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5-6 Find the slope of the tangent to the parametric curve at the x=e', y=te’'

indicated poifft:
e

x=12+1 y=e' -1
5. x=12+2t, y=2"-2¢
Lx=t—Int, y=1+Int

y .
20. x=cost, y=sin2t, 0<t<m
21-24 Find the points on the curve where the tangent is
pgrizontal or vertical. You may want to use a graph from a
calculator or computer to check your work.
(15,2) 21. x=1—31, y=1*-3
0 X

22/x=+—3t, y=1 -3

23. x

cosf, y=cos30

24, x =0y = ¢

25. Use a graph to estimate the coordinates of the rightmost
point on the curve x = ¢ — ¢ y = ¢'. Then use calculus to
find the exact coordinates.

26. Use a graph to estimate the coordinates of the lowest point
and the leftmost point on the curve x = t* — 21,y =1 + 1*.
Then find the exact coordinates.

7-10 Find an_eguation.af.the tangent to the curve at the point 27-28 Graph the curve in a viewing rectangle that displays all
corresponding to the given value of the parameter. the important aspects of the curve.
7.x=0+1, y=r"+1 t=-1 27. x=1t' =20 =20, y=r'—t
_ S 2 e 28. x=1t*+ 43— 8%, y=2t*—1t
Vi, y=1'=2t t=4 ]

\
\

9./x =sin2t + cost, y=cos2t—sint; (=1 ]
29. ow that thesgrve x = cos ¢, y = sin ¢ cos fhas two
s 2t, =3 . o
10. x=e'sinmt, y=e"; t=0 tangents @) find their equations. Graph the curve.
—

30. Graph the curve x = —2 cost, y = sint + sin 2¢ to dis-
cover where it crosses itself. Then find equations of both
tangents at that point.

11-12 Find an equation of the tangent to the curve at the given

point by two methods: (a) without eliminating the parameter and

(b) by first eliminating the parameter.

31. (a) Find the slope of the tangent line to the trochoid
x=1r0 —dsinf,y =r — dcos 6 in terms of 6. (See

12 x=t+4, y=1/t+4); (2,}) Exercise 10.1.49.)

(b) Show that if d < r, then the trochoid does not have a

vertical tangent.

11. x =sint, y = cos’t; (%%)

13-14 Find an equation of the tangent to the curve at the given
point. Then graph the curve and the tangent. 32. (a) Find the slope of the tangent to the astroid x = a cos0,
B.x=r*—1, y=2+1+1; (0,3) v = asin’0 in terms of 6. (Astroids are explored in the

Discovery Project following Section 10.1.)
(b) At what points is the tangent horizontal or vertical?
(c) At what points does the tangent have slope 1 or —1?

14. x=sinmt, y=t"+1; (0,2

15-20 FmdMand d’y/dx’. For which values of 7 is the ¢ what point(s) on the curve x = 3¢ + 1,y = — 1 does
curve concave upward? —~

— the tangent line have slope e~
15. x=1"+1, P+t

y =
. 34. Find equations of the tangents to the curve x = 3% + 1,
{1 y = 2¢* + 1 that pass through the point (4, 3).

I
-~

16. x=1t+1, y
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SECTION 10.2 Calculus with Parametric Curves 681

35-36 Find the area enclosed by the given parametric curye and 41. Find the area under one arch of the trochoid of Exer-
e X-axis. cise 10.1.49 for the case d < r.
35) x=1"+ 1,
42. Let R be the region enclosed by the loop of the curve in
Example 1.
(a) Find the area of 2.
(b) If AR is rotated about the x-axis, find the volume of the
resulting solid.
(¢) Find the centroid of 9.

- et up an integral that represents the length of the
43-46 S integral th he length of th
part of the parametric curve shown in the graph. Then use a

calculator (or computer) to find the length correct to four
36. x =sint, y=sintcost, 0<t</2 decimal places.

43, x=3’-1, y=1>-2t

34

37-38 Find the area enclosed by the given parametric curve and 0 w4 %
the y-axis.

37. x = sin’, 38. x
y=cost y =/t

II
bt

S

I
&)
>

MBlx=t+e’, y=t*+t
y

i /
39. Use the parametric equations of an ellipse, x = a cos 6,

: y=bsinf, 0 =< 6 =< 2, to find the area that it encloses.
Find the area of the region enclosed by the loop of the curve
T

x=1—-1% y=t—-1¢

45, x =1t — 2sint, y=1—2cost, 0<t=<4mw

y
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682 CHAPTER 10  Parametric Equations and Polar Coordinates

46. x =tcost, y=1—5sint then the position (in meters) of the projectile after 7 seconds is

given by the parametric equations
y
x = (vocos a)t y = (vysin @)t — g

where g = 9.8 m/s? is the acceleration due to gravity.
(a) Find the speed of the projectile when it hits the ground.
(b) Find the speed of the projectile at its highest point.

- 0 T x 62. Show that the total length of the ellipse x = a sin#,
y=bcosf,a>b>0,is
L=4a j"“ JT = e?sin0 d
0

where ¢ is the eccentricity of the ellipse (¢ = ¢/a,
where ¢ = \/a? — b?).

-50 Find the exact length of the curve.
(O ————— 63

. (a) Graph the epitrochoid with equations
a7\x =3, y=1'-2, 0<t<3 -» < > 4

x= 11cost — 4cos(11t/2)
y = 11sint — 4sin(11z/2)

48. x =¢' — t, y=4e’/3, 0sr=<?2

49, x=tsint, y=tcost, 0=sr=1
What parameter interval gives the complete curve?

(b) Use a calculator or computer to find the approximate
length of this curve.

50. x=3cost—cos3t, y=3sint—sin3t, 0st=m

[ .
A 51-52 Graph th and find its t length.
. raph Hie cirve anc finc (s exact 'eng 64. A curve called Cornu’s spiral is defined by the parametric

51. x=c¢'cost, y=e'sint, 0<t<m equations

5, .
52. x=cost + In(tan}7), y=sins, w/4<1<3m/4 x=C0n)= JO cos(mu’/2) du

e . . ) y=258(1) = “’ sin(mu?/2) du
53. Graph the curve x = sin ¢ + sin 1.5¢, y = cos f and find its 9

length correct to four decimal places. where C and S are the Fresnel functions that were intro-
54. Find the length of the loop of the curve x = 3t — 17 duced in Chapter 5.
y =3 (a) Graph this curve. What happens as r — % and as

t— —x?
55-56 Find the distance traveled by a particle with position
(x, y) as 1 varies in the given time interval. Compare with the
length of the curve.

(b) Find the length of Cornu’s spiral from the origin to the
point with parameter value 7.

65-66 The curve shown in the figure is the astroid x = a cos’,

55. x =sin’t, y=cos’n, 0<1<3m y = asin’f. (Astroids are explored in the Discovery Project
56. x =cos’t, y=cost, 0<1t<dm following Section 10.1.)

y
57-60 The parametric equations give the position (in meters) of a

a moving particle at time 7 (in seconds). Find the speed of the

icle at the indicated time or point.

57) x =2t — 3, y=2r2—31+6;

—a 0
y=-2+17 sin(%t); t=3

S
=

™
2 + 5cos| —1],
cos3>

59. x=¢', y=te'; (eve) c" =y
60. x=1>+1, y=t*+22+1; (2,4
==y

65. Find the area of the region enclosed by the astroid.
61. A projectile is fired from the point (0, 0) with an initial veloc-

ity of vy m/s at an angle a above the horizontal. (See Exer- 66. Find the perimeter of the astroid.
cise 10.1.58.) If we assume that air resistance is negligible,
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