
Physics 244 
 

Projectile Motion 
 
Introduction 
Previously, you studied motion in one-dimension by analyzing the vertical motion of a bouncing 
ball. Now you will examine both vertical and horizontal components of motion. For Part I of the 
experiment you will use the World In Motion software to examine two-dimensional projectile 
motion of an object thrown in the air. You will investigate the relationship between acceleration, 
velocity and position of the horizontal and vertical components. For Part II, you will track the 
motion of a parachute falling and observe the effect of air resistance and its relationship to the 
terminal velocity of the parachute. 
 
Materials 
World In Motion software, Excel 
 
Reference 
Giancoli, Physics 6th Edition: Chapter 3, sections: 5, 6, 7 
 
Theory 
Part I: Theoretically, it is known that the motion in various directions is separable, i.e. one can 
analyze the vertical component separately from the horizontal component of the motion. 
 
If we throw an object on the surface of the Earth, then the downward acceleration should equal 
acceleration of gravity since it is in free fall.  We should have no acceleration in the horizontal 
since gravity acts in the downward direction and thus:  
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Since acceleration is the slope of the velocity vs. time graph, the velocity versus time of the 
vertical and horizontal motions have different slopes. For horizontal velocity, the slope of the 
velocity vs. time graph should be 0 m/s2 so we expect a horizontal line. For the vertical velocity, 
the graph is a line with a slope of  − 9.8 m/s2. 
 
Now we can write equations for the two different components of projectile motion. We know 
that the vertical velocity equation must have the slope of  gay −= , therefore:  
 
   gtvv yy −= 0   (2) 
 
Since the horizontal acceleration is zero:  
 
 constant0 == xx vv      (3) 



 
 
For the position vs. time graph of vertical motion we get the familiar equation:  
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Since the horizontal velocity is constant, the equation for the position vs. time must be linear 
since acceleration is zero and thus the squared term drops out. The slope of this graph is the 
horizontal velocity. We can then write the equation as  
 
 tvxx x00 +=  (5) 
 
You will use these equations to analyze the video of a projectile in Part I. 
 
Part II: An object with a large surface area and low density behaves differently than objects in 
free fall because it is subject air resistance. For a falling object like a parachute, air resistance 
acts counter to the acceleration of gravity. A velocity vs. time graph will show increasing 
velocity over time until the point at which the velocity becomes constant, because the downward 
force of gravity is balanced by the upward air resistance. This velocity is referred to the terminal 
velocity. The force of air resistance is proportional to the square of the velocity of the parachute: 
 
  airF α   (6) 2v
 
 
Initially, the air resistance is small but as velocity increases it will increase to a point where it 
equals the acceleration due to gravity. At that point, the net force on the object is zero and 
velocity is constant. This constant, maximum velocity is known as the terminal velocity and is 
related to the force of air resistance by a constant,κ , that depends on the shape of the object: 
 
 mgvF termair == κ  (7) 
 
Procedure 
Part I: Two-dimensional motion of a projectile 
 
1.  Click on the World in Motion icon on your screen; you may need to go to the Start bar 

and select Programs>World in Motion.  
 
2.  Once you have opened World in Motion, select Video Analysis to open the video file. 

Your instructor will tell you where it is located and which file to select. 
 
3.  Now, step through your video by hitting Step. Determine the best starting point at which 

to begin taking data. For example, if the object is launched from someone's hand, make 
sure you don't take data until after it has left the hand. Note the frame number and select 
Min Frame, enter the frame number for the starting point. Step through the video until 



you reach an appropriate stopping point, note the frame and select Max Frame to mark 
the end point. 

 
4.  Depending on the file you are using, you may need to establish a scale between physical 

distance and pixels in the video. To do this, select Video>New Scale and follow the 
instructions given. The points you mark should be the ends of a meter stick in your video 
and the scale is then set to 1.0 meter. After you have completed this, check the accuracy 
of your scale by reading the coordinates of the two ends of the meter stick to be sure that 
the difference in distance is 1.0 meter. 

 
5.  Hit Play to return to the beginning of the motion. Place your cursor over the center of 

mass of the projectile in each frame. Mark the center of mass in each frame by clicking 
the mouse, then hit Step to proceed to the next frame. Advance the video in this fashion, 
stepping and clicking for a data point until the end of the motion. Once you have marked 
all of the data points click on Save and choose Copy Data to Clipboard.  

 
6.  Before you leave the World in Motion program, estimate the uncertainty in the x and y 

components of the position of the projectile that you have recorded. This estimate should 
be based on your ability to accurately mark the center of the projectile. Assume that the 
uncertainties in the x and y components are equal.  

 
7.  Open Excel and Paste the data into the spreadsheet. 
 
8.  Your spreadsheet should have separate columns for t, x1 and y1. You may also have x2 

and y2 in two additional columns. The time in seconds is in the first column, then the 
position data for the projectile are given in x1, y1, and finally the second data set x2, y2. 
The second data set should be deleted. 

 
9.  In Excel calculate the x and y components of the velocity and acceleration just as you did 

in the in the Free Fall lab.  
 
10. Perform an uncertainty propagation to calculate the uncertainty in the y-component of 

velocity and acceleration using the estimate of the uncertainty in y that you made in step 
5 and assuming that there is no uncertainty in the time. Perform this calculation for the 
first value of  and ay and assume that all values have the same absolute uncertainty. 
(This is true because of the assumption that there is no uncertainty in time.) Include the 
calculation in your sample calculation. Assume that the uncertainty in and ax has the 
same absolute value.  
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11.  Produce graphs of position vs. time, velocity vs. time and acceleration vs. time for both 

the x and y coordinates (horizontal and vertical motion). Plot error bars for all position, 
velocity and acceleration points. 

 
 



12.  Use the regression tool (Tools>Data Analysis>Regression) to determine the slope of  
vs. time and its uncertainty. 

yv

 
Sample Calculation 
Include a sample calculation of and  with uncertainties. In you report, discuss how you 
estimated the uncertainty in the position of the projectile. 

yv ya

 
 
Part II: Parachute Drop 
 
This measurement is made from the analysis of a video file of Knott's Berry Farm's "Sky Jump".  
 
1.  Load file 33.avi into World In Motion.  There is no need to set the scale or the minimum 

or maximum frames, but it should be set to measure every third frame.  Your instructor 
will show you how to plot the data using the World in Motion software. 

 


