Name: Class; Date:

Li)e=ft)=t"—120 36t = o(t) = f(1) = 3t* — 244 + 36
(b) v(3) = 27 — 72 + 36 — —9m/s
(c) The particle is at rest when w(f) = 0. 3t* — 24t + 36 =0 = 3(t-2)(t - 6)=0 = =26
{d) The particle is moving in the positive direction when o{#) > 0.3 — 2 —6) =0 = 0<{ < 2ort = 6.

() Since the particle is moving forward and backward, we need to caleulate (£ i=8
F=32
the distance traveled in the intervals [0, 2], [2, 6], and [6, 8] separately. t=48,
=0
{2y — f(0)] = |32 — 0| = 32, £=0,
=0 :

F(6) — f(2)] = |0 — 32| = 32,
F(R) — f(B)] = |32 — 0| = 32,
The total distance 15 32 + 32 + 32 = 96 m.
(g)s=fit) =t* — 12T + 36t 4 =0 = w(t) = f{t) =3 — 24t + 36. a(t) =o' (1) = 6t — 24.
a(3) = 6(3) — 24 = —6(m/s),/s orm/s*.

(1} The particle 15 speeding up when » and o have the same sign. This ocours

(h)

when 2 <2 £ < 4 and when £ = 6. It s slowing down when v and a have

opposite signs; that is, when () < § <2 2 and when 4 < £ <2 6.

4. (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 = 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 = is concave downward (v is decreasing), that
is, on the interval (0, 2). The particle is speeding up on the interval (1,2} [v < 0,a = 0]and on (3.4) [v = 0,a = 0].
The particle is slowing down on the interval (0, 1) [v > 0,2 < 0] andon (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 < 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 = 0]

_ ih
To(a) b= 100 — 0.83% = w(t) = % — 10 — 1.66t, so v(3) = 10 — 1.66(3) = 5.02 m/s.
it

10 WIT
1.66
The value £; = (10 — /17 ) /1.66 corresponds to the time it takes for the stone to rise 25 m and

by h=25 = 1H—08%* =26 = 08 -1 +25=0 = ¢ = 354 or 851

tz = (10 + +/17 } /1.66 corresponds to the time when the stone is 25 m high on the way down. Thus,
vit) = 10 — L66[{10 — 17 ) /1.66] = /17 = 4.12 m/s.
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15. The mass is f{x) = 3z, so the linear density at « is p(x) = ['(x) = 6.

(a) p(1) = 6 kg/m (b) p(2) = 12 kg/m (¢) p(3) = 18 ke/m

Sinee o 15 an increasing function, the density will be the highest at the right end of the rod and lowest at the left end.

{rmM
2

+ — dl . . 2m M
= (GmA)yr™ = e —2(CmM)r = — —

respect to the distance between the bodies. The minus sign indicates that as the distance r between the bodies increases,

18. (a) I' =

. which is the rate of change of the foree with

the magnitude of the force /' exerted by the body of mass v on the body of mass M 1s decreasing.

2CmM .
(b) Given F(20,000) = —2, find F(10,000). —2 — _m;ﬁ = GmM = 20,000°.
20 20,000 i
‘|F _ + . o 3 . .
F'(10,000) = —=romes = 22 16 N/km

19. (a) To find the rate of change of volume with respect to pressure, we first solve for 1 in terms of .
o dl’ '

= — = e——
P P P?

{b) From the formula for dV/d P in part (a), we see that as P increases, the absolute value of dV/d P decreases, Thus, the

PV=C = V

volume 15 decreasing more rapidly at the beginning.

1 dV 1 ( 5 ( 1
Vi=-—ws—==vw|l"=|"Tos "7~
Vdp V. P2} (Pvp op o F

21, (a) 1920: 7, — o0 LT w0y gy, — 2000 IS0 0 )
1920 — 1010 1930 — 1920

(my +ma)/2 = (11 + 21} /2 = 16 million/year

o M50 — 3710 gy G280 — 4450 .
1980: m1 = Toem——oen = To = T4 2 = Toor—Toer = o = 59

(my1 4+ ma)/ 2 = (74 + 83) /2 = 78.5 million/year
(b) P(t) = at? + bt* 4 ¢t 4 d (in millions of people), where a = 0.001293T0635, & = —T.061421911, ¢ = 12,5822.97902,
and o = —7,743, 770,396,
(¢) P(t) = at? + bt? + et +d = () = 3at? + 26t + ¢ (in millions of people per year)
(d) P(1920) — 3(0.0012037063)(1920)% + 2(—7.061421911)(1920) + 12,522.97902

L]

7= 14 48 million /year [smaller than the answer in part (a), but close to it)
P'{1980) = 75.29 million /year (smaller, but close)
(e) P'(1985) =~ 81.62 million, year, so the rate of growth in 1985 was about 81.62 million/year.

