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 S
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b
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0
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Pre
fa
ce
: D
e
finition of th

e
 A
ngle

B
ab
ylonians: 

one d
egree

= 1/3
6
0
th
of a full circle

B
etter m

easure: 
θ
= (arc length

 s) / (rad
ius of th

e circle r)   in rad
ian

W
ikiped

ia: T
h
e solid

 angle Ω
is th

e 2
D
 angle in 3

D
 space th

at an ob
ject 

sub
tend

s  at a point (th
e 2

D
 analogon

to a linear angle)  [stereos = G
reek 

for solid
].

for solid
].

It is a m
easure of h

ow
 large th

at ob
ject appears

to an ob
server looking 

from
 th
at point.

In th
ree d

im
ensions, th

e solid
 angle in 

sterad
ians

is th
e area it cuts out:        

Ω
= (surface area S

) / (rad
ius of th

e sph
ere r)

Ω
= (surface area S

) / (rad
ius of th

e sph
ere r)

O
ne sterad

ian
is th

e solid
 angle at th

e center of a 
sph

ere of rad
ius r und

er w
h
ich
 a surface of area r

2
 is seen. 

A
 com

plete sph
ere = 4

π
 sr.

1 sr
= (18

0
d
eg/π

) 2
 = 3

2
8
2
.8
0
6
3
5
 d
eg

2. 



1. R
ad
iom

etry
R
ad
iom

etry = th
e ph

ysical quantities associated
 w
ith
 th
e energy 

transported
 b
y electrom

agnetic rad
iation.

Ph
oton energy:

λ
ν

h
c

h
E

p
h

=
=

Ph
oton energy:

w
ith
  h

=  Planck’s constant [6
.6
2
6
·10

-3
4
J
s]

S
ee also 

h
ttp

://w
e

b
.a

rc
h

iv
e
.o

rg
/w

e
b

/2
0

0
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0
5

2
7

1
6

0
2

1
7

/w
w

w
.o

p
tic

s
.a

riz
o
n

a
.e

d
u
/P

a
lm

e
r/rp

fa
q

/rp
fa

q
.h

tm

λ
νh

E
p

h
=

=

E
m

is
s
io

n
R

e
c
e

p
tio

n
R
ad
iation

E
m
ission (1

):  R
a
d
ia
nce
 L
 or I

nte
nsity

 I
C
onsid

er a projected
 area of a surface 

elem
ent d

A
onto a plane perpend

icular 
to th

e d
irection of ob

servation d
A
cos

θ.
θ
is th

e angle b
etw

een b
oth

 planes.

T
h
e
spectral rad

iance L
v
or
specific intensity I

v
is
th
e pow

er leaving
a 

unit projected
 area [m

2] into a unit solid
 angle [sr] and

 unit frequency 
interval [H

z].  
It is m

easured
 in units of [W

 m
-2
sr

-1
H
z
-1] in frequency space L

ν , or 
It is m

easured
 in units of [W

 m
-2
sr

-1
H
z
-1] in frequency space L

ν , or 
[W

 m
-3
sr

-1] in w
avelength

 space L
λ .

T
h
e rad

iance L
or intensity I

is th
e spectral rad

iance integrated
 

over all frequencies or w
avelength

s.  U
nits are  [W

 m
-2
sr

-1].



E
m
ission (2

):  E
x
ita
nce
 or tota

l Pow
e
r M

T
h
e rad

iant ex
itance

M
is th

e integral of th
e rad

iance over 
th
e solid

 angle Ω
.

It m
easures th

e total pow
er em

itted
 per unit surface area.  

U
nits are  [W

 m
-2].

F
or Lam

b
ertian

sources 
w
e get:L
d

L
d

L
M

π
θ

θ
θ

π
θ

π

=
=

Ω
=
∫

∫
co

s
sin

2
co

s

2/

0

F
or Lam

b
ertian

sources (see b
elow

)w
e get:

E
m
ission (3

):  F
lux
 Φ
a
nd
 L
um
inosity

 L

T
h
e flux

 Φ
or
lum

inosity L
em
itted

 b
y th

e source is th
e prod

uct of 
rad

iant ex
itance

and
 total surface area of th

e source.
It is th

e pow
er em

itted
 b
y th

e entire
source.  

