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{ W"— ) The Optics Institute of Southern California is organizing the local educational outreach effort. Working with local optics
businesses, society chapters, science discovery centers, K-12, community college and university educators, and

others from the global optics education and training community, the OISC is becoming a one-stop clearing house for a
wide range of educational outreach activities.
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Today’s Topics

Getting Oriented with Quantum Education
Motivation for the process described

Creating the “Quantum Pipeline” — Paths Forward
The Samueli Academy’s “Schrodinger’s Club”
Quantum Cryptography — Univ. of Waterloo
Hands-on Lab for Students

a) Polarization

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

Summary with Q&A
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EARTH ORBIT IN MAN MADE ENVIRONMENT CONTROL:
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PERFORMANCE PER UNIT OF INVESTED RESOURCES
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PROFILE OF THE INDUSTRIAL REVOLUTION
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How do we teach physics and to whom?
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Newtonian Physics Feynman Lectures Series Donn’s Quantum Books — 1980s

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??
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Experience Life in the QuantumOptics Age

OpticsAge is a focal point for Donn Silberman's Optics Education Adventures
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Career Assistance Here

The Optics Institute

Of Southern Calornia

Optical Engineering & Optical Instrument Design

UCI Optical Engineering_10 yrs - Photonics Spectra

from Sept 2019 Photonics Spectra Magazine

Information Session - August 2019 - YouTube

OptoBotics™ Las Americas

GLOBAL SALARY
REPORT

s need eyes too

New Career Assistance page
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Experience Life in the (

OpticsAge is a focal point for Donn Silbermjy,- . 5.

UC Irvine DCE On-Demand
[ - Collected sayings

Weirdness and wonder: Quantum entanglement work New HOME Draft

Career Assistance

This web page has links to various career assistant and job search websites for the physics, optics, photonics and quantum fields.

More will be added as time goes on. For high school students in Orange County CA, see Vital Link of Orange County

Careers | Optica

Optics and Photonics Jobs

SPIE Career Development | Membership (spie.org)

Education & Careers - IEEE Photonics Society

Physics Today Jobs

Quantum Computing_ Jobs (quantumcomputingreport.com)

Homepage - Quantum Jobs.net

QED-C | Quantum Jobs | QED-C (gquantumconsortium.org)




Hands-On Optics -- Making an Impact with Light

Hands-On Optics EE ;

Making an Impact with nght

A little History
2005

An educational collaboration
of SPIE, OSA, NOAO

Sponsored by A
@: The National Seience Foundation
Y

This unigue informal science program, funded by the National Science Foundation, pairs
optics professionals with science teachers to introduce underserved middle school students
to the exciting world of optics. Optics is all about what light is made of and how it
behaves, Optics can be found in many everyday situations, from eyeglasses to CD's to
hospitals to outer space.

The hands-on, high-interest, standards-connected activities and materials developed by
"Hands-0On Optics" {(HOO) provide six fun and engaging optics activity modules. Educators,
parents, science center staff and optics professionals work with HOO activities via informal
education programs that range from Saturday morning programs to after-school activities
and science center events. HOO serves a dual role: it introduces teachers and students to
basic optics concepts. While introducing them to professionals who make a living through
optics.

Wisit the "Hands-On Optics” Web site: hitp://www.hands-on-optics.org/

Dr. Murty - The Wizard of Light has
been an inspiration for many volunteer
optics educators and outreach
associates

© 2005 OSA/FIO 2005
FThD2

Optricks Day, Optricks Demos, Optricks Suitcases, Optricks Theme Packets; What are all
these Optricks Anyway?

Donn M. Silberman, Optics Institute of Southern California

Abstract

"Optricks" seems to have been coined back in the 1970s by Dr. Murty Mantravadi in Science
Today’s Series for Young Readers. Recently, it has been applied to outreach tools and activities in
his honor.

