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Figure 1.  Apparatus 

 
Introduction & Thoery 

 
In this experiment, we investigate motion in Two Dimensions, and show that orthogonal 
motions are independent. We learned that free-falling bodies accelerate at the same 
rate, and therefore we can predict the time-of-flight simply by knowing the height. The 
equation of motion for any body starting at vertical position !! and undergoing free fall 
under the force of gravity is given by 

!! =
1
2!!

! 
which we can solve to get the time 

! =
2!!
!  



If the object also has horizontal velocity !! it will maintain that motion whether itʼs falling 
or not. This follows from Newtonʼs Law ! = !! which is a vector equation – in this case 
a pair of equations !! = !!! and !! = !". Since the force of gravity is down (vertical) 
and not sideways (horizontal), the horizontal motion must be constant. We will use 
these facts to determine the speed of a ball leaving the ramp. Once we know the time-
of-flight, we can use the constant velocity equation of motion ! = !!! to find the velocity 
!! which it had when it left the ramp. Before attending Lab, Solve these equations to 
get a formula for the velocity !! based on the height !! range  ! and ! and write your 
equation here so that the instructor can check your result. 
 

 
 
 
 

 
This is called projectile motion since it applies to any object projected with horizontal 
velocity on a free fall trajectory. Applications include rifles, cannons, arrows, golf balls, 
baseballs, spit balls, boogers, nuclear warheads and the like. 
 

Apparatus 
 
A metal ramp (see Figure 1) is clamped to the worktable, and a ball held at fixed 
position near the top of the ramp. When the ball is released it, it rolls down the ramp. 
When it leaves the bottom of the ramp, it has only horizontal velocity, but also begins to 
fall freely until it hits the floor. The time taken by the ball from leaving the bottom of the 
ramp until it reaches the floor is called, for obvious reasons, the time-of-flight. A paper 
sheet and carbon paper are stapled together and mark the spot where the ball hits the 
floor. The horizontal distance the ball travels from the plumb line at the base is called 
the range, denoted by !. 
 

Procedure 
 
Your instructor has prepared the apparatus for you. Your task is as follows: 
First, measure the distance from the floor to the bottom of the launch ramp and 
record you answer in the data section below. Use the plumb line for accuracy 
 

1. Take a metal ball and hold it at the top of the ramp against the screw-stop 
2. Measure the distance from the bottom of the ramp to the bottom of the ball and 

record this value in the first column “H” 
3. Release the ball and note where it hits the floor (and get the ball back!) 
4. Using that as a guide, place the paper & carbon sheet on the floor at that point 

and secure in place with tape. 
5. Now launch the ball and note where it struck the paper. A black dot should be 

visible and indicates the precise spot. Using a tape, measure the distance from 
directly under the launch point to the dot on the paper. 
Record the distance in your data table under the column “X1”. 



6. Repeat Step 5 three times, recording the values in the following columns, X2 – 
X4 and then calculate and record the average. 

7. Apply the equation you solved earlier to find and record the value !! 
8. Now hold the ball at a position midway on the ramp, recording the value for H. 

Repeat Steps 3 – 7. You should find that the velocity !! has changed. The 
difficulty here is repeating the start position of the ball precisely, but taking an 
average should give a reasonable result.  
Do this for a few positions on the ramp, say ¼, ½, and ¾ of the way up. 

 
Data and Calculations 

 
 
 Record your measured value of the height here  !! = 
 

 

H X1 X2 X3 X4 Xave V0 

       

       

       

       

 
 

Conclusions 
 
The higher the release point, the faster the launch speed should be. Is this true? 
 
 
 
 
 
 
 
 
 
 
 



Plot a graph of Xave versus V0. The faster the launch speed, the greater the range. Is 
this true? State your result here and include the graph in your Lab Report. 
 
 
 
 
 
 
 
 
 
Is the graph linear? If so, then the equation ! = !!! is correct. Is this true? 
 
 
 
 
 
 
 
 
 
 
 

Besides your graph, include in your Lab Report the derivation of your 
initial equation, and also any calculations you made to create your graph. 

 


