
 
 
 
 
 
 

AP® Physics C: Mechanics 
2009 Free-Response Questions 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

The College Board 
 

The College Board is a not-for-profit membership association whose mission is to connect students to college success and 
opportunity. Founded in 1900, the association is composed of more than 5,600 schools, colleges, universities and other 
educational organizations. Each year, the College Board serves seven million students and their parents, 23,000 high schools and 
3,800 colleges through major programs and services in college readiness, college admissions, guidance, assessment, financial aid, 
enrollment, and teaching and learning. Among its best-known programs are the SAT®, the PSAT/NMSQT® and the Advanced 
Placement Program® (AP®). The College Board is committed to the principles of excellence and equity, and that commitment is 
embodied in all of its programs, services, activities and concerns. 

 
 

© 2009 The College Board. All rights reserved. College Board, Advanced Placement Program, AP, AP Central, SAT, and the 
acorn logo are registered trademarks of the College Board. PSAT/NMSQT is a registered trademark of the College Board and 
National Merit Scholarship Corporation.  
 
Permission to use copyrighted College Board materials may be requested online at: 
www.collegeboard.com/inquiry/cbpermit.html. 
 
Visit the College Board on the Web: www.collegeboard.com. 
AP Central is the official online home for the AP Program: apcentral.collegeboard.com. 
 



 

   
-2- 

TABLE OF INFORMATION FOR 2008 and 2009 

CONSTANTS AND CONVERSION FACTORS 

Proton mass, 271.67 10  kgpm -= ¥  Electron charge magnitude, 191.60 10  Ce -= ¥  

Neutron mass, 271.67 10  kgnm -= ¥  1 electron volt, 191 eV 1.60 10  J-= ¥  

Electron mass, 319.11 10  kgem -= ¥  Speed of light, 83.00 10  m sc = ¥  

Avogadro’s number, 23 -1
0 6.02 10  molN = ¥  

 Universal gravitational 
constant,

11 3 26.67 10  m kg sG -= ¥ i  

Universal gas constant, 8.31 J (mol K)R = i    Acceleration due to gravity
at Earth’s surface,

29.8 m sg =  

Boltzmann’s constant, 231.38 10 J KBk -= ¥    

1 unified atomic mass unit, 27 21 u 1.66 10  kg 931 MeV c-= ¥ =  

 Planck’s constant, 34 156.63 10  J s 4.14 10  eV sh - -= ¥ = ¥i i  
25 31.99 10  J m 1.24 10  eV nmhc -= ¥ = ¥i i  

Vacuum permittivity, 12 2 2
0 8.85 10 C N m-= ¥ i�  

 Coulomb’s law constant, 9 2 2
01 4 9.0 10  N m Ck p= = ¥ i�  

Vacuum permeability, 7
0 4 10  (T m) Am p -= ¥ i  

Magnetic constant,  7
0 4 10  (T m) Ak m p -= =¢ i  

 1 atmosphere pressure, 5 2 51 atm 1.0 10  N m 1.0 10  Pa= ¥ = ¥  

 
meter, m mole, mol watt, W farad, F 

kilogram, kg hertz, Hz coulomb, C tesla, T 
second, s newton, N volt, V degree Celsius,  C∞  
ampere, A pascal, Pa ohm, W  electron-volt, eV 

UNIT 
SYMBOLS 

kelvin, K joule, J henry, H   
 

PREFIXES  
 

VALUES OF TRIGONOMETRIC FUNCTIONS FOR COMMON ANGLES
Factor Prefix Symbol  q  0D 30D 37D  45D 53D  60D  90D  

910  giga G  sinq  0 1 2  3 5  2 2  4 5  3 2  1 

610  mega M  cosq  1 3 2  4 5  2 2  3 5  1 2  0 

310  kilo k  tanq  0 3 3  3 4  1 4 3  3  •  
210-  centi c  

310-  milli m  

610-  micro m  

910-  nano n 

 

1210-  pico p 

   
   

 

   
 

