Final Exam Review Sheet Solutions

MATH 283
1. Sketch the vector field.
(a) F_"(x,y)zéxi—l-yj (b) F(z,y) = \y/;;f.z
Solution: Solution: ’
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2. Evaluate the line integral.

(a) / xy* ds, where C is the right half of the circle 22 + y? = 16.
c

Solution: Parameterize C' via 7(t) = (4cost,4sint), —5 <t < 5. Then 7 '(t) = (—4sint,4cost) and so

/C ot ds = | " fee) 1) a

—m/2

/2
= / (4cost)(4sint)*\/(—4sint)2 + (4cost)? dt
—m/2
/2
= / 4096 cos tsin t dt
—m/2
8192

5

(b) / ze¥ ds, where C' is the line segment from (2,0), to (5,4).
c

Solution: Parameterize C via 7(t) = (2 4 3t,4¢), 0 < ¢ < 1. Then 7'(t) = (3,4) and so



léx&ds:l;ﬂﬂﬂﬂfuﬂﬁ
= / (24 3t)e*" /32 + 42 dt

0

1
:/ 5(2 + 3t)e*t dt
0

1
= / (10e™ + 15te™) dt
0

~ 85¢* — 25
16

(c) / y*z ds, where C'is the line segment from (3,1,2) to (1,2,5).
c
Solution: Paramterize C via 7(t) = (3 — 2¢t,14+¢,2+3t), 0 <t < 1. Then 7'(¢) = (=2,1,3) and so

/C Y2z ds = / D) [7(0)] dt
1
:/ (1+1)2(2+3t)/(—-2)2 + 12 + 32 dt

0

1
:/ (3t3 + 812 + Tt + 2)V/14 dt
0

_107V14
12

(d) / 22 dx + y* dy, where C consists of the arc of the circle 22 + y? = 4 from (2,0) to (0,2) followed by the line

c
segment from (0, 2) to (4, 3).
Solution: Since C' is made up of two pieces, say Cq and Cy, we parameterize Cy via 7 (t) = (2cost,2sint),
0 <t < % and parameterize Cy via 7 (t) = (4¢,2 +t), 0 <t < 1. Then

/:1:2 dx + 9> dy:/ 22 dx + o> dy+/ 22 dx + % dy.
C Cq Cs

We will calculate each piece separately. First, on C; we have
/ 22 dx + 2 dy:/ z? d:ﬂJr/ y? dy
C1 C1 Cq
m/2 /2
[ Gordm s [ woryod
0 0
/2 /2
= / (2cost)?(—2sint) dt+/ (2sint)?(2cost) dt
0 0
8 8

———4-=0.
373

/:vzderdey:/ x2dx+/ y? dy
Cy Cy Ca

= [ @ope o as [ ooz a

On Cy we have

1 1
:/ (4t)%(4) dt+/ (2+1)%(1) dt
0 0

1

:/ (65t2 + 4t +4) dt
0

83

5



Thus,/x2 dx + 12 dy:/ z? dx + o> dy+/ 2 dx + o> dy=0+§:§.
C Cy Cs 3 3

3. Evaluate / F - dF, where C is the curve given by the vector function 7(t).
c

(a) F(z,y) =ay* 1—2?§;
Ft)y=t31+t2j, 0<t<1.
Solution:

(b) F(z,y,2) =z i+yj+ayk
7(t) =costi+sintj+tk, 0<t<m.

Solution:
/ F.di =
c

/ ) -7 (1) dt
0
s
:/ (cost,sint,costsint) - (—sint,cost, 1) dt
0
/ (—costsint + sintcost + costsint) dt
0

costsint dt
0

I
e

4. Let F(z,y) = —y i+« j and let C be the line segment from (2, 1) to (5,4).

Note: F'is not conservative since %—5 #+ % and so you cannot use the fundamental theorem of line integrals to solve

parts (b) and (d).
(a) Find a parameterization 7(t) = (x(¢),y(¢)) for the line segment C' such that 0 <t < 1.
Solution: 7(t) = (24 3t,14+3t),0<¢t<1

(b) Evaluate / F' - dF using the parameterization given in (a).
c
Solution:

CF-dF:/O F(F(t) - 7/(t) dt

_ /1 (—(1+3t),2+3) - (3,3) dt
0

. . . — . 1
(c) Find a parameterization 7(t) = (z(t),y(t)) for the line segment C' such that 0 <t < 3.
t

