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Mechanics
1.Linear motion at a constant acceleration
Vf  = Vi  + a (t)         Vi = initial speed,  Vf = final speed,  a= acceleration,  t= time
d = Vi (t) + (1/2) a (t2 )     d = distance or displacement
Vf2  -  Vi2 =  2 a (d)
Graphing:   slope in Velocity – time  graph = acceleration
                     Area under the velocity-time graph = the distance or displacement
[image: ]
   We can see m ore graphs in the other sheet
(a) Free falling object with initial vertical speed = 0 m/s
                                     Vi  = 0 m/s along y axis
                                          Vf  = a (t)  = g(t),   where g =9.8m/s2  
                                    d = (1/2) a (t2 ) =(1/2)g(t2 )
Time to the ground depends on the initial vertical speed (y axis)    
(b)  The object with a 0 vertical (y) speed, Vy =0 and some horizontal speed Vx
                   ( regent #8, January 2009)     (#6, June 2010)
                   As shown in the diagram below, a student standing on the roof of a 50.0-meter-
                   high building kicks a stone at a horizontal speed of 4.00 meters per second.

                    [image: ]
          How much time is required for the stone to reach the level ground below? [Neglect friction.]
                  (1) 3.19 s            (2) 5.10 s           (3) 10.2 s       (4) 12.5 s
         The horizontal speed does NOT affect the time to reach the ground.
          Use the formula for free falling object to calculate the time to reach the ground.
          d= (1/2)gt2   50.0 m = (1/2)(9.8)t2 100 =9.8 t2 t2 =100/9.8 t ==3.19 s
           Example 2           The diagram below represents a setup for demonstrating motion.
               [image: ] 
        When the lever is released, the support rod withdraws from ball B, allowing it to fall. At the same instant, the rod contacts ball A, propelling it horizontally to the left. Which statement describes the motion that is observed after the lever is released and the balls fall? [Neglect friction.]
  (1) Ball A travels at constant velocity.      
  (2) Ball A hits the tabletop at the same time as ball B.
  (3) Ball B hits the tabletop before ball A.     
  (4) Ball B travels with an increasing acceleration.
  [solution] the answer is (2) because ball B is free falling and ball A has the same initial velocity along y (VY = 0) that is 0 m/s. 
             Ball A has only horizontal speed without speed on Y (vertical axis).
2. Curve and graph – please see another page     
    Curve for v-t and d- t for motion with uniform (constant) acceleration
           mass  m X
                                                                         Then the slope of straight line = g
                                  
           [image: ]

Similarly Hookes Law, F= kx, the slope is k = Spring constant

      Curve for object in equilibrium condition (net force = 0 N) ( #38 Jan 09)
      Curve for mechanical energy (remains a constant) conservation ( #39, Jan 2009)
      Curve for square dependence KE vs. V ( # 46, June 2010 KE = (1/2) mv2
       Curve for square dependence :  electrical power vs. potential difference   Power = V2 /R
       Curve for square dependence for elastic potential energy Vs. displacement (distance)   PE=(1/2)kx2
       Curve for inverse dependence or inverse square of distance dependence
                 F=GMm/r2;   Fe = kQq/r2
3. Newton’s three laws of motion
      (a)1st Law of motion: law of inertia the inertia only depends on the mass of an object
      (b) 2nd  law of motion: F=ma
      (c ) 3rd law: action = reaction action

