Exam 4 Calc2 12/3/2004
Each problem isworth 10 points. For full credit provide complete justification for your answers.

1. Circledl of the candidates below which are differentid equations.
)Y
ax
b) 5x = 25
c)y=¢l
dy" +7y'+12y=0
e0=1

f) 42

g) zebras = mammals

2. Determine whether y = x e isasolution to the differentid equation Xy’ =y + x y.



dm
3. The differentid equati onE =0.1m+ 200 hasgenerd solution m(t) = Ae®* —2000. Find a

particular solution satisfying the initial condition m(0) = 1500.

4. An object is placed in a68° room. Write adifferentia equation for H, the temperature of the object
atimet.



5. Find the generd solution to the differentid equation y¢= \/; :



6. Congder apond that has an initia volume of 10,000 cubic meters.
Suppose that at timet = 0, the water in the pond is clean and that the
pond has two streams flowing into it, stream A and stream B, and one
stream flowing out, stream C. Suppose 500 cubic meters per day of
water flow into the pond from stream A, 750 cubic meters per day flow
into the pond from stream B, and 1250 cubic meters flow out of the
stream via stream C.

Attimet = 0, the water flowing into the pond from stream A becomes
contaminated with road sdt a a concentration of 5 kilograms per 1000
cubic meters. Suppose water in the pond iswell mixed so that the
concentration of sdt at any given timeis constant. To make matters
worse, suppose aso that at timet = 0 someone begins dumping trash
into the pond at arate of 50 cubic meters per day. To adjust for the
incoming trash, the rate that water flows out via stream C increases to
1300 cubic meters per day and the banks of the pond do not overflow.

o : : . dS_5 26S
This Stuation can be modeled by the differential equation— = — -

dt 2 200-t
0and 200. Solving this differentia equation is beyond our techniques, but we can gpproximate. Use
Euler’ smethod with At = 10 and theinitid condition S0) = 0 to gpproximate the amount of sdt in the
pond after 20 days have passed.’

for vdues of t between

1Shamedesdy snatched from Blanchard-Devaney-Hall’s Differential Equations, 3" edition



7. The downward velocity of afaling object is modeled by the differentid equation

dv
T =32- 0.4v?. If v(0) = 0, the velocity will increase to aterminal velocity. The termina velocity

is an equilibrium solution where the upward air drag exactly cancels the downward gravitationd force.
Find the termind velocity.?

2Shamdesdy lifted from Smith-Minton's Calculus, 2™ edition.



8. Biff is having some trouble with differentid equations. He says“Dude, here s my thing with dl this.
So | guessthere slots of times when differentid equations have, like, infinitely solutions, right? But so |
was wondering, like, if there were maybe some differentia equations that only have just one solution, or
maybe just two or something, ingtead of having infinitely many. Can that happen?’

Explain to Biff, in terms he can understand, whether it can happen that a differentia equation might have
only one or two solutions, and why.



9. Carbon-14 has a haf-life of 5730 years. Write adifferentia equation for the breskdown of carbon-
14 in an object, give a solution to this differential equation provided that the amount of carbon-14
present when t = 0isgiven by A,, and (to the nearest year) determine how long it takes until only 80%
of the initid amount of carbon-14 in an object remains.



10. Suppose that f(x) isafunction for which (f(X) dx = (). Find agenerd solution to the

d
differentia equation &y =f(x)y+y.

Extra Credit (5 points possible):
nt
. r
What is Ilmai+—2 ?
n®¥8 n [7,]



