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wave particle duality

uncertainty principle

Superposition

Today's Agenda

What are quantum particles?

What is the spin of a particle
Thought experiment

Spooky action at a distance

Deeper reality- hidden information in
particles

John Bell's EPR experiment
Application & Possibilities
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“WWHAT ARE QUANTUM PARTICLES

BASIC UNITS OF MATTER AND ENERGY
(in simple terms)

¢ A Particle Is a ‘Collapsed Wave Function’

¢ A Particle Is a ‘Quantum Excitation of a Field’

¢ Particles ‘Might Be Vibrating Strings’

¢ A Particle Is a ‘Deformation of the Qubit Ocean’]

¢ Particle Is an ‘Irreducible Representation of a Group'

Familiar Particles: PROTONS, NEUTRONS & ELECTRONS
Other particles: up quarks, down quarks, strange quarks, charm quarks, top
quarks, bottom quarks, electron neutrinos, muons, muon neutrinos, tau,

and tau neutrinos, bosons, photons and gluons.



https://www.quantamagazine.org/what-is-a-particle-20201112/#Nanopoulos
https://www.quantamagazine.org/what-is-a-particle-20201112/#Quinn
https://www.quantamagazine.org/what-is-a-particle-20201112/#Gaillard
https://www.quantamagazine.org/what-is-a-particle-20201112/#GlashowNeemanSternberg
https://www.quantamagazine.org/what-is-a-particle-20201112/#GlashowNeemanSternberg
https://www.quantamagazine.org/what-is-a-particle-20201112/#GlashowNeemanSternberg

THE QUANTUM STATE

In quantum physics, a quantum state is a mathematical entity that provides a
probability distribution for the outcomes of each possible measurement on a
system. Knowledge of the quantum state together with the rules for the system's

evolution in time exhausts all that can be predicted about the system's behavior

Bohr vs. Electron Cloud
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oPIN OF A PARTICLE

(not really "spin" per say)

"spin” is an inherent angular

momentum of a quantum particle,

* WORID GO ROUND and orientation in space.

Dirac equation



https://www.sciencedirect.com/topics/mathematics/intrinsic-angular-momentum
https://www.sciencedirect.com/topics/mathematics/intrinsic-angular-momentum
https://www.sciencedirect.com/topics/mathematics/intrinsic-angular-momentum

HOW DO YOU
MIEASURE SPIN?

Initially, the spin of the particle
Is undefined, after measuring a
particle it maintains that spin.
Measuring a particle determines
Its spin.

“Spin up”

“Spin down”



LIGHT YEARS




LIGHT YEARS
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QUESTIONS FOR FURTHER

RESEACH

e Are there any other spin types? What e Do you think that eventually

determines what spin a particle will all quantities in physics can
have? be explained in terms of
, deeper physics? Are there
. What spin does a photon have ?

any examples of quantities

e Why is it that charged particles movinc :
4 9ed J that later on did get

causes magnetic fields- according to explained through a more

Finstein? encompassing theory?




- SPOOKY
ACTION AT A
DIS TANCE

If one particle Is spin up then

the other particle has to be
spin down (if measured In
the same direction),
regardless of how far apart
they are.

THOUGHT EXPERIMENT

It's as if the first measurement somehow

influenced the result of the other...
FASTER THAN THE SPEED OF LIGHT!

But this goes against Einstein's t

re

that t

neory of

ativity; so he proposed

ne particles contained some

hidden information about which spin

they would have if measured in any

direction.

005



SPOOKY ACTION AT A DISTANCE

LCAND ONE TO BOS.

A SOURLE OF
PHOTONS SEMDS
OUT A PATE OF
EMNTAMNELED
PHOTORNS,,

e
R roa -1
Eox e s 7

ALICE RANDOMLY CHOOSES
HOW TO MEASURE THE
POLARIZATION OF HER PHOTON
(AMD BOESNT TELL BOB8).

BOR ALSO RANDOMLY CHOOSES
A WAY TO MEASURE THE
FOLARTIZATION OF HIS PHOTOMN
(AND DOESKMT TELL ALICE).

ALICE AMD BOB REALIZE THAT THE
RESULTS OF THEIR MEASUREMENT S
ARE CORRELATED, BECAUSE THE
PHOTOMS--EVEN FAR APART--

ARE STILL INTIMATELY LINKED -
THAT 1'5 EHTH.I'H..EI}

r| Lt 1|'
'|.'|l:I—I I .|;q II
'F |.|] _"”1 " l} 1:".
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JOHN BELL'S EXPERII\IIENT

Bell inequality test or Bell experiment, is a real- ‘

world physics experiment designed to test the
theory of quantum mechanics Iin relation to
Albert Einstein’'s concept of local realism.

photon A Detector B photon B
position value

+I \

{
2 *]
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POTENTIAL APPLIGATION

e Does this mean we can use entangled particles to communicate faster than the
speed of light?!

e Atomic clocks. EG:- The quantum logic clock.

