Newton's 1st Law of Motion

Consider a puck sitting on an ice surface. Think up some reasons why the puck might start to move. Do it now before you read on.
Did you think of any of the following? a hockey stick hits it; a skate strikes it; the referee picks it up; a gust of wind passes by; an earthquake shakes the ice surface! and so on.

What do all of the foregoing have in common? Answer: they all exert a force on the puck. What would the puck do if a force were never exerted on it? Answer: it seems fairly safe to say that the puck would never move. First Galileo, and then Newton, said it this way:

OBJECTS THAT ARE AT REST HAVE A TENDENCY TO STAY AT REST.
You may not be very impressed by that statement because it seems so obvious. It is only when you have some fun with it that you really appreciate it. Get an ordinary drinking glass and place a playing card (or a pokemon card!) over the top of it. Place a loonie (or whatever coin you have) on the card. Now flick the card with your fingers and watch what happens. How does inertia explain what happens? If you can't explain what happens, speak to your teacher. 

If you are really brave, you can try the standard magician trick and attempt to snap a table cloth off a table and leave the dishes sitting there. Don't use your best china!
Go back to the puck again. Imagine the puck to be on smooth ice on a long lake. In your imagination give the puck a whack with your hockey stick. The puck will go a long distance. Why does it stop? Answer: Assuming it didn't hit the bank on the other side of the lake, it stopped because of the "drag" of bumps on the ice surface, and because of the resistance of the air. You could say that it stopped because the resistance of the ice and the air exerted a force on it. Think about this: would the puck go further if the ice were smoother? The answer is "yes." In fact, the smoother the ice, the further it will go. Let's go all the way and imagine "magic" ice that causes no friction. Furthermore, imagine that there no air resistance and that the lake with the magic ice stretches on for ever and ever! Now that we have taken away the surface and air resistance, is there any unbalanced force on the puck? The answer is NO. There is absolutely no unbalanced force on the puck in this imaginary situation. Will the puck stop? No, it will never stop, not even by the lake bank because the lake goes on for ever and ever. What is the only conclusion to be made? It is the conclusion that Galileo and Newton made many years ago:

AN OBJECT THAT IS MOVING WILL KEEP ON MOVING IN A STRAIGHT LINE AT A FIXED SPEED UNLESS IT IS ACTED UPON BY SOME EXTERNAL UNBALANCED FORCE.
Galileo and Newton had different views on the nature of a straight line. However, if we talk about that now, it might be too confusing. Ask your teacher about it later.
We can forget the magic lake. The conclusion we have just stated applies to everyday life just as well. Think about what would happen if you are not wearing a seat belt and your car comes to a sudden halt. You go forward and crash into the dash. You were moving with the car. When the car stopped, YOU HAD A TENDENCY TO KEEP ON MOVING because there was no unbalanced force on you. What could have provided the unbalanced force? Your seat belt, of course!

Summing up, we see that Newton's first law appears to have two parts:

· objects at rest tend to stay at rest, and 
· objects in motion tend to stay in motion in a straight line unless acted upon by an external unbalanced force.
By now you should be saying that Newton's first law will not cause you any trouble because it is so straightforward. Still, you must always have your wits about you. For example, consider this question: You see an object pass by at a fixed speed in a straight line. Are there any forces acting on it? If you say "no", you may be correct. On the other hand, you may be wrong. How can that be? Well, Newton's first law states that an object will have a fixed speed in a straight line if there is no UNBALANCED force on it. Just suppose the object you are looking at is a car moving at a fixed speed in a straight line. You know there is road friction and air friction against the car's motion. Let us say that both these forces add up to 1000 N to the left. Why aren't these forces stopping the car? Answer: it must be that a steady pressure on the accelerator is causing the motor to exert a force of 1000 N to the right. So, already we have identified three forces acting on the car. However, the UNBALANCED or NET force is the sum of all forces: Fun = 1000 N + -1000 N = 0 N.

We can even identify two more forces on the car: the force of gravity pulling down (its weight) and the force of the road pushing back. These two forces are also equal and opposite and therefore add to zero. So we ask again: Can there be any forces on an object that is moving in a straight line at a fixed speed? Answer: Yes. Can there be an UNBALANCED force? NO! NO! Try this:



Example 1

You see an unfortunate (out-of-gas) driver pushing his car at a fixed speed along a level straight road. Being a keen physics student, you insert a "special" set of bathroom scales between the driver's hands and the car and discover that he is pushing with a force of 400 N. What is the force of friction acting on the car?

Solution

You are told that the car is moving at a fixed speed in a straight line. According to Newton's first law, this means that the unbalanced or net force is 0 N. In order for this to be so, the force of friction must be 400 N in the opposite direction to the driver's force. Now that we have found the answer mentally, let us do it mathematically.

Given: Driver's force = FD = 400 N,           Fun = 0 N                 friction = Ffr= ?

Remember that the unbalanced force, Fun , is just the sum of all forces acting on the car. In equation form we have 

FD + Ffr = Fun                          Ffr = Fun - FD   = 0 N - 400 N   = -400 N



You may think it a little odd that at the beginning of this lesson we gave some credit to Galileo even though the title is Newton's First Law of Motion. This is partly because this first law is usually associated with two other laws discovered by Isaac Newton, and partly because Newton realized that the law had universal application. (Anywhere in the universe! Isn't it fantastic?)

This first law is sometimes called the LAW OF INERTIA. If you look up the meaning of the word "inertia", you should see the reason for this name.

Part 3 - Inertial Frames of Reference

Before we get into an inertial frame of reference, refresh your memory about the meaning of frame of reference. You studied this topic in Unit 1. Recall the definition:

a frame of reference is a place from which motion is observed.

