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SECTION 10.9 MOTION IN SPACE:VELOCITY AND ACCELERATION = |

10.9 | MOTION IN SPACE:VELOCITY AND ACCELERATION

B Click here for answers.

1. Find the velocity, acceleration, and speed of a particle with
position function

r(n) = (Vi1 1)

Sketch the path of the particle and draw the velocity and
acceleration vectors for t = 1.

2-7 = Find the velocity, acceleration, and speed of a particle with
the given position function.

2. r(t) = (1, 1%, 13)
.r(n)={(*+ 1,12 — 1)
4. x(1) = (Vi.t.11)

5. r()=(1/Di+j+ *k

B Click here for solutions.

6. r(t) =e¢'i +2rj+e 'k

7. r(r) = coshri + sinh¢j + rk

8. A gun has muzzle speed 120 m/s. What angle of elevation
should be used to hit an object 500 m away?

9-12 = Find the tangential and normal components of the accelera-
tion vector.

9. r(t) = (t*+4)i+ 2t —3)j
10. r(r) = (t — sinf)i + (1 — cos1)j
Il. r(z) =ti+ 4sintj+ 4costk

12. r(r) =i+ 2§ + tk
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2 = SECTION 10.9 MOTION IN SPACE:VELOCITY AND ACCELERATION

10.9 | ANSWERS

A Click here for exercises.

2. (1,2t,3t%), (0,2,6t), V1 + 4% + 9¢4
3. (3t%,2t,3t%), (6t,2,6t), [t| V182 +

1 1/2 341/2 1,-3/2 3;,—1/2
4<§t 21, t/><—zt /20,2t />,
1
2

/1+4t+9t2

Bl Click here for solutions.

—t72,0,2t), (2t73,0, 2). VAT

(
(6,2~ (e',0,e"), VAT T
(sinht, cosht, 1), {cosh t,sinh,0), v/cosh 2¢ + 1
9.9°
9, 2 2

sint /1 —=cost
V21 —cost) V2

1.0,4

o

[ d

: 18t% + 4t 2V/9t4 +9t2 + 1
VO T A2 11 VO r 42 1
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10.9 | SOLUTIONS

3

A Click here for exercises.

()= (VE1-1) = v = (3721,

a(t) = (~372,0), v ( F

Att=1:v(1)=(1,— 1>,a(1):<—§ 0)

Since 22 =ty=1-t=1—x 2 butz =+/t,sox > 0.
y

2r(t)=(t1°t%) = v(t)=r(t)=(1,2¢3t%),
a(t) =v'(t) = <0 2 6t>

(0] = /12 + (2% + (32)* = VI T 4% T 073
Lr(t)= (" +1,°—1) = v(t)=(3t>2t3t%),
a(t) = (6t,2,6t),
[V ()| = VOt* + 4t2 + 9tt = /18t4 + 412
= |t| VIS + 4

ar(t)= (VLLWE) = v(t) = <%t_1/2,1,%t1/2>,

a(t) _< 14 3/2 o 3t_1/2>

2
\/m_ /1 +4t+9t

5.r(t)=(1/t,1,8*) = v(t)= <—t—2,0,2t>,
217%,0,2), |v (t)] = VT T 4 = %2\/—4t6 1

=

6. r(t) = (e"2te") = v(t)= (e 2,—e"),
(
(

e',0,e"), [v (8)] = VT FIF T
r(t) = (cosht,sinht, t) =
v (t) = (sinht,cosht, 1), a (t) = (cosht,sinht,0),

|v (t)] = V/sinh® ¢ + cosh® t + 1 = v/cosh 2¢ + 1

Recall that cosh® ¢ — sinh?¢ = 1.

8. Here the initial speed vo = 120 m/s; let o be the angle of
elevation. Assuming the object is lying flat on the ground, the

. . . . 240 si .
object will be hit at time ¢ = % s (again refer to

(120)? sin 2«

Example 5). Then = 500 or

sin 2a = (igg? = 1554 and 200 = sin™? 154g4 ~ 19.9°, so

a~~9.9°

9.

' () =2ti+2j, | (t)| =22 + 1,1 (¢t) = 21i. Thus

4t 2t
a =
T oveE T \/t2 +1
|—4k| 2

a = = .
N ovEr1 ViEtl

.’ (t) = (1 —cost)i+ (sint)],

v’ (¢)] = v1—2cost+ 1 = +/2(1 — cost),
sint

r” (t) =sinti+ costj. Thus ap = ——— and
®) ! g v/2 (1 — cost)
|(cost — cos® t — sin® t) k| [(cost) —1]?
aN =
Y V2 (1 —cost) V2/T = cost

l—cost \/1—cos
\/_ 1 —cost

.v/(t) =i+ 4costj—4sintk, |7 ()] = vVI+4 =5,

r’ (t) = —4sintj — 4costk.
ar = —16costsint + 16 costsint = 0 and

an = ¢+—7 |-16i+ 4costj— 4sintk]|

— _1 —
== 256416 =4

L (8) =342t 4+ k, | (1) = VOrF 482 + 1,

18t% 4 4
'’ (t) =6ti+2]j. Thusar = _ B A
0T+ 412 + 1
|—2i+6tj+ (6t° — 12¢%) K|

a =

N VOott +4t2 + 1
VA4 3682 + 36t 2v/9t + 92 + 1
Vort + 412 +1 Vot + 412 +1




