
Physics 8B Fall 2013
Solution to Final Problem 1

1. The energy of each level is given by

Enx,ny =
π2~2

2meL2
(
n2x + n2y

)
= E0

(
n2x + n2y

)
,

where nx = 1, 2, 3, · · · and ny = 1, 2, 3, · · · are two quantum numbers that specify the
state (like n, l, m for the hydrogen atom).

(a) The state with smallest energy is obviously (nx, ny) = (1, 1) . Since each electron
can spin up or spin down, two electrons can occupy the ground state (nx, ny) =
(1, 1) with different spins:

(nx, ny,ms) =

(
1, 1,+

1

2

)
,

(nx, ny,ms) =

(
1, 1,−1

2

)
.

(Like the electron in a hydrogen atom, the two ground states are (n, l,m,ms) =
(1, 0, 0,+1/2) and (1, 0, 0,−1/2) .) As a result, the first six states are

Electron nx ny ms

1 1 1 +1/2
2 1 1 −1/2
3 2 1 +1/2
4 2 1 −1/2
5 1 2 +1/2
6 1 2 −1/2

Notice that (nx, ny) = (2, 1) and (nx, ny) = (1, 2) are different states, although
they have the same energy (like the degeneracy in hydrogen atom).

(b) The total energy of the six electrons is then given by

ET = E0
[(
12 + 12

)
+
(
12 + 12

)
+
(
12 + 22

)
+
(
12 + 22

)
+
(
22 + 12

)
+
(
22 + 12

)]
= 24E0,

so
ET
E0

= 24 .

(You will still get full credit if your answer is consistent with that in part (a) even
you did wrong there.)
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(c) The next energy level is (nx, ny) = (2, 2) , so it requires

E7 = E0
(
22 + 22

)
= 8E0

energy to fill it, or
E7
E0
= 8 .

(Again you will get credit if your answer is consistent with that in part (a). By
consistent I mean it’s not a randomly guessed seemingly plausible sequence.)

(d) If the electrons did not have to obey Pauli exclusion principle, then all of them
can occupy the ground state (nx, ny) = (1, 1) . In this case

ET = E0
[(
12 + 12

)
+
(
12 + 12

)
+
(
12 + 12

)
+
(
12 + 12

)
+
(
12 + 12

)
+
(
12 + 12

)]
= 12E0,

or
ET
E0

= 12 .
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An infinitely long hollow core wire inner radius a and outer radius b carries current I. To
find the magnetic field, use Ampere’s law with an amperian loop C which is a circle of radius
r about the axis of the hollow wire. ∮

C

~B · d~l = µ0Ienc

Because the wire has cylindrical symmetry and the loop is about that symmetry axis ~B · d~l
must be a constant Bdl such that∮

C

~B · d~l =

∮
C

B dl = B

∮
C

dl = B2πr = µ0Ienc.

Where the last integral was just the circumference of the circular loop of radius r. This gives
us a simplified expression for the field at any radius once by calculating the current enclosed
by the loop.

B(r) =
µ0Ienc
2πr

a) For the region r < a there is no current passing through the loop so Ienc = 0. Plugging
this into the simplified expression gives us that the magnetic field in this region is zero.

B(r) = 0 r < a

b) For the region r > b the loop surrounds the entire wire so Ienc = I. Plugging this into
the simplified expression gives us that the magnetic field in this region is

B(r) =
µ0I

2πr
r > b

c) For the region a ≤ r ≤ b the loop encloses only part of the wire so calculate the amount
of current enclosed for a particular radius r. The cross-sectional area A of the wire is

A = πb2 − πa2

so that the current density J of the wire is

J =
I

A
=

I

π (b2 − a2)

The loop encloses a radius r but everything inside radius a is empty space with zero current,
so the cross-sectional area of the wire enclosed by the loop A′ is

A′ = πr2 − πa2

Now multiply the current density of the wire by the cross-sectional area of the wire enclosed
by the loop to find the enclosed current

Ienc = JA′ = I

(
r2 − a2

b2 − a2

)
and plug this into the simplified expression to find the magnetic field in this region.

B(r) =
µ0I

2πr

(
r2 − a2

b2 − a2

)
a ≤ r ≤ b
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