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Historia prOJ ektu Ménhatan

2 sierpnia 1939 - Leo Szilard przekonuje Alberta
Einsteina do podpisania listu do prezydenta Roosvelta w
sprawie badan nad bromq Jqdrowq

B 2] pazdziernika 1939 zainicjowanie dziatalnosci
Komitetu Uranowego (budzet 6000 $)
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B 26 lutego 1941 Glenn
Seaborg 1 Arthur Wahl

odkrywaja pluton

B sierpien - pazdziernik
1942 - ustanowienie
laboratorium Los Alamos

(projekt Y) - Robert
Oppenheimer

B 2 grudnia 1942 - Enrico
Fermui - pierwszy reaktor
Chicago Pile-1
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1943 : 1ntensyWne prace konstrukcyjne 1 badawcze Z

nadanym wysokim priorytetem

Glowne zagadnienia badawcze:

Separacja 1zotopOw uranu
Produkcja plutonu

Oddzialywanie neutronow predkich z materia - projekt Y
(Los Alamos)

rozpraszanie, odbicie (akceleratory, uktady krytyczne)
Pomiar masy krytyczne;j
Dynamika reakcji tancuchowej rozszczepienia

Richard Feynman: okreslit prace w Los Alamos nad bomba

jako:

laskotanie ogona Spiqcego smoka”
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Spektrometry masowe ,,Calutrony” w Oak Ridge
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The following notes are based on a set of five
lectures given by R. Serber during the first two

“:IED weeks of April 1943, as an "indoctrination course"
ms in connection with the starting of the Laos Alamos

Project. The notes were written up by E. U, Condon.

ﬁﬂ;@_ J l.)r' 1, Object

The object of the project is to produce a practical
military weapon in the form of a bomb in which the energy is re«
leased by a fast neutron chain reaction 1ln one or more of the
materials known to show nuclear fission.

2v Energy of Fission Frocess

The direct energy relcase In the flssion process 1is
othhe order of 170 MEV per atom. Thilis 1s considerably more than
10 times the heat of reaction per atpm in ordinary combustion pro-
cessges., .

This is 170+106v4.8+10-10/300 =2,7-10"% erg/nucleus.
Since the welght of 1 nucleus of 25 is 3.88:10"22 gram/nucleus the
energy release 1s
7+10L7 eig/gram _
The energy release in TNT is 4°+10 erg/gram or 3.6+1016 erg/ton,
Hencc
' 1 kg of 25 2220000 tons of TNT y

3. Fast Neutron Chaln Reaction
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6. Neutron numbor

The average numbcer of neutrons produced per fission
is denoted by \J. It is not known whuther-j hes the same vslue for
fission processes in different materials, induced by fast or slow
neutrons o nsccurring spontaneously.
The best value at present is
V= 2.2 + 0.2
although a veluc V= 3 has becen roported for spontancous flssion.



10, Simplest Estimate of Minimum Size¢ of Bomb

Let us consider = homogencous material in which the
ncutron number is \ znd thc mecan-time between fissions is 7. In

Sec, 3 wo estimrted T= ~. 10-3sce. for urenium. Then if N is the
number of neutrons in unit volume we hevec
- . . - V=1
- N + div 4 — N

The term on the right is the net rate of generation of neutrons in
unit volume. The first term on the lcft 1s the rate of increase
of ncutron density. In the second term on thc left 1s the net
diffusion current stream of the neutrons (net number of neutrons
crossing 1 em® in 1 sec across a plene orilented in such a way that
this net number 1s maximum).

In ordinary diffusion thcory (which is valid only
when all dimensions of boundaries arc large compnred to the meen
. free path of the diffusing pantigles -, g..cqndition not fulfilled
in our case) the diffusion cyxdrcgdtiis dbrodpbftional to the gradient

of N, - . ®8 o.= - uv:
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wheﬂgﬁgﬁis the diffusion coefflcient { cme/sec).’r

Hence we have

N =Dan + (¥ UNCLASSIFIED

Assume a solution whose¢ time dependence is of the form
/-
N = N (x 4,2) e
where v’ 1s called the "effective neutron number", The equation
to be satlsfied by N, 1ia

-V Y= :
&N: + ..‘IDT" /‘\f‘ = 0 I/

together with & boundary condition. In the slmple case in which we
are dealing with a sphere of radius R, we may suppose that N, is
spherically symmetric.

