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2NUEPQ

« B-8tdomaon - SLatpnon orniv, parity, EMITPENTEC KOl
QTIAYOPEVLHEVEC BLAOTIATELC

- BiBAlo C&G:
Keog. 4, map. 4.6.,
Kep. 2, nap. 2.4-2.6 (oeA. 31-35),
Kep. 12, map. 12.1, ap 12.6 (oeA. 194-195)

- BiBAlo X. EAsvBepLadN:
KEP. 5, map. 5.4.1-5.4.7

- ZNUEWWOELC upNVLKNC OTNV LoTOoEADA:

Keg. 5, map. 5.2, 5.2.1 - 5.2.3, Kat €L0IKA yLo OAUEPQ OEA.
40-41

« loToosAida: http://www.physics.auth.gr/course/show/125
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B-OLOOTIACELC: EVEPYELOKEC OLVONKEC

- A A = | = _

B , X— ,,Y+e +v, n— p+te +V,

B+ ’éX—> Z_?Y+e+—l-ve > p— n+e +v,
A — A _

EC ZX-|—€ — Z_1Y+Ve p+e — n+v,

1) Evepyelak oLVOAKN B-: Inpeioon: M . (* X)=M(A,Z)

atopov © 7

7X- Y+e 4V, Oa MEEMEL Q>0 - Q = (M(4,2) - M(4,Z +1) —m,)c
~[(M1(4,2) - M(A,Z + 1) > 0,

2) Evepyelakj ouvOnkn B+ :

Q = (Mp— Mp —m. —my)c”
’gX—> Z_’?Y—i—etl—ve

= (M(A,Z)-M(A,Z-1)-2m, —m,)c?
~|(M(A,Z) — M(A,Z — 1) - 2m,)c?

3) Evepyelaki] ouvOnKn au)\)\nqmc nAsktpoviov (EC, “K-au)\)\ntpn"):
A = (Mp +m, — Mp —m,)c?

ZX+e - ,5Y+v
= (M(4,2) - M(A,Z-1) —m,)&
~|(M(A,Z) — M(A,Z — 1)) > 0.

e
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B-Oldonaon:

EKTOC aTIO TO VO £XOVE
dLatpnon @opTIoL KAl EVEPYELAC,
EXOLUE KL AAAEC OLVONKEC:
LA TNPENON OTLY KoL TIAPLTL

rov elvatl KBavTikol aplOuol,
onoTE ac dovue Alyo TL €lval avTol
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MExPL oEALDA 23: LA ETTOVAANYN
EVVOLWV/TIOPAKA YN

EElowon Schroedinger,
KU TOOLVAPTAOELC, OTPOPOPWN, OTILV
KOl TTAPLTU
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To ocwuaTdLO0 WC KOO - KLUPMATOOLVAPTNON

 De Broglie: E:hfﬁE:hw_)w:%
p:%—)p:hk—)k:%

 Eva KOua umopel va ypagel oav dBpolopa emimedwy KUUATWVY

oav KL QU TO: hc—of) i pr—E)

w(x,t)=e =y

“TeAeOTNC” EVEPYVELAC
/= Qa “npa&n” ndvw otnv

%, W LE 2 0 KLUJOTOOLVAPTNON Y, TIoL dlvel
TRV ih—w=Ey MEAL TNV W, AANG
Ot Ot TMIOAAQTAQOLOCMEVN JUE TNV

evépyela E.

H E €lval pla tdloTiun Tng

, EVEPYELAC, KOL N Y elval pLa

Oy _ip i 0 . _ L5LO-0LVAPTNON TOL TEAEDTH
Ox h ' O x y=ry NG EVEPYELOC.

\“Ts)\sorﬁ_q" 0pPUAC
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[eplypa@n €vOC CLOTAMATOC UE

KUUOTOOLVOPTAOELC
Eotw y Pl KOUOTOOLUAPTNON TIOL TEPLYPAPEL €va OO TNUC.
i “TeAeoTNG”
A W=aoy = L “mpdEn” mAvw oTNY KLPHOTOCLVAPTNON Y TIOL av dlvel

MAAL TNV Y, AAAG TTIOAAQTIAQCLACUEVN ME MO OTaBEPA Q,
TOTE AfuE OTL

To a el(val ploe dLoTiun Tov TEAEOTA A, Kal N P €lval L
LdLoovvaptnon Tov TeEAEOTA A

MNapadetypa: /“Ts)\sarﬁ_q" EVEPYELOC

70 w=Ey H E e{vat g 8loTipr tov

Ot TEAEOTH EVEPYELOC, KL N Y
elval pLo LdloovvapTnaon Tov
TEAECTH TNGC EVEPYELQC.
. 0
—lh——y=py
00X

\“Ts)\sorn’ ¢” opuAC
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E€Elowoelc Schroedinger

« Schroedinger: pdyvel KUUATLIKA €ElOWON TIOL LKAVOTIOLEL:
2

=L (dmov pzzpi—l—pi—l—p?)

