Unit 3 Note Packet- Newton’s Laws
Forces
	
	Force
· Any ____________________________________
· Measured in Newtons
· 1 Newton= _____________________


	
	Four Fundamental Forces
There are four fundamental forces that make up all of the forces in the universe:
	1) ___________________________ Force
	2) ___________________________ force
	3) _____________________________________ Force
     Keeps protons in the nucleus
	4) _____________________________________ Force
     involved in radioactive decay


	
	Force of Gravity
Force of Gravity: Any two objects will feel a force of ___________________________ that depends on their _______________________________ apart.
Mass (kg): The amount of matter in an object.
Weight (N): The amount of _______________________________ felt by an object.
Mass is constant throughout the universe whereas weight ______________________ depending on where you are.


	
	The formula for force of gravity is:
Fg = __________
Where: 	
	m 	= mass (kg)
	g  	= acceleration due to gravity (m/s2)
		= gravitational field strength


	
	Force of Gravity
g varies depending on the size of the planet and distance to the object
 
For Example:
· On Earth at sea level g = 9.80 m/s2
· _______________________________________
· On the moon’s surface g = 1.60 m/s2
· On Jupiter g = 24.5 m/s2
· The Sun g = 274 m/s2


	
	· Determine the weight of a chicken that weighs 3 pounds (in Newtons) on Earth, the moon and Jupiter.  1 kg=2.2 lbs
Weight on Earth-


Weight on Moon-


Weight on Jupiter



	
	G Force
· G-forces” are actually a measurement of ______________________experienced by an object
· It is related to the supporting reaction force that an object experiences due to acceleration
· While at rest on Earth you are experiencing 1 g.
1 g=9.8 m/s2


	
	· A car accelerates at 4.9 m/s2, how many g’s is that?


· During lift off a shuttle will accelerate at 28 m/s2, how many g’s are experienced by the astronaut?
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Newton’s First Law
	
	Newton’s 1st Law
“An object in motion will stay in motion and an object at rest will stay at rest, unless an outside force is applied to it.”
This is also referred to as the Law of __________________.
Inertia: The __________________________ of an object to remain at a ____________________ velocity.  Inertia is proportional to an object’s ________________


	
	Imagine that you are racing around a track on a go-kart.  List three times when you notice your inertia.





	
	Law of Inertia
· Another way of thinking of Newton’s 1st Law is that if there is ____________________________ on an object then it will____________________ at a constant velocity.
· If it is not moving then it has a constant velocity of ____________!!!


	
	Imagine a book sitting on a table
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· There is a force of gravity pulling ____________ on the book, but there is also a supporting _________________ force pushing _______ on the book.
· It stays at rest – constant velocity – because the forces are ____________________(i.e. no net force).
· It is at equilibrium


	
	If I drop the book from 2 m
· There is ______________ a downwards, gravitational force acting on it. Now that the forces on it are ____________________, what does the book do?
· 
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Newton’s Second Law

	
	Stated as a formula:
Fnet = ma

Note that the units for force are kgm/s2 or N

	
	· A 5.0 kg block is pushed to the right along a frictionless track with a force of 10.0 N.  What is its acceleration?





	
	· A 650 kg car accelerates at 4.0 m/s2 south.  What is the net force acting on it?





	
	· A 1500 kg ice cream truck accelerates from rest to a top speed of 45 km/h in 8.0 s. What was the net force acting on the truck?









	
	· Fnet
· If they are working together, _____________ them
· If they are working against each other, _______________ them
· Fnet=Winners-Losers


	
	· Stan and Kyle are pushing a 75 kg Cartman along a frictionless ice rink.  Stan pushes with 55 N and Kyle pushes with 45 N. Find Cartman’s acceleration.









	
	· The Batmobile exerts a force of 8.50x103 N east, while friction pulls back on it with a force of 1500 N.  If it has a mass of 1250 kg, what is its acceleration?







	
	· A student raises their 15 kg backpack from the floor at a constant velocity of 5.0 m/s.  How much force must the student apply?






	
	Constant Velocity
· Forces are needed to change velocity, not maintain it
· There is no net force if the acceleration is zero
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Free Body Diagrams
	
	Free body diagrams show the magnitude and direction of ALL of the forces acting on an object. 

Generally we represent the object as a box with the force arrows coming out from the center, in the direction they are acting.
Remember that the size of the arrow indicates its relative magnitude.


	
	Types of Forces
	Force
	Description

	Fapp
	Applied force

	Ff
	Force of friction, generally resists motion

	Fg
	Force of gravity, weight

	FN
	Normal force, perpendicular to surface

	T
	Tension, force along a rope or string

	FE
	Elastic force

	FAir
	Air friction




	
	A book is at rest on a table top. Diagram the forces acting on the book.




	
	A girl is suspended motionless from a bar which hangs from the ceiling by two ropes. 





	
	An egg is free-falling from a nest in a tree. Neglect air resistance. Diagram the forces acting on the egg as it is falling.





	
	A plane flies at a constant velocity (Note: there will be an applied force generated by the engines as well as a lift force provided by the wings).





	
	A rightward force is applied to a book in order to move it across a desk with a rightward acceleration. Consider frictional forces. Neglect air resistance. Diagram the forces acting on the book.





