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5. Energy

Energy exists in many different forms, for example Kinetic Energy, Gravitational Potential Energy, Electrical Energy, Elastic Potential Energy.  A fundamental principle of nature is that energy cannot be created or destroyed, only transformed or transferred to another body.  A body that has energy may transfer some, or all, of its energy to another body.  The total amount of energy remains constant (conserved), even if it has been transformed to another type of energy.  For example, during a car crash, the car originally has kinetic energy.  After the collision it will have less kinetic energy than it began with.  The lost kinetic energy will have been transferred to sound energy, heat energy or energy of deformation.

Energy, Work and Power

[image: image21.wmf]t

W

D


[image: image22.wmf]t

Fd

D


[image: image23.wmf]v

D


Types of Energy
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Efficiency of Energy Conversions. 

In most real life situations when energy is transferred from one object to another, not all of the energy is transferred in a useful form.  Some of the energy is turned into types of energy that are not desired, such as heat, sound or light.  The efficiency of the energy transfer is a measurement of how much of the energy is transferred to the desired form of energy.     
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Collisions
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Energy and Graphs

The area under a force-displacement graph shows the work done.  If the force is constant then the area under the graph is given by W = F ( d where F is the force, d is the distance over which the force acts.  This is just the familiar work formula.   If the force is not constant then the area under the graph must be determined. 

This assumes that the force and the displacement are in the same direction.  If they aren't then the work is the product of the resolved part of the force (in the direction of motion) ( the displacement.

Examples
2000 Question 14 

Jo is riding on a roller-coaster at a fun fair.  Part of the structure is shown below
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When Jo is at X her velocity is 10 ms-1 in a horizontal direction, and at Y it is 24ms-1 in a horizontal direction.  At Y the radius of curvature is 12 m.

What is the height difference (h) between points X and Y?  Assume that friction and air resistance are negligible.

Reproduced by permission of the Victorian Curriculum and Assessment Authority, Victoria, Australia.
1998 Question 4

A car – truck crash can be modelled as a ‘head-on’ collision between a truck of mass 4000 kg travelling at

15 ms-1 and a stationary car of mass 1000 kg.  

After the collision the truck continues moving forward at 10 ms-1.

Calculate the speed of the car immediately after the collision.

1998 Question 5
Calculate the combined total kinetic energy of the truck and car immediately before the collision.

1998 Question 6

Calculate the combined total kinetic energy of the truck and car immediately after the collision.

Question 7

Compare the magnitudes of the total kinetic energies before and after the collision as calculated in Questions 5 and 6.  Explain any differences that you observe.

Reproduced by permission of the Victorian Curriculum and Assessment Authority, Victoria, Australia.

Hookes Law

Extending a spring is and example of a situation where the force on an object is not constant.  As the spring gets compressed, the force required to further extend it increases.  The mathematical equation that represents this type of situation is called Hookes Law

F = kx

Where F is the magnitude of the force required, x is the extension (or compression) of the spring, a k is called the spring constant.  The spring constant has a specific value for each individual spring.  It depends on the size, thickness and material from which the spring is made.
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The equation is illustrated in the graph below
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The energy stored in the extended spring can be determined by calculating the area under the force-distance graph.  This can be done directly from the graph, or using the formula derived in the box to the left.

Examples

2000
A car, equipped with a driver’s air bag, hits a large tree while travelling horizontally at 54 km h-1 (15 m s-1).

The air bag is designed to protect the driver’s head in a collision.

For Questions 7 – 9, model this as a collision involving the driver’s head (mass 8.0 kg).

[image: image4.emf]
Tests show that the graph of retarding force on the driver’s head versus compression distance of the air bag is as shown below.
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2000 Question 7

Calculate the maximum compression distance of the air bag in this collision.

2000 Question 8

Which one of the graphs (A–D) best represents the retarding force versus compression distance if the collision was with the hard surface of the steering wheel rather than the air bag?
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2000 Question 9

Explain your answer to Question 8, giving specific reasons for choosing the graph that you selected as the best answer.

Solutions
2000 Solution Q14

This question is based on the conservation of energy.
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Subbing in the values we know
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And we do the same for the energy at the bottom
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Subbing in the values we know
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The energy is conserved; therefore the energy Jo has at the top will equal the energy Jo has at the bottom. So we can write;
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because m is present in all part of the equation we can take it out as a common factor.
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 the mass will now cancel on both sides.
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Examiner’s comment Q14

With friction and air resistance forces being ignored, the gain in kinetic energy equals the loss in gravitational potential energy.  Thus, when the energy equation was set-up and values for the initial and final speeds substituted, the height was calculated to be 24.3 m.
1998 Solution Q4

20 m/s

Momentum is conserved in all collisions.  ( pf = pi.  Where pi  - sum of the initial momentums.


