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AP® Physics 1 Practice Exam 
SECTION I: Multiple Choice 

DO NOT OPEN THIS BOOKLET UNTIL YOU ARE TOLD TO DO SO. 

At a Glance 
Total Time 

90 minutes 
Number of Questions 

50 
Percent of Total Score 

50% 
Writing Instrument 

Pencil required 
Electronic Device 

Calculator allowed 

Instructions 
4FDUJPO�*�PG�UIJT�FYBN�DPOUBJOT����NVMUJQMF-DIPJDF�RVFTUJPOT. 1BHFT�DPOUBJOJOH�FRVBUJPOT��
BOE�PUIFS�JOGPSNBUJPO�BSF�BMTP�QSJOUFE�JO�UIJT�CPPLMFU. $BMDVMBUPST, SVMFST, BOE��
TUSBJHIUFEHFT�NBZ�CF�VTFE�JO�UIJT�TFDUJPO.  

*OEJDBUF�BMM�PG�ZPVS�BOTXFST�UP�UIF�NVMUJQMF-DIPJDF�RVFTUJPOT�PO�UIF�BOTXFS�TIFFU.  
/P�DSFEJU�XJMM�CF�HJWFO�GPS�BOZUIJOH�XSJUUFO�JO�UIJT�FYBN�CPPLMFU, CVU�ZPV�NBZ�VTF�UIF��
CPPLMFU�GPS�OPUFT�PS�TDSBUDI�XPSL.  

For questions 1 through 45, TFMFDU�UIF�TJOHMF�CFTU�BOTXFS�DIPJDF�GPS�FBDI�RVFTUJPO.  
"GUFS�ZPV�IBWF�EFDJEFE�XIJDI�PG�UIF�DIPJDFT�JT�CFTU, GJMM� JO�UIF�BQQSPQSJBUF�MFUUFS�JO�UIF��
DPSSFTQPOEJOH�TQBDF�PO�UIF�BOTXFS�TIFFU.  
For questions 46 through 50, TFMFDU�UIF�UXP�CFTU�BOTXFS�DIPJDFT�GPS�FBDI�RVFTUJPO.  
"GUFS�ZPV�IBWF�EFDJEFE�XIJDI�UXP�PG�UIF�DIPJDFT�BSF�CFTU, FOUFS�CPUI�MFUUFST�JO�UIF��
DPSSFTQPOEJOH�TQBDF�PO�UIF�BOTXFS�TIFFU.  
6TF�ZPVS�UJNF�FGGFDUJWFMZ, XPSLJOH�BT�RVJDLMZ�BT�ZPV�DBO�XJUIPVU� MPTJOH�BDDVSBDZ. %P�OPU�
TQFOE�UPP�NVDI�UJNF�PO�BOZ�POF�RVFTUJPO. (P�PO�UP�PUIFS�RVFTUJPOT�BOE�DPNF�CBDL�UP�
UIF�POFT�ZPV�IBWF�OPU�BOTXFSFE�JG�ZPV�IBWF�UJNF. *U� JT�OPU�FYQFDUFE�UIBU�FWFSZPOF�XJMM�
LOPX�UIF�BOTXFST�UP�BMM�PG�UIF�NVMUJQMF-DIPJDF�RVFTUJPOT. 
:PVS�UPUBM�TDPSF�PO�4FDUJPO�*� JT�CBTFE�POMZ�PO�UIF�OVNCFS�PG�RVFTUJPOT�BOTXFSFE�DPSSFDUMZ. 
1PJOUT�BSF�OPU�EFEVDUFE�GPS�JODPSSFDU�BOTXFST�PS�VOBOTXFSFE�RVFTUJPOT. 
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ª

ª ª ª ª ª ª ª ª ª
ª 4HEªFOLLOWINGªCONVENTIONSªAREªUSEDªINªTHISªEXAM�ª

)�ª 4HEªFRAMEªOFªREFERENCEªOFªANYªPROBLEMªISªASSUMEDªTOªBEªINERTIALªUNLESSª
OTHERWISEªSTATED�ª

))�ª !SSUMEªAIRªRESISTANCEªISªNEGLIGIBLEªUNLESSªOTHERWISEªSTATED�ª
)))�ª )NªALLªSITUATIONS�ªPOSITIVEªWORKªISªDEFINEDªASªWORKªDONEªONªAªSYSTEM�ª

ª

ª

ª

)6�ª 4HEªDIRECTIONªOFªCURRENTªISªCONVENTIONALªCURRENT�ªTHEªDIRECTIONªINªWHICHª
POSITIVEªCHARGEªWOULDªDRIFT�ª

6�ª !SSUMEªALLªBATTERIESªANDªMETERSªAREªIDEALªUNLESSªOTHERWISEªSTATED�ª
ª
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a = acceleration 
A = amplitude 
d = distance 
E = energy 
f = frequency 
F = force 
I = rotational inertia 
K = kinetic energy 
k = spring constant 
L = angular momentum 
A = length
m = mass 
P = power 
p = momentum 
r = radius or separation 
T = period 
t = time 
U = potential energy 
V = volume 
v = speed 
W = work done on a system 
x = position 
y = height  
a = angular acceleration 

m  = coefficient of friction 
q  = angle 
r  = density 
t  = torque 
w  = angular speed 

gU mg yD  D

2T
f

p
w

  1

2s
mT
k

p 

2pT
g

p A

1 2
2g

m m
F G

r
 

G

gF
g

m
 G
G

1 2
G

Gm m
U

r
 �

1 2
2E

q q
F k

r
 

G

q
I

t
D
D

 

R
A
r A

VI
R
D 

P I VD 

s
i

R R Ç i

1 1
p ii

R R
 Ç

A = area 
F = force 
I = current 
A = length
P = power 
q = charge 
R = resistance 
r = separation 
t = time 
V = electric potential 
r  = resistivity 

WAVES 

v
f

l  
 f = frequency 
 v = speed 
l  = wavelength 

GEOMETRY AND TRIGONOMETRY
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A = area 
C = circumference 
V = volume 
S = surface area 
b = base 
h = height 
A  = length
w = width 
r = radius 
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PHYSICS 1 
Section I 

50 Questions 
Time�90 minutes 

 

Note:ªª4OªSIMPLIFYªCALCULATIONS�ªYOUªMAYªUSE �g  �� M Sª ªINªALLªPROBLEMS�ª
ª
Directions:ªª%ACHªOFªTHEªQUESTIONSªORªINCOMPLETEªSTATEMENTSªBELOWªISªFOLLOWEDªBYªFOURªSUGGESTEDªANSWERSªORª
COMPLETIONS�ª3ELECTªTHEªONEªTHATªISªBESTªINªEACHªCASEªANDªTHENªENTERªTHEªAPPROPRIATEªLETTERªINªTHEªCORRESPONDINGªSPACEªª
ONªTHEªANSWERªSHEET�ªª
ª
ª��ª !NªOBJECTªISªMOVINGªTOªTHEªRIGHTªWITHªSPEEDª vi ª

WHENªAªFORCEªOFªMAGNITUDEªFªISªEXERTEDªONªIT�ªª
)NªWHICHªOFªTHEªFOLLOWINGªSITUATIONSªISªTHEªOBJECT�Sª
DIRECTIONªOFªMOTIONªCHANGINGªANDªKINETICªENERGYª
DECREASINGªATªTHEªINSTANTªSHOWN�ª

�!	ª ª
ª

ª
�"	ª ª

ª
�#	ª ª ª

ª
�$	ª ª

ª
 
ª

ª

ª

ª��ª !ªBALLªISªSUSPENDEDªBYªAªLIGHTWEIGHTªSTRING�ªASª
SHOWNªINªTHEªFIGUREªABOVE�ª4HEªBALLªISªDISPLACEDªª
TOªPOSITIONª�ªANDªRELEASED�ª4HEªFOURªLABELEDª
POSITIONSªAREªEVENLYªSPACEDªALONGªTHEªARCªOFªTHEª
BALL�SªMOTION�ª"ETWEENªWHICHªADJACENTªPAIRSªOFª
POSITIONSªISªTHEªCHANGEªINªKINETICªENERGYªOFªTHEª
BALLªGREATEST�ª

�!	ª �ªANDª�ª
�"	ª �ªANDª�ª
�#	ª �ªANDª�ª
�$	ª 4HEªCHANGEªISªTHEªSAMEªFORªALLªADJACENTªPAIRS�ª

 
ª
ª
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ª
ª
ª��ª !ªNEWLYªDISCOVEREDªPLANETªISªFOUNDªTOªHAVEª

�
r

� EDENSITYª ªANDªRADIUSª �RE �ªWHEREª rE ªANDª RE ª
AREªTHEªDENSITYªANDªRADIUSªOFª%ARTH�ªRESPECTIVELY�ª
4HEªSURFACEªGRAVITATIONALªFIELDªOFªTHEªPLANETªISª
MOSTªNEARLYª

�!	ª ª ���ª . KG ª
�"	ª ª ���ª . KG ª
�#	ª ª ���ª . KG ª
�$	ª ��ª . KG ª

 
ª
ª

ª

ª��ª !ªBUSªISªINITIALLYªTRAVELINGªNORTHªATªAªCONSTANTª
SPEED�ªASªSHOWNªINªTHEªFIGUREªABOVE�ª!SªTHEªBUSª
STARTSªTOªMAKEªAªLEFTªTURNªWITHOUTªCHANGINGªSPEED�ª
AªPASSENGERªNOTICESªTHATªAªBOXªONªTHEªFLOORªSTARTSª
SLIDINGªTOWARDªTHEªRIGHTªSIDEªOFªTHEªBUS�ª7HICHªª
OFªTHEªFOLLOWINGªTOPªVIEWSªOFªTHEªBOX�ªWHENª
CORRECTLYªLABELED�ªWOULDªBESTªREPRESENTªALLªOFªTHEª
HORIZONTALªFORCESªEXERTEDªONªTHEªBOXªASªITªSTARTSª
SLIDING�ªª

�!	ª ª

ª
�"	ª ª

ª
�#	ª ª

ª
�$	ª

ª
 
ª
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ª
ª
Questions 5-6 refer to the following material. 

