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m Electric and magnetic fields

E =1iEy =iFEy.cos (0t —kz)

B = jBy = jBgycos (0t — kz)

= Periodicity

« Space = E(z) = E(z+\A) = k=2n/A

* Time = E(t) =E(t+7) = 0=2n/t=2nV
= Velocity = ¢ = ——— = 2.997910% m/s
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|.B. Photons
foecuomagnet g

Black-body spectrum

= Plank (1900) = EM radiation = ;"] /= "
H H E ’ / fo00 K L :
Photons : E|nSte|n (1905) §1oo // / = i“’“%
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m Energy = E =hv = E = hf = ho (h_i)

= Momentum

E = \/m(z)c4 —|—p2C2
I mp=0

E=pc— p=
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|.C. EM spectrum
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THE ELECTROMAGNETIC SPECTRUM
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|.C. EM spectrum
Pt

EM radiation A (nm) E (eV) Molecular transitions
Radio 3% 108- 4x107°-

Microwaves 3x108-10° 4%107%-1.2x1073 rotation
Infrared (IR) 3.84x10'-10° 1.2x1073-1.7 vibration
Visible 780-390 1.7-3.2 electronic
Ultraviolet (UV) 390-10 3.2-120 electronic

X Rays 10-0.006 120-2.4x10° ionization

Gamma Rays 0.1-1x107° 10*-108




II.LA. Time-dependent ATOMIC SPECTROSCOPY
Schrédinger’s equation _-

m Postulate 5. The time evolution of the system is governed by the

time-dependent Schrédinger’s equation

ihawéf’t ) AW (xr)
= Stationary state
. W(x,1)|? =
‘P(x,t)z\lf(x)e’E’/h%{ e = el
quzE\p



- ATOMIC SPECTROSCOPY

#*_II.B. Transition probability

= Isolated system = A(0) (x)w,(f’) (x) = Eno \|an (x)

% = Stationary state
ata 0 —iEO)/n |2_
, —

ye,r) =) (x)e
= Perturbation (EM) = H (x,7) = ) (x) + A’ (x,1)

lha‘P(x 1)

) ()W (x,0) %‘P(x,t):%c JOv? e

dc;
iy v e
J

=1 —
fwwﬁ‘)’<x>>*w%9><x>dx=<w§°>|w£3>>=sj,m{ iy



= ATOMIC SPECTROSCOPY
E
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*_|1.B. Transition probability _-

m Force

F=¢E+21vxB
C

I 0P~

F~gE

= Potential energy
F=—VV—>V:—/Fdr

|l discrete charges

V==Y griE=—pE
i

N——
o

JL— electric dipole moment
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*_|I.B. Transition probability _.

= Dipolar approximation = molecular size < A

E ~iEy.cos(wt) = H = —p-E = —uEg,cos(ot)
!
Hyy (t) = —Eox (mlux|n) cos(o1) < =) qixi

transition l
dipole
moment

2
| Eox*[{mlux|n)|*

! . ,
/ cos @t ! Pmnl gy’
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#*_II.B. Transition probability

I(pn+o) _ 1 ei((!)mn—(o)t —1

|Eox|?| (m]px|n) | | €’
412

Poom(t) =

Wpmp + O Wpn — @

s Ep #0

m (m|ux|n) # 0 = Selection rules

m O —0O<<Opn+ O

. 2
‘2 el((!)mn—(l))f_l

Omn—O®

|Eq| 2| (mlux|n)
Pn M() U 4h2x

[Eox|[(mlux|n) |* sen” (@ — w)t/2
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% |1.B. Transition probability _.

o Maximun

Pom(t,®)

o Absortion
N v>0=E, >E,

AN

Prosm(t) = |Eox|*|(m]pax|n) |* sen* (@pmn + @)1/2
n—m h2 ((Dmn + 0))2

o Maximun
O =—Omn — En—Ep=hv

o Emission
v>0= En > Em



ATOMIC SPECTROSCOPY

[l.A. Hydrogen atom _.

= Transition dipole moment = (y;| |y ;)

( p=—er
r=xt+yj+zk=rsen0 cosdz+rsenO sendj+rcosOk

o\

\ <\|'Il‘u‘\|1]>:<\|jn,’l/7ml7m§‘I'L‘Wn,l,m,ms>

<\|fn/7l/,m/,m§|/J’|\|In,l,m,ms> ——e f(‘)X’R;,’l,(r) r Ry (r)dr
2
SO (0)

CID;;,(q)) [sen® cosdz+sen6 sen g
+c0s0k|0; ,,(0) Py (0) sen0dO d¢ (mst|ms)7#0

u (my|mg) #0 = ms=m}, = Ams =0
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[l.A. Hydrogen atom _.

(CI);,|Cbm>:f()2ne_im/¢eim¢d¢7é0 = m=m’' = Am=0

(@F [ sen | @)= [F" e O sen0e™d9£0 = m'=m+1 => Am=+1

<cp;;/| COS¢|¢m>=f02n€_iml¢ Cosq)eimq)d(b;é() = m'=m—1 = Am=—1

{ (01,1 05 0]@,,)= [ @7 ,(6) cos 00),(6) sen 0400

= Al==+1
(®y,,/|senB|Oy,,) :fozn (H);“,m, (0)sen00y,,(0) sen 8d6£0 }

<Rn/,l’|r|Rn,l>:f5°R:/ l,(r) r3Rn7l(r) dr#0 = An=0,£1,£2,...
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[l.A. Hydrogen atom _.

m Energy differences (excitation = ny > ny)

21,2 4
uzZ<k<e 1 1
AEn)—ny = Eny —Eny = =5 < 2 2
2h ny nj

= Lyman series = n; = 1 = transitions from the 1s state
e ls — 2s = Al = 0 = Forbidden

ls — 2p = Al =1 = Allowed

ls — 3s = Al = 0 = Forbidden

ls = 3p = Al =1 = Allowed

ls — 3d = Al =2 = Forbidden

Transitions 1s — np
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[l.A. Hydrogen atom _.

= Balmer series = n; = 2 = transitions from the 2s or 2p states
e 25 — 3s = Al = 0 = Forbidden
e 2s - 3p = Al =1 = Allowed
e 25 — 3d = Al =2 = Forbidden
* 2p — 3s = Al = —1 = Allowed
 2p — 3p = Al =0 = Forbidden
* 2p — 3d = Al = 1 = Allowed

* Degenerated transitions 2s — np, 2p — ns, 2p — nd
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[l.A. Hydrogen atom _.

m |nitial state 2s = Relaxation into 1s = Al = 0 = Forbidden =
Metastable state

= Spin-orbit coupling = o« L - S