Solution: 7(t) = (24 6t,1+6t), 0 <

=

(d) Evaluate / F - d7 using the parameterization given in (c).
c



Solution:

I
o
QU
&

5. Let F(z,y) =y i+ = j and let C be the line segment from (2,1) to (5,4).

(a) Verify that ‘?)—1; = %—g. Note that the partial derivatives the component functions of F are defined and continuous

on the entire zy-plane. Thus F is conservative and so there exists a potential function f(z,y) such that
F(z,y) = Vf(z,y).
Solution: 33—13 =1= %—Q

y T

(b) Find a potential function f(z,y) for F.
Solution: f(z,y) =y

(¢) Use the fundamental theorem of line integrals to evaluate / F - dF.
c

Solution: /Cﬁ A= £(5,4) — f(2,1) = (5)(4) — (2)(1) = 18.

6. Let F(z,y) = 22 1+ 6y j and let C be the line segment from (2, 1) to (5,4).

(a) Verify that %—5 = %. Note that the partial derivatives the component functions of F are defined and continuous

on the entire zy-plane. Thus F is conservative and so there exists a potential function f(z,y) such that
F(z,y) = Vf(z,y).

Solution: %—5 =0= %

(b) Find a potential function f(z,y) for F.
Solution: f(x,y) = 22 + 3y>

(¢) Use the fundamental theorem of line integrals to evaluate / F - drF.
c

Solution: / F-di = f(5,4) — f(2,1) = (5% + 3(4)?) — (22 4 3(1)?) = 66.
C

7. Let F(z,y) = 2zy i+ 22 j and let C be the line segment from (2,1) to (5,4).

(a) Verify that 88—}; = %. Note that the partial derivatives the component functions of F are defined and continuous

on the entire zy-plane. Thus F is conservative and so there exists a potential function f(z,y) such that
F(x,y) = V[(z,y).
Solution: %—5 =2r= %
(b) Find a potential function f(z,y) for F.
Solution: f(z,y) = 2%y

(¢) Use the fundamental theorem of line integrals to evaluate / F - drF.
c

Solution: / F-di= f(5,4) — f(2,1) = 5*(4) — 2%(1) = 96.
(&

8. Let C be the part of the parabola y = 322 from the point (1,3) to (2,12). Let F' = (2,1) be a vector field. Calculate
/ F-T ds in the following two ways:
c



(a) Parameterize the curve C' and use the formula /

b
ﬁ.fds:/ F.7'dt.
C a

Solution: 7(t) = (¢,3t?), 1 <t < 2 and so

(b) Calculate / F - T ds using the fundamental theorem of line integrals.
c

Solution: Since %—5 =0= % and the partial derivatives of the component functions of F are defined and

continuous everywhere, F is conservative. A potential function is given by f(z,y) = 22 + y and so we have
fCF ‘T ds=f(2,12) = f(1,3) = (2(2) + 12) — (2(1) +3) = 16 — 5 = 11.

9. Let C be the part of the cubic y = 223 from the point (1,2) to (4,128). Let F = (2, 2y) be a vector field. Calculate
/ F-T ds in the following two ways:
c

(a) Parameterize the curve C and use the formula /

b
ﬁ-fds:/ F.7'dt.
C a

Solution: 7(t) = <t, 2t3>, 1 <t<4andso
— — 4 —
/F-Tds:/ F(Ft)-7'(t) dt
c 1
4
:/ (2t,2(2t%)) - (1,6t%) dt
1

4
:/ (2t + 24t°) dt
1

= 16395.

(b) Calculate / F - T ds using the fundamental theorem of line integrals.
c

Solution: Since % =0= %—2 and the partial derivatives of the component functions of F are defined and

continuous everywhere, F is conservative. A potential function is given by f(z,y) = % + y? and so we have

[ F-T ds = f(4,128) — f(1,2) = (42 + 1282) — (12 + 2?) = 16395.

10. Use Green’s theorem to evaluate the line integral.

(a) / ye® dx + 2e” dy, where C' is the rectangle with vertices (0,0), (3,0), (3,4), and (0,4).
c

/Cye dx + 2e dy—// (33:(26) ay(ye )) dA
D
://edi
D
4 43
:/ / e’ dx dy
o Jo
4

= 4¢3 — 4.

