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UNCLASSIFIED 

A chain reactor (the “dragon”) was cOnstructed so that by dropping a 

slug through an assembly (both of active material) D a divergent chain reaction 

supported by prOnpt neutrons alone ‘Aas achieved for about l/100 Gecond,, In 

this short time neutron multiplications up t0 1012 were obtained, Various 

measurements were made which permltted calculation of the generation tlma in two 

independent ways; from the ‘shape 8 and from the size of the neutron burst which 

occurred when the system became prompt-neutron supercritical; these calaulationa 

agreed reasonably well with each other, and also with the time obtained from a 

Roesf time-scale experiment, The neutron bursts Froduced by ths reactor were used 

in other experiments on delayed neutrons, gamma rays0 the effect of intense 

radiation on coaxial cable, and on living animals, 
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u~~~ASSIFIE~ 
CONTBOLLIZD PRODUCTION OF AN EXPLOS1VE NUCLEAR CRA~N REACTION 

The neutrons*emitted in fission are of two kinds: r:proinpt*t, lee0 emitted 

by the fission fragments presumably within less than 10 -12 setionds, ~32x3 

"delayed", ioeo emitted after times of the order of seconds, 

Chain reactors constructed s0,fa.r (graphite- piles, water boilers) always 

depend partly On the delayed neutrons; this makes them easy ii0 control since even 

in a slightly supercritical state the neutron populqtion grows at a moderate speed, 

doubling in a time of miuutea or perhaps seconds, & th0 multiplicatlonwere to 

be Increased SO much that the prompt neutrons alone can support a divergent cheiq 

the neutron population would grow very rapidly,, doubling in a small fraction Of a 

second 3 Such a nprompt'f chain reectlon has thersfore an explo&ive character and 

therein lies its military value, 

In the experiments described here a chain reactor wa8 arxanged SO that f0r 

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

could be realized, This was done by dropping a slug of active mgterial through 

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

large neutron bursts could be obtained, indicating a' multipbication of the original 

neutron population by up to twelve pc~ers of ten within this short time, Xa oy 

particular burst a temperature rise Of the active material by over 6*C fpif8 

recorded, corresponding to the liberation of l2000 calories, and over 1013 

neutrons, Since mOat of this energy is liberate'd within about 3 milliseCOndS, 

the heating rate was about 2000°C per set, corresponding to a peak peer Of 
h 20,000 me 

* Because of the similarity of this procedure with that of t&l!&g&&~a~l'~~ 
a dragon (pointed out by R, Feynman) the experimcut has bee% &b)a&!~m~~ &l%d 
"the dragon experimento" 
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%muxvtrents were aada of the way in tihich the fission rate varisd with 

time during the burst, of the slug position ht the maximum of ths burst, and 

of the dependence of the burst intensity OR the adjuatmont of the ntd.tiplicatiOn, 

In conjunction witn staticWcalibratlons, carried out with the slug in a flxed 

position, these measurements are in good agreement with what waa expects(l,- It is 

* for iRStanCf3 possible t0 calculate from them the generation time, i.e. the moan 

tima To betwsen 8 fisalon and its daughter fission iqtwo independent ways,, and th8 
:, 

results agree well with each other and -&ith a third determination Of To by 8 

Rossi time-soalo eaperiment,* 

The intensity varied considerably from ona burst to another, even if the 

conditions were not changed; these fluctuations are to be expectsd bscause each 

burst is ths result of an enormous multiplication of very few primary neutrons, 

it crude measurement of the size of these fluctuations again 6hWsd 6greomento;lth 

Some additional experiments 'cexs carried out in which the neutron burst6 

were used as e tool to study the delayed nsutrons (see i&252) arrd gamma raps0 

and also to investigate the effect of lntease radiation OR coaxial cable and on 

rats, An unsucaessful attempt was made to t~rmaliaa ths neutrons and to 116s them 

f-i in conjunction with a cloud ohambsr, 

was coAtained in .a steel box, 14" long 

and with a 2-l/8" x 2-J./W' cross seation, Its path was defined by 4 Dural 

guides, with a al&ck of about l/W 60 that BV~X a considerable warping Of the guides 

nould not interfere with it's drop, The guides were kept at the oorrect relativs 

* Report Forthcoming. 
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position by brass claqs every 2 feet or so, and 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/W) steel table on Which the active material and tamper could 

be assembled around them, ati led at the bottom into a catcher box into which the 

slug fitted with a Pen 1~111s clearance; this close-fitting catcher box served as a 

pneumatic brake= 

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

could be raised into position by compressed air acting on a piston, This "safety 

bdx" could be rafted and lacered by throxing a switch operating an electrOmagnotic 

