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		Newton’s Laws Worksheet
Background Information
Force, Mass and Acceleration

	Previously, you have studied kinematics, which is the branch of physics that describes how objects move.  By understanding the quantities of position, velocity and acceleration, you are able to describe an object’s motion.  Kinematics does not say why objects move, just how they move.  In this lab, we will look at the branch of physics called dynamics.  Dynamics relates the cause of motion (forces) to a description of how objects move (acceleration).  For dynamics, we will need to discuss three quantities, mass, acceleration and force, in order to answer the question “Why do objects move?”.
	You should already be familiar with acceleration.  If you are not, then a good definition for acceleration is:

	Acceleration: the rate of change with respect to time of an object’s velocity.  An
	acceleration would include speeding up, slowing down, or changing direction.	

Basically, anything that causes an object to differ from straight line, steady speed motion is an acceleration.  Dynamics addresses two other quantities that are related to acceleration.  The first is mass:

	Mass: the quantity of matter an object possesses.  Mass has the property of 
	inertia, which is the behavior of an object to move in a straight line at a steady
	speed when left alone.  Mass is a resistance to acceleration.

The second is force:

	Force: A push or a pull.  An influence that causes objects to accelerate.  

With these concepts under our belt, we can discuss the principles of dynamics, called Newton’s Laws of Motion.


Newton’s First Law

	When an object is left alone without any influences on it, the object will move in a straight line at a steady speed.  This type of motion is referred to as uniform motion, or since an object’s velocity defines both its speed and direction, it is also known as constant velocity motion.  This is the natural, default motion of an object.
	In order to change an object’s behavior from moving on a straight line at a speed that does not change, it must be affected by an outside influence.  As we saw in the previous section, we call these influences forces.  Thus, forces are what cause an object to deviate from straight line behavior (i.e. the object will turn or change direction), from constant speed behavior (i.e. go faster or go slower), or both.  When a single force acts on an object, the object will no longer be able to follow its natural, default motion.
	However, if two or more forces act on an object, the possibility exists that the forces can cancel each other’s effects and therefore leave the object to persist in its default motion.  While at first glance, it might seem improbable that forces would cancel exactly, this happens all the time.  As examples, consider a book sitting still on a table, if the table does not “push” up on the book with the same force the book applies to the table the book would break through the table of fly upwards.
	Therefore, there are two ways in which an object can persist in uniform motion: (1) if no forces at all act on the object or (2) if all the forces completely cancel each other.  In either case, no net force acts on the object.  Mathematically, Newton’s first law is stated as:
	
	(Newton’s First Law)


This means that if there is no net force (the sum of the forces is zero), then the object does not change velocity.  The double arrow also means that the reverse is true too.  If an object exhibits straight line, steady speed motion, then there can be no net force acting on it.
	It is very difficult in practice to have an object on which there are no forces whatsoever acting on it.  There is always going to be friction, air resistance or a gravitational tug influencing the object’s motion.  The very fact that it is difficult to isolate an object from all outside forces lead to the long held (thousands of years!) belief that that natural state of an object is at rest.  The main culprit here was friction.  If friction slowed every object you ever saw to rest, and you didn’t know what friction was, you’d hold that erroneous belief too!
Newton’s Second Law

How does a cart change its motion when you push and pull on it?  You might think that the harder you push on a cart, the faster it goes.  Is the cart’s velocity related to the force you apply?  Or does the force just change the velocity?  Also, what does the mass of the cart have to do with how the motion changes?  We know that it takes a much harder push to get a heavy cart moving than a lighter one.  How the net force on the cart, its mass, and its acceleration are related.  This relationship is Newton’s second law of motion.
The acceleration of an object is directly proportional to the magnitude of the imposed force and inversely proportional to the mass of the object.  The acceleration is in the same direction as that of the imposed force.  
	(Newton’s Second Law)


Newton’s Third Law

You may have learned this statement of Newton’s third law: “To every action there is an equal and opposite reaction.”  What does this sentence mean?
Unlike Newton’s first two laws of motion, which concern only forces on individual objects, the third law describes an interaction between two bodies.  For example, what if you pull on your partner’s hand with your hand?  As your hand pushes or pulls on your partner’s hand they will be related in a very simple way as predicted by Newton’s third law.
The action referred to in the phrase above is the force applied by your hand, and the reaction is the force that is applied by your partner’s hand.  Together, they are known as a force pair.  This short experiment will show how the forces are related. 
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Figure 1:  A force pair between lab partners.

