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(7) In 3-space, let r(z,y, z) = zi + yj + zk and let r(z,y,z) = ||r(z,y, 2)||.
(a) Show that Vr(z,y, z) is a unit vector in the direction of r(z,y, z).

f‘()(,\j\:ﬁ) = \( 2 <X.\:7\"57 l

ST [ 2 -
Veayn=1{(3,%,%)
Q_\’“ 2 2 2 L> o= X &
= ox T 99X (Jx TorE )= N e

—

z) = f(j wla Do (S

4 z z = L L 5
ﬁzr,l(e/g =
< f Il = L o
Mov@ over L7 | = \k—;u = == Ul = L -« 4
(b) Show that V(™) = nr"~r if n is a positive integer. Hint: What is V(fg)?
n PR &

Tl on Wo ey §o m=1, alfue—e 50” geered

Meol 1
mE ehns Lo Mt
//___’_—\'
s R o by ()

me( Y= Vo= < = 4.0 ¢
At Ve = V(o.M = (V) &+ ¢ S nancion-
— o ?~ e ) a{;wf)‘l\rﬂ—\
= o A N~ (-:
=5 . —1
= oMo n T R =) e &

Mo& 3 2'-‘ e & zabwkﬂ’_a,%.’l(ﬂm \ N = ((‘fm)xj ) S . (‘(M)i }
For MCVM/«V/ZZ/! e col colale (r M)x ;
y|-- >
- > ) 58V ) - /2 2. L Z\ = w—2.
(o) = 22 S p (Rt o By 2 (P @) B s et
KL%PJ/N&'A/S A0, 9me coledatorns 7577/ (r ”),.y (r V. e ;7/(/7" YL recdd

This problem is continued on the next page...
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(¢) Is the formula in part (b) valid when n is a negative integer or zero? }é C,

=G ¢ Cortn Cze /L»7 Live ok evalvation,
SN D D 4 o ot evaiakion ( Metboad 2 warks) |
g We_ Co. eder~ Seo -L/au\, “>47 Afrecd &V C

or, bacels o Ioicde

(T aply part (B 11—

~4>; = W) — i (‘_“ ” R
B= VW= v(er )= (¥ ¢+ wlade & yosilive.

—>

= (T e T e

— )= —etem o T = e 0

- (Fey= ot E

(d) Find a scalar field f such that Vf =r.

We _ace fc £y, Hat caticfres Gﬁy) 7@7, Pz) = C ><>9,%/)
TH s suple B s o Py = & (X2 y#+ 27)



(8) Let C be the curve 22 + y? = 1 lying in the plane z = 1. Let F(z,y, z) = (z — y)i + vk.
(a) Choose and specify an orientation for C, sketch in detail, and calculate [, F-dr directly
(don’t use any theorem).

Tovamhize: V= (cost, st 1) octten

3 ® = (—sint, cost 0)

e
F(ER) = () — gk, 0, D QFE

/E%’/; = /.J?(’JIILC(’; O)c}]"t’\:{_). ('uen;t) CoJ"%,O) A€ /
o

A

:/‘.?——jﬂfﬂf—!— S‘H,c’é) AC = 1T
0

(b) Choose a convenient surface S that has C as its oriented boundary, sketch in detail, and
verify Stokes’ theorem (that is, calculate the other integral appearing in the theorem,
and verify your answer in (a)).

- (VeF) -0 4
f(_’ra@r jfsvr n 4S

- - / 5: A I ~
VRE > a0 5 e Pl
?_-31 o Y
m=(o0) =» (VxF)-h= 1 “

S ﬂg(m;).;: &5 e ol AR i’fi”lﬁ”’zﬂ”’” g

This problem is continued on the next page...
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(c) Consider the sphere with radius v/2 and center at the origin. Let o be the part of the
sphere that is above the plane z = 1. Evaluate the flux of V x F through . Specify the
orientation you are using for o.

A
4l
Need do colelste:  [[ (WeF)-n AS N

hpplyig  Sokes' Theamun g gxf

l/(V(E)./V\Ia(Sf— JE—M:—?T

Ve
St ;



True .
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(9) Answer the following short questions: Ezplain your answer!

(a) Let f(z,y,2) = y — x. Then the line integral of Vf around the unit circle z2 + y2 = 1
in the xy plane is 7, the area of the circle.

