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new school year.

new classes.

new books. 

new assignments.

new app.

free books. 

free app.

Get free textbooks for over 30 
college courses in the free 
OpenStax + SE app.

Download it now on the App Store 
or get it on Google Play.

OpenStax + SE
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6AH?KIA PK �52:6@A?F� �A<:@ �6?@A �2� =J .LAJ2P=T NAOKQN?A� 3DEO PATP>KKG S=O SNEPPAJ PK EJ?NA=OA OPQ@AJP =??AOO

PK�DECD
MQ=HEPU�HA=NJEJC�I=PANE=HO��I=EJP=EJEJC�PDA�DECDAOP�OP=J@=N@O�KB�=?=@AIE?�NECKN�=P�HEPPHA�KN�JK�?KOP�

�6CIH�'D9B+H5L

.LAJ2P=T EO = JKJLNKBEP >=OA@ =P 1E?A 4JERANOEPU� =J@ EPwO KQN IEOOEKJ PK EILNKRA OPQ@AJP =??AOO PK A@Q?=PEKJ� .QN BENOP

KLAJHU HE?AJOA@ ?KHHACA PATP>KKG S=O LQ>HEODA@ EJ ����� =J@ KQN HE>N=NU D=O OEJ?A O?=HA@ PK KRAN �� >KKGO BKN ?KHHACA

=J@  /Y ?KQNOAO QOA@ >U DQJ@NA@O KB PDKQO=J@O KB OPQ@AJPO� .LAJ2P=T 3QPKN� KQN HKS
?KOP LANOKJ=HEVA@ HA=NJEJC PKKH�

EO >AEJC QOA@ EJ ?KHHACA ?KQNOAO PDNKQCDKQP PDA ?KQJPNU� 3DNKQCD KQN L=NPJANODELO SEPD LDEH=JPDNKLE? BKQJ@=PEKJO =J@

KQN =HHE=J?A SEPD KPDAN A@Q?=PEKJ=H NAOKQN?A KNC=JEV=PEKJO� .LAJ2P=T EO >NA=GEJC @KSJ PDA IKOP ?KIIKJ >=NNEANO PK

HA=NJEJC�=J@�AILKSANEJC�OPQ@AJPO�=J@�EJOPNQ?PKNO�PK�OQ??AA@�

�6CIH�'D9B+H5L�F9GCIF79G
�IGHCA=N5H=CB

�52:6@A?F� �A<:@ �6?@A �2 EO HE?AJOA@ QJ@AN = "NA=PERA "KIIKJO  PPNE>QPEKJ ��� (JPANJ=PEKJ=H �"" !8	 HE?AJOA�

SDE?D IA=JO PD=P UKQ ?=J @EOPNE>QPA� NAIET� =J@ >QEH@ QLKJ PDA ?KJPAJP� =O HKJC =O UKQ LNKRE@A =PPNE>QPEKJ PK .LAJ2P=T

=J@�EPO�?KJPAJP�?KJPNE>QPKNO�

!A?=QOA KQN >KKGO =NA KLAJHU HE?AJOA@� UKQ =NA BNAA PK QOA PDA AJPENA >KKG KN LE?G =J@ ?DKKOA PDA OA?PEKJO PD=P =NA

IKOP NAHAR=JP PK PDA JAA@O KB UKQN ?KQNOA� %AAH BNAA PK NAIET PDA ?KJPAJP >U =OOECJEJC UKQN OPQ@AJPO ?ANP=EJ ?D=LPANO

=J@ OA?PEKJO EJ UKQN OUHH=>QO� EJ PDA KN@AN PD=P UKQ LNABAN� 8KQ ?=J ARAJ LNKRE@A = @ENA?P HEJG EJ UKQN OUHH=>QO PK PDA

OA?PEKJO�EJ�PDA�SA>�REAS�KB�UKQN�>KKG�

(JOPNQ?PKNO =HOK D=RA PDA KLPEKJ KB ?NA=PEJC = ?QOPKIEVA@ RANOEKJ KB PDAEN .LAJ2P=T >KKG� 3DA ?QOPKI RANOEKJ ?=J

>A I=@A =R=EH=>HA PK OPQ@AJPO EJ HKS
?KOP LNEJP KN @ECEP=H BKNI PDNKQCD PDAEN ?=ILQO >KKGOPKNA� 5EOEP PDA (JOPNQ?PKN

1AOKQN?AO�OA?PEKJ�KB�UKQN�>KKG�L=CA�KJ�KLAJOP=T�KNC�BKN�IKNA�EJBKNI=PEKJ�

�FF5H5

 HH .LAJ2P=T PATP>KKGO QJ@ANCK = NECKNKQO NAREAS LNK?AOO� 'KSARAN� HEGA =JU LNKBAOOEKJ=H
CN=@A PATP>KKG� ANNKNO

OKIAPEIAO K??QN� 2EJ?A KQN >KKGO =NA SA> >=OA@� SA ?=J I=GA QL@=PAO LANEK@E?=HHU SDAJ @AAIA@ LA@=CKCE?=HHU

JA?AOO=NU� (B UKQ D=RA = ?KNNA?PEKJ PK OQCCAOP� OQ>IEP EP PDNKQCD PDA HEJG KJ UKQN >KKG L=CA KJ KLAJOP=T�KNC� 2Q>FA?P

I=PPAN ATLANPO NAREAS =HH ANN=P= OQCCAOPEKJO� .LAJ2P=T EO ?KIIEPPA@ PK NAI=EJEJC PN=JOL=NAJP =>KQP =HH QL@=PAO� OK

UKQ�SEHH�=HOK�BEJ@�=�HEOP�KB�L=OP�ANN=P=�?D=JCAO�KJ�UKQN�>KKG�L=CA�KJ�KLAJOP=T�KNC�

�CFA5H

8KQ�?=J�=??AOO�PDEO�PATP>KKG�BKN�BNAA�EJ�SA>�REAS�KN�/#%�PDNKQCD�KLAJOP=T�KNC��=J@�BKN�=�HKS�?KOP�EJ�LNEJP�

�6CIH Chemistry: Atoms First 2e

3DEO PATP EO =J =PKIO
BENOP =@=LP=PEKJ KB .LAJ2P=T �52:6@A?F �2� 3DA EJPAJPEKJ KB x=PKIO
BENOPy EJRKHRAO = BAS >=OE?

LNEJ?ELHAO� BENOP� EP EJPNK@Q?AO =PKIE? =J@ IKHA?QH=N OPNQ?PQNA IQ?D A=NHEAN PD=J PDA PN=@EPEKJ=H =LLNK=?D� =J@ EP PDNA=@O

PDAOA PDAIAO PDNKQCD OQ>OAMQAJP ?D=LPANO� 3DEO =LLNK=?D I=U >A ?DKOAJ =O = S=U PK @AH=U PDA EJPNK@Q?PEKJ KB I=PANE=H

OQ?D =O OPKE?DEKIAPNU PD=P OPQ@AJPO PN=@EPEKJ=HHU BEJ@ =>OPN=?P =J@ @EBBE?QHP� PDANA>U =HHKSEJC OPQ@AJPO PEIA PK =??HEI=PA

PDAEN OPQ@U OGEHHO PK ?DAIEOPNU�  @@EPEKJ=HHU� EP CERAO OPQ@AJPO = >=OEO BKN QJ@ANOP=J@EJC PDA =LLHE?=PEKJ KB MQ=JPEP=PERA

LNEJ?ELHAO PK PDA ?DAIEOPNU PD=P QJ@ANHEAO PDA AJPENA ?KQNOA� (P =HOK =EIO PK ?AJPAN PDA OPQ@U KB ?DAIEOPNU KJ PDA =PKIE?

BKQJ@=PEKJ PD=P I=JU SEHH ATL=J@ QLKJ EJ = H=PAN ?KQNOA ?KRANEJC KNC=JE? ?DAIEOPNU� A=OEJC PD=P PN=JOEPEKJ SDAJ PDA

PEIA�=NNERAO�

3DA OA?KJ@ A@EPEKJ D=O >AAJ NAREOA@ PK EJ?KNLKN=PA ?HA=NAN� IKNA ?QNNAJP� =J@ IKNA @UJ=IE? ATLH=J=PEKJO� SDEHA

I=EJP=EJEJC PDA O=IA KNC=JEV=PEKJ =O PDA BENOP A@EPEKJ� 2Q>OP=JPE=H EILNKRAIAJPO D=RA >AAJ I=@A EJ PDA BECQNAO�

/M@A<>@ �



EHHQOPN=PEKJO��=J@�AT=ILHA�ATAN?EOAO�PD=P�OQLLKNP�PDA�PATP�J=NN=PERA�

�CJ9F5;9�5B8�G7CD9

(J �52:6@A?F� �A<:@ �6?@A �2� SA OPNERA PK I=GA ?DAIEOPNU� =O = @EO?ELHEJA� EJPANAOPEJC =J@ =??AOOE>HA PK OPQ@AJPO� 6EPD

PDEO K>FA?PERA EJ IEJ@� PDA ?KJPAJP KB PDEO PATP>KKG D=O >AAJ @ARAHKLA@ =J@ =NN=JCA@ PK LNKRE@A = HKCE?=H LNKCNAOOEKJ

BNKI BQJ@=IAJP=H PK IKNA =@R=J?A@ ?KJ?ALPO KB ?DAIE?=H O?EAJ?A�  HH KB PDA I=PANE=H EJ?HQ@A@ EJ = PN=@EPEKJ=H CAJAN=H

?DAIEOPNU ?KQNOA EO DANA� (P D=O >AAJ NAKNC=JEVA@ EJ =J =PKIO
BENOP =LLNK=?D =J@� SDANA JA?AOO=NU� JAS I=PANE=H

D=O >AAJ =@@A@ PK =HHKS BKN ?KJPEJQEPU =J@ PK EILNKRA PDA BHKS KB PKLE?O� 3DA PATP ?=J >A QOA@ BKN = PN=@EPEKJ=H

PSK
OAIAOPAN EJPNK@Q?PEKJ PK ?DAIEOPNU KN BKN = PDNAA
OAIAOPAN EJPNK@Q?PEKJ� =J =LLNK=?D >A?KIEJC IKNA ?KIIKJ

=P I=JU EJOPEPQPEKJO� 3DA CK=H EO PK LNKRE@A = LNKCNAOOERA� CN=@Q=PA@ EJPNK@Q?PEKJ PK ?DAIEOPNU PD=P BK?QOAO KJ PDA

BQJ@=IAJP=HHU =PKI
BK?QOA@ J=PQNA KB PDA OQ>FA?P� 3KLE?O =NA EJPNK@Q?A@ SEPDEJ PDA ?KJPATP KB B=IEHE=N ATLANEAJ?AO

SDAJARAN LKOOE>HA� PNA=PA@ SEPD =J =LLNKLNE=PA NECKN PK O=PEOBU PDA EJPAHHA?P KB PDA HA=NJAN� =J@ NAEJBKN?A@ EJ OQ>OAMQAJP

