SCPY 158 Physics Il : Part 11 - Modern Physics

a -4

Widode WANd o : d2ui o - Wandaalns

Course Description (A1asuiasiaiaun)

nguiaunnsaw (Theory of Relativity) nasanialaudu (Quantum
Mechanics) Wandaznau (Atomic Physics) Wandidandes (Nuclear Physics)

"

Wandaznau (Atomic Physics)
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“lasedsne” vas “atom” lutaguu (luszau Atomic Physics & Nuclear Physics)

Electron

http://teachtogether.chedk12.com/uploads/images/redactor/ae15d8287f565¢c29cf835bd81d92¢c385.PNG
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Z = “Atomic” Number
AU Z A2

Y

ﬁﬂﬁd?ﬂlﬁ@iﬂ atom 178410 m, = 9.1 X 10731 kg
s du“Ning” Uszq “+Ze” Uszg “—e”
[ [
atom = nucleus + electrons
[
[ |
protons neutrons
[ [
Useg “+e” Uszq “0” (\Wunan)
m, =1.672X107?" kg | | m,, = 1.674 x 1027 kg
AU Z A2 AU N A2
N=A—-7
A = “Mass” Number

“neutron” {Ju “electrically neutral twin” vas “proton” (iuaalndiAssiuuin)
[3en “neutron” wag “proton” sauAudn “nucleon”
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“Bohr’s Theory”

“electron”

> @u19095U1e “Taseadendn” ves “anade” ves “Aduudwanlniia’ 7
“grmaudisidianasaudaiien (one-electron w3a hydrogenic atoms)” wsi
aanula

a5uU1e “srgaziden’ Ll

a5une “azmauiiBidnaseuviateda (multi-electron atoms)” Ll

v Aada & ' by ¢ Y
doan1sngefneiniy/malundn — “nadiansataunu

V4
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“iadanazAnu’ Tu “Wandosnon”
(1) wazaoulalasiau (hydrogen atom)

(1.1) auntsvlshsmasainiuazaaulalasiau (Schrodinger equation for
hydrogen atom)

(1.2) nrsunaun1sulshsiaasamsudmsvaznaulalnsiau

(1.3) ravmausu (Quantum Numbers)

(1.4) “nrsdauriv” vas “seaundssu/Meiduniu” (Degeneracy)

(1.5) “umunwszaumaseau (Energy-level Diagram)” was (“Bianaseu”
Tu) “aznoulalasian”

n=3 - 3s———3p———3d——
n=2 - 25— 2p———
n=1 - 1s

(1.6) “Wendunau” ves “diannsou”lu“aznoulalasian”
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“fIadenazAnen” Tu “Wandeznon” [#o]

(2) lauuaudayu (Angular Momentum)
(2.1) “orbital” angular momentum (Z)
(2.2) “spin” %39 “intrinsic spin” angular momentum (?)
(2.3) “total” angular momentum (i )
(2.4) “Spectroscopic Notation” gwiun1sszy “aaue (state)” vaq
“electron” Tu “aznau”

(3) ezmaufifididnnsauvateda (multi-electron atoms)
(3.1) “wannsnanu”vas“w1a” (Pauli’s “Exclusion” Principle)
(3.2) “sEAundanu” vas Bilnaseu” lu “armaudifididnasounaiesi”
(3.3) “nMssaitasvadiinaseu” lu “datusiu’ ves “oznouiiiididnnsou
wanefa” (Ground-state Electron Configuration)
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“SadafiazAne” Tu “Wandoznow” [so]
(4) “aunadu’ vas “aduusidntniin’ ) “azman’ (wisanun) (Atomic Spectra)
(5) Usingnisaiduuu (Zeeman Effect)
(6) Seddnd (X-ray)

(7) wawwas (LASER — Light Amplification by Stimulated Emission of
Radiation )
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(1) azmaulalasiau (hydrogen atom)
(1.1) aunisylshsaesamsuaznaulalasiau

flaudi proton azfiuraninnan electron wng uan ldlddiuaaduetud (infinity)

> s electron waz proton azipdaunseu “yaaudnanuda (CM) vasszuu”

\

v ke? \
A N =
/ CM \\‘ ¢ (rp + re)z \‘
m, ‘ . ,. < ,+ m,
\\\ // i
. S /
S~ /
Tp T, b
<> < >

_ a 4 iy _ . 1'%
M MpT, = Ml (UBNUVRIYAAUENANUIG) UaS T =1, + T, azla

mp me
r,=\——m|r hag Ty =\———]|r
my, +m, my, +m,
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“nistraaunaunns (relative motion)” was “electron” wisunu “proton”
2z “iwllau (equivalent)” Au
“MsARauUN” ¥ad “aynia” NUNIaNINAY “Udaaanau (reduced mass)” vas “szuy”
m,m
pllte

m, +m,
DU “AMUNUS” VD9 “proton” msﬂé’f “use M9linn) suhn”
(atlourudn electron flunawliu “m” nAsufiseu proton #ifiuaailuatiud/egiui)

“electron”
e =Mm,—e

<
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ke? e?

“WasauAng (IWn1)” ves “ssuvv” fs V(@) = ——=————=V(7)
r (4mey)r
. p>
“NaNIUAY VY “sruu”’ A K = —
2m
“was9rusau (Total Energy, E)” wes “Hamiltonian, H” v81 “syuu” Ao
=22 =2 2
P o P e
H=K+V=-tV@) =t ————
2m 2m (4mey)r
199310 wasuAngluIunuIaIg1eTaIY —
NATUNANTE “dun15vlsaaaasiuu ldau’ nutaan”
d' Sla, <6 ”, — — _ o = = =
wWasudu “operator’: P~ Pop = —IihV, rory, =7

[V a < 14 & a
H - H,, = E = wasnunduldlduasszuu | nsaiald H » H,, = ih—
p op ot
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1 Y

ulU “operate” vu “Wendundudlrunvunuaiunus (spatial part): Y(7)”
2 2

h o2
- 2m Y@ - (4mey)r

Y@ = EyYP@)

“Hun13AaUVaItlsALIRtLUL ‘LT’ futnan” dmdu “eznaulalasian’”
(Time-Independent Schrédinger Wave Equation for Hydrogen Atom)

eZ

WD “A2UEZAIN” ASRBUANNITIANDNYDY “Wasudng” V(r) = ~ ey
TEY)T

hz — — =N\ -
_%vzlp(r) + V(Y @) = E ()

“Inguaunis” azla

V2¢(T)+ [E Vn)lyp@) =0
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(1.2) nsuAaunisylshsiasdmivdmsuazaaulalasiau

We931n “wasaudng” aunu “radial distance (r)” winuu — Aanwauz “auung

nssnau (spherical symmetry)” — aqsiaanlsd “spherical coordinates (7, 8, ¢)”
Tun1sszy “Aunus” vas “electron” wWisunu “proton”

X = r sinf cos¢
y = r sin@ sing

Z = 1 cosf

r=.x2+y2+ z2

Z Z
cosf = - — 6 = arccos (;)
tang = % — ¢ = arctan (%)
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Tu “spherical coordinates (r, 9, ¢)” azla

v,2_1 0(26)+16( 06) 1 02
=723 \""5r) T sina 90 """ 30/ T sin?e 02

Favfu V2 (P + [E VIO)ly@) =0 edizuiluy

1 ( 61/)) 1 6( 61/))+ 1 0%y

- - 0_
rz|ar " * sin sin?6 d¢?

2m
or sinB 06 a0 + 72 [E-V(™)]y =0

6 .29

ﬂmﬁlaaﬂﬂﬂﬁl re —

61/)) 4 ( Hﬁl/)) N 1 0%y N 2mr? E V0 =
or (r or sin6 96 sin 06/ = sin?6 d¢? h2 My =
Inwmaulnd —

d 0 2mr?2
5 alf)J’ ar [E= V@l = -

1 6( 61/))_'_ 1 0%y

sin6 96 sind 96/ 7 sin26 0¢2
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9 (rz oy
ar ar

61/))+ 1 0%y

H _
sin sin?6 d¢?

