
Formula Sheet

• Free space parameters

� ε0 =
1

36π
× 10−9 F/m

� µ0 = 4π × 10−7 H/m

� c = 3× 108 m/s

� η0 = 120π Ω

• Plane Wave in Lossy Media, γ = α + jβ,
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• Low-Loss Dielectrics,
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• Good Conductors, α = β =
√
πfµσ, ηc = (1 + j)
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• Product Rules

1. ∇ (fg) = f∇g + g∇f,
2. ∇ (A ·B) = A× (∇×B) + B× (∇×A) + (A · ∇)B + (B · ∇)A,

3. ∇ · (fA) = f (∇ ·A) + A · (∇f) ,

4. ∇ · (A×B) = B · (∇×A)−A · (∇×B)

5. ∇× (fA) = f (∇×A)−A×∇f
6. ∇× (A×B) = (B · ∇)A− (A · ∇)B + A (∇ ·B)−B (∇ ·A)

• The Three-Dimensional Delta Function

δ3 (r) = δ (x) δ (y) δ (z) , ∇ ·
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• Curvilinear Coordinates

� Gradient: ∇T =
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� Divergence:
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� Curl: ∇× v =
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h1, h2 and h3 are the metrics along the curvilinear coordinates u1, u2, and u3, respectively.

Cartesian: u1 = x, u2 = y, and u3 = z h1 = h2 = h3 = 1
Spherical Polar: u1 = r, u2 = θ, and u3 = φ h1 = 1, h2 = r, h3 = r sin θ
Cylindrical: u1 = ρ, u2 = φ, and u3 = z h1 = 1, h2 = ρ, h3 = 1

� The in�nitesimal displacement dl = h1du1û1 + h2du2û2 + h3du3û3

� Element of area da = h2h3û1 + h1h3û2 + h1h2û3

� Element of volume dτ = h1h2h3du1du2du3

• Re�ection Coe�cient and Impedance Transformation

Re�ection coe�cient Γ for incidence from medium 1 to
medium 2,

Γ =
Z2 − Z1

Z2 + Z1

� Perpendicular Polarization

Z1 = η1/ cos θi, Z2 = η2/ cos θt (1)

� Parallel Polarization

Z1 = η1 cos θi, Z2 = η2 cos θt (2)

• Impedance Transformation

Impedance Zin at a distance d from a load impedance ZLin a medium with wave impedance
Zw and z-propagation βz is given by,

Zin = Zw
ZL cos βzd+ jZw sin βzd

Zw cos βzd+ jZL sin βzd
, where βz = β cos θi

where the wave impedance follows relations (1) and (2).

• Brewster Angle

� Perpendicular polarization,
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� Parallel polarization,
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