Outline

@ Substitution methods and exact equations

@ Reducible second order differential equations
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Objective

mdey. vanable

General 2nd order differential equation:

d2y_F<X dy> _ epuale

g P\ g chape fue
h(gh?é uaee
Aim: See cases of 2nd order differential equations d‘:# <q

— which can be solved with 1st order techniques
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2nd order eq. with missing dependent variable

Case 1: Equation of the form

2
dy:F(x,dy

Vo  degendene.
a7 A
dx? dx )

ot Y

Method for case 1: the function v = y’ solves

dv

&:F(X,V).

Then compute y = [ v(x) dx.
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Example (1)

Equation:

2 1 (e
Fy _1(%

+ x2 c05(x)> L

Samy T. First order



(4

£q Y = ;‘/(‘d"r 2% cos(x )

& y“= Lt y' +x clx)
J < J e
F(x,9")
et y'=o. we gef
_ - |
U’ = 7z U + X ) () > Airean <7
& U -1 U0 =z
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Example (2)
Change of variable: v = y’ solves the linear equation

v/ — x7 v = x cos(x)

Integrating factor:

I(x) = exp (/ xt dx) =x1

v = xsin(x) + cx

Solving for v:

Solving for y:

y = / v = —xcos(x) +sin(x) + c1x* + &
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2nd order eq. with missing independent variable

Case 2: Equation of the form
Vaniable =

d?y dy\ = .
X _Fly. 0 Mo
dx? (y’ dx> 3

Method for case 2: We set v = %. Then observe that

d’y dv_dvdy dv

dx? _&_dya_vd_y
Thus v solves the 1st order equation

dv

Vd_y = F(y,v).
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Example(1)

Samy T. First order



Example (2)

Change of variable: v = y’ solves the 1st order separable equation

dv 2,

v

Ydy T T1-y

Solving for v:
v(y) = a(l —y)
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Example (3)

Separable equation for y:

d
di a(l-y)
Solving for y:

ax+ (e —1)

X+ ¢
O «Fr (= x 9ac
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