
Introduction 
This project created an alternative 
technique for numerically fitting a circle at 
a point on an arbitrary curve and calculating 
parallel and perpendicular components of 
the net force. A circle can be fit to a curved 
path, given that at least three points can be 
provided. This so-called “kissing circle” is 
tangent to the curved path. The components 
are calculated as shown below for a non-
relativistic particle. 

Fitting a Circle to a Point on a 
Curve   

Testing Our Method 
(1) Our method was tested by fitting a circle at points 

along a spiral. The equation for a spiral is given 
by: 

where a is the variable that determines where the 
spiral starts on the x-axis, and b determines where 
the spiral crosses the +x-axis, basically how big the 
spiral is.  

The calculated radius of the kissing circle at different 
points was compared to the actual radius at those 
points. The points were at a fixed Δθ apart. From this 
technique we found that the relative error only 
depended on the variable b, as shown below. 

The technique is best for small b. This may be 
because the approximation improves when points are 
closer together. It may also be due to the fact that r is 
measured from the origin, and R for the best-fit circle 
is not necessarily toward the origin. Thus, it makes 
sense that r ≠ R for large b. 

Conclusions 
Even for motion of an object at constant speed 
on a spiral, relative error between r and R only 
depends only on the variable b in the spiral 
equation. Relative error is less when b is 
smaller 

Regardless of the technique used for 
generating a dataset for the spiral (points at 
constant Δθ or constant linear speed v), the 
relative error is the same. This was completely 
unexpected. 

Further Research 
Compare the perpendicular component of the 
net force calculated by our technique to that 
which is calculated from a numerical 
derivative using   
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Figure 2 - An illustration of the 
concept of fitting a circle to a 
curved path, with force vectors.  

(2) To further test the technique, we modeled 
motion along a spiral with constant linear speed, 
v.  

An Alternative Numerical Technique for Calculating the Perpendicular Component of Net 
Force on an Object  

Figure (1): This figure shows the components of the net 
force on an object that are parallel and perpendicular to the 
path of the object along with the kissing circle.  

Figure (2): Fitting a circle to a arbitrarily curved path 
requires 3 data points lie on a curve.  

Figure (3): Apply the 
Pythagorean Theorem to the 
shaded triangle. 

Figure (10): The relation of 
a baseball swing to a spiral 
path. 

Figure (4): Example of a spiral with a 
= .1, and b= .1.                                      

Figure (5): Example of a spiral with 
a= 0.1, and b= 0.3. 

Figure 6: Example of a spiral 
with a=0.1 and b=0.1.  

Figure 7: Example of a spiral with 
a=0.1 and b=0.2.  

Figure 8: Example of a spiral with a=0.1 and b=0.3. Figure (9):  An application of the 
concept of fitting a circle to a 
curved path in baseball.  A data set for an object moving in a spiral path at 

constant speed was created for various parameters 
of a and b. 

The speed is 

The angular position of the object at time t is 
calculated by 

This technique can 
be used to study any 
motion along a 
curved path, 
including a baseball 
bat swing, for 
example. 


