
Modeling in  
Mathematics



Modeling 

We will look at a general picture of the modeling process 
that is used in mathematics. 

This is the “big picture” view, so it is a bit skimpy on details. 
On this scale, however, it is also independent of the 
problem type and the mathematics that is used and so, it is 
appropriate for any discussion of modeling.
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Here be Mathematics!

“An article of faith ...
the unreasonable effectiveness 
of mathematics”
   - Eugene Wigner, 1960



Mathematics and the Real World
Problem: A golf ball is struck by a golf club. It flies off the 
ground at a given angle with a known initial velocity. How far 
does it go? 

The Modeling Process: We first identify the relevant factors in 
this problem. There are clearly factors which are not significant, 
like the brand of the club used to hit the ball, the color of the 
golfer's hair or the name printed on the golf ball. More relevant 
factors could be the size, shape or weight of the golf ball. The size 
and shape of the golf ball would be factors that must be considered 
if we are to include air resistance in our model ... but here we can 
make a simplifying assumption, namely that the ball has been 
designed to be as aerodynamically effective as possible, so we 
may ignore air resistance and thus, the size and shape of the ball.



Mathematics and the Real World

The Modeling Process: Since we are ignoring air resistance, we 
assume that the only relevant force that will act on the ball is the 
force of gravity.
   Turning to the “laws of nature” which govern the flight of the 
ball, we opt to ignore any relativistic effects (that is, assume that 
the ball will not approach the speed of light) and can limit 
ourselves to consider only Newton's second law which states that 
the force on the ball will equal the product of its mass and its 
acceleration.



Mathematics and the Real World

The Model: With v(t) representing the velocity of the ball at time 
t, the second law allows us to write the equation:

dv
dt

= g

where g is the gravitational constant.

   Using standard methods of the theory of ordinary differential 
equations (the details of which need not concern us) and algebra, 
we can determine the path of the object whose motion is governed 
by this equation.



Mathematics and the Real World

Application: We now have a mathematical ball that moves 
according to a mathematical equation and the solution tells us how 
far the ball goes.  Now we apply the solution to the model to the 
real world ball. We conclude that the distance travelled by the real 
ball will be the distance predicted by the solution of our equation. 
The real ball – we fervently believe – will behave as the abstract 
ball behaves. 



Mathematics and the Real World

The mathematics began when we wrote our equation. The 
mathematics ends when this equation is solved. The initial step of 
forming the mathematical model by identifying the relevant factors 
and fixing on the appropriate physical laws requires knowledge 
and experience and can be described as the “art of modeling.” The 
final step of associating the mathematical truth of the model with 
the real-world golf ball lies outside of mathematics and maybe 
outside of reason. What is remarkable is that it works. 
Unreasonably, irrationally, uncannily – it works!


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8

