PC3130/PC3201 QUANTUM MECHANICS

TUTORIAL 2

1.
Show that if a unitary operator U can be written in the form U = 1 + i(F, where ( is a real infinitesimally small number, then the operator F is Hermitian.  Note: An operator U is unitary if U+ = U-1.

2
Given three operators A, B and C, express the commutator [AB, C] in terms of the commutators [A, C] and [B, C].  Similarly expand the commutator [A, BC] 

3. Show that


[p, x] = -i
[image: image1.wmf]h

, 
[p, xn] = -ni
[image: image2.wmf]h

xn-1,   n > 1


[p, A] = - i
[image: image3.wmf]h

 



where p = -i
[image: image4.wmf]h



 EMBED Equation.2  
 and A is a differentiable function of x.

4.
Suppose three observables A, B and C satisfying the commutation relation




[A, B] = iC.

Show that the following uncertainty relation holds




(A  (B ( 



where ((A)2 = <(A - <A>)2>  and <C> is the expectation value of the observable C.

5.
The Dirac delta function has the property
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Suppose (((x) is defined as the derivative of ((x), show that this derivative has the property
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for any smooth function F(x).


Show also that 
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6.
The quantum mechanical expectation value for the kinetic energy 
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of a particle of mass m is 








where ( is the state function and the integral is over all space.  Substitute for the Laplacian operator 
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  using the identity
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where A, B are scalar-functions.


If the wave function falls off faster than 1/r, confirm that <T> is real and positive.  Deduce that the allowed energies of a particle satisfy E ( <V>  where V is the potential energy.

7.
Show that the expectation value of an observable 
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 satisfies the following equation
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where 
[image: image13.wmf]H

 is the Hamiltonian of the system.
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