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IB PHYSICS ADDITIONAL HIGHER LEVEL



ELECTROMAGNETIC INDUCTION


SUMMARY
12.1 

Induced electromotive force (EMF) 



For a conductor at right angles and moving across a magnetic field, the EMF induced across



its ends equals the magnetic field strength times the length times the velocity of the conductor.



Magnetic flux is the component of the magnetic field at 90o to plane of a coil of wire times the 


area of each turn times the number of turns.



The unit of magnetic flux the Weber Wb. The flux is one Weber when a field of 1 Tesla is at 90o 

to an area of 1 m2 when one turn of wire is present.



The magnetic flux can be changed by changing the field strength or rotating the coil.



When the flux through a coil of wire changes, an EMF is induced inside the coil that drives an 


induced current which creates an induced magnetic field around the wire.



Lenz's Law says the direction of the induced field inside the coil opposes the change in the flux 


that induced the field. 



It opposes the change because if it helped, conservation of energy would be 
violated.



Faraday's Law says the average size of the induced EMF in Volts is equal to the number of turns 

times the change in flux in each turn divided by the time to change.
12.2

Alternating current (2h)



For a generator with n turns of wire in a coil area A rotating at  radians per second, the EMF is 

sinusoidal and fluctuates between (nBA( Volts.



The DC equivalent or RMS value of an AC EMF with amplitude Vp equals Vp divided by the 


square root of 2.



The DC equivalent or RMS value of an AC current with amplitude Ip equals Ip divided by the 


square root of 2.



The peak power of an AC circuit equals the peak Potential Difference times the peak current.



The average power equals half the peak power.



The RMS PD times the RMS current equals half the peak PD times the peak current.



The primary coil of a transformer is the one connected to an AC power supply. The secondary 


coil is connected to the load.



If the secondary coil has more turns than the primary coil, the transformer is a step-up one. The 


induced EMF in the secondary coil is greater than the EMF connected to the primary coil. 



The current induced in the secondary coil of a step up transformer is less than the current in the 


primary coil.



If the secondary coil has less turns than the primary coil, the transformer is a step-down one. 


The induced EMF in the secondary coil is less than the EMF connected to the primary coil. 



The current induced in the secondary coil of a step down transformer is greater than the current 


in the primary coil.



A 100% efficient transformer is called ideal and has the same power transfer in the secondary 


coil as in the primary coil.



An iron core that is a series of laminated plates results in nearly 100% power transfer from the 


primary to the secondary coil.



In an ideal transformer, the secondary EMF divided by the EMF applied to the 
primary coil 


equals the no. of turns in the secondary coil divided by the no. of turns in the primary 
coil.



In an ideal transformer, the primary coil EMF times the primary coil current equals the 



secondary coil EMF times the secondary coil current.
12.3

Transmission of electrical power (1h)


In a transmission system where the wires are long, their resistance is significant and electrical 


energy is transferred to heat in the wires.



In a transmission system, the power loss to heat is equal to the square of the current times the 


resistance of the wires. 



Power loss can be minimised by reducing the current in the transmission wires. This is achieved 

by adding a step-up transformer at the generator end and a step-down transformer at the town. 
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When the PD is stepped-up at the generator end, the current is reduced and much less power 


loss occurs in the transmission wires.
Power losses occur in the transformers because the primary and secondary coils have resistance which results in heat production. 

The magnetic linkage between the coils is not perfect so the rate of flux change in the secondary coil is not quite as large as in the primary coil. 


Electrical appliances have AC currents through their circuits. Around them and the power cord is a magnetic field that oscillates at a low frequency – 50 or 60 Hz are typical values. 


When a human is near the appliance and/or cord, the changing magnetic field causes a change in the flux within the body causing induced currents to exist.



Muscle has relatively higher conductivity than surrounding tissues for example fat. Therefore, induced currents are concentrated in muscle.

The energy of 50 Hz electromagnetic fields is too small to break chemical bonds or cause ionisation in the same way that x-rays or alpha particles do. 

Potential health concerns about power lines were first raised in a 1979 study that linked increased risk of childhood leukemia with residential proximity to power lines. 
Numerous other studies have failed to clarify whether various health effects were due to the fields associated with the power lines or were coincidental.
The current body of evidence shows that exposure to these fields does not presents a human health hazard. It appears that the fields humans are exposed to in the domestic or occupational environment do not produce important health effects, including cancer.
There are no known health risks that have been conclusively demonstrated in relation to living near high-voltage power lines. 
Most scientists believe that exposure to the weak fields near power lines is safe, but some scientists continue research to look for possible health risks associated with these fields. 
If there are any risks such as cancer associated with living near power lines, then it is clear that those risks are small.
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