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11.21 The motion r(t) = (cost)i+ (sint)j (Example 6).

v = (—sint)i+ (cost) j

is already a unit vector, so T = v (Fig. 11.21). d

Exercises 11.3

In Exercises 1-8, find the curve’s unit tangent vector. Also, find the
length of the indicated portion of the curve.

1.
2.

3
4.

[IE-RE T N

10.

r(t) = Qcost)i+ 2sint)j+/5tk, 0<t<m
r(t) = (6sin2t)i+ (6cos2t)j+5tk, 0<r<m

L r(t) =ti+ (2/3)%k, 0<t<8

rt)=Q+ni—@¢+1)j+tk, 0<r<3

PRSI io3 v
i) J+ (Sin” 1) K,

r() =600i-203j =3k, 1<r<2

. r(r) = (tcost) i+ (rsint)j+ 2v2/3)°k, O0<r<m

r(t) = (rsint +cost)i+ (tcost —sinr)j, V2<t<2

Find the point on the curve

at a distance 267 units along the curve from the origin in the
direction of increasing arc length.

Find the point on the curve

r(t) = (12sint)i— (12cost)j+ Stk

at oo Alceoao [ e P PR L T SRR I S PRI
at a Uisldiice 157U ullls diong Uuic curve Imom e origin 1n uc
diractian annagite to the diraction of incranging are langth
GireCiiGin Opposii€ O ui GirlCiidn O1 Indréasing arc iChigui.

In Exercises 11-14, find the arc length parameter along the curve
from the point where t+ = 0 by evaluating the integral

s:/ v(t)|dt
0

from Eq. (3). Then find the length of the indicated portion of the

curve.

11. r(¢) = (4cost)i+ (4sint)j+3tk, 0<t<m/2

12. r(r) = (cost +rsint)i+ (sint —rcost)j, n/2<t<m
13. r(t) = (e'cost)i+ (e'sint)j+e'k, —Ind<r<0

4. r()=U0+20Di+(1+3)j+6-6)k, —1<r<0
15. Find the length of the curve

16

17.

r(t) = (V20 i+ (V20)j+ (1 - 1)k
from (0, 0, 1) to (v/2, v/2, 0).

The length 277+/2 of the turn of the helix in Example 1 is also the

length of the diagonal of a square 27 units on a side. Show how

to obtain this square by cutting away and flattening a portion of
the cylinder around which the helix winds.

a) Show that the curve r(¢) = (cost)i+ (sint)j+ (1 — cost) Kk,
0 <t <2, is an ellipse by showing that it is the intersec-
tion of a right circular cylinder and a plane. Find equations
for the cylinder and plane.

b)  Sketch the ellipse on the cylinder. Add to your sketch the

unit tangent vectors at t = 0, 7 /2, 7, and 37 /2.

Show that the acceleration vector always lies parallel to the

plane (orthogonal to a vector normal to the plane). Thus, if

you draw the acceleration as a vector attached to the ellipse,
it will lie in the plane of the ellipse. Add the acceleration
vectors for t = 0, /2, w, and 37 /2 to your sketch.

d) Write an integral for the length of the ellipse. Do not try to
evaluate the integral—it is nonelementary.
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