Homework No. 05 (2014 Fall)

PHYS 320: Electricity and Magnetism 1
Due date: Wednesday, 2014 Oct 1, 4:00 PM

1. (40 points.) Consider an electric dipole at the origin, with the negative charge at the
coordinate (0,0, —a) and the positive charge at (0,0,a), such that the electric dipole
moment p points along the z-axis, p = 2aq.

(a) Show that the electric potential due to the dipole at the point

r=zi+y)+zk, r =422+ Y%+ 22, (1)

is given by the expression

_ 1 g B q
(15(1‘) - dmeq \/:172 + 42 + (z _ 6)2 \/332 +y7 (z T a)2 . (2)

(b) For a < r show that the potential is approximately given by

1 pz

r)= .
o(x) dmeg (22 + y2 + 22)3

e

(c) Consider the limit when a is made to vanish while g becomes infinite, in such a way
that 2aq remains the finite value p. This is a point dipole. The electric potential
for a point dipole is exactly described by Eq. (3). Using polar coordinates write
z = rcos@ and thus rewrite the potential of a point dipole in Eq. (3) in the form

1 pcosé 1 p-r
$(r) = dmeq 12 dmeg 13

(4)

(d) Evaluate the electric field due to a point dipole using

E=-V¢ (5)
and express it in the following form,
B(r) = 15 [3(p - B)¢ — p] ©
= dmegri P Pl

Draw the electric field lines of a point dipole for p = p2.
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