2m .
p’ 0 n’ :E(gi%‘::;ﬁa::lﬁ‘g::l?nger
_ e __ N e , .
Ey= m y—ih Ot W i \% W —— 1NV e@pappdlovuE o€

OTIOLOATIOTE cuVAPTNON Y

7 2 2 2

Omov: vz 07, O | 0°

ox~ 0y 0z

ly|? = nukvéTNTA MBavOTNTAC = MBAVOTNTA avd Lovada dyKou
Vo BPOOHE TO OCWHATIOLO O LA TTEPLOXN TOL XWPOU

=0 AomAoociavog teAeotng =n AomAaciovi

* o va BpoOue tnv eveépyela E, 6ev Balovpue Tov TEAEOTN TNG EVEPYELAC,
KL éTOLz)\l’)\)ouue N xpovoazvsi(xp'rn'rn eEiowon Schroendinger:

E:p—+v(?)->Ew:[h—V2+V(7)]w->V2W+2—m(E—V(7)) w=0
2m 2m h

2
Hy=Ey,omov: H= . V> +V (7)= 0 Xauhtoviavoc tekeothic =1 XA toviovn
2m _ _ I4 14 /4
H=T +V =rvnukn +ovvauikn evépyela
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|16looVYOPNOELC KOL LOLOTLUEC EVEPYELAC
amnd TNV €€lowon Schroedinger

e AOVOULUE TIPWTA TN XpovoaveEaptTnTn €€locwaon Tov
Schroedinger, Kot BP{OKOLUE TLG LBLOTIHEG EvEpyELag E Kal
TLG LWBLOOLVAPTNOELG Y (X) TOL CLOTAMATOG:
2 2
- h i S
E=2—4V(F)= Ey=[s=V+V (7)ly >Vt S=(E-V (7)) y=0
2m 2m hi

o Katomv Balovue Kol Tn XPOvIK eEAptnon KA&OE
LdloovvdpTNOoNC WC €ENC:

p(x. )=y (x)e "

« MeT@, OTIOLOBNTIOTE KLU TOOLYAPTNON Y TIOL TIEPLYPAPEL TO
oLOTNUA MOC, UTIOPOVHE VA TN YPAPOUE OAV YPOAMMLKO
GLVOLOOUO TWV LBLOCLVOPTACEWY Y

W=C Y TC Y, TC 3y +...
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E€lowon Schroedinger yla KEVTPLKA SLUVOULKA

« H e&lowon Schroedinger Viu+==(E=V (7)) y=0

HE KEVTPLKO Buvapkd V (7)=V (r ) [r.x., To duvauikd Coulomb -e?/r],
OTIOL YWPLCOLUE AKTIVIKO KOL YWVLAKO HEPOC KLUATOOLVAPTNONG:

OnoTeE £YOVUE va ADCOLHE TNV TILONTAVW Povodldotatn €Elowon
Tou Schroedinger, 6mov to “evepyd RUVOULKSO” €lval (oo e TO
ABpOLoUA TOL KEVTPLKOL SUVAULKOD KINVOC OpOL GTPOPOPMUNC
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ATouo vbpoyovou pe €€. Schroedinger
« AUoN t™nC €€lowonc Schroedinger \V& l//+2—m<E—V<7>>l//:O

h
- q.:9 —e) /—e”
ue to duvaptkd Coulomb: V(7)=V(r)= lr 2=e< - ) -

KoV GUVOLp.LKO})

KOl lﬂ(?):R(r)Y(@ ,§0> £4pTNON amnd 6, @
ap '

Nap&OELYHO KEVTPL

e AlvelL: Onov AEN LTIAPXEL &
ouvvaptnoelc R(r) kot Y(6,9), orov y = R(r) Y(6,p) elval 1LBLOOCLVAPTACELG
o) TNC XOATOVIAVNC, UE LOLOTLUEC EVEPYELAC E:(%azmcz)i2
n

B) Touv TeAeoTr L? TNC TPpOoYlOKAC OTPOPOPUAC E LOLOTIHEC:

L=7xp=Fx(—inV
p < ) LzYlm:lm,o'n'oz);l:(),l,m,n_l
éﬁOU:VEifC{—iy_Fi%

0 X oy~ 02
Y) Touv TeAeotn L, mpoPoAng tng L g'€vav agova, JE LBLOTLHEG:
V4 4— 4
16 Y, o 1 KoL ™, )\UOELCUZ(;O( LY, :@Ylm , omov:m,=—1,...,0,...1
ovva

ONA TO KEVTPIKA
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KBavtwon oTpopopuNnC

‘z .
ﬁ ______ .
*,
LY
%
LY
11| =v2#
0 >
'
I
']
!
[
ra
e 1 —— P
d’
I=1

EXHMA 9.9: To xfaviouévo didvoaua tnc atpopopunc yia £=1 kar £=2. Adbyo 11¢
kBaviwong tng tpofoinc Tov nave ot Evav aEova, T0 «dLavVuoUa» TNE GTPOPOPUNG —aV
n oyedilaocn tov ©¢ draviopatog Exel vonua— Umopel va €xel HOVO OpLopévovs did-
KPLTOLG TPOSUVATOALSHOUG STOV Y ®@po. Pavopevo mov amodidetal pe Tov 6po «kPa-
VIMOT] TPOCAVATOALCHOD» T «kBavimon ydpovy». ZNUELOOTE ETLONC —YLATL QLTO Eival
1O TLO TPOKANTIKO Ao OAa— OTL T0o drdvucua £ ovdénote evBuypappiletol pe Tov aEova
z. AxOpo Kol TNV KaTdotacTn HEYLoTng tpofoAing Tov ot autdv tov dEova oxnuarilet
yovia pali tov apol eivar mavta (£,),,.. = il < || = hy/£(£+ 1).

ABpoloua

OTPOPOPHWV: IZ(1+2):lZ(1)+ IZ(Z)Km‘ll_l2‘gll+2g‘ll+12‘
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Y5poyovo: AKTLVLIKEG LBloouvapTnoeLlg R (r)

O axtivikég ovvaptroels Rpg péxypt n =3

£=0 £=1 £=2
n=1 Rigp=2e"
n=2 R _i(l_r) i Ry=——e"?
RTAEs 8 26
sl Rﬂﬁzi(l_z_’uﬁ)ﬁ—rﬁa R =2 (1-D)er" | R = 4 s
3vV3\' 3 27 TV A 81/30
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Y6poyovo: NwvlaKeg tdLoovuvapTtNoelg Y(0,9)

O1 apaipikéc apuovikec usypr £ = 2

=10 =1 f =2
15 :

