
wave equation 

𝜕2𝜓

𝜕𝑥2
=

1

𝑣2

𝜕2𝜓

𝜕𝑡2
 

𝜓 = sin(𝑘𝑥 ± 𝜔𝑡) 
𝑘 =

2𝜋

𝜆
 𝜔 =

2𝜋

𝑇
 

𝜔

𝑘
= 𝑣 

Phasors and addition of waves 

𝑦1 = 𝐴1𝑒
𝑖𝜙1  𝑦2 = 𝐴2𝑒

𝑖𝜙2  𝛿 = 𝜙2 − 𝜙1 

𝑦𝑟 = 𝑦1 + 𝑦2 𝑦𝑟 = |𝑦𝑟|𝑒
𝑖𝜙  

 

|𝑦𝑟| = 𝐴1
2 + 𝐴2

2 + 2𝐴1𝐴2 cos 𝛿  
tan𝜙 =

𝐴1 sin𝜙1 + 𝐴2 sin𝜙2

𝐴1 cos𝜙1 + 𝐴2 cos𝜙2
 

 

Spherical waves Cylindrical waves 

�⃑� (𝑥, 𝑦, 𝑧, 𝑡) =
𝐸0

𝑟

⃑⃑⃑⃑ 
𝑒(�⃑� .𝑟 −𝜔𝑡) �⃑� (𝑥, 𝑦, 𝑧, 𝑡) =

𝐸0

√𝑟

⃑⃑⃑⃑  ⃑
𝑒(�⃑� .𝑟 −𝜔𝑡) 

Electromagnetic theory 

∇⃑⃑ . �⃑⃑� = 𝜌 
∇⃑⃑ × �⃑� = −

𝜕�⃑� 

𝜕𝑡
 

∇⃑⃑ . 𝐵 = 0 
∇⃑⃑ × �⃑⃑� = 𝑗 +

𝜕�⃑⃑� 

𝜕𝑡
 

 

�⃑⃑� = 𝜖0�⃑� + �⃑� = 𝜖0(1 + 𝑥)�⃑� = 𝜖�⃑� = 𝜖0𝑛
2�⃑�  �⃑� = 𝜇0�⃑⃑� + �⃑⃑�  

𝑛 = √
𝜖

𝜖0  
 

𝐽 = 𝜎�⃑�   

Electromagnetic wave equation 

∇2�⃑� = 𝜇𝜖
𝜕2�⃑� 

𝜕𝑡2
 

𝑣 =
1

√𝜇𝜖
=

𝑐

𝑛
 �⃑� . �⃑� = 0 �⃑⃑� × �⃑� = 𝑤�⃑�  |�⃑� | =

𝑛

𝑐
|�⃑� | |�⃑� |

|�⃑⃑� |
= √

𝜇

𝜖
= 𝑍  

Energy and momentum 

𝑆 = �⃑� × �⃑⃑�                           pointing vector 

𝐼 = |〈𝑆 〉| =
1

2
𝐸0𝐻0 =

1

2
𝑐𝜖0𝐸0

2 = 𝑐〈𝑢〉  𝐼: irradiance, 〈𝑢〉: average energy density 

〈𝐹 〉 = 〈
𝑑�⃑� 

𝑑𝑡
〉 = �̂�𝑞〈𝑣𝑥𝐵〉 〈

𝑑𝑈

𝑑𝑡
〉 = 𝑐𝑞〈𝑣𝑥𝐵〉 〈

𝑑�⃑� 

𝑑𝑡
〉 =

1

𝑐
〈
𝑑𝑈

𝑑𝑡
〉 

Damped oscillator model  
𝑚(�̈� + 𝛾�̇� + 𝜔0

2𝑥)

= 𝑞𝐸0𝑒
𝑖𝜔𝑡 

𝑥0 =
𝑞𝐸0

𝑚(𝜔0
2 − 𝜔2 + 𝑖𝛾𝜔)

 𝑝 = 𝑞𝑥 =
𝑁𝑞2𝐸0𝑒

𝑖𝜔𝑡

𝑚(𝑤0
2 − 𝑤2 + 𝑖𝛾𝜔)

