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Frank Memmer
High School
Astronomy Teacher

Mentors

Ke Chiang Hsieh William Bickel

College Physics Professors

Steve Jacobs
Univ. of Rochester

Optics Suitcase
Light Outreach
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http://nrich.maths.org/public/viewer.php?obj_id=6139
http://nrich.maths.org/public/viewer.php?obj_id=6139
http://nrich.maths.org/public/viewer.php?obj_id=6463
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http://nrich.maths.org/public/viewer.php?obj_id=6465
http://nrich.maths.org/public/viewer.php?obj_id=6465
http://nrich.maths.org/public/viewer.php?obj_id=6466
http://nrich.maths.org/public/viewer.php?obj_id=6466
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» The Quantum World underlies our modern civilization. I
F

» And Quantum is about take humanity to thesext Ievé e \d

» You can help make it happen.




The story begins almost 100 years ago
The Solvay International Conference on Electrons & Photons October 1927
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Planck

Werner , including Marie

Heisenberg Curie, who alone among them, had won two Nobel Prizes in physics and chemistry. Marie Curie
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From Wikipedia: QUANTUM

In physics, a quantum is the minimum amount of any physical entity involved in an interaction. The fundamental
notion that a physical property can be "quantized" is referred to as "the hypothesis of quantization”.

[ '] This means that

Graphic representation of an moving from one energy
level to another, emitting or absorbing a (Energy)Eaali:uis

Single photon emitter
Higher Energy Level Higher Energy Level '

Photon of
Energy
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Samsung Display - Quantum Dot Physics

T na sresson £t Einstein’s famous equation
Quantum ener
E h Goieey Energy = mass x speed of I|ght

5

h = Planck’s constant = 6.626 x 10 JUIJ|E'§EL. 4136 x 10 eV-s 14



https://scx2.b-cdn.net/gfx/news/hires/2015/singlephoton.jpg
https://scx2.b-cdn.net/gfx/news/hires/2015/singlephoton.jpg
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https://scx2.b-cdn.net/gfx/news/hires/2015/singlephoton.jpg
https://scx2.b-cdn.net/gfx/news/hires/2015/singlephoton.jpg
https://scx2.b-cdn.net/gfx/news/2017/1-singlephoton.jpg
https://scx2.b-cdn.net/gfx/news/2017/1-singlephoton.jpg
https://scx2.b-cdn.net/gfx/news/2017/1-singlephoton.jpg
https://scx2.b-cdn.net/gfx/news/2017/1-singlephoton.jpg
https://scx2.b-cdn.net/gfx/news/2017/1-singlephoton.jpg
https://scx2.b-cdn.net/gfx/news/2017/1-singlephoton.jpg
https://scx2.b-cdn.net/gfx/news/2017/1-singlephoton.jpg

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 spot
appears white because the image is overexposed there.

Before During After
emission emission emission

Excitedlevel
hy
W
Incident photon

Ground level

Atom in Atom in
excited state ground state

Eg — El — ,_\E = hv


https://en.wikipedia.org/wiki/Helium%E2%80%93neon_laser
https://en.wikipedia.org/wiki/Helium%E2%80%93neon_laser
https://en.wikipedia.org/wiki/Helium%E2%80%93neon_laser
https://en.wikipedia.org/wiki/Active_laser_medium
https://en.wikipedia.org/wiki/Overexposure
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A diffraction pattern of a red laser beam projected onto a plate
after passing through a small circular aperture in another plate

Radial Position

Figure 1: The waist of a Gaussian beam is defined as the

location where the irradiance is 1/&° (13.5%) of its

maximum value



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/

DIGITAL OPTICS CORP.

Computer Generated Diffractive Optical Elements

Not available anymore.



A 5.6 mm 'closed can' commercial laser diode,
such as those used in a laser pointer.




Diffraction Gratings

’300 5000550600 650
] 4@ (450 ) ( 700)

Wavelength"A'(in'nanometers)
¢

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



Young’s Double-slit experiment

dsinf ~ dff
di, =nA, n=0,1,2,..|

w =20 = zA/d

Diagram for the double-slit experiment




Two slits diffraction pattern by a plane

wave




Particle impacts make visible
the interference pattern of

=

%
-
~
.
&

£l ] L4




A quantum particle is represented
by a wave packel.
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Interference of a quantum particle
with itself
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Constructive wave interference
Two wave sets merging together result in combined wave heights.

sets
phase

Destructive wave interference
Two wave sets off phase result in cancelling out wave heights.

sets
out of
phase

Wave interference with wave set of different wavelengths

Wave sets of different wavelenths result in complex wave patterns:
hoth constructive and destructive patterns occur, sometimes resulting in “rouge waves”

sets of
dlfferent




“‘After WWII, Shockley decided to attempt the building of a triode-like
semiconductor device. He secured funding and lab space, and went to work on the problem with Bardeen
and Brattain. John Bardeen eventually developed

to account for the "odd" behavior they saw, and Bardeen and Walter Brattain eventually succeeded
in building a working device.”