—9 _ 29 2 2ig
m Yoo T fe
m =1 Y= \Xisin fe'? Yo = Ecosﬂsmﬂe"*”

8T ST

m=10 Yoo =i Yio = EEDSH Yoy = '—5-(3(30329“1)

- VAan V 4n V167

& NP /15 .
m= -1 N-i=— é—Sﬂlﬂﬁ % Ys_1 = — 4/ —cos O sin e~
T 8T

15 -
m=—2 Ya-9 = 4/ o5—sin’ e~ %9
327w
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ATopo vbpoyovou
LE EVEPYELA KOL OTPOPOPUN

E, L L €ival TEAEOTEG TOL AVTIHETIOOVTAL pE TN XapiAToviavy, dpa
TA AVTIiOTOLYO QUOLKA MEYEON dlaTnpovvTal, Gpa

oL aptBpoi n, [, m XAPaAKTNPI{OLY TNV KATACTACH TOL CLOTAHATOG
- glval KaAol KBavTikol aplOpoi

L=vI(I+1)&, émov1=0,1,...,.n—1

ZUMBOALOMOC KATAOTACTEWV:

ns,np,nd,nf,..ILy,2p:(n=2,1=1)
s:=0;p:l=1;d:1=2; f:]=3,...

Ala@QopeTIKeG KaTaoTAOELG {n, [, m } PE 1OLa EveEpPYELQ:
EKQUALOUEVEC KOTOOTAOELC

K&Ttw Spwc amd KATOLEC CLVONKEC, UTTOPW VA TLC... ATIOKAADYW;
(KoL €TOoL va SLaTOTWOoW OTL Sev €lval AMAX LA HaBNUOTIKA
vnéBeon;)
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TpoX. ZTPOPOPUN: DLAXWPLOMOC EKPULALOUEVWV
EVEPYELAKWY OTAOUWY H o€ payvnTtiko nedio

Evépyela Adyw aAANAEM(Spaonc Tov
: . NAEKTPOVIOL (TNC TPOYLAKNC MOYVNTLKAC
- 2 POTING TOUL, M) ME TO PayvnTLkS medio B:
m=1 — = A
€ U=—u-B B=BzZ

| ’J ’.'
=2 :a;', m=0

Koo ¢ To NAEKTPOVLO CLUTIEPLPEPETAL TAV
m=-1 e LayvNTNG JE OLMOALKN HAyVNTLKNA pomnn:
i —_ —_ —_ e —_
m=-2 Y ‘Ll — L
2m,c
€= B
IXHMA 10.4: O daywpiouoc Zeeman yia pa otdfun pe £ = 2. H TomroBétnom 1o atopov H j— h \/ l l —+ 1 )
EVA PAyVNTIKO TESLO TPOKAUAEL APOT] TOV TEPLOTPOPLKOL EKQLALGHOV Lo oTabung 2 m C
KPavtixd apBuo £, xar dnpiovpyia 24 + 1 vE®V oTaBdOV CUUPETPIKG SLOTETAYIEVOV ©
TPOG TNV CPYIKT Kot pe otabfeph petokd tovg andetacn ion pe € = upB. i . e h
Mayvntovn tog Bohr, pu, @ uz=
2m,c
p=—pu NI([+1)
M,—— Mg,

A6 TOV TIPOKAAOVHEVO SLOXWPLOHMO TWVY EVEPYELOKWY
' ETULMEO WV, UMOPOVE TL.Y VO LETPAOOVE TO HAYVNTLKO U=m,(u,B)
nedi{o evéC aotePLOD INEB
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To omv: M ka0apd kBavtiki) otpogopun

O1 mepapoTIKEG £vOEIZEIS Tia TV VTapEn piag ECOTEPIKIIG 6TPOPOPIIIS TOV NAEKTPOVIOV

[Teipopo Stern-Gerlach pe dropo Ydpoyodvov ot
Depelidn Toug KatdoTaon

EZYMIIEPAEZMA: O povog 1poémog va
e&nynbei To mewpapaTid arotéhecun sival vo
vrotebel 0L TOo NAsKTpOVIO Elval PopEng Kal
HI0G ECWTEPIKNG OTPOPOPUNS (=omv) e
MOPOHOIEG  1B10TNTES KOl TMEPOHOTIKEG
: EKOMAMOELS OO N TPOYLUKY]  GTPOPOPUN
1 oAhd pe Ty tov KPovrikov apibpov s (to
avaioyo tov £ ) ion pe Y.

Ipoonintovco
déaun aropmy H

HMewpapetiké amotéheopa: O apiuog tov knAidwv oto
métoopn €ivol icog pe dvo. H mpoomimtovca déoun
YOPILETOL TAVTH GE dVO.

MEAETH: X Tpayava, Kfaviounyavixny 1, ged. 428-437.
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MayvnTtikr pomnn AOyw dtootpopopunc (spin)
KOlL CUVELOQOPA OTNVY EVEPYELA OTOV O€
HaYVNTIKO medlo B=RB 2

e XTNV mMponyovpevn oeAda e(dape TN HOyvNTLKA POTIN OV £XEL TO
NAEKTPOVIO AOYW TEPLOTPOPNC YUPW amd Tov uprva (AOYw TPOXLOKNAC

OTPOPOPUNG, [).

