Conservation of Mechanical Energy

Name_________________________Period___

Part 1:  Review - Let’s review the types of mechanical energy we have considered:  

1. The energy in a moving object is known as  ________________   ________________

                    and can be calculated using the equation:  KE = ________________

2. The energy stored in an object raised above ground level is known as

           ________________   __________________   ________________

and can be calculated using the equation: PEg = ________________
3. The energy stored in a stretched or compressed spring is known as

          ________________   __________________   ________________

and can be calculated using the equation: PEe = ________________
Part 2:  The Ideal Frictionless Rollercoaster:  Consider a frictionless 200 kg rollercoaster cart that is released from the top of the first hill (80 m tall) essentially from rest.  As the cart descends from the top of the hill, the following data describes the trip.  Use the data to calculate the kinetic energy, the gravitational potential energy, and the total mechanical energy (the sum of the KE and PEg). 

[image: image1.bmp]
	Height (m)
	Speed 

(m/s)
	Gravitational Potential Energy, PEg (J)

= mgh
	Kinetic Energy, KE (J)

= (½)mv2
	Total Mechanical

Energy, E (J)

= PE + KE

	80
	0
	
	
	

	60
	20.0
	
	
	

	40
	28.3
	
	
	

	20
	34.6
	
	
	

	0
	40.0
	
	
	


1.  What do you notice is true about the total amount of energy throughout the descent down the first hill?


                  This is known as the Law of Conservation of Energy.

2.  Assuming the rollercoaster continues to be frictionless, at what speed will the roller cart reach the top of the 50 m tall second hill?  Show your calculation.

3.  At the end of the ride, the rollercoaster has been designed to absorb the energy of the cart by compressing a large spring with a spring constant of 800 N/m.

     a.  How much energy will need to be absorbed by the spring?

     b.  How far will the spring need to compress to absorb all of the energy?

     c.  What is wrong with this method of stopping our ideal rollercoaster?

Part 3:  A More Realistic Rollercoaster – Energy Gains and Losses

[image: image2.bmp]Realistically, a rollercoaster cart needs to be pulled up the first hill by some sort of motor.  During the ride, friction removes mechanical energy from the system as heat.  Additionally, brakes are needed at the end of the ride to bring the cart to rest.  When mechanical energy is added or removed from a system by an external force (other than gravity or springs), physicists call this work, W.  If energy is added, we say it is positive work (W = +).  If energy is removed from the system, we say the work done by the external force is negative (W = -).  Complete the chart below for a 200 kg cart that is pulled to the top of the 80 m tall hill at 5 m/s and progresses through the rollercoaster as described:

	Location
	Height

(m)
	Speed

(m/s)
	PEg

 (J)
= mgh
	KE

 (J)
= (½)mv2
	Total Mechanical 

Energy, E (J)
	Change in E

from previous point 

+ or -  (J)

	Point A
	0
	0
	
	
	
	---------------

	Point B
	80
	5
	
	
	
	

	Point C
	0
	38
	
	
	
	

	Point D
	50
	18
	
	
	
	

	Point E
	0
	24
	
	
	
	

	Point F
	0
	0
	
	
	
	


1.  a.  Between which two points is work positive?  Where did the mechanical energy come from?

     b. While the cart was displaced up the first hill, was the direction of the pull force up or down the 

          hill?

2.  Between which points is work negative?  Where did the mechanical energy go?

3.  During the braking zone, the cart lost ___________ J of mechanical energy, specifically kinetic energy.  

      a.  If the coefficient of friction between the cart and the track is 0.64, calculate the constant force 

           of friction which stopped the cart.  [Also, draw a FBD and label each force on the cart.]

          FBD:           

Equation: 

                               




Substitution:                              


Answer: 

     b.  If the stopping displacement of the cart was 45 m in the braking zone, which of the following 

          equations would give the magnitude of the amount of energy lost to friction during this   

          negative work?  (Calculate these values and circle the correct equation.)



(1)  W = Ff  / d


(2)  W = Ff  • d


(3)  W = d / Ff
     c.  Was the direction of the force of friction the same or the opposite of the displacement of the 

          cart as it was slowing to rest in the “Brake zone”?  

4.  Consider your answers to 1.b. and 3.c. above.  What can you infer about the relative directions of the external force and the displacement of the cart with respect to work being positive or negative? 

Conservation of Mechanical Energy

Name        KEY_____Period___

Part 1:  Review - Let’s review the types of mechanical energy we have considered:  

1. The energy in a moving object is known as  _Kinetic____   ___Energy_
                    and can be calculated using the equation:  KE = __(1/2)mv2__
2. The energy stored in an object raised above ground level is known as




Gravitational        Potential              Energy
and can be calculated using the equation: PEg = ____mgh________
3. The energy stored in a stretched or compressed spring is known as

          __Elastic__   Potential              Energy
and can be calculated using the equation: PEe = ___(1/2)kx2______
Part 2:  The Ideal Frictionless Rollercoaster:  Consider a frictionless 200 kg rollercoaster cart that is released from the top of the first hill (80 m tall) essentially from rest.  As the cart descends from the top of the hill, the following data describes the trip.  Use the data to calculate the kinetic energy, the gravitational potential energy, and the total mechanical energy (the sum of the KE and PEg). 


