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SPEED & Range Of A Ramp launched PROJECTILE
Equipment Needed

Ball Ramp Kit     K6-L   [image: image1.jpg]



Dell Laptop Computer  with mouse   &   
          AC Adapter, Dell Laptop       N3-PR,M0-PR (on cart), or T0-L
Data logger, with cabling     [image: image2.jpg]


   Y4-PR  

Meter Stick     H4-L (in window)
Paper, Carbon     N6-PR 
Paper, White    use scrape paper  or  N6-PR 
Plumb Bob        F6-L 
Ringstand, Miniature  F5-L   [image: image3.jpg]


   
Photogate  with cabling   [image: image4.jpg]


      Y2-PR
Small table clamp     D3-L     [image: image5.jpg]



~1 inch of masking tape      (x2)        B3-L   

Projectile balls 
(small glass & steel balls from ramp kit @ K6-L) &   large ~2” steel ball from  G1-L  

Right angle clamp     E2-L     [image: image6.jpg]


   
Calipers, Digital stored in black case   EE6-PR   
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PURPOSE

In this experiment, you will predict the Range or horizontal flight travel distance using the launch velocity and compare it with the experimentally measured Range. 
THEORY

This experiment concerns constant velocity in the x direction and constant acceleration of gravity in the y direction.

Unless fired straight up or down, projectiles move in the two dimensions, x and y. Both x and y share the same time or "time of flight". See fig 1. 

Time in flight from equation 1:
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equation 1 

where t  =  time in flight 







& y  =  hff
is the same t in equation 2:

Range   =  
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equation 2

where t  =  time in flight
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Fig 1   
hr  =  height the ball drops while on the ramp   
hff  =  freefall height/distance   
R  =  Range  where  Range  =  x     in equation 2 

d  =  diameter of the ball 


d/2  =  r  =  radius of the ball 



note: the standard convention for calculations of homogenous spheres is to use the center of mass as the principal reference. Here, for free fall dropping distance, the bottom of the ball is used as your reference and d/2 is the difference between the hr and hff measurements. 
Basic setup
Clamp the ramp to your lab table as shown in fig 1A’ 
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Fig 2 A   basic ramp setup 


Fig 2 B   alternative view of basic ramp setup 

Adjust the height of the photogate so the IR light beam will cut across the diameter of the ball as it rolls off the ramp. See fig 3 for determining the position of the light beam. 
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Fig 3 the pencil thin IR light beam exits from one pin hole & enters another pin hole to strike a light detector. 
Adjust the photogate height so the diameter of the ball lies along the path between the center of the two pin holes of the photogate. 
PROCEDURE

1.  Set up the apparatus as shown in figure 2. Plug the photogate into Dig 1 and the data logger to the computer. Turn the computer on and open the Vernier LoggerPro software in the Physics folder. Choose the One Gate Timing executable file by selecting open under File, then select the ‘probes & sensors’ folder, then select the Photogate folder, then select One Gate timing. Hold the ball at the end of the ramp and adjust the height of the photogate beam to the center of ball. 

2. Measure the ball’s diameter d with the caliper.

Record the diameter in meters in data table 1; and, enter its value into the ‘photogate distance box’ of the ‘one gate timing’ executable program file. (Note: different balls may have different diameters which will need to be appropriately entered into both data table 1 and the ‘photogate distance box’. If this is not done, the computer will not calculate the appropriate velocity.) 
3. To collect data, click on the green collect button. 
4. With the photogate suitably adjusted over the end of the ramp, release the ball to determine where the ball will strike the floor. Center a sheet of white paper at the striking point and tape it in place with approximately one inch of masking tape. Place carbon paper on top of the sheet of white paper with carbon face down.   Do not  apply tape to the carbon paper!  
5. Measure the height of fall hff from the bottom of the ramp to the floor. Do not confuse this height with the starting height on the ramp “ hr “. Vary hr to get different velocities. Associate hr1 , hr2 , & hr3 with the different ramp release heights. 

Use a meter stick as a plumb bob & a short piece of masking tape to mark a point directly below the ramp’s launch point. Measure the Range, or distance x, from this point to the carbon inpact mark where the ball lands. Label each impact mark so you don’t confuse them.

Calculate a time of flight, t, from the end of the ramp to the floor and record its value in part 2 of the data section. . 

Question: 1: is the ‘time of flight’ the same for each run?      Explain.  

Click on the Collect button on the screen so the computer is ready to capture data from the photogate. Release the ball 5 times for each height and size. After each set of 5 runs, click on Stop (to stop data collection). Average the 5 velocities by clicking on the     [image: image15.png]File Edit Experiment Data Analyze Insert Options Page Help
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     icon in the top middle portion of the display. Record this average (mean) ± the standard deviation in the Vmeas column of data table 1.
 Use 3 ball sizes and 3 release heights, hrx . – (a total of 9 trials)
5. Measure the horizontal distance the ball travels for each run and record it in the   xmeas    
Column in data table 1. 
DATA
1. hff    floor to end of ramp height (in meters)     ____________   
2. calculate the time of flight (time in freefall), t (in seconds)  (use equation 1):  t  =  ___________  
3. Calculate a predicted Range distance, xpredicted , using t above & equation 2. Record your predicted values in data table 1. 
4. For % differences, use:   
(  xpredicted  -  xmeasured  ) /  xpredicted    

Data table 1 
	trial run
	ball diameter                                                                             d                                                  (m)
	Computer displayed velocity                                 Vmeas                                                                  (m/s)
	xmeas                                                       = Range                                          (m)
	xpredicted                                           (m)
	% difference
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Algebra exercise: 2. Write an equation for determining the launch velocity based on freefall height and Range information; and, explain the meaning of your equation or the concepts behind it. 

Description: 3. Describe sources of error associated with this lab. 
Description: 4. How do the % differences compare? 
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