OYZIKOXHMEIA | (XHM-048)

MOPIAKH ®PAZMATOZKOTMMIA

3. ATOMIKN OOMN KAl @OCUATOOKOTTIA |
(ATOlMO TOU UOPOYOVOU)

TMHMA XHMEIAZ MANEMIZTHMIO KPHTHZ
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Atopikn Aoun kot PacuatooKoTria

l. Eéiowon rou Schrodinger yia ro darouo rou Yopoyovou
= KBavrikoi api@uoi, arouIKa TPOXIAKd, EVEPYEIaKA emitreda, paouara
Il. [MoAu-nAekTpovika aroua
= apxn 66unonc (Aufbau), amrayopeuriki apxn Pauli, Kav. Hund
Il Arouikn eaocuarookorria
- @douara, gaocuarookomikoi opol, diaypauuara Grotrian,
KAaVvOVEC EMIAOYAC

IV. daouarookormia PwronAskrpoviwy
BiBAloypagia yio HEAETN
XHM-017, Guoiki-1l 2024-25 AlDX_Keg. 8

2XETIKEG DIOAECEIS, AOKNATEIC EIT_|_E}<|\£/|(IC)3 283)31,0
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To atopo Tou YOPOYOVOU (Egiowon Schridinger)

2U0TNUA 2 CWUHATIOIWY
- Muprvag : 1 mpwtovio (poprTio +1e)
- HAekTpOVIO (POpTio -1€) /

E¢iocwon Schrodinger : HY = EY

XapIATwviavi

KivnTiKN evépyeia Tupnva : Ty,

Kinetic energy nAektpoviou : T,
HAekTpoaTartikn (Coulomb) aAnAetridpaaon

H=Te+TN+Ve-N V(re—N):_

Ze’

Are 1, |

B’ B’
VY, ——V P +V ()Y, =EY, | |
2m, 2m Y- . ONIKA KupaToguvapTnan Tou
®YZIKOXHMEIA | : MOPIAKH GAZMATOZKOMIA (I (udpoyovoeldoUg) atduou 3




To atopo Tou YOPOYOVOU (Emituon €€ Schrodinger)

/- /-
_—Zme Ve‘{jT _—Zmp Vp\PT +V(r)\PT - ELIJT (X’y’z)e KQl (X’y’z)p N
2 2 KEVTPO uadlac kai (x,y,z).,
_h_vsm\{lT —h—VZ‘PT +V(I’)‘PT :ETLPT PO U ( ¢ ( 2 )
2M 21
LIJT = LIJcm\P
: Eiowon Tou Schrédinger yia tnv
I Gy vy = gy = ESfowon rou Schrodinger yia m
21 EOWTEPIKN OOUN TOU ATOUOU
V (r) — Ze* Z: Aropikoc Ap1Buoc
#2 ( ) - 4 r e: 1,602x10-9C
——V2W —E_W_ ol | &, 8,854x10-12 C¥(J m)
2M 1 1 1 u: avnyyévn, pala
H e¢iowan agopd aTnv (ueTagopiki) Kivnon tou — + {mpwroviou-e}

eAeUBepou aTopou Tou H atov TpIodIdoTaTo Xwpo H me m p
Kl EXEI TIC AUOEIC TTOU owpaTiou o€ TpIodIA0TATO
7288 ppéap duvauikoU ameipou BaBoUC. M = m, + mp

SR

PYZIKOXHMEIA | : MOPIAKH ®AZMATOZKOIMIA (I’ €§. 2025)



To atopo Tou YOPOYOVOU (Emituon €€ Schrodinger)

Zue? (1 24 Zpe? 2UE
VY + “|W=-"2E¥Y = £ =——
27e h* (rj 4 21 h? h?

V2P 4 (Zj\P - —oP
r

o (x¥2)— (169)

2

2
5(5—2)r\11+i/\2\11+(1j\11 — &Y

r or r r Y(r,0,0) =R(r)Y(0,¢)

2 Alaywpiouoc uerafAnrwy
TRy L rayy +(ZJRY — &RY
r ar2 r r X (1/RY)
1 (8 r2R +2iA2Y +(Zj:g
R or rey r

2 2 2 2
:62+62+62 r’6"">62+EE+%A2
oxX® oy® oz or: ror r

LaplaCIan PYZIKOXHMEIA | : MOPIAKH ®AZMATOZKOIMIA (I’ €§. 2025)



To atopo Tou YOPOYOVOU (Emituon €€ Schrodinger)

