Foion 2 or atove /(}H nudet fuse Yo foom o Seaien nucl eun

Q'} ol ' ) :
Z0l02 o 9 IH — 2He + 2 +€ many, decreas o/’ 0.0265 amu
R pesilrons cow\espoudr'ug Lo 247 MeV

Nosion ncachct> called “Homonudaar * peavse of the sy highctimp e
9 weved o Tiggen aud dustain waedoup.

Frecion™ ”‘MUE) audewd 7= AQ“* (o two or vvore /lzgvgf(@\ nucle

o\\g“ggf“@n can be fw“ggove& by a rwu*w ( doesn'd 4Kﬁtﬁ7'@ﬂ € 4Jwﬂﬂl$/‘¢4"£>rce§

\

N\ 3¢ 4o 94 .
\QZD +oV’ =¥ 52 Xe 28 Sr + Z.n |
\ —~— Z
\ /76 /l(e'U' JUL[OOJQC\A T z :7¢'M4T07LD /w.lméec\

_J,AK'\__‘____J__ I - )

\ °© NUWMLR0 0@ 05707 ./wac{r o> JUZL“U”% 0\'3"‘“/{’«»\{0;1 y’jzcengres

O I ® cn avern ‘)w V-237 ﬂs P2t \j,Q/GLO 193 Mey .

moes> palance -

235.04%9 ama t+ l Omu ——+\£- 966/ amu 4 P6.2212 awu t 2(1:00%67 ey
\\‘
\\\ e ZC amu —> 736, B446 amu
% Am= -0,2080 o w . .
\-\.\\ / (> dmdicates 2rotherwie suaciosr
E & A 6 = "/93 é M'(‘\.)—
/
J
/

/
o “prompt " gy aleased ot ,0 “selon event

) c o(a\aazd 2y seleased duning matcoacéwcc\ﬁcaaé Pssiom fragmentns
Z\ J'f'o- fus/e/z WOduc't/b 3? naﬂ /”49/0// qoém exars udoun.

mad'wc'mwn fov aue (ot seactor cantiol

scionable pateal genngles cpproximatdy 4 U -day of euergy



|

Fssioy - heovy mdeus s sp\+ fnto +uo of more lightec nudel

—

B con He &v(ggeoed bLJ a heuwlvon, which does not ekpom\?nce a(‘epu.\sh/e
force a» Woac\xes The e c\eed

Eum'{o'{?eﬂ > Ecrf {lCa.‘

exat\n@\es.’
225 1 236 2+ 40 73 !
B 0 e %O e Qe S Py 3(&‘3 + Y4

“prowOt eviergy ” releaned ot {fssiey event

”ﬁ{e(&a@d €MN‘93" ce\eased dwr(wg
(Hyvedicactve decay ot {iesids fragmaents (¢ 10 & Ro-5)
(2) ron -fr‘sséﬂ ca?'kuf‘e of K cess peuttond

@ c(e[cu/\gc\ oLk gy s a wa(of concern n yeactoe control

S 235,0643924 amut 1.00866S 0 mn T 23£.0528%T ans

}
prompt € 1 Mass of peacionts
92.9/697 amec * 139, FO570 amu + 31,0086 amu = 23685208 a

wans of p.noduc\S
AW = +0,200509 amu

t

v -
A€ = (93,5 %BAM = +18¢68Me

K}

Thene 75 afso raqg"\‘a Jo MeV %) 83 seleased .

e oy Lme Km Koty
/;Z’&L (::EQL ;"70&1 ) :;Ce
A(‘:’r.:bc\uaB = (.%M.i.\r>§(m~b_qs +4M@—> '(M,u,,qs)} =784 Me T
AE&MC&H = (03;iﬂ:v g(""w-mo +3 YV\Q-> - (MQS—M@>} <H & MoV
8 ofler U-T35 Pission seackons G
u+ln ———»z:fU*———*-/;:Ke +7 Se +Zan 0E = 190 MV auleaned
Z:;U B c,'f‘ i Z:: U —> 'Z&f 267 Ke + Z;"' AE = 193.6 Me neleased

— Nunuev oud Q;Sron Y\ZQC‘}'(—UR) re'eqsmg a d:g*y-_h—&{m y‘ewg(@g.




