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Abstract

The main purpose of this paper is to calculate the perfect basketball free throw. In doing so there are several steps stated to follow thoroughly to be able to perfect each angle and velocity needed for
each free throw. This paper focused on the boundary conditions with the Fourier series. Additional theorems used in this paper will involve the ”Shooter Method”.

1. INTRODUCTION

• The project was based on Joerg M. Gablonsky’s and Andrew
S. I. D. Lang’s paper, ”Modeling Basketball Free Throws”.

• The paper addressed the problem of finiding an optimal shoot-
ing angle and initical velocity to get a ball in a basketball hoop
under idealized conditions.

• This paper required several steps and assupmtions.
• Assumptions:

– Allow only ”nearly nothing but net” shots.
– Ignore air resistance.
– Ignore any spin the ball may have.
– There is no sideways error in the trajectory.
– There is no error in the initial shooting velocity.
– The shooter is 7’1” tall.

• Physical Constants:
– The Diameter of the Basketball Hoop’s Rim (Dr): 1.5ft
– The Diameter of a Basketball (Db): 0.8ft
– The Horizontal Distance from the players feet to the base of

the Basketball Hoop (L): 13.54ft
– The Vertical Distance from the position of the ball held above

the player’s head to the top of the rim of the Basketball Hoop
(h): 1.146 ft

– The Acceleration due to Gravity (g): -32 ft/s.2

• The paper is first solved for Shaquille O’Neal and then later ad-
justed so one will be able to find the ideal shooting angle and
initial velovity for any height.

2. Derivations

Initail Velocity:

• h = V sin(θ)T + 1
2gT.

2

– where T = L
cos(θ)V

• solving for the initial velocity: V = L
cos(θ)

�
−g

2(Ltan(θ)−h)

• Now to calculate angle of error, and replace L with x and then
solve:
– x = V cos(θ)

−g (V sin(θ) +
�
V.2sin(θ) + 2gh

3. Trajectory for Center of Hoop

• Here we must assume the ideal shot is one in which
the basketball goes through the center of the hoop.

• The distance s is the distance between the center of the ball
and the front of the room.

• s =
�

(x(t)− (L− Dr
2 )).2 + (y(t)− h).2

– In order for the ball to go through the center of the hoop, allow
x + Db

2 = L + Dr
2

4. Shooting Method

Definition
– The shooting method is a method for solving a boundary

value problem by reducing it to the solution of an initial value
problem.

– Although in life not everything has specific initial conditions,
but we can determine specific constraints or otherwise know
as boundary conditions.

5. Applying To Everyone

Here we will have several more variable than before, simply
due to the fact that the average man is 5’10” tall and the aver-
age woman is 5’4” tall and our original model is Shaq who is
7’1” tall. Thr figure below displays a range of adult heights and
their ideal shooting angle and initial velocity.

–

Table 1: The ideal trajectories for veriuos heights.

Height Release Angle Release Velocity
5’ 56.64 7.34 m/s
5’1” 56.47 7.32 m/s
5’2” 56.31 7.29 m/s
5’3” 56.14 7.26 m/s
5’4” 55.97 7.24 m/s
5’5” 55.80 7.21 m/s
5’6” 55.63 7.18 m/s
5’7” 55.45 7.16 m/s
5’8” 55.28 7.13 m/s
5’9” 55.11 7.10 m/s
5’10” 54.94 7.08 m/s
5’11” 54.77 7.05 m/s
6’ 54.60 7.05 m/s
6’1” 54.43 7.00 m/s
6’2” 54.25 6.97 m/s
6’3” 54.08 6.95 m/s
6’4” 53.91 6.92 m/s
6’5” 53.74 6.89 m/s
6’6” 53.57 6.87 m/s
6’7” 53.40 6.84 m/s
6’8” 53.22 6.82 m/s
6’9” 53.05 6.79 m/s
6’10” 52.88 6.76 m/s
6’11” 52.54 6.74 m/s
7’ 52.54 6.71 m/s
7’1” 52.37 6.71 m/s
7’2” 52.20 6.66 m/s
7’3” 52.02 6.64 m/s

6. Refining the Model

Now that we have found the ideal velocity and angle, we can
now add in air resistance, error in tragectory, and any other
error that could come into play.
– An additional effect has been brought into the equation as

well; call the ”Magnus Effect”. The Magnus Effect is ”force
that bends the balls flight” also known as a spin. Not all play-
ers choose to put a spin on the ball, but I am trying to calcu-
late both trajectories.

7. Still To Come

I have yet to complete this project. My code for this project has
been difficult and slow moving but I am slowly working on it and
hope to have it completed soon. Also I would like to try to put
my findings to the test and see if I can an have a better Free
Throw percentage than Shaquille O’Neal, who’s Carreer Free
Throw rate is 57.2%.
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