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Mepiexopeva KepaAaiou 39
 Ta ATONO ATTO TNV CKOTTIA TNG KPBAVTIKAG
MNXAVIKNG
* To arouo Tou YOpoyovou: H egicwon Tou
Schrodinger kai o1 KBavTikoi apiBuoi

* Ol KUHOTOOUVAPTHOEIS TOU ATOMOU TOU
Yopoyovou.

MoAUTTAOKO atopa Kal To Exclusion Principle
e O TePI0OOIKOC TTIVAKOG TWV OTOIXEIWV
« ATOMIKOI apIBuOi KOl @ACHATA AKTIVWV X

* MayvnTikd &itTroAa Kal GUVOAIKR ZTPOPOopPHN



39.1 Ta aTopa ATTO TNV CKOTTIA TNG

KBAVTIKNG MNXOVIKAG
A@ouU o0 akpIfBn¢S TTPoodIoPICHOC TNG BEONG TOU
NAEKTPOVIOU OgV €ival OUVATOG, TO HOVTEAO TOU

Bohr yia To aropgo 1Tou TTpOBAETTEI «KKOOOPICUEVEG
TPOXIEC» TTPETTEI VO ATTOPPIPTEI.

H katavoun (Ti0avoAoyikn)
TNG B£0NG TOU NAEKTPOVIOU - "ot Wiicens.
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39.2 To arouo Tou YOopoyovou: H egCicwon Tou
Schrodinger kai o1 KBavTikoi apiOuoi

H duvapikn evépyela (NAEKTPIKHA) ATOMOU TOU
Yopoyovou:.
1 e’
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39.2 To aropo Tou YOpoyovou: H eCicwon Tou

Schrodinger kai o1 KBavTikoi apiOuoi

http://www.nat.vu.nl/~wimu/EDUC/MNW-lect-2.pdf
https://en.wikipedia.org/wiki/Hydrogen atom

H xpoVvIKwg avegapTnTn £§icwon Tou Schrodinger
o€ TPEIS OINOTACEIG Eival:

2 82 82 82 2
e
2m \ ax*  9y* 97’ dme, r
OTTOU
13.6eV
E, = . n = 1,23 .


http://www.nat.vu.nl/~wimu/EDUC/MNW-lect-2.pdf

39.2 To aropo Tou YOpoyovou: H eCicwon Tou
Schrodinger kai o1 KBavTikoi apiOpoi

http://www.nat.vu.nl/~wimu/EDUC/MNW-lect-2.pdf
https://en.wikipedia.org/wiki/Hydrogen atom
YTrapyxouv T€ooepeis (4) KBavTikoi apiOuoi TTou
ATTAITOUVTAI VIO TNV TTEPIYPAPN TNS KATACTAONG
EVOG NAEKTPOVIOU O€ £EVA ATOMO.

1. O KUpPI10G KBAVTIKOG aPIONOC N TTOU TTEPIYPAPEI TNV
OUVOAIKI) EVEPYEIOQ.

2.0 kKBavTikO6G apiOuog TnG TPpoXIOKAS ZTPOPOPHUNG
(IL]) € . ANapBavel akEPAIES TIMES aTTO O MEXPI N - 1.

L = VIl + 1)%



http://www.nat.vu.nl/~wimu/EDUC/MNW-lect-2.pdf

39.2 To aropo Tou YOpoyovou: H eCicwon Tou
Schrodinger ka1 o1 KBavTikoi apiOpoi

https://en.wikipedia.org/wiki/Angular momentum operator
https://en.wikipedia.org/wiki/Quantum_number

3. O MayvnTikog (adipouBiakog) KBAVTIKOG
apIBuoég, m,, TTOU AauBAVEI AKEPAIES TIMEG ATTO +4
MEXPI —7.

Ex@pdlel Tnv TpoBoAN TG OTPOPOP MRS TTAVW
oTov agova Z, L :

LZ — mgﬁ


https://en.wikipedia.org/wiki/Angular_momentum_operator

39.2 To aropo Tou YOpoyovou: H eCicwon Tou
Schrodinger kai o1 KBavTikoi apiOpoi

L, https://en.wikipedia.org/wiki/Quantum_number
2+ — — — - nmy =2 H z z
YPAW®IKN TTAPAOTAON
OgiXVvel TNV KRAVTWON TNG
T TPOXIOKAG OTPOPOPUNG
via £ = 2.

mp =0

H cuvioTwoeg TNG
my =— oTPOPOPHUNG L, Kai L, OV
EXOUV TETOIO KBAvTwon.




