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A chain reactor (the ‘dragon”) was constructed so that by dropping a

slug through an assembly (both M’ active material). a divargent chain reaction

supported by prompt neutrons done was achieved for about 1/100 second. In

this short time neutron multiplications up to 1012 were ob’tainedo Various

measurements were made which permitted calculation.of the generation time in two

+
independentways; from the ’shapopand from the size of the neutron burst which

& occurredwhen the system became prompt-neutron supercritical; these calculations

agreed reasonably well with each otherO end also with tb.etime obtained from a

~OBf3~th3-SC&3 ~Xpf3~h3~to ‘&) IN3Uh?~Xi

in other experiments on delayed neutronsP

radiation on coaxial cableO and on living

bursts prcduced by tk reactor were used

gamma raysD the effect oP intense

animals.
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CONTROLLED PRODUCTION OF M E2@LOSIVX NfJCLEARCEMN REACTION——

I171!WDLWT1CN

The neutrons”emitted in fission are Of two kinds: ‘:prompt”~ i.e. emittad

by the fission fragments presumably within less than 10-%2 seconds. ad

‘delayedn* i.e. emitted af’tertimes of the order of secon3s~

Chain reactors constructed so far (graphite.piles~water boilers) always

depend partly on the delayed neutrons; this makes them easy to control since even

in a slightly supercriti’calstate the neutron population grows at a mcderate speed9

doubling In a time of minutes or perhaps seconds. ii’the multiplicattonwere to

be increased so much that the prompt neutrons alone can suppOrt a divergent chein9

the neutron population would grow very rapidlyO doubling in a small frpction of a

secondo Such a ‘prompt’?chain reaction has therefore an explosive character ati

therein lies its military value.

In the experiments described here a chain reactor was arranged so that for

a short time of about 1/100 second the conditions for a prompt chain reaction

could be realized. Whis was done by dropping a slug of active mqtexial through

a vertical hole in an active assembly.* By adjusting the conditions properly, very

large neutron bursts could be obtained9 indicating a multiplication of the original

neutron population by up to twelve powers of ten within this short time. In One

particular burst a temperature rise of the active material by over 6°C was

recorded. corresponding to the liberation of EOOO caloriesO and over 1015

neutrOnso Since most of this energy ip liberated within about 3 milliseconds~

the heating rate was about 2000°C per seco corresponding tO a peak power of
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Measurements mere mado of the way in which the fission rat3 varied with

time during the burst, of the slug position at the maximum of

of the dependence of the b~st intensity On the edjust?ont of

In conjunctionwitn static -calibrations9carried out with the

the burst. and

the mltiylicationa

slug in a fixed

positionO these measurement are in good agreement with what was expectd.. It is

+ for instance possible to calculate from then the generation tima~ i-e. the moan

tima V. between a fission and its daughter fission in,two independentwayaO and the
7

results agree well with each other ati with a third determination of ‘lYOby a

Rossi time-saale experiment~*

The intensity

cmditions were not

burst is ths result

A crude measurement

theory.

varied considerably from one burst to anotherO even if the

chamged; these

of an enormous

of the size of

fluctuations are to be expected because each

multiplication of very few primary neutrons.

these fluctuations ~ain showed egreenent with

Some additional experiments vw?e carried out in which the neutron bursts

were used as a tool to study the delayed nsutrons (see LA-252) ati

and also to investigate the eff8ct Of intense radiation on coaxial

r8tS~ An ~sucuessf~ attempt was made to tb~ali~e the neutrons

c in conjunction with a cloud chamber.

c. RECHM?lCAL STRWTURE A~ SAFETY DEVICES

The falling slug of active material was contained in a steel

gamma rays,

cable and On

and to use them

boxO 14” long

and with a 2-l#Y x 2E=l/8wcross seotlon. Its path was defined WJ 4 Dural

guidese with a sltickof about l/8” so that even a considerable warping of the guides

would not interferewith its dro~. The guides were kept at the oorrect relative
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position by bmxm clam~s every f? fef3tor 800 and held straight and vertical by

guy wires attached to a steel derrickO about 12 feet high. They passed through

a hole in a heavy (3/8R) steel table on which the active material and tamper could

be assembled around them~ am led at the bottom into a catcher box into which the

slug fitted with a few roilsclearance; this close-fitting catcher bo% served as a

pneumatic brakeo

Part of the raacting iissemblywas contained in a pivoted steel box which
.

