UMass Physics 131 Unit 1

By: 1:0B= +@NR>G

Based on: 2*.LL -ARLB<L 1>QM;HHD  http:/legacy .cnx.org/content/col12181/1.28

Online: https://legacy .cnx.org/content/col12232/1.2

1ABL L>E><MBHG :G= :KK:G@>F>GM H? <HGM>GM L : <HEE><MBHG! B)B<HRHBBBM>= ;R

K>:MBO> HFFHGL MMKB;NMBHG )B<>@ips//creativecommons.org/licenses/by/4.0/

HEE><MBHG LMKN<MNK> K>OBL>=

-I# $>G>K:M>=

#HK <HIRKB@AM :G= :MMKB;NMBHG BG?HKF:MBHG ?HK MA> FH=NE>L <HGM:BG>= BGtNABL<HEE<MBHG : MAMMASG= H?
MA> <HEE><MBHG


http://legacy.cnx.org/content/col12181/1.28
https://legacy.cnx.org/content/col12232/1.2
http://creativecommons.org/licenses/by/4.0/

1ABL ,I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIlCGE} @K@ <HGM>GM <HE



1;E> H? HGM>GML

UNit L OVEIVIEW . . . o e e e 1
1 Introduction: The Nature of Science and Physics . . . . . . . . . . . e 3
G & GMKH=N<MBHG MH -ARLB<L
-ARLB<:E .N:GMBMB>L :G=2GBML
4 KBMBG@ +NF;>KL
&GMKH=N<MBHG MH OM:MBLMB<L
<<NK:<R :G=-K><BLBHG
2KIinematiCs . . . . . . e e e 33
IBLIE:<>F>GM
3><MHKL 0<:E:KL :G= HHK=BG:M> ORLM>FL
1BF> 3>EH<BNMIR 0I>>=
<<>E>K:MBHG
$K:IAB<:E G:ERLBL H? ,G> |BF>GLBHG:E *HMBHG
OBFNE:MBHGL
3 Two-Dimensional Kinematics . . . . . . . . . . e e e 75
(BG>F:MB<L BBH.!BF>GLBHGL G BGMKH=N<MBHG
3><MHK ==BMBHG :G= 0ON;MK:<MBHG $K:IAB<:E *>MAH=L
3><MHK ==BMBHG :G= 0N;MK:<MBHG G:ERMB<:E *>MAH=L
==BMBHG BEBI<BMB>L
INAEX . . . e e e 111



1ABL ,I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIlCGE} @K@ <HGM>GM <HE



-K>?:<>

Things to Consider as Y ou Read:
1ABL L><MBHG IKHOB=>L :G HO>KOB>P H? MA> ?BKLM NGBM HG F:MA>F:MB<:E MHHEL :G= ?HNG=:MBHG:E <HG<>IML ?HK -ARL
PBEE ;> NLBG@ <HG<>IML ?KHF MABL NGBM MAKHN@AHNM MA> <E:LL
1A>K> :K>:ELH : ?>P ABGML :G= MBIL BG MA> L><MBHG HG AHP MH =H MB=BHFMPRK® PANE= LN@ @>LM =>O>EHIBG@
@HH= AHF>PHKD A:;BML >:KER
1ABL HO>KOB>P BL :ELH :O:BE:;E> L : OB=>H A>KHNMNS: Bttps://www .youtube.com/watch?v=ikLsqv2dhY8
(https://lwww .youtube.com/watch?v=ikLsqv2dhY8)

&G MABL NGBM P> PBEE >QIEHK> LHF> H? MA> ?NG=:F>GM:E F:MA>F:MB<:E MHHEL :G= ;:.LB< <HG<>IML MA:M P> PBEE G>>= MAKHN@
H? MA> <HNKL> BG HNK LMN=R H? IARLB<L BG<EN=BG@

¢ G BGMKH=N<MBHG MH PA:M IARLB<L BL :L : =BL<BIEBG> :G= AHP MA:M FB@ ARFKSA@EW BEHAMIH AKHBRA> HMA>K
L<B>G<>L RHN F:R A:0O> LMN=B>=
K>0OB>P H? MA> ;:LB< B=>: H? NGBML
*R IHEB<R HG LB@GB?B<:GM ?B@NK>L
&GMKH=N<> MA> ;.LB< B=>:L H? F>:G :G= LM:G=:K= =>0B:MBHG ?HK NL> BG MA> E:;HK:MHKR >Q>K<BL>L PBMABG MABL <HNKL>
1A> =>?BGBMBHG H? =BLIE:<>F>GM.@>ENd=BMRMBHG BG |:KMBENEDSEH<BMR :G= :<<>E>K:MBHG :K> LBFBE:K MH :G=
=B2>K>GM ?KHF =BLM:G<> :G= LI>>=
%HP MH NL> BM>K:MBO> F>MAH=L MH IK>=B<M MA> FHMBHG H? H;C><ML MA:M FHO> PBMA GHG NGB?HKF :<<>E>K:MBHG
¢ ,G:INK>ER F:MA>F:MB<:E GHM> RHN PBEE ;> >QIEHKBG@ PA:M : O><MHK BL :G= AHP MA>R <:G ;> :==>=:G= LN;MK:<M>=

O o0 o0 o0

o

$>G>K:E +HM>L ;HNM %HF>PHKD

1A> AHF>PHKD BG MABL <HNKL> BL BGM>G=>= MH IKHOB=> RHN PBMA LHF> ;:LB< BG?HKF:MBHG 1A> F:M>KB:E BG MA> IK>I:K:MBHG |
LM:KMBG@ IHBGM ?HK PA:M P> =BL<NLL BG <E:LL 1ABL A>EIL MH F:D> LNK> MA:M >0O>KRHG> PBMA MA>BK O:KRBG@ ;:<D@KHNG=L E
LM:KMBG@ :M MA> L:F> IHBBREE MA>G ;NBE= NIHG MABL IK>I:K:MBHG BG <E:LL NLBG@ BG <E:LL :<MBOBMB>L MH @>M RHN K>:=R ?+
1ABL BL LHF>PA:M28GM IKH;:;;ER ?KHF RHNK HMA>K <HNKL>L PA>K> MA> INKIHL> H? MA> AHF>PHKD BL MH IKHOB=> :==BMBHG:E IK
HG BG <E:LL F:M>KB:E MH A>ElI RHN @>M K>:=R [PHKis>QbEtse, the homework gets you ready for class, and class is

what gets you ready for the exams.

How to be Successful

":<A AHF>PHKD BL =BOB=>= NI BGMH L><MBHGL 4BMABG >:<A L><MBHG MA> ?BKLM JN>LMBHG BL RHNK K>:=BG@L MH =H ?HK MA:M
L><MBHG ?HEEHP>=;R:L>M H? IKH;E>FL 1A>BG?HKF:MBHG RHN G>>= MH <HFIE>M> : L>M H? IKH;E>FL PBEE ;> BG MA> K>:=BG@L :N
>@BGGBG@ H? MA:M L><MBHG 1A> K>:=BG@L :K> IK>L>GM>= BG M>KFL H? : <A><DEBLM 1ABL IKH; ENLBLIGHMGMEK= @K:=> BM"

:.L : <A><DEBLM MH F:D> LNK> MA:M RHN @>M >0>KRMABG@ =HG> OH RHN F:R A:0> O:KBHNL K>:=BG@L PBMABG MA> ,|I>GOM:Q M>Q
2*.LL >=BMBHG PAB<A BL HG ->KNL:EE :G= RHN F:R :ELH A:O> LHF> OB=>HL 1A> OB=>HL :K> >F;>==>= =BK><MER PBMABG MA> HGEB(
AHF>PHKD LRLM>F :G= RHN LAHNE= ;> :;;E> MH IE:R MA>F KB@AM MA>K> ;NM B? RHN <:GGHM RHNIxiG @H :G= <EB<D MABL
(https://www .youtube.com/channel/UCUMejMY1La0t8qi-wFT yTw) :G= BM PBEE M:D> RHN MH MAHKINNKIL@B> :G= RHN

<:G P:M<A MA> OB=>HL MA>K> 1A> MK:GL<KBIML ?HK :EE H? MA> OB=>HL :K> :ELH BG<EN=>= BG MA> M>QM;HHD MA>FL>EO>L LH B?
:G= K>:= MA> M>QM ;><:NL> RHN IK>?>K MH K>:= HK RHN P:GM MH :== LHF> LHKM H? ->KNL:EE <HFF>GM MH LHF> H? MA> <HGM>GM H
OB=>H RHN <:G =H MA:M PBMABG MA> M>QM;HHD BG ->KNL:EE LH >:<A OB=>H AL :G :LLH<B:M>= L><MBHG BG MA> M>QM;HHD :G= B(
PBMA MA> MK:GL<KBIM H? MA:M OB=>H ?HK RHN MH <HFF>GM

,G<> RHN'O> <HFIE>M>= MA> K>:=BG@L RHN K> GHP K>:=R MH FHO> HG MH MA> :<MN:E AHF>PHKD IKH;E>FL 1A>L> IKH;E>FL :K> MA:
MH A>El RHN <A><D MA:M RHN NG=>KLMHH= PA:M P:L BG MA> O:KBHNL K>:=BG@L :G= OB=>HL :G= MH A>El RHN K>?BG> RHNK NG=>}
*HLM H? MA> BG=BOB=N:E I:KML H? >:<A IKH;E>F :K> HG> LM>| &? RHN ?BG= RHNKL>E? =HBG@ EHG@ <A:BGL H? <:E<NE:MBHGL <HF:
MA> <HGLNEM:MBHG KNHE& &H;:;ER :IIKH:<ABG@ MA> IKH;E>F BG : P:R.IGAM O>KRB<B>GM 4A>G =HBG@ MA> AHF>PHKD

=HG M LDBI MA> K>:=BG@L :G= MA> BRK>HFB>GML HG MA> :<MN:E K>:=BG@L BG ->KNL:EE :K> @K:=>= BG :<<HK=:G<> PBMA MA>
IHEB<R BG MA> LREE:;NL :G= ?HKF : I:KM H? RHNK AHF>PHKD<@BHPE4=@> MA:M =HBG@ :EE H? MA>L> K>:=BG@L :G=:EE H? MABL
AHF>PHKD BL A:K= PHKD :G= P> :K> A>K>MH A>El P>"0> IKHOB=>= JNBM> : ?>P K>LHNK<>L MH A>EI RHN ;> LN<<>LL?NE BG <HFIE>MI
MABL (LLB@GF>GM *HK*BG¢% BM BL LH FN<A PHKD MA> IK>I:K:MBHG BL RHNK >GMBK> AHF>PHKD ?HK MABL <HNKL> 1A>K> BL GH |
>G= H? <A:IM>K AHF>PHKD :LLB@GF>GML RHN HGER G>>= MH =H MABL IK>I:K:MBHG 1ABL BL RHNK ;B@ ?H<NL ?HK RHNK AHF>PHKD

4A:M MH ?H<NL HG BG MA> 2GBM -K>|:K:MBHG %HF>PHKD
& P:GM RHN MH ?H<NL HG PABE>=HBG@ MABL AHF>PHKD MA> =>?B@&MBHGNHAdNA> B=Kieceleration MA> 2>P


https://www.youtube.com/watch?v=ikLsqv2dhY8
https://www.youtube.com/watch?v=ikLsqv2dhY8
https://www.youtube.com/channel/UCUMejMY1La0t8qi-jwFTyTw
https://www.youtube.com/channel/UCUMejMY1La0t8qi-jwFTyTw
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;:LB< >IN:MBHGL LN<A W —t :G= B —\{ BG<EN=BG@ PA:M :EE MA> LRF;HEL F>:G :G= PA>G MA>L>>JN:MBHGL <:G ;>

AIEB>= *:GR I>HIE> BG LMN=RBG@ IARLB<L ?HK MA> ?BKLM MBF> NG=>KLM:G= MA>R G>>= MH DGHP PA:M MA> LRF;HEL F>:G ;NM MA
MH LDBI HO>K MABL L><HG=>E>F>GM PAB<A BL CNLM :L BFIHKM:GM B? GHM FHK> LH ;><:NL> GHM >0O>KR >JN:MBHG <:G ;> :lI[EB>=E
LBMN:MBHG & PBEE :ELH :LD RHN MH E>:KG AHP MH CNLM aMNKG MA> <K:GDb ?HK O:KBHNL MRI>L H? <:E<NE:MBHGL LN<A :L BM>K:
:G= 0><MHK :KBMAF>MB< IHG'M PHKKR B? RHN =HG'M K>:EER NG=>KLM:G= PA:M RHN'K> =HBG@ PA>G RHN =H MA>L> <:E<NE:MBHG
<HG<>IMN:EER BM =H>LG'M F:D> L>GLHDNRARS PBEE LI>G= MBF> BG <E:LL PHKDBG@ PBMA MA>L> B=>:L :G= @>MMBG@ :G
NG=>KLM:G=BG@ H? PA:M RHN'K>=HBG@ & CNLM P:GM RHN MH DGHP AHP MH =H MA>L> <:E<NE:MBHGL

#BG:EERPHNE= EBD> MH A:O> : INB<D IABEHLHIAB<:E <HFF>GM K>@:K=BG@ FHMBHG PBMA <HGLM:GM :<<>E>K:MBHG &? RHN A:0>/
IARLB<L ;>?HK> RHN F:R A:0> L>>G MA> LH <:EE>= DBG>F:MB< >JN:MBHGL PAB<A :K>MA>L> MPH A>K>

E WU-BUW W B

4 > PBEE +,1 ;> NLBG@ MA>L>>JN:MBHGL BG MABPBEH |>4IKH:<ABG@ MA> LN;C><M :G= F.:GR HMA>KL BG P:RL MA'M FR ;>
=B2K>GM ?KHF AHP RHN F:R A:O> L>>G MA>F BG : IK>OBHNL IARLBx|>EB+0>4MA:M IARLB<L BL GHM :;HNM F>FHKBSBG@

>IJN:MBHGL :G= E>:KGBG@ AHP MH IB><> MAHL> >JN:MBH#GL AEBEOMBSKM>:= MA:M IARLB<L BL :;HNM ?NG=:F>GM:E B=>:L :G=

P> PBEE M>:<A MABL <HNKL> ?KHF MABL [>KLI><MBO>NASLEHBEEKRLNEM BG IARLB<L AHF>PHKBGMRREBPA:M RHN

F:R>QI><M @HH=>Q:FIE> BL MA> AHF>PHKD ?HK MA> L><HG= NGBM PA>K> RHN A:0> LHF> :<MN:E ?BEE BG MA> ;E:GD MRI> H?
JN>LMBHGL &? RHN MKR MH E>:KG IARLB<L :L : L>M H? B=>:L BGLM>:= H? : L>M H? >JN:MBHGL:EH [:MBMRHMK @ ERBL

H? LBMN:MBHGL ?KHF ?NG=:F>GM:E IARLB<:E IKBG<BIE>L MA>G RHNK IARLB<L >QI>KB>G<> PBEE >GKB<A :G= >GA:G<> RHNK NG=>K
RHNK HMA>K <HNKL>L :L HIIHL>= MH CNLM ;>BG@ : <HNKL> MA:M RHN CNLM aA:0> MH M:D> ?HK RHNK F:CHKb

1ABL ,|I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIGE» @KR <HGM>GM <HE
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Figure 1.1 $:E:QB>L :K> L BFF>GL> :L :MHFL :K> LF:EE>®1 MA> L:F> E:PL H? IARLB<L =>L<KB;> ;HMA :G=:EE MA> K>LM H? G:MNK>":G BG=B<:MBHG H? MA>
NG=>KERBG@ NGBMR BG MA> NGBO>KL> 1A> E:PL H? IARLB<L :K> LNKIKB |HBHRBS @ FCRBEENKERBG @ LBFIEB<BMRHAHE M: MIKE>QBMR
<K>=BM +0 '-) :EM><A - KF,R %:KO:K=0FBMALHGB:G >GM>K ?HK LMKHIARLB<L

A:IM>K ,NMEBG>

1.1. An Introduction to Physics
1.2. Physical Quantities and Units

1.3. Writing Numbers
¢ "LMBF:MBG@ MA> GNF;>K H? :IIKHIKB:M> =B@BML ?HK :GR <:E<NE:MBHG
1.4. Introduction to Statistics
¢ !>?BGBMBHG H? F>:G :G= LM:G=:K= =>0B:MBHG
¢ 2LBG@ F>:.G :G= LM:G=:K==>0B:MBHG
1.5. Accuracy and Precision
¢ &GM>KIK>MBG@ =:M: :G= K>LNEML

Chapter Overview

4A:M BL RHNK ?BKLM K>:<MBHG PA>G RHN A>:K MA> PHK= alARLB<Lb !B= RHN BF:@BG>BKNBRGENMMBHBLAHKFBFHKBSBGC@
?HKFNE:L MA:M L>>F MH A:O> GH K>:E NL> BG EB?> HNMLB=> MA> |IARLB<L <E:LLKHHF *:GR I>HIE> <HF> MH MA> LN;C><M H? IARLB<L
;BM H? 2>KM L RHN ;>@BG RHNK >QIEHK:MBHG H? MABL ;KH:= K:G@BG@ LN;C><M RHN F:R LHHG <HF> MH K>:EBS> MA:M IARLB<L IE
FN<A E:K@>K KHE> BG RHNK EB?> MA:G RHN ?BKLM MAHN@AM GH F:MM>K RHNK EB?> @H:EL HK <:K>>K <AHB<>

#HK >Q:FIE> M:D>: EHHD :M MA> BF:@> :;HO> 1ABL BF:@> BL H? MA> G=KHFRPABRQRGM:BGL ;BEEBHGL H? BG=BOB=N:E LM:KL
AN@> <EHN=L H? @:L :G==WMM.AEE>K @:E:QB>L :K>:ELH OBLB;E> L ;KB@AM ;EN> LIHML BG MA> ;:<D@KHNG= M:LM:@@>KBG@
FBEEBHG EB@AM R>:KL ?KHF MA> ":KMA MABL @:E:QR BL MA> G>:K>LM HG> MH HNK HPG @:E:QRRPABVALBLKLEE=— MA> *BEDR 4
IE:G>ML MA:M F:D> NI G=KHF>=: FB@AM L>>F MH ;> MA> ?NKMA>LM MABG@ ?KHEEBNEHOHR=R EBO>L NM G=KHF>=:

BL : @K>:M LM:KMBG@ IHBGM MH MABGD :;HNM MA> ?HK<>L MA:M AHE= MH@>MA>K MA> NGBO>KL> 1A> ?HK<>L MA:M <:NL> G=KHF:
=H>L :K> MA> L:F> ?HK<>L P> <HGM>G= PBMA A>K> HG ":KMA PA>MA>K P> K> IE:GGBG@ MH L>G=: KH<D>M BGMH LI:<> HK LBFIER K:
MA> P:EEL ?HK : G>P AHF> 1A> L:F> @K:OBMR MA:M <:NL>L MA> LM:KL H? G=KHF>=: MH KHM:M> :G= K>OHEO> :ELH <:NL>L P:M>K MH"
HO>K AR=KH>E><MKB< =:FL A>K> HGIG8@AM M:D>: FHF>GM MH EHHD NI :M MA> LM:KL 1A> ?HK<>L HNM MA>K> :K> MA> L:F> :L MA>
HG>L A>K>HG ".KMA 1AKHN@A : LMN=R H? IARLB<L RHN F:R @:BG : @K>:M>K NG=>KLM:G=BG@ H? MA> BGM>K<HGG><M>=G>LL H?:
P> <:G L>>:G= DGHP BG MABL NGBO>KL>

1ABGD GHP :;HNM :EE H? MA> M><AGHEH@B<:E =>0B<>L MA:M RHN NL> HG : K>@NE:K ;:LBL HFINM>KL LF:KM IAHG>L $-0 LRLM>FL *
IE:R>KL :G=L:M>EEBM> K:=BH FB@AM <HF> MH FBG= +>QM MABGD :;;HNM MA> FHLM >Q<BMBG@ FH=>KG M><AGHEH@B>L MA:M RH
3 HNM BG MA> G>PL LN<A :L MK:BGL MA:M E>OBM:M> :;HO> MK:<DL aBGOBLB;BEBMR <EH:DLb MA:M ;>G= EB@AM :KHNG= MA>F :G=Fl
KH;HML MA:M ?B@AM <:G<>K <>EEL BG HNK ;H=B>L EE H? MA>L> @KHNG=;K>:DBG@ :=0:G<>F>GML <HFFHGIE:<> HK NG;>EB>0:;E>
IKBG<BIE>L H? IARLB<L LB=>?KHF IE:RBG@ : LB@GB?B<:GM KHEEHBS_VBHEEHHINOR: L >GC@BG>>KL IBEHML IARLB<B:GL

IARLB<:E MA>K:IBLML >E><MKB<B:GL :G= <HFINM>K IKH@K:FF>KL :lIER IARLB<L <HG<>IML BG MA>BK =:BER PHKD #HK >Q:FIE> : IBEF
NG=>KLM:G= AHP PBG= ?HKx>{M? ?EB@AM |:MA :G=: IARLB<:E MA>K:IBLM FNLM NG=>KLM:G= AHP MA> FNL<E>L BG MA> ;H=R
>QI>KB>G<> ?HK<>L :L MA>R FHO> :G=;>G= L RHN PBEE E>KG BG MABL M>QM IARLB<L IKBG<BIE>Q<BMBGE®EEBG@ G>P
M><AGHEH@B>L :G= MA>L> IKBG<BIE>L :K> :IIEB>= BG : PB=> K:G@> H? <:K>>KL

&G MABL M>QM RHN PBEE ;>@BG MH >QIEHK> MA> ABLMHKR H? MA> ?HKF:E LMN=R H? IARLB<L ;>@BGGBG@ PBMA G:MNK:E IABEHLI
$K>>DL :G= E>:=BG@ NI MAKHN@A : K>OB>P H? 0BK &L::< +>PMHG :G= MA> E:PL H? IARLB<L MA:NN-PRBBLEEHF>> 6
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BGMKH=N<>= MH MA> LM:G=:K=L L<B>GMBLML NL> PA>G MA>R LMN=R IARLB<:E JN:GMBMB>L :G= MA> BGM>KK>E:M>= LRLM>F H? F>:
FHLM H? MA> L<B>GMB?B< <HFFNGBMR NL>L MH <HFFNGB<:M> BG : LBG@E> F:MA>F:MB&N EEE® NN=RBIAEERFBML H? HNK
BEBMR MH ;> :<<NK:M> :G= IK><BL> :G= MA> K>:LHGL L<B>GMBLML @H MH I:BGLM:DBG@ E>G@MAL MH ;> :L <E>:K :L IHLLB;E> K>@:K
HPG EBFBM:MBHGL

1.1 An Introduction to Physics

1ABG@L MH HGLB=>KIN./&:=
¢ 4A:Mis L<B>G<> 4A>K> =H>L IARLB<L ?BM BGMH MABL =>?BGBMBHG
%HP =H>L MA> L<B>GMB?B< IKH<>LL PHKD
4A:M BL : L<B>GMB?B< MA>HKR 4A:M F:D>L : MA>HKR <K>=B;E>
%HP PBEE IARLB<L A>EI RHN L : GHG IARLB<L F:CHK
%HP :K> FH=>EL NL>= BG L<B>G<>
4A:M K> LHF> H? MA> EBFBML H? <E:LLB<:E IARLB<L

O o0 o000

Figure 1.2 1A> ?EB@AM ?HKF:MBHGL H? FB@K:MHKR ;BK=L LN<A :L :G:=: @>>L> :K> @HO>KG>= ;R MA> E:PL H? IARLB<L <K>=BM [:0B=*>KK>MM

1A> IARLB<:E NGBO>KL> BL >GHKFHNLER <HFIE>Q BG BML =>M:-8&£ HONKRI:£RKO>L : @K>:M O:KB>MR H? H;C><ML :G=

IA>GHF>G: ,0>K MA> <>GMNKB>L MA> <NKBHLBMR H? MA> ANF:G K:<> A:.L E>=NL <HEE><MBO>ER MH >QIEHK> :G=<:M:EH@ : MK>F>
P>:EMA H? BG?HKF:MBHG #KHF MA> ?EB@AM H? ;BK=L MH MA> <HEHKL H? ?EHP>KRKHH R GE
?KHF MA> ?EHP H? MBF> MH MA> FRLM>KR H? MA> <K>:MBHG H? MA> NGBO>KL> P> A:O> :LD>= JN>LMBHGL :G= :LL>F;E>= AN@> KKl
?:<ML &G MA> ?:<>H? :EE MA>L>=>M:BEL P> A:0> =BL<HO>K>= MA:M : LNKIKBLBG@ER LF:EE :G= NGB?B>= L>M H? IARLB<:E E:PL <:G
PA:M P> H;L>KO> L ANF:GL P> F:D> @>G>K:EBS:MBHGL :G= L>>DIHKAXG ?HNG= MA:M G:MNK> BL K>F:KD:;ER <HHI>K:MBO>"BM
>QAB;BML M#gerlying order and simplicity P> LH O:EN>

&M BL MA> NG=>KERBG@ HK=>K H? G:MNK> MA:M F:D>L L<B>G<> BG @>G>K:E :G=HARIM<R: > MHIBWNERKQ:FIE>

PA:M =H : ;:@ H? <ABIL :G=: <K ;;MM>KR A:0> BG <HFFHG HMA <HGM:BG >G>K@R MA:M <:G ;> <HGO>KM>= MH HMA>K ?HKFL 1A>E:P
<HGL>KO:MBHG H? >G>K@R PAB<A L:RL MA:M >G>K@R <:G <A:G@> ?HKF ;NM BL G>0O>K EHLM MB>L MH@>MA>K LN<A MHIB<L :L ?HF
:MM>KB>L A>:M EB@AM :G=P:M<A LIKBG@L 2G=>KLM:G=BG@ MABL E:P F:D>L BM >:LB>K MH E>:KG :;HNM MA> O:KBHNL ?HKFL >G>
:G= AHP MA>R K>E:M> MH HG> :GHKH¥GKMER NGK>E:M>= MHIB<L :K> <HGG><M>= MAKHN@A ;KH:=ER :lIEB<:;E> IARLB<:E E:PL
I>KFBMMBG@ :G NG=>KLM:G=BG@ ;>RHG= CNLM MA> F>FHKBS:MBHG H? EBLML H? ?:<ML

1A> NGB?RBG@ :LI><M H? IARLB<:E E:PL :G= MA> ;.LB< LBFIEB<BMR H? G:MNK> ?HKF MA> NG=>KERBG@ MA>F>L H? MABL M>QM &G |
MA>L> E:PL RHN PBEE H? <HNKL> LMN=R MA> FHLM BFIHKM:GM MHIB<L BG IARLERHN?PBE BGHB® :GNHRRB<:E :;;BEBMB>L MA:M

PBEE >G:;E> RHN MH :IIER MA>L> E:PL ?:K ;>RHG= MA> L<HI> H? PA:M <:G ;> BGSEN=>= BG : LBG@E> ;HHD 1A>L>:G:ERMB<:E LDBEEL |
RHN MH >Q<>E :<:=>FB<:BERMA>R PBEE :ELH A>El RHN MH MABGD <KBMB<:EER BG :GR IKH?>LLBHG:E <:K>>K RHN <AHHL> MH INKLN>
FH=NE> =BL<NLL>L MA> K>:EF H? IARLB<L MH =>?BG> PA:M IARLB<L BL LHF>:IIEB<:MBHGL H? IARLB<L MH BEENLMK:M> BML K>E>O:
HMA>K =BL<BIEBG>L :G=FHK> IK><BL>ER PA:M <HGLMBMNM>L : IARLB<:E E:P MH BEENFBG:M> MA> BFIHKM:G<> H? >QI>KBF>GM:ME

0<B>G<>:G= MA> />:EF H? -ARLB<L

0<B>G<> <HGLBLML H? MA> MA>HKB>L :G= E:PL MA:M :K> MA> @>G>K:E MKNMAL H? G:MNK> :L P>EE :L MA> ;H=R H? DGHPE>=@> MA>
0<B>GMBLML :K> <HGMBGN:EER MKRBG@ MH >QI:G= MABL ;H=R H? DGHPE>=@> :G= MH [>K?><M MA> >QIK>LLBHG H? MA> E:PL MA:M
Physics BL <HG<>KG>= PBMA =>L<KB;BG@ MA> BGM>K:<MBMREKI>?>GCE&MBF> :G= BM BL >LI><B:EER BGM>K>LM>= BG PA:M
?NG=:F>GM:E F><A:GBLFL NG=>KEB> >0O>KR IA>GHF>GHG 1A> <HG<>KG ?HK =>L<KB;BG@ MA> ;.LB< IA>GHF>G: BG G:MNK> >LL>GMB
=>?BG>L M&alm of physics

-ARLB<L :BFL MH =>L<KB;> MA> ?NG<MBHG H? >O>KRMABG@ :KHNG= NL ?KHF MA> FHO>F>GM H? MBGR <A:K@>= [:KMB<E>L MH MA>
I>HIE> <:KL :G=LI:<>LABIL &G ?:<M :EFHLM >0O>KRMABG@ :KHNG= RHN <:G ;> =>L<KB;>= JNBM> :<<NK:M>ER ;R MA> E:PL H? IARLB<L

1ABL ,|I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIGE» @KR <HGM>GM <HE



A:IM>K T &GMKH=N<MBHG 1A> +:MNK> H? 0<B>G<> :G= -ARLB<L

HGLB=>K : LF:KM IAHG®igure 1.3 -ARLB<L =>L<KB;>L AHP >E><MKB<BMR BGM>K:<ML PBMA MA> O:KBHNL <BK<NBML BGLB=> MA> =>(
DGHPE>=@> A>EIL >G@BG>>KL L>E><M MA> :IIKHIKB:M> F:M>KB:EL :G= <BK<NBM E:RHNM PA>G ;NBE=BG@ MA> LF:KM IAHG> +>QM -«
$-0 LRLM>F -ARLB<L =>L<KB;>L MA> K>E:MBHGLABI ;>MP>>G MA> LI>>= H? :G H;C><M MA> =BLM:G<> HO>K PAB<A BM MK:O>EL :G= M,
BM M:D>L MH MK:O>E MA:M =BLM:G<> 4A>G RHN NL>: $-0 =>0B<> BG : O>AB<E> BM NMBEBS>L MA>L> IARLB<L >JN:MBHGL MH =>M>K
MK:O>E MBF> ?KHF HG> EH<:MBHG MH :GHMA>K

Figure 1.3 1A> IIE> aB-AHG>b BL : <HFFHG LF:KM IAHG> PBMA : $-0 ?NG<MBHG -ARLB<L =>L<KB;>L MA> P:R MA:M >E><MKB<BMR ?EHPL MAKHN@A MA> <BK<I
MABL =>0B<> "G@BG>>KL NL> MA>BK DGHPE>=@> H? IARLB<L MH <HGLMKN<M :G B-AHG> PBMA ?>:MNK&>Mkx#B2BSRNRHKK-PBEEBEHR >

BL MA> $-0 ?NG<MBHG $-0 NL>L IARLB<L >JN:MBHGL MH =>M>KFBG> MA> =KBOBG@ MBF> ;>MP>>G MPH EH<:MBHGL HG : F:I| <K>=BM @E>MA:F $&0 OH<B:E
I><A&F.@>L

IIEB<:MBHGL H? -ARLB<L

6HN G>>= GHM ;>: L<B>GMBLM MH NL> IARLB<L ,G MAGHRERK@R H? IARLB<L BL NL>?NE BG >0>KR=:R LBMN:MBHGL :L P>EE :L BG
GHGL<B>GMB?B< IKH?>LLBHGL &M <:G A>El RHN NG=>KLM:G= AHP FB<KHP:0> HO>GL PHKD PAR F>M:EL LAHNE= GHM ;> INM BGMH |
PAR MA>R FB@ANKIA I:<>F:D>KL 0>>Figure 1.4 :G= Figure 1.5 -ARLB<L :EEHPL RHN MH NG=>KLM:G= MA> A:S:K=L H? K:=B:MBHG

:G= KIMBHG:EER >0O:EN:M> MA>L> A:S:K=L FHKARIEBERELH >QIE:BGL MA> K>:LHG PAR : ;E:<D <:K K:=B:MHK A>EIL K>FHO> A>:M

BG : <:K>G@BG> :G=BM >QIE:BGL PAR : PABM> KHH? A>EIL D>>| MA> BGLB=> H? : AHNUA><HHEK: VEFRE HERBQ@ GBMBHG

LRLM>F :L P>EE :L MA> MK:GLFBLLBHG H? >E><MKB<:E LB@G:EL MAKKOEMLHNR M=R'K> FN<A >:LB>K MH NG=>KLM:G= PA>G

RHN MABGD :;;HNM MA>F BG M>KFL H? ;:LB< IARLB<L

-ARLB<L BL MA> ?HNG=:MBHG H? F:GR BFIHKM:GM =BL<BIEBG>L :G= <HGMKB;NM>L =BK><RPHIRMNHRHBARR G <ABBEMER

PBMA MA> BGM>K:<MBHGL H? :MHFL :G= FHE><NE>L"BL KHHM>= BG :MHFB< :G= FHE><NE:K IARLB<L *HLM ;K:G<A>L H? >G@BG>>KBC
(IEB>= IARLB<L &G :K<ABM><MNK> |ARLB<L BL :M MA> A>:KM H? LMIG<BINBGOLECBEBGRMA> :<HNLMB<L A>MBG@ EB@AMBG@
:G=<HHEBG@ H? ;NBE=BG@L -:KML H? @>HEH@R K>ER A>:0OBER HG IARLB<L LN<A :L K:=BH:<MBO> =:MBG@ H? KH<DL >:KMAJN:D>
A>:M MK:GL?>K BG MA>":KMA OHF>=BL<BIEBG>L LN<A :L ;;BHIARLB<L :G= @>HIARLB<L :K> AR;KB=L H? IARLB<L :G= HMA>K =BL<BIEB!

-ARLB<L A:L F:GR :IIEB<:MBHGL BG MA> ;BHEH@B<:E L<B>G<>L ,G MA> FB<KHL<HIB< E>O>E BM A>EIL =>L<KB;> MA> IKHI>KMB>L H? <
:G=<>EE F>F;K:G>LFigure 1.6 :G= Figure 1.7 ,G MA> F:<KHL<HIB< E>O>E BM <:G >QIE:BG MA> A>:M PHKD :G=IHP>K :LLH<B:M>=
PBMA MA> ANF:G ;H#RLB<L BL BGOHEO>= BG F>=B<:E =B:@GHLMB<L LN<A :L Q K:RL F:@G>MB< K>LHG:G<>BF:@BG@ */& :G=
NEMK:LHGB< ;EHH= ?EHP F>:LNK>F>GML *>=B<:E MA>K:IR LHF>MBF>L =BK><MER BGOHEO>L IARLB<L ?HK >Q:FIE> <:G<>K K:=BHMA>
NL>L BHGBSBG@ K:=B:MBHG -ARLB<L <:G :ELH >QIE:BG L>GLHKR IA>GHF>G: LN<A :L AHP FNLB<:E BGLMKNF>GML F:D> LHNG= AHP \
>R> =>M><ML <HBHRKHP E:L>KL <:G MK:GLFBM BG?HKF:MBHG

&M BL GHM G><>LL:KR MH ?HKF:EER LMN=R :EE :IIEB<:MBHGL H? IARLB<L 4A:M BL FHLM NL>?NE BL DGHPE>=@> H? MA> ;:LB< E:PL H"
: LDBEE BG MA> :G:ERMB<:E F>MAH=L ?HK IERBG@ MA>F 1A>LMN=R H? IARLB<L :ELH <:G BFIKHO> RHNK IKH;E>F LHEOBG@ LDBEEL
#NKMA>KFHK> |ARLB<L A:L K>M:BG>= MA> FHLM ;:LB< :LI><ML H? L<B>G<> LH BM BL NL>= ;R :EE H? MA> L<B>G<>L :G= MA>LMN=R H’
IARLB<L F:D>L HMA>K L<B>G<>L >:LB>K MH NG=>KLM:G=

4ABE> BM FB@AM ?>>E EBD> RHN EE G>0>K G>>= MH NL> IARLB<L E:M>K HG DGHPBG@ MA> IARLB<L PBEE @BO> RHN : =>>|>K NG
HK :M E>:LM : =>>|>K :[IK><B:MBHG H? PAM L A:lI>GBG@ L P> FHO> ?HKP:K=BG MA> <HNKL> MKR MH <HGG><M MA> F:M>KB:E BG
IARLB<L MH RHNK HNMLB=> LMN=B>L BM FB@AM ;> : EHM >:LB>K MA:G RHN >QI><M
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Figure 1.4 1A> E:PL H? IARLB<L A>EI NL NG=>KLM:G= AHP <HFFHG :lIEB:G<>L PHKD #HK >Q:FIE> MA> E:PL H? IARLB<L <:G A>El >QIE:BG AHP FB<KHP:0>
HO>GL A>:M NI ?HH= :G= MA>R :ELH A>EI NL NG=>KLM:G= PAR BM BL =:G@>KHNL MH IE:<> F>M:E H;C><ML BG : FB<KHP:0>HO>G <K>=BM *HG>R EH@+>PS

Figure 1.5 1A>L> MPH :lIEB<:MBHGL H? IARLB<L A:O> FHK> BG <HFFHG MA:G F>>ML MA> >R> *B<KHP:0> HO>GL NL> >E><MKHF:@G>MB< P:0O>L MH A>:M ?HH-
*@G>MB< K>LHG:G<> BF:@BG@ */& :ELH NL>L >E><MKHF:@G>MB< P:0O>L MH RB>E=:G BF:@> H? MA> ;K:BG ?KHF PAB<A MA> >Q:<M EH<:MBHG H? MNFHKL
=>M>KFBG>= <K>=BM /:LAFB A:PE: I:GB>E OFBMA :G=-:NE" *:KBD

Figure 1.6 -ARLB<L <A>FBLM&R ;BHEH@R A>EIl =>L<KB;> MA> IKHI>KMB>L H? <>EE P:EEL BG IE:GM <>EEL LN<A :L MA> HGBHG <>EEL L>>G A>K> <K>=BM 2F
0:EO0:@GBG
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Figure 1.7 G :KMBINK>G=BMBHG H? MA> MA> LMKN<MNK> H? : <>EE F>F;K:G> *>F;K:G>L ?HKF MA> ;HNG=:KB>L H? :GBF:E <>EEL :G= :K> <HFIE>Q BG LMKN<M
:G=?NG<MBHG *:GR H? MA> FHLM ?NG=:F>GM:E IKHI>KMB>L H? EB?> LN<A :L MA> ?BKBG@ H? G>KO> <>EEL :K> K>E:M>= MH F>F;K:G>L 1A> =BL<BIEBG>L
<A>FBLMK®= IARLB<L :EE A>El NL NG=>KLM:G= MA> F>F;K:G>L H? :GBF:E <>EEL <K>=BM *:KB:G: /NBS

*H=>EL 1A>HKB>L :G=):PL 1A>/HE>H? "QI>KBF>GM:MBHG

1A> E:PL H? G:MNK> :K> <HG<BL> =>L<KBIMBHGL H? MA> NGBO>KL> :KHNG= NL MA>R :K> ANF:G LM:M>F>GML H? MA> NG=>KERBG@ |
MA:M :EE G:MNK:E IKH<>LL>L ONEEBRPL :K> BGMKBGLB< MH MA> NGBO>KL> ANF:GL =B= GHM <K>:M> MA>F :G= LH <:GGHM <A:G@>
MA>F 4> <:G HGER =BL<HO>K :G= NG=>KLM:G= MA>F 1A>BK =BL<HO>KR BL : O>KR AMNBNMAEEMAHKE>F>GML H? FRLM>KR
BF:@BG:MBHG LMKN@@E> MKBNFIA :G==BL:IIHBGMF>GM BGA>K>GMBEG :GRigk=:MBQS=>Figure 1.9 1A>

<HKG>KLMHG> H? =BL<HO>KBG@ G:MNK:E E:PL BL H;L>KO:MBHG L<B>G<> FNLM =>L<KB;> MA> NGBO>KL> :L BM BL GHM :L P> F:R BF
>

Figure 1.8 Isaac Newton ] P:L O>KR K>EN<M:GM MH IN;EBLA ABL K>OHENMBHG:KR PHKD :G= A:= MH ;> <HGOBG<>= MH =H LH &G ABL E:M>K R>:KL A>
LM>II>= =HPG ?KHF ABL :<:=>FB< |[HLM :G= ;><:F> >Q<A>JN>K H? MA> /HR:E *BGM %> MHHD MABL BGEUAGKBE@.KR>=BG@ HK <K>:MBG@ KB=@>L HG
MA> >=@> H? <HBGL MH IK>0>GM NGL<KNINEHNL I>HIE> ?KHF MKBFFBG @AVRSBEOM BB @ MA>F L <NKK>EBR KMANK OANLM>K :G= KMANK

" OABIE>RBritain® Heritage of Science )HG=HG
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Figure 1.9 Marie Curie ]  L:<KB?B<>= FHG>M:KR :LL>ML MH A>E| ?BG:G<> A>K >KER K>L>:K<A :G= =IF:@>= A>K IARLB<:E P>EE ;>BG@ PBMA K:=B:MBHG
>QIHLNK> 0A> BL MA> HGER I>KLHG MH PBG +H;>E IKBS>L BG ;HMA IARLB<|GSH2ASFBEM@RAM>KL :ELH PHG : +H;>E -KBS> <K>=BM 4BDBF>=B:
HFFHGL

4 > :EE :K> <NKBHNL MH LHF> >QMEBMD:KHNG= F:D> @>G>K:EBS:MBHGL :G= MKR MH NG=>KLM:G= PA:M P> L>>"?HK >Q:FIE> P>
EHHD NI :G= PHG=>K PA>MA>K HG> MRI> H? <EHN= LB@G:EL :G HG<HFBG@ LMHKF L P> ;><HF> L>KBHNL :;;HNM >QIEHKBG@ G:MNK>
;><HF> FHK> HK@:GBS>= :G= ?HKF.E BG <HEE><MBG@ :G= :G:ERSBGIEFHWM@K>:M>K IK><BLBHG >K?HKF <HGMKHEE>=
>QI>KBF>GML B? P><:G :G=PKBM>=HPG B=>.L ;;HNM AHP MA> =:M: F.R ;> HK@:GBS>= :GAWGE?B:#KFNE:M> FH=>EL

MA>HKB>L :G= E:PL ;:L>= HG MA> =:M: P> A:0> <HEE><M>= :G= :G.ERS>= MH @>G>K:EBS> :G= <HFFNGB<:M> MA> K>LNEML H? MA>L>
>QI>KBF>GML

model BL : K>IK>L>GM:MBHG H? LHF>MABG@ MA:M BRB{NENM WKIBREBRLB;E> MH =BLIE:RABE><MER-E BL CNLMB?B>=
PBMA >QI>KBF>GM:E IKHH? BM BL HGER :<<NK:M> NG=>K EBFBM>= LBMN:MBHGL G >Q:FIE> BL MA> IE:G>M:KR FH=>E H? MA> :MHF B
>E><MKHGL :K> IB<MNK>=:L HK;BMBG@ MA> GN<E>NL :G:EH@HNL MH MA> P:R IE:G>MUOHK;BVOMA>HNG Q) H;L>KO>
>E><MKHG HK;BML =BK##MER>GM:E BF:@> A>EIL >QIE:BG MA> H;L>KO:MBHGL P> <:G F:D> LN<A :L MA> >FBLLBHG H? EB@AM ?KHF A
@:L>L :MHFB< LI><MK: -ARLB<BLML NL> FH=>EL ?HK : O:KB>MR H? INKIHL>L #HK >Q:FIE> FH=>EL <:G A>El IARLB<BLML :G:ERS>:
L<>G:KBH :G= I>K?HKF : <:E<NE:MBHG HK MA>R <:G ;> NL>= MH K>IK>L>GM : LBMN:MBHG BG MA> ?HKF H? : tidbij}NBtK LBFNE:MBHG
:G >QIE:G:MBHG ?HK I:MM>KGL BG G:MNK> MA:M BL LNIIHKM>= ;R L<B>GMB?B< >0B=>G<> :G= O>KB?B>= FNEMBIE> MBF>L ;R O:KBHNLI
K>L>:K<A>KL OHF> MA>HKB>L BG<EN=> FH=>EL MH A>EI| OBLN:EBS> IA>GHF>G: PA>K>:L HMA>SKMAH ERVHP @ KEBBMR
>Q:FIE> =H>L GHM K>JNBK> : FH=>E HK F>GM:E BF:@> ;><:NL> P> <:G H;L>KO> MA> H;C><ML =BK><MER PBMA HNK HPG L>GL>L 1A>
DBG>MB< MA>HKR H? @:L>L HG MA> HMA>K A:G= BL : FH=>E BG PAB<A: @:L BL OB>P>=:L ;>BG@ <HFIHL>= H? :MHFL :G= FHE><NE>L
MHFL :G= FHE><NE>L :K> MHH LF:EE MH ;> H;L>KO>= =BK><MER PBMA HNK L>GL>L*"MANL P> IB<MNK> MA>F F>GM:EER MH NG=>KLM:
HNK BGLMKNF>GML M>EE NL :;HNM MA> ;>A:OBHK H? @:L>L

law NL>L <HG<BL> E:G@N:@> MH =>L<KB;>: @>G>K:EBS>= :MM>KG BG G:MNK> MA:M BL LNIIHKM>= ;R L<B>GMB?B< >0OB=>G<> :G= |
>QI>KBF>GML ,?M>G : E:P <:G ;> >QIK>LL>= BG MA> ?HKF H? : LBG@E> F:MA>F:MB<:E >JN:MBHG ):PL :G= MA>HKB>L :K> LBFBE:K BG M
MA>R :K>;HMA L<B>GMB?B< LM:M>F>GML MA:M K>LNEM ?KHF : M>LM>= ARIHMA>LBL :G= :K> LNIIHKM>= ;R L<BASMB?B< >OB=>G<> %
=>B@G:MBM@®BL K>L>KO>= ?HK : <HG<BL> :G= O>KR @>G>K:E LM:M>F>GM MA:M =>L<KB;>L IA>GHF>G: BG G:MNK> LN<A:L MA>E:PM
>G>K@R BL <HGL>KO>==NKBG@ :GR IKH<>LL IHK-«HEMHEEFP H? FHMBHG PAB<A K>E:M>L ?HK<> F:LL :G=:<<>E>K:MBHG ;R MA>
LBFIE> >JN:MBHG NE MA>HKBG <HGMK:LM BL : E>LL <HG<BL> LM:M>F>GM H? H;L>KO>= IA>GHF>G: #HK >Q:FIE> MA> 1A>HKR H?
"OHENMBHG :G= MA> 1A>HKR H? />E:MBOBMR <:GGHM ;> >QIK>LL>= <HG<BL>ER >GHN@A MHA>>BRE.BMKBICEP
;>MP>>G : E:P :G=: MA>HKR BL MA:M : MA>HKR BL FN<A FHK> <HFIE>Q :G==RG:FB< E:P =>L<KB;>L : LBG@E> :<MBHG PA>K>L :
MA>HKR >QIE:BGL :G >GMBK> @KHNI H? K>E:M>= IA>GHF>G: G= PA>K>:L:E:P BL : IHLMNE:M> MA:M ?HKFL MA> ?HNG=:MBHG H? MA>
L<B>GMB?B< F>MAH= : MA>HKR BL MA>>G= K>LNEM H? MA:M IKH<>LL

)>LL ;KH:=ER :IIEB<;;E> LM:M>F>GML :K> NLN:EER <:EE>= IKBG<BIE>L LN<AKBGA<BE> PAB<A BL :IIEB<:;E> HGER BG ?ENB=L
;NM MA> =BLMBG<MBHG ;>MP>>G E:PL :G= IKBG<BIE>L H?M>G BL GHM <:K>?NEER F.=>

1ABGDBG@ BG M>KFL H? E:PL :G= IKBG<BIE>L PBEE ;> :G BFIHKM:GM :LI><M H? MABL <HNKL> &G M>KFL H? IKH;E>F LHEOBG@ HG:
?BKLM LM>IL BG LHEOBG@ : IKH;E>F PBEE ;> MH MABGD :;HNM PAB<A E:PL :G=|{BAB{BE-EB(ER L P> FHO> ?HKP:K=
M:DBG@ MA> MBF> MH LMHI :G= M:D> MABL LM>| PBEE A>El RHN BG MA> EHG@ KNG

1ABL ,I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIlCGE} @K@R <HGM>GM <HE
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Figure 1.10 4A:M BL : FH=>E 1ABL IE:G>M:KR FH=>E H? MA> :MHF LAHPL >E><MKHGL HK;BMBG@ MA> GN<E>NL &M BL : =K:PBG@ MA:M P> NL> MH ?HKF : F>G|
BF:@> H? MA> :MHF MA:M P> <:GGHM L>> =BK><MER PBMA HNK >R>L ;><:NL> BM BL MHH LF:EE

*H=>EL 1A>HKB>L :G=):PL

*H=>EL MA>HKB>L :G= E:PL :K>NL>= MH A>E| L<B>GMBLML :G:ERS> MA> =:M: MA>R A:0> :EK>:=R <HERA>&V2M>KHP>0>K
FH=>E MA>HKR E:P A:L ;>>G =>0O>EHI>= BM IHBGML L<B>GMBLML MHP:K= G>P =BL<HO>KB>L MA>R PHNE= GHM HMA>KPBL> A:O> F

1A> FH=>EL MA>HKB>L :G=E:PL P> =>0BL> LHFN{the existence of objects or phenomena as yet unobserved. 1A>L>

IK>=B<MBHGL :K> K>F:KD:;E> MKBNFIAL :G= MKB;NM>L MH MA> [HP>K H? L<B>G<> &M BL MA> NG=>KERBG@ HK=>K BG MA> NGBO>KL
L<B>GMBLML MH F:D> LN<A LI><M:<NE:K IK>=B<MBHB8®&x@efirrdtrKH>L GHM O>KB?R HNK IK>=B<MBHGL MA>G MA> MA>HKR HK E:P BL
PKHG@ GH F:MM>K AHP >E>@:GM HK <HGO>GB>GM BM BL ):PL <:G G>0O>K ;> DGHPG PBMA :;LHENM> <>KM:BGMR ;><:NL> BM BL BFIF
I>K?HKF >O>KR BF:@BG:;E> >QI>KBF>GM BG HK=>K MH <HG?BKF : E:P BG >O>KR IHLLB;E> L<>G:KBH -ARLB<BLML HI>K:M> NG=>K MA:
:LLNFIMBHG MA:M :EE L<B>GMB?B< E:PL :G= MA>HKB>L :K> O:EB= NGMBE : <HNGM>K>Q:FIE> BL H;Ds{B?B:&>: @HH= JN:EBMR
>QI>KBF>GM <HGMK:=B<ML : P>EE >LM:;EBIA®&MA> E:P FNLM ;> FH=B?B>= HK HO>KMAKHPG <HFIE>M>ER

