Section 12.1 Vector-Valued Functions 91

85. Let r(f) = x(0)i + »(0)j + zl(t)k and u(t) = x,(£)i + y,(1)j + z,(t)k. Then:
}1}3 [r x u(t)] = hm {[y, z,(t) — y(1)z :]l [rl Vz2(1) = x,()z, (¢ ]j [xl ya(t) - xz(t)yl(t)]k}
S R T R
()i 220 = im0 im0
= [lim x,(0)i + lim (1) + lim 2 (K] x [tim (0 + lim y,(9)j + lim 20K |

= limr(t) x lim u(z)

e e
86. Let r(r) = x(f)i + »(1)i + z(k and u(t) = x,(1)i + p,(t)j + zy(f)k. Then:
tim [x(2) - w(n)] = lim [x()n() + 1) + a()a()]
= lim (1) lim x,(¢) + lim (1) lim yy() + lim 2, () lim z,(7)
= [lim x (0 + lim (1) + lim 2, ()i |- {tm w0 + tim ()5 + tim 12, (0K |

= limr(r) - limu(?)

1>c¢ t—c

87. Let r(r) = x(1)i + y(¢)j + z(¢)k. Because r is 90. r(t) = /i + j + rk
continuous at ¢ = ¢, then }Lr)n (7)) = r(c). u(s) = (-25 + 3)i + 8sj + (125 + 2)k
r(c) = x(c)x + y(c)j + z( )k = x(c), y(c), z(c) ’ Equating components
: t=-2s+3
are defined at c.
t? = 8s

Il = JGO) + (60) + () P 2542
timfr] = () + 0 + ) =) (25 +3)" =8

452 — 125+ 9 = 8s
45 ~ 205 +9 =0

So, ”r][ is continuous at ¢

88. Let (2s-9(2s-1) =0
Ly [ bz Fors =4 t=-2(1)+3 =2
/) = {—1, ift <0 o ()
For s = % t = —2(%)+3 = —6and
and r(r) = f(r)i. Then r is not continuous at
2 _ _ 3 _ 10f9) = :
¢ = 0, whereas, "r" = lis continuous for all 7. ! 8( ) = 36and 1* = 12(2) 54. Impossible.

The paths intersect at (2,4, 8), but at different times
89. r(r) = A+ (9 - 20)j + I’k

u(s) = (3s + 4)i + s°j + (55 - 4)k.

Equating components:

(l =2ands = %) No collision.

91. No, not necessarily. See Exercise 90.

2 =3s+4 92. Yes. See Exercise 89.
9 - 20 = s ‘ ' 93. True
P =55-4

‘ 94, False. The graph of x = y = z = £ represents a line.
So,3s+4=55s~4=>s5=4

9 ~20=s=16=t = 4.
The paths intersect at the same time 7 = 4 at the point - 96
(16,16, 16). The particles collide.

95, True. See Exercises 89 and 90.

. True. y2 + 22 = tYsin® 1 + P cos®t = £2 = x
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S T S N W

Lor(t) =i+ tity =2 .
x(t) = 2, 9(t) = ¢ o7
X = y? 2
r(2) = 4i +2j (
r'(f) = 24 + j L
r'(2) = 4i + i

r'(#,) is tangent to the curve at £

+ (=1t =1
=1y(t) =1 -1
y:xz—l

r(l) =i

||||||||

v'(f) =i+ 24
() =i+ 2j

r(t) is tangent to the curve at 7.
2 L
3.r(f) =« l+71,t(, =2

50) = ) = - y

r'(2) = 4i - %j

r'(1y) is tangent to the curve at £,

4. (a) r(r) =

x=1+1¢

(L+0i+ )1 =1

y=r=(x-1

®) r(1) = 2i +j
r'(f) =i+ 3%

. o 1 . » «é : ; = ; ,
2 + .

' . ]

v'(t) = 24 - i ﬁ——

!

(
(1) =i+ 3j
(

r'(ty) is tangent to the curve at .