 4.Universal Gravitation Law         F =GMm/r2  
        If new r is doubled of the old r, the new Force is reduced to ¼ of the old force                                                
 5.Hooke’s law:  F=kx;   elastic potential energy = (1/2) kx2
 6.Two dimensional motion
       One dimension along x (horizontal axis)
        Vx = Vcos            VY   = V(sin) – g(t)
        When VY = 0, the object reaches the highest point   VY   = V(sin) – g(t) = 0
                       time to peak of height  = V(sin)/g
         Time in the air = 2 V(sin)/g = 2 times the time to the peak.
          X = Vx(t) = (Vcos) (t)= the horizontal distance = (Vcos)[2 V(sin)/g]  
                                                  =>  maximum X at angle = 450
          Y= Vy(t) – (1/2)g(t2 ) = V(sin)(t) – (1/2)g(t2)   
  7.Circular motion   Centripetal force = F =mv2 /r; pointing to the center of a circle
                                  Centripetal acceleration  a= v2 /r
                                   V= constant speed around the circle and r = radius of the circle     
    Direction of the force and acceleration are always pointing to the center ofa circle.
  8.Friction force
       Ff  = uN= u W;  the friction force is proportional to the normal force of weight, 
                                   u = coefficient of friction
        Net force = Fnet = Fapplied  - Ff  =  applied force  - friction force = ma


 9. Work   work = F(d)(cos)
                                                                                                                                  
                                                                 d         
 
        For mechanics 
       Work = F(d) = force times the displacement 
       For electricity and magnetism
       Work =  electrical work energy = (I)V(t) =I2R(t)= [V2/R] t  
                                                       I = current V=potential difference  t=time
 10. Power   
      For mechanics P=Work/time = F(d)/t = F(v) = force times the velocity
      For electricity power = IV= I2R = V2 /R;  where I = electrical current, 
                                                                                     V=potential difference, 
11. Impulse  J= F( t) = force  times the time duration while force is acting on the object
        Impulse = change of momentum of the object = m V) = mV2  -  mV1  = F( t)
        Air bag in a car longer time  t  to reduce the force magnitude so that you are not 
                                                                     injured
        Conservation of momentum during collision of two objects
          Before collision P = m1V1  + m2V2                          
          After collision      P ‘  = m1 V1’ + m2 V2’
        Conservation of momentum    m1V1  + m2V2   =     m1 V1’ + m2 V2’ 
12. Potential energy and kinetic energy
        PE = mgh      KE = (1/2mV2     mechanical energy = PE + KE = mgh + (1/2mV2
        Conservation of mechanical energy means the mechanical energy  remains as a constant
        Example: Simple pendulum, rollercoaster   
       Mechanical energy is conserved for free falling object, for rollercoaster
          (1/2)mv2   = mgh   v2 = 2g h v (speed to reach the ground) = 
        Gain of kinetic energy = loss of potential energy
 13. Elastic potential energy of a spring         PE = (1/2) KX2
   14. Photon energy Ephoton = h(f)= h(c/wavelength)

Practice problems

Linear motion with a constant acceleration
1.A skater increases her speed uniformly from 2.0 meters per second to 7.0 meters per second
over a distance of 12 meters. The magnitude of her acceleration as she travels this 12 meters is
  (1) 1.9 m/s2                        (2) 2.2 m/s2                     (3) 2.4 m/s2                    (4) 3.8 m/s2
2. A ball thrown vertically upward reaches a maximum height of 30. meters above the surface of
Earth. At its maximum height, the speed of the ball is
(1) 0.0 m/s            (2) 3.1 m/s                        (3) 9.8 m/s                       (4) 24 m/s
3.How far will a brick starting from rest fall freely in 3.0 seconds?
   (1) 15 m          (2) 29 m               (3) 44 m                   (4) 88 m
  [Solution]  Vf  = Vi  + a (t)  = Vi  + g (t) ; where acceleration = gravity strength = 9.81 m/s2    
                     d = Vi (t) + (1/2) a (t2 )     0(3 sec) + (1/2)(9.81(32 ) = (1/2(9,8)(9)= 44 meters          
                                                                    Vi = 0 m/s for a free falling object
 4.    A rocket initially at rest on the ground lifts off vertically with a constant acceleration of
  2.0 × 101  meters per second2. How long will it take the rocket to reach an altitude of
  9.0 × 10 3 meters?      (1) 3.0 × 101 s           (2) 4.3 × 101 s         (3) 4.5 × 102 s    (4) 9.0 × 102 s 
  [Solution]   d = Vi (t) + (1/2) a (t2 )  = 0(t) + (1/2)a (t2 ) = 9.0x10 3 m= (1/2)(20)t2 t2 = 900
                                                                 T = 30 seconds choice (1)
5. A rock falls from rest off a high cliff. How far has the rock fallen when its speed is 39.2 meters per second? [Neglect friction.]
   (1) 19.6 m              (2) 44.1 m                     (3) 78.3 m               (4) 123 m
   [Solution]      Freely Falling object      Vf2  -  Vi2 =  2 a (d)Vf2  - 02  = 2gd= 2(9,.8)d
                                                                                                                  = (39.2)2  - 02
                                     d =(39.2)2 /[2x9.8] = 78.3 m    Choice (3)
    
