&y

P
) TThe Laowd DReZ WMODEL

Nuaits aR 2Ryi\Cs

¥4
) THE SHou HoDREL




RECLP l
NOCLEAR O DESN ¢

>
esce 39:\‘*%0. aac«QAo%\ug 2 _39::\&3@&\%
sl "Q“' = Og vocle o ,\\nCQu&\WS !

‘\J QC_,QQQ( b‘t V\A “5

2) Voclear sae

AV\&;Qaw om erlow < ?"‘:\7

)c-/Qec'.\rbvm # méu-. owment ey

| Srbldy, € e

pd



>

|

LAQ© DRo2R oL | @

N

i Fo P
L S .'-'\-.h'.-
g m___:" i .".?,_:.-': i, -I_.-\. a I_.:I-I_-___ _!....-:. .-.- .-:..__' .::__. 5 *_'\. -:l_,_ Wy .
Rl = - | L R i w i T } .55_;\.-\' A . % 'I-..-r e e o
8 a A S N SE FVJd % %Y LW L

1°'L|T 4

100
F

average binding energy per nucleon (MeV)

N [ T [

2006 Pcl PFe By 110

19 ?SAS Mo

[ ]

Cd
1415

1
- Te

I

0 20 40 60 80 100 120 140 160 180 200 220 240

© 2012 Encyclopaedia Britannica, Inc.

160

Dy 197

T T T

180Hf 209

Au

B —_—

mass number

A

i 238
Bi U

_—

|

—

—

Fa . & ol 7 L N ¥ b L . e /
I LANN £JF D N W " — ' ->
L Y r e § - T
o= el =
T P T sk

3) X ta e “tawey. O?
'l'Q/Q N cQ Ce\r 90 N 4

wnediowm e

“ﬁ g2 c-\l oW
?) Steoneor <bor-vunce

s
g
'|::.'-H' - L
r i I
y .
LR

re ?UQS(CN



\ LA DRo2 LoneL \(D

Froj)er"\')v o? .

-S) Xmae it \vaqu\wn a) V\ocOe € ? occe

CLHACK Qos\;

Z) mlém‘r““$ 5 rqa"’“ fo) el\mm Po(ceg

Xow - i\ v
C“ \vf\efué']cmg)

3) SQ'OA -Tawe. R YUQS\OVJ

=D a aWn ““0\0057 '\)QA\NQQU\ ‘O § ‘9\ 7
awd Q v &k FOGC\ \—\ _}o Cfeat\e o\ \nthQevf W\OG’QQ



\ LQAD DR LoDEL \ S,

Bt o o o ihine B

Q \nochac 90(‘@6 2

20 : a5l 7 T
" I\égelgn(]?zgf ?3' |I:I% S 4= ‘k X &awWy Poe »
15 | _ N é
V'IUCQGQV\ -V\QCOGM WA VG QIlOov
10 1 _ .\
NN vs CsCs ve (-Ce Na o\ o
5 i -
( CU’\A"'V‘O\( > \M\'\C )
0 _
={) “N" Q..H Y Q\N\ea(

-9



| u@o DR LoneL | (B

Qr:'\ o? Sow R
= o
‘: o I_P wocCeov Q\f‘_]

i 0 vocle
Derive ?rovec*es -Q




\ LQ\O© DR uoDEL\ @

=0 We wa\ﬁ -\'e Cchq_()q L 8@,&3 3 Dlé\u do ur ?Q’OQQEé?

= KAy A *+...

