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5)  A sound wave has a frequency of 560 Hz. What is
the period of this wave?

a) 56 s
b) 560 s
c) 0.28 s
d) 5.6 s
e) 0.0018 s

6)  In which of these velocity versus time graphs is the
object slowing down?

a) V
b) IV
c) II
d) III
e) I

1)  Convection

a) increases when the flow rate decreases.
b) cannot be forced.
c) is the movement of heat through the motion of
matter.
d) is the slowest form of heat transfer.
e) decreases when the contact area increases.

2)  Which of the following statements correctly
describes the forces and torques acting on an object in
static equilibrium?

a) The net force be equal and opposite in value to
the net torque.
b) Neither the net force nor the net torque can be
zero.
c) Both the net force and the net torque must be
zero.
d) The net torque is zero, but the net force may be
nonzero.
e) The net force on the object must be zero, but the
net torque must be nonzero.

3)  If you have a circuit with one battery and one
resistor and want to measure the current flowing
through the resistor, how would you do it?

a) Connect an ammeter in parallel with the resistor.
b) Connect an ammeter in series with the resistor.
c) Connect a voltmeter in parallel with the resistor.
d) Connect an ammeter in parallel with the resistor
and a voltmeter in series with the battery.
e) Connect a voltmeter in series with the resistor.

4)  At which part (parts) of this velocity versus time
graph is the acceleration negative?

a) B only
b) D only
c) E only
d) B and D only
e) D and E only
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7)  Which of the following processes requires a
physical medium (a solid, liquid, or gas) to transfer
thermal energy from one object to another?

I. conduction
II. convection

III. radiation

a) I and III only
b) I only
c) None of these require a physical medium to
transfer thermal energy.
d) II and III only
e) I and II only

8)  A bowling ball has a mass of 4.5 kg and is traveling
with a velocity of 20 m/s down the lane. How much
momentum does it have?

a) 4.4 kg m/s
b) 25 kg m/s
c) 410 kg m/s
d) 900 kg m/s
e) 90 kg m/s

9)  What is the net force required to accelerate a 18 kg
box at a rate of 4.4 m/s2?

a) 22 N
b) 79 N
c) 4.1 N
d) 0.24 N
e) 180 N

10)  Anthony is standing on the top of a building 19 m
high holding a 3.0 kg bowling ball. Mildred dug a 4.0 m
deep hole next to the base of the building. What is the
gravitational potential energy of the bowling ball
relative to the bottom of the hole?

a) 69 J
b) 680 J
c) 560 J
d) 120 J
e) 440 J

11)  The graph shows the distance traveled by five
runners, A, B, C, D, and E, over a period of time.
Which runner had the highest speed?

a) Runner B
b) Runner E
c) Runner C
d) Runner D
e) Runner A

12)  Which of the following explains why we can hear
but not see around a corner?

a) interference
b) reflection
c) absorption
d) diffraction
e) refraction

13)  Which of the following is the best example of
resonance?

a) musical note “B-flat” played on a tuba
b) marble rolling down the outside of an upside-
down bowl
c) flickering of a fluorescent light
d) motionless small mass that is vertically
suspended from a spring
e) child swinging her arms back and forth
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14)  What is the linear velocity of a wheel with
diameter of 6.0 m rolling at a rate of 9.0 π rad/sec?

a) 28 m/s
b) 27 m/s
c) 85 m/s
d) 9.4 m/s
e) 170 m/s

15)  Which words best complete the following
sentence? 
The energy of a wave can be increased by a(n) _______
in frequency or a(n) _______ in amplitude.

a) Wave energy is independent of both frequency
and amplitude.
b) increase, increase
c) decrease, increase
d) decrease, decrease
e) increase, decrease

16)  Three 3.0 V batteries are wired in series to power a
light bulb. If 6.0 amps of current are flowing through
the circuit, then how much power is the light bulb
drawing?

a) 18 W
b) 160 W
c) 9.0 W
d) 54 W
e) 6.0 W

17)  What is the gravitational force between the proton
in a hydrogen atom (mass of 1.7 × 10−27 kg) and the
electron in a hydrogen atom (mass of 9.1 × 10−31 kg)?
They are 5.3 × 10−11 m apart.

a) 3.7 × 10−47 N
b) 6.8 × 10−47 N
c) 1.3 × 10−46 N
d) 2.1 × 10−46 N
e) 1.6 × 10−46 N

