grids sterted ihe retura
Sl

The wrraagenent fiaslly used (Fig. 9) was still a two tube
trigeer clroeult, using 6407 pentodes for the trigger tubes.
sines the neutron pulses are fed into ten grids, encugh pouar
might be dravn from the trigger civeult to disturb Lis operae
tiorte The second of ths trigger tubes was connected in such @
way as to ninimige this effect by usiag the omthode, control
erld and sareen grid as s triode in the trigger oircuid, sad
taking the output signal from the plate. 48 & further precauw
tion a buffer tube was introdusced to follow the behavior of the
trigger tube and provide the power demanded by the counting
sireuits., Hith the circult constants shown in Fig., 9 the oute
put pulse is very uniform in height and length for e very wide
variety of input pulses, %The totasl length of the pulse fron



the beglaandsng of the awing o the end of the redturn is 3 micro-

seeondz.

ANALYZER

The operution of the asulyzer, shown in Fige L&, is based
on ten Lifshutz~lawson (9) scales of two whieh have been silighte
iy alicercd Pop this Qarticuler use, The bius is seb low enough
$o provide two steble states for emoh peir of tubes, but the
ingut sulues 0 the two grids of euch stage sve not identieal.
One grid of each psir rooeives the time scale pulse. The other
grid recelvss & signal féam e plute of the preceeding sitase.
The operetion is then ag follows.

The tine secale julge regicters on grid & of stage 1 making
thiz tube non-cunducting, whatever its previous state. 48 long
&3 stege 1L is in this condltion subsequent time scedie yulses
proauce no effect. Then ot some time which ieg asdjusteble with
respegt to the onset of the beam on the target, an ianitiating
puise srrives at grld 3 of stage 1, causiang tube 5 to become
non-condacting and tube & t0 become conducting. Upon the arriv-
al of the next time scale pulse the two tubes agein reverse
roles. 4 pulse from plote 4 i3 fed %0 & trlode which iz biassed
well past cut off. 4 signal from the plate of this tube goes
to grid B of stage 2 which then goes through the same oyoie,
end the trigping effect goeg on down the set of ten ztages.

During the time when tube b ié non-conducting its plate is
at o high positive level. Ine square weve from this plate is
fed to the grid of snother triode also bdiused below eut off
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whlch serves 40 nake the squere wWave sven nore g unrc. JThe
aesniive e Uavd ol the sicte of dhis driode is fed W oue
wid o0 o godlncldanes ztoge.  Jdeubron yuloeg ¢onmlag froa the
capenry are Yoo B0 the othor owrla ol the evdaclavace
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LU odm oobvioun from the aebove thot the sueaciilve tiae of

the Cvuntors ¢un Do adjusted 1o leagth simply by chun i the

frejuensy of the tlos sesle. «ith the cireult coustonty used
gengitive tlames runglog foom aahmicro~seeonds {0 480 aiceyro-
soeoads vere found to vwork satisfuctorilys. rFor times louger
then 430 micro~geeonds it would have becu ungtoncury O woe &
1Gazer time constzat oa the colneidence tubes.e Thuis was tried
ot with these Longer tine congtants it wes fouwnd 0 bo lagose
sible 10 ogeraste b very short seusitive Hiacge

1f the mnalyzer is 0 be used to Uctermiue & velooity dige
trioution curve it is izcoritent that the variouws sbuges be sele
sitive duriag cxuetly eguel interv:ls of tiasce This equality
Way checxed by cousting seversl hundred thousund redom pulses
from o rediumeberyllium source end it was found that 1o correce
$icn wao neepesyury for interf€al length except for the first ine
tervel, The first intervel is started by the initisting pulse
which is provided by a tinme delsy circult (Fig. 10) trigsered
by the szue pulse that puts the beem on the terget. The delay

is econtinuously sdjustable from sbout 10 mioro-seconds to per-
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goures of orrow & dussy shage (Flg. Li) was poovided. +% is
ldenticad wiih the cther toen stegss extevt theb Lt Opuroics uo
cuowitePe LY Ao iuserdted between the master puwse wid ths firat
stage, beiuwy turned on by the wusise suscse wnd off by the next

tine sesle pulse, thus sterting sboge 1L cxsotly oa a tine scale

Jairses Lo woest csses Lb was

He

vt desired o sbued cvunbiag wi-
t1idl scame tlas sficor the wean fell upon the tarset sv Snabt the
delay @on duut, cowdd e ussde  LOWeVel, ik woae ofF the swrlier
ascsurenents of pourge-ftluas digbribuation, Gow: tin: Wes starbed
ab the saue blme zw the beaa, slap.) oy eliscusdiag the uelay

L0 thlg case b was found thet the firet daiovrved

sitive ahout 7 aloro-seoouds luote.e Ihis roteardaibevi
o due Sy the fzet thoat the pudlse used 0 steart ohe JLTub

e viug act of sufficient slhasvpaess. In azu, wite tasen with
tais seresngenent correct:on for the reterdoetlion wus nude in
plottlia, Tho grayhe.

