
𝐻!(𝑢) = 1; 𝐻"(𝑢) = 2𝑢 

𝐻#(𝑢) = 2(2𝑢# − 1) 

Interference Visibility 

𝑉 =
𝐼$%& − 𝐼$'(
𝐼$%& + 𝐼$'(

 

 
 
 

Young 
Δ = a	sinθ 

 
 
 

phaseshift 
𝛿 = 𝑘Δ 

 
 
 

Farby Perot (time/Energy storage) 
𝜏)* = 1/𝜈+,) = 2𝑑/𝑐 

 
 
 

𝜏- = Γ." = 𝜏)*/2(1 − 𝑟) 
 

𝐸 = E! exp(−Γ𝑡/2) 

𝐸! = # 𝑑𝐸!
"!#$%&$#

=
𝐸'
𝑟 𝑒

((*$+,%) = ∫ 𝑒(*	/	/(01𝑑𝑠 
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Harmonic wave: 𝐸 = 𝑅𝑒{𝐸! exp(−𝑖𝜔𝑡 + 𝑖𝑘 ∙ 𝑟 + 𝜙)} ;    "
#2#$2

= 𝑐% 

Poynting vector 𝑆 = !
"/
𝐸%⃗ × 𝐵%⃗     

 

Hermite-Gaussian Beams 
 
3(4,6,7)
3!

= 𝐻8 *
√:4
;(7)

+𝐻! *
√:6
;(7)

+ ;!
;(7)

𝑒𝑥𝑝 *−𝑖 *$"

:<(7)
+ × 𝑒𝑥𝑝 *−𝑖 1𝑘𝑧 − (1 +𝑚 + 𝑝)𝑡𝑎𝑛+= * 7

7!
+<+,    

 
 
!

#(%)
= !

'(%)
− 𝑖 (/

)*+0(%)
; 𝑤,(𝑧) = 𝑤-, .1 +

%0

%/0
1;   𝑅(𝑧) = 𝑧 .1 + %/0

%0
1;    𝑧- =

)*+/0

(/
;  𝜃> =

:?
@,!

	

 
Interference 
 
 

 
 
  
 
Fraunhoffer Diffraction 
 
 
 

 

!

"! !"
#
ω π

λ
= =

Divergence 

 !"
"!

!"# $ %ε
= =

𝐵%⃗ = !
.
𝑘%⃗ × 𝐸%⃗ = !

/
𝑘5 × 𝐸%⃗  (𝑘5  unit vector || 𝑘%⃗ );  

 
Irradiance:  

𝑚𝜆 = 𝑎 sin 𝜃0	 



Trigonometry 

 

! !

!

"#$ %&" '
"#$( ) "#$( ) %&"( ) %&"( )"#$( )
%&"( ) %&"( ) %&"( ) "#$( )"#$( )
%&" ! ' !"#$ * "#$ ! !"#$ %&"
"#$ %&"( ! )* %&" "#$( ! )

"#$ '+,$
%&" %&+

! " ! " ! "
! " ! " ! "

θ θ

θ θ θ θ θ
θ π θ θ π θ

θθ
θ θ

+ =
+ = +
+ = −

= − =
= − = −

= =

𝑑 sin 𝜃	
𝑑𝜃 = cos 𝜃 

𝑑 cos 𝜃	
𝑑𝜃 = −sin𝜃 

𝑑 ln𝑤
𝑑𝑥H = 𝑤′/𝑤 

𝑑𝑤%

𝑑𝑥 = 𝑎𝑤%."𝑤′ 

 
 
 
 
 
 

Paraxial approx.: 
tan 𝜃 ≈ sin 𝜃 ≈ 𝜃 
Euler: 
𝑒(1 =	sin 𝜃 + 𝑖 cos 𝜃		 
L'Hôpital's rule 
If lim

!→#
𝑓(𝑥) = lim

!→#
𝑔(𝑥) → 0,±∞ 

Then: 
lim
!→#

𝑓(𝑥) /𝑔(𝑥) = lim
!→#

𝑓$(𝑥) /𝑔′(𝑥) 

 
 

Useful relations 
 
 
 
 
 

Linear Polarizer 

 (TA horizontal)     (TA vertical)      (TA 45o) 

 
 
 

! "
" "
 
 
 

! !
! "
 
 
 

! !!
! !"
 
 
 

Retarder (δ relative phaseshift) 

 

 
 
 

! " !
!!

!

!

"

#
#

##

$
$

$$

ε
ε

δε

   
=       

QWP (SAV) 

 

 
 
 

!"

# $
$ !" π
 
 
 

HWP (SAV) 

 

 

 

 

! "
" !" π
 
 
 

Pol. Rotator  

 

 

 

 

! "θ θ β→ +

!"# #$%
#$% !"#

β β
β β

− 
 
 

Transform. rotated element 𝑻 

      𝑻(𝜙) = 𝑅(−𝜙)	𝑻	𝑅(𝜙) 

𝑅(𝜙) = ) 𝑐𝑜𝑠 𝜙 𝑠𝑖𝑛 𝜙
−𝑠𝑖𝑛 𝜙 𝑐𝑜𝑠 𝜙/ 

 

 

 
Field 

 

 

 

 

!

!

!
"

#

$
$

$ % ε
 

=  
 

Pol angle 

 

 

 

 

! !
" "

! !

" #$%
&'( " ! "

! "

# #
# #

ε
α =

−

Linear polarized field 

 

 

 

 

!

"#$
$%&!"#$ $

α
α

 
=  

 

Pol. states  ;   ; ; ;  

 

 

` 

!
"

!  
=  
 

!
"

!  
=  
 

!!
!"

!  
=  

 

!!
!"

!  
=  − 

!!
"

!"#
$
 

=  
 

!!
"

!"#
$

 
=  − 

Birefringence 

sin 2𝜒 =
2𝐸-?𝐸-@ cos 𝜖
𝐸-?, + 𝐸-@,

 

Diffraction grating 

 
 
 
Polarization 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
    
 
 
 
 
 
 
  
 
 
 
Physical Constants  

c=2.998 ×108 m·s−1  h=6.63 × 10−34 J·s  e=1.6 × 10−19 C  
kB=1.380 × 10−23 J·K−1   e0=8.85×10-12 F/m  me=9.1 × 10−31 kg  

1G = 10-4 T, 1 eV = 1.602 x 10-19 J, 1 dyne = 10-5 N, 1 erg = 10-7 J 

pol. angle: 𝑡𝑎𝑛𝜃A = 𝑛,/𝑛! 