2 / H eciowan amotehei aTaBepod (=0)
1 (a rR)r + i A%Y + 4 =c aBpoloua 2 dIAPOPIKWY OpWV
rR " or? ry r ;5 avetapthitwy peraBAnTav (r kat (6,))
1 2R . D ETTI T Katd ouvémeia ol 2 51agopikoi 6pol
I TIPETTEN VOl Eival OTABEPOI Kl TTPOPAVIIC
re R ( or? )+ - or’ + ?AZY =0 % avTiBeTol PETALY TOUC.
1 [ wviakn ouvigtwoa ¥ (=Y)
_AZY — _C e —— e i / Y
Y [0100UVAPTNTEIC: 2QAIPIKEC QPIOVIKES
1 IR [bioTiuéc: C = £(E+1)
2 2
+h—er®=C , ,
rR ( or? s < Ak1IVIKN oUVIOTWOoa ¥ (=R)
e ZFR) it G N Eéiowan tou Schrodinger e
dr* re " 60 SUVAUIKAC EVEPYEIQC
2
1 5 V(r):_4Ze +€§€+21)h2
S LA SNV el i
sin“ 8 o~ sInf 06 Coulomb uydkevipo

Legend”an PYZIKOXHMEIA | : MOPIAKH ®AZMATOZKOIMIA (I’ €§. 2025)



To ('XTO|JO TOU Y6poy6vou (Auoeic €€. Schrodinger)

hZ
—— VPV (VY =
2u

V(r)=-

Y= \Pmm (r’ 0, gp) = I:\)nl (r)YImI (0’ (D)

27 (n—1-1)! 2141 (p/2)
Rnl(r) (na] {2n[(n+|)l]3} I—n+l (,O)e

Ze* €(€ +1)
2,ur°

Are, r

Z: Arouikog Api6uéc

e: 1,602x10-° C

&,: 8,854x10-"2 C%/(J m)

p: avnypévn pada
{mpwroviou-e}

R, : 2rafepd Rydberg yia ro H
(13.60 eV 1 109677.581 cm™)

27
p=—=r
na,
Ams® Amsh’
, =l PSR Akriva Bohr (0.529 A)
Le m.e
24
E =A% 11 _ R h_123.0<n)
327 h’ |n n
o 17% 11
@ " 2 472'6' a, N?  OYSIKOXHMEIA | : MOPIAKH ®AZMATOEKOMIA (I ££. 2025)



To atopuo Tou YOpoyovou

hZ
——VP+V(NY =
21
Y= \Pmm (r’ ‘91{0) = I:\)nl (r)YImI (9’ (D)
/2
27 (n—=I-1)! 2141 ~(pl2)
R (r p L (e
(1= (na ) 2n[(n+1)1F H{p)
27
p=——r
na,
Are '  Are b’
,= el ~ ZZ% . pAkriva Bohr (0.529 )
Le m.e
2.4
E =A% 11 _ R h_123.0<n)
32x°e 7’ |n n
1Z%° 1 1

.-

247zg a n?

PYZIKOXHMEIA | : MOPIAKH ®AZMATOZKONMIA (

Distance/ag

) 5 10 15 20
0 I e b Mg by e el e e ] e e
: \ 3s
_2 —
: 25
igam~y =0
—4 —
i AlGypappa 1910TIHWY TG
i evépyelag Tou arduou H yia
> B n=1-10kal ypa@Ikn
B : TapaaTaon g
2 ] Kuparoouvaptnong, R(r),
—8 — yid 1O TPOXIOKA: 18, 28, 3S.
i H KiTpivn TepIoxn
- uTToONAWVEI TNV KAOOTIKA
e QTTOYOPEUMEVN TTEPIOXN
1 TTOU QVTIOTOIXEI OTO
i duvapiké Coulomb Tou H.
]
i 1s

© 2010 Pearson Education, Inc. 8



To atouo Tou YOpoyovou

KBavrikoi apiBuoi
n KUpIOG 1,2 34,.. Ev,épyala TpO)(IClKOf? o Ry
MéyeBo¢ Tpoxiakou 1 n2
4 TPOXIAKOC 0,12, ... (n1) i:rp’ocpopuﬁ ’ ‘_{5‘ —n 0 +1)
XNKa TpoxIaKoU
m, payvnriko¢ 0,%1,%2,..x € [lpooavaroAioud¢ rpoxiakou
0,|=hm,
m, payvnrikog spin +1/2 lpocavaroAiouoc spin
§|=nys(s+1), s=1/2
S, |=nAm;, m =%1/2

\Prwmgms (r’ 9’ (0) = Rnf (r)Yzmg (91 (0) W(ms)

PYZIKOXHMEIA | : MOPIAKH ®AZMATOZKOIMIA (I’ €§. 2025)




To atouo Tou YOpoyovou

n 4 m, m, OTOLULKO TPOXLOIKOY
1 0 0 +1/2 1s

2 1,0 1,0 +1/2 2s, 2p

3 2,1,0 +2,+1,0 +1/2 3s, 3p, 3d

4 3,210 #3,+2,+1,0 +1/2 ds, 4p, 4d, 4f

- 3)1/2 -1/
¥, =(1/ma ’)"<g0
[T1BavornTa va UPICKETAl TO € OTO XWpO:

Ze 0fon (r6,9): Wi Wi dr=(1/ma®)e?eqr  dr = sinfdrd6dy
Ze akrivar, r+dr: P(r)dr e P(r) = 4mr? (1/ma,?) e-27

- ['1a 10 arouo H va utrroAoyioBei n uéon aktiva Twv 100x1aKwY 18 Kai 25 [AtdX [18A.2, AtdX-2014 119.2, AtdX2-1 15.3]
- Na urroAoyi06¢i n aktiva atnv orroia n akTivikn mlavornta mapouaidder uéyiaro yia 1o H kai ra uovo-

S pUAeKTOOVIQKA UGPOYOVOEION 10VTa, TTOU avTiaTolyouv ata aroiyeia H, He, Li, Be, B, C, N, O, F, Ne (Na Bswpnoere

5‘”{ DPOYOVOEIDN Kuaroauvaptnan Tou 1s). [AtdX 18A.3, AtdX-2014 119.3., AtdX2 115.4] 10
D% ®YZIKOXHMEIA | : MOPIAKH ®AZMATOZKOTIA (I’ £€. 2025)



[TukvoTnTa MOAVOTNTAG

&
o

e akriva r, r+dr: dr=4mridr

I Ze 0éan (r,0,9): dr = dxdydz = r’sin@drd@de

as

€

MOavotnta, Y *ypdr

AKTiva, r
Ix.9.12 'Evag aviyvevtrg otabepot dykov (0
HKpOG KOPOG) evaioOnTog oTa NAEKTPOVIA
divel péylotn évdel&n otov mupnva, kat
HKpoTepn omovdnmote aAdov. H idla
¢vdel&n Aaupdavetat o omotodnmote onpeio
KUKAOL dedopEVNG akTivag: TO TPOXLAKO S
elval oQaLpIKd CVUUETPLKO.

Yo o P(r6,0) = (1/1a,?) g2

o
N

o
N
—

V.. P(r) = 4mr? (1/ma ) @270 __

AKTIVIKN} ouvaptnon katavoung, P/(Z/a,)

o

AKTiva, Zr/a,
Ix.9.13 H akTiviki ovvaptnon katavopung P
Otvel Tnv mukvoTnTa mBavoTnTag TO
nNAekTpOVIO va Bpebel omovdnmoTe o€ évay
@Aoto akTivag r. ['la éva nAektpovio 1s oto
vOpoyovo, n P eivat peytotn 6tav to r
loovTal pe TNV aktiva Tov Bohr, a,. H tiun
¢ P eivat toodOvapun pe tnv €voel§n mov
Ba tapeixe Evag aviyvevTng oxnpaTog
o@atptod @rotov kabwg Ba petaParAotay
MOPIAKH ®ASMATOSK 1] AKTiva TOV.

0 1 2 3 4

PETER ATKINS - JULIO DE PAULA, ®YZIKOXHMEIA, NEK 2014



TPOXIOKA KOl TTUKVOTNTA TTIBavOTNTAC

Na avaypdwere 11¢ aAyeBPIKES OYETEIS TTOU TTERIYPAQPOUV TIC

! AKTIVIKEC GUVAPTNOEIS Katavoung Tou H yia ta Tpoxiaka 1s, 2s, 2p
RO g Kai 3p kai atn auvéxela utmoAoyidovrag tnv 11 mapaywyo (d/dr) va
o 3 TTPOCOIOPICETE TIC TILES I OTIC OTTOIEC AVTIOTOIXOUV Ta LEYIOTA.
c E
= R(r)? < .
- 1s E 3s
© T
| | | | ~ ! ! ! ! |
0 2 4 6 8 0 2 4 6 8 10 12 14
riA r/A
r = =
E 2s § 3p
Tpoxiako 1s AN ) P e
Ve 0 2 4 6 8 0 2 4 6 8 10 12 14
udpoyovou 2 A
(\g 2p (\:g 3d
| | | 1 1 | | | |
0 2 4 6 8 0 2 4 6 8 10 12 14
riA riA

2uvaptnon aKTIviknG Karavoung
meavornrag yia ra rpoxiaka 1s, 2s,
2p, 3s, 3p, 3d rou udpoyovou

PYZIKOXHMEIA | : MOPIAKH ®AZMATOZKOIMIA (I’ €§. 2025)
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AToHO TOU YOPOYOVOU — ATOMIKA TPOXIOKA

Ta tpoxlakd s eivat o@alpikd, pe
TNV Kupatoouvaptnon og idla
@Aon o€ 6AN TNV CLVOPLOKA

H tour Tou TpoxIaKou 2s Seixvel TNV
unapén o@aiplkoL KouPou. H Kkupato-
ouvdapTtnon aANAlel TPOCHO EKATEPW-
ETMPAVELQ. Oev TN¢ KOpPIKAC eMpAVELQC.