@EO?QOOEKJO KB NAH=PA@ ?KJPAJP� 3DA KNC=JEV=PEKJ =J@ LA@=CKCE?=H BA=PQNAO SANA @ARAHKLA@ =J@ RAPPA@ SEPD BAA@>=?G

BNKI�?DAIEOPNU�A@Q?=PKNO�@A@E?=PA@�PK�PDA�LNKFA?P�

�<5B;9G�HC�H<9�G97CB8�98=H=CB

.LAJ2P=T KJHU QJ@ANP=GAO OA?KJ@ A@EPEKJO SDAJ OECJEBE?=JP IK@EBE?=PEKJO PK PDA PATP =NA JA?AOO=NU� (J PDA ?=OA KB

�52:6@A?F� �A<:@ �6?@A �2� QOAN BAA@>=?G EJ@E?=PA@ PD=P SA JAA@A@ PK BK?QO KJ = BAS GAU =NA=O� SDE?D SA D=RA @KJA

EJ�PDA�BKHHKSEJC�S=UO�

�=<B3<B @3D7A7=<A 4=@ 1:/@7BG /<2 /11C@/1G� 3DA NAREOEKJ LH=J R=NEA@ >U ?D=LPAN >=OA@ KJ JAA@�  >KQP BERA

?D=LPANO SANA ATPAJOERAHU NASNEPPAJ =J@ =JKPDAN PSAHRA ?D=LPANO SANA OQ>OP=JPE=HHU NAREOA@ PK EILNKRA PDA

NA=@=>EHEPU�=J@�?H=NEPU�KB�PDA�J=NN=PERA�

�F/;>:3 /<2 3<2�=4�16/>B3@ 3F3@17A3A� 3DA AT=ILHA =J@ AJ@
KB
?D=LPAN ATAN?EOAO EJ OARAN=H ?D=LPANO SANA

OQ>FA?PA@ PK = NECKNKQO =??QN=?U ?DA?G =J@ NAREOA@ PK ?KNNA?P =JU ANNKNO� =J@ =@@EPEKJ=H ATAN?EOAO SANA =@@A@

PK�OARAN=H�?D=LPANO�PK�IKNA�BQHHU�OQLLKNP�?D=LPAN�?KJPAJP�

�@B /<2 7::CAB@/B7=<A� 4J@AN PDA CQE@=J?A KB PDA =QPDKNO =J@ ATLANP O?EAJPEBE? EHHQOPN=PKNO� AOLA?E=HHU PDKOA

SAHH
RANOA@ EJ ?NA=PEJC =??AOOE>HA =NP� PDA .LAJ2P=T PA=I I=@A ?D=JCAO PK IQ?D KB PDA =NP EJ PDA BENOP A@EPEKJ

KB �52:6@A?F� �A<:@ �6?@A� 3DA NAREOEKJO EJ?HQ@A@ ?KNNA?PEJC ANNKNO� NA@AOECJEJC EHHQOPN=PEKJO PK EILNKRA

QJ@ANOP=J@EJC��=J@�NA?KHKNEJC�BKN�KRAN=HH�?KJOEOPAJ?U�

�113AA707:7BG 7;>@=D3;3<BA�  O SEPD =HH .LAJ2P=T >KKGO� PDA BENOP A@EPEKJ KB �52:6@A?F� �A<:@ �6?@A S=O

?NA=PA@ SEPD = BK?QO KJ =??AOOE>EHEPU� 6A D=RA AILD=OEVA@ =J@ EILNKRA@ PD=P =LLNK=?D EJ PDA OA?KJ@ A@EPEKJ�

3K =??KIIK@=PA QOANO KB OLA?EBE? =OOEOPERA PA?DJKHKCEAO� =HH =HPANJ=PERA PATP S=O NAREASA@ =J@ NAREOA@ BKN

?KILNADAJOERAJAOO =J@ ?H=NEPU� ,=JU EHHQOPN=PEKJO SANA NAREOA@ PK EILNKRA PDA ?KHKN ?KJPN=OP� SDE?D EO

EILKNP=JP BKN OKIA REOQ=HHU EIL=ENA@ OPQ@AJPO� .RAN=HH� PDA .LAJ2P=T LH=PBKNI D=O >AAJ ?KJPEJQ=HHU QLCN=@A@

PK�EILNKRA�=??AOOE>EHEPU�

(5FHB9FG<=D�K=H<�-B=J9FG=HM�C:��CBB97H=7IH�5B8�-�CBB�-B89F;F58I5H9�+HI89BH

�CJ9FBA9BH

�52:6@A?F� �A<:@ �6?@A �2 EO = LAAN
NAREASA@� KLAJHU HE?AJOA@ EJPNK@Q?PKNU PATP>KKG LNK@Q?A@ PDNKQCD = ?KHH=>KN=PERA

LQ>HEODEJC L=NPJANODEL >APSAAJ .LAJ2P=T =J@ PDA 4JERANOEPU KB "KJJA?PE?QP =J@ 4"KJJ 4J@ANCN=@Q=PA 2PQ@AJP

&KRANJIAJP� OOK?E=PEKJ�

(985;C;=75@�:CIB85H=CB

3DNKQCDKQP �52:6@A?F� �A<:@ �6?@A �2� UKQ SEHH BEJ@ BA=PQNAO PD=P @N=S PDA OPQ@AJPO EJPK O?EAJPEBE? EJMQENU >U P=GEJC

OAHA?PA@�PKLE?O�=�OPAL�BQNPDAN��2PQ@AJPO�=J@�A@Q?=PKNO�=HEGA�SEHH�=LLNA?E=PA�@EO?QOOEKJO�EJ�PDAOA�BA=PQNA�>KTAO�

�63;7AB@G 7< �D3@G2/G  743 PEAO ?DAIEOPNU ?KJ?ALPO PK ARANU@=U EOOQAO =J@ NA=H
SKNH@ =LLHE?=PEKJO KB

O?EAJ?A PD=P OPQ@AJPO AJ?KQJPAN EJ PDAEN HERAO� 3KLE?O EJ?HQ@A ?AHH LDKJAO� OKH=N PDANI=H AJANCU LKSAN LH=JPO�

LH=OPE?O�NA?U?HEJC��=J@�IA=OQNEJC�>HKK@�LNAOOQNA�

� /M@A<>@

3CDN�.K@I2O<S�=JJF�DN�<Q<DG<=G@�AJM�AM@@�<O�COOK���>IS�JMB�>JIO@IO�>JG���������



�=E '173<13A �<B3@1=<<31B BA=PQNA >KTAO @EO?QOO ?DAIEOPNU EJ ?KJPATP KB EPO EJPAN?KJJA?PA@JAOO SEPD KPDAN

O?EAJPEBE? @EO?ELHEJAO� 3KLE?O EJ?HQ@A JAQNKPN=JOIEPPANO� CNAAJDKQOA C=OAO =J@ ?HEI=PA ?D=JCA� =J@ LNKPAEJO

=J@�AJVUIAO�

$=@B@/7B =4 / �63;7AB BA=PQNAO LNAOAJP = ODKNP >EK =J@ =J EJPNK@Q?PEKJ PK PDA SKNG KB LNKIEJAJP BECQNAO BNKI

DEOPKNU =J@ LNAOAJP @=U OK PD=P OPQ@AJPO ?=J OAA PDA xB=?AOy KB ?KJPNE>QPKNO EJ PDEO BEAH@ =O SAHH =O O?EAJ?A EJ

=?PEKJ�

�CADF9<9BG=J9�5FH�DFC;F5A

.QN =NP LNKCN=I EO @AOECJA@ PK AJD=J?A OPQ@AJPOw QJ@ANOP=J@EJC KB ?KJ?ALPO PDNKQCD ?HA=N� ABBA?PERA EHHQOPN=PEKJO�

@E=CN=IO��=J@�LDKPKCN=LDO�

/M@A<>@ �



!BH9F57H=J9G�H<5H�9B;5;9

�52:6@A?F� �A<:@ �6?@A �2 EJ?KNLKN=PAO HEJGO PK NAHAR=JP EJPAN=?PERA ATAN?EOAO =J@ =JEI=PEKJO PD=P DAHL >NEJC PKLE?O PK

HEBA�PDNKQCD�KQN  7<9�B=� 3/@<7<5 BA=PQNA��$T=ILHAO�EJ?HQ@A�

/D$3�OEIQH=PEKJO

� /M@A<>@

3CDN�.K@I2O<S�=JJF�DN�<Q<DG<=G@�AJM�AM@@�<O�COOK���>IS�JMB�>JIO@IO�>JG���������



(4/ "�@=P=�=J@�EJPAN=?PERAO

3$#�P=HGO

�GG9GGA9BHG�H<5H�F9=B:CF79�?9M�7CB79DHG

(J
?D=LPAN �F/;>:3A S=HG OPQ@AJPO PDNKQCD LNK>HAIO >U LKOEJC = MQAOPEKJ� OPALLEJC KQP = OKHQPEKJ� =J@ PDAJ =OGEJC

OPQ@AJPO PK LN=?PE?A PDA OGEHH SEPD = x"DA?G 8KQN +A=NJEJCy ?KILKJAJP� 3DA >KKG =HOK EJ?HQ@AO =OOAOOIAJPO =P PDA

AJ@�KB�A=?D�?D=LPAN�OK�OPQ@AJPO�?=J�=LLHU�SD=P�PDAUwRA�HA=NJA@�PDNKQCD�LN=?PE?A�LNK>HAIO�

�88=H=CB5@�F9GCIF79G
+HI89BH�5B8�=BGHFI7HCF�F9GCIF79G

6AwRA ?KILEHA@ =@@EPEKJ=H NAOKQN?AO BKN >KPD OPQ@AJPO =J@ EJOPNQ?PKNO� EJ?HQ@EJC &APPEJC 2P=NPA@ &QE@AO� /KSAN/KEJP

OHE@AO� =J@ =J EJOPNQ?PKN =JOSAN CQE@A� (JOPNQ?PKN NAOKQN?AO NAMQENA = RANEBEA@ EJOPNQ?PKN =??KQJP� SDE?D UKQ ?=J =LLHU

BKN SDAJ UKQ HKC EJ KN ?NA=PA UKQN =??KQJP KJ KLAJOP=T�KNC� 3=GA =@R=JP=CA KB PDAOA NAOKQN?AO PK OQLLHAIAJP UKQN

.LAJ2P=T�>KKG�

�CAAIB=HM� I6G

.LAJ2P=T L=NPJANO SEPD PDA (JOPEPQPA BKN PDA 2PQ@U KB *JKSHA@CA ,=J=CAIAJP EJ $@Q?=PEKJ �(2*,$	 PK KBBAN

"KIIQJEPU 'Q>O KJ .$1 "KIIKJOv= LH=PBKNI BKN EJOPNQ?PKNO PK OD=NA ?KIIQJEPU
?NA=PA@ NAOKQN?AO PD=P OQLLKNP

.LAJ2P=T >KKGO� BNAA KB ?D=NCA� 3DNKQCD KQN "KIIQJEPU 'Q>O� EJOPNQ?PKNO ?=J QLHK=@ PDAEN KSJ I=PANE=HO KN

@KSJHK=@ NAOKQN?AO PK QOA EJ PDAEN KSJ ?KQNOAO� EJ?HQ@EJC =@@EPEKJ=H =J?EHH=NEAO� PA=?DEJC I=PANE=H� IQHPEIA@E=� =J@

NAHAR=JP ?KQNOA ?KJPAJP� 6A AJ?KQN=CA EJOPNQ?PKNO PK FKEJ PDA DQ>O BKN PDA OQ>FA?PO IKOP NAHAR=JP PK UKQN PA=?DEJC =J@

NAOA=N?D�=O�=J�KLLKNPQJEPU�>KPD�PK�AJNE?D�UKQN�?KQNOAO�=J@�PK�AJC=CA�SEPD�KPDAN�B=?QHPU�

3K�NA=?D�PDA�"KIIQJEPU�'Q>O��REOEP KKK
C9F7CAACBG
CF;�<I6G�'D9B+H5L�

,97<BC@C;M�D5FHB9FG

 O =HHEAO EJ I=GEJC DECD
MQ=HEPU HA=NJEJC I=PANE=HO =??AOOE>HA� KQN PA?DJKHKCU L=NPJANO KBBAN KLPEKJ=H HKS
?KOP PKKHO

PD=P =NA EJPACN=PA@ SEPD .LAJ2P=T >KKGO� 3K =??AOO PDA PA?DJKHKCU KLPEKJO BKN UKQN PATP� REOEP UKQN >KKG L=CA KJ

KLAJOP=T�KNC�

�6CIH�H<9�-B=J9FG=HM�C:��CBB97H=7IH

3DA 4JERANOEPU KB "KJJA?PE?QP EO KJA KB PDA PKL LQ>HE? NAOA=N?D QJERANOEPEAO EJ PDA J=PEKJ� SEPD IKNA PD=J ������

OPQ@AJPO LQNOQEJC =JOSANO PK ?NEPE?=H MQAOPEKJO EJ H=>O� HA?PQNA D=HHO� =J@ PDA ?KIIQJEPU� *JKSHA@CA ATLHKN=PEKJ

PDNKQCDKQP PDA 4JERANOEPUwO JAPSKNG KB ?=ILQOAO EO QJEPA@ >U = ?QHPQNA KB EJJKR=PEKJ�  J QJLNA?A@AJPA@ ?KIIEPIAJP

BNKI PDA OP=PA KB "KJJA?PE?QP AJOQNAO 4"KJJ =PPN=?PO EJPANJ=PEKJ=HHU NAJKSJA@ B=?QHPU =J@ PDA SKNH@wO >NECDPAOP

OPQ@AJPO�  PN=@EPEKJ KB ?K=?DEJC SEJJEJC =PDHAPAO I=GAO 4"KJJ = OP=J@KQP EJ #EREOEKJ H OLKNPO =J@ BQAHO KQN

=?=@AIE? OLENEP�  O = RE>N=JP� LNKCNAOOERA HA=@AN� 4"KJJ BKOPANO = @ERANOA =J@ @UJ=IE? ?QHPQNA PD=P IAAPO PDA

?D=HHAJCAO�KB�=�?D=JCEJC�CHK>=H�OK?EAPU�

�6CIH�CIF�H95A
+9B=CF�7CBHF=6IH=B;�5IH<CFG

$/C:��:=E3@A��)<7D3@A7BG�=4�"=@B6��/@=:7</S$3;0@=93

#N� /=QH %HKSANO A=NJA@ = !2 EJ "DAIEOPNU BNKI 2P�  J@NASO /NAO>UPANE=J "KHHACA EJ ���� =J@ = /D# EJ  J=HUPE?=H

"DAIEOPNU BNKI PDA 4JERANOEPU KB 3AJJAOOAA EJ �����  BPAN = KJA
UA=N LKOP@K?PKN=H =LLKEJPIAJP =P +KO  H=IKO

-=PEKJ=H +=>KN=PKNU� DA FKEJA@ PDA 4JERANOEPU KB -KNPD "=NKHEJ=u/AI>NKGA EJ PDA B=HH KB ����� #N� %HKSANO PA=?DAO

?KQNOAO EJ CAJAN=H =J@ =J=HUPE?=H ?DAIEOPNU� =J@ ?KJ@Q?PO ATLANEIAJP=H NAOA=N?D EJRKHREJC PDA @ARAHKLIAJP KB JAS

@ARE?AO�=J@�IAPDK@O�BKN�IE?NKO?=HA�?DAIE?=H�=J=HUOEO�

�:/CA�(63=>=:2��)<7D3@A7BG�=4��3:/E/@3

/M@A<>@ �



#N� *H=QO 3DAKLKH@ �>KNJ EJ !ANHEJ� &ANI=JU	 NA?AERA@ DEO 5KN@ELHKI BNKI PDA 4JERANOEPdP '=I>QNC EJ ����� 'A

PDAJ @A?E@A@ PK LQNOQA DEO CN=@Q=PA OPQ@EAO EJ PDA 4JEPA@ 2P=PAO� SDANA DA NA?AERA@ DEO /D# EJ EJKNC=JE? ?DAIEOPNU

BNKI 4" !ANGAHAU EJ �����  BPAN = UA=N KB LKOP@K?PKN=H NAOA=N?D =P ,(3� DA FKEJA@ PDA B=?QHPU =P "KNJAHH 4JERANOEPU�

(J ����� DA IKRA@ PK PDA 4JERANOEPU KB #AH=S=NA� SDANA DA EO = /NKBAOOKN EJ PDA #AL=NPIAJP KB "DAIEOPNU =J@

!EK?DAIEOPNU =J@ OANRAO =O =J  OOK?E=PA #ENA?PKN KB PDA 4JERANOEPUwO "AJPAN BKN "=P=HUPE? 2?EAJ?A =J@ 3A?DJKHKCU� #N�

3DAKLKH@ NACQH=NHU PA=?DAO CN=@Q=PA ?KQNOAO EJ EJKNC=JE? =J@ KNC=JKIAP=HHE? ?DAIEOPNU =O SAHH =O &AJAN=H "DAIEOPNU�

&716/@2� /<5:3G��'B3>63<�����CAB7<�'B/B3�)<7D3@A7BG

#N� 1E?D=N@ +=JCHAU A=NJA@ !2 @ACNAAO EJ "DAIEOPNU =J@ ,EJAN=HKCU BNKI ,E=IE 4JERANOEPU KB .DEK EJ PDA A=NHU

����O =J@ SAJP KJ PK NA?AERA DEO /D# EJ "DAIEOPNU BNKI PDA 4JERANOEPU KB -A>N=OG= EJ �����  BPAN = LKOP@K?PKN=H

BAHHKSODEL =P PDA  NEVKJ= 2P=PA 4JERANOEPU "AJPAN BKN 2KHE@ 2P=PA 2PQ@EAO� #N� +=JCHAU P=QCDP EJ PDA 4JERANOEPU KB

6EO?KJOEJ OUOPAI =J@ L=NPE?EL=PA@ EJ NAOA=N?D =P  NCKJJA -=PEKJ=H +=>KN=PKNU� ,KREJC PK 2PALDAJ %�  QOPEJ 2P=PA

4JERANOEPU EJ ����� #N� +=JCHAU PK@=U OANRAO =O /NKBAOOKN KB "DAIEOPNU� 'EO =NA=O KB OLA?E=HEV=PEKJ =NA OKHE@ OP=PA

?DAIEOPNU��OUJPDAPE?�EJKNC=JE?�?DAIEOPNU��BHQKNEJA�?DAIEOPNU��=J@�?DAIE?=H�A@Q?=PEKJ�

�2E/@2����"3B6��)<7D3@A7BG�=4��=<<31B71CB�������"#!&���#��"���!"#�

#N� $@S=N@ )� -APD A=NJA@ DEO !2 EJ "DAIEOPNU �IEJKN EJ /KHEPE?O	 =P %=ENBEAH@ 4JERANOEPU EJ ���� =J@ DEO ,2

�����	 =J@ /D# ������ (JKNC=JE?�,=PANE=HO "DAIEOPNU	 =P PDA 4JERANOEPU KB "KJJA?PE?QP� 'A FKEJA@ PDA 4JERANOEPU

KB "KJJA?PE?QP EJ ���� =O = HA?PQNAN =J@ ?QNNAJPHU PA=?DAO CAJAN=H =J@ EJKNC=JE? ?DAIEOPNU� DEO >=?GCNKQJ@ EJ?HQ@AO

D=REJC SKNGA@ =O = JAPSKNG AJCEJAAN EJ >KPD ?KNLKN=PA =J@ QJERANOEPU OAPPEJCO� =J@ DA D=O OANRA@ =O #ENA?PKN

KB  ?=@AIE? "KILQPEJC =P -AS '=RAJ 4JERANOEPU� 'A ?QNNAJPHU PA=?DAO = PDNAA
OAIAOPAN� EJPNK@Q?PKNU ?DAIEOPNU

OAMQAJ?A�=P�4"KJJ�=J@�EO�EJRKHRA@�SEPD�PN=EJEJC�=J@�?KKN@EJ=PEJC�PA=?DEJC�=OOEOP=JPO�

+7::7/;�&��&=07<A=<��$6�

�CBHF=6IH=B;�5IH<CFG

,=NG�!H=OAN��2D=OP=�"KHHACA

2EIKJ�!KPP��4JERANOEPU�KB�'KQOPKJ

#KJ=H@�"=NLAJAPPE��"N=RAJ�"KIIQJEPU�"KHHACA

 J@NAS�$GHQJ@�� HBNA@�4JERANOEPU

$I=@�$H
&E=N��4JERANOEPU�KB�+KQEOE=J=�=P�,KJNKA

#KJ�%N=JPV��6EHBNE@�+=QNEAN�4JERANOEPU

/=QH�'KKGAN��6AOPIEJOPAN�"KHHACA

)AJJEBAN�+KKG��,AN?AN�4JERANOEPU

&AKNCA�*=IEJOGE��6KN?AOPAN�/KHUPA?DJE?�(JOPEPQPA

"=NKH�,=NPEJAV��"AJPN=H�-AS�,ATE?K�"KIIQJEPU�"KHHACA

3NKU�,EHHEGAJ��)=?GOKJ�2P=PA�4JERANOEPU

5E?GE�,KN=RA?��3NEJA�4JERANOEPU

)=OKJ�/KSAHH��%ANNQI�"KHHACA

3DKI=O�2KNAJOAJ��4JERANOEPU�KB�6EO?KJOEJu,EHS=QGAA

 HHEOKJ�2KQHP��4JERANOEPU�KB�*AJPQ?GU

*9J=9K9FG

"=OAU� GEJ��"KHHACA�2P=PEKJ�(J@ALAJ@AJP�2?DKKH�#EOPNE?P

+=N=� +
'=NENE��4JERANOEPU�KB�,=OO=?DQOAPPOu IDANOP

2=D=N� PS=��4JERANOEPU�KB�+KQEOE=J=�=P�,KJNKA

3K@@� QOPAHH��4JERANOEPU�KB�-KNPD�"=NKHEJ=u"D=LAH�'EHH

!K>>U�!=EHAU��4JERANOEPU�KB�,=NUH=J@u4JERANOEPU�"KHHACA

1K>ANP�!=GAN��3NEJEPU�"KHHACA

)ABBNAU�!=NPV��*=H=I=VKK�"KHHACA

&NAC�!=THAU��"QAOP=�"KHHACA

 ODHAU�!A=OHAU�&NAAJ��-=PEKJ=H�(JOPEPQPA�KB�2P=J@=N@O�=J@�3A?DJKHKCU
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#=JEAH�!N=J=J��"KHKN=@K�"KIIQJEPU�"KHHACA�2UOPAI

#KNE=J�"=JAH=O��#QGA�4JERANOEPU

$II=JQAH�"D=JC��8KNG�"KHHACA

"=NKHUJ�"KHHEJO��"KHHACA�KB�2KQPDANJ�-AR=@=

"KHHAAJ�"N=EC��4JERANOEPU�KB�6=ODEJCPKJ

8=OIEJA�#=JEAHO��,KJPCKIANU�"KHHACAu&ANI=JPKSJ

/=PNE?E=�#K?GD=I��&N=J@�1=LE@O�"KIIQJEPU�"KHHACA

$NE?G�%QK?K��1E?D=N@�)��#=HAU�"KHHACA

 J@NA=�&AUAN��4JERANOEPU�KB�2=EJP�%N=J?EO

#=JEAH�&KA>>ANP��4JERANOEPU�KB� H=>=I=

)KDJ�&KK@SEJ��"K=OP=H�"=NKHEJ=�4JERANOEPU

2PALD=JEA�&KQH@�� QOPEJ�"KHHACA

/=PNE?G�'KHP��!AHH=NIEJA�4JERANOEPU

*AREJ�*KH=?G��0QAAJO>KNKQCD�"KIIQJEPU�"KHHACA

 IU�*KR=?D��1K>ANPO�6AOHAU=J�"KHHACA

)Q@EP�*KR=?O�!A=CHA��4JERANOEPU�KB�#=UPKJ

*NVUOVPKB�*Q?VAN=��4JERANOEPU�KB�*=JO=O

,=N?QO�+=U��4JERANOEPU�KB�&AKNCE=

/=IAH=�+KN@��4JERANOEPU�KB�2=EJP�%N=J?EO

.HAC�,=GOEIKR��$T?AHOEKN�"KHHACA

)KDJ�,=POKJ��5ENCEJE=�3A?D

*=PNEJ=�,EN=J@=��4JERANOEPU�KB� NEVKJ=

#KQCH=O�,QHBKN@��$IKNU�4JERANOEPU

,=NG�.PP��)=?GOKJ�"KHHACA

 @NEAJJA�.THAU��"KHQI>E=�"KHHACA

1E?D=N@�/AJJEJCPKJ��&AKNCE=�&SEJJAPP�"KHHACA

1K@JAU�/KSAHH��"K=OP=H�"=NKHEJ=�"KIIQJEPU�"KHHACA

)A=JEP=�/NEP?DAPP��,KJPCKIANU�"KHHACAu1K?GREHHA

 DA@=�2=>AN��4JERANOEPU�KB�(HHEJKEO�=P�"DE?=CK

1=UIKJ@�2=@ACDE��4JERANOEPU�KB�3AT=O�=P�2=J� JPKJEK

-ENI=H=�2D=JG=N��1QPCANO�4JERANOEPU

)KJ=PD=J�2IEPD��3AILHA�4JERANOEPU

!NU=J�2LEACAH>ANC��1E@AN�4JERANOEPU

1KJ�2PANJBAHO��1K=JA�2P=PA�"KIIQJEPU�"KHHACA

"UJPDE=�2PNKJC��"KNJAHH�"KHHACA

*NEO�5=N=VK��%N=J?EO�,=NEKJ�4JERANOEPU

5E?PKN�5EH?DEV��5ENCEJE=�2P=PA�4JERANOEPU

 HAT�6=PANOKJ��5=J@AN>EHP�4JERANOEPU

)Q?D=K�8=J��$=OPANJ�-AS�,ATE?K�4JERANOEPU

,QOP=B=�8=PEJ��2=HAI�2P=PA�4JERANOEPU

*=VQODECA�8KGKU=I=��2P=PA�4JERANOEPU�KB�-AS�8KNG�=P�&AJAOAK

"QNPEO�9=HAOGE��2DELLAJO>QNC�4JERANOEPU

6AE�9D=JC��4JERANOEPU�KB�"KHKN=@Ku!KQH@AN
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 "C@HD><G�NP=NO<I>@N�<I?�KMJ>@NN@N�<M@�@NN@IOD<G�AJM�JPM�@SDNO@I>@��KMJQD?DIB�NPNO@I<I>@��F@@KDIB�PN

>G@<I�<I?�C@<GOCT��A<=MD><ODIB�@G@>OMJID>�?@QD>@N��@I<=GDIB�OM<INKJMO<ODJI��<I?�HP>C�HJM@���>M@?DO�rG@AOs��HJ?DAD><ODJI

JA�RJMF�=T�rQSG<s�%GD>FM��>M@?DO�rG@AO�HD??G@s��HJ?DAD><ODJI�JA�RJMF�=T�rOC@�(O<GD<I�QJD>@s�%GD>FM��>M@?DO�rMDBCO�HD??G@s�

HJ?DAD><ODJI�JA�RJMF�=T�)<NJI�3MDH��>M@?DO�rMDBCOs��HJ?DAD><ODJI�JA�RJMF�=T�rBJNC@NC@s�%GD>FM	

�<5DH9F�'IH@=B9

��� "C@HDNOMT�DI�"JIO@SO

��� /C<N@N�<I?�"G<NNDAD><ODJI�JA�,<OO@M

��� /CTND><G�<I?�"C@HD><G�/MJK@MOD@N

��� ,@<NPM@H@ION

��� ,@<NPM@H@IO�4I>@MO<DIOT�� >>PM<>T��<I?�/M@>DNDJI

��� ,<OC@H<OD><G�3M@<OH@IO�JA�,@<NPM@H@IO�1@NPGON

!BHFC8I7H=CB

8KQN =H=NI CKAO KBB =J@� =BPAN DEPPEJC xOJKKVAy KJ?A KN PSE?A� UKQ LNU UKQNOAHB KQP KB >A@� 8KQ I=GA = ?QL KB ?KBBAA

PK DAHL UKQ CAP CKEJC� =J@ PDAJ UKQ ODKSAN� CAP @NAOOA@� A=P >NA=GB=OP� =J@ ?DA?G UKQN LDKJA BKN IAOO=CAO� .J UKQN

S=U PK O?DKKH� UKQ OPKL PK BEHH UKQN ?=NwO C=O P=JG� =HIKOP I=GEJC UKQ H=PA BKN PDA BENOP @=U KB ?DAIEOPNU ?H=OO�  O UKQ

BEJ@ = OA=P EJ PDA ?H=OONKKI� UKQ NA=@ PDA MQAOPEKJ LNKFA?PA@ KJ PDA O?NAAJ� x6AH?KIA PK ?H=OO� 6DU ODKQH@ SA OPQ@U

?DAIEOPNU�y

#K UKQ D=RA =J =JOSAN� 8KQ I=U >A OPQ@UEJC ?DAIEOPNU >A?=QOA EP BQHBEHHO =J =?=@AIE? NAMQENAIAJP� >QP EB UKQ

?KJOE@AN UKQN @=EHU =?PEREPEAO� UKQ IECDP BEJ@ ?DAIEOPNU EJPANAOPEJC BKN KPDAN NA=OKJO� ,KOP ARANUPDEJC UKQ @K =J@

AJ?KQJPAN @QNEJC UKQN @=U EJRKHRAO ?DAIEOPNU� ,=GEJC ?KBBAA� ?KKGEJC ACCO� =J@ PK=OPEJC >NA=@ EJRKHRA ?DAIEOPNU�

3DA LNK@Q?PO UKQ QOAvHEGA OK=L =J@ OD=ILKK� PDA B=>NE?O UKQ SA=N� PDA AHA?PNKJE?O PD=P GAAL UKQ ?KJJA?PA@ PK UKQN

SKNH@� PDA C=OKHEJA PD=P LNKLAHO UKQN ?=Nv=HH KB PDAOA =J@ IKNA EJRKHRA ?DAIE?=H OQ>OP=J?AO =J@ LNK?AOOAO� 6DAPDAN

UKQ =NA =S=NA KN JKP� ?DAIEOPNU EO L=NP KB UKQN ARANU@=U SKNH@� (J PDEO ?KQNOA� UKQ SEHH HA=NJ I=JU KB PDA AOOAJPE=H

LNEJ?ELHAO�QJ@ANHUEJC�PDA�?DAIEOPNU�KB�IK@ANJ
@=U�HEBA�

"C<KO@M���V�$NN@IOD<G�(?@<N �






 �<9A=GHFM�=B��CBH9LH

!U�PDA�AJ@�KB�PDEO�IK@QHA��UKQ�SEHH�>A�=>HA�PK�

t .QPHEJA�PDA�DEOPKNE?=H�@ARAHKLIAJP�KB�?DAIEOPNU

t /NKRE@A�AT=ILHAO�KB�PDA�EILKNP=J?A�KB�?DAIEOPNU�EJ�ARANU@=U�HEBA

t #AO?NE>A�PDA�O?EAJPEBE?�IAPDK@

t #EBBANAJPE=PA�=IKJC�DULKPDAOAO��PDAKNEAO��=J@�H=SO

t /NKRE@A�AT=ILHAO�EHHQOPN=PEJC�I=?NKO?KLE?��IE?NKO?KLE?��=J@�OUI>KHE?�@KI=EJO

3DNKQCDKQP DQI=J DEOPKNU� LAKLHA D=RA PNEA@ PK ?KJRANP I=PPAN EJPK IKNA QOABQH BKNIO� .QN 2PKJA  CA =J?AOPKNO

?DELLA@ LEA?AO KB BHEJP EJPK QOABQH PKKHO =J@ ?=NRA@ SKK@ EJPK OP=PQAO =J@ PKUO� 3DAOA AJ@A=RKNO EJRKHRA@ ?D=JCEJC PDA

OD=LA KB = OQ>OP=J?A SEPDKQP ?D=JCEJC PDA OQ>OP=J?A EPOAHB� !QP =O KQN GJKSHA@CA EJ?NA=OA@� DQI=JO >AC=J PK ?D=JCA

PDA ?KILKOEPEKJ KB PDA OQ>OP=J?AO =O SAHHv?H=U S=O ?KJRANPA@ EJPK LKPPANU� DE@AO SANA ?QNA@ PK I=GA C=NIAJPO�

?KLLAN�KNAO�SANA�PN=JOBKNIA@�EJPK�?KLLAN�PKKHO�=J@�SA=LKJO��=J@�CN=EJ�S=O�I=@A�EJPK�>NA=@�

'QI=JO >AC=J PK LN=?PE?A ?DAIEOPNU SDAJ PDAU HA=NJA@ PK ?KJPNKH BENA =J@ QOA EP PK ?KKG� I=GA LKPPANU� =J@ OIAHP

IAP=HO� 2Q>OAMQAJPHU� PDAU >AC=J PK OAL=N=PA =J@ QOA OLA?EBE? ?KILKJAJPO KB I=PPAN�  R=NEAPU KB @NQCO OQ?D =O =HKA�

IUNND� =J@ KLEQI SANA EOKH=PA@ BNKI LH=JPO� #UAO� OQ?D =O EJ@ECK =J@ 3UNE=J LQNLHA� SANA ATPN=?PA@ BNKI LH=JP =J@

=JEI=H I=PPAN� ,AP=HO SANA ?KI>EJA@ PK BKNI =HHKUOvBKN AT=ILHA� ?KLLAN =J@ PEJ SANA IETA@ PKCAPDAN PK I=GA

>NKJVAv=J@ IKNA AH=>KN=PA OIAHPEJC PA?DJEMQAO LNK@Q?A@ ENKJ�  HG=HEO SANA ATPN=?PA@ BNKI =ODAO� =J@ OK=LO SANA

LNAL=NA@�>U�?KI>EJEJC�PDAOA�=HG=HEO�SEPD�B=PO�� H?KDKH�S=O�LNK@Q?A@�>U�BANIAJP=PEKJ�=J@�LQNEBEA@�>U�@EOPEHH=PEKJ�

 PPAILPO PK QJ@ANOP=J@ PDA >AD=REKN KB I=PPAN ATPAJ@ >=?G BKN IKNA PD=J ���� UA=NO�  O A=NHU =O PDA OETPD ?AJPQNU

!"� &NAAG LDEHKOKLDANO @EO?QOOA@ = OUOPAI EJ SDE?D S=PAN S=O PDA >=OEO KB =HH PDEJCO� 8KQ I=U D=RA DA=N@ KB PDA

&NAAG LKOPQH=PA PD=P I=PPAN ?KJOEOPO KB BKQN AHAIAJPO� A=NPD� =EN� BENA� =J@ S=PAN� 2Q>OAMQAJPHU� =J =I=HC=I=PEKJ KB

?DAIE?=H PA?DJKHKCEAO =J@ LDEHKOKLDE?=H OLA?QH=PEKJO S=O OLNA=@ BNKI $CULP� "DEJ=� =J@ PDA A=OPANJ ,A@EPANN=JA=J

>U =H?DAIEOPO� SDK AJ@A=RKNA@ PK PN=JOBKNI x>=OA IAP=HOy OQ?D =O HA=@ EJPK xJK>HA IAP=HOy HEGA CKH@� =J@ PK ?NA=PA

AHETENO�PK�?QNA�@EOA=OA�=J@�ATPAJ@�HEBA���=;IF9�
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� 3CDN�KJMOM<T<G�NCJRN�<I�<G>C@HDNOqN�RJMFNCJK�>DM><������� GOCJPBC�<G>C@HT�H<?@�NJH@�PN@APG

