Reference: Kinematics
Difficulty: moderate
Learning Objective: B2.2
Contest: 1997
Which of the velocity-time graphs corresponds to the position-time graph shown?
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A) 
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B) 
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C) 
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D) 
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E) 
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Answer: A
Reference: Kinematics
Difficulty: difficult
Learning Objective: B2.7
Contest: 1997
Don and Kai travelled the same 600 km trip along a straight road.  Don travelled half the distance at 50 km/h and the other half at 100 km/h.  Kai travelled for half his total travel time at 50 km/h and the remaining time at 100 km/h.  Who arrived first, and by what time margin?

A) Both arrived at the same time.

B) Don arrived 1.0 h ahead of Kai.

C) Don arrived 0.10 h ahead of Kai.

D) Kai arrived 1.0 h ahead of Don.

E) Kai arrived 0.10 h ahead of Don.

Answer: D
Reference: Kinematics
Difficulty: moderate
Learning Objective: B2.7
Contest: 1997
Doug’s car accelerates uniformly along a straight road and during a time Δt its speed increases from u to v.  Doug notes that his average speed for that interval is exactly the same as his change in speed for that interval.  Under what conditions will this occur?

A) always

B) only if u = 0

C) only if v = 2u
D) only if v = 3u
E) This cannot occur.

Answer: D
Reference: Kinematics
Difficulty: moderate
Learning Objective: B2.7
Contest: 1997
The physics lab is 16 m long, 13 m wide and 4.0 m high.  A super spider starts at the southeast corner on the floor and travels to the northwest corner at the ceiling in a time of 100 s.  The magnitude of the spider’s average velocity is
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A) 0.11 m/s

B) 0.16 m/s

C) 0.21 m/s

D) 0.33 m/s

E) 4.4 m/s

Answer: C
Reference: Kinematics
Difficulty: moderate
Learning Objective: B2.7
Contest: 1997
Uniform plane waves with a wavelength of 5.0 m are travelling north at constant speed.  When Jill travels north in her power boat at 15 m/s (relative to the land), she notes that the boat hits a new wave crest every 0.50 s.  If she were to travel south at 15 m/s, what would the period of time be for her boat to hit successive wave crests?
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A) 0.50 s
B) 0.40 s
C) 0.30 s
D) 0.25 s
E) 0.15 s
Answer: D
Reference: Kinematics
Difficulty: easy
Learning Objective: B2.2
Contest: 1998
Which of the following motions is best described by the velocity-time graph below?
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A) A marble rolling up a hill and down the other side.
B) A car speeding up on a road, and braking to a stop.
C) A Loonie coin is thrown up and falls down.
D) A horse runs one lap around a circular track.
E) A basketball is dropped and bounces back up.
Answer: B
Reference: Kinematics
Difficulty: moderate
Learning Objective: B2.2
Contest: 1998
Jill rode up a hill at a constant speed of 10.0 km/h, then returned down the same hill at a constant speed of 20.0 km/h.  If the time to turn around is ignored, what was her average speed for the whole trip?

A) 0 km/h
B) 13.3 km/h
C) 15.0 km/h
D) 16.7 km/h
E) not enough information to answer the question
Answer: B
Reference: Kinematics
Difficulty: 

Learning Objective: B2.2
Contest: 1998
In the Drop Zone amusement park ride, Sam falls vertically from rest.  Assuming constant acceleration, he falls a distance d1 during the first second and an additional distance d2 in the next second.  The ratio of d2:d1 is

A) 1:1
B) 2:1
C) 3:1
D) 4:1
E) 5:1
Answer: C
Reference: Kinematics
Difficulty: difficult
Learning Objective: B2.7
Contest: 1998
A stone of mass M thrown straight up with initial velocity v1 reaches a height H.  A second stone of mass 2M, thrown straight up with an initial velocity 2v1 will reach a height

A) H/2
B) H
C) 
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D) 2H
E) 4H
Answer: E
Reference: Kinematics
Difficulty: difficult
Learning Objective: B2.7
Contest: 1998
Cindy notes that if she leaves now and travels the straight road to her house at 30.0 km/h, she will arrive at 10:00 AM.  If she travels at 20.0 km/h, she will arrive at 12:00 noon.  How fast does she have to travel in order to arrive at 11:00 AM?

