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CPS 27-1 

At which point is the magnitude of the magnetic field the largest? 

A.  

B.  

C.  

D 

E.  



Magnetic Flux 
• Yes, back to flux, which 

means back to surface 
integrals. 

• We can define the magnetic 
flux in the same way that 
we defined the electric flux: 
 
 

• Let me go through an 
example or two… 
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Units of magnetic field and magnetic flux
• The SI unit of magnetic field B is called the tesla (1 T), in 

honor of Nikola Tesla: 

1 tesla = 1 T = 1 N/A · m 

• Another unit of B, the gauss (1 G = 10−4 T), is also in common 
use. 

• The magnetic field of the earth is on the order of 10−4 T  
or 1 G. 

• The SI unit of magnetic flux ΦB is called the weber (1 Wb), 
in honor of Wilhelm Weber: 

1 Wb = 1 T · m2



Gauss’s Law for Magnetic Fields 
• Then, given what we 

understand about Gauss’s 
Law for the electric field, 
we can deduce that: 
 

• In other words, there is 
no magnetic charge 
(magnetic monopoles). 
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Magnetic Force 
• Magnetic fields have an affect on moving 

charges. 
 

• Since it has been a while since we dealt 
with cross products, let’s take a few 
minutes to review what this means. 

• There is no force on a charge moving in 
the same direction as the magnetic field. 

• The force on a moving charge in a 
magnetic field is perpendicular to both 
the field direction and the direction of 
motion. 

• The direction of the force on a negative 
charge is opposite to that on a positive 
charge moving in the same direction. 

• Since the force is perpendicular to the 
direction of motion, no work is done by 
the magnetic force. 
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Magnetic field lines are not lines of force
• It is important to remember that magnetic field lines are not 

lines of magnetic force. 

• The force on a charged particle is not along the direction of a 
field line.



Motion of charged particles in a magnetic field

• When a charged 
particle moves in a 
magnetic field, it is 
acted on by the 
magnetic force. 

• The force is always 
perpendicular to the 
velocity, so it cannot 
change the speed of the 
particle.



Consequences and Applications 
• A beam of charged particles will 

move in a circle at constant 
speed when they are sent into it 
perpendicular to a magnetic 
field. 
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HW - Cyclotron

Which way is F? 

a) + x-hat 
b) - x-hat 
c) + y hat 
d) - y hat 
e) - k hat
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Helical motion
• If the particle has velocity components parallel to and 

perpendicular to the field, its path is a helix.  

• The speed and kinetic energy of the particle remain constant.
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The Van Allen radiation belts
• Near the poles, charged particles from these belts can enter the 

atmosphere, producing the aurora borealis (“northern lights”) 
and aurora australis (“southern lights”).



Consequences and Applications 
- Velocity Filter 

• We can use the magnetic force in 
conjunction with the electric force to 
filter out particles of a certain velocity 
(or just determine velocity). 
 
 
 
 

• When the forces are equal, there is no 
deflection and v = E/B. 

• By moving a slit that blocks particles 
except that go through the hole, you 
can pick out different velocities. 
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When both electric and magnetic fields present



HW Velocity Filter
• Only charged particles of a certain velocity pass through



HW - Mass Spectrometer



Mass-spec
• R=mv/qB

Consequences and Applications 
- Mass Spectrometer 

• By putting another magnetic 
field outside of the velocity 
filter, and then detecting the 
radius of curvature, one can 
separate particles out by mass. 

• This is how a mass 
spectrometer works. 
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Magnetic Force on a Current 
Element 

• In electronics, we rarely deal with “beams” of 
charged particles, but rather deal with current 
in a wire. 

• But current is just moving charged particles. 
 

