Mat321 — Spring 2019 —Exam3-Take Home

Instructor: Dr. Francesco Strazzullo Name

I certify that I did not receive third party help in completing this test (sign)

Instructions. Technology and instructor's notes (including the formula sheets from our book) are allowed on
this exam. Each problem is worth 1Qpoints, unless otherwise specified. If you use notes or formula sheets,
make a reference. Some exercises require the use of Geogebra and you must upload to Eagleweb the GGB
file you create.

SHOW YOUR WORK NEATLY, PLEASE (no work, no credit).

1. Suppose that you have a water tank that holds 250 gallons of water. A briny solution, which contains 30
grams of salt per gallon, enters the tank at the rate of 2 gallons per minute. At the same time, the solution is
well mixed, and water is pumped out of the tank at the rate of 2 gallons per minute.

(a)Since 2 gallons enters the tank every minute and 2 gallons leaves every minute, what can you conclude
about the volume of water in the tank.

(b)How many grams of salt enters the tank every minute? :

(c) Suppose that S(7) denotes the number of grams of salt in the tank in minute 7. How many grams are
there in each gallon in minute #?

(d)Since water leaves the tank at 2 gallons per minute, how many grams of salt leave the tank each
minute?

(e) Write a differential equation that expresses the total rate of change of S.
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: 8 Show that f(x) = 2x + 2 — 7e*~ 2 is the solution of the IVP
y'=y-2x, y@)=-1
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Use Euler's method with step A = Ax = 0.05 to estimate f(2.5) for the solution of the IVP
y =y-2x, y2)=-1

Show your setup with formula, then use technology (a spreadsheet) to perform computations (upload it if
you do not copy your computations here). Finally, use exercise 2 to compute the approximation error
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4. Find the (explicit) solution of the IVP given by y' = y cosx —y and y(0) = 2.
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5. Consider the differential equation y’ = (4y? — 4y — 3)x. (HONOR use y' = (y® —y% —y)x )
(a) What are the equilibrium solutions?

(b) Without using graphs, find the values of y for which y(t) is increasing or decreasing as x — co.
(¢) Using part (b), decide the stability of the equilibrium solutions of y.

(d) Use a software to sketch the direction field and the equilibrium solutions for the given differential
equation and compare it with the information from above (upload your file).
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6. Find the orthogonal trajectories of the family of curves below, then draw several members

of each family on the same coordinate plane and upload a GGB file with these families of functions.
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7. In a model of epidemics, the number of infected individuals in a population at a time is a solution of the
logistic differential equation % =.0032y? — .04y, where y is the number of infected individuals in the

community and 7 is the time in days.

(a) Find the most general expression that can describe the infected population.

(b) Assume that 18 people were infected at the initial time z = 0. Express the infected population.
(c) What is the limiting size for the number of infected individuals?

(d) How many days will it take for half of the population to be infected?

C"“) 7\: .o@&%}’(}’«%)%J 0/ :X,.ooszéb’:o

y(Y-126)
?/3;\4(/ A(Y"z;) 4+ Dy=1 = /\4\?‘5 - 2/25 q Mg
T TIA wémt., /—o o A==2/2
ol ,
e A _oosab 4 e Ay thnlV-esl s e
2 b4 -
(] _ V2.6 s Y128 Cémr'/
Z U A2 / — VAL e ~£D -4, :
%Qn\ (’25”‘2%“7"’66
Je @
2y VI (s | o
-y 125
= ol
¢ ce
| 2. I
(b [3:‘7’(()): 12, = —_—) = (-€ - \ 2.7 5DCf~—"
) L-*C(Z,o | -€ y %6
b T _ L oub 36— 1l g’
|- %2

(«:) Lt 5126z fh— Yy = QO ,ovr v TH3

ot » T PN
lon oY T tHeas 3 A VA, ot vAY t:ifﬁm(ﬂ' v 30

(cJ T QupsTion CAAWET % adSWERZYD | Betaly THIRS 1 ﬂ@[;;@
Lim T\l SI1Z8 for Mg P PULAT L/ o’r IV BIETEN wtb:/lf;wizg.
(B wd o THE  pofliATlay's $1Z20 | THEY we LodLyy ASW

S 2
> l\/OTt?? Tz W;T(@ MmoDsL YA THT ofPesiTd ¢ \/3:".05’52}’ 4—0{1/)/ 6



8. A phase portrait of a predator-prey system is given below in which F represents the population of foxes
and R the population of rabbits (in tens).

fif e dend Q! Iﬁ T3t (a) Referring to the graph, what is a reasonable non-

\ zero equilibrium solution for the system?

(b) Write down a possible system of differential
equations which could have been used to produce the
given graph.

7 ¢ (c) Describe how each population changes as time

/| passes, using the initial condition P indicated on the
- graph.

RN o ; (d) Use your description in part (c) to make a rough

) m;zf‘gi'tB STDo I e C o0 sketch of the graph of R and F as functions of time.
VISISISIIoTITICCIAIICICICIICCIIIIR D (e) Recreate the phase portrait above in a GGB file and
i e b oot voduns; sefons i fudel ¢ el b b upload your file.
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MAT 321 — Spring 2019 — Exam3 — In Class

Instructor: Dr. Francesco Strazzullo Name

I certify that I did not receive third party help in completing this test (sign)

Instructions. Each exercise is worth 10 points. Same instructions as for the take-home part.
SHOW YOUR WORK NEATLY, PLEASE (no work, no credit).

9. Find the explicit general solution of y’ = yx — 2x and the particular solution given by y(—1) = 1.
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10.  Use Euler’s method with step h = Ax = 0.02 to estimate y(—1.4) for the IVP given by y’' = yx — 2x
and y(—1) = 1. Show your setup formula, then use technology (a spreadsheet) to perform computations
(upload it if you do not copy the results of your computations here). Finally, use exercise ? to compute the
approximation error.
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