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EQQM���TTT�ALRDI>P@LIIBDB�@>�PQRABKQ
PBOSF@BP�MLPQ
ALRDI>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�COBB
C>II�JLQFLK�-BTQLKnP�I>TP�LC
JLQFLK�COF@QFLK�>KA�@LBCCF@FBKQ�LC�COF@QFLK�@LKAFQFLKP�CLO�BNRFIF?OFRJ�TLOH
BKBODV
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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#: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>A
O>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	�
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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
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https://pressbooks.bccampus.ca/collegephysics/chapter/addition-of-velocities/
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https://phet.colorado.edu/en/simulation/projectile-motion
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DOLRKA��A	 6E>QFPQEBSBIL@FQV�FK@IRAFKD?LQEQEBELOFWLKQ>I>KASBOQF@>I@LJMLKBKQP	LCQEB?>IIGRPQ?BCLOB
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ELOFWLKQ>ITEBKFQ>@@FABKQ>IIVAOLMPQEBJLRPB�(PQEBLTI IR@HVBKLRDEQLE>SBQEBJLRPBEFQQEBKBPQ�3L
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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
LCQEBCBK@B�QEBAFPQ>K@BQLQEBCBK@BCOLJQEBMLFKQLCOBIB>PBLCQEB?>II�>KAQEBEBFDEQ>QTEF@EQEB?>II
FPOBIB>PBA�8LRPELRIA>IPL@LKPFABOTEBQEBOFQFPMLPPF?IBQL@ELLPBQEBFKFQF>IPMBBACLOQEB?>II >KAGRPQ
@>I@RI>QBQEB>KDIB>QTEF@EFQFPQEOLTK� IPL BU>JFKBQEBMLPPF?FIFQVLCJRIQFMIBPLIRQFLKPDFSBKQEBAFPQ>K@BP
>KA�EBFDEQP�VLR�E>SB�@ELPBK�

�;>BB0AH

7?H�H;I?IJ7D9;
>�COF@QFLK>I�CLO@B�QE>Q�PILTP�QEB�JLQFLK�LC�L?GB@QP�>P�QEBV�QO>SBI�QEOLRDE�QEB�>FO��TEBK�PLISFKD
?>PF@�MEVPF@P�MOL?IBJP��>FO�OBPFPQ>K@B�FP�>PPRJBA�QL�?B�WBOL

A?D;C7J?9I
QEB�PQRAV�LC�JLQFLK�TFQELRQ�OBD>OA�QL�J>PP�LO�CLO@B

CEJ?ED
AFPMI>@BJBKQ�LC�>K�L?GB@Q�>P�>�CRK@QFLK�LC�QFJB

FHE@;9J?B;
>K�L?GB@Q�QE>Q�QO>SBIP�QEOLRDE�QEB�>FO�>KA�BUMBOFBK@BP�LKIV�>@@BIBO>QFLK�ARB�QL�DO>SFQV

FHE@;9J?B;�CEJ?ED
QEB�JLQFLK�LC�>K�L?GB@Q�QE>Q�FP�PR?GB@Q�LKIV�QL�QEB�>@@BIBO>QFLK�LC�DO>SFQV

H7D=;
QEB�J>UFJRJ�ELOFWLKQ>I�AFPQ>K@B�QE>Q�>�MOLGB@QFIB�QO>SBIP

JH7@;9JEHO
QEB�M>QE�LC�>�MOLGB@QFIB�QEOLRDE�QEB�>FO

)=:CB7=<A

)HE8B;CI����N;H 9?I;I


�

�� �>	 �?	 �@	 �A	 � ?BILT�ELOFWLKQ>I

�� �>	 �?	�3EB�>OOLT�TFII�DL�LSBO�QEB�?O>K@E�

�� CLO CLO

CLO

�� �>	 �?	 �@	 � 3EFPBOOLOFPKLQPFDKFCF@>KQ?B@>RPBFQFPLKIV�� LC
QEB�>KPTBO�FK�M>OQ��?	�


 
� ��>PPRJFKD�I>RK@E�>KDIB�LC


�� VBP��QEB�?>II�I>KAP�>Q�����J�COLJ�QEB�KBQ


�� �>	 �?	 3EBI>ODBOQEBJRWWIBSBIL@FQV� QEBPJ>IIBOQEBABSF>QFLKFKQEBSBOQF@>IAFOB@QFLK�

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



?B@>RPBQEBQFJBLCCIFDEQTLRIA?BPJ>IIBO�  FOOBPFPQ>K@BTLRIAE>SBQEBBCCB@QLCAB@OB>PFKDQEBQFJBLC
CIFDEQ��QEBOBCLOB�FK@OB>PFKD�QEB�SBOQF@>I�ABSF>QFLK�


�� ��-L��QEB�LTI�FP�KLQ�IR@HV��EB�JFPPBP�QEB�KBPQ�


�� -L��QEB�J>UFJRJ�O>KDB��KBDIB@QFKD�>FO�OBPFPQ>K@B	�FP�>?LRQ�

�
�

��� �>	 �?	�3EB�?>II�QO>SBIP�>�QLQ>I�LC TFQE�QEB�?OFBC�DRPQ�LC�TFKA�

���

PL�QE>Q

>KA�PR?PQFQRQFKD�CLODFSBP�

PFK@B QEB�O>KDB�FP�

%�.(

	� �DBC>< ) 4GC1>>: ��




�����227B7=<�=4�, 3:=17B73A

)C;;/@G

a  MMIV�MOFK@FMIBP�LC�SB@QLO�>AAFQFLK�QL�ABQBOJFKB�OBI>QFSB�SBIL@FQV�

a $UMI>FK�QEB�PFDKFCF@>K@B�LC�QEB�L?PBOSBO�FK�QEB�JB>PROBJBKQ�LC�SBIL@FQV�

(3:/B7D3�, 3:=17BG

(C> MBOPLKOLTP> ?L>Q>@OLPP> O>MFAIVCILTFKDOFSBO>KAQOFBPQLEB>AAFOB@QIVCLOQEBLQEBOPELOB�
QEB?L>QFKPQB>AJLSBP=B:@HG:EEROBI>QFSBQLQEBPELOB�>PFK%FDROB� � 3EB?L>QALBPKLQJLSB FKQEB
AFOB@QFLKFKTEF@EFQFPMLFKQBA�3EBOB>PLK�LC@LROPB�FPQE>QQEBOFSBO@>OOFBPQEB?L>QALTKPQOB>J�
2FJFI>OIV� FC>PJ>II>FOMI>KBCIFBPLSBOEB>AFK>PQOLKD@OLPPTFKA�VLR@>KPLJBQFJBPPBBQE>QQEBMI>KBFP
KLQJLSFKDFKQEBAFOB@QFLKFKTEF@EFQFPMLFKQBA�>PFIIRPQO>QBAFK%FDROB� � 3EBMI>KBFPJLSFKDPQO>FDEQ
>EB>A�OBI>QFSB�QL�QEB�>FO��?RQ�QEB�JLSBJBKQ�LC�QEB�>FO�J>PP�OBI>QFSB�QL�QEB�DOLRKA�@>OOFBP�FQ�PFABT>VP�

�75B?3�	� ��;H:M�MKRBG@�MH�A>:=�LMK:B@AM�:<KHLL�:�KBO>K�PBEE
:<MN:EER�FHO>�=B:@HG:EER�K>E:MBO>�MH�MA>�LAHK>�:L�LAHPG��%ML
MHM:E�O>EH<BMR��LHEB=�:KKHP��K>E:MBO>�MH�MA>�LAHK>�BL�MA>�LNF�H?
BML�O>EH<BMR�K>E:MBO>�MH�MA>�KBO>K�IENL�MA>�O>EH<BMR�H?�MA>�KBO>K
K>E:MBO>�MH�MA>�LAHK>�

���



�75B?3�
� �G�:BKIE:G>�A>:=BG@�LMK:B@AM�GHKMA�BL
BGLM>:=�<:KKB>=�MH�MA>�P>LM�:G=�LEHP>=�=HPG�;R
PBG=��0A>�IE:G>�=H>L�GHM�FHO>�K>E:MBO>�MH�MA>�@KHNG=
BG�MA>�=BK><MBHG�BM�IHBGML��K:MA>K
�BM�FHO>L�BG�MA>
=BK><MBHG�H?�BML�MHM:E�O>EH<BMR��LHEB=�:KKHP��

(K B>@ELCQEBPBPFQR>QFLKP�>KL?GB@QE>P> L;BE9?JOOBI>QFSBQL> JBAFRJ�PR@E>P> OFSBO	>KAQE>Q
JBAFRJE>P>SBIL@FQVOBI>QFSBQL>KL?PBOSBOLKPLIFADOLRKA�3EBSBIL@FQVLCQEBL?GB@QK>E:MBO>MHMA>
H;L>KO>KFPQEBPRJLCQEBPBSBIL@FQVSB@QLOP�>PFKAF@>QBAFK%FDROB� >KA%FDROB� � 3EBPBPFQR>QFLKP>OB
LKIVQTLLCJ>KVFKTEF@EFQFPRPBCRIQL>AASBIL@FQFBP�(KQEFPJLARIB�TB CFOPQOB
BU>JFKBELT QL>AA
SBIL@FQFBP�>KA�QEBK�@LKPFABO�@BOQ>FK�>PMB@QP�LC�TE>Q�OBI>QFSB�SBIL@FQV�JB>KP�

'LT ALTB >AASBIL@FQFBP�5BIL@FQVFP> SB@QLO�FQE>P?LQEJ>DKFQRAB>KAAFOB@QFLK	�QEBORIBPLC
L;9JEH7::?J?EDAFP@RPPBAFK"E>MQBO��� 5B@QLO AAFQFLK>KA2R?QO>@QFLK�&O>MEF@>I,BQELAP>KA
"E>MQBO��� 5B@QLO AAFQFLK>KA2R?QO>@QFLK� K>IVQF@>I,BQELAP>MMIVQLQEB>AAFQFLKLCSBIL@FQFBP�GRPQ
>PQEBVALCLO>KVLQEBOSB@QLOP�(KLKB
AFJBKPFLK>IJLQFLK�QEB>AAFQFLKLCSBIL@FQFBPFPPFJMIBjQEBV
>AAIFHBLOAFK>OVKRJ?BOP�%LOBU>JMIB�FC>CFBIAEL@HBVMI>VBOFPJLSFKD>Q� C� I PQO>FDEQQLT>OAQEB
DL>I>KAAOFSBPQEB?>IIFKQEBP>JBAFOB@QFLKTFQE> SBIL@FQVLC�� C� I OBI>QFSBQLEBO?LAV� QEBKQEB
SBIL@FQVLCQEB?>IIFP�� C� I OBI>QFSBQLQEBPQ>QFLK>OV� MOLCRPBIVPTB>QFKDDL>IHBBMBOPQ>KAFKDFKCOLKQ
LC�QEB�DL>I�

(KQTL
AFJBKPFLK>IJLQFLK�BFQEBODO>MEF@>ILO>K>IVQF@>IQB@EKFNRBP@>K?BRPBAQL>AASBIL@FQFBP�6 B
TFII@LK@BKQO>QBLK>K>IVQF@>IQB@EKFNRBP�3EBCLIILTFKDBNR>QFLKPDFSBQEBOBI>QFLKPEFMP?BQTBBKQEB
J>DKFQRAB>KAAFOB@QFLKLCSBIL@FQV�C>KAa	 >KAFQP@LJMLKBKQP�CN>KACO	 >ILKDQEBQi >KAR
>UBPLC
>K�>MMOLMOF>QBIV�@ELPBK�@LLOAFK>QB�PVPQBJ�

%�.(

	� �DBC>< ) 4GC1>>: ���

https://pressbooks.bccampus.ca/collegephysics/chapter/vector-addition-and-subtraction-graphical-methods/
https://pressbooks.bccampus.ca/collegephysics/chapter/vector-addition-and-subtraction-analytical-methods/


�75B?3��� 0A>�O>EH<BMR
 C
�H?�:G�H;C><M
MK:O>EBG@�:M�:G�:G@E>SMH�MA>�AHKBSHGM:E�:QBL
BL�MA>�LNF�H?�<HFIHG>GM�O><MHKLCN:G=CO�

3EBPBBNR>QFLKP>OBS>IFACLO>KVSB@QLOP>KA>OB>A>MQBAPMB@FCF@>IIVCLOSBIL@FQV� 3EBCFOPQQTL
BNR>QFLKP>OBRPBAQLCFKAQEB@LJMLKBKQPLC> SBIL@FQVTEBKFQPJ>DKFQRAB>KAAFOB@QFLK>OBHKLTK�
3EB�I>PQ�QTL�>OB�RPBA�QL�CFKA�QEB�J>DKFQRAB�>KA�AFOB@QFLK�LC�SBIL@FQV�TEBK�FQP�@LJMLKBKQP�>OB�HKLTK�

) � ���$"���-%�'�"�#) ��'�!� )�+��+�! $��).�$�����$ � )