could be raised Into position by compressed air actl~g on a piston< This “safety

box” could be raiae~ and lowered by thrOWing a switch operating an electromagnetic

air valve; during static caMbratiOn this valve was connected to a neutron

monitor* so that it would drop automatically whenever the neutron level incressed

over & preset value. When the safety box was downO the reactivity of the systev

was decreased so that even with the slug at the center no reaction could Occur.

To control the multiplication, a flat brass box (“control vane”) filled with

a suitable absorber could be inserted between the safety box and the rest of the

systernOIts position being adjustable by a screw drlve~

Fig. 1 shows a view of the whole setup, without active material.

Before each drop the slug was picked up by an electromagnet hanging on a rope

and hoisted to a suitable point near the tQp Of the guides. To do this safely one

had to lower the “safety box” first, and, lest one should forget it9 the magnet

was wired in saries with a microswitch which %’asclosed only when the safety box

was down. On ~rival the slug nas secured by pushing a “latch” through the guides

below it [thiswas done by a ~alr Of Selsyn motors). The purpose Of the Iatoh was

to prevent the slug from being dropped unintentionally e~g~ because Of a power

failure.
●e ●** ● n* ● ●8*8 9 ● ● . b .’*
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ping the slug on.the latch. When the operator was sure that everything

for a drop (controlsproperly adjustedO no people near the system9 etc.)

the HWG (“Here We Gon) button, establishing a third path

and enabllng him to remove the latch and subsequently by

button9 to drop the slug.

This whole somewhat complicated

,
operator from any responsibility until

: instance. he tried to raise the safety

secured by the

into the Oatoh

the safety box

latch, the magnet would

for the magnet

releasing the

was ready

he pre88ed

current

HWG

arrangement was designed to =lieve the

he pressed the ~G button. If’Ofor

box befOre the slug was up on top ati

at once release the slugO which would fall

box well within the time required for the compressed air to rai8e

(about 10 see). Again, if he tries to pull out the Iatch without

pre~sing the HWG buttonO the slug falls

be moved. {’fhelatch was moved through a

out in less than about 5 aec)~ COlored

on the latch which then can no longer

S1OW gear so that one could noi pull it

lights were arranged to keep the opera-

tor informed about the position of the se.iietybox9 latch~ and magnet.

The velocity of the slug was cheoked in each single drop (see below under

“timing system”) artdfound to be constant well within 1%0 At the beginning Of

each series of drops several dummy drops (with the safety box down) were made in

order to make sure that the slug was falling freely ani with the correct velocity.

f
All the operating and recording equipment was placed in a rO~ about 40 ft

, away from the assembly and behind ta 5-ft wall of concrete and earth. If (to

assume the worst) the slug had got stuck at the center of the assembly, there

would have been a rather inefficient explosi.on9probably equivalent to a few ounces

of H.E~ In this case the oontrol room would havs afforded sufficient protection

against the radiation although it would have bean advisable to leave it quiokly

‘ -Y!”::”:”: ”:”ikefore the active furne8had tiwe to spread.
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ACTIVE A9SiWBLIES

4
Three different active

I
10 2, 3 in what follcwo

Assembly 1 con8istedb

of 13eoo me Wlo was made

assemblies were

Of about 10 kg

used; we shall call them assemblies

of ml~ surrounded by about 6*

by the CM division by pressing IJH3 with Styrex

. into cubesa aoma of’ &“O soma of 1* aide. The symbol U stands for the beta-

stage material of 71 to 75% 25 content,, The UHlo also contains about
~

4 atOms Of carbon for each atom of ~.

The reactivity was controlled by means of the control vane which contained

5/16” of pyrex sheet. The safety box was filled with EeO. me ~. did XICt

extend beyoti the control vane~ but was built up in roughly spherical ahepe with

its center outside the guides for the slug. It was found that moving the slug

*

1

sideways inside the guides changed the multiplication constant K by about O.l%O
.

a change which would altsr the size of burst by a large factor. We therefore tilted

the whole arrangement by about 1.5° and straightened the guides carefully in order

to make sure that the slug would always sli6e dwn On one sfde of the guides.

