PALOT

Problem Set 1

Differential Equations
Fall 2025

Welcome to the PILOT Learning for AS.110.302 Differential Equations and Applications. This course
studies the dynamics of system(s), described as ordinary differential equations, which are foundations
of many more advanced mathematical models. While the PILOT program cultivates the mastering of
knowledge, please also seek for comprehension through collaboration.

Prior to entering this class, let’s remark on the key components that you might be familiar with:

e Pre-Calculus:

— Polynomials and roots - Trigonometry — Complex Numbers

e Basic Calculus:

— Differentiation — Antiderivatives — Integration Techniques

® Sequences and Series:

— Power Series — Convergence & Divergence - Taylor Expansion

¢ Basic Linear Algebra Concepts:

— Linear Independence — Eigenspace (optional) — Determinants

Clubs & Orgs Bulletin

Promote your club! https://forms.gle/V19BipzLyuAaWMyz8
There is no Bulletin this week.

Tip of the Week
Important registration dates this semester:

Sept. 5 is the deadline to add courses and waitlists at Homewood. Oct. 6 is both the deadline to drop a course and
add independent academic work. Nov. 7 is both the deadline to withdraw (W on your transcript) as well as change
any enrollment grading system to or from S/U. Find out more here: https://tinyurl.com/jhureg.


https://jhu-ode-pilot.github.io/FA25/
https://forms.gle/V19BipzLyuAaWMyz8
https://tinyurl.com/jhureg.
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1. (Indefinite Integrals). As one of the most important skills of differential equations, the study requires
proficiency in integration. By the Fundamental Theorem of Calculus, the basics of most computations
are on finding antiderivatives. Please evaluate the following indefinite integrals:

(@) [ S
(b) / sin(5x)e” *dx.

(c) /cos(Zt) tan(t)dt.


https://jhu-ode-pilot.github.io/FA25/
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2. (Separable ODE.) Solve the following initial value problem (IVP) on y = y(x), and specify the
domain for your solution:

y(e) = —6.

Note: Here log(x) := log,(x) is the natural logarithm function, which may be written as In(x).

{y’ = (xlogx)~?,


https://jhu-ode-pilot.github.io/FA25/
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3. (Direction Field). Let a differential equation be defined as follows:

%:y3—7y2+16y—12wherexZOandyZO.

Recall that a differential equation is:

e ordinary if it is composed of only ordinary derivatives (d"y/dx" or y("™), and partial if it

contains any partial derivatives (0"y/dx" or dty);
e linear if the operator L[y] = f(x) is linear with respect to y, and nonlinear otherwise.

e of order k if the highest order of derivative is k.
N J

(a) Classify the above differential equation.

(b) Sketch a direction field on the differential equation, and state the equilibriums of y, interpret
their stability.


https://jhu-ode-pilot.github.io/FA25/
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4. (Constructing ODEs from Solutions). Let x(t) = t%’.

(a) Construct a second order ODE such that x(t) is a solution and the differential equation includes
all terms of x(t), x'(t) and x”'(t), along with some leftover terms independent of x.
Hint: Take the derivative of x(t) and fit them together into some linear combinations.

(b) Are the ODEs satisfying (a) unique?


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

