Projectile Motion

OBJECTIVES

In this lab we will study projectile motion and the independence of motion in orthogonal directions. 

APPARATUS

· Air table with spark generator, two identical pucks, and a wood block

· Carbon paper and newsprint

· T-square, triangle, and ruler

INTRODUCTION

By this point you know that when you throw an object, such as a baseball, through the air it follows a parabolic trajectory (if we ignore the effects of air resistance).  The object experiences constant acceleration downward due to the gravitational attraction between the Earth and the object.  As long as we can ignore air resistance, there should be no accelerating forces acting perpendicular to the gravitational attraction and so the object should continue moving at a constant speed parallel to the earth’s surface.  In this lab we will explore and reinforce these ideas by performing precise measurements of projectile motion on an inclined air table.

PROCEDURE

Experiments

For both of these measurements data will be taken using only one puck.  See the section below entitled “Air Table and Spark Generator Operation” for detailed air table instructions.  Make sure the other puck is stationary on the carbon paper in one of the upper corners of the air table.  Once the air table is level place a wooden block under the rear leg of the table to make a uniform incline.
Determine the acceleration of a “freely-falling” puck

Take data after releasing a puck from rest at the top of the paper.  You want the puck to move down in a straight line.  You may need to practice once or twice before using the spark generator in order to get the hang of it.  Take the data for the next experiment on projectile motion before removing the paper.
Study the motion of a puck launched as a projectile

Carefully push and release the puck from a lower corner up towards the top of the table.  You want the puck to make a nice parabola that fills most of the paper so you may need to practice a few times before turning on the spark generator.

Air Table and Spark Generator Operation

The general procedure for operating the air table and spark generator is below.

1. Place a sheet of carbon paper on the air table followed by one of the large sheets of blank newsprint.  Make sure that they are smooth and clean so the pucks can glide without friction.

2. Make sure both pucks are on the air table and over the carbon paper.  If you want one of the pucks to remain stationary turn down a corner of the newsprint and place the puck on it.  Make sure that the puck is in contact with the carbon paper.

3. Turn on the air pump.  You may want to verify that the table is level if that is important to your measurement.

4. Turn on the spark generator and set it to 20 spots/second (or 20 Hz).

5. When you step on the pedal the spark generator will start firing at the selected rate and leave a dark spot on the underside of the paper at the location of each puck.  Release the pedal to stop the spark generator.

If you operate the spark generator incorrectly it is possible to give yourself a shock.  Here are a few safety guidelines to keep in mind.  

· Turn off the spark generator at the switch whenever you are done taking data.

· Do not touch the pucks while the pedal is depressed.  Launch the pucks, let go, and then step on the pedal.

· Make sure both pucks are on the table and in contact with the newsprint/carbon paper. 
· If you hear a clicking noise then something is wrong.  Take your foot off the pedal and get help from the instructor.

ANALYSIS

You will find it useful when performing this analysis to make a crude “drafting table” at your workstation.  Use the ruler or T-square to draw a line through, or parallel to, the points from the freely falling puck data set.  Orient the paper on the table so that when the T-square is hooked on to the edge of the table the long arm is parallel to the freely falling puck data.  Tape the paper down.  Now you can use the T-square and the triangle to draw precise, orthogonal lines on the paper as needed.

Call the line through the falling puck data the y-axis.  Calculate the average velocity between data points and plot it as a function of time.  Use the T-square and triangle to draw a line perpendicular to the y-axis and call it the x-axis.  Calculate the average components of the velocity in x and y for the projectile motion data by projecting the position of each data point onto the x and y axes.  Plot each of those as a function of time, as well.  Use Excel as much as possible.  If your spark generator fired at 20 Hz, then you can skip every other point when taking measurements; that is, only consider points separated by 1/10 s.

Use your graphs to answer the following questions:

· What is the acceleration of the freely falling puck?

· What is the acceleration along y of the projectile puck?  Is it the same as or different from that of the freely falling puck?  Does your result make sense?

· Is the velocity of the projectile in the x direction constant or does it vary?  Does your result make sense?

· What is the acceleration of a puck launched straight up from the bottom of the paper at the time when its velocity is zero at the top?  This question can be answered by conducting another experiment or reconsidering the data you have already taken.
