
Math 2250-1 Practice Final 1

Name:

To receive full credit you must show work and reasoning. Unless otherwise noted, y is the
dependent variable, x is the independent variable, and y′ = dy

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

1. Solve the IVP: y′ = ye−x + e−x, y(0) = 1

2. Solve the IVP: y′ = e−|x|, y(−10) = 0

3. Solve for the general solution: y′ =
(

y
x

)2

4. Suppose a cyclist rides up a 10% grade hill, where x is the horizontal position and v is the horizontal
velocity x′ = v. in meters per second. The cyclist puts fp cos(θ) force per kilogram through the pedals
of the bike to propel forward (positively) horizontally, while the downward forces of gravity cause
a opposing horizontal force per kilo fg = sin(θ) cos(θ)/7 on the hill, and horizontal wind resistance
provides and additional opposing force per kilo of fw = (cos(θ)/10)v, which depends linearly on the
horizontal velocity. Note that a 10% grade implies sin(θ) = 0.1 and cos(θ)2 = 1− sin(θ)2.

(a) Write down a differential equation describing the dynamics of the rider’s velocity.

(b) If the rider begins a one-killometer horizontal ride up this hill, starting with an initial velocity of
zero, what time will she cross the finish line as a function of fp?

5. Suppose the column space of A is spanned by v1 = [1 1 1]T , v2 = [−1 0 1]T . Determine if Ax = b has
a solution if b = [2 − 3 3]T .

6. Solve the homogeneous IVP: y′′ + 4y′ + 5y = 4 + x+ sin(x)e−2x with y(0) = 1, y′(0) = 0.

7. Find three linearly independent solutions to the system

dx

dt
=

 0 1 2
−5 −3 −7
1 0 0

x
8. Find the stability of all critical points of the non-linear system

dx
dt = x− y
dy
dt = −1 + x2

(a) list all critical points of the non-linear system.

(b) Find the stability of all critical points.
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