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A chain reactor {(the "dragon") was constructed so that by dropping a

slug through an assembly (both of active materisl), a divergent chain reaction
supported by prompt nsutrons slone was achieved for about 1/100 second, In

this short time neutron multiplications up to 101% were obtained, Variocus
measuremznts were made which permlitted calculation of the gereration time im two
independent ways: from the shape, and from the size of the neutron burst which
occurred when the system became prompt-pneutron supercritical; these calculations
agreed reasopably well with each other, and alzo with the time obtained from a
Rozsi time-scale experiment. The nsutron bursts nroduced by the reactor were ussd
in other experiments on delayed neutrons, gamma rays, the effect of intense

radiation on coaxial cable, snd on living animals,
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CONTROLLED PRODUCTION OF AN EXPLOSIVE NUCLEAR CEAIN REACTION

INTRODUCTICN

The neutrons’ emitted in fission are Of two kinds: “prompt", l.e. emitted
by the fission fragments presumably within lesas than 10°12 sevonds, amd
"delayed”, 1.8, emitted after times of the order of seconis.

Chain reactors comnstructed so far (graphite piles, water boilers) always
depend partly on the delayed neutrons; this makss.them easy to control since even
in a slightly supercritical state the neutron population grows at a moderate speed,
doudling in a time df minutes or perhaps seconds, I¥ the mualtiplication were to
be lncreased 8o much that the prompt neutrons alone‘can support a divergent chein,
the neutron population would grow very rapidly, douﬁling in & small fraction of a
second., Such a "prompt" chain reaction has therefore an explosive character snd
therein lies its military value,

In the experiments described hsre a chajn rsactor was arranged sc that for
a short time of about 1/100 second the conditions fIOr a prompt chain reaction
could be reallzed. This wes done by dropping a slué of active material through
a vertical hole in an active assembly.* By adjustirg the conditions properly, very
large nsutron bursts could be obtained, indicating s multiplication of the original
neutron population by up to twelve powers of tem within this short time. In one
particular burst a temperature rise of the active maierial hy over 6°C wasg
recorded, correspomding to the liberation of 12000 : calories, and over 1019
neutrons., Since most of this energy ig liberated within sbout 3 milliseconds,

the heating rate was about 2000°¢C per sec, corresponding t0 a peak power of

20,000 KW, U N C LA smﬁarw’"“ﬁﬁm

* Because of the similarity of this procedure with that of t&.c%«lﬁ--g Etbe":ﬁ;ail .Or
a dragon (pointed out by R. Feymman) the experiment has beel Sthetlm¥d &a1réa

"the dragon experiment,"” %0 8 0 °%0 o% "5 0"
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Measurements were made of the way in which the fission rate varied with
time during the burst, of the slug positionr at the maximum of the burst, end
of the dependence of the burst intensity on the &djustment of the multiplication.,
In conjunction witn static calibrations, carried out with the slug in a fixed
position, these measursments are in good agreement with what was expected. It 1s
for instance possible to calculate from them the generation tima, i.e, the mean
tims T, betwsen s fission and its dasughter fissior in two independent ways, and the
results agres wall with each other ard with a third determination of TB by a
Rossl tims-scsle experiment.*

The intensity varied coasiderably from onme burst to another, even if the
conditions were not changed; these fluctuations are to be expected because each
burst is ths result of an enormous multiplication of very few prirary meutrous.,

A cﬁude measurement of the size of these fluctumations sgain showed sgreement with
theory.

Some additional experiments ware carried out in which the neutron bursts
were used as a tool to atudy the dslayed nsuirons (see LA-252) apd gamma rays,
apd also to investigate the effect of intemse radiestion on coaxlal cable ard On
rats, Ap unsuccessful attempt was made to thermalize the neutrons and to use them

in conjunction with a ¢loud chamber.

