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ht gnd its properties: Light is an electromagnetic

o - When emitted or absorbed, it also shows particle

-~ operties. It is emitted by accelerated electric charges.

2 A wave front is a surface of constant phase; wave

 (ronts MOVE with a speefi equal to the Pr0pe‘1gation speed

91 the wave. ATay is a line along the direction of propa-

- ,mc_m perpendicular to the wave fronts.

o when light is transmitted from one material to
_nother, the frequency of the light is unchanged, but the

~ wavelength and wave speed can change. The index of

- efraction 7 of a material is the ratio of the speed of

 Jight in vacuum ¢ to the speed v in the material. If Ag 18
ml wavelength in vacuum, the same wave has a shorter

ngth Ain a medium with index of refraction n.

o

wavele
-~ (See Example 33 2.)
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 peflection and refraction: Ata smooth interface between

~ (wo optical materials, the incident, reflected, and

 refracted rays and the normal to the interface all liein a

single plane called the plane of incidence. The law of

~ reflection states that the angles of incidence and reflec-

~ |jon are equal. The law of refraction relates the angles of
incidence and refraction to the indexes of refraction of

' (he materials. (See Examples 33.1 and 33.3.)
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 Total internal reflection: When a ray travels in a material

of greater index of refraction n, toward a material of
smaller index 1, total internal reflection occurs at the
interface when the angle of incidence exceeds a critical
angle 0. (See Example 33.4.)

0, =6, (33.2)
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Wagnetic field of a moving charge: The magnetic field B
.eated by a charge g moving with velocity U depends
on the distance r from the source point (the location of g)
10 the field point (where B is measured). The B field is
pelpendicular to T and to 7, the unit vector directed

from the source point to the field point. The principle of
superposition of magnetic fields states that the total B
field produced by several moving charges is the vector -
qum of the fields produced by the individual charges.

(See Example 28.1.)
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Magnetic field of a current-carrying conductor: The law L~ mo Idl XrF q
— (28.6)
o

of Biot and Savart gives the magnetic field dB created by
an element dl of a conductor carrying current /. The field
4B is perpendicular to both dl and 7, the unit vector from
the element to the field point. The B field created by a
finite current-carrying conductor is the integral of dB

over the length of the conductor. (See Example 28.2.)
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Magnetic field of a long, straight, current-carrying ol
. 2 : B = — (28.9]
conductor: The magnetic field B at a distance r from a 2y
long, straight conductor carrying a current / has a mag-
_nitude that is inversely proportional to r. The magnetic
field lines are circles coaxial with the wire, with direc-
tions given by the right-hand rule. (See Examples 28.3
and 28.4.)
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Induced electric fields: When an emf is induced by a
changing magnetic flux through a stat1onary conductor,
there is an induced electric field E of nonelectrostatic
origin. This field is nonconservative and cannot be asso-
ciated with a potential. (See Example 29.11.)
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Displacement current and Maxwell’s equations: A time-
varying electric field generates a displacement current
ip, which acts as a source of magnetic field in exactly
the same way as conduction current. The relationships
between electric and magnetic fields and their sources
can be stated compactly in four equations, called
Maxwell’s equations. Together they form a complete

basis for the relationship of E and B fields to their
sources.

— -~ dq)B
E<dl = — (29.10)
dt

_ A% (29.14)
lp — dr .
(displacement current)
fﬁ-dZ=—Qﬂ (29.18)

€0

(Gauss’s law for E fields)
fﬁ-dZ=0 (29.19)

(Gauss’s law for B fields)

— — dq)E

B'dl - ZC + €0, r 1
€nc
(29.20)

(Ampere’s law including displacement
current)

fﬁﬁ- 45
4t

(Faraday’s law)

(28.21)
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Mutual inductance: When a changing current {1 in one c — _Miif'.l_ q
circuit causes a changing magnetic flux in a second circuit, 2 an
an emf &, is induced in the second circuit. Likewise, a

changing current i, in the second circuit induces an emf &£ diy

in the first circuit. If the circuits are coils of wire with N & = M- (30.4)
and N, turns, the mutual inductance M can be expressed in

terms of the average flux @ p, through each tum of coil 2 o = N,®p, Ny g

caused by the current i1 in coil 1, or in terms of the aver- = z (30.5]

age flux @ p; through each turn of coil 1 caused by the : 2

current i, in coil 2. The ST unit of mutual inductance 1s the

henry, abbreviated H. (See Examples 30.1 and 30.2.)

Self-inductance: A changing current i in any circuit causes o _ _j di (30.7)

a self-induced emf &£. The inductance (or self-inductance) dt '

L depends on the geometry of the circuit and the materal

surrounding it. The inductance of a coil of N turns is N®p

related to the average flux @ p through each turn caused L= i (30.6)

by the current { in the coil. An inductor is a circuit device,

usually including a coil of wire, intended to have a

substantial inductance. (See Examples 30.3 and 30.4.)

Magnetic-field energy: An inductor with inductance L U = sLI? (30.9) B

carrying current I has energy U associated with the I N \gj D ]

inductor’s magnetic field. The magnetic energy density B* —> == 99:7-% —>

1 (energy per unit volume) 1is proportional to the square w= 5;(; (in vacuum) (30.10) Pl

of the magnetic field magnitude. (See Example 30.5.) . . Stored energy  Energy density

| » (in a material U= 5LI? w= B,

y = — with magnetic (30.11)

K permeability )




