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Section 10.2 Exercises
1. 2,3)-0,0=(2,3)
2. 0,0)-2,3)=(-2,-3)
3.2, -D)-(1, 3)=(1,-4)

—4+2 3-1
, = =(-1,1
2 2 LD

(-1, 1)-©, 0)=(-1,1)

5. [|=v22+22 =48

tan@ = —\/~2_—,6= 45°
2

4. P=

6. = (2) +42" =2

5
tanf=-YZ, §=135°
V2’

7. =3 +12 =2

tan9=—1—,9=30°

V3
8. b= y-22 +(-243) =
tan@ Z—J— ,0=240°

9. | =(-5)% +02 =5

tan0=£, 0=180°
5

10. [y = V0% +4% =4
cosG:g, 6=90°
4

11, x=4cos(180)=—4
y=4sin(180)=0
(-4.0)

12. x =6¢0s(270)=0
y=6sin(270) = -6
(0,-6)

13. x =5c0s(100) =—-0.868
y=>5sin(100)=4.924
(~0.868,4.924)

14. x =13c0s(200) =-12.216
y=13sin(200) = —4.446
(-12.216, - 4.446)

15. x=3\/§c0s @£]=3
n 4 .
y=3\/5sin(@E)=3
T 4
(.3)

16. x= 2\/§cos EEQE

y= Zﬁsin(@z} = \/5
w6
(.)
17. (a) (33), 3(-2))=(9, —6)
(b) V9% +(-6)* =117 =313
18. (@) (-2(-2),-2(5))=(4,~10)

(b) /42 +(~10)* =+/116 =229

19. (a) (3+(-2),-2+5)=(1,3)

(b) V12 +3% =410

20. (a) (3- (-2,-2-5)=(5,-7)

b) y5?+(=7)? =74

21. (a) 2u=(2(3), 2(-2))={6,-4)

3v=(3(-2), 3(5)y=(-6,15)
2u-3v=(6—-(-6), -4-15)=(12,-19)

(b) /122 +(-19)* =+/505

22. (a) —2u=(-2(3), —2(-2))=(-6,4)

v=(5(-2), 5 (5))=(-10, 25)
—2u+5v =(-6+(~10), 4+25)=(-16, 29)

(b) \(=16)? +29% = /1097
3 9 6
23.(a) Zu= < (3), —(—2)> <§ -5—>

5
4
-V
5
3
Zu
5

TN
Bl
=)}
~
[T
w



5 15 1
24. @ ”—" < FERS (~ )>=<T§’ £>
2 /12 12 24 60
13v_<13(_2)’ (5)>_<_13’ 13>

5 12 15 2413 10 60 70
——u+——v={—-—+ ot -3, —
13 13 13 13)13 13 13

642
®) /-3) +(13J =

25. Initial velocity is 70° north of east:
325(cos70°, sin70°)=(111.157, 305.400).
Wind velocity is 130° north of east:

40(cos130°, sin130°)=(-25.712, 30.642).

Add the two vectors to get = (85.445, 336.042).

The speed is the magnitude, =346.735 mph.

336.042
85.445
or =~14.266° east of north.

The direction is tan™! (

26. x =4cos135=-242
y=4sin135=22
The true velocity is <2—- 22 , 2\/5>, so the true angle is

0=cos_1[2_2\/5
4

j= 106.3° and the true speed is

J2-242)2 +(242)% =2.95 mph

27, v= d’(t’) <3t2 £)=(6t, 6:)

d”(t) <6t 6:%)=(6,121)
28. v:m=i(sinZt,2cost>=<20032t,—25int>
dt dt
a= dv(®) = i<2cos 2t,— 2sint> = (—4sin 2t,— 2cost>
dt dt
dar@®) _dy o\ /- -
29, v-—;t———t};<te e ’>—<e f_rel—e ’>
av(t) d ; _ _ _ _ -
a= 0 =E<e '—te™!, —e '>=<—2e "rie e '>
30, v=29 _ 21500531, 25in4r) = (~6sin31, 8cosdr)
dt dt
- d;(t’) = (_6sin31,8cos4r) = (~18cos3r, - 32sin4r)

) =~75.734° north of east,
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3. v= d_r(_tl = i1—<t2 +5sin2s, £ — cos 2t>
dt dt
=(2¢+2c0s2t,2¢ +2sin2t)
-0 _ i(2t +2c0s2t, 2t +2sin 2t)
dt dt
=(2-4sin2t,2+4cos2t)
32. v= M = i(tsint, tcost) = (sint+ tcost, cost— tsint)
dt dt
= g!_v@ = i(sim‘+ tcost, cost—tsint}
dt dt
= (ZCost—tsint,—25int—tcost>
33. v= m = i(cos 3¢, sin 2t> = (—3sin 3t,2cos 2t>
dt dt :
= % = i(—?asin3t, 2cos 2t> = (—9cos3t, - 4sin2t>
[-1.6, 1.6] by [-1.1, .1]
0<t<2rm
4. v= m = i(sin 4¢, cos 3t> = (4 cos4t, —3sin 3t>
dt dt
= m = i<4cos4t, - 3sin3t> = <-—16sin4t, —9cos3t>
dt dt
[-1.6,1.6] by [-1.1, 1.1]
0<t<2m

