
 

Ramp-Projectile Optimization Problem 

 
Problem Statement: 

It is given that there is a 72g puck that is sliding down a ramp. This 

ramp is on top of a counter, so the puck will fall and land a certain 

amount away from the base of the counter, represented by XBC. The 

length of the ramp, L, is equal to 2.9 meters, and the angle that the 

ramp makes with the countertop, θ, is 38°. There is friction present 

when the puck slides down the ramp, with the coefficient of friction, 

μ, equalling 0.17. The height of the counter that the ramp is on top of, 

h, is 1.6 m. The objectives of this problem are to: 

a.) Calculate how far the puck lands away from XBC, the base of the counter, after falling from the 

ramp.  

b.) Calculating the angle of the ramp, θ, that would maximize the distance of how far away the 

puck will land, after falling from the ramp. 

 

Process: 

1.) The first thing we did was make an annotated/free body 

diagram using the information given to us in the problem. 

This is seen to the right.  

2.) Then, we calculated FN by using the FN = mgcosθ equation. 

We got FN  = (0.072)(9.8)cos(38), which came out to be 

0.556.  

3.) Then, we used the equation FF  = μFN to find what FF would 

be. We got  FF  = (0.17)(0.556). This came out to be 0.9452. 

4.)  Then, by looking at our free body diagram, we can derive 

the equation ma= mgsinθ - FF. We chose to use this 

equation because it’ll allow us to solve for a, as we already know all the other values. We can 

rearrange this equation in terms of a. This would be a=(mgsinθ - FF)/m. We used this to solve for 

a, which came out to be 4.720 m/s2.  

5.) Next, in order to find the final velocity of the ramp portion of the problem, which ends up being 

the initial velocity of the projectile portion of the problem, we need to use the “no t” big 4 

equation. This equation is v2 = v0
2 + 2a∆x. We plugged in the known values and solved for v, 

which was 5.233 m/s. 

6.) The Vx, which is v*cos(𝜽), was multiplied by the time that could be solved by using the no v 

equation: ∆y=v0^2-.5gt^2. We could solve for t by substituting ∆y with 1.6m and v0 with 

5.233*sin(38), which is the y part of the velocity. Then, we can solve it using a calculator, which 

we got as 0.3305 seconds. 

7.) After this, we used the Google Sheets application to predict the value of XBC for values of 𝜽 from  

0° to 90°. In order to do this, we would need to repeat our process for each angle, so we instead 

wrote formulas for each Force as well as for XBC, which we solved using the equation ∆x=vt. 



 

Solution: 

We used google sheets to predict the XBC for angles 0° to 90° to confirm our answer. When 𝜽 was 38º, the 

values of each force matched up with our calculations, and we found that the distance was about 1.36m. 

We also estimated based on results from sheets that 27º would be closest to the optimal angle for this problem. 

The distance when 𝜽 was 27º, the distance was about 1.52m. Note that acceleration, velocity, Vy and Vx 

are for degree values 0° to 9° are 0 because mgsin𝜽 ≯ FF this means that the puck is not sliding down the 

ramp yet, which does not comply with our problem. 

 

To improve on this result, we combined our equations to cumulatively write out the complete expression 

of XBC  given the angle of the incline x. 

 

a, b, c, d, e, and f are the parameters of the experiment – the coefficient of friction, the mass, etc.

 

The goal was to find the extreme values of this expression – this would occur whenever the derivative 

was 0. The derivative was calculated using an online derivative calculator. Next, the root was found using 

a graphing calculator. The optimal angle was thus when 𝜽 = 26.6500131 degrees. The distance when 

https://docs.google.com/spreadsheets/d/1-52zJHzgfNri3RBtBFJkgnUZerzKM2M3agpYu9TsK-E/edit?gid=0#gid=0
https://docs.google.com/spreadsheets/d/1-52zJHzgfNri3RBtBFJkgnUZerzKM2M3agpYu9TsK-E/edit?gid=0#gid=0


 

this occurred was 1.517843076 m. This proves that our spreadsheet was very close to the exact 

answer. 

 

Extensions: 

 

● One possible extension to this problem is to add air resistance, which would add variable 

acceleration based on position and mass to the projectile part of the equation when solving for 

distance. To solve this, an equation would be given in the problem that models the air resistance 

and calculus can be used to solve for velocity and distance where the puck lands. 

 

● Another possible extension could allow the coefficient of friction on the ramp to vary. An 

expression for the coefficient of friction can be given, and the acceleration would change along 

the ramp – calculus must be used to determine the final answer, the distance the puck travels. 

 

● Another extension could involve a ramp with variable incline instead of a straight drop. Then, the 

angle would vary with distance and the acceleration could be expressed as a function of distance 

(L). The goal would be to determine the optimal ramp shape to maximize the distance XBC. 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 


