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32.
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34.

Section 9.1: Polar Coordinates

r>0, —2n<8<0 (5,—4—;)

a.
R
b. r<0,0<80<2n (—5,?)
8m
c. r>0, 2n<f<4r [5;)
3 3w
(4-F) 4
0
5w
a. r>0, -2n<6<0 (4,—7)
b. r<0,0<60<2n (—%%j
c. r>0, 2n<f<4r [4%)
3w
« /AN SN
- N\ >
=7 (-2, 3m)
a. r>0 -2n<0<0 (2,—2n)
b. r<0,0<6<2n (-2, m)

el @
(=3, 4m) M

a.

b.

C.

r>0, 2n<@<4n  (2,2m)

Y

4
r>0, -2n<0<0 (3,-n)
r<0,0<6<2n  (-3,0)

r>0, 2n<@<4n  (3,3m)
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Chapter 9: Polar Coordinates; Vectors

3s.
(1.3)¢ =
2 2
o >
a. r>0, -2n<6<0 1,—3?75
3n
b. r<0, 0<6<2n —1,7
C. r>0, 2n<@<4n (1,5715}
36. il
VAR
(2, ) 0]
a. r>0 -2n<6<0 (2,-n)
b. r<0,0<60<2n (—2,0)
c¢. r>0, 2n<f<4n  (2,3m)
37.
a. r>0, -2n<@<0 [3,—%)
n
b. r<0, 0<6<2n (_3’Tj
c. (r>0,2n<0<4n (3%)
38.

a. r>0, -2r<6<0 (2,—?}

39.

40.

41.

42,

43.

44.

b. r<0,0<6<2n (—2,?}

c. r>0, 2n<f<4r (27?“)

x:rcos(9:3cosgz3-0=0
. . T
y=rs1n6=3sm5=3-1=3

Rectangular coordinates of the point (3, gj are

(0,3).

x=rcos6=4cos%=4-0=0
. . 3n
y:rsm¢9:4s1n7:4-(—1):—4

Rectangular coordinates of the point (4, 3715} are
(0,-4).

x=rcos@=—-2cos0=-2-1=-2
y=rsin@=-2sin0=-2-0=0

Rectangular coordinates of the point (-2, 0) are
(-2,0).

x=rcos@=-3cost=-3(-1)=3
y=rsinf=-3sint=-3-0=0

Rectangular coordinates of the point (—3, ) are
(3,0).

x=rcosf= 6005150":6(—§J =33

y= rsin9=6s1n150°=6%:3

Rectangular coordinates of the point (6, 150°)

are (—3x/§, 3).

y= rsin9=5sin300°=5{—§J =—¥

x=rcosf =5cos300°=5- %

1
2
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45.

46.

47.

48.

49.

Rectangular coordinates of the point (5, 300°)

5 53
re > |

x:rc050:—2cos3—n:—2 —ﬁ :\/5
4 2
y= rsinHz—Zsin%Tn:—Z-%:—x/z

Rectangular coordinates of the point [— 2, ?ZTTC)

are (\/5,—\/5)

x=rcosd :—20052?75:_2(_lj =1

y= rsin0:—25in2§:—2-§:—\/§

Rectangular coordinates of the point [— 2, 2—;}

are (1,—\/5) .

X = rcosﬁz—lcos(—ﬁj:—l-l:_l
3 2 2

y= rsinHz—lsin(—E):—l —ﬁ :ﬁ
3 2 2

Rectangular coordinates of the point [—1, —Ej

13
are > |

x=rcosd =—3cos(—%) =_3(_£J _3W2

2 2
y= rsin0:—3sin(—3—n):—3 —ﬁ :ﬂ
4 2 2

Rectangular coordinates of the point [—3, —%)

are (ﬂ ﬂ}
f2 32

2

x=rcos@=-2cos(-180°) =—-2(-1)=2
y=rsin@=-2sin(-180°)=-2-0=0

839

50.

51.

53.

5S.

56.

Section 9.1: Polar Coordinates

Rectangular coordinates of the point
(-2,-180°) are (2,0).

x=rcos@=—-3cos(-90°)=-3-0=0
y=rsinf =-3sin(—90°) =-3(-1) =3
Rectangular coordinates of the point (-3, —90°)
are (0,3).

x=rcos@="7.5cos110°=7.5(—-0.3420) = —2.57
y=rsin@=7.5sin110°= 7.5(0.9397) = 7.05
Rectangular coordinates of the point (7.5,110°)
are about (—2.57,7.05).

x=rcos@ =-3.1cos182°= -3.1(-0.9994) = 3.10
y=rsinf =-3.1sin182°= —3.1(-0.0349) = 0.11
Rectangular coordinates of the point (—3.1,182°)
are about (3.10,0.11).

x=rcosf=6.3cos(3.8) = 6.3(—0.7910) = —4.98
y=rsinf = 6.3Sin(3.8) =6.3(-0.6119) = -3.85
Rectangular coordinates of the point (6.3,3.8) are

about (—4.98,-3.85).

x=rcosf = 8.1008(5.2) = 8.1(0.4685) = 3.79
y=rsinf =8.1sin (5.2) = 8.1(—0.8835) = —7.16
Rectangular coordinates of the point (8.1,5.2)
are about (3.79,-7.16).

rz\/x2+y2 =\/32+02 =49=3

6 =tan" [Zj =tan! [gj =tan'0=0
X 3

Polar coordinates of the point (3, 0) are (3, 0).
rz\/x2+y2 =\/02+22 =\/Z=2

6 =tan"' (l) =tan~' (gj
X 0

Since g is undefined, @ =g

Polar coordinates of the point (0, 2) are (2, g)
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Chapter 9: Polar Coordinates; Vectors

57.

58.

59.

60.

61.

r=yx? 37 =12 40> =41 =1

@ =tan"! (l) =tan”' (i) =tan”' 0=0
X -1

The point lies on the negative x-axis, so 8 =T.
Polar coordinates of the point (-1, 0) are (1, n) .

r=yx? 4y =02 +(=2)% =4 =2
6 =tan™' (l) =tan"' (_—zj
X 0
Since _—2 is undefined, @ = E.
0 2
The point lies on the negative y-axis, so 6 = —g .

Polar coordinates of the point (0,-2) are (2,—%) .

The point (1,—1) lies in quadrant I'V.
r=y+y’ =P+’ =2

6 = tan™! (l) =tan"! (_—lj =tan ' (1) = _I
X 1 4

Polar coordinates of the point (1,—1) are

[ﬁ,_gj |

The point (=3, 3) lies in quadrant II.
r=yxt )yt =343 =32

6 =tan" (l) =tan™' (i) =tan !(-1) = _r
X -3 4

Polar coordinates of the point (-3, 3) are

[3\/5, %“)

The point (\/g , 1) lies in quadrant L.

r=\1x2+y2 = (\/5)2%-12 =J4=2

1 b9
@ =tan"! lj =tan —==—
(x 36

Polar coordinates of the point (\/g, 1) are (2, gj .

62. The point (—2, 243 ) lies in quadrant II1.

63.

65.

66.

r= Py = (2P +(-243) =\T6=4
6 =tan™ (l) =tan"! (iﬁj —tan "' /3 = r
X -2 3

The point lies in quadrant III, so 8 = % —-T= —2?”

Polar coordinates of the point (—2, 243 ) are

+3)

The point (1.3,-2.1) lies in quadrant IV.
r=yx? 4y =137 +(-2.1)2 =61 =247

6 =tan"' (l) =tan"! (ﬁ) =-1.02
X 1.3

The polar coordinates of the point (1 3,-2.1) are
(2.47,-1.02).

The point (—0.8,—2.1) lies in quadrant III.
r=A?+y? =1/(=0.8)2 + (2.1 =/5.05 = 2.25

6 =tan™" (l) = tan”" —2d =~1.21
X -0.8
Since the point lies in quadrant III,

0=121-7r=-1.93.
The polar coordinates of the point (—0.8,-2.1) are

(2.25,-1.93).

The point (8.3, 4.2) lies in quadrant I.
r=yx?+y? =V/8.32 +4.22 = /86,53 =9.30

6 =tan™ (l) =tan"! (ﬂ) = 0.47
X 8.3

The polar coordinates of the point (8.3,4.2) are
(9.30,0.47) .

The point (2.3, 0.2) lies in quadrant II.
r=yx?+y? =4(=232 +02% =533 =231

6=tan" [lj =tan"! (ﬁj ~—-0.09
X -2.3

Since the point lies in quadrant II,
0=1-0.09=3.05.
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67.

68.

69.

70.

71.

72.

73.

74.

The polar coordinates of the point (—2.3, 0.2) 75.

are (2.31,3.05).

2x2+2y* =3
2(x2+y2)=3
2r* =3
TR QP R (1
2 2 2
ST 76.
r* =rcosf
r=cosé
= 77.
(rcos&) =4rsin@
r* cos’ @—4rsin@ =0
=2x
(rs1n6) =2rcosé
r*sin® @—2rcosf =0
78.

2xy =1
2(rcos@)(rsinf) =1
r* (2sinfcos@) =1
r*sin20 =1

4x*y=1
4(rcos 0)rsinf=1

4r? cos’ @ rsinf =1

r* cos? @sin@ =— 79.
x=4
rcos@ =4
80.
y=-3
rsin@d=-3

841

Section 9.1: Polar Coordinates

r=cosé@
r* =rcos@
x2+y2=x
x2—x+y2=0
1 1
X —xt =ty =—
4 4
2
1 , 1
x——| +y" ==
( 2) YTy
r=sinfd+1
r* =rsin@+r
X2+ yt = yrqfat +y?
r? =cos@
r =rcos@
3/2
(rz) =rcos@
3/2
(x2+y2) =x
3/2
(x2+y2) —-x=
r=sin@—cosf

r* =rsin@—rcos@
x2+y2 =y—x
x2+x+y2—y=0
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Chapter 9: Polar Coordinates; Vectors

81. re—2 82. po_ 3
1—cos@ 3—cos@
r(l-cos@)=4 r(3—cosf) =3
r—rcosd =4 3r—rcos@=3

\/m_x:4 3 x2+y2—x=3
m=x+4 3 x2+y2=x+3
x*+y? =x* +8x+16 9(x2+y2)=x2+6x+9
y2=8(x+2) 9x> +9y* = x> +6x+9
8x* —6x+9y* -9=0
64x* —48x+72y* =72=0

64[x2—%xj+72y2 =72
64(;8 —§x+ij+72y2 =72+64(ij
47 64 64
3 2
64[x—§) +72y* =81

83. a. For this application, west is a negative direction and north is positive. Therefore, the rectangular coordinate is
(=10, 36) .

b. The distance r from the origin to (~10,36) is r=1/x*+y =+/(—10)> +(36)> = /1396 = 2/349 = 37.36.

Since the point (-10, 36) lies in quadrant II, we use 8 =180°+ tan™! [Zj . Thus,
X

6 =180°+tan"" E%} =180°+ tan™" [—?j ~105.5°.

The polar coordinate of the point is [2\/349, 180° + tan ™" (—%D ~(37.36,105.5°).

c. For this application, west is a negative direction and south is also negative. Therefore, the rectangular
coordinate is (—3,-35).

d. The distance r from the origin to (-3,-35) is r = \/xz +y2 = \/(—3)2 +(=35)% =+/1234 = 35.13.

Since the point (—3,-35) lies in quadrant ITI, we use € =180°+ tan™! [lj . Thus,
X

0 =180°+tan™" [_—335] =180°+tan™" [?) ~265.1°
The polar coordinate of the point is (\/1234, 180°+ tan™! (%D =~ (35.13, 265.10) .

84. Rewrite the polar coordinates in rectangular form:
Since B, =(r;,6,) and P, =(r,, 6,), we have that (x,,y,)=(rcosf,, rsin6,) and

842
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Section 9.2: Polar Equations and Graphs

(x1.3)=(r,co86,,1,8in6,).

d=y(x,=3) +(y2-»)

Z\/(r2 cos 6, —r; cos )2 +(r,sin8, — 1 sin¢9l)2

_ (2.2 2 2 2 2 : : 2 2
—\/r2 cos” @, —2rr, cosB, cos G +1 cos” G+, sin” 8, — 211, sin G, sinf, + 1" sin” 6,

= \/rlz (0052 6, +sin’ 6, ) +ry (0052 6, +sin’ 62)—2}’1r2 (cos 8, cos 6, +sinb, sin 6, )

=\/r12+r22—2r1r2 cos (6, —6,)
85. x=rcosf and y=rsind

86 — 87. Answers will vary.

Section 9.2 to rectangular form:
r=4
L. (-4.6) =16
X +y* =16

2. cosAcosB+sinAsinB

3. (x—(=2)) +(y-5)° =3
(x+2)* +(y-5)" =9

4. odd, since sin(—x)=-—sinx .

5. —
2
1 7T
6. — E -3
7. polar equation 4. r=2
- P q The equation is of the form r=a, a>0. Itisa
8. False. They are sufficient but not necessary. circle, center at the pole and radius 2. Transform
to rectangular form:
9- _6 r = 2
2
=4
10. 7-6 L,
x“+y =4
11. True
12. 2n;n
13. r=4

The equation is of the form r=a, a>0. Itisa
circle, center at the pole and radius 4. Transform

843
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Chapter 9: Polar Coordinates; Vectors

16. 6=-"
4

The equation is of the form & =« . Itis a line,
passing through the pole making an angle of

—% (or %) with the polar axis. Transform to

rectangular form:

g=-"

15. 6=—

The equation is of the form 8 =¢ . Itis a line,

passing through the pole making an angle of %
with the polar axis. Transform to rectangular
form:
="
3
tan @ = tan —
3
Y.
X
y=+/3x

17. rsinf=4
The equation is of the form rsin@=»5. Itisa
horizontal line, 4 units above the pole.
Transform to rectangular form:

rsin@ =4

844
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18. rcos8=4
The equation is of the form rcos@=a. Itisa

vertical line, 4 units to the right of the pole.
Transform to rectangular form:

rcos@=4

x=4

19. rcosf=-2
The equation is of the form rcos@=a. Itisa
vertical line, 2 units to the left of the pole.
Transform to rectangular form:
rcos@=-2

20. rsin@=-2
The equation is of the form rsin@ =5 . Itisa
horizontal line, 2 units below the pole.
Transform to rectangular form:
rsinf =-2
y=-2

21.

22,

Section 9.2: Polar Equations and Graphs

r=2cos@

The equation is of the form

r=12acosf, a>0. Itisa circle, passing
through the pole, and center on the polar axis.
Transform to rectangular form:

r=2cos@
r? =2rcos@
X+ y2 =2x

x> =2x+y*=0
(x=1)*+y* =1
center (1, 0) ; radius 1

r=2sin8
The equation is of the form r =+2asin8, a>0.
It is a circle, passing through the pole, and center

. i
on the line € =—. Transform to rectangular form:

r=2siné
r? =2rsin@
)c2+y2 =2y
x2+y2—2y=0
2 2 _
x T+ (y-D" =1

center (0, 1) ; radius 1
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Chapter 9: Polar Coordinates; Vectors

23. r=-4siné
The equation is of the form r =+2asind, a>0.
It is a circle, passing through the pole, and center

. T
on the line # =—. Transform to rectangular form:

r=-—4sinf
r* =—4rsin@
X +yt=—4y
X +y+4y=0

CH(y+2)7 =4
center (0,—2) ; radius 2

24. r=-4cos€
The equation is of the form » =2acosé, a>0.

It is a circle, passing through the pole, and center

on the polar axis. Transform to rectangular form:

r=—4cos@

r* =—4rcos@
x* +y? =—4x

x* +4x+y? =0

(x+2)*+y* =4

center (=2, 0) ; radius 2

25. rsecd=4
The equation is a circle, passing through the

pole, center on the polar axis and radius 2.
Transform to rectangular form:

rsec@ =4
re ! =4
cos @
r=4cos@
r? =4rcos@

X +y? =4x
x* —dx+ y2 =0
(x=2)"+y* =4

center (2, 0); radius 2

26. rcsc0=8
The equation is a circle, passing through the

pole, center on the line & :g and radius 4.

Transform to rectangular form:

rcsc@ =38
r- _1 =8
sin @
r=38siné
r? =8rsin @
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27.

x*+y* =8y

¥ +y*-8y=0
K H(y-4)7 =16
center (0, 4); radius 4

rescf=-2
The equation is a circle, passing through the

pole, center on the line & :g and radius 1.

Transform to rectangular form:

rcsc@=-2
1

ro——s==2

sin @
r=-2siné

P =-2rsinf

x? +y2 =-2y

X +y*+2y=0

K H(y+) =1
center (0,—1) ; radius 1

847

28.

29.

30.

31.

32,

33.

34.

3s.

36.

Section 9.2: Polar Equations and Graphs

rsecd =—4

The equation is a circle, passing through the
pole, center on the polar axis and radius 2.
Transform to rectangular form:

rsecd=-4
r ! =—4
cos@
r=—-4cos@

r* =—4rcos@

x* 4y’ =—dx

X% +4x+ y2 =0
(x+2)*+y* =4
center (=2, 0) ; radius 2

Copyright © 2013 Pearson Education, Inc.



Chapter 9: Polar Coordinates; Vectors

37.

r=2+2cosé@

The graph will be a cardioid. Check for symmetry:

Polar axis: Replace 6 by —@. The result is
r=2+2cos(—0)=2+2cos8.

The graph is symmetric with respect to the polar
axis.

The line Hzg: Replace 6 by 7-6.

r=2+2cos(m—6)
=242 [cos(n) cos @+ sin(r) sin 6]
=2+2(—cos8+0)
=2-2cosé
The test fails.
The pole: Replace r by —r.
—r=2+2cos@ . The test fails.

Due to symmetry with respect to the polar axis,
assign values to 6 from Otom.

0 | r=2+2cos@
4

Tl 24 3=37

6

u 3

3

z 2

2

m

3

51

=1 2-43=03

6

T 0

848

38.

r=1+sin8
The graph will be a cardioid. Check for
symmetry:

Polar axis: Replace 8 by —@ . The result is
r=1+sin(—f8) =1-sin @ . The test fails.

The line Bzg: Replace @ byn—-6.

r=1+sin(t—6)
=1+ [sin (m)cos @ —cos()sin 49]
=1+ (0+sin8)
=1+sin8
The graph is symmetric with respect to the line

="
2
The pole: Replace r by —r. —r=1+siné.

The test fails.

. . T
Due to symmetry with respect to the line 6 = EX

. T
assign values to € from 3 to —.

2
r=14+sin@
EX
2
G 1_£z0_1
3 2
_r 1
6 2
0 1
z 3
6 2
T B
3 2
z 2
2
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39.

r=3-3siné
The graph will be a cardioid. Check for symmetry:
Polar axis: Replace € by —@. The result is

r=3-3sin(—0) =3+3sin @ . The test fails.

The line 9=§: Replace 8 byn—6.

r=3-3sin(n—6)
=3 —3[sin (m)cos @ —cos(m)sin 49}
=3-3(0+sin )
=3-3sinf

The graph is symmetric with respect to the line

o="
2

The pole: Replace r by —r. —r=3-3sin6.
The test fails.

. . e
Due to symmetry with respect to the line 8 = >

. T, T
assign values to € from 5 to 5

0 r=3-3siné

-= 6

33

=13+ <56
3 2

849

40.

Section 9.2: Polar Equations and Graphs

r=2-2cos@

The graph will be a cardioid. Check for
symmetry:

Polar axis: Replace 6 by —6 . The result is
r=2-2cos(—0)=2—-2cos@ . The graph is
symmetric with respect to the polar axis.

The line Bzg: Replace @ byn—-6.

r=2-2cos(n—6)
:2—2|:cos(7t)cos€+sin(n)sin¢9}
=2-2(-cos8+0)
=2+2cosé

The test fails.

The pole: Replace r by —r. —r=2-2cosé.

The test fails.
Due to symmetry with respect to the polar axis,
assign values to € fromOtom.

6 | r=2-2cos@
0 0

T2 3=03
6

r 1

3

r 2

2

m

3

5w

22 243=37
6

b1 4
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Chapter 9: Polar Coordinates; Vectors

41.

r=2+sin@

The graph will be a limacon without an inner
loop. Check for symmetry:

Polar axis: Replace € by —@&. The result is

r=2+sin(—0) =2 —sin @ . The test fails.

The line 9=§: Replace 8 byn—6.

r=2+sin(mt—0)
:2+[sin(n)cos&—cos(n)sinﬁ]
=2+(0+sinf)=2+sin 8

The graph is symmetric with respect to the line

o=".
2

The pole: Replace r by —r. —r=2+siné.
The test fails.

. . T
Due to symmetry with respect to the line 8 = 5

. T, T
assign values to 6 from ) to 7

o r=2+siné
K :
2
o, B
2
n 3
2
0 2
n S
6 2
T, B
3 2
r 3
2

850

42,

r=2-cos@
The graph will be a limagon without an inner
loop. Check for symmetry:

Polar axis: Replace 6 by —6 . The result is
r=2—-cos(—0)=2—-cos@ . The graph is
symmetric with respect to the polar axis.

The line Bzg: Replace @ byn—-6.

r=2-cos(n—0)
= 2—[cos(n)cos€+sin(n)sin 9}
=2—(—cos8+0)

=2+cosé@
The test fails.

The pole: Replace r by —r. —r=2-cos@.
The test fails.

Due to symmetry with respect to the polar axis,
assign values to @ from Otom.

6 | r=2-cosf
0 1

T, B
6 2

T 3

3 2

r 2

2

w| s

3 2

on 2+i§:29
6 2

T 3
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43.

r=4-2cos@
The graph will be a limagon without an inner
loop. Check for symmetry:

Polar axis: Replace € by —@. The result is
r=4-2cos(—@)=4—-2cos@. The graph is
symmetric with respect to the polar axis.

The line 19:%: Replace 8 byn—6.

r=4-2cos(n—6)
= 4—2[cos(n)cos¢9+sin(7t)sin 0]
=4-2(-cos8+0)

=4+2cos@
The test fails.

The pole: Replace r by —r. —r=4-2cosé.
The test fails.

Due to symmetry with respect to the polar axis,
assign values to 6 from Otom.

0 | r=4-2cos@
0 2

Tl a-3=23
6

r 3

3

I 4

2

moo

3

5w

22 443=~57
6

T 6

851

44.

Section 9.2: Polar Equations and Graphs

r=4+2siné
The graph will be a limacon without an inner
loop. Check for symmetry:

Polar axis: Replace 6 by —@&. The result is
r=4+2sin(—6) =4-2sin @ . The test fails.