 

dipole moment for N oscillator per unit volume (macroscopic polarization) 

𝑛 = 1 +
𝑁𝑞2

2𝑚𝜖0(𝜔0
2 − 𝜔2 + 𝑖𝛾𝜔)

= 𝑛′ + 𝑖𝑛′′ 

𝑛′ = 1 +
𝑁𝑞2

2𝑚𝜖0

𝜔0
2 − 𝜔2

(𝜔0
2 − 𝜔2)2 + 𝛾2𝜔2

 𝑛′′ =
𝑁𝑞2

2𝑚𝜖0

𝛾𝜔

(𝜔0
2 − 𝜔2)2 + 𝛾2𝜔2

 

For 𝜔0 ≪ 𝜔: 

𝑛′ = 1 +
𝑁𝑞2

2𝑚𝜖0𝜔0

𝜔0 − 𝜔

(𝜔0 − 𝜔)2 + (
𝛾
2
)2

 𝑛′′ =
𝑁𝑞2

8𝑚𝜖0𝜔0

𝛾

(𝜔0 − 𝜔)2 + (
𝛾
2
)2

 

Refraction 

𝑟⊥ =
𝐸0𝑟

𝐸0𝑖
=

𝑛𝑖 cos 𝜃𝑖 − 𝑛𝑡 cos 𝜃𝑡

𝑛𝑖 cos 𝜃𝑖 + 𝑛𝑡 cos 𝜃𝑡
 𝑡⊥ =

𝐸0𝑡

𝐸0𝑖
=

2𝑛𝑖 cos 𝜃𝑖

𝑛𝑖 cos 𝜃𝑖 + 𝑛𝑡 cos𝜃𝑡
 

𝑟∥ =
𝐸0𝑟

𝐸0𝑖
=

𝑛𝑖 cos 𝜃𝑡 − 𝑛𝑡 cos 𝜃𝑖

𝑛𝑖 cos 𝜃𝑡 + 𝑛𝑡 cos 𝜃𝑖
 𝑡∥ =

𝐸0𝑡

𝐸0𝑖
=

2𝑛𝑖 cos 𝜃𝑖

𝑛𝑖 cos 𝜃𝑡 + 𝑛𝑡 cos 𝜃𝑖
 

 

𝜃𝐵𝑟𝑜𝑠𝑡𝑒𝑟 = tan−1
𝑛𝑡

𝑛𝑖
 𝜃𝐶𝑟𝑖𝑡𝑖𝑐𝑎𝑙 = sin−1

𝑛𝑡

𝑛𝑖
 

 

Reflected power  Transmittance power  

𝑅 =
𝐼𝑟𝐴𝑟

𝐼𝑖𝐴𝑖
= 𝑟2 𝑇 =

𝐼𝑡𝐴𝑡

𝐼𝑖𝐴𝑖
=

𝑛𝑡 cos 𝜃𝑡

𝑛𝑖 cos 𝜃𝑖
𝑡2 𝐼 =

𝑛𝜖0𝑐0

2
|𝐸0|

2 

Lenses 

Refracting prisms Spherical  Convex lens  

𝑛𝑝𝑟𝑖𝑠𝑚

𝑛0
=

sin
1
2
(𝐴 + 𝐷)

sin
1
2
𝐴

 

 

𝑛1

𝑠01
+

𝑛2

𝑠𝑖1
=

𝑛2−𝑛1

𝑅1
  1

𝑠01
+

1

𝑠𝑖1
= (

𝑛𝑙

𝑛𝑚
− 1)(

1

𝑅1
−

1

𝑅2
) =

1

𝑓
 

Mirror 

−
ℎ0

ℎ𝑖
=

𝑑0

𝑑𝑖
 

1

𝑑0
+

1

𝑑𝑖
=

2

𝑅
=

1

𝑓
 𝑚𝑎𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 =

ℎ𝑖

ℎ0
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Simple telescope Compound lens 

