AP Physics - Magnetism 
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We’re going to look at magnets for a bit.  The Physics Kahuna is absolutely convinced that all of his advanced students no exactly what a magnet is.  No mystery here, you have got to be familiar with magnets.  First of all, magnets are cool.  You’ve probably had a magnet or two in your young life.  There’s something wonderful about the way they can defy gravity and exert forces on things over distance.  The Physics Kahuna would be willing to bet several shekels that you did a magnet experiment or two in grade school.  Typical kind of thing would be to try and discover what kind of materials are attracted to magnets; steel screw – yes, wooden toothpick – no, penny – no, quarter – no, washer – yes, paperclip – yes, and so on.

If your elementary teachers were really good, you did the experiment where you put a piece of paper over a magnet and then sprinkled iron filings all around the magnet.  The filings line up and make very interesting patterns.   

Perhaps you learned to make a compass from a needle.

It turns out that magnets and magnetism are extremely important in modern life.  Electric motors, TV’s, computers, electric generators, locomotives, CD players, all depend upon . . . well, you get  the idea.

The first person to write about and study magnets was Thales about 2600 years ago.  This is the same guy who looked into static electricity with the amber, remember?  Thales found that rocks from a town called Magnesia could attract bits of iron.   He called the things, "ho mangetes lithos" which means "the Magnesian rock".  This is how the magnet got its name, from good old Magnesia (don’t confuse magnets from magnesia with Milk of Magnesia, which is a laxative).

Here’s your basic important circumstance --- magnetism and electricity are very closely connected – they are the two sides of a single coin, electromagnetism.  So it’s interesting that one dude, Thales, was the first to study both of these two phenomena.

Magnet Basics: Magnetism has a lot of similarities to electricity.  Electricity involves two charges, positive and negative.  Magnets have two poles, the north pole and south pole.    

Fundamental rule for magnets:




Like poles repel, unlike poles attract.
All magnets have these two poles.  If you cut a magnet in half, the two new, smaller magnets will each have two poles.  If you cut these halves into two more pieces, each of the new magnets will also have two poles.  And so on.  You can never slice a magnet in half and get only one pole.  One of the interesting questions that modern physicists play around with is whether a magnet with a single pole can exist.  Such a thing (which has never been discovered) is known as a monopole.  Win yourself one of them Nobel Prizes in Physics get you one of them old monopoles.

Magnets exert forces on other magnets.  They also can interact with other materials. The important interaction is the way they act with materials classed as ferromagnetic.  These materials are strongly attracted to magnets.  Ferromagnetic materials include the following elements: iron, cobalt, nickel, gadolinium, and dysprosium. Materials made with these elements (or compounds of these elements) are not only attracted to magnets, they can be magnetized and turned into magnets themselves. 

Diamagnetic materials are weakly repelled by magnets.   Many common materials are diamagnetic: water, glass, copper, graphite, salt, lead, rubber, diamond, wood, and many plastics for example.

Paramagnetic materials are weakly attracted to magnets.  Examples:  aluminum, oxygen, sodium, platinum, and uranium.

Magnetic Fields:  Just as electric charges are surrounded by an electric field, so too are magnets surrounded by a magnetic field.  We can even draw lines of force around the magnet to show the direction of the field and its strength.  These are called magnetic lines of force or sometimes you see them referred to as magnetic lines of flux.

Here are some characteristics of a magnetic field:

· The lines of flux travel through the magnet

· They leave the magnet at the north pole.

·  They travel through the air in a curve. 

· The lines enter the magnet at the south pole.  

· A line tangent to any point on a line of flux shows the direction of the field – which is the direction of the force that would be exerted on a north pole. 

· Where the lines are close together the field is the strongest.

· The direction of the field is NORTH  to  SOUTH.   The arrows point away from the north pole and towards the south pole.

In the drawing below you can see some of the lines of force of a bar magnet.  Three points are located on the lines of force and the corresponding forces that would be exerted at each point are shown.  The force is always tangent to the line of force.

