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TEXVIKEC KOl EQOUAPMUOYEC
[MepioTPO@IKN KiVvNhON



Eicaywyn

H peEAETN TNG TTEPIOTPOYPIKA Kivnong cwuaTidiou Ba yivel o€ OUO EvOTNTEG.

H TpwTtn ava@éperal oe TEPIOTPOPN OTIC 2 dIOOTACEIS, EVW N OeUTEPN OFE
TEPIOTPOPN OTIG 3 DIOOTACEIG.

> MNeproTpo@r cwpaTidiou og SAKTUAIO

> MNeploTpo@r) cWHATIOIOU OE CPAIPIKN ETTIPAVEIQ
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MepioTpo@n oTIC OUO dDIACTACEIG

‘EoTw ocwpaTtidlo palag IM, To o1roio KiveiTal o€ KUKAIKE d1adpoun aKTivag I' oto
emriredo XY.

Av B0éooupe V=0 oTo emimedo XY, TOTE n OUVOAIKNA
evépyela Ba gival TrTavTou ion ME TNV KIVNTIKA EVEPYEIQ.

ZUUPWVA UE TNV KAAOIKA MNXAVIK, N OTPpo®opuN, J,,
YUpWw a1rd TOV déova Z Ba gival ion HE:

J? J?

‘ :>E=E

Potrr adpaveiag, |

E =

Oa doUpe 6T ol TIpég Tou J, Bev
givai OAeg ETTITPETTTEG Kal,
ETTOMEVWG, TOOO N oTpo@opun 600
KOl N TTEPIOTPOPIKA EVEPYEIQ Eival
KBAVTWHEVEG TTOOOTNTEG.




KBavrTwon mTepiotpoPng - NMoloTikR avaAuon

Ta avTiBeTa TTPpOCNHA OTNV £§i0WOT), AVTIOTOIXOUV O€E
Kivnon Tou cwpaTidiou oTig duo disubuvoelg.

2UMQwvVa pE TRV g€iocowon de Broglie:

2uvoudalovTag, TTPOKUTITEI OTI N CTPOPOPMN YUPW ATTO
TOV Agova Z givai.

H eicwon Ocixvel 611 600 HIKPOTEPO E€ival TO HNKOG
KUpOTOG, 4, TOO0 HEYAAUTEPN N OTPOPOPHN, J..

Eival Trpo@avég TTwg av deioupe
OTI TO A TTEPIOPIJETAI OE OPIOMEVEG
OIOKPITEG TIMEG, TO iD10 Ba 10)UEl yIa
TN CTPOYOPHN.

2TNV TTEPITTTWON OUTH, Kal Ta dUo
MEeYEON Oa gival KBavTwuéva.




KBavTtwon Tng TepIoTPOPng

Ag UTTOB£00UME OTI TO MIKOG KUMOTOG, A, MTTOPEI Va TTAPEI OTTOIASATIOTE TIMN.
2TNV TEPITTTWON AUTA, N KUMATOOUVAPTNON £apTdTtal atmd Tnv aliyoudiakn
ywvia, ¢, OTTwWG QPaiveTal OTO OXAHA.

— /\/E;:gﬁitg ZTN YEVIKA TEPITTTWON, OTAV TO ¢ QAUEAVEI
/ circuit / \ TEPA ATTO TO 277, N KUpNATOoUVAPTNON Ba £XEl

’ , \ : OIaQPOPETIK TIM O& KABE onueio, KATI TO
0 i oTToio JeV gival OTTOSEKTO.
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KBavTtwon Tng TepIoTPOPng

Ag UTTOB£00UME OTI TO MIKOG KUMOTOG, A, MTTOPEI Va TTAPEI OTTOIASATIOTE TIMN.
2TNV TEPITTTWON AUTA, N KUMATOOUVAPTNON £apTdTtal atmd Tnv aliyoudiakn
ywvia, ¢, OTTwWG QPaiveTal OTO OXAHA.
First : ’ : .
/ second /\/circuit; 2Tn YEVIKN TTEPITTTWON, OTOV TO () OUEAVEI
circuit / \ TEPA ATTO TO 277, N KUpNATOoUVAPTNON Ba £XEl
: OIaQPOPETIK TIM O& KABE onueio, KATI TO
o1roio O¢gv gival ATTOOEKTO.
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AtrodekTy AUuon AapBdverar povo OTav n
KUHOTOOUVAPTNON aVATTOPAYElI TOV £€AUTO TNG
o0& 51ad0)XIKOUG KUKAOUG.

