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A ball of mass 9m is dropped from rest from a height 
H
 = 5.0 meters above the ground, as shown above on the left. It undergoes a perfectly elastic collision with the ground and rebounds. At the instant that the ball rebounds, a small blob of clay of mass m is released from rest from the original height
 
H, 
directly above the ball, as shown above on the right. The clay blob, which is descending, eventually collides with the ball, which is ascending. Assume that g = 10 m/s2, that air resistance is negligible, and that the collision process takes negligible time.

a.	Determine the speed of the ball immediately before it hits the ground.

b.	Determine the time after the release of the clay blob at which the collision takes place.

c.	Determine the height above the ground at which the collision takes place.

d.	Determine the speeds of the ball and the clay blob immediately before the collision.

e.	If the ball and the clay blob stick together on impact, what is the magnitude and direction of their velocity immediately after the collision?
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�Two identical spheres, each of mass 
M
 and negligible radius, are fastened to opposite ends of a rod of negligible mass and length 2l
.
  
This system is initially at rest with the rod horizontal, as shown above, and is free to rotate about a frictionless, horizontal axis through the center of the rod and perpendicular to the plane of the page. A bug, of mass 3M, lands gently on the sphere on the left. Assume that the size of the bug is small compared to the length of the rod. Express your answers to all parts of the question in terms of M, l, and physical constants.

a.	Determine the torque about the axis immediately after the bug lands on the sphere.

b.	Determine the angular acceleration of the rod�spheres�bug system immediately after the bug lands.
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The rod�spheres�bug system swings about the axis.   At the instant that the rod is vertical, as shown above, determine each of the following.

c.	The angular speed of the bug


d.	The
 angular momentum of the system



e.	The magnitude and direction of the force that must be exerted on the bug by the sphere to keep the bug from being thrown off the sphere
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�A spacecraft of mass 1,000 kilograms is in an elliptical orbit about the Earth, as shown above. At point A the spacecraft is at a distance rA = 1.2 x 107 meters from the center of the Earth and its velocity, of magnitude VA = 7.1 x 103 meters per second, is perpendicular to the line connecting the center of the Earth to the spacecraft. The mass and radius of the Earth are ME = 6.0 X 1024 kilograms and rE = 6.4 X 106 meters, respectively.

Determine each of the following for the spacecraft when it is at point A .

a.	The total mechanical energy of the spacecraft, assuming that the gravitational potential energy is zero at an infinite distance from the Earth.

b.	The magnitude of the angular momentum of the spacecraft about the center of the Earth.





Later the spacecraft is at point B on the exact opposite side of the orbit at a distance rB = 3.6 X 107 meters from the center of the Earth.

c.	Determine the speed vB of the spacecraft at point B.





Suppose that a different spacecraft is at point A, a distance rA = 1.2 X 107 meters from the center of the Earth.  Determine each of the following.

d.	The speed of the spacecraft if it is in a circular orbit around the Earth

e.	The minimum speed of the spacecraft at point A if it is to escape completely from the Earth
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�A positive charge distribution exists within a nonconducting spherical region of radius a.   The volume charge density ( is not uniform but varies with the distance r from the center of the spherical charge distribution
, according to the relationship  
( = (r for O < r < a, where ( is a positive constant, and (=O, for r >a.

a.	Show that the total charge Q in the spherical region of radius a is ((a4

b.	In terms of (, r, a, and fundamental constants, determine the magnitude of the electric field at a point a distance r from the center of the spherical charge distribution for each of the following cases.

	i. r >
 
a 	         ii. r =a 		iii. O <
 
r <a

c.	In terms of (, a, and fundamental constants, determine the electric potential at a point a distance r from the center of the spherical charge distribution for each of the following cases.
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	i. r =a 		ii. r = 0	







�The 2�microfarad (2 x l0�6 farad) capacitor shown in the circuit above is fully charged by closing switch S1 and keeping switch S2 open, thus connecting the capacitor to the 2,000�volt power supply.

a.	Determine each of the following for this fully charged capacitor.

	i. The magnitude of the charge on each plate of the capacitor. 

	ii. The electrical energy stored in the capacitor.



At a later time, switch S1 is opened. Switch S2 is then closed, connecting the charged 2�microfarad capacitor to a l�megohm (1 x 106 () resistor and a 6�microfarad capacitor, which is initially uncharged.

b.	Determine the initial current in the resistor the instant after switch S2 is closed.



Equilibrium is reached after a long period of time.

c.	Determine the charge on the positive plate of each of the capacitors at equilibrium.

d.	Determine the total electrical energy stored in the two capacitors at equilibrium. If the energy is greater than the energy determined in part (a) ii., where did the increase come from? If the energy is less than the energy determined in part (a) ii., where did the electrical energy go?
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The rectangular wire loop shown above has length c, width (b � a), and resistance R. It is placed in the plane of the page near a long straight wire, also in the plane of the page. The long wire carries a time�dependent current I = ((1 �(t), where ( and ( are positive constants and t is time.

a.	What is the direction of the magnetic field inside the loop due to the current I in the long wire at t=0?

b.	In terms of a, b, c, (, ( and fundamental constants, determine the following.

	i.  An expression for the magnitude of the magnetic flux through the loop as a function of t.

 	ii. The magnitude of the induced emf in the loop.

c. 	Show on the diagrams below the directions of the induced current in the loop for each of the following cases.



�

d.	What is the direction of the net force, if any, on the loop due to the induced current at t = 0 ?
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