






Name __________________________

Activities to accompany Newton’s Three Laws
Newton’s Laws of Motion describes most of the physical action in the world around you: Amazing, but true.  How fast a car stops to how a house is constructed are all influenced by Newton’s Laws. These laws fundamentally changed how people view the world around them.   They are so simple, but can lead to counter-intuitive results. Newton’s Three Laws are also a superb example of the power of a theoretical approach in science. The objective of this lab is to explain how Newton’s Laws can lead to so many predictions about how the natural world works.

Theoretical approaches

The theoretical approach is the viewpoint that derives insight from theories, including models.  Thus, a theoretician will typically seek understanding by producing models and making predictions.  These models can be mathematical (defined by equations), physical (a scale model), or computational (simulated on a computer). The predictions generated by the models can then be tested against observations or experiments.  Theoretical approaches tend to use deductive logic, using rules to understand examples.  The applications of Newton’s Three Laws are a triumph of the theoretical approach (yes, triumph).  They provided the groundwork for physics for the next two centuries and remain the basis for most of modern engineering.

These laws are so simple that one can easily be deceived by how revolutionary they were. They are (in Newton’s own words):

Law #1:  Every body continues in its state of rest, or of uniform motion in a right line, unless it is compelled to change that state by forces imposed on it.

Law #2:  The change of motion is proportional to the motive force impressed; and is made in the direction of the right line in which the force is impressed.

Law #3: To every action there is always opposed an equal reaction; or, the mutual actions of two bodies upon each other are always equal, and directed to contrary parts.

 Newton’s First Law
In some ways, the biggest conceptual breakthrough is the First Law.  It took centuries for scholars to collectively shake the notion that the “natural state” of an object was “at rest” (whatever that meant) and that the constant motion could only happen with continual pushing.  It was not so obvious to realize that in fact, constant motion (constant velocity – remember our warm-up activities) only happens with no pushing at all.  The abstract concept of an object moving at uniform velocity (constant speed and direction) in the absence of any outside force crystallized with the work of Galileo, and finally found its clearest statement with Newton.

This will seem crazy, be we are going to spin some eggs.  You will spin both a hard-boiled egg and a raw egg, one at a time. As they are spinning, lightly tap one with your finger and stop the egg from spinning. 

The goal, as for any scientist, is to separate your observation from your interpretation.  What is your observation for hard-boiled egg?

_______________________________________________________________________

_______________________________________________________________________

What is your observation for uncooked egg?

_______________________________________________________________________

_______________________________________________________________________

What is your interpretation of the difference in their behavior based on Newton’s #1 Law?

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

In summary, the First Law says that the only way to change an object’s velocity is to exert a force on the object.

Newton’s Second Law

The second law has a whole lot packed into some terse phrases.  It is not just the magnitude of the force, but also the direction, that matters.  Therefore, Force is a vector! (remember our warm-up activities).  Newton states that the change in the motion – the change in velocity to you and me – is proportional to the size of the external force and that its direction is parallel to the direction of the force (often denoted by the variable F).  Remember that the change in velocity is just the acceleration.  So: 

Acceleration = Constant x Force.

It turns out that the 1/Mass of the object is the constant, and we get the following equation:

Acceleration = (1/Mass) x Force

OR

Force = Mass x Acceleration

This equation may seem trivial, but it provides the predictive power to calculate the motion of nearly every object in the solar system and on earth.

To address this, we will deal with the difference between mass and weight.  The mass of any object is constant, regardless of the amount of downward acceleration.  In contrast, the weight of an object is how much force that object feels.  Thus, a person can weigh less at higher elevations (or on the moon) and be weightless in space, yet have the same mass in all of those places.

Two water balloons sit on the table. One has 1/2 kg of water.  One has 1 kg of water.  Gravitational acceleration is 9.8 m/sec2.    

How much force do each of the balloons exert on the table (that is, how much does it weigh)?  Is it the same?

What are the units of force in terms of kg, m, and sec?  In other words, when you multiple mass times acceleration, what units do you have?  (For the record, this unit is called a “newton”)

In summary, the Second Law allows you to calculate a force on an object, which will let you predict what will happen (wait a bit).

Newton’s Third Law

The Third Law is the most subtle and surprising of the three Laws.  As Newton adds, “Whatever draws or presses another is as much drawn or pressed by that other.”  The First and Second Laws were derived by the results of Galileo’s experiments, as well as from the results of other scientists who were Newton’s contemporaries.  The Third Law, however Newton’s deduced himself.  It says that forces always come in pairs: action and reaction.  There is no such thing as a single, isolated force vector that acts alone without another partner somewhere.  The implication is that nothing – no outside agent – is capable of acting on things without being re-acted on in turn.  That is, no action can be taken in isolation.  

Mathematically, this is:

Force 1 = Force 2

Here is a thought question.  A 100 kg man is trapped on a totally frictionless iced-over lake.  He happens to have a 20 kg backpack on.  How can he get off the lake?  In terms of forces, when does he apply a force? (Moral to the story: Wear a big backpack on frozen, frictionless lakes.)

In summary, the Third Law says tells you all forces are always equal and opposite.  You can’t act on something without being affected yourself.  

