
Meeting 5. l : Quantum Mechanics

I . The postulates

section 2.2 of Nielsen T Chuang



I . Postulates of quantum mechanics

1 . What are quantum states?

2- How can quantum states evolve over Here?

3
.

How do we measure quantum States and how are

quantum States affected by measurement?

4. What do composite systems look like?

The axioms specify the mathematical framework for answering

these questions .⇐.

The work of a physicist is to understand
,

for a specific system , what the specific mathematical objects are
.

We will take a practical , mathematical approach to the axioms,

and ignore (at least fo. now) their physical justification (e.g , Bell .me#ditioD
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I . States are vectors in a Hilbert space complete
k

"

pure States
'

Often
,
but not always, a state space also has a preferred basis

("computational basis
")

Warning : Unlike in classical computing
a state is not a list of coefficients ! The

coefficients can be computed ,
but we will get to that . . .



Examples qubits , qubits , fupits, audits . . .

A qubit is any quantum system w/ a 2-dimensional state

space , typically with a preferred basis
.

In other words
,
ft = spam ¢ { 107 , Al) } is a qubit
-
o - thornornnal basis
(so to>¥-0 )

Quint : E3 -- spa- { 107,117,12$

Qupit : GP -- span { 107 , - . - ilp -173 , p prime

Quat : Ed - span { lol , - - i , Id -173 , any d
.



Amplitudes If 107, - - n

, Id - D is an ONB and

d- I

147 [ ai Ii ) is any nonzero vector
, we

i=o

call the ai's funnormalized) quantum amplitudes .

Normalizing and projectuvizing
If 147 is not unit length but is at least nonzero,
the- H)
era is a state .

thx
We 'll see shortly ,

that scalar multiples can 't be distinguished,

mixed states
so we could define state space as projective space .

These are classical mixtures of quantum States.



I . Time evolution is a unitary transformation

µ
.. my, ,µ , ma , we, , .my

"

Global version

onsite in
time for
us



Examples of unitary time evolution for a qubit
(07 IN

Iwf ! ;) * f.
'

o ) Z - to :) Yah?
IN

-
Pauli operators

gtl
-

- tf f f f ) bit flip
"

nottw.im#-H for
"Hadamard

,

" X l l) = 10) , X fo> =/ ,>

Z called "(relative) phase flip
"

(no classical analog)

2- 107=107 , 2-117=-117
,
2- I ) -

- low
ra



Hamiltonians and energy eigenstates ( i. er, eigenvectors of Hermitian operators)

A Hamiltonian is simply a self - adjoint operator H .

(Ht -- H )
,

intended to encode the energies of

States.

Eigenvectors are called
"

energy eigenstates .
"

Recall : H is diagonalizeble with real spectrum .

The eigenvalues of H are the
"

energy levels
"

of

the system .



Differentiate

Global
-

Infinitesimal
versionT version

Integrate ) solve Schrodinger equation

If it dl4HD
If

-

- H HAD

⇒ dixit)) unitary !

It
= -

lifts) I

⇒ IT ⇐ lot- ifIixEDdE= 4029



3
. Measurements are certain collections of linear operators ⑦HK)



Example : Measuring a qubit in computational basis

Mo -- lo > rot = ( '

ooo ) , Mr. 117511=189)
407501) ! Do>fetoscope -- Iota

Note : Mot -- Mo -- Mod and Mf -- M
,
-Mf

but this need not be the case for general measurements .

Completeness equation follows immediately
E.
g .
H) -- ¥ (2107 - 311 ) )

Prob 147 winds up in state 1 : IF IT) does wind up . - state 1 , the,

its state is

feminine -_ Hmm { If:&!?⇒ 's ID
.

I
e

-
-



Measurements can not detect global phase

Mm measured on 147 us . e' 014) :

(eiolyy )t= FYI e-
" O

so

IT Mmtmmefk7-htlmmtmm.IT
Take-away :Since measurements car 't distinguish
scalar multiples of. state , we should consider

them physically indistinguishable .



Measurements can reliably distinguish orthogonal vectors

Given orthogonal normal States th ) and Ha) ,
we can prepare measurements

M
,
= 14,7541

, Ms - Hn> ( Tnt

and Mo = I - M .

-

Mz .

You can check that the probability distributions

are
:

xp. q-qgg.TT ft
Ssg

Atto
0 I 2

0 I 2



Measurements can probabilistically distinguish independent vectors



3! Measurements can be understood from
"

projective measures
" #KK)



Statistics are easy to extract from project:-e measurements

Expectation value of M in state 147 :

KEIM ) -- {mph)
- §rmhtlPmH7

Standard deviation :
= (4) Gm Panty)

Sfm )
= MITT .

- Elm)2 -Ernst IM ht ))
'
- helm -147

Heisenberg uncertainty : begs ¥
THED) 1471
2

Proof: Use Cauchy - Schwarz . . --



Examples

Pauli operators ! Every Hermitian operator on Q2
is a IR - linear combination of Pauli operators .

• It bXtcYtdZ

Hamiltonians are energy observables (that's why they control dynamics)

Allow us to answer questions like :
"

Given state 147
,
what is the probability

it has a certain energy ?
"



4. Composite systems are tensor products

If system A described by Hilbert
space Hy

V

B
"

HBI
the
- the composite system AB is

Hag HA Hp .



Curse of dimensionality (blessing ?)

State space of n qubits is

Ghor . - - ⑦ E - =
Am

in

a
times

dimension is 2 ?