%FII> ?>QEQR?E>IC
CRIILCT>QBO� 3>HB> QLV?L>QLOPLJBLQEBOL?GB@QQE>QCIL>QPFKT>QBO� 4KMIRD
QEBAO>FKPLT>QBOPQ>OQPQLAO>FK�3OVMRPEFKDQEB?L>QCOLJLKBPFABLCQEBQR?QLQEBLQEBO>KA
MBOMBKAF@RI>OQLQEBCILTLCT>QBO� 6EF@ET>V AL VLRKBBAQLMRPEQEB?L>QPLQE>QFQBKAPRM
FJJBAF>QBIVLMMLPFQB�"LJM>OBQEBAFOB@QFLKPLCQEBCILTLCT>QBO� EB>AFKDLCQEB?L>Q�>KA>@QR>I
SBIL@FQV�LC�QEB�?L>Q�

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



�G0<?;4�
���338=6�+ 4;>28C84B�����>0C�>=�0�'8E4A

�75B?3��� ��;H:M�:MM>FIML�MH�MK:O>E�LMK:B@AM�:<KHLL�:�KBO>K�:M�:�LI>>=������F
L�
0A>�<NKK>GM�BG�MA>�KBO>K
�AHP>O>K
�?EHPL�:M�:�LI>>=�H?������F
L�MH�MA>�KB@AM�
3A:M�BL�MA>�MHM:E�=BLIE:<>F>GM�H?�MA>�;H:M�K>E:MBO>�MH�MA>�LAHK>�

1BCBOQL%FDROB� � TEF@EPELTP> ?L>QQOVFKDQLDLPQO>FDEQ>@OLPPQEBOFSBO� +BQRP@>I@RI>QBQEB
J>DKFQRAB>KAAFOB@QFLKLCQEB?L>QnPSBIL@FQVOBI>QFSBQL>KL?PBOSBOLKQEBPELOB�CJEJ� 3EBSBIL@FQVLC
QEB?L>Q�C8E7J� FP���� J� PFKQEBR
AFOB@QFLKOBI>QFSBQLQEBOFSBO>KAQEBSBIL@FQVLCQEBOFSBO� CH?L;H� FP
�����J�P�QL�QEB�OFDEQ�

,JH7J;=O

6 BPQ>OQ?V@ELLPFKD>@LLOAFK>QBPVPQBJTFQEFQPU
>UFPM>O>IIBIQLQEBSBIL@FQVLCQEBOFSBO� >PPELTK
FK%FDROB� � !B@>RPBQEB?L>QFPAFOB@QBAPQO>FDEQQLT>OAQEBLQEBOPELOB�FQPSBIL@FQVOBI>QFSBQLQEB
T>QBOFPM>O>IIBIQLQEBF
>UFP>KAMBOMBKAF@RI>OQLQEBSBIL@FQVLCQEBOFSBO� 3ERP�TB @>K>AAQEBQTL

SBIL@FQFBP�?V�RPFKD�QEB�BNR>QFLKP >KAS��J7D	
 �CO� CN� AFOB@QIV�

,EBKJ?ED

3EB�J>DKFQRAB�LC�QEB�QLQ>I�SBIL@FQV�FP

TEBOB

>KA

3ERP�

%�.(

	� �DBC>< ) 4GC1>>: ���



VFBIAFKD

3EB�AFOB@QFLK�LC�QEB�QLQ>I�SBIL@FQV� S��FP�DFSBK�?V�

3EFP�BNR>QFLK�DFSBP

�?I9KII?ED

!LQEQEBJ>DKFQRABC>KAQEBAFOB@QFLKa LCQEBQLQ>ISBIL@FQV>OB@LKPFPQBKQTFQE%FDROB� � -LQBQE>Q
?B@>RPBQEBSBIL@FQVLCQEBOFSBOFPI>ODB@LJM>OBATFQEQEBSBIL@FQVLCQEB?L>Q�FQFPPTBMQO>MFAIV
ALTKPQOB>J�3EFPOBPRIQFPBSFABK@BA?VQEBPJ>II >KDIB�LKIV��
�S 	 QEBQLQ>ISBIL@FQVE>POBI>QFSBQL
QEB�OFSBO?>KH�

�G0<?;4�����0;2D;0C8=6�+4;>28CH��,8=3�+4;>28CH��0DB4B�0=��8A?;0=4�C>��A85C

">I@RI>QBQEBTFKASBIL@FQVCLOQEBPFQR>QFLKPELTKFK%FDROB� � 3EBMI>KBFPHKLTKQL?BJLSFKD>Q
���� J� PARBKLOQEOBI>QFSBQLQEB>FOJ>PP�TEFIBFQPSBIL@FQVOBI>QFSBQLQEBDOLRKA�FQPQLQ>ISBIL@FQV	FP
�����J�P�FK�>�AFOB@QFLK��
�S TBPQ�LC�KLOQE�

�75B?3�
� �G�:BKIE:G>�BL�DGHPG�MH�;>�A>:=BG@�GHKMA�:M������F
L

MAHN@A�BML�O>EH<BMR�K>E:MBO>�MH�MA>�@KHNG=�BL������F
L�:M�:G�:G@E>
P>LM�H?�GHKMA��3A:M�BL�MA>�LI>>=�:G=�=BK><MBHG�H?�MA>�PBG=�

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



,JH7J;=O

(KQEFPMOL?IBJ�PLJBTE>QAFCCBOBKQCOLJQEBMOBSFLRPBU>JMIB�TB HKLTQEBQLQ>ISBIL@FQVCJEJ>KA
QE>QFQFPQEBPRJ LCQTLLQEBOSBIL@FQFBP�CM �QEBTFKA	>KACF �QEBMI>KBOBI>QFSBQLQEB>FOJ>PP	�
3EBNR>KQFQVCF FPHKLTK�>KATB >OB>PHBAQLCFKACM� -LKB LCQEBSBIL@FQFBP>OBMBOMBKAF@RI>O� ?RQ
FQFPMLPPF?IBQLCFKAQEBFO@LJMLKBKQP>ILKD> @LJJLKPBQLCMBOMBKAF@RI>O>UBP�(CTB @>KCFKAQEB
@LJMLKBKQPLCCM� QEBKTB @>K@LJ?FKBQEBJQLPLISBCLOFQPJ>DKFQRAB>KAAFOB@QFLK� P PELTKFK
%FDROB� � TB@ELLPB>@LLOAFK>QBPVPQBJTFQEFQPQ
>UFPARBB>PQ>KAFQPR
>UFPARBKLOQE�M>O>IIBIQLCF	�
�8 LRJ>V TFPEQLILLH?>@H>QQEBAFP@RPPFLKLCQEB>AAFQFLKLCSB@QLOPRPFKDMBOMBKAF@RI>O@LJMLKBKQP
FK"E>MQBO�����5B@QLO� AAFQFLK�>KA�2R?QO>@QFLK�� K>IVQF@>I�,BQELAP�	