𝑀 =
𝜃′

𝜃
=

𝑓0
𝑓𝑒

 
1

𝑓
=

1

𝑓1
+

1

𝑓2
−

𝑑

𝑓1𝑓2
 

Ray tracing  

Translation Refraction 

[
𝑥2

𝛾2
] = [

1 𝑑
0 1

] [
𝑥1

𝛾1
] 

[
𝑥2

𝛾2
] = [

1 0

0
𝑛2

𝑛1

] [
𝑥1

𝛾1
] 

Curved lens 

n1 to n2 n2 to n3 

[
𝑥2

𝛾2
] = [

1 0
𝑛1 − 𝑛2

𝑛2𝑅1

𝑛1

𝑛2

] [
𝑥1

𝛾1
] [

𝑥3

𝛾3
] = [

1 0
𝑛2 − 𝑛3

𝑛3𝑅2

𝑛2

𝑛3

] [
𝑥2

𝛾2
] 

Thin lens 

[
𝑥3

𝛾3
] = [

1 0
𝑛2−𝑛3

𝑛3𝑅2
+

𝑛1−𝑛2

𝑛3𝑅1

𝑛1

𝑛3

] [
𝑥1

𝛾1
]  

For 𝑛1 = 𝑛3 = 1 and 
𝑅1 = −𝑅2 [

𝑥3

𝛾3
] = [

1 0

−
1

𝑓
1] [

𝑥1

𝛾1
] 𝑓 =

𝑅

2(𝑛 − 1)
 

Imaging by thin lens 

[
𝑥𝑖

𝛾𝑖
] = [

1 −
𝑠𝑖

𝑓
𝑠0 + 𝑠𝑖 −

𝑠0𝑠𝑖

𝑓

−
1

𝑓
1 −

𝑠0

𝑓

] [
𝑥0

𝛾0
]  

𝑠0 + 𝑠𝑖 −
𝑠0𝑠𝑖

𝑓
= 0 →

1

𝑠0
+

1

𝑠𝑖
=

1

𝑓
  

𝑚𝑎𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑚𝑎𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 

𝛽𝑙 = 1 −
𝑠𝑖

𝑓
 𝛽𝛾 = 1 −

𝑠0

𝑓
 

  

 

𝛽𝑙𝛽𝛾 = 1 𝑥𝑖𝛾𝑖 = 𝑥0𝛾0 

Thick lens and lenses system 

𝑀 = [
1 0

𝑛2 − 𝑛3

𝑛3𝑅2

𝑛2

𝑛3

] [
1 𝑑
0 1

] [
1 0

𝑛1 − 𝑛2

𝑛2𝑅1

𝑛1

𝑛2

] = [
𝐴 𝐵
𝐶 𝐷

] 

𝐴 = 1 +
𝑛1 − 𝑛2

𝑛2𝑅1
𝑑 𝐷 =

𝑛1

𝑛3
(1 +

𝑛2 − 𝑛3

𝑛2𝑅2
𝑑) 

𝐵 =
𝑛1

𝑛2
𝑑 𝐶 =

1

𝑛3
(
𝑛2 − 𝑛3

𝑅2
+

𝑛1 − 𝑛2

𝑅1
+

𝑛1 − 𝑛2

𝑛2𝑅1

𝑛2 − 𝑛3

𝑅2
𝑑) 

Thin lens 
Take: 𝑛1 = 𝑛3 and 𝑑 = 0 

𝐴 = 1 𝐵 = 0 
𝐶 =

1

𝑛1
(
𝑛2 − 𝑛1

𝑅2
+

𝑛1 − 𝑛2

𝑅1
) 

𝐷 = 1 

 

At −𝑅1 = 𝑅2 = −𝑅 At 𝑛1 = 1 

𝐶 = −
2

𝑛1
(
𝑛2 − 𝑛1

𝑅
) 𝐶 = −

1

𝑓
 

Furior optics 

𝑓(𝑡) =
𝑎0

2
+ ∑𝑎𝑙 cos(𝑙𝜔𝑡)