>JIOMD=PODJIN�OJ�CJR�OJ�H<IDKPG<O@�H<OO@M��DO�R<N�IJO�N>D@IODAD>�=T�HJ?@MI�NO<I?<M?N���>M@?DO��"C@HD><G�'@MDO<B@

%JPI?<ODJI	

%NKI =H?DAIU ?=IA PDA DEOPKNE?=H LNKCNAOOEKJO PD=P HA@ PK IK@ANJ ?DAIEOPNU� PDA EOKH=PEKJ KB @NQCO BNKI J=PQN=H

OKQN?AO� IAP=HHQNCU� =J@ PDA @UA EJ@QOPNU� 3K@=U� ?DAIEOPNU ?KJPEJQAO PK @AALAJ KQN QJ@ANOP=J@EJC =J@ EILNKRA KQN

=>EHEPU�PK�D=NJAOO�=J@�?KJPNKH�PDA�>AD=REKN�KB�I=PPAN�

�<9A=GHFM��,<9��9BHF5@�+7=9B79

"DAIEOPNU EO OKIAPEIAO NABANNA@ PK =O xPDA ?AJPN=H O?EAJ?Ay @QA PK EPO EJPAN?KJJA?PA@JAOO SEPD = R=OP =NN=U KB

KPDAN 23$, @EO?ELHEJAO �23$, OP=J@O BKN =NA=O KB OPQ@U EJ PDA O?EAJ?A� PA?DJKHKCU� AJCEJAANEJC� =J@ I=PD BEAH@O	�

"DAIEOPNU =J@ PDA H=JCQ=CA KB ?DAIEOPO LH=U REP=H NKHAO EJ >EKHKCU� IA@E?EJA� I=PANE=HO O?EAJ?A� BKNAJOE?O�

AJRENKJIAJP=H O?EAJ?A� =J@ I=JU KPDAN BEAH@O ��=;IF9 

�	� 3DA >=OE? LNEJ?ELHAO KB LDUOE?O =NA AOOAJPE=H BKN

QJ@ANOP=J@EJC I=JU =OLA?PO KB ?DAIEOPNU� =J@ PDANA EO ATPAJOERA KRANH=L >APSAAJ I=JU OQ>@EO?ELHEJAO SEPDEJ PDA

PSK BEAH@O� OQ?D =O ?DAIE?=H LDUOE?O =J@ JQ?HA=N ?DAIEOPNU� ,=PDAI=PE?O� ?KILQPAN O?EAJ?A� =J@ EJBKNI=PEKJ PDAKNU

LNKRE@A EILKNP=JP PKKHO PD=P DAHL QO ?=H?QH=PA� EJPANLNAP� @AO?NE>A� =J@ CAJAN=HHU I=GA OAJOA KB PDA ?DAIE?=H SKNH@�

!EKHKCU =J@ ?DAIEOPNU ?KJRANCA EJ >EK?DAIEOPNU� SDE?D EO ?NQ?E=H PK QJ@ANOP=J@EJC PDA I=JU ?KILHAT B=?PKNO =J@

LNK?AOOAO PD=P GAAL HEREJC KNC=JEOIO �OQ?D =O QO	 =HERA� "DAIE?=H AJCEJAANEJC� I=PANE=HO O?EAJ?A� =J@ J=JKPA?DJKHKCU

?KI>EJA ?DAIE?=H LNEJ?ELHAO =J@ AILENE?=H BEJ@EJCO PK LNK@Q?A QOABQH OQ>OP=J?AO� N=JCEJC BNKI C=OKHEJA PK B=>NE?O PK

AHA?PNKJE?O�  CNE?QHPQNA� BKK@ O?EAJ?A� RAPANEJ=NU O?EAJ?A� =J@ >NASEJC =J@ SEJA I=GEJC DAHL LNKRE@A OQOPAJ=J?A EJ

PDA BKNI KB BKK@ =J@ @NEJG PK PDA SKNH@wO LKLQH=PEKJ� ,A@E?EJA� LD=NI=?KHKCU� >EKPA?DJKHKCU� =J@ >KP=JU E@AJPEBU

=J@ LNK@Q?A OQ>OP=J?AO PD=P DAHL GAAL QO DA=HPDU� $JRENKJIAJP=H O?EAJ?A� CAKHKCU� K?A=JKCN=LDU� =J@ =PIKOLDANE?

O?EAJ?A EJ?KNLKN=PA I=JU ?DAIE?=H E@A=O PK DAHL QO >APPAN QJ@ANOP=J@ =J@ LNKPA?P KQN LDUOE?=H SKNH@� "DAIE?=H E@A=O

=NA�QOA@�PK�DAHL�QJ@ANOP=J@�PDA�QJERANOA�EJ�=OPNKJKIU�=J@�?KOIKHKCU�

"C<KO@M���V�$NN@IOD<G�(?@<N ��
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� *IJRG@?B@�JA�>C@HDNOMT�DN�>@IOM<G�OJ�PI?@MNO<I?DIB�<�RD?@�M<IB@�JA�N>D@IODAD>�?DN>DKGDI@N��3CDN�?D<BM<H

NCJRN�EPNO�NJH@�JA�OC@�DIO@MM@G<ODJINCDKN�=@OR@@I�>C@HDNOMT�<I?�JOC@M�AD@G?N�

6D=P =NA OKIA ?D=JCAO EJ I=PPAN PD=P =NA AOOAJPE=H PK @=EHU HEBA� #ECAOPEJC =J@ =OOEIEH=PEJC BKK@� OUJPDAOEVEJC

LKHUIANO PD=P =NA QOA@ PK I=GA ?HKPDEJC� ?KJP=EJANO� ?KKGS=NA� =J@ ?NA@EP ?=N@O� =J@ NABEJEJC ?NQ@A KEH EJPK C=OKHEJA

=J@ KPDAN LNK@Q?PO =NA FQOP = BAS AT=ILHAO�  O UKQ LNK?AA@ PDNKQCD PDEO ?KQNOA� UKQ SEHH @EO?KRAN I=JU @EBBANAJP

AT=ILHAO KB ?D=JCAO EJ PDA ?KILKOEPEKJ =J@ OPNQ?PQNA KB I=PPAN� DKS PK ?H=OOEBU PDAOA ?D=JCAO =J@ DKS PDAU K??QNNA@�

PDAEN ?=QOAO� PDA ?D=JCAO EJ AJANCU PD=P =??KIL=JU PDAI� =J@ PDA LNEJ?ELHAO =J@ H=SO EJRKHRA@�  O UKQ HA=NJ =>KQP

PDAOA PDEJCO� UKQ SEHH >A HA=NJEJC 163;7AB@G� PDA OPQ@U KB PDA ?KILKOEPEKJ� LNKLANPEAO� =J@ EJPAN=?PEKJO KB I=PPAN� 3DA

LN=?PE?A KB ?DAIEOPNU EO JKP HEIEPA@ PK ?DAIEOPNU >KKGO KN H=>KN=PKNEAO� (P D=LLAJO SDAJARAN OKIAKJA EO EJRKHRA@ EJ

?D=JCAO�EJ�I=PPAN�KN�EJ�?KJ@EPEKJO�PD=P�I=U�HA=@�PK�OQ?D�?D=JCAO�

,<9�+7=9BH=:=7�%9H<C8

"DAIEOPNU EO = O?EAJ?A >=OA@ KJ K>OANR=PEKJ =J@ ATLANEIAJP=PEKJ� #KEJC ?DAIEOPNU EJRKHRAO =PPAILPEJC PK =JOSAN

MQAOPEKJO =J@ ATLH=EJ K>OANR=PEKJO EJ PANIO KB PDA H=SO =J@ PDAKNEAO KB ?DAIEOPNU� QOEJC LNK?A@QNAO PD=P =NA =??ALPA@

>U PDA O?EAJPEBE? ?KIIQJEPU� 3DANA EO JK OEJCHA NKQPA PK =JOSANEJC = MQAOPEKJ KN ATLH=EJEJC =J K>OANR=PEKJ� >QP
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,A=OQNAIAJPO LNKRE@A IQ?D KB PDA EJBKNI=PEKJ PD=P EJBKNIO PDA DULKPDAOAO� PDAKNEAO� =J@ H=SO @AO?NE>EJC PDA

>AD=REKN KB I=PPAN =J@ AJANCU EJ >KPD PDA I=?NKO?KLE? =J@ IE?NKO?KLE? @KI=EJO KB ?DAIEOPNU� $RANU IA=OQNAIAJP

LNKRE@AO PDNAA GEJ@O KB EJBKNI=PEKJ� PDA OEVA KN I=CJEPQ@A KB PDA IA=OQNAIAJP �= JQI>AN	� = OP=J@=N@ KB ?KIL=NEOKJ

BKN PDA IA=OQNAIAJP �= QJEP	� =J@ =J EJ@E?=PEKJ KB PDA QJ?ANP=EJPU KB PDA IA=OQNAIAJP� 6DEHA PDA JQI>AN =J@ QJEP =NA

ATLHE?EPHU NALNAOAJPA@ SDAJ = MQ=JPEPU EO SNEPPAJ� PDA QJ?ANP=EJPU EO =J =OLA?P KB PDA IA=OQNAIAJP NAOQHP PD=P EO IKNA

EILHE?EPHU�NALNAOAJPA@�=J@�SEHH�>A�@EO?QOOA@�H=PAN�

3DA JQI>AN EJ PDA IA=OQNAIAJP ?=J >A NALNAOAJPA@ EJ @EBBANAJP S=UO� EJ?HQ@EJC @A?EI=H BKNI =J@ O?EAJPEBE? JKP=PEKJ�

"C<KO@M���V�$NN@IOD<G�(?@<N ��



�2?EAJPEBE? JKP=PEKJ EO =HOK GJKSJ =O ATLKJAJPE=H JKP=PEKJ� = NAREAS KB PDEO PKLE? ?=J >A BKQJ@ EJ �DD9B8=L ��	

%KN AT=ILHA� PDA I=TEIQI P=GAKBB SAECDP KB = !KAEJC ���
���$1 =ENHEJAN EO ������� GEHKCN=IO� SDE?D ?=J =HOK >A

SNEPPAJ =O ���� × ��� GC� 3DA I=OO KB PDA =RAN=CA IKOMQEPK EO =>KQP ��������� GEHKCN=IO� SDE?D ?=J >A SNEPPAJ =O

��� × ��~� GC�

)<7BA� OQ?D =O HEPANO� LKQJ@O� =J@ ?AJPEIAPANO� =NA OP=J@=N@O KB ?KIL=NEOKJ BKN IA=OQNAIAJPO�  �
HEPAN >KPPHA KB =

OKBP @NEJG ?KJP=EJO = RKHQIA KB >ARAN=CA PD=P EO PSE?A PD=P KB PDA =??ALPA@ RKHQIA KB � HEPAN� 3DA IA=P QOA@ PK LNAL=NA

= ����
LKQJ@ D=I>QNCAN SAECDO KJA
BKQNPD =O IQ?D =O PDA =??ALPA@ SAECDP KB � LKQJ@� 6EPDKQP QJEPO� = JQI>AN

?=J >A IA=JEJCHAOO� ?KJBQOEJC� KN LKOOE>HU HEBA PDNA=PAJEJC� 2QLLKOA = @K?PKN LNAO?NE>AO LDAJK>=N>EP=H PK ?KJPNKH =

L=PEAJPwO OAEVQNAO =J@ OP=PAO = @KO=CA KB x���y SEPDKQP OLA?EBUEJC QJEPO� -KP KJHU SEHH PDEO >A ?KJBQOEJC PK PDA IA@E?=H

LNKBAOOEKJ=H CEREJC PDA @KOA� >QP PDA ?KJOAMQAJ?AO ?=J >A @ENA� ��� IC CERAJ PDNAA PEIAO LAN @=U ?=J >A ABBA?PERA =O

=J�=JPE?KJRQHO=JP��>QP�=�OEJCHA�@KOA�KB�����C�EO�IKNA�PD=J����PEIAO�PDA�HAPD=H�=IKQJP�

3DA IA=OQNAIAJP QJEPO BKN OARAJ BQJ@=IAJP=H LNKLANPEAO �x>=OA QJEPOy	 =NA HEOPA@ EJ ,56@9 

�� 3DA OP=J@=N@O BKN

PDAOA QJEPO =NA BETA@ >U EJPANJ=PEKJ=H =CNAAIAJP� =J@ PDAU =NA ?=HHA@ PDA �<B3@</B7=</: 'GAB3; =4 )<7BA KN '� )<7BA

�BNKI PDA %NAJ?D� �2 %F@AJ:2 �;A2?;.A6<;.9 1Z';6AK@	� 2( QJEPO D=RA >AAJ QOA@ >U PDA 4JEPA@ 2P=PAO -=PEKJ=H (JOPEPQPA

KB 2P=J@=N@O =J@ 3A?DJKHKCU �-(23	 OEJ?A ����� 4JEPO BKN KPDAN LNKLANPEAO I=U >A @ANERA@ BNKI PDAOA OARAJ >=OA

QJEPO�

�5G9�-B=HG�C:�H<9�+!�+MGH9A

(FCD9FHM�%95GIF98 &5A9�C:�-B=H +MA6C@�C:�-B=H

G@IBOC H@O@M H

H<NN FDGJBM<H FB

ODH@ N@>JI? N

O@HK@M<OPM@ F@GQDI *

@G@>OMD>�>PMM@IO <HK@M@  

<HJPIO�JA�NP=NO<I>@ HJG@ HJG

GPHDIJPN�DIO@INDOT ><I?@G< >?

,56@9�

�

$RANU@=U IA=OQNAIAJP QJEPO =NA KBPAJ @ABEJA@ =O BN=?PEKJO KN IQHPELHAO KB KPDAN QJEPO� ,EHG EO ?KIIKJHU L=?G=CA@

EJ ?KJP=EJANO KB � C=HHKJ �� MQ=NPO	� � MQ=NP ����� C=HHKJ	� =J@ KJA LEJP ���� MQ=NP	� 3DEO O=IA =LLNK=?D EO QOA@ SEPD

2( QJEPO� >QP PDAOA BN=?PEKJO KN IQHPELHAO =NA =HS=UO LKSANO KB ��� %N=?PEKJ=H KN IQHPELHA 2( QJEPO =NA J=IA@ QOEJC

= LNABET =J@ PDA J=IA KB PDA >=OA QJEP� %KN AT=ILHA� = HAJCPD KB ���� IAPANO EO =HOK ?=HHA@ = GEHKIAPAN >A?=QOA PDA

LNABET 869< IA=JO xKJA PDKQO=J@�y SDE?D EJ O?EAJPEBE? JKP=PEKJ EO ��� �� GEHKIAPAN � ���� I � ��� I	� 3DA LNABETAO

QOA@�=J@�PDA�LKSANO�PK�SDE?D����=NA�N=EOA@�=NA�HEOPA@�EJ ,56@9�

��

�CAACB�-B=H�(F9:=L9G

(F9:=L +MA6C@ �57HCF �L5AD@9

A@HOJ A ��w�� ��A@HOJN@>JI?��AN	���� × ��w�� N��������������������N	

KD>J K ��w�� ��KD>JH@O@M��KH	���� × ��w�� H�����������������H	

I<IJ I ��w� ��I<IJBM<HN��IB	���� × ��w� B��������������B	

HD>MJ Z ��w� ��HD>MJGDO@M��k+	���� × ��w� +�����������+	

,56@9�

�

�� "C<KO@M���V�$NN@IOD<G�(?@<N

3CDN�.K@I2O<S�=JJF�DN�<Q<DG<=G@�AJM�AM@@�<O�COOK���>IS�JMB�>JIO@IO�>JG���������



�CAACB�-B=H�(F9:=L9G

(F9:=L +MA6C@ �57HCF �L5AD@9

HDGGD H ��w� ��HDGGDHJG@N��HHJG	���� × ��w� HJG��������HJG	

>@IOD > ��w� ��>@IODH@O@MN��>H	���� × ��w� H�������H	

?@>D ? ��w� ��?@>DGDO@M��?+	���� × ��w� +������+�	

FDGJ F ��� ��FDGJH@O@M��FH	���� × ��� H�������H	

H@B< , ��� ��H@B<C@MOU��,'U	���� × ��� 'U������������'U	

BDB< & ��� ��BDB<T@<MN��&TM	���� × ��� TM����������������TM	

O@M< 3 ���� ��O@M<R<OON��36	���� × ����6��������������������6	

,56@9�

�

-@@?�<�M@AM@NC@M�JM�HJM@�KM<>OD>@�RDOC�N>D@IODAD>�IJO<ODJI��5DNDO�OCDN G=H9��<HHD���CD9BGH5L7C@@9;9
CF;�@�


�BCH5H=CB� OJ�BJ�JQ@M�OC@�=<ND>N�JA�N>D@IODAD>�IJO<ODJI�

+!��5G9�-B=HG

3DA EJEPE=H QJEPO KB PDA IAPNE? OUOPAI� SDE?D ARAJPQ=HHU ARKHRA@ EJPK PDA 2( OUOPAI� SANA AOP=>HEODA@ EJ %N=J?A

@QNEJC PDA %NAJ?D 1ARKHQPEKJ� 3DA KNECEJ=H OP=J@=N@O BKN PDA IAPAN =J@ PDA GEHKCN=I SANA =@KLPA@ PDANA EJ ���� =J@

ARAJPQ=HHU >U KPDAN ?KQJPNEAO� 3DEO OA?PEKJ EJPNK@Q?AO BKQN KB PDA 2( >=OA QJEPO ?KIIKJHU QOA@ EJ ?DAIEOPNU� .PDAN 2(

QJEPO�SEHH�>A�EJPNK@Q?A@�EJ�OQ>OAMQAJP�?D=LPANO�

$9B;H<

3DA OP=J@=N@ QJEP KB :3<5B6 EJ >KPD PDA 2( =J@ KNECEJ=H IAPNE? OUOPAIO EO PDA ;3B3@ �;��  IAPAN S=O KNECEJ=HHU

OLA?EBEA@ =O ������������ KB PDA @EOP=J?A BNKI PDA -KNPD /KHA PK PDA AMQ=PKN� (P EO JKS @ABEJA@ =O PDA @EOP=J?A HECDP

EJ = R=?QQI PN=RAHO EJ ������������� KB = OA?KJ@�  IAPAN EO =>KQP � EJ?DAO HKJCAN PD=J = U=N@ ��=;IF9 

��	� KJA

IAPAN EO =>KQP ����� EJ?DAO KN ����� U=N@O� +KJCAN @EOP=J?AO =NA KBPAJ NALKNPA@ EJ GEHKIAPANO �� GI � ���� I � ���

I	� SDANA=O ODKNPAN @EOP=J?AO ?=J >A NALKNPA@ EJ ?AJPEIAPANO �� ?I � ���� I � ��~� I	 KN IEHHEIAPANO �� II � �����

I�����~� I	�

$=B?�HC�$95FB=B;
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�=;IF9�

�� 3C@�M@G<ODQ@�G@IBOCN�JA���H����T?����>H��<I?���DI��<M@�NCJRI��IJO�<>OP<G�NDU@	��<N�R@GG�<N�>JHK<MDNJIN�JA

�����>H�<I?���DI���<I?�JA���H�<I?�������T?�

%5GG

3DA OP=J@=N@ QJEP KB I=OO EJ PDA 2( OUOPAI EO PDA 97:=5@/; �95��  GEHKCN=I S=O KNECEJ=HHU @ABEJA@ =O PDA I=OO KB

= HEPAN KB S=PAN �= ?Q>A KB S=PAN SEPD =J A@CA HAJCPD KB AT=?PHU ��� IAPAN	� (P EO JKS @ABEJA@ >U = ?ANP=EJ ?UHEJ@AN KB

LH=PEJQI
ENE@EQI =HHKU� SDE?D EO GALP EJ %N=J?A ��=;IF9 

��	�  JU K>FA?P SEPD PDA O=IA I=OO =O PDEO ?UHEJ@AN EO O=E@

PK D=RA = I=OO KB � GEHKCN=I� .JA GEHKCN=I EO =>KQP ��� LKQJ@O� 3DA CN=I �C	 EO AT=?PHU AMQ=H PK ������ KB PDA I=OO

KB�PDA�GEHKCN=I����~� GC	�

�=;IF9�

�� 3CDN�M@KGD><�KMJOJOTK@�FDGJBM<H�DN�CJPN@?�<O�OC@�-<ODJI<G�(INODOPO@�JA�2O<I?<M?N�<I?�3@>CIJGJBT��-(23	

DI�,<MTG<I?���>M@?DO��-<ODJI<G�(INODOPO@N�JA�2O<I?<M?N�<I?�3@>CIJGJBT	

,9AD9F5HIF9

3AILAN=PQNA EO =J EJPAJOERA LNKLANPU� 3DA 2( QJEP KB PAILAN=PQNA EO PDA 93:D7< ���� 3DA (4/ " ?KJRAJPEKJ EO PK QOA

GAHREJ �=HH HKSAN?=OA	 BKN PDA SKN@� * �QLLAN?=OA	 BKN PDA QJEP OUI>KH� =J@ JAEPDAN PDA SKN@ x@ACNAAy JKN PDA @ACNAA

�� "C<KO@M���V�$NN@IOD<G�(?@<N
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OUI>KH �Z	� 3DA @ACNAA �3:A7CA �I�� EO =HOK =HHKSA@ EJ PDA 2( OUOPAI� SEPD >KPD PDA SKN@ x@ACNAAy =J@ PDA @ACNAA

