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(b) x=12sech—,y =r-12tanh 5,0 < ¢
12 12

12

Same as the graph in (a), but has the advantage of showing the position of the object and any given time ¢.

1 — sech?(t/12
(© b sech’(1/12) = —sinh
dx  —sech(t/12) tan(t/12) 12
. , - t Lty t
Tangent line: y —| ¢, — 12 tanh — | = —sinh —| x ~ 12 sech —= mt
12 12 12 N (0. 3)
y=1l- (sinh -t—Q-Jx o
12 2t
y-intercept: (0, 15) ok
— — ad
Distance between (0, 4,) and (x, y): d = \/[12 sech é) + (-—12 tanh %) =12 S N
- d=12foranyt 2 0.
dlg'() 98. False. Both dx/d! and dy/dt are zero when ¢ = 0. By
97. Fal dy a1 r(0g"(e) - g(1) /() eliminating the parameter, you have y = x%* which
TN e T i [ f’(t):|3 does not have a horizontal tangent at the origin,

Section 10.4 Polar Coordinates and Polar Graphs

V4 3r
1. |8 — z 3 |-4,-=
+5) [-+-¥)

p o5 2 —
x=8cos—2—=0 ( d x=_4cos(_-3_”)=_4(__*/_5_)=2ﬁ
] 4 2
¥
y =8sin— =38 + -
' 2 o —+ At 0 y = —4 Sln(—iz) = -4 -'—2 = 2\/5
(%) = ©9) the + ?
(x.y) = (2J5, 2J§)
2. (-z,éﬁ) .
3 5
x = -2c0s % = -—2[1) = —1 T (a3 .
2 T .
S5m -/3
=-2sinZ = o3 f3
kSO RC
12y 4
(%) = (-1.V3) : -

s
4~
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121

x=Ocos(—z£)=0

T :
= 0sinf-—— (=0
g '( 6)

4
x=7c055_7r 7:_\/_5 =
4 2
y-7sin5” 7—£
2
() = [-12, 12
k] 2 k] 2
bt Fodm )
1
Se
[
11
6. (r,0)=|-2 —
) - (-2 12]
11z
x=—2cosT]=—\/3—'
1z
= -2sinf —| = 1
g (6J

» )

7. (V2. 2.36)
V2 cos(2.36) ~ -1.004
y = /25in(2.36) ~ 0.996

X

DR

(vZ.2.36)
. L

1
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8. (-3,-1.57)
x = =3 cos(-1.57) ~ -0.0024
y = =3sin(-1.57) ~ 3
0 ; (x, y) = (-0.0024, 3)

& (-3, -L57)

9. (r.0) = (-45,3.5)

x = -4.5c0s 3.5 ~ 4.2141

y = -4.5sin 3.5 ~ 1.5785
(x ¥) = (4.2141,1.5785)

i

4 (-4.5,3.5)

L ]

-t —t—t—t— [

1 E2 3 4 3

10. (r,6) = (9.25,1.2)
x =925cos 1.2 ~ 33518
y =925sin1.2 ~ 8.6214
(x,y) = (3.3518,8.6214)

®(9.25,1.2)

(XSS
ES
x

1. (x,y) =(2,2) v

F=Af22422 =22

tan49=3=l T
2
g=%5%
4" 4

h

*a.,

ot

(NE \ %) (—2\/5, %”J

12. (x ) = (0,-6)
r =16 oT
tan & undefined

T 3 —

[

(x. ) = (~1.004, 0.996) ,

P {1 29 2 2

-4
(6, 21} (_6, Z) -5 {» (0. =6
2 2
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1034 Chapter 10 Conics, Parametric-Equations, and Polar Coordinates

13. (x,») = (-3,4)

F=7J9+16 = 5
tan § = _% o-24h
0 ~ 2.214,5.356, (5, 2.214),

(-5, 5.356)

14. (x,9) = (4-2)

r=2J16+ 4 = 25 1

tan @ = 22 = 1
4 2 -

6 ~ -0464
(2J§, —0.464), (—2J§, 2.678)

15. (x,y) = (——1,—-\/3)

r=~4=2
tan 6 = :—12 =3 ’ ;
7T 4 “
0==— el oS
373 v
L5)=23)
3 3
16. (x,y) = (3, —\/3)
r=9+3=23
tan 0 = ~£3—
3
20~ (5.2 « (5]
6 6
. -
I S
al
2 ;.
T {3.-v/3)