∞

1

+ ∑𝑏𝑙 sin 𝑙𝜔𝑡

∞

1

 

𝑎0 =
2

𝑇
∫ 𝑓(𝑡)𝑑𝑡

𝑇
2

−
𝑇
2

 𝑎𝑛 =
2

𝑇
∫ 𝑓(𝑡) cos(𝑛𝜔𝑡) 𝑑𝑡

𝑇
2

−
𝑇
2

 𝑏𝑛 =
2

𝑇
∫ 𝑓(𝑡) sin(𝑛𝜔𝑡) 𝑑𝑡

𝑇
2

−
𝑇
2

 

 

𝑓(𝑡) = ∑𝛼𝑙𝑒
𝑖𝑙𝜔𝑡

∞

−∞

 𝛼𝑙 =
1

𝑇
∫ 𝑓(𝑡)𝑒−𝑖𝑙𝜔𝑡𝑑𝑡

𝑇
2

−
𝑇
2

 

Fourier integral 

𝑓(𝑡) =
1

2𝜋
∫ 𝑓(𝜔)𝑒𝑖𝜔𝑡𝑑𝜔

∞

−∞

 𝑓(𝜔) = ∫ 𝑓(𝑡)𝑒−𝑖𝜔𝑡𝑑𝑡
∞

−∞

 

Dirac delta function 
𝛿(𝑡 − 𝑡0) = 𝑓(𝑥)

= {
0, 𝑡 ≠ 𝑡0
∞, 𝑡 = 𝑡0

 
∫ 𝛿(𝑡 − 𝑡0)𝑑𝑡

∞

−∞

= 1 ∫ 𝑓(𝑡)𝛿(𝑡 − 𝑡0)𝑑𝑡
∞

−∞

= 𝑓(𝑡0) 

Comb function 

𝑐𝑜𝑚𝑏(𝑡) = ∑𝛿(𝑡 − 𝑡𝑛)

𝑁

−𝑁

 
𝑡𝑛 = 𝑛𝑡0 

𝐹(𝜔) = ∫ 𝑐𝑜𝑚𝑏(𝑡)𝑒−𝑖𝜔𝑡
∞

−∞

= ∑𝑒−𝑖𝜔𝑡𝑛

𝑁

−𝑁
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Polarization 
𝐸𝑥(𝑧, 𝑡) = 𝐸0𝑥 cos(𝜏 + 𝛿𝑥) 𝐸𝑦(𝑧, 𝑡) = 𝐸0𝑦 cos(𝜏 + 𝛿𝑦) 

𝐸𝑥
2

𝐸0𝑥
2 +

𝐸𝑦
2

𝐸0𝑦
2 − 2

𝐸𝑥

𝐸0𝑥

𝐸𝑦

𝐸0𝑦
cos(𝛿) = sin2(𝛿) 

𝐼 = 𝐼0 cos2 𝜃 

Linear (𝜹 = 𝟎 𝒐𝒓 𝝅) Right/left circular (𝜹 =
𝝅

𝟐
𝒐𝒓

𝟑𝝅

𝟐
, 𝑬𝟎𝒙 = 𝑬𝟎𝒚 = 𝑬𝟎)  

(
𝐸𝑥

𝐸0𝑥
+

𝐸𝑦

𝐸0𝑦
)

2

= 0 (
𝐸𝑥

𝐸0𝑥
)
2

+ (
𝐸𝑦

𝐸0𝑦
)

2

= 1 

General elliptical polarization 

 

𝐸′𝑥
= 𝐸𝑥 cos(ℵ)
+ 𝐸𝑦 sin(ℵ) 

𝐸′𝑦
= −𝐸𝑥 sin(ℵ)
+ 𝐸𝑦 cos(ℵ) 

tan(2ℵ)

=
2𝐸0𝑥𝐸0𝑦 cos 𝛿

𝐸0𝑥
2 + 𝐸0𝑦

2  
tan(𝛽) = ±

𝑏

𝑎
 

𝐸�̃�(𝑧, 𝑡) = 𝐸0𝑥𝑒
𝑖(𝑘𝑧−𝜔𝑡+𝛿𝑥) 𝐸�̃�(𝑧, 𝑡) = 𝐸0𝑦𝑒

𝑖(𝑘𝑧−𝜔𝑡+𝛿𝑦) 

