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55 2?75 DF3EC24E DBF2C6 C@@ED

)2E:@7?2=:K6 567@>:?2E@CD

,D6 C2E:@72= C@@ED

| E>OAT>BBLEBIIP CQI>AABGRA CQI>AABOP TFKALTFRL@>QBACBBQLSEYEBOLRKA I>AABKBBAGL?B
MRO@ EXPBAF | OB>@EBFKALTCOLY MLFHBQEBOLRKACBBIDLDEBRFIAFKD CFKER@EBKDQEI>AABO
KBBABA TB @>K AO>T > OFDEQ QOF>KDIBEFPEL FKARPB QEB 0VQE>DLOB>K 4EBLOBJ

97EBS

LT TBKBBARICFKER@EBKDQEE>DEBKPNR>OBR  QLABQBOJAKEF @EAABQL@ELLPEK LQEBMLOAPTB
KBBA QL CFKA > PNR>OB OLLQ )K QEFP PB@QFLK TB TFIl FKSBPQFD>QB JBQELAP LC CFKAFKD PLIRQFLKP QL MO

F1<E1D9>7 JAE1B5 (??DC

7EBK QEBNR>QR LOC> KRIJ?BEPNR>OREBBPRIEDEROFDFKRJI?BGBFK@B QEBNR>@RLOC FP
4EBPNR>@QR L QRK@ GHEBKSBORE)EBNR>ORKRK @ QFRRBPR?QO>@FRBPEBK SBORB-AAFQFLKRKAL

PNR>OFKD TB Q>HB QEB PNR>0OB OLLQ

)KDBKBGBOJPCBFP> MLPFQBEB8E{RJ?BEBREBNR>ORLOC BFP KRJI?BQE>TEBKIRIQFMIFBA-QPBIESBP
B 4EBPNR>QRBLQ@LRI2BMLPFQESRBD>QFE® >RABQFMIVEXDRKBD>QRFR?BOPFSBAMLPFQREB?BGIEB

principal squareroot FRQERLKKBD>QkSB?BQEXEBKIRIQFMIFBA-QPBISR>IB 4EBPNR>OQBLIPQ>FKBRRFKD

@>1@RI>QLO FP QEB MOFK@FM>I PNR>0OB OLLQ

AEBMOFK@PMR>QB LQC BFFTOFQQ®X B 4EBPVJ?LIFR@>1IBAradical QERBORKABQERVJ?LIFR@>IIBREB

radicand >KA QEB BKQFOB BUMOBPPHIKIER @pli&ssion
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&B9>39@1< )AE1B5 (??D

4EBprincipal squareroot LC BFRQERLKKBD>QKBB?BQE>DEBKIRIQFMIFBA-QPBBOIR>IB )FAOFQGRK
radical expression TFQE > PVJ?LI @>liBdical LSBO QEB QBOJ @>iH8A&IEB v B

DoesV S

No. Althoughboth and a  are the radical symbolimplies only a nonnegativeroot, the principal

squae root. The principal squarmot of 25 is\

12>A=6

F1<E1D9>7 )AE1B5 (??DC

%S>IR>QB B>@E BUMOBPPFLK
> V

2 W
@ Vv
A Woavy
)?<ED9?>
> ?B@>RPB
2 W W 2B@>RPB  >KA
@eVv vV ?B@>RPB

A vV &y a 4 ?B@>RPB >KA

For can we find the squae roots befoe adding?

No.V W Thisis notequivalento Theorder of operationsrequiresus
to add the terms in the radicand befdinding the squar root.

i3 1.27 %S>IR>QB B>@E BUMOBPPFLK
lt > F

2 W

@V &
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+C9>7 D85 &B?4E3D (E<5 D? )9=@<96I JAE1B5 (??DC

41 PFIMIFEPNR>ORLQB OB TOREHIR GEEUEBOBELMBOCBER> OBREBR>AF @ 4B0OBOBBSBOADLMBAWFBP
PNR>ORLQPEQLT RRQIPFIMIF@LIMIF @>Q8% @YIMOBPPREECFOPRIBB TFIIILLH>@REBroductrule for
simplifyingsquae roots, TEF@HILTPRFQLPBM>0OSEBNR>QR L MOLAR@QTLKRJ?BOFKQREBIOLAR@QTL
PBM>085BFLERBMOBPPRIKIPKPQ>KBE>RBTORQB >PV (' 7 B@>KIPLRPREBIOLARGRIBIBUMOKFEB
MOLAR@Q LC JRIQFMIB O>AF@>| BUMOBPPFLKP >P > PFKDIB O>AF@>| BUMOBPPFLK

*85 &B?4E3D (E<5 6?B )9=@<9619>7 JAE1B5 (??DC
)C B>KA C>0B KLKKBD>QFSB QEB PNR>0B OLLQHGERBRRMDQAREE® MOLAR@Q LC QEB BNRAGB OLLQP LC

VBC vBU C

Tl Given a squae root radical expression, use the grduct rule to simplify it.

o &>@QLO >KV MBOCB@Q PNR>OBP COLJ QEB O>AF@>KA
7 OFQB QEB O>AF@>| BUMOBPPFLK >P > MOLAR@Q LC O>AF@>| BUMOBPPFLKP
3FIMIFCV

12>A=6

+C9>7 D85 &B?4E3D (E<5 D? )9=@<96l )AE1B5 (??DC
3FIMIFCV QEB O>AF@>| BUMOBPPFLK
> \V
2 ' BC
)?<ED9?>
>
v o 'BPS GPIVBFREBSBEIJDBOE
v 8 S UBES DB F J P G BV D@IPIGYERT F J
Vv 4IJQMIGZ
?
V BcUB 'BPS THIVEFRBSBEJIJDBOE
VYV BC U B 8 S UBES DYBRE F J P O B DABIPIEVERT F J
BCV B 4IQMIGZ
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T Given the product of multiple radical expressionsusethe product rule to combine them into one radical
IlA expression.