‘l!estawith electric contacts showed that it always followed

within 0.005” and the corresponding uncertainty of about

c sidered tolerable,
●

the same path to

0.01$ tn K was con-

This assembly gave the first evidence thet a prompt-neuta?onreaction could

be producad9 and served to get sme qualitatilreinformation. The cQntrOl vane was

pushed in far enough so that no prompt reaction could occur (see later under

“static celibrationn). The slug was then repeatedly dropped and the control vane

was pul18d out in small steps. The first bursts were ob’teinedin the small hcurs
,

of Jamery 2Q. Some more active material waa added and the pyrex in the control
●e ●*9 ... ● ..8

●**
:: :0

vane was replaoed by a mixture of B4C and Faraffin waxt to gLM e%~O~gez”~u&&Q.O
●* ●o* bee ●** ●O- ,9

The followiag night b-umts were increased until a temperature r#qe:@””~#~O@”: .“:

~::: ~“~~;~ /
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wa8 observed due to the strOngest burst0 After that the whole assembly was dis-

mantled and the UElo was used for variOus critical-mass determlnationa.

On January 28, the ~0~ together with amounts which had arrived in the

weantimes was xeassembletl~making about 15.4 kg in all, In order to wake the,

best use of the material, the control vane wae remOved and control was effeoted by

#
moving a tray contai.ni~ a Iart of the core awl tamper. The traywaa moved by

a screw and its position was read by a micrometer to the nearest roil;this ar-

rangement was meant to eliminate slack but didn’t oompletelyo %e tried to use

tungsten carbide es a tamper in order to avoid
v

neutrons which results from the use of a BeO

9 not go critical because of the gaps due to the

the large contribution of thermal

tamper. However, the system would

guidesP tray wal.l.sOeto.a and we had

to come back tO BeO~ But we found it possible to cut the contribution of thermal

neutrons by placing a layer of cadmium between ‘the W+, andthetamper, withOut

reducing the multiplication toO much.

Most of’our information was obtained with this assembly. It was used until

February 1 when we had to return about two thirds Of our %0 to the CM Division

for conversion into metal.
c

. ~

TM remaining 5.4 kg of UHlo were ‘diluted~ with polyethylene

,

1

[WPolythene”)bricks in the volume ratiO 1 ?0

we used SW of graphite backed by 1“ Polythene.

as 6W of graphite, and better than any thiokness

to 5 Polythene~ As a tamper

(This waa about as effeotive

of Polythene alone). !!?he

safety box contained 5* l?olythene. T&3 slug contained 6 ~: ~J~Q~9°f: ~Q9C
● 4**. ● .

in an unbroken rowO surrounded by & Polythene and backed a;&&X&&&W~$XI”

about 4W Polythene. The rest of the assembly was approxim@*al~.~”6~ti”:oF{~b{9 ● e ● ● ●***
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beiag I&m off the center of the cube. The

multiplication was varied by removing pieces .ofthe outer lW Polythene layer.

Becauae of’the presence pf large amounts of hydrogen and carbone with no

Od present, the ~. of this aasembly was expected to be quite large (we found It

about 20~ec). AlthOugh this makes the e~eriment

the advantage that tie fluctuations are much smaller,

tO order. This assembly was used to measura delayed
c.

less ‘interesting” it has

and that bursts can be made

neutrons and ga’mnarays and

to make a rOugh test Of’the size Of fh@alatiOna. In the oourse of these exper-
.

h??entsthe size of bursts was gradually increased until in one burst the cubes

became sO hOt that swelling and blistering occurred. The whole system expadled

by about l/8W and its multiplication became reduaed so much that z10 more bursts

could be obtained from ito

TIMINGSYSTEk

Two narrow light beams were arranged to cross the path of

92.3 C?TIapar%O one ebove and one below the active assemblyO and

two photocells of the multiplier type. The slug carried a small

the falling slug.

then to fall on

knife edge on to~

so that the instant when the light beam is re-established after interruption is

dlial?~~y defined. The photocells operate a gate cirouit, optming it when the knife

r.
edge passes the first light beam and closing it when the knife ed6e passes the

.

