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2NUEPQ
 MUPNVIKO MOVTEAO TWV PAOLWV - EKTLHNON EVEPYELAKWV
OTAOMWY KOl HAYIKWY APLOM®VY

- BiBAlo C&G, Mapaptnua B, Kep. 5, 5.3-5.7
- BiBAlo X. EAcvBepLadn: kKe@. 6, map 6.4
- ZnUewwoelc NMupnvikng, Kee. 8

¢« XapOaKTNPLOTIKA MUPAVWY TIEPa atto To HEYEODOC Kal TN
paca: omv (spin), opoTipia (parity), payvnTiki pomnn,
NAEKTPLKA TETPATIOALKN POTA

- BiBAlo C&G, Mapaptnua I , map. 1.3, Kee. 5, nap. 5.5-5.7
- ZnMEwwoeLc NMupnviknc, Keg. 1, oeA. 4-5 (payvnTilkA pomn)

 loTooeAlda: http://www.physics.auth.gr/course/show/125
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1. Mupnviko MNMpoTutro OAoIwyv -
eciowaon Schroedinger
JUE ATTAO TTNYAOI OUVAMIKOU TTOU £ival
o@AIPIKO OUVANIKO adIaTTEPAOTNC

o@aipac akTivac R (6an n akTiva
TOU TTUPNVA):

OTTOI0G €ival yEoa cival eAeUBepocg (V=0), aAAG dev PTTOPEI
va Byei £€w yiaTti oTa Toixwuara V = A1reipo
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E€lowon Schroedinger peoa atov mupnva (V=0)

Hy=Ey —>(2p—m+V (F)\w=Ew, pe p=—iaV,onr. p>=—1 V> Z(cp)atpLKé mnya&ot
V(r):
Ne- i 3
- 1k — _ TMETMEPAOTMEVEC
TPO- lﬂ'n!.n Vit = Entn, T:b{r: H: ‘i’} — HE(P}P&"(H! {ﬁ'}: )\lI)O'ElC; YL r=0
via Kal unNdev ya
Npw- —h*1 d° h I(l+1) >= R, NG
6- I - _ riy) + u; = Eu; aktivac tov
olo ---E? ¥, = (E, — U, 2m,, r drzli ) 2m, r? E E MuPEAV
: 2,2 TL TLHEC
Na 1=0, cvpBaTéc pe TIC CLVOPLOKEC u(r) = sin(kr) with E = "k . ol{pVvEL
oLVOrKeC ot r=0 Kat o€ r=R g{vat ot AOOELC: kr 2 ook
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E€lowon Schroedinger peoa atov mupnva (V=0)

Hy=Ey>(L-+V (7)) y=Ey, pe p=—inV,sm. p*=—#*V*

2m

2PaLPLKO TINYadL

V(r):
Ne- i : TETE PUTUEVEC
TPOo- 2m_ V¥ = Enth, T:'IIJ{'F' 6, fﬁ'} — “.’(r}}r{rrr('ﬂl' ‘i’} )\lI)O'ELC; yla r=0
vLa Kal UNoEv yLa
Mpw- 1 d ho (0 +1 >= R, NG
T6- W 2, o r ——(ruy) + ( —L_ }u; = Fu; aktivag tou
Lo E? 1'|!r]1' B [I:-]'!' - [I-}.I'lfll-]'lI ?’”Iﬂ r dl’“ E”Iﬂ r= T[l)pr']\)a
: 2,2 TL TLHEC
Na =0, ovpBatéc pe TIC CLVOPLAKEC uy(r) = Suiikr} with E = 'k ma{pvel
ouvBrkeg o€ r=0 kat o€ r=R e{vat oL ADOELG: 4 2my Bs K ;
sin(x)/x \

lortéTe:
k — kﬂ = }mer.,

Me aUTEC TIC TLHEC TOU K,
Bplokovpue TIC
EMITPENMTEC TLMEG TNG
EVEPYELAC:

OL eVEPYELEC
glvat
KBavTIopévEC!

W nm2
A 5) = 2m (E

A.11.6-1/11/2017

K. Kopddc - Mupnuiki & .

1

\

O&tovtac x=kr, Bplokw Ta x
nmov pndeviCouv TNV cuvdpTNOoN
u(r)
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Ma 1=1, cupBatéc AGoeLC elvar ot €EAC (UTORE(TE Vo TO emBeBLoETE): | OW%
2 2 7 Qemme T T " ) oxeon
h= 1d (ru)) + h _ B __sin(kr) cos(kr I _ h ;2 ME Ip(v!
2mardr P omy R ="par -@- -2 ' (kr) ’ ~ 2m, | TUTLUEG
. naipvet
_ sin(x) _ cos(x) ‘I r=R: u(R)=0 tok;
sl 2 X ovue wg x,, = k,R > Me k = x/R,
03 sin(x,,)  COS(X,,) Bplokovue TLC
- u,(R)= r =0 emTpenTéC
) (Xp) (Xp) TLMEG