Solution:



(b) f (2% +y?) dx + (2 — y?) dy, where C is the triangle with vertices (0,0), (2,1), and (0, 1).
c

Solution:
7{($2+y2) dx + (2 — y?) dy:// 2(962—1/2)—2(962+y2) dA
C D 8$ 8y

— [[@e-2 aa

D
2 1

:// (22 — 2y) dy dx
0 Jaz/2

=0.

(c) / y> dx — 2® dy, where C is the circle 22 + y? = 4.
c

[ o de—a? = é [ (521~ ) aa
= é/(—3x2 — 3y?) dA.

It is now easiest to use polar coordinates to evaluate this double integral:

é/(—sgﬁ ~3y?) dA = /0% /02(—37“2)7“ dr do

= —24r.

Solution:

11. Use Green’s theorem to evaluate }{ F. dr, where ﬁ(axy) = (ycosx — xysinz,xy + xcosz) and C is the triangle
C
from (0,0) to (0,4) to (2,0) to (0,0).

Solution: Observe that as written, the curve C' is oriented clockwise, so to apply Green’s theorem we will need to
reorient the curve in the positive direction (and in the process, we’ll pick up a negative sign). We have

j[ﬁ.dfz—/ F.dr
C

-c
0 0 .
= / a—x(xy—i—mcosx)—a—y(ycosx—xysmx) dA

D
- ffras
D
2 4—2x
:—/ / y dy dx
o Jo
__16

=—3
12. Let F = 2y i+ j and let C be the closed curve 22+ y? = 49. If D is the disk enclosed by the curve C, use Green’s

theorem to evaluate F.dr.
c

Solution:



Again, it is easiest to evaluate this double integral in polar coordinates.

é/(l—x) dA:/O%/;(l—rcosG)r dr df

= 497.
13. Ifﬁ:;z:yzi—i—yzj—i—xy E, find curl F =V x F.
Solution: curl F = (z —y) i+ (zy—y)j—2z k
14. Ifﬁ:£2yi—|—2’j—|—23 k, find div F=V-F.
Solution: div F = 22y + 322

15. Identify the surface with vector equation 7(u,v) = (3cosv,u,sinv), —1 <u < 1.

Solution: This is a portion of an elliptic cylinder with axis the y-axis.

16. Find a parametric representation for the given surface.

(a) The plane through the origin that contains the vectors 1 —j and j — k.

Solutlon A parametric equation for a plane through a point with position vector 7o and containing the vectors
@ and b has the form #(u,v) = 7 + ud@ + vb. We have @ =1—j and b = j — k and 7% = (0,0,0). Thus

#u,v) = (0,0,0) + ui ) + v — k) =ui+(—u)j—ovk

(b) The plane that passes through the point (0, —1,5) and contains the vectors (2, 1,4) and (—3,2,5).
Solution: Similar to the previous question, we have

Fu,v) = (0, -1,5) + u (2,1,4) + v (=3,2,5) = (2u — 3v, =1 + u + 2v,5 + 4u + 5v)

(c) The part of the sphere 2% + 32 + 2% = 4 that lies above the cone z = /22 + y2.
Solution: We use the spherical angles 6, ¢ as parameters. The radius of the sphere is p = 2. Thus we have

x(¢,0) = 2sin ¢ cos §

y(¢,0) = 2sin¢psiné

z(¢,0) = 2 cos .
We now need to restrict the parameters to get the desired portion of the sphere. The portion of the sphere
above the cone is given by 0 < ¢ < 7, and there is no restriction on ¢, so 0 < ¢ < 2.

(d) The part of the cylinder 22 + 22 = 9 that lies above the xy-plane and between the planes y = —4 and y = 4.
Solution: This cylinder has axis the y-axis. Thus we have

7(s,t) = (3cost, s,3sint), —4<s<4, 0<t<
17. Find an equation of the tangent plane to the parametric surface given by x = u+ v, y = 3u?, z = u — v at the point
(2,3,0).

Solution: We have 7, = (1,6u, 1) and 7%, = (1,0, —1). At the point (2, 3,0) we solve for the corresponding parameter
values, e.g., since 3 = y = 3u?, we have u = +1. If uw = 1, then v = 1 since 2 = = = u + v, which does indeed give
z =u—v =0 (the case that u = —1 has no solutions).

—)

k
1

S o
Ty X Ty =

= (—6,2,—6).

