QUIZ

A 1205 kg elephant is charging to the south at 12 m/s and collides with a 500 kg baby water buffalo moving west at 6 m/s.  They stick together.  Draw a vector diagram of the collision.  In what direction and with what speed do they move after the collision?

ENERGY LESSON 2

POTENTIAL AND KINETIC ENERGY

Potential Energy

An object can store energy as the result of its position. Potential energy is the stored energy of position possessed by an object.

EXAMPLE: a heavy ball of a demolition machine is storing energy when it is
 held at an elevated position. 
This stored energy is called gravitational potential energy. 
EXAMPLE:  a drawn bow is able to store energy as the result of its position. When assuming its usual position (i.e., when not drawn), there is no energy stored in the bow. Yet when its position is altered from its usual equilibrium position, the bow is able to store energy by virtue of its position. 
This stored energy is called elastic potential energy.


 

Gravitational Potential Energy

Gravitational potential energy is the energy stored in an object as the result of its vertical position or height. 
This energy is stored as the result of the gravitational attraction of the Earth for the object. 
The gravitational potential energy of the massive ball of a demolition machine is dependent on two variables - the mass of the ball and the height to which it is raised.
The amount of gravitational potential energy possessed by an elevated object is equal to the work done against gravity in lifting it.

The work done equals the force required to move it upward times the vertical distance it is moved (W = F*d).

Once upward motion begins, the upward force to keep it moving at constant speed equals the weight, mg, of the object.

So in addition to the work done in getting it started, which we’ll assume for the present is negligible, the work done in lifting an object of weight mg through a height h is given by the product of mgh.

These relationships are expressed by the following equation:

PEgrav = weight* height

PEgrav = m * g * h

More massive objects have greater gravitational potential energy. The higher that an object is elevated, the greater the gravitational potential energy.

QUESTIONS:  A tripling of the height will result in a _________ of the gravitational potential energy. (tripling) 

  A doubling of the mass will result in a _________of the gravitational potential energy. (doubling)
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To determine the gravitational potential energy of an object, a zero height position must first be arbitrarily assigned. 
Typically, the ground is considered to be a position of zero height. But this is merely an arbitrarily assigned position which most people agree upon. 
For example, a pendulum bob swinging to and from above the table top has a potential energy which can be measured based on its height above the tabletop. By measuring the mass of the bob and the height of the bob above the tabletop, the potential energy of the bob can be determined.

Potential energy, gravitational or otherwise, has significance only when it changes – when it does work or transforms to energy of some other form.
For example:  If a ball falls from an elevated position and does 20 joules of work when it lands, then it has lost 20 joules of potential energy.

One of the kinds of energy into which potential energy can change is energy of motion, of kinetic energy.
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EXAMPLE:  Use this principle to determine the blanks in the following diagram. Knowing that the potential energy at the top of the tall platform is 50 J, what is the potential energy at the other positions shown on the stair steps and the incline?
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ANSWERS:
A: PE = 40 J (since the same mass is elevated to 4/5-ths height of the top stair)

B: PE = 30 J (since the same mass is elevated to 3/5-ths height of the top stair)

C: PE = 20 J (since the same mass is elevated to 2/5-ths height of the top stair)

D: PE = 10 J (since the same mass is elevated to 1/5-ths height of the top stair)

E and F: PE = 0 J (since the same mass is at the same zero height position as shown for the bottom stair).

Elastic Potential Energy

Elastic potential energy is the energy stored in elastic materials as the result of their stretching or compressing. 
EXAMPLE:  can be stored in rubber bands, bungee chords, trampolines, springs, an arrow drawn into a bow, etc. 
The amount of elastic potential energy stored in such a device is related to the amount of stretch of the device - the more stretch, the more stored energy.
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The compressed springs of a
dart gun store elastic potential
energy. When the trigger is
pulled, the springs apply a force
to do work on the dart.



Springs are a special instance of a device which can store elastic potential energy due to either compression or stretching. A force is required to compress a spring; the more compression there is, the more force which is required to compress it further. 

