Spring Surprise! #2







Name _______________
Goal: You will be given a spring which you will launch vertically so that it rises to a specific height
1) Spring Potential Energy: When you stretch the spring you store energy in the spring, 
a) The increase in energy is determined by how large a force is used and the displacement over which it is used, E = F x. The force of the spring isn’t constant while you pull. Which force should you use? 

A) the maximum force 
  B) the force at maximum length  
C) the force at the start 

D) something else

Explain.
The first two answers are the same thing and will result in an energy calculation that is too large. 
The second answer will yield an answer of zero. 
If they choose answer D), they need to explain why the other answers are wrong and what the correct answer should be. The average is a reasonable suggestion. It also happens to be right in this case – but only because there is a linear relationship between the stretch and the force. This would not work with an elastic band or bungee cord.
b) The energy stored in the spring E, should be calculated using 

A)  E = Fmax xmax 

B) E = ½ Fmax xmax 

C) E = k xmax2
D) E = ½ k xmax2
Explain clearly why this is so using a sketched graph of Hooke’s law.  

This is really the same questions as the first part but it uses the graph to illustrate the problem. The product of the Force times the stretch is the area under the graph, which is a triangle. E = ½ F x = ½ k x x = ½ k x2.
Both answers B and D are correct. However, in the competitions it will be simpler to work with ½ k x2. They will measure the spring constant and then determine the energy stored by how far it is stretched. 
2) Conservation of Energy Calculation: The spring energy gets changed into kinetic energy and then into gravitational potential energy - mgh. Suppose the mass of the spring is 33 g and its spring constant is 98 N/m.
a) If you pull your spring back by 6.5 cm, how much energy is stored in the spring?
E = ½ 98 x 0.0652 = 0.207 J
b) If you release it straight up and everything is perfect, how far should it rise? 

mgh = E

h = E/mg = 0.207/(0.033 x 9.8) = 0.64 m
c) Suppose you want the spring to rise up by 1.27 m. How far back should you pull it? 

½ k x2 = mgh

x = sqrt(2mgh/k) = sqrt( 2* 0.033*9.8*1.27/98) = 0.092 m = 9.2 cm
d) This analysis has made some simplifying assumptions. The spring probably won’t go as high as calculated. Explain what has been left out.
Air resistance will reduce the height. Friction of the spring against the launcher will reduce the height. If the launch is not perfectly vertical, it will not go as high. 
3) Practice Contest: Suppose you are supposed to have a spring rise by 97 cm. 
a) Get a spring. What is its mass?
b) Calculate its spring constant.  They should use a large mass to get a more precise value. 
c) How far back should you pull it, if there are no energy losses? x = sqrt(2mgh/k)
d) How high did it rise with this pullback? 
e) What percentage of the predicted height did it rise?

If measurements are made really carefully – you will find that the energy losses are around 15%.

f) Suppose that it is supposed to rise 1.45 m. How far back should you pull it, if there are no energy losses? 
g) Calculate how far back you should pull it, using your observations of percentage energy loses. 

They should multiply there answer by some number – not add some number. 
h) Test this. What height did you reach? How can you improve this? Students can spend as much time improving their technique as they want, but they need to be finished in time to try to get the contest mark below.
4) Contest: Get a new spring. It is supposed to rise _____m. How far back should you pull it? You may not make any test shots. On another piece of paper, write your names. Show neat and complete measurements and calculations. Put your final answer in large numbers, with units  inside a circle.
The work above is worth 4 of the 5 marks. Only students who have presented a well-organized and clear solution with units and significant digits can compete in the completion for the final mark. The solution must show an ideal calculation and then an adjustment based on a percentage. After the competition, they should write down the actual height and consider where they went wrong. If there is time further contests could be done. 
