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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�-ARLB<L������P>
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�MA>�AHF>PHKD�>??B<B>GMER��&�PHNE=�LN@@>LM�=>O>EHIBG@
@HH=�AHF>PHKD�A:;BML�>:KER�
1ABL�HO>KOB>P�BL�:ELH�:O:BE:;E>�:L�:�OB=>H�A>K>	�HK�HG�6HNMN;>�:Mhttps://www .youtube.com/watch?v=ikLsqv2dhY8
(https://www .youtube.com/watch?v=ikLsqv2dhY8) �
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=B??>K>GM�?KHF�=BLM:G<>�:G=�LI>>=
c %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
c ,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>=�

$>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�PBEE�;>�MA>
LM:KMBG@�IHBGM�?HK�PA:M�P>�=BL<NLL�BG�<E:LL��1ABL�A>EIL�MH�F:D>�LNK>�MA:M�>O>KRHG>�PBMA�MA>BK�O:KRBG@�;:<D@KHNG=L�BG�IARLB<L�BL
LM:KMBG@�:M�MA>�L:F>�IHBGM��4>�PBEE�MA>G�;NBE=�NIHG�MABL�IK>I:K:MBHG�BG�<E:LL	�NLBG@�BG
<E:LL�:<MBOBMB>L�MH�@>M�RHN�K>:=R�?HK�>Q:FL�
1ABL�BL�LHF>PA:M�=B??>K>GM�IKH;:;ER�?KHF�RHNK�HMA>K�<HNKL>L�PA>K>�MA>�INKIHL>�H?�MA>�AHF>PHKD�BL�MH�IKHOB=>�:==BMBHG:E�IK:<MB<>
HG�BG
<E:LL�F:M>KB:E�MH�A>EI�RHN�@>M�K>:=R�?HK�>Q:FL�In this course, the homework gets you ready for class, and class is
what gets you ready for the exams.

How to be Successful
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=HG`M�LDBI�MA>�K>:=BG@L�:G=�MA>�OB=>HL��6HNK�<HFF>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�@K:=>��4>�:<DGHPE>=@>�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>EI��P>`O>�IKHOB=>=�JNBM>�:�?>P�K>LHNK<>L�MH�A>EI�RHN�;>�LN<<>LL?NE�BG�<HFIE>MBG@
MABL�:LLB@GF>GM��*HK>HO>K	�LBG<>�BM�BL�LH�FN<A�PHKD	�MA>�IK>I:K:MBHG�BL�RHNK�>GMBK>�AHF>PHKD�?HK�MABL�<HNKL>��1A>K>�BL�GH�K>JNBK>=
>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>I:K:MBHG�%HF>PHKD
&�P:GM�RHN�MH�?H<NL�HG	�PABE>�=HBG@�MABL�AHF>PHKD	�MA>�=>?BGBMBHGL�H?�MA>�M>KFLposition 	 velocity 	�:G= acceleration 	�MA>�?>P

-K>?:<> �

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


;:LB<�>JN:MBHGL�LN<A�:L�W�� � �Y
� �U

:G= �B�� � �W
� �U

	�BG<EN=BG@�PA:M�:EE�MA>�LRF;HEL�F>:G�:G=�PA>G�MA>L>�>JN:MBHGL�<:G�;>

:IIEB>=��*: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>R�M>G=
MH�LDBI�HO>K�MABL�L><HG=�>E>F>GM	�PAB<A�BL�CNLM�:L�BFIHKM:GM	�B?�GHM�FHK>�LH	�;><:NL>�GHM�>O>KR�>JN:MBHG�<:G�;>�:IIEB>=�BG�>O>KR
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:MBO>�<:E<NE:MBHGL	
:G=�O><MHK�:KBMAF>MB<��!HG`M�PHKKR�B?�RHN�=HG`M�K>:EER�NG=>KLM:G=�PA:M�RHN`K>�=HBG@�PA>G�RHN�=H�MA>L>�<:E<NE:MBHGL��&?
<HG<>IMN:EER�BM�=H>LG`M�F:D>�L>GL>	�MA:M`L�HD:R��P>�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:EER	�&�PHNE=�EBD>�MH�A:O>�:�JNB<D�IABEHLHIAB<:E�<HFF>GM�K>@:K=BG@�FHMBHG�PBMA�<HGLM:GM�:<<>E>K:MBHG��&?�RHN�A:O>�A:=�:GR
IARLB<L�;>?HK>	�RHN�F:R�A:O>�L>>G�MA>�LH
<:EE>=�DBG>F:MB<�>JN:MBHGL	�PAB<A�:K>�MA>L>�MPH�A>K>�

�E�� �W���U��
��
��

�B�U�� �W�� �� �W��
�� �� ���B�E

4 >�PBEE�+,1�;>�NLBG@�MA>L>�>JN:MBHGL�BG�MABL�<E:LL��4>�PBEE�;>�:IIKH:<ABG@�MA>�LN;C><M	�:G=�F:GR�HMA>KL	�BG�P:RL�MA:M�F:R�;>
=B??>K>GM�?KHF�AHP�RHN�F:R�A:O>�L>>G�MA>F�BG�:�IK>OBHNL�IARLB<L�<E:LL��4>�;>EB>O>�MA:M�IARLB<L�BL�GHM�:;HNM�F>FHKBSBG@
>JN:MBHGL�:G=�E>:KGBG@�AHP�MH�IB><>�MAHL>�>JN:MBHGL�MH@>MA>K��4 >�;>EB>O>�BGLM>:=�MA:M�IARLB<L�BL�:;HNM�?NG=:F>GM:E�B=>:L	�:G=
P>�PBEE�M>:<A�MABL�<HNKL>�?KHF�MABL�I>KLI><MBO>��,<<:LBHG:EER	�MABL�PBEE�K>LNEM�BG�IARLB<L�AHF>PHKD�O>KR�=B??>K>GM�?KHF�PA:M�RHN
F:R�>QI><M����@HH=�>Q:FIE>�BL�MA>�AHF>PHKD�?HK�MA>�L><HG=�NGBM	�PA>K>�RHN�A:O>�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�MH�;>�IB><>=�MH@>MA>K	�:G=�LM:KM�RHNK�:G:ERLBL
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=>KLM:G=BG@�H?
RHNK�HMA>K�<HNKL>L	�:L�HIIHL>=�MH�CNLM�;>BG@�:�<HNKL>�MA:M�RHN�CNLM�aA:O>�MH�M:D>�?HK�RHNK�F:CHKb�

� -K>?:<>

1ABL�,I>G0M:Q�;HHD�BL�:O:BE:;E>�?HK�?K>>�:M�AMMIL���E>@:<R�<GQ�HK@�<HGM>GM�<HE���������



� &+1/,!2 1&,+��1%"�+� 12/"�,#
0 &"+ "��+!�-%60& 0
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Figure 1.9 Marie Curie �����]������L:<KB?B<>=�FHG>M:KR�:LL>ML�MH�A>EI�?BG:G<>�A>K�>:KER�K>L>:K<A�:G=�=:F:@>=�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<L�:G=�<A>FBLMKR��,G>�H?�A>K�=:N@AM>KL�:ELH�PHG�:�+H;>E�-KBS>���<K>=BM��4BDBF>=B:
 HFFHGL�

4 >�:EE�:K>�<NKBHNL�MH�LHF>�>QM>GM��4>�EHHD�: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>	�P>
;><HF>�FHK>�HK@:GBS>=�:G=�?HKF:E�BG�<HEE><MBG@�:G=�:G:ERSBG@�=:M:��4>�:MM>FIM�@K>:M>K�IK><BLBHG	�I>K?HKF�<HGMKHEE>=
>QI>KBF>GML��B?�P>�<:G�	�:G=�PKBM>�=HPG�B=>:L�:;HNM�AHP�MA>�=:M:�F:R�;>�HK@:GBS>=�:G=�NGB?B>=��4>�MA>G�?HKFNE:M>�FH=>EL	
MA>HKB>L	�:G=�E:PL�;:L>=�HG�MA>�=:M:�P>�A:O>�<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�BL�H?M>G�MHH�=B??B<NEM��HK�BFIHLLB;E>��MH�=BLIE:R�=BK><MER��4ABE>�:�FH=>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�BG�PAB<A
>E><MKHGL�:K>�IB<MNK>=�:L�HK;BMBG@�MA>�GN<E>NL	�:G:EH@HNL�MH�MA>�P:R�IE:G>ML�HK;BM�MA>�0NG���0>>Figure 1.10 ���4 >�<:GGHM�H;L>KO>
>E><MKHG�HK;BML�=BK><MER	�;NM�MA>�F>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�AHM
@:L>L��:MHFB<�LI><MK:���-ARLB<BLML�NL>�FH=>EL�?HK�:�O:KB>MR�H?�INKIHL>L��#HK�>Q:FIE>	�FH=>EL�<:G�A>EI�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?�:�<HFINM>K�LBFNE:MBHG���theory BL
:G�>QIE:G:MBHG�?HK�I:MM>KGL�BG�G:MNK>�MA:M�BL�LNIIHKM>=�;R�L<B>GMB?B<�>OB=>G<>�:G=�O>KB?B>=�FNEMBIE>�MBF>L�;R�O:KBHNL�@KHNIL�H?
K>L>:K<A>KL��0HF>�MA>HKB>L�BG<EN=>�FH=>EL�MH�A>EI�OBLN:EBS>�IA>GHF>G:	�PA>K>:L�HMA>KL�=H�GHM��+>PMHG`L�MA>HKR�H?�@K:OBMR	�?HK
>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:G=�PA:M
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>=�I:MM>KG�BG�G:MNK>�MA:M�BL�LNIIHKM>=�;R�L<B>GMB?B<�>OB=>G<>�:G=�K>I>:M>=
>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�MA: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<B>GMB?B<�>OB=>G<>��%HP>O>K	�MA>
=>LB@G:MBHGlaw 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:P�MA:M
>G>K@R�BL�<HGL>KO>=�=NKBG@�:GR�IKH<>LL	�HK�+>PMHG`L�L><HG=�E:P�H?�FHMBHG	�PAB<A�K>E:M>L�?HK<>	�F:LL	�:G=�:<<>E>K:MBHG�;R�MA>
LBFIE>�>JN:MBHG�' �� �N�B����MA>HKR	�BG�<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�MH�;>�<HGLB=>K>=�:�E:P��1A>�;B@@>LM�=B??>K>G<>
;>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<A�:L�-:L<:E`L�IKBG<BIE>	�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>�H?�MA>
?BKLM�LM>IL�BG�LHEOBG@�:�IKH;E>F�PBEE�;>�MH�MABGD�:;HNM�PAB<A�E:PL�:G=�IKBG<BIE>L�:IIER��(>>I�MABL�BG�FBG=�:L�P>�FHO>�?HKP:K=�
M:DBG@�MA>�MBF>�MH�LMHI�:G=�M:D>�MABL�LM>I�PBEE�A>EI�RHN�BG�MA>�EHG@�KNG�

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

1ABL�,I>G0M:Q�;HHD�BL�:O:BE:;E>�?HK�?K>>�:M�AMMIL���E>@:<R�<GQ�HK@�<HGM>GM�<HE���������



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>GM:E
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>EI�L<B>GMBLML�:G:ERS>�MA>�=:M:�MA>R�A:O>�:EK>:=R�<HEE><M>=��%HP>O>K	�H?M>G�:?M>K�:
FH=>E	�MA>HKR	�HK�E:P�A:L�;>>G�=>O>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>�=>OBL>�LHF>MBF>Limply 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>�IHP>K�H?�L<B>G<>��&M�BL�MA>�NG=>KERBG@�HK=>K�BG�MA>�NGBO>KL>�MA:M�>G:;E>L
L<B>GMBLML�MH�F:D>�LN<A�LI><M:<NE:K�IK>=B<MBHGL��%HP>O>K	�B?experiment =H>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>O>K�;>�DGHPG�PBMA�:;LHENM>�<>KM:BGMR�;><:NL>�BM�BL�BFIHLLB;E>�MH
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;L>KO>=��&?�:�@HH=
JN:EBMR	�O>KB?B:;E>
>QI>KBF>GM�<HGMK:=B<ML�:�P>EE
>LM:;EBLA>=�E:P	�MA>G�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<>:G�
!BL<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;EBF>
?HK�MA>�BGLB@AML�@:BG>=�

1A>�0<B>GMB?B<�*>MAH=

�L�L<B>GMBLML�BGJNBK>�:G=�@:MA>K�BG?HKF:MBHG�:;HNM�MA>�PHKE=	�MA>R�?HEEHP�:�IKH<>LL�<:EE>=�MA>scientific method ��1ABL
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�MRIB<:EER
I>K?HKFL�LHF>�K>L>:K<A�:;HNM�MA>�MHIB<�:G=�MA>G�=>OBL>L�:�ARIHMA>LBL��1A>G	�MA>�L<B>GMBLM�PBEE�M>LM�MA>�ARIHMA>LBL�;R
I>K?HKFBG@�:G�>QI>KBF>GM��#BG:EER	�MA>�L<B>GMBLM�:G:ERS>L�MA>�K>LNEML�H?�MA>�>QI>KBF>GM�:G=�=K:PL�:�<HG<ENLBHG��+HM>�MA:M�MA>
L<B>GMB?B<�F>MAH=�<:G�;>�:IIEB>=�MH�F:GR�LBMN:MBHGL�MA:M�:K>�GHM�EBFBM>=�MH�L<B>G<>	�:G=�MABL�F>MAH=�<:G�;>�FH=B?B>=�MH�LNBM
MA>�LBMN:MBHG�

 HGLB=>K�:G�>Q:FIE>��)>M�NL�L:R�MA:M�RHN�MKR�MH�MNKG�HG�RHNK�<:K	�;NM�BM�PBEE�GHM�LM:KM��6HN�NG=HN;M>=ER�PHG=>K��4AR�PBEE�MA>
<:K�GHM�LM:KM��6HN�<:G�?HEEHP�:�L<B>GMB?B<�F>MAH=�MH�:GLP>K�MABL�JN>LMBHG��#BKLM�H??	�RHN�F:R�I>K?HKF�LHF>�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�;>EB>O>�MA:M
MA>�<:K�BL�GHM�LM:KMBG@�;><:NL>�BM�A:L�GH�>G@BG>�HBE��1H�M>LM�MABL	�RHN�HI>G�MA>�AHH=�H?�MA>�<:K�:G=�>Q:FBG>�MA>�HBE�E>O>E��6HN
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�<HGMKB;NMBG@�MH�RHNK�<:K�BLLN>��1H
MKHN;E>LAHHM�MA>�BLLN>�?NKMA>K	�RHN�F:R�=>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>I:K:M>�:G=�=BLMBG<M�=BL<BIEBG>��&M�K>F:BGL�<HGG><M>=�MH�HMA>K�L<B>G<>L�MH�MABL�=:R��1A>�PHK=physics
<HF>L�?KHF�$K>>D	�F>:GBG@�G:MNK>��1A>�LMN=R�H?�G:MNK>�<:F>�MH�;>�<:EE>=�aG:MNK:E�IABEHLHIAR�b�#KHF�:G<B>GM�MBF>L�MAKHN@A�MA>
/>G:BLL:G<>	�G:MNK:E�IABEHLHIAR�>G<HFI:LL>=�F:GR�?B>E=L	�BG<EN=BG@�:LMKHGHFR	�;BHEH@R	�<A>FBLMKR	�IARLB<L	�F:MA>F:MB<L	�:G=
F>=B<BG>��,O>K�MA>�E:LM�?>P�<>GMNKB>L	�MA>�@KHPMA�H?�DGHPE>=@>�A:L�K>LNEM>=�BG�>O>K
BG<K>:LBG@�LI><B:EBS:MBHG�:G=�;K:G<ABG@�H?
G:MNK:E�IABEHLHIAR�BGMH�L>I:K:M>�?B>E=L	�PBMA�IARLB<L�K>M:BGBG@�MA>�FHLM�;:LB<�?:<>ML���0>>Figure 1.11 	 Figure 1.12 	�:G= Figure
1.13���-ARLB<L�:L�BM�=>O>EHI>=�?KHF�MA>�/>G:BLL:G<>�MH�MA>�>G=�H?�MA>���MA�<>GMNKR�BL�<:EE>=classical physics ��&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�

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



Figure 1.11 ,O>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?�LHF>�H?�MA>
@K>:M>LM�FBG=L�BG�ABLMHKR��1A>�$K>>D�IABEHLHIA>KAristotle ����]������ ���PKHM>�HG�:�;KH:=�K:G@>�H?�MHIB<L�BG<EN=BG@�IARLB<L	�:GBF:EL	�MA>�LHNE	
IHEBMB<L	�:G=�IH>MKR���<K>=BM��':LMKHP������)N=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=
:LMKHGHFR���<K>=BM��!HF>GB<H�1BGMHK>MMH�

Figure 1.13 Niels Bohr �����]������F:=>�?NG=:F>GM:E�<HGMKB;NMBHGL�MH�MA>�=>O>EHIF>GM�H?�JN:GMNF�F><A:GB<L	�HG>�I:KM�H?�FH=>KG�IARLB<L���<K>=BM�
2GBM>=�0M: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>�?HEEHPBG@�<HG=BMBHGL�
*: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�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>=���><:NL>
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�IARLB<L
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:KBER
>QI>KB>G<>��4>�<:G�K>E:M>�MH�FH=>EL�BG�ANF:G�M>KFL�:G=�OBLN:EBS>�PA:M�A:II>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�NG=>KLM:G=�:G�:MHF`L�IKHI>KMB>L�;><:NL>
P>�<:G�IB<MNK>�BM�BG�HNK�FBG=L	�:EMAHN@A�P>�A:O>�G>O>K�L>>G�:G�:MHF�PBMA�HNK�>R>L��+>P�MHHEL	�H?�<HNKL>	�:EEHP�NL�MH�;>MM>K

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

1ABL�,I>G0M:Q�;HHD�BL�:O:BE:;E>�?HK�?K>>�:M�AMMIL���E>@:<R�<GQ�HK@�<HGM>GM�<HE���������



IB<MNK>�IA>GHF>G:�P>�<:GGHM�L>>��&G�?:<M	�G>P�BGLMKNF>GM:MBHG�A:L�:EEHP>=�NL�BG�K><>GM�R>:KL�MH�:<MN:EER�aIB<MNK>b�MA>�:MHF�

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

#HK�MA>�E:PL�H?�<E:LLB<:E�IARLB<L�MH�:IIER	�MA>�?HEEHPBG@�<KBM>KB:�FNLM�;>�F>M��*: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�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>O:GM�BG������P>�PBEE�;>�=>:EBG@�PBMA�>E><MKHGL�:G=�IAHMHGL	�PAB<A�=HG�M�;>A:O>�MA>
P:R�FHLM�MABG@L�=H���>BG@�:;E>�MH�PK:I�RHNK�A>:=�:KHNG=�MA>L>�B=>:L�PBEE�;>�<A:EE>G@BG@	�;NM�;>BG@�:;E>�MH�FH=>E�MABL
LMK:G@>G>LL�PBEE�A>EI�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�

0HF>�H?�MA>�FHLM�LI><M:<NE:K�:=O:G<>L�BG�L<B>G<>�A:O>�;>>G�F:=>�BG�FH=>KG�IARLB<L��*:GR�H?�MA>�E:PL�H?�<E:LLB<:E�IARLB<L
A:O>�;>>G�FH=B?B>=�HK�K>C><M>=	�:G=�K>OHENMBHG:KR�<A:G@>L�BG�M><AGHEH@R	�LH<B>MR	�:G=�HNK�OB>P�H?�MA>�NGBO>KL>�A:O>�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>�:=O:GM:@>
HO>K�L<B>G<>�?B<MBHG�H?�;>BG@�O>KR�K>:E��4AR	�MA>G	�BL�MA>�F:CHKBMR�H?�MABL�M>QM�=>OHM>=�MH�MHIB<L�H?�<E:LLB<:E�IARLB<L��1A>K>�:K>�MPH
F:BG�K>:LHGL�� E:LLB<:E�IARLB<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>L�=>:E�PBMA�MA>
O>KR�?:LM�:G=�MA>�O>KR�LF:EE	�K>LI><MBO>ER� Relativity FNLM�;>�NL>=�PA>G>O>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<A�:L�MA:M�G>:K�MA>�0NG�Quantum mechanics FNLM�;>�NL>=�?HK
H;C><ML�LF:EE>K�MA:G�<:G�;>�L>>G�PBMA�:�FB<KHL<HI>��1A>�<HF;BG:MBHG�H?�MA>L>�MPH�MA>HKB>L�BLrelativistic quantum mechanics,
: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=��/>E:MBOBLMB<
JN:GMNF�F><A:GB<L�BL�MA>�;>LM�NGBO>KL:EER�:IIEB<:;E>�MA>HKR�P>�A:O>���><:NL>�H?�BML�F:MA>F:MB<:E�<HFIE>QBMR	�BM�BL�NL>=�HGER
PA>G�G><>LL:KR	�:G=�MA>�HMA>K�MA>HKB>L�:K>�NL>=�PA>G>O>K�MA>R�PBEE�IKH=N<>�LN??B<B>GMER�:<<NK:M>�K>LNEML��4>�PBEE�?BG=	�AHP>O>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 Your 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�>O>G�;>?HK>�RHNK
?KB>G=�=>L<KB;>L�MA>�E:P��%HP�PHNE=�MA>�BG?HKF:MBHG�;>�=B??>K>GM�B?�RHNK�?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:BEL�H?�MA>�E:P	�RHN�<:G�LMBEE�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>�NG=>KERBG@
KNE>L�MA:M�:EE�G:MNK:E�IKH<>LL>L�?HEEHP��&?�MA>�BG?HKF:MBHG�A:=�;>>G�:�MA>HKR	�RHN�PHNE=�;>�:;E>�MH�BG?>K�MA:M�MA>�BG?HKF:MBHG�PBEE
;>�:�E:K@>
L<:E>	�;KH:=ER�:IIEB<:;E>�@>G>K:EBS:MBHG�

-A"1�"QIEHK:MBHGL��"JN:MBHG�$K:IA>K

)>:KG�:;HNM�@K:IABG@�IHERGHFB:EL��1A>�LA:I>�H?�MA>�<NKO>�<A:G@>L�:L�MA>�<HGLM:GML�:K>�:=CNLM>=��3B>P�MA>�<NKO>L�?HK�MA>
BG=BOB=N:E�M>KFL��>�@��Z�� �C�Y��MH�L>>�AHP�MA>R�:==�MH�@>G>K:M>�MA>�IHERGHFB:E�<NKO>�

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



Figure 1.15 Equation Grapher (http://legacy .cnx.org/content/m64001/1.37/equation-grapher_en.jar)

1.2 Physical Quantities and Units
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Example 1.1 Unit Conversions: A Short Drive Home

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

Strategy

#BKLM�P>�<:E<NE:M>�MA>�:O>K:@>�LI>>=�NLBG@�MA>�@BO>G�NGBML��1A>G�P>�<:G�@>M�MA>�:O>K:@>�LI>>=�BGMH�MA>�=>LBK>=�NGBML�;R
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NGP:GM>=�NGBM�:G=�E>:O>L�MA>�=>LBK>=�NGBM�BG�BML�IE:<>�

Solution for (a)
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Discussion for (a)
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Solution for (b)
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Discussion for (b)
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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�RHNK
<:E<NE:MHK�IKH=N<>L��1A>�FH=NE>Accuracy , Precision, and Significant Figures (https://legacy .cnx.org/content/
m42120/latest/) PBEE�A>EI�RHN�:GLP>K�MA>L>�JN>LMBHGL�

+HGLM:G=:K=�2GBML
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Check Your Understanding

0HF>�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>GM��4AB<A
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Solution
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Check Your Understanding
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Solution
1A>�?NG=:F>GM:E�NGBM�H?�E>G@MA��F>M>K��BL�IKH;:;ER�NL>=�MH�<K>:M>�MA>�=>KBO>=�NGBM�H?�OHENF>��EBM>K���1A>�F>:LNK>�H?�:�FBEEBEBM>K
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1.3 Writing Numbers

Your Quiz would Cover
c "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?�=:M:�MH

IK>=B<M�=>M>KFBG>�MA>�GNF;>K�H?�=><BF:E�IHBGML�MA:M�:K>�:IIKHIKB:M>�

Other Things to Consider as Y ou Read:
c 4ABE>�P>�PHG�M�;>�NLBG@�LB@
?B@�KNE>L	�MA>K>�:K>�LHF>�@NB=>EBG>L�HG�MA>�:IIKHIKB:M>�:FHNGM�H?�=B@BML�MH�BG<EN=>�BG�:
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1A>�?HEEHPBG@�L><MBHG�BL�;:L>=�NIHG	�PBMA�I>KFBLLBHG�
!>GD>K	�'��2G<>KM:BGMR�:L��IIEB>=�MH�*>:LNK>F>GML�:G=� :E<NE:MBHGL��2G<>KM:BGMR�:L��IIEB>=�MH�*>:LNKF>GML�:G=
 :E<NE:MBHGL��������� O:BE:;E>�:M�http://www .av8n.com/physics/uncertainty .htm (http://www .av8n.com/physics/
uncertainty .htm) ����<<>LL>=����MA��N@NLM�����

%HP�*:GR�!B@BML�1H�&G<EN=>
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1.4 Introduction to Statistics
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Incorporating Mean and Standard Deviation into Calculations - Crank Three T imes
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1.5 Accuracy and Precision
Express your answers to problems in this section to the
correct number of significant figures and proper units.
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Figure 2.1 1A>�FHMBHG�H?�:G��F>KB<:G�D>LMK>E�MAKHN@A�MA>�:BK�<:G�;>�=>L<KB;>=�;R�MA>�;BK=`L�=BLIE:<>F>GM	�LI>>=	�O>EH<BMR	�:G=�:<<>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=�MH�;>�HG>�=BF>GLBHG:E���<K>=BM��3BG<>�*:B=>GL	�4BDBF>=B:� HFFHGL�

 A:IM>K�,NMEBG>
2.1. Displacement

c %HP�IHLBMBHG�=B??>KL�?KHF�=BLIE:<>F>GM	�:G=�AHP�=BLM:G<>�=B??>KL�?KHF�=BLIE:<>F>GM
c 4A>G�MH�NL>�IHLBMBHG�:G=�PA>G�MH�NL>�=BLIE:<>F>GM
c &=>GMB?R�MA:M�=BLIE:<>F>GM�A:L�:�=BK><MBHG

2.2. Vectors, Scalars, and Coordinate Systems
c !>?BGBMBHGL�H?�O><MHKL�:G=�L<:E:KL	�:G=�MA>�=B??>K>G<>�;>MP>>G�MA>F

2.3. Time, Velocity , and Speed
c !>L<KB;BG@�AHP�O>EH<BMR�BL�=B??>K>GM�?KHF�LI>>=
c &=>GMB?RBG@�MA:M�O>EH<BMR�A:L�:�=BK><MBHG
c &=>GMB?RBG@�MA:M�O>EH<BMR�BL�:EP:RL�I:K:EE>E�MH�MA>�I:MA
c 0HEOBG@�?HK�IHLBMBHG�:L�:�?NG<MBHG�H?�MBF>	�@BO>G�O>EH<BMR�:L�:�?NG<MBHG�H?�MBF>

2.4. Acceleration
c &=>GMB?RBG@�MA:M�:<<>E>K:MBHG�A:L�:�=BK><MBHG
c 2LBG@�MA>�K>E:MBHGLABI�;>MP>>G�:O>K:@>�O>EH<BMR�:G=�IHLBMBHG�MH�LHEO>�IKH;E>FL�:;HNM�MA>�FHMBHG�H?�H;C><ML�
c !>L<KB;BG@�AHP�O>EH<BMR�PBEE�<A:G@>�@BO>G�:<<>E>K:MBHG�

2.5. Graphical Analysis of One-Dimensional Motion
c !>L<KB;BG@�MA>�NGBML�H?�MA>�O:EN>	�LEHI>	�:G=�BGM>@K:E�H?�:GR�@K:IA
c 2LBG@�LEHI>�H?�:�IHLBMBHG�OL��MBF>�@K:IA�MH�LD>M<A�:�O>EH<BMR�OL��MBF>�@K:IA
c 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
c 2LBG@�MA>�:K>:�NG=>K�:�O>EH<BMR�OL��MBF>�@K:IA�MH�LD>M<A�:�IHLBMBHG�OL��MBF>�@K:IA

2.6. Simulations
c $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�

Introduction to One-Dimensional Kinematics

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

,NK�?HKF:E�LMN=R�H?�IARLB<L�;>@BGL�PBMAkinematics PAB<A�BL�=>?BG>=�:L�MA>study 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��FHOB>L�
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:G=�aDBG>LBHEH@Rb��MA>�LMN=R�H?�ANF:G�FHMBHG���&G�HG>
=BF>GLBHG:E�DBG>F:MB<L�:G=Two-Dimensional Kinematics
(https://legacy .cnx.org/content/m42126/latest/) P>�PBEE�LMN=R�HGER�MA>motion H?�:�?HHM;:EE	�?HK�>Q:FIE>	�PBMAHNM�PHKKRBG@�:;HNM
PA:M�?HK<>L�<:NL>�HK�<A:G@>�BML�FHMBHG��0N<A�<HGLB=>K:MBHGL�<HF>�BG�HMA>K�<A:IM>KL��&G�MABL�<A:IM>K	�P>�>Q:FBG>�MA>�LBFIE>LM
MRI>�H?�FHMBHG^G:F>ER	�FHMBHG�:EHG@�:�LMK:B@AM�EBG>	�HK�HG>
=BF>GLBHG:E�FHMBHG��&GTwo-Dimensional Kinematics
(https://legacy .cnx.org/content/m42126/latest/) 	�P>�:IIER�<HG<>IML�=>O>EHI>=�A>K>�MH�LMN=R�FHMBHG�:EHG@�<NKO>=�I: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
c %HP�IHLBMBHG�=B??>KL�?KHF�=BLIE:<>F>GM	�:G=�AHP�=BLM:G<>�=B??>KL�?KHF�=BLIE:<>F>GM
c 4A>G�MH�NL>�IHLBMBHG�:G=�PA>G�MH�NL>�=BLIE:<>F>GM
c &=>GMB?R�MA:M�=BLIE:<>F>GM�A:L�:�=BK><MBHG

Figure 2.2 1A>L>�<R<EBLML�BG�3B>MG: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:G@>
BG�IHLBMBHG	�HK�=BLIE:<>F>GM	�BG�MA>�?K:F>�H?�K>?>K>G<>���<K>=BM��0NS:G��E:<D	�#HMHI>=B:�

4ABE>position :G= displacement FB@AM�L>>F�EBD>�MA>R�F>:G�MA>�L:F>�MABG@	�MA>K>�BL�:�=B??>K>G<>�BG�PA:M�MA>R�F>:G�MA:M�BL
BFIHKM:GM�MH�NG=>KLM:G=��&M�L�A>EI?NE�MH�D>>I�MABL�BG�FBG=�:L�RHN�K>:=�:;HNM�MA>�MPH	�:G=�I>KA:IL�MKR�MH�INM�PA:M�MA>
=B??>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�;>�:;E>�MH�=>L<KB;>�BMLposition ^PA>K>�BM�BL�:M�:GR�I:KMB<NE:K�MBF>�
*HK>�IK><BL>ER	�RHN�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>G<>
?K:F>	�:G=�P>�H?M>G�=>L<KB;>�MA>�IHLBMBHG�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�>Q:FIE>	�:
KH<D>M�E:NG<A�PHNE=�;>�=>L<KB;>=�BG�M>KFL�H?�MA>�IHLBMBHG�H?�MA>�KH<D>M�PBMA�K>LI><M�MH�MA>�":KMA�:L�:�PAHE>	�PABE>�:�IKH?>LLHKL̀
IHLBMBHG�<HNE=�;>�=>L<KB;>=�BG�M>KFL�H?�PA>K>�LA>�BL�BG�K>E:MBHG�MH�MA>�G>:K;R�PABM>�;H:K=���0>>Figure 2.3 ���&G�HMA>K�<:L>L	�P>
NL>�K>?>K>G<>�?K:F>L�MA:M�:K>�GHM�LM:MBHG:KR�;NM�:K>�BG�FHMBHG�K>E:MBO>�MH�MA>�":KMA��1H�=>L<KB;>�MA>�IHLBMBHG�H?�:�I>KLHG�BG�:G
:BKIE:G>	�?HK�>Q:FIE>	�P>�NL>�MA>�:BKIE:G>	�GHM�MA>�":KMA	�:L�MA>�K>?>K>G<>�?K:F>���0>>Figure 2.4 ��
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I:LL>G@>K�FHO>L�MHP:K=�MA>�K>:K�H?�:G�:BKIE:G>�	�MA>G�MA>�H;C><M`L�IHLBMBHG�<A:G@>L��1ABL�<A:G@>�BG�IHLBMBHG�BL�DGHPG�:L
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!BLIE:<>F>GM�BL�MA>change in position H?�:G�H;C><M�
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PA>K>�T�YBL�=BLIE:<>F>GM	�Y�GBL�MA>�?BG:E�IHLBMBHG	�:G=�Y�� BL�MA>�BGBMB:E�IHLBMBHG�

&G�MABL�M>QM�MA>�NII>K�<:L>�$K>>D�E>MM>K�T �=>EM:��:EP:RL�F>:GL�a<A:G@>�BGb�PA:M>O>K�JN:GMBMR�?HEEHPL�BM��MANL	�T�YF>:GL

change in position���EP:RL�LHEO>�?HK�=BLIE:<>F>GM�;R�LN;MK:<MBG@�BGBMB:E�IHLBMBHG�Y�� ?KHF�?BG:E�IHLBMBHG�Y�G�
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Y�BL�BG�?KHGM�H?	�HK�?BG:E�FBGNL�BGBMB:E�
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MPB<>�:L�EHG@�:L�MA>�:KKHP�K>IK>L>GMBG@�MA>�=BLIE:<>F>GM�H?�MA>�IKH?>LLHK��A>�FHO>L�MPB<>�:L�?:K��BGFigure 2.3 �
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I:LL>G@>K̀L�=BLIE:<>F>GM�BL����F�MHP:K=�MA>�K>:K��&G�HG>
=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�NI	�;NM�RHN�:K>
?K>>�MH�L>E><M�IHLBMBO>�:L�;>BG@�:GR�=BK><MBHG���1A>�IKH?>LLHKL̀�BGBMB:E�IHLBMBHG�BL�Y�� �� ������ �N :G=�A>K�?BG:E�IHLBMBHG�BL

�Y�G�� ������ �N��1ANL�A>K�=BLIE:<>F>GM�BL

������T�Y�� �Y�G�' �Y�� �� ���������N�' ���������N�� �� ���������N��

&G�MABL�<HHK=BG:M>�LRLM>F	�FHMBHG�MH�MA>�KB@AM�BL�IHLBMBO>	�PA>K>:L�FHMBHG�MH�MA>�E>?M�BL�G>@:MBO>��0BFBE:KER	�MA>�:BKIE:G>
I:LL>G@>K̀L�BGBMB:E�IHLBMBHG�BL�Y�� �� ���������N:G=�ABL�?BG:E�IHLBMBHG�BL�Y�G�� ���������N	�LH�ABL�=BLIE:<>F>GM�BL