The direction of the field is shown by the direction of the arrows.
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Below are some of the lines of force between two magnets.  The drawing on the left show the lines of force when two opposite poles face one another.  The drawing on the right show the lines of force for two unlike poles.
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The symbol for the magnetic field is B.  The most common unit for the magnetic field is the Tesla  (T).  Other units can be used as well such as the gauss (G) and the Weber (Wb).     
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A Tesla is a newton per meter( ampere:
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Magnetic & Electrostatic Forces:  There are many similarities between magnetic and electrostatic fields.  There are also a few differences.

· Both obey an inverse square law (just like gravity does).  

· They can both be attractive or repulsive.

The primary difference between them is that the electrostatic charge can be a point charge, but magnets must always have a north and south pole.  

Forces and Fields:  Place a charged up balloon in a magnetic field – nothing happens.  Magnetic fields don’t affect stationary charges.  But a moving charge, well, that’s a whole different thing.  A moving charge traveling through a magnetic field will experience a FORCE.  The force exerted will be perpendicular to the motion of the charge and perpendicular to the direction of the field.  The result of the force is to cause a deflection of the charged particle.  It gets pushed to the side.

The equation for the force exerted on a moving charge by a magnetic field is:
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F​B  is the magnetic force, B is the magnetic field in Tesla’s, q is the charge, v is the velocity of the charged particle, and ( is the angle between the velocity direction and the direction of the magnetic field.

You will have this equation available for your use on the dreaded AP Physics Test.

The force on the charged particle is at a maximum when the velocity is perpendicular to the magnetic field.   Note that if the velocity is in the direction of the magnetic field, the magnetic force will be zero.
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The force is always perpendicular to the velocity and the magnetic field, B.  This is shown in the drawing below.  At the center is a particle that has a charge q. The direction of the magnetic field B is to the right.  The particle’s direction is out of the sheet yer a lookin’ at.  This is v. Therefore the force must be directed up.
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To quickly figure out the direction of the force acting on the charged particle we can use the right hand rule.
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Here’s how you use the rule.  You take your right hand and keep it flat.  Point your fingers in the direction of the magnetic field.  (Fingers point to the south pole.)  Point the thumb in the direction of the velocity of a positively charged particle. When your hand is contorted into this position, your palm will point in the direction of the force that will be acting on the charged particle.
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The maximum force, FMax, occurs when the sine of the angle is one (which occurs when ( = 90(), 

 
[image: image6.wmf]Max

FqvB

=


The right hand rule gives the direction for the force acting on a particle that has a positive charge.  If the charge on the particle is negative, then the direction of the force will be in the opposite direction.  Or you could use your left hand in the same way.

Time to do a problem or two.

· A proton with a velocity of  6.8 x 106 m/s zooms through the earth’s magnetic field.  (55 (T).  What is the max magnetic force acting on the proton? 
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· A proton moving at 5.5 x 107 m/s along the x - axis enters an area where the magnetic field is 3.5 T directed at an angle of 45( to the x - axis lying in the xy plane.   (a) What is magnitude of force?  (b) What is direction of force?  (c) What is the acceleration acting on the proton?

(a) The force is given by: 
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(b)  Using the right hand rule:   Force is in the z direction.

(c) To find the acceleration we use the second law:
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Magnetic Force and Work:  For work to be done, a force has to act on an object, making it move.  It would seem that a magnetic field could do work on a moving charged particle since it does exert a force on it.  The other thing to remember, however, is that the force and the displacement have to be in the same direction.

We wrote this as:
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The cosine of a ninety degree angle is zero.  So for the magnetic force, the work will be zero since the angle between the force and the motion is 90(. 

A magnetic field does no work on a moving charged particle.

The force is always perpendicular to the magnetic field and the velocity.  Therefore the force has no component in the direction of motion.  Because of this, the magnetic force does no work

The force can only change the direction of the charge’s motion.  It cannot change the kinetic energy of the particle.  As the Physics Kahuna has previously stated, magnetic fields can only cause a deflection of the path of a moving charged particle.

Also please to remember that no force would be exerted on a charged particle that was at rest with respect to a magnetic field.

Motion of Charged Particle in Magnetic Field: Time to talk about some common conventions used to draw magnetic fields.

If we want to depict a magnetic field that is perpendicular to the sheet of paper that we have drawn the thing on, we can do this in two ways.  If the direction of the magnetic field is out of the paper, then we represent the lines of force as little dots.  (sometimes with a circle drawn around them).  To show a uniform magnetic field, the dots are shown with equal spacing to the adjacent ones.