ª

4HREEªIDENTICALªBLOCKSªEACHªTAKEªAªDIFFERENTªPATHªFROMªAªHEIGHTªhªTOªTHEªGROUND�ª"LOCKªAªISªRELEASEDªFROMªRESTªANDª
FALLSªVERTICALLY�ª"LOCKªBªISªRELEASEDªFROMªRESTªANDªSLIDESªDOWNªAªFRICTIONLESSªINCLINE�ª"LOCKªCªISªPROJECTEDªHORIZONTALLYª
WITHªANªINITIALªSPEEDªv�ª
 
ª ª

ªª
ª��ª 7HICHªBLOCKªTAKESªTHEªLONGESTªTIMEªTOªREACHªTHEª

GROUND�ª

�!	ª Aª
�"	ª Bª
�#	ª Cª
�$	ª 4HEªBLOCKSªTAKEªTHEªSAMEªTIMEªTOªREACHªTHEª

GROUND�ª
ª

ª��ª 7HICHªBLOCKªHASªTHEªGREATESTªSPEEDªJUSTªBEFOREª
HITTINGªTHEªGROUND�ª

�!	ª Aª
�"	ª Bª
�#	ª Cª
�$	ª 4HEªBLOCKSªREACHªTHEªGROUNDªWITHªTHEªSAMEª

SPEED�ª
 
ª
ª
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ª
ª
ª��ª !ªBALLªISªDROPPEDªFROMªRESTªANDªFALLSªTOªTHEªª

FLOOR�ª4HEªINITIALªGRAVITATIONALªPOTENTIALªENERGYªª
OFªTHEªBALL
%ARTH
FLOORªSYSTEMªISª��ª*�ª4HEªBALLª
THENªBOUNCESªBACKªUPªTOªAªHEIGHTªWHEREªTHEª
GRAVITATIONALªPOTENTIALªENERGYªISª�ª*�ª7HATªWASªTHEª
MECHANICALªENERGYªOFªTHEªBALL
%ARTH
FLOORªSYSTEMª
THEªINSTANTªTHEªBALLªLEFTªTHEªFLOOR�ª

�!	ª ª �ª*ª
�"	ª ª �ª*ª
�#	ª ª �ª*ª
�$	ª ��ª*ª

 
ª
ª

ª

ª��ª !ªDISKªISªINITIALLYªROTATINGªCOUNTERCLOCKWISEªª
AROUNDªAªFIXEDªAXISªWITHªANGULARªSPEEDªw� �ªª
!TªTIMEª t  � �ªTHEªTWOªFORCESªSHOWNªINªTHEªFIGUREª
ABOVEªAREªEXERTEDªONªTHEªDISK�ª)FªCOUNTERCLOCKWISEª
ISªPOSITIVE�ªWHICHªOFªTHEªFOLLOWINGªCOULDªSHOWªTHEª
ANGULARªVELOCITYªOFªTHEªDISKªASªAªFUNCTIONªOFªTIME�ª

�!	ª ª

ª
�"	ª ª

ª
�#	

ª
�$	ª

ª
 
ª
ª

ª ª
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ª
ª
ª��ª !ª����ª.ªBOXªISªATªRESTªONªAªHORIZONTALªSURFACE�ª

4HEªCOEFFICIENTªOFªSTATICªFRICTIONªBETWEENªTHEªBOXª
ANDªTHEªSURFACEªISª�����ªANDªTHEªCOEFFICIENTªOFª
KINETICªFRICTIONªISª�����ª!ªHORIZONTALª����ª.ªFORCEª
ISªTHENªEXERTEDªONªTHEªBOX�ª4HEªMAGNITUDEªOFªTHEª
ACCELERATIONªOFªTHEªBOXªISªMOSTªNEARLYª

 

0 m 2s ª�!	ª

0.5 m 2s ª�"	ª

1.0 2 m s ª�#	ª

4.0 2 m s ª�$	ª
ª
ª

ª

���ª!ªTHINªRODªOFªLENGTHªdªONªAªFRICTIONLESSªSURFACEªISª
PIVOTEDªABOUTªONEªEND�ªASªSHOWNªABOVE�ªANDªCANª
ROTATEªFREELY�ª4HEªRODªISªATªRESTªWHENªITªISªSTRUCKªBYª
AªSPHEREªWITHªLINEARªMOMENTUMªOFªMAGNITUDEª pi ª
PERPENDICULARªTOªTHEªROD�ª4HEªSPHEREªREBOUNDSª
ALONGªITSªORIGINALªLINEªOFªMOTIONªWITHªMOMENTUMª
OFªMAGNITUDEª p f �ª7HATªISªTHEªMAGNITUDEªOFªTHEª

ANGULARªMOMENTUMªOFªTHEªRODªIMMEDIATELYªAFTERª
THEªCOLLISION�ª

�!	ª p f i� p ª

�"	ª p f i� p ª

�#	ª �p f i� p d ª�
�$	ª �p f i� p d

ª�
ª
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ª
ª
���ª!ªSPACECRAFTªISªPLACEDªINªAªCIRCULARªORBITªAROUNDªAª

PLANETªWITHªMASSª ��� � ���� ªKG �ª4HEªSPACECRAFTª

ORBITSªATªAªHEIGHTªOFª ��� � ��� ªM ªABOVEªTHEª
PLANET�SªSURFACE�ª7HATªADDITIONALªINFORMATIONªISª
NEEDEDªTOªCALCULATEªTHEªSPEEDªOFªTHEªSPACECRAFTªINª
THEªORBIT�ª

�!	ª .OªADDITIONALªINFORMATIONª
�"	ª 4HEªPLANET�SªRADIUSªONLYª
�#	ª 4HEªSPACECRAFT�SªMASSªONLYª
�$	ª "OTHªTHEªPLANET�SªRADIUSªANDªTHEªª

SPACECRAFT�SªMASSª
ª
ª

ª

���ª4WOªCARTS�ªOFªMASSª�mªANDªm�ªAPPROACHªEACHªOTHERª
HEAD
ONªWITHªTHEªSAMEªSPEEDªv�ªASªSHOWNªINªTHEª
FIGUREªABOVE�ª7HENªTHEªCARTSªCOLLIDE�ªTHEYªHOOKª
TOGETHER�ª!SSUMINGªPOSITIVEªMOMENTUMªISªTOªTHEª
RIGHT�ªWHICHªOFªTHEªFOLLOWINGªBESTªREPRESENTSªTHEª
MOMENTUMªOFªTHEªCARTªOFªMASSªmªASªAªFUNCTIONªOFª
TIMEªBEFOREªANDªAFTERªTHEªCOLLISION�ª

�!	ª ª

ª
�"	ª ª

ª
�#	ª  

ª
�$	ª

ª
 
ª
ª
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ª
ª

ª ª

 

���ª!ªSTUDENTªSTANDSªATªONEªENDªOFªAªRAFTªFLOATINGªINªAª
POOLªWITHªEQUALLYªSPACEDªMARKSªALONGªTHEªBOTTOM�ª
ASªSHOWNªABOVE�ª4HEªSTUDENTªANDªTHEªRAFTªHAVEªTHEª
SAMEªMASS�ª4HEªSTUDENTªWALKSªTOªTHEªOPPOSITEªENDª
OFªTHEªRAFT�ª7HICHªOFªTHEªFOLLOWINGªBESTªSHOWSªTHEª
FINALªLOCATIONSªOFªTHEªRAFTªANDªSTUDENTªRELATIVEªTOª
THEªMARKSªATªTHEªBOTTOMªOFªTHEªPOOL�ª!SSUMEªTHATª
THEREªISªNOªDRAGªFORCEªBETWEENªTHEªRAFTªANDªTHEª
WATER�ª

�!	ª ª

ª
�"	ª ª

ª
�#	ª ª

ª
�$	ª

ª
 
ª
ª

ª

���ª!ªCIRCUITªISªDESIGNEDªWITHªTWOªRESISTORS�ª
R�  ���ªW ªANDª R  ���ªW� �ªANDªAªBATTERYªª
WITHªINTERNALªRESISTANCEª R  ��ªW ,ªASªSHOWNª
ABOVE�ª7HATªISªTHEªRELATIONSHIPªBETWEENªTHEªª
THREEªLABELEDªCURRENTS�ª

�!	ª I I� ��  I ª
�"	ª I I! ! I ª� �

�#	ª I I� �! ! ªI
�$	ª I I� � I ª  

ª
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15. When two charged, massive objects are placed a 
distance r apart, the gravitational force between 
them has magnitude F. When the distance 
between the objects is increased to 2r, the 
magnitude of the gravitational force between them 
becomes F 4 . Did the electrostatic force between 
the objects also decrease to one fourth its initial 
magnitude as a result of the change in position, 
and why? 

(A) No, because the gravitational constant is 
much smaller than the electrostatic constant. 

(B) No, because the gravitational force is only 
attractive, and the electrostatic force can 
also be repulsive. 

(C) Yes, because both forces have the same 

1 r2 dependence. 
(D) Yes, because the gravitational force always 

equals the electrostatic force at any given 
distance. 

16. A clay ball and a rubber ball of the same mass 
are moving toward a glider that is at rest on a 
frictionless air track. The balls have the same 
speed, with the rubber ball moving toward the 
right and the clay ball moving toward the left, 
as shown above. The balls strike the glider at 
the same time. The clay ball sticks to the glider, 
and the rubber ball bounces off it. Which of the 
following indicates the direction of motion of the 
glider after the collisions and explains why it 
moves in that direction? 

(A) The glider moves to the right because the 
magnitude of the change in momentum of 
the rubber ball is greater than the magnitude 
of the change in momentum of the clay ball. 

(B) The glider moves to the right because the 
collision with the rubber ball is elastic and 
conserves energy. 

(C) The glider moves to the left because the clay 
ball has more inertia when it sticks to the 
glider than the rubber ball does when it 
bounces off. 

(D) The glider moves to the left because the clay 
ball exerts a force on the glider for a longer 
time than the rubber ball does. 

Joyee Lin
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ª

���ª!ªLIONªISªRUNNINGªATªCONSTANTªSPEEDªTOWARDªAªGAZELLEªTHATªISªSTANDINGªSTILL�ªASªSHOWNªINªTHEªTOPªFIGUREªABOVE�ª!FTERª
SEVERALªSECONDS�ªTHEªGAZELLEªNOTICESªTHEªLIONªANDªACCELERATESªDIRECTLYªTOWARDªHIM�ªHOPINGªTOªPASSªTHEªLIONªANDª
FORCEªHIMªTOªREVERSEªDIRECTION�ª!SªTHEªGAZELLEªACCELERATESªTOWARDªANDªPASTªTHEªLION�ªTHEªLIONªCHANGESªDIRECTIONªANDª
ACCELERATESªINªPURSUITªOFªTHEªGAZELLE�ª4HEªLIONªANDªTHEªGAZELLEªEVENTUALLYªEACHªREACHªCONSTANTªBUTªDIFFERENTªSPEEDS�ª
7HICHªOFªTHEªFOLLOWINGªSETSªOFªGRAPHSªSHOWSªAªREASONABLEªREPRESENTATIONªOFªTHEªVELOCITIESªOFªTHEªLIONªANDªTHEª
GAZELLEªASªFUNCTIONSªOFªTIME�ª

�!	ª ª

ª
�"	ª ª

ª
�#	ª ª

ª
�$	ª

ª
 
ª
ª
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ª
ª

ª

���ª!ªSPACECRAFTªOFªMASSª����ªKGªISªTRAVELINGªINªAª
STRAIGHTªLINEªINªTHEªPOSITIVEªDIRECTION�ª%NGINESªª
CANªBEªFIREDªSOªTHATªTHEªFORCEªEXERTEDªONªTHEª
SPACECRAFTªISªINªTHEªPOSITIVEªORªNEGATIVEªDIRECTION�ª
4HEªGRAPHªABOVEªSHOWSªDATAªFORªTHEªFORCEªDURINGª
ONEªINTERVAL�ª7HICHªOFªTHEªFOLLOWINGªISªTHEªBESTª
ESTIMATEªOFªTHEªNETªCHANGEªINªTHEªSPEEDªOFªTHEª
SPACECRAFTªFROMªTIMEª t  � ªTOªTIMEª t  �ªS �ª