 Nearly every force encountered in everyday life obeys Newton’s 3rd Law.  Therefore, nearly all forces are members of a force pair.  Given a force, it is very easy to figure out what force is the reaction.  To do this, simply switch the ordering of the objects.  For example, consider a book sitting on a table.  The table exerts an upward force on the book, and we call that “the force of the table on the book”.  So what is the reaction force?  It is simple, just switch the ordering of the objects.  The reaction force is “the force of the book on the table”.  Be careful, because you might be tempted to say the reaction force is the weight of the book.  This is incorrect.  Why?  Because the other object in the weight force pair is the Earth itself!  So this force pair is “the weight of the book due to the Earth” and “the weight of the Earth due to the book”.  Again, simply switch the ordering of the objects.  (Yes, the book does pull up on the Earth.  So why doesn’t the Earth move?)  
There is a big distinction between Newton’s second law and Newton’s third law.  The second law deals with the forces acting on a single object.  The sum of these forces produces an acceleration that affects that single object’s motion.  In contrast, the third law concerns forces that act between two objects.  The forces described by Newton’s third law act on two different objects and never on the same object.  The force caused by the first object affects the second object’s motion, and the force caused by the second object affects the first object’s motion.  This distinction is very important to keep in mind when trying to understand and apply Newton’s laws of motion.
Group Experiments
Part A: Push-me/Pull-me Carts
· Use Newton’s laws to explain the results of the following experiments.
· Set up two carts with students of relatively equal weight.  
· Have the two students push off each other at the same time.


· Have only one student push off the other.


· Use a stick to have one student pull toward the other.


· Set up the same two carts with students of different weight.
· Have the two students push off each other at the same time.


· Have only one student push off the other.


· Use a stick to have one student pull toward the other.


· Use the lightest student in the class and have them through a medicine ball from a stationary position.  What happens and why?


Part B: Elevator Ride
· Take the equipment to the closet elevator and obtain graphs of your acceleration and weight as the elevator travels up and down.  Take good notes on what was happening and when so that you can interpret your graphs.  Include a printout of your results or at least a detailed drawing.  
· Travel up 1 to 2 floors.
· What happened to your weight over the course of the trip?



· How does your change in weight compare to your acceleration?



· How does Newton’s second law explain your results?



· Travel back down.
· What happened to your weight over the course of the trip?



· How does your change in weight compare to your acceleration?



· How does Newton’s second law explain your results?

Lab DemosFor each of the following demos select one of Newton’s Laws that most completely explains your results.

	Newton’s Laws – Table Cloth “Trick”

	Question
	Explain what happens to the dishes when the trick is performed correctly and what happens when things go wrong.  

	Prediction
	
< Fill in your prediction here before performing the demo >


	Procedure
	· Place the dishes on top of the cloth.
· Apply a quick strike to the cloth hanging off the table edge, resulting in a rapid motion in the cloth.

	Observations
	
< Type your observations here. >

· Did your observations confirm or dispute your prediction?
· Modify your prediction.  Retest if necessary. 


	Conclusion
	

< Give a statement that sums up your results. >

< State which of Newton’s Laws best defines the demonstration. >













	Newton’s Laws – Flying Car

	Question
	What happens to the car when the ramp is removed?  

	Prediction
	
< Fill in your prediction here before performing the demo >


	Procedure
	· Remove the ramp without touching the car.

	Observations
	
< Type your observations here. >

· Did your observations confirm or dispute your prediction?
· Modify your prediction.  Retest if necessary. 


	Conclusion
	

< Give a statement that sums up your results. >

< State which of Newton’s Laws best defines the demonstration. >
















	Newton’s Laws – Curved Track

	Question
	After the cart is released;
1) What happens to the curved track?
2) What happens to the cart?  

	Prediction
	
< Fill in your prediction here before performing the demo >


	Procedure
	· Set the curved track on the long flat track such that the wheels glide freely.  Start the cart at about half-way up the curved track while the curved track is at rest.

	Observations
	
< Type your observations here. >

· Did your observations confirm or dispute your prediction?
· Modify your prediction.  Retest if necessary. 


	Conclusion
	

< Give a statement that sums up your results. >

< State which of Newton’s Laws best defines the demonstration. >












	Newton’s Laws – Rat-Trap Car

	Question
	When the mass is launched explain what happens to the; 
1) Car?
2) Weight?
3) System (car and weight together)?

	Prediction
	
< Fill in your prediction here before performing the demo >


	Procedure
	· Carefully cock the trap and place a heavy weight on the sling.  

	Observations
	
< Type your observations here. >

· Did your observations confirm or dispute your prediction?
· Modify your prediction.  Retest if necessary. 


	Conclusion
	

< Give a statement that sums up your results. >

< State which of Newton’s Laws best defines the demonstration. >
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