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Some history
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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.

If two charged particles with opposite charges move parallel to each other, the forces 
exerted upon the particles will be in opposite directions.

The magnitude of the magnetic forces will be proportional to sin(q), where q is the 
angle between the directions of v and B.
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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. 
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Conductors
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Arbitrarily shaped wires
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Maximal torque on a loop
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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.

AI
!!

=µ B
!!!

´= µt

µ!

qqtqt dddWB sin0== dUdWB -= BBU
!!
×-=-= µqµ cos

^

Torque – generalized equation

1

2

qb a

a
q

F

B
F

at cosbFnet =
qt sinbFnet =

IaBF =

AIdd
!!

=µ

ò= AdA
!!

ò ´= Bd
!!! µt



Experimental Physics II - Magnetic field 10

Magnetic moments
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Magnetic moment of a spherical shell 
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Charge moving perpendicular to B
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Ionization energies

J106.1eV1 19-´»
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Arbitrary angle

+
x

y

z 0=yaz

y

z

y

 

 

R

qB
vm

R zx=
22
zx vv

qB
m

+=

ï
î

ï
í

ì

=
=

=

a
a

sin
cos

0

0

vv
vv
constv

z

x

y

ï
î

ï
í

ì

=
=

=

ytvz
ytvx

tvy y

sin
cos

0

0



Experimental Physics II - Electric charge in magnetic field 15

Some examples

Magnetic bottle

Van Allen belts
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Velocity selector
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Mass spectrometer
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Hall effect

Hall voltage

In equilibrium:
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Hall effect thruster
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To remember!

Ø Magnetic force acts only upon moving charges.

Ø Magnitude of magnetic field is measured in Tesla.

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

particles and to the magnetic field.

Ø The magnitude is proportional to the charge, the speed, the magnetic 
field and the sine of the angle between v and B.

Ø The same applies to unidirectional conductors, 

but with charge replaced by the electric current.

Ø For curved conductors, the total force is found 
by integrating along the conductor.

Ø No net magnetic force acts upon a closed-loop 

conductor placed in an uniform magnetic field.
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To remember!

Ø 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.

Ø Homogeneous magnetic filed exert no force on any current loop.

Ø However, it can exert torque.

Ø The toque is maximal when the magnetic filed

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

it is perpendicular to it.

Ø Magnetic moment of a current loop is product of

the electric current and the loop area.

Ø Any charged rotating object, i.e. having non-zero 
angular momentum, has as well magnetic moment. 
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To remember!

Ø 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.

Ø The angular frequency is called cyclotron frequency.

Ø For other angles the trajectory is a helix.

Ø Simultaneous application of electric and magnetic

fields allows velocity selection of charged molecules.

Ø With one more magnetic field mass spectrometer
can be constructed.

Ø In conductors carrying electric current and placed

in magnetic field the Hall potential difference is
developed due to deflection of moving electrons. 


