
   

 
 

>> Ray tracing matrices: 

  Thin lens:                                       Free space:                                      Curved interface:  [
1 0

𝑛1−𝑛2

𝑅𝑛2

𝑛1

𝑛2

]        (R: radius) 

 

>> Snell’s law:   𝒏𝒊𝑺𝒊𝒏𝜽𝒊 = 𝒏𝒕𝑺𝒊𝒏𝜽𝒕                   Lens-makers’s formula:   
1

𝑓
= (

𝑛2−𝑛1

𝑛1
)(

1

𝑅1
−

1

𝑅2
)   (Ri : radius) 

>> Grating equation:  𝑺𝒊𝒏 𝜽′ −  𝑺𝒊𝒏 𝜽 = 𝒎
𝝀

𝒅
    

>> Gaussian beam:      
1

𝑞
=

1

𝑅(𝑧)
−

𝑗𝜆0

𝑛𝜋𝑤2(𝑧)
        𝑤(𝑧)2 = 𝑤0

2 (1 +
𝑧2

𝑧0
2)  , 𝑅(𝑧) = 𝑧 (1 +

𝑧0
2

𝑧2) ,   𝑧0 =  
𝜋𝑛𝑤0

2

𝜆0
 

 

>> Cavity stability condition:      0≤
𝑨+𝑫+𝟐

𝟒
≤ 𝟏 

>> Gaussian beam propagation from point 1 to point 2 :  𝒒𝟐 =
𝑨𝒒𝟏+𝑩

𝑪𝒒𝟏+𝑫
  

>> Gaussian beam in a cavity:    
𝟏

𝒒
= −

𝑨−𝑫

𝟐𝑩
− 𝒋

√𝟏−(
𝑨+𝑫

𝟐
)

𝟐

𝑩
  

>> Fabry-Perot Transmisison and Reflection (when r1=r2=r):  𝑡 =
𝑬𝒕

𝑬𝒊
=

(𝟏−𝒓𝟐)𝒆−𝒊𝛿/2

𝟏−𝒓𝟐𝒆−𝒊𝜹   , 𝑟 =
𝑬𝒓

𝑬𝒊
=

𝒓𝟐(𝒆−𝒊𝜹−𝟏)

𝟏−𝒓𝟐𝒆−𝒊𝜹 , 𝛿 = 2𝑘𝑑         

𝑇 = |
𝑬𝒕

𝑬𝒊
|

2

=
(𝟏 − 𝒓𝟐)𝟐

𝟏 + 𝒓𝟒 − 𝟐𝒓𝟐𝒄𝒐𝒔(𝛿)
     𝑎𝑛𝑑      𝑅 = |

𝑬𝒓

𝑬𝒊
|

2

= 1 − 𝑇 

 r  is reflection coefficient and R (= r2) is reflectance. For asymmetric case (r1r2) : r2   r1 ×r2 

     Finess:  𝑭 =
𝚫𝝂𝑭𝑺𝑹

𝟐𝚫𝝂𝟏/𝟐
=

𝝅𝒓

𝟏−𝒓𝟐     , Photon life time:  𝜏 =
𝜏𝑟

𝛿𝑐
=

𝑄

𝜔0
=

𝜏𝑅𝑇

1−𝑆
=

2𝑛𝑑/𝑐

1−𝑅2   , (𝑛𝑜𝑡𝑒 𝑡ℎ𝑎𝑡 2Δ𝜈1/2𝑖𝑠 𝑡ℎ𝑒 𝐹𝑊𝐻𝑀) 

    Free spectral range:    Δ𝜈𝐹𝑆𝑅 =
𝑐

2𝑛𝑑
      ,     Quality fator:  𝑸 =

𝝂

𝝂𝑭𝑺𝑹
× 𝑭 =

𝝂

𝟐𝚫𝝂𝟏/𝟐
    

 

>> Fringe visibility (two path inteference with single source):  𝑽 =
𝟐|𝜸(𝝉)|√𝑰𝟏𝑰𝟐 

𝑰𝟏+𝑰𝟐
   ,  complex degree of temporal coherence 

>> Faraday cell rotation:  𝛃 = 𝑽𝑩𝒅    ,     Kerr effect:  𝚫𝒏 = 𝑲𝑬𝟐𝝀    ,    Pokels effect:   𝚫𝒏 = 𝒏𝟑 (
𝒓𝒆𝒐

𝟐
) 𝑬 

>> Irradiance: 𝑰 = 〈𝑺〉 =
1

2×√𝜇0
𝜖⁄

𝐸0
2 =

𝑛𝑐𝜀0

2
𝐸0

2 

>> Fresnel equations: 
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OPTICS (continued) 

