
Constants (integrals may also be given as needed) 
ܿ ൌ 2.998 ൈ 10଼ m/s 

݄ ൌ 6.626 ൈ 10ିଷସ Js 
݇஻ ൌ 1.381 ൈ 10ିଶଷ J/K 

஺ܰ ൌ 6.022 ൈ 10ଶଷ  
݉௘௟௘௖௧௥௢௡ ൌ 9.109 ൈ 10ିଷଵ kg 
݁ ൌ 1.602 ൈ 10ିଵଽ C 

߳଴ ൌ 8.854 ൈ 10ିଵଶ C2/Nm2 

଴ߤ ൌ ߨ4 ൈ 10ି଻ Tm/A 

ߪ ൌ 5.670 ൈ 10ି଼ W/m2K4 
General E&M 
۲ ൌ ߳଴۳ ൅ ۾ ൌ ߳଴߳௥۳  
׏ ⋅ ۲ ൌ   ௙௥௘௘ߩ

۶ ൌ
۰

ఓబ
െ ۻ ൌ

۰

ఓబఓೝ
ൎ

۰

ఓబ
	  

׏ ൈ ۶ ൌ ۸௙௥௘௘ ൅
డ۲

డ௧
  

׏ ⋅ ۸ ൌ െ
డఘ

డ௧
  

ܧଶ׏ െ ߳଴ߤ଴
డమ۳

డ௧మ
ൌ ଴ߤ

డ۸೑ೝ೐೐
డ௧

൅ ଴ߤ
డమ۾

డ௧మ
െ

ଵ

ఢబ
׏ሺ׏ ⋅   ሻ۾

Lorentz Model 

߱௣ଶ ൌ
ே௤మ

௠ఢబ
  

߯ ൌ
ఠ೛
మ

ఠబ
మିఠమି௜ఠఊ

  (dielectrics) 

߯ ൌ
ఠ೛
మ

ିఠమି௜ఠఊ
  (metals) 

Poynting 

׏ ⋅ ܁ ൅
డ௨೑೔೐೗೏
డ௧

ൌ െ
డ௨೘೐೏೔ೠ೘

డ௧
  

܁ ൌ
ଵ

ఓబ
ሺ۳ ൈ ۰ሻ  

௙௜௘௟ௗݑ ൌ
ఢబ
ଶ
ଶܧ ൅

ଵ

ଶఓబ
  ଶܤ

డ௨೘೐೏೔ೠ೘

డ௧
ൌ ۳ ⋅ ۸  

ܫ ൌ 〈ܵ〉 ൌ
ଵ

ଶ
݊߳଴ܿܧଶ  

Fresnel Eqs 

ߙ ൌ
ୡ୭ୱఏమ
ୡ୭ୱఏభ

ߚ  , ൌ
௡మ
௡భ
	 

ݎ ൌ
ఈିఉ

ఈାఉ
ݐ , ൌ

ଶ

ఈାఉ
 (p-polar) 

ݎ ൌ
ଵିఈఉ

ଵାఈఉ
ݐ , ൌ

ଶ

ଵାఈఉ
 (s-polar) 

Two Interfaces 

଴ଶݐ ൌ
௧బభ௧భమ

ୣ୶୮ሺି௜௞భௗ ୡ୭ୱఏభሻି௥భబ௥భమ ୣ୶୮ሺ௜௞భௗ ୡ୭ୱఏభሻ
  

଴ܶଶ ൌ
௡మ
௡బ

ୡ୭ୱఏమ
ୡ୭ୱఏభ

	
|௧బభ|మ|௧భమ|మ

|ଵି௥భబ௥భమ ୣ୶୮ሺ௜ଶ௞భௗ ୡ୭ୱఏభሻ|మ
  

଴ܶଶ ൌ ଴ଶ|ଶݐ|଴ଶߚ଴ଶߙ ൌ 	
೘்ೌೣ	

ଵାி ୱ୧୬మ஍/ଶ
  

௠ܶ௔௫ ൌ 	
బ்భ భ்మ

ሺଵିඥோభబඥோభమሻమ
	  

ܨ ൌ
ସ|௥భబ||௥భమ|

ሺଵି|௥భబ||௥భమ|ሻమ
  

Φ ൌ ଵ଴ߜ ൅ ଵଶߜ ൅ 2݇ଵ݀ cos   ଵߠ

ΔΦ୊୛ୌ୑ ൌ   	ܨ√/4

Δߣிௐுெ ൌ
ఒమ

గ௡భௗ ୡ୭ୱఏభ√ி
  

Δߣிௌோ ൌ
ఒమ

ଶ௡భௗ ୡ୭ୱఏభ
  

Multilayers 
଴ଶݐ ൌ 1/ܽଵଵ  
ݎ ൌ ܽଶଵ/ܽଵଵ  
௝ߚ ൌ ௝݇ℓ௝ cos   ௝ߠ
p-polar:  