The line Bzg: Replace @ byn—-6.

r=4+2sin(nt—6)
:4+Z[Sin(n)cosﬁ—cos(n)sine}
=4+2(0+sinf)

=4+42sind
The graph is symmetric with respect to the line

o=".

The pole: Replace r by —r. —r=4+2sin6.
The test fails.

. . T
Due to symmetry with respect to the line 8 = 5

. T, T
assign values to € from 3 to 7

0 r=4+2sin@
n 5

2
—= | 4-3=23
n 3

6

0 4

r 5

6

g 4+3=57
kil 6

2
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45.

r=1+2sin8
The graph will be a limacon with an inner loop.
Check for symmetry:

Polar axis: Replace 6 by —8 . The result is
r=1+2sin(—68) =1-2sin & . The test fails.

The line 19:%: Replace 8 byn—6.

r=1+2sin(n—6)
= 1+2|:sin(n)cos¢9—cos(7t)sin 0]
—1+2(0+sin6)

=1+2sin8
The graph is symmetric with respect to the line

o="=.
2

The pole: Replace r by —r. —r=1+2sin6.
The test fails.

. . T
Due to symmetry with respect to the line 8 = 5

assign values to 8 from Tl
2 2
6 | r=1+2sinf
i 0
2
“Ii-v3=—07
3
n 0
6
0 1
z 2
6
I 1 1+3=27
3
z 3
2

852

46.

r=1-2siné
The graph will be a limacon with an inner loop.
Check for symmetry:

Polar axis: Replace 8 by —@&. The result is
r=1-2sin(—0) =1+2sin 8. The test fails.

The line Bzg: Replace @ byn—-6.

r=1-2sin(n—0)
= I—Z[Sin(n)cose—cos(n)sin 6}
=1-2(0+sinH)

=1-2sind
The graph is symmetric with respect to the line

o=".
2

The pole: Replace r by —r. —r=1-2sin6 .
The test fails.

. . T
Due to symmetry with respect to the line 8 = 5

. T, T
assign values to € from 3 to 7

7] r=1-2sin@
E: 3
2
I 14327
3
K )
6
0 1
r 0
6
T l1-y3=~-07
3
I -1
2
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47.

r=2-3cosf
The graph will be a limagon with an inner loop.
Check for symmetry:

Polar axis: Replace € by —@&. The result is
r=2-3cos(—0)=2—-3cosf.

The graph is symmetric with respect to the polar
axis.

The line 9=§: Replace 8 byn—6.

r=2-3cos(mt—0)
= 2—3[cos(n)cost9+ sin(m)sin 6}
=2-3(—cos@+0)

=2+3cosf
The test fails.

The pole: Replace r by —r. —r=2-3cos8.
The test fails.

Due to symmetry with respect to the polar axis,
assign values to 8 from Otom.

o r=2-3cosé
0 -1

T 2_£z_0'6
6 2

T 1

3 2

r 2

2

w7

3 2

on 2+ﬁ:4.6
6 2

T 5

853

48.

Section 9.2: Polar Equations and Graphs

r=2+4cosf
The graph will be a limagon with an inner loop.
Check for symmetry:

Polar axis: Replace 6 by —6. The result is
r=2+4cos(—0)=2+4cosf.

The graph is symmetric with respect to the polar
axis.

The line 6=§: Replace € byn—6.

r=2+4cos(m—0)
= 2+4[cos(1‘c)cos9+sin(1‘c)sin 49]
=2+4(-cos8+0)
=2—-4cosé
The test fails.
The pole: Replace r by —r. —r=2+4cos6.
The test fails.

Due to symmetry with respect to the polar axis,
assign values to € fromOtom.

0 | r=2+4cosb
0 6

% 2423 =55
ki 4

3

r 2

2

m

3

Ml 2fB=15
6

T -2
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49.

r =3cos(26)

The graph will be a rose with four petals. Check
for symmetry:

Polar axis: Replace 6 by —6.
r =3cos(2(—0)) =3cos(—26) =3cos(26) . The

graph is symmetric with respect to the polar axis.

The line & zg : Replace 6 byn—6.
r=3cos [2(7t - 0)]
=3cos(2n—26)
= 3[cos(2n) cos(26) +sin (2m)sin (29)]
=3(cos26+0)
=3cos(20)

The graph is symmetric with respect to the line

g=".
2

The pole: Since the graph is symmetric with
respect to both the polar axis and the line 8 = g ,

it is also symmetric with respect to the pole.

Due to symmetry, assign values to

0 fromOtoE.

6 | r=3cos(20)
3

T 3

6 2

T 0

4

T 3

3 2

I -3

2

r =2sin(36)
The graph will be a rose with three petals.
Check for symmetry:

Polar axis: Replace 6 by —6.
r =2sin[3(-6)] = 2sin(—360) = —2sin(36) . The
test fails.
The line 6 zg : Replace 6 by ©—86.
r=2sin[3(n-0)]
=2sin(3t—36)
= Z[Sin (3m)cos (368) —cos(3)sin (30)]
=2[0+sin(36)]
= 2sin(36)
The graph is symmetric with respect to the line
o=
2
The pole: Replace r by —r. —r =2sin (30) .
The test fails.

. . T
Due to symmetry with respect to the line 8 = 5

. T, T
assign values to € from —— to 7

2
0 | r=2sin(30) 6 | r=2sin(36)
I [ 5
2 6
_I 0 T | 2~14
3 4
L N T 0
4 3
.2 n 5
6 2
0 0
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51.

r =4sin(56)
The graph will be a rose with five petals. Check
for symmetry:

Polar axis: Replace 6 by —6.
r=4sin [5(—(9)] =4sin(—56) = —4sin (5(9) .
The test fails.

The line & zg: Replace 6 by n—-6.
r=4sin[5(n— )] = 4sin(5t—56)

= 4[sin (5m)cos (56)—cos(5m)sin (549)]

=4[0+sin(56) ]

=4sin(56)
The graph is symmetric with respect to the line
="

2

The pole: Replace r by —r. —r =4sin(56).
The test fails.

. . T
Due to symmetry with respect to the line 8 = 5

assign values to 8 from Tl
2 2
0 | r=4sin(56) 0 | r=4sin(56)
1 T 5
2 6
I 2B3=35 Tl 2v2~238
3 4
I 22238 T 123~35
4 3
o, L A
6 2
0 0

855

Section 9.2: Polar Equations and Graphs

r =3cos(46)
The graph will be a rose with eight petals.
Check for symmetry:

Polar axis: Replace 6 by —6.
r =3cos(4(—80)) =3cos(—46) =3cos(46) . The
graph is symmetric with respect to the polar axis.

The line & =g : Replace 6 byn—-6.
r=3cos[4(n—6)]
=3cos(4nt—46)
= 3[COS (4m)cos(46)+sin (4m)sin (4(9)}
=3(cos46+0)
=3cos(46)
The graph is symmetric with respect to the line

o="C.
2

The pole: Since the graph is symmetric with
respect to both the polar axis and the line 6 = g ,

it is also symmetric with respect to the pole.

Due to symmetry, assign values to

o fromOtog.

6 | r=3cos(40)
0 2

T 3

6 2

T -3

4

T 3

3 2

I 3

2
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Chapter 9: Polar Coordinates; Vectors

53. r? =9cos(26)

The graph will be a lemniscate. Check for
symmetry:

Polar axis: Replace 6 by —6.
r? =9cos(2(—0)) =9cos(—26) =9cos(26). The
graph is symmetric with respect to the polar axis.

The line 19:%: Replace 8 byn—6.

r* =9cos[2(n-6)]
=9cos(2n—26)
= 9[008(275) c0s 26 +sin (2m)sin 249]
=9(cos26+0)
=9cos(20)

The graph is symmetric with respect to the line
o==.

2
The pole: Since the graph is symmetric with

respect to both the polar axis and the line 6 = g ,

it is also symmetric with respect to the pole.

Due to symmetry, assign values to

0 fromOtog.

2] r==%,/9cos(26)
0 +3

r RENER
6 2

r 0

4

r undefined

3

g undefined

856

54. r* =sin(26)

The graph will be a lemniscate. Check for
symmetry:

Polar axis: Replace 6 by —6.
r? =sin(2(-6)) = sin(—260) = —sin(20) . The test
fails.

The line 6=§: Replace € byn—6.

r* =sin[2(n-6)]
=sin(2n—26)
= sin (2m)cos 20 —cos (27)sin (206)
=0-sin(20)
=—sin(26)
The test fails.
The pole: Replace r by —r.
(-r)* =sin(26)
r* =sin(26)
The graph is symmetric with respect to the pole.

Due to symmetry, assign values to
6 fromOtom.

6 | r=+/sin(20)

0 0

L )
6 2

L2 I )

3 2
kid 0

2
2—37[ undefined
S—TC undefined
6

T 0
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55. r=2°

The graph will be a spiral. Check for symmetry:
Polar axis: Replace & by —0. r=2"%. The
test fails.

The line 9=§: Replace 8 byn—6.

r=2"% The test fails.

The pole: Replace r by —r. —r= 2% . The test

fails.

o |r=2°
- 0.1
I oos

2
“Ioos
4

0 1

Tl g

4

Tl 30

2

b1s 8.8
31 262

2
2 | 77.9

857

Section 9.2: Polar Equations and Graphs

56. r=3°%

The graph will be a spiral. Check for symmetry:
Polar axis: Replace 8 by —6. r= 37%. The

test fails.

The line 6=§: Replace 6 byn—60. r=3""7.

The test fails.

The pole: Replace r by —r. —r= 3%. The test
fails.

6 | r=3°
x| 003
Il oo2

2
Il o4
4

0ol 1

L W

4

Tl se

2

0 31.5
3172

2
o | 995
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57.

r=1-cos@

The graph will be a cardioid. Check for
symmetry:

Polar axis: Replace 6 by —@. The result is
r=1-cos(—f)=1-cosé.

The graph is symmetric with respect to the polar

axis.

The line 9=§: Replace 8 byn—6.

r=1-cos(t—0)
=1—(cos(m)cos @ +sin(7)sin H)
=1—(-cos@+0)

=1+cos@
The test fails.

The pole: Replace r by —r. —r=1-cosé.

The test fails.

Due to symmetry, assign values to
@ fromOtom.

6 | r=1-cosé@
0 0

L2 PRI
6 2

T 1

3 2

r 1

2

|3

3 2

on 1+£z1.9
6 2

T 2

858

r=3+cos8
The graph will be a limagon without an inner
loop. Check for symmetry:

Polar axis: Replace 6 by —6. The result is
r=3+4cos(—f) =3+cos 8 . The graph is
symmetric with respect to the polar axis.

The line 6=§: Replace € byn—6.

r=3+cos(mt—0)
= 3+[cos(1‘c)cos€+sin(1‘c)sin 49]
=3+ (—cosf+0)

=3—-cosé
The test fails.

The pole: Replace r by —r. —r=34cosé.
The test fails.

Due to symmetry, assign values to
6 fromOtom.

6 | r=3+cosd
0 4

L2 PURE RPN
6 2

ud 7

3 2

r 3

2

2n S

3 2

smi, B,
6 2

b 2
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59.

r=1-3cos@
The graph will be a limagon with an inner loop.
Check for symmetry:

Polar axis: Replace € by —@. The result is
r=1-3cos(—0) =1-3cos@. The graph is
symmetric with respect to the polar axis.

The line 19:%: Replace 8 byn—6.

r=1-3cos(n—6)
= 1—3[cos(n)cos€+sin(n)sin 9}
=1-3(-cos8+0)

=1+3cos@
The test fails.

The pole: Replace r by —r. —r=1-3cosf.
The test fails.

Due to symmetry, assign values to
@ fromOtom.

6 | r=1-3cosé
0 -2

L2 I NER
6 2

n 1

3

r 1

2

m| s

3 2

on 1+ﬁz3.6
6 2

T 4

859

Section 9.2: Polar Equations and Graphs

r =4cos(36)
The graph will be a rose with three petals.
Check for symmetry:

Polar axis: Replace 6 by —6.
r =4cos(3(—0)) =4cos(—36) =4cos(36) . The
graph is symmetric with respect to the polar axis.

The line 6=§: Replace € byn—6.

r= 4cos[3(1‘c—49)]
=4cos(3n-30)
=4 [cos (3m)cos 36 +sin (37)sin (349)]
=4(-co0s360+0)
=—4cos(30)
The test fails.
The pole: Replace r by —r. —r=4cos(36).
The test fails.

Due to symmetry, assign values to
6 fromOtom.

0 | r=4cos(36)
0 4
ki3 0
6
I 4
3
ki 0
2
2n 4
3
w|
6
b1 —4
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Chapter 9: Polar Coordinates; Vectors

61. r=28cosf 62.
The equation is of the form r =+2acosd, a>0.

It is a circle, passing through the pole, and center
on the polar axis.

r=8sin8
The equation is of the form r =+2asinf, a>0.
It is a circle, passing through the pole, and center

on the line 6 = r .

r=2sect

;= 2 r=4cscé
cosd 4

rcos&:Z. . . r:sinH

The equation is of the form rcos@=a. Itisa rsind =4

vertical line, 2 units to the right of the pole. The equation is of the form rsin@=b . Ttisa

horizontal line, 4 units above the pole.

X
2\4 6 8 10 g=0

WAL

=31 =31 o=1m
_3m
Use substitution to find the point(s) of °=2
lél ::(Z,)rss Zciu;ns:ec 0 Use subgtitution to find the point(s) of
intersection:
8cosf = 8sin@ =4cscl
cos @
2 1 8sin 6 = —
cos” @ =— sin @
4 1
1 sin?@=—
cos49=+§ 2
2
p=" 2 A ST 0<6<2n sing=2=-
3333 7w 3r Sk Ix
T 1 0=—,—,—,— for0<0<2x
If€:§, r=8cos—=28 3 =4. 4’47 4 4
V4 2
it g=2% r:8cos—:8(—lj:—4 =7 "851‘1_‘8[7}46'
3 2 N
4 ol 1) it 0=7, r—gsin-F =g| Y2 |_ 42
If 6—?, r=8cos—=2=8 _E =—4 4 2
R4 R4 V2
If¢9=5?”,r=80055—=8(1)=4 IerT,}’ZSS _:8(_7)—_4\5
r . Ir \/5
The points of intersection are (4, zj, If ¢9=T, r =851n7=8(—7) =42,
3
(_4, 2?”) (_4’ 4%) _and (4, 5?”] The points of intersection are [4\/5, %),

(4J§, %’j i (_4\/5, STEJ and (—4\5, %ﬁj .

860
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63.

r=siné

The equation is of the form r =+2asinf, a>0.

It is a circle, passing through the pole, and center
on the line 6 = % .

r=1+cosé
The graph will be a limagon without an inner
loop. Check for symmetry:

Polar axis: Replace € by —@. The result is
r=1+cos(—0) =1+cos@. The graph is
symmetric with respect to the polar axis.

The line 9=§: Replace 8 byn—6.

r =1+cos(n—6)
=1+ [cos (m)cos 8 +sin(m)sin 6}
=1+ (-cos8+0)
=1-cos@
The test fails.
The pole: Replace r by —r. —r=1+cos6.
The test fails.

Due to symmetry, assign values to
@ fromOtom.

@ | r=1+cosé
0 2

L2 FUE RS
6 2

ud 3

3 2

r 1

2

2n 1

3 2

sei V3.,
6 2

T 0

64.

Section 9.2: Polar Equations and Graphs

Use substitution to find the point(s) of
intersection:
sin@ =1+cos@

sind—cos@ =1

(sin@—cos 0)2 = (1)2
sin® @—2sin @ cos O+ cos” 6 =1
1-2sinfcosf =1
—2sinfcos8=0

sin@cos@ =0
sin@=0 or cosd=0

6=0,7 or 9=§,37” for0< 6 <27

If =0, r=sin0=0.
If @=rx, r=sinzt=0.

re==, r=sinZ=1.
2 2

If 6=3—7[, r=sin3—”=—1.
2 2

The points of intersection are (0, 0) , (O, 7[) s

(1, fj, and (—1, 3—”)
2 2

r=3
The equation is of the form r=a, a>0. Itisa
circle, center at the pole and radius 3.

r=2+2cosf
The graph will be a limacon without an inner
loop. Check for symmetry:

Polar axis: Replace 6 by —6 . The result is
r=2+2cos(—0)=2+2cos@. The graph is
symmetric with respect to the polar axis.

The line 6=§: Replace € byn—6.

r=2+2cos(m—0)
=2+ 2[cos(n)cos9+sin(n)sin 49]
=2+2(-cos8+0)

=2-2cosé
The test fails.

The pole: Replace r by —r. —r=24+2cosé.
The test fails.

Due to symmetry, assign values to
€ fromOtom.
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Chapter 9: Polar Coordinates; Vectors

6 | r=2+2cos@
0 4

r 2+J§z3,7
6

r 3

3

r 2

2

1

3

Ty B=03
6

T 0

Use substitution to find the point(s) of
intersection:
3=2+2cos8

1=2cos@

=cos @

2
Bzz,s—” for0<O<2rx
3°3

ro==, r=2+2cosf=2+2(lj=3.
3 3 2

i o=2%, r:2+20055—”:2+2(lj:3.
3 3 2

The points of intersection are (3, gj and

-)

65.

r=1+sin8

The graph will be a cardioid. Check for
symmetry:

Polar axis: Replace 8 by —& . The result is
r =1+sin(—0) =1-sin @ . The test fails.

The line Bzg: Replace @ byn—6.

r=1+sin(n—0)
=1+ [sin(n) cos @ —cos()sin 9]
=1+(0+sin8)
=1+sin8
The graph is symmetric with respect to the line
="
2

The pole: Replace r by —r. —r=14siné.
The test fails.
Due to symmetry with respect to the line

T . T T
[ :5, assign values to € from 5 to —.

2

6 |r=1+siné
T 0

2
_r 1_£z0.1

3 2
_r 1

6 2

0 1

z 3

6 2

T B
3 2

z 2

2

r=1+cos@

The graph will be a limacon without an inner
loop. Check for symmetry:

Polar axis: Replace 8 by —@&. The result is
r=14+cos(—f) =1+4cos@. The graph is
symmetric with respect to the polar axis.

The line 6=§: Replace € byn—6.

r=1+cos(mt—0)
= 1+[cos(1‘c)cos9+sin(1‘c)sin 49]
=1+ (-cos@+0)

=1-cosé
The test fails.
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The pole: Replace r by —r. —r=1+cos6.
The test fails.

Due to symmetry, assign values to 8 from O to 7.

6 | r=1+cosf
0 2

T 1+£21.9
6 2

ud 3

3 2

T 1

2

2n 1

3 2

Stiy B,
6 2

b1 0

Use substitution to find the point(s) of
intersection:
1+sin@=1+cos@

sin@ =cos @

s1n19=1

cos@
tan@ =1

6=£,5—n for0<@<2x
4 4

V2

0=" r=l4sinZ=1+422~17.
4 4 2

The points of intersection are (1 +%, %) and

863

Section 9.2: Polar Equations and Graphs

66. r=1+cos@
The graph will be a limagon without an inner
loop. Check for symmetry:

Polar axis: Replace 8 by —@&. The result is
r=14+cos(—f) =1+4+cos@. The graph is
symmetric with respect to the polar axis.

The line Bzg: Replace @ byn—-6.

r=1+cos(n—0)
= 1+[cos(n)cos€+sin(n)sin 0]
=1+ (—cos8+0)

=1-cosé
The test fails.
The pole: Replace r by —r. —r=1+cosé.
The test fails.
Due to symmetry, assign values to € from O to 7.
@ | r=1+cosd
0 2
mBg
6 2
T 3
3 2
I 1
2
2n 1
3 2
L 1- ﬁ =0.1
6 2
b1 0
r=3cosé

The equation is of the form r =+2acos8, a>0.

It is a circle, passing through the pole, and center
on the polar axis.

Use substitution to find the point(s) of
intersection:
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67.

68.

14+cos@ =3cosf

1=2cos@
cos€=l
2
T 5w
0=—,— for0<0< 27
3°3
£0=" r=l+cosZ=1+1=3
3 2 2
If6=5—7[,r=1+coss—7[=1+l=§.
3 3 2 2

The points of intersection are (%,%) and (%,5?”

The graph is a cardioid whose equation is of the

(6,0), so we have

6=a+bcosO
6=a+b(l)
6=a+b

The graph contains the point (3, %) , S0 we have

3=a+ bcos%

3=a+b(0)

3=a

Substituting a =3 into the first equation yields:
6=a+b

6=3+b

3=b

Therefore, the graph has equation r =3+43cos8.

The graph is a cardioid whose equation is of the

form r=a+bcos@. The graph contains the point

(6,7) , so we have
6=a+bcosx
6=a+b(-1)
6=a-b

The graph contains the point (3, %) , SO we have

3=a+ bcos%

3=a+b(0)

3=a

Substituting a =3 into the first equation yields:
6=a-b

6=3-b

b=-3

Therefore, the graph has equation r =3—-3cos 8.

)

form r =a+bcos@. The graph contains the point

69.

70.

71.

The graph is a limagon without inner loop whose
equation is of the form r =a+bsin 8, where

0<b <a. The graph contains the point (4,0),

so we have
4=a+bsin0
4=a+b(0)
4=aqa

The graph contains the point [5,%) , SO we have

.
S5=a+bsin—

5=a+b(1)

S5=a+b

Substituting a =4 into the second equation
yields:

S5=a+b

5=4+b

1=b

Therefore, the graph has equation » =4+siné .

The graph is a limagon with inner loop whose
equation is of the form r =a+bsin @, where

0<a<b. The graph contains the point (1,0),

so we have
l=a+bsin0
1=a+b(0)
l=a

The graph contains the point [5,%) , SO we have

5—a+bsinZ
2

5=a+b(1)
S=a+b
Substituting a =1 into the second equation yields:
S=a+b

5=1+b

4=b

Therefore, the graph has equation » =1+4siné .

r= 2 Check for symmetry:
1—cosd

Polar axis: Replace 6 by —6 . The result is
2 2
r= = .
1-cos(—-6) 1—cos@

The graph is symmetric with respect to the polar
axis.

Copyright © 2013 Pearson Education, Inc.



The line Bzg: Replace @ byn—-6.

_ 2
"= 1—cos(n—6)
_ 2
B 1—(coswcos@+sinzsin )
_ 2
B 1—(—cos8+0)
2

" l+cos@
The test fails.

2

B 1—cosé

The pole: Replace r by —r. —r

The test fails.
Due to symmetry, assign values to
@ fromOtom.

