Physics 2110 Final Exam

Fall 2009


· Do 6 out of the 8 problems. If you start a problem but decide that you do not want it graded cross through it. 
· Show all work to receive full credit.  
· Numerical answers must have appropriate units.
· Box-in Final answers.
· Keep numbers out of your equations until as late as possible.
· Ask if you do not understand the statement of a given problem.
· Show all work on the test.

Moment of inertia values:

Solid sphere:  
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Solid disk: 
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Cylindrical shell: 
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Rod about center:
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1. A cannon fires a 5 kg cannonball horizontally across a large, flat field.  The ball lands 120 meters from the cannon.  The muzzle of the cannon is 12 meters above ground level.  
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(a) What is the time of flight of the cannonball? [4 points]


(b) What is the initial velocity (magnitude and direction) of the cannonball when it leaves the cannon? [4 points]


(c) What are the horizontal and vertical components of the velocity of the cannonball just before it hits the ground? [4 points]


(d) If the cannon were fired vertically up in the air, how high would the cannonball rise above the end of the cannon? [4 points]


(e) In part (d), what is the value of the acceleration of the cannonball at its highest point? [1 points]


2. A 12 kg and 20 kg mass are connected via a rope over a pulley as shown in the figure below.  The masses accelerate at 1.5 m/s2.  
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(a) Draw a free body diagram for each mass. [6 points]


(b) Determine the tension in the rope. [6 points]
(c) Find the coefficient of kinetic friction between the 12 kg block and the plane. [5 points]


3. A rotating table revolves at 0.6 rev/sec.  It is found that a salt shaker remains on the rotating table for r < 0.6 m but slides off for any greater value of r.  
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(a) What is the angular velocity of the table? [4 points]
(b) Draw a free body diagram for the salt shaker. [4 points]
(c) Determine the speed of the salt shaker at r=0.6 m. [4 points]


(d) Determine the coefficient of static friction between the salt shaker and the table just at the point of slipping (r=0.6 m). [5 points]


4. A 5 m long ladder of mass 12 kg is propped against a frictionless wall at an angle of 60 degrees as shown in the figure below. An 18 kg orangutan sits 3 m up the ladder (I need a wider clip art selection!). The fact that the wall is frictionless means that there is no vertical force component parallel to the wall—only a normal force perpendicular to the wall. The floor is not frictionless.
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(a) What is the value of the normal force of the wall on the ladder? [6 points]


(b) What are the values of the vertical and horizontal components of the force at the base of the ladder where it touches the floor? [6 points]
(c) What is the minimum value of the static friction coefficient, s, between the floor and the ladder that will allow the system to remain stable? [5 points]

5. A 25 kg propeller blade for a small aircraft is 1.2 m long end to end (0.6 m on either side of the drive shaft).  When the engine starts, the blade rotates up to full speed of 1500 rev/minute in a time of 18 s.

(a) What is the angular acceleration of the propeller blade? [4 points]


(b) At full speed, what is the tangential velocity of the tip of the propeller blade? [3 points]


(c) You are asked to estimate the torque required to accelerate the blade.  Take the propeller to be a rod pivoted about the center.  What is the moment of inertia of the propeller? [3 points]


(d) What torque is required to get the angular acceleration calculated in part (a)? [4 points]


(e) If the shaft that rotates the propeller has a radius of 5 cm, what tangential force must the engine apply to the outside of the shaft to achieve this torque? [3 points]
6. A moving railcar full of coal (of mass 1200 kg) collides with a stationary car (of mass 550 kg) on a straight level track.  The cars lock together after the collision and then slide a distance of 25 m before coming to a stop (their brakes are on and they skid along the track, i.e., kinetic friction occurs).  
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(a) Draw a free body diagram for the locked together cars after the collision. [5 points]

(b) If the coefficient of kinetic friction is 0.2, what was the velocity of the cars just after the collision? [4 points]


(c) What was the velocity of the railcar carrying the coal just before the collision? [5 points]


(d) How much energy was lost in the collision? [3 points]
7.  A string is held under tension between two fixed points separated by a distance 0.8 m. The tension in the string is adjusted until the frequency of the lowest standing wave is 110 Hz. 

(a) What is the wave speed on the string? [4 points]

(b) The mass per unit length of the string, , is 3 g/cm. What is the tension in the string? [3 points]
(c) What is the frequency of the third harmonic standing wave on the string? [2 points]
(d) Sketch the shape of the 3rd harmonic standing wave on the string indicating the position of the nodes. [2 points]

(e) You are asked to design an organ pipe whose fundamental frequency matches the third harmonic frequency of the string. The organ pipe is closed at one end. What is the length of the organ pipe? (Take the speed of sound as 340 m/s). [4 points]
(f) What is the first overtone frequency of the organ pipe? [2 points]
  

8. In the figure below a spherical planet of radius R has had a spherical section cut out of radius R/2. Assume the whole planet has a mass M and that it is of uniform density. Note all answers are in terms of R, M, and d—no numbers in this problem.


[image: image10.wmf]d

R/2

R


(a) What is the density of the planet (in terms of M and R) before hollowing out begins? [4 points]
(b) What is the gravitational force of attraction between the planet and its cut out center section if they are separated by a distance d? [5 points]
(c) How much energy would be required to get the hollowed out section from a distance d from the planet out to d = infinity (i.e. so far away that the gravitational attraction is essentially zero)? [4 points]
(d) What is the value of the gravitational force experienced inside the hollowed out area inside the planet? Explain. [4 points]
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