�̃� = [𝐸0𝑥𝑒
𝑖(𝛿𝑥)�̂� + 𝐸0𝑦𝑒

𝑖(𝛿𝑦)�̂�]𝑒𝑖(𝑘𝑧−𝜔𝑡)

= 𝐸0̃𝑒
𝑖(𝑘𝑧−𝜔𝑡) 

𝐸0̃ = [
𝐸0�̃�

𝐸0�̃�

] = [
𝐸0𝑥𝑒

𝑖𝛿𝑥

𝐸0𝑦𝑒
𝑖𝛿𝑥

] 

Transformation of polarization  
 

(
𝐸′𝑥
𝐸′𝑦

) = ( cos2 𝜃 sin 𝜃 cos 𝜃
sin 𝜃 cos 𝜃 sin2 𝜃

) (
𝐸𝑥

𝐸𝑦
)  

Stoke’s parameters 
�⃑� = 𝑖�̂�0𝑥 cos(𝑘𝑧 − 𝜔𝑡 + 𝜙𝑥) + 𝑗̂𝐸0𝑦 cos(𝑘𝑧 − 𝜔𝑡 + 𝜙𝑦) 

𝑆0 = 〈𝐸0𝑥
2 〉 + 〈𝐸0𝑦

2 〉 𝑆1 = 〈𝐸0𝑥
2 〉 − 〈𝐸0𝑦

2 〉 𝑆2 = 2〈𝐸0𝑥𝐸0𝑦 cos 𝛿〉 

𝑆3 = 2〈𝐸0𝑥𝐸0𝑦 sin 𝛿〉 𝑺𝟎
𝟐 = 𝑺𝟏

𝟐 + 𝑺𝟐
𝟐 + 𝑺𝟑

𝟐 (𝑓𝑜𝑟 𝛿 𝑡𝑖𝑚𝑒 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡) 

Degree of polarization 
𝑚 =

√𝑆1
2 + 𝑆2

2 + 𝑆3
2

𝑆0
 

Interference 
Two point sources 

𝐸1
⃑⃑⃑⃑ = 𝐸01

⃑⃑ ⃑⃑ ⃑⃑  𝑒𝑖(�⃑� .𝑟1⃑⃑⃑⃑ −𝜔𝑡+𝜙1) 𝐸2
⃑⃑⃑⃑ = 𝐸02

⃑⃑ ⃑⃑ ⃑⃑  𝑒𝑖(�⃑� .𝑟2⃑⃑⃑⃑ −𝜔𝑡+𝜙2) 𝐸𝑝
⃑⃑⃑⃑ = 𝐸1

⃑⃑⃑⃑ + 𝐸2
⃑⃑⃑⃑  

𝐼𝑝  𝛼 〈|𝐸𝑝
⃑⃑ ⃑⃑ |

2
〉 𝐼𝑝 = 𝐼1 + 𝐼2 + 2〈√𝐼1𝐼2 cos 𝛼〉, 𝛼 = �⃑� . (𝑟2 − 𝑟1) + (𝜙2 − 𝜙1) 

Young’s Experiment 

Maxima  Two adjacent maxima  
𝛿 = 𝑘(𝑟2 − 𝑟1) =

2𝜋

𝜆

𝑥ℎ

𝐷
 

𝛿𝑚 = 2𝑚𝜋 
𝑋𝑚 − 𝑋𝑚−1 =

𝜆𝐷

ℎ
 

Multiple sources  

𝐸𝑝
⃑⃑ ⃑⃑ = 𝐸0𝑒

𝑖(�⃑� .𝑟 −𝜔𝑡+𝜙1)
sin(

𝑁
2

𝜙)

sin
𝜙
2

 
𝑟 = 𝑟1 +

𝑁 − 1

2
𝜙 𝜙 =

2𝜋

𝜆
𝑑 sin 𝜃 

 