Such springs are said to follow Hooke's Law. If a spring is not stretched or compressed, then there is no elastic potential energy stored in it. The spring is said to be at its equilibrium position (the zero-potential energy position). 
Kinetic Energy

If we do work on an object, we can change the energy of motion of that object.

If an object is moving, then by virtue of that motion it is capable of doing work.

Kinetic energy is the energy of motion - whether it be vertical or horizontal motion. 
There are many forms of kinetic energy – 
vibrational (the energy due to vibrational motion), 
rotational (the energy due to rotational motion), 
and translational (the energy due to motion from one location to another). 
To keep matters simple, we will focus upon translational kinetic energy which depends on two variables:

the mass (m) of the object and 

the speed (v) of the object.
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QUESTION:   For a twofold increase in speed, the kinetic energy will increase by a factor of ________. (four)

 For a threefold increase in mass, the kinetic energy will increase by a factor of ______. (three)  
For a fourfold increase in speed, the kinetic energy will increase by a factor of _______, (sixteen).
  

Accident investigators are well aware that an automobile going 100 kilometers per hour has four times the kinetic energy it would have at 50 kilometers per hour.

This means a car going 100 kilometers per hour will skid ​​​​​​​​​​​___________ times as far when its brakes are locked as it would going 50 kilometers per hour. (four )

This is because speed is squared for kinetic energy.
AND

W = KE = F*d

THIS MEANS THAT SPEED DOES KILL!

Kinetic energy is a scalar quantity; it does not have a direction. Unlike velocity, acceleration, force, and momentum, the kinetic energy of an object is completely described by magnitude alone. Like work and potential energy, the standard metric unit of measurement for kinetic energy is the Joule. As might be implied by the above equation, 1 Joule is equivalent to 1 kg*(m/s)^2.
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RECALL, the example of the waiter carrying the tray across a room.  We stated that the waiter does no work on the tray.  However, the waiter did have to do work on the tray to set the tray in motion at a constant speed forward.  Although as the waiter walks at a constant speed he does not do additional work on the tray.  If the tray hit a wall, would the tray impart energy to the wall (do work on the wall)?  Yes, just as the wall would do work on the tray, bringing it to a stop. KE = W = F*d = mad
ENERGY LESSON 2 HOMEWORK
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1. A cart is loaded with a brick and pulled at constant speed along an inclined plane to the height of a seat-top. If the mass of the loaded cart is 3.0 kg and the height of the seat top is 0.45 meters, then what is the potential energy of the loaded cart at the height of the seat-top?

 Answer: PE = m*g*h 

PE = (3 kg ) * (9.8 m/s/s) * (0.45 m)

PE = 13.2 = 13 J 
2. If a force of 14.7 N is used to drag the loaded cart (from previous question) along the incline for a distance of 0.90 meters, then how much work is done on the loaded cart?

Answer:   W = F * d * cos Theta 

W = 14.7 N * 0.9 m * cos (0 degrees)

W = 13.2 = 13 J
 

(Note: The angle between F and d is 0 degrees because the F and d are in the same direction)

3.  How much work is done on a 75 N bowling ball when you carry it horizontally across a 10 m wide room? (Explain using Kinetic and Potential Energy)
Answer:  Except for the small amount of work to get the ball moving, you do no work on the ball moving it horizontally, for you apply no force (except for the tiny bit to start it) in its direction of motion.  It has no more PE across the room than it had initially.
4.  How much work is done on it when you lift the bowling ball 1.0 m?  
Answer:  You do 75 J on it when you lift it 1 m. (mgd = 75 x 1)

5.  What is the gravitational potential energy in the lifted position?

Answer:  It depends.  With respect to its starting position its PE is 75 J.

6.  A car is lifted a certain distance in a service station and therefore has a potential energy with respect to the floor.  If it were lifted twice as high, how much potential energy would it have?  

Answer:  Twice as much potential energy.

7.  Two cars are lifted to the same elevation in a service station.  If one car is twice as massive as the other, how do their potential energies compare?

Answer:  The more massive one has twice the potential energy as the less massive.

