 Spring Surprise! #3






Name _______________________

Goal: You will be given a spring which you will launch horizontally from a set height so that it hits a target. 
1) Conservation of Energy: Stored spring energy gets changed into kinetic energy, E = ½ mv2.  You have a spring with a constant of 56 N/m, mass of 12 g which is stretched by 8.3 cm. How fast will it go, assuming no energy loss?

E = ½ mv2 = ½ k x2.    

v = x sqrt(k/m) = 5.6(7) m/s.
2) Projectile Motion: In the air the spring will have constant vertical acceleration and constant horizontal speed. 

a) Draw the path of the spring and use arrows to show the total, vertical and horizontal velocities at the start, middle and just before hitting the ground. Label the drop in height, h, and the range, R, (the horizontal displacement).




You can calculate the horizontal distance using R = v t, if you know how much time it spends in the air. This time is determined by the time it takes to fall the vertical distance. It is undergoing constant vertical acceleration so the vertical distance and time are related by the equation, h = v1 t + ½ g t2.  

b)  The initial velocity, v1 = 0. Explain why. 
It is being fired horizontally so it has no velocity up or down.
b) Suppose the height was 1.9 m. Calculate how much time it would spend in the air.


t = sqrt (h/4.9) = 0.62 s.
c) Explain, with diagrams why the spring must be launched perfectly horizontally for this analysis to work. Is it better to err with launching a bit upwards or a bit downwards? Explain.
If launched a bit up, it will spend more time in the air but its horizontal speed will be less. The two effects may cancel out. If launched a bit downwards, it will spend less time in the air and the horizontal speed will be less so the distance will be definitely less. Therefore, the error will be less if the spring is launched slightly upwards. 
3) Practice Calculation: The drop is 2.4 m, the range is 3.1 m and the spring constant is 75 N/m and its mass is 23 g.
a) Calculate how much time will be spent in the air.
t = sqrt (h/4.9) = 0.700 s
b) Calculate how fast the spring must be moving.

v = R/t = 4.43 m/s
c) Calculate how far back you should pull back the spring.

 x = v sqrt (m/k) = 0.078 cm= 7.8 cm.
4) Practice Contest: Get a spring. It will be launched from a height of ______ and must have range of _____.
a) What is its mass? 

b) What is its spring constant?
c) How much time will it spend in the air?

d) What velocity does it need?

e) How far back should an ideal spring be pulled?

f) Calculate the real pullback distance.

g) How far did it go? What was the percentage error?

5) Contest: Get a new spring. Put your names, measurements, and calculations on another sheet of paper.  Put your final answer in large numerals in a circle.
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