Ch 22

Electromagnetic Induction and Alternating Current

Electromagnetic induction 
· Electromagnetic induction is the principle behind the operation of electric generators and transformers.  The electrical energy that powers our cities is produced by this process. Electromagnetic induction is the process of inducing an emf (voltage) and consequently a current in a circuit by a change in magnetic flux.  Magnetic flux, as shown below, is the product of the magnetic field and the area through which the magnetic field lines pass ((m=AB cos().  
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· As shown in the diagrams below, an emf and current will be induced in a circuit if there is a change in magnetic flux.  In order to change magnetic flux, there must be a change in the strength, position, and/or orientation of the external magnetic field relative to the conductor.  There are three primary ways of changing magnetic flux.
1. Relative motion between magnet and conductor
2. Changing the area of a coil in a constant magnetic field

3. Increasing or decreasing magnetic field strength 
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· Faraday’s law of induction states that the instantaneous emf induced in a circuit equals the rate of change of magnetic flux in the circuit.  That is, the greater the rate of change in magnetic flux, the larger the magnitude of the induced emf and the induced current in the circuit. 
(=-N((m/t

· ( is the induced emf in the circuit (units are volts); to find the magnitude of the current induced in the circuit use ohm’s law (V=IR or (=IR)
· N = number of tightly wound loops

· ((m/t = the rate of change in magnetic flux
· The negative sign indicates that the direction (polarity) of the induced emf opposes the change in magnetic flux.  Lenz’s law is used to determine the direction of the induced current and therefore the polarity of the induced emf.  Lenz’s law states that the polarity of the induced emf is such that it produces a current whose magnetic field opposes the change in magnetic flux.  If the north pole of a magnet is moving towards a loop (diagram (a) below), the loop will produce a current which has a north magnetic pole pointing towards the magnet.  If the north pole of a magnet is moving away from a loop (diagram (b) below), the loop will produce a current which has a south magnetic pole pointing towards the magnet.
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· Example 1:  A 20‑turn wire coil in the shape of a rectangle, 0.25 m by 0.15 m, has a resistance of 5.0 Ω. In position 1 shown below, the loop is in a uniform magnetic field B of 0.20 T. The field is directed out of the page, perpendicular to the plane of the loop. The loop is pulled to the right at a constant velocity, reaching position 2 in 0.50 s, where B is equal to zero.  (a) Calculate the average emf induced in the 20‑turn coil during this period.  (b) Calculate the magnitude of the current induced in the 20‑turn coil and state its direction.
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Generators
· A generator is a device that converts mechanical energy to electrical energy.  In its simplest form, a generator consists of a wire loop (connected to a circuit) that is rotated in a magnetic field by some external means.  As the wire loop rotates in the magnetic field there is a change in magnetic flux through the loop and consequently an emf and current induced in the loop.  The diagrams below show the basic forms for both an AC (alternating current) generator and a DC (direct current) generator.  Note that the AC generator has two solid rings (called slip rings) and the DC generator has a split ring (called a commutator).  Since the AC generator has solid rings connecting the loop to the external circuit, the current will change directions each time the loop makes ½ a revolution.  Since the DC generator has a split ring, each brush will touch the opposite ring after each ½ revolution, thereby keeping the current flowing in one direction.  If only a single loop were used in the construction of a DC generator, a pulsating one directional current would be produced. To produce a steady DC current, many loops and commutators are used.
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· Maximum emf for a generator can be calculated by the following equation, which is derived from Faraday’s law of induction. 
Maximum emf = NAB( = NAB(2(f)
Motors

· Motors are essentially generators run in reverse.  Motors convert electrical energy to mechanical energy.  A current is supplied to the loop by an external source and the magnetic force on the current carrying loop causes it to rotate.
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AC circuits

· In an AC circuit, the emf and currently are continually changing in magnitude and direction.  The direction of current has no effect on the behavior of many resistors.  For example, an incandescent light bulb has a filament of large resistance that converts electrical energy into heat and light energy.  The direction of the current through the filament does not matter.  Electric energy will be converted to heat and light energy which ever way the current flows.  If a device does need direct current, a diode can easily convert AC to DC current. 
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Since the current in an AC circuit is continually changing, the important quantity for current used when calculating power in an AC circuit is the rms (root-mean-square) current.  The power used by an alternating current with a maximum value of Imax is not the same as that used by a direct current of the same magnitude, but the rms current over one cycle would dissipate the same amount of energy as a direct current of the same value. 
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Example 2: Calculate the max AC current, the rms current, and the power dissipated by a light bulb that has a resistance of 360 ( and is operated at an rms potential difference of 120 V.
Transformers

· A transformer is a device used to increase or decrease AC voltage.  Transformers only work with a changing current since there must be a change in magnetic flux in the second coil in order to induce a current.  Transformers operate by mutual induction.  Mutual induction is the effect in which a changing current in one circuit induces an emf in another circuit.  Transformers consist of two coils electrically insulated from each other but wrapped around the same iron core.  The primary coil is attached to a source of AC.  The varying magnetic flux is carried through the iron core to the secondary coil which has an emf and current induced in it.  The voltage in the secondary coil is controlled by the ratio of the turns in the two windings.  A step-up transformer increases the voltage in the secondary coil by having more windings than the primary coil.  A step-down transformer decreases the voltage in secondary coil by having fewer windings than the primary coil.  Also, the power input in the primary coil must equal the power output at the secondary coil (small amount is lost as heat due to the resistance in the wires).  For the power (P=IV) to be the same, an increase in voltage must accompany a decrease in current.  That is, step-up transformers step-down current and step-down transformers step-up current.

· Example 3:  A step up transformer is used on a 120 V line to provide a potential difference of 2400 V.  If the primary has 75 turns, how many turns must the secondary have?

Magnetic flux is proportional to the strength of the magnetic field passing through a specific cross-sectional area and is calculated by the equation (m=AB cos(.


In order to have an emf induced in a circuit there must be a change in magnetic flux.





AC generator has two solid rings.  The emf changes directions as it rotates (varies sinusoidally with time).





DC generator has a split ring commutator.  For a single loop the emf will change in magnitude but not direction as the loop rotates.





V2/V1= N2/N1= I1/I2





The reason alternating current is used for the transmission of power to our homes is due to the ease in stepping up or down voltage by using transformers.  Since resistance depends upon length, transmitting energy long distances would result in a significant amount of energy lost in heating of the transmission wires if a low voltage and therefore high current were used (P=I2R).  So a step-up transformer is used to increase the voltage and decrease the current in the transmission wires to minimize the amount of energy wasted as heat.  A step-down transformer is used closer to where the energy will be used by consumers so the current and voltage are at safer operating values.








