6.631: Optics and Optical Electronics Formulee

1 Constants

c=2.9979 x 10® m/s
€0 = 8.8542 x 10712 F/m
o = 1.2566 x 107¢ H/m

no = 376.73

g=1.6022x 10" C

2 Mathematics

2.1 Vector Calculus
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2.2 Fourier Transform Theorems
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3 Statics
3.1 Maxwell’s Equations
3.1.1 Differential Form
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3.1.2 Boundary Condition Form

n- (Dout - Din) = 0s
n- (Bout - Bin) =0
i X (Eout — Ein) =0

n x (Hout - Hin) =K

3.2 Lorenz Force Equation

f=g(E+vxB)

3.3 Dielectric
P = Ngd
D=¢E+P
P =ex.E
e=eo(l+xe)

3.4 Reference Formulae
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4 Time Harmonic

4.1 Maxwell’s Equations

A(r,t) =R [A(r)e ]
V X E = iwp(w)H
V xH=—iwe(w)E+J

(8) = 5 (Bx HY)

4.2 Wave Equation
V2E +w?ueE =0
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H\/>k><E

Vector Potential
/L()H =V xA

~(k x E)

4.3

E=——> Ve

0P
V-A — =0
+M0€at



4.4 'Wave Impedance
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4.4.1 Common
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4.5 Propagation Matrices
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4.6 Scattering Matrices
S — [ S Siz ]
So1 Sa
S' = S (reciprocity)
ST =8~! (power conservation)
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S711812 + 551522 =0

S* = S~ (timereversal)

4.7 Fabry-Perot Resonator
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5 Fourier Optics

5.1 Paraxial Wave Equation
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5.2 Fresnel Diffraction (z > x)
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L il k) f2k)
T 2

H(ky, ky,z) =
u(x,y, z) = h(z,y, 2) @ uo(z,y, 2)
= )\L/ dl‘o/ dyo UO(«TO yo)e 3(k/22)[(z—20)*+(y—y0)°]

(2m)?
Af

upf(z,y) =j Uo(kz/f, ky/ f)

5.3 Fraunhofer Diffraction (d < +/z/k)
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5.4 (Gaussian Optics
5.4.1 Fundamental
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5.4.2 Resonant Modes
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5.4.3 ¢-Parameter

11 1 A
g z+jb R Tw?
1 1
/

¢ =q+d, —=-—~=
¢ aq f

,  Agq+B

Cq+ D

1
free space: { 0 ]
thin lens: —11/f (1)
. ) 1 0
mirror: “2/R 1
. . 1 0
dielectric interface: 0 ni/n
1/n2
. . . 1 0
spherical dielectric: na—ny g
n2R n_g
1 1 1 2
— 4+ — = -, M — | =
él 52 f €1
A-D n A+ D i
Gmode = 20 20 02
b
r_ W?FDQ (waist-to-waist)
1—- D2
by = oz (self-consistent)

5.6 Guided Modes
5.6.1 Slab Waveguide

Oy wzuok(;i—e) -1 (TE)
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5.6.2 LP Fiber Modes
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5.7 Perturbation Theory
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5.8 Coupled Modes
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5.8.1 Two Mode
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5.8.2 Three Mode
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6 Ultrafast Optics
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