MECHANICAL STRUCTURE AND SAFETY DEVICES

The falling slug of active waterial was conteined in a steel box, 14" long
and with a 2-1/8" x 2-1/8" cross section., Its path was defined by 4 Dural
guides, with & slack of about 1/8" g0 that sven a considerable warping of the guides

would not interfere with its drop. The guides were kept at the correct relative

» Heport Forthcoming.
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position by brass clamps every 2 feet or 20, snd held straight and vertical by

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

a hole in a heavy (3/8") steel table on which the active material and tamper could
be assembled around them, ard led at the bottom into a eatcher box into which the
slug fitted with a few mils clearance; this close-fitting catcher box served as a
poeuratic brake,

Part of the raacting assembly was contained in a plvoted steel box which
could be Q;ised into position by compressed air ac¢tirng on a piston. This "safety
box" could be ralsed and lowered by throwing a switch operating an electromagnetic
air valve; during static calibration this valve was connected to a neuvtron
nonitor* so that it would drop automatically whenmever the neutron lavel increased
over & preset valueo. When the safety box was down, the reactivity of the systew

was decreased so that even with the slug at the center no reaction could oeccur,

To conirol the multiplication, a flat brass box ("contrpl Vaneg) filled with
a suitable absorber could be inserted between the safety box end the rest of the
system, 1ts position being adjustable by a screw drive,

Figo 1 shows a view of the whole setup, without active materilal,

Before esach drop the slug was picked up by an electromagnet hanging on a rope
and hoisted to a suitable poiﬂt near the top of the guldes. 7o do this safely one
had t0 lower the "eafety box" first, epmd, lest one gshould forget it, the magnet
was wired in series with a microswiteh which was closed only when the safety box
was down. On arrival the slug‘was socured by pushing a "latch" through the guides
below it (this was done by a pair of Selsyn motors), The purpose of the lateh was
to prevent the slug from being dropped uwnintentionally, e.g., bacause of a power

failure, oo ove ooe

o ¢00 L]
e O ° [ 2 [ ] L3 . o
* ® L 4 L J e L L
¢ o (X ) [ 3 e [ e
e o [ J [ [ 4 [ L]
bk 4 & oid £ g SRl 1 X Bl & 4 o X ol o e ]

* R.J. Watts, LAMS-161. -. RER A

APPROVED FOR PUBLI C RELEASE v’ e




"t

o

APPROVED FOR PUBLI C RELEASE

By pushing in the latch another micrepyf{fdigWaiicfSieifswhich provided an alternative

rath for the magnet current so that 1.173:«1 '%he: sai’%a'ts;'bogi.could be lifted without drop-
ping the slug on the latch., When the operator was sure that everything was ready
for a drop (controls properly adjusted, no people near the system, ete.) he pressed
the HBWG ("Here We Go") button, establishing a thirda path for the magnet current
and enabling him to remove the latch and subsequently, by releasing the HWG
button, to drop the slug,.

This whole somewhat complicated arrangement was designed to relieve the
operator from any responsibility until he pressed the EWG button, If, for
instance, he tried to raise thes safety box before the slug was up on top amd
sscured by the lateh, the magnet would at orce release the slug, which would fall
into the catch box well withirn the time required for the cowmpressed alr to raise
the safety box (about 10 sec). 4Again, if he tries to pull out the latch without
pressing the HWG button, the slug falls on the lateh which then can no longer
be moved, (The latch was moved through s slow gear so that one could noi pull it
out in less than sbout % =8ec). Colored lights were arrenged to keep the Opsra=
tor informed about the positiom of.the safety box, latch, and megnet.

The velocity of the slug was checked im each single drop (see below under
"timing system") apd found t0 be constant wsll within 1%. At the beginning of
each series of drops several dummy drops (with the safety box down) were made in
order 10 make sure that the slug was falling freely amd with the correct velocity.

All the operating and recording equipment was placed in a room about 40 £t
away from the assembly and bebind & 5-ft wall of concrete and earth, If (to
assume the worst) the slug hed got stuck at the center of the assembly, there
vould have been a rather ipsfficient explosion, probably equivalent to a few ounces
of H.E.

