
Ordinary Differentiad Eguation s

Chpt1 15 orde ODE's

11. 1 Introduction and Classification

? This is an equator: 1=2×3+7-10

function: f(x)=2x'+x-10

? Solvil Eqns:

EX y 2-4y -12=0
(y- 6Xy+2)=0

y= 6) (7=-2) Soluti

? Diffsential suations not only contach a
variable but that variables rate of change.

EX y ' t y = o y'= dy
dx

How can we goers a function y(x) such
that it's derivatue added to the
function itself is zero?

Solving such egus is the topieof thi's
Class: Differential Egus



y'+ y = 0

identically zero

d=O also and the
D. E. y! + y= 0 becomer

010=0
y= 0 is reffered to as the trivia Sohn

? The mose analy tic way is to sepeate

Variables and integrate

dy
dx +y=0

?  2 x
d y  = - y

A D.E. in
differential.

mode
d y

?
integrate

s o l m

- X + C

=  e
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the oDE y'ty=o

t o

families of solutions

i c .
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? If we are given a conditio suchas
y (ol =8 then we can determin

" ? "
?  y ( o ) = C é °

8=C.11 C =8

specitie
y (x) = 8é solution

@ Solving Diffratial eins is just a proress
of integration

ditt'n is a science. Int 'n is an Art.



@ Nomenclature
y = f(x)

y ' t y = o  i s  a n Ordiang Differentl Eg)

? i t  u  =  f l ay ,z )  t hen  i t  we  take  the

derivative of f writ only on var, y say

the we call that a parial derivatin

24 = 2(xy"+23)
-??

Ju =2x4 likewise du. ys?2, du =22

? Equations with partial derivatives such

as Juries tu = Quest is called a

Partial differential EquatronI PDE
U =F(x,y,z)



@ Order: ' An ODE with the highest deviated
of y' is 1s order ODE.

y'ty =0 18 order ODE

a y" is 24d order
order
ODE

? yer is 4th order

*  L i n e a r 1  v s .  w o n - l i n e a r

y't  y=o is l inear

y'+ y'=0 is non-linear

y'+ sin(y) =0 is non-lincan
- independent. var.

y'+ xey=o is linear
1

dependent variable
Recall

def. var
y  = f ( X )

indssendent var.



y"+ sin (x)y = 0 linear 2' order ODE

(y) + sin(x)y =0 2° ander Non-linear

y'''+ y.y" + y'+ y=0 Non lin 3"rder

yliss + sin (y) = 0 Non-linear 4th.

@ Initial Value Problems (IVP)
? ODE's solutons use constants it integrat

EXl y"+ 1=0
? y'=-1) use defn.

_d x, = - 1

dy = (x+c)dx

1 = - X -  + e x + d

intes.

gen
Solan.y ' = - x + c

dy =-x+c



Order ODE's have gen-solutons
wi th  one  cons tan ts

2ndorde ODEs have gen. solms with Zont

uth order ODEs have n-conditions

? An initial value problem is an ODE
with sufficient data to pindows one sole.

EX y'ty =0, y (0) -8

I.VP. y"+ y =0, y(0):8, y'(0) =-1

y'''- y =0, y (1)=5, y'(=-2, y" (1) =0

ODÈ'S 'Initial" Conditions
Both
give specific Solution

@BVP are Boundary Value Problems

y"+3y'-2y=0 yos-10$ y(3)=-2

No conditone in kolving derivatüte
only different locations, then we call
the ODE & Conditions

a Boundary Value Problem (BVP)



@ Implicit vs. Explicit Solutions

? Recall from Calcular an equatin such as

yat sin (x) = 1 is an implicit ech.

Us. = INI-sixt) is an explicit est

? some times an ODE cannot be solved
for the dependent variable.

EX dx. y solve using "Separation of

y  d y  = - x d x

J y d y = - S x d x

L = - x - + C
z

c i p l i c i t  s o l u t i

x '+?2 =( )
1=150-77 e explicit soh.



* families of solutions

y= Cé* = one paramete family

y= ax'tbxtc a three paramete famiy

in general an n-tharder odE has a
solution family with n-paramers.

? To fully determine these n-parameter we
ni shitial conditions.

piece- wise solutons

xy ' -4y=0 this hasarolntor

? .  } -X*  X<0
×> 0



do  p rove  a  so lu t i n  i  va l íd

Ex show the implicit relation ship
y2+(x+1) 1-3x°=C

is a solution to the oDE

(2xy-9x)dx +(2y+x'41) dy=0<

? Implicitly differentiate product rule

2ydy t  2xdx  - y+4241 )  y -9x2x=0

group
(2x4-9x)dx + (2y +x*1)dy =0

sameOpE



Difteential Equations

1.1 Intoduction

Anesuation that involres a variable
Othe

rate's it change of that variable is called a

differential equation
Q: where might Diff. Egus come tomo

From Newton's Law in physics

F = ma

acceleration

Of? Force

b u t  a  = c velocity
d time

but y=d portion ? V

a = a = x =
d t

The the Fireegn becomes, F=mx

o Now it the ford is a spring know tom

H o o k e s  L a u  t h a tt h a t Fs = -RX
Fsp

m

The egn becomes

Recontigure do get

x=0

Fsp = ??
?  ? ? = m X

m x  +  2 x = 0

X i t . x = 0

ordinang Zorder

Diffesential



E X

?Finaly lets Introduce a syrtem of Differentine Ermi(9
Systems aT ODE Source of salt

water

S a l t

Q

exchange s a l t

I  Q 2
¡drains

o We could end up with a system like

aQ1 =  4Q,+SQ=

total
Q, = salt intank O

Q2= totalsalt intank?

Once water is
evaporated oft

system of OD Egus.

dQ2
=  6 Q 2 + Q ,

d t
Q1

l e t  5 = ( c )

? Then the systen can be written in
Q. 4 3 4 .

6 1 Q .

d Q.
I td Q2))
I t
vector matrix tom:

OR =Ag condensed verter version of
the systemofegns

? Soln might
look like (Q,(t) = ae"+bèt

?  U s e  I C . Q, (0) =100
Q2(0) =200

? condete solution

to determine
the a, b,a,d

constants.


