
Thin lens (Lens maker) 
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Refraction surface  

 

 

(𝑛! → 𝑛") 
 

Sign. Conv. 
s, s’>0 (Real) 
s, s’<0 (Virtual) 
R>0 (convex) 
R<0 (concave) 
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Susceptibility
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(Dispersive power) 

 

D: dispersion 
δ: deviation 
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Normalized Lorentzian 
 𝑔"(𝜐) = !(#)
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Lorentzian 
𝑔(𝜐) = %#$/'*

(#(##)%)(%#$/')%
	      

 

Numerical aperture 
 𝑁𝐴 = $𝑛!" − 𝑛#" 
 

 
2NA = f# (f-number) = f/D 

𝐻&(𝑢) = 1; 𝐻!(𝑢) = 2𝑢 

𝐻"(𝑢) = 2(2𝑢" − 1) 

Formula Sheet PHYC/ECE 463 Advanced Optics 1 UNM (MTII) 
 

Harmonic wave: 𝐸 = 𝑅𝑒{𝐸! exp(−𝑖𝜔𝑡 + 𝑖𝑘 ∙ 𝑟 + 𝜙)} ;    "
#!#$!

= 𝑐% 

Poynting vector 𝑆 = +
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Hermite-Gaussian Beams 
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Fresnel Equations 

 

 

Reflectance ; ; ; 

 
 
Complex index: in the above expressions 

Absorption coefficient  and skin depth :  ;  

Oscillator dipole model              
 

	   
 

Group velocity	𝑣& =
'(
')

: Cauchy formula for index  

 
Prism  
  
 
  
 
Imaging: 
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Snell: 𝑛4𝑠𝑖𝑛𝜃4=𝑛5𝑠𝑖𝑛𝜃5 
critical/pol. angles: 
𝑠𝑖𝑛𝜃6=𝑡𝑎𝑛𝜃7 = 𝑛'/𝑛+ 
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Prism with apex angle and minimum 
deviation angle:  

𝑛 = sin A
𝛼 + 𝛿
2

	E / sin 2
𝛼
2
	5 
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Divergence 
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𝐵+⃗ = +
8
𝑘+⃗ × 𝐸+⃗ = +

9
𝑘G × 𝐸+⃗  (𝑘G  unit vector || 𝑘+⃗ );  

 
Irradiance:  



Magnification   
|𝑚| = Jℎ′

ℎ
J; 𝑚 = (:′

:
 

 
 
 

2-Lens system (L)
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Angular mag.
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Thin lens (mirror ) 
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Interface  
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Refractive surface  
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Propagation  
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Trigonometry 
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Achromatic Doublet  
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Interface (𝑛2 → 𝑛+) 
𝑚 = −𝑛2𝑠′/𝑛+𝑠 

 
 
 
 (det[.]=1) 

(Mirror: 𝑓 = −𝑅/2) 
 

Cavity round trip 
 𝑟7 =

2
89:;

{[𝐴 sin(𝑁𝜃) − sin(𝑁 − 1) 𝜃]𝑟9: + 𝐵 sin(𝑁𝜃) 𝑟9:< } 
 

𝑟7< =
1

𝑠𝑖𝑛𝜃
{𝐶 sin(𝑁𝜃) 𝑟9: + [𝐷 sin(𝑁𝜃) − sin(𝑁 − 1) 𝜃]𝑟9:< } 

 

−1 ≤ 𝑐𝑜𝑠𝜃 = (𝐴 + 𝐷)/2 ≤ 1 

+
𝑟"
𝑟"′
. = +𝐴 𝐵

𝐶 𝐷. +
𝑟$
𝑟$′
.	

𝑑 sin 𝜃	
𝑑𝜃

= cos 𝜃 

𝑑 cos 𝜃	
𝑑𝜃

= −sin 𝜃 

𝑑 ln𝑤
𝑑𝑥V = 𝑤′/𝑤 

𝑑𝑤;

𝑑𝑥
= 𝑎𝑤;(+𝑤′ 

 
 
 
 
 
 

Paraxial approx.: 
tan 𝜃 ≈ sin 𝜃 ≈ 𝜃 
Euler: 
𝑒4< =	 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 
 
 
 
 
 

Law of cosines 
𝑐' = 𝑎' + 𝑏' − 2𝑎𝑏 cos 𝛾 
𝑎' = 𝑏' + 𝑐' − 2𝑎𝑏 cos 𝛼 
𝑏' = 𝑎' + 𝑐' − 2𝑎𝑏 cos 𝛽 
 

Optical Resonator 
 
 
 
 
 

q parameter in a cavity 

1
𝑞 = −

𝐴 −𝐷
2𝐵 − 𝑖

01 − 1𝐴 + 𝐷2 3
"

𝐵  

ABCD law for Gaussian beams  

𝑞' =
𝐴𝑞+ + 𝐵
𝐶𝑞+ + 𝐷

 

 

 
 
  
 
 

 
	 	
	
ABCD	matrices	2𝐴 𝐵

𝐶 𝐷5	
		
	 	
Paraxial ray tracing matrices. (ABCD) 
 
 
 
 
 
  
 
 
 
 
 
  
 
    
 
 
 
 
 
 
  
 
 
 
 
 
 
 
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 
Near distance (near point) of normal eye: 250 mm 

R>0 (convex)  
R<0 (concave) 
 




