Interaction of Radiation with Matter3

Absorption coefficient, absorption cross-section and oscillator
strength

Recall ;
dF=W(N,—N, )dz=-c(N,—N, )Fdz (%)

Where F is the photon flux ( number of photon per unit area per unit time )

ot
hv
And
2’ 2
W=——— I g(Av
3ne,c b’ [ T g(Av)

Now multiply (*) by hv;
sdl=—c(N,—N,)ldz=—aldz
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Z—i= —ad = I(z)=I(0)e™==1(0)e ™"/
.. a = absorption coefficient =c(N,— N, )
'.’WEO'F=% = o-=h1;W A
.-.asa(N,—N2)=h"W(NII‘N2) )

27’y .

=m|ﬂ|2(N1 - N,)g(Av)
00

And

.. o = absorption cross - section = ———
(N,—N,)
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2

2
T 2
= Sngyen M Vo8(AY)

0~ 0
or in terms of A
2
A

o= 8;[ Ag(v-v,)
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Life —time, Quantum Yield and Absorption Cross-section

Population decay processes for two level system

In the absence of electromagnetic radiation, the rate equation

becomes
dilvz =— & 7 =life time of this system
t T

which has solution:
N,(t)=N,(0)e™"”"

However, not only spontaneous emissions are responsible for
the decay of upper state population. Other processes such as
collisions can also cause non-radiative decay. If we label the
mean collision time as 7, then the overall lifetime of state 2 is

given by adding decay rates as follows:
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P(t)=

The power emitted by spontaneous emission

. Notice; it decay by T not
by T,

hv,N,(t)V N2(0)hv0Ve_,/

Ty

sp

¢ = flourescence quantum yield =

" photons'' emitted by spontanous emission

atoms initially raised to level 2

| POy Noy [ewat
_20 hv, — 0 -
N,(0)V N,(0)W Ty
1 1
¢=—/| where —=—+—
sp 2 Tsp an
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For more than two levels;
1 1 1 r
—=| — — Fovirirrsennt—, @, = (1)
T Tar T2 ) nr (T21)y

sp

By measuring both t and ¢, we can measure t_, .

Another quantity of interest is 6. We can determine it too

Recall;
a 2r’ 2
o= = v,g(Av) (2
NN 3n80c0h\u\ ,8(Av) (2)
And;
1 167l 4,
= L= )
Ty 3he,c T
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If all atoms are in ground state , N,=N,, N,=0, then o,, can be
determine by measuring o

If the state of interest do not involve ground state, or if the
population is unknown, we first determine g, from which we
obtain |u?> then we measure g(v-v,) by emission or
absorption.

With |u|2 and g(v-v,), we could calculate o(v)

From (1) and (3) into (2), we get;

, A/2)
O = c02 Zﬁg(l/—vo)z_( ) @g(v-vﬂ) R A:ﬂo/n
8m’v, © 2r T
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A simple model — classical electron oscillator

The interaction of light and matter is what makes life
interesting. Everything we see is the result of this interaction.
Why is light absorbed or transmitted by a particular medium?
Light causes matter to vibrate. Matter in turn emits light,
which interferes with the original light.

Destructive interference means absorption. Mere out-of-
phase interference changes the phase velocity of light, or

refractive index.

Propagation of a Photon through a Medium

m

Propagation of a Photon through a Vacuumn

r))
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Consider an electron on a spring with position xe(t), and driven by
a light wave, E, exp(-iw1):

Recall the electronic oscillator model at 1-D

Equation of motion:

> , 2 ¢ Where E (1) i lied field
X(t)+y x(t)+w, x(t)= —ZEx(t) Wuere Ff) I an apBlcd fi

For steady-state solution, let

Ex(t)=§[Ex(a))ei“”+c.c] , x(t)=%[X(a))e”‘”+c.c]

/m)E
- X(a)=L/ME (@)
(v, —0" )+iyw
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The applied field induces a displacement which polarizes the medium
—(Née’/m)E

P=g,yE = Nu=—NeX =
ok o (0, - &’ )+iyw

P
Where N is number of atoms per unit volume
+4
— Neé’ 1 4
= y(w)= 2 2 . T o5
me, (0" —w,)—iyw P>0

Near resonance o~ ®, " @’ —a)oz =(0-,)(o+w,)=20,(o-a),)

X(®)= e E (w)
N 2ma, (0-w,)+iy/2

This is called response function

2
eE 1
|X(w)|2=( ] 2 2 ocg(a)—a),,)
2mow, ) (0-®,) +(y/2)
’ ’ 4 We will see later WHY?
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Because

y/2r
(0-0,) +(y/2)