SPI E The international society Search
@ for optics and photonics
ABOUT CONFERENCES + EXHIBITIONS PUBLICATIONS MEMBERSHIP INDUSTRY RESOURCES NEWS

Find a Course % B4 \I’

Hands-On Optics | Practical Optics & Photonics Education Tools

Making an Impact with Light

Hands-0On Optics (HOO) was a four-year informal science education program funded by a $1.7 million grant from the
National Science Foundation (NSF). The project was collaboration between SPIE, the Optical Society of America
{OSA) and the National Optical Astronomy Observatory(NOAQO).

Courses at Conferences
Online Courses

Course Recordings . i i ) .
The program brought science education enrichment te thousands of underrepresented middle school students in

more than ten states, including female and minority students, who typically have not been the beneficiaries of
In Company Training science and engineering resources and investments. HOO provided more than 100 teachers with up to six activity
modules, each containing enough materials for up to 30 students to participate in 6-8 hours of hands-on optics-
. . related activities. Sample activities, developed by education specialists at NOAQ, include building kaleidoscopes
Instructional Webinars and telescopes, communicating with a beam of light, and a hit-the-target laser beam challenge.
Technician Resources Through these activities, students gain experience and understanding of optics principles, as well as learning the
basics of inquiry, critical thinking, and problem solving skills invelving optics, and how optics interfaces with other
disciplines. While the modules were designed for use in informal after- school or weekend sessions, the number of
Outreach Resources venues has expanded to large and small science centers, Boys and Girls Clubs, Girl Scouts, summer camps, family
workshops, and use in the classroom

Badges and Certificates

Hands-On Activities
ABET

I'm Under a Lot of Stress Here! ? ?

Structural engineers and other scientists are always trying to find ways to make slructures lighter and stronger.
Contact SPIE Education

Eun With the Sun

The Sun gives off a great deal of energy in the ulraviolet (UV) range of the EM spectrum.

Hit the Target
This is the culminating activity, requiring students to use all the practiced skills from the previous activities.

Three Lasers Converging_at a Focal Point: A Demonstration
In this activity, students will see how we can use the property ofws parallel rays of light.

Laser Light An Activity <@ Lasers & Lenses

<

This simple activity will help students visualize the difference between laser light and normal light.

Multiple Reflections
We know that when light reflacts off a plane mirror, the image appears leftright reversed.

Currently available !!
Polarization and Lasers can help educate
students about Quantum.
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Optical Society of Southern California

| Aboutthe OSSC @ Members @ Meetings @

UPCOMING EVENTS

PARTNERS

OSA spIE.

The Optical Society

« photonics OSA

The Optical Society

Ventura Section

United Nations *  nlamational
Educational, Scientific and | Day of Light
Cukural Organization 16 May

NATIONAL
PHOTONIGS

INITIATIVE

What Is The NPI?

In 1998, the National Research Council released a report,

. that
presented a comprehensive view of the potential impact of
on important industries. In response, several
economies — including Germany, China, and the European Union —
advanced their already strong optics and photonics sectors. The
United States, however, did not develop a cohesive strategy, leaving
us at risk of falling sharply behind.

In 2012, the National Research Council released a follow-up report 1o
Harnessing Light - titled

- that called for an umbrella
organization to identify and advance areas of photonics critical 1o
maintzaining competitiveness and national security. Heeding the call
five organizations — ;
; the
the ;and the
— worked together
to form a National Photonics Initiative (NPI).




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 | 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.

CHIPS Act At A Glance

Creating Helpful Incentives t
: O Produce
Semiconductors for America (CHIPS Act)

And recently we have the new CHIPS Act $52 Billion total budget over 5 years

Research and Development
$11 billion

Technology Center
Packaging Program

HIH MFG USA Institute(s)
$39 blmon Metrology program

Workforce Development
> _ EE _SA EE=m

Financial Incentives
Programs




AlIM Photonics announcement on COVID-19

ROTOTYPING SERVICES l RESEARCH NEWS & EVENTS MEMBERSHIP ABOUT

ONLINE COURSES

INTERNSHIPS - B

SUMMER ACADEMY

PHOTONICS BOOT CAMPS
VIRTUAL LAB SIMULATION LIBRARY

DEGREE AND CERTIFICATION PROGRAMS

TEACHING RESOURCES
PHOTONICS WORKFORCE ROADMAP

We offer start-ups, designers and developers, and academic researchers access to a supporting infrastructure of
services across the entire silicon photonics development cycle: design, simulation, fabrication, packaging, validation,
and a path to volume manufacturing.