In this case the control room would havs afforded sufficient protection

sgalnst the radiation, although it would have been advisable to leave it quickly

Lefore the active fumes had time to spread. —:
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ACTIVE ASSENBLIES

Three different active assemblies were used; we shall'call them assemblies
1, 2, 3 in what follows,

Assqmbly 1 consisted of about 10 kg of UHlO surrounded by about &7
of Ba0, The UH,, waa made by the CM divisioﬁ by pressing UEB with Styrex
into cubes, soms of 3", some of 1" side. The symbol U sbands for the beta-
stage materisl of 71 to 75% 25 content., The UH;o also contains about
4 atoms of carbon for sach atom of T,

‘The reactiviti was controlled by wmeans of the control vane whbich contained
/16" of pyrex sheet. The safqty box wag8 £11led with BeO. Ths UHiO did net
extend beyond the control vaus, but was built up in roughly spherical shaps with
1ts center outside the guldes for the slug., It was found that moving the slug
sideways inside the guides changed the multiplication constant XK by about Ooi%.
& change which woéld altsr the size of burst by a large factor., We therefore tilted
the whole arrangement by about 1.5° and stralghtened the guldes carefully in oxrder
to make sure that the slug would always slide down on one side of the guides.
Tests with electric contacts showed that it always followed the same path to
within 0,005" and the corresponding uncertainty of about 0.01%4 in X was con-
sidered tolerable.

This assewbly gave the first svid;nce that a prompt-neutron reaction could
be produced, and served 1o get some qualitative irnformation, The control vane was
pushed in far enough 80 that no prempt reaction could oceur (see later under
"static calibration"). The slug was then repeatedly dropped and the control vans

was pulled out in smgll steps. The first bursts were obteined in the swall hours

of January 20, Soms wmore active material waa added and the pyrex in the control

o @& L ] [ ] L] e ®
vane was replacsd by a mixture of 34G ard paraffin wax, to givd sterodze®iedhirsl.,

. 0
The following night bursts were increased until a temperature rjigesul cP.0) € ¢
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was observed dus 10 the sirongest burst, After that the whole assembly was dls-

mantled and the UBiO was used for verious critical-mass determinations,

Assembly 2
On Januery 28, the UH;p. together with amounts which bad arrived in the

meantime, was reassembled, making about 15.4 kg in all. In order to make the
best use of the material, the comirol vane was removed and conxro; was effected by
mdving a tray containing a rart of the core amd tamper. The tray was moved by
a screw and its position was read by a micromster to the nsarest mlil; this ar-
rangement was meant to sliminate slack but dién't completely. We trled to use
tungsten carbide as a tamper in order to avoid the large contridbution of thermai
nsutrons which results from the use of a BeO tamper., However, the system would
not go critical because of the gaps due to the guides, tray walls, etc,, and we had
to come back to BeC, But we found it possible to cut the contribution of thermal
nsutrons by placing a layer of cadmium between the UHIO and the tamper, w;thout
reducing the multiplication too much.

Most of our information was obtained with this assembly., It was used until
February 1 when we had t0 return sbout two thirds of our UH,, to the CM Division

for conversion into metal,

Aggembly 3

The remailning 5.4 kg of UHlo were "dliluted” with polyethylens
("Polythene") bricks in the volume ratio 1 UEiO t0 5 Polythene, As a tamper
we used 3" of graphite backed by 1" Polythens, (This was about as effective
as 6" of grasphite, and better than any thickness of Polythene alons). The

safety box contained 6" Polythene. The slug contained 6 LP cnbas.of UﬁiQ'

in an unbroken row, surrounded by 4" Polythene and backed dhdve.hnd bﬁlow‘b!;
about 4" PolythenéAPP%g‘/ ';Qs{:: & E’ﬁ@lalsgerﬁﬁ%%approxima@ﬂy,ga cpbe 3 e01"s Q"'
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sides, the center of the guides being 1%" off the center of the cube. The
multiplication was varied by removing pieces .of the outer 1" Polythens layer.
Because of ths presence of large emounts of hydrogen and carbon, with no
Cd present, the /%, of this assembly was expected t0 be quite large (we foumd it
about 20’usec)o Although this makes the experiment less "interestipg® 1t has
the advantage that the fluctuations are much smeller and that bursts can be made
to order. This aasembly was used 10 measure dslayed neutrons and ga™ma rays and
to make a rough test of the size of fluctuations, In the course of these exper-
iments the size of bursts was gradually increased until in one burst the cubes
became g0 hot that swelling and blistering occurred. The whole system expanded
by about 1/8"™ and its multiplication became reduced S0 much that no more bursts