In order to eliminate thig error cntirely the dummy, bud
not the delzy, was le 't in in later ruuns of source-tine distrie
bution, and the magter pulse weas taiten from the delay cirouit,

nug deleying the bean yulse for & sultable tinc.

The wvarious bean pulse and counter relationships that were
uged :re represented in Fig. 1. The rectangle sbove the base
line represents the time during which the bemn ls on the tverget,

and the numbers below the liue indloate the sensitive time of
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guch counter.

The deley elroudt 1o trigsercd by & negutive utse frou
the frequency sealer. Jhe frejuensy sesier also puts out «
positive pulse wihlch is mpiified sad inverted by the Livsb
tube of the delyy cireulte The resultiug unogetive palus is
lerge eavuch to telyp the dumay aad start the countiug cyocie ot
the wrong tiae. 10 eliminete this wndesired ulse a delay fole
lover (Yige 11} was iuserted. “he delsy Pollower hus 4o stuble
states, being tripped one wgy when the delny beagias wad buek ut
the eud of the delay. Then the seoond negative pulse coning
throuch the delny finds the delyy fullover slready tripsed mmd
ac it hes no effect. This use uf the delsy foliower iaposes a
restriction on the length of the delay, nwcly, thet 1t oan be
no aore thas one-hglf the time of s oeomplete cycle. il the ae=
lay is cot over by the tine the uadesired pulse arvives the Gow
lgy follover will respond to this jpulse and the souwitiug cyole
wlll begine.

imother gource of diffieculty lies In the faot that, even
after sharpening, the neutron pulses were about 8 microe-seconds
longe The time required for one stege 0 o off sad the anext
to 20 on iz auch less than 8 aloroeseconds 30 thaet 4t i8 jos~
s8ible for s single pulse ooming Just sbout at the end of oune
interval %o register in thet interval end sluo in the next one.
Thig would have to be tuken into acoount la any measuresents of
an absolute nature, but since this work concernsg oaly relative
nunbers, no correction was asde for pulse length.

Juring operation the behavior of the eirsults was shecked



frequentiy oy oseliloseuple oboervebtiin. aererioeble staiility

was observed, only o few runs out of seversd awudred beliuy ree

jectew booause of ecircult broubie.

CUINITIHG THLLYS

Thers s:;fé muny gheps between the frisgering of the vewma
pulse snd the registry of & neutron on o counter in wuich oue
might peasonably exvect s delny of » fev nicrossedonis. Lhege
deliy s eowdl be messured ladividunily with felr accuwrsey Hy
Peecios in & reguler piulse to o glven staie snd i‘:G;ﬂQi&i@g the
outualb of 4hat stesce with 340 input on the oscilioscope. Jhis
method preccnts the obleetionz thot the errers of dete.udavtion
pight wdd uz 9 quite & lurge vaeue, the pulses fed lu wousd
not Lo exactiy the zaue ag thoge occasioned by cuptide ol w
neabron, a8 1t would not be sossivle to wessurs the collection
time of long i the ¥y chember. Therclore, ithe over il deigy

seured With setuel neutron pulses by o method used by

e detector wus surrounded by cadnilua to exelude zlow
neutrong seatierad back fron the wells prd was sluced as close
as possible to the source \the target) from which eli paraffin
had boew vedved. The cowmntiug interval wee set at 40 migroe
geconds, the cyecle period at 640 micro-~seeconds, ud the vem
putge wog aede 160 mieyo-seconds longs The bean ysulse waos ae-
layed with respeet to the initlating pulse so that the bean
wWuz on the turget during the time ocounters &, 6, 7 and ¢ were

sensitive. This srrangement is reprezented by Fig. loue
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after the date hed bess corroeted Loz oo rouad tie -

vere added uy in conscoeublve grougs of four.  iLgse

siotied in Fige 4. The nuwmber 1 beolow the bose line
represents the suanstion of intervels £, o, 4 and b i S0 On.
1P the fest neudbron burat is siuure and if Hhere wers uav ¢ile

euit deloys, Flg. 14 should be an isoscelen friascle with Lbs
vertex szt 4. 12 the neutrun burst ls syuere, bvub cirguit ce-
luys exist, the figure will be siiifted by & time equsl v the

