AP Physics – Induction
1831 -   Joseph Henry and Michael Faraday discovered electromagnetic induction.
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A is the area of loop

[image: image1.wmf]( is angle between B and normal to plane of loop.

The magnetic flux is proportional to number of lines of force passing through loop.  

more lines =  bigger flux.

The unit for magnetic flux is:
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AP Physics Test
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Induced emf: 

To generate electricity you must have a changing flux.  

Instantaneous emf induced in circuit = rate of change of magnetic flux through circuit

The equation for the induced emf is: 
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minus sign -- moving electrons create their own magnetic field. 

Field is opposite in direction to the magnetic field causing the flux.  

Lenz’s Law ( polarity of induced emf produces a current whose magnetic field opposes the field that induced the current.
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· A loop of wire measures 1.5 cm on each side (it’s a sort of square thing).  A uniform magnetic field is applied perpendicularly to the loop, taking 0.080 s to go from 0 to 0.80 T.  Find the magnitude of the induced emf in the loop.

The magnetic  flux is given by:     
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We can use this equation because the field is perpendicular to the loop.  We then plug this in for the flux in the equation for emf:
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A single loop has an induced emf as given in the equation.  
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If we add loops

each extra loop supplies the same amount of emf 
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N is number of loops.
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Rectangular loop is pulled through uniform magnetic field at constant velocity v.
emf induced as loop enters field 

emf induced as it leaves field -- flux is changing

No emf in the field  
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Direction of induced current  --

 right hand rule 

Lenz’s law

· A 6.0 cm by 6.0 cm square loop of wire is attached to a cart that is moving at a constant speed of 12 m/s.  It travels through a uniform magnetic field of 2.5 T.  (a) What is the induced emf after it has traveled 5.0 cm into the field?  (b) What is the direction of the current, clockwise or counterclockwise?  (c)  If the resistance of the loop is 1.0 (, what is the current in the loop?
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 EMBED Equation.DSMT4  
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Calculating emf:
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Finding the direction of the current.  

right hand rule

 for this.  Point your fingers in the direction of the magnetic field – out of the page in this case.  The palm should point in the direction of the force exerted by the induced current.  From Lenz’s law we know that this force must oppose the field that created it.  So this is to the left.  The thumb points in the direction of the current, which is down.

The current is clockwise in the loop.

(c)  
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Moving Solid Rail in Magnetic Field:  
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Two conducting rails - parallel to each other.  

Load R between them.  

Conducting bar placed on top of rails

Rod pulled at constant speed across top of rails

system lies within uniform magnetic field B

As bar moves along --  changing magnetic flux

emf induced in loop

induced emf
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· [image: image51.wmf]slip rings

force is applied to conducting rod - it slides across a pair of conducting rails.  A uniform magnetic field of 2.50 T is directed into the page.  The rails are separated by 18.0 cm.  The rod is moving at a constant velocity of 8.50 m/s. The resistance of the system is 1.50 (. Find the following:  (a) The induced emf in the moving rod, (b) the direction of the current through R, (c) the current through R, (d) The magnitude of the applied force needed to keep the rod moving at constant velocity, (e) The power dissipated by the resistor.

(a)       Finding the emf:
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 use the right hand rule to find the direction of current.  

field into page, the magnetic force from the induced field must be to the left. so the current through the bar is going up.  The current is traveling in a counterclockwise direction.  The current is going down through R.

(c)               
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(d) If v is constant, then sum of forces must be zero.  Fapp  must equal Fm.
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(e)  
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We can now plot flux and emf as a function of distance, x.
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Emf in a Rotating Loop:  An emf is induced in a loop rotating in a magnetic field.  This is the basis for the electric generator.

Generators were the solution to the expensive electricity problem.  The generator takes mechanical motion and converts it into electricity.  Falling water could turn them and generate huge amounts of electricity.  Steam engines could generate electricity……at last, continuous current in large amounts could be easily and cheaply produced.  Today, generator are found everywhere - all conventional cars have generators (or similar devices called alternators), power companies blanket the planet with power lines, aircraft generate their own electricity, you can buy portable generators for when your power goes out, and so on.

