Unit 2 – Energy and Momentum

Lesson 5 – Work and Energy


17.  
Energy transformations involved in generating electricity using nuclear power: 

· The process begins with U-235 decaying into a big pool of coolant, which is potential energy - the decaying is kinetic energy.  

· The kinetic energy of the decay particle strikes the coolant fluid and becomes thermal energy. 

· The thermal energy of the superheated coolant drives it into the system as kinetic energy. 

· Kinetic energy spins the turbine (both systems).  
 
· Because of a changing magnetic field created by the turning of the turbine, the kinetic energy transforms into the energy of moving electrons: electricity. 
 
· The kinetic energy begins processing to cool and return to the enclosed coolant pool (losing thermal energy) 

· In a perfect system, it ends up back in the pool as pure potential energy that it started at.

The advantages of generating electricity using nuclear reactors are: it is compact; a large amount of electrical power can be produced by a moderately sized station, low fuel costs, small number of accidents, normally does not produce any significant atmospheric pollutants, and quantity of waste produced is small. Even though, the advantages overcome the disadvantages, the disadvantages are still the scariest and very cash demanding. Nuclear reactors require substantial amounts of cooling water. They are expensive, especially in capital costs, maintenance costs, and due to the long lead time in planning and construction. Large amounts of fossil fuels are used in mining and processing the uranium fuel; with consequent release of greenhouse gasses. There is a danger of radiation release, either from the reactors or from the waste. This can be enormously expensive; the Fukushima nuclear disaster has been estimated to cost $257 billion (US). While there are few accidents the consequences of some accidents may be very serious. Decommissioning a nuclear power station at the end of its useful life is very difficult and expensive. Safe long-term disposal of nuclear waste is difficult. (It must be kept away from the biosphere for several tens of thousands of years).The lead time in building a nuclear power station is around ten to 15 years. 

Sources: 
· http://www.visionlearning.com/library/module_viewer.php?mid=59 
· http://nuclearinfo.net/Nuclearpower/WebHomeHowNuclearReactorsWork 
  
· http://en.wikipedia.org/wiki/Pressurized_water_reactor 
 
· http://www.science.uwaterloo.ca/~cchieh/cact/nuctek/fissionreactor.html 
 
· http://vorort.bund.net/suedlicher-oberrhein/pressurized-water-reactor-nuclear.html 
 
· http://www.buzzle.com/articles/how-does-a-nuclear-power-plant-work.html 


18.  
a) A child on a sled (having a combined mass of 47.0 kg) is pulled by a force directed along a rope that makes 45o angle with the horizontal axis. The force exerted on the rope is 100.0 N. The force of friction acting on the sled is 30.0 N. If the child is pulled a distance of 10.0 m along a level field, determine the total work done on the child and on the sled.  

Given: 
	  
	  
	
[image: ]





Required: 

Analysis and solution:

Work done by pull:

   
  
  
------------------------------------------
Work done by friction: 

   
  
   
------------------------------------------
Work done in total:

  
  
  

Paraphrase: 
	        Therefore, the net work done on the child and on the sled is 407 J.  
Determine the child’s final speed at the end of 10.0 m.  

Given: 
	
	 
	

Required:   

Analysis and solution: 

 

 

 
 
  

 

  

Paraphrase: 
	        Therefore, the final speed of the child is 4.2 m/s. 


19. A child on a sled (m = 47.0 kg) slides down a long hill starting from a rest position at a point 10.0 m higher in elevation than his finishing point. 

a) What is the total mechanical energy present? 

At the top of the hill, the child’s total mechanical energy is in the form of gravitational potential energy. 

  

 
 
 (*significant digits) 

Therefore, the total mechanical energy present is about 4600 J. 








b) Assuming that there is no friction and no external pushes, determine the child’s speed at the bottom of the hill.  

 
--------------------------------------
 

 

  

  

Therefore, the child’s speed at the bottom of the hill is 14 m/s. 


c) This child’s speed at the bottom of the hill is actually 5.0 m/s. Explain whether or not this defies the law of conservation of energy.  

The actual journey involves frictional force acting on the sled. So, in the real situation, work will be done against the resisting force of friction, which will transfer some gravitational potential energy as heat. The net amount transferred to kinetic energy will be less than initially calculated, resulting in a smaller speed at the end of the run. 














