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a) §: x’+3’+z’ =4, 220 , 50 paramelrization is guen bj

T6.6) =¢ asingcos0 , dsingsin@, deosg Y, 0¢0¢am, 0¢¢ €™
Since 220
+ from leclure notes we know [TyxTy| = 4sing
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3) Here S consisls oj three pieces
5, : the surjace of the cﬂlinder
S, ¢ plane x4y = 2 (e jron{)
53+ plane ﬂ=0 (the back)

S, parametric equatons 3iven bﬂ r(e. 3) = { s, 3,@99)

Then,
FIF(6,y)) = Csinby. 5 >
?e"?j= " 3 k - snB{ + s R
s 0 -sind@
o 1 0
In 2-sind dn
Then H F.d5 - I 25in°0 +5cos © dﬂ do - Iasm’e-rlocose -sin’ -5sind s ) dO
s °m °

[ 140520 + 100050 _ sinb(I-cos’0) - 55inOcos O dO .
0

[0 +an20 +10sin® - 05O - coe’f _§sm’0]m = dn
i 2 2 2

0n S, F(7lxz2) =x'f+(3-x)j+5§ and T T, = ?+f

Then ”l?.dg’ - ” [x+a-x)] dA - an

5 xz ¢ |

(0]

On S, - F(7(x,2)) =x’[+5£ T “j\

Then ”‘F‘.a's* _ ”o 5 =0

S
Fmalhj, HFJ? - dn+dn+0 =4n
5
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4) If S is qiven by y= hix,2) , then parametric equah‘ons are given bﬂ
X=X, ﬂ=h(x,z), z2-2.

X
- = ? 3 a A A ~
Thus, 1 xT, . =b_h_¢-]+3_hh
1 g_i;( 0 ox oz
o &1
—_ A oh p
]Benlr\l= lxxVz _ lh’l sk

o] "az ( Note that 1 is Poinh'mj to the |eﬁ )
T2 XT3 | {hx i+

let F =< PR, then A
l\

Hng J(PQ R>. | <ax '1»aﬂ>4 +1+h dA

S D x’-&i-}h\.’z dS

cL__---,

( _h_) dA
oz
5) U(X)H»Z) a_1 e u-
‘|X2+32+Z’ '|X’+ 2+zz
Then,
F--KVu ./ KCx | key , Kz >

2+51+22)36 x’+3’+z’)3/’ (X2+31+22)/2

RETED.

(x’-tg %1% %

The umit normal vector of a sphere (see lecture noles) is 0. 1 (x,ﬂ,z >
a

hen, Fon o K  <xy2). |<xgi>-_ﬁ (e z?)
(x2+52+2’)% : a -%Jri’) 4
ko _ oK L.k ( Since on S
" a ‘\lx%a’w_’ " a a g 7(1+52+22 a*
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Then, ”F.dg =‘”F3d3 =J cK ds - CKJ 1.dS -_E. 4na’ = 4ncK

S [
Surﬁw area
6)
A A A
0 VXF_[Y T R
rR l _a_ = A A N
x X (x-y)1 -4yt R
{ xyz 2

Here S is the Por’rion oj the plane Ix+ Jﬂ+z =1{ over
D ={(x,3)losxs_il‘_, 04y ¢ %(I-Bx) }

* Onent S wpward co thal ( has posdive onentahion .

Then bﬂ SloKes Theorem,

J?.d? =JI(VX?).d-S’ and since 3x+dy+z=1 can be rewritlen as 2 =3(x,3)=1-3x-3ﬂ,

S
we have formula for ](lux oj veclor fielo\ over surface S w/ outward unit normal (see Ques'1)

Y '/2(|-3x)
:”[-(x-9)~(-3)-(-3)(-2)+1JdA i j [ 1+38-59 dy on
Dy, 1-3x V3 0 0
1\ 2 2
1([“3)(]3-5%)_) 0 b . l[%u B)l1vk) -5 L(1-31) de
- j('_ﬁlxltlix_L)dx . [-ﬁxg*rﬁxg-ixr: 1
g™ 173 8 4 g |

b) F.dr “VXI? ds bﬂ StoKes' Theorem .

C S
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To fmd e boundarﬂ curve C, solve
<> x’+3+z =16 and x+j 1.4

C
. S > =10 = 2= r(smce Z?O)

*% Cis qen bj x’+52=4 and z =12 .

Note that we are free fo choose an oriented suvfoce 5 05 Ion(j as 1t has C as s boundarﬂ 50
P'CK S o be x+3 4. z=12.

- A A N

VXF . ;L ,{ %
x oz '-3x93’k

X’93 1 2

Note fhat surface S is given bj T(1,6) = (rcos, rsind, {12)
with Paramek*r domain D=1{(r,0)10¢r¢2, 0¢0¢3an)

A A A

Txr .|t T R

r" e = ) A 9 9 A
ws§ sind O | = k(ros® +rsin’0) = rk
-15m0 rcos@ O

and,

T x| =1 ond therefore N fxTs _ R

ITe xTal
* Note that jor us fo fraverse ( counterclocKwise when viewed from above we need o choose
h =<0,01) .

Then, o

2 an
IFd? vxF ¥ . ” Fl8)).(7xT,) drdo . J “3c%o’8sin’® k. (R dr dO
¢ 00 0

Ol___-—ﬁp
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m 2
- -3 [rscosne sin'0 dr do
Bno In
r . 2 2 2 )
- -3 | lcos® sinB) I:r_c] d0 = -33[ sin" A0 46 (smlG = Qsmecose)
JOQ" 6 0 an 0 4 3"
= -9 I sin®a0 do - —sj |-cos40 40 . -8 [g _guﬁQ] = -8
5 2 2 8 1,

0

) let S be the sutface in the plane XH+2 =1 w upwaro\ orientahion enclosed bﬂ C.
Then , S : 2 =3(x.5\ = I-x—ﬂ and the upward normal veclor 1 aiven bﬂ

AL CER D L U
| 3

\I [ + g,?: 932
and orient C in the counterclocKwise direchion as viewed from above .