)+ B vl = — (
h? sin@ 96 00

1 “35n1suendiauds (Separation of Variables)” :

(D) deu (@) = P(r,0,9) = R(r) Y (6, ¢)
(ii) unuasluaunis
waz (iii) wsnaaanie Y(r) = R(r) Y (6, ¢)
\J
1d dR 2mr? 1 1 0 aY 1 0%y
Rdr (rz dr) * h? [E=V(n] = Y |sind 96 (sm@ _> sinZf 0(]52]

00
\

LHS (Fufu r wihtiy) = RHS (Fufiu 0 waz ¢) = fnsia = £(£ + 1)
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“@un1y” dmsu “radial part, R(r)” A

1d( , dR +2mr2
Rar\ dr) n2

Tu “nszudunIswiaunts” wowm “R(r)” waz “E” agld

[E-V(@)] = £ +1)

5 “R(r)” uanamnaziuiu “f” wda Sediudu “n” §adu “Srunuiiuuan” §ae
R(r) = Rpe(r)
oo n=1,2,3,... waz £=0,1,2,..,n—1 (n @1)
= “pdeuiidululdvasszuu (E)” aztuiu “n” winsu (Lidufiv “¢”)

me* 13.6
B bh=rgmm -

@9 “asanu” Aldan “Bohr’s Theory”

eV
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“a@un1sy” d1msu “angular part, Y (0, ¢)” o

1[ 1 6(_96Y)+ 1 9%r] 000+ 1
v |smeag \*"95g) T snzgagz| = D

14 “a8n1suenauds (Separation of Variables)” :

(i) Weu Y (0, p) = 0(0) ®(¢p), (ii) wnuasluaunis,
(iii) wsnaannle Y (0,¢p) = 0(0) ©(¢) waz (iv) Iamau azla

1d?*d sinf d (
ddp2 O db

sin@ ﬁ) — £(£ + 1)sin?0 = Arasia = —m3
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d?d . : .
a§=—mﬂ)e(M@=4%Nm=AdW¢+&emm

d do
sin9E<sin9 E) +{£(£ + 1)sin?6} 0 =m0 - 0O(0) = Osm,(0)

O¢m,(8) = “Associated Legendre Polynomial”
Y(6,d) > Yom,(6,9) = 04y, (0) Py, (¢) = “Spherical Harmonics”

my=—,—f+1,..,0,..,0—1, — “Q2f+1)@”
s

“NINTUARUVDITZUY” LIUAUNY “n”, “£” uaz “m,”

Y(@) - Ynem, (1,6, ¢9) = Ry (1) Yom, (0,0) = Rpe(r) Orm, (H)q)mg ()
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(1.3) avadauau (Quantum Numbers)

[3en “n” 91 “tavarpusnnan (‘Principal” Quantum Number)”

— 1380 “£” 91 “Orbital Angular Momentum” Quantum Number
(LAUADUAN LULUIUANLTYUUUUILART)

\flasan eadasiu “aunn” vas “Tuudundeauuuuadaas”
S » =2
L=|Ll =+ 1Dh % L[?=|L| =2+ 1A

—  w3en “m,” 91 “Orbital Magnetic” Quantum Number
(lavARURNLANLUUIGTAS)

\Wa9a1n ey “z—component” ¥a9 “TUlUANBYULUUNLART”

L, = z — component 83 L = m,h
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(1.4) “pisdauiiu” vae “seaundsnu/meanduaan” (Degeneracy)

Weean (i) “waseuinidululduesszuu” duiu“n” wintu (ldaudu“?” was “m,”)
Tuvnen “Heantunauvaessuy’ ILIUNUNG “n”, “L” uaz “m,”
7

uaz (i) uiazA1vae “n” Azl “£” 14 “n” a1 [y “fazuils” a7n “0” a9 “n — 17]

WAZ LABZAIYDY “L” Azl “m,” 1A “2€ + 17 A [l “Naznis” an “—£”

aq cc+£9a]
(%4 g Y
Aalu 2zldan

dmiuusiazAves “n”
azdl “n? states/wave functions” 9% “wasauiniy”

[dwmSundazatvas “n” azliyavasdnan {n, £, m,} Neneiu n? ya]

= § “psdouniu” veas “sraunasew/Nantunay” — & “Degeneracy”
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n=1-4=0-m,=0- 1state > & “1 state” Ainwdeau E;

£ =0-m, =0 - 1state } . 1 “4 states”
i

n:2—>{£:1_)m{):_1’(),+1—>35tates ANA9U E,

“O states”

ANau E

£=0->m, =0 - 1state =
- 4
] 7

n=3—>{ £=1->m,=-1,0,+1 - 3 states
t=2-m,=-2,—-1,0,41,4+42 - 5 states

n-1 n-1 n-1
z(2£+1)=Zz€+zl=n(n—1)+n=n2
=0 =0  ?=0

- n—1
\
z{’=0+1+---+(n—2)+(n—1) [n terms]
£=0

n-1
Z€=(n—1)+(n—2)+---+1+0 [n terms]
L 7=0

n—1
>—>22€=n(n—1)
£=0

J
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(1.5) “whuntwszauwassnu (Energy-level Diagram)”
w4 (“Diannsau’” lu) “aznoulalasiau”

Wn 52y “seaunasew” Tae 14 “lavatpudunan (n)” wisedahes Usulu szylay

19 “avmrpuauvian (n)” waz “lavAuANlILUANGIYNLUUNLATT ()7
{Rauidn (luseeul) “sedundsay” astufu “n” fadies — “E, ")
\!
JzyAn “n” WU “daan” tn =1, 2, 3,- uaz s3yAl “L” fe “Aasnes”
¢ > 0 1 2 3 4
S A S g

“n” azuan “du (shell)” d@au “¢£” aguan “dugos (subshell)”
nanewig! dn1siavue “Adnes” iU A “n” aae

n - 1 2 3 4
C‘K’, ‘CL)’ ‘CM)’ C‘N)’
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“Energy-level diagram” dw3u “hydrogen atom”: E, = ——— eV
n
(= 0 1 2
E (eV) n
0+ o
1511 3 3% 3
a4l 2S 2p
“allowed”
transitions
Al =+1
-136+ 1
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(1.6) “WeAdumdu’vas“dianason” Tu“oznoulalasian”

N15USS818 “NeAnssy’” vas “electron” areNeely “Wendunau”
Azl “liaunsassydumisvas electron laagnauwiveu”
vanlaieedn “Tannanazwu electron Tuusiaamnes dunntesnasla”

"

Tu “namransnlrauau’
Y5 v ’9 = v <
1AS98519v0992naY”” azdlanyazilu
“niuvuan” vas “electron” nszangetiseu “Uuaded”

\J

“AnYazUaINITNIEANY” Yas “electron” azunu/gniviualag “Wandundu”

wn{’mg (1) = Ry (1) Yom, 6, )
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“Radial Part, R,,,(r)” vas “Wentunaau” (“Z” Asaruru“proton” Tu“nucleus™)

3/2
R10 -2 (Z) e—Zr/aO
Ao
3/2

R :i(i) (ﬁ)e—zmao
21 /3 \2a, 2a,
3/2
el - (E e
2a 2a,

o 22 ( ) (ZT) J-zr/3ag
> 3\/_ 3a 3ag

. _4\/7(2)3/2<Zr){1 1(Zr)} 2r/3a,
317737 3q,)  \3q, 2\3a,/§ ¢

. _2(Z>3/2 . 2<Zr>+2(Zr)2 _2r/3a
30 = 234, 3a,) © 3\3a,/) |°
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“Angular Part” vae “Wenduatu” — “Spherical Harmonics, Y, (6, ¢)”

1
Yoo = —
0 = =
V3 _\3 |
Yip = _E cos6 Yiqg. =+ T sin@ et
v5 V15 .
Y0 = —=(3cos?0 — 1 Y,11 = F — sind cosf e*'®
= ) 1 = F =
V15 . J7
Yo42 = sin?g e**'¢ Y39 = cosf (5cos?6 — 3
212 \/m 30 m ( )
_ V21 |
Y30, =+ sinf (5cos%6 — 1) eti®
B Vo64r
105 . T |
Y31, = cos@ sin?f e*2'¢ Yorg = F sin3g e t3id
B 321 - 647
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“Hartdundu” v, o ,(7) = Ry (r) Yo, (6, §) 32 “liivenaslslagnss”

