








In 1819, the Danish 
scientist Hans Christian 
Oersted, observed that a 
compass needle was 
deflected by a current-
carrying wire.  
A few years later, it was 
found that moving a magnet 
near a conducting loop can 
cause a current in the loop 
and that a changing current 
in one conducting loop can 
cause a current in a separate 
loop. 



The N pole of the 
compass needle always 
tends to point in the 
direction of the 

magnetic filed B 
 
Because the direction of 

B at each point is 
unique, field lines never 
intersect. 











Magnetic Force 





The direction of the magnetic force 

Right hand > curl fingers from v to B > Thumb is  Force direction 





An equivalent rule is Fleming's left-hand rule. 

This also gives you the direction of the force that acts on a 
current if you know the magnetic field. 
The current, I, is the velocity of a positive particle. 
 













An example of the use of this is the velocity selector 



The velocity selector 
uses an arrangement 
of electric and 
magnetic fields that 
lets us select only 
particles with the 
desired speed. 



Thomson’s e/m Experiment 
 
In one of the landmark experiments in physics at the turn of the 20th 
century, Sir J. J. Thomson measured the ratio of charge to mass for the 
electron.  
 
The most significant aspect of Thomson’s measurements was that he 
found that all particles in the beam had the same value for this 
quantity and that the value was independent of the materials used for 
the experiment.  
 
This independence showed that the particles in the beam,  then 
known as cathode rays, which we now call electrons, are a common 
constituent of all matter.  
 
Thus, Thomson is credited with the first discovery of a subatomic 
particle, the electron. 



20.3 Motion of 
Charged Particles 
in a Magnetic Field 
 
 
 
 
 
The force is always 
perpendicular 
to so it cannot change 
the magnitude of the 
velocity, only its 
direction. 
 





Cyclotron 



Helical 
Motion 



Northern lights 
(Aurora Borealis) 





20.4 Mass 
Spectrometers 



20.5 Magnetic Force on a 
Current-Carrying Conductor 







20.6 Force and Torque on a Current Loop 

Use right hand curl rule for direction of force. I is  direction of +ve charge flow.  













The Direct-Current Motor 











20.7 Magnetic Field of a Long, Straight Conductor 









20.8 Force between Parallel Conductors 









20.9 Current Loops and Solenoids 







Magnetic Field of a Solenoid 

𝐵 = 𝜇0𝑛𝑙      (center of long solenoid). 





A variation is the toroidal (doughnut-shaped) solenoid, more commonly 
called a toroid, shown in Figure 20.42. 



20.10 Magnetic Field Calculations 







For example, we can use the law of Biot and Savart to derive the expression 
for the magnetic field at the center of a circular conducting loop with radius R 
and current I (Equation 20.12). 





Ampère’s Law 









20.11 Magnetic Materials 
In all of the preceding discussion of magnetic fields caused by 
currents, we’ve assumed that the space surrounding the conductors 
contains only vacuum. If matter is present in the surrounding space, 
the magnetic field is changed. The atoms that make up all matter 
contain electrons in motion, and these electrons form microscopic 
current loops that produce magnetic fields of their own. In many 
materials, these currents are randomly oriented, causing no net 
magnetic field. 
But in some materials, the presence of an externally caused field 
can cause the loops to become oriented preferentially with the field 
so that their magnetic fields add to the external field. We then say 
that the material is magnetized. 





Diamagnetism 
The orbital motion of electrons creates tiny 
atomic current loops, which produce 
magnetic fields. When an external magnetic 
field is applied to a material, these current 
loops will tend to align in such a way as to 
oppose the applied field. This may be viewed 
as an atomic version of Lenz's law: induced 
magnetic fields tend to oppose the change 
which created them. Materials in which this 
effect is the only magnetic response are 
called diamagnetic. 

http://hyperphysics.phy-astr.gsu.edu/hbase/electric/farlaw.html













