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Instructions and information:

1. Do not open this booklet until you are told to do so.

2. Please fill in the top of this sheet now.

3. You may use your calculator, instructor-supplied
scratch paper, and one 8.5 × 11-inch equation sheet
to help you work the exam.  You may not use any
other test aids.

4. Your instructor may not answer any questions about
the exam or assist you in interpreting any questions
on the exam.

5. You may write in this exam booklet.

6. While working the exam, please record each of
your answers in the booklet by circling the letter
that corresponds to the best response.

7. There is no penalty for guessing.

8. After finishing the exam or at 1050 (whichever is first), please obtain a SCANTRON answer
form from your instructor.  Instructions for filling out the answer form are found at the end of
the exam.  Fill out the answer form and turn it in along with this test booklet, your equation
sheet and any scratch paper that you may have used by 1055.  The materials that you turn in
represent your work on the exam and all of the materials are subject to evaluation.

Good Luck!
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1. An F/A-18D Hornet cruising at high speed experiences a drag force whose magnitude is
given by R = bv2 , where R  has units of kg·m/s2, v  has units of m/s, and b  is a constant.  The
correct units for b  are:

A.
kg

m3 ⋅ s2
B.

kg
m

C.
kg
m ⋅ s3

D.
m ⋅ s2

kg
E.

s
kg

2. An object with mass m = (1.50 ± 0.01)  kg, moving in one dimension, experiences a change

in velocity Δv = 1.00 ± 0.01( )  m/s during a time interval Δt = 0.100 ± 0.005( )  s.  The magnitude

of the average force acting on the object during this time interval is best written as:

A. (20.0 ± 3.0) N

B. (20.0 ± 2.0) N

C. (15.0 ± 3.0) N

D. (15.0 ± 1.0) N

E. (15.0 ± 2.0) N

3. The path of a particle is shown below. The velocity of the particle at an early time is
represented by 

 

v1  and at a later time by 
 

v2 .  The direction of the particle’s average acceleration
during the intervening time period is:

E. not shown because the average
acceleration is zero.
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4. The position of a particle moving along the x-axis is given by x = 24.0t − 2.00t 3( ) , where x is

measured in meters if t is measured in seconds.  At the instant when the particle’s velocity is
zero, the magnitude of its acceleration is closest to:

A. 24.0 m/s2

B. 0

C. 12.0 m/s2

D. 48.0 m/s2

E. 36.0 m/s2

5. The motion of an object in one dimension is represented by the following three graphs.  The
position, velocity and acceleration (respectively) of the object vs. time is best represented by:

A. Graph 1, Graph 2, Graph 3

B. Graph 1, Graph 3, Graph 2

C. Graph 3, Graph 1, Graph 2

D. Graph 2, Graph 3, Graph 1

E. Graph 2, Graph 1, Graph 3

6. A Marine Corps infantryman fires a warning shot from his rifle straight up into the air.
Assume that the muzzle velocity of his M-16A2 rifle is 853 m/s, the muzzle is 2.30 m above the
ground when the rifle is fired, and air resistance can be neglected.  The time interval between the
firing and when the bullet hits the ground is closest to:

A. 2.90 min

B. 3.00 min

C. 3.10 min

D. 3.20 min

E. 3.30 min

Graph 1 Graph 2 Graph 3
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7. An F-14D Tomcat aircraft performs a circular dive of
radius 800 m.  At the bottom of the dive (point B in the
figure) the aircraft has a speed of 200 m/s.  At that point,
the speed is also increasing at a rate of 20.0 m/s2.  The
acceleration of the aircraft at B is best expressed as:

A. 50.0 î + 20.0 ĵ( )  m/s2

B. 20.0 î - 50.0 ĵ( )  m/s2

C. −50.0 î + 20.0 ĵ( )  m/s2

D. −20.0 î + 50.0 ĵ( )  m/s2

E. 20.0 î + 50.0 ĵ( )  m/s2

8. The block in the diagram has mass m  and is held in place by
a horizontal force F.  The surface of the incline is frictionless and
it makes an angle θ  with respect to the horizontal.  The best
expression for the magnitude of the normal force that the plane
exerts on the block is:

A. mg / cosθ

B. F sinθ

C. mg tanθ

D. F tanθ

E. mgcosθ

9. A block slides down a rough inclined plane at a constant speed v0 .  The best free body
diagram for the block is:

θ

F
m

A B C D E

v0
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10. A rope is used to pull a 10.0-kg crate across a rough,
horizontal surface.  The tension in the rope is 50.0 N, the
rope makes a 30.0˚ angle with respect to the horizontal, and
the coefficient of kinetic friction between the crate and the
surface is 0.100. The acceleration of the crate is closest to:

A. 2.00 m/s2

B. 2.90 m/s2

C. 3.20 m/s2

D. 2.50 m/s2

E. 3.60 m/s2

11. A block of mass m1 = 1.00  kg sits on another
block with mass m2 = 10.0  kg.  The bottom block
slides without friction on the surface beneath it,
but there is friction between the blocks, with
µs = 0.300  and µk = 0.200 .  The greatest
horizontal force Fmax  that can be applied to the lower block without causing the upper block to
slip is:

A. 1.96 N

B. 2.94 N

C. 21.6 N

D. 29.4 N

E. 32.3 N

12. A roller coaster car travels over the crest of a
hill, labeled B on the figure, which is circular in
shape and has a radius of curvature r = 15.0  m.
The greatest speed that the car can have at point B
without losing contact with the track is closest to:

A. 12.1 m/s

B. 9.90 m/s

C. 7.00 m/s

D. 14.3 m/s

E. 17.1 m/s

F

m1 = 1.00 kg

m2 = 10.0 kg

10.0 kg

T

30.0˚
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13. At the beginning of a tetherball game, a child hits the ball so that it
swings in a horizontal circle as shown, with the rope making an angle
θ = 35.0 ˚ with respect to the vertical.  Air resistance is negligible.  If
the rope has a length L = 2.00  m and the ball has a mass m = 0.600  kg,
then the speed of the ball is closest to:

A. 3.61 m/s

B. 2.81 m/s

C. 3.71 m/s

D. 3.41 m/s

E. 2.61 m/s

14. A spherical object of mass m  and radius r  falls straight downward
through a medium that exerts a resistive force of magnitude R = bv2  on it.
The best expression for its terminal speed is:

A. vT = mg / b

B. vT = mgb /πr2( )
C. vT = mg / b( )2

D. vT = 2mg /πr 2( )
E. vT = mg / b

15. A particle starts at the position 
 

r1 = 1.00î + 2.00 ĵ( )  m and moves to the position

 

r2 = 4.00 î + 3.00 ĵ( )  m while a constant force  

F = 5.00î  N acts on it.  The work that this force

does on the particle is closest to:

A. 35.0 J

B. 25.0 J

C. 20.0 J

D. 15.0 J

E. 5.00 J
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16. An astronaut drives a drill bit into the surface of the moon.  The force
that he must exert to push the bit a distance x  into the surface is given by
the expression Fx = 20.0x

4 , where Fx  is in newtons when x  is in meters.
The work that he does to push the bit 1.7  m into the surface is closest to:

A. 114 J

B. 167 J

C. 105 J

D. 56.8 J

E. 87.0 J

17. A 1.00-kg block sits on a frictionless table at a height of 1.20 m
above the floor.  The block is pushed against one end of a horizontal
spring.  The other end of the spring is rigidly connected to the table.
The spring has a spring constant of 100 N/m and is compressed by
0.100 m.  When the spring is released, it shoots the block across the
table.  The horizontal distance from the point where the block leaves
the table to the point where it strikes the floor is closest to:

A. 0.249 m

B. 0.495 m

C. 0.990 m

D. 1.49 m

E. 1.98 m

18. A block with massm = 2.00  kg starts from rest and slides down
a rough inclined plane that makes an angle θ = 30.0 ˚ with respect
to the horizontal.  The coefficient of kinetic friction between the
block and the plane is µk = 0.200 .  After the block slides a distance
d = 4.00  m along the incline, the kinetic energy of the block is
closest to:

A. 12.4 J

B. 20.8 J

C. 25.6 J

D. 39.2 J

E. 62.6 J
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19. A small ball is suspended from a light string that is 2.00 m long.  The ball is pulled to one
side until the string makes an angle of 37.0˚ with respect to the vertical and is released from rest.
The speed of the ball when it reaches the lowest position in its swing is closest to:

A. 6.26 m/s

B. 3.95 m/s

C. 1.99 m/s

D. 2.81 m/s

E. 4.43 m/s

20. A bullet with mass m1  and initial speed v1A  is fired
into a wooden block with mass m2  that is suspended from
some light wires.  The bullet quickly stops in the block and
the entire system swings like a pendulum to a maximum
height h .  The following statement concerning this
process is false:

A. Linear momentum is conserved as the bullet collides with the block.

B. Mechanical energy is conserved as the pendulum swings upward.

C. Linear momentum is conserved as the pendulum swings upward.

D. Kinetic energy of the system is less after the collision than before.

E. Potential energy increases as the pendulum swings upward.

21. A cannon is rigidly attached to a carriage that can move without
friction along horizontal rails.  The cannon fires a projectile with
mass m = 200  kg and muzzle speed v = 250  m/s at an angle
θ = 40.0˚  above the horizontal.  If the mass of the cannon and its
carriage is M = 5000  kg, then the cannon recoils with an initial
speed that is closest to:

A. 17.3 m/s

B. 6.43 m/s

C. 10.0 m/s

D. 8.39 m/s

E. 7.66 m/s

40.0˚
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22. A cart with mass m = 2.0  kg is constrained to move along
the x-axis.  It is moving with velocity v1 = +1.0  m/s when it
collides with an object that exerts a force Fx  on it that varies
with time as shown in the graph.  After the collision, the
velocity of the cart is closest to:

A. v2 = − 1.0 m/s

B. v2 = − 3.0 m/s

C. v2 =  0.0 m/s

D. v2 = + 1.0 m/s

E. v2 = + 3.0 m/s

23. A linebacker with massm1 = 90.0  kg running east at a speed v1 = 3.00  m/s tackles a fullback
with mass m2 = 100.  kg running north at a speed v2 = 5.00  m/s.  The linebacker holds on to the
fullback after the tackle, so that the collision is perfectly inelastic.  The common speed of the
players immediately after the tackle is closest to:

A. 1.21 m/s

B. 4.05 m/s

C. 2.99 m/s

D. 2.01 m/s

E. 1.10 m/s

24. A uniform piece of thin sheet metal is shaped as shown.
The x  coordinate of its center of mass is closest to:

A. xCM = 16.7  cm

B. xCM = 15.0  cm

C. xCM = 6.67  cm

D. xCM = 13.3  cm

E. xCM = 11.7  cm

Fx (N)

t (s)
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25. An airliner arrives at the terminal and its engines are shut
down.  The compressor fan of one of the engines has an initial
clockwise angular speed ω i = 200  rad/s and it slows with a

constant angular acceleration of magnitude α = 7.50  rad/s2.

The time it takes for the fan to come to rest is closest to:

A. 53.3 s

B. 7.30 s

C. 26.7 s

D. 13.3 s

E. 6.67 s

26. The object shown in the figure consists of four massive particles
connected by rigid rods of negligible mass.  The origin is at the center
of the rectangle.   If the object rotates in the xy plane about the z-axis
with an angular speed ω = 6.00  rad/s, then its rotational kinetic
energy is closest to:

A. 3170 J

B. 7130 J

C. 5330 J

D. 2570 J

E. 4970 J

27. A block of mass m = 4.00  kg is attached to a light cord, which is wound
around the rim of a pulley with radius R = 0.080  m.  The block is released
from rest and it moves downward with an acceleration of magnitude
a = 7.00  m/s2.  If friction is negligible, then the moment of inertia of the

pulley is closest to:

A. 1.28 ×10−2  kg⋅m2

B. 2.56 ×10−2  kg⋅m2

C. 1.02 ×10−2  kg⋅m2

D. 3.20 ×10−1  kg⋅m2

E. 1.60 ×10−2  kg⋅m2



SP211 Final Exam Version A page 10 14 December 2005

28. Particle A travels in a circular path of radius r  with linear momentum p and angular
momentum L about the center of the circle.  Particle B travels in a circular path of radius 2r  with
linear momentum 2p .  The magnitude of Particle B’s angular momentum about the center of its
circular path is:

A. twice the magnitude of Particle A’s angular momentum

B. half the magnitude of Particle A’s angular momentum

C. the same as the magnitude of Particle A’s angular momentum

D. four times the magnitude of Particle A’s angular momentum

E. one-fourth the magnitude of Particle A’s angular momentum

29. A small mass m  on the end of a string moves in a circle on a
horizontal, frictionless table as shown.  The string is pulled slowly
through a hole in the table at the center of the circle so that the radius
of the circle decreases.  The following statement concerning this
process is false:

A. The tension in the string is constant.

B. The tangential speed of m  increases.

C. The centripetal acceleration of m  increases.

D. The kinetic energy of m  increases.

E. The angular momentum of m  is constant.

30.  A disk with moment of inertia I1  rotates about a vertical,
frictionless axle with angular speed ω i .  A second disk, with
moment of inertia I2 = 1 2 I1  and not rotating, drops onto the
first disk.  Because of friction between the disks, they eventually
reach a common angular speed ω f .  This final angular speed is

closest to:

A. ω f = 1 2 ω i

B. ω f = 2 3 ω i

C. ω f = ω i

D. ω f = 3 2 ω i

E. ω f = 2 ω i
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31. The planet Saturn has a mass that is 95.2 times the Earth’s mass and
a radius that is 9.47 times the Earth’s radius.  If the escape speed from
the surface of the Earth is vE , then the escape speed from the surface of
Saturn is closest to:

A. vS = 10.1 vE

B. vS = 3.17 vE
C. vS =  vE

D. vS = 0.315 vE
E. vS = 0.100 vE

32. The average distance of Mars from the Sun is 1.52 times the average distance of the Earth
from the Sun.  The time it takes Mars to complete one orbit around the Sun is most nearly:

A. 0.523  Earth years

B. 1.87  Earth years

C. 1.32  Earth years

D. 3.54  Earth years

E. 2.32  Earth years

33. An underwater research vessel hovers at a depth h = 100  m below the surface of the sea.
The density of seawater is ρSW = 1023  kg/m3 and atmospheric pressure at the surface is

P0 = 1.013×10
5  Pa.  The research vessel has a circular observation port with a diameter

d = 0.200  m.  The inward force that the seawater exerts on the observation port is closest to:

A. 4.01×104  N

B. 3.18 ×103  N

C. 4.42 ×104  N

D. 4.05 ×103  N

E. 3.47 ×104  N
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34.  A block of gold with mass m = 0.500  kg and density ρgold = 19.3×10
3  kg/m3

is suspended underwater from a very light, thin string.  The density of water is
ρwater = 1.00 ×10

3  kg/m3.  The tension in the string is closest to:

A. 4.65 N

B. 1.33 N

C. 0.250 N

D. 5.35 N

E. 4.90 N

35. Water flows through a hose of inner diameter dhose = 6.35  cm at a speed of 3.79 m/s.  The
hose ends in a nozzle of inner diameter dnozzle = 2.20  cm.  The speed at which the water exits the
nozzle is closest to:

A. 3.79 m/s

B. 10.9 m/s

C. 31.6 m/s

D. 0.455 m/s

E. 1.31 m/s

36. Water, with ρwater = 1.00 ×10
3  kg/m3, is forced out of a fire

extinguisher by high air pressure inside the tank.  If the water
leaving the extinguisher has a speed of 25.0 m/s when the water
level in the tank is 0.500 m below the nozzle, then the difference
between the air pressure inside the tank and the air pressure
outside it is closest to:

A. 1.25 ×104  Pa

B. 4.90 ×103  Pa

C. 3.17 ×105  Pa

D. 2.45 ×105  Pa

E. 1.01×105  Pa
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37. A mass oscillating on a spring completes 20.0 full oscillations in 48.0 seconds.  The
frequency of this oscillation is closest to:

A. f = 0.480  Hz

B. f = 2.40  Hz

C. f = 2.08  Hz

D. f = 0.417  Hz

E. f = 2.62  Hz

38. A 0.150-kg mass oscillates on a spring in simple harmonic motion.  The spring constant is
100 N/m and the amplitude of oscillation is 0.280 m.  The total mechanical energy of the
oscillating mass is closest to:

A. 14.0 J

B. 3.92 J

C. 28.0 J

D. 0.021 J

E. 7.92 J

39. The period of a simple pendulum on Earth is TEarth = 0.800  s.  Astronauts carry it to the
Moon, where the acceleration due to gravity is about 0.167 times that on Earth.  The period TMoon
of the pendulum on the Moon is closest to:

A. 0.800 s

B. 0.327 s

C. 4.80 s

D. 0.133 s

E. 1.96 s
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40.  A certain traveling sinusoidal wave on a light string is described by the wave function

y = (0.002 m)sin(25 rad
m

x − 2765 rad
s
t) .  In a time interval Δt = 7.00 ×10−3  s, a crest of this

wave travels approximately:

A. 0.774 m in the +x direction

B. 0.774 m in the –x direction

C. 0.174 m in the +x direction

D. 0.174 m in the –x direction

E. 19.4 m in the +x direction

41. Transverse waves travel along a particular string with a speed v1 = 20.0  m/s when the tension
is T1 = 6.00  N.  For waves on this string to have a speed v2 = 30.0  m/s, the tension should be
closest to:

A. 9.00 N

B. 13.5 N

C. 4.00 N

D. 7.35 N

E. 2.67 N

42. An ambulance driver hears the siren sound at a frequency f = 250  Hz.
A girl stands on the side of the road as the ambulance approaches her at a
speed of 45.0 m/s.  If the speed of sound in air is 340 m/s, then the
frequency that the girl hears is closest to:

A. fgirl = 217  Hz

B. fgirl = 221  Hz

C. fgirl = 283  Hz

D. fgirl = 288  Hz

E. fgirl = 250  Hz
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43. The high E string on a guitar is 0.640  m long and it vibrates with a
fundamental frequency of 330  Hz.  By pressing down on the string with
his finger, the player shortens the vibrating part of the string (without
changing its tension) and causes it to play an F note, with a frequency of
350Hz.  The new length of the vibrating part of the string is closest to:

A. 0.621 m

B. 0.679 m

C. 0.603 m

D. 0.640 m

E. 0.569 m

44. An organ pipe open at both ends resonates with a fundamental frequency of 256 Hz.  The two
nearest frequencies at which it can also resonate are closest to:

A. 512 Hz and 768 Hz

B. 768 Hz and 1280 Hz

C. 128 Hz and 512 Hz

D. 768 Hz and 1792 Hz

E. 512 Hz and 1024 Hz

45. A piano tuner is tuning the A string of a piano by listening to
the beats that occur when the string is struck while a reference
oscillator is playing a frequency of 440  Hz.  At first, the piano
tuner hears 2 beats per second.  Then she increases the tension of
the piano string slightly, until she hears 1 beat per second.  At this
time, the frequency of the piano string is closest to:

A. 437 Hz

B. 443 Hz

C. 441 Hz

D. 438 Hz

E. 439 Hz
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Instructions for filling out the SCANTRON answer form

1. Please do not make any stray marks on the answer form.

2. Please fill out the form completely.  Make sure that your name, alpha code,
section and test version are entered in the appropriate spaces and that the
corresponding bubbles are filled in.  Please be sure that your instructor’s name
is in the appropriate space at the bottom of the form.

3. Please make clean, dark marks that completely fill the spaces.  If you must
erase, erase thoroughly so that there are no shadows or smudges.  If you can’t
do this, then please get a new form from your instructor and start over.

Happy Holidays!  See you in SP212!
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