2?532“ / E,':gﬁ,t / : ETrei®f] HOVO OPICHEVEC KUUOTOOUVOPTHOEIS
IKOVOTTOIOUV QUTH T OUVONRKN, CUMTTEPAiVE-
TOI OTI:
» MOVO OpICHEVEG TIMEG OTPOPOPMNG Eival
ATTOOEKTEG
> YmApXouv HMOVO OPICHEVEG OTTOOEKTEG
EVEPYEIEG TTEPICTPOPNS

Wavefunction, ¢

g




KBavTtwon Tng TepIoTPOPng

ETTopévWwg, TOOO N OTPOYPOpPHUR 60O KAl N EVEPYEIA

TEPICTPOPNG Eival KBavTwHEVA HEYEDN.

Ta EMITPETTTA KN KUPATOG divovTal atrd Tn oxéon:

— st Me M, oupBoAileTal o KBAVTIKOG ApIBUOS TG
circuit \ 1T£P|0Tpo<p|Kr'|g Kivnong, 0 OTroiog ival

: aképaiog ocuptrepiAappBavopévou Tou 0.

H iyl M, =0 avTioToixei og 4 =, dnAadn ot

KUMO ATTEIPOU MAKOUG KUMATOG Kol oTaBgpou

Upoug yia KABe Tiun Tou .
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O1 eMITPETTTEG TINEG TNG OTPOPOPHNRS divovTal

First a1mroé Tn oxéon:
circuit /

hr  mhr
J =i— =
Z A 2ar

Wavefunction, ¢

g




KBavTtwon Tng TepIoTPOPng

O1 O€TIKEG TINEG TOU [T AVTIOTOIXOUV OE TTEPIOTPOPI) KATA T POPA TWV dEIKTWV
TOU poAoyiou (otn dievBuvon Tou 7).

O1  emITPETMTEG TINEG TNG
TMEPIOTPOPIKAG EVEPYEING
divovral atrd Tn oxéon:

image_url Ommwg ©Oa Odoupye OTn OUVEXEIa, Ol
OVTIOTOIXEG KOVOVIKOTTOINMEVES KUMOTOOU-
vapThoelg divovTal atrd Tn oxéon:



http://upload.wikimedia.org/wikipedia/commons/thumb/3/34/Right-hand_grip_rule.svg/2000px-Right-hand_grip_rule.svg.png

KBavTwon TnG repiotTpo®ns — AKpING Auon

2 1o TOAUTTAOKO TTPOBAAMATA, 1N TTPOCEYYION TIOU XPNOIMOTTOINONKE
(ouvduaopuodg KAOOIKAG @QUOIKAG Kal oxéong De Broglie) &g ptmropei va
EQAPHOOTEI KAl ATTAITEITAI N AKPIPRG eTTiAuch TNG e§icowong Schrodinger.

2Tn ouvéxela, Ba emAUooupe TnV £giocowon Schrodinger yia TNV TTEPICTPOPIKA
Kivnhong o€ dUo d100TACEIG.

H XauiAtoviavrh yia cwpatidlo padag M, T1o
oTroio Kiveital o€ emritredo omrou V=0 givar:

H e&liowon Schrodinger odivetalr amd TN
OITTAavy oX€on, OTTOU N KUHATOOUVAPTNON W
gival ouvapTnon TnNG Ywviag ¢:

evikd, €ival TI0 BOAIKO VO XPNOIMOTTOIEITAI CUCTNMO CUVTETAYHEVWY, TO OTTOIO
va aVTOVOKAAQ TNV TTARPN CUMMETPIO TOU OUCTHMATOG.

2TNV TTPOKEIMEVN TTEPITITWON, MTTOPOUV Vda
XPNOIMOTTOINOOUV 01 TTOAIKEG OUVTETAYMEVEG:




KBavTtwon Tng TepIoTPOPng

| 0> &° 2 X = I COS¢
- 2m 6x2+6y2 ==y y=rsing

o’ az_az+;a+1 o’
ox: oy: or: reor r’ o4

ETeidl n akTiva TrEPICTPOPNAS Eival
otafepry, o1 TaApAywyol Ww¢ Tpog I H

MTTOPOUV VA TTaPaAEIPOOUV.