	Height (m)
	Speed 

(m/s)
	Gravitational Potential Energy, PEg (J)

= mgh
	Kinetic Energy, KE (J)

= (½)mv2
	Total Mechanical

Energy, E (J)

= PE + KE

	80
	0
	160,000
	0
	160,000

	60
	20.0
	120,000
	40,000
	160,000

	40
	28.3
	80,000
	80,089 = 80,000
	160,000

	20
	34.6
	40,000   
	119,716 = 120,000
	160,000

	0
	40.0
	20,000
	160,000
	160,000


1.  What do you notice is true about the total amount of energy throughout the descent down the first hill?

Total Mechanical Energy stays constant!

                  This is known as the Law of Conservation of Energy.

2.  Assuming the rollercoaster continues to be frictionless, at what speed will the roller cart reach the top of the 50 m tall second hill?  Show your calculation.

PEg + KE = 160,000  (  mgh + (½)mv2 = 160,000  ( (200)(10)(50) + (½)(200)v2 = 160,000
                                                          (  v2 = 600  ( v = 24.5 m/s
3.  At the end of the ride, the rollercoaster has been designed to absorb the energy of the cart by compressing a large spring with a spring constant of 800 N/m.

     a.  How much energy will need to be absorbed by the spring?




160,000 J will need to be absorbed in the spring.
     b.  How far will the spring need to compress to absorb all of the energy?


PEelastic = (½)kx2 = 160,000 (  (½)(800)x2 = 160,000   (  400 x2 = 160,000   ( x2 = 400




        ( x = 20 m
     c.  What is wrong with this method of stopping our ideal rollercoaster?


  The rollercoaster will be shot back out of the spring!
Part 3:  A More Realistic Rollercoaster – Energy Gains and Losses

Realistically, a rollercoaster cart needs to be pulled up the first hill by some sort of motor.  During the ride, friction removes mechanical energy from the system as heat.  Additionally, brakes are needed at the end of the ride to bring the cart to rest.  When mechanical energy is added or removed from a system by an external force (other than gravity or springs), physicists call this work, W.  If energy is added, we say it is positive work (W = +).  If energy is removed from the system, we say the work done by the external force is negative (W = -).  Complete the chart below for a 200 kg cart that is pulled to the top of the 80 m tall hill at 5 m/s and progresses through the rollercoaster as described:

	Location
	Height

(m)
	Speed

(m/s)
	PEg

 (J)
= mgh
	KE

 (J)
= (½)mv2
	Total Mechanical 

Energy, E (J)
	Change in E

from previous point 

+ or -  (J)

	Point A
	0
	0
	0
	0
	0
	---------------

	Point B
	80
	5
	160,000
	2,500
	162,500
	+162,500

	Point C
	0
	38
	0
	144,400
	144,400
	-18,100

	Point D
	50
	18
	100,000
	32,400
	132,400
	-12,000

	Point E
	0
	24
	0
	57,600
	57,600
	-74,800

	Point F
	0
	0
	0
	0
	0
	-57,600


1.  a.  Between which two points is work positive?  Where did the mechanical energy come from?

           Work is positive between points A and B.
     b. While the cart was displaced up the first hill, was the direction of the pull force up or down the 

          hill?    When the displacement is UPHILL, the pull force is UPHILL!
2.  Between which points is work negative?  Where did the mechanical energy go?


Work is negative from B ( C,  from C ( D, from D ( E, and from E ( F  
3.  During the braking zone, the cart lost __57,600_ J of mechanical energy, specifically kinetic energy.  

      a.  If the coefficient of friction between the cart and the track is 0.64, calculate the constant force 

           of friction which stopped the cart.  [Also, draw a FBD and label each force on the cart.]

          FBD:           

Equation:     Ff = µ FN
                               




Substitution:     =  (0.64)( 2000) =              Answer:  Ff = 1280 N
     b.  If the stopping displacement of the cart was 45 m in the braking zone, which of the following 

          equations would give the magnitude of the amount of energy lost to friction during this   

          negative work?  (Calculate these values and circle the correct equation.)



(1)  W = Ff  / d
 = 28.4

(2)  W = Ff  • d = 57,600 J
(3)  W = d / Ff = 0.35
     c.  Was the direction of the force of friction the same or the opposite of the displacement of the 

          cart as it was slowing to rest in the “Brake zone”? Friction & displacement were OPPOSITE
4.  Consider your answers to 1.b. and 3.c. above.  What can you infer about the relative directions of the external force and the displacement of the cart with respect to work being positive or negative? 

 WORK is (+) when F & d are in same direction.  WORK is (-) when F & d are opposite.
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