�!	ª ����ª M S ª
�"	ª ���ª M S ª�
�#	ª ����ª M S ª
�$	ª ����ª M S ª

ª
ª

���ª!ªROCKETªISªCONTINUOUSLYªFIRINGªITSªENGINESªASªª
ITªACCELERATESªAWAYªFROMª%ARTH�ª&ORªTHEªFIRSTª
KILOMETERªOFªITSªASCENT�ªTHEªMASSªOFªFUELªEJECTEDªISª
SMALLªCOMPAREDªTOªTHEªMASSªOFªTHEªROCKET�ª&ORªTHISª
DISTANCE�ªWHICHªOFªTHEªFOLLOWINGªINDICATESªTHEª
CHANGES�ªIFªANY�ªINªTHEªKINETICªENERGYªOFªTHEª
ROCKET�ªTHEªGRAVITATIONALªPOTENTIALªENERGYªOFªTHEª
%ARTH
ROCKETªSYSTEM�ªANDªTHEªMECHANICALªENERGYª
OFªTHEª%ARTH
ROCKETªSYSTEM�ª

ª ª ª 3YSTEMª
'RAVITATIONAL
0OTENTIALª
%NERGY

ª 2OCKETª
+INETIC
%NERGY

ª 3YSTEMª
-ECHANICAL
%NERGY

ª ª ª
ª ª ª ª
�!	ª )NCREASINGª )NCREASINGª )NCREASINGª
�"	ª )NCREASINGª )NCREASINGª #ONSTANTª
�#	ª )NCREASINGª $ECREASINGª $ECREASINGª
�$	ª $ECREASINGª )NCREASINGª #ONSTANTª

 
ª
ª
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ª
ª

ª

���ª"LOCKª�ªISªATTACHEDªTOªAªSPRINGªANDªOSCILLATESªONªAª
HORIZONTALªFRICTIONLESSªSURFACE�ª7HEN BLOCKª�ªISªATª
AªPOINTªOFªMAXIMUMªDISPLACEMENT�ªBLOCKª�ªISª
PLACEDªONªTOPªOFªITªFROMªDIRECTLYªABOVEªWITHOUTª
INTERRUPTINGªTHEªOSCILLATION�ªANDªTHEªTWOªBLOCKSª
STICKªTOGETHER�ª(OWªDOªTHEªMAXIMUMªKINETICª
ENERGYªANDªPERIODªOFªOSCILLATIONªWITHªBOTHªBLOCKSª
COMPAREªTOªTHOSEªOFªBLOCKª�ªALONE�ª

ª ª -AXIMUM
+INETICª%NERGY

ªª
ª ª 0ERIODª
�!	ª 3MALLERª 3MALLERª
�"	ª 3MALLERª 'REATERª
�#	ª 4HEªSAMEª 3MALLERª
�$	ª 4HEªSAMEª 'REATERª

 

ª

ª
���ª!ªCHILDªSLIDESªFROMªRESTªDOWNªSLIDESªAªANDªBª

SHOWNªABOVE�ª4HEªSLIDESªAREªTHEªSAMEªHEIGHT�ªª
ANDªTHEªCOEFFICIENTªOFªFRICTIONªBETWEENªTHEªSLIDESª
ANDªTHEªCHILDªISªTHEªSAME�ª7HICHªOFªTHEªFOLLOWINGª
COMPARESªTHEªCHANGEª DK ªINªTHEªKINETICªENERGYªOFª
THEªCHILDªANDªTHEªCHANGEª DU ªINªTHEªPOTENTIALª
ENERGYªOFªTHEªCHILD
%ARTHªSYSTEMªFORªTHEªª
TWOªSLIDES�ª

�!	ª D DK KA B �ª D DUA  ªUB

�"	ª D DK KA B� �ª D DU UA ! ªB

�#	ª D DK K! �ª D DU  ªA B A UB

�$	ª D DK KA B! �ª D DU UA B! ª
 
ª
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ª
ª
Questions 22-24 refer to the following material. 

!ªSTUDENTªISªOBSERVINGªANªOBJECTªOFªUNKNOWNªMASSª
THATªISªOSCILLATINGªHORIZONTALLYªATªTHEªENDªOFªANªIDEALª
SPRING�ª4HEªSTUDENTªMEASURESªTHEªOBJECT�SªPERIODªOFª
OSCILLATIONªWITHªAªSTOPWATCH�ª
ª
ª
���ª4HEªSTUDENTªWISHESªTOªDETERMINEªTHEªSPRINGª

CONSTANTªOFªTHEªSPRINGªUSINGªTHEªMEASUREMENTSªOFª
THEªPERIODªOFªOSCILLATION�ª7HICHªOFªTHEªFOLLOWINGª
PIECESªOFªEQUIPMENTªWOULDªPROVIDEªANOTHERª
MEASUREDªQUANTITYªTHATªISªSUFFICIENTªINFORMATIONªª
TOªCOMPLETEªTHEªDETERMINATIONªOFªTHEªSPRINGª
CONSTANT�ª

�!	ª -ETERSTICKª
�"	ª -OTIONªSENSORª
�#	ª "ALANCEª
�$	ª 0HOTOGATEª

ª
���ª5SINGªAªNUMBERªOFªMEASUREMENTS�ªTHEªSTUDENTª

DETERMINESªTHEªFOLLOWING�ª

��ª . M

���ª M S

3PRINGªCONSTANTª

-ASSªOFªOBJECTª ����ªKGª

!MPLITUDEªOFªOSCILLATIONª ����ªMª

-AXIMUMªSPEEDªOFªOBJECTª

ª ª 4HEªTOTALªENERGYªOFªTHEªOBJECT
SPRINGªSYSTEMªISª
MOSTªNEARLYª

�!	ª ª ����ª*ª
�"	ª ª ���ª*ª
�#	ª ª ���ª*ª
�$	ª ����ª*ª

 
ª
ª

���ª7HILEªTHEªOBJECTªISªCONTINUOUSLYªOSCILLATING�ªTHEª
STUDENTªDETERMINESªTHEªMAXIMUMªSPEEDªOFªTHEª
OBJECTªDURINGªTWOªOSCILLATIONS�ª4HEªFIRSTªSPEEDªISª
���ª M S ªANDªTHEªSECONDªSPEEDªISª ���ª M S �ª7HICHª
OFªTHEªFOLLOWINGªCOULDªACCOUNTªFORªTHEªDECREASEªINª
THEªOBJECT�SªMAXIMUMªKINETICªENERGY�ª

�!	ª %NERGYªWASªTRANSFERREDªFROMªTHEªOBJECTªTOªTHEª
SPRING�ªWHICHªINCREASEDªTHEªMAXIMUMª
POTENTIALªENERGYªOFªTHEªSPRING�ª

�"	ª %NERGYªWASªTRANSFERREDªFROMªTHEªSPRINGªTOªTHEª
OBJECT�ªWHICHªDECREASEDªTHEªMAXIMUMª
POTENTIALªENERGYªOFªTHEªSPRING�ª

�#	ª !SªENERGYªWASªTRANSFERREDªBACKªANDªFORTHª
BETWEENªTHEªOBJECTªANDªTHEªSPRING�ªAªGREATERª
AVERAGEªSHAREªOFªTHEªENERGYªBECAMEª
POTENTIALªENERGYªOFªTHEªSPRING�ª

�$	ª 4HEªOBJECT
SPRINGªSYSTEMªLOSTªENERGYªTOªITSª
SURROUNDINGS�ª

 
ª
ª
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ª
ª

 

Questions 25-26 refer to the following material. 

ª

!ªCRATEªISªONªAªHORIZONTALªFRICTIONLESSªSURFACE�ªª
!ªFORCEªOFªMAGNITUDEªFªISªEXERTEDªONªTHEªCRATEªATªANª
ANGLEªq ªTOªTHEªHORIZONTAL�ªASªSHOWNªINªTHEªFIGUREª
ABOVE�ªCAUSINGªTHEªCRATEªTOªSLIDEªTOªTHEªRIGHT�ª4HEª
SURFACEªEXERTSªAªNORMALªFORCEªOFªMAGNITUDEª FN ªONªª
THEªCRATE�ª!SªTHEªCRATEªSLIDESªAªDISTANCEªd�ªITªGAINSªANª
AMOUNTªOFªKINETICªENERGYªDK �ª7HILEªFªISªKEPTª
CONSTANT�ªTHEªANGLEªq ªISªNOWªDOUBLEDªBUTªISªSTILLªLESSª
THANª ��� �ª!SSUMEªTHEªCRATEªREMAINSªINªCONTACTªWITHª
THEªSURFACE�ª
ª
ª

���ª(OWªDOESªTHEªNEWªNORMALªFORCEªEXERTEDªONªTHEª
CRATEªCOMPAREªTOª FN �ªª

�!	ª 4HEªNEWªNORMALªFORCEªISªGREATERªTHANª FN �ª

�"	ª 4HEªNEWªNORMALªFORCEªISªLESSªTHANª FN �ª

�#	ª 4HEªNEWªNORMALªFORCEªISªEQUALªTOª FN �ª
�$	ª 4HEªNEWªNORMALªFORCEªISªGREATERªORªLESSªTHANª

FN ªDEPENDINGªONªTHEªVALUEªOFªq �ª
ª
���ª!SªTHEªCRATEªSLIDESªAªDISTANCEªd�ªHOWªDOESªTHEªNEWª

GAINªINªKINETICªENERGYªCOMPAREªTOªDK �ªª

�!	ª 4HEªNEWªGAINªISªGREATERªTHANªDK �ª
�"	ª 4HEªNEWªGAINªISªLESSªTHAN DK �ª
�#	ª 4HEªNEWªGAINªISªEQUALªTOª DK

ª
�ª

�$	ª 4HEªNEWªGAINªISªGREATERªORªLESSªTHANªDK ª
DEPENDINGªONªTHEªVALUEªOFªq �ª

 
ª
ª
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ª

ª
ª

ª

���ª!ªBLOCKªONªAªLEVELªSURFACEªISªATTACHEDªTOªONEªENDª
OFªAªSPRING�ªASªSHOWNªINªTHEªFIGUREªABOVE�ª4HEª
OTHERªENDªOFªTHEªSPRINGªISªATTACHEDªTOªAªWALL�ª4HEREª
ISªFRICTIONªBETWEENªTHEªBLOCKªANDªTHEªSURFACE�ªª
!ªPERSONªDISPLACESªTHEªBLOCKªFROMªITSªEQUILIBRIUMª
POSITIONªANDªRELEASESªIT�ª7HICHªOFªTHEªFOLLOWINGª
SHOWSªTHEªMECHANICALªENERGYªEªASªAªFUNCTIONªOFª
TIMEªtªFORªTHEªSYSTEMªTHATªINCLUDESªONLYªTHEªBLOCKª
ANDªTHEªSYSTEMªTHATªINCLUDESªTHEªBLOCKªANDªSPRING�ª

