
Test 1 100 points Math 220 Name:

1. (8 points) The slope field for the autonomous equation y′ = f(y) is given below. Estimate and classify
the critical points, and draw the equilibrium solutions. Finally, Draw a typical solution on either side
of the equilibrium solutions. Assume f(y) satisfies the existence-uniqueness theorem’s criteria.
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2. (9 points) Suppose a water tank is being pumped out at 1 L/min. The water tank starts at 1 L
of clean water. Water with toxic substance is flowing into the tank at 2 L/min, with concentration
1 + cos(t)

1 + t
micrograms per liter at elapsed time t. How many micrograms of toxic substance are in the

tank (assuming perfect mixing) at any elapsed time t?



3. (9 points) Find the charge q(t) on the capacitor at any time t for the LRC circuit with L = 1 henry,

R = 3 ohm, and C =
1

2
farad, E(t) = 4t volts, q(0) = 0 Coulombs, and i(0) = 1 Amperes.

4. (8 points) Find two different solutions to the IVP
dy

dx
= 2xy1/3, y(0) = 0. Why does this not

contradict the Existence-Uniqueness theorem?



5. (9 points) An unforced spring-mass system with no damping has a spring constant of 5 newtons per
meter. Suppose the system is at rest and at time t = 0 the mass is kicked and starts traveling at
10 meters per second. How small does the mass (in kilograms) have to be so that the it does not go
further than 2 meters from equilibrium?

6. (8 points) Find the value of c that makes (cxy− 2x)dx+ (4x2 + 2y)dy = 0 into an exact equation and
then find a general implicit solution using your value of c.



7. (9 points) Use a substitution to find an explicit solution to
dy

dx
− yx−1 = 1 + y2x−2.

8. (8 points) Solve
dy

dθ
= tan(θ)y + 1 for y explicitly if y(π) = 1.



9. (9 points) Find the general solution for x′′ − 2x′ + x = t−1et.

10. (8 points) Find the general real solution for
d4y

dx4
− 6

d3y

dx3
+ 13

d2y

dx2
= 0.



11. (7 points) Are the functions 1, x, and x2 linearly independent? Defend your answer.

12. (8 points) Find an implicit solution for
dy

dx
= e−x sin(x)(y2 + 6y + 8), y(0) = 0.