The Transistor



https://en.wikipedia.org/wiki/History_of_the_transistor
https://en.wikipedia.org/wiki/History_of_the_transistor
https://en.wikipedia.org/wiki/History_of_the_transistor
https://en.wikipedia.org/wiki/Triode
https://en.wikipedia.org/wiki/John_Bardeen
https://en.wikipedia.org/wiki/Quantum_mechanics
https://en.wikipedia.org/wiki/Surface_physics
https://en.wikipedia.org/wiki/Surface_physics
https://en.wikipedia.org/wiki/Walter_Brattain

What are atoms & How do we know?

The Bohr model of the atom

PROTON
NUCLEUS

NEUTRON

Atoms — EWT (energywavetheory.com

Atom - Wikipedia

The Bohr model of the atom, with an electron making instantaneous
"quantum leaps" from one orbit to another with gain or loss of energy. This
model of electrons in orbits is obsolete.


https://en.wikipedia.org/wiki/Atom
https://en.wikipedia.org/wiki/Atom
https://en.wikipedia.org/wiki/Atom
https://energywavetheory.com/atoms/
https://energywavetheory.com/atoms/
https://energywavetheory.com/atoms/

Why should you care?? Education and career opportunities.

Quantum Computing @ UC Berkeley
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THE TWO QUANTUM REVOLUTIONS

From Exploiting Quantum Phenomena to Engineering Quantum Systems for a Better World

THE FIRST QUANTUM REVOLUTION

Exploiting Quantum Phenomena
1900s - 2000s

1947 1960 1965 19705-1980s 1990s-2000s
Integrated The Internet
Circuits Fber Optics 4 Photonics

THE SECOND QUANTUM REVOLUTION

Engineering Quantum Systems
2010s - 2030s and Beyond

2010s 2010s 2020s 2020s
Quantum Quantum Quantum Quantum
Computing  Communications  Networking Sensing
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Quantum
Cybersecurity

2030s+

Quantum
Technologies

in Society
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Quantum theoey  Birth of modern A selutica Mamisueization  Emablng global Come(mg the Processng Secure links Connecting Unprecedented  Protecting data Transforening
emerges electronics kooking for revolution communications  world and driving information with  using quantum  gquantum devices procsion in the post-quantum  industries and
a peoblem” begins tho digital age qubits phenomena at scale measurement o Impeoving lives

Classical technologies that harness the byproducts of quantum mechanics
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Fundamental Engineeting Computing Materials
Science Innovation Power Advances

TWO REVOLUTIONS.

ONE CONTINUUM OF INNOVATION.

T’

Technologies that control and manipulate quantum systems

ENABLING FOUNDATIONS THROUGHOUT BOTH REVOLUTIONS
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== ‘ D 16001
Education & Collaboration & Government
Workforce Partnerships Investment

LIMITLESS POSSIBILITIES.

o

Entrepreneurship
& Industey
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SOUTHERN CALIFORNIA’S QUANTUM ECOSYSTEM

Collaboration - Education » Innovation « Workforce * Economic Growth
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* Engineering & Applied Physics
« Interdisciplinary Research
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* Aerospace & Defense
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* Telecommunications
* Quantum Computing
* Cybersecurity

* Advanced Manufacturing
« Healthcare & Biotech

Knowledge Creation Technology innovation
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» Technical Training % Sl * Quantum Hardware
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PREPARING THE QUANTUM WORKFORCE