()
Jaquinu ssep

09T OST OvT OET 0Oc1 OTT 00T 06 08 OL

w 10000
|
mmuzmo ]
s 1000
|
1 |
. m
I @
' Ho-o m-
llmmmD 40 mmen_ _M
A [l 1 @
1 % I =
] A g
o ] 10 =
i) | 3
b | 4 ~
d
se=ast HH
ST =
By o etz N% i
prealls A \& 717
= “ o1

95}32 QES@ A

S9¢ ADYANA AVHTONN 4O SHTIONIYd

O

‘[#8] suonnau euudy) £q
ecz1d PURB ¢-(] (§) Pue suonnau ASJA 1 pue [euLIay) Aq ¢, () 10§ B3RP PIAIL 1onpoid uoissy] §-¢ dan3ig

(D)
Jaquinu ssep
09T 0ST OWl OET OcT OIT 00T 06 08 0L
n‘ 10000
SUOJIN3U AW -1 o ]
SU0JINaU jewusy] o
e 1000
.y
&
- 100 &
(] 3
<.
\ L BWIBY ] - =
A\ —_ -
2 i S -
i3 + N o =
O
[}
| 1 =
]
|
55 =01
Y P e
# 4 >0§ ¢._”.l x
= e o1
g42-1)



B Avecane on21gq disdvowtion for 2negy A\eoned pxzn?ocSSIoz via- a /A_M/uaJ rectro o
absorbed )va Uconium - T3S,

prompY enexgyt | /67 MeV ke enetyy of fession Fragmenta
s MV Kinde energy of Cission neuwdrons

5 Ml Kcss:on enecgy
o Mev (ca(iume enevyy
1€7 MeV
e[&aed QnQ(‘S% 2 - MeV @— eyLU‘Jy Lrom p:’ss/bﬂ [ragmevﬁ de Cays

¢ MeV (Aem enesgy
0 Me¥ PES uwgu/ of neadeaos

z3z MeV

+ On a\t’tagﬂ ) zooﬂevmleued/wable \C\"om Frgsf;n OI uraniuwm -235

t M of nevdvinos pot courted becaype Hirs engy can 10t be cureld.
B 200 MQV/ £is5en U-235 +

o : 23 8
(Zco Me \//nucbu Uz;s)(é,OZZS'/O nuc[u/g wol U'ZS‘IJ S Vote Ne-v/s U-z 35
(235,043 9/mel U-z35)

= 2276 0" kU /g U238
= $.190:10" J Jq U-238

co 1 g fricala U235 ~ 4 MBS day = 0.948 MV -daylq Uaks

8 fuel ch(‘n(,(p :
fuel = ol uranium, pludonium & thoeum rsologes ; some fsofpes ace nour $i%s, wnfa e

Lol moteciol = Suel + al\os«‘ma £ c\wmr(‘a)COm{bundS 3 wl:;duw‘es

o all £ssomable Tsofopes can not be §ssiomed Lecacweof o ccomulatdspy of £as o p!’oc\uc'&s;
such s Xxo £ ko, That absoclo neuteons amd b e\en%ai(ﬂ dvop necchron Lluax belod

et eal (evel,

e

< fuel buencpadlo wmcy feom Jovo e 100,000 'aw e dopendng oz Juad




Fias! an Timelng

. 193% : Fss’en deCO\)Qveé 7» Ggrm(my b;,, oHo Hobhn & Fw'.*.{ Stra ssmam

Jow. |Qs) 1739 LI.SQ /\Ae%enﬁ(‘ 5 C)'\-\o QOhQ{"F cV‘lSC\‘\ PU\D\CQ\QC\ oo ‘”NQO(Q’\?Q&\ :V\f‘é“\weh*LOﬂ
o-@ Hohndl Stosswon e xpextimertts (i Notoe (w0 &ALQA oftoc Holor & Strasaman Pub\:'fo&ivx)

Apc. \T, 1439 1 Fredeaich, T et Hone yon Helban & Lew Kowoarsk? oubiihn papec doalng wi ¥,
Sollidy oF \ haen feaion
possibilidy oF nucleas dhnam

A—u%, 2, 1889 Mbert E"@+€:{) widle o lefe 6 Pres, FD, Rosseyve | + éf&ué"%a oRrentdoz
1‘01",\1 90592\9;““‘3 ot an olomic \ooms

1940 @ Clwin Mc Wion £ Glem §ea\=c><:9 e cover Plutonium

Tee. 1042z: Fieet nucleac ceactor wert ceidteal)

- hevaoth the stamds of the On‘-m&ﬁ‘\:\ o&—Cl’\fcqyo stadtum (0,4'10.30 Plet)
- F-Q(‘W\: Qh&‘u\ TZQ&C‘\CJK

- cote wax Gwm wide, T,6mlong, 6w W
(20,6566 (31 £€) (19.9%€)

52 Hons of natural utanum § 1350 Hons of qu)’uﬂ_
Gadmivw cobs wsed foe control

. 0.5 IS power foc o Pews miulen
a2 : Tewn of los Alawos construced for ctomrc rescacch & woapos conntruation

ju/\) e, 1945 1% Nucleac E*plog:‘ou, Plutonom bowh) _Tm'pth '3(.t1 ‘n NQQ Mex.co

252« Fusion Weapon , Nydrogen bomb (wuch less redoaciive dobeie)

Juve 4, (ERASC lSt- Muc\f(\f waér (P(C\Y‘*
. Obuiwsk Nucleac Fower Staddos |, wooe Moscowd  (APS -1 ob nimsk)
- veted povses € MWe , Z0MTWY),
’ @//q()\m_t!’ \Mod.lmﬁd D FENT/N Coo'@é
e ohed doson Aer\2a, 2002