At r=R we would have, on simple theory N, = O.
{(In point of fact N,>0 due to the effect of the mean free path's
not being small compared with R, but this will not be considered
here). For spherical symmetry the equation for N, has the solution




This shows that in an infinitely large sphere tine neutron density
would build up with the time constant (V-1)/%" . Smaller spheres
build up less rapidly. Any sphere so small that v/< O 1s one for
which the neutrons leoak out the surface so rapidly that an initlal
density will die out rather than build up. Hence the critical read-

fus 1s glven by 'RL T Dr D'eo
_ | c T To=7 .

Now D is given by D= 1v/3 where  is the transport
mean free path, * = I/nd; , n is the number of nuclei per cc and ~

6 = [ a3 + [ 05 (1-ces O)aw |
which brings out the reason for measurements of the angular scatter-
ing of neutrons in U. In metallic U we have

¢ Te = 4107 e,
which, for a density of 19 gm/cm®, gives 1=5 cm,
Also , | |
A
T = - £ jzi _ Tt a.
NJpuU T v Gf Se TOT = 3 2" -a_f— =220

. £ '
Therefore _ 2 2720

i o . sz T\)C — o3 = |23 Gan ol Rc_': 13.S en,

The critlcal volume is thereforc 10.5+10% cm® giving a critlcal

mass of 200 kilogrnms.. g-; R RS UNCIAS}'HED
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The value of the critical mess is, howevor, con-
sidorobly overcestimatcd by the elementery diffusion theorv. The more
cxact diffusion thcory cllowing for the long frce peth drops Re by a
factor about 2/3 giving

Rc;_ ~ D ean M, ~ 6O a’(j’ %25‘

The elemcntery treatment just given indicetes the

dependence of Mg on the principal constants
|

Me ~ v Toymy(v-ii] /2
wherec is the density. For R % R_we have the time dependence of
neutron multiplicetion given b - e
| & y -0t l1- (Bey ]/

#ience for a sphere of twice the eritical mass thce time_constant,
for multiplication of neutron density byeis 2.4 x 108 seec.



20. Shooting

shooting so that the pleces_are brought together with a ral iy
veloclty of the order of 10° cm/sec or more. This is the
of the job about which we know least at present.

One way 1s to use a sphere and?Ql
shoot into 1t a cylindrical pl
made of some active material a
some tamper, as in the sketch. Th
nvuids fancy shapes and gives the3 }

mass would be of the ordey of 100 lbs. ' 3 %

'The highest muzzle velocity available in U, S, Army guns & > |
1s one whose bore is 4.7 inches and whose barrel is 21 feet long$
This gives a 50 1lb. projectile a muzzle velocity of 3150 ft/sec,’
The gun welighs 8 tons. It appears thet the ratlo of projectile *
mass to gun mass 1s about constant for different guns so a 100 1b,
prnjactilc would require a gun weighing about 10 tons,

plece would be sub-critical th 3~ _ . .. .
times tho oritical mass. Tho “N31VZS
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Thus there are many'uri
have answered. We would like
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Gun barrel Conventional explosive

Uranium “target” Uranium “bullet”


http://en.wikipedia.org/wiki/Image:Little_boy.jpg

Fast explosive  Slow explosive Tamper/Pusher

Neutron initiator Plutonium core Spherical shockwave
compresses core
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Wypadki krytycznoSci

- wystapienie niekontrolowanej reakcji lancuchowej w materiale

rozszczepialnym z gwaltownym wydatkiem energii oraz
promieniowania

Przebieg:

B Niekontrolowane wprowadzenie reaktywnosci - rekonfiguracja

geometryczno-materiatowa na skutek btedu lub cech fizycznych
systemu.