A) 22.5 km/h
B) 24.0 km/h
C) 25.0 km/h
D) 27.5 km/h
E) not enough information is given
Answer: B
Reference: Kinematics
Difficulty: easy
Learning Objective: B2.2
Contest: 1999
Anna is falling through the air when she opens her parachute and soon reaches a terminal velocity.  Starting at the time when her parachute opens, which of the graphs below most closely resembles the velocity-time graph of her motion?

A) 
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B) 
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C) 
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D) 
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E) 
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Answer: A
Reference: Kinematics
Difficulty: moderate

Learning Objective: B2.2
Contest: 1999

Data from an experiment was plotted to give the graph below.  Which expression best represents the data?
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A) d = 20t

B) d = 15t

C) d = 25

D) d = 25 + 15t

E) d = 25 + 20t

Answer: D

Reference: Kinematics
Difficulty: moderate

Learning Objective: B2.7
Contest: 1999

A ping-pong ball dropped from rest reaches a terminal velocity of 1.0 m/s.  If the same ball were projected upwards at 1.0 m/s, its instantaneous acceleration would be:  (magnitude only)

A) 0 m/s2
B) 1.0 m/s2
C) 2.0 m/s2
D) 9.8 m/s2
E) 19.6 m/s2
Answer: E

Reference: Kinematics
Difficulty: moderate
Learning Objective: B2.7
Contest: 1999
The Space Shuttle travels at a speed of 7.61 × 103 m/s in its circular orbit around the Earth.  If the period of its orbit is 1.50 h, what is the radius of its orbit?

A) 5.07 × 103 m
B) 1.14 × 104 m
C) 6.85 × 105 m
D) 6.54 × 106 m
E) 4.11 × 107 m
Answer: D
Reference: Kinematics
Difficulty: moderate
Learning Objective: B2.7
Contest: 1999
A car travelling on a straight track accelerates uniformly from rest for 5.0 s and then travels at a constant speed for the next 5.0 s, covering a total distance of 75 m in that time.  Determine the constant speed that the car achieved.

A) 7.5 m/s
B) 10 m/s
C) 15 m/s
D) 20 m/s
E) 30 m/s
Answer: B
Reference: Kinematics
Difficulty: moderate
Learning Objective: B2.7
Contest: 1999
Two cyclists are travelling at constant speeds around a 400 m track in opposite direction.  The speed of Jeff is 1.5 times the speed of Rob.  The cyclists find they meet every 20 s.  What is the speed of Jeff?

A) 9.0 m/s
B) 12 m/s
C) 13 m/s
D) 20 m/s
E) 30 m/s
Answer: B
Reference: Kinematics
Difficulty: easy
Learning Objective: B2.7
Contest: 2000
Tina is performing a standard acceleration due to gravity experiment, but she is performing the experiment in an old salt mine, 1.0 km below sea level. Tina will measure g to be

A) 0 m/s2
B) < 9.8 m/s2
C) 9.8 m/s2
D) > 9.8 m/s2
E) more information needed
Answer: B
Reference: Kinematics
Difficulty: difficult
Learning Objective: B2.7
Contest: 2000
A bottle dropped from a balcony strikes the sidewalk below with a particular speed. In order for the bottle to strike with double that speed, the bottle must be dropped from a height that is
A) 1.4 times higher
B) twice as high
C) three times as high
D) four times as high
E) eight times as high
Answer: D
Reference: Kinematics
Difficulty: moderate
Learning Objective: B2.7
Contest: 2000
Two trains are 1.0 km long.  Train X moves at 45 km/h [E] while Train Y moves at 30 km/h [W] on a parallel track. How much time elapses from the moment the two locomotives meet, until the two cabooses are just separating?

A) 240 s
B) 160 s
C) 120 s
D) 96 s
E) 80 s
Answer: D
Reference: Kinematics
Difficulty: moderate
Learning Objective: B2.7
Contest: 2000
Bob exercises his dog on his daily 30 minute walk by throwing a stick that his dog faithfully chases and retrieves. In which direction should Bob throw the stick to keep the dog running for the longest time? Assume constant speeds for Bob and the dog (negligible acceleration times) and that his throws are instantaneous and consistent.

