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What is quantum mechanics?

Classical Physic:
Macroscopic objects
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Isaac Newton

James Clerk Maxwell
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Quantum Physics:
Microscopic objects
Erwin Schrodinger

e-

2
2

2
i

t m
ψ ψ∂ ∇

= −
∂

h h
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duality



Today’s information technology is classical

Many atoms/electrons Many photons
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Electronics is shrinking
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Moore’s
Law

“Atoms on a small scale behave like nothing on a large scale, 
for they satisfy the laws of quantum mechanics…”

Richard 
Feynman
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Bits are the fundamental units 
of information

Classical Bit

0 – Switch up
1 – Switch down

Quantum Bit (qubit)
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Qubits can do things 
that classical bits can’t

Superposition states:

0 1ψ α β= +

Qubits can exist in two states at once
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Measurement back-action:
By looking you destroy

0 1ψ α β= +

0 1



Quantum computers exhibit massive 
quantum parallelism…

Quantum Computer
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Quantum algorithms:
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…but only if you don’t look at the result!

f(x)
We get one 
random result



Quantum algorithms extract global 
properties using quantum interference

depends on 
all inputs

quantum
logic gates



Example: Quantum algorithms 
factor prime numbers exponentially faster

Peter Shor

• Best classical algorithm:             ( )  timelExponentia2
3/1

−nO

( )  timePolynomial3 −nO

Public Key Cryptography (RSA) relies on this!

• Shor’s algorithm: 



A zoo of quantum algorithms

https://math.nist.gov/quantum/zoo/

 Quantum search
 Pattern matching
 Quantum Chemistry
 Optimization
 Machine learning



Measurement back-action 
can be a good thing

• We need to introduce additional assumptions

• Assumptions invalid →
all past and present communication insecure

EVE

Copy
ALICE

BOB

Unaltered bit
Cryptography



Quantum cryptography delivers 
unconditional physics-based security

 Security guaranteed by laws of quantum physics. 

 Uncertainty principle

 Bell’s Theorem 
 Security is guaranteed for all time; Eve cannot copy a 

quantum signal.

Corrupted bit 
state detectable

EVE

Copy
ALICE

BOB



Available at a store near you



A quantum internet connects quantum 
computers with photons

ARL

UMD

LTS

A local quantum network



Quantum systems are sensitive 
to the environment

Quantum gyroscope Magnetometer Precision phase
sensor

Gravitational waves

Quantum sensors

 Bad for quantum computing (decoherence)

 Good for sensors
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InP
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The best hardware remains anyone’s guess

PhotonicsAtoms

Superconductors Semiconductors



A new industry is emerging

IBM
Google

Intel
Northrop

Raytheon-BBN

Honeywell

Hewlett-
Packard

Superconductors

Atomic Systems

Photonics

D-Wave Systems (Vancouver)
Rigetti Computing (Berkeley)
Quantum Circuits, Inc. (New 
Haven)

IonQ, Inc. (College Park)

ID Quantique (Geneva)
MagiQ (Cambridge, MA)
Sparrow Quatum (Copenhagen)
PsiCorp (San Jose)

Intel
Microsoft

Hughes Research

Semiconductors



• 30 Principal Investigators
• 150 postdoctoral & graduate 

researchers

UMD is the premier institute for 
quantum science

• 10-12 Principal Investigators
• 20-30 postdoctoral & 

graduate researchers

QTC Quantum technology
Center

• 8 Faculty
• Hiring 2 more
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http://www.google.com/url?sa=i&source=images&cd=&cad=rja&docid=Su0RrOWvdPjLFM&tbnid=Txc7lp6WgPRr4M:&ved=0CAgQjRwwAA&url=http://wp.wpi.edu/cybersecurity/2013/05/25/wpi-designated-as-center-of-excellence-in-cybersecurity-research/nsa-logo-copy/&ei=bOwlUoe1Hom0sATt5oD4Dg&psig=AFQjCNHFwnlyAEkD7JyvMpEjxUfMYVVkkQ&ust=1378303468590934


Maryland is in a position to lead 
this new industry

Quantum 
Industry 
(IonQ)

Physics (JQI)

Engineering 
(QTC)

Computer 
science 
(QUICS)

Physics
Electrical Engineering
Computer Science
Material Science
Chemistry
Mechanical Engineering

Effort across many 
departments



The competition is fierce

Universities Industry



A Quantum Arms Race?

UK : $400 M

EU : $1.3 B

China : $10 B

Current US : ~ $200 M per year?



National Quantum Initiative

• Grew out of a National Photonics Initiative (OSA SPIE)

• Support from previous efforts at OSTP

• Very likely to be announced soon

• 5 NQI Centers, funded at $25M per year for five years?
• and we hope to have one at UMD!

•Each center would include University, Fed Lab, Industry



Outlook

• Quantum could revolutionize computation, 
communication, and sensing

• Quantum technology is becoming a reality

Maryland could be the 
center of a new industry



Thank You!



Backups



A new industry is emerging

Superconducting

Atoms



Quantum computers exhibit massive 
quantum parallelism…

Quantum Computer
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