. second beav. The gate allows the signal from a 1OO-KC crystal oscillator to

pass into a large scaling system (three standard scales of 64 in series]. Thus

the scaler counts at a rate of’ 100.OOO counts/second duri~ the time it takes tb

knife edge on the falling slug to cover the distance between the light beawsO and

by reading the interpolator lights one obtains this tine in tznitsof 10 miaro-

secends. The light beaws were nearly a millimeter wide and hc~&”%&~6pe~i~@

SilUWllgt~?n6s 8Te ddxumined not better thanto about 100 mkbkfhd~~ ..&$””

~;g::b;:;;
●
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equipment was built by W.C. Elmore of G-4.

drop velocity calculated from this was found to be re~roducible to

about 1% less than the value calculated from Galileo’s law. This

is probably due to friction. In calculating

any given time it is assumed that the slug falls with a

*
965 cw see-2 so as to got agreement with the observed

STATIC MLIBRATION

It is obviously

urations of the systam

assembly would blow up

. .

impossible

in which a

in a small

the position of the slug at

constaxytacceleration of

average velocity.

to carry out static measurements in those config-

prompt-neutron chain can develop beoause the

fraction of a second. W therefore had to be

satisfied with measurements in a state Of’reduced reactivity~ extrapolating to the

region in which we are really interested. These extrapolationswere based on the

hypothesis that the Cilfferentmeans by

edditive effects. This hypothesiswas

to static measurements and found to be

which we can change the reactivity have

checked in.a rough way in the region accessible

tolerably correct.

To obtain K for any pa~ticular position of slug and controls the exponen-

tial grcwth rate Of the reaction was measured with an.oulwide BP
3

chamber and DC

amplifier. No great precision was aimed at. Doubling times down to abOut 2 sec.

were used; shorter times were too hard to measureO and also Increasingly dangerous.

To convert doubling times into K values, the inhour formula for the water

boiler* was used. This would be correct only if the contribution of delayed

neutrons in our assembly was the same frac~lon of the prompt neutron effect as in

the water boiler. namelye 0.008. This assum~tion is probably not far from correct

but we shall point out in the discussion hm it affects the results.
● 0 ● *9 ● eo ● ● 09 ●

—— ..-—- .. . ●

* LA-394. am!!!!m:
● ● be ● ● ● b ●

I
● ● *D*

2 ‘Q: : “e”
● 00

● ** .0



● ☛ ● ☛☛✎✎✎✎ ✎
● ☛☛

’00‘.:~--:>:~‘e. :00. .
● * ● *m ● 00 ● *O ● 00 .*

Fig. 2 indicates the dependenc>?f~ ~“ o];t~a +!ition of the slug and
●

●●:0 : ● O* :.* . .

of the control vane filled with J3AC and paraf’fl.nin assembly 1. The curves

cOrrf3spondingto different slug positions can be made to coincide approximately

with the dotted extrapolated curve~ by moving them up by Q suitable am0unt8 which

means that our additivity hypothesis ie approximately correct~

It is seen that for vane position 8“ K-1 becomee 0.008 if the slug is
.

at ths centers

comes possible?

Fig. 3

and hence if the vane is pulled out further a prompt reaction be-

for an increasing range of slug positions.

shows the calibration of assembly 2. The change of K with the

Oon+a?oltray position is fairly linear and is believed to continue linearly into

the prompt critical region’. The effect of slug position was measured over a small

range Onlyg mfortunatelyO and the curve shown Imlicatea what we believa is the

best extrapolation.

Fig. 4 shows

RECCU?DINGOF BURSTS—.

the effect of slug position on K in assembly 3.

1) A boron-lined ion

argOn* ) waa placed c108Q to

of thermal neutrons from the

Whila the electrons produced

chamber (converted MIA chamber filled with pure

the active assembly, so that the average time of flight

assembly to the chamber was only about 0.1 millisecond.

in such e chamber are swept to the wire in abOut

1 tO 2. microseconds, the positive ions will take several milliseconds to move
.

to the outer electrode and will therefore be almost stationary during the burst.