= =
O O =

-1



This is a normal vector to the tangent plane, so an equation for the tangent plane is given by —6(x —2) +2(y — 3) —
6(z — 0) = 0, or equivalently, 3z — y + 3z = 3.

18. Find the area of the surface.

(a) The part of the plane 3z + 2y + z = 6 that lies in the first octant.
Solution: We can write the plane as z = 6 — 3z — 2y and so the surface area is given by

9= [f\re () + () - [f viveore e

2 37—93
:/ \/14dA:/ V14 dy dx = 3V 14
0o Jo
D

(b) The part of the plane x + 2y + 3z = 1 that lies inside the cylinder 22 + y? = 3.

Solution: Again we have the plane z = % — %33 — fy and so

NG () = [ () ()
:é/\/?m:\?é/m:\/g/:ﬂ/o rdr df = V/Tir,

(c) The part of the surface z = 4 — 222 + y that lies above the triangle with vertices (0,0), (1,0), and (1,1).

Solution:
A(S) //\/1+ <gz>2+ (gZ)Q dA://\/1+(f4x)2+(1)2 dA

//WM //\/mdydxw.

(d) The part of the surface z = xy that lies within the cylinder 22 + y? = 1.

o= [ () (5) e v

2m 1
:/ / \/1+r2rdrd9:2—ﬂ(2\/§—1).
o Jo 3

Solution:

19. Evaluate the surface integral.
a) [[xz dS, where S is the part of the plane 2z + 2y + z = 4 that lies in the first octant.
s

Solution: We parameterize S as 7(x,y) = (z,y,4 — 2z — 2y) and so we have

[fosas= ffas-ze-amoe (52) + (5) o

= //(4x —22% — 22y)\/1+ (=2)2 + (—2)2 dA
D

2 2—x
= / / 3(4a — 22% — 2xy) dy dx = 4.
o Jo




(b) [z dS, where S is the triangular region with vertices (1,0,0), (0,—2,0), and (0,0, 4).
S

Solution: The region S is part of a plane, so in order to parameterize it, we first need an equation of the

plane. Denote the vertices above as P, Q, R, respectively. Then P_Q = (-

vector normal to the plane is

B B i 7 k
PQxPR=|-1 -2 0
1 0 4

1,—2,0) and PR = (—1,0,4). Thus

We'll scale this normal vector to (—4,2, —1) (just to make it a little easier to work with). Thus an equation for
the plane is —4(x — 1) +2(y — 0) — (2 — 0) = 0, or equivalently, z = 4 — 42 + 2y. So a parameterization of the
plane is 7(z,y) = (z,y,4 — 4z + 2y). Then

/S/xdszé/fx/1+(—4)2+(2)2dA:é/x\/ﬁ

1 .0
= / / V21 dy dx = \/j
0 2r—2 3

(c) [[y?* dS, where S is the part of the sphere 22 + y* + 2% = 1 that lies above the cone z = /22 + y2.
S

Solution: We parameterize S using the spherical parameters 7#(¢,0) = (sin¢cosf,sin¢sinf,cos¢p). The
portion of the sphere that lies above the cone is given by restricting the parameters to 0 < ¢ < 7,0 <0 < 27.
Then we have
i j k
Ty X T = | cospcosf cosgsing —sing| = <Sin2 ¢ cos 8, sin® ¢ sin 6, sin ¢ cos ¢> .
—sin¢gsinf sin¢cosf 0
Hence |7 X 7y| = sin ¢. Finally, we have
//yZdS://yQ ‘F¢><’F9|dA
s D
= //(sin¢sin9)2 -sing dA
D
= // sin® ¢sin? 0 dA
D
/4 27
= / / sin® ¢sin? 0 df do
0 0
_(v2_ (2P 2
27T 3"
_ (2 _5v2
312 )"
(d) [[(z®z+ y?z) dS, where S is the hemisphere 22 + y* + 22 =4, z > 0.
s
Solution: Using the spherical parameterization, we have 7(¢,0) = (2sin¢cosf,2sin¢sinb,2cos @), with

0<¢<

s
2

0 <0 <27 Then 7y x 7y = <4sin2¢c080,4sin2¢sin0,4sin¢cos¢> and so |7y X Tp| = 4sin¢.



