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The solution by taking derivative of work with respect to angle β is correct, but the

students’ solution has a mistake. They define

d−→τ = −→r × d
−→
F (1)

as the differential torque on each differential of area on one of the plates and also use

d
−→
F = σ

−→
E and they use the same electric field that they have found in the previous part.

Using this electric field is causing the problem.

The problem can be easily seen in a parallel plate capacitor when we calculate the force.

So let’s see the result of differentiating the work
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On the other hand if we try to use integrating force on each differential of charge on the

surface

F =

∫
dq
−→
E = −Q Q

ε0A
(2)

This result is larger by a factor of 2 and that is because the electric field in the integration is

the total electric field which is the sum of the electric field of the two plates,
−→
E =

−→
E1 +

−→
E2.

The correct way is to calculate the force on each charge element due to the electric field of

the other plate only and that gives the correct result.

F =

∫
dq
−→
E1 = −Q Q
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It is the same thing that causes the discrepancy in the homework. The correct and easy way

is to go with your solution.


