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Paraxial Rays and Ray Matrix

Ray: A stream of light normal to the optical wavefront

Paraxial ray: Angular deviation from the reference longitudinal axis
small enough — sin@~ 0, tan@~40

Ray distance from the axis and its slope:
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Deflection of a ray by a thin lens:
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Ray Matrices

Ray matrices for some common optical elements and media:
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Lens Waveguide (1)

Propagation of an optical ray:
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Recurrence relation:
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Lens Waveguide (2)

Recurrence relation:
I, o —(A+ D)rS+1 +(AD - BC)rS =0 <« AD-BC=1
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« 1, =r,e"™ — Trial solution
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General solution:
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Otherwise: — The ray will diverge!




ldentical-Lens Waveguide

Incase: f,=1,=f
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Stability condition: '
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Propagation of Rays between Mirrors

Ray matrices: ["_—'d‘ﬂ X iﬁ*dzk ﬁh—]

— Thin lens: { 1 O}

-1/f 1

Injection
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- Spherical mirror: [ 1 g il
Y
Equivalence in the formalism with the lens waveguide:
X, =X, SIN(NO + )
Yo = Yo SIN(NO + 1)

Re-entrant rays: .
—>2v0 =2lr < v&I:any two integers

ov=2 50=" 5 b=cosa=1- —0
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—> d=2f =R

— Symmetric confocal




Rays in Lenslike Media (1)

Ideal thin lens:
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r . X+
r'=—— — E (X, ¥)=E_(X, y)exp| +ik Y
f 2 f
Lenslike medium: <« Phase delay: Why?
n(X y) =N |: (X + y )} V’/—:‘/:\Lljn_‘r'(:)
Wave equation: T G '
n® o°¥Y
VY- — o _ =0
c® ot
N \P — A(r) el[a)t—¢(r)] 5 A Yariv, Optical Electronics, 4% ed. Saunders, 1991. i

> V2A-2iVA-Vg- AV —iAV?g+

Real part: — W— AV + (277[ n)*A=0

< Slowly varying amplitude

‘V(ﬁ‘z =(277Zn)2 8

Eikonal equation:



Rays in Lenslike Media (2)

Deflection of a ray normal to an ideal thin lens:
27
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Rays in Lenslike Media (3)

' . d d
For paraxial rays: 9
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