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

monitor" so that it would drop autonsticaJ.ly whenever the neutron level increased 

over a preset value0 When the safety box was dOm, the reactivity of' the system, 

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

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 

system& Its position being adjustable by a screoI' drive,, 

Fig, I sho$s a view of‘ the whole setup, without active mater~alo 

Before each drop the slug was picked up by an electromcgnet hanging on a rare 

and hoisted to a suitable point near the top of the guides, To do this safely oW 

had to lower the "safety box" first, and, lest one should forget it, the magnet 

was wired in series with a microswitch whdch was closed onfywben the safety box 

WQS down, On arrival the slug was secured by pushing a fflatchw through the guides 

below it (this was done by a pair of Selsyn motOrs)o The purpose of the latoh WQS 

to prevent ths slug from being dropped uninteatlonally, eogo because of a pOwer 

fai lure0 

* RJ, Watts, LAh&=161, ‘:*. i*i l : 2: ‘1; ;‘i 
. .:: : 
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By pushing in the latch another mi.ccre&~$zb;. l '*%a~='c@e8~hich provided an alternative . .: . : 
: 

: : : 
path for the magnet current ao that &v*%&~ sa&t$%o%*could be lifted without drop- 

ping the slug oqthe latch, When the operator was sure that everything was ready 

?Xr a drop (control8 properly adjusted, no people near the system, etc.) he pressed 

the BWG ("Here We Con) button, establishing a third path for the magnet current 

and enabling him to remove the latch and subsequently, by releasing ths HNG 

dutton, to drop the alug* 

This stole somewhat complicated arrangement xas designed to relieve the 
. 

operator from any responsibility until he pressed the WC button, If, for 

9 instance,, he tried to raise the safety box before the slug ma up on top and 

secured by the latch, the magnet would at once release the alug, which would fall . 

into the catch box well within the time required for the compressed air to raise 

the safety box (about 10 set). Again, If he tries to pull out the latch without 

j?resabz the ItlwG button,, the slug falls on the latch which then can no longer 

be moved, (The latch was moved through a slow g&r SO that one could not pull it 

out in less than about 5 sec)o Colored lights vrere arranged to keep the opera- 

tor inPormed about the position of the safety box, latch, and magnet, 

The velocity Of the slug was cheuked in each single drop (see below under 

"tlmiDg syotemt*) and found to be constant well within l$- At the beginning of 

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

order to make sure that the slug via3 falling freely and with the correct velocity, 
c 

All the operating and recording equipment was placed in a room about 40 ft 

\ away from the assmbly and behind a 5-ft ~a11 of concrete and earth, If (to 

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

v!Ould have been a rather inefficient explosion, probably equivalent to a few Ounces 

of Ei,Ec In this case the control room would have afforded sufficient protection 

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

before the active Zumes had time to spread. -3 i’; l :; l ;* j ‘i’ :I: 
. . ..: .:. . . . . . . . . . 
l . . . . . . ..* 
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ACTIVE AEEGWBLIES 

Three different active assemblies were used; we shsll call them assemblies 

1, 2, 3 in what follows, . 