- ol Q0

Eikova 3.20 Zuvoplakeg eTidpAveleq TWV TPOXIAK®WY 18, 28 KAl 3S 0TO ATOUO TOU
udpoyovou. Ta OKOUPOXPWHA TUNHATA OTIC TOMEC UTIOONAWVOUV TOUG adalpl-
KoUC KOUBOUC O0Ta TPOXLAKA 2S Kal 3s.

S TpOXIaKA

OYZIKOXHMEIA | : MOPIAKH ®AZMATOZKOIMIA (I’ €§. 2025) 13




AToHO TOU YOPOYOVOU — ATOMIKA TPOXIOKA

KopBiko eminedo

‘V/ '

‘Eva tpox1ako p éxel
KouPIké emimedo ekel
émou pndeviletal n
Kupatoouvaptnon.

Eik6va 3.22 Suvoplakn emudpa-
VELa YIa £va UDPOYOVIKO TPO-
XLlaKo 2p, Tou deixvel T B€on Tou
KOMBLKOU eTUMEDOU.

H Siagpopetikn okiaon
P, Py Px | umodnAwveltn @don

(KaBeta otn oghida) OTO TPOXIAKO.

H Omapén akTvikov kKépPou
Eikova 3.21 (a) ZuvoplakEg eTUPAVEIEG TWV TPLWV TPOXIAKWV 2P 0TO ATOUO TOU OUVEMAYETAL OTL TO TPOXIAKS 3p

€xel S1APOPETIKO OXNUa O

uSpoyOVou. To TPOXIAKO 2P, £XEL TO {510 OXIHa OTIWG TA TPOXIAKA 2p, Kal 2P, Kal e s

rnapouctaletal kKaBeta mpog T oeAida. (B) Turkog TPOTOG dlayPANMATIKNAG ATEL-
KOVIONG TWV TPLWV UDPOYOVIKWV TPOXIAKWOV 2p.

Eikova 3.23 Juvoplakn eruda-
VELA Y1 TO UDPOYOVIKO TPOXLAKO

p TPOXIOKA "

OYZIKOXHMEIA | : MOPIAKH ®AZMATOZKOIMIA (I’ €§. 2025)
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AToHO TOU YOPOYOVOU — ATOMIKA TPOXIOKA

3d,,

(b) (b)

p TpOXIaKd d rpoxiaka

OYZIKOXHMEIA | : MOPIAKH ®AZMATOZKOIMIA (I’ €§. 2025) 15




AtopO TOU YOpOYyOovou — KupaTOOUVAPTNOEIS

Zy: Kuparoouvapriaeic - ATouikd Tpoyiakd

Wy = é]“ 2. Q]e-Zrzm
T A2\ do

3/2 [ .
Wopz = L (é] e-Zr/2ao Zr cosB
, a0 a

N2 o
7 .
211 = 1— [LT ? e-zr/20 L ing cid L=N
442w \do do
W21.1= 1— (é ? o220 2 §ing i L=-h
4421 2o Gl

e1¢;e-1¢= (cosq)—isillq)):(cosq)-isillq)J = cos 0

ei‘b—IE"i‘b: (cosdp+isind)—(cosd-isind) _ sin ®

21 N

War1+W21-1 1 [Z

3/2 lr .
Wopx = 5 = ] e-Zr/2a0 — sinB cos O

2 427 lao ao
Wa11- 2141 1 (Z¥2 Zr . .
dpy = oF = "o [a T e-Zr/lao R sind sin ¢
- "\' O do 16




AtopO TOU YOpOYyOovou — KupaTOOUVAPTNOEIS

Y. (6,0): Zeaipikés appovikég

1 Yi,0= ‘/ e |l & p,(t=1m,=0)
Yﬂ.,[]'= T 4 r
Pyqg (€=1,m,==x1)

4n
Yi,21= F iSiIlﬁ'E:ti'ﬁ'::;: 3 xxiy
: 8n 8n r prpy(f=7fmt’=?)
[=2

2,2 .2
d2 £=2’m :0 Y = _5— iCDSEH— 1 — 1 5 Zz —-X =Y
7 ( ¢=0) 2,0 47 \ 2 2/ 2| 4n )
41 (€=2,m,=%1) |
Y2, 1= 1—1~—|,f £s.in6'1:.:«::415.ﬂqe:ii"": F ! 15 (Iiliy)z

xzf yz (t=2,m,=7? 2 2n 2 l/ 2n r

‘(‘ .\ 2
+2 ([ 2, m,= 2) Y, .o= 1 15 Siﬂzﬂeizicﬁ:l_ 15 (xi1y) .
d d2 2([ 2,m,=? 4 2n 4 |f 27 . 17

Xy’




Atopo Tou YOpoyovou — AKTIVIKEG KUHOTOOUVAPTNOEIS

Radial distribution function

1s 2p 2s 3d 3p 3s
3d
3p
3s

Aldypayyara TG akTIVIKAS Katavoung meavotnTag,

P(r) = r’(a,)*R(r), wg Tpog Tv amdaTacn amo Tov
TIUpfva, o€ avnypévn KAigaka, (rfa,), wg mpog Ty
akTiva Bohr, yia 1o aroyo tou H.

