
Honors Physics  -  MOTION PROBLEMS – KINEMATICS  -  09-05-99
 AVERAGE SPEED

1. A rocket goes 3350 meters in 4.25 seconds.  What is its average speed?

2. What must have been your average speed in order to travel 220 km in 2.25 h?

3. How long (in seconds) does it take a baseball to go 19.7 m at 35.3 m/s?

4. If a car averages 37.5 m/s for 242 seconds, how far does it travel?

5. A bird can fly 30 km/h.  How long does it take to fly 22 km?

6. How far does a satellite going 7.9 km/s go in 5400 s?

 REFERENCE FRAMES AND COORDINATE SYSTEMS

1. A motorcycle going 130 km/h passes a bus going 100 km/h.  What is the motorcycle’s velocity relative to the bus?

2. Two guys are playing catch inside a railroad car, which is going forward at 40.0 m/s.  (a) If a guy throws the ball toward the front of the car at 35.0 m/s, what is the ball’s velocity relative to the stationary tracks?  (b) When the ball is thrown toward the back of the car at 35.0 m/s, what is the ball’s velocity relative to the tracks?

3. A woman is standing on the moving sidewalk at the airport.  (a) If it is moving at +1.50 m/s, what is her velocity relative to the stationary building?  (b) If she starts walking forward on the belt at +1.50 m/s. what is her velocity relative to the building?  (c) If she turns around and walks the same speed backward, what is her velocity relative to the building?

4. A bike rider peddles at +15.0 m/s with the flow of traffic, which is going +22.0 m/s.  (a) What is the traffic’s velocity relative to him?  (b) What is his velocity relative to the traffic?  (c) If he goes against traffic (which means his velocity is -15 m/s), what is the traffic s velocity relative to him?  (d) What is his velocity relative to the traffic?

5. A moron is driving his convertible with the top down at 130 km/h and throws a brick straight up.  (a) What is the brick’s forward velocity relative to the moron?  (b) What is the brick’s velocity relative to the road?  (c) Where will the brick land and why?  (d) If he throws a crumpled paper bag up, where will it land and why?

6. Two locomotives approach each other on parallel tracks.  Each has a speed of 120 km/h with respect to the earth.  If they are initially 8.5 km apart, how long will it be before they pass each other?  

 AVERAGE VELOCITY AND DISPLACEMENT 

1. A dog runs 100 m away from its master in a straight line in 8.4 s, and then runs halfway back in one-third the time.  Calculate  (a) its displacement at 8.4 seconds  (b) displacement at the end  (c) distance traveled in 8.4 s  (d) total distance for the whole trip (e) average speed for 8.4 s  (f) average speed for the whole trip  (g) average velocity for 8.4 s  (h) average velocity for the whole trip.

2. A man is walking at 3 m/s around a swimming pool, which measures 50 m x 25 m.  We start timing him midway on a long side.  What are both the displacement and the magnitude of his average velocity at each of the four corners?  Draw a diagram.

3. Using the same guy and pool above, what are both the displacement and the magnitude of his average velocity at the midpoint of each of the sides?  Draw a diagram.

 CHANGING UNITS

1. If a bird flies 24.5 km in 2.87 hours, what is its speed in m/s?

2. At an average speed of 31.0 km/h, how far will a bicyclist travel in 135 min?

3. A truck averages 18.7 km/h for 0.955 hours, how far does it go (in meters)? 

4. How many seconds does it take a bus to go 56.7 km at 12.5 km/h? 

5. The ocean's level is currently rising at about 1.5 mm per year.  At this rate, in how many years will sea level be 3 meters higher than now?

6. A person jogs eight complete laps around a quarter mile track in a total time of 13.5 min.  Calculate  (a) the average speed and  (b) the average velocity, in m/s.

7. If you are driving 100 km/h and you look to the side for 2.0 s, how many meters do you travel during this inattentive period?

8. At 11 km/s, how far will a satellite travel in a year?

9. Light goes 3 x 108 m/s.  How many kilometers does it travel in a year?

10. How many km could a truck go in a year of 12-hour days at 30 m/s if the driver took only Sundays off and took a 2-week vacation?