1A> LMN=R H? L<B>G<> BG @>G>K:E :G= |IARLB<L BG I:KMB<NE:K BL :G :=O>GMNK> FN<A EBD> MA> >QIEHK:MBHG H? NG<A:KM>= H<>:
IBL<HO>KB>L :K> F:=> FH=>EL MA>HKB>L :G= E:PL :K>?HKFNE:M>= :G= MA> ;>:NMR H? MA> IARLB<:E NGBO>KL> BL F:=> FHK> LN;EBI
?HK MA> BGLB@AML @:BG>=

1A> 0<B>GMB?B< *>MAH=

L L<B>GMBLML BGJINBK> :G= @:MA>K BG?HKF:MBHG :;HNM MA> PHKE= MA>R ?HEEkientifi¢timethod. EELABUA>

IKH<>LL MRIB<:EER ;>@BGL PBMA :G H;L>KO:MBHG :G= JN>LMBHG MA:M MA> L<B>GMBLM PBEE K>L>:K<A +>QM MA> L<B>GMBLM N\
I>K?HKFL LHF> K>L>:K<A ;;HNM MA> MHIB< :G= MA>G =>0OBL>L : ARIHMA>LBL 1A>G MA> L<B>GMBLM PBEE M>LM MA> ARIHMA>LBL ;
I>K?HKFBG@ :G >QI>KBF>GM #B&-HER>GMBLM :G:ERS>L MA> K>LNEML H? MA> >QI>KBF>GM :G= =K:PL : <HG<ENLBHG +HM>MA:M
L<B>GMB?B< F>MAH= <:G ;> :lIEB>= MH F:GR LBMN:MBHGL MA:M :K> GHM EBFBM>= MH L<B>G<> :G= MABL F>MAH= <:G ;> FH=B?B>=
MA> LBMN:MBHG

HGLB=>K :G >Q:FIE> )>M NL L:R MA:M RHN MKR MH MNKG ;NG! BNNKBEE GHVHNINGAHN;M>=ER PHG=>K 4AR PBEE MA>

<:K GHM LM:KMN6<:G ?HEEHP : L<B>GMB?B< F>MAH= MH :GLP>K MABL JR>RMBH®R #BAHKARHF> K>L>:K<A MH

=>M>KFBG> : O:KB>MR H? K>:LHGL PAR MA> <:K PBEE GHM LM:KM +>QM RHN PBEE LM:M>: ARIHMA>LBL #HK >Q:FIE> RHN F:R ;>EE
MA> <:K BL GHM LM:KMBG@ ;><:NL> BM A:L GH HGM@BGMABE BRHN HI>G MA> AHH= H? MA> <K :G=>Q:FBG> MiiN> HBE E>O>E 6
H;L>KO> MA:M MA> HBE BL :M :G :<<>IM:;E> E>O>E :G= RHN MANL <HG<EN=> MA:M MA> HBE E>O>E BL GHM <H&EMKB;NMBG@ MH RH
MKHN;E>LAHHM MA> BLLN>RMNKMPR>#OBL> : G>P ARIHMA>LBL MH M>LM :G= MA>G K>I>:M MA> IKH<>LL :@:BG

1A>"OHENMBHG H? +:MNK:E -ABEHLHIAR BGMH *H=>KG -ARLB<L

-ARLB<L P:L GHM :EP:RL : L>:K:M> :G= =BLMBG<M =BL<BIEBG> &M K>F:BGL <HGG><M>= MH HMA>KA>xBHBphyBIEEMABL =R

<HF>L ?KHF $K>>D F>:GBG@ G:MNK> 1A> LMN=R H? G:MNK> <:F> MH ;> <:EE>= aG:MNK:EHRBEKBHGYR MBF>L MAKHN@A MA>
[>G:BLL:G<> G:MNK:E IABEHLHIAR >G<HFI:LL>= F:GR ?B>E=L BG<EN=BG@BHEKBHRHIBLMKRRLB<L F:MA>F:MB<L :G=

F>=B<BG> ,0>K MA> E:LM ?>P <>GMNKB>L MA> @KHPMA H? DGHPE>=@> A:L K>LNEM>= BG >0O>K BG<K>:LBG@ LI><B:EBS:MBHG :G=
G:MNK:E IABEHLHIAR BGMH L>I:K:M> ?B>E=L PBMA IARLB<L K>M:BGBG@ MA> FHHidvi;el B& P:<SiMlre 0522  :G= Figure

1.13 -ARLB<L :L BM =>0>EHI>= ?KHF MA> />G:BLL:G<> MH MA> >G= H? MA> MA <>GMB&{taBihydis>= &M P:L

MK:GL?HKF>= BGMH FH=>KG IARLB<L ;R K>OHENMBHG:KR =BL<HO>KB>L F:=> LM:KMBG@ :M MA> ;>@BGGBG@ H? MA> MA <>GMNKR
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Figure 1.11 ,0>K MA> <>GMNKB>L G:MNK:E IABEHLHIAR A:L >OHEO>= BGMH FHK> LI><B:EBS>= =BL<BIEBG>L :L BEENLMK:M>= ;R MA> <HGMKB;NMBHGL H? LI
@K>:M>LM FBG=L BG ABAMSKRD IABEHLHIAAHStotle | PKHM> HG : ;KH:= K:G@> H? MHIB<L BGSEN=BG@ IARLB<L :GBF:EL MA>LHNE
IHEBMB<L :G= IH>MKR-BM ":LMKHP JN=HOBLB HEE><MBHG

Figure 1.12 Galileo Galilei ] 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=
LMKHGHFRK>=BM HF>GB<BGMHK>MMH

Figure 1.13 Niels Bohr ]  F:=>?NG=:F>GM:E <HGMKB;NMBHGL MH MA> =>0>EHIF>GM H? JN:GMNF F><A:GB<L HG> |:KM H? FH=>KG IARLB<L <K>=BM
2GBM>= OM:M>L )B;K:KR H? HG@K>LL -KBGML :G=-AHMH@K:IAL |BOBLBHG

E:LLB<:E IARLB<L BL GHM :G >Q:<M =>L<KBIMBHG H? MA> NGBO>KL> ;NM BM BL :G >Q<>EE>GM :IIKHQBF:MBHG NG=>K MA> ?HEEHPB
*MM>K FNLM ;> FHOBG@ :M LI>>=L E>LL MA:G ;;HNM H? MA> LI>>=H? EB@AM MA> H;C><ML =>:EM PBMA FNLM ;> E:K@> >GHN@A Mt
L>>G PBMA : FB<KHL<HI> :G= HGER P>:D @K:OBM:MBHG:E ?B>E=L LN<A :L MA> ?B>E= @>G>K:M>= ;R MA>"KMA <:G ;> BGOHEO>= >
ANF:GL EBO> NG=>K LN<A <BK<NFLM:G<>L <E:LLB<:E IARLB<L L>>FL BGMNBMBO>ER K>:LHG:;E> PABE> F:GR :LI><ML H? FH=>KG IAR]
L>>F ;BS:KK> 1ABL BL PAR FH=>EL :K> LH NL>?NE BG FH=>KG IARLB<L*MA>R E>M NL <HG<>IMN:EBS> IA>GHF>G: P> =H GHM HK=BG:K
>QI>KB>G<> #4<:G K>E:M> MH FH=>EL BG ANF:G M>KFL :G= OBLN:EBS> PA:M A:lI>GL PA>G H;C><ML FHO> :M AB@A LI>>=L HK BF:@BG>
PA:M H;C><ML MHH LF:EE MH H;L>KO> PBMA HNK L>GL>L FB@AM ;> EBD> #HK >Q:FIE> P> <:G NGHHIEMMB>IG, =M NE>
P> <:G IBKMNK> BM BG HNK FBG=L :EMAHN@A P> A:0> G>0>K L>>G :G :MHF PBMA HNK >R>L +>P MHHEL H? <HNKL> :EEHP NL MH ;>I

1ABL ,|I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIGE» @KR <HGM>GM <HE
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IBKMNK> [A>GHF>G: P> <:GGHM L>> &G ?:<M G>P BGLMKNF>GM:MBHG A:L :EEHP>= NL BG K><>GM R>:KL MH :<MN:EER alB<MNK>b M/

)BFBML HG MA> ):PL H? E:LLB<:E -ARLB<L

#HK MA> E:PL H? <E:LLB<:E IARLB<L MAAHERIEEHPBG@ <KBM>KB: FNLM ;> F>M *:MM>K FNLM ;> FHOBG@ :M LI>>=L E>LL MA:G
3HNM  H? MA> LI>>= H? EB@AM MA> H;C><ML =>:EM PBMA FNLM ;> E:K@> >GHN@A MH ;> L>>G PBMA : FB<KHL<HI> :G= HGER P>:D
@K:OBM:MBHG:E ?B>E=L LN<A :L MA> ?B>E= @>G>K:M>= ;R MA>".KMA <:G ;> BGOHEO>=

1ABL B=>: H? <K>:MBG@ FH=>EL PBEE ;> K>E>0:GM BG P> PBEE ;> =>EBG@ PBMA >E><MKHGL :G= IAHMHGL PAB<A =HG M ;>A:O:
P:R FHLM MABG@L =H >BG@ :;E> MH PK:I RHNK A>:= :KHNG= MA>L> B=>:L PBEE ;> <A:AEE>G@BG@ ;NM ;>BG@ :;E> MH FH=>E MABL
LMK:G@>G>LL PBEE A>El RHN HO>K MABL ANK=E>

Figure 1.14 2LBG@ : L<:GGBG@ MNGG>EBG@ FB<KHL<HI> 01* L<B>GMBLML <:G L>> MA>BG=BOB=N:E :MHFL MA:M <HFIHL> MABL LA>>M H? @HE= <K>=BM
"KPBGKHLL>G

OHF> H? MA> FHLM LI><M:<NE:K :=0:G<>L BG L<B>G<> A:0> ;>>G F:=> BG FH=>KG IARLB<L *:GR H? MA> E:PL H? <E:LLB<:E IARLB<L
A:0> ;>>G FH=B?B>= HK K>C><M>= :G= K>OHENMBHG:KR <A:G@>I|L BEBAMEGHHKIGBR>P H? MA> NGBO>KL> A:0> K>LNEM>=

)BD> L<B>G<> ?B<MBHG FH=>KG IARLB<L BL ?BEE>= PBMA ?:L<BG:MBG@ H;C><ML ;>RHG= HNK GHKF:E >QI>KB>G<>L ;NM BM A:L MA
HO>K L<B>G<> ?B<MBHG H? ;>BG@ O>KHRASSEBUARA> F:CHKBMR H? MABL M>QM =>0OHM>= MH MHIB<L H? <E:LLB<:E IARLB<L 1A>K> K
F:BG K> LHGL E:LLB<:EIARLB<L @BO>L :G >QMK>F>ER :<<NK:M> =>L<KBIMBHG H? MA> NGBO>KL> NG=>K : PB=> K:G@> H? >O>KR=:R
<BK<NFLM:G<>L :G= DGHPE>=@> H? <E:LLB<:E IARLB<L BL G><>LL:KR MH NG=>KLM:G= FH=>KG IARLB<L

Modern physics BML>E? <HGLBLML H? MA> MPH K>OHENMBHG:KR MA>HKB>L K>E:MBOBMR :G= JN:GMNF F><A:GB<L 1A>L> MA>HKB>
O>KR ?:LM :G= MA> O>KR LF:EE K>LI>RMBQ#ERFNLM ;> NL>= PA>G>0>K :G H;C><M BL MK:O>EBG@ :M @K>:M>K MA:G ;;HNM H?

MA> LI>>= H? EB@AM HK >QI>KB>G<>L : LMKHG@ @K:OBM:MBHG:E ?B>E= LN<@uartmingchidivbs> GBNEM ;> NL>= ?HK

H;C><ML LF:EE>K MA:G <:G ;> L>>G PBMA : FB<KHL<HI> 1A> <HF;BG:MBHG H? MA>L> MRiVidAc HidrlrBimechanics,

:G=BM =>L<KB;>L MA> ;>A:OBHK H? LF:EE H;C><ML MK:O>EBG@ :M AB@A LI>>=L HK >QI>KB>G<BG@ : LMKHG@ @K:OBM:MBHG:E ?B>E
JN:GMNF F><A:GB<L BL MA> ;>LM NGBO>KL:EER :lIEB<:;E> MA>HKR P> A:0> ><:NL> H? BML F:MA>F:HABBE 8HIFEHGBERR

PA>G G><>LL:KEG= MA> HMA>K MA>HKB>L :K> NL>= PA>G>0>K MA>R PBEBEJBHSMERLNZNK:M> K> RBEE 2BG= AHP>0O>K

MA:M P> <:G =H : @K>:M =>:E H? FH=>KG IARLB<L PBMA MA> :E@>;K: :G= MKB@HGHF>MKR NL>= BG MABL M>QM

Check Y our Understanding

?KB>G= M>EEL RHN A> A:L E>:KG>=;;HNM : G>P E:P H? G:MNK> 4A:M <:G RHN DGHP ;;HNM MA> BG?HKF:MBHG >0>G ;>?HK> RHNK
?KB>G= =>L<KB;>L MA> E:P %HP PHNE= MA> BG?HKPMBIE® ;BZ=RPINK ?KB>G= MHE= RHN A> A:= E>:KG>= ;;HNM : L<B>GMB?B<
MA>HKR K:MA>K MA:G : E:P
Solution
4BMAHNM DGHPBG@ MA> =>M:BELRHNWAS ENPBEE BG?>K MA:M MA> BG?HKF:MBHG RHNK ?KB>G= A.L E>:KG>= <HG?HKFL MH MA>
K>JNBK>F>GML H? :EE E:PL H? G:MNK> BM PBEE ;> : <HG<BL> =>L<KBIMBHG H? MA> NGBO>KL> :KHNG= NL : LM:M>F>GM H? MA> NC
KNE>L MA:M :EE G:MNK:E IKH<>LLE?MEEBB?HKF:MBHG A:= ;>>G : RANKRNE= ;> ;;E> MH BG?>K MA:M MA> BG?HKF:MBHG PBEE
> E:IK@> L<:E> ;KH:=ER :IIEB<:;E> @>G>K:EBS:MBHG

-A"1 "QIEHK:MBHGL "IN:MBHG $K:IA>K

)>:KG ;;HNM @K:IABG@ IHERGHFB:EL 1A> LA:I> H? MA> <NKO> <A:G@>L :L MA> <HGLM:GMBH>NFCNNKES>B ?HK MA>
BG=BOB=N:E M>KFLZ @C MH L>> AHP MA>R :== MH @>G>K:M> MA> IHERGHFB:E <NKO>
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Figure 1.15 Equation Grapher (http://legacy .cnx.org/content/m64001/1.37/equation-grapher_en.jar)

1.2 Physical Quantities and Units

1ABL L><MBHG LAHNE-= ;> : K>?K>LA>K ?HK FHLM H? RHN :G= LH K>:=BG@ MABL L><MBH® BIMABIBBICN\E PAHBERDKK
M>KKBMHKR ?HK RHN & PHNE= LN@@>LM K>:=BG@ MAKHN@A MABL L><MBHG :G= IE>:L> <HF> :G= L>> F> B? RHN :K> LMBEE NG«<|
PBMA MABL F:M>KB:E :G= P> PBEE PHKD LHF>MABG@ HNM

1ABG@L MH HGLB=>KIN./&:=
¢ #:FBEB:KBSBG@ RHNKL>E? PBMA MA> IK>?BQ>L LN<A:L G:GH FBEEB <>GMB PBEE L:0> RHN LHF> MKHN;E>=HPG MA> KH:-

Figure 1.16 1A> =BLM:G<> ?KHF ":KMA MH MA> *HHG F:R L>>F BFF>GL> ;NM BM BL CNLM : MBGR ?K:<MBHG H? MA> =BLM:G<>L ?KHF ":KMA MH HMA>K <>E>LM
<K>=BM +0

1A> K:G@> H? H;C><ML :G= IA>GHF>G: LMN=B>= BG IARLB<L BL BFF>GL> #KHF MA> BG<K>=B;ER LAHKM EB?>MBF> H? : GN<E>NL MH |
MA> ":KMA ?KHF MA> MBGR LBS>L H? LN; GN<E>:K :KMB<E>L MH MA> O:LM =BLM:G<> MH MA> >=@>L H? MA> DGHPG NGBO>KL> ?KH
>Q>KM>= ;R : CNFIBG@ ?E>: MH MA> ?HK<> ;>MP>>G ":KMA :G= MA> ONG MA>K> :K>>GHN@A ?:<MHKL H? MH <A:EE>G@> MA> BF: @
>0>G MA> FHLM >QI>KB>G<>= L<B>GMBLM $BOBG@ GNF>KB<:E O:EN>L ?HK IARLB<:E JN:GMBMB>L :G= >IJN:MBHGL ?HK IARLB<:E IKB
NL MH NG=>KLM:G= G:MNK> FN<A FHK> =>>|ER MA:G =H>L JN:EBM:MBO> =>I{KBMIBHEG EHBA>L> O:LM K:G@>L P> FNLM

:ELH A:0> :<<>IM>= NGBML BG PAB<A MH >QIK>LL MA>F G= P> LA:EE ?BG= MA:M >0>G BG MA> IHM>GMB:EER FNG=:G> =BL<NLLBHG
DBEH@K:FL :G=L><HG=L : IKH?HNG= LBFIEB<BMR H? G:MNK> :[I>:KL":EE IARLB<:E JN:GMBMB>L <:G ;> >QIK>LL>= :L <HF;BG:MBHGL H’
HGER ?HNK ?NG=:F>GM:E IARLB<:E JN:GMBMB>L E>G@MA F:LL MBF> :G=>E><MKB< <NKK>GM

4 > =>?BG>physical quantity >BMA>KsRecifying how it is measured HK ;Rstating how it is calculated ?KHF HMA>K
F>LNK>F>GML #HK >Q:FIE> P> =>?BG> =BLM:G<> :G= MBF> ;R LI><B?RBG@ F>MAH=L ?HK F>:LNKBG@ MA>F PA>K>:L P> =>?BG>
average speed ;R LM:MBG@ MA:M BM BL <:E<NE:M>=:L =BLM:G<> MK:O>E>= =BOB=>= ;R MBF> H? MK:O>E

*>:LNK>F>GML H? IARLB<:E JN:GMBMB>L :K> >QIK>LL>= BGW&>KHAB{A :K> LM:G=:K=BS>= O:EN>L #HK >Q:FIE> MA>E>G@MA H?

: Ki<> PAB<A BL : IARLB<:E JN:GMEMR >QIK>LL>= BG NGBML H? F>M>KL ?HK LIKBGM>KL HK DBEHF>M>KL ?HK =BLM:G<> KNGG>KL
4BMAHNM LM:G=:K=BS>= NGBML BM PHNE= ;> 2BRANENER £BB>GMBLML MH >QIK>LL :G= <HFI:K> F>:LNK>= O:EN>L BG : F>:GBG@?NE
P:R 0>> Figure 1.17

1ABL ,I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIlCGE} @K@R <HGM>GM <HE


http://legacy.cnx.org/content/m64001/1.37/equation-grapher_en.jar
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Figure 1.17 1BLM:G<>L @BO>G BG NGDGHPG NGBML :K> F:==>GBG@ER NL>E>LL

1A>K> :K> MPH F:CHK LRLM>FL H? NGBML NL>= BGIVAnitBHKE+H DGHPG L MA> F>MKB< LRLM>EngBsh units :ELH

DGHPG :L MA> <NLMHF:KR HK BFI>KB:E LEAglisK units P>K> ABLMHKB<:EER NL>= BG G:MBHGL HG<> KNE>= ;R MA> KBMBLA "FIBK>
:G=:K> LMBEE PB=>ER NL>= BG MA> 2GBMBKNIM:EER 80>KR HMA>K <HNGMKR BG MA> PHKE= GHP NL>L 0& NGBML :L MA> LM:G=:K= N
F>MKB< LRLM>F BL :ELH MA> LM:G=:K= LRLM>F :@K>>= NIHG ;R L<B>GMBLML :G= F:MA>F:MB<B:GL 1A> :<KHGRF a0&b BL =>KBO>= ?Kl
#K>G<ASysteme International

0& 2GBML #NG=:F>GM:E :G= >KBO>= 2GBML

Table 1.1 @BO>L MA> ?NG=:F>GM:E 0& NGBML MA:M :K> NL>= MAKHN@AHNM MABL M>QM;HHD 1ABL M>QM NL>L GHG 0& NGBML BG : -
PA>K> MA>R :K>BG O>KR <HFFHG NL> LN<A :L MA> F>LNK>F>GM H? ;EHH= IK>LLNK> BG FBEEBF>M>KL H? F>K<NKR FF %@ 4A>G>(
GHG 0& NGBML :K> =BL<NLL>= MA>R PBEE ;> MB>= MH 0& NGBML MAKHN@A <HGO>KLBHGL

1,E> #NG=:F>GM:E 0& 2GBML

F>M>K F |DBEH@K:F P@<HG= L|:FI>K>

&M BL :G BGMKB@NBG@ ?:<M MA:M LHF> IARLB<:E JN:GMBMB>L :K> FHK> ?NG=:F>GM:E MA:G HMA>KL :G= MA:M MA> FHLM ?NG=:F>Cl
JN:GMBMB>L <:G ;> =>?B@y8G M>KFL H? MA> IKH<>=NK> NL>= MH F>:LNK> MA>F 1A> NGBML BG PAB<A MA>R :K> F>:LNK>= :K> MANL
<:EE>fundamental units &G MABL M>QM;HHD MA> ?NG=:F>GM:E |IARLB<:E JN:GMBMB>L :K> M:D>G MH ;> E>SG@MA F:LL MBF> :G=>E>
<NKK>GM +HM> MA:M >E><MKB< <NKK>GM PBEE GHM ;> BGMKH=N<>= NGMBE FN<A E:M>K BG MABL M>QM EE HMA>K IARLB<:E JN:!
:G=>E><MKB< <A:K@> <:G ;> >QIK>LL>=:L :E@>;K:B< <HF;BG:MBHGL H? E>SG@MA F:LL MBF> :G= <NKK>GM ?HK >Q:FIE> LI>>= BL E>(
=BOB=>= ;R MBF> MA>L> NGBML :KfervEH ®mits

2GBML HBE> )>G@MA :G=*.LL 1A> 0><HG= *>M>&= (BEH@K:F
The Second

1A> 0& NGBM ?HK MBEechif> ;;;K>OB:M>=L A:L: EHG@ ABLMHKR:GR R>:KL BM P:L =>?BG>=:L H?: F>:G LHEK

=R *HK> K><>GMER>P LM:G=:K= P:L :=HIM>= MH @:BG @K>:M>K :<<NK:<R :G= MH =>?BG> MA> L><HG= BG M>KFL H? : GHG O:KRBG@ |
<HGLM:GM IARLB<:E IA>GHF>GHG ;><:NL>MA> LHE:K =:R BL @>MMBG@ EHG@>K =N> MH O>KR @K:tNK<HVEWIBBG @ H? MA> ":KMA®
>LBNF :MHFL <:G ;> F:=> MH OB;K:M> BG : O>KR LM>:=RFRIA>L> OB;K:MBHGL <:G ;> K>:=BER H;L>KO>=:G= <HNGM>= &G

MA> L><HG= P:L K>=>?BG>= :L. MA> MBF> K>JNBK>= ?HK H? MA>L> OB;K:MBH@Gte D28 <<NK:<R BG MA>

?NG=:F>GM:E NGBML BL >LL>GMB:E ;><:NL>:EE F>:LNK>F>GML :K> NEMBF:M>ER >QIK>LL>= BG M>KFL H? ?NG=:F>GM:E NGBML :G= <
FHK> :<<NK:M> MA:G :K> MA> ?NG=:F>GM:E NGBML MA>FL>EO>L
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Figure 1.18 G :MHFB< <EH<D LN<A :L MABL HG> NL>L MA> OB;K:MBHGL H? <>LBNF :MHFL MH D>>| MBF> MH : IK><BLBHG H? ;>MM>K MA:G : FB<KHL><HG= [>K |
1A> ?NG=:F>GM:E NGBM H? MBF> MA> L><HG= BL ;:L>= HG LN<A <EH<DL 1ABL BF:@> BL EHHDBG@ =HPG ?KHF MA> MHI H? :G :MHFB< ?HNGM:BG G>:KER
<K>=BM O0M>0>'NKO>MLHG #EB<DK

The Meter
1A> 0& NGBM ?HK E>G@NMhetBL MAS>OB:M>=F BML =>?BGBMBHG A.L :ELH <A:G@>= HO>K MBF> MH ;><HF> FHK> :<<NK:M> :G=
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Example 1.1 Unit Conversions: A Short Drive Home

ONIIHL> MA:M RHN =KBO> MA>  DF ?KHF RHNK NGBO>KLBMR MH AHF>BG FBG :E<NE:M> RHNK :0>K:@> LI>>= : BG DBEHF>M>
I>K AHNK DF A :G= ; BG F>M>KL I>KL><HG= FL +HND>K:@> LI>>= BL =BLM:G<> MK:O>E>= =BOB=>= ;R MBF> H? MK:O>E

Strategy

#BKLM P> <:E<NE:M> MA> :0>K:@> LI>>= NLBG@ MA> @BO>G NGBML 1A>G P> <:G @>M MA> :0>K:@> LI>>= BGMH MA> =>LBK>= NGI
IB<DBG@ MA> <HKK><M <HGO>KLBHG ?:<MHK :G= FNEMBIERBG@ ;R BM 1A> <HKK><M <HGO>KLBHG ?:<MHK BL MA> HG> MA:M <:G
NGP:GM>= NGBM :G= E>:0>L MA> =>LBK>= NGBM BG BML IE:<>

Solution for (a)
:E<NE:M> :0>K:@> LI>>= O>K:@> LI>>= BL =BLM:G<> MK:O>E>= =BOB=>= ;R MBF>D¥?WABO=E?BGBMBHG L : @BO>G ?HK
GHPM:.0>K:@> LI>>= :G= HMA>K FHMBHG <HG<>IML PBEE ;> <HO>K>= BG : E:M>K FH=NE> &G >JN:MBHG ?HKF

B¥BA TQ Jﬁ"

ON;LMBMNM> MA> @BO>G O:EN>L ?HK =BLM:G<> :G= MBF>
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HGO>KM DF FBG MH DF A FNEMBIER :R MA> <HGO>KLBHG ?:<MHK MA:M PBEE <:G<>E FBGNM>L :G= E>:0> AHNKL 1A:M <HGO>KL
?:<MHKBL N JC 1ANL

LN NJO _LN
B¥BH TQFFE NJO | I

Discussion for (a)
1H <A><D RHNK :GLP=KGLB=>K MA> ?HEEHPBG@

> LNK> MA:M RHN A:0> IKHI>KER <:G<>EE>= MA> NGBML BG MA> NGBM <HGO>KLBHG &? RHN A:0> PKBMM>G MA> NGBM <HGO>|
NILB=>=HPG MA> NGBML PBEE GHM <:G<>E IKHI>KER BG MA> >JN:MBHG &? RHN :<<B=>GM:EER @>M MA> K:MBH NILB=> =HPG MA
PBEE GHM <:G<>E KWAARKPBEE @BO> RHN MA> PKHG@ NGBML :L ?HEEHPL

_LN 1S LNJAS
NJO NJO NJO

PAB<A :K> H;OBHNLER GHM MA> =>LBK>= NGBML H? DF A

A><D MA:M MA> NGBML H? MA> ?BG:E :GLP>K :K> MA> =>LBK>= NGBML 1A> IKH;E>F :LD>= NL MH LHEO> ?HK :0>K:@> LI>>= BG NC
H? DF A :G= P> A:O> BG=>>= H;M:BG>= MA>L> NGBML

A><D MA> LB@GB?B<:GM ?B@NK>L ><:NL> >:<A H? MA> O:EN>L @BO>G BG MA> IKH;E>F A:L MAK>> LB@GB?B<:GM ?B@NK>L M/
LAHNE=:ELH A:0> MAK>> LB@GB?B<:GM ?B@NK>L 1A>:GLP>K DF AK =H>L BG=>>= A:0> MAK>> LB@GB?B<:GM ?B@NK>L LH MA|
JAIKHIKB:M> +HM> MA:M MA> LB@GB?B<:GM ?B@NK>L BG MA> <HGO>KLBHG ?:<MHK :K> GHM H#efitre@: MM ;><:NL> :G AHNK BL
FBGNM>L LH MA> IK><BLBHG H? MA> <HGO>KLBHG ?:<MHK BL [>K?><M

+>QM <A><D PA>MA>K MA> :GLP>K BL K>:LHG:;E> )>M NL <HGLB=>K LHF> BG?HKF:MBHG ?KHF MA> IKH;E>F"B? RHN MK:O>E DF
BG : MABK=H?:G AHNK FBG RHN PHNE= MK:O>E MAK>> MBF>L MAIM>:K B& IGABINK>>F K> LHG:;E>

Solution for (b)
1A>K> :K> L>0O>K:E P:RL MH <HGO>KM MA> :0>K:@> LI>>= BGMH F>M>KL I>K L><HG=

OM:KM PBMA MA> :GLP>K MH : :G= <HGO>KM DF AMKHAGCOEKLBHG ?:<MHKL :K> G>>=>="HG> MH <HGO>KM AHNKL MH
L><HG=L :G=:GHMA>K MH <HGO>KM DBEHF>M>KL MH F>M>KL

*NEMBIERBG@ ;R MA>L> RB>E=L

" AN |
WBR TQFFEL —

"WBA TQFFEN

Discussion for (b)

&? P> A:= LM:KM>= PBMA DF FBG P> PHNE= A:0> G>>2>K=B8% <HGO>KLBHG ?:<MHKL ;NM MA> :GLP>K PHNE= A:0> ;>>G
MA> L:F> FL

6HN F:R A:0> GHM>= MA:M MA> :GLP>KL BG MA> PHKD>= >Q:FIE> CNLM <HO>K>= P>K> @BO>G MH MAK>> =B@BML 4AR 4A>G =H R
G>>= MH ;> <HG<>KG>= :;;HNM MA> GNF;>K H? =B@BML BG LHF>MABG@ RHN <:E<NE:M> 4AR GHM PKBM> =HPG :EE MA>=B@BML RI
<:E<NE:MHK IKH=N<>L 1A> FH#NE&racy , Precision, and Significant Figures (https://legacy .cnx.org/content/
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>Q:FIE> : firkin BL : NGBM H? OHENF> MA:M P:L HG<> NL>= MH F>:LSK*B&BBG >IN:EL ;;HNM EBMMER:KIG FHK>

3 HNM GHGLM:G=:K= NGBML NL>: =B<MBHG:KR HK >G<R<EHI>=B:MKACGMaR=<B@BRML :G= F>:LNO>L®HM> H? :GR

NGNLN:E NGBML LN<A'L:;:KE>R<HKG MA:M :K>GHM EBLM>= BG MA> M>QM 1ABGD :;;HNM AHP MA> NGBM BL =>?BG>=:G= LM:M> E
K>E:MBHGLABI MH 0& NGBML

OHF> ANFFBG@;BK=L ;>:M MA>BK PBG@L FHK>MA:G MBF>L I>K L><HG= L<B>GMBLM BL F>:LNKBG@ MA> MBF> BM M:D>L ?HK :
ANFFBG@;BK= MH ;>:M BML PBG@L HG<> 4AB<A ?NG=:F>GM:E NGBM LAHNE= MA> L<B>GMBLM NL> MH =>L<KB;> MA> F>:LNK>F>GNM
?:<MHK H? BL MA> L<B>GMBLM EBD>ER MH NL> MH =>L<KB;> MA> FHMBHG IK><BL>ER &=>GMB?R MA> F>MKB< IK>?BQ MA:M <HKt}
?:<MHK H?

Solution
1A> L<B>GMBLM PBEE F>:LNK> MA> MBF> ;>MP>>G >:<A FHO>F>GM NLBG@ MA> ?NG=:F>GM:E NGBM H? L><HG=L ><:NL> MA> PBG(

1ABL ,|I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIGE» @KR <HGM>GM <HE


https://legacy.cnx.org/content/m42120/latest/
https://legacy.cnx.org/content/m42120/latest/

A:IM>K T &GMKH=N<MBHG 1A> +:MNK> H? 0<B>G<> :G= -ARLB<L

LH ?:LM MA> L<B>GMBLM PBEE IKH;;;ER G>>= MH F>:LNK> BG FBEIIEBLI?:'@HG;‘-‘H_ HK;>:ML I>K L><HG= <HKK>LIHG=L MH
FBEEBL><HG=L I>K ;>:M

Check Y our Understanding

,G> <N;B< <>GMBF>M>K BL >JN:E MH HG>4/BHEBERNAABL M>EE RHN :;HNIMMASWBEYGBML BG MA> 0& F>MKB< LRLM>F

Solution
1A> ?NG=:F>GM:E NGBM H? E>SG@MA F>M>K BL IKH;:;ER NL>= MH <K>:M> MA> =>KBO>= NGBM H? OHENF> EBM>K 1A> F>.LNK> H?

BL =>I>G=>GM HG MA> F>:LNK> H? : <>GMBF>M>K

1.3 Writing Numbers

Your Quiz would Cover
¢ "LMBF:MBG@ MA> GNF;>K H? :IIKHIKB:M> =B@BML ?HK :GR <:E<NE:MBHG ,G> ;B@ MABG@ BL MA:M P> PBEE NL> IKHI>KMB>L H
IK>=B<M =>M>KFBG> MA> GNF;>K H? =><BF:E IHBGML MA:M :K> :lIKHIKB:M>
Other Things to Consider as Y ou Read:
¢ 4ABE>P>PHG M ;> NLBG@ LB@ ?B@ KNE>L MA>K> :K> LHF> @NB=>EBG>L HG MA> :[IKHIKB:M> :FHNGM H? =B@BML MH BG<EN
K>LNEM

&G @>G>K:E MAK>>=B@BML :?M>K MA> =><BF:E IHBGM BL PA:M P> PBEE @H PBMA

1A> ?HEEHPBG@ L><MBHG BL ;:L>= NIHG PBMA I>KFBLLBHG

I>GD>K' 2G<>KM:BGMR :L II[EB>= MH *>:LNK>F>GML :G= :E<NE:MBHGL 2G<>KM:BGMR :L IIEB>= MH *>:LNKF>GML :G=
:E<NE:MBHGL O:BE:;E> :Mttp://www .av8n.com/physics/uncertainty .htm (http://www .av8n.com/physics/

uncertainty .htm) <<>LL>= MA N@NLM

%HP *:GR 'B@BMH & GKEN=>

%>K> :K> LHF> LBFIE> KNE>L MA:M :IIER PA>G>0>K RHN :K> PKBMBG@ =HPG : GNF;>K
2L> F:GR >GHN@A =B@BML MH :OHB= NGBGM>G=>= EHLL H? BG?HKF:MBHG
2L> ?2>P >GHN@A =B@BML MH ;> K>:LHG:;ER <HGO>GB>GM

Important note:  1A> IK>OBHNL MPH L>GM>G<>L M>EE RHN >0>KRMABG@ RHN G>>= MH DGHP ?HK FHLM INKIHL>L BG<EN=BG@ K>:E |
LBMN:MBHGL :L P>EE :L :<:=>FB< LBMN:MBHGL :M >0>KR E>O>E ?KHF IKBF:KR L<AHHE NI MH :G= BGKEN=BG@ BGMKH=N<MHKR <HEE

4A>G NLBG@ : <:E<NE:NBNKBL @HH= IK:<MB<> MH E>:0> BGM>KF>=B:M> K>LNEML BG MA> F:<ABG> 1ABL BL LBFNEM:G>HNLER FHK>
:G= FHK> <HGO>GB>GM MA:G PKBMBG@ MA>F =HPG :G= MA>G D>RBG@ MA>F BG :@:BG
0>KBHNLER 1A> IKBF:KR KNE> BL MH NL> IE>GM\HX KBEFBMD>6 G>>= MH MABGD HHNME&RBL O:LMER ;>MM>K MA:G MHH
?>P 1H L:R MA> L:F> MABG@ MA> HMA>K P:R &? RHN >0>K A:0> FHK> =B@BMhdMG RHNWGINEBG@ F:CHK BG<HGO>GB>G<>
MA>G RHN <:G MABGD :;HNM K>=N<BG@ MA> GNF;>K H? =B@BML

4A>G MH KBM> IHPG 2G<>KM:BGMR
&G F:GR <:L>L PA>G RHN PKBM> =HPG : GNREHK G>>= GldMl should not :LLH<B:M> BM PBMA :GR GHMBHG H? NG<>KM:BGMR

¢ ,G>P:R MABL <:G A:lI>G BL B? RHN A:O> : GNF;>K PBMA S>KH NG&AKREBGMEE : |:BK H? =B<> :G= H;L>KO> ?BO> LIHML MA>
GNF;>K H? LIHML BL 1ABL BL : K:P =:M: IHBGM PBMA GH NG<>KM:BGMRI EAMIHKBMS =HPG MA> GBFBK KBR>
GNF;>K H? <>GMBF>M>KL I>K BGKABL ;R =>?BGBMBHG PBMA GH NG<>KMaBBGIFCRANPKBOISK=HPG MA> GNF;>K

¢ GHMA>K IHLLB;BEBMR BL MA:M MA>K> BL : <HHD>= =:M: ;EH; PAB<A BG IKBG<BIE> FNLM A:QNBILIMA>INGS=KKNVBEBNRR
BL MHH LF:EE MH ;> BGM>K>LMBG@ &M BL BGLB@GB?B<:GM &M BL NGBFIHKM:GM &M BL BFF:M>KB:E 1A>K> :K>|E>GMR H? LB
KHN@A :IIKHQBF:MBHG BB<BY¥EM 1A>K> :K>>0>G LHF> LBMN:MBHGExRAMFIEY IGHN@A :IIKHQBF:MBHG BL <:EE>= ?HK

EHG@ MA> L:F> EBG>L A>K>BL : E>LL >QMK>F> >Q:FIE> MA:M :KBL>L BG MA> BGMKH=N<MHKR <A>FBLMKR <E:LL ONIIHL> MA> :LLB@
MH ;:E:G<> MA> >IJN:MBHG ?HK MA> <HF;NLMBHG H? @:LHEBG> G:F>ER
a % b, e x, y %,

;R ?BG=BG@ GNF>KB<:E O:EN>L ?HRBMB>G@Mi% :G=y 1A><HGO>GMBHG:E :GLPaKBk y 1A>
HNM<HF> H? MA> K>:E K>:<MBHG FNLM A:0> aLHF>b NS<NKMBGMR PBEE @>G>K:EER ;> LHF> GHG B=>:EBMB>L BG<EN=BG@ MA>
IK>L>G<> H? HMA>K FHE><NE>L LN<A :L , HKGHM MH F>GMBHGIK, PA:M>03KHP>0O>KR IHBGM BL MA:M P> =HG'M G><>LL:KBER


http://www.av8n.com/physics/uncertainty.htm
http://www.av8n.com/physics/uncertainty.htm

A:IM>K T &GMKH=N<MBHG 1A> +:MNK> H? 0<B>G<> :G= -ARLB<L

<:K>:;;HNM MA>L> GHG B=>EBMB>G #K?><MER P>EE ?BG= MA> B=>:EBS>= LHENMBHG MH MA> B=>:EBS>= >JN:MBHG :G= IHLMIHG> Pl
3 HNM MA> GHG B=>:EBMB>L :G= NG<>KM:BGMB>L NGMBE FN<A FN<A E:M>K

L :GHMA>K >Q:FIE> LNIIHL> RHN NL> : =B@BM:E LMHIP:M<A MH F>:LNK> LHF> >0>GM :G= MA> K>:=BG@ BL > < EEHG=L 4

MABL GNF;>K Miicated MBF> :G= P> =BLMBG@NBLA BMrGEIMBMAH? MA> >0>GM &G IKBG<BIE> MA>K> BL GH <A:G<> MA:M MA>

BG=B<:M>= MBF> PBEE ;> >Q:<MER >JN:E MH MA> MKN> MRigntiNkdus MBiablBLPAB<A F>.GL MA:M BM <:G M:D> HG :G BG?BGBM>

:FHNGM H? O:EN>L LN<A'L :G=LHHG PA>K>:L MA>BG=B<:M>= MBF> BL quantized PAB<A

F>:GL MA:M BM <:G HGER M:D> HG <>KM:BG O:EN>L LN<A:L B? RHN A:O> : LMHIP:M<A PBMA HGER MAK>> =><BF:E |E:<>L RHN <:G A:C
:G= ;NM GH O:EN>L BG ;>MP>>G LN<A L %HP>0>K BG F:GR <:L>L RHN F:R =><B=> MA:M BM BL <EHL>>GHN@A BG

PAB<A <:L> RHN LAHNE= CNLM PKBM> =HPG MA> BG=B<:M>= K>:=BG@ :G= GHM PHKKR :;HNM MA> JN:GMBS:MBHG >KKHK

)>M NL <HGMBGN> PBMA MA> LMHIP:M<A >Q:FIE> ONIIHL> P> F:D> MPH H;L>KO:MBHGL 1A>?BKLM K>:=BG@ BL  L><HG=L :G= MA>
L><HG= K>:=BG@ BL CNLM MA> L:F> G:F>ER L><HG=L *>:GPABE> ARHIMNGHK;>EB>0> MA:M B? RHN K>I>:M>= MA>

>QI>KBF>GM F:GR MBF>L MA> K>LNEMBG@ L>M H? K>:=BG@L PHNE= A:0> LHF>GHH¥EN]| H?L>xMGHIK 1A> MPH

H;L>KO:MBHGL MA:M P> :<MN:EER A:0> =HG'M LAHP :GR L<:MM>K :M :EE LH RHNK >LMBF:M> H? MA> NG<>KM:BGMR K>F:BGL ARIHMA:
MA>HK>MB<:E 1A>HK>MB<:E BG?HKF:MBHG BL LMBEE BG?HKF:MBHG :G= LAHNE= ;> PKBMM>G =HPG BG MA> E:; ;HHD |E:BG :G= LBFI
RHN FB@AM PKBM> : L>GM>G<> MA:M L:RL a&GMNBMBHG LN@ @>LML MA> MBBGI@<HG-RLbIENKPIHNEB; >>0>G ;>MM>K

MH BG<EN=> LHF> >QIE:G:MBHG H? PAR RHN MABGD LH 1A> IKBG<BEM>BtHHBE IEA:M RHN DGHPA:M RHN F>:G :G=

F>:G PA:M RHN L:R1A> L:F> IKBG<BIE> :[IEB>L MH MA> BG=B<:M>= O:EN>L 1A> K><HFF>G= IK:<MB<> BL MH PKBM> =HPG >:<A BG=B<:M
O:EN> :L BL IE:BG :G=LBFIE>

6HN :K> GHM MKRBG@ PKBM> =HPG MA> MKN-HGEBNBIGIBP MA> MKN> O:EN>L >Q<>IM BGLH?:K :L MA> BG=B<:M>= O:EN>L K>IK>L>GM
MA>F BG=BK><MBR=HBG M G>>= MH DGHP MA> MKN> O:EN>L LH =HG M PHKKR :;HNNtiEM du>WINE y &Lknow. OH PKBM>

=HPG MA> BG=B<:M>= O:EN> HEIFKS GHM H;EB@>= MH :MMKB;NM> :GR NG<>KM:BGMR MH MA> GNF;>KL RHN PKBM> =HPG +HKF:E E;;
>GMKB>L =H GHM >QIK>LL :G NG<>KM:BGHR SHBGEBHG HK HMA>KPBL> :G= MA>R =H GHM aBFIERb :G NG<>KM:BGMR NLBG@ LB@ ~I

HMA>KPBL>>4K> :EP:RL NG<>KM:BG :;HNM MA> MKN> O:EN> ;NM P> :K>G'M PKBMBG@ =HPG MA>GHIN> CHEN>KE MA:M®

OHF> I>HIE> L:R MA>K> FNLM ;> LHF> NG<>KM:BGMR a:LLH<B:M>=b PBMA MA> GNF;>K RHN PKBM> =HPG :G= H? <HNKL> MA>K>BL BG
BG MA> L>GL> MA:M MA> BG=B<:M>= O:EN> BL a:LLH<B:M>=b PBMA LHF> K:G@>K#?. EIKRt QENKHMBG :;HNM MA> MKN>

O:EN> ;NM MA:M =H>L GHM F>:G P> :K> NG<>KM:BG :;HNM MA> BG=B<:M>= O:EN> 1A>L> MABG@L :K> a:LLH<B:M>=b ;NM MA>R :K> G
L:F> MABG@

&G : P>EE =>LB@G>= >QI>KBF>GM MABG@L EBD> K>:=:;BEBMR :G= JN:GMBS:MBHG >KKHK NLN:EER =H GHM F:D> : E:K@> <HGMKB;NI
HO>K:EE NG<>KM:BGMR :BRE>R-H GHM <HG?NL> LN<A MABG@L PBMA aMA>b NG<>KM:BGMR

&M BL NLN:EER : @HH= IK:<MB<> MH D>>| :EE MA> HKB@BG:E =:M: 4A>G K>:=BG@ :G BGLMKNF>GM K>:= BM :L IK><BL>ER :L MA> BGLI
I>KFBML :G= PKBM>=HPG MA> K>:=BG@ a:L BLb PBMAHNM :GR <HGO>KIBHKLCRIRAGONG =HR>

4AR 4 >'K>+HM 2LBG@ OB@GB?B<:GM #B@NK>L
+H F:-MM>K PA:M RHN :K> MKRBG@ MH =H LB@GB?B<:GM ?B@NK>L :K>MA> PKHG@ P:R MH =H BM

4A>G PKBMBG@ =H GHM NL> MA> GNF;>K H? =B@BML MH BFIER :GRMABG @&HRINNVAS MGA: KM BKRIR : =BLMKB;NMBHG
=>L <KB;> BM >QIEB®RMERLBG@ >QIK>LLBHGL LN<A:L

4A>G K>:=BG@ =H GHM :LLNF> MA> GNF;>K H? =B@BML M>EEL RHN :GRMABG@ :;HNM MAx=MQ=RIKENBLBHOI:BGMR
MHE>K:G<> HK :GRMABG@ >EL> NGE>LL RHN :K> :;;LHENMER MASRKBM>K BGM>G=>= :G=>0>G MA>G ;>P:K> MA:M MA>
F>.GBG@ BL O>KR NG<E>:K

->HIE> PAH <:K> ;;HNM MA>BK =:M: =HG'M NL> LB@ ?B@L
0B@GB?B<:GM =B@BM =H@F: =>LMKHRL RHNK =:M: :G= F>LL>L NI RHNK MABGDBG@ BG F:GR P:RL BG<EN=BG@

¢ $BO>G =:M: MAIM <:G ;> =>L<KB;>= ;R :G >QIK>LLBHG LA<@BLLN<A :L q <HGO>KMBG@ BM MH LB@ ?B@L @BO>L
RHN :G >Q<>LLBO>ER <KN=> :G= >KK:MB< K>IK>L>GM:MBHG H? B1A> NG<>KM:BGMR

¢ HGO>KMBG@ MH LB@ ?B@L <:G <:NL> >Q<>L2BREHIKIRG NP> GHFBG:RQABEBL : ;B@ IKH;E>F

0B@ ?B@L <:NL> I>HIE> MH FBLNG=>KLM:G= MA> =BLMBG<MBHGQG =HKP+>GKMNEI=KRM:BGMR

¢ 0B@ ?B@L <:NL> I>HIE> MH FBLNG=>KLM:G= MA> =BLMBG<MBHG ;>MP>>G NG<>KM:BGMR :G= LB@GB?B<:G<> 0B@ ?B@L <:NL> |
FBLNG=>KLM:G= MA> =BLMBG<MBHG ;iridieate@ e :G= MA> <HKK>LIHG=BG@ K:B@>vkldes

¢ 0B@ ?B@L <:NL> I>HIE> MH FBLNG=>KLM:G= MA> =BLMBG<MBHG ;>MP>>G =BLMKB;NMBHGL :G= GNF;>KL !'BLMKB;NMBHGL A:O>
PA>K>:L GNF;>KL =HG'M 2G<>KM:BGMR BL G><>LL:KBER :LLH<B:M>= PBMA LHF> =BLMKB;NMBHG GHM PBMA :GR I:KMB<NE:K IHE
FB@AM A:O> ;>>G =K:PG ?KHF MA> =BLMKB;NMBHG

¢ L:<HGL>IJN>G<> LB@ ?B@L F:D> I>HIE> A>LBM:M> MH PKBM> =HPG GNF;>KL 1A>R MABGD MA>R G>>= MH DGHP MA> :FHNGM H
LNIIHL>=ER a:LLH<B:M>=b NG<>KM:BGMR ;>?HK> MA>R <:G PKBMANRABGREMHIA>R =HERI<BIFFHGBERA>K> LBFIER
BLG'M :GR a:LLH<B:M>=b NG<>KM:BGMR :GRP:R

¢ 0B@ ?B@L P>.D>G I>HIES=>KLM:G=BG@ H? MA> :QBHFL H? MA> =><BF:E GNF>K:E LRLM>F

¢ 0B@ ?B@L IKHOB=> GH @NB=:G<> :L MH MA> :IIKHIKB:M> =><BF:E K>IK>L>GM:MBHG ?HK K>I>:MBG@ =><BF:EL LN<A:L X HK
BKK:MBHG:E GNF;>KL LN<A:L g HK]|

(9]

1ABL ,|I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIGE» @KR <HGM>GM <HE



A:IM>K T &GMKH=N<MBHG 1A> +:MNK> H? 0<B>G<> :G= -ARLB<L

#HK AHF>PHKD IKH;E>FL HGEBG> AHRB@@sKL PBEE ;> CN=@>= :L <HKK><M B? MA>RuEpEBAMABIEG? MA> <HKK><M

O:EN> LH FR LN@@>LMBHG BL MH CNLM INM BG IB4S AR iEP>=<\NB @BML @> MA:M L:RL LHF>MABG@ :;HNM BG<HKK><M GNF;>K
H? LB@GB?B<:GM ?B@NK>L B? RHN =H MABLMBHRKBE>KHNM BM MA> IKH;E>F A:L ;>>G @K:=>=%HKKBBIBERARLB<L

BL CNLM M>EEBG@ RHN MA:M RHN =B= RHNK LB@GB?B<:GM 7BEENKE_ -AHECI@: ReH PO KB @ GB?B<:GMGHB@®NK>L BM®
K>:EER : ;B@ =>:E RHN PBEE @>M ?NEE <K>=BM >BMA>K P:R

&G K>@:K=L MH AHP MH IK>L>GM =:M: BG MA> E:;L L><MBHG A:L :EE MA> BG?HKF:MBHG HG AHP I>HIE> IK>L>GM =:M: :G=LH RHN
LAHNE= ?HEEHP MA>L> @NB=>EBG>L ?HK MA> E:;L :L P>EE

1.4 Introduction to Statistics

Your Quiz would Cover
¢ *>:.G:G=0M:G=:K=!>0B:MBHG (GHP MA> =>?BGBMBHG H? ;HMA H? MA>L> :L P>EE :L AHP MH <:E<NE:M> MA>F ?HK : @BO>G =:M
L>M
c 2LBG@ F>:G :G= LM:G=:K= =>0B:MBHG BG <:E<NE:MBHGL

1ABL L><MBHG ?H<NL>L HG LHF> ;:.LB< LM:MBLMB<L ?:<ML MA:M P> PBEE G>>= ?HK MABL <E:LL 1ABL L><MBHG BL :ELH :O:BE;;E>:L: C
Link to the video: https://www .youtube.com/watch?v=sGjq350QY7c (https://www  .youtube.com/watch?v=sGjq350QY7c)

%HP MH IK>L>GM =:M: ?HK E:;HK:MHKR >Q>K<B>L>

%HP =H I>HIE> :<MN:EER IK>L>GM =:M: <HFFHG F>MAH=BL Z V\ PA>K> mBarMAG=\ BL MAstandard deviation

>?HK> P> M:ED ;;HNM F>:G :G= LM:G=:K= =>0B:MBHG P> A:O> MH =BL<NLL : EBMME> ;BM :;HNM F>:LNK>F>GM *HLM H;C><ML A:O0> LHF
O:KB:MBHG ->HIE> <HF> BG : O:KB>MR H? A>SB@AML ?HK >Q:FIE> :G=>0>G F:GN?:<MNK>= H;C><ML EBD> L:R I>G<BEL PBEE A:O0>:C
E>G@MAL &? RHN <:G F>:LNK> MA>F IK><BL>ER >GHN@A MABL O:KB:MBHG F:R ;> O>KR LF:EE ?HK H;C><ML F:=> ;R F:<ABG>L ?HK >C
;NM BM PBEE LMBEE ;> MA>K> GHMA>KL>GHWVESMANE>G@MAL HK A>SB@AML BL MA> GNF;>K H? ;EHH= <>EEL |:LLBG@ MAKHN@A : <:|
I>K L><HG= 1ABL JN:GMBMR PBEE H? <HNKL> O:KR ?KHF L><HG= MH L><HG= GHMA>K >Q:FIE> FB@AM ;> MA:M B? RHN A:O> : LIKBG
E:NG<A>K H? : ;:EE MA> ;:EE PBEE MK:O>R:EBEGANMEREBR>L >:<A MBF> B? ?HK GH HMA>K K>:LHG MA:G MA> LIKBG@ <HBEL LEB@AN
=B2>K>GM P:RL HG MA> FHE><NE:K E>O>E PBMA >:<A ENG<A 1A>L> MRI>L H? O:KB:MBHG :K> BGMKBGLB< :G= K>LNEM BG O:KB:MBH
F>LNK>F>GM %HP>0:KF>MBF>L F>LNKBG@ LHF>MABG@ =BK><MER BL MHN@A :G= RHN G>>= MH NL> BG=BK><M F>MAH=L EBD>
HNK EB;K:KR E:; ,G>P:R MH @>M : ?>>E ?HK MA> IK><BLBHG H? RHNK F>MAH= BL MH F:D> MA> F>:L NiESBVRBMAI=R>P =B?

