
 15.3 First Order Linear Differential Equations

A first order linear DE has the form

Alx y Bex y Ext where Aix 0

e g y 2y linear

y't y 1 y y non linear

Alternatively dividing by Axl it can be written as

y't Pixley Q 1 1

Let's start with an example then we'll explore

the general strategy

Ex Let's solve the linear DE y y 1

For this DE multiply both sides by



Xy xwe set

sina.name

Now integrate both sides and solve for y

Ixyl dx x dx x y C

y CER

In general we solve y Play Q by

multiplying both sides by
we call this

MAI e
PHI d

an integrating

factor

In our example
y y 1

PIXI

mix e e e
2



Note You can write In lx instead of hill when

calculating intxt You can also omit the C

The result will be the same when M is

multiplied into the DE

Why is it helpful to multiply by pix

Well since

mini LIFE Life papal

the DE y't Play Q lx becomes

MG y't Mix Pay p HI Q x

p txt

pix y't y't y pix Q x

mix y fix QR

Now integrate both sides and solve for y



To solve Alxly't Blxly Clxt

1 Write the DE as y'tPixly Q x

2 Multiply both sides by µ x e
P d

3 Rewrite the LHS as mix y

4 Integrate both sides with respect to X

5 Solve for y

Ex Solve y y X cosx

Solution First divide by to get

y y X COSX

This is linear with P x1 We multiply by

MIX e e een

to get



y f y X Cost Y Y cost

f y cos

Integrate
y sinxt C

y x Sinx x CER

Ex Solve the IVP
y

2
9 4X y lo 7

Solution This is a linear DE with P1 7 2X hence

we multiply by 1417 e ex We have

y taxy y't axe y 4xe

e y 4xe

Int ate

exy 4xe dx feta

exy 2 e du 2 c



y 2 CER

Using the initial condition y a we get

7 2 04 2 9 6 5

Thus Y 2 2

Note The above DE is also separable Try solving

the problem using the methods of 15.2

Additional Exerlise

Solve the IVP 2xy'ty 2
2

y 11 0

Solution Divide by 2x to get

y't 2x X

which is linear with Pex We multiply by



µ x e
ᵈ Edna enlx

to get

y't try x.fi f g

F y dx

f y 7
52

C

Using y 1 0 we get

If 311 C 45
2 5

Therefore

f y 7
52

9 7
2 Ex


