
Physi
s 222 CIDHomework 7 S
ore / 30You might �nd the following integrals useful on this assignment. Here n is an integer.
∫ nπ

0

sin2(x)dx =
nπ

2

∫ nπ

0

x sin2(x)dx =
n2π2

41. (4 pts) If Ψ = Aei(kx−ωt)e−x2/a2 is a properly normalized wave fun
tion, what does A equal? Assume that A isreal and note that ∫

∞

−∞
e−x2

dx =
√
π.2. (5 pts) We talked about three properties that a wave fun
tion must have in order to be �well-behaved.� A wavefun
tion whi
h is not �well-behaved� represents a situation whi
h is not physi
ally possible. (a) What �physi
alimpossibility� o

urs if the wave fun
tion is not single valued? (b) What �physi
al impossibility� o

urs if these
ond derivative is not �nite everywhere. (
) What �physi
al impossibility� o

urs if the �rst derivative is not
ontinuous? (d) What if the wave fun
tion itself is not 
ontinuous? (e) What if the wave fun
tion doesn'tapproa
h 0 as x→ ±∞?3. (4 pts) For ea
h of the following wave fun
tions, state if it is a �well behaved� wave fun
tion. If it is not, explainwhy it is not.
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–4 –3 –2 –1 1 2 3 4x(d) Ψ = Aei(kx−ωt) (Sorry, there's no plot of this one � it is 
omplex, and it goes on forever. But you 
animagine what it would look like).



4. (6 pts)(a) Use the 
hain rule to show that any fun
tion y(u) will solve the 
lassi
al wave equation with v equal to a
onstant if u = kx−ωt. Remember, if v is a 
onstant (i.e., it doesn't depend on k) then this represents a non-dispersive medium. (Your book makes the bold statement that all solutions to the 
lassi
al wave equationare of the form y(x− vt), but that is only true if v is a 
onstant � i.e., if the medium is non-dispersive. Itis not true for light traveling through glass, for example.)(b) Show that y(x, t) = ax3 + bt3 
annot be a solutions to the 
lassi
al wave equation in a medium for whi
h
v was a 
onstant. (In fa
t, it 
an only be the solution for a medium in whi
h v depends on x and t ina very parti
ular way. This would be very strange � in a dispersive medium, v depends on k, and it ispossible for it to depend on x (imagine light going through air and then entering glass at some value of x).But a time dependent velo
ity is unusual (but not impossible). It means that the properties of the mediumare 
hanging in time � imagine waves traveling on a rubber band as the rubber band is stret
hed � orbla
kbody radiation from the big bang traveling through an expanding spa
e-time. This 
an have weirde�e
ts � like the frequen
y of a pure sine wave 
hanging in time!)(
) Show that Ψ(x, t) = Aei(kx−ωt) is a solution to S
hrodinger's equation in free spa
e (i.e. where U is a
onstant).(d) Show that Ψ(x, t) = A sin(kx − ωt) does not solve S
hrodinger's equation. (What do you expe
t, it's not
omplex!) To do this, simply show that if it were a solution it would imply something that 
annot be true.5. (4 pts) Show (by plugging it into S
hrodinger's equation) that if Ψ1 and Ψ2 are solutions to S
hrodinger's equation,then aΨ1 + bΨ2 is also a solution (a and b are 
onstants).6. (7 pts) Consider a parti
le in the nth energy state of an in�nite square well of size L. Its wave fun
tion at time

t = 0 is given by
ψ =

{ √

2
L sin nπx

L for 0 < x < L

0 otherwise .(a) At time t = 0, what is the expe
tation value <x>?(b) Imagine that I had a million identi
al parti
les in one million identi
al square wells, and ea
h had this samewave fun
tion at time t = 0. At time t = 0 I measure the position x of ea
h parti
le within its well. Will Imeasure the same x for every parti
le?(
) If I average all of the values I got in part (b), what average position will I get?(d) If n = 2, at what lo
ations is P (x) the largest?(e) If n = 2, at what lo
ations in the range 0 < x < L is P (x) equal to zero?Extra problems I re
ommend you work (not to be turned in)- Think about your answer to problem 6(e) and ponder what the expe
tation value < x > a
tually tells you aboutthe probability of �nding a parti
le at parti
ular lo
ations.- Cal
ulate < x2 > for the wave in problem 6.- Cal
ulate < x > for a wave fun
tion whi
h is equal to the wave fun
tion in problem 6 times eiφ where φ is a 
onstant.- Cal
ulate < x > as a fun
tion of time for a parti
le in the nth state of an in�nite square well. The full time-dependentwave fun
tion is just the wave at time t = 0 times exp(−iEnt/~) where E is the energy of the nth state.


