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Magnetic Force Between Two Parallel Conductors

Two parallel wires each carry a 

steady current.

The field 𝐵ଶ due to the current in 

wire 2 exerts a force on wire 1 of 

magnitude 𝐹ଵ = 𝐼ଵℓ𝐵ଶ.
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Substituting the equation for the magnetic field (B2) gives

𝐹ଵ =
𝜇∘𝐼ଵ𝐼ଶ
2𝜋𝑎

ℓ

Parallel conductors carrying currents in the same direction attract 

each other.

Parallel conductors carrying current in opposite directions repel each 

other.
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Two straight, parallel, superconducting wires 4.5 𝑚𝑚 apart carry equal currents of 15000 𝐴 in opposite 
directions. What force, per unit length, does each wire exert on the other?

𝐹

𝐿
⎯⎯=

𝜇௢𝐼ଵ𝐼ଶ

2𝜋𝑟
⎯⎯⎯⎯⎯⎯=

4𝜋 × 10ି଻ × 15000ଶ

2𝜋 × 4.5 × 10ିଷ⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯= 1 × 10ସ 𝑁 𝑚⁄

Forces between parallel wires
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Two infinitely long, parallel wires are lying on the ground a distance 𝑎
= 1.00 𝑐𝑚 apart as shown. A third wire, of length 𝐿 = 10.0 𝑚 and mass 400 𝑔, 
carries a current of 𝐼ଵ = 100 𝐴 and is levitated above the first two wires, at a 
horizontal position midway between them. The infinitely long wires carry equal 
currents 𝐼ଶ in the same direction, but in the direction opposite that in the 
levitated wire. What current must the infinitely long wires carry so that the 
three wires form an equilateral triangle?
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SOLUTION

Because the current in the short wire is opposite those in the long wires, 
the short wire is repelled from both of the others.

Figure 30.8b shows the desired situation with the three wires forming an 
equilateral triangle.

Because the levitated wire is subject to forces but does not accelerate, it 
is modeled as a particle in equilibrium.

The horizontal components of the magnetic forces on the levitated wire 
cancel. The vertical components are both positive and add together. 
Choose the z axis to be upward through the top wire in Figure 30.8b and 
in the plane of the page.

Find the total magnetic force in the upward direction on the levitated 
wire:

𝐹⃗஻ = 2 ቆ
𝜇଴𝐼ଵ𝐼ଶ

2𝜋𝑎
⎯⎯⎯⎯⎯ ℓቇ 𝑐𝑜𝑠 𝜃 𝐾෡ =

𝜇଴𝐼ଵ𝐼ଶ

𝜋𝑎
⎯⎯⎯⎯⎯ ℓ 𝑐𝑜𝑠 𝜃 𝑘෠

Find the gravitational force on the levitated wire:

𝐹⃗௚ = −𝑚𝑔𝑘෠

Apply the particle in equilibrium model by adding the forces and setting 
the net force equal to zero:

෍ 𝐹⃗ = 𝐹⃗஻ + 𝐹⃗௚

 

 

=
𝜇଴𝐼ଵ𝐼ଶ

𝜋𝑎
⎯⎯⎯⎯⎯ ℓ 𝑐𝑜𝑠 𝜃 𝑘෠ − 𝑚𝑔𝑘෠ = 0

Solve for the current in the wires on the ground:

𝐼ଶ =
𝑚𝑔𝜋𝑎

𝜇଴𝐼ଵℓ 𝑐𝑜𝑠 𝜃
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

Substitute numerical values:

𝐼ଶ =
(0.400𝑘𝑔)(9.80𝑚/𝑠ଶ)𝜋(0.0100𝑚)

(4𝜋 × 10ି଻𝑇 ⋅ 𝑚/𝐴)(100𝐴)(10.0𝑚) 𝑐𝑜𝑠 3 0.0°

Magnetic force between currents
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𝐼ଶ =
(0.400𝑘𝑔)(9.80𝑚/𝑠ଶ)𝜋(0.0100𝑚)

(4𝜋 × 10ି଻𝑇 ⋅ 𝑚/𝐴)(100𝐴)(10.0𝑚) 𝑐𝑜𝑠 3 0.0°
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

     = 113𝐴
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