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91l ¥+ VY2 +22=16
@r2+z2=16
(b) p»=16,p=4

95. X2 + y? = 4y
@ r2=4rsing, r=4sn6
(b) p?sin?¢p = 4psin ¢ sin 0,

psing(psing — 4sin6) = 0,

_4sné

p= sin¢,p=4$|n0080¢>
v
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105. Rectangular :
0<sx<10
0<y<10
0<z<10

109. z=sin6,r =1
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93. ¥ +Vy2+2-22=0

@r2+z22-2z2=0,r2+ (z—12=
(b) p> — 2pcos¢ = 0, p(p — 2cos ¢) = 0,
p = 2cos¢

97. 2 —y?=9

(@) r?2cos? 0 — r2sin? 6 = 9,
9

(2=—_ 2
cos? § — sin? 0

(b) p?sin? ¢ cos? 6 — p?sin® pSin? 6 = 9,
. 9
2 2 - v
psinté cos? § — sin? '

_ 9 csc? ¢
pz_cos29—sin20

103. 0 < 0 < 27
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107. Spherical H

4<p<6b6

The curve of intersection is the ellipse formed by the intersection of the plane z = y and the cylinder r = 1.

Review Exercises for Chapter 10

1.P=(12,Q0=(41, R=(54)
@ u=PQ=(3-1)=3 —j,
v=PR=(42) =4 + 2]
®) vl = V& +22=2.5
(©) 2u + v = (6, —2) + (4,2) = (10, 0) = 10i

8c0s120°i + 8sin120°j
—4i + 4.3

3. v=|v|cosoi+|v|singj
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5. 120 cos 6§ = 100 21t
5
0= arccos<6>
2 2 Y
tan 0 = y O y= tan o o 1201b
y= 2 = 2 = 10 ~ 3.015ft '

tan[arccos(5/6)]  /11/5 /11

7.2=0,y=4, x= -5 (-5,4,0) 9. Looking down from the positive x-axis towards the yz-plane,
the point is either in the first quadrant (y > 0,z > 0) orin
the third quadrant (y < 0, z< 0). The x-coordinate can be

any number.
15\?
11. x =32+ (y+22+(z—6?2= >
13. @ —4x+4) + (Y2 —6y+9) +22=—4+4+9 15.v=(4—24+1, -7 - 3) = (2,5 —10)
x—22+(y—32+22=9 2
Center: (2,3,0) (2,—1,3)2

Radius. 3

x
Vo
w1
S
~
ES
y
<
o= ____ %

(4,4,-7)

<2,3,5>=< 2 3 5 >

. u
17 v=(—-1-3,6—4,9+ 1) =(—4,2,10 19. Unit vector: — = , ,
< ) : lul 38 /38 /38 /38

w=(5-33-4-6+1)=(2 -1, -5

Since —2w = v, the pointslie in a straight line.

21. P= (50,0, Q= (4,4,0, R=(20,6) 2. u=(7,-23),v=(-145)
(@ u= PQ=(-1,4,00= —i + 4, Sinceu - v = 0, the vectors are orthogonal .

v=PR=(-306) = —3 + 6k
() u-v=(=1)(-3) + 40) + 0(6) = 3
(c)v-v=9+36=145

25. u < s—|+si 3Tjrj>zi—i+j] 27. u=10,-5,15), v=(—2,1,—3)
u= —5v O uispardlel tov and in the opposite
= (cos—l + sn? ) —i + /3] direction.
0=

5‘[(1 +V3)
lull = 5
IV = 2
cosg o UVl (5v2/2(1+ V3)  V2+ /6

(ull v 5(2) 4

0= arccos‘[Jr /6 = 15°

4
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29. There are many correct answers. For example: v = +(6, —5, 0).

In Exercises 31-39, u = <3, -2, 1>. V= <2, -4, —3>, w = <—1, 2, 2>.