U
nits are [W

] or [erg s
-1]

U
nits are [W

] or [erg s
-1]

E
x
am
ple, a source of rad

ius R
 (e.g., a star) h

as:

L
R

M
R

2
2

2
4

4
π

π
=

=
Φ

L
M

π
=



T
h
e
 F
ie
ld
 of V

ie
w
 (F
O
V
)

A
 d
etector system

 usually accepts rad
iation only 

from
 a lim

ited
 range of d

irections, d
eterm

ined
 b
y 

th
e geom

etry of th
e optical system

, th
e field

 of 
view

(F
O
V
).

T
h
e relevant area of th

e source, w
h
ich
 prod

uces 

T
h
e received

pow
er [W

] is th
en:

R
ad
iance L 

[W
 m

-2
sr

-1]

T
h
e relevant area of th

e source, w
h
ich
 prod

uces 
a signal th

at can b
e ob

served
 d
epend

s on 
(i)
F
O
V
 and

 (ii)
d
istance r.

R
ad
iance L 

[W
 m

-2
sr

-1]

××× ×
S
ource area A

 [m
2] w

ith
in F

O
V

××× ×
S
olid

 angle Ω
 [sr] sub

tend
ed
 b
y th

e 
optical system

 (as view
ed
 from

 th
e source)  

F
ie
ld
 of V

ie
w
  (2

)

R

W
e assum

e th
at th

e entire source of rad
ius R

 (or area π
R
2) lies w

ith
in 

th
e F

O
V
.

T
h
e solid

 angle sub
tend

ed
 b
y th

e d
etector system

 is:               ,
a

=
Ω

T
h
e solid

 angle sub
tend

ed
 b
y th

e d
etector system

 is:               ,

w
h
ere a

is th
e area of th

e entrance aperture and
 r
is th

e d
istance to 

th
e source.    

F
or a circular aperture:

w
h
ere θ

is th
e h

alf angle of th
e righ

t cone.

2
r

=
Ω

 
 

=
Ω

2
sin

4
2

θ
π



R
e
ce
ption (1

):  th
e
 I
rra
d
ia
nce
 E

T
h
e irrad

iance E
is th

e pow
er received

 at a unit surface elem
ent from

 
th
e source.   

U
nits are  [W

 m
-2].  

T
o com

pute E
:

1.
m
ultiply M

 (=π
·L) b

y surface area A
 of th

e source to get flux
 Φ
.

2
.
d
ivid

e flux
 Φ
b
y th

e area of a sph
ere of rad

ius r.
2
.
d
ivid

e flux
 Φ
b
y th

e area of a sph
ere of rad

ius r.

T
h
at yield

s: 
2

4
r A
L

E
=

T
h
e spectral irrad

iance E
v
or
flux

 d
ensity F

v
is th

e irrad
iance per 

unit frequency or w
avelength

 interval:  

2
4

r

A
L

F
ν

ν
=

R
e
ce
ption (2

):  th
e
 F
lux
 D
e
nsity

 F
v

U
nits are  [W

 m
-2
H
z
-1] in frequency space or 

[W
 m

-3] in w
avelength

 space.

N
ote:  10

-2
6
W
 m

-2H
z
-1
=  10

-2
3
erg s

-1cm
-2H

z
-1
is also called

 1 J
ansky,

4
r

nam
ed
 after U

S
 rad

io astronom
er K

arl G
uth

e
J
ansky.