Ge Ld zhows thig $0 be the cuge. Jdeastrenants of

L s
dalays. &

i
tre snlft foken st the vertez and st the two intercepts with

:

the rencdlning beckground glve o oavirsge of 88 alero-

geconds for the delay.
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Sue geonetry of the experiuenit io drava 0 Looie i £l
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Lt i g s porticn of Yhe wetn Wao obhoincd Wisd o TOG Uillle

F lé.&., Lz which the cistsuce truversed o, the
4S5 ema :ﬂ;bc; POO OWEPE M&alds L0 TUGUSE o G0 le

of asutrouns by usl g the vorax fildled i@ Gogesiwa
showi.  The Lonlzutlion chanver was prliiati, suare

ek ond cadmlen W reduce the nwiuer of nentrons

detector from the wolls 02 the TOOM.  wUPIU.LLuwdoag

wWihitn worax oad easdnlusn on =ll sides except st seen
Ry the dedectur wus aluo tried and was found 10 Produce oo wyw
sreciusle reductlon of backgrouwd,

4 menganesc absorbor vwos constructed by Liilliang wlbth pove
dereld mumgenese 8 box construcied of o adwilauwn sheets LABLY
thick sepurated vt the edgos by brusg barse The briBy waos Oube
gine the bean 80 that the sboorztion of the box could be asge
lected, tie absorpition cross sestion of alwuisum beiug very
snalls, The urea of the meonganese is Li60 39. ome. and ibs
selant 15 2090 gme giving sn absorber thickuess of 645 x 1l0%&
atons per S¢. Cae

The detector resgonse wa=s detsrisined for esch interval
With no sbzorber in the besm wnd then with the absorber in place,
Let these two responses be denoted by i and 4 respectively.

Then /4 ejusls /T and the logsritha of this gumntity is the
eross scetion of mangsncee for nesutronsg of the energles detected

in the interval,
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GAuln L berm lotenslity.e Lite seventh grow) 1s indegesudeaws of
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dowr Latensiiy it 80 wasg ,btoken onky two or three times o G/ e

BE&A FULSD CGUELEU L I UH

w? ufr By Gy ©
aq Jit dy Dy ©, ¢y €
Al P 8, i, ©
a® ) Un Ay Dy Gy U, e
Bt ‘%fon,&&.cm&ﬁum cof g, @
¥ Boroa zad wvataluws (7)) by e @
haerorownd  idnesr accelerator shut off ecompletely e

Fhe detector wili give pulses due to the £ive sourscs ligte
et below. The letters gives sbove under “Gomposition' refer to
these groups indicatling those whleh are oresest in the rua. Yhe
poron anc sadnium sbsorber used was of suffleient thickuness 1o
sto. srueticelly all neutrous of emercies to widch the dcteotor
wouid respond.

a. deutrons which ave produced at the target during the Yoewm
rulge oa"™ time and procede down the borax tubes to ithe debeow
tor.

b. doutrons produced at the target duriag the "bess pulse on®
time, but which resnch the detector by truvelliug outside
the tubes, mositly belng soattered back Brom the walls of
the room.

6. Neutrons produced by the stray beam (an undeflectsble por-

tion of the bemm whioh strikes the target even duricg the
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terget as Lolustrated Lu Filge
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Wousld be eonstant 12 the bDean

This ratio ie evelusted by asscsiug dhot varioe

dey
r counte for the cntire dsy 10 deter=
resnonse whould eomsist ounly of grouy “a' neu-
only of this group that one Ymows both the
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i¥. RESULTS

The results of the experiment are shown in Fig. 17 in
which the total cross seotlon of masuganeuse is plotted aguinat
the reciprocal of the velooity of the absorbed neutrons. Ihe
results of t.o experiments sare shown.

he dots were obteined with the oceater of the detector
at g distance of 129 om. from the effective source of neutrons.
the cycle perivd was 2560 micro-seconds and the time sosle ine
tervel wes 160 micro-seconds. The length of the bean pulse
also wes 160 micro-seconds, and counting wus sterded at the
end of the beam pulse as is represented scheﬁaticallg in Sdg.
15¢, The neutron source (7ig. 16B) wes made up of three soft
gluss dewar flssks containing paraffin blocks surrounded by
aloohol and dry ice, the purpose being the provision of great-
er numbers of neutrons in the low velocoity end of the spectrum.
The effective source of neutrons was assuned to be looated at
the dotted line. The absorbers vere blaced at the pomition
X~ X

The horizontal bar poilnts were obtuzined with the same
oyele, time sonle and beem pulse times, but the source-deteotor
distance was 248.5 oem., end the souroe of slow neutrous was a
paraffin block et room tempersture (Fig. 164}, The effective
source wes assumed t0 be & plane 0.3 om. inside the peraffin
block.