�!	ª ª

ª
�"	ª ª

ª
�#	ª ª

ª
�$	ª

ª
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ª
ª

ª

���ª!ªTRANSVERSEªWAVEªISªTRAVELINGªONªAªSTRING�ª4HEªGRAPHªABOVEªSHOWSªPOSITIONªASªAªFUNCTIONªOFªTIMEªFORªAªPOINTªONª
THEªSTRING�ª)FªTHEªFREQUENCYªOFªTHEªWAVEªISªDOUBLED�ªWHATªISªTHEªNEWªAVERAGEªSPEEDªOFªTHEªPOINT�ª

�!	ª �ª M S ª
�"	ª ���ª M S ª
�#	ª ���ª M S ª
�$	ª ���ª M S ª
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ª
ª
���ª!LANªANDª"EVERLYªAREªONªOPPOSITEªSIDESªOFªAªLARGEª

ROOMªWHENª!LANªSAYSªSOMETHINGªTOª"EVERLY�ª
"EVERLYªDOESªNOTªHEARªHIM�ªSOª!LANªREPEATSªTHEª
MESSAGEªLOUDERªANDª"EVERLYªNOWªHEARSªIT�ª7HICHª
OFªTHEªFOLLOWINGªCOULDªBEªDIFFERENTªABOUTªTHEª
SECONDªSOUNDªWAVEªCOMPAREDªTOªTHEªFIRSTªTHATª
ALLOWSª"EVERLYªTOªHEARªIT�ª

�!	ª 4HEªSECONDªWAVEªTRAVELSªTOª"EVERLYªMOREª
QUICKLY�ªSOªLESSªENERGYªISªDISSIPATEDªBYªTHEª
TIMEªTHEªWAVEªREACHESªHER�ª

�"	ª 4HEªSECONDªWAVEªREFLECTSªMOREªOFFªTHEªWALLSª
OFªTHEªROOM�ª

�#	ª 4HEªAIRªMOLECULESªDISTURBEDªBYªTHEªSECONDª
WAVEªUNDERGOªAªGREATERªDISPLACEMENTªFROMª
THEIRªEQUILIBRIUMªPOSITIONS�ª

�$	ª 4HEªAIRªMOLECULESªDISTURBEDªBYªTHEªSECONDª
WAVEªARE�ªONªAVERAGE�ªMOREªCLOSELYªSPACED�ª

ª
ª

ª

���ª4WOªSTRINGSªDIFFERINGªONLYªINªLENGTHªAREªATTACHEDª
TOªTHEªSAMEªOSCILLATOR�ªASªSHOWNªINªTHEªFIGUREª
ABOVE�ª"OTHªAREªFIXEDªATªTHEªOTHERªENDªANDªAREª
UNDERªTHEªSAMEªTENSION�ª4HEªOSCILLATORªCREATESªAª
TRANSVERSEªWAVEªANDªISªADJUSTEDªTOªTHEªLOWESTª
FREQUENCYªTHATªCREATESªAªSTANDINGªWAVEªONªTHEª
SHORTERªSTRING�ª7HICHªOFªTHEªFOLLOWINGªEXPLAINSª
WHYªTHEREªWILLªNOTªBEªAªSTANDINGªWAVEªONªTHEª
LONGERªSTRING�ª

�!	ª 4HEªWAVESªTRAVELªATªSLIGHTLYªDIFFERENTªSPEEDSª
ONªTHEªTWOªSTRINGS�ª

�"	ª !NªOSCILLATORªFREQUENCYªTHATªRESULTSªINªAª
STANDINGªWAVEªONªAªSTRINGªOFªONEªLENGTHª
CANNOTªRESULTªINªAªSTANDINGªWAVEªONªAªSTRINGª
WITHªAªDIFFERENTªLENGTH�ª

�#	ª 4HEªAMPLITUDEªOFªTHEªWAVEªDOESªNOTªMATCHª
THEªBOUNDARYªCONDITIONSªFORªSTRINGSªOFª
DIFFERENTªLENGTHªATªTHEªSAMEªTIME�ª

�$	ª 4HEªWAVELENGTHªASSOCIATEDªWITHªTHEªGIVENª
FREQUENCYªDOESªNOTªMATCHªTHEªBOUNDARYª
CONDITIONSªSETªBYªTHEªLENGTHªOFªTHEªLONGERª
STRING�ª

 
ª
ª
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ª
ª

ª

���ª4HEªFIGUREªABOVEªSHOWSªTHEªNETªFORCEªEXERTEDªONª
ANªOBJECTªASªAªFUNCTIONªOFªTHEªPOSITIONªOFªTHEª
OBJECT�ª4HEªOBJECTªSTARTSªFROMªRESTªATªPOSITIONª
x  �ªM ªANDªACQUIRESªAªSPEEDªOFª ���ª M S ªAFTERª
TRAVELINGªAªDISTANCEªOFª�����ªM�ª7HATªISªTHEªMASSª
OFªTHEªOBJECT�ª

�!	ª �����ªKGª
�"	ª �����ªKGª
�#	ª �����ªKGª
�$	ª �����ªKGª

 
ª
ª

���ª4WOªIDENTICALªCARTSªAREªFREEªTOªMOVEªALONGªAª
STRAIGHTªFRICTIONLESSªTRACK�ª!TªTIMEª t� �ªCARTªXªISª
MOVINGªATª���ªM�SªWHENªITªCOLLIDESªWITHªANDªSTICKSª
TOªCARTªY�ªWHICHªISªINITIALLYªATªREST�ª7HICHªOFªTHEª
FOLLOWINGªGRAPHSªBESTªSHOWSªTHEªVELOCITYªOFªCARTªXª
BEFOREªANDªAFTERªTHEªCOLLISION�ª

�!	ª

ª
ª
�"	ª

ª
ª
�#	ª

ª
ª
�$	ª

ª
 
ª
ª
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ª
ª

 

���ª!ªSPACESHIPªANDªITSªSHUTTLEªPODªAREªTRAVELINGªTOªTHEª
RIGHTªINªAªSTRAIGHTªLINEªWITHªSPEEDªv�ªASªSHOWNªINª
THEªTOPªFIGUREªABOVE�ª4HEªMASSªOFªTHEªPODªISªm�ª
ANDªTHEªMASSªOFªTHEªSPACESHIPªISª�m�ª4HEªPODªISª
LAUNCHED�ªANDªAFTERWARDªTHEªPODªISªMOVINGªTOªTHEª
RIGHTªWITHªSPEEDª pv ªANDªTHEªSPACESHIPªISªMOVINGª

TOªTHEªRIGHTªWITHªSPEEDª �ªWHEREª fv ! v �ªASª

SHOWNªINªTHEªBOTTOMªFIGURE�ª7HICHªOFªTHEª
FOLLOWINGªISªTRUEªOFªTHEªSPEEDª vc ªOFªTHEªCENTERªOFª
MASSªOFªTHEªSYSTEMªAFTERªTHEªPODªISªLAUNCHED�ª

�!	ª c fv v ª 

�"	ª cv v v� � ªf

�#	ª cv v� ª

�$	ª cv v ª

ª

���ª4HEªDIAGRAMªABOVEªSHOWSªAªTOPªVIEWªOFªAªCHILDªOFª
MASSªM ONªAªCIRCULARªPLATFORMªOFªMASSª�M THATªISª
ROTATINGªCOUNTERCLOCKWISE�ª!SSUMEªTHEªPLATFORMª
ROTATESªWITHOUTªFRICTION�ª7HICHªOFªTHEªFOLLOWINGª
DESCRIBESªANªACTIONªBYªTHEªCHILDªTHATªWILLªRESULTªINª
ANªINCREASEªINªTHEªTOTALªANGULARªMOMENTUMªOFªTHEª
CHILD
PLATFORMªSYSTEM�ª

�!	ª 4HEªCHILDªMOVESªTOWARDªTHEªCENTERªOFªTHEª
PLATFORM�ª

�"	ª 4HEªCHILDªMOVESªAWAYªFROMªTHEªCENTERªOFªTHEª
PLATFORM�ª

�#	ª 4HEªCHILDªMOVESªALONGªAªCIRCLEªCONCENTRICª
WITHªTHEªPLATFORMª�DASHEDªLINEªSHOWN	ª
OPPOSITEªTHEªDIRECTIONªOFªTHEªPLATFORM�Sª
ROTATION�ª

�$	ª .ONEªOFªTHEªACTIONSªDESCRIBEDªWILLªCHANGEªª
THEªTOTALªANGULARªMOMENTUMªOFªTHEªCHILD

PLATFORMªSYSTEM�ª

fv
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ª
ª

 

ª

���ª!ªTRAINªISªTRAVELINGªEASTªWITHªCONSTANTªSPEEDª vt �ª
4WOªIDENTICALªSPHERESªAREªROLLINGªONªTHEªFLOORªOFª
ONEªTRAINªCAR�ª)NªTHEªFRAMEªOFªREFERENCEªOFªTHEª
TRAIN�ªTHEªSPHERESªAREªMOVINGªDIRECTLYªTOWARDªEACHª
OTHERªATªONEªINSTANTªWITHªTHEªSAMEªSPEEDª vp ª

PARALLELªTOªTHEªTRAIN�SªMOTION�ªASªSHOWNªINªTHEª
FIGUREªABOVE�ª7HATªISªTHEªVELOCITYªOFªTHEªCENTERªOFª
MASSªOFªTHEªSPHERESªINªTHEªFRAMEªOFªREFERENCEªOFª
THEªTRAINªANDªINªTHEªFRAMEªOFªREFERENCEªOFªAªPERSONª
STANDINGªATªRESTªALONGSIDEªTHEªTRAIN�ª

ª 4RAINª 0ERSONª
�!	ª :EROª
�"	ª :EROª

:EROª
vt ªEASTª

�#	ª vt ªEASTª vp t� v ªEASTª

�$	ª vp t� v ªEASTª :EROª

ª

���ª!ªSATELLITEªTHATªISªAªSPINNINGªCYLINDERªHASªINITIALª
ROTATIONALªINERTIAª I� ªANDªANGULARªVELOCITYªw� �ª
3OLARªPANELSªUNFOLDªFROMªTHEªSATELLITEªANDªAREª
EXTENDEDªOUTWARD�ª4HEªSATELLITEªTHENªHASªROTATIONALª
INERTIAª I f  �aI ªANDªANGULARªVELOCITYªw f  b �w �ª

WHEREªaªANDªbªAREªCONSTANTS�ª7HICHªOFªTHEª
FOLLOWINGªISªTRUEªABOUTªTHEªCONSTANTSªaªANDªb �ª

�!	ª aª�ª�ªANDªbª�ª�ª
�"	ª aª�ª�ªANDªbª�ª�ª
�#	ª aª�ª�ªANDªbª�ª�ª
�$	ª aª�ª�ªANDªbª�ª�ª

ª
ª
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ª
ª

ª

 
ª
ª

ª
ª

���ª7HENªTHEªCIRCUITªSHOWNªABOVEªISªSETªUP�ªTHEª
POTENTIALªDIFFERENCEªACROSSªTHEªBATTERYªISª���ª6�ªª
"YªHOWªMUCHªWILLªTHEªMAGNITUDEªOFªTHEªPOTENTIALª
DIFFERENCEªACROSSª R� ªCHANGEªWHENª R� ªISªREMOVEDª
ANDªITSªBRANCHªISªLEFTªOPEN�ª

