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Optics



Geometrical Optics / Wave Optics

3
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𝑎 ≫ 𝜆 𝑎 ~ 𝜆
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Geometrical Optics Laws
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𝜃1′ = 𝜃1

n1 sin 𝜃1 = 𝑛2 sin 𝜃2



Mirror Reflects Light
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How a Lens Refracts Light
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Total Internal Reflection
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𝜽𝒄 = 𝐬𝐢𝐧−𝟏(𝒏𝟐/𝒏𝟏)



10



Geometric-optical Imaging (Ray Tracing)
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Object Space

Image Space

𝑴𝒂𝒈𝒏𝒊𝒇𝒊𝒄𝒂𝒕𝒊𝒐𝒏 =
𝒊𝒎𝒂𝒈𝒆 𝒉𝒆𝒊𝒈𝒉𝒕

𝒐𝒃𝒋𝒆𝒄𝒕 𝒉𝒆𝒊𝒈𝒉𝒕
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Focal and Principal Points, Focal Lengths
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Object 
Space

Image 
Space



Cardinal Points of a Thick Lens

14



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

𝑵𝑨 = 𝒏𝒔𝒊𝒏(𝒖)



Marginal Ray and Chief Ray
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𝑭𝑶𝑽 = 𝟐𝒘
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Vignetting
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F-Number (F/#)
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𝑭/# =
𝑬𝑭𝑳

𝑬𝑷𝑫

𝑾𝒐𝒓𝒌𝒊𝒏𝒈 𝑭/# =
𝑬𝑭𝑳

𝑬𝑷𝑫
𝟏 − 𝑴𝒂𝒈𝒏𝒊𝒇𝒊𝒄𝒂𝒕𝒊𝒐𝒏 =

𝟏

𝟐𝒏′𝒔𝒊𝒏 𝒖′  



Optical (Seidel) Aberration
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Ray Aberration / Wave Aberration
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1- Spherical Aberration   
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2- Coma
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3- Astigmatism
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4-Filed Curvature
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5-Distortion
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Aberration Dependence on Aperture and Field



Aspheric Surface
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Spherical aberration in a Spherical Lens (left) vs an Aspheric Lens (right)



K=-e2: Conic Constant

R: Radius of curvature at z = 0
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Coating
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Diffraction
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Rayleigh Criterion
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Contrast and Modulation Transfer Function (MTF)
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34
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MTF for an Aberration-Free Lens with a Rectangular Aperture



Dispersion
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Cauchy equation:

Sellmeier equation:
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Abbe Number



Glass Map
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Chromatic Aberration
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Doublet lens
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Diffraction Grating
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𝑑 sin 𝜃𝑚 = 𝑚𝜆

𝑙𝑖𝑛𝑒𝑠

𝜇𝑚
=

1

𝑑
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Zemax



Introduction
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The ZEMAX optical design program is a comprehensive software tool. 

It 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.



Zemax Sign Convention
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Single Surface
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Complete System



Normalized Field (H) or Pupil (P) Coordinates
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Merit Function, Variables and Constraints 
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Examples
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Singlet Lens

Example 1
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𝑭/# =
𝑬𝑭𝑳

𝑬𝑷𝑫
 →  𝑬𝑷𝑫 = 𝟐𝟓𝒎𝒎 
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Schwarzschild Mirrors

Example 2
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Diffraction Grating

Example 3



57



58

𝑑 sin 𝜃𝑚 = 𝑚𝜆

𝑑 =
1𝑚𝑚

300
= 3.3𝜇𝑚

 𝑚 ≤
𝑑

𝜆
=

3.3

0.5
= 6
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Prism

Example 4
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Scanning Mirror

Example 5



63



64

𝑭/# =
𝑬𝑭𝑳

𝑬𝑷𝑫
 →  𝑬𝑷𝑫 = 𝟐𝟎𝒎𝒎 
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Michelson Interferometer
(Non-Sequential)

Example 6



66



67

Mach-Zehnder Interferometer
(Non-Sequential)

Example 7
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Achromatic Doublet Lens

Example 8
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𝑛1 = 1.5168, 𝑉1 = 64.167

𝑛2 = 1.6477,  𝑉2 = 33.848  

𝐾 =
1

𝐸𝐹𝐿
=

1

400
 𝑚𝑚−1 = 0.0025 𝑚𝑚−1 = 2.5 𝐷

𝐾1 = 0.005291 𝑚𝑚−1

𝐾2 = −0.002791 𝑚𝑚−1
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𝐾1 = 𝑛1 − 1
1

𝑅11
−

1

𝑅21

𝐾2 = 𝑛2 − 1
1

𝑅12
−

1

𝑅22

𝑅12 = 𝑅21   ,     𝑅11 = −𝑅21

𝑅11 = 195.351

𝑅21 = −195.351

𝑅12 = −195.351

𝑅22 = −1234.7



Thank you for Your AttentionThank you for Your Attention
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