Unit 4 AP Practice Problems (Momentum, Work, Power, and Energy)

* = Problems we do together; all other problems will be done as homework.

· Momentum and Its Conservation

1. *A compact car, mass 725 kg, is moving at 30 m/s.

a. Find its momentum.  (2.18 E4 kg m/s)
b. At what velocity is the momentum of a larger car, mass 2175 kg, equal to that of the smaller car? (10 m/s)
2. *A 60 Kg person moving in a car at 25 m/s and suddenly slams into a brick wall.  The force acting on the person causes his body to come to a complete stop in 0.25s.  

a. Calculate the size of the net force acting on the person.  (-6000 N)
b. Repeat the above problem if it took 0.76s for his body to come to a stop.  What happens to the force acting on the man?  What modern invention in a car could possibly increase the time it takes your body to come to a stop if you get into a car accident?  (-1973.68 N)
3. *Why are Volvos so expensive? (This is actually a good question….even though it seems like a funny spot to see it).

4. *A net force of 10N acts on a 5.00kg object for 15.0s.

a. What is the object's change in momentum?  (150 N s)
b. What is its change in velocity?  (30 m/s)
5. *Repeat the above problem if the same size force acted on the same object for twice as long (i.e., 30s).  (300 N s, 60 m/s)
6. A snowmobile has a mass of 2.50 x 102 kg.  A net force is exerted on it for 60.0 s.  The snowmobile's initial velocity is 6.00 m/s and its final velocity is 28.0 m/s.

a. What is its change in momentum?  (5.50 E 3 kg m/s)
b. What is the magnitude of the net force exerted on it?  (91.67 N)
7. The brakes exert a 6.40 x 102 N force on a 15,680 N car moving at 20.0 m/s.  The car finally stops.

a. What is the car's mass?  (1600 kg)
b. What is its initial momentum?  (3.20 E 4 kg m/s)
c. What is the change in the car's momentum?  (-3.20 E4 kg m/s…it LOST momentum)
d. How long does the braking force act on the car to bring it to a halt?  (50 sec)
8. *Is the momentum of a car traveling South different from that of the same car traveling North at the same speed? (Yes, momentum is a vector quantity…they might have the same magnitude but opposite directions)
9. *A 35.0 g bullet moving at 475 m/s strikes a 2.5 kg wooden block.  The bullet passes through the block, leaving at 275 m/s.  The block was at rest when it was hit.  How fast is the block moving when the bullet leaves?  (2.8 m/s)
10. A 35.0g bullet strikes a 5.0-kg stationary wooden block and embeds itself in the block.  The block and bullet fly off together at 8.6 m/s.  What was the original velocity of the bullet?  (1.24 E3 m/s)
11. A 21g bullet is shot into a 4.2 Kg wooden block standing on a frictionless surface.  The block, with the bullet in it, acquires a velocity of 2.1 m/s.  Calculate the velocity of the bullet before striking the block.  (422.1 m/s)
12. *A 0.105-kg hockey puck moving at 48 m/s is caught by a 75-kg goalie at rest.  With what speed does the goalie slide on the ice?  (6.71 E-2 m/s)
13. A 0.50-kg ball traveling at 6.0 m/s collides head-on with a 1.00-kg ball moving in the opposite direction at a speed of 12.0 m/s.  The 0.50-kg ball moves away at -14 m/s after the collision.  Find the velocity of the second ball.  (-2 m/s)
14. A hockey puck, mass 0.115 kg, moving at 35.0 m/s, strikes a stationary (and deceased) octopus thrown on the ice by a fan.  The octopus has a mass of 0.265 kg.  The puck and octopus slide off together.  Find their velocity.  (10.59 m/s)
15. A perfectly horizontal stream of water hits a curved section of metal causing the stream to reflect back in the direction it originally came from.  The incident speed of the water is 18 m/s and the speed of the reflected water is also 18 m/s.  If the mass of water per second that hits the metal is 25 kg/s, calculate the average force the metal exerts on the water.  (900 N…opposite the original direction of motion of the water)
16. *A golf ball strikes a hard, smooth floor at an angle of 360 to the horizontal (or 54 degrees to the vertical) and rebounds/reflects at the same angle to the vertical.  The mass of the ball is 0.047 Kg and its speed is 35 m/s just before and after striking the floor.  What is the magnitude of the impulse applied to the golf ball by the floor? (Hint:  Only the vertical component of the ball’s momentum changes during impact with the floor; also ignore the ball’s weight).   (1.93 N s)
17. *Two balls in-elastically collide, not perfectly head-on.  Ball A (0.150 Kg) is originally moving at an angle of 2700 with a speed of 0.90 m/s.  Ball B (0.260 kg) is originally moving at 00 with a speed of 0.54 m/s.  After the collision B moves off with a velocity of 0.70 m/s at 3250.  Find the final velocity of ball A (including direction) after the collision.  Ignore friction. (0.21 m/s, 2540)
18. Two balls in-elastically collide, not perfectly head-on.  Ball A (0.250 Kg) is originally moving at an angle of 350 with a speed of 0.60 m/s.  Ball B (0.40 kg) is originally moving at 2500 with a speed of 0.8 m/s.  After the collision A moves off with a velocity of 0.60 m/s at 3150.  Find the final velocity of ball B (including direction) after the collision.  Ignore friction. (0.36 m/s, 230.590)
· Work and Power

