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ABPFDKBA@>Q@B>ABCRIQBKQELE>HB FG®|B>QE > PMB @ FUBE@IA LK @ BMIBNR>QRER
M>OQF@RI>0OIV FIMLOQ>KQ >KA QL MOLSFAB B>PV OBCBOBK@B CLO > PQRABKQ OBSFBTF
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*BV QBOJOBK’LIA>KA>OBLIILTBAV>ABCFKFGREK KQBIBEFKFQECKB\QBOJOBIPLFPQBA
FK QEB &ILPPEER@E >MMB>OP >Q QEB BKA LC QEB JLARIB
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6 LOHBBU>JIMIBE>SECLRAFPQFNEQQPMOLILJR QEK>IVQFEKA@LK @BMPIRSIIB LOHBA
BU>JMIBFOB-KQOLARBBLOAP>I T>VFRPFKPLJIB >MMIF@>QE>RELRIAB LCFKQBOBEEREP
CLILTBARV > 2Q0>QBB@ QEIESEIME>P FVHFED LK @ BN ISBAAELT PLISFKQEBIOL?IBJ
OBI>QBP QL QELPB @LK@BMQP 3EFP FP CLIILTBA ?V QEB J>QEBJ>QF@>| 2LIRQFLK >KA #FP(
>KV TLOHBBU>IMIB®LKQIRQFMIB MMOQ?IBJBLEBINDEBQRABKR®ELT QL>MMOL>@E
KLOJ>PFQR>QMFKKEF @ZOL ?|BJPBKALE>SBRIQFMMB>OQ@FFK>IIVLOHBBU>JMIBBIMILVQEB
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QB@EKFNRBEBIOL?IBJ PLISAKDO>QBPIEBE-FQRABDARBELT QELPBQO>QBPRERD BEA
MO>@QF@B >P TBII >P FK QEBLOV
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JOL?IBJ PLISFKEQO>QBEBRFOMQBPBKERAPMB@PBI@ QFKAPR?PBNRBKGIMB>Q@OR@F>
MLFKBR)EBBUEBOBQRABGRRBKBCREQCOLNDEBJOL?IBJ PLISFKEDO>QBDFEPILDF@>|
PQOR QQREE BFK CL GEEZBLOHBRBU>IMIBAKAPRMMLOQEIB O QU EH@ BRIFKBO>TFKRE>Q
FIIRPQO>QB S>OFLRP PQBMP
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2QRABK@PIBQLMEVPFEFPEIOB@LK@BIEQEBFBOVABMMBOFBKKQELMOBSFIBPROPBP

2L.JB LOQEBRBOB@LK@BMQBER®LK@BMORLEFKV>0BBO@LIILK>ILKDPQRABKRRDEB
DBKBOMR?IFA.JB >OBK>ASBOQREEWRVDEOLRIFPRKABOPQ>KATROR)REBF)BUGEB
FP@LK@BMQFLK IBOQP CB>QROB FP ABPFDKBA QL MLFKQ QEBPB LRQ >KA @LOOB@Q QEE

)0:4 ><4 = EABC860C8>=B

3>HBLJB (KSBPQFD>QRRKSFOERMMLOQRREPORABKIDAVMIYOBUMILOE>QQEBE>SB
IB>OKBA TFQE > E>KAP LK >@QFSFQV
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(K QEBFEMB@R{IMAERP>VB>@O0LP @LMEBKLIBKPR@EP >FOVIOBPPREBBUMI>FKBAQE
PR?JF@OLP QUEBRIBKPR@EP>QLIP?LRK@FKE@ T>IIP  3EBPBPP>WRMMLOEBLABOK
MBOPMB@QRBB@OF 2PKB@QR.ABOKEVPFIBELUEBYOBLOJ>1QOB>GRAQROE>MQBOP
"LKKB@QFLKP >OB >IPL J>AB ?BQTBBK >MM>0BKQIV AFPM>0>QB MEBKLJBK>
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6EBOB-MMIF@>PIBRABKQBFOB@QREBKQBO>@BFSBIEVPFEBRI>QF AGSBILMBX QEB
AKFSBOPEQVILO>ALEQQM MEBQ @LILO-3EBBEFEB® >KROQBBOIILQERIEVPF@EK@BMQP
QEBV E>SB IB>OKBA >?LRQ FK QEB JLARIB

(D<<OAH

LARIB PRJJ>OFBRORELOLREEACRK @QF:KAMOBPBHIFIMLOQABTFKFQFKKBNR>QFLKP
2QRABKQMB ?1BQICFKAEBBCFKFQRECKROBOIKAPVJI?LIP-PTBII >PQEBFEVPF@BI>QFLKPEFMP
3EBPQOR@QRERRJJI>O\>HBMI>FREBRKA>JBKQIOFK @ AMIBEBLARIBLO@LIIB@ QA
PBOSBP >P > RPBCRI PQRAV DRFAB


http://phet.colorado.edu

% .( DBC><)4GC1>>: GE88

;>BBOAH

Q QEBKA OBSBQWARIBLO@E>MBBMILPP>@M KQ>FKBIFKFQECHA. CQEBB\QBOJQEB
JLARIB LO @E>MQBO
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Q QEBKA.CBSBO@E>MEBM®BOC'LK@BMQBRBPQFLKFALCPHFIIP ?>ABA?IBJP  $UBO@FPBP
"LK@BMQRRBPQFLEE>IBKPRRABKSHFIF@LBUMI>FKE>QQEB¥>SBB>0KBALK@BMQR>IIV
FKABMBKABEQEB>QEBJ>QF@BQ>FIPL?IBJP $UBO@FEHER|IBKPRRABKREMMIPLQE
@LK@BMQ@PHFIIOLPLISB>QEBJ>QF @EVPA@PL?IBJFKIFKB BSBAMQEBAOL?IBEK @ IRABP
>KPTBQE>PQRABDFOBSBFIIBAF>QBIV @IF@HEKBD K2ELT 2LIRQFLRRQQLIRINTLOHBA
PLIRQFLEEPBIB@QL?IBIFOBS>FI>?EKQERQRABRORQFLKKR>| >KAQEBB>@EBORQFLKP
SKR>|

(K >AAFQFQKQO>AFQRRKEIIP ?>PBOL?IBJREBCEHBREOBBIB@BNMBIEBKA LC JLARIB
MOL?IBJRKQBDO>QBMBMQL?IBIP 4KOB>PLK>2IBPRIQPL?IBIP >KA"LKPQORERQTK
JOL?IBJP 1l LC QEBPB MOL?IBJP >OB FKAF@>QBA TFQE > PR?QFQIB MOB@BAFKD QEB MOL?I
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(K (KQBDO=QR@BMQL?IBJPPQRABKQBPHBAL>MMIVE>@EBE>SBB>OKBALRQTLLAILOB
@LK@BYISOBORSE PLIRQFQK MOL?IBBEBPBIOL?IBIPBNREEE DEEESBLOQEFKHPRE®>RPB
?BCLOB PLISFKD > MOL?IBJ PQRABKQP E>SB QL OB@LDKFWB QEB @LJ?FK>QFLK LC PQO>QI
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(K 4KOB>PLK>2IBPRIQOL?IBJP PQRABKOQED E>IIBKDBEKLQKIV>MMI@ LK @BMQPPHFIIOL
PLISE MOL?IBPRGIPLQL>K>IVWEEBKPTBTFQBBPMREQT IFHBINCOB>IFPEP@>IFP3EBPB
MOL?IBJ® LKQ>MKOBIFRENMOLAR@RRKOB>PLK>KBTBKA-OBBPFDKBIEROQBEAE>PFWB
QE>QOLMBSMMIFBIEVPFE®RPQ\BP @ OFSBRO® @RO>PBFRAKLPFIMIDEBOL@BPPLISFKD
BNR>QFLKP
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3EBPRIOL?IBIPBNRRURABRG®LKPQUEBRD>EE> MOL?IBERPQEEBPQ>0OGHMIRIMQFLKP
PELTPMB @ FCIEFRQEBIOL ?| BRRLIRQF LK ACFK>IAFP @ RIEBB>KFK DOQEBBPRBEBPBVMBP
LCMOL?IBJBBI>QBII QL?LQE LK @BMSK>IVQF&PNB @QREVPF@MME>PFWEERQEVPF@P
JRPQ\BP @ OR2BROBQBIQEBNKSLISEK FKQBDOSQRIKVIFGHLILOBQE>KKB@E>MQBT-HB
LQEB@OL?IBIPLIRQFLKPKLQMOLSFABAK @HEBGEKL PFKDIB LOOBIGRIB(KPQOR GRELEPA
CBBIOREAFOBRRABRBP>0ABEBSBHKAP @LNBQEBEDLKPFABO>GEBRERTEBIOL?IBEP
PLISBA >KA ABP@OF?BA @LOOB@QIV TFIl ABMBKA LK FKFQF>| >PPRIMQFLKP
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3EF®BWR>PBAKQEBLOH®DLIMIBQBAO />R1/BQBEDLKEKALII>?LO>QHRGELDBFKOF@EP
*FJ #FOHPKA>KGRI®2E>0J>6 BTLRIAIFHBIQE>KBEBRQELSH BII >PQERRIBOLRFOLCBPPLOP
>M>OQFPGLIILTPTEL E>SEDLKQOF AREEROIBKABKED/QIOBSFERAVOLSFBBBA?>IGIQEB
J>KRP @OBEBFEKMAESP?BBKa OF QFI@>FK Q>FK EXIRIBA>DL D& SIBDCRAYE@ @ ROREB
QBUQ

)3<7=@ =<B@70CB7<5 CB6=@A

#0 />RI /BQBO 40LKB
#0 1LDBO 'FKOF@EP 2Q>QB 4KFSBORFQW lGIEDBS>Q .PTBDL

=<B@70CB7<5 CB6=@A

#0O*FJ #FOHP 4KFSBOPFQV LC R@HI>KA -BT 9B>I>KA
#0 >KGRI> 2E>0J> 4KFSBOPFQV LCRRAKBN->

F>3@B (B73E3@A

$OFH "EOFPQBKPRKRQE %ILOFA> "LJIJRKFQV "LIIBDB
#0 $OF@ *FK@>KLK &LKW>D> 4KFSBOPFQV
#O #LRDI>P (KDO>B3>P "EOFPQF>K 4KFSBOPFQV
+BB"' +>1RB />OFP )RKFLO "LIIBDB
#0 >0@ 2EBQIIBDB LC EIIF>J >KA >0V
#0 4I0OF @E 9RO@ESBBI>KA 2Q>QB 4KFSBOPFQV
#0 >QQEBT A>JP "O>CQLK 'FIIP "LIIBDB 2>K !IBOK>OAFKL "LJJRKFQV "LIIBDB #FPQOF@Q
#0 "ER@H /B>OPLRDEKF> (KQBOJLKQ "LIIBDB

%CQ/&@QB<3@A

, 41 BB86=

6 B?>PPFHR>K FKABMBKABKIBKEELJBTLOH>KA>PPBPPJBRQPQBQE>E>P?BBK>S>FI>?IB
@LJJBO@FRARK@B 6 B? PPFDE>POB@BKZBURIQLPRMMLOEBVIBK $AR@>QRBRLRO@B
@LJIRKFQV @OB>QFEEDER>IFQKIFKELIBTLOHPLIRQFCK®BIB@QBIBK PLRABBQ?LLHP
>S>FI>?HB>K>CLOA>NEOF QP QRABKIEBPBIRBPQRKIIB @ QFK@ RABKALIFWBARBPKA
S>OF>?IBRIBAF>Q@BBA?>@HHBIQEBMBK PLRQBBQ?LEKA S>OFRQ@PBUQ PMBEHRLRG @BP
>KAQLLIP>PTBII >PQER>JBIBSBLCOFDLOL@PAFKBA>@@RO>@V @EBEKIFERDIIBO@F>I1V
>S>FI>?IB LKIFKB ELJBTLOH PLIRQFLK PRMMLOQFKD QO>AFQFLK>IIV >S>FI>?IB QBUQ?LLHP
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3EFP FP QEB /EVPFRPOF@RIRJ &RFABIFKB >P LC RDRPQ
8LR @>K CFKA FQ >KA LQEBO @LROPBP LK QEB #LRDI>P "LIIBDB TB? M>DB >Q
EQQOM TWLRDI>P@LIIBDB @> PQRABKQ PBOSF@BP MLPQ ALRDI>P DRFABIFKBP @LROPBF
"412$  (%.1, 3(- /82 30>KP @ CBRQEKQOLAR @ @BBBO>IEVPF@P
"OBAFQ
#BP@OFMG@EER FP > KLK @>I@RIRP ?>PBA @LROPB EHRB® EXGI@RB3SB@QLOP M>OQF@IB
HFKBJ>QF@P >KA AVK>JF@P DYOKABMBIBO IFKB>0 JLIBKQRJ OLQ>QFLK>! JLQFLK MOFK@
BNRFIF?0FRJ LP@FII>QLOV JLQFLK T>SBP PLRKA

"LROPB #BQ>FB®ELA .C (KPQOR@E®QROB +>? />0QF>IIV .KIFKB

"LKQ>@Q 'LREPROP IB@QROB ELROP I>?LO>QLOV MBO TBBH
/OBOBNRFPFOQBR.RKA>QFLKP LC ,>QE "LOEFDEBO LO!" /OB ">I@RIRP "LO
EFDEBO LGB >KA BFQEBO /EVPF@® EFDEBO LO /'82
"LROPBP CLO TEF@E QEFP FP WE2BOBNFRRZPFQB /'82

".412$ "411("4+4,
+B>OKFKD .RQ@IMBR @LIMIBQFLK LC QEB @LROPB QEB PQRABKQ TFII ?B >?IB QL

a (ABKQFCV QEB CLIILTFKD JB@E>KF@>| NR>KQF QFBR/IEKA RIEBED SBIEQFQV
>@@BIBO>QFLK CLO@B J>PP TBFDEQ COF@QFLK QLONRB TLDW QO>KPI>QFLK>|
DO>SFQ>QFLK>| MLQBKXQETBEBB>0 JLIBKQRJ FIMRIPB >KDRI>0 AFPMI>@BJBKQ
>KDRI>0O SBILEHIRI>0 >@@BIBO>QFLK JLIBKQ LC FKBOQF> OLMAMRRIHMFKBQF@
JLIBKQRJ >JMIFQRAB LC JLQFLK MBOFLA LC JLQFEKICEENRBREKON>| BKBO
T>SBIBKDQE T>SB FKBGBKRFQV IBSBI

a #BJLKPQO>QB >K RKABOPQ>KAFKD LC QEB CLIILTFKD @LK@BMQP MOL@BAROBP >
JB@E>KF@P QEOLRDE QEB PLIRQFLSE@MLOLIBIFQFLK PR?QO>@QFLK SF>
@LIMLKBKESBO>DB SBIL@FQV >KA FKPQ>KQ>KSRRPHBH@EBIBO>QFLK >KA
FKPQ>KQ>KBLRP >@ GRMBO:QRVK @ @BIBO>QE/OBRELK JLQBIKLKRA [>TP LC
JLQFLICOF@QFLK >RR@EEKQ LC QREGRIK KP CLO BNREBREHED
QEBLOB@LKPBOS>QFLK LC JB@ESKR@LHBBBE>QFLK LC IFKB>0 JQB@BEMBQ>|
>@@BIBO>QFLK >K CERRE QREKKPBOS>QFLK LC >KDRI>0 JLUBRM®RIT CLO
PMOFKPRIMIB E>OJLKF@ JLREKM>0>JBQERMBOMLPFQFLK
MOFK @ EIBLK>KEX®BKPFQV IBSBI SBOPRP FKQBKPHAGNBCCHRGRXA

a /BOCLOJ I1>?LO>QLOV BUMBOFJBKQP >KA >K>IVWB QEB A>Q> L?Q>FKBA RPFKD >MM(
QB@EKFNRBP P@FBKQFCF@ KLQ>QFLK PFDKFCF@>KQ CFDROBP >KA BUMBOFJB}
@LKPFABO>QFLK

a 6 OFQB > [>?LO>QLOV OBMLOQ FK > @LKSBKQFLK>I CLOJ>Q OBNRFOBA LC PR?JFPPI
GLROK>IP
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a 4KFCLOJIV >@@BIBO>QBA JLQFLK FK LKB AFJBKPFLK
a /OLGB@QFIB JLQFLK
a -BTQLKR I>TP LC JLQFLK
a %OF@QFLK
a /OFK@FMIBP LC BNRFIF?0OFRJ
a 6 LOH >KA BBBO
a +FKB>0 JLJBKQRJ >KA @LIIFPFLKP
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a "BKQOFMBQ>I CLO@B
a 1LQ>QFLK>| AVK>JF@P

JOLMBOQFBP LC ,>QOBBP 6

a 'LLHBIP I>T

a 2FIMIB E>OJLKF@ JLQFLK

a ,B@E>KF@>| T>SB @E>0>@QBOFPQF@P
a 2Q>KAFKD T>SBP

a 2LRKA T>SB FKQBKPFQV

a #LMMIBOOB®Q
+>?LO>QLOV $UMBOFJBKQP

a PFIMIB MBKARIRJ
a DO>MEFKD PQO>FDEQ IFKB JLQFLK

a >@@BIBO>QBA JLQFLK

a MOLGB@QFIB JLQFLK

a COF@QFLK

LO?FQ>I JLQFLK >KA @BKQOFMBQ>| CLO@B
a @LKPBOS>QFLKDY BKBO

a @LIIFPFLKP >KA IFKB>0 JLJBKQRJ

a PQ>QF@ BNRFIF?0FRJ

a JLIBKQ LC FKBOQF>
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BQELAPC (KPQOR@QMROLLIQFJIBFII 7B AFSFABRBQTBBREBRIQFJBARMOBPBKQMRALK
AFP@RPPEGLK @BMQB@ E>KA@®PEBKBE>K A KAQEBMMIF @>QEREBRBLK @ BMQPL?IBJ
PLISFKIX QERQEBBEBI>?LO>QUAULDOFFII FKSLISBBBHIVQEOBRR®BPPFLAROFREF @E
PQRABKQP TFIl MBOCLOJ > PBQ KRJ?BO LC BUMBOFJBKQP 3EFP @LROPB FKSLISBP PLJB DC

3BUQ?LLERA,>QBOF>{HL?B /RO@E>PBA2QRABKAMRDI>PLIIBDB ,ARLB<L  (;;HK:MHKR
IQI>KBF>GM@ROOBKQ BAFQFLK

$U>@@QLROPRBOFFHI?BPBIB@QBAEBKPQOREERFIBRCQER LROPRQFII?BPFJIFI>0O
QUAOLKB >KA 'FKOF@EP .MBKEG>@> ,ARLBROOBKQ BAFQFLK

,B>KP .C PPBPPJBKIEB CFK>I DO>AB FK QEB @LROPB TFIl ?B ABQBOJFKBA ?>PBA LK QEB CLI

CFK>I BU>JFK>QFLK i JFKFJRJ  J>UFJRJLC

>Q IB>PQ LKB QBPQ >AJFKFPQBOBA AROFKD QEB PBJBPQBO i JFKFJRJ  J>UFJRJ L(
PR?JFQQBA 1>?LO>QLOV OBMLOQP |

NRFWWBP >KA LO >PPFDKJBKQP MLPHRRINRKIFKB>UFJRJ LC
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>GM>K ?HKHIMNRLB<L

6E>QFPVLR@FOOB>@ QFERKVLREB>@EBLOAKMEVPF@FHAVLRFJ>DFKBLOHFKQEOLRDE
AFCF @ BNR>QF LKBBJLOFWFKDOJRIS@E>PBBJIQLE>SEL OB>RPB-KIFCBRQPFABRIEVPF@P
@I>PPOLL$KV MBLMI®LIBQLQEPR?GB@WYEVPFE®E ?FQCCB>MRQ>PVLR?BDFKLRO
BUMILO>QEGERPL>A O>KOFRPEGBA®>V PLLKA LIRIOB>IFMBNMEVPRA@HV/PIR@E-0BO
OLIB FK VLRO IFCB QE>K VLR CFOPQ QELRDEQ KL J>QQBO VLRO IFCB DL>IP LO @>0BBO @E
%L BU>IMIB>HBILLH>@EBJ>DB?L SB3EFFJ>DER QQEKAOLIBAR>I>UVTEF@@LKQ>FKP
2FIIFLKRFKAFSFARS@RDE ILRARD>P>KARPGTL PJ>IIBO>I>UFBOBIPLSFPF2HB?0OFDEQ
2IRBPML@KQER>@HDOLRRA> PQ>DDBOFKIFIIFLKFDEQB>0BPOLQEB>0QBEAR>I>U¥P
QEBB>OBR@QLLRQA.TK D>I>UVTEF@ER@>IIBREEFIHV 6 >V 3EBPQ>ORAMI>KBQE=PHB
RM KAOLJBAXFDE®BBJIQL?B QEEROQEBPEKIOLILPQVMBLMMBABDRI:ESBOVAFREBRPRQ
KAOLJBAFP> DOBRQ>OQAKEMQEFKIALRQEBLO @FPE) IAQLDBQBEBKFSBCHEBCLO@BP
QEX@>RPARAOLIBANL>@EPF@LBPORER>JBCLO@HRALKQBKAQEBOBK $>0QEEBQEBB
>OBAI>KKFKRPBKA OL@HB@PM>@BPFIMID>FREEB>IIPCLG KBTELJB 3EBP>JBDO>SFQV
QE>@>RPBEBQ>0€ KAOLJBAQLOLQ>EHBAOBSLISBPL@>RPBRQBQLCILTLSBEVAOLBIB@QOF@
A>JPEBOBK $>0QBLKFDEQ>HBJLIBKQQULLHRM-GQEBQ>CEBCLO @BRDEBCBRER>JB
>PQERKBFEBOBK $>0QBEOLRDEPQRACMEVPF@IERI>V D>Fk DOB>@BGBOPQ>KAGRER
FKQBO@LKKB@QBAKBPP LC BSBOVQEFKD TB @>K PBB >KA HKLT FK QEFP RKFSBOPB
3EFKKLT >?LROII LCQERB@EKLILDAEBH@REPN) RRPR K > OBDRISEPFPLIMRQBORI>0Q
MELKBR/2 PVPQBJP  MI>VBOFKAP>QBIIFRRRIFDE@LIBQLIFKA -BUQ QEFKIPLRQEB
JLPBU@FQRHBOK)B @EKLILOEBR) RE>SHEB>0AL REKQEEBTPPR@EPQO>RRPBSFQ>0B
>?L SEO>@HAR SFPF?RQ\H BIEXB K AFDESD L RKREB J>KAIF @ OL P @ DMPEIFE -CF DEDK @BO
@BIIPKLRCPLAFBAI LOQEBREDLRKA?OB>HERSK @BJIBK@IEIILKMI>@BRK?BIFBS>TBIVK
QEBIOFK@FAMIBEVPF@FABCOLMI>VFKDPFDKFCF@LRHQB @EKLILDYLCBPPFBREEP
BKDFKBBIMLQREVPF@F4RPPF@EBO>MBRIPQOF GRABRRIMRQBILDO>JIBOMIMEVPF@P
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OBD>OAFKD QEBFO LTK IFJFQ>QFLKP
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CBT@BKQRQFHPOLTQEHKLTIBADB>FOBPRIFBBSBEK @ OB>PRED F>IFVWKREOKK @ EERD
K>QRO#EFILPLMEKQPBM>0SPBIAPFQBEEVPFOBQ>FKEEBLPQ?>PF@ @BQBB%FDROB
%FDROB>KA%FDROB /EVPF@PF@BSBILMBOLDERBBK>FPP>IQ@EEBKA CQEBQE @BKQROV
FR@>11B@B711?7978>01291(QT>PQO>KPCLEIBALABOKEVPFE®BSLIRQFLKFO@® L SBOFE
PQ>0QFKD >Q QEB ?BDFKKFKD LC QEB QE @BKQROV

75B?3 +0O>K MA> <>GMNKB>L G:MNK:E IABEHLHIAR

A:L >OHEO>= BGMHIFKB:EBS>= =BL<BIEBG>L L
BEENLMK:M>= ;R MA> <HGMKB;NMBHGL H? LHF> H? MA>
@KM>LM FBG=L BG ABUMHK®D IABEHLHIA>K

KBLMHME> Z PKHM> HG HK= K:G@> H?

MHIB<L BG<KEN=BG@ IARLB<L :GBF:EL MA>LHNE IHEBMB<L
:G= IH>MKRK=BM &HMK (N=HOBLB

HEE><MBHG
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75B?3 #:EBE>H#EBE>B Z E:B=MA>
?HNG=:MBHG H? FH=>KG >QI>KBF>GM:MBHG :G= F.=>
<HGMKB;NMBHGL BG F:MA>F:MB<L |IARLB<L :G=
LMKGHFR<k.=BM HF>GB&GHNMH
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75B?3 *B>EL HAK Z F:=>?NG=F>GM:E

<HGMKB;NMBHGL MH MA> =>0O>EHIF>GM H? JN:GMNF F><A:GB<L
HG> I:KM H? FH=>KG |IARLB<BM<KGBM>= /M:M>L (B;K:KR

H? HG@IK ,KBGML :G= ,AHMH@K:IAL BOBLBHG

"I>PPF@MEVP @R G KBU>@BP@OFNQBERKFSBOMBEGP-KBU@BIIBRQOLUFJ>QRAB0
QEBLIILTFK@LKAFQFEKDBIRP(PB JLSFKDPMBBABPRE>K?LRQ LCQEBMBRACIFDEQ
QEBR?GB@®BPIDFQERP@BI>DBBKLRDEL?BPBBKFQE JF@OLP@bMA KIVTB>HDO>SFQ>QFLK>|
CFBIAPR@®PQERFBIBBKBO>QBAEB>0QE>RB FKSLISBB@>RPERI>KRFSERKABPR@E
@FO@RJIPQRIGEPFEEV P FEEBJFFK QRFQRIBIPLK>7TEFIBI>KV >PMB@QRABOKIEVPF@P
PBBRFW>CREEFHA EVJILABIP>OBLRPBCRIILABOKIEVPF @ PjQBHERRA LK @BMQRAFBRBIBK >
TB ALKLQOAFK>@WIBOFBE 88 >KBI>QRILABIPFKERI>KQBOIFKASFPR>IFREBE>MMBKP
TEBKL?GB@QSB >@EFDEMBBARFJ>DFKEE>Q ?GB @RI J>1| QLL?PBOSBQER®BKPBPDEQ
?BIFHB%LBU>IMIBTB @>RKABOPQs#H#QLIAMOLMBOTB@PRPB @>KIF @ QRBR RAFKAP
>IQELRDOB E>SKBSBPBBKEK>QLITFQER@VBRBT QLLIR.C@LROPBLT RPQL?BQQBP@QROB
MEBKLJBKFB @>KKEBB(K C>@KBT FKPQORJBKQBEERILK TBARPFKOB@BKE>»OBL>@QR>11V
kMF@QROBI QEB >QLJ

F)($#) ! (8 (1% ((

%LO QEB I>TP LC @I>PPF@>| MEVRE®EIQIL FRIN@ OFQBOF> JRPQ ?B JBQ ,>QQBO JRPQ ?B JLSFK
>Q PMBBAP IBPP QE>K >?LRQ LC QEB PMBBA LC IFDEQ QEB L?GBEEBKARDE DEPB JRPQ 7B >0
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PBBK TFQE > JF@OLP@LMB >KA LKIV TB>H DO>SFQ>QFLK>| CFBIAP PR@E >P QEB CFB|A DBKBO>
@>K ?B FKSLISBA

75B?3 1LBG@ : L<:GGBG@ MNGGHEBA® PB<K<B>GMBLML
<:G L>> MA> BG=BOB=N:E :MHFL MA:M <HFIHL> MABI>EB¥M H? @HE= <K
IKPBAHLL>G

2L.JB LOQEBLPPMB@Q>@FR3>R@BP @ FBIE@E?BBK>ABFKILABOKIEVPF@RV LOQEB-TP
LC@I>PPAEEVPF@SERBBKILAFCFRA0OBGB@S8®BSLIRQFLIGHNKDBR)B@EKLILEPN@ FBQV
>KA RGFBTOQERKFSBEPBRBPRIQBAP@FBKBE® QRLABOKIEVPFEEF | BA-QE>P@FK>QFKD
L?GB@BVLKARMLOJ>BUMBOFBRRE®E >REBAS>KQEBE @FBII®® QR FKBBOUB>|
6EV QEBRREB>GLOAM)ERFBUBSLQBIQLMA@E|>PPRAGNPF@EBOBOR TLI>FKOB>PLKP
"|>PPF@QWEVPHIFBBEKBUQOBJBI® @ ROBDE OFNMQBERKFSBGRRBO FABD>KDEBSBOVA>V
@FO@RJIPQ>K@BP >KA HKLTIBADB LC @I>PPF@>| MEVPF@P FP KB@BPP>0V QL RKABOPQ>
&E::HD F>OI?9FQPHRLKPFPQPER TLOBSLIRQFLKREBY OREH>QF SKONR>KQRB@E>KF@P
3EBPBEBLORBPTFQBEBBOW>PEAQEBBORI>II OBPMB@QFSBIPL?IJBPQBRPBAEBKBSBO
>KL?GBERO>SBIFRDOB>QHESK?LRQ LOQEBMBRBAIFDETBUMBOFBK@RPLRD>SFQ>QFLK>
CFBIRR@EPQE>KB>QERRK *K7DJKC C;9>7D?91JRP(PB RPBLELQ?GB@QIPIIBAE>IQ>RB
PBBRFQE JF@OLP@BEB@LJ?FK>QECREBRELQEBLOFBSE: MBOBINBMNF><A:GB<EKA
F@BP@ORMBBBE>SFLCPJ>II L?GB @ SBIFKEFDEMBBAPBUMBOFBK@MLRD>SFQ>QFLK>|
CFBIABI>QF SFREFEQRB@ E>K FRBPEBBPRKFSBOP>NWIIF@>QEBLJB E>SBB@>RREFQP
J>QEBJ>QF@EIMIBURRBARPBAKIVTEBKKB@BPP>RAQEBQERIEBLOSBRPBAEBKBSEEBY
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TFIIMOLARBIREF @ FBKQ@I@ ROEPRIQB TFII CFKALTBSBQESIEB @>KL>DOBAB>LCILABOK
MEVPF@P TFQE QEB >IDB?0> >KA QOFDLKLIJBQOV RPBA FK QEFP QBUQ

{ 6319 . =C@ +<23@AB/<27<5 w

COFBRRIPLREBE>AB>0OKBALROKBTI>T LAK>QROBE>Q@>NLRHKLT>?LRQEBKCLOJ>QFERK
?BCLOBRRCOFBKBP@ORMBBT 'LT TLRIAQEBKCLOJ>QFRAFCBOBKRLRCOFBRAIALREBE>A
IB>OKBA >?LRQ > P@FBKQFCF@ QEBLOV O>QEBO QE>K > I>T

%) -%! $ )SH#( &  )$H %'

+B>0OK?LRQO>MERIDVKLJIF>IBEBPE>MBCQER ROSEE>K DEPQER LKPQ>KQBPAGRPQBA
5 FBTQERROSBRYEBKAFSFAGBDJB D F OF QLPBEELT QEBYAAQLDBKBOSIERILIVKLIF>|
@ROSB

75B?3  IIN:MBHG #K:IA>K

)C:;/@G

a 2@FBK@B PBBHP QL AFP@LSBO >KA ABP@OF?B QEB RKABOIVFKD LOABO >KA PFJMI

a /[EVPF@P FP QEB JLPQ ?>PF@ LC QEB P@FBK@BP @ LO@BONFEDEQHBHEAFQE BKB!
QFJB >KA QEBFO FKQBO>@QFLKP

a 2@FBKQFCF@ I>TP >KA QEBLOFBP BUMOBPP QEB DBKBO>| QORQEP LC K>QROB >KA
QEBV BK@LJM>PP 3EBPB I>TP LC K>QROB >0B ORIBP QE>Q >Il K>QRO>| MOL@BPPBI

=<13>BC/: 'C3AB7=<A

LABIP >OB/>0QF @ FRFBIVRKOBI>QF SIKAWR>KQRIB@E>KF @EBOB) L KAFQFIG®RQPFABL PE
KLOJ>IIV BK@LRKQBOBA ?V ERJ>KP 6E>Q FP > JLABI

‘LT ALBP > JLABI AEBO COLJ > QEBLOV



https://pressbooks.bccampus.ca/resources/e6ee9717e3c9be4b4c32e56fa95242ccc73d2262/equation-grapher_en.jar
https://pressbooks.bccampus.ca/resources/e6ee9717e3c9be4b4c32e56fa95242ccc73d2262/equation-grapher_en.jar
https://phet.colorado.edu/en/simulation/equation-grapher
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(CQTLARCBOBREBLOEBP @ OBUBIBOFJBKEPBOS>QBNE VBl @>KKB?BP>FQL?BILOBS>IFA
QE>K QEB LQEBO >PPRJFKD ?LQE RPB >@@BMQBA ORIBP LC ILDF@

6E>Q ABQBOJFKBP QEB S>IFAFQV LC > QEBLOV

"BOQ>RROFQBRIFSPB P>QFPORBAIB>PROBJBKQL?PBOS>QFRBL?B ?BIFBSBA FIl QEEOFQBOF>
KB@BPP>OFIV ?B >P PQOF@Q CLO >K BUMB@QBA OBPRIQ >P CLO >K RKBUMB@QBA OBPRIQ

">K QEB>IFAFQEA JLABI ?BIFJFQBRAOIJRP(FQ@B RKFSBOPSINFA'LT ALBRQEFR®LIM>URQEB
OBNRFOBA S>IFAFQV LC > QEBLOV LO > I>T

">PPF@>| MEVPF@P FP > DLLA >MMOLUFJ>QFLK QL JLABOK MEVPF@P RKABO @BOQ>FK @FO@R:
6EBK FP BQ<>LL:KR. RPB OBI>QFSFPQF@ NR>KQRJ JB@E>KF@P

">K @I>PPRGEPFBRPBAL>@ @ROABBI@OFRBQBIIBLEFKDQ PMBBAL ~ J P $UMISFREV
LO TEV KLQ

;>BBOAH

9B711?797B F>0I1?9I
MEVPF@P QE>Q T>P ABSBILMBA COLJ QEB 1BK>FPP>K@B QL QEB BKA LC QEB QE @BKC
F>0I17?9I
QEB P@FBK@B @LK@BOKBA TFQE ABP @ OF?FKDINEB GREBO@K) FKWRQI B KBDFP
BPMB@F>IIV FKQBOBPQBA FK TE>Q CRKA>JBKQ>! JB@E>KFPJP RKABOIFB BSBOV MEBKL
CE:B
OBMOBPBKQ>QFLK LC PLIBQEFKD QER@ZFRRQQO@BRIGLAFE?IB QL AFPMI>V AFOB@QIV
J>:EHO
>K BUMI>K>QFLK CLO M>QQBOKP FK K>QROB QE>Q FP PRMMLOQBA ?V P@FBKQFCF@ B:
QFJBP ?V S>0OFLRP DOLRMP LC OBPB>O@EBOP
B7M
> ABP@OFMQFLK RPFKD @LK@FPB I>KDR>DB LO > J>QEBJ>QF@>| CLOJRI> > DBKBO>IF'
QE>Q FP PRMMLOQBA ?V P@FBKQFCF@ BSFABK@B >KA OBMB>QBA BU>JMIBP
197:DJ?<?9 C;J>E:
> JBQELA QE>Q QVMF@>IIV ?BDFKP TFQE >K L?PBOS>QFLK >KA NRBPQFLK QE>Q QEB P(
KBUQ QEB P@FBKQFPQ QVMF@=>IIV MBOCLOJP PLJB OBPB>O@E >?LRQ QEB QLMF@ >K/
QEBK QEB P@FBKQFPQ TFIl QBPQ QEB EVMLQEBPFP ?V MBOCLQHBKE@KENFBQFIBKQ
>K>IVWBP QEB OBPRIQP LC QEB BUMBOFJBKQ >KA AO>TP > @LK@IRPFLK
CE:;HD F>0I?9I
QEB PQRAV LC OBNMRHSPRVWIB@E>KF@P LO ?LQE
HB7J?L?JO
QEB PQRAV LC L?GB@QP JLSFKD >Q PMBBAP DOB>QBO QE>K >?LRQ LC QEB PMBBALC
?BFKDGB@QBA ?V > PQOLKD DO>SFQ>QFLK>I CFBIA
GK7DJKC C;9>7D?9lI
QEB PQRAV LC L?GB@QP PJ>1IBO QE>K @>K ?B PBBK TFQE > JF@QOLP@LMB
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>,9A 2 EKH .D:;HIJ7D:?D=

6 FQELRRLTFKRERBQ>RIEQEBRT VLR@>RQAFKCEE>QEBKCLOJ>QFLRCOFBEAAB>0KBA
@LKCLOJEREBBNRFOBJBRSR>TPLCK>QREEIFII?B> @LK @ABB @OFMQBERKFSBORR RKRP
> PQ>QBJBRQERKABOIVEKDBPE > K>QRMDL @BRRBPT (CQEBKCLOJ>QELACBBK QEBLONR
TLRIA ?B >?IB QL FKCBO QE>Q QEB FKCLOJ>RBIEKGIHB ?BOL 540V >MMIF@>?1B DBKBO>IFW>QFLK




&6 GAT71/:'C/<B7B73A /<2 +<7BA

a /BOCLOJ RKFQ @LKSBOPFLKP ?LQE FK QEB 2( >KA $KDIFPE RKFQP
a $UMI>FK QEB JLPQ @LJJLK MOBCFUBP FK QEB 2( RKFQP >KA ?B >?IB QL TOFQB QEBJ FK P@

- J

75B?3 O0A> =BLM:GHFAKMA MH MA> )HHG F.R

L>>F BFF>GL> ;NM BM BL CNLM : MBGR ?K:<MBHG H? MA>
=BLM:G<HIFPKKMA MH HMA>K <>E>LMB:E ;H=B>L

<k=BM */

3EBO>KDEL?GB@®AVEBKLIBKEQRARBMEVPH@RIBKPB%OLDEBK @OBAPENIECBQFJB
LC> KR@IBREQEBDR CQEB>0QEOLDERFKRFWBEPR? KR@ IB@QF QIBES>PAFPQ>KI@B
QEBADBECQEBIKLTKRKFSBOBBLDEBLO@BBOQRA GRIMFKIBYLQEBLO@BQTBEKOQE
>KAQEBRK QEBOBBKLRDE>@QLOP QL@E>IIBKQBEBJ>DFK>QECRSBIQEBLPBUMBOFBK@BA
P@FBKRFBEKKRIBOF @>IRBELOIEVPF@RFKQFSRAFNR>QFDKBIEVPF @OIFK @ FMLEPRP
QLRKABOPQ$KARIB@ BLOBABBMIGE>KLBMR>IFQ>QBSE OFMQKBAEL @LIMOBERESPB
S>PQ>KDBMB JRPGIPLE>SE @ @BMOIEASRT EF@BIBUMORFEBJ KA TB PE>ICFKAE>BSBIK
QEBILQBKQRRKA>KBFP@RPPEIEQBORFILDO>IFKAPB@LKAMOLCLRIRAIMIF GIEB¥QROB
>MMB>OPjMEVPF&R>KQF @RBE8 BUMOBPPRA LJ?FK>QALEIKIVCLRORKA> JBKQEVPF@>
NR>KQFQFBP IBKDQE J>PP QFJB >KA BIB@QOF@ @ROOBKQ

