
Ch 32 Solutions 

32.1 (Tip: if these words make no sense, you might try looking at problem 32.7 then come back to this one.) 

a) None of these is the correct answer.  I like to think of the magnetism in matter as originating from current 

loops (e.g. orbiting electrons or the spin of nucleons).  There is no net force on current loops in a 

UNIFORM external magnetic field.  There may be a torque which tries to rotate the loop…but no net force. 

SIDE NOTE: consider a ferromagnetic material, magnetized such that its own field is anti-aligned with the 

external uniform magnetic field.  If the external magnetic field is truly uniform, we might expect the 

magnet would rotate to align with the external field or perhaps even demagnetize.   

In general it would not be repelled. 

 

This runs counter to our intuition of putting two magnets together with North poles facing each other.  

Recall, if you simply put two magnets together, the field is non-uniform anyways and that is not a good 

analogy for this question.  Even still, anytime you might try that type of experiment in the real world, you 

find the magnets might repel a small distance but almost always get rotated and then they snap together.  

Someday I should try putting a slightly magnetized chunk of iron, suspended on a thread, in the central 

region of a Helmholtz coil set-up to see what happens.  I think this is about the best one could hope to 

approximate the situation described.   

 

For your exam, assume ferromagnetic materials, even ones already magnetized to be anti-aligned with the 

external field, cannot be repulsed by a uniform magnetic field.  They could be repelled by a non-uniform 

extremal magnetic field aligned opposite the object’s magnetization. 

b) Ferromagnetic materials can retain magnetization after removal of the external magnetic field. 

c) Ferromagnetism is the strongest type of magnetism, then paramagnetism and diamagnetism is weakest. 

d) Diamagnetism is present in all materials.  If paramagnetism or ferromagnetism is also present, it is 

impossible to observe the diamagnetism.  Diamagnetic forces are so weak they are miniscule compared to 

either paramagnetism or ferromagnetism. 

e) Diamagnetic materials are repulsed by non-uniform magnetic fields.  By this we mean there is a force on 

diamagnetic materials directed away from strongest part of the external field towards regions where the 

external field is weak. 

 

32.2 https://www.exploratorium.edu/snacks/magnetic-fruit is really cool!  If you have kids, try it with them. 

 

32.3 https://www.exploratorium.edu/snacks/magnetic-suction is also really cool. 

 

32.4 See solution below. 

 
  

Φ𝐸 = ර 𝐸ሬറ ∙ 𝑑𝐴റ =
𝑞𝑒𝑛𝑐

𝜖0

 
 

A changing electric field produces a 

magnetic field. 

Φ𝐵 = ර 𝐵ሬറ ∙ 𝑑𝐴റ = 0 

 
For electrostatics (no moving charges), the 

electric field inside a conductor is zero. 

ර 𝐸ሬറ ∙ 𝑑𝑠റ = −
𝑑Φ𝐵

𝑑𝑡
 

 
No magnetic monopoles are known to exist. 

ර 𝐵ሬറ ∙ 𝑑𝑠റ = 𝜇0𝑖𝑑 + 𝜇0𝑖𝑒𝑛𝑐     where   𝑖𝑑 = 𝜖0

𝑑Φ𝐸

𝑑𝑡
 

 
A changing magnetic field (that penetrates a 

loop) will create induced current in the loop. 

 

https://www.exploratorium.edu/snacks/magnetic-fruit
https://www.exploratorium.edu/snacks/magnetic-suction


32.5  

a) Electrons move opposite the direction of conventional current.  The electrons are moving down. 

b) The capacitor is discharging as electrons move downwards.  For the capacitor to be discharging, the excess 

charge on the upper plate must be decreased as electrons move towards it.  Therefore, the upper plate must 

have excess positive charges.  The upper plate is at higher potential. 

c) The electric field points downwards between the plates but is getting weaker with time as the capacitor 

discharges 

d) The displacement current equation is 𝑖𝑑 = 𝜖0
𝑑Φ𝐸

𝑑𝑡
.  A weakening downwards field implies an upwards 

displacement current!   

Think: at one instant suppose the field is 𝐸ሬറ𝑖 = 2.0
V

m
(−𝑗̂).  A short time 𝑑𝑡 = 1.0 ms later suppose the field 

is weaker…say 𝐸ሬറ𝑓 = 1.9
V

m
(−𝑗̂).  The change in electric field with respect to time is 

𝑑𝐸ሬറ

𝑑𝑡
≈

Δ𝐸ሬറ

Δ𝑡
=

𝐸ሬറ𝑓 − 𝐸ሬറ𝑖

Δ𝑡
=

(−1.9
V
m

𝑗̂) − (−2.0
V
m

𝑗̂)

1.0 × 10−3 s
= +100

V

m ∙ s
 𝑗̂ 

The change in flux 
𝑑Φ𝐸

𝑑𝑡
 is proportional to 

𝑑𝐸ሬറ

𝑑𝑡
.  Typically, we draw a loop of area between the capacitor 

plates to compute the flux.  We are free to align the area vector of such a loop in the direction of the change 

in electric field.  This area vector tells us the direction displacement current “flows”.  Remember, 

displacement current is really just talking about the direction and rate at which the electric field is 

changing…no charge is actually flowing between the capacitor plates. 

e) We can still use the standard right hand rule to determine the direction of the magnetic field produced by 

the displacement current.  At P the magnetic field is out of the page. 

