
				 	

VECTOR DERIVATIVES

Cartesian. dl = dx x̂ + dy ŷ + dz ẑ; dτ = dx dy dz
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Spherical. dl = dr r̂ + r dθ θ̂ + r sin θ dφ φ̂; dτ = r2 sin θ dr dθ dφ
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Cylindrical. dl = ds ŝ + s dφ φ̂ + dz ẑ; dτ = s ds dφ dz
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FUNDAMENTAL CONSTANTS

ϵ0 = 8.85 × 10−12 C2 /Nm2 (permittivity of free space)

µ0 = 4 π × 10−7 N/A2 (permeability of free space)

c = 3.00 × 108 m/s (speed of light)

e = 1.60 × 10−19 C (charge of the electron)

m = 9 .11 × 10−31 kg (mass of the electron)

SPHERICAL AND CYLINDRICAL COORDINATES

Spherical⎧
⎨

⎩

x = r sin θ cos φ

y = r sin θ sin φ

z = r cos θ

⎧
⎪⎨

⎪⎩

x̂ = sin θ cos φ r̂ + cos θ cos φ θ̂ − sin φ φ̂

ŷ = sin θ sin φ r̂ + cos θ sin φ θ̂ + cos φ φ̂

ẑ = cos θ r̂ − sin θ θ̂

⎧
⎪⎨

⎪⎩

r =
√

x 2 + y2 + z2

θ = tan−1
(√

x 2 + y2 /z
)

φ = tan−1(y/x)

⎧
⎨

⎩

r̂ = sin θ cos φ x̂ + sin θ sin φ ŷ + cos θ ẑ
θ̂ = cos θ cos φ x̂ + cos θ sin φ ŷ − sin θ ẑ
φ̂ = − sin φ x̂ + cos φ ŷ

Cylindrical⎧
⎨

⎩

x = s cos φ

y = s sin φ

z = z

⎧
⎨

⎩

x̂ = cos φ ŝ − sin φ φ̂

ŷ = sin φ ŝ + cos φ φ̂
ẑ = ẑ

⎧
⎨

⎩

s =
√

x 2 + y2

φ = tan−1(y/x)

z = z

⎧
⎨

⎩

ŝ = cos φ x̂ + sin φ ŷ
φ̂ = − sin φ x̂ + cos φ ŷ
ẑ = ẑ


