Free-body Diagrams

Part I
1.  Draw free-body diagrams which indicate all the forces, and the direction of these forces, that act on the bodies indicated in the following.  Don't ignore friction or air resistance unless told to.  We've underlined the body (or bodies) for which you are to draw the diagram.

a.  A mass hanging from a string.

b.  A mass sliding down a frictionless inclined plane.

c.  A baseball being hit by a bat.

d.  A baseball flying through the air after being hit by a bat.

e.  A car moving down the road at constant speed in a straight line. (This one can be a little tricky)

f.  The moon in its orbit. You’ll have to indicate where the earth is.
g.  A block being pulled across the table by a string which is attached to the block.

h.   A book lying at rest on a horizontal table top.

2. In the example of a book on a horizontal tabletop, the two forces (normal and gravity) are equal and opposite. Are they action-reaction pairs as in Newton's third law?  This is tricky, but important, so think about it. For instance, are the normal force and gravity always equal in magnitude?  Explain your thinking.  

Part II

3. Air resistance.  

As a body moves through the air, the air exerts a force on that body which opposes the motion.  This force is just due to the molecules of air hitting the body.

The force of air resistance (which I'll call R) increases in strength as the speed of the object increases.  It might look something like this:
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Sketch a graph of the acceleration of a falling body as it falls through the air and its speed increases from zero.
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If your acceleration is decreasing, does it appear to go to zero?________  If it is not decreasing, you'd better talk to your neighbor or your instructor.  

Next sketch a plot of the speed of this falling body as a function of time...this is just a schematic, since you don't have enough information to draw an accurate graph.
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4.  One last problem:

a.  Two blocks are connected by a string, and a second string attached to the right-most block is pulled to the right with a force of 50 N.  What is the acceleration of this system?  [Hint:  treat the two blocks as a single body]  There is no friction.





50N


  4 kg

    6 kg

b.  What is the tension in the string joining the two blocks?  [Hint:  draw a free body diagram for the 4 kg block.]