ittps://www.aimphotonics.com/education
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Quantum Initiative and ong
Quantum Information Sciet

Act was signed into law on

OSS A Meeting Announcement

June 12, 2019

Annual Business Meeting

Quantum Computing & The National Quantum Initiative
Dr. Sandy Irani, UC Irvine & Dr. Jonathan Habif, USC

Quantum computing Is the use of quantum-mechanical phenomena
such as superposition and entanglement to perform computation. A
quantum computer is used to perform such computation, which can
be implemenied theoretically or physically

The National Quantum Initiative (NQI) Act is an Act of Congress
passed on December 13, 2018 and signed into law on December 21,
2018. The law gives the United States a plan for advanding quantum
technology, particularly quantum computing. OSSC Fellow Donn
Siberman will briefly review the NQI and introduce our speakers
Visit hitps/Awww. coticsage conydonn-s-quantum-explorgtions to explore these topics prior 1o the meeting

Aboul our speakers: Dr. Sandy Irani received her PhD from UC Berkeley in 1991 after
‘ which she was a University of California President's Postdoctoral Fellow
t UCSD. She joined the faculty of UC Irvine in 1992 where she is currently
a full professor. Much of her research has focused on algorithm cesign
and analysis with an emphasis on applications 1o computing systems. In
the last few years she has been working in Quantum Computation and
i Quantum Information Science

7 Dr. Jonathan L. Habif is an experimental physicist and research lead at the University of
Southemn California information Sciences Institute (IS1). His research has focused on photon-
starved, dlassical communication and imaging, quantum-secured oplical communications in free-
space and fiber, and integrated nano-photonic for both classical and non-classical applications

, Prior 10 joining IS!, Dr. Habd was with BBN technologies where he served as principal investigator
for a number of DARPA-sponsored research programs, parnenng with university colaborators to
demonstrate revolutionary optical technologies impacting traditional communications, sensing
and computation sysiems

Reception: 6:00; Dinner starts @ 6:30
OSSC Business: 7:00; Presentations: 8:00
Dinner - Cost: $35
$40 after June ™
OSSC Student Members: $10,
$20 aftor June 7™

Broa Civic & Cultural Conter
1 Civic Center Circle
Brea, CA 92821
(714) 990-7600

On-line Registration: www 0$s¢ org or
Contact: Alex Small, OSSC Arrangements Chaw
arsmal@cpp . edu
(909) 869-5202

REPORTS NEWS NAQCO

3gic Plan, February 1, 2022

Jecember 6, 2021

nformati Science O




EDUCATION
From OSSC Oct 2022 meeting

Optical Society of Southern California OUTREACH

SPIE. %
® PHOTONICS

Conference 12213

Optics Education and Outreach VII

22 August 2022 | Conv. Ctr. Room 17B

U c I Division of '
Continuing Education

Optical Engineering & Optical Instrument Design

IBM Sponsored High School program

PASADENA CiTY COLLEGE
Q U Q n tum Laser Technology Program
Nov. 29 - Dec. 1, Washington, D.C.