1] = 2
1—cosé@

0 undefined

T 2

= | ———=149

6 [1-+3/2

r 4

3

r 2

2

2n 4

3 3

Sy _ 2 g

6 | 1++/3/2

b 1

865

72.

Section 9.2: Polar Equations and Graphs

r= 2 Check for symmetry:
1-2cos@
Polar axis: Replace 6 by —6 . The result is
2 2

r= = . The graph is
1-2cos(—8) 1-2cos@

symmetric with respect to the polar axis.

The line 6=§: Replace € byn—6.

_ 2
r_1—2cos(1'c—6)
_ 2
_1—2(cos7tcoso9+sin7tsin6)
_ 2 _ 2
B 1-2(-cos@+0) 1+2cos@
The test fails.
2
The pole: Replace r by —r. —r—m.

The test fails.
Due to symmetry, assign values to
@ fromOtom.

0 r =—2
1—2cosé
0 -2
T 2
- | —==-27
6 | 1-3
g undefined
r 2
2
=
3
I _2__o7
6 1+\/§
2
TC a—
3
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Chapter 9: Polar Coordinates; Vectors

73. r=———— Check for symmetry:
3-2cos@
Polar axis: Replace € by —@&. The result is
1 1

r= = . The graph is
3-2cos(-6) 3-2cosd grap

symmetric with respect to the polar axis.

The line Hzg: Replace 8 byn—6.

1

' 3—2cos(n—6)

_ 1

B 3—-2(cosmcos@+sinzsinb)

_ 1 _ 1

"~ 3-2(-cosf+0) 3+2cosf
The test fails.

1

The pole: Replace r by —r. —r—m.

The test fails.

Due to symmetry, assign values to
6 fromOtom.

(2] r=—1
3—-2cos@

0 1

T 1

- ——=0.8

6 | 3-3

n 1

3 2

n 1

2 3

w1

3 4

S—TE ! =0.2

6

T

O=mn

866

74.

r= Check for symmetry:

1—cos@

Polar axis: Replace 6 by —@&. The result is
1 1
r — —
1-cos(—60) 1—cosé

symmetric with respect to the polar axis.

. The graph is

The line Bzg: Replace @ byn—-6.
1
1-cos(n—6)
_ 1
1—(coscos @ +sinzsin )
1

1-(—cos8+0)
_ 1
1+cosé@
The test fails.
The pole: Replace r by —r. —r= ! .
1—cosé@

The test fails.

Due to symmetry, assign values to
€ fromOtom.

o = !
1—cos@
0 undefined
B 1
— =75
6 | 1-43/2
r 2
3
r 2
2
w2
3 3
5n 1
— | ————=0.5
6 | 1++/3/2
1
Tc a—
2
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75.

r=6, 620
Check for symmetry:

Polar axis: Replace 6 by —6. r=-6.

The test fails.

The line 19:%: Replace @ byn—-6. r=n—-6.

The test fails.
The pole: Replace r by —r. —r=6. The test
fails.
[ r=60
0
T 1 I 05
6 | 6
1T 10
313
T1IZie
2| 2
T | m=3.1
LY ELIT
2 |2
2r | 2n=6.3
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76.

Section 9.2: Polar Equations and Graphs

r =% Check for symmetry:

Polar axis: Replace 8 by —6. r=ie. The
test fails.
The line 6 23: Replace @ byn—-6.

r= i . The test fails.

n—6

The pole: Replace r by —r. —r :% . The test

fails.
0 r= 3
o
0 undefined
| I8 5.7
6 T
T 209
3 T
Tl 8
2 b
T é =1.0
T
T2 06
2 b
21 i =0.5
21
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Chapter 9: Polar Coordinates; Vectors

77.

r=cscf-2=

-2, 0<é<m

sin &
Check for symmetry:

Polar axis: Replace 6 by —6.
r=csc(—@)—2=—csc@—2. The test fails.

The line 19:%: Replace 8 byn—6.

r=csc(r—6)-2

I S
sin(7—6)
— L
sin 7z cos @ —cos r sin @
- v,
0-cos@—1-sin@
=— 1 _ 2
sin @
=cscH-2
The graph is symmetric with respect to the line
="
2

The pole: Replace r by —r. —r=csc6-2.
The test fails.

. i
Due to symmetry, assign values to 8 from 0 to 3

0 r=csc@-2
0 undefined
ki3 0

6

% J2-2~-06
LI AP
3 3

I -1

2
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78.

r =sin@tan 6
Check for symmetry:
Polar axis: Replace 8 by —6.
r = sin(—@) tan(—6)
= (—sin @)(—tan )
=sinftan @

The graph is symmetric with respect to the polar
axis.

The line 6 =

o

: Replace 6 byn—-6.
r=sin(n—0)tan(n—0)

. . tan 77 — tan @
= (sinzcos@—cos wsinf)| ————
1+ tan s tan
=sinf — tan 6
=—sinftan
The test fails.

The pole: Replace r by —r. —r=sinftan@.
The test fails.

Due to symmetry, assign values to
6 fromOtom.

0 r=sinftan @
0 0

T l.ﬁzog
6 2 3

n 3

3 2

r undefined
2

2n _3

3 2
st B,
6 |2 3

T 0
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79.

_£<0<E
2

r=tané,
2

Check for symmetry:

Polar axis: Replace 6 by —6.
r=tan(—@) =—tand. The test fails.

The line 9=§: Replace 8 byn—6.

tan (1) — tan @ _ —tanf _

r=tan(m—60) = = =—tan@
1+ tan () tan @ 1
The test fails.
The pole: Replace r by —r. —r=tan8. The
test fails.
o r=tan@
I -1
3
n .
4
_I _ﬁ ~-06
6 3
0 0
T V3 ~0.6
6 3
z 1
4
g J3=17

869

80.

Section 9.2: Polar Equations and Graphs

r= COSE
Check for symmetry:
Polar axis: Replace 8 by —6.

r= cos(—g) = cos% . The graph is symmetric
with respect to the polar axis.

The line Hzg: Replace € byn—-6.

(n—ﬁ) (n 6)
r =cos =cos| =—=
2 2 2

T 0 . nm .0
= C0S—-COS—+Ssin —-sin —
2 2 2 2

=sin—
2
The test fails.
0
The pole: Replace r by —r. —r = cosE. The

test fails.

Due to symmetry, assign values to 8 fromOto 7.

| r= cosg
2
0 1
Tl 097
6
T3 087
3|2
T2 om
2 | 2
2n 1
3 2
ST 026
6
T 0
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Chapter 9: Polar Coordinates; Vectors

81.

82.

83.

84.

85.

Convert the equation to rectangular form:
rsinf =a

y=a
The graph of rsin@ =a is a horizontal line a
units above the pole if a >0, and |a| units below
the pole if a <O0.

Convert the equation to rectangular form:
rcos@=a

x=a
The graph of rcos@ =a is a vertical line a units
to the right of the pole if @ >0 and |a| units to
the left of the pole if a <O0.

Convert the equation to rectangular form:
r=2asin@,a>0
r* =2arsin@
X+ y2 =2ay

X +y*=2ay=0

x? +(y—a)2 =aq’
Circle: radius a, center at rectangular
coordinates (0, a).

Convert the equation to rectangular form:
r=—2asin@,a >0

r’=—2arsin@

X+ y2 =—2ay
X +y2+2ay=0
x? +(y+a)2 =a’
Circle: radius a, center at rectangular
coordinates (0,—a).

Convert the equation to rectangular form:
r=2acos@,a>0

r* =2arcos@
x* +y* =2ax
x> —2ax+y* =0
(x—a)’ +y* =d’
Circle: radius a, center at rectangular
coordinates (a, 0).

86.

87.

88.
89.

90.

Convert the equation to rectangular form:
r=—2acosf,a>0

r? =—2arcos@

x? +y2 =—2ax

x* +2ax+y? =0

(x+a)Y +y* =a*

Circle: radius a, center at rectangular
coordinates (—a, 0).

a. r’=cos@: r’=cos(n—0)

r* =—cos@
Not equivalent; test fails.
2
(=r)" =cos(-0)
r* =cos@
New test works.

b. r’=sin@: r’ =sin(n—0)

r? =sind
Test works.
(—r)2 =sin(-0)
r?>=—sin®

Not equivalent; new test fails.

Answers will vary.

If an equation passes one or more of these tests,
then it will definitely have a graph that is
symmetric with respect to the polar axis, the line

o zg , or the pole, depending on the test(s)

passed. However, an equation may fail these
tests and still have a graph that is symmetric with

. . T
respect to the polar axis, the line 6 = E , or the

pole.

Answers will vary.
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Section 9.3
1. —4+3i
2. sinAcosB+cosAsinB

3. cosAcosB—sin Asin B

5. real; imaginary
6. magnitude, modulus, argument

7. 1r,;6+6,;6+06,

8. r";n@;nb
9. three
10. True
11. r=\/x2+y2 =\/12+12 =2
tanﬁzlzl
x
0 =45°

The polar form of z =1+ is

z=r(cos@+isin8) =\/§(cos45°+ isin45°)

4 Imaginary
axis

Real
axis

12. r=\X+y* =1+ =2

tanf=2=—1
x

6 =135°
The polar form of z =—1+i is

z=r(cos@+isinf)= x/z(cosl35°+ isin135°)

Section 9.3: The Complex Plane; De Moivre’s Theorem

AImaginary
axis

1+~

| -\ Real

»
-1 axis

13. r=yx’+y’ = (\/§)Z+(_1)2=\/Z=2

x 3 3
6 =330°

The polar form of z = -iis
z=r(cos@+isinf)=2(cos330°+ isin330°)

AImaginary

axis

LT -

8 =300°
The polar form of z = 1-+/3i is
z=r(cos@+isin@)=2(cos300°+ isin300°)
A Imaginary

axis
2 —

\ | ‘Real
1 " axis

/1_
N

2

871
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Chapter 9: Polar Coordinates; Vectors

15, r=y&+y =0 +(-3) =0 =3

y -3
tanf ===——
an =0

0=270°

The polar form of z =-3i is
z=r(cos@+isin@)=3(cos270°+isin270°)

Imaginary
3 |axis
| N | Real
-3 \ 3 axis
_3 -

16. r=yx+y =27 +0* =4=2

y 0
tanfd===——=0
an =3

0 =180°

The polar form of z=-2 is
z=r(cos@+isinf)=2(cos180°+ isin180°)

AImaginary
axis
7
. r/_ \ |, Real
- 2 axis
i,

17. r=yxX+y* =# +(-4)7 =32=4/2

y —4
tanf =—=—=-1
an x 4
0=315°

The polar form of z=4-4i is
z=r(cos@+isinf)= 4\/5(005315°+ isin315°)

872

18.

19.

4 Imaginary
axis

| | . Real
2 4 7 axis

Ly TN

r=\1x2+y2 = (9\/§)z+92 2@218

x 93 3
6=30°

The polar form of z = N3 +9i is
z=r(cos@+isin@)=18(cos30°+isin30°).

A Imaginary
axis

| | Real
9 18  axis

r=\/xz+y2 =\/32-i-(—4)2 =25=5

y -4
tanf=—=—
ang=-<=—

6 =306.9°

The polar form of z=3-4i is

z=r(cos@+isin@)=5(cos306.9°+ isin 306.9°)

A Imaginary
! axis
| f \| |, Real
-2 1 3 axis
N
_2 —
4
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Section 9.3: The Complex Plane; De Moivre’s Theorem

[ Imaginary
\/ \/_ A axis
y \/_
t =22
anf = =
0 =40.9°

The polar form of z=2+ J3iis

z=r(cos@+isinf)

1
4 -
2 3 axis
N

= /7 (cos40.9°+ i sin 40.9°)
Imaginary
| 23, 2(cos120°+isin120°)=2(—%+§i}
I+ =143
l | Real
2 oe 24. 3(cos210°+isin210°) =3 B
-1 2 2
2 2
21. r=\/x2+y2 =\/(_2)2+32 =13 25. 4 cos = 4isin T | =4 Q—Qi
4 4 2 2
tan¢9=l=i=—i
x -2 2 =2\2-2V2i
0 =123.7°
The polar form of z=-2+3i is 26. 2(cos—+151 _th: [—£+li):—x/§+i
z=r(cos@+isinf) 6 2 2
=/13(c0s123.7°+ isin123.7°) -
27. [cos—+zs1 —) (0-1i)=-3i
AImaginary 2
3| axis
28. (cos—+zs1n—j—4(0+li):4i
1 0, to o .
29. 0.2(cos100°+isin100°) = 0.2(—0.1736+0.9848
| \ | JReal ( ) ( . )
- L ~—0.035+0.197i
1L
30. 0.4(cos200°+ isin 200°) = 0.4(—0.9397 —0.3420i)
R ~—0.376-0.137i
22, r=4x"+y' = (\/g) +(-1) =6
. 9=X=__1=_§ 31. 2(cos§+zsm§) 2(0.9848+0.1736i)
£ s ~1.970+0347i
6 =335.9°
The polar form of ¢ =/5~ is 3. 3[cos£+lsm—j 3(0.9511+0.30901)
z=r(cos@+isin) 10 10
= J6/(c0s335.9°+ isin335.9°) =~2.853+0.927i
873
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Chapter 9: Polar Coordinates; Vectors

2(cos80°+isin80°)

33. zw=2(cos40°+ isin40°)-4(cos20°+ isin20°) 7
w 6(cos200°+ isin 200°)

= 2-4[cos(40°+ 20°) +isin(40°+ 20°)]

= 8(cos 60°+isin 60°) = %[005(80° —200°) +isin(80°— 200")]
2 _2(cos40°+ 151 40°) = Lcos(=120°) + isin(~120°)]
w 4(cos20°+isin20°) 3
1 (o} o L (¢] (]
=%[cos(40°—20°)+isin(40°—20")] =§[cos(360 —120°) +isin(360°—120°)]
1 o
=%(cos20°+isin20°) =§(COSZ4O +isin240 )
34. zw=(cos120°+isin120°)-(cos100°+ isin100°) 37. zw:2(cos§+ising]~2(cos%+isin%j
= c0s(120°+ 100°) + i sin(120°+ 100°)
_ T on),.. (T, T
=0s220°+ isin 220° —2~2[Cos[§+mj+zsm[§+mﬂ
z_ (cos120°+ isin120°) :4(0089_n+isin9_n]
w (cos100°+ isin100°) 40 40
= c0s(120°— 100°) +i sin(120°— 100°) 2(005 L. E]
= cos 20° + i sin 20° Z_
2[00s%+isin%)
35. zw=3(cos130°+isin130°)-4(cos270°+ isin270°)
o 4 270°) + isin(130°+ 270° 2 e[ ® T ) sin[ T
=3-4[cos(130°+ 270°) +isin(130°+ 270°) ] = 2[00{8 10j+lsm(8 10)}
=12(c0s400°+ isin400°) . n
= 12[cos(400°— 360°) + isin(400°— 360°)] BRAPTIRET)
=12(cos40°+ isin40°) 3 3 g 9
. 38. zw=4(cos—n+isin—n)-Z(cos—n+isin—nj
7 3(cos130°+isin130°) 8 8 16 16
w 4(c08270°+ isin270°) 3t 9 3t 9r
3 :4-2{cos(?+gj+isin(?+ﬁﬂ
= Z[cos(13>0°— 270°) +isin(130°— 270°)]
3 =8 coslS—TC+isin15—TE
=Z(cos(—140°)+isin(—140°)) 16 16
= %[cos(360"—140°) +isin(360°—140°)] 4(%83“ +isin 3“)
Z 8 8
3 o o=
:Z(COSZZO +isin220°) w Z(Cos?g+isin?gj
36. zw=2(cos80°+isin80°)-6(cos200°+ isin200°) =f{c (3_n_9_nj+ in(3_n_9_nﬂ
= 2.6[cos(80°+ 200°) + i 5in(80°+ 200°)] 2 8§ 16 8§ 16
3

=12(cos 280°+ i sin 280°) =2

874
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39.

40.

Section 9.3: The Complex Plane; De Moivre’s Theorem

z=2+2 zw=\/E(cos315°+isin315°)~2(c0s300°+ isin300°)
r=22 122 =8 =242 =~/22[ cos(315°+300°) +sin (315°+300°) |
tan :%:1 =242 (cos615°+isin 615°)

=2+/2[ cos (615°~ 360°) + isin (615°~ 360°) ]

6 =45°
=24/2(c0s255°+ isin 255°)

2=22(cos 45°+ isin 45°)
2 V2(cos315°+isin315°)

w=3-i W 2(cos300°+ isin 300°)
2 2
’:\/(ﬁ) +(-1)" =4 =2 =%[COS(MS"—300°)+isin(315°—300°)]
tan9=_—1=—£ =£(c0515°+isin15°)
2
NE
6=330°

41. [4(cos40°+isin40°)]’

w=2(cos330°+isin330°)
=4[ cos(3-40°)+isin(3-40°) |

w= 2\/§(cos45°+ isin45°)-2(cos330°+isin330°)

=24/2 2 cos (45°+ 330°) +isin (45°+ 330°) | = 64(cos120%+ isin120°)
= 47/2(c0s375°+ isin375°) _ 64[_1+£ ij

= 4/2[ cos (375°~ 360°) + isin (375°- 360°) | 22

= 442 (cos15°+isin15°) = 324323

2 _ 2V2(cos45°+ isin45°) 42, [3(cos0°+ ising0?)]’
w 2(cos330°+isin330°)

22 =3"[cos(3-80°) +isin(3-80°)]

= ="=[ cos(45°~330°) +isin (45°~ 330°) |

5 = 27(c0s 240°+ isin 240°)
=~/2[ cos(—285°) + isin (~285°) | (13,
= 2[[cos( 360°~285°) + isin (360°~285°)] B 2!
=2 (cos 75°+ isin 75°) 27 273 .
——
el 2 2
r=yl+(=1)* =2 { T Al
43. 2[005— +isin —)
- 10 10
tanf=—=-1
1 T T
0:3150 =25|:COS(5'Ej+iSin[5'E):|
z=+/2(cos315°+ isin315°)
elo3i =32(cosg+isingj

r=y P +(—3) =Va=2 ii(.(”li)
NE) =321

tanﬁz_Tz—x/g

6 =300°
w=2(cos300°+ isin300°)

875
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Chapter 9: Polar Coordinates; Vectors

5w 5w ) 5 5 6
44. ﬁ CosS=—+isin— 48. \/5 cos—nJrisin—7t
16 16 18 18
4 6
=(\/§) {cos(4-f—2j+isin(4-?—gﬂ =(x/§) {cos(@i—gjﬁsin(@i—gﬂ
=4 coss—n+isin5—7E =27 coss—n+isin5—7E
4 4 3 3
V2 2. (1 V3.
= _ = 1
2 2 2 2
- 2222 _21 213,
2 2
45. [V3(cos10°+isin10%) | 0. 1-i
6
=(V3) [cos(6-10°) +isin(6-10°)] r=P+D7 =42
= 27(cos 60°+ isin 60°) tan&z_Tl:—l
=27[l+£i] o=
2 2 4
. n .. T=n
27 27\/5. 1—l=\/§(COS—+lSIH—j
=7+—2 1 4 4

5
(1-i)° = |:\/§[COS7—TC+ isin7—nﬂ
4 4

5
46. {% -(cos72°+ isin 72")}

1y .. =(\/§)5{cos[5-7—nj+isin(5~7—nﬂ
=(Ej [cos(5-72°) +isin(5-72°)] 4 4
357w 357w
=442 —— +isin—
=3i2-(cos360°+isin360°) [[COS y Ty )
Lo a3 Y22,
:5.(1+0,) —4\5{ 2 + 5 i
_1 =—4+4i
32
) 50. \3-i
3t .. 3m 2
47. |:\/§[COSE+ISIHE):| r= (\/5) +(_1)2=\/Z=2
_ 4 3ny, .. 3n e V3
_(\/g) {cos(4 E)+151n(4 EH tanﬁ—ﬁ— ?
=25 coss—nJrisinS—TE 6=330°
4 4 B-i= 2(c0s330°+ isin330°)
6 oo N6
=25[_%+%,) (\/5—1) =[2(cos330°+isin330°) |
=2°[ cos(6-330°) +isin (6-330°) ]
=_¥+¥i = 64 (cos1980°+ isin1980°)
=64(-1+01)
=-064

876
Copyright © 2013 Pearson Education, Inc.



51.

52,

53.

J2-i
r= (JE)2+(—1)2=J§
-1 2

tan@ = =——
N
6 =~ 324.736°
V2 —i =[3(c0s324.736°+ i 5in 324.736°)

(v2 —i)6 ~[V/3(c0s 324.736°+ isin 324.7360)]6

=(v3 )6 [cos(6-324.736°) + isin (6-324.736°) |
= 27(cos 1948 416° +isin1948.416°)

~27(-0.8519+0.5237i)
~—23+14.142i

1-/5i
r=\+(~5) =6

6 ~ 294.095°
1-+/5 i = /6 (cos 294.095°+ i sin 294.095°)

(1-+5 i)8
~ (6 )8 [cos (8-294.095°) + i sin (8-294.095°) ]
— 1296 cos 2352.76°+ i sin 2352.76°]

~1296(—-0.9753-0.2208)
=—1264-286.217i

tan@ =

1+i
V2 +12 =2
tan¢9:1:1

1

6 =45
14 = /2 (cos 45° +isin 45°)

The three complex cube roots of

Section 9.3: The Complex Plane; De Moivre’s Theorem

54.

55.

877

1+i= \/E(cos 45°+isin45°) are:

L = ﬁ{cos(fo + 36gokJ+isin(4§o + 36(3)0](}}
=42[cos(15°+120°k ) +isin (15°+120°k) |

2o =2 [ cos (15°+120°- 0) +sin (15°+120°- 0) |
=2 (cos15°+ isin15°)

2 =¥2[cos (15°+120°- 1) +isin (15°+120° 1) |
=$/2 (cos135°+ isin135°)

2, =42[cos (15°+120°- 2) +isin (15°+120°- 2)
= /2 (c0s 255°+ isin 255°)

NC

r=y(+3 Cr(c1)? =A =2

tan@ = -1 = —ﬁ
NE) 3
6 =330°
3 —i =2(c0s330°+ isin 330°)
The four complex fourth roots of
3-i= 2(c0s330°+ isin330°) are:

Zy =é/§ cos(330 +360 k]+isin(330 +
4 4 4

360° kj
4

=2[ cos (82.5°+ 90° k) +isin (82.5°+ 90°k) |
2o =2 cos (82.5°+90°- 0)+isin (82.5°+90°- 0) |
—\/_[003(825° +151n(825°)]

=2[ cos (82.5°+90°- 1) +isin (82.5°+ 90°:1)
—\/_[003(172 5°)+isin (172.5°) ]

2 =42 [ cos (82.5°+90°- 2) +isin (82.5°+ 90°- 2) ]
=2[ cos(262.5°) + isin (262.5°) ]

=2[ cos (82.5°+90°- 3) +isin (82.5°+ 90°- 3) ]
—x/—[cos(352 5°)+isin(352.5°) |

4-43i
2
P +(-43) =Jo4 =
tan9=#=—\/§
6 =300°

4-4+/3i =8(cos300°+ i sin300°)

The four complex fourth roots of
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Chapter 9: Polar Coordinates; Vectors

56.

