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MAGNETISM

2000 years ago : Greeks were aware that
- (Natural magnets) "magnetite” stones attract
pieces of iron

1269, Pierre de Maricourt:
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Every magnet has 2 poles

So far there is not conclisive evidence
of the existence of isolated magnetic
poles (MONOPOLE)
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Definition of the magnetic field B

For each arbitrary position "P" it
occurs the following:

a) When a charges passes through
"P", no matter its velocity, it
experiences a force perpendicular
to the line XX', except when the
velocity is parallel to XX'.

b) But when q is stationary at "P" it

experiences no force

Conclusion:
XX' defines the direction of the magnetic field at the point P.
e —2 Definition of the

-
F = .? v x B magnetic field B
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Case: B and v are in the XY plane

Answer:
Force=F (0,0,1)

Case: B and v are
in the YZ plane

| Negative
§ ‘}’ charge

Answer:
Force=F (1,0,0)
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Case: B and v arein B
Answer:
the YZ plane Force = F (-1,0,0)
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e In this chapter, we will analyze those situation in
which the magnetic B is given (without worrying
about how it is generated).

¢ In the next chapter we will learn how to calculate
the magnetic filed produced by currents flowing
along a line or along a ring.

We start with the simplest case to analyze: the
- motion of a point charge moving across a uniform
magnetic field.



Motion of a point charges q in a uniform
magnetic field

> S— X X XY X X
F = q vxB -
X X ) X X
o ) . =
[ Perpendicularto V F #V
Hence, X X X X
E changes the direction
of v but not its X X£ X : XB X
magnitude Positive V
X chargex X X

‘That is, the kinetic energy of

the charge does not change. | The X indicates that B is
Accordingly perpendicular to the plane of this

page, oriented into the page.

Magnetic fields do not do work on
the charged particles
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If g is undergoing circular motion,
the magnetic force must be responsible
for the centripetal acceleration
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* Notice: For a given q/m

> - 3 B ¢—w_ FoOr a constant magnetic field:
R ™ The higher the speed, the larger the

radius

4 For a constant magnetic field,
T = F= ;95, B == Tandfareindependent of the

a2m
speed
3 7 _ . . . B . -
l"“"‘"’"‘ _ Particles with higher speed move in
W<+ . largecircles,

slower particles move in smaller circles

ST All particles with the same g/m
7 v/ %  take the same time to complete one
\  revolution



For constant magnetic field (and same q/m):
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For constant speed (and same q/m):
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Example. Electrons are extracted from a metallic hair-pin source, and
accelerated by a 350 Volts. Subsequently the electrons enter a region
where there exists a magnetic field. Calculate the radius of the electrons
trajectory when inside the region of magnetic field.
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Example. Electrons undergo circular motion (radius R=0.25 m) inside a region
where there exists a uniform magnetic field. The kinetic energy of the
electrons is K= 1.2 x 103 electron-volts. Calculate the magnitude of the
magnetic field. Calculate also the frequency of the motion.
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The Mass Spectrometer
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