Total phase difference 
𝛷 =

2𝜋

𝜆
𝑎 sin 𝜃 = (𝑁 − 1)𝜙 ≅ 𝑁𝜙 (𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡) 

|𝐸𝑝| = 𝑁𝐸0

sin 𝛼

𝛼
 𝛼 =

𝜋

𝜆
𝑎 sin 𝜃 𝐼𝑝 = 𝑁2𝐸0

2
sin2 𝛼

𝛼2
 

Interference in thin films 
Brightness at 

𝜹 = 𝟐𝒎𝝅 
Brightness at normal 
incident (𝜽𝒕 = 𝟎)  

Darkness at normal incident (𝜽𝒕 =
𝟎) 

2𝑛2𝑑 cos 𝜃𝑡 = 𝑚𝜆0 
𝑑 =

𝑚𝜆0

2𝑛2
=

𝑚𝜆𝑛

2
 𝑑 = (2𝑚 + 1)

𝜆0

4𝑛2
 

If equal amount of light is reflected on both sides of 
the film 

𝑛2−𝑛1

𝑛2+𝑛1
=

𝑛3−𝑛2

𝑛3+𝑛2
 → 𝑛2 = √𝑛3  

Newton’s rings  

 

Minimum (Dark) Maxima (Bright)  

2𝑘𝑑 = 2𝑚𝜋 

𝜌𝑚 = √
(𝑚 +

1
2
) 𝜆0𝑅

𝑛2
 

𝜌𝑚 = √
𝑚𝜆0𝑅

𝑛2

 

𝑑 =
𝜌2

2𝑅
 

Michelson interferometer  
Total phase difference  Circular symmetric (𝜹 = 𝟐𝝅𝒎) 

𝛿 =
2𝜋

𝜆0

. 2𝑑 cos 𝜃𝑡 𝑚 =
2𝑑

𝜆0

cos 𝜃𝑡 
Normal incidence 

𝑚 =
2𝑑

𝜆0

 

Intensity 𝐼 = 2𝐼0 cos2 𝑘𝑑 At 𝑰 =
𝑰𝒎𝒂𝒙

𝟐
 𝛿1

2
=

𝜋

2
 

Fabri-Perot (multi reflection) 
𝐸𝑖
⃑⃑  ⃑ = 𝐸0

⃑⃑⃑⃑ 𝑒𝑖(�⃑� .𝑟 −𝜔𝑡) 
𝐸𝑡 =

𝐸1(1 − 𝑟2 cos 𝛿 + 𝑖𝑟2 sin 𝛿)

1 − 2𝑟2 cos 𝛿 + 𝑟4
 

𝐸1
⃑⃑⃑⃑ = 𝐸0

⃑⃑⃑⃑ 𝑡1𝑡2𝑒
𝑖(�⃑� .𝑟 −𝜔𝑡) 

Jones vector (
𝐸0𝑥

𝐸0𝑦
) = (

|𝐸0𝑥|𝑒
𝑖𝜙𝑥

|𝐸0𝑦|𝑒
𝑖𝜙𝑦

) = (
|𝐸0𝑥|

|𝐸0𝑦|𝑒
𝑖𝛿) (

𝐸0𝑥

𝐸0𝑦
) =

1

√𝐸0𝑥
2 + 𝐸0𝑦

2

(
|𝐸0𝑥|

|𝐸0𝑦|𝑒
𝑖𝛿) 

Minimum 𝛼 = 𝑚𝜋 𝑎 sin 𝜃 = 𝑚𝜆 
𝑎

𝑋

𝐷
= 𝑚𝜆 𝑋𝑚 = 𝑚

𝜆𝐷

𝑎
 

Maximum Width of central maxima Maxima 

𝑤 = 2𝑋1 =
2𝜆𝐷

𝑎
 

𝑑𝐼𝑝

𝑑𝛼
= 0, tan 𝛼 = 𝛼 
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Visibility 
(𝒗) 𝑣 =