௝ܯ ൌ ቌ
cos ௝ߚ െ

௜ ୱ୧୬ఉೕ ୡ୭ୱఏೕ
௡ೕ

െ
௜௡ೕ ୱ୧୬ఉೕ
ୡ୭ୱఏೕ

	 cos ௝ߚ
ቍ  

ܣ ൌ
ଵ

ଶ௡బ ୡ୭ୱఏబ
൬
݊଴ cos ଴ߠ
݊଴ െ cos ଴ߠ

൰ ൈ  

 ൫∏ ௝ܯ
ே
௝ୀଵ ൯ ൬

cos 	ேାଵߠ 0
݊ேାଵ 0൰  

s-polar: 

௝ܯ ൌ ൭
cos ௝ߚ െ

௜ ୱ୧୬ఉೕ
௡ೕ ୡ୭ୱఏೕ

	

െ݅ ௝݊ sin ௝ߚ cos ௝ߠ 	 cos ௝ߚ
൱  

ܣ ൌ
ଵ

ଶ௡బ ୡ୭ୱఏబ
൬
݊଴ cos ଴ߠ 1
݊଴ cos ଴ߠ െ1൰ ൈ  

൫∏ ௝ܯ
ே
௝ୀଵ ൯ ൬

1 0
݊ேାଵ cos 	ேାଵߠ 0൰  

Crystals 
ଵ

௡మ
ൌ

௨ೣమ

௡మି௡ೣ
మ ൅

௨೤మ

௡మି௡೤
మ ൅

௨೥మ

௡మି௡೥
మ  

Uniaxial: 

݊ ൌ ݊௢,  ݊ ൌ
௡బ௡೐

ට௡೚
మ ୱ୧୬మ ఏమା௡೐

మ ୡ୭ୱమ ఏమ

 

p-polar, optic axis  to surface: 

tan ଶߠ ൌ
௡೐
௡೚

ୱ୧୬ఏభ

ට௡೐
మିୱ୧୬మ ఏభ

  

tan ௦ߠ ൌ
௡೚
௡೐

ୱ୧୬ఏభ

ට௡೐
మିୱ୧୬మ ఏభ

  

Polarization 

General Jones vector, standard form: ቀ ܣ
௜ఋ݁ܤ

ቁ 

RCP: 
ଵ

√ଶ
ቀ 1
݁௜ሺିଽ଴°ሻ

ቁ 

LCP: 
ଵ

√ଶ
ቀ 1
݁௜ሺାଽ଴°ሻ

ቁ 

Angle of elliptical: ߙ ൌ
ଵ

ଶ
tanିଵ ቀ

ଶ஺஻ ୡ୭ୱఋ

஺మି஻మ
ቁ	 

ఈܧ ൌ หܧ௘௙௙ห ൈ

ଶܣ√ cosଶ ߙ ൅ ଶܤ sinଶ ߙ ൅ ܤܣ cos ߜ sin   ߙ2

°ఈേଽ଴ܧ ൌ หܧ௘௙௙ห ൈ

ଶܣ√ sinଶ ߙ ൅ ଶܤ cosଶ ߙ െ ܤܣ cos ߜ sin   ߙ2

Linear polarizer: ቀ cosଶ ߠ sin ߠ cos ߠ
sin ߠ cos ߠ sinଶ ߠ

ቁ 

ఒ

ସ
: ൬ cosଶ ߠ ൅ ݅ sinଶ ߠ sin ߠ cos ߠ െ ݅ sin ߠ cos ߠ
sin ߠ cos ߠ െ ݅ sin ߠ cosߠ sinଶ ߠ ൅ ݅ cosଶ ߠ

൰  

ఒ

ଶ
:	ቀcos ߠ2 sin ߠ2
sin ߠ2 െ cos ߠ2

ቁ  

Fourier, Delta, Convolution 

݂ሺ߱ሻ ൌ
ଵ

√ଶగ	
׬ ݂ሺݐሻ݁௜ఠ௧݀ݐ
ஶ

ିஶ
  

݂ሺݐሻ ൌ
ଵ

√ଶగ	
׬ ݂ሺ߱ሻ݁ି௜ఠ௧݀߱
ஶ

ିஶ
  

଴݁ି௧ܧ
మ/ଶ்మ݁ି௜ఠబ௧ 	⇔ ଴ܶ݁ି்ܧ

మሺఠିఠబሻమ/ଶ  

ݐሺߜ െ ଴ሻݐ 	⇔
ଵ

ଶగ
׬ ݁ି௜ఠሺ௧ି௧బሻ݀߱
ஶ

ିஶ
  

ܽሺݐሻ ⊗ ܾሺݐሻ ൌ ׬ ܽሺݐᇱሻܾሺݐ െ ′ݐᇱሻ݀ݐ
ஶ

ିஶ
  

Linear dispersion 

௚ݒ ൎ ൬
ௗ

ௗఠ
݇௥௘௔௟ቚ

ఠୀఠబ

൰
ିଵ

  

