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12.1 Selected Answers

The graphs for the odd

problems 1 to 15 are

given.

Fig. Problem 7

The graphs for
problems 17 to 20
are given.

21

22

23.

24.

25.

26.

27.

28.

29.

31.

3,

(3,912,112

.(1,0,0)

Fig. Problem 18

does not exist
(1,8,1)
(0,3,0)
does not exist
(7/2,0,0) Fig. Problem 19 Fig. Problem 20
(1,1,1)

continuous for all t# 1 30. continuous for all t =3

continuous for all t > -7 32. continuous for all t>1

and t#2
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33. continuous for all t#-1,0,2 34. continuous for all t#-3,2

35. continuous for all t>0 36. continuous for all t=0

37. x(t) = (1-6)°(0) + 3(1=t)>t(1) + 3(1=0)*t>(1) + £(0) = —3t> + 3t

y(©) = (1-0°(0) + 3(1=°+(0) + 3(1-0't°(2) + £(2) = —4t> + 6¢°
20) = (1=6°(1) + 3(1=0)%+t(1) + 3(1=0)"%(0) + £0) = 26 — 3%+ 1
38. x(t) = (1-6°(0) + 3(1=t)>t(1) + 3(1=0)*t(0) + (1) = 46 — 61> + 3t
y(©) = (1=0°(0) + 3(1=°+(0) + 3(1-'t°(2) + £(3) = =3¢ + 6¢°
20 = (1=6(2) + 3(1=t>t(1) + 3(1=0)*t3(0) + £(0) = € — 3t +2
39, x(t) = (1=0)°(0) + 3(1-0)>t(0) + 3(1-)2(2) + £(2) = —4t> + 6t

42 v 62— 3t+1

y(© = (1=0°(1) + 3(1=>+(0) + 3(1=t)'t>(1) + £(0)

20 = (1=6°(2) + 3(1=0%+1(2) + 3(1=0)*2(0) + £(0) = 46 — 6t° + 2
40. x(t) = (1=0°(0) + 3(1=)>t(0) + 3(1=t)'t3(2) + (1) = —5¢ + 6t

y(© = (1=°(1) + 3(1=>+0) + 3(1=0't%(0) + (1) = 3% =3t + 1

20 = (1=6(2) + 3(1=0>t(2) + 3(1-0)'t2(0) + £(0) = 4t — 61> +2

The graphs for problems 41 to 44 are given.

1
1
P 1
! 1
X7 y
P, .
i 3 Fig. Problem 44
Fig. Problem 41 Fig. Problem 42 Fig. Problem 43 1g. Froblem
45. See Fig. 54 A 5 c
A B C A B C
46. See Fig.55 X
g X D D D X| D D D D I D
47. See Fig. 56 y| 1 I I vl 1 I I y| 1 I I
., D D| D , D | 1 |D zf D | D | D

Fig. 54 Fig. 55
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12.2 Selected Answers

1.

3.

11.

13.

15.

r'H=(-,+,-), r'@=(-,+,0),andr'G=(-,0,+ ).
r'H=(+,-,+),r'Q=(+,-,+),adr'G)=(+,-,+).

r'o= (3222, r"©o=(60.2)
v()=r'(1)=(3,2,2),speed(1) = 1 v(1) | =17 , dlrectlon(l)—ﬁ =ﬁ (3,2,2)

2
V(2)=r'(2)=(12,2,4 ) ,speed(2) =1 V(2) I =164 , d1rect10n(2)—|r 8' =ﬁ (12,2,4).

al)=r"(1)=(6,0,2), a2)=r"2)=(12,0,2).

r'®=(-1,-4/20), r'"wm=1{(08.0)

1

V() =1 "(1)=(-1,-4,0 ), speed(1) =1 V(1) I =17 dlrectlon(l)—ﬁ ﬁ (-1,-4,0)
2

V@) =1 '2)=(-1,-1,0 ), speed(2) =1 V(2) 1 =2 d1rect10n(2)—ﬁ _% (-1,-1,0).

alh=r"(1)=(0,8,0), a2)=r "(2)=(0,1,0) .
riy=(.7.1+5t), r'®=(3%.0.5).
L2 =r'C2) a=(2t) =(3202.0.5)@) = (242 ,0,10) .

o, 1(20)=((203 .7, 1+520 )= (85,7, 1+10t)s0 ox r(20)= (242 .,0,10).

ri=(t.2¢ .32, r'©=_1,4,9).
% {sin(® r(t) } = sin() T '(t) + cos(t) r(t) =sin(®( 1,4t , 9 )+ cos(t){ t, 26>, 36 ).

