
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,
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√
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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)
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The Three-Dimensional Delta Function

δ3 (r) = δ (x) δ (y) δ (z)

∇ ·
(

r̂

r2

)
= 4πδ3 (r)

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

Potentials

• Curl-less (or �irrotational�) �elds. The following conditions are equivalent (that is, F
satis�es one if and only if it satis�es all the others):

∇× F = 0 everywhere.

1.
´ b
a
F · dl is independent of path, for any given end points.

2.
¸
F · dl = 0 for any closed loop.

3. F is the gradient of some scalar, F = −∇V .

• Divergence-less (or �solenoidal�) �elds. The following conditions are equivalent:

∇ · F = 0 everywhere.

1.
´
S
F · da is independent of surface, for any given boundary line.

2.
¸
F · da = 0 for any closed surface.

3. F is the curl of some vector, F = ∇×A.

• Any vector F can be written as F = −∇V +∇×A
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