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§1 States of physical system

The state of a quantum mechanical system is represented by a vector in

a complex vector space with inner product (Hilbert Space).

The null vector does not represent any state. Two non-null vectors

represent the same state if and only if they are linearly dependent. Thus

|ψ1〉 and |ψ2〉 represent the same state if there exists a complex number

c such that

|ψ2〉 = c|ψ1〉 (1)

A vector that represents state of physical system will be called state

vector. The quantummechanical states represented by vectors in Hilbert

space are called pure states. There are other possible states which are

called mixed states. These are represented by a density matrix ρ. The

density matrix is an operator having properties that it is hermitian and

that its eigenvalues are bewteen 0 and 1. A density matrix ρ corresponds

to a pure state if and only if ρ2 = ρ.
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§2 Dynamical variables

The dynamical variables of a physical system are represented by linear

operators in the vector space.

A linear operator representing a dynamical variable must have real

eigenvalues and their eigenvectors must form a complete set. These

properties are satisfied by self adjoint operators (hermitian operators).

So we demand that the dynamical variables be represented by self ad-

joint operators in Hilbert space. An operator representing a dynamical

variable will also be called an observable.

§3 Probability and average value

If the system is in a state |ψ〉, a measurement of dynamical variable

A will give one of its eigenvalues αk with probability equal to |〈uk|ψ〉|
2,

where |uk〉 is normalised eigenvector of Â corresponding to eigenvalue

1



§4 Canonical quantisation

αk.
1

A result of any measurement of a dynamical variable is one of the

eigenvalues of the corresponding operator. Conversely, every eigenvalue

of an observable representing a dynamical variable is a possible result of

a measurement of the dynamical variable.

As an example, let |u1〉, |u2〉, · · · , |un〉 represent the eigenvectors of

an observable Â. If the state vector of a physical system, |ui〉, is an

eigenvector of an operator Â representing a dynamical variable A, a

measurement of the dynamical variable gives value α with probability 1.

Here α is the eigenvalue of Â corresponding the eigenvector |ui〉. Con-

versely, if the measurement of A gives the value α with probability 1, the

state of system will be represented by a vector which will be eigenvector

of the operator Â corresponding to the eigenvalue α.

In general state vector |ψ〉 will not be an eigenvector of the given dy-

namical variable. In such a case a measurement of the variable A will re-

sults in values α1, α2, · · · , αn with probabilities c1|α2〉, c1|α2〉, · · · , cn|αn〉

where c1, c2, · · · , cn are the coefficients in the expansion of the state vec-

tor |ψ〉

|ψ〉 =
∑

k

ck|uk〉 (2)

in terms of eigenvectors of Â.

Here |ψ〉 and |uk〉 are assumed to be normalized.

〈ψ|ψ〉 = 1; 〈uk|uk〉 = 1, k = 1, 2, . . . (3)

Flagged for adding expression for average value

1Requires modification when eigenvalues of A are degenerate.

§4 Canonical quantisation

The operators corresponding to the generalized coordinates and momenta

{qk, pk} of a classical system satisfy

q̂iq̂j − q̂j q̂i = 0 (4)

p̂ip̂j − p̂j p̂i = 0 (5)

q̂ip̂j − p̂j q̂i = i~δij (6)

The above relations are called canonical commutation relations.

§5 Time evolution

The time development of a system is governed by the Schrodinger equa-

tion

i~
d

dt
|ψt〉 = Ĥ|ψt〉 (7)

where |ψt〉 is the state vector of the system at time t and Ĥ is the operator

representing the Hamiltonian of the system.

§6 Symmetrization postulate for identical particles

For a system of identical particles, the state of the system remains un-

changed under exchange of a pair of particles, it should be either sym-

metric or antisymmetric under an exchange of all the variables of the

two identical particles.2
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