PBMA PA:M P> >QI><M MH A:O> LBFBE:K E>O>EL H? IK><BLBHG 1A> O:KB:MBHG BGHAS MENEAM-HXNA@ BB : L>GL> H?

MA> |IK><BLBHG H? RHNK F>:LNK>F>GML MABL BL AHP P> PBEE >0O:EN:M> HNK F>MAH=L ?HK MA> EB;K:KR E:;

*>:G :G= OM:G=:K=>0OB:MBHG

1H M:ED :;;HNM MA> B=>:L H? F>:G :G= LM:G=:K= =>OR: MBHGNEMIH A:O0> :G >Q:FIE> 0:R P> MHHD MA> A>SB@AM H? F>G ?KHF
MA> 2GBM>= OM:M>L :G= IK>L>GM>= MA> =:M: BG MA> M:;E> ;>EHP


https://www.youtube.com/watch?v=sGjq350QY7c

A:IM>K T &GMKH=N<MBHG 1A> +:MNK> H? 0<B>G<> :G= -ARLB<L

1:E>

+HM> MA:M MA>K> :K> GH NG<>KM:BGMB>L EBLM>= BGAMABIEAKERAGM P>"K> NLBG@ A:L LHF> EBFBM H? IK><BLBHG PAB<A BL
(:K>GMER  <F :<<HK=BG@ MH MABL M:;E> ;NM MA> O:KB:MBHG ;>MP>>G F>:LNK>F>GML BL FN<A E:K@>K MA:G MABL LH MA> IK><BL
KNE>K PHG'M ;> MHH BFIHKM:GM &G : P>EE =>LB@G>= >QI>KBF>GM MA> |IK><BLBHG H? RHNK BGLMKNF>GML LAHNE= ;> FN<A E>LL |
BGMKBGLB< O:KB:MBHG MA:M RHN :K> MKRBG@ MH F>:LNK>

Mean

1A> FHLM <HFIE>M> P:R MH K>IHKM MABL =:M: PHNE= ;> MH K>IHKM MA> >GMBK> M:;E> :L P> 0> B ASKEFHAHP>0>K
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0<B>G<> BL ;:.L>= HG H;L>KO:MBHG :G=>QI>KBF>GM"MA:M BL HG F>:IAiCeFesyMBL AHP <EHL> : F>LNK>F>GM BL MH MA>

<HKK><M O:EN> ?HK MA:M F>:LNK>F>GM #HK >Q:FIE> E>M NL L:R MA:M RHN :K> F>LNKBG@ MA> E>G@MA H? LMG=:K= <HFINM>K [:I>
1:<D:@BG@ BG PAB<A RHN INK<A:L>= MA> [:I>K LM:M>L MA:M BM BL = BBN/AS:IBHG® > E>G@MA H? MA> [:1I>K MAK>> MBF>L

:G= H;M:BG MA> ?HEEHPBG@ F>LNK>F>GML  BG BG :G= BG 1A>L>F>LNK>F>GML :K>JIJNBM> :<<NK:M> ;><:NL> MA>R :K>
O>KR <EHL> MH MA> <HKK><M O:EN>H? BG<A>L &G <HGMK:LM B? RHN A:= H;M:BG>=: F>:LNK>F>GM H? BG<A>L RHNK F>LNK>F
PHNE= GHM ;> O>KR :<<NK:M>

1A> precision H? : F>:LNK>F>GM LRLM>F BL K>?>KL MH AHP <EHL> MA> :@K>>F>GM BL ;>MP>>G K>I>:M>= F>.LNK>F>GML PAB<A :K>
K>|>:M>= NG=>K MA> L:F> <HG=BMBHGL HGLB=>K MA>>Q:FIE> H? MA> :|>K F>:LNK>F>GML 1A> IK><BLBHG H? MA> F>.LNK>F>GML
K>?>KL MH MA> LIK>:= H? MA> F>.LNK>= O:EN>L ,G> P:R MH :G:ERS> MA> IK><BLBHG H? MA> F>LNK>F>GML PHNE= ;> MH =>M>KFBG>
K:G@> HKZE>G<> ;>MP>>G MA> EHP>LM :G= MA> AB@A>LM F>:LNK>= O:EN>L &G MA:M <:L> MA> EHP>LM O:EN>P:L  BG :G= MA>
AB@A>LM O:EN>P:L  BG 1ANL MA> F>:LNK>= O:EN>L =>0B:M>= ?KHF >:<A HMA>K ;R :M FHLM BG 1A>L> F>:LNK>F>GML P>K>
K>E:MBO>ER IK><BL> ;><:NL> MA>R =B= GHM O:KR MHH FN<A BG BANA>%HPNB>K O:EN>L A= ;>>G .G=

MA>G MA> F>LNK>F>GML PHNE= GHM ;> O>KR IK><BL> ;><:NL> MA>K> PHNE= ;> LB@GB?B<:GM O:KB:MBHG ?KHF HG> F>:LNK>F>GM N
:GHMA>K

1A> F>LNK>F>GML BG MA> [:I>K >Q:FIE> :K> ;HMA :<<NK:M> :G= IK><BL> ;NM BG LHF> <:L>L F>LNK>F>GML :K> :<<NK:M> ;NM GHM
IK><BL> HK MA>R :K> IK><BL> ;NM GHM :<<NK:M> )>M NL <HGLB=>K :G >Q:FIE> H? : $-0 LRLM>F MA:M BL :MM>FIMBG@ MH EH<:M> MA>
IHLBMBHG H? : K>LM:NK:GM B@B&BMR MA> K>LM:NK:GM EH<:MBHG :L >QBLMBG@ :M MA>R>BINCEHIP :GHEAABGD H? >:<A

$-0 :MM>FIM MH EH<:M> MA> K>LM:NK:GM L : ;E:<PighM 8& RHN <:G L>> MA:M MA> $-0 F>.LNK>F>GML :K> LIK>:= HNM ?:K

(KM ?KHF >:<A HMAHNM MA>R K> :EE K>E:MBO>ER <EHL> MH MA> :<MN:E EH<:MBHG H? MA> K>LM:NK:GM :M MA> <>GM>K H? MA> M:K
BG=B<:M>L : EHP IK><BLBHG AB@A :<<NK:<R F>:LNKBG@ LRLNBG-i§aHP>0EKMA> $-0 F>:LNK>F>GML :K> <HG<>GMK:M>=

JNBM> <EHL>ER MH HG> :BIMMAAKR K> 7:K :P:R ?KHF MA> M:K@>M EH<:MBHG 1ABL BG=B<:M>L : AB@A IK><BLBHG EHP :<<NK:<R
F>LNKBG@ LRLM>F

1ABL ,|I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIGE» @KR <HGM>GM <HE



A:IM>K T &GMKH=N<MBHG 1A> +:MNK> H? 0<B>G<> :G= -ARLB<L

Figure 1.25  $-0 LRLM>F :MM>FIML MH EH<:M> : K>LM:NK:GM :M MA> <>GM>KHR>Mibss; NEED =HML K>IK>L>GM >:<A :MM>FIM MH IBGIHBGM MA> EH<:MBHG
H? MA> K>LM:NK:GM 1A> =HML :K> LIK>:= HNM JNBM> ?:K :[:KM ?KHBEGB<GHBGRKEHP IK><BLBHG ;NM MA>R :K> >:<A K:MA>K <EHL> MH MA> :<MN:E EH<:MB}
H? MA> K>LM:NK:GM BG=B<:MBG@ AB@#&>=BMNK:k® "OBE

Figure 1.26 &G MABL ?B@NK> MA> =HML :K> <HG<>GMK:M>= K:MA>K <EHIBGREVHIBGE@ GBI*K><BLBHG ;NM MA>R :K> K:MA>K ?:K :P:R ?KHF MA> :<MN:E
EH<:MBHG H? MA> K>LM:NK:GM BG=B<:MBG @ EFHBM<NKZXFOBE

<<NK:<R-K><BLBHG :G=2G<>KM:BGMR

1A> =>@K>> H? :<<NK:<R :G= IK><BLBHG H? : F>.LNKBG@ LRLM>F :K> KxFddrtaihtyl NBSMA> F>:LNK>F>GML 2G<>KM:BGMR BL
:IN:GMBM:MBO> F>:LNK> H? AHP FN<A RHNK F>:LNK>= O:EN>L =>0B:M> ?KHF : LM:G=:K= HK >QI><M>= O:EN> &? RHNK F>:LNK>F>GML
‘K> GHM O>KR :<<NK:M> HK IK><BL> MA>G MA> NG<>KM:BGMR H? RHNK O:EN>L PBEE ;> O>KR AB@A &G FHK> @>G>K:E M>KFL NG<:
MAHN@AM H? :L : =BL<E:BF>K ?HK RHNK F>:LNK>= O:EN>L #HK >Q:FIE> B? LHF>HG> :LD>= RHN MH IKHOB=> MARHBE>:@> HG RHNK <
FB@AM L:R MA:M BM BL FBE>L IENL HK FBGNL FBE>L 1A>IENL HK FBGNL :FHNGM BL MA> NG<>KM:BGMR BG RHNK O:EN> 1A:M
‘K> BG=B<:MBG@ MA:M MA> :<MN:E FBE>:@> H? RHNK <:K FB@AM ;> :L EHP :L FBE>L HK :L AB@A L FBE>L HK:GRPA>K>BG
>MP>>G EE F>:LNK>F>GML <HGM:BG LHF> :FHNGM H? NG&SKMRGRIFEIE> H? F>.LNKBG@ MA> E>G@MA HRNMZB@ AU

L:R MA:M MA> E>SG@MA H? MA> [:I>K BL BG IENLHK FBGNL BG 1A> NG<>KM:BGMR BG : B> HRM>EEGHM>="L

a=>EM"b LH MA> F>:LNK>F>GM K>LNEM PHNE= ;> K><HK=t= 'L &G HNK l:I>K >Q:FIE> MA> E>G@MA H? MA> [:I>K <HNE= ;>
>QIK>LL>=:L JQ

-K><BLBHG :G=:<<NK:<R BL :ELH BL MAKHN@A F>:G :G= LM:G=:K= =>0B:MBHG &? RHNK F>:G BL <EHL> MH MA> :<MN:E O:EN> BM BL <
MH ;>accurate :G=B? RHNK LM:G=:K==>0B:MBHG BL LF:EE BM BL <H@iBseK#HKIHQ>FIE> E>M L L:R RHN P>K> F>:LNKBG@

MA> LI>>=H? :<:K=KBOBG@ ;R:M FL &? MA>F>LNK>=K>LNEMBL V FL MA>F>.GBL ?:K MHH AB@A ;NM RHNK LM:G=:K==>0B:M|

BL ?:BKER EHRMABL K>LNEM PHNE= ;> IK><BL> ;NM GHM :<<NK:M> &? MA> F>:LNK>= K>LNEM BL V FL MA> F>.G BL ?:BKER <EHL> MK
:<MN:E LI>>= ;NM MA> LM:G=:K= =>0OB:MBHG BL ?:BKER AB@A LH MABL K>LNEM PHNE= ;> :<<NK:M> ;NM GHM IK><BL>

1A> ?2:<MHKL <HGMKB;NMBG@ MH NG<>KM:BGMR BG : F>:LNK>F>GM BG<EN=>
)BFBM:MBHGL H? MA> F>:LNKBG@ =>0OB<>
&KK>@NE:KBMB>L BG MA> H;C><M ;>BG@ F>:LNK>=
GR HMA>K ?:<MHKL V&M RMA> HNM<HF> AB@AER =>I>G=>GM HG MA> LBMN:MBHG

&G HNK >Q:FIE> LN<A ?:<MHKL <HGMKB;NMBG@ MH MA> NG<>KM:BGMR <HNE= ;> MA> ?HEEHPBG@ MA> LF:EE>LM =BOBLBHG HG M,
I>KLHG NLBG@ MA> KNE>K AL ;:= >R>LB@AM HK HG> LB=>H? MA> |:I>K BL LEB@AMER BHGREHKIMAB MRS £HMAN:RGMR BG :
F>:LNK>F>GM FNLM ;> ;:.L>= HG : <:K>?NE <HGLB=>K:MBHG H? :EE MA> ?:<MHKL MA:M FB@AM <HGMKB;RMIG= MA>BK IHLLB;E> >?

*DBG@ HGG><MBHGL />HKE= HGG><MBHGL ] #>0O>KL HK ABEEL

2G<>KM:BGMR BL : <KBMB<:E IB><> H? BG?HKF:MBHG ;HMA BG IARLB<L :G= BG F:GR HMA>K K>:E PHKE=:IIEB<:MBHGL &F:@BG> RF
<:KBG@ ?HK : LB<D <ABE=NEI><M MA> <ABE= A:L : HORKIN <A><D ABL HK A>K M>FI>K:MNK> PBMA : MAZKRHB2M>K
MA> NG<>KM:BGMR H? MA> MA>KFHF>MZR RSKMA> <ABEASFI>K:MNK> K>:=BG@ P:L Zb PAB<A BL GHKF:E ;H=R

M>FI>K:MNK> MA> aMKN>b M>FI>K:MNK> <HNE= ;> :GRPA>K> ?KHF : ARIHERAMFB<G@>KHNLER AB@AS$
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MA>KFHF>M>K PBMA :G NG<>KM:BGEBRPHNE= ;> NL>E>LL

AB@A L<AHHE MK:<D <H:<A A:L CNLM INK<A:L>=: G>P LMHIP:M<A 1A> LMHIP:M<A F:GN:E LM:M>L MA:M MA> LMHIP:M<A A:L :G
NG<>KM:BGMRH? T /NGG>KL HG MA> MK:<D <HMATF K>@NE:KER <EH<D F LIKBGML H? MH M MA>

L<AHHEE:LM MK:<D F>>M MA> ?BKLM IE:<> LIKBGM>K <:F> BGGMMA> L><HG= |E:<> LIKBGM>K <:F>BG :M ~ 4BEE
MA> <H:<A'G>P LMHIP:M<A ;> A>EI?NE BG MBFBG@ MA> LIKBGM M>:F 4AR HK PAR GHM

Solution
+H MA> NG<>KM:BGMR BG MA> LMHIP:M<A BL MH&EMBR>ERVERGVIB:M> ;>MP>>G MA> LIKBGM MBF>L

-A"1 "QIEHK:MBHGL "LMBF:MBHG
"QIEHK> LBS> >LMBF:MBHG BG HG> MPH :G= MAK>> =BF>GLBHGL *NENBNENER EHEHH?HBKH@K>LLBO> LDBEE BFIKHO>F>GM

Figure 1.27 Estimation (http://legacy .cnx.org/content/m64071/1.4/estimation_en.jar)

accuracy : MA> =>@K>> MH PAB<A : F>LNK>= O:EN> :@K>>L PBMA <HKK><M O:EN> ?HK MA:M F>:LNK>F>GM
classical physics : IARLB<L MA:M P:L =>0O>EHI>= ?KHF MA> />G:BLL:G<> MH MA> >G=H? MA> MA <>GMNKR
conversion factor : : KIMBH >QIK>LLBG@ AHP F:GR H? HG> NGBM :K> >JN:E MH :GHMA>K NGBM

derived units : NGBML MA:M <:G ;> <:E<NE:M>= NLBG@ :E@>;K:B< <HF;BG:MBHGL H? MA> ?NG=:F>GM:E NGBML

English units : LRLM>F H? F>:LNK>F>GM NL>= BG MA> 2GBM>= OM:M>L BG<EN=>L NGBML H? F>LNK>F>GM LN<A :L ?>>M @:EEHGL :(
IHNG=L

fundamental units : NGBML MA:M <:G HGER ;> >QIK>LL>= K>E:MBO> MH MA> IKH<>=NK> NL>= MH F>:LNK> MA>F
kilogram : MA> 0& NGBM ?HK F:LL :;;K>OB:M>= D@

law: :=>L<KBIMBHG NLBG@ <HG<BL> E:G@N:@> HK : F:MA>F:MB<:E ?HKFNE: : @>G>K:EBS>= |:MM>KG BG G:MNK> MA:M BL LNIIHKMN
L<B>GMB?B< >0B=>G<> :G= K>|>:M>= >QI>KBF>GML

meter: MA>0& NGBM ?HK E>G@MA :;;K>OB:M>= F

metric system : : LRLM>F BG PAB<A O:EN>L <:G ;> <.E<NE:M>= BG ?:<MHKL H?

model : K>IK>L>GM:MBHG H? LHF>MABG@ MA:M BRB¥NENE MKIBEBRLB;E> MH =BLIE:R =BK><MER

modern physics : MA> LMN=R H? K>E:MBOEBNIRF><A:GB<L HK ;HMA

order of magnitude : K>?>KL MH MA> LBS> H? : IN.GMBMR :L BM K>E:M>L MH : IHP>K H?

percent uncertainty : MA> K:MBH H? MA> NG<>KM:BGMR H? : F>:LNK>F>GM MH MA> F>LNK>= O:EN> >QIK>LL>= L : I>K<>GM:@>
physical quantity : : <A:K:<M>KBLMB< HK IKHI>KMR H? :G H;C><M MA:M <:G ;> F>:LNK>= HK <:E<NE:M>= ?KHF HMA>K F>:LNK>F>GML

physics : MA> L<B>G<> <HG<>KG>= PBMA =>L<KB;BG@ MA> BGM>K:RNBHEL:4? >G>KBR> BM BL >LI><B:EER BGM>K>LM>=
BG PA:M ?NG=:F>GM:E F><A:GBLFL NG=>KEB> >0>KR IA>GHF>GHG

precision : MA> =>@K>> MH PAB<A K>|>:M>= F>:LNK>F>GML :@K>> PBMA >:<A HMA>K
quantum mechanics : MA>LMN=R H? H;C><ML LF:EE>K MA:G <:G ;> L>>G PBMA : FB<KHL<HI>

relativity : MA> LMN=R H? H;C><ML FHOBG@ :M LI>>=L @K>:M>K MA:G :;HNM H? MA> LI>>= H? EB@AM PiK<NP>H;8><ML ;>BG@ :?
LMKHG@ @K:OBM:MBHG:E ?B>E=

1ABL ,|I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIGE» @KR <HGM>GM <HE
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scientific method : : F>MAH= MA:M MRIB<:EER ;>@BGL PBMA :G H;L>KO:MBHG :G= JN>LMBHG MA:M MA> L<B>GMBLM PBEE K>L>:K<A (
L<B>GMBLM MRIB<:EER [>K?HKFL LHF> K>L>:K<A :;;HNM MA> MHIB< :G= MA>G =>0BL>L : ARIHMA>LBL MA>G MA> L<B>GMBLM P
ARIHMA>LBL ;R I>K?HKFBG@ :G >QI>KBF>GMA2BGEHRVBLM :G:ERS>L MA> K>LNEML H? MA> >QI>KBF>GM :G= =K:PL :
<HG<ENLBHG

second : MA> 0& NGBM ?HK MBF> :;;K>OB:M>= L

Sl units : MA> BGM>KG:MBHG:E LRLM>F H? NGBML MA:M L<B>GMBLML BG FHLM <HNGMKB>L A:0> :@K>>= MH NL> BG<EN=>L NGBMI
EBM>KL :G= @K:FL

theory : :G >QIE:G:MBHG ?HK I:MM>KGL BG G:MNK> MA:M BL LNIIHKM>= ;R L<B>GMB?B< >0B=>G<> :G= O>KB?B>= FNEMBIE> MBF>L ;R
@KHNIL H? K>L>:K<A>KL

uncertainty : : IN:GMBM:MBO> F>:LNK> H? AHP FN<A RHNK F>:LNK>= O:EN>L =>0OB:M> ?KHF : LM:G=:K= HK >QI><M>= O:EN>

units : : LM:G=:K= NL>= ?HK >QIK>LLBG@ :G= <HFI:KBG@ F>:LNK>F>GML

Section Summary

1.1 An Introduction to Physics
¢ 0<B>G<> L>>DL MH =BL<HO>K :G= =>L<KB;> MA> NG=>KERBG@ HK=>K :G= LBFIEB<BMR BG G:MNK>
¢ -ARLB<L BL MA> FHLM ;:LB< H? MA> L<B>G<>L <HG<>KGBG@ BMENEA:-RAEMA B>NER> :G= MA>BK BGM>K:<MBHGL
¢ 0<B>GMB?B< E:PL :G= MA>HKB>L >QIK>LL MA> @>G>K:E MKNMAL H? G:MNK> :G= MA> ;H=R H? DGHPE>=@> MA>R >G<HFI.LL 1A>
H? G:MNK> :K> KNE>L MA:M :EE G:MNK:E IKH<>LL>L :1I>:K MH ?HEEHP

1.2 Physical Quantities and Units

¢ -ARLB<:E JN:GMBMB>L :K> : <A:K:<M>KBLMB< HK IKHI>KMR H? :G H;C><M MA:M <:G ;> F>:LNK>= HK <:E<NE:M>= ?KHF HMA>K
F>:LNK>F>GML

¢ 2GBML :K> LM:G=:K=L ?HK >QIK>LLBG@ :G= <HFI:KBG@ MA> F>:LNK>F>GM H? IARLB<:E JN:GMBMB>L EE NGBML <:G ;> >QIK>LL>:
<HF;BG:MBHGL H? ?HNK ?NG=:F>GM:E NGBML

¢ 1A> ?HNK ?NG=:F>GM:E NGBML P> PBEE NL> BG MABL M>QM :K> MA> F>M>K ?HK E>G@MA MA> DBEH@K:F ?HK F:LL MA> L><H
:G= MA> :FI>K> ?HK >E><MKB< <NKK>GM 1A>L> NGBML :K> I:KM H? MA> F>MKB< LRLM>F PAB<A NL>L IHP>KL H? MH K>E:M> JN
HO>K MA> O:LM K:G@>L >G<HNGM>K>= BG G:MNK>

¢ 1A> ?HNK ?NG=:F>GM:E NGBML :K> :;;K>0OB:M>= :L ?HEERPDBEH@K:F D@ L><HG= L :G=:FI>K> 1A>F>MKB<
LRLM>F :ELH NL>L : LM:G=:K= L>M H? IK>?BQ>L MH =>GHM> >:<A HK=>K H? F:@GBMN=> @K>:M>K MA:G HK E>LL>K MA:G MA> ?NG
NGBM BML>E?

¢ 2GBM <HGO>KLBHGL BGOHEO> <A:G@BG@ : O:EN> >QIK>LL>= BG HG> MRI> H? NGBM MH :GHMA>K MRI> H? NGBM 1ABL BL =HG:
<HGO>KLBHG ?:<MHKL PAB<A :K> K:MBHL K>E:MBG@ >JIN:Ex¥&:GMBWEBMLH? =B?

1.3 Writing Numbers
¢ 2L>F:.GR>GHN@A =B@BML MH :OHB= NGBGM>G=>= EHLL H? BG?HKF:MBHG
c 2L>7?>P >GHN@A =B@BML MH ;> K>:LHG:;ER <HGO>GB>GM
¢ OHB=NLBG@ LB@GB?B<:GM ?B@NK>L

Conceptual Questions

1.1 An Introduction to Physics

1. *H=>EL :K> :LKMB<NE:KER NL>?NE BG K>E:MBOBMR :G= JN:GMNF F><A:GB<L PA>K><HG=BMBHGL :K> HNMLB=> MAHL> GHKF.EER >
JRANF.GL 4A:M BL : FH=>E

2. %HP =H>L : FH=>E =B*K ?KHF : MA>HKR

3. &? MPHZBGM MA>HKB>L =>L<KB;> >QI>KBF>GM:E H;L>KO:MBHGL >JN:EER P>EE <:G HG> ;> L:B= MH ;> FHK> O:EB= MA:G MA> HMA
‘LLNFBG@ ;HMA NL> :<<>IM>= KNE>L H? EH@B<

4. AA:M =>M>KFBG>L MA> O:EB=BMR H? : MA>HKR

5. >KM:BG <KBM>KB: FNLM ;> L:MBL?B>= B? : F>.LNK>F>GM HK H;L>KO:MBHG BL MH ;> ;>EB>0>= 4BEE MA> <KBM>KB: G><>LL:KBER ;>
:G >QI><M>= K>LNEM :L ?HK :G NG>QI><M>= K>LNEM

6. :G MA> O:EB=BMR H? : FH=>E ;> EBFBM>= HK FNLM BM ;> NGBO>KL:EER O:EB= %HP =H>L MABL <HFI:K> MH MA> K>JNBK>= O:EB=BI
MA>HKR HK : E:P

7. E:LLB<:E IARLB<L BL : @HH=:IIKHQBF:MBHG MH FH=>KG IARLB<L NG=>K <>KM:BG <BK<NFLM:G<>L 4A:M :K> MA>R
8. 4A>G BL Bidcessary MH NL> K>E:MBOBLMB< JN:GMNF F><A:GB<L
9. :G <E:LLB<:E IARLB<L ;> NL>= MH :<<NK:M>ER =>L<KB;>: L.M>EEBM> FHOBG@ :M : LI>>=H? FL "QIE:BG PAR HK PAR GHM
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1.2 Physical Quantities and Units
10. &=>GMB?R LHF> :=0:GM:@>L H? F>MKB< NGBML

1.5 Accuracy and Precision
11. 4A:M BL MA> K>E:MBHGLABI ;>MP>>G MA> :<<NK:<R :G= NG<>KM:BGMR H? : F>.LNK>F>GM

12. -K>L<KBIMBHGL ?HK OBLBHG <HKK><MBHG :K> @BQiitp e NGBWE>KHES= MA> F>:GBG@ H? MA:M NGBM ,;M:BG

BG?HKF:MBHG [>KA:IL ;R <:EEBG@ :G HIMHF>MKBLM HK I>K?HKFBG@ :G BGM>KG>M L>:K<A HG MA> FBGBFNF NG<>KM:BGMR PBMA |
<HKK><MBHGL BG =BHIM>KL :K> =>M>KFBG>= :G= MA> :<<NK:<R PBMA PAB<A <HKK><MBO> E>GL>L <:G ;> IKH=N<>= IBL<NLL MA> LHN
NG<>KM:BGMB>L BG ;HMA MA> IK>L<KBIMBHG :G= :<<NK:<R BG MA> F:GN?:<MNK> H? E>GL>L

1ABL ,|I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIGE» @KR <HGM>GM <HE
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Problems & Exercises 17. OM:M> AHP F:GR LB@GB?B<:GM ?B@NK>L :K> IKHI>K BG MA>

K>LNEML H? MA> ?HEEHPBG@ <:E<NE:MBHGL :
1.2 Physical Quantities and Units
1. 1A> LI>>= EBFBM HG LHF> BGM>KLM:M> AB@AP:RL BL KHN®AER _ ' g

DF A : 4A:M BL MABL BG F>M>KL I>K L><HG= ; %HP F.:GR
FBE>L I>K AHNK BL MABL

<

1

18. : %HP F:GR LB@GB?B<:GM ?B@NK>L :K>BG MA> GNF;>KL

2. <KBLMK:O>EBG@ :M:LI>>=HMN : 4A:M BL BML :G= ; &? MA> NG<>KM:BGMR BG >:<A GNF;>K BL PA:M BL
LI>>= BG DBEHF>M>KL I>K AHNK ; &L BM >Q<>>=BG@ MA> MA> [>K<>GM NG<>KM:BGMR BG >:<A < 4AB<ABL : FHK>
L N Li>>=EBFBM F>:GBG@?NE P:R MH >QIK>LL MA> :<<NK:<R H? MA>L> MPH

GNF;>KL LB@GB?B<:GM ?B@NK>L HK I>K<>GM NG<>KM:BGMB>L
3.0AHPMAM N T LN %BGM 0AHP MA>>QIEB<BMg . g5 RiNK Li>>=HF>M>K AL :G NG<>KM:BGMAHY
LM>IL BGOHEO>= BG <HGO>KMEG® LN M:L>>=H? LN PAM BL MA> I>K<>GM NG<>KM:BGMR

4. F>KB<:G ?HHM;:EEBL IE:R>=HG: R=EHG@ ?B>E= &7 BM A:L MA> L:F> I>K<>GM NG<>KM:BGMR PA>G BM\K>:=L

>Q<EN=BG@ MA>>G= SHG>L %HP EHG@ BL MA>?B>E=BG R3MRf%1 MA> K:G@> H? LI>>=L RHN <HNE= ;> @HBG@
LLNF> MAM F>M>K >JN:EL ?>>M

5. OH<<>K 2B>E=L O:KR BG LBS> E:K@> LH<<>K 7B>E=BL PEHRE a1 & o= KSLLNK> BL PYILNKS= MH >

:G= FPB=> 4A:M K> BML =BF>GLBHGL BG ?>>M :G= BG<A>L HENN ) 4AMBLBML >KGMNGOKMEBGMR ;
LLNF> MA:M F>M>K >JN:EL 2>>M LLNFBG@ MA> L:F> I>K<>GM NG<>KM/BRBR MA>

- - *EHH= : 2
6. 4A:M BL MA> ASB@AM BG F>M>KL H? : ISKLHG PAH BL 2MNGEKM:BGMR BG 1 EHH= IK>LLNK> F>:LNK>F>GWN? )
M:EE LLNF>MAM F>M>K>IN:EL  BG

7. *HNGM "O>K>LM :M ?>>M BL MA> M:EE>LM FHNGM:BGHG I>KLHG F>:LNK>L ABL HK A>K A>:KM K:M> ;R <HNGMBG@ MA>
MA>":KMA 4A:M BL BML A>B@AM BG DBEHF>M>KL LLNF>MANM,>K H? ;>MLBG 1&? ( ;>ML:K><HNGM>=BG

DBEHF>M>K >JN:EL  ?>>M q 1PAMBLMA> A>KM K:M> :G= BML NG<>KM:BGMR BG
8. 1A> LI>>=H? LHNG=BL F>:LNK>=MH ;> N HG: >:ML I>K FBGNM>

<>KM:BG =4A:M BL MABL BG DF A

9. 1><MHGB< IE:M>L K> E:K@> L>@F>GML H?LMANLKMA:M
FHO> LEHPERIIIHL> MA:M HG> LN<A IE:M> AL :G :0>K:@> 23. &? : F:.KiIMAHG KNGG>K :0>K:@>L FB A AHP EHG@ =H>L BM
LI>>=H? <FR>K : 4A:M=BLM:G<>=H>L BM FHO>BG L :W:D>ABFHKA>KMHKNG:  FBF:KMAHG

MABL LI>>= ; 4A:M BL BML LI>>=BG DBEHF>M>KL I>K FBEEBij.G E:K:MAHG KNGG>K <HFIE>M>L : L I <HNKL> BG

R>:KL
|  FBG :G= T 1A>K> BL :G NG<>KM:BGMR NBG

10. : />?7>KMHTable 1.3 MH =>M>KFBG> MA> :0>K:@> =BLM:Ggz, _g| \1:G<> MK:0>E>= :G= :G NG<>KM:BGMR H? L BG MA> >E:lL>=
>MP>>G MA>":KMA :G= MA> ONG 1A>G <:E<NE:M> MA>:0>K; "E<NE:M> MA> I>K<>GM NG<>KM:BGMR BG MA> =BLM:G<> ;

LI>>= H? MA>":KMA BG BML HK;BM BG DBEHF>M>KL I>K L><H{p2 i 1> MA> NG<>KM:BGMR BG MA> >E:IL>= MBF> < 4A:M BL MA>
AAMBL MABL BG F>M>KL I>K L><HG= :0>K:@> LI>>= BG F>M>KL I>K L><HG= = 4A:M BL MA>
NG<>KM:BGMR BG MA> :0>K:@> LI>>=

E bl in thi . h 25. 1A> LB=>L H? : LF:EE K><M:G@NE:K ;HQ :K> F>:LNK>= MH ;>
Xpress your answers to problems in this section to the q DI q DN BOE D

correct number of significant figures and proper units.
11. ONIIHL> MA:M RHNK ::MAKHHF L<:E> K>:=L RHNK FLL L = 1C@ E<NE:M>BML OHENF>:G= NG<>KM:BGMR BG <N;B<
<E'(E|YIBF>M>KL

D@ PBMA: NG<>KM:BBMRBL MA> NG<>KM:BGMR BG RHNK
BG DBEH@K:FL 26. 4A>G GHG F>MKB< NGBML P>K> NL>= BG MA> 2GBM>= (BG@=HF

) SOl s e ey -
12. @HH= JN:EBMR F>LNKBG@ M:I> <:@ ;RH? <F HO>K b’:SEiA HMFé‘L,\T'ED "’fﬁ“f’ gfijAEL ';"L‘;F:\IE;R:KM.BGMR o
. =BLM:G<>H? F 4A:M BL BML I>K<>GM NG<>KM:BGMR P& : : :

LF BG MA> IHNG= F:LL NGBM PA:M BL BML I>K<>GM

22. 4A:M BL MA> :K>: H? : <BK<E> D [BG =B:F>M>K

1.5 Accuracy and Precision

13. : <K LI>>=HF>M>K A'L : NG<>KM:BGAMRI BL
MA> K:G@> H? IHLLBE> LI>>=L PA>G BMK>EIN NG<>KM:BGMR ; :L>=HG MA:M I>K<>GM NGBRMIBGMR
F:LL BG IHNG= F:LL AL :G NG<>KM:BGMR H? D@ PA>G
14. GBG?:GMNEL>K:M>BL F>LNK>=MH ;> ( ;>ML 27. 1A> E>G@MA :G= PB=MA H? : K><M:G@NE:K KHHF :K> F>:LNK>=
FBG 4A:M BL MA> I>K<>GM NG<>KM:BGMR BG MABL F>:LNKP5GR q N:G= q N :E<NE:M>

15. © ONIHL> MAM : I5KLHG AL G :05K:@> A>KM K:M> Hz  MA> (K> H? MA> KHHF :G= BML NG<>KM:BGMR BG LIN:K> F>M>KL

>:ML FBG %HP F:GR :>:ML =H>L A> HK LA> A:O> BG 28. <K >G@BG> FHO>L : IBLMHG PBMA : <BK<NE:K <KHLL L><MBHG
R;& R <&G R H? q D [ =B:F>M>K : =BLM:G<> H?
16. <:G <HGM:BGL F)H? LH=: %HP FN<A BL E>?M :?M>K q D | MH <HFIK>LL MA> @:L BG MA> <REBG=>K

F) BL K>FHO>= R PA:M :FHNGM BL MA> @:L =><K>:L>= BG OHENF> BG <N:B<

<>GMBF>M>KL ; #BG=MA> NG<>KM:BGMR BG MABL OHENF>
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Figure 2.1 1A> FHMBHG H? :G F>KB<:G D>LMK>E MAKHN@A MA> :BK <:G ;> =>L<KB;=B|REW&F B LI>>= O>EHBMR<>E>K:MBHG 4A>G BM
?EB>L BG : LMK:B@AM EBG> PBMAHNM :GR <A:G@> BG =BK><MBHG BML FHMBHG BL L:B= MBG<H&B=BFtGIEEHBE =B KHEBNIGR

A:IM>K ,NMEBG>

2.1. Displacement
¢ %HP IHLBMBH@E+R??KHF =BLIE:<>F>GM :G= AHP =BLM%G¥+ 2BMF =BLIE:<>F>GM
¢ 4A>G MH NL> IHLBMBHG :G= PA>G MH NL> =BLIE:<>F>GM
¢ &=>GMB?R MA:M =BLIE:<>F>GM AL : =BK><MBHG
2.2. Vectors, Scalars, and Coordinate Systems
¢ !>?BGBMBHGL H? O><MHKL :G= L<:E:KL BKME=BRIP>>G MA>F
2.3. Time, Velocity , and Speed
¢ !>L<KB;BG@ AHP O>EH<BMRBGHB?KHF LI>>=
¢ &=>GMB?RBG@ MA:M O>EH<BMR A:L : =BK><MBHG
¢ &=>GMB?RBG@ MA:M O>EH<BMR BL :EP:RL I:K:EE>E MH MA> I:MA
¢ OHEOBG@ ?HK IHLBMBHG :L : ?NG<MBHG H? MBF> @BO>G O>EH<BMR :L : ?NG<MBHG H? MBF>
2.4. Acceleration
¢ &=>GMB?RBG@ MA:M :<<>E>K:MBHG AL : =BK><MBHG
¢ 2LBG@ MA> K>E:MBHGLABI ;>MP>>G :0>K:@> O>EH<BMR :G= IHLBMBHG MH LHEO> IKH;E>FL :;;HNM MA> FHMBHG H? H;
¢ !>L<KB;BG@ AHP O>EH<BMR PBEE <A:G@> @BO>G :<<>E>K:MBHG
2.5. Graphical Analysis of One-Dimensional Motion
¢ >L<KB;BG@ MA> NGBML H? MA> O:EN> LEHI> :G=BGM>@K:E H? :GR @K:IA
¢ 2LBG@ LEHI> H? : IHLBMBHG OL MBF> @K:IA MH LD>M<A : O>EH<BMR OL MBF> @K:IA
¢ 2LBG@ LEHI>H?: O>EH<BMR OL MBF> @K:IA MH LD>M<A :G :<<>E>K:MBHG OL MBF> @K:IA
¢ 2LBG@ :K>:NG=>K :G :<<>E>K:MBHG OL MBF> @K:IA MH LD>M<A : O>EH<BMR OL MBF> @K:IA
¢ 2LBG@ MA>:K>:NG=>K : O>EH<BMR OL MBF> @K:IA MH LD>M<A : IHLBMBHG OL MBF> @K:IA
2.6. Simulations
¢ $BO>G: O>EH<BMR L : ?2NG<MBHG H? MBF> ;> :;E> MH LHEO> ?HK MA> IHLBMBHG L : ?NG<MBHG H? MBF> BM>K:MBO>
¢ 2L>BM>K:MBO> F>MAH=L MH LHEO> ?HK MA> FHMBHG H? :G H;C><M @BO>G :G :K;BMK:KR GHG|<HGLM:GM :<<>E>K:M

Introduction to One-Dimensional Kinematics

,;C><ML :K> BG FHMBHG >0O>KRPA>K> P> EHHD "O>KRMABG@ ?KHF : M>GGBL @:F> MH : LI:<> IKH;> ?ER;R H? MA> IE:G>M +>IMNG> BG
FHMBHG 4A>G RHN :K>K>LMBG@ RHNK A>:KM FHO>L ;EHH= MAKHN@A RHNK O>BGL G=>0>G BG BG:GBF:M> H;C><ML MA>K> BL <
FHMBHG BG MA> OB;K:MBHGL H? :MHFL :G= FHE><NE>L .N>LMBHGL :;HNM FHMBHG :K> BGM>K>LMBG@ @@ v8liH? MA>FL>EO>L

take for a space probe to get to Mars? Where will a football land if it is thrown at a certain angle? NM :G NG=>KLM:G=BG@ H? FHMBHG

BL :ELH D>R MH NG=>KLM:G=BG@ HMA>K <HG<>IML BG IARLB<L G NG=>KLM:G=BG@ H? :<<>E>K:MBHG ?HK >Q:FIE> BL <KN<B:E MH
?HK<>

,NK ?HKF:E LMN=R H? IARLB<L ;>@BRdhepidtids PAB<A BL =>?BG>= LAty of motion without considering its causes 1A>
PHK= aDBG>F:MB<Lb <HF>L ?KHF : $K>>D M>KF F>:GBG@ FHMBHG :G= BL K>E:M>= MH HMA>K "G@EBLA PHK=L LN<A :L a<BG>F:b FHO
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:G=aDBG>LBHEH@Rb MA> LMN=R H? ANF:G FHMBHG &G HG> =BF>GLBHG:E DBG=MBaLG=matics

(https://legacy .cnx.org/content/m42126/latest/) P> PBEE LMN=R HGER®MMAH? : ?HHM;.EE ?HK >Q:FIE> PBMAHNM PHKKRBG@ :;HNM
PA:M ?HK<>L <:NL> HK <A:G@> BML FHMBHG ON<A <HGLB=>K:MBHGL <HF> BG HMA>K <A:IIA>KiQ &8 GAABA < ABMELM

MRI> H? FHMBHGG:FHRVBHG :EHG@ : LMK:B@AM EBG> HK HG> =BF>GLBHG:D FiMBHEIG &BGematics

(https://legacy .cnx.org/content/m42126/latest/) P> :IIER <HG<>IML =>O>EHI>= A>K> MH LMN=R FHMBHG :EHG@ <NKO>= |:MAL MPH
:G= MAK>> =BF>GLBHG:E FHMBHG ?HK >Q:FIE> MA:M H? : <K KHNG=BG@ : <NKO>

2.1 Displacement

Your Quiz would Cover
¢ %HP IHLBMBH@&RB??KHF =BLIE:<>F>GM :G= AHP =BLMG¥+ 2BMF =BLIE:<>F>GM
¢ 4A>G MH NL> IHLBMBHG :G= PA>G MH NL> =BLIE:<>F>GM
¢ &=>GMB?R MA:M =BLIE:<>F>GM AL : =BK><MBHG

Figure 2.2 1A>L> <R<EBLMLBBM&:F <:G ;> =>L<KB;>= ;R MA>BK IHLBMBHG K>E:MBO> MH ;NBE=BG@L :G=: <:G:E 1A>BK FHMBHG <:G ;> =>L<KB;>= ;R MA>BK <A
BG IHLBMBHG HK =BLIE:<>F>GM BG MA> ?K:F> H? K>?>K>G<> <K>=BM ONS:G E:<D #HMHI>=B:

4ABEyosition :G= displacement FB@AM L>>F EBD> MA>R F>:G MA> L:F> MABG@ MZKERE BBPA:M MA>R F>:G MA:M BL
BFIHKM:GM MH NG=>KLM:G= &M L A>EI?NE MH D>>| MABL BG FBG=:L RHN K>:=:;;HNM MA> MPH :G= I>KA:IL MKR MH INM PA:M MA>
=B2-K>G<> BL BG RHNK HPG PHK=L

-HLBMBHG

&G HK=>K MH =>L<KB;> MA> FHMBHG H? :G H;C><M RHN FNLM ?BKLM ;> pBsitidH 2Pi4KB; BBNBL :M :GR I:KMB<NE:K MBF>

*HK> IK><BL>ERHN G>>= MH LI><B?R BML IHLBMBHG K>E:MBO> MH : <HGO>GB>GM K>?>K>G<> ?K:F> ":KMA BL H?M>G NL>=:L : K>?>K®
?K:IF> :G= P> H?M>G =>L<KB;> MA> I[HLBMBHG H? :G H;C><M :L BM K>E:M>L MH LM:MBHG:KR H;C><ML BG MA:M K>?>K>G<> ?K:F> #HK:
KH<D>M E:NG<A PHNE= ;> =>L<KB;>= BG M>KFL H? MA> [HLBMBHG H? MA> KH<D>M PBMA K>LI><M MH MA> ":KMALL : PAHE> PABE> : Ik
IHLBMBHG <HNE= ;> =>L<KB;>= BG M>KFL H? PA>K> LA> BL BG K>E:MBHG MH MA> G>:KiRIRABM> &BHIMA>K <:L>L P>

NL> K>?>K>G<> ?K:F>L MA:M :K> GHM LM:MBHG:KR ;NM :K> BG FHMBHG K>B:MBO=lE:>NA"IKVBVBHG H? : I>KLHG BG :G

BKIE:G> ?HK >Q:FIE> P> NL> MA> :BKIE:G> GHM MA>":KMA :L MA> K>?>K>G<BigKiE2.40>>

IBLIE:<>F>GM

&? :G H;C><M FHO>L K>E:MBO> MH : K>?>K>G<> ?K:F> ?HK >Q:FIE> B? : IKH?>LLHK FHO>L MH MA> KB@AM K>E:MBO> MH : PABM> ;H:K
ILL>G@>K FHO>L MHP:K= MA> K>:K H? :G :BKIE:G> MA>G UMHB}EBHG <A:G@>L 1ABL <A:G@> BG IHLBMBHG BL DGHPG :L
displacement 1A> PHK= a=BLIE:<>F>GMb BFIEB>L MA:M :G H;C><M A:L FHO>= HK A.L ;>>G =BLIE:<>=

1ABL ,I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIlCGE} @K@R <HGM>GM <HE
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IBLIE:<>F>GM
IBLIE:<>F>GM BL Mhange in position H? :G H;C><M
TY Y5' Y

PA>K> T YBL =BLIE:<>F>GNY BL MA> ?BG:E IHLBMBH®% BE-MA> BGBMB:E IHLBMBHG

&G MABL M>QM MA> NII>K <:L> $K>>D EshNEMEKEP:RL F>:GL a<A:G@> BGb PA:M>0>K JN:GMBMR ?HEERREBIGLMANL
change in position EP:RL LHEO> ?HK =BLIE:<>F>GM ;R LN;MK:<MBG@ BGBWIER2KHFLEBBE GILBMBHG

4 > PBEE ;> NLBG@ Y JNBM>: EHM BG MABL <E:LL 4A>G>0O>K RHN L>>Y BG MABL <E:LL BM PBEE :EP:RL F>:G MA> <A:G@> BG PA:M
Y BL BG ?KHGM H? HK ?BG:E FBGNL BGBMB:E

+HM> MA:M MA> 0& NGBM ?HK =BLIE:<>F>GM BL MA> PhlysralR)uassities and Units (https://legacy  .cnx.org/content/
m42091/latest/) ;NM LHF>MBF>L DBEHF>M>KL FBE>L ?>>M :G= HMA>K NGBML H? E>G@MA :K> NL>= (>>| BG FBG= MA:M PA>G NGBM
MA:G MA> F>M>K :K> NL>= BG : IKH;E>F RHN F:R G>>= MH <HGO>KM MA>F BGMH F>M>KL MH <HFIE>M> MA> <:E<NE:MBHG

Figure 2.3 IKH?>LLHK I:<>L E>?M :G= KB@AM PABE> E><MNKBG@ %>K IHLBMBHG K>E:MBY>1MH ":KMA BN@BOEG:R>GM H? MA> IKH?>LLHK
K>E:MBO> MH ":KMA BL K>IK>L>GM>= ;R :G :KKHP IHBGMBG@ MH MA> KB@AM
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Figure 2.4 LLL>G@>K FHO>L ?KHF ABL L>:M MH MA> ;:<D H? MA> |E:G> %BL EH<:MBHG K>E:MBO> MH MA> BKA&:G> BL @BOELIR:<>F>GM
H? MA> [:LL>G@>K K>E:MBO> MH MA> |E:G> BL K>IK>L>GM>= ;R :G :KKHP MHP:K= MA> K>:K H? MA> |E:G> +HMB<> MA:M MA> :KKHP K>IK>L>GMBG@ ABL =BLIE
MPB<>:L EHG@ :L MA> :KKHP K>IK>L>GMBG@ MA> =BLIE:<>F>GM H? MA> IKH?>LLHK A> FHQ=leNMPB<> L ?:K BG

+HM> MA:M =BLIE:<>F>GM AL : =BK><MBHG :L P>EE :L : F:@GBMN=> TA=BHE>GRHCM BL  F MH MA> KB@AM :G= MA> :BKEBG>
ILL>G@>K =BLIE:<>F>GM BL F MHP:K= MA> R&KIG> =BF>GLBHG:E FHMBHG =BK><MBHG <:G ;> LI><B?B>= PBMA : IENL HK FBGNL
LB@G 4A>G RHN ;>@BG : IKH;E>F RHN LAHNE= L>E><M PAB<A =BK><MBHG BL IHLBMBO> NLN:EER MA:M PBEE ;> MH MA> KB@AM HK
?K>> MH L>E><M IHLBMBO> :L ;>BG@ :GR =BK><MBHGL BGAKMBEIHHBMEHG BL N :G= A>K ?BG:E IHLBMBHG BL

Yo N 1ANL A>K =BLIE:<>F>GM BL
TY Y5 Y N N N

&G MABL <HHK=BG:M> LRLM>F FHMBHG MH MA> KB@AM BL IHLBMBO> PA>K>:L FHMBHG MH MA> BBKI&t Bt G>@:MBO> OBFBE:KER
I.LL>G@>K BGBMB:E IHLBMBHG BL N :G=ABL ?BG:E IHLBMBP@ BL N LHABL =BLIE:<>F>GM BL

TY Y5 Y N' N N
%BL =BLIE:<>F>GM BL G>@:MBO> ;><:NL> ABL FHMBHG BL MHP:K= MA> K>:K H? MA> |E:G> Y#BBE&MBHG EB:MBR=HHK=BG:M>
LRLM>F
IBLM:G<>

EMAHN@A =BLIE:<>F>GM BL =>L<KB;>= BG M>KFL H? =BK><MBH®isBikeGRL Bt?BBNM= Mithe=magnitude or size of

displacement between two positions +HM> MA:M MA> =BLM:G<> ;>MP>>G MPH IHLBMBHGL BL GHM MA> L:F> :L MA> =BLM:G<> MK:O>E>=
;>MP>>G MA>Pistance traveled Blthe total length of the path traveled between two positions !'BLM:G<> A:L GH =BK><MBHG :G=

MANL GH LB@G #HK >Q:FIE> MA> =BLM:G<> MA> IKH?>LLHK P:EDLBL F 1A>=BLM:G<> MA> :BKIE:G> .LL>G@>K P:EDLBL F

‘NLM EBD> PBMA |[HLBMBHG :G= =BLIE:<>F>GM MASKG<BL;>MP?>>C MA> F>:GB@@ah® :G= displacement >0>G
MAHN@A MA>R F:R L>>F LBEBEBM L BFIHKM:GM MA:M RHN NG=>KLMS&MABLIAB??HEEHPBG@ GHM> =BL<NLL>L MABL BG
=>M:BE

*BL<HG<>IMBHG E>KM BLMKB@3=>E>= OL *:@GBMN=>H? IBLIE:<>F>GM

&M BL BFIHKM:GM MH GHMdistnbkMaveled AHP>O>K:G ;> @K>:M>K MA:G MA> F:@GBMN=> H? MA> =BLIE:<>F>GM ;R
F:@GBMN=> P> F>:G CNLM MA> LBS> H? MA> =BLIE:<>F>GM PBMAHNM K>@:K= MH BML =BK><MBHG MA:M BL CNLM : GNF;>K PBMA
>Q:FIE> MA> IKH?>LLHK <HNE-= |:<> ;:<D :G= ?HKMA F:GR MBF>L I>KA:IL P:EDBG@ : =BLM:G<>H? F =NKBG@ : E><MNK> R>M LMBE

1ABL ,I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIlCGE} @K@R <HGM>GM <HE
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>G=NIHGER F MH MA>KB@AM H? A>K LM:KMBG@ IHBGM &G MABL <:L> A>K =BLIE:<>F>GM PHNE=;> F MA>F.@GBMN=> H? A>
=BLIE:<>F>GM PHNE=;> F ;NM MA>=BLM:G<> LA> MK:O>E>=PHNE=;> F &G DBG>F:MB<L P> G>:KER :EP:RL =>:E PBMA
=BLIE:<>F>GM :G= F:-@GBMN=> H? =BLIE:<>F>GM :G=:EFHLM G>0O>K PBMA =BLM:G<> MK:0>E>= ,G> P:R MH MABGD :;HNM MABL BL |
:LLNF> RHN F:KD>= MA> LM:KM H? MA> FHMBHG :G= MA> >G= H? MA> FHMBHG 1A> =BLIE:<>F>GK-E<CEFERARA> =B?