         
6. A car, initially traveling east with a speed of 5.0 meters per second, is accelerated uniformly
   at 2.0 meters per second2 east for 10. Seconds along a straight line. During this 10.-second
    interval the car travels a total distance of  
     (1) 50. m         (2) 60. m         (3) 1.0 × 102   m       (4) 1.5 × 102  m        

7. A child riding a bicycle at 15 meters per second accelerates at −3.0 meters per second2 for
   4.0 seconds. What is the child’s speed at the end of this 4.0-second interval?
   (1) 12 m/s        (2) 27 m/s               (3) 3.0 m/s      (4) 7.0 m/s

8. An object is moving vertically from the surface of earth at an initial speed of 19.6 m/s, how
    high  above the surface will it reach ? how much time will it take to reach the highest point
     above the surface.
   [Solution] Initial velocity is upward and the gravity is downward so we have equations
  Vf  = Vi  - g (t)         Vi = initial speed,  Vf = final speed,  a= acceleration,  t= time
d = Vi (t) - (1/2) g (t2 )     d = distance or displacement
Vf2  -  Vi2 =  - 2 g (d)
   When this object reaches the highest point, its speed is 0.
(a) So, at the peak, Vf  = 0 m/s Vf2  -  Vi2 = 02 – (19.6)2 =  - 2 g (d) = - 2(9.8) d
                                                                    d =  (19.6)2 /(2x9.8) = height = 19.6 meters
 (b)    Vf  = Vi  - g (t)  = 0 = 19.6 – (9.8)(t) t = 19.6/9.8 = 2 seconds, 
                                                                  it will take  2 seconds to reach the highest point.                                     

9. Two stones, A and B, are thrown horizontally from the top of a cliff. Stone A has an initial
   speed of 15 meters per second and stone B has an initial speed of 30. meters per second.
    Compared to the time it takes stone A to reach the ground, the time it takes stone B to reach 
    the ground is
   (1) the same       (2) twice as great       (3) half as great       (4) four times as great

11. A basketball player jumped straight up to grab a rebound. If she was in the air for 0.80 second, how high did she jump, to the nearest hundredth of a meter?
Explanation:
We're asked to find how long an object (person) is in the air, knowing that the total flight time was 0.80 s.
Idealized projectile motion is perfectly parabolic, which means the flight paths before and after it starts to fall are mirror images:

[image: http://images.tutorvista.com]
This also means that the time when it reaches its maximum height is exactly half of the time between when it stats and lands (which is 0.80 s). This means that the particle is at its maximum height at t=0.40 s.
                     d = Vi (t) + (1/2) a (t2 )    
               d=height =(0)(0.40ls)−1/2(9.81lm/s2)(0.40ls)2   =(4.905lm/s2)(0.16ls2) = ?

13. A soccer ball is kicked from point Pi at an angle above a horizontal field. The ball follows an ideal path before landing on the field at point Pf . ( #58, #59 Jan 2008)
    [image: ]
 (A) On the diagram in your answer booklet, draw an arrow to represent the direction of the net force on the ball when it is at position X. Label the arrow Fnet. [Neglect friction.] [1]
(B) On the diagram in your answer booklet, draw an arrow to represent the direction of the
acceleration of the ball at position Y. Label the arrow a. [Neglect friction.] [1]

14.
. [image: ]

(a) Determine the magnitude of the average velocity of the car from t 6.0 seconds to t 10. seconds. 
(b) Determine the magnitude of the car’s acceleration during the first 6.0 seconds. 
(c) Identify the physical quantity represented by the shaded area on the graph

Action reaction force
15.Two carts are pushed apart by an expanding spring, as shown in the diagram below.

