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Policies

 Homework 40%

o This is where you learn QM
< Weeklg sets
* 10% Penaltg per clag late

o Exams 60%

< Three, two each 15%, 50% last one




et Us Start With The Obvious

o Whatis quantum mechanics?
© Whg do we need quantum mechanics?

o Howis it ditferent from classical

mechanics?
o Brief segue for the Postulates.

| o This stutf seems so abstrac’g what real

1 world value does it have?
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What is QM?
o The framework bg which we understand and Preclict the behaviour |

of the very small, from molecular excitation to atomic and sub-

atomic behaviour.

9 )M tells us all we can s Present} know about the world of the
ting.

o Remember this ~5chroedinger’s Equation solves for the wave

function(¥) of a molecular, atomic, or subatomic Par’cicle from

which we can determine various “Phgsical” quantities.

o Thisis analogous to solving F=ma and Aetermining the
Position, Iocation, teml:)oral e\/olution, energy, etc. for a

macroscol:)ic Partic!e.




A B e e i 2 e =

Why Do We Need QM?

e As it turns out, classical mechanics is

Completelg incorrect on small scales.

o We get e\/erything wrong sticldng with
classical mechanics when it comes to

light and the behaviour of the tiny.
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How |s QM DitHterent?

* Itis non-deterministic, Particies do not exist in a sPcciiic
state, rather tlﬁeg have Probabilities of being found in
various states and are not gjven definite form until

measureci.

* 595tem5 are comPriseci of different states with various

ampli‘cudes cescriiaing their contribution to the wave

function and these ampli’tucics corrcsl:)onci to how |i|<e|9
the objcct is to be in a given state when a measurement is
made. Basicaug, a wave function is made up of ditferent

t]*:ings in ditferent amounts.

e e - SR - = e ———
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Think about this

o Classical mechanics views objects as having distinct states.

o FEven non-linear 595tem5 are viewed as deterministic it
suthcient Precision is available conceming their initial

conditions.

& SR CN 3 Par’ticle s not In any given distinct state until it is
measured and then its location is still onlg Probabilistica”g

determined.




The f‘amous Cat

U(cat) = —=(|dead > +|alive >)
\/5

Catis Placecl in box with radioactive material

I material ciecays it triggers a Cyanicle caPsule to
open

Material clecays or doesn’t on19 once an

observation has been made

Catis alinear superposition of alive and dead until

someone observes it

As stated in the book, this is Patentlg absurd

i e S g E——— e - e
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And Yet
This is how QM works

Measure sgstems in the exact same initial

conﬁgu ration
Get ditferent outcomes

Can onlg describe the most Probable state for

an ensemble of identical sgstems

And this “exl:)ectation Value” may be one that

mag ncecver !DC measurecl

e e - SR - = e ———
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Example

+ What are your ages’?

o What’s the average value for ages in this

room’

e s anyone this age”
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From CM To QM

F(Z,t) = |U(Z,t)|%dx
+00
where/ U (F,t)|%dr = 1

d°7(Z, t) ov
™m d2 F—)H\I}—Zha

Observables docatlon momentum, energy, o X

are repiacecl }39 ]ﬁermetlan oPerators cletermmate
states of a wave function are eigemcunctions of the
operator. H in the above equation, is the Hamiltonian of the system or the

sum of its kinetic and Potential energy

%\I’—q‘ll

Q(Z,p) = — PositionSpace

Q(Z,p) = Q( hﬁ », D) — MomentumSpace

’L

Py T & T —f - S - .- B i
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The Postulates of OM

o Grithiths doesn’t touch this
o | think its iml:)ortant

* You don't ha\/e the math fo see them N

Fu” Form SO l’“ Put them N my own worcls
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" Postulate #1

For a given system at a time t, there exists a

wave function ¥ (t,) which speciﬁes the
state omc the sgstem. This wave Function

belongs to Hilbert space, the space of

& @)

square iﬂtegrable functions / f(z) < &

gl D)
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Postulate #2

D 4

.’f:very measurable Phgsical quantitg of
this sgstem s defined 139 S oPerator

acting on this wave function QU = qU
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Postulate #5

o The onlg Possible result of an oPerator
ac:ting on this wave function is one of

the eigeﬂvalues of this oPerator
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Postulate #4

* The Probabilitg of o]:)taining the
eigenvector q associated with operator
Q clepencls on the square of how much
of the wave function is made up of

eigenvectors associate& with g-

* Ill show you how to do this latter.




=t SECE RS P it

——n ol . o T m_n e =

G e g, i e i e g 3 gl i 3 e i A 8,

Postulate #5

+ Jhaveno gooci way to Put this one non~mati1ematica”9, 'l show you

how to do it in cnapter 3.

® L Once you make a measurement you co”apse the wave function and
Pici< out the Piec:e corresponciing to what was measured. This
means Projecting the originai function onto the subspace spannecl
]33 the eigenvectgrs of the eigenvalue measured then normalizing i

Think of it as 7; Co - where e, is the measured eigenvaiue.

*  The full mecnaniqes g?)tne fifth Postuiate is within the scope of the

course but the abstract notation for it is not. Basicaug, once a

measurement is made the new wave function is the normalized
Projection onto the measured components basis vectors. Thisis

tne co“apse& wave Function you nave iiearci oi:.
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Postulate #5

o The time evolution of the wave function

1S glven ]:)9 zh— — U
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we'll come back to that stug,

th s 1t important?

XS Many APPlications




Medlar)_c

Parkinson

Pre

e e




g -

B

S in e e S RS




War and likely

/

Preventl ng war
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Modern Society, record is 6.8 billion

transistors on one, 10 core cpu
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All life on Earth
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And my favorites!!!

XS Astrophysics




atomic hydrogen
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We’ll Start Next Class
* Read Chapter I for Thursday

* Theres going to be a lot of math in this class, not much vector calculus but |l

be introducing
* Probability Tl'xeorg
% ditac orthogonalitg
* series solutions to ODEs
5 lgnear Algebra
+» Hilbert Spaces
* DBraKet Notation

* Comcio mg O‘F‘HCC WhCﬂCVCF HOU ﬂCCCl hCIP




