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Scalar: Physical quantity that has only magnitude (mass, volume, temperature, energy)

Vector: Physical quantity that has both magnitude and direction (velocity, acceleration, force, momentum)

Displacement = (A2 + B2)1/2

Equation                                                        Units                                    Quantity

v = d/t                                                                m/s                                         speed

a = (v2 - v1)/t                                                      m/s2                                   acceleration

d = v1t + (1/2)at2                                                m                                          distance
F = ma                                                               kgm/s2 (Newton)                   force
Weight = mg                                                     kgm/s2 (Newton)                   weight
W = F·d                                                             kgm2/s2 (Joule)                      work

PE = mgh                                                          kgm2/s2 (Joule)                potential energy

KE = (1/2)mv2                                                   kgm2/s2 (Joule)                kinetic energy
p = mv                                                               kgm/s                                 momentum

g = 9.8 m/s2                                                                                             gravity acceleration

Chapter 2  Motion

Question 2.01 Who is faster: someone traveling a mile a minute or someone traveling 20 m/s?

A) The person traveling a mile a minute travels faster.

B) The person traveling 20 m/s travels faster.

C) They travel at the same speed.

Answer: A

Feedback A: Correct.  This is a conversion.  You have to get 1 mile/minute changed to m/s or the 20 m/s changed to mi/h and then compare the two numbers when they have the same units.

 (1mi/min)(1609m/mi)(1min/60s)=26.8 m/s

Feedback B: Incorrect.  See section 2.1.

Feedback C: Incorrect.  See section 2.1.

Question 2.02 A bug travels 30 cm due east before turning and traveling 40 cm due north.  A second bug travels 40 cm due east before turning and traveling 30 cm due north.  Which statement is true?

A) Both bugs have the same vector displacement.

B) Both bugs are the same distance away from their starting points.

Answer: B

Feedback A: Incorrect.  See section 2.2.

Feedback B: Correct.  The vector displacement is not the same since the bugs don’t end up in the same place.  They both move the distance away, however (Pythagorean Theorem).

Question 2.03 A car travels around a circular track at constant speed.  The velocity of the car is 

A) zero.

B) constant but not zero.

C) not constant.

Answer: C

Feedback A: Incorrect.  See section 2.2.

Feedback B: Incorrect.  See section 2.2.

Feedback C: Correct.  The velocity is both speed and direction.  Even if the speed stays constant, when the direction changes the velocity changes.

Question 2.04 A boat travels due north on a large lake.  Is it possible for the boat's acceleration to point due south?

A) Yes.

B) No.

Answer: A

Feedback A: Correct.  An object moving in one dimension can feel an acceleration that points in the same way it is moving (causing it to speed up) or opposite to the way it moves (causing it to slow down).

Feedback B: Incorrect.  See section 2.3.

Question 2.05 While a car travels around a circular track at constant speed its

A) acceleration is zero.

B) velocity is zero.

C) both of these.

D) neither of these.

Answer: D

Feedback A: Incorrect.  See section 2.3.

Feedback B: Incorrect.  See section 2.3.

Feedback C: Incorrect.  See section 2.3.

Feedback D: Correct.  Even though the speed is constant, the direction of the velocity vector changes as the object travels in a circle.  It takes acceleration to do this.

Question 2.06 If air resistance is ignored, objects fall at constant 

A) velocity.

B) speed.

C) acceleration.

Answer: C

Feedback A: Incorrect.  See section 2.5.

Feedback B: Incorrect.  See section 2.5.

Feedback C: Correct.  The constant downward acceleration from gravity causes objects to fall faster and faster.

Question 2.07 If an object falls with constant downward acceleration, the speed of the object must

A) be constant also.

B) get smaller.

C) get bigger.

D) be zero

Answer: C

Feedback A: Incorrect.  See section 2.5.

Feedback B: Incorrect.  See section 2.5.

Feedback C: Correct.  The acceleration is in the same direction as the object’s movement, causing it to speed up.