%UMOBPP QEB MOLAR@Q LC JRIQFMIB O>AF@>| BUMOBPPFLKP >P > PFKDIB O>AF@>| BUMOBPPFLK
3FIMIFCV

12>A=6

+C9>7 D85 &B?4E3D (E<5 D? )9=@<96| D85 &B?4E3D ?6 #E<DI@<5 )AE1B5 (??DC

3FIMIFCV QEB O>AF@>| BUMOBPPFLK

vou

)?<ED97?>

v O &YBSBTFUREVDU BN MBI DEBRT F.
Vo 4IJQMIGZ

il_;;ry 1.29 3FIMIFCN YU Y>PPRJFKM

+C9>7 D85 'E?D95>D (E<5 D? )9=@<96! JAE1B5 (??DC

*RPEPTB @>KOBTORIEBNR>ORBLLC> MOLARGOMOLAR@ENR>OBLOPLOLL@>KB OBTORJEBNR>QRBLC>
NRLQFBERONRLQFBKRNR>OR LQRPFKRERuotientrule for simplifyingsquake roots.)Q@>RBEBIMCRQLPBM>0QEB

KRJIBO>QHMABKLIFK>QIA CO>@ GHRABOO>AF@LQETB @>K>HREBPER>QR LGBM>0>QBB@>KBTOFQB
v: >P%

*85 'E?D95>D (E<5 6?B )9=@<9619>7 )AE1B5 (??DC
4EB PNR>OB OLLQ LC QEB%FFH_QIHBKQQL QEB NRLQFBKQ LC QEB BNRAGQBTERAE\.C

2 7

M Given a radical expression, use the quotient rule to simplify it.
Lo 7 OFQB QEB O>AF@>| BUMOBPPFLK >P QEB NRLQFBKQ LC QTL O>AF@>| BUMOBPPFLKP
3FIMIFCV QEB KRJBO>QLO >KA ABKLJFK>QLO

+C9>7 D85 'E?D95>D (E<5 D? )9=@<96 )AE1B5 (??DC

3FIMIFCV QEB O>AF@>| BUMOBPPFLK
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3FIMIFCV QEB O>AF@>| BUMOBPPFLK

2
[ vz

)?<ED97?>
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vy 4J9MIBBUIP O
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1.31
iy sFamIFGLBC
BC

449>7 1>4 )E2DB13D9>7 )AE1BS5 (??DC

7 B@>EAALCPR?QOSEF @RIMOBPPEKRA EBKQEBK>SERER>JBO>AF@>KATEBKQEBE>SKEB>JBO>AF@>I
QVMER@PPNR>QR LQRLMBU>IMIBQEBRILCY >KA V FPV (LTBSBOFGR.CQBHLPPFTBPFIMIFO*AF@>I
BUMOBPPRIKADE>RV @E>KIOEB>AF@4EB0>AF @LIMOBPRFLK@>RBTOFQQBIQE FKQEB>AF@>KA

voprw v VW
M Given a radical expression equiring addition or subtraction of square roots, solve.
Lo: 3FIMIFCV B>@E O>AF@>| BUMOBPPFLK
1AA LO PR?QO>@Q BUMOBPPFLKP TFQE BNR>I O>AF@>KAP

12>A=6
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449>7 )AE1B5 (??DC
IAA VW

)?<ED97?>

>AA
vy

i!'try 132 1AAa VW

7 B@>KOBTOFQB >P V + |@@LOARMERIOLARGRIRQEFB@LIBPY YV 4EBPNR>QBRLQCY FP
PLQEBUMOBPPR@®&LIBP V TEF@EP V LT TB @>QERBOIP>SRER>IJBO>AF@FKAB @>K

12>A=6

JE2DB13D9>7 )AE1B5 (??DC

3R?Q0>@Q BCD& ' BCD

)?<ED9?>
2BTOFQB B>@E QBOJ PL QEBV E>SB BNR>| O>AF@>KAP

Y BCD VAV R B C vt
Hcﬁao

]B]CWBD
V' BCD Vv veBY C vI
HCVTD
o e
LT QEB QBOJP E>SB QEB P>JB O>AF@>KA PL TB @>K PR?QO>@Q
[BCV BD& [BCYV BD [|BCVY BD

IT{y 1.33 3R?QO>@QYa vV Y

(1D9?7>1<9J9>7 5>?=9>1D?BC

7EBK >K BUMOBPHFSLISFEINR>CGHE LQ>AF @EAT OFQUBPFIMIBRROJ FQFII KLQBLKQ>FIO>AF GRKQEB
ABKLIFK>QI® @>lOBJILSEO>AF@EIBLIQEBRBKLIFK>QULAORO>@QREKD MOL@B®PIIBAationalizing the

denominator
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7 BHKLTQESRIQFMIVFERD ALBRL@ E>KQEB>IRBC>-KBUMOBPPFBRPRERFOLMBORRIQFMIF @:XNELE-KDB
BUMOBPPBIEK® LKQXFKAF GSHREBBKLIFK>QLUOOBILSB>AF @SGLDEBBKLIFK>QLOBO>@ QRE{@FMRAY
QEB CLOJLC QE>Q TFIl BIFJFK>QB QEB O>AF@>I

&LO> ABKLIFK>Q@0OKQ>FKAREKDIBBOJRIQFMAY QEB>AF @KQEBBKLIFK>QISBEQPBIKLQEBMQOAFFQEB
ABKLIFK>QLGEAP JRIQFMIV 5\%

&LO> ABKLIFK>QEBOKQ>FKBEBRJ LOARCBOBKI@E O>QFLEKA>K FOO>QFQBOIRIQFMIPEKRIBO>QEKA
ABKLIFK>QROQER LKGRDEQBERBKLIFK>QIBF @EFCLRKAY @E>KDFRBBFDKCQE®>AF @HIOQALBQEB
ABKLIFK>QIGOOQEB ABKLIFK>@.OG® QEBK QEB @LKGRB&QEFP

TN Given an expressionwith a singlesquarerootradical term in the denominator, rationalize the denominator.
Lo: 2 -RIQFMIV QEB KRJBO>QLO >KA ABKLJFK>QLO ?V QEB O>AF@>| FK QEB ABKLJFK>QLO
3 3FIMIFCV

12>A=6

(1D9?7>1<9J9>7 1 5>?=9>1D7?B ?>D19>9>7 1 )9>7<5B=

7 OFQ{?/—[ FK PFIMIBPQ CLOJ

)?<ED9?>

4EB O>AF@>| FK QEB ABKLIFK>GLORIRFMIV QEB co>@<¢;£|_4EBK PFIMIFCV

QF

AN

?;ry 134 4 OFQBV,i FK PFIMIBPQ CLOJ

T Given an expression with a radical term and a constant in the denominatorationalize the denominator
Lo: &FKA QEB @LKGRD>QB LC QEB ABKLJFK>QLO

-RIQFMIV QEB KRJBO>QLO >KA ABKLJFK>QLO ?V QEB @LKGRD>QB

5PB QEB AFPQOF?RQFSB MOLMBOQV

3FIMIFCV

(1D9?>1<9J9>7 1 5>?=9>1D?B ?>D19>9>1? *5B=C
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7 OFQBT FK PFIJMIBPQ CLOJ
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ﬂ;ry 135 7 OFQBT FK PFIMIBPQ CLOJ

