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 SECOND HOUR EXAM 


VERSION B





You are supposed to have a calculator with built-in trigonometric functions and a pen or pencil. A list of necessary formulas is enclosed after the exam-question pages. As scratch paper please use the last (blank) page as well as the remainder of the equation page and backs of the other pages. You should not have anything else with you for this exam. Write numerical answers in blanks after the following problems. You may wish to indicate numbers of Eqs. you have used to obtain the numerical answers (see the equation page), and/or to write down the corresponding formulas with the numerical values of variables.





Important: The number of problems may exceed what can be solved by a student. You will not be graded based on the maximum number of points. You will be graded relatively to your peers, using a grading curve. Therefore, do not attempt to solve each of the problems in the given order, but start with the problems with which  you are most comfortable. Having solved these, continue with more complicated (for you) problems.








� EMBED Word.Picture.6  ���


1. (7 pts) 	A 9-kg block is hanging by a massless cord from a 4-kg block (see the figure). If the two blocks are pulled upward by the upper cord with an acceleration of 4.4 m/s2, calculate the tension in each cord.



































2. (7 pts) 	A drag-race tires in contact with a concrete have a very high coefficient of static friction. Find this coefficient of static friction for a drag racer that starts from the rest and, going with the maximum acceleration possible, covers 0.55 km in 6.7 s.
































� EMBED Word.Picture.6  ���


3. (8 pts) The block has mass m=11 kg and lies on a smooth plane tilted at � EMBED Equation.2  ��� to the horizontal. (See the figure.) Determine: (a) The acceleration of the block as it slides down. (b) If the block starts from rest 9.3 m up the plane from its base, what will be the block’s speed when it reaches the bottom of the incline? Assume � EMBED Equation.2  ���.






































4. (6 pts)  A coin is placed on a rotating turntable at a distance of 12.4 cm from its axis. When the speed of the turntable is gradually increased, the coin remains fixed at the turntable until a rate of 35 rpm is reached, at which moment it slides off. Find the coefficient of static friction between the coin and the turntable.
































5. (8 pts)	One of Jupiter’s moons, Europa, orbits the planet with a period of 3.55 days (it is implied that 1 day=24 hours=  86400 s) at a distance of � EMBED Equation.2  ��� m (from Jupiter’s center). From this, find the Jupiter’s mass.





























6. (6 pts) A 65-kg skier descends a vertical drop of 25.5 m and reaches a speed of 11.5 m/s. How much thermal energy (due to friction) was generated in this process?
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LIST OF FORMULAS


First Exam


Kinematics


� EMBED Equation.2  ���                                                        (1)


Displacement:                 � EMBED Equation.2  ���                                                             (2)


Velocity:     � EMBED Equation.2  ���                                                        (3)


Acceleration:   � EMBED Equation.2  ���                                                         (4)


Uniformly-Accelerated Motion


� EMBED Equation.2  ���                                                                                (5)


� EMBED Equation.2  ���                                                                                    (6)


� EMBED Equation.2  ���                                                                                            (7)


� EMBED Equation.2  ���                                                                                          (8)


� EMBED Equation.2  ���                                                                                 (9)


Resolution and Operations on Vectors:


� EMBED Equation.2  ���                           (10)


� EMBED Equation.2  ���          (11)


� EMBED Equation.2  ���                 (12)


� EMBED Equation.2  ���                 (14)


Projectile Motion


For y axis upward:


� EMBED Equation.2  ���            (15)


(For y axis downward, minus sign at g should be changed to plus.) Normally, the coordinate origin is convenient to choose at the starting point, so � EMBED Equation.2  ���.


For initial and final points at the same level:


� EMBED Equation.2  ���          (16)





where h the height of flight, � EMBED Equation.2  ��� is the time of flight to apex, � EMBED Equation.2  ��� is the total time of flight to landing, and � EMBED Equation.2  ��� is the horizontal range.