Feedback D: Incorrect.  See section 2.5.

Question 2.08 If an object rises upward with constant downward acceleration, the speed of the object must

A) be constant also.

B) get smaller.

C) get bigger.

D) be zero.

Answer: B

Feedback A: Incorrect.  See section 2.5.

Feedback B: Correct.  The acceleration is opposite to the direction that the object is moving so it must slow down.

Feedback C: Incorrect.  See section 2.5.

Feedback D: Incorrect.  See section 2.5.

Question 2.09 If you were to throw a softball straight upward into the air, what is its acceleration at its highest point (ignore air resistance)?

A) Zero 

B) 9.8 m/s2 pointing down

C) 9.8 m/s2 pointing up

D) None of the above

Answer: B

Feedback A: Incorrect.  See section 2.5.

Feedback B: Correct.  The acceleration due to gravity near the surface of the earth is constant and always points down toward the center of the earth.

Feedback C: Incorrect.  See section 2.5.

Feedback D: Incorrect.  See section 2.5.

Question 2.10 Suppose you hold a baseball in each hand.  Just as you toss one ball upward with your left hand you let the second ball drop from rest with your right hand.  If you ignore air resistance, what can you say about the acceleration of each ball?

A) The ball that was tossed upward from your left hand has a bigger acceleration.

B) The ball that was dropped from your right hand has a bigger acceleration.

C) Both balls have the same acceleration.

Answer: C

Feedback A: Incorrect.  See section 2.5.

Feedback B: Incorrect.  See section 2.5.

Feedback C: Correct.  If you ignore air resistance, the acceleration due to gravity is constant no matter which way the object moves or doesn’t move.

Question 2.11 If you drop an object (in the absence of air resistance), it will accelerate downwards at a rate of 9.8 m/s2.  If you instead throw it downwards as hard as you can (again with no air resistance), its acceleration after it leaves your hand will be

A) less than 9.8 m/s2.

B) equal to 9.8 m/s2.

C) greater than 9.8 m/s2.

Answer: B

Feedback A: Incorrect.  See section 2.5.

Feedback B: Correct.  If you ignore air resistance, the acceleration due to gravity is constant no matter which way the object moves or doesn’t move.

Feedback C: Incorrect.  See section 2.5.

Question 2.12 When a falling object has reached its terminal velocity its acceleration is

A) 9.8 m/s2.

B) Zero.

C) some constant value other than the answers above.

Answer: B

Feedback A: Incorrect.  See section 2.6.

Feedback B: Correct.  At terminal velocity, the acceleration from gravity is balanced by the acceleration from air resistance so the net acceleration is zero.

Feedback C: Incorrect.  See section 2.6.

Question 2.13 If you push a book across a tabletop with a force that exactly matches the force of friction, the book’s speed 

A) increases.

B) stays the same.

C) decreases.

Answer: B

Feedback A: Incorrect.  See section 2.7.

Feedback B: Correct.  If all forces balance, the net force is zero.  This means the acceleration is zero and the velocity stays constant.

Feedback C: Incorrect.  See section 2.7.

Question 2.14 If an object has an acceleration of zero, which of the following statements is correct? 

A) The net force is zero.

B) The velocity of the object is constant.

C) Both of these.

D) Neither of these.

Answer: C

Feedback A: Incorrect.  See section 2.7.

Feedback B: Incorrect.  See section 2.7.

Feedback C: Correct.  If all forces balance, the net force is zero.  This means the acceleration is zero and the velocity stays constant.

Feedback D: Incorrect.  See section 2.7.

Question 2.15 If you drive down the road with a cup of hot coffee on your dashboard, the coffee is most likely to end up in your lap when you

A) hit the brakes.

B) hit the accelerator.

C) turn right.

D) turn left.

Answer: B

Feedback A: Incorrect.  See section 2.7.