,EBKJ?ED

!B@>RPBCJEJFPQEBSB@QLOPRJLCQEBCM >KACF� FQPQi >KAR
@LJMLKBKQP>OBQEBPRJPLCQEBQi
>KAR
@LJMLKBKQPLCQEBTFKA>KAMI>KBSBIL@FQFBP�-LQBQE>QQEBMI>KBLKIVE>PSBOQF@>I@LJMLKBKQLC
SBIL@FQV�PLCFN��� >KACFO� CF��3E>Q�FP�

>KA

6 B�@>K�RPB�QEB�CFOPQ�LC�QEBPB�QTL�BNR>QFLKP�QL�CFKACMN�

!B@>RPBCJEJ����
��C�I >KA�@EI�
 
�S���	�
��� TB�E>SB

3EB�JFKRP�PFDK�FKAF@>QBP�JLQFLK�TBPQ�TEF@E�FP�@LKPFPQBKQ�TFQE�QEB�AF>DO>J�

-LT ��QL�CFKACMOTB�KLQB�QE>Q

'BOBCJEJO� CJEJI?D�

�S ��QERP�

3EFP�JFKRP�PFDK�FKAF@>QBP�JLQFLK�PLRQE�TEF@E�FP�@LKPFPQBKQ�TFQE�QEB�AF>DO>J�

-LT QE>QQEBMBOMBKAF@RI>O@LJMLKBKQPLCQEBTFKASBIL@FQVCMN>KACMO>OBHKLTK�TB@>KCFKAQEB
J>DKFQRAB�>KA�AFOB@QFLK�LCCM��%FOPQ��QEB�J>DKFQRAB�FP

PL�QE>Q

3EB�AFOB@QFLK�FP�

DFSFKD

�?I9KII?ED

%�.(

	� �DBC>< ) 4GC1>>: ��	

https://pressbooks.bccampus.ca/collegephysics/chapter/vector-addition-and-subtraction-analytical-methods/


3EBTFKAnPPMBBA>KAAFOB@QFLK>OB@LKPFPQBKQTFQEQEBPFDKFCF@>KQBCCB@QQEBTFKAE>PLKQEBQLQ>I
SBIL@FQVLCQEBMI>KB�>PPBBKFK%FDROB� � !B@>RPBQEBMI>KBFPCFDEQFKD> PQOLKD@LJ?FK>QFLKLC
@OLPPTFKA>KAEB>A
TFKA�FQBKAPRMTFQE>QLQ>ISBIL@FQVPFDKFCF@>KQIVIBPPQE>KFQPSBIL@FQVOBI>QFSBQL
QEB�>FO�J>PP�>P�TBII�>P�EB>AFKD�FK�>�AFCCBOBKQ�AFOB@QFLK�

-LQBQE>QFK?LQELCQEBI>PQQTLBU>JMIBP�TB TBOB>?IBQLJ>HBQEBJ>QEBJ>QF@PB>PFBO?V@ELLPFKD>
@LLOAFK>QBPVPQBJTFQELKB>UFPM>O>IIBIQLLKBLCQEBSBIL@FQFBP�6 BTFIIOBMB>QBAIVCFKAQE>Q@ELLPFKD
>K>MMOLMOF>QB@LLOAFK>QBPVPQBJJ>HBPMOL?IBJPLISFKDB>PFBO� %LOBU>JMIB�FKMOLGB@QFIBJLQFLKTB
>IT>VP�RPB�>�@LLOAFK>QB�PVPQBJ�TFQE�LKB�>UFP�M>O>IIBI�QL�DO>SFQV�

(3:/B7D3�, 3:=17B73A�/<2��:/AA71/:�(3:/B7D7BG

6EBK>AAFKDSBIL@FQFBP�TB E>SB?BBK@>OBCRIQLPMB@FCVQE>QQEBO>EH<BMRBLK>E:MBO>MHLHF>K>?>K>G<>
?K:F>� 3EBPBSBIL@FQFBP>OB@>IIBAH;B7J?L;L;BE9?J?;I� %LOBU>JMIB�QEBSBIL@FQVLC>K>FOMI>KBOBI>QFSBQL
>K>FOJ>PPFPAFCCBOBKQCOLJFQPSBIL@FQVOBI>QFSBQLQEBDOLRKA�!LQE>OBNRFQBAFCCBOBKQCOLJQEBSBIL@FQV
LC>K>FOMI>KBOBI>QFSBQLFQPM>PPBKDBOP�TEF@EPELRIA?B@ILPBQLWBOL	�1BI>QFSBSBIL@FQFBP>OBLKB>PMB@Q
LCH;B7J?L?JO� TEF@EFPABCFKBAQL?BQEBPQRAVLCELT AFCCBOBKQL?PBOSBOPJLSFKDOBI>QFSBQLB>@ELQEBO
JB>PROB�QEB�P>JB�MEBKLJBKLK�

-B>OIVBSBOVLKBE>PEB>OALC OBI>QFSFQV>KA FJJBAF>QBIV>PPL@F>QBPFQTFQE I?BOQ$FKPQBFK
�����i����	� QEBDOB>QBPQMEVPF@FPQLCQEB��QE @BKQROV� $FKPQBFKOBSLIRQFLKFWBALROSFBTLCK>QROB
TFQEEFPFH=>KGQEBLOVLCOBI>QFSFQV� TEF@ETB PE>IIPQRAVFKI>QBO@E>MQBOP�3EBOBI>QFSBSBIL@FQFBPFK
QEFPPB@QFLK>OB>@QR>IIV>PMB@QPLC@I>PPF@>IOBI>QFSFQV� CFOPQAFP@RPPBA@LOOB@QIV?V &>IFIBL>KA(P>>@
-BTQLK��B7II?97BH;B7J?L?JOFPIFJFQBAQLPFQR>QFLKPTEBOBPMBBAP>OBIBPPQE>K>?LRQ�� LCQEBPMBBALC
IFDEQjQE>QFP�IBPPQE>K����� AC�I � ,LPQQEFKDPTBBK@LRKQBOFKA>FIVIFCBJLSBPILTBOQE>KQEFPPMBBA�

+BQRP@LKPFABO>KBU>JMIBLCTE>QQTLAFCCBOBKQL?PBOSBOPPBBFK> PFQR>QFLK>K>IVWBAILKD>DL?V
&>IFIBL�2RMMLPB> P>FILO>QQEBQLMLC> J>PQLK> JLSFKDPEFMAOLMPEFP?FKL@RI>OP�6EBOBTFIIFQEFQ
QEBAB@H�6 FIIFQEFQ>QQEB?>PBLCQEBJ>PQ�LOTFIIFQEFQ?BEFKAQEBJ>PQ?B@>RPBQEBPEFMFPJLSFKD
CLOT>OA�3EB>KPTBOFPQE>QFC>FOOBPFPQ>K@BFPKBDIFDF?IB�QEB?FKL@RI>OPTFIIEFQ>QQEB?>PBLCQEBJ>PQ>Q
>MLFKQAFOB@QIV?BILTFQPMLFKQLCOBIB>PB�-LT IBQRP@LKPFABOTE>QQTLAFCCBOBKQL?PBOSBOPPBBTEBKQEB
?FKL@RI>OPAOLM�.KB L?PBOSBOFPLKQEBPEFM>KAQEBLQEBOLKPELOB�3EB?FKL@RI>OPE>SBKLELOFWLKQ>I
SBIL@FQVOBI>QFSBQLQEBL?PBOSBOLKQEBPEFM�>KAPLEBPBBPQEBJC>IIPQO>FDEQALTKQEBJ>PQ��2BB%FDROB
� �	 3L QEBL?PBOSBOLKPELOB�QEB?FKL@RI>OP>KAQEBPEFME>SBQEBL:F> ELOFWLKQ>ISBIL@FQV� PL?LQEJLSB
QEBP>JBAFPQ>K@BCLOT>OATEFIBQEB?FKL@RI>OP>OBC>IIFKD�3EFPL?PBOSBOPBBPQEB@ROSBAM>QEPELTK
FK%FDROB� �  IQELRDEQEBM>QEPILLHAFCCBOBKQQLQEBAFCCBOBKQL?PBOSBOP�B>@EPBBPQEBP>JBOBPRIQjQEB
?FKL@RI>OPEFQ>QQEB?>PBLCQEBJ>PQ>KAKLQ?BEFKAFQ�3L DBQQEB@LOOB@QABP@OFMQFLK�FQFP@OR@F>IQL
@LOOB@QIV�PMB@FCV�QEB�SBIL@FQFBP�OBI>QFSB�QL�QEB�L?PBOSBO�

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



�75B?3��� �E:LLB<:E�K>E:MBOBMR��0A>�L:F>�FHMBHG�:L
OB>P>=�;R�MPH�=B??>K>GM�H;L>KO>KL���G�H;L>KO>K�HG
MA>�FHOBG@�LABI�L>>L�MA>�;BGH<NE:KL�=KHII>=�?KHF�MA>
MHI�H?�BML�F:LM�?:EE�LMK:B@AM�=HPG���G�H;L>KO>K�HG
LAHK>�L>>L�MA>�;BGH<NE:KL�M:D>�MA>�<NKO>=�I:MA

FHOBG@�?HKP:K=�PBMA�MA>�LABI���HMA�H;L>KO>KL�L>>�MA>
;BGH<NE:KL�LMKBD>�MA>�=><D�:M�MA>�;:L>�H?�MA>�F:LM�
0A>�BGBMB:E�AHKBSHGM:E�O>EH<BMR�BL�=B??>K>GM�K>E:MBO>�MH
MA>�MPH�H;L>KO>KL���0A>�LABI�BL�LAHPG�FHOBG@�K:MA>K
?:LM�MH�>FIA:LBS>�MA>�>??><M��

�G0<?;4�����0;2D;0C8=6�'4;0C8E4�+4;>28CH���=��8A;8=4�%0BB4=64A��A>?B�0��>8=

 K >FOIFKBM>PPBKDBOAOLMP> @LFKTEFIBQEBMI>KBFPJLSFKD>Q��� J� P�6E>QFPQEBSBIL@FQVLCQEB
@LFKTEBKFQPQOFHBPQEBCILLO���� J ?BILTFQPMLFKQLCOBIB>PB��>	 ,B>PROBAOBI>QFSBQLQEBMI>KB��?	
,B>PROBA�OBI>QFSB�QL�QEB�$>OQE�

%�.(

	� �DBC>< ) 4GC1>>: ���



�75B?3��� 0A>�FHMBHG�H?�:�<HBG
=KHII>=�BGLB=>�:G�:BKIE:G>�:L
OB>P>=�;R�MPH�=B??>K>GM
H;L>KO>KL���:���G�H;L>KO>K�BG�MA>
IE:G>�L>>L�MA>�<HBG�?:EE�LMK:B@AM
=HPG���;���G�H;L>KO>K�HG�MA>
@KHNG=�L>>L�MA>�<HBG�FHO>
:EFHLM�AHKBSHGM:EER�

,JH7J;=O

!LQEMOL?IBJP@>K?BPLISBATFQEQEBQB@EKFNRBPCLOC>IIFKDL?GB@QP>KAMOLGB@QFIBP�(KM>OQ�>	� QEB
FKFQF>ISBIL@FQVLCQEB@LFKFPWBOLOBI>QFSBQLQEBMI>KB�PLQEBJLQFLKFPQE>QLC> C>IIFKDL?GB@Q�LKB

AFJBKPFLK>I	�(K M>OQ�?	� QEBFKFQF>ISBIL@FQVFP��� J� PELOFWLKQ>IOBI>QFSBQLQEB$>OQE>KADO>SFQVFP
SBOQF@>I�PLQEFPJLQFLKFP> MOLGB@QFIBJLQFLK�(K?LQEM>OQP�FQFP?BPQQLRPB> @LLOAFK>QBPVPQBJTFQE
SBOQF@>I�>KA�ELOFWLKQ>I�>UBP�

,EBKJ?ED�<EH��7�

4PFKDQEBDFSBKFKCLOJ>QFLK�TB KLQBQE>QQEBFKFQF>ISBIL@FQV>KAMLPFQFLK>OBWBOL�>KAQEBCFK>I
MLPFQFLK�FP������J��3EB�CFK>I�SBIL@FQV�@>K�?B�CLRKA�RPFKD�QEB�BNR>QFLK�

2R?PQFQRQFKD�HKLTK�S>IRBP�FKQL�QEB�BNR>QFLK��TB�DBQ

VFBIAFKD

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



6 BHKLTQE>QQEBPNR>OBOLLQLC���� E>PQTLOLLQP����� >KA
����� 6 B@ELLPBQEBKBD>QFSBOLLQ
?B@>RPBTBHKLTQE>QQEBSBIL@FQVFPAFOB@QBAALTKT>OAP�>KATBE>SBABCFKBAQEBMLPFQFSBAFOB@QFLKQL
?BRMT>OAP�3EBOBFPKLFKFQF>IELOFWLKQ>ISBIL@FQVOBI>QFSBQLQEBMI>KB>KAKLELOFWLKQ>I>@@BIBO>QFLK�
>KA�PL�QEB�JLQFLK�FP�PQO>FDEQ�ALTK�OBI>QFSB�QL�QEB�MI>KB�

,EBKJ?ED�<EH��8�

!B@>RPBQEBFKFQF>ISBOQF@>ISBIL@FQVFPWBOLOBI>QFSBQLQEBDOLRKA>KASBOQF@>IJLQFLKFPFKABMBKABKQ
LCELOFWLKQ>IJLQFLK�QEBCFK>ISBOQF@>ISBIL@FQVCLOQEB@LFKOBI>QFSBQLQEBDOLRKAFPCO� 	�
�� C� I � QEB
P>JB>PCLRKAFKM>OQ�>	� (K@LKQO>PQQLM>OQ�>	� QEBOBKLT FP> ELOFWLKQ>I@LJMLKBKQLCQEBSBIL@FQV�
'LTBSBO� PFK@BQEBOBFPKL ELOFWLKQ>I>@@BIBO>QFLK�QEBFKFQF>I>KACFK>IELOFWLKQ>ISBIL@FQFBP>OBQEB
P>JB>KACN � ��� C� I � 3EBQi >KAR
@LJMLKBKQPLCSBIL@FQV@>K?B@LJ?FKBAQLCFKAQEBJ>DKFQRAB
LC�QEB�CFK>I�SBIL@FQV�

3ERP�

VFBIAFKD

3EB�AFOB@QFLK�FP�DFSBK�?V�

PL�QE>Q

�?I9KII?ED

(KM>OQ�>	� QEBCFK>ISBIL@FQVOBI>QFSBQLQEBMI>KBFPQEBP>JB>PFQTLRIA?BFCQEB@LFKTBOBAOLMMBA
COLJOBPQLKQEB$>OQE>KACBII���� J� 3EFPOBPRIQCFQPLROBUMBOFBK@B�L?GB@QPFK> MI>KBC>IIQEBP>JB
T>VTEBKQEBMI>KBFPCIVFKDELOFWLKQ>IIV>PTEBKFQFP>QOBPQLKQEBDOLRKA�3EFPOBPRIQFP>IPLQORB
FKJLSFKD@>OP�(KM>OQ�?	� >KL?PBOSBOLKQEBDOLRKAPBBP> JR@EAFCCBOBKQJLQFLKCLOQEB@LFK�3EB
MI>KBFPJLSFKDPLC>PQELOFWLKQ>IIVQL?BDFKTFQEQE>QFQPCFK>ISBIL@FQVFP?>OBIVDOB>QBOQE>KQEBFKFQF>I
SBIL@FQV� .K@B>D>FK�TB PBBQE>QFKQTLAFJBKPFLKP�SB@QLOPALKLQ>AAIFHBLOAFK>OVKRJ?BOPjQEB
CFK>ISBIL@FQVS FKM>OQ�?	 FPGHM���� X �
��� C� I � O>QEBO� FQFP���
�� C� I � 3EBSBIL@FQVnPJ>DKFQRAB
E>AQL?B@>I@RI>QBAQLCFSBAFDFQPQLPBB>KVAFCCBOBK@BCOLJQE>QLCQEB>FOMI>KB�3EBJLQFLKP>PPBBK
?VAFCCBOBKQL?PBOSBOP�LKBFKQEBMI>KB>KALKBLKQEBDOLRKA	FKQEFPBU>JMIB>OB>K>ILDLRPQLQELPB
AFP@RPPBACLOQEB?FKL@RI>OPAOLMMBACOLJQEBJ>PQLC> JLSFKDPEFM�BU@BMQQE>QQEBSBIL@FQVLCQEB
MI>KBFPJR@EI>ODBO� PLQE>QQEBQTLL?PBOSBOPPBBO>KRAFCCBOBKQM>QEP��2BB%FDROB� �	 (K>AAFQFLK�?LQE
L?PBOSBOPPBBQEB@LFKC>II���� J SBOQF@>IIV� ?RQQEBLKBLKQEBDOLRKA>IPLPBBPFQJLSBCLOT>OA���
J �QEFP@>I@RI>QFLKFPIBCQCLOQEBOB>ABO	�3ERP�LKBL?PBOSBOPBBP> SBOQF@>IM>QE�QEBLQEBO> KB>OIV
ELOFWLKQ>I�M>QE�

%�.(

	� �DBC>< ) 4GC1>>: ��




"� �#���$##��)�$#(��'�!� )�+�).��#����#()��#

!B@>RPB$FKPQBFKT>P>?IBQL@IB>OIVABCFKBELT JB>PROBJBKQP>OBJ>AB�PLJBFKSLISBIFDEQ	>KA
?B@>RPBQEBPMBBALCIFDEQFPQEBP>JBCLO>II L?PBOSBOP�QEBLRQ@LJBP>OBPMB@Q>@RI>OIVRKBUMB@QBA�
3FJB�S>OFBP�TFQE�L?PBOSBO��BKBODV�FP�PQLOBA�>P�FK@OB>PBA�J>PP��>KA�JLOB�PROMOFPBP�>T>FQ�

%��)��-%! $'� )�$#(��"$ )�$#��#���

3OVQEBKBTk+>AV?RD,LQFLK�#l PFJRI>QFLKCLOQEBI>QBPQRMA>QBASBOPFLK�+B>OK>?LRQMLPFQFLK�
SBIL@FQV� >KA>@@BIBO>QFLKSB@QLOP�,LSB QEB?>IITFQEQEBJLRPBLOIBQQEBPFJRI>QFLKJLSBQEB?>IIFK
CLRO�QVMBP�LC�JLQFLK����QVMBP�LC�IFKB>O��PFJMIB�E>OJLKF@��@FO@IB	�

�75B?3��� )HMBHG�BG�� 

)C;;/@G

a 5BIL@FQFBP�FK�QTL�AFJBKPFLKP�>OB�>AABA�RPFKD�QEB�P>JB�>K>IVQF@>I�SB@QLO�QB@EKFNRBP��TEF@E
>OB�OBTOFQQBK�>P

a 1BI>QFSB�SBIL@FQV�FP�QEB�SBIL@FQV�LC�>K�L?GB@Q�>P�L?PBOSBA�COLJ�>�M>OQF@RI>O�OBCBOBK@B�CO>JB�
>KA�FQ�S>OFBP�AO>J>QF@>IIV�TFQE�OBCBOBK@B�CO>JB�

a +;B7J?L?JOFP�QEB�PQRAV�LC�ELT�AFCCBOBKQ�L?PBOSBOP�JB>PROB�QEB�P>JB�MEBKLJBKLK�
M>OQF@RI>OIV�TEBK�QEB�L?PBOSBOP�JLSB�OBI>QFSB�QL�LKB�>KLQEBO� �B7II?97B�H;B7J?L?JOFP�IFJFQBA
QL�PFQR>QFLKP�TEBOB�PMBBA�FP�IBPP�QE>K�>?LRQ����LC�QEB�PMBBA�LC�IFDEQ������HJ�P	�

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

https://pressbooks.bccampus.ca/resources/0ebc6c684add4ba513c75248765ad0a691d15873/motion-2d_en.jar
https://pressbooks.bccampus.ca/resources/0ebc6c684add4ba513c75248765ad0a691d15873/motion-2d_en.jar
https://phet.colorado.edu/en/simulation/motion-2d