11. If light goes 186 000 miles/s, and the sun is 93 million miles away, how many minutes does it take sunlight to reach the earth?

12. A speed of 55 mph is how many  (a) km/h,  (b) m/s, and  (c) ft/s?

13. Determine the conversion factor between  (a) km/h and MI/h,  (b) m/s and ft/s, and  (c) MI/h and m/s.

 AVERAGE SPEED FOR TRIP

1. A reconnaissance plane flies 600 km away from its base at 200 km/h, then flies back to its base at 300 km/h.  What is its average speed? 

2. An airplane travels 2100 km at a speed of 1000 km/h.  It then encounters a head wind that slows it to 800 km/h for the next 1300 km.  What was the average speed of the plane for this trip?

3. A doggie runs 2 km in a straight line at 5 m/s and then runs an additional 3 km in 8 minutes. What is its average speed?
4. A car travels 7.15 hours at 24.6 m/s and 3.25 hours at 26.8 m/s.  Find: (a) the distance traveled in km  (b) average speed in km/h  (c) maximum speed in km/h  (d) minimum speed in km/h.

5. A car travels at 14.3 m/s for 4 hours and 141.6 km at 16.5 m/s.  (a) How far does it travel (in km)?  (b) How long does it take (in seconds and in hours)?  (c) What is the average speed in m/s? 

6. A boat can go 10.5 km/hr in still water.  It goes downstream in a 1.40 m/s current for 2.30 hours and then goes back to its starting point.  (a) What is the average speed in m/s and km/h for the whole trip?  (b) What is the average velocity for the whole trip?

7. A car leaves Cleveland at 95.0 km/h.  Then, 11.2 hours later, a plane leaves.  How fast must it go to catch the car before the car goes 1231 km?

8. Two planes leave a city at the same time for the same destination.  One goes 317 km/hr and the other goes 133 m/s.  If the faster one arrives 35.0 minutes earlier:  (a) How far away is the city?  (b) What are the flight times of the two planes in h?

9. A race car driver must average 200 km/h for four laps to qualify for a race.  Because of engine trouble, the car averages only 170 km/h over the first two laps.  What average speed must be maintained for the last two laps?

10. Bobby is driving to his grandmother’s house.  If he drives the first half of the distance at an average speed of 40 km/h, how fast must he drive the second half in order to average 80 km/h for the entire distance?

11. A car traveling 90 km/h is 100 m behind a truck traveling 60 km/h.  How long will it take the car to reach the truck?

12. A boat going upstream leaves a dock at the same time a log passes by.  It goes upstream 1 mile, turns around, and goes downstream for 1 hour.  At that time it passes that same log drifting downstream.  What is the speed of the boat?  What is the speed of the current?

13. Calculate the carrying capacity (number of cars passing a given point per hour) on a highway with three lanes (in one direction) using the following assumptions: the average speed is 100 km/h, the average length of a car is 6.0 m, and the average distance between cars should be 80 m.

14. A ball traveling with constant speed hits the pins placed at the end of a bowling lane 16.5 m long.  The bowler heard the sound of the ball hitting the pins 2.50 s after the ball was released from his hands.  What was the speed of the ball?  The speed of sound is 340 m/s.

15. In the design of a rapid transit system, it is necessary to balance out the average speed of a train against the distance between stops.  The more stops there are, the slower the train’s average speed.  To get an idea of this problem, calculate the time it takes a train to make a 36 km trip in two situations:  (a) the stations at which the trains must stop are 0.80 km apart; and  (b) the stations are 3.0 km apart.  Assume that at each station the train accelerates at a rate of 1.1 m/s2 until it reaches 90 km/h, then stays at this speed until its brakes are applied for arrival at the next station, at which time it accelerates at -2.0 m/s2.  Assume it stops at each intermediate station for 20 s.

16. For the design of a rapid transit system as discussed in the previous problem, derive a general formula for the average speed of a train.  Specify the symbols used for all quantities involved such as the accelerations (+ and -), maximum velocity, distance between stations, and time stopped at each station.