IHLBMBHG H? MA> MPH F:KDL :G= BL BG=>I>G=>GM H? MA> |:MA M:D>G BG MK:O>EBG@ ;>MP>>G MA> MPH F:KDL 1A>=BLM:G<> MK
AHP>O>BL MA> MHM:E E>G@MA H? MA> I:MA M:D>G ;>MP>>G MA> MPH F:KDL

Check Y our Understanding

<R<EBLM KB=>L DF P>LM :G= MA>G MNKGL :KHNG=:G=KB=>L DF>:LM : 4A:M BL A>K =BLIE:<>F>GM ; 4A:M =BLM:G<>=H>L
LA>KB=> < 4A:M BL MA> F:@GBMN=> H? A>K =BLIE:<>F>GM

Solution

Figure 2.5

: 1A>KB=>K =BLIE:<>F>GMBLY Y5' Y ' LN 1A>=BLIE:<>F>GM BL G>@:MBO> ;><:NL> P> M:D>>:LM MH ;>
IHLBMBO> :G= P>LM MH ;> G>@:MBO>
; 1A> =BLM:G<> MK:O>E>=BL N LN LI

< 1A> F:-@GBMN=> H? MA> =BLIE:<>F>GNLBL

2.2 Vectors, Scalars, and Coordinate Systems

6HNK .NBS PHNE= HO>K
¢ I>?BGBMBHGL H? O><MHKL :G= L<:E:KL BKMB=>=BRIP>>G MA>F

,MA>K 1ABG@L MH HGLB=+\:I>6=

¢ &G IARLB<L H?M>G MBF>L RHN @>M MH <A:G@> MA> <HHK=BG:M> LRLM>F MH F:M<A MA> LBMN:MBHG LN<A :L =><B=BG@ PA
HKB@BG PBEE ;> LH DGHPBG@ AHP MH F:GBINE:M> MA> <HHK=BG:M> LRLM>F BL : NL>?NE MHHE 1ABL B=>::ELH A:L : ?NG=:F:
<HGG><MBHG MH IARLB<L MA:M P> EE >QIEHK> E:M>K HG
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Figure 2.6 1A> FHMBHG H? MABL "<EBIL> HG<>IM C>M <:G ;> =>L<KB;>= BG M>KFL H? MA> =BLM:G<> BM A:L MK:O>E>= : L<:E:K JN.GMBMR HK BML =BLIE:<>F>
LI><B?B< =BK><MBHG : O><MHK JN:GMBMR &G HK=>K MH LI><B?R MA> =BK><MBHG H? FHMBHG BML =BLIE:<>F>GM FNLM ;> =>L<KB;>= ;:L>= HG : <HHK=BG
MABL <:L> BM F:R ;> <HGO>GB>GM MH <AHHL> FHMBHG MHP:K= MA> E>?M :L IHLBMBO> FHMBHG BM BL MA> ?HKP:K= =BK><MBHG ?HK MA> |E:G> :EMAHN(
MA> Y <HHK=BG:M> KNGL ?KHF E>?M MH KB@AM PBMA FHMBHG MH MA> KB@AM :L IHLBMBO> :G= FHMBHG MH MA®BAMIEBEDIO:MBO> <K>=BM KF<A:BK

6HN F:R ;>@BG MH GHMB<> MA:M MABL <A:IM>K A:L : EHM H? ;:LB< =>?BGBMBHGL &M L BFIHKM:GM ?HK RHN MH NG=>KLM:G= MA>L
BG : ?NG=:F>GM:E P:R MA>R PBEE IE:R :G BFIHKM:GM KHE> BG HNK =BL<NLLBHG H? IARLB<L ELH : EHM H? MA>L> M>KFL RHN F:R
‘EK>:=R A>:K=H? LN<A L :<<>E>KIMBHG ;NM MA>L> PHK=L :ELH A:O> : FHK> IK><BL> IARLB<L =>?BGBMBHG LH F:D> LNK> MA:M RHI
NG=>KLM:G= MA>L> =>?BGBMBHGL BG K>@:K=L MH IARLB<L

4A:M BL MA> 2BR>G<> ;>MP>>G =BLM:G<> :G= =BLIE:<>F>GM 4A>K>:L =BLIE:<>F>GM BL =>?BG>= ;R ;HMA =BK><MBHG :G= F:@GBMN=>
=BLM:G<> BL =>?BG>= HGER ;R F:@GBMN=> IBLIE:<>F>GM BL :G >Q:FIE> H? : O3BM#HKINBIMBMR):FIE> H? : L<:E:K

JN:GMBMRector BL :GR JN:GMBMR PBMAagtitdde and direction ,MA>K >Q:FIE>L H? O><MHKL BG<EN=>: O>EH<BMR H? DF A>:LM
:G=:?HK<>H? G>PMHGL LMK:B@AM =HPG

1A> =BK><MBHG H? : 0><MHK BG HG> =BF>GLBHG:E FHMBHG BL @BO>G LBMEBHENUENL LB@G>3MHKL :K>

K>IK>L>GM>= @K:IAB<:EER ;R :KKHPL G :KKHP NL>= MH K>IK>L>GM : O><MHK A:L : E>G@MA IKHIHKMBEGHEMMN+ MA@ ><MHK
MA> E:K@>K MA> F:@GBMN=> MA> EHG@>K MA> E>G@MA H? MA> O><MHK :G=IHBGML BG MA> L:F> =BK><MBHG :L MA> O><MHK

OHF> IARLB<:E JN:GMBMB>L EBD> =BLM:G<> >BMA>K A:0> GH =BK><MBHG HKGi#E-BBLGR-IRBABMR MA:M A:L :
F:@GBMN=> ;NM GH =BK><MBHG #HK >Q:FEESM>FI>K:MNK> MA> DBEH<:EHKB>L ‘EHKB>L H? >G>K@R BG ::<:G=R ;:K

DF ALI>>= EBFBM : I>KLHG™ F A>B@AM :G=:=BLM:G<>H? F :K>:EE L<:E:KL"IN:GMBMB>L PBMA GH LI><B?B>= =BK><MBHG +HM>
AHP>O>HMAM : L<EK <:G ;> G>@:MBO> LN<A'!L: Z {M>FI>K:MNK> &G MABL <:L> MA> FBGNL LB@G BG=B<:M>L : IHBGM HG : L<:E>
K:MA>K MA:G : =BK><MBHG 0<:E:KL :K> G>0>K K>IK>L>GM>= ;R :KKHPL

HHK=BG:M> ORLM>FL ?HK ,G> IBF>GLBHG:E *HMBHG

&G HK=>K MH =>L<KB;> MA> =BK><MBHG H? : O:RIMHRNINVGMBBIR G:M> : <HHK=BG:M> LRLM>F PBMABG MA> K>?>K>G<> ?K:F> #HK
HG> =BF>GLBHG:E FHMBHG MABL BL : LBFIE> <HHK=BG:M> LRLM>F <HGLBLMBG@ H? : HG> =BF>GLBHG:E <HHK=BG:M> EBG> &G @>
=><KB;BG@ AHKBSHGM:E FHMBHG FHMBHG MH MA> KB@AM BL NLN:EER <HGLB=>K>= I[HLBMBO> :G= FHMBHG MH MA> E>?M BL <H(
O>KMB<:E FHMBHG FHMBHG NI BL NLN:EER IHLBMBO> :G= FHMBHG =HPG BL G>@:MBO> &®BMAAASCAHBEO>K

BM <:G ;> FHK> <HGO>GB>GM MH LPBM<A MA> I[HLBMBO> :G= G>@:MBO> =BK><MBHGL #HK >Q:FIE> B? RHN :K>:G:ERSBG@ MA> FHN\
H;C><ML BM <:G ;> NL>?NE MH =>?BG> =HPGP:K=L :L MA> I[HLBMBO> =BK><MBHG &? I>HIE> BG : K:<>:K> KNGGBG@ MH MA> E>?M BN
=>?BG> E>?M :L MA> IHLBMBO> =BK><MBHG &M =H>L GHM F:MM>K :L EHG@ :L MA> LRLM>F BL <E>:K :G= <HGLBLM>GM ,G<> RHN :LLE
=BK><MBHG :G= LM:KM LHEOBG@ : IKH;E>F RHN <:GGHM <A:G@> BM

(>>1 BG FBG= MA:M E:LM L>GM>G<> ;>?HK> RHN LM:KM PHKDBG@ RHN <:G <A:G@> RHNK <HHK=BG:M> LRLM>F :G= PA:M RHN =>?B
IHLBMBO> :G= G>@:MBO> =BK><MBHGL AHP>0>K RHN P:GM ;NM HG<> RHN LM:KM PHKDB&@hB:MAG@-NBNVRLM>F RHN

1ABL ,I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIlCGE} @K@R <HGM>GM <HE
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Figure 2.7 &M BL NLN:EER <HGO>GB>GM MH <HGLB=>K FHMBHG NIP:K= HK MH MA> K B&/AWNBHBMBTBP: K= HK MH MA> E>?M L G>@:MBO>

Check Y our Understanding

I>KLHGL LI>>= <:G LM:R MA> L:F> :L A> HK LA> KHNG=L : <HKG>K :G= <A:G@>L =BK><MBHG $BO>G MABL BG?HKF:MBHG BL LI>>=:
L<:E:K HK : O><MHK JN:GMBMR "QIE:BG
Solution

0I>>=BL : L<:E:K JN:GMBEMR =H>L GHM <A:G@> :M :EE PBMA =BK><MBHG <A:G@>L MA>K>?HK> BEIZBMP@IGBMN=>HGER
O><MHK JN:GBBMRINE= <A:G@> :L =BK><MBHG <A:G@>L >0>G B? BML F:@GBMN=> K>F:BG>= <HGLM:GM

2.3 Time, Velocity , and Speed

Your Quiz would Cover
c !>L<KB;BG@ AHP O>EH<BMRBGHB?KHF LI>>=
¢ &=>GMB?RBG@ MA:M O>EH<BMR A.L : =BK><MBHG
¢ &=>GMB?RBG@ MA:M O>EH<BMR BL :EP:RL I:K:EE>E MH MA> |:MA
¢ OHEOBG@ ?HK IHLBMBHG L : 2NG<MBHG H? MBF> @BO>G O>EH<BMR L : ?NG{MBHE H >R BS @ MARN FER PBMA
LBFNE:MBHGL

Other Things to Consider as Y ou Read:
¢ LPBMA MA> IK>OBHNL L><MBHGL MA>K> :K>: <HNIE> H? =>?BGBMBHGL MH |:R :MM>GMBHG MH 1A>K> :K> LHF> M>KFL RHN F
A>:K=;>?HK> ;NM :@:BG BM L MA> LI><B?B< IARLB<L =>?BGBMBHG MA:M L BFIHKM:GM MH DGHP

Figure 2.8 1A> FHMBHG H? MA>L> K:<BG@ LG:BEL <:G ;> =>L<KB;>= ;R MA>BK LI>>=L :G= MA>BK O>EH<BMB#EB<{O-BM MH;BM:L?EB<DK

1A>K> BL FHK> MH FHMBHG MA:G =BLM:G<> :G= =BLIE:<>F>GM .N>LMBHGL LN<A :L a%HP EHG@ =H>L : ?HHM K:<> M:D> b :G= a4A:M P.
MA> KNGGEAK>>= b <:GGHM ;> :GLP>K>= PBMAHNM :G NG=>KLM:G=BG@ H? HMA>K <HG<>IML &G MABL L><MBHG P> :== =>?BGBMBHGI
O>EH<BMRLI>>= MH >QI:G= HNK =>L<KBIMBHG H? FHMBHG
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1BF>

L =BL<NLL>= B@hysical Quantities and Units (https://legacy  .cnx.org/content/m42091/latest/) MA> FHLM ?NG=:F>GM:E

IARLB<:E JN:GMBMB>L :K>=>?BG>= ;R AHP MA>R :K> F>.LNK>= 1ABL BL MA> <:L> PBMA MBF> "O>KR F>:LNK>F>GM H? MBF> BGOHEO:
F>LNKBG@ : <A:G@> BG LHF> IARLB<:E IN&GMBRIR : GNF;>K HG : =B@BM:E <EH<D : A>:KM;>:M HK MA> IHLBMBHG H? MA> ONG BG
MA> LDRG IARLB<L MA> =>?BGBMBHG H? MBF#imk [BREhERGe HK MA> BGM>KO:E HO>K PAB<A <A:G@> H<<NKL &M BL BFIHLLB;E> MH
DGHP MA:M MBF> AL I:.LL>= NGE>LL LHF>MABG@ <A:G@>L

1A> :FHNGM H? MBF> HK <A:G@> BL <:EB;K:M>= ;R <HFI:KBLHG PBMA : LM:G=:K= 1A> 0& NGBM ?HK MBF> BL MA> L><HG= :;;K>0B:M>=
FB@AM ?HK >Q:FIE> H;L>KO> MA:M : <>KM:BG I>G=NENF F:D>L HG> ?NEE LPBG@ BN MA>@ NL> MA> |>G=NENF MH

F>:LNK> MBF> ;R <HNGMBG@ BML LABGENKiEK ;R <HGG><MBG@ MA> I>G=NENF MH : <EH<D F><A:GBLF MA:M K>@BLM>KL MBF> HG :
=B:E 1ABL :EEHPL NL MH GHM HGER F>:LNK> MA> :FHNGM H? MBF> ;NM :ELH MH =>M>KFBG> : L>JN>G<> H? >O>GML

%HP =H>L MBF> K>E:M> MH FHMBKSNLN:EER BGM>K>LM>= BG >E:|L>= MBF> ?HK : LKMB<NE:K FHMBHG LN<A :L AHP EHG@ BM M:D>L
BKIE:G> |:.LL>G@>K MH @>M ?KHF ABL L>:M MH MA> ;:<D HMNMBS{=GAL:= MBF> P> GHM> MA> MBF> :M MA> ;:>@BGGBG@ :G=>G=

H? MA> FHMBHG :G= LN;MK:<M MA> MPH #HK >Q:FIE> : E><MNK> F:R LM:KM :M *.G=>G=M * LH MA:M MA> >E:IL>=

MBF> PHNE= ;> FB@&lapsed time M BL MA>28>G<> ;>MP>>G MA> >G=BG@ MBF> :G= ;>@BGGBG@ MBF>

TU ' U
PA>K> T | BL MA> <A:G@> BG MBF> HK >E:IL>=¥€|\HBFMA> MBF> :M MA> >G= H? MA> FHMBIBG B> MBF> :M MA> ;>@BGGBG@ H?
MA> FHMBHG L NLN:E MA>=>EM: LRF;AEGL MA> <A:G@> BG MA> JN:GMBMR MA:M ?HEEHPL BM
)B?> BL LBFIE>K B? MA> ;>@BGGRERD MEFESG MH ;> S>KH :L PA>G P> NL> : LMHIP:M<A &? P> P>K>NLBG@ : LMHIP:M<A BM PHNE=
LBFIER K>:= S>KH :M MA> LM:KM H? MA> E><MNK> :G= FBG :\JMA> »A>&@T U LéV l

&G MABL M>QM ?HK LBEIEB<BMR®
¢ FHMBHG LM:KML :M MBF> >JN:E M S>KH

¢ MA> LRF;HHE BL NL>= ?HK >E:IL>= MBF> NGE>LL HMA>KPBL> LTJB g U

4 > PBEE :ELH ;> NLBG@ MABL LBFIEB FBERMBEGRL F>:Gl | :G= BGBMB:E MBF> PBEE :EP:RL ;> S>KH NGE>LL LM:M>= HMA>KPBL>

3>EH<BMR

&M L 2B2NEM MH NG=>KLM:G= IARLB<L PBMAHNM NG=>KLMiGARE HBEM=BKAEBS> PA:M O>EH<BMR BL :G= MABGD :;;HNM PA:M
G>@:MBO> O>EH<BMR F>:GL :L P>EE

6HNK GHMBHG H? O>EH<BMR BL IKH;;;ER MA> L:F> L BML L<B>GMBEDBK P-MBGBRMBRIGNGA:O> : E:K@> =BLIE:<>F>GM BG : LF:EE
:FHNGM H? MBF> RHN A:0> : E:K@> OXEHMBMRO>EH<BMR A:L NGBML H? =BLM:G<>=BOB=>= ;R MBF> LN<A :L FBE>L I>K AHNK HK
DBEHF>M>KL I>K AHNK

O>K:@>3EH<BMR
Average velocity Bldisplacement (change in position) divided by the time of travel
w LYy Yo Y
TU & U
PA>K> V' BL MAawerage BG=B<:M>= ;R MA> ;:K HO>KWB>EH<BMRY BL MA> <A:G@> BG IHLBMBHG HK =BLIE:<>F¥gM :G=
:G= Y :K>MA>?BG:E :G=;>@BGGBG@ IHLBMBHG’QL'GM: MBFKELI><MBO¥ERVIA> LM:KMBG @JNBR#:D>G MH ;> S>KH
MA>G MA> :0>K:@> O>EH<BMR BL LBFIER

TY
W g

1ABL ,I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIlCGE} @K@R <HGM>GM <HE
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1A> >JN:MBHG :;HO> BL : F:MA>F:MB<:E =>?BGBMBHG &7 RHEINBED ;HNM IARLB<L L : L>KB>KHGMER=>:L MA>
>JN:MBHG BL CNLM :GHMA>K K>IK>L>GM:MBHG H? MA>B+46@ PBMAHABMR>?BGBMBHG PBMA PHK=L &M L BFIHKM:GM MH DGHP PA
O>EH<BMR BL BG ;HMA PHK=L :G= MA> F-MA>F:MB<L :L P>EE :L MH <HGG><M MAHL> MPH =>?BGBMBHGL MH@>MA>K

+HMB<> MA:M MABL =>?BGBMBHG B€&loBity 44 Watd because displacement is a vector &M A:L ;HMA F:@GBMN=> :G= =BK><MBHG
1A> 0& NGBM ?HK O>EH<BMR BL F>M>KL I>K L><HG=HK F L ;NM F:GR HMA>K NGBML LN<A:L DFA FBA :ELH PKBMM>G L FIA :G=<F
:K>BG <HFFHG NL> ONIIHL> ?HK >Q:FIE> :G :BKIE:G> I:.LL>G@>K MHHD L><HG=L MH FHO>f F MA> G>@:MBO> LB@G BG=B<:M>L MA
=BLIE:<>F>GM BL MHP:K= MA> ;:<D H? MA> |IE:G> %BL :0>K:@> O>EH<BMR PHNE= ;>
TY ° N .
W U T N
1A> FBGNL LB@G BG=B<:M>L MA> :0>K:@> O>EH<BMR BL :ELH MHP:K= MA> K>:K H? MA> |E:G>

1A> :0>K:@> O>EH<BMR H? :G H;C><M =H>L GHM M>EE NL :GRMABG@ :;HNM PA:M A:lI>GL MH BM ;>MP>>G MA> LM:KMBG@ IHBGM :G=
AHP>0O>KHK >Q:FIE> P> <:GGHM M>EE ?KHF :0>K:@> O>EH<BMR PA>MA>K MA> :BKIE:G> |:LL>G@>K LMHIL FHF>GM:KBER HK ;:<DL NI
;>?HK> A> @H>L MH MA> ;:<D H? MA> E@>M FHK> =>M:BEL P> FNLM <HGLB=>K LF:EE>K L>@F>GML H? MA> MKBI HO>K LF:EE>K MBF>
BGM>KO:EL

Figure 2.9 FHK> =>M:BE>= K><HK= H? :G :BKIE:G> l:.LL>G@>K A>:=BG@ MHP:K= MA> ;:<D H? MA> IE:G> LAHPBG@ LF:EE>K L>@F>GML H? ABL MKBI

1A> LF:EE>K MA> MBF> BGM>KO:EL <HGLB=>K>= BG : FHMBHG MA> FHK> =>M:BE>= MA> BG?HKF:MBHG 4A>G P> <:KKR MABL IKH<>LL
<HG<ENLBHG P> :K> E>?M PBMA :G BG?BGBM>LBF:EER LF:EE BGM>KO:E ,0>K LN<A :G BGM>KO:E MA> :0>K:@> O>EH<BMR ;><HF>L |
instantaneous velocity HK MAzlocity at a specific instant <:K 'L LI>>=HF>M>KHK >Q:FIE> LAHPL MA> F:@GBMN=> ;NM GHM MA>
=BK><MBHG H? MA> BGLM:GM:G>HNL O>EH<BEBI+2@BO><MB<D>ML ;:.L>= HG BGLM:GM:G>kINM BAEB<BERRE:MBG@ AHP

EHG@ BM PBEE M:D> MH @>M ?KHF HG> IE:<> MH :GHMA>K HG : KH:= MKBI RHN G>>= Mhshirra@eavelocityH<BWEBL

MA> :0>K:@> O>EH<BMR :M : LI><B?B< BGLM:GM BG MBF> HK HO>K :G BG?BGBM>LBF:EER LF:EE MBF> BGM>KO:E

*MA>F:MB<:EElBG=BG@ BGLM:GM:G>HNL O>EHJBMEBL> BGLM: G BGOHEO> M:DBG@ : EBFBM : <:E<NENL HI>K:MBHG ;>RHG=

MA> L<HI> H? MABL M>QM %NB=8i%Ik:GR <BK<NFLM:G<>L P> <:G ?BG= IK><BL> O:EN>L ?HK BGLM:GM:G>HNL O>EH<BMR PBMAHNM
<:E<NENL

Ol>>=

L PBMA IHLBMBHG :G= =BLIE:<>F>GM LI>>=:G= O>EH<BMR :K> :ELH MPH LBFBE:K B=>:L ;RMKPENA =BHNMB&XMHB?
PA:M >:<A F>:GL :G= AHP MA> =BK BG F>:GBG@

&G >0>KR=:R E:G@N:@> FHLM I>HIE> NL> MA> M>KFL alLI>>=b :G= aO>EH<BMRb 8GMR{BXC @HPERAK>R =H GHM A:0>
MA> L:F> F>:GBG@ :G= MA>R :K>=BLMBG<M <HG<>IML ,G2>REB¥H?MA:M LI>>= A:L GH =BK><MBip@edAdNa scalar

‘NLM :L P> G>>= MH =BLMBG@NBLA ;>MP>>G BGLM:GM:G>HNL O>EH<BMR :@>:(EtK @>H<BURBG@NBLA ;>MP>>G
BGLM:GM:G>HNL LI>>=:G=:0>K:@> LI>>=

Instantaneous speed BL MA> F:@GBMN=> H? BGLM:GM:G>HMHR>EHRIBEMRNIIHL> MA> :BKIE:G> |:.LL>G@>K :M HG> BGLM:GM
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A:=:G BGLM:GM:G>HNL O>EH<BMR H? f FL MA>FBGNL F>:GBG@ MHP:K= MA> K>:K H? MA> IE:G> M MA:M L:F> MBF> ABL BGLM:GM:(
LI>>=P:L  FL ,KLNIIHL> MA:M :M HG> MBF> =NKBG@ : LAHIIBG@ MKBI RHNK BGLM:GM:G>HNL O>EH<BMR BLHNI¥ A =N> GHKMA 6
BGLM:GM:G>HNL LI>>=:M MA:M BGLM:GM PHNE= ;> DF A*MA> L:F> F:@GBMN=> ;NM PBMAKNMK: @B Kl><MBAHP>08{

O>KR ZBK>GM ?KHF :0>K:@> O>EterBitRspeed BL MA> =BLM:G<> MK:O>E>= =BOB=>= ;R >E:|L>= MBF>

4 > A:0> GHM>= MA:M =BLM:G<> MK:0>E>= <:G ;> @K>:M>K MA:G =BLIE:<>F>GM O0OH :0>K:@> LI>>= <:G ;> @K>:M>K MA:G :0>K:@> O>E}
PAB<A BL =BLIE:<>F>GM =BOB=>= ;R MBF> #HK >Q:FIE> B? RHN =KBO> MH : LMHK> :G= K>MNKG:GHRHBE A'K? :G AHNK

H=HF>M>K LAHPL MA> MHM:E =BLM:G<> MK:O>E>= P:L DF MA>G RHNK :0>K:@> LI>>HRK :(DK A6 O>EHABRIFO>K

P:L S>KH ;><:NL> RHNK =BLIE:<>F>GM ?HK MA> KHNG= MKBI BL S>KH !BLIE:<>F>GM BL <A:G@> BG IHLBMBHG :G= MANL BL S>KH ?H]
MKBI 1ANL :0>K:@> LI>>;BLLBFIER MA> F:@GBMN=> H? :0>K:@> O>EH<BMR

Figure 2.10 INKBG@ : FBGNM> KHNG= MKBI MH MA> LMHK> MA> MHM:E =BLM:G<> MK:O>E>=BL DF 1A>:0>K:@> LI>>=BL DF A 1A> =BLIE:<>F>GM ?HK M/
KHNG= MKBI BL S>KH LBG<> MA>K> P:L GH G>M <A:G@> BG IHLBMBHG 1ANL MA>:0>K:@> O>EH<BMR BL S>KH

GHMA>K P:R H? OBLN:EBSBG@ MA> FHMBHG H? :G H;C><M BL MH NL>: @K:IA IEHM H? IHLBMBHG HK H? O>EH<BMR L : ?NG<MBHG |
O>KR NL>?NE #HK >Q:FIE> ?HK MABL MKBI MH MA> LMHK> MA>@#LUBMBHU QHEFH<@WRAL :K> =BLIE:R>FBGe 2.11

+HM> MA:M MA>L> @K:IAL =>IB<M : O>KR LBieliEB HB>MA> MKB1 :K> (LLNFBG@ MA:M LI>>= BL <HGLM:GM =NKBG@ MA> MKBI PAB<A

BL NGK>:EBLMB< @BO>G MA:M P>"EE IKH;:;;ER LMHI :M MA> LMHKE L10M F:$PEEHEBRBMEBM PBMA GH LMHIL HK <A:G@>L BG

LI>>= 4 >:K>:ELH LLNFBG@ MA:M MA> KHNM> ;>MP>>G MA> LMHK> :G= MA> AHNL> BL : I>K?><MER LMK:B@AM EBG>

1A> B=>: H? FH=>EEBG@ : LBMN:MBHG PBMA : FHK> LBFIEB?B>= O>KLBHG BL |:KMB<NE:KER NL>?NE #HK >Q:FIE> B? RHN P:GM MH
O>EH<BMR H?: I>KLHG P:EDBG@ ?HKP:K=:M: LI>>= RHN <HNE= MK>:M MA>BK FHMBHG L : LBG@E> IHBGM FHOBG@ ?HKP:K=BG :
EBG> />:EBLMBMBER-KLHG <HNE= ;> P:EDBG@ BG : EBG> MA:WP | HEEB@AMEB @AM HK MA>R <HNE= ;> P:.EDBG@ :M LEB@AMER
O:KRBG@ LI>>=L :G=2=B2GM I:KML H? MA>BK ;H=R <HNE= ;> LAB?MBG@ :KHNG= EBD> MA>BK :KFL <HNE= ;> LPBG@BG@ ;NM H?M>
RHN =HG M K>:EER A:0> MH <:K> 4A>G RHN =H <:K> RHN <:G ?:<MHK BG MAIH?Z2NMMG BBBK. MA> FH=>E BL <EHL>

>GHN@A MH K>:EBNBR NLN:EER HGERH?>P I>K<>GM 1ABL B=>: H? FH=>EBG@ PBEE <HF> NI E:M>K BG MABL <HNKL> :L P>EE
>LI><B:EER PBMA ?HK<>L

1ABL ,I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIlCGE} @K@R <HGM>GM <HE
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Figure 2.11 -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>

‘NLM EBD> AHP MA>K> BL : F:MA>F:MB<:E K>IK>L>GM:MBHG H? O>EH<BMR :G=: K>IK>L>GM:MBHG H? O>EH<BMR BG PHK=L MA> :;H
@K:IAB<:E K>IK>LGM:MBHG H? OMBHRBMIR:IIER MH HMA>K <HG<>IML MA:M P> PBEE =BL<NLL BG <E:LL :G=;>BG@ :;E> MH <HGG><M
:EE H? MA>L> K>IK>L>GM:MBHGL MH@>MA>K MH MA> B=>: PBEE A>El RHNK NG=>KLM:G=BG@
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*DBG@ HGG><MBH@E> ®%HF> &GO>LMB@:MBHG"$>MMBG@ : 0>GL> H? 0I>>=

&? RHN A:O> LI>GM FN<A MBF> =KBOBG@ RHN IKH;;;ER A:0>: @HH= L>GL> H? LI>>=L ;>MP>>G ;;HNM :G= FBE>L I>K AHNK
NM PA:M :K> MA>L> BG F>M>KL I>K L><HG= 4A:M =H P> F>:G PA>G P> L:R MA:M LHF>MABG@ BL FHOBEG@>M : FL 1
>MM>K L>GL> H? PA:M MA>L> O:EN>L K>:EER F>:G =H LHF> H;L>KO:MBHGL :G= <:E<NE:MBHGL HG RHNK HPG

¢ <:E<NE:M> MRIB<:E <K LI>>=L BG F>M>KL I>K L><HG=
¢ >LMBF:M>CH@@BG@ :G=P:EDBG@ LI>>= ;R MBFBG@ RHNKL>E? <HGO>KM MA> F>:LNK>F>GML BGMH ;HMA F L :G=FB A
¢ =>M>KFBG> MA> LI>>=H?:G :GM LG:BE HK ?:EEBG@ E>:?

& PHNE= AB@AER LN@@>LM MKRBG@ HNM MA>L> *DBG@ HGG><MBHGL L><MBHGL L>>BG@ IARLB<L BG MA> K>:E PHKE= PBEE
;>MM>K NG=>KLM:G= MA> IARLB<L BG MABL <E:LL ;NM PBEE F:D> RHN NG=>KLM:G=BG@ :G= :IIK><B:MBHG H? G:MNK> FN<A KB<A>k

Check Y our Understanding

<HFFNM>K MK:BG MK:O>EL ?KHF :EMBEFHABO@MHG ! :G=;<DBG AHNK:G= FBGNM>L 1A>=BLM:G<>;>MP>>G MA>
MPH LM:MBHGL BL :IIKHQBF:M>ER FBE>L 4A:M BL : MA> :0>K:@> O>EH<BMR H? MA> MK:BG :G= ; MA> :0>K:@> LI>>= H? MA> MK:
FL
Solution

: 1A>:0>K:@> O>EH<BMR H? MA> MK:BG BL S>K¥5><NLMA> MK:BG >G=L NI :M MA> L:F> |IE:<> BM LM:KML

; 1A>:0>K:@> LI>>= H? MA> MK:BG BL <:E<NE:M>+HMHRA:M MA> MK:BG MK:O>EL FBE>L HG>P:R :G= FBE>L ;:<D ?HK:
MHM:E =BLM:G<>H? FBE>L

EJHAODE NJM

UJNF NJO®
NJMET 6B _NBFS NJOVUF
NJOVUFNJMF 6B TFDPOE%l

2.4 Acceleration

Your Quiz would Cover
¢ &=>GMB?RBG@ MA:M :<<>E>K:MBHG AL : =BK><MBHG
¢ 2LBG@ MA> K>E:MBHGLABI ;>MP>>G :0>K:@> O>EH<BMR :G= IHLBMBHG MH LHEO> IKH;E>FL :;HNM MA> FHMBHG H? H;C><ML
¢ !>L<KB;BG@ AHP O>EH<BMR PBEE <A:G@> @BO>G :<<>E>K:MBHG

Other Things to Consider as Y ou Read:
¢ <<>E>K:MBHG BL : FHK> ;;LMK:<M <HG<>IM MH PK:l RHNK A>:= :KHNG= MA:G O>EH<BMR :G= IHLBMBHG :G= BM FB@AM M:D> L}
MBF> :G= IK:<MB<> MH NG=>KLM:G=

1ABL ,I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIlCGE} @K@R <HGM>GM <HE
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Figure 2.12  |E:G> =><>E>K:M>L HK LEHPL =HPG :L BM <HF>L BG ?HK E:G=BG@ BG OM *::KM>G &ML :<<>E>K:MBHG BL HIIHLBM> B&=HK%#<MBHG MH BML O>t
OM>0> HGK#EB<DK

&G >0>KR=:R <HGO>KL:MBHG MH :<<>E>K:M> F>:GL MH LI>>= NI 1A> :<<>E>K:MHK BG : <K <:G BG ?:<M <:NL> BM MH LI>>= NI 1A> @K:
MAzcceleration MA> @K>:M>K MA> <A:G@> BG O>EH<BMR HO>K : @BO>G MBF> 1A> ?HKF:E =>?BGBMBHG H? :<<>E>K:MBHG BL <HGL
MA>L> GHMBHGL ;NM FHK> BG<ENLBO>

O>K:@> <<>E>K:MBHG

Average Acceleration Blthe rate at which velocity changes

g Iw W W
TU ¢ U

PA>K> BBL :0>K:@> :<<>E>K:MBHE. O>EH<@R | BL MBF> 1A>;:K HO>K M2s>:GL average :<<>E>K:MBHG

><:NL> :<<>E>K:MBHG BL O>EH<BMR BG F L =BOB=>= ;R MBF>BG L MA> 0& NGBML RHKI: ENESKENBIG> 464G = LIN:K>=
HK F>M>KL I>K L><HG= I>K L><HG= PAB<A EBM>K:EER F>:GL ;R AHP F:GR F>M>KL I>K L><HG= MA> O>EH<BMR <A:G@>L >O>KR L><HG

/><:EE MA:M O>EH<BMR BL : O><MHK"BM A.L ;HMA F:@GBMN=> :G= =BK><MBHG 1ABL F>:GL MA:M : <A:G@> BG O>EH<BMR <:G ;> : <A(
F:@GBMN=> HK LI>>= ;NM BM <:G :ELH ;> : <A:Gi@ectih #HK >Q:FIE> B? : <:K MNKGL : <HKG>K :M <HGLM:GM LI>>= BM BL
<<>E>KIMBG@ ;><:NL> BML =BK><MBHG BL <A:G@BG@ 1A>JINB<D>K RHN MNKG MA> @K>:M>K MA> :<<>E>K:MBHG OH MA>K> BL :G
PA>G O>EH<BMR <A:G@>L >BMA>K BG F:@GBMN=> :G BG<K>:L> HK =><K>:L> BG LI>>= HK BG =BK><MBHG HK ;HMA

)BD> PBMA O>EHAERIRH BGM>KG:EBS> PA:M :0>K:@> :<<>E>K:MBHG F>:GL BML F:MA>F:MB<:E K>IK>L>GM:MBHG :;HO> :G= MKR MF
<HGG><M MA>L> MPH =>?BGBMHGL

<<>E>K:MBHG ;L >3MHK

<<>E>K:MBHG BL : 0><MHK BG MA> L:F> =BK><¢iBhife B&MA>EH<BMROBG<> O>EH<BMR BL : BMMBKA:G@> >BMA>K
BG F:@GBMN=> HK BG =BK><MBHG <<>E>K:MBHG BL MA>K>?HK> : <A:G@> BG >BMA>K LI>>= HK =BK><MBHG HK ;HMA

(>>1 BG FBG= MA:M :EMAHN@A :<<>E>K:MBHG BL BG MA> =B&ngd/ilBE GHEHVBWIRL GHM :EP:RL BG MA> =BKnatMBHG H?
4A>G :G H;C><M LEHPL =HPG BML :<<>E>K:MBHG BL HIIHLBM> MH MA> =BK><MBHG H? BML Fidd&BH&@idhABL BL DGHPG :L



AIIM>K T (BG>F:MB<L

Figure 2.13 LN;P:R MK:BG BG 0:H -:NEH K:SBE =><>E>K:M>L :L BM <HF>L BGMH : LM:MBHG &M BL :<<>E>K:MBG@ BG : =BK><MBHG HIIHLBM> MH BML =BK><I
FHMBHG <K>=BWM\B> (:P:L:DB #EB<DK

*BL<HG<>IMBHG E>KM [><>E>K:MBHG OL +>@:MBO> <<>E>K:MBHG

I><>E>K:MBHG :EP:RL K>?>KL MH :<<>E>K:MBHG BG MA> =BK><MBHG HIIHLBM> MH MA>I=8K#/IBBE G ‘BRARLO>EH<BMR
K>=N<>L LI>>= +>@:MBO> :<<>E>K:MBHG ABP>G>K>K:MBHBe negative direction in the chosen coordinate system

+>@:MBO> :<<>E>K:MBHG F:R HK F:R GHM ;> =><>E>K:MBHG :G= =><>E>K:MBHG F:R HK F:R GHM ;> <HGLB=>K>= G>@:MBO>
<<>E>KIMBHG #HK >Q:FIE> <HGEBzrK2.14

1ABL ,|I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIGE» @KR <HGM>GM <HE
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Figure 2.14 : 1ABL <K BL LI>>=BG@ NI :L BM FHO>L MHP:K= MA> KB@AM &M MA>K>?HK> A:L IHLBMBO> :<<>E>K:MBHG BG HNK <HHK=BG:M> LRLM>F ; 1A
LEHPBG@ =HPG :L BM FHO>L MHP:K= MA> KB@AM 1A>K>?HK> BM A:L G>@:MBO> :<<>E>K:MBHG BG HNK <HHK=BG:M> LRLM>F ;><:NL> BML :<<>E>K:MBH
E>?M 1A> <K BL :ELH =><>E>K:MBG@ MA> =BK><MBHG H? BML :<<>E>K:MBHG BL HIIHLBM> MH BML =BK><MBHG H? FHMBHG < 1ABL <:K BL FHOBG@ MH
LEHPBG@ =HPG HO>K MBF> 1A>K>?HK> BML :<<>E>K:MBHG BL IHLBMBO> BG HNK <HHK=BG:M> LRLM>F ;><:NL> BWABL<MHBL:K= MA> KB@AM %HP>0>K
=><>E>K:MBG@ ;><:NL> BML :<<>E>K:MBHG BL HIIHLBM> MH BML FHMBHG = 1ABL <:K BL LI>>=BG@ NI :.L BM FHO>L MHP:K= MA> E>?M &M AL G>@:MBO>
;><:NL> BM BL :<<>E>K:MBG@ MHP:K= MA> E>?Mk HHPBOIEK<<>E>K:MBHG BL BG MA> L:F> =BK><MBHG :L BML FHMBHG n8M BL LI>>=BG@ NI
=><>E>K:MBG@

1ABL FBL<HG<>IMBHG BL : IBM F:GR LMN=>GML ?:EE BGNAFKBE>K>KK><BL> =>?BGBMBHGL ?HK M>KFL LN<A L :<<>E>K:MBHG
MA:M P> P:GM RHN MH DGHBGHPBG@ MA>L> PBEE A>ElI RHN :OHB= MA>L> FBLNG=>KLM:G=BG@L

Example 2.1 Calculating Acceleration: A Racehorse Leaves the Gate

K:<>AHKL> <HFBG@ HNM H? MA> @:M> :<<>E>K:M>L ?KHF K>LM MH : O>EH<BMR H? FL=N>P>LMBG L 4A:M BL BML :O>K:@>
<<>E>K:MBHG
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Figure 2.15 <K>=BM 'HG ONEEBO:G -! -AHMH HK@

Strategy

#BKLM P> =K:P : LD>M<A :G=LLB@G : <HHK=BG:M> LRLM>F MH MA> IKH;E>F 1ABL BL : LBFIE> IKH;E>F ;NM BM :EP:RL A>EIL MH
OBLN:EBS>BM +HMB<>MA:M P> :LLB@G >:LM :L IHLBMBO> :G= P>LM :L G>@:MBO> 1ANL BG MABL <:L> P> A:0> G>@:MBO> O>EH<I

Figure 2.16

4 > <:G LHEO> MABL IKH;E>F ;R B=>GMBYRBS@ | ?KHF MA> @BO>G BG?HKF:MBHG :G= MA>G <:E<NE:MBG@ MA> :0>K:@>

-<<>E>K:MBHG =BK><MER ?KHF MA>BJN=:I¥-¥¥IG—V%:—|\§V

Solution

&=>GMB?R MA> DGHAGL W N MA>G>@:MBO> LB@G BG=B<:M>L =BK><MBHG MHPtK= MA> P>LM

#BG= MA> <A:G@> BG O>BB&BMRIA> AHKL> BL @HBG@ ?KHF S>KH MN BML <A:G@> BG O>EH<BMR >JN:EL BML ?BG:E
O>EH<BMRW i ' N

-EN@ BG MA> DGHPG O:EN¥L:G= T :G= LHEO> ?HK MA> NGDGBIPG
B IW N T NT

TU T

Discussion

1A> G>@:MBO> LB@G ?HK :<<>E>K:MBHG BG=B<:M>L MA:M :<<>E>K:MBHG BL MHP:K= MA> P>LM NGI: <ksEBKLMBHG H?