�!	ª 4HEªMAGNITUDEªOFªTHEªPOTENTIALªDIFFERENCEª
ACROSSª R� ªDOESªNOTªCHANGE�ª

�"	ª 4HEªMAGNITUDEªOFªTHEªPOTENTIALªDIFFERENCEª
ACROSSª R� ªDECREASESªBYª���ª6�ª

�#	ª 4HEªMAGNITUDEªOFªTHEªPOTENTIALªDIFFERENCEª
ACROSSª R� ªINCREASESªBYª���ª6�ª

�$	ª 4HEªMAGNITUDEªOFªTHEªPOTENTIALªDIFFERENCEª
ACROSSª R� ªINCREASESªBYª���ª6�ª

ª ª

���ª4WOªWAVEªPULSESªAREªPROPAGATINGªALONGªAªSTRAIGHTª
LINEªTOWARDªEACHªOTHERªASªSHOWNªABOVE�ª7HICHªOFª
THEªFOLLOWINGªISªTHEªRESULTANTªWHENªTHEªCENTERSªOFª
THEªPULSESªALIGN�ª

�!	ª

ª
ª

�"	ª ª

ª
�#	ª

ª
ª

�$	ª

ª
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ª
ª

 

ª

���ª!ªPERSONªHOLDSªAª���ªKGªBLOCKªATªPOSITIONª!ªSHOWNªABOVEªONªTHEªLEFT�ªINªCONTACTªWITHªANªUNCOMPRESSEDªVERTICALª
SPRINGªWITHªAªSPRINGªCONSTANTªOFª���ª.�M�ª4HEªPERSONªGENTLYªLOWERSªTHEªBLOCKªFROMªRESTªATªPOSITIONª!ªTOªRESTªATª
POSITIONª"�ª7HICHªOFªTHEªFOLLOWINGªDESCRIBESªTHEªCHANGEªINªTHEªENERGYªOFªTHEªBLOCK
SPRING
%ARTHªSYSTEMªASªAª
RESULTªOFªTHEªBLOCKªBEINGªLOWERED�ª

�!	ª 4HEªENERGYªDECREASESªBYªAPPROXIMATELYª���ª*�ª
�"	ª 4HEªENERGYªDECREASESªBYªAPPROXIMATELYª���ª*�ª
�#	ª 4HEªENERGYªINCREASESªBYªAPPROXIMATELYª���ª*�ª
�$	ª 4HEªENERGYªOFªTHEªSYSTEMªDOESªNOTªCHANGE�ª

 
ª
ª
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ª
ª
Questions 40-42 refer to the following material. 

ª

4HEªSTACKSªOFªBOXESªSHOWNªINªTHEªFIGUREªABOVEªAREª
INSIDEªANªELEVATORªTHATªISªMOVINGªUPWARD�ª4HEªMASSESª
OFªTHEªBOXESªAREªGIVENªINªTERMSªOFªTHEªMASSªMªOFªTHEª
LIGHTESTªBOX�ª
ª
ª
���ª(OWªDOESªTHEªMAGNITUDEªOFªTHEªFORCEªEXERTEDªBYª

THEªTOPªBOXªONªTHEªBOTTOMªBOXªCOMPAREªWITHªTHEª
MAGNITUDEªOFªTHEªFORCEªEXERTEDªBYªTHEªBOTTOMªBOXª
ONªTHEªTOPªBOXªFORªEACHªOFªTHEªSTACKS�ª

�!	ª 4HEªTWOªMAGNITUDESªAREªALWAYSªEQUALªINªEACHª
OFªTHEªSTACKS�ª

�"	ª 4HEªTWOªMAGNITUDESªAREªALWAYSªDIFFERENTªINª
EACHªOFªTHEªSTACKS�ª

�#	ª 4HEªTWOªMAGNITUDESªAREªEQUALªWHENªTHEª
BOXESªHAVEªEQUALªMASSªANDªDIFFERENTªWHENª
THEªBOXESªHAVEªDIFFERENTªMASSES�ª

�$	ª 4HEªTWOªMAGNITUDESªAREªEQUALªWHENªTHEª
ELEVATORªISªMOVINGªATªCONSTANTªSPEEDªANDª
DIFFERENTªWHENªITªISªACCELERATING�ª

 
ª
ª

���ª!SSUMEªTHEªELEVATORªISªMOVINGªATªCONSTANTªSPEED�ª
ANDªCONSIDERªTHEªBOTTOMªBOXªINªTHEªSTACKªTHATªHASª
TWOªBOXESªOFªMASSª�M�ª,ETª FFLOOR ªBEªTHEªFORCEª

EXERTEDªBYªTHEªFLOORªONªTHEªBOX�ª Fg ªBEªTHEªFORCEª

EXERTEDªBYªGRAVITYªONªTHEªBOX�ªANDª FBOX ªBEªTHEª
FORCEªEXERTEDªBYªTHEªTOPªBOXªONªTHEªBOTTOMªBOX�ª
7HICHªOFªTHEªFOLLOWINGªBESTªREPRESENTSªTHEªFORCESª
EXERTEDªONªTHEªBOTTOMªBOX�ª

�!	ª ª

ª
�"	ª ª

ª
�#	ª ª

ª
�$	ª

ª
ª
���ª!SSUMEªTHEªELEVATORªHASªUPWARDªACCELERATIONªa�ª

ANDªCONSIDERªTHEªSTACKªTHATªHASªTWOªBOXESªOFªMASSª
M�ª7HATªISªTHEªMAGNITUDEªOFªTHEªFORCEªEXERTEDªONª
THEªTOPªBOXªBYªTHEªBOTTOMªBOX�ª

�!	ª Mgª
�"	ª Ma 
�#	ª M a g ª�� �
�$	ª M a g ª�� �

 
ª
ª
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PHYSICS C:  MECHANICS 
SECTION I  

Time—45 minutes 
35 Questions 

 
Directions:  Each of the questions or incomplete statements below is followed by five suggested answers or 
completions. Select the one that is best in each case and then fill in the corresponding circle on the answer sheet. 
 

Note:  To simplify calculations, you may use 210m/ sg   in all problems. 
 
 
 1. An object is released from rest from a great  

height and reaches its terminal velocity. Which  
of the following statements is true of the object 
while it is falling with terminal velocity? 

(A) There is no longer a gravitational force on it. 
(B) There is no longer a drag (air resistance) 

force on it. 
(C) Its acceleration is upward. 
(D) The magnitudes of the gravitational and  

drag forces on it are equal. 
(E) The gravitational and drag forces on it act  

in the same direction. 
 
 2. A student with a mass of 50 kg is standing on  

a bathroom scale while riding in an elevator. If  
the reading on the scale is 400 N, which of the 
following is a correct description of the elevator’s 
motion? 

(A) Moving upward with increasing speed 
(B) Moving upward with constant speed 
(C) Moving downward with constant speed 
(D) Moving downward with increasing speed 
(E) Moving downward with decreasing speed 

 

 

 3. The system represented above consists of  
two objects of unequal masses, 1M  and 2M ,  
with 1 > M M2 . The objects hang from the ends  
of a cord of negligible mass that passes over a 
pulley with negligible mass and friction. Which  
of the following is true about the changes in the 
gravitational potential energy, UD , and kinetic 
energy, KD , of the system soon after the objects 
are released from rest? 

(A) 0UD �  and 0KD !  
(B) 0UD   and 0KD !  
(C) 0UD �  and 0KD   
(D) 0UD   and 0KD   
(E) 0UD !  and 0KD �  
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Questions 4-6  

A tape attached to a moving object was pulled by the object through a marker that put dots on the tape at a 
constant rate of 10 dots per second for a period of 2.5 s. The figure below shows the marked tape next to a 
centimeter ruler. 
 

 

 
 4. The average speed of the object for the total time recorded on the tape is most nearly  

(A) 2.0 cm/s 
(B) 3.3 cm/s 
(C) 4.5 cm/s 
(D) 5.5 cm/s 
(E) 7.0 cm/s 

 
 

 5. Which of the following best represents the graph of the velocity of the object versus time? 

(A) 

 

(B) 

 

(C)  

 
(D) 

 

(E) 
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 6. Which of the following best represents the graph of the acceleration of the object versus time? 

(A) 

 

(B) 

 

(C)  

 
(D) 

 

(E) 
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Questions 7-8 

A turntable with mass m , radius R , and rotational 

inertia 
2

2
mR  initially rotates freely about an axis 

through its center at constant angular speed with 
negligible friction. A piece of clay, also of mass m , 
falls vertically onto the turntable, as shown above, 

and sticks to it at point P, a distance 
2
R  from the 

center of rotation. 

 7. What is the rotational inertia of the clay-turntable 
system after the collision? 

(A) 21
4

mR

(B) 21
2

mR

(C) 23
4

mR

(D) 2mR

(E) 22mR

 8. What happens to the rotational speed of the 
turntable and the angular momentum of the clay-
turntable system about the axis as a result of the 
collision? 

Rotational Speed Angular Momentum

(A) Stays the same Increases 
(B) Stays the same Stays the same 
(C) Stays the same Decreases 
(D) Decreases Stays the same 
(E) Decreases Decreases 

 9. Which of the following must be true in order for a 
rotating platform to continue rotating with a 
constant angular velocity? 

(A) There are no forces exerted on it. 
(B) There is no friction exerted on it. 
(C) There is zero net force exerted on it. 
(D) There are no torques exerted on it. 
(E) There is zero net torque exerted on it. 