Thus

//(xzersz) ds = //(:c22+y22)|7"¢ X 7p| dA
s D

= //((2 sin ¢ cos 0)2(2 cos ¢) + (2sin ¢psin §)?(2cos ¢) - 4sin ¢ dA

D
://325in3q§cos¢ dA
D

/2 27
= / / 32sin® ¢ cos ¢ df dop = 167.
0 0

20. Evaluate the surface integral (flux integral) [[ F - dS for the given vector field F and oriented surface S. If the
s

surface is closed, use the positive (outward normal) orientation.

(a)

ﬁ(m,y,z) =xyit+yzj+zx IAc, S is the part of the paraboloid z = 4 — 22 — 2 that lies above the square
0<x<1,0<y<1and has upward orientation.
Solution: We parameterize S via 7(z,y) = (z,y,4 — 2* — y*) and

Thus

We substitute z = 4 — 22 — y? in the integrand and so we have

11

//(2x2y+2y2(4 —2? =)+ (4 —2% —y*)x) dA :/ / (22%y + 8y* — 22y — 2y + 4o — 2% — xy?) dy dx
o Jo

D

_m
~180°

ﬁ(m, y,2) =yi+yj+22k, S is the sphere with radius 1 and center the origin.

Solution: As usual, we parameterize S via (¢, 0) = (sin ¢ cos 6, sin ¢ sin 6, cos @), with 0 < ¢ <7, 0 < 6 < 2.
Then 7y X 7 = <sin2 ¢ cos 6, sin? ¢ sin 0, sin ¢ cos ¢>. We now need to confirm that this normal vector gives the
correct orientation on S (the sphere S is closed, so we need the positive (outward) normal). In the first octant,
we have 0 < ¢ < 7 and 0 < 0 < 7, and on these intervals, each component of 7, x 7 is positive, i.e., the normal
vector is pointing outward from S. So this choice of normal vector does indeed give the correct orientation.



Thus

//ﬁ.dﬁz//ﬁ(f(gb,e))-@xfg) dA
S D

= // <sin¢sin 6, sin ¢ sin 6, cos® qb> . <Sin2 ¢ cos b, sin? ¢ sin 0, sin ¢ cos ¢> dA
D

= //(sin3 $sin b cos § + sin® ¢ sin?  + sin ¢ cos® ¢) dA
D

™ 27
= / / (sin® ¢ sin O cos § + sin® ¢ sin? @ + sin ¢ cos® ¢) db do
o Jo
A
=5
(c) F"(x, y,z2) =yi—xj+ 2z k, S is the hemisphere 22 + 32 + 22 = 4, z > 0, oriented downward.
Solution: Our parameterization of S is 7(¢,0) = (2sin¢cos@,2sin¢sinf,2cos @), with 0 < ¢ < Z, 0 <
0 < 2m. We know (from part (b)) that the normal vector 7, x 7y gives the outward (in this case, upward)

normal orientation, so to orient S downward, we need to take the negative of this: —7y X 7 = 79 X Ty =
(—4sin® ¢ cos 0, —4sin® ¢sin 0, —4sin ¢ cos ¢). Thus we have

//ﬁ-d§=/ F(7(¢,0)) - (Fs x 79) dA

S D

= // (2sin ¢ sinf, —2sin ¢ cos 0,4 cos P) - <—4sin2gbcosﬁ, —4sin? ¢sin, —4sin¢cos¢>> dA
D

z// (—16sin ¢ cos® ) dA
D

/2 p2m
= —16/ / sin ¢ cos® ¢ db d¢
0 0
32

=
21. Use Stokes’ theorem to evaluate [[ curl ﬁ-dg, where ﬁ(x, y,z) = ze¥ i+ xcosy j+xzsiny k and S is the hemisphere
s

22 + 1% + 22 = 16, y > 0, oriented in the direction of the positive y-axis.

Solution: We need a parameterization of the boundary curve C. The surface S is shown below, with the boundary
curve C' shown in red.

Here, the positive y-axis points into the page, and so the chosen normal orientation points that direction (outward
from the surface of the hemisphere). The curve C lies in the xz-plane, and from our perspective we can see that the
orientation of S induces the clockwise orientation of C. Thus we can parameterize C via 7(t) = (4sint,0,4 cost),



0 <t < 2m. Notice the difference in the components to how we usually parameterize circles; this is due to the
clockwise orientation. As t increases from 0 to 2w, we actually start at the point (z,z) = (0,1) and proceed around
C in a clockwise manner (the usual parameterization, with our components switched, would have us start at the
point (z,2) = (1,0) and proceed around in a counterclockwise direction, which is backwards from what we need).

