	Unit 2 – Forces
Overview

In Unit II you will study DYNAMICS. This is the part of physics that explains WHY objects move the way that they do. (In Unit I we studied about HOW objects move). Here are the things that you will learn about in Unit II:

· Basic Concepts of Force

· Working with Components

· Finding the net force or resultant force when several forces act

· Newton's Laws of Motion

· Forces in Nature

You will also be introduced to the concept of Momentum, a concept that will be further developed in Unit 3. 



Introduction to Force

Part 1 - What is Force?

You learned in primary and elementary school that a force is a push or a pull. That definition is fine for this course as well.

Q. What are some different types of forces?

A. There are FOUR major ones:

A - Gravitational Force - the most familiar. 

It keeps us stuck to the earth, it keeps the moon "stuck" to the earth, and the earth "stuck" to the sun (so to speak). This force exists between any two masses. (Oops! we may not be sure what mass is just yet, but, don't worry, we'll get to that soon).

B - Electric and Magnetic Forces - which are lumped together  (you will learn why in Physics 3204).

You can create an electric force by rubbing a balloon in your hair. Your hair will be forced to stand on end, and the balloon will "attract" small pieces of paper. In fact, the small pieces of paper can be lifted upwards (say from a table top) thus proving that the electric force is greater than the force of gravity on the paper. (Don't feel bad if you thought otherwise - nearly everyone thinks gravity is the strongest force in the universe.) As for magnetic forces, you can probably recall the fun you had with magnets in elementary school.

How is it that we put magnetic force and electric force together? After all, electric force affects things like paper and your hair, while magnetic force most obviously affects certain types of metals. Remember at the beginning we said this was a question for Physics 3204. For now, let's just say that both forces have something to do with the movement of electrons.

C and D - The  STRONG Nuclear Force and the WEAK Nuclear Force

Probably you thought that all nuclear forces are strong (after all, the atomic bomb is a biggie!). Well, there are two: strong and weak, and that's all we will say for Physics 2204. If you are curious and can't wait to learn about these forces, you can find some information in almost any physics text. (The best part is you can read about these forces and not have to worry about seeing them on a test). As you read you will likely see that scientists are working on a theory that will attempt to connect all four of the major forces! It's called the UNIFIED FIELD THEORY.

So, that's it for the major forces. The interesting thing is that none of the above forces seem to have much to do with Physics 2204. Since this course deals mainly with the motion of objects, we need to look at some MECHANICAL forces. Some mechanical forces are:

· the elastic forces you have to overcome when you stretch something; 

· the compression forces you have to overcome when you squeeze something; 

· the frictional force that is both helpful (to keep a car on the road) and a nuisance (in wearing out the moving parts of the engine); 

· the tension force that exists in a cable used to support a heavy weight; and 

· we mustn't forget the ordinary "push and pull" forces that we exert to move an object. After all, that's the type of force that will be uppermost as Physics 2204 unfolds.

We still haven't said why MECHANICAL forces are not considered to be one of the four major categories listed above. You are probably thinking something like; "Hey, wait a minute! What about our common everyday mechanical forces, the pushes and the pulls, the elastic forces in rubber bands, friction, and what about magnetism?" Get ready for it--All of the common forces just mentioned are really electric forces or closely related to electric forces. For example, when you stretch a rubber band, the electric forces between the molecules try to restore the band to its original shape and therefore fight the force that you apply. As for the relationship between magnetism and electric forces, you will have to wait until you study that topic in Physics 3204. (Unless, of course, you can't help yourself and just have to read about it right away!)

Before we move on here is a little tidbit: which of nature's four basic forces do you think is the strongest? It is a safe bet that you said the gravitational force is. Are you ready for this? All of the other forces are billions of times stronger than the gravitational force. If you think this is crazy, just "charge" your comb by running it through your hair, and then hold it over a piece of paper. What happens? Answer: the paper is attracted upward even though gravity is pulling it downward. The electric force is this simple demonstration is stronger than the gravitational force. We subconsciously think that gravitational forces are the strongest because we see the moon trapped in the earth's gravitational field, we see the moon pulling on the oceans and causing the tides, we see ourselves "stuck" to the earth's surface, all because of gravity. What we fail to realize is that all the objects just mentioned are enormously large. If you were asked about the gravitational force between two ping pong balls, you would agree that it is very small. In fact, you might think that there is no gravitational force between two ping pong balls. You might think that only the earth, moon, etc. cause gravity. That is not true. We will learn more about gravitational force later. 

Q. How can a force affect an object?

A. Here is where your commonsense answers will really be OK. A force can: 

· make an object speed up;

· make an object slow down;

· make an object change shape. 

Can you think of other effects?

Questions

1. Summarize. After reading part 1 you should be able to do the following. Note: You should just do this mentally. 

a. List and briefly describe the four basic forces of nature. 

b. List examples of mechanical forces. 

c. List the ways that a force affects an object. 

Part 2 - Weight and Mass

A - How are weight and mass different?

It's safe to say that you are more familiar with the concept of weight than you are with the concept of mass (in fact, if the media advertisements on dieting and weight-loss are any indication, one would conclude that we are overly concerned with weight). Having said the foregoing, it is a little ironic that we are more familiar with the unit of mass that we are with the unit of weight. The unit of mass is 1 kilogram (1000 grams), and as you probably know, a special piece of iridium alloy kept in France is the standard for the unit. We have a "copy" of the piece, and we keep it, under glass away from the atmosphere, in Ottawa.