 ACCELERATION

1. A runner speeds up from rest to 10.5 m/s in 4.25 s.  What is her acceleration?

2. A dog slows down from 21.5 m/s to rest in 12.3 s.  What is its acceleration? 

3. What is the acceleration of a vehicle that changes its ve​locity from 100 km/h to a dead stop in 10 s?

4. A sports car accelerated from rest to 100 km/h in 6.6 s.  What is its acceleration in m/s2?

5. A bus goes from 22.5 km/h to 35.7 km/h 26.5 s.  What is its acceleration in m/s²

6. A car slows from 50.4 km/h to 15 km/h in 9.5 s.  What is its acceleration in m/s²

7. A car is coasting backward at 4.25 m/s.  The driver then accelerates forward and gets to 21.2 m/s in 18.3 s.  What is his acceleration?

8. A fully loaded moving van going 22.0 m/s runs out of gas at the bottom of a hill.  It coasts uphill, slows down, stops, and coasts back down the hill, reaching the bottom at the same speed it started at.  (a) If the whole trip took 65.5 s, what was the acceleration?  (b) What was the average speed?  (c) What was the average velocity?

9. A racing car moving at 10 m/s north increases its velocity to 16 m/s north in a time interval of 3 s. What is its average acceleration during this time interval?  What is the direction of this acceleration?

10. A car is going 35.7 m/s and changes speed to -45.2 m/s in 5.00 s.  Find the acceleration.

11. A bus is going 30.5 m/s and changes speed to 21.2 m/s in 12 s.  Find the acceleration. 

12. An idiot is going forward at 25.8 m/s, slams his car into reverse, and ends up going 35.1 m/s in reverse.  If this takes him 22.2 s. what is his average acceleration?

13. How long would it take a car to stop from 40.7 m/s at an acceleration 8.15 m/s²

14. How long would it take a car to go from rest to 32.3 km/h at an acceleration of 6.25 m/s²?

15. How long would it take a drag racer to go from rest to 90.0 m/s (200 mi/h) at an acceleration of 12.5 m/s²?

16. How long would it take a car to go from 11.5 m/s to 16.5 m/s at an acceleration of 4.85 m/s²

17. How long would it take to slow from 28.5 m/s to 12.5 m/s at an acceleration of 2.75 m/s²?

18. How long would it take to go from 20.0 km/h to 35.0 km/h at an acceleration of 6.28 m/s²? 

19. How long would it take to stop a car going 35.7 m/s if its acceleration were 7.35 m/s²? 

 UNIFORMLY ACCELERATED MOTION

1. A sports car is advertised to be able to stop, from a speed of 100 km/h, within 45 m.  What is its acceleration in m/s2?  How many gs is this (g = 9.8 m/s2)?

2. Calculate the acceleration of a thrown baseball in gs if the pitcher accelerates it at 280 m/s2.

3. At highway speeds, a particular automobile is capable of an acceleration of about 1.7 m/s2.  At this rate, how long does it take to accelerate from 85 km/h to 100 km/h?

4. The principal kinematic equations become particularly simple if the initial speed is zero.  Write down the equations for this special case.  (Also put x0 = 0.)

5. A car accelerated from 12 m/s to 25 m/s in 5.0 s.  What was its acceleration?  How far did it travel in this time?  Assume constant acceleration.

6. If a car is traveling at 23.5 m/s and accelerates at 2.55 m/s² for 4.66 s, what is its new speed?

7. If a boat is going 35.1 m/s and slows down at 1.25 m/s² for 10.5 s, what is its new speed?

8. If a football is going up at 15.3 m/s and slows down at 9.8 m/s² for 3.00 s, what is its new speed?

9. A person bungee jumping is falling at 35.2 m/s.  The cord accelerates the person up at 7.25 m/s² for 8.00 s.  What is the new speed?

10. How long would a car have to accelerate at 3.55 m/s² to get from  (a) 10.0 m/s to 75.0 m/s  (b) 0 m/s to 75.0 m/s?

11. How long would a person have to slow down at 4.67 m/s² to take their speed from 65.0 m/s to  (a) 12.5 m/s  (b) a compete stop?