¢ To NAEKTPOVLIO £XEL OPWC KOL UL ECWTEPLKA OTPOPOPUN, ML
LWdLootTpoopun (= spin = omniv) aveEdptnTa amnd To av Kweltal [ OxL.
To otiv €lval pla tdltdtnTa ToL NAEKTPOVIOL, OTIWC TO POPTIO MOV €YXEL

S=Vs(s+1)k, émov: s=1/2
S.=m.n, omov: m,=—1/2,+1/2

AGYW TOL OTIY, TO LEPOYOVO EXEL LLA HOYVNTLKA POTIN U

- o —€ 3_ E To nAekTpoOVLO £lval

eh

MBEzmec lLls:_ge‘LlB\/S(S_l_l) lLlS,Z:_ge‘LleS

—_

Avvapikn evépyeta Adyw omv: U, =— @i B
A.lN.© -19 Noe. 2015 K. Kopdd&c - Mupnuikn & Ztolxewwdn | - B-didonaaon, B' (spin, parity) 19

» U =*xu,B,yioam =51/2



OALKRN oTpoopmn (J) = tpoxiakn (L) + omiv (S)
= “T0 oMiVv” TOL CLOTAMATOC (T.X., TOLV ATOUOUL)

¢ Kd&6¢e 1dlokatdotaon TNC EVEPYELOC, OTPOPOPUNC K' OTILYV OTO ATOMO
XapaktnpiCetatl and 5 kBavtikoLg apbuovg {n, £, s, m , m_}

- o K&BE CLYKEKPLUEVO £, vtdpyouy (2L + 1)*(2s + 1)
AVEEAPTNTEG KATAOTATELG, Y,

e OALWKN oTpoPopun J EvOC cwpaTtidlov: GBpoloua TPOXLAKNAC
OTPOPOPUNAC Kai o_llt(\)_>

J=L+S,kan J =L +S ,omov:J " =I+s

. )% KO J_ UOPODVY Vo £X0VV LELOKATAOTACELG LOLEG UE L% Kot S?,
omoTE va YapaktneiCw ud katdotaon amnd TouC KBAVTLKOOC

apLOuouc:
, JY, = 'Y, , émov: j=1+1/2
{n.6,s,j, m}

]ZYlm:@Ylm, omov: m;==j,...,0,... ]
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EvEpyela:

eEAPTNON KL ATO TPOYLAKA OTPOPOPUN KL aTtd OtV
KaBe blokaTdoTOOoN TNC EVEPYELOC, OTPOPOPMUNC K' OTILYV 0TO ATOMO
xapaktnpiletal and KBavTikooC aptBpooc {n, £, s, |, mj}

OALKA oTpOoPOopPuN gréy}ou:_}d@pomua TPOXLOKAC OTPOPOPMUNC Kol OTtiv
my,yies=1/2:J=L+S,j=1£1/2
Nal=1-j=1+1/2=3/211/2 NéToto

AAR kiTpvn ypauurl Tov Natpiov 5

E
"

I °

s
ey e

(BUPAOTE OTO EPYAOTHPLO ATOULKAG;) g_ 7o— —zp=—6q =t
AnoTtéAeoua TnG oOCELENC OTiV- N |\ el
TPpoXLac (Spin-orbit coupling = L'S 5 . —ap |
coupling): c0CcvEN TOL OTILYV TOL L [ e .
NAEKTPOVIOL PE TO payvnNTLKO edio mov 2 EV%DYEWKEC
dnuovpyel To mpwTéVLo, TO omolo B / OTAOUEG UE N=3,
BewpPOLUE oav MEPLOTPEPOHUEVO YOpW ambd 3 N =0 (s) kat =1 (p)
TO NAEKTPOVLO, OTaV BPIOKOPAOTE MAVW ;_JS exouv ~0.2 eV
0TO NAEKTPAVLO) \%E’, T oLagopa ,
2UMPBOALOHOC KOATACTACEWV: 2 fZU (KlTPLVN YPAUUN

. Na oto £pyaoTriplo
ns,,np,,nd,, nf,, .. SRR

Iy,2p,,:(n=2,1=1,j=1/2)
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AKOHA €vac KBavTkS aptduséc: OuoTLia (parity)

e E(dape O0TL KABE LOLOKATACTOON TNC EVEPYELAC, OTPOPOPINC KalL
oTv 0To dTtouo yapaktnpifetat amd KBavTikoOC aplBuolC
{n, /[, s, m , m_}. OTPOTOG MOV CLUMEPLPEPETAL N
aQVTLOTOLYN KUHATOOULVAPTNON OE AVACTPOPHR TOL XWPOL
(mou €lval To ATIOTEAEOUN TNC EQAPMOYAC TOV TEAEDTN TNC
ouoTuiac/partiy, P, mdvw tnC) Hmopel va oploel KL AAAOVY €vav
KBavTIkKO aplOud: tTnv oMoTIMIa A parity

P(y (7F))=y (=r)=y(7): dpuia ovvaption — Parity =+1

P< r ) - T >P(w (F))=w (=r)=—y(F): neptrtn ovvaption — Parity=—1

%
. KL éTOL YPAQOULE TO OM(V KOL TNV OUOTIL{O WC J© , 3"
LY., KatdoTaon

e« TNUE(WON: Yl KEVTPLKAE Suvapkd, 6mov w(7)=R(r)Y (6 ,¢)
N MAPLTL TNG Y OPEIAETAL HOVO OTLG OQALPLKEG OLVOPTACELG Y,
F—=r:P(Y(0,0)=Y (n-0,m1+0)=(-1)'Y(0,0),ondte: Parity=(—1)
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AvTioTOIXOI KBOaVTIKOI apiOuoi
opidovTal KAl 0TO OECMPIO oUuaTNUA

TTOU JUOC ATTOOXOAEI —
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Spin Kol MAPLTL EVOC TILPAVA

(] K tapLTo: )

e XTIV TILPNVA, ] = OALKO TPOYXLOKO OTV TWV VOUKAEOVIWY + TO
aBpoLloua TWY OTILY TOUC.

Jowpiva=) L4)» - S§=)  ([+§)
VOUKAEOVI VOUKAEOVII VOUKAEOVI

->

« Parity = +1

g -1

Parity mupriva=(—1)", 6mov [ = tpoyiakii a1popopr Tov mupAva

* Omnéte yla k4Be nupriva divovue amw (J) kat parity (m): J©

my.,2"

A.1.© - 19 Noe. 2015
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E{dapue O0TL N evépyela EvOC OCLOTHAMATOC
ceapTaTal Kot arnd to orv tov: OK.

