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I. l^TKÛDUCTUK

Due to the low magnetic moment of the neutron end. Its lack 
of electrical charge8 d.©termination of neutron energies by the 

com ion magnetic or electrostatic deflection methods is impos­

sible. Consequently considerable work has been done in the de­

velopment of timing devices adapted to the measurement of the 
time of flight of neutrons over a measured distance, from which 
the neutron velocity and energy can be determined.

Bunning, legram, Fink, Mitchell and begre (1) have report­
ed a mechanical velocity selector using rotating discs with 

cadmium sectors. This apparatus is limited in resolution by 

the speeds of rotation which are attainable.

All other investigations have used apparatus of en elec­
trical nature to produce bursts of neutrons by permitting a 
beam of high energy particles to fall briefly on a suitable 

target. The resulting fast neutrons are slowed by some hydrog­

enous material. A detector placed as far from the source as 
intensity or other limitations will allow is in some way made 

to record only those neutrons arriving at some chosen time after 

production of the neutron burst.

Alvarez (2) used 60 or 120 cycle modulation of the oscil­
lator voltage of a cyclotron to produce neutron bursts, and a 

coincidence circuit to determine the time of counting. The 
elapsed time between burst and counting was determined by a 

phase changing device.

Baker and Bacher (3) modulated the ion source of the cyclo­
tron, producing a better defined neutron burst, and recorded 



the delayed neutrons by modulating the pulse amplifier in such 
a way as to confine its output to the desired time interval.

Bertel, Gibbs, ^oon, Thomson and ^yn^^^iliiams (4) used 
modulation of the ion source of a Co ckcro ft-»* al ton type lin­

ear accelerator. The neutron pulses were recorded by yhoto* 

graphing the screen of a, cathode ray oscilloscope with a lin­

ear sweep upon which the neutron pulses were registered. The 
method of pulse registration on the screen was such as to pre­

vent any verj accurate determination of the time of arrival of 
neutrons at the detector.

Haworth, Manley and luebke (5) used electrostatic deflec­

tion of the deuteron beam of a Cockcroft-dalton linear acceler­
ator. They also recorded neutron pulses by photographing an 
oscilloscope screen upon which the pulses were impressed. how­

ever, the details of registration were greatly improved per­
mitting much greater accuracy in the determination of time of 

flight. As is pointed out by Haworth, Manley and Luebke 10), 

their apparatus "possesses both advantages and disadvantages 

compared to those of other investigators. It is more precise 
than most in the matter of time delays, all of which are small 
and easily corrected for. The actual recording is superior 

to that of Fertel, Gibbs, Moon, Thomson and wynn-williams (4) 

to judge by their published oseillegrams. The pulses are much 

sharper; the length of trace per cycle is much greater; and the 

presence of the time scale (on the trace) eliminates the neces­
sity of measurements on the film. Compared to the direct count­
ing method of Alvares (%) and «Baker and Bacher (3) is has the
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aav&ata&e of obtaining the entire distribution record at once, 

thus reducing the time of using the e^aratiis and simplifying 

the problem- of monitoring* The chief disadvantage is that oon- 

si her able time is required to count the russes recorded on the 
photograplilo film."

One of the two objects of the work reported in this thesis 
has been the development of apparatus for measuring the time 

of flight of neutrons which retains all the advantages listed 

by Haworth, Hanley and Buebke (5), at the same time substitut­

ing direct counting for the photographic method of recording*
The second object was the application of the apparatus to 

the determination of the slow neutron capture cross section of 

manganese as a function of neutron velocity, a probable res­
onance in the region below 0*4 e*v* has been reported by Hor­

vath and Salant (6)8 end it seemed worth wlle to locate this 
resonance more definitely, especially since aauganese has been 

found useful in work on the capture of slow neutrons as a sub­

standard, referred to the common standard boron, (haaetti 17), 

O’Beal and Goldhaber (8))
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il. Ü? ÜIÜÜülTü

ô le 6 tris al ol roui te are shown aoheuatioull^ in the 
blook dia^raa of Fig# 1, and in detail in Figs. ü-10.