) Volome Yecm:  8E,A)

- T -

% ~) Vo A CA- 4 o? ﬂocoeons)

2) go(?u.cq ‘]er M

\neaa—‘\we Le cassse (‘)\ﬂu\cﬁt

Qu\ﬂe "\9 YVMIWVIII\Z2@Q

"\&e Qu(?c&c 2
=




\ LQO DRoR UODE'.L\ @

(>

q 2 (22 oY friqov\s)

D D
&>

14 242) = eaty 1o mbem‘\aij

9 -\S) -—) _‘wa ave seuob Ao‘\’)ﬁ %‘)GC@\C. '\e V\UQQQCA"

\:e'y ¢S



| u@o DR LoneL | ()

D We wadt Yo cleolte BN, Dow do wr proceed?

q) &«;7 m"“‘é\—“{ \'Qf M: =D Vluch'c Q.\(Q ‘\a Ql\aw. '\Q'Q SQwe
viowm be ¢ og e o'\m& ? Yra’ims




\ LQDO DRoR uoDEL\ ©

2) +2D)+32)4+ «
) % S) =D L;gué
e
o? moc’eQ

AT

T
)‘:\qu \mo ves
Sm-m—?pr\ccgp N \S S)Q‘\Nuo@\

ol

R -Warzcocker Socwm JQey

2(2-4)

(\9&.\ 'a Wy 21\& )
all 09 2lieun are around

4&«0 ve. Oue ¢



\ LLAQNO DR UODE'.L\ @ /D) /A, ﬁa-_)% oy an
(O .- 30K
=0 A grasBie® a?rm-\ﬁ\m .. ecor o3

20.0 S —— P
17.5 . —\) MSO 2 3 ()Qct\ws (o .
15.0 ‘
S 12.5 ol
Q
= 10.0 9 — -
<
T 7.5 , Ea— .. | | < - _
- g i . | \Fissiﬂn
2.5 % 6 . | I N N |
0.0 E 59—
0 50 100 150 200 250 300 2 4
A 7
£ 3
CPQH‘ w$ vo'l (v\cpu;,e (’ "< . So«."y yoo \!{QLL
" __

T~ A).(zo-%)
$ D0 40 60 80 100 120 14[1 160 1BD 200 220 240 260
Mass number

w e Qt"d‘)‘c)



| la@so DRe2 LoneL | G

=D VFsswon w ‘\QL Q\gu...-D Jm? w\oJeQ :

‘O a0 O

( wicreasces $o(9u.ce) =0 ¥oc vevy eﬁt"‘bﬁ D,

e e 4Cns & euereheally
96\ l'\ w;‘\ ‘\:n o ‘:o{t\\ooe

sCow , \oeccu.JSQ.

we Uave _\)‘"‘? It -‘okef. gom
D D < ?3‘ el decades '\o \)t\\tm(
D, @ el el

X yeo\fs



\ LQO DRoR UODE'.L\ @

N
(Number of Neutrons)

1
-1+

g'&qm we Q\M\Q ?\(S\O‘\
252 Cg i %),

126

23S O

“Fission r

28 | _- . mProton

| . WNeutron
. mStable Nuclide
- /Unknown

6 14 28 50 82 7
(Number of Protons)



l SHEW uoDEL.\ 3)

=D Relies ow Wo assumplons
) wocleons ace Yecomons (wl « el Sy A A

NocC Qeons aewv uoﬂe Sovwe soe\ a? C\A Weaea\n Q\QQJ

T,

aravtal ol
‘*1 exo Yawn ) - CC?-g Seaviia chaes
Le' i ,‘\ Qn % Aepk 9(908 09 qu Qa:'\Q.)
X

? \an. H £ Z: 23;
CLelres WA o ace cont T T 2w

\S desfeeS c)Q ?teecsow\) 4
LAJLV

uM,ros. ca‘nc C’QSCC\

HlQA\ = EA \"-.‘S".MA3



‘ SHEW uoDEL.\®

- ~ o -
5) LA\CMSCQ?\C AQtht\a O * \" - z‘-.‘% +%\/m(&.¢3\

=5

-;:—D beced S\Mfol "émgt?oﬂehqta)\y
| a\ﬂ’ .w@\ al D meecaset

.

g Venigy

Every nucfeon will QQy
el the avers ed poy
af all a\ber vucleont




’)U will be a ‘“’\C\u FQ?‘\'U‘\/AM L/\’\/

C\Ak w;ll tjv\orq DV W a ,Q\J‘C‘l‘ Restdqu wa Q(‘qa\ow
(wea ey‘na o '\o \ve &mc\\\)

q‘)‘)fow \\Mc-\* lW\‘\



s Canlonan
H RS s SRR g R ST | TR 1



[ Swaw vooe L \®

=0 ‘\"\owe.\le( ) \hocoeanﬂ QR QQ(W\\OQS .