+C9>7 (1D97?>1< (??DC

IIQELRDENR>@R L BEBLPQ@LIILKO>QFLIOLLQPB @>KIPLCFK@R?BLLQMEOLLQREOLLQPKAILOB

*RPEOPQEBNR>ORLQRK @ GFIEBKSBARE EBNR >0 RKEK @ QEESRR L GOBEBKSBAREK) EBEBPMB GNIFERD
CRK@QMESPBRK @ QRLKRBRPBCREBKTB KBBAIABQBOJKERRI?BQE>TEBKO>FPBA @BOQMEKBMFSBP
> @BOQ>FK KRJ?BO

+>45BCD1>49>Y D8 (??DC

3RMMLAB HKLTQE>®B 7 BT>K@ICFKFE>RJI?BO>FPBIQERDAMLTBEMBNR>QL 3FK@B TBP>V
QE>Q FP QEB @R?BOLLQLC

4EBNQEDLLQC BFP> KRI?B@E>PEBKO>FPRAQERQEMLTBADFSBB &LCBU>JMIBA FRQEBQEOLLQC &
?2B@>RP& 4  )C BFP OBKRJ?BOFQEQB>PIKBNQELL@EBREPRrincipal nth root LC BFRQEERJ?BO
TFQE QEB P>JB PFBRERQ TEBK O>FPBAQE \IEBRNR>IB

4EBMOFK@RYEDLLQC BFFTOFQQHK’B TEBOBCFP> MLPFQIFE®BLBOB>QEE-KOBNR>QL K QEB>AF@>!
BUMOBPPRIHP @>/IBAIQIER LC QEB O>AF@>!

&B9>39@)LB8 (??D

)C BFP> OB3{RJ?BOFQEQB>PIKBQILL@EBREPrincipal nth root LC B TOFQQBY’B FROERRJI?BAFQE
QEB P>JB PFDIBOE>Q TEBK O>FPBAQE JEBBDIR>IMB 4EBindex LC QEB O>AF@>| FP

12>A=6

)9=@<9619>Y D8 (??DC

3FIMIFCV B>@E LC QEB CLIILTFKD
> YVa
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1.36 3FJIMIFCV
17

> Va
o N
Vo
@ Vv Vv

+C9>7 (1D9?>1< H@?>5>DC
2>AF@BUMOBPPELKRAPL?BTOFQUBIQELRFKDEB>AF@YU?LI 7 B@>RPE>QFLICO>@ QFBKNILK BKLEB
FKABU JRPQ ?B > MLPFQF 98 REBEDREP BSBK QHBEEB>KKLQ ?B KBD>QFSB

B° ¥E

7 B@>KIPLE>SE>QFLRYMLKBRERPERJIBO>QLQERIE>K )K QEBKB>PBFEBUMLKBKPQB>CO>@GRLABPQ
QBOJP BO>FREEB>PE)L> MLTBOKAQ>HEKNQELL@EBKRJIBO>QRBIIRFQEBIL TBOKAQEBBKLIFK>@EIRFQEB
OLLQ

B PN Oay

Il LC QEB MOLMBOQFBP LC BUMLKBKQP QE>Q TB IB>OKBA CLO FKQBDBO BUMLKBKQP >IPL ELIA CLO O>QFLK>| BU

(1D9?>1< H@?>5>DC

2>QFLKBUMLKBKQBKLQEBSV QIBUMOBRPFK @FYEILLQFEBDBKBASLOLL@LKSBOQBRIBBIO>AF@>|
BUMOBPPFLK TFQE > O>AF@>| PVJ?LI >KA LKB TFQE > O>QFLK>| BUMLKBKQ FP

B SN Py
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M Given an expression with a rational exponent, write the expmssion as a radical.
Jo: $BQBOJFKB QEB MLTBO ?V ILLHFKD >Q QEB KRJBO>QLO LC QEB BUMLKBKQ
$BQBOJFKB QEB OLLQ ?V ILLHFKD >Q QEB ABKLJFK>QLO LC QEB BUMLKBKQ
5PFKD QEB ?>PB >P QEB O>AF@>KA O>FPB QEB O>AF@>KA QL QEB MLTBO >KA RPB QEB OLLQ >P QEF

12>A=6

- BO9D9>7 (1D9?>1< H@?>5>DC 1C (14931<C

7 OFQB - >P > O>AF@>1 3FIMIFCV

)?<ED9?>
4EB QBIIP RP QEB MLTBO >KA QEB QBIIP RP QEB OLLQ
- %/74 A/
6
7 BHKLTQE>0 7B@>RPB "B@>RREEBR?BLLEB>PQICFKAGMB>PFBPICFKAERR?B

OLLQ ?BCLOB PNR>OFKD CLO QEFP MOL?IBJ )K DBKBO>I FQ FP B>PFBO QL CFKA QEB OLLQ CFOPQ >KA QEBK

4§ e

Try 1.37 _
It 7 OFQB >P > O>AF@>| 3FIMIFCV

12>A=6

- B9D9>7 (14931<C 1C (1D9?7>1< H@?>5>DC

7 OFQB— RPFKD > O>QFLK>l BUMLKBKQ

VB
)?<ED9?>
AEBMLTBEP >KAQEBLLEP PLQEB>QFLRHIMLKBREI?B— 7 BDBO— 5PFKMOLMBOQEBRMLKBKQP
B
a
B DBQF B
B

R‘y 1.38 7 0FQB Z RPFKD > O>QFLK>I BUMLKBKQ
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It 3FIMIFCVY 2 Y5
3 6

’ 1@@BPP QEBPB LKIFKB OBPLRO@BP CLO >AAFQFLK>I FKPQOR@QFLK >KA MO>@QF@B TFQE O>AF@>IP >KA
O (14931<C 8DD@ ?@5>CD1H37?<<575 ?B7 <9>DB?B14931<
O (1D9?>1< H@?>5>DC 8DD@ 7?@5>CD1H3?<<575 ?B7 <B1D9?>5H@?>
0 )9=@<96I (14931<C 8DD@ ?@5>CD1H37?7<<575?B7 < C9=@B14931<
O (1D9?7>1<9J5 5>?=9>1D?7B 8DD@ ?@5>CD1H3?<<575 ?B7 <B1D9?>45>7=

+9:D 4@7E67?E :D 2G2:=23=6 7@C 7C66 2E YBENQEEBR2EPEG?E 4@=


http://openstaxcollege.org/l/introradical
http://openstaxcollege.org/l/rationexpon
http://openstaxcollege.org/l/simpradical
http://openstaxcollege.org/l/rationdenom

92AE6C 'C6C6BF:D:EGD

(1))