SsAMU

ACADEMY

Brown Bag Educational Lunch Series

Introducing optics to undergraduate ECE students and
photonics outreach projects
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N’ vital link

October 5", 2022 Speaker:

g UCSD SPIE Student Chapter DRS DAYLIGHT
SOLUTIONS A/

Corona Del Mar High School
Python Programming Class
Tues. Nov. 22 — Intro to Quantum Computing

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

Alain Aspect, John Clauser, and Anton

Recruiting Workshop
Friday Nov. 18th




From OSSC Oct 2022 meeting

Of ; f ;(: EDUCATION
Optical Society of Southern California OUTREACH

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

CONFERENCE PROCEEDINGS

SPI E DIGITAL Quantum education and pathways: an open-source modifiable presentation to high school and college students
e LIBRARY PAPERS PRESENTATIONS JOURNALS ~ EBOOKS
[opics for toda
D3¢ Presentation + Paper S Select Language ¥ p y
3 Octonerj 022 Motivation for creating an open-source modifiable

Quantum education and pathways: an open-
source modifiable presentation to high school

presentation to High School & College Students

and college students The modifiable content
Author Affiiations + Laser Diffraction Demonstration (a Quantum Device)

Proceedings Volume 12213, Optics Education and Qutreach VII; 1221308 (2022)
https:/doi.org/10.1117/12.2641537
Event: SPIE Optical Engineering + Applications, 2022, San Diego, California, United States

Using ‘Kahoot! For Schools’ - Realtime quizzes

Additional resources for presenters, teachers and students

ARTICLE CITED BY
Logistics (how to get the modifiable presentation)
Abstract
This paper describes and provides examples of a presentation, ‘Quantum for High School and College ReSU|tS SO far (this iS gOOd !!) >35> Future wor-k

Students’ created to give to high school and college students to encourage them to consider using gquantum
science and technologies in their studies and careers. Some thoughts on critical thinking about abstract

subjects and mentoring capture the attention of the student audience, which is followed by the main topics Questions & Answe rs
The presentation includes an introduction to quantum science (including a laser diffraction demonstration),

quantum computers and cybersecurity, many more quantum science and technology applications, education
and career pathways that use quantum science and on-line resources. There is a very brief history of

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



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

M Qti\/atio n: Welcome to EdQuantum Project

HYBRID CURRICULUM IN ADVANCED OPTICS, SPECTRSCOF_V, AND QUANTUM TECHNOLOGIES FOR TECHNICIANS
i e e I

12213-19

B Upskilling photonics technicians to meet challenges of quantum 2.0 revolution

|‘—J Author(s): Moamer Hasanovic, Indian River State College (United States); Chrysanthos Panayiotou, LASER-TEC, National Ctr. for Laser-Photonics and
Fiber Optics Education (United States)_Donn Silberman, Optics Institute of Southern California (United States)

Hide Abstract - A presentation was given in afternoon during the August SPIE Conference..

Recent advances in guantum research have created a significant mismatch between quantum science and the emerging quantum industry, as there is no
sizable trained workforce to support product commercialization. Part of this new workforce will be developed through upskilling of incumbent
photonics technicians whose current qualifications present a solid foundation for the new guantum-related competencies. To provide the greatest
access to these new skills, the curriculum requirements need to be delivered via flexible distance-learning platforms. In this paper, we describe our
efforts to produce an open-access educational curriculum to introduce new quantum-related competencies to an incumbent workforce. A detailed list
of the competencies sought by the quantum industry is given followed by the results of a survey through which the proposed competencies were
assessed. This project pioneers the introduction of the complex subject of quantum science to advanced technological education. The proposed
curriculum is expected to help the US maintain the world lead in quantum technologies. This project is funded by the NSF Advanced Technological
Education grant that focuses on the education of technicians for advanced technologies that drive the nation's economy.

Quantum Technician Skills and Competencies for the Emerging Quantum 2.0 Industry (SPIE Optical Engineering)
Authors: Mo Hasanovic, Chrys Panayiotou, Donn Silberman, Paul Stimers, and Celia Merzbacher

Available on-line Apr. 9, 2022 - Open Access at the link above. To be published in hardcopy form August 2022




Motivation:

Quantum Technician Skills and Competencies for the Emerging Quantum 2.0 Industry (SPIE Optical Engineering)