6 B ABCFKBF>0I?97BK7DJ?BFQEBOLI><B?RBE&HP BNBLF>:LNK= LO?V LM:MBGK@P BNBL
<:E<NE:MS6L1QERB>PROBJBKBHEBU>IMIE B ABCFRBPQ>KEE)FIBYPMB@FCYSRBLAP
CLOB>PROFREBJTEBOBIB ABCFKB>K: @bi>>=?VPQ>QEXIFBRD > @ RI=FBAPQ>IQ@BSBIBA
AFSFABA ?V QFJB LC QO>SBI

,B>PROBJBKQBMEVPF®RFKQFSBEBRIMOBPPREPBOIFKD?JITEF@EDBQ>KA>OASHWREP
%L@BU>IMIBQEEBKDQE> O>@BEF@EP> MEVPF@AREKQRQYIRB BUMOBPPRRKFQEIBQBOP
CLO®PMOFKQRBHFILIBQBOPAFPQ>IIREKBEPFQELRQ>KA>OARKIBERILRIA?BBUQOBJIBIV
AFCF@RIQ CLO P@FBKQFPQP QL BUMOBPP >KA @LJM>OB JB>PROB/ZBHREPREE> JB>KFKDC
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75B?3 BLM:G<>L @BO>G BG NGDGHPEB-NGBBG®ER
NL>E>LL

3EBOBORTLI>GLEVPQBIPRKF@PBAKQEBLOIA," KD?JI>IPLHKLTK>PQEBBQOR®PQBJ
>KAD=B?I>KD?JI>IPLHKLTK>PQEBRPQLJ*@FIMBORYPQBJID=B?I>KD?JTBOEFPQLOF@>IIV
RPBAK<>QFLKIR@BRIB2A/QEBFQFREVIFOBKA>OBQHIFABIRPBARKQEBKFQRR>QBFEOQR>IIV
BSBODEERDLRKFBYEBLOIALT RPBH RKFOPQEBQ>KA>QEBBQOPEPQERIPLQEBQ>KA>0A
PVPQBDOBERMLRY P@FBKQRAQRQEBJI>QF @ BEE> @OLKW2(I FPABOFSBOLIEBOBK@E
JRLMVF> %GM>KG:MBHG:E

) +<7BA C<2/;3<B/: /<2 3@7D32 +<7BA

3>?IB DFSBPFEBRKA>JBKQERKFQES@BPBAEOLRDEDRFBUQ?LREFP)BIRPBRLK 2(RKFQP
FK> CBT>MMIF@>QEBPBEBYOBKSBO@LJILKRPBPR@HPQEBB>PROBJIBKILLAMOBPPROB
FKIFIIFJBQBOPBO@RAOY 'D 6EBKBSBKLK 2(RKFOPBFP@RPREBVFII?BQFBAL2( RKFQP
QEOLRDE @LKSBOPFLKP

JBQBO J HFILDO>J HCPB@LKA BPJMBOB
-78B; %RKA>JBKQ>I 2( 4KFQP

(FP-KFKQOFDRB K@ R JBMEVPF @RHFKQFOBBPOBCRKA>JBKQE>KQEBORAQEQEBLPQ
CRKA>JBKRIEVPF@R+KQF @SHBABCFKBAGFRQBOIRQEBRIOL @ BARHRLIB>PRAFEBBEB
RKFGRTEF @EEBYOBB>PROBAORER®>I1BLKD: 7C;DI7BD?JI(K QERPBUQ?LQIEBRKA>IBKQ>|
MEVPF@RKQFSBRPHEK?BIBKDQE-PP QFJB-K/BIB@Q@RAOBKQBQERB @ QRRAOBKR
KLOBFKQOLARGEAR @ E>QEQERPBUQI LQEBIEVPF®RFKQF PFEBECLO@RABIB@QOF@
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@EBB @>RBBUMOBPPBADB?0O>E@I?FK>QHALEIBKDQE-PP QFIB>KA@ROOEBK@BU>JMIB
PMBBA FP IBKDQE AFSFABA ?V QFJB QEBPB;RREQKDXOB @>IIBA

+<7BA =4 *7;3 3<5B6 /<2 #/AA *63)31=<2 #3B3@/<2!7:=5@,

)74 (42>=3

3EB2( RKFQLQFJBQERB@LKA?0BSF>0BE>P> ILKDEFPQL@VO>KV VB>ORI>PABCFKBRA

LC> JB>KPLI>@>V,LOB OB@BKEOKBTPQ>KASOR>ALMQBAD>FROB>QHEIE ROKAY
QLABCFKIEEBB@LKAQBOJEC> KLK S>OVFKO@LKPQMENPF@EBKLIBKLRB@>RPEBLI>O
A>VFIDBQQRKD BAREILSBOBO>ARPILTFKRCQEB>0OQEDLQ>QFIBPFRI>QLIR®>RBJI>AB
QLSF?0>B8> SBOPQB>AWV >KAQEBRH?0>QFEKRB OB>ARAIPPBOSBAKA@LRKQBA
QEPB@LRAPOBABCFKBAERFJEBNRFORA LCQEBRE-?0>QF 28B%FDROB
@ @RONEYERRKA>IBK@KFEPBPPBKQPB@>RPBJIB>PROBIBKQIRIQFI>QBYMOBPPRA
QBOJP LC CRKA>JBKQ>I RKFQP >KA @>K ?B KL JLOB >@@RO>QB QE>K >0B QEB CRKA>JBKQ

75B?3 G :MHFB< <EH<D LN<A :L MABL HG> NL>L MA> OB;K:MBHGL H? <>LBNF
:MHFL MH D>>1 MBF> sBLBHG H? ;>MM>K MHAIG-<AB<KI>K R>:K

0A> ?NG=:F>GM:E NGBM H? MBF> MA> L><HG= BL ;:L>= HG LN<A <EH<DL OABL
BF:@> BL EHHDBG@HHR&MHI H? :G :MHFB< ?7HNGM:BG G>:KER ?>>M

M:EE >kBM /M>0> &NKO>MLHG "EB<DK
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3EB2( RKFGLMBKDFEQEBBQBO??0BSF>DBAQRBCFKFESEXPL@E>KDBRBQFJIRI?B@LJIB
JLOB>@@ROX2BIOB@BEBJBQBD>PCFORECFKBA  >P LCQEBFPQ>II@RJ
QEBNR>QQEEE.OQEIB 3EFRB>PROBJBREPFIMOLSEK  ?VOBABCFKFREBQBQL?B
QEBFPQ>KBBTBBAETLBKDO>SEABEK > MI>QFKRJ FOFAFEKLT HBMKB>0-OF RV FQ
E>A?B@LJBILPPFIRABCFKEBBQBBSBKLOB>@ @ROF3BIBOIFCQEB>SBIBKDQEFDEGL
FQ>P>D>FRBABCFKBA T>SBIBKDQEPO>KDBDERIFQQBAHOVMQIGLIP(K
QEBBQBT>PDFSBRQFOBP BT FKFQ#:RQIV OOB>QEN@ RO>@DEBFPQ>KEDEQO>SBIR
S>@RRAEK LC>PB@LK2BB%FDROBEFR E>KBBCFKBEPBMBRAIFDEQY?BBU>@QIV

JBQBOWBOB@LKIEBIBKDQEQEBBQBUFII @ E>KFR)EBMBBACIFDEEFPLIBA>V
JB>PROBA TFQE DOB>QBO >@@RO>@V

)74 8:>6A0<

3EB2( RKFGLO>PPFREBFILDO>3??0BSF>ABAFGRBCFKBELBQEB>PPLC> MI>QFKRJ FOFAFRJ
@VIFKABEMTFQBERIA JBQBPQ>KASSRERKQBOK>QFRKE>R C6 BFDESRA B>PROBRB>O0
/>OFRU>@UBMIF @SBERQ>KAMRALDO=DE IPLHBMSIREBKFQB2Q>QBPAFLK¥KPQFQRDB
2Q>KA>OKPBB@EKLILD@(23 IL@>QB&>FQEBOB?ROVI>KARQPRAB >PEFKD@LI'K >KA

>Q QEBD@>QF KR RKRAE BLOIASEBABQBOJFK>EIK QEBSPPB@>RBRIQFJ>QRIU> @RA
@LIM>OFPLK TFQE QEB PQ>KA>0A J>PP

75B?3 O0A> F>M>K BL =>?BG>= MH ;> MA> =BLM:G<> EB@AM MK:O>EL BG
H? : L><HG=BG : O:<NNF BLM:G<> MK:O>E>=BL LI>>=
FNEMBIEB>= ;R MBF>

$1B @ Q @GFRID OBKAT QP@ @ LIM>K\FRIKIBQEBJMBOB FI ?BFKQOLARGRERMQBO (KQOLAR@QFLK
QL$I1B@ QUEFDBKBPFPQ>KESEIN P+>T TEBKBIB@QOFE@EENKBQFPOR) LSBOBBBFKFQF>
JLARIBREKQERPBUQ?L+BED LK @ BOKEREB @ E>KF @RFAPB>QKAT>SBP(K QEBFR?GBEIQP
MBOQFHEK(P F ®RE>KQF @FEEB BUMOBPPERBOJFCQEBRKA>JBK@KFQRIBKDQE-PP >KA
QFJB

#3B@71 &@3MF

2( RKFOPBI>QQQER;JH?901J;C 3EBJBQOR®PQBRALKSBKFBKR@ FBKQRABEDFKBBOFKD
@>@RI>QIREPROBRKFOPR>QBDLOMRES®QLOP 3>2I1B DFSEBQONM@BCFELBPVJI?LIP
RPBA QL ABKLQB S>OFLRP C>@QLOP LC
,BQOARYPQBEPSEBEBAS>KQ-DB@LKSBOPECRRFERSLISEKIWILTBAR  3EBOSOB
@BKQFJBEBOBQBO  JBQBE®R>HFILIBQB®APLLK (K KLKIBQUR@ QBFR@PQEBVPQBJ
LG4 2 @RPQLIRBFQPEBRBI>QFLKPHEFRIFEYPPFIMIBJQEBSBB FK@EBRCLLQ  CBHGES
JFIB >KAPLLK KLQEBSAS>KQAMNREBBQOPEPQBR)EXUEB>JBRKFR@>RBRPBASBBUQOBJIBIV


https://pressbooks.bccampus.ca/collegephysics/part/chapter-20-electric-current-resistance-and-ohms-law/
https://pressbooks.bccampus.ca/collegephysics/part/chapter-20-electric-current-resistance-and-ohms-law/
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I>OBO>KDBES>IRBPFIMIYVRPFKIX>MMOLMOBSIEVG BCRUB U>IMIB\FPQ>KEERQBCPB
PRFQ>RHE LKPQOR @EFBK-PQ>K@BPILIBQBOBMMOLMAILEFR) O>SBKAQEBRFKIB>PROB
LCK>KLJIBQBEIFR LK SBKABK QIQF @BPFDK FQEEBBQOP@PQEIEBGHKL KBBRLFKSBKBT
RKFQP CLO M>0OQF@RI>0 >MMIF@>QFLKP

3EBQBOEH::HE<C7=D?JK:; OBCEU®ER @>I8_> S>IRBUMOBPPRAEBBQOREPQB$>@E
MLTBOC FKQEBBQOP@PQEIBMOBPBKAEBORKIARMTI>DKFQRAR BU>IMIB
>KAPLCLOGBBII ARCBORKIABOEI>DKFQRAB NR>KQFQEB®>RBBUMOBPFBAVOLAR@S)
PMB@RIA®OC >OB>FAI?BLOQEB:F> LOARTI>DKFQRAG BU>JMIRQERRI?BO @>RB
TOFQOBK U  >KAQERRJ?BO @>RBTOFQGBK U  3ERPQEERRJ?BOP >KA >OB
LOQEB>JBLOAR@I>DKFQRAB .OABQCI>DKFQREBRBQELRDEDP> 2>1IM>@PQFIXCQEYEB
P@>E>> S>IRBBEBAF>JBQBC-K>QLIFRKQEBOABT  J TEFIRQEBF>JBQBODEBRKFRK
QEB LOABO LT

) &0 %" $($% 0 # ($ ( #)

3EBCRKA>JBKBKFQBP @OFBIEFR® E>MOBE)EL PFBE>QOLAR QBB OB>QBE@ ROM@V
MOB@FFRUR>PROBJBREBOBP> PBKPBILKD MEVPF@EES@B@>RPEBGRB>K RKABOIVFKD
JF@OLP@PRPEQOR@QROBEAJLRIA?BILPQP>QFPCRREPR RPQ>KA>0BB>PROBJIBKQ
LKIF@OLP@LREBERRACRKA>IBKUEVPF@EBKLIBHR @FQEBMBBAIFDEQ JF@OLP@LMF@
PQ>KASD#?BBK@ @LIMIFFEBRERQ>KASMQF JBTEF@EF?>PBAK QERP @FI1>QIEKFEB
@BPFRJ >QLJ

3EBPQ>KAQABKDQEPLK @B>PBAK QEB>SBIBKDQEFDES PJ>Il P@>IBKDQBIFQQBA
> @BOQOVKIE>QLJ ?RFE>P?BBPRMMI>KQBAEBLOBMOB @FRHPROBJIBKGDEBMBRAC
IFDE(TFQB@LJBRLPPFZBIB>PRAEEB>PPLC>QLIRO> M>0QF @RISEKDBIBEDLIPR @P
> PFIF @RMEBQEOB>QEIB@FBEREBFILDO:RQ>KA>E@>V ?B@LIBILPPFOE?>PB>PP
JB>PROBJBHKB®EBJ>II P@>IBEBOBORIPLMLPPF?FIRUERIB @ QOWEBK LIBKK QEBJI>I]
P@>IBV PLIBA>IILT RPQL?>PB RKFC@EBBLK QEREBBLCBIB@QOtKAOLQLRRGQ
MOBPBKQ @ROOBKIBJE@BHDBBRP @SB @ROOBKQP >KA CLO@BP ?BQTBBK TFOBF
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MBQ>

QBO>

DFD>

JBD>

HFIL

EB@QL

ABH>

AB@F

@BKQF

JFIIF

JF@OL

K>KL

MF@L

CBJQL

>QQL

A>

BU>JBQBO

MBQ>PB@LKA

QBO>T>QQ

DFD>EBOQW

JBD>@ROFB

HFILIBQBO

EB@QLIFQBO

ABH>DO>J

AB@FIFQBO

@BKQFJBQBO

JFIIFIBQBO

JF@OLJIBQBO

K>KLDO>J

MF@LC>0>A

CBJQLJBQBO

>QQLPB@LKA

-78B; ,BQOF@ /OBCFUBP CLO/LTBOP LC >KA QEBFO 2VJ?LIP

$J

P

36

&'W

HJ

E+

A>D

A+

@J

JJ

fJ

KD

M%

cJ

>p

I<=E< (/<53A =4" 3<5B6 #/AA [<2*7;3

3EBS>PQKBPREBKFSBORBQEBOB>ALEBOEF@QMEVPFEGAMIFBOBIIRPQO2YBEBFAR>KDB
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LCBU>JMIBECHKLTKIBKDQERPPBP-KAQFJIBPK3>?IB  $U>JFK>QHLBQERP>?IBFIIDFSBLR
PLJB CBBIFKD CLO QEB O>KDB LC MLPPF?IB QLMF@P >KA ¥RIBOFRHANCEDIRBB 2BB

75B?3 O0BGR IARMHIE:GDMHG LPBFL :FHG@

<KRLM:EL H? B<> BG MMB<GMM:KA>R

K:G@>HK: ?>P FBHE>M>KL MH :L FN<A :L
FBEEBF>M>KL BG E>&@®MAK<K

#HKKEHG 00:REHKWMHGRHHD 1GBO>KLBMR

*+ HKIL HEE><MBHGL

75B?3 #:E:QB>L <HEEB=> ;BEEBHG EB@AMHR:KMAR:R ?K
0A> MR>G=HNL K:G@> H? H;L>KO:;E> IA>GHF>G: BG G:MNK
<A:EEE>G@>L MA> BF:@BGHBBHG/ <K12 B< ):A=:0B

>M :E +IMB<:E E>GLBG@ B0 $2$H>DLMK: >M :E

+<7B =B@A7=</<2 7;3<A7=</. <[:.GATA

(QFALCQB#B @BPPOO®LKSBOML 1 KBQVMBCRKFQL>KLQEBGLBU>IMIBFG/LR>0OBB>AFKD
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$ROLMBEK_LH?LLPLIBNR>KQF PRBPBBUMOBPHERXFQEFQBEA/LRKBBAI@LKSEIEBDHL
@RMP MBOE>WR>0BB>AFKEIHFKBFOB @ QRDKPKHEL @>QRRIKLQEBKA/LR>-OBKQBOBPQBA
FK ELT J>KV JFIBP VLR TFIl ?B T>IHFKD (K QEFP @>PB VLR TFIl KBBA QL @LKSBOQ RKFQP LC

+B@RRALKPFABEIMIBU>IMIBCELT Q@ LK SBRXBGB@RAP>\QEB T>K@I@LKSBOBQBOP
J QL HFILJBQBOP HJ

3EBCFOPEFKRAL FROUFPQERKFQEMD RE>SBKAQEBKFQIEMND RT>K@L@LKSBRK QEFP
@>PB TB E>SB RKFEQPRIKA TB T>KQ QL @LK SBEGIRIM>KL

-BUQTB KBBRIABQBOJBKIEDL ;HI?EE79JEEBI>QRRRBARHFILIBQBOR LKSBOREL®@ GO
>0>QBUMOBPEERD>KVLCOLKBRKFEDBNRQL>KLQERRFGLBU>IMIE)EBOBB FK@EBR
CLLQ @BKQFJBEBOBQBO PB@LKAR JFKRQBKAPLLK (K QER®>PBB HKLTQEQEBOBB

JBQBOP FK HFILIBQBO

LT TB @>RBRM.RARKF@LKSBOPEIETFII TOFUHERBKFQESTB E>SBKAQEBIRIQFMOEBJ

2V QEB @LKSBOPFLK C>@QLO PL QE>Q QEB RKFQP @>K@BI LRQ >P PELTK

-LQBQE>QERKT>KQBARKF@>K@BE> SFKIKIVQEBBPFOBARKFBLR @>RPERERBQELAL
@LKSBOQ ?BQTBBK >KV QVMBP LC RKFQ
"IF@HMBKAFU " 4PBCRI (KCLOCHQF: KLOB @LIMIBQB IFPQ LC @LKSBOPFLK C>@QLOP



https://pressbooks.bccampus.ca/collegephysics/back-matter/useful-information/
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%;D=3>| ?D C;J;HI

- 78B;

&711;1 ?D A?BE=H7CI CEH
FH9?I; L7BK;l ?D F7TBUJ>;;

/OBPBKQ BUMBOFJBKQ>I IFJFQQL ,>PP LC >K BIB@QOLK ¢

PJ>IIBPQ L?PBOS>?IB ABQ>FI r 9 HD
q¢ >PPLC>EVAOLDBK >QL},
#F>JBQBO LC > MOLQLK C 4 HD

#F>JBQBO LC > RO>KFRJ KR@IBRP,>PP LC > ?>@QBOFRJ ¢

#F>JBQBO LC > EVAOLDBK >QLY  ,>PP LC > JLPNRFQL q

3EF@HKBPP LC JBJ?0O>KBP FK4QBII

? q
LC IFSFKD:KEPJP ®pP LC > ERIIFKD2FOA

>PP LC > IFQBO LC T>QBQ

6 >SBIBKDQE LC SFPF?IB IFDEQ >?LRQ > NR>0Q

2FWB LC > DO>FK LC P>KA ,>PP LC > MBOPLK

'BFDEQ LC > VBHO@EFIA >PPLC>@>0

+BKDQE LC > CLLQ?>II CFBIA >PP LC > BB PEFM

&OB>QBPQ L@B>K ABMQE >PP LC > IBB F@E?PBO

#F>IJBOBO LC OEB $>00E >PP LC QEB KR@IBRP LC >

@LJIBQ
#FPQ>K@B COLJ QEB $>0QE QL QEBPP LC QEB ,LLK
2RK r HD

#FPQ>K@B QO>SBIBA ?V IFDEQ FK ,>PP LC QEB $>0QE
VB>0O >IFDEQ VB>0O r HD

>PP LC QEB 2RK
HD

#F>JBQBO LC QEB ,F#W 6
D>I>UV r

#FPQ>K@B COLJ QEB $>0QE QL QEBPP LC QEB ,FIHWg
KB>OBPQB-D>I>UV D>I>UV @ROOBKQ RMMBO
KAOLJBA> IFIFQ

#FPQ>K@B COLJ QEB $>0QE QL Qe T LC QEB HKLTK

BADBP LC QEB HKLTK RKFSBOPB IFIFQ

MMOLUFJ>OQBRBP LC +BKDQE ,>PP FIBA 3

- ?C;1 ?D I,9ED:I CEH
FHO?I; L7BK;l ?D F7BI>;l;l

3FJB CLO IFDEQ QL @OLPP >
MOLQLK

B>K IFCB LC >K
BUQOBJBIV RKPQ>?IB
KR@IBRP

3FJB CLO LKB LP@FII>QFLK
LC SFPF?IB IFDEQ

3FJB CLO LKB SF?0>QFLK
LC >K>QLJ FK > PLIFA

3FJB CLO LKB LP@FII>QFLK
LC >K %, O>AFL T>SB

#RO>QFLK LC > KBOSB
FIMRIPB

3FJB CLO LKB EB>0Q?B>Q
KBA>V r P

KBVB>O V r
P

?LRQ E>IC QEB IFCB
BUMB@Q>K@V LC > ERJ>K

1B@LOABA EFPQLOV

DB LC QEB $>0QE

DB LC QEB RKFSBOPB

FSBOPB @ROOBKQ RMMBO
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2RMMLBEAQRAOFSIEB  HJ COLYLREBKFSBOPHENBFK  JFK ">I@RI>QBRESBO>DB
PMBBA FKHFILJBQEGBELRMHJ E >KA? FKIBQBOFBOB@LKAP -LQB SBO>DPB/BEA
AFPQ>K@B QO>SBIBA AFSFABA ?V QFJB LC QO>SBI

JH7J;=0

%FOPR@>@RIOEBSBO>DBIBERPFKDEBFSBRKFBEBKTB @>KBQEBSBO>PBIBEAQL
QEBBPFCORAFQPMF @HEHRE L OO@EKSBORFEL® GKAIRIQFMIVFXIF BEB@LOOBEKSBOPFLK
C>@QLO FP QEB LKB QE>Q @>K@BIP QEB RKT>KQBA RKFQ >KA IB>SBP QEB ABPFOBA R

,EBKJ?ED <EH 7

">|@RI>@BBO>BPBIBBASBO>[PBIBEAAFPQ>KI@B SBAFSFABYQFIBCQO>SBI>HE)EFP
ABCFKFQPHDFSBELBELT>SBO>DBMBBAKALQEBRQFLKD LK @BWKIPB @LSBOB& I>QBO
JLARIB (K BNR>QFLK CLOJ

2R?PQFQRQB QEB DFSBK S>IRBP CLO AFPQ>K@B >KA QFJB

"LKSBOQ JFKQLHJ E JRIQFMAY QERLKSBORELE MEXTFIl @>K @BKRQBRAB>SB
ELROP 3E>Q @LKSBOPFLK C>@QLZERP JFK EO

?I19KII?ED <EH 7
3L @EB@H VLRO >KRKFEABO QEB CLIILTFKD

IB PROBE>(L RE>SBOLMB@YK @BIE2RKFFRQERKF@LKSBOPEIKLRE>SEOFQQBK
QERKF@LKSBOREL@ RIOPFARTK QERKFQFII KLQ@>K@BDLMBERQEBNR>QF(BVLR
>@ @FABKRBQEB>QRMPFABRTK QEBRERKFQFII KLG@@>K@BQEBEBVFII DFSBLRQEB
TOLKD RKFQP >P CLIILTP

TEF@E >0OB L?SFLRPIV KLQ QEB ABPFOBA RKFQP LC HJ E

"EB@QEQERKFQPQEBFK>KPTBSDBEBBPFORAFGEBMOL?IBIPHBRRQLPLISELO
>SBO>DB PMBBA FK RKFQP LC HJ E >KA TB E>SB FKABBA L?Q>FKBA QEBPB RKFQP

"EB@HDEBPFDKFCF@SBROER®>RPB>@ECQER>IRBPFSBRKQEBIOL?IBE>PQEOBB
PFDKFCF@EXRDBEBKPTBPELRIAIPLE>SEEOBBDKFCFERIRDEB>KPTBO HJ EALBP
FKABER>SE)EOBE DK FCF@RBROBEQE AFP>MMOL MORQER E>QE PFDKFCFGEBROIBREB
@LKSBORE+® QUKL @BIBS>KQ >RFAELRGR->?BGH?B  JFKRQBFLQEBIOB@FPEQEB
@LKSBOPFLK C>@QLO FP MBOCB@Q

-BUQ @EB@HEBQERIEE-KPTBEPOB>PLK>?HBRP@LKPFARBOB FKCLOJ>QEMK JQEB
MOL?IBJjFELRQO>SBIHJ FK> QEFOB>KELRO JFK VLRTLRIAQO>SBEOBBJBBEXDEKK
ELRGEB >KPTBO ALBP PBBJ OB>PLK>?IB

RKFQ FK FC
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,EBKJ?ED <EH 8
3EBOB >0B PBSBO>I T>VP QL @LKSBOQ QEB >SBO>DB PMBBA FKQL JBQBOP MBO PB@LKA

2Q>0EQBEBKPTBOL> >KA@LKSBOE QL P 3TL @LKSBOREL@QORBBABALKBL
@LKSBOQ ELROP QL PB@LKAP >KA >KLQEBO QL @LKSBOQ HFILJBQBOP QL JBQBOP

,RIQFMIVFKD ?V QEBPB VFBIAP

?19KII?ED <EH 8

(CTB E>APQ>OQBAE  HJ JFK TB TLRIAE>SEKBBABAFRCBOBEQKSBORELE QIXBEDEB
>KPTBO TLRIA E>SB ?BBK QEBP>JB  JP

8LRJ>V E>SKLQBREXQEBKPTBGHRQEBLOHBBU>IMIBRKREL SBOBOBFSBRIQEOBBDFQP
6EV 6EBKALVLRKBBR?B@LK@BCKRBRQERRJI?BQCAFDAERPLIBQEFKDR®>| @RIGEY
KLJOFQ@RTK>I| QEBFDFQR@>| @RIOQOAR@EEBILARIB'E>MQBO @ @RO>@B@FPFLK
>KA 2FDKFCF@>KQT%FEBDBWYLR >KPTBO QEBPB NRBPQFLKP

#SH() #H)(

6EFIBQEBSBEBRJIBOLRPMBERKFQIESTB >0BIl C>JFIFFBQEEBSBRQEBQEDBR@E
JLOBL?P@RO& BU>IMIB> <?HATP> RKFIICSLIRIBQE>TPLK@BPBALIB>PROMBBOKB
CFOHBMR>IP?LRQ IFQBGP IB>0BLOB>?LRALKPQ>KARRRJRPE AF@QFLKSBK@V@ILMBAF
QIOBPB>@@IBOBRBFDESRAIB>PROBB3HEKLQBC-K\RKRPRRKFFR @F> ?>0IBV@IQHCQ
>OB KLQ IFPQBA FK QEB QBUQ 3EFKH >?LRQ ELT QEB RKFQ FP ABCFKBA >KA PQ>QB FQP OBI>QFL

6319. =C@ +<23@AB/<27<5

2LJB ERJJFKD?FO?28>QEBFEKDBLOBQE>K QFJBMBEB@LKAP@FBKEBBSOPROFRERFIBEQ
Q>HER 0 ERJIFKD?FQA?B>BQPFKDPK@BEF @ ERKA>IBKGKXAPELRIOEB@FBKRFEDABP @OF?B
QEBB>PROBJBKEF@E>@QID FROER@FBKFFBIQIRPERIABP@OBEBLQFLIKIOB@FRRIBKQFCY
QEB JBQOF@ MOBCFU QE>Q @LOOBPMLKAP QL QEFP C>@QLO LC

Vv



https://pressbooks.bccampus.ca/collegephysics/chapter/accuracy-precision-and-significant-figures/
https://pressbooks.bccampus.ca/collegephysics/chapter/accuracy-precision-and-significant-figures/
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KB @R?F@EBKQFJBBBNR>QLLKBIFIIFIFQBE>QALBRERPBIVLR>?LRQEBFCBOBRKFGRQER(
JBQOF@ PVPQBJ

)C:i/@G

a [EVPF@>| NR>KQFQFBP >0B > @E>0>@QBOFPQF@ LO MOLMBOQV LC >K L?GB@Q QI
@>I@RI>QBA COLJ LQEBO JB>PROBJBKQP

a 4KFQP >0OB PQ>KA>0OAP CLO BUMOBPPFKD >KA @LJM>OFKD QEB JB>PROBJBKQ LC M
RKFQP @>K ?B BUMOBPPBA >P @LJ?FK>QFLKP LC CLRO CRKA>JBKQ>I RKFQP

a 3EB CLRO CRKA>JBKQ>I RKFQP TB TFIl RPB FK QEFP QBUQ >0B QEB JBQBO CLO IBKI
CLO J>PP QEB PB@LKA CLO QFJB >KA QEB >JMBOB CLO BIB@QOF@ @ROOBKQ
QEB JBQOF@ PVPQBJ TEF@E RPBP MLTBOP LC QL OBI>QB NR>KQFQFBP LSBO QEE
BK@LRKQBOBA FK K>QROB

a 3EB CLRO CRKA>JBKQ>| RKFQP >0B >??0BSF>QBA FCLDOFE HBQBB@LKA P >KA
>JMBOB  3EB JBQOF@ PVPQBJ >IPL RPBP > PQ>KA>0A PBQ LC MOBCFUBP QL ABKL(
J>DKFQRAB DOB>QBO QE>K LO IBPPBO QE>K QEB CRKA>JBKQ>I RKFQ FQPBIC

a 4KFQ @LKSBOPFLKP FKSLISB @E>KDFKD > S>IRB BUMOBPPBA FK LKB QVMB LC RKFC
RKFQ 3EFP FP ALKB ?V RPFKD @LKSBOPFLK C>@QLOP TEF@E >OB O>QFLP OBI>QF
AFCBOBKQ RKFQP

=<13>BC/: 'C3AB7=<A

(ABKQFCV PLJB >AS>KQ>DBP LC JBQOF@ RKFQP

{ &@=0:3;A F3@17A3A l

3EBPMBBRIFQKPLJBFKQBOREEHEH >VHROLRDEIV HJ E > 6E>QFREFRKIBQBOMBPB@LKA
'LT J>KV JFIBP MBO ELRO FP QEFP

@>ERO>SBIFKEPMBBAL J P > 6E>QFFFQPMBEAHFILIBQBIBELRO? (PFGUQ@BBABGEB
HJ E PMBBA IFJFQ

2ELTQE>Q JP HJE 'FKQ 2ELT QEB BUMIF@FQ PQBMP FKSLISBA FK @LKSBOQFKD [JP HJE

JBOF@>BLLQ?HFAMI>VBAK > VA ILKD CFBIBU@IRARMEBKAWLKBRT ILKDFFQEEFBIRK
JBQBOP PPRJB QE>Q JBQBOBNR>IP CBBQ
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2L@ @BFBISPOVKPFWB I>OEPL@@BBRP J ILKD>KA J TFABGE>Q>OBQRFIBKPFLRIEBBQ)
>KA FK@EBP PPRJB QE>Q JBQBOBNR>IP  CBBQ

6E>Q FP QEB EBFDEQ FK JBQBOP LC > MBOPLK TELFP CQ FK Q>II PPRJB QE>Q JBQBO BNR>IF

LRKQ$SBOBPQ CBBERER>IIBRIQRKQ>EKQEB>0QEE>QFFFQEBFDERIFILIBQBOPPRJB
QE>Q HFILJBQBOBNR>IP  CBBQ

3EB PMBBA LC PLRKA FP JB>PROBA QL ?B  J P LK 6@EDEPBERBVK HJ E

3B@QLKREDBEPB>0BPBDIBKQEQEB>0E® ORPEXIDSB PILTIV 2RMMLREEAXBPR @W¥I>QB>P
>K>SBO>BBIBEL @JVB>C> 6E>QAFPQ>K@BFEQLSBFK P>@EFMBBA 6E>QFFFQPMBEAK
HFILJBQBOP MBO JFIIFLK VB>OP

> 1BCBQI3>?IB QIABQBOJR}EBSBO>BBPQ>KBBTBRIEB>0QKAQEBRK 3EBK@>I@RISEB
>SBO>DB PMBBA LC QEB $>0QE FK FQP LO?FQ FK HFILJBQBOP MBO PB@LKA ? 6E>Q FP QEFP FK JB

=AA/@G

F>0I1?97B GK7DJ?JO
> @E>0>@QBOFPQF@ LO MOLMBOQV LC >K L?GB@Q QE>Q @>K ?B JB>PROB LO @>I@RI
JB>PROBJBKQP
KD?JI
> PQ>KA>0A RPBA CLO BUMOBPPFKD >KA @LJM>0OFKD JB>PROBJBKQP
;" KD?JI
QEB FKQBOK>QFLK>I PVPQBJ LC RKFQP QE>Q P@FBKQFPQ FK JLPQ @LRKQOFBP E>SB >
PR@E >P JBOBOP IFQBOP >KA DO>JP
D=B?I> KD?JI
PVPQBJ LC JB>PROBJBKQ RPBA FK QEB 4KFQBA 2Q>0QBP FK@IRABP RKFQP LC JB>PROB.
D>IILKP >KA MLRKAP
<KD:7C;DJ7B KD?JI
RKFQP QE>Q @>K LKIV ?B BUMOBPPBA OBI>QFSB QL QEB MOL@BAROB RPBA QL JB>PRQ
H?L; KD?JI
RKFQP QE>Q @>K ?B @>I@RI>QBA RPFKD >IDB?0>F@ @LJ?FK>QFLKP LC QEB CRKA>JBK
I;9ED:
QEB 2( RKFQ CLO QFJB >??0OBSF>QBA P
C;JH
QEB 2( RKFQ CLO IBKDQE >??0BSF>QBA J
A?BE=H7C
QEB 2( RKFQ CLO J>PP >??0BSF>QBA HD
C;JH?9 101J;C
> PVPQBJ FK TEF@E S>IRBP @>K ?B @>I@RI>QBA FK C>@QLOP LC
EH:;H E< C7=D?JK;;
OBCBOP QL QEB PFWB LC > NR>KQFQV >P FQ OBI>QBA QL > MLTBO LC
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9EDL;HI?ED <79JEH
> 0>QFL BUMOBPPFLK ELT J>KV LC LKB RKFQ >0B BNR>| QL >KLQEBO RKFQ

>;9A 2 EKH .D:;HIJ7D:?D=

3EBP@FBKUHRB>PRAEEBFIBBQTBES QE SBJBK@PFKIEBRKA>JBKRKATPB@LKARD>RPB
QEBFKDPB>@LC>PQEB@FBKTHROL?>?KBBALIB>PRUBIFIIFPB@LKAP PB@LKAP ?B>QF
MBO PB@LKA @LOOBPMLKAP QL JFIIFPB@LKAP MBO ?B>Q

>,9A 2 EKH .D:;HIJ7D:?D=
3EBCRKA>JBKRKIRIBKDQEBQBT-MMOL?>?RPBYLE@ OBXJHBBOFSRAFLSLIRIB IFQBGEB
JB>PROB LC > JFIIFIFQBO FP ABMBKABKQ LK QEB JB>PROB LC > @BKQFJBQBO
JHE8B;CI N;H 971l
> JP ? JFIBP MBO ELRO LO JME

IBKDQE CQ U FK TFAQE CQ U FK@EBP
HJ
> ? HJV  LOJBD>VB>O
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a #BQBOJFKB QEB >MMOLMOF>QB KRJ?BO LC PFDKFCF@>KQ CFDROBP FK ?LQE >AAFQFLK >
>P JRIQFMIF@>QFLK >KA AFSFPFLK @>I@RI>QFLKP

a ">I@RI>QB QEB MBO@BKQ RK@BOQ>FKQV LC > JB>PROBJIBKQ

75B?3 =HN;E> I:G F><A:GB<:E ;:E:G<> BL NL>= MH

<HFI:K> =B?2M F:LL>L 1LN:EER :G H;C><M PBMA NGDGHPG

F:LL BL IE:<>=BG HG> I:G :G=H;C><ML H? DGHPG F.LL :K
IE:<>=BG MA> HMA>K I:.G 3A>G MA> ;:K MA:M <HGG><ML MA> MPH
I:GL BL AHKBSHGM:E MA>G MA> F:LL>L BS>BINIE I:GL :K
0A>\DGHPG F:LL>L]>WRIB<:EER F>M:E <REBG=>Kt H? LM:G=:K
F.LLLN<A:L @K:IF @K:FL :G= @K:FL >=kBM

/>K@>)>EDB
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75B?3 ):GR F><A:GB<:E ;:E:G<>L LN<A:L=HN;E>I:G ;:;E:G<>L
A:O> ;>>GHE:<>= ;R =B@BM:E L<:E>L PAB<A <:G MRIB<MNEER F>:LNK
F.LL H? :G H;C><MFHK<BL>BR>K>:L : F><A:GB<:E ;:E:G<> F.R
HGER:K MA> F:LL H? :G H;C><M MHMAMNBEUA H? : @K:F F:GR
=B@BM:E L<:E>L <:GFMBNIKC:LL H? :G H;C><M NI MHK> G>:K
MAHNL:G=MA H? : @kKEBMK:KE &:DN;><
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2 @FBK@EB>PBAK L?PBOS>QR{ABUMBOFJBKQj®P:R JB>PROBJIBKOPKH79CFFELT @ILPB
> JB>PROBJBRB)LQE L OOBERELME>IB>PROBIBRQ BU>IMIBBRPP>VQE>(LR>0B
JB>PROFRBEBKDQEPQ>KAXDIAIMR QB EEBM> @ H>DIFKIEF @& RVIRO @ EXFER>MBQ>QBP
QESPFP FK@ERRD SLRJB>PROBEEBKDQIEQER>MEIEOREIBPKAL?Q>RREBLIILTFKD
JB>PROBJBKQP FK  FK>KA  FK3EBPBB>PROBJBKQMBIRFOR @ROBEB-ROBBYOB
SBOW@ILPELQERLOOB@RAC FK@ERBR @LKQOFBQRE>AL?Q>FKBAB>PROBJIBK®
FK@EBP VLRO JB>PROBJBKQ TLRIA KLQ ?B SBOV >@@RO>QB