F>:GL MA:M MA> AHKL> BG<K>:L>L BML O>EH<BMR ;R FL =N>P>LM >:<A L><HG= MA:MBL  F>M>KL I>K L><HG= [>K L><HG=
PAB<A P> PKBM> :L NT 1ABL BL MKNER :G :0>K:@> :<<>E>K:MBHG ;><:NL> MA> KB=> BL.GHNHEHHMAMPK MA:M

:G :<<>E>K:MBHG H? MABL F:@GBMN=> PHNE= K>JNBK> MA> KB=>K MH A:G@ HG PBMA : ?HK<> G>:KER >JN:E MH ABL P>B@AM

&GLM:GM:G>HNL <<>E>K:MBHG

Instantaneous acceleration E HK MAeeceleration at a specific instant in time BL H;M:BG>= ;R MA> L:F> IKH<>LL :L =BL<NLL>=

?HK BGLM:GM:G>HNL O>EHxBMReBGIty , and Speed (https://legacy .cnx.org/content/m42096/latest/) ~MA:M BL ;R

<HGLB=>KBG@ :G BG?BGBM>LBF:EER LF:EE BGM>KO:E H? MBF> %HP =H P> ?BG= BGLM:GM:G>HNL :<<>E>K:MBHG NLBG@ HGER :E@
BL MA:M P> <AHHL> :G :0>K:@> :<<>E>K:MBHG MA:M BL K>IK>L>GM:MBO3 k2 MA? EAMBH@K:IAL H? BGLM:GM:G>HNL

:<<>E>K:MBHG O>KLNL MBF> ?HK MPHOSKREBABHGIg&E2.17 : MA> :<<>E>K:MBHG O:KB>L LEB@AMER :G= MA> :O>K:@> HO>K

MA> >GMBK> BGM>KO:E BL G>:KER MA> L:F> :L MA> BGLM:GM:G>HNL :<<>E>K:MBHG :M :GR MBF> &G MABL <:L> P> LAHNE= MK>:M M/

1ABL ,|I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIGE» @KR <HGM>GM <HE


https://legacy.cnx.org/content/m42096/latest/
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BM A:=: <HGLM:GM :<<>E>K:MBHG >JN:E MH MA> :0>K:@> BG MABL NL?r-:;EENQure 2.17 ; MA> :<<>E>K:MBHG O:KB>L

=K:LMB<:EER HO>K MBF> &G LN<A LBMN:MBHGL BM BL ;>LM MH <HGLB=>K LF:EE>K MBF> BGM>KO:EL :G= <AHHL> :G :O>K:@> :<<>E>k
#HK >Q:FIE> P> <HNE= <HGLB=>K FHMBHG HO>K MA> MBF> BGM>KO:EL ?KHF MH L :G=?KHF MH L L L>:K:M>FHMBHGL PBMA
<<>E>K:MBHGLH? N T:G= N T K>LI><MBO>ER

Figure 2.17 $K:IAL H? BGLM:GM:G>HNL :<<>E>K:MBHG O>KLNL MBP>RHEMWRE=BBF>GLBHG:E FHMBHGL : %>K> :<<>E>K:MBHG O:KB>L HGER LEB@AMER :G=
BL :EP:RL BG MA> L:F> =BK><MBHG LBG<>BM BL IHLBMBO> 1A>:0>K:@> HO>K MA> BGM>KO:E BL G>:KER MA> L:F> :L MA> :<<>E>K:MBHG :M :GR @BO>G MB
:<<>E>K:MBHG O:KB>L @KKMERK>IK>L>GMBG@ : I:<D:@> HG : IHINB&2<HGO>RHK ;>EM MA:M BL :<<>E>K:M>= ?HKP:K=:G=;:<DP:K=:L BM ;NFIL :EHG@

&M BL G><>LL:KR MH <HGLB=>K LF:EE MBF> BGM>KO:EL LN<A:L ?KHF MH L PBMA <HGLM:GM HK G>:KER <HGLM:GM :<<>E>K:MBHG BG LN<A : LBMN:MBH
1A> G>QM L>0O>K:E >Q:FIE>L <HGLB=>K MA> FHMBHG H? MA> LN;P:R MKB6 LABP&®BG MA> LANMME> FHO>L MH MA> KB@AM

:G=BG ; BM FHO>L MH MA> E>?M 1A> >Q:FIE>L K> =>LB@G>= MH ?NKMA>K BEENLMK:M> :LI><ML H? FHMBHG :G= MH BEENLMK:M> L|
K> LHGBG@ MA:M @H>L BGMH LHEOBG@ IKH;E>FL

Figure 2.18 ,G> =BF>GLBHG:E FHMBHG H? : LN;P:R MK:BG <HGLB=ziKpe BG Example 2.3 Example 2.4 Example 2.5 Example 2.6 :G=

Example 2.7 %>K> P> A:0> <AHL>G MA¥:QBL LH MAM F>:GL MH MA> KB@AMESEL MH MA> E>?M ?HK =BLIE:<>F>GML O>EH<BMB>L :G= :<<>E>K:MBHGL
: 1A> LN;P:R MK:BG FHO>L MH MA> KB@AM MHFY &ML =BLIE:<>F>GMYBL  DF ; 1A> MK:BG FHO>L MH MA> E>?M YRHAH YZ &ML
=BLIE:<>F>GMI Y:BL '

L +HM>MA:M MA> IKBF> LRF;HE d BL NL>= LBFIER MH =BLMBG@NBLA ;>MP>>G =BLIE:<>¢SVEGMNMBPIGER?
1A> =BLM:G<>L H? MK:O>E :G= MA> LBS> H? MA> <:REKKSNIG.<fE>L MH ?BM >O>KRMABG@ BGMH MA> =B:@K:F
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Example 2.2 Calculating Displacement: A Subway T rain

4A:M K> MA> F:@GBMN=> :G= LB@G H? =BLIE:<>F>GML ?HK MA> FHMBHGL H? MA> LN;P:R MK:BG LAHPGB@&EKML : :G= ; H?
2.18

Strategy

=K:PBG@ PBMA : <HHK=BG:M> LRLM>F BL :EK>:=R IKHOB=>= LH P> =HG'M G>>= MH F:D> : LD>M<A ;NM P> LAHNE= :G:ERS> BM MH
F:D> LNK> P> NG=>KLM:G= PA:M BM BL LAHPBG@ -:R :KMB<NE:K :MM>GMBHG MH MA>HPBB=BBINVE LRENGNF B> NL>
MA> >IN:MBHIGY YGl Y 1ABL BL LMK:B@AM?HKP:K= LBG<> MA> BGBMB:E :G= ?BG:E IHLBMBHGL :K> @BO>G

Solution
&=>GMB?R MA> DGHPGL &G MA> ?B@NK>¥s L>>MA:M :G= Y L ?HK KM @ :G= Y5 L :G=
Y2 L ?HK I:KKM ;

OHEO> ?HK =BLIE:<>F>GM BG KM :
Y Y5 Y LN LN LI

OHEO> ?HK =BLIE:<>F>GM BG |:KM ;
™2 Yz' Y2 LN LN ' L
Discussion

1A> =BK><MBHG H? MA> FHMBHG BG : BL MH MA> KB@AM :G= MA>K>?HK> BML =BLIE:<>F>GM A.L : IHLBMBO> LB@G PA>K>:L FHME
MA> E>?M :G= MANL A.L : G>@:MBO> LB@G

Example 2.3 Comparing Distance T raveled with Displacement: A Subway T rain

4A:M :K> MA> =BLM:G<>L MK:0>E>= ?HK MA> FHMBHGL LAHPG BG I:KML : :G= ; H? MA¥IN/B:R MK:BG BG
Strategy

1H :GLP>K MABL JN>LMBHG MABGD :;HNM MA> =>?BGBMBHGL H? =BLM:G<> :G= =BLM:G<> MK:O>E>= :G= AHP MA>R :K> K>E:M>= M}
=BLIE:<>F>GM !BLM:G<> ;>MP>>G MPH IHLBMBHGL BL =>?BG>= MH ;> MA> F:@GBMN=> H? =BLIE:<>F>GEx&ABA P:L ?HNG= BG

2.2 IBLM:G<> MK:O>E>= BL MA> MHM:E E>G@MA H? MA> |:MA MK:O>E>= ;>MP>>G MAsBREEIHEBMBHGL 0>>

(https://legacy .cnx.org/content/m42033/latest/) &G MA> <:L> H? MA> LN;P:R MK:BG LAHBG{B%18 MA> =BLM:G<>

MK:O>E>= BL MA> L:F> :L MA> =BLM:G<> ;>MP>>G MA> BGBMB:E :G= ?BG:E IHLBMBHGL H? MA> MK:BG

Solution

1A> =BLIE:<>F>GM ?HK I:KM : P:L DF 1A>K>?HK> MA> =BLM:G<> ;>MP>>G MA> BGBMB:E :G= ?BG:E IHLBMBHGL P:.L DF
:G= MA> =BLM:G<> MK:O>E>=P:L DF

1A> =BLIE:<>F>GM ?HK I:KM ; P:L' L M1A>K>?HK> MA> =BLM:G<> ;>MP>>G MA> BGBMB:E :G= ?BG:E IHLBMBHGL P:.L DF
:G= MA> =BLM:G<> MK:O>E>=P:.L DF
Discussion

IBLM:G<>BL : L<:E:&M A:L F:@GBMN=> ;NM GH LB@G MH BG=B<:M> =BK><MBHG

Example 2.4 Calculating Acceleration: A Subway T rain Speeding Up

ONIIHL> MA> MK:BG-BGre 2.18 : <<>E>KIM>L ?KHF K>LM MH  DF ABG MA> ?BKLM L H? BML FHMBHG 4A:M BL BML :O>K:@>
:<<>E>K:MBHG =NKBG@ MA:M MBF> BGM>KO:E

Strategy
&M BL PHKMA BM :M MABL IHBGM MH F:D> : LBFIE> LD>M<A

Figure 2.19

1ABL ,|I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIGE» @KR <HGM>GM <HE
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1ABL IKH;E>F BGOHEO>L MAK>> LM>IL #BKLM P> FNLM =>M>KFBG> MA> <N/&@G>PBEG RO HE=BMRFBG> MA> <A:G@> BG
MBF> :G= ?BG:EER P> NL> MA>L> O:EN>L MH <:E<NE:M> MA> :<<>E>K:MBHG

Solution

&=>GMB?R MA> DGHAGL ~ MA> MK:BGL LM:KML :M\§&LM LN = TU

:E<NE:M> TV 0BG<> MA> MK:BG LM:KML ?KHF K>LM BML <A:G@>TB& O>EH<BMHNBPA>K> MA> IENL LB@G F>:GL
O>EH<BMR MH MA> KB@AM

-EN@ BG DGHPG O:EN>L :G= LHEO> ?HK MA> NBDGHPG
B IW__ LN
TU T
0BG<> MA> NGBML :K> FBQ>= P> A:0> ;HMA AHNKL :G= L><HG=L ?HK MBF> P> G>>= MH <HGO>KM >0>KRMABG@ BGMH 0& NGBM

F>M>KL :G=L><HG=L O0>hysical Quantities and Units (https://legacy .cnx.org/content/m42091/latest/) ?HK FHK>
@NB=:G<>

B L LN4 NA | 4 N
& T63 LNB P

Discussion

1A> IENL LB@G F>:GL MA:M :<<>E>K:MBHG BL MH MA> KB@AM 1ABL BL K>:LHG:;E> ;><:NL> MA> MK:BG LM:KML ?KHF K>LM :G=>G=L
: O>EH<BMR MH MA> KB@AM :ELH IHLBMBO> O0H :<<>E>K:MBHG BL BG MArHargeB&SMBHBRRVEB:RL MA> <:L>

Example 2.5 Calculate Acceleration: A Subway T rain Slowing Down

+HP LNIIHL> MA:M :M MA> >G= H? BML MKBI MAZMK2BIG BGAEHPL MH : LMHI ?KHF : LI>>=H? DFABG L 4AM
BL BML :0>K:@> :<<>E>K:MBHG PABE> LMHIIBG@

Strategy

Figure 2.20

&G MABL <:L> MA> MK:BG BL =><>E>K:MBG@ :G= BML :<<>E>K:MBHG BL G>@:MBO> ;><:NL> BM BL MHP:K= MA> E>?M L BG MA> IK>(
>Q:FIE> P> FNLM ?BG= MA> <A:G@> BG O>EH<BMR :G= MA> <A:G@> BG MBF> :G= MA>G LHEO> ?HK :<<>E>K:MBHG

Solution
&=>GMB?R MA> DGHAGL LN W LN MA>MK:BG BL LMHII>= LH BML O>EH<BMRBL :G=

OHEO> ?HK MA> <A:G@> BG O>EN<BMR

T™W W W LN I LN
-EN@ BG MA> DGHPEN :G= T :G=LHEO> ?HB
B IW LN
TU T
HGO>KM MA> NGBML MH F>M>KL :G= L><HG=L
g IwW I LN4Y N4 |4, N T
TU 3 T 63 LN& P

Discussion

1A> FBGNL LB@G BG=B<:M>L MA:M :<<>E>K:MBHG BL MH MA> E>?M 1ABL LB@G BL K>:LHG:;E> ;><:NL> MA> MK:BG BGBMB:EER A:L :
O>EH<BMR BG MABL IKH;E>F :G=: G>@:MBO> :<<>E>K:MBHG PHNE= HIIHL> MA> FHMBHG @:BG :<<>E>K:MBHG BL BG MA> L:F> =B|
:L MA>change BG O>EH<BAMERA BL G>@:MBO> A>K> 1ABL :<<>E>K:MBHG <:G ;> <:EE>=: =><>E>K:MBHG ;><:NL> BM A.L : =BK><MBHG
HIIHLBM> MH MA> O>EH<BMR
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1A> @K:IAL H? IHLBMBHG O>E<BME>K:MBHG OL MBF> ?HK MASEMENBGLBGE :G= Example 2.5 :K> =BLIE:R>= BGyure
2.21 4 >A:0> M:D>G MA> O>EH<BMR MH K>F:BG <HGLM:GM ?KHF MH L :?M>K PAB<A MA> MK:BG =><>E>K:M>L

Figure 2.21 : -HLBMBHG H? MA> MK:BG HO>K MBF> +HMB<>NALBMWBHOHKABED>L LEHPER :M MA> ;>@BGGBG @MWRAGABHBHNGS FRK>

JNB<DER :L BM IB<DL NI LI>>= &ML IHLBMBHG MA>G <A:G@>L FHK> LEHPER :L BM LEHPL =HPG :M ¥BMAGFB2/A>HPHINCGSRABE> RIA>

O>EH<BMR K>F:BGL <HGLM:GM MA> IHLBMBHG <A:G@>L :M : <HEEHABMRKHZ-MABMK:BG HO>K MBEXO2BHMBMRBG<K>:L>L :L BM :<<>E>K:M>L :M

MA> ;>@BGGBG@ H? MA>EMIKKEBBL MA> L:F> BG MA> FB==E> H? MA> CHNKG>R PA>K> MA>K> BL GH :<<>E>K:MBHG &M =><K>:L>L :L MA> MK:BG =><>E>K
MA> >G= H? MA> CHNKGAR :<<>E>K:MBHG H? MA> MK:BG HO>K MBF> 1A> MK:BG A:L IHLBMBO> :<<>E>K:MBHG :L BM LI>>=L NI :M MA;M@BGGBG@ H? MA> C
A:L GH :<<>E>K:MBHG :L BM MK:O>EL :M <HGLM:GM O>EH<BMR BG MA> RB#E E<HEMAMBHBIRGER @:MBO> L BM LEHPL =HPG :M MA> >G= H? MA> CHNKG>R

Example 2.6 Calculating A verage Velocity: The Subway T rain

4A:M BL MA> :0>K:@> O>EH<BMR H? MA> MK:B&BG{IKM 2 H®B= LAHPG :@:BG ;>EHB? BM M:D>L  FBG MH F:D> BML
MKBI

1ABL ,|I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIGE» @KR <HGM>GM <HE
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Figure 2.22

Strategy
O>K:@> O>EH<BMR BL =BLIE:<>F>GM =BOB=>= ;R MBF> &M PBEE ;> G>@:MBO> A>K> LBG<> MA> MK:BG FHO>L MH MA> E>?M :G=,
=BLIE:<>F>GM

Solution
&=>GMB?R MA> DGHY%L L Y2 L TU N
I>SM>KFBG> =BLIE:<>F>GM Y: 4 > ?HNG=T Y. MH ;> ' L BGxample 2.2
OHEO> ?HK :0>K:@> O>EH<BMR
Ty L

W =0 N <

HGO>KM NGBML
e 1 LML NJO .
w u 3 NJB 1 6 Lt

Discussion
1A> G>@:MBO> O>EH<BMR BG=B<:M>L FHMBHG MH MA> E>?M

Example 2.7 Calculating Deceleration: The Subway T rain

#BG:EERIIIHL> MA> MK:BGBGe 2.22 LEHPL MH : LMHI ?KHF : O>EH<BMR H? DFABG L 4A:M BL BML :O>K:@>
:<<>E>KIMBHG

Strategy
,G<>:@:BG EXMK:P: LD>M<A

Figure 2.23

L ;>?HK> P> FNLM ?BG= MA> <A:G@> BG O>EH<BMR :G= MA> <A:G@> BG MBF> MH <:E<NE:M> :0>K:@> :<<>E>K:MBHG

Solution
&=>GMB?R MA> DGHAGL ' LN W LN TU
‘E<NE:M> TV 1A> <A:G@> BG O>EH<BMR A>K> BL :<MN:EER IHLBMBO> LBG<>
TW W W Y LN I LN
OHEO> ?HKB
B IW LN
TU T

HGO>KM NGBML
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Discussion

1A> IENL LB@G F>:GL MA:M :<<>E>K:MBHG BL MH MA> KB@AM 1ABL BL K>:LHG:;E> ;><:NL> MA> MK:BG BGBMB:EER A:L : G>@:MBO>
MA> E>?M BG MABL IKH;E>F :G=: IHLBMBO> :<<>E>K:MBHG HIIHL>L MA> FHMBHG :G= LH BM BL MH MA> KB@AM @:BG :<<>E>K:ME
L:F>=BK><MBHG L Mtrenge BG O>EH<BAMERA BL IHLBMBO> A>K>ExaBBle 2.5 MABL :<<>E>K:MBHG <:G ;> <:EE>=:

=><>E>K:MBHG LBG<> BM BL BG MA> =BK><MBHG HIIHLBM> MH MA> O>EH<BMR

0B@G :G=BK><MBHG

->KA:IL MA> FHLM BFIHKM:GM MABG@ MH GHM> :;HNM MA>L> >Q:FIE>L BL MA> LB@GL H? MA> :GLP>KL &G HNK <AHL>G <HHK=BG:M>
IENL F>:GL MA> JN:GMBMR BL MH MA> KB@AM :G= FBGNL F>:GL BM BL MH MA> E>?M 1ABL BL >:LR MH BF:@BG> RK =BLIE:<>F>GM :G
BM BL : EBMME> E>LL H;OBHNL ?HK :<<>E>K:MBHG *HLM I>HIE> BGM>KIK>M G>@:MBO> :<<>E>K:MBHG :L MA> LEHPBG@ H? :G H;C><N\
<:L> BG=xample 2.7 PA>K>: [HLBMBO> :<<>E>K:MBHG LEHP>= : G>@:MB¢>GKBEHBEMEBLMBG<MBHG P:L MA:M MA> :<<>E>K:MBHG

P:L BG MA> HIIHLBM> =BK><MBHG ?KHF M&& @>dH<BM@:MBO> :<<>E>K:MBti€aBBEG>@:MBO> O>EHABMR):FIE> MA>

MK:BG FHOBG@ MH MASgEFPRMBGBL LI>= NI ;R :G :<<>E>K:MBHG MH MA> E>?M &G MA:M<GE> ;HME& G>@:MBO> 1A>

IENL :G= FBGNL LB@GL @BO> MA> =BK><MBHGL H? MA> :<<>E>K:MBHGL &? :<<>E>K:MBHG A:L MAMABRH;B&6! BIMA> O>EH<BMR
LI>>=BG@ NI &? :<<>E>K:MBHG A:L MA> HIIHLBM> LB@G :L MA> BXEH&BRIR. EHPBG@ =HPG

Check Y our Understanding

G :BKIE:G> E:G=L HG : KNGP:R MK:O>EBG@ >:LM !>L<KB;> BML :<<>E>K:MBHG

Solution
&? P> M:D> >:LM MH ;> IHLBMBO> MA>G MA> :BKIE:G> AL G>@:MBO> :<<>E>K:MBHG :L BM BL :<<>E>K:MBG@ MHP:K= MA> P>LM &M
=><>E>K:MBG@ BML :<<>E>K:MBHG BL HIIHLBM> BG =BK><MBHG MH BML O>EH<BMR

-A"1 "QIEHK:MBHGL *HOBG@ *:G OBFNE:MBHG

)>:KG :;HNM IHLBMBHG O>EHB=BMRE>K:MBHG @K:IAL *HO> MA> EBMME> F:G ;:<D :G= ?HKMA PBMA MA> FHNL> :G= |IEHM ABL
FHMBHG 0>M MA> IHLBMBHG HBCEM<BMRMBHG :G= E>M MA> LBFNE:MBHG FHO> MA> F:G ?HK RHN

Figure 2.24 Moving Man (http://legacy .cnx.org/content/m64042/1.5/moving-man_en.jar)

2.5 Graphical Analysis of One-Dimensional Motion

Your Quiz would Cover
¢ !>L<KB;BG@ MA> NGBML H? MA> O:EN> LEHI> :G= MA> :K>: NG=>K :GR @K:IA
¢ 2LBG@ LEHI>H? : IHLBMBHG OL MBF> @K:IA MH LD>M<A : O>EH<BMR OL MBF> @K:IA
¢ 2LBG@ LEHI> H? : O>EH<BMR OL MBF> @K:IA MH LD>M<A :G :<<>E>K:MBHG OL MBF> @K:IA
c 2LBG@ :K>: NG=>K :G :<<>E>K:MBHG OL MBF> @K:IA MH LD>M<A : O>EH<BMR OL MBF> @K:IA
¢ 2LBG@ MA> :K>: NG=>K : O>EH<BMR OL MBF> @K:IA MH LD>M<A : IHLBMBHG OL MBF> @K:IA

Other Things to Consider as Y ou Read:
¢ L PBMA MA>HMA>K L><MBHGL MA>K>:K>=>?BGBMBHGL H? ;:LB< <HG<>IML MA:M P> PBEE ;> NLBG@PBERHN@AHNM MA> <HI
:ELH ;> PHKDBG@ PBMA @K:IAL : EHM :L P>EE

@K:IA EBD>: IB<MNK> BL PHKMA : MAHNL:G= PHK=L $K:IAL GHM HGER <HGM:BG GNF>KB<:E BG?HKF:MBHG MA>R :ELH K>0O>:E K>E
;>MP>>G |ARLB<:E JN:GMBMB>L 1ABL L><MBHG NL>L @K:IAL H? =BLIE:<>G=GM>G>KHABMR O>KLNL MBF> MH BEENLMK:M> HG>
=BF>GLBHG:E DBG>F:MB<L

1ABL ,I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIlCGE} @K@R <HGM>GM <HE
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OEHI>L :G= $>G>K:E />E:MBHGLABIL

#BKLM GHM> MA:M @K:IAL BG MABL M>QM A:0> |>KI>G=B<NE:K :Q>L HG> AHKBSHGM:E :G= MA> HMA>K O>KMB<:E 4A>G MPH IARLB<:
IEHMM>= :@:BGLM HG> :GHMA>K BG LN<A : @K:IA MA> AHKBSHGM:E :QBL BL NLN:EERded&idertKarididld ;> & MA>
O>KMB<:E :QBépendent variable &? P> <:EE MA> AHKBSHGM:E QRIBMAS= MA> O>KMB<:E :QBL®BL :L BGigure 2.25 :

LMK:B@AM EBG> @K:IA A:L MA> @>G>K:E ?HKF
Z NY C

%>K> N BL M#Astope =>?BG>= MH ;> MA> KBL> =BOB=>= ;R MA> KNG :L L>>G BG MA> ?B@NK> H? MA> LMK BIGMM-ERES 1A> E>SMM>K
MAYy-intercept PAB<A BL MA>IHBGM :M PAB<A MA> EBG> <KHLL>L MA> O>KMB<:E :QBL

Figure 2.25 LMK:B@AM EBG> @K:IA 1A> >IJN:MBHG ?HK : LMK:E@AM PBGE BL

$K:IAH? IBLIE:<>F>GM OLBF>a LH vBL<HGLM:GM

1BF> BL NLN:EER :G BG=>|>G=>GM O:KB:;E> MA:M HMA>K JN:GMBMB>L LN<A :L =BLIE:<>F>GM =>I>G=NIHG @K:IA H? =BLIE:<>F>GM
O>KLNL MBF> PHNE= MANL WAHBMA> O>KMB<:E :QBLHG-MA> AHKBSHGM:EgQBL2.26 BL CNLM LN<A : LMK:B@AM EBG> @K:IA

&M LAHPL : @K:IA H? =BLIE:<>F>GM O>KLNL MBF> ?HK : C>M IHP>K>= <:K HG : O>KR ?E:M =KR E:D> ;>= BG +>0:=:

Figure 2.26 $K:IA H? =BLIE:<>F>GM O>KLNL MBF> ?HK : C>M IHP>K>= <:K HG MA> HGG>OBEE> 0:EM #E:ML

2LBG@ MA> K>E:MBHGLABI ;>MP>>G =>|>G=>GM :G= BG=>|>G=>GM O:KB:;E>L P> L>> MA:M MA> LEHI> BG MA> @K:IA :;HO> BL :O>K:@>
O>EH<BMRG= MA> BGM>K<>IM BL =BLIE:<>F>GM :M MBF> S>KH"DMIMBIMNMBG@ MA>L> LRF;HEL BGEMIHC @BO>L

Y W'Y

HK
Y Y W

1ANL : @K:IA H? =BLIE:<>F>GM O>KLNL MBF> @BO>L : @>G>K:E K>E:MBHGLABI :FHG@ =BLIE<{BEM :DPEHEBMBBOBG@
=>M:BE>= GNF>KB<:E BG?HKF:MBHG :;HNM : LI><B?B< LBMN:MBHG

1A> OEHI>HR OL t
1A> LEHI> H? MA> @K:IA H? =BLIE:<>FrGMMBF3 BL O>EH<BMR
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TMPQl.lif(J v

+HMB<> MA:M MABL >JN:MBHG BL MA> L:F> :.L MA:M =>KBO>= :E@>;K:B<:EER ?KHF HMA*OFHMBHGI=IN:MBHGL BG
Constant Acceleration in One Dimension (https://legacy .cnx.org/content/m42099/latest/)

#KHF MA> ?B@NK> P> <:G L>> MA:M MA> <K A:L : =BLIE:<>F>GMH? F:M L:G= F:M L &ML =BLIE:<>F>GM :M HMA>K
MBF>L <:G ;> K>:= ?KHF MA> @K:IA ?NKMA>KFHK> BG?HKF:MBHG :;HNM BML O>EH<BMR :G= :<<>E>K:MBHG <:G :ELH ;> H;M:BG>= ?KHI
@K:IA

Example 2.8 Determining A verage V elocity from a Graph of Displacement versus T  ime: Jet Car

#BG= MA> :0>K:@> O>EH<BMR H? MA> <:K PAHL> IHLBMBH&BLe@KRTA>= BG
Strategy

1A> LEHI> H? : @K:IAHAOL | BL :0>K:@> O>EHKB®I®> LEHI> >JN:EL KBL> HO>K KNG &G MABL <:L> KBL> <A:G@> BG
=BLIE:<>F>GM :G= KNG <A:G@>BG MBF> LH MA:M

TMP dT'ﬁ( W
U
0BG<> MA> LEHI> BL <HGLM:GM A>K> :GR MPH IHBGML HG MA> @K:IA <:G ;> NL>= MH ?BG= MA> LEHI> $>G>K:EER LI>:DBG@ BM Bl

:<<NK:M> MH NL> MPH PB=>ER L>:K:M>= IHBGML HG MA> LMK:B@AM EBG> 1ABL BL ;><:NL>:GR >KKHK BG K>:=BG@ =:M: ?KHF MA>
IKHIHKMBHG:EER LF:EE>K B? MA> BGM>KO:E BL E:K@>K

Solution

AHHL> MPH IHBGML HG MA> EBG> &G MABL <:L> P> <AHHL> MA> IHBGML E:;>E>= HG MA> @K:IA L F .G= L
F +HM> AHP>0O>KIA:M RHN <HNE= <AHHL> :GR MPH IHBGML

ON;LMBMNM> Mas= | O:EN>L H? MA> <AHL>G IHBGML BGMH MA> >IN:MBHG />F>F;>K BG <:E<NE:MBGEPRLG @>
NL> ?BG:E O:EN> FBGNL BGBMB:E O:EN>

w gy —
RB>E=BG@

W N
Discussion

1ABL BL :G BFIK>LLBO>ER E:K@> E:G=LI>>= DFA HK:;HNM FBA FN<A @K>:M>K MA:G MA> MRIB<:E AB@AP:R LI>>= EBFBM H?
FBA FLHK DFA ;NM<HGLB=>K:ERLARH? MA>K><HK=H? FL DFAHK FBA L>MBG
$K:IAL H? *HMBHG PA>EBL <HGLM:GM Biv
1A> @K:IAL BEgure 2.27 ;>EHP K>IK>L>GM MA> FHMBHG H? MA> C>M IHP>K>= <K :L BM :<<>E>K:M>L MHP:K= BML MHI LI>>= ;NM HGER

=NKBG@ MA> MBF> PA>G BML :<<>E>K:MBHGHH><HGKMIGM 3>KH ?HK MABL FHMBHG :L B? F>:LNK>= PBMA : LMHIP:M<A :G= MA>
=BLIE:<>F>GM :G= O>EH<BMR :K>BGBMB:EER F:G= FL K>LI><MBO>ER

1ABL ,|I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIGE» @KR <HGM>GM <HE
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Figure 2.27 $K:IAL H? FHMBHG H? : C>M IHP>K>= <:K =NKBG@ MA> MBF> LI:G PA>G BML :<<>E>K:MBHG BL <HGLM:GMOL 1AGIEWBH? :G
O>EH<BMBL BL LAHPG :M MPH IHBGML :G= MA> BGLM:GM:G>HNL O>EH<BMB>L H;M:BG>= :K> IEHMM>= BG MA> G>QM @K:IA &GLM:GM:G>HNL O>EH<BMR :M
LEHI> H? MA> M:G@>GM :M MA:M IHBGM ; 1A> LEWBLHA MASIA BL <HGLM:GM ?HK MABL I:KM H? MA> FHMBHG BG=B<:MBG@ <HGLM:GM :<<>E>K:MBHG <

<<>E>K:MBHG A:L MA> <HGLM:GM O:EN> NP "HO>K MA> MBF> BGM>KO:E IEHMM>=
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Figure 2.28 20 BK#HK<>C>M <:K LI>>=L =HPG : MK:<D <K>=BMKHUME> #EB<DK

1A> @K:IA H? =BLIE:<>F>GM O>KLNL MBR¥@B%G27 : BL : <NKO> KIMA>K MA:G : LMK:B@AM EBG> 1A> LEHI> H? MA> <NKO> ;><HF>L
LM>>>K :L MBF> IKH@K>LL>L LAHPBG@ MA:M MA> O>EH<BMR BL BG<K>:LBG@ HO>K MBF> 1A> LEHI>:M :GR IHBGM HG : =BLIE:<>F>(
MBF> @K:IA BL MA> BGLM:GM:G>HNL O>EH<BMR :M MA:M IHBGM &M BL ?HNG= ;R =K:PBG@ : LMK:B@AM EBG> M:G@>GM MH MA> <NK
BGM>K>LM :G= M:DBG@ MA> LEHI> H? MABL IG@-EBEIABEBG K4 LAHPG ?HK MPHRHBGML2BG &? MABL BL =HG> :M >O>KR

IHBGM HG MA> <NKO> :G= MA> O:EN>L :K> IEHMM>= :@:BGLM MBF> MA>G MA> @K:IA H? O>EH<BMR«O2KINLBUBF> LAHPG BG
H;M:BG>= #NKMA>KFHK> MA> LEHI> H? MA> @K:IA H? O>EH<BMR O>KLNL MBF> BL :<<>E>K:MBIE 2PAB<A BL LAHPG BG

Example 2.9 Determining Instantaneous V elocity from the Slope at a Point: Jet Car

:E<NE:M> MA> O>EH<BMR H? MA> C>M <K :M : MBF>H? L ;R ?BG=BG@0A> LEHFABGINA> @K:IA ;>EHP

Figure 2.29 1A> LEHI> H? GYoL | @K:IA BL O>EH4RBRBL LAHPG :M MPH IHBGML &GLM:GM:G>HNL O>EH<BMR :M :GR IHBGM BL MA> LEHI> H? MA> M:G@>
‘M MA:M IHBGM
Strategy
1A> LEHI> H? : <NKO> :M : IHBGM BL >JN:E MH MA> LEHI> H? : LMK:B@AM EBG> M:G@>GM MH MA> <NKO> :M MA:M IHBGM 1ABL IKBG
BEENLMK:MS5B&2.29 PA>K> . BL MA> IHBGMUM
Solution

#BG= MA> M:G@>GM EBG> MH MAXKNKO> :M

I>M>KFBG> MA> >G=IHBGML H? MA> M:G@>GM 1A>L> <HKK>LIHG=MH : [HLBMBHG H? F:M MBF> L :G=:IHLBMBHGH? F
‘M MBF> L

-EN@ MA>L> >G=IHBGML BGMH MA> >JN:MBHG MH LHEO¥ ?HK MA> LEHI>

1ANL
w —3 N
Discussion

1ABL ,|I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIGE» @KR <HGM>GM <HE



A:lIM>K T (BG>F:MB<L

1ABL BL MA> O:EN> @BO>G BG MABIE2B@NKM U "1A>O:EN>H? FL ?HKW BL IEHMM>EiBGe 2.29 1A>
>GMBK> @K:IAHOL | <:G ;> H;M:BG>= BG MABL ?:LABHG

‘KKRBG@ MABL HG> LM>| B¥KBHMEK MA:M MA> LEHI> H? : O>EH<BMR O>KLNL MBF> @K:IA BL :<<>E>K:MBHG OEHI> BL KBL> =BOB=>=;
HG: VOL |@K:IA KBL> <A:G@> BG O>EHABMRKNG <A:G@>BG MBFb

1A>0EHI> HY OL t
1A> LEHI> H? : @K:IA H? O>EHYEMRMBFA BL :<<>E>K:MBHEG

TMPQ-T[I%V E

0BG<> MA> O>EH<BMR O>KLNL MBFg@K:2ABG BL : LMK:B@AM EBG> BML LEHI> BL MA> L:F> >0O>KRPA>K> BFIERBG@ MA:M
:<<>E>K:MBHG BL <HGLM:GM <<>E>K:MBHG O>KLNL MBF=®BLe@KTA%= BG

==BMBHG:E @>G>K:E BG?HKF:MBHG <:G ;> H;MEBGr=2KHEG= MA> >QIK>LLBHG ?HK : LMK:B@AM BB&E> C

&G MABL <:L> MA> O>KMB<BIQBLMA> BGM>K<€IBL W MA> LEHI>N BL E :G= MA> AHKBSHGM:EY@RLl ON;LMBMNMBG@
MA>L> LRF;HEL RB>E=L
W W B

@>G>K:E K>E:MBHGLABI ?HK Gz=BB=RMBHG :G= MBF> AL :@:BG ;>>G H;M:BG>= ?KHF : @K:IA +HMB<> MA:M MABL >JN:MBHG P:L
:ELH =>KBO>=:E@>;K:B<:EER ?KHF HMA>K FHMBHG/MINIVBHGIBE for Constant Acceleration in One Dimension
(https://legacy .cnx.org/content/m42099/latest/)

&M BL GHM :<<B=>GM:E MA:M MA> L:F> >JN:MBHGL :K> H;M:BG>= ;R @K:IAB<:E :G:ERLBL :L ;R :E@>;K:B< M><AGBJIN>L &G ?:<M :G BFIF
P:R MHiscover IARLB<:E K>E:MBHGLABIL BL MH F>:LNK> O:KBHNL IARLB<:E JN:GMBMB>L :G= MA>G F:D> @K:IAL H? HG> JN:GMBMR : @]
:GHMA>K MH L>> B? MA>R :K> <HKK>E:M>= B{BKGE:MBHGL BFIER IARLB<:E K>E:MBHGLABIL :G= FB@AM ;> LAHPG ;R LFHHMA @K:IAL
LN<A :L MAHL> :;HO> #KHF LN<A @K:IAL F:MA>F:MB<:E K>E:MBHGLABIL <:G LHF>MBF>L ;> IHLMNE:M>= #NKMA>K >QI>KBF>GML :K> M,
I>K?HKF>= MH =>M>KFBG> MA> O:EB=BMR H? MA> ARIHMA>LBS>= K>E:MBHGLABIL

$K:IAL H? *HMBHG 4A>K> <<>E>K:MBHG BL +HM HGLM:GM

+HP <HGLB=>K MA> FHMBHG H? MA> C>M <:K :.L BM @H>L ?KHF F L MH BML MHI O>EH<BMRA{RIre 2 BG@KBR>=@BG

LM:KML :M S>KH :G= MA> BGBMB:E =BLIE:<>F>GM :G= O>EH<BMR :K> F:G= FL KA¥=NBR>BM> ?BG:E =BLIE:<>F>GM
:G= O>EH<BMR H? MA> <:K BG MA> FHMBHGI@:IA3% BG<>E>K:MBHG @K:=N:EER =><K>:L>L ?KH¥ ~MH S>KH PA>G MA>
<KABML FL 1A>LEHI>H? MAYOL | @K:IA BG<K>:L>L NGMBE ' :?M>K PAB<A MBF> MA> LEHI> BL <HGLM:GM OBFBE:KER

O>EH<BMR BG<K>:L>L NGMBE L :G= MA>G ;><HF>L <HGLM:GM LBG<> :<<>E>K:MBHG =><K>:L>L MH S>KH :M L :G=K>F:BGL S>KH
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Figure 2.30 $K:IAL H? FHMBHG H? : C>M IHP>K>= <:K :L BM K>:<A>L BML MIABDFEHMBNIR ;>@BGL PA>K> MA> FHMBEIG. BG>G=L : 1A>
LEHI> H? MABL @K:IA BL O>EH<BMR BM BL IEHMM>= BG MA> G>QM @K:IA ; 1A> O>EH<BMR @K:=N:EER :IIKH:<A>L BML MHI O:EN> 1A> LEHI> H? MABL @K:IA
BM BL IEHMM>= BG MA> ?BG:E @K:IA < <<>E>K:MBHG @K:=N:EER =><EBG>L MH S>KH PA>G O>EH<BMR ;><HF>L <HGLM:GM

Example 2.10 Calculating Acceleration from a Graph of V' elocity versus T ime

:E<NE:M> MA> :<<>E>K:MBHG H? MA> C>M <K :M : MBF> H? L ;R ?BG=BG@M2{> LERIK: I Bz re 2.30 ;

Strategy
1A> LEHI> H? MA> <NKOXJM "BL >JN:E MH MA> LEHI> H? MA> EBG> M:G@>GM :M MA:M IHBGM)uteBEENLMK:M>= BG

Solution
I>M>KFBG> >G=IHBGML H? MA> M:G@>GM EBG> ?KHF MA> ?B@NK> :G= MA>G IEN@ MA>F BGMH MA>E>IN:MBHG MH LHEO> ?HK LEF

T, N T N
TP g —

1ABL ,I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIlCGE} @K@R <HGM>GM <HE
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Discussion

+HM> MA:M MABL O:ENBB2HKHGLBLM>GM PBMA MA> O:ENFitEHMM:E BGM U

@K:IA H? =BLIE:<>F>GM O>KLNL MBF> <:G ;> NL>= MH @>G>K:M> : @K:IA H? O>EH<BMR O>KLNL MBF> :G=: @K:IA H? O>EH<BMR O>K
<:G ;> NL>= MH @>G>K:M> : @K:IA H? :<<>E>K:MBHG O>KLNtHBABLAR ?BG=BG@ MA> LEHI> H? MA> @K:IAL :M >O>KR IHBGM &? MA>
@K:IABL EBG>K B> :EBG>PBMA : <HGLM:GM LEHI> BM BL >:LR MH ?BG= MA> LEHI> :M :GR IHBGM :G= RHN A:0O> MA> LEHI> ?HK >O:
$K:IAB<:E :G:ERLBL H? FHMBHG <:G ;> NL>= MH =>L<KB;> ;HMA LI><B?B< :G= @>G>K:E <A:K:<M>KBLMB<L H? DBG>F:MB<L $K:IAL <:G :E

NL>= ?HK HMA>K MHIB<L BG IARLB<L G BFIHKM:GM :LI><M H? >QIEHKBG@ IARLB<:E K>E:MBHGLABIL BL MH @K:IA MA>F :G= EHHD ?H
K>E:MBHGLABIL

Check Y our Understanding

@K:IA H? O>EH<BMR OL MBF> H? : LABI <HFBG@ BGMH : A:K;HK BL IAHR®;>BH> FHMBHG H? MA> LABI ;:L>= HG MA>
@K:IA ; 4A:M PHNE=: @K:IA H? MA> UABI>E>K:MBHG EHHD EBD>

Figure 2.31
Solution

: 1A> LABI FHO>L :M <HGLM:GM O>EH<BMR :G= MA>G ;>@BGL MH =><>E>K:M> :M : <HGLM:GM K:M> M LHF> IHBGM BML =><>E>K:M
=><K>:L>L &M F:BGM:BGL MABL EHP>K =><>E>K:MBHG K:M> NGMBE BM LMHIL FHOBG@

;. @KIA H? :<<>E>K:MBHG OL MBF> PHNE= LAHP S>KH :<<>E>K:MBHG BG MA> ?BKLM E>@ E:K@> :G= <HGLM:GM G>@:MBO> :<<>E
MA> L><HG=E>@ :G=<HGLM:GM G>@:MBO> :<<>E>K:MBHG

Figure 2.32

2.6 Simulations

Your Quiz would Cover
¢ $BO>G : O>EH<BMR L : ?NG<MBHG H? MBF> ;> :;;E> MH LHEO> ?HK MA> IHLBMBHG L : ?NG<MBHG H? MBF> BM>K:MBO>ER
c 2L>BM>K:MBO> F>MAH=L MH LHEO> ?HK MA> FHMBHG H? :G H;C><M @BO>G :G :K;BMK:KR GHG <HGLM:GM :<<>E>K:MBHG

1ABL L><MBHG BL ;:L>= HG OB=>HL ?KHF MA> 2*:LL -ARLBHNN;%1:@> 1A> OB=>H K>:EER :==L LHF>MABG@ ;>RHG= MABL

M>QM MAHN@A :G= LH ?HK MABL LhigMiBl#zddNnBhded MA:M RHN P:M<A MA> OB=>HL BGLM>:= %>K> :K> MA> EBGDL MH MA>
OB=>HL

¢ 1A>HKR HG OHEOBG@ -KH;E>FL PBMA OBRNE:MBIG .youtube.com/watch?v=ilelRzD7HYQ
(https://www .youtube.com/watch?v=i1elRzD7HYQ)

¢ #BKLM "Q:FIE> H? OHEOBG@ : -KH;E>F PBMA OBRINE:MBK@ .youtube.com/watch?v=]_HBtIT s948
(https://www .youtube.com/watch?v=j_HBtIT s948)
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¢ *HK> HFIE>Q "Q:FIE> H? OHEOBG@ : -KH;E>F PBMA OBFNEtMBHGvw .youtube.com/watch?v=6FoKBtxuEhg
(https://lwww .youtube.com/watch?v=6FoKBtxuEhg)

1A>HKR HG OHEOBG@ -KH;E>FL 2LBG@ OBFNE:MBHG

OBFNE:MBHG BL @HBG@ MH ;> : MHHE MA:M P> NL> ?K>JN>GMER BG MABL <E:LL MH-BIEESKIBREBLLAKREE>FL :K> GHM

LHEO:;E> PBMA CNLM :E@>;KRHHMFB@AM A:O> LNLI><M>= MABL :G= ?B@NK>FNANGHD RBMA :E@>;K: ;NM F:R;>B? &

BGOHD> LHF> AB@A>K F:MA LN<A :L <.E<NENL & <:G LM:KM MH =H K>:E IARLBEE INIA;E>AREAL ;NM >O>G PBMA <:E<NENL :G=

LHF> H? MA> FHLM LHIABLMB<:M>= F:MA HNM MA>K> RHN LMBEE <:G'M LHEO> FHLM H? MA> BGM>K>LMBG@ K>{ENPHKE= IKH;E>FL M
<:G LHEO> FH=>EL RHN <:G LHEO> LBFIEB?B<:MBHGL ;NM MH MKR :G= @>M >0>KRMABG@ MA> |IKH;E>FL :K> :<MN:EER NG=H:;E>

#HK >Q:FIE> CNLM MH F:D> :G >QMK>F> >Q:FIE> MABGD :;HNM MA> ":KMA MA>0ONG :G= MA> FHHG 1A> ?HK<> HG MA>L> MAK>> H;C>
<:G ;> =>L<KB;>= ;R : ?HK<> E:P ?KHF MA> MA <>GMNK% MA:M L:RL MA> ?HK<> H? @K:OBMR ;>MP>>G MPH F:LL>L L:R MA>

>:KMA :G= MA> FHHG BL MA>BK F:LL>L :G= MA> =BLM:G<> ;>MP>>G MA>F LINBK>#HKANUWPH H;C><MCNLRI MA> ":KMA :G=

MA> FHHG RHN <:G PKBM> :G >JN:MBHG MA:M =>L<KB;>L MA>BK FHMBHG NUB{BPEO*ABHINeEikxot EKBM> =HPG :G

>JN:MBHG MA:M =>L<KB;>L MA> FHMBHG H? MA> ONG MA> ":KMA :G= MA> FHHG RHN G>>= @H MHUB+BE-MBHE *HK>HO>K
LBFNE:MBHG MA:M P>'K> @HBG@ MH ;> =BL<NLLBG@ A>K> :G= MAKHN@AHNM MABL <E:LL :K>;>BG@ NL>= FHK> :G= FHK> BG >LL>G|
H? L<B>G<> MH LHEO> <HFIE>Q IKH;E>FL &G MA>#.EE LHESLINBKA> 0&L ?HK -ARLB<L P:L NLBG@ MA>L> L:F> B=>:L MH

LHEO> IKH;E>FL BG ABL EB?> L<B>G<> ;:L>= L>GBHK AHGHKL MA>LBL L :G NG=>K@ KABIVBFKHLEPNEERG RHN MA>

K>E>0:G<> H? MABL M><AGBJN> MH :EE ?B>E=L H? L<B>G<> :G= F>=B<BG> BG MA> FH=>KG =R

4A:M'L MA> IABEHLHIMR> IK>FBL> ;>ABG= MA> B=>: H? LBFNE:MBH®ABL BL I>KA:IL ;>LM =HG> BG MA> <HGM>QM H? :G >Q:FIE>

)>ML L:R P> A:O> : KNGG>IG= P> K> EHHDBG@ :M MA> KNGG>K :M LHF> BGLM:GM :G= MA>G LHF>ILREE MBF> E:M>K

L><HG=L E:M#K-EE B? P> P:GM MH FH=>E MA> FHMBHG H7MRHKES GHABGD :;HNM MA> :0>K:@> O>EH<BMR iG= AHP MA:M"

K>E:M>= MH MA>BK IHLBMBHG :G= MA> <A:G@> BG MBF> &? P> BF:@BG> : K>:EER LF:EE :FHNGMLH>NEBRBNWRSBHFABIRKNGG>K

MA> ?BKLM BGLM:GM MH MA> G>QM BGLM:GM =H>L GHM <AIG@HBHKR MKARIMA:M MA>L> MPH :K> LNI>K <E&RPMH@>MA>K

F:D> HNK MBF> BGM>KO:E LF:EE >GHN@A MA>G MA> O>EH<BMR >LL>GMB:EER ;:MB:>GNHVEEBGIHGOMGBMA> KNGG>K

<HNE= ;> KNGGBG@ :M H.IR:M MA> ?BKLM BGLM:GM :G= ‘M MA> G>QM BGLM:GM ;NM MA> <A:G@> BL LF:EE >GHN@A PA>K> P> <H
CNLM L:R MA:M MA> KNGG>K BL KNGGBG@ :M MA> :0>K:@> ;>MP>>G MAHL> MPH O>EH<BMB>L PAB<A BL >LL>GMB:EER F L :GRP:RL

+HP P>'K> @HBG@ MH =H : EBMME> ;BM H? :E@>;K: 2LBG@ MA> :>?WBMB%|.GHI?NEEBIER\%@ YM MH MA> HMA>K LB=> @BO>L

NL

W U Y
HK

WU Yg Y

KBG@BG@ HO>K MA> BGBMB:E IHLBMBHG H? MA> KNGG>K @BO>L NL MA> ?BG:E IHLBMBHG

WUY Y
4 > K> LLNFBG@ MA:M MA> LI>>=BL >LL>GMB:EER <HGLM:GM LH P> <:G NL> MA> KNGG>KL BGBMB:E LI>>= ?HK :O>K:@> LI>>= :G= L}
LHEO> ’?H'K( PA>K> MA>R :K>:M MA> >G= H? MABL MBF> BGM>KO:E &G HMA>K PHK=L B? P> DGHFRAK=&IRRG KR

&F ?K>> MH :LLNF> MA:M FR LI>>= PHG'M <A:G@> ;><:NL> & F <HGLB=>KBG@ CNLM : MBGR MBF> BGM>KO:E MA>G & <:G NL> MA:M B(
MH IK>=B<M PA>K> &'F @HBG@ MH ;> BG MA> ?NMNK> 1ABL BL MA> B=>: H? LBFNE:MBHG & NL> PA:M & DGHP :;;HNM MA> LRLM>F :M :
BGLM:GM MH IK>=B<M AHP MABG@L :K> @HBG@ MH ;> BG MA> G>QM LF.EE MBF> EBMME> ;BM H? MBF> E:M>K

1A> L:F> IABEHLHIAR AHE=L MKN> ?HK :<<>E>K:MBHG & <HNE= A:0> K>I|>:M>= MA> >GMBK> L>KB>L H? LM>LLLRBKM :<<>E>K:MBHG )>|
PBMA MA> =>?BGBMBHG H? :<<>3>K:M-B¥1(E? &' F MABGDBG@ :;HNM : O>KR LF:EE MBF> BGM>KO:E MA>G MA> :0>K:@> :<<>E>K:MBHG

@HBG@ MH ;> MA> :<<>E>K:MBHG MA> :<<>E>K:MBHG BL GHM @HBG@ MH <A:G@> O>KR FN<AC: HEHG(@ BB G@1 BL K>.EER
EBMME> ;:BM H? :E@>;K:

BB U V

B U W' W

B U W W
@:BG B? & DGHP FR LI>>=:M LHF> BGLM:GM FR :<<>E>K:MBHG :M LHF> BGLM:GM :G=FR YM BL LF:EE >GHN@A MA>G & <:G NL> MA!
BG?HKF:MBHG MH IK>=B<M PA:M FR YO BL @HBG@ MH ;> LHF> 4 B:HEEMBEN BN KIABL MAKHN@AHNM MA> <HNKL> PBMA : PB=>

O:KB>MR H? <HG<>IML ?KHF ?HK<>L MH M>FI>K:MNIRSNEE-GMKHRHN K> NLBG@ PA:M RHN DGHP GHP MH IK>=B<M PA:M PBEE
A:lI>G : LF:EE MBF> E:M>K

1ABL ,|I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIGE» @KR <HGM>GM <HE
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"Q:FIE> H? OHEOBG@ : -KH;E>F 2LBG@ OBFNE:MBHG
)>MC M:D> : O>KR LBFIE> LBMN:MBHG :G= PHKD HNK P:R NI
;:EE BL =KHII>= ?KHF F>M>KL :;HO> MA> @KHNG= :G=:L P>EE L>> E:M>K BG MA> <HNKL> : 2.EEBG@ H;C><M NG=>K@H>L : <HGLM:

:<<>E>K:IMBHG H?  F L4 >EE =BL<NLL MABL BG FHK> =>NEBBPEBRE-®>M BGMH MA> IARLB<L H? ?K>>?:EE :M E>SG@MA ;NM ?HK GHP
P>"EE CNLM LAHP RHN AHP MH KNG MA> F><A:GB<L H? MA> LBFNE:MBHG %HP ?:K :;HO> MA> @KHNG= BL MA> ;:EE  L><HG=L E:M>K

4 >’K>=>:EBG@ PBMA O>KR LF:EE :FHNGML H? MBF> LH HNK :LLNFIMBHG MA:M MABG@L :K>-H@GM: RN PBE BP> EIKN>MINI
T ME>

,NK M:;E> AL IHLBMBHG O>EK<BEMR:MBHG :G= MBF> :L MA>L> PBEE :EE IE:R BGMH MA> FHMBHEE H2 NG NEA>4>@BGGBG@
H? MA>=KHI:MM PBMA :G BGBMB:E IHLBMBHG H? F>M>KL :G= MA> BGBMB:E O>EH<BMR H? FL :L MA>;EE BLG'M FHOBG@ :M M:/

>@BGGBG@ H? MA> =KHI #HK MA> :<<>E>K:MBHG L B¥M>F+KEBX®:BG =HG'M @>M MHH >G@KHLL>= BG MA> IARLB<L KB@AM
GHP P>"EE M:ED ;;HNM PARGBMR:MBO> :G=: IHLBMBO> FN<A#EIKISKIR: CNLM P:GM MH @H MAKHN@A MA> F><A:GB<L

+HP P>"EE FHO> HG MH LHF> MBFA4E:MSK@HBG@ MH @H LHF> LF:EE :FHNGM H?IMBESMBMBKINK <A:G@> BG MBF> MH ;>
LBG<>BMLF:EE :G=?BML BGMH  L><HG=L GB<sfERK MABL PAHE> B=>: BL IK>=B<:M>= HG MA> :LLNFIMBHG MA:M O>EH<BMR

:G= 1<<>E>KIMBHG :K>G'M <A:G@BG@ O>KR FN<A HO>K MA> MBF> :G= MA> HGER P:R MA:M <:G ;> MKN> BL B? MA> MBF> BL LF:EE LH

M:D> LF:EE MBF> LM>IL #HK MA> G>QM MBF> LM>l MA> MBF> BL MA> IK>OBHNL MBF> IENL NUA>&IARA@=/BEHABEHMM

MH ;> <<>E>K:MBHG PHG'M <A:G@> LH P> <:G E>:0> MA:M :L BL

+HP PA:M ;;HNM MA> O>EH<BMR :G= MA> IHLBMBHG #KHF :;HO> P> LHEO>= ?HK ?BG:E IHLBMBHG :G= ?BG:E O>EH<BMR L
WUY Y
B U W W

4 > <:G NL> MA> BGBMB:E IHLBMBHG BGEBB&EHKNBWES MH LHEO> ?HK MA> ?BG:E O>EH<BMR :G= ?BG:E IHBBMBHG />F>F;>K

P>'K>M:DBG@ : LF:EE MBF> LM>l MA> O>EH<BMR PHG'M <A:G@> FN<A LH P> <:G K>IE:<> MA> :0>K:@> O>EH<BMR PBMA CNLM MA> |
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R
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1:E>

OH MA> :GLP>K MH HNK BGBMB:E IKH;E>F BL MA:M MA> ;:EE BL ? MA>M@KHNG= L><HG=L E:M>K

1A> ;:EE =H>LG'M FHO> O>KR ?:K BG MA> LAHKM :FHNGM H? MBF> P> <HNE= A:0> ?B@NK>= MA:M HNM IKH;: JEEBE@GMNBMBHG %HF
LBFNE:MBHGL <:G ;>MM>K RHNK NG=>KLM:G=BG@ H? <HG<>IML LN<A :L :<<>E>KHIBHEFE>CSHEMBEMRIA:M MA> ;:EE’

IHLBMBHG =H>LG'M <A:G@> BG MA> ?BKLM MBF> LM>| 1AKHN@A MABL LBFNE:MBHG RHN <:G L>> MA:M MA> :<<>E>K:MBHG =H>L GH
<A:G@> BG IHLBMBHG BFF>sRMKBRA>K : <A:G@> BG O>EF<BMRIABL O>EH<BMR MA:M <:NL>L MA> <A:G@> BG IHLBMBHG

*HK> HFIE>Q "Q:FIE>

)>ML L:R RHN A:0> : <XKLM:KMBG@ :M K>LM PBMA :G :<<>E>K:MBHG =BBIG>= NEI b

%HP ?:LM BL BM FHOBG@ :?M>K L
4A>K> BL BM :?M>K L

4A:M B? BM <A:G@>BM —'_Fl U PA>K>PHNE=BM ;>:?M>K L

1ABL >Q:FIE> A:L : ?>P =B2K>GM [:KML PA>K> HNK :<<>E>K:MBHG BL GHM MA> GB<> LBFIE> <HGLM:GM &G MA> IK>OBHNL >Q:FIE> M/
:<<>E>K:MBHG P:L <HGLM:GM LH RHN <HNE= LHEO> BM PBMAHNM NLBG @RBANEGVIBLHE KHPBOEHRHIAM<HGLM:GM MA>
HGER P:R RHN <:G LHEO> BM BL MAKHN@A LBFNE:MBHG

