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10.3 Exercises

Finding a Derivative In Exercises 1-4, find dy/dx,

2.x=\3/;,y=4—r
—or2

Lx=# y=7-6t

3. x=s6in* 0, vy =cos’d d x=2% y=c¢
Fiﬁding Slope and Concavity In Exercises 5-14, find
dyfdx and d%/dx? and find the slope and concavity (if
possibie) at the given value of the parameter,

Parametric Equations Parameter
S. x=4t, y=3r-2 t=3
6.x=V1.y=3-1 r=1
Tox=r+1,y=2+3% t=-1
B.x=r+5+4,y=4 t=0

4 m
9. x=4cos 8, y=4sind B=I
10. x=cos f, y = 3sin @ =10
1. x=2 +sech, y=1+2tnéd 9=%
12 x= V1, y=J1—1 t=2
13. x = cos*6, y = sin®4 6=7
14. x=86—5ind, y=1—cos g 0=

Finding Equations of Tangent Lines In Exercises 15-18,
find an equation of the tangent line at each given point on the
Curve.

15, x=2coth, y = 2sin?4,
(3 honial

/32
16, x =2 —3cos 8, y=3+ 25in b,
(-1,3),(2,5), (itf—ﬁ 2)
17. x=F2 -4, y=¢~2, {0,0),(-3 -1).(-33)
18. x=¢+2, y=£+1 (2,0),(3 -2),(18,10)

Finding an Equation of a Tangent Line In Exercises
19-22, (a) use a graphing utility €o graph the curve represented
by the parametric equations, (b) use a graphing utility to find
dx/dt, dy/dt, and dy/dx at the given value of the parameter,
(c) Bind an equation of the tangent line to the curve at the given
value of the parameter, and (d) use a graphing utility to graph
the curve and the tangent line from part (c).

Parametric Equations Parameter
19. x=6t, y=1+ 4 t=1
2ﬂ.x=r—2,y=%+3 t=1
2. x=2—t+ 2, y=13 -3 1= —1
22 x=3t— 8 =288 =g
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Finding Equations of Tangent Lines In Exercises 23-26,
find the equations of the tangent lines at the point where the
curve crosses itself,

23, x=2sin2:, y=3sint

4. x =2~ mcost, y=2t— mwsint

8. x=2—¢, y=1r—-3-1

26, x=838 -6t y=1¢

Horizontal and Vertical Tangency In Exercises 27 and 28,

find all points (if any} of horizontal and vertical tangency to the
pertion of the curve shown.

27. Involute of a circle: 28 x=2p
x=cosf+ Asind y=2(1 — cos®
y=sing — fcosd
¥y
10+
8-.—
6__
ot
2—.—
ol x
| 2 4 6 8 1012

Horizontal and Vertical Tangency In Exercises 29-38,
find all points (if any) of horizontal and vertical tangency to the
curve. Use a graphing utility to confirm your resuits.

2. x=4—-1 y=¢

Mx=t+1, y=1+3t

Mx=r+4, y=pP-73

Rox=rP—-1+2, y=£-%

33 x
M. x=cos8 y=2sin20

I5. x=5+3cosh y=—-2+sinp
36, x = 400828, y=2snd

37. x=sec, y=1wmnf

3cos B, y=3sind

38. x=cos?f, y=cos 8

Determining Concavity In Exercises 39-44, determine
the open f-infervals on which the curve is concave downward or
concave upward.

39, x = 32, y=8£ -t

0. x=2+2 y=p2+

41. x=2r+Ins, . y=2t—In¢
42. x=1 y=Int

43, x =sint, y=cost, O<t< 7

44, x=4cost, y=2sint, O <t< iy
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69, d; (4,0) is on the graph.

L g

71 b; {1,0) is onthegraph i

T3 x=abl— bsin@,y=a—bcos 0"
75, False. The graph of the parametric equations is the portion of

the line y = x when x = 0.

