Name  

Period  

Date  

Bull’s Eye Lab

Projectile Motion

Purpose:
To investigate the independence of horizontal and vertical components of motion: to predict the landing point of a projectile.

Required Equipment/Supplies:

Ramp

Target
Meterstick

Plumb line
Lab tools
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Discussion:
Imagine a universe without gravity. In this universe, if you tossed a rock in outer space, it would just keep going-forever. Because the rock was going at a constant speed, it would cover the same amount of distance in each second (Figure A). The equation for distance traveled when motion is uniform is
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The speed is

[image: image4.wmf]gt

v

=

Coming back to earth, what happens when you drop a rock? It falls to the ground and the distance it covers in each second increases (Figure B). Gravity is constantly increasing its speed. The equation of the vertical distance d fallen after any time t is
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where g is the acceleration of gravity. The falling speed v after time t is
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What happens when you toss the rock sideways (Figure C)? The curved motion that results can be described as the combination of two straight-line motions: one vertical and the other horizontal. The vertical motion undergoes the acceleration due to gravity, while the horizontal motion does not.
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The secret to analyzing projectile motion is to keep two separate sets of "books”: one that treats the horizontal motion according to
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and the other that treats the vertical motion according to
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Horizontal motion

When thinking about how far, think about d = vt.

When thinking about how fast, think about v = d/t.
Vertical motion

When thinking about how far; think about d = ½ at2.

When thinking about how fast, think about v = gt.
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Your goal in this experiment is to predict where a steel ball will land when released from a certain height on an incline. The final test of your measurements and computations will be to position a target on the floor so that the ball hits the Bull’s Eye the first time!

Step 1: Assemble your ramp. Make it as sturdy as possible so the steel balls roll smoothly and reproducibly, as shown in Figure D. The ramp should not sway or bend. The ball must leave the table horizontally. Make the horizontal part of the ramp at least 20 cm long. The vertical height of the ramp should be at least 30 cm.

Distance A to B = 

Compute the
Step 2: Use a stopwatch to measure the time it takes the ball to travel
Horizontal speed
from the first moment it reaches the level of the table top (point A in Figure D) to the time it leaves the table top (point B in Figure D). Divide this time interval into the horizontal distance on the ramp (from point A to point B) to find the horizontal speed. Release the ball from the same point (marked with tape) on the ramp for each of three runs. (Why?)

Do not permit the ball to strike the floor! Record the 3 times and average horizontal speed of the three runs.

Time = 
,   
,   
,

horizontal speed = 

Measure the vertical
Step 3: Measure the vertical distance h the ball must drop from the
Distance
bottom end of the table top in order to land on the target on the floor.
Step 4: Using the appropriate equation from the discussion, find the time t it takes the ball to fall from the bottom end of the ramp and land in the can. Write the equation that relates h and t.

equation for vertical distance: = 

Show your work in the following space.

t = 

Predict the range
Step 5: The range is the horizontal distance of travel for a projectile. Predict the range of the ball. Write the equation you used and your predicted range.

equation for range: = 

predicted range: = 

Using a plumb line and a string, project the lip of the table to the floor. Place the target on the floor where you predict the ball to land.

Test your prediction
Step 6: After your teacher has checked your predicted range and your target placement, release the ball from the marked point on the ramp. See whether the ball hits the bull’s eye. If not, check/correct your calculations and retry.
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