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Mathematical Processes

 Nonlinear Equations

 Simultaneous Linear Equations

 Curve Fitting

◦ Interpolation

◦ Regression

 Differentiation

 Integration

 Ordinary Differential Equations

 Other Advanced Mathematical Procedures:

◦ Partial Differential Equations

◦ Optimization

◦ Fast Fourier Transforms



Nonlinear Equations

𝑥 =
−𝑏 ± 𝑏2 − 4𝑎𝑐

2𝑎

𝑎𝑥2 + 𝑏𝑥 + 𝑐 = 0



Nonlinear Equations

How much of the floating ball is under water?

𝑥3 − 0.165𝑥2 + 3.993 × 10−4 = 0

Radius=0.055 m

Specific Gravity=0.6



Simultaneous Linear Equations

Find the velocity profile, given

𝑣(𝑡) = 𝑎𝑡2 + 𝑏𝑡 + 𝑐, 5 ≤ 𝑡 ≤ 12

Three simultaneous linear equations

Time (s) 5 8 12

Vel (m/s) 106 177 600

𝑎 52 + 𝑏 5 + 𝑐 = 106

𝑎 82 + 𝑏 8 + 𝑐 = 177

𝑎 122 + 𝑏 12 + 𝑐 = 600

Source: Photo by NASA



Interpolation

What is the velocity of the rocket at t=7 seconds?

Time (s) 5 8 12

Vel (m/s) 106 177 600

Source: Photo by NASA



Differentiation

What is the acceleration at 

t=7 seconds?

𝑎 =
𝑑𝑣

𝑑𝑡

𝑣(𝑡) = 2200 ln
16 × 104

16 × 104 − 5000𝑡
− 9.8𝑡

Source: Photo by NASA



Differentiation

Time (s) 5 8 12

Vel (m/s) 106 177 600

What is the acceleration at t=7 seconds?

𝑎 =
𝑑𝑣

𝑑𝑡



Regression

Thermal expansion coefficient data for cast steel



Regression – Linear 



Integration

𝛷 𝑥 =
1

2𝜋
න
−∞

𝑥

𝑒− Τ𝑡2 2 𝑑𝑡

Source: Wikipedia.org https://upload.wikimedia.org/wikipedia/commons/thumb/f/f9/Z_cumulative_from_mean.svg/1704px-Z_cumulative_from_mean.svg.png 



Integration

Δ𝐷 = 𝐷 න

𝑇𝑟𝑜𝑜𝑚

𝑇𝑓𝑙𝑢𝑖𝑑

𝛼 𝑑𝑇

Finding the diametric contraction in a steel shaft when dipped in 

liquid nitrogen.



Ordinary Differential Equations
How long does it take a trunnion to cool down?

𝑚𝑐
𝑑𝜃

𝑑𝑡
= −ℎ𝐴 𝜃 − 𝜃𝑎 , 𝜃(0) = 𝜃𝑟𝑜𝑜𝑚



You are free

 to Share – to copy, distribute, display and perform the work

 to Remix – to make derivative works

under the following conditions

 Attribution —You must attribute the work in the manner 
specified by the author or licensor (but not in any way that 
suggests that they endorse you or your use of the work). 

 Noncommercial —You may not use this work for 
commercial purposes. 

 Share Alike — If you alter, transform, or build upon this 
work, you may distribute the resulting work only under the 
same or similar license to this one. 
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