A) Must be in front of him
B) Must be in back of him
C) Must be 45° to Bob’s direction of motion
D) Must be 90° to Bob’s direction of motion
E) In any direction, as all are equivalent
Answer: D
Reference: Kinematics
Difficulty: easy
Learning Objective: B2.7
Contest: 2000
A rock was filmed as it fell from rest. Analysis showed an acceleration of 9.8 m/s2 [down]. Suppose the film were run backwards, at the same frame rate. What would the apparent acceleration of the rock be now?

A) 9.8 m/s2 [down]
B) 9.8 m/s2 [up]
C) 0 m/s2
D) none of these
E) indeterminate
Answer: A
Reference: Kinematics
Difficulty: moderate
Learning Objective: B2.7
Contest: 2000
A car has an initial velocity of 15 m/s. For how many seconds must it accelerate at a constant rate of 3.0 m/s2 before its average velocity is equal to twice its initial velocity?

A) 5.0 s
B) 10 s
C) 15 s
D) 20 s
E) 25 s
Answer: B
Reference: Kinematics
Difficulty: moderate
Learning Objective: B2.2
Contest: 2000
Which of the following descriptions matches the motion shown on the velocity-time graph below?
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A) A ball falling down and bouncing back up.
B) A rock thrown up and falling down.
C) A car climbing a hill and falling off a cliff.
D) A mass oscillating on the end of a spring.
E) A person walking at steady speed, turning around, and walking back.
Answer: A
Reference: Kinematics
Difficulty: easy
Learning Objective: B2.7
Contest: 2001
While you are working on this physics contest, you are being whisked along with the Earth on its journey around the Sun, which is about 1.50 x 108 km away.  At approximately what speed does the Earth carry you along?

A) 29.9 km/s

B) 4.76 km/s

C) 1720 km/s

D) 1670 km/s

E) 1.09x104 km/s
Answer: A
Reference: Kinematics
Difficulty: moderate
Learning Objective: B2.7
Contest: 2001
A pilot has an airplane that flies at 200 km/h in still air.  She decided to fly 200 km north to air drop a birthday card for a friend, and then return home.  There was a steady wind blowing from the north at 50 km/h.  Assuming that the time to drop the package and turn the plane to be negligible, the total round trip time for the flight would be:

A) 1.6 h

B) 2.0 h

C) 2.1 h

D) 2.5 h


E) 2.7 h
Answer: C
Reference: Kinematics
Difficulty: moderate
Learning Objective: B2.7
Contest: 2001
If a dragster goes from rest at the starting line to the finish line 
A) 2 km/h

B) 72 km/h

C) 100 km/hD) 120 km/h

E)  144 km/h

Answer: E
Reference: Kinematics
Difficulty: easy
Learning Objective: B2.7
Contest: 2001
Anne Montminy, our double medal winner at the Olympics last September, did a triple somersault off the 10 m tower.  She left the tower with a speed of 4 m/s and entered the water in the vertical position.  What was her acceleration just before she hit the water?

A) the acceleration due to gravity, “g”

B) slightly more than the acceleration due to gravity

C) slightly less than the acceleration due to gravity

D) zero

E) cannot be determined unless the direction of her velocity is given

Answer: A
Reference: Kinematics
Difficulty: easy
Learning Objective: B2.5
Contest: 2001
A man was walking westwards down the aisle of a train moving west at 120 km/h when he felt “thrown” to his left.  The train:

A) turned southwards

B) turned northwards

C) slowed down

D) sped up

E) accelerated eastwards
Answer: B
Reference: Kinematics
Difficulty: moderate
Learning Objective: B2.7
Contest: 2001
A lifeguard at P on the beach must rescue a drowning person in the water at Q.  Assuming that she can run faster than she can swim, which path will take the least time?
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A)  P to A to Q

B)  P to B to Q

C)  P to A to C to Q

D)  P to C to Q

E)  All these paths take the same time

Answer: D

Reference: Kinematics
Difficulty: moderate
Learning Objective: B2.7
Contest: 2002
If an apple starts from rest and falls freely for 3.00 s then its average speed during these 3.00 s is

A) 0 m/s.

B) 4.90 m/s.

