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ed ed
83 =T ane®= 1T gng

Points of intersection: (ed, 0), (ed, =)

ed —edcosf \, .
oy (1 n s‘n@)(cose) * ((1 n s‘n0)2>(sn9)
dx [ -—ed . —ed cosé
(m)(anﬂ) + (m)(COS@)
At (ed, 0)% — 1At (ed, w)% -1

(5o + ()0

dx ed ed coso

7 (m)(sine) + (m>(cose)

At (ed, 0)% — 1At (ed, w)% _—

Therefore, at (ed, 0) we have mm, = (—1)(1) =
intersect at right angles.

Review Exercises for Chapter 9

1

5.

Matches (d) - ellipse

16x% + 16y? — 16x + 24y — 3 =10
i> _3,1,9
16/ 16 4 16

1\? 3\?
(X_E) + <y+z>
Circle

(1.3
Center: <2, 4>

Radius: 1

(xz—x+;>+<y2+§y+ 9
4 2

1

X2 —2y2+24x+ 12y +24=0
3x*+8x+16) —2(y>?—6y +9) = —24+ 48— 18

(x+4% (y—32_
2 3

1

Hyperbola
Center: (—4, 3)
Vertices: (-4 + /2,3

Asymptotes; y = 3 + \/g (x + 4)
y

—1, and at (ed, ) we have mm, = 1(—1) = —1. The curves

3. Matches (a) - parabola

9.

X2+ 22— 12x+ 12y +29=0
X2 —4x+4) +2(y>+6y+9 =-29+ 12 + 18

x—2?% (y+3?_
1/3 - 1/2 =1

Ellipse

Center: (2, —3)

7)
2

Vertices: <2, -3+
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11. Vertex: (0, 2) 13. Vertices: (—3,0),(7,0) 15. Vertices: (x4, 0)
Directrix: x = —3 Foci: (0, 0), (4, 0) Foci: (+6,0)
Parabola opens to the right Horizontal major axis Center: (0, 0)
p=3 Center: (2, 0) Horizontal transverse axis
(y — 22=403)(x—0) a=5c¢c=2b= .21 a=4,c=6b=./36—-16=2.5
y2—4y—12x+4=0 (x—2)2+y72_1 Xy 1
25 21 16 20
X2 y2 J5 i )
17. 9 + i lL,a=3b=2c=.5¢e= 3 19. y = x — 2 hasadope of 1. The perpendicular slopeis — 1.

21.

=x2—2x+
By Example 5 of Section 9.1, Yoo a2

/2 dy _ 5 _1 _5
c=12f /1—<g>sin20d0~15.87. ax - X7 2= ~lwhenx=7andy =
0
5

Perpendicular line: Y=~ —1<x - 1)

(@ V = (mab)(Length) = 127(16) = 1927 ft3
3 3 3

(b) F = 2(624) f SEMENCENESS CYIE f Vo yrdy - f WeE
-3 -3 -3

8 3 Ly 1 3
=3(624) 5 yv9—y2+ 9arcsinZ | + 30 -y)¥2 73

3
8 3/(97 3( 97 277
= §(62.4)[E <7> - 5(—7)] 7(62 4)( ) ~ 7057.274
(©) You want?1 of the total area of 127 covered. Find h so that y

Areaof filled
tank above

h
zj ﬂ /9 _ y2 dy = 37 x-axisis 3
3 1
0 h 2
0 4
9 : Areaof filled

h
%[ym+ 9arcsin<X>] == tank below
0

3 8 - X-axisis 6TL

ﬁ

h</9 — h? + 9arcsin (2) 9:

By Newton’s Method, h = 1.212. Therefore, the total height of the water is 1.212 + 3 = 4.212 ft.

(d) Areaof ends = 2(127) = 247w
Areaof sides = (Perimeter)(Length)

/2 7
= 16f (, /11— (16) sn29> dh(16) [from Example 5 of Section 9.1]
~256 7’/2[ /17 sin?(0) + 4 17 1
+ 4\/1 - (176>sm2 <3£T> + \/1 (176) smz(g” ~ 353.65

Total area = 247 + 353.65 =~ 429.05
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23. x=1+4t,y=2-3t y

=21 g y=2—3<x_1> N

4 4 A}
_ 3. u
Y=y N

-1 12 3 5
ol

v+ 3x—11=0 -2+

Line

25. x=6c0sh,y=6sn6 y 271. x=2+sechy=3+tan b

XV, (Y g Al (x—22=sec?g=1+ta?0=1+ (y— 32
<J (9 2~\\\ (x—22-(y-32=1

X2 + 2 = 36 _1 _1 —
y 4 2_2” 2 4 Hyperbola
Circle _al

g (KT 3? (y— a7

29. x=3+@B—- (-2t =3+5t 16 + 9 =1
ymzrEoermzo R O e LI
(other answers possible) 16 9 '

Thenx = —3 + 4cosfandy = 4 + 3siné.