A master osolll&tor feeds into a ten stage scaler whioh 

then provides various sub-frequencies which are used to control 

the other circuits. A fairly low frequency called the "cycle 
frequency,n provides a "master pulse” which triggers the "bean 
pulse" circuit which allows the deuteron beam of the linear 

accelerator to fall upon the target.

The fast zieutrons produced are slowed by paraffin Burround- 
ing the target and are detected after traversing a suitable 

distance by a ionization chamber feeding into a four stage 
linear amplifier and a discriminator. The discriminator output 
feeds into a pulse sharpener which feeds into the analyzer,

The analyzer sorts the pulses according to the time elapsed 
since the burst of fast neutrons was produced, and registers 

them upon one of ten Cen co impulse counters. Each counter is 

sensitive once during a cycle for a length of time determined 
by a higher frequency taken from the frequency scaler, called 

the "time scale” frequency. The counters are sensitive one 

after the other in a fixed sequence. However, the sensitive 
time of the entire group of counters may be either advanced or 

retarded with respect to the neutron burst by proper use of the 

delay circuit.
The various circuits are described in more detail below.

FmUSWï SOURCE

In obtaining various portions of the necessary data it was 
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found desirable to use a number of different t^ole frequencies 

and a number of different tine scale frequeuo-os# all of whioh 

had to be known rather accurately* Ihe nethod *revlausl^ used 

in this laboratory was to construct osoillato s, one for each 

of the desired frequencies* nils method ^reseated certain dis* 
advantages, lively, that each had to be adjusted with great 

care, and that there was no very easy check which could be made 
during the course of an experiment to verify the constancy of 

the oscillators* In We present work these difficulties are 
avoided as follows.

& 100 kilocycle crystal oscillator Wig* 8) is useu to 

control the frequency of an electron coupled oscillator Wig# 3) 
which is adjustable to either of Wo frequencies, 100 kilocycles 

or 66 2/3 kilocycles* She output of this oscillator is sharp* 

oued Wig. 4) and fed into a ten stage ^lfshuts*^^son W) seal* 

ing circuit Wig* b). The various plates of the scaling cir* 

cult then provide twenty different frequencies, all rigidly 

controlled by the crystal oscillator* She crystal frequency 

may be checked at any time by beating its output against the 

carrier wave of a radio station broadcasting at a frequency 

of 1000 kilocycles*

OÜURU&

The Illinois linear accelerator, which has been described 

by ianley, Haworth and huebke 110), is provided with electro* 

static deflecting plates by means of which the beam of deuter* 

one may be prevented from reaching the target of heavy water 

ice* bl th the beam permanently deflected only a very small 
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neutron in tens!V is observed, The def j-ectiug voltage (about 

*00 volts) is then abruptly removed and reapplied to provide 

a square burst of fast neutrons. The control circuit is the 
^bea.: ^uise” circuit (^1^. u) which is keyed by a abater pulse 

of the desired frequency talcen from the frequency scaler. The 

be as pulse circuit is the regenerative trigger circuit mention­
ed by ha-.or th, J an ley and auebke ( 5) in a footnote, The volt­

age swing on t>ie deflecting plates tates place so very rapidly 
that the beau of deuterons falls upon the target with a ueiay 

of not more than b micro-seconds. ^n exact knowledge of tliis 

del%; is not important, a^ a uetermlnaûion of trie over all de­
lay "uas made and is discussed later. The length of the square 

neutron burst is continuously variable from W alcro-scco^us 
to 1ÜÜV micro-seconds.

1)10,4 neutrons are obtaineu by surrounding the target with 

paraffin. The burst of slow neutrons escaping from the paraf­

fin block is not square, but may be approximately represented 

by an exponential growth and decay of intensity, more will he 

said on this point in a later section.