OUI>KH QOA@ BKN "AHOEQO IA=OQNAIAJPO� "AHOEQO @ACNAAO =NA PDA O=IA I=CJEPQ@A =O PDKOA KB GAHREJ� >QP PDA PSK O?=HAO

LH=?A PDAEN VANKO EJ @EBBANAJP LH=?AO� 6=PAN BNAAVAO =P ������ * �� Z"	 =J@ >KEHO =P ������ * ���� Z"	 >U @ABEJEPEKJ�

=J@ JKNI=H DQI=J >K@U PAILAN=PQNA EO =LLNKTEI=PAHU ��� * ��� Z"	� 3DA ?KJRANOEKJ >APSAAJ PDAOA PSK QJEPO =J@

PDA�%=DNAJDAEP�O?=HA�SEHH�>A�@EO?QOOA@�H=PAN�EJ�PDEO�?D=LPAN�

,=A9

3DA 2( >=OA QJEP KB PEIA EO PDA A31=<2 �A�� 2I=HH =J@ H=NCA PEIA EJPANR=HO ?=J >A ATLNAOOA@ SEPD PDA =LLNKLNE=PA

LNABETAO� BKN AT=ILHA� � IE?NKOA?KJ@O � �������� O � � × ��~� =J@ � IAC=OA?KJ@O � ��������� O � � × ��� O�

 HPANJ=PERAHU��DKQNO��@=UO��=J@�UA=NO�?=J�>A�QOA@�

�9F=J98�+!�-B=HG

6A ?=J @ANERA I=JU QJEPO BNKI PDA OARAJ 2( >=OA QJEPO� %KN AT=ILHA� SA ?=J QOA PDA >=OA QJEP KB HAJCPD PK @ABEJA =

QJEP�KB�RKHQIA��=J@�PDA�>=OA�QJEPO�KB�I=OO�=J@�HAJCPD�PK�@ABEJA�=�QJEP�KB�@AJOEPU�

.C@IA9

*=:C;3 EO PDA IA=OQNA KB PDA =IKQJP KB OL=?A K??QLEA@ >U =J K>FA?P� 3DA OP=J@=N@ 2( QJEP KB RKHQIA EO @ABEJA@ >U

PDA >=OA QJEP KB HAJCPD ��=;IF9 

��	� 3DA OP=J@=N@ RKHQIA EO = 1C071 ;3B3@ �;
�� = ?Q>A SEPD =J A@CA HAJCPD KB

AT=?PHU KJA IAPAN� 3K @EOLAJOA = ?Q>E? IAPAN KB S=PAN� SA ?KQH@ >QEH@ = ?Q>E? >KT SEPD A@CA HAJCPDO KB AT=?PHU KJA

IAPAN��3DEO�>KT�SKQH@�DKH@�=�?Q>E?�IAPAN�KB�S=PAN�KN�=JU�KPDAN�OQ>OP=J?A�

 IKNA ?KIIKJHU QOA@ QJEP KB RKHQIA EO @ANERA@ BNKI PDA @A?EIAPAN ���� I� KN �� ?I	�  ?Q>A SEPD A@CA HAJCPDO KB

AT=?PHU KJA @A?EIAPAN ?KJP=EJO = RKHQIA KB KJA ?Q>E? @A?EIAPAN �@I�	�  :7B3@ � � EO PDA IKNA ?KIIKJ J=IA BKN PDA

?Q>E?�@A?EIAPAN��.JA�HEPAN�EO�=>KQP������MQ=NPO�

 1C071 13<B7;3B3@ �1;
� EO PDA RKHQIA KB = ?Q>A SEPD =J A@CA HAJCPD KB AT=?PHU KJA ?AJPEIAPAN� 3DA =>>NARE=PEKJ 11

�BKN 1Q>E? 1AJPEIAPAN	 EO KBPAJ QOA@ >U DA=HPD LNKBAOOEKJ=HO�  ?Q>E? ?AJPEIAPAN EO AMQER=HAJP PK = ;7::7:7B3@ �; � =J@

EO��������KB�=�HEPAN�

"C<KO@M���V�$NN@IOD<G�(?@<N ��



�=;IF9�

�� �<	�3C@�M@G<ODQ@�QJGPH@N�<M@�NCJRI�AJM�>P=@N�JA���H�����?H� ���+	��<I?���>H� ���H+	��IJO�OJ�N><G@	���=	

3C@�?D<H@O@M�JA�<�?DH@�DN�>JHK<M@?�M@G<ODQ@�OJ�OC@�@?B@�G@IBOC�JA�<��
>H� ��
H+	�>P=@�

�9BG=HM

6A QOA PDA I=OO =J@ RKHQIA KB = OQ>OP=J?A PK @APANIEJA EPO @AJOEPU� 3DQO� PDA QJEPO KB @AJOEPU =NA @ABEJA@ >U PDA >=OA

QJEPO�KB�I=OO�=J@�HAJCPD�

3DA 23<A7BG KB = OQ>OP=J?A EO PDA N=PEK KB PDA I=OO KB = O=ILHA KB PDA OQ>OP=J?A PK EPO RKHQIA� 3DA 2( QJEP BKN @AJOEPU

EO PDA GEHKCN=I LAN ?Q>E? IAPAN �GC�I�	� %KN I=JU OEPQ=PEKJO� DKSARAN� PDEO =O =J EJ?KJRAJEAJP QJEP� =J@ SA KBPAJ

QOA CN=IO LAN ?Q>E? ?AJPEIAPAN �C�?I�	 BKN PDA @AJOEPEAO KB OKHE@O =J@ HEMQE@O� =J@ CN=IO LAN HEPAN �C�+	 BKN C=OAO�

 HPDKQCD PDANA =NA AT?ALPEKJO� IKOP HEMQE@O =J@ OKHE@O D=RA @AJOEPEAO PD=P N=JCA BNKI =>KQP ��� C�?I� �PDA @AJOEPU KB

C=OKHEJA	 PK �� C�?I� �PDA @AJOEPU KB CKH@	� 3DA @AJOEPU KB =EN EO =>KQP ��� C�+� ,56@9 

� ODKSO PDA @AJOEPEAO KB OKIA

?KIIKJ�OQ>OP=J?AO�

�9BG=H=9G�C:��CAACB�+I6GH5B79G

+C@=8G $=EI=8G �5G9G��5H����O��5B8�
�5HA�

D>@��<O���X"	������B�>H� R<O@M�����B�>H� ?MT�<DM������B�+

J<F��RJJ?	�����o�����B�>H� @OC<IJG������B�>H� JSTB@I������B�+

DMJI�����B�>H� <>@OJI@������B�>H� IDOMJB@I������B�+

>JKK@M�����B�>H� BGT>@MDI������B�>H� ><M=JI�?DJSD?@������B�+

G@<?������B�>H� JGDQ@�JDG������B�>H� C@GDPH������B�+

NDGQ@M������B�>H� B<NJGDI@�����o�����B�>H� I@JI������B�+

BJG?������B�>H� H@M>PMT������B�>H� M<?JI�����B�+

,56@9�

�

6DEHA PDANA =NA I=JU S=UO PK @APANIEJA PDA @AJOEPU KB =J K>FA?P� LAND=LO PDA IKOP OPN=ECDPBKNS=N@ IAPDK@ EJRKHRAO

�� "C<KO@M���V�$NN@IOD<G�(?@<N
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OAL=N=PAHU BEJ@EJC PDA I=OO =J@ RKHQIA KB PDA K>FA?P� =J@ PDAJ @ERE@EJC PDA I=OO KB PDA O=ILHA >U EPO RKHQIA� (J

PDA BKHHKSEJC AT=ILHA� PDA I=OO EO BKQJ@ @ENA?PHU >U SAECDEJC� >QP PDA RKHQIA EO BKQJ@ EJ@ENA?PHU PDNKQCD HAJCPD

IA=OQNAIAJPO�

density = mass
volume

�L5AD@9�




�5@7I@5H=CB�C:��9BG=HM

&KH@vEJ >NE?GO� >=NO� =J@ ?KEJOvD=O >AAJ = BKNI KB ?QNNAJ?U BKN ?AJPQNEAO� (J KN@AN PK OSEJ@HA LAKLHA

EJPK L=UEJC BKN = >NE?G KB CKH@ SEPDKQP =?PQ=HHU EJRAOPEJC EJ = >NE?G KB CKH@� LAKLHA D=RA ?KJOE@ANA@ BEHHEJC

PDA ?AJPANO KB DKHHKS CKH@ >NE?GO SEPD HA=@ PK BKKH >QUANO EJPK PDEJGEJC PD=P PDA AJPENA >NE?G EO CKH@� (P @KAO

JKP SKNG� +A=@ EO = @AJOA OQ>OP=J?A� >QP EPO @AJOEPU EO JKP =O CNA=P =O PD=P KB CKH@� ���� C�?I�� 6D=P EO PDA

@AJOEPU�KB�HA=@�EB�=�?Q>A�KB�HA=@�D=O�=J�A@CA�HAJCPD�KB������?I�=J@�=�I=OO�KB������C�

+C@IH=CB

3DA @AJOEPU KB = OQ>OP=J?A ?=J >A ?=H?QH=PA@ >U @ERE@EJC EPO I=OO >U EPO RKHQIA� 3DA RKHQIA KB = ?Q>A EO

?=H?QH=PA@�>U�?Q>EJC�PDA�A@CA�HAJCPD�

volume of lead cube = 2.00 cm × 2.00 cm × 2.00 cm = 8.00 cm3

density = mass
volume

=
90.7 g

8.00 cm3
=

11.3 g

1.00 cm3
= 11.3 g/cm3

�6A�SEHH�@EO?QOO�PDA�NA=OKJ�BKN�NKQJ@EJC�PK�PDA�BENOP�@A?EI=H�LH=?A�EJ�PDA�JATP�OA?PEKJ�	

�<97?�1CIF�$95FB=B;

�=	�3K�PDNAA�@A?EI=H�LH=?AO��SD=P�EO�PDA�RKHQIA�KB�=�?Q>A��?I�	�SEPD�=J�A@CA�HAJCPD�KB�������?I�

�>	 (B PDA ?Q>A EJ L=NP �=	 EO ?KLLAN =J@ D=O = I=OO KB ���� C� SD=P EO PDA @AJOEPU KB ?KLLAN PK PSK @A?EI=H

LH=?AO�

�<AE3@� �=	�������?I����>	������C�?I�

3J�G@<MI�HJM@�<=JPO�OC@�M@G<ODJINCDK�=@OR@@I�H<NN��QJGPH@��<I?�?@INDOT��PN@�OCDN =BH9F57H=J9�G=AI@5HCF

�<HHD���CD9BGH5L7C@@9;9
CF;�@�
�D<9HA5GJC@89B� OJ�@SKGJM@�OC@�?@INDOT�JA�?DAA@M@IO�H<O@MD<GN��GDF@�RJJ?�

D>@��=MD>F��<I?�<GPHDIPH�

�L5AD@9�

�

-G=B;��=GD@579A9BH�C:�/5H9F�HC��9H9FA=B9��9BG=HM

3DEO (<�, G=AI@5H=CB �<HHD���CD9BGH5L7C@@9;9
CF;�@�
�D<9HA5GJC@89B� EHHQOPN=PAO =JKPDAN S=U PK

@APANIEJA�@AJOEPU��QOEJC�@EOLH=?AIAJP�KB�S=PAN��#APANIEJA�PDA�@AJOEPU�KB�PDA�NA@�=J@�UAHHKS�>HK?GO�

+C@IH=CB

6DAJ UKQ KLAJ PDA @AJOEPU OEIQH=PEKJ =J@ OAHA?P 2=IA ,=OO� UKQ ?=J ?DKKOA BNKI OARAN=H ����
GC ?KHKNA@

>HK?GO PD=P UKQ ?=J @NKL EJPK = P=JG ?KJP=EJEJC ������ + S=PAN� 3DA UAHHKS >HK?G BHK=PO �EP EO HAOO @AJOA PD=J

$=B?�HC�$95FB=B;

"C<KO@M���V�$NN@IOD<G�(?@<N ��



S=PAN	� =J@ PDA S=PAN HARAH NEOAO PK ������ +� 6DEHA BHK=PEJC� PDA UAHHKS >HK?G @EOLH=?AO ���� + S=PAN� =J

=IKQJP AMQ=H PK PDA SAECDP KB PDA >HK?G� 3DA NA@ >HK?G OEJGO �EP EO IKNA @AJOA PD=J S=PAN� SDE?D D=O @AJOEPU

�������GC�+	��=J@�PDA�S=PAN�HARAH�NEOAO�PK��������+�

3DA NA@ >HK?G PDANABKNA @EOLH=?AO ���� + S=PAN� =J =IKQJP AMQ=H PK PDA RKHQIA KB PDA >HK?G� 3DA @AJOEPU KB

PDA�NA@�>HK?G�EO�

density = mass
volume

=
5.00 kg
1.25 L

= 4.00 kg/L

-KPA PD=P OEJ?A PDA UAHHKS >HK?G EO JKP ?KILHAPAHU OQ>IANCA@� UKQ ?=JJKP @APANIEJA EPO @AJOEPU BNKI PDEO

EJBKNI=PEKJ� !QP EB UKQ DKH@ PDA UAHHKS >HK?G KJ PDA >KPPKI KB PDA P=JG� PDA S=PAN HARAH NEOAO PK ������ +�

SDE?D�IA=JO�PD=P�EP�JKS�@EOLH=?AO�������+�S=PAN��=J@�EPO�@AJOEPU�?=J�>A�BKQJ@�

density = mass
volume

=
5.00 kg
10.00 L

= 0.500 kg/L

�<97?�1CIF�$95FB=B;

1AIKRA =HH KB PDA >HK?GO BNKI PDA S=PAN =J@ =@@ PDA CNAAJ >HK?G PK PDA P=JG KB S=PAN� LH=?EJC EP

=LLNKTEI=PAHU�EJ�PDA�IE@@HA�KB�PDA�P=JG��#APANIEJA�PDA�@AJOEPU�KB�PDA�CNAAJ�>HK?G�

�<AE3@� �����GC�+



� %95GIF9A9BH�-B79FH5=BHM���77IF57M��5B8�(F97=G=CB

!U�PDA�AJ@�KB�PDEO�OA?PEKJ��UKQ�SEHH�>A�=>HA�PK�

t #ABEJA�=??QN=?U�=J@�LNA?EOEKJ

t #EOPEJCQEOD�AT=?P�=J@�QJ?ANP=EJ�JQI>ANO

t "KNNA?PHU�NALNAOAJP�QJ?ANP=EJPU�EJ�MQ=JPEPEAO�QOEJC�OECJEBE?=JP�BECQNAO

t  LLHU�LNKLAN�NKQJ@EJC�NQHAO�PK�?KILQPA@�MQ=JPEPEAO

"KQJPEJC EO PDA KJHU PULA KB IA=OQNAIAJP PD=P EO BNAA BNKI QJ?ANP=EJPU� LNKRE@A@ PDA JQI>AN KB K>FA?PO >AEJC ?KQJPA@

@KAO JKP ?D=JCA SDEHA PDA ?KQJPEJC LNK?AOO EO QJ@ANS=U� 3DA NAOQHP KB OQ?D = ?KQJPEJC IA=OQNAIAJP EO =J AT=ILHA KB

=J 3F/1B <C;03@� !U ?KQJPEJC PDA ACCO EJ = ?=NPKJ� KJA ?=J @APANIEJA 2E.0A9F DKS I=JU ACCO PDA ?=NPKJ ?KJP=EJO�

3DA JQI>ANO KB @ABEJA@ MQ=JPEPEAO =NA =HOK AT=?P� !U @ABEJEPEKJ� � BKKP EO AT=?PHU �� EJ?DAO� � EJ?D EO AT=?PHU ����

?AJPEIAPANO� =J@ � CN=I EO AT=?PHU ����� GEHKCN=I� 0Q=JPEPEAO @ANERA@ BNKI IA=OQNAIAJPO KPDAN PD=J ?KQJPEJC�

DKSARAN��=NA�QJ?ANP=EJ�PK�R=NUEJC�ATPAJPO�@QA�PK�LN=?PE?=H�HEIEP=PEKJO�KB�PDA�IA=OQNAIAJP�LNK?AOO�QOA@�

+=;B=:=75BH��=;IF9G�=B�%95GIF9A9BH

3DA JQI>ANO KB IA=OQNA@ MQ=JPEPEAO� QJHEGA @ABEJA@ KN @ENA?PHU ?KQJPA@ MQ=JPEPEAO� =NA JKP AT=?P� 3K IA=OQNA PDA

RKHQIA KB HEMQE@ EJ = CN=@Q=PA@ ?UHEJ@AN� UKQ ODKQH@ I=GA = NA=@EJC =P PDA >KPPKI KB PDA IAJEO?QO� PDA HKSAOP LKEJP

KJ�PDA�?QNRA@�OQNB=?A�KB�PDA�HEMQE@�

�� "C<KO@M���V�$NN@IOD<G�(?@<N

3CDN�.K@I2O<S�=JJF�DN�<Q<DG<=G@�AJM�AM@@�<O�COOK���>IS�JMB�>JIO@IO�>JG���������



�=;IF9�

�� 3J�H@<NPM@�OC@�QJGPH@�JA�GDLPD?�DI�OCDN�BM<?P<O@?�>TGDI?@M��TJP�HPNO�H@IO<GGT�NP=?DQD?@�OC@�?DNO<I>@

=@OR@@I�OC@����<I?����H+�H<MFN�DIOJ�O@IOCN�JA�<�HDGGDGDO@M��<I?�OC@I�H<F@�<�M@<?DIB��@NODH<O@	�<O�OC@�=JOOJH�JA�OC@

H@IDN>PN�

1ABAN PK PDA EHHQOPN=PEKJ EJ �=;IF9 

��� 3DA >KPPKI KB PDA IAJEO?QO EJ PDEO ?=OA ?HA=NHU HEAO >APSAAJ PDA �� =J@ ��

I=NGEJCO� IA=JEJC PDA HEMQE@ RKHQIA EO 02?A.6;9F CNA=PAN PD=J �� I+ >QP HAOO PD=J �� I+� 3DA IAJEO?QO =LLA=NO PK

>A = >EP ?HKOAN PK PDA ��
I+ I=NG PD=J PK PDA ��
I+ I=NG� =J@ OK = NA=OKJ=>HA AOPEI=PA KB PDA HEMQE@wO RKHQIA SKQH@

>A ���� I+� (J PDA JQI>AN ����� PDAJ� PDA @ECEPO � =J@ � =NA ?ANP=EJ� >QP PDA � EO =J AOPEI=PA� 2KIA LAKLHA IECDP

AOPEI=PA PDA IAJEO?QO LKOEPEKJ PK >A AMQ=HHU @EOP=JP BNKI A=?D KB PDA I=NGEJCO =J@ AOPEI=PA PDA PAJPD
LH=?A @ECEP =O

�� SDEHA KPDANO I=U PDEJG EP PK >A ARAJ ?HKOAN PK PDA ��
I+ I=NG =J@ AOPEI=PA PDEO @ECEP PK >A �� -KPA PD=P EP SKQH@

>A LKEJPHAOO PK =PPAILP PK AOPEI=PA = @ECEP BKN PDA DQJ@NA@PDO LH=?A� CERAJ PD=P PDA PAJPDO
LH=?A @ECEP EO QJ?ANP=EJ� (J

CAJAN=H� JQIANE?=H O?=HAO OQ?D =O PDA KJA KJ PDEO CN=@Q=PA@ ?UHEJ@AN SEHH LANIEP IA=OQNAIAJPO PK KJA
PAJPD KB PDA

OI=HHAOP O?=HA @EREOEKJ� 3DA O?=HA EJ PDEO ?=OA D=O �
I+ @EREOEKJO� =J@ OK RKHQIAO I=U >A IA=OQNA@ PK PDA JA=NAOP ���

I+�

3DEO ?KJ?ALP DKH@O PNQA BKN =HH IA=OQNAIAJPO� ARAJ EB UKQ @K JKP =?PERAHU I=GA =J AOPEI=PA� (B UKQ LH=?A = MQ=NPAN KJ

= OP=J@=N@ AHA?PNKJE? >=H=J?A� UKQ I=U K>P=EJ = NA=@EJC KB ���� C� 3DA @ECEPO � =J@ � =NA ?ANP=EJ� =J@ PDA � EJ@E?=PAO

PD=P PDA I=OO KB PDA MQ=NPAN EO HEGAHU >APSAAJ ���� =J@ ���� CN=IO� 3DA MQ=NPAN SAECDO ./<BA ���� CN=IO� SEPD =

JKIEJ=H QJ?ANP=EJPU EJ PDA IA=OQNAIAJP KB [ ���� CN=I� (B PDA ?KEJ EO SAECDA@ KJ = IKNA OAJOEPERA >=H=J?A� PDA I=OO

IECDP >A ����� C� 3DEO IA=JO EPO I=OO HEAO >APSAAJ ����� =J@ ����� CN=IO� =J QJ?ANP=EJPU KB ����� CN=I� $RANU

IA=OQNAIAJP D=O OKIA C<13@B/7<BG� SDE?D @ALAJ@O KJ PDA @ARE?A QOA@ �=J@ PDA QOANwO =>EHEPU	�  HH KB PDA @ECEPO EJ

= IA=OQNAIAJP� EJ?HQ@EJC PDA QJ?ANP=EJ H=OP @ECEP� =NA ?=HHA@ A75<7471/<B 475C@3A KN A75<7471/<B 2757BA� -KPA PD=P VANK

I=U >A = IA=OQNA@ R=HQA� BKN AT=ILHA� EB UKQ OP=J@ KJ = O?=HA PD=P ODKSO SAECDP PK PDA JA=NAOP LKQJ@ =J@ EP ODKSO

x����y�PDAJ�PDA����DQJ@NA@O	�����PAJO	�=J@����KJAO	�=NA�=HH�OECJEBE?=JP��IA=OQNA@	�R=HQAO�

 IA=OQNAIAJP NAOQHP EO LNKLANHU NALKNPA@ SDAJ EPO OECJEBE?=JP @ECEPO =??QN=PAHU NALNAOAJP PDA ?ANP=EJPU KB PDA

IA=OQNAIAJP LNK?AOO� !QP SD=P EB UKQ SANA =J=HUVEJC = NALKNPA@ R=HQA =J@ PNUEJC PK @APANIEJA SD=P EO OECJEBE?=JP

=J@ SD=P EO JKP� 6AHH� BKN OP=NPANO� =HH JKJVANK @ECEPO =NA OECJEBE?=JP� =J@ EP EO KJHU VANKO PD=P NAMQENA OKIA PDKQCDP� 6A

SEHH�QOA�PDA�PANIO�xHA=@EJC�y�xPN=EHEJC�y�=J@�x?=LPERAy�BKN�PDA�VANKO�=J@�SEHH�?KJOE@AN�DKS�PK�@A=H�SEPD�PDAI�

"C<KO@M���V�$NN@IOD<G�(?@<N ��



2P=NPEJC SEPD PDA BENOP JKJVANK @ECEP KJ PDA HABP� ?KQJP PDEO @ECEP =J@ =HH NAI=EJEJC @ECEPO PK PDA NECDP� 3DEO EO PDA JQI>AN

KB�OECJEBE?=JP�BECQNAO�EJ�PDA�IA=OQNAIAJP�QJHAOO�PDA�H=OP�@ECEP�EO�=�PN=EHEJC�VANK�HUEJC�PK�PDA�HABP�KB�PDA�@A?EI=H�LKEJP�

"=LPERA VANKO NAOQHP BNKI IA=OQNAIAJP =J@ =NA PDANABKNA =HS=UO OECJEBE?=JP� +A=@EJC VANKO� DKSARAN� =NA JARAN

OECJEBE?=JPvPDAU�IANAHU�PAHH�QO�SDANA�PDA�@A?EI=H�LKEJP�EO�HK?=PA@�

3DA HA=@EJC VANKO EJ PDEO AT=ILHA =NA JKP OECJEBE?=JP� 6A ?KQH@ QOA ATLKJAJPE=H JKP=PEKJ �=O @AO?NE>A@ EJ  LLAJ@ET

!	 =J@ ATLNAOO PDA JQI>AN =O ������� × ��~�� PDAJ PDA JQI>AN ������� ?KJP=EJO =HH KB PDA OECJEBE?=JP BECQNAO� =J@

��~� HK?=PAO�PDA�@A?EI=H�LKEJP�

3DA JQI>AN KB OECJEBE?=JP BECQNAO EO QJ?ANP=EJ EJ = JQI>AN PD=P AJ@O SEPD = VANK PK PDA HABP KB PDA @A?EI=H LKEJP

HK?=PEKJ� 3DA VANKO EJ PDA IA=OQNAIAJP ����� CN=IO ?KQH@ >A OECJEBE?=JP KN PDAU ?KQH@ OEILHU EJ@E?=PA SDANA PDA

@A?EI=H LKEJP EO HK?=PA@� 3DA =I>ECQEPU ?=J >A NAOKHRA@ SEPD PDA QOA KB ATLKJAJPE=H JKP=PEKJ� ��� × ��� �PSK

OECJEBE?=JP BECQNAO	� ���� × ��� �PDNAA OECJEBE?=JP BECQNAO� EB PDA PAJO LH=?A S=O IA=OQNA@	� KN ����� × ��� �BKQN

OECJEBE?=JP BECQNAO� EB PDA KJAO LH=?A S=O =HOK IA=OQNA@	� (J ?=OAO SDANA KJHU PDA @A?EI=H
BKNI=PPA@ JQI>AN EO

=R=EH=>HA��EP�EO�LNQ@AJP�PK�=OOQIA�PD=P�=HH�PN=EHEJC�VANKO�=NA�JKP�OECJEBE?=JP�

6DAJ @APANIEJEJC OECJEBE?=JP BECQNAO� >A OQNA PK L=U =PPAJPEKJ PK NALKNPA@ R=HQAO =J@ PDEJG =>KQP PDA IA=OQNAIAJP

=J@ OECJEBE?=JP BECQNAO EJ PANIO KB SD=P EO NA=OKJ=>HA KN HEGAHU SDAJ AR=HQ=PEJC SDAPDAN PDA R=HQA I=GAO OAJOA� %KN

AT=ILHA� PDA KBBE?E=H )=JQ=NU ���� ?AJOQO NALKNPA@ PDA NAOE@AJP LKLQH=PEKJ KB PDA 42 =O ������������ #K UKQ PDEJG

PDA 42 LKLQH=PEKJ S=O ?KNNA?PHU @APANIEJA@ PK PDA NALKNPA@ JEJA OECJEBE?=JP BECQNAO� PD=P EO� PK PDA AT=?P JQI>AN KB

LAKLHA� /AKLHA =NA ?KJOP=JPHU >AEJC >KNJ� @UEJC� KN IKREJC EJPK KN KQP KB PDA ?KQJPNU� =J@ =OOQILPEKJO =NA I=@A PK

=??KQJP BKN PDA H=NCA JQI>AN KB LAKLHA SDK =NA JKP =?PQ=HHU ?KQJPA@� !A?=QOA KB PDAOA QJ?ANP=EJPEAO� EP IECDP >A IKNA

NA=OKJ=>HA PK ATLA?P PD=P SA GJKS PDA LKLQH=PEKJ PK SEPDEJ LAND=LO = IEHHEKJ KN OK� EJ SDE?D ?=OA PDA LKLQH=PEKJ

ODKQH@�>A�NALKNPA@�=O����� × ��� LAKLHA�

+=;B=:=75BH��=;IF9G�=B��5@7I@5H=CBG

 OA?KJ@ EILKNP=JP LNEJ?ELHA KB QJ?ANP=EJPU EO PD=P NAOQHPO ?=H?QH=PA@ BNKI = IA=OQNAIAJP =NA =P HA=OP =O QJ?ANP=EJ =O

�� "C<KO@M���V�$NN@IOD<G�(?@<N
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PDA IA=OQNAIAJP EPOAHB� 3=GA PDA QJ?ANP=EJPU EJ IA=OQNAIAJPO EJPK =??KQJP PK =RKE@ IEONALNAOAJPEJC PDA QJ?ANP=EJPU

EJ ?=H?QH=PA@ NAOQHPO� .JA S=U PK @K PDEO EO PK NALKNP PDA NAOQHP KB = ?=H?QH=PEKJ SEPD PDA ?KNNA?P JQI>AN KB OECJEBE?=JP

BECQNAO��SDE?D�EO�@APANIEJA@�>U�PDA�BKHHKSEJC�PDNAA�NQHAO�BKN @=C<27<5 JQI>ANO�

�� 6DAJ =@@EJC KN OQ>PN=?PEJC JQI>ANO� NKQJ@ PDA NAOQHP PK PDA O=IA JQI>AN KB @A?EI=H LH=?AO =O PDA JQI>AN

SEPD�PDA�HA=OP�JQI>AN�KB�@A?EI=H�LH=?AO��PDA�HA=OP�?ANP=EJ�R=HQA�EJ�PANIO�KB�=@@EPEKJ�=J@�OQ>PN=?PEKJ	�

�� 6DAJ IQHPELHUEJC KN @ERE@EJC JQI>ANO� NKQJ@ PDA NAOQHP PK PDA O=IA JQI>AN KB @ECEPO =O PDA JQI>AN SEPD PDA

HA=OP�JQI>AN�KB�OECJEBE?=JP�BECQNAO��PDA�HA=OP�?ANP=EJ�R=HQA�EJ�PANIO�KB�IQHPELHE?=PEKJ�=J@�@EREOEKJ	�

�� (B PDA @ECEP PK >A @NKLLA@ �PDA KJA EIIA@E=PAHU PK PDA NECDP KB PDA @ECEP PK >A NAP=EJA@	 EO HAOO PD=J �� xNKQJ@

@KSJy =J@ HA=RA PDA NAP=EJA@ @ECEP QJ?D=JCA@� EB EP EO IKNA PD=J �� xNKQJ@ QLy =J@ EJ?NA=OA PDA NAP=EJA@ @ECEP

>U �� EB PDA @NKLLA@ @ECEP 6@ �� NKQJ@ QL KN @KSJ� SDE?DARAN UEAH@O =J ARAJ R=HQA BKN PDA NAP=EJA@ @ECEP� �3DA

H=OP L=NP KB PDEO NQHA I=U OPNEGA UKQ =O = >EP K@@� >QP EPwO >=OA@ KJ NAHE=>HA OP=PEOPE?O =J@ EO =EIA@ =P =RKE@EJC

=JU�>E=O�SDAJ�@NKLLEJC�PDA�@ECEP�x��y�OEJ?A�EP�EO�AMQ=HHU�?HKOA�PK�>KPD�LKOOE>HA�R=HQAO�KB�PDA�NAP=EJA@�@ECEP�	

3DA BKHHKSEJC AT=ILHAO EHHQOPN=PA PDA =LLHE?=PEKJ KB PDEO NQHA EJ NKQJ@EJC = BAS @EBBANAJP JQI>ANO PK PDNAA OECJEBE?=JP

BECQNAO�

t ���������NKQJ@O�xQLy�PK���������PDA�@NKLLA@�@ECEP�����EO�CNA=PAN�PD=J��	

t ��������NKQJ@O�x@KSJy�PK�������PDA�@NKLLA@�@ECEP�����EO�HAOO�PD=J��	

t �������NKQJ@O�xQLy�PK�������PDA�@NKLLA@�@ECEP�EO����=J@�PDA�NAP=EJA@�@ECEP�EO�ARAJ	

t ������NKQJ@O�x@KSJy�PK�������PDA�@NKLLA@�@ECEP�EO����=J@�PDA�NAP=EJA@�@ECEP�EO�ARAJ	

"C<KO@M���V�$NN@IOD<G�(?@<N ��



+APwO�SKNG�PDNKQCD�PDAOA�NQHAO�SEPD�=�BAS�AT=ILHAO�

�L5AD@9�

�

*CIB8=B;�&IA69FG

1KQJ@�PDA�BKHHKSEJC�PK�PDA�EJ@E?=PA@�JQI>AN�KB�OECJEBE?=JP�BECQNAO�

�=	��������PK�PSK�OECJEBE?=JP�BECQNAO	

�>	���������PK�PDNAA�OECJEBE?=JP�BECQNAO	

�?	�����������PK�BKQN�OECJEBE?=JP�BECQNAO	

�@	����������PK�BKQN�OECJEBE?=JP�BECQNAO	

+C@IH=CB

�=	�������NKQJ@O�xQLy�PK�����PDA�@NKLLA@�@ECEP�EO����=J@�PDA�NAP=EJA@�@ECEP�EO�ARAJ	

�>	��������NKQJ@O�x@KSJy�PK�������PDA�@NKLLA@�@ECEP�����EO�HAOO�PD=J��	

�?	����������NKQJ@O�x@KSJy�PK����������PDA�@NKLLA@�@ECEP�EO����=J@�PDA�NAP=EJA@�@ECEP�EO�ARAJ	

�@	���������NKQJ@O�xQLy�PK���������PDA�@NKLLA@�@ECEP�EO����=J@�PDA�NAP=EJA@�@ECEP�EO�ARAJ	

�<97?�1CIF�$95FB=B;

1KQJ@�PDA�BKHHKSEJC�PK�PDA�EJ@E?=PA@�JQI>AN�KB�OECJEBE?=JP�BECQNAO�

�=	��������PK�PSK�OECJEBE?=JP�BECQNAO	

�>	������������PK�PDNAA�OECJEBE?=JP�BECQNAO	

�?	���������PK�BKQN�OECJEBE?=JP�BECQNAO	

�@	�����������PK�BERA�OECJEBE?=JP�BECQNAO	

�<AE3@� �=	��������>	�����������?	���������@	�������

�L5AD@9�

�

�88=H=CB�5B8�+I6HF57H=CB�K=H<�+=;B=:=75BH��=;IF9G

1QHA� 6DAJ =@@EJC KN OQ>PN=?PEJC JQI>ANO� NKQJ@ PDA NAOQHP PK PDA O=IA JQI>AN KB @A?EI=H LH=?AO =O PDA

JQI>AN�SEPD�PDA�BASAOP�@A?EI=H�LH=?AO��E�A���PDA�HA=OP�?ANP=EJ�R=HQA�EJ�PANIO�KB�=@@EPEKJ�=J@�OQ>PN=?PEKJ	�

�=	� @@��������C�=J@�������C�

�>	�2Q>PN=?P��������C�BNKI�����C�

+C@IH=CB

�=	
1.0023 g

+ 4.383 g
5.3853 g

 JOSAN�EO�������C��NKQJ@�PK�PDA�PDKQO=J@PDO�LH=?A��PDNAA�@A?EI=H�LH=?AO	

�>	
486 g

−421.23 g
64.77 g

 JOSAN�EO����C��NKQJ@�PK�PDA�KJAO�LH=?A��JK�@A?EI=H�LH=?AO	

�� "C<KO@M���V�$NN@IOD<G�(?@<N

3CDN�.K@I2O<S�=JJF�DN�<Q<DG<=G@�AJM�AM@@�<O�COOK���>IS�JMB�>JIO@IO�>JG���������



�<97?�1CIF�$95FB=B;

�=	� @@�������I+�=J@������I+�

�>	�2Q>PN=?P���������I�BNKI��������I�

�<AE3@� �=	������I+���>	�������I

�L5AD@9�

�

%I@H=D@=75H=CB�5B8��=J=G=CB�K=H<�+=;B=:=75BH��=;IF9G

1QHA� 6DAJ IQHPELHUEJC KN @ERE@EJC JQI>ANO� NKQJ@ PDA NAOQHP PK PDA O=IA JQI>AN KB @ECEPO =O PDA JQI>AN

SEPD�PDA�BASAOP�OECJEBE?=JP�BECQNAO��PDA�HA=OP�?ANP=EJ�R=HQA�EJ�PANIO�KB�IQHPELHE?=PEKJ�=J@�@EREOEKJ	�

�=	�,QHPELHU��������?I�>U�����?I�

�>	�#ERE@A��������C�>U�����I+�

+C@IH=CB

�=	
0.6238 cm × 6.6 cm = 4.11708 cm2 ⟶ result is 4.1 cm2 (round to two significant figures )

four significant figures × two significant figures ⟶ two significant figures answer

�>	

421.23 g
486 mL

= 0.86728... g/mL ⟶ result is 0.867 g/mL ⎛
⎝round to three significant figures ⎞

⎠

five significant figures
three significant figures

⟶ three significant figures answer

�<97?�1CIF�$95FB=B;

�=	�,QHPELHU�������?I�=J@�������?I�

�>	�#ERE@A���������I�>U�������O�

�<AE3@� �=	�������?I� �>	��������I�O

(J PDA IE@OP KB =HH PDAOA PA?DJE?=HEPEAO� EP EO EILKNP=JP PK GAAL EJ IEJ@ PDA NA=OKJ BKN PDAOA NQHAO =>KQP OECJEBE?=JP

BECQNAO =J@ NKQJ@EJCvPK ?KNNA?PHU NALNAOAJP PDA ?ANP=EJPU KB PDA R=HQAO NALKNPA@ =J@ PK AJOQNA PD=P = ?=H?QH=PA@ NAOQHP

EO�JKP�NALNAOAJPA@�=O�>AEJC�IKNA�?ANP=EJ�PD=J�PDA�HA=OP�?ANP=EJ�R=HQA�QOA@�EJ�PDA�?=H?QH=PEKJ�

�L5AD@9�

�

�5@7I@5H=CB�K=H<�+=;B=:=75BH��=;IF9G

.JA ?KIIKJ >=PDPQ> EO ����� @I HKJC� ����� @I SE@A� =J@ ���� @I @AAL�  OOQIA PD=P PDA PQ> EO

NA?P=JCQH=N�=J@�?=H?QH=PA�EPO�=LLNKTEI=PA�RKHQIA�EJ�HEPANO�

+C@IH=CB

"C<KO@M���V�$NN@IOD<G�(?@<N ��



V = l × w × d

= 13.44 dm × 5.920 dm × 2.54 dm

= 202.09459... dm3 (value from calculator)

= 202 dm3 , or 202 L ⎛
⎝answer rounded to three significant figures ⎞

⎠

�<97?�1CIF�$95FB=B;

6D=P�EO�PDA�@AJOEPU�KB�=�HEMQE@�SEPD�=�I=OO�KB���������C�=J@�=�RKHQIA�KB�������?I��

�<AE3@� ������C�I+

�L5AD@9�

�

�LD9F=A9BH5@��9H9FA=B5H=CB�C:��9BG=HM�-G=B;�/5H9F��=GD@579A9BH

 LEA?A KB NA>=N EO SAECDA@ =J@ PDAJ OQ>IANCA@ EJ = CN=@Q=PA@ ?UHEJ@AN L=NPE=HHU BEHHA@ SEPD S=PAN� SEPD

NAOQHPO�=O�ODKSJ�

�=	�4OA�PDAOA�R=HQAO�PK�@APANIEJA�PDA�@AJOEPU�KB�PDEO�LEA?A�KB�NA>=N�

�>	�1A>=N�EO�IKOPHU�ENKJ��#KAO�UKQN�NAOQHP�EJ��=	�OQLLKNP�PDEO�OP=PAIAJP��'KS�

+C@IH=CB

3DA�RKHQIA�KB�PDA�LEA?A�KB�NA>=N�EO�AMQ=H�PK�PDA�RKHQIA�KB�PDA�S=PAN�@EOLH=?A@�

volume = 22.4 mL − 13.5 mL = 8.9 mL = 8.9 cm3

�NKQJ@A@�PK�PDA�JA=NAOP�����I+��LAN�PDA�NQHA�BKN�=@@EPEKJ�=J@�OQ>PN=?PEKJ	

3DA�@AJOEPU�EO�PDA�I=OO
PK
RKHQIA�N=PEK�

density = mass
volume

=
69.658 g

8.9 cm3
= 7.8 g/cm3

�NKQJ@A@�PK�PSK�OECJEBE?=JP�BECQNAO��LAN�PDA�NQHA�BKN�IQHPELHE?=PEKJ�=J@�@EREOEKJ	

�� "C<KO@M���V�$NN@IOD<G�(?@<N

3CDN�.K@I2O<S�=JJF�DN�<Q<DG<=G@�AJM�AM@@�<O�COOK���>IS�JMB�>JIO@IO�>JG���������



%NKI ,56@9 

�� PDA @AJOEPU KB ENKJ EO ��� C�?I�� RANU ?HKOA PK PD=P KB NA>=N� SDE?D HAJ@O OKIA OQLLKNP PK

PDA�B=?P�PD=P�NA>=N�EO�IKOPHU�ENKJ�

�<97?�1CIF�$95FB=B;

 J ENNACQH=NHU OD=LA@ LEA?A KB = ODEJU UAHHKSEOD I=PANE=H EO SAECDA@ =J@ PDAJ OQ>IANCA@ EJ = CN=@Q=PA@

?UHEJ@AN��SEPD�NAOQHPO�=O�ODKSJ�

�=	�4OA�PDAOA�R=HQAO�PK�@APANIEJA�PDA�@AJOEPU�KB�PDEO�I=PANE=H�

�>	�#K�UKQ�D=RA�=JU�NA=OKJ=>HA�CQAOOAO�=O�PK�PDA�E@AJPEPU�KB�PDEO�I=PANE=H��$TLH=EJ�UKQN�NA=OKJEJC�

�<AE3@� �=	����C�?I����>	�(P�EO�HEGAHU�CKH@��PDA�NECDP�=LLA=N=J?A�BKN�CKH@�=J@�RANU�?HKOA�PK�PDA�@AJOEPU�CERAJ
BKN�CKH@�EJ ,56@9�

��

�77IF57M�5B8�(F97=G=CB

2?EAJPEOPO PULE?=HHU I=GA NALA=PA@ IA=OQNAIAJPO KB = MQ=JPEPU PK AJOQNA PDA MQ=HEPU KB PDAEN BEJ@EJCO =J@ PK AR=HQ=PA

>KPD PDA >@317A7=< =J@ PDA /11C@/1G KB PDAEN NAOQHPO� ,A=OQNAIAJPO =NA O=E@ PK >A LNA?EOA EB PDAU UEAH@ RANU OEIEH=N

NAOQHPO SDAJ NALA=PA@ EJ PDA O=IA I=JJAN�  IA=OQNAIAJP EO ?KJOE@ANA@ =??QN=PA EB EP UEAH@O = NAOQHP PD=P EO RANU ?HKOA

PK PDA PNQA KN =??ALPA@ R=HQA� /NA?EOA R=HQAO =CNAA SEPD A=?D KPDAN� =??QN=PA R=HQAO =CNAA SEPD = PNQA R=HQA� 3DAOA

?D=N=?PANEV=PEKJO�?=J�>A�ATPAJ@A@�PK�KPDAN�?KJPATPO��OQ?D�=O�PDA�NAOQHPO�KB�=J�=N?DANU�?KILAPEPEKJ���=;IF9�

��	�

"C<KO@M���V�$NN@IOD<G�(?@<N ��



�=;IF9�

�� �<	�3C@N@�<MMJRN�<M@�>GJN@�OJ�=JOC�OC@�=PGGqN�@T@�<I?�JI@�<IJOC@M��NJ�OC@T�<M@�=JOC�<>>PM<O@�<I?

KM@>DN@���=	�3C@N@�<MMJRN�<M@�>GJN@�OJ�JI@�<IJOC@M�=PO�IJO�JI�O<MB@O��NJ�OC@T�<M@�KM@>DN@�=PO�IJO�<>>PM<O@���>	�3C@N@

<MMJRN�<M@�I@DOC@M�JI�O<MB@O�IJM�>GJN@�OJ�JI@�<IJOC@M��NJ�OC@T�<M@�I@DOC@M�<>>PM<O@�IJM�KM@>DN@�

2QLLKOA = MQ=HEPU ?KJPNKH ?DAIEOP =P = LD=NI=?AQPE?=H ?KIL=JU EO P=OGA@ SEPD ?DA?GEJC PDA =??QN=?U =J@ LNA?EOEKJ

KB PDNAA @EBBANAJP I=?DEJAO PD=P =NA IA=JP PK @EOLAJOA �� KQJ?AO ���� I+	 KB ?KQCD OUNQL EJPK OPKN=CA >KPPHAO� 2DA

LNK?AA@O PK QOA A=?D I=?DEJA PK BEHH BERA >KPPHAO =J@ PDAJ ?=NABQHHU @APANIEJAO PDA =?PQ=H RKHQIA @EOLAJOA@� K>P=EJEJC

PDA�NAOQHPO�P=>QH=PA@�EJ ,56@9�

��

.C@IA9��A$��C:��CI;<�%98=7=B9��9@=J9F98�6M�
�	CN������A$���=GD9BG9FG

�=GD9BG9F��
 �=GD9BG9F��� �=GD9BG9F���

����� ����� �����

����� ����� �����

����� ����� �����

����� ����� �����

����� ����� �����

,56@9�

�

"KJOE@ANEJC PDAOA NAOQHPO� ODA SEHH NALKNP PD=P @EOLAJOAN �� EO LNA?EOA �R=HQAO =HH ?HKOA PK KJA =JKPDAN� SEPDEJ = BAS

PAJPDO KB = IEHHEHEPAN	 >QP JKP =??QN=PA �JKJA KB PDA R=HQAO =NA ?HKOA PK PDA P=NCAP R=HQA KB ��� I+� A=?D >AEJC IKNA

PD=J �� I+ PKK HKS	� 1AOQHPO BKN @EOLAJOAN �� NALNAOAJP EILNKRA@ =??QN=?U �A=?D RKHQIA EO HAOO PD=J � I+ =S=U

BNKI ��� I+	 >QP SKNOA LNA?EOEKJ �RKHQIAO R=NU >U IKNA PD=J � I+	� %EJ=HHU� ODA ?=J NALKNP PD=P @EOLAJOAN �� EO

SKNGEJC SAHH� @EOLAJOEJC ?KQCD OUNQL >KPD =??QN=PAHU �=HH RKHQIAO SEPDEJ ��� I+ KB PDA P=NCAP RKHQIA	 =J@ LNA?EOAHU

�RKHQIAO�@EBBANEJC�BNKI�A=?D�KPDAN�>U�JK�IKNA�PD=J�����I+	�



� %5H<9A5H=75@�,F95HA9BH�C:�%95GIF9A9BH�*9GI@HG

!U�PDA�AJ@�KB�PDEO�OA?PEKJ��UKQ�SEHH�>A�=>HA�PK�

t $TLH=EJ�PDA�@EIAJOEKJ=H�=J=HUOEO��B=?PKN�H=>AH	�=LLNK=?D�PK�I=PDAI=PE?=H�?=H?QH=PEKJO�EJRKHREJC�MQ=JPEPEAO

t 4OA�@EIAJOEKJ=H�=J=HUOEO�PK�?=NNU�KQP�QJEP�?KJRANOEKJO�BKN�=�CERAJ�LNKLANPU�=J@�?KILQP=PEKJO�EJRKHREJC�PSK

KN�IKNA�LNKLANPEAO

�� "C<KO@M���V�$NN@IOD<G�(?@<N

3CDN�.K@I2O<S�=JJF�DN�<Q<DG<=G@�AJM�AM@@�<O�COOK���>IS�JMB�>JIO@IO�>JG���������



(P EO KBPAJ PDA ?=OA PD=P = MQ=JPEPU KB EJPANAOP I=U JKP >A A=OU �KN ARAJ LKOOE>HA	 PK IA=OQNA @ENA?PHU >QP EJOPA=@

IQOP >A ?=H?QH=PA@ BNKI KPDAN @ENA?PHU IA=OQNA@ LNKLANPEAO =J@ =LLNKLNE=PA I=PDAI=PE?=H NAH=PEKJODELO� %KN AT=ILHA�

?KJOE@AN IA=OQNEJC PDA =RAN=CA OLAA@ KB =J =PDHAPA NQJJEJC OLNEJPO� 3DEO EO PULE?=HHU =??KILHEODA@ >U IA=OQNEJC PDA

A6:2 NAMQENA@ BKN PDA =PDHAPA PK NQJ BNKI PDA OP=NPEJC HEJA PK PDA BEJEOD HEJA� =J@ PDA 16@A.;02 >APSAAJ PDAOA PSK HEJAO�

=J@�PDAJ�?KILQPEJC @=221 BNKI�PDA�AMQ=PEKJ�PD=P�NAH=PAO�PDAOA�PDNAA�LNKLANPEAO�

speed = distance
time

 J�.HUILE?
MQ=HEPU�OLNEJPAN�?=J�NQJ�����I�EJ�=LLNKTEI=PAHU����O��?KNNAOLKJ@EJC�PK�=J�=RAN=CA�OLAA@�KB

100 m
10 s

= 10 m/s

-KPA PD=P PDEO OEILHA =NEPDIAPE? EJRKHRAO @ERE@EJC PDA JQI>ANO KB A=?D IA=OQNA@ MQ=JPEPU PK UEAH@ PDA JQI>AN KB

PDA ?KILQPA@ MQ=JPEPU ������� � ��	 .;1 9682D6@2 @ERE@EJC PDA QJEPO KB A=?D IA=OQNA@ MQ=JPEPU PK UEAH@ PDA QJEP KB

PDA ?KILQPA@ MQ=JPEPU �I�O � I�O	� -KS� ?KJOE@AN QOEJC PDEO O=IA NAH=PEKJ PK LNA@E?P PDA PEIA NAMQENA@ BKN = LANOKJ

NQJJEJC =P PDEO OLAA@ PK PN=RAH = @EOP=J?A KB �� I� 3DA O=IA NAH=PEKJ =IKJC PDA PDNAA LNKLANPEAO EO QOA@� >QP EJ PDEO

?=OA� PDA PSK MQ=JPEPEAO LNKRE@A@ =NA = OLAA@ ��� I�O	 =J@ = @EOP=J?A ��� I	� 3K UEAH@ PDA OKQCDP LNKLANPU� PEIA� PDA

AMQ=PEKJ�IQOP�>A�NA=NN=JCA@�=LLNKLNE=PAHU�

time = distance
speed

3DA�PEIA�?=J�PDAJ�>A�?KILQPA@�=O�

25 m
10 m/s

= 2.5 s

 C=EJ� =NEPDIAPE? KJ PDA JQI>ANO ������ � ���	 S=O =??KIL=JEA@ >U PDA O=IA =NEPDIAPE? KJ PDA QJEPO �I�I�O � O	 PK

UEAH@ PDA JQI>AN =J@ QJEP KB PDA NAOQHP� ��� O� -KPA PD=P� FQOP =O BKN JQI>ANO� SDAJ = QJEP EO @ERE@A@ >U =J E@AJPE?=H

QJEP��EJ�PDEO�?=OA��I�I	��PDA�NAOQHP�EO�x�yvKN��=O�?KIIKJHU�LDN=OA@��PDA�QJEPO�x?=J?AH�y

3DAOA ?=H?QH=PEKJO =NA AT=ILHAO KB = RANO=PEHA I=PDAI=PE?=H =LLNK=?D GJKSJ =O 27;3<A7=</: /</:GA7A �KN PDA 4/1B=@�

:/03: ;3B6=2	� #EIAJOEKJ=H =J=HUOEO EO >=OA@ KJ PDEO LNAIEOA� A52 B;6A@ <3 >B.;A6A62@ :B@A /2 @B/720A21 A< A52 @.:2

:.A52:.A60.9 <=2?.A6<;@ .@ A526? .@@<06.A21 ;B:/2?@� 3DEO IAPDK@ ?=J >A =LLHEA@ PK ?KILQP=PEKJO N=JCEJC BNKI

OEILHA�QJEP�?KJRANOEKJO�PK�IKNA�?KILHAT��IQHPE
OPAL�?=H?QH=PEKJO�EJRKHREJC�OARAN=H�@EBBANAJP�MQ=JPEPEAO�

�CBJ9FG=CB��57HCFG�5B8��=A9BG=CB5@��B5@MG=G

 N=PEK KB PSK AMQER=HAJP MQ=JPEPEAO ATLNAOOA@ SEPD @EBBANAJP IA=OQNAIAJP QJEPO ?=J >A QOA@ =O = C<7B 1=<D3@A7=<

4/1B=@� %KN AT=ILHA� PDA HAJCPDO KB ���� ?I =J@ � EJ� =NA AMQER=HAJP �>U @ABEJEPEKJ	� =J@ OK = QJEP ?KJRANOEKJ B=?PKN

I=U�>A�@ANERA@�BNKI�PDA�N=PEK�

2.54 cm
1 in.

(2.54 cm = 1 in.) or 2.54 cm
in.

2ARAN=H�KPDAN�?KIIKJHU�QOA@�?KJRANOEKJ�B=?PKNO�=NA�CERAJ�EJ ,56@9�

��

�CAACB��CBJ9FG=CB��57HCFG

$9B;H< .C@IA9 %5GG

��H����������T? ��+����������LO ��FB����������G=

��DI���������>H��@S<>O	 ��LO�����������+ ��G=����������B

��FH�����������HD ��AO� ���������+ ���<QJDM?PKJDN	�JU����������B

��HD����������H ��O=NK����������H+ ���OMJT	�JU����������B

,56@9�

�

"C<KO@M���V�$NN@IOD<G�(?@<N ��



6DAJ = MQ=JPEPU �OQ?D =O @EOP=J?A EJ EJ?DAO	 EO IQHPELHEA@ >U =J =LLNKLNE=PA QJEP ?KJRANOEKJ B=?PKN� PDA MQ=JPEPU EO

?KJRANPA@ PK =J AMQER=HAJP R=HQA SEPD @EBBANAJP QJEPO �OQ?D =O @EOP=J?A EJ ?AJPEIAPANO	� %KN AT=ILHA� = >=OGAP>=HH

LH=UANwO�RANPE?=H�FQIL�KB����EJ?DAO�?=J�>A�?KJRANPA@�PK�?AJPEIAPANO�>U�

34 in. × 2.54 cm
1 in.

= 86 cm

2EJ?A PDEO OEILHA =NEPDIAPE? EJRKHRAO >B.;A6A62@� PDA LNAIEOA KB @EIAJOEKJ=H =J=HUOEO NAMQENAO PD=P SA IQHPELHU >KPD

;B:/2?@ .;1 B;6A@� 3DA JQI>ANO KB PDAOA PSK MQ=JPEPEAO =NA IQHPELHEA@ PK UEAH@ PDA JQI>AN KB PDA LNK@Q?P MQ=JPEPU� ���

SDANA=O PDA QJEPO =NA IQHPELHEA@ PK UEAH@ in. × cm
in.

� )QOP =O BKN JQI>ANO� = N=PEK KB E@AJPE?=H QJEPO EO =HOK JQIANE?=HHU

AMQ=H PK KJA� in.
in.

= 1, =J@ PDA QJEP LNK@Q?P PDQO OEILHEBEAO PK 0:� �6DAJ E@AJPE?=H QJEPO @ERE@A PK UEAH@ = B=?PKN KB

�� PDAU =NA O=E@ PK x?=J?AH�y	 #EIAJOEKJ=H =J=HUOEO I=U >A QOA@ PK ?KJBENI PDA LNKLAN =LLHE?=PEKJ KB QJEP ?KJRANOEKJ

B=?PKNO�=O�@AIKJOPN=PA@�EJ�PDA�BKHHKSEJC�AT=ILHA�

�L5AD@9�

�

-G=B;�5�-B=H��CBJ9FG=CB��57HCF

3DA I=OO KB = ?KILAPEPEKJ BNEO>AA EO ��� C� "KJRANP EPO I=OO PK KQJ?AO QOEJC PDA QJEP ?KJRANOEKJ B=?PKN

@ANERA@�BNKI�PDA�NAH=PEKJODEL���KV����������C��,56@9�

�	�

+C@IH=CB

&ERAJ PDA ?KJRANOEKJ B=?PKN� PDA I=OO EJ KQJ?AO I=U >A @ANERA@ QOEJC =J AMQ=PEKJ OEIEH=N PK PDA KJA QOA@

BKN�?KJRANPEJC�HAJCPD�BNKI�EJ?DAO�PK�?AJPEIAPANO�

x oz = 125 g × unit conversion factor

3DA�QJEP�?KJRANOEKJ�B=?PKN�I=U�>A�NALNAOAJPA@�=O�

1 oz
28.349 g

and
28.349 g

1 oz

3DA�?KNNA?P�QJEP�?KJRANOEKJ�B=?PKN�EO�PDA�N=PEK�PD=P�?=J?AHO�PDA�QJEPO�KB�CN=IO�=J@�HA=RAO�KQJ?AO�

x oz = 125 g × 1 oz
28.349 g

=
⎛
⎝

125
28.349

⎞
⎠oz

= 4.41 oz (three significant figures)

�<97?�1CIF�$95FB=B;

"KJRANP�=�RKHQIA�KB�������MP�PK�HEPANO�

�<AE3@� ������+

�� "C<KO@M���V�$NN@IOD<G�(?@<N

3CDN�.K@I2O<S�=JJF�DN�<Q<DG<=G@�AJM�AM@@�<O�COOK���>IS�JMB�>JIO@IO�>JG���������



!AUKJ@ OEILHA QJEP ?KJRANOEKJO� PDA B=?PKN
H=>AH IAPDK@ ?=J >A QOA@ PK OKHRA IKNA ?KILHAT LNK>HAIO EJRKHREJC

?KILQP=PEKJO� 1AC=N@HAOO KB PDA @AP=EHO� PDA >=OE? =LLNK=?D EO PDA O=IAv=HH PDA 3.0A<?@ EJRKHRA@ EJ PDA ?=H?QH=PEKJ

IQOP >A =LLNKLNE=PAHU KNEAJPA@ PK AJOQNA PD=P PDAEN 9./29@ �QJEPO	 SEHH =LLNKLNE=PAHU ?=J?AH =J@�KN ?KI>EJA PK UEAH@ PDA

@AOENA@ QJEP EJ PDA NAOQHP�  O UKQN OPQ@U KB ?DAIEOPNU ?KJPEJQAO� UKQ SEHH AJ?KQJPAN I=JU KLLKNPQJEPEAO PK =LLHU PDEO

=LLNK=?D�

�L5AD@9�

�

�CADIH=B;�)I5BH=H=9G�:FCA�%95GIF9A9BH�*9GI@HG�5B8�#BCKB

%5H<9A5H=75@�*9@5H=CBG

6D=P EO PDA @AJOEPU KB ?KIIKJ =JPEBNAAVA EJ QJEPO KB C�I+�  ����
MP O=ILHA KB PDA =JPEBNAAVA SAECDO ����

H>�

+C@IH=CB

2EJ?A density = mass
volume

� SA JAA@ PK @ERE@A PDA I=OO EJ CN=IO >U PDA RKHQIA EJ IEHHEHEPANO� (J CAJAN=H� PDA

JQI>AN KB QJEPO KB ! � PDA JQI>AN KB QJEPO KB  × QJEP ?KJRANOEKJ B=?PKN� 3DA JA?AOO=NU ?KJRANOEKJ B=?PKNO

=NA CERAJ EJ ,56@9 

�� � H> � ������ C� � + � ������ MP� � + � ����� I+� ,=OO I=U >A ?KJRANPA@ BNKI

LKQJ@O�PK�CN=IO�=O�BKHHKSO�

9.26 lb ×
453.59 g

1 lb
= 4.20 × 103 g

5KHQIA�I=U�>A�?KJRANPA@�BNKI�MQ=NPO�PK�IEHHEIAPANO�RE=�PSK�OPALO�

Step 1. �<;C2?A�>B.?A@�A<�96A2?@�

4.00 qt × 1 L
1.0567 qt

= 3.78 L

Step 2. �<;C2?A�96A2?@�A<�:699696A2?@�

3.78 L × 1000 mL
1 L

= 3.78 × 103 mL

3DAJ�

density =
4.20 × 103 g

3.78 × 103 mL
= 1.11 g/mL

 HPANJ=PERAHU� PDA ?=H?QH=PEKJ ?KQH@ >A OAP QL EJ = S=U PD=P QOAO PDNAA QJEP ?KJRANOEKJ B=?PKNO OAMQAJPE=HHU =O

BKHHKSO�

9.26 lb
4.00 qt

×
453.59 g

1 lb
×

1.0567 qt

1 L
× 1 L

1000 mL
= 1.11 g/mL

�<97?�1CIF�$95FB=B;

6D=P�EO�PDA�RKHQIA�EJ�HEPANO�KB�������KV��CERAJ�PD=P���+����������MP�=J@���MP������KV��AT=?PHU	�

�<AE3@� ������b���~� +

�L5AD@9�


�

�CADIH=B;�)I5BH=H=9G�:FCA�%95GIF9A9BH�*9GI@HG�5B8�#BCKB

%5H<9A5H=75@�*9@5H=CBG

6DEHA >AEJC @NERAJ BNKI /DEH=@AHLDE= PK  PH=JP=� = @EOP=J?A KB =>KQP ���� GI� = ���� +=I>KNCDEJE

 RAJP=@KN�1K=@OPAN�QOAO�����+�C=OKHEJA�

�=	�6D=P��=RAN=CA	�BQAH�A?KJKIU��EJ�IEHAO�LAN�C=HHKJ��@E@�PDA�1K=@OPAN�CAP�@QNEJC�PDEO�PNEL�

"C<KO@M���V�$NN@IOD<G�(?@<N ��



�>	�(B�C=OKHEJA�?KOPO�������LAN�C=HHKJ��SD=P�S=O�PDA�BQAH�?KOP�BKN�PDEO�PNEL�

+C@IH=CB

�=	�%ENOP�?KJRANP�@EOP=J?A�BNKI�GEHKIAPANO�PK�IEHAO�

1250 km × 0.62137 mi
1 km

= 777 mi

=J@�PDAJ�?KJRANP�RKHQIA�BNKI�HEPANO�PK�C=HHKJO�

213 L ×
1.0567 qt

1 L
×

1 gal
4 qt

= 56.3 gal

%EJ=HHU�

(average) mileage = 777 mi
56.3 gal

= 13.8 miles/gallon = 13.8 mpg

 HPANJ=PERAHU� PDA ?=H?QH=PEKJ ?KQH@ >A OAP QL EJ = S=U PD=P QOAO =HH PDA ?KJRANOEKJ B=?PKNO OAMQAJPE=HHU� =O

BKHHKSO�

1250 km
213 L

× 0.62137 mi
1 km

× 1 L
1.0567 qt

×
4 qt

1 gal
= 13.8 mpg

�>	�4OEJC�PDA�LNAREKQOHU�?=H?QH=PA@�RKHQIA�EJ�C=HHKJO��SA�BEJ@�

56.3 gal × $3.80
1 gal

= $214

�<97?�1CIF�$95FB=B;

 3KUKP= /NEQO 'U>NE@ QOAO ���� + C=OKHEJA PK @NERA BNKI 2=J %N=J?EO?K PK 2A=PPHA� = @EOP=J?A KB ���� GI

�PSK�OECJEBE?=JP�@ECEPO	�

�=	�6D=P��=RAN=CA	�BQAH�A?KJKIU��EJ�IEHAO�LAN�C=HHKJ��@E@�PDA�/NEQO�CAP�@QNEJC�PDEO�PNEL�

�>	�(B�C=OKHEJA�?KOPO�������LAN�C=HHKJ��SD=P�S=O�PDA�BQAH�?KOP�BKN�PDEO�PNEL�

�<AE3@� �=	����ILC���>	����

�CBJ9FG=CB�C:�,9AD9F5HIF9�-B=HG

6A QOA PDA SKN@ B3;>3@/BC@3 PK NABAN PK PDA DKPJAOO KN ?KH@JAOO KB = OQ>OP=J?A� .JA S=U SA IA=OQNA = ?D=JCA EJ

PAILAN=PQNA EO PK QOA PDA B=?P PD=P IKOP OQ>OP=J?AO ATL=J@ SDAJ PDAEN PAILAN=PQNA EJ?NA=OAO =J@ ?KJPN=?P SDAJ PDAEN

PAILAN=PQNA @A?NA=OAO� 3DA IAN?QNU KN =H?KDKH EJ = ?KIIKJ CH=OO PDANIKIAPAN ?D=JCAO EPO RKHQIA =O PDA PAILAN=PQNA

?D=JCAO��=J@�PDA�LKOEPEKJ�KB�PDA�PN=LLA@�HEMQE@�=HKJC�=�LNEJPA@�O?=HA�I=U�>A�QOA@�=O�=�IA=OQNA�KB�PAILAN=PQNA�

3AILAN=PQNA O?=HAO =NA @ABEJA@ NAH=PERA PK OAHA?PA@ NABANAJ?A PAILAN=PQNAO� 3SK KB PDA IKOP ?KIIKJHU QOA@ =NA PDA

BNAAVEJC =J@ >KEHEJC PAILAN=PQNAO KB S=PAN =P = OLA?EBEA@ =PIKOLDANE? LNAOOQNA� .J PDA "AHOEQO O?=HA� � Z" EO @ABEJA@

=O PDA BNAAVEJC PAILAN=PQNA KB S=PAN =J@ ��� Z" =O PDA >KEHEJC PAILAN=PQNA KB S=PAN� 3DA OL=?A >APSAAJ PDA PSK

PAILAN=PQNAO EO @ERE@A@ EJPK ��� AMQ=H EJPANR=HO� SDE?D SA ?=HH @ACNAAO� .J PDA �/6@3<637B O?=HA� PDA BNAAVEJC LKEJP KB

S=PAN EO @ABEJA@ =O �� Z% =J@ PDA >KEHEJC PAILAN=PQNA =O ��� Z%� 3DA OL=?A >APSAAJ PDAOA PSK LKEJPO KJ = %=DNAJDAEP

PDANIKIAPAN�EO�@ERE@A@�EJPK�����AMQ=H�L=NPO��@ACNAAO	�

#ABEJEJC PDA "AHOEQO =J@ %=DNAJDAEP PAILAN=PQNA O?=HAO =O @AO?NE>A@ EJ PDA LNAREKQO L=N=CN=LD NAOQHPO EJ = OHECDPHU

IKNA ?KILHAT NAH=PEKJODEL >APSAAJ PAILAN=PQNA R=HQAO KJ PDAOA PSK O?=HAO PD=J BKN @EBBANAJP QJEPO KB IA=OQNA BKN

KPDAN LNKLANPEAO� ,KOP IA=OQNAIAJP QJEPO BKN = CERAJ LNKLANPU =NA @ENA?PHU LNKLKNPEKJ=H PK KJA =JKPDAN �U � IT	� 4OEJC

B=IEHE=N�HAJCPD�QJEPO�=O�KJA�AT=ILHA�

length in feet =
⎛
⎝

1 ft
12 in.

⎞
⎠× length in inches

SDANA U � HAJCPD EJ BAAP� T � HAJCPD EJ EJ?DAO� =J@ PDA LNKLKNPEKJ=HEPU ?KJOP=JP� I� EO PDA ?KJRANOEKJ B=?PKN� 3DA "AHOEQO