A Pathway from Education to Careers in the Quantum Economy

==p A CONTINUOUS PATH OF LEARNING, EXPERIENCE, AND GROWTH ﬁ-

1. K-12 STEM
Inspire » Engage * Explore

+ STEM Education &

2. COMMUNITY COLLEGES
Build Skills » Gain Experience

« Associate Degrees &

——

3. UNIVERSITIES
Deepen Knowledge + Innovate

« Bachelor’s, Master’s,

4. CONTINUING EDUCATION
Advance « Adapt « Lead

+ Professional Certifications

5. CAREERS IN THE

QUANTUM ECONOMY
Build the Future

» Quantum Computing Engineer
* Quantum Software Developer

Hands-on Activities Certificates and Ph.D. Programs ‘ « Short Courses & Bootcamps
¢ : g . Y ; * Photonics & Quantum
* Science Fairs & + Photonics, Optics, * Quantum Information Science, |+ Online & Hybrid Programs Hardware Engincer
Competitions Electronics, IT Engineering, Physics, CS « Upskilling for Career « Quantum Network Architect
* Robotics, Coding, * Hands-on Laboratories * Research & Innovation Advancement « Quantum Sensing Specialist
and Maker Programs & Internships * Industry Partnerships « Lifelong Learning for * Quantum Cybersecurity Expert
» Early Exposure to + Affordable Pathways & Co-op Programs 3 Rapidly Evolving Field * Research Scientist
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» Entreprencurship & Smltups
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QUANTUM NETWORKING & QUANTUM CYBERSECURITY

Connecting the Quantum World Securing the Digital Future

QUANTUM NETWORKS QUANTUM QUANTUM-SAFE SECURITY
Linking quantum processors, KEY DISTRIBUTION Protecting data, comenunications,
sensors, and users across (QKD) and infeasteuetuee in the
long distances . ' post-quantum era

s Secure key exchange

protected by the laws
of quantum physics

INFRASTRUCTURE . -
.\. : \
Future-Proof O ;
QUANTUM @ ResSient against attacks ufk%‘:’::‘m morﬁm
REPEATERS feom Quantum computers
ENABLING TECHNOLOGIES osica i QUANTUM CYBERSECURITY TOOLS
Keys are secure, even
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Get your hands
on quantum
computing

A delightful educational tool for quantum computing

and science.

Get Qubi Explore More

Caltech Stanford

Duke

MARYLAND
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Spark’s Offerin

K-14 Classrooms

Bridging classrooms and
careers in photonics and

advanced manufacturing.

@\M/,

~ < SparkAlpha
Explone

Introduction to
photonics & adv
manufacturing

@

\\\ J’/,

wwSpark

Introduction to
photonic chip
design

®

> $SparkG@oimma

Hands-on
photonic
chip design

QIS EXTENSION

Educators

Sparkéd,

Expert guidance on the future of
semiconductors & photonics

Practical classroom strategies ready
to implement right away

Career-connected learning
activities that link instruction to real-
world STEM pathways

Activities that link directly to student
career exploration

Ongoing connection to Spark’s
educator and industry network

Inspiration to spark student curiosity
in STEM

Materials

Community

» Fducators

» Foundafion Employees
 Indusfry & Academia

( =
SPARIE A s03(c)(3)
HOTONICS nonprofit

FOUNDATION
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Summary Thank You

» The Quantum World underlies our modern civilization. Donn Silberman

» And Quantum is about take humanity to the next level. Quantum Optics Institute of Southern California
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http://qoisc.org/

The remaining slides are for backup
And can be used during Q&A
as time permits



b \ =% . M Pasadena City College

-~ http://pasadena.edu/academics/degrees-and-
certificates/certificates-of-achievement/laser-technology.php

JA}‘A Jet Propulsion Laboratory
v 1 California Institute of Technology

| ASERTECH
TR~

Are you seeking a career with cutting-edge technology
that pays well? With the in-demand skills of laser technology,

you can work in aerospace, medicine, robotics, LaserTech is the use of lasers, cameras, lenses, mirrors, sensors, displays,
manufacturing, entertainment, forensics, or defense! fiber optics, and other technical devices that interact with light.

Be Laser-Focused

' - _ v Earn skills to be immediately hired
) 4 : : as a technician

log
o8

A ra ‘ » , . : v Be prepared for success in a university
? ‘ S ! s g
Workforce De\élbm% nt ' ' " , engineering program
PN P N B ) v/ Advance your careeer by mastering
e | ' o - b e more technically demanding skills
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naturalsciences@pasadena.edu



The Optics and Photonics College Network (OPCN) is Association of o
Postsecondary Photonics Technician Educators. NSE
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»
: AmeriCOM Manufacturing Technologies Workforce OurTeam News v Contact

Y 7 ), CENTER FOR OPTICS MANUFACTURING .
A https://americom.org/workforce-development/

Recognizing a critical shortage in skilled technicians across the nation’s advanced manufacturing industries, the U.S. Department
of Defense (DoD) established the National Imperative for Industrial Skills (NIIS) program and selected AmeriCOM to significantly
build and sustain the country’s precision optics manufacturing base. Utilizing a training program model, AmeriCOM works in
concert with industrial, academic, nonprofit, and government partners in regions where there is a significant cluster of optics
manufacturing companies to leverage American ingenuity and forge new paths of prosperity for our workforce.