Assembly 1 consisted of about 10 kg of UQ., surrounded by about 6" 

. 

of Be00 The ml0 WQS mado by the CM division by pressing m3 with Stycex 

into cubes, home of &, some of 1" side, The symbol U stands far the beta- 

c 
stage material of 71 to 75% 25 content, The UHl, alsO contafns about 

4 atoms of carbon for each atom of U, 

The reactivity was controlled by mean8 of the control vane which contained 

5/M" of pyrex sheet, The safety box was filled with BeO, The US&., did nCt 

extend beyoti the control vans, but was built up in roughly spherical ahap with 

its center outsids the guides for the slug, It was found that m0vin.g the slug 

? sideways inside the guides changed the multiplication constant K by about O,l$, 
. 

a change which would alter the size of burst by a large factor* U'e therefore tilted 

the whole arrangement by about 1,5' and straightened the guides carefully in order 

to make sure that the slug would always slide down 0~1 one sfda of the guides, 

Teats with eleatrlc contacts showed that it always folloxed the same path to 

within 00005" and the corresponding uncertainty of about O,Ol$ in K was con- 

i sidered tolerable, 

This assembly gave the first svidkce that a prompt-neutron reaction could 

be produced, and SemT8d to get some qualitative information, The control van8 was 

pushed in far enough so that PO prompt reaction could OCQUX (see later under 

"static calibration"). The slug was then repeatedly droppd and the control vana 

was pullsd out in small steps, The first \ 
of January 2Q. Some more active material 

bursts were obteined in the small hours 

was added and the pyrer in the control . . . . . . . . . ..* 
: : . . : . :. . : .a~- 

vane was replaosd by a mixture of B4C and paraffin wax, to giZv4 st$?Wgeftu@tro$+ . . . . . ..* . . . . . . .s 

The following night b-ursts were increased until a temperature r,i~~e:~$**p@$~g*: .': 
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was obsarvsd due to the strongest burst, Aft%r that the whole assembly was dia- 

mantled and the UHIO was used for various critical-mass determinations, 

OR Jmnxiry 28, the Toe together with amounts which had arrived In the 

?neantime, was reassembled, making about 15,4 kg in all, In order to make the 

best use of the material, the control vane was removed and control, ~a% effeated by 
C moving a tray cOntaining a part of the core and tamperu The tray was moved by 

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

rangement was meant to eliminate slack but didn’t uompletely, ‘Ne tried to use 

tuW3tQn carbide as a tamper in order to avoid the large contribution of therm&I. 

neutrons which rssults from the use of' a Be0 tamper0 However, the system would 

not go critical because of the gaps due to the guides, tray walls, etc,,, and we had . 
to aome back to BeO, But we found it poaaible to cut the aontrlbution Of thermal 

neutrons by placing a layer of cadmium between the To and the tamper, without 

reducing the mtitiplioation too much, 

Eost of our information was obtained with this assembly, It was used until 

February 1 when we had to return about two thirds of our 50 to the CMDivisiOn 

for ooLlversion into metafo 
c 

Assemb& 3 

The remalnfng 5,4 kg of UHlo were wdilut%dR with polyethylene 

fWPolythene’*) bricks in the volume ratio 1 UEIlo to 5 Polythene, As a tamper 

we used 3” of graphite backed by 1” Polytheneo (This was about as effeativa 

as 6R Of graphite, and better than any thiaknesa Of Polythene &One), llhe 

safety box cORtalned 5* Polythene, 

in an unbroken SW, surroundea by &” Polythene and backed &&:h&b&~!&:~ 
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sides, the center of the guides being li" off the center Of the Cube6 The 

multiplication was varied by removing pieues.of the outer 1" Polythene leyer, 

Because of the presence ef large amounts of hydrogen and carbon, with no 

Cd present, the PO Of this assembly was expeated to be quite large (we found it 

about 2Opec). Although this makes the experiment loss ffinteresting” it has 

the advantage that the fluctuations are much smaller and that bursts can be made 

to Orderg This assembly was used to measure delayed neutrons and gamma rapa aa 

t0 make a rough test of the size of fluctuations, In the course of these exper- 

imenta the size of bursts was gradually increased until in one burst the cubes 

became SO hot that swelling end blistering occurred, The whole system expanded 

by about l/P and its multiplication became reduaed’ so much that no more bursts 

could be obtained from ito 

TWO narrow light beams were arranged to cross the path of the falling slug, 

92,3 cm apart B ona above and one below the active assembly, and then to fall OR 
two photocells of the multiplier type. The slug carried a sndl knife edge on top 