Lorentzian line

g(a)—a)o)=

jg(w—w,,)dw=1 , NOTE; 2mg(w—w,)do=g(v-v,)dv

g(o—ay)

g(w—w,)= Normalized power spectral density .l

/27 2
g(0)=-"L

(y/2) my

Aw=Full Width at Half Maxima
A®pwun=2%(y/2)=y=1/r , t=life time

®, o—m)=7/2
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1

Ne’ 1
2meyw, (0—w,)—iy/2
nNe’ (0-w,)/ 7 . y/2x
B 2me,w, {(a)—a)a)z +(y/2) ! (0-o,) +(7/2)2}
=x(o)-iy'"(®)

: lres(w)=_

4 (@)= Ne (ﬂ] (0)0—20))/” :
me,y\ 2 J(0—-w,) +(y/2)

Ne’ /2
Y'(w)= (ﬂ) 72 2
me,0,y\ 2 J(o—-w,)" +(y/2)

" " Ne’
Ato=0y ¥ (O=@))= Ypp =" —
mée,w,y
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Recall; 10\ (@)
2 Zr’r’mx

@, = plasma frequency =

&,m

Wave propagation and y(»)

As the wave propagate through the medium, two modifications
takes place. y'(®) changes the refractive index (thus velocity)
and y"(») absorbs optical energy.
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D = Displacement vector = goE +P= goﬁ + X o mgoE + ZrengE

) +Zm6‘OE = 8(1 +ilres jE =¢'E
Py

E(z,t)= Re|E, ¢ +?)]

where

e 1/2
k'=oue =o ,ua(1+—"lmsj
&

18 4 . M Z' . k "
~k|1+——"(y —i =k| 1+-5|—i
[ 2 ¢ (2~ )} { 2n2} anl

where n’ =¢/é&,= Re fractive index
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For real part of k’
: ' ®
K=kl1+% |=Zniw)
2n c,

’

foro<w,, y is positive= k' >k or n
This is called normal dispersion

The imaginary part tells us;

.k k
A, -l —i—x 2 Xz
E oce_’(kz)oce ( 2n? Joce anl

+ TcE? .
I)=I0)e " =1(0)e*"

. , k . k aNe’
a = Absorption coeffecient=— y =— ———g(Aw) , k=w/
n n° 2meg,w,
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a o 7
.. 0 = Absorption Cross - section=—=—;———g(Aw)

cn’ 2me,m,

Transition dipole moment and Oscillator Strength

The concept of oscillator strength f has been developed to provide a

theoretical reference for the intensity of a spectroscopic transition.

f= the ratio of the strength of a transition to the strength of a

transition for an electron oscillating harmonically in 3 — dimension.

f = Oscillator Strength = M

O-)osc.mod
fu = 2Oy 2
3 e'h 3 e'h
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Example;

For u=1.6x10- C.m, = 3.77 x10% s, h = 6.6 x10%%, e = 1.6 x10-"’ C and
m=9x10""kg ® f=0.215

]

MORE ABOUT ELECTRON- OSCILLATOR MODEL AND ABSORPTION CROSS-SECTION
electron- oscillator model
- Ne’ 1

me, (0’ -o])-iyo

x(®)=
D=¢gE+ys E = 8280(1+Z)

Re fractive index = n = L (1 +;()1/2 ~ 1 +§Z
80

Ne’ 1
2me, (0] -0’ ) +iyo

1
n—I=—y(w)=
21( )
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In terms of classical electron radius r,

2 2
e 2 e

=mc’ v r=———=282x10"m
4re,r, 4re,mc
.'.n—1=£4ﬂrjc2 5 12 -
2 (o, -0 )+iyw
w=2mc/ A
Nr, 1

e

TR

This is compares well with the quantum mechanical “Semier’s Eq”

n—1= ]ZWe Z zfi 5 »  Jfi=Oscillator strength
i1 1
[+
531 Phys - Dr. Abdallah M. Azzeer 18

531 Phys - Dr. Abdallah M. azzeer



Interaction of Radiation with Matter3

Absorption cross-section

and

Ty

° 0-2—level atom

1 16ﬂ3v03n|,u|2

2

2 v,e(av)
3ng,c,h ’

The o’ , A=4,/n

A g(Av)
O-Z—Ievel atom = g'f—

sp
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At resonance;

A1 2 X

o(v,)=-—2 =2

8z, ny 27

19
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