Section 9.1 Modeling with Differential Equations

21. A population is modeled by the differential equation

ar =12P|1— i
dt 4200

(a) For what values of P is the population increasing?
(b) For what values of P is the population decreasing?

(c) What are the equilibrium solutions?

Solution:

(a)%:l.QP(l P ) NwdZ oo o 1oL 1 =

~ 1200 p 1200 > 0 [assuming that P > 0] =

P
4200

P <4200 = the population is increasing for 0 < P < 4200.
(b)%<0 = P> 4200

(c)%zo = P=42000rP =0

25. Match the differential equations with the solution graphs labeled I-IV. Give reasons for your choices.
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Solution:

@y =1+2>+9*>>1andy’ — ocoasz — oco. The only curve satisfying these conditions is labeled III.

b)y' = ze V" > 0ifx > 0and y' < 0if z < 0. The only curve with negative tangent slopes when = < 0 and positive

tangent slopes when z > 0 is labeled I.

L > > 0and y’ — 0as z — oco. The only curve satisfying these conditions is labeled TV.

/!
©y = 1+ ety

(d) v’ = sin(zy) cos(zy) = 0if y = 0, which is the solution graph labeled II.



29. Differential equations have been used extensively in the study of drug dissolution for patients given oral medications.

One such equation is the Weibull equation for the concentration c(t) of the drug:

de k
PTG

where k and ¢, are positive constants and 0 < b < 1. Verify that
e(t) = es(1 — e_atlfb)
is a solution of the Weibull equation for ¢ > 0, where o = k/(1 —b). What does the differential equation say about

how drug dissolution occurs?

Solution:

If c(t) = cs (1 - e_atlib) =cs—cse " " fort >0, where k > 0,c, > 0,0 < b< 1,and o = k/(1 — b), then

de
di

d

d a(l—0) aglb
dt

m Cs € = k (cs — ). The

= cs {0 _emat' ™ Iy

(—atl_b)} = —c,e " (—a)(1 =b)t™° =

equation for c indicates that as ¢ increases, ¢ approaches c,. The differential equation indicates that as ¢ increases, the rate of

increase of ¢ decreases steadily and approaches 0 as ¢ approaches cs.



