P113               University of Rochester
             NAME _________________________________________   

S. Manly        Fall 2003

Exam 2 (November 13, 2003)

Please read the problems carefully and answer them in the space provided.  Write on the back of the page, if necessary.  Show all your work.  Partial credit will be given unless specified otherwise.

Problem 1 (12 pts):

Consider the two vectors A and B.  Vector A has a magnitude of 5 units.  Vector B has a magnitude of 4 units.   Indicate on each sketch below the value of the vector dot (scalar) product, A(B.

Consider the two vectors A and B.  Vector A has a magnitude of 5 units.  Vector B has a magnitude of 4 units.   Indicate on each sketch below the value and direction of the vector cross product, A×B.


Problem 2 (8 pts, no partial credit):

Seeking enlightenment and the keys to physics nirvana, Alice ascends a mountain via a short, steep trail.  Bob ascends the same mountain using the ski lift access road, which is a long, winding road with a gentle slope.   They meet at the top of the mountain and meditate before doing the week’s problem set.  Which of the following statements is true?

a) Alice does more work against the force of gravity than Bob.

b) Bob does more work against the force of gravity than Alice.
c) Alice and Bob each do the same amount of work against the force of gravity during the ascent.
d) To compare the work done against gravity by the two knowledge–starved students we must know the lengths of the paths they each took.
e)  To compare the work done against gravity by the two knowledge-starved students we must know the height of the mountain.
 Problem 3 (10 pts):


Two objects are sliding initially at the same speed across a wooden surface.  The coefficient of kinetic friction between the first object and the surface is twice that between the second object and the surface.  The distance traveled by the first object before it stops is S.  The distance traveled by the second object is

a)  S
b) 4S
c) Impossible to determine without knowing the masses involved
d) S/2

e) 2S
Show your work/reasoning
Problem 4 (15 pts):

When a good tennis player serves the ball, they strike the ball with the racquet extended as far up in the air as they can reach.  The coach will tell them to toss the ball high and then stretch high as they strike the ball.  Briefly explain why this is so. (Briefly discuss referring to physics concepts we have studied recently.  Feel free to make and refer to sketches as needed.)

Problem 5 (18 pts):  

Jed Cool went for a drive while pondering what to do for his class physics project.  Unfortunately, Jed was a bit too excited about the project.  He was in deep thought about it and didn’t pay attention to the road.  As Jed moved due north on a level road he struck another car moving due northeast at an intersection (it was moving 45 degrees east of north).  Jed’s car has a mass of 2000 kg.  The car Jed struck has a mass of 2300 kg.   Jed was traveling at 20 m/s at the time of the collision.  The car Jed struck was traveling at 32 m/s at the time of the collision.  The two cars collided violently sticking together.  How fast and in what direction were the cars moving immediately after the crash? 


Problem 6 (17 pts):

Spaceman Spiff flies his spacecraft near two planets whose centers of mass are separated by a distance d.  He finds that when he is at a position P between the two planets (as shown below) the gravitational field is zero, i.e. there is no net gravitational force on Spiff and his spacecraft.  Spiff determines through a careful measurement that the point P lies at a distance X=5d/6.  “Ah ha!” Spiff declares.  “Now I know the mass of the large planet (M) in terms of the mass of the small planet (m)!”  

a) Duplicate Spiff’s calculation here.  That is to say, calculate how much more massive is the large planet than the small planet in terms of multiples of the small planet’s mass.  

b) Given your answer in part (a), calculate the position of the center of mass of the two planet system along the line joining the centers of the planets in terms of d.  for simplicity, assume the center of the large planet defines the zero position on the axis joining the planet centers.



 Problem 7 (20 pts):
Mass A weighs 50 Newtons and mass B weighs 20 Newtons.  Masses A and B are attached via a massless string that passes across two frictionless pulleys as shown in the sketch below.   Each pulley consists of a uniform wheel of radius R=0.3 meters and mass M=2 kg.  Mass B rests on a frictionless horizontal surface.  The pulleys are fixed to a wall so they do not translate but are allowed to rotate.  
If the system starts from rest and is released, what is the acceleration of mass A?  
What is the maximum tension in the string?  
Indicate on the sketch the approximate location where the tension in the string is maximum.
Assume the moment of inertia of each pulley wheel is (1/2)MR2
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