Epwtnon:

H opoTtiuia / tdpttu / parity ennpedlel
KATL HETPAOLUO/TIOPATNPIOLO;

- BeBaiwc kat val.
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a) Parity #1: n avaotpo@r ToL XWEOUL
Kot n Apyn tou Pauli (1)

H anayopevtikn apyn tov Pauli
KUL 1] t1] O1OKPIGIHOTHTA TOV TOVTOS| ROV cOpatdiov oty Kpavropnyaviki)

v «pilo» g yevikevpevng opyne tov Pauli Ppioketor 10 Ogpeiimdeg yeyovog OTL oty
KBavtounyovikny ta toutoonue couotiol Tov avijkovy 6To 1010 QUCIKG cUGTNUO (T.Y. €ve. GTOUO)
glvol  un_ olekpiciuo Ol0TL TEPLYPAEOVTOL OO CAANAOEMIKOUAVTTOUEVES KUUOTOGUVUPTNGELS, Kl
EMOUEVMC €lval adUvaTov vo. Tovpe molo eivol to #1 mow eival 1o #2 x.0.x. Avty 1 advvapia
olaKkpiong  duc@ariletar kPavtounyavikd povo pe KOUATOGLVOPTAGES w(x,,x,) TOL Eival

CUUUETPIKES [y (x,,x, ) =w(x,x,) ] N aviiooupuetpikeg [w(x,,x, )= -y (x,x,)] Kl eropEvmg 0dMyoHV o€

mBavotnto |‘r”{-‘f|--"--}|: OV £1VOL GUUUETPIKT) GTNV EVOAAOYT X, <> x, KL 0P OEV ETLTPETEL TN OLEKPLOT)

TMV 000 GCOUATIOIMV.

MEAETH: X. Tpayava, Kfavtounyoaviky I, aeid. 468 — 480).
¢« OAa ta owpuatidia pe akEpato omw (s=0, 1, 2, ...) - T«
QTIOKAAOVUEVA MTIOCOVLA - TIEQLYPAPOVTOL ATIO CUMMETPLKEG
KUHaTtoouvapTnNoEeLg (Parity = +1), evw

OAQ TO CWHOTOL HE NUL-aKEPOLO oty (s=1/2, 3/2, ...) - T
ATIOKOXAODEVO @EPULOVLA - TIEPLYPAPOVTAL ATIO AVTIOUMHUETPLKEC
KUHaToouvvapTnNoEelg (Parity = -1)

WG TIPOG TNV EVAAAAYH TWV HETARBANTWY TOLC (=aAVACTPOPN

TOL XWPEOUL) .
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a) Parity #1: n avaotpo@r ToL XWEOUL
Kot N ArtoyopevTikn Apxn tou Pauli

H arayopzotiki apyn Tov Pauli yia ta aropika niekrpovia:
Mua £181K1] GUVERELA TI|G TEVIKEVUEVTIS UPYNS
‘Eyovtog omv s=Y% to MAEKTPOVIO. EIVOL QEPUIOVIO. KOl ETOUEVOC 1 ouvvumopél] Tovg otny idio
KPovTikT Kotdotoon evog atopov Bo etvar advvarn. Kat éedopgvou ot po KPavtikn KetdotacTn ¢’
£V, 0TOpHO Kobopiletol povootuovte amd v Te1padn KPoviikov oplbuoy n,f,m,, m_, 1 £QuplLOY

¢ YeVIKG apyns tov Pauli ota dtopa oonyel gtnv:

AITATOPEYTIKH APXH TOY PAULIL Avo niektpovia ¢° £vo GTOLO £ival adOVOTOV VO EYOUV TNV

o1 teTpada KPaviikov aplbuov »n,f,m,,m_. Oo 01QEPOVY TOLAGYIGTOV GE £vVa KPOVTIKO oplOpo.

Kat €{vatl onuavTtikd To 0TL KATIOLX CWHOTIOL lval pepuLOVLA
Kat Kamnoiwa purolovia;

Ma, £Tol OKPLBWC, UE TA NAETPOVLA TIOL ELVAL PEPULOVLA,
eENyooue tTn doun TWY ATOHWV!!!
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a) Parity #1: n avaotpo@r TOL XWEOL
Kot N Apyxn tou Pauli (2)

To omwv ko 1 Yevikevpévn apyn tov Pauli

Oeppoviae ko Mmolovia:

O1 60 Ogpe®oe1s KATNYOPIES CONATLOIMV KAl 0 POLOS TOVS 6T PUGT)

rmv Eidog ocopmeprpopac [Mowa givar wora . KOL Y10TL
Ogpuovie | Huwoxképao | «Atopikionikny Olo T copatiow AtapopeTikd Oo Tav duvar
YroKewTal oV opyi §oulxﬂi ABot ¢ 1 l'iJ'I:Eplljplf.T[T] mmm’upmmr’]
s=Y %, | Tov Pauli (givon U}J]Q:. (e,p,n, v Tovg nrnvvlﬁm TEPLOYN TOV
< As adOva N cuvimapén KOVAPKC). ¥OPOV VIO TNV EXLOPUST] TV
tovg otV i1 kPovrikn | Ola &govv s = Y upm[_":—uimv ELCEQV, HE
KathoTaon). UMOTELES LY. TNV AT PT|
[Teprypagovtal omod KOTAPPEL O TNG DANG OF [t
IV TIOVLULETPIKEC «OTOYOVO» ATEPNS
KULL/GELC. TUKVOTITOC.
Mmolovia Aképaro «KoliekniroTikn» Ola 10 copatiow ‘Etot givot duvoti 1
Agv VTOKEWVTAL GTIV popeig duvapewv ATEPLOPLETN CVVOTTOPET TOVE
s=012.. apyn tov Pauli (Eivon ™me eoong (¥, W, omv idto kPorvrik _
OUVOTT 1] UTEPLOPLOTY z , yAotévia, K?mﬁfﬂﬁﬂ ko BUH}DUPTIU
cuvinapEn ToVg 6TV | Bputévio). Ol H - (DTO TOV TPOTO EVOS
5100 kPovTkn Srovv 8 =1 mhfiv pmc[)m.:ncnmmu Ef:ﬁ.mu -
Katdotaon) tov Bapvtoviov Tov Blwn:pamv (1M m&?’ rc‘r,ﬁpm
TEPLYPAPOVTOL GO (ewcaleTar 6Tt) Eyst Bapitntag, mupnvikd nedia).
CUULETPIKEC KU/ OELC. ¢=2
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a) Parity #1: n avaotpo@r ToL XWEOUL
Kot N ArtoyopevTikn Apxn tou Pauli