S
um
m
a
ry
 of R

a
d
iom
e
tric Q

ua
ntitie

s

F
ννν ν , F

λ

2
. R
ad
iative T

ransfer
F
und

am
ental equation to d

escrib
e th

e transfer of rad
iation from

 one 
surface to anoth

er in vacuum
:

2

2
2

1
1

co
s

co
s

ρ

θ
θ

d
A

d
A

L
d

=
Φ

2
ρ

w
h
ere:

L –
net rad

iance (1 �
2
)

A
1,2
–
areas

ρ
–
line of sigh

t d
istance

θ
1,2
–
angles b

etw
een surface norm

al and
 line of sigh

t  

co
sθ

d
A

=
Ω

U
sing th

e d
efinition of th

e solid
 angle

one can sh
ow
 th
at

2

1
1

1
2

co
s

ρ

θ
d

A
d

=
Ω

U
sing th

e d
efinition of th

e solid
 angle

one can sh
ow
 th
at

w
h
ere d

Z
is th

e d
ifferential th

rough
put.

d
Z
is also called

 th
e étend

ue
(ex

tent, size) or th
e A

-Ω
prod

uct.

N
ote:  L is property of the source,  d

Z
a property of the geom

etry.

L
d
Z

d
=

Φ



L
a
m
b
e
rtia

n E
m
itte

rs

T
h
e rad

iance of Lam
b
ertian

em
itters is ind

epend
ent of th

e d
irection 

θ
of ob

servation (i.e., isotropic).

W
hen a Lam

b
ertian

surface is view
ed
 from

 
W
hen a Lam

b
ertian

surface is view
ed
 from

 
an angle θ

, then d
Ω
is d

ecreased
 b
y cos(θ

) 
b
ut the size of the ob

served
 area A

 is 
increased

 b
y the correspond

ing am
ount.  

E
x
am
ple: the S

un is alm
ost a perfect 

Lam
b
ertian

rad
iator (ex

cept for the lim
b
) 

Lam
b
ertian

rad
iator (ex

cept for the lim
b
) 

w
ith a uniform

 b
rightness across the d

isk.

Perfect b
lack b

od
ies ob

ey Lam
b
ert’s law

 (17
6
0
)

J
o

h
a

n
n
 H

e
in

ric
h
 L

a
m

b
e

rt

3
. B
lack B

od
y R

ad
iation

•
A
 b
lack b

od
y (B

B
) is an id

ealized
 ob

ject th
at ab

sorb
s all E

M
 rad

iation
•
B
B
s appear b

lack w
h
en th

ey are cold
 (no em

itted
 or reflected

 ligh
t)

•
A
t T

 > 0
 K
 B
B
s ab

sorb
 and

 re-em
it a ch

aracteristic E
M
 spectrum

•
M
any astronom

ical sources em
it close to a b

lack b
od
y.

E
x
am
ple:  C

O
B
E
 m
easurem

ent of th
e cosm

ic b
ackground

 

M
a

x
 P

la
n

c
k
, N

o
b

e
l P

riz
e

 1
9

1
8



T
e
m
pe
ra
ture

 
��� �
R
a
d
ia
tion

B
la
ck B

od
y
 E
m
ission

T
h
e specific intensity I

ν
of a b

lackb
od
y is given b

y Planck’s law
 as:

in units of [W
 m

-2
sr

-1
H
z
-1]

(
)

1
ex

p

1
2

2

3

−
 

 
=

k
T

h
c h

T
I

ν

ν
ν

In term
s of w

avelength
 units th

is correspond
s to:

in units of [W
 m
-1 sr-1]




k
T

(
)

1
ex

p

1
2

5

2

−
 

 
=

k
T

h
c

h
c

T
I

λ

λ
λ

N
ote for th

e conversion
of frequency �

w
avelength

:

ν
ν

λ
λ

λ
d

c
d

d
c

d
v

2
2

o
r     

    
=

=




k
T

λ



1
=

+
+

τ
ρ

α

C
onservation of pow

er requires th
at:

W
ith
 α
= ab

sorptivity, ρ
= reflectivity, and

 τ
= transm

issivity

K
irch

h
off’s L

a
w

W
ith
 α
= ab

sorptivity, ρ
= reflectivity, and

 τ
= transm

issivity

C
onsid

er a cavity in th
erm

al equilib
rium

 w
ith
 com

pletely opaque sid
es:

ε
α

τ

τ
ρ

α

ρ
ε

=
  

=

=
+

+

−
=

   
  