0.1

EVEPYELAC

E(n,p) = (I /2mp)(Xnp/R)’

o \/ N OL eVEPYELEC
ya eival
- BavTiopévec!
S S S R N I
4,49 7.73 10.90 14.07
= le = sz = X3p = X4p
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161
oxX€0n
_ sin(kr)  cos(kr - 12 ME npv!
- (kr) - Tu TLpEG
. noipvel
_ Sm(f)—cos;f") [ r=R: u(R)=0 Tok;
- N ’
04F- ovUE S x,, =k, R > Me k = x/R,
03 sin(x,,)  COS(X,,) Bplokovue TLC
- u,(R)= r =0 emTpenTéC
“H (Xp) (%Xp) TIMEG
0.1 EVEPYELAG

o

' J,(x)
- S Jy(x) —===
0 2 10 1z 14 16 18 X L) =-=--
4 49 7. 73 10.90 14.07
_ le - sz = X3|O = X4p i f}{\\’f"‘
Il B B B BB IE I B D D D E N e e e !, ,*’.LII ‘,ﬁ.
[EVIKA, yia KAOE TN “I” TG ) o | :)ﬂ \ N |
P4 7 7 ’ ' i \ 1'. ! _.P,,' 1":wi’ hD
OTPOPOPUNG, LTTAPXEL L AAAN b VAV i / \“& "/
ouvvdaptnon (= "o@alpLlkry cuvapTnon | \ \ /{ f\ /H , \)/5
Bessel j(kr) “) mou wakormotel tTnv 02 \ S s —
eElowon Schroedinger , KoL TIOL €XEL -
LUNOEVIKAG o€ TIUEC Touv X {(oec pe kR ’ ’ Y v 0
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ZNMUElwoNl: oL YWVLaKEC LOloovvapTNoeLlc Y(0,p) slval ot
“YQOLPLKEC APMOVLKEC” Kal €lval (BLEC yLa OAQ TA “KEVTPLKA
SuvauLKd”, dNA. avTd mov dev €xovv eEdptnon amnd To 6,9

(6nwc 1. To duvaulkd Coulomb ~ 1/r)

O1 gpalpicec apUoviKeS ugxpr £ = 2

15 :
_9 Voo — s 2 n 2
m 2 1/—32ﬂsm fe
m=1 Yii = wis'm fe'? Yo = 3 et
8T 8
i 3 5
_ i Yio = 4/—cos@ = 4f— 29—
m=0 Yoo = T 10 4'”008 Yo 16“_(3(:08 6-1)
3 . 15 . —
— | l’],_lz—H%smBe i¢ Yo_1 :—1f§cosﬂsmﬂe i
= o/ 10 in? g2
m= —2 Yoo = 3271_5111 fe

Ol OQULPLKEC QLPUOVLIKEC
opiCovTatl amnd tov

KBavTIkd aptbud | Ttn¢
TPOXLAKNAG TPOPOPUNG,

KOl TOV KBOVTLKO aplBud m
TNG MPOBOANG TNG TPOXLOKNAG
OTPOPOPMUNC OoTOV AEova z.
Onote, yvwpilovtac uévo to
Ceuvyapt (I, m), yvwpilw Kot
Tn ovvaptnon Y(6,9).

My., yia =0 kat m=0, £éyw
Y(6,9) = 1/sqrt(4mn)

ZNUeEiwon2: AvaAoya e Tn poper tov duvapuitkoL V(r) mov B&lovue otnv eElcwon
Schoedinger,Bplokovue Kol OLAPOPETIKEC u(r). Edw mouv BAAaUE KUALVOLPKO TNYAdL
SLVAULKOD YLa TA VOUKAEOOVLA, UE ATIELPOL DYOULC TOoLXWHOTA, BPrMaUE dLA@opEeC u(r),
avaAoya e TNV T Tou | Kat tov kR, Onwc eldaue oTIC TPONYOLHEVEC TEAIDEC.

2TO0 &Touo Ttov bdpoydvou, dtav BaAete V(r) = -e2 /r, 6a Bpelte AAAEC u(r), mov KABE
L& Toug opileTal amd Tov KOUPLO KBaVTIKO aplBud n, kat To .
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NouKAeOVLIO 0€ TILPNVEC: AKOAOLOIO EVEPYELOKWY OTAOUWVY

0€ KLALVOPLKO TINYAdL pE AMELPOL LYOUC TOLYWUO T

, , , Neut Prot
Ondte, yia KABe TIWA - B o
EXOVUE €va MANOOG Ip 449 Iy 6 6 Ipy Ip
AVOEWV TOL TLC Ip, 8 §  Ipy
OVOMACOUUE |=0 Id 5.76 Id; 14 14 1d; 1d
n=1, n=2, n=3, ... 25, 16 16 25
Kall AP £XOVUE Lo 2 6.28 iy 20 o 2
akoAovBia %
EMTPEMTWY 1f 6.99 ;28
E\)EpYEL(Z)\): 2p; 32 28 If;
hz b% 2 2p .33 Ifs 38 1f
E = ( nl ) 2p, 40 2 2p
nl 7 m R lg 8.18 lgs 50 38 Ifs 2p
n
, , Zd% 56 40 2[‘)}1
000 peyaADTEPO TO X | 2d 9.10 lg 64
TOOO UEYQALTEPN N 2 2
EVEPYEL TNC OTAOUNC Ih 9.36 35y 78 g
* 2d; 82 58 g,
3s 9.42 267 90 64  2d
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NouKAedvLIO 0€ TIVPNVEC: AKOAOULOIO EVEPYELOKWY OTAOUWVY

0€ KLALVOPLKO NYAdL pE AMELPOL LYOUC TOLYXWUO T

Xyl

Omndte, yia KAOE TIUA

NG o0TPOoYopung “I” s
EXOLHUE €va TTANOOC p
ADCEWV TIOV TLC
OVOUACOLUE =0l/ .4
n=1, n=2, n=3, ...
KOL AP0 EXOLHE L 2
akoAovbia
ETILTPEMTWVY =1 If
EVEPYELWV:
y, 2
h an P
Enl — 2 ( ) lg
m_~ R
000 peyaAdTEPO TO X 2d
1600 HEYAADTEPN N
EVEPYELX TNC OTAOUNC *lh
3s
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3.14

4.49

5.76

6.28

6.99

LV

9.10

9.36

9.42

Neutron

lSl 2
2

lp% 6

lp% 8

ld% 14

ZS% 16

1d; 20
by

117 28
2

Zp% 32

lf% 38

2p, 40

leg 50

2d§ 56

lg% 64

l1hu 76
2

3s1 78

2ds 82
2

2f; 90

100

Proton
2 lSl
2
6 lp%
8 lp%
14 ld%
16 2s1
2
20 1d:
2
28 1f7
2
32 Zp%
38 1fs
2
40 2p§1
50 lg%
58 lg%
64 2ds

