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Circular Current Loop as a Magnetic Dipole

Unlocking the hidden mathematical symmetry between electrostatics and magnetism.

(4.9.2 | MOVING CHARGES AND MAGNETISM)
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Field on the Axis Revisited Exact Field
(Valid for all x)

To understand how a loop behaves at a distance,
we must start with the exact magnetic field
formula for an axial point P.

Steady current Loop radius
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The Far-Field Dipole Analogy
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& Apply Far-Field Boundary Condition

x » R (Drop the R? term in the denominator)

:

J

ff'

\.

Introduce Area to force symmetry
A
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fMatch the familiar Electrostatic formatting (1/4115[,)\

Multiply numerator and denominator by 2
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The expression (IA) is grouped
intentionally. It forms the core
of our new concepit.
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You’'ve Learned the Theory.
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Defining the Magnetic Moment (m) £\ Topal

Definition Direction

Equation Chip

Magnetic moment is a vector quantity. Its
direction is strictly determined by the
Right-Hand Thumb Rule.

Magnetic
moment m

N-Turns Chip Area vector A

For a tightly wound coil with N turns:

m = NIA

Exam Detalil
Dimensions: [A][L?] | SI Unit: A m?




The Translation Matrix: Electricity vs. Magnetism

Electrostatics Magnetism
Electrostatic Dipole (p) Source Magnetic Dipole (m)
1/¢gg Constant Ho

1 2p ) = Ko 2m
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THE CRITICAL ASYMMETRY

\ 9 T 2
e An electric dipole is built from two distinct elementary
- charges (monopoles). In magnetism, the current loop
g & isthe elementary element. Magnetic monopoles are

E not known to exist. ; A TopAll
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Summary & Exam Blueprint

Key Takeaways

w 1. The Macro View: At large distances (x >> R), a circular current loop
ﬁ behaves mathematically exactly like an electric dipole.

2. The Core Formula: The equivalent magnetic moment of a current loop
is m = NIA. Its direction follows the right-hand thumb rule.

3. The Fundamental Difference: While electric field lines originate and
% terminate on isolated charges (monopoles), magnetic field lines form
continuous closed loops. Isolated magnetic monopoles do not exist.
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