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

sharply defined Q 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 signal from a 100~Kc arystal osaillator to 

pass in-W a large scaling syetem (three standard 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 OR the falling slug to cover the distance between the light beams, and 

by reading the interpolator lights one obtains this time in units of 10 miuro- 

see on&3 3 The light beams were nearly a millimeter wide and hs$$?*%&${bpez$q .E$Q 
:: 

8hUVAng tl?nss am dsterminsd not better than to about 100 mi’drb&&&! “&&* 
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electronic equipment was built by W,C, Efmore of C-4, 

The drop velocity calculated from this was found to be reproducible to 

r&7 and about 1% less than the value calculated from Galileo's la% This 

deficiency is probably due to frfCtiOn, In calculating the position of the slug at 

any given tima it is aseumed that the slug falls with a 

965 cm i3d2 so as to got agreement with the observed 
. . 

. 

constant acaeleration of 

average Vc3lOcity, 

CA1;BRATION STATIC 

It is obviously impossible to carry out static measurements in thoae config- 

urations of the systsm in which a prompt-neutron chain can develop becauee the 

assembly would blow up in a small fraction of a seconda We‘ therefore had to be 

satisfied with measurements in a state 'of'reduced reactivity, extrapolating to the 

region in which we are really interested, These extrapolations were based On the 

hypothesis that the different means by which we can change the reactivity have 

additive effects, Thie hypotheois.xas checked in.a rough way in the region accessible 

to static measurements and found to be tolerably correct, 

To obtain K' f.or any particular position of slug and control, the exponen- 

tial growth rate of tha reaction was measured with an.outsida DF3 chamber and DC 

amplifier, 390 great preaision was almed at, Doubling times dovin to about 2 set 

were used; shorter times were too hard to measure0 and also increasingly dangerous,, 

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

boiler* was used0 This would be correct only if the contribution of delayed 

neutrons in our assembly was the same fractht 0f the prorllpt neutron effect as in 

%he water boiler, ns-ely, 0,008, This assumption is probably not far frcm correct 

but we shall point out in the discussion how it affects the resUltso 
. . . . . . . . . . . . . 
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Fig, 2 indicates the dependenc)pfi 
. . 

. 
h=’ OIL tb @ tion of the slug and 
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of the control vane filled with B,C and paraffin in assembly 1, The curves 

corresponding to different slug positions can be made to coincide approximately 

with the dotted extrapolated curve,.by moving them up hy e suitable amount, which 

means that our edditivity hypothesis is approximately correct9 

3[t is seen that for vane position 8" K-1 beco-es 0,008 if the slug la 

at ths center, 

* comes possible 

Fig, 3 
* 

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

for an loareasing range of slug positions, 

ehoHta the calibration of assembly 2, The change of R with the 

aontrol tray position is fairly linear and is believed to continue linearly into 

the prompt critical region, The effect of slug position was meaeured over a smalil 

range only, unfortunately, and the curve shown indicates what we believa is the 

. Nith strong bursts these ions would form a very substantial apace charge aMmay 

best extrapolation, 

Fig, 4 shows the efrect of slug position on K in assembly 3, 

RECORDIND OF ERJRS’E3 -m 

1) B boron-lined ion chamber (converted Be&a chamber filled vrith pure . 
argon* 1 was placed close to the active assembly, so that the average time of flight 

Of thermal neutrons from the assembly to the chamber M~S only about 0,l millisecond, 

Nhile the electrons produced in such a chamber are swept 'to the wire in about 

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

to the outer olectrcde and will therefore be elmost stationary during the burst, 

~10~ down the colleation of the electrons end distort the pulse shape@ FJs thmo- 

fore prepared, in addition, a chamber nhich contained only a small amount of boron, 

painted on the inside wall in the shape of a thin spiral'lina. Xost records were 

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

APPROVED FOR PUBLIC RELEASE 
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The collecting electrode (central wire) of the chamber was directly ao++ 

netted to the grid of a ctithode follower tube, using a high grid leak (lOIO&, 

The cathode follower fed the pulse through a concen-trio cable to the input amplf- 

fier of a DWond oscillosaope, The sweep of the scope was triggered from a 

suitable stage of the timing scaler (see section on timing system) and signals 

from another stage xere fedvto the intensifier so that the sweep took the form 

of a dotted line, the does serving as time warks, Fig, 5 shows a typical 

reaord, 

2) Copper rings (about 1" high and 3." CD) were plaaed on the assembly 

in a standard positfon and after the drop the aativity of the ring waa measured On 

a 0-X counter0 This gave the integratad intensity of the neutron burst and by 

waiting or by using an absorber one could cover the very large range of actual 

burst sizes, . 