. z
5. r(t) = costi + sintj, f, = 3

x(r) = cost, ¥(t) = sint

¥yt =1

©, 1)

((gj - §

r'(r) = —sinti + cos

r’(%] =i
r'(1

(1) is tangent to the curve at

6. (1) = 3sinfi + 4costj,ty = -g—

x(f) = 3sint, y(f) = 4cost

N

T
x
Jl

y=x%x>
() = {11 :
() = (e’, 2e2’>
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Section 12.2 Differentiation and Integration of Vector-Valued Functions 93

r(f) = (", e)ty = 0 ;

) = e = < 3ll) = ¢

y = i x>0 | r
o) = (1) L

v() = (@)

(
) - 1
(

r'(t)is tangent to the curve at 1.

9. (a)and (b) r(r) = 2cos#i + 2sinfj + k1, = -3—275

Wyt =4z =t

-
—_
~
~—
]

l
3]
@
-
=
+
(5]
[«]
o]
@

-
+
=

10. r{t) =

11.

12,

13.

14.

25,

() =d+2j+ 3kt =2
y=x2,z=%

r'(t) =i+ 2

r(2) = 2i + 4j + 3k ’

r(2) =i+4j »

r(f) = Vi + (1 - £)j
. ,

() = ——xi ~ 3%
r'(f) 2 \/;‘ i
r(t) = (2cost,5sin 1)

r'(f) = (2sint,5cost)
r(f) = <t cos f, 2 sin t}

r'(r) = (~tsint + cost,—2 cos )
r(t) = 4cosh + 4sinij

(@) r'(r) = —4sinfi + 4cosfj
(b) (1)
) r'(t)-r"(r) =

= —4cosfi — 4sin 4

(~4sin £)(—4 cos ) + 4 cos f(—4sint) =

0

d5.

16.

17.

18.

19.

611 - 7% + £k
~ 144 + 3%k

() =

r’(t) =
r(t) = %i +161j + gk
r’(t) =

L. .
——t—zl + 16§ + tk

r(t) = acos’ fi + asin’*fj + k

r'(t) = —3acos® rsin fi + 3asin’® £ cos #j

r(t) = 41 + 2J1j + In %k
2 ' 1 2
() = —i+ j+—k
0= ( m)’ t
2. 542 2
= —\7—;1 + 3 J + ‘t—k
r(r) = i + 4j + Ste'k
r'(f) = —ei + (5¢ + 5te')k
1) = <t3, cos 3f, sin 3t>

20.

21,

22.

.23,

24.

r(
r'() = (3r%, =3 sin 3,3 cos 3r)
r(

1) = (tsint, tcost, 1)
r'(r) = <s1nt+tcostcost—tsmt1>
( ) (arcsmt arccos f, 0)
r(¢ ,0
70 = < \/ 1- >

1
1) = £i + 1%
r(?) i+ 5 i
(@) r'(7) =3+ 4

(b r'(r) =
() ¥(t) - x"(r) = 3*(6t) + t =18 + ¢

K(t) = (2 + )i + (2 - 1)

(@) r(t) = (2t + Vi + (21 - 1)
® () =
© r()-r"()) =

6 + j

2i + 2j

(2r +1)(2) +

(22— 1)(2) = 8
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26.

27.

28,

29.

30.

31.

Chapter 12 Vector-Valued Functions

r(r) = 8cos i + 3sin ¢

(a) r’(r) = —-8sindi + 3cos fj
(b) r"(r)
() ¥(r) - x"(t) =

= —8cosH — 3sin#j

(~8sin r)(~8 cos ) + 3cos #(-3sin7) = 55sintcos¢
r(t) = %tzi — 1t + %ﬂk

(@ r'(f)=d-j+ %ﬂk

®) () =i+ k

() (1) r'(r) = «(1) - 1(0) +

r(t) = 4 + (2t + 3)j + (3t - 5k

A =t+ L
1*(f) f+

(@ r'(f) =i+2j+3k

®) r’(f) = 0

) ¥'(t) -x"(t) =0

r(f) = {cost + tsint,sint ~ 1 cos 1, 1)
@) r(f) =
(b) r"(f) = {cost — tsint,sint + t cos 1, 0)

(cy ¥'(1)-r"(r) =

(~sint + sint + fcost,cost — cost + tsint,1) = (tcost,tsint,1)

