Electromagnetism

Ampere’'s Law
- how electricity creates magnetism

Faraday’s Law
- how magnetism creates electricity
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Electromagnetic Induction
Faraday's Law
Lenz's Law

How do we create electricity from
magnetism?
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~— Electromagnetic Induction

... discovered in 1631 by Michael Faraday and Joseph Henry
(England) (America)

Simplest demonstration
C

S NI

G
When M moves, a current flows around C and produces a
deflection of the galvanometer needle.
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Michael Faraday
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Faraday’s experiments

He used several methods to generate a current by a
magnetic effect.
» Common feature: A changing magnetic field produces
an electric current in a conductor.
» But the current is really a secondary effect — caused by
an induced electric field.

Electromagnetic induction: a changing magnetic field
produces an electric field.
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Faraday’s experiments

Example. When current is turned on or off in the primary
coil, a current is observed in the secondary coil.

iron ring

switch

galvanometer

primary col secondary coil
C1 c2

Explanation:

* Current C1 creates a magnetic field B(t) in the iron, amplified by the iron core.
*The changing magnetic field creates an electric field around C2. (induction)
*The electric field creates a current C2.
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Faraday's law of electromagnetic induction

induced electric field
implies emf around the loop

B(t), increasing




Faraday’s Law of Electromagnetic Induction ...
... another use of the right-hand rule

If the magnetic field B changes, there is an induced electric field E;
the direction of E is curling around the change of the magnetic field,
opposite to the right hand rule.

Lenz’s law: If a conductoris present, the induced electric
field opposes the change of the magnetic field.

October 2012 Lecture 8

10



EXAMPLE

ol |l
o~ DL z>€f—‘ Wi re

— pull He MJm,/U
[’(ﬂzf Le/"‘tl fr ‘/\.;\

¢
 Yolhe . enf
= resistante T <




An example of electromagnetic induction in everyday
life — the AC induction motor (Nikola Tesla)

Parts:

* terminals for AC
current;

* stationary coil;

* rotating coils;

* iron cores
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Electromagnetic induction motors:

The electric current in the rotor is driven by
electromagnetic induction. The magnetic field
produced by I(t) (Ampére’s Law) varies in time,
and so creates an electric field (Faraday’s Law)
which drives the current in the rotor. No wire is
required to bring current to the rotor.

Demonstration: coca cola motor;
Demo: induction motor how it works

GREASE SUINGER BALANCING DISK OUTER CUP
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History of the Science of Electromagnetic Waves

Faraday:

* e.m. induction
(1831);

* lines of force (1636
-18652)

October 2012

Maxwell:

* the electromagnetic
field theory (1660-
1865);

* wave solutions (18665)

Lecture 8

Heinrich Hertz:

* produced e.m. waves in
the laboratory; what we
how call radio waves.

(1886)
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Maxwell’'s electromagnetic field theory

written in the mathematical language of vector
calculus...

V-E=ple, (1) Gauss’s law; implies == 4:8: r?
V-B=0 = (2) Gauss’s law for B

e ey (3) Faraday’s law; implies  emf = —AA—CE
VX Blsltioeo % (4) Ampere’s law; implies 5 _ Mol ¢

- 2nR
(4b) Maxwell’'s “displacement

current”; Maxwell had to
postulate this part of curl B in
order for the equations to be self-
consistent.
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Electromagnetic

Waves

Snapshot of the electric and magnetic field vec-
tors along a line in the direction of propagation of a
harmonic polarized electromagnetic wave

k: direction of propagation

Properties required by Maxwell’s equations:
1. Wavelength A, frequency f, wave velocity c: Af=¢
2. Polarization: E, B and K are mutually orthogonal .

3. Thewave velocity is ¢ =( ygy) ">
4, IBI = IEI lc

Maxwell, knowing the values of |1, and €, from measurements of electric and
magnetic forces, calculated c. He found the result ¢ = 3.00 x 102 m/s, which
is equal to the speed of light. So he concluded that light is an electromagnetic

wave.

October 2012

Lecture 8

16



Electromagnetic Waves

Maxwell’s field theory predicted the existence of an
infinite spectrum of electromagnetic waves, of which
visible light is just the range 400 < A < 700 nm, or,

0.75 > f> 0.46 PHz.

hm = hanometer= 109 m
PHz = petahertz = 107° cycles/sec

102 meters 10° 10° 10° 100 10°
1 nanometer 1000 nanometer 1 millimeter 1 meter 1 kilometer

Cosmic X-rays Microwaves Radio Broadcast

rays band
Gamma Ultraviolet Infrared Radar

rays (uv) (IR)

Short Wavelenghts ‘ —~— s Long Wavelengths

Visible Light

Ultraviolet Infrared
(Uv) (IR)

400 nanometers 500 nanometers 600 nanometers 700 nanometers
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Electromagnetic Waves

Nature is simple.

That’s why we can understand it.

When we understand a phenomenon we can develop
technologies based on it.

Each part of the E. M. spectrum has applications
in technology.
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