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•
∫
C

f ds =
b∫
a

f(r(t))
√
x′(t)2 + y′(t)2 + z′(t)2 dt

•
∫
C

F · dr =
b∫
a

(F(r(t)) · r′(t) dt =
b∫
a

P (r(t))x′(t) +Q(r(t))y′(t) +R(r(t))z′(t)) dt

•
∫∫
S

f dS =
∫∫
D

f(r(u, v))|ru(u, v)× rv(u, v)| dA

•
∫∫
S

F · dS =
∫∫
D

F(r(u, v)) · (ru(u, v)× rv(u, v)) dA or∫∫
S

F · dS =
∫∫
D

F(r(u, v)) · (rv(u, v)× ru(u, v)) dA, depending on the orientation of

S.

• If a surface S is the graph of a function z = g(x, y); that is, S is given by the
parametric equations x = x, y = y and z = g(x, y), then the upward normal (non-
normalized) is

rx(x, y)× ry(x, y) = −
∂g

∂x
i− ∂g

∂y
j+ k

• Green’s Theorem:
∫
C

F · dr =
∫∫
D

(∂Q
∂x
− ∂P

∂y
) dA

• Stokes Theorem:
∫
C

F · dr =
∫∫
S

curlF · dS

• Divergence Theorem
∫∫
S

F · dS =
∫∫∫
E

divF dV

• Integration by parts in 2D:
∫∫
Ω

φ∇ · F dA =
∫
Γ

φF · n ds−
∫∫
Ω

F · ∇φ dA

• Integration by parts in 3D:
∫∫∫
Ω

φ∇ · F dV =
∫∫
Γ

φF · n dS −
∫∫∫
Ω

F · ∇φ dV

• Change of variables:
∫∫∫

f(x, y, z) dV =
∫∫∫

f(x(u, v, w), y(u, v, w), z(u, v, w))
∣∣∣ ∂(x,y,z)
∂(u,v,w)

∣∣∣ dV
• Polar coordinates: x = r cos θ, y = r sin θ, ∂(x,y)

∂(r,θ)
= r

• Spherical coordinates: x = r sinφ cos θ, y = r sinφ sin θ, z = r cosφ,

∂(x, y, z)

∂(r, φ, θ)
= r2 sinφ

• For a sphere centered at the origin, with radius a written in spherical coordinates
r(φ, θ) = a sinφ cos θ i+ a sinφ sin θ j+ a cosφk:

rφ × rθ = a sinφ r(φ, θ)

|rφ × rθ| = a2 sinφ.
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