39.2 To arouo Tou YOpoyovou: H egiowon Tou
Schrodinger ka1 o1 KBavTikoi apiOpoi

https://en.wikipedia.org/wiki/Quantum_number

ATtroucia NAEKTPIKWYV N " =2
MOYVNTIKWV TTESiWYV, Ol = 0
EVEPYEIEC TWV CUVICTWO WV =
m, €ival idIEC (EKPUAIOUEVEC).

~ 3

NMapoucia OJWS HAYVNTIKOU
TTEDIOU, Ol EVEPYEIEG TOUG
olaxwpilovTal. -

2 Y.y
1

mg=1
< Y 0
Y Y 1
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H kivhon evo¢ nAeKTpIkoU @opTiou (NAEKTPOVIO)
ITapayel yayvnriko medio, To omroio aAAnAosmdpa
ME TO EEWTEPIKO UAYVNTIKO 1TEDIO.



39.2 To atopo Tou YOpoyovou: H egicwon Tou Schrodinger

Kal ol KBavTikoi apiBuoi
https://en .wikipedia.org/wiki/Spin_(phygics)

TTOU YIO TO NAEKTPOVIO AauBAavel

%h———-—- mS: _'_% (“up”)
4. O KBavTIKOG apIBuo6g, m,, Spin, <
ok .
S

TIG TINEG +¥2 1) -YL. B

it — > m = —1 (“down”)

i
] L
P

H avaykn «opiocpgou» auTtou TOU apPIOuOU TTPOEKUYWE
TTEIPAMATIKA.

To Spin gival pia EyYEVAGS 1010TNTA TWV CWHATIOIWY,
TTOU OTTO HAONMATIKAG TTAEUPAG £XEI XOPAKTNPIOTIKA
oTPOPOPHNG. Me aAAa Aoyia dsv TTPOKUTITEI O
KBavriIKOC autoc apiBuoc armro tnv i1I0100TPOPOPHN
TOU nAsKkTpoviou!



39.2 To aropo Tou YOpoyovou: H eCicwon Tou
Schrodinger kai o1 KBavTikoi apiOpoi

O TTivakog KAVEl Jia cuvown TwV KUpIwV
KBAVTIKWYV apiOpwyv.

TABLE 39-1 Quantum Numbers for an Electron

Name Symbol Possible Values

Principal n 1. 2.5 -, co.

Orbital / Foragivenn:lecanbe (0, 1,2,--.n — L

Magnetic my For given n and £: mycanbe £, — 1,---,0,---, —L

Spin m For each set of n, £, and m;: m, can be +5or —3.

Copyright © 2008 Pearson Education, Inc.



39.2 To atopo Tou YOpoyovou: H e€icwon Tou
Schrodinger kai o1 KBavTtikoi apifuoi

CONCEPTUAL EXAMPLE 39-1 | Possible states forn = 3. How many different

states are possible for an electron whose principal quantum numberis n = 37

RESPONSE For n = 3,{ can have the values £ = 2.1,0. For £ = 2, m; can be
2, 1,0, =1, =2, which 1s five different possibilities. For each of these, m, can
be either up or down (+3 or —3); so for £ =2, there are 2 X 5 = 10 states.
For £ = 1,m, can be 1, 0, —1, and since m, can be +3 or —3 for each of these,
we have 6 more possible states. Finally, for £ = 0, m, can only be 0, and there are
only 2 states corresponding to m, = +3 and —1. The total number of states
is 10 + 6 + 2 = 18, as detailed in the following Table:
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SOV PN F and L for n = 3. Determine (a) the energy and (b) the
orbital angular momentum for an electron in each of the hydrogen atom states of
Example 39-1.