18)  A hockey puck with mass 0.13 kg slides across the
ice. A hockey player uses her stick to slow down the
puck by applying a 5.1 N force over a distance of
0.20 m. What is the change in the energy of the puck?

a) 25 J
b) 0.13 J
c) 1.0 J
d) 0.039 J
e) 0.0051 J

19)  Which of the following is NOT a scientifically
valid critique of an explanation?

a) The explanation is based on a logical argument
in the form of an if-then statement.
b) The explanation is different from one given in an
online encyclopedia.
c) There is observational evidence that is consistent
with the explanation.
d) The explanation cannot explain some data from
an experiment.
e) The statements in the explanation contain logical
contradictions.

20)  An ant starts at 0.40 m and moves 9.6 m left, 3.2 m
right, 6.9 m left, and 5.6 m right. If the positive x-axis is
to the right, what is the ant's final position?

a) -7.7 m
b) -7.3 m
c) 6.5 m
d) 26 m
e) 7.7 m

21)  An ice skater sets herself spinning in place with her
arms outstretched. She then pulls her arms in close to
her body. Which of the following can be explained by
the law of conservation of angular momentum?

a) More information is needed.
b) She does not get cold.
c) She stays balanced.
d) She spins faster.
e) She eventually stops spinning.
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22)  Two objects in thermal contact with each other can
be said to be in thermal equilibrium if

a) It depends on the exact identities of the objects.
b) they contain identical amounts of thermal
energy.
c) they have identical specific heats.
d) they have identical temperatures.
e) they have identical masses.

23)  Two 7.6 V batteries are connected as shown. What
is the voltage between points Y and X?

a) 15 V
b) 3.8 V
c) 0.0 V
d) 7.6 V
e) 58 V

24)  Sally makes a pendulum using a 5 cm long string
attached to a 10 g ball. She measures the time it takes
for one back-and-forth swinging motion and repeats the
experiment with several different lengths of string.
Which of the following is the dependent variable in her
experiment?

a) mass of the pendulum ball
b) length of the string
c) temperature of the pendulum
d) type of string
e) time for one swinging motion

25)  A particular atom has 43 neutrons and 82 nucleons.
What is the atomic number of this atom?

a) 43
b) 82
c) 86
d) 41
e) 39

26)  A student rubbed two non-metal rods, each of a
different material, with two different cloths. She found
that the two rods then attracted each other. What is the
most likely explanation?

a) One rod was neutral and the other was negatively
charged after being rubbed with the cloths.
b) One rod was neutral and the other was positively
charged after being rubbed with the cloths.
c) The combination of rods and cloths put positive
charges onto both of the rods.
d) The combination of rods and cloths put positive
charges onto one rod and negative charges onto the
other.
e) The combination of rods and cloths put negative
charges onto both of the rods.
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27)  Which of the following statements is true about the
process of the engineering design cycle?

a) The engineering design cycle differs from the
scientific method because the former is not
iterative.
b) Engineers who lack confidence in their designs
will test their prototypes, but other engineers do
not.
c) There is often more than one solution to an
engineering problem.
d) Evaluating a product against its constraints ends
the design cycle.
e) Prototypes should be avoided.

28)  The formula for the angular momentum of a point
mass is L = mvr. Which of the following are proper SI
units for expressing angular momentum?

a) kg m/s
b) kg m/s2

c) kg m2/s2

d) kg m2 s
e) kg m2/s

29)  For this circuit the voltage V = 680 V, capacitance
C1 = 2.3 μF, capacitance C2 = 1.4 μF. What is the
equivalent capacitance of the circuit?
(1 μF = 1.0×10−6 F)

a) 0.0 μF
b) 3.2 μF
c) 3.7 μF
d) 0.87 μF
e) 1.1 μF

30)  Which is NOT an example of wave phenomena at a
boundary?

a) Sound waves travel through the air.
b) High frequency sound waves measure the
changes in human tissue density using refraction.
c) Sound waves in a theater are absorbed by the
heavy curtains.
d) Radio signals bend around mountains.
e) Light is reflected off the surface of a mirror.