DETECTOR

The detector is a parallel plate ionization chamber filled 

with Mg at atmospheric pressure. It consists of three plates 
19 cm. in diameter with a separation of 2 cm. between prates. 

The two outer plates are at a positive potential. The center 
plate coupled to the initial stage of a four stage linear amp­

lifier receives a positive pulse due to the ionization produced 
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by the disintegration of boron resulting from the capture of a 
slow neutron by boron, the reaction being 3^(n, oOH?» The 

chamber presents a sensitive volume of appro aim ately 1100 ce. 

and detects about 60 of the incident neutrons.

The correct potential to apply to the two outer plates to 
obtain the best counting rate was found to vary widely from 

week to week. The reason for this variation is not entirely 

clear but is probably due to a slow leak in the chamber which 
permits the gradual infiltration of air and water vapor. Volt­

ages from SOO to 2000 were used at various times. This change 

in voltage hud no apparent effect upon the detector efficiency.

The neutron pulses going into the analyser should be as 

sharp as possible in order to minimize double counting, that is, 
counting the seme pulse in two intervals, and they also should 

be of uniform height, since they are expected to fire any one 

of ten thyratrons, which may or may not have en e&ual range of 

firing voltages. If the pulses are of uniform height a long 

count of purely random impulses should show up any variation 

in the sensitivity of the thyratrons, and adjustments can be 

made until all are alike.
A circuit described by Huntoon (11), which gives an out­

put pulse that is of uniform height and sharpness, independent 

of the input pulse, was used first, but it was found that the 

output pulse was about 40 micro*seconds long.
An attempt was made to improve on this by using a two tube 

trigger circuit involving a 6F8G double triode* Une of the
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tubes has Its grid at and the other is biased below out

off* A negative ^ulse of anjr size or length causes a oom^lete 

reversal of the roles of the two tubes, when in a time ùe^en- 

dent upon the tine constants of the two grid circuits trie tuoes 

return to their original states* A>inoe the action of the air* 

cult is all or none the plates of the triodea give square volt* 

age \aves of constant height and lengths

The tine constants were reduced as much as possible in 

order to shorten the output pulse* It was found that reduction 

of the pulse length below 80 micro-seconds resulted in an in* 
equality in height of the pulses. The electrode oupacitsuoea 

of the tubes were so large that the plate swing could not reach 

full value before recovery of the grids started the return 
swing.

The arrangement finally used Ulg* 9) was still a two tube 
trigger circuit, using 6A07 pentodes for the trigger tubes. 

Since the neutron pulses are fed into ten grids, enough power 

might be drawn from the trigger circuit to disturb its opera­

tion. The second of the trigger tubes was connected in such a 

way as to minimize this effect by using the cathode, control 

grid and screen grid as a triode in the trigger circuit, and 

taking the output signal from the plate. As a further precau­

tion a buffer tube was introduced to follow the behavior of the 

trigger tube and provide the power demanded by the counting 

circuits, hi th the circuit constants shown in Fig. 9 the out* 

put pulse is very uniform in height and length for a very wide 

variety of input pulses* The total length of the pulse from
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the of "the to tiie end of the return is 8 micro- 
seaonds.

^fAhYZER

The operation of the analyze?» shown in Fig# 1&, is based 

on ten hif shutz-lawson (9) scales of t^o which have been slight­

ly altered for this particular use# The bias is set low enough 

to provide two stable states for each pair of tubes» but the 

input pulses to the two grids of each stage are not identical. 

One grid of each pair receives the time scale pulse* The other 

grid receives a signal from a plate of the proceeding stage. 
The operation is then as follows.