C) 9.80 m/s.

D) 14.7 m/s.

E) 19.6 m/s
Answer: D
Reference: Kinematics
Difficulty: moderate
Learning Objective: B2.7
Contest: 2002

An astronaut tossed a ball vertically upwards on the moon.  It reached a height of 85 m before landing back in her hand 20 s after leaving it.  You may ignore air resistance in this question.  If the same ball were thrown upward on Earth with the same initial speed as on the moon, it would be in flight for

A) 20 s.

B) 17 s.

C) 10 s.

D) 3.5 s.

E) 1.7 s.

Answer: D
Reference: Kinematics
Difficulty: easy
Learning Objective: B2.2
Contest: 2002
A graph of acceleration in m/s2 versus time in s is shown.  The change in velocity of this object from t = 0 s to t = 10 s is closest to
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A) 40 m/s.

B) -40 m/s.

C) 80 m/s.

D) –80 m/s.

E) 0 m/s.
Answer: A
Reference: Kinematics
Difficulty: easy
Learning Objective: B2.7
Contest: 2002
A hockey rink was made from the new plastic “Sliplon”, which is completely frictionless.  If a player is not permitted to throw anything away from him, which of the following actions would be possible on this new hockey rink?  You may assume that the mass of air molecules is negligible.

A) a player at rest could accelerate

B) a player moving could come to a stop

C) a moving player could turn to his right


D)  all of these

E) none of these

Answer: E
Reference: Kinematics
Difficulty: moderate
Learning Objective: B2.5
Contest: 2003
A light aircraft was trying to set a class speed record over a square closed course of side length 150 km. A steady wind of 50.0 km/h was blowing from the west. The pilot applied wind correction angles such that the aircraft did not leave the prescribed course.  If the aircraft took 1.50 hours to fly the course, what was its average speed over one complete circuit of the course?
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A) 350 km/h

B) 375 km/h

C) 400 km/h

D) 425 km/h

E) 450 km/h

Answer: C
Reference: Kinematics
Difficulty: moderate
Learning Objective: B2.7
Contest: 2003
Two identical arrows A and B were fired from the roof of a school. Arrow A was fired upwards with a speed of 10 m/s, while arrow B was fired downwards with a speed of 10 m/s. Which statement is correct regarding the speeds with which the arrows hit the ground? Ignore air resistance.

A) vB > vA

B) vB = vA

C) vA < vB < 2vA

D) vB = 2vA
E) vB > 2vA

Answer: B
Reference: Kinematics
Difficulty: easy
Learning Objective: B2.2
Contest: 2003
The graph represents displacement vs time for an object moving in a straight line. Which of the following spark timer patterns best represents the motion? In each case, the beginning of the tape is on the left side, and the time intervals between all dots are equal.
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A) ●  ●    ●     ●      ●       ●       ●       ●       ●       ●      ●     ●    ●   ●  ●

B) ●    ●    ●    ●    ●    ●    ●    ●    ●    ●    ●    ●    ●    ●    ●    ●    ●    ●    ●

C) ●  ●   ●    ●     ●      ●       ●        ●         ●          ●           ●            ●

D) ●  ●   ●    ●     ●      ●       ●        ●        ●        ●        ●        ●        ●

E) ●            ●          ●        ●      ●    ●  ●    ●      ●        ●          ●           ●
Answer: A
Reference: Kinematics
Difficulty: moderate
Learning Objective: B2.8
Contest: 2003
The path of a golf ball is shown from the point A just after it starts, through the maximum height at point C to the point D just before it lands. At which point is the ball’s velocity vector changing most rapidly?
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A)  A

B)  B

C)  C

D)  D

E) It is changing at the same rate at all the above points.

Answer: E
Reference: Kinematics
Difficulty: easy
Learning Objective: B2.7
Contest: 2004
An arrow is shot straight up with an initial speed of 10 m/s.  How long does it take the arrow to reach its maximum height? Ignore air resistance.

A) 0.50 s

B) 1.0 s

C) 2.0 s

D) 9.8 s

E) 20 s
Answer: B
Reference: Kinematics
Difficulty: moderate
Learning Objective: B2.7
Contest: 2004
A cyclist is traveling west at 9.0 m/s. A rollerblader is 6.0 km directly ahead of the cyclist and traveling west at 5.0 m/s.  How long will it take for the cyclist to catch up to the rollerblader?

