AP Physics – Magnetism 2 
If a moving charge has a force exerted on it when it goes through a magnetic field, shouldn’t the force be even more impressive on a stream of particles, like an electric current flowing through a conductor?

Well, by golly, yes!

Each electron has a force exerted on it by the magnetic field.  The force is transferred to the conductor by the collisions the electrons have with the atoms in the conductor.
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In the drawing below we have a magnetic field between the two magnets.  A current carrying wire passes between the magnet and a force is exerted on it, pushing it up.  We can use the right hand rule to figure out the direction of the force.  Point your fingers from north to south (direction of the field) and your thumb in the direction of the current.  Your palm points up and this is the direction of the force.  Just like we did with a single charged particle.

The magnitude of the force exerted on a straight length of wire by the magnetic field is given by the following equation.
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Where FB is the magnetic force, I is the current, l is the length of the wire, and ( is the angle between the wire and the magnetic field.  

You will have the use of this equation on the AP Physics Test.

If the magnetic field is perpendicular to the wire (like in the drawing above), then the angle ( is ninety degrees and the sine of the angle is one.  This is when the current will have its maximum value.
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Note that if the field and the current are in the same direction, no force is exerted on the conductor.

· A wire has a current of 12.5 A.  It goes east to west.  The magnetic field goes south to north and is horizontal.  The magnetic field strength is 55 (T.  Find the force acting on a 25cm length of wire.

The magnetic field is perpendicular to the direction of the current, so we have a maximum force.
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[image: image20.wmf]Many loops build up high flux density

We can find the direction of the force using the right hand rule:

The direction of the force is down.

Magnetic Field and Conductors: We’ve learned that a magnetic field can affect an electric current – exert a force on the conductor.  Do you suppose it is possible that an electric current can have some sort of interface with magnetic fields?  Pretty good bet that it would, don’t you think?

One of the really fabulous discoveries of the 19th century was made by Hans Christian Oersted in 1820. This is supposed to be one of those serendipitous accidents.  Now Oersted was a respected Danish professor of physics – popular with his students (in this wise not resembling the Physics Kahuna in the least).  As part of a classroom demonstration, he brought a magnetic compass near a current carrying wire, he did this, the story goes, to show the class that an electric current would have no effect on a compass.   Much to the class’s delight and to the detriment of Oersted’s dignity, the compass needle was deflected.  When he reversed the direction of the current, the compass needle swung around and pointed in the opposite direction.  This was clear evidence that an electric current developed its own magnetic field.

This discovery lead to some very powerful things that basically changed the world!  Oersted reported the phenomenon, and then forgot about it.   But other scientists picked up on it.
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These drawings represent Oersted's experiment.  In the first circuit, no electric current is flowing.  The compass needle is pointing north.  In the second drawing, the switch is closed and current is flowing.  The compass needle is deflected at a right angle to the conduction wire.  In the last drawing, the battery is rotated so that current flows in the clockwise.  The compass needle points in the opposite direction.

The French physicist, Andre-Marie Ampere (1775 - 1836) set up two parallel wires.  One of them was free to move sideways, back and forth.  When both of the wires carried current in the same direction, they attracted each other.  If the current flowed in opposite directions, they repelled each other.

He also found that a current passing through a wire that was bent into the shape of a spring had a stronger magnetic effect.  The more turns in the helix, the stronger the field.

Francois Arago (1779 -1853), another French physicist, showed that a copper wire which had current flowing through it acted like a magnet and would attract iron filings.

Johann Salomo Cristoph Schweiger (1779 - 1857) showed that the amount of deflection of the needle in the Oersted experiment was proportional to the strength of the current flowing through the conductor.  He thus created the first electric current meter, the galvinometer.
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The magnetic field around the current carrying wire can be drawn as a series of concentric circles around the wire as shown in the drawing.

Any current carrying conductor will be surrounded by a magnetic field. When the current first begins to flow, there is no electric field.  The electrical energy that flows into the wire, initially, is used to build the magnetic field.  Once the magnetic field has been constructed, the current will then flow.  When a switch is closed, the current is initially opposed as the magnetic field builds up.  Once the field is in place, it does not change, the energy that was needed to build it up is no longer needed, and electric current can flow normally.  So with DC, once the field is built up, it doesn’t change and remains constant.  If the current varies, the magnetic field will also vary.
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A compass needle is a magnet that can rotate to align itself with a magnetic field.  It will be deflected by the field.  The first drawing on the left (above) shows the lines of force around a wire that has a current flowing through it.   In the second drawing, a set of compasses is placed around a conductor.  The magnetic needles align themselves with the earth’s magnetic field and point north.  In the final drawing current is flowing through the wire.  The magnet of each compass aligns itself with the much stronger magnetic field surrounding the conductor.
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Right Hand Rule: Another right hand rule is used to find the direction of the magnetic field around a current carrying conductor.