(laidi direct physical meaning)

“ASeEas” Va9 “vun” vad “Heidundu’
—\ | 2 * — — * %
|l/)n£mg (1) | = lpn#mg (r)lpn{’mg (r) = Ry, (r) Ry, (r) Yt’mg (0, ¢)Y€mg (0, ¢)

Azuande “adnuvuiuduvadlenid (probability density) [fazwudidnasau]”

‘“Tonaazwu electron” Tu “d3unsians (volume element, dV)” de

[Wnem, @ AV = Ry (IR (1) Yo, (6, ) Yom, (6, ) dV
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“YSumsiang (volume element, dV)” Tu “Spherical Coordinates (r, 8, ¢)” @
dV = (rd0)(rsinfd¢)(dr) = r?sinfdrdode

rsin 6do

Volume element
dV=r>sin® do do dr

v

X

http://2.bp.blogspot.com/-vVUBpacUEVwW/VO_U-ZAsDjI/AAAAAAAABJIO/cza50NQTh9g/s1600/sphcoordel.png
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“Tanrafiazwu electron” Tu “Usuasidng: dV = r2sinfdrdfdeg> fie
Ry (MR (1) Y, (0, §) Yo, (6, d) r*sinfdrdbdep

S ¢

“Tonanazwu electron” Tu “spherical shell” #3& “Sasintelu 7 wag “wun dr”
(& “Satinneuen r + dr”)
wldlag integrate nnArdlululdvss 6 [a7n 0 8 ] waz @ [an 0 e 27]

2T T
2R} ,(r)Ryp (1) j J Yim, (6, 9) Yo, (6, ) sinfdbde| dr
$=0 6=0

= TZR:M(T)RM’(T) dr = Pnf(r) dr

< wva
LWUANURA VDY )
Spherical Harmonics

l jﬂ fn ¥im (0,8)¥im, (6,9) sin6afdg = 1 (

$=0 6=0
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“Tannafazwu electron” Tu“spherical shell” i “Saginnelu r° waz “wun dr”

2D* —
T“Ryp(r)Rp,(r) dr = Ppp(r) dr
P,,(r) = R}, ,(r)R,,(r) = “Radial” Probability Density
“aruvuiuduvedlania (Mazwu electron) Tunuasal™
FIUDNDY
“Tonanazwu electron” Tu“spherical shell” #13 “Satinnalu 7’ uaz “vun 1 wiae”

\J

(0.0)

j 72 Ry p(r)Rpp(r) dr = j P, (r)dr=1
0 0
(“Normalization” Condition)
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“Huzinu (ground state)™:

n=1- 1,0 =0- my = 0 —» 1 state —» lplOO(?) = RlO(r)YOO(H' (l))

3/2

YA
Rio(r) =2 (a_o) e~ 27/
1
Yoo (6, 9) = Nor

3/2 2

Z
Po(r) = rzRiko (r)Ryo(r) = T2|R10(T)|2 =7 [2 (a_) e_Zr/a(’]

0

3

Z
Plo(r) =4 <_) T'Ze_zzr/ao
Ao
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“gnuzgnnszAuaauinile (first-excited states)”:

([ P200(T)

_ £=0->m, =0 1state Vo117
n=2- {{’ =1->my=-1,0,+1-3 states} ~ Yr10(T@)
(W2141 ()
1,2\ [ Z\*
Py1(r) = r?|Ryy (M)|* = 5(2_610) (Z_a(,) rie /o
7 3 7 2
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Quantum
numbers

n=
= 1s
LY B —_—
N3 (=0
a4 m, =10
i —+!
> m.s' - = o)
e Maximum
P 2
o
o Electrons
ﬂ Sy
o [/ 3d 3
o N\
RN
T —T T T T 1
10a, 15a, 20a, 258,

http://nyperphysics.phy-astr.gsu.edu/hbase/hydwf.html
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Quantum
numbers

Nﬂ-*._m n=2
= —
o =0
NL m,ﬁ — 0

5 m =41

2 S T2

S Maximum

3 2

o Electrons

O

o 3d 3p

‘g 3s

o X

T T T\;-ﬁ T 'I T T T T I T T 'I
1 Oaﬂ 1 SaD 2CraD 25a0

http://hyperphysics.phy-astr.gsu.edu/hbase/hydwf.htmi
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Quantum 5 5
numbers R SRl
+

rnf. =1
= n=2
y m;=-1,0, 1
= 1 mf =0
N m. ==+
42_‘ 5, 2 .-’.--ﬁ:.
° Maximum
8 6
0
o Electrons
o
o
E 3s
o
—T T
15a, 20a, 25a,

http://hyperphysics.phy-astr.gsu.edu/hbase/hydwf.htmi
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Quantum
numbers

e n=3

= —

o f=0

i~ 1

< m,==x=

= i :

S Maximum

3 2

o Electrons

o

©

k> 3s

0 \
L B LR I

15a, 20a, 25a,

http://hyperphysics.phy-astr.gsu.edu/hbase/hydwf.htmi
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Quantum
numbers

n=3
S
o 1s _
o {=
-l m;=-1,0,1
L~ 1
m.=I—
= ’ 2
S Maximum
S 6
o 2p  2s Electrons
o
©
E 3s
oc
| | 'I T T T T I' T T -1 T I
SaU 1 Uaﬂ 1 530 BOaD 2530

http://hyperphysics.phy-astr.gsu.edu/hbase/hydwf.htmi
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- i r‘ﬂf =0
Maximum &
Electrons

Radial probability 4nr°R 2,

3
3d  3p o
\\

10a, 15a, 20a,, 25a,

http://hyperphysics.phy-astr.gsu.edu/hbase/hydwf.htmi
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n1svn “radial distance” 91 “P, ,_1(r)” (&8l “one” maxima) e “gegn”

\iesann Rpn_1(r) o< r=le=2r/nao
v % 2
ALY Ppn 1 () =12 Ryp_1(r)|” o« r¥ne=22r/na0

d

fwas “radial distance” #i P, ,_1 (1) = 12|Rypn_ 1(r)| 3 “Ag9dn” (Tnax)
wlalaegnis “unauns”
d
P .(N=0 - 7,.Zne,—ZZY‘/naO -0 -

2nr2n—1e—2Zr/na0 _ (
nag

)7‘ e—ZZr/naO =0

a
—> Tax = N° (70) = “most probable distance”

nT > e T w8z ZT 5 e !
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(2) Tuwududayu (Angular Momentum)

(2.1) “Orbital” Angular Momentum (Z)

WATUINTTARBUNVBS “DUNIA” N3 “U3a m” uaz “Useq ¢

<

S ¥ A 4y ¥ 14 29 173 9
LU9NaN “SAU 777 A28 “ANULTI DV U “TIUIUUDINTSAE
Tufie “nauduuriinn’ m,q

L T Classical Mechanics :

“orbital” angular momentum ¥a¢ “aun1n” g

7 = — A
L=rXp=mvre,,;

r o
- (e “weoan”
p L P T @M vy & 173 29 “wa 29
L sandu LVI']dLﬂﬂ‘lﬂ N9 YUIR T LAY NANIY
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Quantum Mechanics — Ly, = Fop X Bop = T X (ikV)
— <L § “qun” Wanz “uean” wag “aeda” Wanaglu “unsiianng”
(3un “Space Quantization™)
-  “Joyailunilgn” Nawseilfineatu “L” Ae
() “u1n” Y9 “TUNUANTYULUUINLARS”

— - — 2
L=|Ll =+ 1Dh %o L?=|L| =2+ 1)h?
£=0,1,2,..
‘e c ¢ S a9 , A = = & .
(i) “@swrusznavlusuinnulaununile” (Wewnwned) — wanidy “unu z
— “z—component” Y89 “TUUUANLTIYNLUUILADT”

L, = z — component 834 L = m,h

my=—f—f+1.,0,...0—1,¢ — “2¢+1)d”
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feEing : dmiu “eynia” A £ = 2 azld
L=|L|=2Q+1D)h=V6h=245h