0

1

1

T
h
is is K

irch
h
off’s law

, w
h
ich
 

τ


=
0

T
h
is is K

irch
h
off’s law

, w
h
ich
 

applies to a perfect b
lack b

od
y

A
 rad

iator w
ith
 ε
= ε(λ) <~

 1 is often called
 a grey b

od
y

U
se
ful A

pprox
im
a
tions

A
t h
igh

 frequencies  (hv
>> kT

)  w
e get W

ien’s law
:

(
)

 
 
−

=
kT

h

c h
T

I
ν

ν
ν

ex
p

2
2

3

A
t low

 frequencies (h
v
<< kT

) w
e get R

ayleigh
-J
eans’ law

:

T
h
e total rad

iated
 pow

er per unit surface is proportional to th
e 

(
)

2
2

2
2

2

λ

ν
ν

k
T

k
T

c
T

I
=

≈

T
h
e total rad

iated
 pow

er per unit surface is proportional to th
e 

fourth
 pow

er of th
e tem

perature:

σ = 5
.6
7
·10

-8
W
 m

-2
K
-4
is th

e S
tefan-B

oltzm
ann constant.

(
)

4
T

d
d

T
I

σ
ν

ν

ν
=

Ω
∫∫Ω



B
la
ck B

od
y
 “Pe

a
k” T

e
m
pe
ra
ture

s
T
h
e tem

perature correspond
ing to th

e m
ax
im
um
 specific intensity is 

given b
y:

m
K

  
1

0
9

8
.

2
o

r  
m

K
  

 
1

0
0

9
6

.
5

3

m
ax

3

m
ax

−
−

⋅
=

⋅
=

T
T

v

c
λ

H
ence, cooler B

B
s h
ave th

eir peak 
em
ission ( effective tem

peratures) at 
longer w

avelength
s and

 at low
er 

intensities:

10
0
0

10
0
0
0

effective temperature [K]

T
=

2
9
3
K

A
ssum

ing B
B
 rad

iation, astronom
ers often d

escrib
e th

e em
ission from

 
ob
jects via th

eir effective tem
perature. 

1

10

10
00
.10
0

1.0
0
0

10
.0
0
0

10
0
.0
0
0

10
0
0
.0
0
0

w
a
v
e
le

n
g
th

 [µ
m

]

effective temperature [K]

4
. M

agnitud
es

T
his system

 has its origins in the G
reek classification of stars accord

ing 
to their visual b

rightness.  T
he b

rightest stars w
ere m

 = 1, the faintest 
d
etected

 w
ith the b

are eye w
ere m

 = 6
.  

Later form
alized

 b
y Pogson

(18
5
6
):  

(A
pparent) m

agnitud
e = relative

m
easure of th

e m
onoch

rom
atic flux

 
d
ensity F

(λ) of a source:
(

)
(

)
0

0
0

0
lo

g
5.

2
lo

g
5.

2
λ

λ
λ

λ
q

F
F

F
m

+
−

=
−

=

Later form
alized

 b
y Pogson

(18
5
6
):  

a 1
st
m
ag
star is 10

0
 tim

es b
righ

ter th
an a 6

th
m
ag
star.

T
h
e constant q

0
d
efines m

agnitud
e zero.

N
ote: M

agnitud
es are units to d

escrib
e unresolved

 (pointlike) ob
jects.  

W
h
en referring to surface b

righ
tness one uses m

ag/sr
or m

ag/arcsec
2.

0
0

0

0

λ
λ

F



(
)

(
)

(
)

0
0

0

0

0

0
lo

g
5.

2
lo

g
5.

2
λ

λ
λ

λ
λ

λ
λ

q
d

t
d

F
t

m
+

+
−

=
∫

∫
∞

∞

Ph
otom

e
tric S

y
ste
m
s

In practice, m
easurem

ents are d
one th

rough
 a transm

ission filter t
0 (λ) 

th
at d

efines a finite b
and

w
id
th
:

0
0

A
s filters d

iffer th
ere are m

any d
ifferent 

ph
otom

etric system
s:

•
J
oh
nson U

B
V
 system

•
G
unn griz

•
U
S
N
O

•
S
D
S
S

•
S
D
S
S

•
2
M
A
S
S
 J
H
K

•
H
S
T
 filter system

 (S
T
M
A
G
)

•
...

