
MTH 256 Lesson 1 - Introduction to ODEs and Slope Fields

1. Verify by substitution that y1 = ex cos(x) and y2 = ex sin(x) are both solutions to the
differential equation y′′ − 2y′ + 2y = 0.

2. Verify by substitution that the family of functions y(x) = 1
4
x5 + Cx−3 are solutions to the

differential equation x
dy

dx
+ 3y = 2x5 and then determine the value of C so that y(x) satisfies

the initial condition y(2) = 1.

3. Determine by inspection at least one solution of the given differential equations.

a. y′ = y b. y′′ + y = 0
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Existence and Uniqueness of Solutions:
Suppose that both the function f(x, y) and its partial derivative Dyf(x, y) are continuous on
some rectangle R in the xy-plane that contains the point (a, b) in its interior. Then, for some
open interval I containing the point a, the initial value problem

dy
dx

= f(x, y), y(a) = b

has one and only one solution that is defined on the interval I.

More specifically, if f(x, y) is continuous near the point (a, b), then at least one solution of
the differential equation y′ = f(x, y) exists on some open interval I containing the point
x = a and, moreover, that if in addition the partial derivative ∂f/∂y is continuous near (a, b),
then this solution is unique on some (perhaps smaller) interval J .

4. Construct a direction field for the differential equation y′ = x2 + y2 − 1. Then sketch a few
solution curves for different initial conditions, making sure to include the solution curve with
initial condition y(0) = 0.
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5. Go to https://www.geogebra.org/m/W7dAdgqc and mess around plotting some differential
equations. Try some with sine and cosine functions. Try some with logarithmic or
exponential functions. Be sure to be mixing x and y-variables. Try plotting specific solutions
and moving around points to plot them. Get comfortable enough with this that you can use
it at-will throughout the term.
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