Qaiveral 10 oXeTIKO PEYEBOC-EKTATT TWV ATOUIKWY

TPOXIAKWY KABWE Kal n €IKOva Twv aToIfAdwv Kal
UTTOOTOIRAdWV.

| I 1 | r 1 | | ] I | 1 ] | I ] | I ] l

5 10 15 20

r/ag 18

© 2010 Pearson Education, Inc.



Atopo Tou Yopoyovou
[ukvoTnTa TlavoTnTag, KupaToouvapTioEi§
OEMA 2 [20 uovadbec—a=8,6=6,y = 6]

a) H KupotoouvAaptnon Tou TPOoXLAKOU 2S VLo TO ATOMLKO uSpoyovo divetal amnod tn oxEon :
3

1 (i)z 2 - O(L)e—r/wo (a, =0.529 A, axtiva Bohr tou atopou tou H).
0 0

v, =Y o
2s 2,0,0 421 \a

i) Na dwoete tn yevikn €ékdpaon TG nukvotntac mbavotntag EUPECNG TOU NAEKTPOVIOU o€ €va onueio
(r,6,0) oto XWPO YUPW ATO TOV MUPHVA, TO OTIOLO EVUPLOKETAL O QIOCTACN I ATO TOV TTUPHAVA KAl TNV
avtiotolyn ypadlkn mapaotaocn.

(ii) Na bwoete TN yevikn €kppaocn NG MUKVOTNTAC Bavotntag eUPECNC TOU NAEKTPOVIOU Og amootaon r
aro tov ntupnva (6A6 omoudnmote ent tng entdpavelag odatpikol GAoLoU aKTivag r) KoL TNV avtiotolyn
ypadikn mapaotaon.

iii) Na. urtoAoyioete tnv TN TS mBavotntag eUPeoNC Tou NAEKTpoViou o€ adalplkd GAoLd aktivag

r = 3a,, Ko taxoug dr = a,/100.

OEMA 2 [20 yovadec—-a=28, =6, y = 6]
a) o T OTORLKA TPOXLAKA 2P, HLE TLULEG TOU Hayv. KBavTikoU aplBpou m, = £1 oL ekdpAcELG TwV
KULATOCUVOPTACEWV ELVaL:

3 B) No dwoete TG EKPPACELC YLOL TAL OTOLLLKA TPOXLOKAL
W, 141 = Mé(;) (—)e r/200ginPeti® kau sz'KaL 2p,- N '
0 5 loxUouv : e'® = cosd + ising (ox€on Euler) kat

_< ) (_)e—r/ZaOSIrlee i z = rcosB, x = rsinBcos®, y = rsinBsind.
o

PYZIKOXHMEIA | : MOPIAKH ®AZMATOZKOIMIA (I’ €§. 2025) 19



To atopo Tou YOpoyovou : Evepyelaka TTITTEO

Kavovec miAoync nAEKTpovIaKkwyv
METATITWOEWY OTO ATouo Tou H

. sS6cm™’

" 1327%m* |n? n?

An = aképaio¢
A€ = X1 (apyn siariipnong arpopoppiig)
Am, =0, 21

Mpoocyyion diroAou (TR 15.3.2)
M, = (¥, || '¥,)

Z At=%1,Am,=0

.

®YZIKOXHMEIA |09 677¢m |

d

15 . ,u’ 6567 nm(H,.)
IS j/ 486.1 nm (Hy)
23638 cm™, fff/ 434 Snm(H,)
4 380 cm ! / 4102 nm (H)

Aiaypappa Grotrian

Lyman n=1
Balmer n=2
Paschen n=3
Brackett n=4

20



Qdopa ekTouTAS TOU YOpOYyoVou

To @aoua EKToUTTAC ToU arouou rou Yopoyadvou (H)

A/nm
oo
o OoOOoOOo o O = ] o L ]
o oo o O = o L o -
o — O W = ] o — — ——
| I L | I | | | | | ] |
|"J|5|ble|

woat || i
T ——

n'=1 <« n=2,...Lyman series
n'=2 <« n=23,...Balmer series

n'=3 « n=4,.. Paschen series /
nN=4 «— n=5, ... Brackett series /.