H arayopzotiki apyn Tov Pauli yia ta aropika niekrpovia:
Mua £181K1] GUVERELA TI|G TEVIKEVUEVTIS UPYNS
‘Eyovtog omv s=Y% to MAEKTPOVIO. EIVOL QEPUIOVIO. KOl ETOUEVOC 1 ouvvumopél] Tovg otny idio
KPovTikT Kotdotoon evog atopov Bo etvar advvarn. Kat éedopgvou ot po KPavtikn KetdotacTn ¢’
£V, 0TOpHO Kobopiletol povootuovte amd v Te1padn KPoviikov oplbuoy n,f,m,, m_, 1 £QuplLOY

¢ YeVIKG apyns tov Pauli ota dtopa oonyel gtnv:

AITATOPEYTIKH APXH TOY PAULIL Avo niektpovia ¢° £vo GTOLO £ival adOVOTOV VO EYOUV TNV

o1 teTpada KPaviikov aplbuov »n,f,m,,m_. Oo 01QEPOVY TOLAGYIGTOV GE £vVa KPOVTIKO oplOpo.

Kat €{vatl onuavTtikd To 0TL KATIOLX CWHOTIOL lval pepuLOVLA
Kat Kamnoiwa purolovia;

Ma, £Tol OKPLBWC, UE TA NAETPOVLA TIOL ELVAL PEPULOVLA,
eENyooue tTn doun TWY ATOHWV!!!
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B) Parity #2: Netpapa tTnc Wu: 1957

B1le vegretc A\ o OYEL gloé-lcicr] énopo't;pgrécf_[ dKCX;ETEUL').GU\)OI’]
1 npoTiunon XEL OXEON UE TN PLTL;

Beta emission is

preferentially in Nuclear Expenment Parity Inversion

the direction spin OoT I‘] Vv

opposite the Co y

nuclear spin, in . K(XTEUGU\)O” S

violation of ,

conservation TWV

of parity. e ~ -
NAEKTPOVIWY, J ’

Wu, 1957 7 4 &0 e
TOTE N NMAPLTL = .

B0 —w= 6B - -
Co ci\|i+E+‘|.-'E

Sev glval KaAn 5 s il

e |\e  ovpueTpla (}f 3 f;’)

5 * (6NA.
* T[O(pO(BLé(CETO(L) Observed Not Observed
Violates Parity Conservation

Nelpapa: ONA Ta NAEKTpOVLA TTIRyaLvav avtibeta and to ormniv
ToL rvprva. = OxL HOVO LTINPXE ACLUUETPLA, AAAX MEYLOTN
OQOUVMMETPILA WC TIPOC TOV TIPOCAVATOALOMNO TWVY CTILV
TWVY NAEKTPOVIWY OE OYXEON HE TNV OpMA TOLC!

25
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y) Parity #3: Ze T dlap€pouvv ta veTpiva (v)
and ta avTveTpiva (V) mov e{baue oTLg B-
OLoOTIAOELC);

Agv £x0LV POPTIO => Agv £€XOUV NAEKTPOUAYVNTLKEG

aAANAeTLEpdoELg y

—
Ta vetpiva elval ‘aplotepdoTpogpa’ =>
To otiiv €xeL dLevBuvon avtiBeTn amd To HLAVVLOUO TNC OPHNAC g
’ Vs l 7 ’ d
Ta avti-vetpiva elval ‘6eEléoTpopa’ => ﬂgwhaﬂde
TO oty £XEL dLevbBLvVON OPOPPEOTIN ME TO HBLAVLOUO TNC OPMNG

opun opun

VETPIVO ,
QVTL-VETPIVO
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v) Parity #3: vetpivo (v) kat avtveTpivo (V)

MetaoxnMatiopnoc Parity (P): y (D@
AVTLOTPOPN TOL XWPEOL P ol
M —1 ;
P:ly|lw— |-y ”
2 -2 ol
H B-6laomaon, Exovtac €(te povo veTpiva (OTLC 34t 2) (1)

dlaomndoelcf+) , e(te puovo avtveTpiva (otLc B-),
napoBLalel Tn ocvppeTpla TNC Parity, agpol vmdpxEL
SLAPOPETLKN CLUUTEPLPOPA TOU VETPLIVO KOL OVTIVETPIVO: | Tiéyrmce oo ror scevt
2€ AVTLOTPOPN TOUL XWPOUL, TO VETPIVO yiveTal
AVTIVETPIVO, aAAG To oTiv dev aAAaleL Qopa.