could be obtained from it,

TIMING SYSTEM

Two narrow light beams were arranged t0 cross the path of the falling slug,
92,3 cm apart, one ehove and one below the active assembly, and then to fall on
two photocells of the multiplier type. The slug carried a small knife edge on top
80 that the instant when the light beam is rs-established after interruption is
sharply definmad. The photocells operate a gate circuit, opening it when the knife
edge passes the first light beam and closing it when the knife edge passes the
second beam., The gate allows the signsl from a 100-Re arystal oscillator to
pass intc a largq scaling system (three atandard scales of 64 in series). Thus
the scaler counts at a rate of 100,000 counts/second during the time it takes the
knife edge on the falling slug to cover the distance between the light beams, and
by reading the interpolator lights one obtalns this time in units of 10 miaro-
st ofd

seconds, The light beams were nearly a millimeter wide and hegde'thesdpedily g
e o o0 [ ] L 1] [ d

ghutting {imes are determined not better thanm to about 100 m&b:rbkédéﬁdb‘f '.Thé‘.
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electronic equipment was built by W.C, Elmore of G-4,

The drop velocity calculated from this was found to he reproducible to
t4%, and about 1% 1less than the value calculated from Galileo's law. This
deficiency is probably due t0 friction. In calculating the poéition of the slug at
'any given time it is assumed that the slug falls with a constant accelsration of

865 cm sec™® 50 as to got agreement with the observed average velocity.

STATIC CALIBRATION

It is obviously impossible to carry out static measurements in thoée config~
urations of the systom in which a prompt-peutron chsin can develop because the
assembly would blow up in a small fraction of a second., We therefore had to be

satisfied with weasurements in a state bf'reduced reactivity, extrapclating to the

region in which we are really interested. These extrapolations were based on the
hypothesis that the diffsrent means by which we cén change the reactivity have
additive effects. This hypothesis was checked in.a rough way in the region accessible
to static measurements and found to be tolerably correct.

To obtain K for any particular position of slug end control, the exponen-
tial growth rate of the reaction was measured with an outside BF5 chamber and DC
amplifier, Ko great precision was aimed at. Doubling times dQown o about 2 sec
were used; shorter times were to0C hard t0 measure, and also increasingly dangerous,

To convert doubling times into KX +values, the inhour formula for the water
boiler™ was used., This would be correct only if the coniribution of dslayed
nsutrons in our assembly was the same fraction of the prompt nsutron effect as in
the water boiler, namely, 0.008. This assumption is probably not far from correct

but we shall point out in the discussion how it affects the results,

e o060 eoo e ooe .
e o ° [ 4 ° [ [ N )
o o e o e e o
S .9 co. .8 LY S 2
S ® ¢ ® L i ®
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Tig, 2 indlcatos the dependencg’sfi £° orf t38 fogition of the slug and
of the control vene filled with B4C and paraffI; ;;.;;sembly 1. The curves
corresponding to different slug positions can be made to coincide approximately
with the dotted extrapolated curve, by moving them up by a suitadble amount, which
maans that our additivity hypothesis is approximately corrsct,

It is seen that for vane position 87 K-1 becomes 0,008 if the siug is
at the center, ard hence if the vane is pulled out further a prompt reaction be-
comes possible for an inoreasing range of slug positions.

Figo. 3 shows the calibration of assembly 2, The change of K with the
control tray position is fairly lipear and is believed to confiuue linearly into
the prompt critical region. The effect of slug position was measured over a small
range only, unfortunately, and the curve shown irndicates what we believe is the
best extrapolation,

Fig. 4 shows the effect of slug position on K 1in assembly 3.

