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(a) The corresponding parametric equations for the curve are x = ¢,
y = cos wt, z = sin xt. Since y? + 22 = 1, the curve is contained in a
circular cylinder with axis the z-axis. Since z = ¢, the curve is a helix.
(b) r(t) =ti+cos ntj+sin ntk =

r'(t) =i—msin ntj+mcos ntk =

2sin wtk

r’(t) = —m?cos mtj — 7
(a) The expressions v/2 — ¢, (¢! — 1)/t, and In(¢ + 1) are all defined when2 —¢t >0 = ¢t <2,¢t#0,

andt+1>0 = ¢ > —1. Thus the domain of r is (—1,0) U (0, 2].

: : et —1 . e
(b) 7%1_1)1(1)r(t) = <%1_r)r(1)\/2 ~t,}1_% ; ,}gr(l)ln(t—l- 1)> = <\/2 —0,%1}(1) —1-,1n(0+ 1)>

=(v2,1,0) [using I’'Hospital’s Rule in the y-component]

w4 s— de =1 d _ /1 tef—et+1 1
(C)r(t)_<dtv2 ba 7o a™tt)=("sm=r & i1

The projection of the curve C' of intersection onto the zy-plane is the circle > + y® = 16,z = 0. So we can write

r =4cost, y =4sint, 0 <t < 2. From the equation of the plane, we have z = 5 — x = 5 — 4 cost, so parametric
equations for C are x = 4 cost, y = 4sint, z =5 — 4cost, 0 < ¢ < 27, and the corresponding vector function is

r(t) =4costi+4sintj+ (5 —4cost)k, 0 <t < 2w,

The curve is given by r(t) = (2sint, 2sin 2t, 2sin 3t), so 4

r'(t) = (2 cost, 4 cos 2t, 6 cos 3t). The point (1,/3,2) corresponds to t = £ |
(or & + 2k, k an integer), so the tangent vector there is r'(%) = <\/§, 2, O>. z 01

Then the tangent line has direction vector <\/§, 2, 0> and includes the point

(1, V3, 2), so parametric equations are z = 1+ /3¢,y = V342, z=2. _‘2 0 4 0 ;4

fol(t2i+ tcos mtj+ sin mtk) dt = (fol t? dt) i+ (fol tcos wtdt)j + (fol sin wtdt) k

%tﬂé i+ (%sin ﬂt](l) - fol %sin 7rtdt)j + [~—;1; cos 7rt](1) k
=i+ [ﬂ—lzcoswt];j—i—%k: li-Zj+2k

where we integrated by parts in the y-component.

(a) C intersects the zz-plane wherey =0 = 2t—-1=0 = (= %, so the point
is (2 (3)°.0.ln) = (8,0, In2).

(b) The curve is given by r(t) = (2 — 3,2t — 1,Int), so ' (t) = (—3t%,2,1/t). The point (1, 1,0) corresponds to ¢t = 1, s0
the tangent vector there is r'(1) = (—3,2, 1). Then the tangent line has direction vector (—3, 2, 1) and includes the point
(1,1,0), so parametric equations are x = 1 — 3t,y = 1 +2¢, 2 = ¢.

(¢) The normal plane has normal vector r'(1) = (—3,2,1) and equation —3(z —1) +2(y —1)+2z=00r3z -2y —z = 1.
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43.r(t) = (2, £2,¢*) = 1r'(t) = (2,3, 4%) = |r'(t)] = V42 + 9t* + 16t and
L= f03 ¥’ (¢)] dt = foa V/4t2 + 9t* + 16t dt. Using Simpson’s Rule with f(¢) = \/4t2 + 9¢% + 16t5 and n = 6 we
have At = 322 = 1 and
L 4L [f(0) +47 () +20() +4F(3) +2£(2) + 47(3) + £3)]

[ 00T 0+4-/4(4f +9(2) +16(2)° +2- A2 + 9D + 16(1)°

+4-/43)0 + 9(%)‘1 +16(2)° +2- /A2 T 9(2)F T 16(2)°

tol

+4-/4(3) +9(3)" +16(3)° + VABE + 9 + 163)° }

~ 86.631

4. v'(t) = <3t1/2 —2sin2t, 2cos2t> r'(t)| = /9t + 4(sin2 2¢ + cos2 2t) = /Ot + 4.
13
Thus L= [y VOTFddt = [[° but/?du = § - 2] " = 2(13%2 - 3).
4

45. The angle of intersection of the two curves, 6, is the angle between their respective tangents at the point of intersection.

For both curves the point (1, 0, 0) occurs when ¢ = 0.
ri(t) = —sinti+costj+k = ri(0)=j+kandry(t)= i+2tj+3t>k = rH(0) =i
r1(0) - r3(0) = (j+ k) -i = 0. Therefore, the curves intersect in a right angle, that is, § = Z.

46. The parametric value corresponding to the point (1,0, 1) is ¢t = 0.

r'(t) = e'i+e'(cost +sint)j+e'(cost —sint)k = |r'(t)| = e’y/1+ (cost +sint)? + (cost —sint)2 = /3 e’
ands(t) = [T e"VBdu=3(e' ~-1) = t= ln(l + \/-s>

Therefore, r(t(s)) = (1 + —-\}33) i+ (1 + %s) sinln(l + %s)j + (1 + %s) cos ln(l + %s) k.