H XagiAToviavl TOu CUCTANATOG YiVETAI:

ETropévwg, n e§icwon Schrodinger yia 1o d ZW 21E
TEPICTPEPOUEVO OwWMATIOIO OTIG 2 > =T
dlaoTAoEIG Eival: d¢ h




KBavTtwon Tng TepIoTPOPng

O1 KaOVOVIKOTTOINUEVEG YEVIKEG AUCEIG TNG EiIOCWONG AUTHG Eival:

MTropoUpe Twpa va €TTIAECOUME TIG ATTOOEKTESG AUCEIG
EQAPHUOIOVTAS TNV KUKAIKF) OUVOpPIOK OUVOAKN OTI n
KUMOTOOUVAPTNON TTPETTEI VA €ival JOVOTIUN.

eim|(¢+27r) aimiég27im, , im/ om,
v, (p+27) = = — =y, (9™ =(-1)"" v, (4)

(22)"  (2n)

Na va 1o0XUEl N TTEPIOPIOTIKA OUVOAKN Ba TTPETTEN:

Apa, n moooTnTa 2M; Oa TPETTel va E€ival dpTIog,
aKépalog apiOuoég (cuptrepiAaupavopévou tou 0).




H sevépysia owpartidiou Trou  TTEPIOTPEPETAI OE  OUO
0100 TACEIG gival KBAVTWHEV, KOl Ol ETTITPETTTEG TIMEG gival:

To yeyovog OTI 1O M| €ival UPWHEVO OTO TETPAYWVO OEiXVEI
OTI n evépyela Ogv egapTartal atrd Tn d1EVBuvon TNG Kivnong.

‘EtOol, evépyeleg pe OedoOpEVN TIMR TOU ‘m|‘ gival OITTAA eKQUAIOUEVEG, ME
ggaipgon 1o m, = O Trou avtioToiXei o€ aTTAG EKQUAICHEVN KaTdoTooN.

H otpo@opun gival eTiong KBavTwWEVN.

To METPO TNG OTPOPOPMNAG AUSAVEI NE AUENON TWV KOMBIKWYV
ONMEIWV OTO TIPAYMATIKO KOI TO QPOAVTOOTIKO MEPOG TNG
KUMOTOOUVAPTNONG.




To MAKOG KUMOTOG EAATTWVETOAI BnUATIKA ME
augnon Tou ‘ml ‘ :

Kaetbg;_;:)\dTT(bVﬁle TO MAKOG KUMATOG, TO METPO TNG OTPOPOPMNG AUEAVEI ME
BApa /2.




O 1eA£0THG TG OTPOPOPHNRS TTEPI TOV Afova Z ival:

X i —y i) (KOpPTECIAVEG CUVTETAYUEVEG)

oy ~ OX

(TTOAIKEG OUVTETAYHEVEG)

H 06éon Tou cwpaTtidiou O6tav autd BPICKETAI O& KATAOTAON KABOPIOHEVNG
OTPOPOPMNG UTTOAOYI{ETAI ATTO TNV TTUKVOTNTA TTIBAVOTNTAG:

) B i 1/2 e_im|¢ i 1/2 eim|¢ _i
WmIWmI _ 272_ 272_ 272_

E1reid) n moodtnTa QUTA E€ival AvedapTnTn TOU @, N TOAVOTNTA VA EVTOTTIOTEI
TO CWHMATIOIO € KATTOIO ONMEIO TTAVW OTO OAKTUAIO gival aveEApTnTN TOU Q.

H otpo@opun Kal n ywvia (8€on) &€ urropouv va TTpoodiopIcTOUV TAUTOX POV
ME auBaipeTn akpifela (apxn TG ATTPOCdIOPICTIOG)




MepioTpo@n OTIC TPEIGC OIONOTACEIG

‘Eotw cwpatidio padag M, To OTroio KIVEITAI OTNV E£TIPAVEIN CQAiIPAS AKTIiVaG I.

H kuparoouvdptnon ToUu OWHOTIOiOU Ba Trpé€trel va E€ival POVOTIMN Kal,
ETTOMEVWG, Ba TTpétrel va eTavaAauBdaveral T6o0 yia SI0dPOUR KATA MRKOS TOU
ICNUEPIVOU 600 Kal SIaNECOU TWV TTOAWYV TNE OEAiIpacC.

ETTopévwg, yia TNV TTEPIYPAPR TNG OTPOYPOPHNS atTaiTEiTal n Xpron ouo
KBAVTIKWYV apiOuwv.