Right hand rule:  Clasp the wire with your right hand.  The thumb should point in the direction of the current.   Your curled fingers circle the wire in and point in the direction of the magnetic field.
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Magnetic Field and a Current Loop:   If a current conducting wire is formed into a loop, the magnetic field is intensified.  This is because the magnetic flux lines add together.  The field increases with each added loop.

When a conductor is formed into many loops - like a coiled spring - it develops, when current flows through the loops, an intensely strong magnetic field.  Such devices are called inductors or coils.

The magnetic field in a conductor can be intensified in several ways.  

· Increase the number of loops or turns.

· Increase the current.

· Construct the turns over a highly permeable material (such as soft iron), called a core.

Permeability is a measure of how attractive a material is to magnetic lines of force.  Lines of force are attracted to permeable materials and concentrate in such objects.
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When a ferromagnetic core makes up the center of the coil, the magnetic field is even greater.  Such devices are called electromagnets.  Electromagnets have several advantages over permanent magnets.  They can develop very intense magnetic fields - much stronger than permanent magnet fields.  Also of great importance -- they also can be switched on and off.

You've probably seen cranes in auto wrecking yards that have large electromagnets at their business end.  The electromagnet is lowered onto a junk car, the current is switched on, and the electromagnet picks up the thing.  The operator moves the vehicle to where it's to be dumped, the current is switched off, the magnetic field vanishes, and the car falls to its doom.

Another useful application of electromagnetism is the solenoid.  This is a coil that has a hollow core (these are often called "air cores").  Adjacent to the coil is a soft iron or steel rod that fits into the hollow core.  When the solenoid is energized (the current is switched on), it develops a strong magnetic field and pulls the rod into it.  This mechanical action is very useful, it can turn switches on and off and control all sorts of things.  Cars, appliances, weapons systems, &tc. all make great use of solenoids.







Strength of Magnetic Field: The magnetic field strength around a straight section of a current carrying conductor is given by this equation:
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B is the magnetic field strength, 
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  is the permeability of free space, I is the current, and r is the distance to the center of the conductor.

The value for the permeability of free space?  Okay, here it  is:    
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· A long straight wire has a current of 1.5 A.  Find the magnitude of the magnetic field at a point that is  5.0 cm from the wire.
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Force Between Parallel Conductors: Ampere found that when two current carrying conductors are in the vicinity of each other, they will exert magnetic forces upon one another.  
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Each of the conductors creates its own magnetic field.  These fields, depending on their direction, will either attract or repel each other.  

In the drawing, there are two wires separated by a distance d.
Wire number two sets up a magnetic field, B2.  This field is equal to:
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This field exerts a force on wire number one.  The force is given by:    
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The direction of this force is down, towards the other wire.  Remember that the other wire will also be attracted by a magnetic force of the same magnitude.

If the current direction in each wire is opposite, the two wires will be repelled.

You won’t have equations for this, instead, you will simply use the 
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 equation and the equation for the force exerted by a wire, 
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to figure it out as above.

· A 5.00 cm length of wire has a current of 3.50 A.  It is 12.0 cm from a second 5.00 cm length of wire that has a current of 4.95 A in the same direction.  Find the force of attraction between the two wires.

The magnetic field around the second wire is:
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The force it exerts on the first wire is:
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Plug in the equation for the magnetic field:
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Force on a Loop:  A loop that has a current flowing through it will also be affected by a magnetic field.  In the drawing below you can see such a loop that is free to rotate about its center.
Each side of the loop is in the magnetic field.  The current direction in one of the loop sides is up and the direction on the other side is down.  The magnetic field exerts a force on each.  The forces are in opposite directions, which causes a torque.  The loop will rotate.  This is the principle behind how the dc electric motor operates.

As the loop rotates, the force and the direction of the field stays the same, but the direction of the velocity changes.   

The force vectors that act on the loop are shown in the drawing below.   
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As the loop changes position, the torque will vary between zero and some maximum value.  The maximum torque will occur as per the first drawing when the loop is moving perpendicular to the lines of force.  The minimum torque, zero torque, occurs when the loop is traveling parallel to the lines of magnetic force.  This can be seen in the drawing.
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The next drawing, the Physics Kahuna believes that it is directly below this paragraph, shows the torque acting on the loop.  The maximum torque occurs when the loop is in position 1 - this is where the motion of the loop is perpendicular to the lines of force, i.e., the angle (  is 90(.  As the loop rotates the torque decreases because the force is getting smaller.  As (  decreases the torque must also decrease.  When (  is zero, the torque is zero.
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In drawing 2 (above) the torque has decreased as the angle (  has decreased.

