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3.

10.

%% =sin’t
y2 =cos’t
cos?t+sin’r=1
2+ y2 =1

. y=sin2¢ =2sintcost

y=2x

. x*=tan’ 9 -

y? =sec’ O

2 2
sec” @=1+tan" x
¥ =1+x7

. x> =csc’0=1+cot’0

y2 =cot’0
x* :1+y2
. %% =cos?0

y=cos20=2cos26-1
y=2x2-1

. x*=sin%6

y=cos20=1-2sin*6
y=1-2x2

1
ey+2

x= (—oo < y < o0)

Section 10.1 Exercises

1. Yes, y is a function of .
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2. Yes, y is a function of x.
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3. Yes, y is a function of x.

y= x*+1
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4. No, y is not a function of x.
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5. Yes, y is a function of x.

y=1-2x%
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6. No, y is not a function of x.
x =sin(3y)
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14. (a) = - =2cost
dx —2sint
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17. (a) y

(b) (0.5, -0.25)
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(c) We seek to minimize y as a function of ¢, so we compute
dyldt =2t + 1, which is negative for - 2< £ < -0.5 and
positive for 0.5 < ¢ £ 2. There is a relative minimum
at t = -0.5, where (x, y) = (0.5, -0.25).

18. (a) y
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(c) We seek to minimize x as a function of ¢, so we compute
dx/dt = 2t + 2, which is negative for -2 < ¢ < -1 and
positive for -1 <t < 3. There is a relative minimum at

t=-1, where (x, y) = (-1, 6).
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19.(a) »

L

12,0

(c) We seek to maximize x as a function of ¢, so we compute
dx/dt =2 cos t, which is positive for 0<t<z/2 and
negative for m/2 < t<m. There is a relative maximum at
t=m/2, where (x,y) =(2,0).

20. (a) y

() (0,2)

(c) We seek to minimize y as a function of ¢, so we compute
dyl/dt =2sect tant, which is negative for —1<¢<0
and positive for 0 <t<1. There is a relative minimum
at t=0, where (x, y) =(0, 2).

21. (a) 4
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(c) We seek to maximize y as a function of £, so we compute
dyldt = —2sin(2t), which is positive for 1.5<t<z and
negative for 7 <t<4.5. There is a relative maximum at
t=7, where (x, y) = (0, 1).

22.(a) | ¥y

L L I\ L L

(b) (In(50), In(400)) = (3.912,5.991)

(c) We seek to maximize x as a function of ¢, so we compute
dx/dt = 1/t, which is positive for all > 0. There is an
endpoint maximum at # = 10, where (x, y) = (In(50),

In(400)).

3. D4 g =cotr and L= L (2 4+cost)
dt dt dt dt
=—sint.
(a) Tangent is horizontal when Q =0 and ﬂ #0.
dt dt
dy

If =0, then cost=0, and x=2+cost=2

dt
If cost =0, then sint =21, and y=-1+sinz=0 or 2.
The points are (2, 0) and (2, 2).

(b) Tangent is vertical when % =0and % #0.

If %:0, then sinz =0, and y=-14sint=-1.

If sint =0, then cost==1, andx=2+cost=1or3.
The points are (1, —1) and (3, —1).

24. & = i(tant) =sec?t and @ = —d—(sect) =secttanf.
dt dt dr dt
(a) Tangent is horizontal when % =0 and % #0.

. d .
Since d_y =sec? ¢ > 0 for all ¢, there are no points where
t

the tangent line is horizontal.

(b) Tangent is vertical when % =0 and % #0.

If %:0, then secttans =0, so y=tant=0.

If tanz =0, then x=sect==1.
The points are (1, 0) and (-1, 0).



dy_d
dr dt

(@ If% =0, then3t>—4=0and t= i%.Using the

dx d

3 2

Podn=3"—dand L =L 2-p)=1.
=40 and 7=, @70

25,

parametric formulas for x and y, the points are
(2-2//3,-163/9) and (2+2/4/3,16+3/9).

(In decimal form, they are (0.845, —3.079) and
(3.155, 3.079).)

(b) Tangent is vertical when % =0and % #0.

Since % =—1# 0 for all x, there are no points where
4

the tangent line is vertical.

26. % = %(l+ 3sint)=3cost and % = %(-2+ 3cost)
=—3sint.
dy
(a) If E: 0, then cost =0 and x=-2+3cost =-2.
If cost =0, then sint =21, and y =1+ 3sint =-2 or 4.
The points are (-2, —2) and (-2, 4).
(b) Tangent is vertical when % =0 and % #0.