) (1) (1)

@] LD e+

(0) T'(t) = =5 (¢* + 7 + 1)73/2 (4> + 2t) (2,1, 1) + (¢* + 2 +1)71/3(2¢,1,0)

—2t% — ¢t 9
= T+ 12 + 1)3/2 (t%,t,1) +

47. (a) T(t) =

1

(t*+2+1)1/2 (2t,1,0)

_ (20—t 2t 42, 2% —6) 4 (2% +26% 4 26,80 + 47 4+1,0) _ (2t 1,28 —t)

(t* + 12 + 1)3/2 (tA + 2 4+1)3/2
42 1 1® — 205 1 1+ 416 + 482 + 12 18 + 415 + 2t% + 52 2t,1 —t*, 2% — ¢
o= Y T2 1 1)3/2 eE Y j 2+ 3725 and N(t) = < )
T+ +1) (t*+t2+1) V18 + 416 1 2t4 4 5¢2

|T'(t)| _ V& + 485 + 2t%  5¢2
@ (24 1)2

48. Using Exercise 10.8.32, we have r'(t) = (—3sint,4cost), r”(t) = (—3cost, —4sint),

3
' ()]* = (\/9s,in2 t + 4 cos? t) and then

(o) x(t) =
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() = |(=3sint)(—4sint) — (4cost)(—3cost)| 12
(9sin®t + 16 cos? )3/2 ~ (9sin®t + 16 cos2t)3/2"
At(3,0),t =0and x (0) = 12/(16)*%> = 22 = 2 At (0,4),t = Z and k(%) = 12/9%/2 = 12 = 4
1" 2
! gy — 1922 W 2 12
v =423, y" = 1227 and k(z) = T+ (W) P2 (1+ 162932 so k(1) = T77E
[122* — 2]

r(z) = [+ (42° — 22)7P° = x(0)=2. 0.55

So the osculating circle has radius % and center (0, —3). 12 .

Thus its equation is z* + (y + %)2 =1
-12

r(t) =tlnti+tj+e 'k, v(t)=r'{t)=0+ht)i+j—etk,
V() =1 +t)2+12+ (—e )2 =/2+2Int+ (Int)2+e 2, a(t)=v'(t)=1+i+e 'k

v(t)= [a(t)dt = [(6ti+ 12t*j — 6tk)dt = 3t°i+4t*j — 3’k + C,buti — j+ 3k = v(0) =0 + C,
soC=i—j+3kandv(t) =32 +1)i+ (4> - 1)j+ (3-3t>)k.

r(t)=[v(t)dt=(+t)i+ (t*'—t)j+ (3t —t*)k+D.

Butr(0) =0,soD=0andr(t) = (t*+t)i+(t* —t)j+ 3t -2k

We set up the axes so that the shot leaves the athlete’s hand 7 ft above the origin. Then we are given r(0) = 7j,

[v(0)] = 43 ft/s, and v(0) has direction given by a 45° angle of elevation. Then a unit vector in the direction of v(0) is
% i+j) = v(0)= %(i + j). Assuming air resistance is negligible, the only external force is due to gravity, so as in
Example 10.4.5 we have a = —g j where here g =~ 32 ft/s%. Since v/ (t) = a(t), we integrate, giving v(t) = —gtj + C

where C = v(0) = %(i +j) = v(@)= % i+ (% - gt) j. Since r'(t) = v(t) we integrate again, so
r(t) = Hti+ (—%t - %gtz)j-i-D. BuD=r(0)=7j = r(t)=%ti+ (%t ~lg? 4 7)1

Y
the ground, at a horizontal distance of 60.8 ft from the athlete.

(a) At 2 seconds, the shot is at r(2) = 22 (2)i + (%(2) —19(2)* + 7) j &~ 60.81+ 3.8j, so the shot is about 3.8 ft above

(b) The shot reaches its maximum height when the vertical component of velocity is O: % —gt=0 =

t 43 ~ 0.95 s. Then r(0.95) ~ 28.91 + 21.4j, so the maximum height is approximately 21.4 ft.

Vg
(c) The shot hits the ground when the vertical component of r(t) is 0, so %t — 392 +7=0 =

—16t* + 4244+ 7=0 = t~2.11s. r(2.11) ~ 64.2i — 0.08j, thus the shot lands approximately 64.2 ft from the

V2
athlete.
() =142+ 2tk, v(t) =2k, |r'(t)] =1+ 4+ 42 = /42 + 5.
r'(t) -r" (1) 4¢ Ir'(t) x " ()] _ |4i—2]]| 25
Then = = and = = = .
ar e (0] JaE 5 N T20] VA 15 AP 15

By the Fundamental Theorem of Calculus, r'(t) = (sin(37t?),cos(37t%)), |r'(t)] = 1 and so T(t) = r'(t).

Thus T'(t) = wt {cos(3nt?) , —sin($mt?)) and the curvature is £ = |T'(t)| = /(wt)2(1) = 7 [¢].