The time scale pulse registers on grid à of stage 1 making 

this tube non-conducting» whatever its previous state. As long 

up stage 1 1s in this condition subsequent time scale pulses 

produce no effect. Then at some time which is adjustable with 

respect to the onset of the beam on the target» an initiating 

pulse arrives at grid B of stage 1» causing tube h to become 

non-conducting and tube A to become conducting. Upon the arriv­

al of the next time scale pulse the two tubes again reverse 
roles. A pulse from plate a is fed to a triode which is biased 

well past out off. A signal from the plate of this tube goes 

to grid B of stage 2 which then goes through the same cycle» 
and the tripping effect goes on down the set of ten stages.

During the time when tube B is non-conducting its plate is 

at a high positive level. The square wave from this plate is 

fed to the grid of another triode also biased below cut off



^hloh serves to make the square wave even more square. The 

negative s,i^f.re »avo on the ol^te of this triodo is fed to one 

grid. - T a coincidence at&ce# Jeutrou coming from the
shsi'^encr jre fed to the other grid of the coinciucuoe 

tubes i?\ all ten stujeh. if a neutro/i /ULac itrrlves during Uie 
time -jhe>i the square w^ve is on the coiacidonee tube of ctüge 

1$ the ^*130 fro ji the plates of the coinoideace tuocs of wt&as 

l tzûys a t'i^rstron end roaicters a ^alhe on counter 1*

it is obvious from the above th ht the sensitive time of 

the counters can be adjusted in length by ehkhJi^d the
freinent# of the time scale. -1th the circuit constats used 

sensitive times rmi^ia^ from kO micros seconds to 480 micro­
seconds ncre found to work satisfactorily, for times longer 

them 430 micro-seconds it would have been necessary to use a 

loaner time constant on the coincidence tubes. This was tried 

but with these longer time constants it was found to be impos­

sible to operate at very short sensitive times*
if the analyzer is to be used to de termine a velocity dis* 

tri button curve it is important th at the various stages be sen­

sitive during exactly eq.ua! intervals of time* This equality 

was checked by counting several hundred thousand r adorn poises 

from a radium-bery llium source end it was found that no correc­

tion wav necessary for internal length except for the first in­

terval. The first interval is started by the initiating pulse 

which is provided by a time delay circuit (Fig. 10) triggered 

by the same pulse that puts the beam on the target. The delay 
is continuously adjustable from about 10 micro-seconds to per-

eq.ua
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Il lu or 1er to tlie fir»t interval

on À. time uaule j/iû.se the Icl^ HUii.Lù to Lt

si vri^ üXGLt nocurno^*. la order tu avoid thlw ^vajlble 

SJH^cc uf orrur a daia,^ wta^e 41'1^* 1^) "Was jaroviled. *t le 

ideutic^l ivi uh the other ton stages ezoe^t that it or^c.teo no 

ooikitcr#. It is inserted»bet%een the tauter tud the first 

stage» being turned on by the aastbr wid off by the next

time scale ^uise* tlius starting st\d*) l exactly on a time scale 

pulse* in most cases it wa& awt desired to start eu un ting 
til some ti;is after the beam fell uyon the target .^u tiiat the 

delay iind du':.^. cunld be used. .Uuwover, in wne of tlie exiler 

iieusurenenta of source-time distribution, ouuUiuii^ was started 

at the s#ie time as the bea^i, slrnjjuy elin*:uatlug the uolay 

and In t^ils case it was found that the first interval
became ua'.oltlve about 7 ial cro-seconds late. ihi& retardation 

.. o due to the fact that ths ^ulse used to start ühc l*rst 

stage not of sufficient sharpness. in au^ nuta ta^en with 

this arr^n^e^ent corrects n for the retardation % as made in 
plotting the graph.

In order to eliminate this error entirely the dummy, but 

not the delay, was le t in in later runs of source-time distri­

bution, and the master pulse was taimen from the delay circuit, 

thus delaying the beam pulse for & suitable time.

