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CHAPTER 29  Magnetic Fields

SUMMARY

The magnetic force that acts on a charge ¢ moving with a velocity v in a magnetic
field B is

FB B qv X B (29.1)

The direction of this magnetic force is perpendicular both to the velocity of the
particle and to the magnetic field. The magnitude of this force is

Fg=|q|vBsin @ (29.2)

where 6 is the smaller angle between v and B. The SI unit of B is the tesla (T),
where 1 T =1N/A -m.

When a charged particle moves in a magnetic field, the work done by the mag-
netic force on the particle is zero because the displacement is always perpendicu-
lar to the direction of the force. The magnetic field can alter the direction of the
particle’s velocity vector, but it cannot change its speed.

If a straight conductor of length L carries a current [, the force exerted on
that conductor when it is placed in a uniform magnetic field B is

F,=/LXB (29.3)

where the direction of L is in the direction of the currentand | L| = L.
If an arbitrarily shaped wire carrying a current [ is placed in a magnetic field,
the magnetic force exerted on a very small segment ds is

dF, = Ids X B (29.4)

To determine the total magnetic force on the wire, one must integrate Equation
29.4, keeping in mind that both B and ds may vary at each point. Integration gives
for the force exerted on a current-carrying conductor of arbitrary shape in a uni-
form magnetic field

F;=/L' x B (29.7)

where L' is a vector directed from one end of the conductor to the opposite end.
Because integration of Equation 29.4 for a closed loop yields a zero result, the net
magnetic force on any closed loop carrying a current in a uniform magnetic field
is zero.

The magnetic dipole moment p of a loop carrying a current / is

p=IA (29.10)

where the area vector A is perpendicular to the plane of the loop and | A| is equal
to the area of the loop. The SI unit of pis A-m?
The torque 7on a current loop placed in a uniform magnetic field B is

T=pXxB (29.11)
and the potential energy of a magnetic dipole in a magnetic field is
U=—-—p-B (29.12)

If a charged particle moves in a uniform magnetic field so that its initial veloc-
ity is perpendicular to the field, the particle moves in a circle, the plane of which is
perpendicular to the magnetic field. The radius of the circular path is

muv

= — 29.1
r o5 (29.13)