33. x = cos 36 + 5cosh 35. (@) x=2cot 6,y =4snfcosh,0< 0 <
y=sn30 + 5sino 4
5
-12 12
/ﬂ,—\ —
7 o
\_,J a
- (b) (4 + x®)y = (4 + 4cot?2f)4sin 6 cos §

=16csc2 6 - sinf - cos O

cos 6
BTY
= 8(2 cot 6)
= 8x
37. x=1+ 4
y=2-3t
dy_ _3 _x-1 y
@ 4= 2 (b) t=" ©
sl
No horizontal tangents -3+ 11 oL

3
y=2-3x-1=—"
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1
39 x==
X1
y=2t+3
d__2 _ e _1
@ ="y~ 2 () t=72 © y
No horizontal tangents _2,4 °
(t + 0) Y=x ]
\\Z
e NI
41.x=2t+1 43. x = 3 + 2cosh
1 y=2+5sn6
y:
-2 @ % = 280 2500t0 = Owhen o= 2,57
—(2t-2)
2 _ 9t)2 — 2 Points of horizontal tangency: (3,7), (3, —3
@ dy _ (2—-20% _(t 21)(2t +21) — owhent — 1. gency: (3,7), ( )
dx -2 t2(t — 2) (x—132 (y—2)2
(2t + 1)2 R
Point of horizontal tangency: (% —1) (©) y
1 1/1 8T
+1== == ==
(b) 2t +1 XDt 2(x 1> 1
o
1 1
y=1<1—x)[1<1—x)_2] —+— P
2 X 2 X U
B 4x2 B 4x2 T
T 1-x2-4x1-x (5x—1)(x-—1)
(© Y
3 :k
2 1
N N
_11\'
-2+ 1
45. x = cos®6
y = 4sdn%0
dy _ 12sin?dcosf _ —4sinf _ _ _
@ = 3cos2f(—sinh) ~ cosh 4tanf = Owhen 6 =0, .
dy dx . .
But, i 0 a 0 = 0, 7. Hence no points of horizontal tangency.

(b) x23 + <374’>2/3 -1

(©
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47. X = coto

y =sin20 = 2sin6 cosf

49. x =r(cosf + 6sino)

y = r(sinf — 6 cosb)

dx

a0 rocoso
dy .
a0 rosing

s= rf 02 cos?6 + 62sin?6de
0

N P & PP i
rfo 0do 2[0]0 27rr

@, (0 2
-3 3
—
-2
_mdx_ dy dy 1
B ALO=5 0= Hap - 239~ "2
51 (x,y) = (4, —4)
r=J4+ (-42=42 ‘
o
6= 74
(r, 0 = (4\5,7—77), (—4\@,347)
4 4
53. r = 3coséh
r2 = 3r cosf
X2 4+ y? = 3x
x2+y?2—3x=0
57. r2 = cos20 = cos?6 — sinZ6

ré

(XZ + y2)2 = x2 — y2

61l. (X2 +y?)? = ax?y

IN

r

= acos?fsing

=

65.r=4
Circle of radius 4
Centered at the pole
Symmetric to polar axis,

r2cos?f — r2sin2o

= a(r? cos?6)(r sin g)

0 = /2, and pole

55. = —2(1 + cos6)

—

r2

—2r(1 + cos6)
X2 +y2 = —2(£ /X% + y2) — 2
(X2 +y2+ 22 = 4(x® + y?)
59. r = 4cos26sech
= 4(2 cos?f — 1)(i)
cos 6

r cosf = 8cos?d — 4

X2
x= 8<m) -4

x3 + xy? = 4x2 — 4y?

2
63. X2+ y? = az(arctan )%)

12 = a2¢2

67. 1= —soch = =
coséf

rcosf=—1,x= -1

Vertical line
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69. r = —2(1 + cosé)

73.

75.

77.

