
Math 2250-1 Practice Exam 1

Name:

Show all work. Write your answer in the space provided. Unless otherwise noted, y is the
dependent variable, x is the independent variable, and y′ = dy

dx . IVP = initial value problem,
DE = differential equation.

Practice test 1, 8 problems:

1. Determine the existence and uniqueness of the IVP: y′ =
√
y − x, y(1) = 1

2. Solve for the general solution of the DE: y′ = sin(5x)

3. Solve the initial value problem: y′ = y
√
x+ 1, y(1) = 1

4. Solve the initial value problem: y′ = −xy − x, y(0) = 0

5. List all the critical points of the equation y′ = −y(y − 1)(y − 2) and indicate the stability of each.
Then, graph the phase plane diagram. Do not attempt to solve the DE.

6. Air resistance: suppose a cyclist rides on flat ground with constant effort of fc (force per kilogram) .
Suppose further that the only hindrance against his/her effort is air resistance which is a function of
the square of velocity: fr = − 1

25v
2, where v is in kilometers per hour.

(A) Use Newton’s second law F/m = a(t) to write down a DE for v(t): dv
dt =?

(B) Solve the DE you listed in (A) using the initial condition v(0) = 0. Recall that
∫

1
1−u2 du =

tanh−1(u), and limt→±∞ tanh(t) = 1.

(C) Find the cyclist’s top speed as a function of fc (like terminal velocity). What fc is required to
obtain 40 km/hr top speed?

7. Temporary disease in a population: For a population P (t) of insects, suppose that is a terrible disease
that kills the insects, but over time the disease goes away. Suppose that we can write the net birth
rate β(t) minus death rate δ(t) that describes the disease dissipation (both in units birth/death per
month per insect) over the course of the disease as [β(t)− δ(t)] = (1− 1

1+t2 ).

(A) Given the information above, write down a DE for the population over time P (t): dP
dt =?

(B) Solve the DE you listed in (A) using the initial condition P (0) = 100. Hint: it is useful to note
that

∫
1

1+t2 dt = arctan(t)

8. Solve the matrix equation for x, y, and z by using row operations. 2 7 4
1 3 2
2 6 5

  x
y
z

 =

 0
0
2

 (1)

1



Practice test 2, 8 problems:

1. Determine the existence and uniqueness of the IVP: y′ = 1
sin(y) , y(π/2) = 1

2. Solve for the general solution of the DE: y′ =
√
x

3. Solve the initial value problem: y′ =
√
yx, y(1) = 1

4. Solve the initial value problem: y′ = −2xy + e−x, y(0) = 0

5. List all the critical points of the equation y′ = −y cos(y) and indicate the stability of each. Then,
graph the phase plane diagram.

6. Mixture problem (two parts A and B): suppose a 10 liter tank has a salt water input rate of 2 liters per
minute, with input salt concentration of 1 grams per liter. The output rate is the same as the input
rate, so the tank volume will remain a constant 10 liters for all time. Let x(t) be the amount of salt
(in grams) in the tank at time t. Assume at time t = 0 minutes that the tank very salty water with
(x(0) = 100) grams of salt.

(A) Given the information above, write down a DE for the salt amount x(t): dx
dt =?

(B) Solve the DE you listed in (A) using the initial condition x(0) = 0

7. Newton’s law of cooling: Suppose we have an oven set at A = 300 degrees. You put a room-temperature
roast T (0) = 65 in the oven at t = 0 minutes. After an hour (t = 60), the temperature reading of
the roast is up to 125 degrees. The roast will be ready to eat at 150 degrees. The law states that the
temperature follows the equation dT

dt = k(A− T ).

(A) Solve the IVP for T (t) and find the value of the parameter k.

(B) What time will the roast be ready to eat (solve for t in the equation T (t) = 150)?

8. Solve the matrix equation for x, y, and z by using row operations. 1 3 15
1 2 11
2 7 34

  x
y
z

 =

 7
4
17

 (2)

2