H YapiAtoviavh) Tou OUOTAMOTOG YIO image_url
TNV Kivnong o€ TpEIg d100TAOEIG Eival:

\V/ 2 NamrAaoiavog
TEAEOTAG



http://mathforum.org/mathimages/imgUpload/thumb/Spherical.png/225px-Spherical.png

MepioTpo@n OTIC TPEIGC OIONOTACEIG

H giowon Schrodinger yia TO
TTEPICTPEPOHEVO CWHATIOIO Ba gival:

H eSiowon ptropei va emiAuBei pe tn péBodo
TWV XWPIOMEVWY HETABANTWYV, EKPPAlOVTAG
TNV KUpaTtoouvaptnon (otabepod IN wg:

H yxaupiAtoviavr) Tou OUCTAMATOS Yid

TNV Kivnong o€ TpEI§ OINOTACEIG Eival:

\V/ 2 NatrAaciavog
f TEAEOTAG

2 2 2 2
H=—h 62+62+62 +V
2m{ ox® oy° o0z

Na kivhon oe sm@aveia oc@aipag,

ptropoUue va 0écoupe V=0.

h2
- —Vy=Ey
2m

v(6.4)=0(0)2(¢)
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MepioTpo@n OTIC TPEIGC OIONOTACEIG

H giowon Schrodinger yia TO
TTEPICTPEPOHEVO CWHATIOIO Ba gival:

H eSiowon ptropei va emiAuBei pe Tn péBodo
TWV XWPIOMEVWY HETABANTWYV, EKPPAlOVTAG
TNV KUpaTtoouvaptnon (otabepod IN wg:

2& OQAIPIKEG OUVTETAYHEVEG:

2 = 2 AeCavTpiavog
V= ;T T %\ TEAEOTAC
or ror r l

, 1 9o 1 o0 . .0
= — + — sin
sin“ @ 0¢>  sin@ 00 00

Eteidn n akTiva gival otalepn, o1 TrTapAywyol

™NG AatTAaoiavig wg TTPog I atraAgipovTai

-
-—Vy=E
om y=rty

v(6.4)=0(0)2(¢)

—ANy=—"=y
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http://arlab.com/doc/_media/images/products/3d_engine/android/camera_control/spherical_polar_coordinates-1.jpg?w=300

MepioTpo@n OTIC TPEIGC OIONOTACEIG

h2
Emreidon: | = mr? ——V2 = E
om 4 4
2 21E
[A v=—ey  s=2 J (v(6.9)-0(6)0(9))
| 2mE
> AVTIKaOIGTOUPE TO A2 PE TO i00 TOU FA == 52 4

> Oétoupe Y=0-O
> Alcipoupe pe OO
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MepioTpo@n OTIC TPEIGC OIONOTACEIG

: 2
N0 9 6ing2 1 gsintg=—+ 00

® do  dé @ dg’

To apiotepd pEAOG €ival ouvApTnon MOVO TG yYwviag 0, To Og 016 HEAOG
MOVO TNG YwViag ¢.

H eicwon emaAnBegvueTal povo otav Kal Ta dUo MEAN TNG €ival ica PeE TV idla
oTaepd, £0TW M2,

2
ld @ — m|2 H mpwtn €licwon civar n idia pe
(() d¢2 OQUTR) TTOU OUVOVTAOOME OTNV
TTEPIOTPOPN O€ OUO dIACTACEIG.
siné@ d d®

sin@— +¢&sin“@=m;
® dé dé

H deUtepn ediowon £xel TTOAU TTI0 TTEPITTAOKN AUON, aAAd o1 AUCEIG TG Eival
O100£01MEG O€ TTIVAKEG.

H KUKAIK} oplakl ouvOAKn yia 1o O €X&l oav ATTOTEAECHMA TNV aAVAYKN
glo0ywyRn¢ evog deUtepou KPBavtikoU apiBuou, |, o omroiog mTpoodiopilel TIg
EMTPETTTEG AUCEIG, AAAG Kal TO EUPOG TWV TIMWYV TOU M .




MepioTpo@n OTIC TPEIGC OIONOTACEIG

O1 cQaIpIKEG APUOVIKEG
1 om Y,,(00 image_url

1 172
0 —
4an

H AUon tng €icowong Schrodinger deixvel 6T1 ol
ATTOOEKTEG KUMATOOUVAPTROEIG KaBopilovTal atrd

SUo kBavTikoug apiBpolg, | kan M, .

KBavTIKOG aplBOOg TPOXIOKNAG OTPOPOPMNAG

1=0,1, 2, ..