A) 1.5 s

B) 2.3(102 s
C) 4.3(102 s

D) 5.3(102 s

E) 1.5(103 s

Answer: E
Reference: Kinematics
Difficulty: moderate
Learning Objective: B2.5
Contest: 2004
A rabbit hops at 60 m/min for 2.0 min due east. It then reverses its direction and hops due west at 120 m/min for 1.0 min. What is the average speed of the rabbit?

A) 0 m/min

B) 40 m/min

C) 60 m/min

D) 80 m/min

E) 90 m/min
Answer: D
Reference: Kinematics
Difficulty: difficult
Learning Objective: B2.7
Contest: 2004
A boy is sitting in his tree house and observes a falling walnut passing from the top to the bottom of his window.  The window is 2.5 m tall and it takes 0.43 s for the walnut to pass the window.  How far is the top of the window from the squirrel above it that dropped the walnut? Ignore air resistance.

A) 0.29 m

B) 0.58 m

C) 0.70 m

D) 2.5 m

E) 3.2 m

Answer: C
Reference: Kinematics
Difficulty: easy
Learning Objective: B2.8
Contest: 2005
A student was riding home in a school bus, which was moving down the highway in a straight line at a constant speed. All measurements in this problem are relative to an origin located at the student. The student tossed a ball straight up. If the ball did not hit anything during its flight and air resistance is negligible, where did it land?

A) at the point of launch

B) behind the point of launch

C) ahead of the point of launch

D) at the rear window of the bus

E) it depends on the speed of the bus
Answer: A
Reference: Kinematics
Difficulty: moderate
Learning Objective: B2.7
Contest: 2005
During the first 17 minutes of a 1.0 hour bus trip, the average speed of the bus was 13 m/s.  What was the average speed during the remainder of the trip, if the bus had an average speed of 20 m/s for the entire trip?

A) 20 m/s

B) 23 m/s

C) 25 m/s

D) 27  m/s

E) 33 m/s

Answer: B
Reference: Kinematics
Difficulty: difficult
Learning Objective: B2.2
Contest: 2005
While solving a kinematics problem for the motion of an object, a student obtained the following result:

a = k – bv, where a is acceleration, v is speed and  k and b are positive constants.

Given that at t = 0, v = 0, which of the following v versus t graphs is consistent with the equation?
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A)

      B)


C)

         D)


        E)

Answer: B
Reference: Kinematics
Difficulty: Moderate
Learning Objective: B2.2
Contest: 2006
The graph shown illustrates velocity versus time for two cars A and B constrained to move in a straight line. Both cars were at the same position at t = 0 s. Consider the following statements.
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1) Car A is traveling west and Car B is traveling east.

2) Car A overtakes Car B at t = 5 s.

3) Car A overtakes Car B at t = 10 s.

Which of the following is correct?

A) Only statement 1 is true.

B) Only statement 2 is true.

C) Only statement 3 is true.

D) Only statements 1 and 2 are true.

E) Only statements 1 and 3 are true.
Answer: C
Reference: Kinematics
Difficulty: moderate
Learning Objective: B2.2
Contest: 2006

A changing acceleration is called "jerk".  The graph shown is an acceleration versus time graph. Which of the following best represents the related velocity versus time graph?
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Answer: D
Reference: Kinematics
Difficulty: moderate
Learning Objective: B2.7
Contest: 2006
Two drag racers accelerate from rest down a dragstrip. The engine of each car produces a constant forward force of 1200 N on the car. Car A has a mass of 1.25( 103 kg, while car B has a mass of 1.20( 103  kg. When car A has gone 1.00 ( 102  m, car B will be

A) 2 m behind car A.

B) beside car A.

C) 2 m ahead of car A.

D) 4 m ahead of car A.

E) 7 m ahead of car A.
Answer: D
Reference: Kinematics
Difficulty: easy
Learning Objective: B2.7
Contest: 2006
You are standing on a river bank. The river is flowing at a rate of 2.0 m/s.  You see a duck in the river. You throw two pieces of bread at the duck. One piece lands in front of the duck, and the other an equal distance behind it, as shown. The duck can swim at 1.0 m/s. The duck is hungry, and wants to reach the bread in the shortest amount of time. What should the duck do?
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A) Pick one and swim for it. It takes the same time to reach both.