, bB21<
7E>Q ALBP FQ JB>K TEBK > O>AF@>| ALBP KLQ E>SB >K FKABU )P QEB BUMOBPPFLK BNR>I QL QEB O>AF@>K.
7EBOB TLRIA O>AF@>IP @LJB FK QEB LOABO LC LMBO>QFLKP %UMI>FK TEV
%SBOV KRJ?BO TFIl E>SB QTL PNR>0OB OLLQP 7E>Q FP QEB MOFK@FM>I PNR>OB OLLQ
#>K > O>AF@>| TFQE > KBD>QFSB O>AF@>KA E>SB > OB>| PNR>OB OLLQ 7EV LO TEV KLQ

$E=5B93
&LO QEB CLIILTFKD BUBO@FPBP PFJMIFCV B>@E BUMOBPPFLK
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| DRWFOBLOSPRPMBKPRLRADIRKEOL DEBOLRKYF>DLK>MQEBRL MOQERILPERQILIQLI>HB> QOF>KDIB
7 B@>RPREBVQE>DLOESELOBQICFKAEBKDQEDRT FORBBABAEBPNR>QEQEBFPQ>REBTBEXEBFOBK
QEBOLRKAAQEBIVILKKQEBOLRKR CBBGEBPNR>0QBQEBBFDEQQEBIVILIKP CBBEL QEBKDQE
QEB DRV TFOB @>K ?B CLRKA ?VBS>IR>QFKD  7E>Q FP QEB IBKDQE LC QEB DRV TFOB

| @>22@BIBOX®RBRQE é%UN TTEBOBFRREBFJIBKPB@LKAPQBER) > SBPCOLDBPEFIMIFCYEB

BUMOBPPFLK
HD5>C9?7>C
&LO QEB CLIILTFKD BUBO@FPBP PFJMIFCV B>@E BUMOBPPFLK
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"51B>9>7 %2:53D9F5C

1? E9:D D64E:@7? DEF56?ED H:==

156?E:7J E96 568C66 2?5 =625:78 Z@BPE @7 A@=J?@>:2=D

55 2?75 DF3EC24E A@=J?@>:2=D

$F=E:A=J A@=J?@>:2=D

,D6 &# E@ >F=E:A=J 3:?@>:2=D

'6C7@C> @A6C2E:@7?D H:E9 A@=3?@>:2=D @7 D6G6C2= G2C:23=6D

%>GIPRFIAFKBALDELRPEELPECOLIKEFKQEBE>ME>> PNR>QBMMBAQE QOF>KBEBOBFII?B> OB@Q>K 2R LD
QEOLRDEF@EEBLD@>RBKQB&ABURQEELRPB6>OI>KQRLCFKAEBOBLCQEBOLKQQEBLDELRFRQEEB@>K

MRO @ E3PB® LOORIBRK QOVI>FKEPFK QEBB>PROBIBKQPEBOLKQQEBLRPBELTHEKO7ERS  TB@>@OB>QB

>K BUMOBPPFLK QE>Q @LJ?FKBP PBSBO>I S>OF>?IB QBOJP >IILTFKD RP QL PLISB QEFP MOL?IBJ >KA LQEBOP IFH

97EB5

&FOPQ CFKA QEB >OB> LC QEB PNR>0B FK PNR>OB CBBQ

" T
Y
Y

4EBK CFKA QEB >OB> LC QEB QOF>KDIB FK PNR>OB CBBQ
" —d
— Y—
-Y

.BUQ CFKA QEB >0B> LC QEB OB@Q>KDRI>0 ALLO FK PNR>OB CBBQ

n M
YU
Y

4EB>OBEOQEBOLKQQEBLDELRRB>RBCLRKAV>AAFKDEBOBXRQEBNR>ORAQEROF>KBKAQEBRR?QO>@QFKD
QEB >OB> LC QEB OB@Q>KDIB 7EBK TB ALYQEFPYABGBQO Y — YCQ
)K QEFP PB@QFLK TB TFIl BU>JFKB BUMOBPPFLKP PR@E >P QEFP LKB TEF@E @LJ?FKB PBSBO>I S>OF>?IB QBOJ

45>D9619>7 D85 57B55 1>4 "5149>7 ?5669395>D ?6 &7<I1>7=91<C

4EBCLOJRIGRBRRKAR-KBU>JMIBC>polynomial TEF@H>PRJILA-CARCBOBH@EBOJB>@& LKPFPQEKE>OF>?IB
O>FPBA> KLKKBD>QFRSG8BDAO BO KRJ?BORIQFMIFBA> S>OF>TB-FPBA-KBUMLKBRR@HF & FRHKLTK
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>P> coefficient #LBCF@ FERRBMLPFQRID>QFSBNBORKA@>RBTELIBKRI?BORB@FJ>IFOCO>@QRLK®E
MOLAR@JQ‘] PR@E >P &X FP term of a polynomial )C > QBOJ ALBP KLQ @LKQ>FK > S>OF>?ris@afP @>IIBA >
I MLIVKLIF®LKQ>FHKIKHAKBOQBOPR@® Y FR@>IIBAmonomial ! MLIVKLIFX®LKQ>FKFRDQBOJPR@H

Y& FP @>lIBdiromial ! MLIVKLIF> @LKQ>FKFKD QEOBB QBAJN PR@& >FFP @>IIBiromial

7 B@>KFKAEBegreeLC> MLIVKLIF2N FABKQFCYERBDERBRQIBOCQEB>OF>E @ @ FRBREBILIVKLIF4EB
QBOJFQREEBFDEBREDOBB®>IIBAERading term ?B@>RP&FRPR>IIVOFQUBIOREB @LBE @ FBRQEB>AFKD
QBOBR2>11BRERading coefficient 7EBK>MLIVKLIFHAPFTOFQ@RREXQERILTBOROBBP @BKAFRP>\QEBHAK
PQ>KA>0A CLOJ

&?<1>?=91<C
I polynomial FP >K BUMOBPPFLK QE>Q @>K ?B TOFQQBK FK QEB CLOJ
BoY° BY BY B

%>@BBKRJ?B@; FR@>IIBAcoefficient 4EBKRJ?BOB QERKLQRIQFMIFBA> S>OF>HB®>IIBAconstant

%>@HOLARBY FP>term of a polynomial 4EBEFDEBRQTBQCQEB>0F>HESQD @ FBREBILIVKLIFHAP

@>11BAEBegree LC> MLIVKLIF~EBIleading term FROERBOTFQBEBFDEBROTIBOKAFQ®LBE @ FBRE>11BA
QERading coefficient

Given a polynomial expession, identify the degee and leading coefficient
H &FKA QEB EFDEBPQ MIQIBEREBOJFKB QEB ABDOBB
YABKQFCV QEB QBOJ @LKQ>FKFKD QEBXPDEBRA QEBBE>BEKD QBOJ
YABKQFCV QEBF@IFBEQ LC QEB IB>AFKD QBOJ

