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Friday, June 3, 2016 12:00 PM

N F - Vf > <sinH ) XC0S) +(052, -3s|‘nz> = <]""h'f‘>
= jx(x.g,z) 2 sinﬂ ,jg(x>g,z)= xc053 > fz(x, 5,z)=- sinz
falxy,2) =sinﬂ > f(x.g,z) = 'xsinj t Slg,z).

Next ’jﬂ (x,g,z) = XCOSj +e0sz 9 xcosy +35(3,z) = xcosj +052 35(3,2) = 052

= gly) = ycosz + hlz) .
frlxyz) = -ysinz = aiz(xsinlahﬂcosuh(z)) = -ysinz = -ysinz +h'lz) =-ysinz =
= h(z) =0 = hlz)=K

memfm, f(x,y,z) = xsinj + Yaosz + K and fal(inﬂ K=0, we have flx,2) = xsinj +y0s2
/F-T of hne ln*egrals
b) J?.d? - JVj-df' = j(?(“b)) -f(ﬁ(_)}) = j’(i,“’z,n) -}10,0,0) = 1-n
p p ferminal inihiol 1
pt Pt
2) The funchions Plx,ghaxe—ﬂ and Qlxy) = Qﬂ-x’e'ﬂ
have conhnuous fn’rst order derivahves on all of R® (which is open
and simp[ti connected ) .

Then 9P - 3 (axed) =-ame’] § 24 . _Q(&j-a?e'j) = -dxe’Y
ax  Ox

aﬂ o
Then 2P _ 98 ona simple connecled and open region R*and Pand @ have continuous Jurst
oy ox . = :
order derivatives , and thus F is conservahve .

As F is conservative, JF. d7" is path independent and also a potential funchion exists 1e.
c

we can indafunch‘on j(x,g) such that Vj =F
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Friday, June 3, 2016 2:02 PM

Then fulxy) =dxed = flay) =xed+qly)

Now,

f.j =% ) + g'(g) > -xted = -xe +3'(3) > 9'(3) =dy = qly) =31+K
T\mrefore, f(x.ﬂ) = xne-j+32 Haking K=0) .

Then, [ch'ﬂdﬂ (Qﬂ-xje'ﬂdﬂ = fan -f0,00 =4e7+1-1 . g_.

C
3) (3‘4) Ll-. U=x,l2:X=2,lszﬂ=AX
lg Ly
(a'a)
! . o
j The region D enclosed bfj the curve C is gven bﬂ

D={(xy) 1 0¢x¢ 2, xsﬂsﬂx} , 50
bg Qreenls Thm,

R»

2

ngdx«\.lxﬂdﬂ “ai(axﬂ) 3(9(32) dA ~I{JH ij dﬁdx -Jlgz 2] dﬂdx
=8-

X

)
[‘lx-‘lx-x + % dx =I 3nt-320 =x3-iX_] 11 =-4
0 0 ‘l 0
4) Lt Poy). dxy | Qlxy), 4-x
(x2+ﬂ ) (9(1-&32)
let C be an arbnharﬂ closed PoPn that encloses the orl'gl'n let C' bea counlerclocKwise - oriened
circle w/ cenler fhe onjm and radius @, where a is chosen
/ ' i to be small enough 50 that C' lies C, and D be the reg;on
C
/ \\ bounded bﬂ C and C'. Then s posnhvelﬂ otiented boundarj i5
K \0 Cu(-C).

P ax(x1+g‘)2-3x_g.2(xl+g’).% _ 23-
% (%24 5“)4 (24 Hz)s
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Friday, June 3, 2016 2:24 PM

8 - -ax (%% gf) - (y?-x%). J(x’+q’) ax 3x3-6xg:
Y

E3 (x2+y)* (x4y
S 2P _9a
oy  Ox

Now the 3enera\ version oj qﬂen’s Theorem aives us

JPo\x+Qdﬂ=H(_bA_aP)dA =jPax+aa5 JPo\dej =”OdA >

cwl-c') oA % ¢ D
N jPax+@a3= rpaﬁaaﬂ ond [Fd? - [P
: ¢ C ¢
Paramehrize C as Tt) = acost T + asin{J , 0¢1¢ dn .
Then, a
]F.d? : [I? dr . J FIF(E)). T'(4) dt :J Alacost)asint) ' + (a%sin’t -a’cost) T | (—asm{?wcostj)d{
c o o (acos?t +a%ent )

1
a

"

0 an
J.J( ~cost sin’t -cos°t ) dt -
a

an

an

J' cost (it +cos™t) dt
% 0

l[cost dt . -1 [sin{J -0
a . a

0
5)
¢ G = arch oj the ch\oid from (0,0) fo (an,0)
\ [l },é')/ /1] Y which corresPonds to (0,an) Tven bﬁ x(t) =t -sint
and y= | -cost .

+C be the line sejmen{ x=an-t, y=0, 0<t<¢an, and lt C=CUG.
Nole that -C is Posih'vel_tj oriented and we want to fu’nd the area oI the regl'on enclosed bﬂ D.

n an an
AlD), -Max =J3ax +J3dx =I(I-cos’t)(l—cosﬂd’c v[ordt) - [1-dast reost di
-C q G 0 0 0

. . a“
- [t -dsint + 1t + Lein At} =dn+l.dn =3n,
a 4 o J
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Friday, June 3, 2016 2:51 PM

6) ?<%_:,,§_

A R L) ) s

Pa) let F- P(x,H,z) L+ Q(x,g,z)] + Rlx,ﬂ.z
div(jF) . div(qunyka) - &(f?h aA(th %z(fk)
=fa_P+%fP f_Q QM f_R_ R
0x dz 0z
f(aP L, _a&) P+f3Q+sz
< JdwF + <oy f > <PARD = fdivF+ .V

b) V’f = di(Vf) - dn’v(%j_,éf_,éj_) R aa_}

X 35 0z ox2 332
- - A A £
¢) curl (curl F)= UX(VUXF). ! J
9 9 2
o Y )
R_Q@ R R 3@ _2oP
b bz R X
(e _ &P _ . _da _2a ., 3 4
3ydx bg‘ ozt azax azaj d  om? ax33
A
R.

