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FIND THE VOLUME OF
THE SOLID ABOVE THE
DISC OF RADIUS S AND
BELOW THE GRAPH OF

|

f(x,y) =(6+sin(x"+ y))
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//]%(6 + sin(z® + y*)) dxdy
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situation
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1 Z Integrate

f(x,y,z) = 14+x

over the solid

L



B ortields

F <P.0)>
--PO.R-



QX_ P Curl in QD

y
PX + Qy Div in 2D
<R v Q'Z7PZ_ RX7QX_ Py> Curl in 3D
PX + Q_y+ RZ Div in 3D
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[ine In’cegrals / ﬁ : _;3 —
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POWER

MEASURES THE

/’ \ WORK OF THE VECTOR
FIELD F

DONE ON THE BODY

ALONG THE PATH C

/

e



B Litegrals / /S =
: // ﬁ(F(U, v)) - Ty X T dudv

$2hh., MEASURES THE

] u AMOUNT OF FIELD
' PASSING THROUGH S
IN UNIT TIME.



// F(r(u,v)) - 7, X 7 dudv
R

e b in]cegrals is all we need.



F1 [inein{egrals

THE THEOREM

CLOSED LOOP

CONSERVATIVE

EXAMPLES
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Fun(lamen][al TLeorem 0{ [ine in][egrals



The nano car is exposed to a force field

F(x,y,z) =
<yz cos(Xyz),Xz cos(Xyz),xy cos(xyz)+x>

from the surface and pushed along a path
r(t) = <t,cos(t),sin(t)>

where t goes from 0 to T1.VWhat work is done on the car!?
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F IS GRADIENT
FIELD

=N

PATH CLOSED LOOP
INDEPENDENCE PROPERTY

\ /
CURL IS

EVERYWHERE
ZERO

. * IF DEFINED IN
P roperﬁes 0][ Gra(lien]t ][ieltls S'MP'—\;CE?;'\'O'\I\'IECTED
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THE THEOREM G, A
CONSEQUENCES

EXAMPLES
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Greens TLeorem = F dS



FIND THE AREA OF THE
HYPERCYLCOID
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Find the line integral of the vector field
F(x,y) =< y’cos(x) +3y,x+2y sin(x) >
along the curve C.




S]c()l(es TLeorem

THE THEOREM
CONSEQUENCES

EXAMPLES

GEORGE GABRIEL
STOKES
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Consequence

IF CURL(F) = O
EVERYWHERE, THEN THE
FIELD HAS THE CLOSED
LOOP PROPERTY.
THE VECTOR FIELD IS A
GRADIENT FIELD.




P rolalem 8

FIND THE FLUX OF - S
THE CURL OF THE R 3
VECTOR FIELD
THROUGH THE
SURFACE S

E(x,y,z) &= < x+zy?zy,z7>

e
O<t<21mt =% |
B o F(S, ) 2 s=T1/2 gives C
< cos(t) sin(s), sin(t) sin(s),
cos(3s)+ (2 + cos(5t)) cos(s) >
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Dlvergence TLeorem

THE THEOREM

CONSEQUENCES

P e

EXAMPLES
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CARL FRIEDRICH
GAUSS
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S: SIDELENGTH 1
CENTERED AT ORIGIN
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FIND THE FLUX OF THE VECTOR FIELD

F(x,y,z) = < sin(y z), cos(x z), tan(x y) >

Ol)lem 9 THROUGH THE ICOSAHEDRON



Find the flux of the vector field
F through the cheese both S and
G oriented outwards

- 3 2
F(X,y,z) = < x3—sin(y),y+1 ,—z(x2+y )3+22>

Problem
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Eiiented upwamls



1 grad(f) 2 curl(F) 1

1 grad(f) 3 curl(F) '3 div(F) ' 1

D | |
erivatives



[ grad(f) (1)) -P(t) dt = 0

ffcurl(_lg)(?(u,v)) r x . dudv = O

» curl grad (f) = 0
i(]enﬁﬁes div curl (E) —

Z=he



Overview nleorems
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DIM=] FTC

Sim=> FTLI  GREEN

DIM=3 FTLI STOKES GAUSS



IS F

A
GRADIENT
FIELD?
YES NO
FTLI <
THE CURVE
CLOSED?
YES NO
GREEN
DIRECT
STOKES c

B e ][Or L in’cegrals



IS F
THE CURL
OF AN OTHER

FIELD?
S NO
STOKES s
THE SURFACE
CLOSED?
Y-S NO

DIVERGENCE

THEOREM DIRECT

e {or Flux in‘tegrals



CARL FRIEDRICH GAUSS GEORGE GREEN GEORGE STOKES

1777-1855 Z2sriba 1819-1903

= MJEAN MARYAMPERE\ v

MIKHAEL OSTROGRADSKY AUGUSTINE CAUCHY

1775-1846 1801-1862 1789-1857

1750 1800 1850 1900
GAUSS GREEN STOKES
THEOREM THEOREM THEOREM