Feedback B: Correct.  The object’s inertia tends to keep it in the same place.  As you hit the accelerator, the only way the coffee cup will stay in place is if a friction force can hold it in place as the car accelerates.  If not, it ends up in your lap.

Feedback C: Incorrect.  See section 2.7.

Feedback D: Incorrect.  See section 2.7.

Question 2.16 Suppose you are an astronaut working in outer space.  Floating near you are two objects: a large, very massive hammer and a small screwdriver with a small mass.  Which statement is correct?

A) Because there is no gravity in outer space, if you push both objects with the same force then both will feel the same acceleration.   

B) Even though there is no gravity in outer space, if you push both objects with the same force then the more massive object will feel a smaller acceleration.

C) Even though there is no gravity in outer space, if you push both objects with the same force then the more massive object will feel a larger acceleration.

Answer: B

Feedback A: Incorrect.  See section 2.9.

Feedback B: Correct.  This is Newton’s 2nd Law: F=ma.  If the mass is bigger, the same force produces a smaller acceleration.

Feedback C: Incorrect.  See section 2.9.

Question 2.17 Suppose that you have two identical objects.  The first object is brought to the moon and the second is left on the earth.  Which statement is correct?

A) The mass and weight of an object on the moon are the same as they are on Earth.

B) The mass is different, but the weight stays the same.

C) The weight is different, but the mass stays the same.

D) All of these.

Answer: C

Feedback A: Incorrect.  See section 2.10. 

Feedback B: Incorrect.  See section 2.10.

Feedback C: Correct.  The mass of an object, measuring how much matter it has, is the same everywhere.  The weight depends on the acceleration due to gravity, which is different on the moon than on the earth.

Feedback D: Incorrect.  See section 2.10.

Question 2.18 Which is heavier: 50 Lbs or 50 N?

A) 50 Lbs is heavier.

B) 50 N is heavier.

C) They are the same weight.

Answer: A

Feedback A: Correct.  Each Newton is about _ of a pound (a more exact conversion is 1 N = 0.225 lb).

Feedback B: Incorrect.  See section 2.10. 

Feedback C: Incorrect.  See section 2.10.

Question 2.19 A famous hamburger chain has asked you to help them convert their quarter pound hamburger into metric units.  Which of the following is the closest replacement?

A) A half-Newton burger

B) A one-Newton burger

C) A two-Newton burger

Answer: B

Feedback A: Incorrect.  See section 2.10.

Feedback B: Correct.  Each Newton is about _ of a pound (a more exact conversion is 1 N = 0.225 lb).  If you are used to thinking in English units, this is the easiest way to remember how big a Newton is.

Feedback C: Incorrect.  See section 2.10.

Question 2.20 As a ball falls near the surface of the earth, the action force is the pull of the earth’s mass on the ball.  The reaction force (as used in Newton’s third law) is

A) the air resistance acting against the ball.

B) the pull of the ball’s mass on the earth.

C) nonexistent in this case.

D) none of these.

Answer: B

Feedback A: Incorrect.  See section 2.11.

Feedback B: Correct.  The two objects exerting forces here are the ball and the earth.  The forces between them must be equal and opposite.

Feedback C: Incorrect.  See section 2.11.

Feedback D: Incorrect.  See section 2.11.

Chapter 3  Energy

Question 3.01 Suppose you walk across a room carrying a bucket of water in your right hand.  To keep the water from sloshing out, you walk at constant speed, making sure the bucket is kept at the same height above the ground. Which statement is true?

A) You exert a force on the bucket and do work on the bucket as you carry it.

B) You exert a force on the bucket but do no work on the bucket.

C) You don’t exert a force on the bucket and you do no work on it.

Answer: B

Feedback A:  Incorrect.  See section 3.1. 

Feedback B: Correct.  The force you exert is upward to balance the weight of the bucket.  In order for this force to do work, it must point along the direction of motion.  In this case, it is perpendicular to the direction of motion so the work is zero.

Feedback C: Incorrect.  See section 3.1.