APPROACH The cnergy of a state depends only on n, except for the very small
corrections mentioned above, which we will ignore. Energy 1s calculated as in the

Bohr theory, E, = —13.6 eV/n% For angular momentum we use Eq. 39-3.
SOLUTION (a) Since n = 3 for all these states, they all have the same energy,
E, = - B0V sy
(3)°

(b) For £ = 0, Eq.39-3 gives
L = VU +1)h =0

For € = 1,

L=VI(1+1Dh = V2h = 149 X 10 *]-s.

For£=2, L = V22 + 1)h = V6h.

NOTE Atomic angular momenta are generally given as a multiple of 7 (\/L_’ﬁ or
V6 % in this case), rather than in SI units.




39.2 To aropo Tou YOpoyovou: H eCicwon Tou
Schrodinger kai o1 KBavTikoi apiOpoi

O1 HOVEG KETTITPETTTEGH METATITWOEIG METAEU
EVEPYEIOKWYV ETTITTEOWYV, META TNV ATTOPPOPNON
N EKTTOMTTA EVOG PWTOVIOU, Eival AUTEG YIA TIG
otroieg 1Ioxvel (Aeg KANONEZ ENMIAOIMH):

https://len.wikipedia.org/wiki/Selection_rule
Al = =*1

H m0avoTnTa pIOG «ATTOYOPEUMEVNSY
METATTTWONG €ival TTOAU MIKPN, KOl OTTAITEI
«dl1aTapagn» Tou CUCTAMATOG.



39.3 O1 KUNOTOOUVOPTNOEIG TOU OTOMIKOU
Yopoyovou

http://www.nat.vu.nl/~wimu/EDUC/MNW-lect-2.pdf
https://en.wikipedia.org/wiki/Hydrogen atom

H KupatoouvapTtnon tnG BAcIKNG
KOTAOTOONC TO OTOUIKOU UdOPOVOVOU, gival:

1

_ ra
Yoo = 5 € ’
\ / 7T}"0

H mlavornta va BpeBei TO NAEKTPOVIO O€ Eva
OTOIXEIWOEG OTOIXEIO OYKOU dV TTEPIE
KATTOI0U onuEiou givai |yl dV.



http://www.nat.vu.nl/~wimu/EDUC/MNW-lect-2.pdf

39.3 O1I KUJOATOOUVOPTAOEIG TOU ATOMIKOU
Yopoyovou
H BaoIKn KaTtaoTaon Xl o@AIpIKN CUpMETPIa. H
mlavoTnTa va BpeBei TO NAEKTPOVIO OE€
aTréoTOOoN I KAl I + dr atrdé To TTUPRVA Eival:




ECYLITETEEN Most probable electron radius in hydrogen. Determine
the most probable distance r from the nucleus at which to find the electron in the
ground state of hydrogen.

APPROACH The peak of the curve in Fig. 39-7 corresponds to the most probable
value of r. At this point the curve has zero slope, so we take the derivative of
Eq. 39-7, set it equal to zero, and solve for r.

SOLUTION We find

ar

R
r re
S—J - 8—4 — '[}
Fi Fi
Therefore,
r e
3 a4
F Fi
or
ro=r.

The most probable radial distance of the electron from the nucleus according to
quantum mechanics is at the Bohr radius, an interesting coincidence.




SOV R Calculating probability. Determine the probability of finding
the electron in the ground state of hydrogen within two Bohr radii of the nucleus.

APPROACH We need to integrate P, from r = 0 out to r = 2r,.
SOLUTION We want to find
2ry 2ry !,2 I
P = J WrdvV = J 4— e " dr.
r=0 0o Ty
We first make the substitution
x = 2 -
o
and then integrate by parts ([udv = uv — [vdu) letting u = x> and dv = e *dx
(and note that dx = 2 dr/r,, and the upper limitis x = 2(2r,)/r, = 4):

4 4
J xle Ydx = %|:—ff:_x + J'Z,x:e_x n{r:|
x=0

The second term we also integrate by parts with u = 2x and dv = e " dx:

4
[—xze”’ — 2xe ™ + ZJE"" d_r:|

4

P =

0

1=

P =

| =

0

= (—%J::2 - X — 1)€ *

0
We evaluate thisat x = 0 and at x = 4
P=(-8-—4-1e*+ e =076
NOTE This result depends on our wave function being properly normalized, which it

is, as is readily shown by letting r — oo and integrating over all space: [“|y> dV = 1;
that is, let the upper limit in the equation above be co.