Entangled atomic systems would not be preoccupied with local differences and

would instead solely measure the passage of time. Entangled clocks could even be
linked to form a worldwide network that would measure time

iIndependent of location, vastly expanding the technology of GPS systems and
telecommunication.

e Quantum cryptography
e Entanglement enhanced microscope SEEE
e Quantum teleportation

ooooo
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Quantum Logic clock Quantum cryptography

Honzontal - Vertical S
Diagonal (-45°,+45%) “ ‘ —
| xl,
— =
f"l"\
Alice'sBitSequence 1 1 1 0 0 1 0 0 1 0 1 0
Boo's Bases [y [ Ead B3 e B3 e EJ E3 d K E3
o - 0 1 1 1 1 - 1 0

Bob’'s Resulis 0 1




QUANTUM TELEPORTATION

WHAT HAPPENS TO "A" WILL AFFECT "B"

ALICE HAS A EHAELIE HAS A |CHARLIE SENDS OME TO ALICE.. _AND OMNE TO BOB,
YELLOW PHOTOMN.| PAIR OF BLUE WHO STORES IT IN HIS
PHOTONS... i CRYSTAL "MEMORY BANEK."
.THAT ARE i, P :
EMTANEGLED!

ALICE AMND BOB'S RELATIOMNSHIP | AS THE BLUE PHOTOM ALICE RECEIVED ALICE'S MEASURING OF
I5 CORDIAL, BUT SOMEWHAT | COLLIDES WITH HER YELLOW PHOTON, _% THE EVENT AFFECTS BOB'S
SHE MEASURES THE EVENT ANMD LEARNSY FAR-AWAY PHOTON,
THAT THE STATE OF HER F'HC.ITE."M HAS CHANGING ITS STATE!

(ALSO: BOTH PHOTONS
- ARE ANMIHILATEDR!)
LUNTIL ALICE SENDS HIM AMND BOB LEARMNS

THAT TWO BITS OF INFORMATION HIS PHOTOM HAS

HIS — OVER AN OPTICAL FIBER. R CHAMNGED FROM
PHOTON [ % F ' _ 1 | BLUE TO YELLOW, TOO!

HAS L | il I . T T I
CHANGED.

800um |

Maximum

Minimum

~ BOOum

entangled enhanced

microscope
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= A SHORT GLIP

FROM A VIDED & s conscnsarrs ot s .~
WHAT lS QUANTUM

ENTANC> ZMENT?
@@=
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- S0URCES:

ns://www.livescience.com/what-is-quantum-entanglement.htm

tps://www.youtube.com/watch?v=0bbWx2C0UOE&ist=WL&index=4
0S://Www.yout

je.com/watch?v=ntxCoKMC4y0&list=WL&index=4

tps://www.yout
tps://www.youtube.com/watch?v=hiyKxhETXd8&list=WL& index=10
tps://www.sciencedirect.com/topics/mathematics/quantum-particle
tps://www.quantamagazine.org/what-is-a-particle-20201112/
ns://www.sciencenewsforstudents.org/article/quantum-world-mind-
nogglingly-weird

| C
tps://www.youtube.com/watch?v=FkAADXPEAtUR [ist=WL&index=5
| C

je.com/watch?v=b_0o2fJhtSchlist=WL&index=6

1ttps://www.quantamagazine.org/what-is-a-particle-20201112/




REGONIMENDED
00URGES:

.The Feynman lectures, Volume &

2 The Story of Spin.

J.A Veritasium and Minute Physics videos

4_Sneaking a Look at God's Cards - Ghirardi.

0. Quantum Physics of Atoms, Molecules, solids, Nucler, and Particle Physics- Eisberg and Resnick




TRANKYOLU

Feel free to make this an open discussion for questions




The first time

Trying to work out the direction of the
] B

magnetic field caused by a current like

The 1000th time you
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UNTILL | UNDERSTAND
" QUANTUM PHYSICS




OEIC. exIsts

What's the time, Einstein? BIPME Real Life Trick Shots 2 | Dud A'NUMBER

= t-m Perfect
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A— T Aa Darfast
¢ Dude Perfect &
L]

314M views * 3 years
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guantum physics:

power:Here
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 [HERE'S SOMETHING IAVENIT
~ SEENINALONG TIME

BUICKY HERE CONES THE PHYSICIST!

T BT e _ _ e oo M Ohm Coulomb

You have now created something -

4 >

got cooled to absolute zero: faster than the speed of light 1|  CINSTEIN 7
He’s OK now.