)>ML @>M LM:KM>= PBMA |:KM : #BKLM P> F:D> HNK M:;E> :G= INM BG HNK BGBMB:E <HG=BMBHGL @:BG P> NG=MBF> IHLBMBHG C
<<>E>K:MBHG ?HK HNK Ms:ES £>M MBF> MH LM:KM :M  :G= IHLBMBHG MH LM:KM :M LBG<> MA> IKH;E>F =H>LG M LI><B?R : LM:KMBG
IHLBMBHG &GBMB:E O>EH<BMR BL LBG<> MA> <tK1BGKNMANBCGRMBIE :<<>E>K:MBHG P> |[EN@ BG HNK MBF> BGMH MA> :<<>E>K:M
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WUY Y

B U W W
& =HG'M P:GM RHN MH F>FHKBS> MASEB>GHHK MA>L> CNLM <HF> ?KHF MA> =>?BGBMBHGL H? O>EH<BMR :G=:<<>E>K:MBHG 1A>L>C
MA> =>?BGBMBHGL H? MA>L> JN:GMBMB>LLKGAKBNEVRPG IN-MBBHG MBV L:F> =>?BGBMBHGL P>"0> ;>>G >QIEHKBG@ BG MABL >GMBK>
IK>:K:IMBHG @:BG P>IEN@ BG MA> BGBMB:E O:EN>L BGMH MA> MP&-I—%IK>LLEHGL N N

1_N4 T N N
3T6 T 7T

4 > :ELH A:O> MH LHEO> ?HK HNK G>P :<<>E>K:MBHG NLBG@ MA> ?HKFNE: @BO>G BG MA> IKH;E>F >?HK> P> RHO> HG GHMB<> MA:
| BG HNK >QIK>LLBHGL ?HK ?BG:E IHLBMBHGNBND%EH<BNMRG MA> ?HKFNE: ?HK :<<>E>K:MBHG MAKEEER

BGM>K<A:G@>:;E> :NM BG MABL IKH;E>F MA>R F>:G MPH L>I:K:M> MABG@L 1A> <AIG@#BOBBFLM>IL PABH>MA>

MHM:E MBF> NI MH MA:M LMBALHKBAMGM MH D>>| BG FBG= MABL =BLMBG<MBHG OHEOBG@ ?HK MA> G>P :<<>E>K:MBHG @BO>L NL

1n4 N

B 376 T
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G=HNK G>P M:;E> EHHDL EBD>

1.:E>

>1>:MBG@ MA> IKH<>LL ?HK  @BO>L NL
1T NN

1 _N4 T N N
3 T T T
4 N

6
1
B 376 T

—lz

+HMB<>MA:M  BL NL>= ?HK MA> MBF> BG MA> :<<>E>K:MBHG @:BG D>>| BG FBG= MA> =BLIGBG{BBHG\»>MP:ES-
#BEEBG@ HNM MA> M:;E> @BO>L NL

1E>

OH MA> :GLP>K MH MA> JN>LMBHG BL MA:M MA> <:K BL FHOBG@ FL:?M>K L><HG=L

EKB@AM LH GHP P>'0> LHEO>= MABL IKH;E>F ;R A:G=?HK NIMH L><HG=L @K>:M 1A>G>QM JN>LMBHG BL PA>K> BL BM :?M>K ?E
L><HG=L 4>EE =HBG@ MABL ;R A:G=BG HG> HG> ANG=K>=MA H? : L><HG= BG<K>F>GML ?HK ?BO> L><HG=L BL @HBG@ MH M:D> NL
MBF> I8N <HNE==H BM ;NM RHN'=;>:M BM ?HK JNBM>: PABE> 1ABL BL PA>K> MA> ;>G>?BM H? NLBG@ : <HFINM>K MH LHEO> MA> IK
<HF>BGMH IEGBG<> LBFNE:MBHG BL FHLMER CNLM : IKH<>LL RHN <:G A:0> : <HFINM>K IKH@K:F EBD> "Q<>E HK $HH@E> OIK>:=LA>>
KNG MAKHN@A MA> IKH<>LL ?HREEHN @HBG@ HO>K AHP MH =H MABL BG <E:LL

acceleration : MA> K:M> H? <A:G@> BG O>EH<BMR MA> <A:G@> BG O>EH<BMR HO>K MBF>

average acceleration : MA> <A:G@> BG O>EH<BMR =BOB=>= ;R MA> MBF> HO>K PAB<A BM <A:G@>L

average speed : =BLM:G<> MK:O>E>= =BOB=>= ;R MBF> =NKBG@ PAB<A FHMBHG H<<NKL

average velocity : =BLIE:<>F>GM =BOB=>= ;R MBF> HO>K PAB<A =BLIE:<>F>GM H<<NKL

deceleration : :<<>E>K:MBHG BG MA> =BK><MBHG HIIHLBM> MH O>EH<BMR :<<>E>K:MBHG MA:M K>LNEML BG : =><K>:L> BG O>EH<BI

dependent variable : MA> O:KB:;E> MA:M BL ;>BG@ F>:LNK>= NLN:EER IEHMMZ=QBHG@ MA>

displacement : MA> <A:G@> BG IHLBMBHG H? :G H;C><M

distance : MA> F:@GBMN=> H? =BLIE:<>F>GM ;>MP>>G MPH IHLBMBHGL

distance traveled : MA> MHM:E E>G@MA H? MA> I:MA MK:O>E>= ;>MP>>G MPH IHLBMBHGL

elapsed time : MA> =BK>G<> ;>MP>>G MA> >G=BG@ MBF> :G= ;>@BGGBG@ MBF>

independent variable : MA> O:KB:;E> MA:M MA> =>|>G=>GM O:KB:;E> BL F>:LNK>= PBMA K>LI><M MH NLN:EERYEpBUM>= :EHG@ MA>
instantaneous acceleration : :<<>E>K:MBHG :M : LI><B?B< IHBGM BG MBF>

instantaneous speed : F:@GBMN=> H? MA> BGLM:GM:G>HNL O>EH<BMR

instantaneous velocity : O>EH<BMR :M: LI><B?B< BGLM:GM HK MA> :0>K:@> O>EH<BMR HO>K :G BG?BGBM>LBF:E MBF> BGM>KO:E
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kinematics : MA> LMN=R H? FHMBHG PBMAHNM <HGLB=>KBG@ BML <:NL>L

model : LBFIEB?B>= =>L<KBIMBHG MA:M <HGM:BGL HGER MAHL> >E>F>GML G><>LL:KR MH =>L<KB;> MA> IARLB<L H? : IARLB<:E LBMI
position : MA> EH<:MBHG H? :G H;C><M :M : LKMB<NE:K MBF>

scalar: : IN:\GMBMR MA:M BL =>L<KB;>= ;R F:@GBMN=> ;NM GHM =BK><MBHG

slope : MA> =BK>G<> BBO:EN> MA> KBL> =BOB=>= ;RMK>G8? BBO:EN> MA> KNG H? MPH IHBGML HG : LMK:B@AM EBG>

time: <A:G@> HK MA> BGM>KO:E HO>K PAB<A <A:G@> H<<NKL
vector : : IN.GMBMR MA:M BL =>L<KB;>= ;R ;HMA F:@GBMN=> :G= =BK><MBHG

y-intercept : MA>ZO:EN>PA>GY HK PA>G MA> @K:IA <KHLL>L MA®BL

Section Summary

2.1 Displacement

¢ (BG>F:MB<L BL MA> LMN=R H? FHMBHG PBMAHNM <HGLB=>KBG@ BML |NLBL EREBMBL MAt IMMBHG :EHG@ : LMK:B@AM EBG>
<:EE>= HG> =BF>GLBHG:E FHMBHG

¢ IBLIE:<>F>GM BL MA> <A:G@> BG IHLBMBHG H? :G H;C><M

¢ &G LRF;HEL =BLIE:<>F>AW BL =>?BG>= MH ;>

TY Y'Y

PA>K> Y BL MA> BGBMB:E IHLBMEHBE i@&> ?BGE IHLBMBHG &G MABL M>QM MR>=#EMD EPMANLFC :GL a<A:G@>
BGb PA:M>0>K JN:GMBMR ?HEEHPL BM 1A> 0& NGBM ?HK =BLIE:<>F>GM BL MA> F>M>K F IBLIE:<>F>GM A.L : =BK><MBHG :L P>E
F:@GBMN=>

¢ 4A>G RHN LM:KM : IKH;E>F LLB@G PAB<A =BK><MBHG PBEE ;> IHLBMBO>

IBLM:G<> BL MA> F:@GBMN=> H? =BLIE:<>F>GM ;>MP>>G MPH [HLBMBHGL
¢ !BLM:G<> MK:O>E>= BL MA> MHM:E E>G@MA H? MA> I:MA MK:O>E>= ;>MP>>G MPH IHLBMBHGL

o

2.2 Vectors, Scalars, and Coordinate Systems
¢ O><MHK BL :GR JN:GMBMR MA:M A:L F:@GBMN=> :G= =BK><MBHG
L<:E:K BL :GR JN:GMBMR MA:M A:L F:@GBMN=> ;NM GH =BK><MBHG
IBLIE:<>F>GM :G= O>EH<BMR :K> O><MHKL PA>K>:L =BLM:G<> :G= LI>>= K> L<:E:KL
&G HG> =BF>GLBHG:E FHMBHG =BK><MBHG BL LI><B?B>= ;R : IENL HK FBGNL LB@G MH LB@GB?R E>?M HK KB@AM NI HK =HPG

O o0 o0

2.3 Time, Velocity , and Speed
¢ 1BF>BL F>:LNK>= BG M>KFL H? <A:G@> :G= BML 0& NGBM BL MA> L><HG= L "E:IL>= MBF> ?HK :G >O>GM BL

TU ' U
PA>K> Lé BL MA> ?BG:E MBF-U®t. MA> BGBMB:E MBF> 1A> BGBMB:E MBF> BL H?M>G M:D>G MH ;> S>KH :L B? F>.LNK>= PBMA :

LMHIP:M<A MA> >E:IL>= MBF> BL MA3G CNLM
¢ O>K:@> O>EH<BMBR. =>?BG>=:L =BLIE:<>F>GM =BOB=>= ;R MA> MK:O>E MBF> &G LRF;HEL :0>K:@> O>EH<BMR BL

W TY Yo' Y
TU
1A> 0& NGBM ?HK O>EH<BMR BL F L
3>EH<BMR BL : O><MHK :G= MANL A:L : =BK><MBHG
&GLM:GM:G>HNL O>EM8BNR> O>EH<BMR :M : LI><B?B< BGLM:GM HK MA> :0>K:@> O>EH<BMR ?HK :G BG?BGBM>LBF:E BGM>KO:
&GLM:GM:G>HNL LI>>= BL MA> F:@GBMN=> H? MA> BGLM:GM:G>HNL O>EH<BMR
&GLM:GM:G>HNL LI>>=BL : L<:E:K IN:GNBBMRL GH =BK><MBHG LI><B?B>=
O>K:@> LI>>= BL MA> MHM:E =BLM:G<> MK:0O>E>= =BOB=>= ;R MA>GEKI@®@>= MBF= Blot MA> F:@GBMN=> H? MA>
:O>K:@> O>EH<BMR=BL : L<:E:K IN:GMBMR BM A:L GH =BK><MBHG :LLH<B:M>= PBMA BM

O 00 o000

2.4 Acceleration
¢ <<>E>K:MBHG BL MA> K:M> :M PAB<A O>EH<BMR <A:G @aler@Gel&REptdtation B BL

B Iw W W
TU & U

¢ 1A>0& NGBM ?HK :<<>E>K:MBHG BL
¢ <<>E>K:MBHG BL : O>BAHWANL A:L : ;HMA : F.@GBMN=> :G= =BK><MBHG

1ABL ,|I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIGE» @KR <HGM>GM <HE
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¢ <<>E>K:MBHG <:G ;> <:NL>= ;R >BMA>K : <A:G@> BG MA> F.@GBMN=> HK MA> =BK><MBHG H? MA> O>EH<BMR
¢ &GLM:GM:G>HNL :<<>E>K:MBHBIA> :<<>E>K:MBHG :M : LI><B?B< BGLM:GM BG MBF>

¢ I><>E>K:MBHG BL :G :<<>E>K:MBHG PBMA : =BK><MBHG HIIHLBM> MH MA:M H? MA> O>EH<BMR

2.5 Graphical Analysis of One-Dimensional Motion
¢ $K:IAL H? FHMBHG <:G ;> NL>= MH :G:ERS> FHMBHG
$K:IAB<:E LHENMBHGL RB>E= B=>GMB<:E LHENMBHGL MH F:MA>F:MB<:E F>MAH=L ?HK =>KBOBG@ FHMBHG >IN:MBHGL
1A> LEHI> H? : @K:IA H? =BLIE:<>F>GRIL MBF: BL O>EH<BMR
1A> LEHI> H? : @K:IA H? O>EHYEMRMBF @K:IA BL :<<>E>K:MHBHG
O>K:@> O>EHEIM:GM:G>HNL O>EB=BMRE>K:MBHG <:G :EE ;> H;M:BG>= ;R :G:ERSBG@ @K:IAL

o O oo

2.6 Simulations
¢ OBFNE:MBHG BL :G BM>K:MBO> IKH<>LL MA:M <:G ;> NL>= MH LHEO> IKH;E>FL >LI><B:EER BG MA> K>:E PHKE= MA:M <:G M ;> LHE
INK>ER F:MA>F:MB<:EER

Conceptual Questions

2.1 Displacement

1. $BO> :G >Q:FIE> BG PAB<A MA>K> :K> <E>:K =BLMBG<MBHGL :FHG@ =BLM:G<> MK:O>E>= =BLIE:<>F>GM :G= F:@GBMN=> H? =BLIE:
0I><B?B<:EER B=>GMB?R >:<A JN:GMBMR BG RHNK >Q:FIE>

2. 2G=>K PA:M <BK<NFLM:G<>L =H>L =BLM:G<> MK:O>E>= >JN:E F.@GBMN=> H? =BLIE:<>F>GM 4A:M BL MA> HGER <:L> BG PAB<A
F:@GBMN=> H? =BLIE:<>F>GM :G= =BLIE:<>F>GM :K> >Q:<MER MA> L:F>

3. :<M>KB: FHO> ;:<D :G= ?HKMA ;R NLBG@ MA>BK ?E:@>EE: LMKN<MNK>L MA:M EHHD EBD> EBMME> M:BEL O0I>>=L H? NI MH
{N %T — N gA:O> ;>>G H;L>KO>= 1A> MHM:E =BLM:G<> MK:O>E>= ;R : ;:<M>KBNF BL E:K@> ?HK BML LBS> PABE> BML

=BLIE:<>F>GM BL LF:EE 4AR BL MABL

2.2 Vectors, Scalars, and Coordinate Systems

4. LMN=>GM PKBMvhird that is diving for prey has a speed of ' N Tb4A:M BL PKHG@ PBMA MA> LMINEMSFFGM 4A:M

A:L MA> LMN=>GM :<MN:EER =>L<KB;>= "QIE:BG

5. 4A:M BL MA> LI>>= H? MA> ;BR=dBGse 2.4

6. <<>E>K:MBHG BL MA> <A:G@> BG O>EH<BMR HO>K MBF> $BO>G MABL BG?HKF:MBHG BL :<<>E>K:MBHG : O><MHK HK : L<:E:K JN:C

7. P>MA>K ?HK><:LM LM:M>L MA:M MA> M>FI>K:MNK> BL IK>2B<KISMMH?HEEHPBG@LNVRABL M>FI>K:MNK> : O><MHK HK :
L<:E:K IN:GMBMR "QIE:BG

2.3 Time, Velocity , and Speed

8. $BO> :G >Q:FIE> ;NM GHM HG> ?KHF MA> M>QM H? : =>0B<> NL>= MH F>.LNK> MBF> :G= B=>GMB?R PA:M <A:G@> BG MA:M =>0B<>
BG=B<:M>L : <A:G@> BG MBF>

9. 1A>K> BL : =BLMBG<MBHG ;>MP>>G :0>K:@> LI>>= :G= MA> F:@GBMN=> H? :GBQ@:SOLEHEBNRA:M BEENLMK:M>L MA>
=B2K>G<> ;>MP>>G MA>L> MPH JN:GMBMB>L

10. IH>L : <K 'L H=HF>M>K F>:LNK> [HLBMBHG HK =BLIE:<>F>GM !H>L BML LI>>=HF>M>K F>:LNK> LI>>= HK O>EH<BMR

11. &? RHN =BOB=> MA> MHM:E =BLM:G<> MK:0O>E>= HG : <:K MKBI :L =>M>KFBG>= ;R MA> H=HF>M>K ;R MA> MBF> ?HK MA> MKBI :K>
<:EXNE:MBG@ MA> :0>K:@> LI>>= HK MA> F:@GBMN=> H? MA> :O>K:@> O>EH<BMR 2G=>K PA:M <BK<NFLM:G<>L :K> MA>L> MPH JN:G
L:F>

12. %HP :K> BGLM:GM:G>HNL O>EH<BMR :G= BGLM:GM:G>HNL LI>>= K>E:M>= MH HG> :GHMASK %HP =H MA>R =B?

2.4 Acceleration

13. &L BM IHLLB;E> ?HK LI>>= MH ;> <HGLM:GM PABE> :<<>E>K:MBHG BL GHM S>KH $BO> :G >Q:FIE> H? LN<A : LBMN:MBHG
14. &L BM IHLLB;E> ?HK O>EH<BMR MH ;> <HGLM:GM PABE> :<<>E>K:MBHG BL GHM S>KH "QIE:BG

15. $BO> :G >Q:FIE> BG PAB<A O>EH<BMR BL S>KH R>M :<<>E>K:MBHG BL GHM

16. &? : LN;P:R MK:BG BL FHOBG@ MH MA> E>?M AL : G>@:MBO> O>EH<BMR :G= MA>G <HF>L MH : LMHI PA:M BL MA> =BK><MBHG H?
:<<>E>K:MBHG &L MA> :<<>E>K:MBHG IHLBMBO> HK G>@:MBO>

17. -ENL :G= FBGNL LB@GL :K> NL>= BG HG> =BF>GLBHG:E FHMBHG MH BG=B<:M> =BK><MBHG 4A:M BL MA> LB@G H? :G :<<>E>K:MBI
K>=N<>L MA> F:@GBMN=> H? : G>@:MBO> O>EH<BMR ,? : IHLBMBO> O>EH<BMR
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2.5 Graphical Analysis of One-Dimensional Motion

18. : "QIE:BG AHP RHN <:G NL> MA> @K:IA H? IHLBMBHG O>KLNiiMBESBG®IH =>L<KB;> MA> <A:G@> BG O>EH<BMR HO>K MBF>
&=>GMB?R ; MA> MQF>L€ y Lé HK | :M PAB<A MA> BGLM:GM:G>HNL O>EH<BMR BL @K>:M>LM < MA> MBF> :M PAB<A BM BL S>KF

= MA> MBF> :M PAB<A BM BL G>@:MBO>

Figure 2.33

19. : OD>M<A: @K:IA H? O>EH<BMR O>KLNL MBF> <HKK>LIHG=BG@ MH MA> @K:IA H? =BLIE:<>F>GM@»&KPNI4MBF> @BO>G BG
&=>GMB?R MA> MBF> HHMBE>LJ >M< :M PAB<A MA> BGLM:GM:G>HNL O>EH<BMR BL @K>M>LM < M PAB<A MBF>LBL BM S>KH =

PAB<A MBF>L BL BM G>@:MBO>

Figure 2.34

1ABL ,|I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIGE» @KR <HGM>GM <HE
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20. : "QIE:BG AHP RHN <:G =>M>KFBG> MA> :<<>E>K:MBHG HO>K MBF> ?KHF : O>EH<BMR O>KLNL MBF> @Kig&reN<A :L MA> HG> BG
2.35 ; :L>= HG MA> @K:IA AHP =H>L :<<>E>K:MBHG <A:G@> HO>K MBF>

Figure 2.35
21. : OD>M<A : @K:IA H? :<<>E>K:MBHG O>KLNL MBF> <HKK>LIHG=BG@ MH MA> @K:IA H? O>EH<BMBLO>KIINL MBF> @BO>G BG
&=>GMB?R MA> MBF> HK#BRSLY >M< :M PAB<A MA> :<<>E>K:MBHG BL @K>M>LM < M PAB<A MBF>LBLBM S>KH = M PAB<A MBI

BL BM G>@:MBO>

Figure 2.36
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22. HGLB=>K MA> O>EH<BMR OL MBF> @K:IA H? : I>KLHG BG :G >E>OiMHKALAHRBIBE > MA> >E>0:MHK BL BGBMB:EER :M K>LM

&M MA>G <<>E>K:M>L ?HK L><HG=L F:BGM:BGL MA:M O>EH<BMR ?HK L><HG=L MA>G =><>E>K:M>L ?HK L><HG=L NGMBE BM LMH
<<>E>K:MBHG ?HK MA> >GMBK> MKBI BL GHM <HGLM:GM LH P> <:GGHM NL> MA> >INi\B HG L8 iEHMBEHG KK FHF

Acceleration in One Dimension (https://legacy  .cnx.org/content/m42099/latest/) ?HK MA> <HFIE>M> MIKBIHME= AHP>0O>K

NL> MA>F BG MA> MAK>> BG=BOB=N:E L><MBHGL PA>K> :<<>E>K:MBHG BL : <HGLM:GM 0D>M<A @K:IAL H? : IHLBMBHG OL MBF> :G:
<<>E>K:MBHG OL MBF> ?HK MABL MKBI

Figure 2.37

23. <REBG=>K BL @BO>G : INLA :G= MA>G KHEEL NI :G BG<EBG>= |[E:G> &? MA> HKB@BG BL MA> LM:KMBG@ IHBGM LD>M<A MA> |HL
:G=:<<>E>K:MBHG H? MA> <REBG=>K OL MBF>:L BM @H>L NI :G= MA>G =HPG MA> |[E:G>

1ABL ,|I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIGE» @KR <HGM>GM <HE
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Problems & Exercises 11. LMN=>GM =KHO> MH MA> NGBO>KLBMR ?KHF A>K AHF> :G=

GHM>= MA:M MA> H=HF>M>K K>:=BG@ H? A>K <K BG<K>:L>= ;R
2.1 Displacement DF 1A>MKBIMHHD FBG : 4A:M P:L A>K :0>K:@> LI>>=
; &? MA> LMK:B@AM EBG> =BLM:G<> ?KHF A>K AHF> MH MA> NGBO>KLB|
BL DFBG:=BK><MBHG :LHNMAH?>:LM PA:M P:L A>K
:0>K:@> O>EH<BMR < &? LA> K>MNKG>= AHF> ;R MA> L:F> :MA
A FBG :?M>K LA> E>?M PA:M P>K> A>K :0>K:@> LI>>=:G=
O>EH<BMR ?HK MA> >GMBK> MKBI

12. 1A> LI>>= H? IKHl:@:MBHG H? MA> :<MBHG IHM>GMB:E :G
>E><MKB<:E LB@G:E BG : G>KO> <>EE =>|>G=L BGO>KL>ER HG MA>
=B:F>M>K H? MA> :QHG G>KO> ?B;>K &? MA> G>KO> <>EE <HGG><MBGC(C
MA> LIBG:E <HK= MH RHNK ?>>M BL FEHG@ :G= MA> G>KO>

BFINEL> LI>>=BL FL AHP EHG@ =H>L BM M:D> ?HK MA> G>KO>
LB@G:E MH MK:O>E MABL =BLM:G<>

13. HGO>KL:MBHGL PBMA :LMKHG:NML HG MA> ENG:K LNK?:<> P>K>

<A:K:<M>KBS>= R : DBG= H? ><AH BG PAB<A MA> >:KMA;HNG=

[>KLHG OHB<> P:L LH EHN= BG MA> :LMKHG:NASEF>M

MA:M BM P:L IB<D>= NI ;R MA> :LMKHRBRKWIAHG> :G=

1. #BG= MA> ?HEEHPBG@ PHKAiYlAe BGS : 1A> MK:GLFBMM>= ;:<D MH ":KMA &M BL K>:LHG:;E> MH :LLNF> MA:M MA>

=BLM:G<> MK:O>E>= : 1A> F:@GBMN=> H? MA> =BLIE:<>F>GW¥AH MBF> >JN:EL MA> MBF> G><>LL:KR ?HK MA> K:=BH P:0> MH

2KHF LM:KM MH ?BGBLA < 1A> =BLIE:<>F>GM 2KHF LM:KM M’«@tfsﬂ&HF MA> ":KMA MH MA> *HHG :G=;:<D MA:M BL G>@E><MBG@
GR MBF> =>E:RL BG MA> >E><MKHGB< >JNBIF>GM :E<NE:M> MA>

2. #BG= MA> ?HEEHPBG@ ?HKAibAe BGS - 1A> =BLM:G<> ?KHF ":KMA MH MA> *HHG @BO>G MA:M MA> ><AH MBF> P:L
=BLM:G<> MK:0>E>= ; 1A> F:@GBMN=> H? MA> =BLIE:<>F>GM "o MA-M K2BH P-OSL MKCOSE M MAS Lisoe 12 EB@AM
2KHF LM:KM MH ?BGBLA < 1A> =BLIE:<>F>GM ?KHF LM:KM MH ?BGBLA '

3. #8G= MA> ?HEEHPBG@ ?HKHilylAe BG8 : 1A> T

=BLM:G<> MK:O>E>= ; 1A> F:@GBMN=> H? MA> =BLIE:<>F>QM, ?HHM;:EE JN:KM>K;:<D KNGL F LMK:B@AM =HPG MA>
?KHF LM:KM MH ?BGBLA < 1A> =BLIE:<>F>GM ?KHF LM:KM NFHRBGRB-#B>E=BG L %> BL MA>G ABM :G=INLA>= F

4. #BG= MA> ')HEEHPBG@ 7HKFHMAG BGS : 1A> LMKB@AM ;. <DP:K=BG L %> ;K>:DL MA> M:<DE> :G= KNGL
=BLM:G<>MK:O>E>= ; 1A> F:@GBMN=> H? MA> =BLIE:<>F>GMK:B@AM ?HKP:K=:GHMA>K ~ FBG L :E<NE:M>ABL
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3.1. Kinematics in T wo Dimensions-An introduction
¢ O><MHKBL : JN:GMBMR PBMA : F:@GBMN=> :G= =BK><MBHG
¢ HGO>KMBG@ ;>MP>>G F:@GBMN=> =BK><MBHG :G= MA> <HFIHG>GM ?HKRBRMBXEBCMHNIMK> -RMA: @HK>:G

1A>HK>F

3.2. Vector Addition and Subtraction: Graphical Methods
¢ $BO>G MPH @K:IAB<:E K>IK>L>GM:MBHGL H? O><MHKL ;> :;E> MH =K:PMASLNF HK =B?
¢ !>L<KB;>;HMA OBLN:EER :G= F:MA>F:MB<:EER PA:M A:lI>GL PA>G : L<:E:K BL FNEMBIEB>= ;R : O><MHK
¢ HGO>KM ;>MP>>G F:@GBMN=> =BK><MBHG :G= <HFIHG>GM ?HKF ?HK :GR O><MHK

3.3. Vector Addition and Subtraction-Analytical Methods
¢ ==BG@ O><MHKL ;R <HFIHG>GML

3.4. Addition of V elocities

Introduction to T wo-Dimensional Kinematics
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3.1 Kinematics in T wo Dimensions-An introduction
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L MA> O><M#HK MPH =BF>GLBHG:E FHMBHG MA> |:MA H? :G H;C><M <:G ;> K>IK>L>GM>= PBMA MAK>> O><MHKL HG> O><MHK LAHPL
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FHMBHG H? : 2.EEBG@ H;C><M BL BG?EN>G<>= ;RGHHOIBRRGIGERKBSHGM:E ?HK<>L :K>?NE >Q:FBG:MBHG H? MA> ;:EE MAKHPG
AHKBSHGM:EER LAHPL MA:M BM MK:O>EL MA> L:F> AHKBSHGM:E =BLM:G<> ;>MP>>G ?E:LA>L 1ABL BL =N> MH MA> ?:<M MA:M MA>K>
?HK<>L HG MA> ;:EE BG MA> AHKBSHGM:E =BK><MBHG :?M>K BM BL MAKHPG 1ABL K>LNEM F>:GL MA:M MA> AHKBSHGM:E O>EH<BMI
1?7?><M>= G>BMA>K ;R O>KMB<:E FHMBHG GHK ;R @K:OBMR PAB<A BL O>KMB<:E +HM> MA:M MABL <:L> BL MKN>HGER ?HK B=>:E <}
PHKE= :BK K>LBLM:G<>PBEBVIA> LI>>= H? MA> ;:EEL BG ;HMA =BK><MBHGL

1A> MPH =BF>GLBHG:E <NKO>= [:MA H? MA> AHKBSHGM:EER MAKHPG ;.EE BL <HFIHL>= H? MPH BG=>I>G=>GM HG> =BF>GLBHG:E FHN
AHKBSHGM:E :G= O>KMB<:E 1A>D>R MH :G:ERSBG@ LN</Afeitdidei@otiltEBL Midsolve ;K>:D BM BGMH FHMBHGL :EHG@

1ABL ,I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIlCGE} @K@R <HGM>GM <HE
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I>KI>G=B<NE:K =BK><MBHGL />LHEOBG@ MPH =BF>GLBHG:E FHMBHG BGMH I>KI>G=B<NE:K <HFIHG>GML BL IHLLB;E> ;><:NL> MA> <}
‘K> BG=>I>G=>GM>4.A:EE L>> AHP MH K>LHEO> O><MtiKL/AB@ition and Subtraction: Graphical Methods

(https://legacy .cnx.org/content/m42127/latest/) :G= Vector Addition and Subtraction: Analytical Methods

(https://legacy .cnx.org/content/m42128/latest/) 4 > PBEE ?BG= LN<A M><AGBJN>L MH ;> NL>?NE BG F:GR :K>:L H? IARLB<L

-A"1 "QIEHK:MBHGL ):=R;N@ *HMBHG !

)>:KG ;;HNM IHLBMBHG O>EH<BMR :G= :<<>E>K:MBHG O><MHKL *HO> MA> E:=R;N@ ;R L>MMBG@ MA> IHLBMBHG O>EH<BMR HK :<
:G=L>> AHP MA> O><MHKL <A:G@> AHHL> &BIGNK:K HK >EEBIMB<:E FHMBHG :G= K><HK= :G= IE:R;:<D MA> FHMBHG MH :G:ERS>
MA> ;>A:0BHK

Figure 3.7 Ladybug Motion 2D (http://legacy .cnx.org/content/m64153/1.3/ladybug-motion-2d_en.jar)

3.2 Vector Addition and Subtraction: Graphical Methods

Your Quiz would Cover

¢ $BO>G MPH @K:IAB<:E K>IK>L>GM:MBHGL H? O><MHKL ;> :;;E> MH =K:PMAS £ NA AKK=BK> LHF> LBFIE>
IKH<>=NK>L MH ?HBBHEB=B?R RHNK NG=>KLM:G=BG@ H? MA>L> IKH<>=NK>L :G= P> <:G PHKD HG PAR MABL F:D>L L>GL> BG
<E:LL

c I>L<KB;>;HMA OBLN:EER :G= F:MA>F:MB<:EER PA:M A:lI>GL PA>G : L<:E:K BL FNEMBIEB&2 & @BSNMRHN : O><MHK
:G=: GNF;>K RHN LAHNE= ;> :;;E> MH MNKG MA> <K:GD :G= FNEMBIER MA>F F&AFMBAEERBG@ RHN MH ;>
;;E> MH =H MABL @K:IAB<:EER :G= PBEE GHM :LD RHN PA:M BM F>:GL 'NLM ?H<NL HG MA> F><A:GB<L H? AHP MH =H BM

¢ HGO>KM ;>MP>>G F:@GBMN=> =BK><MBHG :G= <HFIHG>GM ?HKF ?HK :GR O><MHK

Figure 3.8 IBLIE:<>F>GM <:G ;> =>M>KFBG>= @K:IAB<:EER NLBG@ : L<:E> F:| LN<A:L MABL HG> H? MA> %:P:BB:G &LE:G=L CHNKG>R ?KHF %:P:B'B MH
*HEHD:'B A:L : GNF;>K H? E>@L HK CHNKG>R L>@F>GML 1A>L> L>@F>GML <:G ;> :==>= @K:IAB<:EER PBMA : KNE>K MH =>M>KFBG> MA> MHM:E MPH =BF>GlI
=BLIE:<>F>GM H? MA> CHNKG=BM 20 $>HEH@B<:E ONKO>R

3><MHKL B&1BF>GLBHGL

vector BL : IN:GMBMR MA:M A:L F:@GBMN=> :G= =BK><MBHG !BLIE:<>E=GH>@NBHBMR= ?HK<> ?HK >Q:FIE> :K>:EE
O><MHKL &G HG> =BF>GLBHG:E HK LMK:B@AM EBG> FHMBHG MA> =BK><MBHG H? : O><MHK <:G ;> @BO>G LBFIER ;R : IENL HK FBG
=BF>GLBHGL = AHP>OPKk LI><B?R MA>=BK><MBHG H? : O><MHK K>E:MBO> MH LHF> K>?>K>G<> ?K:F> B> <HHK=BG:M>LRLM>F |


https://legacy.cnx.org/content/m42127/latest/
https://legacy.cnx.org/content/m42127/latest/
https://legacy.cnx.org/content/m42128/latest/
https://legacy.cnx.org/content/m42128/latest/
http://legacy.cnx.org/content/m64153/1.3/ladybug-motion-2d_en.jar
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:G :KKHP A:OBG@ E>G@MA IKHIHKMBHG:E NIHFNGG EDANMHIG= IHBGMBG@ BG MA> =BK><MBHG H? MA> O><MHK

Figure 3.9 LAHPL LN<A graphical representation of a vector NLBG@ :L :G >Q:FIE> MA> MHM:E =BLIE:<>F>GM ?HK MA> I>KLHG P:EDBG@
BG : <BMR <HGLB=>K*=zeBf@tics in T wo Dimensions: An Introduction (https://legacy .cnx.org/content/m42104/latest/)
4 > LA:EE NL> MA> GHM:MBHG MA:M : ;HE=?:<> LRF;HEALNMAGEL ?HK : O><MNK F:@GBMN=> BL K>IK>L>GM>= ;R MA> LRF;HE BG

BM:EB<¥ :G= BML =BK><MBHG ;R

1A>K> L LHF> GHM:MBHG BG MA> ?HEEHPBG@ GHM> MA:M PHNE= ;> NL>?NE MH I:R :MM>GMBHG MHH

3><MHKL BG MABY 1

&G MABL M>QM P> PBEE K>IK>L>GM : O><MHK PBMA : ;HE=?:<> O:KB:;E> #HK >Q:FIE> P> PBEE K>IK>L>GM MA> JN:GMBMR ?HK<> P
0><MHK PAB<A A:L ;HMA F:@GBMN=> :G= =BK><MBHG 1A> F:@GBMN=> H? MA> O><MHK PBEE ;> K>IK>L>GM>= ;R : O:KB:;E> BG BM:

LN<A:L ' :G=MA>=BK><MBHG H? MA> O:KB:;E> PBEE ;> @BO>G ;R :G :G@E>

Figure 3.9 I>KLHG P:EDL ;EH<DL >:LM :G= ;EH<DL GHKMA 1A>=BLIE:<>F>GM BL ;EH<DL :M :G :G@EHKMA H? >:LM

Figure 3.10 1H =>L<KB;> MA> K>LNEM:GM O><MHK ?HK MA> |>KLHG P:EDBG@ BG FrBMRB<H@UIBHBEBRP :G :KKHP MH K>IK>L>GM MA> MHM:E
=BLIE:<>F>GM 0><MUK2LBG@ : IKHMK:<MKIR : EBG> :M :G :G@E>K>E:MBO> MH MA> >:LM P>LM :QBL 1AYE+G@MAKKHP BL IKHIHKMBHG:E MH MA>

O><MHHK:@GBMN=> :G= BL F>:LNK>= :EHG@ MA> EBG> PRRIMAREKFIE> MA> F:@GBRAN2MA> O><MHK BL  NGBML :G= MA> =BKBisMBHG
GHKMA H? >:LM

1ABL ,I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIlCGE} @K@R <HGM>GM <HE
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1:DBG@ LHF> MBF> MH NG=>KLM:G= :G= IK:<MB<> MA> A>:= MH M:BE F>MAH= BL K><HFF>G=>= RHN EE GHMB<> MA:M MA>K> L : L>}
‘E@HKBMAFB< LM>IL LH RHN CNLM G>>= MH E>:KG MA> IKH<>LL :G= BM PBEE PHKD ?HK :GR MPH O><MHKL

3><MHK ==BMBHG %>:-=BEHMAH=

1A> head-to-tail method BL : @K:IAB<:E P:R MH :== O><MHKL =>L<KBgrrB&11 ;>EHP :G= BG MA> LM>IL ?HEEHPBGI@ 1A>
H? MA> O><MHK BL MA> LM:KMBG@ IHBGNBH MiiAednt>+MHUBI H? : O><MHK BL MA> ?BG:E IHBGM>=>G= H? MA> :KKHP

Figure 3.11 Head-to-Tail Method: 1A> A>:= MH M:BE F>MAH=H? @K:IAB<:EER :==BG@ O><MHKL BL BEENLMK:M>= ?HK MA> MPH =BLIE:<>F>GML H? MA> |>KLHG
BG : <BMR <HGLB=>K¥riBG.9 : !K:P: 0><MHK K>IK>L>GMBG@ MA> =BLIE:<>F>GM MH MA> >:LM ; K:P : O><MHK K>IK>L>GMBG@ MA> =BLIE:<>F>GM MH MA
GHKMA 1A> M:BE H? MABL O><MHK LAHNE= HKB@BG:M> ?KHF MA> A>:= H? MA> ?BKIK\VP > EBGEH BRINBR & OFBEIHR MA> >:LM IHBGMBG@ O><MHK MH MA>

A>:= H? MA> GHKMA IHBGMBG@ O><MHK MH ?HiEllAbUeNHK U 1A> E>G@MA H? MA> :KIBR IKHIHKMBHG:E MH MA: BX@GIBMN=> :G= BL
F>LNK>=MH ;> NGBML &ML =BK><MBHG =>L<KB;>=:L MA>:G@E> PBMA K>LI><M MH MA> >:LM IBK RHKREHSNBMAQBKHMK:<MHK MH ;>

Z

Step 1. Draw an arrow to represent the first vector (9 blocks to the east) using a ruler and protractor

Figure 3.12

Step 2. +HP =K:P :G :KKHP MH K>IK>L>GM MA> L><HG= O><MHK ;EH<DL MPlatAtBHiMAthe second vector at the head
of the first vector
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Figure 3.13
Step 3. If there are more than two vectors, continue this process for each vector to be added. Note that in our example, we have
only two vectors, so we have finished placing arrows tip to tail

Step 4. Draw an arrow from the tail of the first vector to the head of the last vector 1ABL BL Megsultant HK MA>LNF H? MA> HMA>K
O><MHKL

Figure 3.14
Step 5. 1H @>M MAagnitude H? MA> K>LNEKh&€28ure its length with a ruler. (Note that in most calculations, we will use the
Pythagorean theorem to determine this length.)

Step 6. 1H @>M Mikection H? MA> K>LNEM#8uUre the angle it makes with the reference frame using a protractor. (Note that
in most calculations, we will use trigonometric relationships to determine this angle.)

1A> @K:IAB<:E :==BMBHG H? O><MHKL BL EBFBM>= BG :<<NK:<R HGER ;R MA> IK><BLBHG PBMA PAB<A MA> =K:PBG@L <:G ;> F:=>:G=
IK><BLBHG H? MA> F>:LNKBG@ MHHEL &M BL O:EB= ?HK :GR GNF;>K H? O><MHKL

Example 3.1 Adding V ectors Graphically Using the Head-to-T  ail Method: A W oman Takes a

2L> MA> @K:IAB<:E M><AGBJN> ?HK :==BG@ O><MHKL MH ?BG= MA> MHM:E =BLIE:<>F>GM H? : I>KLHG PAH P:EDL MA> ?HEEHPBG@
=BLIE:<>F>GML HG : ?E:M ?B>E= #BKLM LA>P:EDL F BG : =BK><IBBHGIA H? >:.LM 1A>G LA>P:EDL F A>=BG@

GHKMA H? >:LM #BGABBWNKGL :G=P:EDL F BG : =BK><MBHG U LHNMA H? >:LM
Strategy

[>IK>L>GM >:<A =BLIE:<>F>GM O><MHK @K:IAB<:EER PBMR;xEBG@MA> 7BKUK> L><HG# :G= MA> MAB&=
F:DBG@ MA> E>G@MAL IKHIHKMBHG:E MH MA> =BLM:G<> :G= MA> =BK><MBHGL L LI><B?B>= K>E:MBO> MH :G >:LM P>LM EBG> 1A:
F>MAH= HNMEBG>= ;;HO> PBEE @BO> : P:R MH =>M>KFBG> MA> F:@GBMN=> :G= =BK><MBHG H? MA> K>LNEB1:GM =BLIE:<>F>GM =:

Solution
IK:P MA> MAK>> =BLIE:<>F>GM O><MHKL

1ABL ,|I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIGE» @KR <HGM>GM <HE
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Figure 3.15

-E:<> MA> O><MHKL A>:= MH M:BE K>M:BGBG@ ;HMA MA>BK BGBMB:E F:@GBMN=> :G= =BK><MBHG

Figure 3.16

IK:P MA> K>LNEM:GM O><@HK

Figure 3.17

2L>: KNE>K MH F>:LNK> MA> F:@GBMN3>:82 : IKHMK:<MHK MH F>:LNK> MA> =BK><MBABE+MA> =BK><MBHG H? MA>
0O><MHK <:G ;> LI><B?B>= BG F:GR P:RL MA> >:LB>LM P:R BL MH F>:LNK> MA> :G@E> ;>MP>>G MA> O><MHK :G= MA> G>:K>LM
AHKBSHGM:E HK O>KMB<:E :QBL 0BG<> MA> K>LNEM:GM O><MHK BL LHNMA H? MA> >:LMP:K= IHBGMBG@ :QBL P> ?EBI MA> IKHMK
:G= F>.LNK> MA> :G@E> ;>MP>>G MA> >:LMP:K=:QBL :G= MA> O><MHK
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Figure 3.18

&G MABL <:L> MA> MHM:E =BLIE:3>BeGM>G MH A:O> : F-@GBMN=>H? F :G= MH EB> BG : =BK><MB¥\A H? >:LM R
NLBG@ BML F:@GBMN=> :G= =BK><MBHG MABL O><MHK <:G3> >QIK>LLb:G+ zLHNMA H? >:LM
Discussion

1A> A>:= MH M:BE @K:IAB<:E F>MAH= H? O><MHK :==BMBHG PHKDL ?HK :GR GNF;>K H? O><MHKL &M BL :ELH BFIHKM:GM MH GHM>
K>LNEM:GM BL BG=>I>G=>GM H? MA> HK=>K BG PAB<A MA> O><MHKL :K> :==>= 1A>K>?HK> P> <HNE= :== MA> O><MHKL BG :GR HK
BEENLMK:M=3gB&3.19 :G= P> PBEE LMBEE @>M MA> L:F> LHENMBHG

Figure 3.19

%>K> P> L>>MA:M PA>G MA> L:F> O><MHKL :K> :==>=B&>GBPHKMAC K>LNEM BL MA> L:F> 1ABL <A:K:<M>KBLMB< BL MKN> BG
>0O>KR <:L>:G=BL :G BFIHKM:GM <A:K:<M>KBLMB< HXGi-MHEKBVBE®Biutative 3><MHKL <:G ;> :==>= BG :GR HK=>K

T

1ABL BL MKN> ?HK MA> :==BMBHG H? HK=BG:KR GNF;>KL :L P>EE"RHN @>M MA> L:F> K>LNEM PAKMA>K RN ==
>Q:FIE>

2G=>KLM:G=BG@ O><MHK LN;MK:<MBHG BL G><>LL:KR MH NG=>KLM:G= HMA>K |IARLB<L B=>:L #HK >Q:FIE> :<<>E>K:MBHG BL YO'Y
YO BLOOs3>EH<BMR BL : O3RN K> EHHDBG@ :M : 0O><MHK LN;MK:<MBHG PA>G>0>K RHN K> PHKDBG@ PBMA :<<>E>K:MBHG

3><MHK ON;MK:<MBHG

3><MHK LN;MK:<MBHG BL : LMK:B@AM?HKP:K=>QM>GLBHG H? 280 N:MBVEVEHGE L:R P> P:GM MH A AHIKtRN

PKBMM3G # P> FNLM ?BKLM =>?BG> PA:M P> F>:G ;R LN;MK:<Miig&tiviedsl? : O><MH#& BL =>?BG>= MH ;# MA:M BL

@K:IAB<:EffR negative of any vector has the same magnitude but the opposite direction :L LAHPG BGigure 3.20 &G HMA>K

PHK=L # A:.L MA> L:F> E>SG@MA :l# ;NM IHBGML BG MA> HIIHLBM> =BK><MBHGPY.CNEMBEBRMA> O><MHK LH BM IHBGML BG MA>

1ABL ,I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIlCGE} @K@R <HGM>GM <HE
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HIIHLBM> =BK><MBHG

Figure 3.20 1A> G>@:MBO> H? : O><MHK BL CNLM :GHMA>K O><MHK H? MA> L:F> F:@GBMN=> ;NM IHBGMBG@ BGAVBL-WNHBI@: MBR>EVIBHG OH
BM AL MA> L:F> E>G@MA ;NM HIIHLBM> =BK><MBHG

1A> subtraction H? O><MHK?KHF O><MHKBL MA>G LBFIER =>?BG>= MH ;> MA> :==B#BHG HPHM> MA:M O><MHK LN;MK:<MBHG
BL MA> :==BMBHG H? : G>@:MBQABDHKMHKH? LN;MK:<MBHG =H>2>6MNI2> K>LNEML

" # " #
1ABL BL :G:EH@HNL MH MA> LN;MK:<MBHG H? L<:E:KL PA>K> ?HK >Q:FIE> @:BG MA> K>LNEM BL BG=>I>G=>GM H? MA>

HK=>K BG PAB<A MA> LN;MK:<MBHG BL F:=> 4A>G O><MHKL :K> LN;MK:<MA= @¥<WBBIRER HNMEBG>= :;HO> :K> NL>= :L MA>
?HEEHPBG@ >Q:FIE> BEENLMK:M>L

Example 3.2 Subtracting V ectors Graphically: AW oman Sailing a Boat

PHF.G L:BEBG@ : ;H:M :M GB@AM BL ?HEEHPBG@ =BK><MBHGL MH : =H<D 1A> BGLMKN<MBHGL K>:= MH ?BKLM L:BE = F BG : =BK
GHKMA H? >:LM ?KHF A>K <NKK>GM EH<:MBHG :G= MA>G MK:O>E F BGGHBKAMBHEGM HK P>LM H?

GHKMA &? MA> PHF:G F:D>L : FBLM:D> :G= MK:O>BpgisiABK><MBHG ?HK MA> L><HG= E>@ H? MA> MKBI PA>K> PBEE LA>>G=
NI HFI:K> MABL EH<:MBHG PBMA MA> EH<:MBHG H? MA> =H<D

Figure 3.21

Strategy

4 > <:G K>IK>L>GM MA> ?BKLM E>@ H? MA> MKBI'PBBA MA><IMHKG= E>@ H? MA> MKBI PBMA : D<MHKD BL

EH<:M>=:M : EH<:MBHG # &? MA> PHF:G FBLM:D>GER MK:0O>BhRGitdl ABK><MBHG ?HK MA> L><HG= E>@ H?IM%&> CHNKG>R

PBEE MK:O>E : =BLM{G<>F BG MA> =BK><MBHG Z z z LHNMA H? >:LM> K>IK>L>GM MABL # :L LAHPG

SEHP 1A> O><MHK# A:L MA> L:F> F:@GBMN=> :if ;NM BL BG MA> HIIHLBM> =BK><MBHG 1ANL LA> PBEE >G= NI :M : EH<:MBHG
" # HK" #
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Figure 3.22
4 > PBEE I>K?HKF O><MHK :==BMBHG MH <HFI:K> MA> EH<:MBHG H? RBMAHME> EH<:MBHG :M PAB<A MA> PHF:G
FBLM:D>GER :KKBO>L #
Solution
1 H=>M>KFBG> MA> EH<:MBHG :M PAB<A MA> PHF:G :KKBO>L ;R :<<B=>GM B=P O#<MHKL
-E:<> MA> O><MHKL A>:= MH M:BE
IK:P MA> K>LNEM:GM O><BIHK
2L> : KNE>K :G= IKHMK:<MHK MH F>:LNK> MA> F:@GBMN=> :G= =BK><MBHG H?