17. (x, ) = (3,-2)

r= 3+ (=27 = VI3 ~ 3.6056

tan @ = —-§- = 0 ~ 5.6952

(r, 6) ~ (3.6056, 5.6952) = (~3.6056, 2.5536)

18. (x, ) = (3\/5, 3\/5)

r=y(V2) +(3W2) =ViB+ 18 =6

_ W2 _
-

a-(e3)-(+3)

tan @ I:>9=£
4

19. () = G- %)

2 2
, o (l) +(§) = N9 50516
2) T2 6 4 |

tan0=5—/3=—12=>0::s0.9601
7/4 7

(. 6) ~ (3.0516,0.9601) ~ (~3.0516, 4.1017)

¥ .
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Section 10.4 Polar Coordinates and Polar Graphs 1035

20. (x,y) = (0,-5) 24. x> -y* =9

1
o
)
I

I

r= - (r cos 6)° - (rsin6)’ =9

rz(cosz @ - sin? 9) =9

3r T =T
(r.0) = (5, 7] = (—5, -5) 3 i r2cos20 =9

"
14
B

—G+ 3
=2 SO [ —.
Jcos 26
21. () (x,y) = (4.3.5) ‘ Hyperbola
4 EREI]
-

4

®
L35 T+ 1
T 26. x2+y2—2a_x=0 ;:
22. (a) Moving horizontally, the x-coordinate changes. r? - 2arcos 6 = 0 1
Moving vertically, the y-coordinate changes. r(r - 2acosf) = 0
(b) Both » and 8 values change. r = 2gcos 0 ; s
a 211
(¢) In polar mode, horizontal (or vertical) changes result ’
in changes in both » and 6.
23 x>+ 2 =9
2 27. y=28 x
rc = 9 .
rsinf =8 T
r=3
r =8cscl
Circle T
’ L et ¢
] &
8.  x=12
rcos@ =12 +
r =12secd T
HE T B
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1036 Chapter 10 Conics, Parametric Equations, and Polar Coordinates

29. Ix-y+2=0 33. r=4
3rcos@ ~rsin@+2=0 =16
r(3cos @ - sin 8) = -2 X 4y? =16
= =2 Circle

3cosd - sin @

12im

34, r=-5
30.( )( Xy=4 l'2 =25
rcosB)rsinf) = 4 .
: x*+yt =25
r? = 4seccscd .
= 8csc20 Circle
ol fromefemenrd - (;
2 4
’ 35. r =3sinéd
2 _
3 Y=o r* =3rsind
r?sin®> @ = 9 cos @
x*+y? =3y
r_9cos¢9 ) . . .
sin? @ . ettt x+(y~—3y+7)=Z
34567 .
_ 2 32 o
r =9csc? @cos b x2 +( _7) =2
Circle

3. (2 + 57 - 9(x2 - »7) = 0 4
(r2)2 - 9(r2 cos? 8 — r? sin® 0) =0
r*[r? = 9(cos 26)] = 0
r?* = 9 cos 20 A .

ra-b
1o+
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36. r = 5cosé
r? = 5rcos@
x* 4+ y? = 5x

x2—5x+-2;‘i+y2=

-4

oo Yo

oo &

L4
U N

37. r=40

x* + y* = arctan

tan @ = tan —

6
y_ 3
X

3
y=—i;
3
39. r = 3secl
rcosf =3
x=3
x-3=0

Y

X

1o

Section 10.4 Polar Coordinates and Polar Graphs

1037

40. r=2cscl
rsind = 2
y=2
y-2=0
41. r = sec@tan b
rcosé@ = tan @
x=?
x
y=x
Pafabo]a
42, r = cot@cscd
rsinfd = cotd
x
y=—-
y
x =y
Parabola
43, r =2 - 5co0s @
060 <2m
4
AN
-8 C\ 3
AN
-4
44. r = 3(1 - 4 cos 6)
0<60 <2rm
9
-21 ’{ @ 23
N
-9
45. r =2 +sin @
0<8 <27
4
1,

-4

Bl

o

[FE N
FS
o
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1038 Chapter 10 Conics, Parametric Equations, and Polar Coordinates

46. r = 4 + 3cos @
0<8<2rn

e

1

2
1+ coséd

47. r

Traced outonceon -z < @ < 7

48. r =

4 -3sind

Traced out onceon 0 < @ < 2

[N

S3. r

x4+ y?
x2+y2—2hx—2ky
—2m+hﬂ+0ﬂ-2@+kﬂ

(= 0 + (= 4

(>
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50. =3smﬁ%g
2
51. % = 4sin 260
n = 2./sin 20
r = ~2./5in 20
0<o<Z
2
/M“}
~3 — 4 3
"u/
)
52, 2 = l
. 7

Graphas #, = —]—, r o= L

9 N

It is traced out once on [0, ).

