PALOT

Problem Set 4

Differential Equations
Fall 2025

As we wrap up the first main part of the class, let’s remark on the key components so far about first order
ordinary differential equations:

¢ Concepts:

— Existence — Uniqueness — General Solutions - Specific Solutions (IVPs)

e Methods to solve first order ODEs:

— Separable ODEs — Integrating Factor - Autonomous - Exact ODEs
ODEs
* Behavior analyses:
— Directional Field =~ — End Behavior — Phase Line — Bifurcation Diagram
Get ready for more classes of differential equations!
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Clubs & Orgs Bulletin
Promote your club! https://forms.gle/V19BipzLyuAaWMyz8

A Place to Talk: Need to vent about something or talk through an issue? Come visit an APTT room!
Want to encourage your organizations” members to be more compassionate and welcoming? Schedule

listening and empathy training by emailing apttexternaltraning@gmail.com. Learn more: @jhuaptt or

https:/ /pages.jh.edu/aptt/
- J

Tip of the Week

Ready to see the world? The Global Education Office has resources for Study Abroad programs in over 50 countries
worldwide, for all areas of study. They provide help with applications, scholarships, and accommodations. Interses-
sion and Spring semester application deadlines are coming up, so find out more at https://studyabroad.jhu.edu/!


https://jhu-ode-pilot.github.io/FA25/
https://forms.gle/V19BipzLyuAaWMyz8
apttexternaltraning@gmail.com
https://pages.jh.edu/aptt/
https://studyabroad.jhu.edu/
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1. (Make an Exact ODE). Let a differential equation on y := y(x) be defined as follows:
xy? +bxy + (x +y)x’y = 0.
Suppose this differential equation is exact. Find the appropriate value of b and then solve for the
solution of the differential equation.


https://jhu-ode-pilot.github.io/FA25/
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2. (Bifurcation Diagram). For the first-order autonomous ODE:
dx 2
22— 2
T X x+e¢,
with parameter ¢ € R, do the following;:
(a) Sketch all of the qualitatively different graphs of f(x) = x> — 2x + ¢, as c is varied.
(b) Determine any and all bifurcation values for the parameter c.

(c) Sketch a bifurcation diagram for this ODE.


https://jhu-ode-pilot.github.io/FA25/
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3. (Integrating Factor & Exactness). Let a differential equation be defined as follows:

dy _
dx
(a) What is the integrating factor (y(x)) for the equation? Solve for the general solution.

Xy —1.

(b) Is the equation exact? If not, make it exact, then find the general solution.

(c) Do solutions from part (a) and (b) agree?


https://jhu-ode-pilot.github.io/FA25/
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4. (Preliminary to Second Order ODEs). Let a second order differential equation be defined as follows:
y' =2y +y=0.
(a) Verify that y; = e’ and y, = te! are two solutions to the above differential equation.

(b) Verify that any linear combination of y; and y» is a solution to the above differential equation.


https://jhu-ode-pilot.github.io/FA25/