3EBFH9?I?EL.C> JB>PROBJBRQPQBEFOBCBOIELT @ILPBEEDOBBJBRE?BQTBBBBMB>QBA
JB>PROBJBKUEF @EORBMB>GBABQER>IB @LKAFQFL'KRPFABQEBU>JMIBECQEBI>MBO
JB>PROBJBKIEBMOB@FPERKEBB>PROBJBKET EDOEBMOBREQEBB>PROBAIRBEKB T>V
QL>K>IVWHEBIOB @ FPEREEE>PROBJBRQRIA?BQIABQBOJ XD >K DBOARCBOBKZBR) TBE)XEB
ILTBPEKAQEBFDEBMYPROBAIRBIK QEX®>PBERTBPS>IRE>P  FK>KAQEBFDEBRQRB
T>P  FK3ERPQEBB>PROBAIRBRBSF>QEALB>QMERY>QLPQ FK3EBPBB>PROBJBKQP
TBOBBI>QFSB0B @FR®>ROBBNFALG>0QLUIR@EKS>IRBLTBSBOF@EBB>PROBAIRBP
E>/ABBK >KA  QEBREBB>PROBJBRQRIAKLQBSBOMOB@FR®>REOBBOBRIA?B
PFDKFCF@>KQ S>OF>QFLK COLJ LKB JB>PROBJBKQ QL >KLQEBO

3EB JB>PROBJBKEHRQEBVI>MBBU>IMIB-OBLQE>@ @RO>KQEVIOB@FABFK PLIB @>PBP
JB>PROBJBKQE @ @RCPRIBLQMOB @ EFREBYOBIOB @PREKL Q@ @RO>BERP@LKPFABO
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BU>JMIBC>&/2 PVPQEIERP>QQBIMQFKIRD>QEBILPFQEDX OBPQ>REMK@FQEFKIHOQEB
OBPQ>RDENFIABUFPQFATIE®BKQBS?RIIR BVRRBQKAQEFKIEB>@%E? >QQBJIRIY.@>QB
QEBBPQ>RERKD @ALQK%FDROBLR@>RBREXER/2 JB>PROBJIBKQBMOBERE>EOM>0Q
COLB>@EEBPR@EBYOBI OBI>QFSBIVPBLQEB@QR@>QRIEQEBBPQ>ROIPER) BK QB0
QER-HBQEFFFKAF@>QBP MOB@ FAFHBE @ @ RO}BBNROFRUPQBLTBSBOFKWFDROREB
&/2 JB>PROBJIBKQIE LK @BKQEREERLPBOILKB>KLQEBRA@EBYOE>0T>VCOLDERHBQ
IL@>QFLK 3EFP FKAF@>QBP > EFDE MOB@FPFLK ILT >@@RO>@V JB>PROFKD PVPQBJ

75B?3  #,/ LRLM>F :MM>FIML MH EH=INi#NK:GM :M MA>
<>GM>K H? MA>>REEPA> ;E:<D =HMUWECK>GM >:<A :MM>FIM MH
IBGIHBGM MA> EH<:MBEHGWHNRIGMKOA> =BMIKK HNM

IJNBM> ?:K :l:KNFZHG> :GHMB8SEB<:MBG@H=BPBKHG ;NM MA>R
K> >:<A KiIMA>K <EHL> MH MA> :<MN:E EH<MBEWMGGEN MA> K
BG=B<:MBG@ AB@A <kKMNBNMR :KD !OBE
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75B?3 %G MABL2B@NKHML <KG<>GMK:M>= K:MA>K <EHL>ER MH
HG> :GHMBE=B<:MBG@ ABBLBHG ;NM MARRIASGK ?:K

:P:R ?KHF MA> :<MN:E EH<:MBHGLIWVPNKAGIM BG=B<:MBG@ EHP
:<<NK:<R<ke=BM :KD !|OBE
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3EBABDORE>@ @RO>@WIOB@ FREEKIB>PROFRIPQBIOBBI>QBAQEKDI;HI7?DFBQEB
JB>PROBJBKG®D BOQ>FEQNR>KQFQIBFSRAREL T JR@K/LROB>PROBAIRBRBSF>QBLY
PQ>KAXOBUMB@SBRECVLROB>PROBJIBKOELGBOY@ @RQEYBB @ EEBRERK@BOQ>FKQV
LCVLRG>IRBPFII ?BSBOEFDEK JLOBDBKBOSBOJRK@BOQ®BKRBQELRDEQ-P> AFP@I>FJBO
CLOLROB>PROB&IRBR6LBU>IMIF®LIBLKEPHBXLRQIMOLSFABBFIB>DBKVLR@>ULR
JFDE@>\QEaBP JFIBPMIRPQIFKRP  JFIBP3EBMIRPQIFKRPJLRKGROERK@BOQ>FKQV
FKVLRG>IRBE>FPVLR>OBKAF@>QEXQEB@QRFIB>DBCVLR@>IFDEQB>PILT >P
JFIBALO>PEFDEP JFIBPLO>KVTEBGB?BQTBBK JB>PROBJBKRIEKQKB>ILRKQC
RK@BOQRKEBU>IMIBCIB>PROFREBKDQEQER>MBIB JFDE@>\QE>QEBKDQEQEB
M>MB® FK MIRPQIFKRP FK3EBRK@BOQFRK(BA*PROBIBKQFR.CQORBKLQBR KABIQ>

| PLQEBB>PROBJBEBPRIQRIA?BOB@LOABAd x (K LRQ>MBY>JMIBQEBKDQEQEB
M>MBO @LRIA ?B BUMOBRPBA >P

3EB C>@QLOP @LKQOF?RQFKD QL RK@BOQ>FKQV FK > JB>PROBJBKQ FK@IRAB

+FJFQ>QFLKP LC QEB JB>PROFKD ABSF@B

3EB PHFII LC QEB MBOPLK J>HFKD QEB JB>PROBJBKQ

(OOBDRI>OFQFBP FK QEB L?GB@Q ?BFKD JB>PROBA

KV LQEBO C>@QLOBPBEO@EB LRQ@LJIB EFDEIV ABMBKABKQ LK QEB PFQR>QFLK
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(KLRBU>IMIPRGEE>@QELRQOF?RIFKBK @BOQ@FKRIPBQEBLIILTFKREBJ>IIBPAFSFPFLK
LKQEBRIFP FK QEBIBOPRRFKDQEBRIBED-F?>ABVBPFDEQ KBPFABCQEBI>MB®PIFDEQIV
ILKDBQE>IQERQEB@ >KVO>QREMRK@BOQHQIB>PROBIBERPQ?B ?>PBAK > @>0BCRI
@LKPFABO>QFLK LC >Il QEB C>@QLOP QE>Q JFDEQ @LKQUE@RIPB >KA QEBFO MLPPF?IB BC

"o S ) SH( ! S S ) SH(I +'$ 1

4K@BOQ>FRO\@OFQFMEBI@E FKCLOJ>QRLQEFKMEVPF@®FKJI>KV LOEBOB>I TLOIA
>MMIF@>QBERPKBLR>OR>0RKIDPF @PEFIBLRPRPMEE® EFE-P CBSER) VLRAEB ®FP
LCEB@QBJIMBO>QROBQEBOJLIBEESQFQERK @BOQ+EREREBOJILIBGBOB " (CQEB
@EFRQBIJMBO>@BOBFKEP " TEF@ERKLOJ>PLAVQBIMBO>QRERBQORBBJIMBO>QRO
@LRI2B>KVTEB@®LY EVMLQEBOJF@" QI>A>KDBOLREFDE " QEBOJLIBQBQEK
RK@BOQ>FKQVLC _"TLRIA ?B RPBIBPP

W

YA24=C *=24AC08=CH

.KB JBQELACBUMOBPHHK® BOQHR¥YMBO @BEQEBB>PROEB*IRB(C> JB>PROBJBKEP

BUMOBPPBA TFQE RK® BQEEHINI KD9;HI7?DRK@ FP ABCFKBA QL ?B

G0<?;4 0;2D;0C8=6 %A24=C *=24AC08=CH 06 >5 ??;4B

DOL@BML®BIIPI? ?>DR.C>MMIB#LRMRO@ESPR®>DR. SBQERLROEE> JLKQE-KA
TBFDE QEB >MMIBP B>@RQPIE-FK QEB CLIILTFKD JB>PROBJBKQP
a 6 BBH TBFDEQBS
a 6 BBH TBFDECBS
a 6 BBH TBFDEQBS
a 6 BBH TBFDECBS

8LRABQBOJFIB-QEBBFDAEQEBI? ?>DE>P>-KRK@BOQ#RKQV 1? 6E>QFFQERBO@BKQ
RK@BOQ>FKQV LEJBBDEDN

JH7J;=0

%FOPQPBOSIE-QEBUMB@SHRRBOQEB>DRATBFDEQ FP 1? 3EBRK@BOQFHKREH>IRB
x FP 1? 6B @>K RPB QEB CLIILTFKD BNR>QFLK QL ABQBOJFKB QEB MBO@BKQ RK@

BOQ>FKQV
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,EBKJ?ED
/IRD QEB HKLTK S>IRBP FKQL QEB BNR>QFLK

?19KII?ED

6 B@>OLK@IR}BQEBBFDEQQEBMMIB-DFP 17d  "LKPFAERLT QERFBO@BK@BOQ>FKQV
TLRIA@E>KBEYER>DLC>MMIBBOE>IG-PEB>SWRMERK @BOQFKQEEBFDEQBJ>FKEYEB
P>JB 'FKQCL@RQR@BI@RI>QRIEEK@>|@R|>OMDE BK@BOQ>FARNVFOBIBI?BQESLR
JRPQRIQFMNEBO>@Q@FK  (CVLRAL KLQ\L QEFRLRTFII E>SB> AB@FJNR>KQRQ\D
MBO@BKQ S>IRB

*=24AC08=C84B 8= 0;2D;0C8>=B

3EBOBRKRK @BOQFRKQXQEREDI @ RI>QBIAIB>PROBIR>K QF QFBBU>IMIB)EBOBEC> CILLO
@>1@RI>QBIAIB>PROBJIBKOPQBKDQHKATFAQE>P-KRK@BOQSB@ROBBKDQEKATFAQE
E>SRK@BOQ>FKDFEFFRERK@BOQFRRQIBQEFKDR® > @RIPQIRIQFMIF @ +QRESFPFLK
(COEBB>PROBJBHDFKEKQREB > @RI>EEE@J>II RK@BOQ>FKQBEBIBO @BRBPP QEBREB
C:J>E: E<7::?D=F;Hd;DJI@>RBRPBELARIQFMIF@+QRERFPFRERFBBQELR>VBEMASK<>GM
NG<>KM: BEMRN:GMBNMERNE: MRFNEMBIEB<:NBBGBLBHEALNFHMAK<>GNG<>KM:BGMB>L
BGIABM>RL>MHF:D> MA=:E<NE:MBHGBU>IMIB-G CILLE>P IBKDQE  J >KA> TFAQEC

J TFORK@BOQ>EKQFBRKA OBPMB@QESBREBOBECQEEBILLEP J >KAESPK
RK@BOQEKQVSUMOBPPBAK>OBOEFP J TEF@EBOLRKAL J PFK@EBOBOQEB
CILLO FP DFSBK QL > QBKQE LC > PNR>0B JBQBO

6319 . =C@ +<23@AB/<27<5

EFDP@ELQO>@H >@>PGRAMRO@E>PEBT PQLMT>QZEB PQLMT>QEHR>1PQ>QBP>QEB
PQLMT>@EEBKRK@BOQEMQV P 1RKKBQR QERO>@H>@EB>DBDRI>@LE@H] PMOFKQR

PQL P Q QEB@ELPIzPQO>@BBQQEBFOPQ MPMOBK@BIFK-Q  P>KAQEBB@LKA
MI>@BVOFK@BIFK-Q P 6 FIQERL>@RBTPQLMT>Q@HEBIMCRIQFJFKREBMORYEJ6EV LO
TEV KLQ

&@317A7=< =4 #3/AC@F=<B1<2 )75<7M1/<B 75C@3A

K FIMLOQEED GHMEE @ @RO>@WIOB @ FRELIB>PROBJIBKENSLISBPEBIOB@FREIGER
JB>PROFKILI (K DBKBO>I MOB@#BEPROFKDLFPLKBQE>@>KB>PROB>IRBPKSBORJ> ]
FK@OBJBBQBU>IMIB> PQ>KAXTR B®>KB>PRABKDQEQERB>0OBF)FJBQBIEFIB @>IFMBO
@>BB>PROBKDQEQERB>0BPQ JFIIFJBQEREB@>IFMESILOBVOB@FRHPROFRDLPB@>RPB
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F@>KB>PRCBUQOBJBIN> | ARCBOBK @RBBKDQBEBJILOBMOB@EEBB>PROFRDLIQEBLOB
MOB@FPB >KA >@@R0O>QB QEB JB>PROBJBKQP @>K ?B

6EBK TB BUMOBIRPROBYIRBAB @>KKIVIFPEPI>KV AFDFEPTB FKFQF3B*PROBAQE
LRQB>PROFRDLI%LBU>IMIBLRRPBE PQ>KAXTRBULIB>PRABE BKDQE> PQF @HRI>V
JB>PROBDL?B  9C 8LR@LRIKLBUMOBPERS>IRE-P 9C ?B@>RVPBROB>PROFRDLI
T>PKLQMOB@BRBRDELIB>PROBERKAOBAGE @BKQFJB@BELRIABKLQBAESQEB-PAFDFQ
FK> JB>PROB&IREE>P?BBKBPQF J>@BRLIBT>V ?V QERIBOPMBOCLOJEKBB>PROBJIBRE.O
BU>JMIBQEBIBOPIR>PROFREBKDQE> PQF @FQE ORIBA.QF @EPQEBQF KD IBBJIR)L
?BPLJBTEBGBCBQTBBK 9C >KA  9C >KAEBLOPEBRP@PQFJ>QEB>IRBROQEE-PAFDFQ
4APFKREBBQELAC?=D?<?94:KH QEBRIBR)EANQAE L MB @BKBMMHB@BG F>:LNKF>GHBL
MASBKEB@BBMIAHF>NG<>KM:BEMRABRABQBOJRXEB RI?BQCPFDKFCFERENER S>IRB
PQ>TRDBEBFABYPROBAIRBMEBCEKA® L RIERRI?BOCAFDFQIPOL RQEE-PAFDFQFQQBK
LKQEBFDEQ BU>JMIREBS>PROBAIRB  9C E>REOBRBDFQEPFDKFCFEFERIBMKFCF@>KQ
CFDROBP FKAF@>QB QEB MOB@FPFLK LC > JB>PROFKD QLLI QE>Q T>P RPBA QL JB>PROB >

| 4A>B

2MB @ F@LKPFABOFEPFERBRLWBOMEBK@ LRKQPRDKFCFERHROEEBWBOEK >OBLQ
PFDKFCF@B®SOROBBYORKIVMI>@BHBBRIBOBA >QEBB @ FIJMLFKEEBOBOR TLPFDKFCF@>KQ
CFDRGBP  3EBWBOER >OKLQVI>@BHBBNRQPPFDKFCF@>K BREERE>FCFSB
PFDKFCFGRERDEBWBOER ~ J>V LQJ>V KL@BPFDKFCHEBMEKARKIDEBQVIECTOFQFKD
KRJ?BOBEBV@LRIAB>K QEBRJ?BERHKLTKQLQEB-P@FDAMQEB®LRIABMI>@BHBBNBOP
@LRIE>SETLQEORECLRPFDKFCFEFENDBP>SLFOERS?FDRFJOFQB  FKP@FBKQFCF@
KLQ>QFIBXHKIL :i¢ LB@GB?B<:GM >Q<>IM PA>G MA>R L>KO> HGER L IE:<>D>>I>KL
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#BQBOJFKB QEB KRJ?BO LC PFDKFCF@>KQ CFDROBP FK QEB CLIILTFKD JB>PROBJBKQFR

>

> v

(86=8020=C 86DA4B 8= 0;2D;0C8>=B

6EBK @LJ?FKFKB>PROBJBKIFORFCBOBKBDOBBE >@ @RO>EGAMOB@ FPRISENF;>KH?
LB@GB?B-B@MWAMASBG:BLP>K:G ;> GH@KM>KA:GIASNF;>KH1B@GB?B-B@EMIAE>:LM
IK><BLE>:LNK=0:EN:3EBOBOR TLARCBOBBRIBPKBCLORIQFMIF @ >@PAK SFPRIKCQEBQEBO
CLO >AAFQFLK >KA PR?QO>@QFLK >P AFP@RPPBA ?BILT

EH CKBJ?FB?97JIED?L?1?EDDA>KLNEMHNE=O>MAE:F> GNF;>KH1.B@GB?BRGMHK.
MA3N:GMBMBBG@EAE>:L VB @ G B?BRGRILEGM>K BGEH\:: E<NE:MBKIGBU>IMIE)EBOBEC
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@FO@RB@>I@RI>QBAFQE>AFRPFKRH +B@RPPBELT J>KV PFDKFCFCHRIXUEBOB>
E>P FC QEB O>AFRP E>P LKIVHQTIGP>3EBK

FPTE>Q/LRTLRIADBRPFKD@>|@RI>QEE>P-KBFDEQ AERENIRRD?B@>ROBB>AFEPR KIV
QTL PFDKFCF@>KQ CFDROBP FQ IFJFQP QEB @>I@RI>QBA NR>KQFQV QL QTL PFDKFCF@>k

BSBK QELRD® DLLA QL >Q IB>PQ BFDEQ AFDFQP
EH 7::2J?ED7D: IK8JH79J?EDA>:GLP>K:G <HGM:BBFHK =><BF:EE:<>LMA:GIAE>LM

IK><BLE>:LNKF>GNRMMLREESQ.R?PRV  HD LCOMLQ>QEBP DOL@BRDLOBIB>PROBAQE

P@>TB-QEIOB@FPFLKID3EBKLRAOLMT HD LOMLQ>QBRPLRO-?LO>QLE¥B>PROBN

> P@>BFQEIOB@FPFLK HD %FK>IIVLRDLELJB >KA>AA  HDLCMLQ>QLBEB>PROBA >

2>QEOLPI@>TFQHMIOB@FPFHO'LT J>KVHFILDO>IPMLQ>QBBRLRKLT E>SB>KAELT J>KV

PFDKFCF@>KQ CFDROBP >0B >MMOLMOF>QB FK QEB >KPTBO 3EB J>PP FP CLRKA ?V PFJMII

-BUQTB FABKQEEB>PRIOB@FPHPROBIBKQ HD 3EFRIB>PROBJBREBUMOBPRRAEB
AB@FJMI>@BLLREFK>KPTBIRPGQIPL?BBUMOBPORJEB  AB@FJIMI>@BERPQEBKPTBEP
OLRKABA QL QEB QBKQEP MI>@B DFSFKDRP  HD

(86=8020=C 86DA4B 8=438B )

(K QEFBBUQLPQKRJ?BOPOB-PPRJB®LE>SBYEOBEDKFCF@SBROBROQEBOJEKPFPQBKQ
KRJ?BOECPFDKFCF@RINTDBIRPBAK>1| TLOHBBU>JMIBBLRTFIIKLQBE>X>KPTBDFSBRL
QEOBBDFEP>PBAK FKMRQLAQL>QB>PQEORBDFQPBU>IMIECQEBKMESFCBTBRFDKFCF@>KQ
CFDROBEBKPTBUFII >IPLE>SBCBTBRFDKFCF@SBROB®BFP>IPLQ>HBRE>QEKRI?BQ.C
PFDKFCF@EBRIEBDB>PLK>TBMEBRFQR>QWLRBAK PLJIB QLMF@POQF@FKOVMQF @RDB

>@ @REFRIBBOFOBBBABAKAILOBQE>REORBDKFCFERINTIEBR ?BRPBALFK>IIFG KRI?BO
FP-Q:<MPR@PQEBTLFKQEELOJRISLQEBFO@RJICBUOBK@BO@IBH FQ@LBKLQOCB@EB
KRJ?BO LC PFDKFCF@>KQ CFDROBP FK > @>I@RI>QFLK
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/BOCLOJ QEB CLIILTFKD @>I@RI>QFLKP >KA BUMOBPP VLRO >KPTBO RPFKD QEB @LOOB@Q KRJ?!

> TLI>K E>RQTL?>DABFDEFKD MLRKARKALKB?>DTFQE TBFDA@  MLRKABE>QFFQEB
QLQ>I TBFDEQ LC QEB ?>DP

? 3EBCLO@RBK>KL?GBEBNRDIFQP-PPF JRIQFMIFBAQR® @BIBO>QEK>DLKTFQE-PP

HD>@ @BIBOXPBPQE J P TE>GREBLO@HRQEB>DLK 3EBRKAQCLO @M >IIBREEBTQLK
>KA FQ FP BUMOBPPBA TFQE QEB PVJ?LI -
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SUMILOBFVEP QFJ>QFKKKB QTL >KAQEORBBJIBKPFLKRIQFMIBSBIRCARCF@RQNT CLO
MOLDOBPPFSB PHFII FIMOLSBJBKQ

75B?3 |LMBF:MBHG

)C;; /@G

a @@RO>@V LC > JB>PROBA S>IRB OBCBOP QL ELT @ILPB > JB>PROBJBKQ FP QL QEE
RK@BOQ>FKQV FK > JB>PROBJBKQ FP >K BPQFJ>QB LC QEB >JLRKQ ?V TEF@E QEB.
J>V ARCBO COLJ QEFP S>IRB

a /OB@FPFLK LC JB>PROBA S>IRBP OBCBOP QL ELT @ILPB QEB >DOBBJBKQ FP ?BQTBI
JB>PROBJBKQP

a 3EB MOB@FPFIE&ILGIKBG@ MPIBBI>QBA QL QEB PFWB LC FQP JB>PROBJBKQ FK@OB,
PJ>IIBO QEB JB>PROBJBKQ FK@OBJBKQ QEB JLOB MOB@FPB QEB QLLI

a 2FDKFCF@>KQ CFDROBP BUMOBPP QEB MOB@FPFLK LC > JB>PROFKD QLLI

a 6EBK JRIQFMIVFKD LO AFSFAFKD JB>PROBA S>IRBP QEB CFK>| >KPTBO @>K @LKQ>
PFDKFCF@>KQ CFDROBP >P QEB IB>PQ MOB@FPB S>IRB

a 6EBK >AAFKD LO PR?QO>@QFKD JB>PROBA S>IRBP QEB CFK>| >KPTBO @>KKLQ @L!
MI>@BP QE>K QEB IB>PQ MOB@FPB S>IRB

=<13>BC/: 'C3AB7=<A

6E>Q FP QEB OBI>QFLKPEFM ?BQTBBK QEB >@@RO>@V >KA RK@BOQ>FKQV LC > JB>PROBJIBKQ

/OBP@OFMQESKPFL@ELOOB @QHRRSBRKRKF@®P>1IBABHIM>HL #BQBOJFREBB>KFKDCQE>Q
RKFQQ>FIKKCLOJ>QFBOE>MRD > IFKBLMQLIBQOERBOCLOIFKEK QBORBED @K QEBFKFIRJ
RK@BOQIFQEEF @B LOOB@ERAMMQBORBQBOJFKRAQEB@ @ROF@EEF @@ LOOB @R}

@>RBMOLAR @GR @RPPBLRO@BRK @BOQ>FKAKHDEBIOBP @ OFMAREX® RFHOEB>KRC>@QROB
LC IBKPBP



https://pressbooks.bccampus.ca/resources/a5ec62c21824f5c2a6a84a191ede2faff6603e3e/estimation_en.jar
https://pressbooks.bccampus.ca/resources/a5ec62c21824f5c2a6a84a191ede2faff6603e3e/estimation_en.jar
https://phet.colorado.edu/en/simulation/estimation
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&@=0:3;A F3@17A3A

NFH Il OEKHDIM;HJEFHESB;CI ?DJ>?I11;9J?EDIE J>; 9EHAJ DKCS8;H E<I?=D?<?9783KH 7D:
FHEF;H KD?JI

2RMMLREMN) RO>QEOLI@>BB>ARRA>PP>P HDTFQE RK@BOQFEKQFRERK@BOQ>FKQV
FK VLRO J>PP FK HFILDO>JP

DLLA NR>IF{B#PROFKDM@>KRBLC?Y  @JLSBO AFPQ>K@B J 6E>QFPFQRIBO@BKQ
RK@BOQ>FKQV

> @>PMBBALJBEBP RK@BOQHQFRED>KOEMLPPFRBIBBAEBKFQB>AP HJ E
? "LKSBOQ QEFP O>KDB QL JFIBPWBO ELFO

K FKC>RMRIPB>QEPJB>PROBAL?B d ?B>QFFK 6E>QFPQEB/IBO@ BK@ BOQFHQEFP
JB>PROBJBKQ

> 2RMMLRESMBOPEKP-K>SBO>EB>T@RQE  ?B>QFEK LT J>KV?B>QR.BEBLCPEE>SB
FK V2K V @K V

@>K @LKQ>FKP J+LC PLA> 'LT JR@E FP IBCQ >CQBO J+ FP OBJLSBA

2Q>0QBLT J>KV PFDKFCF@FRROBPBMOLMB® QEBOBPRIQE QEBCLIILTFKI®>I@RI>QFEKP
X ? @ r

> 'LT J>KVPFDKFCFGEFEMEBBIBKQERRI?BOP >KA  ? (CQEBK@BOQFRERSEERI?BGP
TE>@GREBIBO@BK@BOQFRRS®E@ 6EF@EP> JLOBIB>KFKDCRNV QIBUMORBFEB@ @RAQEBPB
QTL KRJ?BOP PFDKFCF@>KQ CFDROBP LO MBO@BKQ RK@BOQ>FKQFBP

> (CVLRPMBBALJBEBE>K RK@BOQARKQVHJ E >Q> PMBBEC  HJ E TE>QFPQEBIBO@BKQ
RK@BOQ>FK(CF @>FQEB>JBMBO@BK@BOQIESRN@B>AP HJ E TE>GREB>KOEPMBBAER
@LRIA ?B DLFKD

>  MBOPPERILLAMOBPPREIB>PROEA?B d JJ 'D 6E>QFFFQRBO@BK@BOQ>FKQY
PPRIFKIDEB>JBMBO@RBK@BOQ>AKGFROERK @BOQFHEQN.LAMOBPPB®HPROBIBKY  JJ
D

MBOPIE>PROBPPCEBEB>WR QR @LRKQEEBRI?BOC?B>GK P (C d ?B>QROBLRKQBA
FK d P TE>QFP QEB EB>0Q 0>QB >KA FQP RK@BOQ>FKQV FK ?B>QP MBO JFKRQB

6E>Q FP QEB >OB>LC > @FO@IB  @J FK AF>JBQBO

(C > J>0>QELK ORKKBO >SBO>DBP JFE ELT ILKD ALBP FQ Q>HB EFJLOEBO QLORK 3  JF J>O
J>O>QEIORKKBRIMIBQBP HJ @LRORBE JFK >KA P 3EBOBP-KRK@BOQ:EKQV

J FKQEBFPQ>IQ®B SBIBEA>-KRK@BOQRK@FKQEBI>MPE}JIB> ">I@RI>QERBO@BK@BOQ>FKQV

FKQEBFPQ>K@B>|@RI>QERK@BOQFKIEBI>MPENJB@ 6E>QFFQEBSBO>PBIBEAIBQBOFBO
PB@LKA A 6E>Q FP QEB RK@BOQ>FKQV FK QEB >SBO>DB PMBBA
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3EBPFARR>PJ>IIOB@Q>KDRMBB>PROBAB d @ d @J>KA d @J
ILKD ">I@RI>QB FQP SLIRJB >KA RK@BOQ>FKQV FK @R?F@ @BKQFJBQBOP

6EBKKLK JBQCRIGF-QBORPBAKQEBKFQBRKDALJ > RKAGI>PP@>IIBREBING= F:LLI?J T>P
BJMILVBAEBOBI?J HD > (CQEBBB-KRK@BOQEFEKQV HOFKQEBILRKA J>AEKFDE>@P
FORBO @RK@BOQ>FKQPBALK QENBO @RKQ@BOQSFEQIAPPFKMLRKA J>ABP-KRK@BOQEKQV
HD TEBK @LKSBOQBA QL HFILDO>JP

3EBIBKDQ&ATFAQEC> OB@Q>KIRIED-OBB>PROEA?B d J>KA  d J
">|@RI>QB QEB >0B> LC QEB OLLJ >KA FQP RK@BOQ>FKQV FK PNR>0OB JBQBOP

@>BXKDFKBSBP>MFPQLRQE @QFO@BISOPB@QECK  d @JAF>JBQBAFPQ>K@B
d @JQL@LIMOBPEB>HFKQERBVIFKABOV TE>QJILRKEGRQEB>FAB@OB>FKHAIRIBFK@R?F@
@BKQFJBQBOP ? %FKA QEB RK@BOQ>FKQV FK QEFP SLIRJB

;>BBOAH

799KH790

QEB ABDOBB QL TEF@E > JB>PROB S>IRB >DOBBP TFQE QEB @LOOB@Q S>IRB CLO QE>(
C;J>E: E< 7::?D=F;l9;DJI

QEB MBO@BKQ RK@BOQ>FKQV FK > NR>KQFQV @>I@RI>QBA ?V JRIQFMIF@>QFLK LO AF

MBO@BKQ RK@BOQ>FKQFBP FK QEB FQBJP RPBA QL J>HB QEB @>I@RI>QFLK
F;H3;DJ KD9;HJ7?DJO

QEB O>QFL LC QEB RK@BOQ>FKQV LC > JB>PROBJBKQ QL QEB JB>PROB S>IRB BUMOBP
FHO?I?ED

QEB ABDOBB QL TEF@E OBMB>QBA JB>PROBJBKQP >DOBB TFQE B>@E LQEBO
1?7=D?<?97DJ <P=KH

BUMOBPP QEB MOB@FPFLK LC > JB>PROFKD QLLI RPBA QL JB>PROB > S>IRB
KD9;HJ7?DJO

> NR>KQFQ>QFSB JB>PROB LC ELT JR@E VLRO JB>PROBA S>IRBP ABSF>QB COLJ > PQ>K

S>IRB

>;9A 2 EKH .D:;;HIJ7D:?D=

-L QEB RK@BOQ>FKQV FK QEB PQLMT>Q @B

7>688 ?BQTBBK QEB PMOFKQ QFJBP

>;9A 2 EKH .D:;;HIJ7D:?D=

> QEB WBOLP FK QEFP KRJ?BO >0B MI>@BHBBMBOP QE>Q FKAF@>QB QEB AB@FJ>I MLFKQ

?  EBOREBVBOERAF@SBBOIB>PROBJIBKSPJI>ABQLQEB AB@FJMLFKPLQEBVBOL®B
PFDKFCF@>KQ
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@ QEB S>IRBPFDKFCFBP QEB AB@FJ>I MI>@B KLQ QEB KRJ?BO LC JB>PROBA S>IRBF
A QEB CFK>| WBOL FKAF@>QBP QE>Q > JB>PROBJBKQ T>P J>AB QL QEB  AB@FJ>I M
B >KV WBOLP IL@>QBA FK ?BQTBBK PFDKFCF@>KQ CFDROBP FK > KRJ?BO >OB >IPL F
>:9A 2 EKH .D:;HIJ7D:?D=

> MLRKAB@>RREERRJ?BQC?>DFP-KBU>@SIRE-GAK L@ LKPFABBBEABFDKFCREFENDE
? - IB@>RREEB>IRB HDE>RKIVQTLPFDKFCFEFBRDBEBFKS>IRBRPQIPL@LKQXFKL
PFDKFCF@>KQ CFDROBP

JHE8B;CI N;H 971l

LFKQ PLF
FDKFCF@:



>>@= F7;/B7=<

a ,>HB OB>PLK>?IB >MMOLUFJ>QFLKP ?>PBA LK DFSBK A>Q>

K J>KV L@@>PFINPVPF @ EREBP@ FBKQFRABK DFK BBMBAQLI>HB 7FFHEN?C7J?EDD
kDRBPPQFJ>QB®! M>0QF GNR>RQFEEAQFPQERFPQ>K@B @BOQABRQFK>QFEKQFPQEB
>MMOLUFJABRPFQY> DFSBRQBJ ?LRQELT I>0B> @ROOBRIQQEB(B FK> @FO@ RKY
>MMOLUF JRE?BOFOB>PBAK CLOJRISEKT EF @EEBKMRR>KQFOBBK L TKLKIVQL> IFJFQBA
>@@ROFAVYLRABSBILMOL?IBJ PLISAREFIIDE>@>RB>MMIFBA> S>OFBW@CFBIAFEOLRDE
PQRAVMEVPF@PRTFII>IPLABSBILRHFIFRMMOLUFJ>@ERT FII ABSBILYIEBFBIFIQEOLRDE
QEFKHRKDBNR>KQFQ>QFSSIV ?BFKDFIIFKDLQ>HBFPHP TFQEKVBKAB>SLEUMBOFBK@B
EBIMP-PTBII >PC>JFIF>OFYRKFEBPBMMOLUFJ>QALKFRPQLORIBR@BOQPEBK>QR P
RKOB>IFREBEBOMMOLUFJ>QRHREIILT RPQL@E>IIBKDBEBORADRFABPFKLRG-MMOL>@EBP
QL LRO P@FBKQFCF@ TLOIA +BQ RP AL QTL BU>JMIBP QL FIIRPQO>QB QEFP @LK@BMQ

G0<?;4 ??A> G8<0C4 C74 4867C >50 D8;38=6

">K VLR>MMOLUFJEBBFDEQ KBLOQEBRFIAFKDRVLR@>IJMREOFKVLRB®BFDE?LOELLA
+B@RPI>HB>K>MMOLUFJ>QFPERMLIQEBBFDEQ> MBOPLK QEFRJ>IMIF B TFII@>| @RIGEB
EBFDEQLC> PQLOV ?RFIAFKD

JH73;=0

3EFKH?LRQEBSBO>BBFDEQ-K>ARIQ>IB 6 B@>KMMOLUFJOEBBFDEQQEBRFIAFRD
P@>IFKD RM COLJ QEB EBFDEQ LC > MBOPLK

,EBKJ?ED

I>PBALK FKCLOJ>QFKBEBU>JMIBTB HKLTQEBOBB PQLOFBREBRFIAFKITB RPE)EB
C>@E>QEBBFDEQLKBPQLE?MMOLUFJ>BERAQL>?LRQEBKDQEQTL>ARIERI>KPB>@E
ERJ>K FP >?LRQ J Q>ll QEBK TB @>K BPQFJ>QB QEB QLQ>I EBFDEQ LC QEB ?RFIAFKD|QL 7B

?19KII?ED

8LR@>RPBIKLTKNR>KQF QEEBQBOJSKEMMOLUF DB ROBJIBKIRKHKL TKR>KQFQEBP
VLR@>KAIB>PROBP @J>@OLERT J>KV E>KABKDQBRR>QEBFAQECVLR@BPHEE>QLQEBO
JB>PROBJBKQP @>K VLR >MMOLUFJ>QB ?BPFABP IBKDQE
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G0<?;4 7??A> G8<0C8=®BC #D<14AB AB;;8>= >;;,0AB

75B?3  ;:GD LM:<D <HGM:BGL HG>ANGHEEL :G=BL
PHKMA $HP F:GR ;:GD LM:<DL F:D> NI : MKBEEBHG =HEE:KL
<k=BM G=K):@BEE

3EB42 CBABOMICF@®RQEB CFP@HE>T>P> IFQUBB>QE>K QOFIIFIPQ LCRP
ALKLE>SB-KVA@LK@BKIELT JR@BSBKKBQOFIIF®QR>AR2RMMLREESQ RTBOBFSBK
QOFIIAKI>ORK  ?FIICVLRI>AB ?FIl PQ>@HPRPBAEBDIBSBKI@LSBTLLQ?EFBIA
?BQTBBBEBKANLKBR>HB>K>MMOLUFJ>QEEKT EFDBEBLKBVMFIBLRIA?B@LJB6 BTFII
RPECBEK@EBPQERE>KBQB@EBOBB@>REBLQ?>UFBIABB>PROBAV>0APKB LCVLRO
COFBKAP P>VP FK TEFIB >KLQEBO P>VP CQ 6E>Q AL VLR QEFKH

JH7J;=0

6EBK VLRFJ>DFKBEBFQR>QFLRMOL?>?BKSFPFQELRP>KHAPJI>II PQ>@HP TO>MMBA
?FIIPPR@PVLRIFDEOBEKILSFBRO-Q 7>KH2FK @EEF>KB>PV QL >MMOLU¥R>RBFQV
IBRFPQ>QEBGEB @>KFKAEBLIRIJBLC> PQ>@E  ?FIIPCFKERELT J>KV PQ>@HPBRM
LKBQOFIIFAIKI>OPKAQEBRBQEFSLIRIBBNR>QLOEBOBECQEBLLQ?IFBIIRIQFMIFBAQEB
RKHKLTK EBFDEQ

,EBKJ?ED

">|@RI>QEBLIRIBLC>PQ>@E  ?FIIP3EBAFJBKPFLIKE PFKDREI>OBMMOLUFJ>QBIV
FK 2V FK PQ>@HLC LC QEBPBFP>?LRQ FK QEF@H 2L QEB QLQ>I SLIRIBLC >P

">|@RI>QEERI?BQCPQ>@HPBQE>QQOFIIFAI>OPBNRQL T SKA> PQ>@E
LKB ERKAOBA  ?FIIP FP BNR>I QL LO r 3EB KRJ?BO LC PQ>@HP VLR TFIl E>SB FP

">|@RI>QEBOBLC> CLLQ?:SFBRAPNR>BGR@EBEB>0BLC> CLLQ?EGFBRP  VAr
VATEF@EFSBP VA !B@>RPB >0OBLOHFHBEK @EBB KBBOLALKSBNR>OBOAPPNR>0B
FK@EBP

Q>@H LC
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3EFROLKSBOFAPERBRP r  FK CL@QEBOBECQEEBFBIALQBQESTB >OMRPFKIKIVLKB
PFDKFCF@>KQ CFDROB FK QEBPB @>I@RI>QFLKP

">|I@RI>QB QEB QLQ>I SLIRJB LC QEB ?FIIP 3EB SLIRIJBLC >l QEB  ?FIl PQ>@HP FH
FK PQ>@Hr PQ>@HP r FK

">|@RI>QB QEB EBEDERRBOJFKB QEB EBFDEQ LC QEB ?FIIP RPB QEB BNR>QFLK

3EB EBFDEQ LC QEB JLKBV TFIl ?B >?LRQ FK@EBP EFDE "LKSBOQFKD QEFP S>IRB QL CBBQ DI

?19KII?ED

3EBCFK3IMMOLUFJSORBRIR@EFDERIE>KEB>0IBPQFJ>QUB FK ?RWEBQEERD-OIV
BPQFJS@B CQ FK T>POLRDE®LOOB@QAFAEBMMOLUFI>QBERRABVOLVLRGFOPQ

DRBPBE>Q@>IQERRUBO @FBHLRFKQBOJECOLRDEDRBPPQFJ>SBOPRP>OBCRIM@RI>QBA
>MMOLUFJ>QFLKP

6319. =C@ +<23@AB/<27<5

APFKDBKQ>I>QE>KAVLRGRKABOPQ>KIAEBRKA>JBKEKFQMMOLUFJISEBOBEC> OBDRI>QALK
?2>PHBQ?>Il @LROQ #BP@OF?B QEB MOL@BPP VLR RPBA QL >O0FSB >Q VLRO CFK>| >MMOLUFJ>QFL

)C:i/@G

2@FBKQFPQP LCQBK >MMOLUFJ>QB QEB S>IRBP LC NR>KQFQFBP QL MBOCLOJ @>I@RI>QFL

&@=0:3;A F3@17A3A

LT J>KV EB>0Q?B>QP >OB QEBOB FK > [FCBQFJB
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DBKBO>@H:RLRQKB QERMA IFCBQFIBMOLUFJ>QBIY J>KV DBKBO>QELISE/>P P BA K @EB
VB>O #

