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. C

oherence of Light
C
oh

erence
(from

 L
atin cohaerere

= to b
e connected

) of E
M
 w
aves 

enab
les tem

porally and
 spatially constant interference.

B
est case

of an uni-d
irectional m

onoch
rom

atic w
ave (perfect laser): it 

is possib
le to d

efine th
e relative ph

ase at tw
o arb

itrary points along k.

W
orst case

(in term
s of coh

erence):  b
lack-b

od
y rad

iation.
W
orst case

(in term
s of coh

erence):  b
lack-b

od
y rad

iation.

T
w
o types of coh

erence:

1.
spatial coh

erence �
im
age form

ation

2
.

tem
poral coh

erence �
spectral analysis

F
irst w

e consid
er th

e w
ave aspect of ligh

t...



D
e
gre

e
 of C

oh
e
re
nce

C
onsid

er a com
plex

 field
 V
(t) as a stationary rand

om
 process w

ith
 tim

e 

average ‹V
(t)›

= 0
.

M
easure th

e field
s at any tw

o points in space  V
1 (t) and

  V
2 (t).  T

h
e 

cross correlation b
etw

een th
ese m

easurem
ents is given b

y

w
h
ereas th

e m
ean

intensity at point 1 can b
e d
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w
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e m
ean

intensity at point 1 can b
e d
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ed

 b
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T
h
e d

egree of coh
erence

can th
en b

e d
efined

 as:
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M
onoch

rom
a
tic R

a
d
ia
tion

It can b
e sh

ow
n th

at th
e relation b

etw
een spectral w

id
th
 Δ

ν
and

 
tem

poral w
id
th

τ
c
is: 

T
h
e coh

erence length
 lc

is th
e length

 over w
h
ich

 th
e field

 retains th
e 

m
em

ory of its ph
ase.  
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It is th
e d

istance b
eyond

 w
h
ich

 th
e w

aves λ
and

 λ+Δ
λ
are out of step 

b
y λ:

F
or l

<< cτ
c
it follow

s th
at: 

F
or purely m

onoch
rom

atic rad
iation, τ

is infinite.

λ
∆

c
c

(
)

(
)

τ
π

ν
γ

τ
γ

0
2

1
2

1
2

0
~

i
e

−

N
ex

t w
e w

ill consid
er th

e particle aspect of ligh
t... 



Ph
oton S

ta
tistics (1

):  Poissonia
n

F
or a constant classical intensity, th

e prob
ab

ility of a d
etected

 ph
oton 

event w
ill follow

 a Poissonian
d
istrib

ution:
(

)
!

;
k e

k
f

k
λ

λ
λ

−

=

w
h
e
re
 k

is th
e
 num

b
e
r of actual occurre

nce
s of th

e
 e
ve
nt, 

and
 λ

is th
e
 e
x
pe

cte
d
 num

b
e
r of occurre

nce
s (e

.g., m
e
an 

inte
nsity)

In th
is case, for any tim

e τ
th
e variance and
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In th
is case, for any tim

e τ
th
e variance and

 
stand

ard
 d
eviation are given b

y (h
ere λ

�
n ):

Ph
oton S

ta
tistics (2

):  B
ose

-
E
inste

in

Q
uasi-m

onoch
rom

atic rad
iation (e.g., a spectral line) w

ith
 finite 

coh
erence tim

e τ
c
~
 1/Δ

ν
(w
h
ere Δ

ν
is th

e line w
id
th
).  

If τ
>> τ

c
(non-th

erm
al rad

iation) th
e ph

oton fluctuation is 
affected

 b
y th

e B
ose-E

instein d
istrib

ution: 

w
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Ph
oton S

ta
tistics (3

):  B
unch

ing

•
S
tatistical tend

ency for m
ultiple ph

otons to arrive sim
ultaneously

•
A
 property of all b

osons (ferm
ions sh

ow
 th

e opposite effect d
ue to 

th
e Pauli ex

clusion principle)
A
 property of all b

osons (ferm
ions sh

ow
 th

e opposite effect d
ue to 

th
e Pauli ex

clusion principle)

•
E
x
perim

entally know
n as H

anb
ury-B

row
n and

 T
w
iss

effect (
�
intensity 

interferom
eter) �

R
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. G

laub
er, N

ob
el Prize 2
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. Polarization of Light

T
h
e w

ave vectors of th
e electric field

 are given b
y:
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w
h
ere a

i are th
e am

plitud
es, v

is th
e frequency, k=2

π
/λ

th
e w

avevector, 
and

 Φ
i are th

e ph
ases.

W
e also d

efine  Φ
 = Φ

2
–
Φ
1



linear                         circular 
elliptical

T
h
re
e
 T
y
pe
s of Pola

rize
d
 W

a
ve
s

T
ype and

 d
egree of polarization is im

portant as it carries inform
ation on 

th
e properties of th

e source
(m

agnetic field
s, d

ust grain alignm
ent, etc.).  

Param
eter set:

Intensity I, d
egree of polarization Π

, ellipse param
eters a

1 , a
2

T
h
e
 S
toke

s Pa
ra
m
e
te
r

Polarization is b
est d

efined
 b
y th

e four S
tokes param

eters I, Q
, U

, V
 

(18
5
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) as follow
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G
enerally, th

e d
egree of polarization of a w

ave is:

A
 plane w

ave h
as Π

= 1 and
 th

e S
tokes param

eters are related
 as:
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E
x
a
m
ple

s
Polarizers

can b
e used

 to filter out e.g., reflected
 ligh

t