‘EtoL n avTioTtpoern Tov XWpPov dnuLovpyeEl
deEldooTpoPa veETPIva KAl PLOTEPOOTPOPA OVTL-
vetpiva. Katt mouv opwc AEN mapatnpseitat,
onoTte N @oon (6oov aPopd TIC B-dlaomdoelc) dev
Oswpei TNV Parity “kaAn ovuusTpia”, onodTte
Aéue 0TI “mapapBialel Tnv Parity”
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OAa ta mponyoOlUEVO NTAV UL ELOOYWYN YO TOLC
ETUTIAEOV KAVOVEC YLO TN B-Oldomoon mov agopoLy To
OTILV KOL TNV OUOTLULA (TTAPLTL) TWV TILPAVWVY.

Kavovac:
AtlaTAEPNON TOL OALKOU OTILV KOl TNC MAPLT

LETAED OPYLKAC KOl TEALKNC KATAOTAONC

B-Oldomnaon:
ETLTPENTEC KAl “OTOYOPPEVHEVEC” DLOOTIAOELC

/7

Erittoentéc: Fermi n Gamow-Teller
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B-Oloomndoelc: “EmtpenTtec” Kal
“OmaYOPELHEVEC”
WG TMPOG TN dlaTAPNON TNG OTPOPOPHNG
OL amnodLleyEPOELC B KATNYOPLOTIOLOOVTOL O€

“ETILTPEMTEC” N “amoyopeEVUEVEC” OO0V APOPA TN
dlatripnon tTou oniv Katd tn dtdonaon:

¢ “ETITPEMTEC” onuAlveLl OTL £YOLV TIOAD pEYAADTEPN
nmoovoTnTa va yivouy, e oxéon HE AAAEC Tov €lval TiLd
OTIAVLEC KAl AEYOVTOL “aTtayOPEVMUEVEG”.

e Ooo peyaAvTtepoL BabuoL “amnaydpevon” EXEL UL
dlaornaon, Téoo 1o OTAVLO €lval va YIVEL.
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Alatipnon oTPOPOPMUNC (OTILV)
[eEVIKA, YE dlaTripnon Tov otiv, YPAPOLUE Yo TN B-

OO 5 fAGED # = ],

l

Onov:

—

Jl- Kal Jf (VoL TO OALKO OTIlV TOL APXLKOD KOl TOL TEALKOU
nupnva, avtiotolya,

-

Sev (VoL TO OALKO OTI{v TOL CLOTANATOC NAEKTPOVIOL-
QVTIVETPLVO OV Propet va elvat 0 R 1

(apol cLVOLACW TO NAEKTPOVLO KOl TO AVTLVETPIVO TIOL
€xouv omiv 1/2 to KabEva), Kal

—>

lev elvall N OXETLIKA OTPOPOPHUN NAEKTPOVIOL-OVTLVETPLVO.
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MeTaBOAR OV METAEDL OPYLKOD KOl
TEALKOD TILPNVA KAL OYETLKA TPOYLAKN
OTPOPOPHN NAEKTPOVIOV-VETPIVO

Onéte YPAPOULIE: j’i_ff:SevHev —> ANJ=S v+lev

e

—
OTIoL N METABOAN AJ tov omw (apXLKOL TILPAVA - TEALKOD)
UTopel val €XEL LETPO OMOLOBATOTE TLUN MECO OTA OpLAL:

J—J]<AT<|J+T ]
KoL TO OALKO oriv nAetpoviov-veTpivo (KabBEva pe omiv 1/2):

1/2-1/2|<S, <[1/2+1/2|> S, =011

000 HIKPOTEPO TO TOOO MO EVKOAN YIVETOAL N
HETABOON (6dnA. Tdéoo O “entTpenTn” €lval).
Onote, and 6Aa ta AJ, To Lo mMPavo elval avtd YUE TN
HIKpdTEPN TN, dnAadn To [ J.—J )T
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ETULTPENTEC HETATITWOELC:
Fermi n Gamow-Teller avaAoya pe S_ =0 n 1

—

KANONAZ #1: Ol emitpentég petantwoelg éxovv [, =0

Av:

« S_ =0 (nov gxetL pévo &vav tpdmo va yivel, Sz=0), Té61e n B-
dLdomnoon/pETANTWON AEyETOL HETATTTWON Fermi .

« S_ =1 (mov £XEL TPELG TPOMOLG VA YIVEL, €vav e Sz = +1,
évav ue Sz = 0, €vav pe Sz = -1),

TOTE N B-Oldomaon/METAMTTWON AEYETOL HeTATTTWON Gamow-
Teller.

Onote apoL To oniv dlatnpelTal, COPPWYVA ME TA TIOPATIAVW, TO
A oTIG emuTtpenTeG B-Olaondoelg eivat 0 n 1, 00o Kat to S_ .
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ETILTPENTEC HETATITWOELC:
LETABOAN TNC partity
EKTOC amnd TO Orv, €XOLUE VO OKEPTOUE KOl TNV TIAPLTD.
H 1 pLTL TOL CLOTAUATOC NAEKTPOVIOL-AVTIVETPLVO Elval:

(~1)"

MOV YLO TLC ETULTPENTEC peTATITWOELC (I =0) dlvel:

(~1)=(-1)=+1
Apa, eMeldr: Parity(i) = Parity(f) * Parity(ev) , i>f

KANONA:z #2:

Ol EMITPEMTEG PETAMTWOELGH[ TIOL €XoLV [ =0, KaL apa

éxouv Parity(ev) = (-1)° = +1 ] 6gv éxouvv peTafoAnl TNG
MAPLTL PUETOED OPYLKOL KOl TEALKODL Ttupnva.
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ATIOYOPEVUEVEC B-OLOOTIAOELC
Otav 6gv éxovpe Al =001 ko Angpttuo = At = +1, TOTE N
B-OLdoTmaon €lvol amMayoPELEVD.