57.

4—4/3i=8(cos300°+ isin300°) are:

= %|:COS(3ZOO + 3620k j +iSin(3aoo + 3620k j}
=/8[ cos(75°+90°k) +isin (75°+ 90°k) |

2o = 48[ cos (75°+90° 0) +isin (75°+ 90°- 0) |
=(‘/§(cos75°+ isin75°)

7 = 48[ cos(75°+90°- 1) +isin (75°+90°- 1)
= 8 (cos165°+ isin165°)

2, =48 [ cos (75°+90°- 2) +isin (75°+90°- 2) |
=8 (0 255°+ i sin 255°)

23 =8 [ cos (75°+90°- 3) +isin (75°+90°-3) |
=8 (cos345°+ isin 345°)

~8-8i
r=v(=8)’ +(=8)* =82

tan¢9:_—8:1

6=225°

—8—8i = 8v/2(cos 225°+i5in 225°)

The three complex cube roots of

-8-8i= 8\/5(005 225°+isin 225°) are:

. M{Cos(zzs" . 3600kj+isin(2250 . 360°kﬂ

3 3 3 3

=2¢/2[ cos(75°+120°k ) +isin (75°+120°k) ]

2o = 2%/2[ cos (75°+120°- 0) +isin (75°+120°- 0) |
= 29/5(00575°+ isin75°)

7 =2%2[ cos(75°+120°- 1) +isin (75°+120°-1) |
=292 (cos195°+ isin195°)

2, =2%2[ cos (75°+120°- 2)+sin (75°+120°- 2) |
=282 (cos315°+isin315°)

-16i
r=40> +(-16)* =+/256 =16
tan¢9=_—16
0
6=270°

—16i =16(cos 270°+ isin 270°)
The four complex fourth roots of
—16i =16(cos270°+ isin 270°) are:
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S8.

59.

g = 3 16{%5(270" + 3600k]+isin(2700 + 3600]{]}
4 4 4 4

=2[cos(67.5°+90°k) +isin (67.5°+ 90°k) |

2o =2[ cos(67.5°+90°- 0) +isin (67.5°+90°- 0) ]
=2(c0s67.5°+isin 67.5°)

2 =2[cos(67.5°+90° 1) +isin (67.5°+90° 1) |
=2(cos157.5°+isin157.5°)

2, =2[ cos(67.5°+90° 2) +isin (67.5°+90°- 2) |
=2(c0s 247.5°+ isin 247.5°)

23 =2[ cos(67.5°+90° 3)+isin (67.5°+90°- 3)]|
=2(c0s337.5°+isin337.5°)

-8
r=y(-8°+0" =8

tan49=i=0

6 =180°
—8=28(cos180°+isin180°)
The three complex cube roots of
—8=28(cos180°+isin180°) are:

. _3¥5 Cos(lso +360 kjﬂ,sin(lso +360 kj
3 3 3 3

=2[cos(60°+120°k) +isin (60°+120°k) |
2o =2[ cos(60°+120°- 0) +isin (60°+120°- 0) |

=2(cos60°+ i sin 60°)

7 =2[ cos (60°+120°- 1) +isin (60°+120° 1)
=2(cos180°+ isin180°)

2, =2[ cos (60°+120°- 2) +isin (60°+120°- 2) |
= 2(cos300°+ i sin 300°)

i
r=vJ0?+1* =41 =1
tan¢9=l
0
0=90°
i =1(cos90°+ isin 90°)

The five complex fifth roots of
i =1(cos90°+ isin90°) are:
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60.

61.

Section 9.3: The Complex Plane; De Moivre’s Theorem

= 2 20 (22, 200

5
=1[cos(18°+ 72°k) +isin(18°+ 72°k)]
70 =1 [cos(18°+ 72°-0)+isin(18°+ 72°
=co0s18°+isin18°
Z =1[cos(18°+ 72°-1)+isin (18°+ 72°
=c0s90°+ isin 90°
7, =1 [cos(18°+ 72°-2)+isin(18°+ 72°-

=c0s162°+isin162°

23 =1[ cos (18°+ 72°-3)+isin (18°+72°- 3) |
=c08234°+ jsin 234°

z, =1 [005(18°+ 72°-4)+isin(18°+ 72°- 4)}
=c0s306°+ isin 306°

~i
r=y0%+(=1? =+1=1
tan¢9=%1 = 6=270°

—1=1(cos270°+ isin 270°)
The five complex fifth roots of
—i=1(c0s270°+isin270°) are:

s =§/i{cos(2750 +36(5) kj+isin(2750 +

=1[cos(54°+ 72°k) +isin(54°+ 72°k)]

360° kj
5

2o =1[cos(54°+ 72°- 0) +isin(54°+ 72°- 0) ] 62.

=c0s 54°+ isin 54°

z =1 [cos(54°+ 72°-1)+isin(54°+ 72°- 1)]
=co0s126°+isin126°

z, =1 [cos(54°+ 72°-2) +isin(54°+ 72°- 2)]
=c0s198°+ isin198°

3 =1 [cos(54°+ 72°-3) +isin(54°+ 72°- 3)]
=c0s270°+isin 270°

7, =1[cos(54°+ 72°- 4) +isin(54°+ 72°- 4)]
=c0s342°+ isin 342°

1=1+01
r=1?+0% =41=1
tanﬁz%zO

6=0°
1+0i =1(cos0°+ isin0°)

The four complex fourth roots of unity are:

879

2 =§‘/I{cos[g+3600k)+1sin(g+3600kﬂ

4 4 4
=1[cos(90°k)+isin (90°k) |

zp =¢0s(90°- 0) +isin (90°- 0)
=cos0°+isin0°=1+0i =1

z; =c0s(90°- 1) +isin (90°- 1)
=c0890°+isin90°=0+1i=1i

2z, =¢0s(90°- 2)+isin (90°- 2)
=co0s180°+isin180°=—-1+0i =-1

z3 =08 (90°- 3) +isin (90°- 3)
=c0s270°+isin270°=0—-1i =—i

The complex fourth roots of unity are:

1,i,-1,—i.
Imaginary
axis
i
e
// \\\
4 \
/ 5
/ \
/ \
i .':___ Rclal
—1! /1 axis
1 /
\ /
A /
N /
\\ //
\"‘w J/
~—¢—
—i
1=1+0:
r=N1+0* =1=1
0
tand=—=0
1
6=0°

1+0i =1(cos0°+ isin0°)

The six complex sixth roots of unity are:
zk:% cos 0—+360 k +isin 0—+360 k
6 6 6 6

=1[cos(60°k)+isin(60°k) ]
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Chapter 9: Polar Coordinates; Vectors

Zy =cos(60°-0)+isin(60°-0) Y4 Imaginary
=cos0°+isin0°=1+0i=1 axis V3
B il BT T sl
z; =cos(60°-1)+isin(60°-1) It by
A
4 \
:cos60"+isin60°:l+£i / \\
. 22 ! I x Real
2z, =cos(60°- 2)+isin(60°- 2) -1 " axis
/
. 1 \
=005120°+ism120°=——+£i N /,’
\\ 7
23 =cos(60°- 3) +isin (60°- 3) SR Pl IR U
= cos180°+ isin180°=—1+0i = —1 - i

z, =cos(60°- 4)+isin(60°- 4)

1 3

=c0s240°+isin240°= ————|
2 2

zs =cos(60°-5)+isin(60°-5)

1 3

=¢0s300°+ isin 300°= ———1
2 2

The complex sixth roots of unity are:

11\6.1«6.11\/5.

63.

1 3,

> s s > H

2 2 2 2 2 2

65.

64.

Let w=r(cos@+isind) be a complex number.

If w#0, there are n distinct nth roots of w,
given by the formula:

i 0 2km) .. (60 2=
2 = 47| cos| =422 |+isin| = += ,
n n n n

where k =0,1,2,...,n—1
|zk |=4/;fora11k

Since | %k | =4/r for all k, each of the complex
nth roots lies on a circle with center at the origin
and radius ,"/|w| = Q/; , Where w is the original

complex number.

Examining the formula for the distinct complex nth roots of the complex number w = r(cos O+isinf),

7 = {'/;[cos [Q+%) +isin (g+%ﬂ, where k=0,1,2,...,n—1, we see that the z, are spaced apart by an
n o n n n
2
angle of ey
n

66. Let z; =1 (cos +ising,) and z, =r, (cos8, +isiné,). Then

7, r(cos +isin6)

L nh

il

cos 6, +isin6, )

5)

5)
_h

n

N
n

4

(
(cos@ +isinf) (cosB, —isiné,)
(cos@, +isinb,) (cos@, —isinb,)

cos @, -cos8, —icos @, -sinb, +isinb, -cos@, +sin g, -sin b,

cos” 6, +sin’ 6,
cos 6, -cos 6, +sin B, -sinf, +i(sin G, -cos @, —cos b, -sin b, )
1

|:cos(t9l —6,)+isin(6, —(92)]

880
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Section 9.4: Vectors

67. a. z=a, a, a, a, a, as ag
0.1-0.4i |-0.05-0.48i | —0.13-0.35i | -0.01-0.31i | 0.01-0.35i 0.2-0.41i 0.07-0.42i
0.5+0.8 | 0.11+1.6i |-2.05+1.15i | 3.37-3.92i | —3.52—-25.6i —641.9+181.1; 379290 — 232509;
-0.9+0.7i | -0.58—0.56i | 0.87+1.35i |-1.95-1.67i| 0.13+7.21i —52.88 +2.56i 2788.5 —269.6i
—1.1+0.1i | 0.1-0.12i |-1.10+0.76i | 0.11—0.068i | —1.09 +0.085i 0.085-0.85i —1.10+0.086i
0-1.3i | -1.69—-1.3i | 1.17+3.09i |-8.21+5.92i |32.46-98.47i | —8643.6—6393.7i |33833744+110529134.4i
1+1i 1+3i ~7+7i 1-97i —9407 —193; | 88454401+3631103; | 7.8x10" +6.4x10"i

b.  z, and z, are in the Mandlebrot set. d for the complex numbers not in the set have very large components.

c. z E |ag|
0.1-0.4; |04 0.4
0.5+0.8; [0.9| 444884
—0.9+0.7i [1.1| 2802
—1.140.1i [ 1.1 1.1
0-1.3i [1.3[115591573
1+1i |14 7.8x10°

The numbers which are not in the Mandlebrot set satisfy this condition. The numbers which are in the

Mandlebrot set satisfy the condition |an| <2.

Section 9.4 utv
ll..w—g.
1. vector \
2. 0 11. 3v
3. unit 3V -
4. position 12. 4w

5. horizontal, vertical

6. resultant

7. True

8. False

9. v+w

NOT TO SCALE
vV+w
W
\4

10. u+v

881
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Chapter 9: Polar Coordinates; Vectors

13. v—w

14. u-v

15. 3v+u-—-2w

16. 2u—-3v+w

17. True

18. False @K+G=-F

19. False C=-F+E-D
20. True

21. False D-E=H+G
22. False C+H=-G-F
23. True

24. True

882

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

If | v| =4, then ||3v|=|3|:| v]|=3-4=12.
If | v||=2, then |-4v|=|-4]|-| v|=4-2=8

P=(0,0),0=(3.4)
v=0B=0)i+(4-0)j=3i+4j

P=(0,0),0=(-3,-5)
v =(=3-0)i+(=5-0)j = —3i - 5j

P=(3,2),0=(5,6)
v=(5-3)i+(6-2)j=2i+4j

P=(-3,2),0=(6,5)
v=[6—(-3)]i+(5-2)j=9i+3j

P=(-2,-1),0=(6,-2)
v=[6-(-2)]i+[-2-(-D]j=8i—j

P=(-1,4),0=(6,2)
v=[6-(-D]i+(2-4)j=7i-2j

P=(1,0),0=(0,1)
v=(0-1Di+(1-0)j=—i+]

P=(,1,0=(22)
v=2-Di+Q2-Dj=i+]

For v=3i-4j, | v|=y3" + (-4 =25 =5.
For v=-5i+12j,

[v] =52 +12% =169 =13.

For v=i—j, [v]|=yP+D> =2

For v=—-i—j, | v|=)?+(D? =+2.
For v==2i+3j, | v|=y(-2)? +3 =+I3 .
For v=6i+2j, | v|=6 +2> =40 = 2410 .

2v+3w =2(3i - 5j) +3(~2i +3j)
= 6i—10j—6i +9j
=
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42. 3v-2w=3(3i-5j)—2(-2i+3j)
=9i—15j+4i - 6]
=13i-21j

43. || v—w] =] (3i-55)—(-2i+3j)|
- si-si]
= 5% +(-8)’
= /89

44. | v+w]=|(3i-55)+(-2i+3j)|
=i-2j|=\1*+(=2)* =5

45. | v]-[lw=]3i-55] [ -2i+3j]

=B +(=5) —\(=2)* +3
=/34-13

46. | v]+|wi=|3i-55]+[-2i+3j]|

=3 +(=5) +4(=2)* +3°
= 34+\/B
v S 5i si
47. u=——=_">_= =2=
TV s V2540 s
v -3 -3j -3j
48, u=——=_—3 - =
IV T Vo s
o g Voo 34 _ 34
Ivl [3i-4i] 32 +(ay?
_3i-4
V25
31 3i—-4j
5
55!
50 v -SiH12j  -5i+12j
U T s az
_ Si+12j
V169
5i+12j
13
__2, 12
BEERETS

51.

52,

53.

54.

Section 9.4: Vectors

- o i-j _i-j
IIVII ||1 il e V2
1. 1,
R
N2, V2
) T
v 2i—j 2i—j 21 —j
TV T2 e f
i 1,
JE NG
_2\6 \B
5 59

Let v=ai+bj. We want ||v||=4 and a=2b.
| v]=va* +b* =(2b) +b* =5
\5b? =4

Let v=ai+bj. We want ||v||=3 and a=b>b.

| v]|=va® +b> =\p* +b* =2
2h* =3
20* =9
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Chapter 9: Polar Coordinates; Vectors

55. v=2i-j, w=uxi+3j, |v+w]|=5
[ v+w]|=]2i-j+xi+3j|
=| @+xi+2j]
=JQ2+x)?+2°
BN

Solve for x:
X’ +4x+8=5
x> +4x+8=25
X +4x-17=0
N ey
o 20)

_—4+434
2

_—4+2\21
2
=—2+:21

The solution set is {—2+\/2_, —2—«/5} .

56. P=(-3,1),0=(x.4),
v=[x—(=3)]i+@-Dj=(x+3)i+3]

[ v]=vy@x+3)"+3
=\Vx* +6x+9+9
=vx? +6x+18

Solve for x:
x*+6x+18=5
x* +6x+18=25
¥ +6x-7=0
(x+7N(x-1)=0
x=-7 or x=1
The solution set is {7, 1}.

57. | v]|=5, a=60°
v =| v|(cosci +sinaj)
=5(cos (60°)i+sin(60°)3j)

S8.

59.

60.

61.

62.

63.

[v]=8, a=45°
v =| v|(cosci+sinaj)
= 8[ cos (45°)i+sin(45°)j]

_ (JE ﬁj
=8| —i+—1]

2 2

= 421 +42j

[v|=14, a=120°
v= || v ||(cosai +sin j)
=14(cos (120°)i+sin (120°) j)

=14 —li+£j
2 2
=-T7i+73j

[v]=3, a=240°
v =|| v ||(cos0(i+sin0{j)
=3[ cos(240°)i +sin (240°) j |

1. 3,

=3| ——i——]
2 2

3, 33,
:——l——J

2 2

|v|=25 a=330°
v =| v|(cosci+sinaj)
= 25[ cos (330°)i +sin (330°) j ]

V3.0
:25(—1—EJJ

2
25V3. 25,
=—l__,]
2 2

15, a=31s
v =|| v ||(cosai+sin0!j)

=15(cos315°i +sin315°})

:B(Ji JE} 15V2. 152

=N

2 2

v=3i+3j=3(i+}j)
=| v [ (cos eri +sin &rj)

tano=1 o =tan (1)=45°
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64.

65.

66.

67.

68.

69.

70.

71.

The angle is in quadrant I, thus, a =45°.

v=i+3j

=|| V||(cos0(i+sin0{j)
taner=+3 o =tan™ (\/§)=60°
The angle is in quadrant I, thus, a =60°.
v=-33i+3j=3(~3i+])

= v | (cos eri +sin &rj)

1 _1 1
tanog=—— o =tan | — |=-30°
NE) [ ﬁ)

The angle is in quadrant II, thus, & =150°.
V=—5i—5j=5(—i—j)
:" V||(cosai+sinaj)

o =tan”' (1)=45°
The angle is in quadrant III, thus, o =225°.

tana =1

v=4i-2j=2(2i—j)

=| v (cos eri +sin &rj)

tano = —l a=tan"' (—lj =-26.6°
2 2

The angle is in quadrant IV, thus, o =333.4°.

v =6i—4j=2(3i-2j)
:" v ||(cosai+sin aj)

tano = _2 a=tan"' (—gj =-33.7°
3 3

The angle is in quadrant IV, thus, o =326.3°.

v=-i-5j
= v (cos cri +sin &j)

tano=5 o =tan! (5)=18.7°

The angle is in quadrant II1, thus, o =258.7°.

v =—i+3j
= || v || (cos @i +sin arjf)
tanor=-3 a=tan"'(-3)=-71.6°
The angle is in quadrant I, thus, o =108.4°.

a. Let u=<3,—1>. Then
u'=u+v=_3-1)+(-4,5)=(-14).

The new coordinate will be (-1, 4).

72.

Section 9.4: Vectors

Yy
4.5 % (-1.49° [
vAU\ N\ v
1 1 1 1 1 1 11 |
-5 _ a 5«
- 3. -1
.
Let a=(-3,0), b=(-1-2), ¢=(3,1), and
d=(1,3). Then

a'=a+v=(30)+(3-2)=(0.-2).
b'=b+v=(-1-2)+(3-2)=(2.-4),
¢'=c+v=(3,1)+(3,-2)=(6,-1), and
d'=d+v=(13)+(3,-2)=(4.1).

The vertices of the new parallelogram
A'B'C'D" are (0,-2), (2,—4), (6,-1),
and (4,1).

c —c—%v (3, 1)+

<
ea-bemi- ,1> <__4>.

The vertices of the new parallelogram

A'B'C'D' are (—2,1} (—é,—lj, (2,2),
2 2 2
and (—1,4)
2

le NIW

el

73. F =40[ cos(30°)i+sin(30°)]

=40 £i+lj
2 2

=20/3i+20j

74. F =100[ cos(20°)i+sin(20°)j]
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Chapter 9: Polar Coordinates; Vectors

75. F, = 40 cos(30" )i+sin(30° )J]

76.

77.

=40[71+—J) 20431 +20j

F, = 60[cos(—45°)i +sin(—45°)j]

=60 £1—§ J 30721 -304/2j

2

F =F, +F, = 20\/3i +20j+30+/2i - 30/2j

= (2053 +30V2)i+(20-30v2) j

F, =30 cos (45°)i+sin(45°) j]

40(% +£J] = 15J2i+15V2j

F, =70[ cos (120°)i +sin (120°) j|

= 70(—%i+§jj =-35i+35\3j

F=F, +F, =152 +15J2j+(=35)i +353j

= (15V2-35)i+(15V2+35V3)

Let v, = the velocity of the plane in still air,

= the velocity of the wind, and v, = the

velocity of the plane relative to the ground.

a.

b.

C.

v, =550j
v,, =100(cos 45°1 +sin 45°j)

_100[£ N2 J
2 2
= 507/2i + 507/2j

Vo=V, 4V,
=550+ 503/2i + 507/2j
= 50721 +(550+50V2)

The speed of the plane relative to the ground
is:

ol = (5043 + 550+ 50425
=+/390281.7459 =~ 624.7

To find the direction, find the angle between
Vg and the x-axis.

886

550+5072
5042

o =83.5°

tano =

The plane is traveling with a ground speed of
624.7 mph in an approximate direction of
6.5° degrees east of north (N 6.5° E).

78. Let v, = the velocity of the plane in still air,
= the velocity of the wind, and v, = the
velocity of the plane relative to the ground.
a. v,=-500i
v,, =100(cos 315°i +sin315°))

—100££l—£3]
2 2

= 50/2i — 50v/2j
b. v,=v,+v,
= —500i + 50/2i — 50+/2j
= (5042 —500)i—50x/§j
c. The speed of the plane relative to the ground
is:
2 2
[v. ] = (5032 -500)" +(~50v2)
=+/189289.3219 = 435.1

To find the direction, find the angle between
Vg and the x-axis and consider a convenient

vector such as due south.

~5072

50+/2 =500
o=94°

tano =

The plane is traveling with a ground speed of
435.1 mph in an approximate direction of
80.6° degrees west of south (S 80.6° W ).

79. Let v, = the velocity of the plane in still air, v,
= the velocity of the wind, and v, = the velocity

of the plane relative to the ground.
Ve =V, +Vy,
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80.

v, =500[ cos (45°)i+sin (45°) j]
—500{£1+£JJ
2 2

= 250721 +25072 j
V4 =60[ cos (120°)i+sin (120°) j]

:60(—li+£jj
2 2

= —30i+304/3 j

Ve =V, vy,
=250:/2i+2508/2 j—30i+304/3
= (25072 -30)i+(25052 +3043 )

The speed of the plane relative to the ground is:

[ve |= \/(—3o+ 25032 +(25032 +30V3)°

269,129.1 = 518.8 km/hr

To find the direction, find the angle between Vg

and a convenient vector such as due east, i.

j component
tan @ = J component

i component

) (25072 +3043)
(25082 -30)

=~1.2533
6=51.5°
The plane is traveling with a ground speed of
about 518.8 km/hr in a direction of 38.6° east of

north (N38.6°E) .

