AP Physics Lab





Brockport High School (NY USA)

Projectile Motion





Mr Keefer
Objectives:  Determine how the vertical distance (y) is related to the horizontal distance (x) when a ball is launched horizontally from a table.

Materials:  

projectile launcher, plastic or metal projectile, meter stick, target board, carbon and white paper, goggles

Introduction 

The range is the horizontal distance (x) between the muzzle of the launcher and the point where the ball hits the floor, and is described by the equation 

  x = vo t

where vo is the initial speed of the ball as it leaves the muzzle, and t is the time of flight.

If the ball is shot horizontally the time of flight of the ball will be
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The vertical distance (y) that the ball falls in time t is given by

where g is the acceleration of gravity.  Substituting for t into the equation yields

A plot of y versus x2 will give a straight line with a slope equal to 
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Ultimately, the horizontal launch velocity vo can be determined from the projected ball’s x and y coordinates.

Methods  (NOTE:  GOGGLES REQUIRED BEYOND THIS POINT)

1.  Clamp the launcher to a sturdy table near one end of the table with the launcher aimed away from the table and windows and towards a safe location.

2.  Adjust the angle of the launcher to 0.0o such that the ball will be shot off horizontally.

3.  Fire a test shot on medium range to determine the approximate initial position of the vertical target.  Place the target such that the ball hits near the bottom of the board.

4.  Cover the target board with white paper.  Tape carbon paper over the white paper, ensuring that the carbon side is down.

5.  Measure the vertical height from the floor to the muzzle and record.  Mark this height on the target.

6.  Measure the horizontal distance (x) from the muzzle of the launcher to the target and record.

7.  Shoot the ball.

8.  Move the target about 10 to 20 cm closer to the launcher.

9.  Repeat steps 6 through 8 until the height of the ball as it strikes the board is about 10 

to 20 cm below the height of the muzzle.

Analysis
1.  On the target, measure the vertical distances (y) from the muzzle level mark downward to the hit marks and record in meters.

2.  Calculate x2 for all the data points and record.

3.  On a computer, plot y vs. x2 and draw the best-fit straight line (use Excel).

4.  Calculate the slope of the graph and record (use Excel).

5.  From the slope of the graph and your equations, calculate the initial speed (vo) of the ball as it leaves the muzzle.

6.  Using any one data point of your choice, calculate the time t using the y value (y = ½ gt2).  Now calculate the initial horizontal speed (vo) using this calculated time and the horizontal distance (x).

7.  Compare the difference between the initial speeds from Analysis questions 5 and 6.

Questions to include in your summary.

1.  Was the graph’s line straight?  What does this tell you about the relationship 

between y and x2?

2.  If you plotted y vs. x, how would the graph differ from the y vs. x2 graph?

3.  What shape is the path of any projectile?  Write the mathematical equation for a parabola.
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