10. A newly discovered planet is found to have twice 
the radius and three times the mass of Earth.  
If the acceleration due to gravity at the surface of 
Earth is g, the acceleration due to gravity at the 
surface of the new planet is 

 

(A) 
2
3
g

(B) 
3
4
g

(C) g

(D) 
4
3
g

(E) 
3
2
g

11. At point X shown above, which is midway 
between the centers of two isolated planets of 
radii R and 2R, the net gravitational force on an 
object is zero. If the mass of the smaller planet is 
M, the mass of the larger planet is 

(A)
4
M

(B)
2
M

(C) M

(D) 2M

(E) 4M 
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ª
ª
Directions:ªª&ORªEACHªOFªTHEªQUESTIONSªORªINCOMPLETEªSTATEMENTSªBELOW�ªTWOªOFªTHEªSUGGESTEDªANSWERSªWILLªBEªCORRECT�ªª
&ORªEACHªOFªTHESEªQUESTIONS�ªYOUªMUSTªSELECTªBOTHªCORRECTªCHOICESªTOªEARNªCREDIT�ª.OªPARTIALªCREDITªWILLªBEªEARNEDªIFª
ONLYªONEªCORRECTªCHOICEªISªSELECTED�ª3ELECTªTHEªTWOªTHATªAREªBESTªINªEACHªCASEªANDªTHENªENTERªBOTHªOFªTHEªAPPROPRIATEª
LETTERSªINªTHEªCORRESPONDINGªSPACEªONªTHEªANSWERªSHEET�ªª
ª

ª

 
ª
ª

ª

���ª!ªUNIFORMªPLANKªISªPLACEDªWITHªAªPIVOTªATªITSª
CENTER�ª!ªBLOCKªISªPLACEDªONªTHEªPLANKªTOªTHEªLEFTª
OFªTHEªPIVOT�ªASªSHOWNªINªTHEªFIGUREªABOVE�ª!ª
STUDENTªISªASKEDªTOªPLACEªAªSECONDªBLOCKªOFªª
GREATERªMASSªONªTHEªPLANKªSOªITªWILLªBALANCEªWHENª
HORIZONTAL�ª7HICHªOFªTHEªFOLLOWINGªQUANTITIESªAREª
NEEDEDªTOªDETERMINEªWHEREªTHEªSECONDªBLOCKª
SHOULDªBEªPLACED�ª3ELECTªTWOªANSWERS�ª

�!	ª 4HEªMASSªOFªTHEªPLANKª
�"	ª 4HEªMASSªOFªEACHªBLOCKª
�#	ª 4HEªLENGTHªOFªTHEªPLANKª
�$	ª 4HEªDISTANCEªFROMªTHEªPIVOTªTOªTHEªLEFTªBLOCKª

ª
ª

37
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ª
ª

ª

���ª!ªBLOCKªISªHELDªATªRESTªAGAINSTªAªWALLªBYªAªFORCEªª
OFªMAGNITUDEªFªEXERTEDªATªANªANGLEªq ªFROMªTHEªG
HORIZONTAL�ªASªSHOWNªINªTHEªFIGUREªABOVE�ª,ETª Fg ª

BEªTHEªGRAVITATIONALªFORCEªEXERTEDªBYª%ARTHªONªTHEªG
BLOCK�ª FN ªBEªTHEªNORMALªFORCEªEXERTEDªBYªTHEªª

G
WALLªONªTHEªBLOCK�ªANDª Ff ªBEªTHEªFRICTIONALªFORCEª

EXERTEDªBYªTHEªWALLªONªTHEªBLOCK�ª7HICHªOFªTHEª
FOLLOWINGªSTATEMENTSªABOUTªTHEªMAGNITUDESªOFªª
THEªFORCESªONªTHEªBLOCKªMUSTªBEªTRUE�ª3ELECTªª
TWOªANSWERS�ª

�!	ª F F g SINq ª

�"	ª F FCOSq  N ª

�#	ª F FSINq  �g f ªF

�$	ª F F �g NF � Ff ª
 
ª
ª

���ª3OMEªSTUDENTSªHAVEªDETERMINEDªTHEªGRAVITATIONALª
MASSªOFªANªOBJECTªANDªWANTªTOªCOMPAREªITªTOªTHEª
OBJECT�SªINERTIALªMASS�ª0ROCEDURESªTHATªWOULDª
ALLOWªTHEMªTOªACCOMPLISHªTHISªINCLUDEªWHICHªOFª
THEªFOLLOWING�ª3ELECTªTWOªANSWERS�ª

�!	ª (ANGINGªTHEªOBJECTªVERTICALLYªFROMªAªSPRINGª
SCALEªANDªRECORDINGªTHEªSCALEªREADINGª

�"	ª 0LACINGªTHEªOBJECTªONªONEªSIDEªOFªAªDOUBLEª
PANªBALANCE�ªADDINGªOBJECTSªOFªKNOWNªMASSª
TOªTHEªOTHERªSIDEªUNTILªTHEªMASSESªAREª
BALANCED�ªANDªRECORDINGªTHEªAMOUNTªOFªMASSª
ADDEDª

�#	ª !TTACHINGªTHEªOBJECTªTOªAªSPRINGªOFªKNOWNª
SPRINGªCONSTANT�ªALLOWINGªITªTOªOSCILLATEª
HORIZONTALLYªONªAªNEARLYªFRICTIONLESSªSURFACE�ª
ANDªMEASURINGªTHEªPERIODª

�$	ª !TTACHINGªTHEªOBJECTªTOªAªFORCEªSENSOR�ªUSINGª
THEªSENSORªTOªPULLªTHEªOBJECTªACROSSªAªNEARLYª
FRICTIONLESSªHORIZONTALªSURFACE�ªANDª
MEASURINGªTHEªACCELERATIONª

 
ª
ª
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AP Physics 1: Algebra-Based Course and Exam Description 

Directions: For each of questions 22–25 below, two of the suggested answers will be 
correct. Select the two answers that are best in each case, and then !ll in both of the 
corresponding circles on the answer sheet.

22. A block is given a short push and then slides with constant friction across a horizontal 
"oor. #e graph above shows the kinetic energy of the block a$er the push ends as a 
function of an unidenti!ed quantity. #e quantity could be which of the following? Select 
two answers.
(A) Time elapsed since the push
(B) Distance traveled by the block
(C) Speed of the block
(D) Magnitude of the net work done on the block

Enduring Understandings Learning Objectives Science Practices

3.A: All forces share certain 
common characteristics when 
considered by observers in 
inertial reference frames.   

3.E: A force exerted on an 
object can change the kinetic 
energy of the object. 

3.A.1.1: The student is able to 
express the motion of an object 
using narrative, mathematical, 
and graphical representations.

3.E.1.1: The student is able 
to make predictions about the 
changes in kinetic energy of an 
object based on considerations of 
the direction of the net force on 
the object as the object moves.

1.5: The student can reexpress 
key elements of natural phenomena 
across multiple representations in 
the domain.

2.2: The student can apply 
mathematical routines to 
quantities that describe natural 
phenomena.

6.4: The student can make claims 
and predictions about natural 
phenomena�EDVHG�RQ�VFLHQWLƮF�
theories and models.

7.2: The student can connect 
concepts in and across domain(s) 
WR�JHQHUDOL]H�RU�H[WUDSRODWH�
in and/or across enduring 
understandings and/or big ideas.

9696
Return to  

Table of Contents

© 2017 The College Board
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AP Physics 1: Algebra-Based Course and Exam Description 

24. A 0.2 kg rock is dropped into a lake from a few meters above the surface of the water. !e 
rock reaches terminal velocity in the lake a"er 5 s in the water. During the final 3 s of 
its descent to the lake bottom, the rock moves at a constant speed of 4 m/s. Which of 
the following can be determined from the information given? Select two answers.
(A) !e speed of the rock as it enters the lake
(B) !e distance the rock travels in the first 5 s of its descent in the water
(C) !e acceleration of the rock 2 s before it reaches the lake bottom
(D) !e change in potential energy of the rock-Earth-water system during the final 3 s of 

the rock’ s descent

Enduring Understandings Learning Objectives Science Practices

3.A: All forces share certain 
common characteristics when 
considered by observers in 
inertial reference frames.   

4.C: Interactions with other 
objects or systems can change 
the total energy of a system.   

3.A.1.1: The student is able to 
express the motion of an object 
using narrative, mathematical, 
and graphical representations.

4.C.1.2: The student is able 
to predict changes in the 
total energy of a system due 
to changes in position and 
speed of objects or frictional 
interactions within the system.

1.5: The student can reexpress 
key elements of natural 
phenomena across multiple 
representations in the domain.

6.4: The student can make 
claims and predictions about 
natural phenomena based on 
VFLHQWLƮF�WKHRULHV�DQG�PRGHOV�

9898
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Table of Contents
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Joyee Lin

Joyee Lin

Joyee Lin
135.



 Physics 1 Practice Exam

%0 /05 01&/ 5)*4 #00,-&5 6/5*- :06 "3& 50-% 50 %0 40�

At a Glance
5PUBM 5JNF�
�� NJOVUFT

/VNCFS PG 2VFTUJPOT
�

1FSDFOU PG 5PUBM 4DPSF
���

8SJUJOH *OTUSVNFOU
&JUIFS QFODJM PS QFO XJUI
CMBDL PS EBSL CMVF JOL

&MFDUSPOJD %FWJDF
$BMDVMBUPS BMMPXFE

4VHHFTUFE 5JNF
"QQSPYJNBUFMZ
�� NJOVUFT FBDI GPS
RVFTUJPOT � BOE � BOE
�� NJOVUFT FBDI GPS
RVFTUJPOT �
 �
 BOE �

8FJHIU
"QQSPYJNBUF XFJHIUT�
2VFTUJPOT � BOE ��
��� FBDI
2VFTUJPOT �
 �
 BOE ��
��� FBDI

AP® Physics 1 Practice Exam
SECTION II: Free Response

Instructions
The questions for Section II are printed in this booklet. You may use any blank space in
the booklet for scratch work, but you must write your answers in the spaces provided for
each answer. A table of information and lists of equations that may be helpful are in the
booklet. Calculators, rulers, and straightedges may be used in this section.

All final numerical answers should include appropriate units. Credit for your work
depends on demonstrating that you know which physical principles would be appropriate
to apply in a particular situation. Therefore, you should show your work for each part in
the space provided after that part. If you need more space, be sure to clearly indicate
where you continue your work. Credit will be awarded only for work that is clearly
designated as the solution to a specific part of a question. Credit also depends on the
quality of your solutions and explanations, so you should show your work.

Write clearly and legibly. Cross out any errors you make; erased or crossed-out work will
not be scored. You may lose credit for incorrect work that is not crossed out.

Manage your time carefully. You may proceed freely from one question to the next.
You may review your responses if you finish before the end of the exam is announced.
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A0¤�PHYSICS 1 TABLE OF INFORMATION

CONSTANTS AND CONVERSION FACTORS 

Proton mass,  271.67 10  kgpm � �

Neutron mass, 271.67 10  kgnm � �  

Electron mass, 319.11 10  kgem � �  

Speed of light,  83.00 10  m sc  �  

Electron charge magnitude,   191.60 10  Ce � �
Coulomb’s law constant,  9 2

01 4 9.0 10  N m Ck pe  � <  
 Universal gravitational 

constant, 
11 3 26.67 10  m kg sG � � <  

Acceleration due to gravity
at Earth’s surface,

29.8 m sg   

UNIT 
SYMBOLS 

meter, m
kilogram, kg
second, s
ampere, A

kelvin, K 
hertz, Hz

newton, N
joule, J

watt, W   C�  
   coulomb, C   

   volt, V   
    ohm, W    

 

 

2

   

  

   

     

 
 

 

 
 

  

� �

degree Celsius,

PREFIXES 
Factor Prefix Symbol

1012  tera T

109  giga G

106  mega M

103  kilo k

10�2  centi c

10�3  milli m

10�6  micro m  

10�9  nano n

10�12  pico p

VALUES OF TRIGONOMETRIC FUNCTIONS FOR COMMON ANGLES 

q  0
D
 30D  37D  45D  53D  60D  90D  

sinq  0 1 2  3 5  2 2  4 5  3 2  1

cosq  1 3 2  4 5  2 2  3 5  1 2  0 

tanq  0 3 3 3 4  1 4 3  3  �  

 
  

 

 

         
 The following conventions are used in this exam. 

I. The frame of reference of any problem is assumed to be inertial unless 
otherwise stated. 

II. Assume air resistance is negligible unless otherwise stated. 
III. In all situations, positive work is defined as work done on a system. 