LT J>KV QFJBRKDBQE>REBB>K IFCBC>KBUQOBJBRKPQ>BLIFER@I|BRROEEFCBQAIG>
ERJ>K 'FKQ 3EB IFCBQFJB LC >K RKPQ>?IB >QLIF@ KR@IBRP FP PR@ERARABO LC

">|@RI>QEBMMOLUF$REBQC>QLIFK> 2>@QBOARIRIBQEQEBSBO>DEPPLC-K>QLIKQEB
2>@QBOFRIBRFJBOEB>PPLC> EVAOLDBRLJ 'FKQ 3EBJ>PPLC> EVAOLDBRLIJFRK QEBROART
HD >KA QEB J>PP LC > ?>@QBOFRJ FP LK QEBIDOABO LC

75B?3 OABL <HEIBA:G<>= IAHMH LAHPL /:EFHG>EE:
MRIABFNKBNE KMM:<DBG@ ANF:G <>EEL 0A>L> ;:<M>KB:

‘K> <HFFHGER DGHPG ?HK <:NLBG@ ?HH=HKG> BEEG>LL :G
RHN >LMBF:M> MA> GNF;>K H? :MHFL BG >:<A ;:<M>KBNF
<k=BM .H<DR )HNGM:BG (;;HK:MHKB>L *% % *%$

MMOLUFJ>QBLY J>KV>QLJIMEF @R @BIBJ?0>KB>PPRIFKI >QLIREBSSBO>DB_ RQTF @EB
PFWB LC > EVAOLDBK >QLJ

> BE>Q CO>@QFLK LP AFOIEFBO FP QEB DOB>QBPQ L@B>K ABMQE ? 3EB DOB>QBPQ

> ">|@RI>QEERI?BQC@BIIPK> ERJIJFKD?FORPRJIFKEEB>PPLC>K>SBO> @B FROBKFJBOEB
J>PP LC > ?>@QBOFRJ ? ,>HFKD QEB P>JB >PPRIMQFLK ELT J>KV @BIIP >OB QEBOB FK >

PPRIFKRDKBEKBOSEMRIPERP@KABCLOBLQEBSRBDFRE>FREB>UFJRJ CFORBEQE>KBOSE
FK FIMRIPBP MBO PB@LKA

JLRKQ>FK

ERJ>K

;>BBOAH

7TFFHEN?C7J?ED
>K BPQFJ>QBA S>IRB ?>PBA LK MOFLO BUMBOFBK@B >KA OB>PLKFKD
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>,9A 2 EKH .D:;HIJ7D:?D=

QEB IBKDQE >KA >?LRQ QL @LSBO QEB TFAQE 3E>Q DFSBP >K >MMOLUFJ>QB >OB> LC
)HESB;CI N;H 921
2>JMIB >KPTBO U EB>0Q?EEFK >SBO>DB ERJ>K IFCBQFJB FP Q>HBK QL ?B >?LRQ
2>JMIB >KPTBO U FC >K >SBO>DB ERJ>K IFCBQFJB FP Q>HBK QL ?B >?LRQ VB>OP
2>JMIB >KPTBO  >QLJP
2>JMIB >KPTBOP > @BIIP ERJJFKD?FDA  @BIIP ERJI>K

K >SBO>DHB FR-?LRQTLIBQBAPI(QTLRIAQ>HEMMOLUFJ>QBIBK I>FA RGKAQIBKAQL@LSBO

VB>0OP



<B@=2C1B7=<B=#3/AC@3;3<B757</::G 4@=; %>3<)B/F =::353
63;7AB@G AB /</27/< 27B7=<



#>Q>PRDDBRE=Q)>IB @EFWFIITBFDE  LCEFPARIDBFDE»?LRQ VB>QR>DB'LTBSBO
EBTFIIOB>@E LCEFPARIEBFDEQKIV VB>QR>DB(QFR.?SFLRPEBIQEAMBLMBSBKQR>IIV
PQLBIOL TFKEM?RQ@LKQFIKRBOL TLRQ¥>Q>>|PLPRDDBEE-QEBSBO>ERJ>KEBFDESP?BBK
FK@OB>PSRQFJIEK FKARPQOF-@\REAGFEBSBO>EBFDEQVBLMEK @OB>PBRK @ EBBL.J

QL ,LPQP@FBKGERIFIEGEF IMIR>PF®B>PROBJBKIDEBRI>K?LAVQI?BQEED IQE
>KA KRQOFQFLK

75B?3 /M:MNIKRHK®> I>K>GMBE>L HRL MH R>:K&>/HNK
A:KM <HNKM>LR H? >GM>KL ?HK BHELSHEMGMBHG
AMMI PPR=< @HO G<AL GA:G>L AMF />M

(K >K FO">K>A>>FOMISEBAQLI>HB>KBIBOBK @%KAFKTB@>RPEKBUMB@ QBAIRQC
CRBDOLRKWBOPLKEBICFIIBAEBRB)>KHFEQE @BOQRI?BOQOMLRKARCRBKLGIFILDO>1E
CRB(K QER-OP"IFJ>QBO?FQBOI>@B @SPICPOQQBIMANKD?FEDP?B@>REBBEORPQBOP
TBOBIOLDO>JJBAQBOIRSKDIFPREKFBSBIQEL RIFEBKDFKBBRPIQEBM>@B GRPFEIBQOF@
RKFQR > KROREBPQ>HBKAJFKFPQBOBRKFQPILOMEFKR> M>QF EKQEBE>RER | |
RKFQFOBP @ O BERWI>QFBNQF J>QBIROSFSBEBPBK @ FARK® ROZEED>RFBLMEB3OBRN
M>VFKD >QQBKQFLK QL NR>KQFQFBP

JEVPF@RA@EBJFPQAMBI| P@FBK @BRIR>KQF Q>QESEB>IFFQEN: GMBMBEEKQEE>SB
>JLRKQPKARKFQFB>IFKTFQER>KQF GFEBOWIMLOQ:FK@ EBJFPORAMEVPF @FFOBI>QFKD


http://opentextbc.ca/introductorychemistry/wp-content/uploads/sites/17/2014/09/Stature-Percentile.png
http://opentextbc.ca/introductorychemistry/wp-content/uploads/sites/17/2014/09/Stature-Percentile.png
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NR>KQF QEBRAIEEB® QERRE>MQBA FIIAFP@ERF TB AB>TFQERJ?BOFKARKF QK @IRAFKD
ELT QEBV >0B @LJ?FKBA >KA J>KFMRI>QBA
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"3/@<7<5 %083187D

+B>0OK QL BUMOBPP KRJ?BOP MOLMBOIV

OR>KQFQESR) TIM>OQEERJI?BOKAQERKFGEBKRI?BQBIIKELT J>KVI (FFFEIMLOQXKEB
>?1B QL BUMOBPP KRJ?BOP MOLMBOIV PL QE>Q QEB NR>KQFQFBP @>K ?B @LJIRKF@>QBA |

2Q>KA>E®AQ>QFRERQO>FDEQCIRMMOBPRILKKRI?BORI?BOPPR@EP >KA
>OBUMOBPPRRAQ>KASA>QFUH GBI>QFSBIVII KRI?BOPQ>KASKIA>QMFFCFKB
'LTBSBOCLSBOMDBEKRI?BOPR@P LQCLSBORJ>IIKRIJ?BOPR@P

PQ>KAYQA>QRKRB@RJI?BOPLIB@>REBYERRJ?BQCNVBOKBBABAMI>@& KWBRRI?BOP
FK QEB MOLMBO MLPFQFLK

2@FBKQRCF@ABKBUMOBPREEKRI?BRPFKALTBAR.  /LTBORC >ORPBBIBUMOBPP
KRJ?BOP QE>Q E>SB J>KV WBOLP

>KAPLCLOGEEBO>FPERJ?BMLQE®FDEQQEB FKAF@>QEHERJI?BACC>@QLOP FKQEB

LOFDFHKRJ?BGPQEBUMLKBKIR FBKQRCOEDFARLIBQFJBR®>IIBAQIHG>GME:H/1:MBI3EB

BUMLKBRORIRB FP BNR>I QL QEB KRJ?BO LC WBOLP FK QEB KRJ?BO BUMOBPPBA FK PQ>KA>
23>l KRJ?BOP @>K >IPL ?B BUMOBPPBA FK P@FBKQFCF@ KLQ>QFLK ?RQ TFQE KBD>QFSB

>KAPLCLOQBE>FK QEB>IRBOQEBUMLKBR®BNR>QIQEERJI?BQONBOERQEBBKLIFK>QIGREB
>PPL@F>QBA CO>@QFLK KBD>QFSB BUMLKBKQ FIMIFBP > AB@FJ> KRIJ?BO IBPP QE>K LKE
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KRJ?BEBUMOBPPE?@ FBK QECS@ P OF QRIBE FORXWBGEDRQEBKAB@FIMLFKQ
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.QEB@LRKQ@FEDEEBIPFRP@>IBLBSBOVAMROMLFHEBOBCLCEBKAF>IPKQEBABQ@EBKP
>0B>0OHBARKABDOBBFPFRIQ@>RB@LKCRPEK®? @LLHPIRPBSBKP?0L>Aj> % LSBKEK
QEBKFQRA>QBBNRFS>IBLY " LSBHK.QERDLRKQCHEEPB>VRI>KVLSBIQEBOJILIBQBOP
>OB J>OHBA TFQE ?LQE QBJMBO>QROB P@>IBP

( 1 3G ¥9 3/ E/ GA 1

a "EBJFPQOV RPBP QEB "BIPFRP >KA *BISFK P@>IBP QL BUMOBPP QBJMBO>QROBH
a QBJMBO>QROB LK QEB *BISFK P@>IB FP QEB "BIPFRP QBIJMBO>QROB MIRP

a 3EB JFKFJRJ MLPPF?IB QBJMBO>QROB FP >?PLIRQB WBOL >KA FP >PPFDKBA * LK QEB *BIS
a #BKPFQV OBI>QBP > PRZPOPK@BISLIRIB
a #BKPFQV @>K ?B RPBA QL @>I@RI>QB SLIRJB COLJ > DFSBK J>PP LO J>PP COLJ » DFSBK Sl

&@=0:3;A F3@17A3A

/BOCLOJ QEB CLIILTFKD @LKSBOPFLKP

> % QIABDOBBFPFRP q _% QIABDOBBFPFRR® " QIABDOBBPEOBKEBFQ "
QL ABDOBBP %>EOBKEBFQ

/BOCLOJ QEB CLIILTFKD @LKSBOPFLKP
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> _"  QLABDOBBPEOBKEBFQ _" QLABDOBBPEOBKEBFQ _% QLABDOBHEPMPFRRA
_% QL ABDOBBP "BIPFRP

/BOCLOJ QEB CLIILTFKD @LKSBOPFLKP

> _"QLHBISFKP ?q _"QLHBISFKP @ * QL ABDOBBP "BIPFRP AQL ABDOBBP "BIPFRP

/BOCLOJ QEB CLIILTFKD @LKSBOPFLKP

> * QIABDOBBRPFRP * QIABDOBBIPFR® _" OQIHBISFKRP q _" QIHBISFKP

"LKSBOQ * QL ABDOBBP "BIPFRP 6E>Q FP QEB PFDKFCF@>K@B LC QEB QBJMBO>QROB FK ABDOE

"LKSBOQ * QL ABDOBBP %>EOBKEBFQ 6E>Q FP QEB PFDKFCF@>K@B LC QEB QBIJMBO

3EBELQQEMBIMBO>@SBBB@LOMBAEBROCI@BEB>0QEP % FK+F?VFK  6E>QFRQEB
QBJMBO>QROB FK ABDOBBP "BIPFRP >KA FK HBISFKP

3EB@LIABRBIMBO>ERBBB@LORBAEBRROCK@BEB>0QEPq % FKSLPQLHKQ>0@QR@
6E>Q FP QEB QBJMBO>QROB FK ABDOBBP "BIPFRP >KA FK HBISFKP

&FSB >Q IB>PQ QEOBB MLPPF?IB RKFQP CLO ABKPFQV
6E>Q >OB QEB RKFQP TEBK ABKPFQV FP FKSBOQBA &FSB QEOBB BU>JMIBP
P>JMIB LC FOLK E>P > SLIRIJBLC  683Q FP FQP J>PP
P>JMIB LC >FO E>P > SLIRJBLC  J+ 6E>Q FP FQP J>PP
3EBSLIRJBLCEVAOLDBRBAY QEBBG=>G;BQERBOJ>K-FOPEPEHEUMILABA-BT )BOPEK
T>P r  + (CEVAOLDBKE>PABKPA@/ D+ TE>Q>PPLCEVAOLDBKPRPBAVQEB
>FOPEFM

3EBSLIRIBLCK.IVIMF@ PFVWPBRIIJFKIMLLFP @J (CQEBILLFFCFIIBRFQEBI@LELF
D@J TE>QJ>PPLC>I@LELIFP FK QEB MLLI

QVMF@>| BKD>DBJBKQ OFKD E*R DL@J 6E>Q J>PP LC DLIA FP MOBPBKQ

QVMF@BO@RQEBOJLIBIB® J+ LCIBO@RGKFQ6E>QJI>PPLCIBO@RGRFKQEB
QEBOJLIBQBO

6E>Q FP QEB SLIRJBLC D LC IB>A FC IB>A E>P > ABK@RQV LC
6E>Q FP QEBSLIRJBLC D LC RO>KFRJ FC RO>KFRJE>P > ABKPFQVLC D @J
6E>Q FP QEB SLIRJB FK IFQBOP LC D LC KBLK FC KBLK E>P > ABKPFQVLC D+

6E>QFRQEBLIRJIBFKFQBOP DLCPRICEBU>CIRLOFRBICEBU>CIRLGEABABKP R
D+

6EF@E E>P QEB DOB>QBO SLIRJB BLCBO@K LO DLCDLIA D@J

>QROB FK |,

\/
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6EF@E>REBOB>@BIRJIB DLCEVAOLDBKP=
D @J

D@J LO DLCOLKD>P=

>,9A 2 EKH .D:;HIJ7D:?D=

q n

%

>;9A 2 EKH .D:;;HIJ7D:?D=

*

>;9A 2 EKH .D:;;HIJ7D:?D=
D

>;9A 2 EKH .D:;;HIJ7D:?D=

@J

JHES8B;Cl N;H 97l
> "? q _"@ %A g %
> * P *@ q _"A "

g _" 3EFP FP QEB ILTBPQ MLPPF?IB QBJMBO>QROB FK ABDOBBP "BIPFRP
n *

DJ+ D+ >KAHD + >KPTBOP TFIl S>0V
D

r D
D
@J

+

3EB

D LC FOLK E>P QEB DOB>QBO SLIRJB
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"3/@<7<5 %08318XD

+B>0K QEB RKFQP QE>Q DL TFQE S>OFLRP NR>KQFQFBP
$UMOBPP RKFQP RPFKD QEBFO >??0BSF>QFLKP
,>HB KBT RKFQP ?V @LJ?FKFKD KRIJBOF@>I MOBCFUBP TFQE RKFQP

KRJ?BEKAF@KERP JR@E PRMERKFEKAF@KRBPE>Q BEBKLCTE>QFFFIMLOQIIEBK
@LIIRKF@>QRD>KQPQ\B U>IMIBF-/LRTBORL>PH COFBRIAT @ILPA.R>ORL+>HBSOFBKA
VLRGOFBRA/RPFUQEBK.RCOFBRPKDFSFKDRALIMIBEBCLOJ>QEEKPA:M 2FUFIBP 2FU
FK@EBP 2FU @FQV ?IL@HP 3EB >@QR>I AFPQ>K@B QL QEB I>HB ABMBKAP LK TE>Q RKFQP

"EBJFPQONHBLPP @FBK @BBREKQBOK>QRMROBICAKFQP2( CLOELOGEBIBQQBBP
PQ>KZLQEBOBK @E2VPQ\JBKQBOK>QRIIRKFQ[R( PMB@ FEFRFRKRQRS>0OFLRWMBE
NR>KQF@FBBAKPBSBBRKA>IBKRKFQPS>0FLRR>KQFGFBFFIIRPBLPQ GQEBRKA>JBKQ>|
RKFGR@EBJFPQKRQF>MB TFIIAB>TFQBDEOBRKA>IBKAKF@FEBIBQBO FROER( RKAXT
IBKDQEFP> IFQQLEDBQE>KV>0ABBsFDROBK3EB,BQBOI 3EB2( RKAI>PPFREBFILDO>]

HD TEF@E FP>?LRQ MLRKAP [? 3EB 2(RKFQ LC QFJB FP QEB PB@LKA P
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3EB 2( PQ>KA>0A RKFQ LC IBKDQEFQEBQR(BILKDBO QE>K > V>0A

3L BUMOBRR>KQRQRBBAL@LI?FKEKRI?BOFQERKF(@VLRE>SE IBKDQEEFRP J QEBK
VLRBUMOREFBIBKDQEPFIMIV J  QFJBC P@>RBBUMOBPFBA r  PFKP@FBKQFCF@
KLQ>QFLK

2L JBQFJBP DF SBRK K LG K>MMOLMGHVGES >PFBUMOBMNR>KQB@Q\BU>IMIB)EBFAQE
LC> ERI>KE>FBEFSBORJ>II >KAF@LBPKI>HBJR@PBKPBLBUMOBRFKIBQBOK >IPLABCFKBP
> PBOFBEKRJBOF @9 BCFQBROBCBIRIQFMIBECO>@QECKERKA>JBK@KFQLI>HB> RKFQ
JLOB@LKSBKFBREINBASPMB@REE@QBIVIB  k.RIQFMIF@>QIESH UBRY( 4KFQRFPQFEB
MOBCFQEBFZ?OBSF>QBKAREBFRIQFMIF @ S/BBLOF LOQEBIOBCFER@PHFIL JBD>
>KADFD>0BMOBRBRBQE>KKBLOQEBRKA>JBK@KFOEFIR. QEBIDBCF BB @ BKQIFIIF
>KAJF@OLOBMOBREX@® QFIBPBOFDFRKFQ QB QLLQEX® @ED>FKB >ORPFKALTBAR
$>@E MOBCFU FP > JRIQFMIB LC LO CO>@QFLK LC > MLTBO LC

3>?IB  ,RIQFMIF@>QFSB /OBCFUBP CLO 2( 4KFQP



% .( DBC><)4GC1>>:

)H;<?N 88H;L?7J?ED &KBJ?FB?97J?L; CEKDJ
DFD> & r

JBD> , r

HFIL H r

AB@F A r

@BKQF @ r

JHIIF J r

JF@OL ‘ r

K>KL K r

MF@L M r

-=>; B;JJ;H U?1J>; H;AB;JJ;H BEMIAI, ;GK?L7B;DJ JE 7D C 7D: ?1 97BB;: YCKEZDEKD?Y;: YCOEEZ

3L RPBEBO>@ QBIIKBOKBBRKFJFEIMI@LI?FKBEBIOBARQBERKARDPBYEE??0BSF>QFLK
CLQERBTRKARER LJ?FK>QEQREB??0BSF>QEQEBOBCGRKLQEB??0BSF>QBERERKFGLO
BU>JMIB)EBIFILJBQBO FP  r JBQBQO  J 3ERP HFILJBQBOPJ FRBNR>QL
J 2FJFI>OI¥JFIIFPB@LBR FP r PB@LKALKB QELRP>HASPB@LIIERP JP FP
QELRP>KA@EPB@LKA RTFIIKBBA?B@LIBIOLCF @HEHNQ?FKFKIDBCFLHERKFQBLRI>V
OB@L DKBREX B O_R@RKA>IBKQKFQAPEBFILDO>3IRQLI>QF @R MOBCFU @KBRFK>QFLK
QEB HFILDO>J 3EB DBEN@BESKP D

(K >AAFQRRIQEBRKA>JBK@KFQE >IPL>IILTPCLABOFSBKFQPPBAK > CRKA>JBKBKFQ
LORKFQBEBOBOB>KV ABOFSRAFQPBAKP @ FBK@GBBU>IMIBYEBBOFSRKFQLOOB@LIBP
COLDEBABOE>QBSRBCFKBA FAQEFJBEBFDER@>RPRQEFAQEK AEBFDEQEBKDQEFEBY
2LQE>SER)EBRKA>JBKAKAIBQBOLQERKAQ>0OBFRIBQBO JBQBQQAIBQBOJ  3EFFFP
PLIBQFJBRMLHBHRKPNR>0BQBOP |RKFFQE MOBG®BYKIPL?BRPBAIABOFSBKFGLOOBPL
TB @>K >IPL E>SB@J LO HJ>P >@@BMQ>?IB RKFQP CLO >OB>

5LIRJB FRABCFKBRIBKDQEFJBPFAQBFJBEBFDHER FE>FRKFQRJIBQBO JBQBO JBQBLOD
JBQBQJ  PLJBQFJBRVLHB#K@R?BEBDBORBEB@R?BEQBPR O>QEBOBRKFELTBSBOL
>KLQEBBFER\BCFKBERJPLIBTE>QLOBI>K>DB>?IREFQBO  IFQB® QE LC> @R?F@
JBQBEKAFP IFQQIBOBQE>KNR>®&ELIRJIB PBBFDROBK3EB+FQBOIOBCFUBBKIPL?BRPBA
TFQE QEB IFQBO RKFQ PL TB @>K PMB>H LC JFIIFIFQBOP  QE LC > IFQBO J+ >KA HFILIFQ
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3EB 2( RKFQ LC SLIRJB QHEBPIPFBEQDBOME>K NR>0Q

KLQEBSBCFKFQE:LHQEA KB QBKIE JBQB@R?BIB@>RREB QBKAE JBQBEP @J QEBK
IFQBE@BNRL  @J %FDROBK3ER2FWEC +FQBOB@>RPB- BNR>IP  J+ TB@LK@IRAB
QE>Q J+BNR>IP @ERP QEBPB RKFQP >0B FKQBO@E>KDB>?IB

75B?3 0A>/BS>H? (BM>K

KB IFQBO BNR>IP @l @JFPQEBP>JB>P J+


http://opentextbc.ca/introductorychemistry/wp-content/uploads/sites/17/2014/09/Size-of-a-Liter.png
http://opentextbc.ca/introductorychemistry/wp-content/uploads/sites/17/2014/09/Size-of-a-Liter.png

% .( DBC><)4GC1>>:

AKFQRLQKIV>0OBRIQFMIFBLDBQEPRQIPL@>RBAFSFABALBU>IMIF&LR>0BO>SBISKIKB
JBQBOLBSBORB@LKAQFJIBI>MPBALRGBIL@APV JBQBUBOB@LKLO J P 3EBTLOA>K
FIMIFBYESFPAREKSBIL @ FRABQBOJFRBAF SFARKAFPQ> K@ BKQRQYQFIBIR>KQFQEBAKFQP
CLSBIL@ )@ IRABILIBQBIBBELRAHJ E LCBSBHF@OLIBQRBR>KLPB@LHAKP +>QBTB
TFIl PBB LQEBO ABOFSBA RKFQP QE>Q @>K ?B BUMOBPPBA >P CO>@QFLKP

G0<?;4

ERJ>K E>FO E>P > AF>JBQBO LC >?LRQ 2RDDBPQ >K >MMOLMOF>QB RKFQ ¢LO QEFP
JB>PROBJBKQ >KA TOFQB QEB AF>JBQBO LC > ERJ>K E>FO FK QBOJP LC QE>Q RKFQ

6E>Q FP QEB SBIL@FQVLC > @>0FCFQDLBP JFK P

2LIRQFLK

3EB P@FBKQFCF@ KL GFQBIKPB GL TEF@E ABCFKBP QEB JF@OL MOBCFU +BQ RP RPB
JF@OLJIBQBOP >P QEB RKFQ CLOIEERRREBQB0OY @>K ?B TOFQQBK >P r
9 >KA>JF@OLJIBQB& BPPL QEB AF>JBQBO LC > ERJ>K E>SFO FP >?LRQ  *J

(C SBIL@FQV FP ABCFKBA >P > AFPQ>K@B NR>KQFQV ARSEBR /A B @GRIBARFKQFQV
JBOBOP PB@LKAP #FSFAFKD QEB KRJ?BOP DFSBP RP >KA AFSFAFKD QEB RKF
DFSBP RP JBQBOP PB@LKA LOJP 3EBSBIL@FQVFP JP

6319 . =C@ +<23@AB/<27<5

$UMOBPP QEB SLIRJB LC >K .IVIMF@ PFWBA PTFJJFKD MLLI + FK JLOB >MMOLMOF>QE
@LJILK D>OABK PK>FI JLSBP >?LRQ JFK JFK 6E>Q FP FQP SBIL@FQV FK JBQBOP MBO.
JJFK

{ 1 3G ¥9 3/ E/ GA w

a -RJ?BOP QBII KELT JR@E | >KA RKFQP QBII kLC TE>Q |
a "EBJFPQOV RPBP > PBQ LC CRKA>JBKQ>I RKFQP >KA ABOFSBA RKFQP COLJ 2( RKFQP

a "EBJFPQOV RPBP > PBQ LC MOBCFUBP QE>Q OBMOBPBKQ JRIQFMIBP LO CO>@QFLKP LC R
a 4KFQP @>K ?B JRIQFMIFBA >KA AFSFABA QL DBKBO>QB KBT RKFQP CLO NR>KQFQFBP
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(ABKQFCV QEB RKFQ FK B>@E NR>KQFQV
>  ?LUBP LC @O>VLKPDO>JP LC DLIA

(ABKQFCV QEB RKFQ FK B>@E NR>KQFQV
> LW LC @EBAA>O @EBBP®>P LC T>QBO

(ABKQFCV QEB RKFQ FK B>@E NR>KQFQV

> P QEERROOBKOIAOB@LEMQEB J A>PE? J QEEXROOBKOAOB@LEMQERILIB
S>RIQ

(ABKQFCV QEB RKFQ FK B>@E NR>KQFQV

> ALWBBDDPR HJ P QEBP@>SHBL@RQYEB. LK TEFGHQEBBIL@RQWKBBA@EBROC>@

QL BP@>MB QERPIDOKSFQV

(KAF@>QB TE>Q JRIQFMIFBO B>@E MOBCFU OBMOBPBKQP
>H?J@ ,

(KAF@>QB TE>Q JRIQFMIFBO B>@E MOBCFU OBMOBPBKQP
> @728 @

&FSB QEB MOBCFU QE>Q OBMOBPBKQP B>@E JRIQFMIFBO
> QEr ? r @ r

&FSB QEB MOBCFU QE>Q OBMOBPBKQP B>@E JRIQFMIFBO
> QEr ? QEr @ r
"LIMIBQB QEB CLIILTFKD Q>?IB TFQE QEB JFPPFKD FKCLOJ>QFLK

.D?J 88H ;L?7J?ED
HFILPB@LKA

J+

D

@BKQFJBQBO

"LIMIBQB QEB CLIILTFKD Q>?IB TFQE QEB JFPPFKD FKCLOJ>QFLK
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.D?J 88H ;L?7J?ED
HFILIBQBO MBO PB@LKA
PB@LKA

@J

+

K>KLPB@LKA

> “TP? +@ J

> JP 'FKQ VLR KBBA @LKPFABO LKIV QEB RKFQ FK QEB KRIJIBO>QL® @ +

> J+ ? J@ JP

> J ? JJ @ +

,RIQFMIF@>QIRECFYBRPBLALQQEBRKFOIPTBII PR@HP@LIMRQHEILOV 3EB?>PFEKFIC
@LIJMRQBO JBJLOV FP QEB ?VQB ? 6E>Q FP QEB RKFQ CLO LKB JFIIFLK ?VQBP

8LRJ>V E>SEB>0QEBRBOIB<HKL<:ELOG:GHL<:FIOBMOBREEFWBEPJ>| L?GB@EE>QRKFQP
LCIBKDQE VL RQEFKHDRPBCRIDEBFED >IBFE>QCO>@ QECREBRKA>JBK@KAIBKD QO BEBPE
RKFQP

A"

@ @BIBO>GRABCFKBR> @E>KPBSBIL@AIBQFIBEOLMLPBRKFQLO@ @BIBOFREBOJECQEB
CRKA>JBKQ>I 2( RKFQP

#BKPF@RABCFKERQEB>PPLC-KL?GB@KSFARKFQELIRIB/OLMLPERKAABKPFERDBOIRQEB
CRKA>JBKQ>I 2( RKFQP

>,9A 2 EKH .D:;HIJ7D:?D=

+

JJFK
JHE8B;CI N;H 971l

$UMOBPP B>@E NR>KQFQV FK > JLOB >MMOLMOF>QB RKFQ 3EBOB J>V ?B JLOB QE>K LKB >@¢

$UMOBPP B>@E NR>KQFQV FK > JLOB >MMOLMOF>QB RKFQ 3EBOB J>V ?B JLOB QE>K LKB >@@E

$UMOBPP B>@E NR>KQFQV FK > JLOB >MMOLMOF>QB RKFQ 3EBOB J>V ?B JLOB QE>K LKB >@@E

$UMOBPP B>@E NR>KQFQV FK > JLOB >MMOLMOF>QB RKFQ 3EBOB J>V ?B JLOB QE>K LKB >@@E
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> ?LUBP LC @O>VRKPO>JP LC DLIA
> PB@LKAP JBQBOP

> r ? r @ r

> JFIIF ? HFIL @ DFD>

.D?J 88H;L?7J?ED
HFILPB@ LIk
JFIIFIFQBQJ+
JBD>DO>J,D
@BKQFJB@D

> P ? H+t @ @J
> + 72 1 @ P
JBD>?VQBP ,?
JBQBOP PB@LKA
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$S>IR>QB r >KA BUMOBPP QEB >KPTBO FK P@FBKQFCF@ KLQRQF
J>V E>SB QL OBTOFQB QEB LOFDFK>I KRJ?BOP FK P@FBKQFCF@ KLQ>QFLK CFQ

$S>IR>QB 0 >KABUMORFEBKPTBEKP @ FBKGECS@RRLR
J>V KBBA QL OBTOFQB QEB LOFDFK>| KRJ?BOP FK P@FBKQFCF@ KLQ>QFLK CF(

$UMOBPP QEB KRJ?BO  rFK PQ>KA>0A KLQ>QFLK

$UMOBPP QEB KRJ?BO 91 FK PQ>KA>0A KLQ>QFLK

6EBKMLTBAR >OBRIQFMIRBLDBQERBIL TBCROBAABALDBQRAMU>IMIB 1
6 FQBEFKIFKA @>NLRBS>IR>QB  r r r  TFQELBRQBOF
P@FBKQFCF@ KLQ>QFLK FKQL VLRO @>I@RI>QLO

6EBKMLTBORC >ORFSFABKQR>@EQEBQEBLQQLBUMLKBREPR?QO>@QBRERLM
BUMLKBRQBU>IMIB g 6 FQREFKIFKA @>NLRBS>IR>QB 1
o T TFQELRQ BKQBOFKD P@FBKQFCF@ KLQ>QFLK FKQL VLRO @>I@RI>

"LKPFABIERR>KQEQIALWEBDDRPQERRJ?BEKQERR>KQRQVLILCKQTIALWBK)RPQFQ
VLRO @ELF@B

"L KPFABTERR>KQRQVALWBBDDRPQERKHEKQERR>K QKBIVDRLCKAL WBEBDDPI)RPQFC
VLRO @ELF@B

%FIl FK QEB ?2I>KH HJ ==============]

%FIl FK QEB ?I>KH P ==============KP
%FIl FK QEB ?I1>KH @+ ============== +
%FIl FK QEB ?I1>KH JD ==============HD

$UMOBPP  HJE FK JBQBOP PB@LKA

$UMOBPP  J P FK HFILJBQBOP ELRO

4PFKD QEBFAB>QE>Q HJ  JF @LKSBOQ>PMBBALC JFE FKQL HFILJBQ
4PFKD QEBFAB>QE>Q HJ  JF @LKSBOQ>PMBBALC HJE FKQL JFIBP EL

LK 8
PQ

PQ

QLO

V

V

BOP ELRO

RO
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"LKSBOQ  HJE FKQL JBQBOP PB@LKA
"LKSBOQ  JP FKQL HFILIBQBOP ELRO

4PBQEBLOJRIXEL@LKSBO@BRI BBRFEOBKEBERBDOBBPFROIABQBOJRMEDBI>QF$B
PFWB LC QEB %>EOBKEBFQ ABDOBB LSBO QEB "BIPFRP ABDOBB

4PBQEBLOJRIXEL @ L KSBO@BKID BEPFRPK QHBISFKRABQBOJRXER BI>QFSBVEQEB
"BIPFRP ABDOBB LSBO HBISFKP

6E>Q FP QEB J>PPLC  +LC JBO@ROV
6E>Q FP QEB J>PPLC LT >FO
6E>Q FP QEB SLIRJBLC  HD LC DLIA

6E>Q FP QEB SLIRIBLC  HDLC @LOH PPRJB>ABKPFQVLC D @J

r q

r
3EB NR>KQFQV FP QTL ALWBK FP QEB RKFQ

JP
HJE
JP
.KB %>EOBKEBFQ ABDOBB FP KFKB CFCQEP QEB PFWB LC > "BIPFRP ABDOBB
r D
J+
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75B?3 0A> FHMBHG H? :G F>KB<:CHMAKI®A MA> :BK <:G ;> =>L<KB;>= R MB:IBK>F>GM LI>>=
O>EH<B®BHR <<>E>K:MBHG 3A>G BM ?EB>L BG : LMK:B@AM EBG> PBMMBING: BRIk AIHGBHEBBEAKB= MH ;> HG
=BF>GLBHG:B=BKIB%&<> ):B=>GLBOBF>=B: HFFHGL

2GB@OPEKILQFLIBSBOVTEEBBLLH $SBOVQEEKD.Y QBKKBPJIBQL> PM>@B MAYBV.C
QEBII>KBBMQRHKIKSLISBPQFLISEBK VLR>OBBPQRKIREB>QQSBP?ILLAQEOLRDERGBFKP
KA BSBHKFK>KFJ>QBGBQQEBGRALKQFKRILRFFLEKQEBF?0>QALGLIPKAILIB@RIBP
ORBPQFLRRQLQFLEKOBKQBOBABFKA CQEBJIPBISBAP EHGRBEEM:D2HK LI:<> IKH;>MH
@>MMKL 3A>KPBEE?HHM: EBBBRIMAKRGM: <>KM:BEE3RQ>KRKABOPQ>KABKOFLK
FPIPLHB\QIRKABOPQ>KAFKEIDL K @ BRKYEVPF @PRKABOP Q>KASIAN@ BIBOQMAK>IMIBP
@OR@F>| QL QEB PQRAV LC CLO@B

.ROCLOJPQRAVMEVPF@BFKREQBE?D;C7J?9TEF @EABCFKBRQEBMNHRFHMBRGMAHNM
<HGLB=>KBIGI@IL>L3EBTLOAHFKBJI>QF@RIBEOL ¥ &OBBEBOIB>KFKILQFLKKAFFOBI>QBA
QLLQEBSXDIFPELOAPR@EPK@FKBJI>JLSFBP>KAKHFKBPFLILOMEBRPQRACERI>KILQFLK
(K LKB AFJBKPFLKFKBJI>QB@RE>MQBOBTL #FIJBKPFLK3FKBJ>QF @® TFIl PQRAKIVQEB
FHMBHG> CLLQ?>CLBU>IMIBTFQELRQDOVFKPLROE>TLO @BPRPBAE>KBRR.QFLKRR@E
@LKPFABO>@ELBRLQERDE>MQBUIERPE>MQBBU>JFKBEBFIMIBRYMEILQFLK|K>JBIV
JLQFLKILKD>PQO>HABER. OLKB AFJBKPFLIFLKK"E>MQBGTL #FJBKPFLKAFKBI>QF @R
>MMI@ LK @BMESBILMBBOBIPQRAVQFLKILK DO ROSBAQEPTL >KAQEOBB AFJBKPHLBBLK
CLO BU>JMIB QE>Q LC > @>0 OLRKAFKD > @ROSB



https://pressbooks.bccampus.ca/collegephysics/part/3-two-dimensional-kinematics/
https://pressbooks.bccampus.ca/collegephysics/part/3-two-dimensional-kinematics/

7A>:/13:3<B

a #BCFKB MLPFQFLK AFPMI>@BJBKQ AFPQ>K@B >KA AFPQ>K@B QO>SBIBA
a $UMI>FK QEB OBI>QFLKPEFM ?BQTBBK MLPFQFLK >KA AFPMI>@BJBKQ

a #FPQFKDRFPE ?BQTBBK AFPMI>@BJBKQ >KA AFPQ>K@B QO>SBIBA

a ">I@RI>QB AFPMI>@BJBKQ >KA AFPQ>K@B DFSBK FKFQF> MLPFQFLK CFK>I MLPFQFLK >K;

QTL
75B?3 0A>L> <R<EBLME>BIGE <:G ;> =>L<KB;>=
;R MA>BK IHLBMBMB®> MH ;NBE=BG@L :G=: <:G:E
0A>BK FHMBHG <:G ;> =>L<KB;>= ;R MA>BK <A:G@> BG
IHLBMBHG HK =BLIE:<>F>GM BG M&R>RB5> H? K
<k=BM /NS:G E:<D "HMHI>=B:
&=AT7TB7=<

(K LOABQABP@OBEBLQFLKC>KL?GB@QRIRPEFOMEY?|BQLABP @ OFEE|1?)?FIEBOB FGP
>QKW>OQF @38 OB MOB@FRBRKBBAIPMB@FQWLPFQBRB(>QFEB@LKSBKRBEGQBOBK@B
CO>JB>0OQER.CQBRPBAP> OBCBOBE@BE-KATB LCQB¥8P @ OGEBILPFQENXKL?GB@RFQ
OBI>QBEPQ>QFLKH-208 G-ROE>QBCBOBE@BRB/LBU>IMIB> OL@HBRK@H.RIA?BABP@OF?BA
FKQBOJFOQERILPFQEREBRL @HBW DBPMREIEB>0Q> TELIB TEFIB> MOLCBRPMOPFQFLK
@LRI2BABP@OFMBOIRTEBOBEBFKOBI>QRURERB>0MEFQR >0A2BB%FDRORKLQEBO
@>PBMB RPEBCBOBK@BEPEPELEQ>QFLRRBOBKILQFLIOBI>QESBEB>0QE. ABP@OF?B
QEBILPFQECKMBOPEK>K>FOMI>KBBU>JMIB B RPREBFOMI>KB@ERB>0QEPQEBBCBOBK@B
CO>JB 2BBFDROB
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7A>:/13;3<B

(C>-KL?GB@SBFOBI>QERB0BCBOBK®BELBU>IMIBFFG MOLCBRRISBRQIQEBFDEBI>QESB
> TEFQB_>0AC> M>PPBKDBEBPQL T>0REBBA>K>FOMI>KBEBRER?GB BIQhP FQR.K>KDBP
3EFRE>KBRVILPFQFEHKLTK>P:?IFB79;C;DJ 3EBTLOAAFPMI>@ BJBEKIFBPE KL ?GB @XP
JLSBA LO E>P ?BBK AFPMI>@BA

%! "#)

