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Sakurai Chapter-2 
Solution 

Masatsugu Sei Suzuki 
Department of Physics, SUNY at Binghamton 

(Date: October 12, 2011) 
________________________________________________________________________ 
((2-1)) 

 
_______________________________________________________________________ 
((Solution)) 
Sx, Sy, and Sz are the operators in the Schrödinger picture and Sx(t), Sy(t), and Sz(t) are the 
operators in the Heisenberg picture: 
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From Eqs. (1) and (2), we get 
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The general solution of the differential equation is 
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((2-2)) 
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________________________________________________________________________ 
((Solution)) 
We assume that 02211  HH . Hamiltonian is not a Hermitian operator. 
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Therefore )(ˆ tU  is not a Unitary operator. The conservation law of probability is violated. 
 
 
((Mathematica 5.2)) 
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H={{0,H12},{0,0}} 
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_______________________________________________________________________ 
a.  
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More powerful solution is as follows. 
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((Mathematica 5.2)) 
(*Sakurai 2-8*) 
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x

   and 
x

  

 
precession motion of electron in the presence of a magnetic field B along the x-axis. 
 
_____________________________________________________________________ 
((2-9)) 

 
 
_____________________________________________________________________ 
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More powerful method: 
 
Unitary operator  
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c.  
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The probability of observing the particle on the left side is 
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d. 
Schrödinger equation 
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______________________________________________________________________ 
((2-10)) 
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a. variables x and p 
 
Schrödinger picture => no change 
 
Heisenberg picture 
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In the Heisenberg picture 
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showing that the virial theorem holds. 
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Suppose that 
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((2-15)) 

 
_______________________________________________________________________ 
For the 1D harmonic oscillator (Heisenberg picture) 
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________________________________________________________________________ 
a. 
In Schrödinger picture 
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In Schrödinger picture, we calculate 
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________________________________________________________________________ 
((2-20)) 

 
________________________________________________________________________ 
(a) 
The wave function for the simple harmonics has either an even parity or a odd parity. 
 
Since the potential becomes infinity for x<0, the wave function should be zero at x – 0. 
 
Thr odd function should be zero at x = 0, since )()( xx   , or )0()0(   . 
 
Then we have the eigenfunction with the odd parity. 
 
The wave function with the odd parity is n  with n = 1, 3, 5, 7, …… 
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Note that an = 0, when n is even. 
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((2-22) 
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The right-hand side is equal to zero in the limit of →0 
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This is the boundary condition. 
 
We consider the case of E<0. For x>0 and x<0, we have 
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)(x  has the form, 

 
xAex  )(  for x>0. 

 
xBex  )(  for x<0. 

 
The potential is symmetric with respect to x = 0. Thus the wave function should be even 
function or odd function. 
 
(i) The wave function is even function. 
 

xAex  )(  for x>0. 
 

xAex  )(  for x<0. 
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There is no excited bound state. 
 
 
(ii) The wave function is odd function. 
 

xAex  )(  for x>0. 
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or in the limit of →0 
 
A=0. 
 
So there is no solution. 
 
_______________________________________________________________________ 
((2-23)) 

 
________________________________________________________________________ 
(a) 
 
Schrödinger equation 
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Here we note that 
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When E is negative, )( p  will not diverge.  
 
We now consider the time evolution operator. 
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((2-28)) 

 
________________________________________________________________________ 

 x  (t)  x ˆ U (t,t ' ) (t' )  dx' x ˆ U (t,t' ) x' x'  (t' )  

 

 

K(x, t;x' , t' )  x ˆ U (t, t' ) x'  x exp[

i


ˆ H (t  t' )) x'  

 
or 
 

 x  ( t)  dx' K(x, t; x' , t' ) x'  (t' )  

 
K(x, t; x’, t’) is referred to the propagator (kernel)  
 
For the free particle, the propagator is given by 
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Let’s give a proof for this. 
 
ˆ H is the Hamiltonian of the free particle. 
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Note that 
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Probability amplitude that a particle initially at x’ propagates to x in the interval t-t’. 
 
This expression is generalized to that for the three dimension. 
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______________________________________________________________________ 
((2-30)) 

 
________________________________________________________________________ 
The propagator in the momentum space is defined by 
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A and B are determined from the above two equations. 
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In the limit of t  t' 0, we have  
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To find A, we use the fact that as t  t ' 0, K must tend to (x-x’) 
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