Copyright © 2013, Cengage Learning. All rights reserved.

10.7

SECTION 10.7 VECTOR FUNCTIONS AND SPACE CURVES = |

VECTOR FUNCTIONS AND SPACE CURVES

D Click here for answers.

1. Find the domain of the vector function

r(t) =Inri + jte'k

2-5 = Find the limit.

2. lin(} (t,cos t,2)

. 1 — cost 2
3. lim <,t3,e '/’>
t—0 t

t—1 tan ¢
— j+ank>

4. lim< t+3i+

1—1 t 1 t
. —r t - 1 . —1

5. lim{e'i + j + tan 'tk
t—o t+1

6-8 = Sketch the curve with the given vector equation. Indicate

with an arrow the direction in which 7 increases.
6. r(r) = (1% 1,2)
7. x(r) = (1, —t,21)

8. r(r) = (sint, t,cos t)

points that reveal the true nature of the curve.

9. r(r) = (> —1,1)

10. (1) = <ﬁ, tt:— 2>
=13 =

(a) Sketch the plane curve with the given vector equation.
(b) Find r'(z).

(c¢) Sketch the position vector r(#) and the tangent vector r'(z) for

the given value of z.
1. r(r) = (,1*), t=1
1. r(r) =e'i+e*j, t=0

13. r(¢) =secti +tantj, = w/4

14=17 = Find the domain and derivative of the vector function.

14. v(t) = (1, 1% %)

15. r(t) = <zz —4,\Jt— 4,6 — t>

/] 9-10 = Use a computer to graph the curve with the given vector
equation. Make sure you choose a parameter domain and view-

B Click here for solutions.

16. r(r) =i + tanrj + sec tk

t—1
17. r(t) = te™i + — j+tan 'tk

18-19 = Find the derivative of the vector function.

18. r(r) =In(4 — )i+ /1 +1j—4de¥k

19. r(1) = e 'costi+ e 'sintj+ In|t|k

20-24 = Find the unit tangent vector T(¢) at the point with the

given value of the parameter ¢.

20. r(¢) = <\/E,z -1 tan"z), r=1

21. r(t) =ti+ 2sintj + 3costk, t= 7w/6

22. r(t) = e*costi+ e*sintj+ e*k, t=m/2

23. r(1) = (21,3t%,413), t=1

24, r(1) = (e*, e te*), t=0

25-30 = Find parametric equations for the tangent line to the
curve with the given parametric equations at the specified point.

5. x=1 y=1t% z=1¢% (1,1,1)

26. x =1 + 21, y=1+t—t2, z=1—t+1>—1%
27. x = tcos 2mt, y = tsin2wt, z = 41, (O,i, 1)
28. x =sinmt, y=+/1, z=cos wt; (0,1, —1)

29. x=1, y=+2cost, z=+2sint; (w/4,1,1)

30. cost, y=23e* z=3e* (1,3,3)

=
I

31-33 = Evaluate the integral.

31. fol (ti+2j+°k)de
2
32, fl [(1+ 2)i—4r'j — (> — 1) K]dr

33, fo”’ *(cos 241 + sin 21 + ¢ sin 1 K) dr

(1,1, 1)
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2 = SECTION 10.7 VECTOR FUNCTIONS AND SPACE CURVES

10.7 | ANSWERS

A Click here for exercises. B Click here for solutions.

10.

11. (a), (c) y

(11
r(l)
0 X
(b) (3t%,2t)
12. (a), (c) y
(LD
r(0)
ol pof N 7
(b) e'i—2e2"j
13. (a), (¢) y
-
()

(b) secttanti+ sec?tj
4. R, v’ (t) = (1,2t,3t%)

1 1
15 {t|4<t<6}, v (t) = (2t ,—
{l——}r()< 2yt—4 26—t>

16. {t|t# (2n+ 1) 3, n an integer},
r' (t) = (sec® t) j+ (secttant)k

-2 2x
=5 0 35 4
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SECTION 10.7 VECTOR FUNCTIONS AND SPACE CURVES = 3

2 1
1. {t|t# -1} (t) = 1+ 2t) e*i+ —=j+——=k
(112 -1 () = 02 i i
2t 1
18. r' (t) = — i+ j— 12 k
O =15 37
1
19. v’ (t) = —e " (cost +sint)i+ et (cost —sint)j+ n k

5753)

2B.x=1+t,y=1+2t2=1+3t
2.c=1+2t,y=1+t,z=1—-t
Woox=-Zty=1+tz2=1+4t
28.x:—7rt,y:1+%t,z:—1

Brx=F+ty=1-tz=1+t
0. z=1y=3+6t,z=3—6t
N Gi+3i+ik

105 _ 124 4y

.51-FJ-3

1 1 4—m
33. §1+§J+4—\/§k
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10.7 | SOLUTIONS

A Click here for exercises.

1. The component functions In ¢, ﬁ, and e~" are all defined 8. The parametric equations give

when ¢t > 0 and ¢t # 1, so the domain of r () is
(0,1) U (1, 00).

22+ 2% =sin?t+cos?t = 1, y = t, so the curve lies on the
cylinder z? + 2% = 1. Since y = t, the curve is a helix.