Ty = TV dicd —y Vs doos 18 Yoo o aces?

=1 ted Lecmions ace anils Y W‘“t‘v <

=D we weed aw O\V\‘\\Symmét\c weve SanCliong

N A o]
= VA —b Fa = ATV V) a €
gh‘ L4 3 o "Tl‘ ? =4 46.(

€ - ‘Mava\e'\'\ ol rb

Es‘s ~— S\co\n aQ '\'Q\Q l‘-w.tmf.\d-.d\c\ '\'m\&‘)o&a\ﬁﬂ.\

( ® & .J



l SHEW MODEL\ B

=0 UJ'\'ICQ -\Q.,_-,;\ —':I'-o s

/

L Sunter. DeterMwaNT |

\ v ( —" C;Q;,\Q(M'\mva



[ Suew vomel \@

=0 Rstlom-Luwe QVery wcCeon & ™ a A\onxea a":\&

- geca.ose N @aWS are guwm\ows

].:\(q.w\'QQ VHE Ce) = é— IR L CQMN( wvonk ©XC g“c-?lar
[ AR OO Vreawn E\QQJ)
H'df';-': 'Q.C\' < =€Cni, Q)

NN =N ewnevqy QQWQ (V) =0,4,2?,- )
€@ : (2@ A g ) %

0 — qv\fbuQc« MO | N

(Q":o"lf?!"“)




l SHEU Mona_\@

- Cam : Vel = fmow?® , Wil s €1y

€ R) = wWwlurala %)

“\ow \nnuu;v VIUCDQMS caw A alfaavae W
{'Qm'- EWNerY Yy @QVQQ ?.

<2 Fm“bf\s ?1‘ ?'l/

‘Z\nucéeons w1 W «l/




l SHEW MODEL\G_D

3) Wert evie oy Cewol: W=0,Q=4 -

3 GLOQG. QV(OQ..;S\CM ?f\\nC\TQ( C‘Z,) R (ZQ-I {) - 6

3P sc\al Lo
avelue ©
Yomallo

r
=f

6 or Song )
4 - X2 nuch OV ¢

*

© nedlrane | —_




l SHEW MODEL\ @

| I.I
]
'._.r.:\.
i
.'I'i_ \
.:";:-‘. Wk
-.;;'E;'.: -\--'i ::;'\."E' .::r;":
B ik £
o Tl . Fiire e
| {&‘:L-\:-" i .I T -'::'-'ll
b Sy | | . i
) L1
:f-\:"\:-l-:.::: .l'll-:l|
-.'l::'
B
_.”.
l.'“:\'
.
e

42 nujro\ns
+ =D 2Pxtewrw - D mtond J“‘a N

42 ?ca‘uw& e evierey sRelig
C sCell wodel -7 )




l SHEW MODEL\ @
D Toe Lo Qarmome osallctor we Yawe

.......




| Suaw vooeL \ @D

N =

2’3'20'”- "(e\we G an \wWwieal c-‘g w
2 — i AR S IZ—O, ¢ e o 4&1 Q"'Q‘-f))’ reao\fﬂd

o covwove Yoo Q’-\&)‘ “UQQQC""

TPwns ¢ taQ;‘;‘eJ \'o *Q& Se‘zaccﬂ ({3
erersne s Spl) § SA(W.3)
\&\CQ‘ ae?\\ﬂ Qa A'QQ \N.c_‘bt “\x‘%* S