•
A
B
 m
agnitud

e system

m
(A
B
) = -2

.5
 log(F

v [W
/cm

2/H
z]) -

4
8
.6
0

S
ta
nd
a
rd
 Ph
otom

e
try

F
λ

F
ν



(
)d

F

m
∫ ∞

−
=

0
lo

g
5.

2

λ
λ

B
olom

e
tric M

a
gnitud

e

B
olom

etric m
agnitud

e = integral of th
e m

onoch
rom

atic flux
 over all 

w
avelength

s:                                                  w
ith
 F
b
ol = 2

.5
2
·10

-8
W
/m

2

b
o

l

b
o

l
F

m
−

=
0

lo
g

5.
2

w
avelength

s:                                                  w
ith
 F
b
ol = 2

.5
2
·10

-8
W
/m

2

If th
e source rad

iates isotropically
one gets:Θ

−
+

−
=

L L
D

m
b

o
l

lo
g

5.
2

lo
g

5
2
5

.
0

w
h
ere L

o
= 3

.8
2
7
·10

2
6
W
 is th

e lum
inosity of th

e S
un. 

A
b
solute

 M
a
gnitud

e
 a
nd
 C
olor I

nd
ice
s

A
b
solute m

agnitud
e = apparent m

agnitud
e of th

e source if it w
ere at a 

d
istance of D

 = 10
 parsecs.  

Includ
ing a term

 A
 for interstellar ab

sorption w
e get:

A
D

m
M

−
−

+
=

lo
g

5
5

Includ
ing a term

 A
 for interstellar ab

sorption w
e get:

C
olor

ind
ices = d

ifference of m
agnitud

es at d
ifferent w

aveb
and

s = 
ratio of flux

es at d
ifferent w

avelength
s.  

Im
portant:

•
T
h
e color

ind
ices of an A

0
 d
w
arf star are ab

out zero longw
ard

of V
.

•
T
h
e color

ind
ices of a b

lackb
od
y in th

e R
ayleigh

-J
eans tail are:          

B
-V
 = -0

.4
6
,    U

-B
 = -1.3

3
,    V

-R
 = V

-I = ... = V
-N
 = 0

.0
 



5
. C
oherence of Light

C
oh
erence

(from
 Latin 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.

T
w
o types of coh

erence:
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
 

pow
er spectrum

 S
(v) and

 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
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

escrib
ed
 b
y 

T
h
e (m

utual) d
egree of coh

erence
can th

en b
e d

efined
 as:

(
)

(
)

(
)τ

τ
+

=
Γ

t
V

t
V

*2
1

1
2

(
)

(
)

(
)t

V
t

V
*1

1
1

1
0

=
Γ

T
h
e (m

utual) d
egree of coh

erence
can th

en b
e d

efined
 as:

N
ote th

at γ
12
includ

es b
oth

 spatial (points 1,2
) and

 tem
poral (τ) 

coh
erence.

(
)

(
)

(
)

(
)

[
]

2/
1

2
2

1
1

1
2

1
2

0
0

Γ
Γ

Γ
=

τ
τ

γ



Q
ua
si-
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: 

1
≅

∆
ν

τ
c

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 –
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:
λ λ

τ
∆

=
=

20
c

c
c

l

F
or l

<< cτ
c
it follow

s th
at: 

and
 th
e coh

erence is d
eterm

ined
 b
y γ

12 (0
).

F
or purely m

onoch
rom

atic rad
iation, τ

is infinite.

