Newton's 2nd Law of Motion

In Lesson 1 we made a big deal about what happens to an object if there is no unbalanced or net force acting on it. We discovered that an object will behave in one of two ways when the net force or unbalanced force is zero. Either it will be AT REST or it will be moving AT A FIXED SPEED IN A STRAIGHT LINE. Do you still have trouble believing the second situation. If so, just remember the exercise about the person who was pushing the car. When the car moves down a straight road at a fixed speed, the force of the pusher is exactly balanced by the force of all the friction forces. In other words, the unbalanced force is zero and the car moves at a fixed speed. Actually, because the car is also moving in a straight line we can say it has a fixed velocity.

Consider these. What would happen to the car's velocity if either of these happened:

(1)  It comes to a really smooth spot in the road so that the pusher's force is    greater than the resistance force?

(2)  It comes to a really sticky spot in the road so that the pusher's force is less than the resistance force?

In both cases there will be an unbalanced or net force on the car. 
In the first case the pusher's force is greater than the drag on the car. The car will speed up or gain velocity. In the second case the drag on the car is greater than the pusher's force.  The car will slow down or lose velocity? Wait a minute! What is the word for "gain velocity" and "lose velocity"? Answer: ACCELERATION. At last we can say what will happen to the car (or any object) if there is an unbalanced force on it. It will accelerate. Let's repeat everything we have learned so far:

1. What will an object do if the unbalanced force on it is zero? Answer: it will move at a fixed velocity or stay at rest (Lesson 1). 

2. What will an object do if the unbalanced force is NOT zero? Answer: it will accelerate.

Now we will use our common sense. If the unbalanced or net force is increased, what will happen to the way the object picks up (or loses) velocity? Answer: it will either pick up velocity more quickly if the force is with the motion, or, the object will lose velocity more quickly if the unbalanced force is against the motion. In other words,

IF THE UNBALANCED FORCE BECOMES LARGER, THE ACCELERATION BECOMES LARGER.
In fact, our common sense tells us that if the unbalanced force doubles, the acceleration will double; if the unbalanced force triples, the acceleration triples; and so on. Recall that this is exactly what happened in part 1 of Lab activity 3. At that time you probably noticed that the variables F and a were directly proportional.

This observation is part of Newton's Second Law. Let's say it simply (we will polish it up later):

THE ACCELERATION OF AN OBJECT IS 
DIRECTLY PROPORTIONAL TO 
THE NET (OR UNBALANCED) FORCE ACTING ON IT.
In "short-hand" we write 


Now let's leave force constant and change the mass instead. Do this by imagining that the poor driver has some nasty friends who are going to play a trick on him. As he pushes the car along the road with a fixed unbalanced force, his "friends" climb aboard the car. The car therefore becomes more massive. If the driver continues to push with the same unbalanced force all the time, what will happen to the way the car picks up velocity? Answer: the driver will cause the car to pick up speed at a lower rate; that is, the acceleration will be smaller. If the friends then get out of the car one at a time while the driver continues to maintain the same unbalanced force, what will happen to the acceleration of the car? Answer: the driver will be able to push the car so that it picks up velocity at a greater rate. That is, the acceleration increases once again. 

Sum this up: if the mass of an object increases, the acceleration decreases; if the mass of an object decreases, its acceleration increases. Don't forget the restriction while the mass is changing: the unbalanced force must be constant.
You can therefore say that the acceleration and mass are INVERSELY or INDIRECTLY PROPORTIONAL to each other. You saw this in Part 2 of Lab Activity 3.
Now we can write the second part of Newton's Second Law:

THE ACCELERATION OF AN OBJECT IS 
INVERSELY PROPORTIONAL TO ITS MASS.
In "short-hand", this is written as a 
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Putting this expression together with the first part of the law, we can write a single proportion like this 
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As a short exercise you should write down in long-hand what this combined expression is saying. You will then have written Newton's Second Law. 

The expression that you just wrote can be rewritten with an "equals to" sign. Because the expression is a proportion, all it needs is a slope. Normally we'd use the letter "m", however that one is already used--in this case it's m for mass. Let's use "k" instead. This gives:
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But what in the world is the value of k? Believe it or not, we are going to give k a value. Also, from here on in this part of the lesson we will use Fun which is equivalent to Fnet.  First we cross-multiply and rearrange the formula: 
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The next thing we do is pretty sneaky. We are finally going to define ONE NEWTON of force. (We already know from Physics 2204 that a newton is not a large force. Remember that a block of margarine weighed about 5 N.) We know that a unbalanced force causes a mass to accelerate.  Since we are defining the newton, we are the bosses, so we can decide how much mass, and how much acceleration. Of course, we would be silly not to kept it simple. So, what's the simplest value we can choose for the mass that the newton will move? Answer: 1 kilogram. And what is the simplest acceleration that our one newton should give such a mass? Answer: 1 m/s/s. Now then, what is a NEWTON? Answer:

ONE NEWTON IS THAT AMOUNT OF FORCE 
WHICH WILL GIVE A MASS OF ONE KILOGRAM 
AN ACCELERATION OF 1 m/s2.
Next we substitute this set of values into the numerical expression for Newton's second law: 
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What is the numerical value of the right hand side? Answer: 1. Since the left hand side equals the right hand side, what must be the value of the left hand side? Answer: 1. What must be the value of k if the left hand side equals 1? Answer: 1.
Since k = 1, we can take it out of the expression. This results in the familiar form of Newton's second law: 
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If you have trouble at all, it will be with the units. The thing to remember is that 1 N of force will accelerate a 1 kg mass at 1 m/s2. That is, 1 N = 1 kg m / s2.

Newton's 2nd Law of Motion

Questions

1. Briefly explain why it makes sense to make each statement.   
Use your own words--don't just re-write what's in the notes! 
a. Acceleration is directly proportional to the net force. 

b. Acceleration is inversely proportional to the mass.

2. Briefly explain why we are careful to say "net force" or "unbalanced force" and not just "force"   when writing statements (a) and (b) above?

3. According to this lesson, what is meant by a force of 1 N?

4. A rocket fired from its launching pad not only picks up speed, but its    acceleration increases significantly as firing continues. Why is this so? 