1.5

= 2(hcos @ + ksin )
= 2r(h cos @ + k sin )
= 2[h(r cos 8) + k(r sin 0)]

= 2(hx + ky)

=0

=0+A + k2 Radius: V2 + k2
= h? + k? Center: (h, k)




Section 10.4 - Polar Coordinates and Polar Graphs 1039

54. (a) The rectangular coordinates of (r,, 0,) are (r, c0s 8, 1, sin 6, ) The rectangular coordinates of (rz, 62) are
(2 cos 63, r, sin 6,).

dZ

(xz - xl)z + (J’z - }’1)2

(r2 cos &, — 1, cos 6,)2 + (ry sin 8, — 4 sin 0,)2

r? cos? 6, — 2K, Cos 6 cos 6, + K% cos? B, + 1y sin? 6,2 — 2rr, sin 6, sin @, + r? sin? 6),

r*(cos? 6, + sin? 6,) + r*(cos® 6, + sin? 8,) — 2 ry(cos 8, cos @, + sin 6, sin 8,
1

K2+ 1~ 2np, cos(6, - 6,)

d= \/rlz + 1’ = 25r, cos(6, - 6,)
(b) If 6 = 0, the points lic on the same line passing through the origin. In this case,

d= \/r,z + 1’ = 2nr, cos(0)

= \/("1 - "2)2 =|"l - "2,-

(¢) If 6 - 6, = 90°,then cos(6, ~ 02) = 0and d = \/r? + n?, the Pythagorean Theorem!

(d) Many answers are possible. For example, consider the two points (,6,) = (1,0) and (15, 6,) = (2, —725]

d = \/1 +22 = 2(1)(2) cos(O - %) =5

N

Using (1,6,) = (1, 7)and (r, 6,) = [2, (—521)], d = \/(—1)2 +(2)° - 2(-1)(2) cos(n - 57”)
You always obtain the same distance.

55, (l, 21) (4, 1) 58. (4,2.5),(12,1)

¢ ’ d = |4 +122 - 2(4)(12) cos(2.5 = 1)

5
d= \/12 +42 - 2(1)(4)005(% - %) = J160 - 96 cos 1.5 ~ 12.3

- 17—8cos—72£=\/ﬁ 59. r =2+ 3sind
dy _ 3cos@sin @ + cos O(2 + 3 sin 6)
@ 3cosd cos @ — sin 6(2 + 3 sin 0)

2cosf(3sin& +1)  2cos H(3sin 6 + 1)
3c0s20 — 2sin@  6cos> @ ~ 2sind - 3

2f dx
89 — 80cos-i£ 5 *
V a2 -2
. dx 3

89 - so[-ﬁj
2
\/89 + 40v/2 =~ 12,0652

57. (2,0.5),(7,1.2)

s6. (s, %) (5,7)

d

d = \J2* + 7% = 2(2)(7) cos(0.5 - 1.2)

= /53 - 28¢os(-0.7) ~ 5.6
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1040 : Chapter 10 Conics, Parametric Equations, and Polar Coordinates

60. » = 2(1 - sin 6) 63. (a),(b) » = 3sind
dy _ —2cos@sin @ + 2 cos §(1 - sin 6) :
dx  -2cos 6 cos § ~ 2 sin §(1 - sin 6) JEAN
!
LA
At (2,0, % = 2 e
-1
At (3 —) L is undefined
6 ) dx (',’ 9) - (3\/3’ f.] = (x, y) = (3\/5’2J
K 4’3
Af4 35\ B _
2 dx 9 W3
Tangent line: y — riala 3| x - e
61. (a), (b) r = 3(1 - cos 6) 9
4 ‘ y=-3x+ 2
-~ 7 dy
At 8 = — = = —/3 ~ -1.732.
. fk )\\ . (©) T = V3
= 64. (a), (b) r = 4
6
z .
0=(33)= =09 N
2 -8 f 3
Tangent line: y — 3 = —1(x - 0) ‘\,_J N
y=—-x+ 3 6
©Ate=22 _ 10 . ﬂ
T (r.6) = [4, Z) = (xy) = (2v2,2V2)
62. (a), (b) r = 3 — 2cos @ Tangent line: y - 2+/2 = —I(x - 23/2)
4
1 y=-x+4J2
-8 '[ 4 ‘ (c) At @ = ﬁ,ﬂ = -1.
\ 4’ dx
N
-4 65. r =1-sin 9
(r8) =0 = (x,») =(,0) -;% = (1 - sin §) cos @ — cos @ sin &
Tangent “nji: x=1 =cosf(l - 2sin @) = 0
ly . . .
(c) At @ = 0, — does not exist (vertical tangent). :
dx cosl9=00rsin6‘=l=>¢9=£-,§£,£,—5£
2 22 6 6
Horizontal tangents: (2, 3—”) ( ”) [I ZI—)
2 26)\2 6
- ﬂ=(—l+sin0)sin€—cos€cos€‘
- dé

