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which says that if an object moves from one point A to another point B under the ip
of a conservative force field, then the sum of its potential energy and its kinetic ep

remains constant. This is called the Law of Conservation of Energy and it is the ¢
the vector field is called conservative.

Exercises

Comparing this equation with Equation 16, we see that

P(A) + K(A) = P(B) + K(B)

1. The figure shows a curve C and a contour map of a function f
whose gradient is continuous. Find . Vf-dr.
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2. A table of values of a function f with continuous gradient is
given. Find f o Vf+ dr, where C has parametric equations
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3-10 Determine whether or not F is a conservative vector field.
If it is, find a function f such that F = V.

3 F(x,y)=Qx—3yi+ (=3x+4y—-98)j

4. F(x,y) = e'sinyi + e*cos yj

5 F(x,y) = e“cos yi + e*sin y j
6. F(x,y)

I

(Bx? ~ 297 i+ (dxy + 3)
1. Flx,y) = (ve* + siny)i + (e* + x cos ¥)j

8 F(x,y) = Qxy+y )i+ (x> =2xy)j, y>0
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1. Homework Hints available at stewartcalculus.com

8. F(x,y) = (Iny + 2xy*) i + (3x%2 + x/y)j

10. F(x, y) = (xycoshxy + sinh xy) i + (x% cosh xy)j

11, The figure shows the vector field F(x, y) = (2xy, x?) ang
three curves that start at (1, 2) and end at (3, 2).

(a) Explain why [.F - dr has the same value for all thre
curves.

(b) What is this common value?
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12-18 (a) Find a function f such that F = V£ and (b) use
part (a) to evaluate _[C F -+ dr along the given curve C.
12. F(x,y) = x"i + y?j, .

C'is the arc of the parabola y = 2x? from (—1, 2) to (2,
13 F(x,y) = xy%i + x%j,

C:r() = (¢ + sintms, ¢ + cosimt), 0<t<1
14 Flx,y) = (1 + xy)e”i + x%"Vj,

Cor() =costi+2sintj, 0=<r=<n/2

16 F(x,y,2) =yzi+ xzj+ (xy + 22) k,
C is the line segment from (1, 0, —2) to (4, 6, 3)




16. F(x, y,2) = (%2 + 2xz%) i+ 2xyz§ + (xy? + 2x%) k,
Cx=1t, y=1+ Lz=1¢ 0st=<i
17. F(x,y,2) = yze*i + e j + xye“k,

‘.ertheinﬂuen C: r(t)=(t2+ 1)i+(t2“1)j+(f2_2t)k, O0=sr=2
kinetic ener

o 18. F(x,y,z)=sinyi+(xcosy+cosz)j—ysinzk,
1t 1s the reas

Cr@=sinti+rj+ %k Os:t< /2
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19-20° Show that the line integral is independent of path and eval-
uate the integral.

19. [ tan y dx + xsecy dy,
C is any path from (1, 0) to (2, w/4)

2. [.(1 —ye ™ )dx + e dy,
C is any path from (0, 1) to (1, 2)
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21. Suppose you’re asked to determine the curve that requires the
least work for a force field F to move a particle from one
point to another point. You decide to check first whether F is
conservative, and indeed it turns out that it is. How would
you reply to the request?

- all three

22. Suppose an experiment determines that the amount of work
required for a force field F to move a particle from the point
(1, 2) to the point (5, —3) along a curve C, is 1.2 J and the
work done by F in moving the particle along another curve

C, between the same two points is 1.4 J. What can you say
about F? Why?

23-24 Find the work done by the force field F in moving an
object from P to Q.

B Flxy) =290+ 3x\y j; P(I, 1), 02, 4)

=y

A Fxy) =e”i-xerj; PO, 1), 0(2,0)

-

1se  ‘25—26 Is the vector field shown in the figure conservative?

Explain,
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=sinyi+ (I + xcos ¥) j, use a plot to guess

hether F ig conservative. Then determine whether your
UEss 18 correct.

SECTION 16.3 THE FUNDAMENTAL THEOREM FOR LINE INTEGRALS
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28. Let F = Vf, where f(x,y) = sin(x — 2y). Find curves C,
and C; that are not closed and satisfy the equation.

(a)fC‘F-dr=O (b) fCQF-drzl

29. Show that if the vector field F = P + QJ + Rk is conser-

vative and P, O, R have continuous first-order partial deriva-
tives, then

9P 4R 90 IR
dy ax Jz dx 0z dy

30. Use Exercise 29 to show that the line integral
Jevdx + xdy + xyz dz is not independent of path.

31-34 Determine whether or not the given set is (a) open,
(b) connected, and (c) simply-connected.

M A{x,y) | 0<y <3}

2 {y) | 1<|x| <2}

3. {(x,y) [I$x2+y2S4,y>O}

34 {0y | (6 y) = (2, 3)}

—yi+ xj
3. Let F(x,y) = ‘m
(a) Show that aP/oy = 9Q/ox.
(b) Show that J‘C F - dris not independent of path.
[Hint: Compute fc. F:drand | ¢, F+ dr, where C,
and C, are the upper and lower halves of the circle
x* 4y =1 from (1, 0) to (=1, 0).] Does this contradict
Theorem 67

36. (a) Suppose that F is an inverse square force field, that is,

F(r)=Lrg
|’

for some constant ¢, where r = xj + yJ + z k. Find the
work done by F in moving an object from a point P,
along a path to a point P, in terms of the distances d, and
d> from these points to the origin.

(b) An example of an inverse square field is the gravita-
tional field F = —(mMG)r/|r|? discussed in Example 4
in Section 16.1. Use part (a) to find the work done by
the gravitational field when the earth moves from
aphelion (at a maximum distance of 1.52 X 10® km
from the sun) to perihelion (at a minimum distance of
1.47 X 10® km). (Use the values m = 5.97 x 10%* kg,

M =199 X 10¥kg, and G = 6.67 X 10" N-m?%kg?)
(¢) Another example of an inverse square field is the electric
force field F = sqQr/| r |’ discussed in Example 5 in
Section 16.1. Suppose that an electron with a charge of
—1.6 X 107 C is located at the origin. A positive unit
charge is positioned a distance 10~'2 m from the electron
and moves to a position half that distance from the elec-
tron. Use part (a) to find the work done by the electric
force field. (Use the value & = 8.985 X 10°%)