In drawing 3 (above), the torque has gotten much smaller, the angle (  is much smaller as well, so the force is small.  Finally in drawing 4 no torque is exerted as the magnetic force is zero.

[image: image32.wmf]N

N

S

Speaker -

exploded

Speaker -

assembled

Electric Motors:  The simplest dc electric motor is made up of a loop in a magnetic field.  Please glance at the drawing of the thing below and use it to follow the Physics Kahuna’s convoluted explanation of how a motor works.  

The motor in the drawing has only one loop.  In reality, motors have hundred or even thousands of loops.  But for simplicity’s sake, we will use an example that has just one loop. The ends of the loop are attached to half rings – these are made of copper or phosphor bronze.  This is a contraption called a split ring commutator.  

Pushed against the rings are two brushes that are connected to a battery.  The brushes are made of solid carbon. Springs push the brushes against the split rings.  The rings rotate under the brushes which are stationary.  The brushes provide a path for current to flow into and out of the rings.

So how do the motor work?  Well, electric current flows from the battery into one of the brushes.  The brush is pushing against one of the half rings so electricity can flow from the brush into the ring.  This gets it into the loop.  It flows around the loop to the other ring where it flows into the brush and then back to the battery.  Thus there is a path for the electricity to flow.

The loop is conducting current, so it develops a magnetic field.  This field attempts to align itself with the permanent magnetic field.  This causes a torque which makes the loop spin.  It would normally rotate until the torque was zero, at which point the loop would come to rest as its magnetic field would be aligned with the permanent magnetic field.  However, the split rings prevent this from happening.  Just as the loop reaches the point where the torque will be zero, the open part of the split ring comes under the brushes and the current stops.  The loop keeps rotating because of its inertia.  The other split ring rotates under the brush and electricity begins to flow again, except that the direction of the current is opposite to what it was before.  This applies a torque which pushes the motor in the same direction it was going.  The loop keeps spinning.

In real motors, the loop is a coil wrapped around a ferromagnetic armature (usually soft iron).  Most motors have more than one coil.  Each of the coils is called a pole and most motors have at least three poles - the good ones have five or seven.

Loud Speakers:  Another cool application of the force exerted by a magnetic field on a conductor is the  classic loudspeaker.  The Physics Kahuna will have shown you several different speaker demonstrations.
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Here are the parts of a speaker:  a flexible cone – made of paper or thin plastic, a magnet base, and a coil.

[image: image34.wmf]I


[image: image35.wmf]Here is how the thing works.  A small electric signal is sent to the coil from an amplifier (the radio, CD player, whatever).  This is a signal that varies with the music, that is, the current increases and decreases with the music.  The amount of force exerted on the coil by the magnetic field varies with the strength of the current.  
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  When the current increases, the force increases, when the current decreases, the force decreases and so on.  The coil sits in a slot cut into the magnet.  The force exerted on the coil causes it to move back and forth – with the music.  This also vibrates the cone, which puts the sound into the air.

Permeability:  Permeability is a property of a material that has to do with how it changes the flux density in a magnetic field from the permeability value of air.  

· Some materials (like iron) are very permeable to lines of flux. 

· lines of flux are attracted to the material and pass through it rather than through air.  

· material with low permeability would have little effect on lines of flux, 

· material with a high permeability would dramatically change the flux density of the magnetic field.
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In the drawing above, you can see what happens when a permeable object is placed in the field.  The lines of force will concentrate in highly permeable materials. 

[image: image37.wmf]B

F

1

F

2

B

F

1

F

2

B

B

3

4

q

no force


 





Dear Doctor Science, 


What is the difference between electromagnetism and animal magnetism?  When I kiss my boyfriend, which phenomenon causes our lips to stick together? 


-- Kathy Cooper from St. Clair Shores, MI





Dr. Science responds:


Animal magnetism is a furry, damp form of electromagnetism. Unlike its sleek counterpart, animal magnetism needs to be fed and cared for to be effective. Electromagnets can be made permanent, but animal magnetism is as changeable as animals, which partially explains current divorce rates. What you and your boyfriend have been noticing in your lip adhesion probably has more to do with naturally occurring mouth Velcro than magnetism. If you notice the phenomenon more in the winter months, it may be the same thing as getting your lip stuck to a cold swingset or an outdoor water faucet. In either case, carefully add crazy glue and then pull apart quickly. 
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Barb-Wire Bill





At dawn of day the white land lay all gruesome-like and grim, 


When Bill Mc'Gee he says to me: "We've got to do it, Jim. 


