
HW 3 Hints


Problem 1. 


To  determine bound state use the condition En,max < Vo and determine nmax.  After that  list all the E1, … 
Emax.

Problem 2.


Because the above formula was derived under the assumption that the WKB wave function leaks into the 
x < x1 region (x1 is the turning point). In the given problem the wave function must strictly vanish at x ≤ 
x1 = 0. One can use the potential V (x) = mg|x|, −∞ < x < ∞ and consider only the odd-partity solutions. 

Problem 3. 

Note the potential is 0 inside L, so  only  the kinetic term remains.

Problem 4. 

First  normalize the eigenfunction phi using 
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16.5 Consider the triangular potential V (x) =

{

Fx, if x > 0

∞, if x < 0 .
This is used

as a model for an electron trapped on the surface of liquid helium by
an electric field due to two capacitor plates bracketing the helium and
vacuum above it or for the MOSFET. Applying the variational method
calculate ground state energy. Use the trial eigenfunction as φ = xe−ax.

Let us first normalize the eigenfunction φ:

1 = A2

∫ ∞

0
x2e−2ax dx =

A2

8 a3

∫ ∞

0
y2e−y dy

=
A2

4a3
,

where we have used the result

∫ ∞

0
yne−y dy = n!. Therefore, φ =

2 a3/2xe−2ax. Then

E =

∫ ∞

0
φ∗Hφdx

= 4a3
∫ ∞

0
xe−ax

(

−
!2

2m

d2

dx2
+ Fx

)

xe−ax dx

= −
2 a3!2

m

∫ ∞

0
xe−ax

[

−2 ae−ax + a2xe−ax
]

dx+ 4a3F

∫ ∞

0
x3e−2ax dx

=
!2a2

m

∫ ∞

0
ye−y dy −

!2a2

4m

∫ ∞

0
y2e−y dy +

F

4a

∫ ∞

0
y3e−y dy

=
!2a2

2m
+

3 F

2 a
.

Next, ∂E/∂a = 0 gives a = (3 Fm/(2 !2))1/3. Then E =
(9 /4)[2 !2F 2/(3m)]1/3.

16.6 Estimate the ground state energy of the three-dimensional symmetric

harmonic oscillator having the Hamiltonian H = −
!2

2m
∇2 +

1

2
mω2r2 by

taking the 1s hydrogenic normalized orbital ψ(r,β) =
2

β3/2
e−r/β Y 0

0 as

the trial eigenfunction with β as the variation parameter. Compare the
result with the exact ground state energy and find the relative error.

The expectation value of E0 is

⟨E0⟩ =
∫ ∞

0

∫ π

0

∫ 2π

0
ψ∗Hψr2 sin θ dr dθ dφ .

K24365_SM_Cover.indd   276 13/11/14   6:58 PM