#FPMI>@BJBKQ RR:GEB> BG IHLRMIBHGE. ?GB@Q

TEBOBEFP AFPMI>@BEBHXQEB CFK>I MLPF@FER QKB FKFQF>I MLPFQFLK

(K QERPBUIERMMED>REOBBHBQQB@BIQ>IT>VRIB>KFK@E>K BRI TE>QBSRE>KQEBEDWLTP
FQDERPE JB>KP<A:G@BGHLBMBHTG>VP PLISEL@AFPMI>@BIBKETR?QO>@RBFIMEIPFQELK
COLJ CFiez|

-LQBQEXUER( RKRQ.AFPMI>@BJBREBBQBO PBBE>MQBO /EVPF@R>KQF QKBRKFQP
?R@LIBQFJBFEILIBQBINBPCBBEKALQEBIXFQPIBKDOORPBABBMFKIFKAQESTEBKRKFQP
LQERUE>REBBQBSDRPBAK> MOL?IBY/LRI>V KBBAL@LKSBIEBFKQIBQBAR@LIMIBQEB

@>I@RI>QFLK

75B?3 IKH?>LLHK I:<>L E>?M :G= KB@AM PABE>
E><MNKBG@ $>K IHHEBBMBAS MH 'KMA BL @BO>G ;R
E OA> : =BLIE:<>F>GM H? MA>UKHKEKMBO>

MH :KMA BIKKL>GM>= ;R :GHRKHBGMBG@ MH MA>

KB@AM


https://pressbooks.bccampus.ca/collegephysics/chapter/physical-quantities-and-units/

% .( DBC><)4GC1>>:

75B?3 ILL>G@>K FHOHPKBL L>:M MH MA> ;:<D H? MA> IE:G> $BL EH<:MBHG
KE:MBO> MH MA> :BKIE:G> BE. @BO>G ;RBLIE:<>F>GM H? MA> |.LL>G@>K
KE:MBO> MH MA> |BiEst BGIM>= ;R :GHRKMHPKMA>K H? MA> |[E:G>

*HMB<> MA:M MA® B{IeL>GMBG @ ABL =BLIE:<>F>GM BL MPB<> :HEHG@ :L MA> :KK
KIK-L>GMBG@ MA> =BLIE:<>F>GIVPHRHKAAKFHO>L MPB<> :IBTaMNBG

"LQBQEAFPMI>@BIBHOAFOB@SFLEII >P> J>DKFQRABBMOLCBRPAEPMI>@BJBKQJ QL
QEBFDE®AQEBFOIFNBPPBKIPBEPMI>@BIBKQJ QLT>OREBB>( LKB AFJBKPFLICQFLK

AFOB @ @FiABPMB @ FTFOEMIRPQIFKRPFDIKEBKVLRPBDFKMOL?IBYLRPELRIRBIB @EF @E
AFOB @ GRUKPFQEIR>IIQESTFI ?BOLQEBFDEQRM?RYLR>0B ORBPBIB @IQPFQEBEBFKD
>KVAFOB @ QBERMOL CBRPEKFQRIPFQFER C >KAEBTFKMLPFQFEE C 3ERP

EBO AFPMI>@BJBKQ FP

(KQER®LLOAFHRAMPRBILQFLRIQEBFDERILPFQAEBOBIPQFLRIQEBCEKBD>QFBBFI>0IV
QEBFOMI>KB P PBKIPEBFQR1IPFQFHE C >KAEFFCFKMILPFQFHE C PLEFP
AFPMI>@BJBKQ FP

'FP AFPMI>@BJEKBD>QFREED >RPBRLQFLKROLT>0BEBB>CQERII>KA OFKQEBBD>QRSB
AFOB@QFLK FK LRO @LLOAFK>QB PVPQBJ

7AB/<13

|IQELRDEFPMI>@BJBKBP @ OB O IFCAFOB @ QHRQ>KEB Q ?1J7D9; FRABCFKBEBMA>
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F:@GBMNH##t BSH2=BLIE:<>F>GWP>>8PHHLBMBHERBQEQEBFPQ>KEBTBBXT LMLPFQFLKP
FKL@EB>JB>PQEBFPQ>KI@BSBMEBQTBEYEBRJ ?1J7D9; JH7L;B;:FAMAMHMEEG @HAMAEMA

MK:O>E>MP>>BIPHHLBMBHEP Q>KEBKL AFOB@ORAQERRL PFDR6LBU>IMIBYEBFPQ>K@B
QEB MOLCBPPLO T>IHP FP  J 3EB AFPQ>K@B QEB >FOMI>KB M>PPBKDBO T>IHP FP  J

"($H# %) $# ! ) O #) +1o+(" #) $ (%! ")

(FAFIMLOQEXKLQBE>QEBBLM:GKMK:O>EEE TBSB@>RBDOB>(H>REB>DKFQRIBIEB
AFPMI>@BJBKO>DKFQRAB JB>KGRREBFWEQEBFPMI>@ BJIBIQELRBD>QEQRFOB@QFLK|
QERPGRPXRJI?BOFQE RKF@6LBU>IMIBQEBIOLCBPELAIN>EE @HKACLOQEKY QFJBP
MBOE>MPHFKDAFPQ>K@B J AROFKIB@QRIBPQMBKARMKIV J QLOQEBFDEQEBO
PQ>OQWKEK(X QEF®>PBBA\FPMI>@BJBKRIA?B  J QEB>DKFQRABEBAFPMI>@BJBKQ
TLRIA?B J ?R@EBFPQ>KREEO>SBERIA?E  J (KHFKBIJ>QR@®RB>OMT>VRAB>
TFQBFPMI>@BJIBQ>DKFQRABAFPMI>@BJIBK& |ILPKBSBIFQEFPQ> @B SBIBE T>V
QLQEFK2LRQERFRQL>PPRJIF/LRI>OHBOERQ>OQDEBLQFLEKAQEBKA CQEBLQFLK3EB
AFPMI>@ B JBREIMIDEBFCBOBK@BERILPFQECRER TLI>OHPKAFAFK ABMBKARKIE BI>QE
Q>HBHQO>SBIFRR TBE)EBR TLI>OHBEBAFPQ>K@BSBIBATBSBEREBR L QIEKDQEQERI>QE
Q>HBK ?BQTBBK QEB QTL J>OHP

6319 . =C@ +<23@AB/<27<5

@V@IBPGBMJ TBPOKAQEBRROKBLRKAAOFABFI B>PQ 6E>QFFEBAFPMI>@BJIBKGE>Q
AFPQ>K@B ALBP PEB OFAB @ 6E>Q FP QEB J>DKFQRAB LC EBO AFPMI>@BJBKQ

)31B7=<)C;;/@G

a *FKBJ>QF@P FP QEB PQRAV LC JLQFLK TFQELRQ @LKPFABOFKD FQPRAEFREBA (K QF
QL JLQFLK >ILKD > PQO>FDEQ IFKB @>IIBA LKB AFJBKPFLK>| JLQFLK

a #FPMI>@BJBKQ FP QEB @E>KDB FK MLPFQFLK LC >K L?GB@Q
a (KPVJ?LIP AFPMI>@BIBKABCFKBA QL 7B

TEBOB FP QEB FKFQF>| MLPEGPLEEKEFK> MLPFQFLK (K QEFP QBUQ @ABEX&OBBH IBQ
>IT>VP JB>KP k@E>KDB FKI TE>Q BSBO NR>KQFQV CLIILTP FQ 3EB 2( RKFQ CLO AFPMI>@
J #FPMI>@BJBKQ E>P > AFOB@QFLK >P TBIl >P > J>DKFQRAB

a 6EBK VLR PQ>0Q > MOL?IBJ >PPFDK TEF@E AFOB@QFLK TFIl ?B MLPFQFSB

a #FPQ>K@B FP QEB J>DKFQRAB LC AFPMI>@BJBKQ ?BQTBBK QTL MLPFQFLKP

a #FPQ>K@B QO>SBIBA FP QEB QLQ>I IBKDQE LC QEB M>QE QO>SBIBA ?BQTBBK QTL M



% .( DBC><)4GC1>>:

=<13>BC/: 'C3AB7=<A

&FSB-KBU>JIMIBKT EF @BEBOB R |BATPQFK @JEKKRAFPQ>Q@BSBIBAPMI>@BIBKE>DKFQRAB
LC AFPMI>@BJBKQ 2MB@FCF@>IIV FABKQFCV B>@E NR>KQFQV FK VLRO BU>JMIB

AKABTE>Q@® FO@RJP QAKEREFP Q> Q@B SBEMR xI>DKFQRIMBAFPMI>@BJIBESQF RQEBKIV@>PE
FK TEF@E J>DKFQRAB LC AFPMI>@BJBKQ >KA AFPMI>@BJBKQ >0OB BU>@QIV QEB P>JB

I>@QBOESB ?>@PKACLOQ¥RPFKDEBEC DBIIPQOR @ QFEIBEHIFHEFQQ@B FIRMBBARRML

RIP r J P E>SBBBK?PBOSBEBQLQAFPQ>K@BSBIBA ?>@ QBOHRIDBCLEQPFWBEFIB
FQP AFPMI>@BJBKQ FP PJ>II 6EV FP QEFP

75B?3 "<A3 '63E/E7@ @6<B92 03 9/039932
=<@7A7<; <A 27@=9/13:3;A

%FKAEBLIILTFKOL®>QE FKAFDROB> 3EBAFPQ>KQ@BSBIRA3EBI>DKFQRLABIERFPMI>@BJIBKQ
COLJ PQ>0Q QL CFKFPE @ 3EB AFPMI>@BJBKQ COLJ PQ>0Q QL CFKFPE

%FKAEBLIILTFKOLO>QEFKAFDROB> 3EBAFPQ>KI@BSBIBA3EBI>DKFQRXBEIEBFPMI>@BJBKQ
COLJ PQ>0Q QL CFKFPE @ 3EB AFPMI>@BJBKQ COLJ PQ>0Q QL CFKFPE

%FKAEBLIILTFKOL®>QEFKAFDROB> 3EBAFPQ>K@BSBIBA3EBI>DKFQRLBIERFPMI>@BJIBKQ
COLJ PQ>0Q QL CFKFPE @ 3EB AFPMI>@BJBKQ COLJ PQ>0Q QL CFKFPE

%FKAEBLIILTFKOLM>QE FKAFDROB> 3EBAFPQ>KI@BSBIBA3EBI>DKFQRABEBFPMI>@BJBKQ
COLJ PQ>0Q QL CFKFPE @ 3EB AFPMI>@BJBKQ COLJ PQ>0Q QL CFKFPE

;>BBOAH

A?D;C7J?9I
QEB PQRAV LC JLQFLK TFQELRQ @LKPFABOFKD FQP @>RPBP
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FEI?J?ED

QEB IL@>QFLK LC >K L?GB@Q >Q > M>0QF@RI>0O QFJB

?IFB79;C;DJ

QEB @E>KDB FK MLPFQFLK LC >K L?GB@Q

?1J7D9;

QEB J>DKFQRAB LC AFPMI>@BJBKQ ?BQTBBK QTL MLPFQFLKP
:?2137D9; JH7L;B;:

QEB QLQ>I IBKDQE LC QEB M>QE QO>SBIBA ?BQTBBK QTL MLPFQFLKP

>;9A 2 EKH .D:;;HIJ7D:?D=

75B?3

> 3EBOFAB@FPMI>@BJBKQ 3EBAFPMI>@BJBKBD>QREM>RPB
TB Q>HB>PQL?BMLPFQFRETBPQL?BKBD>QFSB VLR@LRIGRP\K HJ QLQEB BPQI-LQBQE>QEB
AO>TFK®IB>MEL TBREEBPD>P@ELPBK?BKBD>QFS® 3EBAFPQ>KI@BSBBAH]  HJ

HJ @ 3EBJ>DKFQRAB LC QEB AFPMI>@BJBKQ FP HJ

JHE8B;CI N;H 97l
> J ?2 J@ J
> J?2 J@i J

3EFFFP?>ANAO>TIRLQEBKPTBOPRB?>Q>?IBPPRIFKIFJBK@OL> MLPFQECKJ QL  QEBK
2>@8L >KAQEBR-@PD>FRL J QEMFSBPAFPQ>K@B J ? J>DKFQRUBEBFPMI>@BJIBKQ
>KA @ >AFPMI>@BJBKQLC JLO JBQOBP LQ QEB OFDEQ

> J?2 J@i J




. 31B=@A )1:/@A /<2 ==@27</B3 )GAB3;A

a #BCFKB >KA AFPQFKDRFPEBA ?BQTBBK P@>1>0 >KA SB@QLO NR>KQFQFBP
a PPFDK > @LLOAFK>QB PVPQBJ CLO > P@BK>OFL FKSLISFKD LKB AFJBKPFLK>| JLQFLK

75B?3 O0A>FHMBHG H? MABL I<EBIL> HG<>IM C>M <:G

;> =>L<KB;>= BG M>KFL H? MA> =BLM:G<> BM A:L MK:O>E>=
' L<tE:K IN:GMBMR HK BML =BLIE:<>F>GM BG : LI><B?B<
=BK<MBHG : O><MHK JN:GMBNMRVI%G>HB?R MA>
=BK<MBHG H? FHMBHG BML =BLIE:<>F>GM FNLM ;>
=>L<KB;>=;:L>= HG : $BKM> LRLM>F %G MABL <:L>

BM F:R ;> <HGO>GB>GM MH <AHHL> ENMBHGNMHP:K

‘L IHLBMBO> FHMBHG BM BE MBE<MHBKGEKHK MA>

IE:G> :EMAHN@A BG F:GR <:BEXHMBG:M>

KNGLHKE>?M MH KB@AM PBMA FHMBHG MH MA> KB@AM L
IHLBMBO> :G= FHMBHG MH MA> E>?M>#BBF@:MBO> <K
KF<A:BK OB:MHEB<DK

6E>QF FQEBFCBOBKIBB TBBXEPQ>KE@BAFPMI>@BJBEBOB>RFPMI>@BIJFRBCFKBA?LQE
AFOB @ SRAKDKFQRABPQ>K@BCFKBAV?VJ>DKFQRABPMI>@BJIBREBU>IMIBC> SB@QLO
NR>KQRBRQ>KEBPEBU>IMIBC> P@>INB>KQFQV9JEHFP-KWR>KQFOPELQE: @ GBMNG=
=BK<MBHGEBBU>JMIBECSB@QEFR®IRABBIL@A®/ HJ E B>PSKA>CLO@B  KBTQLKP
PQO>FDEQ ALTK

3EBAFOB@QFRKSB@ QK KB AFJBKPFLBEQFLKEFDFSBRFIMI?YV > MIRP  LOJFKRPq
PFDISB@ QLM BMOBPBEQBMEF @MIXOOLTK >O0LRPBALOBMOBPEEE G4 IBKDQE
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MOLMLOQEIREBB@@IDKFQRAD QEER-OBQEB>DKFQRAERKDBOEBKDQEQEBB@QLO
>KA MLFKQP FK QEB P>JB AFOB@QFLK >P QEB SB@QLO

2LJB MEVPF®RKQFQRBRFPQ>KEFREBES KL AFOB @ QBKKKB-FPMB@FCFRXB7HP-KV
NR>KQBEEVE»P> J>DKFQRABRGLAFOB@OFLBU>IMIB- " QBIJMBO>QEER HFIL@>ILOFBP

">|LOFBRBKEDFI> @>KA#C> HJ EPMBBRIFQ MBOPPKNn J EBFDE®A>AFPQ>K@B
J >0BIIP@>I>0PjNR>KJFQRBRPMB@FSFBA @ QERR ELTBSBQE>P @>I@>-RBKBD>QFSB

PR@EP> " QBIMBO>QRUER®>PBEBFKRPFDRKAF@>QBPFKE > P@>IB>QEQD>K
AFOB@QFLK 2@>I>0P >0B KBSBO OBMOBPBKQBA ?V >0O0OLTP

==@27</B3 )GAB3;A 4=@ %<3 7;3<A7=</[: #=B7=<

(K LOABQLABP @ OBEBFOB @ QELISB@ UR>KQRQRIRPQ\BPFDK>BLLOAFKSIE)BIFQEFK
QEBBCBOBK@BB,LOKB AFJBKPFLIFLIQER® PFIMIBLLOAFRAPRED LKPFPQEKIKB
AFJBKPFLK@LLOAFHEKEK DBKBOFEBKABP @ OFEERBWLKOOFLKLQFLRIQEBFDERPR>IIV
@LKPFABOBEAFQRESE\ILQFLIQLOEBCER®LKPFABKHERQF6 BEQEBOQRROFLKILQFLIRMFP
RPR>IIMLPFQFRBILQFLKLTKFAKBD>QFSELIB@>PHER. TBSBOPTFQBEBBOUFDROB@>K
?BJLOB@LKSBKFBIRPFQ@EBILPFQFRABD>QRFE B @ QWLKERU>IMIBVLR>0OBK>VWFREB
JLQFLKCC>IIFKIPGB @@ >RBRPBCRIABCFRBTK T>OAFPQEBILPFQRSBB @ QEMBLMES
O>@BBRKKFRMEBCEGMRPBCRIABCFKECSPQEBILPFQRSBB@QEAKBKLQ>QQBOILKD
>PQEBVPQBR®B3BA@LKPFPQBEBVLR>PPFDHLPFQASBB@OKARQ>PIQSFKEMOL?IBJ
VLR @>KKLQ @E>KDB FQ

75B?3 %M BL NLN:EER <HGO>GB>GM
MH <HGLB=>K FHMBBGIKIFIK

MA> KB@AM :L IHLBIGBGHMBHG
=HPGP:KHK MH MA> E>?M L G>@:MBO>
M

6319 . =C@ +<23@AB/<27<5

MBOPPHMBB®>RQ>QE®>JB>PEBLOPEBOLRKAP @LOKBKA@E>KDBPOB@ SESBIQEF
FKCLOJ>QFLK FP PMBBA > P@>I>0 LO > SB@QLO NR>KQFQV $UMI>FK




% .( DBC><)4GC1>>:
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a SB@QLO FP >KV NR>KQFQV QE>Q E>P J>DKFQRAB >KA AFOB@QFLK
a P@>1>0 FP >KV NR>KQFQV QE>Q E>P J>DKFQRAB ?RQ KL AFOB@QFLK
a #FPMI>@BJBKQ >KA SBIL@FQV >0OB SB@QLOP TEBOB>P AFPQ>K@B >KA PMBBA >OB

a (KLKB AFJBKPFLK>I JLQFLK AFOB@QFLK FP PMB@FCFBA ?V > MIRP LO JFKRP PFDK
OFDEQ RM LO ALTK >KA QEB IFHB

=<13>BC/: 'C3AB7=<A

PQRABIQFQRP :BK MA:BI=BOBG@K>RA:L: LI>>=H? J P |6E>QFFFOLKOFQBEBQRABK(ON
PQ>QBJBKQ 6E>Q E>P QEB PQRABKQ >@QR>IIV ABP@OF?BA $UMI>FK

6E>Q FP QEB PMBBA LC QEBEFQARK

@ @BIBO>ERER E>KPESBIL@ASBQFJRFSBRERKCLOI>QFEK@ @BIBO>GB@QI® P@>1>
NR>KQFQV $UMI>FK

O

TB>QEBQOB @GPOIFPQERBIMBO>GROBBAF @UBA " QEBLIILTFKE>V(PQERFBIMBO>QROB
> SB@QLO LO > P@>1>0 NR>KQFQV $UMI>FK

;>BBOAH

197B7H

> NR>KQFQV QE>Q FP ABP@OF?BA ?V J>DKFQRAB ?RQ KLQ AFOB@QFLK
L:9JEH

> NR>KQFQV QE>Q FP ABP@OF?BA ?V ?LQE J>DKFQRAB >KA AFOB@QFLK

>,9A 2 EKH .D:;HIJ7D:?D=

2MBBAP> P@>INR>KQRQM BKL@E>K BB || TFQBFOB @ @FEKKDEEBOBCE@BRI>DKFQRAB
LKIV (CFTBOB> SB@QUR>KQARIYLRIA @E>KD®AFOB@ @EXKDESBKFGQP>DKFQRABJ>FKBA
@LKPQ>KQ

P




*7:3 | 3:=17B@<2)>332

a $UMI>FK QEB OBI>QFLKPEFM ?BQTBBK FKPQ=ISBOIXHRBEBBERONQ>KBLRP PMBBA
>SBO>DB PMBBA AFPMI>@BJBKQ >KA QFJB

a ">I@RI>QB SBIL@FQV >KA PMBBA DFSBK FKFQF>| MLPFQFLK FKFQF>I MLPFQFLK| CFK>| ML
a #BOFSB > DO>ME LC SBIL@FQV SP QFJB DFSBK > DO>ME LC MLPFQFLK SP QFJB
a (KQBOMOBQ > DO>ME LC SBIL@FQV SP QFJB

75B?3 0A>FHMBHG H? MA>L> K:<BG@ LG:BEL <:G
;> =>L<KB;>= ;R MA>BK LI>>=L :G= MA>BK
O>EH<BMB>:BMKMH;BM: LHB<DK

3EBOBRILOBQLILQFLIQE>KFPQ>K@BAFPMI>@BJIBRBPQFLIRR@EP K'LT ILKDALBP CLLQ
O>@PB-HB +KABE>QT>PQEBRKKBOMBBA®>KKRB>KPTBOBAQEL RRRKABOPQ>KAEKIEBO
@LK@BNIQPERFB @ QFB<AAABCFKFQECRPJBSBIL@FEXAPMBBALBUM>KARGABP @ OFMIQFLK
JLQFLK

*7;3

P AFP@RPABE>MQBO /EVPF@GR>KQFQRERIKFQREBLPQCRKA>JBK@EVPF@RSKQFQFBP
>OBBCFKBAEL T QEBYOBB>PROBIEFFRER >PB-QBF JEBSSBOYB>PROBJBKMFIBKSLISBP
JB>PROFK@E>KBRPLIBMEVPFERFKQRQMV ?B>KRJ?BQK>AFDF@IL @HEB>0Q?BSQEB
MLPFQEOREBRKFKQEBH\(KMEVPFQERBCFKFQBQRIBAPFIMIBJI?C; FRA:G@:CQEBKQBOS>|
LSBO TEF@E @E>KDB L@@ROP (Q FP FIMLPPF?IB QL HKLT QE>Q QFJB E>P M>PPBA RKIBPP

3EB>JLRKQOQFJBO@E>KBBA>IF?0>ALIM>OFPERE PQ>KA>8E82( RKFGLQFJBREB

PB@LKA?0BSF>PBAB JFDECLBU>IMIB.?PBOSE>0@BOQWBKARIRI>HBALKBCRIPTFKD
BSBOV P 6 B@LRIGEBRPEEBRIBKARIRILIB>PRABFIBY @LRKQFRBTFKOFOLC@LROPE
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@LKKB@QEBIBKARIRIL> @IL@B@E>KFRE>QBDFPQBORK > AF>IBEFRIILTPRPQIKLQKIV
JB>PROB QEB >JLRKQ LC QFJB ?RQ >IPL QL ABQBOJFKB > PBNRBK@B LC BSBKQP

LT ALBRFJ®BI>QRILQFLK6 B>ORPR>IIFKQBOBPREBAMPEIIELS M>0QF @RGRLK
PR@¥PELT ILKDFQ@>HBK>FOMI>KBPPBKQBRDBQOLEFPB>QLQEB>@HCQEBI>KEL CFKA
BI>MPERFJB B KLQBEBFIBMEBBDFKKEHIBKA CQEBLQFLEKAPR?QOOERITL%LBU>IMIB
> |IB@QQROB PQ>6Q . >KABKASQ ,  PLQE>QEBI>MPBRFJHFLRIA?B  JFK
B7FI;: J2C; * AFP QEBUBWBK@B ?BQTBBK QEB BKAFKD QFJB >KA ?BDFKKFKD QFJB

TEBOBAFRER) E>K BRQFJRCBI>MPEYFIBA FROERFIB@MEBKA CQEBLQFLK-KAA FROEBFJB
>QQEBBDFKKAKIDEBLQFLK P RPR>REBBIQBVJ?LI *  JB>KPQEBE>KBFBQEBIR>KQEE¥Q
CLILTP FQ

+FCBFPFIMIBEREBBDFKKFBBIR FRQ>HBR?BWBO:RPTEBKTB RPE PQLMT>Q@E TBOB
RPFKBPQLMT>QRQE RIAPFIMIDB>WBOIERQ>DMEB@QREB  JFK>WEBKA(CA
QEBKA Az A

(K QEFP QBUQ CLO PERAHEFQVN

a JLQFLK PQ>0QP >Q QFJB BNR>I QL WBOL
a QEB PVJ?AFP RPBA CLO BI>MPBA QFJB RKIBPP LQEBORFRE PMB@FCFBA

, 3:=17BG

8LRAKLQFLLCSBIL@FFMOL?>?VEBR>JB>PFQP@ F BK QBIF&F GHLRHKL TQESA/LRE>SB
I>DBAFPMI>@BJB&®J>11 >JLRKQCQFJR/LRE>SE> I>OBSBIL@FSKAQEKBIL @ FEMRKFQE
AFPQ>K@B AFSFABA ?V QFJB PR@E >P JFIBP MBO ELRO LO HFILJIBQBOP MBO ELRO

+! +! %)

SBO>DB SBIL@ENEFR>F>GM <A:G@> BG IHLBMBHG =BOB=>= ;R MA> MBF> H? MK:O3

v

E

TEBOB FRQEBO>K: @ FKAF@>QBAEB>Q.SBQEB SBIL@FUYFRQER E>KBFBMLPFQRLH
AFPMI>@BJBK@E->KAE >OREBFK>KA’BDFKKRHLPFQF:GIFIBR>KAA OBPMB@ QERHEB
PQ>0OQFKDAGIIB>HBK QL ?B WBOL QEBK QEB >SBO>DB SBIL@FQV FP PFIMIV

-LQF @FE>QE B CFKFORLK @ XIFB@>EH<BMR><MpH:NL>=BLIE:<>F>BM O><MHKEE>PLQE
J>DKFQRABMFOB @ GERR( RKFRCLOBIL@FPBQBOMBPB@LKA) P ?2RQ>KVLQEBRKFJIR@E
>PHJ E JF E >IPLTOFQGBEME >KA@JP >OBK@LJILKRPE2RMMLRBLBU>JMIB-K>FOMI>KB
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M>PPBKQBOH PB@LK@ABLSBq J QERBD>QFFBRKAF@SFBRFPMI>@ BJBROT>CPER>@H
LC QEB MI>KB 'FP >SBO>DB SBIL@FQV TLRIA 7B

3EB JFKRP PFDK FKAF@>QBP QEB >SBO>DB SBIL@FQV FP >IPL QLT>0A QEB OB>0 LC QEB M|
3EB>SBO>BBIL@AM#K L?GB@BAKLE@BIRP>KVQEFKR. RPE>E>MMBRIRF?BQTBBREB
PQ>OQWKEXB ABKAFKILFKEL TBSB@LBU>IJMIE B @>KKQBICOL>SBO>BBIL@ATBQEREB
>FOMI>MBPPBKPRONPIBKQ>0ORIZ?>@HEVPBCLEBDLBRIQEB>@HOQER!I>KBL DBQLOB
ABQ>FIP TB JRPQ @LKPFABO PJ>IIBO PBDJBKQP LC QEB QOFM LSBO PJ>IIBO QFJB FKQBOS>

75B?3  FHK> =>M:BE>=<HKH? :G :BKIE:G> [[.LL>G@>K
A>=BG@ MHMRMKA> ;:<D H? MA> |IE:G> LAHPBG@ LF:EE>K
L>@F>GML H? ABL MKBI

3EBPJ>IBQEBFJBKQBOBIKPFAFGBALQFLIQEBLORABQ>FIBEBKCLOJ>QBERK TB @>00V
QERVOL @ BRPORDF @@ LK @IRPFBK-OBBCOFQEK FKCFKFQBPRISIM-KQBOSSBOPR @K
FKQBORHEBSBO>BBIL@FB@LIBEBEBGLM:GM:GEHEH<BMRASD>EH<BWRLI><B?BGLM:GM
@¥PPMBBALJBQRBU>IJMIEPELTROQEB>DKFQRARXKLAERFOB@QRIBEBKPQ>KQ>KBLRP
SBIL@APQE>0LIF@BDFSHF @HBFBAK FKPQ>KQ>KSRR® FRRQI EBK@>|@RI>@HERD
ILKDFQ@FIl Q>HBLDBQOLLKBMI>@BL>KLQEBRR > OL>AOFY.RKBBAQLRPE-SBO>BBIL@FQV
"DIJ7DJ7D;EKL;BE9?JOFRYEBSBO>BBIL@FQYPMB @ FBP@FKQF JE.OLSBOKFKCFKFQBPFJI>IIV
PJ>Il QFJB FKQBOS>|
>QEBJ>QF @>UNKAFRRPQ>KQ>KERRBFQ\W¥ Q> MOB@FRBQAX@>KKSLISB>HFKDFIFQ
> @>|@RIRBO>QFRKLKAER @LMEQERPBUQTBSBORKABIKV @FO@RJIPQIB@BACFKA
MOB@FPB S>IRBP CLO FKPQ>KQ>KBLRP SBIL@FQV TFQELRQ @>I@RIRP

)>332

(K BSBOVAKDR>DH_PQVIBLMIBPERERBOJPMBBAKAKSBIL@FEKQBO@E>KDEHMENPFQ@P
ELTBSBQEBNL KLE>SEER>JBIB>KFKBKAQEBYORFPQF @K@ BM®EPI>GL@FCBOBK®B
QERMBHZ-KLAFOB@QER® [>>=BL: L<:E:K)RPSPTB KBB®IAFPQFKDREREBBKPQ>KQ>KBLRP
SBIL@F£MA>SBO>BBIL@FO >IPLKBBALAFPQFKDRBOEBBEKK P Q>KQ>KBUBBAKA>SBO>DB
PMBBA

"DIJ7DJ7D;EKF:;: FROEB>DKFQRAEFKPQ>KQ>KERIREFRVBU>IMIBPRMMLOBBFOMI>KB
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M>PPBKDRMXBFKPQH@>KFKPQ>KQ>KERIR@AQY J P QEBFKRRB>KFKQLT>CREBB>0
LCQERII>KB Q QE>P>JBQFJEFFKPQ>KQ>KBURBE-P J P .0 PRMMLPE>S KBQFJB
AROFKIPELMMFRORIRGKPQ>KQ>KERRBFP HJ E AREKLOQELRGKPQ>KQ>KBURBAQ
QERKPQIKQIA?B  HJ EjQEBP>JBI>DKFQR2BJFQELRAFOB@QMBO>PBIBBALTBSBEOP
SBOV ABOBKQ COLJ >SBO>DB SBHZ@FRN FP QEB AFPQ>K@B QO>SBIBA AFSFABA ?V BI>MPE

6 B E>SEKLQBAE>AFPQ>KJE SBI@% B DOB>QH>KFPMI>@BJBKQSBO>PRIBBA>KB
DOB>QEDKSBO>BBIL@FUEF @EPAFPMI>@BIBRSFABN QFIB%LBU>IMIB-C/LRAOFSBL>
PQLOEAOBQRAKB FKE>IGKELRC-KAVLR@¥PLALIBQEEL TROERLQAFPQ>KI@DB SBIBAR

HJ QEBXLROSBO>BPBIBBER-P HJ E 8LRC-SBO>BBIL@FEMBSBO>PWBORB@>RVPBRO
AFPMI>@ BJBKQEBLRKAOFMVBOEFPMI>@BJBRDE>K BRVILPFQFKIKQERPRVB@LOOLRKA
QOFM 3ERP >SBO>DBENRBAINP QEB J>DKFQRAB LC >SBO>DB SBIL@FQV

75B?3 NKBG@: FBGNMN&=MKBI MH MAMAMNKIM:E
=BLM:G<> MK:O>E>=BL DF 0A>:0>K:@> LI>>=BL DFA 0A>
=BLIE:<>F>GM ?HKIMG= KIKBI BL 6Bk <> MARKGH G>M
<A:G@> BG IHLBMBHG OANL MA> :0>K:@>HO>EH<BMR BL S>K

KLQEBD>VLCSFPR>IFWFEE QFLKC>KL ?GB ER)IRPE DO>ME MILQCMLPFQECKCSBIL@F®V

> CRK @ QFIGF JE) >RBSBORPBCRAILBU>IMIECLQERPORMDE BQLABEBILPFQFEBIL @FSKA

PMBBA SP QBOBMEORBFPMI>\B®6FDROBLQBQEQEBPR>MEBMFE@SBORFIMIFCEEAB
LOQEBRORVB >0OBPPRJFKIERMBERA LK P QARQFKIE B OFNEF @EFRKOB>IFRGE@RETBNI|
MOL?>?RQLMIDEBQLORQCLOFIMIF GFMHE B TFIIJLABIFGFQELPQLMP@E>KDBPMBBA

6 B >OB >IPL >PPRJFKD QE>Q QEB OLRQB ?BQTBBK QEB PQLOB >KA QEB ELRPB FP > MBOCB(
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75B?3 ,HLBMBHG OL MBF> O>EH<BMR OL MBF> :G=
LI>>=OL MBF> HG : MKBI *HM> MA:M MA> O>EH<BMR ?HK MA>
K*MNKG MKBI BL G>@:MBO>
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"# SHE ) SH() $" #+() Y$# K N# (#($ (%

(CVLRE>SB°MBKIR @ EQFIJBNOFSFKMDRMOL?>?EA~SB> DLLAPBKPBCPMBBABQTBBK?LRQ

>KA JFIBAVBELRORQTE>QOREBMBIBQBOMBOB@LKBAE>QALTB JB>KTEBKTB P>V
QERLIBQEFKBILSFKD-Q J P 3L DBQ?BQQBEEXKABCTE>MEBREIRBOB>IINB>K ALPLJB
L?PBOS>QFLKP >KA @>I@RI>QFLKP LK VLRO LTK

a @>I@RI>QB QVMF@>l @>0 PMBBAP FK JBQBOP MBO PB@LKA

a BPQFJ>QB GLDDFKD >KA T>IHFKD PMBBA ?V QFJFKD VLROPBIC @LKSBOQ QEB JB>PROE
2LQE J P >KA JFE

a ABQBOJFKB QEB PMBBA LC >K >KQ PK>FI LO C>IIFKD IB>C

6319. =C@ +<23@AB/<27<5

@LJIRQBID>BIO>SEIBLI>IQFILOBLE >PEFKDQEK >KA?>@AK ELROKA JFKRQBJEB
AFPQ>REBTBRIER TLPQ>QFERRMOLUFI>QBI¥IBP6E>QFP> QEBSBO>BBIL@AQYERO>BKA
? QEB >SBO>DB PMBBA LC QEB QO>FK FK J P

)31B7=<)C;;/@G

a 3FJB FP JB>PROBA FK QBOJP LC @E>KDB >KA FQP 2( RKFQ FP QEB PB@QLKA P $I>MI
BSBKQ FP

TEBOBFR)EBFKSFJIBKAA FROEBKFQEFIBEBFKFQEFIER CQESHER?BWBOLP
FC JB>PROBA TFQE > PQLMT>Q@E QEB BI>MPBWX QFJB FP QEBK GRPQ

a SBO>DB SBIL@GHQANBCFKBA >P AFPMI>@BJBKQ AFSFABA ?V QEB QO>SBI QFJB (K PV
SBIL@FQV FP

a 3EB 2( RKFQ CLO SBIL@QFQV FPJ P
a 5BIL@FQV FP > SB@QLO >KA QERP E>P > AFOB@QFLK

a (KPQ>KQ>KBLRP SBRFAPEB/SBIL@FQV >Q > PMB@FCF@ FKPQ>KQ LO QEB >SBO>DB
FKCFKFQBPFJ>I FKQBOS>|

a (KPQ>KQ>KBLRP PMBBA FP QEB J>DKFQRAB LC QEB FKPQ>KQ>KBLRP SBIL@FQV
a (KPQ>KQ>KBLRP PMBBA FP > P @>PRINEHKRIFAVOB@QFLK PMB@FCFBA
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a SBO>DB PMBBA FP QEB QLQ>| AFPQ>K@B QO>SBIBA AFSF/ABO»DBPRIBEBAPBA QFJ
GHIJIEB J>DKFQRAB LC QEB >SBO>RRBBALPEOR@>1>0 NR>KQFQV FQ E>P KL AFOB@
>PPL@F>QBA TFQE FQ

=<13>BC/: 'C3AB7=<A

&FSB-KBU>IMIPRELQKBCOLRDERBULC> ABSF@BBALIB>PRABFIBKAFABKQFEYIR E>KBE
QE>Q ABSF@B FKAF@>QBP > @E>KDB FK QFJB

3EBOBP> AFPQFK @B6IBBISBO>PBIBBAAQEB>DKFQRIE>SBO>BBIL@FERSB-KBU>IMIBE>Q
FIIRPQO>QBPCEIBKRIB ?BQTBBK QEBPB QTL NR>KQFQFBP

#LBP > @PQALIBQBO JB>PROB MLPFQFLK LO AFPMI>@BJBKQ #LBP FQP PMBBALJBQBO B>PROB F
(CVLRAFSFAIEBLQAFPQ>KI@BSBLE& @>QORMABQBOJFRBAEBALIBQB®VQEBFIELQEBOFN)
>OBLR@>|@RI>QESSBO>PBIBRAQER>DKFQRABEBSBO>BBIL@FQNABIE>@FO@RJIPQ>BE)BP
QEBPB QTL NR>KQFQFBP QEB P>JB

'LT >0OB FKPQ>KQ>KBLRP SBIL@FQV >KA FKPQ>KQ>KBLRP PMBBA OBI>QBA QICBKB >KLQEBO 'LT AL

&@=0:3;A F3@17A3A

> ">|@RI>@BOQESBO>BBRIBE2BI>QEEBERRK ? 6E>QFFEQFSBO>BBIL@APBOMBOFLA KB
VB>0

EBIF@LMOBGPMFKPBU>@QIV OBSLIRQRVRBFKRQEI®FFP  J COLDERBKQBOLQ>QFLK
> ">|@RI>QEBSBO>PBIBBAQEBI>ABFFKQEEBIF@ L MRIED-JBCOBCBOBRE@HE>QF FFQRSBO>D
SBIL@FQV LSBO LKB OBSLIRQFLK

99}

3EB-LOQEIBOF @>KKASROLMBEX KQFKBRBPSFKDM>0Q O>QE>?LRQ@JV Q QERP>GR.T
ILKD TFIl FQ Q>HB QEBJ QL AOFCQ HJ C>0QEBO >M>0Q QE>K QEBV >0B >Q MOBPBKQ

+>KATBPQCQER>K KAOB>E>RIEKPLRQEBSKCLOKFRILSFKD>Q>K>SBO>BBIL@A@#?LRQ
@JV KLOQETEMRD>QFIB-KAB>PIICQEB>RI®LP KDBIBAFFTBPQCQEEB>RIKKXAI>V QERPLIBA>\?B
>QEB>JBI>QFQRRB>K % O>K @ FPEH@EB>PIICQEE>RIQT C>GKQEBRQRIM QEARRY @RMEB
AFPMI>@BJBKQ QL ?B J>ABFP HJKLOQETBPQ >PPRJFKD QEB JLQFLK OBJ>FKP @LKPQxKQ

K >V >PQOB>JIFKER-FKIBRBEFBPBIO>@¢|IBBEBBME\RBQEBLOIAPKLKP QLMD
AFPQ>IREIBE2B @LCLQO>FFPRKOL¥BKSBQIEF@>MLLH ELROPJFKRQBP PB@LKARAT>P
TFQKBPPBALOBQE>KJFIIFLKBLMBLKIDEBLRGEBQLQAFPQ>KI@BSBIBAR HJ 6E>QT>P
FQP >SBO>DB PMBBA FK HJ E >KA J P

3FA>COF@EMIKTFKREBLQ>QEQREB>0QF >OBPREERO?AQQER LK FREK@OB>PREBAFRP
>Q 0>QB>MMOLUFJ>QBINVB>CPPRJIFKI)ERR?B> @LKPQOKQBLT J>KVVB>ORIIM>PPBCLQEEB
O>AFRP LC QEBPLLEAFQ FK@OB>PBP ?VJ r

PQRABXM SBLQERKFSBORKR\EBELJIB >KAKLQBAE>QEBALJBQRIB>AFKCEB@>EK@OB>RBA
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2V HJ 3EBQOEMLH JFK > 6E>QT>PEBOSBO>PBIBBA (CQEBQO>FDEQRR@>K@®BEBO
ELJB QIQERKFSBOFPQV HJ FK> AFOB@QFLKPLRQEB>PQE>J>PEBOSBO>BBIL@F@ (CPEB
OBQROERBJB ?VQEB>JBM>QEE  JFK>CQBEBBCQE>JBOEBGSBO>PBIBBAASBIL@FQ\VQEB
BKQFOB QOFM

3EBPMBBAMOLM>D>QEREB@ QRUKQBKQHABIB @ Q @K K> KBOS® BABMBKAKSBOPRIK
QEBF>JBQBGREBULKKBOSBF?BQCQERBOS®BIRLKKB@QEBMFK@LCAVLRCBEPY J ILKD
>KA QEB KBOSB FIMRIPB PMBBA FP JP ELT ILKD ALBP FQ Q>HB CLO QEB KBOSB PFDK>| QL QO>SBI|

"L KSBOP>QFLRREPQOLKRQPEERK>BROCS@BB R E>0>@ QEVRWEAACB @EEKTEF @BEB
B>OQE?LRKOPPSLF @B PPLILRAFKQEBPQOLKPRIR@BIIBQEFW>PMF @ HEWP\ QEBPQOLKPRQN
JF@OLMELHBQO>KPJIFQO@ML$>0QEQFFOB>PLK>TB>PPRIRE>QEB@EQFJBNR>IDERFJIB
KB@BPFSOYEBR>ARL>SBQIQO>SBDLDEB>OQEQERLK >KA>@ERPKBDIB@QRKQFIBBI>VP
FKQEBIB@QOBKIR&MJIBKSI @RI>QERFPQ>@BS>0QREQER LK DFSBRE-QEB@EQFIB>P
P >KA QE>Q O>AFL T>SBP QO>SBI >Q QEB PMBBALE IFDEQ

CLLQ?NR>0QBO®R®A J PQO>FREMXQEBI>VFKIFBIRK P 'B FRQEBRFOKAMRPEBA
J PQO>FREQHT>6K P 'B ?0B>HFER>@HIBAORKPQO>FOEQT>0KLQEBO J FK P
">|@RI>QB EFP >SBO>DB SBIL@FQV > CLO B>@E LC QEB QEOBB FKQBOS>IP >KA ? CLO QEB BKQFOI

3EBMI>KBQ0OABI LOQEBQLIMF@ QRIE® Q ALEFFQRMBQLIFKR @ |BRR@ EPMI>KBQB?RIEB
2RK (K QERRABI VLR@>KFBTEVAOLDE}ERFIMIBPQLJ >PE>SFKDPFKDEB@QBKK@FO @RDIBQ
r J FKAF>JBQBO (CQEBSBO>PBIBBAQEBIB@QBKBER?ARMHKLTKQI?B  r J

P @>|@RIGERII7DI;FQO>SBERKEPB@LKA@>HBP-?LRQEER@IBRP 6E>QFR)EBIB@QOLRBO>DB
L;BE9?JOFKQ 6E>Q FP QEB AFPMI>@BJBKQ

;>BBOAH

TLH7=;IF;;:
AFPQ>K@B QO>SBIBA AFSFABA ?V QFJB AROFKD TEF@E JLQFLK L@ @ROP
7L;H7=; L;BE9?JO
AFPMI>@BJBKQ AFSFABA ?V QFJB LSBO TEF@E AFPMI>@BJBKQ L@ @ROP
?DI1J7DJ7D;EKI L;BE9?JO
SBIL@FQV >Q > PMB@FCF@ FKPQ>KQ LO QEB >SBO>DB SBIL@FQV LSBO >K FKCFKFQBP
?DIJ7DJ7DEKI IF;;:
J>DKFQRAB LC QEB FKPQ>KQ>KBLRP SBIL@FQV
J?C;
@E>KDB LO QEB FKQBOS>I LSBO TEF@E @E>KDB L@ @ROP
CE:B
PFIMIFCFBA ABP@OFMQFLK QE>Q @LKQ>FKP LKIV QELPB BIBJBKQP KB@BPP>0V QL ABI
MEVPF@>| PFQR>QFLK
:B7FI;. J?C,
QEB AIBOBK@B ?BQTBBK QEB BKAFKD QFJB >KA ?BDFKKFKD QFJB



4?0AC<4=C>5%HB828=3 BCA>=>+H0C >D6;0B >;;464 0=3 $?4=(C0G

>,9A 2 EKH .D:;HIJ7D:?D=

> 3EB >SBO>DB SBIL@FQV LC QEB QO>FK FP WBOL QE®SRPEK BKAP RM >Q QEB P>JB MI>@B FQ
PQ>0QP

? 3EB >SBO>DB PMBBA LC QEB QO>FK FP @bQBRIESB/AQEBLJO>FK QO>SBIP  JFIBP LKB [T>V >KA
JFIBP 2>@H CLO > QLQ>l AFPQ>K@B LC JFIBP

JHE8B;ClI N;H 971l

> ?