Let v, = the velocity of the plane in still air, v,
= the velocity of the wind, and v, = the velocity

of the plane relative to the ground.
Vg =V, +Vy

v, =600 cos (60°)i—sin(60°) ]
= 600(%i—§j} =300i-3004/3 j

vy, =40[ cos (45°)i—sin (45°) j]

—40[£1—£ ]
2 2

=2072i-204/2

81.

82.

Section 9.4: Vectors

Vg =V, TV,
=300i—3007/3 j+20v2i-2032
= (300+2072 )i - (300V3 +20v2)
The speed of the plane relative to the ground is:

v, |= \/(300+ 2032 +(-300V3 2042

407,964

=~ 638.7 km/hr

To find the direction, find the angle between v,

and a convenient vector such as due east, i .
Jj component

tanf ==
i component

) (-300v3-2012)
 (300+2042)

=~—1.6689

0 =-59.1°
The plane is traveling with a ground speed of
about 638.7 km/hr in a direction of about 30.9°
degrees east of south (S30.9°E ).

Let F; be the force of gravity and F, be the
force required to hold the weight on the ramp.

Then sin10° = " 2"

|| 1||

sin10° =
|| 1||
700
I%l=—o
=4031

So the combined weight of the boat and its trailer
is 4031 1bs.

Let F; be the force of gravity and F, be the
force required to hold the weight on the ramp.

Then sinl15°= " 2"

[H]

G ge 1200
1wl

1200

I%l=——%
— 4636

So the weight of the car is 4636 1bs.
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83.

84.

Let the positive x-axis point downstream, so that
the velocity of the currentis v, =3i. Let v, =

the velocity of the boat in the water, and v, =

the velocity of the boat relative to the land. Then
V, =V, +V, and v, =k since the boat is going

directly across the river. The speed of the boat is
|| Vo || =20; we need to find the direction. Let

v, =ai+bj,so

vy |=Va®+b* =20
a’ +b* =400
Since v, = vy +V,,

kj=ai+bj+3i=(a+3)i+bj

a+3=0
a=-3
k=b
a*+b> =400
9+b> =400
b* =391
k=b=4391=19.8

Vy =-3i++391j and v, =v391j

Find the angle between v, and j:

Vy i
cosf =———r0
Iva 1]
_-3(0)++391() _ /391 09887
2007 +12 0
6~8.6°

The heading of the boat needs to be about 8.6°

upstream. The velocity of the boat directly
across the river is about 19.8 kilometers per
hour. The time to cross the river is:

t= ﬂ =~ (0.025 hours or
19.8

t= ﬂ 60 = 1.52 minutes .
19.8

Let v, = the velocity of the plane in still air,
v,, = the velocity of the wind, and v, = the
velocity of the plane relative to the ground.
Vg =V, +Vy,

v, =250(cos i +sin j)

888

85.

i-j
vy =40
[||1—J||J

_sofdzi)_ 40 o .
a0 L |- R 0-9=2043-

Ve =V, +V,

=250cos a i+250sin & j+20:/2 i— 2072 j
=ai

Examining the j components:
250sin —202 =0
250sin & = 2082
2072

sina=———=0.11314
250

a=6.5°
The heading of the plane should be about
N83.5°E, that is, about 6.5° north of east.

Examining the i components:
250c0s(6.5°)i+20v21 = ai

276.7=a
The speed of the plane relative to the ground is
about 276.7 miles per hour.

Let F, be the tension on the left cable and F, be
the tension on the right cable. Let F; represent
the force of the weight of the box.
F, = || F, |[ cos(155°)i+sin(155°) j]
= || F, [ (—0.9063i+0.4226j)
F, =||F, |[ cos (40°)i+sin(40°)j]
~ || F, [[(0.7660i +0.6428j)
F; =-1000j
For equilibrium, the sum of the force vectors
must be zero.
F, +F, +F;
=—0.9063||F, [i+0.4226| F, | j
+0.7660| F, |i +0.6428| F, | j—1000j
=(—0.9063|| F, |+0.7660| F, | )i

+(0.4226|| F, || +0.6428|| F, || -1000) j
=0
Set the i and j components equal to zero and
solve:
—0.9063|[F,||+0.7660|[F, | = 0
0.4226[F,||+0.6428|[F, | -1000 = 0

Solve the first equation for ||F2|| and substitute

the result into the second equation to solve the
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86.

system:

0.9063
[l = = ego [Eell = 11832y

0.4226[F, || +0.6428(1.1832|[F,[)-1000 =0
1.1832[[Fy|| =1000
|F, || = 845.2
|[F, | = 1.1832(845.2) =~ 1000

The tension in the left cable is about 845.2
pounds and the tension in the right cable is about
1000 pounds.

Let F, be the tension on the left cable and F, be
the tension on the right cable. Let F; represent the
force of the weight of the box.
F, =|F, |[cos(145°)i+sin (145°) j]
~ | F, [ (-0.8192i+0.5736j)
F, =| F, |[ cos(50°)i+sin (50°) |
~ | F, || (0.6428i +0.7660j)
F; =-800j
For equilibrium, the sum of the force vectors must
be zero.
F, +F, +F;
=—0.8192| F, ||i+0.5736| F, | j
+0.6428||F, [i+0.7660| F, | j—800j
=(—0.8192|| F, |+0.6428||F, ||)i
+(0.5736|| F, |+0.7660| F, | -800) j
=0
Set the i and j components equal to zero and

solve:
{—0.8192" F, |+0.6428| F, | =0

0.5736| Fy ||+0.7660| F, | -800=0

Solve the first equation for || F, || and substitute the
result into the second equation to solve the system:
_0.8192
1% |= a8
0.5736| Fy ||+0.7660(1.2744| F, [) 800 =0
1.5498| F, | =800
| ¥, || =516.2

" F " ~1. 2744” F "

| F, | =1.2744(516.2) = 657.8

The tension in the left cable is about 516.2 pounds
and the tension in the right cable is about 657.8
pounds.

87.

88.

Section 9.4: Vectors

Let F, be the tension on the left end of the rope
and F, be the tension on the right end of the rope.
Let F; represent the force of the weight of the
tightrope walker.
F, =||F, [ cos(175.8°)i+sin(175.8°) j]

~ | F, [|(-0.99731i +0.07324j)
F, =||F, |[cos(3.7°)i+sin(3.7°) ]

~ || F, [[(0.99792i+0.06453j)
F; =-150j
For equilibrium, the sum of the force vectors must
be zero.
F,+F, +F;
=—0.99731|| F, [|i+0.07324| F, ||j

+0.99792| F, |i +0.06453|| F, ||j—150j

=(-0.99731| F, | +0.99792| F, )i

+(0.07324| F, | +0.06453|| F, | -150) j
=0
Set the i and j components equal to zero and
solve:
—0.99731| F, [|+0.99792| F, | =0
0.07324| F, | +0.06453|| F, |-150 =0

Solve the first equation for || F, || and substitute the
result into the second equation to solve the system:
_ 099731
¥ 1=0 50702
0.07324| F, | +0.06453(0.99939| F, ) -150=0

0.13773| F, | =150
| ¥, | =1089.1
| F, [|=0.99939(1089.1) ~ 1088.4

The tension in the left end of the rope is about
1089.1 pounds and the tension in the right end of
the rope is about 1088.4 pounds.

F, | =~0.99939| F, |

Let F, be the tension on the left end of the rope
and F, be the tension on the right end of the rope.
Let F; represent the force of the weight of the
tightrope walker.
F, = || F, [[ cos(176.2°)i+sin(176.2°) j |

~ | Fy ||(=0.99780i +0.06627)
F, =||F, |[cos(2.6°)i+sin(2.6°)j]

~ || F, [|(0.99897i +0.04536j)
F, =-135j
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89.

For equilibrium, the sum of the force vectors must
be zero.
F, +F, +F;
=—0.99780|| F, [[i+0.06627| F, | j

+0.99897 || F, ||i +0.04536 || F, | j—135]
=(—0.99780| F, |+0.99897||F, | )i

+(0.06627|| F, ||+0.04536| F, | -135) j
=0

Set the i and j components equal to zero and
solve:
{—0.99780" F, |+0.99897|F, | =0

0.06627| F, ||+0.04536|| F, || -135=0

Solve the first equation for ||F2 || and substitute the

result into the second equation to solve the system:

0.99780
1% =5 50807
0.06627 || F, [|+0.04536(0.99883|| F, |)-135=0

0.11158| F, || =135
| ¥, || =1209.9
| F, || =0.99883(1209.9) = 1208.4

The tension in the left end of the rope is about
1209.9 pounds and the tension in the right end of
the rope is about 1208.4 pounds.

I, = 099883 F, |

F, =3000i
F, =2000] cos (45°)i+sin (45°) j]

=2000[£i+£j}
22
= 1000+/2 i +1000+/2j

F = F, +F, = 3000i +1000~/2 i +1000+/2j
=(3000+1000v2 )i +1000v2;]

|F|= \/(3000+1000J§ ' +(100042)°

=4635.2
The monster truck must pull with a force of
approximately 4635.2 pounds in order to remain
unmoved.

90.

91.

a. F, =7000i

F, =5500 cos (40°)i+sin (40°) j
=~ 5500(0.766044i +0.642788j)
=~ 4213.24i +3535.33j

F =F +F, = 7000i + 4213.241i +3535.33j
=11,213.24i +3535.33j

| F[[=(11,213.24) +(3535.33)°
=11,757.4

The farmer will not be successful in

removing the stump. The two tractors will

have a combined pull of only about 11,757.4

pounds, which is less than the 6 tons needed.

b. F, =7000i

F, = 5500 cos(25°)i+sin (25°) j]
=~ 5500(0.906308i +0.4226185)
~ 4984.691 +2324.40]

F =F +F, = 7000i + 4984.691 + 2324.40j
=11,984.691 + 2324.40j

| F || =(11,984.60) +(2324.40)
=12,208.0

The farmer will be successful in removing

the stump. The two tractors will have a

combined pull of about 12,208 pounds,
which is more than the 6 tons needed.

The given forces are:
F, =-3i; F, =—i+4j; F,=4i-2j; F, =—-4j
A vector v=ai+bj needs to be added for
equilibrium. Find vector v=ai+bj:
F+F,+F;+F,+v=0
=Bi+(—i+4j)+@4i-2j)+(-4))+(ai+bj) =0
Oi+-2j+(ai+bj)=0
ai+(-2+b)j=0
a=0; -24b=0
b=2

Therefore, v=2j.
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92 —93. Interactive Exercises.

94 - 96. Answers will vary.

Section 9.5

1. ¢® =a’+b>—2abcosC
2. dot product

3. orthogonal

4. parallel

5. True

6. False

7. v=i—j, w=i+j
a. v-w=1D)+C-DH1)=1-1=0

vV-w 0

b. cosf= = =0
(N I /R

6=90°
c. The vectors are orthogonal.
8. v=i+j, w=—i+]j
a. v-w=I1-D)+1(1)=-1+1=0
b. cos@=—" = 0 =0

IvIlwl Ve e+
6=90°

c. The vectors are orthogonal.

891

10.

11.

12.

V=
a.

b.

C.

V=
a.

C.

V=

a.

C.

Section 9.5: The Dot Product

2i+j, w=i-2j

v-w=2()+1(-2)=2-2=0
cosf = YW __ 0
Ivllwl V22 42 {12+ (2)?
-0 _0_
555
6=90°

The vectors are orthogonal.

2i+2j, w=i+2j
vow=21)+2(2)=2+4=6

cosf =

||v||||w|| V22 +22\/12+22
6 3 310
T225 Vo 10

0~=18.4°

The vectors are neither parallel nor
orthogonal.

JBi-j, w=i+]

v-w=x@(l)+(—l)(l)=\@—l
cosf =
DG /7+( T
_B-1_B-1_Je-2
T Va2 2 4
0=75°

The vectors are neither parallel nor
orthogonal.

v=i+3j, w=i-j

a.

C.

v-ow=10)+V3(=1)=1-3

O[] /7/T -
1-3 143 2-6
NN
6=105°

The vectors are neither parallel nor
orthogonal.

Copyright © 2013 Pearson Education, Inc.



Chapter 9: Polar Coordinates; Vectors

13. v=
a.

14. v=
a.

C.

15. v=

a.

C.

3i+4j, w=-6i—8j
VoW =3(=6)+4(~8) = —18—32 = 50

cos = VW =50
IvIIwl V32 +42 J—6)* + (=82
__ =0 _=50_
V254100 50
6 =180°

Note that V:—%w and 6 =180°, so the

vectors are parallel.

3i-4j, w=9i-12j
VoW =39)+(—4)(~12) =27 +48 =75

cosf =

||V||||W||

75

V3 + (4797 + (-12)?
75 75

T Jsas 75

6=0°

Note that v =%w and € =0°, so the

vectors are parallel.

4i, w=j
v-w=40)+01)=0+0=0

cos@ =
||V||||W|| Ja? +02\/02+12
0
T4l 4
8 =90°

The vectors are orthogonal.

16. v=i, w=-3j

a.

C.

v-w=10)+0(-3)=0+0=0

cosfd=——
||V||||W||
0 0
- -2 =20
1+02\/02+(—3)2 33
6=90°

The vectors are orthogonal.

17.

18.

19.

20.

21.

v=i—-aj, w=2i+3j
Two vectors are orthogonal if the dot product is
zero. Solve for a:
v-w=0
12)+(-a)3) =0
2-3a=0
3a=2

a=

SRR N

v=i+j, w=i+bj
Two vectors are orthogonal if the dot product is
zero. Solve for b:
v-w=0
1) +1(b) =0
1+6=0
b=-1

v=2i-3j, w=i—j
VoW 2D+ (=3)(-1)

v = ~(i-1J)
(I w ||) (\/12 +(-1)? )
S, o _5. 5.
=5 (ii)=51-31
v, =v—v, =(2i-3j)- (%i—%jj:_%i_%j
V=3i+2j, W=2i+]
. -32)+2(1) .. .
v, = VW2w= 2 (2)(21+J)
o™ (e
4 8. 4
L i) =—2i-2;
5( ' J) 5l 5J
8. 4
= =(-3i+2j)-| ——i——}]
V2VV1(1J)[515JJ
——Zi+&'
5175
v=ij, w=-i-2j
y oYW IEDEENED
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22. v=2i-j, w=i-2j

VW 2+ (-D(=2)
V1= 2W (
(Iw1) (\/12+( 2)* )
4 4.8
:g(l—Zj)——l—gj
L (4. 8.6,
V2—V—V1—(21—J)—[§1—gj)—51
23, v=3i+j, w=-2i—j
yo YW DD
w7 (V27 + 07
T w14, 7.
—g(—Zl—J)— . l+5J

vy, =v—v, =(3i+j)- [%inL—jj:li——j

24. v=i-3j, w=4i-
VoW 1@ +HE3)ED

S (fEcr)

7 28, 7

=—(4i-j)=—i-—
17( J) 17 17J
28
vV, =v-v; =(i-3j)-| —i——
=y = (i)~ - L)
11, 44,
=——l——J
17 17

25. F=3[cos(60°)i+sin(60°)j]

( ﬁJ 3. 343,
=3 21+—_] 251+—J

2 2
W =F-AB = —l+ij
2 2
33

:—(6)+—( )=9 ft-Ib

26. F=20[cos(30°)i+sin(30°)]]
=20{£i+ljj=10\/§i+10j
22
W =F-AB = (104/3i+10j)-100i

=10+/3(100) +10(0)
=1000+/3 = 1732 ft-1b

27.

28.

29.

Section 9.5: The Dot Product

a. | 1] =4(=0.02)> +(0.01)?
= /0.0005 = 0.022

The intensity of the sun’s rays is about
0.022 watts per square centimeter.

| A]|=(300)* +(400)* =1/250,000 =500

The area of the solar panel is 500 square
centimeter.

b. W =|I-A|=|(0.02i—0.01j)- (300i +400j)|
=(=0.02)(300) + (=0.01)(400)|
=|-6+(—4)| =|-10|=10

This means 10 watts of energy is collected.

c. To collect the maximum number of watts, 1
and A should be parallel with the solar
panels facing the sun.

a. | R|=y(0.757 +(-1.757 =/3.625 ~1.90
About 1.90 inches of rain fell.

|A =103 +1)? =109 =1.04

The area of the opening of the gauge is
about 1.04 square inches.

b. V=|R-A|=(0.75i-1.75j)- (0.3i +j)|
=1(0.75)(0.3) + (-1.75)(D)|
=10.225+(-1.75)| =|-1.525| =1.525

This means the gauge collected 1.525 cubic
inches of rain.

c¢. To collect the maximum volume of rain, R
and A should be parallel and oriented in
opposite directions.

Split the force into the components going down the
hill and perpendicular to the hill.

‘Fd/

F; =Fsin8°=5300sin8°= 737.6

F =F cos8°=5300co0s8°= 5248.4

The force required to keep the Sienna from rolling
down the hill is about 737.6 pounds. The force

perpendicular to the hill is approximately 5248.4
pounds.
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30. Split the force into the components going down the

31.

32,

33.

hill and perpendicular to the hill.
e

10°\F,

\
F, =Fsin10°=4500sin10°= 781.4

F, =Fcos10°=4500c0s10°~ 4431.6

The force required to keep the Bonneville from
rolling down the hill is about 781.4 pounds. The

force perpendicular to the hill is approximately
4431.6 pounds.

We must determine the component force going
down the ramp.

F; =Fsin20°= 250sin 20°= 85.5

Timmy must exert about 85.5 pounds of force to
hold the piano in position.

We must determine the angle & if the force of the
boulder is F =5000 pounds and the component
force going down the hill is F; =1000 pounds.

F, =Fsiné
1000 =5000sin &
sinf = w =0.2

000

6 =sin"'(0.2) =11.5°
The angle of inclination of the hill is about 11.5°.

W=F-AB W=2, AB=4i
F=cosai-sinaj
2=(cosai-sinaj)-4i

2=4cosx
1
—=cosa
2

o =60°

34.

35.

36.

37.

38.

Let u=qji+bj, v=a,i+b,j,and w=a;i+b,j.

u-(v+w)

(ai+bj)(ayi+b,j+azi+bij)

= (aji+byj)(asi+asi+b,j+bsj)
=(aji+b,j)[(a, +ay)i+ (b, +by)j]

=a,(a, +as;)+b, (b, +by)

=a,a, +a,a; +bb, + b b,

=aa, +bb, +aa;, +bbs
=(aji+bj)(ari+b,j)+(ai+b,j)(asi+byj)
=u-v+u-w

Since 0=0i+0j and v=ai+b j, we have that
0-v=0-a+0-b=0.

Let v=xi+yj. Since v is a unit vector, we

have that ||V||=\/x2+y2 =1,0or X>+y*=1.

If o is the angle between v and i, then
v (xd+yj)-i
cosar = — =
IVl e

X +y?=1

=x. Now,

cos® o+ y2 =1
y* =1-cos’
y2 =sin’ o
y=sina
Thus, v=cosai+sina j.

If v=qji+bj=cosai+sinoj and
W =a,i+b,j=cos fi+sinfj, then
cos(¢—p)=v-w
=aa, +hb,
=coscos B +sinasin

Let v=ai+bj. The projection of v onto i is
v, = the projection of v onto i

. L1 bi)i
V.1 l2 i (ai+bi) lzi:a(l);b(O)i:al
(I (VE+0?)
V, =V—V, =ai+bj—ai=>bj
Since v-i=(ai+bj)-i=(a)(1)+(b)(0)=a and
v-j=(ai+bj)-j=(a)(0)+(p)(1) =b.
v=v +v, =(v-i)i+(v-j)j
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39.

40.

41.

42,

43.

44.

a. Letu=gqji+bj and v=a,i+b,j. Then,
(u+v)-(u—-v)

=[(a, +ay)i+ (b +b,)j][(a, — ay)i+ (b, —b,)j]
=(a,+ay)a, —ay)+ (b +by)(b —b,)
= alz —a22 +b12 —b22
= (012 +b12)—(az2 +b22)
=l ~[+I"
Since the vectors have the same magnitudes
and (u+v)(u—v)=0, the vectors are
orthogonal.

b. Because the vectors u and v are radii of
the circle, we know they have the same
magnitude. Since u+v and u—v are sides
of the angle inscribed in the semicircle and
since we know that they are orthogonal by
part (a), this angle must be a right angle.

(V—OW)- W=V-W—OW W

=vw-a(lw])

]
=0

Therefore, the vectors are orthogonal.

(I v+ vl w)- (1w v =1vl w)

2
=(Iwl)vev=lwilv]v-w

Hw v vew=( v])* w-w
=(IwI) vov=([v]) w-w

2 2 2 2
=(Iw )" (v 1" = (v D ()
=0

Therefore, the vectors are orthogonal.

If F is orthogonal to ﬁi’,then F-AB=0. So,
W=F-AB=0.

(lw+ v )= (fu=v])’

=(u+v)-(u+v)—(u-v)-(u-v)

=(u-u+u-v+v-u+v-v)
—(wu—-u-v—-v-u+v-v)

=2 -v)+2(u-v)

=4(u-v)

Answers will vary.

1.

10.

11.

12.

13.

14.

15.

16.

Section 9.6: Vectors In Space

Section 9.6

\/(xz —X )2 +(y — )2

xy-plane
components
1

False

True

y =0 is the set of all points of the form
(x,0, z) , the set of all points in the xz-plane.

x =0 the set of all points of the form (0, y, z),
the set of all points in the yz-plane.

z =2 is the set of all points of the form
(x, v, 2), the plain two units above the xy-plane.

y =3 is the set of all points of the form
(x, 3, z) , the plane three units to the right of the
xz-plane.

x =—4 is the set of all points of the form
(-4, v, 2), the plain four units to the left of the
yz-plane.

z =-3 is the set of all points of the form
(x, y,=3) , the plane three units below the xy-
plane.

x=1and y =2 is the set of all points of the form

(1,2, z), aline parallel to the z-axis .

x=3and z =1 is the set of all points of the form
(3, ¥, 1), aline parallel to the y-axis .

d =\(4-0)* +(1-0)’ +(2-0)’
=+v16+1+4
=21

d =\J(1-0)* +(=2—0)* + (3-0)’
=v1+4+9
=14
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Chapter 9: Polar Coordinates; Vectors

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

d = (0= (=) +(=2-2) + (1= (-3))’
=/1+16+16
=433

d=\(4=(=2)) +(0-2)" +(-3-3)’
_ 3654736
=76
=219

d =\/(3—4)2 +(2-(=2)*+(1-(-2))
=+1+16+9
=26

d= \/(4—2)2 +(1-(-3))" +(-1-(-3))°
=J4+16+4
=24
=26

The bottom of the box is formed by the vertices
0, 0,0),(2,0,0), (0, 1,0), and (2, 1, 0). The top
of the box is formed by the vertices (0, 0, 3),
(2,0,3),(0,1,3),and (2, 1, 3).

