852 CHAPTER713 VECTOR FUNCTIONS

@ Exercises

. The figure shows a curve C given by a vector function r(z).
(a) Draw the vectors r(4.5) — r(4) and r(4.2) — r(4).
(b) Draw the vectors

r(4.5) - r(4) d r(4.2) — r(4)
05 an 02

(c) Write expressions for r'(4) and the unit tangent vector T(4).

(d) Draw the vector T(4).
b

2. (a) Make a large sketch of the curve described by the vector
function r(f) = (¢? ¢t), 0 < ¢t < 2, and draw the vectors
r(1), r(1.1), and r(1.1) — r(1).
(b) Draw the vector r'(1) starting at (1, 1), and compare it with
the vector
r(1.1) — r(1)
0.1

Explain why these vectors are so close to each other in
length and direction.

3-8

(a) Sketch the plane curve with the given vector equation.

(b) Find r'(s).

(c) Sketch the position vector r(¢) and the tangent vector r'(z) for
the given value of ¢.

() ={(t—2,t*+1), t=—-1
() = (5%, =1
r(f) = sinti + 2costj, t= w/4

t=0
L) =e¥i+ej, t=0
. r() = (1 +cosf)i+ (2 +sint)j,

r() =e'i+e™j,
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t=1m/6

9-16 Find the derivative of the vector function.
9. r(s) = (tsinz¢, t% 1 cos 2t)

10. r(r) = (tan¢, sect, 1/¢%)

M. r()) =i +j + 24tk

YO WOV ey
+t 1+tJ 1+t

12. r(p) = i

Graphing calculator or computer required

ey

&2

@S] Computer algebra system required

13. r() = e”i— j+ In(1 + 3k

14. r(f) = arcos 3ti + bsin’tj + c cos’tk
15. r() =a+tbh + tic

16. r(r) =tra X (b + tc)

17-20 Find the unit tangent vector T(¢) at the point with the givep
value of the parameter .

17. () = (te”’, t=0
18 r(0) = (2 + 3,2+ 1,3t + 4),
19. r(t) = costi + 3tj + 2sin2tk, t=20

t= /4

2 arctan ¢, 2e'),

t=1

20. r(r) = sin’ti + cos’tj + tan’tk,

2. Ifr@?) = (4,12 ¢%), find r'(5), T(1), ¥"(¢), and r'(s) X r"(),
2. Ifr() = (e¥, e, te*), find T(0), r"(0), and r'(£) - r"(s).

23-26 Find parametric equations for the tangent line to the curve
with the given parametric equations at the specified point.

B.x=1+2t, y=12—1 (3,0,2)

z=+1

M. x=¢', y=1te, z=1te"; (1,0,0)
25 x=¢e¢"cost, y=e™" sint, z=-e™ (1,0, 1)
6. x=+*+3, y=I(*+3), z=1¢ (2, In41

2]. Find a vector equation for the tangent line to the curve of inter-
section of the cylinders x> + y2 = 25 and y* + z% = 20 at the:
point (3, 4, 2).

28. Find the point on the curve r(r) = (2 cos ¢, 2sint, '),
0 =<t < m, where the tangent line is parallel to the plane

Vx+y=1.

; 29-31 Find parametric equations for the tangent line to the curve

with the given parametric equations at the specified point. Hius-
trate by graphing both the curve and the tangent line on a common
screen.

29 x=¢t y=e’, z=2r—1% (0,1,0)
30. x=2cost, y=2sint, z=4cos2t; (v/3,1,2)
N. x=1tcost, y=¢, z=tsint; (—m m0)

32. (a) Find the point of intersection of the tangent lines to the
curve r{s) = (sin 7¢, 2 sin 7t, cos 7t) at the points where
t=0and =05

(b) Illustrate by graphing the curve and both tangent lines.

33. The curves r,(t) = (¢, % ¢*) and ry(¢) = (sin ¢, sin 2¢, t) inter-
sect at the origin. Find their angle of intersection correct to the
nearest degree.

1. Homework Hints available at stewartcalculus.com%



