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4. (a) At maximum height the velocity of the ball is 0 ft/s. v(t)

@s=ft)=t"—122+36t = o(t)=f'(t)=3t> — 24t + 36

(b)u(3) =27 —72+36 = —9m/s

(¢) The particle isat rest when v(t) = 0. 3¢* — 24t +36=0 = 3(t—-2)(t—-6)=0 = =286

(d) The particle is moving in the positive direction when v(t) > 0. 3(¢ —2)(t —6) >0 <« 0<t<20rt>6,

(e) Since the particle is moving forward and backward, we need to B b o ——
calculate the distance traveled in the intervals [0, 2], [2, 6], and £=0 b or
[6,8] scparately. o s=32
[£(2) — f(0)| = |32 ~ 0] = 32. 0 ; s
[£(6) — f(2)] = |0 — 32| = 32.
[£(8) — f(6)| = [32 — 0] = 32.
The total distance is 32 + 32 + 32 = 96 m.

(g) a(t) = v'(t) = 6t — 24. a(3) = 6(3) — 24 = —6 (m/s) /s or m/s™.

(i) The particle is speeding up when v and a have the
same sign. This occurs when 2 < t < 4 and when
t > 6. Itis slowing down when v and a have opposite
signs; thatis, when 0 < £ < 2and when4 < ¢t < 6.

(1+2)a)—#2t) 1-¢
(1+£2)* T (1 +12)?

() Right: v(t) >0 = 1-#*>0 = t*’<1 = ftj<1 = 0<t<l
Leftio(t) <0 = 1—-t*<0 = t>1

© [2(1) = 2(0)| + |z (4) —2(1)| = [} - 0| + | - §| =3+ & =2

(d)ﬁ(¢3=“’(13=2(i1(i—:§gl.a(t)='{) = 2(t*-3)=0 = t=00r/3

t

() z(t) = e = ° B)=='(t) =

(e) 12 (f) v and a have the same sign and the particle is

speeding up when 1 < ¢ < +/3. The particle is
slowing down and v and a have opposite signs when

0<t<landwhent> /3.

= 4/(f)=80—32t=0 ¢ 32=80 &

2 —
= £ So the maximum height is s(3) = 80(%) — 16(%)* =200 — 100 = 100 ft
(b) s(t) = 80t—16¢* =96 < 1662_80t+96 =0 <> 16(t"—5t+6)=0 < 16(:73}(:2)=u.
Soﬂmbaﬂhasaheightofﬁﬁﬁonﬂ:cwayupatt:Zandanl:hawaydownaxt=3.Attheseumes e

velocities are v(2) = 80 — 32(2) = 16 fi/s and v(3) = 80 — 32(3) = —16 ft/s, respectively.



. (&) F = G';M = (CmM)r=? = %{- = —2(GmM)r~2 = -ng. whichis the rate of change of the

force with respect to the distance between the bodies. The minus sign indicates that as the distance r between
the bodies increases, the magnitude of the force F exerted by the body of mass m on the body of mass M is
decreasing.

(b) Given F*(20,000) = —2, find F'(10,000). =2 = -%%mm—% = GmM = 20,000°.
2(20,000%)

F'(10,000) = ~TT0.000° —2:2% = —16 N/km

20. (a) After an hour the population is n(1) = 3 - 500; after two hours it is n(2) = 3(3- 500) = 3% . 500; after three
hours, n(3) = 3(3% - 500) = 3% - 500; after four hours, n(4) = 3*. 500. From this pattern, we sce that the
population after ¢ hours is n(t) = 3° - 500 =500 - 3°. .

(b) From (5) in Section 3.1, we have % (3%) = (1.10)3". Thus, for n(t) = 500 - 3°,

dn _ o0 d o m dn
S =500 (3) ~s00(110)3" = 7

2 500(1.10)3% =~ 400,950 bacteria/hour.
"-=s

o

e

1 1 2 gf_=_(1 ‘i L-a=__1_.‘f._j
2. Of=3 ;=(§\/;)Ll = 4L 2\},,) 22\ p
__1_ i:l ~———'1 T’""3= :
(ii)f=§131i';=(uﬁ)T1/’ = dr 2(2LJ§) 4L \/Tp
e df _ 1 (YT oo VT
wor= T () = ()=

(b) Note: llustrating tangent lines on the generic figures may help to explain the results.

(i)%{ﬂandLisdming = fisincreasing = higher note

(if) % ~ Qand T is increasing = f isincreasing = higher note
(iii) %,r_ < Dand p is increasing = f is decreasing = lower note
P

@ 14 @ 14 ) 4

k

0 7 0 T o £

5 @A =22 = W@ = 2p/(2) ;f(’) 1@ P=) w(z)>0 = A(z)is increasing; that

is, the average productivity increases as the size of the work force increases.
¢ , »(z)
(b) () is greater than the average productivity = P (z) > Alz) = p(z)> —gz—- =

zp/(z) > plz) = zp'(zx)—p(z)>0 = zp’(:nlz—p z) >0 = A'(z)>0



29. (a) If the populations are stable, then the growth rates are neither positive nor negative; that is,
dC 0 and 20 = 0!
dt dt

(b) “The caribou go extinct” means that the population is zero, or mathematically, C = 0.
(c) We have the cquations % =aC — bCW and % — —cW +dCW. LetdC/dt = dW/dt = 0,a = 0.05,

d
b= 0.001, ¢ = 0.05, and & = 0.0001 to obtain (1) 0.05C — 0.001CW = 0 and
@) ~0.05W + 0.0001CW = 0. Adding 10 times (2) 1o (1) eliminates the C'W-terms and gives us
0.05C — 0.5W =0 = O = 10W. Substitting ¢ = 10W into (1) results in
0.05(10W) — 0.001(10W)W =0 <« 0.5W — 00IW2=0 < 50W-W!=0 &
W(E0—W)=0 ¢ W =0or50.Since ¢ =10W,C = 0 or 500. Thus, the population pairs (C, W)

that lead to stable populations are (0,0) and (500, 50). So it is possible for the two species to live in harmony.