B) Swim towards piece 1.

C) Swim towards piece 2.

D) The duck should not swim at all. It cannot reach either piece since it cannot swim as fast as the river is flowing.

E) The duck should not swim at all. It should  wait for piece 1 to come to it.
Answer: A
Reference: Kinematics

Difficulty: Easy

Learning Objective: B2.7

Contest: 2007

The graph shows the motion of an object along a straight line. During which time interval(s) does the object travel equal distances in equal small time intervals?
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A) 0 s to 2 s 

B) 2 s to 3 s  

C) 3 s to 5 s  

D) 0 s to 2 s and 3 s to 5 s

E) 0 s to 2 s , 3 s to 5 s and 5 s to 6s

Answer: B

Reference: Kinematics

Difficulty: Moderate

Learning Objective: B2.7

Contest: 2007

A ball starts from rest and rolls down an inclined plane. A partial table of time and distance for the ball is shown.  Calculate the average acceleration of the ball over the first 3.0 s.
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A) 8 cm/s2  

B) 12 cm/s2  

*C) 24 cm/s2  

D) 36 cm/s2  

E) There is not enough data available.

Answer: C
Reference: Kinematics

Difficulty: Moderate

Learning Objective: B2.8

Contest: 2007

An arrow is aimed horizontally directly at a target point P on a wall a horizontal distance X away from the point of release A. The arrow is affected by gravity, and strikes the wall a distance h below the target point, as shown. If the distance X were half as large, and the arrow had the same initial velocity, how would h be affected? Ignore air resistance.
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A) h will be one quarter as large.  

B) h will be half as large.   

C) h will be twice as large.

D) h will be four times as large.

E) The change in h cannot be determined unless the value of X is known.

Answer: A

Reference: Kinematics

Difficulty: Easy

Learning Objective: B3.2

Contest: 2008

If we use plus and minus signs to indicate the directions of velocity and acceleration for an object constrained to move along a straight line, which of the following combinations results in an increase in the speed of the object? 

A) positive velocity and negative acceleration


B)  negative velocity and positive acceleration

C) positive velocity and zero acceleration



D)  negative velocity and negative acceleration

E) none of the above.

Answer: D

Reference: Kinematics

Difficulty: Easy

Learning Objective: B2.7

Contest: 2008

An acrobat is juggling 4 balls with a single hand. He always keeps one ball in his hand while the other three remain in the air. If the maximum displacement of each ball is 1.22 m [up], and the juggler keeps each ball in hand for the same time interval, how long does he hold onto each ball?

A) 0.125 s  

B) 0.250 s  

C) 0.333 s  

D) 0.375 s  

E) 0.500 s
Answer: C

Reference: Kinematics

Difficulty: Moderate

Learning Objective: B2.7

Contest: 2008

A marathon runner runs at a constant speed of 15 km/h. When the runner is 7.5 km from the finish line, a bird passes the runner, flying towards the finish line at 30 km/h. When the bird reaches the finish line, it turns around and flies back to the runner, where it turns around again. The bird repeats these back and forth trips until the runner reaches the finish line. How far does the bird travel?

A)  10 km   

B)  15 km   

C)  20 km   

D) 25 km   

E)  30 km

Answer: B

Reference: Kinematics

Difficulty: difficult
Learning Objective: B2.7
Contest: 2009
A stone is dropped from the top of a tower of height h meters. It takes t seconds for the stone to reach the ground. Where is the stone at time 0.50t?
A) The stone is 0.25 h m from the ground.

B) The stone is 0.5h m from the ground.

C) The stone is 0.75h m from the ground.

D) The position of the stone depends on its mass.

E) The position of the stone depends on its density.