= < sin(t) + tcos(t) , 4tsin(t) + 2tzcos(t) s 9tzsin(t) + 3t3005(t) > .

rt)=(2-5)0 +(7)j+ (1+0k=(2-52 . 7t,1+t), r'®)=(-15.7.1).

% r(3t)=r '3 %(&) = (-1530%.,7.1)(3) =(-405¢* 21,3 ).
d d 3
Oor, gt r(3t)= g7 (2-531°,73H,1+30)

= o 1358 210, 143t) = (4052 ,21,3).

d
L usavy = e (241008-1,648) = (10,-1,3¢)
d d

Triwv) =g {4-2 4301 = 4-2t+9¢

d

dt{“XV}—dt<3t 40 + 140 + 56, t—5t2>=<3—12t2+4t3,3t2+20t3,—1—10t>.
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L uravy = g (5@ ae2,2-01+10) = (153 —4,-1,1)

17.
d 4 4 3 2 B 3 2
T {wv) = g7 {106+ 5 - 21" + 10t + 8 } = —40t” + 15" — 42t + 10
d d
1 uxv} = g7 (-3 -34t+8,-200 — 26 - 3t+2,15¢" — 142 + 11t -2 )
= (-6t—34,-60t> —4t- 3,606 28t + 11 ) .
19. The curves intersect at the point (0,3,9) when t=3: u(3) = <O ,3.,9 > = Vv(@3).
u'G)=(-1,1,6 yand v'3)= (0,1,0 ).
__u'®v'e) L - e 0
COS(G)_IU'(3)IIV'(3)I =33 ~(0.162 so 6 =1.408 (=80.7")
21. The curves intersect at the point (5,9,3) when t=—1 and s=3: u(-1) = < 5,9,3 > = v(3).
u'(-1)= (-10,0,-1)and v'3)= (1,3,-1).
0)= u'chv'e) 9 ~ 0270 so 0=1844 (=105.7°
COS( )_lu'(—l)llV'(3)| _m'\lﬁ . SO ~ 1. (~ . )
23. Areaoftheparallelogram:IuXVI=I<—2t3,t3,—t2>I = V5 + ¢t
Rate of ch f —i5t6t4—M—£ht—l d === whent=2
ate oI change o area—dt + = 5t6+t4 _\/6 when t= an 336 whent= 2.
1 1 1
25. Area of the triangle =5 1uX v 1= 5 1{0,6t,-22 )1 = 7\362 + 4t = Vo + ¢*
Rate of ch f o2+ 9+ 20° L hen t=1 and = whent=2
aeocangeoarea=_t = —— = 1— Wwhen t= an T— Wwhent=_.2.
N 2
1 1 2 1 >
27. Volume of the tetrahedron =g U (VXS)I=¢g I3t7 | =75 t* .
d 1
Rateofchangeofvolume:ajt2 =t =1 when t=1 and 2 whent=2.
29. r(t)= (66 +1,45 +2,6¢'-3) 30. r(t) = (3t+2t5 +7,sin(t) +2,t- 32 +5 )
31 ()= (260 +4,4t-2,4¢ —5t-2) 33 and 34. See Fig. 18 35 and 36. See Fig. 19
t | r" (@ r'@ r(t) t | r" @ r'( r(t)
0 (0,2,5) [(1,2,3) [(0,3,1) 0 | (1,2,3) [(1,6,4)(17,3,2)
1] (4,1,3) |[(5,3,6)[(5,6,7) 1] (4,2,2) |(5,8,6)(22,11,8)
2 1(6,0,1) [(11,3,7)|(16,9,14) 2| (3,1,0) [{8,9,6) |(30,20,14)
30 (4,-2,0)[(15,1,7) (31,10,21) 3 1(2,3,1) [(10,12,7) ( 40,32,21)
41 (2,0,2) [(17,1,9) [(48,11,30) 4 1 (1,4,0) [(11,16,7) ( 51,48,28)
5 1(8,3,4) [(25,4,13)(73,15,43) 51(0,1,3) [{11,17 ,10)( 62,65,38)

Fig. 18 Fig. 19
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12.3 Selected Answers

t=b

t=27 =21

LoL=J iroia-= I V4sin2(1)+ dcos2(D)+1 di = [ 5 dt=2m-+5 ~ 14.05

11.

13.