12>A=6

45>D9619>7 D85 57B55 1>4 "5149>7 ?5669395>D ?6 1 &?<I>?=91<

&LO QEB CLIILTFKD MLIVKLIF>IP FABKQFCV QEB ABDOBB QEB IB>AFKDCFE@RBKKA QEB IB>AFKD @LBC

> Yay

? ua u l

@ QdQa
)?<ED9?>

+9:D 4@7E67?E :D 2G2:=23=6 7@C 7C66 2E Y9BENQEEBR2EPEG?E 4@=
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> AEBEFDEBRIIBOXFP PLQEBBDOBB 4EBIB>AFKIBOBREBBO®LKQ>FKIKEBDOBA Y
4EB IB>AFKD @EBEBKQ FP QEREBIBTLC QEAQ QBOJ

? A4EBEFDEBRQIBOCQFP PLQEBBDOBB 4EBIB>AFKIBOBR)EBBO®LKQ>FKFKABDOBBU
4EB IB>AFKD @E@EBKQ FP QEREBIBTLC QE>Q QBOJ
@ 4EBEFDEBRQTBQCp FP PLQEBBDOBER 4EBIB>AFKDBOBFRQEBRBO®LKQ>FKPRHBDOBB
4 Q 4EB IB>AFKD @E@EBKQ FP QERERIBTLC QEaQ QBOJ

k‘y 1.40 YABKQFCV QEB ABDOBB IB>AFKD QBOJ £kAAUBBKEKIC@EBOMLIWKBIF>l Y&

449>7 1>4 )E2DB13D9>7 &?<I>?7=91<C

7 B@>KAAKAPR?QOMEIQKLIF>T @ LJ?FKFKIBI R BOJPEF @O BBOIPEXQLKQXHEKB>IBS>0F>?BF-PRIKEB
P>JBBUMLKBKQRBU>JMIB Y >KA& Y >OBFHBBOJPKA@>RB>AAB®IDBQY ?RQ Y>KA Y >OBLQFHB
QBOJP >KA QEBOBCLOB @>KKLQ ?B >AABA
TP Given multiple polynomials, add or subtract them to simplify the expessions.
Jo: #LJ?FKB IFHB QBOJP
3FIMIFCV >KA TOFQB FK PQ>KA>0A CLOJ

12>A=6

449>7 &?<1>?7=91<C

&FKA QEB PRJ
Y Ya Y Yay
)?<ED9?>
Y Y Y Ya Y & $PNCJICF WINH
Y Y Ya 4IJRMIGZ
>1<IC9C

7 B@>Q@EBEROKPTBQRQEBRB/MBEMOL?IBIRPFKEIDO>MEKR B @RI>QL@ EB@O>MEEBIOL?IBIP
DFSBHLKO FQREBFIMIFCFBRTBOEBQTLDO>MEELRIABBNRFS>IBBRPROBIRPE)EB>IBTFKALTQL
@LIM>0B QEB DO>MEP GBEBRAHAEKALTP @>K J>HB QEB BUMOBPPFLKP PBBJ BNRFS>IBKQ TEBK QEBV >0B K

il’ry 1.41 &FKA QEB PRJ
17
Y YAy Y a Ya

12>A=6
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)E2DB13D9>7 &7?<I>?=91<C

&FKA QEECREBK@B
Yay Y & Y&y Y

)?<ED97?>

Yay ay Y Ya v a $PNCJCOF WINF
Y& Y Y Y& 4IJQMIGZ
>1<IC9C

LQBQE>GFKAFREBFCBOBK@BB TBBRTLMLIVKLIF>FRQER>JB>P>AAFKQERMMLPAQREBB@LKA
MLIVKLJF>I QL QEB CFOPQ

il’ry 1.42 &FKA QEECBBBK@B
17
avyay Yad & vYayvay

#E<D9@<I9>7 &7<I>?=91<C

-RIQFMIVFNIDIVKLIF>FR> ?FQLOB@E > BKDEXD KAAFKEK APR?QO> @QAKKLJF>IP BJRPRPEEBFPQOF?RQFSB
MOLMBQRRIQFMBA @EBOBKQEBFORQVKLIFSNB>@EBOBKQEBB@LIKA IVKLIFST BQEBELJI?FKBHBBOJP

7 B@>KIPLRPE PELOQ@RIBAER/), JBQELAEBKIRIQFMIVAHELIF>IRBOQ>FMB@MSILAR@QR TM>QQBOKP
QES(B @>BBILOFWKARPEKPQBARIQFMIVRNEBILIVKLIF>BVE>K/AB>@EFJE BTFIILLH>Q S>OFBQV>VP

QL JRIQFMIV MLIVKLJIF>IP

#E<DI@<I9>7 &?<I>?7=91<C +C9>7 D85 9CDB92ED9F5 &B?@5BDI

4L JRIQFMIVKRJI?BQAV > MLIVKLIF>TB RPEYERFPQOF?RMIBEAEBKRI?BARPQPBAFPQOF?REBAQEBO0J
LCQEBILIVKLIF>T B @>AFPQOFZRBEFK Y  QLL?Q>FREBNRFS>IBUMOBPPFYK  7EBK JRIQFMIVFKD

MLIVKLJF>IBEBFPQOF?RICAESEBOIQT PRAQLIRIQFMBA @EBOUCQEBFORQVKLIFAV B>@EBOUCQEBB@LKA
7 B QEBK >AA QEB MOLAR@QP QLDBQEBO >KA @LJ?FKB IFHB QBOJP QL PFIMIFCV

EMM  Given the multiplication of two polynomials, use the distributive poperty to simplify the expression.
To: -RIQFMIV B>@E QBOJ LC QEB CFOPQ MLIVKLJF>| ?V B>@E QBOJ LC QEB PB@LKA
#LJ?FKB IFHB QBOJP

3FIMIFCV

12>A=6

#E<DI9@<I19>7 &7?<I>?7=91<C +C9>7 D85 9CDB92ED9F5 &B?@5BDI

&FKA QEB MOLAR@Q
Y FYAYy ¢

)?<ED9?>
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YYAay YAy 6 THR BIC VRU VY B
Yay Y Yay VMWIQM

Y ay Y Yay $P N CJ G WINFIEL

Y Y Y 4IQMIGZ
>1<IC9C

7 B@>RPB Q>?IBIHBBRIO>@HRALOH>PPELTKHEK 12<5 7 OFQRBVILIVKLIF>@OLBPBLMKAQEB
LQEBQ TKQEBFABL®B>@HE UFKQER>?IBRIQFMOERBOCLQE>QL T?VQEBBOCLQEX@LIRIKIEBK
>AA >II LC QEB QBOJP QERBHEDIFHB QBOJP >KA PFIMIFCV

