
Chapter 2: Solving 1st Order ODE's

2.1 Direction fields and Equilibrium Solutions

? A lot order linear ODE might have the

fum. p(x) y'(x) + 9(x) y (x) = g (x)

? We can write a non-linear ode as simply
dy = F(xy)
dx

in geneal

y'= Vx ?' = ? y'= 3x7y2-14×
(F(X) (Fly) CF(xy)

? For starder ODEs dy/dx = slape.

? For all (Xy) pairs, there fore, we an insert
the x ty values into F(xy) and
Know the shope of any tajectory passing

through that point. X°)

? The chart of all (Xy) pairs with small
line segment tilded according to the

slope in called the slope field for

t h a t ODE
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? trajectories

y (o) = 1

y (0)=-2
? appear to be parabolas.

?exactsolution
dy = x

F(x,y) = x\



sketch the slope-field to y'=-x

{BTW: yy'=-X «non"linear ODES

? Std. Fim d:  F(xy)  hea F(x,y) =

isoclines
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?integrate
y2=-x*+C

X ' + y==< cirdes
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X2-1= families af hyperbola.



I le consider aspecial type of ODE'l

I f  the y'=F(xy) in F(y) only we cal l
the ODE's autonomous ODES

Cons idesige *  = ? i l ,  F l y ) - y isor line

- Slure-field cm= 01 they'=0 soly = 0 (caxi))

m =  2

o  m = - 1

o m  = - 2

LY =2
1= -1
y = - 2

? sketch y
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exact. soln

dy

"  N o t e : m = o l i e
ra jevenes

+  1 1 m = - 2

? la ly l  =x+C ?

axis) is an asymptote
Not Cross asynerotes.
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Plot the!equilibrium solutions for

y' = y'-y - 6

When y'=o on some live them a solution
cure cannot pass through that live

Indeed, as X can t) increases the soln cume
can only agroach on dilege from such live

we classify these "equilibrium solutions'' as

Stablestake, it the trajecty
either above a below, for

approaches the live fom
unstablii f  the

trajectories slightly above of belie start to

more a t  to  e l ine  se id  tha t  i  t
semi-stable is a

on  t he  o the r  s i de .

?y'= (1-3) (172) equilih. solns.

? y ' = 0 . @ y = 3 + - 2
isodines y=!: y'= (1-3112) =-6- so  m=6

y=2 :y '= (23 ) (272 )= -450= -4
y= 0: y'= (073)(012) =-6 s0 m=- 6
y=-1:y'=(+1-3)0-1421 =-450m==4

y=-2: y'= (2=3)2+2) =0 50m= 0
1=-3 : y'=(-3-3-3+2) = 6 so m=6
y = 3 y'=(3-3(3+2) = 0 som=0
y=4: y'=(4-3(4+2) = 6 so m= 6
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end of example



Classify the eguilibrium solutions for

y'= (y'-4)(1+1)°

? factor: y'= (4+2)(4-2) (4+1)°

? eg. solas @y=-2,12,=1
sketch
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s t a b l e
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analogies)

y  ? - 2 ,  i f  y  < - 1
y  ? - 1  i f  y  E ( 2 , - 1 )
y ? a  i f  y  > 2

unstable"

1 = 2 semi-stable

y= - 1

splot on geogebra.com @ slope field
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end 2.1