Is

Ip

1d

23

1f



NouKAedvLIO 0€ TIVPNVEC: AKOAOULOIO EVEPYELOKWY OTAOUWVY
0€ KLALVOPLKO NYAdL pE AMELPOL LYOUC TOLYXWUO T

Ve Ve Ve Xpi Neutron Proton
OmnoTe, yla KaBe TIuNn
EXOLME Eva TANBOC Ip 4.49 Iy 6 6 lpy Ip
ADOEWV TOL TLG Ipy 8 8 Ip
O\)O}J.CXCOU}J.E =0 1d 5.76 1d; 14 14 1d; 1d
n=1, n=2, n=3, ... 25, 16 16 25
KOL AP0 EXOLHE L 2s 6.28 Id 20 o 2s
akoAovBia %
ETMLTPEMTWVY =1 Lf 6.99 1f; 28
EVEpYEL(bV: 2p; 32 28 1f;
2p 13 lf% 38 1f
Zp% 40 32 Zp%
Mo KO B¢ CE()YOC (n’l) lg 8.18 lgg 50 38 If 2p
£ b S b S
EYXOLUE 2 (,2 |+1) / 24 o 0 2
“EKQUALOUEVEC KATAOTAOELC" 2d 9.10 lg 64
(6nA 4 Thy 76 0 g
NA. KKTAOTAOELC UE TNV L d
LoLa syspystcx)., i S 3% - "
[MpoCEETE TOV EETPQ * 2d; 82 8 g

napayovta 2 Adyw ot 1/2
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ApPLOUOC KATAOTAOEWY UEXPL KATIOLA EVEPYELA, BNA,
p.é)(pl Kamota TN touv x_ (1)

Table 5.1

5 .
X
E l ( ) Xy Neutron Proton
n
2 m R 3.14 1s; 2 2 1s; Is
e Lo KABe Cevyoc (n,l) 4.49 Ip, . . Ip, Ip
EXOLME 2*%(2*1+1) Ipy 8 8 Ipy
EKQPUALOUEVEC KATUOTATELC
(MpooéEte Tov €ETpa 76 - > e Id
nopayovta 2 AOyw oriwv 1/2) 6.8 ,df% 20 : 9
Exovtac BaAeL o€
CXLI)E,OUOCX E\)EpYELCXKI’I] 2*%(2*1 + 1) KataoTtdoelc o€ KAO«E |
OELPA TLC EVEPYELAKEC )
KATAOTAOELC IOV KMOPOOV Apa:

1s - |=0 - 2*(2*¥0+1) = 2 KATAOTAOELC
1p » I=1 - 2*¥(2*1+1) = 6 KATAOTAOELC
1d - [=2 - 2*(2*2+1) = 10 KATOOTAOELC
2s = |=0 - 2¥(2*0+1) = 2 KATAOTACELC

Vo KaTaAdBouv ta vouKkAgdvLa,
LETPAE TO OUVOALKO TANOOC
KATAOTAOEWVY HEXPL
KATIOLO TLU TOU X.
[.X., MEXPL X= 6.5, €xovue

20 KOTOOTAOELC, MExpL X=6.5, aOvoAo: 20 KATAOTACELC
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ApPLOUOC KATAOTAOEWY UEXPL KATIOLA EVEPYELA, BNA,
p.é)(pl KQmoLa TN tou X (2)

Jun

2
X
@ Enl ( ) A (x)

2m R

e Lo KABe Cevyoc (n,l)

EXOLME 2*%(2*1+1)
EKQPUALOUEVEC KATUOTATELC
(Mpoo€ETe TOV £ETPQ
napayovta 2 AOyw ot 1/2)

@ Eyovtac BAAsL o€ 109
a0Eovoa evepyeELakn
OELPA TLC EVEPYELAKEC

KATOAOTAOELC TIOL UTTOPOLV
va KATOAGBovY ta voukAgdvila, 20

200

LETPAE TO OUVOALKO TANOOC
KATAOTAOEWVY HEXPL
KATIOLO TLU TOU X.

M.X., HEXPLX= 6.5, EXOULE vy :ﬁL_rE

20 KataoTdoelc: N(6.5) =20~ 9«

A.11.6-1/11/2017
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ApPLOUOC KATAOTAOEWY UEXPL KATIOLA EVEPYELA, BNA,
MEXPL KATOL TLUA Tou X (3)

Juu T 1T 1 1 1T T T T 71T T 71T T T 1

h2 X 2 0 C')YKOC,, V, Kan eLQAveLa, S, -

@ =ty o doioraon
2 m, R \ _TNG OXEONG TWV EMUTPENTLIV X i

* Mo KABe Tevyog (n,l) HE ™Y akTiva R kat TNy |
£xoupE 2*(2*1+1) ~ evépyela ( k ,— Xp, /,R ). 7
EKQUALOMEVEC KATOOTAOELG - H apduntikn nukvotnTa )

(MpooéEte Tov éETPa ~ VOUKAgoviwv N/V amo €bw,
- glvat Lo akppng and To

nopayovta 2 AOyw oriwv 1/2) | 0.085/fm?3 Tov BAAQLE |

) ) 100 L Y& TOV LTTOAOYLOMO TNG -

@ Exovtog BaAel og evépyelag Fermi Oonéte,
abEovoa evepPyELaKN vwplTepa Av ho¢ ooy o

OELPA TLC EVEPYELAKEC ‘Exovpe, Bpioko
KATAOTAOELG TIOL UTTOPODV Adpa peXpL Tou
VO KOTOAGBOLY T VOUKAEGVL, 20 ==========ppdnm = mmmmmmmm=s
LETPAE TO OUVOALKO TANOOC
KATOOTACEWY HEXPL
KATIOLO TLU TOU X.