CZe PR R, a’@)
oz ox? axgﬂ aﬂaz

Homework 5 Page 4
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Sunday, June 5, 2016 1:26 PM

god ldv F) -V'F - qud (_gh%q E’a_) ) v’th’&j*v’Rﬁ
X z

(2L 2e AR, (2P, P9, PR, (22, e, AR
ox? 87(33 aﬂaz

X 651 oz ax iy o

(222 (B 20 B (B2 B

Then appljmﬂ Claivaul's Theorem to swiich the orderoj dnﬁeredlahon in the mixed partial

derivatives , we see that
carllarl F) = 3rad (div F) -V*F
8a) 1t F -7y

Then ,
&?’r\\ ds - ” divle3)dA - Mfdiv(Vg) + Vg.Vf dA

D (17 919y a =Jjjv’3 A +”v§.vj A
=>ﬂfvgaA=§jv3.nas JD o[- g dA

D o

b)

Homework 5 Page 5

)i



6

Monday, June 6, 2016 5:40 PM

b) “({v’ﬂ-av‘ﬂ IA . ”jv’() m —Ngv’f 4A

Now we can use answer jrom Por’c a) to rewnte the RHS as

- b 11ohds - [[orqan (va.aas ([ dA)

:({)f(%)?\ ds —ﬁVf.Vﬂ dA _ éa(Vf).ﬂds +“Vj.V3 dA
- {ﬂva).?\ ds -gg(Vﬂ.?\ ds ° D

- $175-7).1 d

¢) Assume V23 =0 on D.
Then by Greens st idenmj w flxy)=1,

Hiv’j i § 1(95).5 & - [[710)-7g)dA
D o D 0

c

d) Use ﬁreen's jl'rs’f idenﬁ‘ﬁ s(x,ﬂ) - f(x,g).

[t an - §pomaa -[[vof en

0 CJ:OOI‘IC D

> 00 [[Iv5an #“\Vj\’dA -0

D D

Homework 5 Page 6
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Monday, June 6, 2016 5:40 PM

9) H = bbby 3 E=Cepee, >

0) VX(VXE) = Vx(curlE) = VX (—1 a_u)
C ot

= p i R =-1 tha a_qha_)'ii' ﬁL_.ail‘i)i +
%x 9 _g} c 333{ 0zdt dzdt  axat

- - -10h
1 S TR Shy b\
xt ajat

Now assuminﬂ that all second order parh'al derivatives are continuous 5o that we can swikch

order oj denvatives

1T (gt (2y-2a)i
%x %g 4 c ajat dzat dzdt

oz
- 1de, -10e
xR R Jo _de |k
axatl 3331‘.

Now assuminﬂ that all second order parh'al derivatives are continuous 5o that we can swikch

order oj denvatives

] lé[(é&-a_%)? *(Ae_--a_ea)j*{h-ﬁa R . ia(curté’)
c ot 63 92 z  oX i 63 C ot
=11@ﬁ)vlﬁ
calcat c
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Monday, June 6, 2016 5:40 PM

¢) Note jrom equa{ion (1),

VT - 3rad (divE) -curl (curl E)
=3rod (0) - (-_l_ ﬁ) =‘1T ¥

¢t 2 ¢ 9
—>b
9q)

=i

-~

d) Note jrom equah‘on (),

vH ﬂrad (div-l-'l’) - curl (curl ﬁ)

=3rod(0\-(—l i) .1
H) AN
—
qb)

10) FIF() = mr'(t).
Then

)

b b
w=Fae [ )T (’c)dh}m?"(’c)rlt)dt
¢ a
Note that g,

q
( (\?'(t\) . [?“(t).'r"(t)+?'(t).?"lt)] TR.TI)

L 1
2 2

. im[\?'mP- 17"l

d

b) W. inmlf ml’_%ml?'lan’ = K(B)-KI(A) .
FT of line \nhﬂrals

c)W,JF.J? ] J-vr.a? Lo [p@) -PFl))
< - P(B)+ PIA)

p

¢ <
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Monday, June 6, 2016 5:40 PM

M a) x>0 ond ‘\x’-‘la’-z’=4
=4x’=4+43’+22 X = 1+51+22/4

Then the paramelric equah'on is given bﬂ

3(u,v) =u, z(wv) = v, xluv), '1+u’+f_ .
9

b) X=X, y=y,2=%+3, 0¢xtey? < 1

Then , % =rcos®

5=rsm0
z2=rosO+3, 04r<! ,0<0<dn

1) Plaw) = (1-e-v) -v'j -uk

?u = 'JU? 'k
fy= “dvi-]
: Tk .
Xt . [ o -1 =1 - () +duk
dv-l 0

The point (-1,-1,-1) corresponds to u=1,v={ and then
?ux'r; (1,1) ='/i*1j\ +J?(
Then the equahbn oj the ¥an3m{ plane ot (-1,-1,-1) 15

‘l(x+1)+ 3(3'?1\*3(2”)'0 3 -x+23+32 =-3
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