If %:0, then sintz =0, and y=-2-+3cost =-2.

If sint =0, then cost==1, and
x=-2+3cost=-5orl.
The points are (-5, 1) and (1, 1).

S= jj”«/(—sint)z +(cost)? dt
2r
S= JO xﬁ dt

S=1."=27-0
S=2r

27.

28. 5 = [ "3eost)? + (-3sinn)? dr

S=J:\/§dt

§=3|; =37-0
S=3rn

35.

/2 . . 2
29, S= Jo ((-8sinz+8sint +8tcost)

+(SCost—SCost+8tsint)2)”2dt
12
S= j: ((8tcost)? +(8tsint)®)2dt

w2
S= j 8t dt
0

ni2
4 =gt-0
0
2

S =
S=n

30.

31.

32.

33.

34.

36.
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7 ([Fscos*@siny] +[ osin? (t)cos(-,)f)“ i
= J; i 6\/ cos* (£)sin? (r) +sin* (£) cos® (1) dr

= Ioz ’ 6\/ {cos? @) +sin> O} cos® ®)sin® ()] at

= ], 6Jeos’ 0sin® @) ar

/2 .
=4 Io 6cost sint dt

/2
=4-j 3.sin2t dt
0
7/
:12{—cos2t}
2 0

S= _[03((«/2t+ 3)2 +Q+1)? )mdt

2
=6e[1-(-1)]=12

3

S= jo (& + 4t +4)"2dt
2
2

S= J;((\/St+ 8) + 417 )" 2t

S

S= .[02(4t2+12t+9)1/2 di
$=10

S= J‘;«tz)z + (@O 2dr
12
S = _[(:(t“ +1%) dr

w2 -1

3

S=

S= I:/3\/(sect - cost)2 + (—sint)2 dt
wl3 2
= _[0 tan” ¢t dt
/3
= -[o tan x dx
=|:—1n|cosx|:|”/3 =1In2
0

(a) x’=-2sin2t, y'=2cos 2t, so

/2
Length= /(-2 sin 26)? + (2 cos 21"
zf2
=I 2dt=m.
0

(b) x'=mcosnat, y'=—msinzt, so

Length= v (mcos 7rt)2 + (-7 sin Ilft)zdt
—1/2

12
= J wdt=r.
-2

x" ==3sint, y’ = 4cost, so

2
Length= -[o ﬂ\/(—?a sinf)? +(4 cost)?ds
which using NINT evaluates to = 22.103.
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37. In the first integral, replace ¢ with x. Then % becomes

—=1.
dx

38. Parameterize the curve as x=g(y), y=y, c<y<d. The
parameter is y itself, so replace ¢ with y in the general

formula. Then Q becomes ﬂ= 1.
dt d

34

39. & =a(l-cost)
dt

(Note: integrate with respect to x from 0 to 2ar; integrate

with respect to # from O to 27.)

2ar
Area= .[o y dx

2r
= jo a(l-cost)a(l-cost) dt

2
=azjoﬂ(1—2cost+coszt) dt
P 1 27
=a®|t-2sint+—+=sin2t | =3ma?
2 4 o

40. ibﬁ = a(l—cost), so
dt
2
Volume = jo i n[a(l —cos t):]2 a(l-cost)dt
2
= ”a3jo ”(1—3 cost+3 cos®1—cos’ 1)dt

=ra’ |:t—3 sint+ ¢+ 2sin 2
2 4

1 2n
—(sint - —sin® t]
3 0
=57%4°

41. x=ar-bsint and
y=a-b cost(0<b<a)

42, x=at—bsint and
y=a-b cost(a<b<a)

43, S=f02 " (3-2cosn? + (2sinn)*)2dr

2
S= JO F(9—12cost+4cos? 1 + 4sin 1)V2ds

2
s=j0”(13—12cost)1/2dt
§=21.010

4. 5= foz " ((2-3cost)? +(3sine)2dr

2
S= JO”(4—IZCost+9cos2t+9sin2t)1/2dt

S= joz”(13—12 cost)Y2ds
§=21.010

45. False. Indeed, y may not even be a function of x. (See
Example 1.)

46. True. The ordered pairs (x, f(x)) and (¢, f(2)) are exactly
the same.

47.B.