O Optics Company
W AmeriCOM Program

@® Region Under Review
é AmeriCOM Headquarters




Quantum
Computers &
Cybersecurity

The global race to develop practical quantum computers that can ‘hack’ all current encryption tec
Against the implementation of quantum resistant encryption technologies. \
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The Map of Quantum Computing | Quantum Computers Explained

DoS - Domain of Science —YouTube “



QUANTUM ALGORITHMS
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Classical Computing Quantum Computing

The Map of Quantum Computing | Quantum Computers Explained
DoS - Domain of Science —YouTube
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PHYSICAL REALISATIONS

| Fundamental Quantum Computer Technologies
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https://www.qoisc.org/high-school-quantum

Quantum computing use cases for financial services | IBEM

. The Future of Quantum Drug Discovery - Cambridge Quantum

Quantum computer models a chemical reaction (scitation.org)

Quantum Computing; Accelerating the Digitization of Chemistry « EFMaterials Blog
Quantum Computing_in Oil and Gas | Accenture

Inside Google's Quantum Computing Data Center

Quantum ML - Quantum: Machine Learning_& Analytics

Exploring quantum computing use cases for manufacturing | IBM

© 0 NO A WN A

University of Arizona Awarded $26M to Architect the Quantum Internet

Financial Services - Investing, transacting
Oil & Gas Exploration and distribution
Better Batteries

Cleaner Fertilization

Traffic Optimization

Weather Forecasting and Climate Change
Improving Solar Panels

Quantum Systems Simulations

Quantum Sensors

©®NOUTAWN
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Membership~ About. TACsv Eventsv. Pressv Publicationsv Quantum Marketplace®+~ Quantum Jobs
THE QUANTUM ECONOMIC DEVELOPMENT CONSORTIUM

——— (o)
A collective voice for the

‘ 5
global quantum industry % o ?

The Quantum Economic Development Consortium (QED-C®) is the

world’s premier association of pioneers in the quantum technology
marketplace. Members of QED-C enable the real-world application of
quantum technology, and, in turn, grow a robust commercial industry
and supply chain.

JOIN QED-C

The future of quantum is now. Learn more with
QED-C's exclusive resources



Quantum Computing Report

by GQI News Analysis Qnalysis

& https://www.global-gi.com/

Global Quantum [ntelligence

Sign up here for our Quantum Computing Report Alerts email and
receive weekly updates on new QC developments.

Established in 2015, the Quantum Computing Report, now an offering from Global Quantum Intelligence (GQJ), is the most
authoritative source for quantum industry developments as they happen. We will chronicle and promote quantum
computing developments for parties interested in the industry. We provide news and analysis of technical developments,

funding and financing events, partnerships, job opportunities, and much more.

Global Quantum Intelligence publishes market & business intelligences available for a fee to investors, governments,
providers, and users to help them navigate through the complex landscape of the quantum industry. For details visit

www.global-gi.com.
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Dodd-Walls Centre Researchers
Demonstrate Coherent Control
of Magnon-Polaritons with

Exceptional Points

Morgan Stanley Discloses 7%
Ownership Stake in lonQ via SEC
Filing

University of Sydney Researchers
Demonstrate GKP Logical Gate

Set on a Single Trapped lon

.S, Space Force to Test
Quantum Inertial Sensor for
Autonomous Navigation on X-

37B Space Plane Mission

UChicago PME Researchers
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Machine Learning

Quantum ML - Quantum: Machine Learning & Analytics (ml2quantum.com)

Classical Machine Learning - CML

Classical data 1
® 0 Bit

CPU/GPU Pattern
Processing recognition

il -
- L

Time 0
Processing methods uantum

Classical 9900 9909 990 998 N =3 QUBITS
000 000 200 000

Mathematical
algorithms

N=3 3BITS @®

| 2= 8 POSSIBLE STATES
i — . . Quantum
Classical —
Data CD transform to QD Data
L 1 00 92900 9800 989

000 ©00 000 900 000

1 QD transform to CD l

S «— <« @ eoo oo 000 soo oo
000 200 200 000

guantum Machine Learning - Q_ML

Quantum data 1 ‘ * é'._
. QUBIT

Superposition
0 @ of states

— () (&

T &

Mathematical Quantum Pattern
algorithms Processing recognition
Time @
Applications
Face
recognition
Entertainment