15.

t=a t=0 t=0
t=b =27 t=2m
L=f irola-= ) \9sin2(1)+ 9cos> () +1 dr = [ V10 dr=27-10 =~ 19.87
t=a t=0 t=0
L = 2m/17 = 2591 4. L = 2mVRZ+ 1
t=b t=27
L=J iroia-= l \/4sin2(t)+9cosz(t)+1 dr ~17.08
t=a t=0
t=b t=2m
L=J iroia-= Il \/4sin2(t)+2500s2(t)+1 dr =~ 2393
t=a t=0
t=b t=21
L=J irora-= ) VAZsin2(1) + B2 cos2(1)+1 dr
t=a t=0
t=b =27 =27
L=J iroia-= f \/4sin2(t)+4cosz(t)+1 dt = [ 5 dr=2m-~5~1405
t=a =0 t=0
t=b
t=2m
L = f Ir'(t)1dt = f Ni2e2 dr ~2243
t=a t=0
t=b t=27 3 5
L = f Ir'(t) 1dt = f \/(—Ztsin(t)+2cos(t)) +(rcos(r) +sin(r))” +1 dr = 34.02
t=a t=0

X'(0)=3-6t,y'(t)= 18t— 21, 2'(t) =3 — 18t + 5¢> .

t=b

L=/

t=a

t=1
r'old = J VP +(y )P +(2'0) d
=0

X'(0) =— 6+ 24t - 2422,y () =3 — 6t + 9%, 2 (1) =3 — 6t .

t=b

L=/

t=a

t=1
r'old = J VP +(y )P +(2'0) d
=0
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17. 1 '(t) = { =sin(t), cos(t), 1 ) , T "(t) = { —cos(t),—sin(t),0 ) , r'® xr''(t) = (sin(t),—cos(t),1) .
Then IT'(®)1=2 and IT' O XT"(®) =2, so

Ir' xr'"| \2 1
|r'|3 = (\E)B = 7 for all values of t.

19. 1 '(t) = { —Rsin(t), Reos(t), 1 ) , T "'(t) = { ~Rcos(t), —Rsin(t),0 ), r'(t) x r"'(t) =<Rsin(t),—Rcos(t),R2> )

Then It ') 1= VRZ+1 and IT' (@ xr"(®) 1= RIVRZ+1, so
Ir'xr'l RIVR®+1 IRI

K= = = for all values of t.
|l"|3 ('\’R2+1)3 R2+1

21, X' == 6-18t+ 9,y '(t) = 18t—21t2, 2 '(t) = 3 — 18t + 15t

X "(f) =18 + 18,y "(t) = 18 — 42t,z "(t) = —18 + 30t.
When t=02, x'=276,y'=276,2'=0,x"=-1728,y"=-264,2"=-12 so
r'xr'' = -33.12i +33.12j 251712k, Ir' xr''1=53.17,Ir' |=3.90

Ir'xr'"l  53.17 , 1
' = 3 90)3 =0.896 . The radius of curvature is ¢ =1.12.

and K =

When t=05, x'=-0.75,y'=3.75,2'=-225,x"=-9,y"=-3,2"=-3
r'xr' = —18i + 18j +36k, Ir' xr'' 1=4409, 11" | =444
Ir'xr"| 4409

1
' = @ 44)3 =0.504 . The radius of curvature is ¢ =1.98 .

and K =

23. x'(t) =-3sin(t), y '(t) = Scos(t), x "(t) = =3cos(t), y "(t) =—5sin(t) . Then
| 155in>(t) — —15c0s (1) |

'

Ix'y"—x"y'l

S 2+ 0 T (9sind(0) + 25c0s2(1) ) 2

When t=0, x = 3 15 3 30 = % =0.12 . Radius of curvature = 23—5 =~ 8.33.
(9sin”(0) + 25co0s7(0) )

When t=%, K= 3 15 3 30 = 1§/2 =0.214 . Radius of curvature = 4.67 .
(9sin”(s/4) + 25cos™(m/4) ) 17

T 15 15 . 9
When t=7%, K = = 757 =0.555. Radius of curvature = 5 =1.8.

(9sin>(71/2) + 25cos>(71/2) )/

25. x'(t) =-Asin(t), y '(t) = Beos(t), x "(t) = —Acos(t), y "(t) = —Bsin(t) . Then
| ABsin>(t) + ABcos(®) |