 

32.6 

a) In case a we are told the object is attracted to the strong region of the magnetic field.  This could happen if 

the object is paramagnetic of ferromagnetic.  It is impossible to determine (without more info). 

b) In case b your gut instinct might be to think the only possible way is if the material is diamagnetic.  While 

true that a diamagnetic material could experience a repulsive force, it is also possible the material is 

ferromagnetic but still magnetized from some previous experiment!  For instance, what if you magnetize a 

steel ball bearing such that the right side of the sphere is a south pole and the left side is a north pole.  If 

this sphere was placed in the magnetic field shown, we expect it would also experience a force to the right.  

Again the answer is impossible to determine (without more info). 

 

  



32.7 a) Direction of current is opposite direction of electron flow.  Magnetic moment points +𝑖̂ in all cases. 

b) For me, I find it easiest to understand this problem by re-imagining the magnetic moment as a mini-bar 

magnet (similar to how we handled eddy currents in chapter 30).  Tip: external field is strongest where field 

lines are closest together.  In case 1 this implies the bar magnet is on the left while in case 3 the external bar 

magnet on the right.  Case 2 requires two magnets, one on each side for the field to be uniform!!!  

Furthermore, to produce truly uniform magnetic field, both magnets would need to be infinitely large (just 

like you need infinitely large charged plates to get a truly uniform electric field). 

In case 1 we expect a force to the left (into the region of strong field).   

In case 2 we expect no force in a UNIFORM magnetic field.  The circular orbit is pulled right & left equal amounts!   

In case 3 we expect a force to the right (into the strong region of field). 
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32.8 You are supposed to recognize this is a question about displacement current 

ර 𝐵ሬറ ∙ 𝑑𝑠റ = 𝜇0𝑖𝑑 + 𝜇0𝑖𝑒𝑛𝑐     where   𝑖𝑑 = 𝜖0

𝑑Φ𝐸

𝑑𝑡
 

ර 𝐵ሬറ ∙ 𝑑𝑠റ = 𝜇0

𝑑Φ𝐸

𝑑𝑡
 

I chose the coordinate system at right so I could describe the magnetic field using 

the standard definition of �̂�. 

ර 𝐵�̂� ∙ 𝑟𝑑𝜃�̂� = 𝜇0

𝑑Φ𝐸

𝑑𝑡
 

The point of all this is to show the left side of the equation should be positive. 

This implies we expect 
𝑑Φ𝐸

𝑑𝑡
> 0 and thus 

𝑑𝐸ሬറ

𝑑𝑡
> 0 𝑖𝑛 𝑡ℎ𝑒 + 𝑘 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛. 

This implies this particular electric field magnitude is increasing. 

 

Note: if 𝐵ሬറ was circling the other way it would imply the electric field was decreasing in strength. 

 

32.9 

a) The potential energy is greatest when the magnetic moment vector is anti-aligned with the external 

magnetic field (𝑈𝐵 = −𝜇റ ∙ 𝐵ሬറ𝑒𝑥𝑡).  The external magnetic field should be aligned with −𝑗̂. 

b) Recall 𝜏റ = 𝜇റ × 𝐵ሬറ𝑒𝑥𝑡 .  If the two vectors are aligned (or anti-aligned) there is no torque. 

c) We know the magnetic moment vector would tend to align itself with the external field.  The easiest 

rotation to do this would be for the magnetic moment to rotate clockwise (axis into the page…−�̂�).  

Alternatively, consider 𝜏റ = 𝜇𝑗̂ × (−𝐵𝑒𝑥𝑡𝑗̂ + 𝛿𝐵𝑒𝑥𝑡𝑖̂) = −𝜇𝛿𝐵𝑒𝑥𝑡�̂� where 𝛿𝐵𝑒𝑥𝑡 ≪ 𝐵𝑒𝑥𝑡. 

d) The atom loses 2𝜇𝐵𝑒𝑥𝑡 of potential energy. 

Δ𝑈𝑎𝑡𝑜𝑚 = 𝑈𝑓 − 𝑈𝑖 

Δ𝑈𝑎𝑡𝑜𝑚 = (−𝜇റ𝑓 ∙ 𝐵ሬറ𝑒𝑥𝑡) − (−𝜇റ𝑖 ∙ 𝐵ሬറ𝑒𝑥𝑡) 

Δ𝑈𝑎𝑡𝑜𝑚 = (−(−𝜇𝑗̂) ∙ (−𝐵𝑒𝑥𝑡𝑗̂)) − (−(𝜇𝑗̂) ∙ (−𝐵𝑒𝑥𝑡𝑗̂)) 

Δ𝑈𝑎𝑡𝑜𝑚 = (−𝜇𝐵𝑒𝑥𝑡) − (𝜇𝐵𝑒𝑥𝑡) 

Δ𝑈𝑎𝑡𝑜𝑚 = −2𝜇𝐵𝑒𝑥𝑡  

e) Assuming all this lost energy is lost in the form of a photon (𝐸𝛾 = −Δ𝑈𝑎𝑡𝑜𝑚) 

𝐸𝛾 =
ℎ𝑐

𝜆
 

2𝜇𝐵𝑒𝑥𝑡 =
ℎ𝑐

𝜆
 

𝝀 =
𝒉𝒄

𝟐𝝁𝑩𝒆𝒙𝒕

 

THINK: to flip the spin of an atom, we require the atom to emit (or absorb) a photon.   

 

Any atom anti-aligned with the external magnetic field is in a high energy state (positive potential energy).  

When the atom realigns with the external field it returns to the low energy state (negative potential energy). 

The atom loses energy when it goes from high energy state (anti-aligned) to the low energy state (aligned). 

 

The atom emits a photon when going from the high energy state (anti-aligned) to the low energy state 

(aligned). 

 

Similarly, atoms absorbing a photon must change from a low energy state to a higher energy state. 

𝐸ሬറ 

𝐵ሬറ 

𝑖̂ 

𝑗̂ 

𝑘ො 