2. lim (¢, cost,2) = <lim t, lim cost, lim 2> =(0,1,2)
t—0 t—0 "~ t—0 t—0

3. lim <ﬂ7t3,e*1/t2> =

t—0 t

im 2= Jim 4% im e /%) = (0,0,0)
t t

t—0 —0 t—0

. ot —1 . 1 1
VSR I e T T Ty

lim <tant) = tan 1.
t—1 t

z 0
Thus the given limit equals <2, %,tan 1>.
0
t—1 25 A
5. lim e ™' =0, lim —— =1, lim tan~' = Z, so the y? 5
t—00 t—oo t + 1 t—o00
given limit equals <0, 1, §>
6. The parametric equations are = t2,yy = ¢,z = 2 and the
z 0
curve is thus given by = = y?, z = 2, which is a parabola in
200
the plane z = 2 with vertex (0, 0, 2) and axis z = 2,y = 0. 6
0 “200 7
: 20
40
X
0. r () = (Vi,t,t* — 2)
10
z
1. The corresponding parametric equations are z = t, y = —t, 0
z = 2t, which are parametric equations of a line through the 0 3 0

origin and with direction vector (1, —1, 2). X 4 2
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- (@), (9 y

\ r(l)

0 X
(b) ' (t) = (3%, 2t)
el =e"? =y soy=1/2% 2> 0.
(a), (© y
1, 1)
r(0)
0 r’(O) \ X

d)r' (t) =e'i—2e %]

. 22 — y? =sec?t — tan® ¢ = 1, so the curve is a hyperbola.
(a), (¢) y
()
r(5)
-1L0)J 0 (L) X

(b) r’ (t) = secttanti+ sec’tj

. The domain of r is R and r’ (t) = (1,2, 3t%).

. The domain of ris {t |t > 4andt < 6}or{t|4 <t <6}

and
V()= (263 -7 56— ()

1 1
= ( 2t, T
< 0i-4 2v6- t>

. Since tant and sect are not defined for odd multiples of 7,

the domain of ris {t | t # (2n + 1) %, n an integer}.
r' (t) = (sec’t) j + (sect tant) k.

17. Since P 1 is not defined for t = —1 (and tan~' ¢ is
defined for all real ¢t), the domain is {¢ | ¢t # —1}.
2 1
(1) = (142t) i+ j+ k.
(=420 4 =5l
2t 1
18. v/ (t) = — i+ j— 12k
O =g ity

1
.1/ (t) = —e ' (cost +sint)i+e " (cost —sint)j+ n k

21.

22

23.

24,

25.

26.

27.

SECTION 10.7 VECTOR FUNCTIONS AND SPACE CURVES =

= /(8 + (17 +(3)° = /5 and
_r@ 1 41
T(l)i‘r’(1)|7\/%<2’ 1’2>

r'(t) =i+2costj—3sintk,r' (¥) =i+v3j— 2k
Thus
T(%) = \/12+(\/§)12+(_3/2)2 (i+\/§j - %k)

=57 (it V3i-3k) = 2i+ 22j - 2k

v’ (t) = 2e* (costi+sintj+ k) + e (—sinti+ costj)
= e [(2cost —sint) i+ (2sint 4 cost) j + 2k]
r'(3) =e€" (-i+2j+2k)

™

Thus, T (%) = (-i+2j+2k)=-2i+2j+ik

e’f\/§

r' (1) = (2,6t,12¢%) ,r (1) = (2,3,4) ,r' (1) = (2,6,12).

The vector equation of the curve is r (t) = ti+ 2 j + 3k,
sor’ (t) =i+ 2tj+ 3t>k. Atthe point (1,1,1),¢ = 1, so
the tangent vector here is i + 2 j + 3 k. The tangent line goes
through the point (1, 1,1) and has direction vector

i+ 2j+ 3k. Thus parametric equations are x = 1 + ¢,
y=1+2t,z=1+3t.

r(t)=(1+2t,1+t—t31—t+¢>—13),

r' (1) =(2,1—-2t,—1+2t—3t>). At(1,1,1),t=0and
r’ (0) = (2,1, —1). Thus the tangent lines goes through the
point (1,1, 1) and has direction vector (2,1, —1). The
parametric equationsare z = 1 +2t,y =1+t z=1—1¢.

(t) = (tcos2mt,tsin 27, 4t),

" (t) = {cos 2wt — 2mt sin 27t, sin 27t + 27t cos 27t 4).
At (0,%,1),t = % and

r'(;) =(0—%,140,4) = (—3,1,4). Thus, parametric

-3

r
r

equations of the tangent line are x = — 3¢,y = i +t,
z=1+44t.
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28.

29.

30.

31

r(t) = (sinmt, /¥, cosmt),
r' (t) = (mcosmt, 1/ (2v/t), —mwsinnt). At (0,1, —1),
t=1landr' (1) = (—m,3,0). Thus, parametric equations

of the tangent line are x = —7t, y = 1+ 3t, 2 = —1.

r(t) = (t,v/2cost,v/2sint),

r' (t) = (1, —v2sint,v2cost). At (£,1,1),t = Z and
r' (%) = (1,—1,1). Thus, parametric equations of the
tangentlinearex = 7 +t,y=1—¢t,2=1+1.

r(t) = (cost,3e*,3e"),

r' (t) = (—sint, 6e*, —6e>"). At (1,3,3),t = 0 and
r’' (0) = (0,6, —6). Thus, parametric equations of the
tangent linearex = 1,y = 3 4 6t, 2 = 3 — 6¢.

Jo (ti+t2j+t3K) dt

21" 31" 41"
(g ]
|:2:|O 3 0 4 0
%-

= (S ear)i+ (fy e ar) i+ (Jy ¢ dt) x
k

2. [Z[(1+e)i—4at'j— (2 —1)k]dt

(14 361 205 (26— )2
[(248)i- 25— (5 -2)K]
[+ 3)i- - (1)K

10: 1245 4
31— 5 J—3k

33, [™/* (cos2ti+sin2tj + tsintk)dt
0

[%sin2ti— %cos2tﬂg/4

+ [[—tcost]g/4 + fOﬂM COStdt:| k

2i+i1j+[-FcosF +singlk
sitzitz(1-9)k

1 1 s 4—m

zit3i+ gk