™

o

L



39.3 O1 KUNOTOOUVAPTAOCEIG TOU OTOMIKOU
Yopoyovou

https://en.wikipedia.org/wiki/Atomic_orbital
TPEIC «YWVIOKESH KATOAVOMEG, KOI N KATAVOMN)

KOTA MNKOG TNG OKTIVAG.

3__
T =72 =1
T 2T
g 1
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- 1+
m—..—
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0 Srp 101 ¥
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39.4 2uvOeTa atoua, n apyxn Tou Paull

https://en.wikipedia.org/wiki/Pauli_exclusion_principle

2€ ATOMA TTEPOAV TOU UOPOYOVOU, Ol
OAANAETTIOPAOCEIC METAEU TWV NAEKTPOVIWV
TTPETTEI VO An@OoUV utTTOYWN CGTOV
TTPOCOIOPICHO TWV EVEPYEIOKWYV ETTITTEOWV.
AuTO onuaivel 0TI N CUVOAIKN EVEPYEIA
ECOPTATOI TOOO ATTO TO N OCO KAl TO 7.

‘Eva oUdETEPO ATOMO ME Z NAEKTPOVIA, Ba
EXEl Kal Z rpwtovia. O Z ovopadeTal
OTOMIKOG aplOuoG.



39.4 2uvOeTa atopa, n apxn Tou Pauli

https://len.wikipedia.org/wiki/Pauli_exclusion_principle

H apxn Tou Pauli opilel OTI:

AVo nieKTPOVIO GTO 1010 ATOUO OEV UTTOPOVY VU,
Kataiaufovoovv v IAIA kfavtikny kataoctoon

E1reidn n KBAVTIKA KATACTOON TTEPIYPAPETAI
OTTO TOUG TECOEPEIC KUPIOUG KBAVTIKOUG
apIBuoug, kaveéva {eUYoS NAEKTPOVIWY OTO idI0
ATOMO OEV MTTOPEI VA TAUTI(EI TO CUVOAO TWV
KUPIWV KBAVTIKWY apIOuwV.



39.4 20vOeTa AToua, N apxn Tou Pauli

https://en.wikipedia.org/wiki/Pauli_exclusion_principle

MNapadeiypata yia Ta aropa He, Li, kai Na.

n=3.0=0 o}
n=20=1 -e-e—e-6—06— n=2.L4=1
n=2,l=0 o) n=2,0=0

n=1,0=0 +— n=1,0=0 - n=1,4=0

Hellum (He Z 2) Lithium (Li, Z = 3) Sodium (Na, Z=11)

Copyright © 2008 Pearson Educatio



39.5 O TEPI0OIKOC TTIVAKAG TWV OTOIXEIWV
https://en.wikipedia.org/wiki/Periodic_table

EipjaoTe Twpa o€ OEon va EpUNVEUCOUME
TNV OPYAVWON TOU TTEPIOOIKOU TTIVAKO TWV
OTOIXEIWV.

HAekTpOVIa JE TOV i010 KUPIO KBAVTIKO
apPIONO N «KAVAKOUV» OTOV id10 «(PAOIOY.
HAgkTpOVIa JE TOUG idIOUC N Kal £ AVKOUV
OTOUG idIOUG «UTTOPAOIOUG>.

H apxn Tou Pauli repiopilel To pEyioTo
apPIBuO NAEKTPOVIWY O& KAOE UTTOPAOIO O€
2¢0(£+1).



39.5 O 1rePI10OIKOC TTIVAKOC TWV OTOIXEIWV

TABLE 39-2 Ground-State
Quantum Numbers

——— Na KAl Tiyn Tou ¢
B didoupe Eva «OVOHO» OTO
L o o UTTO@AOIO.
Lithium, Z = 3
n ] m, m
Lo o S : sharp
T p : principal
 — me — d : diffuse
v o+ f:fundamental
2 0 0 !
> 1 . Oi1ovopaoigg Tpoékuyav
> 1 o i amé TNV ENPAVION TWV
> 1 2 71 XApOKTNPIOTIKWV
>+ &+ 1 (OOMATOGKOTTIKWV YPAUHWV

o



39.5 O 1TEPI0BIKOG TTIVAKAG TWV OTOIXEIWV
https://en.wikipedia.org/wiki/Periodic_table

H nAekTpovikn diauépwon dideTal HE TRV
avaypa@r Tou N, ckoAouBoUpevo aTro 1o
«OVOHO» TOU UTTOWPAOIOU PE EKOETN TOV
APIONO TWV NAEKTPOVIWYV TOU.