The bottom of the box is formed by the vertices
(0,0,0), (4,0,0), 4, 2,0), and (0, 2, 0). The top
of the box is formed by the vertices (0, 0, 2),
4,0,2),(0,2,2),and (4, 2, 2).

The bottom of the box is formed by the vertices
(1,2,3),(3,2,3),(3,4,3),and (1, 4,3). The
top of the box is formed by the vertices (3, 4, 5),
(1,2,95),(3,2,5),and (1, 4, 5).

The bottom of the box is formed by the vertices
(5,6,1),(3,6,1),(5,8,1),and (3,8,1). The
top of the box is formed by the vertices (3, 8, 2),
(5,6,2),(3,6,2),and (5, 8, 2).

The bottom of the box is formed by the vertices
(-1,0,2),(4,0,2),(-1,2,2),and (4, 2, 2). The
top of the box is formed by the vertices (4, 2, 5),
(-1,0,5),(4,0,5),and (-1, 2, 5).

The bottom of the box is formed by the vertices
(-2,-3,0), (-6,-3,0), (-2, 7, 0), and (-6, 7, 0).
The top of the box is formed by the vertices

(-6,7,1),(2,-3,1),(-2,7, 1), and (-6, -3, 1).

v=03-0)i+@-0)j+(-1-0)k
=3i+4j-k

896

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

v =(=3-0)i+(=5-0)j+(4—-0)k
= -3i—5j+4k

v=(5-3)i+(6-2)j+(0—-(-1)k
=2i+4j+k

v =(6-(=3))i+(5-2)j+(~1-0)k
=9i+3j—k

v =(6-(=2))i+(=2—(=1)j+(4—4)k
=8i—j

v=(6-(-D)i+(2-4)j+(2-(-2)k
=7i-2j+4k

| V)= 43 +(=6)* +(-2)
=v9+36+4
=49

=7

| v] =6 +12% +4°
=/36+144+16

=196
=14
[v]=yi+ED*+12
=J1+1+1
-\

[v]=VED? + D7 +12
=v1+1+1
=3

[ v]= (=27 +3* +(=3)
=4+9+9
=22

[ v] =6 +2% +(=2)?
=+36+4+4
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39.

40.

41.

42,

43.

44.

45.

46.

47.

2v +3w = 2(3i—5j+ 2k ) +3(~2i +3j - 2k)
=6i—10j+4k — 6i+9j— 6k
=—j-2k

3v—2w=3(3i-5j+2k)-2(-2i+3j-2k)
=9i—15j+6k +4i—6j+4k
=13i-21j+10k
[v—w|=|(3i-5j+2k)—(-2i+3j-2k)|
= 3i-5j+2k +2i-3j+2k |
= 5i-8j+4k |
=25+64+16

=+/105

[ v+w|=|(3i-5+2K)+(-2i+3j-2k)
=] i-2j+0k||
=\1+4+0
=5
[vI=Iwl
= 3i-5j+2k ||| -2i+3j-2k ||
= B 45 +2 = (-2 +3P (=27
=38-17
[vl+lwl
=| 3i—5j+ 2Kk ||+] - 2i +3j— 2k ||
= B 45 +2 +(=2) +3P + (=2

=38 +/17

S | S
vl Vs+0r+0° 5
B A ) S
UV e 30
u=Y _ 3i-6j—2k
vl &+ =62 +2
_ 3i-6j-2k
B 7
3, 6,.2,
7 7 7

48.

49.

50.

51.

52.

Section 9.6: Vectors In Space

v —6i+12j+4k

uw=r—=
Ivl Jeey +122 142

_ —6i+12j+4k

vew=(i—j)e(i+j+k)
—1-14(=D)(1)+0-1

=1-1+40
=0
cos@ = vew
(MIRZ
_ 0
JP+ (=12 402N+ +1
0
INVENE
=0

0= % radians = 90°

vew=(i+j)e(-i+j—k)
—1-(=1)+1(1)+0- (=)

-1+1+0

0
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Chapter 9: Polar Coordinates; Vectors

[vIlwl

0

VP41 402 J(=1)2 + 12 +(=1)?

0= g radians = 90°

53. vew=(2i+j—3k)e(i+2j+2k)
=2-1+1(2) +(-3)(2)
=2+2-6
=-2

Vew
cosfd=—r—r—r

[vIlw]
-2

2+ (3PP +22 422
2
NITNE)
_ 2
-

6 =1.75 radians = 100.3°

—0.1782

54. vew=(2i+2j—k)e(i+2j+3k)
=2-1+2(2)+(-DB3)
=2+4-3
=3

vew
cosl =——7r

[V Il
3

V2 + 2+ ()P 422+ 3
3

Vo4

-3 . 0.2673

314

6 =~ 1.30 radians = 74.5°

55. vew=(3i—j+2k)e(i+j—k)
=31+ (=1)(1) +2(-1)
=3-1-2
=0

cosf=—Y°W
vl w
~ 0
B+ 422 P 41 (-1
0
143
=0

0= % radians = 90°

56. vow=(i+3j+2k)-(i—j+k)
=1-1+3(-D+2(1)

=1-3+2

=0
v llw]

~ 0
VP43 422 P+ (=1 +1

0

V1443

=0

TC o
0= D) radians = 90

57. v-w=(3i+4j+k)-(6i+8j+2k)
=3-6+4-8+1-2
=18+32+2
=52

[ lliwl

52
V3 +42 41246 +82 42
)
V26104
_2
52
-1
@ =0 radians = 0°

58. v-w:(Si—4j+k)-(6i—8j+2k)
=3-6+(—4)-(-8)+1-2
=18+32+2
=52
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59.

60.

61.

cos@ =V
[ Twl
_ 52
J B 4+ (=) + 12467 +(=8)* +2°
)
V26104
_32
52

=1
6 =0 radians = 0°
cosar =4 = 3 = 3 :E
vl 3+ =672 49 7
o = 64.6°

-6 -6

cos = =2

||V|| S 6y (27 VA9
B ~149.0°

-2 -2

C
COS7:—: = = ——

vl 3P +or+27 V49
7 =106.6°

v =7(cos 64.6°i +c0s149.0° j+c0s106.6°k )

cosar =+ = 6 __—=6 _ 3
IVl J—ep 122442 V196 7
o =1154°
12 6
cos = -
||V|| J6y +122+42 ENTTAE
£ =31.0°
cosy=L= 4 _ 4 2
IVl Jeer+122 142 196 7
y=73.4°
v =14(cos115.4°i+cos31.0° j+cos 73.4°k)

1 143

cos = —=
||V|| Jerr+r 3 3

o =54.7°

cosfo b L _1_B
IVl Vesr+r V303
B=547°
cosy= S S i=§
||V|| Jesrsrr 303
y=54.7°

V= ﬁ(cosS4.7°i +c0854.7° j+ cos 54.7°k )

62.

63.

64.

65.

Section 9.6: Vectors In Space

cosar=— = ! _ L.
Ivl ereyien? V3 3
~54.7°

-1 -1 B

cos = =N
||V|| Jerc+ B3
B =125.3°
IVl vy V33
y=125.3°
V:\/5(COS54.7°i+COS125.3°j+005125.30k)

cosge @ L 1 _\2
Ivl Ve+i+02 V2 2
o = 45°
cospob oL _1_\2
Ivll Ve+r+0r V2 2
B =45
Cosj/:L:;:i:O
Ivl Ve+r+0r 2
¥ =90°

v= \/5(00545°i+cos45°j+cos90°k)

cosa=i=#=i=0
Ivl Vorsz+2 2
a=90°
cos ff=—rt b 1 _ﬁ
v Vet +12+12 N
B =45°
COSY=71—1 1 _ﬂ
IVl Vo s+ +12+12 V22
y=45°

v= x/E(cos90°i +c0s45° j+cos45°k )

COS“=L= 3 = 3
IVl 3 +s52+22 V38
o=~ 60.9°
cos f=
||V|| i \/TS
[ ~144.2°
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Chapter 9: Polar Coordinates; Vectors

cos)/:L: 2 = 2
vl 3+ +22 V38

y=7L1°

v =+/38 (05 60.9%i +cos 144.2° j+ cos 71.1°k)

__a _ 2 __2 72.
o N Farace D
o~ 68.2°
cosﬂ:L: 3 = 3
Ivl 22432 +a? 29
B ~56.1°
cosy=—"—= 4 __ ¢ 73
vl 22432+ e V29
y~138.0°

v =+/29 (c0s 68.2°i +c0s 56.1° j+cos 138.0°k )

67. a. d=(2,34)+(1,-1,3)+(4,-1,-2)
=(2+1+4,3-1-1,4+3-2)

=(7,1,5)

74.

b. \/(7-0) +(1-0)> +(5-0)

=1’ +1)* +(5)
=49+1+25
=75 =53 =8.66

The distance between the hand and the
origin is approximately 8.66 feet.

68. If the point P =(x,y,z) is on the sphere with
center C =(x,,y,,2,) and radius r, then the
distance between P and C is

2 2 2
(P, P)=\(x=x) +(y=3) +(z-2,) =r.
Therefore, the equation of the sphere is

(x_xo)2+(y_yo)2+(z_zo)2 =r’.

69.

70.

900

71.

75.

76.

Xy 7 +2x-2y=2
(x2+2x)+(y2—2y)+12=2
(P +2x+ D+ (Y =2y+ D+ 22 =2+1+1
(x+1)>+(y-1)>+(z-0) =4
Center: (-1, 1, 0); Radius: 2

Xy 7 +2x-2z7=—1
(X +2x)+y° +(z7 =27)=-1
(P +2x+ D)+ Y +(2* =2z+1) =—1+1+1
(x+D)*+(y-0) +(z-1)* =1
Center: (-1, 0, 1); Radius: 1

XY+ —dx+4y+2z=0
(x> =4x)+ (¥ +4y)+ (" +22)=0
(X —dx+4)+(y” +4y+4)
+(7+2z+ ) =4+4+1
(x=2)*+(y+2)* +(z+1)* =9
Center: (2,-2,-1); Radius: 3

Xy 4+ —4x=0
(X’ —4x)+y* +7° =0
(X —dx+d)+y +7° =4
(x=2)*+(y—-0)°+(z—0)* =4
Center: (2, 0,0); Radius: 2
2x7 +2y* +27° —8x+4z=-1

(X —4x)+y* +(z* +22) z—%
(X —dx+d)+y" +(2° +21+1)=—%+4+1

(x=2)* +(y=0)*+(z+1)° =%
Center: (2,0,-1); Radius: #

3x° +3y* 4377 +6x-6y=3
(X +2x)+(y* =2y)+7° =1
(X +2x+ D+ (Y =2y +D)+27 =1+1+1
(x+1)*+(y=1)*+(z-0)* =3
Center: (-1, 1, 0); Radius: \/g
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77. Write the force as a vector:
2 2

J2 11 +22 9

1
cosﬂ—g

cosor = _2
3

cos;/:g
3

2.1, 2
F—3(§1+3_]+3kj

2.1, 2, ) 0 of1
W—3(§l+§.]+§kj.2.]—3(3 2)

=2 newton-meters (joules)

78. Write the force as a vector:

cosg=— 2 =22
22t VO3
_2
cosﬂ—3
COS _l
r=3
2..2..1
F=1Zi+Zj+zk
(3' 3973 ]

_f2.,2. 1 s
W_l(3 +3J+3kj'(ll+2j+2k)

3 3 3

=§ newton-meters (joules)

79. W=FeAB
=(2i—j—k)e(3i+2j—5k)
=2-3+(=D2)+(=D(-5)
=9 newton-meters (joules)

Section 9.7
1. True
2. True
3. True
4. False; It is orthogonal to both.
5. False

6. True

N

34
12

‘=3-2—1-4=6—4=2

901

11.

12.

13.

14.

15.

Section 9.7: The Cross Product

=—2(-3)-2-5=6-10=—4

-2 5
2 3

5
s _1‘2 6(-1)—-(=2)(5)=-6+10=4

0
3‘=—4-3—5~0=—12—0=—12

1 4 2 4 21
2 1 4= - +
IS T

=(1-12) A-2-4)B+(6-1DC
=—11A+2B+5C

2 4=
13 33 31

‘2 4‘ ‘o 4‘ ‘0 2‘
A— B+
=(6-4)A-(0-12)B+(0-6)C

=2A+12B-6C

A B C

135

50 -2

35 -1 5 -1 3
= A—

0 -2 5 -2 50
=(=6-0)A—(2-25)B+(0—15)C
=—6A+23B-15C

B+

c

A B C

1 -2 3

0 2 -2

-2 3 1 3 1 -2
= A—

2 -2 0 -2 0 2
=(4+6)A-(-2-0)B+(2-0)C
=10A+2B+2C

B+‘ ‘C

i j Kk
a. vxw=|2 -3 1
3 -2 -1
=3 14, |12 1|, |2 3
= i— it k
-2 -1 3 -1 3 =2
=5i+5j+5k
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Chapter 9: Polar Coordinates; Vectors

16.

C.

i j ok
3 -2 -1
2 -3 1
—2 -1
-3 1
=-5i—5j-5k

WXV =

1—

i j k
3 -2 -1
3 -2 -1

WXW =

i—

-2 -1
-2 -1

3 -1
2 1

3 -1
3 -1

=0i+0j+0k =0
i j k

VXV =

2 31
2 31
=31
=31

1—

21
21

=0i+0j+0k =0

VXW =

WXV =

i j k
-1 3 2
3 -2 -1
3 2]
i
—2 -1

i+5j-7k

i j k
3 -2 -1
-1 3 2
2 -1
32

i—

WXW =

~li-5j+7k
—i-5j+7k

i j k
3 -2 -1
3 -2 -1
—2—1‘

1—
-2 -1

-1 2

3 -1

3 -1
3 -1

=0i+0j+0k =0

Jt

J+

2
2

Jt

-3
-3

3 -2
k
2 -3
3 -2
k
3 —2‘
‘k
-1 3
3 -2
3 -2
-1 3
3 -2
k
3 -2

902

17.

18.

d.

a.

d.

a.

i jk
vxv=|-1 3 2
-1 3 2
3 2|, |-1 2, |-13
3 2‘ ‘—1 2‘ ‘—1 3‘
=0i+0j+0k =0
ijk
vxw=[1 1 0
211
1 0, L Of, |11
= 1— J
11 21 21
=li—-1j-1k
=i—j-k
ijk
wxv=|2 11
110
1 1], |2 1], |21
= i- Jjt+ k
10 10 11
=-li+1j+1k
=—-i+j+k
i jk
wxw=[2 1 1
211
1], |2 1], (21
11 21 21
=0i+0j+0k =0
ijk
vxv=(11 0
110
1 0o, |1 O], [11
10 10 11
=0i+0j+0k =0
i
vxw=|1 -4 2
3 2
-4 2| |1 2], |1 -4
2 1 31 3 2
=-8i+5j+14k

Copyright © 2013 Pearson Education, Inc.
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Section 9.7: The Cross Product

i j Kk i j k
wxv=|3 2 1 d. vxv=|2 -1 2
1 -4 2 2 -1 2
2 1‘, ‘3 1‘_ ‘3 2‘ -1 2], ‘2 2‘, ‘2 —1‘
= i- it k = i- i+ k
-4 2 (1 2]" |1 -4 -1 2] |2 2]" |2 <1
=8i—5j—14k =0i+0j+0k =0
ik ik
wxw=13 2 1 20. a. vxw=|3 1 3
321 { 0 -1
:21i_31‘j+‘32‘k 1 3] (3 3] (31
21 317 |3 2 =lo _1‘ —‘1 _1‘J+‘1 O‘k
=0i+0j+0k =0 =—i+6j-k
iJk ik
vxv=\l -4 2 b. wxv=|1 0 -1
1 -4 2 31 3
_|* 2i_‘1 2‘j+‘1 ‘4‘1( 0 —1]. |1 1], |1 0
-4 2| |1 2" |1 -4 2131—33‘J+‘31‘
=0i+0j+0k =0 _io6j+k
i j Kk i j k
vxw=[|2 -1 2 c. wxw=(l 0 -1
0 1 -1 10 -1
—12,‘22,2—1‘ 0—1,‘1—1‘ ‘10‘
= i— j+ k = - jt+ k
1 -1 |0 -1 |0 1 0 -1| |1 -1/ |10
=-li+2j+2k =0i+0j+0k =0
=—i+2j+2k ik
i ok d. vxv=|313
wxv=0 1 -1 313
" 1 2 _ 3‘i_‘3 3‘j+‘3 1‘k
1 1| o <1]. |o 1 L3133 131
Tl 2‘ _‘2 2 1772 _1‘1‘ = 0i+0j+0k =0
=1li-2j—2k i j ok
=i-2j-2k 2. a vxw=|1 -1 -1
i j k 4 0 -3
wxw=10 1 -1 -1 -1, |1 =1], |1 -1
01 -1 o —3“—‘4 374 0‘
i —1‘, ‘0 ~1]. |0 1‘ =3i—1j+4k
= i— Jjt k
1 -1/ |0 -1]" |01 =3i—j+4k
=0i+0j+0k =0

903
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Chapter 9: Polar Coordinates; Vectors

22,

b.

WXV =

WXW =

VXV =

i j ok
40 -3
1 -1 -1
0 3|, |4 3], |4 0
i- j+
1 =1 |1 =17 |1 =1
“3i+1j-4k
“3i+j-4k

.

ijk

40 -3

40 -3

0 -3 |4 3], |40
i- i+

0 -3 |4 =3 |40

0i+0j+0k =0

.

i j k
1 -1 -1
1 -1 -1

-1 -1, |1 -1f, |1 -1
i— it k
-1 -1 1 -1 1 -1

=0i+0j+0k =0

VXW=

WXV =

WXW =

i j k
2 30
0 3 -2
-3 0

>
6i+4j+6k

1—

]+

2 0. |2 =3
k
0o -20""lo 3
i j k
03 -2
2 -3 0
3 -2/ o -2|. |0 3
i- i+
3 0| |2 ol |2 -3
—6i—4j—6k

.

ij k

03 -2

03 -2

3 -2|. o =2|. |0 3
i— it

3 -2/ o -2/""]o 3

0i+0j+0k =0

‘k

23.

24.

25.

26.

27.

904

d. vxv=|2

uxvs=

VXW=

vxXu=

i j k

-3 0

2 -3 0

30| |2 0], |2 -3
i- it

30 |20" |2 -3

0i+0j+0k =0

‘k

i j ok

2
.
3 2|

2 3
k
-3 3‘

-3 3
1 1

Jt

-3 2
1 3

.

3 2
=31

-3 3
2 3

i- i+

21

_‘—32

.

=9i+7j+3k

WXV =

VXV =

jt+

-3 2
-3 3

-3 3‘

=0i+0j+0k =0
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28.

29.

30.

31.

32.

WXW =

i- i+

— — e e

i
1
1
3
3

11
k
13 11‘

=0i+0j+0k =0
i j ok
6 -9 3
-3 3 2
-9 3‘ ‘6 3

(Bu)xv

i—

j+
3 273 2!