(1 cos t)(cost — tsins) + (¢sint)(sint + r cos ) = ¢

r(f) = <e 1, tan(t >
@ r(r) = (-
(b) r"(r) = (e‘,
() r'(t) - r'(

, 2t, sec t>
2,2 sec? t tan t)

t) = —e + 4t + 2sect ttan ¢

r(t) = cos(mt)i + sin(z1)j + 1’k 1, = _%

r'(t) = -z sin(z)i + 7 cos(nt)j + 2k

r’(—l) \/—7r \/_7[ -lk

2 20 2
U DT () () -
I mu T (V2 i - )
r'(t) = - cos(at)i ~ z* sin(zr)j + 2k.
r”(_i) = iﬂ iﬁz 2+ 2k
1(% N J[ JZ;”] (fi”] NN
) s e V)
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32.

33.

34.

35.

36.

37.

Section 12.2 Differentiatibn and Integration of Vector-Valued Functions 95

r(f) = %ti + 2+ e’k 1y = %

r'(t) = %i + 2tj — e”'k, r(l] =3 Lj + ek

4 8

r(1/4) 3 1
)

-

=4+

H\
—~

N

|

-
— |

-

2 e—1/4
= j+ k
Ja+ e o e

SIS

r(t) = i + P

r'(f) = 24 + 37%

r'(0) =0

Smooth on {—oo, 0), (0, )

1
t-1

i+ 31§

r(f) =

i = —— Ly 3
r(f) = (t—l)z' 3

Not continuous when ¢ = 1

Smooth on (-, 1), (1, )

r(6) = 2cos® di + 3sin’ 6
r'(8) = —6 cos® @ sin fi + 9sin® 6 cos 6

r’(—n—?—] =0
2
nm (n+ Oz

Smooth on (7, ], n any integer.
r(6) = (@ + sin O)i + (1 - cos 9)j

r'(6) = (1 + cos B)i + sin 6§

r’((2n - 1)71') = 0, n any integer

Smooth on ((Zn =z, (2n + 1)7:)

r(6) = (6 - 2sin 6)i + (1 - 2 cos 6)j
¥'(8) = (1 - 2cos O)i + (2sin 6)j
r'(6) = 0 for any value of &

Smooth on (-, ®)

i+ j - k
J10+ 46 J10+ 4e27 10 + 462

"(t) = 2j + ek, r"(%] =2j+ ek

38.

39.

40.

42.

w2,
r(t)_8+t3l+8+t3]

e(1) = 16 -4, 32t - 2t“j
(# + 8)2 (7 + 8)2

r'(r) # 0 for any value of .

r is not continuous when ¢ = —2.
Smooth on (o0, ~2), (-2, )

r() = (r - i + %j - ik
r'(?) =i—ti2j—2tk #0
r is smooth or all ¢ # 0: (=0, 0), (0, )

r{t) = €li — e”'j + 3tk
rfy=ei+e’j+3k #0

r is smooth for all £ (—oo, )

. r(f) = 4 -3 + tantk
r'(f) =i-3j+sec’tk = 0
r is smooth for all ¢ # —725 + nr = 2n2+ 17[.

Smooth on intervals of form (—% + nﬂ,—g— + nﬂ),
n is an integer.
1
r(r) = A+ (2 = 1)j+ —tk
0] (- 1i+
- i+2tj+%k # 0

r(f) = T

r is smooth for all 7 > 0: (0, )
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43. r(t) = 4 + 3t + Ik, u(t) = 44 + 7§ + I’k
(@ r(f) =i+3j+2k
(b r(r) = 2k
© r(t)-ut) =47 +3° + ¢
D[x(t) - u(r)] = 8¢ + 9% + 5¢*
@) 3r(f) - u(r) =~ + (9% - 2)j + (3 - £k
D,[3r(f) - u(r)] = i + (9 - 20) + (61 - 3*)k
© r(n)xu(f) = 2% - (* - 4°)j+ (£ - 12}k
D[r(r) x u(r)] = 87 + (1217 - 4£)j + (3* - 241k
@) (@)= V102 + 1 = 10+ 72
10 + 2¢

