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Geometrical Optics / Wave Optics
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Geometrical Optics Laws

MNormal
Incident Reflected
I_H.}'

ray

@'

¢

Wavefront

Interface —/

Air
Water

IHE

Refracted
ray

01’ — 01
n, sin(f;) = n, sin(6,)



N

Mirror Reflects Light




How a Lens Refracts Light

Refraction by a Converging Lens Refraction by a Diverging Lens




Total Internal Reflection

Critical case

Total Internal Reflection
Inner Core:

with high refractive index
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Left: Beam path in a pair of binoculars with Porro prism system.
Right: Beam path in a pair of binoculars with a roof prism system.
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Geometric-optical Imaging (Ray Tracing)
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Focal and Principal Points, Focal Lengths
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Cardinal Points of a Thick Lens




Stops and Pupil

The entrance pupil fixes the acceptance cone angle or numerical
aperture (NA) in the object space.

NA = nsin(u)

object \
- image

ExP

stop

EnP‘

15



Marginal Ray and Chief Ray
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Vignetting
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F-Number (F/#)

EFL

Working F/# =—— (1 — Magnification) =
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Optical (Seidel) Aberration
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Ray Aberration / Wave Aberration
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1- Spherical Aberration
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3- Astigmatism

Circle of least confusion
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4-Filed Curvature
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5-Distortion

Undistorted Pincushion Barrel
image distortion distortion
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Aberration Dependence on Aperture and Field

Aperture Exponent

Field Exponent
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Aspheric Surface

Spherical aberration in a Spherical Lens (left) vs an Aspheric Lens (right)
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prolate ellipses
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Coating

Incident Transmitted
Reflected

Antireflection
coating

Without anti-reflection With anti-reflection
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Diffraction

Ray optics

Wave optics

DAiry —_ 122 .

A-f

stop

3L



Rayleigh Criterion

Distinct resolution of Limit case according to No resolution of
image points Rayleigh criterion image points
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Contrast and Modulation Transfer Function (MTF)

M = Imax - Imin MTF = Mmage

I max T Imin Mobject
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MTF =1 MTF << 1
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Representative Lens/Lens Assembly
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MTF for an Aberration-Free Lens with a Rectangular Aperture
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Dispersion
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Glass Name Index Abbe
N-BK7 1.51688 64.17 A
SF2 1.64769 33.85
BK7 1.51688 64.17 -
Glass Map
53A0
PSK
PK _s1
?D
BK
FK
51ls 520
v 80 70 20

1.80

1.70

1.60

1.50



Chromatic Aberration
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Diffraction Grating
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Introduction

The ZEMAX optical design program is a comprehensive software tool.

[t integrates all the features required to design, optimize, analyse, tolerance
and document virtually any optical system.

It is widely used in the optics industry as a standard design tool.
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Zemax Sign Convention

y / meridional section
\ tangential plane

angle positive: x / sagittal plane
counterclockwise
T+
.
reference
z / optical axis
-8 +s "R
-« > < c C >

negative: positive: + R positive: 2 negative: 1
to the left to the right C to the right C to the left



surface |

Single Surface
diameter D; Lo
medium j
tj / N;
_______________ 0
radius r;
Complete System
object surfaces image
plane plane
thickness \ / \ \ / \ >
index 0 1 2 3 j N-2 N-1 (N)
surface 2 3 N-2  N-1 N
index 1 : ) )
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Normalized Field (H) or Pupil (P) Coordinates
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Merit Function, Variables and Constraints

Merit WV, T; )-
function MF’ = 22 S,
1
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Examples
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Example 1

Singlet Lens
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Focal Length 100 mm

Semi-Field of View (SFOV) 5 degrees

Wavelength 632.8 nm (HeNe)

Center Thickness of singlet Between 2 nmand 12 nm
Edge Thickness of singlet Larger than 2 mm

Object location At infinity

Material N-BK7

F-Number F/4

prg = ZFL | ppp — 25
= — =
/* = EPD mm
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Example 2

Schwarzschild Mirrors






1** mirror diameter (Stop) 20 mm

1%t mirror radius 61.803 mm
2" mirror radius 161.803 mm
Wavelength F, d, C (Visible)
Distance between two mirrors | 100 mm
Object location At infinity
Material Mirror
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Example 3

Diffraction Grating






Grating

300 lines/mm

Field of View (FOV) 0 degrees
Glass N-BK7
Wavelength 0.5-0.9 uym
Paraxial Lens Focal Length 100 mm
Object location At infinity
Entrance Pupil Diameter 60 mm
d sin(6,,) = mA
] 1mm 33
_—_—— T . m
300 H

m<[f]=[]=




Example 4

Prism
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Field of View (FOV) 0 degrees

Glass N-BK7 — SF2 — Model (V=20,10,5)
Wavelength 0.5-0.9um

Paraxial Lens Focal Length 20 mm

Thickness of prism 20 mm

Prism angle 40 degrees

Object location At infinity

Entrance Pupil Diameter 10 mm
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Example 5

Scanning Mirror
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Lens Focal Length 100 mm

Field of View (FOV) 10 degrees
Glass N-BK7
Wavelength F, d, C (Visible)
Thickness of lens 5mm

Object location At infinity
F-Number F/5

Mirror Angle 45 degrees

EFL
F/# =—=——— — EPD =20mm

EPD
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Example 6

Michelson Interferometer
(Non-Sequential)
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Example 7

Mach-Zehnder Interferometer
(Non-Sequential)
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Example 8

Achromatic Doublet Lens
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Effective Focal Length 400 mm

Field of View (FOV) 2 degrees

Glass BK/7 fora @ SF2forb
Wavelength F, d, C (Visible)

Center Thickness of lens smm fora@ 2mmforb
Object location At infinity

Entrance Pupil Diameter 40 mm
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n, = 1.5168, V,= 64.167

n, = 1.6477, V, = 33.848

e 11
~EFL 400

K=K, +K;
K K

K
Vi V,

m-1=0.0025mm1=25D

K, = 0.005291 mm™1

K

—0.002791 mm ™1



1 1 _
K1 — (nl — 1) <_ — _) R11 = 195.351

R21 = —195.351

1 1\ e |
KZ - (nz - 1) (Rlz B R22> R12 — _195351

R12 = R21 ’ R11 — _R21 \ / RZZ = —1234.7
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Thank you for Your Attention
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