Mo TTapadeiyya N NAEKTPOVIKN
Ol1aHOPPWON TNG BACIKAG KATACTAOG TOU
Tou NaTtpiou givai:

1522522p%3s!



39.5 O TEPI0BIKOC TTIVAKAG TWV OTOIXEIWV

O Trivakag ep@avidel Tn dIAPOPPWO TWV
ECWTEPIKWYV NAEKTPOVIWV.

TABLE 39-3 Value of ¢

Maximum
Number of
Value Letter Electrons in
of £ Symbol Subshell

0 ) 2

1 p 6

2 d 10

2 f 14

4 g 18

5 h

22




CONCEPTUAL EXAMPLE 39-5 | Electron configurations. Which of the following
electron configurations are possible, and which are not: (a) 1s*2s*2p°3s™;
(b) 15°25%2p®3s*3 p4s%; (¢) 1572522 p°2d"?

RESPONSE (a) This is not allowed, because too many electrons (three) are shown
in the s subshell of the M (n = 3) shell. The s subshell has m; = 0, with two
slots only, for “spin up” and “spin down” electrons. (b) This is allowed, but it is an
excited state. One of the electrons from the 3p subshell has jumped up to the 4s
subshell. Since there are 19 electrons, the element is potassium. (¢) This is not
allowed, because there is no d (£ = 2) subshell in the n = 2 shell (Table 39-1).
The outermost electron will have to be (at least) in the n = 3 shell.




39.5 O 1rePI10OIKOC TTIVAKOC TWV OTOIXEIWV

Ta aTopa TTOU PEPOUV TOV id10 ApIOUO NAEKTPOVIWY
oTnV £EWTEPIKN TOUG oTOIRGOO (PAOIO),
TTAPOUCIACOUV «TTAPOMOIA XNMIKF CUMTTEPIPOPAY,
Kol KaTaAapBavouyv Tnyv idia oTAAN oToV TTEPIODIKO
TTiVaKa.

1 2 3 4 8 10 11 12 13 14 15 18 17 18
1 ' Ainmi
1H B_.nh:l
e e — B
.53- IEI ......
nnnnnnn E - |
“ﬂ
"'"n".z"‘
20
L
R
kL]
m i
6 Ba { 57-T1
1ar.ar
woo: |
7 Ra :fas—103
-
Frr alamanks amth nin ctabla isntrnas tha mace naimbharc AF bha icntmna with e lnnast halfol e in naranthacase



39.6 ATOMIKOGS ApIOUOG KAl @ACHATA AKTIVWYV X

To OUOIAOTIKO POPTIO TTOU «BAETTEI» EVa
NAEKTPOVIO OTOV TTUPNAVA EiVal « MIKPOTEPO»
OTTO TO TTPAYMATIKO AOYW BwpAKIoNG aTrd T
UTTOAOITTO NAEKTPOVIA. MOVO T NAEKTPOVIA
TNG TTPWTNGS OTOIRAdAG «BAETTOUVY» TO
TTPOYMATIKO (pOPTIO TOU TTUPNVA.

H evépyela evog eTITTEOOU €ival avaAoyo Tou
Z?, KOl OUVETTWG TA MAKN KUMOATOC TTOU
ATTAITOUV METATITWOEIGATTO TRV N =1
KOTAOTOOT YIO ATOMO ME MEYAAO Z,
QVTIOTOIXOUV O€ OKTiVES X.



39.6 ATOMIKOGS ApIOUOG KAl @ACHATA AKTIVWYV X

HAEKTPOVIO ECWTEPIKWY OTOIBAOWY UTTOPEI VO
£COXO0OUV aTTO OEOMEC NAEKTPOVIWYV HE TTOAU
uwnAn evépyela. NMNapayeral Je auto TO TPOTTO
EVA XOPAKTNPIOTIKO (PACHA YIO KABE adTOMO.