p[|r(]] = TV

44. x(t) = fi + 2sinfj + 2 cos tk

uft) = ;i + 2sin fj + 2 cos tk
(@ r'(f) =1+ 2costj - 2sintk
(b) r"(r) = -2sinfj — 2 cos tk
() r(t)-u(t) =1+4sin’ 1+ 4cos’t =5
D[r(t) u(t)] = 0,1 = 0
(d) 3r(r) ~u(r) = (3t - %)1 + 4sin 4 + 4 cos tk
D[3r(t) - u(t)] = [3 - ;12—)1 + 4 cos #j — 4sin k
j 'k
Zsint 2cost| ZCOStG - t)j + 2sint(t - %)k
2sint 2cost :
b _ (1 1 . 1 . 1
[x(t) = u(f)] = | -2sint Pl 2cost —t—z‘l j+|2costt -+ 2sin 1 t k
€) |r(@)]= Vet +4
1 —if2 t
D)) = E(t2 +4) " (21) =

2+ 4

i
() r(f)xu(f) = tl
N

45. x(f) = fi + 2% + Pk, u(f) = 'k
@ r()-u(@) =7
@ D,[r(t) . u(t)] =7t

(ii) Alternate Solution:

Dfx(r) - u(r)] = x(r) - w(f) + (1) - u(r) = (A + 225 + £k) - (4°K) + (i + 40 + 3%k) - (') = 465 + 315 = 71
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i j ok

) r(t)xu(r) =|r 2 r|=2%-rj
o o r

() D[r(f) x u(®)] = 128% - 5¢'j
' i o§ Kkl ]i§ k
(ii) Alternate Solution: D,[x(r) x u(r)] = ¥(t) x w(t) x ¥'(t) x u(r) =|¢ 22 £|+|1 4 3£|=126% - 5t]
» 0 0 470 o o ¢
r(f) = costi + sin fj + 7k, u(t) = j+ ik
(@) r(f)-u(f) = sint + 7
@) D,[r(t) . u(r)] = cost + 2t
(ii) Alternate Solution:

D [r(t) u( t)] = r(t) - w(t) + x'(r) - u(r)

= (costl+smtj+1k)-k+(—sinti+costj+k)-(j+tk) =t+cost+ 1 =2+ cost

i Kk
(b) r(r)xu(f) =|cost sint t|= (tsins —1)i - (fcost)j + costk
0 1 t

@) D,[r(t) x u(t)] = (tcost + sint — 1)i — (cost — tsint)j — sin 7k

. (ii) Alternate Solution:

47,

D[x(r) x u(®)] = r(f) x w'(t) + r'(r) x u(t)
i k| i § Kk
=|cost sint f|+|-sinf coss 1|= (sins+rcost - 1)i + (tsint = cos 1)j ~ sin fk
0 0 1 0 1 t

= 3sinfi + 4costj

r(f)
r'(f) = 3cos i — 4sinfj
-r'(f) = 9sintcost ~ 16costsint = —7sint cos?

(1)

cos 6 = e(f)-x'() —7sin t cos ¢
IrONr O] Josin®r + 16 cos? t/9 cos?  + 16sin” ¢ =
o - arccosly © ~Tsintfcost } TN T
12 2 2 i 2
\/(9 sin® ¢ + 16 cos t)\/(9 cos™ f + 16sin t) B .

6 = 1.855 maximum at ¢ = 3.927 = (5—4’5) and t = 0.785 = (Z-
.. 37r 7
f = 1.287 minimum at r = 2.356 = 4 and t = 5498 = T )

0= % = (1.571)for t = 12’5,;1 = 0,1,2,3,...
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48.

49,

50.

51.

52.

53.

54,

FiN

585.

=)

56.

