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Conservation of Energy & Hooke’s Law: The Jump-up Toy




OBJECTIVE:  To observe the energy transitions in a pop-up toy and to determine the force constant of a spring.

THEORY:  Conservation of energy states that energy can change from one form to another, but it is always the same.  For example, a roller coaster contains mostly potential energy before proceeding down a hill. However, when at the bottom of the hill, the coaster will contain only kinetic energy.  Anywhere along its travel down the incline, the total energy of the system (PE + KE) will remain constant as long as we ignore friction.  
Total Energy  =  KE  +  PE = constant
When a spring is compressed or stretched from its relaxed position, it's potential energy is determined by
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PEs  =  ½ kx2
where k is the force constant in N/m and x is the displacement from equilibrium.

When a spring is compressed, its stored energy can be converted to kinetic energy KE, which in turn can be converted into gravitational potential energy.  

APPARATUS:  Jump-up Toy, meter stick, scale

PROCEDURE:

1. Determine the mass of the jump-up toy to 1.0 x 10-4 kg.

2. Measure to the nearest 1.0 x 10-3  m the exact distance the jump-up toy’s spring will compress in locked position.

3. Compress the spring until the toy locks.

4. Estimate the vertical height the toy jumps for five trials. Determine the average.

DATA:

Mass of  toy,  m = 

(g) = 

     (kg)



a)Toy rest height = 

(cm)

b)Height at compression = 

 (cm)

c)Displacement, x = a-b = 

(cm) = 

        (m)

	Trial   #
	Max. Height. (cm)
	 h  =  Jump Height (cm)   
     = max height – rest height 

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	
	          Avg. = 
	                   (cm) =                  (m)


Tabletop

        Uncompressed
     Compressed
                   (a)


 (b)
ANALYSIS:  
You must show all calculations with equations, substitutions, and UNITS throughout.  Use separate paper as needed so I can follow your work.

1.  Calculate the increase in gravitational potential energy, ΔPE, of the toy at the average jump height, h. 

ΔPE = ____________

2.  From the average height (h) the toy jumped, determine the average initial velocity, vy.

vy = _______

3.  Using the law of conservation of energy, determine the spring constant, k, of the toy's spring.

k = _______________

4.  Compare your k value with 3 others in the class and draw a conclusion relating h, vy, and k.

	Group (names)
	k (N/m)
	h (m)
	vy  (m/s)

	Your Group
	
	
	

	1.
	
	
	

	2.
	
	
	

	3.
	
	
	


State your conclusions of how h and vy are related to the spring’s k value. 






























6. 5.  How could the toy be manufactured to go higher?  List at least two ways. 

















7. How much work did you do compressing the spring?  Hint: The force is not constant.

W = 





8. What force did you apply (F = -kx) to compress the spring? 

     F = 




ERROR ANALYSIS AND CONCLUSION:

x





Jump


Height


(h)