Question 3.02 TRUE or FALSE:  If an object moves from one point in space to another, then work has been done on the object.

A) TRUE

B) FALSE

Answer: B

Feedback A: Incorrect.  See section 3.1.

Feedback B: Correct.  In order for work to have been done, you need to have displacement of the object and a force along the direction of that displacement.  An object can move with no net force applied so there could be no work done in this case.

Question 3.03 Suppose you push on a heavy table and the table doesn’t move.  The work that you do is

A) positive.

B) zero.

C) negative.

Answer: B

Feedback A: Incorrect.  See section 3.1.

Feedback B: Correct.  In order for a force to do work, an object must go through a displacement and the force must point along that displacement.  In this case, there is no displacement even though you exert a force.

Feedback C: Incorrect.  See section 3.1.

Question 3.04 A hockey puck slides across the ice and eventually comes to a stop.  Which statement is true?

A) The work done by gravity is zero.

B) The work done by gravity is equal to the gravitational force times the distance the puck slides. 

C) The work done by gravity cannot be calculated.

Answer: A

Feedback A: Correct.  In order for a force to do work, an object must go through a displacement and the force must point along that displacement.  In this case, the gravitational force doesn’t point along the direction of motion.

Feedback B: Incorrect.  See section 3.1.

Feedback C: Incorrect.  See section 3.1.

Question 3.05 You lift a book bag straight upwards off the floor.  Which statement is correct?

A) You do the same work whether you lift the book bag quickly or slowly.

B) You exert the same power whether you lift the book bag quickly or slowly.

C) The work you do is zero, making the power also zero.

Answer: A

Feedback A: Correct.  The work only depends on force and distance.  This is nonzero since the force is along the direction of motion.  The power depends on how quickly that work is done, so the power is bigger if the object is lifted more quickly.

Feedback B: Incorrect.  See section 3.2.

Feedback C: Incorrect.  See section 3.2.

Question 3.06 Any object that has kinetic energy must be

A) moving.

B) falling.

C) high above the ground
.

D) at rest.

Answer: A

Feedback A: Correct.  Kinetic energy is energy of motion and its formula depends on speed.

Feedback B: Incorrect.  See section 3.3.

Feedback C: Incorrect.  See section 3.3.

Feedback D: Incorrect.  See section 3.3.

Question 3.07 A book is at rest on a tabletop.  One student calculates the potential energy as 15 J.  Another student calculates the potential energy as 20 J.  Which statement is correct?

A) One or both of the students must have calculated the potential energy incorrectly.

B) Both answers could be correct.

C) Both answers are wrong because they use the wrong units.

Answer: B

Feedback A: Incorrect.  See section 3.4.

Feedback B: Correct.  The point where the zero of potential energy is defined is arbitrary.  This makes the actual value of the potential energy zero.  The change in potential is measurable and would be the same for both students if the book were moved.

Feedback C: Incorrect.  See section 3.4.

Question 3.08 TRUE or FALSE:  An object that moves faster has greater potential energy. 

A) TRUE

B) FALSE

Answer: B

Feedback A: Incorrect.  See section 3.4.

Feedback B: Correct.  Potential energy is energy of location in space.  Kinetic energy is energy of motion and depends on speed.

Question 3.09 A ball is thrown straight up into the air (with no air resistance).  Where is the ball’s potential energy the greatest?

A) When it is first released

B) Half way up

C) At its highest point

Answer: C

Feedback A: Incorrect.  See section 3.4.

Feedback B: Incorrect.  See section 3.4.

Feedback C:  Correct.  No matter where the zero for gravitational potential energy is defined, it will have its most positive value at its highest point in space.

Question 3.10 A softball player hits a “pop up” (where the ball is hit high above the infield).  As the ball rises, we know that

A) the kinetic energy increases as the potential energy decreases.

B) the kinetic energy decreases as the potential energy increases.

C) the kinetic energy and potential energy both increase.

