
Teaching Quantum to High School Students
Education & Career Pathways

Donn M. Silberman

Founding Director; Optics Institute of Southern California
Optical Society of Southern California, Fellow & President 2007-2008
Founder, UC Irvine Optical Engineering
Fellow & Sr. Member, SPIE
Sr. Member, Emeritus, Optica (formerly OSA)
Advisor, Laser Technology - Pasadena City College
Board Member Vital Link of Orange County
Member, QED-C, Quantum Economic Development Consortium
Contact 949-636-6170   donn@oisc.net





Today’s Topics

1. Getting Oriented with Quantum Education
2. Motivation for the process described
3. Creating the “Quantum Pipeline” – Paths Forward
4. The Samueli Academy’s “Schrodinger’s Club”
5. Quantum Cryptography – Univ. of Waterloo
6. Hands-on Lab for Students

a) Polarization
b) Atomic Spectroscopy & Laser Diffraction Lab
c) Qubit x Qubit – with IBM’s Qiskit

7. Summary with Q&A
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Who learns science and why?



How do we teach physics and to whom?

Seems like students ‘self-select’ themselves to learn science & technology.

Throughout recorded history,  only people with ‘time and ability’ could learn.

Now many more people have both ‘time and ability’ to learn science.

But how do we get the message to young people that science is fun and interesting??

Newtonian Physics         Feynman Lectures Series           Donn’s Quantum Books – 1980s





Career Assistance



A little History
2005

Currently available !!
Polarization and Lasers can help educate 
students about Quantum.

Polarization

Lasers & Lenses





Formation
In 2014, the United States Office of the Secretary of Defense identified interest in developing a 
Manufacturing Innovation Institute in the field of integrated photonic circuits. This resulted in the Air Force 
Research Laboratory publishing a funding opportunity announcement (FOA-RQKM-2015-0009) which 
ultimately lead to the award of the Integrated Photonics Institute for Manufacturing Innovation operating 
under the name of the “American Institute for Manufacturing Integrated Photonics.” The Research 
Foundation for The State University of New York and The United States of America USAF/AFMC entered into 
Cooperative Agreement Number FA8650-15-2-5220, dated July 9, 2015 for Phase I of AIM Photonics. On 
September 29, 2021, a new cooperative agreement was signed and extends federal funding for the institute 
for another seven years. 

The Research Foundation for The State University of New York, acting on behalf of SUNY Polytechnic, serves 
as the administrator of AIM Photonics. AIM Photonics is an unincorporated research and development 
center. AIM Photonics operates as a program of SUNY Poly, with the Foundation and SUNY Poly providing 
administrative support to AIM Photonics, and jointly participating in AIM Photonics as an AIM Photonics 
member.

And recently we have the new CHIPS Act
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Motivation : (History)



Weirdness and wonder: Quantum entanglement 
work wins 2022 Nobel Prize for Physics

Alain Aspect, John Clauser, and Anton

IBM Sponsored High School program

From OSSC Oct 2022 meeting

Recruiting Workshop 
Friday Nov. 18th

Corona Del Mar High School
Python Programming Class

Tues. Nov. 22 – Intro to Quantum Computing



From OSSC Oct 2022 meeting

Quantum for Volunteers | opticsage (donn601.wixsite.com)

Optics Education and Outreach VII
22 August 2022 (recording available)

https://donn601.wixsite.com/opticsage/quantum-for-volunteers


Motivation:
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A presentation was given in afternoon during the August SPIE Conference..
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Motivation:



Optics & Photonics Education Pipeline

The Quantum Industry is built on top of the optics, lasers, photonics, semiconductor & general physics fundamentals.