Jen.21, 1057 : UsS Nouk lus (55N-571) laanched
e P/w:.u,m{ya& s eacos CUJPS{\'VS\-\QU.M)
L4 fO Mwm

s dacommizadrcd Macch 3,1980



/

C‘ En = kina¥c NNy = g Win N
J

{

Mp= 1, 008566 am A

0.075 & En £ 17 AT (Fy.4-9, El-Ual 1

o When *v(\\)e\\m% »}’\w@u%)\h \mad\ro) e wdvonn, collidy usith nucded o
ane decelon @l C\/Wc\\\/\\J bg) Q\(b&ﬁ@\ nu (\Q’L) —_ sraﬁ@:‘v‘%

°%'d'o:\'€90'f“"m> %.P moIten dZA/U?/IS\A

; S Bz o “
wt > 0% By oV = (ot eachor s whl«gg

_uilamrdiacka
sloww<d 1 oV 4 tHermal <— Hermal _neactoes w}fh’ée
cold & 0.025e\
u__——#‘—
° new(% ,1_!420&@6( Llssion neudvons CaTY abeat ,?ijm wactor frescon oice 19y
T - proagt; adeastd ot taw of ‘P”s‘;'_ﬁ"" s ‘O.WS:.C_?_’?
<Q - Ic{n\agec\, ntleased c(w)&"s NadMPocrue

' y / 125 /% x ; *(‘ O-
decag of Pfesen fmjmw-\g 6. 645, of fl25 s nevdeoms Lo O-z3¢
' = Leos /)"' Pu-239 £#0-233
Theomal 1 dver
o Tissior neutvond sca ﬂWA (s(aw«(> [99 MmETAENA _os acdor cove

- Moderatecs (Scadening JLKQC\("(IB
- comQ aucal woith "ME}Q\ neuscon sco:}\'es".né & loes neudvon -albeay Ao

\ 2 probab 1N »y

) H ;i H & “LO) D0, ¢ (9&1@\&?&3,36)3‘20

- \owest AMNGy @ nevdcon can aacl s thet whi by Quf“s A in *l«ﬂ/mm@
ogu lbetuvm wiNh sanroud g evurvo et
- )Q!Z!A‘\Y‘O’h e or2te> ”'{AM WA.Q( 560‘% — ‘Muwa/‘ wzu#wuo
k= ).3506. &> Ihe = %61/ .;o-“ ‘t’f“
En= = wn Vol = kT T’i_\%

e

29¢ N n(ffpen&v:\dj "y und worsd yaowwf?ul"‘
L 2o ltauanils conafand = Avagadio’s numbes

cmoct probable eengy corce\dttns o wost @robable \ye\ocf*‘:s
@ (Fin @ 16, €l Wek 1Y

(&



TLL MV Lo \WWwWWe s AV
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Figure 9-9 Energy spectrum of fission neutrons.
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as the moderator. The neutrons at this reduced energy are designated thermal
neutrons and are the basis for BWR and PWR reactors. Figure 4.4 shows the
basic reason for the choice of neutron energy. It can be seen that the probability
of having the 235J nucleus fission increases very rapidly as the neutron energy
is reduced. Thus, it is advantageous to use very low-energy neutrons; the arrow
indicates the lowest energy neutrons that can conveniently be obtained; namely,
thermal neutrons at 0.025 eV. Figure 4.4 also shows that the probability of
having %8U fission is negligible unless neutrons above 1 MeV in energy are
used. Of the two isotopes of uranium that are present to any extent in nature,
235(J (0.72% abundant) is of direct use in thermal reactors, whereas 238U (99.27%
abundant) plays an indirect role that is discussed later. A thermal reactor using
water as a coolant and moderator must use enriched fuel in which the 235,
instead of being 0.7% of the total uranium present, has been increased to about
3%.

The neutrons that come directly from the fissioning of 2351J have an average
energy of 2 MeV. To reduce their energy to 0.025 eV, a moderator is positioned
such that it is likely that a neutron will become thermalized before it is absorbed
by a nonfissionable nucleus. In the BWR and PWR reactors, water, which is
both the moderator and the coolant, surrounds the rods containing the uranium
fuel. To slow neutrons down quickly, it is advantageous to have them collide
with a nucleus that has about the same mass as the neutron. As any billiards
player knows, when a billiard ball collides with another of the same mass head-

10¢ 1 T ]

| ! | | | 1 |

103

Fission probability (arbitrary units)

EXLTY)

1072 |- —

10-3 1 T | | | | { | | | |
10-3 102 107" 10° 10! 102 10° 10° 1C° 10° 10
Neutron energy (eV)

Figure 4.4 The fission probability for 235 and 2*®U as a function of neutron
energy. The arrow at 0.025 eV indicates the energy of thermalized neutrons. For
28], the fission probability becomes appreciable only above 1 MeV neutron en-

ergy.
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