31)  Jackson kicks a soccer ball with a force of 70 N
applied at an angle of 46° above the horizontal. What
are the horizontal (x) and vertical (y) components of
this force?

a) x-component: 70 N; y-component: 46 N
b) x-component: 50 N; y-component: 49 N
c) x-component: 70 N; y-component: 70 N
d) x-component: 49 N; y-component: 50 N
e) x-component: 0.0 N; y-component: 70 N

32)  A student marks his starting point on a grassy field.
He then makes three moves: 10 m east, 90 m north, and
70 m west. Where is his final position relative to his
starting point?

a) 60 m east and 90 m south
b) 90 m west and 60 m north
c) 90 m east and 60 m south
d) 60 m west and 90 m north
e) 60 m east and 90 m north

33)  An exterior glass window has a heat transfer
coefficient of 210 W/m2°C due to a strong wind. What
is the rate of heat loss due to convection if the area of
the window is 1.0 m2 and the temperature difference
between the surface and the air is 16°C?

a) 3400 W
b) 34000 W
c) 17000 W
d) 0.0076 W
e) 0.076 W
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34)  Two friends wearing frictionless rollerskates are
facing each other within arm's reach. Jimi pushes gently
on his friend Tony's upraised palms. What happens?

a) Both Jimi and Tony remain motionless.
b) Jimi and Tony roll in opposite directions.
c) Jimi remains motionless, and Tony rolls away
from him.
d) Both Jimi and Tony remain motionless, unless
they push on each other with enough force.
e) Jimi and Tony roll in the same direction.

35)  Car A is moving to the right with a speed of 16 m/s
and car B is moving to the left with a speed of 10 m/s.
Both cars have a mass of 990 kg. What is the total
momentum of the system consisting of cars A and B?
(You may define positive direction to be to the right)

a) 0.0 kg⋅m/s
b) 5600 kg⋅m/s
c) -6700 kg⋅m/s
d) -5900 kg⋅m/s
e) 5900 kg⋅m/s

36)  If the distance between the centers of two objects is
doubled, the gravitational force between them

a) increases by a factor of 4.
b) decreases by a factor of 2.
c) decreases by a factor of 4
d) does not change.
e) increases by a factor of 2.

37)  What type of friction describes the tendency for
objects to stick together until a certain force is applied?

a) rolling friction
b) sliding friction
c) air friction
d) static friction
e) kinetic friction

38)  A spacewalking astronaut is stranded a few meters
from the space station door. His jet pack is broken, but
he can take it off and toss it in order to propel himself
toward the door. In what direction should he toss it?

a) It should be tossed to the right of the door.
b) The direction depends on the jet pack's mass.
c) It should be tossed toward the door.
d) It should be tossed away from the Earth.
e) It should be tossed away from the door.

39)  What is the mass of a person who weighs 1160 N
at Earth's surface?

a) 1160 kg
b) 9.80 kg
c) 11400 kg
d) 77.3 kg
e) 118 kg

40)  How much energy is stored in a spring with a
spring constant of 480 N/m if the spring is compressed
a distance of 0.68 m from its free length?

a) 220 J
b) 330 J
c) 160 J
d) 78000 J
e) 110 J

41)  Which is the best description of how physics and
biology are different?

a) Physics is mathematically based, whereas
biology is observationally based.
b) Physics is concerned with the fundamental
properties of matter, whereas biology is concerned
with the interactions among and within complex,
living organisms.
c) Physics deals with atoms and molecules, whereas
biology does not.
d) Physics is a quantitative science, whereas
biology is a qualitative science.
e) Physics uses the scientific method, whereas
biology does not.
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46)  What is the force of sliding friction between a
block and the ground if the coefficient of kinetic
friction is μk = 0.40 and the block weighs 10 N?

a) 4.0 N
b) 10 N
c) 25 N
d) 40 N
e) 1.6 N

47)  A man accelerates a crate across a rough, level
floor with an efficiency of 50%. Which is true?

a) The concept of efficiency is not applicable here
because there is no technology or machinery
present.
b) Energy is not conserved, because the efficiency
is less than 100%.
c) If the floor were smooth, the man's efficiency
would decrease.
d) Energy would still not be conserved if the man
were to push the crate at an angle.
e) Part of the man's work goes into the kinetic
energy of the crate, while the other part of his work
is done against friction.