( pi = (4000 ( 15) + (1000 ( 0) = 60 000 Ns.

( pf = 60 000 = (4000 ( 10) + (1000 ( v)


( 60 000 = 40 000 + 1 000v


( 20 000 = 1 000v


( v = 20 m/s

1998 Solution Q5
4.5 ( 105 J
KEtotal = KEtruck  + KEcar  = (½mv2 )truck + (½mv2 )car




= ½ ( 4000 ( 152 – 0




= 450 000 J

1998 Solution Q6
4.0 ( 105J
KEtotal = KEtruck  + KEcar  = (½mv2 )truck + (½mv2 )car




= ½ ( 4000 ( 102 + ½ ( 1000 ( 202



= 400 000J

1998 Solution Q7
The final KE is less than the initial KE.  Initial KE was 4.5 ( 105 J whilst the final KE was 4.0 ( 105 J.  Therefore, this collision was inelastic, because kinetic energy has been lost.

This kinetic energy has been transformed into other forms, - sound, heat, and energy of deformation.

To get full marks on this question you needed to include your data from questions 5 and 6.  Don’t assume that the examiner will go back and read this as part of your answer to this question.

2000 Solution Q7 

This question requires you to understand that the kinetic energy of the head has gone into compressing the bag.  Therefore:  Ek = Ec.
( 
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  at about this point you realise that you need to know the value of k.  Which is the gradient of the Force Distance graph.
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Now using the kinetic energy of the head as being the work done on the air bag you get.

½mv2 = ½kx2 

( ½ ( 8 ( 152 = ½ ( 8(104 ( x2
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2000 Solution Q8 

A
Steel would have a large k value, A has the largest value for its gradient.

2000 Solution Q9 

The specific reasons for choosing graph A needed to cover:

• A collision with a harder surface would result in a smaller compression distance.

• The material must have 900J of work done on it, and therefore the area under the graph remains constant.

• Hence, the required graph must have a shorter compression distance and a larger force. 

The amount of energy transferred is called work.  The body losing energy does work, the body gaining energy has work done on it.





Work = Force ( displacement





Work is a scalar quantity, 


The unit of Work is the Joule.


Work can also be expressed in units of power ( time, this is the origin of the unit kilowatt hours.  Often the energy being used is converted into heat energy.








Power is the rate of doing work.  The average power, P, is the total work done divided by the total time interval.	P = �EMBED Equation.3��� = �EMBED Equation.3��� = Fv	if the change in velocity is not from zero, then Psupplied = F�EMBED Equation.3���


Power is a scalar quantity with the units of Joule sec-1 or Watt.











A joule is the amount of work done when a force of 1 Newton acts through a distance of 1 metre.  





Kinetic Energy (KE) is the energy a body possesses due to its motion.  This will be equal to the work done by a force, F, on a mass, m, to give it from rest a velocity, v, over a displacement, x.


	v2 = u2 + 2ax,  but u = 0.	


( v2 = 2 a x = 2�EMBED Equation.3���x	


(�EMBED Equation.3���mv2  =  F x


F x  is the work done and �EMBED Equation.3���mv2 is the kinetic energy gained by the body.  So KE = �EMBED Equation.3���mv2.


The work done on a body is equal to the change in KE of a body, so


	WD = �EMBED Equation.3��� = �EMBED Equation.3���mv2  - �EMBED Equation.3���mu2





Potential Energy (PE), (U), is the energy possessed by a body due to:


Its state (elastic potential energy) e.g. a compressed spring, or


Its position (gravitational potential energy) e.g. a raised mass.








Gravitational Potential Energy.  When changes in height 'h' are small compared to the radius of the earth, the potential energy Ug of a body near the earth's surface is given by Ug = mgh.








Inelastic collisions


If the collision is inelastic, momentum is conserved, but energy is not, as some energy is lost to the environment.  The energy that is lost to the environment is usually transformed into heat energy, sound energy and energy of deformation.	


( pfinal = pinitial	 but  Einitial > Efinal











Elastic collisions


If the collision is elastic, then both momentum and energy is conserved in the collision.


( Efinal = Einitial and pfinal = pinitial








F





x





F=kx





Force on the spring (N)





Extension of the spring (m)





Elastic potential energy (strain energy) is the energy stored in any material that has been stretched or compressed from its normal shape.  





Springs and elastic bands are good examples.








The energy stored in the spring


=  �EMBED Equation.3���base ( height


=  �EMBED Equation.3���. x. kx 	


= �


The energy stored in the spring is also the work done, which is the area under the graph.
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