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Optics is the branch of physics that studies the behaviour and properties of light, including its interactions with
matter and the construction of instruments that use or detect it.!'! Optics usually describes the behaviour of visible,

ultraviolet, and infrared light. Because light is an electromagnetic wave, other forms of electromagnetic radiation
such as X-rays, microwaves, and radio waves exhibit similar properties.[”

Wikipedia



Quantum Optics

Electromagnetic
Optics

Wave Optics

Ray Optics
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0 /Bn(r) ds= 0,

A

Fermat’s principle

Optical detector



Normal to
boundary

Incident
ray

Reflected
ray
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N1 sin ] = no sin 6,

Snell’s law

Plane of
incidence
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Optical fiber



External refraction Internal refraction
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Total internal reflection
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Frequency
Wavelength
(in vacuum)
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Wave equation

|

u(r,t) = a(r) cos|27vt + (1))

Wave

u(t)
T=1/v
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5 1 d%u B U(r,t) = U(r) exp(j2nrt)
Viu-525=0 — — VU + kU =0
c* Ot u(r,t) = Re{U(r,t)} ...

Wave equation Helmholtz equation

Trick
(Complex amplitude)
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wave length



~ Parapoloidal
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Spherical =~ Planar

A _ Ly .
Ulr) = 70 exp(—jkr) U(r) = Aexp(—jk - r) = Aexp [—j(ke® + kyy + k.2)]



Diffraction grating
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Interference
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Mach-Zehnder Michelson Sagnac
interferometer interferometer interferometer




u(t) = /00 v(v) exp(j2nvt) dv

— 00

v(v) = /OO u(t) exp(—j2nvt) dt

— 00

Fourier transform
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Maxwell’s equation
(free space)
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Maxwell’s equation
(free space)
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Wave equation
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VH=—
VXH= eo—(?—§ ot
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OH VxE& =
VXxE=—u, ot
g V- B=0.
V-H=0
Maxwell’s equation D=¢eE+P
(free space) B = u,H + M

Maxwell’s equation

(media)



P=¢c,xE D=€€, e=¢(1+x)




Wavefronts

H(r) = Hyexp(—jk - r)
E(r) = Egexp(—jk - r)

Plane wave
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Wavefronts

Wavefronts

Polarized wave
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Circulary polarised wave
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Elliptically polarised wave
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Linearly polarised wave



ny1 cos @y — ny cos by

T, = t,=14r1,
Ny cos By + ng cos Oy’ |
ny sec 01 — no sec 05 cos 04
Ty = , Y= (1+ Ty)
ny sec 61 + no sec 05 cos 05
TE wave Fresnel equations

Power reflectance R
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0 20° 20°  60°

T™M wave R = |r]2.
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5 o e 2 E,= (n + 3) hv, n=0,1,2,....
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1
1 1
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"Mode 1 "Mode 2 "Mode 3

E(r,t) = Z AqUq(r) exp(j27mrgt) €q
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v Polarizer
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FUNDAMENTALS OF

PHOTONICS

Second Edition

B. E. A. Saleh
M. C. Teich

Wiley Series in Pure and Applied Optics - Bahaa E. A. Saleh, Series Editor

Principles of

Optics

1

7th (expanded) edition

Max Born and
Emil Wolf

Electromagnetic Theory of Propagation,
Interference and Diffraction of Light
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