Binding Energv of
l?st neutron (MeV)

060 ST TR v Ry p'% z B '2_0 Z'b'go & ) \16

Neutron number N

\A/e e ?recluce AQ*\ BN,



{ SMHELL MODE[_\

=D 3? yau fQ\MQV‘\hf‘ ) W QACLJ we NC'LS\( “UW’\OQ(S

Ve = 2, 8,20,28, SO, 82,126, ()

-0 Ooc ‘,‘,J\a on Wi e Lell wmedl &
A, ‘Qr\awr vvaoNnC oS C\“G.L_‘c)l‘ QR & Weqv\-?\QQ.‘ ﬁ\ 3 5

M,%: Z'Q,b, qo,ao’.-.
N S ——)




CTTRTTTRECY

A we Q«ﬂ"e :

¢
steR\ien RO W
) Ueanr- Q‘ "'Qi ?us 0 5 a QQQ Wagsw

c{::;'-" =5 I:::.II:-':L':}”:::'?: W ‘

90,-""
Z,&)w ’ ‘\0)
N, 2 =

2V 0\ §
AN C

ve cCoce , X we

W

g QJ = ev%\\oQ
e A o? "(P,( wRem = 3R
g eghven



l SHEW Moneu_\ @

D CQotce 09 weaw - g)t eQeD (\35\ e\;a ‘G\Q :
gw c’ a(w\e,u?(a.Q yree é& AQQ SQW.“ \N\Oc’ 0.0

\Ip = 'S... o w'z('z —T) RGGA\ > 4 ‘\\M\“QQ CQO Ul

; \'\' cc)é(s el QQ\U AQ«“'\.S \r\g-.A :
\oX Qac\&s sq,\mebﬁQ.w\j

L
bcﬁ 8‘90) @V\eos‘Qa

(S?uh ocb 9::&0.)




l SHEW MoDEl_\ @

-1 W e\ WQ oife. WIS \S ... g‘rw' -G ‘\4:‘ S)d"“' <
(uaﬂa\ GOQF‘)Q?‘ Mc\>et\

W\'\OA \ng yao ob)(a\m
’\O'Q cotred\ W \C Ry

g éfeDQd‘w'\s aQ
ana O\QQ




éCJCé-& O - e+ —-S(s+y )']
J XXal aungu Qear

NOM AWM

v
A

3
- -, T -28

Z
=
. - E
3o

3w -5

S
Zu:-tg

u.)&fgs

2 -

2
3
2

o




| Susw MODEL\ %D

2) SBell-vno J@ wilod €7

Nl%: 213120;'40,?0,---
Z) Sg\el\ -\Moan \NT\Q/) _é?_
U,?: Z,b,Z.O,'Z‘D,SO,G?,--.

=10 We 0\0‘\'&\\4\ ﬁq cc)rtQE\ ordel

C CPw\ -—oc\aa $ \V\c’eecg "‘Q'UQ MARWNy
‘\V‘sfeé\@“'\)




lS\-lE.LL “ODE'—\ 0 s e enersy

, S e oL Ceuel
------ ai i ) the orhilaKs _.

Further splitting  Multiplicity \ |
Quantum energy from spin-orbit of states p

states of potential ~ effect \ #
well including 4 =
angular momentum ¢ 95, 8
effects. \ ! ;
e @ | ) s Ak 0 ow\suen" momaRum
’ 2, 2
2p £y, s, 6 Closed shells
Fat 2, 4 indicated by
Bl e—— 3 ‘magic numbers"
" 8 : of nucleons. &
N3 =2 0. 73,50.862 \16.,-
= & &
| w1 | ® : ) O, : g
2s e 25 2 2

o =~ X, feeg,"y S\W\TQQ Wodel :

p _:__--" 1ph2 2
: 1[33!2 - "‘ -
. UMEN & 27 @ =B.°
- CC) = =MwW i -
-_— - T - z' ——
N €7 "“f» &, % ) )& ?
Ll. -






| Suew MoeL : AZ2UCKT©ONS ) @D

O &\ ‘W *P"& Sene\ls . 70 / e <o ( 360 cor
- N oF P )