ᇱݐ ൎ
ௗ

ௗఠ
ቚܔ܉܍ܚܓ

ఠୀఠబ

⋅ Δܚ  

ݐሺܧ|ܚሺఠబሻ⋅୼܏܉ܕܑܓଶି݁~ܫ െ ,ᇱݐ   ૙ሻ|ଶܚ
Quadratic dispersion 

݇ ൌ ݇଴ ൅
ଵ

௩೒
ሺ߱ െ ߱଴ሻ ൅ ሺ߱ߙ െ ߱଴ሻଶ  

ଵ

௩೒
ൌ

ଵ

௖
ሺ݊ᇱ߱ ൅ ݊ሻ|ఠୀఠబ

  

ߙ ൌ
ଵ

ଶ௖
ሺ݊ᇱᇱ߱ ൅ 2݊ᇱሻ|ఠୀఠబ

	  

Gaussian wavepacket, through thickness z: 
Φ ൌ   ଶܶ/ݖߙ2
෨ܶ ൌ ܶ√1 ൅ Φଶ  

,ݐሺܧ ሻݖ ൌ
ாబ௘೔

ሺೖ೥షഘబ೟ሻ

ሺଵା஍మሻభ/ర
exp ቆ

௜

ଶ
tanିଵ Φ െ

௜

ଶ

஍
෨்మ ൬ݐ െ

௭

௩೒
൰
ଶ

	ቇ exp ቆെ
ଵ

ଶ ෨்మ
൬ݐ െ

௭

௩೒
൰
ଶ

ቇ  

Michelson, Temporal Coherence 
Single ߱:	ܫௗ௘௧ሺ߬ሻ ൌ ଴ሺ1ܫ2 ൅ cos߱߬ሻ   
Band of ߱’s: 

ߝ ൌ ׬ ሺ߱ሻ݀߱ܫ
ஶ

ିஶ
  

ሺ߬ሻߛ ൌ
ଵ

ఌ
׬ ሺ߱ሻ݁ି௜ఠఛ݀߱ܫ
ஶ

ିஶ
  

Sigሺ߬ሻ	~	2ߝ൫1 ൅ Re	ߛሺ߬ሻ൯  

ܸሺ߬ሻ ൌ visibility ൌ   |ሺ߬ሻߛ|

߬௖ ൌ ׬ ሺ߬ሻ|ଶ݀߬ߛ|
ஶ

ିஶ
  

ሺ߱ሻߜ଴ߝ2	~	ሺSigሺ߬ሻሻܶܨ ൅ ሺ߱ሻܫ ൅   ሺെ߱ሻܫ
Young, Spatial Coherence 

Pt source: ܫ௦௖௥௘௘௡ ൌ ଴ܫ2 ቀ1 ൅ cos ቀ
௞௬௛

஽
ቁቁ 

Extended source:  

ߝ ൌ ׬ ′ݕሻ݀′ݕሺܫ
ஶ

ିஶ
  

ሺ݄ሻߛ ൌ
ଵ

ఌ
݁ି௜௞௬௛/஽ ׬ ሻ݁ି௜௞௛௬′ݕሺܫ

ᇲ/ோ݀ݕ′
ஶ

ିஶ
  

௦௖௥௘௘௡ܫ ൌ ൫1〈௢௡௘௦௟௜௧ܫ〉2 ൅ Re	ߛሺ݄ሻ൯  
ܸሺ݄ሻ ൌ visibility ൌ   |ሺ݄ሻߛ|

݄௖ ൌ ׬ ሺ݄ሻ|ଶ݄݀ߛ|
ஶ

ିஶ
  

Rays:   ܴ׏ሺܚሻ ൌ ݊ሺܚሻ̂ݏሺܚሻ  
ABCD Matrices 

Translation: ቀ1 ݀
0 1

ቁ 

Flat surface refraction: ൬
1 0
0 ݊ଵ/݊ଶ

൰ 

Curved surface refraction: 