[image: ]
If the average force on the 1-kilogram cart is 1 newton, what is the average force on the
2-kilogram cart?     (1) 1 N          (2) 0.0 N                (3) 0.5 N         (4) 4 N

Inertia
16.A lab cart is loaded with different masses and moved at various velocities. Which diagram shows the cart mass system with the greatest inertia?
[image: ]
[Note} inertia only depends on mass of an object

Friction force
17. A horizontal 20.-newton force is applied to a 5.0-kilogram box to push it across a rough,
horizontal floor at a constant velocity of 3.0 meters per second to the right.
(a) Determine the magnitude of the force of friction acting on the box. [1]
(b) Calculate the weight of the box. [Show all work, including the equation and substitution with units.]
© Calculate the coefficient of kinetic friction between the box and the floor. [Show all work, including the equation and substitution with units] 
18.As represented in the diagram below, a constant 15-newton force, F, is applied to a 2.5-kilogram box, accelerating the box to the right at 2.0 meters per second squared across a rough horizontal surface.
[image: ]
(1)Calculate the magnitude of the net force acting on the box. [Show all work, including the equation and substitution with units.] [2]
(2) Determine the magnitude of the force of friction on the box. [1]

Circular Motion
19. A toy airplane flies clockwise at a constant speed in a horizontal circle of radius 8.0 meters.
The magnitude of the acceleration of the airplane is 25 meters per second squared. The diagram
shows the path of the airplane as it travels around the circle.
[image: ]

  (1)Calculate the speed of the airplane. [Show all work, including the equation and substitution
      with units.]
 (2)  State the direction of the velocity of the airplane at the instant the acceleration of the
       airplane is southward.

20. In an experiment, a rubber stopper is attached to one end of a string that is passed
     through a plastic tube before weights are attached to the other end. The stopper is
     whirled in a horizontal circular path at constant speed.

[image: ]
(a) On a diagram, draw the path of the rubber stopper if the string breaks at the position shown. 
(b) Describe what would happen to the radius of the circle if the student whirls the stopper at a
   greater speed without changing the balancing weights.
© If the radius is 2 meters, the speed of robber stopper is 1 m/s and the mass of the rubber stopper is  0.5 kg calculate magnitude of  the centripetal acceleration and centripetal force

21. The diagram below shows an object moving counterclockwise around a horizontal, circular track.
[image: ]

Which diagram represents the direction of both the object’s velocity and the centripetal force acting on the object when it is in the position shown?
[image: ]
22. Calculate the magnitude of the centripetal force acting on Earth as it orbits the Sun,
assuming a circular orbit and an orbital speed of 3.00 × 104 meters per second. [Show all work, including the equation and substitution with units.] (# 61, Jan 2008) 
23. Io (pronounced “EYE oh”) is one of Jupiter’s moons discovered by Galileo. Io is slightly
larger than Earth’s Moon. The mass of Io is 8.93 × 10 22 kilograms and the mass of Jupiter is 1.90 × 1027 kilogms. The distance between the centers of Io and Jupiter is 4.22 × 10 8 meters. ( #73 74, Jan 2008)
   (A)Calculate the magnitude of the gravitational force of attraction that Jupiter exerts on Io. [Show all 
work, including the equation and substitution with units.] [2]
   (B) Calculate the magnitude of the acceleration of Io due to the gravitational force exerted by Jupiter. 
       [Show all work, including the equation and substitution with units.] [2]

Momentum
24.   What is the momentum of a 12 Kg ball that has a velocity of 3 m/s?
	(1)36 kg-m/s      (2)15 kg-m/s 	(3) 9 kg-m/s               (4)4 kg-m/s
          
