Newton’s first law
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Any school student will give statements of Newton’s first law of Motion. Usually the text books explain Newton’s first law of motion by considering simple examples like the effect of sudden stopping of a moving bus on a standing passenger. One can give a number of simple experiments like coin on the cardboard on a tumbler. All these examples illustrate the concept of inertia of a material object. It is interesting to note that the first law of motion  also provides an opportunity to discuss a number of other related issues.

Let us first state the first law.

Every object continues to be in a state of rest or in a state of uniform   motion unless it is acted by an external agent.

More precisely,

Every object continues in its state of rest or in a state of constant speed along a straight line unless compelled to change that state by forces impressed upon it.

This law is also known as the Law of inertia. 

A number of interesting questions can be raised. I will list some of the questions

1. How do you prove this law?

2. Have you ever seen this law operating in everyday life?

3. How will you devise an experiment to prove this law?

4. How did Newton arrive at this law?

5 Is it possible to verify this law in the lab? Did Newton do any experiment to find this law?

6. What kind of method of science used here to find out this law?

7. What is the history or the origin of the first law of motion?

8. Did Galileo discover the first law of motion?

9. Is there a situation where Newton’s first law of motion does not work?

10. What are the basic assumptions behind Newton’s laws of motion?

The list of questions has not been exhausted. Let me try to answer these questions in a coherent way.

Question 1.

This is a wrong question.

We ask for a proof only in Mathematics. It is a closed logical system. (Even in mathematics, sometimes, you cannot prove a result.) Proving a conclusion means that it is inevitable and final and there is no question of revising it. The sum of the three angles of a triangle in a plane is always 180 degrees. As long as we accept the basic axioms of Euclidean geometry, this conclusion is final. There is no need to draw a triangle on a plane and verify this conclusion. 

In Science, we do not attempt to prove any result. No conclusion in Science is final in the sense that though we accept it now, it can be modified later. For instance, originally we thought that it is the Sun moves from east to west daily. Now we agree it is the Earth which moves from west to east.

In Science, we look for only evidences. This point requires more elaborate discussion; you can think about it. So, there is no question of proving Newton’s first law or other laws. 

Question 2.

A part of the first law agrees with our day-to-day experience and another part is beyond our day-to-day experience.

There are two kinds of state of motion are mentioned in this law. They are (i) State of rest (ii) State of constant speed along a straight line. 

State of rest

There is nothing profound about this state. It is such a state in our experience that there is no need to give any example. A chair or a book on table or a car on the road. To produce a change of this state for the chair is to move it. Obviously someone has to push it i.e., an external agency is required to move it from the rest.  Any object at rest, which is left alone, will not start moving on its own. An external agency is a must or compulsory to compel the object to change the state of rest of an object. So, this part of Newton’s law is merely a restatement of what is obvious in day-to-day experience.

State of constant speed along a straight line

No one has ever on this earth observed an object moving on its own continuing to move at constant speed along a straight line without the aid of external agency. A ball rolling on a floor, if left alone, slows down and comes to rest. In fact, all our experiences, generally, negates this law. No amount of common sense observation will help us to arrive at this part of Newton’s first law of motion.

It requires a special method, namely the method of Science, to arrive at this part of the law. This is the reason why it took nearly two thousand years to develop this law.

Incidentally, we come across repeatedly the following statement: “Science is nothing but common sense”. This is a myth.

            Question3.

Let us consider a method of devising a particular method of verifying this particular law. First, we have to find an object which is moving with constant velocity along a straight line. Second, we have to ensure that there is no external agency acting on it. How do we ensure this condition? We have to remove nearby objects from our object, i.e., we have to isolate our object from other objects. This is a hopeless task, since it will amount to literally taking out the entire Universe! 

We arrived at this method by literally analyzing each word in the statement of the first law. This is a philosopher’s method of analyzing a problem.

This is not the method employed by the scientific community to analyze a problem.

Questions 4,5,&6.