> With strong bursts these ions would form a very substantial space charge and way

slow down the collea%ion of the electrons and distort the pulse shape. VJSthore-

fOre prepared~ in additiOnO a chamber which contained only a small awOuwt of boronO
.

patnted on the inside wall in the shape of a thin spiral line. ~Ost records were

obtained with the latter chamber. We found no evidence f’ordistortion due to space

charge0

. ● * 9** ● ** ● ● 00
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● 00
::0: : “.2....

% Wt Niwdemw kiwily I%ll%dthe Gilfmbtn%for u80 ● 9* ● m*9*O● 9
● ● ● *e ● e*

● b9 ● ● 9’* ● 9°:
● ● 00 6 **9:0 ● . . .● ::J . S “o” ●0: “.:

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



at

a

,

● ☛ ● *O● **9*.: ● O9*. .
● 000..
● **
● #b :/ ;... . . . . :“~4:4

● m ● 9* ● ** ● ** 9*9 90
● ● . .

● : ● .
● e● :00

-{2:””
“:” ‘:&

The collecting electrode {centralwire) of the chamber was directly

nacted to the grid of a cuthode follower tubes using e high grid leak {2010fi).

The cathode follower fed the pulse throu@ a concentric cable to the input ampli-

UOKW

fler of a Dub!ondoscilloscope, The sweep of the sco~e was

suitable &tage of the timing scaler {see section on timing

. from another stage were fed-to the intensifier so that the

of a dotted line? the dots serving as time ~arks. Fig. 5

reoord.

2) COpp8r rin$s (about 1“ high and ItiCD) were

ina standard position and after the drop the activity of

a G-IS coun%er. This gave the

waiting or by using an absorber

burst slzes~

trigger8d from a
●

system) and signals

sweep took the form

shows a typical

plaued On the assembly

the ring was measured On

integrated intensity of’the neutron burst and by

one could cover the very large rm.ge M actual

3) l’orabsolute calibration of’the bursts~ a platinum resistance thermometer

was stacked into the ~0 and connocted to a potentiometer oircuit and galvanm-

eter. It was possible to observe a rise of O.OO1°C of the lJI$odue to a drop.

The suddenness of the actual temperature rise did not show up six?ceit took about

a minute for the resistance element to follow a sudden change in temperature of

Many of the pulses wore too weak tO be measured in this way. In as-
‘m %0°
sewbly 3 no temperature measurements were made becau6e it was felt that they would

be too difficult to interpret in view of the inhomogeneous structure o??the system.

4) To record the delayed neutrons emitted after the bursts a flat l?issiO?l

chamber containing a thin layer of 25

assemblies 1 and 2 the chamber was

surface; in assembly 3 it was plaoed

and filled with argon was used. In the

stacked in with the ~0 close to its

+
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described in detail in LA-252.

In addition to the photographic recorder~ an ordinary mechanical oounter

(Chicago type) was connected to the scaler and in sme runs an Esterline-Angus

recOrding vtllliammetorwas connected in parallel with the oOu?xte??.A recording

obtained in this way is shown in 3?ig.6 and while at low counting rates the

ind~vidual counts (eaoh corresponding to 2048 particles) can be distinguished,
.

at high counting rato

position of the pen.

of counting rate and

sities vat~ing over a’

1P order to oa

the folldwing assumpt

1) S source

not produced by promF
I

praiuced’by delayed z

2) Only prml

process;:this is just

3) The avera~

. 4) The prompt

time. At the instant

l/T1 an~~at te wha

(n-@)/”foO

Consider the

‘ At a later time t t
..

t+dt will be [S/fi

the average current becomes large enough to ehift the wean

It would not be difficult to oalibrate this shift In terms

his arrangement is then a siwple rneensof’recording inten-

out 3 powers of 100

culate the expected neutron burst from tke dragOn we make

one :

issions ~er seoond Occur in the system, iOeO fissions that are
,.

neutrons. S includes spontaneoui3fissions$ and those

utrons and by neutrons from an external source (cg. po-~e).

neutrons are assumed to contribute to the multiplication

fied since the whole process takes only a few millisecp&ls.
,)

t~me be~een a fission and its daughter fisSiOlliS ‘~o~

multiplication omstant
%

varies in a smOoth fashion with

%
when it first exceeds unity its time derivative is

it goes below unity againa l/T2o We write wfOr

dto souroe fissions which oucux*between to and to+dto.

e numbeq.of their offspring whioh occur
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The tOlxt.1number of fissions occurring between t and t+dt is fouui by

.