RECORDING OF BURSTS

1) A boron-lined ion chamber {converted Rala chawber filled with pure
argon™ )} was placed close to the active assembly, so that the average time of flight
of thermal meutroms from the assembly 40 the chamber was only about 0,1 millisecond,
While the electrons produced in such = chamber are swept to the wire in about
1 to 2 miceroseconds, the positive ions will take several milliseconds to move
t0 the outer electrode and will therefore be zlmost stationary during the bur;ta
With strong bursts these ions would form a very substantial space charge and mey
slow down the colleoction of the electrons and distort the pulse shape., We there-
fore prepared, in addition, a chamber which contained only a small amount of boron,
painted on the inside wall in the shape of a thin spiral.line° ¥ost records were

obtained with the latter chamber. We found no evidence for distortion due to space

charge. e s

KT LTI AL Tt T
¥r, Nicodemus Kindly £illed the chambers LOr Ws. ~
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The collecting electrode (central wire) of the chamber was directly cone
nected to the grid of a cathode follower tube, using e high grid leak (10’~°.ri’)o
The cathode follower fed the pulse through a concentric cable t0 the input ampli-
fler of'a Du¥ond oscilloscope. The sweep of the scope was triggered from a
suiteble stage of the timing scaler ({sse séetion on timing system) and signals
from another stage were fed t0 the intensifier so that the sweep took the form
of a dotted line, the dots serving as tiwe warks. Fig. O shows a typical
record.,

2) Copper rings (about 1" high eand 1" OD) were placed on the asserbly
in a standard position and after the drop the activity of the ring was measured on
a G-M counter, This gavs the integrated intensity of the neutron burst and by
waiting or by using an absorber one could cover the very large range of actual
burst sizss,

3) For absolute calibration of the bursts, a platinum resistance thermometer
was stacked into the UHlO and connocted t0 a potentiometer circuit and galvanom-
eters Yt was possible to observe a rise of 0,001°C of the UHIO dve to a drop.
The suddenness of the actual temperature riss did not show up sirce it tock about
a minute for the resistance element t0 follow a sudden change in tewperature of
the UBlO° Many of the pulses were to0 weak $0 be measured in this way. 1In as-
sewbly 3 no temperature measuremsnts were made because it was felt that they would
be too difficult to interpret, in view of the inhomogensous siructure of the system,

4) To record the delaysd neutrons emitted efter the burst, a flat fission
chamber contsipning e thin layer of 20 and filled with argon was used. In the
assemblies 1 and 2 +the chamber was stacked in with the UHiO cloge to its
surface; in assembly 3 1t was placed on top of the graphite tarper &EF cgjgfed;by

1" of Polytheme. The chamber was connected to a fast emplifidry 2daibr ‘tnd °,

results ib.tm.ue&':mp *f s

photographic recorder. The whols arrangement and the
APPROVED FOR PUBLI C RELEAS




described in detail in LA-2528,

In addition to
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the photographic recordsr, an ordinary mschanical counter
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- {Chicago type) was connected to the scaler and in some runs an Egterline-Angus

recording milliammeter was coanscted in parallel with the countar,

4 recording

obtained in this way 1s shown in Fig. 6 and while at low counting rates the

individual counts {each corresponding to 2048 particles) can be distinguished,

at high counting rate
position of the pen,

of counting rate and

g the average current becomes large enough t0 shift the mean
I% would not be difficult to calibrate this shifi in terms

bhis arrongement is then a simple meens of rscording inten-

sities varyling over apout 3 powers of 10,

THECRY
Iﬁ order to ca
the following assumpt
1) S8 source

not produced by promp
|

.culate the expecited neutron burst from the dragon we make
fons

Figsions per second occur in the system, i.e. fissions that are

3

b nsutronse S 1includes spontaneous fissions, and those

producedfby delayed nputrons and by neutrons from an external source (cg. Po=~Be ),

2) Only promp

process;éthis is just

k.

. neutrons are assumed to contribuite to the multiplication

| fied since the whole process takes only a few millisec9ﬁﬁso
/

2} The averagg time between a fission and its daughter fission is 'TBO

4§ The prompt
time. A%t the instant
1/T, and at +, whe
/T i/ 2
(Bp1)/ Voo

Consider the

" At a later time t t

$4at will e {8/%%

multiplication constant K? varies in a smooth fashion with

t. when it £first exceeds unity ita time derivative is

1

h it goes below unity again, 1/T;. We write o for

b dt, source fissions which occur betwsen T, and

o
® o000 oop

he number of {their offspring which occur bp%ween %
% owdt .
) dto 2] 0 dto
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The total number of fissions occurring betweer % and t4dt is found by

t ¢ t
. r d.at St adt S 1edt
1
Fl{{)dat= dt(S/‘e-o) .\ dt, e %o s dt(S/i"o)e 1 ev 'O at
- oD - 00

integrating over w8 t,

(o)

