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1 2 Dimensions

In 2 dimensions, we may use Cartesian coordinates ~r = (x, y) and the associated infinitesimal
area

dA = dxdy. (1.0.1)

The gradient of a scalar V is

~∇V = ∂xV x̂+ ∂yV ŷ. (1.0.2)

We may also employ polar coordinates

~r = (x, y) = ρ (cosφ, sinφ) , (1.0.3)

ρ ≥ 0, 0 ≤ φ < 2π. (1.0.4)

The associated infinitesimal area is

dA = ρdρdφ. (1.0.5)

The gradient of a scalar is

~∇V = ∂rV r̂ +
1

r
∂φV φ̂. (1.0.6)

2 3 Dimensions

In 3 dimensions, we may use Cartesian coordinates ~r = (x, y, z) and the associated infinitesimal
volume

dV = dxdydz. (2.0.1)

The gradient of a scalar V is

~∇V = ∂xV x̂+ ∂yV ŷ + ∂zV ẑ. (2.0.2)

We may also employ cylindrical coordinates

~r = (x, y, z) = (r cosφ, r sinφ, z) , (2.0.3)

ρ ≥ 0, 0 ≤ φ < 2π, z ∈ R. (2.0.4)
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The associated infinitesimal volume is

dV = ρdρdφdz. (2.0.5)

The outward pointing area element on the curved surface of a cylinder of radius ρ is

d ~A = ρ̂dA = ρdφdzρ̂. (2.0.6)

The gradient of a scalar V is

~∇V = ∂ρV ρ̂+
1

ρ
∂φV φ̂+ ∂zV ẑ. (2.0.7)

Spherical coordinates are defined as

~r = (x, y, z) = r(sin θ · cosφ, sin θ · sinφ, cos θ), (2.0.8)

r ≥ 0, 0 ≤ θ ≤ π, 0 ≤ φ < 2π. (2.0.9)

The associated infinitesimal volume is

dV = r2 sin θdrdθdφ. (2.0.10)

The outward pointing area element on the surface of a sphere of radius r is

d ~A = r̂dA = r̂r2 sin θdθdφ. (2.0.11)

The gradient of a scalar V is

~∇V = ∂rV r̂ +
∂θV

r
θ̂ +

∂φV

r sin θ
φ̂. (2.0.12)
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