_RH( ],-2 o 12):Tn’ _Tn
n n Terms

POYZIKOXHMEIA | : MOPIAKH ®AzI (¢aouaT00'K ’O 00 ’) caorotund series

Analysis -

(|

3

Il Il

(6] » w N -
oD
(O]

N ° A
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MeavotnTa petafaonc - Kavoveg emiAoyng
(drroAikn potrn perapaong)

KAQga1KA £1KOVA AAANAETTIOPATNC QWTOC-UANC

H aAAnAettidpaon H/M Trediou ue Eva arouo 1 popio gival eQIKTO va odnynaoel o€ amoppopnon
] EKTTOUTIA QWTOC TUXVOTNTAC V, OTAV KATA T dIAPKEID TNG DIEQYATiag TO ATOWO I MOPIO
UTTAPXEI £va (JeTaBaTikG) NAEKTPIKG OiTToAo TTou TaAQVTWVETAI 0TV idIa guxvoTnTa
[ZYNTONIZMOZ]

KBavtounyavikn Bewpnan aMnAeTidpaonc ewrtoc-UAnc

AITTONIKR) POTTH PETARAONG ATIO TNV KATAGTAON W, 0TV Wy, Ly, = | W, [y, d T

[EVIKOC KOVOVAC ETTIAOYAC | i 2 0 = Z q.F
emTpeTTA wetéBaon amartei: Py, #0 B, = . 12h2 i
80

Ei1dIKOi KOVOVEC ETTIAOYNG
EMITPETITEC METARBATEIC CUVAPTATEI METABOAWY TWV KBAVTIKWY apIOuwy

[Napadeiyyara :
Topo H : 1s—2s (amayopeupevn : pogs=0, Al=0) 1s—2p (EMITPETTA © Hogy, 70, Al=+1)

{B0RC=0 : aupy. éxtaon (amayopeupiévn, Au=0), Bovnon kapyng (emper , Ap #0)

PYZIKOXHMEIA | : MOPIAKH ®AZMATOZKOIMIA (I’ €§. 2025)




Atopo udpoyovou - Kavoveg eTIAOYNG
(S1ToAIKNA poTrA YETARAOTNG)

, , =0
Eotw o1 yetafaceig 1s — 2s kar 1s — 2p
1
, , Yoo=
O1 avTioTOIXEC KUPOTOTUVAPTATEIC [l‘Unlml] . 9.0 Van
15 = Y100 = R10Y00 Y, o= |/ Z2coso=|/ 2 2
' 4n 4 r
Y25 = Y200 = Ra0Y00 3 3 x4
Yy +1= F |/ —sinfe*?= 7 il 4
Yop, = Y210 = Ry1 Y10 87 8m 1
Z 312
qJpr,y =Wy141 = Ry Y144 R, = (;) 2e “e
Z\"? ( Zr
R — | = 2 1 = —Zri2a
20 (Za) m)e

Z\N"? 2 (721N
Rm_(u) \/g(Za)e
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Atopo udpoyovou - Kavoveg eTIAOYNG
(S1ToAIKNA poTrA YETARAOTNG)

1s — 2S

YToAoyiCoupe 10 0AoKANPWUA ToU TEAEOTA TNC DITTOAIKNGC POTINC WETARAONG

Uii = Urs5e15 = ijoyooﬁRmYoodT

Alavuopa nAekTpIKAS dITTOAIKAS POTTAG
i =er=e(xi+yj+ zk) =er(sin9coscpi + sinfsingj + COSQE)

OewpwvTag Tuxaio TPooavATOAIOUO TWV dITTOAWV TTPETTEI VA UTTOAOYiOOUE
Tpia oAoKAnpwpaTa yia TIC KATEUBUVOEIC X, Y, Z.

MpoxwpoUpE Tov UTToAOYIOWd VIa: 2, = u,k = ercosOk .
d(cosB) = -sinBdb
co 1T 21T
BE Ma(ri) = Ha(2se1s) = ek j j J R,0YoTc0SOR (Yoo r?sinfdrdOde
000




Atopo udpoyovou - Kavoveg eTIAOYNG
(S1ToAIKNA poTrA YETARAOTNG)

1s - 2s  ANATOPEYMENH METABAZH

T 2T
Ho(ri) = My2se1s) = €k ﬂj R,0Y007C0SOR (Yoo %sin0drdfde
000
[ (4 2T
”Z(25<—15) — ekJ rBRzoRlodrj YO()COSHYO()SianH d(p
0 0 0

[ 11 |1 am
uz(25<_15)=ekj() r3R20R10drfO pym 4nCOSQ(—dC059) . do

T

0

1 - (® ; cos%0
Hz(2515) =Eekf r°RyoRy0dr | — 5
0
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Atopo udpoyovou - Kavoveg eTIAOYNG
(S1ToAIKNA poTrA YETARAOTNG)

