
Equations of motion
Schrodinger, Heisenberg and Dirac/Interaction  

pictures



• The equations of motion is used to study the motion of 
the physical systems. 

!
• If  the state is known at a particular time (as discussed 
earlier in Uncertainty Principle), then this state is allowed 
to determine the previous or future time. 

!
• The state of a physical system is described by a state 
vector in the vector space, the equation of motion could 
be an equation for the state vector. 

!
• State vector as such is not an observable. But the 
expectation value of dynamical variable <A> is an 
observable quantity. 

!
• Therefore, the variation with time of <A> can be 
considered as an equation of motion (Uncertainty 
Principle).



•The variation with time of <A> can be obtained due to 
one of the following situations: 

!
(i) The state vector changes with time, but the 

operator remains constant with time  is called 
“Schrodinger picture”. 

!
(ii) The operator changes with time, while the state 

vector remain constant with time is called 
“Heisenberg picture”. 

!
(iii) Both state vector and operator change with time 

is called “ Interaction/Dirac picture”.



Schrondinger Picture
• State vectors are time dependent like         , the 
subscript ’s’ is to indicate the Schrodinger.    

• Time dependent Schrodinger 
equation: 

As the Hamiltonian H is independent of time.

•The solution of the above equation for state vector at 
time ’t' 

• The above equation shows that the t=0 to t=t time, the  

is the operator.



• Since the H is Hermitian and time ’t’ is real, this operator 
is unitary and the state Ket vector remains unchanged. 
The Hermitian adjoint of the Ket vector i.e. Bra vector 
would be:

•The solution of the above equation for state Bra vector at 
time ’t' 

•Now the time derivative of expectation value of the 
operator As in the state vector, <As>, is given as;

where As is the operator representing the observable A.



• On solving and putting the values of the state vectors 
derivative, we find

• If the operator As has no explicit dependence on time, 
the we get;

OR

• If the operator As commutes with H, then the operator As 
is a constant in time i.e. Schrodinger picture.



Heisenberg Picture
• The time dependence is completely taken up by the 
operators where the state vectors are fixed in time. In this 
case, the  

•Therefore, the state vector and operator for Heisenberg 
picture are:

is the unitary operator that can be used to change the 
state vectors and operators in the Schrodinger picture.

and 

where the operator is the time dependent.



• Now the state vector for the Heisenberg picture, we use 
the state vector for the Schrodinger picture.

•Now, we can take for our simplicity As=H and AH=HH in the 
operator of the Heisenberg picture with H is a Hermitian, 
then; 

This shows that the state vector of the  Heisenberg 
picture is time independent. 

This indicates that the Hamiltonian is the same in both 
Heisenberg and Schrodinger pictures.



• Equation of the motion can be obtained by differential of 
the operator AH with respect to time ’t’.

• On solving the differential equation that H is commutes 
with  and get

• If the operator AH has no explicit dependence on time, the 
we get;

which is the Heisenberg picture.



Interaction/Dirac Picture
• State vectors and operators in this picture are time 
dependent. Such picture is very useful in the problems 
involving the perturbations. In the perturbation, the 
Hamiltonian has two terms: (i) unperturbed and (ii) 
perturbed Hamiltonian like  

•The interaction is defined in term of the Schrodinger picture 
by the state vector and operator. 

where H0 does not depend explicitly on the time, but the H 
may depend on time.

Eq.1

Eq.2



• Differentiating Eq. 1 w.r.t ’t’ and multiplying by       , we 
get;

• We have Schrodinger equation and put the value of H for 
interaction picture. 

(Eq.3)

•The left hand side value is taken for Eq. 3 and the right 
hand side state vector is taken from Eq. 1 and simplify:

where



Ques.: If the perturbed Hamiltonian in the interaction 
picture is absent, then prove that

i.e. this indicates that the interaction picture is the same as 
the Heisenberg picture i.e.