12. After 10.5 s, a car is found to be going 45.7 m/s.  If it accelerated at 3.55 m/s², what was its original speed?

13. A skier slides uphill and then slides partly back down when he runs into a tree at 8.25 m/s.  If his trip took 4.25 s and his acceleration was -2.35 m/s², what was his initial speed?

14. A runner accelerates from rest to 12.5 m/s in 9.72 s.  How far does he run?

15. A plane accelerates along the runway from 15.2 m/s to 55.8 m/s in 12.4 s.  How far does it travel?

16. The drag racer in an earlier problem goes from rest to 90 m/s in 7.20 s.  How far does he travel to reach that speed?

17. A rocket goes by you at 100 m/s and it is accelerating.  In 5.65 s it has gone 4000 m past you.  What is its final speed? 

18. An accelerating car has traveled 250 m in the last 7.35 s and is going 42.3 m/s at that time.  What was its initial speed?

19. How long would it take a bus to go from 18.7 m/s to 28.2 m/s if it covered 452 m?

20. A tennis ball goes from 25.2 m/s to 28.3 m/s over a distance of 0.5 m while colliding with a racquet.  How long did the collision take?

21. How far does a rocket go if it accelerates from rest at 14.5 m/s² for 10 s?

22. How far does the rocket go if it accelerates at the same rate from 500 m/s for 10 s?

23. What is the acceleration of a car that goes 455 m from rest in 15.5 s?

24. What is the acceleration of the same car if it had gone 455 m in 15.5 s but was moving at 10 m/s at the start?

25. How long does it take a train to travel 5000 m from rest at an acceleration of 0.150 m/s²?

26. How long does it take that train to travel 5000 m at 0.150 m/s² but if it had started out at 20.0 m/s?

27. If a bicycle traveling 13.0 m/s can be stopped in 8 meters, find (a) acceleration (b) how long it has been rolling.

28. A runner starts from rest and has an acceleration of 2.00 m/s².  (a) What is her speed after 0.500 s?  (b) After 1.00 s? (c) After 1.30 s?  (d) Can she continue to accelerate at this rate?  EXPLAIN your answer

29. What distance is required to stop an automobile going 13.4 m/s if the acceleration is 1.37 m/s²?

30. An airplane was launched from a ship by means of a catapult.  The plane was pushed 18.3 m and its speed reached 31.3 m/s.  Find the acceleration.

31. If a car traveling 9.20 m/s can stop in 6.10 m, find acceleration.

32. A train accelerates at 0.600 m/s².  How far does it travel in one minute?

33. A person who is properly constrained by an shoulder harness and seat belt has a good chance of surviving a car collision if the deceleration does not exceed 30 gs (1.00 g = 9.80 m/s2).  Assuming uniform acceleration at this rate, calculate the distance over which the front end of the car must be designed to collapse if a crash occurs at 100 km/h.

34. In trying to find out how rapidly a human can be stopped without doing permanent bodily injury, a rocket sled containing a human volunteer was slowed from 75.0 m/s to 35.0 m/s in 0.200 s.  (a) Find a  (b) how far did the sled travel?

35. Lt. Col. John L. Stapp achieved a speed of 282.5 m/s in an experimental rocket sled in 1954.  Running on rails and powered by nine rockets, it hit top speed in 5.00 seconds!  The maximum acceleration was about 22 g’s as he stopped within 1.50 seconds!!  Find:  (a) average acceleration in reaching top speed  (b) how far he traveled in attaining this speed  (c) the average acceleration while stopping  (d) how far he traveled in stopping

36. Assuming the acceleration is 4.50 m/s², what distance is required to stop a car going  (a) 20.0 m/s  (b) 40.0 m/s?

37. Bob Feller could throw a baseball about 44.7 m/s.  Suppose the time for him to move his hand from the back to front of the pitch is 0.150 s.  Find (a) the acceleration (b) the distance his hand moved forward.

38. During a head-on collision (13.41 m/s) a car travels 0.610 m because of crushing of the front end.  Find (a) the acceleration in m/s² and in gs  (b) the time interval.