6 Alignment with the NSB Vision 2030 Roadmap

The EdQuantum project will specifically develop STEM talent for America by researching
any ongoing quantum educational efforts at a middle and high school level using the support
structure and network of our partners such as LASER-TEC. To develop a smart workforce,
the EdQuantum will integrate into the curriculum higher-level skills such as critical thinking,
problem-solving, creativity, and digital literacy as well as the STEM pedagogy and practices
for diversity and inclusion. To help fill the quantum education pipeline for future years,
the EdQuantum project will use educational tools and recruiting networks for K-12 so
EdQuantum students, teachers, and professional industry volunteers can work with K-12 edu-
cators in their local regions to prepare K-12 students for college and university programs that
include quantum technologies. To expand our outreach across the country, the EdQuantum team
will leverage the assets of the Optics and Photonics College Network (OPCN)—currently con-
sisting of 44 college programs in 29 states (see Fig. 4)—to promote the quantum educational
content.




Optics & Photonics Education Pipeline, now will include Quantum

Quantum Workforce: Q-12 .

Act/onsfor Communit Growth

2/02/2022 R
Virtual /-

National Q-12 Education Welcome to EdQuantum PrOJect

D OPTICS, SPECTRQSCORY, AND QU

Partnership : N

Communit : . Professional
> >> >> >> Colle%eI y >> University >> Educa’;ion

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

IBM Sponsored High School program

FIG. 1. This Optics education pipeline shows where OptoBotics fits into the progression of optic education outreach.

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

Optics Education and Outreach lll, edited by G. Groot Gregory, Proc. of SPIE Vol. 9188,
91880E © 2014 SPIE - CCC code: 0277-786X/14/$18 - doi: 10.1117/12.2061268

OPTOBOTICS™ is a Trademark of OpticsAge and licensed to the OISC for use in its educational programs.



The Quantum Educatlon & Outreach Paths Forward

N | [RAINING IN OPTICS & PHOTONIC SPI E The international society
; @® for optics and photonics

Student Chapters and Clubs

OPT

Student Chapters

Partnerships

. [ I | Working with local SPIE, Optica, IEEE Photonics and other

B = \ College Student Clubs to reach out to local high schools
Working with local Non-phofits

Linking K-12 school district§ to industry Brown Bag Educational Lunch Series
. - Introducing optics to undergraduate ECE students and
And local colleges and unive\sities . -

photonics outreach projects

Quantum for %

Students
SANUED &
ACADEMY /i

EXPLORE

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

OPTICA | osa

N’ vital link

O\ inbsar 51 2009 Speskefl
ucso spie swdent chaper DRS DAYLIGHT

Corona Del Mar High School
Python Programming Class
Tues. Nov. 22 - Intro to Quantum Computing

SOLUTIONS a2
High School Quantum Workshop
Friday Nov. 18th



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

g&mwg&n Open House - Fab Lab

Hands-On Laser Diffraction, Polarization & Spectroscopy
R V) | | E# =




Introduction to Quantum Cryptography

Donn Silberman
Mentor

with a hands-on polarization laser lab

Today’s Agenda:

Introduction to light as an electromagnetic wave & polarization
Introductory polarization lab

Quantum Measurements using polarization

Introduction to Quantum Cryptography

Quantum Cryptography lab with polarization filters and lasers

nHRwNRE

The Optics Institute.
O Southem Calfarnia ——




UNIVERSITY

WATERLOO

QUANTUM
CRYPTOGRAPHY ,
for High School Students /

/
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Learning Objectives

* The role of probabilities in quantum mechanics

* Outcomes are not necessarily definite

« The nature of quantum superposition
* Superposition as a relative concept

« Measurement disturbance
« We can’t make two incompatible measurements at once

« We can apply these ideas to build technologies

* Quantum cryptography is based on quantum measurement

Institute for
Quantum
Computing

%' WATERLOO



1QC &=
Polarization and Spin

WATERLOO

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

Polarized Photons

Check out the simulation on QuVis!
www.st-andrews.ac.uk/physics/quvis/
“Measurement Uncertainty” Demo



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

WATERLOO

Quantum Key Distribution

Remember the three
polarizers?