\4 ay
Y Y ay Y
Y ay

*12<5

}I'ry 1.43 &FKA QEB MOLAR@Q
t
Y Yay

+C9>7 % " D? #E<D9@<I| 9>?=91<C

| PELOQ@RIB&), FRPLIBQFJBPBAICFKAEBIOLAR@QTL?FKLIF>IFQFR@>IIB&), ?B@>RPBJRIQFMOEB
fFOPQ QBOJFRQEB QBOJKKHEEB QBOJP >KA QEBIQE@ERDJIP LC B>@E ?FKLIF>I

4EB&/), JBQELAOFPERQCQERFPQOF?RIGESEBAB¥ORFIMIVRIQFMIVBM@EBOICQEBFOFRBELIFVE>@E
QBOJ LC QEB PB@LKA ?FKLJF>l >KA QEBK @LJ?FKFKD IFHB QBOJP

M Given two binomials, use FOIL to simplify the expession.

o -RIQFMIV QEB CFOPQ QBOJP LC B>@E ?FKLJIF>I
-RIQFMIV QEB LRQBO QBOJP LC QEB ?FKLJF>IP
-RIQFMIV QEB FKKBO QBOJP LC QEB ?FKLJF>IP
-RIQFMIV QEB I>PQ QBOJP LC B>@E ?FKLJF>I
IAA QEB MOLAR@QP
#LJ?FKB IFHB QBOJP >KA PFIMIFCV
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12>A=6

+C9>7 % " D? #E<D9@<I| 9>?7=91<C

5PB &/), QL CFKA QEB MOLAR@Q

)?<ED9?>
&FKA QEB MOLAR@Q LC QEB CFOPQ QBOJP

&FKA QEB MOLAR@Q LC QEB LRQBO QBOJP

&FKA QEB MOLAR@Q LC QEB FKKBO QBOJP

&FKA QEB MOLAR@Q LC QEB I>PQ QBOJP

Y Ya Ya "EEIRO @B VD!
Y Ya Ya $PNCJCHF WINH
Ya Ya 4IQMIGZ

?’ry 1.44 5PB &/), QL CFKA QEB MOLAR@Q
t o
Y Ya

&5B653D )AE1B5B9>?=91<C

#BOQ>FKKLIF-NMOLAR@SHPMB@ELDIFEBK > ?FKLIFFAPNR>OBYE B BPRIRD > BAperfect square trinomial

7 B@>KFKAEBNR>0B JRIQFMIVFRMEBFKLIF>?V FQPBICTBSBOQEBGB> PMB@ELDDEE @ECQEBREBOCB@Q
PNR>QEFKLIFOFHBFKAIBILOFWFREELOJ>HBFPNR>OFRKEBLIF>IFR@B>PFBRAC>PQEDEILLH>Q> CBT
MBOCB@Q PNR>0B QOFKLJF>IP QL C>JFIF>OFWB LROPBISBP TFQE QEB CLOJ

Y Y Y
Ya Yay
Ya Yyay

.LQF @PE>QEBFOPROLCB > @BOFKLIFRDEBNR>0QBQEBFOPROUCQEBFKLIF3tKAPFJFI>O0EB-PQBOUCB>@E
QOFKLJFR)EBNR>QBQEE-PQBOUCQEBFKLIF>#EBIFAAIR)BOBRALR?IBREBIOLAR@QER TLQBOJPPQIVIB
PBB QE>Q QEB CFOPQ PFDK LC QEB QOFKLJF>I FP QEB P>JB >P QEB PFDK LC QEB ?FKLJF>I

+9:D 4@7E67?E :D 2G2:=23=6 7@C 7C66 2E Y9BENQEEBR2EPEG?E 4@=
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&5B653D )AE1B5B9>7=91<C

7EBK > ?FKLIFFPPNR>OBXEBBPRIRDEBFOPROBNR>OBMBOIALR?IREBIOLAR@R. QBBOIKAQEB-PQ
QBOJ PNR>OBA

Y B Y BY B Y BY B

M Given a binomial, squae it using the formula for perfect squae trinomials.

o 3NR>0B QEB CFOPQ QBOJ LC QEB ?FKLJF>I
3NR>0OB QEB I>PQ QBOJ LC QEB ?FKLJF>I
&LO QEB JFAAIB QBOJ LC QEB QOFKLJF>l ALR?IB QEB MOLAR@Q LC QEB QTL QBOJP
1AA >KA PFIMIFCV

12>A=6

H@1>49>7 &5B653D )AE1B5C
Ya

)?<ED97?>

"BDFKVPNR>ORMIBFOPROIKAQEE-PQBO XL AEBFAAIR)BOUCQEBOFKLIAAIR?IREBIOLAR@QEB
QTL QBOJP

Y & Y a

Try R Y&
i

9665B5>35 76 )AE1B5C

IKLQEBRMB @WASILARED> | BAEBiffer enceof squares TEF@IED @ REBKTB JRIQFMPPFKLIFAV>KLQEBRKLIF>I
TFQRER>JBQBOJPR@ERBRMMLPFRFDKBQE PBBIE>E>MMBREBKTB JRIQFMIWY Y& RPFKQER/),

JBQELA
Y va YAaY Ya
Y &

4EBJFAAIRQBOAOLMRRQOBPRIQFKIAFCBOBK@BNR>OBRPQPTB AFA FQREBIBOCBER>OBILLH>Q CBT
BU>JMIBP

Y Ya Y &
Y Ya Y a
Y Ya Y a

"B@>RREEBFD@E>KDBR)EBB @LRAKLIF>QEBRQBEAFKKBIBOIR >K GBI@EERB Q-KATB >OBCIKIVTFQE
QEB PNR>OB LC QEB CFOPQ QBOJ JFKRP QEB PNR>OB LC QEB [>PQ QBOJ
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Q Is there a special form for the sum of squaes?

No. The difference of squaes occurs becausethe oppositesigns of the binomials causethe middle termsto
disappearThee ar no two binomials that multiply to equal a sum of sgsiar

9665B5>35 ?6 JAE1B5C

7EBK>?FKLIFARRIQFMIFBA ?FKLIFTFQBEB>JBQBOFBM>0>DEEBMMLPREBIQEBBPAIREBNR>0B
LC QEB CFOPQ QBOJ JFKRP QEB PNR>0B LC QEB I>PQ QBOJ

B CBaAC BacC

TP Given a binomial multiplied by a binomial with the sameterms but the oppositesign, find the differ enceof
I3 squares.

