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Intro to 
Optics
With mentions of Photonics Industry including 
Fiber Based & Integrated Photonics.

Instructor:  Donn Silberman, Founder QOISC

www.qoisc.org
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Lectures & Labs   
by Donn Silberman

Introduction to Optics (1st lecture is today)

Photonics Industry & Technologies (2nd lecture, also today)

Fiber Based Photonics (3rd lecture on Monday)

Integrated Photonics (4th lecture also next Monday)

Labs – IPEK Demo Wed. 29th  &  Quantum Demos Fri. 31st
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Intro to
Geometrical & 
Physical Optics
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Topics:

Geometric Optics
1. Reflection, Refraction with Plane & Curved Surfaces
2. Thin & Thick Lenses
3. Examples of Optical Systems
4. Aberrations & Ray Tracing
5. Non-Spherical Surfaces & Segmented optical surfaces

Physical Optics
1. The nature of light, light sources and detectors
2. Radiometry & photometry
3. Optical materials: light & matter interactions
4. Diffraction & Interference 

Each of these topics would normally be a 1-hour lecture.
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Refraction
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An object (in this case a pencil) part 
immersed in water looks bent due to 
refraction: the light waves from X change 
direction and so seem to originate at Y. 

Light on air–plexi surface in this 
experiment mainly undergoes refraction 
(lower ray).

and to a lesser extent reflection (top ray). 

http://en.wikipedia.org/wiki/Reflection_(physics)
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Snell’s Law of Refraction
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nx = Refractive index
(Remember this for later.)
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Reflection
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Total Internal Reflection (TIR)

PAGE 7Threshold condition for total internal reflection. 
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Total Internal Reflection (TIR)

PAGE 8Critical angle and total internal refraction
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A triangular prism, dispersing light; waves shown to illustrate the differing wavelengths of light. 

Dispersing Prisms
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Thin Lenses
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Imaging with thin lenses

Thin lens formula

Distance between the object and the lens Distance between the lens and the image

f = the focal length of the lens
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Thin Lenses
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A Magnifying Glass
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Thin Lenses
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Multiple Thin Lenses

The image forms on the retina at the back of the eye.
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Thin Lenses
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Effective Focal Length & Power
of Multiple Thin Lenses

d = the distance between the lenses

Hs are the principal planes of the lenses and lens system

f = the focal length of the lens system
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Examples of Optical Systems
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CCD
Sensors
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Aberrations & Ray Tracing
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Out of the Paraxial  >> Third-Order Theory

Paraxial Rays >>> Real Rays

Usually taught to upper-level undergraduate physics
 & graduate level engineering students.
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5 - Third Order
Seidel Aberrations
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Third Order Aberration Theory
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𝑺𝒊𝒏 𝜽 ~ 𝜽
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Ray Tracing
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With modern raytracing software it is easy to do calculations.

UC Irvine Div. of Cont. Ed.  Optical Engineering & Instrument Design programs.  
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Non-Spherical & Segmented Optical Surfaces
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Like a section from a tire
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Non-Spherical & Segmented Optical Surfaces
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Ophthalmic Lenses with cylindrical power
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Segmented & Fresnel Lenses
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Physical Optics
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The nature of light, light sources & detectors

Detectors –photoelectric effect
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Simple harmonic motion

Simple harmonic motion shown both in real space and phase space. The orbit is periodic. 

Animation demonstrating the simple harmonic motion of a mass on a spring in both real space and phase space. 

Note that the phase space axes are switched from the standard convention in order to align the two diagrams 
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Wave motion and trains
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The Bohr Model of the Atom

E = energy
h = Plank’s Constant
c = speed of light
r = Bohr radius
m = mass
 = wavelength
 = frequency
n = refractive index

Photons being emitted
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Prism Spectroscope

A spectrograph separates light into its constituent wavelengths. 

The spectroscopy of optical light produces the familiar rainbow. 

All red light is 
focused here
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Emission & Absorption Spectra

Emission and absorption spectra of the Balmer series of hydrogen 
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Various light sources and detectors

Detectors –photoelectric effect
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Thermal (incandescent) sources
 Blackbody Radiators
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Tungsten Lamps
1.Outline of Glass bulb

2.Low pressure inert gas (argon, 

nitrogen, krypton, xenon)

3.Tungsten filament

4.Contact wire (goes out of stem)

5.Contact wire (goes into stem)

6.Support wires (one end embedded in 

stem; conduct no current)

7.Stem (glass mount)

8.Contact wire (goes out of stem)

9.Cap (sleeve)

10.Insulation (vitrite)

11.Electrical contact
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Gas Discharge Lamps

Germicidal lamps are simple low pressure 

mercury vapor discharges in a fused quartz 

envelope. 
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Light Emitting Diodes (LEDs)

Red, pure green and blue LEDs of the 5mm diffused type 



Copyright © 2026 Quantum Optics Institute of Southern California

Radiometry & Photometry
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Photometry of Optical Systems

Spectroradiometry & Spectrophotometry

Color Measurement
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Radiometry & Photometry

Radiometry of point 
and extended sources 

Why do stars twinkle and planets do not? 