Second Newton’s Law of Motion:        � EMBED Equation.2  ���                  (17)


� EMBED Equation.2  ���                            (18)


Weight: The force of gravity,  � EMBED Equation.2  ���                                                   (19)








Unit conversion:


1mi=1.61 km,  1 km=0.621 mi


1mi/h=1.609 km/h=0.447 m/s


1km/h=0.278 m/s=0.621 mi/h


1 m/s=3.60 km/h











Second Exam


Friction and Inclines


Kinetic friction force	� EMBED Equation.2  ���	(� SEQ Eqno \# "0" \* MERGEFORMAT �1�)


Static friction force	� EMBED Equation.2  ���	(� SEQ Eqno \# "0" \* MERGEFORMAT �2�)


Incline: normal force and acceleration:   	� EMBED Equation.2  ���	(� SEQ Eqno \# "0" \* MERGEFORMAT �3�)


Angle of friction:	� EMBED Equation.2  ���.	(� SEQ Eqno \# "0" \* MERGEFORMAT �4�)


Circular Motion and Gravitation


Centripetal acceleration and force:	   � EMBED Equation.2  ���.	(� SEQ Eqno \# "0" \* MERGEFORMAT �5�)


Newton’s Law of Universal Gravitation:  	� EMBED Equation.2  ���	(� SEQ Eqno \# "0" \* MERGEFORMAT �6�)


Free-fall acceleration at Earth’s surface:	� EMBED Equation.2  ���.	(� SEQ Eqno \# "0" \* MERGEFORMAT �7�)


Free-fall acceleration at distance r from Earth’s center: 	� EMBED Equation.2  ���	(� SEQ Eqno \# "0" \* MERGEFORMAT �8�)


Free-fall acceleration at height h above the Earth’s surface:	� EMBED Equation.2  ���	(� SEQ Eqno \# "0" \* MERGEFORMAT �9�)


Orbiting velocity of a satellite at distance r from Earth’s center: 	� EMBED Equation.2  ���.	(� SEQ Eqno \# "0" \* MERGEFORMAT �10�)


	� EMBED Equation.2  ���.	(� SEQ Eqno \# "0" \* MERGEFORMAT �11�)


(For another planet or star, ME  should be replaced by the corresponding mass, and RE  by the corresponding radius. Note: The revolution period does not depend on satellite’s mass.)


Keppler’s Third Law:	� EMBED Equation.2  ���.	(� SEQ Eqno \# "0" \* MERGEFORMAT �12�)


Work and Energy


	� EMBED Equation.2  ���	(� SEQ Eqno \# "0" \* MERGEFORMAT �13�)


	� EMBED Equation.2  ���	(� SEQ Eqno \# "0" \* MERGEFORMAT �14�)


Work done be the external force when moving mass m distance d up an incline :	� EMBED Equation.2  ���	(� SEQ Eqno \# "0" \* MERGEFORMAT �15�)


Work done by the gravity force:	� EMBED Equation.2  ���	(� SEQ Eqno \# "0" \* MERGEFORMAT �16�)


“Hook’s law”:	� EMBED Equation.2  ���.	(� SEQ Eqno \# "0" \* MERGEFORMAT �17�)


Kinetic energy of a particle:	� EMBED Equation.2  ���	(� SEQ Eqno \# "0" \* MERGEFORMAT �18�)


Energy-work theorem:	� EMBED Equation.2  ���.	(� SEQ Eqno \# "0" \* MERGEFORMAT �19�)


Here � EMBED Equation.2  ��� is the final speed of the object, � EMBED Equation.2  ��� is the initial speed, and � EMBED Equation.2  ��� is the work of the net force acting on the object.


Definition of potential energy:	� EMBED Equation.2  ���	(� SEQ Eqno \# "0" \* MERGEFORMAT �20�)


Potential energy in the gravitation field:	       � EMBED Equation.2  ���    (the y axis is vertically up).	(� SEQ Eqno \# "0" \* MERGEFORMAT �21�)


Elastic potential energy (e.g., of a spring)   	� EMBED Equation.2  ���  (where x is compression or extension)	(� SEQ Eqno \# "0" \* MERGEFORMAT �22�)


Generalized energy-work theorem:	� EMBED Equation.2  ���	(� SEQ Eqno \# "0" \* MERGEFORMAT �23�)


Mechanical energy of a particle:	� EMBED Equation.2  ���	(� SEQ Eqno \# "0" \* MERGEFORMAT �24�)


Conservation of mechanical energy:  	� EMBED Equation.2  ���	(� SEQ Eqno \# "0" \* MERGEFORMAT �25�)


Power:	� EMBED Equation.2  ���	(� SEQ Eqno \# "0" \* MERGEFORMAT �26�)


Power needed to go up a grade at an angle � EMBED Equation.2  ���	 to horizontal, with velocity v:


	� EMBED Equation.2  ���	(� SEQ Eqno \# "0" \* MERGEFORMAT �27�)
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