39. A bicyclist starts at rest and travels 100 m in 8.00 seconds.  Find  (a) v average  (b) v initial  (c) v final  (d) acceleration  (e) distance traveled.

40. While accelerating from rest, a plane travels a distance of 750 m at an acceleration of 5.45 m/s².  (a) What is its final speed?  (b) If the same plane had started from 35.0 m/s, what would its final speed have been?

41. (a) How long would the runway need to be for a plane to achieve a final speed of 55.0 m/s from rest if its acceleration were 2.95 m/s²?  (b) How long would that runway need to be it the plane were traveling 30.0 m/s at the start?

42. A few years ago, a doofus made a U turn in front of my house and got slammed by another car which slid 20.0 m with a deceleration of about 6.00 m/s².  When he hit the doofus, the other driver had almost stopped.  How fast was he moving when he hit the brakes?

43. What acceleration is needed to get a car from rest to 100 mi/h (45.0 m/s) if it covers 150 m?

44. If this last car brought its speed down to 20.0 m/s and covered 120 m, what would its acceleration be? 

45. A car accelerates from a speed of 25 m/s to rest in a distance of 120 m.  What was its acceleration, which is assumed constant?

46. A jetliner must reach a speed of 80 m/s for takeoff.  If the runway is 1500 m long, what constant acceleration is needed?

47. A car takes 10 s to go from v0= 0 m/s to vf = 50 m/s at ap​proximately constant acceleration.  If you wish to find the distance traveled using the equation d = 1/2 at2, what value should you use for a?

48. A car accelerates from a speed of 30.0 m/s to rest in 6.00 s.  How far did it travel in that time?

49. In coming to a stop, a car leaves skid marks on the highway 320 m long.  Assuming an acceleration of 10 m/s2 (roughly the maximum for rubber tires on dry pavement), estimate the speed of the car just before braking.

50. A car traveling 90 km/h slows at a constant 1.6 m/s2.  Calculate  (a) the distance the car goes before it stops  (b) the time it takes to stop  (c) the distance it travels during the first and third seconds.

51. A car traveling at 60 km/h strikes a tree.  The front end of the car compresses and the driver comes to rest after traveling 0.70 m.  What was the average acceleration of the driver during the collision?  Express the answer in terms of gs, where g = 9.80 m/s2.

52. Make up a table of stopping distances for an automobile with an initial speed of 80 km/h and human reaction time of 1.0 s  (a) for an acceleration a = -4.0 m/s2  (b) for a = -8.0 m/s2.

53. Repeat the previous problem using a reaction time of 0.40 s.

54. Show that the equation for the stopping distance of a car is ds = v0tR - vo2/(2a), where v0 is the initial speed of the car, tR is the driver’s reaction time, and a is the constant negative acceleration.

55. A person driving her car at 50 km/h approaches an intersection just as the traffic light turns yellow.  She knows that the yellow light lasts only 2.0 s before turning to red, and she is 30 m away from the near side of the intersection.  Should she try to stop, or should she make a run for it?  The intersection is 12 m wide, and her car’s maximum acceleration is -6.0 m/s2.  Also her car takes 7.0 s to accelerate from 50 km/h to 70 km/h.  Ignore the length of her car and her reaction time.

56. A runner hopes to complete the 5000-m run in less than 13.0 min.  After exactly 11.0 min, there is still 800 m to go.  The runner must then accelerate at 0.20 m/s2 for how many seconds in order to achieve the desired time?

57. A 90-m long train begins accelerating uniformly from rest.  The front of the train passes a railway worker, who is standing 200 m from where the front of the train started, at the speed of 25 m/s.  What will be the speed of the last car as it passes the worker?

 FALLING BODIES

1. A ball is thrown straight up with an initial speed of 30 m/s.  How high does it go, and how long is it in the air (neglecting air resistance)?

2. A ball is thrown with enough speed straight up so that it is in the air several seconds.  (a) What is the velocity of the ball when it gets to its highest point?  (b) What is its velocity 1 s before it reaches its highest point?  (c) What is the change in its velocity during this 1 s interval?  (d) What is its velocity 1 s after it reaches its highest point?  (e) What is the change in velocity during this 1 s inter​val?  (f) What is the change in velocity during the 2-s in​terval?  (Careful!)  (g) What is the acceleration of the ball during any of these time intervals and at the moment the ball has zero velocity?

