
ECE 329 Midterm 1 Formulas

VECTOR CALCULUS

∇ ·A = ∂Ax
∂x +

∂Ay

∂y + ∂Az
∂z ∇f = x̂∂f

∂x + ŷ ∂f
∂y + ẑ ∂f

∂z
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∂Ay
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∇ · ∇ ×A = 0 ∇×∇f = 0 ∇×∇×A = ∇(∇ ·A)−∇2A

FIELD LAWS

F = q(E+ v ×B) = ma = m∂v
∂t

D = ε0E+P
¸

S D·dS =
´

V ρ dV = Qencl ∇ ·D = ρ

n̂× (E+ −E−) = 0 n̂ · (D+ −D−) = ρs

For static conditions: ∇×E = 0 E = −∇V VA − VB =
´ B
A E · dl

¸

C E · dl = 0 ∇2V = −ρ/ε

SOME STATIC E FIELDS (IN A VACUUM)

• point charge Q [C] at the origin: E = r̂ Q
4πr2ε0

• line charge ρl [C/m] along the z-axis: E = r̂ ρl
2πrε0

• surface charge ρs [C/m2] in the z = 0 plane: E = ±ẑ ρs
2ε0

(for z ≷ 0)

• slab charge ρ [C/m3] at −W
2 ≤ z ≤ W
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⎧
⎪⎨
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2
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2

• cylindrical charge ρ [C/m3] of radius R along the z-axis: E =

{
r̂ ρR2

2ε0r
r ≥ R

r̂ ρ
2ε0

r r ≤ R

E FIELDS IN MATERIAL MEDIA

Jfree = σE σ = 0 (perfect diel.) σ = ∞ (perfect cond.)

ρbound = −∇ ·P P = ε0χeE (for linear dielectrics) ε = ε0εr = ε0(1 + χe)

D = ε0E+P (always) = εE (for linear dielectrics)