The various beam pulse and counter relationships that were 

used ore represented in Fig* 15. The rectangle above the base 

line represents the time during which the beam is on the target, 

and the numbers below the line indicate the sensitive time of

j/i%25c3%25bb.se


each counter.

She de ley dr cui t is triggered by a negative puisse fro.^ 

frequency sealer. 2he frequency scaler also ants out a 

positive pulse which is amplified and inverted by the first 

tube of the delay drcult. She resulting negative pulse is 

large eaou^i to trip the dummy and start the counting cycle at 
the wrong time. Io eliminate this undesired pulse a delay fol­

lower (hige 11) was inserted* ihe delay follower has two stable 

states# being tripped one way when the del*^ begins and buck at 

the end of the delay* Then the second negative pulse coming 

through the delay finds the delay follower already tripped and 

so it has no effect. This use of the delay follower imposes a 

restriction on the length of the delay# naaeiy# that it con be 

no more than one-half the time of a complete cycle, if the de* 

lay is not over by the time the node sired pulse arrives the de* 

lay follower will respond to this pulse and the counting cycle 
will begin.

Another source of difficulty lies in the fact that, even 
after sharpening# the neutron pulses were about B micro-seconds 

long. The time required for one stage to go off and the next 

to go on ie much less than 8 micro-seconds so that it is pos­

sible for a single pulse coming just about at the end of one 

interval to register in that interval end also in the next one* 

This would have to be taken into account in any measurements of 

an absolute nature# but since this work concerns only relative 

numbers# no correction was made for pulse length.

During operation the behavior of the circuits was checked



frequently by oscillosooiJic observât! jn. stability 

was observed, only & few runs out of several. htuuirea bein^ re­

jectee because of circuit trouble.

cuuziTizm

^hers ere m&aiy steps betiveen the tri glaring of tlie be&iia 

uulse the registry of'a neutron on a counter in wnioh one 

i-ennonably expect R d.olsy of a few mic%-o-seconds. These 
u.elcycoutd be me^ureci individually with fair aocuraoy by

in a regular pulse to a given Btf^ce and comjjuria^ the 

outpub of t] stec@ with its in^ut on the oscilloscope. This 
method yre^-ents the objections tiiat the errors of uoteAVii^t.tion 

might add up to quite a l^ge value, the pulses fed in tuuud 

not be exactly the same as those occasioned by capture of a 

neutron, and it would not be possible to measure the collection 

time of ions in the aF@ chamber. Therefore, the over all delay 

w%j measured with actual neutron pulses by a me-üiod used by 

leaker Radier (5).
The detector was surrounded by cadmium to exclude slow 

neutrons scattered back from the walls end was placed as close 

as possible to the source I the target) from which all paraffin 

had been removed* The counting interval w&is set at 40 micro­

seconds, the cycle period at 640 micro-seconds, and the bean 

pulse wus made 160 mlcro-seconds long* The beam pulse was de­

layed with respect to the initiating pulse so that the beam 

was on the target during the time counters 5, 6, 7 and 0 were 

sensitive. This arrangement is represented by Fig. lo^.



were added up in eunacGutive gro'iküs of four.

d&ta are plotted in Fig. 14. Zhe number 1 below the bs&e line 

re^re^ents tlie summation of intorvtils 5» 4 and 6 and so on. 

If the faat neutron burst is square and if there were no oir# 

o-uit uel%ys, Fig. 14 should be an isosceles triangle .Jith its 

vertex at 4. If the neutron burst is s^uai'e* but circuit de- 

l&vs exist# t>ie figure will be sifted b^ a time equal to tlie 
delays. Fig. 14 s^iows this to be the case* Measurements of 

the snift taken at the vertez and at the two intercepts with 

the mall rencining background give sn averse of 66 micro­
seconds for the delay.
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of the la (ii'aJui to üuuio in ?iè:*
Â'S. Zhe i^z^ez ^ortioii of izie war ubtiincu. Uüi.i^ tLo ar«» 

