Summary Notes - Intro to Modern Physics 2019 06.notebook June 12, 2019

SPH4UI

Modern Topics in Physics




Summary Notes - Intro to Modern Physics 2019 06.notebook June 12, 2019

Topics in Modern Physics
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2 basic postulaes: 1 basic postulate:
» |aws of physics are the s: @ » light must carry energy in
in all inertial frames of discrete quantities (E=hr)
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From these two theories a whole new set of
pranches of physics was born
« Particle Physics

Special and General Relativity

Quantum Mechanics
Cosmology
Gravitation

« Quantum Information

« Quantum Fields and Strings

« Superconductivity

« Nuclear Physics

« Solid State Physics
and more
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Wave / Particle Duality of Light

reflection and refraction can be explained by wave model or a
particle model of light

Cause of Refraction
Car Analogy

smooth + Cartravelling at an
pavement angle towards a muddy
surface

One front wheel hits
muddy surface and
slows down

* Other wheels continue
muddy to move at a higher
surface speed

+ Causes the path to

normal S bend

Mirror reflection Specular reflection Diffuse reflection
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Diffraction, Interference and Polarization can only be explained by
wave model
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Quantum Mechanics
Wave vs Particle Nature of the World

Wave Particle Duality - is light a wave or a particle?
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Wave / Particle Duality of Light:

Einstein "It seems as though we must use sometimes the one theory and
sometimes the other, while at times we may use either. We are faced with a new
kind of difficulty. We have two contradictory pictures of reality, separately
neither of them fully explains the phenomena of light, but together they do.”

Property Wave Theory | Particle Theory
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Key Discoveries Leading to Modern
Quantum Theory

1887 — Heinrich Hertz discovers the Photoelectric
Effect.

1900 — Max Planck suggests that Electro-
Magnetic Energy can only be emitted in quantized

form

1905 — Einstein uses Max Planck’s quantization
of light theory to explain the Photo-Electric Effect
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The Photoelectric Effect
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Intensity / (arb. units)

More Clues that Light is a particle

Blackbody radiation.

.
% The "Ultraviolet
s Catastrophe"
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Wave / Particle Duality of Light

reflection and refraction can be explained by wave model or a

particle model of light

Specular reflection Diffuse reflection

Mirror reflection

Diffraction, Interference and Polarization can only be explained by

wave model
Diffraction of Particles and Waves Dark Bright
(destructive (constructive
f | Light f | interference) interference)
. Source

Electric field

Magnetic field

Photo-Electric Effect and Blackbody Radiation can only be
explained by particle model

E photon = hv .
% The “Uttraviolet
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Wave / Particle Duality of Light:

Einstein "It seems as though we must use sometimes the one theory and
sometimes the other, while at times we may use either. We are faced with a new
kind of difficulty. We have two contradictory pictures of reality, separately
neither of them fully explains the phenomena of light, but together they do.”

Property Wave Theory | Particle Theory
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Quantum Mechanics

Wave vs Particle Nature of the World

Matter Waves - is an electron a particle or a wave

June 12, 2019
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Wave / Particle Duality of Matter
(electrons, protons etc)

Einstein "It seems as though we must use sometimes the one theory and
sometimes the other, while at times we may use either. We are faced with a new
kind of difficulty. We have two contradictory pictures of reality; separately
neither of them fully explains the phenomena of light, but together they do."

Property Wave Theory | Particle Theory
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Beyond The Atom:
Video Summary T

1. The model of the atom has changed over the past 150 years as new evidence has been found. Draw labelled diagrams for a helium atom
using each of these models.

Dalton’s model of indivisible Thomson's model using Rutherford’s model using
balls of matter electrons in a positive mass electrons and nuclei

Sol AR matler | caistn v ok (

02. Rutherford fired alpha particles at gold foil and was surprised by the results.
developed the nuclear model of the atom because
émst of the alpha particles went through.
(b) most of the alpha particles bounced back. "4
a few of the alpha particles went through. +£ ‘\+
& few of the alpha particles bounced back.
Explain your choice and make a labelled diagram of Rutherford's experiment.

~_9
Higher-energy particles are used at the LHC because they can V"\ C
(a) get closer to each other and probe smaller distances. (

create massive particles from the energy. m: o k% - g
SR NP i - | E<pe g
. rest energy st mess) P r

03. The Large Hadron Collider (LHC) accelerates particles to unprecedented energy levels. E z ‘z c-z
- *
-

04. The most famous physics equation is Einstein’g_ﬁ;mﬁ
(a) Explain what each letter in the equation represents, and what the equation means.

sitron are created in a bubble chamber.

m? @<

(b) Draw a picture of what happens when an elgctron and a
Where does the mass of the electron and

(g g x

(a) Why was the discovery of new particles a problemn:
(b) How was it solved?

a. — it olid net €t Hhe current wmooke
b. = in«n‘ﬁd&m portick s

FERIMETER HLHS'Il‘Ll': FOR THEDRETICAL PH¥SICS
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typical nucleon Coulomb repulsion force

1| separation {long range)
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Strong nuclear force
{short range}
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06. The electromagnetic force pulls opposite charges together and pushes like charges apart. The strong
force is different from the electromagnetic force in that the strong force is only attractive and it Na

three types of charge and gets weaker with distance.
ree types of charge and gets stronger with distance.
(c) two types of charge and gets weaker with distance.
(d) two types of charge and gets stronger with distance.