3. What is the instantaneous velocity of a freely falling ob​ject 10 s after it is released from a position of rest?  What is its average velocity during this 10-s interval?  How far will it fall during this time?

4. A climber near the summit of a vertical cliff accidentally knocks loose a large rock.  She sees it shatter at the bot​tom of the cliff 8 s later.  What was the velocity of impact?  How far did the rock fall?

5.  Surprisingly, very few athletes can jump more than 4 feet (1.2 m) straight up.  Use y  = vft - 1/2 at2 and solve for the time one spends moving upward in a 4 foot vertical jump.  Then double it for the "hang‑time"—the time one's feet are off the ground.

6. A brick falls for 5.25 s from rest.  What is its final velocity?

7. A shot put falls from a 250-m high building.  What velocity is it going when it hits the ground? 

8. An acorn falls from a 12.5-m tree.  How long does it take to hit?

9. A ball is thrown up at 35.0 m/s.  How long does it take to reach the ground again?

10. A baseball is hit straight up at 45.0 m/s.  What is its velocity 7.50 s later?

11. The acceleration due to gravity on the moon is about one-sixth what it is on earth.  If an object is thrown vertically upward on the moon, how many times higher will it go than it would on earth, assuming the same initial velocity?

12. A guy throws a brick straight down at 25.0 m/s.  At 4.50 s later, what is its velocity?

13. If the guy threw the brick straight up at 25.0 m/s, what would its velocity be 4.50 s later?

14. The shot-putter shoves the shot-put straight down from the 250-m building at 15.0 m/s.  What velocity is it going when it hits the ground?

15. If the shot-putter shoved the shot-put straight up at 15.0 m/s, what velocity would it be going when it hit the ground?

16. If a vicious squirrel threw the acorn straight down from the 12.5-m tree at 25.0 m/s, how long does it take to hit?

17. If the squirrel threw the acorn straight up, how long would it take to hit?

18. A hunter tries three experiments in physics.  He climbs a 500-m tower and  (a) fires a bullet straight down at 500 m/s  (b) drops a bullet  (c) fires a bullet straight up at 500 m/s.  Find the final speed of each of the three bullets.

19. Find the time it takes each bullet in the previous problem to hit the ground.

20. A man painting the flagpole on the Terminal Tower had the misfortune to fall to the ground.  If the building is 214 meters tall:  (a) how long did he have before he got to the sidewalk  (b) how fast was he going?

21. An object is thrown straight upward with an initial velocity of 6.10 m/s.  (a) What is its velocity after 1 s?  (b) How far did it go in that second?  (c) How long did it take to reach maximum height? (d) What is the maximum height?  (e) When it descends, what is its velocity as it passes he throwing point?

22. A man jumps out of a 4th story window, a height of 9.14 m.  Find  (a) his acceleration while falling in m/s² and in g’s  (b) his velocity just before hitting.  (c) His acceleration in m/s² if he stops in 0.0500 s after hitting.

23. A ball starts up an inclined plane with a velocity of 4.00 m/s and comes to rest after 2.00 s.  (a) What acceleration does the ball experience?  (b) What is the ball’s average speed during this time?  (c) What is the ball’s velocity after 1.00 s?  (d) What is the greatest distance it travels up the slope?  (e) What is the velocity of the ball 3.00 s after starting?  (f) What is the total time for a round trip?

24. A car rolling down a hill has an acceleration of 2.37 m/s² and has traveled 20.9 m from rest.  (a) What is its velocity?  (b) How long has it been rolling?

25. The gravity on the moon is 1.60 m/s².  An object falls from the top of the lunar lander.  (a) How long does it take to hit if the lander is 10.0 m high?  (b) How fast is it going when it hits?  (c) What would be the answer to part ‘a’ if the lander were on earth?  (d) What would be the answer to part ‘b’?