[ SHELW MoDEL = ATRUCETOWS ) )

=D Leauwlj [« § SQ&“ ﬂc?‘ 9&“?3 . lso / \SN = (‘60 #2450
- (W of ‘)\)

AS v JPCEB) = TP (wgmered neS\rom |

—-T—.E—" Squ L

JP(en) = (;CY-




[ Sweu MobeL @ AZRUCKTOWS ) ©

=0 —vge \OG-S.\C sAec\ N '*BE&Q Q\raw?ces 8 3

%) ‘Sso/ Svw o &60 g wneo*m /\";\o‘ﬂ w\\ be \N\?Q\v*eé)

4.
2ole W ome of o Cun\ &“-A\g

l.+‘ < qucgys H/.Q w‘aq\reé ‘V\U(OQM A-Q.,_;\ JQ"Qf m\V!CSlP




[Suew voteL : AZRuCKTONS ) B

‘\)u“t OLP?Q\C;\\QM ~ exc&'acg S'\'e:‘e,s

4s €, = 20 prdos, 24 aelkons

g/z"'

y We an-\ ‘\'O fe‘ﬁs‘oJUtQ

‘\eus W\‘\qu e \\ w\oc‘f.e

HA Ca -9 \"‘O Co. O ) + C e 8\0509. msm\



[ Suaw wopeL = AZ2RuchTwS ) @

D “44Cat apoumd sL¥e 3P =27

o The & ound .s-LSe Rewl:v\ﬁer "

urther splitting ~ Multiplicity

uuuuuuuu rgy from spin-orbit  of states
S v X3, QUQ ® states of potential ~ effect \ l
= Il includin
an m 7
&

g
ular momentum 191:;. 8

194, 10
2p
!
"5;: Closed shells
2p,, indicated by
: ‘magic numbers"

of nucleons,




[ Swew MobeL : AZ2UchTNS ) @

=D U Ca: 9 west eciled C'}'o\‘\'Q N= }2—

e pe cd €N OW \8% e e

states of potential effect \ i
well including
P = (?»)
“\Z

( angular momentum 19‘?:- 8
-_— i
J— ..% Q — effects. \ .

Co-w cne)

* 195, 10
p, 2
g v
2p s 1f, ; ; Closed shells
! - 2p3| 4 indicated by
— 3 i < i ‘magic numbers"
=2 b, 03 N of nucleons.
i, 8
W & 7
2s ot Y2
E -.: 2" 2 &
---------- ll ll J Q l 3 1d 51 2
S L all Rlled el PR
ip -:: ‘2
‘ = . e . o i.-{-._: i 1p3f'2 4
1s -- 1s @




[ Suew MmopeL @ AZRUCATOWS ) (D
D U8Cq : Sewnd exdled Qe (a)

e chrowe YfeA\és : Revinder ),

g - Further spliting  Multiplicity
'a P i Quantum ene rgy from spin-orbit of states
_— &= states of potential  effect \ J
well including

z;:szlzr momentum ! 19;, 8
- o -
S\ D?Qv = (3.‘ ..
I = &
( somathhiug s we) e
g7 T , of nucleons.
Y‘\@r\ w/ s 2 — 4
T e 2s = 2
Canc); e | (9
o - o . } Ql| PI“PJ e)? “ m) 1p- e 0 o, 2]
s - - = o ar 1;13,r2 4
sT————— . — 1s @




[Suaw voeL = A72ucsTows ) @
C=(2Y
=D “44Cq . Sewnd excY ed Qe (b)) JV = z)

Toe ‘wabcéw wil be:

5 Q Further splitting  Multiplicity
* il — Quantum ene rgy from spin-orbit of states
f&& P (% ) 1 =3 1 states of potential effect \ i
well including
i e, ia :
- gular momentum 2
J L C J-wome) Ty,
g
194, 10 ‘
Ep,fz
2p < U, 6 Closed shells
- 2p,, 4 indicated by
" —< 2 ‘magic numbers"
: : of nucleons.
4




I:S\-\eu. ToDdEL : AZ2UchETowS | ()

=D UCq: Sewond Q!C&eé ﬁc{‘( (c) = 3 WWQ*QthV\

owe way \o

E'P e«m&\w\n (ﬂ\) c:x tQaU\G\\(m ( ‘0) Yy \'Jeasv\ o &*«‘\e




ES\-\E.LL. HODEC L © A.’Iiucnft(ougj
= \ ?m"cv\f

33
A wmore. @W‘\Q\“&QG’ Qxcwu?& . Av

i weara“.s

Q’Y"‘-‘QJ Z‘- J(QALS ‘w\ =4 174 B QQN\OS" ® V.1 uen;?
5.-”«! oM Lor cuew -cuen wucel (Ot 22)
G("OGN\J &'\'a\ Q .
edl ok one are weareed {3? =" \
g W St SR

QM <Oudlg




‘\“Qroc c@o\ce. ‘\Q«:\ neﬂ R wc\‘\&es
?




[ Suew MoDeL : Barwe wTeracToN) § O

=D Rem\\‘\aer : T—E + ZV'{) s ZU\JK =

'" Zm ¢ u“

C-\Y'y ‘ka w@sSS =D
«S,,&swm;\ M= Z(E ) + AV
&q

=) 'Ea“@l"' Qﬁawi?QQ: ‘Pa\f\ws ‘\Va evacl ¥ WA E w\\\ el wieny(
Qe e Vot
‘(J,) (o] VTmn\ns l JJ (Ow)S = veidual \“\:wa‘“‘

-3 5(&“‘ S0 &m0

+‘WO —\_o./\ -\
by ¢/ neclyons
W an othilal Wt ) S gt *Q"7 c""’)"QQ o I



[S\-\ELL. O L ¢ XNR\MG \NTGR&C\'\O‘Q—S @

=0 —rgle ‘70\1‘1\/5 3 ch'}m S ‘W TO*" “‘;‘-\
Coc Helle wbs QI\SQ’) 8 S

'GYC&N\\'JQQ: b%“Q /’?-cs € bi ?f;\m_; -< “Tu c\us) OKJ (‘) ""%)
WL /\2A veu irove
<

"\Q\\S w\,“ C’

dQ,f WY







| Sweu
ODL
s
TARILG Wte
ROV
oV ) @)

Gnedleoos )

‘&
s Q
\
ﬁ




[S\-\eu. MODEL Oo'\‘\.oouc__g

=D " 1iese Qlc—\v( b W *Q’Q \oa.c\c geo&' ofel
a? We .So\e\\ WMo J@Q

WNow v Je 9" e \,‘-W- Z
How Yo el watQ, Qv 7

ST SRR




Reca® |

._f

) Slell wmodel © \dea aP a weaw -_Q\ eQd + Qe & ca‘a‘ S

W= M A corredions =D Wi = erdy

- We SN all B yosMke Qe of <.
Z) < prv- Q("O\" A ema tovn & € Q.Qu\f‘cd K¢ MANC V'om\auﬁ

2) e GM‘/ &\M?QQ Meswn Q.QQQ s Vg = %mw ¢ — sa-’ C

Y Ecwrms W Q\l‘caa N : S WT Co S'\ S ‘,Q( (S >0)

c)P s \c‘oc\Q \\A erc\'c\ WO



%QQ Yyouw OWN TQQS‘-C!G‘&‘/
\¢ SO

=



