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LCIB>OKFKD�(KPQOR@QLOP>KAPQRABKQP>IFHBTFII CFKAQE>QQEFPQBUQ?LLHLCCBOP> PQOLKDCLRKA>QFLKFK
FKQOLAR@QLOVMEVPF@P�TFQE>IDB?O>>P> MOBOBNRFPFQB�(QFP>S>FI>?IBCLOCOBBLKIFKB>KAFKILT@LPQMOFKQ
>KA�B?LLH�BAFQFLKP�

3L ?OL>ABK>@@BPP>KABK@LRO>DB@LJJRKFQV@RO>QFLK�"LIIBDB/EVPF@PFPkLMBKPLRO@BlIF@BKPBA
RKABO> "OB>QFSB"LJJLKP  QQOF?RQFLK�""!8	 IF@BKPB�$SBOVLKBFPFKSFQBAQLPR?JFQBU>JMIBP�
BJBODFKDOBPB>O@E�>KALQEBOCBBA?>@HQLBKE>K@B>KAPQOBKDQEBKQEBJ>QBOF>I>KAHBBMFQ@ROOBKQ>KA
OBIBS>KQ�CLO�QLA>VnP�PQRABKQP��8LR�@>K�J>HB�PRDDBPQFLKP�?V�@LKQ>@QFKD�RP�>Q�FKCL�LMBKPQ>U@LIIBDB�LOD�

*=�B63�)BC23<B

3EFP?LLHFPTOFQQBKCLOVLR�(QFP?>PBALKQEBQB>@EFKD>KAOBPB>O@EBUMBOFBK@BLCKRJBOLRPMEVPF@FPQP
>KAFKCIRBK@BA?V> PQOLKDOB@LIIB@QFLKLCQEBFOLTK PQORDDIBP>PPQRABKQP� CQBOOB>AFKDQEFP?LLH�TB
ELMBVLRPBBQE>QMEVPF@PFPSFPF?IBBSBOVTEBOB� MMIF@>QFLKPO>KDBCOLJAOFSFKD> @>OQLI>RK@EFKD
> OL@HBQ�COLJ> PH>QBOTEFOIFKDLK F@BQL> KBRQOLKPQ>OPMFKKFKDFKPM>@B�>KACOLJQ>HFKDVLRO
QBJMBO>QROB�QL�Q>HFKD�>�@EBPQ�7O>V�

��	���������
���

"LIIBDB/EVPF@PFPLOD>KFWBAPR@EQE>QQLMF@P>OBFKQOLAR@BA@LK@BMQR>IIVTFQE> PQB>AVMOLDOBPPFLKQL
MOB@FPBABCFKFQFLKP>KA>K>IVQF@>I>MMIF@>QFLKP�3EB>K>IVQF@>I>PMB@Q�MOL?IBJPLISFKD	FPQFBA?>@HQL
QEB@LK@BMQR>I?BCLOBJLSFKDLKQL>KLQEBOQLMF@�$>@EFKQOLAR@QLOV@E>MQBO� CLOBU>JMIB�LMBKPTFQE
>KBKD>DFKDMELQLDO>MEOBIBS>KQQLQEBPR?GB@QLCQEB@E>MQBO>KAFKQBOBPQFKD>MMIF@>QFLKPQE>Q>OBB>PV
CLO�JLPQ�PQRABKQP�QL�SFPR>IFWB�

G8E



�=<13>BA�/<2��/:1C:/B7=<A

3EB>?FIFQVQL@>I@RI>QBALBPKLQDR>O>KQBB@LK@BMQR>IRKABOPQ>KAFKD�(K LOABOQLRKFCV@LK@BMQR>I�
>K>IVQF@>I�>KA@>I@RI>QFLKPHFIIPTFQEFKQEBIB>OKFKDMOL@BPP�TB E>SBFKQBDO>QBA2QO>QBDFBP>KA
#FP@RPPFLKP�QEOLRDELRQ�QEB�QBUQ�

)C>>:3;3<BA

 @@LJM>KVFKDQEBJ>FKQBUQ>OB> 2QRABKQ2LIRQFLKP,>KR>I >KA>K (KPQOR@QLO2LIRQFLKP,>KR>I�
3EB2QRABKQ2LIRQFLKP,>KR>I MOLSFABPTLOHBALRQPLIRQFLKPQLPBIB@QBKALCJLARIB/OL?IBJP>KA
$UBO@FPBP��3EB�(KPQOR@QLO�2LIRQFLKP�,>KR>I�MOLSFABP�TLOHBALRQ�PLIRQFLKP�QL�>II�$UBO@FPBP�

� 3/BC@3A�=4�%>3<)B/FCollege Physics

3EB�CLIILTFKD�?OFBCIV�ABP@OF?BP�QEB�PMB@F>I�CB>QROBP�LC�QEFP�QBUQ�

! 40A=8=6�$1942C8E4B

$SBOVJLARIB?BDFKPTFQE> PBQLCIB>OKFKDL?GB@QFSBP�3EBPBL?GB@QFSBP>OBABPFDKBAQLDRFABQEB
FKPQOR@QLOFKAB@FAFKDTE>Q@LKQBKQQLFK@IRABLO>PPFDK�>KAQLDRFABQEBPQRABKQTFQEOBPMB@QQLTE>QEB
LOPEB@>KBUMB@QQLIB>OK� CQBO@LJMIBQFKDQEBJLARIB>KABKALCJLARIBBUBO@FPBP�PQRABKQPPELRIA
?B�>?IB�QL�ABJLKPQO>QB�J>PQBOV�LC�QEB�IB>OKFKD�L?GB@QFSBP�

�0;;�$DCB

*BV ABCFKFQFLKP�@LK@BMQP�>KABNR>QFLKP>OB@>IIBALRQTFQE> PMB@F>IABPFDKQOB>QJBKQ�">IILRQP>OB
ABPFDKBAQL@>Q@EOB>ABOPn>QQBKQFLK�QLJ>HB FQ@IB>OQE>Q> PMB@FCF@QBOJ�@LK@BMQ�LOBNR>QFLKFP
M>OQF@RI>OIV�FJMLOQ>KQ��>KA�QL�MOLSFAB�B>PV�OBCBOBK@B�CLO�>�PQRABKQ�OBSFBTFKD�@LKQBKQ�

 4H�)4A<B

*BV QBOJP>OBFK?LIA>KA>OBCLIILTBA?V>ABCFKFQFLKFK@LKQBUQ�#BCFKFQFLKPLCHBVQBOJP>OB>IPLIFPQBA
FK�QEB�&ILPP>OV��TEF@E�>MMB>OP�>Q�QEB�BKA�LC�QEB�JLARIB�

, >A:43��G0<?;4B

6 LOHBABU>JMIBPE>SBCLROAFPQFK@QM>OQPQLMOLJLQB?LQE>K>IVQF@>I>KA@LK@BMQR>IPHFIIP�6 LOHBA
BU>JMIBP>OBFKQOLAR@BAFKTLOAP�>IT>VPRPFKDPLJB>MMIF@>QFLKQE>QPELRIA?BLCFKQBOBPQ�3EFPFP
CLIILTBA?V > 2QO>QBDVPB@QFLKQE>QBJME>PFWBPQEB@LK@BMQPFKSLISBA>KAELT PLISFKDQEBMOL?IBJ
OBI>QBP�QL�QELPB�@LK@BMQP��3EFP�FP�CLIILTBA�?V�QEB�J>QEBJ>QF@>I�2LIRQFLK�>KA�#FP@RPPFLK�

,>KV TLOHBABU>JMIBP@LKQ>FKJRIQFMIBM>OQMOL?IBJPQLEBIMQEBPQRABKQPIB>OKELT QL>MMOL>@E
KLOJ>IPFQR>QFLKP�FKTEF@EMOL?IBJPQBKAQLE>SBJRIQFMIBM>OQP�%FK>IIV� TLOHBABU>JMIBPBJMILVQEB

%�.(

	� �DBC>< ) 4GC1>>: GE

https://openstax.org/details/college-physics#resources


QB@EKFNRBPLCQEBMOL?IBJPLISFKDPQO>QBDFBPPLQE>QPQRABKQP@>KPBBELT QELPBPQO>QBDFBPPR@@BBAFK
MO>@QF@B�>P�TBII�>P�FK�QEBLOV�

%A>1;4<�(>;E8=6�(CA0C4684B

/OL?IBJPLISFKDPQO>QBDFBP>OBCFOPQMOBPBKQBAFK> PMB@F>IPB@QFLK>KAPR?PBNRBKQIV>MMB>O>Q@OR@F>I
MLFKQPFKQEBQBUQTEBOBPQRABKQP@>K?BKBCFQJLPQCOLJQEBJ�/OL?IBJPLISFKDPQO>QBDFBPE>SB>ILDF@>I
PQOR@QROBQE>QFPOBFKCLO@BAFKQEBTLOHBABU>JMIBP>KAPRMMLOQBAFK@BOQ>FKMI>@BP?VIFKBAO>TFKDPQE>Q
FIIRPQO>QB�S>OFLRP�PQBMP�

"8B2>=24?C8>=��;4ACB

2QRABKQP@LJBQLMEVPF@PTFQEMOB@LK@BMQFLKPCOLJBSBOVA>VBUMBOFBK@BP>KACOLJMOBSFLRP@LROPBP�
2LJB LCQEBPBMOB@LK@BMQFLKP>OBJFP@LK@BMQFLKP�>KAJ>KV>OBSBOV@LJJLK>JLKDPQRABKQP>KAQEB
DBKBO>IMR?IF@�2LJB >OBFK>ASBOQBKQIVMF@HBARMQEOLRDEJFPRKABOPQ>KAFKDPLCIB@QROBP>KAQBUQP�3EB
,FP@LK@BMQFLK� IBOQP�CB>QROB�FP�ABPFDKBA�QL�MLFKQ�QEBPB�LRQ�>KA�@LOOB@Q�QEBJ�BUMIF@FQIV�

)0: 4��><4��= E4BC860C8>=B

3>HB'LJB (KSBPQFD>QFLKPMOLSFABQEBLMMLOQRKFQVCLOPQRABKQPQL>MMIVLOBUMILOBTE>QQEBVE>SB
IB>OKBA�TFQE�>�E>KAPLK�>@QFSFQV�

)78=6B��A40C�0=3�(<0;;

(K QEBPBPMB@F>IQLMF@BPP>VP�J>@OLP@LMF@MEBKLJBK>�PR@E>P>FOMOBPPROB	>OBBUMI>FKBATFQE
PR?JF@OLP@LMF@MEBKLJBK>�PR@E>P>QLJP?LRK@FKDLCCT>IIP	� 3EBPBBPP>VPPRMMLOQQEBJLABOK
MBOPMB@QFSB?VABP@OF?FKD>PMB@QPLCJLABOKMEVPF@P?BCLOBQEBV>OBCLOJ>IIVQOB>QBAFKI>QBO@E>MQBOP�
"LKKB@QFLKP�>OB�>IPL�J>AB�?BQTBBK�>MM>OBKQIV�AFPM>O>QB�MEBKLJBK>�

(8<D;0C8>=B

6EBOB>MMIF@>?IB�PQRABKQP>OBAFOB@QBAQLQEBFKQBO>@QFSB/'B3 MEVPF@PPFJRI>QFLKPABSBILMBA?VQEB
4KFSBOPFQVLC"LILO>AL�EQQM���MEBQ�@LILO>AL�BAR	� 3EBOBQEBV@>KCROQEBOBUMILOBQEBMEVPF@P@LK@BMQP
QEBV�E>SB�IB>OKBA�>?LRQ�FK�QEB�JLARIB�

(D<<0AH

,LARIB PRJJ>OFBP>OBQELOLRDE>KACRK@QFLK>I>KAMOBPBKQ>II FJMLOQ>KQABCFKFQFLKP>KABNR>QFLKP�
2QRABKQP>OB>?IBQLCFKAQEBABCFKFQFLKPLC>IIQBOJP>KAPVJ?LIP>PTBII >PQEBFOMEVPF@>IOBI>QFLKPEFMP�
3EBPQOR@QROBLCQEBPRJJ>OVJ>HBPMI>FKQEBCRKA>JBKQ>IMOFK@FMIBPLCQEBJLARIBLO@LIIB@QFLK>KA
PBOSBP�>P�>�RPBCRI�PQRAV�DRFAB�

GE8�4?0AC<4=C>5%7HB82B0=3 �BCA>=><H 0C�>D6;0B �>;;464 0=3 $?4=(C0G

http://phet.colorado.edu


�;>BB0AH

 Q QEBBKALCBSBOVJLARIBLO@E>MQBOFP>DILPP>OV@LKQ>FKFKDABCFKFQFLKPLC>IILCQEBHBVQBOJPFKQEB
JLARIB�LO�@E>MQBO�

�=3�>5�">3D;4�%A>1;4<B

 Q QEBBKALCBSBOV@E>MQBOFP>PBQLC"LK@BMQR>I0RBPQFLKP>KA�LOPHFIIP?>PBA/OL?IBJP� $UBO@FPBP�
"LK@BMQR>I0RBPQFLKP@E>IIBKDBPQRABKQPn>?FIFQVQLBUMI>FKTE>QQEBVE>SBIB>OKBA@LK@BMQR>IIV�
FKABMBKABKQLCQEBJ>QEBJ>QF@>IABQ>FIP�/OL?IBJP� $UBO@FPBP@E>IIBKDBPQRABKQPQL>MMIV?LQE
@LK@BMQP>KAPHFIIPQLPLISBJ>QEBJ>QF@>IMEVPF@PMOL?IBJP�.KIFKB�BSBOVLQEBOMOL?IBJFK@IRABP>K
>KPTBOQE>QPQRABKQP@>KOBSB>IFJJBAF>QBIV?V@IF@HFKDLK> k2ELT 2LIRQFLKl?RQQLK�%RIIVTLOHBA
PLIRQFLKPQLPBIB@QMOL?IBJP>OB>S>FI>?IBFKQEB2QRABKQ2LIRQFLKP,>KR>I >KAQEB3B>@EBO2LIRQFLKP
,>KR>I�

(K >AAFQFLKQLQO>AFQFLK>IPHFIIP?>PBAMOL?IBJP�QEBOB>OBQEOBBPMB@F>IQVMBPLCBKALCJLARIB
MOL?IBJP�(KQBDO>QBA"LK@BMQ/OL?IBJP�4KOB>PLK>?IB1BPRIQP/OL?IBJP�>KA"LKPQOR@Q8LRO.TK
/OL?IBJP�� II�LC�QEBPB�MOL?IBJP�>OB�FKAF@>QBA�TFQE�>�PR?QFQIB�MOB@BAFKD�QEB�MOL?IBJ�

�=C46A0C43��>=24?C�%A>1;4<B

(K(KQBDO>QBA"LK@BMQ/OL?IBJP�PQRABKQP>OB>PHBAQL>MMIVTE>QQEBVE>SBIB>OKBA>?LRQQTLLOJLOB
@LK@BMQPQL>OOFSB>Q>PLIRQFLKQL>MOL?IBJ�3EBPBMOL?IBJPOBNRFOB>EFDEBOIBSBILCQEFKHFKD?B@>RPB�
?BCLOB�PLISFKD�>�MOL?IBJ��PQRABKQP�E>SB�QL�OB@LDKFWB�QEB�@LJ?FK>QFLK�LC�PQO>QBDFBP�OBNRFOBA�QL�PLISB�FQ�

*=A40B>=01;4�'4BD;CB

(K 4KOB>PLK>?IB1BPRIQP/OL?IBJP�PQRABKQP>OB@E>IIBKDBAQLKLQLKIV>MMIV@LK@BMQP>KAPHFIIPQL
PLISB>MOL?IBJ�?RQ>IPLQL>K>IVWBQEB>KPTBOTFQEOBPMB@QQLELT IFHBIVLOOB>IFPQF@FQOB>IIVFP�3EBPB
MOL?IBJP@LKQ>FK>MOBJFPBQE>QMOLAR@BP>KRKOB>PLK>?IB>KPTBO>KA>OBABPFDKBAQLCROQEBOBJME>PFWB
QE>QMOLMBOIV>MMIFBAMEVPF@PJRPQABP@OF?BK>QROB>@@RO>QBIV>KAFPKLQPFJMIVQEBMOL@BPPLCPLISFKD
BNR>QFLKP�

�>=BCAD2C�.>DA�$F=�%A>1;4<

3EBPBMOL?IBJPOBNRFOBPQRABKQPQL@LKPQOR@QQEBABQ>FIPLC>MOL?IBJ�GRPQFCVQEBFOPQ>OQFKD>PPRJMQFLKP�
PELTPMB@FCF@PQBMPFKQEBMOL?IBJnPPLIRQFLK�>KACFK>IIVAFP@RPPQEBJB>KFKDLCQEBOBPRIQ�3EBPBQVMBP
LCMOL?IBJPOBI>QBTBII QL?LQE@LK@BMQR>I>KA>K>IVQF@>I>PMB@QPLCMEVPF@P�BJME>PFWFKDQE>QMEVPF@P
JRPQABP@OF?BK>QROB�.CQBKQEBVFKSLISB>KFKQBDO>QFLKLCQLMF@PCOLJJLOBQE>KLKB@E>MQBO� 4KIFHB
LQEBOMOL?IBJP�PLIRQFLKP>OBKLQMOLSFABAPFK@BQEBOBFPKLPFKDIB@LOOB@Q>KPTBO� (KPQOR@QLOPPELRIA
CBBICOBBQLAFOB@QPQRABKQPOBD>OAFKDQEBIBSBI>KAP@LMBLCQEBFO@LKPFABO>QFLKP�6EBQEBOQEBMOL?IBJFP
PLISBA�>KA�ABP@OF?BA�@LOOB@QIV�TFII�ABMBKA�LK�FKFQF>I�>PPRJMQFLKP�

%�.(

	� �DBC>< ) 4GC1>>: GE88



�19<=E:3253;3<BA

3EFPQBUQFP?>PBALKQEBTLOH@LJMIBQBA?V#O� />RI /BQBO4OLKBFK@LII>?LO>QFLKTFQE1LDBO'FKOF@EP�
*FJ #FOHP�>KA,>KGRI>2E>OJ>�6 BTLRIAIFHBQLQE>KHQEB>RQELOP>PTBII>PQEBKRJBOLRPMOLCBPPLOP
�> M>OQF>IIFPQCLIILTP	TELE>SB@LKQOF?RQBAQEBFOQFJB>KABKBODVQLOBSFBT>KAMOLSFABCBBA?>@HLKQEB
J>KRP@OFMQ�3EBFOFKMRQE>P?BBK@OFQF@>IFKJ>FKQ>FKFKDQEBMBA>DLDF@>IFKQBDOFQV>KA>@@RO>@VLCQEB
QBUQ�

)3<7=@��=<B@70CB7<5��CB6=@A

#O��/>RI�/BQBO�4OLKB
#O��1LDBO�'FKOF@EP��2Q>QB�4KFSBOPFQV�LC�-BT�8LOH��"LIIBDB�>Q�.PTBDL

�=<B@70CB7<5��CB6=@A

#O��*FJ�#FOHP��4KFSBOPFQV�LC� R@HI>KA��-BT�9B>I>KA
#O��,>KGRI>�2E>OJ>��4KFSBOPFQV�LC�2VAKBV�� RPQO>IF>

�F>3@B�(3D73E3@A

$OFH�"EOFPQBKPBK��/�$��2LRQE�%ILOFA>�"LJJRKFQV�"LIIBDB
#O��$OF@�*FK@>KLK��&LKW>D>�4KFSBOPFQV
#O��#LRDI>P�(KDO>J��3BU>P�"EOFPQF>K�4KFSBOPFQV
+BB�'��+>1RB��/>OFP�)RKFLO�"LIIBDB
#O��,>O@�2EBO��"LIIBDB�LC�6FIIF>J�>KA�,>OV
#O��4IOF@E�9RO@EBO��"IBSBI>KA�2Q>QB�4KFSBOPFQV
#O��,>QQEBT� A>JP��"O>CQLK�'FIIP�"LIIBDB��2>K�!BOK>OAFKL�"LJJRKFQV�"LIIBDB�#FPQOF@Q
#O��"ER@H�/B>OPLK��5FODFKF>�(KQBOJLKQ�"LIIBDB

%C@�&/@B<3@A

, 41�BB86=

6 B?>PPFDKFP>K FKABMBKABKQLKIFKBELJBTLOH>KA>PPBPPJBKQPVPQBJQE>QE>P?BBK>S>FI>?IB
@LJJBO@F>IIVPFK@B����� 6 B? PPFDKE>POB@BKQIV?BDRKQLPRMMLOQQEB.MBK $AR@>QFLK1BPLRO@B
@LJJRKFQV?V @OB>QFKD> EFDENR>IFQVLKIFKBELJBTLOHPLIRQFLKCLOPBIB@QBALMBKPLRO@BQBUQ?LLHP�
>S>FI>?IB>Q>K>CCLOA>?IBMOF@BQLPQRABKQP�3EBPBNRBPQFLK@LIIB@QFLKPFK@IRABO>KALJFWBAS>IRBP>KA
S>OF>?IBP�FJJBAF>QBCBBA?>@H�IFKHPQLQEBLMBKPLRO@BQBUQ?LLH�>KA>S>OFBQVLCQBUQPMB@FCF@OBPLRO@BP
>KAQLLIP�>PTBII >PQEBP>JBIBSBILCOFDLOLRP@LAFKD>KA>@@RO>@V@EB@HFKD>P>KV@LJJBO@F>IIV
>S>FI>?IB�LKIFKB�ELJBTLOH�PLIRQFLK�PRMMLOQFKD�QO>AFQFLK>IIV�>S>FI>?IB�QBUQ?LLHP�

GE888�4?0AC<4=C>5%7HB82B0=3 �BCA>=><H 0C�>D6;0B �>;;464 0=3 $?4=(C0G



&6GA71A�

	���C@@71C:C;��C723:7<3A

3EFP�FP�QEB�/EVPF@P������"ROOF@RIRJ�&RFABIFKB�>P�LC� RDRPQ������
8LR�@>K�CFKA�FQ��>KA�LQEBO�@LROPBP��LK�QEB�#LRDI>P�"LIIBDB�TB?�M>DB�>Q
EQQM���TTT�ALRDI>P@LIIBDB�@>�PQRABKQPBOSF@BP�MLPQALRDI>P�DRFABIFKBP�@LROPBP
".412$ (-%.1, 3(.-� /'82 � ��� 3O>KP@OFMQ3FQIB�(KQOLAR@QLOV&BKBO>I/EVPF@P(

"OBAFQ����
#BP@OFMQFLK�3EFP�FP�>�KLK@>I@RIRP�?>PBA�@LROPB�FK�JB@E>KF@P��3LMF@P�FK@IRAB��SB@QLOP��M>OQF@IB
HFKBJ>QF@P�>KA�AVK>JF@P��TLOH��BKBODV�>KA�MLTBO��IFKB>O�JLJBKQRJ��OLQ>QFLK>I�JLQFLK��MOFK@FMIBP�LC
BNRFIF?OFRJ��LP@FII>QLOV�JLQFLK��T>SBP��PLRKA�

"LROPB�#BQ>FIP�,BQELA�.C�(KPQOR@QFLK�+B@QROB��+>?��/>OQF>IIV�.KIFKB
"LKQ>@Q�'LROP���ELROP�IB@QROB�����ELROP�I>?LO>QLOV�MBO�TBBH

/OBOBNRFPFQBP�!�"��%LRKA>QFLKP�LC�,>QE�����"�LO�EFDEBO	�LO�!�"��/OB">I@RIRP�����"�LO
EFDEBO	�LO�, 3'�� ����>KA�BFQEBO�/EVPF@P�����"�LO�EFDEBO	�LO�/'82�����
"LROPBP�CLO�TEF@E�QEFP�FP�MOBOBNRFPFQB�/'82������.1�/'82������LO�/'82�����

".412$�"411("4+4,

+B>OKFKD�.RQ@LJBP4MLK�@LJMIBQFLK�LC�QEB�@LROPB�QEB�PQRABKQ�TFII�?B�>?IB�QL�

a (ABKQFCV�QEB�CLIILTFKD�JB@E>KF@>I�NR>KQFQFBP�>KA�QEBFO�RKFQP�AFPMI>@BJBKQ��SBIL@FQV�
>@@BIBO>QFLK��CLO@B��J>PP��TBFDEQ��COF@QFLK��QLONRB��TLOH��QO>KPI>QFLK>I�HFKBQF@�BKBODV�
DO>SFQ>QFLK>I�MLQBKQF>I�BKBODV��MLTBO��IFKB>O�JLJBKQRJ��FJMRIPB��>KDRI>O�AFPMI>@BJBKQ�
>KDRI>O�SBIL@FQV��>KDRI>O�>@@BIBO>QFLK��JLJBKQ�LC�FKBOQF>��OLQ>QFLK>I�HFKBQF@�BKBODV��>KDRI>O
JLJBKQRJ��>JMIFQRAB�LC�JLQFLK��MBOFLA�LC�JLQFLK��COBNRBK@V��PMOFKD�MLQBKQF>I�BKBODV�
T>SBIBKDQE��T>SB�FKQBKPFQV��FKQBKPFQV�IBSBI�

a #BJLKPQO>QB�>K�RKABOPQ>KAFKD�LC�QEB�CLIILTFKD�@LK@BMQP��MOL@BAROBP��>KA�MOFK@FMIBP�LC
JB@E>KF@P�QEOLRDE�QEB�PLIRQFLK�LC�MOL?IBJP�SB@QLO�>AAFQFLK�PR?QO>@QFLK�SF>
@LJMLKBKQP�>SBO>DB�SBIL@FQV�>KA�FKPQ>KQ>KBLRP�SBIL@FQV� >SBO>DB�>@@BIBO>QFLK�>KA
FKPQ>KQ>KBLRP�>@@BIBO>QFLK�RKFCLOJIV�>@@BIBO>QBA�JLQFLK�COBBC>II�JLQFLK�-BTQLKnP�I>TP�LC
JLQFLK�COF@QFLK�>KA�@LBCCF@FBKQ�LC�COF@QFLK�@LKAFQFLKP�CLO�BNRFIF?OFRJ�TLOHBKBODV
QEBLOBJ�@LKPBOS>QFLK�LC�JB@E>KF@>I�BKBODV� @LKPBOS>QFLK�LC�IFKB>O�JLJBKQRJ�@BKQOFMBQ>I
>@@BIBO>QFLK�>KA�CLO@B�OLIIFKD�JLQFLK�@LKPBOS>QFLK�LC�>KDRI>O�JLJBKQRJ�'LLHBnP�I>T�CLO
PMOFKDP�PFJMIB�E>OJLKF@�JLQFLK�T>SB�M>O>JBQBOP�PRMBOMLPFQFLK
MOFK@FMIB�OBPLK>K@B�FKQBKPFQV�IBSBI�SBOPRP�FKQBKPFQV�LC�PLRKA�#LMMIBO�BCCB@Q�

a /BOCLOJ�I>?LO>QLOV�BUMBOFJBKQP�>KA�>K>IVWB�QEB�A>Q>�L?Q>FKBA�RPFKD�>MMOLMOF>QB�DO>MEFKD
QB@EKFNRBP��P@FBKQFCF@�KLQ>QFLK��PFDKFCF@>KQ�CFDROBP��>KA�BUMBOFJBKQ>I�RK@BOQ>FKQV
@LKPFABO>QFLK�

a 6 OFQB�>�I>?LO>QLOV�OBMLOQ�FK�>�@LKSBKQFLK>I�CLOJ>Q�OBNRFOBA�LC�PR?JFPPFLKP�QL�P@FBKQFCF@
GLROK>IP�

G8G
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,B@E>KF@P

a 5B@QLO�>IDB?O>

a 5BIL@FQV�>KA�>@@BIBO>QFLK

a 4KFCLOJIV�>@@BIBO>QBA�JLQFLK�FK�LKB�AFJBKPFLK

a /OLGB@QFIB�JLQFLK

a -BTQLKnP�I>TP�LC�JLQFLK

a %OF@QFLK

a /OFK@FMIBP�LC�BNRFIF?OFRJ

a 6 LOH�>KA�BKBODV

a +FKB>O�JLJBKQRJ�>KA�@LIIFPFLKP

a "FO@RI>O�JLQFLK�HFKBJ>QF@P

a "BKQOFMBQ>I�CLO@B

a 1LQ>QFLK>I�AVK>JF@P

/OLMBOQFBP�LC�,>QQBO���6>SBP

a 'LLHBnP�I>T

a 2FJMIB�E>OJLKF@�JLQFLK

a ,B@E>KF@>I�T>SB�@E>O>@QBOFPQF@P

a 2Q>KAFKD�T>SBP

a 2LRKA�T>SB�FKQBKPFQV

a #LMMIBO�BCCB@Q

+>?LO>QLOV�$UMBOFJBKQP

a PFJMIB�MBKARIRJ�

a DO>MEFKD�PQO>FDEQ�IFKB�JLQFLK�

a >@@BIBO>QBA�JLQFLK�

a MOLGB@QFIB�JLQFLK�

a COF@QFLK�

a LO?FQ>I�JLQFLK�>KA�@BKQOFMBQ>I�CLO@B�

a @LKPBOS>QFLK�LC�BKBODV�

a @LIIFPFLKP�>KA�IFKB>O�JLJBKQRJ�

a PQ>QF@�BNRFIF?OFRJ�

a JLJBKQ�LC�FKBOQF>�
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a 'LLHBnP�I>T�>KA�PFJMIB�E>OJLKF@�JLQFLK�

a PQ>KAFKD�T>SBP�

,BQELAP.C (KPQOR@QFLK�"I>PPOLLJQFJBTFII ?B AFSFABA?BQTBBKQEBJRIQFJBAF>MOBPBKQ>QFLK>KA
AFP@RPPFLKLC@LK@BMQPFKJB@E>KF@PLKQEBLKBE>KA>KAQEB>MMIF@>QFLKLCQEBPB@LK@BMQPFKMOL?IBJ
PLISFKDLK QEBLQEBO� 3EBI>?LO>QLOVMOLDO>JTFII FKSLISBTBBHIV� QEOBBELROPBPPFLKPAROFKDTEF@E
PQRABKQP�TFII�MBOCLOJ�>�PBQ�KRJ?BO�LC�BUMBOFJBKQP��3EFP�@LROPB�FKSLISBP�PLJB�DOLRM�TLOH�

3BUQ?LLHP>KA,>QBOF>IPQL?B /RO@E>PBA?V 2QRABKQP�#LRDI>P"LIIBDB�,ARLB<L� ��� (:;HK:MHKR
!QI>KBF>GML���@ROOBKQ�BAFQFLK	

$U>@Q@LROPBJ>QBOF>IPTFII?BPBIB@QBA?VQEBFKPQOR@QLO>QQEBQFJBLCQEB@LROPB�?RQTFII?BPFJFI>O
QL4OLKB�>KA�'FKOF@EP��.MBK�2Q>U��HEE>@>�,ARLB<L�@ROOBKQ�BAFQFLK	�

,B>KP�.C� PPBPPJBKQ�3EB�CFK>I�DO>AB�FK�QEB�@LROPB�TFII�?B�ABQBOJFKBA�?>PBA�LK�QEB�CLIILTFKD�

�� CFK>I�BU>JFK>QFLK�i�JFKFJRJ�������J>UFJRJ�LC����

�� >Q�IB>PQ�LKB�QBPQ�>AJFKFPQBOBA�AROFKD�QEB�PBJBPQBO�i�JFKFJRJ�������J>UFJRJ�LC����

�� PR?JFQQBA�I>?LO>QLOV�OBMLOQP�i����

�� NRFWWBP�>KA�LO�>PPFDKJBKQP��MLPPF?IV�LKIFKB	�iJFKFJRJ�������J>UFJRJ�LC����
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�	��<B@=2C1B7=<

#:E:QB>L�:K>�:L�BFF>GL>�:L�:MHFL�:K>�LF:EE��5>M�MA>�L:F>�E:PL�H?�IARLB<L�=>L<KB;>�;HMA
�:G=�:EE�MA>�K>LM�H?�G:MNK>[:G
BG=B<:MBHG�H?�MA>�NG=>KERBG@�NGBMR�BG�MA>�NGBO>KL>��0A>�E:PL�H?�IARLB<L�:K>�LNKIKBLBG@ER�?>P�BG�GNF;>K
�BFIERBG@�:G
NG=>KERBG@�LBFIEB<BMR�MH�G:MNK>L̂�:II:K >GM�<HFIE>QBMR���<K>=BM��*�/�
�&,(��:EM><A
�,���:KF;R 
�$:KO:K=�/FBMALHGB:G
�>GM>K�?HK��LMKHIARLB<L�

6E>QFPVLROCFOPQOB>@QFLKTEBKVLREB>OQEBTLOAkMEVPF@Pl�#FAVLRFJ>DFKBTLOHFKDQEOLRDE
AFCCF@RIQBNR>QFLKPLOJBJLOFWFKDCLOJRI>PQE>QPBBJQLE>SBKL OB>IRPBFKIFCBLRQPFABQEBMEVPF@P
@I>PPOLLJ�,>KV MBLMIB@LJBQLQEBPR?GB@QLCMEVPF@PTFQE> ?FQLCCB>O� !RQ>PVLR?BDFKVLRO
BUMILO>QFLKLCQEFP?OL>AO>KDFKDPR?GB@Q�VLRJ>V PLLK@LJBQLOB>IFWBQE>QMEVPF@PMI>VP>JR@EI>ODBO
OLIB�FK�VLRO�IFCB�QE>K�VLR�CFOPQ�QELRDEQ��KL�J>QQBO�VLRO�IFCB�DL>IP�LO�@>OBBO�@ELF@B�

%LOBU>JMIB�Q>HB>ILLH>QQEBFJ>DB>?LSB�3EFPFJ>DBFPLCQEB KAOLJBA>&>I>UV� TEF@E@LKQ>FKP
?FIIFLKPLCFKAFSFAR>IPQ>OP�ERDB@ILRAPLCD>P�>KAARPQ�3TL PJ>IIBOD>I>UFBP>OB>IPLSFPF?IB>P?OFDEQ
?IRBPMLQPFKQEB?>@HDOLRKA� Q > PQ>DDBOFKD��� JFIIFLKIFDEQVB>OPCOLJQEB$>OQE�QEFPD>I>UVFP
QEBKB>OBPQLKBQLLROLTK D>I>UV�TEF@EFP@>IIBAQEB,FIHV 6 >V	�3EBPQ>OP>KAMI>KBQPQE>QJ>HB
RM KAOLJBA>JFDEQPBBJQL?BQEBCROQEBPQQEFKDCOLJJLPQMBLMIBnPOBDRI>O� BSBOVA>VIFSBP�!RQ
 KAOLJBA>FP>DOB>QPQ>OQFKDMLFKQQLQEFKH>?LRQQEBCLO@BPQE>QELIAQLDBQEBOQEBRKFSBOPB�3EBCLO@BP
QE>Q@>RPB KAOLJBA>QL>@Q>PFQALBP>OBQEBP>JBCLO@BPTB @LKQBKATFQEEBOBLK$>OQE�TEBQEBOTB
>OBMI>KKFKDQLPBKA> OL@HBQFKQLPM>@BLOPFJMIVO>FPBQEBT>IIPCLO> KBTELJB� 3EBP>JBDO>SFQV
QE>Q@>RPBPQEBPQ>OPLC KAOLJBA>QLOLQ>QB>KAOBSLISB>IPL@>RPBPT>QBOQLCILTLSBOEVAOLBIB@QOF@
A>JPEBOBLK$>OQE�3LKFDEQ�Q>HB> JLJBKQQLILLHRM>QQEBPQ>OP�3EBCLO@BPLRQQEBOB>OBQEBP>JB
>PQEBLKBPEBOBLK$>OQE�3EOLRDE> PQRAVLCMEVPF@P�VLRJ>V D>FK> DOB>QBORKABOPQ>KAFKDLCQEB
FKQBO@LKKB@QBAKBPP�LC�BSBOVQEFKD�TB�@>K�PBB�>KA�HKLT�FK�QEFP�RKFSBOPB�

3EFKHKLT >?LRQ>II LCQEBQB@EKLILDF@>IABSF@BPQE>QVLRRPBLK> OBDRI>O?>PFP�"LJMRQBOP�PJ>OQ
MELKBP�&/2 PVPQBJP�,/� MI>VBOP�>KAP>QBIIFQBO>AFLJFDEQ@LJBQLJFKA�-BUQ�QEFKH>?LRQQEB
JLPQBU@FQFKDJLABOKQB@EKLILDFBPQE>QVLRE>SBEB>OA>?LRQFKQEBKBTP�PR@E>PQO>FKPQE>QIBSFQ>QB
>?LSBQO>@HP�kFKSFPF?FIFQV@IL>HPlQE>Q?BKAIFDEQ>OLRKAQEBJ�>KAJF@OLP@LMF@OL?LQPQE>QCFDEQ@>K@BO
@BIIPFKLRO?LAFBP� II LCQEBPBDOLRKA?OB>HFKD>AS>K@BJBKQP�@LJJLKMI>@BLORK?BIFBS>?IB�OBIVLK
QEBMOFK@FMIBPLCMEVPF@P� PFABCOLJMI>VFKD> PFDKFCF@>KQOLIBFKQB@EKLILDV� MOLCBPPFLK>IPPR@E>P
BKDFKBBOP�MFILQP�MEVPF@F>KP�MEVPF@>IQEBO>MFPQP�BIB@QOF@F>KP�>KA@LJMRQBOMOLDO>JJBOP>MMIVMEVPF@P

�



@LK@BMQPFKQEBFOA>FIVTLOH�%LOBU>JMIB�> MFILQJRPQRKABOPQ>KAELT TFKACLO@BP>CCB@Q> CIFDEQM>QE
>KA> MEVPF@>IQEBO>MFPQJRPQRKABOPQ>KAELT QEBJRP@IBPFKQEB?LAVBUMBOFBK@BCLO@BP>PQEBVJLSB
>KA?BKA� P VLRTFIIIB>OKFKQEFPQBUQ�MEVPF@PMOFK@FMIBP>OBMOLMBIIFKDKBT� BU@FQFKDQB@EKLILDFBP�>KA
QEBPB�MOFK@FMIBP�>OB�>MMIFBA�FK�>�TFAB�O>KDB�LC�@>OBBOP�

(KQEFPQBUQ�VLRTFII?BDFKQLBUMILOBQEBEFPQLOVLCQEBCLOJ>IPQRAVLCMEVPF@P�?BDFKKFKDTFQEK>QRO>I
MEFILPLMEV>KAQEB>K@FBKQ&OBBHP�>KAIB>AFKDRMQEOLRDE>OBSFBTLC2FO(P>>@-BTQLK>KAQEBI>TPLC
MEVPF@PQE>Q?B>OEFPK>JB�8LRTFII>IPL?BFKQOLAR@BAQLQEBPQ>KA>OAPP@FBKQFPQPRPBTEBKQEBVPQRAV
MEVPF@>INR>KQFQFBP>KAQEBFKQBOOBI>QBAPVPQBJLCJB>PROBJBKQPJLPQLCQEBP@FBKQFCF@@LJJRKFQVRPBP
QL@LJJRKF@>QBFK> PFKDIBJ>QEBJ>QF@>II>KDR>DB�%FK>IIV� VLRTFIIPQRAVQEBIFJFQPLCLRO>?FIFQVQL
?B>@@RO>QB>KAMOB@FPB�>KAQEBOB>PLKPP@FBKQFPQPDLQLM>FKPQ>HFKDIBKDQEPQL?B>P@IB>O>PMLPPF?IB
OBD>OAFKD�QEBFO�LTK�IFJFQ>QFLKP�
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a $UMI>FK�QEB�AFCCBOBK@B�?BQTBBK�>�MOFK@FMIB�>KA�>�I>T�

a $UMI>FK�QEB�AFCCBOBK@B�?BQTBBK�>�JLABI�>KA�QEBLOV�

�75B?3�	� 0A>�?EB@AM�?HKF:MBHGL�H?�FB@K:MHKR�;BK=L�LN<A
:L��:G:=:�@>>L>�:K>�@HO>KG>=�;R�MA>�E:PL�H?�IARLB<L�
�<K>=BM�� :OB=�)>KK>MM��

3EBMEVPF@>IRKFSBOPBFPBKLOJLRPIV@LJMIBUFKFQPABQ>FI�$SBOVA>V� B>@ELCRPL?PBOSBP>DOB>QS>OFBQV
LCL?GB@QP>KAMEBKLJBK>�.SBOQEB@BKQROFBP�QEB@ROFLPFQVLCQEBERJ>KO>@BE>PIBARP@LIIB@QFSBIVQL
BUMILOB>KA@>Q>ILD>QOBJBKALRPTB>IQELCFKCLOJ>QFLK�%OLJQEBCIFDEQLC?FOAPQLQEB@LILOPLCCILTBOP�
COLJIFDEQKFKDQLDO>SFQV� COLJNR>OHPQL@IRPQBOPLCD>I>UFBP�COLJQEBCILTLCQFJBQLQEBJVPQBOVLCQEB
@OB>QFLKLCQEBRKFSBOPB�TB E>SB>PHBANRBPQFLKP>KA>PPBJ?IBAERDB>OO>VPLCC>@QP�(KQEBC>@BLC>II
QEBPBABQ>FIP�TB E>SBAFP@LSBOBAQE>Q> PROMOFPFKDIVPJ>II >KARKFCFBAPBQLCMEVPF@>II>TP@>KBUMI>FK
TE>QTB L?PBOSB� P ERJ>KP�TB J>HBDBKBO>IFW>QFLKP>KAPBBHLOABO� 6 BE>SBCLRKAQE>QK>QROBFP
OBJ>OH>?IV�@LLMBO>QFSBjFQ�BUEF?FQP�QEBNG=>KERBG@�HK=>K�:G=�LBFIEB<BMRTB�PL�S>IRB�

(QFPQEBRKABOIVFKDLOABOLCK>QROBQE>QJ>HBPP@FBK@BFKDBKBO>I�>KAMEVPF@PFKM>OQF@RI>O� PL
BKGLV>?IBQLPQRAV� %LOBU>JMIB�TE>QAL>?>DLC@EFMP>KA>@>O?>QQBOVE>SBFK@LJJLK� !LQE@LKQ>FK
BKBODVQE>Q@>K?B@LKSBOQBAQLLQEBOCLOJP�3EBI>T LC@LKPBOS>QFLKLCBKBODV�TEF@EP>VPQE>QBKBODV
@>K@E>KDBCLOJ?RQFPKBSBOILPQ	QFBPQLDBQEBOPR@EQLMF@P>PCLLA@>ILOFBP�?>QQBOFBP�EB>Q�IFDEQ�>KA
T>Q@EPMOFKDP�4KABOPQ>KAFKDQEFPI>T J>HBPFQB>PFBOQLIB>OK>?LRQQEBS>OFLRPCLOJPBKBODVQ>HBP>KA
ELT QEBVOBI>QBQLLKB>KLQEBO�  MM>OBKQIVRKOBI>QBAQLMF@P>OB@LKKB@QBAQEOLRDE?OL>AIV>MMIF@>?IB
MEVPF@>I�I>TP��MBOJFQQFKD�>K�RKABOPQ>KAFKD�?BVLKA�GRPQ�QEB�JBJLOFW>QFLK�LC�IFPQP�LC�C>@QP�

3EBRKFCVFKD>PMB@QLCMEVPF@>II>TP>KAQEB?>PF@PFJMIF@FQVLCK>QROBCLOJQEBRKABOIVFKDQEBJBP
LCQEFPQBUQ�(K IB>OKFKDQL>MMIVQEBPBI>TP�VLRTFII� LC@LROPB�PQRAVQEBJLPQFJMLOQ>KQQLMF@PFK
MEVPF@P�,LOB FJMLOQ>KQIV� VLRTFIID>FK>K>IVQF@>I>?FIFQFBPQE>QTFIIBK>?IBVLRQL>MMIVQEBPBI>TP
C>O?BVLKAQEBP@LMBLCTE>Q@>K?BFK@IRABAFK> PFKDIB?LLH�3EBPB>K>IVQF@>IPHFIIPTFIIEBIMVLRQL
BU@BI>@>ABJF@>IIV� >KAQEBVTFII>IPLEBIMVLRQLQEFKH@OFQF@>IIVFK>KVMOLCBPPFLK>I@>OBBOVLR@ELLPB





QLMROPRB�3EFPJLARIBAFP@RPPBPQEBOB>IJLCMEVPF@P�QLABCFKBTE>QMEVPF@PFP	�PLJB>MMIF@>QFLKPLC
MEVPF@P�QLFIIRPQO>QBFQPOBIBS>K@BQLLQEBOAFP@FMIFKBP	�>KAJLOBMOB@FPBIVTE>Q@LKPQFQRQBP> MEVPF@>I
I>T��QL�FIIRJFK>QB�QEB�FJMLOQ>K@B�LC�BUMBOFJBKQ>QFLK�QL�QEBLOV	�

)173<13�/<2�B63�(3/:;�=4�&6 GA71A

2@FBK@B@LKPFPQPLCQEBQEBLOFBP>KAI>TPQE>Q>OBQEBDBKBO>IQORQEPLCK>QROB>PTBII >PQEB?LAVLC
HKLTIBADBQEBVBK@LJM>PP�2@FBKQFPQP>OB@LKQFKR>IIVQOVFKDQLBUM>KAQEFP?LAVLCHKLTIBADB>KAQL
MBOCB@QQEBBUMOBPPFLKLCQEBI>TPQE>QABP@OF?BFQ�)>OI?9IFP@LK@BOKBATFQEABP@OF?FKDQEBFKQBO>@QFLKP
LCBKBODV� J>QQBO� PM>@B�>KAQFJB�>KAFQFPBPMB@F>IIVFKQBOBPQBAFKTE>QCRKA>JBKQ>IJB@E>KFPJP
RKABOIFBBSBOVMEBKLJBKLK�3EB@LK@BOKCLOABP@OF?FKDQEB?>PF@MEBKLJBK>FKK>QROBBPPBKQF>IIV
ABCFKBP�QEBK>:EF�H?�IARLB<L�

/EVPF@P>FJPQLABP@OF?BQEBCRK@QFLKLCBSBOVQEFKD>OLRKARP�COLJQEBJLSBJBKQLCQFKV@E>ODBA
M>OQF@IBPQLQEBJLQFLKLCMBLMIB�@>OP�>KAPM>@BPEFMP�(K C>@Q�>IJLPQBSBOVQEFKD>OLRKAVLR@>K?B
ABP@OF?BANRFQB>@@RO>QBIV?VQEBI>TPLCMEVPF@P�"LKPFABO>PJ>OQMELKB�%FDROB� 	� /EVPF@PABP@OF?BP
ELT BIB@QOF@FQVFKQBO>@QPTFQEQEBS>OFLRP@FO@RFQPFKPFABQEBABSF@B�3EFPHKLTIBADBEBIMPBKDFKBBOP
PBIB@QQEB>MMOLMOF>QBJ>QBOF>IP>KA@FO@RFQI>VLRQTEBK?RFIAFKDQEBPJ>OQMELKB�-BUQ�@LKPFABO>&/2
PVPQBJ�/EVPF@PABP@OF?BPQEBOBI>QFLKPEFM?BQTBBKQEBPMBBALC>KL?GB@Q�QEBAFPQ>K@BLSBOTEF@EFQ
QO>SBIP�>KAQEBQFJBFQQ>HBPQLQO>SBIQE>QAFPQ>K@B�6EBKVLRRPB> &/2 ABSF@BFK> SBEF@IB�FQRQFIFWBP
QEBPB�MEVPF@P�BNR>QFLKP�QL�ABQBOJFKB�QEB�QO>SBI�QFJB�COLJ�LKB�IL@>QFLK�QL�>KLQEBO�
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https://pressbooks.bccampus.ca/resources/5f60797f22fa74f2a6b84d7fe2c9f149f1109c19/projectile-motion_en.jar
https://pressbooks.bccampus.ca/resources/5f60797f22fa74f2a6b84d7fe2c9f149f1109c19/projectile-motion_en.jar
https://phet.colorado.edu/en/simulation/projectile-motion


)C;;/@G

a /OLGB@QFIB�JLQFLK�FP�QEB�JLQFLK�LC�>K�L?GB@Q�QEOLRDE�QEB�>FO�QE>Q�FP�PR?GB@Q�LKIV�QL�QEB
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CN� C9EIS>KACO� CI?DS��TEBOBCFP�QEB�J>DKFQRAB�LC�QEB�SBIL@FQV�>KASFP�FQP
AFOB@QFLK�

��  K>IVWB�QEB�JLQFLK�LC�QEB�MOLGB@QFIB�FK�QEB�ELOFWLKQ>I�AFOB@QFLK�RPFKD�QEB�CLIILTFKD
BNR>QFLKP�

��  K>IVWB�QEB�JLQFLK�LC�QEB�MOLGB@QFIB�FK�QEB�SBOQF@>I�AFOB@QFLK�RPFKD�QEB�CLIILTFKD
BNR>QFLKP�

�� 1B@LJ?FKB�QEB�ELOFWLKQ>I�>KA�SBOQF@>I�@LJMLKBKQP�LC�IL@>QFLK�>KA�LO�SBIL@FQV
RPFKD�QEB�CLIILTFKD�BNR>QFLKP�

a 3EB�J>UFJRJ�EBFDEQ6 LC�>�MOLGB@QFIB�I>RK@EBA�TFQE�FKFQF>I�SBOQF@>I�SBIL@FQVC�O FP�DFSBK�?V

a 3EB�J>UFJRJ�ELOFWLKQ>I�AFPQ>K@B�QO>SBIBA�?V�>�MOLGB@QFIB�FP�@>IIBA�QEBH7D=;��3EB�O>KDB+ LC
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FP�DFSBK�?V
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�  KPTBOQEBCLIILTFKDNRBPQFLKPCLOMOLGB@QFIBJLQFLKLKIBSBIDOLRKA>PPRJFKDKBDIFDF?IB>FOOBPFPQ>K@B�QEB
FKFQF>I>KDIB?BFKDKBFQEBO�_ KLO��_	� �>	 (PQEBSBIL@FQVBSBOWBOL��?	 6EBKFPQEBSBIL@FQV> JFKFJRJ�  
J>UFJRJ� �@	">K QEBSBIL@FQVBSBO?BQEBP>JB>PQEBFKFQF>ISBIL@FQV>Q>QFJBLQEBOQE>K>QM� �� �A	 ">K QEB
PMBBA�BSBO�?B�QEB�P>JB�>P�QEB�FKFQF>I�PMBBA�>Q�>�QFJB�LQEBO�QE>K�>QM����

��  KPTBOQEBCLIILTFKDNRBPQFLKPCLOMOLGB@QFIBJLQFLKLKIBSBIDOLRKA>PPRJFKDKBDIFDF?IB>FOOBPFPQ>K@B
�QEBFKFQF>I>KDIB?BFKDKBFQEBO�_ KLO��_	� �>	 (PQEB>@@BIBO>QFLKBSBOWBOL��?	 (PQEB>@@BIBO>QFLKBSBOFKQEB
P>JBAFOB@QFLK>P>@LJMLKBKQLCSBIL@FQV��@	(PQEB>@@BIBO>QFLKBSBOLMMLPFQBFKAFOB@QFLKQL>@LJMLKBKQLC
SBIL@FQV�

�� %LO>CFUBAFKFQF>IPMBBA�QEBO>KDBLC>MOLGB@QFIBFPABQBOJFKBA?VQEB>KDIB>QTEF@EFQFPCFOBA�%LO>II?RQ
QEBJ>UFJRJ� QEBOB>OBQTL>KDIBPQE>QDFSBQEBP>JBO>KDB�"LKPFABOFKDC>@QLOPQE>QJFDEQ>CCB@QQEB>?FIFQV
LC>K>O@EBOQLEFQ>Q>ODBQ�PR@E>PTFKA�BUMI>FKTEVQEBPJ>IIBO>KDIB�@ILPBOQLQEBELOFWLKQ>I	FPMOBCBO>?IB�
6EBKTLRIAFQ?BKB@BPP>OVCLOQEB>O@EBOQLRPBQEBI>ODBO>KDIB�6EV ALBPQEBMRKQBOFK>CLLQ?>IID>JBRPB
QEB�EFDEBO�QO>GB@QLOV�

�� #ROFKD> IB@QROBABJLKPQO>QFLK�> MOLCBPPLOMI>@BPQTL@LFKPLKQEBBADBLC> Q>?IB�2EBQEBKCIF@HPLKBLC
QEB@LFKPELOFWLKQ>IIVLCCQEBQ>?IB�PFJRIQ>KBLRPIVKRADFKDQEBLQEBOLSBOQEBBADB�#BP@OF?BQEBPR?PBNRBKQ
JLQFLK�LC�QEB�QTL�@LFKP��FK�M>OQF@RI>O�AFP@RPPFKD�TEBQEBO�QEBV�EFQ�QEB�CILLO�>Q�QEB�P>JB�QFJB�
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�  MOLGB@QFIBFPI>RK@EBA>QDOLRKAIBSBITFQE>KFKFQF>IPMBBALC���� J� P>Q>K>KDIBLC����_ >?LSBQEB
ELOFWLKQ>I�(QPQOFHBP> Q>ODBQ>?LSBQEBDOLRKA���� PB@LKAPI>QBO� 6E>Q>OBQEBQ>KARAFPQ>K@BPCOLJTEBOB
QEB�MOLGB@QFIB�T>P�I>RK@EBA�QL�TEBOB�FQ�I>KAP�

��  ?>II FPHF@HBATFQE>KFKFQF>ISBIL@FQVLC�� J� PFKQEBELOFWLKQ>IAFOB@QFLK>KA�� J� PFKQEBSBOQF@>I
AFOB@QFLK��>	  Q TE>QPMBBAALBPQEB?>IIEFQQEBDOLRKA��?	 %LOELT ILKDALBPQEB?>IIOBJ>FKFKQEB>FO�
�@	6E>Q�J>UFJRJ�EBFDEQ�FP�>QQ>FKBA�?V�QEB�?>II�

��  ?>II FPQEOLTKELOFWLKQ>IIVCOLJQEBQLMLC> ����J ?RFIAFKD>KAI>KAP����� J COLJQEB?>PBLCQEB
?RFIAFKD�(DKLOB>FOOBPFPQ>K@B��>	 'LT ILKDFPQEB?>IIFKQEB>FO��?	 6E>QJRPQE>SB?BBKQEBFKFQF>IELOFWLKQ>I
@LJMLKBKQLCQEBSBIL@FQV��@	6E>QFPQEBSBOQF@>I@LJMLKBKQLCQEBSBIL@FQVGRPQ?BCLOBQEB?>II EFQPQEB
DOLRKA��A	 6E>QFPQEBSBIL@FQV�FK@IRAFKD?LQEQEBELOFWLKQ>I>KASBOQF@>I@LJMLKBKQP	LCQEB?>IIGRPQ?BCLOB
FQ�EFQP�QEB�DOLRKA�

�� �>	  A>OBABSFIFP>QQBJMQFKDQLGRJMEFPJLQLO@V@IBLSBO> IFKBLC?RPBPM>OHBABKAQLBKA?VAOFSFKDRM
��_ O>JM>Q>PMBBALC���� J� P���� HJ�E	� 'LT J>KV?RPBP@>KEB@IB>OFCQEBQLMLCQEBQ>HBLCCO>JMFP>Q
QEBP>JBEBFDEQ>PQEB?RPQLMP>KAQEB?RPBP>OB���� J ILKD��?	 #FP@RPPTE>QVLRO>KPTBOFJMIFBP>?LRQ
QEBJ>ODFKLCBOOLOFKQEFP>@QjQE>QFP�@LKPFABOELT JR@EDOB>QBOQEBO>KDBFPQE>KQEBELOFWLKQ>IAFPQ>K@BEB
JRPQ�QO>SBI�QL�JFPP�QEB�BKA�LC�QEB�I>PQ�?RP���-BDIB@Q�>FO�OBPFPQ>K@B�	

��  K >O@EBOPELLQP>K>OOLT>Q> ���� J AFPQ>KQQ>ODBQ�QEB?RIInPBVBLCQEBQ>ODBQFP>QP>JBEBFDEQ>PQEB
OBIB>PBEBFDEQLCQEB>OOLT� �>	  Q TE>Q>KDIBJRPQQEB>OOLT?BOBIB>PBAQLEFQQEB?RIInPBVBFCFQPFKFQF>IPMBBA
FP���� J� P� (KQEFPM>OQLCQEBMOL?IBJ�BUMIF@FQIVPELTELTVLRCLIILTQEBPQBMPFKSLISBAFKPLISFKDMOLGB@QFIB
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JLQFLKMOL?IBJP��?	 3EBOBFP> I>ODBQOBBE>ICT>V?BQTBBKQEB>O@EBO>KAQEBQ>ODBQTFQE>KLSBOE>KDFKD
ELOFWLKQ>I�?O>K@E������J�>?LSB�QEB�OBIB>PB�EBFDEQ�LC�QEB�>OOLT��6 FII�QEB�>OOLT�DL�LSBO�LO�RKABO�QEB�?O>K@E�

��  ORD?VMI>VBOM>PPBPQEB?>II ���� J >@OLPPQEBCFBIA�TEBOBFQFP@>RDEQ>QQEBP>JBEBFDEQ>PFQIBCQEFP
E>KA��>	  Q TE>Q>KDIBT>PQEB?>IIQEOLTKFCFQPFKFQF>IPMBBAT>P���� J� P�>PPRJFKDQE>QQEBPJ>IIBOLCQEB
QTLMLPPF?IB>KDIBPT>PRPBA��?	 6E>QLQEBO>KDIBDFSBPQEBP>JBO>KDB�>KATEVTLRIAFQKLQ?BRPBA��@	
'LT�ILKD�AFA�QEFP�M>PP�Q>HB�

�� 5BOFCV�QEB�O>KDBP�CLO�QEB�MOLGB@QFIBP�FK%FDROB���>	�CLO�•�����_�>KA�QEB�DFSBK�FKFQF>I�SBIL@FQFBP�

�� 5BOFCVQEBO>KDBPPELTKCLOQEBMOLGB@QFIBPFK%FDROB� �?	 CLO>KFKFQF>ISBIL@FQVLC�� J� P>QQEBDFSBKFKFQF>I
>KDIBP�

�� 3EB@>KKLKLK > ?>QQIBPEFM@>KCFOB> PEBII> J>UFJRJ AFPQ>K@BLC���� HJ� �>	 ">I@RI>QBQEBFKFQF>I
SBIL@FQVLCQEBPEBII��?	 6E>QJ>UFJRJ EBFDEQALBPFQOB>@E�� Q FQPEFDEBPQ�QEBPEBIIFP>?LSB��� LCQEB
>QJLPMEBOBj?RQ>FOOBPFPQ>K@BFPKLQOB>IIVKBDIFDF?IB>P>PPRJBAQLJ>HBQEFPMOL?IBJB>PFBO�	 �@	3EBL@B>K
FPKLQCI>Q�?B@>RPBQEB$>OQEFP@ROSBA� PPRJBQE>QQEBO>AFRPLCQEB$>OQEFP���� r �� � HJ� 'LT J>KVJBQBOP
ILTBOTFIIFQPPROC>@B?B���� HJ COLJQEBPEFM>ILKD>ELOFWLKQ>IIFKBM>O>IIBIQLQEBPROC>@B>QQEBPEFM�#LBP
VLRO>KPTBOFJMIVQE>QBOOLOFKQOLAR@BA?VQEB>PPRJMQFLKLC> CI>Q$>OQEFKMOLGB@QFIBJLQFLKFPPFDKFCF@>KQ
EBOB�

��  K >OOLTFPPELQCOLJ> EBFDEQLC��� J QLT>OA> @IFCCLCEBFDEQ'� (QFPPELQTFQE> SBIL@FQVLC�� J� P>Q
>K>KDIBLC��_ >?LSBQEBELOFWLKQ>I�(QI>KAPLKQEBQLMBADBLCQEB@IFCC��� PI>QBO� �>	 6E>QFPQEBEBFDEQLC
QEB@IFCC��?	 6E>QFPQEBJ>UFJRJ EBFDEQOB>@EBA?VQEB>OOLT>ILKDFQPQO>GB@QLOV��@	6E>QFPQEB>OOLTnP
FJM>@Q�PMBBA�GRPQ�?BCLOB�EFQQFKD�QEB�@IFCC�

 � (K QEBPQ>KAFKD?OL>AGRJM�LKBPNR>QP>KAQEBKMRPEBPLCCTFQEQEBIBDPQLPBBELT C>OLKB@>KGRJM�
2RMMLPBQEBBUQBKPFLKLCQEBIBDPCOLJQEB@OLR@EMLPFQFLKFP����� J >KAQEB>@@BIBO>QFLK>@EFBSBACOLJ
QEFPMLPFQFLKFP���� QFJBPQEB>@@BIBO>QFLKARBQLDO>SFQV� @� 'LT C>O@>KQEBVGRJM�2Q>QBVLRO>PPRJMQFLKP�
�(K@OB>PBA�O>KDB�@>K�?B�>@EFBSBA�?V�PTFKDFKD�QEB�>OJP�FK�QEB�AFOB@QFLK�LC�QEB�GRJM�	

�� 3EBTLOIAILKDGRJMOB@LOAFP���� J �,FHB /LTBII� 42 � ����	� 3OB>QBA>P> MOLGB@QFIB�TE>QFPQEB
J>UFJRJ�O>KDB�L?Q>FK>?IB�?V�>�MBOPLK�FC�EB�E>P�>�Q>HBLCC�PMBBA�LC�����J�P��2Q>QB�VLRO�>PPRJMQFLKP�

�� 2BOSFKD>Q>PMBBALC��� HJ�E�>QBKKFPMI>VBOEFQPQEB?>II>Q>EBFDEQLC��� J >KA>K>KDIB• ?BILTQEB
ELOFWLKQ>I�3EBPBOSF@BIFKBFP� ��� J COLJQEBKBQ�TEF@EFP���� J EFDE�6E>QFPQEB>KDIB• PR@EQE>QQEB?>II
GRPQ�@OLPPBP�QEB�KBQ��6FII�QEB�?>II�I>KA�FK�QEB�PBOSF@B�?LU��TELPB�LRQ�IFKB�FP������J�COLJ�QEB�KBQ�

��  CLLQ?>IINR>OQBO?>@HFPJLSFKDPQO>FDEQ?>@HT>OA>Q> PMBBALC���� J� PTEBKEBQEOLTP> M>PPQL>
MI>VBO���� J PQO>FDEQALTKCFBIA��>	 (CQEB?>IIFPQEOLTK>Q>K>KDIBLC��_ OBI>QFSBQLQEBDOLRKA>KAFP@>RDEQ
>QQEBP>JBEBFDEQ>PFQFPOBIB>PBA�TE>QFPFQPFKFQF>IPMBBAOBI>QFSBQLQEBDOLRKA��?	 'LT ILKDALBPFQQ>HBQL
DBQ�QL�QEB�OB@BFSBO���@	�6E>Q�FP�FQP�J>UFJRJ�EBFDEQ�>?LSB�FQP�MLFKQ�LC�OBIB>PB�

�� &RKPFDEQP>OB>AGRPQBAQL>FJ EFDEQL@LJMBKP>QBCLOQEBBCCB@QLCDO>SFQV� BCCB@QFSBIVJ>HFKDQEBDRK
>@@RO>QBLKIVCLO> PMB@FCF@O>KDB��>	 (C> DRKFPPFDEQBAQLEFQQ>ODBQPQE>Q>OB>QQEBP>JBEBFDEQ>PQEBDRK
>KA����� J >T>V� ELT ILT TFIIQEB?RIIBQEFQFC>FJBAAFOB@QIV>Q>Q>ODBQ����� J >T>V�3EBJRWWIBSBIL@FQV
LCQEB?RIIBQFP��� J� P��?	 #FP@RPPNR>IFQ>QFSBIVELT > I>ODBOJRWWIBSBIL@FQVTLRIA>CCB@QQEFPMOL?IBJ>KA
TE>Q�TLRIA�?B�QEB�BCCB@Q�LC�>FO�OBPFPQ>K@B�
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��  K B>DIBFPCIVFKDELOFWLKQ>IIV>Q> PMBBALC���� J� PTEBKQEBCFPEFKEBOQ>ILKPTFDDIBPILLPB>KAC>IIP
FKQL�QEB�I>HB������J�?BILT��">I@RI>QB�QEB�SBIL@FQV�LC�QEB�CFPE�OBI>QFSB�QL�QEB�T>QBO�TEBK�FQ�EFQP�QEB�T>QBO�

��  K LTI FP@>OOVFKD> JLRPBQLQEB@EF@HPFKFQPKBPQ�(QPMLPFQFLK>QQE>QQFJBFP���� J TBPQ>KA���� J
>?LSBQEB@BKQBOLCQEB���� @JAF>JBQBOKBPQ�3EBLTI FPCIVFKDB>PQ>Q���� J� P>Q>K>KDIB����_ ?BILTQEB
ELOFWLKQ>ITEBKFQ>@@FABKQ>IIVAOLMPQEBJLRPB�(PQEBLTI IR@HVBKLRDEQLE>SBQEBJLRPBEFQQEBKBPQ�3L
>KPTBO�QEFP�NRBPQFLK��@>I@RI>QB�QEB�ELOFWLKQ>I�MLPFQFLK�LC�QEB�JLRPB�TEBK�FQ�E>P�C>IIBK������J�

�� 2RMMLPB> PL@@BOMI>VBOHF@HPQEB?>II COLJ> AFPQ>K@B�� J QLT>OAQEBDL>I�%FKAQEBFKFQF>IPMBBALC
QEB?>IIFCFQGRPQM>PPBPLSBOQEBDL>I���� J >?LSBQEBDOLRKA�DFSBKQEBFKFQF>IAFOB@QFLKQL?B��_ >?LSBQEB
ELOFWLKQ>I�

�� ">K >DL>IHBBMBO>QEBO�EFPDL>IHF@H>PL@@BO?>IIFKQLQEBLMMLKBKQnPDL>ITFQELRQQEB?>IIQLR@EFKDQEB
DOLRKA��3EB�AFPQ>K@B�TFII�?B�>?LRQ����J�� �DL>IHBBMBO�@>K�DFSB�QEB�?>II�>�PMBBA�LC����J�P�

��� 3EBCOBBQEOLTIFKBFK?>PHBQ?>IIFP���� J ��� CQ	COLJQEB?>PHBQ�TEF@EFP���� J ��� CQ	>?LSBQEBCILLO�
 MI>VBOPQ>KAFKDLKQEBCOBBQEOLTIFKBQEOLTPQEB?>IITFQE>KFKFQF>IPMBBALC���� J� P�OBIB>PFKDFQ>Q>EBFDEQ
LC���� J �� CQ	>?LSBQEBCILLO�  Q TE>Q>KDIB>?LSBQEBELOFWLKQ>IJRPQQEB?>II?BQEOLTKQLBU>@QIVEFQQEB
?>PHBQ�-LQBQE>QJLPQMI>VBOPTFIIRPB>I>ODBFKFQF>I>KDIBO>QEBOQE>K>CI>QPELQ?B@>RPBFQ>IILTPCLO>I>ODBO
J>ODFK�LC�BOOLO��$UMIF@FQIV�PELT�ELT�VLR�CLIILT�QEB�PQBMP�FKSLISBA�FK�PLISFKD�MOLGB@QFIB�JLQFLK�MOL?IBJP�

�� (K ����� ,F@E>BI">OQBO�4�2�	 PBQ> TLOIAOB@LOAFKQEBPELQMRQTFQE> QEOLTLC����� J� 6E>QT>P
QEBFKFQF>IPMBBALCQEBPELQFCEBOBIB>PBAFQ>Q> EBFDEQLC���� J >KAQEOBTFQ>Q>K>KDIBLC����_ >?LSB
QEBELOFWLKQ>I�� IQELRDEQEBJ>UFJRJ AFPQ>K@BCLO> MOLGB@QFIBLKIBSBIDOLRKAFP>@EFBSBA>Q��_ TEBK>FO
OBPFPQ>K@BFPKBDIB@QBA�QEB>@QR>I>KDIBQL>@EFBSBJ>UFJRJ O>KDBFPPJ>IIBO�QERP���_ TFIIDFSB> ILKDBO
O>KDB�QE>K���_�FK�QEB�PELQ�MRQ�	

���  ?>PHBQ?>IIMI>VBOFPORKKFKD>Q���� J� PAFOB@QIVQLT>OAQEB?>PHBQTEBKEBGRJMPFKQLQEB>FOQLARKH
QEB?>II�'B J>FKQ>FKPEFPELOFWLKQ>ISBIL@FQV� �>	 6E>QSBOQF@>ISBIL@FQVALBPEBKBBAQLOFPB����� J >?LSBQEB
CILLO��?	 'LT C>OCOLJQEB?>PHBQ�JB>PROBAFKQEBELOFWLKQ>IAFOB@QFLK	JRPQEBPQ>OQEFPGRJMQLOB>@EEFP
J>UFJRJ�EBFDEQ�>Q�QEB�P>JB�QFJB�>P�EB�OB>@EBP�QEB�?>PHBQ�

���  CLLQ?>IIMI>VBOMRKQPQEB?>II>Q> ����_ >KDIB�6 FQELRQ>KBCCB@QCOLJQEBTFKA�QEB?>IITLRIAQO>SBI
���� J ELOFWLKQ>IIV� �>	 6E>QFPQEBFKFQF>IPMBBALCQEB?>II� �?	 6EBKQEB?>IIFPKB>OFQPJ>UFJRJ EBFDEQFQ
BUMBOFBK@BP> ?OFBCDRPQLCTFKAQE>QOBAR@BPFQPELOFWLKQ>ISBIL@FQV?V���� J� P�6E>QAFPQ>K@BALBPQEB?>II
QO>SBI�ELOFWLKQ>IIV�

��� /OLSBQE>QQEBQO>GB@QLOVLC>MOLGB@QFIBFPM>O>?LIF@�E>SFKDQEBCLOJR� :Q	 ;Q� � 3L L?Q>FKQEFPBUMOBPPFLK�
PLISBQEBBNR>QFLKQ� O�UMCLOM>KAPR?PQFQRQBFQFKQLQEBBUMOBPPFLKCLOR� S�VQi ��� �	 @M� �3EBPBBNR>QFLKP
ABP@OF?BQEBQ>KARMLPFQFLKPLC>MOLGB@QFIBQE>QPQ>OQP>QQEBLOFDFK�	8LRPELRIAL?Q>FK>KBNR>QFLKLCQEBCLOJ
R���:Q�	�;Q � TEBOB: >KA; >OB�@LKPQ>KQP�

��� #BOFSB CLOQEBO>KDBLC>MOLGB@QFIBLKIBSBIDOLRKA?VCFKAFKDQEBQFJBM>QTEF@ER?B@LJBP
WBOL�>KA�PR?PQFQRQFKD�QEFP�S>IRB�LCMFKQL�QEB�BUMOBPPFLK�CLOQi Q� ��KLQFKD�QE>Q�1��Qi Q� �

��� .DH;7IED78B;+;IKBJI �>	 %FKAQEBJ>UFJRJ O>KDBLC> PRMBO@>KKLKQE>QE>P> JRWWIBSBIL@FQVLC���
HJ�P��?	 6E>QFPRKOB>PLK>?IB>?LRQQEBO>KDBVLRCLRKA��@	(PQEBMOBJFPBRKOB>PLK>?IBLOFPQEB>S>FI>?IB
BNR>QFLKFK>MMIF@>?IB�$UMI>FKVLRO>KPTBO� �A	 (CPR@E>JRWWIBSBIL@FQV@LRIA?BL?Q>FKBA�AFP@RPPQEBBCCB@QP
LC�>FO�OBPFPQ>K@B��QEFKKFKD�>FO�TFQE�>IQFQRAB��>KA�QEB�@ROS>QROB�LC�QEB�$>OQE�LK�QEB�O>KDB�LC�QEB�PRMBO�@>KKLK�

%�.(

	� �DBC>< ) 4GC1>>: ���



��� �EDIJHK9J2EKH(MD )HE8B;C"LKPFABO> ?>IIQLPPBALSBO> CBK@B�"LKPQOR@Q> MOL?IBJFKTEF@EVLR
@>I@RI>QBQEB?>IInPKBBABAFKFQF>ISBIL@FQVQLGRPQ@IB>OQEBCBK@B� JLKD QEBQEFKDPQLABQBOJFKB>OB�QEBEBFDEQ
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