Physics 12 — III Energy and Momentum


 1 — Work and Power

Work is the transfer of energy.  To do work, a force must be exerted over a displacement.

W = Fd||
Work is measure in Joules (J) = N m.  If the force and displacement are not parallel, only the parallel component is used to calculate the work.

If an angle is given between the Force and displacement vectors: 

W = FdcosØ
For a force acting on an object, the work can be positive or negative.

Positive work corresponds to energy transferred into an object.
Negative work corresponds to energy transferred out of an object.
*Use free body diagrams to show a car accelerating and decelerating to show positive and negative work.*
Example 1:

An angry gorilla slides its cage across the room. If the mass of the cage is 200 kg and the coefficient of friction is 0.30. How much work is done to push the cage 8m if the gorilla pushes it at a constant velocity? 
If the gorilla now pushes the same cage with a force of 800N through the same distance, how much work does the gorilla do? How fast is the cage now moving? What happens to the extra work?
Example 2:

A rope is pulling a box along level ground at a constant velocity.  The rope is angled at 30° above the horizon and has a tension of 135 N.  How much work is done by this force to pull the box 35m? What type of energy is the work converted into? How much work is done by friction? 


The work done can also be calculated from the area under a force displacement graph.  This can be helpful if the force is not constant.
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Power is the rate of doing work.
P = W/t 
Power is measured in Watts (W) = J/s
Example 3:
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A box is slide up a hill with a slope of 25° above the horizon. If the mass of the box is 10 kg and the coefficient of friction is 0.30, then:
a) What force is required to lift this box up the hill at a constant velocity? If box slides up 10m up the hill in 10s, how much power is the force exerting?
b) b) How much work is done by friction? Where did the extra energy go? How much work is done by gravity?
5th Ed: p. 174: 3, 9, 10, 11, 13 
6th Ed: p. 162: 4, 6, 8, 9, 12 

2 — Work-Energy Theorem
The work energy theorem states that the work done will equal the change in kinetic and potential energy.

W = ∆Ek + ∆Ep
If we know the change in energy of a system, we know the minimum amount of work done on the system (friction could increase the amount of work).
Potential energy is the work done against gravity: 

W = Fd = mg∆h
∆ Ep = mg∆h

If we wish to calculate the potential energy of an object (rather than the change in energy), we must define our reference point (h=0)

Kinetic energy is the energy due to movement:

Ek = 1/2 mv2
Ek cannot be negative.
Example 1:
What is the change in Ek: if the mass is doubled? If the velocity is doubled.

Example 2:

How much work in required to accelerate a 1200 kg car from zero to 20 km/h?  From 80 km/h to 100 km/h?


Example 3: 

A 25 kg ball falls 1.85 m.  It crushes a box 15 cm before it stops.  What is the average force exerted by the box to stop the ball?

Power is the rate of doing work.   P = W/t = ∆Energy/t

Power is measured in Watts (W) = J/s

For an object moving at constant velocity:

P = W/t = Fd/t = Fv




1 hp = 746 W

Example 4: 

A person can lift a 25 kg box 1.25 m off the floor in 0.65s and carry the box 4.5 m across a room in 2.25s.  How much work is done during these two actions?

Example 5:

A conveyor belt is 8.5 m long and placed at an angle of 25°.  It is operated by a 650 W motor.  At what rate can it lift 4.5 kg boxes to the top of the belt?

5th Ed: p. 175: 17, 23, 25, 31, 33, 59, 64, 65, 70 

6th Ed: p. 162: 15, 20, 22, 28, 31, 59, 65, 66, 71 


3 — Conservation of Energy: Frictionless
Energy is not gained or lost in any system; it is only transformed from one form to another.

In systems where friction is negligible or ignored, the two main forms of energy are kinetic energy and gravitational potential energy.

Kinetic and gravitational potential energy are together called mechanical energy.

Example 1:

A rollercoaster passes the top of a 35 m hill with a speed of 3.0 m/s.  At the bottom of the next drop it is 6.0 m high.  If friction is ignored, what is the coaster’s velocity at the bottom of the drop?

What is its velocity at the top of the next hill, 25 m high?


Example 2:

A rock is thrown at 35° above the horizon from the top of a 15 m cliff with an initial velocity of 18 m/s.  What is the rock’s speed just before it hits the ground?

Does the direction of the throw affect the answer?  

5th Ed: p. 176: 35, 37, 38, 40, 41 
6th Ed: p. 163: 33, 35, 36, 38, 43 
4 — Conservation of Energy: Friction
If friction is involved, energy is still conserved, but mechanical energy is not necessarily conserved.  Some of the mechanical energy can be converted to thermal energy through the work done against friction.

Energy lost to friction is non-conservative. It is path dependent.  Conservative quantities are not path dependent.

The energy lost to friction can be considered as a part of the energy at a second point in a conservation of energy question.  

The mechanical energy will be greater before the friction act than after.

If we know other information about friction, we may be able to calculate the forces, or the coefficient of friction.
Example 3: 

A skier is sliding down a 22° hill with an initial velocity of 4.5 m/s.  If the coefficient of friction is 0.050, how fast will they be sliding 10.0 m farther down the hill?