	
	A rightward force is applied to a book in order to move it across a desk at constant velocity. Consider frictional forces. Neglect air resistance. Diagram the forces acting on the book.





	
	A college student rests a backpack upon his shoulder. The pack is suspended motionless by one strap from one shoulder. Diagram the vertical forces acting on the backpack.






	
	A skydiver is descending with a constant velocity. Consider air resistance. Diagram the forces acting upon the skydiver.





	
	A force is applied to the right to drag a sled across loosely-packed snow with a rightward acceleration. Diagram the forces acting upon the sled.






	
	A football is moving upwards towards its peak after having been booted by the punter. Diagram the forces acting upon the football as it rises upward towards its peak.






	
	A car is coasting to the right and slowing down. Diagram the forces acting upon the car.
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Applications of Newton’s 2nd Law
	
	Net Force
· Annie is holding a stuffed dog, with a mass of 0.30 kg, when Sarah decides she wants it and tries to pull it away.  If Sarah pulls horizontally on the dog with a force of 10.0 N and Annie pulls with a  horizontal force of 11.0 N, what is the horizontal acceleration of the dog?










	
	UAM Example
· A ball is kicked and slides to a stop.  The ball has an initial velocity of -4.5 m/s and the force of friction is 1.4 N.  The ball has a mass of 47 grams.  What is the displacement of the ball.  









	
	Apparent Weight
· How does a scale work?
· Apparent weight is the force exerted by the scale
· Weightlessness is when there are no contact forces pushing up on the object












	
	Elevator Problems
· Apparent weight changes when you are accelerating or decelerating, NOT when you are at rest OR going at a constant speed
· Accelerating upwards= Weight is greater
· Accelerating downwards= weight is less
· Decelerating upwards=weight is less
· Decelerating Downwards= Weight is greater


	
	Example of an Elevator Problem
· Your mass is 75.0 kg and you are standing on a bathroom scale in an elevator.  Starting from rest the accelerates 2.0 m/s2 for 2.00 seconds and then continues at a constant speed.  Is the scale reading during  acceleration greater than, equal to, or less than the scale reading when the elevator is at rest?









	
	Drag Force and Terminal Velocity
· Drag Force- force exerted by a __________________ (liquid OR a gas) on an object moving through the fluid
· Depends on 
· Motion of the object
· Properties of object and fluid
· As speed increases for the object the drag force ____________________________
· When drag force is _____________________to the force of gravity a terminal velocity is reached
· Terminal Velocity is the _________________ velocity can reach when falling
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Friction
	
	Static Vs Kinetic Friction
· Friction- force exerted by two surfaces rubbing against each other
· Static Friction- No _____________________
· Acts in response to other forces, but there is a limit to how large static friction can be (maximum)
· Once the maximum point has been met and movement starts static friction _____________________friction
· Kinetic Friction- Motion
· Is_______________ than the static friction


	
	Equations
· Kinetic Friction
· fk=μk Fn
· Kinetic Friction= kinetic coefficient of friction times the normal force
· Static friction
· Fs=μs Fn
· Static friction= static coefficient of friction time the normal force


	
	· A force of 98 N is exerted on a 25.0 kg box and the box is moving.  If the coefficient of friction (kinetic) is 0.20, what is the acceleration?








	
	Tips for Friction Problems
· Use static coefficient when not moving
· Use kinetic coefficient when moving
· The normal force is equal to the weight of the object
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Newton’s 3rd Law
	
	“For every action force there is an equal (in magnitude) and opposite (in direction) reaction force.”
Any interaction involves two forces that we call action-reaction force pairs.


	
	Newton’s 3rd Law
· Action and Reaction apply to Forces
· The two forces act simultaneously
· The two forces are action and reaction pairs
· Fab=-Fba


	
	Examples
You hit a baseball with a Bat.
The bat hits the ball - the ball hits the bat
FBb =-FbB
Evidence?

A sprinter hits a wall
The sprinter hits the wall - the wall pushes the sprinter
FSW = -FGW
Evidence?
The sprinter comes to a stop, however the sprinter’s mass is not large enough to change the motion of the wall
 


	
	Imagine a bug hitting the windshield of a semi trailer.
What force pair occurs?

Which force is bigger?

Which object has a greater acceleration?


	
	Misconception
· A table on a book
· FBD





· There are two forces on the book, the__________________
· They are __________examples of 3rd Law pairs 
· Why?   Newtons 3rd Law Pairs must act on _________________________, ________________of these act on the book
· So what would the pair be?
· The normal force
· There is a normal force downward __________________ the book on the table and the normal force from the table __________________________
· Force of Gravity
· There is a force of gravity __________________________________ and the force of gravity ______________________________________
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Application of Newton’s 3rd Law

	
	· When a softball with a mass of 0.18 kg is dropped, its acceleration toward Earth is equal to g, the acceleration due to gravity.  What is the force on Earth due to the ball and what is Earth’s resulting acceleration? Earth’s mass is 6.0 x 10 24 kg.  










	
	· A 50.0 kg bucket is being lifted by a rope.  The rope will not break if the tension is 525 N or less.  The bucket started at rest, and after being lifted 3.0 m, it is moving at 3.0 m/s.  If the acceleration is constant, if the rope in danger of breaking?
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