1s — 2p, ENITPENTH METABA2H

0T 2T

Hzcri)y = Bz(2p,1s) = ek ﬂf R,1Y107c0sOR{,Yoor*sin0drdOde

000
n 21't

Hz(2p,—1s) = ek r R21R10dr Y10 cosHYOOSlanH

Hz(2p,1s) = ekf r R21R10drf /E cosBcosB /4n( dcos@)] do

00539]
0

Hz(2p,—1s) = ekf 311321R10d7”[ 3 = —ekj 3Ry R1odr # 0
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Atopo udpoyovou - Kavoveg eTIAOYNG
(S1ToAIKNA poTrA YETARAOTNG)

[eVIKOG KAVOVOG ETTIAOYAG HETACU KUJOTOOUVOPTACEWV TTOU
EKQPACOVTAI WG TPAIPIKES APHOVIKEG:

Z Ae=2%1,Am,=0
xy Af=x1Am,=+1

T 2TT

”Z(l'miel”m;’)’v jj Yl/m{COSHYl/,m;/Sineded(p

T m2m

—_ ff / IY10 l” IISandgd(p
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To atouo Tou YOpoyovou

A2KHZEI2

Na napaotrioete dlaypappatika (o€ 2 Staotdoelg — Graph, Origin) Tig kupatoouvaptnoeslg W, oo, OV
QVTLOTOLXOUV OTa ATOMLKA TpoxLakd 1s, 2s, 3s Tou atopou H, kabwg kat ta (P,q0)? Kot 4mr3(W o.)2.
Yrode€n: Av kpatnoete tnv KAlpaka otov afova x (dnAadn r) otabepn Ba £xete Apeon lKOva ToU
«UEYEOOUCH TWV TPOXLAKWV.

Mo To Atopo H va uTtoAoyLloBel N LEON OKTLVA TWV TPOXLOKWV 1s Kot 2s (At®X [18A.2)

Mo To dtopo Tou udpoyovou :

) No ypapeTe TIG KaVoVIKOTIOLNUEVEG Kupatoouvaptroels Wy, W, W, .

B) Na umtoAoyioete TNV mBavotnta To NAEKTPOVLO Vo euplokeTal o Oyko 1 pm?3 yUpw armo Tov mupnva Kat
o€ anootaon a, (aktiva Bohr) amno tov nuprva.

y) Nou epdavifouv peyota ot kupatoocuvaptioelg W, kat W, , kat oL avtiototyeg mbavotnteg P(r)
gUPEONC TOU NAEKTPOVIOU O odalpa akTivac r;

8) Na umoAoylicete tn péEon aktiva Twv Tpoxlakwy 1s, 2s kat 3s

Ma kaBgva amo ta udpoyovoeldn) ovta, Het, Li%*, Be3*, C>* va umtoAoyLoETE TNV T TNE oTaBepac
Rydberg kal otn cuvéxela vol SWOETE TLC TLUEC A TTOU AVTLOTOLXOUV OTLG 3 TIPWTEC YPOUUES TNG OELPAG
Balmer.

Not UTTOAOYLOETE TNV EVEPYELA LOVTLOMOU TWV OVWTEPW LOVTWV.
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To atouo Tou YOpoyovou

A2KHZEI2

Eotw agéplo atoptkd H og Beppokpacia 1000, 10000 ko 100000 K.
Noa urtoAdoyloete To AOyo Twv MANBUOUWYV TNG IPWTNG SLEYEPUEVNCS O0TABUNCG (2S) wC Mpog tn BepeAwdn
(1s) BswpwvTtag otL LoxVEeL N Katavopr Boltzmann.

20leuén tpoxlakng otpodopnG-spin 0To ATOO Tou USpoydvou

Kataypadn tng ypauung Balmer (n=3->n=2) oto ¢pAcpa EKTIOUNAG TOU ATOUOU ToU USPOYOVOU LE TTOAU
vPnAn paopatik avaAuvon (0.001 nm) armokaAUTITEL TNV UTTAPEN 7 YPOLLWV.

To pawopevo odeiletat otnv aAAnAemnidpaon TpoxLlaknc oTtpodopHAGS KAl Spin ToUu NAeKTpoviou, TIou
oOnyel otn SLACKLON TWV EVEPYELAKWYV ETIMESWV TWV ATOUWV (Apon EKPUALCHOU) HE amMOTEAECUA VAL
napatnpeitat n ovopalopevn Asrtti udn (fine structure) ota atoplkd pacpata.

a) Me Baon nmAnpodopiec, mou umtdpyouv o€ Paocelg dedopevwy atoukng dacpatookoriag (NIST) va
Katoptioete KatdAAnAo Staypappa Grotrian pe tn BonOsla tou omolou Ba e€nynoete tn Aemtr) udn tou
daopatoc.