To show a magnetic field going into the paper, we represent the lines of force with an “”X”.  Think of the “X” as being the tail of the vector.  A dot is used to represent the head of the vector, indicating that the lines of force are coming out of the paper.
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What happens when a charged particle moving at a constant velocity enters a uniform magnetic field?  Well, outside of the field the particle will travel in a straight line – Newton’s first law, you know, objects in motion stay in motion unless acted upon by an outside force.  Once the particle enters the field, an outside force does act on it.  The magnetic field will exert a force on the particle.
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The magnetic force will change the direction of the particle’s motion.  The magnetic force will act on the charged particle all the time and will constantly change its direction as long as it is within the field.

[image: image45.wmf]N

S

N

N


This constant force acting to change the direction of the particle acts as a centripetal force.
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Can we figure out the radius of the curved path the particle will follow?

Yeah, you betcha!  In fact, you must be prepared to derive an equation for the radius of the circular path using the second law, the equation for centripetal acceleration, and the magnetic force.  You will have all three of these equations available to you. 

 Here’s what we do: The particle undergoes a centripetal acceleration.  The equation for centripetal acceleration is:
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This baby is provided on the test, right?

Using the second law, we can find the magnitude for the centripetal force.
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Plug the centripetal acceleration into the second law:
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The centripetal force is provided by the magnetic force exerted on the particle.  The magnetic force is given by:
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Here the angle ( is 90 degrees so the sine is 1.  Therefore:
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Now we can set the centripetal force and the magnetic force equal to each other.


[image: image21.wmf]2

BC

mv

FFqvB

r

==




Solve this equation for the radius:
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· A proton moves in a circular orbit of radius 15.0 cm in a uniform magnetic field of 0.500 T.  If v is perpendicular to the field, find the speed of the proton.
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Note, examining the equation, one finds that the radius of the path is proportional to the momentum of the particle.
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The momentum is, of course, mv.
[image: image48.wmf]Magnetic Field 

     Into Page

Magnetic Field 

   Out of Page

The units get pretty hairy – how did the Physics Kahuna get m/s out of meters, Coulombs, Teslas divided by kilograms?  Well, he just did.  What is being said here is to not worry about it.  Use standard units and they will all work out, like we did with electricity.

If the initial direction of particle’s velocity is not perpendicular to the magnetic field, then there will be an angle ( between the field and the velocity.  The path will end up being a type of spiral called a helix.  This would be the general path of a charged particle in a magnetic field.  The circular path is a special case that occurs only when the direction of the particle’s velocity is perpendicular to the field.

A proton in an electric field will experience a force that is parallel to the lines of force.  This is shown in the drawing below on the left.  Two plates are oppositely charged.  A proton traveling perpendicular to the field enters the area between the plates.   The proton is deflected towards the negative plate. You can see the plane that the path the proton takes.  
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The next drawing, the one on the right, shows the path a proton would take in a magnetic field.  The proton’s initial velocity is perpendicular to the magnetic lines of force.  The proton follows a circular path and is deflected at a right angle to the field and the velocity.  The handsome drawing shows you the path and the plane it lies within.
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A particle with an unknown mass and charge moves with a constant speed of    v = 2.2  x 106 m/s as it passes undeflected through a pair of parallel plates as shown.  The plates are separated by a distance of  d = 5.0 x 10-3 m, and a constant potential difference V is maintained between them.  A uniform magnetic field of B = 1.20 T directed into the page exists between the plates and to the right of them as shown.  After the particle passes into the region to the right of the plates where only the magnetic field exists, it trajectory is circular with radius r = 0.10 m.

(a) What is the sign of the particle’s charge?  Explain your answer.

(b) On the drawing, indicate the direction of the electric field provided by the plates.

(c) Determine the magnitude of the potential difference between the plates.

(d) Determine the ratio of charge to mass (q/m) of the particle. 