r<raxe^e^t of 186, in which tiie ûist^ice tr&jrerwed. the 

neiitroiiu was %48#ü cm. Atteai^t^ were Mad.ü tu ^rmiuoe a coA- 

li.:U\h;â be^m of neutrons b^' nsi ti*c boras filled, on^ium 

t ibe.:. shown, %e ionization oh^iuer w&s sur-

ruuiiQâ-1 by bor&K sncL cadmi!^a to reduce the nuiüer uf neutrujis 

z'euulin^ the detector frua tlis wLLls of the roo#. ^urru 

the tai-^et with borax and oadbalua on all aides except tho;t seen 

b^ the detector was also tried and was found to produce no ttp- 
i;r eel able reduction of background,

A manganese absorber was constructed by f i lAiug with j^ow- 

dered msnewiese a box constitue ted of two alwiii&iua sheets l/^L" 

thick separated at the edges by brass bars. The br^s waü out­

side the beam so that the absorption of the box could be neg- 

looted, the absorption cross section of aiuainua. bciiig very 

small. The urea of the manganese is b%60 sq., cm. a^id its 

weight is 2090 gm, giving an absorber thickness of 6*45 x 10^ 

atone per si, cm.

The detector response was determined for each interval 

with no absorber in the beam and then with the absorber in place* 

net these two responses be denoted by & and A respectively. 

Then h/A equals 1/T and the logarithm of this quantity is the 

cross section of manganese for neutrons of the energies detected 

in the interval.



To o b "sain. L uic. A it % to tc:%e ruuis of seven

tv ^8$ tr.L-.i-Li.ted. below $ %E^ch set of dt-it»... n kde uj of ip<ny

x°ur>£ _ i lu aiiLuAes Icar in length, the nrLi; uix bci-i.„ tele en 

in & fixed rotation in oro.cr to .ainimi^e the effects of verier 

lion in be^ intensity. The seventh ^roiih is independent of 

ibewd in ten si ty aiiu so was » tdeen oni^ trvo or tliree times u ddd#

ABSORBER )E aOKi'U^l JliUN

zr None Off 0, d, ej « hone On a, b, c, d, eA* nanjenese Off 0, d, eA* ^ang^nese Un n, b, g g a, eB' Boron and Cacbaium Off d, eh" Boron <Laù üaCLaitua Un b, u, e
Bac%;Sro^d linear accelerator shut off completely e

The detector ^111 give pulses due to the five sources list­
en below# The letters given above under "Composition" refer to 

these groups indicating those which are present in the run# The 

boron and cadmium absorber used was of sufficient thickness to 

stev practically all neutrons of energies to which the detector 
would respond# 

a* J entrons which are produced at the target during the "beam 

pulse on" time and procede down the borax tubes to the detec- 
tor#

b# Neutrons produced at the target during the "beam pulse on" 

time, but which reach tlie detector b^ travelling outside 

the tubes, mostly being scattered back from the walls of 

the room.

c* Neutrons produced by the stray beam (an undeflectable por­

tion of the beam which strikes the target even during the



"beiufi off*' tliie) " icL tLc Lctcctoz* "b^ %v:^ of
Tubes*

cl. âGSTruus j/i'O<iu.0e& #ie str^- bc^a w^luh ii-^vcl Oiitslcle the 
to the detector,

e. The ^:..t^&CL baakg^uurid of tiie icdii^ütcozi ohc^ber.

(^rou^ "e" lb Dro^ortaoual onl^ to ti^e, so it au.otruot» 

ed from all runs before the^ were aatchefl, Intohix»^ was aocom- 

1*11 shed, on the basis of the monitor count taken aloa^ wi th each 

riLi. Tlic nonitur -as a cylindrical lüfg coimtor placed jnst be- 

11^^- the j?pr^ffln surrounding the target eii illustrated in ^ig. 