To @Aaopua auTo Eival
via To MoAuBdaivio.

X-ray intensity

0.1 0.2
- Wavelength, A (nm)




39.6 ATOMIKOGS ApIOUOG KAl @ACHATA AKTIVWYV X

MeTPWVTOC QUTA T XOPOKTNPIOTIKA PACHAT
ETTITPETTEI TOOO TOV TTPOCOIOPICHO TNG EVEPYEIOG
TWV EOCWTEPIKWY OTOIRAdWY OCO Kal TO Z, ETTEION TA
MAKN TWV KUMATWY TWV BPAXUTEPWYV AKTIVWYV X
gival avTiIoTPOPWGS avaloyeg Z2.




39.6 ATOMIKOGS ApIOUOG KAl @ACHATA AKTIVWYV X

DOV X-ray wavelength. Estimate the wavelength for an n = 2
to n =1 transition in molybdenum (Z = 42). What is the energy of such
a photon?

APPROACH We use the Bohr formula, Eq. 37-15 for 1/A, with Z* replaced by
(Z —1)* = (41)%
SOLUTION Equation 37-15 gives

1 e*m 1 1
— = Z — 1) i
A (85[2}}'136)( ) (ﬂ’z nz)

where n = 2 and n' = 1. We substitute in values:

1 1 1
— = ) % 10" m™! 2= — =] = 1.38 X 0 m1
: (1.097 X 10" m )(41)(1 4) 1.38 X 10""m
So
—_— 1 —_—
A= e gt = 0:072nm.

This 1s close to the measured value (Fig. 39-11) of 0.071 nm. Each of these
photons would have energy (in eV) of:

he  (6.63 X 107**]-5)(3.00 X 10°m/s)
A (72 %10 " m)(1.60 X 10 1 J/eV)

E = hf = = 17keV.

The denominator includes the conversion factor from joules to eV.




39.6 ATOMIKOGS ApIOUOG KAl @ACHATA AKTIVWYV X

SN EY N Determining atomic number. High-energy electrons are
used to bombard an unknown material. The strongest peak 1s found for X-rays
emitted with an energy of 66.3 keV. Guess what the material 1s.

APPROACH The highest intensity X-rays are generally for the K, line (see
Fig. 39-11) which occurs when high-energy external electrons knock out K shell
electrons (the innermost orbit, n = 1) and their place i1s taken by electrons from
the L shell (n = 2). We use the Bohr model, and assume the electrons “see” a
nuclear charge of Z — 1 (screened by one electron).

SOLUTION The hydrogen transition n = 2 to n = 1 would yield about 10.2 eV
(see Fig. 37-26 or Example 37-13). Energy E is proportional to Z> (Eq. 37-14),
or rather (Z — 1)? because the nucleus is shielded by the one electron in a 1s
state (see above), so we can use ratios:

(Z — 1) 663 X 10°eV .
_ = = A, = 107,
12 102eV 650 X 10,

so Z — 1 = V6300 = 81, and Z = 82, which makes it lead.




39.6 ATOMIKOGS ApIOUOG KAl @ACHATA AKTIVWYV X

To CUVEXEC KOMMATI TOU PACHATOG TWV AKTIVWYV X
TTPOEPXETAI ATTO NAEKTPOVIA TTOU «ETTIBPOOUVOVTAI»
AOYW OAANAETTIOPACEWY HECO OTO UAIKO KAl
ETTOMEVWG EKTTEUTTOUV OKTIVOBOAia. H akTivooAia
ovopacetalr bremsstrahlung (das Bremse=T1o @pévo,

die Strahlung=akTivooAia radiation™).

Photon
hf=K-K'



39.6 ATOMIKOGS ApIOUOG KAl @ACHATA AKTIVWYV X

SOV PN Cutoff wavelength. What is the shortest-wavelength X-ray
photon emitted in an X-ray tube subjected to 50 kV?

APPROACH The clectrons striking the target will have a kinetic energy of
50 keV. The shortest-wavelength photons are due to collisions in which all of the
electron’s kinetic energy is given to the photon so K = eV = Af,.