L, = myh = —2h,—h,0,h 2k (5d)

(153
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“Classical Electromagnetism” —

“NsiaRauil’” ¥ae “aynafidiuszluin” vinliAn “nssualiin (electriccurrent, 1)
“nszualviiin” i life “aususividn (magnetic field, B)”
“nszualniiin 17 flvaidy “a2eln” dousau “Nudi A” szuanginssuaiiowduy
“urisudndn’ As “Imuuﬁ%”'a@jmjmﬁn (magnetic dipole moment, i)

=A@ ﬁt

&

3 “au1n” Wiy “aana” ¥a9 “nszualii I Au “Wun A (Mnszualiindensau)”
1 “ne” munnmualey “ngilawdn (Right Hand Rule)”
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“@anudunus” serine “orbital angular momentum”
nu “magnetic dipole moment”

WASUINTTARBUNYDS “DUNTA” N3 “Ura m” wag “Usey ¢
& WY A ey ¥ « P T « 99
Wuaenay “Sall 77078 “Au3I V7 VU “TIUIUVRINITEANY

—

7 Tufia “nrwduuninn”

“orbital” angular momentum ¥a9 “aun1n” Ay
m,q -

L=7Xp=mvreé,, (#“wWesn”
“orbital” magnetic dipole moment vas “ayn1n” Aa

pH,=1A8,, = (%) (ﬂrz)éout = (%) (ﬂrz)éout = (g) €out

ﬁ’aﬁu ﬁL — (%)z
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I dm3u “electron” &adi “Uszy” Wu “av”
(@=—e)—>
’(A/”- l = (=)L
o I N L e
2m
—_e P )
M (“m” Aa w2avas electron)
7

Tu “Quantum Mechanics” — Hisudsu “Aarudunus” szrine “orbital” angular
momentum fAu “orbital” magnetic dipole moment was “electron” luzy

_ S A\ L S
A=~ ()=~ ()= ()

o eh
La Ug = o = “Bohr magneton”
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“Generalization”

“angular momentum yAUTEAN” Feazguunuae “J” az “Uaudanalumalaunu”
—  “yun” azgnimualae quantum number <> Faliandu “uan” wse “gud”
, L2
_ _ Ty = 2 _ il 2
J=Ul=ViG+Dr vds J2=|I]" =G+ Dh
—  “asAusznauluuuiuny Z” azggnivualag quantum number “m;” FaiiAn
“UINNAUNATNALL” 10 “—)7 A9 “+j7
mi=—j,—j+1,.,0,.,j—1j — “2j+1)"
—  “amIulUla” vae 5 fio “gud” wse “druruduuan (positive integer)”

G

%39 “v1urun3suan (positive half-integer)”

“@NNANNUS” 531319 “angular momentum” fu “magnetic dipole moment”
Az “UsUuuuingany” dmsu “angular momentum yaussian”
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(2.2) “Spin” %39 “Intrinsic Spin” Angular Momentum (f)

wanan “orbital” angular momentum (L) @singavesnu “asiaaaun (1nas) sau
nucleus” wa? Wu

“electron” & “intrinsic spin” angular momentum (§) ¢qe

“intrinsic” — {Wu “aud@nugiu” vas “electrons ynes”
“spin” — “@adenu”/Wsauiigulanu” N5 “vyusaufaes” vasing

131 “lai” awnsaagudn electron finnsuyuseudates Wesann (i) “electron” dvuin
dnun au (lutlatu) Wed “lifilassadrantelu” (1Ju “elementary particle”)

wag (i) an1snaaaeseyLineedn “electron” & “angular momentum SNUUUNTY”
7 “liigdasfiunisinfauiinuuislaes Tng “lildssyiiunvasangular momentum”
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“Stern-Gerlach” Experiment (1921-1922)

Oven
‘.,{’ Uniform
narrow slit
Beam of
silver
atoms

Inhomogeneous

g Magnet magnetic field
‘?f pole

Field Spin can take
Zerofield on only two orientations
Photographic pattern 4= Classical expectation

plate — . _
<> Experimental result After Beiser

http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/imgqua/steger.png
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o o

U 1921-1922 “Otto Stern” wag “Walther Gerlach” ﬁqnﬁwﬂamﬁﬁ niulude

“Stern-Gerlach” Experiment

Tnaisun1smaass Tl 1921 71 Goethe University Frankfurt Tudiiiaadu Stern
gaeluit University of Rostock dau Gerlach sinnsnaasssaaudnialut 1922

Mnsnaaadlay 3ali “silver atoms” (3an “hot oven”) iaasuiiu “ustaas” 7l
“gurnudmanldadneaus (inhomogeneous magnetic field)” udqdann “nrsiun”
Y94 (“tdun1enisiadauin’” ves) “silver atoms”

“silver atom” azd “electrons 47 @2 I “inner electrons 46 a2 azanissady
“closed shell” wiila “electron Huuangn” wies “Fauder” (— 14 “silver atoms”
\aRNE “magnetic properties” was electron 1¢) — “electron configuration”
¥94 “silver atom” fAa

Ag (Z = 47):[1s% 252 2p°® 352 3p® 452 3d10 4p°® 4d1°] 551
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\Wasann “electron Yuuanga” aglu “subshell 557 &di“¢ = 0” (— laial “orbital”
magnetic dipole moment) s

“laj (A23) & “arsiuu” vas (“ldumisnistadaui” veq) “silver atoms™
{99310 13 (A23) & interaction szudng silver atoms Au external magnetic field}

“Han1snaaas” Usingan

“4” 115 “usn” vae (“idunisnisiaaaui’ ves) silver atoms wWu 2 idunis

1 Y
(%4 %4

¥ 1925 Samuel A. Goudsmit uaz George E. Uhlenbeck waua (luvauzivisgds
\Ju graduate students) 41

(i) “electron” & “intrinsic spin” angular momentum ()
waz (i) “spin” was “electron” a@wnsa “91962” 19 “doeiiaAnig”

- asu1e “wa” was “Stern-Gerlach Experiment” 14
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Stern—Gerlach Experiment (1921-1922)

Walther Gerlach —
(1889-1979)
Unwdndunateasiu

«— Otto Stern
(1887-1961)
UnAandu1easlu-aLusnuY
1943 Nobel Prize in Physics*

“for his contribution to the development of the molecular ray method and
his discovery of the magnetic moment of the proton”

* Stern lasusiadarnesauihed waz “Award Citation” lilanatane Stern-Gerlach
experiment (vauziiu Gerlach gevineueglueasiudl %aasﬂéfmaﬂnmawmms‘ﬁ)
Stern 1§Sunmsiauadelildsusetaluua 82 ase (ludaed 1925-1945) iugdu
sae30991n Arnold Sommerfeld (ld5unisiauade 84 ase ualaildsusneiaian)
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Discovery of Electron Spin

| M < Samuel Abraham Goudsmit
(1902-1978)

InWANdYULSDSAUA-DLUS AU

George Eugene Uhlenbeck —
(1900-1988)

UnWANdUIMULEDI HAUN-DLUSNU

1 Y
= o/

vausnagilu graduate students il University of Leiden Uszwne Netherlands
Inedl Paul Ehrenfest \usnansdiiusnen

https://upload.wikimedia.org/wikipedia/ru/3/35/Samuel_Abraham_Goudsmit.jpg
http://photos.geni.com/p13/39/96/66/56/5344483f71737511/uhlenbeckgeorgee_original.jpg
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“electron” & “intrinsic spin” angular momentum (8): “electron” 4 “spin1/2”

—  “au1n” ¥as S azgniviualag “intrinsic spin” quantum number “s”

=

Fediandu “1/2” weeanden (A1ea1n £ Fedildvanear: £ =0,1,2, )

S=[§|=/sG+Da= ?n o S2=[s|" = (Z) B2
—  “asvsznavluiuiunuy Z” azgnimunlag 2
“spin magnetic” quantum number “m,” o
Fadeald “2 A1 A “+1/2” wia “—1/2”
Wit +3h S
1 . 1 : 1 7
ms =+ (spin up) —3h | N\ 5= 3V3nh
s ST
1
ms = -5 (spin down)

http://hank.uoregon.edu/wiki/index.php/Electron_Spin_Resonance
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—  “p1332y state vas electron Tu atom” AasssyrIvas mg aae (lidasszyan s
Wasan fandu 1/2 willsuiudwsu electron ynné)

l/)n{’mg (?) - l/)n{’mgms (?)