 
The following conventions are used in this exam. 
 I. Unless otherwise stated, the frame of reference of any problem is 

assumed to be inertial. 
 II. The direction of any electric current is the direction of flow of positive 

charge (conventional current). 
 III. For any isolated electric charge, the electric potential is defined as zero at 

an infinite distance from the charge. 
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ADVANCED PLACEMENT PHYSICS C EQUATIONS FOR 2008 and 2009
 

MECHANICS ELECTRICITY AND MAGNETISM 

0 atu u= +  

2
0 0

1
2

x x t atu= + +  

( )2 2
0 02a x xu u= + -  

net mÂ = =F F a  

d
dt

= p
F  

dt D= =ÚJ F p  

m=p v  

fricF Nm£  

W d∑= ÚF r  

21
2

K mu=  

dWP
dt

=  

P = F v�  

gU mghD =  

2
2

ca r
r
u

w= =  

= ¥r Ft  

net IÂ = =t t a  

2 2I r dm mr= = ÂÚ  

cm m m= Â Âr r  

ru w=  

I= ¥ =L r p w  

21
2

K Iw=  

0 tw w a= +  

2
0 0

1
2

t tq q w a= + +  

a = acceleration 
F = force 
f = frequency 
h = height 
I = rotational inertia 
J = impulse 
K = kinetic energy 
k = spring constant 
A  = length 
L = angular momentum 
m = mass 
N = normal force 
P = power 
p = momentum 
r = radius or distance 
r  =  position vector 
T = period 
t = time 
U = potential energy 
u  = velocity or speed 
W = work done on a system 
x = position 
m  = coefficient of friction 
q  = angle 
t  = torque 
w  = angular speed 
a  = angular acceleration 
 
 

s k= -F x  
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2sU kx=  

2 1T
f

p
w
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k
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2pT
g
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1 2
2
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Gm m

r
= -F r  

1 2
G

Gm m
U

r
= -  

2
1 2
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1
4

q q
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q
= FE  
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d∑ =Ú E Av �

 

dVE
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1
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= Â�

 

1 2

0

1
4E

q q
U qV

rp
= =

�
 

Q
C

V
=  

0 A
C

d
k

=
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p i
i

C C= Â  

1 1

s iiC C
= Â  

dQ
I

dt
=  

21 1
2 2cU QV CV= =  

R
A
r= A  

r=E J  

dI Ne Au=  

V IR=  

i
is

R R= Â  

1 1

i ip
R R

= Â  

P IV=  

M q= ¥F v B  

A = area 
B = magnetic field 
C = capacitance 
d  = distance 
E = electric field 
e  = emf 
F = force 
I  = current 
J  = current density 
L = inductance 
A  = length 
n  = number of loops of wire   

       per unit length 
N = number of charge carriers

       per unit volume 
P = power 
Q = charge 
q  = point charge 
R = resistance 
r  = distance 
t  = time 
U = potential or stored energy 
V = electric potential 
u  = velocity or speed 
r  = resistivity 

mf = magnetic flux 
k  = dielectric constant 
 
 

0d Im∑ =Ú Bv �  

0
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I d
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¥= r
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0sB nIm=  
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dt
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dIL
dt
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21
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ADVANCED PLACEMENT PHYSICS C EQUATIONS FOR 2008 and 2009 
 

GEOMETRY AND TRIGONOMETRY 
 

 
CALCULUS 

Rectangle 

    A bh=  

Triangle 

    1
2

A bh=  

Circle 

    2A rp=  

    2C rp=  

Parallelepiped 

    V wh= A  

Cylinder 

    2V rp= A  

    22 2S r rp p= +A  

Sphere 

    34
3

V rp=  

    24S rp=  

Right Triangle 

    2 2 2a b c+ =  

    sin a
c

q =  

    cos b
c

q =  

    tan a
b

q =  

 

