
Physics POW #1 
 
Problem Statement 
For this POW, we were given a problem where a puck was sliding down an inclined plane 

until the ramp suddenly reaches a vertical drop, from 
where the puck becomes a projectile (refer to the figure 
to the right). We were tasked with finding out how far 
the puck lands away from the from the base of the 
counter. Then, we were tasked with finding a way to 
change the angle of the ramp’s incline to maximize the 
distance that the puck travels (as a projectile).  
 
 

 
Process 
General Outline of Our Process: 

1. Find the forces acting on the puck. Use those forces to find the acceleration of the 
puck 

2. Find the velocity of the puck at the exact moment where the ramp drops using the 
kinematic equations 

3. Use the projectile equations to find the distance traveled by the puck projectile 
4. Enter the equations into an Excel spreadsheet to find the angle at which the 

distance traveled is optimized (our solution) 
 

1. Finding the forces on the puck and its acceleration: 
 

We began by creating a Free-Body Diagram to identify all the 
forces acting upon the puck. By doing that, we were able to find 
out that there are four total forces acting on the puck: the normal 
force, the two components of gravity, and the force of friction 
(shown in diagram). Using all those forces, we were able to come 
up with a derived equation for the forces acting on the puck:  

																							𝐹 = 𝑚𝑎 
𝑚𝑔 sin 𝜃 − 𝐹! = 𝑚𝑎 

																																𝑚𝑔 sin 𝜃 − 𝜇mg	cos 𝜃 = 𝑚𝑎 
																																						𝑔 sin 𝜃 − 𝜇𝑔 cos 𝜃 = 𝑎	 

We used the above equation for the next step.  
2. Finding the velocity of the puck at the exact moment where the ramp drops: 



Using the above equation and the ‘no t’ kinematic equation, we plugged in the equation for 
acceleration and found the velocity.  

𝑣" = 𝑣#" + 2𝑎𝛥𝑥 
																																			𝑣" = 𝑣#" + 2(𝑔 sin 𝜃 − 𝜇𝑔 cos 𝜃)𝛥𝑥 

																														𝑣 = 82(𝑔 sin 𝜃 − 𝜇𝑔 cos 𝜃)𝛥𝑥 
We found the velocity at that point to be 5.23 m/s, which is the initial velocity of the puck as 
it’s launched oU the ramp. 
 

3. Find the distance traveled by the puck when it is a projectile:  
 
We then took this initial velocity and plugged it into the vertical motion equation to find the 
time because the height, ∆𝑦, was given. 

																		∆𝑦 = (𝑠𝑖𝑛𝜃)(5.23)𝑡 −
1
2𝑔𝑡

" 

Plugging the corresponding values in and using the polynomial equation solvers on our 
graphing calculators we found that puck falls to the ground in 0.331 seconds. 
We plugged this time into the horizontal velocity equation. 

∆𝑥 = (𝑐𝑜𝑠𝜃)(5.23)𝑡 
This got us 1.363 m as our ∆𝑥. 
We combined the projectile equations and dynamics equations to find the general formula 
for the distance traveled by the projectile puck. This was verified with the 38 degree angle 
we had solved for in smaller steps.  

∆𝒙 = 𝐜𝐨𝐬𝜽(𝟓. 𝟖(𝟗. 𝟖 𝐬𝐢𝐧 𝜽 − 𝟏. 𝟔𝟔𝟔 𝐜𝐨𝐬 𝜽) ∗ 	
− 𝐬𝐢𝐧 𝜽(𝟓. 𝟖(𝟗. 𝟖 𝐬𝐢𝐧 𝜽 − 𝟏. 𝟔𝟔𝟔 𝐜𝐨𝐬 𝜽) +	78𝟓. 𝟖 (𝐬𝐢𝐧 𝜽)𝟐(𝟗. 𝟖 𝐬𝐢𝐧 𝜽 − 𝟏. 𝟔𝟔𝟔 𝐜𝐨𝐬 𝜽)9 + 𝟑𝟏. 𝟑𝟔

𝟗. 𝟖
 

 

Solution 
 
The general solution was identified by sorting the Excel column delta x from highest to 
lowest Delta X, and we identified 27 as the optimal integer angle to yield the greatest 
distance from the base of the counter. 

 
 



Graphing the general ∆𝑿 equation in Desmos we found that, at the maximum ∆𝑿 (on the y-
axis), 𝜽 (on the x-axis) is 0.46513. Multiplying this by 180 and dividing by 𝝅, we found that 
the optimal angle for this problem is 26.650 degrees. 

 
 
Extensions 
 
The new puck, weighing 1078 N, travels down the 4.8m long incline that makes an angle 
theta relative to the horizontal. The kinetic coeUicient of friction between the ramp and the 
new puck is 0.23. The height of the counter (beginning at the end of the incline) is 1.1m tall. 
The puck started from rest. Given that the puck’s final horizontal position is 0.33m away 
from the base of the counter and that the angle of the incline is the new puck’s critical 
angle, what is the static coeUicient of friction? 
 
Evaluation 
 

Yes, I considered completing this POW to be very educationally worthwhile because 
it provided an opportunity to collaborate and learn from our peers while solving a problem 
that combined several skills from across units. The POW served as a helpful refresh and 
reminder of projections and other topics from the Kinematics Unit. I also learned about 
Excel and creating functions from this problem. 

I thought the wording of the POW problem was clear and concise. If there were any 
changes to be made, I think it would be beneficial to add a clarification on if students are 
expected to find the precise angle arithmetically or if finding the general integer angle is 
suUicient. There was some confusion amongst groups regarding this requirement. 



Yes, I did enjoy working on this problem. I find group work to be fun and a good 
chance to combine and share knowledge. The problem was also exciting because it had 
multiple parts, and it required knowledge from the beginning of the year to now. I hope to 
do more multi-step problems like this one with a group in the future! 

I thought the problem was just right for diUiculty. It did take our group some time to 
find the equation to solve for the precise angle, but the first part (finding the general angle) 
was much quicker. Overall, I think the problem was a good balance of challenging, but not 
frustratingly diUicult. 

Our group worked together well. We each contributed to our solution and to writing 
various parts of the POW. It was fun having the opportunity to work with peers outside of 
my section that I don’t normally get to collaborate with. 
 