—sin @ + sin? @ + sin? @ - 1
2sin? @ - sinf - 1
(2sin@ + )sin @ - 1) = 0

n 1z

sin @ = lorsint9=——l- =>’6.=£,—,—
2 26 6

Vertical tangents: (; ) (3 ””)
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Section 10.4 Polar Coordinates and Polar Graphs 1041

66. r =asind ' 70. r = 5cosf
%=asin0¢os€+acos€sin0 r* = 5rcos @
2 2 __
= 2asinfcosd = x* 4yt = 5x
B 3 (x2—5x+%42)+y2=24—5
6 =0, 5’ , ;’
ERE
—d—x=—asin29+ac0520=a(l—23in26)=0 2 4
“ ' 5 5
7 3r 57 Ir Circle: center: (—, Oj,radius: -
sin@ = 0 =—— — — 2 2
f 44" 4 4
T
Tangent at pole: 8 = —.
Horizontal tangents: (0, 0), (a, %] g P n
a2 7)[(av2 3z H

Vertical tangents: | ——, — |, s
2 4 2 4 ‘ 1

67. r =2cscld+3 : " )
% = (2csc@ + 3)cos @ + (-2 csc d cot 6) sin &
= 3cosf = ’
== 3z
T2 71 r = 2(1 - sin 6)
Horizontal tangents: (5, -725), (1, 37”) Cardioid
Symmetric to y-axis, € = —725
68. r =asinfcos’d
b _ asin@cos® 8 + I:—Zasin2 &cosé + acos’ e]siné’
6 | o .
= Za[sin 6 cos® @ — sin® Gcosé’] ' ‘ 3
= 2asin @ cos 6(cos2 6 ~ sin? 0) =0
2 7 37
0 =0,tan’0 = 1,0 = —, — 1
4 4
ﬁa T \/_ 2a 37[
Hori : -
orizontal tangents YR (0, 0) 7. r = 31 - cos )
. Cardioid
69. r =35sind . . . .
x Symmetric to polar axis since r is a function of cos 6.
r? = 5rsin @ 3
x* + y* =5y ololZ 2122 |, .
) ) 3 2 3
xX° + (y -5y + 3 9
5 r 0 E 3 E 6
2 5\2 _
o (y-3) =
22'.

Tangent at pole: 8 = 0
Note: f(6) = 5sind
7(0) =0, /'(0) = 0
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1042 Chapter 10 Conics, Parametric Equations, and Polar Coordinates

73. ¥ = 4cos 30
Rose curve with three petals.
Tangents at pole: (r = 0, 7" = 0):

sz
6

T
g = e
6 2

kY

74. r = —sin(56)
Rose curve with five petals

Symmetricto 8 = %

Relative extrema occur when

i = -5 cos(SH) =0aé = _75_’ 3_”., 5_”’ Z, 9_”
de 1010 10 10" 10
Tangents at the pole: 8 = 0, -75, 21[—, 3—”,i£

55 55

75. r = 3sin 20

Rose curve with four petals

Symmetric to the polar axis, § = %, and pole
Relative extrema: (ﬂ, E), (i3, _51:_)
4 4
7
Tangents at the pole: 8 = 0, 3

(«9 = 7, 37” give the same tangents.)

76. r = 3cos 260
Rose curve with four petals

V4

Symmetric to the polar axis, § = > and pole

Relative extrema: (3, 0), (—3, %), (3, 7), (—3, 37”-)

Tangents at the pole: 8 = z, 3z
4" 4
g = ~54£ and —7-4£ given the same tangents.