2 B

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




Institute for
Quantum
Computing

The Heart of Quantum Key Distribution

WATERLOO

Measurement Disturbance The No-Cloning Theorem

10 -8

When we measure a quantum state, FORBIDDEN

we disturb it




2 waterioo | 1QC &

Polarization Qubits

3| %

HV BASIS 145° BASIS

o —| /
1T\.

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




Polarization Filters

Ceiling light — both P(h & v) filters

Ceiling light — both P(h & v) filters
Plus a third P filter at 45 deg !!!
(sandwiched in-between



Polarization Filters with a Polarized Laser

Laser with P(h+v) filters Laser with P(h+ v + 45) filters



PRE-QUANTUM MYSTERIES

ATOMIC SPECTRA

BLACKBODY RADIATION Isaac Newton & the Prism
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The first, 1704, edition of Opticks: or, a
treatise of the reflexions, refractions,
inflexions and colours of light.

Discrete spectral lines correspond to the energy
levels of various atoms that are burning in the Sun.




Laser Light Distribution Patterns

Small Aperture
(hole !!)

Diffraction Rings

o
o~

o
b

Relative Intensity

N

o
~o

e F— W 1;] | A diffraction pattern of a red laser beam projected onto a plate

S after passing through a small circular aperture in another plate
Laser Interference - Diffraction - Wikipedia

W 0 Radial Position

Figure 1: The waist of a Gaussian beam is defined as the
location where the irradiance is 1/e° (13.5%) of its

maximum value

30
Gaussian Beam Propagation | Edmund Optics



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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Lasers are intrinsically quantum devices by their very nature.

A helium-neon laser demonstration. The glow running through
the center of the tube is an electric discharge. This glowing
plasma is the gain medium for the laser. The laser produces a
tiny, intense spot on the screen to the right. The center of the s
appears white because the image is gverexposed there.
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Diffraction Gratings

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



Diffraction Gratings

17. DETERMINING LASER WAVELENGTH

USING GRATING

Perform the calculations below b K L X |
(see the figure). l
Diffraction equation states the

following:

mA = d sinfy, i

WHITE

\ SCREEN

m=1

where m is the order of the dot

relative to the center, 0., is

diffraction angle, and 2 is -—
wavelength of the laser beam

DIFFRACTION GRATING

light. In our case (since we are
considering two dots

im iately next to the center
mediately ne e HeNe

dot), m =1: LASER
A =d sin6,




Spectroscopy & Diffraction Gratings
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Photo by Donn Silberman

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.




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
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TRAINING THE FUTURE DIVERSE
QUANTUM WORKFORCE


https://www.qubitbyqubit.org/

Interested in bringing
quantum to your school?

We offer free workshops and courses for K-12

schools and universities.

Learn More
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-

Launch IBM Quantum

Quantum Products v Access Plans Technology v Solutions v Docs Vv Learn Vv Community Vv

Highlights of the
IBM Quantum
Summit 2022

IBM Quantum announced leaps forward in quantum
computing performance, scale, and adoption. Discover
the latest software and hardware breakthroughs that are
now putting quantum advantage within reach. i

Explore what’snew — Read the blog I

/>

Get started with IBM Quantum today Launch Qiskit Runtime on IBM Cloud [




IBM Quantum Computing Lab Accessed through the Internet

O 2 httpsy//quantum-computing.ibm.com

M Inbox (17,511) - opt... = Microsoft account |...  we HOME | opticsage

IBM Quantum
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[ Quantum [] RMV  [] Real Estate [] Medical [ OSSC
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Welcome, Donn Silberman
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Graphically build circuits with

Develop gquantum experiments in

IBM Quantum Composer IBM Quantum Lab

Launch Composer Launch Lab

Optimize circuit execution with

Qiskit Runtime programs

2 9

Primitive Prototype
programs programs

Run on circuits & programs via
IBM Quantum compute
resources
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Your Your Reservable
systems simulators systems

View all

Jump back in:

= QXQ_YLC_Homework_6_STUD...
~ QXQ_YLC_Lab_6_STUDENT.ipy...
~ QXQ_YLC_Lab_5_STUDENT.ipy...
= QXQ_YLC_Homework_5_STUD...
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View account d
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View all

Service Alert
Planned Maintenance October 27th
through Mov 7th

14 days ago

Quantum News
IBM Quantum Challenge Fall 2022 is
coming!