������T�Y�� �Y�G�' �Y�� �� ���������N�' ���������N�� �' ���������N��

%BL�=BLIE:<>F>GM�BL�G>@:MBO>�;><:NL>�ABL�FHMBHG�BL�MHP:K=�MA>�K>:K�H?�MA>�IE:G>	�HK�BG�MA>�G>@:MBO>�Y=BK><MBHG�BG�HNK�<HHK=BG:M>

LRLM>F�

!BLM:G<>
�EMAHN@A�=BLIE:<>F>GM�BL�=>L<KB;>=�BG�M>KFL�H?�=BK><MBHG	�=BLM:G<>�BL�GHM�Distance BL�=>?BG>=�MH�;>the 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>F�Distance 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:EDL�BL����F��1A>�=BLM:G<>�MA>�:BKIE:G>�I:LL>G@>K�P:EDL�BL����F�

'NLM�EBD>�PBMA�IHLBMBHG�:G=�=BLIE:<>F>GM	MA>K>�BL�:�=B??>K>G<>�;>MP>>G�MA>�F>:GBG@�H?distance :G= displacement	>O>G
MAHN@A�MA>R�F:R�L>>F�LBFBE:K	�:G=�BM�L�BFIHKM:GM�MA:M�RHN�NG=>KLM:G=�MABL�=B??>K>G<>��1A>�?HEEHPBG@�GHM>�=BL<NLL>L�MABL�BG
=>M:BE�

*BL<HG<>IMBHG��E>KM��!BLM:G<>�1K:O>E>=�OL��*:@GBMN=>�H?�!BLIE:<>F>GM

&M�BL�BFIHKM:GM�MH�GHM>�MA:M�MA>distance traveled	�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�:�NGBM���#HK
>Q:FIE>	�MA>�IKH?>LLHK�<HNE=�I:<>�;:<D�:G=�?HKMA�F:GR�MBF>L	�I>KA:IL�P:EDBG@�:�=BLM:G<>�H?����F�=NKBG@�:�E><MNK>	�R>M�LMBEE
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>G=�NI�HGER����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>K
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IHLBMBHG�H?�MA>�MPH�F:KDL�:G=�BL�BG=>I>G=>GM�H?�MA>�I:MA�M:D>G�BG�MK:O>EBG@�;>MP>>G�MA>�MPH�F:KDL��1A>�=BLM:G<>�MK:O>E>=	
AHP>O>K	�BL�MA>�MHM:E�E>G@MA�H?�MA>�I:MA�M:D>G�;>MP>>G�MA>�MPH�F:KDL�

Check Your 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=>K̀L�=BLIE:<>F>GM�BL�T�Y�� �Y�G�' �Y�� �� �'�����L�N���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�����L�N�� �����L�N�� �����L�N�

�<��1A>�F:@GBMN=>�H?�MA>�=BLIE:<>F>GM�BL�����L�N�

2.2 Vectors, Scalars, and Coordinate Systems

6HNK�.NBS�PHNE=� HO>K
c !>?BGBMBHGL�H?�O><MHKL�:G=�L<:E:KL	�:G=�MA>�=B??>K>G<>�;>MP>>G�MA>F

,MA>K�1ABG@L�MH� HGLB=>K�:L�6HN�/>:=�
c &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>K>�MA>

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>GM:E
<HGG><MBHG�MH�IARLB<L�MA:M�P>�EE�>QIEHK>�E:M>K�HG�
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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�A:O>
:EK>:=R�A>:K=�H?	�LN<A�:L�:<<>E>K:MBHG	�;NM�MA>L>�PHK=L�:ELH�A:O>�:�FHK>�IK><BL>�IARLB<L�=>?BGBMBHG	�LH�F:D>�LNK>�MA:M�RHN
NG=>KLM:G=�MA>L>�=>?BGBMBHGL�BG�K>@:K=L�MH�IARLB<L�

4A:M�BL�MA>�=B??>K>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=>��!BLIE:<>F>GM�BL�:G�>Q:FIE>�H?�:�O><MHK�JN:GMBMR��!BLM:G<>�BL�:G�>Q:FIE>�H?�:�L<:E:K
JN:GMBMR��� vector BL�:GR�JN:GMBMR�PBMA�;HMAmagnitude 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?�:�O><MHK�BG�HG>
=BF>GLBHG:E�FHMBHG�BL�@BO>G�LBFIER�;R�:�IENL�	�� �
 HK�FBGNL�	�' �
 LB@G��3><MHKL�: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�IKHIHKMBHG:E�MH�MA>�O><MHKL̀�F:@GBMN=>��>�@�	
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�

0HF>�IARLB<:E�JN:GMBMB>L	�EBD>�=BLM:G<>	�>BMA>K�A:O>�GH�=BK><MBHG�HK�GHG>�BL�LI><B?B>=���scalar BL�:GR�JN:GMBMR�MA:M�A:L�:
F:@GBMN=>	�;NM�GH�=BK><MBHG��#HK�>Q:FIE>	�:�����z�$M>FI>K:MNK>	�MA>����DBEH<:EHKB>L����� :EHKB>L��H?�>G>K@R�BG�:�<:G=R�;:K	�:

��DF�A�LI>>=�EBFBM	�:�I>KLHG`L�����F�A>B@AM	�:G=�:�=BLM:G<>�H?����F�:K>�:EE�L<:E:KL^JN:GMBMB>L�PBMA�GH�LI><B?B>=�=BK><MBHG��+HM>	
AHP>O>K	�MA:M�:�L<:E:K�<: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>O>K�K>IK>L>GM>=�;R�:KKHPL�

 HHK=BG:M>�0RLM>FL�?HK�,G>
!BF>GLBHG:E�*HMBHG
&G�HK=>K�MH�=>L<KB;>�MA>�=BK><MBHG�H?�:�O><MHK�JN:GMBMR	�RHN�FNLM�=>LB@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�@>G>K:E	�PA>G
=>L<KB;BG@�AHKBSHGM:E�FHMBHG	�FHMBHG�MH�MA>�KB@AM�BL�NLN:EER�<HGLB=>K>=�IHLBMBO>	�:G=�FHMBHG�MH�MA>�E>?M�BL�<HGLB=>K>=�G>@:MBO>��4BMA
O>KMB<:E�FHMBHG	�FHMBHG�NI�BL�NLN:EER�IHLBMBO>�:G=�FHMBHG�=HPG�BL�G>@:MBO>��&G�LHF>�<:L>L	�AHP>O>K	�:L�PBMA�MA>�C>M�BGFigure 2.6 	
BM�<:G�;>�FHK>�<HGO>GB>GM�MH�LPBM<A�MA>�IHLBMBO>�:G=�G>@:MBO>�=BK><MBHGL��#HK�>Q:FIE>	�B?�RHN�:K>�:G:ERSBG@�MA>�FHMBHG�H?�?:EEBG@
H;C><ML	�BM�<:G�;>�NL>?NE�MH�=>?BG>�=HPGP:K=L�:L�MA>�IHLBMBO>�=BK><MBHG��&?�I>HIE>�BG�:�K:<>�:K>�KNGGBG@�MH�MA>�E>?M	�BM�BL�NL>?NE�MH
=>?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�:LLB@G�:�IHLBMBO>
=BK><MBHG�:G=�LM:KM�LHEOBG@�:�IKH;E>F	�RHN�<:GGHM�<A:G@>�BM�

(>>I�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�=>?BG>�:L
IHLBMBO>�:G=�G>@:MBO>�=BK><MBHGL�AHP>O>K�RHN�P:GM	�;NM�HG<>�RHN�LM:KM�PHKDBG@�PBMA�MA:M�LRLM>F	�RHNcannot <A:G@>�BM�
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Figure 2.7 &M�BL�NLN:EER�<HGO>GB>GM�MH�<HGLB=>K�FHMBHG�NIP:K=�HK�MH�MA>�KB@AM�:L�IHLBMBO>�	�� �
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Check Your Understanding

��I>KLHGL̀�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:GMBMR��&M�=H>L�GHM�<A:G@>�:M�:EE�PBMA�=BK><MBHG�<A:G@>L��MA>K>?HK>	�BM�A:L�F:@GBMN=>�HGER��&?�BM�P>K>�:
O><MHK�JN:GMBMR	�BM�PHNE=�<A:G@>�:L�=BK><MBHG�<A:G@>L��>O>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<BMR�BL�=B??>K>GM�?KHF�LI>>=
c &=>GMB?RBG@�MA:M�O>EH<BMR�A:L�:�=BK><MBHG
c &=>GMB?RBG@�MA:M�O>EH<BMR�BL�:EP:RL�I:K:EE>E�MH�MA>�I:MA
c 0HEOBG@�?HK�IHLBMBHG�:L�:�?NG<MBHG�H?�MBF>	�@BO>G�O>EH<BMR�:L�:�?NG<MBHG�H?�MBF>��"O>GMN:EER	�P>�PBEE�;>�NLBG@�MABL�B=>:�PBMA

LBFNE:MBHGL�

Other Things to Consider as Y ou Read:
c �L�PBMA�MA>�IK>OBHNL�L><MBHGL	�MA>K>�:K>�:�<HNIE>�H?�=>?BGBMBHGL�MH�I:R�:MM>GMBHG�MH��1A>K>�:K>�LHF>�M>KFL�RHN�F:R�A:O>

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>L���<K>=BM��MH;BM:L?EB<DK	�#EB<DK�
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2.4 Acceleration
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Example 2.1 Calculating Acceleration: A Racehorse Leaves the Gate
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Example 2.7 Calculating Deceleration: The Subway T rain
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Example 2.8 Determining A verage Velocity from a Graph of Displacement versus T ime: Jet Car
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2.6 Simulations
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acceleration :

average acceleration :

average speed :

average velocity :

deceleration :

dependent variable :

displacement :

distance :

distance traveled :

elapsed time :

independent variable :

instantaneous acceleration :

instantaneous speed :

instantaneous velocity :

�G=�HNK�G>P�M:;E>�EHHDL�EBD>�

1:;E>����

Time (t) Position (x) Velocity (v) Acceleration (a)

   

��   ��

/>I>:MBG@�MA>�IKH<>LL�?HK����@BO>L�NL�

�1
�3���N�T

�4
�6�	���������T�
�� �	���N�
 �� ���N

�1
�3������������

�N
�T��

�4
�6�	���������T�
�� ���N�T�� �����������������N�T

�B�	���������
 ��
�1
�3��

�N
�T��

�4
�6��������

�� �� �����������N
�T��

+HMB<>�MA:M����BL�NL>=�?HK�MA>�MBF>�BG�MA>�:<<>E>K:MBHG���@:BG	�D>>I�BG�FBG=�MA>�=BLMBG<MBHG�;>MP>>G� �U:G= �UBG�MA>�IKH;E>F�

#BEEBG@�HNM�MA>�M:;E>�@BO>L�NL�

1:;E>����

Time (t) Position (x) Velocity (v) Acceleration (a)

   

��   ��

��  �� ��

0H�MA>�:GLP>K�MH�MA>�JN>LMBHG�BL�MA:M�MA>�<:K�BL�FHOBG@����F�L�:?M>K����L><HG=L�

�EKB@AM	�LH�GHP�P>`O>�LHEO>=�MABL�IKH;E>F�;R�A:G=�?HK�NI�MH����L><HG=L	�@K>:M��1A>�G>QM�JN>LMBHG�BL	�PA>K>�BL�BM�:?M>K�?BO>
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�:�K>:EER�EHG@
MBF>��6HN�<HNE=�=H�BM	�;NM�RHN`=�;>�:M�BM�?HK�JNBM>�:�PABE>��1ABL�BL�PA>K>�MA>�;>G>?BM�H?�NLBG@�:�<HFINM>K�MH�LHEO>�MA>�IKH;E>F�PBEE
<HF>�BGMH�IE:R��0BG<>�LBFNE:MBHG�BL�FHLMER�CNLM�:�IKH<>LL	�RHN�<:G�A:O>�:�<HFINM>K�IKH@K:F	�EBD>�"Q<>E�HK�$HH@E>�0IK>:=LA>>ML	
KNG�MAKHN@A�MA>�IKH<>LL�?HK�RHN��4>`EE�;>�@HBG@�HO>K�AHP�MH�=H�MABL�BG�<E:LL�

Glossary

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

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

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

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

:<<>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<BMR

MA>�O:KB:;E>�MA:M�BL�;>BG@�F>:LNK>=��NLN:EER�IEHMM>=�:EHG@�MA>�Z
:QBL

MA>�<A:G@>�BG�IHLBMBHG�H?�:G�H;C><M

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

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

MA>�=B??>K>G<>�;>MP>>G�MA>�>G=BG@�MBF>�:G=�;>@BGGBG@�MBF>

MA>�O:KB:;E>�MA:M�MA>�=>I>G=>GM�O:KB:;E>�BL�F>:LNK>=�PBMA�K>LI><M�MH��NLN:EER�IEHMM>=�:EHG@�MA>�Y
:QBL

:<<>E>K:MBHG�:M�:�LI><B?B<�IHBGM�BG�MBF>

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

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

 A:IM>K���T�(BG>F:MB<L ��



kinematics :

model :

position :

scalar :

slope :

time :

vector :

y-intercept :
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Section Summary

2.1 Displacement
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2.2 Vectors, Scalars, and Coordinate Systems
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2.3 Time, Velocity , and Speed
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2.4 Acceleration
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2.2 Vectors, Scalars, and Coordinate Systems

4. ��LMN=>GM�PKBM>L	�aA bird that is diving for prey has a speed of �' ���� �N���T�b�4A:M�BL�PKHG@�PBMA�MA>�LMN=>GM`L�LM:M>F>GM��4A:M

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

5. 4A:M�BL�MA>�LI>>=�H?�MA>�;BK=�BGExercise 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:GMBMR��"QIE:BG�

7. ��P>:MA>K�?HK><:LM�LM:M>L�MA:M�MA>�M>FI>K:MNK>�BL�IK>=B<M>=�MH�;>�' ���z�$MA>�?HEEHPBG@�=:R��&L�MABL�M>FI>K:MNK>�:�O><MHK�HK�:

L<:E:K�JN:GMBMR��"QIE:BG�

2.3 Time, Velocity , and Speed
8. $BO>�:G�>Q:FIE>��;NM�GHM�HG>�?KHF�MA>�M>QM��H?�:�=>OB<>�NL>=�MH�F>:LNK>�MBF>�:G=�B=>GMB?R�PA:M�<A:G@>�BG�MA:M�=>OB<>
BG=B<:M>L�:�<A:G@>�BG�MBF>�

9. 1A>K>�BL�:�=BLMBG<MBHG�;>MP>>G�:O>K:@>�LI>>=�:G=�MA>�F:@GBMN=>�H?�:O>K:@>�O>EH<BMR��$BO>�:G�>Q:FIE>�MA:M�BEENLMK:M>L�MA>
=B??>K>G<>�;>MP>>G�MA>L>�MPH�JN:GMBMB>L�

10. !H>L�:�<:K L̀�H=HF>M>K�F>:LNK>�IHLBMBHG�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:O>E>=�HG�:�<:K�MKBI��:L�=>M>KFBG>=�;R�MA>�H=HF>M>K��;R�MA>�MBF>�?HK�MA>�MKBI	�:K>�RHN
<:E<NE:MBG@�MA>�:O>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:GMBMB>L�MA>
L:F>�

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

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��A:L�:�G>@:MBO>�O>EH<BMR��:G=�MA>G�<HF>L�MH�:�LMHI	�PA:M�BL�MA>�=BK><MBHG�H?�BML
:<<>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:MBHG�MA:M
K>=N<>L�MA>�F:@GBMN=>�H?�:�G>@:MBO>�O>EH<BMR��,?�:�IHLBMBO>�O>EH<BMR�

 A:IM>K���T�(BG>F:MB<L ��



2.5 Graphical Analysis of One-Dimensional Motion
18. �:��"QIE:BG�AHP�RHN�<:G�NL>�MA>�@K:IA�H?�IHLBMBHG�O>KLNL�MBF>�BGFigure 2.33 MH�=>L<KB;>�MA>�<A:G@>�BG�O>EH<BMR�HO>K�MBF>�
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Figure 2.33

19. �:��0D>M<A�:�@K:IA�H?�O>EH<BMR�O>KLNL�MBF>�<HKK>LIHG=BG@�MH�MA>�@K:IA�H?�=BLIE:<>F>GM�O>KLNL�MBF>�@BO>G�BGFigure 2.34 ���;�
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Figure 2.34
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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>�@K:IA�LN<A�:L�MA>�HG>�BGFigure
2.35���;���:L>=�HG�MA>�@K:IA	�AHP�=H>L�:<<>E>K:MBHG�<A:G@>�HO>K�MBF>�

Figure 2.35
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Figure 2.36
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Figure 2.37
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Problems & Exercises

2.1 Displacement

Figure 2.38

1. #BG=�MA>�?HEEHPBG@�?HK�I:MA���BGFigure 2.38 ���:��1A>
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3.2 Vector Addition and Subtraction: Graphical Methods
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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�MH�MA>�GHKMA��Place the tail of the 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�MA>resultant 	�HK�MA>�LNF	�H?�MA>�HMA>K
O><MHKL�

Figure 3.14

Step 5. 1H�@>M�MA>magnitude H?�MA>�K>LNEM:GM	measure its length with a ruler. (Note that in most calculations, we will use the
Pythagorean theorem to determine this length.)

Step 6. 1H�@>M�MA>direction H?�MA>�K>LNEM:GM	measure 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.)
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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

����!K:P�MA>�K>LNEM:GM�O><MHK	 �3 �

Figure 3.17

����2L>�:�KNE>K�MH�F>:LNK>�MA>�F:@GBMN=>�H?�3 	�:G=�:�IKHMK:<MHK�MH�F>:LNK>�MA>�=BK><MBHG�H?�3 ��4ABE>�MA>�=BK><MBHG�H?�MA>
O><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:<MHK�NILB=>�=HPG
:G=�F>:LNK>�MA>�:G@E>�;>MP>>G�MA>�>:LMP:K=�:QBL�:G=�MA>�O><MHK�

 A:IM>K���T�1PH
!BF>GLBHG:E�(BG>F:MB<L ��



Figure 3.18
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Figure 3.22
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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
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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>�>JN:MBHGL�" �Y�� �" �D�P�T�� :G= �" �Z�� �" �T�J�O�� MH�?BG=�MA>�<HFIHG>GML��&GFigure 3.31 	
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Step 2. Find the components of the resultant along each axis by adding the components of the individual vectors along that axis.
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Step 3. To get the magnitude �3 of the resultant, use the Pythagorean theorem:
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Step 4. To get the direction of the resultant:
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Example 3.3 Adding V ectors Using Analytical Methods
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Solution
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Discussion

1ABL�>Q:FIE>�BEENLMK:M>L�MA>�:==BMBHG�H?�O><MHKL�NLBG@�I>KI>G=B<NE:K�<HFIHG>GML��3><MHK�LN;MK:<MBHG�NLBG@�I>KI>G=B<NE:K

 A:IM>K���T�1PH
!BF>GLBHG:E�(BG>F:MB<L ��



<HFIHG>GML�BL�O>KR�LBFBE:K^BM�BL�CNLM�MA>�:==BMBHG�H?�:�G>@:MBO>�O><MHK�

0N;MK:<MBHG�H?�O><MHKL�BL�:<<HFIEBLA>=�;R�MA>�:==BMBHG�H?�:�G>@:MBO>�O><MHK��1A:M�BL	�" �' �# �v �" �� �	���#�
��1ANL	the method
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Figure 3.36 Vector Addition (http://legacy .cnx.org/content/m64164/1.3/vector-addition_en.jar)
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Example 3.4 Adding V elocities: A Boat on a River
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Example 3.6 Calculating Relative V elocity: An Airline Passenger Drops a Coin
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Solution for (a)
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Discussion
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analytical method :

classical relativity :

commutative :

component (of a 2-d vector) :

direction (of a vector) :

head (of a vector) :

head-to-tail method :

magnitude (of a vector) :

relative velocity :

relativity :

resultant :

resultant vector :

scalar :

tail :

vector :

vector addition :

velocity :

Figure 3.44 Motion in 2D (http://legacy .cnx.org/content/m64143/1.3/motion-2d_en.jar)

Glossary
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Section Summary

3.1 Kinematics in T wo Dimensions-An introduction
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3.2 Vector Addition and Subtraction: Graphical Methods
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3.3 Vector Addition and Subtraction-Analytical Methods
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3.4 Addition of V elocities
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Conceptual Questions

3.2 Vector Addition and Subtraction: Graphical Methods
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Figure 3.46
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Problems & Exercises

3.2 Vector Addition and Subtraction: Graphical
Methods
Use graphical methods to solve these problems. Y ou may
assume data taken from graphs is accurate to three
digits.
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3.3 Vector Addition and Subtraction-Analytical
Methods
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3.4 Addition of V elocities
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