
 

Lecture13 Interaction of radiationand atomic systems

Learning objectives

In Atomic transitions

2 Complexrefractive index of atomic Systems
3
Homogeneousand inhomogeneous broadening
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iii Two level systems
Hydrogenatoms etc
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How to model this system

p2Erivan⽔以⼆⽔⼼
polarization p N2E
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in QM but can be approximated by classical harmonic
oscillatormodel

In this case the 2level transitions are regarded as

dipoles They are known as Rabiosiy

Recall classical harmonic oscillator model

equation of motion

m㼭 t m r装 mix e E

where x is the position of electron relative to the atom
m is the electron mass W E2

Eiisoscilktionfeq.ofei.snis dampingcoefficient
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Let E E
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induced dipolemoment
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So atomic polarizebilly

ii
If there

areNatomsperuniiii.lt
X It NE H

m 器⼼的 w

where X X i X
m 器⼼ 以

ahen Xcel ⼏⼆ It⽐⼆ It zi i.im
When w_w

2 zo
wtirlniEHXltzolwou.TT⼽ i x

2 器 12
⼀⼀

4



E it x H
4 器 in 化 以 0
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assumed sgkresonantfeq.in realatoms

the many resonant g iUsing time dependent theory in QM

we Iiiiǘsi t.is their
strength
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等 uixudx.dy.dz
where u 2 u are wavefunctions of eigenstates
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IGmplexn_refanheindexanddi.com
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Electric field inside the medium
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When w_w

n_n in H器器 岤 __iamwitng
x_x_必 器 器 in i2旕 器 了
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Strong dispersion around atomic transition

k can be positive absorption or negative gain

D Absorption 䍉 o

Jpeg intel
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2 gain Ck so 靠
1 ⾬ 意

30 Normally NgsNj Ck so to realize gain we need

Some pump to inversethe population NgaNj
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7Homogeneousandinhornogeneousbroadning

ee.ltbsorption coefficient of two level system
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tennend.fnaitc.IE
GOAbsorptionspectrum is the same as the spontaneousemission

spectrum

Thismeans that absorption lradiation is not strictly
monochromatic Theabsorption spon.emission spectrum is brog
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Define g⼼ ⼆ 点 inn as the lineshapefunction

and fnfgnsdv l.gov dv probability of spon.emission

fromlevel 2 to I will resuit in a photon whosefrequency is

between v and

vtdv.gl0
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where e is the lifetime of the emitting state

Homgeneoufning.finite lifetime ofelectrons in upper or
dowar states or collisions

So or 去 ii t ti t ii

upper lower
ˋ Collision

iii lifetime of the excited state
Collision of an atom embeded in acrystal with
phonon

Collisions beweenatom5
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Comments

OForhomgeneousbroden.mg spread or is characteristic

of each atom in the sample go describe the responseof

any atoms Atoms are indisting

Forhomogeneousbrodeningye.ach atom has a same No

Inhomogeneoushry
individual atoms are distinguishable each having a slightly

different transition freq.ru
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NO
Spectrumofspontaneous emission reflects thespread in each
individual transition frequencies not the broadening due to thefinite

lifetimeof the excitedstates



To possible reasons

Impurities or random strain in the hostcrystal

iil n.to

Forgo.seon atom or molecule transitionfrey.ruis doppler

shifted T movingvelocity

v_v ⼗⾄2

transitionfreqof astationaryatom
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