PAGE 2



Name: Class; Date:

24. (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) = 37 - 500; after four hours, n{4) = 3* - 500. From this pattern, we see that the population after
{ hours is n(t) = 3" - 500 = 500 - 3.

i i_ .
(b) From (3) in Section 3.1, we have ;— (37) = (1.10)3%. Thus, for n(t) = 500 - 3¢, - ;; = 500 2 (37) = 500(110)3" =
T :
i
=~ 500(1.10)3° = 400,950 bacteria /hour.
s

t=G

P .
25. (a) Using v = ﬂ[!il - 'r‘;} with B = 0,01, 1 = 3, F = 3000, and n = 0.027, we have v as a function of r:
"

3000

v(r) = m{nm* r?). v(0) = 0.925 cm/s, v(0.005) = 0.694 cm/s, v(0.01) = 0.

(b) wir) = m{h’.* - = r) = #{—ET} = —;—ﬁ When | = 3, P = 3000, and = 0.027, we have

v'(r) = —%_ v'(0) = 0, v'(0.005) = —92.592 (cm/s)/em, and v (0.01) = — 185185 (em/s) fem.

(¢} The velocity 1s greatest where » = 0 (at the center) and the velocity 1s changing most where r = i = 0.01 ¢m

(at the edge).

E.I"l,p

el L T (L TN A (L Ty, . 1 [T
2. (a) (i) J ( )“ T (:z‘-.-' p)j’ 202\ p

N | A Y, df 1 1 I 1
= [ —] —_ - TN & e
WI=5747 (ELﬁ) Tar z(zn,ﬁ:) AL Tp
1 [T § i 1AVTY VT
(i 1 = 2=/ T = (w )p-“ »> L__2 (—) P =

TR dp 2\ 2L AL g5

(b} Mate: Mustrating tangent lines on the generic figures may help to explain the results.

{i) % < Dand £, 1s decreasing = [ isincreasing =+ higher note

(1) — = 0and 7" is increasing = fis increasing = higher note

o df - ; . ;
(111} f—'f < (hand pis imereasing == [ is decreasing = lower note
dp

W 4 iy Fi GHy £
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21. (a) C(z) = 2000 + 3= + 0.012* + 0.0002z° =  C'(x) = 3 4 0.02z 4 0.0006:°
(b)y ({100} = 3 + 0.02{100) + 0.0006{10,000) = 3 + 2 + 6 = $11 /pair. C'"(100) is the rate at which the cost is increasing
as the L00th pair of jeans is produced. It predicts the cost of the 101st pair.

(¢} The cost of manufacturing the 101st pair of jeans is
C(101) — C(100) = (2000 + 303 + 102.01 + 206.0602) — (2000 + 300 + 100 + 200) = 11.0702 = $11.07.

N !
nk  (10)(0.0821)  0.821

N FV =nkl = T (V). Using the Product Rule, we have

al 1 v S sy — ; — oe — 3 i
= = S [PV (L) + V)P (1)] = [(8)(—0.15) + (L0){0.10)] = —0.2436 K /min.

32 (a) If dPP/dt = 0, the population is stable (it is constant).

dP . P A P P 3 A
) =0 = AP=mfl-=—|P = L-1-— = —=-1-2Z = p=p(1-2Z)
® 7 ' “( P) T P P 7o ( ra

If £ = 10,000, ro = 5% = 0.05, and 7 = 4% = 0.04, then F° = lD,[HJDI:l — é:l = 2000.
(¢) If 5 = 0.05, then # = lD,DDD{l - ;::! = ). There is no stable population.

d(”’ dl

33. (a) If the populations are stable, then the growth rates are neither positive nor negative; that 1s, = 0 and T 0.

{b) “The caribou go extinct™ means that the population is zero, or mathematically, " = (.

() We have the equations d: = al’ — 6C'W and d‘;‘:f
e = 0.05, and d = 0.0001 to obtain 0.05C" — 0.00LCW = 0 (1) and —0.05W + 0.000LCW = 0 (2). Adding 10 times
{2) to (1) eliminates the CW-terms and gives us 0.05C" — D5W =0 = ' = 10W, Substituting ' = 10W into (1)
results in 0.05(10W7) — 0.00L(10W)W =0 <« 05W —0.01W?2 =0 <« 50W -W?2=0 <«
Wi{E0—W)=0 « W =0orbl Since (' = 10W, (! = 0 or 500, Thus, the population pairs (. W) that lead to

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

= —cW + dCW, Let d(7/dt = dW/dt =0, a = 0,056, b = 0,001,
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