(a) If the particle is positive, the magnetic force would be up and particle would curve above the plates.  Since it goes the other way, it must have negative charge.  Between the plates, the negative particle is deflected downwards. Therefore the electric field must force the negative particle up.  The direction of the field is the direction a positive test charge would go so the field must be down.  This way the particle will be deflected upward by the electric field of the plates.
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(b) 

(b) Finding the potential difference between the plates:  

The electric field is given by 
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The magnetic force from the magnetic field is:   
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The electric force from the plates is:
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Set the two forces equal:   
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plug in 
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(c) Finding the ratio of charge to mass:

From the circular path of the particle in the magnetic field, we know that:

The centripetal force  =  the magnetic force in the field

Set these two things equal to each other:
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Solving for q/m (the charge to mass ratio):
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Path in an Electric/Magnetic Field:  What do we need for a charged particle to move with a constant velocity through a crossed electric and magnetic field (i.e., we have  both a magnetic and electric field in the same space)?

In an electric field the particle will be deflected along the lines of force.  In a magnetic field the particle will be deflected perpendicular to the lines of force.  To get the particle to have a constant velocity, the magnetic force needs to cancel out the electric force, so they must be in opposite directions.  This means that the magnetic field and the electric field have to be perpendicular to each other.

Earth as a Magnet: The earth has a magnetic field of its own.  You can imagine the earth as having an enormous bar magnet stuck down the middle with one end sticking up out of the north pole and the other end sticking out of the south pole.
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Please observe the lovely drawing to the right.  You can see a sphere representing the earth with a bar magnet stuck through it.  You will note that the south pole of the magnet is sticking up where we would normally expect to see the north pole.

This is because the north pole of a compass points to the geographic north.  This means that the earth’s uppermost magnetic pole must be the south pole.  All of which is very confusing.

We get around this by calling the end of the compass that point north the “north seeking pole”.

[image: image53.wmf]
The compass is a small magnet that is free to rotate.  When placed in the earth’s magnetic field the needle lines itself up with the lines of force --  it points north.

Lines of flux, as can be seen in the drawing, penetrate the surface of the earth.  At the poles the lines of force are almost perpendicular to the earth’s surface.  As you move towards the equator the angle gets smaller.  This angle is called the dip angle.   It varies with your location on the earth.
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he average person takes over 10,000 steps a day. Now

relieve the discomfort that results from all that walking
and standing with these magnetic insoles. Just place them in
your shoes and instantly feel soothing, therapeutic foot
massage with each step you take. The secret? 8 specially
designed magnetic disks and hundreds of pressure. point
nubs stimulate the nerve endings in your feet that correlate
to all parts of your body. These insoles slip easily into

almost all types of shoes and can be trimmed with a scissors
to conform to most shoe dimensions. Order yours today!

FREE® BONUS INSOLES
When You Order By Phone

*Get a second pair of insoles for yourself or a friend.
They’re yours FREE plus $2.95 postage and handling when
you order now by phone!

CALL TOLL-FREE 1-800-813-0832
If you'd like to mail in your order, send your name, address, zip
code and check to: Publishers Choice®, Box 4175, Dept. C770-AB,
Huntington Station, NY 11746. Magnetic Shoe Insoles — Only
$4.95 plus $2.95 p&h for each pair of insoles ordered. Please
specify Ladies (fits size 5-9; 10" L x 3 1/4" W) or Men’s (fits size 7-12; 11 1/4" L x 3 1/2" W).
CA and NY residents please add sales tax.

Note: Free Bonus Insoles are available when your order by phone only.

Your Satisfaction is Guaranteed. If not totally delighted, you may return the item
to us at any time for a prompt refund of your purchase price, no questions asked.

VISIT OUR WEBSITE: publisherscheice.com
© 2002 National Syndications Inc. General Offices: 6 Commercial Street, Hicksville, NY 11801





Magnetic Therapy Limited lists the following products:    (All magnets and magnetic products are sold for experimental purposes only. They should not replace or substitute prescribed medical treatment.)
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Magnetic Water Wand - Magnetic water in minutes... NEW

The Water Wand is a Magnetic Spindle, 1500 Gauss in strength with an 800 Gauss magnet which is encapsulated with a plastic coating in white.
It comes in Gold or Silver (Rhodium) Plated finish and is manufactured to a very high quality. The unique innovation is that the Water Wand is placed directly in the water or cold drink which means that it only then takes about 10 minutes to activate the water.
The Manufacturers, who are amongst the leaders in the field, explains that the Magnetic Water Wand also "Ionizes and Activates for a better taste and health".