35. (@) v() = %(sin4t cost, sin 2t>

= <4 cos4tcost —sintsin4s, 2 cos 2t>|,= (57/4)

=(22,0)
Speed: 22

(b

[~4,4] by [-1.2,1.2]
0<1<2rm

(c) To the right
36. (a) v(t)= — <e +e, '—e">

=<e —e™, e'+e"'>
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36. Continued

t —t 2t
+
®) lm 2 &t &t
tsedxldf  tmmel —et toeep? 1

1

(c) For any ¢,
x2 __y2 = (er +e—t)2 _(ct _e—t)2
=e¥ 424 (¥ —2+e)
=4

(d) The velocity at t=0 is (0, 2).

7

[-9, 9] by [-6, 6]
0<r<3

A <J'03 3 - 2tdr, [ 1+cosmt dt>+<2, 6)

= <(t3 _12)‘3, (t+%sinm) :

=(2+18,6+3)=(20,9)

>+(2, 6)

(b) js JG =207 + 1+ cosmt)dt
~19.343

3 3 .
38. (a) <J.0 2mcosdntdt, -[0 47 sin 27ttdt> + (7, 2)

= <%sin4m‘[g , —2c0s27zt|(3)>+<7, 2)
=(7+0, 2+0)=(7, 2)

) J\@mcosamy? + (msin2my’dr
~28.523

39. (@) <j03(z+ 1dr, j§(t+2)‘2d;>+<3, ~2)

3
- <1n(t+1)|(3),~(t+2) ! 0>+(3, -2)
=(3+In4, -1.7)

) [ e ar
=~1419

40. (a) <_[;e’ ~t df, _[;e’ +t dt>+ (L.1)

=<[e' -%]: [e’ +522—] :>+(1,1)

=(1+14.586,1+23.586) = (15.586, 24.586)

(b) _[s\/(e' — P+ (e +)2d

=~27.791

41. The parametric equations are x = P —1*+2 and
y=t+ sin(m)/n+ 6.

[0,23] by [5, 10]
0st<3

42. The parametric equations are x = %sin(4m) +7 and

y=-2cos(2rt)+4.

(Note: The particle traverses the Figure-8 three times,

finishing where it started.)

[6, 8] by [1.5, 6.5]
0<r<3

43. (a) v() = %<5 cos%t, 3sin%t>

5 .= 1 bid
v(t)={——7msin—¢, —wcos—t
6 6 2 6

V()= (—énsinzt)2+(lﬂfcos£t)2
6 6 2 6
f7

vQ2)=m,|— =2.399
12

(b) a(®) :%<—%7rsin%t, %ncos%t>

2
2 T

c =|5cos—t

(©) x 5 ]

2

y2=[3sin—t
R
25 9

44. (a) v()= %(sec 7L, tan ey

v(t) = (n’ sec 7t tan e, 7L sec’ m> | i</

v(t)=(\2n, 2m)

speed:,/(«/-Z_ﬂ)2 + (271:)2 =6x



44, Continued

(b) x2 = (secmr)?
y? = (tan7r)?

xroyt=1

(c) The upper part of the right branch:

[~1,3.7] by [-L, 3.1]

0<r<1/2

d[1-* 2
45. (a) v(t) =—{ —,

dt<1+t2 1+t2>

v(t) = M _2:.2.1‘24
(14122 (14122

(b) No. The x-component of velocity is zero only if =0,
while the y-component of velocity is zero only if r=1.

At no time will the velocity be <O, 0>.

2
© 1im<1"t 2 >=(—1, 0)

1442 147

46. (a) v(1) = %(sim, cos2t)

v(t)= (cos t,—2sin 2t>
(b) v()= (0, 0) where s = % and = 3;5

(¢) cos2t=1-2sin%¢
y= 1-2x?

/I
/1A

[-2,2] by [-1.5, 1.5]
0<t<2m

@

47. (a) %<e' sint, €' cos t>

=<e’ sint +¢’ cost, e cost—e' sint>

e’ cost—e' sint
M= | =-1

n
==
2

¢’ sinz+e’ cos?