SOLUTION From Eq. 39-10,

he  (6.63 X 107*7-5)(3.0 X 10°m/s)

_ = 25 x 107"
eV (1.6 X 1077 C) (5.0 x 10* V) "

Ay =

or 0.025 nm.
NOTE This result agrees well with experiment, Fig. 39-11.




39.7 MayvnTikl AITToAIKR) PoTTr. ZUVOAIKN
2TPOPOPHN
https://en.wikipedia.org/wiki/Electron_magnetic_moment
Edv Oewprioouue 0TI TO NAEKTPOVIO KIVEITAI OE
KUKAIKN TPOXIA ME OKTIVA I' KOl TAXUTNTA V YUPW
aT1Td TOV TTUPNAVA, TOTE N HAYVNTIKA TOU POTTN
OideTal ATTO TN OXEON: 1
. € -
R = L
2 m
‘OT1r0oU TO METPO TNG OTPOYOPHNG gival L = mvr.

H e€iocwon auTtn, av Kal aTroppEEl ATTO TNV KAAOIKN
MNXOVIKA/NAEKTPOMAYVNTIOUO I0XUEI KOI OTNV
KBAVTIKR MNXOVIKE, OTTAQ N OCTPOYOPHNA Eival
KBAVTIOMEVN.



39.7 MayvnTikn AiIttoAIkR PoTtrn.
2UVOAIKN 2ZTPOYOpPMN

H cuvioTwoa Tng payvnTtikng dITTOAIKAG POTTHG OTO
agova z, dnA. Tn O1eUOUVOT EVOG ECWTEPIKOU
MOayvnNTIKOU TTEdIOU, DIdETAI ATTO TN OXEON:

eh

My = — o my

2m eﬁ

Opidoupe TN payvnrovn Tou Bohr wg:  pg = 5
m

Kai eropévwg: Mz — — M Hy.

ETropévwg, Eva ATopo TToU BPIioKETAI HECA OE
MOyVNTIKO TTEDIO, Ba METATOTTIOEI TA EVEPYEIONKA TOU
ETITEOA AVAAOYWGS ME TNV TIMA TOU Mi. AUuTO gival To
@AIVOUEVO TOU Zeeman.



39.7 MayvnTikn AiIttoAIkR PoTtrn.
2UVOAIKN 2ZTPOYOpPMN

2TO TrEipaua Twv Stern- i % e
Gerlach pia 8€oun ATOpWY \ (B 21 Y
OIEPXETAI ATTO AVOLOIOYEVES | o 1 [ '

MayvnTIKO 1TEdio. To 1Tedio, Y ! 8
POKaAEgi aréKAion oTn C ‘\\\ A L
51EUBUVON TS BECHNG | Yy
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avaAoyn ME TN HAYVNTIKN "2y sz
OITTOAIK} POTTH TWV ATONWV.

O KAOOIKOG NAEKTPOMAYVNTIOMOG TTPORAETTEI pI
OUVEXN KATAVOMN OTIG YWVIES ATTOKAIONS TNG
MOPIOKNS OE0UNG.



39.7 MayvnTtikni AittoAikiy PoTrh.
2UVOAIKN 2TPOPOpPHA

https://en.wikipedia.org/wiki/Stern—Gerlach_experiment
AvtiBeta, o1 Stern-Gerlach Traparinpnoav «dI0OKPITEG
YWVIEC ATTOKAIONS» TTOU EPMNVEUTNKAV WG
KBAVTWON TNS MAayVvNTIKAG OITTOAIKNG POTTAG.
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H cuvoAiki otpoopun (d1avUOUATIKO GBpoioua
TPOXIOKNG OTPOYOPMNGS KAl SPin angular
momenta) gival eTiong KBAvTIOMEVN:

J = Vjj+ )k

H katdotaon evog nAekTpoviou ocUupBoAifeTal WG
nL;, omwg m.X. 2P;, (N =2, £=1,J=3/2) and 15,
(BepeAIONG KaTaoTaon Tou Yopoyovou). O
OUMBOAIOHMOG AUTOC ovoHaleTal
POOHUATOOKOTTIKOG OPOG.