Back in 2014 I created

, now will include Quantum

But there needs to be much more, 
especially Hands-On Quantum



The Quantum Education & Outreach – Paths Forward

Working with local Non-profits
Linking K-12 school districts to industry
And local colleges and universities

Working with local SPIE, Optica, IEEE Photonics and other
College Student Clubs to reach out to local high schools

https://www.optics4kids.org/

Quantum for Students | opticsage
(donn601.wixsite.com)

https://donn601.wixsite.com/opticsage/high-school-quantum
https://donn601.wixsite.com/opticsage/high-school-quantum


Open House – Fab Lab 

Hands-On Laser Diffraction, Polarization & Spectroscopy



Introduction to Quantum Cryptography 
with a hands-on polarization laser lab

Donn Silberman
Mentor

Today’s Agenda:
1. Introduction to light as an electromagnetic wave & polarization
2. Introductory polarization lab
3. Quantum Measurements using polarization
4. Introduction to Quantum Cryptography
5. Quantum Cryptography lab with polarization filters and lasers



QUANTUM 

CRYPTOGRAPHY

for High School Students





Polarization and Spin

The three-polarizer experiment is mathematically equivalent 
to the Stern-Gerlach experiment

Polarized Photons

Spin-Polarized Electrons

Check out the simulation on QuVis! 
www.st-andrews.ac.uk/physics/quvis/

“Measurement Uncertainty” Demo

http://www.st-andrews.ac.uk/physics/quvis/


Quantum Key Distribution
Remember the three 

polarizers?

EVE

If the eavesdropper intercepts, 
they’ll disturb the polarization state

Alice Bob



The Heart of Quantum Key Distribution

The No-Cloning TheoremMeasurement Disturbance

When we measure a quantum state, 
we disturb it



Polarization Qubits

Encode binary “0” or “1” as a polarization state, 
with two possible bases

H/V measurement A/D measurement

H for sure random

?
?

V for sure random

random

?
D for sure

?

random A for sure









Laser Light Distribution Patterns
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Gaussian Beam Propagation | Edmund Optics

Through a pinhole

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

https://www.edmundoptics.com/knowledge-center/application-notes/lasers/gaussian-beam-propagation/
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
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A brief introduction to lasers as quantum devices and
A nice diffractive optics demonstration to keep their attention.
There is a video of the demonstration if presenters do not have a nice diffractive demo slide.)

No longer available

Also included is a short video on laser basics.



Diffraction Gratings

The grid of bumps in the plastic diffract the colors of the 
white light into the visible spectrum.



Diffraction Gratings

Photo by Donn Silberman



Spectroscopy & Diffraction Gratings

Specialty Light Bulbs with photo taken through a diffraction grating.

The images of the spectra are blurry compared to when you look through the grating with your eyes.
Try it on your own and draw what you see on the Spectroscopy worksheet. 

Photo by Donn Silberman



Spectroscopy & Diffraction Gratings
Use the Spectroscopy Worksheets to draw the spectra 
you see with your eyes when looking through the 
gratings.

Photos by Donn Silberman





Quantum Computing for High School Students – an All-On-Line Course
QubitxQubit (qubitbyqubit.org)

https://www.qubitbyqubit.org/






IBM Quantum Computing Lab Accessed through the Internet



Example from Donn’s Qubit x Qubit Week 6 Lab on IBM’s Qiskit







Summary
1. Getting Oriented with Quantum Education
2. Motivation for the process described
3. Creating the “Quantum Pipeline” – Paths Forward
4. The Samueli Academy’s “Schrodinger’s Club”
5. Quantum Cryptography – Univ. of Waterloo
6. Hands-on Lab for Students

a) Polarization
b) Atomic Spectroscopy & Laser Diffraction Lab
c) Qubit x Qubit – with IBM’s Qiskit

7. Q&A
8. Thank you for your attention !!

Would you like to help ??
1. SPIE / Optica Student Chapters in your area?
2. Local Non-profits & schools in your area?

Materials & guidance are available now.
Next Slide



The Quantum Education & Outreach – Paths Forward

Working with local Non-profits
Linking K-12 school districts to industry
And local colleges and universities

Working with local SPIE, Optica, IEEE Photonics and other
College Student Clubs to reach out to local high schools

https://www.optics4kids.org/

Quantum for Students | opticsage
(donn601.wixsite.com)

https://donn601.wixsite.com/opticsage/high-school-quantum
https://donn601.wixsite.com/opticsage/high-school-quantum
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