Feazvinli “degeneracy” vasudazA1vas n “WinIu” 30 n? W 2n?

v ¢

—  “intrinsic spin” magnetic dipole moment (fs) agaunusnu “intrinsic

spin” angular momentum (§) AIUEANUNTT
- HB\ < HB\ 2
s = —g5 ()5 =-2(3)3
iilo gs = “(electron) spin” gyromagnetic ratio ~ 2 (lidiniqe)

ayn1Adue Adl “intrinsic spin” angular momentum (S) f7e wu
“proton” waz “neutron” & “spin 1/2” Tuwazi “photon” & “spin 17
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(2.3) “Total” Angular Momentum (j )

“A1s3au (Addition)” v3a “n1saausan (Coupling)” TuiuduLayy

“angular momentum J, (j;, m;;)” A2U3UAU “angular momentum J, (j,, mjz)”

agldwaldy “total” angular momentum J (j, m;) lngi
Addululdues < {Fesey “vue™wes 7 J = |J| =j( + Dh } e
J=lU1—J2l ja —J2l + 1, -, U1 +2) = 1, (1 +J2)
way d1usuniazAIuag <5
P S v 7 9 =2 73 29 oo, _ =~
ardululavas “m;” {Fsuen “z-component” vas “J: |, = m;h } Ao
mj=—j,—j+1-,j—1j
|wen <5 91 “total” angular momentum quantum number
waz 1380 “m;” 91 “total” magnetic quantum number
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Tunsdianizdu “a1saausan’” ves “orbital” angular momentum L(#,m,) fiu
“spin” angular momentum S (s = 1/2,m,) va4 “electron” daudenu azladn

(©)

(i)

“guin” ¥ase “total” angular momentum (i =L+ §) ¥84 electron A

J =il =iG+Dh
Tnei “j” @a “total” angular momentum quantum number was electron
Tunsainalu j asfldnaud |£ — s| viaftas <17 audle (£ + 5)
Tunsdlid s = 1/2 — j asfidld “wiee 2 a1 fio |€ — 1/2| waz £ + 1/2
sniiu nsaial £ = 0 — j asfiAn “1/2” “iieednfen”
“z-component” ¥a4 “total” angular momentum was electron A

Jz = mjh
Tnei “m;” Aw “total” magnetic quantum number wvas electron
dsuudazavag <> armdululdues “m;” fo
mj=—j,—j+1-,j—1,j
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(2.4) “Spectroscopic Notation”
d1usunissey “aaue (state)” was “electron” Tu “azmay”

szylagld “Aqiav 2 62” wag “adnws 1 627
(#1) X 42

“faavnaunsn (#1)” vanai“principal” quantum number (n):n =1,2,3, -+
“aaonwes (X)” vanan “orbital” angular momentum guantum number (£)

/> 0 1 2 3 4 -« (n—-1
“S’, ‘CPQ’ ‘Cd’) C‘f” C‘g,’

“n” azuan “vu (shell)” dw “¢” azuen “dudes (subshell)”

“Faavdiafiaas (#2)” (Wewdu “@avies (subscript)”) uansa“total” angular
momentum quantum number (j): j = 1/2,3/2,5/2, - (371uua33uUIn)

WW 2py, on=2,=1,j=1/2 waz 2p3,, >n=2,¢{=1,j=3/2
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(3) ezmouiiidiannsaunatana (multi-electron atoms)
(3.1) “udnnrsnanu”vae“w1a” (Pauli’s “Exclusion” Principle)

n159nL389A2va9 electrons Tu atoms vassgsingg (“Electron Configuration™)
azdulumu “uannsiany” ves “wnd” (Pauli’s “Exclusion” Principle)

Tu “usiaz Quantum State”
Farunalag “oa” wos “Quantum Numbers” {n, £, m,, my}
2sd “electron” agld “uivafafien” wirtiy
%39
“electrons” ﬁagﬂu “Quantum System” hgnu
2zl Quantum Numbers wilaufunnay “laila” (Aoesneiy “agraday 1 62”)

\

a5u1e “a1319510 (Periodic Table of Elements)” 14
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Wolfgang Pauli (1900-1958)
Austrian-born Swiss Physicist

1945 Nobel Prize in Physics

“for the discovery of the Exclusion Principle,

also called the Pauli Principle”

(https://www.nobelprize.org/nobel _prizes/physics/laureates/1945/)

“I have done a terrible thing,
| have postulated a particle that cannot be detected.”

“That's not right. That's not even wrong.”
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(3.2) “seAunasey” vas “diannsawn” Tu “aznauiiidiannseunaigni”

Tu “aznouniidianasounatsna (Multi-electrons Atoms”:

€99

“SYAUNAIIIE” Va4 “electron” azAUNU “N9” ANUD9 “n” wazA1vag <P’

Tneazll “anaunsi3es (sequential order)” vag “seaunasey’ Wunsll

4
1s v V¢
2s 2p < V¢

3s 3p 3d ¢v V/
4s 4p 4d 4f ¢ (<
55 5p 5d 5f 59 v ¢
6s 6p 6d 6f 6g 6h
“prasinsaavannula”
E:ls > 2s—>2p—>3s—->3p—>4s—->3d - 4p - 55 - 4d - 5p -
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“d1uau electrons gegandila” lu subshell “£” fa “2 X (2€ + 1)”
[usiazA1999 “L” 2z 8 “m,” 10 “2¢ + 17 Aruas 4 “m 16 “2” f1 (mg = +1/2)]

t - 0s) 1(@ 2(d) 3(f) 4(9)
I electrons gega — 2 6 10 14 18

“Spectroscopic Notation” dwsun1sszy “Electron Configuration”
szylagld “Aqiae 2 62” wag “Adnws 1 627
#1) x #2)

“Gamvnaunsn (#1)” vanai“principal” quantum number (n):n =1,2,3, -+

“faanws (X)” vanan “orbital” angular momentum quantum number (¢)
“n” azuan “du (shell)” dw “¢” azuan “fudas (subshell)”

“Fanauiafisges (#2)” (Jewdu “superscript”) ven“siuau electron lutugdes”
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=

(3.3) “n1siniBesvasdiannsau’ lu “danusiu’ ¥a4 “aznauiidiannsaunaleni’”
(Ground-state Electron Configuration)

131 “iin electron” a1n “sEAUNAIUAER” Nau

Hydrogen (H) Z =1
Helium (He) Z =2
Lithium (Li) Z =3
Barium (Ba) Z =4
Boron (B) Z=5
Neon (Ne) Z =10
Sodium (Na) Z =11
Argon (Ar) Z =18
Potassium (K) Z =19
Silver (Ag) Z =47

IR 2R 2R 2R 2R 2 2 R

1s?t

152 (1 subshell)

152 2st

152 252 (viu subshell)

152 252 2p?

152 252 2p® (v subshell)

152 252 2p® 3st

152 252 2p® 352 3p® (1Aw subshell)

152 252 2p°® 352 3p® 4st (luild 3d?)