3Lu-u=303)+(-2(-2 + (V) 33. projw = <W>u
= 14 = (VI3) = |ul? :
=28 -2D
_ <,E 10 ,£>
14’14 14
_ <_L ) _£>
14'7 14
i j k
Bn=vxw=| 2 -4 -3 =-2—] 37.V=|u-(vxw)
oz e =3, -2,0) - (-2,-1,0) = |4 = 4
Il = v/
n 1
=2 =)
Inl /5
39. Areaparalelogram = |u x V|| = /107 + 112 + (—8)? (See Exercises 36, 38)
= /285
41. F = c(cos20°% + sin 20°k) z
@ = 2k 76
o F
i i k ant|
POxF=10 0 2 | = —2ccos20°i
0 ccos20° csin20° !
200 = |[PQ x F|| = 2c cos 20° )
100
C =
cos 20°
_ 10 (cos 20°j + sin 20°k) = 100(j + tan 20°k)
" cos 20° J - J
[F| = 100./1 + tan? 20° = 100 sec 20° =~ 106.4 Ib
43. v =j 45 3x—3y—7z= -4, x—y+22=3
@x=1Ly=2+t z=3 Solving simultaneoudly, we have z = 1. Substitutingz = 1

into the second equation we havey = x — 1. Substituting
for x in this equation we obtain two points on the line of
intersection, (0, —1, 1), (1, 0, 1). The direction vector of
theline of intersectionisv =i + j.

(b) None

@x=ty=-1+t z=1
by x=y+1z=1
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47.

51.

55.

59.

The two lines are paralldl as they have the same direction
numbers, —2, 1, 1. Therefore, a vector parallel to the
planeisv = —2i + j + k. A point on thefirst lineis
(1,0, —1) and a point on the second lineis (-1, 1, 2).
The vector u = 2i — j — 3k connecting these two points
is aso parald to the plane. Therefore, a normal to the
planeis

i i k
Vvxu=|—2 1 1
2 -1 -3

—2i —4j = -2( + 2)).
Equation of theplane: (x — 1) + 2y =0
X+2y=1

Q(3, —2,4) point

P(5, 0, 0) point on plane

n = (2, —5,1) normal to plane
PQ = (~2,-2,4)

Do PQ-n| _ 10 _ /30
[Inl] V30 3

1
y=3

Plane with rulings parallel to the x-axis

2 Y
X2 y2 2 — z
16 9 +z2=-1 o
Hyperboloid of two sheets __,_‘-',{'-_-_- |'
race = X _ Sl
Xy-trace: 7 16 1
Xz-trace: None

2
yz-trace: yg -22=1

49. Q= (1,0,2)
2Xx—3y+62=06
A point P on the planeis (3, 0, 0).

PQ =(-2,0,2)
n=(2 -3 6)
PQ-n| 8
D=1~ "1_°9
(ll 7

. X+2y+3z2=6
Plane
Intercepts: (6,0, 0), (0,3,0), (0,0,2)

z
A

3t
(0,0,2

3
a
6 ©.3.0
x“6,0,0)

X2 y2

57. —+<-+z2=1 z

6 9 A
Ellipsoid

X
xy-trace: — +
X
xz-trace; — + 22=1

yztrace: °-+ 22 =1
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61. (a) X +y2=[r2]? A
- [Vaz- P '

X2+y2—-22+2=0

2
(b) V= wa X[3 - <1x2 + 1)] dx y
o 2
2 1 3
= 27| | 2x — =x3| dx
0 2 2T
4712 |
= 27T|:X2 — %]0 !
= 47 =~ 12.6 cmd v
2 1 y
() V= ?_n-f x[3 - <7x2 + 1)} dx
1/2 2 st
2 1
= wa (Zx - 7x3) dx 2+
1/2 2
X412 1T
— 2 _ 2~
ZW[X 8]1/2 |
1
. 3lw_ 2%mw .
= 41 o - o 11.04 cm

63. (—24/2,2./2,2), rectangular

@r= \/(—2\/E)Z +(2V2)° =4, 9 = arctan(— 1) = 3T =2,

4

(b) p= \/(—Zﬂ)z + (22 + (22 =25, 0= 3777 ¢ = arccos

65. (100, —7—67, 50), oylindrical
p = /1002 + 502 = 50./5

T
0="%

B 50 \ _ 1) 0
¢ = arccos<50 \/§> arccos< \/§> 63.4

(50\@, —%, 63.4"), spherical

69. X2 —y2 =2z
(@ Cylindrical: r?2cos? 0 — r2sin? 9 = 2z, r?cos260 = 2z

3 ,2), cylindrical

2
———= = arccos—=,
25

r2 = (25 sin(

zZ=pcos¢ — 25cos

252 T _2¥L

<2\/§, 3777 arccos?), spherical

o ool

3777 — _25@
2
), cylindrical

(b) Spherical: p?sin? ¢ cos?  — p? SN psin? § = 2p cos ¢, pSin? ¢p cos26 — 2cosd = 0, p = 2 Sec 26 €oS ¢ CSC*d
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Problem Solving for Chapter 10

