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1- linear  Diff . Equ.

2- System of Diff. Equ.

3- Fourier Series.

4- Partial Diff. Equ.

where p(x) , q(x) and r(x) are functions of x only.
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Second order linear Diff. Equ.
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linear – Non homogenous 

Non linear – Non homogenous 

linear – homogenous 

if r(x) = 0 → Homogeneous.

If r(x) ≠ 0 Non homogenous 

P(x) & q(x) Coefficients of equation. 

Examples:-
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(homogenous – second order linear D. E with constant) coefficients.

y = eαx 

𝑦′′= α eαx

𝑦′′=  α2 eαx  

α2 eαx + a α eαx + b eαx = 0 

(α2 + a α + b) eα x = 0 

α2 + aα + b = 0    characteristic equation.
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𝒚′′ + 𝒚′ - 2y = 0

α2 + α – 2 = 0

(α + 2) (α - 1) = 0 

α1 = -2 , α2 = 1

y = c1 e
-2x + c2 e

x

𝑦′′+a𝑦′ + by = 0 

y = eαx 𝑦′ =α eαx       𝑦′′ = α2 e αx 

α2 eαx + a αe αx + b eαx = 0 

(α2 + a α + b) e αx = 0

α2 + a α + b = 0  المعادلة المميزة الخاصة بالحل

characteristic equation 

α1 , α2

y= c1 e
α1x + c2 e

α2x 

1- Two real roots 

Example :
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a2 – 4b > 0  = - w2  

𝑦′′= α2 eαx 

y = e-ax (A cos wx + B sin wx)                              general solution 

(A, B) الحل العام عندما يكون بالمعادلة ثوابت

إذا لم يوجد شروط الحل 

الشروط 

𝑦′(0) = 1          ,         y (0) = 4

at (x=0)                     at (x=0)

dy / dx = 1                 y = 4 

(A,B) أثنان هم عدد الثوابت يجب أن يساوي مرتبة المعادلة ولدينا من المرتبة الثانية ثوابت*

y (0) = 4 

4 = eo (A cos 0 + B sin 0)

4 = 1(A+0)

A = 4

2- Complex roots 
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α1 = α2 = - a 

y = (c1 + c2x) e-ax

𝑦′′ + 8𝑦′ + 16𝑦 = 0

Solution :-

λ2 + 8 λ + 16 = 0 

(λ + 4) (λ +4) = 0 

λ1 = -4  , λ2 = -4 

y = (c1 + c2x) e-4x                               general solution 

3-Double roots 

Example :
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Find the particular solution 

if y (0) = 3 , y′(0) = 1 

𝑦′(0) = 3 , 3 = (c1 + c2 * 0) e-ax0

dy/dx = (c1 + c2 x) * -4e-4x + e-4x (c2)

1 = (c1 + 3 *0) * -4e-4x0 + e-4x0 (c2)

1 = - 4c1 + c2

1 = -4 x3 + c2

c2 = 13 

y = (3 + 13x) e-4x particular solution 

3-Double roots 
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