=-27i-21j-9k

-3 3

6 —9‘
k

i j Kk
vx(dw)=|-3 3 2
4 4 12

3 20, [-3 2f. |33
= i— j+

4 12 4 12 4 4
=28i+44j—-24k

‘k

i j Kk
ux2v)=| 2 -3 1
-6 6 4
=3 1, |2 1|, |2 -3
= i— j+
6 4 -6 4 -6 6
=-18i—14j-06k

=~

i j Kk
(-3v)xw=|9 -9 -6
1 1 3
-9 -6/|. |9 -6|. |9 -9
1 3 1 3 1 1
=-21i-33j+18k

e

905

Section 9.7: The Cross Product

33. ue(uxyv)
i j k
=ue| 2 -3 1
-3 3 2

(—3 1
=ue

a5 3
it k
3 2 -3 2 -3 3
=(2i-3j+k)e(-9i—7j-3k)
=2(-9)+(-3)(-7)+1(-3)

i—

=-18+21-3
=0
i jk
34. ve(vxw)=ve| -3 3 2
1 13
32|, |32, |33
=ve i- it k
13 1 3 11

= (=3i+3j+2k) e (7i+11j-6k)
=-3-7+3(11)+2(=6)
=—21+33-12

=0

i jk
35. ue(vxw)=uel-3 3 2
1 13

5 3
=ue i- Jj+

13 |1 37
= (2i-3j+k)e(7i+11j-6k)
=2-7+(=3)(1 ) +1(-6)

=14-33-6
=-25
i j k
36. (uxv)ew=|2 -3 1l|ew
-3 3 2
=3 1, |2 1|, |2 -3
= i— j+ k [ew
U 3 2 -3 2 ‘—3 3‘ )

=(-9i—7j-3k)e(i+j+3Kk)
=91+ (=)D +(=3)3)
=-9-7-9

=-25

Copyright © 2013 Pearson Education, Inc.
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Chapter 9: Polar Coordinates; Vectors

i j k ijk
37. ve(uxw)=ve|2 -3 1 40. (wxw)xv=|1 1 3|xv
1 1 3 113
=3 1|, (2 1{, |2 -3 1 3], |13, (11
=ve - jt+ k = i— j+ k [Xv
1 3 13 11 13 13 11
=(-3i+3j+2k)e(—-10i—5j+5k) =(0i+0j+0k)xv
=-3(-10)+3(-5)+2-5 i jk
=30-15+10 =10 00
=25 -3 32
. —Ooi_00'+00k
i I T R B B
38. (vxu)ew=[-3 3 2|ew — 0i +0j+ 0k = 0
2 31
32| [-3 2] |8 3 i jk
= i—- ow - _
-3 1 2 1.] 2 -3 41. uxv=|2 31
e - -3 3 2
=0i+7j+3k)e(i+j+3Kk)
=3 1, |2 1|, |2 3
=9-1+7-1+3-3 = i- it k
3 2 -3 2 -3 3
=9+7+9
95 =-9i-7j-3k
B Actually, any vector of the form ¢(—9i—7j-3k),
i jk where ¢ is a nonzero scalar, is orthogonal to both
39. ux(vxv)=ux|-3 3 2 uandv.
-3 3 2 i j K
32 -3 2 -3 3 =2 —
—ux i i+ Kk 42. uxw=|2 -3 1
32 -3 2 -3 3 1 13
=(2i-3j+k)x(0i+0j+0k) :‘—3 1‘i_ 2 1‘j+‘2 —3‘1(
i j Kk 1 3 13 1 1
=2 -3 1 =-10i-5j+5k
00 0 Actually, any vector of the form
¢(—10i-5j+5K) , where ¢ is a nonzero scalar, is
=3 1], (2 1f, |2 3
= i— j+ k orthogonal to both u and w .
0 0 00 0 0
=0i+0j+0k =0 43. A vector that is orthogonal to both
uandi+jisux(i+j).
i j Kk
ux(i+j)=2 -3 1
1 10
=3 1], |2 1f, |2 3
= i— Jjt k
1 0 10 11
=-li+1j+5k

Actually, any vector of the form ¢(—i+j+5k),

where ¢ is a nonzero scalar, is orthogonal to both
uandi+j
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Section 9.7: The Cross Product

44. A vector that is orthogonal to both u and j+k is 48. u=PP, =4i+j-3k
ux(j+k). v=PFP, =4i-1j+0k
i j Kk i j k
ux(j+k)={2 -3 1 uxv=4 1 -3
01 1 4 -1 0
_31'21'2_31( 1—3.4—3.+41
= —_— = l_
11101J+01 -1 0 40']4—1
=—-4i—-2j+2k =-3i-12j-8k
Actually, any vector of the form ¢(—4i—2j+2k), Area =|uxv |
where c is a nonzero scalar, is orthogonal to both _ \/(_3)2 +(=12)? +(=8)* = 17
uandj+k.
49. u=PFP =0i+1j+1k
45. u=PFP, =1i+2j+3k v=PP =-3i+2j-2k
v=PP, =-2i+3j+0k i oKk
i jk uxv=|0 1 1
—230 11‘,‘01,+01‘
23 1 3 1 2 = 1= J
= ‘i— j+ ‘ 2 -2 -3 -2 -3 2
301 =2 0] =23 = —4i-3j+3k
=-9i-6j+7k

Area =|uxv =\/(_4)2+(_3)2+32 _ 34
Area = | uxv | =/(-9)* +(~6) +7* = /166 Juxv]

46. u=FP, =2i+3j+k v=PP, =—-4i+3j+0k
v=PP =-2i+4j+k i jk
i jk uxv=[0 2 0
uxv=|2 31 -4 30
-2 41 _20,00,02k
31‘_‘21‘,‘2 3‘ 13 o' |4 o]V T]a 3
= i— j+ k
41 [-21|" |-2 4 =0i+0j+8k
=—i—4j+14k

Area=||u><v||= 0> +0°+8% =+/64 =8

Area = [uxv | = (-1 + (-4 +14 =213
51. u=RP,=3i+0j-2k
47. u=RP, =-3i+1j+4k v=PRP,=5-7j+3k
v=RP =-li-4j+3k i j oKk
i j Kk uxv=|3 0 -2
uxv=-3 1 4 5 -7 3
-1 -4 3 0 -2[. [3-2|.[30
= 1- Jj+ k
1 4| [-3 4] [-3 1 -7 3| |5 3] |5 7
= 1— J+ k
-4 3 |-1 3|7 |-1 -4 =-14i-19j-21k
=19i+5j+13k Area =|uxv|
Area =uxv|[=V19° +5 +13° =555 = J(14)" £ (=19)" +(=21)* =+/998
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Chapter 9: Polar Coordinates; Vectors

52. u=PRP, =0i+1j+lk

53.

54.

v=PBP, =—2i+3j—6k

i j oK

uxv=|0 1 1

~2 3 -6
11| o 1

I3 —6‘1_‘—2 —6

= —0i-2j+2k

=[uxv =9 +(=27 +2° =89

jt+

0 1
-2 3

Are

o

i j k

vxw=|1 3 -2

-2 1 3

3 =21, (1 =2|. |1 3
i— jt+ k

1 3 -2 3 -2 1

=1li+1j+7k

[vxw]|=v11* +1 +7* =171

_ . VXW
[vxw]

u

:illl+1_]+7k

V171

11\/Ei+\/ﬁj+7\/5k or

S0, =57 5797757

W19, V19 719

57 5797757

i j Kk
vxw=|2 3 -1
-2 -4 3

3 -1, ({2 1], |2 3
= i— j+

-4 -3 -2 -3 -2 -4
=-13i+8j-2k

[vxw = (=13 +8 +(=2)* =237

.

908

55.

56.

u=+ VXW
[vxw|
_ —13i+8j-2k
237
13 8 2
=+ - i+ j— Kk
(\/237 V2377 237 j
. 134237 i+8\/237 . 24237 K
T 237 237 V7237
13237, 8237 . 2237
So, — i+ Ji— k or
237 237 237
134237 . 8/237 -, 24/237 K
237 237 1T 37
i j Kk
AxB=|3 =2 4
21 =2
2 4| |3 4], |3 =2
= i- it k
1 =2 (2 =2]" ]2 1
=0i+14j+7k
V =|(AxB)-C|
=|(0i +14j+7k)- (3i - 6j - 2k )|
=10(3) +14(=6) + 7(-2)|
=[-9§
=98 cubic units
ij ok
AxB=[1 0 6
2 3 -8
0 6| |1 6] |10
= i- Jjt k
3 -8 (2 -8]" |23
=—18i+20j+3k
vV =|(AxB)-C|

{
|(~18i+20j+3k)- (8i - 5j+ 6k )|
|-18(8) +20(=5) +3(6)|

=|-226|

=226 cubic units
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57. Prove: |uxv| =|u|||v|[ —(uev)’

Let u=gqji+bj+ck and v=a,i+b,j+ck .

i j k
b c|, |a |, |a b ;
uxv=la b ¢ |= - j+ k =(bc, —b,c,)i—(ac, -
b, ¢, a, G a, b,
a, b, ¢

|| uxv ||2 = (b, —bye, )2 +(a,c, —ayc )2 +(ab, —a,b, )2

Section 9.7: The Cross Product

a,¢ )-] + (albz —a,b, )k

2.2 2.2 2.2 2.2 2,2 2,2
=b’c,” =2bb,cic, +b,"c,” +a,’¢c,” —2a,a,c,c, +a, ¢ +a,°b,” —2a,a,bb, +a, b,

272 2.2 272 2.2 2.2 2.2
=a, b, +a’c, +a, b +a, ¢ +b’c, +b, ¢ —2a,a,bb, —2a,a,c,c, —2bb,cc,

luf =a’+b7+c
V[ =a’+b +¢,”
(u' V)z = (a1a2 +bb, +cc, )2
" u ”2 ” v "2 —(u ® V)2 = (alz +b12 +Clz )(azz "'bz2 +C22)_(a1a2 +bb, +cc, )2

_ 2 2 2; 2 22 2 2 2; 2 2 2 2 2 2; 2 22
=aa, +a, b, +a c,” +b a,” +b’b,” +b'c,” +c,a,” +¢,°b,” +c¢c,

2 2 2; 2 2.2
—(a1 a,” +a,a,bb, +a,a,c,c, +a,a,bb, +bb,” +bb,c.c, +aa,cc, +bbyc,c, +cc, )

_ 252 22 2,2 2 2 2 2 22
=a,’b,” +a’c, +a, b +a, ¢ +b’c, +b, "¢, —2a,a,bb, —2a,a,c,c, —2bb,cc,

58. We know that for any two vectors

60.
||u>< V|| = ||u||||v|| sin@ , where @ is the angle

between u and v. Now, if u and v are

Prove: uxv=—(vxu)

Letu=gqji+bhj+ck and v=a,i+b,j+c,k

uxyv
orthogonal, then 8 =90°, so i j k
> = uv]sin90° = ][ v]- o b ¢
a, b, ¢
59. By Problem 58, since u and v are orthogonal, bool. la ¢|. |a b
we know fcv] =[] | v]. Since wand v are o P X A
unit vectors, we have ||u>< V|| = || u || || v || =1-1=1. =(bic, —byc, )i—(ac, —a,e,)j+(ab, — ab )k

Thus ux v is a unit vector.

= _(bZCI _blcz)i+(azc'1 _alcz)j_(azbl _a1b2)k

= —[(bzc1 —be,)i—(a,e, —aic,)j+(ab —albz)k]

_ [bz (&3
b ¢
i j k
=—la, b ¢
b

=—(vxu)

a, G

909
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Chapter 9: Polar Coordinates; Vectors

61.

62.

63.

Prove: uXx(v+w)=(uxv)+(uxw)

Let u=gqji+bj+ck, v=a,i+b,j+c,k ,and w=a,i+bj+ck .

ux(v+w)
=ux[(a,+a,)i+(b,+b,)j+(c,+c,)k]
i j k
=l q b, ¢
a,+a, b,+b, c,+c,
b, c a, ¢ a, b,

i—

= J
b,+b, c,+c, a,+‘a, c,+c, a,+a, b,+b,

(bicy +bc; —bye, —bye, )i—(aic, + aic; — a,c, —ase, ) j+(ab, + aby — ab, — ab, )k
(bl(‘Z by, )1 + (blc3 by, )i - (alcz —a)( )J_ (alc3 — a6 )J + (albz —ab, )k + (a1b3 —asb, )k
(blCZ b Cl) (a C— azcl)j+(a1b2 _azbl)k +(blc3 _b3cl)i _(a1C3 —a3cl)j+(alb3 _a3bl)k

a, C1J+al blk—f- b, Cli_al G, |4 blk
b, Cz az G a, b, by ¢ a; G as b,
i i j k
=|q b1 ¢ l+la b ¢
a, b, ¢ a; by ¢
=(uxv)+(uxw)
From Exercise 57, we have: Chapter 9 Review Exercises
Jwev ] =l *| v]* ~e
=Ju*[vI*=(lu ] v]cos6)
=lal*[vI*=Ju]*[ v]*cos 6
=lul*[v]* (1-cos*6)
=lul?|v]*sin>6
[l "] v]
Juxv|=|uf]v]|sing
uev=0 = uand v are orthogonal. . 33 3}
uxXv=0 = wuandv are orthogonal. re 3

Therefore, if uev =0 and uxv =0, then either
u=0 or v=0.

910
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x:—20054—;:1; y =—2sin4?“:\/§

Rectangular coordinates of (—2, 4?%) are (1, \/5 )

x= —3005(—%) =0; y :_3Sin[_§) =3

Rectangular coordinates of (—3,—%) are (0, 3).

. The point (=3, 3) lies in quadrant II.
r=y 4yt = (37 +3 =32
6=tan™' (l) =tan™' (%) =tan"'(-1) = —%

X

Polar coordinates of the point (=3, 3) are

(—3\/_ : —%) or (3&, %"j

. The point (0,-2) lies on the negative y-axis.
r=\/x2 +y’ =\/O2 +(=2)* =2

—an [ 2 2 an [ 22
6 =tan (x) tan (OJ

-2 . . e 14 T

— defined, so =——; ——+x==.
is undefined, so > > T >

Polar coordinates of the point (0,-2) are

(23] r(23)

. The point (3, 4) lies in quadrant L.
r=\/3c2+y2 =\/32+42 =5

6 =tan [lj = tan"’ [ij =(0.93
X 3

tan™ (%) +7=4.07

Polar coordinates of the point (3, 4) are
(5,0.93) or (-5,4.07).

911

Chapter 9 Review Exercises

r=2siné
r’ =2rsin®
X +y =2y
X +y'=2y=0

X +y =2y+1=1
x’ -i—(y—l)2 =1
The graph is a circle with center (0,1) and

radius 1.

r=>5
r* =25
x2+y2:52

The graph is a circle with center (0,0) and

radius 5.
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Chapter 9: Polar Coordinates; Vectors

b. The graph is a line through the point (0,0)
with slope 1.

10. a. r* +4rsin@—8rcos@ =5
X +y +4y-8x=5
X —8x+16+y +4y+4=5+16+4
(x—4) +(y+2)" =25
b. The graph is a circle with center (4,—2) and

radius 5.

11. r=4cosf
The graph will be a circle with radius 2 and
center (2, 0).
Check for symmetry:
Polar axis: Replace € by —@&. The result is
r=4cos(—0)=4cos@.

The graph is symmetric with respect to the polar
axis.

The line & =§ : Replace 6 byn—-6.
r=4cos(mt—0)

=4(cos 7 cos @ +sin 7 sin &)

=4(—cos8+0)

=—-4coséf
The test fails.
The pole: Replace r by —r. —r=4cos@. The
test fails.

Due to symmetry with respect to the polar axis,
assign values to @ from Otom.

6 | r=4cosb

0 4

g 23=35

% 2

g 0

Z 2

%" ~23=-35

/4 —4
eyiTg

0= 0=7
(2.7)

(4’0)_3
o="m (07;’) 172345 0=0
o =20 o="1r
b=3F
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12.

r=3-3sinf
The graph will be a cardioid. Check for
symmetry:

Polar axis: Replace 6 by —8 . The result is
r =3-3sin(—0) =3+3sin . The test fails.

The line & :g : Replace 6 byn—6.
r=3-3sin(n—6)
=3-3(sinrcos @ —cos rsin &)
=3-3(0+sin )
=3-3sin6
The graph is symmetric with respect to the line

T
=L,
2

The pole: Replace r by —r. —r=3-3sin8.
The test fails.

. . L
Due to symmetry with respect to the line 8 = R

assign values to 8 from Tl
2 2
6 | r=3-3siné
T
- 6
2
T 33
—= |3+——=56
3 2
_T 9
6 2
0 3
T 3
6 2
T3 33 gy
3 2
L
= 0
2
eyi?
0 =220 0="T
Uy
(O 2) (3,0) X
6= 6 8 0=0
6,—1—T
NS S
=31

13.

Chapter 9 Review Exercises

r=4-cos@
The graph will be a limagon without inner loop.
Check for symmetry:

Polar axis: Replace 8 by —6. The result is
r=4-cos(-0) =4—-cos@ .

The graph is symmetric with respect to the polar
axis.

The line 6 :g : Replace 6 byn—6.
r=4—-cos(n—6)
=4 —(cos  cos @+ sin r sin 6)
=4—(-cos8+0)
=4+cosé
The test fails.
The pole: Replace r by —r. —r=4—cosf.
The test fails.

Due to symmetry with respect to the polar axis,
assign values to € fromOtom.

0 | r=4—cos@
0 3

LY PERER
6 2
L

3 2

b

= 4

2

w9

3 2

5w \/§
—|4+—=49
6 2

4 5
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Chapter 9: Polar Coordinates; Vectors

4. r=yx+y* =12 +(=1) =2

tan6=l=_—1=1
x -1
0 =225°

The polar form of z=—-1—i is
z=r(cos@+isinf) = \/E(cos 225°+isin 225°).

15. r=yxX+y =# +(-3)> =/25=5

y 3

t 6:—:——

an X 4
0 =323.1°

The polar form of z =4-3i is
z=r(cos@+isin@)=5(cos323.1°+isin323.1°).

16. 2(cos150°+isin150°) = 2(—§+%ij
=—3+i

Imaginary
| axis

2r) 1.3
17 3(COS_+ZSIHTJ_3[ 2+ > z)
__24_&,'
2 2
‘Im-aginary
axis
K=
Zk
1~
| \ \ |, Real
) -1 1 axis
-1+

914

18. 0.1(cos350°+isin350°) = 0.1(0.9848 —0.17361)

=0.10-0.02{
Imaginary
A axis

0.06 —

0.02 -
TARY Ly, Real
—1\[A 010 axis

—0.06 -

19. z-w=(cos80°+isin80°)-(cos50°+ isin50°)
=1-1[cos(80°+ 50°) +isin(80°+ 50°)]
=co0s130°+ isin130°

z  cos80°+ isin80°

w - co0s50°+ isin 50°
= %[COS(SOO —50°)+isin(80°— 50° )]
=c0s30°+ isin 30°

20. z- w=3(cos95—7c + isin95—n] . 2((:05% + isin%)

=3-2| cos 9—Tc+E +isin 9—n+E
- 55 5°5
=6-(cos2m+isin2m)
=6(cos0+isin0)

=6

It .. 9n
. _3~(cos?+zsm?J

2- cosE+isinE
5 5

_3 cos EL +isin EL
2 5 5 5 5
=2 cosg—n+isin8—7t

2 5 5

21. z-w=>5(cos10°+isin10°)-(cos 355°+ isin355°)
= 5-1[cos(10°+ 355°) +isin(10°+ 355°)]
=5(c0s365°+ isin365°)

=5(cos5°+isin 5°)
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22,

23.

24.

25.

2 5(cos10°+isin10°)

w  €0s355°+isin355°

= %[COS(IO"— 355°)+isin(10°—355°)]
=5[cos(—345°) + isin(—345°)]
=5

(cos15°+isin15°)

[3(cos20°+isin20°) ] 26.

=3’[cos(3-20°) +isin(3-20°)]
= 27(cos 60°+ isin 60°)
(1 «/5.}
—27[2+ > i

27 273 .
=242

2 2

4
{\5 (coss?7t +isin %H

-(\2)' [cos(4-%j+isin(4~%ﬂ

=4-(cosS—n+isin5—n)
2 2

= 4(0+11i)
= 4i

1-3i
r= 12+(—\/§)2

tan¢9=_T\/§=—\/§

=2

6 =300°

1-+/3i = 2(cos 300°+ isin 300°)

(1-3i) =[2(c0s300°+ isin300°) |
=2°[cos(6-300°) +isin (6-300°) |
= 64-(cos1800°+ i sin1800°)
=64-(cos0°+isin 0°)
=64+0i
=64

3+4i

r=v3*+4* =5

tan @ = %

6 =53.13°

915

27.

Chapter 9 Review Exercises

3+4i=5[cos(53.13°) +isin (53.13°)]

(3+4i)* =(5%[cos(4-53.13°) + isin(4-53.13°)])4
= 625[ cos(212.52°) +isin (212.52°)
=~ 625(—0.8432-0.53761)

=-527-336i
27+0i
r=~27"+0* =27
0
tanf@=—=0
an 27
0=0°

27 +0i =27(cos 0°+isin 0°)
The three complex cube roots of
27+0i =27(cos0°+isin 0°) are:

3 0°  360°k) .. (0° 360°k
Z, =27 | cos| —+ +isin| —+
3 3 3 3

=3[ cos(120°k)+isin (120°k) |
2y =3[ cos (120°- 0)+isin (120°-0) |
=3-(cos0°+isin0°) =3
2, =3[ cos(120°- 1) +isin (120°1) |

=3-(cos120°+isin120°) = —%+§i
2, =3[ cos (120°- 2) +isin (120°- 2) |
=3-(cos240°+ isin 240°) = —%—%i
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Chapter 9: Polar Coordinates; Vectors

28.

2u+ 3v B

29. P=(1,-2),0=3,-6)
V=0G-Di+(-6-(=2))j=2i—4j

v =422 +(4? =+20=2V5

30. P=(0,-2),0=(-11)
v=(=1-0)i+(1-(=2))j=-i+3j

[v] =D +3* =410
3L V4w =(-2i+j)+(4i-3j)=2i-2j

32. 4v-3w=4(-2i+j)-3(4i-3j)
=-8i+4j—-12i+9j

= —20i+13j
3. |v|=]-2i+i|=y2* +12 =5
34. v+ wil=]=2i+i] +]4i-3i]

= J2)7 + 12 4[4 4 (-3)

=J5+5=7.24

35 v =2i+j  =2i+j
BRI E:
_=2i+j_ 245, +£
N 5

36. Let v=x-i+y-j, || v ||:3, with the direction

angle of v equal to 60°.

[v]=3
\lx2+y2 =3

x2+y2=9

37.

The angle between v and i equals 60°. Thus,
cos60° = — 1 =(Xi+yj)'i=i=£.
IvI-gsg 3t 313

We also conclude that v lies in Quadrant I.

cos60° =

5

1 x
273
x=3
2
x2+y2=9

2 4 4 4
L2733
4 2
Since v lies in Quadrant I, yz#. So,
v=x-i+y- J——l+i_]
2
v =—i+/3

= || v ||(cosai +sin j)

tano = —? =3 a=tan (—ﬁ) —60°

The angle is in quadrant II, thus, o =120°.

38. d(Pl,Pz)z\/(4—1)2+(—2—3)2+(1—(—2))2
=+9+25+9
=43 ~6.56
39. v=(4-1)i+(-2-3)j+(1-(-2))k
=3i—5j+3k
40. 4v-3w=4(3i+j-2k)-3(-3i+2j-k)

=12i+4j-8k+9i—-6j+3k
=21i-2j-5k
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4

Jusry

4

[}

43.

44.

45.

[v-w|=|(3i+j-2k)-(-3i+2j-K)|
= 3i+j-2k +3i-2j+k |
=[6i-j-k|
-3

[vI=lwl

= 3i+j-2k || -3i+2j-k|

=P+ (=2 = (=3 427 +(=1)?

=14 -14
=0
i j k
vxw=|3 1 -2
-3 2 -1
1 =2, |3 =2|, |3 1
= i— jt+ k
2 -1 -3 -1 -3 2
=3i+9j+9k
Ve (VXW)
i j k
=vel 3 1 -2
-3 2 -1
1 =2, |3 =2|. (3 1
=ve i— Jjt k
2 -1 -3 -1 -3 2
=(3i+j—2k)e(3i+9j+9k)
=3-3+1-9+(=2)(9)
=0
i j k
31 -2
Lovxw |32 -1
Cexw] T vxw]]
1 —2‘_ ‘3 —2‘, ‘3 1‘
i— j+ k
2 -1 -3 -1 -3 2
=1
[ vxwl|
. 3i+9j+9kJ
V3 +9° +9°

Chapter 9 Review Exercises

[3i+9j+9kj
319 34197 319

Il
I+

Il
I+

[ ! i+ 3 j+ 3 k)
V19 V197 19
V19, 3419, 319
i+ j+ k
19 19 19

Jﬁi+3\/5j+3\/5k o

S0 T9 g 19

_\/Ei_:&\/ﬁj_&/ﬁk

19 19 19

Il
I+

46. v=-2i+j, w=4i-3j
v-w==-24)+1(-3)=-8-3=-11

cos¢9=&
(MIRd

~11
JE2? +12 4 4 (-3)?
J5-5 545

0 =169.7°

47. v=i-3j, w=—i+j
vew=1(=D+(=3)1D)=-1-3=—4

cosf = v-w
(MIEd

—4
CEr@r e er
e e S

Jiov2 5 5

6 =153.4°

48. vew=(i+j+k)e(i—j+k)

=1-1+1(-1)+1-1
—1-1+1
=1

vew

O]
1
VPP 4+ PP+ (=17 +1

11
NN

6 =70.5°
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Chapter 9: Polar Coordinates; Vectors

49. vew =(4i—j+2k)e(i—2j-3k)
=41+ (=1)(=2)+2(-3)

=4+2-6=0
Vvew
O Tw]
_ 0
& (12 422 1P +(=2) +(-3)?
=0
6 =90°

50. v=2i+3j, w=-4i—6j
v-w=(2)(-4)+(3)(-6)=-8-18=-26

VW
cosl=——7i—r
[ vl wll

B 26
V243 (~4) +(-6)’
26 26 26

T35z Jere 26
@ =cos™ (-1)=180°
Thus, the vectors are parallel.
51. v=-2i+2j, w=-3i+2j
v-w=(-2)(-3)+(2)(2)=6+4=10

VW
cosf =
(MIEd
_ 10
J(2) +27(-3) +2°
10 10
= =——==0.9806
V813 104
S 10
@=cos”' | — |=11.31°
(\/104J
Thus, the vectors are neither parallel nor
orthogonal.