Finally, we can apply Stokes’ theorem:
//curlﬁ~d§:/ﬁ~df'
c
s
27 .
= / F(F(t)) - 7'(t) dt
0
27
= / ((4cost)e’, 4sintcos0, (4sint)(4cost)sin0) - (4cost,0, —4sint) dt
0
2
= / 16 cos® t dt
0

27 1
- 16/ 5 (14 cos(21)) di
0

27

0

1
= 167.
22. Use Stokes’ theorem to evaluate [ F - dF, where F(z,y,2) = (z +y% y+2% 2z +2?) and C is the triangle with

vertices (1,0,0), (0,1,0), (0,0,1), oriented counterclockwise as viewed from above.

Solution: The curve C' is shown below, and is oriented counterclockwise from our perspective. The surface S
bounded by C'is part of the plane x +y + z = 1.

If we parameterize the plane via 7(z,y) = (z,y,1 — & — y), then we have normal vector 7%, x 7%, = (1,1,1). We also
have curl F = V x F = (=22, —2x, —2y). Then by Stokes’ theorem we have

/ﬁ-d?z//curlﬁ-dg
C
S

_ é/ curl F (7(z,y)) - (7 x ) dA

= // (=2(1 —z—y),—2z,—2y) - (1,1,1) dA
D

~ [[-paa



The region D is the projection of S onto the zy-plane and so we have

://(_2) dA:—2/Ol/Ol_xdydx:—l.

23. Use Stokes’ theorem to evaluate [, F - d7, where ﬁ(m, y,2) = (zy,yz, zz) and C is the boundary of the paraboloid
2z =1— 22 — 42 in the first octant, oriented counterclockwise as view from above.

Solution: The surface S bounded by the curve C' is the paraboloid z = 1 — 22 — 2, which we parameterize via
7(s,t) = <s cost,ssint, 1 — 52>, 0<s5<1,0<t< % (we used polar coordinates here). The surface S and the curve
C (in red) are shown below.

Then curl F = (—y,—z,—x) and 7s X7} = <232 cost,2s?sint, s> This normal vector does give the correct orientation
for S (compatible with the given orientation of C'). Thus by Stokes’ theorem,

/ﬁ-df://curlﬁ.dﬁ
c
S
://curl F(#(s,0)) - (7, x 7)) dA
D
://<—ssint,32—1,—scost>'<2$zcost,252sint,s> dA
D
:// (—283$intcost—|—2s4$int—2s2 sint — s2 cost) dA
D
/2 pl
:/ / (—253Sintcost+254sint—2szsint—52cost) ds dt
0 0

17
20°

24. Use the Divergence theorem to calculate the surface integral f Ik F. dS’, i.e., calculate the flux of F across S.
s

(a) F(x,y,2) = zye* i+ ay?23 j — ye® k, S is the surface of the box bounded by the coordinate planes and the
planes z =3, y=2and z =1

Solution: We have div F =V - F = ye® + 2zyz3 — ye* = 2zy23. Then by the Divergence theorem, we have

//ﬁ.dgz///divﬁdv
S B
3 2 g1
:///2xyz3dzdyd:r
o Jo Jo
9

5.



(b) F(m, Y, 2) = <x3 +3 3+ 23,28 + x3>7 S is the sphere of radius 2 centered at the origin.
Solution: We have div F = V- F = 322 + 3y% + 322, Since S is a sphere, we will use spherical coordinates.
Thus by the Divergence theorem, we have

é/ﬁdg/B//divﬁdV
:/B//g(x2+y2+z2)dv

T 27 2
= / / 3p2 - p*sing dp df do
0 0 0
_ 384n
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(c) ﬁ(m,y,z) = (223 + %) 1+ (3 +2%) §+ 3y22 k, S is the surface of the solid bounded by the paraboloid
z=1— 22 —9? and the xy-plane.
Solution: We have div F = V- F = 622 + 6y%. We will use cylindrical coordinate. Thus by the Divergence

theorem, we have
//F-d§:///divﬁdv
s B
:///6(1‘2—1—3/2) dV
B
2 1 pl—r?
:/ // 6r2-r dz dr do
0 o Jo
= .