M.x., LEXPL X= 6.5, éYovue N(x) :E(l _Q_JT) _ V? (zmgg)? 1 3xS 22 \? |
20 kataotdoelc: N(6.5) = 20 b 8x/ 3w\ K 8 V\2m,E
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2. Mupnviko MpoTutto PAoiwy -
eciowan Schroedinger
(avaAoya pe 1O ATOMA)

UE TTNYAOI OUVAUIKOU KAl
UE OpO yia ouleucn spin-orbit (L'S)
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YTIAPYEL OMWC KaLl 6poC L*S otn Buva LK EVEPYELD

Ano TOo amnAod r[rwaﬁt 6U\)0(pu<ou MEPLMEVAUE: E = " (ﬂ)z

Opwc, otov nivaka mptv stﬁaps TLC 2m, R
MEPLOCOTEPEC EVEPYELOKEC O0TABUEC (N,l) va €xovv LMOCTAOUEC:
Yridpyel KL GAAOC aNUAVTIKOC KBaVTIKOC aplBudc. Moldc sival;

EKTOC amnd To KEVTPLKO duvaulkd (cuvaptnon tTnG andoTaoNnG
r LGVO) LTIAPYXEL KOL OPOC ME OVCEVEN L*S oTn XaMIATOVIAVA:

(L= TpoxLaKr OTPOPOPUN,

Zuvelo@opd oTnv evépyela (peU < 0): U, (r)L-s o= spin)

- KaAol kKBavTikot apbuot: I, s, j, m.
OmoL “j” 0 KBaVTIKOC aplBUOC TNC OALKAC OTPOPOPUNC J,
Kat m. o KBavTIKOC aplBudc yia tnv mpoBoAn tnc J otov dgova z.
H oAk otpogopun elval aBpolopa Twv | Kat s.
A@OUL Ta VOLKAEOVLA Elval pepuLovia (s=1/2), EXOLUE:
j=14+1/2nj=1-1/2.
[l KAOe j, TO m. urtopel va etvat {-j, -j+1, ..., j-1, j} : 2j+1 mbBavéc Tipéc
Omnote:
v j=I14+1/2 : 2(1+1/2)+1 = 2142 Teég, ywa j=I1-1/2: 2(1-1/2)+1 = 2| TIEC
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AAANAETIOpaon L*S : dLloYwpLlopudC KATAOTAOEWY UE TO
(dLo (n,l), AAAQ BLAPOPETLKN OALK} OTPOPOPUN |

« O 6poc o0CevEnc L'S Eexywpllel TIC KaTaoTAOELC UE (BLo {n,
[}, AAAQ BLOAQOPETLIKODC TIPOCAVATOALOUOVUC TOL OTILV WG TPOC L

ZuveElo@opd oTnV evépyela (pe U < 0) : U, ()L -s
50

H avapevéuevn T tov L*S unopel va Bpebel and tnv tavtoTNTA:

L-s=1[(L+s)-L—s]=1[J"-L* =57, (5.17)
Onéte:
({‘1 Shj&j:ll—" ’ S”& S,j,j:) — %)‘f()‘f + 1) _ IU + 1) _ S(S + 1)] hz
L’ if j=1+1
| e+ R =11
Erteldn BAEMovpe (1.X., oTtov mivaka mpiv) ot j= | + Y2 va €xovv |J.LKpé:EEpI’] EVEPYELQ
and T¢ j=I - % , dnAadn: 1 1

[USOEZ h2]<[_U505 (l+1)h2]
zupnepatvovpe 6t U <0
2nNUeEwwoTe eniong 6t AE(j=1 - Y2, j=1 + Y2 ) = |[Uso| * %2 * hbar * (2I+1), apketh
Yyl vat 0AAAQZEL TN OELPd OTLC OTAOUEC, EWOKA oTa peYAAa |, otwg eldaue mplv,
. OTOV TVOKO JE TLC EVEPYELAKEC OTAOUEC 17



AAANAeTOpaon L*S : dloywploudC KATAOTACEWY HE TO
(dLo (n,1), aAAG 6La(pop£TLKn OALKN) OTPOPOPUN ]

e O Opoc; OUCEUEHQ L'S Neutron Proton
EeXwPiCel TIC Is 3.14 Lsy 2 2 1y, Is
KOTAOTAOELC UE TO LBLo

| )\)\, 6 / Ip 4.49 lp% 6 lp% Ip
(n,1), AAAQ DLAQOPETIKN Ip, TS
OALKN OTPOPOPUN |
1d 5.76 ld% 14 14 ld% 1d
e [l.x.1p - =1 » 251 16 16 251
2s 6.28 ld% 20 2s
- [2*%(2*1+1)= 6 KaOT. 20 1d

e lp e j=1+1/2 = 3/2 katL lp If 6.99 If 28
ue j=1-1/2 = ¥2 2ps 32 28 1

o . A I—- 2p i) lf;zs 38 If
1p,, : 4 KATAOTACELG (m] o 0 n o
3/2, -Y2, Y2, 3/2) Ig 8.18 lgg 50 3 If 2p

.« 1p 2 kataotdoelc (mj= 2ds 56 20 2p
_ 2d 9.10 lg% 64
172 K 1/2) i Ihy 76 50 lgy

e 2TAOUEC pE BLo Nn,l:
AUTOC e TN MKPOTEPN lh 9.36 384 78 lg
. Lo 2ds 82 58 lgr
OALKN aTpoopun (j=I- : ;
1/2) exeL heyaALTEPN —3s 9.42 of, 90 64 24

