Math 1B Section 101
18 Nov 2009 Quiz #11 (15 min)

Name: Score: /10

Billy has a serious roach problem. He estimates there are about 20 roaches in his room.
Diabolically, he figures that if he catches 15 every month, his problem will be solved.
His Math 1B GSI suggests that he test his plan using a logistic population model. Billy
studies his roaches and comes up with the following equation:

dP P
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where P is the number of roaches and ¢ is time measured in months.
1. (2 points) What are the equilibrium solutions to the above differential equation?
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2. (5 points) By making a substitution ¥ = P — 10, show that

Use this to solve the original equation above with the initial condition P(0) = 20.

b (- £)-15 = - S5cp-300(P-10).

Swhstitwiing P = y+10 amd dbge = ur, we get
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Tk 1% “tine logis g model with k=] K=20,
omd Iital Comdatien Y (o) = Ple)~10 = 0.
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3. {1 points) Can Billy era.dica.‘Eé the revolting roaches? Explain.
kst 300, PlE) & l_*_, +10 = 30,

Thus, Billy will ot be alle +o erudlicate e voaches.

4. {2 points) To solve his problem, at least how many roaches must he catch monthly?
[Hint: At time ¢t = 0, we should have %&£ < 0.]

Lt ¢ ke the nunaber of roaches e muet caseh.
The @quouk’ on becomes
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/:‘\ Thus, entwkualty P=0. Sebang 4B = 2R(1-B)-c<0

qives ¢ 72?.(1’ )-—2(2«»)(! )=.2o‘ Hemee, ¢2 2.
[End of Quiz|
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Scores

Grading Scheme

Q1)
(1 pt) stating equilibrium is dP/dt = 0.
(1 pt) solving quadratic equation to get P = 10, 30.

Q2)

(2 pt) correctly showing that dy/dt = y(1 — y/20).
(2 pt) solving the differential equation in y.

(1 pt) using P =y + 10 to get the solution in P.

Q3)
(1 pt) saying as t — oo, P — 30, or that dP/dt > 0 at t = 0.

Q4)
(1 pt) writing dP/dt = 2P(1 — P/40) — ¢ where ¢ is number of roaches to catch.
(1 pt) solving 2Py(1 — P,/40) — ¢ < 0, giving ¢ > 20.

Observations

1. Many students are not aware that for differential equations, equilibrium solutions are
the constant solutions. To find the equilibrium solutions, we set dP/dt = 0 and solve for
P as a constant.

2. Some students failed to recognize the logistic equation dy/dt = y(1 — y/20) and went
on to solve this separable equation using partial fractions which is a lot of extra work.

3. Some students thought that the equation dP/dt = 2P(1 — P/20) — 15 is a logistic
equation, and incorrectly applies the formula to solve it. Rather, this is a logistic model
with harvesting.

4. The aim of this quiz is to show that the logistic model with harvesting can be solved
using the usual formula for the logistic equation using a change of variable. The change
of variable is y = P — Ey where Ej is the lower equilibrium solution.’



