
PHYSICS101  -  Fall Semester 2022 - ODU 

 

Homework Problem Set 11 - Solution 

Hewitt 24.34 p. 467  

All magnetism originates from moving electric charges. Ultimately, all magnetic fields 
are due either to macroscopic currents in wires or other conductors (electromagnets) or to 
magnetization. Magnetization is mostly due to the electrons making up the atoms of the 
magnetized material. Electrons spin around their own axes, which creates a microscopic 
current due to the electron’s charge, and hence produces a magnetic field – this is the 
mechanism underlying ferromagnetism and hence all permanent magnets. They can also 
move around the atomic nucleus on their orbits, again producing tiny electric currents. Fi-
nally, even the nuclei themselves (which are positively charged) can spin around their 
axes, and hence produce (tiny) magnetic fields – which is what an MRI machine detects. 

Problem 2 

Attraction will occur because the magnet induces opposite magnetization in a nearby 
piece of iron. The magnetic field emanating from the magnetic north pole of a dipole 
magnet will induce a magnetization that has its south pole close to the magnet’s north 
pole. Vice versa, the magnetic south pole of the magnet induces a magnetic north pole in 
the magnetized material at its nearest end. The net effect is always an attractive force, 
making the refrigerator magnet stick to the refrigerator.  
This is similar to charge induction, where a balloon will stick to a wall whether the bal-
loon is negatively or positively charged. 

Problem 3 

The net force on a compass needle is zero because its north and south poles are pulled in 
opposite directions with equal forces in the Earth’s magnetic field. However, when the 
needle is not aligned with the magnetic field of the Earth, then a pair of torques (relative 
to the center of the compass) is produced. These torques rotate the needle into alignment 
with the Earth’s magnetic field. 

Problem 4 

Back to Newton’s 3rd law! Both A and B are equally pulling on each other. If A pulls on 
B with 50 newtons, then B also pulls on A with 50 newtons. Period! 
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Problem 5 
The electric field in any charged particle accelerator accelerates the particles to higher ki-
netic energies, while the magnetic field forces the particles into curved paths. A magnetic 
force can only change the direction (not the speed) of a charged particle because the force 
is always perpendicular to the particle's instantaneous velocity. Only electric fields can do 
work and hence increase energy. 

Problem 6 
If the particles enter the field moving in the same direction and are deflected in opposite 
directions (say one left and one right), the charges must be of opposite sign: 
F = qvxBperp which means the force flips sign if the charge has opposite sign. 

Problem 7 
The light bulb filament has an AC current going through it that changes direction 120 
times per second. Inside the magnetic field, the filament experiences a force that is given 
by F = I*L*B. Since the direction of I keeps changing, so does the direction of the force, 
wiggling the wire back and forth.  


