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Consider an infinite well potenti.&l. {i.e., a closed box) stretching between 0 < x < L. A particle of mass m is trapped 
in the box. 
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1. Show that the expectation value of the momentum in all the infinite-well solutions of the TISE (time-independent 

Schrodinger equation) vanishes. I.e., 'J) = 0 for t/l,{x) = [i. sin T· 

2. What is the uncertainty in momentum of the state ¢,(x) = .[!Bin "'r"'. ? 

At time t = 0 the particle's wave function is: 

1 (If . 1fX .. If . 211"X) ~(x t = 0) = - - sm- + e - sm-
' ..j2 L L L L 

(1) 

with l/1 a real number. . 

3. What is the probability that the particle is found in the left half of the box, x < L/2 at t = 0? Find it as a 
function of the phase l/1. 

4. When we consider the time ~volution of the wave function w(x, t) we find: 

1').. w(x,t) =Jr. (h(t)sin ""; + e .. h(t)sin 
2~x). (2) 
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What are ft(t) and /2(t)? 

5. What is the probability density at x = L/4 aa a function of time? If you could not find h,2(t) above, express 
the answer in terms of these functions. 

6. Wh&t is the momentum expectation value for the initial wave function, w(x, t = 0)? (This part may be a bit 
long, BO you might iO and try 7_ ~~~"tf,~,_; .. : .. t; ' ·" ~-··._ .• ; · .. ·.· 

7. A measuring device manages to determi!ie that the pBrticle il in the region f - /a < x < f + fli. ~ 
the minimum uncertainty in the momentum immediately after the measurement. You can aasume that the 
probability density is roughly constant in this region. 

8. After the measurement (which heppens at to), the wave-function of the particle is actually a superposition of 
many normal modes (or eigenfunctions) of the SchrOdinger equation: 

w(x, t) = E a,e-;.....t.p,(x) (3) 
n>O 

with t/l,(x) = [i: sin "'r'. This makes the particle quickly expand over the entire box again. But at some time 
after the meuurement, t1 , the particle's wave function returns exactly to its shape at to. At what time t1 >to 
does this happen for the first time time? Hint: w, have the form n 2 · w1 . 

Possibly useful integrals: (In 5 and 6 n #- m). 

f d:r: . 2 2x- sin2x 
sm x= 

4 
, (4) 

/
dxsin(nx)cos(mx) = _! (-1- cos[(n+m)x] + -

1
-cos[(n- m)xJ) 

2 n+m n-m 
(5) 

f d:r:sin(nx) sin(rn:z:) =! (-1- sin((n- m)x]- -
1

- sin[(n + m)xJ) 
2 n-m n+m 

(6) 
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