MayvnTIKOG KBavTIKOG aplBuog
m=I 1-1,1-2, .., -1 21 +1 Tynég —
]"—’ (5 cos*6- 3 cos 0)

0] KOVOVIKOTTOINMEVEG KUMOTOOUVOPTAOEIG 1 |2 _
T E] (5 cos?@— 1)sin Be*'?

oupBoAifovral  ouviBwg wg Y, (0,0) «xai
ovouadovTal CPAIPIKES APHUOVIKEG.

112
- ) sin’6 cos e

35

12
) sin’ @ eti¢
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MepioTpo@n OTIC TPEIGC OIONOTACEIG
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[=0,m=0 (1)”2
0 —
4an

3\
0 —| cos@
41

3 \L"!

+] ¥(— sin Ge*'¢
81!)

2710 OXAMO OiveETAI ENPOON OTOV
TPOTTO ME TOV OTToio O apPIOuOG
TwWV KOUBwYV (B€oeig 6tToUu 1/=0)
auédavel ye adénon Tou | .

]

o

O1 avoIXTéG KOl OKIOOMEVEG
TTEPIOXEG  AVTIOTOIXOUV  O€

SIA@OPETIKA TTPOO A TOU I/

5 |2
2 0 — | (3cos’8-1)
16m

”y - . \112
To yeyovog OTI Bev UTTAPYXOUV +1 ?(& cos Bsin B
, , , , J
KOMBOI yUpw atmrdé Tov dafova Z Y
, , el —— | sin’@eti?
yia =0 umodnAwver 6T Bev (m )

172

(5 cos*6- 3 cos 0)

7 )
16m

UTTAPXOUV  OUVIOTWOES TNG

TPOXIOKNG OTPOPOPMNG OTOV
agova auTo.

W
=
—

1/2
+1 ?(—] (5 cos?@— 1)sin e
1T

112
+2 [—) sin’6 cos e

1/2

35 J

+3  F|—| sin'geti¢
641t

AvaTtrapAoTaon TwV oPaIPIKWV
appovikwy yia 1=0-4 ka1 m=0
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MepioTpo@n OTIC TPEIGC OIONOTACEIG
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2TO OXNMO @AIVETAI N KATAOVOMIN TOU
owpMaTI®iou Yyia OedOoPEV) TPOXIOKA
OTPOPOPHA.

2
H TR TOU‘Yl,ml‘ yia KG0g Tiun Twv O Kai

@ eival avaloyn tnG amdéoTAONG TNG
EMIPAVEING ATTO TNV APXA TWV ASOVWV.

MNa dedopévn TiA Tou |, n o mlavA
0éon TOU OWHATIOIOU HETATOTTICETAI

mTpog TO £miTedo XY PE auinon Tou
Im,l.

AvatrapAoTaon TwV KUJATOOUVOPTHOEWV
viol=0,1,2,3
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MepioTpo@n OTIC TPEIGC OIONOTACEIG

O1 cQaIpIKEG APHOVIKEG

I m  Y,(80 image_url
[1 )IIZ

0 0 —
4n

3 2
1 0 —_ cos 8
4T

1/2

Amd Ttnv emiduon 1tnNG €diowong Schrodinger
TPOKUTITEI OTI N evépyela E Tou cwpatidiou
TTEPIOPICETAI OTIG TIMEG:

sin @e*i¢

1/2

(3 cos’8-1)

172

cos @sin @e?

1/2

EtTTopévwg, n evépyela gival KBavTwHEV, Kal gival
avegapTnTn TOU M, .

sinZ@ et 2%

1/

v 2

3 0 [—J (5 cos*0—3 cos 6)
lérn

Etreidn UTTApXOUV 2l+1 OIAPOPETIKEG
KUMOTOOUVAPTNOEIG (Mia yia KABE M) ol oTToiEg
QVTIOTOIXOUV OTNnV idla evépyela, TTPOKUTITEI OTI
éva etritedo pe kBavtiké apiOué | eivon (21+1)-
POPEG EKPUAIOUEVO.

21 1/2
+1 ¢(—) (5 cos?@— 1)sin Be™?
719

172
105 )

+2 —— | sin’Bcos BeH®
32

112

35 !

