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Broadening the of emission line

Certain mechanisms are responsible for broadening the
linewidth of a laser:

eNatural Broadening (Lifetime Broadening)
Doppler Broadening
«Collision Broadening (Pressure Broadening)
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Doppler Broadening
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1/2 mv2
g(v)dv = aN _(_M gy
N 27KT (*)

where dN the total number of atoms have velocity in the range v to
v+dv

N the total number of the atoms

M the mass of the atom

T the temperature in Kelvin at thermal equilibrium

Jadina ¢y 9 g 2 91 A (o ghena Cpa JUELSU Al 5,4 (pe Lniall cilaa i) of Cun g

I PV |

V
v=y | 1+—
.\.U:\S\/ C

asleall 0\ Lawasill clldg ¥ 33,19 V Ac ] G @8Me bl UV pgitiuw
i s (*)

Dr. Hazem Falah Sakeek  www.physicsacademy.org & www.hazemsakeek.com 6



28/10/1431

Physics Academy

a3 il
-
AT A e
v=v, + =
c v, ¢

Vv ¢ )
Kgﬂ\,thc( OJ & dv=—"dvi<— 23

0

wde Juaxi dv g v o (%) @sleoll 0\ Lavgsill

1/2 mc? v—v, .,
-1/2—— 0
M j U

Td *%
27KT v

w9 L)l s bei wilg asleo o Wsleoll 0idg
S| wedboll £lawiVl 2uogs W JSwinlg Hbs 6,0W s wwukll bzl

g(v)dv=i(

VO

Dr. Hazem Falah Sakeek  www.physicsacademy.org & www.hazemsakeek.com 7

Physics Academy

r-\
L\

Sl e
: i Il \.."‘-..
2, VA Va

Red shift B lue shift

JSA g v, 2l G () ARl Adaleal) B (i gaily
23 il sie A0l dad Chal ga v, S e ¢ Badli Ly
Lol cpilieal) Ao Juanidgle v

Dr. Hazem Falah Sakeek  www.physicsacademy.org & www.hazemsakeek.com 8



28/10/1431

| gLV 0) Physics Academy

qud= ﬂ;f,‘é_‘-"_:t___,}_nng) e 1( M 12
/\ I\

TN e

{ =Y vV, \ 27KT

0

Va
Red shift B lue shift

g(v,) _1( M
2 v\ 27KT

0

2 —
1/2 _1/pMmC (vl vo)2
kT

Vo

g(v) =

DAl Aslaal) Jdo Juaad gpitilaal) dacdlly

me? V-V, 2
g(vy) _1_ M)

g(v,) 2

Dr. Hazem Falah Sakeek  www.physicsacademy.org & www.hazemsakeek.com 9

Physics Academy

aJWl asleoll (e Juasuid yad bl pijlegll dsb auwl @ldl Go yalsall

Mc? v, -V
In2 = (0
2kT = v,
O Vg
1/2
V-V, (2kTIn2
v, Mc?
hg LUD}.
\
I %
/ i \
‘/ ! \ 9(vk)
qeo- BB qua) =7
‘N A\
4 | l A
| | 1\
/ | ! | ‘.\\
' | L
< % Va
Red skift Blue shift
Dr. Hazem Falah Sakeek  www.physicsacademy.org & www.hazemsakeek.com 10



28/10/1431

Physics Academy

iaiall agdagil) JCal) ga of duag

qua- 22 O b g lud)
l vy AV
E 1 0 2
2, /A Va
Red shift Blucshift 2kT In2

Av=2(V,—V )=2V
(1 o) 0 MCZ

A3 alh oo mll pludd) e Ao Juant Cul ) (e i gl

Dr. Hazem Falah Sakeek — www.physi demy.org & www.hazemsakeek.com 1

Physics Academy

vl b>y

aLdeg Csmioll wasbl) LoVl 35,31 go Us b wawliy £LwiVl Sio
Ol J—io 6maSIl Ols5idl (sde Jig—i o> 6L b uLs
9 Wins il Lol «puiST ol 8,V UgUI Sao 9 b lizog Sl
9 bwlwi 195 wsli ¥ > 6,0 UL Ui gi ,oxVI LI S

£l

g 8512l Wlorys 83U 5s 3135 plud 6D azenis €LVl Ul LS
T

Dr. Hazem Falah Sakeek  www.physicsacademy.org & www.hazemsakeek.com 12



28/10/1431

Physics Academy

Example

For Infrared A=10.6pym in CO, laser [m=44, T=300k]

Av, =60MHz
_ZZAV
C

Al =0.2R Ay

For visible A=6328& [m=20, T=400k]

Avy =1500MHz
A4, =0.02R
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For vacuum UV A=1216A

AVD =55GHz AVnatural =10MHz
A4, =0.03A

Avpav,

Avpa——
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AvDaﬁ
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Pressure Broadening (Collision Broadening)
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Tc >> tc

where Tc is the time between collisions

tc is the time of collision

Av is the spectral line broadening due to the natural lifetime and

the collision process, therefore

1
Av = 27(A1 TA, +2v )

N

Collision rate
when 2V == AtA For each
atomic wave
Vv function is
Av = vl interrupted
2 by veon
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Homogenous & Non-homogeneous
Broadening
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