(b) <e1 sin(1)+e¢! cos (1), ! cos(1)—e! sin(1)>

=(3.756,~ 0.817)
v(t)=/(3.756)> +(-0.817)” =3.844

1
© jo \/(e’ sinz+e' cost)® + (e’ cost —e’ sint)*dt

=~2.430
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48. (a) i<t2—3, 3t3>
dr 3
=(21, 2%

M= V@) +2é??
V| = V1088 ~32.985

) [} (@07 + @27
=~ 46.062
(¢) t= N3+x

y=§(3+x)3’2

dy /2
=3+
l (B+x)

49. (a) 3+ j: (2+sin()) dt
~3.042
(b) y—y =mlx—x,)
6
" 2+sind

() Speed = /(2 +sin4)? +(=6)% =6.127

(d) (8cosl6, 2(2+sin16)+7(8)cos16)
=(~7.661,-50.205)

y-5 (x-3)

50.(@) y~y =m(x—x))

(b) Speed = \/(3cos4)2 + (sin8)2 =~2.196

© [Beos(®)P +(sin(®)Pdr
~2.741

@ (4+ J;sin(t3)dt, 5+ j233cos(t2) dt)
~(4.004, 5.724)

51. False. For example, « and ~1(«) have opposite directions.

52. False. For example, <\/§, O>+ ©, BH= <\/§, 1>, which has a

direction angle of 30°.

53.E. i<t2+1, 1n(2t+3)>=<2t, L>
d 2+3

LNy E Y § Y
dt 2t+3 (2t +3)*

54.D. <4 + joz cos(t?) dt, T+ jozsin(t3 )dt>

{4+0.461, 7+0.452)
=(4.461, 7.452)
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55.B. x; =7cos40=15.36
¥, =7sin40=4.50
x, =4c0s140=-3.06
v, =4sin140=2.57

J(5.36-3.06)% +(4.50+2.57)
=7.435

56.B. 31-{ =2cos2t
dt

d_}t) =-5sin5¢

Speed = +/(2cos4)? +(~5sin10)? =3.018
57. The velocity vector is <—x, V1-x2 >, which has slope

1-x* . .
- . The acceleration vector is
x
d d( 2)> dx —x dx
Z(-0,= N Y N A 1
<dt( D g\ a2 dt

2
X X
={ x,———), which has slope —====" Since the
< V1-x? > V1-x?

slopes are negative reciprocals of each other, the vectors are
orthogonal.
58. The position vector is {cos?, sint), which has slope tan ¢.

The velocity vector is (—sin¢, cost), which has slope

1 . . . .
—t— . The acceleration vector is (—cosz, —sinz), which
ant

has slope tan ¢.

The velocity slope is the negative reciprocal of the position
and acceleration slopes, so velocity is orthogonal to
position and to acceleration.

3t
59, (—-3==-4
(a) 2

=2
2
t=2

Since £ =2 also solves (f—3)* = %— 2, the particles
collide when ¢ = 2.

(b) First particle: v,(2) =(1,—2), so the direction unit

AN 2
vectoris { —=,—— ) .
<\/5 \/§>

Second particle: v,(f)= <%, %>, so the direction unit

. 1 1
vector is { —=, —= ).
<J§ V2 >
60. (a) Referring to the figure, look at the circular arc from the
point where ¢ = 0 to the point “m”. On the one hand,
this arc has length given by 7,0, but it also has length

given by vt. Setting these two quantities equal gives the
result.

(b) v(t)=<—vsinv—t, vcosv—t> and
I

0 To

v2 vi v: . owt v viooow
a(t)={—-—cos—,——sin— }=——{ cos—, sin—
o h h T To To )

2
(¢) From part (b), a(t) = —[1] r(?). So, by Newton’s
To

2

v o .

second law, F = —m(—} r. Substituting for F in the

T,
0

law of gravitation gives the result.

(d) Set u =2n and solve for vT.
o

2 = G—M and solve for T2.

27
(e) Substitute oy forvin v
T T

2, ' GM
(—T—] Iy
4n’n?  GM

T
1_ oM
> 4n’r)}

2_ 4n® >

GM

6l.Letu= (a, b> be one of the vectors. It has slope b , S0 the
a

perpendicular vector v must have slope —% . Thus

v= (kb,—ka} for some nonzero scalar &, and the dot
product is u+v={a,b), (kb, - ka) = kab +(—kab) = 0.
62. (a) The diagram shows, by vector addition, that v+w =1,
sow=u-v.

(b) This is just the Law of Cosines applied to the triangle,
the sides of which are the magnitudes of the vectors.

(¢) By the HMT Rule, w=(u; —v;, u, —v, ). So
> +|v[* - |wf* = (u12 + u%)+ (vl2 + v%)
2 2
[ =) + (=Y |
=u? +ul +v? +v2
—[ulz - 2w +v12 U3 —2uyv, +v%]

=2uv; +2u,v,
= 2(ulv1 +u2v2)

(d) From part (b), |w|” =[uf” +|v]" - 2|u“v|.cos 6,
S0 |u|2 + |v]2 - |w[2 = 2|u||v| cosf.
From part (©), [uf* + [V = |W|* = 2(up, +,, ).
Substituting, we get 2(u1v1 + u2v2) = 2|u||v| cos6,

SOUeV = +u,v, = |u”v|cos€.