Example 4:

An 18 kg child is sitting on the top of an “S” shaped slide that is 3.5 m high.  At the bottom of the slide, the child is moving at 6.5 m/s.  How much energy was converted to heat?

Could you answer this question without the child’s mass?

How could you calculate the force of friction?

Friction is doing negative work in these examples.  We are using the work that is lost to friction (or the work done against friction).

The work lost to friction can be calculated from a change in energy.  There must be other information and conditions to calculate frictional forces.

5th Ed: p. 177: 50, 51, 53, 54, 74, 76, work assignment 
6th Ed: p. 48, 49, 53, 54, 74, 77, work assignment 


5 — One Dimensional Momentum

Momentum is a vector quantity that represents the product of an objects mass and velocity.

p = mv
The momentum (kg m/s) has the same direction as the velocity.

To change the velocity of an object, a force must act over a period of time.  This will produce acceleration.

Change in momentum is called impulse.

impulse = ∆p = Ft

Impulse (N s) is also a vector quantity calculated from the direction of the force or the change in momentum.

Example 1:

What force is required for a 0.050 kg golf ball moving at 35 m/s to rebound at      25 m/s if the collision takes 0.125 s.
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Impulse can also be calculated by the area under a force vs. time graph.

Example 2:

An 3.0 kg block moving at 2.5 m/s undergoes the impulse below.  Find the final velocity.


If two objects collide (exert a force on each other) the momentum of the system is conserved.

From Newton’s Third Law:

Fab = -Fba

The time for Fab equals the time for Fba.

Fab∆t = -Fba∆t

Impulse on a = - impulse on b

Total impulse is zero, total momentum is conserved.
Example 3:

A train car moving at 6.0 m/s collides with a stationary train car with twice the mass.  The two cars stick together after the collision.  What is the final velocity of the cars?

Example 4:

A train car moving at 8.0 m/s collides with a stationary train car with five times the mass.  The heavier car moves off at 2.0 m/s, what is the velocity of the first car after the collision.


Example 5:

A 1.35 kg rifle fires a 15 g bullet at 450 m/s.  What is the velocity of the rifle immediately after the bullet is fired?

What is the energy produced by the explosion?

5th Ed: p. 202: 3, 5, 11, 16, 18, 19
6th Ed: p. 188: 5, 7, 12, 15, 19, 20 
6 — Two Dimensional Momentum

Momentum and impulse are vector quantities.  In two dimensions, the vector nature of these quantities can make questions more difficult.

Impulse is still change in momentum, but p2-p1 must be done carefully with vectors.

In collisions, momentum is still conserved, it is just more difficult to calculate.

Example 1:

A billiard ball moving at 2.0 m/s hits the cushion with an angle of 35° from the cushion.  It rebounds at the same speed and angle.  What is the impulse of the ball?


Example 2: 

A 750 kg car moving at 15 m/s north collides with a 1200 kg car moving east at 20 m/s.  The two cars are stuck together after the collision.  What is their combined velocity after the collision?

Example 3: 

A 7000 kg space ship moving at 1450 m/s  blasts 150 kg of gas perpendicular to its flight at 1200 m/s.  What is the velocity of the space ship after the course adjustment?


Example 4:

A 0.850 kg plate falls vertically to the floor and breaks into four pieces that move horizontally.  A 0.200 kg piece moves at 1.65 m/s.  A second 0.300 kg piece moved perpendicular to the first piece at 0.95 m/s.  A third 0.250 kg piece moves at 1.20 m/s 135° from the first two pieces.  What is the velocity of the fourth piece?

Example 5:
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A 1.20 kg puck (m1) hits a stationary 2.0 kg puck (m2).  Find the two angles.

5th Ed: p. 203: 17, 37, 44, handout 


6th Ed: p. 189: 17, 40, 44, handout 


7 — Momentum and Energy

In every collision momentum is conserved.

In every collision, energy is conserved, but kinetic energy is not always conserved.

A collision where friction is involved in the interacting forces, will be inelastic; kinetic energy is not conserved.

The energy lost can be found through subtraction.

A collision that does not involve frictional forces can conserve kinetic energy; it is an elastic collision.

An elastic collision gives us two equations that describe the situation.  With two equations we can solve for two unknowns.

For our purposes, do not assume a collision is elastic, a question will have this information.

Inelastic Collisions.

Example 1:

A ballistic pendulum has a mass of 8.5 kg.  An 18 g bullet is fired into the stationary pendulum with a velocity of 275 m/s.  To what height does the pendulum swing?


Example 2:

A 0.40 kg ball rolls down a 1.5 m high ramp and collides with a second 0.60 kg ball.  After the collision the first ball is still rolling forward at 1.0 m/s.  How much energy is lost in this collision?

In an elastic collision momentum and kinetic energy is conserved.
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Example 3:

A 2.0 kg ball moving at 5.0 m/s collides head on, and elastically with a 1.0 kg ball initially at rest.  What is the velocity of both balls after the collision?

(Generic question as bonus, see P 29)

Example 4:

A ball moving at 6.0 m/s collides obliquely (at an angle) with an identical ball at rest.  The collision is elastic and one ball moves off at 4.5 m/s.  What are the velocities of the balls after the collision?

5th Ed: p. 203: 21, 23, 30, 33, 65 
6th Ed: p. 189: 22, 24, 32, 35, 64 
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