TYPES OF FORCES and FREE-BODY DIAGRAMS

FREE-BODY DIAGRAMS (Newton’s Little Helpers)

Free-Body Diagrams are tools – VERY IMPORTANT TOOLS - that we use to analyze problems involving Newton’s Laws.  A free-body diagram is a diagram that shows all the forces acting on an object.   If we can correctly identify and quantify the forces that are acting on an object, we can predict the motion of the object.   

TYPES OF FORCES and HOW TO DRAW THEM on a FREE-BODY DIAGRAM
Gravitational Force (Weight)
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Mass vs. Weight – What’s the Difference? The mass of an object is amount of matter that an object consists of.  The WEIGHT of an object is the gravitational force that the Earth exerts on the object.  The two (on Earth) are related by the following equation:

In the following table, use the equation to solve for the unknown masses and weights:
	Object
	Elephant
	Package of Frozen Peas
	Bowling Ball
	US Rice Production in a Year
	Trash Produced by NYC Daily

	Mass (kg)
	
	0.454 kg
	5.44 kg
	1.005 x 1010 kg
	

	Weight on Earth (N)
	100,000 N
	
	
	
	1.2 x 108 N


On a free-body diagram, the weight (Fg) of an object is always represented with a force vector pointing straight down from the center of object, towards the center of the earth.
The Normal Force  

A normal force (FN) is a force exerted by one object on another in a direction perpendicular to the surface of contact.  The normal force occurs when two objects or surfaces are being pushed into each other.  The normal force is not necessarily opposite the weight of an object.

Friction

Friction (Ff) is a force that opposes the relative motion of two surfaces in contact.  Friction is really a macroscopic effect caused by a complex combination of forces at a microscopic level, when two surfaces are in contact.

Static vs. Kinetic Friction

Static friction is the resistive force that opposes the relative motion of two contacting surfaces that are at rest with respect to each other.  Kinetic friction is the resistive force that opposes the motion of two contacting surfaces that are moving across one another.  Kinetic friction (Fk) is less than static friction (Fs).  This means that it will take a greater force to overcome static friction when trying to move a stationary object than it would to overcome kinetic friction when moving the same object once it’s in motion.

Tension

Tension, (FT) as it applies to forces, is typically the force that is transmitted through a rope that is taut.   Tension forces are always represented as forces parallel to the rope(s), and always pull away from objects.   
Applied Forces

Applied Forces (Fapp) are forces that are exerted by anything not listed above – if I push on an object, that’s an applied force.  You will be provided enough information about applied forces to draw them correctly.  

Drawing Free-Body Diagrams SUMMARY
· Isolate the object(s) under consideration, and draw a simple shape representing each object.

· Draw and label all external forces acting on the object(s).

· Gravitational forces are always straight down, toward the center of the earth.

· Normal forces are always perpendicular to the surfaces in contact. 

· Frictional forces are always drawn in the direction opposing motion, parallel to the surfaces in contact.

· Tension forces are always drawn away from the objects.
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  Applied forces will be drawn in the directions described.


	Scenario
	Free-Body Diagram
	Questions

	A block of mass M = 25 kg resting on a horizontal surface.
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	Is there a NET force acting on the ball?  Provide evidence to support your answer. 

What is the weight of the block?

What is the normal force acting on the block?

	A box of mass 25 kg being dragged across a frictionless surface by a force, as shown:
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	What is the net force acting on the box? 

What is the weight of the box?  

What is the normal force acting on the box?

What is the acceleration of the box?



	A force F = 50 N pushing block M = 10 kg across a rough horizontal surface.  The force of friction is 20 N. 

[image: image3.png]




	
	What is the net force acting on the block?

What is the weight of the box?  The normal force?

What is the acceleration of the block?



	An elevator and passenger of total mass M = 200 kg  accelerated upward by a cable, as shown:
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	If the elevator accelerates upward, what is which force must be bigger?  Explain. 



	A box of mass 18 kg pushed by a single force across a horizontal frictionless surface, as shown:
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	What is the direction of the box’s acceleration?  

What can you say about the sum of the vertical forces acting on the box?


Draw a Free-Body Diagram to Represent Each Scenario Described Below:
1. A book is at rest on a tabletop. Diagram the forces acting on the book.
 

2. 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.  

 

3. A flying squirrel is gliding (no wing flaps) from a tree to the ground at constant velocity. Consider air resistance. Diagram the forces acting on the squirrel.  


 

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

  

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


 
6. 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. 

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


 

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


 

9. A football is moving upwards towards its peak after having been kicked by the punter. Neglect air resistance. Diagram the forces acting upon the football as it rises upward towards its peak. 

 

10. A bicyclist is coasting to the right and slowing down. Neglect air resistance. Diagram the forces acting upon the cyclist.  
Fg = m g








EXAMPLE:


Two forces are exerted on a 3.8 kg block as shown, as the block moves to the right across a rough surface.  Draw the free-body diagram for the object, LABELING each of the forces acting on it. 
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