(
)

(
)

τ
π

ν
γ

τ
γ

0
2

1
2

1
2

0
~

i
e

−

Ph
oton S

ta
tistics (1

):  Poissonia
n

N
ow
 w
e consid

er th
e particle aspect of ligh

t. T
h
ere are several cases:

1.
F
or any tim

e τ
th
e num

b
er of ph

otons n
ob
eys a Poissonian

d
istrib

ution w
ith
 variance and

 stand
ard

 d
eviation σ

:

τ
σ

τ
n

n
n

=
=

∆
o

r     
     

2
τ

σ
τ

n
n

n
=

=
∆

o
r     

     
2

C
onstant classical intensity and

 photon events follow
ing a Poissonian

d
istrib

ution



Ph
oton S

ta
tistics (2

):  B
ose
-
E
inste

in

2
.
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

th
e ph

oton fluctuation is affected
 b
y th

e B
ose-E

instein 

d
istrib

ution: 
(

)
1

d
istrib

ution: 

and
 th
e ph

oton statistics is given as:

 
 

−
+

=
∆

1

1
1

/

2

kT
h

e
n

n
ν

τ

(
)

1

1/
−

=
k
T

E
A

e
E

f




−
1

e

Ph
oton S

ta
tistics (3

):  B
unch

ing

•
S
tatistical tend

ency for m
ultiple ph

otons to arrive
 sim

ultaneously

•
C
lassical view

: non-interacting particles sh
ould

 arrive ind
epend

ently of one anoth
er

•
Q
uantum

 m
ech

anics (w
ave effect): a property of all b

osons (d
ue to th

e Pauli ex
clusion 

principle, ferm
ions sh

ow
 th
e opposite effect)

3
.
F
or th

erm
al rad

iation, if τ
< τ

c ,th
e
ph
otons w

ill no longer ob
ey 

Poissonian
statistics b

ut group togeth
er (b

unch
ing) .  T

h
is b

ecom
es 

significant w
h
en:

1
~

1

1/
−

kT
h

e
ν

principle, ferm
ions sh

ow
 th
e opposite effect)

•
E
x
perim

entally know
n as H

anb
ury-B

row
n and

 T
w
iss

effe
ct (

�
intensity interferom

eter)

•
�
R
.J
. G
laub

er, N
ob
el Prize 2

0
0
5

4
.
F
or non-th

erm
al rad

iation, if τ >>
τ
c , th

e  b
unch

ing b
ecom

es m
ore 

significant as d
egeneracy 

increases. 

1
−

e

1

1/
−

kT
h

e
ν

C
lassical intensity of a therm

al source w
ith a 

photon d
istrib

ution that com
b
ines a Poisson 

process, B
ose-E

instein d
istrib

ution, and
 b
unching.



6
. Polarization of Light

T
h
e w

ave vectors of th
e electric field

 are given b
y:

(
)

2
co

s
φ

π
ν

+
⋅

−
=

r
k

t
a

Ew
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
are th

e ph
ases.

(
)

(
)2

2

1
1

2
co

s

2
co

s

φ
π

ν

φ
π

ν

+
⋅

−
=

+
⋅

−
=

r
k

t
a

E

r
k

t
a

E

y x
E

x
E

y

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.).  

B
ut telescope, instrum

ent optics and
 d
etector m

ay alter th
e polarization!



T
h
e
 S
toke

s Pa
ra
m
e
te
r

Polarization can b
e d

efined
 b
y th

e four S
tokes param

eters I, Q
, U
, V
 

(18
5
2
) as follow

s:

ψ
χ

2
co

s
2

co
s

22

21

22

21

I
a

a
Q

a
a

I

=
−

=

+
=

V

G
enerally, th

e d
egree of polarization of a w

ave is:

χ
φ

ψ
χ

φ

ψ
χ

2
sin

sin
2

2
sin

2
co

s
co

s
2

2
co

s
2

co
s

2
1

2
1

2
1

I
a

a
V

I
a

a
U

I
a

a
Q

=
=

=
=

=
−

=

Q

U

V
U

Q
2

2
2

+
+

=
Π

A
 plane w

ave h
as Π

= 1 and
 th
e S

tokes param
eters are related

 as:

2
2

2
2

V
U

Q
I

+
+

=

I

V
U

Q
+

+
=

Π

E
x
a
m
ple
s

Polarizers
can b

e used
 to filter out e.g., reflected

 ligh
t