Answer: C
Reference: Kinematics

Difficulty: difficult
Learning Objective: B2.7
Contest: 2009
A car travelling in a straight line moves with uniform speed v1 for the first half of distance d, and then with uniform speed v2 over the second half of d. What is the expression for the average speed of the car?
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Answer: C
Reference: Kinematics

Difficulty: moderate
Learning Objective: B2.2
Contest: 2009
A ball is released on an inclined plane, while another ball rolls to the right along a horizontal plane at constant speed. Both planes have the same length. Their positions are recorded five times at equal time intervals. When do the two balls have the same speed?
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Answer: C
Reference: Kinematics

Difficulty: difficult
Learning Objective: B2.7
Contest: 2010
A pilot flew his airplane at a constant altitude and uniform speed v due east for a time t. He turned left through an angle θ, without changing speed or altitude, and flew for an equal time t. The magnitude of his displacement from his starting point after the first leg of the flight was the same as the magnitude of his displacement from his starting point after the second leg of the flight. What was the measure of the angle θ?
A) 180°

B) 120°

C) 90°

D) 45°

E) θ cannot be determined.

Answer: B
Reference: Kinematics

Difficulty: moderate
Learning Objective: B2.7
Contest: 2010
Cross-country skiing requires that competitors ski uphill as well as downhill. In 2006 the women’s 30 km event was won in 1 hour and 22 minutes - an average speed of 6.1 m/s. Suppose that during half of the distance she skied at 4.0 m/s. How fast would she have to ski during the other half?
A) 8.2 m/s

B) 9.3 m/s

C) 10 m/s

D) 13 m/s

E) 25 m/s

Answer: D
Reference: Kinematics

Difficulty: moderate
Learning Objective: B2.7
Contest: 2010
A marble started from rest and accelerated at 2.0 m/s2 down an inclined plane 9.0 m long. After it reached the bottom, the marble rolled up another inclined plane. After moving 6.0 m, it came to rest. How long did the marble take to come to rest, after starting up the second inclined plane?
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A) 0.30 s

B) 0.50 s

C) 2.0 s

D) 3.5 s

E) 4.5 s
Answer: C
Reference: Kinematics
Difficulty: easy
Learning Objective: B2.2
Contest: 2010

The velocity versus time graph for a body constrained to straight-line motion is shown. Which statement is true?
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A) The displacement of the body after 10 s is 0 m.

B) The velocity of the body at t = 5 s is 0 m/s.

C) The acceleration of the body is constant.

D) The displacement at t = 10 s is twice the displacement at t = 5 s.

E) None of these are true.

Answer: D

Reference: Kinematics
Difficulty: moderate
Learning Objective: B2.7
Contest: 2010

A motorcyclist started from rest, and accelerated at a uniform acceleration a for a time t, covering a distance of 20 m. The same acceleration was continued for a period of time equal to the first. How far did the motorcyclist travel during the second time interval?
A) 10 m

B) 20 m

C) 40 m

D) 60 m

E) 80 m

Answer: D

Reference: Kinematics
Difficulty: difficult
Learning Objective: B2.7
Contest: 2010

Rock A was released from rest from the top of a building at a height of h meters above ground level. At the same time, rock B was thrown vertically upwards from ground level, with a speed 
[image: image23.wmf]gh

 meters per second. What was the ratio of the speed of rock A to that of rock B when both rocks hit the ground, near the base of the building?
A) 1:
[image: image24.wmf]2


B) 
[image: image25.wmf]2

 : 1

C) 1:4

D) 4:1

E) 2:1
Answer: B

Reference: Kinematics
Difficulty: moderate
Learning Objective: B2.7
Contest: 2011
A ball is launched from ground level vertically upwards with an initial speed v m/s. It reaches a maximum height of h m.  What are the magnitudes of the velocity and acceleration when the ball is at height h m?  Ignore air resistance.

A) 0 m/s, g m/s2
B) 0 m/s, 0 m/s2
C) 
[image: image26.wmf]2
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 m/s, g m/s2
D) 
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m/s, 0 m/s2
E) g m/s, 
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m/s2
Answer: A
Reference: Kinematics
Difficulty: difficult
Learning Objective: B2.7
Contest: 2011
A race car starts from rest and accelerates at a constant rate a.  It covers a distance d in a time t.  How long would it take to cover an additional distance 8d at the same acceleration?

