([ SECTION 4.8 ] MOVING CHARGES AND MAGNETISM)

Force Between Two
Parallel Currents

Understanding magnetic interactions, deriving
force per unit length, and definingjthe Ampere.
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([ STEP 01] THE MAGNETIC SETUP)

Conductor ‘a’ creates a
field at Conductor ‘b’

Before they can interact, the first wire
generates a magnetic field that enqgulfs the
surrounding space. Using Ampere's Circuital
Law, the magnetic field (B,) at a
perpendicular distance d is uniform along
the entire length of where the second wire
will be placed.
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[ STEP 02 | PARALLEL CURRENTS

Currentsin the Same
Direction Attract

Conductor ‘b’ carries current I, through
field B,. Using the cross-product rule

(F = | L x B), the resulting magnetic force
pulls wire ‘b’ toward wire ‘a’.
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Newton’s Third Law: F,, = -F,
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[ STEP 03 ] ANTI-PARALLEL CURRENTS

Currents in Opposite
Directions Repel

Reversing the current in Conductor ‘b’
flips the direction of the vector product.
The wires now exert an outward,
repulsive force on each other.

Unlike electrostatics where “like

charges repel,” in magnetism, “like
(parallel) currents attract.”




[ SYNTHESIS ] STANDARDIZING THE METRIC A TopAll

Force per Unit Length

To make the force equation universal regardless of wire length, we divide by length (L) to find the
force per unit length (f, ).
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Defining The Ampere (S| Base Unit)
1 Ampere is the steady current that, when
flowing in two infinitely long, parallel wires 1

= s meter apart in a vacuum, produces a force of
2% 105 N e ) ] (0N :
X /m Distance = 1meter | “* i exactly 2 x 10”7 Newtons per meter of length.




([ CHAPTER SUMMARY ] )

Exam Insights & Key Takeaways

Parallel = Attract, Anti-parallel = Repel. (Note: This is directly opposite to
electrostatic rules where like charges repel).

Newton's Third Law Holds. The force exerted by wire ‘a' on 'b' is always equal and
opposite to 'b' on 'a' (Fu» = —F)g), even if the current magnitudes (1, I) are different.

The Master Formula. Force per unit length is directly proportional to the product of
both currents and inversely proportional to their separation distance (f « (I,13) / d).

The Ampere Definition. The Sl unit of current is fundamentally defined by this exact
magnetic force interaction (2 x 107 N/m), not by counting electrons.
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