> U JBQBOP JBQBOP




113:3@ /B7=<

a #BCFKB >KA AFPQFKDRFPE FKPQ>KQ>KBLRP >@@BIBO>QFLK >SBO>DB >@@BIBO>QFLK >
a ">I@RI>QB >@@BIBO>QFLK DFSBK FKFQF>| QFiB ERRSIFSBEBIEQVQV

75B?3 IE:G> =><>E>K:M>L HK LEHPL =HPG :L BM
<HF>L BG ?HK E:G=BG@ BG /M ):KM>G %ML
:<<>E>K:MBHG BL HIIHLBM¥BEGBAKH BML O>EH<BMR
<k=BM /M>0> HE&BRDK

(KBSBOVAGN.KSBOP>QE{(® @BIBIBE0IPMBBERAVI3EB>@ @BIBTHE>@ >RIC> @D RFR)L
PMBBRVI3EBDOB>QEKBI9; B;H7J?EDEBOB>QHKE E>K BESBIL @ FGBO DF SBRFJBEBCLOJ>|
ABCFKFQFLK LC >@@BIBO>QFLK FP @LKPFPQBKQ TFQE QEBPB KLQFLKP ?RQ JLOB FK@IRP

o0 ) $#

L;H7=; 99;B;H7J?EERMA> K:M> :M PAB<A O>EH<BMR <A:.G@>L

TEBOB FP>SBO>DR @BIBO>QFERBIL@FSKAAFRQFJIB3EB ?>Q. SB@EB JB>KP.O>K:@>
>@@BIBO>QFLK

IB@>RPHED @BIBOFEIRIK@FBY PAFSFABYQFJBKP QEB( RKFOPO@ @BIBO>QBLK JBQBOP
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MBOB@LRAIR>0BAIBQBOFBOB@LHBSEB@LKPEEF@EQBOXIBAKP?VELT J>KV JBQBORBO
PB@LKA QEB SBIL@FQV @E>KDBP BSBOV PB@LKA

1B@>IDE>SBIL@FPY SB@QLOEF?LQE>DKFQRARAAFOB @ GHAFIB>K PQE=0@E>KBE
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https://pressbooks.bccampus.ca/resources/899fe0e0b03297f701b7121f04f0dbe2b4113fa6/moving-man_en.jar
https://pressbooks.bccampus.ca/resources/899fe0e0b03297f701b7121f04f0dbe2b4113fa6/moving-man_en.jar
https://phet.colorado.edu/en/simulation/moving-man
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(P FQ MLPPF?IB CLO PMBBA QL ?B @LKPQ>KQ TEFIB >@@BIBO>QFLK FP KLQ WBOL &FSB >K BU>JM

(P FQ MLPPF?IB CLO SBIL@FQV QL ?B @LKPQ>KQ TEFIB >@@BIBO>QFLK FP KLQ WBOL $UMI>FK
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QEB O>0QB LC @E>KDB FK SBIL@FQV QEB @E>KDB FK SBIL@FQV LSBO QFJB
7L;H7=; 799;B;H7J?ED
QEB @E>KDB FK SBIL@FQV AFSFABA ?V QEB QFJB LSBO TEF@E FQ @E>KDBP
?DIJ7DJ7D;EKI 799;B;H7J?ED
>@@BIBO>QFLK >Q > PMB@FCF@ MLFKQ FK QFJB
59;B;H7J?ED
>@@BIBO>QFLK FK QEB AFOB@QFLK LMMLPFQB QL SBIL@FQV >@@BIBO>QFLK QE>Q O
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a #BP@OF?B > PQO>FDEQ IFKB DO>ME FK QBOJP LC FQP PILMB >KA V FKQBO@BMQ
a #BQBOJFKB >SBO>DB SBIL@FQV LO FKPQ>KQ>KBLRP SBIL@FQV COLJ > DO>ME LC MLPFQF
a #BQBOJFKB >SBO>DB LO FKPQ>KQ>KBLRP >@@BIBO>QFLK COLJ > DO>ME LC SBIL@FQV SF
a #BOFSB > DO>ME LC SBIL@FQV SP QFJB COLJ > DO>ME LC MLPFQFLK SP QFJB
a #BOFSB > DO>ME LC >@@BIBO>QFLK SP QFJB COLJ > DO>ME LC SBIL@FQV SP QFJB
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>|PLOBSBSBI>QFL K PERMMBBKEVPF@RFKQF GEB B @ QRPBBO>MEBAFPMI>@BJIBEQ@FQV
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LMK:B@AM EBGEBL O



% .( DBC><)4GC1>>:

@>6 =4 7A>:/13;3<B DA *7;3 a A= v7A 1=<AB/<B

3FJBFFRPR>II¥K FKABMBKABKIF>AFE A EBIR>K QF GRBEEPAFPMI>@BJBRHIBKRAMLK
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@>0 LK > SBOV CI>Q AOV I>HB ?BA FK -BS>A>

75B?3 #K:IA H? =BLIE:<>F>GM O>KLNL MBF> ?HKe=GCMHIGAMK>
HGG>OBEE> /:EM "E:ML

4PFKREBBI>QFLKPEEVBBMBKABKEFKABMBKABKIF>?I1BB PBREQEBILMBKQEBO>ME
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3EB PILMB LC QEB DO>ME LC AFESIP>@BIBRGBILAEQV
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%OLIEBFDRUB@>RBREQER>B>P> AFPMI>@BJBKQJ >Q  P>KA J>Q P(QP


https://pressbooks.bccampus.ca/collegephysics/chapter/motion-equations-for-constant-acceleration-in-one-dimension/
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%FKA QEB >SBO>DB SBIL@FQV LC QEB @>0 TELPB MHPRGBK FP DO>MEBA FK
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3EBPILMBC> DO>MEE SP AFP-SBO>BBIL@FPRK @B.MBNR>IBFRBBORKK QER®>PBFPB
@E>KDB FK AFPMI>@BJBKQ >KA ORK @E>KDB FK QFJB PL QE>Q

2FK @EEBILMBHRB LKPQERQBK\QTIMLFKQRQEBO>NME>RBRPBAICFKAEBILMBS.BKBO>IIV
PMB>HFREPLPQ @ @ROHRIBR TLTFABIPBM>0>QBAK IRQEBQO>ABEBEFFEPB@>RABY
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"ELLPBQTLMLFKQRQEBKBK QER®>PBB @ELLREBILFKPBIBAKQEBO>ME P
J>KA P J -LQB ELTBSBO QE>Q VLR @LRIA @ELLPB >KV QTL MLFKQP

2R?PQF QPEIB>KAAS>IRBPCQERDEL PBK.FKGRQQEBNR>QFILEIBI?BOFK@>I @RI>QFKI
@E>KDB TB >IT>VP RPB CFK>| S>IRB JFKRP FKFQF>| S>IRB

'
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3EFFPKFIMOBPPFEEA>KAPMBBA HJ E LO-?LRQ JFE JR@DOB>QEOREBVMF@>I
EFDET>FMBBRIFQC JFE J PLO HJE ?R@LKPFABCPENM/CQEBB@LAA J P
HJELO JFE PBQFK
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3EBDO>MER%FDROBBILT OBMOBREKE) QFLKCQEBBQ MLTB@BAPFQ @ @BIBASIJBORQP
QLMBB2RQKIVAROFKIEBFJBEBKFQRA @BIBOFEBLKPQSFJBPQ>CQRBALQERRQFLK
>PFQB>PROHAQE PQLMT>QEHAQEBFPMI>@BIBKSBIL@FDEBKFQF>IIVI >KA J P
OBPMB@QFSBIV
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3EBDO>MEAFPMI>@BIEBQPRIFJEK%FDROB FP> @ROSBQEBBE>K PQO>FIFKE3EBPILMB
LOQERROSB@LJIBPQBBMBQFJBIOLDOBFFHEP FKQEXQEBBIL@FRIWK @OB>PSRQFIBEB
PILMBGKWILFH® > AFPMI>@BJBKQ SBORRP-GIHEE BKPQ>KQ>KERIR@ FOPEQL FK(@FP
CLRK2VAO>TFKIPQO>APE®>KDBRIQE R ROSEEBILFKQFKQBOBRQ>HFRIEBILMBOQEFP
PQO>FAPEEB>KDBKEKBPORELTICLQTLMLFKERAFDROB (CQERFALKBE-BSBANLFKB QEB
@ROSBAQEB>IRBFOBIILQQHENFKBORIE)EBREBO>MESBIL@SPOPRPIBEL THEKAFDROB

FR.2Q>FKBAROQEBOIDEBILMBOQEBO>MESBIL@FSBOPRFJIER @ @BIBOSTHR@EPELTK
FKAFDRO®
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">|@RI>QEBBIL@AQQEBB@>83 QFJRC P?VCFKAFREBILMBOQEE SP ADO>MEQEB
DO>ME ?BILT

75B?3 0A> LEHI> H?E@LA@K:IA BL O>EH3ABIRBL
LAHPG :M MPH IHBGML %GLM:GM:G>HNL O>EH<BMR :M :GR IHBGM BL
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3EFP MOFK@FMIB FP FIIRFQESGESOB 0 FP QEB MIFKQ >Q
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%FKA QEB Q>KDBKQ IFKB QL @EH @ROSB >Q

#BQBOJFRBBKAMLFKQPER>KDBREBPEBLOOBPMILKMLPFQECK J >QFJB P>KA
>MLPFQFLKLC J>QQFJB P

/IRD QEBPB BKAMLFKQP FKQL QEB BNR>QFLK QL LISB CLO QEB PILMB

3ERP

?19KII?ED

SEFFREB>IRBFSBRQERFFDRRBH?IBLC>A | 3EBS>IRBC J PCLO FRMILQQBA
FIEDROBEB BKQFOB DOEBEA@>K ?B L?Q>FKBA FK QEFP C>PEFLK

">OO0VFKIEAKBPQBIROQEBKLQBE>QERILMBC> SBIL@FSBOPRIFJBHO>ME>@ @BIBO>QFLK
2ILMB-ROFRE-SFABRORK K> CSP ADO>MEFPB@E>K BRSBIL@F @¥KAORK @E>KBRQFJIBA
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3EB PILMB LC > DO>ME LC GBR-QF@¥P >@ @BIBO>QFLK

2FK @BEBBIL@FERBOPRIFIBO>ME%HFDROB FP>- PQO>FIPRE-QPILMBRQEB>JBBSBOVTEBOB
FIMIVFKD QE>Q >@@BIBO>QFLK FP @LKPQ>KQ @ @BIBO>QFUEBROBRP QFJB FP DO>MEBA
AAFQFLKDBKBEHCLOJ>QBIHRBL?Q>FKBALYFDROBKAQEBUMOBPRHIZPQO>HBKH-
‘E O
(KQER®>PBEBBOQRE@FPFH QEBKQBO@BRIQQEBILMB FFP >KAQEBLOFWLKQFEFP
A2R?PQFQRQFKD QEBPB PVJ?LIP VFBIAP

DBKBO®BI>QFLKPESBIL @ FS® @ BIBO>QRIEIE>P-D>FRBBH. ?Q>FKBALY DO>MEQF @B
QE>QEFNR>QFLKP>IPLABOFSBIDB?0>F @S0V QERDQFLIBNR>QFBKEE>MQBO L QFLK
$NR>QFLKP CLO "LKPQ>KQ @@BIBO>QFLK FK .KB #FJBKPFLK

(QFPKLQ>@ @FABRE>QER>JB BNR>QFLLKFR.?Q>FKBX DO>MEF@SIIVPEP ?V >IDB?0>F@



https://pressbooks.bccampus.ca/collegephysics/chapter/motion-equations-for-constant-acceleration-in-one-dimension/
https://pressbooks.bccampus.ca/collegephysics/chapter/motion-equations-for-constant-acceleration-in-one-dimension/
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QLCFKAEBILMBQKWLFKEA/LRE>SEEBILMBLBSBANLFKQO>MEF &+ VPERILQFLI@>K
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6EFIBQEBTBKL PFIMIPQBM ?V POBMELAE>T OHELBSBOMOL?IBIQEELIILTFKDBKBO>|
MOL @BARSBF-IFRSQBIBPLISFKEXAI>HBFQLORIB>KFKDCRI@BOQ=ERKQC@OB>QESRQV
FKPFDEQ FP OBNRFOBA >P TBI

(C4?

1Q:FBG>MALBMN: MBHEM>KFBEAB<AARLB<:EKBG<BIEXE BGOHEQSOECQEBIMPL=K:P :
LBFIE+D>M<QDEBRQPBQR TFII >IPLKBBALAB@FABF @EFOB @ GRUKPFQBRBKLQBESX
VLR®HBQ@EBVLRE>SH-ABKQF QEBAEVPF ®ISIFK @ FMEEBR @ BB>PFBICFKAKA>MMIQEB
BNR>QFOEMOBPBIQEERBOFK @ FNMMER R D E FKAFRBR) L OOBIG@RS QFERPPBK QRBBRMKIFKA
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QEBNR>QFDEROBRERP F @OFK @ FMIBR CK>QRORBAOBI>QF LK PEEMBMEVPF @RFKQFQFBP
6 FQELRQ > @LK@BMQR>| RKABOPQ>KAFKD LC > MOL?IBJ > KRIBOF@>I PLIRQFLK FP JB>KF|

(C4?

):D> : EBMPA:MBL@BOME:G ;> BG?SKIRKF MAKH:E>FL LM:M>B=>GMB2B®GHPGL>KV
MOL?IBIFOPQ>QBRORNR@ @FK@EIBNRFLBBFKPMB@QRBOBOJAKBFRHKLTK PHBQ@E
@>IPL?B SBORPBCRQDERRLFK@LOJ>IIFABKQFCQEBIKL TKFEALCM>0QF @RMODQ>KE B
>MMIVFKIEVPF@PB>| TLORFQR>QRIBIBI?BOKPQLMMBBEKPSBIL@FPWBOLKATB LCQBK
@>K Q>HB FKFQF>| QFJB >KA MLPFQFLK >P WBOL

(C4?

%=>GMBEIRMER:MG>>=IMH> =>M>KFB@EMAIKH;E>F B=>GMBIRNGDGHPGK @LJIMIBU
MOL?IBJBPMB@FFBALGIT>VR ?SFLRFE>HBBABL?BCLRKACFKTE>®BNRBK @BFKD> IFPQ
@>K EBIM

(C4?

"BG=G >JN:MBHHEL>NH?>IN:MBHEIA:M:G A>EIRHN.HEQWAIKH; E>F 8LROFPQCHKLTKPKA
RKHKLTK®>EBINEBOBJFMB>PFERI)LR@>KFKBNR>QF HEP@LKQFHVLKBRKHKL TK|QE:RP

>|| LOQEBQEE>OF>?1BPBIKL TKPLVLR@>RB>PFRLISELQERKHKLTKCQEBNR>QREKKQ>FKP
JLOBQE>KKBRKHKL THQEBKK>AAFQFLBNR>QFEKBBABAPLISREBIOL?IBIK PLIBMOL?IBJP
PBSBRKHKLTKIRPQ@BABQBOJFKRRBOEBKBKBBABA PQ(K PR@EOL?IBIFRGBPMB@F>IIV
FIMLOQSKEBBMEVPF®SIFK @ FMIBRAQL>SLFBLFKEPQOBK PB+ (BNR>QFIS{RI>V E>SB

QL RPB QTL LO JLOBBOBEQ BNR>QFLKP QL DBQ QEB CFK>| >KPTBO
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IN;LMBMNAMSDGHPGEHG @BMMA>BIGBBGMWA>IIK HIKB:M>IN:MBHG= H:M:B&NF>KB<:E
LHENMB&HGLE>MPBMNGBMEFPQBMOLAR @B RIBOF@KPTBFQ IPLMOLSFAB®EB@K
RKFQE®>EBIWLRCFKBOOL @ ERKFQEQEBKP TBEDBK @ LOGPRB&KBOOESP?BBKI>AB
'LTBSBO?B T>OKBAE>@LOOREKBR KLDR>0>K QEBQEERJIBOF@HATCQEBKPTBERIPL
@LOOB@Q
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A><D MA3GLP>KMH_>>B?BMBLK>:LHG:;E> H>L BMF:D> L>GL>3EFFCFK>PQBFPBUQOBJBIV
FIMLOQ>KQjQEBLQVIEVPF@PL> @ @ ROABBI@ CFESBRGB PBEQEBKPTBEROB>PLK>@EB@H
2LQEQP-DKFQRABAFQPFDIK>AAFQRIE QRKFGR RAGSRADJIBREI FIMOLSHVLRPLISBLOB
>KAJLOBMEVPFI@BL?IBIJPKAFJFI ?B@LIBILPPFIRMLRQLI>HB CFKBRACFKEERADIBKQP
OBD>OAFEBQEBGQRBB>ABNR>QBBP@OFPBOEBKPTBQL> MOL?IBBEFFPQBROFKIFER
MOL?IB3>@8FQB LK @BMIERKFKDCVLR@>KRADEBQEREBKP TBEFOB>PLK>ABRE>SE

ABBMBO RKABOPQ>KAFKD LC MEVPF@P QE>K GRPQ ?BFKD >?IB QL JB@E>KF@>IIV PLISB > \
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6EBKPLISFK@OL?IBJPB LCQBISOCLQHEBPRBMRAFCBOBKIABEKAT B >IPLOBKAIALPBSBO>|
PQBMPJIRIQ>KBLRFEBOBKLOFDFOL @ BARDEF | TLOHBSBAYFJBOB>QF SHQ¥KPFORQL T
TFQBUMBOFBK@BEB>PF@EMOL?IBPLISFKIB@LIBIILPGRQLI>QK® T>VQIDBRIO>@QF@B
FROLTLOH.R@ERBURB>IMIBELOLROPBRYLROB>AKLQEBERLTLOH-PI>KVBKA LC PB@QFLK
MOL?IBIFPMLPPF2HE)>0 QFIE EB>PFBPIQRFI4® LK CFABK@BOL DOBPOENEBLOBAFCF @RIQ
K@BVLR?B@LJIBKSLISBAMEVPF@ERTFIIPBEQI >OLRKALR >KAVLR@>RBDFRL>MMIFQ@L
PFQR>QFLKP VLR BK@LRKQBO LRQPFAB QEB @I>PPOLLJ GRPQ >P FP ALKB FK J>KV LC QEB

+<@3/A=</0:3 (3AC:BA

JEVPF@RPQ@BP@OFSBRE® @RO>IBR/MOL?IBIP>SBBPRIYEPRKOB>PLKIBE)>REKES
MOBJFFBRKOB>PLKAIBB @>R B OQMEB JFPEPEK @ LK PFPRHEKB>KLQEBEBMEVPF@>|
MOFK@BMNIFEALOOB@EBKIOLAR @RBRKOB>PLK>0EPRIGLBU>IMIEFCG MBOPEQ>0QFKD
CLLO>@f@BIBOXQ®BPJ P CLO P EFEFKAMBBREFII?B  J P >?LRQ HJ Ej@IB>0IV
RKOB>PLKSBB)>REBBFJRC PFP-KRKOB>PLKNEBJFREEBMEVPH@EELOOBG@PBKPBRQ
QEBGRILOBQLABP @ OF REKIRQE>BRROKFMRI>QBKIR>QFIEFOOB GXB@ HFKIEBBPRIQ>
MOL?IBQIPBEEGROB>PLK>AEBBLOBQE>KBINRK @LSBOOLEMYOL ?IBRLISFKDjRQPL?RFIAP
FKQRFQFLK FK GRADFKD TEBQEBO K>QROB FP ?BFKD >@@RO>QBIV ABP@OF?BA

4PBQEBLIILTFKEQO>QBDIEBPBOJAKBQEBK>KPTBEIDB>PLK>3HAFEGKLQQIABQBOJFKB
TE>Q FP QEB @>RPB
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JHEOMAHKH;E>MNLBA®K:M>@BHNMEBG=BAIASHKF:NHEEHB@IAPHKD>=Q:FIE>IBA/A>
M>QMQEBU>JMIBFSBRKQEBIOB@BARKD>DOMIRTLRIAFABKQBEEBFSBKPQEB@ @BIBO>QFLK
>KA QFJB >KA RPB QEB BNR>QFLK ?BILT QL CFKA QEB RKHIESTXREFK>| SBIL@FQV
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A><DMH>>BMA>GLP>KBUG:LHG:;E>(PF@QLU>OBLOQLLPJ>II LOALBAF@E>SEQEBOLKIPFDK
FIMOLMBKFQP (KQER®>PBLRI>V KBBRLALKSBIBQBOMBOB@LKKQLILOBC>JFIFRKFQ
PR@E >P JFIBP MBO ELRO

3EFP SBIL@FQV FP >?LRQ CLRO QFJBP DOB>QBO QE>K > MBORIK @>K ORK|jPL FQ FP QLL I>C

(C4?

%MASGLP>KBLNGKLHG:;E>EHHRHIPA:MLI><B?B<:EER E<:NL>MAB=>GMB2B92B<NEMFEB
BU>JMIBCQEBRKKEIEBOBRKIVQTL>PPRIMQFQERSDPRPMBEES>@ @BIBO@FRRBQLL
DOB+QQERFJELULKD %FORQH>QQEB@ @BIBO>®AEFKI?LRPE>QERRI?BAB>KP (C
PLIBLKBE@@BIBCSQBPJ P QEBBBIL@APNK@OB>PWKD J PB>@EB@LKA BPQERFBBJ
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OB>PLK>?(BPL QERFJBRPQ®BQLLULKD (FKLMLPPFTURELIBLKRL>@ @BIBOSQBLKPQ>KQ

O>QBLC JRLO P >lJLPQ QTL JFKRQBP

)31B7=<)C;;/@G

a 0A> LBQ ;:LBHlk>F LHEOBG@ LM>IL ?HKX3ARLB<L :K

IM>l  $U>JFKB QEB PFQR>QFLK QL ABQBOJFKB TEF@E MEVPF@>1 MOFK@FMIBP >OE

IM>I  >HB >IFPCTE>@DFSBKO@>RBFKCBOOBADERIOL?IBIPPQ>QBABKQFCV
QEB HKLTKP

IM>l  (ABKQFBV>@QIZ>QKBBARL?B ABQBOJFKBEQEBVIOL?IBIJFABKQROER
RKHKLTKP

IM>l  %FKA >K BNR>QFLK LO PBQ LC BNR>QFLKP QE>Q @>K EBIM VLR PLISB QEB \

IM>I  2R?PQFQFEBEL TKBILKD' FQBEBRRFGRQREBMMOL MG FLKA ?Q>FK
KRIJBOF@>| PLIRQFLKP @LJMIBQB TFQE RKFQP
IM>I "EB@H QEB >KPTBO QL PBB FC FQ FP OB>PLK>?IB #LBP FQ J>HB PBKPB

=<13>BC/: 'C3AB7=<A

6E>QFKCLOJ>QRLKLRKBBAK.OABUL@EL L AEEF @ENR>QRIIBNR>QFKRPELPLISE MOL?IBJ
$UMI>FK

6E>Q FP QEB I>PQ QEFKD VLR PELRIA AL TEBK PLISFKD > MOL?IBJ $UMI>FK
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a #BP@OF?B Q@BEREIP LC DO>SFQV LK L?GB@QP FK JLQFLK
a #BP@OF?B QEB JLQFLK LC L?GB@QP QE>Q >OB FK COBB C>I|
a ">I@RI>QB QEB MLPFQFLK >KA SBIL@FQV LC L?GB@QP FK COBB C>l|

%>|IFKCPGB@QPFKFKQBOBR@BRELILQFLKIOL?IBIJPLBU>IMIE B @>RPQFJI>QEBBMQE

> SBOQRIBKBPE>CQYAOLMMBHIL. @FHK GEQKAFPQBKEKMEBL @YEFQEBLQQLN >MMIVFKD
QEBFKBJ>QREFBILMBAC>QIC>IIFKI?GB @ER@>RBU>JFKBLJIBFKQBOBHRFEND QFKKB>0K
JR@E >?LRQ DO>SFQV FK QEB MOL@BPP

@/ D7BG

3EBJLPQDBJ>OH>2RARKBUMB @OBPQLRQ>IIFKIPGB GEPE>BCFOBPFPQ>KERF @ OBEK
KBDIFDFEBRK> DFSBK @>QF+KL?GB @3QLT>0RER BKQED>OQEEQBER:F> <HGLM:GM
<<>E>K:MBBE=>>G=¢GMA>BK L 3EFBUMBOFJBK@BQBOJFKBAMRKBUMBQTRE>RPB
>OBL>@ @RPQIQEEBCBAWPFOBPFPQ>KEMF@QESKB BUMBBRECGB@mEe>IPILTBO
QE>EB>SVKBP 8LR @>R>Q@BEBFABLCQEE>JIBO>KACB>QEBILMK QEALLK ?V SFPFQFKD
-2 >QEQQMP TEFPQUOY> DLS >IPG > SFABL EQJI @ILPBLRQ

75B?3 AFF>K :G=:?>:MA>K PBEE ?:EE PBMA MA>

L:F> <HGLM:GM :<<>E>K:MBHCBRRM:BK K BL

<HGLB==G>@EB@B;E> 0ABL BL : @>G>K:E

<A:K:<M>KBLMB< H? @K:OBMR GHM NGBJN> MH 'KMA :L

LMHG:NM :0B=. /<HMM =>FHGLMK:M>= HG MA> JHHG

BG PA>K> MA> :<<>E>K:MBHG =N> MH @K:OBMR BL HGER
L@

(KQEBBSTLOIA>FOBPFPQEX@EE>RPE-DEQEGB@IQ>IPILTBQE>KEB>SFBTGBGIPER>JB



4?0AC<4=C>5%HB828-3 BCA>=>H0C >D6;0B >;;464 0=3 $?4=(C0G

PFWB QBKKER TFIl OB>@EBOLRKICQBE>0A>PB?>A0LMMBEDEBR>JBQFJB(QIFDEQB
AFCF @ RIQ?PBOSEEBFCBOBK@BEEBFDEEKLQ>0B FOOBPFPQ:N®BPREBLQFLKC>K
L?GB@EOLRQEBFOEFIECOF@QBOR BRRGB@QPjPREBQTBRRILQER> I>RKAGHERQB
2BQTBBHPQLKEA> MLLFKQIEF @EBRAOLMMBAj>IPMMLPBEQFLRBQTBRIEBI%LQEBAB>|
PFQR>QECREBRE-OPRI@ E>MQBKIFPGB @BEBBRMAHRKCLBLM: GH#PK B<MBRBCFKBLB
FK<H <7BB
3EBCLO@EO>SR@YRPBEGB@NE> 0L T>0PE R BKQBS>0QBER>@ @BIBOLQEORB C>IIFKD
L?GB@EPEBOB@OEBAERIY;B;H7J?ED, JE=H7L?JGEB>@ @BIBOARBRKDO>SHRHGLM:GM
TEF@EB>KPTB @>&MMIQEBIFKBJI>QBER>QFIBKVC>IIFKI?GB@EBOBF@BPFPQKAB
COF@OBBBDIFDFBBFRMBKP?0L>4 |>RIEFKQBO BRI QRLRP 3EB>@ @ BIBOAREK

DO>SHPRLFIMLOQEHP-DKFQRAB FSBKQPTK PVJI?LI 5 (FROLKPQ>RB\VDFSBK@>QFLK
LK $>0QE >KA E>P QEB >SBO>DB S>IRB

IQELRDES>0OFBPL]) C1 QL C| ABMBKARKOD>QFQRABFQRRBABOIVEMRILDF@>
CLOJ>QFLKRAIL@>QLMLDO>MIEBSBO>BIREC  C | TFIl ?B RPBAKQEFBBURKIBPP
LQEBOTFREB @ FCGIEBNFOB @ QEQEB @ @BIBOAREKDO>SHRHPGP:X MHP KL MAx>GM>K
H2:KMA (K C>@FDRFOB@GFREGFE>Q B @>I8BOQF@SIBQESTEBQERER @ @BIBOFQHLK
QEBIFKBJ>QBER>QF BSPQEB>IRB5 LO5 ABMBKARELT TB ABCFKRQ@LLOAFKRE)BC
TB ABCFKEERMT>QAFOB@OPMKPFQRIEBK 5 C | >KAFOB ABCFKEBLTKT>OA
AFOB@QFLK >P MLPAQESB QEBK

%<3 7:3<A7=</: #=B7=< <D=:D7<5 @D7BG

3EB?BPT>VQIPBRER>PFEB>QROBPQFLEKSLISFRD>SHRYPQ>TRDBEBFIMIBPEQR>QFLKP
>KAQEBKOLDOBRP>QA OB@LIMIBLKBP2L TB PQ>0@ LKPFABBEKD ARBXAAL TKILQFLK
TFQEL>FOBPFPQLREE @ GERPBPPRIMQFIKAKQEQEBBIL@FES)EBBE-KV FFSBOQF@>
QEB?GBEROLMMBE HKLTQEBKFQSBIL @ FRRVBOK @BYEB?GB @BCQLKQIEQEE>QBSBO
EBIA OQQEOBTDER?GBERKCOBB CAHABQEBRBFO@RJIPQEKBIBFFLKR KB AFJBKPFLKGA
E>R@LKPQ>@@ BIBO+QFBKFQRBB BTFII>IPLOBMOBRERADHHPMI>@BIBIIDEBVJ?LI
F>KA RABCLO ELOFWLKQ>I AFPMI>@BJBKQ

#" ) &* Y$H($'S )(#! i, " ) $#
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MBOPPR>KARKIDEBADBC> EFDBIEQEOL FOL @HQO>MRMTQEKFKFQEBIL@RQV
J P 3EBOL@WPPBBREBADBOQER IBSFFQ>1IRP>@8IB>0QEI@RI>QEBILPFQFKKSBIL@RQV
QEBOL@H P P >KA P >CQBO FQ FP QEOLTK KBIBR@PAKD-GEEBPFPQ>K@B

,JH7J3;=0
#0O>T > PHBQ@E

75B?3

6 B>OBPHBAIABQBOJRXERILPFQFEKS>OFLRPIBRFROB>PLK>QE)>HBEBKFQMEPFQFLK
F QL?BWBOREFRMOL?IBBKSLISRRB AFJBKPFLI:FLRKQEBBOQR@SIB@ GFRRPBIIRBKA
JFKRPFDKBLIFKAF @AEBB @ JRQRMNPBFKBILPFQFREAL TKKBD>QFSEK GBVFAVILPFQFES®\
QEBL@HQEOLTRMT>0QEBKFQSBIL@FRP@BMLPFQBEEB3EB>@ @BIBOARBID O>SHPY
ALTKT>OMRL FAKBD>QREBRAOR @ESEBKFQSBIL@FBYQEB@ @BIBOARERO>SHEYEB
LMMLPRFBKRMMLPFOBDKAKAF @OGEQEB @ @ BIBOABREID O>SAMMLPBEBKFQBEQFLK
>KA TFIl PILT >KA BSBKQR>IIV OBSBOPB FQ

2FK@BB >OBPHBBLS>IRBECMLPFQFPKKSBIL@FQYEOBBJIBFB TFIIOBCBMEBPBF >KA
C F >KAC >KAF >KAC

,EBKJ?ED <EH )EI?B?ED
(ABKQFCV QEBHKLBKKIETQESQ C CI [/ 5 Cl  >KM |
(ABKQRUEBBPBNR>QRIRPES BTFIIRPB 2B@>RPBK@IRABPV
LKB RKHKLTIRLOF EBOBPAB<A BL MA> O:EN> P> P:GM MH ?BG=
/IRD FK QEB HKLTK S>IRBP >KA FEISB CLO

?19KII?ED

3EBOL@HP J >?LSEQRQ>OQEKERGA | PFK@B F (Q@LRI2BFHOBGRBLOALTK
QEB LKIV T>V QL QBII FP QL @>KARIFRB LRQ FC FQ FP MLPFQFSB LO KBD>QFSB

,EBKJ?ED <EBHE9?JO

(ABKQRUBBKLTKRS BHKLTQESR) C cCl/ 5 Cl >KM | 6B
>IPL HKLT COLJ QEB PLIRQFLK >PLSB QE>Q

(ABKQRUERBPBNR>QRURPEEBILPPQO>FDEQCEAT>DAX=] COLIC C /A TEBOB
| =H7L?J7J?ED7B 799;B;H7J3ED

/IRD FK QEB HKLTKP >KA PLISB




4?0AC<4=C>5%HB828-3 BCA>=>H0C >D6;0B >;;464 0=3 $?4=(C0G

?19KII?ED

3EBMLPFQESIRELGC JB>KFQE>QEBL GHP QFEB>AFKIMT>0AA | 'LTBSBOF@>P
PILTBA COLJ FQP LOFDFK>l JP >P BUMB@QBA

,EBKJ?ED <EH +;C7?D7I%51-

3EBMOL @BARDGP | @RI>QESED PFQFKKSBIL @Y | >KA | >OREB>JB>PQELPB
>?LSB 3EB OBPRIQP >OB PRJJSSHB/BARKEIIRPQO>QEDRKB

- ?C; A )EI?JI?EDF /;BE9?JO 99;B;H7J?ED

P J JP qg JP
P J q JP qg JP
P q J q JP q JP

- 78B; 1BPRIQP

&O>MEFKD QEB A>Q> EBIMP RP RKABOPQ>KA FQ JLOB @IB>0IV
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:<<>E>K:MBHG OL MBMH<PHWHIG O>KMB<:EER NI :M MA>