48)  A rocket is launched straight upward with a
velocity of 30 m/s. It slows down, reverses direction,
and returns to Earth. What is the rocket's velocity at its
highest point above the ground?

a) -30 m/s
b) 2.0 m/s
c) -15 m/s
d) 30 m/s
e) 0 m/s

42)  Which of the following best shows 0.00880 kg in
scientific notation using the correct number of
significant digits?

a) 9 × 10-3 kg
b) 0.880 × 10-2 kg
c) 8.80 × 10-3 kg
d) 8.8 × 10-3 kg
e) 88.0 × 10-4 kg

43)  The intermolecular forces in a certain substance are
such that at room temperature atoms can switch
neighbors, but are not completely separated. At room
temperature it must be in the ____ phase. If it is then
cooled sufficiently to change phase, it will most likely
be in the _____ phase.

a) gas; solid
b) liquid; gas
c) solid; liquid
d) gas; liquid
e) liquid; solid

44)  What is the mass of an object that weighs 900 N on
Earth?

a) 42 kg
b) 180 kg
c) 8800 kg
d) 92 kg
e) 450 kg

45)  What is your centripetal acceleration when you run
at 4.0 m/s around the curve of an Olympic track, which
has a radius of 36.5 m?

a) 0.11 m/s2

b) 9.8 m/s2

c) 0.22 m/s2

d) 4.0 m/s2

e) 0.44 m/s2
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52)  If you placed a large beach ball in water at room
temperature, is it likely that you would see Brownian
motion?

a) No, because the ball is too large for water
molecule collisions to be noticeable.
b) Yes, because the ball and the water are both
above absolute zero.
c) No, because the temperature is not high enough.
d) It depends on the actual size of the beach ball.
e) Yes, because matter is continually in motion at a
molecular level.

53)  Astrid makes a winch using a long crank arm and
an axle. When she turns the crank with a force of 70 N,
the axle turns and generates a force of 270 N. What is
the mechanical advantage of her winch?

a) 0.26
b) 340
c) 3.9
d) 2.9
e) 70

54)  A 79 kg mass is placed on the end of a first-class
lever. At the other end, a force of 160 N is applied to
balance the lever. What is the mechanical advantage of
the lever?

a) 2.0
b) 4.8
c) 0.49
d) 0.21
e) 20

49)  The graph shows the motion of a car's distance
plotted against time. In which time period was the car's
speed the slowest?

a) iii (20 minutes to 30 minutes)
b) ii (10 minutes to 20 minute)
c) v (40 minutes to 50 minutes)
d) iv (30 minutes to 40 minutes)
e) i (0 minutes to 10 minutes)

50)  What is the volume of a cube measuring 4.0 m on
each side?

a) 16 m3

b) 64 m3

c) 270 m3

d) 4.0 m3

e) 96 m3

51)  If the strong nuclear force did not act on the
nucleons of an element, what would be the binding
energy of that element?

a) zero
b) 1.00×10-10 J
c) 1.00×1013 J
d) 1.60×10−19 J
e) infinity
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58)  A steel cable has a diameter of 1.4 cm. The tensile
strength of the steel is 4 × 108 N/m2. What is the
approximate tension force that will snap the cable?

a) 6.2×1010 N
b) 62000 N
c) 6.2×108 N
d) 4.0×108 N
e) 4.4×108 N

59)  Which of the following pieces of equipment is the
best choice for measuring force?

a) friction block
b) pulley
c) wedge
d) spring scale
e) metric ruler

60)  What do electric field lines show?

a) the force exerted on a positive charge
b) the force exerted on all objects
c) none of these
d) the force exerted on a negative charge
e) the force exerted on a neutral atom

55)  You and your friends are navigating through a corn
maze. Your path is described by the displacement
vectors:

(0, 80) m  
(10, 0) m  
(0, -20) m  
(-20, 0) m  
(0, 10) m

What is your resultant displacement?

a) (-10, 70) m
b) (70, -10) m
c) (0, 60) m
d) (60, 70) m
e) (-10, 60) m

56)  Which statement below is NOT a true statement
regarding the role of a voltage source in an electrical
circuit?

a) A voltage source requires a complete circuit
before current will flow.
b) A voltage source may create positive or negative
voltage.
c) A voltage source causes current in the circuit to
flow from low to high potential.
d) A voltage source creates an electric potential
difference between two points in a circuit, such as
the two ends of a battery.
e) A voltage source provides the electrical potential
energy needed for current to flow in a circuit.

57)  Which shape below best describes the trajectory of
a projectile?

a) parabola
b) ellipse
c) figure eight
d) zigzag
e) semicircle