17 days ago Learn more

Service Alert
Maintenance event on October 11th and
15th

about 1 month ago

Quantum News

Interested in helping us build the future of
quantum? Take part in the IEM Quantum
Feedback Program.

2 months ag

o | Learn more

Product Update

Updates to job executions - optimizing
classical computation

4 months ago
ont g

Service Alert

ibmg_armenk has been retirad



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

IBM Quantum Lab

2]

I File Edit View Run Kernel Tabs Settings Hel
New file + [l a © ’

- W OXO_YLC_Lab_é_STUDEN X

Q

@ B + %2 Ok > O 2 ¢ Makdownv @& fir Python 3 (ipykernel) i
Lab files /
Eud
N - Last Modified . H H H H
ame ast Modifie Lab: Week #6 | The Z Gate and Multi-Qubit Circuits
HE|
[ giskit-textbook seconds ago
Description:
iskit-tutorials s ds
O giskit-tutoria SR ¥ Inthis week's lab, we will create and simulate quantum circuits involving the Z gate, multi-qubit circuits, and mulit-qubit gates.
[ Untitled Folder a year ago
[ OXQ_YLC_Homework_5_ST 16 days ago Cheat Sheet: Qiskit Cheat Sheet
Q_YLC_Homework_5_ST... days
M 0XQ_YLC_Homework_6_ST... 2 days ago
M OXQ_YLC_HW2_SOLUTIONS... 21 days ago Part 0: Importing from Qiskit
M OXQ_YLC_HW2_STUDENT (... a month ago Run the cell directly below before doing anything else. This will import all of the functions that we will use today.
[N OXQ_YLC_Lab_4_ STUDENT.i... 21 days ago
B OXQ._YLC_Lab_5_STUDENT. . . fr;n-l-qi.s»;i*.: ;.ﬂ-:o;t QJ:I‘ItLITull:LIlt :' t t t funct from Qiskit = t te E ts
VYLl _Lab o . olber 5 days ago
_ from giskit import Aer, executs
[ OXQ_YLC_Lab_6_STUDENT.i... 5 days ago from giskit.visualization import %
. i import warnings T this t =
[ untitled.ipynb a month ago T s e T o T
M Week 0 Lab.ipynb 2 months ago R

Libraries imported successfully!



W OXQ_YLC_Lab_6_STUDEN X

+ X% 0O R > OGS ¢ Makdwn~y ® fx Python 3 (ipykernel) «&b

Part 2: The Z Gate

Exercise #1

Together, let's create and draw a 1-qubit circuit with 1 Z gate.
Exercise #2

Together, let's create and run a 1-qubit circuit with 1 Z gate using visualize_transition with fpg = 5.
qc = QuantumCircuit(1)
qc.z(0)
gc = QuantumCircuit(1)

qgc.draw()
gc-.z(0)

visualize_transition(qc, trace = True, fpg = 5)

