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OUTLINE : 3. ELECTRIC MULTIPOLES

3.1 The potential due to an electric dipole

3.2 The field of an electric dipole

3.3 The torque on a dipole in an external E-field
3.4 The energy of a dipole in an external E-field
3.5 The quadrupole potential

3.6 The general multipole expansion



3.1 The potential due to an electric dipole

» Two charges +qg and —q separated
by (small) distance d
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3.2 The field of an electric dipole
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3.3 The torque on a dipole in an external E-field




3.4 The energy of a dipole in an external E-field

» Calculate the work done by an
applied force to rotate the dipole
from angle /2 to ¢

(take # = 7/2 as the zero of
potential energy)
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3.5 The quadrupole potential { D—}

» Two charge configurations of the quadrupole, ¥
which both look identical at long distance a

+2q

» Quadrupole potential :  V = 9% (1 — 3cos? )
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Summary: Electric dipole and quadrupole

Electric Dipole

Far-field (r >> d) potential:  y/ — P ¥
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Energy of dipole in external electric field E: W = —Egx - P
Electric Quadrupole: -q
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3.6 The general multipole expansion

Potential at P: V(r) = 47r€0 i L
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Retain only up to powers of (r;/r)?

Expand :
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The general multipole expansion
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» So any assembly of charges can be described in
terms of the sum over contributions from multipoles

» The n-th multipole potential falls off with 1/r"
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