B Zainicjowanie reakcji tancuchowe;:
na neutronach opdznionych,
nast¢pnie na neutronach natychmiastowych
B Gwaltowny wzrost mocy z emisja promieniowania
(efekty wizualne: ,,blue flash”, ,,blue glow”)

B Dezintegracja systemu na skutek kontrakcji lub fizycznej ekspansji
systemu

B Przy napromienieniu personelu - wezesne efekty psycho-somatyczne
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ypadek Daghliana

21 Sierpnia 1945 - 24 letni
Harry K.Daghlian

Upuszczenie cegly z weglika
wolframu (WC) na kulg z
plutonu o masie 6.2 kg

Wystapienie krytycznosci na
neutronach natychmiastowych
Wystapienie jonizacji z
niebieskim jarzeniem;

efekt ’blue glow”

Bliskie przetopienie sfery

Kontrakcja Daghliana -
odrzucenie reczne cegly

Smier¢ Daghliana 15 wrzesnia




,,Jaskotanie ogona Spigcego smoka”

21 Maja 1946 - ta sama kula Pu
ale z reflektorem Be

Luis Slotin w obecnosci 7 osob

Swiadome natozenie reflektora
berylowego na sfer¢ Pu

Wystapienie krytycznosci z
efektem “blue glow”

Kontrakcja Slotina - odrzucenie
reczne reflektora

Smier¢ Slotina po 9 dniach

Inne 3 osoby umierajg w ciaggu
roku




Zrodta niebieskicgo
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krytycznosci

Rozszczepienie jest zrodtem
promieniowania jonizujacego o energii <
20 MeV : X, gamma oraz beta

Jonizacja tlenu, azotu — de-ekscytacja z
emisjq niebieskiego swiatla
Promieniowanie Czerenkowa - elektrony w
galce ocznej

(p. Czerenkow w powietrzu nie powstaje -
ponizej progu E_~ 20MeV)
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Cyclotron with glowing beam; Lawrence Berkeley
National Laboratory



Napromieniowanie:

Daghlian 5,1 [Sv], [t~ kilka s] wydatek rozszczepien 101
Slotin: 21 [Sv], [t~1/25s] wydatek rozszczepien 3x10'
dawki innych: 3,60, 2,50, 1,60, 1,10, 0,65, 0,47 0,37 [Sv]
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Figure 43. Calculated fission rate for the 6 2-kg plutonium sphere.



Pammetryﬂte@reijycz@e._.___m it =
promien krytyczny sfery; masa krytjyczna

Sfera U235

Primer - elemetarna teoria dyfuzji 13.52 cm 197 kg
Primer - poprawiona teoria dyfuzji 9 cm 60 kg (58kg)
Aktualna krytycznos¢ 1,059
Aktualne wyniki MCNP 8,4 cm 47 kg

Sfera U235 + reflektor 7 naturalnego uranu

Primer - poprawiona teoria dyfuzji 6 cm 15 kg (17,2 kg)
Aktualna krytycznos¢ 1,010
Aktualne wyniki MCNP 5,9 cm 16,3 kg
Sfera U235 + reflektor ze zlota

Primer - poprawiona teoria dyfuz;ji 22 kg
Aktualna krytycznos¢ 1,025

Aktualne wyniki MCNP 6,2 cm 18,9 kg



Pammetry"te@rebzczrw i
promien krytyczny sfery; masa krytjyczna

Sfera Pu239
Aktualne wyniki MCNP 4,95 cm

Sfera Pu239 + reflektor 7 naturalnego uranu
Primer - poprawiona teoria dyfuzji

Aktualna krytycznos¢

Aktualne wyniki MCNP 3,75 cm

Sfera Pu239 + reflektor ze zlota

Primer - poprawiona teoria dyfuzji

Aktualna krytycznos¢

Aktualne wyniki MCNP 3,9 cm

,,Demon core”

S kg
1,042
4,4 kg

7,5 kg
1,110
4,9 kg

6,2kg
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Konkluzje

Po wypadkach Daghliana 1 Slotina nastapit
koniec (w USA) recznie przeprowadzanych
eksperymentow z krytycznoscia

Raporty z tych wydarzen zostaty utajnione
Liczba innych wypadkow krytycznosci na
swiecie jest rzedu 100 (wigkszos¢ bez ofiar)

Katastrofa RBMK w Czarnobylu jest
najwickszym z nich (aczkolwiek nie ostatnim)