�� "C<KO@M���V�$NN@IOD<G�(?@<N

3CDN�.K@I2O<S�=JJF�DN�<Q<DG<=G@�AJM�AM@@�<O�COOK���>IS�JMB�>JIO@IO�>JG���������



=J@ %=DNAJDAEP PAILAN=PQNA O?=HAO� DKSARAN� @K JKP OD=NA = ?KIIKJ VANK LKEJP� =J@ OK PDA NAH=PEKJODEL >APSAAJ PDAOA

PSK O?=HAO EO = HEJA=N KJA N=PDAN PD=J = LNKLKNPEKJ=H KJA �U � IT � >	� "KJOAMQAJPHU� ?KJRANPEJC = PAILAN=PQNA BNKI

KJA KB PDAOA O?=HAO EJPK PDA KPDAN NAMQENAO IKNA PD=J OEILHA IQHPELHE?=PEKJ >U = ?KJRANOEKJ B=?PKN� I� EP =HOK IQOP P=GA

EJPK�=??KQJP�@EBBANAJ?AO�EJ�PDA�O?=HAOw�VANK�LKEJPO��>	�

3DA HEJA=N AMQ=PEKJ NAH=PEJC "AHOEQO =J@ %=DNAJDAEP PAILAN=PQNAO EO A=OEHU @ANERA@ BNKI PDA PSK PAILAN=PQNAO QOA@

PK @ABEJA A=?D O?=HA� 1ALNAOAJPEJC PDA "AHOEQO PAILAN=PQNA =O E =J@ PDA %=DNAJDAEP PAILAN=PQNA =O F� PDA OHKLA� :� EO

?KILQPA@�PK�>A�

m =
Δy

Δx
= 212 °F − 32 °F

100 °C − 0 °C
= 180 °F

100 °C
= 9 °F

5 °C

3DA F
EJPAN?ALP KB PDA AMQ=PEKJ� /� EO PDAJ ?=H?QH=PA@ QOEJC AEPDAN KB PDA AMQER=HAJP PAILAN=PQNA L=ENO� ���� Z"� ��� Z%	

KN����Z"�����Z%	��=O�

b = y − mx = 32 °F − 9 °F
5 °C

× 0 °C = 32 °F

3DA�AMQ=PEKJ�NAH=PEJC�PDA�PAILAN=PQNA��&	�O?=HAO�EO�PDAJ�

T°F =
⎛
⎝
9 °F
5 °C

× T°C
⎞
⎠ + 32 °C

 J�=>>NARE=PA@�BKNI�KB�PDEO�AMQ=PEKJ�PD=P�KIEPO�PDA�IA=OQNAIAJP�QJEPO�EO�

T°F =
⎛
⎝

9
5

× T°C
⎞
⎠ + 32

1A=NN=JCAIAJP�KB�PDEO�AMQ=PEKJ�UEAH@O�PDA�BKNI�QOABQH�BKN�?KJRANPEJC�BNKI�%=DNAJDAEP�PK�"AHOEQO�

T°C = 5
9

⎛
⎝T°F − 32⎞

⎠

 O IAJPEKJA@ A=NHEAN EJ PDEO ?D=LPAN� PDA 2( QJEP KB PAILAN=PQNA EO PDA GAHREJ �*	� 4JHEGA PDA "AHOEQO =J@ %=DNAJDAEP

O?=HAO� PDA GAHREJ O?=HA EO =J =>OKHQPA PAILAN=PQNA O?=HA EJ SDE?D � �VANK	 * ?KNNAOLKJ@O PK PDA HKSAOP PAILAN=PQNA PD=P

?=J PDAKNAPE?=HHU >A =?DEARA@� 2EJ?A PDA GAHREJ PAILAN=PQNA O?=HA EO =>OKHQPA� = @ACNAA OUI>KH EO JKP EJ?HQ@A@ EJ PDA

QJEP =>>NARE=PEKJ� *� 3DA A=NHU ��PD
?AJPQNU @EO?KRANU KB PDA NAH=PEKJODEL >APSAAJ = C=OwO RKHQIA =J@ PAILAN=PQNA

OQCCAOPA@ PD=P PDA RKHQIA KB = C=O SKQH@ >A VANK =P ~������ Z"� (J ����� !NEPEOD LDUOE?EOP 6EHHE=I 3DKILOKJ� SDK

H=PAN =@KLPA@ PDA PEPHA KB +KN@ *AHREJ� LNKLKOA@ =J =>OKHQPA PAILAN=PQNA O?=HA >=OA@ KJ PDEO ?KJ?ALP �BQNPDAN PNA=PIAJP

KB�PDEO�PKLE?�EO�LNKRE@A@�EJ�PDEO�PATPwO�?D=LPAN�KJ�C=OAO	�

3DA BNAAVEJC PAILAN=PQNA KB S=PAN KJ PDEO O?=HA EO ������ * =J@ EPO >KEHEJC PAILAN=PQNA EO ������ *� -KPE?A PDA

JQIANE?=H @EBBANAJ?A EJ PDAOA PSK NABANAJ?A PAILAN=PQNAO EO ���� PDA O=IA =O BKN PDA "AHOEQO O?=HA� =J@ OK PDA HEJA=N

NAH=PEKJ >APSAAJ PDAOA PSK PAILAN=PQNA O?=HAO SEHH ATDE>EP = OHKLA KB 1 K
°C
� %KHHKSEJC PDA O=IA =LLNK=?D� PDA

AMQ=PEKJO�BKN�?KJRANPEJC�>APSAAJ�PDA�GAHREJ�=J@�"AHOEQO�PAILAN=PQNA�O?=HAO�=NA�@ANERA@�PK�>A�

TK = T°C + 273.15

T°C = TK − 273.15

3DA ������ EJ PDAOA AMQ=PEKJO D=O >AAJ @APANIEJA@ ATLANEIAJP=HHU� OK EP EO JKP AT=?P� �=;IF9 

�� ODKSO PDA

NAH=PEKJODEL�=IKJC�PDA�PDNAA�PAILAN=PQNA�O?=HAO�

"C<KO@M���V�$NN@IOD<G�(?@<N ��



�=;IF9�

�� 3C@�%<CM@IC@DO��"@GNDPN��<I?�F@GQDI�O@HK@M<OPM@�N><G@N�<M@�>JHK<M@?�

�� "C<KO@M���V�$NN@IOD<G�(?@<N

3CDN�.K@I2O<S�=JJF�DN�<Q<DG<=G@�AJM�AM@@�<O�COOK���>IS�JMB�>JIO@IO�>JG���������



 HPDKQCD PDA GAHREJ �=>OKHQPA	 PAILAN=PQNA O?=HA EO PDA KBBE?E=H 2( PAILAN=PQNA O?=HA� "AHOEQO EO ?KIIKJHU QOA@ EJ

I=JU O?EAJPEBE? ?KJPATPO =J@ EO PDA O?=HA KB ?DKE?A BKN JKJO?EAJ?A ?KJPATPO EJ =HIKOP =HH =NA=O KB PDA SKNH@� 5ANU

BAS ?KQJPNEAO �PDA 4�2� =J@ EPO PANNEPKNEAO� PDA !=D=I=O� !AHEVA� "=UI=J (OH=J@O� =J@ /=H=Q	 OPEHH QOA %=DNAJDAEP BKN

SA=PDAN��IA@E?EJA��=J@�?KKGEJC�

�L5AD@9�





�CBJ9FG=CB�:FCA��9@G=IG

-KNI=H >K@U PAILAN=PQNA D=O >AAJ ?KIIKJHU =??ALPA@ =O ���� Z" �=HPDKQCD EP R=NEAO @ALAJ@EJC KJ PEIA

KB @=U =J@ IAPDK@ KB IA=OQNAIAJP� =O SAHH =O =IKJC EJ@ERE@Q=HO	� 6D=P EO PDEO PAILAN=PQNA KJ PDA GAHREJ

O?=HA�=J@�KJ�PDA�%=DNAJDAEP�O?=HA�

+C@IH=CB

K = °C + 273.15 = 37.0 + 273.2 = 310.2 K

°F = 9
5

°C + 32.0 =
⎛
⎝
9
5

× 37.0
⎞
⎠ + 32.0 = 66.6 + 32.0 = 98.6 °F

�<97?�1CIF�$95FB=B;

"KJRANP�������Z"�PK�*�=J@�Z%�

�<AE3@� �������*��������Z%

�L5AD@9�


�

�CBJ9FG=CB�:FCA��5<F9B<9=H

!=GEJC = NA=@U
I=@A LEVV= ?=HHO BKN =J KRAJ PAILAN=PQNA KB ��� Z%� (B UKQ =NA EJ $QNKLA� =J@ UKQN KRAJ

PDANIKIAPAN�QOAO�PDA�"AHOEQO�O?=HA��SD=P�EO�PDA�OAPPEJC��6D=P�EO�PDA�GAHREJ�PAILAN=PQNA�

+C@IH=CB

°C = 5
9

(°F − 32) = 5
9

(450 − 32) = 5
9

× 418 = 232 °C ⟶ set oven to 230 °C ⎛
⎝two significant figures ⎞

⎠

K = °C + 273.15 = 230 + 273 = 503 K ⟶ 5.0 × 102 K ⎛
⎝two significant figures ⎞

⎠

�<97?�1CIF�$95FB=B;

"KJRANP����Z%�PK�Z"�=J@�*�

�<AE3@� ���Z"������*

"C<KO@M���V�$NN@IOD<G�(?@<N ��



/11C@/1G

/B=;

�3:A7CA��I��

163;71/:�16/<53

163;71/:�>@=>3@BG

163;7AB@G

1=;>=C<2

1C071�13<B7;3B3@��1;
 =@�11�

1C071�;3B3@��;
�

23<A7BG

27;3<A7=</:�/</:GA7A

3:3;3<B

3F/1B�<C;03@

3FB3<A7D3�>@=>3@BG

�/6@3<637B

5/A

63B3@=53<3=CA�;7FBC@3

6=;=53<3=CA�;7FBC@3

6G>=B63A7A

7<B3<A7D3�>@=>3@BG

93:D7<����

97:=5@/;��95�

:/E

:/E�=4�1=<A3@D/B7=<�=4�;/BB3@

:3<5B6

:7?C72

#9M�,9FAG

DKS�?HKOAHU�=�IA=OQNAIAJP�=HECJO�SEPD�=�?KNNA?P�R=HQA

OI=HHAOP�L=NPE?HA�KB�=J�AHAIAJP�PD=P�?=J�AJPAN�EJPK�=�?DAIE?=H�?KI>EJ=PEKJ

QJEP�KB�PAILAN=PQNA��S=PAN�BNAAVAO�=P���Z"�=J@�>KEHO�=P�����Z"�KJ�PDEO�O?=HA

?D=JCA�LNK@Q?EJC�=�@EBBANAJP�GEJ@�KB�I=PPAN�BNKI�PDA�KNECEJ=H�GEJ@�KB�I=PPAN

>AD=REKN�PD=P�EO�NAH=PA@�PK�PDA�?D=JCA�KB�KJA�GEJ@�KB�I=PPAN�EJPK�=JKPDAN�GEJ@�KB�I=PPAN

OPQ@U�KB�PDA�?KILKOEPEKJ��LNKLANPEAO��=J@�EJPAN=?PEKJO�KB�I=PPAN

LQNA�OQ>OP=J?A�PD=P�?=J�>A�@A?KILKOA@�EJPK�PSK�KN�IKNA�AHAIAJPO

RKHQIA�KB�=�?Q>A�SEPD�=J�A@CA�HAJCPD�KB�AT=?PHU���?I

2(�QJEP�KB�RKHQIA

N=PEK�KB�I=OO�PK�RKHQIA�BKN�=�OQ>OP=J?A�KN�K>FA?P

�=HOK��B=?PKN
H=>AH�IAPDK@	�RANO=PEHA�I=PDAI=PE?=H�=LLNK=?D�PD=P�?=J�>A�=LLHEA@�PK

?KILQP=PEKJO�N=JCEJC�BNKI�OEILHA�QJEP�?KJRANOEKJO�PK�IKNA�?KILHAT��IQHPE
OPAL�?=H?QH=PEKJO�EJRKHREJC�OARAN=H

@EBBANAJP�MQ=JPEPEAO

OQ>OP=J?A�PD=P�EO�?KILKOA@�KB�=�OEJCHA�PULA�KB�=PKI��=�OQ>OP=J?A�PD=P�?=JJKP�>A�@A?KILKOA@�>U�=�?DAIE?=H

?D=JCA

JQI>AN�@ANERA@�>U�?KQJPEJC�KN�>U�@ABEJEPEKJ

LNKLANPU�KB�=�OQ>OP=J?A�PD=P�@ALAJ@O�KJ�PDA�=IKQJP�KB�PDA�OQ>OP=J?A

QJEP�KB�PAILAN=PQNA��S=PAN�BNAAVAO�=P����Z%�=J@�>KEHO�=P�����Z%�KJ�PDEO�O?=HA

OP=PA�EJ�SDE?D�I=PPAN�D=O�JAEPDAN�@ABEJEPA�RKHQIA�JKN�OD=LA

?KI>EJ=PEKJ�KB�OQ>OP=J?AO�SEPD�=�?KILKOEPEKJ�PD=P�R=NEAO�BNKI�LKEJP�PK�LKEJP

�=HOK��OKHQPEKJ	�?KI>EJ=PEKJ�KB�OQ>OP=J?AO�SEPD�=�?KILKOEPEKJ�PD=P�EO�QJEBKNI�PDNKQCDKQP

PAJP=PERA�ATLH=J=PEKJ�KB�K>OANR=PEKJO�PD=P�=?PO�=O�=�CQE@A�BKN�C=PDANEJC�=J@�?DA?GEJC�EJBKNI=PEKJ

LNKLANPU�KB�=�OQ>OP=J?A�PD=P�EO�EJ@ALAJ@AJP�KB�PDA�=IKQJP�KB�PDA�OQ>OP=J?A

2(�QJEP�KB�PAILAN=PQNA���������*�����^"

OP=J@=N@�2(�QJEP�KB�I=OO����GC���=LLNKTEI=PAHU�����LKQJ@O

OP=PAIAJP�PD=P�OQII=NEVAO�=�R=OP�JQI>AN�KB�ATLANEIAJP=H�K>OANR=PEKJO��=J@�@AO?NE>AO�KN�LNA@E?PO�OKIA�=OLA?P

KB�PDA�J=PQN=H�SKNH@

SDAJ�I=PPAN�?KJRANPO�BNKI�KJA�PULA�PK�=JKPDAN�KN�?D=JCAO�BKNI��PDANA�EO�JK

@APA?P=>HA�?D=JCA�EJ�PDA�PKP=H�=IKQJP�KB�I=PPAN�LNAOAJP

IA=OQNA�KB�KJA�@EIAJOEKJ�KB�=J�K>FA?P

OP=PA�KB�I=PPAN�PD=P�D=O�=�@ABEJEPA�RKHQIA�>QP�EJ@ABEJEPA�OD=LA

�� "C<KO@M���V�$NN@IOD<G�(?@<N
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>@317A7=<

>C@3�AC0AB/<13

@=C<27<5

A173<B7471�;3B6=2

A31=<2��A�

'��C<7BA���<B3@</B7=</:�'GAB3;�=4�)<7BA�

A75<7471/<B�475C@3A

A=:72

AG;0=:71�2=;/7<

B3;>3@/BC@3

B63=@G

C<13@B/7<BG

C<7B

C<7B�1=<D3@A7=<�4/1B=@

�=HOK��?Q>E?�@A?EIAPAN	�QJEP�KB�RKHQIA����+���������?I�

NA=HI�KB�ARANU@=U�PDEJCO�PD=P�=NA�H=NCA�AJKQCD�PK�OAJOA�@ENA?PHU�>U�DQI=J�OECDP�=J@�PKQ?D

BQJ@=IAJP=H�LNKLANPU�EJ@E?=PEJC�=IKQJP�KB�I=PPAN

=JUPDEJC�PD=P�K??QLEAO�OL=?A�=J@�D=O�I=OO

OP=J@=N@�IAPNE?�=J@�2(�QJEP�KB�HAJCPD����I���=LLNKTEI=PAHU�������U=N@O

NA=HI�KB�PDEJCO�PD=P�=NA�IQ?D�PKK�OI=HH�PK�>A�OAJOA@�@ENA?PHU

��������KB�=�HEPAN��AMQ=H�PK���?I�

I=PPAN�PD=P�?=J�>A�OAL=N=PA@�EJPK�EPO�?KILKJAJPO�>U�LDUOE?=H�IA=JO

>KJ@A@�?KHHA?PEKJ�KB�PSK�KN�IKNA�=PKIO�KB�PDA�O=IA�KN�@EBBANAJP�AHAIAJPO

?D=JCA�EJ�PDA�OP=PA�KN�LNKLANPEAO�KB�I=PPAN�PD=P�@KAO�JKP�EJRKHRA�=�?D=JCA�EJ�EPO�?DAIE?=H

?KILKOEPEKJ

?D=N=?PANEOPE?�KB�I=PPAN�PD=P�EO�JKP�=OOK?E=PA@�SEPD�=JU�?D=JCA�EJ�EPO�?DAIE?=H�?KILKOEPEKJ

C=OAKQO�OP=PA�KB�I=PPAN�?KJP=EJEJC�=�H=NCA�JQI>AN�KB�AHA?PNE?=HHU�?D=NCA@�=PKIO�=J@�KN�IKHA?QHAO

DKS�?HKOAHU�=�IA=OQNAIAJP�I=P?DAO�PDA�O=IA�IA=OQNAIAJP�SDAJ�NALA=PA@

DKIKCAJAKQO�OQ>OP=J?A�PD=P�D=O�=�?KJOP=JP�?KILKOEPEKJ

LNK?A@QNA�QOA@�PK�AJOQNA�PD=P�?=H?QH=PA@�NAOQHPO�LNKLANHU�NABHA?P�PDA�QJ?ANP=EJPU�EJ�PDA�IA=OQNAIAJPO�QOA@

EJ�PDA�?=H?QH=PEKJ

L=PD�KB�@EO?KRANU�PD=P�HA=@O�BNKI�MQAOPEKJ�=J@�K>OANR=PEKJ�PK�H=S�KN�DULKPDAOEO�PK�PDAKNU�

?KI>EJA@�SEPD�ATLANEIAJP=H�RANEBE?=PEKJ�KB�PDA�DULKPDAOEO�=J@�=JU�JA?AOO=NU�IK@EBE?=PEKJ�KB�PDA�PDAKNU

2(�QJEP�KB�PEIA

OP=J@=N@O�BETA@�>U�EJPANJ=PEKJ=H�=CNAAIAJP�EJ�PDA�(JPANJ=PEKJ=H�2UOPAI�KB

4JEPO���2�%F@AJ:2��;A2?;.A6<;.9�1Z';6AK@	

�=HOK��OECJEBE?=JP�@ECEPO	�=HH�KB�PDA�IA=OQNA@�@ECEPO�EJ�=�@APANIEJ=PEKJ��EJ?HQ@EJC�PDA�QJ?ANP=EJ

H=OP�@ECEP

OP=PA�KB�I=PPAN�PD=P�EO�NECE@��D=O�=�@ABEJEPA�OD=LA��=J@�D=O�=�B=ENHU�?KJOP=JP�RKHQIA

OLA?E=HEVA@�H=JCQ=CA�QOA@�PK�NALNAOAJP�?KILKJAJPO�KB�PDA�I=?NKO?KLE?�=J@�IE?NKO?KLE?�@KI=EJO�

OQ?D�=O�?DAIE?=H�OUI>KHO��?DAIE?=H�BKNIQH=O��?DAIE?=H�AMQ=PEKJO��CN=LDO��@N=SEJCO��=J@�?=H?QH=PEKJO

EJPAJOERA�LNKLANPU�NALNAOAJPEJC�PDA�DKPJAOO�KN�?KH@JAOO�KB�I=PPAN

SAHH
OQ>OP=JPE=PA@��?KILNADAJOERA��PAOP=>HA�ATLH=J=PEKJ�KB�=�L=NPE?QH=N�=OLA?P�KB�J=PQNA

AOPEI=PA�KB�=IKQJP�>U�SDE?D�IA=OQNAIAJP�@EBBANO�BNKI�PNQA�R=HQA

OP=J@=N@�KB�?KIL=NEOKJ�BKN�IA=OQNAIAJPO

N=PEK�KB�AMQER=HAJP�MQ=JPEPEAO�ATLNAOOA@�SEPD�@EBBANAJP�QJEPO��QOA@�PK�?KJRANP�BNKI�KJA�QJEP�PK

=�@EBBANAJP�QJEP

"C<KO@M���V�$NN@IOD<G�(?@<N ��



D=:C;3

E3756B

=IKQJP�KB�OL=?A�K??QLEA@�>U�=J�K>FA?P

BKN?A�PD=P�CN=REPU�ATANPO�KJ�=J�K>FA?P

#9M��EI5H=CBG

t density = mass
volume

t T°C = 5
9

×
⎛
⎝T°F − 32

⎞
⎠

t T°F =
⎛
⎝
9
5

× T°C
⎞
⎠ + 32

t TK = °C + 273.15

t T°C = K − 273.15

+IAA5FM




 �<9A=GHFM�=B��CBH9LH

"DAIEOPNU @A=HO SEPD PDA ?KILKOEPEKJ� OPNQ?PQNA� =J@ LNKLANPEAO KB I=PPAN� =J@ PDA S=UO >U SDE?D R=NEKQO BKNIO KB

I=PPAN I=U >A EJPAN?KJRANPA@� 3DQO� EP K??QLEAO = ?AJPN=H LH=?A EJ PDA OPQ@U =J@ LN=?PE?A KB O?EAJ?A =J@ PA?DJKHKCU�

"DAIEOPO QOA PDA O?EAJPEBE? IAPDK@ PK LANBKNI ATLANEIAJPO� LKOA DULKPDAOAO� =J@ BKNIQH=PA H=SO =J@ @ARAHKL

PDAKNEAO� OK PD=P PDAU ?=J >APPAN QJ@ANOP=J@ PDA >AD=REKN KB PDA J=PQN=H SKNH@� 3K @K OK� PDAU KLAN=PA EJ PDA

I=?NKO?KLE?� IE?NKO?KLE?� =J@ OUI>KHE? @KI=EJO� "DAIEOPO IA=OQNA� =J=HUVA� LQNEBU� =J@ OUJPDAOEVA = SE@A R=NEAPU

KB�OQ>OP=J?AO�PD=P�=NA�EILKNP=JP�PK�KQN�HERAO�



� (<5G9G�5B8��@5GG=:=75H=CB�C:�%5HH9F

,=PPAN EO =JUPDEJC PD=P K??QLEAO OL=?A =J@ D=O I=OO� 3DA >=OE? >QEH@EJC >HK?G KB I=PPAN EO PDA =PKI� PDA OI=HHAOP

QJEP KB =J AHAIAJP PD=P ?=J AJPAN EJPK ?KI>EJ=PEKJO SEPD =PKIO KB PDA O=IA KN KPDAN AHAIAJPO� (J I=JU OQ>OP=J?AO�

=PKIO =NA ?KI>EJA@ EJPK IKHA?QHAO� .J A=NPD� I=PPAN ?KIIKJHU ATEOPO EJ PDNAA OP=PAO� OKHE@O� KB BETA@ OD=LA =J@

RKHQIA� HEMQE@O� KB R=NE=>HA OD=LA >QP BETA@ RKHQIA� =J@ C=OAO� KB R=NE=>HA OD=LA =J@ RKHQIA� 4J@AN DECD
PAILAN=PQNA

?KJ@EPEKJO� I=PPAN =HOK ?=J ATEOP =O = LH=OI=� ,KOP I=PPAN EO = IETPQNA� (P EO ?KILKOA@ KB PSK KN IKNA PULAO KB

I=PPAN PD=P ?=J >A LNAOAJP EJ R=NUEJC =IKQJPO =J@ ?=J >A OAL=N=PA@ >U LDUOE?=H IA=JO� 'APANKCAJAKQO IETPQNAO R=NU

EJ ?KILKOEPEKJ BNKI LKEJP PK LKEJP� DKIKCAJAKQO IETPQNAO D=RA PDA O=IA ?KILKOEPEKJ BNKI LKEJP PK LKEJP� /QNA

OQ>OP=J?AO ?KJOEOP KB KJHU KJA PULA KB I=PPAN�  LQNA OQ>OP=J?A ?=J >A =J AHAIAJP� SDE?D ?KJOEOPO KB KJHU KJA PULA

KB =PKI =J@ ?=JJKP >A >NKGAJ @KSJ >U = ?DAIE?=H ?D=JCA� KN = ?KILKQJ@� SDE?D ?KJOEOPO KB PSK KN IKNA PULAO KB

=PKIO�



� (<MG=75@�5B8��<9A=75@�(FCD9FH=9G

 HH OQ>OP=J?AO D=RA @EOPEJ?P LDUOE?=H =J@ ?DAIE?=H LNKLANPEAO� =J@ I=U QJ@ANCK LDUOE?=H KN ?DAIE?=H ?D=JCAO�

/DUOE?=H LNKLANPEAO� OQ?D =O D=N@JAOO =J@ >KEHEJC LKEJP� =J@ LDUOE?=H ?D=JCAO� OQ?D =O IAHPEJC KN BNAAVEJC� @K JKP

EJRKHRA = ?D=JCA EJ PDA ?KILKOEPEKJ KB I=PPAN� "DAIE?=H LNKLANPEAO� OQ?D BH=II=>EHEPU =J@ =?E@EPU� =J@ ?DAIE?=H

?D=JCAO��OQ?D�=O�NQOPEJC��EJRKHRA�LNK@Q?PEKJ�KB�I=PPAN�PD=P�@EBBANO�BNKI�PD=P�LNAOAJP�>ABKNAD=J@�

,A=OQN=>HA LNKLANPEAO B=HH EJPK KJA KB PSK ?=PACKNEAO� $TPAJOERA LNKLANPEAO @ALAJ@ KJ PDA =IKQJP KB I=PPAN LNAOAJP�

BKN AT=ILHA� PDA I=OO KB CKH@� (JPAJOERA LNKLANPEAO @K JKP @ALAJ@ KJ PDA =IKQJP KB I=PPAN LNAOAJP� BKN AT=ILHA� PDA

@AJOEPU�KB�CKH@��'A=P�EO�=J�AT=ILHA�KB�=J�ATPAJOERA�LNKLANPU��=J@�PAILAN=PQNA�EO�=J�AT=ILHA�KB�=J�EJPAJOERA�LNKLANPU�



� %95GIF9A9BHG

,A=OQNAIAJPO LNKRE@A MQ=JPEP=PERA EJBKNI=PEKJ PD=P EO ?NEPE?=H EJ OPQ@UEJC =J@ LN=?PE?EJC ?DAIEOPNU� $=?D

IA=OQNAIAJP D=O =J =IKQJP� = QJEP BKN ?KIL=NEOKJ� =J@ =J QJ?ANP=EJPU� ,A=OQNAIAJPO ?=J >A NALNAOAJPA@ EJ AEPDAN

@A?EI=H KN O?EAJPEBE? JKP=PEKJ� 2?EAJPEOPO LNEI=NEHU QOA 2( �(JPANJ=PEKJ=H 2UOPAI	 QJEPO OQ?D =O IAPANO� OA?KJ@O� =J@

GEHKCN=IO� =O SAHH =O @ANERA@ QJEPO� OQ?D =O HEPANO �BKN RKHQIA	 =J@ C�?I� �BKN @AJOEPU	� (J I=JU ?=OAO� EP EO ?KJRAJEAJP

