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Experimental observations *)

The magnitude of the magnetic force on a moving charge is proportional to its speed
|v| and to its charge q.

The magnitude and the direction of this force depends on the magnitude |B| and the
direction of the magnetic field.

When a charged particle moves parallel to the magnetic field lines, the force F exerted
upon the particle is zero.

However, if the angle between the magnetic field and the particle velocity is not zero,
the force is perpendicular to both v and B.

The magnitude of the magnetic forces will be proportional to sin(6), where 0 is the
angle between the directions of v and B.

If two charged particles with opposite charges move parallel to each other, the forces
exerted upon the particles will be in opposite directions.
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How to probe magnetic field
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Magnetic field can alter only the direction of
a charged particle moving in this field, but
not the speed or kinetic energy of the
particle.

TABLE 29.1 Some Approximate Magnetic Field Magnitudes

Source of Field Field Magnitude (T)
Strong superconducting laboratory magnet 30

Strong conventional laboratory magnet 2

Medical MRI unit 1.5

Bar magnet 1072

Surface of the Sun 1072

Surface of the Earth 0.5 x 1071
Inside human brain (due to nerve impulses) 10713
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Conductors
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Arbitrarily shaped wires
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Maximal torque on a loop

F = IaB,
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Torque — generalized equation
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F =1IaB

T=IAxB

The direction of the normal to the surface is determined

using right-hand rule by curling the fingers in the direction
of the electric current.
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Magnetic moments
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Magnetic moment of a spherical shell

du= Adl d]:d—Q
T
dQ = o - 2mrds
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Charge moving perpendicular to B
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Ionization energies
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Arbitrary angle
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Velocity selector
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Mass spectrometer
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Hall effect

—0
9

Hall voltage

In equilibrium:

qu B — qE Hall

.t
.t
.
X

Eyy =V, B

AV =1 Eyyy =1v,B

I IB

+) I=nqv,dl AV, = B =Ry —

ngd T d
@ ----------------------- Silver: R, = 0.84x10-10 m3/C Hall coefficient

.t
.
.t
.
.t
.
.t
.

Experimental Physics II - Electric charge in magnetic field 18




Hall effect thruster
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To remember!

» Magnetic force acts only upon moving charges.
» Magnitude of magnetic field is measured in Tesla.

» The direction of this force perpendicular to both the velocity of the

particles and to the magnetic field.

» The magnitude is proportional to the charge, the speed, the magnetic

field and the sine of the angle between v and B.

» The same applies to unidirectional conductors,

Internal Google |

but with charge replaced by the electric current.

» For curved conductors, the total force is found

by integrating along the conductor.

» No net magnetic force acts upon a closed-loop

conductor placed in an uniform magnetic field.
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To remember!

» Magnetic force acting upon a curved conducting wire carrying electric
current is found by dividing it on small straight parts and summing up

(integrating over) the forces acting upon them.
» Homogeneous magnetic filed exert no force on any current loop.
» However, it can exert torque.

» The toque is maximal when the magnetic filed

is parallel to the plane of a flat current loop and zero
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it is perpendicular to it.

» Magnetic moment of a current loop is product of

the electric current and the loop area.

» Any charged rotating object, i.e. having non-zero

angular momentum, has as well magnetic moment.
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To remember!

» If a charged particle enters magnetic field with initial velocity
perpendicular to the field lines, it will get trapped by the magnetic field

and perform circular motion.
» The angular frequency is called cyclotron frequency.
» For other angles the trajectory is a helix.

» Simultaneous application of electric and magnetic

fields allows velocity selection of charged molecules.
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» With one more magnetic field mass spectrometer

can be constructed.

» In conductors carrying electric current and placed
in magnetic field the Hall potential difference is

developed due to deflection of moving electrons.
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