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1. Introduction to Differential Equations

A.

What’s a Differential
Equation?
1. Definition
2. Form
3. Ordinary vs. Partial
Differential Equations
. Types of Differential
Equations
1. Linearity
2. Order
. Solving Differential Equations
1. Family of Solutions
2. Initial Value Problems
3. Boundary Value Problems
. Verifying the Solution of A
Differential Equation

II. Solving First Order Differential

A.

D.

Equations
Separable Differential Equations
1. Solution Technique
2. Examples
. Exact Differential Equations
1. Definition and Form
2. Test to Determine if an
Equation is Exact
3. Example
. Linear First Order Differential
Equations (or Solution by
Integrating Factor)
1. Form
2. Solution Technique
3. Example
Which Technique Do I Use?

III. Higher Order Differential
Equations With Constant
Coefficients

A. What’s That Mean?

1. Linear independence
2. Homogeneity

. Solutions

1. General Solution Form
2. Forming the Characteristic
Equation
3. Possible Outcomes
a. 2 Distinct Real Roots
b. Repeated Roots
c. Complex Roots
4. Examples

. Solutions of Higher Order

Differential Equations with
Constant Coefficients

1. Examples

2. Synthetic Division

. Non-homogeneous

Differential Equations with

Constant Coefficients

1. Complementary Solution

2. Particular Solution

3. Method of Undetermined
Coefficients

IV. Variations of Parameters



Derivative Form: y +y =0

dy + dy_
dx? dx

Differential Form:

Differential Operator Form: D’y+Dy =0

Separable Differential Equation: dy = f{x)g(y)
dx

M

Exact Differential Equation: M(x,y)dx + N(x,y)dy = 0, where _ % = ¥

y

Linear First Order Differential Equation: ﬂ+ P(x)y = Q(x)
dx

P(x)dx
e Formula for Integrating Factor: I(x) = e

Homogeneity: ay +by +cy = g(x)

If g(x) =0  homogeneous
If g(x) 0 non-homogeneous

General Solution Form for Second Order Differential Equation:
y=c,; solution; + ¢, solution,

¢ Solution Form:
y = em

 Possible Outcomes:
¢ 2 Distinct Real Roots
e Repeated Roots

e Complex Roots (m =a  bi)
Use y = ex cosbx, and y = e sinbx

Non-homogeneous Differential Equations with Constant Coefficients:

* Final Solution Form: y =y, +y,
¥, = complementary solution
Y, = particular solution

Variations of Parameters Formulas:

Yp =Ay; + By,

A =- g():: Y2 and B =7g():: Y1 where w= ViV - Y2y,

A=- 82 qnap= 8y
w w



Chart to Choose y,

form of g(x) formof y,
constant A
3x+ 1 Ax + B
3x2 Ax2+ Bx + C
3P+ X+ 1 A¥ +B2+Cx+D
sin x Acos x+ Bsin x
cos X Acos x + Bsin x
en Aems
xems (Ax + B)em
(x2 + 1)emx (Ax2 + Bx + C)em~
em sin X Aem cos x + Bemrsin x
x%sin x (A +Bx+ C)cos x+ (D% + Ex+ F)sin x
XemCos X (Ax + B)em cos x + (Cx + D)e™ sin x

Useful Rules, Formulas, and Identities:

eatb = (ea)(eb)

secxdx=1n secx +tanx +C

- -b b2-4ac (Quadratic Formula) | sec x tan xdx =sec x + C
2a
L dy=arctany + C or tan”y+C
y2+1
i dy= 1ny +C
y 1

udv = uv - vdu (Integration by Parts)

cos xdx =sinx + C

sin xdx = -cos x + C

sec? xdx = tan x +C

1 X

dx = __ arctan — + C

a’+x2 a a

1 X

dx = arcsin —_+ C
a

a2-x2

cos?x +sin2x =1

seCXxX=
COos x

sinx
T~ =tanx
cosx