B) 2tn cuvEéxela va tapaotnoete ypadika (stick spectrum) tn Aemtr) udn tng ypappUng Balmer
(n=3->n=2) AapPBavovtag umtoPn cag tnv TN TN mbavotntag yla Kabe pia amod tig peTaBAceLg
(ouvteA. Einstein).

v) Na e€etaoete av Kat kata mooo n duokn dtamhatuvon kat/r dStamAdatuvon Doppler odnyouv oe
ETUKAAU P ELC TWV YPOUUWY 0TO PAoHAL.
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To aropo Tou YOpoyovou
AETTT VPN (aMnAeTtiSpaon Tpoxiakrg aTPOPoppric-spin)

ALKHLEIX
2UCEUEN TPOXIOKAC OTPOPOPUNE-SPIN OTO ATOUO TOU UDPOYOVOU «KATrolEG ATTavVTHOEIS)
13.6eV |+ o? n 3 Evépyeia Tou artépou Tou H Katdmv emiluong Tng
nj = 02 ) i+1 /2 4 . O'XETIKIO'TIKI]-Q g§iowong Schrodinger [Dirac].
) En _ g(n, J)
e 2 ' 4 4
a = Imehe 137036 2100epd TNG AETTITAG UPAG
S o D
0108 cm ! 9/'036 cm™! T T T.IV
e e - 29572 ~ -
3s 12 3/ Lamb shift H, Haken, H.C. Wolf
‘The Physics of Atoms
NEZ——— and Quanta’, Keg. 12
Springer
2s, 0 w0
2 AV [GHZ)

0.36 cm™1

Fig. 12.24. Above: Structure of H, line of the hydrogen atom at
_ room temperature. The linewidth and thus the spectral resolu-
ns= 1 R R | R tion is determined by the Doppler width, Below: The method of
AE o] 8 . 10—1. eV Doppler-free spectroscopy (saturated absorption using a dye laser,

ES L Sect. 22.3) allows resolution of the individual components 0%

H, line (after Hinsch et al.). The two additional very weak

Is shown in Fig. 12.23 are omitted in Fig. 12.24
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To aropo Tou YOpoyovou
AETTTI VPN (aMnAeriSpaan Tpoxiakig oTpogoppii-spin + Lamb shift)

13.6eV 1+a2 n 3
n? n2\j+1/2 4/

H, Haken, H.C. Wolf
‘The Physics of Atoms and Quanta’, Keg. 12
Springer

T TTT

~ |-

Lamb shift

AZKHZEIZ
2UCeutn TPOYXIOKNAC OTPOPOPUAC-SPIN OTO ATOUO TOU UBPOYOVOU «KATToIES OTTOVTHOEISH
Fine structure n=3
0.0381
t 3d5|,|’1} Enj ==
¢ | 3|3'3|,r2 ,3d3|||r2
N T 302
" 00105 3Py,
0.1082 Lamb
shift .
ca. 16 000 T L 1111 Lamb shift
2Py,
03652 n=2
L 251
! “00353 2Py
Lamb
shift

Fig. 12.23. Structure of the H,, line of hydrogen and term scheme
including the fine structure. The expected optical spectrum is

| shown below (ignoring the line widths). Darker lines indicate higher
intensity. The wavenumbers are in cm ™!

AV [GHz]

Fig. 12.24. Above: Structure of H, line of the hydrogen atom at
room temperature. The linewidth and thus the spectral resolu-
tion is determined by the Doppler width. Below: The method of
Doppler-free spectroscopy (saturated absorption using a dye laser,
Sect. 22.3) allows resolution of the individual components of the
H, line (after Hdnsch et al.). The two additional very weak lines
shown in Fig. 12.23 are omitted in Fig. 12.24
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To aropo Tou YOpoyovou
AETTTA KAl UTTEPAETTTN UQI] (aMnAemidpaon pe spin Tuprva)

Dirac Quantum Hyperfine
theory Electrodynamics splitting
2 S F=2
Y T, - P .-
n=2 Py, e - 23.7yMHz

Peter F. Bernath
‘Spectra of Atoms and Molecules’, Ke@. 5

10 869.1 MHz | E = Oxford University Press
) %5, 177.56 MHz
n=2 2P|n 251..f2 1057.9 MHz —F=0 r
- fe— F=1
P LT 0 50.19% Hz

Mupnvikoé spin: | =%

Lyman a at 121567 A HAekTpoviako spin: S = 7
OAIkA} nAekTpoviaki aTpo@oppn: J = (LS, ..., [L-S])
OAIk atopIkf oTpoopun: F = (J+, ..., [J-1])

. F=1 ¥
) Sii. 1 420 405 751.7 Hz
n=1 S Lssere T 0y
‘igre 5.18. Fine and hyperfine structure of the n =1 and n = 2 levels of the hydrogen atom. 32
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Baoeig 0edopEVWY ATOMIKNG PUACHATOTKOTTIOG

NIST : http://physics.nist.gov/PhysRefData/ASD/lines_form.html
Harvard : http://www.cfa.harvard.edu/amp/ampdata/kurucz23/sekur.html

Atomic spectra : https://farbeinf.de/static_html/atoms.html
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