>=@> H? : <EB?? *HMB<> MA:M O>EH<BMR <A:G@>L EBG>:KER PBMA
MBF> :G= MA:M :<<>E>K:MBHG BBEk&BEN:BABHG

E>KMHMB<> MA:M MA> IHLBMBHG OL MBF> @K:IA LAHPL

O>KMB<:E IHLBMB#®"GI BGERR MH @>MMASHBRKA:M

MA> @K:IA LAHPL LHF> AHKBSHGM:E FHMBHG[MA> LA:I> H? MA>
@K:IA EHHDL EBD> MA> |:MEHMBE> NM MABL BL GHM MA>

<:L> MA> AHKBSHGM:E :QBL BL MBF> GHM LI:<> 0A> :<MN:E l:MA

H? MAS<D BG LI:<> BL LMK:B@AM NI :G= LMK:B@AM =HPG

?19KII?ED

3EBFKQBOMOBICQERREBPRIEFFIMLOQ>KD P QEBL@FP>?LSEFQPQ>0OQAKEKEA
EB>AFIRMT>ORFK@B-KAC >OBLQEILPFQFSB P QEBL@HPQFIPLSEQPRQ>0QRKEKTRQ
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QERBD>QISHE. @FB¥KAF@RLSFKMALTKT>0AQ P ?LQE >KAC >OEBBD>QFEB-KFKRQEB
OL@H?BILT FQPQ>O QWKEKBEAQ LKQFKRHBICSB ALTKT>OALQF @BE>TEBKQEBL @HR-QGFQP
EFDEBRIFKED P FQEBIL@QFRVBOIRGQRD @BIBOFGRMKI  C | (QP@@BIBOFRFLK
C | CLQEBELIBQOFM|TERHRRLSFKIRM-KATEFIB-@RLSFKIALTK -LQBQEXQEB>IRBELE
>OREBILPFQFLKRFPMI>@BJBKQEBL @KL@QEBLQAFPQ>K@BFSBIBAK>IIKLQBEXIDBB
C>IPMMIFBIRMT>QAQFLKPTBII >PALTKT>OALQEE>SKEB>JB>@ @BIBO>QF LKi@i&@BIBO>QFL
ARRQIDO>SFBF @BBJ>FK@PLKPQIERKQFRQBIBPQOLK>R@P-FKFKREB>JLRBLIFQLIBQ
CLBU>JMIBBUMBOFBE@EB CFHFIB>-O@HRIHPTBII >PALTK >PTB TFII AFP @ RRBLOBABQ>FI
I>QBO

"OH OSHH ) $H() $" -%'"#) K' )$#)"

PFJMIBUMBOF JEK@BALKERIABQBOJSKBROB>@ QFEIS>SB > COFBRIAA>ORIEBQTBBK
VLRQERJ?KAFKABCFKDBBM>0>DBRLRQ@J -LQBQEB>OH.KQEBRIBIERPOFDEBQTBBK
VLROFKDBESB VLRCOFBKALRIEBRIBKBUMB @ QBAYON@>QEIBQTBBHK RQTLCFKDBOP
-LQBQERBTOB>AFKKQEBRIBEPRIFKD @ @BIBOFEFERREIDO>SFQ¥I @RIVOUBOB>@QFLK
QFJBLT C>DLRIAVLRQO>SBE @>0LSFKD>Q J P FQEBFJBEQLLNLRCLLQIDLCOLDEB
D>P MBA>I| QL QEB ?0>HB T>P QTF@B QEFP OB>@QFLK QFJB

G0<?;4 0;2D;0C8=6 #4;>28CH >50 0;;8=6 $1942C '>2:)7A>F= >F=

6E>QE>MMBREQERIBOPLK QERDIEQEOL TPEBL @PRO>FREIX FKPQB-EZPQO>FREGL
BUMILQERRBPQFR@| @RIGEBBIL@RQYEBL@HEBKFGP  J ?BILTQEBQ>OQWKIEKEKA
E>P ?BBK QEOLTK ALTKT>OA TFQE >K FKFQF>I PMBBALC JP

,JH7J3;=0
#0O>T > PHBQ@E

75B?3

2FK @RBVFAMILPFQRIBE FKMLPFQECOQEB®L @FFII 7B KBD>QFSH®>RPEFKFPEBR.T QEB

K
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PQ>0QRKEKF 2FJFI>OIQEBKFQBBIL@FPXLTKT>0AKAQEBOBHEIB>QFSBFFQEB
>@ @BIBOARBRIDO>SFQBBUMBQ@EBFK SBIL@FQYBKBD>QFFSHK @EBL @H Il @LKQFKRB
JLSB ALTKT>0A

,EBKJ?ED
(ABKQFCV QEB HKLTKPF cC C Cl /5 Cl

"ELLPBQEBFKBJ>@NR>QREIOHBFFB>PFEPOLISBEBIOL?IBBEBBNR>QRLK C
/ FJF TLOHP TBIl ?B@>RPB QEB LKIV RKHKCTE BKTF{DMARD FK CIFO

$KQBO QEB HKLTK S>IRBP

TEBOB TB E>SB OBQ>FKBA BUQO> PFDKFCF@>KQ CFDROBP ?B@>RPB QEFP FP >K F¥
3>HFKD QEB PNR>OB OLLQ >KA KLQFKD QE>Q > PNR>0B OLLQ @>K ?B MLPFQFSB LO

3EB KBD>QFSB OLLQ FP @ELPBK QL FKAF@>QB QE>Q QEB OL@H FP PQFII EB>AFKD A

?19KII?ED

-LQBQEAQABL>Q: <MERE:F> O>EH<BMBH<DA:= :MMABHLBMBMG GBR:L MAPGMK:B@AM
NIP:K= PBMAAb:F> BGBMB:E= 2BBSU>IMIB >KA%FDROB 3EFFKLQ @LFK@FABBBRIQ
IB@>RPIB LKIV@LKPFAEB@ @BIBOABRBRKD O>SHNYERROL ?IBDEBI>>=LC> C>IIFKI?GB@Q
ABMBKARIVLK FQPKFQP¥BBAAFQEBOQR@:AFQEIB(>QREBEBQ>0QAKEKQLBU>IMIB-C
QEBBIL@AQQEBL@HRD>I@RISGBABFDEQ  J >?LSEDEBQ>OQWKEKRPFKOEBBQELA
COLBU>IMIB TEBKQEBKFQEBIL@F® J PPQO>FREQOBPRIQU  C | FR.?Q>FKBA
'BOB?LQPFDK®BB>KFKDCREBILPFQESIRE @ @REBKQEBL@H>Q  J >KAEB>AFKIM
>KAQERBD>QFSERR@ @REBKQEBL@HPQ  J >KAEB>AFRD@ALTK (E>REB>JBLI>>=
?RQ QEB LMMLPFQB AFOB@QFLK

(QBOJBAF:
KBD>QFSE

LTK 3ERP
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75B?3 : [I>KLHG MAIRL : KI<D LMK:B@AM NI :I>=@EEBIKIE> 0A> :KKPL

:K> O>EH<BMR O><MHKL :M :G= L ; I>PKLHBMAK<D LMK:B@AM =HPG
?KF : <EB?? PBMA MA> L:F> BGBMB:E I3>3RBE>RHE: *HM> MA:M :M MA> L:F>
=BLM:G<> ;>EHP MA> |HEGM HM&<R A:L MA> L:F> O>EH<BMR BG ;HMA <:L>L

KLQEBD>VQLULLH>FBGREFK$U>IMIB QEBL@HQEOLTRM FQEKFKFQSBIL@RQV
C | (QOFPBRAQEBE>IIP>@ALTK 6EBKFQRALPFQFEK  LKFQP>V?>@ALTK FQEBIL@ BV
C | 3E>@GPFE>ROEB>JBPMBBAFQP>VALTK>PLKFQP>VRM6 BTLRIAQEBEUMBEIP
SBIL@FQ¥MLPFQECR C QI?BQEB>JBTEBQEBB E>SREOLTHBRMT>0AD  C |
LOQEOLTHALTKT>0OAR)  C | 3EBSBIL@RQQYEBL@MFQPVALTKCOLF FROEB>JB
TEBQEB® E>SEEOLTKRM. OALTK QLPQ>DEDEPILKD>PQEBMBBA-QEEF @EQ>PFKFQF>IIV
QEOLTK FP QEB P>JB
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G0<?;4 8=365A>< 0C0>=0 0;;8=6 $1942C

3EB >@ @BIBOAFRELDO>SFK/ $>0QEFCBOPIFDEQBOLIMI>@BLMI>@BBMBKAFKD
QLMLDO>NHY TEBQERDR>ORBK > EFILOFK> S>IIBV>KAPR?PROCBELE DVTEBQERIEBGB
ABKPBL@ARHEOLKOBPLMMLPEAIFDEQL @AHP>IQBKB>QER 3EBMOB@FEE)BIBOARE K
QLDO>SF@YRB @>@RI>QBAA>QE>HEKSKFKQOLAR GMEMPHER O>QLOVRORS L?GB@Q
RPR>I1¥ JBQ>P>I| CLOEF @EF@BPFPQFRGED|FDF FBAOLMMBRAQERFIFE@>HEPLC>>
HKLTKAFPQ>@B>PROBBB CLBU>IMIB4FDROBBOWIOB@BBBRIQPRBMOLAR@BABDEFP
JBQELA FCOR@FBKQ @>0B FP Q>HBK FK JB>PROFKD QEB AFPQ>K@B C>IIBK >KA QEB BI>MPBA QF
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75B?3 ,HLBMBHGL :G= O>EH<BMB>L H?>E>\EBREKM PA>G :BKB{M:G<> BL G>@EB@B;E>
2>EH<BMR BL L>>G:MHEB&KKER PBMA MBF> PABE> =BLIEL<FPRWABERK>3INGK>E>K:MBHG
BL : <HGLM:GM :G=BL >JN:E MH @K:OBM:MBHG:E :<<>E>K:MBHG

2RMMLREEB>II C>lIP J FK P PPRIFKEB>IIFKKLGCB@QBAFOBPFPQ>K@}
TE>Q FP QEB MOB@FPB >@@BIBO>QFLK ARB QL DO>SFQV >Q QEFP IL@>QFLK
JH7J;=0

#0O>T > PHBQ@E
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75B?3

6 BKBBAIPLISELO®@ @BIBO*QEQBQEXQER®>PEFPMI>@BIBKOTKT>0OAKAQEBOBCLOE
KBD>QFSB >P FP >@@BIBO>QFLK

JEBKJ?ED
(ABKQFCV QEB HKLTKPF c A | C
"ELLPB QEB BNR>QFLK QE>Q >IILTP VLR/QRAAKSB)EBHKLTK S>IRBP
2R?PQFQRQBC GK@ OB>00>KDB QEB BNR>QFLK QRTRISEEIFKD VEBG\P

2LISFKD GLDFSBP

2R?PQFQRQB HKLTK S>IRBP VFBIAP

PL ?B@>RPB TFQE QEB AFOB@QFLKP TB E>SB @ELPBK

219KII?ED
3EBKBD>QFSBRELO FKAF@IBREBO>SFQ>QFEK@BIBOFENLKK T>0APBUMB @ QHA
BUMB@EB>IRB?BPLIBTEBO®LRKPEBSBO>BBIREC C | PL C | J>HBFPBKPB

2FK @FEB>QBLFKBEKQRE®>| @RI1>0BBBI1>QF SBOB @ B> IREL6 FRLOBVIOB @BPBREB
>SBO>DB S>IRBDd  FQ OBMOBPBKQP QEB IL@>| S>IRB CLO QEB >@@BIBO>QFLK ARB QL DO>SF

6319 . =C@ +<23@AB/<27<5

@ERKICF@BOB>HIC> DI>@FBOC>IP  JBQBOBCLOEEFQPEB>QBWPRIFKEC>IEOBBI
QEBOB FP KL >FO OBPFPQ>K@B ELT ILKD ALBP FQ Q>HB QL EFQ QEB T>QBO
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%) -%! $ )SH & )$H# %
+B>OK?LRQO>MERMKIDVKLJIF>IBEBPE>MBCQER) RO SH=>KDBPQER LKPQ>KOBPAGRPQBA

5FBTQEBVROSHRQEBKAFSFABRBODJIB DF OE QLPBELT QEBYAAQLDBKBOXIHBILIVKLIF>I
@ROSB

75B?3 1IN:MBHG #K:IA>K

)31B7=<)C;;/@G

a KL?GB@Q FK COBB C>Il BUMBOFBK@BP @LKPQ>KQ >@@BIBO>QFLK FC >FO OBPFP
a K $>0QE >Il COBB C>IIFKD L?GB@QP E>SB >K >@ @ BIB® TEF@GEARERQL>DBR SFQV

a 6EBQEBO QEB >@ @BIBELRIALRB Q>HBK £B5 FP ABQBOJFKBA ?V VLRO @ELF@B LC
@LLOAFK>QB PVPQBJ (C VLR @ELLPB QEB RMT>0A AFGB@QFCK >P MEPFQFSB
KBD>QFSB (K QEB LMMLPFEB @>PH  FP MLPFQFSB 2FK@B >@@BIBO>QFLK FP @
QEB HFKBJ>QF@ BNR>QFLKP >?LSB @>K ?B >MMIFBA 5AQE@EZ PUMIRYBFS08

a %LO L?GB@QP FK COBB C>Il RM FP KLOJ>IIV Q>HBK >P MLPFQFSB XK AFPMI>@BJB
>@@BIBO>QFLK

{ =<13>BC/: 'C3AB7=<A w

6E>QFFQEB@ @BIBO+QF K. @PEOL TRQO>FRET>CA QEB>VRM Q QEBRLMCFQBIFDE® QEB
T>V ALTK

K L?GB@BRQEOLTRQO>FRERIR>@BL$>0QBEFFEAKB AFJBKPFLALOFLK> 6EBK FFEQP
SBIL@REBOL? #LBPFQBBIL@RQE>KBBEOB@ QB K. BPQEB@ @BIBOAREDO>SHISERER>IB
PFDK LK QEB T>V RM >P LK QEB T>V ALTK

2RMMLRBRQEOLTOL @¥B>0RQO>FRIB® @L @LHROM>1JQOBEAQEBL @FPPBEKQEB>VRM
?REFQPERL@LKRQEB>VALTK -BDIB@QFFMBPFPQK@BLBREBMBRAQEBL @HEBKF@FQR
QERL@LHRQEB>VALTK@LIM>OBQEE>FJLRIAE>SEBBEEE>AEFQEBL@LKRQEB>VRM
(P FQ JLOB IFHBIV QL AFPILADB QEB @L@LKRQ LK QEB T>V RM LO ALTK $UMI>FK

(C>KL?GBEREOL RQO>HRIZEG A>FOBPFPQER®@BIFDF Z)E BRJPM B BZE BKFQBQRQKFEBQ>0OQRKD



https://pressbooks.bccampus.ca/resources/e6ee9717e3c9be4b4c32e56fa95242ccc73d2262/equation-grapher_en.jar
https://pressbooks.bccampus.ca/resources/e6ee9717e3c9be4b4c32e56fa95242ccc73d2262/equation-grapher_en.jar
https://phet.colorado.edu/en/simulation/equation-grapher
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MLFKE)EB>JB>PTEBKFQ>POBIB>PRZFOBPFPQFROEL®BDIFDFEBT TLRIAFQPMBBERMLIOBQROK
@LIM>0B TFQE FQP FKFQF>| PMBBA 'LT TLRIA QEB J>UFJRJ EBFDEQ GR@ERAE FQ OFPBP|?B >C

3EBPBSBOEQA\C>IABMBKARVLROMBBABK/LRPQORMIBOLRKA C>@QPRPEB@ @BIBOAGBLK
QIDO>SFRB¥KQEB>JB ELT J>KVQFJBEFDERD RIAP>CEB>ILKQER LK ?BQE>KK$>0QBO>SFQ>QFLK>I
>@@BIBO>QFLK LK QEB ,LLK FP >?LRQ QE>Q LC QEB $>0QE

LT J>KVQFJIBEFDERILRIAK>PQOLKSRQMKQER LK QE>KK$>OGREF®>HBIRMBEADEB>JB
FK ?LQE IL@>QFLKP DO>SFQ>QFLK>| >@@BIBO>QFLK LK QER $3®FP >?LRQ LC

‘, &@=0:3;A F3@17A3A ‘|

PPRJB >FO OBPFPQ>K@B FP KBDIFDF?IB RKIBPP LQEBOTFPB PQ>QBA

">|@RI>QEBFPMI>@BJIBASBIL@FQFJBEC > ? @ SKAA PCLO 7>l
QEOLTK PQO>FDEQ RM TFQE >K FKFQF>I| SBIL@EQERGILFE® [ OBIR-PB QL ?B

">|@RI>QEBFPMI>@BJIBSBIL @ FQFJBEC > ? @ A >KAB PCLO
> OL@PEOLTRQO>FBIERK TFQEKFKFQEBIL@AQY J PCOLDEBBOO>WsKQOLTFOFADBKBT
8LOH "FQBEB OL>AT>V LC QEFP ?0FADB FP  J>?LSB QEB T>QBO

2>PHBQ?SBCBURPPBER>II PQO>FREC. QEBQ>0OQPRIC M TE>EBIL@FRPG ?>PHBQ?
MI>VBO IB>SB QEB DOLRKA QL OFPB  J >?LSB QEB CILLO FK >K >QQBJMQ QL DBQ QEB ?>

OBP @EEF@LMPFEOSBOFKSBG MBOPMELPB?L>@E>PPRKHKB LCQEB®BP@RBEBLTPIFCB
MOBPB®SED-FAIHRQIQEBF @ QFRIQEKFKFQEBIL@RQY J P>KA ?PBOSBER®>HBP PQIOB>@
QEB>QBG +FPQEBKLTKFKQERFOL?IBJ? 'LT EFDE?LSEEB>QBD-PQEBIOBPBANBE>PBAQB

QE>QEBLTKAOSCIEEBIF @ LMIEP® @EB C B AQPFOBPFPQEK @EB>|IFKBCBIOBPBOSRTE 3K
>@@BIBO>QFLK BNR>I QL QE>Q LC DO>SFQV FP OB>PLK>?IB

ALIMEFHSK>NR>QFRR TGRIMPQO>ARERQCQEB>QBER SBIL@AQV J P > +FPQEBKLTKP
FKQERROL?IBJ? 'LT EFDBLBREFPLAVOFPRLSE)EB>QBGL PLISEER®>OCGFORMBE-QEBFK>|
SBIL@FPNLT > HKLTK>KAFABKQFQ®>IRB3EBKFABKQEEBKHKLTK-KAAFP @ RIRF VLR@ELRBEB
>MMOLMEHRERIRLISELEQCQB@ELLPFRREBNR>QFRPELTVLREQBMRPLISFKTLQERBKHKLTK
@EB@HRKEQKMFP@REBQEBEBKPTBEFOB>PLK>?@'LT ILKDFRQEBLIMEFKQEBFO-BDIB@(
>KV BEB@QP ARB QL EFP PFWB LO LOFBKQ>QFLK

~

PTFJJBCPLRK@BRO>ARMIDL $ AFSFRD>0AKAC>IEBRIFARM@EMLLI2EBPQ>0GRESBIL@FQV
LC J P>KAEB@>HBUGLFKP J >?LSEQEBILLI > LT ILKD>OEBGBBGBQEBFO? 6E>QFP
EBO EFDEBPQ MLFKQ >?LSB QEB ?L>0A @ 6E>Q FP EBO SBIL@FQV TEBK EBO CBBQ EFQ QEB T>QB(

> ">|@RI>QEBBFDEQ> @IBEEQ>HBP PCLOOL@PIEFQEBOLRKABKFGREOLTRQO>FRIEQ

COLDEMIETFQEKFKFQSBIL@AQY J P ? LT ILKDTLRIAFQ>HBIOB>@EBOLRKAEGRYEOLTK
PQO>FDEQ ALTK TFQE QEB P>JB PMBBA

SBONQOL KRBEKBVRELGIRQOBTIFEBEL BQO>FREEBOQF @GIFQEKFKFQEBIL@A@Y J P
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'LT ILKDALBFEBE>SEIDBQRQCQER>VFQEBELD>POBIB>PB& EBFDEQ J >KAEBFP J
Q>ll

8LRQEOLT?>IIPQO>FREFQEKFKFQSBIL@AQY J P (QU>PPBROBB>K@KQEB>VRM-Q
EBFDEQ J 'LT JR@BAAFQFLEFIBFIIM>PPBCLAIER>IIM>PPBEROBB>K@EQEB>V ?>@H
ALTK

H>KD>0@>KRIMSBOKL?GB@Q J EFDE> ">I@RI>@BFBOQF@EBEABKF(B>SBEEBOLRKA
2 'LT ILKD FP FQ FK QEB >FO

2Q>KAFK@EB>PR.CLKBLOQERIER.CQ O>MFIBRG F@QLOERQO>|FEFHEB>0FOL@MB>H
ILLPECOL>EBFDEQ J 'B @>KRBE)EBL@PFDEQ>V?R@EBKLBP  PI>QBO 'LT C>67?LSB
QEBFHBEPQEBL@FEBKEB@>RBEFQ? 'LT JR@EFJIBRLBREBE>SELILSB ?BCLAKEBL @EF@EFP
EB>A

K L?GB@®OLMMBOL> EBFDEQ  J >?LSHDOLRKESBI > #BQBOJFRERFPQ>KI®ESBIBA
AROFKIEBFOFE@LKA #BQBOJFREBFKSBIL@FQVEF @BEB?GBERIPEBOLRK/ #BQBOJFREB
AFPQ>K@B QO>SBIBA AROFKD QEB I>PQ PB@LKA LC JLQFLK ?BCLOB EFQQFKD QEB DOLRKA

3EBOBP> JEFDE @IBSQ>IC #LJB FKSLPBJFQBQFLK#FOHFK'>IFCLOKERMMLPELRIABQ
20B>HIELPRCOLDEBRLNMOQERBIEC> ‘LT C>PIFIIFQBDLFKDEBKF@QOFBEBOLRKA PPRJIFKD
> OB>@QPESBC P ELT ILKDTFII> QLROFBQEBLQQLE>SE)IDBQRQCQER>V >CQEB>0OFKEB
PLRKAOQEBL @#B>HAKDPBKBDIB@ QFRBBFDEQQEBLROAMEE @H RIA?B@LJIBBDIFDFSB/T>V
FC EFQ 3EB PMBBALCPLRKAFP JP LK QEFP A>V

2>|IFR)EOL RQO>FRE@M>PPBP JEFDE TFKALT J LOQEBOLRKAFQR>GEMKAQ>HBP

PQIDLM>RQEBFKAL T6E>QT>PQER>IIPFKFQSBIL @ FEKQ%FOBQKPFARMNQERFPQ>K@RD
QEBFKALT>KAPLISEEL@EB>IIRSBIL@FMPEBLQQLUICQEBFKALT-BUQ@LKPFABO/QEBFPQ>K@B
COLDEBOLRKAQEBLQQLICQEBFKALT>KAPLISELQEBKFQSBIL@RPFKDEBBIL@FQWEBLQQLJ
LC QEB TFKALT >P QEB CFK>| SBIL@FQV

2RMMLRERAOLMOL@FKQEA>OMBII >KARPFKIDOB@FBRREMIBNORIB>PROBERFIJELQEB
PLRKAC> PMI>PELOBQRCK -BDIB@ QRYERFJEBNRFOBRPLRKALQO>SBVMQEBBII @>@RISEB
AFPQ>K@BEB>QBEMERBLRKOBQREKP P ? -LT @>I@RISBBFPQ>K®EFREQL@ @LRIEB
QFJB CLO PLRKA QL QO>SBI RM QEB TBIl 3EB PMBBA LC PLRKAFP  JP FK QEFP TBII

PQBBHIFRAOLMMBAQE E>OSILLOOL> EBFDEQ  J >KAOB?LRK®B-EBFDEQ J >
">|@RI>OBEBIL@FERPECLERQOFBEBILLO? ">I@RI>GBEBIL@FERPGQB@®B>SBOEBILLOKFQP
T>V?>@RM @">|@RI>GRRA @BIBOARRKAL KQTEQDEBILLEQEXQLKQP®@QP  JP r

P A'LT JRORFQER>I@LIMOBWOFKQ@LIIFPAIFQBEBILLOPPRIFKIEBILLOP?PLIRQBIV
OFDFA

@LARAOLMMBALS ELQ >ROILLKQERP J >?LSEEBOLRKAAOFPEKD J PRMT>O%LO
QEBLFKFKA QEB>UFJRJEBFDEB>@EBAFQRLPFQFKKSBIL@FQV P>CQBBFKDBIB>PBKA@
QEB QFJB ?BCLOB FQ EFQP QEB DOLRKA

PLOQBKKERIFFAOLMMB&QE E>OBILLOOLYEBFDEQ  J >KAOB?LRKABR-EBFDEQ  J

> ">|@RI>OBEBIL@FRERPECLEWQOFBEBILLO? ">I@RI>GBEBIL@FERPGQB(B>SBREBILLOK
FQPV?>@RM @">|@RI>GBRA @BIBOAREIKA. KQTEUDEBILLOQEXQLKQH@QP JP r
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P A'LT JROAFARERB>I@LIMOBHROFKR@LIIFPHIFQREBILLOPPRJIFKIEBILLER-?PLIRQBI
OFDFA

;>BBOAH

<k <7BB

QEB PQ>QB LC JLSBJBKQ QE>Q OBPRIQP COLJ DO>SFQ>QFLK>| CLO@B LKIV
799;B;H7J?ED :K; JE =H7L?JO

>@@BIBO>QFLK LC >K L?GB@Q >P > OBPRIQ LC DO>SFQV

>;9A 2 EKH .D:;;HIJ7D:?D=

6 BHKLTQEFKFQREPFQFLK  CFKMLPFQFLK SKA
6 B @>K QEBK RPB QEB BNR>QFLK QL PLISB CL®PBOQFKD TB L?Q>FK

TEBOBB Q>HBEBILPFQESIREPQEBIEVPF@OBIBS>KPTBRERPFQ>HBRPLRQ PB@LKBEQEB
MFB@B LC F@B QL EFQ QEB T>QBO

JHE8B;CI N;H 971l

> ? @
A
> ? AKHKLTKFRAFPQ>K@B
QLOLMOQO>G B @ERDBBIL @ FRPWBOLPBBNR>QFLK 2B@>RP@LKQ>BHP

HKLTK S>IRBP BU@BMEILCIB@>K PLISB C2IOSFKD CLOFSBP

#LIMEFKIB>PRO®LRQJBQBAKD>KA@>KRINPBSBARFJBOEBRKDQRQOQEB>QBOLQEFP
OB>PLK>?IB OBPRIQ @

> ?
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75B?3
> ?
> ALTKT>0A ?
> ?
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<B@=2C1B7=<

75B?3 !0>KR=:R FHMBHG MA:M P> >QI>KB>G<> BL MA:GD?NEER
K:KER :L MHKMNHNHEESCLM>K KB=> EBD> MABL[MA>

K:@HG 'A:G BG /I:BG2GBO>KL:E ,HE®MEMNK: FNL>F>GM

;KD $HP>O>KRHLM FHMBHG BL BG <NKO>= K:MA>K MA:G
LMK:B@AM EBG> I:MAL )HMBHG :EHG@ : <NKO>= |:MA BL MPH HK
MAt =BF>GLBHG:E FHMBHG :G=<:G ;> =>L<KB;>= BG : LBFBE:K
?:LABHG MH HG> =BF>GLBHG:E-BWBHIKBLK

3 BDBF>=B: HFFHGL

3EB>0@C> ?>PHBQ?SIEBO?RQ> P>QBIIFQE @V @LIRKAFKBROSB TFIIBOAFSFHBQLMLLI
2ILLADRPEFKRQC> TLRKA>KA> MRMMYE>PARQD>FOBRQ CBTBU>IMIBECILQFLKFLKD
@ROIBAQHR C>@NQPQLQFLKRK>QROBILT@ROIBAQERPQEBB>RQO>ABEBRL QFLK>ILKD

> @ROSHAQEK > CI>OROCH@BMI>KEPR@EPQES> ?>11 LK > MLLIQ>?IBC> PH>QBIO>KF@B
OFKIFRQTL AFJBKPFLKKIAQERRBP @ OFABBTL AFJBKPFLKEKBJ>QFE@FLKKLQ®LKCFKBA
MI>KBPR@E> @>OLIILTFKBTFKAFKIDRKQ>RX_>ABP@OFABREOBB AFJBKPAEKBI>QF @P
ILQEQTL >KAQEOBB AFJBKPREKHJ>QF@PFIMIBUQBKPHLBPERKB AFJBKPFLHEKBJ>QF@P
ABSBILMBAGQO>FDEQULEFRKKQEBIOBSFI@E>MGEEPFIMIBUQBKPFEK>IILT RRQL>MMIV
MEVPF@P QL J>KV JLOB PFQR>QFLKP >KA FQ TFIl >IPL VFBIA RKBUMB@QBA FKPFDEQP >?LF



17<3;/IB71A 7<* E= 7;3<A7=<A < <B@=2C1B7=<

a .?PBOSB QE>Q JLQFLK FK QTL AFJBKPFLKP @LKPFPQP LC ELOFWLKQ>| >KA SBOQF@>| @LJ
a 4KABOPQ>KA QEB FKABMBKABK@B LC ELOFWLKQ>| >KA SBOQF@>| SB@QLOP FK QTL AFJB

75B?3 3:ED>KL :G==KBO>KL BG : <BMRHKED> *>P 5

‘K> K:KER ;;E> MH MK:O>E BG LMK:B&&M EBG>L MH K
MA>BK =>LMBG:MBHGL %GLM>:= MABRIFNLM ?HEEHP K
:G=LB=>P:EDL F:DBG@ MPH =BF>GLBHG:E SB@S:@@>=
I:MAL <K=BM ):®@:KM 3 :KKNMA>KL

*E= 7;3<A7=<[:#=B7=< - [:97<57</ 7BG

2RMMLRBRT>K@LT>IHCOLLKBVLFKI>KLQEBR @ FQNQRKFCLONR>QR @HPPMF@QRFBBA
%FDROB
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75B?3 I>=>LMKB:G P:EDL : MPH =BF>GLBHG:E I:MA ;>MP>>G MPH
IHBGML BG : ¥BBMRABL L<>G> :EE EHIDK 5= Kk MA> L:F>
LBS>

3EBPQO>FDEWIFBEE>EBIF @LMEBBGQI\FPIL@HENVLR>P>MBABPQOKRARLVLR>OBLO@BA
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https://pressbooks.bccampus.ca/collegephysics/chapter/projectile-motion/
https://pressbooks.bccampus.ca/collegephysics/part/4-dynamics-force-and-newtons-laws-of-motion/
https://pressbooks.bccampus.ca/collegephysics/chapter/vector-addition-and-subtraction-analytical-methods/
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>PFIIRPQOSBRA 3EBQLQAFPQ>K@BSBIBEKD>QE FP HJ >KAQESQLKD>QE FP HJ 6E>Q
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https://pressbooks.bccampus.ca/resources/589973fcfa456bcabda2138e415688acf6b73e6f/maze-game_en.jar
https://pressbooks.bccampus.ca/resources/589973fcfa456bcabda2138e415688acf6b73e6f/maze-game_en.jar
https://phet.colorado.edu/en/simulation/maze-game
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https://pressbooks.bccampus.ca/collegephysics/chapter/kinematics-in-two-dimensions-an-introduction/
https://pressbooks.bccampus.ca/collegephysics/chapter/vector-addition-and-subtraction-graphical-methods/
https://pressbooks.bccampus.ca/collegephysics/chapter/vector-addition-and-subtraction-graphical-methods/
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https://pressbooks.bccampus.ca/collegephysics/chapter/projectile-motion/
https://pressbooks.bccampus.ca/collegephysics/chapter/projectile-motion/
https://pressbooks.bccampus.ca/resources/d88943c282e01cffec6d2979cf81b7476abac1ff/vector-addition_en.jar
https://pressbooks.bccampus.ca/resources/d88943c282e01cffec6d2979cf81b7476abac1ff/vector-addition_en.jar
https://phet.colorado.edu/en/simulation/vector-addition
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BU@BDPIQ>SFER@EP>F@BPFPQ>KABOF @ QHL®U>IMIB>OKBDIFDF23EB @LIJMLKBK@P
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FP SBOQR@>I'LQE >@@BIBO>QFLKP >0B @LKPQ>KQ PL QEB HFKBJ>QF@ BNR>QFLKP @>K °



https://pressbooks.bccampus.ca/collegephysics/chapter/problem-solving-basics-for-one-dimensional-kinematics/
https://pressbooks.bccampus.ca/collegephysics/chapter/kinematics-in-two-dimensions-an-introduction/
https://pressbooks.bccampus.ca/collegephysics/chapter/kinematics-in-two-dimensions-an-introduction/
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O>KMBSHEB HFKBJ>QF@ BNR>QFLKP CLO ELOFWLKQ>| >KA SBOQF@>| JLQFLK Q>HB QEB CLII
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&A3= /HEOSHIMANGDGHPEBBIAMPH>|:K:MFHMBHGL[H&KBSHEM:EG0O>KMB<LDBQE>Q
QEBKIV@LJILKS>OF>7ABQTBBIEBLQFLKIPROFJR 3EBMOL?IBPLISFKDOL @ BARGBBOREB
P>JB >P CLO LKB AFJBKREDEGTJ?StKA >OB FIIRPQO>QBA FK QEB PLISBA BU>JMIBP ?BILT
&A3= ><HF;BGMAMPHHMBH@IZBGMAMHM:BLIE:<>F>GM5= O>EH<BMB@>RRBER)
>KAR JLQFLKPOBIBOMBKAF@RIXBQBOJRYEBFIB @ QRURPFKQEBB@EKFNRBIFKBKQEB

"E>MQBO 5B@QUAFQFLIKA2R?Q0>@ QLN QF @BRELARKABIMILVFKD
>KAS J7D o N FKQEBLIILTFKOLOJTEBOBFREBFOB@QEREBFPMI>@BJIBKQAS, FP
QEB AFOB@QFLK LC QEB SBIL@FQV

- EJ7B :?IFB79;C:DJ 7D: L;BE9?JO



https://pressbooks.bccampus.ca/collegephysics/chapter/vector-addition-and-subtraction-analytical-methods/
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FHMBHGL :EHG@ MA> O>KMB<:E :G= AHKBSHGM:E :Q>L ; 0A> AHKBSHGM:ENFHNBB@BIMMBHIE> ;><:NL>
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O>KMB<:E O>EH<BMR BIASHKC><M ?:EEEIM#REK:KMA :@:BG MA> O>KMB<:EXOHHWMBHEE BGHK@GBMN=>
;:NM IHBGML BG MA> HIIbKBEHGBK MA> BGBMB:E O>KMBXE)X - B+<BNIRIMBHGE<KF;BG>= MH @BO>

MA> MHM:E O>EH<BMR :M :GR @BO>G IHBGM HG MA> MK:C><MHKR

G0<?;4  8A4F>A:B %A>942C8;4 G?;>34B 867 0=3 HO

#ROFKBCFOBTL@ARPMIPEBIFFPELEKQREBFOFQEKFKFQPMBEA  J P>QK>KDIB
LC _ >?LSBOEBLOFWLKEPHIIRPQOFBEBADROBEBCRPEBRQFIBOLFDKFQBREBIGRP®
FQB>@ERIPFDEBRCFKALSE)EBOLRKA ">I@RI>QEEBFDEQ EF @EEBEBIBUMILABP
LT JR@EFIBI>PPBRQTBBIER-RK@EQEREBIFKAQEBUMILPFLE 6E>QFFQEBELOFWLKQ>|
AFPMI>@BJBKQ LC QEB PEBII TEBK FQ BUMILABP

JH7J;=0

IB@>RPHEOBPFPQFR@BIFDFCIBQERKBUMILABZBIQEBK>IVPFBQELARQIFKBA SED>K
?BRPBAEBILQFLIQ>RB?0LHBEKK QELOFWLKRASBOQRI@OFLKFKTEF@Ey  >KA7T0 = 6B
@>K QEBK ABCFKA- QL ?B WBOL >KA PLISB CLO QEB ABPFOBA NR>KQFQFBP

,EBKJ?ED <EH 7

IV KEBFDETB JB>KQEBIQFQRABBOQR@AFQFLRLSE)EBQ>0 QFKEKEE BEFDEBRLFKK
>K\QO>GB@@:BAEBMBFFOB>@HEBKS  2FK@M HKLTQEBKFQFSACFKSBIL@FGPBP
TBIl >P QEB FKFQF>I MLPFQFLK TB RPB QEB CLIILTFRD BNR>QFLK QL CFKA
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LA>EE :M MA> AB@A>LM IHBGM BEABBAANKK: CHNIGHIR] ;> :M : ASB@AM
H? F:G= F:P:R AHKBSHGM:EER

IB@>RAB>KAH>0B ?LQE WBOL QEB BNR>QFLK PFIMIFCFBP QL

2LISFKD GEOFSBP

LT TBJRP@FKZo QEBLIMLKBKIDEBKFQSBIL@FMYERAFOB@QEERFSBR/Co C
17DS TEBOB FP QEB FKFQF>| SBIL@RQVHKAS S FP QEB FKFQF>I >KDIB 3ERP

>KAFFP

PL QE>Q

?19KII?ED <EH 7

-LQBQE>ZB@>RRBFRVLPFQRSBBKFQEBIL @ FPMLPFQRESBERQEB>UFJRJ EBFDEXRQEB
>@ @BIBOARERIDO>SHIKBD>QFSBB>IPLOEQEB>UFJRJ EBFDEBMBKARVLKQEBBOQF@>|
@LIMLKBKQQEBKFQBRIL@FPMQE>XKVMOLGB@®BHB  J PFKFQBBOQF@LIMLKBKQ




4?0AC<4=C>5%HB828-3 BCA>=>H0C >D6;0B >;;464 0=3 $?4=(C0G

LCSBIL@FTIN OB>@B>UFJRJ EBFDEQ J KBDIB@QAKDBPFPQ>REEKRI?BOPKQEFP
BU>JMIBOBB>PLK>2IBC>OBCFOBTLARPMI>\FEREBIIECTEF @& OB>@R @EBFDETBTLOB
BUMILAFKEMO> @ QF@BPFPQFR@@LIMIBQRBDIFDF 2RAPLQEBKFQEBIL @FQRIAE>SB
QL ?B PLIBTE>@B®@QE>K QE>Q DFSBK QL OB>@E QEB P>JB EBFDEQ

EBKJ?ED <EH 8
P FKI>KVMEVPRER.?IBJREBEBLOBQE>KKBT>VQIPLISELQEBFIBIQEBFDEBRFK®

QER®>PBEB>PFEBQELARLRPB 'B@>RHAB FRNBOQEMBNR>QFLK
OBAR@BP QL PFIMIV

-LQB QE>Q QEB CFK>| SBOQR®>(SBERERDEBPQ MLFKQ FP WBOL 3ERP

?19KII?ED <EH 8

3EFRFJIERPIPLOB>PLK>2IBO-OBCFOBTLGHBK VLR>0OB?IBQLPBE)EB-RK@ECFOBTLOHP
VLRTFIIKLQF @BSB(2B @ LKMPPPBCLAEBEBIBUMILABKLQEBD>V LCCFKAFRERBFIBP?V

RPFKD >KA PLISFKD QEB NR>AO>QF@BNR>QFLK CLO
,EBKJ?ED <EH 9

IB@>RPIEOBPFPQFR@BIFDFM >KAQEBLOFWLISBHI@ FEW LKPQ>R&FP @ RPPRSB
3EBELOFWLKEAMI>@BIJHEQOFWLISBH. @ HRQFMIFBAQFJBPDFSBRV
TEBOB FP BNR>I QL WBOL

