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Basic ODEs and Solutions 

 

 

 

 

Stability of Solutions 

Harmonic Oscillation 

 
Damped Oscillation 

 
Forced Oscillation 

 

Conservation of Energy 
Trick: !

!"
!#
$
𝑥̇$$ = 𝑥̇ !"̇

!"
= !"

!&
!"̇
!"
= 𝑥̈ 

- Used to draw phase plane diagram (𝑥̇ against 𝑥). 

 
 
Population Models 

Malthus’ Model 

 
Logistic Model 

 
Logistic Model with Harvesting 

 

Steady Growth Model 

 
Model of Ants 

 
Model of Investment 
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System of 1st Order ODEs 

 
What if we have a non-homogenous equation 
!
!&
!
𝑥
𝑦$ = 𝐵 !

𝑥
𝑦$ + 𝐹? An obvious particular 

solution is !
𝑥
𝑦$ = −𝐵'#𝐹. 

Phase Plane Classification 

 
- Check the direction from what happen on the 𝑥-

axis (sign !!(
!&
$ when 𝑥 > 0 and 𝑦 = 0). 

- Usually we consider the first quadrant. 
 
 
 
 

Appendix: Common Integrals 

Basic 

 
Fractional 

 
Logarithmic 

 
Trigonometric 

 
 
 

Appendix: Special Integrals 

 
 
Appendix: Trigonometric Identities 
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