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Section 16.3

Exercise 3

Determine whether or not F' is a conservative vector field. If it is, find a function f such that F = VvV f.
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F(z,y) = (zy + y*)i + (2% + 2y)j

F(z,y) = Pi+Qj
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Exercise 5
Determine whether or not F'is a conservative vector field. If it is, find a function f such that F' = V f.

~

F(z,y) = erxyE + (1 + xy)e™y

F(z,y) = Pi+Qj
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= 2ye™ 4 xye™

/ yPe™ = ye™ + h(y)
(1+zy)e™ + 1'(y) = (1 + xy)e™

h(y) =0
hly) = ¢
flz,y) = ye™ +c



Exercise 13

Find a function f such that F' = V f and use it to evaluate fc F - dr along the given curve C.

Fla,y) = 2%+ 2% Cor(t) = (=2t +2t) 0<t<1

f(ﬂf,y) = %m?)yg +c
(05 = (0,0)
r(1) = (1,3)

/CFdr_f( 1,3) — £(0,0)

Exercise 17

Find a function f such that F' = V f and use it to evaluate fc F - dr along the given curve C'.
F(x,y,z) = yze™i + ] + rye™k
Cir)=E+1D)i+E-1)j+E -2k 0<t<2

fo =yze™
= xye™”

/= / fo do
= / yze** do

Tz

e
=yz—+ h(y, z)
fy = yze™ = yze™ + hy(y, 2)

hy(fya z) =
h(y, 2) = g(2)
fo = xye™ + ¢'(z) = vye™
g'(2) =0
9(z) = h(y,z) = ¢
f(z,y) =ye™ +c
r(0) = (1,—1,0)

(2} = (5,3,0)
/F- dr = £(5.3.0) — f(1,-1,0)
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Exercise 21

Suppose you're asked to determine the curve that requires the least work for a force field ' to move a
particle from one point to another point. You decide to check first whether I is conservative, and indeed
turns out that it is. How would you reply to the request?

Because F is conservative, the path taken to I does not matter since [, F - dris f (Rb_g) — f (Ja_;)
and only the endpoints a and b of the curve matter.
Exercise 23

Find the work done by the force field F' in moving an object from P to Q.
Fz,y) =% +y°) P(1,0),Q(2,2)

fx = 1;3
fy = y3
flzy) = /fx dz

:/dex

1
= 1$4 + h(y)

fozy) =h'(y) =y°
hy) = /zf’ dy
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—Zy +c

:f(272)_f(171)

1 1
= 1(32) — 1(1)
31
T4

Exercise 31
Determine whether or not the given set is open, connected, and/or simply connected.

{(z,y) |0 <y <3}
This defines all points within the square from (0,0) to (3,3) but excluding the boundary of the square.
This region is open since it does not include those boundary points. The set is connected since all points
in the set can be joined by a path entirely composed of points into the set.
Exercise 33

Determine whether or not the given set is open, connected, and/or simply connected.

{(z,y) |1 <2’ +¢y* <4 y>0}

3



This defines the area between the semicircles above the x-axis with radius 1 and 2. This set is not an open
set because it contains its boundary points. It is a connected set since all points can be joined with a path
inside the set.

Section 16.6

Exercise 2

Determine whether the points P and @ lie on the given surface.

r(u,v) = (1 +u—v,u+0*u*—v?) P(1,2,1),Q(2,3,3)

l1+u—v=1

w4 v? =2

u? -1 =1
l+u—v—(ut+v?)=1-2

vP+v—2=0
(v+2)(v—1)=0
v=—-2 v=1
u=—-2 u=1
u? —v?£1
The point P does not lie on the surface.
l+u—v=2
u+v* =3

uw—0v2=3

l+u—v—(ut+0?)=2-3

v’ 4+v—2=0
v=-2 v=1
u=-—1 u=2

w—1?=1

The point @ lies on the surface.

Exercise 19

~

Find a parametric representation for the plane through the origin that contains the vectors 7 — j and j — k.

r(u,0) = 7+ (i = JJu+ (j — kv
:ug—u}+v§'—vl§:
—ui+ (v—u)j — vk

r=Uu Y=v—u =2=—U



Exercise 33

Find an equation of the tangent plane to the given parametric surface at the specified point.

r=ut+v y=3u z=u—-v (2,3,0)

u+v =2
3u* =3
u—v=>0
u ==l
v=1
u=v=1

r(u,v;: (u+v)i +3u®] + (u—v)k
=1+ 6uj+k

v =1—k

S
|
—

= —6ui + 2] + —6uk
0=(z,y,2) —P)-7
= (z = 2)(=6(1)) + (y = 3)(2) + (z — 0)(—6(1))
=—6x+12+2y—6—062
6x — 2y + 62 =06
3r—y+32=3

Exercise 39

Find the area of the part of the plane 3z + 2y + 2z = 6 that lies in the first octant.

z2=6-—3r—2y
0z
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Exercise 45

Find the area of the part of the surface z = xy that lies within the cylinder 22 + y? = 1.

z =y
0z
8_x:y
0z
a—y—x

:/ V1+y?+ 22 dA

:/ / \/1+y2+x2dyd:p
—1J—-V1-22?
2

:/ /\/1+7’2frdrd6
o Jo

2 51"
:/ {—(1—1—7’2)2] do
0 3 0

1 27
_—/ 2v/2 —1db
3 Jo

S

2m(2v/2 — 1)
3

Section 16.7

Exercise 5

Evaluate the surface integral.