�=<13>BC/:�'C3AB7=<A


� 6E>QCO>JBLOCO>JBPLCOBCBOBK@BALVLRFKPQFK@QFSBIVRPBTEBKAOFSFKD>@>O�6EBKCIVFKDFK>@LJJBO@F>I
GBQ�>FOMI>KB�

��  ?>PHBQ?>IIMI>VBOAOF??IFKDALTKQEB@LROQRPR>IIVHBBMPEFPBVBPCFUBALKQEBMI>VBOP>OLRKAEFJ�'B FP
JLSFKD�C>PQ��6EV�ALBPKnQ�EB�KBBA�QL�HBBM�EFP�BVBP�LK�QEB�?>II�

�� (CPLJBLKBFPOFAFKDFKQEB?>@HLC>MF@HRMQOR@H>KAQEOLTP>PLCQ?>IIPQO>FDEQ?>@HT>OA�FPFQMLPPF?IBCLO
QEB?>II QLC>IIPQO>FDEQALTK>PSFBTBA?V> MBOPLKPQ>KAFKD>QQEBPFABLCQEBOL>A�4KABOTE>Q@LKAFQFLK
TLRIA�QEFP�L@@RO��'LT�TLRIA�QEB�JLQFLK�LC�QEB�?>II�>MMB>O�QL�QEB�MBOPLK�TEL�QEOBT�FQ�

�� 3EBE>QLC> GLDDBOORKKFKD>Q@LKPQ>KQSBIL@FQVC>IIPLCCQEB?>@HLCEFPEB>A�#O>T> PHBQ@EPELTFKDQEB
M>QE�LC�QEB�E>Q�FK�QEB�GLDDBOnP�CO>JB�LC�OBCBOBK@B��#O>T�FQP�M>QE�>P�SFBTBA�?V�>�PQ>QFLK>OV�L?PBOSBO�

��  @ILALCAFOQC>IIPCOLJQEB?BALC>JLSFKDQOR@H�(QPQOFHBPQEBDOLRKAAFOB@QIV?BILTQEBBKALCQEBQOR@H�
6E>QFPQEBAFOB@QFLKLCFQPSBIL@FQVOBI>QFSBQLQEBQOR@HGRPQ?BCLOBFQEFQP�(PQEFPQEBP>JB>PQEBAFOB@QFLKLC
FQP�SBIL@FQV�OBI>QFSB�QL�DOLRKA�GRPQ�?BCLOB�FQ�EFQP��$UMI>FK�VLRO�>KPTBOP�

&@=0:3;A����F 3@17A3A


� !OV>K IIBK MBA>IBA>ERJ>K
MLTBOBA>FO@O>CQ>@OLPPQEB$KDIFPE"E>KKBICOLJQEB@IFCCPLC#LSBOQL">M
&OFP
-BWLK)RKB��� ����� �>	 'B CIBTCLO��� JFK >Q>K>SBO>DBSBIL@FQVLC���� J� PFK> AFOB@QFLK��_
PLRQELCB>PQ�6E>QT>PEFPQLQ>IAFPMI>@BJBKQ��?	  IIBK BK@LRKQBOBA> EB>ATFKA>SBO>DFKD���� J� P>IJLPQ
MOB@FPBIVFKQEBLMMLPFQBAFOB@QFLKLCEFPJLQFLKOBI>QFSBQLQEB$>OQE�6E>QT>PEFP>SBO>DBSBIL@FQVOBI>QFSBQL
QEB�>FO���@	�6E>Q�T>P�EFP�QLQ>I�AFPMI>@BJBKQ�OBI>QFSB�QL�QEB�>FO�J>PP�

��  PB>DRIICIFBP>Q>SBIL@FQVLC���� J� PPQO>FDEQFKQLQEBTFKA��>	 (CFQQ>HBPQEB?FOA���� JFKQLQO>SBI����
HJ OBI>QFSBQLQEB$>OQE�TE>QFPQEBSBIL@FQVLCQEBTFKA��?	 (CQEB?FOAQROKP>OLRKA>KACIFBPTFQEQEBTFKA�
ELT ILKDTFIIEBQ>HBQLOBQROK���� HJ� �@	#FP@RPPELT QEBTFKA>CCB@QPQEBQLQ>IOLRKA
QOFMQFJB@LJM>OBA
QL�TE>Q�FQ�TLRIA�?B�TFQE�KL�TFKA�

�� -B>OQEBBKALC>J>O>QELKO>@B�QEBCFOPQQTLORKKBOP>OBPBM>O>QBA?V>AFPQ>K@BLC���� J� 3EBCOLKQORKKBO
E>P>SBIL@FQVLC���� J� P�>KAQEBPB@LKA>SBIL@FQVLC���� J� P��>	 6E>QFPQEBSBIL@FQVLCQEBPB@LKAORKKBO
OBI>QFSBQLQEBCFOPQ��?	 (CQEBCOLKQORKKBOFP��� J COLJQEBCFKFPEIFKB�TEL TFIITFKQEBO>@B�>PPRJFKDQEBV
ORK�>Q�@LKPQ>KQ�SBIL@FQV���@	�6E>Q�AFPQ>K@B�>EB>A�TFII�QEB�TFKKBO�?B�TEBK�PEB�@OLPPBP�QEB�CFKFPE�IFKB�

�� 5BOFCVQE>QQEB@LFKAOLMMBA?VQEB>FOIFKBM>PPBKDBOFKQEB$U>JMIB� QO>SBIP��� J ELOFWLKQ>IIVTEFIB
C>IIFKD������J�FK�QEB�CO>JB�LC�OBCBOBK@B�LC�QEB�$>OQE�

��  CLLQ?>IINR>OQBO?>@HFPJLSFKDPQO>FDEQ?>@HT>OA>Q>PMBBALC���� J� PTEBKEBQEOLTP>M>PPQL>MI>VBO
���� J PQO>FDEQALTKCFBIA�3EB?>IIFPQEOLTK>Q>K>KDIBLC����_ OBI>QFSBQLQEBDOLRKA>KAFP@>RDEQ>QQEB
P>JB�EBFDEQ�>P�FQ�FP�OBIB>PBA��6E>Q�FP�QEB�FKFQF>I�SBIL@FQV�LC�QEB�?>IIK>E:MBO>�MH�MA>�JN:KM>K;:<D�

��  PEFMPBQPP>FICOLJ1LQQBOA>J�3EB-BQEBOI>KAP�EB>AFKDARBKLOQE>Q���� J� POBI>QFSBQLQEBT>QBO� 3EB
IL@>IL@B>K@ROOBKQFP���� J� PFK>AFOB@QFLK����_ KLOQELCB>PQ�6E>QFPQEBSBIL@FQVLCQEBPEFMOBI>QFSBQLQEB
$>OQE�

%�.(

	� �DBC>< ) 4GC1>>: ���


	Douglas College Physics 1107 Winter 2020 Custom Textbook
	Douglas College Physics 1107 Winter 2020 Custom Textbook
	Contents
	Introduction to Open Textbooks at Douglas College
	Preface to College Physics - the Basis for this Textbook
	Physics 1107 Curriculum Guidelines
	Chapter 1 The Nature of Science and Physics
	1.0 Introduction
	1.1 Physics: An Introduction
	1.2 Physical Quantities and Units
	1.3 Accuracy, Precision, and Significant Figures
	1.4 Approximation
	1.5 Introduction to Measurements (Originally from OpenStax College Chemistry 1st Canadian Edition)
	1.6 Expressing Numbers (Originally from OpenStax College Chemistry 1st Canadian Edition)
	1.7 Significant Figures (Originally from OpenStax College Chemistry 1st Canadian Edition)
	1.8 Converting Units (Originally from OpenStax College Chemistry 1st Canadian Edition)
	1.9 Other Units: Temperature and Density (Originally from OpenStax College Chemistry 1st Canadian Edition)
	1.10 Expressing Units (Originally from OpenStax College Chemistry 1st Canadian Edition)
	1.11 Additional Exercises (Originally from OpenStax College Chemistry 1st Canadian Edition)

	Chapter 2 One-Dimensional Kinematics
	2.0 Introduction
	2.1 Displacement
	2.2 Vectors, Scalars, and Coordinate Systems
	2.3 Time, Velocity, and Speed
	2.4 Acceleration
	2.5 Graphical Analysis of One-Dimensional Motion
	2.6 Motion Equations for Constant Acceleration in One Dimension
	2.7 Problem-Solving Basics for One-Dimensional Kinematics
	2.8 Falling Objects

	Chapter 3 Two-Dimensional Kinematics
	3.0 Introduction
	3.1 Kinematics in Two Dimensions: An Introduction
	3.2 Vector Addition and Subtraction: Graphical Methods
	3.3 Vector Addition and Subtraction: Analytical Methods
	3.4 Projectile Motion
	3.5 Addition of Velocities

	Chapter 4 Dynamics: Force and Newton's Laws of Motion
	4.0 Introduction
	4.1 Development of Force Concept
	4.2 Hooke's Law (Originally Section 5.3 Elasticity: Stress and Strain)
	4.3 Newton’s First Law of Motion: Inertia
	4.4 Newton’s Second Law of Motion: Concept of a System
	4.5 Newton’s Third Law of Motion: Symmetry in Forces
	4.6 Normal, Tension, and Other Examples of Forces
	4.7 Problem-Solving Strategies
	4.8 Further Applications of Newton’s Laws of Motion
	4.9 Extended Topic: The Four Basic Forces—An Introduction

	Chapter 5 Further Applications of Newton's Laws: Friction, Drag and Elasticity
	5.0 Introduction
	5.1 Friction
	5.2 Drag Forces

	Chapter 6 Uniform Circular Motion and Gravitation
	6.0 Introduction
	6.1 Rotation Angle and Angular Velocity
	6.2 Centripetal Acceleration
	6.3 Centripetal Force
	6.4 Fictitious Forces and Non-inertial Frames: The Coriolis Force
	6.5 Newton’s Universal Law of Gravitation
	6.6 Satellites and Kepler’s Laws: An Argument for Simplicity

	Chapter 7 Work, Energy, and Energy Resources
	7.0 Introduction
	7.1 Work: The Scientific Definition
	7.2 Kinetic Energy and the Work-Energy Theorem
	7.3 Gravitational Potential Energy
	7.4 Conservative Forces and Potential Energy
	7.5 Nonconservative Forces
	7.6 Conservation of Energy
	7.7 Power
	7.8 Work, Energy, and Power in Humans
	7.9 World Energy Use

	Chapter 8 Linear Momentum and Collisions
	8.0 Introduction
	8.1 Linear Momentum and Force
	8.2 Impulse
	8.3 Conservation of Momentum
	8.4 Elastic Collisions in One Dimension
	8.5 Inelastic Collisions in One Dimension
	8.6 Collisions of Point Masses in Two Dimensions
	8.7 Introduction to Rocket Propulsion

	Chapter 9 Statics and Torque
	9.0 Introduction
	9.1 The First Condition for Equilibrium
	9.2 The Second Condition for Equilibrium
	9.3 Stability
	9.4 Applications of Statics, Including Problem-Solving Strategies
	9.5 Simple Machines
	9.6 Forces and Torques in Muscles and Joints

	Chapter 10 Rotational Motion and Angular Momentum
	10.0 Introduction
	10.1 Angular Acceleration
	10.2 Kinematics of Rotational Motion
	10.3 Dynamics of Rotational Motion: Rotational Inertia
	10.4 Rotational Kinetic Energy: Work and Energy Revisited
	10.5 Angular Momentum and Its Conservation
	10.6 Collisions of Extended Bodies in Two Dimensions
	10.7 Gyroscopic Effects: Vector Aspects of Angular Momentum

	Chapter 13 Temperature, Kinetic Theory, and the Gas Laws
	13.0 Introduction
	13.1 Temperature

	Chapter 15 Thermodynamics
	15.0 Introduction
	15.1 The First Law of Thermodynamics
	15.2 The First Law of Thermodynamics and Some Simple Processes

	Chapter 16 Oscillatory Motion and Waves
	16.0 Introduction
	16.1 Hooke’s Law: Stress and Strain Revisited
	16.2 Period and Frequency in Oscillations
	16.3 Simple Harmonic Motion: A Special Periodic Motion
	16.4 The Simple Pendulum
	16.5 Energy and the Simple Harmonic Oscillator
	16.6 Uniform Circular Motion and Simple Harmonic Motion
	16.7 Damped Harmonic Motion
	16.8 Forced Oscillations and Resonance
	16.9 Waves
	16.10 Superposition and Interference
	16.11 Energy in Waves: Intensity

	Chapter 17 Physics of Hearing
	17.0 Introduction
	17.1 Sound
	17.2 Speed of Sound, Frequency, and Wavelength
	17.3 Sound Intensity and Sound Level
	17.4 Doppler Effect and Sonic Booms
	17.5 Sound Interference and Resonance: Standing Waves in Air Columns
	17.6 Hearing
	17.7 Ultrasound

	Appendix A Useful Information - Constants, Units, Formulae
	Appendix C: Periodic Table of the Elements from Open Stax Chemistry 1st Canadian Edition
	David W. Ball

	Appendix D Atomic Masses
	Appendix E: Half-lives for Several Radioactive Isotopes (Originally from OpenStax Chemistry)
	Appendix F Glossary of Key Symbols and Notation