152 252 2p°® 352 3p® 452 3d10 4p°® 4410 551
AN13adUaINY
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(4) “alnasu” vae (“Aduuiwaninin’ #) “aznax” (“gandu’” w3a “wiaanun”)
(Atomic Spectra)
“nrsilasuszauwasenu (Transition)” aes “electron” Tu “aznou”
(a) dlunisasuain “szaunsingssiuan” e “seaunfingeanugnin”
ARl “N155U/QANAUNAIL” 210 “Tawanday” RennsEuIun1sll
71 “absorption”
(b) dndunisidsuain “szauniinasaiugs” lUds “seauniinasanuninin”
A9l “nrsUanlaanase” Tiun “Gandau” (3unnTzuIun1Isl
1 cc - - 29 = 1 Y < 1 =
91 “emission” geausaudslady 2 uwuutisy Ao
(i) “spontaneous” emission — {AnIULaY “Taesssurid” {iunaduiilas
21nN159 “szuunisnianiw (physical systems)” wenaauusudaesli
aglu “anrenindsunangauvinndulule}

(i) “stimulated” emission — inFuLlasEUU “gANTEAL” INABUBN
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lunsalf “wassuineadaslunisideuszaunasany” aglusd “Electromagnetic
Waves (#39 Radiations)” %39 “photons” az3en “A15tUasussAuNaaIL” 91

“Radiative Transitions”

“Three Kinds” of “Radiative Transitions”

Ef E; E;
E; Ey Ey

absorption “stimulated” “spontaneous”
hf + E; = Ef emission emission
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“nsiUABuszAauNEsu” vae “electron” Tu “azaaw” azluluau “ng” M3andn
“Selection Rules”

“Selection Rules” dwusu “hydrogen atoms”
(i) laisi Selection Rule dwsu “principal” quantum number (n)

(i) A = +1
(iii) Am, =0, +1
(iv) Am, =0
(v) Aj = 0,41

(vi) Am; = 0,41

“asidaguszaunasanu”’ Mmduldnnu “Selection Rules” azisanin
“Allowed” Transitions

“arsdasuszaunasen’”’ 9 <l Wuldsau “Selection Rules” ag “flanaiintiay”
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wa1saun “lowest energy spectral line” Tu “Lyman series” n=2on=1

n=2
25— 2p """""""""""""""""""""""""""""""""""""""""""" 2p3 /2
2p1/2
1s n
n =
1s 1/2
“non-relativistic” “fine structure”

Lyman “alpha”line (L) Lyman “alpha” doublet

—  “uglaz spectrum line” Tu “Lyman series” asusnaanidu “Doublet”
—> “fine structure splitting” of “spectral line”
(“relativistic corrections” — “fine structure™)
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wa1saun “lowest energy spectral line” Tu “Balmer series” n=3<>n=2

3s 3p 3d
28 2D
Balmer “alpha” line (H )

Ay =0.365cm™
A, =0.108cm™ & Az

2 =0. YIS <« “» I Intensity
A;=0036cm™ | =S =

@& © 0 O.© @@ e
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(5) Usngnisalduuuy (Zeeman Effect)

“nsuen” a9 “seAunaseu” [va9 (“electron” Tu) “aznau’]

a e 1 < a - - - D\
WB991n “durundiandanainnieuan (external static magnetic field, B)
(Fedanaldann “nasuen’vas “spectrum lines”)
znansansal “strong magnetic field” (— liaArdsns “fine structure™)

“electron” &ive (i) “orbital” magnetic dipole moment

— #B =4
== (5L
d. eh (13 29
LD Ug = - = “Bohr magneton

way (ii) “intrinsic spin” magnetic dipole moment ()

is=—-g:(2)5 =2 ()3

13a s = “(electron) spin” gyromagnetic ratio ~ 2 (laitiniag)
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Sty “total” magnetic dipole moment was electron fe
— — — MB = =
A=+l = —(7)(L+25)

“Classical Electromagnetism” — “potential energy” \flasvnn “interaction”
sen319 “magnetic dipole moment 2> fiu “magnetic field B = Bé,” #s
= Up
Us = —F-B = —u,B = () (L, +25,)B
(aun1sdnsuudemsldlalu Quantum Mechanics aae)

4 T gaa‘l AT a9y cc = 18 9
A9l “WaLuL” TNy “wassudn” (vas electron) “Aauaziiaunsuusivan
F9zyin e “n1Tuen” UBd “TEAUNAINY” AUAIBS “m, + 2m”

AEg = (m; + 2mg)ugB

(Batinlug “nasuen” vase “spectrum lines™)
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Aag1e @ “ns”—state — /=0 — m, =0 (Ahe7)

—> S:% —> mS:_§’+% (cczaaﬂ-,])
mg Ms mg + 2mS
0 +1/2 +1
-1/2 -1

228l “AsuEn’ U9 “IEAUNAINUYDY NS— State” santdu ‘2 sEaunassugas”

{ma “Truruamduldls” vas “m, + 2ms”}

(m,, ms, m,+ 2ms)
(0, +1/2, +1)

En ‘:11.1_: A
ns usB
(0, -1/2,-1)
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Aa9g1e ;. “np’—state —» /=1 — m,=-1 0,+1 (“3” @)

= §=3 > Mg=—3,+5 (“27 ")
Ms m, | m,+2ms Ms m, | m,+2ms
+1 +2 +1 0
+3 |0 +1 -3 0 1
—1 0 -1 —2

— 928 “A15uEN” Va9 “ITAUNAI9IUYBY NP— State” aanlu S szAunatuEay”

(m,, ms, M, + 2ms )
(+1, +1/2, +2) x

(0, +1/2, +1) — “Bg
E, - (-1, +1/2,0) — ZZB (+1,-1/2, 0)
! 0, —1/2, 1)
5 1,2
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A29819 ¢ “n1swen” wag “spectrum lines” vas “n’p — ns” transitions
“selection rules” —» (1) Al=x1, (2) Am,=0,£1 uaz (3) Am, =0

m, ms m, ms m,+2ms
14172 . G B 2
0 +1/2 * = +1
nN'p —e— —1 +1/2 —o o +1 —1/2 0
E
D | 0-12 -1
Ams=0 * -1 -12 2
Am,— +1| 0| -1 +1| O] —1
O +1/2 A 4 A 4 \ 4 —I—l
ns Y BA
ILlB \ 4 \ 4 \ 4 \ 4
—-1/2 -1
A|,D B,E CiF 0 /
fo fo+ (1eB/h) fo fo+ (usB/h)
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Tu“nouusn” MlinsAnwi3as “Zeeman effect” 151“lif4n electron & spin”
Sty AEp = m,ugB
> 1 “A1suen” vee “sTAUNEINY” aanlu “(27 + 1) seaunassutey”
(13 “Fruruidululs” ves “m,”)
Tagf “szozuon” agil “vurawiniu” dwdu “ynsziundeny’”
“ns’—state - (=0 — m,=0 — “Lifin1suen” Va9 “TLAUNAII

“n'p’—state > (=1 —> m,=-1 0,+1

> §“aasuen” 9949 “seAunasn’”’ aandu 3 seaunasiugae”

174 19y o o o, . 29 & 173 Y 9
- AIA31” AISAZLHAU “usaz spectrum line” weneanilu “3 1du

{lagl4 “selection rule”: Am,=0, +1 }
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1B c m,

B s +1

n.p . v r~ 0

—1

ns — Y . 0
fo fo+ (usB/h) fo  fo+(usB/h)

Tu“nrsmnansase” (@eld “weak magnetic field” — dasanidsiis“fine structure™)
WU
“usiaz spectrum line” wenaan “urnndn 3 tdu”

39381 “Anomalous” Zeeman effect (lasa1n “Linssiviiaainaziiu’)
(“anomalous” = “NaUnR’)
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(6) Seddnd (X-ray)
Electromagnetic Waves #3i “0.001 nm < 1 < 1 nm”
wulud 1895 1ae “Wilhelm Roentgen”

Evacuated
tube

e

Electrons

Target il

\Y%
L
I

i

[ .1

3o llantlun1sNanSIEdND
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X-Ray Spectrum azusznaudag
Continuous X-Ray Spectrum waz Characteristic X-Ray Spectrum

Relative intensity

A%

=k

SCPY158 Physics Il 2562 — Atomic Physics — Theory

K

L1

Characteristic
X-rays

X-rays from a
molybdenum
target at 35 kV

-

Brahmsstrahilung
continuum

T

Wavelength (nm)

http://hydrogen.physik.uni-wuppertal.de/hyperphysics/hyperphysics/hbase/quantum/imgqua/xraych.gif

NANS yyegns Wand wiina

75



“Continuous Spectrum”

finaannnsi “electron” Fagniseding “adusinedng 1 aufiaausage
“anuiing” vise “viliingn” (asanmsvuiud)
“Wiauaal” vae “electron” wWasmdy “wdsu” vas “photon”
Bennszurunisiid “Bremsstrahlung (= Braking Radiation)”

