Practice Problem Set 3 Solutions

1. Wolfson 20.65

where E is the electric field generated by charge Q,
Q .
E=Fk—=x, 2
220 (2)
here x is towards the right in the figure, and p is the dipole moment,
p = 2aqy, (3)

here ¥ is upwards (the direction of the dipole) in the figure. Thus, the magnitude of the
net torque is
2Qqa
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whose direction is pointing inward the page.

(b) Instead of calculating the forces from charge () on each charge of the dipole and then
caleulating the net force by adding two force vectors, one can first calculate the force by the
dipole on the charge (). Since the electric field by the dipole is already known (textbook,
p.364), the force exerted on charge () can be directly calculated without any composition of
forces, and then the force from the charge on the dipole can be obtained based on Newton’s
third law.

Using the limit = >> a, the electric field generated by the dipole at the location of Q is
(textbook, p.364):
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Then, the electric force will be
kpQ) .
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Due to Newton’s third law, the net force on the dipole by charge () will be
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(c) upward. The direction can be understood as the the electric field by the dipole on
charge () is downwards, so as the electric force. Then Newton’s third law leads to the
upward force on the dipole.



2. Wolfson 20.73

(a)The area of such a ring can be calculated in this way,

dA =A(r + dr) — A(r)
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(b) the charge on an infinitesimal ring is
dq=dA-o =2mor dr (9)

(c) Following Example 20.6, the infinitesimal electric field dE' of this ring at point on the
disk axis is
kx dq
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(10)

Note that a positive x yields a positive dE, which means the electric field generated by this
small ring will be in the direction of X on the positive z—axis. On the negative r—axis, a
negative x yields a negative dFE which means the electric field will be in the direction of - x.

(d)The magnitude of the net electric field on the axis can be calculated by adding all
the contributions from such small rings. Let say we consider the field along the positive

x—axis, then we know all the dE will be positive as x > 0 in eq(10). The magnitude of
the net electric field on the axis will be
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eq(11) is also true for the negative z—axis, while the negative value indicates the direction
of the electric field will be along opposite direction of X.



3. Wolfson 20.79

the electric field strength at © = —L can be expressed as
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Note that dg = Adz and r =2+ L (z > 0),
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and the direction is along the - z-axis.