A = area 
C = circumference 
V = volume 
S = surface area 
b = base 
h = height 
A  = length 
w = width 
r = radius 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

c a

b
90°q

 

d f d f du
dx du dx

=  

( ) 1n nd x nx
dx

-=  

( )x xd e e
dx

=  

( ) 11n d x
dx x

=  

( )sin cosd x x
dx

=  

( )cos sind x x
dx

= -  

11 , 1
1

n nx dx x n
n

+= π -
+Ú  

x xe dx e=Ú  

lndx x
x

=Ú  

cos sinx dx x=Ú  

sin cosx dx x= -Ú  
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PHYSICS C:  MECHANICS 
SECTION II 

Time—45 minutes 
3 Questions 

 
Directions:  Answer all three questions. The suggested time is about 15 minutes for answering each of the questions, 
which are worth 15 points each. The parts within a question may not have equal weight. Show all your work in this 
booklet in the spaces provided after each part, NOT in the green insert. 
 
  Mech.  1. 

  A 3.0 kg object is moving along the x-axis in a region where its potential energy as a function of x is given  

as ( ) 24.0 ,U x x=  where U is in joules and x is in meters. When the object passes the point 0.50 m,x = -  its 
velocity is +2.0 m/s. All forces acting on the object are conservative. 

 
(a) Calculate the total mechanical energy of the object. 

(b) Calculate the x-coordinate of any points at which the object has zero kinetic energy. 

(c) Calculate the magnitude of the momentum of the object at x = 0.60 m. 

(d) Calculate the magnitude of the acceleration of the object as it passes x = 0.60 m. 
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(e) On the axes below, sketch graphs of the object’s position x versus time t and kinetic energy K versus time t. 
Assume that 0x =  at time 0t = . The two graphs should cover the same time interval and use the same 
scale on the horizontal axes.  
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  Mech.  2. 

  You are given a long, thin, rectangular bar of known mass M and length A  with a pivot attached to one end. 
The bar has a nonuniform mass density, and the center of mass is located a known distance x from the end with 
the pivot. You are to determine the rotational inertia bI  of the bar about the pivot by suspending the bar from the 

pivot, as shown above, and allowing it to swing. Express all algebraic answers in terms of bI , the given 

quantities, and fundamental constants. 
 
(a)  

 i. By applying the appropriate equation of motion to the bar, write the differential equation for the angle q  
the bar makes with the vertical. 

 ii. By applying the small-angle approximation to your differential equation, calculate the period of the bar’s 
motion. 

(b) Describe the experimental procedure you would use to make the additional measurements needed to 
determine bI . Include how you would use your measurements to obtain bI  and how you would minimize 

experimental error. 

(c) Now suppose that you were not given the location of the center of mass of the bar. Describe an experimental 
procedure that you could use to determine it, including the equipment that you would need. 
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  Mech.  3. 

  A block of mass 2M  rests on a frictionless horizontal table, as shown above. It is connected to one end of a 

string that passes over a massless pulley and has another block of mass 2M  hanging from its other end. The 
apparatus is released from rest. 
 
(a) Derive an expression for the speed hu  of the hanging block as a function of the distance d it descends.  

  Now the block and pulley system is replaced by a uniform rope of length L and mass M, with one end of the 
rope hanging slightly over the edge of the frictionless table. The rope is released from rest, and at some time later 
there is a length y of rope hanging over the edge, as shown below. Express your answers to parts (b), (c), and (d) 
in terms of y, L, M, and fundamental constants. 

 
 

(b) Determine an expression for the force of gravity on the hanging part of the rope as a function of y. 

(c) Derive an expression for the work done by gravity on the rope as a function of y, assuming y is initially zero. 

(d) Derive an expression for the speed ru  of the rope as a function of y. 

(e) The hanging block and the right end of the rope are each allowed to fall a distance L (the length of the rope). 
The string is long enough that the sliding block does not hit the pulley. Indicate whether hu  from part (a) or 

ru  from part (d) is greater after the block and the end of the rope have traveled this distance.  

  ____ hu  is greater.      ____ ru  is greater.       ____ The speeds are equal. 

 Justify your answer. 

 
 

 
 

END OF EXAM 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


