
𝑎
𝑑2𝑦

𝑑𝑥2
+ 𝑏

𝑑𝑦

𝑑𝑥
+ 𝑐𝑦 = 𝑓 𝑥

 If the 𝑓(𝑥) is zero, the second order ODE said to be 

homogenous.

𝑎
𝑑2𝑦

𝑑𝑥2
+ 𝑏

𝑑𝑦

𝑑𝑥
+ 𝑐𝑦 = 0

Or 𝑎𝑦′′ + 𝑏𝑦′ + 𝑐𝑦 = 0
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Homogenous DE : Initial value problem

𝑑2𝑦

𝑑𝑥2
− 2

𝑑𝑦

𝑑𝑥
− 2𝑦 = 0, 𝑦 0 = 0; 𝑦′ 0 = 3

Sol:

The characteristic equation of the homogenous equation above are:

𝑚2 − 2𝑚 − 2 = 0

𝑚 =
2 ± −2 2 − 4(1)(−2)

2

𝑚 =
2 ± 12

2
=
2 ± 2 3

2
𝑚 = 1 + 3, 1 − 3

Thus, we have 𝑚1 = 1 + 3,𝑚2 = 1 − 3as the roots are real and distinct.

Hence, the solution of this ODE is

𝑦 = 𝐴𝑒 1+ 3 𝑥 + 𝐵𝑒(1− 3)𝑥

take derivatives of 𝑦

𝑦′ = 1 + 3 𝐴𝑒 1+ 3 𝑥 + 1 − 3 𝐵𝑒 1− 3 𝑥
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Exercises

1.
𝑑2𝑦

𝑑𝑥2
= 6𝑥2 + 2𝑥 + 1

2. 𝑦′′ − 𝑦′ − 2𝑦 = 2𝑒3𝑥

3. 𝑦′′ − 𝑦′ − 2𝑦 = 𝑒−𝑥

4. 𝑦′′ + 2𝑦′ + 2𝑦 = sin 𝑥

5. 𝑦′′ − 7𝑦′ + 12𝑦 = sinh 3𝑥

6. 𝑦′′ − 2𝑦′ + 2𝑦 = 2𝑥2 − 1; 𝑦 0 = 1 and 𝑦′ 0 = 2
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Find the General solution for 𝑦′′ − 2𝑦′ + 𝑦 =
𝑒𝑥

1+𝑥2

Example:

Wronskian value:

𝑤 =
𝑦1 𝑦2
𝑦1
′ 𝑦2

′ =
𝑒𝑥 𝑥𝑒𝑥

𝑒𝑥 𝑒𝑥 + 𝑥𝑒𝑥

𝑤 = 𝑒 𝑒𝑥 + 𝑥𝑒𝑥 − 𝑥𝑒𝑥 ∙ 𝑒𝑥

𝑤 = 𝑒2𝑥

Characteristic eqn: 𝑚2 − 2𝑚 + 1 = 0
𝑚 − 1 𝑚 − 1 = 0

𝑚 = 1
𝑦ℎ 𝑥 = 𝐴𝑒𝑥 + 𝐵𝑥𝑒𝑥

⇒ 𝑦1 = 𝑒
𝑥 ; 𝑦2 = 𝑥𝑒

𝑥

Solution:

Homogeneous solution:

𝑦′′ − 2𝑦′ + 𝑦 = 0
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