25.   Momentum may be expressed in	(1) joule    (2) watt	(3) kg.m/s2         (4) N.s

26. A 5.00-kilogram block slides along a horizontal,frictionless surface at 10.0 meters per second for 4.00 seconds. The magnitude of the block’s momentum is
    (1) 200. kg•m/s             (2) 50.0 kg•m/s              (3) 20.0 kg•m/s                  (4) 12.5 kg•m/s

Impulse and momentum change
27. A 40.-kilogram mass is moving across a horizontal surface at 5.0 meters per second. What is
     the magnitude of the net force required to bring the mass to a stop in 8.0 seconds?
     (1) 1.0 N                        (2) 5.0 N                        (3) 25 N                (4) 40. N
   [Solution 1]  F( t)  = m V) = mV2  -  mV1   
                      F(8 sec) = (40kg) (5 m/s – 0 m/s) =200 kg-m/s
                      F = 200/8 N= 25 N
   [Solution 2]    Vf  = Vi  + a (t)         Vf  = Vi  -  a (t) because the deceleration makes it stop
                          Vf  =0 ms/    Vi = 5 m/s,  t= 8 seconds     0 = 5 – a(8)     a= 5/8 m/s2    
                          F =ma = 40 (5/8)N =  25 N

28. A 20 Kg mass moving at a speed of 3.0 m/s is stopped by a constant force of 15 N. How      many seconds must the force act on the mass to stop it? (1) 0.20s (2) 1.3s   (3) 5.0s    (4) 4.0s
29. Impulse
A baseball bat exerts an average force of 600. newtons east on a ball, imparting an impulse of 3.6 newton•seconds east to the ball. Calculate the amount of time the baseball bat is in contact with the ball. [Show all work, including the equation and substitution with units.]

Conservation of momentum
30. A 3.0-kilogram steel block is at rest on a frictionless horizontal surface. A 1.0-kilogram lump of  clay is propelled horizontally at 6.0 meters per second toward the block as shown in the diagram  below.
[image: ]
   Upon collision, the clay and steel block stick together and move to the right with a speed of
     (1) 1.5 m/s         (2) 2.0 m/s                   (3) 3.0 m/s       (4) 6.0 m/s
     [Solution]  Before collision   P = m1V1  + m2V2  = (1 kg)(6 m/s) + (3 kg) (0 m/s) = 6 kg-m/s
                        After collision      P ‘  = m1 V1’ + m2 V2’ 
                                     Since both m1   (clay) and m2   (steel) are moving together at a speed V ‘,
                                                So the total mass = m1  + m2  and V1’ = V2’ = V’  
                                 6 kg-m/s = (m1  + m2)V ‘ = (1+3) V ‘  V ‘= 6/4 m/s= 1.5 m/s
                                 The answer is choice (1)   
31.The diagram below represents two masses before and after they collide. Before the collision, mass mA is moving to the right with speed v, and mass mB is at rest. Upon collision, the two masses stick together.
[image: ]
Which expression represents the speed, v', of the masses after the collision? [Assume no outside forces are acting on mA or mB.]
    [image: ]
32.  A 100 Kg cannon initially at rest fires a 1 Kg cannon ball at 200 m/s. What is the recoil
       velocity of  cannon? 	(1) 1 m/s       (2) 2 m/s	      (3) 100 m/s        (4) 200 m/s
   [solution]  In the beginning cannon and cannon ball are at rest.  So, the speed of each is 0 m/s
   The initial sum of momentum =  m1V1  + m2V2   = (100kg) (0 m/s) + (1 kg) (0 m/s) = 0 kg-m/s
  After firing the cannon ball, the sum of momentum is still 0 due to conservation of momentum
        P ‘  = m1 V1’ + m2 V2’ = 0 = (100kg) V1’ + (1kg) (200 m/s)   100V1’ =  - 200 kg-m/s
                V1’ = - 2m/s
             The cannon will recoil back with a speed of 2m/s    choice of (2)    

