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Magnetic Force on a Moving Charge

magnetic force
particle charge

magnetic held strength

particle speed

angle between particle velocity
and the magnetic field

To produce a magnetic force, a particle s veloe-
ity must have a component perpendicular o
the magnetic field. ff that is the case, a force
is produced perpendicular to both the field and
the particle s velocity.



A beta () particle (charge -1.6 X
107" C) moves at a speed of 1 X 10°

m/s at an angle of 30" to a uniform

20T magnetic field in the plane of

the image at right. What is the

magnetic force on the particle? — & '
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@ 1.6 X 10""* N directed out of the plane
b. 1.6 X 10" N directed into the plane
c. V3 X 10" N directed out of the plane

d. there is no magnetic force on the particle

F = 16“4,
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The figure at right shows the instantaneous velocity I
of a positively charged particle within a uniform « x

magnetic field. Particle velocity is perpendicular to A
the magnetic field (directed into the plane). Which < xoxx
of the following images best represents possible S
subsequent motion of the particle? o
et | o | o |
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The magnetic force is perpendicular both to the 4 "'_ll:
particle velocity and to the magnetic field. The 4<))\
particle moves in a circle. The magnetic force is J ]'-1

a centripetal force. °
petaljorce. p-qup = 1V

. The radius of the circle is directly
proportional to the particle’s mo-
mentum, and inversely proportional
to the charge and magnetic field

F strength. nmy
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¥
X X X ! « % | The angular frequency of a particle trapped in
= | circular motion within a uniform magnetic field is

called the cyclotron frequency.

NOTE THAT THE MAGNETIC FORCE IS5 PERPENDICULAR TO VELOCITY (AND INSTANTANEOUS DISPLACE-
MENT), SO A STEADY MAGNETIC FIELD DOES NO WORK ON A CHARGED PARTICLE. ITS DIRECTION
CHANGES, BUT WITH NO DISSIPATION, KINETIC ENERGY IS CONSTANT.



The magnetic force produced by
the solenoid current upon the
cathode ray at right opposes the
electrostatic force produced by the
charged plates. Which of the fol-
lowing by itself could straighten the
beam so that it strikes the center of
the phosphorescent screen?

I. Increasing V
il

Il. Decreasing V
H]

lll. Increasing V,

IV. Increasing V_

a. Il only b. IV only

charged
plate

@ lor IV

d.

I, Il or Il



Magnetic Force on a Segment of Current Carrying Wire
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magnetic force on wire segment
segment length

magnetic held strength

current

angle between the current

and the magnetic field
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Magnetic force is divected out of the
plane of the image.



Torque on a Current Loop within a Uniform Magnetic Field
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T = lorgue on current loop -4
I = cumrem
A = areaof loop o
B = magnetic field strength
¢l = angle between the loop plane
and the magnenc field
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From the point of view depicted
in the figure at right, which
of the following occurs when
current is supplied to the loop
at right?

the loop rotates clockwise

b. the loop rotates counter-clockwise
c. the loop is compressed

d. there is no net torque on the loop
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Magnetic Field of a Straight Current Carrying Wire
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B = magnetic ficld strength at distance d
f = Currem h—' l b u\c
L, = pemeability of free space
(An X 107 Tm/A) __/A' 4 Ao de —T
d = distance from the wire
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For any closed loop path, the sum of the prod-
ucts of the length elements and the magnetic
freld in the direction of the length elements is
proportional to the electric current enclosed B
in the loop (magnetic permeability, p, is the
constant of proportionality). B




When electric current is flowing in the same direction through two,
adjacent, parallel wires:
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The wires attract each other
b. The wires repel each other
c. The wires do not interact

d. The wires generate an alternating current
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Use both right hand rules: Use the first rule, (RH ), to predict the orientation
of a field produced by the current of one of the wires. The second rule, (RH,),
predicts the orientation of the magnetic force (of course, each wire feels an equal
and opposite attractive force).

With your thumb of vour
right hand in the diree-
tion of the component
af the current that is
perpendicular to the
magnetic field from the
ather wire and vour fin-

gers in the direction of

that field, the direction
of the magnetic force is
ant of vour palm.
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Point the thumb of vour

right hand in the direc-
tion of positive current,
then wrap your fingers
around the wire to show
orientation of the mag-
netic field

PARALLEL WIRES WITH CURRENT IN THE SAME DIRECTION ATTRACT EACH OTHER. PARALLEL WIRES
WITH CURRENT IN THE OPPOSITE DIRECTION REPEL EACH OTHER. PERPENDICULAR WIRES DO

NOT INTERALT,



Magnetic Fields Produced by
Various Current Geometries
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B = magnetic field strength
at loop center
ro = radios

magnetic ficld strength
within the solenoid
turns per unit length
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Magnetism in Matter
Paramagnetism
Paramagnetic substances contain electrons within atomic or molecular
orbitals that are unpaired, producing net electron spin. Paramagnetic
substances are weakly attracted by magnetic fields.

Ferromagnetism
Ferromagnetic substances
can be permanently magne-
tized as randomly oriented
electron spins align coop-
eratively in domains. Ferro-
magnetism is much stronger
than paramagnetism.

Alignment of electron spins in a
ferromagnetic substance.

Diamagnetism

In diamagnetic substances all electrons are paired. Diamagnetic sub-
stances are very, very weakly repelled by magnetic fields, a much weaker
interaction than either paramagnetism or ferromagnetism.
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