8.  How many joules of kinetic energy does a 1 kg book have when it is tossed across the room at a speed of 2 m/s?  How much energy is imparted to the wall it accidentally encounters?
Answer:  KE = 0.5*m*v2 

KE = (0.5) * (1kg) * (2 m/s)2
KE = 2 Joules
When it hits the wall, 2 Joules of energy are imparted to the wall.  This is the energy it takes to make the object move at 2 m/s, and this is the energy it takes to stop an object moving at 2 m/s.  The energy imparted on the object by the wall is equal to the energy imparted on the wall by the object. Newton’s Third Law: Equal and opposite forces applies and  KE = W= F*d.  Although the ball moves a much greater distance when it comes to a stop than the wall moves when it is hit by the ball, each experience the same force and also the same energy and work upon them.

9.  Which has the greater kinetic energy – a car travelling at 30 km/h or a half as heavy car travelling at 60 km/h?

Answer:  Since mass is directly proportional to kinetic energy and kinetic energy is proportional to the square of the velocity, the half as heavy car travelling at twice the speed would have twice the kinetic energy. KE = ½ (m)(m)2 = ½ m3 vs KE = ½ (m/2)(2m)2 = ½ 2m3 

10.  If a golf ball and a Ping Pong ball both move with the same kinetic energy, can you say which has the greater speed?  Explain in terms of the definition of KE.  Similarly, in a gaseous mixture of massive molecules and light molecules with the same KE, can you say which have the greater speed?

Answer:  The less massive objects have the greater speed since KE = ½ mv2.

11.  A crate is pulled across a horizontal floor by a rope.  At the same time, the crate pulls back on the rope, in accord with Newton’s third law.  Does the work done on the crate by the rope then equal zero?  Explain.

Answer:  Since the force on the crate is the only force that matters, work is done on the crate, W = F*d 

12. Determine the kinetic energy of a 625-kg roller coaster car that is moving with a speed of 18.3 m/s.

Answer:   KE = 0.5*m*v2 

KE = (0.5) * (625 kg) * (18.3 m/s)2
KE = 1.05 x105 Joules
13. If the roller coaster car in the above problem were moving with twice the speed, then what would be its new kinetic energy?

 Answer:   If the speed is doubled, then the KE is quadrupled. Thus, KE = 4 * (1.04653 x 105 J) = 4.19 x 105 Joules. 

or

KE = 0.5*m*v2
KE = 0.5*625 kg*(36.6 m/s)2
KE = 4.19 x 105 Joules
14. Missy Diwater, the former platform diver for the Ringling Brother's Circus, had a kinetic energy of 12 000 J just prior to hitting the bucket of water. If Missy's mass is 40.0 kg, then what is her speed?

 Answer:  KE = 0.5*m*v2 

12 000 J = (0.5) * (40 kg) * v2
300 J = (0.5) * v2
600 J = v2
v = 24.5 = 25 m/s
15. A 900-kg compact car moving at 60 mi/hr has approximately 320 000 Joules of kinetic energy. Estimate its new kinetic energy if it is moving at 30 mi/hr. (HINT: use the kinetic energy equation as a "guide to thinking.")

Answer:  KE = 80 000 J
 

The KE is directly related to the square of the speed. If the speed is reduced by a factor of 2 (as in from 60 mi/hr to 30 mi/hr) then the KE will be reduced by a factor of 4. Thus, the new KE is (320 000 J)/4 or 80 000 J.

 16.  When their car stalls on a level road, a group of students leap from the car and join in pushing it forward.  The car’s mass is 1000 kg, and when they push it 5 m the car gains a speed of 2.0 m/s.  (a) What is its KE? (b)  How much work do the do in pushing it? (c) If friction is negligible, what average force do they exert on the car?
Answer:  (a) KE = 0.5*m*v2 

KE = (0.5) * (1000 kg) * (2.0)2
KE = 2000 J

(b)  W = KE = 2000 J

(c) W = F*d 

2000 = F*5

F = 400 N
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HOMEWORK KEY

1. 13 J
2. 13 J
3.

4.  75 J
5.  PE = 75 J

6.

7.

8.  2 Joules
9.

10.

11.

12.  1.05 x105 Joules
13.  4.19 x 105 Joules
14.  25 m/s
15.  80 000 J

16.  (a) 2000 J, (b) 2000 J, (c) 400 N

 

 

