39
p.270: 1-10
1. (a)s=f(r)=1 -8 +24tfi = v(r)=3r" —16r+24 ft/s
(b) w(1)=3(1)" =16(1)+24=11 ft/s
(c) The particle is at rest whenv(¢) =3t =161 +24 =0 =

—(-16)£4(-16) —43)(24) 16+y32
- 2(3) 6
and that the particle never rests.

(d) From parts (b) and (c), we see that v(f) >0 for all ¢, so the particle is always moving in the

positive direction.
(e) The total distance traveled during the first 6 seconds (since the particle doesn’t change direction)
is f(6) = f(0)-T2-0=72 ft.

6

t

. The negative discriminant indicates that v is never ()

- L 3 *
=0 =6 4
£=1 F=72

(g) v(1) =3 =161 +24 = a(r)=v'(t)=6r—16 ft/s’
a(1)=6(1)—16=—10 fi/s’
(hy =

(i) The particle is speeding up when v and a have the same sign. The velocity v is always positive
and a is positive when 67 —16 >0 = ¢ >3, so the particle is speeding up when ¢ > §. It is slowing

down when v and a have opposite signs; that is when0 <7 < 3.

2. (a)s=f()= Z'Q'fr ft = (1) = (1) = (r‘ +9]ﬂ(9}—?t(2r) _ _Q:tE +811 _ —9(;& _?) o
r+9 (r‘+9) (t‘+9) (r2+9]
—9(1-9) 72
b) v(l)= = =0.72 ft
(b) w(I) (1s07 100 s
-9(¢*-9)

(c) The particle is at rest whenv(r) = =0= t'-9=0 = r=3s[since = 0].

(¢ +‘Ei|')2

(d) The particle is moving in the positive direction when w(7) > 0.

—9(.“1 _9] - 2 5

— 220 = -9(fF-9)20 = £-9<0 = <9 = 0=r<3.
(.f‘ +9)
(e) Since the particle is moving in both the positive and negative directions, we need to calculate the

distance traveled in the intervals[0,3]and|[3,6], respectively.

1f3) = F(O)=|Z-0|=2: |£(6)-F3)|=|2-Z=2.

The total distance traveled is3 + 5 =<or 1.8 fi.
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@ v0=-91" =), o= =0T @I O)2A7 0) 20
(#+9) (7o)

2(7 +9][[r2 +9)-2(7 —9)} _ 18¢(¢* -27)

=0 — —— ft/s?
[(,:#;)L] (#+9)
18¢(—26) ,
a(l)= — - —0.468 fi/s’
(h) 2, )
0 e — 6

—1 A

(1) The particle is speeding up when v and a have the same sign. The acceleration a is always
negative for( < ¢ <+/27 = 5.2 s, so from the figure in part (h), we see that v and a are both negative

for3 <t <3+3. The particle is slowing down when v and a have opposite signs. This occurs when
0=z <=3and whent <:3J§.

: (a}s=f(f)=5in(%r]ﬂ=> v(r)=f'(1) =%-CGS[%]P&%

Tt

(b) v(l)= Eccs[?]=5(ﬂ) =0 fi/s

. t ot t
(c) The particle is at rest whenv(z) =Z cos ﬁ—] =0= 005(£ 0 == =
2 2 2 2 2
T . . .
B =— +n1 = f=1+2n, where n is a non-negative integer since t = 0.

(d) The particle is moving in the positive direction when v(f) > (. From part (c), we see that v
changes sign at every positive odd integer. The velocity is positive whenO <t <1,3 <t <35,
7T<t<9,and so on.

(e) The velocity changes sign at =1, 3, and 5 in the interval [0: 6]. The total distance traveled

during the first 6 seconds is | £(1)— £(0)|+| F(3)— £ (D|+|F(5) — £ 3)|+]| £(6)— £(5)|
=[1=0]+[-1=1|+[1=(=D|+[0-1| =1+2+2+1=6 fi.



(f) .

J-ﬂ
i=0

T at ’ _E_' j‘l'_f E —_ﬂ_z' .'?[_.* 5?
(g) v{r)—Ecﬁs[?J = a(t)=v'(r)= 2{ Sm{ ) }_ Sm[ 2 J s

2/} 2

(i) The particle is speeding up when v and a have the same sign. From the figure in part (h), we see
that v and a are both positive when 3 < ¢ < 4and both negative whenl <# <2 and5 <¢ < 6. Thus, the
particle is speeding upl <f <2, 3<f<4,and 5 <t < 6. The particle is slowing down when v and a

have opposite signs. This occurs whenO <t <1,2<t<3,and 4<¢<5.
. (a)s=f(t0=r'¢" (infeet) = v(1)= f(1) =t (—e")+e'(2t)=te " (2—1) (in ft/s)
(b)yv(h=()e"' (2-1)=¢"" fi/s.
(c) The particle is at rest when (1) =0 < =0 or2s.
(d) The particle is moving in the positive directions when v(7) =0 < e’ (Z—f) =0 =
H2-0)>0 < 0<t<2.
(e) The velocity changes sign at =2 in the interval[D, 6]. The total distance traveled during the first
6 seconds is|£(2)— f(0)|+] £(6)— £(2)|=|[de™ — 0+ 366~ — 47| =4e™ + 4™ —36¢”
=8¢~ —36e™ ~0.99 fi.
0 . 3;.;10,::9

§=4d¢ =054
t=n
=1
(g) v()=(2A-F)e" =
a(t)=v'(t)= (2x—r3)(—e'f]+e" (2-2t) = e"[—(zr—r2)+{2—2.t]J = e‘f[rz _4t+ 2] fi/s2.
a{l}=e_l[1—4+2]=—e_] ft/s”.