• The total force on the wire segment of length 
dl is just the sum of the forces on all the 
moving charges: 
 
 
 

• But nqvd is just the current density, and the 
current density times the area is just the 
current: 
 
 
 

• Where we have designated the direction of dl 
to be in the same direction as the current. 
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The magnetic force on a current-carrying conductor

• The force is always perpendicular to both the conductor and 
the field, with the direction determined by the same right-hand 
rule we used for a moving positive charge.
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The magnetic force on a current-carrying conductor

• The magnetic force on a 
segment of a straight wire 
can be represented as a 
vector product.



Magnetic Force on a Current-
Carrying Wire 

• If the force isn’t 
constant (either 
direction or magnitude), 
we must use our 
calculus tools: 
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Which way should the 
battery go?

A

B



Magnetic Force and Torque on a 
Current Loop 

• Let’s look at the Net force and 
net torque on a current loop: 
 
 
 

• But, the forces on opposite 
sides are opposing, so:  
 

• Take the axis of rotation to be 
the y-axis, then the torque is: 
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Magnetic Torque on a Current Loop 

• We can rewrite this as: 
 
 
 

• Where the direction of the 
magnetic moment, µ, is given 
by the right-hand rule. 
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Force and torque on a current loop
• The net force on a current 

loop in a uniform magnetic 
field is zero. 

• We can define a magnetic 
moment µ with magnitude IA, 
and direction as shown.  

• The net torque on the loop is 
given by the vector product:
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Magnetic dipole in a nonuniform magnetic field

• A current loop with magnetic moment pointing to the left is in 
a magnetic field that decreases in magnitude to the right.  

• When these forces are summed to find the net force on the 
loop, the radial components cancel so that the net force is to 
the right, away from the magnet.



Magnetic Force on a Current 

• One common use of this 
force is in speakers. 
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CPS 28-2 
A circular loop of wire carries a constant current. If the loop is placed in a region 
of uniform magnetic field, the net magnetic force on the loop is 

A. perpendicular to the plane of the loop, in a direction given by a right-hand 
rule. 

B. perpendicular to the plane of the loop, in a direction given by a left-hand 
rule. 

C. in the same plane as the loop. 

D. zero. 

E. The answer depends on the magnitude and direction of the current and on 
the magnitude and direction of the magnetic field. 



CPS 28-3 

A. tends to orient the loop so that its plane is perpendicular to the direction of 
the magnetic field. 

B. tends to orient the loop so that its plane is edge-on to the direction of the 
magnetic field. 

C. tends to make the loop rotate around its axis. 

D. is zero. 

E. The answer depends on the magnitude and direction of the current and on 
the magnitude and direction of the magnetic field. 

A circular loop of wire carries a constant current. If the loop is placed in a region 
of uniform magnetic field, the net magnetic torque on the loop 
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Magnetic field of a straight current-carrying wire
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The magnetic field of a moving charge
• A moving charge generates a 

magnetic field that depends 
on the velocity of the charge, 
and the distance from the 
charge.
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Magnetic field of a straight current-carrying wire
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Magnetic field of a current element 
• The total magnetic field of 

several moving charges is the 
vector sum of each field. 

• The magnetic field caused by 
a short segment of a current-
carrying conductor is found 
using the law of Biot and 
Savart:
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Currents and planetary magnetism
• The earth’s magnetic field is caused by currents circulating 

within its molten, conducting interior.  

• These currents are stirred by our planet’s relatively rapid spin 
(one rotation per 24 hours).  

• The moon’s internal currents are much weaker; it is much 
smaller than the earth, has a predominantly solid interior, and 
spins slowly (one rotation per  
27.3 days).  

• Hence the moon’s magnetic  
field is only about 10−4 as strong  
as that of the earth.
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Magnetic fields of current-carrying wires
• Computer cables, or cables for audio-video equipment, create 

little or no magnetic field.  

• This is because within each cable, closely spaced wires carry 
current in both directions along the length of the cable.  

• The magnetic fields from these opposing currents cancel each 
other.
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Force between parallel conductors
• The magnetic field of the lower wire exerts an attractive force 

on the upper wire.  

• If the wires had currents in opposite directions, they would 
repel each other.