Faraday built the first generator.  It was a copper disk that was spun with a hand crank.  The disk passed through a permanent magnet as it spun and produced a continuous supply of electricity that could do useful work.
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Modern generators consist of a rotating loop within a magnetic field.  The loop is actually a coil with many hundreds, perhaps thousands, of turns.  It is rotated by a prime mover.  The prime mover can be falling water, a steam turbine, a cow, the wind, a humanoid, &tc.

A simple generator would have a permanent magnet to provide the magnetic field and an armature.  Slip rings are provided to make a circuit for the generated electricity to flow through to the load.  The slip rings are very similar to the commutator in the DC motor (but no splits).  

Because the armature rotates in the magnetic field, the voltage that is induced is not constant.  When a conductor is moved parallel with the lines of force, it does not cut through them, there is no change in flux, and no voltage is induced.

If the conductor moves perpendicular to the lines of force, a maximum voltage is induced – you have a maximum change in magnetic flux.  The loops that make up the generator's armature are rotating in a stationary magnetic field.  Some of the time the loop cuts through lines of force and maximum voltage is induced and sometimes they are traveling parallel to the field and no voltage is generated at all.   Also, the loops cut the lines of flux one way and then the other, so the voltage they generate changes polarity.  

Generators produce AC current.
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When the loop of the armature is at position A (look at the drawing above), it is essentially traveling parallel to the lines of flux and no emf or current is produced.  As it rotates from A to B, it begins to cut lines of flux and the induced emf increases.  At B, it is cutting the maximum lines of force and maximum emf is induced (it is traveling perpendicular to the lines of flux).  Then the voltage and current drop off as it rotates from B to C.  At C  no current is induced.  Then as it continues to rotate, emf is induced, however, the polarity changes because the loop is cutting through the lines of flux in the opposite direction.  It builds up to a maximum value at D, then falls off again to zero at E.  Then the cycle repeats itself, &tc.

Generators are the opposite of motors.  Motors convert electrical energy into mechanical energy; generators turn mechanical energy into electrical energy.

DC can also be produced by a generator through the use of a split ring commutator.  The split ring commutator reverses the polarity as the armature rotates, thus keeping the polarity of the induced electricity the same.

Essentially a DC motor and a DC generator are the same device.  Turn the rotor and you generate electricity.  Run electricity into the rotor, and it turns.  So a motor is a generator that is run backwards.

The curve of the current and emf versus time looks like a sine wave.  This is because both of those quantities are functions of the sine of the angle between a normal to the loop and the magnetic lines of force in the magnetic field.
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Here (in the picture above) is a loop rotating at a constant angular velocity of (.  The induced emf will vary sinusoidally with time.  An equation for the induced emf can be easily developed.  Let’s look at the geometry.
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The induced emf in a wire, say the segment of the loop BC, is given by:
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The velocity,  
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 is the component of the velocity that is perpendicular to the field.  This is given by:
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We can put these together to get:
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 is the induced emf, B is the magnetic field, v is the linear velocity of the loop, l is the length of the side of the loop, and ( is the angle between the lines of force and a normal to the loop. 

This is the emf induced in the BC section of the loop, but the same emf is also induced in the AD segment of the loop.  So the total emf is given by:
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The value for v can be found from the angular velocity.
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We can plug this into our emf equation:
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The angular displacement (   can be found from the equation for angular velocity.
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We can plug this into our emf equation:
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The quantity 
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is simply the area of the loop, so:




[image: image36.wmf]sinsin

BlaBAt

wqww

ee

==


So, for a loop rotating at a constant angular velocity is a uniform magnetic field, the emf is given by:
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One can clearly see that the emf is a function of the sine of the angle and time.

Note that the maximum emf will occur when the value of the sine is one, this gives us:
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A generator with only one loop would be a rare thing.  Generators always have these massive coil things with bunches of turns.  Each turn acts like its own loop, so that the emf for a  coil of N loops is given by:
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The  maximum emf for such a rotating coil would be:   
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