A) 
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B) 
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C) 2t

D) 3t

E) 
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Answer: C
Reference: Kinematics
Difficulty: moderate
Learning Objective: B2.7
Contest: 2011
A student rode her bicycle halfway home at a leisurely 5.0 km/h. Noting that it was almost time for dinner, she increased her speed for the second half of the trip. What speed would she need to maintain for the second half in order to average 10 km/h for the entire trip?

A) 25 km/h

B) 20 km/h

C) 15 km/h

D) 10 km/h

E) She cannot average 10 km/h.
Answer: E
Reference: Kinematics
Difficulty: moderate
Learning Objective: B2.2
Contest: 2011
A skydiver left a helicopter that was hovering 4000 m above the ground. She accelerated without opening her parachute until she reached terminal velocity.  Which of the graphs shown best represent her position versus time, speed versus time, and acceleration versus time, respectively, along the vertical?
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A) IV, III, II

B) IV, III, I

C) II, III, I

D) II, V, I

E) II, III, I
Answer: A
Reference: Kinematics
Difficulty: moderate
Learning Objective: B2.7
Contest: 2011
A Cessna C-172 aircraft is flying along an airway in a straight line at a constant speed of v m/s. A Piper Seminole aircraft enters the airway d m behind the Cessna, moving at twice the speed of the Cessna and in the same direction. Which expression represents the time in seconds before the Piper overtakes the Cessna?

A) 
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[image: image35.wmf]2

d

v


E) 
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Answer: B
Reference: Kinematics
Difficulty: difficult
Learning Objective: B2.8
Contest: 2011
A roller coaster is designed with a jump, as shown. The first part of the track is a quarter circle, and the second part is shaped so that the train lands safely. A car starts at P with a speed of 19.8 m/s.  What distance x is needed to ensure that the car lands safely on the track at Q?
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A) 20.0 m

B 28.3 m

C) 40.0 m

D) 56.6 m

E) 80.0 m
Answer: C
Reference: Kinematics
Difficulty: easy
Learning Objective: B2.7
Contest: 2012
Athletes competing in the luge category descend icy slopes on sleds at speeds averaging 140 km/h. How long would it take you to reach that speed if you were dropped off a cliff? (Assume that air resistance is negligible.)

A) 3.97 s

B) 14.3 s

C) 38.9 s

D) 51.4 s

E) 381 s
Answer: A
Reference: Kinematics
Difficulty: moderate
Learning Objective: B2.7
Contest: 2012
A sprinter starts from rest and runs a distance of 100 m in 10.2 seconds with a constant acceleration. What distance does he cover during the last second?
A) 18.6 m

B) 19.3 m

C) 21.0 m

D) 23.2 m

E) 25.4 m

Answer: A
Reference: Kinematics
Difficulty: difficult
Learning Objective: B2.7
Contest: 2012
A sky diver stepped out of an airplane at an altitude of 1000 m. She fell freely for 5.00 s. She opened her parachute and slowed to 7.00 m/s in a negligible time. She then maintained this speed until she reached the ground. What was the total elapsed time from leaving the airplane to landing on the ground?
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A) 80.0 s

B) 105 s

C) 130 s

D) 143 s

E) 210 s

Answer: C
Reference: Kinematics
Difficulty: moderate
Learning Objective: B2.7
Contest: 2012
A man travelling 100 km at an average speed of v kilometers per hour arrived at his destination two hours late.  At what average speed should he have travelled in order to arrive on time?
A) 
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Answer: E
Reference: Kinematics
Difficulty: moderate
Learning Objective: B.27
Contest: 2012
A motorcyclist was riding at a constant speed. He then doubled his speed in 2.0 s over a distance of 30 m, accelerating at a constant rate. What was the initial speed of the motorcyclist?
A) 5.0 m/s

B) 10 m/s

C) 20 m/s

D) 25 m/s

E) 30 m/s
Answer: B
Reference: Kinematics
Difficulty: moderate
Learning Objective: B2.7
Contest: 2012
A pitching machine shoots baseballs with a fixed initial speed. Ball A is launched at an angle of 30° to the horizontal and rock B is launched at 60°. Both balls land at the same level they were launched. What is the ratio of the range of ball A to that of ball B?
A) 1:
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B) 
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:1

C) 1:2

D) 2:1

E) 1:1
Answer: E
Reference: Kinematics
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