3) For absolute calibration of the bursts, a platinum resistance thermometer 

was stacked into the To and connected to a potentiometer aircuit and galvano'+ 

eter;. It was possible to obsel"ro a rise of O,OOl°C of the lJEiIo due to a drop, 

The suddenness of the actual temperature rise did not show up since it took about 

a minute for the resistance element to Pollozv Q sudden change In temperature Of 

the mllOO Kang of the pulses were too weak to be measured in this way, In &IS- 

sembly 3 RO temperature measurements were made because it was felt that they would 

be too difficult to interpret, in view of the inhomogeneous structure of the system0 

4) To record the delayed neutrons ewitted after the burst, a flat fission 

chamber containing a thin layer of 25 and filled with argon was ussdo In the 

assemblies 1 and 2 the ohamber was stacked in with the O&r0 clOse t0 its 

surface; 5n assembly 3 It was plaoed on top of the graphite tamper and cf?cred by . . . . . . . . 

photographic recorder0 The whOla arrangement and th 
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described in detail in U-252, 

In addition to the photographic recorder, an ordinary mechanical oounter 

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

recording milllair;meter was connected in parallel with the counte;rlo A recording 

obtained in this way is shown in Fig, 6 and while at 10sr counting rates the 

. indf.vidual counts (eaah corresponding to 2046 particles) can be distinguished, 

. 

. 
at high counting rate 

position of the pen, 

of countdng rate and 

sities varying over E 

. -TEECRY 

In order to aE 

the folP6win.g assumpt 

1) S source 

not produced by prom1 I 
prtiucedlby delayed I 

2) Only proq 

process;; this is just 
. 

3) The mere& I 
. 4) The prompt 

time0 At the instant 

l/T1 und;at t2 whe 

(r,l,,$o. 

Consider the 

' At a later time t t 
. - 

i the averags current becomes large enough to shift the mean . 

It would not be difficult to calibrate this shift in terms 

his arrcngemant is then a siwple means of reaording inten- 

out 3 pcWerc.3 of 10, 

. 

culate the expscted neutron burst from ths dragon we make 

0RS: 

issions pr aeaond occur in the system, Leo fissions that are . 
neutrons, S includes spontaneous fissiOns, and those 

utrons and by neutrons from an external sOUrce (cg, PO-%f, 

neutrons are assumed to contribute to the multipllc&5On 

fied since the whole process takes only a rew millisec#ls. 
.’ 

time between a rission and its daughter fission is "j'"oO 

multiplication oonstant $ varies in a smooth fashion with 

5 when it first exceeds unity its time derivative is 

it goes below unity again, 1/T2, We write c&for . 

dtO souq~oe fissions whfch OOCLW between to and to+dtoo 

s number of thair 
ccdt 
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The tOtal number of fissions Occurring between t and t&at is fouM by 

integrating over rt, 

J 
t F(tfdt= dt (s/pa) t dt(S/?o)e dtO rQ) 

The exponential under the aeoclnd integral is appreciable only in the neighborhoti 
.* . 

of. *I and by replacing &with (see assumption 4) is 

-(to - * fotmd to be e t1i2,‘2’Q y. p 
(t o t1)/T3 PO 

If ws furthermore replace the upper Malt 

of the second integral by +&his lnteg&l becomeo J2Fiqy and hence the 

fission rata at the time t is 

I 
t 

ckdt 
F(tfdt * (S/ To) dt &trT; e Jt1 . I' *' 

r The integral In the exponent keeps growing as long ae g'io positive end hence the . 