Lesson 6

20. A spring with a force constant of 225 N/m is resting on a frictionless surface and mounted horizontally on a wall. A 1.5 kg box is pushed against the spring, compressing it 12.0 cm from equilibrium. When released, the spring pushes the box across the floor.  

a) How much force must be exerted on the spring to compress it 12.0 cm? 

Given: 
	
	 

Required:   

Analysis and solution: 

 
 
 

Paraphrase: 
	       Therefore, 27 N must be exerted on the spring to compress it 12.0 cm.


b) How much work is done on the spring to compress it 12.0 cm? 

Given: 
	
	 

Required:   

Analysis and solution: 

 

Since:

 

  

 

Paraphrase: 
	       Therefore, 1.62 J of work is done on the spring to compress it 12.0 cm.
c) How much elastic potential energy is stored in the spring while it is compressed?  

*Note: The solution to this is the same question (b). Because, then elastic potential energy must be equal to the work done. Calculations are shown to, confirm: 

Given: 
	
	 

Required:   

Analysis and solution: 

 

Since:

 

  

 

Paraphrase: 
Therefore, 1.62 J of elastic potential energy is stored in the spring while it is compressed.


d) Once released, what maximum speed will the box attain? 

Given: 
	
	 

Required:   

Analysis and solution: 

By the conservation of energy, the elastic potential energy will transform into kinetic energy. 

 

  
 
   
 

Paraphrase: 
	       Therefore, once released, the box will attain a maximum speed of 1.47 m/s. 
21.  
a) Describe the energy conversions in a spring undergoing simple harmonic motion as it moves from the point of maximum compression to maximum stretch in a frictionless envoirnment. Be sure to point out the points at which there will be 

i. Maximum speed.  

The speed is at a maximum at the moment when the object passes the spring’s initial rest position. At this point, none of the energy is in the form of elastic potential energy; it is all in the form of kinetic energy.


ii. Minimum speed. 

The speed will be at a minimum at maximum compression and maximum extension. At these points, all of the energy is in the form of elastic potential energy, as the “x” is at a maximum. The kinetic energy at these locations is momentarily 0 J as the object switches direction (given that the velocity is 0 m/s).


iii. Minimum acceleration.  

The acceleration will be at a minimum when the force on the spring is at a minimum (as the spring passes its point of equilibrium).


b) Explain what is meant by damping. Choose a specific technology that requires a damping mechanism and describe how the damping takes place.  

Damping is the energy dissipation properties of a material or system under cyclical stress. It is the conversion of mechanical energy into thermal energy. The amount of energy dissipated is a measure of the material’s damping level. Damping materials work by changing the natural vibration frequency of the vibrating surface and thereby lowering radiated noise and increasing the transmission loss of the material. Many applications and products are subject to vibration from internal, as well as external sources. The effect of this vibration can range in severity from an computer owner’s perception of the quality of their noisy hard drive to the actual failure of a mechanical system due to a high-cycle fatigue. Electronics, laptop computers, car navigation systems, mobile phones, and many other types of advanced electronic equipment are subject to vibration from internal and external sources such as shipping and accidental dropping. Vibration damping is a crucial requirement when designing electronic systems as it is a common source of damage to electronic components and connections. Sources for concern are soldering connections becoming weakened, loss of data or damage to disk drives, inefficient operation and performance. 




Lesson 7

22. To help reduce the severity of accidents, an engineering company designs large plastic barrels filled with antifreeze that can be placed in front of bridge supports. In a simple test, a 1200 kg car moving at 20 m/s [W] crashes into several barrels. The car slows down to 8.0 m/s [W] in 0.40 s.  

a) Find the average net force acting on the car during the collision.  

  

 

  

 

The average net force acting on the car during the collision is 36 000 N [W].  


b) What would happen to the average net force if the car in the test hit a bridge support directly, instead of the barrels? Explain your reasoning. You may assume that the bridge supports are not severely damaged during the collision.  

The average net force will increase. As the bridge supports are not displaced significantly they are rigid and the impact time was short, less than 0.40 s. The car’s momentum is reduced by the impulse (average force x impact time) that acts on it, thus, reducing the impact time requires a greater force to act on the car. 


c) Why is it important to use antifreeze in the barrels, instead of just water, if the barrels will be used in Canada? Explain by discussing the effect this would have on the net force. 