𝐼𝑚𝑎𝑥 − 𝐼𝑚𝑖𝑛

𝐼𝑚𝑎𝑥 + 𝐼𝑚𝑖𝑛
=

2𝑟2

1 + 𝑟4 
Contrast 

(𝑭) 𝐹 =
4𝑟2

(1 − 𝑟2)2
 

𝐼𝑡
𝐼𝑚𝑎𝑥

=
1

1 + 𝐹 sin2 𝛿
2

 

Maximum trans  At 𝑰 =
𝑰𝒎𝒂𝒙

𝟐
 

𝛿

2
= 𝑚𝜋 2𝑛2𝑑 cos 𝜃𝑡 =

𝑚𝜆0

2
 𝛿1

2
= 2 sin−1

1

√𝐹
 

Half width (𝜸) 

𝛾 = 2𝛿1
2
 

Resolving power 

𝑅𝐵 =
𝜆

|∆𝜆|
=

𝜔

∆𝜔
=

𝜔𝑑

2𝑐
√𝐹 =

𝜔𝑑

𝜋𝑐
𝑓 𝑓 =

𝜋

2
√𝐹 

Maxima, at (𝜹 = 𝟐𝒎𝝅), (
𝝎𝒅

𝒄
= 𝒎𝝅) 𝑅𝐵 = 𝑚𝐹 

Multilayer 
For 3 regions 𝒏𝟎, 𝒏𝟏, 𝒏𝟑 

(
𝐸1

𝐻1
) = (

cos 𝛿1 −
𝑖 sin 𝛿1

𝛽1

−𝑖𝛽1 sin 𝛿1 cos 𝛿1

)(
𝐸2

𝐻2
) 

𝛿1 = 𝑛1𝑘0𝑑 cos 𝜃𝑡  

𝛽1 = √
𝜖0

𝜇0
𝑛1 cos 𝜃𝑡  

For multi periodic layers 

(
𝐸1

𝐻1
) = 𝑀1𝑀2 …𝑀𝑛 (

𝐸𝑛+1

𝐻𝑛+1
) 𝑀 = 𝑀1𝑀2 …𝑀𝑛 = (

𝑀11 −𝑖𝑀12

−𝑖𝑀21 𝑀22
) 

Reflectivity 
𝑹 

𝑟 =
(𝛽0𝑀11 − 𝛽𝑠𝑀22) − 𝑖(𝛽0𝛽𝑠𝑀12 − 𝑀21)

(𝛽0𝑀11 + 𝛽𝑠𝑀22) − 𝑖(𝛽0𝛽𝑠𝑀12 + 𝑀21)
 

𝑅 = 𝑟𝑟∗ 

Transitivity 
𝑻 

𝑡 =
2𝛽0

(𝛽0𝑀11 + 𝛽𝑠𝑀22) − 𝑖(𝛽0𝛽𝑠𝑀12 + 𝑀21)
 

𝑇 = 𝑡𝑡∗ 

Anti-reflecting film 

For normal incidence 
𝛿 = 𝑘𝑑 

𝛽1 = √
𝜖0

𝜇0
𝑛1 𝑅 =

(𝑛𝑠 − 𝑛1
2)2

(𝑛𝑠 + 𝑛1
2)2

 𝑀 = (
cos𝛿 −

𝑖 sin𝛿

𝛽1

−𝑖𝛽1 sin𝛿 cos 𝛿

) 

𝛽0 = √
𝜖0

𝜇0
 𝛽𝑠 = √

𝜖0

𝜇0
𝑛𝑠 

𝑅 = 0 

For 𝑛1 = √𝑛𝑠 

High-reflecting films 

Alternate layers of high index 𝑛ℎ and low 𝑛𝑙 with thickness 𝑑 =
𝜆

4𝑛ℎ,𝑙
 

𝑀 = [

−
𝑛ℎ

𝑛𝑙
0

0 −
𝑛𝑙

𝑛ℎ

] 

For 2N layers (films) 

𝑀𝑡 = 𝑀𝑛 =

[
 
 
 