Genetics N
—— SEervices

Self driving
automation

Recommendation
systems

Finance
investment

Microsoft, Google, Honeywell, and Amazon



https://ml2quantum.com/quantum-ml/
https://ml2quantum.com/quantum-ml/
https://ml2quantum.com/quantum-ml/

IBM Institute for Business Value Our insights S v COVID-19 Virtual Enterprise Benchmarking

Ouantum Al Home | Quantum computing | Exploring quantum computing use cases for manufacturing
APD“C]ZCGUOHS N M Quantum Al in the future
Manutacturing Exploring quantum computing use

30 Jul 2025 cases for manufacturing

6 min read

) ) Download the report —> Get free insights via email —>
Unlocking Efficiency in Industrial Automation

Discover Design

— Chemistry — Finite"difference analysis
— Materials science — Structural analysis

— Condensed matter physics ~ Hydro/aerodynamics

Quantum Computing

decision-making

Manufacturing
I

Control Supply

— Optimization —Supply chain optimization
— Machine learning — Risk.modeling

— Classification

Optimizing performance, improving safety, and driving

efficiency in manufacturing with Quantum Al applications



https://www.ibm.com/thought-leadership/institute-business-value/report/quantum-manufacturing

Telecommunications The Quantum Internet

- r |

< [
- . \u

University of Arizona Alumni Association)

Image of an optical communication chip. (Photo: Jacob Chinn / University of Arizona Alumni Association)

Quantum computing is just one of the many
functions towards the development of a quantum
network that will deliver the quantum Internet
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https://news.engineering.arizona.edu/news/university-arizona-awarded-26m-architect-quantum-internet
https://news.engineering.arizona.edu/news/university-arizona-awarded-26m-architect-quantum-internet
https://news.engineering.arizona.edu/news/university-arizona-awarded-26m-architect-quantum-internet

Pathways for High

School & College »
Students

What can you do to get involved with the
Quantum World?

|. Be interested
2. Find a Mentor

3. Take Action



Get involved with the Quantum World.

I. Find good mentors

I.  Start with your Physics Teacher

2. Take Action:

I. Go to my website, click on links and read articles
2. WatchYouTube videos on Quantum

3. Find hands-on workshops close to home

4. Take on-line courses

5. Got to a college that offers quantum courses

6. Take an internship that works in the field

7. Join a club or start one your self
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On-lne and
In-Person Resources™



Quantum for Students

This web page is a resource for students who may have seen my presentation.
Click here to download a pdf version of the slidez. If you would like to give a wversion of this presentation, contact Donn directhy.

These links will be updated periodically.
Video from National Q-12 Education (gl2education.org)

Ohiantiim EBdncational Recotires
WUaniul cQuUCaliongal xesource

)

Available Courses | qBraid

DoS - Domain of Science - YouTube

Map of Quantum Computing Poster — DETBA

Qiskit - IBM's Open Source Quantum Computing Resource
Quantumapalooza 2020 Harrisburg_University

QuVis (st-andrews.ac.uk)

Key Concepts for Future QIS Learners (illinois.edu)

Stanford University - High School Quantum Course

Quantum Algorithm Implementations for Beginners
Schrodinger's Class | Institute for Quantum Computing | University of Waterloo (uwaterloo.ca)
(for the Schrodinger's Class materials, contact Donn directly or go to......)
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Quantum Technology Qiskit Research Pricing Blog Community Resources v Sign in to Platform A

What's new at IBM Quantum? Check out the latest tools, performance improvements, and updates delivered so far this year. Read the blog —

€9 Qiskit SDK v2.1 is here

See what's new =

Qiskit
Qiskit is the world’s most popular software stack for quantum
computing. Build circuits, leverage Qiskit functions, transpile

with AI tools, and execute workloads in an optimized runtime

environment.

What is Qiskit? (& Get started A

01 02 03 04 05 06 a7 o8
Performance Workflow Tools and services Get started Tutorials Systems Community Qiskit blog



https://qiskit.org/

Gﬂ gle Guaﬂturﬂ ,ﬂ.l| Discover - OurWork About - Careers

Our mission is to build quantum computing for otherwise
unsolvable problems.

https://quantumai.google/

FEATURED

Introducing Willow, the next generation
of quantum chips

Willow, Google Quantum Al's latest state-of-the-art quantum chip, is a big step
towards developing a large-scale, error-corrected quantum computer. Read the blog
and watch the video to learn more about Willow and its breakthrough achievements.

& Blog post & Paper (& video 24 Spec Sheet
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