Figure 3.23
&G MABL <:L3 N:G= 2LHNMA H? >:LM

1 H=>M>KFBG> MA> EH<:MBHG H? MA> =H<D P> K>I>:M MABL F>MAH='MB==A<MHKLBG MA> K>LNEM:GM O><MHK
3

Figure 3.24

&G MABL <:L3 G= GHKM#~A>:LM

4 > <:G L>> MA:M MA> PHF:G PBEE >G= NI : LB@GB?B<:GM =BLM:G<> ?KHF MA> =H<D B? LA> MK:O>EL BG MA> HIIHLBM> =BK><MBHG
L><HG=E>@ H? MA> MKBI

1ABL ,|I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIGE» @KR <HGM>GM <HE
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Discussion

><:NL> LN;MK:<MBHG H? : O><MHK BL MA> L:F> :L :==BMBHG H? : O><MHK PBMA MA> HIIHLBM> =BK><MBHG MA> @K:IAB<:E F>MAH-
LN;MK:<MBG@ O><MHKL PHKDL MA> L:F> :L ?HK :==BMBHG

&? RHN O> M:D>G :GHMA>K IARLB<L <HNKL> RHN O> IKH;:;BfR Lt48_ >IN:MBHG PBEE IE:R : LB@GB?B<:GM KHE> BG MABL <E:LL
:G= RHN EE GHMB<> MA:M F:LL BL :G=:EK>E>K:MBHG BL : O>kNINK=>KLM:G=BG@ AHP L<:E:KL :G= O><MHKL FNEMBIER PBEE
;> BFIHKM:GM

*NEMBIEB<:MBH&MPIBL :G= 0<:E:KL

&? P> =><B=>= MH P:ED MAK>> MBF>L :L ?.K HG MA> ?BKLM E>@ H? MA> MKBI <HGLB=>K>= BG MA> IK><>=BG@ >Q:FIE> MA>G P> PHN
— NHK F BG:=BK><MBHG zGHKMA H?>:LM 1ABL BL :G >Q:FIE> H? FNEMBIERBG@ : O><MHK¢a|& : IHLBMBO>

+HMB<> MA:M MA> F:@GBMN=> <A:G@>L ;NM MA> =BK><MBHG LM:RL MA> L:F>

&? MA> L<:E:K BL G>@:MBO> MA>G FNEMBIERBG@ : O><MHK ;R BM RAGGEBMNMAG3>@HBBAKL MA> G>P O>sihiditlA>

=BK><MBHG #HK >Q:FIE> B? RHN FNEMBIER ;R] MA>F:@GBMN=> =HN;E>L ;NM MA> =Bi:&NIBIFG: KBS>@MA>KU> KNE>L BG

MA> ?HEEHPBG@ P:R 4A>G O>BIHHIEMBIEB>= ;R : L<:E:K

¢ MA>F:@GBMN=>H? MA> O><MHK ;><HF>L MA> :;LHENI>'O:EN> H?
¢ B?LBL IHLBMBO> MA> =BK><MBHG H? MA> O><MHK =H>L GHM <A:G@>
¢ B?L[BL G>@:MBO> MA> =BK><MBHG BL K>0>KL>=

&G HNK <:L>D :G= I 3><MHKL :K> FNEMBIEB>= ;R L<:E:KL BG F:GR LBMN:MBHGL +HM> MA:M =BOBLBHG BL MA> BGO>kK

FNEMBIEB<:MBHG #HK >Q:FIE> =BOB=BG@ ;R BL MA> L:F>:L FNEMBIERBG@ ;R MA> O:EN> 1A> KNE>L ?HK FNEMBIEB<:MBHG H?
L<:E:KL :K>MA> L:F> ?HK =BOBLBHG LBFIER MK>:M MA> =BOBLHK ;L : L<:E:K ;>MP>>G :G=

4A>G =>:EBG@ PBMA O><MHKL NLBG@ :G:ERMB< F>MAH=L PAB<A BL <HO>K>= BG MA> G>QM L><MBHG RHN G>>= MH ;K>:D =HPG
BGMH >LL>GMB:EER Q <HFIHG>GML :G= R <HFIHG>GML 1ABL G>QM |:KM <HO>KL MABL B=>: LH MKR MH ?:FBEB:KBS> RHNKL>E? PE
=HPG O><MHKL :L RHN K>:=

/[>LHEOBG@ »8MHK BGMH HFIHG>GML

&G MA>>Q:FIE>L ;;HO> P> A:0> ;>>G :==BG@ O><MHKL MH =>M>KFBG> MA> KAGENMEEM:D3<MHR>0O>R> PBEE G>>= MH

=H MA> HIIHLBM>>#BEE G>>= MH M:D> : LBG@E> O><MHK :G= ?BG= PA:M HMA>K O><MHKL :==>= MH@>MA>K IKH=N<>BM &G FHLM <:
BGOHEO>L =>M>KFBGBG@ MA> |>Kio@pBrNEsK H? : LBG@E> O>2MKKQ:FIE> MA>and y <HFIHG>GML HK MA> GHKMA LHNMA

:G=>:LM P>LM <HFIHG>GML

#HK >Q:FIE> P> F:R DGHP MA:M MA> MHM:E =BLIE:<>F>GM H? : I>KLHG P:EDBG@ BG : <BMR BL  ;EH<DL BGHKBKKVIBHG

>:LM :G= P:GM MH ?BG= HNM AHP F:GR ;EH<DL >:.LM :G= GHKMA A:= MH ;> P:ED>= 1ABL F#N#fhtrtBe eoftpenents (or

parts) H? MA> =BLIE:<>F>GM BG MA> >:LM :G= GHKMA =BK><MBHGL :G= BM BL MA> BGO>KL> H? MA> IKH<>LL ?HEEHP>= MH ?BG= MA>
=BLIE:<>F>GM &M BL HG> >Q:FIE> H? ?BG=BG@ MA> <HFIHG>GMI>K? :IO>RIGRKIIEB<:MBHGL BG IARLB<L PA>K> MABL BL :

NL>?NE MABG@ MH BBEE L>> MABL LHMG®Ble Motion (https://legacy .cnx.org/content/m42042/latest/)  :G= FN<A FHK>

PA>G P> <HO>fdrces BGynamics: NewtonOs Laws of Motion (https:/legacy .cnx.org/content/m42129/latest/)  *HLM H?

MA>L> BGOHEO> ?BG=BG@ <HFIHG>GML :EHG@ I>KI>G=B<NE:K :Q>L LN<A :L GHKMA :G=>:LM LH MA:M KB@AM MKB:G@E>L :K>BGC
:G:ERMB<:E M><AGBJN>L IK>L>@&Mtsx BG&dition and Subtraction: Analytical Methods (https://legacy .cnx.org/content/

m42128/latest/) :K>B=>:E ?HK ?BG=BG@ O><MHK <HFIHG>GML

-A"1 "QIEHK:MBHGL *:S> $:F>

)>:KG :;HNM IHLBMBHG O>EG=BMRE>K:MBHG BG MA> K>G:H?-BG 2L> MA> @K>>G :KKHP MH FHO> MA> ;:EE == FHK> P:EEL
MH MA> :K>G: MH F:D> MA> @:F> FHRB<MEXRIMH F:D>: @H:E :L ?:LM :L RHN <:G



https://legacy.cnx.org/content/m42042/latest/
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Figure 3.25 Maze Game (http://legacy .cnx.org/content/m64160/1.2/maze-game_en.jar)

3.3 Vector Addition and Subtraction-Analytical Methods

Your Quiz would Cover
¢ ==BG@ O><MHKL ;R <HFIHG>GML !'HG'M ?H<NL MHH FN<A HG PA:M BM F>:GL MH :== O><MHKL 'NLM E>:KG MA> F><A:GB<L H?
AHP MH =H BM BBEE M:ED :;HNM MA> F>:GBG@ BG <E:LL

Analytical methods H? O><MHK :==BMBHG :G= LN;MK:<MBHG >FIEHR @>HF>MKR :G= LBFIE> MKB@HGHF>MKR K:MA>K MA:G MA> KNE>
IKHMK:<MHK H? @K:IAB<:E F>MAH=L -:KM H? MA> @K:IAB<:E M><AGBJN> BL K>M:BG>= ;><:NL> O><MHKL :K> LMBEE K>IK>L>GM>= ;R :
>:LR OBLN:EBS:MBHG %HRZ6RKIB<:E F>MAH=L :K> FHK> <HG<BL> :<<NK:M> :G= IK><BL> MA:G @K:IAB<:E F>MAH=L PAB<A :K>
EBFBM>= ;R MA> :<<NK:<R PBMA PAB<A : =K:PBG@ <:G ;> F:=> G:ERMB<:E F>MAH=L :K> EBFBM>= HGER ;R MA> :<<NK:<R :G= IK><BLB}
PBMA PAB<A IARLB<:E JN:GMBMB>L :K> DGHPG

/>LHEOBG@ >8MHK BGMH ->KI>G=B<NE:K HFIHG>GML

G:ERMB<:E M><AGBJN>L :G= KB@AM MKB:G@E>L @H A:G= BG A:G= BG IARLB<L ;><:NL> :FHG@ HMA>K MABG@L FHMBHGL :EHG@ I>
=BK><MBHGL :K> BG=>I>G=>GKKR H?M>G G>>= MH L>:K:M> : O><MHK BGMH I>KI>G=B<NE:K <HFIHG>GML #HK >Q:FIE> @BO>G : O><l
EBD3 BGigure 3.26 P> F:R PBLA MH ?BG= PAB<A MPH I>KI>G=B<NE:K Ox<@HKL ; :== MH IKH=N<> BM

Figure 3.26 1A> O><MHK PBMA BML M:BE :M MA> HKB @8@HKZEE:M> LRLM>F BL LAHPG MH@>MA>IGEBMABIMG>GML " \:G= " 7
1A>L> O><MHKL ?HKF : KB@AM MKB:G@E> 1A> :G:ERMB<:E K>E:MBHGLABIL :FHG@ MA>L> O><MHKL :K> LNFF:KBS>= ;>EHP

" y:G= " 7:K>=>?BG>= MH ;> MA> <HFIHG>GNMLERG@ MA>G= y :Q>L 1A> MAK>> O><MHKL" y :G= " 7 ?HKF : KB@AM
MKB:G@E>

+HM> MA:M MABL K>E:MBHGLABI ;>MP>>G 0><MHK <HFIHG>GML :G= MA> K>LNEM:GM O><MHK AHE=L HGER ?HK O><MHK JN:GMBMB>
;HMA F:@GBMN=> :G= =BK><MBHG 1A> K>E:MBHGLABI =H>L GHM :IIER ?HK MA> F:@GBMN=>L :EHG> #HWX=QNFIE> B?

"z NGHKMA G2 NGHKMA >:LM MA>G BM BL MKN> MA:M'Mp> O2sMHKL %HP>0>BM Bat MKN> MA:M MA> LNF
H? MA> F:@GBMN=>L H? MA> O><MHKL BL :ELH >JN:E 1A:M BL
N N u I
1ANL

1ABL ,I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIlCGE} @K@R <HGM>GM <HE
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A:IM>K T 1PH |BF>GLBHG:E (BG>F:MB<L

Y Z u "
&? MA> O><MHBL DGHPG MA>G BML F:@GBMNH>E>G@MA :G=BML :GHE=BK><MBHG :K>DBRBG=1y:G= " ; BML
:G=y <HFIHG>GML P> NL> MA> ?HEEHPBG@ K>E:MBHGLABIL ?HK : KB@AM MKB:G@E>

"y "DP’

"z "TJC

Figure 3.27 1A> F:@GBMN=>L H? MA> O><MHK <HFIHGp@ML " 7 <:G ;> K>E:M>= MH MA> K>LNEM:GM O:S<MWiK> :G@E> PBMA MKB@HGHF>MKB<
B=>GMBMB>L %>K>P>L>>MAM" DP.c= "z " TJ(

ONIIHL> ?HK >Q:FIE> MA:M BL MA> O><MHK K>IK>L>GMBG@ MA> MHM:E =BLIE:<>F>GM H? MA> |>KLHG P:EDBG@ BG : <BMR <HGLB=>

Kinematics in T wo Dimensions: An Introduction (https://legacy .cnx.org/content/m42104/latest/) :G= Vector Addition and
Subtraction: Graphical Methods (https://legacy  .cnx.org/content/m42127/latest/)

Figure 3.28 4 ><:GNL>MA>K>E:MBHGLABIL " D P .= "z " T J (MH=>M>KFBG> MA> F:@GBMN=> H? MA> AHKBSHGM:E :G= O>KMB<:E

<HFIHG>GM O><MHKL BG MABL >Q:FIE>

1A>G " ;EH<DL :G= LH MA:M
"y "DPT} CVMEDPT & c N
", "TJO L CMBDO & C NI

‘E<NE:MBG@ : />LNEM:EMBK
&? MA> I>KI>G=B<NE:K <HFIHG*GME= " 7H?:0><MHK :K> DGHPG MA>G <:G :ELH ;> ?HNG= :G:ERMBLHPRG= MA>
F:@GBMN=2 :G==BK><MBHGI? : 0><MHK ?KHF BML I>KI>G=B<NE:K <HFIHGE83ML ; P> NL> MA> ?HEEHPBG@ K>E:MBHGLABIL

Y z
BO "z "v


https://legacy.cnx.org/content/m42104/latest/
https://legacy.cnx.org/content/m42127/latest/
https://legacy.cnx.org/content/m42127/latest/
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Figure 3.29 1A> F:@GBMN=> :G= =BK><MBHG H? MA> K>LNEM:GM O><MHK <:G ;> =>M>KFBG>= HG<> MA> AHKBSHGM:E ﬁ@@>KM@G®<HFIHG>GML
>>G =>M>KFBG>=

+HM> MA:M MA> >JN:M’BHQ "y " 7BLCNLM MA> -RMA:@HK>:G MA>HK>F K>E:MBG@ MA> E>@L H? : KB@AM MKB:G@E> MH MA> E>C

ARIHM>GNL> #HK >Q:FIE> 'BQ:G= " 7 :K> :G= ;EH<DL K>LI><MBOMR-G" ;EH<DL :@:BG <HGLBLM>GM

PBMA MA> >Q:FIE> H? MA> I>KLHG P:EDBG @E&BERBMR=BK><MBHG BILB O i L ;>?HK>

I>M>KFBGBG@&MHKL :G=>8MHK HFIHG>GML PBMA G:ERMB<:E *>MAH=L
"INNMBHGL"y " DP:G= "z " TJ(CK>NL>=MH ?BG= MA> I>KI>G=B<NE:K <HFIHG>GML H? : O><MHK"MA:M BL MH @H

PKHF" :G= MH"y:G= "7z "NIMBHGL" |\ "y "z:G= BO "z "y :K>NL>=MH ?BG=: 0><MHK ?KHF BML
I>KI>G=B<NE:K <HFIHG>GML"MA:M BL MH @H TB#F" ; MH" :G
H? O><MHK :==BMBHG :G= LN;MK:<MBHG

HMA IKH<>LL>L :K> <KN<B:E MH :G:ERMB<:E F>MAH=L

+HP MA:M RHN DGHP AHP MH ;K>:D =HPG O><MHKL BGMH <HFIHG>GML A>K> L : IKH<>=NK> MH :==BG@A#MHKL :G:ERMB<:EER
LHF> MKB@HGHF>MKR BGOHEO>= LH :@:BG B? RHN K> GHM ?:FBEB:K HK <HF?HKMFE>L BB NRA NIK BGIENBERMHIR

LAHNE= ;> ?:FBEB:K PBMA ;HMA F>MAH=L RHN LAHNE= ;> :;E> MH :== MPH O><MHKL @BO>G MA>BK Q :G= R <HFIHG>GML :G=RHN L
;> E> MH =K:P MA> K>LNEMBG@ O><MHK H? MPH :==>= O><MHKL ELH P>PBEE @H HO>K AHP MH NL> MA>L> MH LHEO> IKH;E>FL
IKBF:KBER HG MA> F>MAH=L H? :==BG@ O><MHKL

==BG@ 3<MHKL 2LBG@ G:ERMB<:E *>MAH=L
1H L>> AHP MH :== O><MHKL NLBG@ I>KI>G=B<NE:K <HFIHG>GiguxtiGBB=8G PAB<A MA> O><MHBE # K> :==>= MH
IKH=N<> MA> K>LNENB:GM

1ABL ,I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIlCGE} @K@R <HGM>GM <HE
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Figure 3.30 3><MHKL' :G= # :K>MPH E>@L H? : P:ED :@=BL MA> K>LNEM:GM HK MHM:E =BLIEN=F>GM> 6G:ERMB<:E F>MAH=L MH =>M>KFBG>
MA> F:@GBMN=> :G= =BK><MBHG H?

&?" :G= # K>IK>L>GM MPH E>@L H? : P:ED MPH =BLIE:<>F>GBIIBIMAMEMHM:E =BLIE:<>F>GM 1A> I>KLHG M:DBG@ MA> P:ED
>G=L NI :M MA> MBI BI?1A>K> :K> F:GR P:RL MH :KKBO> :M MA> L:F> IHBGM &G IMMBKIKEMG <HNE= A:O> P:ED>= ?BKLM BG MA>
X =BK><MBHG :G= MA>G\BBNANMBHG 1AHL> I:MAL :Ke Me&>y <HFIHG>GML H? MA> K>LNEBNGBE 3 7 &? P> DGHR3

:G= 37 P><:G?BG=3:G= NLBG@ MA>>IN:MBHGI/ "y "z :G= BO "z "y 4A>G RHN NL> MA> :G:ERMB<:E
F>MAH= H? O><MHK :==BMBHG RHN <:G =>M>KFBG> MA> <HFIHG>GML HK MA> F:@GBMN=> :G= =BK><MBHG H? : 0><MHK

Step 1. Identify the x- and y-axes that will be used in the problem. Then, find the components of each vector to be added along
the chosen perpendicular axes. 2L> MA>>IJN:MBHGLy " DP " :G= "z " T J(MH?BG=MA> <HFIHG>GNiL&G.31

MA>L> <HFIHG>GML K> " ; #y :G= #7 1A>:G@E>L MA:M O><MHIE= # F:D>PBMAMA>QBL:K> « :G= 4
K>LI><MBO>ER

Figure 3.31 1H == 0><MHKI' :G= # ?BKLM =>M>KFBG> MA> AHKBSHGM:E :G= O>KMB<:E <HFIHG>GMEIL?: K<i &> <MMKI>= O><Nlll-'ﬂ(L

"7 #\:6= #7LAHPG BG MA> BF:@>

Step 2. Find the components of the resultant along each axis by adding the components of the individual vectors along that axis.
1A:M BL :L LAHPG B@ure 3.32

3y "y #y

3z "z #z
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Figure 3.32 1A> F:@GBMN=> H? MA> O><"M17HGL= #\ == MH @BO> MA> F:@GBBNH’? MA> K>LNEM:GM O><MHK BG MA> AHKBSHGM:E =BK><MBHG 0BFBE:KEFR
MA> F:@GBMN=>L H? MA> O$'<M}0\‘-L # 7 :== MH @BO> MA> F:@GB@@H? MA> K>LNEM:GM O><MHK BG MA> O>KMB<:E =BK><MBHG

HFIHG>GML :EHG@ MA> L:F>:QBL L:RMBBL :K>O><MHKL :EHG@ MA> L:F> EBG> :G= MANL <:G ;> :==>= MH HG> :GHMA>K EBD>
HK=BG:KR GNF;>KL 1A> L:F> BL MKN> ?HK <HFIHG>GMLYE®BI@ ##&>Q:FIE> : ;EH<D >:LMP:K= P:ED <HNE= ;> M:D>G BG

MPH E>@L MA>?BKLM ;EH<DL >:LM :G= MA> L><HG= ;EH<DL >:LM ?HK:MHM:EH? ;><:NL>MA>R :K>:EHG@ MA> L:F>=BK><MBHG
K>LHEOBG@ O><MHKL BGMH <HFIHG>GML :EHG@ <HFFHG :Q>L F:D>L BM >:LB>K MH :== MA>F +HP MA3:KIADGHPIBIG>GML H?

BML F:@GBMN=> :G= =BK><MBHG <:G ;> ?HNG=

Step 3. To get the magnitude 3 of the resultant, use the Pythagorean theorem:

3 3y 37

Step 4. To get the direction of the resultant:
BO 37 3y

1A> ?HEEHPBG@ >Q:FIE> BEENLMK:M>L MABL M><AGBJN> ?HK :==BG@ O><MHKL NLBG@ I>KI>G=B<NE:K <HFIHG>GML

Example 3.3 Adding V ectors Using Analytical Methods

== MA> O0><MHK MH MA> O><MHKAHPG BEgure 3.33 NLBG@ I>KI>G=B<NE:K <HFIHG>GML :EXG& MA>L 1A> X
:G=y :Q>L K> :EHG@ MA> >:LM]P>LM :G= GHKMA]LHNMA =BK><MBHGB KMHEMBOHR-GML MA> ?BKLM E>@ H? : P:ED BG
PAB<A : I>KLHG P:EDL NBG : =BK><MBHG z GHKMA H? >:LMMHHKE K>IK>L>GML MA> L><HG= E>@ : =BLIE:<>F>GM H?

N BG : =BK><MBHG z GHKMA H? >:LM

Figure 3.33 3><MHK' AL F:@GBMN=> N:G==BK><MBHG  Z GHKMA H? M@BL 3><MHK# A:L F:@GBMN=> N :G= =BK><MBHG
Z GHKMA H? M@BL 6iN <:G NL> :G:ERMB<:E F>MAH=L MH =>M>KFBG> MA> F:@GBMN=> :G3 =BK><MBHG H?

Strategy

1A> <HFIHG>GML H? :G= # :EHG@ MA>G= y :Q>L K>IK>L>GM P:EDBG@ =N> >:LM :G= =N> GHKMA MH @>M MH MA> L:F> >G=BG@
IHBGM ,G<> ?HNG= MA>R :K> <HF;BG>= MH IKH=N<> MA> K>LNEM:GM

1ABL ,|I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIGE» @KR <HGM>GM <HE
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Solution
#HEEHPBG@ MA> F>MAH= HNMEBG>= :;HO> P> ?BKLM ?BG= MA> G4FIHGEEM@HDA>G= y :Q>L +HM> MA:M
" [ " # l:G= # 4 > ?BG= MA=HFIHG>GML ;RNLBG@ " D P~ PAB<A
@BO>L
"y "DPT NDPT
N N
:G=
#vy #DPTL NDPT
N N

OBFBE:KERY <HFIHG>GML :K> ?HNG=NLEG@ " T J Q

", "TJO N TJO
N N
:G=
47,  #TJQ NTJO z
N N
1A>x :G= y <HFIHG>GML H? MA> K>LNEM:GM :K> MANL
3y "y #y N N N
:G=
37 "7 #z N N N
+HP P> <:G ?BG= MA> F:@GBMN=> H? MA> K>LNEM:GM ;R NLBG@ MA> -RMA:@HK>:G MA>HK>F
3 {3y 37 Y N
LH MA:M
3 N

#BG:EEFR ?BG= MA> =BK><MBHG H? MA> K>LNEM:GM
BO 37 3y WBO

1ANL
B O z

Figure 3.34 2LBG@ :G:ERMB<:E F>MAH=L P> L>> MA:M MA> F:@B3BBIN=> H? N :G= BML =BK><MBHG Blz GHKMA H? >:LM

Discussion
1ABL >Q:FIE> BEENLMK:M>L MA> :==BMBHG H? O><MHKL NLBG@ |>KI>G=B<NEHK<HFNHC=RBBHGBNLBG@ |I>KI>G=B<NE:K
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<HFIHG>GML BL O>KR LBFBE:K"BM BL CNLM MA> :==BMBHG H? : G>@:MBO> O><MHK

ON;MK:<MBHG H? O><MHKL BL :<<HFIEBLA>= ;R MA> :==BMBHG H? : GA®:BIBO>' O#<WIHK # 1ANL the method
for the subtraction of vectors using perpendicular components is identical to that for addition 1A> <HFIHG>GML H?# :K>
MA> G>@:MBO>L H? MA> <HFIHGHGWSHR :G= y <HFIHG>GML H? MA> K>LNEM:G#¥ Z:K> MANL

3y "v 3 #¢¥

" 1 4
3z "z 3 #z

:G= MA> K>LM H? MA> F>MAH= HNMEBG>= :;HO> BL B=>GMB<:E MH MAIND2HK3SEBMBHG 0>>

G:ERSBG@ O><MHKL NLBG@ I>KI>G=B<NE:K <HFIHG>GML BL O>KR NL>?NE BG F:GR :K>:L H? IARLB<L ;><:NL> [>KI>G=B<NE:K JN:GME
H?M>G BG=>I>G=>GM H? HG> :GAMB>RM FH=N[E>»0jectile Motion (https://legacy .cnx.org/content/m42042/latest/) BL HG>
H? F:GR BG PAB<A NLBG@ I>KI>G=B<NE:K <HFIHG>GML A>EIL F:D> MA> IB<MNK> <E>:K :G= LBFIEB?B>L MA> IARLB<L

Figure 3.35 1A> LN;MK:<MBHG H? MA> MPH O><MHKLQAEBGBGA> <HFIHG>GML H? # K> MA> G>@:MBO>L H? MA> <HFIHGHENIBH?
F>MAH= H? LN;MK:<MBHG BL MA> L:F> :L MA:M ?HK :==BMBHG
-A"1 "QIEHK:MBHGL>3MHK ==BMBHG

)>:KG AHP MH :== O><MHKL K:@ O><MHKL HGMH : @K:IA <A:G@> MA>BK E>G@MA :G=:G@E> :G=lANF MA>F MH@>MA>K
F:@GBMN=> :G@E> :G= <HFIHG>GML H? >:<A O><MHK <:G ;> =BLIE:R>= BG L>0O>K:E ?HKF:ML

Figure 3.36 Vector Addition (http://legacy .cnx.org/content/m64164/1.3/vector-addition_en.jar)

3.4 Addition of V elocities

4 > PBEE GHM ;>BG@ =BL<NLLBG@ MABL L><MBHG BG =>M:BE 1ABL L><MBHG BL A>K> IKBF:KBER ?HK RHNK K>?>K>G<>

/>E:MBO>EH<BMR

&? : I>KLHG KHPL : ;H:M :<KHLL : K:IB=ER ?EHPBG@ KBO>K :G= MKB>L MH A>:= =BK><MER ?HK MA> HMA>K LAHK> MA> ;H:M BGLM>:= F
diagonally K>E:MBO> MH MA> LAHKSgUtd8&37 1A> ;H:M =H>L GHM FHO> BG MA> =BK><MBHG BG PAB<A BM BL IHBGM>= 1A> K>:LHG H-"
<HNKL> BL MA:M MA> KBO>K <:KKB>L MA> ;H:M =HPGLME2:FLBERBIBKIERG> ?EB>L HO>KA>:= BG : LMKHG@ <KHLLPBG= RHN <:G
LHF>MBF>L L>> MA:M MA> |E:G> BL GHM FHOBG@ BG MA> =BK><MBHG BG PAB<A BM BEitHBGIMEE= IABHERMICM>= BG

FHOBG@ LMK:B@AM :A>:= K>E:MBO>NMHNWASSFEBIO>F>GM H? MA> :BK F:LL K>E:MBO> MH MA> @KHNG= <:KKB>L BM LB=>P:RL

1ABL ,I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIlCGE} @K@R <HGM>GM <HE
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Figure 3.37 ;H:M MKRBG@ MH A>:= LMK:B@AM :<KHLL : KBO>K PBEE :<MN:EER FHO> =B:@HG:EER K>E:MBO> MH MA> LAHK> :L LAHPG &ML MHM:E O>EH<BM
K>E:MBO> MH MA> LAHK> BL MA> LNF H? BML O>EH<BMR K>E:MBO> MH MA> KBO>K IENL MA> O>EH<BMR H? MA> KBO>K K>E:MBO> MH MA> LAHK>

Figure 3.38 G :BKIE:G> A>:=BG@ LMK:B@AM GHKMA BL BGLM>:= <:KKB>= MH MA> P>LM :G= LEHP>= =HPG ;R PBG= 1A> IE:G> =H>L GHM FHO> K>E:MBO> MH N
BG MA> =BK><MBHG BM IHBBMIFHO4ABG MA> =BK><MBHG H? BML MHM:E O>EH<BMR LHEB=:KKHP

&G >:<A H? MA>L> LBMN:MBHGL :G H;Cweldcity K>E:MBO> MH : F>=BNF LN<A L : KBO>K :G= MA:M F>=BNF A:L : O>EH<BMR

K>E:MBO> MH :G H;L>KO>K HG LHEB= @KHNG= 1A> O>EH<@BM&R/E to\Mihe dt&rvd BL MA> LNF H? MA>L> O>EH<BMR O><MHKL :L
BG=B<:M>=FBfBre 3.37 :G= Figure 3.38 1A>L>LBMN:MBHGL :K>HGER MPH H? F:GR BG PAB<A BM BL NL>?NE MH :== O>EH<BMB>L &G M
FH=NE> P> ?BKLM K> >Q:FBG> AHP MH :== O>EH<BMB>L :G= MA>G <HGLB=>K <>KM:BG :LI><ML H? PA:M K>E:MBO> O>EH<BMR F>:GL
%HP =H P> :== O>EH<BMB>EH<BMR BL : O><MHK BM A:L ;HMA F:@GBMN=> :G= =BK><MBit®r MitiiKINE=BIENLL>= BG

Vector Addition and Subtraction: Graphical Methods (https://legacy .cnx.org/content/m42127/latest/) :G= Vector Addition

and Subtraction: Analytical Methods (https://legacy .cnx.org/content/m42128/latest/)  :IIER MH MA> :==BMBHG H? O>EH<BMB>L CNLM

:L MA>R =H ?HK :GR HMA>K O><MHKL &G HG> =BF>GLBHG:E FHMBHG MA> :==BMBHG H? O>EH<BMB>L BL LBFIE>"MA>R :== EBD> HK=
#HK >Q:FIE> B? : ?B>E= AH<D>R IE:R>K BL FHOBN@LIWK:B@AM MHP:K= MA> @H:E :G= =KBO>L MA> ;:EE BG MA> L:F> =BK><MBHG PBM/
O>EH<BMR H?N K>E:MBO> MH A>KNH=& MA> O>EH<BMR H? MA> ;NE BREE:MBO> MH MA> LM:MBRISLXER LP>:MBG@

@H:ED>>I>K LM:G=BG@ BG ?KHGM H? MA> @H:E

&G MPH =BF>GLBHG:E FHMBHG >BMA>K @K:IAB<:E HK :G:ERMB<:E M><AGBJN>L <:G ;> NL>PRBEE=HG=EB4BE>IHG

:G:ERMB<:E M><AGBJN>L 1A>?HEEHPBG@ >JN:MBHGL @BO> MA> K>E:MBHGLABIL ;>MP>>G MA> F:@GBMM:6=G= =BK><MBHG H? O>
:G=BML <HFIHG>GMYY :G= Wy :EHG@ MA=G= y :Q>L H? :G :IIKHIKB:M>ER <AHL>G <HHK=BG:M> LRLM>F

W WP’
W W J(


https://legacy.cnx.org/content/m42127/latest/
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W W W

BO W W

Figure 3.39 1A> O>EH<BMRH? :G H;C><M MK:O>EBG@ :M :G :GI@&A> AHKBSHGM:E :QBL BL MA> LNF H? <HFIHGY§MS>MHKL

1A>L> >IN:MBHGL :K> O:EB= ?HK :GR O><MHKL :G=:K> :=:IM>= LI><B?B<:EER2IR KN NBMRIN:MBHGL :K> NL>= MH ?BG= MA>
<HFIHG>GML H? : O>EH<BMR PA>G BML F:@GBMN=> :G= =BK><MBHG :K> DGHPG 1A> E:LM MPH :K> NL>= MH ?BG= MA> F:@GBMN=> :(
H? O>EH<BMR PA>G BML <HFIHG>GML :K> DGHPG

1:D> %HF> "QI>KBF>GM />E:MBOER<BMR H? : H:M

#BEE : ;:MAMN; A:E? ?NEE H2:BMMHR ;H:M HK LHF> HMA>K H;C><M MA:M ?EH:RIG IBEN@:MA% =K:BG LH P:M>K LM:KML MH
=K:BG KR INLABG@ MA> ;H:M ?KHF HG> LB=> H? MA> MN; MH MA> HMA>K :G= |>KI>G=B<NE:KAAB M REHPRIHNP :M>K
G>>= MH INLA MA> ;H:M LH MA:M BM >G=L NI BFF>=B:M>ER HIIHLBM> HFI:K> MA> =BK><MBHGL HR}BGI@HH? NAB:M>K
;H:M :G=:<MN:E O>EH<BMR H? MA> ;H:M

Example 3.4 Adding V elocities: A Boat on a River

Figure 3.40 ;H:M :MM>FIML MH MK:O>E LMK:B@AM :<KHLL : KBO>K :M: LI>>=  FL 1A> <NKK>@GHWBEOMREKBOM : LI>>=H? FLMH
MA>KB@AM 4A:M BL MA> MHM:E =BLIE:<>F>GM H? MA> ;H:M K>E:MBO> MH MA> LAHK>

/>?>K MRigure 3.40 PAB<A LAHPL : ;H:M MKRBG@ MH @H LMK:B@AM :<LNMAEKBEMS MA> F:@GBMN=> :G= =BK><MBHG
H? MA> ;HIMD>EH<BMR K>E:MBO> MH :G H;L>KO>K HA/f§A2AABKEH<BMR H? MA>V&:M BL FLBGMA>Z

=BK><MBHG K>E:MBO> MH MA> KBO>K :G= MA> O>EM§ﬁNIIBlH? NFA>MB Qe KB@AM

Strategy

4 > LM:KM ;R <AHHLBG@ : <HHK=BG:M> LRLM>F :PBUAREE>E MH MA> O>EH<BMR HR M¥R@BBGKure 3.40
><:NL> MA> ;H:M BL =BK><M>= LMK:B@AM MHP:K= MA> HMA>K LAHK> BML O>EH<BMR K>E:MBO> MHQBL>8:M>K BL I:K:EE>E MH MA

1ABL ,|I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIGE» @KR <HGM>GM <HE
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I>KI>G=B<NE:K MH MA> O>EH<BMR HAMAPKBOG K== MA> MPH O>EH<BMB>L ;R NLBG@ MA>\I%]®I:I\M .G=
BO W W =BK><MER

Solution
1A> F:@GBMN=> H? MA> MHM:E O>EH<BMR BL

Wu W WY

PA>K>

W Vs N
:G=

W Wesu N
1ANL

W, N T N T
RB>E=BG@
Wy N

1A> =BK><MBHG H? MA> MHM:E B:EBRBBMR ;R
BO WW WBO

1ABL >JN:MBHG @BO>L

Discussion

HMA MA> F:@GBMN=6&= MA> =BK><MBHH3Z MA> MHM:E O>EH<BMR :K> <HGEBLM>GNPBMIM> MA:M ;><:NL> MA>
O>EH<BMR H? MA> KBO>K BL E:K@> <HFI:K>= PBMA MA> O>EH<BMR H? MA> ;H:M BM BL LP>IM K:IB=ER =HPGLMK>:F 1ABL K>LNEM |
;R MA> LF.EE :G@E> HGER MA> MHM:E O>EH<BMR A:L K>E:MBO> MH MA> KBO>K;:GD

Example 3.5 Calculating V elocity: W ind Velocity Causes an Airplane to Drift

:E<NE:M> MA> PBG= O>EH<BMR ?HK MA> LBMNEMBH&GIZAHRE>BIG:G> BL DGHPG MH ;> FHOBG@ :M  F L =N> GHKMA
K>E:MBO> MH MA> :BK F:LL PABE> BML O>EH<BMR K>E:MBO> MH MA> @KHNG= BML MHM:E O>EH<BMR.BIH? F L BG : =BK><MBHG

GHKMA
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Figure 3.41 G :BKIE:G>BL DGHPG MH ;> A>:=BG@ GHKMA:M FL MAHN@A BML O>EH<BMR K>E:MBO> MH MA> @KHNG=BL FL :M:G :G@E>P>LM H? G|
4A:M BL MA> LI>>= :G= =BK><MBHG H? MA> PBG=

Strategy

&G MABL IKH;E>F LHF>PAR+KBGM ?KHF MA> IK>OBHNL >Q:FIE> P> DGHP MA> MHWjfe .G=BWaBMEM BL MA> LNF H? MPH
HMA>K O>EH<BMB>UA> PBG= :GW MA> |[E:G> K>E:MBO> MH MA> :BK F:LL 1A> JWCBMHMEHPG :G= P> :K>:LD>= MH
?BGVY +HG> H? MA> O>EH<BMB>L K> I>KI>A¥B<BMBL IHLLB;E> MH ?BG= MA>BK <HFIHG>GML :EHG@ : <HFFHG L>M H?
I>KI>G=B<NEK :Q>L &? P> <:G ?BG= MA> <HFIHGM}{MMAISG P> <.G <HF;BG> MA>F MH LHEO> ?HK BML F:@GBMN=> :G=

=BK><MBHG L LAHFGBE 3.41 P> <AHHL> : <HHK=BG:M> LRLM>F PRMZBBMN> >:LM :G= BMOQBL =N> GHKMA [:K:EE>E
MHW 6 HN F:R PBLA MH EHHD ;:<D :M MA> =BL<NLLBHG H? MA> :==BMBHG H? O><MHKL NLBG@ I>KI>G=B&«NE:K <HFIHG>GML BG

Addition and Subtraction: Analytical Methods (https://legacy .cnx.org/content/m42128/latest/)
Solution
><NL> Wy BL MA> O><MHK LNF H¥W1&5= V¢ BML :G= y <HFIHG>GML :K> MA> LNFL H2M@&= y <HFIHG>GML H?

MA> PBG= :G= [E:G> O>EH<BMB>L +HM> MA:M MA> IE:G> HGER A:L O>KMB<:E <HFIHE$GM HG3>ENzBMILEA:M
BL
Wor WXy

Wz Wz W9

4 > <:G NL> MA> ?BKLM H? MA>L> MPH >JN:MBMN§L MH ?BG=

Wz Way WPPT
><NL> Wy N1.Gc= DPT z P> A:O0>
Wz N T N

1A> FBGNL LB@G BG=B<:M>L FHMBHG P>LM PAB<A BL <HGLBLM>GM PBMA MA> =B:@K:F
+HP MH ?BG#{; P> GHM> MA:M

W Wz W
%>K>Wpz WeJ JO MANL
Wz N T ' N T N

1ABL ,|I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIGE» @KR <HGM>GM <HE
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1ABL FBGNL LB@G BG=B<:M>L FHMBHG LHNMA PAB<A BL <HGLBLM>GM PBMA MA> =B:@K:F
+HP MA:M MA> [>KI>G=B<NE:K <HFIHG>GML H? MA> PBOK QXEH<BIRK> DGHPG P> <:G ?BG= MA> F:@GBMN=> :G=

=BK><MBHQ/M?#BKLM MA> F:@GBMN=> BL

W | Wey Wz

y o NT N T

LH MA:M

1A> =BK><MBHG BL
BO Wy Wy WBO ' '

@BOBG@

Discussion

1A> PBGE'LI>>= :G= =BK><MBHG :K> <HGLBLM>GM PBMA MA2+B@BRIBBGM AP HG MA> MHM:E O>EH<BMR H? MA> IE:G> L
L>>G BGigure 3.41 ><:NL>MA> |IE:G> BL ?B@AMBG@ : LMKHG@ <HF;BG:MBHG H? <KHLLPBG=:G= A>:= PBG= BM >G=L NI PBMA : MHI
O>EH<BMR LB@GB?B<:GMER E>LL MA:G BML O>EH<BMR K>E:MBO> MH MA> :BK REKAGR-EBKEAUBIBG @ BG : =B?

+HM> MA:M BG ;HMA H? MA> E:LM MPH >Q:FIE>L P> P>K> ;;E> MH F:D> MA> F:MA>F:MB<L >:LB>K ;R <AHHLBG@ : <HHK=BG:M> LRLM>F
HG> :QBL I:K:EE>E MH HG> H? MA> O>EHRBEBKEIA:M>=ER ?BG= MA:M <AHHLBG@ :G :IIKHIKB:M> <HHK=BG:M> LRLM>F F:D>L IKH;E>F
LHEOBG@ >:#B#K>Q:FIE> BG IKHC><MBE> FHMBHG P> :EP:RL NL> : <HHK=BG:M> LRLM>F PBMA HG> :QBL I:K:EE>E MH @K:OBMR

[>E:MBO>>EH<BMB>L :G= E:LLB<:E />E:MBOBMR

4A>G :==BG@ O>EH<BMB>L P> A:0> ;>>G <:K>?NE MH LI><@sBciAiM&live to some reference frame 1A>L> O>EH<BMB>L

K> <:EE>relative velocities #HK >Q:FIE> MA> O>EH<BMR H? :G :BKIE:G> K>E:MBO> MH :G?BcE M BIHFERML O>EH<BMR K>E:MBO>

MH MA> @KHNG= HMA K> JRBMSNVBZKHF MA> O>EH<BMR H? :G :BKIE:G> K>E:MBO> MH BML [:LL>G@>KL PAB<A LAHNE= ;> <EHL> MH
/>E:MBO> O>EH<BMB>L :K> HG> :kétatMityl? PAB<A BL =>?BG>= MH ;> MA> LMN=R R2K&@VFB2 >KO>KL FHOBG@ K>E:MBO> MH

>:<A HMA>K F>:LNK> MA> L:F> IA>GHF>GHG

+>:KER >0>KRHG> A:L A>:K= H? K>E:MBOBMR :G= BFF>=B:M>ER :LLH<B:M>L BM PBMA E;>KM "BGLM>BG ] MA> @K>:M>LM IARLB<
MA> MA <>GMNBBLM>BG K>OHENMBHGBS>= HNK OB>P H? GodBK-MBMKRBL? K>E:MRBBMR> LA:EE LMN=R BG E:M>K

<A:IM>KL 1A> K>E:MBO> O>EH<BMB>L BG MABL L><MBHG :K> :<MN:EER :LI><MI?BRI<M:£BB<NL K>E {HBGBMRER ;R $:EBE>H :G=

&L::< +>PMHCClassical relativity BL EBFBM>= MH LBMN:MBHGL PA>K> LI>>=L :K> E>LL MA:G :;HNM H? MA> LI>>= H? EB@AM"MA:M BL
E>LL MA:G L N *HLM MABG@L P> >G<HNGM>K BG =:BER EB?> FHO> LEHP>K MA:G MABL LI>>=

)>M NL <HGLB=>K :G >Q:FIE> H? PA:M MBK=B% H;L>KO>KL L>> BG : LBMN:MBHG :G:ERS>= EHG@ :@H ;R $:EBE>H ONIIHL>: L:BEHK :M
MA> MHI H? : F:.LM HG : FHOBG@ LABI =KHIL ABL ;BGH<NE:KL 4A>K> PBEE BM ABM MA> =><D 4BEE BM ABM :M MA> ;:.L> H? MA> F:.LM H
;>ABG= MA> F:LM ;><:NL> MA> LABI BL FHOBG@ ?HKP:K= 1A>:GLP>K BL MA:M B? :BK K>LBLM:G<> BL G>@EB@B;E> MA> ;BGH<NE:KL F
MA> ;:L>H? MA> F.LM :M : IHBGM =BK><MER ;>EHP BML IHBGM H? K>E>:L> +HP E>M NL <#@EBi K RAKOMRHL=BPA>G MA>
;BGH<NE:KL =KHI ,G> H;L>KO>K BL HG MA> LABI :G= MA> HMA>K HG LAHK> 1A> ;BGH<NE:KL A:0> GH AHKBSHGM:E O>EH<BMR K>E:ME
H;L>KO>K HG MA> LABI :G=LH A> L>>L MA>F ?:EE LMK:B@AM =HPG MARIE13VI2052H MA> H;L>KO>K HG LAHK> MA>

;BGH<NE:KL :G= MA> LABI A:Oséme>AHKBSHGM:E O>EH<BMR FHO> MA> L:F> =BLM:G<> ?HKP:K= PABE> MA> ;BGH<NE:KL :K>

?:EEBG@ 1ABL H;L>KO>K L>>L MA> <NKO>= |:MAIiipAlelPBG BGEMAHN@A MA> |:MAL ERHE>EB2 MH M2AK=BM H;L>KO>KL

>:<A L>>L MA> L:F> KSLNEM”MA> ;BGH<NE:KL ABM :M MA> ;:L> H? MA> F:LM :G= GHI@ =M B> BMKK><M =>L<KBIMBHG BM BL <KN<B:E
MH <HKK><MER LI><B?R MA> O>EH<BMB>L K>E:MBO> MH MA> H;L>KO>K
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Figure 3.42 E:LLB<:E K>E:MBOBMRF> FHMBHG :L OB>P>= ;R MPE=8SGM H;L>KO>KL G H;L>KO>K HG MA> FHOBG@ LABI L>>L MA> ;BGH<NE:KL =KHII>=

?KHF MA> MHI H? BML F:.LM ?:EE LMK:B@AM =HPG G H;L>KO>K HG LAHK> L>>L MA> ;BGH<NE:KL M:D> MA> <NKO>= |:MA FHOBG@ ?HKP:K= PBMA MA> LABI |
L>> MA> ;BGH<NE:KL LMKBD> MA> =><D :M MA> ;:.L> H? MA> F:.LM 1A> BGBMB:.E AHKBEHGM: KXE-RECBNRBUABMPH H;L>KO>KL 1A>LABIBL LAHPG

FHOBG@ K:MA>K ?:LM MH >FIA:LB®>#M> >?

Example 3.6 Calculating Relative V elocity: An Airline Passenger Drops a Coin

G :BKEBG> |:.LL>G@>K =KHIL : <HBG PABE> MA> IE:G> BL FHOBG@ :M F L 4A:M BL MA> O>EH<BMR H? MA> <HBG PA>G BM LMKBD?>
?EHHK  F;>EHP BML IHBGM H? K>E>:L> : *>/LNK>= K>E:MBO> MH MA> |[E:G> ; *>LNK>= K>E:MBO> MH MA> ":KMA

Figure 3.43 1A> FHMBHG H? : <HBG =KHII>= BGLB=> :G :BKIE:G> :L OB>P>=2RMBM +BL>KO>KL : G H;L>KO>K BG MA> |[E:G> L>>L MA> <HBG ?:EE
LMK:B@AM =HPG ; G H;L>KO>K HG MA> @KHNG= L>>L MA> <HBG FHO> :EFHLM AHKBSHGM:EER

Strategy

HMA IKH;E>FL <:G ;> LHEO>= PBMA MA> M><AGBJN>L ?HK ?:EEBG@ H;C><ML :G= IKHC><MBE>L &G I:KKM : MA> BGBMB:E O>EH<BM|
BL S>KH K>E:MBO> MH MA> |[E:G> LH MA> FHMBHG BL MA:M H? : 2.EEBG@ H;C><M HG> =BF>GLBHG:E &G I:KM ; MA> BGBMB:E O>I
L AHKBSHGM:E K>E:MBO> MH MA> ":KMA :G= @K:OBMR BL O>KMB<:E LH MABL FHMBHG BL : IKHC><MBE> FHMBHG &G ;HMA I:KML E
<HHK=BG:M> LRLM>F PBMA O>KMB<:E :G= AHKBSHGM:E :Q>L

Solution for (a)

2LBG@ MA> @BO>G BG?HKF:MBHG P> GHM> MA:M MA> BGBMB:E O>EH<BMR :G= IHLBMBHG :K> S>KH :G= MA> ?BG:E IHLBMBHG BL
O>EH<BMR <:G ;> ?HNG= NLBG@ MA> >IN:MBHG

1ABL ,|I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIGE» @KR <HGM>GM <HE
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W W,' HZ Z
ON;LMBMNMBG@ DGHPG O:EN>L BGMH MA> >JN:MBHG P> @>M
W ' N T N' N N T
RB>E=BG@
W N
4 > DGHP MA:M MA> LIN:K> KHHM H?  A:L MPH KHHML :G= > <MHHL> MA> G>@:MBO> KHHM ;><:NL> P> DGHP MA:M MA>

O>EH<BMR BL =BK><M>= =HPGP:K=L :G= P> A:0> =>?BG>= MA> IHLBMBO> =BK><MBHG MH ;> NIP:K=L 1A>K> BL GH BGBMB:E AHKBS
O>EH<BMR K>E:MBO> MH MA> |E:G> :G= GH AHKBSHGM:E :<<>E>K:MBHG :G=LH MA> FHMBHG BL LMK:B@AM =HPG K>E:MBO> MH M

Solution for (b)

><:NL> MA> BGBMB:E O>KMB<:E O>EH<BMR BL S>KH K>E:MBO> MH MA> @KHNG= :G= O>KMB<:E FHMBHG BL BG=>I>G=>GM H? AHK
?BG:E O>KMB<:E O>EH<BMR ?HK MA> <HBG K>E:MBW$ MH MA> @XHNGABLF> :L ?HNG= BG I:KM : &G <HGMK:LM MH

I:KM : MA>K> GHP BL : AHKBSHGM:E <HFIHG>GM H? MAHBRSEHKBGHR: MA>K> BL GH AHKBSHGM:E :<<>E>K:MBHG MA> BGBMB:E
:G= ?BG:E AHKBSHGM:E O>EH<BMB>L :K> MAYL:F>:GN 1A>x :G= y <HFIHG>GML H? O>EH<BMR <:G ;> <HF;BG>= MH

?BG= MA> F:@GBMN=> H? MA> ?BG:E O>EH<BMR

Wiw W

1ANL

RB>E=BG@

1A> =BK><MBHG BL @BO>G ;R

LH MA:M

Discussion

&G I:KKM : MA> ?BG:E O>EH<BMR K>E:MBO> MH MA> |IE:G> BL MA> L:F> :L BM PHNE= ;> B? MA> <HBG P>K> =KHII>= ?KHF K>LM HG MA
:G=?>EE  F 1ABL K>LNEM ?BML HNK >QI>KB>G<> H;C><ML BG : IE:G> ?:EE MA> L:F> P:R PA>G MA> |[E:G> BL 7ZERBG@ AHKBSHGM:E
PA>G BM BL :M K>LM HG MA> @KHNG= 1ABL K>LNEM BL :ELH MKN> BG FHOBG@ <:KL &G I:KM ; :G H;L>KO>K HG MA> @KHNG= L>>
=B2K>GM FHMBHG ?HK MA> <HBG 1A> |[E:G> BL FHOBG@ LH ?:LM AHKBSHGM:EER MH ;>@BG PBMA MA:M BML ?BG:E O>EH<BMR BL
MA> BGBMB:E O:E&i<EMBG P> L>> MA:M BG MPH =BF>GLBHGL O><MHKL =H GHM :== EBD> HK=BG:KR GNF;>KL"MA> ?BG:E O>EH<B|
BG I:KM ; Bhot N K:MA>BM BL N 1A> O>EH<BMR@GBMN=> A:= MH ;> <:E<NE:M>= MH ?BO> =B@BML MH

L>>:GR =B2K>G<> ?KHF MA:M H? MA> :BKIE:G> 1A> FHMBHGL LI2¥GMR ER2KO>KL HG> BG MA> IE:G> :G= HG> HG MA>

@KHNG= BG MABL >Q:FIE> :K> :G:EH@HNL MH MAHL> =BL<NLL>= ?HK MA> ;BGH<NE:KL =KHII>= ?KHF MA> F:.LM H? : FHOBG@ LABI >
MA:M MA> O>EH<BMR H? MA> |IE:G> BL RKMAM@AK MPH H;L>KO>Kéry=B2K>GM I:MAL O0%Rure 3.43 &G

:==BMBHG ;HMA H;L>KO>KL L>>MA><HBG ?:EE = F DIKMBx:HER HG MA> @KHNG=:ELH L>>L BM FHO> ?HKP:K= F MABL
<:E<NE:MBHG BL E>?M ?HK MA> K>:=>K 1ANL HG> H;L>KO>K L>>L : O>KMB<:E :MA MA> HMA>K : G>:KER AHKBSHGM:E |:MA

*DBG@ HGG><MBHGL />E:MBOBMR :G="BGLM>BG

><:NL>"BGLM>BG P:L ;;E> MH <E>:KER =>?BG> AHP F>.LNK>F>GML :K> F:=> LHF> BGOHEO> EB@AM :G= ;><:NL> MA> LI>>=
H? EB@AM BL MA> L:F> ?HK :EE H;L>KO>KL MA> HNM<HF>L :K> LI><M:<NE:RER QIGBRI>RBMA H;L>KG>K@R BL
LMHK>=:L BG<K>:L>=F:LL :G=FHK> LNKIKBL>L :P:BM

-A"1 "QIEHK:MBHGL *HMBHG BG !