19. *An applied force of 825 N is needed to push a car across a lot at constant speed.  Two students push the car 35 m. 

a. What is the amount of work done on the car by the students to push it this distance?  (2.89 E 4 J)
b. If the car was pushed with constant velocity, how much work was done by friction?  What was the net amount of work done? (-2.89 E4 J; 0J)
c. After a rainstorm, the force needed to push the car doubles because the ground became soft.  By what amount does the work done by the students on the car change? (it also doubles to 5.78 E4 J)
20. *A delivery clerk lifts a 34N package from the ground up to a shelf 3 m off the floor (it moved with constant velocity).  How much work is done by the clerk on the package to get it to this height?  How much work is done by gravity on the package to get it to this height? (102 J, -102 J)
21. What work is done by a forklift raising a 583kg box up off of the ground with constant velocity to a height of 1.2m?  How much work is done by gravity on the box?  What is the net amount of work done on the box?  (6.86 E3 J, -6.86 E3 J, 0J)
22. You and a friend each carry identical boxes to the same room one floor above you and down the hall.  You choose to carry it first up the stairs, then down the hall.  Your friend carries it down the hall, then up another stairwell.  Who does more work on the box? (the same)
23. How much work does the force of gravity do when a 25N object falls a distance of 3.5 m? (+87.5 J)
24. *A 628N force is applied to a rope held at an angle of 460 to the floor is used to pull a metal box 15m across a floor.  How much work does the rope do on the box?  (6.54 E3 J)
25. A person pushes a 20 kg shopping cart at a constant velocity for a distance of 33 m.  She pushes the handle in a direction 30( to the horizontal.  A 52 N frictional force opposes the motion of the cart. 

a. How large is the force in the handle that pushes the cart forward?  (60.04 N)
b. Determine the work done by 

i. the pushing force (1.72 E3 J)

ii. the frictional force (-1.72 E3 J)
iii. the gravitational force. (0 J)
26. A 5.2 x 102 N force is pulling a 110 kg refrigerator across a flat surface.  The force acts at an angle of 25( above the surface.  The coefficient of friction is 0.3 and the refrigerator moves a distance of 10 m.  Find (a) the work done by the pulling force, and (b) the work done by the frictional force. (4.71 E3 J, -2.57 E3 J)
27. *A worker pushes a 93N crate 10m up a 370 incline with constant velocity.  The worker exerts a force of 85N parallel to the incline.

a. How much work does he do? (850 J)
b. How much work is done by gravity? (-559.69 J)
c. How much work is done by friction?  (-290.31 J)
d. What is the coefficient of friction between the box and the incline? (0.39)
28. A 2400 kg box is being pushed up a 25( hill with an applied force that is parallel to the incline.  The frictional force has a magnitude of 625N.  The length of the road up the hill is 420 m.  What should be the magnitude of the applied force, so that the net work done by all the forces acting on the box is +300 KJ?  Choose up the ramp as the positive dxn.  (1.13 E4 N)
29. *Frau Helga, a champion weightlifter, raises 125 kg a vertical distance of 1.89 m with a constant velocity.

a. How much work does Helga do on the weights? (2.32 E3 J)
b. How much work does Helga do on the weights just holding them above her head? (0J)
c. How much work does Helga do on the weights lowering them back to the ground (assume constant velocity)? (-2.32 E3 J)
d. Does Helga do work if the weights are let go and fall back to the ground?  If not, who/what does and how much work is done?  (no, gravity does +2.32 E3 J)
e. If Helga completes the lift in 2.5 s, how much power does she develop?  (926.1 W)
30. A force of 300 N is used to push a 145-kg mass 30.0 m horizontally in 3.00 s.