Cardioid

Symmetric to polar axis

71. r = 4 — 3coso
Limagon
Symmetric to polar axis

T T | 2w | w27
1913 |2|3|" 0191323 |"
r{-4(-3|-2|-1|0 ) 1

r 1 > 4 > 7
r = —3cos(26) z
Rose curve with four petals 1
Symmetric to polar axis, 6 = 7—27 and pole ‘ s
‘ 4
Relative extrema: (—3, 0), (3, g) (-3, m), (3, %”)
T 3 i
Tangents at thepole: 6 = —, —
4" 4
r2 = 4sdn?(20) 1
r = +2sin(20)
Rose curve with four petals
Symmetric to the polar axis, 6 = 7—27 and pole 50
Relative extrema: (t 2, E), <12, 3—”)
4 4
Tangents at the pole: 6 = 0,7—27
f=— 3 79. r = 40526 secf
cod 6 — (7/4)] ' )
Strophoid
Graph of r = 3 sec rotated through an angle of =/4 Symmetric to the polar axis
> rd —ocasé [ %
— +
\ rd —ocoasg O TW
-1 8
4

N
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8L r=1- 2coso
(8 The graph has polar symmetry and the tangents at the pole are

T w
0—3, 3

®) dy _ 2sin?0 + (1 — 2 cosh) cosh
dx 2sinfcosf — (1 — 2cosh) sind
_ -1+ J/1+ *
Horizontal tangents: —4 cos?6 + cosf + 2 = 0, cosf = 1+ —81 2_1 +8\/§
Whencoss = L Y38 | _ (1t /33 _3% /@,
8 8 4
3% V?’e’, arccos<1+8 V33>] ~ (—0.686, 0.568)
S_T V33 —arccos<1+8 V33> ~ (—0.686, —0.568)
3+T 33 arccos(l_S V?’Bﬂ ~ (2.186, 2.206)
o ~ ,
3%433, —arccos<1833> ~ (2.186, —2.206).
Vertical tangents:
sing(4cos® — 1) = 0,sinH = 0, cosh = %
1
6=0,m0= iarccos<z>, (=1,0),(3,m
(% iarccos%> ~ (0.5, £1.318)
©
=g
-25
83. Circle: r = 3sin#
dy _3cosfsing + 3sinfcosh _ sin 26 _ _mdy
dx ~ 3cosfcosh — 3snfsing  cos?h — simeg 20 A= g = V3
Limagon: r = 4 — 5sinf
dy _ —5cosfsing + (4 - 5sinf)cosd  _ mdy V3
dx —5cosfcosf — (4 —5sinh) sind 6’ dx 9

Let « be the angle between the curves:
tana = /3 - (\/§/9) = 2\/5.
1+ (1/3) 3

Therefore, a = arctan(”) =~ 49.1°.

3
3
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85. r=1+ coshr=1-— cosé

The points (1, 7/2) and (1, 37/2) are the two points of intersection (other than the pole). The slope of the graph of
r=1+ cosfis

m = dy _r’sinf+rcosf  —sin?g + cosf(1 + cosh)
1 dx r’cosf —rsnd —sinfcosd — sinb(1 + cosé)’

At(1, 7/2),m = —1/—1=1andat (1,37/2), m; = —1/1 = —1. Thesopeof thegraphof r = 1 — cosf is
_dy _ sin2 + cosé(1 — cos6)
M= Gx ~ sinfcosd — sinf(1 — cos6h)’

At (1, 7/2),m,=1/—1= —1andat (1, 3w7/2), m, = 1/1 = 1. In both cases, m; = —1/m, and we conclude that
the graphs are orthogonal at (1, 77/2) and (1, 37/2).

87. r =2+ cosé 89. r =sing - cos?0

T /2
A=2lL (2 + cosh)2dd| ~ 14.14 <9”> A=2|% (sinf cos?6)2 do
2 J, 2 2y

™
~o0(Z)

0.5
-3
-0.5 0.5
-0.1

91. r2=4sn20

3

93. r =4cosh,r =2
1

/2 1 /3 1 /2
A= 2[f 4sin20d0} =4 A= 2[f 4d0+ff (40050)2d0} ~ 491
2 Jo 2 Jo 2 ).

2

3
) 3 ) @ 6
=2 -3

95. s = ZJ' a%(1 — cosh)? + a%sin?6do
0

" 7 sinf ™
2J/2a 1—cosgdd=2.2a 7d0:[—4 2a1+cos(91/2] = 8a
V2 J;) V1~ cosf V2 o 1+ cosé V2al ) 0

97.r=# 1 6

1-sne®" 9.1 =
Parabola

2 2
3+ 2c0s0 1+ (2/3)coshC 3

Ellipse

NIy

[SIE]

2 46 8

221
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4 2 3
L= " 3dne 1-(3/2sn6° 2

Hyperbola

[SIE]

105. Parabola
Vertex: (2, m)
Focus. (0, 0)

e=1d=4
4

T = 1" coso

Problem Solving for Chapter 9

1 (@ y

(b) x2 = 4y
2xX = 4y’
L
Y72

y—4=2x—4) 0O y=2x-4

y_}:_%(XJrl) O y:—lx—1 Tangentlineat(—l,1>

4 2 4

103. Circle
Center: (5, 7—;) = (0, 5) in rectangular coordinates
Solution point: (0, 0)
x>+ (y—5°5=25
X2 +y2—-10y=0
r2—10rsing =0

r =10sino
107. Ellipse
Vertices: (5,0), (1, )
Focus. (0, 0)
2 5
a—&c—2e—§d—§

B s

Tangent line at (4, 4)

4

Tangent lines have slopes of 2 and —1/2 [0 perpendicular.