Frozen water, bring a solid, will act as a rigid body which will not allow the barrels to deform as much on impact. Consequently, there will be a shorter impact (decelerating) time and a greater resulting force [as in answer (b)]. 











 
23. A stationary 2000 kg cannon fires a 25 kg cannon ball horizontally at 250 m/s. Find the velocity of the cannon after firing the cannon ball. You may assume that there is no friction acting on the cannon. 

Total momentum before the cannon is fired.

 

 

  

 
 
 

The cannon’s velocity after firing the cannon ball is 3.12 m/s backwards. 


24. In an elastic head-on collision, a 0.60 kg cart moving at 5.0 m/s [W] collides with a 0.80 kg cart moving at 2.0 m/s [E]. The collision is cushioned by a spring (k = 1200 N/m). 

a) Find the velocity of each cart after the collision. 

In the earth’s frame of reference, the carts are initially moving as shown below: 
[image: ]



Switch to a reference frame where cart 2 is at a rest by adding + 5.0 m/s to each velocity. 
[image: ]



Now, solving the problem in this new reference frame:

The moving cart is mass 1 and the stationary cart is mass 2. 

 

  

 

Now, switching back to the earth’s frame of reference by adding –5.0 m/s. Cart 1 will move at 1.0 + (–5.0) = –4.0 = 4.0 m/s [W], after the collision. 

For cart 2:

 

  

  

Now, switching back to the earth’s frame of reference by adding –5.0 m/s. Cart 2 will move at     8 + (–5.0) = 3.0 = 3.0 m/s [W], after the collision. 


b) Find the maximum compression of the spring. 

 

 

 

 

 

At maximum compression, the two carts are moving at 1.0 m/s. 

Now, using conservation of energy to find the maximum compression: 

  

  

  

 

   

The maximum compression of the spring is 12 cm. 













25. In a movie stunt, a 65 kg skier starts from a rest position at the top of a hill 30 m high. She slides down the hill to the bottom, where she collides with a 45 kg stationary skier. The collision is completely inelastic. Find the final velocity of the skiers. 

  

  

 

  

The total kinetic energy after the collision is 32 340 J. 

 

  

  

  

The final velocity of the skiers is 24.2 m/s. 















Lesson 8

26. A baseball with a mass of 0.152 kg is moving horizontally at 32.0 m/s [E], when it is stuck by a bat for 0.00200 seconds. The velocity of the ball just after the collision is 52.0 m/s [W 20o N].  

a) Find the impulse experienced by the ball.  

First, drawing the two velocity vectors and finding the x- and y-components. 

[image: ]





Now, using the impulse equation for the components: 

 
 
 

 
 
 

Finding the impulse experienced by the ball, using the following triangle:
[image: ]






   
 
 

Finding the direction: 

 
  
 


The impulse experienced by the ball is  [W 12.4o N].


b) Find the average net force of the ball. 

  

  

 
 

The net force experienced by the ball is 6300 N [W 12.4o N].
 
 
27. A 0.800 kg target slides along the ice at 3.0 m/s [W], when it is hit by a 20.0 g arrow moving at 260 m/s [N], as part of a show. Find the final velocity of the target after the inelastic collision.  
[image: ]






Now, using conservation of momentum for the components:

For the x-component:

 

 

  

  
---------------------------
For the y-component:

 

 

  

 
---------------------------
Finding the final velocity of the target, using the following triangle: 
[image: ]






 
 

Finding the direction: 

 

 

The final velocity of the target, after the inelastic collision, is 6.9 m/s [W 65.3o N]. 


28. In a physics lab, 0.30 kg puck A, moving at 5.0 m/s [W], undergoes a collision with a 0.40 kg puck B, which is initially at rest. Puck A moves off at 4.2 m/s [W 30o N]. Find the final velocity of puck B. 

Since information about velocities – both before and after the collision – is given, a diagram of the collision will be used to find the solution: 
[image: ]Now, using conservation of momentum for the components: 

For the x-component: 

 

 

  

  
---------------------------
For the y-component:

 

 

  

 
---------------------------
Finding the final velocity of puck B, using the following triangle: 
[image: ]







 
 

Finding the direction: 

 

 

The final velocity of puck B is 1.9 m/s [W 58o S]. 
Excellent unit 2
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