A EVEPYELX A thy 100



2UUTMANPWHEVOL AOLOL KAl HoyLKol apLlBuotl

— KaAol kKBavTikol aptOuot:

l, s, J, mj

e XTAOUEC uE BLo Nn,l:

ALTOC PE TN UKPOTEPN
OALKN atpogopun (j=I-
1/2) €xel peyaADTEPN

EVEPVELA

ZUUTTANPWHEVOL @AoLoi

Kal

“Mayilkoi” aplOpol

A.11.6-1/11/2017
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Xyl Neutron Proton
Is 3.14 Is; @) 21y Is
Ip 4.49 lp% 6 6 lp% Ip
1pé @ 8 lpé
1d 5.76 ld% 14 14 ld% 1d
28% 16 16 281
2s 6.28 id; €0 25
20 1d;
2
If 6.99 i, @
2ps 32 2% 1f
2p A lf% 38 If
2p1 40 2 2ps
2 2
Ig 8.18 lgg ® B 2
Zd% 56 40 szl
2d 9.10 lg% 64
lhlz_l 76 50 lg%
1h 9.36 3s; 78 lg
Zd% 58 lg%
3s 9.42 2f; 90 64 Zd%
1he 100



AVOKATELA TWV EVEPYELOKWY OTAOUWY KoL
“YAOUO" O MEPLKEC TIEPLOXEC : MayLKOL apLlBuol
« O 6poc o0CevEnc L'S Eexywpllel TIC KATAOTAOELC UE TO (BLo (Nn,l),
AAAG BLOPOPETLKA OALKH OTPOPOPMN |

OmoTE N evVépyela KGOe KaTaoTaoNG XapaKTNPL(eTAL aTtd TPELG
KBavTLKOOG aplOpoiG: n, 1, j

KaTtaoTaoelg — 167, — — ZUMTANPWHEVOL

BaApévec KaTa J @Aotlol
avfovoa svépyELa 16 s /
Y
%
b

Av Eépoupe oo
vétpovia (m.YX.,)
€XOULME OTOV TMLUPAHVQ,
MTTOPOVE,
YERICOVTAC TIC
EVEPYELAKEC OTAOMEC
ato TN XOUNAOGTEPN
MPOC TNV LYNAOTEPN,
va BPOVME € TIOLA
evépyela BplokeTal
TO “TeAEvTALO”
VETPOVILO.

Evépyela Fermi

“Mayikot”
aptOpoi

» 5[:|
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NMUPNAVEC ME “MayLKOVC” aplOnolG - oL
GTaﬂfpéTipOl

L Z < A/2 J_r.‘-i"rrr‘_ T T T T T T T T T T
|40 = . = - 9.0 = . -
T Z =20 |
im; }
N s
:imuz— sl h
E 3 a2
g : {
- HayLKOOC

apteui’

[MTOAD ¢ Taesp-o( £ OYX€0N ME TOULC

ystroééq TouC| (Jle TIOAAG
‘qraeqpé( LOOTOTO, ULKPN EVEPYOC
OLaTOR COAAMIYNC VETPOVIOUL) l

sauels
) BO 100

. - i | 1 ] 1 1 1 1 L
Atomic number £ Z 40 &0 120 160 2000

Fig. 4.6 The fstability valley. Filled squares denote the stable moclei and long- A
lived muclei occurming in nature. Meighbowuring noclel are unstable, Those for

which data on masses and mean lives are known Jl the area bounded by the

lines, For the maost pan these unstable nuclei have been made artificially, {Data

taken Fromn Cfeerr of e Nuefikes (1977), Schenoctady: Gememl  Electric

Company.)
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3. NMupnviko MpdTtutro PAoiwy

E¢nynon tng oAIKAG oTpopopung J

TOU TTUPNVa (= ToU OTTiV TOU)
Kal TNG OMOTIMIOC TOU (TTOPITU)
€ ATTAOUC KAVOVE

A..6-1/11/2017 K. Kopddc - Mupnuik & Ztowxewwdn - M@B. 10-11: NMupnvikd HOVTEAO QAOLWV

22



Spin Kol MAPLTL EVOC TILPAVA
(] K tapLTo: )

2TILV TILPNVA, ] = OALKO TPOXLOKO OTIV TWV VOUKAEOVIWY + TO
aBpoLloua TWY OTILY TOUC.
—_

J opia =y L+) S=) L+S
opiva VOUKAEOVIQ VOUKAEOVLX VOUKAEOVIX ( )

Parity=+1 n -1

Ondte ywa kKdOe mupriva divovpe omwv (J) kat parity (m): J™

my.,2"
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Spin tvpnva (J) Kot oo TLuia (TTapLTL)
e XTIV TILPNAVA, ] = OALKO TPOYXLOKO OT{V TWV VOUKAEOVIWY + TO
dBpoloua TWY OTILY TOUC.

v = +) =D |
J opnva Zvowdeéwa L VOUKAEOVIX S VOUKAEOVIX

* To OALKO oTilv (]) apPTIWV-APTIWY TIVPAVWY £XEL BpeBel 6TL £var O

L+S)

Kot n éptto + : J" = 07
- Gpa, vdpyel Loyvpod Cevydpwua TwWy oty Tov divel d6potoua O

e [a TIEPLTTO APLOMO VOUKAEOVIWVY, TO 000VCEVKTO VOLKAEOVLO
KaBopllel omiv Kal parity Touv nmupnva

mx., "0 Jt"=5/2" ,0eA. 87 BBAlov C&G. Parity = (-1)'

e T TEPLTTOVS-TEPITTOVS TUPTVEC, TO KAOE AEVYAPMOTO TPMTOVIO KO VETPOVIO
GLVEIGPEPOLY TO O01KO TOoVG J™ . To 0AKO omiv glval 1o dBpoiGua TV €L
LEPOVC OTV CLUPEOVA LE TOVC KOVOVES ABpo1oNC oy, dALE av €YOVUE TOAAES
EMAOYEG OEV EYOVLUE KATOL0V YEVIKO KOVOVOL Y10l TO TTO10 OITOTEAEGLOL
wpotiudtot. H oAwkn méptv £val To YivOUEVO TMOV EML LEPOLE TAPLTL.
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Napaderypa - EEnyelote ta J™ Tov mivaka
4.2, ue tov nivaka 5.1 tov BLBAlov C&G