TEBOB\FP QEBYLIMLKBKQ LC QEB SBHK@HERP DFSBK ©/9EIS -LT

3EB QFJ&CLO ?LQE JLQFLKP FP QEB P>EBP>KA PL

?19KII?ED <EH 9

3EB ELOFWLKIRSIFLKEP> @LKPQ:S8]L@FEXQER-?PBK@B >FADBPFPQ>BEBELOFWLKQ>|
AFPMI>@BJBEXXEBOBLRI2BRPBCRIHBBMFRBEBFOBTLCBPDJIBIIIR.L>IIFKIXPMB@Q>QLO
K@BYEBEBBUMILABFOBPFPQEK®BB>GLBCB@®AI>KVCO>DJIBRBRI>KAAFOB@8IVT

U

(KPLISFK?>08 LCQEBRIOB@BAEIMIBJEBUMOBPHAB.ELRKELE® FRS>IFELSGKWOLGB@QFIB
JLQFLK TEBOB >FO OBPFPQ>K@B FP KBDIFDF?IB ">II (EBGJRQUHEIRJI EBFDEQ

3EFBNR>QRBCFKBEB:QBFNFA>B @AM IKHC><MB@ABMBKARIVLKQEBBOQR@LIMLKBKTD
QEB FKFQF>I SBIL@FQV
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QERLLOAFKAPE)BRIABCFKELOFDEKQER >KAF MLPFQFLEOBK-GRDLKSBKFBKRELLPB
QEBKFQMtPFQECREB?GBERDEBOFDPR@EENE) >KAF  (QFPIPLFIMLOQSHABCFKB
QEBILPFQFREKBD>QRSE B @ QFHQEE >KAF AFOB @ QBUNIF@>TB ABCFKEBILPFQESBQF@>|
AFOB@GQPRMT>0OARKAQEBILPFQESBFWLKAFOB @ GPRRR>IIPERFOB@QEQER?GB@®QN
JLQFLKSEBK QERFQERD>PBEBBOQR@® BIBO>RELHIBAKBD>QFSBREPFK G FAFOB@QBA
ALTKT>OAPLT>OMEB>0QE TBSBOFBR.@ @>PFLIRARCRIABCFRER LLOAFKAGEBOBKQIV
%L BU>IMIBFG/LR>0OBK>IVWFREBLQFLKC> 251l QEOLTKLTKT>OABOLRDEBLMC> @IEGQ
J>V J>HBPBKRBIABCFKEBILPFQAEBB@AELKT>0ATFK @EBLQFLKOQEB>|IFFPLIBIVKQEB
ALTKT>OAP AFOB@QFLK (C QEFPGFHBEB-@PBQFSB S>IRB
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*FI>RB>FK '>T>FF FPQEBILOIAN JLPQ @LKQFKRLREIQFSBI@>KI5BO\>@QFSBI@>KLBP
@E>0>@QBOBEEEEA E0D @HRA>S>0>QEBE>RILHB>KA~PE2RMMLPB-OBOL GHBGB@QBA
COLREBLI@>KIFQE PMBBAC  J P>KA>QK>KDIB _ >?LSBOEBLOFWLKSPRELTKFK
%FDROBEBOL GRQOFBEBFABIQEBLI@>KIGK>IQFQRAB J ILTBAE>RQPQ>0QFKEKS
">|@RI>QEBFIBEQ>HEFEBL@PICLILTQERP-QFR 6E>Q>OREB>DKFQRABMFOB@QBREB
OL@MSBIL@FQV >Q FIM>@Q

75B?3 0A> MK:C><MHKRI+? >R><M3*E MA> 'BE:N>: OHE<:GH

JH7J;=0

D>FK OBPLISFRBRPTL AFJBKPFLICOFLIKQRTLFKABMBKABKEAFJBKPFLICOFLKPFII
>IILT RRQIPLISELQEBBPFOBR>KQF GEBRFJB MOLGB @HKEEBFBML SBOKBAFQEBOQF@>|
JLQFLEILKB6 B TFII PLISEEL@ACFOBEFIBQEBL@FFOFPFKRAC>IFKEBOQF @OEELOFWLKQ>
JLQFLI®LKQFKRB®LKPQSRID@FEEFBU>IMIBPHELQEBFKSBIL@FEERPQEBBOQR®AI
ELOFWLKIBARIGH ?BOB@LJ?FKBA?Q>FE-K A, >@EBFKSIFJBABQBOJFREAEBFORSRQ
QEB BU>JMIB

,EBKJ?ED <EH 7
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6EFIBQEBL @GFFKQEBFTF@FPBRAQEBE>II®L> CFKMLPFQFLK J ILTBAQE>RQPQ>0OQFKD
>IQFQRAB @>K CFKA QEB QFJB CLO QEFP ?V RPFKD

(CTB Q>HBEBKFQMHIPFQIFLIQL?BWBOQEBREEBFKMLPFQFER C -LT QEBKFQF>|

SBOQFBHL @ FRYEBBOQF@XIMLKBKGEBKFQSBIL@FQMRKBOLLo C 1?7Da C
117D S C P 2R?PQFQRQFKD HKLTK S>IRBP VFBIAP

1B>00>KDFKD QBOJP DFSBP > NR>AOF@ BNR>QFLK FK

3EFBUMOBPFR:KR>AO>BNQREIOQOEBLOJA 0A1  TEBOBERLKPQSIFP 0
SKAL (QP PLIRQFLKP >0OB DFSBK ?V QEB NR>AO>QF@ CLOJRI>

3EFBNR>QRIFBIADTLPLIRQFLKP  >KAA (QFABCEP>KBUBO G@ERBEBB>ARD
SBOFQEBMFRIRQFLKIEBQFJIEM | LO | 3EBKBD>QFSBRBOQFJEJIMIFBRKBSBKQ
?BCLOB QEB PQ>0Q LC JLQFLK >KA PL TB AFP@>0A FQ 3ERP

?I19KII?ED <EH 7

3EBQFJELMOLGB@QBR.KRALIMIBQREBQBOJFRBAEBBOQFREOFLKL >KVWWMOLGB@QFI
QEE>P-KFKFQSBOQFREBHL@AM@/ J P>KASKAP  J ?BILTFQPQ>0OQARBQRABPMBKA
P FK QEB >FO

,EBKJ?ED <EH 8

%OLDEBKCLOJ>QRLRFKE>KATB @>KFKAEBFKELOFWLKRASBOQFIBHI@FQRBRAD
>KA@LI?FKBEBRICFKAEBLQSBIL@RPKAQEBKDIR FQ>HBPTFQDEBLOFWLKQ>®LROPB
GuFRALKPQPKTB @>RLISELEOQKVELOFWL K@ QFHQER®>PEB @ELRFEBQ>0QRKEXQ
PFK@B TB HKLT ?LQE QEB FKFQF>| SBIL@FQV >KA FKFQF>| >KDIB 3EBOBCLOB

3EB CFK>I SBOQF@>I SBIL@FQV FP DFSBK ?V QEB CLIILTFKD BNR>QFLK

TEBOBo T>P CLRKA FK M>0Q > @LI?B 3ERP

PL QE>Q

3L CFKAEB>DKFQRABQEBFK:SBIL@RYM @LJ?FKBOMBOMBKAF @RINLKBKRPFKQEB
CLIILTFKD BNR>QFLK

TEF@E DFSBP
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3EB AFOB@®RHEKCLRKA COLJ QEB BNR>QFLK
PL QE>Q

3ERP

?I19KII?ED <EH 8
3EBKBD>QFE&®IBB>KPQE>QEBBIL@HPV S ?BILT QEELOFWLKEERFOBPRIQOLKPFPQBKQ

TFQBEE>@E>QEBFK-9BOQFEBH. @ AR BD>QFESB\EBK @B TKT>OAj>PVLRTLRIABUMB@Q
?B@>RPB QEB CFK>| >IQFQRAB FP  J ILTBO QE>K QEB PXFDRSIE-IQFQRAB 2BB

KB LOQEBLPQFIMLOQEKFKBFRPQOSYBKOLGB @QFIR KREEBOQR@AELOFWLKQOFLKP
>OBKABMBKARIZS @EQEB&>IFIBI>PQEBFORBOPIHCRING LIMOBE R}EZR®E>0>@QBBFPQF@
RPBEQIMOBARER>KDE>MOLGB@RQRFESBDOLRKEB ABCFKBD=QI?BQEBLOFWLKABPQ>K@B

+ QO>SBMBA MOLGB@RFBLKAI>KV LQEBDBOBEKQBOBPREZD>KOEMOLGB@QBRPOFIV
CLOFIFQ>@IROMLPBPjPRBEIFK®>KKLKEFT BSBOFKSBPQFDEEBKEDEMOLGB Q@FREEBA

IFDECK L QE K QBOBREBKLIBKPR @FPQEBO?FQEP>QBIIFEBERKAEB>0QEBRP@LKPFABO
MOLGB@QFIB O>KDB CROQEBO
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75B?3 OK:C><MHKB>HEB2KBE>L HG ENG=E @>
@KM>K MA> BGBMREENIB=>@M>K MA> K:G@> ?HK : @BO>G

BGBMB:E :G@E> : 0A> >??><M H? SGBMEBAE IG@@> H? :

IKHC><MBE> PBMA : @BO>G BGBMB:E LI>>= *HM> MA:M MA> K:G@> BL MA>
L:F>?HK B:G= B :EMAHN@A MA> F:QBFNF A>B@AML H? MAHL>

I:MAL :k =B?26M

LT ALBREBKFQSBIL@RQ¥MOLGB@QR@QD>KDB?SFLRPNQEBOB>(RBKFQPMBB2\
QEBOB>QEB>KDBPPELTKFK%FDROB 3EBFKFQBFKDIB >IPLE>P> AO>J>QB@B@RQEB
O>KDBPFIIRPQOFBBADROB %LG CFUBAKFQPMBBRR@EPIFDEQBMOLAR@BA @>KKLK
QEB>UFJRJ O>KER ?Q>FKBAQE S 3EFFRORKIVCL@LKAFQRBMMB@QFKEBPFPQ>K@B
(C>FOBPFPQFR@BPFABQBB>UFJRJ >KDIERP-MMOLUFJ>QBINKQBOBPQRKIBEBRKFQF>|
>KDIBU@BMQQEBOBRTL>KDIBREQFSBER>JBO>KDBjQERILCQELPEDIBPP S 3EB
O>KDBPLABMBKARQEB>IRBOQEB@ @BIBO:QBOK SFSEBIRK>6PQOLK+RQ2EBMEBDAR
>?|BQLAOFSHLIC>I1> DOBABPQ>KEBERLK ?B@>RPB>SHPB>HBQEBEBO>KDBLC>
MOLGB@ QEHOLEHRGELO TEF@E >FO OBPFPQ>K@B FP KBDIFDF?IB FP DFSBK 2V

TEBOB FROEBKFQPMBBAAS FROEBKFQFXDIBBI>QESRBEBLOFWLKIEEMOLILOQEBNR>QFLK
FRBCSP>KBKA LC @E>MQB@BEFKGPBFSBKREALBERQER>GLCB>QROBIOLGB@OKES
>P ABP@OF?BA

6EBK TB PMBHIQEB>KDE>MOLGB@RIBSBDOLRKEB >PPRJIBE>QFFSBORI>I| @LIM>0BA
TFQBER FO@RJCBOBREE OQE ELTBSBQEB>KDEI>0B QEB>0Q®ROSBRV?BILT QEB
MOLGB @R B @ BIBO:QFOKSRQE>K DEFO B @ SIEKKDEBI>QBEBO>KIFIB>OBQE>MOBAF@QBA
2VQEB>KIB\NR>QEKSBKL SBB@>ROBBIOLGB @SMBOQBED IQE>RPLRIALKIBSBDOLRKA
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https://pressbooks.bccampus.ca/collegephysics/chapter/addition-of-velocities/
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
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a /OLGB@QFIB JLQFLK FP QEB JLQFLK LC >K L?GB@Q QEOLRDE QEB >FO QE>Q FP PR?
>@@BIBO>QFLK LC DO>SFQV

a 3L PLISB MOLGB@QFIB JLQFLK MOL?IBJP MBOCLOJ QEB CLIILTFKD PQBMP

#BQBOJFKB > @LLOAFK>QB PVPQBJ 3EBK OBPLISB QEB MLPFQFLK >KA LO S
L?GB@Q FK QEB ELOFWLKQ>I >KA SBOQF@>| @LIMLKBKQP 3EB>@BJIMLKBK(
DFSBK ?V QEB NR>ESHGFEHA QEB @LIMLKBKQP LC QEBSBLIFERK ?V

Gy C9EIS>KA® CI?DS TEBOBFP QEB J>DKFQRAB LC QEB SBRERIFQF >KA
AFOB@QFLK

K>IVWB QEB JLQFLK LC QEB MOLGB@QFIB FK QEB ELOFWLKQ>| AFOB@QFL!
BNR>QFLKP

K>IVWB QEB JLQFLK LC QEB MOLGB@QFIB FK QEB SBOQF@>| AFOB@QFLK F
BNR>QFLKP

1B@LJ?FKB QEB ELOFWLKQ>| >KA SBOQF@>| @LIMLKBKQP LC IL@>QFLK >K,
RPFKD QEB CLIILTFKD BNR>QFLKP

a 3EB J>UFJRJ EBFOHE > MOLGB@QFIB I>RK@EBA TFQE FKFQFSh SBOPE8%PSBIL@FQ

a 3EB J>UFJRJ ELOFWLKQ>| AFPQ>K@B QO>SBIBA ?V > MOHZB@ GEERFKBR:BA QEB

> MOLGB@QFIB LK IBSBI DOLRKA I>RK @EBALEB-BEKBIBDFWLKQ>| TFQE RKFQF> PME
FP DFSBK ?V
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JLQFLK LC QEB QTL @LFKP FK M>OQF@RI>0 AFP@RPPFKD TEBQEBO QEBV EFQ QEB CILL

KQ
D >Q QEB F

( &@=0:3;A F3@17A3A 1

MOLGB@QFRXK @EB@OLRKBSBTFQEKFKFQPMBBRAC  J P>QK>KDIRC _ >?LSBJEB
ELOFWLKQPROFHBRIBO?LSB)EBOLRKA PB@LK&ABBEE>Q>0ORER>KARAFPQ>K@BETEBOB
QEB MOLGB@QFIB T>P I>RK@EBA QL TEBOB FQ I>KAP

7> FFHF@HBRQEKFKFQBBIL@A®/ J PFKQEBELOFWLKEFOB@QREK J PFKQEBBOQF@>I

AFOB@QFLKQ TE>@PMBBALBRYEB>I|EFQEBOLRKA %LELT ILKDALBR)EB>I| OBJ>FRKQEBFO
@ 6E>Q J>UFJRJ EBFDEQ FP >QQ>FKBA ?V QEB ?>l|

> FROEOLTRLOFWLK@AOVRERLMC J ?RFIAFKBA>KAP J COLIEB>PB.CQEB

?RFIAFKDKLOB-OBPFPQ>K@B ILKOFREB>IIFKQEBFO? 6E>QIRPE&>SBBBKEBKFQEEOFWLKQ>I

@LIMLKBKQQEBBIL@FQ® 6E>QF RQEBBOQF@:IMLKBKGREBBIL@FGRPBCLARER>|| EFQPEB

DOLRKAA 6E>QFR)EBBIL@FEK@IRAPKQBEBLOFWLIKRASBOQR@XIMLKBKQE)ER>|GRPECLOB

FQ EFQP QEB DOLRKA

>  A>OBABBRIQQBIMQRKRINEFBLOLO@VIBIBO IFKR C?RPBM>0OHBKAQLBK AV AOFSHRE
_ O0>JMQPMBBAL JP HJE LT J>KV?RPB@®>EB@IBRDEBLMOQER>HBLT>IMFPQ
QER>JBEBFDEEQEBRRQLMFKAQEBRPBPOB  J ILKD ? #FP@RPE>Q/LROKPTBRIMIFBPLRQ
QEB>MFK CBOOERDEFR QjQEFP@ LKPFARDJIR@ B OB>QIEBD>K B E>REBLOFWLEPIQ> KB H
JRPQ QO>SBI QL JFPP QEB BKA LC QEB I>PQ ?RP -BDIB@Q >FO OBPFPQ>K@B

K >O@BEFELLOK>00LFQ  J AFPQEIBQREBRIIR BVRCQEREBGP(P>IJBEBFDEEQEB
OBIB>EBFDEQREBOOLT Q TE>QKDIBRP@EBOOLTBOBIB>PBEFQERRIIR BVBEQFKFQRMBBA
FP  J P (KQERP>QQQEBIOL?IBBUMIF@PELVELT VLRCLIILTQEBQBMRSLISEAPLISFRBOLGB@

DFIB
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JLQFLKIOL?IBJF? 3EBOBP> I>OBQOHEICT>YBQTBBBERO@ESGNQERHBPFQEKLSBOE>KDF
ELOFWLKQ>I ?20>K@E  J >?LSB QEB OBIB>PB EBFBE) QEBEBOODDL LSBO LO RKABO QE

ORD?MI>VBG>PPEBEB>II J >@OLOPEFBIAEBOBER®>RDE@ER>JBEBFDEOF(BCEFP
E>KA> Q TE>QKDIF>PQEB>IIQEOLHEQFKFQPMBBRP  J P >PPRJFKIE>QEBJ>IIBQROQEB
QTLMLPPF2RDIBP>PRPBA? 6E>QLQEB®BDIBFSBPEB>JBO>KDBKATEVTLRIAFEL@BRPBA@
'LT ILKD AFA QEFP M>PP Q>HB

5BOFCV QEB O>KDBP CLO QEBNFRIEBEICGIFIBP FK>KA QEB DFSBK FKFQF>| SBIL@FQFBP

5BOFQ¥B>KDBELTKCLQEBIOLGB@EXABPBROB CLOKFKFQSEBIL@RQV J P>@EBFSBRKFQF
>KDIBP

3EB @>KKLKK > ?>QQIBPEFNCFOBPEBIP J>UFJRJ AFPQ>H@B HJ > "SI@RI>QEBKFQF
SBIL@A@QEBEBII? 6E>QJ>UFJRJ EBFDEQBF@B>@K) FQPFDEBPEREBIFP-?LSB  LCQEB
>QJLPMEBOB|?>F@BPFPQFR@®B>IINBDIFDFSRPPRJIBALI>HBQERROL?IBB>PFB@ 3EBL@B>K
FKLTI>QB@>REBB>OFRAROSEPRIBQEQER>AFREQEB>OQ® r  HJ 'LT J>KVJIBQBOHR
ILTBOFIIFQPROCS®B HJ COLDEBEFMLKD> ELOFWLHKRKB>O0>IIBIQEBROC G BEFMLBP
VLROKPTBRIMNQESEDOERQOLARBREBPPRIMQELDS CI>§>0QEMOLGB@QBR.IKFPFDKFCF@
EBOB

K >OOLFPELQOLYEBFDEQ J QLT>OA@IECCEBFDEQ(QFFPELDFQE SBIL@AQY J P>Q
>K>KDIBRC _ >?LSEYEBELOFWLKQKARKQEBLBADBOQERIEC PI>QBS 6E>QFFQEBBFDEQ
QERIEC? 6E>QFRQEB>UFJRJ EBFDEB>@ERAQEBOOLFILKIFQBO>GB@ @ 65>QFFQEBOOLFN
FIM>@Q PMBBA GRPQ ?BCLOB EFQQFKD QEB @IFC

(K QEBQ>KAPX@. >&SRIM.KBPNR>ORAQEBMRPERETFQBEBDRLPBELT C>0KB@>IGRIM
2RMMLREBUQBKPECREBDREOLREROLR@EPFQFEK  J >KAQEE@ @BIBO>@HERBSBAL
QERALPFQFEK QFJBBEB@ @BIBOARBQDO>SFQMT C>@>REBSRIM2Q>QRROPPRIMQFLY
(K@OB>PBA O>KDB @>K ?B >@EFBSBA ?V PTFKDFKD QEB >0JP FK QEB AFOB@QFLK LC Q

3EBTLOIALKDGRINDB@LEFA J ,FHB/LTBII 42 30B>QBR> MOLGB@IE=G-RQEB
J>UFJRJ O>KDB L?Q>FK>?IB ?V > MBOPLK FC EB PMBBA*EB LLCP 2Q>0QB VLRO >PPRIMQFL

2BOSFKQPMBBA  HJ E >QBKKMP-VEEFQPEB>II>QEBFDEQ J >KA>K>KDIB ?BILTQEB
ELOFWLKIEBPBOSA@®P J COLDERBJEF@EP J EFDBE>QFRYEBKDIB PRGEEQEBR>I|
GRPQ @OLPPBP QEBQBE?6I! I>KA FK QEB PBOSF@B ?LU TELPB LRQ IFKBFP  J COLJ QE}

CLLQ?:NIR>0QBOPRIRSFKIPQO>FPEQHT>04> PMBEAC  J PTEBKEBQEOLTPM>PRL>
MI>VBO J PQO>REIEBCFBIA (CQEB>IIFR)EOLTQK>KDIBC _ OBI>QESMBEBOLRKAAR®>RDE
>@EB>JBEBFDEBFGROBIB>PBE>FHQFKFQPMBE2BI>QESBEBOLRKA 'LT ILKDALBFQ>HBL
DBQ QL QEB OB@BFSBO @ 6E>Q FP FQP J>UFJRJ EBFDEQ >?LSB FQP MLFKQ LC OBIB>PB

&RKPFDESBBAGRPQRBAF] EFDBL@LIMBKPERREBCB@QDO>SFBEB@QF $SBHFKIEBRK
>@@RAQKQELS PMB@RTHK®BE (C> DRFAPFDEQBIEFQ-HBQRESDBQEB>JBEBFDEEQEBRK
>KA J >T>VELTILT TFIIQEBRIIBEFEGFIBMAFOB@QNEBQ  J >T>V 3EBJRWWEBIL@F(
LOQEBRIIBEP J P ? #FP@RRR>IFQ>QERBIYI>OBORWWESBIL@FQRIA>CB@GRROL?IBIKA
TE>Q TLRIA ?B QEB@X LC >FO OBPFPQ>K@B

KD
B ?270>K@E
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K B>DIBFCIVFKELOFWLKX#WPMBBAC J PTEBKQEBFHAEKEB@=>ILKA-DDIBBLPB-KAC>IIP

FKQL QEB I>HB  J ?BILT@RI>QB QEB SBIL@FQV LC QEB CFPE OBI>QFSB QL QEB T>QBO TEBK FQ EFC

K LTI FR®>OOVFRIRPEOLQEREF@GHPORBPQQRILPFQBIRESQFIJBEP J TBPOKA  J
>?LSEERBKQBQEB  @JAF>JBQRBPGEBLTI FICIVFKE»PEQ J P>QK>KDIB _ ?BILTQEB
ELOFWLREBKFQ @ @FABKESLUMPEBLRPB(PQEBTI IR@HRKLRDELE>SE)EBLRPEEFQERBPGL
>KPTBO QEFP NRBPQFLK @>I@RI>QB QEB ELOFWLKQ>| MLPFQFLK LC QEB JLRPB TEBK F(

2RMMLPEPL@ @BSVBEF @ QEB>II COL> AFPQ>K@B QLT>OBEBL>| %FKOEBKFQPMBRAC
QEB>IIFE@RRQPPEBBBQEBL> J >?LSE)EBOLRKBFSBREBKFQRFOB@QEXK _ >?LSE)EB
ELOFWLKQ>I

">K >DL>IHBBMEDBEFPL>HF@HPL@ @80FKQREBMMLKBRRQI>TFQELREBR>! QLR @ERKEB
DOLRKA 3EB AFPQ>K@B TFII ?B >?LRQ J DL>IHBBMBO @>K DFSB QEB ?>Il > PMBBA LC

3EBCOBFEOUFKEBI?>PHBQHBM J  CQEOLDEB>PHBEF@® J  CQ?LSKEBILLO

MI>VERD>K ARKIDEBOBEEOLFKBEOLTFER>II TFQEKFKFQPFMBBA  J P OBIB>PHQY EBFDEQ

LC J CQ?LSEEBILLOQ TE>QKDIB?LSE)EELOFWLKRPER>II?BQEOLTHBU>@GRQEB
2>PHBQ QBQEXDPMI>VBOPIIRPE I>OBFKFQFDIB>QEBE>KCI>PELZB@>RFBIILTPCLO I>OBO
J>FK LC BORIMIF@FQIV PELT ELT VLR CLIILT QEB PQBMP FKSLISBA FK PLISFKD MOLGB@

(K F@E>B>0QBO2 PBO TLOIAOB@LE¥QEPEL®RYFQE QEOLIC J BE>QT>P
QEBKFQPMBBACQEPELEEBOBIB>PB®Q> EBFDEQ  J >KAQEOEAQQK>KDIRC _ >?LSB
QEBLOFWLKQSIELRDEEB>UFJRJ AFPQ>K@8 MOLGB@RMBBBDOLRKA> @EFBSEA TEBK>FO
OBPFPQFRGHD B @ Q2B @ QRHKDIRL>@EFBBRIFIRI O>KDEFPJ>IIBOQERP_ TFIIDFSB ILKDBO
O>KDB QE>K _ FK QEB PELQ MRQ

?2>PHBQMIPVERFORKKFKQ J PAFOB@RIV>CRER>PHBEBKEBGRIMPKQREBFQLARKH
QEB>II 'B J>FKQ>FKFELOFWLISBHL@FO\GE>QSBOQFRBHI@FQBIEBKBBAIOFPE  J >?LSKEB
CILLO? 'LT C>COLDEB>PHBIB>PROBAQEELOFWLKEEIB@ JRIEBPQ>BEBERINDLOB>@EP
J>UFJRJ EBFDEQ >Q QEB P>JB QFJB >P EB OB>@EBP QEB ?>PHBQ

CLLQ?:MI>VBORK@EB>II>Q _ >KDIBS FQELRKBCB@QLREBFKAQERB>II TLRIAQO>SE
J ELOFWLKQ>II§E>QF FQEBKFQPMBEAQER>II ? 6EBK QEB>IIFFKB>BQI>UFJRJ EBFDEQ

BUMBOFBK@BFRRPTTFKAQESQBARGRIELOFWLISBHL@FW  J P 6E>QAFPQ>KEBEB> ||
QO>SBI ELOFWLKQ>IIV

JOLSEREQERO>GBACQLOVULGB@MEIB>?LIEESFKPEBLOR :Q ;Q 3LL?Q>R}EERIMOBPPF
PLISE)EBNR>QRRK OUMCLOHKAPR?PQFEFRBQEBUMOBPREI® SyvQ @M3EBPBNR>QFL
ABP@OBEBR>KARMLPFQHALEMOL GB @EH®>CQPEBOFDFELRPELRIA?Q>FHKBNR>QEIIOEBLOJ
R :Q :Q TEBOB>KA >0OB @LKPQ>KQP

#BOFSB CLQEB>KDE>MOLGB@KIBSBDOLRKA CFKAFREBF JB+J EF @R?B@LJIBH
WBOL >KA PR?PQFQRQFKD KL SHHREBILO/O B RR FQKILI@FKD QE>Qi1Q

.DH;7IED78B;+;IKBJI > %FKAEB>UFJRJ O>KDE>> PRME@D>KKIGEE>P> JRWWIBBIL @AQY
HJ P ? 6E>QFFRRKOB>PLK>7IBRQEB>KDA RCLRKA@ (PQEBIOBJFREOB>PLKTIBREBS>FI>?IH
BNR>QFKSMMIF@$RIBII>FKLROKPTB@ (CPR@ERWWHBIL@F@MRIZBL?Q>FKBAP @ REBCB@(
LC >FO OBPFPQ>K@B QEFKKFKD >FO TFQE >IQFQRAB >KA QEB @ROS>QROB LC QEB $>0
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EDIJHK9REKHMD )HESB;C"LKPFABE?>II QLPPBSBG CBK@BKPQORGMDL?IBFKTEF@ELR
@>|@RIGER>||PKBBABKFQSBIL@KSRRBIEBBK@B.KD QEBEFKQRBQBOJSKE)EBBFDEQ
LCQEEBK @EEBFPQ>K@BEEBK @B LDEBILFKE@OBIB>PBQEB>II >KAQEEBFDEQIEF @EEB> ||
FFOBIB>PBAR PELRIAIPL@LKPFABEBQEB@MVLPPFUR@ELL REEBKFQPMBBALQEB>II >KAGRPQ
@>|@RIGBBKDIB T EF @EPREOLTHPL BU>JFKBEBILPPF?FLEIRIQFMFRIRQFIIFSBRERFPQ>K@BP
>KA EBFDEQP VLR E>SB @ELPBK

;>BBOAH

7?H:¥1I7D9;
> COF@QFLK>I CLO@B QE>Q PILTP QEB JLQFLK LC L?GB@QP >P QEBV QO>SBI QEOLRDE
?>PF@ MEVPF@P MOL?IBJP >FO OBPFPQ>K@B FP >PPRJBA QL ?B WBOL
A?D;C7J?9I
QEB PQRAV LC JLQFLK TFQELRQ OBD>0OA QL J>PP LO CLO@B
CEJ?ED
AFPMI>@BJBKQ LC >K L?GB@Q >P > CRK@QFLK LC QFJB
FHE@:;9J7B;
>K L?GB@Q QE>Q QO>SBIP QEOLRDE QEB >FO >KA BUMBOFBK@BP LKIV >@@BIBO>QFLk
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>SFC
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

JHE8B;CI N;H 971l

> ? @ A 2BILT ELOFWLKQ>I
> 2 3EB >00LT TFII DL LSBO QEB ?0>K@E
CLO CLO
CLO
> 2 @ 3EFBOOEKLPFDKFCFB@ERPBRKIV  LC

QEB >KPTBO FK M>0Q ?
>PPRJFKD I>RK@E >KDIB LC
VBP QEB ?>Il I>KAP >Q J COLJ QEB KBQ
> ? 3EBI>OBQEBRWWIEBIL@FQEBJ>IBQEBBSF>QFKREBBOQRFSIB@QFLK
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?B@>RRBERFJIBCCIFDHQRIA?BPJ>IIBOFOOBPFPQIKBIBE>SE)EBCB@QAB@OB>RHKRFIB.C
CIFDEQ QEBOBCLOB FK@OB>PFKD QEB SBOQF@>| ABSF>QFLK

-L QEBLTIFP KLQ IR@HV EB JFPPBP QEB KBPQ
-L QEB J>UFJRJ O>KDB KBDIB@QFKD >FO OBPFPQ>K@B FP >?LRQ

> 2 3EB ?>1 QO>SBIP > QLQ>I LC TFQE QEB ?0FBC DRPQ LC TFKA

PL QE>Q
>KA PR?PQFQRQMNESBEO

PFK@B QEB O>KDB FP
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a MMIV MOFK@FMIBP LC SB@QLO >AAFQFLK QL ABQBOJFKB OBI>QFSB SBIL@FQ
a $UMI>FK QEB PFDKFCF@>K@B LC QEB L?PBOSBO FK QEB JB>PROBJBKQ LC SBIL@FQV

(3:/B708, 3:=17BG

(C> MBOPIOLTP> ?L>Q@OLPP>MFAW. TFKDFSBRAQOFBEEB>A\FOB@RUWERQERTELOB
QEBL>@KPQBKSBP=B: @HG:FFR>QFEBEBELOBPFK/%FDROBEB?L>Q@LBKLJLSB FKQEB
AFOB@ GRLEF @EFAVILFKQBEBOB>PLKC@LROFBQE>QEBFSED>O0BBBL>QALTKPQOB>]
2FJFI>0ING PJ>I1>FOMI>BIBRRSBOEBSK PQOLEIDLPPTRHAR®>RLIBQF JBBBEQERI>KBP
KLQLSFKIFKQERFOB @ BRIKE @RBRAVLFKQBAFIIRPQOFRBEDROBEBMI>KBRLSFKIPQO>FDEQ
>EB>A OBI>QFSB QL?GEEQERILSBIBKQ LC QEB >FO J>PP OBI>QFSB QL QEB DOLRKA @>0OFE

75B?3 ;H:M MKRBG@ MH A>:= LMKIB@KBIO=K PBEE
'<MN:EER FHO> =B: @H&:EBRXK MH MAZLLAHCG %ML
MHM:E O>EH<BMRHMHEE=M80> MH MABLLMAL LNF H?

BML O>EH=EBMB®> MH MA> KBO>K IENL MA> O>EH<BMR H? MA> KBO>K
KE:MBO> MH MA> LAHK
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75B?3 G :BKIE:G> A>:=BG@ LMK:B@AM GHKMA BL
BGLM>:= <:KKB>= MH MA> P>LM :G= LEHP>= =HPG ;R
PBG= 0A> |[E:G> =H>L GHM-EH@BGE> MHWMNG=@K

BG MA>>=BK8HG BM IHBGMBMKR#OSH. BG MA>
=BK<MBHG H? BML MHM:E O>EHBMR LHEB= KK

(K B>@ECQEBAB-QR>QRHKEP?GB@SP> L;BE9?JOBI>QRIB JBAFRJ PR@EP> OFSBEKAQE>Q
JBAFRJE>P> SBIL@FIBI>QESBKL ?PBOSBAPLIFAOLRK2EBSBIL@AQQEB?GB&0:MBOWIA>
H:L>KOFHRQEBRJILOQEBRBIL @ SBP@ QLPPKAF @ K84 DROBK A2FDROBEBPBFQR>QFORP
LKIVQTLLCI>KV FKTEF @EBRRPBCRI>AASBIL@FQREFEFRARIB TB CFOPBBU>JFEBT QL>AA
SBIL@FQFBP >KA QEBK @LKPFABO @BOQ>FK >PMB@QP LC TE>Q OBI>QFSB SBIL@FQV JB>K
LT ALTB >AASBIL@FQEBR @FER* SB@QEE>P?LQE>DKFQRARBAAFOB@ QBEIE®RIBEC
L;9JEH7::?J?EDAFP@RPPBA>MQBO 5B@QIAAFQFLKKA2R?Q0O>@ @RIKVEF BEELARKA
"E>MQBO 5B@QLAFQFHKAR?Q0>@ GEIKQF GBOELAPMMIPIQEBAAFQEIRBIL@FQERPQ
>PQEBNL CLOKVLQEEB @QLRPKB AFJBKPFLICOFLKQEBAAFQRICSBIL@FEFBPIMIBJQEBV
>AAFHBOAFKKRI?BORLBU>IMIB-G CFBRL@HBAU>VERILSFKDQ C | PQO>FQERCREB
DL>I>KAAOFSBEB>I| FKQEB>JBAFOB@QFQE SBIL@AQ/ C | OBI>QFRIEBOLAVQEBREB
SBIL@R@QEB>IIFP C | OBI>QFSBEBQ>QFLKVOWCRABIB>QFRD>IHBBMEDKAFKE OLKQ
LC QEB DL>|
(KQTL AFJBKPFLIFLHBFQHEBO>MEAR@K>IVQFQ@E® EKFIGRIBRPBAL>ALSBIL@FQFBP
TFIl @LK@BKQB>RBIVQF @B@EKFNSEETLIILTFKBNR>QF KISBEB BI>QF LK PEFRQYFBBREB
J>DKFQRABMFOB@QESBIL@FQ¥KAa >KAFQBLIMLKBKQR-KAGD >ILKIDER >KAR>UBRC
>K >MMOLMOF>QBIV @ELPBK @LLOAFK>QB PVPQBJ



https://pressbooks.bccampus.ca/collegephysics/chapter/vector-addition-and-subtraction-graphical-methods/
https://pressbooks.bccampus.ca/collegephysics/chapter/vector-addition-and-subtraction-analytical-methods/
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75B7?3 0A> O>EH<BMR :G H;C><M
MK:O>EBG@ :M :GCRB@EA> AHKBSHGM:E :QBL
BL MA> LNF H? <HFIHG>GMXQ&<Mb KL

3EBPEBBNR>QF JES>IFACLG-KVSB@QLER>0B-A>MQBMB @ FCF@XB2IL@FG&B CFORDL
BNR>QFbKMRPBOLCFKAER) LIMLKBK@P SBIL@ FEBKFQP>DKFQRABAMFOB @ QBBIKLTK
3EB I>PQ QTL >OB RPBA QL CFKA QEB J>DKFQRAB >KA AFOB@QFLK LC SBIL@FQV TEBK FQP

) S %) oY+ +!l $)8 % )

%FIb 2>QEQR2IC CRICT>QBG>HB> QL\?L>Q OPLIBLQEBROGB@B-QL>FHKT>QBAKMIRD
QERO>ARL T>QBPQ>CMRO>FROWRPEFREBL>@OLLKBPFABCQERRDLQERQEBIKXA
MBOMBKAF@RBDEEILTLCT>QBOEF@H>V AL VLRKBBAQLMRPBEBL>(PL QE>EBKAMRM

FJJBAF>QBIMMLPFQBM>0OBERFOB@QREPEILTLCT>QBEB>AFKITQEBL>Q>KA>@QR>
SBIL@FQV LC QEB ?L>Q
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75B?3 ;H:M :MM>FIML MH MK:O>E LMMCB@BD>K:M : LI>>=  FL
0A> <NK&M BG MA>KBR>B>KEHPL :M : LI>>=H? FL MH MA> KB@AM
3A:M BL MA> MHM:E =BLIE:<>F>GM BHR:MBOHWHHIA> LAHK

1BCBQL%FDROBIEF@EELTP> ?L>@OVFRIDL PQO>FEEQLOEBFSBBRP@>| @RISEB
J>DKFQRABMFOB @ QBREBL>@SBIL @ FIBI>QESBKL ?PBOSBAYEBEL OB 3EBSBIL@RQV
QEBL>Q@e7FP  J PFKQERAFOB@ QEIXQFSBEBFSBRAQEBBIL@AQMQEBFSED:L:HFP
JP QL QEB OFDEQ

JH7J;=0

6 BPQ>DELLPEK® LLOAFRAPRBFQEQP >URR>0>1IBIQEBBIL@EQYEBFSBOGPELTK

FK%FDROBB@>RRBEBL>@FPAFOB @PR2>FQER-ORERQERELOBQSBIL@FQM>QRIREB
T>QBEM>0>1IBIQEB >UFPKAVBOMBKAF QIRIEBBIL @ AQYEBFSBERPTB @>KAAQEBRTL

SBIL@FQFBP ?V RPFKD QEB BNR>QFLKP  >KAS J7D G Gy AFOB@QIV
,EBKJ?ED
3EB J>DKFQRAB LC QEB QLQ>I SBIL@FQV FP

TEBOB

>KA

3ERP
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VFBIAFKD

3EB AFOB@QFLK LC QEB QLY FFSBRIBRQV

3EFP BNR>QFLK DFSBP

?19KII?ED

ILQEQEB>DKFQRBBKAQEBFOB@QEREBLQSBIL@FMELKPFPOBREFDROBLQBQE>Q
?B@>RPEBBIL@AQOEBFSEE>0B@LIM>0BRQBEBBIL@AMQEBL>QFFFPTBMQ>MFAIV
ALTKPQOBSEFOBPRIEBBSFABK@BOEBJ>II>KDIELKIV S QEBLQSBIL@FENOBI>QKSB
QEB OFSBO?>KH

G0<?;4 0;2D;0C8=6 #4;>28CH ,8=34;>28CH 0DB4B 0= 8A?;0=4 C> A85C
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