D) the kinetic energy and potential energy both decrease.

Answer: B

Feedback A: Incorrect.  See sections 3.5 and 3.6.

Feedback B: Correct.  The ball’s kinetic energy decreases as its potential energy increases.

Feedback C: Incorrect.  See sections 3.5 and 3.6.

Feedback D: Incorrect.  See sections 3.5 and 3.6.

Question 3.11 TRUE or FALSE:  A small fly can have a bigger momentum than a large truck.

A) TRUE

B) FALSE

Answer: A

Feedback A: Correct.  Momentum depends on both mass and velocity.  If the large truck is parked, its momentum is zero.  All the fly has to do is move to have a bigger momentum than the truck.  

Feedback B:  Incorrect.  See section 3.8. 

Question 3.12 You and a friend stand on ice skates facing each other in the middle of a frozen pond.  If you throw a basketball to your friend (who happens to weigh less than you do), what happens?

A) You and your friend both move away from each other at the same speed.

B) Your friend moves away from you at a faster speed than you have.

C) Your friend moves away from you at a slower speed than you have.

D) You don’t move but your friend moves away at a very fast speed.

Answer: B

Feedback A: Incorrect.  See section 3.8.

Feedback B: The total momentum between you, the ball, and your friend is initially zero.  Since momentum is conserved, it must still be zero after the ball is tossed.  That means your friend must have a momentum exactly opposite to yours.  Since your friend’s mass is smaller, his or her speed must be bigger.

Feedback C: Incorrect.  See section 3.8.

Feedback D: Incorrect.  See section 3.8.

Question 3.13 A tetherball is made by attaching one end of a rope to a ball and the other to a pole.  After you hit the ball, the rope wraps around the pole as the ball circles it with a shorter radius each time it goes around.  Which of the following statements is correct about the ball after it is hit?

A) Both the angular momentum and the speed of the ball increase.

B) Both the angular momentum and the speed of the ball decrease.

C) The angular momentum of the ball stays constant while the speed of the ball increases.

D) The angular momentum of the ball stays constant while the speed of the ball decreases.

Answer: C

Feedback A: Incorrect.  See section 3.10.

Feedback B: Incorrect.  See section 3.10.

Feedback C: Correct.  If no external torques are exerted, angular momentum is conserved.  As the ball circles the pole with successively smaller radii, it must speed up to conserve angular momentum.  This is exactly what happens to an ice skater who pulls her arms in and spins faster.

Feedback D: Incorrect.  See section 3.10.

Question 3.14 As a tornado becomes more narrow, the rotational speed

A) decreases.

B) increases.

C) stays the same.

Answer: B

Feedback A: Incorrect.  See section 3.10.

Feedback B: Correct.  Since angular momentum is conserved, as the mass of the air in the tornado is brought in toward its center, the speed must increase.  This is exactly what happens to an ice skater who pulls her arms in and spins faster.

Feedback C: Incorrect.  See section 3.10.

Question 3.15 You see a rocket fly by with a speed that you measure to be close to the speed of light.

A) The person standing on the ground sees the rocket looking “compressed” along the direction of motion, while the person in the rocket sees the person on the ground looking “stretched.”

B) The person standing on the ground sees the rocket looking “compressed” along the direction of motion, and the person in the rocket sees the person on the ground also looking “compressed.”

C) The person standing on the ground sees the rocket looking “stretched” along the direction of motion, while the person in the rocket sees the person on the ground looking “compressed.”

D) The person standing on the ground sees the rocket looking “stretched” along the direction of motion, and the person in the rocket sees the person on the ground also looking “stretched.”

Answer: B

Feedback A: Incorrect.  See section 3.12.

Feedback B: Correct.  You see the rocket traveling fast while the rocket sees you traveling fast.  Since you both see the other person moving fast, each of you see the other as compressed.

Feedback C: Incorrect.  See section 3.12.

Feedback D: Incorrect.  See section 3.12.

