
Electrodynamics Solutions 
 
Solution 1 

 
-The AD-axis of the cube has threefold symmetry, i.e. the cube is invariant under 
rotations by  about that axis.   0120±
-Hence, the corners ,  and  are equivalent and have the same potential.   1B 2B 3B
-Also, the corners ,  and  are equivalent and have the same potential. 1C 2C

33C
 
If a current I enters A, then: 

- A current 
3
I  circulates through each of the resistors . iAB

- A current 
6
I circulates through each of the six resistors . jiCB

- A current 
3
I passes through each of the three resistors . DC j

- The potential drop between A and  isiB
3
rI . 

- The potential drop between  and  isiB jC
6
rI . 

- The potential drop between  and D isjC
6
rI . 

The potential difference between A and D is: 
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Solution 2 
 
a) Calculate the capacitance of the capacitor. 
To find the capacitance we would like to find the voltage between the plates for a given 
charge +Q and −Q on the two plates. We can use Gauss’s law (both with and without a 
dielectric) to find the electric field due to the charge on the plates, using the 
approximation that there are no end effects. Gauss’s law reads, in general 

∫ =⋅
ε

enclosedQ
SdE
rr

 

where oκεε =  is the general form of the electric permittivity in the presence of a 
dielectric (note that in free space κ = 1). 
If we use a pill-box shaped Gaussian surface with end area A′ and with one end below the 
bottom plate, which is charged to −Q, and the other end inside the dielectric, then Gauss’s 
law gives us 
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where Ed is the field inside the dielectric, since the field is zero outside the electric on the 
bottom end of the pill-box and always perpendicular to the sides of the pill-box. This 
gives 
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Exactly the same procedure, but with the two ends of the pillbox above and below the top 
plate in empty space, results in the field between the dielectric and the top plate of 
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We can now find the relation between the voltage difference V between the bottom and 
top plates and Q by integrating the constant electric field (which points straight up) along 
a vertical line from the bottom plate to the top plate 
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so that we have 
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Note that this is just the capacitance 
L

Aoε2
of a free-space parallel-plate capacitor with 

area A and plate gap L/2 in series with that of the same capacitor with dielectric inserted, 
which is larger, . The total capacitance of two capacitors in series is like that of 
resistors in parallel, i.e. it is given by 
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b) Calculate the charge on the capacitor. 



For any capacitor Q = CV, so 
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c) Calculate the value of the electric displacement D in the capacitor. 
The source of the electric displacement D is free charges, so we are to ignore any surface 
charges on the dielectric. This means that the electric displacement everywhere in the 
capacitor is just the electric field in the free space region, 
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and it points from the lower plate to the upper plate. 
 
d) Calculate the value of the electric field inside the dielectric layer, and in the air above 
it.  With our approach we have already done this and we have 
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e) Calculate the electrostatic energy stored in the system. How would it change if the 
dielectric is removed?  The electrostatic energy stored in a capacitor is just 
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and so we see that 
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Obviously if κ is reduced to unity by removing the dielectric but the applied voltage 
remains the same, the capacitance is reduced and so the amount of stored energy is 
reduced. 
 
 
Solution 3 
 
The flux Φ is given by 
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Therefore we have 
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where the minus sign reminds us that the current flows to oppose the increasing B, or in 
the clockwise direction.  The total voltage Kirchoff equation is 
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Or 
L
IR

dt
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The general solution of this differential equation may easily be obtained by the 
substitution L

IRu −= ε , which yields )exp(0 L
Rtuu −=  where ε=0u , and hence 
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Or, following the conventions of the problems class: 
 

We can solve this by adding a particular solution 
R

I P

ε
=  to the solution 
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dIL −= , and then matching to initial 

conditions which are I(t = 0) = 0, we have: 
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For t >  there is only an exponential decay of the current 0t ⎟⎟
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This time the differential equation is: 
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With the immediate solution 
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Hence we have. 
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Solution 4 

 
 
 
 
 
 



Solution 5 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 



Solution 6 

Kinetic Energy of rotation:  2

2
1 ωZIKE =  

2

2
1 MrI Z = ,  ρπArM 2= ,   ρπ 3ArI Z =

r= radius, A= cross section,  ρ= mass density 
The magnetic flux through a ring is:  )cos(2 θπrH o=Φ
θ= the angle between the field and the plane of the ring 
The rotation of the ring: θ=ωt,  (assuming ω>>1/τ) 

Lenz’s law: )sin(1 2
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Again, assuming that ω varies only slowly with time. 

Electric dissipation: ωωω &zz II
dt
d
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Here, 
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Averaging over short times
τ
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