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A ball of weight 5 Newtons is suspended by two strings as shown above. 

a. In the space below, draw and clearly label all the forces that act on the ball.
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b.    Determine the magnitude of each of the forces indicated in part (a).

Suppose that the ball swings as a pendulum perpendicular to the plane of the page, achieving a maximum speed of 0.6 meter per second during its motion. 

c.    
Determine the magnitude and direction of the net force on the ball as it swings through the lowest point in its path.
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A 10‑kilogram block is pushed along a rough horizontal surface by a constant horizontal force F as shown above.  At time t = 0, the velocity v of the block is 6.0 meters per second in the same direction as the force.  The coefficient of sliding friction is 0.2. Assume g = 10 meters per second squared.

a.    Calculate the force F necessary to keep the velocity constant.

The force is now changed to a Larger constant value F'.  The block accelerates so that its kinetic energy increases by 60 joules while it slides a distance of 4.0 meters.

b.
Calculate the force F'. 

c.    
Calculate the acceleration of the block.
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A helicopter holding a 70‑kilogram package suspended from a rope 5.0 meters long accelerates upward at a rate of 5.2 m/s2.   Neglect air resistance on the package.

a. On the diagram below, draw and label all of the forces acting on the package.
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b.    Determine the tension in the rope.

c.    When the upward velocity of the helicopter is 30 meters per second, the rope is cut and the helicopter continues to accelerate upward at 5.2 m/s2.   Determine the distance between the helicopter and the package 2.0 seconds after the rope is cut.

1987 B1

[image: image14.png]



1.  A 0.5-kilogram object rotates freely in a vertical circle at the end of a string of length 2 meters as shown above.  As the object passes through point P at the top of the circular path, the tension in the string is 20 newtons.  Assume g = 10 meters per second squared.

(a)  On the following diagram of the object, draw and clearly label all significant forces on the object when it is at point P.

[image: image15.png]



(b)  Calculate the speed of the object at point P.

(c)  Calculate the increase in Kinetic energy of the object as it moves from point P to point Q.

(d)  Calculate the tension in the string as the object passes through point Q.
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Blocks 1 and 2 of masses ml and m2, respectively, are connected by a light string, as shown above.   These blocks are further connected to a block of mass M by another light string that passes over a pulley of negligible mass and friction.  Blocks l and 2 move with a constant velocity v down the inclined plane, which makes an angle ( with the horizontal. The kinetic frictional force on block 1 is f and that on block 2 is 2f.

a.  
On the figure below, draw and label all the forces on block ml.
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Express your answers to each of the following in terms of ml, m2, g, (, and f.

b.   
Determine the coefficient of kinetic friction between the inclined plane and block 1.

c.  

Determine the value of the suspended mass M that allows blocks 1 and 2 to move with constant velocity down the plane.

d.   
The string between blocks 1 and 2 is now cut.   Determine the acceleration of block 1 while it is on the inclined plane.
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Three blocks of masses 1.0, 2.0, and 4.0 kilograms are connected by massless strings, one of which passes over a frictionless pulley of negligible mass, as shown above. Calculate each of the following. 

a.    The acceleration of the 4‑kilogram block 

b.    The tension in the string supporting the 4‑kilogram block 

c.    The tension in the string connected to the l‑kilogram block
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A coin C of mass 0.0050 kg is placed on a horizontal disk at a distance of 0.14 m from the center, as shown

above. The disk rotates at a constant rate in a counterclockwise direction as seen from above. The coin does

not slip, and the time it takes for the coin to make a complete revolution is 1.5 s.

a.   
The figure below shows the disk and coin as viewed from above. Draw and label vectors on the figure below to show the instantaneous acceleration and linear velocity vectors for the coin when it is at the position shown.


b.  
 Determine the linear speed of the coin.

c.   
The rate of rotation of the disk is gradually increased. The coefficient of static friction between the coin and the disk is 0.50. Determine the linear speed of the coin when it just begins to slip.

d.   
If the experiment in part (c) were repeated with a second, identical coin glued to the top of the first coin, how would this affect the answer to part (c) ? Explain your reasoning.
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To study circular motion, two students use the hand‑held device shown above, which consists of a rod on which a spring scale is attached. A polished glass tube attached at the top serves as a guide for a light cord attached the spring scale. A ball of mass 0.200 kg is attached to the other end of the cord. One student swings the ball around at constant speed in a horizontal circle with a radius of  .500 m. Assume friction and air resistance are negligible. 
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a.    Explain how the students, by using a timer and the information given above, can determine the speed of the ball as it is revolving.

b.    How much work is done by the cord in one revolution?   Explain how you arrived at your answer.

c.    The speed of the ball is determined to be 3.7 m/s.   Assuming that the cord is horizontal as it swings, calculate the expected tension in the cord.

d.    The actual tension in the cord as measured by the spring scale is 5.8 N.  What is the percent difference between this measured value of the tension and the value calculated in part c.   ?

e.    The students find that, despite their best efforts, they cannot swing the ball so that the cord remains exactly horizontal.


i. On the picture of the ball below, draw vectors to represent the forces acting on the ball and identify 


   the force that each vector represents.



ii. Explain why it is not possible for the ball to swing so that the cord remains exactly horizontal.


iii. Calculate the angle that the cord makes with the horizontal.
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In the system shown above, the block of mass M1 is on a rough horizontal table. The string that attaches it to the block of mass M2 passes over a frictionless pulley of negligible mass. The coefficient of kinetic friction (k between M1 and the table is less than the coefficient of static friction (s
a.    On the diagram below, draw and identify all the forces acting on the block of mass M1.


b.    In terms of M1 and M2 determine the minimum value of (s that will prevent the blocks from moving.

The blocks are set in motion by giving M2 a momentary downward push. In terms of M1, M2, (k, and g, determine each of the following: 

c.    The magnitude of the acceleration of M1 

d.    The tension in the string.
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Part of the track of an amusement park roller coaster is shaped as shown above. A safety bar is oriented length​wise along the top of each car. In one roller coaster car, a small 0.10‑kilogram ball is suspended from this bar by a short length of light, inextensible string.

a.    Initially, the car is at rest at point A.


i.  On the diagram to the right, draw and label all the forces acting    

           on the 0.10‑kilogram ball. 


ii. Calculate the tension in the string.

The car is then accelerated horizontally, goes up a 30° incline, goes down a 30° incline, and then goes around a vertical circular loop of radius 25 meters. For each of the four situations described in parts (b)    to (e), do all three of the following. In each situation, assume that the ball has stopped swinging back and forth.   

1)Determine the horizontal component Th of the tension in the string in newtons and record your answer in the space provided. 

 2)Determine the vertical component Tv of the tension in the string in newtons and record your answer in the space provided.  

3)Show on the adjacent diagram the approximate direction of the string with respect to the vertical. The dashed line shows the vertical in each situation.
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b.    The car is at point B moving horizontally 2 to the right with an acceleration of 5.0 m/s .

Th
 =

Tv =
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c.   The car is at point C and is being pulled up the 30° incline with a constant speed of 30 m/s.

Th
 =

Tv =
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d.    The car is at point D moving down the  incline with an acceleration of 5.0 m/s2 .


Th
 =

Tv =
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e.    The car is at point E moving upside down with an instantaneous speed of 25 m/s and no tangential acceleration at the top of the vertical loop of radius 25 meters.


Th
 =

Tv =
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