
Physics 401 Homework 4---Due September 30 

1. In class we asserted that in quantum mechanics physical properties with Hermitian 

operators.  These were defined an operator Â  as Hermitian operator if )ˆ(* ψψ∫ Adx is 

real for all square integrable wave functionsψ.  In this problem, you will use this 
definition to derive the following properties of Hermitian operators: 

a. If  2
*
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*

1 )ˆ()ˆ( ψψψψ ∫∫ = AdxAdx  for all square integrable wave functions 

21 ,ψψ  then Â  is Hermitian. 

b. If Â  is Hermitian, then 2
*
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1 )ˆ()ˆ( ψψψψ ∫∫ = AdxAdx  for all square 

integrable wave functions 21 ,ψψ .    Hint: consider 21 ψψψ +=  and use the 
definition. 

Note that since the property 2
*
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*

1 )ˆ()ˆ( ψψψψ ∫∫ = AdxAdx  is both necessary 

and sufficient for Â  to be Hermitian (as shown in a. and b.) this property is an 
alternative definition for Hermiticity. 

c. If Â  is Hermitian then 2Â is also.  Hint: consider φψ Â= and start with 

.* ψψ∫ dx which we know to be real and use the property in a). 

d. If Â  and B̂  are Hermitian , then 2
*
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1 )ˆˆ()ˆˆ( ψψψψ ∫∫ = ABdxBAdx  Hint use 

the property in part  b. twice. 

e. If Â  and B̂  are Hermitian , then ABBAC ˆˆˆˆˆ +=  is  Hermitian.  Hint: use part d.  

f. If Â  and B̂  are Hermitian , then [ ]BAiC ˆ,ˆˆ =  is  Hermitian. Hint: use part d.  

 

2. Use the general form of the uncertainty relation to show that xpx
h≥σσ 2  for any 

wavefunction.  That is show that ( ) 222224 xppxx h≥−




 − . 

 

3. Show that in quantum mechanics 
[ ]
h

Ο
=

Ο ˆ,Ĥi

dt

d
 where Ο̂ is a Hermitian operator 

associated with a physical observable that contains no explicit time dependence and Ĥ is 
the Hamiltonian operator.  Hint: Use the Schrödinger equation in the form 

dt

d
iH

ψψ h=ˆ . 

 
 