Chapter 12 Vector-Valued Functions

r(t) = i+ 4
r(r) = 24 + j
r(t) x'(r) = 27 + 1

I¥O= AT P = VAT

28 + ¢
cos 8 =
NN Y
g = arccos[ 20 + 1 }
NN T

g = —72£for any £,

ﬁ}

6 = 0.340(~ 19.47°) maximum at ¢ = 0.707 = [ 5

o M) ) [3( + ) + 2+ [1 = (1 + a0 Ji - (3 + 2)i - (1 - 2);
) = fim Sy = ¥
3A0i — (24(AF) + (A1) )j
=lim( ) (( )+ )) = lim 3i — (2f + Ar)j = 3i — 24
At—0 At At->0
l‘"(t) = lim w ,
A0 At
NIy, 2(t + Ak ] [\/'1 +20- Ztk] 3 3
=lim[ = fim | Y F A - */_ ESYENTRP
At—0 At At—0 At At
At —3At 1 3 1 3
=1 j-2k|=1 j— 2k | = ——i— = 2k
Jin"!:At(m + \/‘) (t + At)t(At)J } A}Lno[\/t + A + \/~ (t + At)t‘l } 2\/;l tZJ
¥(1) = lim r(t + Af) - x(r)
A0 At :
(¢ + 802,02 + ar)) - (,0,21) (20t + (A1)’ 0, 280)
= lim = lim = lim (21 + A, 0, 2) (2¢,0,2)
A0 At At—0 At Ar—0 .
wn o X+ A) - (D) (0,sin(t + Ar), 4(¢ + Af)) - (0, sin 1, 41)
r(r) = Altl—r?() At - Al}—n}o At
- lim (O, sin ¢ - cos(At) + sin(Af)cos ¢ — sin ¢, 4A_t> - lim <0, sin t(cos(At) - 1) + cos t(sin(At)), 4>
A0 - At A0 At At
= (0,0.+ cos,4) = (0, cost, 4) ‘
j(zti+j+k)dt =fi+fj+k+C

[(4°i + 61 - a1k} dt = i+ 30 - $V% + C
J'Gn +j- t3/2k) dt = Ind+tf - %tsﬂk +C

J'[lnti+%j+k]dt =(tnr-1)i+ng+mk+C

(Integration by parts)
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-57.

58.

@0

59.

60.

«

61.

—

62.

~N

63.

64.

65.

66.

(=2

67.

68.

69.

Section 12.2 Differentiation and Integration of Vector-Valued Functions

[[ar - i+ 465 + 3o

J‘[e’i + sin fj + cos tk]dt =¢i —costj+sintk + C

sec? fi +
i

=P -di+rj+27k+C

1, . .
" ledt = tan fi + arctan #j + C

~t
f[e" sin i + e’ cos tj]dt = f—z—(—sin t = cos t)i + 6—2—(—co§t +sinf)j + C

[ (8 + 4 -

1
[+ i+ i) = [gl}l + [tZ

I:/z [(a cos t)i‘ + (asint)j + k] dt

I:M [(sect tan#)i + (tan#)j + (2sint cos Nk]dt = [sec fi + In|sec|j + sin’ tk]g/4

[4&] [ } [i], = 4i + Ej—k

4 3 t
j} + [—t“”k} =0
-1 4 -1

= [asin ti]g/ 2

I

=ai+aj+£k
2

= (\/E~1)i+1n\/§j+%k

[ (d + e - ) dr = E—il e[ = - ek = 21+ (¢ - 1)i _ (¢ + )k

LESSIE N/

=tJl+2fort20

_[:"n + 2|t = j:tx/l +2d = [%(1 + 12)3/21) (107 - 1)

r(r) = [(4e®i + 3¢'j) dt = 2¢"i+3¢'j + C

r(0) =2i +3j+ C = 2i > C = -3j
r(f) = 2"i + 3(@ - l)j

l‘(t) = “‘(3th + 6\/7]() dt = t3j + 4t3/2k:+ C

r(0) = C = i + 2
r(f) =i+ (2 +£)i + 47k

r(f) = j— 32jdt = -324 + C,

r(0) = C, = 600~/3i + 600j

() = 600~/3i + (600 — 32¢)j

r(f) = [[600/3i + (600 — 321)jdt
= 600~/31i + (600¢ — 161*)j + C

r(0)=C=0

r(f) = 600/3 + (600 — 16/7)j

’

r

71.

r(

= —4costj — 3sintk

= —4sintj + 3costk + C)
=3k=3k+Cl:>CI='0
= dcostj + 3sintk + C,
=4j+C, =4j=>C, =0

= 4costj + 3sintk

99

r(t) = [(re i - e+ 1) = —%e"zi relj+ik+C

r(0)

=_%i+j+c=%i—j+k::C=i—2j+k
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1
1+t

74. To find the integral of a vector-valued function, you
integrate each component function separately. The
constant of integration C is a constant vector.

