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MATH 1470 Fall 2005 Tintera
TEST 3: Two-Species and Epidemic Models. Covers Chapters 7-8

You may use calculators and one 8.5 by 11 inch page of notes. Please show all work on this test
booklet. Partial credit is awarded only for work shown. Each problem is worth as indicated. Good
luck!

For Questions 1 through 5, circle the best response.
1. What is the name of the graph with the two species on the two axes?

A. Poincare Plane
B. Equilibrium Plane
Phase Plane
. Jet Plane

2. Species r and s are represented in a plane with r on the horizontal axis and s on the vertical axis. In a
portion of the plane, Ar < 0 and As < 0. In that portion of the plane

-Anrinacasesandsiw\“b\\ ot derncer—

B. r'meremsesand s decreases.

C. rdecreases and s swerenses.
@r decreases and s decreases.

3. The basic SIR model for measles is modified to allow for the possibility that people lose their
immunity to the measles after a while. Which is true about the change in the diagram for the model?

"B.) A new arrow is added but no new groups Qo wim
". Both a new arrow and a new group are added
D. The diagram is unchanged.

A, A new group is added to the model but no arrows
9‘3 arrow y < rrovema Nt £rom R4 S

4. A town experiencing a measles epidemic suddenly doubles in population with hurricane refugees.
The new residents have the same social habits (# contacts, chance infection per contact) as the original
towns people. What will be the impact on the threshold population?

Totel ?op

A. Cut the threshold population in half. 0~ -
Double the threshold population. -

C. No changed in the threshold population.

D. Increase the threshold population by 2%.

s = -

5. In the basic SIR model, which of the following is true?

A AS=-A1 X
CEDAS+AI+AR=0
C. AS>0Qatsometime. QNS €O a-(“-"“‘ﬂ

‘%AS = AR
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6. In January 2005 there was considerable concern about the possibility of an influenza outbreak,
especially because of a shortage of vaccine. An article “Influenza activity is normal” by Leanne Libby
appeared in the Corpus Christi Caller-Times on January 22, 2005. For the purpose of this question,
assume that the influenza in Corpus Christi can be modeled by the basic SIR model from the text.

a) (5 points) The subtitle of that article was *11 case per week in Corpus Christi.” Circle the
mathematical statement that best represents that subtitle. In all cases, assume AT =1 week.

( A>AS=-11
3. Al=-11

C. b=111
D. AR=11
E. Al=11

b) (3 points each) The article included four tips from the Centers for Disease Control and Prevention
that were supposed to help prevent flu. For each of the tips, identify the factor in the f rmula for ‘a’ that
is directly changed by having people follow that tip: a - St S Con

Tutell Po

A. Cover nose and mouth with a tissue when you cough or sneeze; throw tissues away after use.
Factor: C}\G‘M“ ,w@ GCJ‘"?%/ # C"\+"ds

B. Wash hands often with soap and water, especially after you cough or sneeze. If you are not near
water, use an alcohol-based hand cleaner.

Factor: C.la I -C-( e =y

C. Stay away from people who are sick.
Factor: ﬁ:‘ O /e +a C/h
D. Try not to touch your eyes, nose or mouth. Germs often spread this way.

Factor: C A LA -C-( e\ =n

¢) (8 points) Suppose a program of vaccinating 1250 people per day for 100 days is implemented in
Corpus Christi. Show a modification of the basic SIR diagram that represents this vaccination program.
You do not need to write the Delta equations for the model.

S —-—51-—3’!1 o S"’>1_>‘2
~ 7 N

\eS ©
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7. Consider the following two-species model:

Ax =0.6x -0.002x* - 0.004 xy, & =-0.75y + 0.0015xy
At w—— -

he¢ I ﬁpes \

a) (6 points) Is either species logistic? How can you tell?
y S ZD?ISW‘C, I’T /Qf\M (A} SZ&\.M&&O 7 A
s net Legishe. - - n - - . - -

b) (6 points) Is this a predator prey model or competing species model? How can you tell?

’PfLA«O-*w ?rgvt‘ X (Aaun 'Pfﬂwl\ »\M (o8

!/\e_c.)c.,'k'\'vb m+e/rachon coetlt ‘3(5 4 ‘po$l+"7w-—'-4

c) (6 points) If the starting populations are x = 100 and y = 100, will the species x and y increase or
decrease in the near future?

AK = (100) - .oo‘L(“N’sL -0 0\(\00\(!003 =0
Dy = -5 (100) + Q0I5 (loo)(1e®) = 7 2§ +/§=—60
K STays e Same. y wi il ele ennene,

d) (7 points) Find the equilibrium points for this model.

Solve Ak =0 & Ay=e g\muﬂ(&meews(7

—

KA = ©
0, .
- é\ AzO o 'G"°°2X—.oo‘(7:o
| \-j:o = 4 L OOLX = o
1-'*,;-‘;',-,_:'1500
(300,0)

«= 500 =% 4<O
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8. Below is the phase plane for a pair of species X and Y. In Region I, it is known that AX > 0 and
AY > 0. is an equilibrium point. —_—

a) (5 points each) Draw arrows to show the direction of change of the points in Region II and Region
I11.

b) (135 points) Interpret the phase plane biologicaily.
Y

AN
\J,\ I

& >
v, AX=0
<o
QY’U ‘T QX>° AX<D
N
Y ) Ixf\ Re f-’\'av\s 1 . :l: + po rats

A E) the  ponts

Irheoad towand A
In biclegicd 4erms | tls
woudd by extachion e Y
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