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Differential Equations
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Initial Yalue Problems
e Definitions
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Definitions

e Differential Equation and the Order of a Differential Equation
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Examples of Differential Equations
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2. y"=3y"+3sin(x) =2 -y

a. is a first order differential equation
b. is not a differential equation

c. is a second order differential equation

is a third order differential equation
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3. The function 2sin(x) + x solves the differential equation
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Remark: Differential equations typically have infinitely many solutions.
We need to give some other information to pinpoint a specific solution.

Theée\nm to a differential equation is an expression (often

involving arbitrary constants) that can be used to generate every solution of
the differential equation.
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Definitions

e Initial Value Problem: | a differential equation, coupled with initial data...
T —————— ———
‘j More specifically, an initial value problem is a ™
N i order differential equation along with the values of
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4. y"+2y=cos(x),»(0)=3,y'(0)=2
a. 1s a first order differential equation
b. is not an initial value problem

@ is a second order initial value problem

d. is a first order initial value problem
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Remark: Initial value problems typically only have 1 solution.
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Theorem: If xp and yo are given real numbers, and f(x,y) is
(\( continuously differentiable at every point (x,y) near (xo,)0), then there
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5. The function 2sin(x) solves the initial value problem
a. y"—y=0, 0)=2, y'(0)=0 51 _ 2 sialx)
y"+y=0,y(0)=0,y'(0)=2 )
c. y"=2y=0, (0)=0, y'(0)=2 “legl TN
d.y"+2y=0, ¥0)=2, y'"(0)=0 71‘; 2 cos ()
Jh > anlx)
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The Truth: There are many differential equations for which it is
IMPOSSIBLE to "write a formula" for a solution.

This does not mean there is not a solution. It
just means we can't write the formula for the
solution.

Two types that we can solve are
First Order Separable Differential Equations
and
@ First Order Linear Differential Equations
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First Order Separable Differential Equations
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Solving Separable Differential Equations
(finding the general solution)

d
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1. Separate __> ﬂ _ ,Q(mdx
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3(?)

3. Soive for the unknown function (if possibie) to obtain the form of the

general solution.
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< Jor PC.

winplot - Free Software

http://math.exeter.edu/rparris/winplot.html
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6. Which of the following differential equations
is/are NOT separable? i. y'=-2ye™ SQ,Fp.r\nLJ VA

ii. y'=xy—e” Joot

iy ==y +x)  Not
a.1and i1
b. 1 and iii
(S)ii and iii
d. 1 only
e. None of the above.
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In General...

szy < y=Ce"
dx

Note: Other independent/dependent variable names are also possible.

u'(t)=2u(t) < u(l‘)zCezt
w'(z) =-3w(z) < w(z)= Ce”

X

(;)): 2; 4__)7&: Cézx QlZ’SC‘Z <‘:——>J:Q@:3

24



EMCFO01b

7. Give the value of the solution to P '(x) = —2P x) P
at x=1.
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o=, LN ore given.

dy

Ilustrative Example: Find the general solution to d_ =-2y+ e’
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Solution Process for First Order Linear Differential

Ve wiog

Equations (how to find the general solution)

%+p(x)y=f(x)

Step 1: Make the left hand side look like the derivative of a product by
multiplying both sides by a special function k ().
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dy

Example: Solve the initial value problem d'—+ Xy = zxe_x2 i y({)) —_1
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