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Therefore

where is the velocity.
The quantity , that is, half the mass times the square of the speed, is called the

kinetic energyof the object. Therefore, we can rewrite Equation 15 as

which says that the work done by the force Þeld along is equal to the change in kinetic
energy at the endpoints of .

Now letÕs further assume that is a conservative force Þeld; that is, we can write
. In physics, the potential energyof an object at the point is deÞned as

, so we have . Then by Theorem 2 we have

Comparing this equation with Equation 16, we see that

which says that if an object moves from one point to another point under the inßuence
of a conservative force Þeld, then the sum of its potential energy and its kinetic energy
remains constant. This is called the Law of Conservation of Energyand it is the reason
the vector Þeld is called conservative.
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3Ð10 |||| Determine whether or not is a conservative vector Þeld.
If it is, Þnd a function such that .
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0 1 21. The Þgure shows a curve and a contour map of a function 
whose gradient is continuous. Find .

2. A table of values of a function with continuous gradient is
given. Find , where has parametric equations
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|||| 16.3 Exercises



22. ; ,

Is the vector Þeld shown in the Þgure conservative? Explain.

24Ð25|||| From a plot of guess whether it is conservative. Then
determine whether your guess is correct.

24.

25.

26. Let , where . Find curves and
that are not closed and satisfy the equation.

(a) (b)

Show that if the vector Þeld is conserva-
tive and , , have continuous Þrst-order partial derivatives,
then

28. Use Exercise 27 to show that the line integral
is not independent of path.

29Ð32|||| Determine whether or not the given set is (a) open,
(b) connected, and (c) simply-connected.

30.

31.

32.

Let .

(a) Show that .
(b) Show that is not independent of path. 

[Hint: Compute and , where and 
are the upper and lower halves of the circle 
from to .] Does this contradict Theorem 6?!! 1, 0"!1, 0"
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23.

!!   !!   !!   !!   !!   !!   !!   !!   !!   !!   !!   !!

Q!4, ! 2"P!1, 1"F!x, y" ! ! y2#x2" i ! !2y#x" j10.

The Þgure shows the vector Þeld and
three curves that start at (1, 2) and end at (3, 2).
(a) Explain why has the same value for all three

curves.
(b) What is this common value?

12Ð18|||| (a) Find a function such that and (b) use 
part (a) to evaluate along the given curve .

12. ,
is the upper semicircle that starts at (0, 1) and ends at (2, 1)

13. ,
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,
is the line segment from to 

16. ,
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: ,

19Ð20|||| Show that the line integral is independent of path and
evaluate the integral.

19. , is any path from to 

20. , is any path from to 

21Ð22|||| Find the work done by the force Þeld in moving an
object from to .
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