Table 4.2. Energies of some light nuclei Table 4.1
Binding Binding X Mewtron Prroton

Binding energy of energy per 15 114 1s, 2 21, Is

CTeTEY last nucleon nucleon Spin and
MNucleus (MeV) ( MeV) ( MeV) parity Ip 47 : Py : : : P Ip

Py P

2 7 19 +
!CH - - l'] |]+ ld 576 ld 14 14 I ld
-H LR 6.3 2.8 3 231 16 15 231
iHe 28.30 19.8 7.1 ot % 628 1d, 20 %
“He 27.34 —1.0 5.5 3" 0 d
fiy - = 4 +
"Li 31.99 4.7 5.3 ] " - " .
iLi 39.25 7.3 5.6 .
a - - 2 Ip 12 1§ I
2 Be 5650 17.3 71 0
1Be 58.16 1.7 6.5 3 p 173 It g If
'iB 64.75 6.6 6.5 3t 2p, 40 2 2p
'.'-B 76.71 11.5 6.9 31— Iz B8 e, 50 EE IT; mn
o 92.16 16.0 7.7 ot YT 0
LC 97.11 5.0 7.5 L~ 2d .10 e, 64
N 10466 7.6 7.5 1+ hy 7 0 Iy
15 5 = = 1~
N 115.49 10.8 ) " . . o
0 127.62 12.1 8.0 0 W, 82 TR
o 131.76 4.1 7.8 3

442 rl § Sl i) Al

., .0 a) Ta 8 mpwTdvla cvvelogépouy J* = 0F B) amod ta 9 veTpdvla,
Ta 8 ouvelopépouvy J* = 07 , KL €TOL TO £vaTo (Tto alevydpwTO)
kaBopiGel To J™ . OpwWG, TO £VATO VETPOVLO Elvat 0ToV pAoo 1d, . : To d
nac A€l OTL I=2 -» mapttu = (1) = (-1)"2 = +1 Kol To 5/2 poc AeL OTL
j=5/2, ondte aLTO TO AOLTEVKTO VETPOVLO Blvel: J*=5/2 F yuato ' O
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4. Mupnviko MpoTtutro GAoiwv

A.11.6-1/11/2017

MayvnTIKn poTtm
KOl
AVVNTIKOC OUVTOVIO
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OuunBeiTe: HLOYWPLOPOC EKPUALOUEVWY EVEPYELOKWY OTAOUWVY
L&poydvoL o€ HayvNTLKO TESLO AOYW TPOXLAKAC OTPOPOPMUNAC

* 1. Evépyela Adyw aAANAEeMi{&paonc Tov
i ) NAEKTPOVIOL (TNC TPOXLAKAC MOYVNTLKAC
m= 7 7 7
J “ POTING TOUL, M) ME TO HaYyVNTLKO Ttedio B:
f” m=1 - = - — A
f U=—71i-B B=B7
=2 v m=0 z 2
S 0 2. To NAEKTPAVIO CLUUTIEPLPEPETAL OV
‘ m=-1 e LOYVNTNG UE OLMOALKN HAYyVNTLKA POTN:
- — € -
m=-2 -
-2¢ — L
H 2m,c
E=‘HBB 7 7
HE aAyEBPLKN TLUR:
IXHMA 10.4: O dwywpiouoc Zeeman ya pia atdfun ue £ = 2. H torobétnom 1ov atopoL o8 ‘Ll j— h \/ l ( l—|— 1 )
EVA PayvNTIKO TESLO TPOKAAEL APOT] TOV TEPLOTPOPIKOL EKQUALCHOV PG oTalUNg ue 2 m c
KPavtixo apBuo £, xar dnpiovpyia 24 + 1 vE®V oTaBU®OV CUUPETPIKG SLOTETAYPEVOV (O e
TPOG TNV CPYIKT Kot pe otabfeph petakd tovg andetacn ion pe € = upB. i e h
Mayvntovn tov Bohr, pu, @ uz=
2m,c
p=—pu NI([+1)
:uz: - :uB ml

I [.x: Antd TOV TPOKAAOVHEVO SLOXWPLOHUO TWY EVEPYELAKWV —
EMMEBWVY KATOWWY agplwy 0' Eva aoTEPL, UMTOPOVE VA U=m,(u,B)
" LETPOOVUE TO POYVNTLKO Medio evoc aoteplod INTB
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OpPLOMOC TNC MAYVNTLKAC OUMTOALKAC POTING, U, WOTE va
MEPLYPAPEL KL TO TTOCO EYAAN GTPOPOPMI TNV TIPOKAAEL

1. To NAEKTPOVLIO CUMUTIEPLPEPETOL OOV HAYVATNG UE SLTOALKH HOYyVNTLKA
pomn avaAoyn TnG TPOXLOKNAC TOU OTPOPOPMHNAC:

I [=——¢ T— <ii>=—% nJi(1+1) — | <E>=—pgy1(1+1)
2m,c 2m,c 7
M, @ MoyvnTovn tou Bohr Omov @ u ;=
2m ,c
2. Mmopolue va vp(xq)oups:<ﬁ>:—y3\/l(l+1)—><ﬁ> —Hs <E>—)<">:_:B<E>

‘ETOL, N “OoTafepa avaloyiac” K TMEPLKAELEL TO KDPLO ’
REPOC TNG eEapTnong amo 1o |, Kat opiel T6CO l l
MEYAAN €ival n payvnTiKR S1MOALKA pomn, a@ou:

<]':>_Jl(l+1)h

z

~ otabepo

A.11.6-1/11/2017
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May\)nTLKr’] poTi ) VOUKAEOVIOU: AOYw TNC TPOXLAKNAC

OTPOPOPUNG TOUL KAl AOYWw TNG LBLOGTPOPOPUNG TOUL (aTiiv)
« KaBe VOUKAEOVLO, £OW nprovLo EXEL ek

LOYyVNTLKA OUMOALKE pOmr: 9 kat gg elvac apBuol 07OV -Hy =7 m

— - Jl’l g lLl e “ A
+ 9 S=gL7NL+gS hN S MupnuikA payvntévn

. To MpwTOVLO é)p(z-:t omw s=1/2 (m, = +1/2, -1/2),

OMWC Kal Ta veTpoévia. H HayvnNTIKAR TOL
POTIN AOYW TOL OTILV TOVL, £(val (on UE :

- == q
ILlp_ILIL+Il1S_gL2

ms=1/2rl]-1/2 = 2

.o q =_ e = S ML L€ POUG
=u. . = S = S = — ,
lLlp ILlspln gs 2mpc gs 2 mpC gs ILlN h E\)EIpYEL(IKEC
OTAOUEC:
=g sy Ns(s+1) s U,==g,ym,B
K A lup,z_gs My 1 1
at' avaAoyia
- ! u, =5m, E—g uy>u==g,u,
AEr T P s S 2
<H>E% l To melpapa Svel, yio To TOWTEVLO KaL TO
. VETPOVLO: apa, TA VOLKAEOVLO HEV
YPAQOUYE: — 408 elval oToLxeLwon,.
L _M<S> _ . _p <S> — M g, 1 2¢Av Ata (6nwg ., |
SH>= PR H,~= PR =—19u, To NAEKTPHOVLO) .
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Spin vpnva (J) Kot poyvnTikn pomn ()
METpnNon TOL K PE TIVPNVLIKO AYVNTLKO CUVTOMVLOUO

e 2TV TIVPNVA, | = OALKO TPOXLOKO OTV TWV VOLKAEOVIWY + TO
dBpoLoua TWY OTILY TOUC.

J opia =y L+) S=) L+S
opiva VOUKAEOVIQ VOUKAEOVIQ VOUKAEOVIQ ( )

* To OALKO oTiv ] KaBopilel TN HOAYVNTLKA POTIA TOL MULUPAVA, KU

- Evepyelakég dlagopeg mov avTtavakAoLy Ta m;. _

- MeTpapue TIG s\)spystaKéq OLOPOPEC, KL €TOL TO M, ME MLPNVLKO
KoT' avaAoyia uay\)r]TLKo OLVTOVLOMO: na)\)\opevo H/M 1ied{o KUKALKNC
oLXVOTNTAC W — METOAMTWOELC METAEL TWV d0O OTAOUWVY:

LE:
<p>=H p<L> EunAov Suvapik evépyetla K = K&TOLOC
ol AOYW QAANAETOPAONG TNG BETIKAG aKépaLoq pu=k
YPAPOLE: MOyVNTLKNG GLT[(I))\LKQ,C POTING
_ p<J> He TO poyvunTiké medio:
<l’l>__ ___>._>__ E | / ha)_\'[l/B
noj =—n-B=—u_ B o
/ : j
u u
jr ] / =k+1

, . u _ g
ortote U = —7 mj B = mj By=0 By Z0 Magnetic Field

A..©-1/11/2017 K. Kopddc - Mupnuik & Ztowxewwdn - Md@B. 10-11: NMupnvikd HOVTEAO QAOLWV 30



Spin vpnva (J) Kat poyvnTikn pomn ()
» OL ILPNVEG £XOLV HAYVNTIKEG POTIEG U ~ -3 U €wG 10 B

- MwKpn} o€ oxéon ME TOV apLOUO VOLKAEOVIWY (TO KaBEva
VOUKAEOVLO EXEL M ~ -2 L €WG +3 L)

e Tatpl@lel pe tnv vnéBeon OTL OLOLACTIKA HOVO TA
“a00CELKTA"” VOLKEAOVLA CLVELOPEPOLY OTN
OLVOALKN MOYVNTLKE POTIH TOL TILPRVA

- MIKpN emiong KalL o€ oYéon pe payvntovn Bohr

' * ETO1L, é€xovpe pLa cofapn £€vdelEn 6TL dev
EXOUVME NAEKTPOVLA OTOULGC TTUPRNVEG
" o
Mayvntovn touv Bohr, p, @ tz= eh N
2m,c U =2000 u
) ) eh MupnvikA payvntévn ~ 1/2000 tnc
Mupnvikn Mayvntovn, Y @ Hy= > m HayvnTévng touv Bohr i (mov opifeTal

e TN n&la Tov NAeKTpoviov avtl Tou
npwToviov)
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MoyvnTLKA pOTN MVPENVA, U = JOYVNTLKN
POTIN TOL ACLCEVKTOL VOUKAEOVIOUL

e AUTO TO VOUKAEOVLO £XEL HAYVNTLKI SLTOALKA porN:

ﬁp=ﬁL+ﬁs=gL2,Zp L+g—1—S= gL%Z+gsl;—N3’—l;N[gLL+gs§]H

2m,c
e [0 va TIAPOLUE LTIOYLY UG T0 6TL TO veTPOVLO dev €xeL popTio,
YPAQOULUE yla TN HAYVNTIKA pomn Aoyw L: Mpwtovio: g =1,

VETPOVL0: g =0

« Tov upnva tov YapaKTneIiCel To OALKO TOL OTIV J, KoL YPAPOLE

ey p<Jj>| woTte TNV KOpLa eEApTNON QMO TO j VO TNV £XEL TO W ‘
H>==

hJ E€lowvovTac, ELOQAYOUUE TO j KOl TEALKA TAPVOULE:

i = pnligr = 5(gr — &)l for j =1+

' —g)| forj=1-3,
2(}.“)(& g.)] J

AuTéEC €dw ovoudalovtal “TIHEC Schmidt”

Ol HETPOVUEVEC HOYVNTLKEC POTIEC TWV MUPAVWY E(VOL KOVTA OTLC TLUEC
nmov BprKoUE MaipvovTtaC CLVELTPOPA LUOVO attd TO AoLCELKTO VOLKAEOVLO !