'

| X Vyll _ Xlly

|
372

K= =
(N + ")) ( AZsin’(t) + BZcos2(t) )/
When 10 | AB I [ABIL AL oo 1 B
cn =0, K= . = = . adius of curvature = ¥ = .
( A%sin2(0) + BZcos2(0) )2 = 1B T~ IBP K = Al
When (T | AB I | AB I Radins of curvat 1
cn =7 , K= . = =. adius of curvature = ¢ .
4 ( AZsin’(7v4) + B2cos>(w4) )12 T ((AZ+B?)2)Y? K
When (T | AB I [ABI 1B o 1 1Al
cn =75 , K= . = = . adius of curvature = 3 = .
2 ( A%sin(02) + Bcos?(w2) Y2 T 1AP T IAP x = B
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Ly "l 0
27.y'=3 and y"=0 so k= L — 372 = 732 =0. (As we might expect, the curvature of the straight
(1+G) 10
line y=3x+5 is 0.
29. y'=2x and y"=2 L =
.y'=2x and y"=2 so k= n\32 = 2,372
(1+G) (1+4x7)
2 2 2
When x = l,K=53T =0.1789 . Whenx =2,k = W =~ 0.0285 Whenx =3,k = W = 0.0089 .
12.4 Selected Answers
1 -23 Odd: The answers are shown in the figures.
7 ? Q 2
C(0,30°3) (3.372,2) (o, 309, 3) r=1
- £ 6 =0
~K \ - .
Sy — - z varies

1
X HisN
’ ;T N x(145°2): =~ " ’
(3.72. 2@ A P ®R Fig. Problem 5
_ _ (3,73,0)
Fig. Problem 1 Fig. Problem 3
z
z
line

(r, /4, 2) r=1 cylinder
r = varies 0 varies (1,0,z2)

0 =m/4 Z varies
z=2 :
I
Fig. Problem7 X CY <3

Fig. Problem 9 Fig. Problem 11

plane
(r,m/2,2)

I varies
0=m/2
7 varies I varies
0 varies

w2 z=2

Y 3
Fig. Problem 13 X v y

Fig. Problem 17 ¥
Fig. Problem 15
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25.

27.

29.

31.

33.

35.

37.

39.

V4
3 3
X y
Fig. Problem 19 Fig. Problem 21 Fig. Problem 23
x=5cos(m6) = 433, y=5sin(mw/6)=25, z=3.
x =3cos(35°) =246, y=3sin( 35°)=1.72, z=-2 .
r= \/){2+y2 = \/12+22 = \/g s
0 = arctan (y/x ) = arctan (2/1) = 1.107, z=3.
= x2+y? = 5%=25 ,
0 = arctan (y/x ) = arctan (- 3/4) =-0.644 ,
z=-1. To get the correct location, we need touse r=-5 .
(a) x2+y2=4y—l or x2+(y—2)2=3. (b) \/xz+y2 =7 or x2+y2 =49
(@) x> +y>=5x or (x=512)2+y>=25/4. (b) 2= x> +y°
(a) z= r2 — 3recos(0) + 2r*sin(B) (b) recos(8) =3
2. 2 2.2 .
z=r1"cos (0) + 5rsin"(0) (b) recos(0) +rsin(B) +z=5

41 -59 Odd: The answers are shown in the figures.

i - . y
. y circle on the xz-plane Fig. Problem 47
Fig. Problem 43 Fig. Problem 45

Fig. Problem 41
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z
z
hollow z
T sphere in
line in the the xy-plane

xy-plane

 O=m/4

Fig. Problem 49 Fi

g. Problem 51

yz-plane

Fig. Problem 53

Fig. Problem 55

Fig. Problem 57 Fig. Problem 59

61. x =5 sin(w/3) cos(m/2) =0, y=5 sin(w/3) sin(w/2) =5v3/2=4330, 7 =5 cos(xw/3)=5/2

\2

63. x = 4*sin( 30° )*cos(45°) = (4)(% N5 ) =12

\2

y = drsin(30° )sin(45°) = (4)(3 )5 ) = V2

1414

R

\I_

3
1414, z=4cos(30°)=(4)(—5~ )=2V3 =3.468

R

65. p=Nx>+y>+2°> =14 = 3742, 0 =arctan( y/x ) = arctan( 2/1 ) = 1.107 (= 63.4°),
@ = arccos( z/ ) = arccos( 3A14 )=0.641 (= 36.7° )

67. p=Nx>+y>+2°> =38 = 6.164, 6 = arctan( y/x ) = arctan( ~3/5 ) = —0.540 (=-30.9°),
@ = arccos( z/p ) = arccos( 238 )= 1.240 (= 71.0° )

69. (a) S=p= \/xz+y2+z2 or xz+y2+z2

71. (a) p= S*sin( @ )*cos(0)

p2 = Spesin( @ )*cos( 0)

x2+y2+z2 =5x

73. () p=9

75. (a) pecos(@) = 2p2'sin2( Q)

=25, (b) (Graphically) x =0

1
(b) p=3sec(@) = 3Cos(q)

prcos( @) = 3
z=3

(b) psin( @ )cos(0) + pcos(p) =5

(b) pz'cosz( Q) =25- pz'sinz( 0] )'cosz( 0)



