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Area and Volume

A= [[da

V = gf(x,y)dA
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Type | and Type Il

A Z \ Z
a<x<D> c <y<=<d
g,(x) =y = g,(x) h(y) = x < hy(y)
y = g1(X>
y = g,(x) c d
‘ 5 2 y//ﬁ y
b X =
o hl(l’)
X X X = hz(l’)
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Fubini's Theorem

A Z v Z
a<x<D> c <y<=<d
gi(x) <=y = g,(x) hi(y) = x < hy(y)
y = g1(X>
V = g,lx
a >
. C
5
X
I £ix I rix
—ffi f(x,y)dydx —fj"i f(x,y)dxdy
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Type A and Type B

ﬂf (r,6) dA ﬂf (r,6) dA
_ffg (r,0) rdrdo —ff: (r,0)do rdr
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Work using an Arc Length Parameter s

W =F-d
A force field F(x,y) = P(x,y)i+ Q(x,Vy)j

A smooth curve C:x=f(t), y=g(t), a<t<b

Work done by F along C W = fCF(x,y)-dr

= fc P(x,y)dx + Q(x,y)dy

Unit Tangent Vector

dr _ drds _dr

at = ds dt dr = Eds dr = Tds
W= [ F-dr =] F-Tds
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Green's Theorem in the Plane (1)

C: a piecewise simple closed curve bounding by a simply connected region R

_lploQop
fraxeco- 18

Line Integral Double Integral

y:gz(x) AP d
- J;f—@dydx x =h,(y) | - +> X =h(y)
oL b C

= P d
v =g,(x) J P dx a d
. , £fa—§dxdy:dey

ff (.V)dy = f(yz)_ f(y1> ffl(x)dx = f(XZ)_f<X1)
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Line Integral in the Plane (2)

Line Integral P(x,y)

¢ Pdx + Qdy
&

Double Integral _ob
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Green's Theorem in the Plane (3)

C: a piecewise c simple closed curve - o lodyl-
R: a simply connected bounding region = ¢ OX 0y

d
yZQZ(X) x=h,(y) X:hz(y)
R C C
y=g.(x) ﬂ———dA $Qdy ﬂ%%dA
1 b R C R
ng@P dhz(y)aQ
__{gxadydx —_{h;{y)a_XdXdy
= —[ [P(x,g,(x)) = P(x,g,(x))] dx = —[[Q(h,(y),y) - Qlh,(y),y)|dy
= [ P(x,g,(x))dx—] P(x,g,(x))dx = [ Q(h,(y),y)dx—[ P(h,(y),y) dx
= ¢ Pdx =¢$Qdy
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Region with Holes

C: a piecewise simple closed curve bounding by a simply connected region R
oQr oOP
Pdx + Qdy = S
™ B
Line Integral Double Integral
0Q 9P
{5355

_ ¢ [0Q oP
wor. - -
o

C = ¢ Pdx + Qdy
c
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Vector Form of Green's Theorem - Curl

C: a piecewise simple closed curve bounding by a simply connected region R

@de+Qdy:
C

Line Integral Double Integral
SLr i j Kk
( ) _ _lo o o
A O ; curl F = VXF = ox 2y 0z
| P Q ©
curl F

= ﬂ — Q)k

0 X oy

_ _ [0Q oP

$ Pdx + Qdy = [[ (VXF)kdA @  (VxF)k= |52 -8

C R y
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Vector Form of Green's Theorem - Div (1)

C: a piecewise simple closed curve bounding by a simply connected region R

gﬁde+Qdy:
C

Line Integral
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Vector Form of Green's Theorem - Div (2)

C: a piecewise simple closed curve bounding by a simply connected region R

gﬁde+Qdy:
C

Line Integral
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Vector Form of Green's Theorem - Div

C: a piecewise simple closed curve bounding by a simply connected region R

@de+Qdy:
C

n Line Integral
< | [ T
| > |
S §rdy = [ $oax
?i | ] N ‘_g ;I\ec == /
C s "l \T/
"""wv vwvvv""

n _dy
3 0Q oP
d : — | _ of
d_: dx | / div F 00X 8y)k

d_y ds
ds
T:d_xl.+d_yj n:d_y,-_ﬂj -
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2-Divergence

Flux across rectangle boundary

oM oN aM ON
~ [—AX|A —A AXA
ox Vo lay Ay ox "oy [AXAY
Flux density aaM %N) Divergence of F Flux Density
X y
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