Retail Price: £14.95
Our Price: £11.95
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2500-Gauss MagDots 
Our favorite product! We use these everywhere for up to 2-3 days of constant relief! Simply peel & stick to sore areas or acupressure points!
2500-gauss MagDots are (10) gold-plated neodymium magnets 30 adhesive patches. 
Reg. $24.95
Now over 25% Off at $19.95! 
The History Of Magnetic Therapy

Magnetic therapy dates back to 800 B.C. when physicians in ancient Greece, Egypt, and China practiced it. It was described in the books of Homer, Hippocrates, and Aristotle.
This ancient knowledge is now rediscovered, as people all over the world are searching for natural alternatives from modern medicine for healthy, energetic lives. 
Magnetic therapy is accepted and widely used in Germany, Italy, England, France, Spain, Australia, and Russia. 

PRIVATE "TYPE=PICT;ALT=BIO-MAGNETISM IS A NATURAL MEDICINE THERAPY; HELPS NATURAL HEALING AND IS AN ALTERNATIVE HEALING PROCESS."
"It is important to bring magnet therapy to the awareness of the interest lay public-particularly to those seeking help naturally."

Prof. Holger Hannemann, M.Sc Switzerland, 1990
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Dear Cecil:


My wife recently had a fiberglass cast removed and was given a metal brace that is strapped on with Velcro. Walking was painful until she put a couple of magnets against the afflicted area under an Ace bandage. Now she is pursuing the optional roller skate attachment to mount on the brace. She claims the magnets have some kind of magical properties that "cancel out" the pain. Do the magnets actually do something, or is the peroxide seeping through her scalp? --Patrick Colby





Cecil Adams replies:


I was all set to write this off as the usual baloney but figured I should riffle through the journals just in case. What do you know--at least one study claims that magnets produced salubrious results. Sure. Give me another hour and I could probably come up with a study proving you can use crystals to cure the common cold. But I figure it won't hurt me to play along with the gag just once.


The unexpected results were reported in 1997 by Dr. Carlos Vallbona at Baylor College of Medicine. Fifty patients suffering pain in the aftermath of polio were treated by taping small magnets to the affected parts of their bodies. Twenty-nine patients got real magnets and 21 got fakes. The study was double-blind--neither patients nor staff knew who got the real magnets. The patients rated their pain on a ten-point scale before and after a 45-minute therapy session. The patients with real magnets reported a major decrease in pain (from 9.6 to 4.4 on average), while those with fakes reported much less improvement (from 9.5 to 8.4).





The obvious objections to this study: (1) The investigators had previously reported that magnets relieved their own pain and might have been biased. (2) Double-blind or not, it's pretty easy to tell a real magnet from a fake one, and some patients may have told the doctors what they wanted to hear. (3) We're talking about just one study. Previous research into various types of magnetic therapy came up dry.





The real problem with magnetic therapy--and related issues like whether low-level electromagnetic fields have adverse health effects--is that no one's proposed a plausible physiological explanation for how magnetism does its stuff on the body's cells. (I don't mean all that crap in the ads about "negative and positive ion energy levels"; I mean something you could say in the lab without having everyone roll their eyes.) The chief guru of modern magnetic therapy, Dr. Kyochi Nakagawa of Japan, claims that magnets alleviate "magnetic field deficiency syndrome," said to result from the diminishing strength of the earth's magnetic field, which on the plausibility scale rates just above channeling space aliens. You have to be skeptical on general principles--magnets and related therapies have inspired centuries of quackery.





But I'm tired of always being a party pooper. If you want to tape magnets to yourself, you probably won't do yourself any harm (provided you still see a doctor if you've got a serious complaint) and you'll definitely amuse the other people on the bus. Just don't be surprised if the next study says it was in your head all along.





--CECIL ADAMS








Earth and Sea





IT does me good to see the ships 


Back safely from the deep sea main; 


To see the slender mizzen tips 


And all the ropes that stood the strain; 


To hear the old men shout, "Ahoy!" 


Glad-hearted at the journey done, 


Who fix the favourite to the buoy 


Of sea and wind and moon and sun. 


To meet, when sails are lashed to spars, 


The men for whom earth's free from care, 


And heaven a clock with certain stars, 


And hell a word by which to swear. 





    ----- Oliver St. John Gogarty
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