+3  F|—| sin@etii®
641
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TpoOXIOKN CTPOYOPMN

E=1(1+1)— 1=0,1,2,

Toppwva pe TNV KAaoikg Puoik, n evépyela E  evog J?
TMEPICTPEPOHUEVOU OCWHMATIOIOU OYXETICETAI ME TNV OTPOPOPMN E=—
Tou, J, yéow TNG e€icwong:

Etropévwg,
Otav oulntnoaue TnVv TrEPICTPOPR) Ot OUO

.=[| |_|_]_ 1/272 dlaoTdoelg €idAME OTI N TPOXIOKN OTPOPOPUN
YUpw atmrdé TOV Afova Z e€ival KBAvTwMEVN Kal
TTAipVEI TIMEG:

|\/|£Tp0 TPOXIOKAG

OTPOPYOPUNG
J =mp m =1, 1-1,1-2, .., -1

TUMTTEPQIVETAI OTI yIo dedopévn TIWA Tou |, n ouvioTwoda TNE OTPOPOPUNRS
oTov afova Z utropei va AdBel pévo opiopéveg TIpEG, 2l+1 Tov apifué.

Av TTAPOOCTHOOUME TN OTPOPYOPMN HE AVUOMA HE MAKOG aVAAOYO TOU METPOU
NG, TOTE Ba TTPETTEI N CUVIOTWOO TOU OTOV Agova Z va £Xel pEyebog M, .




XwpIKN KRAvTwon

m,= +2
<

KaTaAflyOUME OTO EVTUTTWOIOKO CUMTTEQPAOHA TTWG O TTPOCAVATOAIOHOG EVOG
TTEPICTPEPOHUEVOU CWHATIOIOU gival £TTioNg KBAVTWHEVOG.
MeipapaTtikd atroTeAéopaTa OEIXVOUV TTWG, TTPAYMATI, EVA TTEPICTPEPOUEVO
MIKPOOKOTTIKO owpaTtidlo Oev  putmropei va  TApeEl  OTTOIOOATTOTE
TTPOCAVATOAIOHO, TT.X., O OXEON ME EVa ESWTEPIKO TTEDIiO.

I=[1(1+1)]"

image_url
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http://www.met.reading.ac.uk/pplato2/h-flap/phys11_3f_8.png

XwpIKN KRAvTwon

To KBAVTOUNXAVIKO ATTOTEAECHA TNG XWPIKNAG KBAvTwong emiBeaiwOnke atmod
£éva mTeipapa Trou TTPpwWTtOol diggnyayav ol Stern kai Gerlach to 1921.

2TO Treipapa autod, pia déoun 16vTiwv apyUpou i image_url
KaTeulBuvetal pEOA aAtmd €va  OVOMOIOYEVEG
HayvnTikO TTEdiO.

KdBe T1reploTpeONEVO QOPTICHEVO OCWHATIOIO
CUMUTTEPIPEPOVTAI oa MayVATNG TTOU
AAANAETTIOPA pE TO eQapHuolOpevOo TTEDIO.

2UM@WVO HME TNV KAOOIKR MNXOVIKA, O
TTPOCAVATOAIONOG TNG OTPOPOPMNG MTTOPEI Vva
TMAPEl OTTOIONOATIOTE TIMAR  KOl, ETTOMEVWG,
OVOMEVETAI N EHPAVIOT MIOG EUpEiag {wvng.

2U0N@WVa  ME TNV  KBAVTIKA MNXOVIKA, N
OTPOPOPMN Eival KBAVTWHEVN KAl T CWHATIOIN
Slaxwpifovtal o AETTTEG (WVEG.

(@) O payvriTNG TTapPEXEl EVA AVONOIOYEVES TTEDIO
(b) TO KAOOIKA AVAUEVOUEVO ATTOTEAEO O
(C) TO TTAPATNPOUNEVO ATTOTEAECUA YIa AaToua AQ



http://www.aetherwavetheory.info/images/physics/quantum/gerlach/stern_gerlach.gif

XwpIKN KRAvTwon

(@) image urt—+—""

2 .J

H avamrapdotaon auty dev gival akpiBig O10TI,
oUphwWVa HE TNV apxn TnG aBeBaidtntag, av n
OuUVIOTWOO OTOV dfova Z gival ETTAKPIBWG
YVWOTH, O&v HUTTOPOUME VO €EXOUME KOMIA
BeBaidTNTA YIa TIG BUO AAAEG CUVIOCTWOEG.

MNa MIa Io OWOoTAH avaTtrapaocTaon,
XPNOIMOTTOIOUVTAI KWVOI aVTi yIa d1avUCHaTA.