We've got to make Fort Liard quick. I know the river's bad, 


But, oh! the little woman's sick . . . why! don't you savvy, lad?" 


And me! Well, yes, I must confess it wasn't hard to see 


Their little family group of two would soon be one of three. 


And so I answered, careless-like: "Why, Bill! you don't suppose 


I'm scared of that there 'babbling brook'? Whatever you say -- goes." 


A real live man was Barb-wire Bill, with insides copper-lined; 


For "barb-wire" was the brand of "hooch" to which he most inclined. 


They knew him far; his igloos are on Kittiegazuit strand. 


They knew him well, the tribes who dwell within the Barren Land.





From Koyokuk to Kuskoquim his fame was everywhere; 


And he did love, all life above, that little Julie Claire, 


The lithe, white slave-girl he had bought for seven hundred skins, 


And taken to his wickiup to make his moccasins. 


We crawled down to the river bank and feeble folk were we, 


That Julie Claire from God-knows-where, and Barb-wire Bill and me. 


From shore to shore we heard the roar the heaving ice-floes make, 


And loud we laughed, and launched our raft, and followed in their wake. 


The river swept and seethed and leapt, and caught us in its stride; 


And on we hurled amid a world that crashed on every side. 


With sullen din the banks caved in; the shore-ice lanced the stream; 


The naked floes like spooks arose, all jiggling and agleam.





Black anchor-ice of strange device shot upward from its bed, 


As night and day we cleft our way, and arrow-like we sped. 


But "Faster still!" cried Barb-wire Bill, and looked the live-long day 


In dull despair at Julie Claire, as white like death she lay. 


And sometimes he would seem to pray and sometimes seem to curse, 


And bent above, with eyes of love, yet ever she grew worse. 


And as we plunged and leapt and lunged, her face was plucked with pain, 


And I could feel his nerves of steel a-quiver at the strain. 


And in the night he gripped me tight as I lay fast asleep: 


"The river's kicking like a steer . . . run out the forward sweep! 


That's Hell-gate Canyon right ahead; I know of old its roar, 


And . . . I'll be damned! The ice is jammed! We've got to make the shore."








With one wild leap I gripped the sweep. The night was black as sin. 


The float-ice crashed and ripped and smashed, and stunned us with its din. 


And near and near, and clear and clear I heard the canyon boom; 


And swift and strong we swept along to meet our awful doom. 


And as with dread I glimpsed ahead the death that waited there, 


My only thought was of the girl, the little Julie Claire; 


And so, like demon mad with fear, I panted at the oar, 


And foot by foot, and inch by inch, we worked the raft ashore. 


The bank was staked with grinding ice, and as we scraped and crashed, 


I only knew one thing to do, and through my mind it flashed: 


Yet while I groped to find the rope, I heard Bill's savage cry: 


"That's my job, lad! It's me that jumps. I'll snub this raft or die!" 





I saw him leap, I saw him creep, I saw him gain the land; 


I saw him crawl, I saw him fall, then run with rope in hand. 


And then the darkness gulped him up, and down we dashed once more, 


And nearer, nearer drew the jam, and thunder-like its roar. 


Oh God! all's lost . . . from Julie Claire there came a wail of pain, 


And then -- the rope grew sudden taut, and quivered at the strain; 


It slacked and slipped, it whined and gripped, and oh, I held my breath! 


And there we hung and there we swung right in the jaws of death. 


A little strand of hempen rope, and how I watched it there, 


With all around a hell of sound, and darkness and despair; 





A little strand of hempen rope, I watched it all alone, 


And somewhere in the dark behind I heard a woman moan; 


And somewhere in the dark ahead I heard a man cry out, 


Then silence, silence, silence fell, and mocked my hollow shout. 


And yet once more from out the shore I heard that cry of pain, 


A moan of mortal agony, then all was still again. 


That night was hell with all the frills, and when the dawn broke dim, 


I saw a lean and level land, but never sign of him. 


I saw a flat and frozen shore of hideous device, 


I saw a long-drawn strand of rope that vanished through the ice. 


And on that treeless, rockless shore I found my partner -- dead. 


No place was there to snub the raft, so -- he had served instead; 





And with the rope lashed round his waist, in last defiant fight, 


He'd thrown himself beneath the ice, that closed and gripped him tight; 


And there he'd held us back from death, as fast in death he lay. . . . 


Say, boys! I'm not the pious brand, but -- I just tried to pray. 


And then I looked to Julie Claire, and sore abashed was I, 


For from the robes that covered her, I -- heard -- a -- baby -- cry. . . . 


Thus was Love conqueror of death, and life for life was given; 


And though no saint on earth, d'ye think -- Bill's squared hisself with Heaven? 





	----  Robert Service
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