T 8-




[} . File Edit View Run Kernel Tabs Settings Help
New file + [ 0 k5

) M Console X M QXQ_YLC-Homework 7 ST X W QXQ_YLC-Lab 7 STUDENT. X

Q

@ + X O & > O G ¢ Markdownv ® No Kernal ¢
Lab files /
Exercise #5
i
Name 4 Last Medified Create and draw a 5-qubit/5-classical bit quantum circuit where you apply the gates listed below using a loop and measure.
(nE] H gate on qubit 0
3 qgiskit-tutorials 34 minutes ago . .
CX with qubit 0 as the contrel and qubit 1 as the target
[3 Untitled Folder ayear ago
H gate on qubit 1
W SRS 18 days - 5
B GRE i 5 S R CX with qubit 1 as the control and qubit 2 as the target
[ 0XQ_YLC_Homework_6_S... aday 2g0
H gate on qubit 2
B 0XQ_YLC_HW2_SOLUTIO... e e CX with qubit 2 as the contrel and qubit 3 as the target
W 0X0 YLC HW2 STUDENT... aday ago
NOTE: Be careful of going over the number of qubits in the loop.
[ 0XO YLC Lab 4 STUDEN... 23 days ago
gc = QuantumCircuit(5, 5)
[ 0X0 YLC Lab 5 STUDEN... 17 days ago
for qubit in range(S):
[ 0XQ_YLC_Lab_6_STUDEN... aday ago
[ 0XQ_YLC-Homework 7 ST... 8 hours g0
2, 3, a1, [@, 1, 2, 3, 4])
[ 0X0_YLC-Lab 7 STUDENT.... 9 hours ago
[ Untitled.ipynb amonth ago

Run the code below to simulate the measurement results using QASM.

backend

q fer.get_backend( gasn simulator’)
0 job = =xecuts(mc, backend = backsnd, shots = 1624)
result = job.resule()
counts = result.get_counts()
a1 —. * . * . * . ? . * PRI
276
gz — 266
52
230
as
]
Qs £ 100
8
c 5 4 w 0 - 1 - 2 w 3
80
0

Oog
90
119
113
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Optical Society of Southern California

Summary

Getting Oriented with Quantum Education
Motivation for the process described

Creating the “Quantum Pipeline” — Paths Forward

The Samueli Academy’s “Schrodinger’s Club”
Quantum Cryptography — Univ. of Waterloo
Hands-on Lab for Students

a) Polarization

b) Atomic Spectroscopy & Laser Diffraction Lab
c) Qubit x Qubit — with IBM’s Qiskit Would you like to help ??

Q&A 1.
Thank you for your attention !! 2.

SPIE / Optica Student Chapters in your area?

Local Non-profits & schools in your area?

Materials & guidance are available now.

Next Slide




The Quantum Educatlon & Outreach Paths Forward

N | [RAINING IN OPTICS & PHOTONIC SPI E The international society
; @® for optics and photonics

Student Chapters and Clubs

OPT

Student Chapters

Partnerships

. [ I | Working with local SPIE, Optica, IEEE Photonics and other

B = \ College Student Clubs to reach out to local high schools
Working with local Non-phofits

Linking K-12 school district§ to industry Brown Bag Educational Lunch Series
. - Introducing optics to undergraduate ECE students and
And local colleges and unive\sities . -

photonics outreach projects

Quantum for %

Students
SANUED &
ACADEMY /i

EXPLORE

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

OPTICA | osa

N’ vital link

O\ inbsar 51 2009 Speskefl
ucso spie swdent chaper DRS DAYLIGHT

Corona Del Mar High School
Python Programming Class
Tues. Nov. 22 - Intro to Quantum Computing

SOLUTIONS a2
High School Quantum Workshop
Friday Nov. 18th



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

	Slide 1: Teaching Quantum to High School Students
	Slide 2
	Slide 3: Today’s Topics
	Slide 4
	Slide 5: How do we teach physics and to whom?
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15: Motivation:
	Slide 16
	Slide 17
	Slide 18: The Quantum Education & Outreach – Paths Forward
	Slide 19
	Slide 20: Introduction to Quantum Cryptography   with a hands-on polarization laser lab
	Slide 21: QUANTUM CRYPTOGRAPHY for High School Students
	Slide 22
	Slide 23: Polarization and Spin
	Slide 24: Quantum Key Distribution
	Slide 25: The Heart of Quantum Key Distribution
	Slide 26: Polarization Qubits
	Slide 27
	Slide 28
	Slide 29
	Slide 30: Laser Light Distribution Patterns
	Slide 31
	Slide 32: Diffraction Gratings
	Slide 33: Diffraction Gratings
	Slide 34: Spectroscopy & Diffraction Gratings
	Slide 35: Spectroscopy & Diffraction Gratings
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44: Summary
	Slide 45: The Quantum Education & Outreach – Paths Forward