KdBe Kwvog £xel opiopévn TpofoAn (o povadeg
M,) oTOV Agova Z, n oTroia avaTrapioTd TNV aKPIRN
TIMA TOU Iz-

Opwg, o1 TTPoPRoAéEG TwV |X Kal |y givalr un-
TTPOCOIOPICIHEG.
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H 1816TnTO TOU SpPIN

Aiyo 1piv amd tnv avarmrtuén tng KBavrounxvikng, o1 S. Goudsmit kon G.
Uhlenbeck odlatutTwoav TNV UtréBeon OTI TO NAEKTPOVIO, EKTOG ATTO TPOXIOKI
OTPOPOPHMN, £XEI KAl OTPOYOPHNA AaTrd auTtooTpo@n (spin).

H véa auth 1810TNTa £XE1 HEPIKA AOUVAON XOPOAKTNPIOTIKA Kol Oev £XEl KAAOIKO
avaAoyo.

H €€qynon yia tnv Oomapén Tou spin d60nke O6tav o Dirac ouvdluaoce Tnv
Kpovtiky Myyavikn pe n Ocwpio ths Lyetikotntos Kal Bgpeliwoe Tn Bewpia
™G Pelatifiotinyc Kfavrounyavikijg.

To spin Tou nAekTpoviou yUpw a1rd Tov dfovd Tou &g | image_url North
XPEIAZETAI VA IKAVOTTOIEI TIG iDIEC OUVOPIOKES OUVOAKEG

ME QUTEG EVOG CWHATIOIOU TTOU TTEPICTPEPETAI YUPW ATTO

KEVTPIKO onuEio.

ETTopévwg, o KBAVTIKOG apPIOPOG sSpin UTTOKEITOI OF

OI0@OPETIKOUG TTEPIOPICHOUG.



http://www.drcruzan.com/Images/Chemistry/Chemistry_ElectronSpin.png

H 1816TnTO TOU SpPIN

Na va {eXxwpPIiooOUPe TNV OTPO@OPMN SPin atmd TNV TPOXIOKN OTPOPOpPMN,

XPNoIHoTToloUE ToV Kflavtiko aptBuo SPIN, S, KAl ToV uayvytiko apifuo spin,
M, y1a TRV TTPoRBOAR Tou oTOV GSova 7.

To péTpo TNG OTPOPOPUAS SPin gival: S — I:S(S + 1)]1’2 #
H cuviotTwoa TG OTPOYOPHMNS Spin OTOV
agova 7 givai: S, =m._h

VA

H TeAeuTaia, AapBaver 2S5+1 TIMEG: m =5S. s—1 —5
S ] b A |

H 1816TnTa TOU Spin dev TTPETTEl va BewpeiTal image_url North
oaVv TTPAYMATIKA Kivhon OUTOCTPOYNRS, AV

Kal auTtl n €Ikéva Bondd otnv Karavonon

™G.

To spin TTPETTEI VA AVTIMETWITTI(ETAI oAV HIA
EYYEVNG 1010TNTA EVOG CWHATIOIOU, OTTWG N
MAda Kal TO QOPTIO.
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H 1816TnTO TOU SpPIN

Na 1o NAEKTPOVIO TTPOKUTITEI OTI UTTAPXEI MOVO MIA ETTITPETTTA TIMA YIA TOV
KBavTIKOG apiBué spin, n S=1/2.

H TipA auTh avTioToIXEl 0€ OTPOPOPMIN Spin ion ME:

S=h i E+1 =h\/§:>[8=0.866h]
AN 4

AuTH TN TIMA TNG AUTOOCTPOYPNS SPin gival eyyevAG
IBIOTNTA TOU NAEKTPOVIOU, OTTWG N MAla npEpiag
TOU KaI TO (POPTIO TOU.

image_url North

KdaBe nAektpdvio E£€xel akpifwg Tnv idla TIMA
OTPOPOPMNS Spin, n omoia Ot pTTOPEI VA
MeTABANOEI.

O mpooavaTtoAiIcu6g TOU SpPin WG TTPOG ToV dfova
ava@opdag z opideTal a1Td TO HAYVNTIKO apIOO TOU

spin, Mg, o o1oiog yia TO NAEKTPOVIO TTAIPVEI HOVO
Ouo TIpéG, +1/2 Kan -1/2.
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H 1816TnTO TOU SpPIN

O1 TIPEC TWV CUVICTWOWYV TOU SPin oTov dgova Twv z gival +1/2h kai -1/2h.

g Image_url

image_url North

O mpooavaTtoAiIcu6g TOU SpPin WG TTPOG ToV dfova
ava@opdag z opideTal a1Td TO HAYVNTIKO apIOO TOU

spin, Mg, o o1oiog yia TO NAEKTPOVIO TTAIPVEI HOVO
Ouo TIpéG, +1/2 Kan -1/2.
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H 1816TnTO TOU SpPIN

OmTwg TO nAeKTPOVIO, £TO1 KOl GAAO OTOIXEIWON OwWwMATIOIO £XOuv TO
XOPOKTNPIOTIKO TOUG Spin.

