Linear differential equation: the equation has form

Z—z +P(x).y =Q(x) e ce. ... (1)
From (1) find I(x) = e/ P& - (x).y = [1(x).Q(x) dx
3—; +P(3).x = Q1) e (2)

From (2) find I(y) = e/ PO > [(y).y = [1(y).Q(y) dx

Examples: find the general solution of the ODE
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L4 P == Q) = 4x?

X

[(x) = e/ PMax I(x)=ef%dx - I(x) =el"n™® = x
[(x).y=[1(x).Q(x)dx - x.y=[x.4x%dx
x.y=[4x3dx - xy=x*+c
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€oSs x -~ +ysinx =1

[cost—z+ysinx = 1] +cosx

%+ytanx =secx P(x)=tanx Q(x) =secx

I(x) = el P()dx  _, I(x) = pJtanx dx _, I(x) = g~Incosx
_ -1 __1

I(x) = (cosx) - I(x) = —

I1(x).y=[I1(x).Q(x) dx — secx.y = [secx.secx dx

secx.y = [sec’x dx — secx.y=tanx+c

tanx c .
= + — Yy =SInx+ ccosx
secx secx

= Secx




3- Z—z+ 3y = e 3% P(x) =3 Q(x) = e 3%

[(x) = e/ PMAx 5 [(x) =el3dx 55 [(x) = e3¥
(). y = [1(x).Q(x) dx — e3*.y= [e3*. e 3¥dx
e3*y=[1dx - e¥*y=x+c

y=e%+e% > y=xe 3 4 ce 3
4_d_y+X=Sinx P(x)=1 Q(x) = sinx
dx X X

I(x) = el P@dx I(x)=ef%dx - I(x) =e"® =«
I1(xx).y=[1(x).Q(x) dx - x.y = [x.sinx dx

X.y =—XCoSx —sinx +c¢
sinx ¢

Yy = —COSX — + =
X X

5- ylnydx + (x — Iny)dy = 0
[ylny dx + (x — Iny)dy = 0] + dy
d d
ylnyd—;+x—lny=0 - ylny£+x=lny
d_x X 1 1
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1) = eI PO 5 1) = /55 ¥ 5 1(y) = & W) = iy
10)-x=[10).Q) dy ~ Iny.x = [lny.- dy
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Bernoulli differential equation:

A) the equation has form

;LZ + P(x).y = Q(x).y™ ... ... ....(1) division of both side of (1) by y"

y 4 Py = Q@) e (2)

Letz=yl™ - % =1 - n)y‘"Z—z substitution (2) we get

Z_i +(1=n)P).2= Q) . (3)

OR

% +P(x).x = Q). x™..........(1) division of both side of (1) by x™
x—n% +P3).x1 = Q) v e e (2)

d d L
Letz=x1" - ﬁ =(1- n)x‘"ﬁ substitution (2) we get

3—§ +(1-P®»).2=0Q0®) . (3)

Examples: find the general solution of the ODE

1- y(6y? —x — 1)dx + 2xdy = 0
[(6y3 —xy —y)dx + 2xdy = 0] + dx
6y3—y(x+1)+2x3—3;=0

[Zx;l—z —(x+1y=—-6y3]+2x

d_y _ (x+1)y _ —_3 3 .
[dx 2x  x y ] e
d_y -3 _ (x+1) -2 -3

dx 2x X
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-2 dz 2 _3@ N d_y 1 dz

Let z=y _)Ez_y dx dx=—2y_3a
1 dz (x+1)
[—2 dx 2x ]( 2)
(x+1) _6 — x_+1 _5
CpE, 8 pr = g =S¢
x+1
I(x) = e/ P(dx  _, I(x) = e dx _ I(x) = pXtin (x) — ,px

[(x).z=[1(x).Q(x) dx - xe*.z= fxex.g dx

6e* + ¢ 6e* + ¢
xeX

xe*.z=6e*+c - z=

2- ydx = (x + x3y cos y)dy
[vdx = (x + x3y cos y)dy] + dy
[yd—x = (x+ x3ycosy)dy] +y

dx
E=—+x cos y —>[————x3cosy]+x3
_2dx 1
3—=_—Zx"2=cosy
dy y
— dz _2dx dx 1 dz
Let z=x"2 5> —=-2x3— 5 —=—"—
dy dy dy —-2x73 dy
1 dz
———=Z=CoSYy
-2dy y
dz 2 2
E+;z=—2cosy P(y)=; Q(y) = —2cosy
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I(y).z=[1y).Q(y)dy - y%.z=[y? —2cosy dy
y?.z=—=2siny —4ycosy+ 4siny + ¢
—2siny—4ycosy+4siny+c
yZ

=2 — —2siny—4ycosy+4siny+c
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B) the equation has form

fr(y)z_z + P(x). f(¥) = Q(x) v ver e ee v (1)
Let z=f() » L=f()2

L4 P().Z2=QQ) oo (2)
OR

£ (%) % +P). f(X) = Q) e ev ere e (1)
Let z=f(x) - Z—i=f'(x)z—f,

Z—JZ, +P).z=0Q) ceeieiiiii, (2)

Examples: find the general solution of the ODE
1- sec? yZ—z + 2xtany = x3
_ 42 _ coc2y ¥
Let z=tany - o, = Secty—~
%sz.Z:x2 P(x) =2x Qx) =x°
[(x) = e/ POAx 5 [(x) = el 2xdx 5 [(x) = e*
10).z=[1(x).Q(x) dx - e*.z=[e* . x3dx

Letu=x% - du=2xdx - dx=$du
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2- 2xydy + (1 +y?) dx = (x — 2)e*dx
[2xy dy + (1 + y?) dx = (x — 2)e*dx] + dx
[2xy Z—z + (1 +y?) =(x—-2)e*]+ (x)

av 1 2y — &=2) x
Zydx+x(1+y)— e
— 2 , 32 _ 5 W

Let z=1+y —>dx—2ydx

dz 1 _ (x=2) _1 _ (x=2)
dx+x.z— —e P(x)—x Q(x) = —e

— o P(x)dx _ fldx _ ylnx _
I(x)=¢e - I(x)=¢elx™ - [(x) =e™ =x

[(x).z=[1(x).Q(x)dx - x.z=[x. *=2) ox gy

X
x.z=[(x—2)e*dx - x.z=[(x—2)e*dx
x.z=x—-2)e*—e*+c

x—2 1 c
z=8Bex _loxy

X X X

1+ y? =@ex—iex+£

H.W. Find the general solution of the differential equation
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_]_yzl
yldx

l1--y"+ ycotx =cscx  2-- [(1 + y?) —
3--xdy— [y +xy3(1 + Inx)]dx = 0
4--(x + 2)*y' = 5—8y — 4xy
5--cos?xsinx dy + (ycos®>x — 1)dx =0

6-- (x? — yﬂj—i =xy T7-2x*(x+ 1y’ — zy_x y'=1

8-- (Iny)y’ + y(Iny)? = y sinh 3x
9-- y — (cos x)y' = y? cos x (1 — sin? x)

X

10- e

y' + sinh™1y = x2