The exponential under the second integral is appreclable only in the neighborhoad

of %, and by replacing wwith (¢ - tl)/'l‘l &, (see assumption 4) is
2 ,
Pourd 10 be ee(to - ty) /275 /'i;;o s If we furthermore replace the upper 1imit

of the second 1ntegra1A by +oothis integral becoman ’2 Tl’Tl ’C’o and hence the

fission rate at the time ¢ is t
o.dt

F(tlat = (8/ ) at AT, T, o Jtl

’

The integral in the exponent keeps growing as long as o is positive and hence the

maximum intensity ocecurs when Kp passes unity on its way down, Around the max-

imum the intensity can be written tg t
J odt S oldt
(8/%%) at 1211"1'1’&'0 et e¥ "2

2
whers the second exponential again way be approximated by e'(t - “2) / 2T2 ?.o °
Hence the shape of the burst is Gaussien sround t5, witk an equivelent width

of ’811"1‘2 ‘(‘-o apd the total number of fissions in the burst is

%
2
at
2ms ./‘1‘1‘1'2 Jtld‘

Actually the variation of oi.'with time is nequy symmetrical, and we can therefors

assume Tl"Tz = "1‘1‘1'2 =T, Tha total number of fissions in the burst is then

t

2
sirply Std’dt
2TIS Pav 1
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RESULTS AND DISCUSSION “

e W

Before presenting any results we should like to emphasize that the exper-
iments were done not so much in order to weasure any définite quantity, but
ratber with the idea of demonstrating the existence of divergent chains suppérted
by prompt nsutrons only, and of keeping an eye open for any unexpected rhenomens,
We attempted to keep track of all gquantities which could easily be measured and
interpreted, but bzcause of the shortness of time we gould not interpret some of
our data until.aftef the active material had besn returned to the chamiéts and
then we found that some data were not acourate enough for reiiable interpretation.,

Perhaps the best way of demonstrating the internal ansistency of the

various measurements is o show how the generation timevf;

o ¢an be calculated

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

reasonable egreement with the figure obtained from a Rossi time-scale experiment.

A, Burst Shape

Fig. 5 shows the record for drop No, 73, obtained with assembly 2, Each

dot represents a time interval of 0,64 msec, The ordinates Of the center of each

dot were measured and replotted on an extended scale in Fig. 7. They can be fitted

very well by a Gauss integral, the curve shOWn. The deviation 1s probably due to
the non-linsar behavior of the eathqde follower, The mguivalent width isg sesn to
be 308 .milliSGGOndBo From the number of dots p eced}ng the pulse wo see that
the maximum of the burst:occurred 42.9 x 0064512704 mgec after t%e beginning of
the sweep, whiﬁh in turn was triggered 46096 mgae { = 212 x ;Q,;éég, see under
®timing™)} after the knife edgs had péssed the top light beam. The slug drcpped

224.6 om from its starting position to where it passed the top light bsam apd,, .

hence we can calculate that the slug (or, to be precise, the knifeiedde ion I1%):
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was ¥= 47.5 ¢m below the top light beam st the instagt_of the mgximum of the
burst, Since the siatic calibration showed the maximum wmultiplication at

y::ésoﬁ c¢cm and since the maximum of the burst must ocour at the instant when the
system, on its way down, again becomes just critical for prompt neutrons, we
conclude that the two points where the slug passed criticality were

2 x {47.5 = 43°6):§ 7.8 em wapart.