V’IC Fi5 - Cﬂ"/\f&%ﬁbﬂ—ﬁ@(d }7 %‘m%%) QAAa{ ‘I‘&r’ﬂfgd?’ﬁ
B waégzva-ﬁﬂ’{/d;/ Ay 2 hoed iami ol Lo O

(b) In the plane, if

Pu  %u
92 T o

on the disk defined by z2 + y2 < 1, then

where C' is the circle of radius 1/2 centered at the origin, oriented counterclockwise.

Perote @—M:_,G V —@‘ﬂ"—g

oy e

Thew : f 3 2\/4@7 fﬁd(—f—gaﬂy




(10) Let C be the unit circle 22 + 22 = 1,y = 0, oriented counterclockwise when looking down
the positive y axis. Let S; be the surface z2 + 22 < 1,y = 0 and let S5 be the surface

.'L'2+y2+22 =1y >n0:
(a) Draw a figure showing orientations for 51,8, that are compatible with the orientation

of C,

(b) (state any theorem you use, including its formula) For F(z,y, z) = yi — zj + yz2k, show
that
] (VxF)-dS=f (VxF)-dS.
Sl Sa

Ve Shobey’ Theoremr ﬂm’bﬁﬁ‘g S abd & A Lo f v bane

C 28 #er botndary
s =LA C
Ly = farirl- R

= 2

(c) Evaluate
/F-dr.
A ¥ A c
— ¢ F ok ~ AL
ot wo ﬂ;'{uzﬂ VxF = ( B, é -4 — (éz--l-""\) L = {e

>
Cowsider e edlace < W=(01,0) . Theefore (WxB)-A=0 ow S,

Using Shekes - jpﬁ&w: j/g(m?).mg: O
!

W
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(11) Let W be the region in space under the graph of
f(z,y) = cosy - 17 4 gy

over the region in the xy plane bounded by the line y = 2z, the z axis, and the line z = 7 /4.

(a) Find the volume of W.
ﬂ izl
; -% X (—caf v 1\
Vol QAJ)“.: Jéf-@;b) Lk =j jd(c@s&e/ 4-1)(3)6%&{\4 :
0
Z 24 \-¢ogzx . 2 &%
= = B

o

% |~ CoS z«
- J (s\m2x e + 2%2)dx

0

i _K/l‘ \—éa3 2%
oy e Ax +

ik

e

si w A 4
/ s 30
4 =

]

(4]
N A e e et L )
s l;:ijjd( TR e e
- 1;_@1-__605?_%@,1*6”0% E:_[—;—#
=t L E

(b) Let F = 5xi + 5yj + 5zk be the velocity field of a fluid in space. Calculate the rate at
W&Mﬁm%ﬁéﬂv&f%c&“ﬁg@w: [/]wv"r:du'fj‘/d“ F:)l&

ww e 1 e Wf—owbﬁr 6{«0208’\%6 b\J
Eacier 46 coloulate e L YV-E = S8%Ees 5

ﬂ;a&?:— M,gd,l/:fgl/a/(l"/):: & x (
o N

=y

which fluid is leaving the region W.

=)
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(12) Let F = Pi+ Qj + Rk, where
P - J
(m,y,z) mg_}_yz,

(a) Show that V x F = 0 away from the z axis.

x
Q(:L.7y7 Z) = mv R(Ivyaz) = Z.

Need + dhae ot YT =0 whee X4)7 G0

~ A
> 2 / le {\ ( e Q )
YxF=| 8 o 2 |= 0i+ 04 & ) — a5 Oy )
| S——
| - 2 l—i—- 5 _t z’(l- I S -—f—L:L
)("1(72 K’ib ' x_:vj" (\(’.‘7"): X'I‘i\\];‘ (Y':lj'*)_
2 gy
X»(‘]" (Kzrty);)& il O

(b) Show that [ F -dr = [, Pdz + Qdy + Rdz is not zero if the curve C is the circle
22 4+ y? =4, z = 0 (choose your favorite orientation).

Vocametize el (Z'GO“ T, ZHn t—_, O) << 2

. j e /g Elri))- @) LE = J —ZI— =
C, a pl { J

:/ku (@t cosat) af = /JJ% = Aa + 0
Io) o

(c) Can you apply Stokes’ Theorem to the line integral appearing in (b)? Explain your
answer.

We camnol apply Sloier’ Theomm., Sined th equier ¥
4 be conbinety Ao well as its Pt Wv‘?w& Lyt v ibives
7 .
o e coufoee 8 Sinee . aty sSuface L ot fas
; ’L,(/_}ZL;_J/‘{.’L Cf_ \('éj/& = - (A/)((V L h(/(f’t‘\rd
O wo ite botwdary Aty | )
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