72. r(f) = j[

= arctann—%3+lntk+C

—i+ 123+—k}dt

75. At t = 1, the graph of u(r) is increasing in the x, y,

r(l) = Zi_j+C=2i>C-= (2 - ﬁ)i +j and z directions simultaneously.
4 4
7 1 76. The graph of u(r) does hot change position relative to
r(f) =|2- = +arctantfi + |1 - =]j+ Insk .
4 t the xy-plane.
73. See “Definition of the Derivative of a Vector-Valued 77. Let x(t) = x(1)i + (1) + z(r)k. Then
Function” and Figure 12.8 on page 842. er(t) = ex()i + ey()j + cz(f)k and

Dfer(f)] = ex'(t)i + cy'(1)i + cz'(1)k
= X0+ y ()i + Z(0k] = ex'(t).
78. Lot r(t) = x(t )- ()i + Ak and u() = (0 + 90 + (k.
(1) £ u(t) = [5() £ x0)]i + [n(0) £ 5(0]i + [2() + 22()]k
D[r(f) u(t):l [ (OO SAFAGE: y O+ [20) £ 2 (1) &
= [0 + (@i + 2/ (0] + [/ + 2 (05 + 2 (0] = ()  w(s)
79. Let x(r) = x(1)i + y(t)j + z(t)k, then w(t)r(r) = w(t)x(e)i + w(t)p(£)j + w(t)z(1)k.
D[w(0)(1)] = [w()x'(t) + w(e)x(t)]i + [w(r)y'(r) + w(e)p(e) ]j + [w(0)z() + w(D)z(r) ]k

= w(r) [x(t )i + y( )J + 2'(t) k] + w(r) [x N+ y(0)j+ z t)k] = w()r'(r) + w(er(r)

)+
)

80. Let x(r) = x(1)i + 3 ()i + 2k and u() = x, ()i + y(0)j + (k.
r(1) x u(t) = [»(1)z () - z((n)]i - [x()z(f) - 7N ()i + [x(e)ra(f) - »(0)x%() )k
Dr(0) x ut)] = [7()2/() + 3 ()=a(r) - ()y;() = 2Ot = [0z () + 5 O0) - 2l () - 2 ()i
+[3000) + 5 @90 = (0% 0) - 5Ok -
= {020 - 2 O)]i - [xl(t () = ()= 0)]i + [x()5() = np' O]
{700 - 2 OnO] - [£ 020 - ()i + [+ ©On) )zm]k}
= x(t) x w(r) + (1) x u(?)
81. Let r(t) = x()i + (1) + =(r)k. Then r(w(r)) = x{w(2))i + y(w(1))i + 2(w(r))k and
D[r(w(e )] - x(w(r)) <)n + Y (O (0)i + 2(w(e)w(0)k (Chain Rui)
WOL ()i + ()i + 2(w())k] = (o) (w(2).

82. Let r() x(1)i + p(t )j + z( )k Then r'(r) = x(¢)i + y'(t)i + 2(1)k.

Yx r(f) = [y ]l [x(t)z (1) = z(e)x'(2) ]J [x O)y'(e) = y(0)x (t)]k
D [r x r'( t)] [y )2(t) - 2(1)y"(t) - 2(0)y( ]l [x ()2"() + x'(1)2'(r) — 2(1)x"(r) - z'(t)x’(t)]j
[0 y(r)+x(r) 0 - YO0 - YO

= 0'0) = )y O = [x020) - 2] + [x0)y6) - Ok = x() x27(0)
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83. Let r(t) = x ()i + y(0)i + z()k, u(t) =

r(¢) - [u(t) x v(0)] = 572 ()2:() - z:(t

DJr(e) - (u(t) x ¥(1))] = xi()2(0)z () + 5 (1) (st ) + % (f)Yz()

3 ()s(1)22(1) = (Ot

1)z, (’)xz(t)"yl (Nza(t)xs(r) + 2(0)x2(0)35 (1)

= a0y () - 2 (Ot

) t]+yl ([=x2()z3(8) + za(E)xs(1)] + 2 () o

=202 ()] + (0] = s(t) + 22 (s ()] + 20

= %020+ 1O =)z 0) + 20w ()] + a(
) - [u'(e) > ()] + x(2) - [m(r) x v/(1)]

