
Start with
surface S

Flowchart summarizing how to do sur-

face integrals (designed by E. Kim)

S is the set of (x, y, z)
such that F (x, y, z) = 0
for a function F (x, y, z)

S is parametrized r(u, v) =
f(u, v)i+g(u, v)j+h(u, v)k
with a ≤ u ≤ b; c ≤ v ≤ d

S is the graph of z =
f(x, y) on some part
of domain of f(x, y)

Describe S

implicitparametric
explicit

Which plane can you project S to, to
obtain R such that: the points in S and

points in R have 1-1 correspondence?

p = j and
dA = dx dz

p = i and
dA = dy dz

p = k and
dA = dx dy

xz-plane xy-planeyz-plane

R is the projection,
mentioned earlier

R is the projec-
tion, the relevant

part of domain of f

R is a ≤ u ≤ b; c ≤ v ≤ d.
One of the bounds may be
fns of the other parameter

Define R

dσ =
‖∇F‖
|∇F · p|

dA dσ =
√
fx

2 + fy
2 + 1 dx dy

and dA = dx dy
dσ = ‖ru × rv‖ du dv,

and dA = du dv
Define dσ

Now we are ready to integrate∫∫
S
G dσ, but only if we know what

G is. What do you want to compute?

Great!
Use it!

Use
G(x, y, z) = 1

Use G = δ
density fn

Is S
orientable? Huh?

I already have G surf. area mass I want to do something else!

no

How was S
described?

yes

n = ± fxi + fyj− k
‖fxi + fyj− k‖n = ± ∇F

‖∇F‖
n = ± ru × rv

‖ru × rv‖

param. impl.
expl.

What did you want to do again?

Set G = F · n G = (curl F) · n

flux of F surf. int. side of Stokes’ Thm

Now you
have scalar
function G

Now we’ll integrate
∫∫

S
G dσ

Also, substitute in f(u, v), g(u, v), h(u, v), etc. to
only have variables that show up in dA. Evaluate∫∫

R
(stuff) dA. If necessary, variable substitution to po-

lar or custom variable substitution (Jacobian techniques)

plug in G and dσ, integrate over R

Notation follows Thomas’ Calculus: Early Tran-

scendentals (12th Edition) as closely as possible