ቆ
1 0

ଵ

ோ
ሺ݊ଵ/݊ଶ െ 1ሻ ݊ଵ/݊ଶ

ቇ  

R = + for convex, – for concave 

Spherical mirror/thin lens: ൬
1 0

െ1/݂ 1൰ 

௟݂௘௡௦ ൌ ሺሺ݊ଶ/݊ଵ െ 1ሻሺ1/ܴଵ െ 1/ܴଶሻሻିଵ;  
R = + for convex surface, – for concave 

௠݂௜௥௥௢௥ ൌ ܴ/2;   R = + for concave 
ଵ݌ ൌ ሺ1 െ ଶ݌  ,ܥ/ሻܦ ൌ ሺ1 െ ݂  , ܥ/ሻܣ ൌ െ1/ܥ  

Cavity stability: െ1 ൏
஺ା஽

ଶ
൏ 1 

Diffraction formulas 
Helmholtz Eq.:  ׏ଶ۳ሺܚሻ ൌ െ݇ଶ۳ሺܚሻ	 

Fresnel:  ܧሺݔ, ,ݕ ሻݖ ൌ െ
௜௘೔ೖ೥௘೔ೖ൫ೣ

మశ೤మ൯/మ೥

ఒ௭
ൈ  

∬ ,ᇱݔሺܧ ,ᇱݕ 0ሻ݁௜௞ሺ௫
ᇲమା௬ᇲమሻ/ଶ௭݁ି௜௞ሺ௫௫

ᇲା௬௬ᇲሻ/௭݀ݔᇱ݀ݕ′
௔௣௘௥

  

Fraunhofer: ܧሺݔ, ,ݕ ሻݖ ൌ െ
௜௘೔ೖ೥௘೔ೖ൫ೣ

మశ೤మ൯/మ೥

ఒ௭
ൈ  

 ∬ ,ᇱݔሺܧ ,ᇱݕ 0ሻ݁ି௜௞ሺ௫௫
ᇲା௬௬ᇲሻ/௭݀ݔᇱ݀ݕ′

௔௣௘௥
 

More Fourier Transforms 

Comb function (N deltas):  ܶܨ ൌ
ଵ

√ଶగ

ୱ୧୬ேఠ௧బ/ଶ

ୱ୧୬ఠ௧బ/ଶ
  

Single slit:  ܶܨ ൌ
ଵ

√ଶగ
ܽ	sincሺ݇௫ܽ/2ሻ  

Rectangle:  ܶܨ ൌ
ଵ

ଶగ
ܾܽ	sincሺ݇௫ܽ/2ሻ	sinc൫݇௬ܾ/2൯  

Top hat:  ܶܨ ൌ
௔మ

ଶ
	
ଶ	୎భ൫௞ഐ௔൯

௞ഐ௔
ൌ

௔మ

ଶ
	jinc൫݇ఘܽ൯  

Spectrometer:  ߣ ൌ
௫௛

௠௭
,  Δߣ ൌ

ఒ

௠ே
 

Rayleigh:  ߠ௠௜௡ ൎ
ଵ.ଶଶఒ

஽
 

Gaussian Beams 

,ݔሺܧ ,ݕ ሻݖ ൌ ଴ܧ
௪బ

௪
exp ቀെ

ఘమ

௪మቁ ൈ  

exp ቀ݅݇ݖ ൅
௜௞ఘమ

ଶோ
െ ݅ tanିଵ ቀ

௭

௭బ
ቁቁ  

଴ݖ ൌ
௞௪బ

మ

ଶ
, 	ܴ ൌ ݖ ൅

௭బ
మ

௭
ݓ  , ൌ ଴ට1ݓ ൅

௭మ

௭బ
మ  

ଶݍ ൌ
஺௤భା஻

஼௤భା஽
ݍ , ൌ ݖ ൅   ଴ݖ݅

Plank Blackbody Formulas: 

ܧ ൌ
௛௙

ୣ୶୮ሺ௛௙/௞ಳ்ሻିଵ
  

ݑ ൌ
଼

ଵହ

గఱ௞ಳ
ర

௛య௖య
ܶସ  

ܫ ൌ
ଶ

ଵହ

గఱ௞ಳ
ర

௛య௖మ
ܶସ ൌ   ସܶߪ

௙ߩ ൌ
଼గ௛௙య/௖య

ୣ୶୮ሺ௛௙/௞ಳ்ሻିଵ
  

ఒߩ ൌ
଼గ௛௖/ఒఱ

ୣ୶୮ሺ௛௖/ఒ௞ಳ்ሻିଵ
  

௠௔௫ߣ ൌ
଴.଴଴ଶଽ଴

்
	m ⋅ K  
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