\ maximum intensity occurs when K 
P 

pasaeo unity on its way down* Around the max- 

imum the intensity can be toritten 

(S/?of dt 1-i e 
etdf 

where the second axponentia2. again way be approxfmated by e-(" - t212/2Tz p o 0 
Hence the shape of the burst is Gaussian arowfl tZB with an equivalent width 

of &rrT,?o and the total number of fissions in the burst is 

. Actua1I.y the variation Ofti with tiw is nearly symmetrical, and we can therefore 

asawe T1 = T2 = TiT2 3 T ,, I-- The totaf number of fisslcm in the burst is than 

SiFPly t2 
otdt 

2RS 216 % 
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REStsLIs AND DXSCaSSION 
v  .  .  

Before presenting any results we should like to emphasize that the exper- 

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

rather with the idea of demonstrating the existence of divergent chains supported 

bjr prompt neutrons Otiy, and Of keeping an eye open for any unexpected phr3ACYMAe. 
. tz'e attempted to keep track of all quantities which could easily be measured and 

. interpreted, but because of the shortness of time we could not interpret some of 

our data until after the, active material had been returned to the chamista and . 
5 then we found thet some data were not acaurate enough for rerlable interpretation, 

Perhaps the best way of demonstrating the intarnal consistency of the , 
various m&surements is to shou ho;* the generation time s-"$o can be caloul~ated 

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

reasonable agreement with the figure obta$ned from a Rossi time-&wale experi-rent, 

A0 Burst Shape 

Fig0 3 showo.the record for drop No, 73, obtained with assembly 2, Each 

dot represents a time interval of 0,64 mseco 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 shop- The dsvlation is probably due to 

. the non-linear behavior of the cathode follower, The equivalent width is seen t0 
. 

be 2.A miUlsecondso Prom the number of dots the pulse we see that . . 
the maximum of the burst'occurred 42,9 x 0,64i2'104 msec after the beginning Of 

I  . ,= 
the meep, which in turnmas triggered' 40,96 wet ( = 212 x 10&d, 8ee under .. 

. "timiX@) after the knife edge had passed the top light beam, The slug dropped 

224,6 cm f'rov its starting pOsiti0X.l to where it passed the top l&&b:&,, a&. . 
. l . . 0::. 

. hence we can calculate that the slug (ora to be precise, the kni~$e.<~e.$$n&].~I.> 
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. Xas y= 47,5 cv below the top light beam at the instant of the maximum of the 

bursti* Since the static calibration showed the m3ximum multiplicatfOn at 

y~443~6 cm and since the vaxhum of the burst must ocaur at the :!&tant when the 

system, on its way down, again becomes just critical for prompt neutrons, we 

aonclude that the two poinZrs where the alug passed criticality were 

2 x (47,5 - 4306)z 7,8 cm apart, 

Pig, 8 shows the variation of SC 
P 

with slug position (and hence with 

ti-lls), The solid curve is takan from Pig, 3 ati shifted upward so that the two . 
intercepts with the line E = 1 are 7.8 cm apart, From the slope at the 

P 
intercept and the 

I . 

\ 

found to be about 

IR'=2#?8 x 10-3 set 
: 

. 

B* Burst Sfze 

average speed of 722 am/am of the slug we can get T which'is 
: 

LO see0 X'mm.$his and the pulse width vm can calculate..eo: 

hence To’ (ix8 2s ¶.0”3~2/2R=11.3psec. 

Fig, 9 shows the initial counting rate of the Cu detectors plotted against 

the temperature rise of the system, The specific heat of 50 was measuxed* 

as 0,14 call@ deq$ e; hence the heat capacity Of the whole active material 

(15,a kg) is O-14 x 15400s 2160 Cal/degree or 23.60 x 4,19=9OOQ joule/dee;ree, 

Since about 3 x lOlo fissions are needed to produce On0 joule Of heat, lo 

temperatuza rise acmretsponded to about go00 x 3 x 101% R,? x 1014 ffssionso 

From Fig, 9 ue see this gives an initial counting rate of 1,15 x lo5 counts/minute, 

hence 1 count/min means a burst oE 2,4 x 10’ fissiOlIS, 

The counting rate shown by the Cu detector 0xp080a at drop 73 was 

\ * i&port; Forthco&g. 
. . . . . . . . . . . . . . 
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80 crounts/mia, hence the burst contained 80 x 2,4 x 10g="2 X'lO1l fissions, 
: 

