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Abstract

these are course notes for EM 1, course taken at northeastern univeristy in the winter
of 1993
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1 Maxwell equations

1.1 Maxwell time domain equations

−∇ × E = ∂B
∂t +M

i

∇ ×H = ∂D
∂t + J

c
+ J

i

∇ · B = 0

∇ · D = q

1.1.1 equation of continuity

∇ · J = −
∂qv
∂t
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1.2 Maxwell integral form of time domain equations∮
E · dl = − d

dt

∬
B · ds∮

H · dl = d
dt

∬
D · ds +

∬
J · ds∬

B · ds = 0∬
D · ds =

∭
qvdτ

1.3 Relation of field to circuit quantities

v (voltage in volts) =
∫
E · dl

i (current in amp) =
∬

J · ds

q (chanrge in coulombs) =
∭

qvdτ

ψ (magnetic flux in weber) =
∬

B · ds

ψ e (electric flux in coulombs) =
∬

D · ds

u (magnetomotive force in amp) =
∫
H · ds

1.4 relations of a complex domain to time domain

A =
√
2Re

(
Ae jωt

)
1.5 Maxwell equations in complex form

−∇ × E = jωµ̂ (ω)H +Mi = ẑ (ω)H +Mi

∇ × B = jωϵ̂ (ω)E + Jc = jωϵ̂ (ω)E + σ̂ (ω)E = (jωϵ̂ (ω) + σ̂ (ω))E = ŷ (ω)E

in free space
ŷ (ω) = jωϵo

ẑ (ω) = jωµo

for all frequencies and all field intensities.

for non-magnetic metals

ŷ (ω) = σ + jωϵo

ẑ (ω) = jωµo

in ferromagnetic metals
ŷ (ω) = σ + jωϵ̂

ẑ (ω) = jωµ̂

in good dielectric (nonmagnetic dielectric)

ŷ (ω) = jωϵ̂

ẑ (ω) = jωµo
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where
ϵ̂ (ω) = ϵ

′

− jϵ
′′

= |ϵ̂ | e−jδ

where ϵ ′ called a-c capacitivity, ϵ ′′ called dielectric loss factor, δ called dielectric loss angle.

and
µ̂ (ω) = µ

′

− jµ
′′

= | µ̂ | e−jδm

where µ ′ called a-c inductitvity, µ ′′ called magnetic loss factor, δm called magnetic loss angle.

2 some relations

k = k
′

− jk
′′

where K is the wave number

k =
√
−ẑŷ

and
η = R+jX

where η is the intrinisc impedence. for air

k = ω
√
µϵ

η =
√

µ
ϵ

speed of light

c =
1

√
ϵoµo

= 3 × 108m/s

wave impedence, is the ratio of components of E to components of H

interinsic wave length λ=2π
k
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