52. v=3i-2j, w=4i+6j
v-w=(3)4)+(-2)(6)=12-12=0
Thus, the vectors are orthogonal.

53. v=2i+j, w=-4i+3j
The decomposition of v into 2 vectors v, and

v, so that v, is parallel to w and v, is

918

VW

perpendicular to w is given by: v, = ” "2
w

and v, =v-v,

ETTR
_ (2i+j)-(—4i+32j)(_4i+3j)
() +3*)
O g,

1 4, 3
L EUTIE P W PR
5( i+3)) 5l 5']

V,=V-V,

4, 3
=2i+j-| Zi-2j
J[s SJ)

—2i+'—£i+§'
J 5 5J

—§i+§j
5 5
54. v=2i+3j, w=3i+j
The projection of v onto w is given by:

_vV-w =(2i+3j)-(3i+j)(3i+j)

v, = W 2
[ w] (\/32 +12 )
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55.

56.

57.

58.

59.

3 3 329

a
vl 3 +ap+22 V29 29
o ~56.1°

cosa =

429

cosp b A4
vl rare2r V2o 29

B=138.0°
o _ 2 _ 2 22
vl 3 +a2+22 V29 29

¥ =68.2°

cosy =

u=PP, =i+2j+3k
v=PP,=5i+4j+k

ijk
uxv=|1 2 3
541
2 3|, (1 3], |12
= i- it k
4 1 51 5 4
=-10i+14j—6k

Area=||u><v||

= J(=10)* +14* + (-6’
=/332 = 24/83 = 18.2 sq. units

vxu=—(uxv)=—(2i-3j+k)=-2i+3j-k
uxv=(3v)xv=3(vxv)=3-0=0

Let the positive x-axis point downstream, so that
the velocity of the currentis v, =2i. Let v =

the velocity of the swimmer in the water and v,
= the velocity of the swimmer relative to the
land. Then v, =v_+v,. The speed of the
swimmer is || . || =35, and the heading is
directly across the river, so v, =5j. Then

V=V, +V, =5j+2i=2i+5]

|| =22 +5% =/29 ~5.39 mi/hr

Since the river is 1 mile wide, it takes the
swimmer about 0.2 hour to cross the river. The
swimmer will end up (0.2)(2) =0.4 miles

|

downstream.

Chapter 9 Review Exercises

60. Let F, = the tension on the left cable, F, = the

tension on the right cable, and F, = the force of
the weight of the box.
F, =||F, |[ cos(140°)i +sin (140°) j]
=~ | F, | (-0.7660i + 0.6428j)
F, =|F, [ cos(30°)i+sin(30°) ]
~ || F, [|(0.8660i +0.50005)
F, = -2000j

For equilibrium, the sum of the force vectors
must be zero.

F, +F, +F;

=—0.766044| F, [[i+0.642788| F, | j
+0.866025| F, |i +0.5| F, | j—2000j

=(—0.766044| F, |+0.866025| F, |)i
+(0.642788|| F, | +0.5| F, | —2000) j

=0

Set the i and j components equal to zero and

solve:
{—0.766044" F, |+0.866025| F, | =0

0.642788| F, ||+0.5| F, | 2000 =0

Solve the first equation for ||F2 || and substitute

the result into the second equation to solve the
system:

0.766044
| = SO0 | o552 B |

0.642788|| F, | +0.5(0.884552 F, ||)—2000 = 0
1.085064 F, | = 2000

| Fy || =1843.211b

| ¥, || =0.884552(1843.21) = 1630.41 Ib

The tension in the left cable is about 1843.21
pounds and the tension in the right cable is about
1630.41 pounds.
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Chapter 9: Polar Coordinates; Vectors

61. F=5[cos(60°)i+sin(60°)]] 5. r=17

oLy 51, 5 V=T

—i+—j|==i+—
27T, (Je+y) =7
AB =20i x*+y* =49
W=F.AB = _l + 5[ j Thus th.e equation is a circle with center (0, 0)
2 2 and radius = 7.
- (5) (20)+ [5\/_)(0) 50 ft-1b y¢
2 gl
. . . _3n 2 T
62. Split the force into the components going down o= 4 6= 2
the hill and perpendicular to the hill.
X
0=m —
0=0
St _Tm
0= T 0= 4
F,; =Fsin5°=8000sin5°= 697.2 6= 37“
F, =F cos5°=8000co0s 5°~ 7969.6
The force required to keep the van from rolling 6. tanf=3
down the street is about 697.2 pounds. The force sind 3
perpendicular to the street is approximately cosf
7969.6 pounds. rsin @
rcosf
Y23 or y=3x
Chapter 9 Test * o o
Thus the equation is a straight line with m =3
1-3. n and b=0.
2 on g
3 n 02T
4 3n 2 T
0=— 0=
T 4
6 4
T'e
2 0=r —
s 0=0
0= Sn 0= m
4 4
4. x=2 and y=243 o3

=4y =42 +(243) =16 =4 and 2
tan9=l=¥=\/§

x
Since (x,y) is in quadrant I, we have 6 = % .

The point (2, 23 ) in rectangular coordinates is

the point (4,%) in polar coordinates.

920
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7.

rsin® @+8sin@=r
r’sin® +8rsin@ = r’
Y +8y=x"+y’
8y=x> or 4(2)y=x’
The graph is a parabola with vertex (0, 0) and
focus (0, 2) in rectangular coordinates.

'}
n
="
3n 2
0="" _T
4 6 4
\4 X
0=m —_—
0=0
5w _m
0 = 0= 1
o =T
2
r*cos@=5
Polar axis: Replace € with —6:
r*cos(-0) =5
rtcos@=5

Since the resulting equation is the same as the
original, the graph is symmetrical with respect to
the polar axis.

The line §=7: Replace 6 with 7-6:

r cos(r—6)=5
r*(coswcos@+sinzsinf) =5
r?(=cos@) =5
—r*cos@=5
Since the resulting equation is not the same as
the original, the graph may or may not be

. . . T
symmetrical with respect to the line 6 = >

The pole: Replacing r with —r:
(-r)*cosf=5

r*cos@=>5
Since the resulting equation is the same as the
original, the graph is symmetrical with respect to
the pole.
Note: Since we have now established symmetry
about the pole and the polar axis, it can be shown
that the graph must also be symmetric about the

line 0:%.

9.

10.

11.

12.

13.

Chapter 9 Test

r=5sinfcos> 6

The polar axis: Replace 8 with —6:

r = 5sin(—6) cos’ (—6)

r=5(—sin@)cos>

r=—-5sinfcos’ 8

Since the resulting equation is the not same as

the original, the graph may or may not be
symmetrical with respect to the polar axis.

The line 6:% : Replace @ with 7—-8:

r =5sin(z — ) cos’ (7 - 6)

r =5(sin 77 cos @ — cos 77 sin 8)(—cos 0)*
r=5(0-cos@—(—1)-sin f)(cos* 6)
r=5sin@cos’

Since the resulting equation is the same as the
original, the graph is symmetrical with respect to

the line 6 = % .

The pole: Replacing r with —r:
—r =5sin@cos” 0

r=-5sin@cos’ 6
Since the resulting equation is not the same as
the original, the graph may or may not be
symmetrical with respect to the pole.

Zw= [2(cos 85°+isin 85°)] [3(005 22°+isin 22°)]
=2-3[cos(85°+22°)+i sin(85°+ 22°)]
=6(cos107°+isin107°)

W 3(c0s22°+isin22°)
7 2(cos85°+isin85°)

= %[005(22O —85°) +isin(22°-85°)]

= %[cos(—63°) +isin(—63°)]
Since —63° has the same terminal side as 297°,

we can write - = %(cos 297°+isin 297°)
z

w =[3(cos 22° +isin 22°)P
=3°[cos(5-22°) +isin(5-22°)]
=243(cos110°+isin110°)

Let w=—8+8x/§i;then

W] =(=8)* +(83)* =/64+192 = /256 =16

so we can write w in polar form as
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Chapter 9: Polar Coordinates; Vectors

w= 16[—%—%?1} =16(cos120°+isin120°)
Using De Moivre’s Theorem, the three distinct 3™

roots of w are
Zk = 3 16 |:COS (_12300 +_36gok ) + isin (_12300 +_36(3)Ok ):|

= 23/2[cos(40° +120%) +i sin(40° +120°%) |
where k=0, 1, and 2 . So we have

20 = 23/2[c0s(40° +120°-0) + i sin(40° +120°-0)
=232 (cos 40°+isin 40°)
~1.93+1.62i

2 = 23/2[cos(40° +120°-1) +isin(40° +120°-1)]
=232 (cos160°+isin160°)
~-2.37+0.86i

2, = 23/2[cos(40°+120°-2) +isin(40° +120°-2)]
= 23/2(cos 280° +isin 280°)
~0.44-2.48i

(cos 160° + i sin 160°) ) )
Imaginary axis

20 = 2V2(cos 40° + i sin 40°)

\W TI.OIc

NV

23 = 2V/2(cos 280° + i sin 280°)

Real axis

14.

=(8v2-3V2, 202-72) =(5v2,-52)

15.

||v||=J<sﬁ) +(-5va) =00 =10

<5ﬁ -5v2)= <£ —£>

16.
2

From Exercise 16, we can write

v= bl u—lo<£ -2)
2

17.

2
=10(cos315°, sin315°)
=10(cos315°i +sin315°})
Thus, the angle between v and i is 315°.

922

18. From Exercise 17, we can write
v =10(cos315° +sin315°)

—10<%1+[—%} > 5V2i —5«/51

19. v, +2v, —v; =(4,6)+2(-3,-6)—(-8,4)
=(4+2(-3)—(-8),6+2(-6)—4)
=(4-6+8,6-12-4)
=(6,-10)

20 - 21.
If 6; is the angle between v; and v; , then
cos@. = Thus,
/ ||v T || T
cosg. = XD +6(-6) 48 8
LT A oves  Nes
cosg. Lo -8 1
BJ52.480  8Jes  Ves
_ 410)+6(15) _ 130
6 — —
cos b, \/_ _32 130
(BB +(6) _ 0
cos 8,, = \/_\/_ a:
cosg.. = EDO+EOI5  -120 8
a5 B 1565 N6s
cosg, 2 CON0+@IS 20 1
T ROABZS 2065 6s

The vectors v; and v;are parallel if cosg; =1
and are orthogonal if cos 491-1- =0 . Thus, vectors

v, and v, are parallel and v, and v, are
orthogonal.

22. The angle between vectors v, and v, is

o (it ()

~ cos 1 (=0.992278) = 172.87°

i j k
23. uxv=(2 -3 1
-1 3 2
=31, |2 1], |2 -3
= i— i+ k
3 2‘ ‘—1 21" |1 3‘
=(-6-3)i—(4-(-1))j+(6-3)k
=-9i—5j+3k
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24,

25.

26.

To find the direction angles for u, we first

evaluate ||u|| .

Juf = @7 + (-3 +17 =Ja9+1=ia

From the Theorem on Direction Angles, we have
N Ji4 Jia”
Thus, the direction angles can be found by using
the inverse cosine function. That is,

coso = ,and cosy =

o =CoS =~57.7°

=~143.3°

12
Ji4

-3
=CO0S —F—

d J14

1

-1

=cos —— =74.5°

AN}

The area of a parallelogram with u and v as

adjacent sides is given by ||u>< V|| .

From problem (1), we have that

uxv=-9i-5j+3k.

Therefore, the area of the parallelogram is

Jwxv]= (-9 +(=5)° +3
=81+25+9

=+/115 =10.724 square units

We first calculate the angle ¢.
16

F3

Using the right triangle in the sketch, we

conclude tano = E =2 so that

o =tan"' 2 =63.435°.

Thus the three force vectors in the problem can
be written as

F1=|F1](cos116.565"i +sin116.565°j)
=|F1](-0.44721i +0.89443j)

F2 =|F2|(cos63.435°i +s5in63.435° j)
= [F2) (0.44721i +0.89443;)

Chapter 9 Cumulative Review

F3=-1200j
Since the system is in equilibrium, we need
F1+F2+F3=0i+0j.

This means

[|F1](-0.44721) +|[F2[(0.44721)+ 0] =0 and
[[F1](0.89443) + [F2] (0.89443) 1200 | = 0.
The first equation gives ||F1|| = ||F2|| ; if we call

this common value ||F|| and substitute into the

second equation we get
2-|[F]- (0.89443) = 1200

1200
2(0.89443)

Thus, the cable must be able to endure a tension
of approximately 670.82 lbs.

¥ = 70.82

Chapter 9 Cumulative Review

1. "0 =1
1n(exz-9) =In(1)
¥ -9=0
(x+3)(x-3)=0
x=-3orx=3
The solution set is {-3,3} .

2. The line containing point (0, 0), making an angle
of 30° with the positive x-axis has polar
equation 6 = % .

Using rectangular coordinates:

923
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Chapter 9: Polar Coordinates; Vectors

3. The circle with center point (h, k) = (0,1) and
radius » = 3 has equation:

(x=h)* +(y—k)* =12

4. f(x)=In(1-2x)
f will be defined provided 1-2x>0.
1-2x>0
1>2x

—>X

The domain of is { X

1 1
X<—por | —oo,—|.

2 2
5 X'+ y3 =2x*
Test for symmetry:
x-axis: Replace y by —y:
x* -i—(—y)3 =2x"

X2y =2

which is not equivalent to x* + y* = 2x* .

y-axis: Replace x by —x :
(—x)2 + y3 = 2(—x)4
X+ y3 =2x*
which is equivalent to X%+ y3 =2x*

Origin: Replace x by —x and y by —y:

(=) +(=y)" =2(=)"
K —yd=2xt
which is not equivalent to X+ y3 =2x*.

Therefore, the graph is symmetric with respect to
the y-axis.

In x, when Inx=>0
—Inx, when Inx<0

_ In x, when x >1
" |-Inx, when O<x<1

B sin x, when sinx >0

B {—sin x, when sinx<0
sin x, when 0<x<rx

{—sin x, when w<x<2rx

y

2_

I L Y 1 )
- _m ™ m 3w 2w

2 2 2

_1—

sin x, when x>0
—sinx, when x<0

@_ |
| |

SIEg -

T

e =

Gt
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9.

10.

11.

sin”! [—l)
2

We are finding the angle 6, —g <6< g, whose

sine equals —l
q >

|3

Graphing x=3 and y =4 using rectangular
coordinates:
x =3 yields a vertical line passing through the

point (3,0).
y =4 yields a horizontal line passing through
the point (0,4).

YA x=3
5_
P >y =4
L1 L1 L1 X
-2 5
_l—

Graphing r =2 and 6 :% using polar coordinates:

r=2 yields a circle, centered at (0,0), with radius
=2.

6 =§ yields a line passing through the point (0,0),

forming an angle of & zg with the positive x-axis.

"

925

12.

Chapter 9 Projects

y =—4cos(zx) is of the form y = acos(wx)
Amplitude: |a| =|—4| =4
2r 2w

Period: —=—=2
[0 T

Chapter 9 Projects

Project I

1.

2.

3.

The aircraft will rise (gain altitude).
The aircraft will fall (lose altitude).
The aircraft will speed up.

The aircraft will slow down.

2.205 kg

W =700 Ibx =1543.5kg

F = (15435 kg)-(9.80 m/s)

=15,126.3 kg-m/s’
=15,1263N

The lift force of the Wright brother’s plane must
have exceeded 15,126.3 newtons in order for it
to have gotten off the ground.

W = 2200 1bx% = 4851 kg

F = (4851 kg)-(9.80 m/s’ )

=47,539.8 kg - m/s”
=47,539.8 N

The lift force of the Cessna 170B must exceed
47,539.8 newtons in order to get off the ground.

W = 255,000 lbx% = 562,275 kg

F = (562,275 kg)-(9.80 m/s)

=5,510,295 kg - m/s*

=5,510,295 N
The lift force of the Boeing 747 must exceed
5,510,295 newtons in order to get off the ground.
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Chapter 9: Polar Coordinates; Vectors

Project 11 6. Imaginary
| axis

1. If =0, then cos(2xh)=1 and sin(2zh) =0, +
then Magnitude =|1+0.25(1)| =1.25 (max). 1

ﬁ . . . /(T\‘\ Real

If 4 is high enough such that cos(2zh) = T _'1 T \\'//5 axis

and sin(27h) = %, then 1

. YOIREY o |

Magnitude =| 1+0.25 7+Tl Since the magnitude of a complex number is the
distance from (0, 0) to the point, z, the
2 2 minimum is 0.75 and the maximum is 1.25
2) (V2
8
=1.19 p o
ject

If 4 is high enough such that cos(27h) =0 and rojec
sin(2zzh) =1, then a. A=100¢""?, 0<6<30

400

#% 400

Magnitude =| 1+0.25(0+1) |

= J1+(0.25)° ~1.03

—400 ff{:_,,-"'
i e
If 4 is high enough such that cos(27h) =0 and \
sin(27zh) = -1, then —200
Magnitude = | 1+0.25(0—-1) | ~1.03 b. Approximately 19.7 years.
400
If 4 is high enough such that cos(27h) =—1 and Fi=Lie (.08
sin(2zh) =0, then \
—400 400
Magnitude = | 1+0.25(~1) | =0.75 (min). N &B/J
a=18.7
Because sine and cosine oscillate between —1 ”“?5'5"1?_14382“1'25?22
and 1, the magnitude will oscillate between a .
maximum and a minimum. ¢. Approximately 26.1 years.
1.25 400
SWR =—=~=1.67 Fi=100e T 0ER)
5
-400 400
2. The distance between two consecutive minima
will be the period of cosine (the value of cosine 8=z ,
27[ n=enB. 28787 1Y=z0zk.61961
is —1 once per cycle): Period = pym =1. 400
z d. A=100"""?, 0<6<30
3. The distance between two consecutive maxima 1000
will be the period of cosine (the value of cosine ™~
. 2 \\
is 1 once per cycle): Period = Loy, ~1000 PP 2 1000
o &
4. The distance between a minimum and a d_ﬂ_,/ﬁ
maximum is half a period: 0.51)=0.5. —1000
5. The pager must be sensitive enough to receive a e. Approximately 7.5 years

minimum signal strength of 0.75.

926
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1000
FI=100% [ 108

u=7.6 % 7
#=EE.7zEz0E [v=z06.96796

—-1000

f. Approximately 13.5 years.

1000
Fi=10e [ 108

L
"

]

zE 7
zAuBEzz [v=310.05266
—-1000

g. Doubling the interest rate causes the time to
double to be less than half.

(0.5%19.7-9.85, not 7.5)

Il
T

Project IV

A.
a. " =cosm+isinw=-1+i(0)=-1
Therefore, ¢ +1=0.
b e —e™™  cosx+isinx—[cos(—x)+isin(—x)]
2i 2i
_cosx+isinx—cosx+isinx 2isinx
2i 2i

=sinx
e+ cosx+isinx+[cos(—x)+isin(—x)]
2 2
_cosx+isinx+cosx—isinx 2cosx

2 2
=cosx
i) i) 1
c. sin(l+i)= ¢ =& ¢
20 2i
1 i) _ i)
2i
~ e (cosl+isin1)—e[cos(—1)+isin(~1)]
- 2i
_0.1988+i(0.3096) —1.4687 +2.2874i
2i

_ —1.2699+2.597i i

2i i
=1.2985+0.6350i

e

e

Chapter 9 Projects

d. a-+bi=r(cosx+isinx)=re",
c+di=ry(cos y+isiny) =re”,

(a+bi)c+di)= }'leix ‘rye”
= rlrzeixeiy
— rlrzeixﬂ'y
— rlrzei(x+y)
=1, [cos(x+ y) +isin(x+ y)]
a+bi rle’)C 5

' - oy = iy
c+di  re 7 7

= i[cos(x —y)+isin(x—y)]
h

a. 1. x=u+iv
i(u+iv)’ +8=0
i’ +3u? (iv)+3uiv)® +(v)*)+8=0
i’ +3iu*v=3uw? —iv’)+8=0
(v3 —3u2v+8)+(u3 —3w?)i=0
2. v -3utv+8=0

2 8+V3
u —
3y

u=3w? =0
u(u2 -3)=0

u=0 or u’-3*=0

If u?>—3v? =0, then

u’> =3v2 =0
u® =37?
3,2 :8+v3
3y
9y =8+’
8’ =8
V=1
v=1

If u=0 and v=-2,then x=-2i.
If v=1, then u=i\/§. Thus,

x=\/§+i or x=—«/§+i
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Chapter 9: Polar Coordinates; Vectors

Q4 These solutions do match those in part (a).
3. Graph u== and u=+3v
3v If u=0, then
6 0= 8+1°
\ 3v
-6 6 8+17 =0
/ y==-2
~6 u=0 or u’>-3*=0

4. The points of intersection are (1, 1.73) and
(1,—1.73) , which matches up to the second

set of intersection points. There should be
three points of intersection, however, the
“missing” point is complex so it will not
show up on the graph.

6

1NV

Inkerseckion
u=i ¥=1.7Z20E08 ©

-6
6

1NV

Interseckion

F=-1.72z0EL "
-6
b. ix’+8=0
—x*+8i=0
X —-8i=0
X =8i

8i =8(0+1i) =8(cos90° +isin 90°)

% zg/g[cos(g;) +3630 k)-kisin(g;) +360 kﬂ
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