3NR>0B QEB CFOPQ QBOJ LC QEB ?FKLJF>IP
3NR>OB QEB I>PQ QBOJ LC QEB ?FKLJIF>IP
3R?Q0>@Q QEB PNR>0B LC QEB I>PQ QBOJ COLJ QEB PNR>OB LC QEB CFOPQ QBOJ

12>A=6

#E<DI9@<I19>7 9>?=91<C (5CE<D9>7 9> 1 9665B5>35 ?6 )AE1B5C
-RIQFMIV Y Ya

)?<ED9?>

3NR>0BEEFOBBOQLDBQ Y Y 3NR>CBEB-PQBOQLDBQ 3R?QOQE@NR>QBQEB-PQ
QBOJ COLJ QEB PNR>0OB LC QEB CFOPQ QBOJ QL CFKA QEB MOLAR@Q LC

1.46 -RIQFMIV Y Ya
t

&5B67B=9>7 %@5B1D9?7>C G9D8 &7?<I>?=91<C ?6 )5SFEBAk2<5C

7 BE>SBLLHBAMLIVKLIF>@LKQ>FHKKHWA KBS>OF>?(BTBSBO> MLIVKLIF® >R LKQHBSBCSOF>?IBP LC
QEB P>JB ORIBP >MMIV TEBK TLOHFKD TFQE MLIVKLIF>IP @LKQ>FKFKD PBSBO>| S>OF>?IBP #LKPFABO >K BU>JM

B C BACabD

B BaCab C BacabD 6 T H FU B.ISC VRU @\ B
BaBcaBD BCa Ca D VMWIQM

B aBC BCaBba Cca D $P N CJCHF INFIEL

B BCaBDd D& C 4IQMIGZ

12>A=6

#E<DI@<I9>7 &?<I>?=91<C ?>D19>9>7 )5F5BIB912<5C
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-RIQFMIVY Ya Z

)?<ED9?>
&LIILT QEB P>JB PQBMP QE>Q TB RPBA QL JRIQFMIV MLIVKLIF>IP @LKQ>FKFKD LKIV LKB S>0OF>?IB
Y Y& Z Ya Z 6 THR BIC VR v B
Ya Yz vy Ya Z VMWIQM
Ya Y Y Y& Z $PNCJCH WINFIEL
Ya Y Ya Z 4IQMIGZ

1.47 Ya Y Z&
17

|@@BPP QEBPB LKIFKB OBPLRO@BP CLO >AAFQFLK>lI FKPQOR@QFLK >KA MO>@QF@B TFQE MLIVKLJIF>IP
O 449>7 1>4)E2DB13D9>7 &?<I>?=91<C 8DD@ ?@5>CD1H3?<<575 ?B7 < 144CE2@7?<I|
O #E<D9@<I9>7 &?<I>?=91<C 8DD@ ?@5>CD1H37<<575 ?B7 <=E<D9@<@7?<I
O )@5391< &B?4E3DC 76 &?<I>?=91<C 8DD@ 7?@5>CD1H3?<<575?B7 < C@5391<@?<I@B?4


http://openstaxcollege.org/l/addsubpoly
http://openstaxcollege.org/l/multiplpoly
http://openstaxcollege.org/l/specialpolyprod
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(1))

, bB21<

%S>IR>QEBLIILTFKPQ>QBJBHEBABDORB> MLIVKLIFFAKPQ>KASC FROEBUMLKBKIEB>AFKDBOJ
%UMI>FK TEV QEB PQ>QBJBKQ FP QORB LO C>IPB

->KV QFJBBRIQFMIVRKD?FKLIF>PFQBTLS>0F>?IBBPRI)® QOFKLIRHEFFEKL@E®R>PEBKQEBGR
AFCBOBK@B LC QTL PNR>OBP %UMI>FK TEV QEB MOLAR@Q FK QEFP @>PB FP >IPL > ?FKLJF>I

ILR@>BRIQFMMLIVKLIF>TFFQEK\WKRJI?BOCQBOIKA>-KWKRJI?BQCS>0OF>?BPFKCLR®>PFERBMEBOKA
LSBO RKQFI VLR OB>@E QEB BUM>KABA MLIVKLIF>I 7E>Q >0OB QEB CLRO PQBMP

3Q>QEBQEBEBLIILTFKPQ>QBJBRIDREMABUMI>FEVLOTEVKLQ QOFKLIF®HT>VR EFDERBDOBE>SK
JLKLIF>I

<752B193
&LO QEB CLIILTFKD BUBO@FPBP FABKQFCV QEB ABDOBB LC QEB MLIVKLJIF>|

Ya Y

N N&a N
& B C

Q¢ QN N
Y Y

zaz za

Wk
vs)
vs)
Qo
oy}
Qo

o b

(OS]
Qo
(o8]
Q.
vs)
vs)

¥
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&LO QEB CLIILTFKD BUBO@FPBP BUM>KA QEB ?FKLJF>I

Y

&LO QEB CLIILTFKD BUBO@FPBP JRIQFMIV QEB ?FKLJF>IP

D DA
BA B
o4& O
C ca
N & N
Q Qa
R& R

u Wl Ua
Ya Y&y
Z& Z & za
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Y ZY AYZ Z¢
(51<- ?B<4 @@<931D9?>C

| ABSBILMBEXQRIMRO@E>MB.QO>KAQL?RFIA ELRPRBEB>OBEOQEBIIL@>RBABP@OFABREBLIILTFKD
BUMOBPPFLX Y4 TEBOBFRB>PROBKBQBORIQFMIPEBFKLIF>BICFKAEBOBEOQEBIILBKPQ>KA>OA
CLOJ

I MOLPMB@RNVBED>KQBRLHKLTELT JR@BDO>FKPMB @ FFH@>KELIA 4EB>OBECQERILLOQCQEPRFILFP
Y 4EBEBFDEQQEBFIEP Y TEBOBFRB>PROBACBB®UM>IQEBNR>ORAIRIQFMPY QEBBFDEQ
QL CFKA QEB BUMOBPPFLK QE>Q PELTP ELT JR@E DO>FK QEB PFIL @>K ELIA

HD5>C97>C
&LO QEB CLIILTFKD BUBO@FPBP MBOCLOJ QEB DFSBK LMBO>QFLKP

LA Uu a4 u u
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K13D?B9>7 &?<I1>?7=91<C

