Two Dimensional Motion – Horizontal Projectile Motion

In this lab we will investigate a more complicated version of two-dimensional motion- where one of the two dimensions involves acceleration.  In the special circumstance when an object is in motion and the only acceleration present is due to gravitational forces, we have what is called ‘Projectile Motion.’  Consider the photographs below:
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Set up the apparatus as shown.  Be sure to secure both the launcher to the frame and the frame to the tabletop tightly enough that the assembly won’t shift when bumped.

Procedure, Part I:

In this section, we will determine the initial velocity of a steel bearing when shot from the launcher.

1) Measure and record the vertical distance from the launcher muzzle to the floor.  Note that on the side of the launcher is a “ball” location showing where the bearing is actually released from the plunger.  Measure from the bottom of the “ball” to the floor, accurate to the nearest millimeter.  Place a light pencil mark on the floor directly beneath the point of release.

2) Insert the steel bearing and use a pencil to push the plunger to the second ‘click.’  There are, in fact, three settings for these launchers.  We will only use the second!  Not only is it more accurate, but also it will work best in the space we have.

3) With your lab partner standing at the opposite end of the lab table, fire the launcher.  Your partner should note the approximate location where the bearing first touched the floor.  

4) Place a blank sheet of paper on the floor at the location of the bearing strike.  Lightly secure it in place with a single piece of tape.  Place a sheet of carbon paper on top of this paper.  Do not tape the carbon paper!
5) Repeat steps 2 & 3.  If all went well, the bearing should have landed on top of the carbon paper, leaving a record of its point of impact.  If this is not the case, re-position the paper appropriately and re-fire the launcher. 

6) Circle the carbon mark on the paper and label with the trial # and horizontal distance from launcher (as measured from the light pencil mark left in step 1).

7) Repeat the process twice more for a total of three impact points recorded on your paper.

8) Complete the Analysis for Part I before proceeding

to Part II of the Procedure.

Procedure, Part II:
In this section, we will investigate the nature of an object initially traveling in two dimensions.

9) Reposition the launcher as shown, noting that the launcher is moved to the very end of the thumb screw.  Note that this places the bearing level with the table surface when fired.

10) Set the launcher to fire at an angle of 40o.  With your partner standing at the opposite end of the table, fire the launcher, again noting the approximate location where the bearing strikes.

11) Tape your raw data sheet to the table at this location (you may want to use the clean side) and cover with the carbon paper. 

12) Re-fire the launcher.  If all went well, you will again have a record of the exact location of impact.  Circle the carbon mark and label with the horizontal distance from the launcher muzzle (measured from the crosshairs on the side of the launcher) and with firing angle.

13) Repeat the procedure twice more at the same angle.  Proceed to the Analysis for Part II.

*Do not throw away the raw data sheet!  This will be turned in with your analysis!

Standard Physics Lab #7:  2-D Projectile Motion

Name / Date / Per / Table #:


Analysis, Part I:

Height of bottom of ball in Launcher:

y = _________m

1)  Average the three trials to determine the horizontal displacement of the bearing in Part I.

Horizontal Displacement:
x = _________m

2)  Use the motion equations to determine the time it would take an object to free-fall the vertical distance from the launcher muzzle to the floor (starting from rest).  

Time of Flight:

t =    _________s

3)  Note that there are no forces pushing or pulling the bearing in the horizontal direction.  That being the case, the horizontal velocity should be relatively constant (ignoring air resistance).   Using the average horizontal distance and the time from 2) above, determine the initial (muzzle) velocity of the bearing.  Record below.  Note that there is no acceleration in the horizontal direction, so the equation for horizontal motion is simply 

x = vx t.

    vx becomes vi for the second part of the lab.


Muzzle Velocity:

vi =  _________m/s

Analysis, Part II:


Firing Angle:


 =  40o
4) In this section, the bearing was given an initial velocity in both the horizontal and vertical directions.  Note the following diagram:




vi 


Use the trig functions to determine the initial horizontal and 




vertical velocities:  



vx


viy = vi sin 


vx = vi cos 

Horizontal Velocity:

vx =  __________m/s


Initial Vertical Velocity:
viy = __________m/s

5) Using the motion equations and the value for viy, determine the time of flight for the bearing.  (Hint- what is y for this scenario?)

Time of Flight:

t =    _________s

6) Using the time of flight and the value for vx, determine the expected horizontal displacement for the bearing.


Horizontal Displacement:
x = __________m

7) How does this compare to the average experimental value for horizontal displacement?  Determine and record the average horizontal displacement from your raw data sheet.  

8) Perform an % error calculation for the horizontal displacement by comparing your measured x to the x predicted by kinematics equations.

Note that the projectile launcher is completely horizontal according to the plumb-bob/compass (0o)!





Note how the projectile launcher is very slightly tilted away from the lab table!





A magnet in the launcher secures the steel bearing!











