 Magnetic forces are exerted by magnets on other magnets,

by magnets on current-carrying wires, and by current-carrying
wires on each other.






The force exerted by one wire on the other is attractive
when the currents are flowing in the same direction and F  IlB
repulsive when the currents are flowing in opposite
directions.
The magnetic force exerted on a moving charge of an electric current
is perpendicular to both the velocity of the charges and to the magnetic
field.
This force is
proportional to the
quantity of the charge
and the velocity of the
moving charge and to
the strength of the
magnetic field:

F  qvB

Two long parallel wires of 30cm long carry
currents of 5 A and 10 A in opposite directions
as shown. What is the strength of the magnetic
field produced by the 5-A wire at the position
of the 10-A wire?
a)
b)
c)
d)
e)

2.4 x 10-6 T
2.0 x 10-5 T
1.2 x 10-5 T
1.2 x 10-4 T
2.4 x 10-4 T
F  6 105 N  IlB
where l  0.30 m is the length of the 10A wire,
B is due to the 5A current,
and I is the 10A current.
6 105 N

F
B 
Il 10 A0.30 m
 0.00002 N/A  m
 2 105 T

 For this relationship to be valid, the velocity must be

perpendicular to the field.
 This actually defines the magnetic field as the force
per unit charge and unit of velocity:
F
B
units: 1 tesla (T) = 1 N/Am
qv 
If the index finger of the

right hand points in the
direction of the velocity of
the charge, and the middle
finger in the direction of the
magnetic field, then the
thumb indicates the
direction of the magnetic
force acting on a positive
charge.

An Electron moves to the left in a
space filled with magnetic field
pointing into the page, what’s the
direction of the force?
 A). Up
 B). Right
 C). Left
 D). down
 E) out of the page

An Electron moves to the same
direction as the magnetic field
points to, i.e. into the page, what’s
the direction of the force?
 A). Up
 B). Right
 C). Left
 D). down
 E). No force on the electron

 The force on a moving positively

charged particle is perpendicular to
the particle’s motion and to the
magnetic field, just as the force on
a current is perpendicular to the
current and to the field.
 Because the force is perpendicular

to the velocity of the particle, the
force does no work on the particle.


It cannot increase the particle’s kinetic
energy; it only serves to change the
direction of the particle’s motion.



It provides a centripetal acceleration.



If the charge is moving perpendicular
to a uniform magnetic field, the particle
will follow a circular path.

6B-02 Force on a Moving Charge
Which orientation
of the magnet
causes the beam to
move upward ?
Downward ?

Forc
e

Investigating the behavior of moving charge in magnetic field

F = q (v┴ B)
MAGNETIC FIELD CAUSES THE CHARGED PARTICLES
TO DEFLECT. WE FIND THE DIRECTION OF FORCE
WITH THE RIGHT-HAND RULE. THIS IS THE FORCE ON
POSITIVE CHARGE!
Physics 214 Fall 2010
4/6/2011
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6B-06 Magnetic Force on a Current-Carrying Conductor
Finding the direction of Force on Current due to B-field

Based on the direction
of the Magnetic Field
and the direction that
current flows, can you
predict in which
direction the Force
points ?

B

F
I┴

F/L = I┴ B

Use right-hand rule to find direction of F

CURRENT FLOWING ALONG THE AXLE IS PERPENDICULAR TO
THE MAGNETIC FIELD. THERE IS A FORCE ON THE AXLE,
CAUSING IT TO ROLL. IF THE CURRENT IS REVERSED, THE
AXLE ROLLS IN THE OPPOSITE DIRECTION.
Physics 214 Fall 2010
4/6/2011
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Two long parallel wires carry currents of 5 A and
10 A in opposite directions as shown.
What is the direction of the magnetic field
produced by the 5-A wire at the position of the
10-A wire?
a)
b)
c)
d)
e)
f)

Perpendicular to the plane of the
page and into the page
Perpendicular to the plane of the
page and out of the page
Upward
Downward
Inward toward the other wire
Outward away from the other wire

Perpendicular to plane of page
and into page

A straight wire with a length of 15 cm carries
a current of 4 A. The wire is oriented
perpendicularly to a magnetic field of 0.5 T.
What is the size of the magnetic force
exerted on the wire?
a)
b)
c)
d)
e)

0.3 N
0.48 N
0.6 N
1.0 N
2.0 N

The direction of this force will be
perpendicular to both the current in
the wire and to the magnetic field, as
described by the right-hand rule.

l  15 cm  0.15 m
I4A
B  0.5 T
F  IlB
 (4 A)(0.15 m)(0.5 T)
 0.3 N

Ch 14 CP 2
Small metal ball has charge q = +0.05C and
mass, m = 0.025kg. Ball enters a region of
magnetic field B = 0.5 T that is perpendicular
to its velocity v = 200m/s. Centripetal
acceleration = v2/r. What is radius of the
curve ball will move thru in magnetic field?
A.
B.
C.
D.
E.

200m
100m
250m
120m
50m

ẑ


v  vyˆ

x̂


B  Bxˆ

. .
. .
. .
. .

ŷ

Physics 214 Fall 2010
4/6/2011
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Ch 14 CP 2 (cont)


B  Bxˆ

ẑ


v  vyˆ

x̂

. .
. .
. .
. .

ŷ

a) F = qv1B = (0.05)(200)(0.5)
= 5N
b) (see diagram) Force in –z
direction
c) F = ma = qv1B = 5N

a = 5N/0.025kg = 200
m/s2
d) v2/r = 200m/s2 , r = v2/(200m/s2) =
(200m/s)2/200m/s2 = 200m
Physics 214 Fall 2010
4/6/2011
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More complicated situations?
Also non-uniform B
v is not perpendicular to B

magnetic
bottle

helical motion (spiral)

Van Allen belts

Quiz: A proton moves to the left in a
space filled with magnetic field
pointing into the page, what’s the
direction of the force?
 A). Up
 B). Right
 C). Left
 D). down
 E) out of the page