1KR MA> G>P ):=R;N@ *HMBHG ! LBFNE:MBHG ?HK MA> E:M>LM NI=:M>= O>KLBHG )>:KG :;HNM@E4LBMHEHE:(dBEB<BMR
O><MHKL *HO> MA> ;:EE PBMA MA> FHNL> HK E>M MA> LBFNE:MBHG FHO> MA> ;:EE BG ?HNK MRI>L HZBRHMBHG MRI>L H? EBG>:K
A:KFHGB< <BK<E>
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Figure 3.44 Motion in 2D (http://legacy .cnx.org/content/m64143/1.3/motion-2d_en.jar)

analytical method : MA>F>MAH= H? =>M>KFBGBG@ MA> F:@GBMN=> :G= =BK><MBHG H? : K>LNEM:GM O><MHK NLBG@ MA> -RMA: @!
MA>HK>F :G= MKB@HGHF>MKB< B=>GMBMB>L

classical relativity : MA>LMN=R H? K>E:MBO> O>EH<BMB>L BG LBMN:MBHGL PA>K> LI>>=L :K> E>LL MA:G :;HNM H? MA> LI>>=H?
EB@AMMA:M BL E>LL MA:G DFL

commutative : K>?>KL MH MA> BGM>K<A:G@>:;BEBMR H? HK=>K BG : ?NG<MBHG O><MHK :==BMBHG BL <HFFNM:MBO> ;><:NL> MA> |
O><MHKL :K> :==>= MH@>MA>K =H2EOHMA? ?BG:E LNF

component (of a 2-d vector) : :IB><>H?: O><MHK MA:M IHBGML BG >BMA>K MA> O>KMB<:E HK MA> AHKBSHGM:E =BK><MBHG >0O>KR
<:G ;> >QIK>LL>=:L : LNF H? MPH O>KMB<:E :G= AHKBSHGM:E O><MHK <HFIHG>GML

direction (of a vector) : MA> HKB>GM:MBHG H? : O><MHK BG LI:<>

head (of a vector) : MA>>G=IHBGM H? : O><MHK MA> EH<:MBHG H? MA> MB(KITIMA=OELMHK ?>KK>= MH :L MA> aMBIb

head-to-tail method : : F>MAH= H? :==BG@ O><MHKL BG PAB<A MA> M:BE H? >:<A O><MHK BL IE:<>=:M MA> A>:= H? MA> IK>OBHNL O>
magnitude (of a vector) : MA>E>G@MA HK LBS> H? : O><MHK F:@GBMN=> BL : L<:E:K IN:GMBMR

relative velocity : MA> O>EH<BMR H? :G H;C><M L H;L>KO>= ?KHF : IKMB<NE:K K>?>K>G<> ?K:F>

relativity : MA>LMN=R H? AHRKBGM H;L>KO>KL FHOBG@ K>E:MBO> MH >:<A HMA>K F>.LNK> MA> L:F> IA>GHF>GHG

resultant : MA> LNF H? MPH HK FHK> O><MHKL

resultant vector : MA> O><MHK LNF H? MPH HK FHK> O><MHKL

scalar: : IN:\GMBMR PBMA F:@GBMN=> ;NM GH =BK><MBHG

tail: MA>LM:KM IHBGM H? : O><MHK HIIHLBM> MH MA> A>:= HK MBI H? MA> :KKHP

vector : : IN:.GMBMR MA:M A:L ;HMA F:@GBMN=> :G= =BK><MBHG :G :KKHP NL>= MH K>IK>L>GM JN:GMBMB>L PBMA ;HMA F:@GBMN=>
=BK><MBHG

vector addition : MA> KNE>L MA:M :IIER MH :==BG@ O><MHKL MH@>MA>K

velocity : LI>>=BG : @BO>G =BK><MBHG

Section Summary

3.1 Kinematics in T wo Dimensions-An introduction
¢ 1A> LAHKM>LM I:MA ;>MP>>G :GR MPH IHBGML BL : LMK:B@AM EBG> &G MPH =BF>GLBHGL MABL I:MA <:G ;> K>IK>L>GM>= ;R : O
PBMA AHKBSHGM:E :G= O>KMB<:E <HFIHG>GML
¢ 1A> AHKBSHGM:E :G= O>KMB<:E <HFIHG>GML H? : O><MHK :K> BG=>I>G=>GMWBHE BCIMMAARKKBSHGM:E =BK><MBHG =H>L
GHM 72<M FHMBHG BG MA> O>KMB<:E =BK><MBHG :G= OB<> O>KL:

3.2 Vector Addition and Subtraction: Graphical Methods

¢ 1A> graphical method of adding vectors " :G= # BGOHEO>L =K:PBG@ O><MHKL HG : @K:IA :G=:==BG@ MA>F NLBG@ MA>
A>:= MH M:BE F>MAH= 1A> K>LNEM:GM Bt<M2BG>= LN<AMAM# 3 1A> F.@GBMN=> :G= =BK><MBBI&KH?
MA>G =>M>KFBG>= PBMA : KNE>K :G= IKBMK<NBOSER

¢ 1A> graphical method of subtracting vector # ?KHF " BGOHEO>L :==BG@ MA> HIIHLBM> H? BABMAIBL =>?BG>=:L

" # &G MABL<L® # " # 3 1A>G MA> A>:= MH M:BE F>MAH= H? :==BMBHG BL ?HEEHP>= BG MA> NLN:E P:R MH

H;M:BG MA> K>LNEM:GM 8><MHK

¢ ==BMBHG H? O><MttithnBltative LN<A MA:M # # "

1ABL ,|I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIGE» @KR <HGM>GM <HE
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¢ 1A>head-to-tail method H?:==BG@ O><MHKL BGOHEO>L =K:PBG@ MA> ?BKLM O><MHK HG : @K:IA :G= MA>G |IE:<BG@ MA> M:BE |
LN;L>IN>GM O><MHK :M MA> A>:= H? MA> IK>OBHAR IOSIMENKGM O><MHK BL MA>G =K:PG ?KHF MA> M:BE H? MA> ?BKLM O><MHK
MA> A>:= H? MA> ?BG:E O><MHK

¢ &?:0><MHKBL FNEMBIEB>= ;R : L<:E:K JN:GAMBMRF:@GBMN=> H? MA> IKH=N<M BL @B&2GBR IHLBMBO> MA>
=BK><MBHG H? MA> IKH=N<M IHBGML BG MA> L:F>'=B<BIBES@:MBO> MA> =BK><MBHG H? MA> IKH=N<M IHBGML BG MA>

HIIHLBM> =BK><MBHG L

3.3 Vector Addition and Subtraction-Analytical Methods
¢ 1A>:G:ERMB<:E F>MAH= H? 0><MHK :==BMBHG :G= LN;MK:<MBHG BGOHEO>L NLBG@ MA> -RMA:@HK>:G MA>HK>F :G= MKB@HG
B=>GMBMB>L MH =>M>KFBG> MA> F:@GBMN=> :G= =BK><MBHG H? : K>LNEM:GM O><MHK
¢ 1A>LM>IL MH :== O><MHKtG= # NLBG@ MA> :G:ERMB<:E F>MAH=:K> :L ?HEEHPL
OM>| I>M>KFBG> MA> <HHK=BG:M> LRLM>F ?HK MA> O><MHKL 1A>G =>M>KFBG> MA> AHKBSHGM:E :G= O>KMB<:E <HFIHG>GM
0><MHK NLBG@ MA> >JN:MBHGL

"y "DP’

#y  #DP’
G=

"z "TJC

#,  #TJC
OM> == MA> AHKBSHGM:E :G= O>KMB<:E <HFIHG>GML H? >:<A O><MHK MH =>M>KFBG3\W&> <B5HGMBML
K>LNEM:GM O><3/HK

3y v #y
:G=

3z "z #z

OM>|  2L> MA> -RMA:@HK>:G MA>HK>F MH =>M>KFBG> MA> FIa&BMA=K>LNEM:GM B<MHK

3 13y 3z

OM>| 2L>: MKB@HGHF>MKB< B=>GMBMR MH =>M>KFBG> MA>3-BK><MBHG

BO 37 3y

3.4 Addition of V elocities
¢ 3>EH<BMB>L BG MPH =BF>GLBHGL :K> :==>= NLBG@ MA> L:F> :G:ERMB<:E O><MHK M><AGBJN>L PAB<A :K> K>PKBMM>G :L

W WP
W W J(

W W W

BO W W
¢ />E:MBO> O>EH<BMR BL MA> O>EH<BMR H? :G H;C><M :L H;L>KO>= ?KHF : :KMB<NE:K K>?>K>G<> ?K:F> :G= BM O:KB>L =K:F:MB<
K>?2>K>G<> ?2K:F>
¢ Relativity BL MA> LMN=R H? APHK=BM H;L>KO>KL F>LNK> MA> L:F> IA>SGHF>GHG |:KMB<NE:KER PA>G MA> H;L>KO>KL FHO>
K>E:MBO> MH HG> :Gldgsital relativity BL EBFBM>= MH LBMN:MBHGL PA>K> LI>>=BL E>LL MA:G :;HNM H? MA> LI>>=H? EB@AM
DF L

Conceptual Questions

3.2 Vector Addition and Subtraction: Graphical Methods

1. 4AB<A H? MA> ?HEEHPBG@ BL : O><MHKA>BELANE MA> :EMBMN=> HG *M "O>K>LM MA>:@> H? MA>":KMA MA> ;HBEBG@ IHBGM H*
MA> <HLM H? MABL ;HHD MAXMIKEAIBHG MA> :<<>E>K:MBHG H? @K:OBMR

2. $BO>: LI><B?B< >Q:FIE> H? : O><IMHKMBG@ BML F:@GBMN=> NGBML :G==BK><MBHG
3. 4A:M =H O><MHKL :G= L<:E:KL A:O> BG <HFFHG %HP =H KAKXR =B?
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4. 1PH <:FI>KL BG : G:MBHG:E I:KD ABD> ?KHF MA>BK <:;BG MH MA> L:F> LIHM HG : E:D> >:2&H40OBIG®A =BBEENLMK:M>=
;>EHP 1A> MHM:E =BLM:G<> MK:O>E>=:EHG@ -:MA BL DF :G=MA:M:EHG@ -:MA BL DF 4A:M BL MA> ?BG:E =BLIE:<>F>GM H? >:<A
<FI>K

Figure 3.45

5. &? :G :BKIE:G> IBEHM BL MHE=MH ?ER DF BG : LMK:B@AM EBG> MH @>M ?KHF 0:G #K:G<BL<H MH 0:<K:F>GMH >QIE:BG PAR A> <}
:GRPA>K> HG MA> <BK<E> LAHBGBG46 4A:M HMA>K BG?HKF:MBHG PHNE= A> G>>= MH @>M MH 0:<K:F>GMH

Figure 3.46

6. ONIIHL> RHN M:D> MPH LM>IL:G= # MA:M BL MPH GHGS>KH =BLIE:<>F>GML 2G=>K PA:M <BK<NFLM:G<>L <:G RHN >G= NI :M
RHNK LM:KMBG@ IHBGM *HK> @3>t PBRRV <BK<NFLM:G<>L <:G MPH GHGS>KH O><MHKL :== MH @BO> S>KH &L MA> F:QBFNF
=BLM:G<> RHN <:G >G= NI ?KHF MA> LM:KMBG@ #{BBMLNF H? MA> E>G@MAL H? MA> MPH LM>IL

7. "QIE:BG PAR BM BL GHM IHLLB;E> MH :==: L<:E:K MH : O><MHK

8. &? RHN M:D> MPH LM>I2HR=@W¥ LBS>L <:G RHN >G= NI :M RHNK LM:KMBG@ IHBGM & MBH@sKBERL PEMK=GW
F:@GBMN=>L >0>K :== MH S>KH :G MAK>> HK FHK>

3.3 Vector Addition and Subtraction-Analytical Methods

9. ONIIHL> RHN :== MPH O><MHKLG= # 4A:M K>E:MBO> =BK><MBHG ;>MP>>G MA>F IKH=N<>L MA> K>LNEM:GM PBMA MA> @K>:M>LM

F:@GBMN=> 4A:M BL MA> F:QBFNF F:@GBMN=> 4A:M K>E:MBO> =BK><MBHG ;>MP>>G MA>F IKH=N<>L MA> K>LNEM:GM PBMA MA> LF
F:@GBMN=> 4A:M BL MA> FBGBFNF F:@GBMN=>

10. $BO> :G >Q:FIE> H? : GHGS>KH O><MHK MA:M A:L : <HFIHG>GM H? S>KH
11. "QIE:BG PAR : O><MHK <:GGHM A:0> : <HFIHG>GM @K>:M>K MA:G BML HPG F:@GBMN=>

12. &? MA> O><MHKG= # :K> I>KI>G=B<NEfKA:M BL MA> <HFIHG>GM HEHG@ MA> =BK><MBHEAIA BL MA> <HFIHG>GM
H? # :EHG@ MA> =BK><MBHG H?

3.4 Addition of V elocities
13. 4A:M ?K:F> HK ?K:F>L H? K>?>K>G<> =H RHN BGLMBG<MBO>ER NL> PA>G =KBOBG@ : <:K 4A>G ?ERBG@ BG : <HFF>K<B:E C>M :BK

1ABL ,|I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIGE» @KR <HGM>GM <HE
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14. ;:.LD>M;:EE IE:R>K =KB;;EBG@ =HPG MA> <HNKM NLN:EER D>>IL ABL >R>L ?BQ>= HG MA> |IE:R>KL :KHNG= ABF %> BL FHOBG@ ?:L
=H>LG M A> G>>= MH D>>| ABL >R>L HG MA> ;:EE

15. &? LHF>HG> BL KB=BG@ BG MA> ;:<D H? : IB<DNI MKN<D :G= MAKHPL : LH?M;:EE LMK:B@AM ;:<DP:K= BL BM IHLLB;E> ?HK MA> ;:EE
LMK:B@AM =HPG :L OB>P>= ;R : I>KLHG LM:G=BG@ :M MA> LB=> H? MA> KH:= 2G=>K PA:M <HG=BMBHG PHNE= MABL H<<NK %HP PHN
FHMBHG H? MA> ;:EE :11>:K MH MA> |>KLHG PAH MAK>P BM

16. 1A> AAM H? : CHQ@@>K KNGGBG@ :M <HGLM:GM Q:NeA<BMRI?EFBLHS:= |K:P : LD>M<A LAHPBG@ MA> |:MA H? MA> A:M BG MA>
CH@@>XK:F> H? K>?>K>G<> IK:P BML I:MA :L OB>P>= ;R : LM:MBHG:KR H;L>KO>K

17. <EH=H? =BKM ?:EEL ?KHF MA> ;>= H? : FHOBG@ MKN<D &M LMKBD>L MA> @KHNG= =BK><MER ;>EHP MA> >G= H? MA> MKN<D 4/
=BK><MBHG H? BML O>EH<BMR K>E:MBO> MH MA> MKN<D CNLM ;>?HK> BM ABML &L MABL MA> L:F> :L MA> =BK><MBHG H? BML O>El
;>?HK> BM ABML "QIE:BG RHNK :GLP>KL
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Problems & Exercises 5. ONIIHL> RHN ?BKLM P:ED  F BG : =BK><MBH®&>LM H?

GHKMA :G=MA>G F BG:=BK><MBHGLHNMA H? P>LM

3.2 Vector Addition and Subtraction: Graphical %HP ?2:K :K> RHN ?KHF RHNK LM:KMBG@ IHBGM :G= PA:M BL MA>
Methods <HFI:LL =BK><MBHG H? : EBG> <HGG><MBG@ RHNK LM:KMBG@ IHBGM M
Use graphical methods to solve these problems. Y oumay ~ RHNK7BG:EIHLBMBHG &? RHN K>IK>L>GM MA> MPH E>@L H? MA> P:ED
assume data taken from graphs is accurate to three 'L O><MHK =BLIE:<>F>GMLG= # :L BGFigure 3.49 MA>G

digits. MABL IKH;E>F ?BG=L MA>BR LNF" j

1. #8G= MA> ?HEEHPBG@ ?HKHiAe BG7 : MA> MHM:E
=BLM:G<> MK:O>E>= :G= ; MA> F:@GBMN=> :G= =BK><MBHG H? MA>
=BLIE:<>F>GM ?KHF LM:KM MH ?BGBLA

Figure 3.49

Figure 3.47 1A> O:KBHNL EBG>L K>IK>L>GM |:MAL M:D>&>B8MBSHIE> 6. /51>:M MAS [KH-ESE ~HO> ‘NM K>O>KL> MA> HK=>K H? MA> MPH
P:EDBG@ BG : <BEAEH<DL :K> F HG : LB=> > > IKAE>F 5R0> 2O>KL> MA> HK=>K A2 MA>
E>@L H? MA> P:ED LAHP MA:M RHN @>M MA> L:F> ?BG:E K>LNEM 1A:M

2. #BG= MA> ?HEEHPBG@ ?HKHibihe BG7 : MA>MHM:E  p| RHN ?BKLM P.EEERAB<ABL F BG : =BK><MBHG >Q:<MER
=BLM:G<>MK:0>E>= :G= ; MA> F:@GBMN=> :G= =BK><MBHG H2 MA> "~ _ G MASE .
=BLIE:<>F>GM ?KHF LM:KM MH ?BGBLA :LHNMAH? P>LM :G=MA>G EPEB<ABL  FBG:

3. #BG= MA> GHKMA :G= /LM <HFIHG>GML H? MA> BLIE:<>FRFMBHG >Q:<MBR-LM H? GHKMA 1ABL IKHE>F LAHPL MAM
?HK MA> ABD>KL LAHRGIBG.45 # #

4.ONIIHL>RHN P:ED F LMK:B@AM P>LM :G=MA>G F 7. : [>1>:M MA> IKH;E>F MPH IKH;E>FL IKBHNW ?HK MA>

LMK:B@AM GHKMA %HP ?:K :K> RHN ?KHF RHNK LM:KMBG @) #B{éM £S@ RHN P:ED  F BG : =BK><MBHGGHKMA H? >:LM

PA:M BL MA> <HFI:LL =BK><MBHG H? : EBG> <HGG><MBG@ R R% _ _ _
LM:KMBG@ IHBGM MH RHNK ?BG:E IHLBMBHG &? RHN K>IK>IF;|L> TGRS INEP:E>CGM MH LN:MK R4BE@"MA:M BL MH

E>@L H? MA> P:ED :L O><MHK =BLIE:<SF:@Mi# :L BG ?BG=BGEZ " ' # ; />I>MMA>IKH;E>F MPH IKH;E>FL
Figure 3.48 MA>G MABL IKH;E>F :LDL RHN MH ?BG= MA>BK LN BHINM GHP RHN ?BKLM P:ED  F BG : =BK><MBHGINMA
3 " # H? P>LM :G= MA>G  F BG : =BK><MBHG >.LM H? LHNMA

PAB<A BL >JNBO:E>GM MH LN;MK:2KHF&H#"MA:M BL MH
?BG=BG®® 2 # " 3. O0AHP MA:M MABL BL MA> <:L>

8. 0OAHP MA:M Medler H? :==BMBHG H? MAK>> O><MHKL =H>L GHM
:22><M MA>BK LNF OAHP MABL IKHI>KMR :R <AHHLBG@ :GR MAK>>
O><MHKL # :G= $ :EE A:OBG@=BIGM E>G@MAL :G=
=BK><MBHGL #BG= MA% LNF# {MA>G ?BG= MA>BK LNF

PA>G :==>= BG : =BSK>GM HK=>K :G= LAHP MA> K>LNEM BL MA>
L:F> 1A>K> :K>?BO> HMA>K HK=>KL BG'PABKAG= $

<:G ;> :==>= <AHHL> HGER HG>

9. 0AHP MA:M MA> LNF H? MA> O><MHKL =BL=NIthpe BG
3.2 @BO>L MA> K>LNEM LAHPG BG4

Figure 3.48 1A> MPH =BLIE:<>F>GML :G= # :== MH @BO> : MHM:E
=BLIE:<>F>GM3 A:OBG@ F:@GBMN=:6= =BK><MBHG

1ABL ,|I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIGE» @KR <HGM>GM <HE
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10. #8G= MA> F:@GBMN=>L H? O>BAKEBABAV BG-igure 15. #BG= MA> GHKMA :G= >:LM <HFIHG>GML H? MA> =BLIE:<>F>GM

250 ?KHF 0:G #K:G<BL<H MH 0:<K:F>GMH LAHRGIBG?.52
Viot=Va+ Vg
Y i
Vir = 6.72 m/s
Vg
Vit /23,09
26.5°

Va

22 .5° -

X

Figure 3.50 1A> MPH O>EH<BMW#>tG= W :== MH @BO> : MHWMR

= I.\\Sarmas
11. #BG= MA> <HFIHG>GMIV}p:EHG@ MA>G= y :Q>L BG (T onterey.

Figure 3.50 Figure 3.52

12. #BG=MA> <HFIHG>GMVp-EHG@ : L>M H? I>KI>G=B<NE:{ g 41E05 MA> 2HEEHPBG@ IKH;E>F NLBG@ :G:ERMB<:E M><AGBJN>L
:Q>L KHM:M>= 7 <HNGM>K<EH<DPBL> K>E:MBO> MH MAHL> ®IHL> RHN P:EED  F LMK:B@AM P>LM :G= MASG  F

Figure 3.50 LMK:B@AM GHKMA %HP ?:K :K> RHN ?KHF RHNK LM:KMBG@ IHBGM :G=
PA:M BL MA> <HFI:LL =BK><MBHG H? : EBG> <HGG><MBG@ RHNK
3.3 Vector Addition and Subtraction-Analytical LM:KMBG@ IHBGM MH RHNK ?BG:E IHLBMBHG  &? RHN K>IK>L>GM MA> M

Methods E>@L H? MA> P:ED :L O><MHK =BLIE:<>Fx&@MI# L BG

) Figure 3.53 MA>G MABL IKH;E>F :LDL RHN MH ?BG= MA>BK LNF
13. #BG= MA> ?HEEHPBG@ ?HKHijAe BG1 : MA> MHM:E "
=BLM:G<> MK:O>E>=:G= ; MA> F.@GBMN=> :G= =BK><MBHG H? MA>
=BLIE:<>F>GM ?KHF LM:KM MH ?BGBLA &G MABL I:KM H? MA> IKF
>QIEB<BMER LAHP AHP RHN ?HEEHP MA> LM>IL H? MA> :G:ERMB Y
F>MAH= H? O><MHK :==BMBHG
- A+B=R
-y .

N i, =
1 E -
B E—— R
W E | C_|
A C
S IJ

in W E
m| "
=

— -
-

Start f) B o A X
= ]
r | n" =]

Figure 3.51 1A> O:KBHNL EBG>L K>IK>L>GM :MAL M:D>&>RBMB?HIE>
P:EDBG@ BG : <BEIfEH<DL :K> FHG:LB=>
14. #BG= MA> ?HEEHPBG@ ?HKAiMAE BGL : MA>MHM:E  +HM>MA:M RHN <:G :ELH LHEO> MABL @RUABKIEERR MA>
=BLM:G<> MK:O>E>= :G= : MA> F:@GBMN=> :G= =BK><MBHG GERMB<:E M><AGBJIN> ?HK LHEOBG@ MABL IKH;E>F BL IHM>GMB:EER
=BLIE:<>F>GM ?KHF LM:KM MH ?BGBLA &G MABL I:KM H? MABHIK; EsiNK:M> MA:G MA> @K:IAB<:E M><AGBJN>
>QIEB<BMER LAHP AHP RHN ?HEEHP MA> LM>IL H? MA> :G:ERMBTsR\ Exercise 3.16 NLBG@ :G:ERMB<:E M><AGBJN>L :NM
F>MAH= H? O><MHK :==BMBHG K>0>KL> MA> HK=>K H? MA> MPH E>@L H? MA> P:ED :G= LAHP MA:M
RHN @>M MA> L:F> ?BG:E K>LNEM 1ABL IKH;E>F LAHPL MA:M
:==BG@ MA>F BG K>0>KL> HK=>K @BO>L MA> L:F> K>LNEM*MA:M BL
# " " IBL<NLL AHP M:DBG@ :GHMA>K I:MA MH
K>:<A MA> L:F> IHBGM FB@AM A>El MH HO>K<HF> :G H;LM:<E>
‘EH<DBG@ RHN HMA>K I:MA

Figure 3.53 1A> MPH =BLIE:<>F>GML :G= # :== MH @BO>: MHM:E
=BLIE:<>F>GM3 A:0BG@ F:@GBMN=:6= =BK><MBHG
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18. 6HN =KBO> L IBG : LMK:B@AM EBG> BG : =BK><MBH@2. ?:KF>K P:GML MH ?>G<?ABL ?HNK LB=>= |[EHM H? ?E:M E:G=
>LM H? GHKMA : #BG= MA> =BLM:G<>L RHN PHNE= A:0> MEe2EBANK>L MA> ?BKLM MAK>> LB=>L LAHP&:LG= $

LMK:B@AM >:LM :G= MA>G LMK:B@AM GHKMA MH :KKBO> ‘MBMAZLES.55 :G= MA>G <HKK><MER <:E<NE:M>L MA> E>G@MA :G=
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Figure 3.56

3.4 Addition of V elocities
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MA%xample 3.6 MK:O>EL F AHKBSHGM:EER PABE> ?:EEBGC ~ B i s

F BG MA> ?K:F> H? K>?>K>G<> H? MA> ":KMA

v, = -4500 km/s v,= -2200 km/s v, = 2830 km/s v, = 6700 km/s
29. ?HHM;:EE JN:KM>K;:<D BL FHOBG@ LMK:B@AM ;:<DP:K=:m :
LI>>=H?  FLPA>G A>MAKHPL: LLLMH: IE:R>K  F Figure 3.57 #BO> @:E:QB>L HG : LMK:B@AM EBG> LAHPBG@ MA>BK =BLM:G<>L :G=
LMK:B@AM =HPG?B>E= 1A>;:EE BL MAKHPG :M :G :G@E> H7>EH<BMB>L K>E:MBO> MH NR\*4BEDRR  1A> =BLM:G<>L :K> BG
K>E:MBO> MH MA> @KHNG= :G= BL <:N@AM :M MA> L:F> A>B@BRBIHGBM?BEB@AM R>:KL *ER PA>K>:EB@AM R>:K BL MA> =BLM:G<> EB@AM
K>E>:L>= 4A:M BL MA> BGBMB:E O>EH<BWHRHAMAhEEE ~ MK:O>EL BG HG> RA®O>EH<BMB>L :K> G>:KER IKHIHKMBHG:E MH MA>
quarterback =BLM:G<>L 1A>LBS>L H? MA> @:E:QB>L :K> @K>:MER >Q:@@>K:M>= :G
30. LABIL>ML L:BE ?KHF /HMM>K=:F 1A> +>MA>KE:G=L  ‘O”K:@> @EQRBL:HNM *ER:<KHLL
A>=BG@ =N> GHKMA :M F L K>E:MBO> MH MA> ENK:KE 37. : 2L> MA> =BLM:G<> :G= O>EH<BMR EiylirBG.57 MH
H<>:G <NKK>GM BL F L BG : =BK><MBHGGHKMA H? >:.LM ?BG=MA> K:M> H? >QI:GLBHG L : ?NG<MBHG H? =BLM:G<>
4A:M BL MA> O>EH<BMR H? MA> LABI K>E:MBO> MH MA> ":KMA&? RHN >QMK:IHE:M> ;:<D BG MBF> AHP EHG@ :@H PHNE=:EE H?
31. : C>M:BKIE:G>?ERBG@ ?KHF :KPBG NLMK:EB: AL :GMi® @E:QB>L A:0> >>G :M :IIKHQBF:M>ER MA> L:F> IHLBMBHG

As MPH I:KML H? MABL IKH;E>F @BO> RHN LHF> B=>: H? AHP MA>
=H? = 2 y

LI>>=H?  FLBG:=BK><MBHG ~LHNMAH?P>LM &M BL BGg%Kli;?b <HGLM:GM ?HK NGBO>KL:E >QI:GLBHG :G= MA> MBF> ::<D MH

C>M LMK>F PAB<ABL ;EHPBG@ :M FL BG:=BK>sMBHG MA> B@ :G@ :K>=>M>KFBG>= K>LI><MBO>ER

LHNMA H? >:LM 4A:M BL MA> O>EH<BMR H? MA> :BKIE:G> K>EMBORMH 1> <kHLL>L:  F PB=> KBOSK :R LPBFFBG@
MA> "KMA ; IBL<NLL PA>MA>K RHNK :GLP>KL :K> <HGLBLMEGM 625 NEK MH MAs B:MoK <NKKSGM M Lisoc 7 F L

PBMA RHNK >QI><M:MBHGL ZHKIIAZ MA> PBG= HG MAZ IE:GR>E:MBO> MH MAS®BMEK<A>L MA> HIIHLBM> LB=> M :

:MA =BLM:G<> F =HPGLMK>:F ?KHF ABL LM:KMBG@ IHBGM %HP ?:LM BL

32. : &G PAM =BK><MBHG PHNE= MAS1ABEBG.30 AO>  MA>P:M>K BG MA> KBO>K ?EHPBG@ PBMA K>LI><M MH MA> @KHNG= 4A
MH MK:O>E BG HK=>K MH A:0> : O>EH<BMR LMK:B@AM GHKBIAMAE IMBESHAMA> LPBFF>K PBMA K>LI><M MH : 2KB>G= :M K>LM HG
MA>"KMA :LLNFBG@ BML LI>>= K>E:MBO> MH MA> P:M>K KMAB@KHNG=

N i 4AMPHNE=BML LI>>= > K>E:MBO> MH MA> "KM | Ap| | BEBG@ BG MA> SNE? OMK>:F BL A>:=BB@M
33. : GHMA>K :BKIE:G> BL ?ERBG@ BG : C>M LMK>:F MA:M B2 EHRBG@M : LI>>= H?  F L K>E:MBO> MH MAGNR:M>K
‘M FLBG :=BK><MBHG zLHNMA H? >.LM :LEBGrcise O>EH<BMR K>E:MBO> MH MA> "KM\ BL ~ P>LM H?
331 &ML =BK><MBHG H? FHMBHG K>E:MBO> MH MA> ":KMABHKMA 4A:M BL MA> O>EH<BMR H? MA> $NE? OMK>:F 1A> O>EH<BMR
LHNMA H? P>LM PABE> BML =BK><MBHG H? MK:0>E K>E:MBOMEGRIABLAERE<:E 2HK MA> SNE? OMK>:F : 2>P ANG=K>=
LHNMA H? P>LM 4A:M BL MA> ‘BKIE:6>K>E:MBO> MH DBEHF>M>RINHR> >:LM <HLM H? MA> 2GBM>= OM:M>L

MA> :BK F:LL : 4A:M BL MA> :BKIE{Gb>>= K>E:MBO> MH MA>40. G B<> AH<D>R IE:R>K BL FHOBG@ :M  F L PA>G A> ABML

"KMA MA> IN<D MHP:K= MA> @H:E 1A> LI>>= H? MA> IN<D K>E:MBO> MH
34. L:G=E BL =KHII>= 2KHF MA> MHIH? :  F AB@A F:LM MA> |[E:R>KBL FL 1A> EBG> ;>MP>>G MA> <>GM>K H? MA> @H:E
HG : LABI FHOBG@ M FL =N>LHNMA :E<NE:M> MA> :G=MA> |[E:R>K F:D>L : :G@E> K>E:MBO> M':' ABL I:MA L
O>EH<BMR H? MA> L:G=:E PA>G BM ABML MA> =><D H? MA> FABPG BEgure 3.58 4A:M :G@E> FNLM MA> IND>EH<BMR

K>E:MBO> MH MA> LABI :G= ; K>E:MBO> MH : LM:MBHG:KR HLDRUZk{MBO> MH MA> IE-R>K BG ABL 7K:F> H? K>?>K>G<> MH ABM
LAHK> < IBL<NLL AHP MA> :GLP>KL @BO> : <HGLBLM>GM KYARERIGM>K H? MA> @H:E

?HK MA> IHLBMBHG :M PAB<A MA> L:G=:E ABML MA>=><D 5 [4T7

=7
35. 1A> O>EH<BMR H? MA> PBG= K>E:MBO> MH MA> P:M>K BLy, . = 8.0 m/s | 4/,
L:BE;H:ML ONIIHL> : L:BE;H:M BL BG :G H<>:G <NKK>GM MA:M / ("o

:O>EH<BMR H? FLBG:=BK><MBHG>:LM H? GHKMA y ) = Goal
K>E:MBO> MH MA>":KMA &M >G<HNGM>KL : PBG= MA:M AL : v tm: ?
H? FLBG:=BK><MBHG H? LHNMA H? P>LM K>E:MBO> Mt

MA> ":KMA 4A:M BL MA> O>EH<BMR H? MA> PBG= K>E:MBO> li s i X
P:M>K

Vouck = 29.0 m/s

Vpuck

Voiayer T Vpuck = Viot

Figure 3.58 G B<>AH<D>R IE:R>K FHOBG@ :<KHLL MA> KBGD FNLM LAHHM
;:<DP:K= MH @BO> MA> IN<D : O>EH<BMR MHP:K= MA> @H:E



41. Unreasonable Results ONIIHL> RHN PBLA MH LAHHM

LNIIEB>L LMK:B@AM NI MH :LMKHG:NML BG :G HK;BM DF :;HO>
MA> LNK?:<> H? MA>"KMA : M PA:M O>EH<BMR FNLM MA>
LNIIEB>L ;> E:NG<A>= ; 4A:M BL NGK>:LHG:;E> :;;HNM MABL
O>EH<BMR < &L MA>K>: IKH;E>F PBMA MA> K>E:MBO> O>EH<BMR
>MP>>G MA> LNIIEB>L :G= MA> :LMKHG:NML PA>G MA> LNIIEB>L
K>:<A MA>BK F:QBFNF A>SB@AM = &L MA> IK>FBL> NGK>:LHG:;E>
HK BL MA> :0:BE:;E> >JN:MBHG BG:IIEB<:;;E> "QIE:BG RHNK

:GLP>K

42. Unreasonable Results <HFF>K<B:E :BKIE:G> A.L :G :BK

LI>>=H? N =N>>:LM :G=?EB>L PBMA : LMKHG@ M:BEPBG= &M
MK:O>EL DF BG :=BK><MBEHGHNMA H? >LMBG A :

4A:M P:L MA> O>EH<BMR H? MA> |IE:G> K>E:MBO> MH MA> @KHNG= ;
:E<NE:M> MA> F:@GBMN=> :G= =BK><MBHG H?IMA> M:BEPBG="
O>EH<BWRA:M BL NGK>:LHG:;E> :;;HNM ;HMA H? MA>L>

O>EH<BMB>L = 4AB<A IK>FBL> BL NGK>:LHG:;E>

43. Construct Y our Own Problem HGLB=>K :G :BKIE:G>

A>:=>=?HK : KNGP:R BG : <KHLL PBG= HGLMKN<M : IKH;E>F BG

PAB<A RHN <:E<NE:M> MA> :G@E> MA> :BKIE:G> FNLM ?ER K>E:MBO> MH
MA> :BK F:LL BG HK=>K MH A:0> : O>EH<BMR |:K:EE>E MH MA> KNGP:R
FHG@ MA> MABG@L MH <HGLB=>K :K> MA> =BK><MBHG H? MA> KNGP:R
MA> PBG= LI>>= :G= =BK><MBHG BML O>EH<BMR :G= MA> LI>>=H?

MA> |[E:G> K>E:MBO> MH MA> :BK F:LL ELH <:E<NE:M> MA> LI>>= H?

MA> :BKIE:G> K>E:MBO> MH MA> @KHNG= IBL<NLL :GR E:LM FBGNM>
F:G>NO>KL MA> IBEHM FB@AM A:O> MH I>K?HKF BG HK=>K ?HK MA>
|IE:G> MH E:G= PBMA BML PA>>EL IHBGMBG@ LMK:B@AM =HPG MA>
KNGP:R

1ABL ,|I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIGE» @KR <HGM>GM <HE

A:IM>K T 1PH |BF>GLBHG:E (BG>F:MB<L



&G=>Q

A
<<>E>K:MBH& 65
<<NK:<R 26
:<<NK:<R28
:G:ERMB<:E F>MAIA2
G:ERMB<:E F>MAH8L
O>K:@> <<>E>K:MBBG
:O>K:@> :<<>E>K:MBI6G65
O>K:@> LI>>=42
:O>K:@> LI>>=65
O>K:@> O>EHZBMR
:0O>K:@> O>EH<6/R
C
<E:LLB<:E IARLBS9L28
E:LLB<:E K>E:MBEZ¥BMR
<E:LLB<:E K>E:MBROBMR
<HFFNM:MB®@4 102 102
<HFIHG>GM H?: = 0><MHRK2
<HFIHG>GML87
<HGO>KLBHG ?:4H8
D
=><>E>K:MBH#&S 65
=>|>G=>GM O:KB:;BB5 65
=>KBO>= NGB31128
=BK><MB32G
=BK><MBHG H? : O>%02HK
=BLIE:<>F>GN4 65
IBLM:G<>36
=BLM:G<85
IBLM:G<> MK:O>B6=
=BLM:G<> MK:O>5=
E
"E:IL>= MBF>40
>E:IL>= MBF>65
"G@EBLA NGEVI28
F
?NG=:F>GM:E NGB31128
H
A>:= 81
A>:= H?: O><MHHKO02
A>:= MH M:BE F>MA&1=103 102
I
BG=>I>G=>GM O:KB:H35>65

&GLM:GM:G>HNL :<<>E>K44BHG
BGLM:GM:G>HNL :<<>E>KG4BHG

&GLM:GM:G>HNL LI>E
BGLM:GM:G>HNL LI>65
&GLM:GM:G>HNL O>EH<BMR
BGLM:GM:G>HNL O>E3<BMR
K

DBEH@KIB 28

DBG>F:MB3B 66

L

E:P 8 28

M

F:@GBMN=82

F:@GBMN=> H? : O><NIbIK
F>M>K14 28

F>MKB< LRLM&F 28

FH=>E8 28 42 66

*H=>KG IARLB<11

FH=>KG IARLB<28

O

HK=>K H? F.@GBMIN~=28

P

I>K<>GM NG<>KM:B&EMR
IARLB<:E JN:GMBRIRS8
-ARLB<L4

IARLB<L28

IHLBMBI3@ 66
IK><BLBHZB 28

Q

.N:GMNF F><A:GB<L11
JN:GMNF F><A:GB<P8
R

K>E:MBO> O>EH€BMB>L
K>E:MBO> O>EHXBMR
/>E:MBOBMR
K>E:MBCBVE® 102
K>LNEM:821102
K>LNEM:GM O>&IMHB2
S

L<:E:K38 66 87 102
L<B>GMB?B< F>BIAI9=
L><HG=13 29

0& NGBMRB 29
LEHI>55 66

T

M:BB1 102

MA>HKER 29

MBF=40 66

U

NG<>KM:BGWIR9
NGBMI2 29

V

O><MHI8 66 79 102
O><MHK :==BMBHB02
O><MHK17
O>EH<BMR102

Y

y BGM>K<>3B1 66



&G=>Q

1ABL ,I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIlCGE} @K@R <HGM>GM <HE



&G=>Q

11/& 21&,+0

HEE><MBHMass Physics 131 Unit 1

"=BM>=;Rl:0B=+@NR>G

2/) https:/llegacy .cnx.org/content/col12232/1.2/

HIRKB@ANDB= +@NR>G

)B<>GL>http://creativecommons.org/licenses/by/4.0/

‘L>=HG 2*.LL -ARLB<L 1 >QM;HHD  http://legacy .cnx.org/content/col12181/1.28 :KK:G@>= ;R :OB=
+@NR>G

*H=NE> Unit 1 Overview

R !:OB=+@NR>G

2/) https://llegacy .cnx.org/content/m64065/1.3/
HIRKB@ANDB= +@NR>G
)B<>GL>http://creativecommons.org/licenses/by/4.0/

*H=NE> 1.0 Chapter Overview

2L>= A>K>:L A:IM>K ,0>KOB>P

R 1:OB=+@NR>G

2/) https:/llegacy .cnx.org/content/m64066/1.3/
HIRKB@ANDB= +@NR>G
)B<>GL>http://creativecommons.org/licenses/by/4.0/

*H=NE> 1.1 An Introduction to Physics

2L>= A>K>:L G &GMKH=N<MBHG MH -ARLB<L
R !:OB=+@NR>G

2/) https://llegacy .cnx.org/content/m64001/1.37/
HIRKB@ANDB= +@NR>G
)B<>GL>http://creativecommons.org/licenses/by/4.0/

*H=NE> 1.2 Physical Quantities and Units

2L>= A>K> L -ARLB<:E .N:GMBMB>L :G= 2GBML
R 1:OB=+@NR>G

2/) https:/llegacy .cnx.org/content/m64013/1.5/
HIRKB@ANDB= +@NR>G
)B<>GL>http://creativecommons.org/licenses/by/4.0/

*H=NE> 1.3 Writing Numbers

2L>= A>K>:L 4 KBMBG@ +NF;>KL

R !:OB=+@NR>G

2/) https://llegacy .cnx.org/content/m64055/1.10/
HIRKB@ANDB= +@NR>G
)B<>GL>http://creativecommons.org/licenses/by/4.0/

*H=NE> 1.4 Introduction to Statistics

2L>= A>K> L &GMKH=N<MBHG MH OM:MBLMB<L
R 1:OB=+@NR>G

2/) https:/llegacy .cnx.org/content/m64011/1.6/
HIRKB@ANDB= +@NR>G
)B<>GL>http://creativecommons.org/licenses/by/4.0/

*H=NE> 1.5 Accuracy and Precision

2L>= A>K>:L <<NK:<R :G=-K><BLBHG

R !:OB=+@NR>G

2/) https:/llegacy .cnx.org/content/m64071/1.4/
HIRKB@ANDB= +@NR>G
)B<>GL>http://creativecommons.org/licenses/by/4.0/


https://legacy.cnx.org/content/col12232/1.2/
http://creativecommons.org/licenses/by/4.0/
http://legacy.cnx.org/content/col12181/1.28
https://legacy.cnx.org/content/m64065/1.3/
http://creativecommons.org/licenses/by/4.0/
https://legacy.cnx.org/content/m64066/1.3/
http://creativecommons.org/licenses/by/4.0/
https://legacy.cnx.org/content/m64001/1.37/
http://creativecommons.org/licenses/by/4.0/
https://legacy.cnx.org/content/m64013/1.5/
http://creativecommons.org/licenses/by/4.0/
https://legacy.cnx.org/content/m64055/1.10/
http://creativecommons.org/licenses/by/4.0/
https://legacy.cnx.org/content/m64011/1.6/
http://creativecommons.org/licenses/by/4.0/
https://legacy.cnx.org/content/m64071/1.4/
http://creativecommons.org/licenses/by/4.0/

&G=>Q

*H=NE> 2.0 Introduction to One-Dimensional Kinematics

2L>= A>K> L &GMKH=N<MBHG MH ,G> IBF>GLBHG:E (BG>F:MB<L
R 1:OB=+@NR>G

2/) https:/llegacy .cnx.org/content/m64085/1.2/

HIRKB@ANDB= +@NR>G
)B<>GL>http://creativecommons.org/licenses/by/4.0/

*H=NE> 2.1 Displacement

2L>= A>K>:L IBLIE:<>F>GM

R :OB=+@NR>G

2/) https:/llegacy .cnx.org/content/m64041/1.5/
HIRKB@ANDB= +@NR>G
)B<>GL>http://creativecommons.org/licenses/by/4.0/

*H=NE> 2.2 Vectors, Scalars, and Coordinate Systems

2L>= A>K>:L 3><MHKL O<:E:KL :G= HHK=BG:M> ORLM>FL
R 1:OB=+@NR>G

2/) https:/llegacy .cnx.org/content/m64047/1.5/
HIRKB@ANDB= +@NR>G
)B<>GL>http://creativecommons.org/licenses/by/4.0/

*H=NE> 2.3 Time, Velocity , and Speed

2L>= A>K>:L 1BF> 3>EH<BMERR 0I>>=

R :OB=+@NR>G

2/) https:/llegacy .cnx.org/content/m64044/1.5/
HIRKB@ANDB= +@NR>G
)B<>GL>http://creativecommons.org/licenses/by/4.0/

*H=NE> 2.4 Acceleration

2L>= A>K> L <<>E>K:MBHG

R l:OB=+@NR>G

2/) https:/llegacy .cnx.org/content/m64042/1.5/
HIRKB@ANDB= +@NR>G
)B<>GL>http://creativecommons.org/licenses/by/4.0/

*H=NE> 2.5 Graphical Analysis of One-Dimensional Motion

2L>= A>K> L $K:IIAB<:E G:ERLBL H? ,G>!BF>GLBHG:E *HMBHG
R :OB=+@NR>G

2/) https:/llegacy .cnx.org/content/m64043/1.5/

HIRKB@AMB= +@NR>G
)B<>GL>http://creativecommons.org/licenses/by/4.0/

*H=NE> 2.6 Simulations

2L>= A>K>:L OBFNE:MBHGL

R l:OB=+@NR>G

2/) https:/llegacy .cnx.org/content/m64191/1.3/
HIRKB@ANDB= +@NR>G
)B<>GL>http://creativecommons.org/licenses/by/4.0/

*H=NE> 3.0-Introduction to T wo-Dimensional Kinematics
2L>= A>K> L &GMKH=N<MBHAB BR-GLBHG:E (BG>F:MB<L
R :OB=+@NR>G

2/) https:/llegacy .cnx.org/content/m64148/1.2/
HIRKB@ANDB= +@NR>G
)B<>GL>http://creativecommons.org/licenses/by/4.0/

*H=NE> 3.1 Kinematics in T wo Dimensions-An introduction
2L>= A>K> L (BG>F:MB<L BEHL'BF>GLBHGL G BGMKH=N<MBHG
R 1:OB=+@NR>G

1ABL ,I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIlCGE} @K@R <HGM>GM <HE


https://legacy.cnx.org/content/m64085/1.2/
http://creativecommons.org/licenses/by/4.0/
https://legacy.cnx.org/content/m64041/1.5/
http://creativecommons.org/licenses/by/4.0/
https://legacy.cnx.org/content/m64047/1.5/
http://creativecommons.org/licenses/by/4.0/
https://legacy.cnx.org/content/m64044/1.5/
http://creativecommons.org/licenses/by/4.0/
https://legacy.cnx.org/content/m64042/1.5/
http://creativecommons.org/licenses/by/4.0/
https://legacy.cnx.org/content/m64043/1.5/
http://creativecommons.org/licenses/by/4.0/
https://legacy.cnx.org/content/m64191/1.3/
http://creativecommons.org/licenses/by/4.0/
https://legacy.cnx.org/content/m64148/1.2/
http://creativecommons.org/licenses/by/4.0/

&G=>Q

2/) https:/llegacy .cnx.org/content/m64153/1.3/
HIRKB@AMDB= +@NR>G
)B<>GL>http://creativecommons.org/licenses/by/4.0/

*H=NE> 3.2 Vector Addition and Subtraction: Graphical Methods

2L>= A>K> ;L 3><MHK ==BMBHG :G= ON;MK:<MBHG $K:IAB<:E *>MAH=L
R :OB=+@NR>G

2/) https://llegacy .cnx.org/content/m64160/1.2/

HIRKB@ANDB= +@NR>G
)B<>GL>http://creativecommons.org/licenses/by/4.0/

*H=NE> 3.3 Vector Addition and Subtraction-Analytical Methods

2L>= A>K>:L 3><MHK ==BMBHG :G= ON;MK:<MBHG G:ERMB<:E *>MAH=L
R lOB=+@NR>G

2/)  https:/llegacy .cnx.org/content/m64164/1.3/

HIRKB@AMDB= +@NR>G
)B<>GL>http://creativecommons.org/licenses/by/4.0/

*H=NE> 3.4 Addition of V elocities

2L>= A>K>:L ==BMBHG HEZH<BMB>L

R !:OB=+@NR>G

2/) https://llegacy .cnx.org/content/m64143/1.3/
HIRKB@ANDB= +@NR>G
)B<>GL>http://creativecommons.org/licenses/by/4.0/


https://legacy.cnx.org/content/m64153/1.3/
http://creativecommons.org/licenses/by/4.0/
https://legacy.cnx.org/content/m64160/1.2/
http://creativecommons.org/licenses/by/4.0/
https://legacy.cnx.org/content/m64164/1.3/
http://creativecommons.org/licenses/by/4.0/
https://legacy.cnx.org/content/m64143/1.3/
http://creativecommons.org/licenses/by/4.0/

&G=>Q

1ABL ,I>GOM:Q ;HHD BL :0:BE:;E> ?HK ?K>> :M AMMIlCGE} @K@R <HGM>GM <HE



&G=>Q

21 ++"5&,+0

0BG<> HGG>QBHGL A.L ;>>G IBHG>>KBG@ : @EH;:E LRLM>F PA>K> :GRHG> <:G <K>:M> <HNKL> F:M>KB:EL :G= F.D>
MA>F ?NEER :<<>LLB;E> :G=>:LBER K>NL:;E> ?K>> H2<KXK@>>4 ;.L>= :NMAHKBG@ M>:<ABG@ :G= E>:KGBG@
>GOBKHGF>GM HI>G MH :GRHG> BGM>K>LM>= BG >=N<:MBHG BG<EN=BG@ LMN=>GML M>:<A>KL IKH?>LLHKL :G= EB?>|
4 > <HGG><M B=>.L :G= ?:<BEBM:M> >=N<:MBHG:E <HFFNGBMB>L HGG>@BM>KI<FMBMNEKINKL>L :K>BG NL>

PHKE=PB=> ;R NGBO>KLBMB>L <HFFNGBMR <HEE>@>L ( L<AHHEL =BLM:G<> E>KG>KL :G= EB?>EHG@ E>:KG>KL HG(
F:M>KB:EL :K>BG F:GR E:G@N:@>L BG<EN=BG@ "G@EBLA OI:GBLA ABG>L> "|:@*+M&N:EB:BK3G<A

-HKMN@N>L> :G=1A:B



	UMass Physics 131 Unit 1
	Unit 1 Overview
	1. 
	2. General Notes About Homework
	3. What to focus on in the Unit 1 Preparation Homework

	Chapter 1. Introduction: The Nature of Science and Physics
	1.1. An Introduction to Physics*
	1.2. Physical Quantities and Units*
	1.3. Writing Numbers*
	1.4. Introduction to Statistics*
	1.5. Accuracy and Precision*
	Glossary

	Chapter 2. Kinematics
	2.1. Displacement*
	2.2. Vectors, Scalars, and Coordinate Systems*
	2.3. Time, Velocity, and Speed*
	2.4. Acceleration*
	2.5. Graphical Analysis of One-Dimensional Motion*
	2.6. Simulations*
	Glossary

	Chapter 3. Two-Dimensional Kinematics
	3.1. Kinematics in Two Dimensions-An introduction*
	3.2. Vector Addition and Subtraction: Graphical Methods*
	3.3. Vector Addition and Subtraction-Analytical Methods*
	3.4. Addition of Velocities*
	Glossary
	Index

	Attributions
	About Connexions