33. At the circus, a 100.-kilogram clown is fired at 15 meters per second from a 500.-kilogram
      cannon. What is the recoil speed of the cannon?
       (1) 75 m/s              (2) 15 m/s                     (3) 3.0 m/s                  (4) 5.0 m/s

34.   A 1000.-kilogram empty cart moving with a speed of 6.0 meters per second is about to
    collide with a stationary loaded cart having a total mass of 5000. kilograms, as shown. After
    the collision, the carts lock and move together. [Assume friction is negligible.]
[image: ]
 (1)Calculate the speed of the combined carts after the collision. [Show all work, including the   equation and substitution with units.]
(2)Calculate the kinetic energy of the combined carts after the collision. [Show all work, including the equation and substitution with units.]
(3) How does the kinetic energy of the combined carts after the collision compare to the kinetic
energy of the carts before the collision?

Two dimensional motion

35.A child kicks a ball with an initial velocity of 8.5 meters per second at an angle of 35º with the horizontal, as shown. The ball has an initial vertical velocity of 4.9 meters per second and a total time of flight of 1.0 second. [Neglect air resistance.]
    [image: ]
 (1). The horizontal component of the ball’s initial velocity is approximately
    (1) 3.6 m/s              (2) 4.9 m/s                              (3) 7.0 m/s                 (4) 13 m/s
 (2). The maximum height reached by the ball is approximately
    (1) 1.2 m               (2) 2.5 m               (3) 4.9 m                    (4) 8.5 m          
 (3). How much is the time in the air of the ball?

36.An object moves at a velocity of 10 m/s that makes an angle of 300 above the horizontal line.    
(a) calculate the time for the object  to reach its maximum height
(b)  What is the maximum height?
      (c) Hong long will this object fly in the air and then return to the ground?     
      (d) How far will the object travel horizontally?        


Power  Power = F(v)
37. A boat weighing 9.0 x102  newtons requires a horizontal force of 6.0 X102 newtons to move 
      it across the water at 1.5 x101 meters per second.The boat’s engine must provide energy at
      the rate of
   (1) 2.5 x10 - 2  J                 (2) 4.0 x10 1W            (3) 7.5 x10 3 J                (4) 9.0 x10 3 W
    [Solution]   Power = F(v) = (6.0 X102 newtons ) (1.5 x101 meters per second) = 9.0x103 W

Spring and elactic potential energy
38. A 3.00-newton force causes a spring to stretch 60.0 centimeters. Calculate the spring constant of this spring. [Show all work, including the equation and substitution with units.]

The diagram below shows a 0.1-kilogram apple attached to a branch of a tree 2 meters above a
spring on the ground below.
[image: ]
. The apple falls and hits the spring, compressing it 0.1 meter from its rest position. If all of the       gravitational potential energy of the apple on the tree is transferred to the spring when it is compressed, what is the spring constant of this spring?
(1) 10 N/m           (2) 40 N/m                  (3) 100 N/m                (4) 400 N/m
[Solution]  gravitational potential energy = mgh 
                   Elastic potential energy of the spring = (1/2)kx2
                 mgh = (0.1 kg)(9.8 m/s2 ) (2 meters) = 1.96 j
    (1/2)kx2 = (1/2)k(0.1 m)2 = k(1/2)(0.01) =0.005 k = mgh = 1.96 
      k = 1.96/ (0.005) =-392 N/m = about   400 N/m  choice(4)
Conservation of mechanical energy
39. The diagram below shows an ideal simple pendulum. As the pendulum swings from position A to position B, what happens to its total mechanical energy? [Neglect friction.]
[image: ]
  (1) It decreases.                      (2) It increases.                  (3) It remains the same.