 

 

 

IV. The direction of current is conventional current: the direction in which 
positive charge would drift. 

V. Assume all batteries and meters are ideal unless otherwise stated. 
 

  

��
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a = acceleration 
A = amplitude 
d = distance 
E = energy 
f = frequency 
F = force 
I = rotational inertia 
K = kinetic energy 
k = spring constant 
L = angular momentum 
A = length
m = mass 
P = power 
p = momentum 
r = radius or separation 
T = period 
t = time 
U = potential energy 
V = volume 
v = speed 
W = work done on a system 
x = position 
y = height  
a = angular acceleration 

m  = coefficient of friction 
q  = angle 
r  = density 
t  = torque 
w  = angular speed 
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s
i
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R R
 Ç

A = area 
F = force 
I = current 
A = length
P = power 
q = charge 
R = resistance 
r = separation 
t = time 
V = electric potential 
r  = resistivity 

WAVES 

v
f

l  
 f = frequency 
 v = speed 
l  = wavelength 

GEOMETRY AND TRIGONOMETRY

Rectangle 
A bh 

Triangle 
1
2

A bh  

Circle 
2A p 

    2C p 
r

r

Rectangular solid 
    V wh A

Cylinder 

V rp A2

2 2S r rp p �A 2

Sphere 
3

3
V rp 4

  24S rp 

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

Right triangle 

    2 2 2c a b �

    sin a
c

q  

    cos b
c

q  

   tan a
b

q  

c a

b
90qq
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PHYSICS 1 
Section II 

5 Questions 
Time—90 minutes 

 
 

Directions: Questions 2 and 3 are long free-response questions that require about 25 minutes each to answer and are 
worth 12 points each. Questions 1, 4, and 5 are short free-response questions that require about 13 minutes each to 
answer and are worth 7 points each.  Show your work for each part in the space provided after that part. 

 
 
 

 

 1. (7 points, suggested time about 13 minutes) 
  The figure above represents two carts, with magnets attached, that make up a system. The mass of one cart and 

magnet is 1 kg and the mass of the other is 5 kg. The carts are initially at rest on a frictionless track. They are 
released from rest and exert a repulsive force on each other. The track is not quite horizontal, with the right side 
slightly lower than the left side.  

 
  The speeds of the carts are measured over a 10 s interval. The graph below shows the momentum of the  

two carts as a function of time for this interval as they move along the x-axis. 
 

 

��
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 GO ON TO THE NEXT PAGE. 

 

 

 
 

 
 
 

 

(a) Based on the graph, were the measurements started at the instant the carts were released?  
 
 
 
 
 
 
 
 
 

Justify your answer. 

(b) Calculate the magnitude of the external force exerted on the system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) Suppose the experiment is repeated with different carts, so that the masses of cart plus magnet are 2 kg  

and 4 kg. Would your answer to part (b) be different with the new masses?  
 
 

Justify your answer. 

45
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 GO ON TO THE NEXT PAGE. 

 

 
 

 

 2. (12 points, suggested time 25 minutes) 

  A student hangs a 0.125 kg object on a spring, sets it into oscillation, and obtains the data for the position and 
velocity of the object as a function of time shown in the graphs below. 

 

 

 

 

(a) On the grid below, sketch the potential energy of the object-spring-Earth system as a function of time. 
Explicitly label any intercepts, asymptotes, maxima, or minima with numerical values, as appropriate. 

 

 
 

 

(b) On the axes below, sketch the acceleration of the object as a function of time. Explicitly label any intercepts, 
asymptotes, maxima, or minima with numerical values, as appropriate. 
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  Next the student is given a rubber band and asked to determine whether the relationship between the restoring 

force exerted by the rubber band and the amount it is stretched is the same as that of an ideal spring.  
 

 
 
 

(c) Describe an experimental procedure that the student could use to collect the necessary data, including all the 
equipment the student would need. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(d) How should the student analyze the data to determine whether the relationship between the restoring force 

exerted by the rubber band and the amount it is stretched is the same as that of an ideal spring? What 
evidence from the analysis would be used to make the determination? 

47
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�

���� ����POINTS��SUGGESTED�TIME����MINUTES	�

� � !�BLOCK�IS�INITIALLY�AT�POSITION� �x  �AND�IN�CONTACT�WITH�AN�UNCOMPRESSED�SPRING�OF�NEGLIGIBLE�MASS��4HE�BLOCK�
IS�PUSHED�BACK�ALONG�A�FRICTIONLESS�SURFACE�FROM�POSITION� �x  �TO� x  �D ��AS�SHOWN�ABOVE��COMPRESSING�THE�
SPRING�BY�AN�AMOUNT� x'  D ��4HE�BLOCK�IS�THEN�RELEASED��!T� �x  �THE�BLOCK�ENTERS�A�ROUGH�PART�OF�THE�TRACK�
AND�EVENTUALLY�COMES�TO�REST�AT�POSITION� �x  D ��4HE�COEFFICIENT�OF�KINETIC�FRICTION�BETWEEN�THE�BLOCK�AND�THE�
ROUGH�TRACK�IS� m ��

�
�A	� /N�THE�AXES�BELOW��SKETCH�AND�LABEL�GRAPHS�OF�THE�FOLLOWING�TWO�QUANTITIES�AS�A�FUNCTION�OF�THE�POSITION��

OF�THE�BLOCK�BETWEEN x  �D �AND� �x  D ��9OU�DO�NOT�NEED�TO�CALCULATE�VALUES�FOR�THE�VERTICAL�AXIS��BUT�THE�
SAME�VERTICAL�SCALE�SHOULD�BE�USED�FOR�BOTH�QUANTITIES��

�
� I�� 4HE�KINETIC�ENERGY� K� OF�THE�BLOCK�
�
� II�� 4HE�POTENTIAL�ENERGY� U� OF�THE�BLOCK
SPRING�SYSTEM�
�

�

�
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� � 4HE�SPRING�IS�NOW�COMPRESSED�TWICE�AS�MUCH��TO� �x'  D ��!�STUDENT�IS�ASKED�TO�PREDICT�WHETHER�THE��
FINAL�POSITION�OF�THE�BLOCK�WILL�BE�TWICE�AS�FAR�AT� �x  D ��4HE�STUDENT�REASONS�THAT�SINCE�THE�SPRING�WILL�BE�
COMPRESSED�TWICE�AS�MUCH�AS�BEFORE��THE�BLOCK�WILL�HAVE�MORE�ENERGY�WHEN�IT�LEAVES�THE�SPRING��SO�IT�WILL�SLIDE�
FARTHER�ALONG�THE�TRACK�BEFORE�STOPPING�AT�POSITION� �x  D ��

�
�B	�

� I�� 7HICH�ASPECTS�OF�THE�STUDENT�S�REASONING��IF�ANY��ARE�CORRECT��%XPLAIN�HOW�YOU�ARRIVED�AT�YOUR�ANSWER��
� II�� 7HICH�ASPECTS�OF�THE�STUDENT�S�REASONING��IF�ANY��ARE�INCORRECT��%XPLAIN�HOW�YOU�ARRIVED�AT�YOUR�

ANSWER��
�

�C	� 5SE�QUANTITATIVE�REASONING��INCLUDING�EQUATIONS�AS�NEEDED��TO�DEVELOP�AN�EXPRESSION�FOR�THE�NEW�FINAL�
POSITION�OF�THE�BLOCK��%XPRESS�YOUR�ANSWER�IN�TERMS�OF� D��

�
�D	� %XPLAIN�HOW�ANY�CORRECT�ASPECTS�OF�THE�STUDENT�S�REASONING�IDENTIFIED�IN�PART��B	�ARE�EXPRESSED�BY�YOUR�

MATHEMATICAL�RELATIONSHIPS�IN�PART��C	��%XPLAIN�HOW�YOUR�RELATIONSHIPS�IN�PART��C	�CORRECT�ANY�INCORRECT�
ASPECTS�OF�THE�STUDENT�S�REASONING�IDENTIFIED�IN�PART��B	��2EFER�TO�THE�RELATIONSHIPS�YOU�WROTE�IN�PART��C	���
NOT�JUST�THE�FINAL�ANSWER�YOU�OBTAINED�BY�MANIPULATING�THOSE�RELATIONSHIPS� 
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�

���� ���POINTS��SUGGESTED�TIME����MINUTES	�

� � 4WO�IDENTICAL�SPHERES�ARE�RELEASED�FROM�A�DEVICE�AT�TIME�t�����FROM�THE�SAME�HEIGHT�H��AS�SHOWN�ABOVE���
3PHERE� A� HAS�NO�INITIAL�VELOCITY�AND�FALLS�STRAIGHT�DOWN��3PHERE� B� IS�GIVEN�AN�INITIAL�HORIZONTAL�VELOCITY�OF�
MAGNITUDE� �v �AND�TRAVELS�A�HORIZONTAL�DISTANCE� D� BEFORE�IT�REACHES�THE�GROUND��4HE�SPHERES�REACH�THE�GROUND�AT�

THE�SAME�TIME� ft ��EVEN�THOUGH�SPHERE� B� HAS�MORE�DISTANCE�TO�COVER�BEFORE�LANDING��!IR�RESISTANCE�IS�NEGLIGIBLE��
�

�A	� 4HE�DOTS�BELOW�REPRESENT�SPHERES� A� AND� B��$RAW�A�FREE
BODY�DIAGRAM�SHOWING�AND�LABELING�THE�FORCES��

�NOT�COMPONENTS	�EXERTED�ON�EACH�SPHERE�AT�TIME�
�
ft

��

�

�
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�B	� /N�THE�AXES�BELOW��SKETCH�AND�LABEL�A�GRAPH�OF�THE�HORIZONTAL�COMPONENT�OF�THE�VELOCITY�OF�SPHERE� A� AND�OF�
SPHERE� B� AS�A�FUNCTION�OF�TIME��

�

�
�

�C	� )N�A�CLEAR��COHERENT��PARAGRAPH
LENGTH�RESPONSE��EXPLAIN�WHY�THE�SPHERES�REACH�THE�GROUND�AT�THE�SAME�TIME�
EVEN�THOUGH�THEY�TRAVEL�DIFFERENT�DISTANCES��)NCLUDE�REFERENCES�TO�YOUR�ANSWERS�TO�PARTS��A	�AND��B	��
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 5. (7 points, suggested time about 13 minutes) 
  The figure above shows part of a system consisting of a block at the top of an inclined plane that rests on a table, 

which is located on Earth. The block and plane are at rest when the block is released. In trial 1 there is no friction 
between the block and the plane or between the plane and the table. In trial 2 the plane is fixed to the table so it 
cannot move, but there is still no friction between the block and the plane.  

 
  Indicate whether the speed of the block relative to the table when the block reaches the bottom of the plane is 

greater in trial 1 or trial 2. Justify your answer in a clear, coherent, paragraph-length explanation. 
 
 
 

51



 Physics 1 Practice Exam

  
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

S T O P 
END OF EXAM 

IF YOU FINISH BEFORE TIME IS CALLED,  
YOU MAY CHECK YOUR WORK ON THIS SECTION. 