Fig. 8 shows the variation of Kb with slug position (and hence with
tims)., The s01id curve is taken from Fig. 3 and shifted gpward 80 that the two
intercepts with the line Kb =1 are 703 em apart, From the slope at the
intercept and the average speed of 722 cm/sec of the slug we cam get T whichfis
found to be about 1.0 sec, Fromrﬁhis apd the pulse width we can calculate,if;s
W=2.8 x 1070 sec = Jzni‘gr » hence T = (8.8 x 10°3)2/2ﬂ*= 1.3 psec.,

B, Burst Size

Fig, 9 shows thevinitial counting rate of the Cu détectors plotted agalnst
the tewperatures rise of the system., The specific heat of UHiO was weasured”
as 0,14 cel/gnm deggée; hence the heat capacity of the whole sctive waterial
{15.4 kg) is 0.14 x 15400= 28160 cal/degree or 2160 x 4.19= 9000 joule/degrse.
Since about 3 x 1010 £1ssions are needed to produce one joule of heat, 1°
temperature rise corresporded to about 9000 x 3 x 101°0 2.7 x 1014 fissions,
Fron Fig, 9 we see this gives an initial counting rate of 1,15 x 105 counts/minute,
hence 1 count/min means a burst of 2.4 x 10° fissions,

The counting rate shoun by the Cu detector eaxposed at drop 73 was

*  Report Forthcoming.
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80 counts/min, hence the burst contained 80 x 2.4 x 109:2 _x' 101t Tissions,
According to thsory this must be equal to 27rS T expgfzzo(At)o S was due to a
Po-Be source ewmitting about 50105 n/sec and placed inla hole in the tamper; we
est:&m’ate that this source caused JLO5 fissions per sec, hemce S is 1050
T=1 (see praceding:s'ection); hence the expomential is found to be 3 x 105,7
and I:aogdt =lognat {3 x 10%)=12.6,

! This value must/ be sgual to the shaded ama'in Figo 8 1if the time 18

N -
measired in units of /.. Actually the area is 20esec and hence we find/

i‘-o =20/12.6 _.-.106 pseco The agreerent of the value with that of 1.3 ,u:sec
Obtained from the pulse shape .’is not unsatisfactory,

We tried t0 calculate 'i‘/‘o from the way in which the size of burst varied with
the adjustment of the multiplication, However the statistical fluctuations were
very large and furthermopre the adjustment showed some gslack; as a result, while the

variation of burst size comes out roughly as expected it is not possible %o calw

culate any relevant figure for ¢

from 1tJ
o /

A third gnd independent value for 141‘6 was howsver obtained by perforning a
Rossi'time-ecale experiment™ on the assembly, Nine gétes of 40'=]Jsjec width'ware
opened successively upon arrival of a fission pulse in }fie built-in fission chamber,
and any pulse following theb triggsr pulse within 360 ,:Lsec was recorded in the
api)ro;priate channel, Fig. 10 shows the distribution of counting rates over the
nine channels (after subiracting acoidental coincidences, calculated from the
counting rate) and indicates an exponential Qecay with a-time constant of
120 [sece The multiplication constant K was determined as 009955 by extra-

polating the calibration curve; hence (0,008 being the effective fraction of

....;

* The electronic arrangsment for this was built and
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delayed nsutrons) 1 - Kp: la (009955 - 00008!=!¢,0125, and hence

,= 120me0c % 00125 = 1,5 psec,

It was pointed out earlier that the static calibrations were based on
the assumptién that the daiayed nsutrons caused 0,008 times as’ﬁany fisaions
as the prompts. If the true figure were higher bﬁ a factor g then all valuss
of K =1 should ba multiplisd by &. The valus K? - 1 1in the Rossl exper=~
iment would also be & times larger, and 80 would the valus of t?) resulting
from it. Thé same is true.of the value oOf ?é calculated from the absolute
size of the I;urst, and from the shape of/f.he burst. The reasonsble agraement
between the variouns determinations of ?é does not therefors constitute evidence
for the corréctneas of our static calibration,

It is difficult +0 set any definite urper limit to the presence of
neutrons deléyed by times greater than a few microseconds, In agsembly a2
K.p -1 neve% bscame more than 0,01 and hence the e-folding time was never
shorter than 150,Léec° Neutrons with delays up to say 50,ABOO may wel). have
been present if they were offset by shori-lived neutrons of sufficient npurber
to give the éorrect value (about lOSfLsec) for.the average time between a
fission snd its daughter fissions (excluding daughter fissions with a delay of
more than 150/usec)o On the other hand, neutrons with much mors than 150/}830
and less than a few milliseconds delay would not have contributed to the bursts.
Their number'could not have exceeded about 0,005 per fissionzsince bursis
were observed at poaitions of the con@rol tray which were about as predicted from

