
 

Day 2 Interference

what are some examples of waves

water

sound

guitar string

All of these are periodic
displacements

from equilibrium
water

sound Iii
guitarstring

Sine wave
wavelength7 forperiodT

amplitt

angularfrequency

it periodic in time w 2,1
units had s

if periodic in space w 21T
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Interference

constructive destructive

Interference is the hallmark of waves
if yousee interferenceyou

shouldthink waves

Light is a wave EM wave
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What do we not expect to behave like waves

particles Enoon can't have two existingin the same place atonce
Michelson interferometer

Iiiiii1
conditions for interference

total constructive l L En ne

total destructive l 12 anti ne

eg l l2
l 12 3

Historic uses of Michelson interferometers

Michelson Morley experiment 1887

Waves propagate through a
medium

ex water waves water

ex sound waves air molecules

what medium does lightpropagate
through
1800 s physicists the luminiferous aether



I tea

Hypothesis the light traveling
in the horizontal path la will

take longer because the slow
down from traveling against
the wind is greater than the

speed up of traveling with the
wind

Result no difference to within
experimentalerror

This was the first experimental
evidence against the existence
of the aether

AND initiated a line of research

which led to the conception
of

special relativity byEinstein
in 1905

LIGO Laser Interferometer GW observatory

Einstein developed the theory
of general

relativity in 1915
which explains

the warping of spacetime by
massive objects like black holes



If you have two massive objects
circling each other this will send

ripples in spacetime outwards

Ex binary black hole merger

such an event would send GW

outwards which would eventually
pass through Earth

A GW is a wave displacement
from equilibrium These displacements
are squeezing and stretching along
longitudinal and transverse axes

e

Earth

extremeexaggeration

Michelson interferometer

oh ate



The speedof light is the same in

all reference frames and alongeverydirection

Wewould expect to see oscillations
in the interference strength

LIGO Michelson interferometer
with 4km arms

first ever detection of

GW binary black hole

merger in 2015
100years after the

birth ofgeneral relativity

Young's Double Slit Experiment 1801
Matt will describe in detail

This experiment confirmed
that

light exhibited
wave like behavior

DD



Interference condition

df

in the limit essd then we have

approximately the same angle
from each slit

1
all 1.0
the

Al dsin

constructive dsino mA ME

destructive dsino 2Mt MEI

What I have just told you is true for
a beam of light what about for
a single photon



Interference is the hallmark of waves! (Cora)•
Probability waves (Matt)

Quantum vs classical coins○

•

Evolution of waves: gates and the Bloch sphere (Agi)
No hidden variable?○

No-cloning theorem?○

•

Physical implementation of gates (Matt)•

Interference
Sunday, January 12, 2025 11:19 AM
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Or single photons

Wave-particle duality:
Particle like in one place
Wave pattern over many shots
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Blocksphere
I XZplaneBlochcircle

in a

t.LIEI y

complex

degreeofL

freedom

How isanaubitraryqubiton theBlockspherdefined

147 2107 1317 α.BE

Complex numbers deal w imaginarycomponent i

Z atbi

24 a bi

121 FEES TE

IEI.ir



Wantfor anarbitrary quantumstate

147 9107 13117 1 12 βf 1

Understanding the Bloch sphere

A point specifiedby 147 107 β117

can be derived in the Cartesian picture

147 121 e 107 β e
β 17

e 14107 β e 9 10 117

let 8 and Op 02

e 14107 Ip e 117

We know that 1 12 β
2
I

121 cos and B sin 0 2

e cos 107 sin to 2 e 17
on

global phase

cos 107 e'dsince 2 117

where 0 C IT and 421T

corresponding spherical coordinates are 5 08 9



Recall X 2 I H

Pauli x

7 1 Pauli z

I 89

H II



gate bit flip
Z gate phaseflip

an i 9 9 IEEE
Global vs relativephase

global not observable i.e no measurement

that reveals the
phase

e g 117

relative observable

e g 1 7 1 7

4 gate



4107 i if in

417 f 9 if 1107

bitflip andciphateflip



Quantum Circuit
deferred

d a
measuremen

147 114 1407

F sitaubitquantungates
emphasize that partial
ordering of gates is
reversed when writing

D as anequation

4147
B

Simple example of interference

147 2107 13117

4147 21 7 131 7

in the computational basis

4 107 15117 β 107 117



1107 2 17

interference each amplitude is interfering
w theother



Two qubit quantumstates

1070107

tensor
product

tensorproduct f fa vectoroperation
that increases
dimension

CNOT controlled Not gate

107 contwl bit
if equalto 1 activatebottomqubit
elsedonothing

10

11



Universal setof gates can simulate any computation

eg H CNOTS T

Phase gate S

T f it 4
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