= xi(6)ys' (H)za(t
+ ()2 ()3 (¢
+ 21 () (1) (¢

= {5 (Oa)=() -
+ a0 0=()
{ 1( )[J’z(’ 23

= [u xv(]+r

84. Let r(r) = x(1)i + y(1)j + z(t)k.If x(t) - r(¢) is constant, then:

X() + A1)+ 22() = C
D[x(r) + y*(¢) + 22(1)] = D[C]
2x(1)x'(¢) + 20(0)y'(¢) + 22(1)2'(¢) = 0
2Ax()x(0) + Y1) + 2(0)Z(1)] = 0
2[1' 1) r( :[=
So, r(t) - r'(z) = 0.

85. ¥(r) = (r — sin )i + (1 - cos t)j
@ ?

omfw

0

The curve is a cycloid.
(b) r'(r) = (1 - cost)i + sintj

r"(¢) = sinfi + cosj

[r'(®)] = /1 - 2cost + cos 1 + sin 1
= J2 = 2cost

Minimum of ||r'(£)] is 0, (¢ = 0).

Maximum of |r'(f)|is 2, (t = 7).

[¥]= o+ et - 1

Minimum and maximum of " i"(t) u is 1.

)- n(t)x
)+
)-

o(0+ p(r )j + zz(t) and v(r) = x;(£)i + y3(2)j + z5(r)k. Then:

2(1) = 2(0%(0)] + 2O a()(0) - 2]
z(f) = x ()= ()

)25 (1) = (B (9)2s(1) = 7' ()xa(6)z3(6)
)3/ (1) + 21(0)%: (1)s(1)

)t

D) x2()33(7) = ya(r x3t)]}

EXGIROESNOROY:
N5y (1) = a0 ()]

86. r(t) = 2cosfi + 3sinj

(a) Ellipse

/i\__
WV

(b) r(r) = 2sindi+ 3cos 1]

r'(t) = -2 cosdi — 3sin 4
"r'(t)” = {J4sin®t +9 cos? 1
Minimum of ”r'(t)" is2, (t = 7/2).

Maximum of "r'(t) “ is 3, (1 = 0).
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87. (1) = ¢ sinfi + ¢ cosfj
r'(r) = (e’ cost + e sin t)i + (e’ cos / — €' sin t)j
(1) = (—e’ sint + € cost + e sint + ¢ cos r)i + (e' cost — e sint — ¢ sinz; - &' cos t)j = 2¢' cos fi — 2¢' sin f
r(t) - x"(f) = 2e* sinfcost ~ 2¢¥ sinfcost = 0

So, r(r) is always perpendicular to r”(¢).

8. (a) r(r) = fi + (4 - 1)j ) 89. True
i ‘ 90. False. The definite integral is a vector, not a real number.
@y ‘ 91. False. Letr(f) = cos fi + sin 1j + k.
P | )= 2
1 r(1.25) - r(1) d
Y EN Sa T @[] =0

®) K1) = i + 3§ v'(f) = —sin A + cos #]
r(1.25) = 1.251 + 2.4375] | Jr@)=1
r(1.25) — r(1) = 0.25i — 0.5625j 92. False.
© r(f) =i~ 2j Dlr(r) - u(®)] = x(¢) - w() + ¥'(t) - u(t)
r(l) =i- 2j (See Theorem 2.2, part 4)
r(1.25) - r(l) _ 0.25i - 0.5625 i - 2.25]
125 -1 025 :
This vector approximates r'(1).
Section 12.3 Velocity and Acceleration
L x(r) = 34 + (t - 1)j . Lr(t)y=ri+d )
v(t) = v'(f) = 3+ T v(r) = v'(t) = 24 + j .
al) = x"()) = 0 A N a(t) = r(t) = 2i e
x=3y=t-1, ; %i:é * . x:tz,y:{’x:yz T
-1 N3
1 , At (4,2),1 = 2. N
-7 v(2) = 4i+j Nl
a(2) = 2i

4x(r) = i+ (1 + 4)j
=r()=i-24
= r"(t) = -2j

v(t

a(

~
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