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Muzzle Velocity

EQUIPMENT NEEDED

	GLX
	Projectile Launcher Kit 

	2-Digital Adapters
	C-Clamp 

	2-Photogates
	Plumb Line (optional)

	Time of Flight Accessory
	Carbon Paper, White Paper, Tape

	Goggles are expected.
	Meter Stick


PURPOSE
The purpose of this experiment is to calculate the time of flight and muzzle velocity of a projectile and compare that calculation to the values determined by the GLX.
THEORY

Muzzle velocity is defined as the velocity of a projectile at the instant it leaves the barrel of the projectile launcher.  The higher the muzzle velocity the farther the projectile travels horizontally.  For a ball (16 mm) shot horizontally with an initial velocity (vi), the horizontal distance traveled by the ball is given by x = vi t, where t is the time the ball is in the air.  Air friction is assumed to be negligible.  The vertical distance the ball drops in time t is given by y = 1/2 g t2.  By solving this equation for the time of flight,

 t = (2y / g)1/2 and with the measurements of x and y, the initial velocity (muzzle velocity) of the ball can be calculated using the average velocity equation,  vi = x/t.

PROCEDURE

1. Clamp the Projectile Launcher to a sturdy table using the C-clamp.

2. Adjust the angle of the Projectile Launcher to zero degrees so the ball will fire horizontally.
3. Place the Time of Flight Accessory on the floor under the Launcher.  Measure and record the vertical distance (y) from the end of the barrel to the top of the Time of Flight Accessory. 
4. Test shot: Before you begin, put on your safety glasses! Verify that no-one is in front of your launcher before you load the projectile.  Put the ball into the Projectile Launcher and set it to the short range position (first click).  Verify again that no-one is in front of your launcher and warn your neighbors that you are about to launch. i.e. “Fire in the hole!”  Fire one test shot to locate where the ball hits.

5. Now place the Time of Flight Accessory in landing area of the test shot so that the next shot at this range should strike the center of the white section of the Time of Flight Accessory.

6. Tape a piece of white paper to the Time of Flight Accessory.  Place (DO NOT TAPE) a piece of carbon paper (carbon side down) on top of the white paper.  DO NOT tape the carbon paper to anything.  When the ball hits the carbon paper, it will leave a mark on the white paper.  You will use this carbon mark as a reference for measuring x.  Do not move the white paper or Time of Flight pad until you have measured the range x.
Prepare the GLX to record data by opening the file “muzzle velocity.” You should open the file BEFORE connecting the digital adapters in order to access this file easily.
1. Turn on the GLX.  The main menu should appear with the Data File icon selected.

2. Press the Select (check) button to open the Data Files menu.

3. Use the arrow keys to navigate up and over to the Flash memory.  Navigate down to “Muzzle Velocity” and press F1 (open) to open the file.  This file should move to the RAM memory and the word Open should appear next to it. 

4. Press the HOME key to return to the main menu.

5. On the Home screen, Arrow over to Digits and press the Select (check) button to open the digital display for your data. The first item is the Initial (or Muzzle) Velocity and the second display is the Time of Flight.

6. Connect the two digital adapters to the GLX.
7. Connect the first photogate cable to Digital Adapter 1 in slot 1 and mount the photogate head on the mini launcher bracket just in front of the barrel.  Connect the second photogate cable to Digital Adapter 1, in slot 2 and mount this photogate head to the mini launcher bracket in the position farthest from the barrel.  It is critical that the first photogate (slot 1) is attached to the mini launcher bracket closest to the barrel so that the ball passes through the photogate in slot 1 first and the photogate in slot two, second.  Verify this arrangement.
8. Connect the Time of Flight Accessory pad to Digital Adapter 2 in slot one.

9. Verify that no-one is in front of your launcher then load the ball into the launcher at the short range setting.  
10. Call out a warning to your neighbors, “Fire in the hole.” Then click the Start/Stop button to begin recording.  When the path is clear, fire by pulling the launcher string perpendicularly up from the barrel.  Click Start/Stop button to stop recording.  (Remember, while recording the start button icon on the display will turn into a clock with a spinning hand.)  Initial Velocity and Time of Flight data should appear in the display. Record the data in your data table. 
11. Shoot two more times at short range.  Check that the marks of each of the 3 shots are close to each other.  If not, shoot the ball an additional time until 3 marks are close. 
12. Draw a tight circle around the three close points for the Short Range setting.  Measure the x-range from the launcher to the center of the circle around your carbon marks.  Record this value in your table. 

13. Repeat this procedure for the medium and long range positions.  Be sure to label each set of the marks for which a GLX velocity measurement was recorded  (e.g.,  short range marks label as S1, S2, S3 - medium range marks label as M1, M2, M3, etc. )
14. When you are finished collecting and recording data, turn off the GLX.  DO NOT SAVE your file to the GLX.  DO NOT break down the Projectile Launcher until you have answered question number 6.

15. Complete the Data and Calculations table and answer the questions below the table.  
Note:  Question number six will ask you to predict what will happen to time and range if you launch a projectile at a slight upward angle.  In order to test your prediction, do NOT put away the launcher until you have completed question number 6.
Name:

Period ______  
Partner’s Name:

Date: 


Muzzle Velocity

Data and Calculations:
	Launcher

Range Position
	Trial
	GLX

Time of Flight
	GLX

Initial Velocity
	Horizontal 

Distance (x)
	Calculated Time of Flight
	Calculated

Velocity

(m/s)

	
	
	(s)
	(m/s)
	(m)
	(s)
	

	Short 
	1
	
	
	Record these values in the Row with the Averages below

	
	2
	
	
	

	
	3
	
	
	

	
	Average
	
	
	
	
	

	Medium 
	1
	
	
	Record these values in the Row with the Averages below

	
	2
	
	
	

	
	3
	
	
	

	
	Average
	
	
	
	
	

	Long
	1
	
	
	Record these values in the Row with the Averages below

	
	2
	
	
	

	
	3
	
	
	

	
	Average
	
	
	
	
	


Vertical height (y) --------------> ___________ (m)

Calculations:

1) Calculate the averages for the values taken from the GLX as indicated in the table. 

2) For each range, calculate the time of flight using the height.  Next, calculate the average muzzle velocity using this calculated time of flight and the horizontal distance (range) to the center of the circle. Place the results in the table above.  Show at least one complete sample calculation for each step in the space below.

3)  In your own words, describe how the GLX determines the muzzle velocity of the ball.
4) Compare the GLX Time of Flight to the Calculated Time of Flight.  Do these numbers agree?  Calculate the percent difference.  Show at least one complete sample calculation below. Percent difference is 100 time the absolute value of the difference between the values divided by the average of the values 
%Difference =

 ׀GLX Time of Flight - Calculated Time of Flight ׀
  x      
       100

Average of the GLX Time of Flight and Calculated Time of Flight
5) Calculate the percent difference between the GLX Initial Velocity and the Calculated Velocity that resulted from your measurements of vertical and horizontal distances. Show at least one complete sample calculation below.  Recall that % difference is 100 times the difference between two measurements divided by the average of the two measurements.
6) (You do not need to collect data with the GLX for this question.)  Predict (write a sentence describing) what will happen to the time of flight and the range of the projectile if you angle the barrel of the launcher slightly upwards at 15 degrees above horizontal?  When you are finished your prediction, set up the launcher and test your prediction.  Were you correct?
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