(5.26)

2xéon 5.26,
BBiAo C&G

[JI'—'

i=nuN| Jgr+
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2UUTEPAOUATO ATIO TO TILPNVLKO LOVTEAO TWVY PAOLWV

e Me To v BAAOULUE T VOLKAEOVLO LECO G' VOl KEVTPLKO TINYAdL duvauLlkoo,
Kal va IPooBEoouvue amAd Kol Eva 6po avaAoyo tTng o0levEnc L*S
avarnap&yovpe o€ MOAD KOAO BaBUd TIC EvEPYELOKEC OTAOUEC TTOL UTTOPODV
VO KOTAAGBOUY TA VOUKAEOVLA.

e« OTav Ta VOLKAEOVLO CLPANPWVOLY OVTEC TLC OTAOHEC amnd TN UKPOTEPN
oTn MHEYOADTEPN XWPIC KEVA, 0 Mupnvac oav cOVOAO BplokeTal oTNV
eAdYLOTN duvaTh eveEpyELaK) KaTtdoTaon, donAad otn OEHEALWON
KataoTaon.

e TO MOVTEAO TWY PAOLWVY €ENYEL TN HEYAAN MAELOYPNPLO TWV XOPAKTNPLOTL-
KWV TWV APTIWV-TEEPLTTWY (N=APTLO, KoL Z=TEPLTTO) 1 MEPLTTWV-APTLWY
MLPNVWY OTN BEPEALWON TOLC KATAOTOON: OV J, MAPLTL T, KAl
MPOCEYYILOTIKA TN HAYVNTLKA SIMOALKA pOTIA M, WC TA J, T, KOL U TTOL
EXEL TO TEAEVTOLO, OLCELKTO VOLKEAOVLO. Ta CELYAPWHUEVA VOLKAEOVL
guveloPépouy J" = 07 (€TalL, oL dpTLoL-apTLOL TILPAVEC €xoLy J"=07 )

e Av o upNvac elvat "MePLTTOC-MEPLTTOC” (ONA, £xeL Kal alevydPWTO VETPOVLO, Kal
aleLYAPWTO MPWTOVLO), TOTE TA " KAl L TOL Tvprva, £€pYovTal Aand To cuvdvaouod
TwY J" Kot 1 Tou alevydpwTou veTpoviov Kal Ta J" Kot 4 Tov alevydpwTOL
MPwWTOoViov, KoL 6ev PMOPOLVHE va TIPORAEYOLE €M’ AKPLBWC TLC TUUMEC TOLC: blvovue
AMAG TLOAVEC TIUEC COUPWVA JE TOV Kavova mpdoBeonc TwV OTPOPOPUWY TwV d00
aleLYAPWTWVY VOUKAEOVIWVY. H OUVOALKA TAPLTL Ba €(val TO YIVOUEVO TWV TIAPLTL.
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HAEKTPLKA TETPATOALKN pomn rivpnva, Q

e KaTtavoun NAEKTPLKOL @opTiov oTOV upnva —

, <3 0N
xapoktnpeiletat and to Q ege"d

C,
o
¢« Otav nvpnrivac opatpltkdc - Q =0
o AALWC
- Q>0 otav empukvvon Katd ad&ova z

- Q<0 6Tav ovurnieon Katd agova z

e ODtavj=0RQj=%»-Q =0
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HAEKTPLKN TETPATIOALKN por TivpAva, Q
® H KoTovoun TOU (POPTLOL OTOV OYKO TOU OXL T[pOC EEéTO(Ur]

TTUPNVE ELVOIL 1 OLTLO OTTPENG NAEKTPLKWV  To nAekTPLKO SUVaPLKO 1 ONpELXKOD opTiou

pPOTTWLV s . :
Ve ——[pdV+— [pudV +—[p(3:’ - ¢ )dV]
, . ; ix, R r? R

}  UTTOPEL VO OCTTODELXTEL OTL N NAEKTPLKN f

OLTTOALKH pOTTH MNOEVICETOL YL KOAK monopole dipole quadrupole

KBGO pLOPEVN KBOIVTOUNXOVLKN KOXTXOT O |

(OTTWC N BOXOLKN KXTAOTOOT TOU TTUPHVX)

() prolate Q +ve

b 1 TEPOITTOALKN NAEKTPLKA POTTIH: e Q UTTPXEL,

oV O TTUPAVOIC DEV ELVOIL TPXLPLKOC

b} N TETPOTTOALKY) POTTH) OpLTETOL WG ( ) oblate Q -ve

Q=1/e[p(3z*—rt)dV

»  P:TTUKVOTNTO popTiov, dV: oTOLXELO OyKOUL

® cQEXEL HOVOIDEC ETTLPOVELOG

2XETLCETOIL HE TO OXAMO TOU TTUPHVE; YLK
TWOLPLKO TTUPAVE e Q=0

-

H nAEKTPLKN TETPATTOALKA OpHN £lvaiL Eva eLiloBNTO £PYXAELO YLX TN MEAETN TOU
TTUPNVLKOU TTEPLBAAAOVTOC. OOt TNV EAVOITLUVOVTHTOUUE OTN YO L OO LT TIONDT
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