ESA’s Faint Object 
Camera First Images
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Radiometry & Photometry
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The Lambertian BRDF

The mental images corresponding to the 

two descriptions of Lambertian surfaces. 
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Radiometry & Photometry
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Crookes Radiometer  

Radiometer. The Crookes radiometer, also 

known as the light mill or solar engine, 

consists of an airtight glass bulb, containing a 

partial vacuum. Inside are a set of vanes 

which are mounted on a spindle. The vanes 

rotate when exposed to light. The reason for 

the rotation has been the cause of much 

scientific debate.  
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Radiometry & Photometry
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FlexOptometer Radiometer/Photometer
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Radiometry & Photometry Measuring color 

The Munsell color system, showing: a circle of hues 

at value 5 chroma 6; the neutral values from 0 to 

10; and the chromas of purple-blue (5PB) at value 5 

The VeriColor Spectro from X-Rite is a High spectral resolution—

true 31-band spectrophotometer which provides absolute color data 

across the visible spectrum at 10 nm intervals 



Copyright © 2026 Quantum Optics Institute of Southern California

PAGE 42

Dispersion, spectrometers 
and refractometers

Transmission & absorption 
of optical materials

Practical filters, 
photochromic &
 inhomogeneous 
optical materials

Polarization, scattering, reflections, 
definitions and applications

Optical Materials: interaction of light with matter.  

Refractive Index
measurement
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Optical Materials  Transmission, Reflection & Absorption of Optical Materials

Use of Anti-Reflective Glass in 
Commercial Lighting Products

Explore how absorption filters, commonly made from dyed glass, 
polymers, or pigmented gelatin, operate by passing certain 
wavelengths of light while blocking others.
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Optical Materials  Dense Wavelength Division Multiplex

DWDM



Copyright © 2026 Quantum Optics Institute of Southern California

PAGE 45

Optical Materials  Commercial DWDM

DWDM
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Optical Materials  
DWDM Optical Filters

Lot of 144 pcs DWDM Filters WDM 200GHz
Made by Physical Optics Corporation

For sale on ebay

GRIN lenses used for
Fiber optic collimators

A gradient-index lens with a parabolic 
variation of refractive index (n) with radial 
distance (r). The lens focuses light in the 
same way as a conventional lens. 
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Optical Materials  Anisotropic Materials - Polarization
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Optical Materials  Brewster’s Angle
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Optical Materials  Polarized Light
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Optical Materials  
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Optical Materials  Right & Left-Handed Polarization

A right-handed/clockwise circularly polarized wave as 
defined from the point of view of the source. It would be 
considered left-handed if defined from the point of view 
of the receiver. 

A left-handed/counter-clockwise circularly polarized wave 
as defined from the point of view of the source. It would 
be considered right-handed if defined from the point of 

view of the receiver. 
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Laser Light Distribution Patterns

Laser Interference - Diffraction - Wikipedia

A diffraction pattern of a red laser beam projected onto a plate 

after passing through a small circular aperture in another plate

Diffraction Rings

Gaussian Beam Propagation | Edmund Optics

Through a pinhole

https://en.wikipedia.org/wiki/Diffraction#/media/File:Laser_Interference.JPG
https://en.wikipedia.org/wiki/Diffraction#/media/File:Laser_Interference.JPG
https://en.wikipedia.org/wiki/Diffraction#/media/File:Laser_Interference.JPG
https://en.wikipedia.org/wiki/Diffraction#/media/File:Laser_Interference.JPG
https://en.wikipedia.org/wiki/Diffraction#/media/File:Laser_Interference.JPG
https://en.wikipedia.org/wiki/Airy_disk
https://en.wikipedia.org/wiki/Laser
https://en.wikipedia.org/wiki/Aperture
https://www.edmundoptics.com/knowledge-center/application-notes/lasers/gaussian-beam-propagation/
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Two slits diffraction pattern by a plane wave 
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Particle impacts make visible the 
interference pattern of waves. 
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A quantum particle is represented by a wave packet. 
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Interference of a quantum particle with itself
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Superposition and Interference
Interference of two waves 

gotbooks.miracosta.edu/oceans
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Topics we just covered:

Geometric Optics
1. Reflection, Refraction with Plane & Curved Surfaces
2. Thin & Thick Lenses
3. Examples of Optical Systems
4. Aberrations & Ray Tracing
5. Non-Spherical Surfaces & Segmented optical surfaces

Physical Optics
1. The nature of light, light sources and detectors
2. Radiometry & photometry
3. Optical materials: light & matter interactions
4. Diffraction & Interference 

These will be used in the following lectures & labs.
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