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14.4: Basic Equations for Electromagnetics and Applications
 
 

14.4.1: Fundamentals
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14.4.2: Media and Boundaries

14.4.3: Electromagnetic Quasistatics
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14.4.4: Electromagnetic Waves
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14.4.5: Forces, Motors, and Generators

14.4.6: Circuits
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→

Nm−1

= − ×   inside wire E
→
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→

μo H
→

P = ωT = d /dt[W]WT Volume 
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14.4.7: Limits to Computation Speed

14.4.8: Power Transmission

14.4.9: Wireless Communications and Radar

= (LCωo )−0.5

⟨ (t)⟩ /R = kTv2

dv(z)/dz = −Ldi(z)/dt

di(z)/dz = −Cdv(z)/dt

v/ = LC  v/d2 dz2 d2 dt2

v(z, t) = (t −z/c) + (t +z/c)f+ f−

= (z −ct) + (z −ct)g+ g−

i(t, z) = [ (t −z/c) − (t +z/c)]Yo f+ f−

c = (LC = 1/)−0.5 με−−
√

= = (L/CZo Y−1
o )0.5

= f/ = ( − ) / ( + )ΓL f+ RL Zo RL Zo

v(z, t) = (z −ct) + (z +ct)g+ g−

= 2 (t),   =VTh f+ RTh Zo

( / + LC) (z) = 0d2 dz2 ω2 V––

(z) = +V–– V––+e−jkz V––−e+jkz

(z) = [ − ]I
–
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(z) = ( −j tankz) / ( −j tankz)Z–– Z0 Z––L Z0 Z––0 ZL

VSWR = | | / | | =V
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G(θ, ϕ) = / ( /4π )Pr PR r2

= (θ, ϕ, r) sinθ dθdϕPR ∫
4π

Pr r2

= (θ, ϕ) (θ, ϕ)Prec Pr Ae

(θ, ϕ) = G(θ, ϕ) /4πAe λ2

= / ⟨ (t)⟩Rr PR i2

(θ ≅0) = ( /λr) (x, y) dxdyEff jejkr ∫
A

Et e yjkxx+jky

= /4πPrec PR(Gλ/4π )r2 2
σs
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14.4.10: Optical Communications

14.4.11: Acoustics
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0.5

= j −Sn ωn αn

E = hf,  photons or phonons 

hf/c =  momentum  [kg  ]ms−1

/dt = −[ +B( − )]dn2 An2 n2 n1
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14.4.12: Mathematical Identities

14.4.13: Vector Algebra

14.4.14: Gauss and Stokes’ Theorems

14.4.15: Complex Numbers and Phasors

∇p = − ∂ /∂tρo u
→

∇ ∙ = −(1/γ ) ∂p/∂tu
→

Po

( − /∂ ) p = 0∇2 k2∂2 t2

= / = /γk2 ω2 c2
s ω2ρo Po

= = =  or cs vp vg (γ / )Po ρo
0.5 (K/ )ρo

0.5

= p/u = =  gases ηs ρocs ( γ )ρo Po
0.5

=  solids, liquids ηs ( K)ρo
0.5

p,  continuous at boundaries u
→

⊥

= +p
––

p
––+

e−jkz p
––−

e+jkz

= ( − )u––z η−1
s p

––+
e−jkz p

––−
e+jkz

p∙ d +(d/dt) ( | /2 + /2γ )dV∫
A

u
→

a
→

∫
V

ρo u
→

|
2

p2 Po

θ + θ = 1sin2 cos2

cos α +cos β = 2 cos[(α +β)/2] cos[(α −β)/2]

(f) = h(t) dtH–– ∫
+∞

−∞
e−jωt

= 1 +x + /2! + /3! +…ex x2 x3

sinα = ( − ) /2jejα e−jα

cos α = ( + ) /2ejα e−jα

∇ = ∂/∂x + ∂/∂y + ∂/∂zx̂ ŷ ẑ

∙ = + +Ā B̄ AxBx AyBy AzBz

ϕ = ( /∂ + /∂ + /∂ ) ϕ∇2 ∂2 x2 ∂2 y2 ∂2 z2

∇ ∙ (∇ × ) = 0Ā

∇ ×(∇ × ) = ∇(∇ ∙ ) −Ā Ā ∇2Ā

(∇ ∙ )dv = ∙ d⊂⊃∬
V

G
→

⊂⊃∬
A

G
→

a
→

(∇ × ) ∙ d = ∙ d⊂⊃∬
A

G
→

a
→

∮
c

G
→

s
→

v(t) = { }  where  = |V|Re eV––
jωt V–– ejϕ

= cos ωt +j sinωtejωt
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14.4.16: Spherical Trigonometry
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sinθ dθdϕ = 4π∫
4π

r2
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