(c) Intersection:

1 1
2X_4__§X_Z

8x—16=—-2x—-1

10x = 15
3 3
x—2 O <2,—1>

Point of intersection, (3/2, —1), ison directrix y = — 1.
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3. Consider X2 = 4py with focus (0, p).
Let p(a, b) be point on parabola.

x = 4py’ O y’=i

2p x
a ) Q
y—bzz—p(x—a) Tangent line
Forx=0,y=b+2%(—a):b—g—;= —4%)=—b.
Thus, Q = (0, —b).
AFQP isisosceles because
IFQl =p+b
|[FP| = V(@ =02+ (b — p? = Va2 + b2 — 2bp + p?
= V4pb + b? — 2bp + p?
- Vo P
=b+p.
Thus, XFQP = X BPA = X FPQ.
5. (d InAOCB,cosf)=% [0 OB = 2a- sech. (@) r=2atanfsné
OA rcosf = 2asin® 6
In AOAC, cos 0 = 2a 0 OA=2a- coso. r3cos = 2ar2sn o
r = OP = AB = OB — OA = 2a(sec § — cos 6) (@ + y?)x = 2ay?
3
= 2a<$ — cos 0) y2 = (2aX— 3
_ . S0
cos 6
=2a-tanfsing
(b) x=rcos6 = (2atan 6sin f)cos § = 2asin? 6
y:rsin0:(2atan05in0)sin0:2atan9-sin20,—127<0<7—27 e t
Lett =tanf, —oco < t < oo. I -
. 2 t2 t3
Thensin? § = 1+ and x = 2 Y =28 o
7.y=a(l—-cosh) O 0050:%/
0=arccos<a;y>
a
x=a(@ — sin ) y V2ay-y?

ool 3) et ) e

a(arccos(a ; y) - 2ay — y2>

a

x=a-arccos<a_y)f\/Zayfyz,ogys 2a

a
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7w 3w 57 T

9. Fort—z, AL
2 -2 2 -2

y=—, = 5

T 3 5 7
CENEE NP
2 4 6 8
= OCO0.

13. If adogislocated at (r, 6), then its neighbor is at <r, o+ 2

(x,y) = (rcos,rsing) and(x,y) = (—rsin 6, r cos 6).

The slope joining these pointsis

rcosf —rsinf _sinh —cosh _
—rsinf® —rcosf sSn6H+ cosb

ar .
—sing + rcosé

de :sine—coso
dr . sin 6 + cos 6
—Ccosf —rsnf
do
dr
O de—fr
A
r
Inr=-6+C,
=g 0+C
r=_Ce?
T d d
r=]=—=0 r=Ce"4=—0 C=—ze"/*
<4> V2 V2 V2

. d
Finaly, r = —=el™4-9,
inally, r = —

15. (a) Thefirst plane makes an angle of 70° with the positive

x-axis, and is 150 miles from P:
X, = €o0s 70°(150 — 375t)
y; = sin 70°(150 — 375t)
Similarly for the second plane,
cos 135°(190 — 450t)
cos 45°(— 190 + 450t)
y, = sin 135°(190 — 450t)
sin 45°(190 — 450t)
(b) d= V06 = x)* + (Y, = y)?

X;

11. (a) Area= f 1r2 do
02

x=1
r =sech

=1fsecz6d0
20
(b) tana=2 | Area=%(1)tana
O tana:fseczodo
0

(c) Differentiating, d—civ(tan a) = e a.

= dlope of tangent line at (r, 6).

280

0 1
0

The minimum distance is 7.59 mileswhent = 0.4145.

= [[cos 45(—190 + 450t) — cos 70(150 — 375t)]2 + [sin 45(190 — 450t) — sin 70(150 — 375t)]2]/2
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17.

4
-6
-4
4
6 i)
-4
4
6 {‘Lﬁ_“\
ul_\_,_,-f
4

fefst

n=12,3, 4,5produce “bells’; n = —1, —2, —3, —4, —5 produce “hearts’.

-6

IS

T

-4