77. r =8
Circle radius 8
x2+ 2 = 64

tain

Vare
o

78. r =1
Circle radius 1

2+ yt =1

[F1EY

+

N
N

79. r = 4(1 + cos 6)
Cardioid
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Se‘ctz'on 10.4 Polar Coordinates and Polar Graphs 1043
80.!1=]+Sln9 84, = — 6
Cardioid 2sin @ — 3.cos @
B 2rsind —3rcosd = 6
I 2y ~-3x=6
Line
, /
1 0
1 2
81. r =3-2cosé / ! .
Limagon .
Symmetric to polar axis-
85 r =20
T T 27
N LU B~ B~ B B Spiral of Archimedes
3 2 3
r 112 3 4 5 Symmetric to & = 12{
z n T 3z Sz | 3@
2 (0] = | —|— | — | =
1 4 2 4 4 2
V4 3z S5m
0t = | = — | 2 — 13
r 5 5 3 > V4

$uie

Tangent at the pole: § = 0

X

5

82. r =5-4sinéf

Limagon

Symmetric to 8 = %

3 T T |7
0| -— | -—10] =1 — :
2] 6 6 | 2 86. r = ~
r {9 7 513 1 , 4
Hyperbolic spiral
. : v 4 v e 3z hY 4 K 4
0|l =|l=|=17 |1
5 4 2 4 4 2
0 L1221 AL A2
T T 3z T S5z | 37~

83. r = 3cscl
rsin@ =3

wals

y=3

Horizontal line
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1044 Chapter 10 Conics, Parametric Equations, and Polar Coordinates

87. r* = 4 cos(20)

r=2Jcos28, 0<6<2r

Lemniscate

Symmetric to the polar axis, 8 = %, and pole

Relative extrema: (+2, 0)

Y
o
N

r
4

V2| o

r +2

+

3r

Tangents at the pole: 8 = zoz
4 4

19

i
t

88. 2 = 4sind .

Lemniscate
Symmetric to the polar axis,

g = %, and pole

(T
Q

Relative extrema: (12, 12[-)

)
=
CYE]
SR
N

V222 w2 o

~
(=]
H

Tangent at the pole: 8 = 0

13 i

89.

90.

91.

Because
|

r=2-secf=2- X
cos @

the graph has polar axis symrhetry and the tangents at th

pole are

Furthermore,
V4
Fr = -o0asfd = 2—_

T
r => oasl = -——,

+

Also,

e,

x=2x-r
2x
1+ x

So, ¥ = twasx = -1.

Because
1
. ’
sin @

r=2+cscl =2+

the graphs has symmetry with respect to
6 = r/2.Furthermore,

r=>oasf = 0

r=>oasld = 7.

Also,r=2+_l =2+—L_=2+L

sin & sin @ y

ry =2y +r 4
R
y -1

So, r = twasy = I.

Hyperbolic spiral
r=ooasfd = 0

2 2 2sinf 2sin@
"=—3€=—=.—=__.
@ ¥ rsiné y

2sin @ 3
Y=g
——\"—___:_-
. 2sin@ . 2cos@
lim = lim
90 @ 850 1 -3
=2
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Section 10.4 Polar Coordinates and Polar Graphs 1045

92. r = 2cos 20 sec 96. (a) The graph is a circle, where a = 2 is measured
Strophoid filong the y'-axis. So, the equation of the polar graph
is r = 2sin 6.
-
r= —wasf = > (b) The graph is a rose curve with n = 3 petals and
‘ } a = 3. So, the equation of the polar graph is
+ !
F = oasf = % r = 3sin 36.
(c) The graph is a rose curve with 2n = 4 petals and
r =2cos2fsecl = 2(2 cos? @ ~ l) sec & a = 4. So, the equation of the polar graph is
r = 4 cos 26.

rcos@ = 4cos’ 6§ - 2
(d) The graph is a lemniscate with a = 3, which is

x=4cos’f -2
. R measured along the x-axis. So, the equation of the
e-l:g]r/z (4 cos” 6 - 2) =2 polar graph is #* = 9 cos 26.
97. r = 4sin @
” 3 @@ 0<0<Z
2
L
93. The rectangular coordinate system consists of all points

of the form (x, y) where x is the directed distance from T
the y-axis to the point, and y is the directed distance from T
the x-axis to the point. freent e
Every point has a unique representation.
The polar coordinate system uses (r, 6) to designate the (b) % <0<

location of a point.

r is the directed distance to the origin and & is the angle
the point makes with the positive x-axis, measured
counterclockwise.