the static calibration under the assumption thet there were no delayed nsuirons

of very short pex;iodg Neutrons with a delay of more than a few milliseconds

were detectable as such and a pariocd of about 6,;m5%¢ .aes Jndeed found (see LA~262),
. ¢ ® e o e o o s

containing about 107" neutrons per Lission.  *.%

L] s o soo L [ L1 o
$e28 3% 313
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Fluctvations.
Calculation indicates that if the size of & burst be N (in arbitrary

anits) then the relative mean square fluctuation 6\,‘2 - T®) /ﬁz should bs
(1/s '(“';) s D(V=-1)/2% o The term 1.»('_6""'-1)/217 is 0.8 if we assume that
")7:2,5 and that the fission can result in the emission of 2 or 3 nautrons
but neither more nor fewer. If we assume a Polsson distribution for the number
of neutrons per fissiono the term becomes 1,25, The true value probably lies
betweeon these limits,

| The obgerved fluctuationg are 111u§tra’ced by Table 1. Each coiumn
contains the intensities of a number of subsequent bursts obtained under
identical conditions, Coluvnn A / shows the large _fluctuations of bursts oOb-
Sained with assemhly 2 wherse ‘(‘-o is small, Column B was taken witli asssmblj 3

where %, was more than 10 <times larger, and desplte ths use of a wesker source

o
She relative fluctuations are seen to be smaller, Column C wag Obtained with
the same adjustment of assembly 3 as colurn B, but the source used was about

9 timeg stronger. The relative msan square fluctuation shouvld have bsen 9
wimgs swaller; actually it only dropped by a factor 4, which probably indicates
“he presence of another source of I’luctuat:ionsp perhaeps slight variations in

the path of the slug, Column D differs from C by the fact that the multipli-
cation was slightly reduced; this reduced the average burst size by about a
factor 3 but 4did not alter the relative fluctuations, This is not surprising
gince the fluctuations arise mainly ig the beginning of the burgt and asre not
much affected by the later stages of multiplication when the number of fissions
has becore large.

If one wants to produce a large burst,. .}t..‘Es.fJea?J.se.b.ex.ter +0 lacrease

[ 2 [ ] [ L]
S rather than the multiplication, in order téje;i&cgf;bhéiv;i;er}rainty in burst
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size, This can be done by dropping the slug twice within a short intsrval (2 to

3 wminutes) so that the delayed peutrons from the first burst serve as a source for
the second., By making the second drop when the delayed neutron intensity has fallen
to the desired level the intensity of the second burst can be adjusted fairly
closely. It may even pay t0 make three successive drops and thus build up the
necessary delayed neutron intensity in two steps. We alwsys used this technique of
making one or two "leader" drops when we wanted to obtain very strong bursts close

t0 what the assembly could tolerate,

ADDITIONAL EXPERIMENTS

The decay of the delayed neutrons was studied with considerable accuracy
by F. de Hoffmar ot al, using the scaiing end recording equipment brisfly described
on page 13 . The work has been reported in LA-268,

The decay of g%mma rays during the first few seconds was studied by
P.B. Moon {(La-253).

Also the effect of the intense burst of radiation on the insulation of
coaxial cable was oObserved in & preliminary way by Xoon,

B, Richards set up a cloud chamber and synchronized it with the felling slug
50 that the bursts would occur during the sensitive ti~e of the chamber. It was
planned to expose the chavber 10 thermal neutrons only and then to observe recoll
tracks from fission neutrons emitted by =z piece of 25 placed in or nesr the
chamber, However, in the short time available we did not suecead in eliminating
the background of fast neutroms getting through or around the graphite =oderator,
and the atterpt was abandoned. .

Four rats were placed by R, Steinhardt at various distances close to the

o 000 000 o oo [ 15

assewbly, They all survived the exposure to a siﬁgie .;ir °9 ipfwliich'about 10
e & [ ) [ [ . )
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B

fissions were produced, Unless the high instantaneous intensity of the irradistion
had greatly increased its detrimental effects this result was to be expected since

the dose was only a few hundred R units,
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