48. C. If x=sint and y = csct, then we can eliminate the

parameter to get y= l Since sin ¢ and csc ¢ are both
X
positive for 0 <t < %, the path follows a portion of the

curve in the first quadrant, where y= % is decreasing
and concave up.
49.C. x=In()=In(y)
y=¢'
50.D.

51.(a) OP has length ¢, so P can be obtained by starting at Q
and moving ¢ sin ¢ units right and ¢ cos ¢ units
downward.

(If either quantity is negative, the corresponding
direction is reversed.) Since Q = (cost, sint), the
coordinates of P are

x=cost+t¢sint and y=sint—¢ cost.

(b) x"=tcost,y’ =tsint, so

2= | 2 2
Length=Jo (tcost) +(¢sint) dr
2z
=|"tar
0

=272

52. All distances are a times as big as before.

(a) x=a(cott+1rsint), y=a(sint—tcost)

(b) Length = 2a e



For exercises 53-56, x"=v,cosf and y’ =v,sin6—32t,

inf
and y=0forr=0 orr =207

in@
attained in mid-flight at ¢ = %. To find the path

. The maximum height is

v, sin6/16 2 . 2
length, evaluate -[0 \/ (vycos8)” + (v, sin6—32)"dt

using NINT. To find the maximum height, calculate

v, sin@ v, Sin@ :
ymax=(v0sin0)[ 032 J—16( 032 ) .

53. (a) The projectile hits the ground when y = 0.
y=1t(150 sin20°-16¢)=0

t=0ort= —782 sin20° = 3.206
x" =150 c0s20°, y' =150 sin20°-32¢
Length =

755in20°)/8
[ Ja50 cos 2092 + (150 sin20°-320)2 de

which, using NINT, evaluates to =~ 461.749 ft

(b) The maximum height of the projectile occurs when

yl=0’

sot=Esin20°,y Esin20° =41.125 ft
16 16

54. (a) =~ 641.236 ft

(b) 5625 87.891 1t
64

55, (a) =~ 840.421 ft
m) 20873 ogs6m2
64

56. (a) It is not necessary to use NINT.

5/8
Length = '[075/ ® (150 32¢)dt = [150: 16 ]; /
= % =703.125 ft

(b) é?—?— =351.5625 ft

2
57. §= jo "2y (~sint)? +cost)2dt

2 2r .
S= _[0 2y (1) dt = jo 27(2+sint) dt

=27(2t - cost)o" = 8n>

58. S = _[022 7y ((1—1/2)2 +(t1/2)2)1’2 d
1 - 12
2 2
S=I 2ﬂy(l+t) dt=j 2,,.2,3/2(l+t) dat
0 t 0 3 t

172

- (4= t3[l+t} dt:J'24—”t(1+t2)”2dt
0 3 t 03

=14.214

Section 10.2

59, § = J(?Zﬂy @2 + ()2

3
S= jo 24> + 1) dr

3
= jo 27t + (462 + 1) dr
=178.561

13 172
60. S= _[: 2y ((sec t—cos t)2 +(—sin t)2 ) dt
13
S= j: 27 cos z(sec2 t— 1)1/2 dt
7l3 nl3 |
= -[0 2mcosttant dt = 27tJ0 sint dt

=27 (~cost)” = 2n(—%+1)= T

Section 10.2 Vectors in the Plane
(pp. 538-547)

Quick Review 10.2

1 G- +(3-2)% =417
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g 372 1

5-1 4
3.Solve 222123

5-3 4 2
4. Slope of PO=——— 50 22373 jnap=11.
RQ -1 3-b
5. Slope of AB— Slope of CD, so 3-0_3-0 and a=4.
1-0 5-a

6. Slope of E=Slopeof CD, so %:%:«gz and b=6.

d
7. v(t) = —(tsint
v(t) dt( sint)
v(t)=sint+rcost
a(t)=i(sint+tcost)
dr
a(t)=2cost—tsint
8. x(t)= [v(t)de= [ (3¢ ~120)dt
x@)=12-6t>+C
x(0)=0°-6(0)* +C=40
C=40 ‘
x(4)=4-6(4)* +40=8

9. |x(r)= U: v(t)dt‘ = 'j;(&z - 12t)dtl

lx(r) = ‘[ﬁ ~ 612 ]Z‘ =3

10. joz”\/(z cos20)? +(=3sin3)2ds

2z 2 )
=JO V4cos® 2t +9sin’ 3r dt

=15.289