Points do not have a unique polar representation.

94, x = rcosf,y = rsiné

+y =rhang =2

X

xZ

© -Z<o<Z
95, 2 2

by

Slope of tangent line to graph of » = f(6)at (r, 6) is

dy _ f(O)cos b + f'(6)sin 6

ax  ~f(f)sin @ + f'(6)cos 6

If f(a) = 0and f(a) # 0,then 6 = « is tangent at
the pole.

1213
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1046 Chapter 10 Conics, Parametric Equations, and Polar Coordinates

98. r = 61+ cos(d ~ ¢)] 100. (a) sin(e - g) sin @ cos(g-) - cos @ sin(%)
(@ ¢ =0,r =61 + cos 6

. —cos &

(I = slsnfo-3)]

.0 18
\u/‘! = f(-cos 8)
-9 (b) sin(@ - z) = sin @ cos 7 ~ cos O sin «
(b) 6 = %, r= 6[1 + 005(9 - %]] = -sin 0
: " r = f[sin(6 - 7)]
— = f(-sin @
.a % H] s (c) sin(e - ﬂ) = sin 4 cos(éﬁj - cos @ sin[z) '
b ~ 2 2 2
oy = cos @
The graph of » = 6[1 + cos 0] is rotated through the ' r = f [sm(& - ——2—)] f(cos 6)
angle z/4.
101. » = 2 —sin 6@
© 6=2 |
(@ r=2- sin(ﬁ-—z) =2 —-\—/-—%(sinﬁ — cos 8)
r=6[1+cos¢9——):| 4 2
2 4
6[1 + cos @ cos = + sin @ sin ] 6[1 + sin 0]
2 6 ra -—\’\I 6
| L/
/4"' h&\j -
12 e 1 (b) r - sm(ﬁ - %) =2 - (-cosd) = 2 + cos
.3
The graph of » = 6[1 + cos 8] is rotated through the T
angle 7/2. , (™
-6 ’.\ ) 6
99. Let the curve r = f(6) be rotated by ¢ to form the -
curve r = g(6).1f (5, &) isapointon » = f(6),then -
(ri: & + d)ison r = g(6) That s, () r=2-sin(@-7)=2-(-sind) =2+siné
8@ + ) =n = 1(8) ' 4
) Letting 8 = 6, + ¢, or 6, = 6 — g4, you see that (H\J .
-5 €
2(6) = 26 + ) = 1(8) = f(6 - 9) 1
g h
d r= —sm(ﬂ——”}=2—cos€
[(GX] X 4
%
SN
8 ]
. .
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104. By Theorem 9.11, the slope of the tangent line through 4 and P is

fcos@ + f'sind
—fsin@ + f'cos§

This is equal to

tan 6 + tany _ sin @ + cos @ tan

tan(@ + y) = = .
©+v) l-tan@tany  cosd — sin G tan

Equating the expressions and cross-multiplying, you obtain

Radial line
\

v
\ .
Polar curve . \| .
r=f(8) ~

P )

™ Tangent
fine

A

Section 10.4 Polar Coordinates and Polar Graphs 1047
102. r = 25in 20 = 4sin f cos & 103. (@) » =1-sin@
s 4 5
= 4sin| 6 — —|cos| @ — — i
(@ r sm( 6) ( 6] 1
2
4 §
N f—a ‘ Z\ \ } ¢
7
e
-2
p (b) r=1-sinjg-=
) r=4 sin[e - 5—) cos(ﬁ - —) = —4sin 6 cos 8 B 4
Rotate the graph of
Py r=1-siné
. {j\\ '_“::/ . through the angle 7z/4.
L.’)\\‘v.‘__> %
(c) r=4sin(6’—2—”)cos(€——7£) - /\\ e
3 3 1 -
N I
(""" ,13
.3 =2 3
fk\—_j
-2
(d) r = 4sin( — 7)cos(f - 7) = 4sinfcos

(f cos @ + 1" sin O)(cos @ — sin 6 tan y)

(sin @ + cos 6 tan y)(~f sin @ + f* cos §)
fcos?@ — fcos@sinBtany + f'sinGcos@ — f sin G tan

~fsin? @ — fsin @cos @ tan  + [ sin @ cos O
+ f' cos® @ tan y

S tan y/(c0520+ sin® 6’)

ya ¥

tany = L = .
MY == ade

f (cos2 6 + sin? 0) =
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