Calculus | Homework #5 Section 3.4

3. (a) By Theorem 2, P(t) = P(0)e™ = 100e™. Now P(1) = 100" =420 = & =22 = L=In42
So P(t) = 100e!'™ *21" — 100(4.2)".
(b) P(3) = 100{4.2)" = T408.8 == 7409 bacteria
() dPfdt = kP = P(3) = k- P(3) = (In4.2){100(4.2)") [from part (a)] = 10,632 bacteria,hour
(d) P(t) = 100(4.2)" = 10,000 = (4.2)' =100 = {=(Inl00)/(In4.2) 2= 3.2 hours

6. {a) Let P(t) be the population (in millions) in the vear £ Since the initial time 15 the year 1900, we substitute ¢ — 1900 for £ in
Theorem 2, and find that the exponential model gives FP(t) = J”l:'ll5§|[II[II:|».".""';"_15""]':'}I =
P(1910) = 92 = 7071900 0 — L 82 = 0.0191. With this model, we estimate
P{2000) = 76520001900} - 514 million. This estimate is much too high. The discrepancy is explained by the fact that,
between the years 1900 and 1910, an enormous number of immigrants {compared to the total population) came to the
United States. Since that time, immigration (as a proportion of total population) has been much lower, Also, the birth rate
in the United States has declined since the turn of the 20th cenfury. So our caleulation of the constant & was based partly on
factors which no longer exist.

(b) Substituting ¢ — 1950 for £ in Theorem 2, we find that the exponential model gives P({) = P{1980)e0—19800

P(1990) = 250 = 227K1900-1050) -y L 1n 280 o ),00965. With this model, we estimate

P{2000) = 2275200019800 o 978 2 million. This is quite accurate. The further estimates are
P{2010) = 227:%% 2= 303 million and P{2020) = 227" = 334 million.

{c) S0 The model in part (a) is quite inaccurate after 1910

{off by 5 million in 1920 and 12 millien in 1930), The model in
part (b) is more accurate (which is not surprising, since it is based

on more recent information).

- 2008

8. (a) The mass remaining after ¢ days is y(¢) = »(0)e** = 800e™ . Since the half-life is 5.0 days, y(5) = 800" = 400 =

GSk 1 S 1 A . _ =iInZ 5 rp=1i/5
¢ 1 = Bk=Inl = k=—{In2)/5 soy(t) =800~ "B = gpp - 2749,

(b) (307 = 800 - 27°%° = 125 mg (d) ¥
1)

. —i(In2}if5 [ |
) 800 I < —(n2)f=Inz=—-In800 <«

£ = 51800 = 4R days

Im 2

-y

00 10 2 330 20 N

Page 1




Calculus | Homework #5 Section 3.4

dai’ . il
15. = k(T — 20). Letting iy = 1" — 20, we get Ey = ky, soy(t) = y(0)e™. »(0) =T(0) — 20 = 5 — 20 = —15, s0

y(25) = y(0)e™ = —155% and y(25) = T(25) — 20 = 10 — 20 = —10, 50 —15™" = —10 = ** = 2 Thus,
25k = ln{%] and & = % Ing:l, soy(l) = y{D}n“ = —15e 12BN ppare simply, £*™* = % = g5 = {%}”35

= (2T = y) = —15- (2)".

(@) T(50) = 20+ y(50) = 20 — 15- (2P°"* =20 - 15- ()’ =20 - & = 13.3°C

()16 =T(1) =20+ y(t) = 20— 15- (21 = 15 () =5 = ()" =1
(t/25) In(3) =In(3) = ¢=25In(3) /In(3) = 67.74 min.

4

nk
19. Using A = :"1;.(]_ + 1) with Ag = 3000, 7 = 0,05, and { = b, we have:
T

a) Annually: 7 = 1; A= 3000(1 + 205" _ 9389884
{a) ¥ -1

b) Semiannually: 7 = 20 A = 3000{1 + %057%% _ $3840.95
{ ¥ =

¢) Monthly: n — 12; A= 3000{1 4+ 8057 _ gaern 08
{c) A L

d) Weekly: n = 52: A= 3000{1 ¢ L0555 _ gnae) g1
{ b Bz

¢) Daily: o = 365 A = 3000(1 59055 _ gagea ]
{e) ¥ a5

(f) Continuously: A= :mnuf-f”-“"?" = $3852.08
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