a. Calculate the work done by the force on the mass.  (9 E3 J)
b. Calculate the power developed by the force.  (3 E3 W)
31. Chaitra pushes a wheelbarrow by exerting a 50N force horizontally.  Chaitra moves it 60.0 m at a constant velocity for 25.0 s.

a. What is the friction force?  (50 N)
b. How much work does Chaitra do on the wheelbarrow? (3 E3 J)
c. How much work does friction do on the wheelbarrow?  (-3 E3 J)
d. What power does Chaitra develop?  (120 W)
e.  If Chaitra moves the wheelbarrow twice as fast, how much power does she develop?  (twice as much, 240 W)
32. A rock climber wears a 7.50 Kg backpack while scaling a cliff with constant velocity.  After 30.0 min, the climber is 8.2 m above the starting point.

a. How much work does the climber do on just the backpack to get it to this height?  (602.7 J)
b. If the climber weighs 645 N, how much work does she do lifting herself and the backpack to that height?  (5.89 E3 J)
c. What is the average power developed by the climber during the climb?  (3.27 W)
33. A motor lifts a 575 N box 20m straight up by a rope with constant velocity.  The job is done in 10.0 s.  What power is developed in watts and kilowatts by the motor?  (1.15 E3 W, 1.15 kW)
34. An electric motor develops 65 kW of power as it lifts a loaded elevator 17.5 m in 35.0 s.  How much force does the motor exert?  (1.3 E5 N)
35. In 2 minutes, a 1000 Kg elevator moves 10 people at constant speed 50m to the top of a building.  The average mass of each person is 60 kg.  What is 

a. the tension in the cable?  (1.57 E4 N)
b. the average power provided by the tension in the cable pulling the elevator?  (6.53 E3 W)
· P otential and Kinetic Energy

36. *A 50.0 kg shell is shot from a cannon at Earth's surface to a height of 400 m.

a. What is the gravitational potential energy of the shell when it is at this height?  (1.96 E5 J)
b. What is the change in potential energy of the shell when it falls back down to a height of 100m off the ground?  (-1.47 E5 J)
37. *A person 630 N climbs up a ladder with constant velocity to a height of 5.0 m.

a. What work does the person do?  (3.15 E3 J)
b. What is the increase in the gravitational potential energy of the person from the ground to this height? (+3.15 E3 J)
38. *A physics book, mass unknown, is dropped 4.50 m.  What velocity does the book have just before it hits the ground?  (9.39 m/s, down)
39. A 20Kg rock is on the edge of a 100m cliff.  

a. What is the PE of the rock relative to the base of the cliff?  (1.96 E4 J)
b. The rock falls from the cliff.  What is its KE just before it hits the ground?  (1.96 E4 J)
c. What velocity does the rock have just before it hits the ground?  (44.27 m/s, down)
40. A 2Kg rock initially at rest loses 400J of PE while falling to the ground.

a. What KE does the rock gain while falling to the ground?  (+400 J)
b. What is the rock’s velocity just before it hits the ground?  (20 m/s, down)
41. A bike rider approaches a hill with a speed of 8.5 m/s.  The total mass of the bike and rider is 85 kg.

a. Find the kinetic energy of the bike and rider at the base of the hill.  (3.07 E3 J)
b. The rider coasts up the hill.  Assuming there is no friction (which is actually quite hilarious if you stop and think about it as the bike couldn’t make it up a hill if there wasn’t friction….), at what height will the bike come to a stop?  (3.69 m)
c. Does your answer depend on the mass of the bike and rider?  Why/Why not?
42. *A skier starts from rest at the top of a 45m hill, skis down a slope into a valley, and continues up a 40m hill.  Both hill heights are measured from the valley floor.  Neglect friction and the effect of ski poles.

a. How fast is the skier moving at the bottom of the valley?  (29.70 m/s)
b. What is the skier's speed at the top of the next hill?  (9.90 m/s)
43. *A 1.37 x 103 kg racecar is powered across level track by a jet engine that produces a net forward force of 3.82 x 104 N for a distance of 262 m.

a. Find the net amount of work done on the car.  (1 E7 J)
b. Find the change in kinetic energy.  (+1 E7 J)
c. Find the final kinetic energy of the car if it started from rest.  (1 E7 J)
d. Find the final speed of the car.  (120.88 m/s)
44. *A rifle can shoot a 4.20 g bullet at a speed of 965 m/s.