40. What is the gravitational potential energy with respect to the surface of the water of a 75.0-
   kilogram diver located 3.00 meters above the water?
   (1) 2.17 × 10 4 J          (2) 2.21 × 103  J                  (3) 2.25 × 102  J      (4) 2.29 × 101 J

 41. A 60.0-kilogram runner has 1920 joules of kinetic energy. At what speed is she running?
    (1) 5.66 m/s               (2) 8.00 m/s                                (3) 32.0 m/s                        (4) 64.0 m/s

42. A 3.0-kilogram object is placed on a frictionless track at point A and released from
rest. (Assume the gravitational potential energy of the system to be zero at point C.).
[image: ]
(1) Calculate the gravitational potential energy of the object at point A. [Show all work, including 
      the equation and substitution with units.] [2]
(2) Calculate the kinetic energy of the object at point B. [Show all work, including the equation and substitution with units.] [2]
(3) Calcualte the speed of the object at point B
(4) Which letter represents the farthest point on the track that the object will reach?
43. A 55.0-kilogram diver falls freely from a diving platform that is 3.00 meters above the surface of the water in a pool. When she is 1.00 meter above the water, what is her gravitational
potential energy and her kinetic energy with respect to the water’s surface?

44. A 55.0-kilogram diver falls freely from a diving platform that is 3.00 meters above the surface of the water in a pool. When she is 1.00 meter above the water, what is her gravitational
potential energy and her kinetic energy with respect to the water’s surface?
[image: ]
As the pendulum swings from A to B, its total mechanical energy
        (1) decreases, then increases          (3) increases, then decreases
(2) increases, only                          (4) remains the same

45.A pendulum is made from a 7.50-kilogram mass attached to a rope connected to the ceiling of 
    a gymnasium. The mass is pushed to the side until it is at position A, 1.5 meters higher than its
    equilibrium position. After it is released from rest at position A, the pendulum moves freely
    back and forth between positions A and B, as shown in the diagram below. 
[image: ]
(1) Find the gravitational energy of the mass at point B if the height of equilibrium point is 
      0 m.
(2) What is the kinetic energy of the mass at point B?
(3) What is the total energy at point B?
(4) What is the potential energy of mass at the equilibrium point if we count the height of equilibrium point as 0 meter?
(5) What is the kinetic energy of the mass at the equilibrium point?
(6) What is the total energy of mass at the equilibrium point?
(7) What is the speed of the mass at point B?
(8) If the string length (between the ceiling and the mass) is 11 meters, what is the period of the pendulum?
(9) Explain how the potential and kinetic energy is changing when the pendulum is swinging back  and forth between point A, the equilibrium point, and point B

46.Which graph represents the relationship between the magnitude of the gravitational force
   exerted by Earth on a spacecraft and the distance between the center of the spacecraft and 
   center of Earth? [Assume constant mass for the spacecraft.]

[image: ]


Elastic potential energy
47. A 5-newton force causes a spring to stretch 0.2 meter. What is the potential energy stored in
the stretched spring?       (1) 1 J         (2) 0.5 J        (3) 0.2 J   (4) 0.1 J
[Solution]   F = kx  5 n= k(0.2m) k = 5/0.2 = 25 N/m   {E =(1/2)k x2 =(1/2)(25)(0.2)2 = 0.5 j

LAB
48. In a laboratory investigation, a student applied various downward forces to a vertical
spring. The applied forces and the corresponding elongations of the spring from its
equilibrium position are recorded in the data table below.
[image: ]
(1)Mark an appropriate scale on the axis labeled “Force (N).” [1]
(2) Plot the data points for force versus elongation.
(3)Draw the best-fit line or curve. [1]
(4)Using your graph, calculate the spring constant of this spring. [Show all work, including the
equation and substitution with units.] [2]

49. A 1.00-kilogram mass was dropped from rest from a height of 25.0 meters above
Earth’s surface. The speed of the mass was determined at 5.0-meter intervals and recorded
in the data table below.
    [image: ]
Directions:
Using the information in the data table, construct a graph on the grid in your answer
booklet, following the directions below.
(A) Mark an appropriate scale on the axis labeled “Height Above Earth’s Surface (m).” [1]
(B) Plot the data points for speed versus height above Earth’s surface. [1]
(C ) Draw the line or curve of best fit. [1]
(D) Using your graph, determine the
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