26. A batter hits a pop fly straight up.  The ball leaves his bat at 40.0 m/s.  (a) What is its velocity after 2.00 s?  (b) What is its velocity at the end of 6.00 s?  (c) When does the ball reach its highest point?  (d) What is the velocity of the ball at the end of 10.0 s?  (e) How high does the ball go?  (f) What is its velocity just before the catcher catches it?

27. A bullet is shot up at 350 m/s.  Find:  (a) maximum height  (b) time to reach the top  (c) how far it traveled in the first second  (d) how far it traveled in the 40th second?

28. A projectile is fired from the top of a 450-m building at 130 m/s.  (a) How far does it go in the first second?  (b) the second second?  (c) How far above the building does it go?  (d) How long to reach maximum height?  (e) How long to fall to earth after it is fired?  (f) What is final velocity  (g) how far does it travel in the final second? A stone is dropped from the top of a cliff.  It is seen to hit the ground below after 3.5 s.  How high is the cliff?

29. (a) How long does it take a brick to reach the ground if dropped from a height of 50.0 m?  (b) What will be its velocity just before it reaches the ground?

30. A baseball is thrown vertically into the air with a velocity of 24.0 m/s.  (a) How high does it go?  (b) How long does it take to return to the ground?

31. A kangaroo jumps to a vertical height of 2.8 m.  How long was it in the air before returning to earth?

32. A ballplayer catches a ball 4.0 s after throwing it vertically upward.  With what velocity did he throw it, and what height did it reach?

33. Draw graphs of  (a) the velocity and  (b) the distance fallen, as a function of time, for a body falling under the influence of gravity for t = 0 to t = 5.00 s.

34. While jumping, a flea reaches a speed of 1 m/s.  This should give him an altitude of 5 cm but it only reaches 3.5 cm due to air resistance.  Using this height and his initial speed, calculate the actual acceleration of the flea during its upward flight.  Assume constant acceleration.

35. A helicopter is ascending vertically with a velocity of 6.00 m/s2.  At a height of 120 m above the earth, a package is dropped from a window.  How much time does it take for the package to reach the ground?

36. A stone is dropped from the roof of a high building.  A second stone is dropped 1.00 s later.  How far apart are the stones when the second one has reached a speed of 15.0 m/s?

37. For an object falling freely from rest, show that the distance traveled during each successive second increases in the ratio of successive off integers (1, 3, 5, etc.).  (Galileo first showed this.)

38. If air resistance is neglected, show that a ball thrown vertically upward with a speed v0 will have the same speed, v0, when it comes back down to the starting point.

39. A stone is thrown vertically upward with a velocity of 20.0 m/s.  (a) What velocity is it moving when it reaches a height of 16.0 m?  (b) How long is required to reach this height?  (c) Why are there two answers to (b)?

40. A falling stone takes 0.30 s to travel past a window 2.4 m tall.  From what height above the top of the window did the stone fall?

41. A rock is dropped from a sea cliff and the sound of it striking the ocean is heard 3.0 s later.  If the speed of sound there is 340 m/s, how high is the cliff?

42. Suppose you adjust your garden hose nozzle for a hard stream of water.  You point the nozzle vertically upward at a height of 1.5 m above the ground.  When you quickly move the nozzle away from the vertical, you hear the water striking the ground next to you for 2.0 s.  What is the water velocity as it leaves the nozzle?

43. A stone is thrown vertically upward with a velocity of 10.0 m/s from the edge of a cliff 65-m high.  (a) How much later does it reach the bottom of the cliff?  (b) What is its velocity just before hitting?  (c) What total distance did it travel?

44. A baseball is seen to pass upward by a window 30 m above the street with a vertical velocity of 12 m/s.  If the ball was thrown from the street,  (a) what was its initial velocity,  (b) what altitude does it reach,  (c) when was it thrown, and  (d) when does it reach the street again?

45. A guy falls down a deep well.  He screams all the way down.  His friend at the top hears him screaming for 5 seconds.  The screams are terminated by a loud thud sound because the well has been dry for years.  If the speed of sound there is 340 m/s, how deep is the well?