J?.d? for F=<z-a, 3>

Note that Iz dx -axdj ¥ 33 dz -

¢ ) C
UXF . fj R
2 2 9 - aAn AN
n oy 2 |7 3¢+J-3h
z -dx 33

Bﬂ StoKes Thm,
F.hds =“<3,1,-a>.|_<|,n.u>as

Jz b - dxdy + 3y de [Fa;’ lew.d? i ﬂvx . L
- %Hds - %A(S)

5
So the value of line integral 15 %.surjace area of region enclosed by C, reaardless of shape
)

or 1s locahon .
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8)
o) E - (xaz)l04x<a 0¢y¢ b(l x) 0‘z‘c(l ;-#)}

V.F - 202+ 3(3)+ 3 (zx) = 14%
ox 3 02

Then bﬂ divelﬂence theorem
”?dg ”JVF dv - 1 Fl-g) ]“%-?))dz dH dx :i Ill 5)(7(+|][ (l L —# ]dﬂdx

- Lbe [_l-an+ la] . abc (a+4)
p n 3 24

b) Flay.2) = efsz® {xy.2)
Then V.F - %(xm) + %(ﬂm) + aiz(z x1+32+zz)

X .L(x’+3’+z’)-v2. &® + (o<’+32+z’)/2 ty .i_lx’+3’+z’)-/2. 2+ (Xsy'+2 )

-l/
+ 2 .le’+5’+z’) 2 3z + (x2+32+z’) 2
2

4Py 2t) 4]x’+3’+2’
] o(’+52+22

Wy an |
Then, HF 5 ”J”x’ﬂj’-‘zndv [ [ [43\? sing d$40 d¢
S% ale \ 6 0 O
. [sinpdp [d0 [492d8 = 1.dn. ! = n
fsm pa[ ([

0
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q) V.F . Bt 3yt 3

N o 2

L an 2
Hf R NS EUTI TR [S‘"ﬁ d [de jss’* 48
E 1“/1 0 :O“ , ly 5 5
= -’Cos¢ ,dn . i&SJ _ 19
R dw, 5 0 5

10) ( Disregard this solution, T worked out a diﬂererﬂ c'ues)

-

A ) —
a) sztuﬂ»fzﬁ - X
(x’+}]2+z’)% B

V.F = V. X , 1] ,
[< (9<2+5’+i!1)3/2 (x2+g’+z’)3’2 (x’+3’+z’)’1 > ]

= .a. __X______ + a_ —__H———-T + 2_ ( z
x| (x2+ 32+Zl)% oy \ (x*+ 3’+Zz) 2] 92 \ (x4 3’+z’)%
= Syl -yl z , -ty =0
(x’+51+ Z’)S/’ (X’+3’+ 2%)%A (x’+3’+z’)s’2

Then

Since T is not dejmed at the origin we cannot apply divergence theorem on - region containing 0,0,0).
let us denote the ellipsoid in quesﬁon bg 5, and picK a surface S, that bounds the origin.

The simplest surjace to work with would be a sphere, so let S be o small sphere
w/ radius a and center origin (contained inside S.) . Then similor fo the example worked
out in class we have,
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Now we can compuie the surface m*egral over 5,

A - -
na x s A
X
T A - -
Fon. X o T { e B
R\ ®
Then,
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b) Assume F- an jor soroe a’ whose domain 5 the same as F

- U
1e. domain q s R - origin.

Ten , 4n =”F.a’s’ . ”vxé,’.a.c?

S, 5,

and since origin 15 nat on the ellipsoid , we can use Stokes' Thm fo
say that

bn - ”an.dg - jq.d? bul Hhis cannot happen since
5, %, S, has no boundary

Thus T cannot be exPressed as he curl oi another veclor fn’eld -q"
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1) 'c'(th(t’,g_g_’c) Beteld

Then we Know from class nofes that using Green’s Theorem
ﬂ )

that the area oj the rejion D bounded bﬂ the curve C is ﬂiven bﬂ

3
Ato)=-§3dx j(t;t);n it
3 -3 3
;E a'_atdt .- [ﬁi _at’ dt | Since mhegrand is even )
5 0 3 and \mﬁg of miegrah'on 15 s\(immmlrl'c

3
=-4[£_£] = -4[q_rs_ £]4[_3L5_s_ﬁ] - 83
5 5

b) Then
E-[(50,0)[1¢8¢2, 0¢4¢™ 0¢0¢an]

/\ Tren, Js['ﬁ.a's‘ mv? v

V-F .9 l'x-azﬂ) + 9 (ﬂ+'xz) +9 (2+ 'Xz) =3
0% aj a2

2 2 2y 2 M
z

[raraedz ] 3j [ ﬁ] 49 dz . 3“;1&9 &z

2 2

0 10 o 00

S \
: 3anndz - nza] = In
1
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Or allernaﬁvelﬁ You con use aeomeirﬂ fo compuie foiple m}eﬂmls 1e.

jUsdv : 3voHE)=3[“O| (52) _vol&)}

—~—
f=2,h=2 r=1,h=1

- ?x(ﬂ(ﬂ’_.;) ; n§1!2.4)=7n
3 3

ana\ V=T_‘L1_h,
3
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