16. its =1^6 18 made necessais by the fact th at the dcnicion 

horn varies both in intensity end ita position of striking 

the tei'get, causing an &^reciabl@ variation in neutron intent 

slty. The monitor response will naturally be much greater for 

r^lse on" runs then for ^beaa ^ulse off" runs. The ratio 

betide en the two monitor counts wou^d be constant if the beam 

were constant. This ratio is evaluated by assuming t2i^t variu- 

tio is in beam intensity will average out in the course of a day 

and usiag the total mord.tor counts for the entire day to deter­
mine the ratio.

The detector response should consist only of grou^ "a" neu­

trons since it is only of this group that one knows both the 

time and ÿlace of production end the distance traversed in reach 

ing the detector. Consideration vf the composition of each set 
of runs shows that

a « (8" - 8") - W - B') and A 3 - (B" - BU



10

ÏV.

The results of the experiment are shown in Fi^. 17 in 

which the total Gross section of manganese is plotted against 

the reciprocal of the velocity of the absorbed neutrons, ihe 

results of t o experiments are shown.

The dots were obtained with the center of the detector 

at a distance of 189 cm. from the effective source of neutrons, 

the cycle period was 2560 micro-seconds and the time scale in­

terval was 160 micro-seconds. The length of the beam pulse 

also was 160 micro-seconds, and counting was started at the 

end of the beam pulse as is represented schematically in Mg. 

150. The neutron source (Zig. 16b) was made up of three soft 

glass dewar flasks containing paraffin blocks surrounded by 

alcohol and dry ice, the purpose being the provision of great­

er numbers of neutrons in the low velocity end of the spectrum. 

The effective source of neutrons was assumed to be located at 

the dotted line. The absorbers were placed at the position 
X - X.

The horizontal bar points were obtained with the same 

cycle, time scale and beam pulse times, but the source-detector 

distance was 248.5 cm. and the source of slow neutrons was a 

paraffin block at room temperature (Fig. 16a). The effective 

source was assumed to be a plane 0.3 cm. inside the paraffin 
block.

In the experiment performed at a distance of 248.5 cm. 

there was an appreciable hang over of slow neutrons from one 

cycle into the first three intervals of the next cycle. The 



19

d&t& plotted. in Fig* 17 here been corrected. for this effect* 

Other corrections mist be made for the finite time during 

which nentron^ leave thf %owc-, circ-Jit delays, and the &crt- 
trri:../; crny.;r section of

The zero of Fio, 17 h^s "been tar:en <:# trxe time i.hich

thr bocjyi 3?icLF.e ,joen on. hue to the circuit delays diacu^sed 

in -n curlier section this joint should be dlej/ir^cd bl micro- 
C'CCOIidS*

line rcjrshenti,^r 1/7 ahLorption 2us '.ji in­

tercept of 2&Ü x 10"""'* Ba. cm* at 56 niero-seoonds# Thin v^ll- 

ue reprenont:< the effective ucrtterln^ erose section of .u^i- 

g^nene* It in probably a little waller thrn the true value 

since the be^ falling upon the absorber is not perfectly col- 

li^^tCG neutrons are scattered into as well -s out of the

n check on this value lias been obtained in the following 

Coltaan >nd Ooldhaber ( 1%) have measured the absorption 
cross section of manganese in terms of the absorption cross 

section of boron. Assuming the boron cross section to be 600 

they obtain a value of 10.7 1 0.2 for manganese.

Lucbke (IS) has measured the cross section of boron us a 

function of neutron velocity. His curve shows a fairly large 

and unexplained intercept at zero time. This intercept has 
been evaluated as 70 x 10"%* s^e cm,

%ien if the respective intercepts are subtracted from 

lue bice * s data and from that of the author the ratio of the ab­

sorption cross sections taken at corresponding points on the 



two curves ^loulà be that obtained ooitaaa u*a uoluXiaber.