 (−

𝑛ℎ

𝑛𝑙
)
𝑁

0

0 (−
𝑛𝑙

𝑛ℎ
)
𝑁

]
 
 
 
 

 𝑅 = (
(
𝑛ℎ
𝑛𝑙

)
2𝑁

− 𝑛𝑠

(
𝑛ℎ
𝑛𝑙

)
2𝑁

+ 𝑛𝑠

)

2

 

Diffraction 
𝑟 = 𝑟0 + 𝑦 sin 𝜃 

𝑢𝑝 = ∫𝑒𝑖𝑘𝑟𝑑𝑠 

Single and double slits 

𝛼 =
𝜋

𝜆
𝑏 sin 𝜃 𝛽 = 𝑘

𝑎

2
sin 𝜃 𝐶′ = 𝑎𝐿𝐶𝑒𝑖𝑘𝑟0  

𝐼 = |𝑢𝑝|
2
= 𝐼𝑚 (

sin 𝛽

𝛽
)
2

 

Single slit  𝑢𝑝 = 𝐶′
sin 𝛽

𝛽
 Double slits 𝑢𝑝 = 𝐶′

sin 𝛽

𝛽
cos 𝛼 

minima maxima Minima Maxima 
𝛽 = 𝑚𝜋 𝑑𝐼

𝑑𝛽
= 0 𝑚𝜋 =

𝜋

𝜆
𝑏 sin 𝜃 𝑋𝑚 =

𝑚𝜆𝐷

𝑏
 𝑤𝑐 =

2𝜆𝐷

𝑎
 

𝜋

𝜆
𝑎 sin 𝜃 = 𝑚𝜋 tan 𝛽 = 𝛽 #of fringes under central max 

𝑋𝑚 =
𝑚𝜆𝐷

𝑎
 𝑤𝑖𝑑𝑡ℎ𝑐𝑒𝑛𝑡𝑟𝑎𝑙 =

2𝜆𝐷

𝑎
 𝑛 =

𝑤

∆𝑥
− 1 = 2

𝑏

𝑎
− 1 

Multi slits (diffraction grating) 

𝑢𝑝 = 𝐶′
sin 𝛽

𝛽

sin𝑁𝛼

sin 𝛼
 𝐼 = 𝑁2𝐼0 (

sin 𝛽

𝛽

sin𝑁𝛼

sin 𝛼
)
2

 
𝐼0: 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 𝑓𝑟𝑜𝑚 𝑜𝑛𝑒 𝑠𝑙𝑖𝑡 

Maxima 𝛼 = 𝑚𝜋 𝑚𝜆 = 𝑏 sin 𝜃 Resolving power: 𝑅𝐵 =
𝜆

∆𝜆
= 𝑁𝑚 

Circular aperture 

𝑢𝑝 = 𝐶𝑒𝑖𝑘𝑟02
𝐽1(𝑝)

𝑝
 𝐼 = 𝐼0 (2

𝐽1(𝑝)

𝑝
)

2

 
𝑝 = 𝑘𝑅 sin𝜃 

Airy disk 
sin𝜃 =

1.22𝜆

𝐷
= 𝜃 

𝐷 = 2𝑅 

 

 

 

𝐼𝑡 = 𝐸𝑡. 𝐸𝑡
∗ =

𝐸1
2

1 − 2𝑟2 cos 𝛿 + 𝑟4
=

𝐸1
2

(1 − 𝑟2)2 + 4𝑟2 sin2 𝛿
2

 

At 𝜹 = 𝟐𝒎𝝅 
𝐼𝑡 = 𝐼𝑚𝑎𝑥 =

𝐸1
2

(1 − 𝑟2)2
 𝐼𝑡 =

𝐼𝑚𝑎𝑥

1 +
4𝑟2

(1 − 𝑟2)2
sin2 𝛿

2

 

At 𝜹 = (𝟐𝒎 +
𝟏)𝝅 𝐼𝑡 = 𝐼𝑚𝑖𝑛 =

𝐸1
2

(1 + 𝑟2)2
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