A "standard unit" is a unit that is exactly the same for everyone. A "finger-length", for example, is not a standard unit. You might measure the length of your textbook to be three finger-lengths long, but your friend with shorter fingers might measure it to be 3.5 finger-lengths long. When some company wishes to make standard masses (for example, the type you see in your laboratory or lab kit), the company must make sure that the new masses are as close as possible to the sample kept in Ottawa.

Consider the unit of weight. If someone asked your weight, you would probably give them an answer in pounds. Now that's a "no-no" in the metric system or Système International d'Unités. The unit of weight in the metric system is the newton, obviously named after Sir Isaac Newton. Later you will discover that the newton is a derived unit. For now it is sufficient for you to "have a feeling" for the size of one newton. You no doubt dealt with newtons in your junior high school grades, anyway. If you didn't, it is enough to realize that 1 tin of Carnation milk has a weight of just under 5 newtons. You might conclude, then, that one newton is not that large (at least compared with the pound).

After all this discussion we still have not said what weight and mass actually are, and we certainly haven't mentioned any difference between them. It is fairly easy to say what weight is. For us, weight is caused by the planet earth "pulling down" on us, or in slightly more sophisticated language:

WEIGHT IS THE FORCE OF GRAVITY 
PULLING DOWN ON AN OBJECT.

Obviously, then, your weight will change if you have the chance to walk on the moon or Mars! We will put off saying what mass is for a few moments. First, we will look at the way that weight and mass are measured.

You know from earlier grades that the weight of an object can be measured by attaching it to a spring. The spring will stretch because of the gravitational pull on the object, and a pointer on the spring will point to a number on a weight scale.

You have such a "spring balance" or "spring scale" in your school lab or in your experiment kit. You also know from earlier grades that mass is determined on a completely different instrument.

The most straightforward way to determine mass is to use a "double-pan" balance and a number of standard masses. The weight and mass of a block of  margarine (on earth for example) can be measured using these instruments. The pointer on the spring scale gives the weight (around 5 N). The mass is determined by adding together the standard masses required to balance the margarine (around 500 g or 0.5 kg).

You are likely saying "Will you please hurry up and say what mass is!". Have patience. First, we are going on an imaginary trip to the moon. (Be sure to put in your knapsack everything we require: the spring scale, the margarine, the double-pan balance and a set of standard masses.) 

On the moon, the weight will be less, but the standard 500 g masses will still balance the block of margarine!
Q. How can this be, when we know the margarine is lighter?

A. Don't forget that the standard masses are also "lighter" on the moon. In fact, they became lighter by exactly the same amount as did the margarine. So, we still require the 500 grams to balance the pans. We must therefore read the MASS of the margarine to be 500 grams. THE MASS OF THE OBJECT (the margarine) DID NOT CHANGE.

At last let us say what mass is. Probably you have heard it before.

MASS IS THE AMOUNT OF MATTER 
(OR "STUFF") 
IN AN OBJECT.

or, even better

MASS IS A MEASURE OF 
THE INERTIA OF A BODY

The word inertia might be new to you. Relax--we'll develop a good idea of it over the next few sections. For now think about this: a rock on an orbiting space shuttle will "float" in the cabin. However, if an astronaut grabs the rock and attempts to shake it back and forth, she will find a resistance to the motion. If she starts with a push to the right, the rock will go lickety-split to the right. As the astronaut pulls the rock back, she will feel a resistance in her attempt to do that. This "resistance" depends on the inertia of the rock, which, in turn, depends on the mass of the rock. The effect of the mass in the space shuttle is exactly the same as the effect of the mass if it were being shook back and forth on earth (especially if its weight were counterbalanced by a supporting string as it was being shook on earth.) THE MASS OF AN OBJECT DOES NOT CHANGE WHEN THE LOCATION OF THE OBJECT CHANGES.

 

If you are thinking we have made a big deal about something that you knew all along, you will be pleased to know that soon you will learn a little more sophisticated definition of mass.

Summing up: 

· weight is the force of gravity on an object measured in newtons;

· mass is a measure of the amount of matter in an object measured in kilograms (or grams);

· the weight of an object depends on its location

· the mass of an object never changes, it does not depend on location.

Caution: Sometimes people confuse mass with volume. Volume is the SIZE of an object. It is conceivable, for example, that a truck-load of feathers would have about the same mass as that of the truck's spare tire and rim. However, we can hardly say they have the same volume.

B - How are weight and mass related?

It's reasonable to assume that weight (in newtons) of an object is proportional to the mass (in kilograms).  By finding the weight of several standard masses it should be possible to write an equation that connects weight with mass

Of course you recognize the constant 9.81 from your work in unit 1.  It's g!  

Because weight (Fg) and g are both vectors (directed downwards), the relationship between weight and mass just found in the animation can be written as 
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Notice that the units for g, as obtained here are N/kg. Written with these units, g is called the gravitational field strength.  Earlier you wrote the units of g to be  m/s2 , and called the term acceleration due to gravity.  Relax--after you do the lessons in Section 2 you'll discover that the units are equivalent.

Sometimes, especially in simple exercises, the vector notation is not used.  The expression is then written as Fg = mg, without the bold font or the arrows.  This is OK because weight and gravitational field strength are in the same direction.  In such situations there is no need to insert the negative before 9.8.

Here are two sample exercises


In Example 2, can you see that the units must be kg? Here’s how--

using square brackets to indicate that we are working with units only gives the following result:
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Note that  dividing N by N/kg is the same as multiplying N by the reciprocal of N/kg.

