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Launching Tube: Lab #9




By R. H. Hodson, M.L. West

Objective: to predict the path of a projectile using the conservation of energy.

Equipment:
Sketch:

Definitions, in words and in equations:

Gravitational potential energy =

Kinetic energy of translation = KEtranslation =

Kinetic energy of rotation = KErotation = 

Total energy = 

Background: 

As a ball of mass m  rolls down the launching tube it changes its gravitational potential energy into kinetic energy and some friction energy. In terms of your sketch,


the change in potential energy  = 

In order to find how much energy is lost to friction we can adjust the tube’s angle until the ball just barely comes to a stop at the exit end of the tube, and then falls out straight down. We can call the height difference  hfriction. 

The motion of the ball includes its spin as well as its translation, so there are two parts to its kinetic energy. 

The kinetic energy of rotation =   I 2




        2

where  I  is the moment of inertia and    (omega) is the angular velocity of the ball which is just  v/r. For a rotating spherical shape 


I = 2 m r2
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Substituting these expressions for  I  and    into the kinetic energy of rotation expression gives


kinetic energy of rotation = 

so, the total kinetic energy = KErotation + KEtranslation = 

The energy equation  PE = KE + Friction Energy   becomes:

We can let the friction energy be  m g hfriction.

We can solve the energy equation for the velocity v:

This is the velocity v with which the ball leaves the end of the launching tube. Then it flies through the air and lands on the floor some distance away. The angle between the exit end of the launching tube and the horizontal we will call  theta. Label  theta  on your sketch. You should measure theta using a protractor, and measure it again more precisely using the plumb bobs and meter stick. 

vx =


vy =

For a steel ball the air resistance is small, so the range is


R = vx t


where t is the time of flight.

To find the time of flight we need to look at the y direction. Let us call the vertical distance from the exit end of the tube to the floor  y.  Then


– y  =  vy t  –  g t2
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We can rearrange this equation to be


0  =  g t2 /2 –  vy t  –  y  

This is a quadratic equation in  t. It has the form  0 = a t2 + b t + c  where  a = ____________, 

b = __________, and  c = ___________,  and can be solved using the quadratic formula:


t  =  -b + -  (b2  -  4 a c).5
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Knowing the value of this time  t  allows one to calculate the range  R.
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Procedure:
1. Clamp the base securely to the table. Clean the tube by blowing. Examine the apparatus and hang the plumb bobs from their brackets and knobs at the start and at the end of the tube.

2. Set the start end of the tube about one centimeter higher than the exit end. Release the ball and watch it. Adjust the position of the tube to measure the energy lost to friction. Measure the difference in height between the two ends. 


hfriction = _______________

3. Raise the start end of the tube about .1 m further. Now you are going to predict where the ball will hit the floor. Measure whatever dimensions you need and note them on your sketch. Measure the angle  theta  with a protractor and also by  x  and  y. (You may move one of the plumb bobs.) BE CAREFUL not to bump the table or the apparatus once you have made the measurements.

4. Calculate v, theta, vy, vx, and t, then calculate the range R. Measure this distance from directly beneath the exit end of the tube. Place a quarter one centimeter closer to the tube than this position (to account for a small amount of air resistance). R = ___________
5. Notify the instructor that you are ready to fire. Now you may load and release the ball. If it hits the coin, congratulations! If it missed badly, re-check your calculations and try again. 

In your group lab report include equipment, sketch, data table, sample calculations, analysis, conclusions, percent variation, and related future work.

