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Line integrals (three kinds)

f : Rn Ñ R, F : Rn Ñ Vn

C : rptq � xx1ptq, x2ptq, . . . , xnptqy, a ¤ t ¤ b

Tptq �
r1ptq

|r1ptq|
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»
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f ds �

» b

a

fprptqq|r1ptq| dt
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f dxi �

» b

a

fprptqqx1

iptq dt

3

»
C

F�dr �

»
C

F�T ds �

» b

a

Fprptqq�r1ptq dt

grad, div, and curl

gradpfq � ∇f � xfx, fy, fzy

divpFq � ∇ � F � Px �Qy �Rz

curlpFq � ∇�F � xRy�Qz, Pz�Rx, Qx�Pyy

Conservativity, independence of path

F : D Ñ V3, D � R3 simply connected,

first partials of F continuous:

F � ∇f for some f : D Ñ R

ô

»
C

F � dr independent of path

ô curl F � 0

Surface integrals (two kinds)

f : R3 Ñ R, F : R3 Ñ V3

S : rpu, vq � xxpu, vq, ypu, vq, zpu, vqy, pu, vq P D � R2

npu, vq �
ru � rv
|ru � rv|

1

¼

S

f dS �

¼

D

fprpu, vqq|ru � rv| dA

2

¼

S

F � dS �

¼

S

F � n dS �

¼

D

Fprpu, vqq � pru � rvq dA

FTC for line integrals :

»
C

p∇fq � dr � fprpbqq � fprpaqq

Green’s theorem :

¾

BD

P px, yq dx�Qpx, yq dy �

¼

D

pQx � Pyq dA

Stokes’s theorem :

¾

BS

F � dr �

¿

S

curl F � dS

Divergence theorem :

¿

BE

F � dS �

½

E

div F dV