Detailed answers to these questions are beyond the scope of this article. Let me give a brief outline here. The scientists do not look for completely irrefutable and absolute kind of evidences for basic laws like Newton’s laws of motion. These laws have been applied to a wide variety of problems. The results obtained agree well with the experimental observations. One simple example is the success in explaining Kepler’s laws of motion. Discovery of Neptune  is a dramatic story and very impressive in illustrating the success of Newtonian mechanics. The story of such successes is really enormous. Of course, it is a general theory based on Newton’s laws of motion that work very well. This is enough for the scientists to believe that the Newton laws of motion are correct.

Questions 7& 8.

Galileo almost got the first law motion. Still, he was far away from the exact formulation of the first law. Newton arrived at the first law using Galileo’s investigations. 

Galileo is well known for his support of the heliocentric model. In the process of his defence of Copernican theory, he realized that the old Aristotelian ideas of mechanical motion have to be replaced by a new theory of motion. He devised a number of new techniques. Einstein, in fact, termed him as the father of modern Science.

He constructed frictionless inclined planes and studied the properties of motion of the balls on such inclined planes. We see the extraordinary genius of Galileo in the choice and the design of these  experiments. It is indeed a great creative act on the part of Galileo. Galileo correctly guessed that the motion of a ball is due to superposition of vertical motion and the horizontal motion. Again he guessed gravitational attraction always tries to pull the ball in the vertical direction and the only force in the horizontal direction is friction. Gravitation cannot be controlled, but friction can be reduced enormously. 

Look at the figure taken from Conceptual Physics by Paul Hewitt. Galileo observed that if we reduce the friction between the rolling ball and the surface of the inclined plane, a ball that starts rolling from a particular height in the left inclined plane moves up the right inclined plane and reaches the same height on the other side. This is shown in fig (a). Now change the inclination of the  plane in the right by lowering the angle of inclination. In this case also the ball reaches the same height. See fig (b). Compared to the case (a) the ball has to travel longer distances in the case (b). Extending this idea further, lower the angle of the inclination of the right plane, the ball has to travel a larger the distance to reach the same height. In the limiting case, when the angle of the inclination is made zero, the right plane becomes horizontal and the ball is likely to travel indefinitely along a straight line in the absence of the frictional force. Note the final conclusion is an inference.

Note the interesting features of gathering knowledge in Science. Science is not simply a mechanical collection of information or data. It is a very creative act. One has to make an intelligent and educated guess. We have to do controlled experiments using specially constructed apparatus. Such a situation is not readily available in day-to-day life. In fact, the events in day-to-day life are very complex. It goes to the credit of Galileo to demonstrate these ideas successfully. We can make many more comments on this aspect. However, let us go to the next set of questions.

Question 9. 

Answer to this question is beyond the scope of this article.

Question 10.

There are situations where Newton’s first law of motion does not work. For instance for an observer in a lab, where the lab itself is in an accelerated motion, this law will not work. Do you think that this is a contrived situation? Wait. The simplest example is Earth itself! After all, it is on Earth that Newton and Galileo lived and discovered this law. Does this mean that Galileo and Newton erred? They did not err. This law works only approximately for the observers on Earth. In fact, the first law as well as the whole of classical mechanics does not work in the atomic world. However, the deviations from this law are very small and we know how to take care of it. This is yet another amazing character of Science.

This is the strength of science. There was a time when it was thought that these laws work for all observers. Now, we know its boundaries beyond which these laws fail to work. 

Many more questions can be asked which are not directly about the Science. For instance,

. Did the social conditions of England play a role in the discovery of the first law of motion?

. Had Newton been born three or four centuries earlier, would he have still discovered his laws of motion?

. Had Newton been born and lived in India, would he have still discovered his laws of motion?

Answers to all these are for you to think about!

---------------------------------------------------------

BOX

Hypothesis is a best-guess answer to a problem at hand.

Observation is the act of seeing an object or event and noting the relevant characteristics in the event. Observation is an extension of our senses.

Inferences are conclusions based on observations. Inferences go beyond what we can directly sense.