a. What is the kinetic energy of the bullet as it leaves the rifle?  (1.96 E3 J)
b. What is the change in kinetic energy of the bullet from rest to exiting the rifle? (+1.96 E3 J)
c. What is the net amount of work done on the bullet if it starts from rest?  (1.96 E3 J)
d. If the work is done over a distance of 0.75 m while in the barrel of the rifle, what is the average net force on the bullet during this time?  (2.61 E3 N)
e. If the bullet comes to rest by pushing 1.5 cm into a chunk of metal, what is the magnitude and direction of the average net force the metal exerts on the bullet?  (1.30 E5 N, opp the dxn of motion)
45. *A 98N sack of grain is hoisted straight up with constant velocity to a storage room 50m above the ground floor of a grain elevator.

a. How much work was required to lift it to this height?  (4.9 E3 J)
b. What is the potential energy of the sack at that height?  (4.9 E3 J)
c. The rope being used to lift the sack of grain breaks just as the sack reaches the storage room.  What kinetic energy does the sack have just before it strikes the ground floor?  (4.9 E3 J)
d. What is the velocity of the sack the moment it strikes the ground?  (31.30 m/s, down)
46. *An extreme skier, starting from rest, coasts down a mountain (μ = 0.200) that makes a 250 angle to the horizontal.  She coasts for a distance of 10.4 m before coming to the edge of a cliff.  Without slowing down, she skis off the edge and lands downhill at a point that is a vertical distance of 3.5 m below the edge.  How fast is she going just before she lands? (10.85 m/s)
47. A 5 g feather is held 50 cm above a table.  It is dropped from rest and experiences a non-conservative force of air friction on it.  When the feather reaches the table it has a speed of 10 cm/s.  Calculate

a. The mechanical energy lost by the feather due to air friction.  (2.45 E -2 J)
b. The magnitude of the force of air resistance.  (4.90 E -2 N)
48. A gymnast is swinging on a high bar.  The distance between his waist and the bar is 1.1m.  At the top of the swing his speed is momentarily zero. Ignoring friction, find the speed of his torso at the bottom of the swing.  (6.57 m/s)
49. *A water skier is pulled up a jump ramp that makes some random angle to the horizontal.  At the top of the ramp when the skier is moving at a speed of 14 m/s she lets go of the tow-rope.  At the highest point in her path, she has a total speed of 13 m/s.  Ignoring air resistance, determine the skier’s height above the top of the ramp at her highest point. (1.38 m)
50. A skier starts from rest at the top of a hill of height h.  The skier coasts down the hill and up a second hill that has a circular crest of radius of 36m (so that is the height of the hill).  Neglecting friction and air resistance, what must be the height of the first hill so the skier just loses contact with the snow at the crest of the second hill?  (50 m)
51. Go over F-d graphs (area under the curve = Work done on an object) and F-t graphs (area under the curve = impulse).

· Momentum, Revisited

Elastic Collisions---The name given to a type of physics problem that enables you to solve for both of the velocities of two objects after they collide but  do not stick together.  In elastic collisions, both momentum and KE is conserved (PEg is constant as the collision will occur on a flat surface).  Since KE is conserved, that means the change in KE of one object equals the negative change in KE of the second object.  The equation that you need to keep in mind when solving elastic collision problems is: 

VA + V’A = VB + V’B

· In all of the previous conservation of momentum problems, momentum was conserved---it always will be in a collision problems in here (it’s a law).  However, KE is not always conserved…which means that the initial KE of the objects added together before the collision does not equal the final KE of the objects (added together) after the collision.  Think about a pumpkin with a stick of dynamite in it.  Before the dynamite explodes, the momentum and KE of the pumpkin will be zero (the pumpkin is just sitting there).  After the explosion, pieces will go off in all directions.  Since momentum is conserved (and it’s vector), the total momentum of all the pieces together after the explosion will still equal zero (due to the vector nature of momentum).  However, KE (and all energy for that matter) is scalar---direction is irrelevant.  After the explosion, all the pieces of pumpkin will have KE (they will be moving) and the total KE will not be equal to zero.  In this case, KE is NOT conserved…the initial amount of KE before the explosion (collision) does not equal the final amount.  Where did the increase in energy come from?  Something had to do positive non-conservative work on the pumpkin---and that was the dynamite.
52. *A 6 kg ball moving to the right at a velocity of +3m/s on a frictionless table collides head-on with a stationary 8 kg ball.  Find the final velocities of the balls if the collision is completely

a. Inelastic (and they stick together after the collision).  (1.29 m/s)
b. Elastic (i.e., KE is conserved; they don’t stick together)  (-0.43 m/s, 2.57 m/s)
53. Two 0.6 kg balls are traveling toward each other with velocities of –5.0 and +8.0 m/s and they experience a perfectly elastic head-on collision.  What are the velocities of the two balls after the collision?  (8m/s, -5 m/s)
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