07. The Standard Model describes what is needed to make matier and the forces that hold it together

(@) Fill in the table for the Standard Model.
Ird B 5

1st nd
Generation Generation Generation

Quarks

Leptons

(b) What is special about the first column?

e\wer (30(6 3 MQHQ'-
(c) How are the next two columns different from the first?
shoder |edime

heavier | rar<r

{d) How is the last column different from the other three?

Qorcc c=x rrca‘mn.) ‘Fﬁ‘-r‘l 1 C {e S

() Compare the periodic table of chemistry and the Standard Model of physics

'PT: — [OO~+ z/cwuwl)
S.M. — R ?‘f‘(‘icks P’k.sgg‘g; “ffbkv

08. What particle in the Standard Model is the LHC d&signed to find? Why is it important?

Hgss boson - i scavereol n 2012
Qwes mass Fo e(em.d-.,- Pgr-{\QkS

09. What else might the LHC find? Make a list of all the possibilities mentioned

‘Dar'l‘ M""(‘< r~

Dok e nergy
Neeo ?’r{“"('s - subS\rudhure o€ T)“"~l«3

ﬁm\l\hf\

£ B aneal Cxpanse.
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-1 st 2"'" 3"‘ electro-weak
generation symmetry breaking outside of
everyday matter exotic matter force particles (mass giving) standard model

12 fermions (+12 anti-matter) 5 bosons {prpasim charged W)
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The Building Blocks of the Periodic Table

Proton = UF Quearles +
1 Dt Quarlc

@@® C‘«org& =2(%>-} (’—éw
RN 'b—’/S = +1

Neutron = Z Bbkn\_s . { (_,fP

@ @ C.J'\qu<: -l é
:Z ;3}” 3
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Mass - where does it come from?

Proton

Mass of a Proton
=1,670x10-3°kg

Quarks

Mass of Up Quark

= 4.27x103%g

Mass of Down Quark
= 8.54x10-3%g

2 Ups and 1 Down
= 17.1x10-3%kg

Missing 1,653x10-3°%kg of mass?

Where does the missing mass come from?

?ﬁé o’c YA SS IS MsSiA 3

all o€ fhe missiao mase o
'?row\ ‘H\€< BWS R o
1"' € }‘U\ov\ S £~ =

June 12, 2019
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Key Takeaways from the Standard Model of
Particle Physics

« 3 particles make up the bulk of
everyday matter

'\ Quack  Electron

recipe for making protons and neutrons

P= 21140 N2y 49

« where does most of the mass of a
proton/neutron come from

(3\%&, ,\%! 19 i l%"?b n e P‘o“ons ¥ netidrong

ns

 gravity is not part of the standard
model

other > Lercesare Fc.r“ o mode ’
S‘l‘mf\t_a) - jlt—or\

- (-eq‘("vw“’cjk(\’c - Plb‘lﬁ\\ S

lj\)eqle - \’0 té 2 !)OSoV\ S

s N = l.éozx/o"‘:/cv
® Q\’ —>WMassgs

prey |

 _
- *"'\ci
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Special Relativity Review Questions

1. A high speed spacecraft is travelling at 0.75c (i.e. 75% of
the speed of light). If the passengers on the plane measure
their time away from earth to be 6 months, how much time
has passed for people on earth (based on their clocks)?

t=4"Y L= ém:r\‘”\ s
sy ¥ e

= A ymenths R U
) =@y
=[S

2. This same high speed spacecraft (still travelling at 75%
the speedf of light relative to earth) fires a burst of alpha
particles that travel at 75% the speed of light (relative to
the spacecraft). What is the velocity of the alpha ray
particles relative to a stationary observer on earth &

D@ ...... A VA'F,’- O075c¢
VB( < 07 Sc

June 12, 2019
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GPS Satellite Technology

— \/:.‘fbco"“/j

Special Relativity

(b;& ~7é/~l$fcs

T»?r‘ da
( 0.02000'74 3)

General Relativity
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Gravity = Acceleration

The stronger the gravitational field — the
slower clocks run .

The weaker the gravitational field — the
faster clocks run .....
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