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Linear Equations
.

( Section 2.3 )

Recall definition
.

A differential equation

of the formq(x)gt,ftqCx)y=ao¥

( 1st order )



Motivating Example .

.

Cost ) y toddy sink ) = xlnlx )

notaseparabkequationiwecan integrate Xlnlx ) using

integration by parts .

What

about the left - hand side ?



The left hand side

is actually the

derivative of a

product :

€ ( ysincx ) )

toafsincxstyco
product rule



Integrate both sides

with respect to X :

Sxlnlxldx

= Sffhfsincxstycoscx Ddx

= S ¥,
( ysink ) ) dx

= ysinlxtc



Integrate × In ( × )

by parts :
z

u = In 1×1 v = Is
du =¥dxdv = Xdx

S Udv = UV - Svdu

=§H× ) - SEE' dx

= Fina ) -

I
4



Equating the two

sidesmxs - ×÷

y sin ( x ) tc ,
so

sina.IE#



Example 2 Solve
-

:

dy 3×
-

- y
- e = 0

dx

Rewrite as

£7 - y=e* .

We can integrate e*
,

Is D= y
the derivative

of a product ?



D= - 9 is not

the derivative of

a(×)y because then

acx ) =/ and 94×1=-1

by the chain rule
,

this

is impossible .

We want

to make daz - y

into the derivative of

a product !



Use an Integrating Factor :

Multiply

D= T by acx )

Such that

aids -

alx ) y:
at ( acxsy ) .

Can choose alx ) = e-
×

,



If at = e-
×
,

¥ (e×y¥at tytey
= Ex off - Ex y

= aiydaz -
acx ) y

✓



Multiply both sides

of the equation by
- x

.

:'
day - e→y=e⇐2X

=e

Integrate both sides

with respect to × .



5*81×65 )dx

= Sofxleixyldx

= e '×y to

and

Sesxdx = ¥
'

.

Then

estate



Solving for y ,

y=e5÷
¥Ixtdex

=¥Fc€