The

of,

exponent ial under the second integrsl is appreciable orIlyin tho neighborhood

t~ and by replacing &with (t “ tl)/T1 PO (see assumption 4) isn

fOund to be e
-(t. - tl]‘/2T1 V’ ~ If we furthermore replace the

-,“
of the second integral by+&~his inte&al becoms

fission rate at the time t is

F(t)dt * {S/~Q) dt $i~ e

The integral in the eqonenti keeps growing as long

maximm intensity occurs when K
P

paases

imum the intensi~ can be written

m

J
t
adt

% ,’
,“

upper Iiwlt

and hence the

as wis positive and hemoe the

its way down. Al?oWldthe max-

J
t

OLdt

e ‘2

approximated by e-(t - t&2T2 p’ owhere the second exponential.again may be

Hence the shape of the burst is Gaussian around t~, with an equivalent width

of &T2~o and the total number of ~issions in the burst is

. Actually the variation

Jassuwe T1=!I!2s T1T2

siPply

ofti with time is nearly symmetrical and we Can therefore

= T. The total number of fissions in the burst is then

J

‘2
&dt

277S ‘J!e
t~
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RESULTS AND DJEXXJSS1ON

.

retb.er

Before presenting any results we should like to emphtisizethat ths exper-

were done not so much in order to measure any definite quantity$ but

with the idea Of demonstrati~ the existence of divergent chains supported

by pr~pt neutrons only~ and of keeFing an eye open ‘fOrany unmpeCted phen~ena.

.
We attempted to keep track Of all quantities which could easily be wasured and

interpreted,but because of tho shortness of time we gould not interpret some of

our data until after the active material. had been returned tO the chemists and

then we found that some data wero not acourate enough for reliable interpretation.
~

Perhaps the best way of demonstrating the internal consistency of the
/

1,

t

.

.

various me5SW@m8ntS is to show how th8 generation time -$0 can be calo~”ated

both from the shape and from the size of the bursts, both results being in

reasonable agreement with the fi@ure obtained ??roma Rossi time-scale experiment.

A. Burst Shape

Fig. 5 showo the record for drop No. 73, obtained with assembly 20 Each

dot represents a time interval Of 0.64 msec. The ordinatea of the center of each

dOt were measured and replottwd on an extended scale in Fig. 7. They can be fitted

very well by a Gauss integral~ the curve Sh~R~ The deviation Is prObably due to.

the non-linear behavior of the cathode follower. The equivalent width iS seen to.
.

7’-be 2.6 williseconds~ From the number of dots p eceding the pulse we see that

the maximum of the burst occurred 42.9 x 0.64+ 27.4 msec after the beginning of
.

the sweepO which in turn was triggered” 40.96

~timingm} after the knife edge had pessad the
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was YS 47.5 cm below the top light beam at the instant of the ~axiwurnof the

bursti. Since the static calibration shOwed the maximum multiplication at

ys43.6 cm and since the maximum Of the burst mst ocaur at the }Miant when tine

systemO on Its way down” again bocomcs just critical for prompt neutronsO we

oonclude that the two points where the slug passed criticality were

2 x (47.5 o 43.6)== 7.8 cm apart.

Fig. 8 shows the variation Of X with slug position (and hence with
P

time]. The solid curve is taken from Fig. 3 and shifted upward so that the two

intercepts with the line K - 1 are 7.8 cm apart. Frm the slop at the
P

intarcept and the average speed of 722 cm/sec of the slug we can get T which{is
,,

found to be about 1.0 S9C. I?’rom.%hisati the pulse widthwe can calculato.?o%

R=208 x 10= see = ma
-3 2

hence &o={&8 x 10 ) /2?Tsl.3jt@eo.