^&e ^oli^t labeled was chosen beet use it lies 1^ Uie nost ao- 

ourate ^rtioa of both ourves. and a ratio of ü.uiük ob- 

taiuod* *hat of boltaan and Uoddhaber is O.Ü17U* She %ree* 

aent secas i^ite attttsfaAtory# es^eclali# in view of trie un- 

oertcdnt^ 1% the choice of intercept for ^ueb^e^s curve. *t 
aieht ^ut et any value fro^ zero to 7u. if a zero inter­

cept la asüUzieô the ratio becomes O.ulC^, the a^eeneat still 
beln^ as üood as the errors in the various e^eriacnte wound 

den [did.

j^cr^or (14) has studied in suae detail the Variation of 

neutron latonal tÿ at the source as a function of tine end of 

neutron energy end its effect upon the observed points uainu 

the wTrengeaeat of ^ig. i$G« She dotted curve at tiie origin of 

17C represents his souroo-time distribution averaged over 

all enerde^. 2his curve has been displaced Lb micro-seconds 

because of circuit delays.
str&L^lng of neutrons from the target for sone time 

after the beam pulse f;oes off results in the reception in any 

very mall tiae interval of neutrons of higher velocity tuna 

wou-d be expected in that interval if there were no time spread, 
in emission of neutrons from the source, but all were antted 

at aero tine. %&U8 the interval shows an absorption cross seo- 

tien corresponding to an average velocity which is higher than 

that used to plot Fig* 17*
Berger has calculated the magnitude of this effect and 

his results are embodied in Fig* 18* In this figure both 
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tine délaya and scattering have been taicen into aoooout, wo 

th?_t üie blot 18 one of absorption cross scotion against Line 

07 fll,;at# or 1/V. The ener/^y scale below tlie line re^renents 

t)ie onort:/ of tl.c slowest nentrons which woa.Lâ be detested in 

a very zi^rrow detector interval. Wie energy so ale above the 

line sho^n the average neutron energy as calonl^tud uy merger.



of

%e slow Acutroa veludsifeotruaeter Levelojau as ^ui't 

of t: ,w v^ork seezis to aeet puite ad.o^i&tel^ most of the refaire- 
men to for such a device#

Ti/iC /:c&&ureme^td have been u&cie eatirel^r &u.toi:intio 

üOüiU"- te wl th tjie exception of the beam j/iilws length# 

sett! of tJ\ig time is the onl^ Octse in %..ich osdlio scopie 

oom^Liri^on, with a ^tunlarâ signal is used* Only int&jrtii mul­

ti =; le ;{ of the time scale perlon were used in order to avoid 
intcif'olLtion#

Circuit delays ai'e 'puite stable and .i^y easily be compen­

sated for, ^11, or at least a portion of considerable size, 

of the distribution is measured at the same time which simpli­

fies the non! to rind problem* She data are obtained simply by 

reading Ceneo co miters at suitable intervals, thus eliminating



C3

tae te&lous t&sks a? le /cveUiucut i^c. ooivit-
X^^j, «

/ke ol%'C%Lts wee ÿ,üitc flexible* rbl6.t^"veij iitt^i.

?ae\t beiri/ rei«ilr6& to obtila deoircu. vb o&ua

i'U.ic.e 'ZiC cou...tine J^iterv&la*

'13st ^6i-loae objecUoii to the ciroult^; usok ic the 
1' c: If: 14. -i-O tv J?© aO xU.tX OZ1 0 £ th e til' ext Us< • xW-«eV eX* j tùXü A,X XXL t cl” 
ta-'Jii ii; -vô u X^l^û i : tv v.. b^v to £ vX Xs G ui t b j OLtt ty fulS U X*

t',G /:eu.tron ^axx'ce* xf e saffloiently iutsdoc souxoe -cxc ck" 

v&ilct-e the reaulxtiori could be iajxovea u factor of id 
or lure without slteratloa of the oiruuitx.
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