A Ay B9 “lidudurtinvaadl”
mildann Waule “wassusainun” ¥as “electron” (@awinnu el)
= DBlat Coqn 14
Wagudu “wasew” vas “photon” (Afqx)

hc

Keiectron = €V = hfmax = 1.
min
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“Characteristic Spectrum”

\inann1sh “electron (A1nneuan) NUWAIIUES” vUAU “aznauvaain”
udwinlv “electron (vasaznaw) Negdulu” vansanly
a Id e ! 1 ’9 dg!
WNALUY “Ua9919” YU
\lia “electron (vesazmow) Nagluszaundsanugs” wWasulvaglu “daeing”
3¢ “Udae/Aenaseny” sananluzuvas “photon”

a1 “electron (vaseznau) Nagvuly” ivgesanly As “K electron (n = 1)”
2zl “K-Series”

o1 “electron (vasaznaw) Negdulu” nvgaeanly Aie “L electron (n = 2)”
azla “L-Series”
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K, ;
X
Cathode
Electron
Nucleus S
\ <
e
\ ___//

https://gph.ec.quoracdn.net/main-qimg-19bc3d59d5d8603e6340c500f99e261e
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(7) wawwas (Light Amplification by Stimulated Emission of Radiation )

i “use” 7 (1) 8 “anudugs”, (i) ¥ “Anu819A8U (W32 ANND) Lhea”
waz (iii) Wu “wasormius (coherent — faduaranansin)”

“nann1s’ Tun1sn1 “LASER”:

(i) “Population Inversion”: asiiunisiinali “sruau atoms A electron gl
excited state” finnnndn “druu atoms #idi electron aglu ground state”
Tagns “Tindesu” e “nszdu” T electron “Wasusziuwdasu” aan
“ground state” lUaglu “excited state” (Bennszuaunisiddn “Pumping”)
(lusn1azun@ “druau atoms 73 electron aglu excited state” azifasnd
“§runu atoms s electron aglu ground state”)

(ii) “Stimulated Emission™: “nszdu” v “electrons” @saglu “excited state”
“iWaguszaunasey” nduanagly ground state wiaue fu
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Photons produced
by stimulated

200000 E_E B Y Y Y YY) 2 emission have
W If a significant a definite phase
population inversion relationship,
E hoton = U exists, then stimulated producing
Incident emission can produce coherent
photon significant light light.
amplification

http://hyperphysics.phy-astr.gsu.edu/hbase/imgmod/gpro3.gif
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Mon - radiative

Absorption 3
bands of the g\ transitions to the
chromium metastable state
Cr3+inn5 from the pumped levels.
Green light L ;
absorbed 2 Laser output in extreme
\/\W\/‘ Metastable red at 694.3 nm
state \/‘\/\/\/\f\/"
Blue light <J
absorbed 1k \/'\/\/\/\f\/"
Stimulated \/\/\/\/\f\,_’
Emission 1.79eV

Pumping Levels for Ruby Laser : (Al,05: Cr3%)

http://hyperphysics.phy-astr.gsu.edu/hbase/optmod/imgopm/ruby2.png
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LUUHnue “Wandaznay”

1. dwmsudannsauluszaunasenu n = 4 aulsuavaleudy £, my, m, Mduly
Tanaviue

m{)=0
m,=0-1,0,1
m, = —2,—-1,0,1,2
m, = —3,-2,—-1,0,1,2,3

n=4 -

S s s o
Il
w N O

VRN
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2. dwmsuddnasauniaglu quantum state £ = 2 asnauAiausalul

(N)  VUIAVBILULUUANLIIUN TNV [V6 h]
(¥) @199 L, naviun [—2h,—h,0, h, 21]

()  Magluansiianisvas L dululdiieuivunuy z
£=2 - my=-2,-1,0,1,2

(n) L=|L|=Jt¢+Dh - 2@ +1)h=vV6h Js
(@) L, = —2h,—h,0,h, 2k
(m) 7 A
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Binasauinileaglutuy n = 3 asvuiaiilaiigauadluauiugayuvas
dlanasouAilunuiuny z [3A]

n=3 > lpax =2 2 |Mylpax =2 2 |Lylmax = 20

Wentuadudqusafivesdianaseuiiaaus 2p lueznaulalasiau Weuldidu
L
Ry (r) = e 2do

\/—(261(,)3/2 ag

IamamﬂmawmwuaLanmaumuaamamnmLﬂaﬂamae‘laiﬂmmﬂuﬁuauma
winla [4a,]

Rypy(r) = Are /2% - P, (r) = r2|R2p(r)|2 = A?r*e="/a0

dP e~"/%
2P = A2 {(41‘3)6‘”“0 +r* <— —)} =0 = r=4aq
dr Ao
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a < vl 5 v A 0 W Aa 1 <
vuavauilululananma Sluu AN TIYUN T2 UTIANI VB IEUULLILAAN
B farlatng wiannvuali orbital angular number £ = 2

[90°, cos™1 (i %) ,cos ™! (i \/%)]

2h 2 2
cosf; = 0, = cos™! (—)

= -
Vehn /6 V6
g h 1 9 _1< 1 )
cosf, = = - = COS —
‘" V6n 6 ’ V6
0
cos, =——=0 - 6, =90°
3 \/gh 3
cosl, = cos(m — 60,) = —cos 0,
1
— 0, = cos™ 1 (——)
4 \/g 1
cosf- = —cosf; — 6, =cos™?! (——)
5 1 1 \/8
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6. [F2553] Warsadanaseuluezneulalasiauiiidenduniv

Y - <27 18 — + 2 r2> ~r/3a0
om, = —18 — — |e
T 81V3m ol a, " ag

(a, Fernsiaiiendn Safvaslus, r Aessezvneiiinainiivades)

sualdauuwivinnieuenivun B waztlufia +z

(n) Lﬁaﬂmsmqmmﬂaﬁ%’uﬂ?iuwhﬁ?uimhﬂ%’%’agaﬁlu6] UnANYIAAI
Sidnaseudifivlafdundutl azeglutu 4p Tavield wmszwala dlaild
Sidnaseufiiflefdundutinaseglutula Tnauausenaudnauves
UnAnvInY

(@) dlideyaiiaudndn ezneulalanauiifingenu —1.5 eV vuedigiliog
Tudunuuaiwan %’agaﬁuanﬁua%mauﬁuﬁ'ﬂﬂ uazlAwinle

(M)  ndeyalude (n) uaz (v) vwaluwudindauvasdianasey |Ly,, | 1u
winls
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\iesann R,.,(r) « (power series ﬁﬁﬁ'}é’ﬂ@%jﬂ r=1)e~T/ndo
g “Duuman’ Tu “power series” azwinnu “n — £
f=n—1 - awlilwey > "1 > R, ()« (r" e "/n
t=n—-2 - wl2weu > R, o)« (Ar"2 + Br~1)e~"/ndo
=0 - adinwmey - R, (1) x (Cy+ Cyr + -+ Cp_qr™ e 7/na
(n) gwidlu power series fifdsgegn = 2 — n arsdandu 3
druiidu exponential function fia e /3% - n aqsfiandy 3
urumanlu power series = 3 — £ aasiiadu 0
—  Binaseuiiiilsitunduiinasedlututos “3s”

@) , 13.6 13.6
v  ysnAIn : E":_nz eV =—-15el/ -»n= T5=3

@ £=0 - L=|Lyy|=/ELE+1Dh=0
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7. anusingnisal Zeeman aqlguskunInkanInIsia splitting aneldsnsna
YosauaLlman waznsasussiundsnuiidululdvesdiinaseuainty f
189 d Tnedanldfuusimunzaudsznaumasuie

alaifa “spin” was “electron”
23dl “N1THENVBITEAUNANIY” ATUAIVDY “m,”
E,— E, + mpugB

dudes f > £ =3 > m, = —3,-2,—1,0,1,2,3 - usnoaniu 7 levels
duos d > £ =2 - m, = —2,—1,0,1,2 > uaneanlu 5 levels

