
Math 155 Wednesday April 11th, 2018

We are switching to studying continuous time dynamical systems with differential equations.
If we know information about the instantaneous rate of change of a quantity at every moment in
time, we can deduce how the amount of the quantity changes over time.

In this course we will focus on pure-time differential equations where we know the rate of change
at every moment in time. These differential equations are of the form:
f ′(t)= some function of t.
The goal will be to find the original function f(t).

Find f(x) for the following differential equations. n and c are parameters.

1. dy
dx = 4x3

2. dy
dx = xn

3. dy
dx = cxn

4. dy
dx = x+x2

√
x

5. dy
dx =

√
x

x+x2

6. dy
dx = sin(2x)

7. dy
dx = 2

x
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2. The following graph gives a runner’s rate of change in meters per second as a function of
time in seconds. Positive rate of change is when the runner is running towards the end of the race.
Negative rate of change is when the runner is going backwards. A distance of zero corresponds to
the start line. (Label Axis)

a) Describe what is happening to the runner between t = −2 and t = 0 seconds. Time zero is
when the gun to start the race sounds.

b) Estimate the distance the runner traveled between time t = −2 and t = 2 second. Any
reasonable estimates will be accepted but you need to show work to justify your answer.
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c) Assume the runner starts −.5 meters before the start line when the gun starts the race. Draw
the runners position from the start line as a function of time elapsed from t = 0 to t = 2 seconds.
(Bonus, figure out where runner was before start.)

Euler’s Method for Solving Pure-Time Differential Equations
Sometimes it is really hard to solve pure-time differential equations algebraically by finding the

original function f(x) given f ′(x). We can use multiple tangent line approximations to approximate
any quantity given its rate of change at any moment in time and its starting amount. This is
essentially algebraically making approximations just like we did on graphs when we pretended that
the runner traveled at a constant rate on each small interval.

Example Suppose dp
dt = e−t. Suppose the initial condition is P (0) = 2.

1. Pick a interval size to pretend the rate is constant on. (Say ∆t = 1. )
2. Find slope of approximating tangent line at t = 0 using derivative
3. Approximate P (1) using the concept that:
New Amount = Initial Amount + (Rate)(change in time).
In symbols:
P̂ (0 + ∆t) = P (0) + P ′(0)∆t
4. Repeat the process of finding slope of tangent line approximation and using it to find amounts
of P̂ function. Remember that each approximation has a new slope. (see page 352 in book for
similar example)
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