//S(x+y+z) ds



S is the parallelogram with parametric equations z = u+v,y =u—v,z2 =14+2u+v,0<u <20 <v < 1.

//(:L'+y+z ) dS = // r(u,v))|r, x 7y dA
// (du+ 14+ v)|r, x 7| dv du

—\/_/ {4uv+v+2} du
0
:\/ﬁ/ 4u—|—1+§du
0

:m{%ﬁ+u+g]
= V14(84+3 - (0+0))
=11V14

Exercise 11

Evaluate the surface integral.

J[zas

S is the triangular region with vertices (1,0,0), (0,—2,0), (0,0,4).
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do —2y+2=4
z=4—4xr+ 2y
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//sxdS:/Lf($7y=z)\/1+(%)2+(g—;)2 dA
=//D¢mx dA
:\/5/01/22_2xdydx

1 0
= \/ﬁ/ [azy] dx
0 2r—2
1
:\/ﬁ/ —22% + 2z dx
0

e

2 3,
2 2

—V21( = -2
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Exercise 15

Evaluate the surface integral.

J[zas

S is the surface y = 22 +42,0< 2 <1,0< 2 < 1.

y
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Exercise 17

Evaluate the surface integral.

//S(xzz +1%2) dS



S is the hemisphere 22 + y? + 22 = 4,2 > 0.

Pyl =4=p=2
r = 2sin ¢ cosl
y = 2sin ¢sinf
z=2cos¢
Ty = 2 cos ¢ cos 0i + 2 cos ¢ cos —2sin¢ff
Tg = 2sin ¢ sin 0 + 2sin ¢ cos 0] + 0k

A ~ ~

; ; 2
7% X 79| = || 2cospcos@ 2cospsinf —2sin ¢
—2sin¢sinf  2sin¢cosf 0

= 4sin ¢

5 27
// (z%z + y*2) dS = / / (8sin? ¢ cos ¢ cos® O + 8sin” ¢ cos psin® 0) (4 sin ¢) df do
S o Jo

5 27
= / / 32sin® ¢ cos§ do df
o Jo

27 5
= 32/ dQ/ sin® O¢ cos 6 df
0 0

= 52(2m)(3)

= 167

Exercise 19

Evaluate the surface integral.

J[ = as

S is the boundary of the region enclosed by the cylinder y? 4+ 22 = 9 and the planes x = 0 and z + y = 5.

Si iyt +22=9
r(x,é’; — 21 + 3cos ] + 3sin Ok
=1

g = —3sinfj + 3 cos Ok
i k
e X 19| = ||1 0 0
0 —3sinf 3cosd
= /(=3 co0s0)? + (—3sin )2
=3

2m pb5—3cosé
// xz dS :/ / x(3sin)(3) dz db
S1 0 0

27 1 5—3cosf
/ [—9x2 sin 6} do
0 2 0

0
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Evaluate the surface integral [ ¢ I+ dS for the given vector field F' and the oriented surface S. In other
words, find the flux of F' across S. For closed surfaces, use the positive (outward) orientation.

Exercise 23

F(x,y,z) =2y +yz] + zxk

S is the part of paraboloid z = 4 — 22 — y? that lies above the square 0 < z < 1,0 < y < 1 and has upward
orientation.

F=Pi+Qj+ Rk
:xy%%—yz}—kle;:
z=g(r,y)=4—2"~y

dg

- _9
ox v
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-7 __9
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//F ds = //( P—— g—erR) dA

// (2y)(—22) — (y2)(—2y) + 22 dA

://Qxy+2yz+xzdydx
0o Jo

20%y + 22 (4 — 2 — ) + 2(4 — 2* —¢®) dy dz

22%y + 8y* — 22%y? — 2yt + 4o — 2% — xy? dy do

2%y 8y?  22%y 20 31"
SV Y2 gy — a2ty -] 4
{2+3 3 5 WTrYT o W
8 22
= $2+§—%———|—4x—x——dx
2 11 4
= —x?’—i-x— - 3—dx
3 3 15
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If you have any questions, comments, or concerns, please contact me at alvin@omgimanerd.tech
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