(h)

P
=y
—y

0o N > f

—1 %

(i) at)=0 < £ —4t+2=0 [e" 20| & t=#=2i\f—m{l.6 and 3.4. The particle is

speeding up when v and a have the same sign. Using the previous information and the figure in part
(h), we see that v and a are both positive when0<¢ <2 —2 anD both negative when2 <¢ <2 +4/2.

The particle is slowing down when v and a have opposite signs. This occurs when 2 ~2<t<2
and¢ > 2 +VE.
. (a) From the figure, the velocity v is positive on the interval(0,2) and negative on the interval (2,3).

The acceleration a is positive/negative when the slope of the tangent line is positive/negative, so the
acceleration is positive on the interval (0,1) and negative on the interval(1,3). The particle is

speeding up when v and a have the same sign, that is, on the interval (0,1) when v> 0 and a > 0, and
on the interval (2,3)when v <0 and a < 0. The particle is slowing down when v and a have opposite
signs, that is, on the interval (1,2) whenv >0 and a < 0.

(b) The velocity is positive on(0,3)and v<0 on(3,4). The acceleration is positive on(1,2)and
a<0on(0,1)and(2,4).The particle is speeding up on(1,2) [v>0, a>0]and on

(3.4) [v <0, a< l]]. The particle is slowing down on(0,1)and(2,3) [v >0, a< D].

. (a) The velocity v is positive when s is increasing, that is, on the intervals(0,1) and(3,4): and it is
negative when s is decreasing, that is, on the interval (1,3). The acceleration a is positive when the
graph of s is concave upward (v is increasing), that is, on the interval(2,4);and it is negative when
the graph of s is concave downward (v is decreasing), that is, on the interval (0,2). The particle is
speeding up on the interval(1,2)and on(3,4). The particle is slowing down on the interval (0,1)
[v<0,a>0]and on(2,3)[v<0, a>0].

(b) The velocity v is positive on (3,4 )and negative on (0,3).The acceleration a is positive on (0,1)
and(2,4)and negative on (1,2).The particle is speeding up on the interval (1,2) [v <0, @ < 0] and on
(3.4)[v >0, a > 0] The particle is slowing down on the interval (0,1) [v<0. a>0] and on (2,3)

[v =0, a= U].



7.

10.

(a) (1) =2+24.5— 4.9 = (1) =7'(r)=24.5-9.8¢. The velocity two seconds is
v(2)=24.5-9.8(2) = 4.9 m/s and after four seconds is v(4)=24.5-9.8(4)=-14.7 m/s.

(b) The projectile reaches its maximum height when the velocity is zero.

vi)=0 & 245-98t=0 & f=%=2.5 S.

(c) The maximum height occurs when r=2.5s. h(2.5)=2+24.5(2.5) —4.9(2.5)" =32.625 m.

(d) The projectile hits the ground whenz=0 < 2+24.5:-4.9/ =0 =

. —24.5+./24.5 —4(-4.9)(2)
2(-4.9)

(¢) The projectile hits the ground when ¢ =¢,. Its velocity is v(zf ) =24.5-9.8t, = —253 m/s

= t=1,~5.080s since = 0].

[downward].
(a) At maximum height the velocity of the ball is 0 ft/s.

W1)=5'(r)=80-32r=0 < 32r=80 < r=3. So the maximum height is

s(2)=80(2)-16(%)" =200-100 =100 ft.

(b)s() =80r —16t* =96 <> 16¢° —80r+96=0 <> 16(£*~5t+6)=0 < 16(t—3)(r-2)=0.

So the ball has a height of 96 ft on the way up at t = 2 and on the way down at r = 3. At these times
the velocities are v(2)=80-32(2) =16 ft/s and v(3) =80-32(3) =-16 fi/s, respectively.

(a) h(r) =15t —1.861" = v(1)=h'(r)=15-3.72¢. The velocity after 2 seconds is

V(2)=15-3.72(2) =7.56 m/s.

15:£4/15 —4(1.86)(25)
2(1.86)

t=t, ~5.711s. The velocities arev(z,)=15-3.277 ~ 6.24 m/s [upward] and

v(t,)=15-3.27¢, ~—6.245 m/s or 6.245 m/s downward.

(a) s(f)=1"—4r =208 +20t s =v(r)=5"(t)=4r —12* —40r + 20

v=20 & 47 -126 —40r+20=20 & 4 127 -40r=0 = 41 =31-10)=0 <

41(t-5)(t+2)=0 © t=0sor r="5s [fort=0].

(b) a(t)=v'(1)=12r"—=24r—40. a=0 < 12’ -24r-40=0 < 4(3r7-61-10)=0 <

. 646" -4(3)(-10)

2(3)
from negative to positive and the velocity attains its minimum value.

(0)25=h < 1.865° —15t+25=0 < 1= o r=1,~2353 or

= li%@; 50 # ~3.082 s [for = 0]. At this time, the acceleration changes



