PROJECTILE MOTION

Objective
To experimentally measure the velocity of a ball which is propelled by a spring loaded gun. Using this velocity, and a predetermined angle of elevation, a range will be predicted and tested.

Apparatus
Pasco Projectile Gun, ramrod, yellow plastic ball safety glasses, plumb bob, metric tape, meter stick, carbon paper, blank paper, masking tape, and ruled target.

Discussion
Projectile motion is the motion of any object which is moving freely under the influence of gravity alone. A simple type of projectile motion is the case of free-fall, where an object is dropped and allowed to fall. That motion was observed and measure in the “Acceleration of Gravity” experiment. That  acceleration,  g = 9.80 m/s2 , is the vertical acceleration of ANY object in projectile motion, whether falling vertically or moving along a parabolic trajectory.

Since an object in projectile motion is, by definition, acted on only by the force of gravity, there is no horizontal acceleration (since there is no horizontal force.) Thus projectile motion can be thought of as the superposition of two distinct motions:

Horizontal motion with constant velocity

And

Vertical motion with constant acceleration

The position of a projectile at any time after being launched until it hits its target can be described with the following equations. We will define upward quantities as positive, so the y-component of the acceleration will be ay = -g.
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In this experiment you will be firing a ball from a gun mounted on a table toward a target on the floor.
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The object of the experiment is to predict where the ball will land, knowing the initial velocity of the ball as it leaves the gun (v0), the angle of elevation ((), and the height above the floor (H). We can derive an expression for the range (R) by using our two equations of motion for projectiles.

We will place the origin of our coordinate system on the floor directly beneath the point of release. Thus, x0 = 0 and y0 = +H. When the ball hits the floor, y = 0.

Procedure

1. Secure and Load

a. Fasten the spring gun base securely to the table top using c-clamps.

b. Level the gun by adjusting the angle of the gun until the angle indicator is 0(.

c. Cock the gun by pushing the ball into the barrel with the ramrod.

d. Push the ball until it latches in the midrange position.

2. Test fire

a. Make sure no one is in the way!

b. Fire the ball by pulling the string-loop trigger.

c. Note where the ball lands.

d. Tape a piece of paper to the floor, centered over the impact point.

e. Lay a piece of carbon paper (carbon side down) over the white paper

(Do not tape the carbon paper.)

3. Practice shots

a. Make several horizontal shots, numbering each mark left on the white paper by the impact. This will let you see if there is any steady drift in the range or if the errors that are occurring are random.

b. Practice the release of the gun so that you can get consistent shots within a few centimeters of each other.

c. Do not jerk the string so hard that the gun actually moves otherwise you will have to start over.

4. Horizontal Data

a. Once you are satisfied that your system is working well, draw a transverse line across the target page, leaving it taped to the floor, through the middle of all the impact marks.

b. Using a plumb bob find the point directly beneath the release point.

(You can use a piece of tape and mark it with a pen.)

c. Measure the distance from this point to the line drawn on the paper.

d. This is r, the range for a horizontal shot.

r = ________________ 

e. Now measure h, the vertical distance from the ball (at the point of release) to the floor.

h = ________________ 

5. Calculate the speed of the ball.

V0 = ________________ 



6. Prepare for angled firing

a. Raise the gun to an elevation between 20( and 40( above the horizontal.

b. Tighten securely 

c. Record the angle of elevation,(.

( = _______________
Do NOT fire the gun!

7. Compute the expected range, R.

R = _______________


NO PRACTICE SHOTS!

If you take one, I will change your angle and you will need to redo calculations.

The next one is the one that counts!

8. Angled firing

a. Obtain a target from your instructor.

b. Place it over the spot where you expect the ball to land.

c. Lay a piece of carbon paper over the target.

d. Call the instructor over to watch

e. Fire the gun

9. Where the ball lands on the target determines your grade for the lab!
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