
Differential Equations, Winter 2017

Grinshpan

Problem set 2

1. Find all solutions to the equation wt + 3wx = 0 of the form w(x, t) = cos(ax+ bt).

2. Suppose y(t) is a solution to the logistic equation y′ = y(2− y). Choose a time delay,
say 3 units, and set z(t) = y(t− 3). Is z(t) also a solution to the same equation?

3. The three sigmoid curves in Figure 5 (Terrell, page 12) appear to be exactly the same
shape. Are they?

4. Consider the equation ẋ = x(1− x), where x(t) > 0 represents population and
ẋ = dx/dt. What is the maximal growth rate of x(t) and when does it occur?

5. Find all errors in the following solution:

ẋ = x2

dx/x2 = dt

ln(x2) = t

x2 = et + C

6. Use separation of variables and partial fractions to solve ẋ = x(1− x).

7. The US census data from the years 1800, 1820, and 1840, show populations of about
5.3, 9.6, and 17 million. We can choose a time scale t1 in the solution x = r(1 +Cre−rt)−1

to ẋ = x(r− x) so that t = 0 means 1800, t = t1 means 1820, and t = 2t1 means 1840.
Figure out c, t1, and r to match the historical data. What population do you predict for
the year 1920? The actual population in 1920 was 106 million.

8. Consider the initial-value problem dy/dx = 2xy2, y(0) = 10000. Determine the
solution and its domain.

9. A rectangular tank measures 2 meters east–west by 3 meters north–south and contains
water of depth x(t) meters, where t is measured in seconds. One pump pours water in at
the rate of .05 m3/sec and a second variable pump draws water out at the rate of
.07 + .02 cos(ωt) m3/sec. The variable pump has period 1 hour. Set up a differential
equation for x(t), including the correct ω.

10. Solve the differential equation in Problem 9. What value should your answer give
after a long enough interval of time?


