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Abstract 
 

In high schools across the United States, the introductory 

physics curriculum typically includes the two-dimensional 

projectile motion problem. In the lab setting, this problem is 

usually presented as ideal, so students can learn physics 

principles using simple calculations. In practice, however, 

non-ideal lab conditions can interfere with the results of this 

experiment. For example, a floor with a two degree slope 

from horizontal can cause a three percent error in students’ 

velocity calculations.  

Our objective in this project is to minimize the error in 

calculations for initial velocity caused by a sloped floor. 

Initially, we focused on the case where the launch angle is 

horizontal and the floor slope is known, allowing us to 

calculate the initial velocity with good precision. We then 

developed two additional methods for finding an accurate 

initial velocity. In the case of a small slope, we model the 

final horizontal position as an exponential function of floor 

slope. More generally, where floor slope is unknown, we 

compare the final horizontal positions for two launches with 

different (but known) launch angles to determine the initial 

velocity and floor slope.  
 

 

Introduction 
 
The two-dimensional projectile motion problem has been a 

commonly visited subject in high school curriculums across 

the United States. In its ideal form, a ball is launched 

horizontally from an elevated position, and lands at a certain 

distance on a level ground. Then, by measuring the vertical 

position of the projectile (yi), and the final horizontal 

displacement (xf), we can obtain the initial velocity (vi) of 

our projectile as it is launched via the following equation, 

where g is the acceleration due to gravity: 

 

 

 

 

The ball is then launched at an angle and the initial velocity 

is used to determine where the ball will land. However, this 

only works if the launch angle is zero and it lands on a level 

surface. This is often not the case in most high school 

classrooms. A classroom floor may be warped slightly, 

especially with older buildings. Without a level floor, the 

initial velocity calculation would be wrong. This is due to 

the location of impact being on an angled slope, and  not 

truly the final horizontal displacement. If that is the case, the 

subsequent determination of the projectile’s initial velocity 

would be incorrect.  

 

With that in mind, we set a task to determine whether we 

could minimize the error in calculating the initial velocity if 

the slope of the floor was known. In the process, we revealed 

the possibility of two other methods to determine this initial 

velocity, the last of which may not need to know the slope of 

the surface. Such a method may help high school teachers 

rectify errors in their own projectile motion experiments 

without measuring the slope of the ground, which would be 

difficult in the case that the floor is warped. 
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Experimental Setup 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Our data was taken by setting up a situation in which we had a projectile launcher at a set 

distance above our impact surface. For the data we collected to confirm the first two 

methods, our quadratic expansion and exponential approximation, we launched our 

projectile horizontally with our surface of impact angle from -5° to +5°, so we could test for 

cases in which a projectile was launched uphill and downhill.  The projectile launcher was 

placed at the same setting for each launch, to keep our initial velocity as constant as 

possible. After determining the area in which the ball would land after launch, we used a 

small pile of papers which allowed us to accurately locate the impact dent. After measuring 

these impacts at a variety of surface angles,  and measuring the distance from the launcher to 

the  table, we had our values for yi, r, and the angle of the slope θ that we needed for our 

calculations. 

Methods 
 

Our first method is to model the horizontal displacement as a quadratic function of the known 

floor slope, m. We used a binomial expansion to the solution to the standard kinematic equations, 

yielding:: 

 

 

With the following definitions: 

 

 

And a further analysis of its properties resulted in a exponential approximation for small angles: 

 

 

 

Using this approximation of the final horizontal position, we are able to solve for the initial 

velocity with reduced error when the floor slope is known.  
 

Our second method is to find the slope and the launch speed when both are unknown. In this 

method, we use two launches at different angles. Each equation can then be solved for vi in terms 

of the slope, m, and known constants, allowing us to set the two equal to each other and calculate 

the floor slope. Once the slope is calculated, the corresponding adjustments can be made to the 

initial velocity calculations to properly reduce error.  We have solved the coupled kinematic 

equations for the two unknowns in closed form. 
 

 

 

 

 

  

    

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusions 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

Future Work 
 

In the future, we will alter our setup so that our launch height can be held constant so we can 

test the exponential approximation.  In addition, the current version of our second method 

will be simplified and experimental data will be taken so that we can test it.  

 

We tested the first method with data from our experimental setup. In our setup, we rigged a 

projectile launch experiment so that we could alter the angle of the floor slope. In order to test 

our two equations, we measured the distance that the projectile traveled when the floor slope 

was set at angles ranging from -5° to 5°. The rationale was to provide a large coverage of 

angles, and to also test where our exponentional approximation departed from our quadratic 

approximation.   

 

 

 

 

 

 

 

 

 

 

 

 

The graph indicates that the data matches our quadratic model in a respectable manner. 

However, due to the variance of yi that we encountered, the exponential model was unable to 

be applied to our data.  We have developed the second method,  but the equation takes up a 

rather large amount of space and needs to be simplified before we can test it. 

 

We used a stack of paper to determine 

where the ball struck after being 

launched, which made it easy for us to 

measure the hypotenuse, r, that we 

used for our calculations. 

This is our projectile launcher. It’s 

commonly seen in most high schools for the 

ideal projectile motion experiment. Next to 

it is our plum bob, which we used every 

launch to make sure the barrel lined up with 

the beginning of our slope.  

The table we used as our inclined 

slope. It was easy enough to adjust the 

angle and the table was both smooth 

and straight. 

We had a selection of shims to ensure 

we could put the table at exactly the 

angle we wanted. 