46. Pelicans tuck their wings and free-fall straight down when diving for fish.  Suppose a pelican starts its dive from a height of 20 m and cannot change its path once committed.  If it takes a fish 0.10 s to perform evasive action, at what minimum height must it spot the pelican to escape?  Assume the fish is at the surface of the water.

47. In putting, the force with which a golfer strikes a ball is determined so that the ball will stop within some small distance of the cup, say 1.0 m long or short, even if the putt is missed.  Accomplishing this from an uphill lie (that is, putting downhill, is different than from a downhill lie.  To see why, assume that on a particular green the ball slows constantly at 2.0 m/s2 going downhill and constantly at 3.0 m/s2 going uphill.  Suppose we have and uphill lie 7.0 m from the cup.  Calculate the allowable range of initial velocities we may impart to the ball so that is stops in the range 1.0-m short to 1.0 m long of the cup.  Do the same for a downhill lie 7.0-m from the cup.  What in your results suggests that one of the putts is more difficult.  Which one and why?

 GRAPHICAL ANALYSIS OF LINEAR MOTION

1. The position of a rabbit along a straight tunnel as a function of time is plotted below.  What is its instantaneous velocity  (a) at t = 10.0 s and  (b) at t = 30.0 s?  What is its average velocity  (c) between t = 0 and t = 5.0 s,  (d) between t = 25.0 s and t = 30.0 s, and  (e) between t = 40.0 s and t = 50.0 s?

2. In the graph above,  (a) during what time periods, if any, is the rabbit’s velocity constant?  (b) At what time is its velocity the greatest?  (c) At what time, if any, is the velocity zero?  (d) Does the rabbit run in one direction or in both along the tunnel during the time shown?

3. The graph below shows the velocity of a train as a function of time.  (a) At what time was its velocity greatest?  (b) During what periods, if any, was the velocity constant:  (c) During what periods, if any, was the acceleration constant:  (d) When was the magnitude of the acceleration greatest?

4. A high performance automobile can accelerate approximately as shown in the velocity/time graph below.  (The flat spots and jumps in the curve represent shifting of the gears.)  (a) Estimate the average acceleration of the car in second gear and in fourth gear.  (b) Estimate how far the car traveled while in fourth gear.

5. Estimate the average acceleration of the car in the previous problem when it is in  (a) first,  (b) third, and  (c) fifth gear.  (d) What is its average acceleration through the first four gears?

6. The position of a racing car, which starts from rest at t = 0 s and moves in a straight line, has been measured as a function of time, as given in the following table.  Estimate  (a) its velocity and  (b) its acceleration as a function of time.  Display each in a table and on a graph.

7. In the train graph above, estimate the distance the train traveled during  (a) the first minute and  (b) the second minute.

8. Construct the v vs. t graph for the train whose displacement as a function of time is given by the graph above.

9. Construct the x vs. t graph for the train whose displacement as a function of time is given by the graph above.

10. (a) Suppose at times t0 = 0, t1 = 1.0 s, t2 = 2.0 s, and t3 = 3.0 s an object is at the positions x0 = 0 m, x1 = 2.0 m, x2 = 3.5 m, and x3 = 4.5 m, respectively.  Plot these points on an x vs. t graph.  Compute the average velocity over the time intervals t1 - t0, t2 - t1, and t3 - t2.  (b) Do the same supposing the object is at position x0 = 10.0 m, x1 = 3.0 m, x2 = 6.5 m, and x3 = 10.0 m at times t0 = -2.0 s, t1 = -1.0 s. t2 = 0.0 s, and t3 = 1.0 s respectively.

11. Suppose an object’s position was measured at seven different moments as given by the following table.

12. Plot these points on a graph.  Compute the average velocity vav for the time intervals t6 - t2, t5 - t2, t4 - t2, t3 - t2.  To what value of the instantaneous velocity at t2 do these numbers seem to be converging?  On the graph, draw a long straight line through each pair of points.  For example, draw the first long straight line through the points (t2, x2) and (t6, x6).  The slope of each line equals the average velocity over the corresponding time interval.  Note the slope to which the lines are converging as t ( t2.  This slope equals the instantaneous velocity at t2.