>> Fresnel integral: z=distance between aperture plane () and observation plane (x,y): 
 

𝑼𝒑(𝒙, 𝒚) =
𝒊𝒆−𝒊𝒌𝒛

𝝀𝒛
𝒆(−𝒊𝒌 𝟐𝒛⁄ )(𝒙𝟐+𝒚𝟐) ∬ 𝑼𝑨(𝝃, 𝜼) ×

+∞

−∞

𝒆(−𝒊𝒌 𝟐𝒛⁄ )(𝝃𝟐+𝜼𝟐) × 𝒆−𝒊(𝟐𝝅 𝝀𝒛⁄ )(𝒙𝝃+𝒚𝜼)𝒅𝝃𝒅𝜼 

>> Phase transformation of a spherical lens:   𝒕𝒍(𝒙, 𝒚) = 𝒆𝒙𝒑 [
𝒊𝒌

𝟐𝒇
(𝒙𝟐 + 𝒚𝟐)] 

 
>> Fourier Transforms:  𝓕{𝒈(𝒙)} = ∫ 𝒈(𝒙)𝒆𝒊𝟐𝝅(𝒙𝒇𝒙)𝒅𝒙

∞

−∞
   ,    𝓕−𝟏{𝑮(𝒇𝒙)} = ∫ 𝑮(𝒇𝒙)𝒆−𝒊𝟐𝝅(𝒙𝒇𝒙)𝒅𝒇𝒙

∞

−∞
   ,    𝒇𝒙 =

𝒙

𝝀𝒛
    

      (between space and spatial frequeny domain) 

 

>> Free space propagation (frequency domain):  𝓕{𝑼(𝒙)} = 𝓕{𝑼(𝝃)}  × 𝒆𝒙𝒑(𝒊
𝟐𝝅𝟐 

𝒌
𝒛𝒇𝒙) 

 

Jones matrices: 

                        Linear polarizer :   TA horzontal: [
1 0
0 0

]    ,     TA  vertical [
1 0
0 0

] 

 

                      Phase retarders :     [e𝑖𝛿𝑥 0
0 e𝑖𝛿𝑦

]         ,      Rotator : [
𝑐𝑜𝑠 𝛽 −𝑠𝑖𝑛 𝛽
𝑠𝑖𝑛 𝛽 𝑐𝑜𝑠 𝛽

]          

 

Doppler shift when v << c :     
𝝀′

𝝀
≈ 𝟏 −

𝒗

𝒄
 

 

Radiation pressure (when a wave is completely absorbed):  𝑷 =
〈𝑺〉

𝒄
=

𝑰𝒊𝒏𝒄

𝒄
 

 
----------------------------------------------          LASER         -----------------------------------------------  
 

Einstein coefficients:    ,      ,  

 

Natural linewidth :          𝑔(𝜈) =
Δ𝜈

2𝜋[(𝜈0−𝜈)2+(
Δ𝜈

2
)

2
]
      ,    Δ𝜈 =

1

2𝜋
(

1

𝜏2
+

1

𝜏1
) =

1

2𝜋
(𝐴1 + 𝐴2)   ,   

                                                

Stimulated emission cross section:   

 

Gain (loss) coeeficient  for a two-level system: 

 

Gain/Absorption:          
𝒅𝑰𝝂

𝒅𝒛
=   

𝜸𝟎𝑰𝝂

𝟏+�̅�(𝝂)(
𝑰𝝂

𝑰𝒔
⁄ )

     ,   𝒍𝒏 (
𝑰𝒐𝒖𝒕

𝑮𝟎𝑰𝒊𝒏
) =   

𝑰𝒊𝒏   −   𝑰𝒐𝒖𝒕

𝑰𝒔   
    where  𝑮𝟎 = 𝒆𝜸𝟎𝒍𝒈  

 

Saturation intensity:                                            

3
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------------------------------------------          CONSTANTS        --------------------------------------------  
h=6.62×10-34 J.s 

c=3×108 m/s 

e=1.6×10-19 C 

k=1.38×10-23 J.K-1 

=1.85×10-12 F/m 

 



  

 

ELECTROMAGNETISM 
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𝐵  =
𝑘2𝑒 𝑘𝑟−𝜔𝑡 

4𝜋𝑐𝜖0

 𝑟 × 𝑝   
1

𝑟
+

𝑖

𝑘𝑟2
  ;  𝑘 =

𝜔

𝑐
; 𝑟 =

𝑟 

𝑟
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c=3×108 m/s 

e=1.6×10-19 C 
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