Mo Tapdadeiypa, Ta TPWTOVIA KAl T VETPOVIA £XOUV £TTiong spin %2 (S=1/2), kai
oTpOYOpPHN spin ion pe 0.866 h.
Ereidn 1o TPpWTOVIA KOl TA VETPOVIA £XOUV MAJO TTOAU MEYOAUTEPN OTTO OUTH

TOU NAEKTPOViIOU aAAd TnV idla auToCTPOYOPHN, HTTOPOUME VO PAVTOOTOUME OTI
“IrepioTpé@ovTal” TTOAU TTI0 apyd o€ oXEon HE TO NAeKTPOVIO.

Opiopéva OTOIXEIWON CWHATIOIN, OTTWG TA PECOVIO KOl TO WTOVIA, £XouV S=1
KO, ETTOMEVWG, TO METPO TNG OTPOYPOPUNG Spin givan 212,

Ta cwpartidla TTou Xapaktnpifovral atrd nUICKEPAIES TIMEG SPin ovopalovTal
@eppiIovia (fermions).

Ta owparidia TOU  XOpoakTnpifovral amTd  aKEPAIES  TIMEG  Spin
(ocupTrepiAapBavopévou Tou 0) ovopalovral ptrolovia (bosons).

‘Eva OgpeAIdES XOAPOAKTNPIOTIKO TOU KOOMOU OTOV OTroio {oUME €ival OTI T
OTOIXEIWON CWHATIOIA TTOU CUVIOTOUV TNV UAN €ival @EPUIOVIA, EVW EKEIVA T
otroia €ival UtTTEVBUvVA yia TIG OUVAMEIS AOAANAETTIOpOONS HETASU QPEPHIOVIWYV
gival ytrolovia.




OAIKR) oTpO@OPMN

H oAk otpogoppR, J, €ival n ouvioTapévn TNG
TPOXIOKNA S OTPOoPOopURAS, L, kKair Tou oAIkoU spin, S.

L
H oAkl oTtpo@opun eival emiong KBRavrwpupévn. O
TTPOCAVATOAICMOG KAl N CUVIOCTWOO TNG OTOV Afova Z
KaBopilovTtal atrd Tov KBavTIKO apiBuo m; .
./ . 1/2 ]
J=|:j(j+1):| A j=l+s,1+s-1,..,[I-5

J =mh m=j, j=1 .. ]



OAIK oTpOoPOpPuUN — ZUVown

KBavTik6g apiBuog 2U0uBOoAO Tipég Ka0Bopidei
1/2
TpOXIOKAS | 0,1,2,... Méye0oc, I:I (I +1):| h
OTPOPOPHNG
MayvnTIKOG m, l, 1-1,..., - Z-ouvioTwoa, M7
] 1/2
Spin S 1/2 MavaGog,[S(S+l) h
MayvnTikoU spin m +1/2 Z-ouvictTwoa, M
: . 1/2
OAIKOC J |+s, |+s-1,...1l-sl Méyaﬁog,[j ( J +1):| h
OAIKOC HAYVNTIKOC 1 | P Z-guvioTwoa, M;7
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XpnuarodoTnon

To TTapOv eKTTAIOEUTIKO UAIKO €xel avatTuxBei oT1o TTAQiclo Tou
EKTTAIOEUTIKOU £pYyoU TOU dIOACKOVTA.

To €épyo «Avoilkta Akadnuaikd@ MadRuara oto [avemoTAuiIo
ABnvwyvy €xel xpnuartodotricel povo Tnv  avadiaudépewon  Tou
EKTTAIOEUTIKOU UAIKOU.

To €pyo uAotrolcital oT1o TTAdiolo Tou Emmixeipnoiakou [poypaupaTog
«EkTTaideuon kar Aia Biou MaBnon» kair ocuyxpnuartodoTteital amd tnv
EupwTraiky ‘Evwon (Eupwtraikd Koivwvikd Tapegio) Kal atmmd €0vikoug
TTOPOUC.

@AIAEYZH KAl AIA BIOY
El oVoNn 6T UOo . zC A L

Evpwmnaikn Evwon
E K6 K 6 Tapei
P AR IS Me tn ouyxpnparodotnon tn¢ EAAGdag kat tn¢ Evpwmnaikn¢ Evwong
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