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FIGURE 2-6. A square quadrupole.

where ¢ = 0 along the positive x; axis. The potential in the x3-x2 plane (8 = w/2)
is shown in Fig. 2-7; again there are both positive and negative portions of the
potential.

FIGURE 2-7. Polar plot of potential.
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FIGURE 2-4. An axial quadrupole.
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FIGURE 2-5. Polar plot of quadrupole potential.
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In both the electric and magnetic cases, Eqs. (2.28) and (2.63), we treated
the limit where the structure size of the dipole is negligibly small—that 1s, 1t
is their external fields that turn out to be identical. If we look inside the dipole
structure, however, the fields are vastly different.* Typical examples are shown
in Fig. 2-11. In both cases the internal fields are very strong—but the internal
field of the electric (charge-pair) case is opposite to the dipole-moment vector,
while that of the magnetic (current-loop) case is in the same sense as the

moment.
A

(@

-

(a) Electric (charge-pair) dipole

(b) Magnetic (current-loop) dipole

FIGURE 2-11. Field-lines of dipole models of finite size, showing identical external fields but
oppositely directed internal fields. (Both diagrams are figures-of-revolution about the vertical

axis.)

*There is a subtlety in properly representing the field within a *'point” dipole. For some

purposes it is necessary to add a delta-function to Eqs. (2.28) and (2.63), and the coefficient and
sign of this term are different in the electric and magnetic cases. See Problem 2-19, and Jackson
(Ja75, Eqgs. 4.20 and 5.64). Outside the dipole, of course, this term is irrelevant. The similarities
and differences between electric and magnetic dipoles are considered further in the following
section. For further mathematical subtleties of point-source fields, see Bowen, Am. J. Phys. 62, 511
(1994).