According to theory this must be equal to 2775 T exp(It2~dtIo 
PoeBe source emitting about 5,105 n/set 

5 
S was due to a 

and placed in a hole in the tamper; we 

estimate that this 8ource caused LO5 fissions per set, ,*' hence S is 1O50 

T=l {see preceding sktion]; hence the exponential is found to be 3 x Z05p : 
and t2 d.dt =lOgREit 13 X i05)=12060 , 

% 
. This value must be equal to the shaded area in Fig, 8 if the time is 

./" 
measured in units of,'+;, .' Actually the area is 2O/ccsoc and hence ~6 fixdj 

1% 0 =20/12,6 &6/*sec. The agreement of the value with that of 1,3 kec 

obtained from the pulse shape is not unsatisfactory, / 
Ne tried to calculate $0 from the way inrrhich the size of burst varied with 

the adjustment of the multiplication,, Rowever the statistical. fluctuations were . 
very large and fwrthermore the adjustment showed some slack; as a result, while the 

variation of burst size comes 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 

; 

L 

Rossi time-scale experiment* on the assembly9 Nina gates of 4O=+ec width were 

opened successively upon arrival of a fission pulse in t'e built-in fissi0I.x chamber, 
P 

and any pulse following the trigger pulse within 360 $sea was recOrdad inthe 

. appropriate ohannel, Big, 10 shov?s the distribution of counting rates over the 

nioe channels (after subtracting aaoidental coincidencea, oalculated from the 

COURting rata) and indicates an exponential decay mith a-time constant of 

. 
120pea, The multiplicatfon constant Ic was determined as 0.9955 by extra- 

polating the calibration curve; hence (OoO08 being the effective fraction of 
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-125* and hence delayed neutrons) 1 = Kp= 1 - (O,9955 - 0,008 = 

To= liO,mac x 0,0125= l.Sysac. 

lt pras pOin%ed out earlier that the static calibrations were based oU 

the assumption that the delayed neutrons caused 0,008 times as,'%tny fissions 
/ 

as the prompts, If the true figure were higher by a,factor g' than all valuas 

af xc- 1 sholild be multiplied by g, The value Kp - 1 in the,ORosqi exper- 

iment would Blso be g times larger, and SO would the value of co reBultillg 

frcnl it, The same is true of the valua of PO calculated from the absolute 

size of the burst, and from the shape of .iha burst, The reasonable agreeaant I 
between the various dotsminations of po does not therefore constitute evidenca 

for the corr&ctnaes of OUJ: static calibration, 

lt 18 difficult to set any dsfiniia upper limit to the presence Of 

neutrons delayed by tires greater then's few ?IcrosecoodsO In assembly 2 
I 

K - 1 xmver becam &ore than 0,Ol and hence the e-folding time was It0Ver 
F ,' 

shorter than, 150pec. Neutrons mfth delays up to say 50pec may well have 

been present.if they were offset by short-lived aeutrons of sufficient nuvber 

to give the correct value (about L5psacj for the average time between a 

fission end its daUghter fissions (excluding daughter fissions vvith a delay Of : 
more than 160 ' ec), A- On the othar hand, neutrons with much more than 150&c 

and Isas than a few pllliseconds delay would not have contribu*sd to the bursts, . 
Their uwllber!cou.ld not have exceeded about 0,005 per fission'sinca bursts 

were obssrved at positions of the control tray which were, about as predicted from 

the statio calibration under the assunlption that there were no delaysd RautrOUS 

of very short pepiod, Beutroas with a delay of more than a feu ~1lllissCOudf3 ' 
, 

were dctectabls as such and a period of about 6.nsec .praS&3’&+@a foUUd (sea u-252). 

contain&g about 10 4 neutrons per fission, 
. . . l e* l ** 

. . . . 
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j?luctuatiOna. 

Calculation indicates that if the size of a 3ur& be I? (in arbitrary 

units) then the kelativs mean square fluctuation (? - TF,fi2 should be 
.' 