 
 

��



AP® Physics C: Mechanics Exam 
SECTION II: Free Response 2014 

DO NOT OPEN THIS BOOKLET UNTIL YOU ARE TOLD TO DO SO. 

At a Glance 
Total Time 

45 minutes 
Number of Questions 

3 
Percent of Total Score 

50% 
Writing Instrument 

Either pencil or pen with
black or dark blue ink 

Electronic Device 
Calculator allowed 

Weight 
The questions are 
weighted equally. 

 

Instructions 
The questions for Section II are printed in this booklet. You may use any blank space in 
the booklet for scratch work, but you must write your answers in the spaces provided for 
each answer. A table of information and lists of equations that may be helpful are in the 
booklet. Calculators, rulers, and straightedges may be used in this section. 

All final numerical answers should include appropriate units. Credit for your work 
depends on demonstrating that you know which physical principles would be appropriate 
to apply in a particular situation. Therefore, you should show your work for each part in 
the space provided after that part. If you need more space, be sure to clearly indicate 
where you continue your work. Credit will be awarded only for work that is clearly 
designated as the solution to a specific part of a question. Credit also depends on the 
quality of your solutions and explanations, so you should show your work. 

Write clearly and legibly. Cross out any errors you make; erased or crossed-out work will 
not be scored. You may lose credit for incorrect work that is not crossed out. 

Manage your time carefully. You may proceed freely from one question to the next. You 
may review your responses if you finish before the end of the exam is announced. 

Form I  
Form Code 4JBP6-S  

80  



C�  

-�- 

TABLE OF INFORMATION, EFFECTIVE 2012 

CONSTANTS AND CONVERSION FACTORS 

Proton mass, 271.67 10  kgpm � �

Neutron mass, 271.67 10  kgnm � �

Electron mass, 319.11 10  kgem � �

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

Universal gas constant, 8.31 J (mol K)R  <  

Boltzmann’s constant, 231.38 10 J KBk � �

Electron charge magnitude, 191.60 10  Ce � �

1 electron volt, 191 eV 1.60 10  J� �

Speed of light, 83.00 10  m sc  �
Universal gravitational 

constant,
11 3 26.67 10  m kg sG � � <

 Acceleration due to gravity
at Earth’s surface,

29.8 m sg  

1 unified atomic mass unit, 27 21 u 1.66 10  kg 931 MeV c� �  
 Planck’s constant,  � <� �<h 6.63 10 34  J s  4.14 � 10 15<  eV s

 � � <�hc 1.99 10 25  J m  1.24 � 103<  eV nm<

Vacuum permittivity, 12 2 2
0 8.85 10 C N m� � <!

 Coulomb’s law constant, 9 2
01 4 9.0 10  N m Ck p  � <! 2

Vacuum permeability, 7
0 4 10  (T m)m p � � < A

Magnetic constant, 7
0 4 1 10  (T m)k m p �  �� < A

 1 atmosphere pressure, 5 21 atm 1.0 10  N m 1.0 105  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,
ampere, A pascal, Pa ohm, W electron-volt, eV

UNIT 
SYMBOLS 

kelvin, K joule, J henry, H

PREFIXES 
Factor Prefix Symbol

109 giga G

106 mega M

103 kilo k

10�2 centi c

10�3 milli m

10�6 micro m

10�9 nano n

10�12 pico p

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

sinq 0 1 2  3 5  2 2  4 5  3 2 1 

cosq 1 3 2 4 5  2 2  3 5  1 2  0 

tanq 0 3 3  3 4 1 4 3 3 �

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, EFFECTIVE 2012

MECHANICS ELECTRICITY AND MAGNETISM 

0 atu u �

2
0 0

1
2

x x t atu � �

�2 2
0 2a x xu u � � �0

net mÇ   F F a

d
dt p

F  

dt D  ÔJ F p

m p v  

fricF Nm�

 ÔF r<W d

21
2

K mu 

dWP dt 

 F v<P

gU mghD   

2
2

ca r
u

w  r

 �r Ft

net IÇ   t t a

2I r dm mr  ÇÔ 2

cm m m Ç Çr r  

ru w  

I �  L r p w

21
2

K Iw 

0 tw w a �

2
0 0

1
2

tq q w a � � t

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 
f  = phase angle 

s k �F x

21
2sU kx 

max cos(x x tw f � �

2 1T f
p
w

  

2s
mT kp 

2pT gp A

1 2
2

ˆG
Gm m
r

 �F r

1 2
G

Gm m
U r �

2
1 2

0

1
4

q q
F

rp
 

!

q FE

0
 Ô E A<v Qd

!

dVE dr �

0

1
4

i

ii

q
V rp

 Ç!

1 2

0

1
4E

q q
U qV rp

  
!

QC V 

0AC d
k

 
!

p i
i

C C Ç

1 1
s iiC C Ç

dQI dt 

21 1
2 2cU QV CV  

R A
r A

r E J

dI Ne Au  

V IR  

i
isR R Ç

1

i ipR R Ç 1

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 

0m Ô B <v d I!

I dd
r

0
34

m

p
� r

B
!

  I d �ÔF ! B

0sB nIm  

f  ÔB A<m d

fe   �Ô E <v mdd dt!

dIL dte  �

21
2LU LI 
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ADVANCED PLACEMENT PHYSICS C EQUATIONS, EFFECTIVE 2012 

GEOMETRY AND TRIGONOMETRY CALCULUS 

Rectangle 
A bh  

Triangle 

1
2

A bh 

Circle 
2A rp 

    2C rp  

Rectangular Solid 
V wh A

Cylinder 
2V rp A

22 2S rp p �A r

Sphere 

34
3

V p r

24S rp 

Right Triangle 
2 2 2a b c�  

   sin a
cq   

 cos b
c

q  

    tan a
bq  

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

c a

b
90qq

d f d f du
dx du dx 

� � 1n nd x nxdx
� 

� �x xd e edx  

� � 1ln  d xdx x

� �sin cosd x xdx   

� �cos sind x xdx  �

11 , 1
1

n nx dx x nn
� �

�Ô  �

x xe dx e Ô
lndx xx  Ô

cos sinxdx x Ô
sin cosxdx x �Ô
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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. 
 
 
  Mech 1.  

  Experiment 1: A block of mass 1.5 kg is placed on a long board. You are to design an experiment to determine 
the coefficient of static friction between the block and the board.  

(a)  
 i. From the following list of available equipment, check those additional items you would use for the

purpose of determining the coefficient of static friction. 
 

  ____ Ruler   ____ Spring scale    ____ String 

  ____ Meterstick   ____ Pulley    ____ Protractor 

  ____ Photogate   ____ Stopwatch    ____ Mass hanger  

  ____ Clamps and supports  ____ Objects of various known masses 

 

 ii. Sketch a diagram of your experimental setup and label the pieces of equipment that would be used. 

 

 

 

 

 

 

 

 iii. Outline the experimental procedure you would use, including a list of quantities you would measure. 
For each quantity, identify the equipment you would use to make the measurement. 
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(b) Explain how to use the measurements described in part (a) to calculate the coefficient of static friction. 
Include a free-body diagram in your explanation that shows all forces (not components) acting on the block 
while the measurements are being made. 

 

 

 

 

 

 

   

 

 

 

 

 

  Experiment 2: In a second experiment, the coefficient of kinetic friction between the block and the board is 
above the horizontal. The block is released determined to be 0.10. The board is now inclined at an angle of 25�

from rest at the top of the incline and slides 2.0 m down the incline. 

(c) Calculate the work done by kinetic friction as the block slides down the incline. 

 

 

 

 

 

 

 

 

 

 

(d) The mass of the block is now increased without changing the coefficient of kinetic friction, and 
experiment 2 is repeated. How does each of the following change? 

 

 i.  The magnitude of the frictional force 

        Increases           Decreases           Remains the same  

 

 ii.  The magnitude of the velocity of the block as it reaches the bottom of the incline 

        Increases           Decreases           Remains the same  

 

 iii.  The kinetic energy of the block at the bottom of the incline 

        Increases           Decreases           Remains the same 
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  Mech 2.  

  A satellite of mass m is in a stable circular orbit around Earth at a distance 1R  from the center of Earth. 

The mass of Earth is eM . 

(a) Derive an expression for the following in terms of m, 1R , eM , and fundamental constants, as appropriate. 

 i. The orbital speed 1u  of the satellite 

 

 

 

 

 

 

 

 

 

 

 

 ii. The total energy of the satellite in this orbit, assuming gravitational potential energy to be zero at an 
infinite distance from the center of Earth  
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  The satellite’s booster rockets fire and lift the satellite to a higher circular orbit of radius 12R . The satellite 
follows the path shown in the diagram below, moving a total distance S during the orbital change. The 

component of the rockets’ force parallel to the path is given by the equation � �0 1 xF F
S

 � , where x is the 

variable distance traveled along the path at any moment. 

 

(b) Derive an expression for the total work done on the satellite by the force F in terms of 0F  and S.  

 

 

 

 

 

 

 

 

 

(c) If the total distance S is equal to 13R , derive an expression for 0F  in terms of eM , 1R , m, and fundamental 
constants, as appropriate. 
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  Mech 3.  

  A uniform disk of mass M and radius R is suspended vertically from a pivot on its edge so that it is free to swing 
without friction, as shown in Figure 1 above. The disk is raised to an initial angular displacement 0q  with 
respect to the vertical, as shown in Figure 2 above, and released from rest. The rotational inertia of the disk about 

its center of mass is 2 2I MR .  Express all algebraic answers in terms of the given quantities and fundamental 
constants, as appropriate. 

(a) Derive an expression for the rotational inertia of the disk about the pivot. 

 

 

 

 

 

(b) Derive an expression for the maximum angular velocity of the disk during its swing.  

 

 

 

 

 

 

 

 

(c) Using Newton’s second law in either translational or rotational form, as appropriate, write a differential 
equation that could be used to determine the angular displacement of the disk q  as a function of time t.   
Do not solve the equation. 
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(d) Derive an expression for the period for small-amplitude oscillations of the disk.  

 

 

 

 

 

 

 

 

 

 

 

 

 

(e) Suppose the disk is replaced with another uniform disk with twice the radius, and the pivot point is again on 
the edge of the disk. How will the period of small-amplitude oscillations be affected by the new disk? 

      It will increase.           It will decrease.           It will remain the same.         

      There is not enough information to determine the period. 

 Justify your answer. 
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THIS PAGE MAY BE USED FOR SCRATCH WORK. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

STOP 
 

END OF EXAM 
 
 

THE FOLLOWING INSTRUCTIONS APPLY TO THE COVERS OF THE
SECTION II BOOKLET. 

  

 

x� MAKE SURE YOU HAVE COMPLETED THE IDENTIFICATION 
INFORMATION AS REQUESTED ON THE FRONT AND BACK 
COVERS OF THE SECTION II BOOKLET. 

 
 

x� CHECK TO SEE THAT YOUR AP NUMBER LABEL APPEARS IN 
THE BOX(ES) ON THE COVER(S). 

 

x� MAKE SURE YOU HAVE USED THE SAME SET OF AP  
NUMBER LABELS ON ALL AP EXAMS YOU HAVE TAKEN 
THIS YEAR. 
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