Motion will appear to be different for viewers in different frames of reference. We illustrated this in Unit 1 by viewing a bouncing ball from inside a moving train and from outside the train.

The name inertial frame of reference suggests that inertia is going to be involved. If you looked up the word inertia you discovered that it is the single word that sums up Newton's first law. It is the inertia or "stubbornness" of objects that keep them at rest or moving, depending on what they are doing in the first place. Now for the definition of an inertial frame of reference: If you are viewing some motion, and if the place where you are standing is either at rest or moving with a fixed speed in a straight line, then your frame of reference is an inertial frame of reference. A neater definition is

An inertial frame of reference is one in which Newton's first Law is valid.
A couple of examples will help clear this up. Recall the "bouncing ball" story in Unit 1. It made no difference if you bounced the ball in a parked train or if you and the train were moving with a fixed speed down a straight level track, the motion of the ball to you was identical in both cases. In fact, Newton's first law makes it all very clear: when the ball leaves the table, it has an upward motion which you gave it, and also a horizontal motion due to the motion of the train. As stated in the first law, the ball has a tendency to maintain this horizontal motion because there is no external unbalanced force on it. It therefore comes back to the table very nicely because it and the table have had the same fixed horizontal speed. (Why doesn't it maintain its upwards motion? Answer: because the force of gravity on the ball is an external force!) Whether the train is at rest or moving as described, it will be an inertial frame of reference.

Here is another example: If you are in a jet plane that is flying at 1000 km/hr in a straight line, any motion you observe will be identical to the motion if you viewed it while the plane was parked on the runway. Coffee can be poured straight into your cup, you could play a game of ping pong if there were room, and, if you toss something into the air, it doesn't go streaking to the back of the plane--instead it comes right back to your hand. The frame of reference of the plane is an inertial frame of reference. Any motion you observe in the frame of reference of the plane will obey Newton's first law.

You are probably saying "How can there ever be a frame of reference that is not an inertial frame?" Here's how: Imagine that you are sitting on a bus that is traveling at a fixed speed in a straight line. Is the bus an inertial frame of reference? Answer: YES. (If you have a really good imagination, think about a bus with an engine that makes no noise, the shades drawn so that you can't see out, and a magically smooth road that has no bumps and causes no tire noise. Would you know that you were moving? Absolutely NOT.) OK, let's get on with it. We still haven't said how the bus can become a frame of reference that is not inertial. In your imagination lay a ball in aisle of the bus near your feet. Will the ball stay there? Yes, the ball is at rest with respect to the floor of the bus, and will remain at rest with respect to the floor, and with respect to you as you sit in the seat AS LONG AS THE BUS MOVES WITH A FIXED SPEED IN A STRAIGHT LINE. But, suppose just after you lay the ball on the floor, the bus driver touches the brake ever so slightly--not enough for you to notice. The ball will roll forward with respect to you. You will see the ball move for no reason at all! After all, objects at rest should remain at rest. WHILE THE BUS CHANGES SPEED, IT IS NO LONGER AN INERTIAL FRAME OF REFERENCE. From your point of view sitting in the bus the ball did not obey Newton's first law. As far as you could tell, the ball moved even though no external force was applied. The ball moved because the bus "accelerated" (if you want to say decelerated, that's OK, but you should see that the deceleration is really an acceleration "against" the speed of the bus.) At last we can describe a frame of reference that is not an inertial frame: An accelerating frame of reference is not an inertial frame. Newton's first law is not valid in such a frame of reference.

Before we leave this, we just have to imagine your friend by the road as your bus passes by. Let's suppose that somehow he can see the ball sitting at your feet (the ball that is at rest with respect you and the bus frame of reference.) Does your friend see the ball at rest? Of course not. He sees the bus, you and the ball moving down the road, say at 60 km/hr. When the bus driver touches the brake the bus slows to say 59.9 km/hr. What does your friend then see? He sees the ball maintain its speed of 60 km/hr and slowly move forward on the bus floor BECAUSE OBJECTS IN MOTION TEND TO STAY IN MOTION. For your friend outside the bus, the ball does exactly what the first law predicts. But your friend's frame of reference is not the bus. It is the ground on which he is standing. Your friend's frame of reference is an inertial frame. (You may be puzzled here because the ground is rotating, after all, every 24 hours, and it is also streaking around the sun every 365 days. However, this effect is so minute that we consider the ground to be an inertial frame.)

Assigned activities

 

1. Recall that the First Law was basically in two parts:   
(1) objects at rest tend to stay that way.   
(2) object in uniform motion tend to stay that way.   
With this in mind, use the First Law to explain each: 

a. You stamp your boots to remove snow from them. 

b. You hang a rug on a line and beat it with a stick to get the dirt out. 

c. A magician quickly removes a tablecloth from underneath an expensive setting of china leaving it intact and unharmed on top of the table. 

d. The head of a hammer is loose and you wish to tighten it so you bang the end of the handle (pointing down) against the top of a work bench. 

e. Your body is "forced" in towards the seat and your head gets pushed  back into the headrest as you quickly step on the gas pedal of your car after seeing a green light.

2. Explain whether each is an inertial or a non-inertial frame of reference. 

a. On a train going across the prairies at constant speed. 

b. On board the MV Joseph and Clara just as it leaves the dock and starts to pick up speed.

3. Imagine you are in a space shuttle orbiting earth where objects appear   "weightless" and can float about the cabin. You are given two identical   looking packages but one is empty and the other has a heavy object inside.   Describe how you could use the Law of Inertia to tell the two packages apart. 