1 atb+c=0 3. Label the figure as indicated.
bx(@+b+c¢)=0 iy & From the figure, you see that
(bxa+(bxc=0 - @Z%a_%b:@md

lax bf| = [lo x c
. — 1 1 —
o x c| = |b|l|ic| sin A R = Sat Eb = PQ.
2> bl = fal ol sin © Since P = RQ and SR = PQ, PSRQ is a parallelogram.
Then,
Q
sin b xd
I | ~ Tl e
a P R
ax bl
RCIEIE s
sinC zasgb S b E
o ld
smA snB.

The other case, issimilar.

el el

5. (@ u = (0, 1, 1) direction vector of line determined by P, and P,.

5 _ PO xul
[Jull
_ ”(21 Ov _1> X <01 1! l>||
J2
_Ja-22)_ 3 _3/2
V2 J2 2

(b) The shortest distance to the line segment is|P,Q| = (2,0, - 1) = /5

7. (a V=7Tf(\/§)2dz=[wzj]l=1ﬂ' 9. (@ p=2sind
10 1 Torus
Note: E(base)(altitude) = Ew(l) =7

(b) —+y—— 7z (diceatz = ¢)

b?
2 2
(fxca)2 i (%b)z -t (b) p=2cos¢ 2
A
Atz = ¢, figureis ellipse of area Sphere

w(\fca)( ﬁb) = qrabc.

k
mabc? ¢ mabk?
—fowabc-dc—[ > ]O— >

© V= %(ﬂabk)k - %(base)(height)

11. From Exercise 64, Section 10.4, (U x V) x (W x z) = [(u x v) + zZ]w — [(u x V) - w]z.
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13. (@) u = |ull(cosQi + sin0j) = ||uli (d) 25
Downward forcew = —j ‘//
T = ||T||(cos(90° + )i + sin(90° + 6)j) M
= |T|(—sin6i + cos6j) 0% 60
O=u+w+T=|uli—j+|TI(—sinéi + cosbj) (e) Both are increasing functions.
Jull = sin 6T} ), lim T=ocoand lim_u] = ce.
1= cos|T|

If 6= 30°, Jull = (1/2)T]| and 1 = (V/3/2)|T|

O || = % ~ 11547 b

and
1({ 2
ul = =[] =~ 0577410
- 3(2)
(b) From part (@), ||ju]] = tan 6 and ||T]|| = sec 6.
Domain: 0 < 6 < 90°

© 0 0° 10° 20° 30° 40° 50° 60°

T 1] 10154 | 1.0642 | 11547 | 1.3054 | 1.5557 2
ul | 0| 0.1763 | 0.3640 | 0.5774 | 0.8391 | 1.1918 | 1.7321

15. Let 6 = a — B, theangle between u and v. Then

: lux v _ |v < ul
sinfla — B) = = .
A= M~ Tl
For u = {cosa, Sin, 0) and v = (cos B, sin B, 0}, |lul| = |Iv| = L and
i ik
vxu=|cosB sinB 0| = (snacosB — cosasin pB)k.
cosa Sna O

Thus, sinfa — B) = |lv x U] = sSina cos 8 — cos a sin .

17. From Theorem 10.13 and Theorem 10.7 (6) we have

5 _ PG
I
Cweux V)] Juxv)cw|  Ju- (vxw)
lu v lu v lu v

19. a,, b, ¢;, and a,, b,, ¢, are two sets of direction numbers for the sameline. The lineis parallel to both u = a,i + byj + ¢k
andv = a,i + b,j + c,k. Therefore, u and v are parallel, and there exists a scalar d such that u = dv,
a;i +bjj +ck =d(@i + b,j +ck),a = ad b, =bydc, =c,d