“selection rules” dmsun1saguszAunassIu A Am, = 0, +1
T, : D) 114 S Y99
waiag spectrum line” ag “wenaanidu 3 1Hu
“ryzTzninuduiiogfinny” = ugB
J/ Y

“normal” Zeeman effect
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(£=3) o * o—:%

Y Y

d \ : Y Y Y[ _
£ =2) ¥ ¥ ¥
Amp,=+1 Am,=0 Am,= -1

Am,=+1 0-—-1 f_>
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8. annsAnwIUsINgnIsal Zeeman wudnaiunasuduniiaainueingu 1 Tu
= a < [ 1% 1 < =g
aunsuvilivasaznadlalasiau ian1suenaanilu 3 wu nelaauiuuiwvan B
lnganuLanA1esErdaugInauvasEUnasuiaginnuae Al

uAEUINULAN B aananlumauves AL, 1 wazaandsduimunsay
[4nmc AN

e A2

weneantlu 3 wdu — “normal” Zeeman effect
“spectrum lines agAnnU” W “WAIUANNY” Winnu AE = ugB

U

P T a v, AE ‘LlBB
N3IU AIUANINNUY Af = 3

_c Y A c|AA| ugB  c|AA|
27N f—z wld  Af = — (ﬁ) > |Af| = — > ===

ch IA/1| N (Zm) |AA| 3 <4nmc> |AA|

en) 22~ \ e ) 22
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9. il wisawnulunasnisdidndgnidaedianasau Fagniseainnealiaiisniy

=

A1edng 40 kV asmaueanauiidesiigaves bremsstrahlung radiation #

Aatuy [0.310 A]
hc hc

Ao = —
min eV

Keiectron = €V = hfmax = 1.
min

(6.626 x 10734 ]-5)(3 x 108 m/s) i
Amin = - = 03114
(1.6 X 10~1° C)(40 x 103 V)

10. awasviantealinganiaauentnau A Inelin1asvaanauniinu P aswininlu

vauziiawasiawinmu aslilineugniasseanuludiuviunailunsaziund
[PA/hc]

wasauluan 1 3un P PA

91u2u photon Tutaan 1 3ui = — = =_C
b WaYUYas photon 132 hf hc
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11. [F2548] Hentunduvasdianasaunau 2s luasnaulalasiaudsuldidu

r
Y200(r) = 2 — —) e~ T/200

—(

a
4 [2mal °
(n) auenedn radial probability density P(r) vosdiinmsautl Ao

1 r3 r4
P(r)=——=|4r? -4 —+—]e /%

W9 a, A Bohr radius

{0990 Py (1) = 72|R,0(1)|2 = Poo(r) = 12|Ryo(1)|? — Hoamn Ry (1)

21 Y200 20(r) Yy (0, i v a3/2 ”
V2 r
azla RZO(T) — — (2 — _) e~T/2a0
4a0 Ao
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(%4 1

() mwmamﬂuﬁ%wuaL?mmauwhﬁ'uqué agniaivinlaung

r2 7\ 2
Pyo(r) = 1%|Ryo(M)|* = @(2 B _> e/

0 Ao
J

Pyo(r) =0 i ())r=0,@i)r =2aywag (iii)) r = ©

(A) dfpenisnnd anutaslunniiganazwudianaseuagisaiivinlaiu
unAn¥1ziiIsNIsinedsls asasunglndaau uilidasruinmianiall

UUaaNU
dP(r) .
v 1 S o 14 < a I <
WAFUNT = 0 w1A1 r MIaun19duase Wewdu
dr
2
d°P , ,
Yy < « ) < o 1 Ao a
W1 F adu “au” r = r; anlu duvdanilanianwu electron uniiga
r
r=Trop
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2

P ( ) r (2 r )2 —1/ag re (2 r )2 -r/ag
= — —— e — — —_— e
2087 8ag a, A a,

2

T g e () )
o) () =0

wr(e-2) (D)) -5) ()0

r(2-Dfe(-2)-2(2)- (- D)D)} -0

r(2-Df-2(D)-2(5)-2(D)+ ()] -

SCPY158 Physics Il 2562 — Atomic Physics — Exercises NANT yzyqugf Wand wiina
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(2-D)fe-6(2)+ (%) ] -0

ausde Pyo (1) azdian extremum (Zsoradu minimum #ia maximum) fe

r =0, = 2a, waz Naunuinnlaannisuiaunis

r \?2 7 \2 r
s o(D) () =0 - (O ol 40
Ao Ao Ao Ao
Fadu “aunsindsaas (Quadratic Equation)” — & “Ainav” s

ry  —(—=6)x/(—6)>—4(1)(4) 6%+20
( )_ 2(1) 2

r
(a_) = 0.764 waz 5.236 — r=0.764a, waz r = 5.236 a
0

=3++5=3+2236
Ao
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Q) WVIUNTINUUATIIE 58138 P(1r) AU r

P(r)

2a,

@) BsuduinTanudnstennuiraslunazwudianaseulude r = q, s
r = 2a, (Invlidasduiitninasnu)

Jzao P(r)dr
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12. [F2552]
(n) ﬁmszmaLﬁnmsauﬂuaaazmaulaiﬂiLauﬁLauagﬂu%'u 5d BANATOUIL

wWasulagludu 1s laviveld mszmale

5d > =2 wazls » £=0 awu A = =2
&9 “Un” nu “selection rule” Af = +1 — “Wasu” szaunasau “laula”

(@)  AIsuNsilABusTRUNasuvesdianaseuluesnaulalasiauaindu 51
Wdasy 4d dreznaulalasiuagneldauuivanvuia B azwudn i
nudTUlAatadu LazaeAIND JUTSULNUNTNWLAAITZAUTUNEY

v a w Yy o« yag v = y
wazasanidunsuadunndundululanlianudgega @mnduanig
i udduniaudgmgainty viuainmsuatunlvianuna1au)

ave 7
U
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(A dnduanaiuiianunnlasiigaveudsitinainnisiuasudunasaulu
19 (¥) aglugudunsnsn anudnungaazagdeule

AauenauL () —
9ans1lalatan 129 AN UNRU Y2 A9 LER WAY  DUNSISA
<~ aud (f)

(0 Unngnisalinindulude (v) Jvaeninesls
“Normal” Zeeman effect

@) dnduaunasuludes (@) udastdunensaniduassidudas azSunys
Usingnisalilinesls

“Anomalous” Zeeman effect
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13. [F2552] ansandidnaseuluazaaulalasauiiiveiduaiy
! 7 4 (sing)(e~'®)e~T/240
8Vm a,”” %o
e a, AernsiaiiFendn Sativaslug, r Aeszezvnsiidnaniiamdes fvuals
sunwimdnaeuanivuin B waztlufia +z
(n) deRarsananilsiduadu dnAnwAndn famuiesvesilaiduaduiias
Ju 300 lausalsi wwszmele

l/}nfmg —

druiidu exponential function vas r Aa e /2% - n adsiandu 2
dauilu power series fifndsgegn = 1 — n arsiiandu 2
$rurumenly power series = 1 — £ aasiiandu 1 (Argegaiduld)
dauilillu exponential function v ¢ Aa e~ - m, asiidndu — 1

"

falaviingvssienduaauiiaisazidu 21 — 1
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(W) dliideyaiiaindn aznoulalasiauiliingsanu —3.4 eV vauzndaliiagly
auusaiiian doyativandaavalaududala uasiidinle

13.6 13.6
m eV=-34eV -n= EViS

vanArn: E, = —

(A) dneznaulalasuilegluauuwivaniivwn B waswludia +2z wui
azpaulalasiauidiinaseudosnitluds (v) Tngnas19uaInassIulan
up B Yoyailuandaavataududala waziiawinle (d1ldda “spin”)

UanA m, : WAt “deendt” Weldfiduuwdvian ugB - m, = —

@)  andayalude (v) uaz (A) BwaluwwRTUvaIBEnasaY |L,,, | \Ju
winls

Loy =A@+ D A= /11 +1)A=V2h
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@) andeyalude (v) uaz (A) 3AzUNERIRANISYRY L, MUULULG
euaigunuuny +z
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