
Updated: March 2007

Course: SPH 4U1

Unit: Momentum

Lesson 6?: Title: WORK

Preliminaries: (photocopy work problems)

A cart having a mass of 4.0 kg is travelling at 9.0 m/s horizontally to the right.  It collides with a 2.0 kg cart travelling at 3.0 m/s in the same direction. The two carts stick together after the collision. 
a) Determine the velocity of the combined carts after the collision..
b) What percent of the initial kinetic energy is lost in the collision.

Lesson: 

Start: show Work.ppt (first half only)
WORK

First we need to talk about a concept called WORK (important background for other stuff).  When you use a force to move an object this is called work. When a force F, moves an object over a distance d, work is done on the object. Work is the energy transferred to an object by an applied force over a measured distance.
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Units: Joules (J). 1 J = 1 N* 1 m

· F and d must be parallel. If they are not parallel the formula becomes W = F ( d ( cos(

This corresponds to the projection of F onto the direction of d. (or we are using Fx = Fcos()
So if ( > 90o, then W is negative (or if d is opposite to F).  Work can be + or – , but it has no direction.

· This equation only strictly applies to a constant force, we just assume an average force if the force is not constant.

· The object must move (i.e. (d ( 0). A force can be exerted on an object with no change in the world around us. e.g. pushing on a wall is not work, neither is holding up a 100 lb weight (work is done lifting it, but once it is up, you may as well hook it onto something to keep it up).

· Work either changes the velocity of an object (i.e. accelerates it; since F=ma) or moves something in opposition to another force.

Consider a car moving at a constant speed. The engine is adding work to the car to increase its energy. Friction is removing work from the car to reduce its speed and energy. At a constant speed these two effects counteract each other. The total (net) work done on the car is still zero since the two forces must cancel for the car to go at a constant speed.
The positive work is adding energy to the car. It would be making it go faster, except that the negative work is removing energy from the car. Where does this energy go? Into heat (thermal energy).  If you stopped adding energy, the negative work would quickly bring the car to a stop.


· If F and d are perpendicular, no work is done (cos(=0).  e.g. carrying something is not work (the force is upwards, but displacement is horizontal). If, however, you change the speed of something while you are carrying it, you are doing work. You have used some horizontal force to accelerate it horizontally.

Work is a scalar. What other equation did we have with force and distance?
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 Torque is a vector quantity, and F and d are perpendicular to each other. If they are not, then the formula is ( = Fdsin(
The moon is orbiting the earth; is work being done on it? No. The centripetal force is ( (d. This means that gravity will not change the speed (or Ek or Eg) of the moon. Note: we don’t look at Work for astronomical situations – we use gravitational energy formulae, and changes of momentum.

Work-Energy principle:

The net work done on an object is equal to its change in mechanical energy.

Normally this is kinetic energy, but it also includes gravitational potential and even elastic potential energy (e.g. winding up a clock). As long as you are not using non-conservative forces (things hate depend on the path length like friction)
W = (E
· Work is not an isolated quantity, but always acts on an object. Work can be thought of as the transfer of energy from one object to another into or out of an object.

· Positive work done on an object increases its energy.
Negative work done on an object decreases its energy. It happens when the force is opposite to the direction of motion.

Net work = positive work + negative work (just like net force)

Review of Energy:

· Kinetic Energy (KE) is the energy that an object has because it is in motion.

The amount of energy depends on the mass and speed of the object. 

The formula for kinetic energy is Ek = ½ mv2 

W = (Ek = Ek2 – Ek1
· Gravitational Potential Energy (GPE) is the energy something has because of its position in a gravitational field. GPE is invariably measured relative to some zero level. On Earth we normally set the zero point to be ground level. It is too hard to relate it to the centre of the earth (making that the true zero GPE) as g changes as you go through the earth. We will see a more general form of this that gives us an absolute value for GPE (where zero is at infinity) in the fields unit.

The formula for GPE is Eg = mg(h, where (h is the change in height.   W = (Eg = mg(h
( This formula is valid as long as g is constant.

If you lift up a rock you are doing work on it. Then when you let it go, the gravitational energy that it has will do work on the clam shell that you are trying to smash.  

Note: since the formulas are not ratios, and have a number of different quantities, all of the units must be in the MKS (or SI) system.

· In terms of Kinetic Energy, positive work will speed it up and vice versa.

· In terms of Gravitational Potential Energy, positive work will increase the GPE by raising the object.

( How to determine how much energy (work) is lost to heat in friction:

· find the force of friction (F) (based on (, etc.)

· find the distance (d) traveled 

· multiply these two to get the negative work, which is energy leaving the object changing to heat.

Homework / Seatwork: 
The McGraw-Hill books have a really good discussion of work in both grade 11 and 12.

GPE review: Nelson: p191#3,4
KE review: Nelson p186 #1,  p188 #7 (harder)

Work questions: 

Nelson Physics 12: p 186 #5,6,7

Giancoli: read p 138-145
Giancoli: p 160 #2, 3, 4, 5, 6, 12, 13

( These can just be discussed in class
 
    p 162 #25 (A harder problem)
Handout problems to work on


When friction does positive work:

“There are exceptions however, if the surface itself is under acceleration. One can see this by placing a heavy box on a rug, then pulling on the rug quickly. In this case, the box slides backwards relative to the rug, but moves forward relative to the floor. Thus, the kinetic friction between the box and rug accelerates the box in the same direction that the box moves, doing positive work.”

Can the Normal Force do work? Only if it is accelerating something. It is more of a terminology problem than anything else. When you push on a book which then pushes a binder, is the force that is making the binder move a normal force? you could call it Force-book-push, but technically since it is a solid surface doing the pushing it is a normal force. Does anyone ever use it this way?

When you lower a heavy object slowly, you are not doing work (if the starting and final speeds are the same). If you do lower it (accelerating), where does the energy go?

Evaluation: 
 This leads right into Hooke’s law. Rather – from a graph of Hooke’s law, you can get EPE.
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