�� "C<KO@M���V�$NN@IOD<G�(?@<N

3CDN�.K@I2O<S�=JJF�DN�<Q<DG<=G@�AJM�AM@@�<O�COOK���>IS�JMB�>JIO@IO�>JG���������



PK QOA LNABETAO PD=P UEAH@ BN=?PEKJ=H =J@ IQHPELHA QJEPO� OQ?D =O IE?NKOA?KJ@O ���~� OA?KJ@O	 =J@ IAC=DANPV ����

DANPV	��NAOLA?PERAHU�



� %95GIF9A9BH�-B79FH5=BHM���77IF57M��5B8�(F97=G=CB

0Q=JPEPEAO ?=J >A @ABEJA@ KN IA=OQNA@� ,A=OQNA@ MQ=JPEPEAO D=RA =J =OOK?E=PA@ QJ?ANP=EJPU PD=P EO NALNAOAJPA@ >U

PDA JQI>AN KB OECJEBE?=JP BECQNAO EJ PDA MQ=JPEPUwO JQI>AN� 3DA QJ?ANP=EJPU KB = ?=H?QH=PA@ MQ=JPEPU @ALAJ@O KJ PDA

QJ?ANP=EJPEAO EJ PDA MQ=JPEPEAO QOA@ EJ PDA ?=H?QH=PEKJ =J@ EO NABHA?PA@ EJ DKS PDA R=HQA EO NKQJ@A@� 0Q=JPEPEAO =NA

?D=N=?PANEVA@ SEPD NAC=N@ PK =??QN=?U �?HKOAJAOO PK = PNQA KN =??ALPA@ R=HQA	 =J@ LNA?EOEKJ �R=NE=PEKJ =IKJC NALHE?=PA

IA=OQNAIAJP�NAOQHPO	�



� %5H<9A5H=75@�,F95HA9BH�C:�%95GIF9A9BH�*9GI@HG

,A=OQNAIAJPO =NA I=@A QOEJC = R=NEAPU KB QJEPO� (P EO KBPAJ QOABQH KN JA?AOO=NU PK ?KJRANP = IA=OQNA@ MQ=JPEPU BNKI

KJA QJEP EJPK =JKPDAN� 3DAOA ?KJRANOEKJO =NA =??KILHEODA@ QOEJC QJEP ?KJRANOEKJ B=?PKNO� SDE?D =NA @ANERA@ >U OEILHA

=LLHE?=PEKJO KB = I=PDAI=PE?=H =LLNK=?D ?=HHA@ PDA B=?PKN
H=>AH IAPDK@ KN @EIAJOEKJ=H =J=HUOEO� 3DEO OPN=PACU EO =HOK

AILHKUA@�PK�?=H?QH=PA�OKQCDP�MQ=JPEPEAO�QOEJC�IA=OQNA@�MQ=JPEPEAO�=J@�=LLNKLNE=PA�I=PDAI=PE?=H�NAH=PEKJO�

�L9F7=G9G




 �<9A=GHFM�=B��CBH9LH

�� $TLH=EJ�DKS�UKQ�?KQH@�ATLANEIAJP=HHU�@APANIEJA�SDAPDAN�PDA�KQPOE@A�PAILAN=PQNA�EO�DECDAN�KN�HKSAN�PD=J���Z"

����Z%	�SEPDKQP�QOEJC�=�PDANIKIAPAN�

�� (@AJPEBU�A=?D�KB�PDA�BKHHKSEJC�OP=PAIAJPO�=O�>AEJC�IKOP�OEIEH=N�PK�=�DULKPDAOEO��=�H=S��KN�=�PDAKNU��$TLH=EJ�UKQN

NA=OKJEJC�

�=	�%=HHEJC�>=NKIAPNE?�LNAOOQNA�LNA?A@AO�PDA�KJOAP�KB�>=@�SA=PDAN�

�>	� HH�HEBA�KJ�A=NPD�D=O�ARKHRA@�BNKI�=�?KIIKJ��LNEIEPERA�KNC=JEOI�PDNKQCD�PDA�LNK?AOO�KB�J=PQN=H�OAHA?PEKJ�

�?	�,U�PNQ?GwO�C=O�IEHA=CA�D=O�@NKLLA@�OECJEBE?=JPHU��LNK>=>HU�>A?=QOA�EPwO�@QA�BKN�=�PQJA
QL�


� (@AJPEBU�A=?D�KB�PDA�BKHHKSEJC�OP=PAIAJPO�=O�>AEJC�IKOP�OEIEH=N�PK�=�DULKPDAOEO��=�H=S��KN�=�PDAKNU��$TLH=EJ�UKQN

NA=OKJEJC�

�=	�3DA�LNAOOQNA�KB�=�O=ILHA�KB�C=O�EO�@ENA?PHU�LNKLKNPEKJ=H�PK�PDA�PAILAN=PQNA�KB�PDA�C=O�

�>	�,=PPAN�?KJOEOPO�KB�PEJU�L=NPE?HAO�PD=P�?=J�?KI>EJA�EJ�OLA?EBE?�N=PEKO�PK�BKNI�OQ>OP=J?AO�SEPD�OLA?EBE?�LNKLANPEAO�

�?	� P�=�DECDAN�PAILAN=PQNA��OKHE@O��OQ?D�=O�O=HP�KN�OQC=N	�SEHH�@EOOKHRA�>APPAN�EJ�S=PAN�

�� (@AJPEBU�A=?D�KB�PDA�QJ@ANHEJA@�EPAIO�=O�=�L=NP�KB�AEPDAN�PDA�I=?NKO?KLE?�@KI=EJ��PDA�IE?NKO?KLE?�@KI=EJ��KN�PDA

OUI>KHE?�@KI=EJ�KB�?DAIEOPNU��%KN�=JU�EJ�PDA�OUI>KHE?�@KI=EJ��EJ@E?=PA�SDAPDAN�PDAU�=NA�OUI>KHO�BKN�=

I=?NKO?KLE?�KN�=�IE?NKO?KLE?�BA=PQNA�

�=	�3DA�I=OO�KB�= HA=@�LELA EO����H>�

�>	�3DA�I=OO�KB�=�?ANP=EJ ?DHKNEJA�=PKI EO����=IQ�

�?	� �>KPPHA�SEPD�=�H=>AH�PD=P�NA=@O  H ?KJP=EJO�=HQIEJQI�IAP=H�

�@	  H EO�PDA�OUI>KH�BKN�=J�=HQIEJQI�=PKI�

"C<KO@M���V�$NN@IOD<G�(?@<N ��



�� (@AJPEBU�A=?D�KB�PDA�QJ@ANHEJA@�EPAIO�=O�=�L=NP�KB�AEPDAN�PDA�I=?NKO?KLE?�@KI=EJ��PDA�IE?NKO?KLE?�@KI=EJ��KN�PDA

OUI>KHE?�@KI=EJ�KB�?DAIEOPNU��%KN�PDKOA�EJ�PDA�OUI>KHE?�@KI=EJ��EJ@E?=PA�SDAPDAN�PDAU�=NA�OUI>KHO�BKN�=

I=?NKO?KLE?�KN�=�IE?NKO?KLE?�BA=PQNA�

�=	� �?ANP=EJ�IKHA?QHA�?KJP=EJO�KJA ' =PKI�=J@�KJA�"H�=PKI�

�>	 "KLLAN�SENA D=O�=�@AJOEPU�KB�=>KQP���C�?I��

�?	�3DA�>KPPHA�?KJP=EJO����CN=IO�KB -E�LKS@AN�

�@	� OQHBQN�IKHA?QHA EO�?KILKOA@�KB�AECDP�OQHBQN�=PKIO�

��  ??KN@EJC�PK�KJA�PDAKNU��PDA�LNAOOQNA�KB�=�C=O�EJ?NA=OAO�=O�EPO�RKHQIA�@A?NA=OAO�>A?=QOA�PDA�IKHA?QHAO�EJ�PDA�C=O

D=RA�PK�IKRA�=�ODKNPAN�@EOP=J?A�PK�DEP�PDA�S=HHO�KB�PDA�?KJP=EJAN��#KAO�PDEO�PDAKNU�BKHHKS�=�I=?NKO?KLE?�KN

IE?NKO?KLE?�@AO?NELPEKJ�KB�?DAIE?=H�>AD=REKN��$TLH=EJ�UKQN�=JOSAN�

�� 3DA�=IKQJP�KB�DA=P�NAMQENA@�PK�IAHP���H>O�KB�E?A�EO�PSE?A�PDA�=IKQJP�KB�DA=P�NAMQENA@�PK�IAHP���H>�KB�E?A��(O�PDEO

K>OANR=PEKJ�=�I=?NKO?KLE?�KN�IE?NKO?KLE?�@AO?NELPEKJ�KB�?DAIE?=H�>AD=REKN��$TLH=EJ�UKQN�=JOSAN�



� (<5G9G�5B8��@5GG=:=75H=CB�C:�%5HH9F

�� 6DU�EO�=J�K>FA?PwO�I=OO��N=PDAN�PD=J�EPO�SAECDP��QOA@�PK�EJ@E?=PA�PDA�=IKQJP�KB�I=PPAN�EP�?KJP=EJO�

�� 6D=P�LNKLANPEAO�@EOPEJCQEOD�OKHE@O�BNKI�HEMQE@O��+EMQE@O�BNKI�C=OAO��2KHE@O�BNKI�C=OAO�

�
� 'KS�@KAO�=�DAPANKCAJAKQO�IETPQNA�@EBBAN�BNKI�=�DKIKCAJAKQO�IETPQNA��'KS�=NA�PDAU�OEIEH=N�

��� 'KS�@KAO�=�DKIKCAJAKQO�IETPQNA�@EBBAN�BNKI�=�LQNA�OQ>OP=J?A��'KS�=NA�PDAU�OEIEH=N�

��� 'KS�@KAO�=J�AHAIAJP�@EBBAN�BNKI�=�?KILKQJ@��'KS�=NA�PDAU�OEIEH=N�

�
� 'KS�@K�IKHA?QHAO�KB�AHAIAJPO�=J@�IKHA?QHAO�KB�?KILKQJ@O�@EBBAN��(J�SD=P�S=UO�=NA�PDAU�OEIEH=N�

��� 'KS�@KAO�=J�=PKI�@EBBAN�BNKI�=�IKHA?QHA��(J�SD=P�S=UO�=NA�PDAU�OEIEH=N�

��� ,=JU�KB�PDA�EPAIO�UKQ�LQN?D=OA�=NA�IETPQNAO�KB�LQNA�?KILKQJ@O��2AHA?P�PDNAA�KB�PDAOA�?KIIAN?E=H�LNK@Q?PO

=J@�LNAL=NA�=�HEOP�KB�PDA�EJCNA@EAJPO�PD=P�=NA�LQNA�?KILKQJ@O�

��� "H=OOEBU�A=?D�KB�PDA�BKHHKSEJC�=O�=J�AHAIAJP��=�?KILKQJ@��KN�=�IETPQNA�

�=	�?KLLAN

�>	�S=PAN

�?	�JEPNKCAJ

�@	�OQHBQN

�A	�=EN

�B	�OQ?NKOA

�C	�=�OQ>OP=J?A�?KILKOA@�KB�IKHA?QHAO�A=?D�KB�SDE?D�?KJP=EJO�PSK�EK@EJA�=PKIO

�D	�C=OKHEJA

��� "H=OOEBU�A=?D�KB�PDA�BKHHKSEJC�=O�=J�AHAIAJP��=�?KILKQJ@��KN�=�IETPQNA�

�=	�ENKJ

�>	�KTUCAJ

�?	�IAN?QNU�KTE@A

�@	�L=J?=GA�OUNQL

�A	�?=N>KJ�@EKTE@A

�B	�=�OQ>OP=J?A�?KILKOA@�KB�IKHA?QHAO�A=?D�KB�SDE?D�?KJP=EJO�KJA�DU@NKCAJ�=PKI�=J@�KJA�?DHKNEJA�=PKI

�C	�>=GEJC�OK@=

�D	�>=GEJC�LKS@AN

���  �OQHBQN�=PKI�=J@�=�OQHBQN�IKHA?QHA�=NA�JKP�E@AJPE?=H��6D=P�EO�PDA�@EBBANAJ?A�

�� "C<KO@M���V�$NN@IOD<G�(?@<N

3CDN�.K@I2O<S�=JJF�DN�<Q<DG<=G@�AJM�AM@@�<O�COOK���>IS�JMB�>JIO@IO�>JG���������



��� 'KS�=NA�PDA�IKHA?QHAO�EJ�KTUCAJ�C=O��PDA�IKHA?QHAO�EJ�DU@NKCAJ�C=O��=J@�S=PAN�IKHA?QHAO�OEIEH=N��'KS�@K

PDAU�@EBBAN�

�
� 6DU�=NA�=OPNKJ=QPO�EJ�OL=?A�O=E@�PK�>A�xSAECDPHAOO�y�>QP�JKP�xI=OOHAOOy�

��� /NAL=NA�=�HEOP�KB�PDA�LNEJ?EL=H�?DAIE?=HO�?KJOQIA@�=J@�LNK@Q?A@�@QNEJC�PDA�KLAN=PEKJ�KB�=J�=QPKIK>EHA�

��� ,=PPAN�EO�ARANUSDANA�=NKQJ@�QO��,=GA�=�HEOP�>U�J=IA�KB�BEBPAAJ�@EBBANAJP�GEJ@O�KB�I=PPAN�PD=P�UKQ�AJ?KQJPAN

ARANU�@=U��8KQN�HEOP�ODKQH@�EJ?HQ@A��=J@�H=>AH�=P�HA=OP�KJA�AT=ILHA�KB�A=?D	�PDA�BKHHKSEJC��=�OKHE@��=�HEMQE@��=�C=O��=J

AHAIAJP��=�?KILKQJ@��=�DKIKCAJKQO�IETPQNA��=�DAPANKCAJAKQO�IETPQNA��=J@�=�LQNA�OQ>OP=J?A�

�
� 6DAJ�AHAIAJP=H�ENKJ�?KNNK@AO�EP�?KI>EJAO�SEPD�KTUCAJ�EJ�PDA�=EN�PK�QHPEI=PAHU�BKNI�NA@�>NKSJ�ENKJ�(((	�KTE@A

?=HHA@�NQOP���=	�(B�=�ODEJU�ENKJ�J=EH�SEPD�=J�EJEPE=H�I=OO�KB������C�EO�SAECDA@�=BPAN�>AEJC�?K=PA@�EJ�=�H=UAN�KB�NQOP�

SKQH@�UKQ�ATLA?P�PDA�I=OO�PK�D=RA�EJ?NA=OA@��@A?NA=OA@��KN�NAI=EJA@�PDA�O=IA��$TLH=EJ���>	�(B�PDA�I=OO�KB�PDA�ENKJ

J=EH�EJ?NA=OAO�PK������C��SD=P�I=OO�KB�KTUCAJ�?KI>EJA@�SEPD�PDA�ENKJ�

���  O�OP=PA@�EJ�PDA�PATP��?KJREJ?EJC�AT=ILHAO�PD=P�@AIKJOPN=PA�PDA�H=S�KB�?KJOANR=PEKJ�KB�I=PPAN�KQPOE@A�KB�PDA

H=>KN=PKNU�=NA�BAS�=J@�B=N�>APSAAJ��(J@E?=PA�SDAPDAN�PDA�I=OO�SKQH@�EJ?NA=OA��@A?NA=OA��KN�OP=U�PDA�O=IA�BKN�PDA

BKHHKSEJC�O?AJ=NEKO�SDANA�?DAIE?=H�NA=?PEKJO�P=GA�LH=?A�

�=	�$T=?PHU�KJA�LKQJ@�KB�>NA=@�@KQCD�EO�LH=?A@�EJ�=�>=GEJC�PEJ��3DA�@KQCD�EO�?KKGA@�EJ�=J�KRAJ�=P�����Z%�NAHA=OEJC�=

SKJ@ANBQH�=NKI=�KB�BNAODHU�>=GA@�>NA=@�@QNEJC�PDA�?KKGEJC�LNK?AOO��(O�PDA�I=OO�KB�PDA�>=GA@�HK=B�HAOO�PD=J��CNA=PAN

PD=J��KN�PDA�O=IA�=O�PDA�KJA�LKQJ@�KB�KNECEJ=H�@KQCD��$TLH=EJ�

�>	�6DAJ�I=CJAOEQI�>QNJO�EJ�=EN�=�SDEPA�BH=GU�=OD�KB�I=CJAOEQI�KTE@A�EO�LNK@Q?A@��(O�PDA�I=OO�KB�I=CJAOEQI

KTE@A�HAOO�PD=J��CNA=PAN�PD=J��KN�PDA�O=IA�=O�PDA�KNECEJ=H�LEA?A�KB�I=CJAOEQI��$TLH=EJ�

�?	� JPKEJA�+=RKEOEAN��PDA�%NAJ?D�O?EAJPEOP�?NA@EPA@�SEPD�BENOP�OP=PEJC�PDA�H=S�KB�?KJOANR=PEKJ�KB�I=PPAN��DA=PA@�=

IETPQNA�KB�PEJ�=J@�=EN�EJ�=�OA=HA@�BH=OG�PK�LNK@Q?A�PEJ�KTE@A��#E@�PDA�I=OO�KB�PDA�OA=HA@�BH=OG�=J@�?KJPAJPO�@A?NA=OA�

EJ?NA=OA��KN�NAI=EJ�PDA�O=IA�=BPAN�PDA�DA=PEJC�

��� 8A=OP�?KJRANPO�CHQ?KOA�PK�APD=JKH�=J@�?=N>KJ�@EKTE@A�@QNEJC�=J=ANK>E?�BANIAJP=PEKJ�=O�@ALE?PA@�EJ�PDA�OEILHA

?DAIE?=H�AMQ=PEKJ�DANA�

glucose ⟶ ethanol + carbon dioxide

�=	�(B�������C�KB�CHQ?KOA�EO�BQHHU�?KJRANPA@��SD=P�SEHH�>A�PDA�PKP=H�I=OO�KB�APD=JKH�=J@�?=N>KJ�@EKTE@A�LNK@Q?A@�

�>	�(B�PDA�BANIAJP=PEKJ�EO�?=NNEA@�KQP�EJ�=J�KLAJ�?KJP=EJAN��SKQH@�UKQ�ATLA?P�PDA�I=OO�KB�PDA�?KJP=EJAN�=J@�?KJPAJPO

=BPAN�BANIAJP=PEKJ�PK�>A�HAOO�PD=J��CNA=PAN�PD=J��KN�PDA�O=IA�=O�PDA�I=OO�KB�PDA�?KJP=EJAN�=J@�?KJPAJPO�>ABKNA

BANIAJP=PEKJ��$TLH=EJ�

�?	�(B������C�KB�?=N>KJ�@EKTE@A�EO�LNK@Q?A@��SD=P�I=OO�KB�APD=JKH�EO�LNK@Q?A@�



� (<MG=75@�5B8��<9A=75@�(FCD9FH=9G

��� "H=OOEBU�PDA�OET�QJ@ANHEJA@�LNKLANPEAO�EJ�PDA�BKHHKSEJC�L=N=CN=LD�=O�?DAIE?=H�KN�LDUOE?=H�

%HQKNEJA�EO�=�L=HA�UAHHKS C=O PD=P NA=?PO�SEPD�IKOP�OQ>OP=J?AO��3DA�BNAA�AHAIAJP IAHPO�=P�~����Z" =J@ >KEHO�=P�~���

Z"��%EJAHU�@ERE@A@ IAP=HO�>QNJ�EJ�BHQKNEJA SEPD�=�>NECDP�BH=IA� -EJAPAAJ�CN=IO�KB�BHQKNEJA�SEHH�NA=?P�SEPD�����CN=I

KB�DU@NKCAJ�

��� "H=OOEBU�A=?D�KB�PDA�BKHHKSEJC�?D=JCAO�=O�LDUOE?=H�KN�?DAIE?=H�

�=	�?KJ@AJO=PEKJ�KB�OPA=I

�>	�>QNJEJC�KB�C=OKHEJA

�?	�OKQNEJC�KB�IEHG

�@	�@EOOKHREJC�KB�OQC=N�EJ�S=PAN

�A	�IAHPEJC�KB�CKH@

"C<KO@M���V�$NN@IOD<G�(?@<N ��



��� "H=OOEBU�A=?D�KB�PDA�BKHHKSEJC�?D=JCAO�=O�LDUOE?=H�KN�?DAIE?=H�

�=	�?K=H�>QNJEJC

�>	�E?A�IAHPEJC

�?	�IETEJC�?DK?KH=PA�OUNQL�SEPD�IEHG

�@	�ATLHKOEKJ�KB�=�BENA?N=?GAN

�A	�I=CJAPEVEJC�KB�=�O?NAS@NERAN

��� 3DA�RKHQIA�KB�=�O=ILHA�KB�KTUCAJ�C=O�?D=JCA@�BNKI����I+�PK����I+�=O�PDA�PAILAN=PQNA�?D=JCA@��(O�PDEO�=

?DAIE?=H�KN�LDUOE?=H�?D=JCA�



�  ����
HEPAN�RKHQIA�KB�DU@NKCAJ�C=O�?KI>EJA@�SEPD�����HEPAN�KB�KTUCAJ�C=O�PK�LNK@Q?A�����HEPANO�KB�S=PAN�R=LKN�

#KAO�KTUCAJ�QJ@ANCK�=�?DAIE?=H�KN�LDUOE?=H�?D=JCA�


�� $TLH=EJ�PDA�@EBBANAJ?A�>APSAAJ�ATPAJOERA�LNKLANPEAO�=J@�EJPAJOERA�LNKLANPEAO�


�� (@AJPEBU�PDA�BKHHKSEJC�LNKLANPEAO�=O�AEPDAN�ATPAJOERA�KN�EJPAJOERA�

�=	�RKHQIA

�>	�PAILAN=PQNA

�?	�DQIE@EPU

�@	�DA=P

�A	�>KEHEJC�LKEJP



� 3DA�@AJOEPU��@	�KB�=�OQ>OP=J?A�EO�=J�EJPAJOERA�LNKLANPU�PD=P�EO�@ABEJA@�=O�PDA�N=PEK�KB�EPO�I=OO��I	�PK�EPO�RKHQIA

�5	� density = mass
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d = m
V
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