first order o.d.e.

LINEAR O.D.E.

integrating factor M(X) = efP(x)dx

y'+P(x)y = Q(x)

general
solution

V() = o ()1 () (<) Q)

LINEAR O.D.E. WITH CONSTANT COEFFICIENTS

ax

y/ +ay= Q(X) integrating factor M(X) =e

general
solution

y(x) =ce™ +e™ [e™Q(x)dx

there exists function

ileg) df(x,y) =M(x,y)dx+ N(x, y)dy

general
solution

f(x,y)=fde+f[N—%fde]dy=c
or f(x,y)=dey+f[M—%dey]dx=c

Initial Value Problem y(%o) = Yo Initial Value Problem y(%o) = Yo
el y(x) _ yO‘u(XO )M_|(X) + M-!(X)j‘ M(X)Q(X)dx solution y(x) = yoea(xa-X) + e-axj'eaXQ(X)dX
M(x,y)dx +N(x,y)dy =0 e
NONLINEAR EQUATIONS form
EXACT SEPARABLE o e e e by M, (XM, (y)dx+N,(x)N, (y)dy =0
ay aX then variables can

f(x)dx+g(y)dy =0

be separated

general
solution

ff(x)dx+fg(y)dy= c

check for suppressed solutions

reduce replace M by uM
to exact 'ﬂ and

reduce to
separable

N by uN
equation becomes exact when

INTEGRATING FACTOR multiplied by intgrating factor W

equation is homogeneous
if coefficients are
homogeneous functions
of the same order

HOMOGENEOUS M(Axhy) = AM(x,y)

N(Ax,Ay) = A™N(x,y)

ﬂ - ﬂ homogeneous equation can be reduced to separable by:
. i) dIX q f f(x)x
a) if yT =f(x) =>  integrating factor y(x) = of a)change of variable Y =uUX dy =udx+xdu or X=vy dx=vdy+ydv
oM oN 0 Sglgvrecrﬁmifmes X=rcos® y=rsin@ dx = cos 6dr —rsin6do
Tov | ox dy = sin6dr +rcos6d6
b) if _9y ox _ g(y) —> integrating factor u(y) = efg(ym homogeneous equation can 1 Y
M be reduced to exact by L —Tr
integrating factor: N‘(X)Mz(y)
SPECIAL EQUATIONS
BERNOULLI RICATTI CLAIRAUT
’ ’ 2 ’ ’
y'+P(x)y = Qx)y’ y' =P(x)y* + Qlx)y +R(x) y=xy'+Hy)
change of if one particular solution is known U1 then
1
variable =z reduces equation to h f
Y e yeusl s =y = oxf(o)
oL Z'+(1-n)P(x)z = (1-n)Q(x) oL z' +(2Pu,+Q)z = -P x= (1)
and one
h f ’ parametric _ p
back substituton ~ Z=Y"" Saﬁggﬁeo y= —Pl leads to scluioh y= f(t) -t (t)
w
linear P’
y= 0 s also a solution for >0 2nd order W -|—+QW+RPw=0
od.e. P
APPROXIMATE METHODS
PICARD'S METHOD TAYLOR SERIES (x,) =
x) Y{Xo)=Yo
r_ choose starting approximation Y ;)\ X)  then p
y f(X1 y) & y’(x ) yu(x ) y (Xo) = f(Xo’yo)
, i X) =y (X, )+ 22 (X = X, )+ 22 (x = X, ) + 9
y(Xo) =Y, terate Y ) (X) = Yo +£f(x,y(”(x))dx y(x)=y(x,) 1 (x-x,) o (x-x,) y'(%,) = &f(xoiyo)
where j=0,12... is the number of iteration s