B. Burst size

Fig. 9 shows the initial counting rate of’the Cu detectoxa plotted against

the temperature rise of the system. me specific best of
Y

~ was ~easured*

as 0.14 cal~gw de~~e; hence the heat capacity Of the whole active material

(1504 kg) is 0014 z 15400=2160 cal~de~ee or 2160 x 4.19s900C! joule/degree.

Since about 3 x 1010 fissions are needed to produce one joule of heata 1°

temperat~e rise corresponded tO abOut 9000 x 3 x 10IQ= 20T x 1014 fisaimeo

FrcmII?igo9 we see this gives an initial cOUDtiW rate Of 1.15 X 105 ooUnts/~inUteO

hence 1 count/minmeans a burst of 2.4 x 109 fissiOns~

‘l’hecounting rate shown by the Cu detector exposed at &cop 73 was

* Report Forthcoming.
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.

.

980 oousrts/wj.n~hence the burst ccntcclned 80 x 204 x 10s2 X’1011 fissions.

According to theory this must be equal to 27TS Texp(~t2~dt).

%
Po.=Be source E!T/Ii~thg about 50105 n/see and placed in a hole

estimate that this source caused 105 fissions per sec~ hence,.’

T=l (see preceding section); hence the exponential is found to

and
J

‘2~dt=lognat (3 x 105)=12.6.

‘1
This value wwt,be equal to the shaded area inFig~ 8

measkad in units

? =20/12.6=1.6o

obtained from the

../’

S was due to a

in the tamper; we

s is 1050

be 3 x 1050

if the tive is

Of,’+;. Actually the area is 20~oc and hence we find~

~ec. The agreement of the value with that of’ 1.3 ~ec

pulse shapa is not unsatisfactory
/

We tried to calculate ‘~. from the way in which the size of burst varied with

the adjustment of’the multiplication. However the statistical fluctuations were,,

very large and furthermore the adjuslnwmt showed some slack; as a resultO while the

variation Of burst size coves out roughly as expected it is not possible to cal-

culate any relevant figure for ?O from it:’
/

A third and independent value for To was however obtained by performing a

* on the assemblyoRossi time-scale experiment Nine gates Of 40=
#ec ‘id’h ‘“e

Opened successively upon arrival of a fission pulse in t’e built-in fissiOn cha~ber@

. P
and any pulse following the trigger pulse within 360@ec was recorded in the

. appropriate ohanml. Fig. 10 shows the distribution of’counting rates over the

nine channels (after subtracting aooidental coincidences~ calculated from the

counting rate) and indicates an exponential docaymith a-time constant of

120peco The multiplication constant K was determi.rmd as 0.9955 by extra-

polating the calibration curve; hence (0W8being the effective fraction of

.-.— -—
●

~+wS..q&+*~
● O●a.:

;~~*so”O

* ~e electronic arrangemmt for this was bu$l; ~~ “o~~r

● ::..: ● **
● *9*. 9** 9*
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delayed neutrons) 1 - K = 1 ==
P

(0.9955=~125, and h~~ce
.

To=120psec x 0.0125= l~5psec~

It was pointed out earlier tbut the static calibrations were based on

the assumption thst the delayed neutrons cauaed 0.008 tires as:rnaayfissions

/
as the prompts. If the true figure were higher by a factor g“ then all valu~s

. of K- 1 should be multiplied by g. ~.e value Kp - 1 in theRosSi eXP@rO

iment would also beg times larger, and sO would the value of to resulting

from it. The same is true of the value of &o calculated fr~ the absolute

size of the burste and from the ehape Of the burst. The reasonable agreewent
,“/

between the variou8 determinations @’ ?0 does not therefore constitute evidence

for the correctnsEs of our static calibration.

b

x

It is difficult to set any def’initeuFper limit to the presence Of’

neutrons delayed by times greater than”a few ~icrosecondso In assembly 2
I

K- 1 never became tiorothan 0.01 and hence the e-folding time was never
P ,/
sb.orterthan 150~ec. Neutrons with dekys up to say 50pec may well.ham

been present,if they were offset by short-lived neutrons of sufficient nuvber

to give the correct value (about 1.5~ec) for the average time between a

t?issionand ~t.sdaughter fissio- (excludi% da%h~er fissio~ with a delaY of
.’

mom than 15C)+8C). On the other hands neutrons with much more than 150~eo

and less than a few nillieoconds dalay would not have contributed to the bursts..