Epwtnon: Mla anmayopeVHEVN HETATITWON

(6nAadr mov dev glvat AJAT = 1+ {4 AJAT = 07),

TL TAENC amayopeLHEVN sival;

Andavtnon:

00N N €EAAXLOTN TLUN TNG £ TOL HOG XPELACETAL YL v
£ENYNOOLE TN LETATMTWON TOL MOC BlveETaL.
BPlOKOULME TNV TIMA avTh dokipadovTac:

1)motd £ xpelaleTal (APTLO N MEPLTTO) YLA VA EENYNOEL TNV
AndpLTu, Kol

2)TO000 va lval avtd To £ yla va pog dwaoel To A (o€ ouVdLoAUO
uetoS =01n1)

b
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Tagn B-6laomoonc

onote:

KANONAZz #3:
. N TAEN TNG B-dlamaong eivat To UKPOTEPO £ TOL EENYEL

KOl TNV JETABOAN TNC mapLttu [ Andpittu = (-1)°]

KOl Tn METABOAN TOL OV A) HETAEL apXLKOU Kal
TEALKOD Tuprva.

e AV auTO TO [ €lval To =0, ToTE N B-dldonaon elval
EMITPEMTN,

e AAALWC Elval ammayopeLHEVN TAENG I
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AoKnon: avtidpdosic B-dltdonaonc: Q-values,
ETMLTPENMTEC, TAEN amayopeLONC
XapakTnpeioTe TIC TTApakATw SIA0TTACEIC 5 (T1.X. aTTayYOPEUMEVES 1 6XI, B+ N €, KATT.)
Kal uttoAoyioTe TIC TIHéEC Q

“Ga| 0" |- *Zn[ 2", AE=1039.2 KeV |

”AS[Z"] —" Ge :0*]

Mo va BPlOKETE TIC ATOULKEC NACEC TWY OTOLYE(WVY TIOL OOC
XPELGCovTOL, XPNOLUOTIOLE(TE:

M(A,Z) = 931.478 * A + A (MeV),
Omnov 1o A to BplokeTal yia K&Oe otolyelo Katl Ta L0OTOMAE TOV OTO:
http://skiathos.physics.auth.gr/atlas/Nuclear Physics/wallarge.pdf
« A(*®*Ga) = -63.724 MeV, A(°°Zn) = -68.899 MeV
« A(’’As) = -68.230 MeV, A(’°Ge) = -72.586 MeV
« m(e) =0.511 MeV, m(v) =0
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AOKNON - onUelwon yla ETLTPETTA N OXL
XapakTnpeioTe TIC TTApakATw SIA0TTACEIC 5 (T1.X. aTTayYOPEUMEVES 1 6XI, B+ N €, KATT.)

Kal UTToAOYioTE TIC TINEC Q

“Ga| 0" |- *Zn[ 2", AE=1039.2 KeV |

TEAS[Z_]—}TE Ge[l’]*]
a) ue A} A = 2+
£XOULUE OVAYKAOTIKA (=dpTLo ylati (-1) = +1.

* ApoD TO Sev yiveTal To NMoAL Sev=1, dev prnopel va yiveL n
uetaBoon ue =0.

— Apa dev €lval emLTpeENTA N HETABOON.

* H emduevn aptia T €lval (=2. Me S=0, dlvouv AJ=2.
Me S=1, dlvovv andé A) = 2-1 =1 péxpL KaL 2+1=3,
— onoTe OvTWC To [=2 (Kot peE S=0 Kat pe S=1) umnopel
va €EnynoeL to AjJ=2+ - “anoyopevpévn” 2N TAENC
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2YXETIKLOTIKNA KWWNUOTLKA
ZXETIKIOTIKA KIVNUATLKA:

H paca eival pla
HOPON EVEPYELAG

E = MC? = n evépyela mod éxw eneldn

ool § KaL HOVO €Xw S
EVEPVELX ,/ \ QTIAQ KOlL JOVO €XW pada m

HACX ¢ = TaydTNTA TOL PWTAC

2 fapatt
VEVIKG, , UE KIVNTIKY evEpyeta K | Eyovue EFE=K +mc -

2 1
E=m Y C ,dmov y =——, kou f=vlc,ue v =rtaydrnro couatidiov

Vi— g’

p=my v=m?y B c,éxov p=opui

E*=(pc)+(mc’) - E [MeV], p [MeV/c], m [MeV/c? ]

2nueiwon: ue ¢ = 1, ypagpooue : E : :p2 +m’ K.
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MovAadec

c=3%x10°mls=povéda taybnrac =1

uovada evépyeioc =eV=1.6x10""Cb*xV=1.6%x10"" Joule
2uVOwCc xpnotuomnololue to MeV (= 10° eV)

>T0oBepd touv Plank = h = 6 626 x 10°*] s

Ac=197 MeV fm, omrov h= 2— = LHOVAOO OPLTHS (svépyszag X)(po'voz))z 1
T
o= e’ [mks]:e_2[c §1= 1 e\o’( xpnmuc,)mLo()usln&v'\t/oO: ,
T Axe He He €8 137 €V vy evepyela (1 MeV otnv nmupnvikn),

1/4mte, = 1 o€ 6AOLG TOLG TUTIOUG,
Kaw Ba BACOVUE: 2 =7 ¢, 6mov a=1/137

Ac=197 MeV fm

a = n otabepd AenAc veNg = 1/137

MeTpaME:

MdaCa: MeV/c* (apol E = mc?)
Opun: MeV/c (apol p = myBc)
Xpovo og: 1/MeV (a@oL n povada dpdonc = Evépyela * Xpévog = 1)
MNKo¢ og: povadec xpoévov = 1/MeV (agpoL n povada taxdtTnToc=1)

1 amu = 1/12 pdcac ovdétpov atéduov *C = 931.5 MeV/c?
Md&Ca nAektpoviov = 0.511 MeV/c?
Md&Ca npwTtoviov = 938.3 MeV/c?, M&la vetpoviov = 939.6 MeV/c?
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