(l/siLo) O v(ti - u/2 5 0 The stem Y(lJ - 1)/2< is 0,8 if ae assum that 

cz&,5 and that the fission can result in the eaissioa of 2 or 3 nsutrons 

but neither more nor fwaer, If we assuRe a Poisson diatributiOn for the number 

of neutrons per fission, the tern becomes 1,25, The true value probably lies 

between these lisfts, 

The observed fluctuations am illustrated by Table 1,. Each colum 

con-talus the intensities of a number of subsequent bursts obtained under 

identical conditions, Column A / 
/ 

sh&s the large fluctuations of bursts ob- 

3ained with assembly 2 where T o is s-Em, Column B was taken witd assembly 3 

where ? o was more than 10 times Sarger, and despite the use of e weaker source 

->he relative fluctuations are seen to be smaller,, Column C was obtained with 

the same adjuztient of assembly 3 as column B, but the sOUrce used was about . 
9 tiwas stronger, The relative mean square fluctuation should have been 9 

-&mm malfer; actually it only dropped by a faotor 4, which probably indicates 

She presence of another source of fluctuations, perhaps slight variations in 

the path of the slug, Column D differs from C by the fact that the ~ultipli- 

cation was slightly reduced; this reduced the average burst size by about a 

factOr 3 31~5 did not alter the relative fluctuations, This is not surprising 

oince the fluctuations arise mainly in the beg%nnlng of the burst and sxe not . 
much affected by the later stages of stitiplication v&en the number of fissions 

If One wants to produce a large burstq.f".~s.f,?."ap~~.3~~~8~ to increase 
: . . 

S r&her than the miLtlp&lcation, In order t~.~e~~J~~~~~e~~~~uty ia burst 

:= ii "f :'j* 
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650 

ES0 
. 470 

610 . 

860 

11.80 

3.190 

1050 

1410 

1'700 

1500 

030 

690 
-- 

E  c I> 

I.7 80 28 

13 106 30 

I 97 36 

9 91 32 

9 91 22 

8 113 28 

9 94 32 

10 70 22 

9 1n . 27 

7 89 34 

7 69 30 

21 70 34 

6 58 23. 

2 83. 39 

xl 99 30 

7 I39 27 

2 68 33 

a 73 26 

10 75 24 

10 e6 32 

8 El0 37 . 
14 
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size0 This csn bs done by dropping the slug twice within a short iatsrval (2 to 

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

the second, By waking th8 second drop when the delayed neutron intensity has fallen 

to the desired level the intensity of the seuond burst can be adjusted fairly 

closely. it way t-mm pay to Take three successive drops and fhue build up the 

. 

necessary delayed neutron intensity in two s%ge. ?J'ls always used this technique of 

making one or two "leader" drops when we wanted to obtain very strong bursts close 

to what ths assembly cot&l tolerate, 

The decay of the delayed neutrons was studied with considerable accuracy 

by P, de Hoffman et al, using th8 scaling s.nd recording equipment briefly described 

on page 13 o The work has been reported in M-262. . 
The decay of gamma rays during the ffrst few seuonds waa studied by 

P.B. t:oon @A-255)0 

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

coaxial cable was observed in a preliminary way by Won. 

3, Richards set up a cloud chamber and synchronized it with the falbing slug 

so that the bursts would occur during the sensitive ti-e of the chamber. It was . 
planned to expose the chamber to ther-al neutrons only and then to observs rscoil 

. traaks from fission neutrons emitted by P piece of 25 plaaed in or near the 

ahamber* However, in the short time available IYO did not succeed fn eliminating 

the background of fast neutrons getting through or uruund the graphite -oderator, 

and the attempt was P,b,andoned. , 

pour Pats Nere placed by R, Stelnhardt at various distances alose to the 
.* . . . .:. . . . . . 

assembly. Thay all survived the exposure to a si{gis+ ? i~~wl~ich,~Out 1Q15 
. . . . -J 

. . . . . 
:. l . 

‘: 1:: :;; 1:; -w 
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f isvions were produced o Unless the high instantaneous intensity of the irradietion 

had greatly increased its detrimental effect8 this result vas t0 be expected since 

the dose was only a few hundred R units, 
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