77, True

79. (@) x = ($cos 8t y =

3+ (%2sin 6} — 1612
[ (c} ¥

|

(&)

] 400
g

Not a home run
(d) t9.4°

Section 10.3 (page 711}

1.

5

Tdx 4 dx?

3. -1
3 d%y

—3/t

p .
o = 0; Neither concave upward nor concave

downward

. dyfde =2t + 3, d/dx? =

At = —1,dy/dx = 1, diy,/dxz = 2; Concave upward

9. dy/dx = —cot 8, d?y/dx® = —(csc 9)3/4
At 0 = w/4, dyfdx = — |, d¥/dx? = - /2/2;
Concave downward
11. dy/dc = 2csc 0, d2y/dx? = —2cot? B L
At @ = /6, dy/dx = 4, d2 ydx? = —6./3;
Concave downward
13. dy/dx = —tan 8, d%y/dx? = sec? Hese 8/3
At 0 = w/d, dyfdx = — 1, d%y/dx? = 4./2/3;
Concave upward
15. (-2/3,3/2) 33— 8y + 18 =0
0,2k y—2=0
(2V3,1/2): V3x+8 —10=0
3I7. (0,0 2Zy—x=0
(-3, -1):y+1=0
(3.3 2x~y+9=0
19. (a) and (d)
8 {b) Atr =1, dx/dt = 6,
S ey dy/d]r =2, and dy/dx = 1/3.
/ ) y=3x+73
-8 10
-4
21. (a}) and {d)
il by At = —1, dx/fdt = —
wn/ dy/di = 0, and dy/dx = 0.
=, ©r=2
N
-3
23.y=:l:%x 25. y=3x—Sandy=1
27, Horzontal: (1,0), (-1, =}, (1, — 27
Vertical: (w/2,1), (—3n/2, —1), (57/2, 1) .
29. Horizontal: {4, 0} 31. Horizontal: {5, —2), (3, 2)

Vertical: None Vertical: None

‘35, Horizontal: (5, —1), {5, ~3)

39,

43

33. Horizontal: (0, 3), {0, —3)
Vertical: {3,0), (—3,0) )
37. Horizontal: Nane
Vertical: (8, —2), (2, -2} Vertical: (1,0), (—1,0)
Concave downward: —co <t < 0
‘Concave upward: 0 < ¢ < oo
Concave upward: ¢ > 0
Concave downward: 0 < 1 < #/2

Concave upward: /2 < t < 7

41.

4. 413~ 14422 47 201 — e ") = 1,12
49. Hn(v/37 + 6) + 6/37| ~3249 51, 62 53.8a
55. () = (b) 219.2 ft
(c) 230.8 ft
0 240
L]
57. (a) 4 ®) (0,0), (432/3,4¥4/3)
' - (¢) About 6.557
-6 \ O 8 .
_4\
59. (a) 2 5
RN NN

-1 -1
(b) The average speed of the particie on the second path is
twice the average speed of the particle on the first path.

{c) 4=

4
6L S =2m) V10t + 2) dt = 327/10 = 317.907
0
L7032 .
63. § = 2'-'TJ’ {sin 6 cos 8-/4cos? 9 + 1)db
g
_[5-1)=
6
== 5330

. (@) 277/13  (b) 18713 67. S0w 69, 12wa?/s

71. See Theorem 10.7, Parametric Form of the Derivative, on page
706. -

73. 6

»
75. (a) 5 = QTTJ’ g
b 2
®) §= 2«[ FO (%) + (2
77. Proof 79, 3m/2 8l d _ 83.f 84 ¢
85.a 86.¢ 87 (2% 89 2887
91. (a} dy/dx = sin 8/(L — cos 8); d?y/dx? = — 1 [[alcos # — 1)?]
® y =2+ 3z~ alnf6 — §} + ot - 3/2)
©) {al2n + 1)}m, 2a) )
{d) Concave downward on (0, 27, {2, 4m), etc,
(e) s = 8a
93. Proof



