
MATH 360-1, Fall 2010 MENU Applied Analysis
Test 1

Each question is worth 15 points.

1. A 200 liter tank holds 100 liters of pure water. Salt solution of 200 g/l
comes into the tank at a rate of 2 l/min, while thoroughly mixed solution
drains at a rate of 1 l/min. (This is not a typo.)
a.) Write a differential equation for y = y(t), the total amount of salt in the
tank at time t in minutes. Include the initial condition.
b.) How much salt is in the tank when it overflows?

2. In this problem we will study a harvested population subject to the
logistic equation

y′ = 6y − y2 − 8.

a.) Draw the phase portrait, indicating the equilibrium solutions and where
the population will be rising or falling.
b.) Suppose the population does not die out. What does this imply about
y0 = y(0)?
c.) Solve the differential equation subject to y(0) = 5.

3. A sled is powered forward by a rocket which exerts a constant force of
F0 Newtons (= meters × kg/sec2). It meets resistance proportional to the
square of the velocity, but all other forces are negligible. Assume the sled
is at rest at time t = 0.
a.) Write down a differential equation for the velocity of the sled. Use
F = ma and let k be the constant of proportionality. Include the initial
conditions. Do not solve!

b.) Now suppose the force instantaneously doubles to 2F0 at t = 10. Rewrite
the differential equation for this new situation. Do not solve.

4.a.) Find the steady state solution of

y′′ + by′ + 4y = cos (2t), 0 < b < 4.

Recall that the steady state solution is the solution that attracts all other
solutions.
b.) Suppose there is a time t1 so that the steady state solution has value
greater than 100 at t1. What can you say about b?



Answers

1.a. ) y′ +
y

100 + t
= 400, y(0) = 0.

b.) y =
200(200t + t2)

100 + t
, so y(100) = 30, 000.

2.a) The equilibrium solutions are y = 2, 4. The population is rising if
2 < y < 4 and falling if y > 4 or y < 2.

b) y(0) ≥ 2.

c.) y =
12− 2e−2t

3− e−2t
.

3. a) mv′ + kv2 = F0, y(0) = 0.

b) mv′ + kv2 =


F0, 0 ≤ t < 10;

2F0, t ≥ 10,
y(0) = 0.

4.a.) y =
1
2b

sin (t).

b.)
1
2b

> 100 or b <
1

200
.


