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Matrix Approach for Rays
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Elementary ABCD Matrices

Translation Matrix

Input Output
plane plane ]
f Bi - \a,

Y1

I
|
I
|
1
I
|
1
q
|
1
I
|
|
]
|
1
|
I
1

i , o.a
i :
Yo — Y1+ Ltanog ~y; + Loy,
ay — 0, and the resulting ABC'D matrix is
~ 1 L
b []
Paraxial Approximation:  sinf ~60  tanf~60  cosf~ 1
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Elementary ABCD Matrices

Spherical Refraction Matrix
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Paraxial Approximation: sinf ~ 6 tanf ~ 0 cosf ~ 1
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Elementary ABCD Matrices

Spherical Refraction Matrix
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sinf ~ 6 tanf ~ 6 cosf ~ 1
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Elementary ABCD Matrices

Configuration

ABCD Matrix

Translation Matrix
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Spherical Refraction Matrix
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Elementary ABCD Matrices

Configuration ABCD Matrix
in = out Thin-Lens Matrix
[ S
______________ 2
Vi V \ T 1 0]
Ed 0.3 M = 1
04 —— 1
L/ ]
n n
\J

Spherical Mirror Matrix
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R

R > 0 if convex interface and R < 0 if concave interface (for light
propagation from left to right)
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Combining ABCD Matrices
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Simple Optical System
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Biperiodic Optical System (Optical Cavity)
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Cavity Resonators & Stability Diagram

Ryj== plane-parallel Ry=w
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[ j J a1
(-1,0) ,
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~

Ry L hemispherical confocal
0,0
concentric
-1,-1
concave-convex
Q. 1/3)

R-L concave-convex Ry=L-R,

https://en.wikipedia.org/wiki/Optical_cavity
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Distance r(z) (cm)
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Planar Resonator

R1 = 1.000e+15cm, R, = 1.000e+15cm, d = 20cm,

Cavity Resonators & Stability Diagram
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Cavity Resonators & Stability Diagram
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Cavity Resonators & Stability Diagram
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Distance r(z} (cm)

Cavity Resonators & Stability Diagram
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Ray Propagation in Inhomogeneous Medium

ds
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Euler-Lagrange Equations
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Ray-Path Equation (Eikonal)
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Propagation in Lens-Like Medium

ko .
n(r) = ng [1 - ﬁ?";"]

Ray-Path Equation (Eikonal)
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Propagation in Lens-Like Medium
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Radial ray Position, r(z) (1:m)
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Propagation in Lens-Like Medium
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Propagation in Lens-Like Medium

Comparison between Exact and Approximate Solutions

Better Approximation Equation Approximate Equation
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Exact Eikonal Equation

Propagation in Lens-Like Medium

Comparison between Exact Eikonal and other Approximate Solutions

Approximate Equation
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Example of Propagation in Graded Index Medium
Inferior and Superior Mirage Phenomenon
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https://upload.wikimedia.org/wikipedia/commons/thumb/5/54/Superior_and_inferior_mirage.svg/1200pxSuperior_and_inferior_mirage.svg.png?20141201143416
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https://www.friendslakeshorepreserve.com/mirage.htmil
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Example of Propagation in Graded Index Medium
Inferior and Superior Mirage Phenomenon

https://www.eoas.ubc.ca/courses/atsc113/sailing/met_concepts/10-met-local- https://www.eoas.ubc.ca/courses/atsc113/sailing/met_concepts/10-met-
conditions/10f-optical-phenomena/img-10f/10-superior-mirage.jpg local-conditions/10f-optical-phenomena/img-10f/10-inferior-mirage.jpg
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