In the experiment performed at a distsnce of 248.5 cn.
there was en spyrecliaeble hang over of slow neutrons from one

eycle into the first three intervals of the next cycle. The
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Fted in Mle. 17 hove been corracted for this effect.
Otber correotions nust be mnde for the Fiilte tine duriag
whiek nentrons lesve the soures, clrsiult delsys, ond dhe seonte

Ao oeran geetion of Maocnenés

g e gy P X S ey . N S e U W ey & e e T i et
zoert of Floa. AV kag beon tekan ax the dime =% whish

Luine 0en 0n. 6 to the clrewdt dolsys diseussod
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CoEanTiie
8RR LI LA A .

VA4

o - Wiy e TE L e e e B B4 . 1 ] - 1 . I N
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sercept of Z.8 x 07" Gge om. ot BE nlero-segonds. This vile

shheriosg erogs seetlon of Liogie
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probally o itile smeliler then the ftrus value
sinee the bewn felling w.on the absorber ig .0t perfectly cole
linmuted wna nentrong are sesttered into wus well =g osud of the
Lo

4 eheck on this value hes Lecn obtuined in the following
Yige GOltman md (oldhaber (1i) have unessured the sbmorstion
sroszy seetlon of mengwuese n ferne of the sbsorpliion croge
section of horon. ssgwalng the boron crogs sectivu o be 600
they obtein o velue of 10,7 2 8.2 for manganese.

Wietle (1€) has nessuved the cross gection of boron us a
funetion of neutvon veloeity. His curve shows s fTudrly lurge
end uwiexpleined intercept st zero time., This iuntercest has
beon evelunted as 70 x 10~&¢ SQe Chie

Then 1if the respective intercepts are subtrsacted from
Luebke's dats and from that of the author the ratic of the gb=

sorption cross sectiong tuken at correspondding points on the
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tue curver shiould be thet obteined by Woltuen wulG wlaheber.

1]

The poilnt sgboeled o wao chidssn bedruue 1% Llies ds the awud ao-

1

surese pOrilon of Losh curves, snd & C65L0 OF Uevads Wuno Obe

pras

takuode Wigd 0f volbtnun and wildheber is se.Ui7%8. She syrae~
aent secns dte sutasfadtory, esyetlieiiy in view 0f Hie wae
gertoeindy i e cholee af;iﬁtaxeeyt for wuebss¥y curve. 4t
Aaisht by oput ed oongy velue Irom zeYo 1o Tu. AT 8 3P0 LaU6Te
sext i ssuused the rutlo becounes J.01l08, the agresaent giiid

e i L8 Joud &3 the errors In the veriocus exyeviaents wouwld

scroer L 44) has studied in soue deteid s Verioution of
neulteon iatessity st the source as & fwietion 0f wWae zud of
aguiron suevsy zud iio effcot upon the observel pOlnty asliay
the wrrensenend 0f Flge LGbe She dotbted curve ot the vri,in of
Fige 4Tv Peyresents hig source-tize dlstributivon wversged sver
di soeroiess ihia curve hus bveen displsccd LU mioro-scconds
begcuse of eiveult delays.

The stragsdlag of neutrons from the terget for svae tiae
aefter the besr pulse goes 07 resulds in the reccptiou in wuy
very onell tise intervel of neutrosas of higher veloclty tinwm
wou-d be expected i that intervel i toere uwere nd %isme syread
iﬁvemigaian,ef neutrous from the sowrce, but ell were saltted
at zerv tisg. Thus the interval shows &n sbsorpiion Cross 560w
tion eorresponding %o en aversge veloclity whieh is higher thea
thet used to plot Flze 7.

Berger has csloulated the maguibude of this effcot and
his results =re eabodied in Fig, 18« In this flgure both



thie deloyd and seattoring huve poen baken 1unto uoeount, @20

thet e ulot is one of absorition eros: seotion agsiust bize
of Dilinty or V. The energy scole pelow fhe line reorcoeats
the energy of the slowest nedtroas wnleh wounld be deteched in

govery aoprrow dotector intervel. fhe ecergy sesle sbove the

lins chovn tie sverage neutron eneryy 88 cailculatud Ly Scr2eT.
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FIG. I17- TOTAL CROSS SECTION OF MANGANESE
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