Their nunber’could not have exceeded about 0.C)05 par i’ission’sincobursts

were observed 6* pOsitiOne of the control tray which were abOut as predicted from

the statio calibration under the assumption that there were no delayed neutrons

of very short period. Neutrons with a delay of more than a few milliseconds

vxwa detectable as such and a pariod of about 6.m6sc.aas~W@@xl found (see LA-252).

-4
containing about 10 neutrons per fission.

‘~-:
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YluctuatiOns.

Calculation indicates that if the size of a Wrpt be N (in arbitrary
.

units) then the relative mean square fluctuation (~ - fi)fl-2 should be

(l/s*o) “T “ 1)/2=0 The termV(v- 1)/2v iS 008 if we assume that

~=2~5 and that the fission can result in the emission of 2 or 3 nwtrons

but neither more nor fewer. If we assume a Poisson distribution for the number

of neutrons per fission~ the term becomes 1.25. The true value probably Mes

between these limits.

The observed fluctuations are illustrated by Table la. Each column

contains the Intensities of a number of subsequent bursts obtained under

/identical conditions. Column A sh&s the large fluctuations of bursts ob-

/
~ is small.tained with assembly 2 where ~ Column B was taken with assembly 3

where PO was more than 10 times larger$ and despite the use of a weaker source

‘>herelative fluctuations are seen to be smallero ColUmn C was obtained with

the same adjustment of assembly 3 as colu?nn)3$but the source used was about

9 tives stronger. The relative mean square fluctuation should have been 9

‘;imesswaller; actually it only dropped by a faator 40 which probably indicates

+he presence of another source of fluctuations, perhaps slight variations in

the path of the slug~ Column Il dif’fersfrom C by the fact that the w.ltipli-

Cation was slightly reduced;

factor 3 but did not alter

this reduced the average burst size by about a

the relative fluctuations. TM.s is not surprising

since the fJ..uctuationsarise mainly in the beginning of the burst and are not

much affected by the later stages of multiplication when the number of fissicms
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size. ‘l!hiscan be doue by dropping the slug twice

3 ~inutes) so that the delayed neutrons from the first burst serve as a source for

the SeCOlld. By making the second drop when the delayed neutron intensity has fallen

to the desired level the intensity of the smond burst can bs adjusted fairly

.

●
● ✚✎✎

● ☛✎ ✎☛☛ ✎ ✎

‘“&
within a short Interml (2 tO

closely. It may even pay to ?ake three successive

necessary delayed neutron intensity in two steps.

making one or twO ‘leader” drops whenwe wanted to

to what the assembly c0u&3 tolerate.

ADDITIOML EXPERI?!’EN’E3

drops and thus build UP the

We always used this technique of

obtain very strong bursts close

TIM decay

by 1?.de Hoffman

on page 13 ~ The

The decay

of the delayed neutrons was studied with considerable accuracy

at al. usln$ the scaling e,ndrecording equipmmt briefly desczibed

work has been reported in LA-262.

of gamma rays during the l’irstfew seoonda was sttxiiedby

P.B. MOOn (LA-253).

Also the effect of the intense burst of radiation on the insulation of

coaxial cable was observed in a preliminary way by ~oorh

El.Richards set up a cloud chamber and synchronized it with the falling slug

so that the bursts would occur during the sensitive time of the oha~ber. It was

planned to ex~ose the chamber to ther-al neutrons only and then to observe recoil

.
tracks from fission neutrons emitted by d piece of 25 placed in or near the

chamber. However, in the short time available we did not succeed in eliminating

the

and

background of’fast neutrons getting through or uround the graphite =oderator,

the atte~.ptwas abandoned. ,

&’ourrats were placed ~~ R. ste~tiardt at Various distames close to the
● ☛ ● m- ● 99 ● ● *O ●

asse~bly. They all survived ‘theexposure to a si~g!.e& “?iq~w~~~~~out 1~15

J
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fissions were produced. Unless the high instantaneous intensity of

had

the

greatly increased its detrimental effecte this result was to be

dose was only a few hundred R units.

.
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