"51B>9>7 %2:53D9F5C

1? E9:D D64E:@7? DEF56?ED H:==

24E@C E96 8C62E6DE 4@>>@? 724E@C @7 2 A@=J?@>:2=
24AE@C 2 EC:?@>:2=

24E@C 3J 8C@FA:?8

24E@C 2 A6C764E DBF2C6 EC:?@>:2=

24E@C 2 596C6?46 @7 DBF2C6D

24E@C E96 DF> 2?56?46 @7 4F36D

24E@C 61AC6DD:@7?D FD:?8 7C24E:@7?2= @C ?682E:G6 6IA@?67ED

)3>DFKBEB >OROVFRIZFKAEBOBLC> I>TK PLOESTB @>KBQBOJELE JR@DO>MBBOIMRO@EAEBI>TK
FP QEB DOBBK MLOQERK FK

97EB5

4EB >0OB> LC QEB BKQFOB OBDFLK @>K ?B CLRKA RPFKD QEB CLOJRI> CLO QEB >0OB> LC > OB@Q>KDIB

YO Y

Y VO.
4EB>OBARQEBILOQFHRA. KL@BNREIE-FBBABBAL?BPR?Q0O>@QBREBOBECQEBKQFOBDFI4EBQTL
PNR>OBDFLBRGE>SBK>0B:C" T RKFQREBLQERIB@Q>KIMBOEKR KEPFABIBKDQE Y&
>KALKBPFABOBKDQE DFSFKE>OBEC" M Y& Y& RKFQBL QEBBDFRQEIRP@BPR?QO>@QBA

E>P >K >OB> LC Ya YRKFQP

4EB>0B:OQEBRBDFQE-QBNRFDBPFBBAFCLRK2AVPR?QO>@QFKA  YRKFQREFROB®>kIPL?BBUMOBPPBA
FK C>@QLOBA CLOJd P4 RKFQR B @>K @LKCFOJ QE>Q QEFP FP >K BNRFS>IBKQ BUMOBPPFLK ?V JRIQFMIVFKD

->KV MLIVKLIF:-BUMOBPPEK®B TOFQ@BRFIMIBCLOJRV C>@ QLORKPEHFB @ QRIKTFII ILLH>Q> S>OFBQ@/
JBQELAP QE>Q @>K ?B RPBA QL C>@QLO MLIVKLIF>I BUMOBPPFLKP

13D?B9>7 D85 B51D5CD ?==7> 13D?B 76 1 &7<I>7=91<

7EBK TB PQRASO>@QRIKB>0RE>QEBreatestcommon factor ‘#& LCQTLKRJ?BOPRQEB>OBPKRJ?B@E>Q
AFSFABBBKIFKQILQEKRJI?BOBLOFKPQ>K@BQERE LC >KA ?B@>RPEROEB-OBPKRJI?BQEAFSFABP

BSBKIFKQILQE >KA 4EB#& LOMLIVKLIF>TROHREB>JBT>V YFREBR& LC Y>KA Y ?B@>RPBP
QEB IBBPQ MLIVKLJIF>I QE>Q AFSFABP BSBKIVHKQL MLQE

7EBKC>@QLOMIVKLIFAUMOBPHIRE FOFQBERMELRIABQL@EB@HS #& ,LLH CLQER& LOQERLBE@FBKQP
>KA QEBK ILLH CLO QEB '#& LC QEB S>OF>?IBP
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B51D5CD ?==?> 13D7?7B
4EBgreatestcommonfactor ‘#& LOMLIVKLIF>RREB-OBRQLIVKLIFQEAFSFABEBKIFKQREBILIVKLIF>IP

M Given a polynomial expession, factor out the geatest common factar
Lo: JABKQFCV QEB '#& LC (JHRA®BBQP
)JABKQFCV QEB '#& LC QEB S>0OF>?IBP
#LJ?FKB QL CFKA QEB '#& LC QEB BUMOBPPFLK
$BQBOJFKB TE>Q QEB '#& KBBAP QL ?B JRIQFMIFBA ?V QL L?Q>FK B>@E QBOJ FK QEB BUMOBPPFLK
7 OFQB QEB C>@QLOBA BUMOBPPFLK >P QEB MOLAR@Q LC QEB '#& >KA QEB PRJ LC QEB QBOJP TB K

12>A=6

13D?B9>7 D85 B51D5CD ?==?> 13D?B
&&@QLY Z YZ Yz

)?<ED9?>

&FORIFKAEBS LOQEBUMOBPPHEB#& LC >KA FP 4EB#& LCY Y >KAYFPY .LQB
QEQER& LC>PBQ:BUMOBPPFKE(IEBLOJWTFII>IT>VFPBQEBUMLKB.L((D_TBPQBDOBEKA QEE&
LCZ Z >KAZFPZ#LJI?FKB QEBPB QL CFKA QEB #& LC QEB MYR/KLJIF>I

.BUQABQBOJAKE-QREB!& KBBALL?BJIRIQFMIFBAQLL?Q>M>@EBOICQEBILIVKLIF>T BCFKARE>Q
YZ Y Z YZ YZ Yz Y Z >KA YZ Yz

&FK>IITOFQEEB>@QLBBMOBPPPIERIOLAR@QERS >KAQEBRJILOQEBBOJMB KBBABALIRIQFMIV
2V

YZ Y Z YZ
>1<IC9C

ICQB@>@QLOFRD@>K@EB@ROTLOH?V JRIQFMIVFBEB QEBAFPQOF?ROBEEBANGLKCFQE>Q
YZ YZ Yz Y Z Y Z Yz

R‘y 148 g>@QNM@ 4B  C & B ?VMRIFKD LRQ QEB #&

13D?B9>7 1 B9>?=91< G9D8 "5149>7 ?5669395>D

IIQELRDHB PELRIAIT>VP?BDFRV ILLHFKEBLG '#& MRIIFKDIRQEBt& FPKLQRERKIVT>V QE>RQLIVKLIF>I
BUMOBPPELKABC>@QLOBBMLIVKLIF>Y Y E>P-'#& LC ?RE@>RBTOFQQBREBIOLAR@QEB>@QLOP
Y >SKA 'Y

40FKLIFAIEQERLOJY CY C@>RBC>@QLOBBFKAFRDLKRI?BOPFQE MOLARI@Q>KA> PRJLC C4EB

QOFKLIF¥l Y CLBU>IMIB@>RBC>@QLRBAKDERRJI?BOP >KA ?B@>ROBBIOLAR@QELRAERI?BOP
FP >KA QEBFO PRJ FFEB QOFKLIF>l @>K ?B OBTOFQQBK >P QEB MEBUAR@Q LC

+9:D 4@7E67?E :D 2G2:=23=6 7@C 7C66 2E Y9BENQEEBR2EPEG?E 4@=
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13D?B9>7 1 B9>7=91< G9D8 "5149>7 ?5669395>D

| QOFKLJR:C QEBCLOJY CY C@>K?B TOFQQBKC>@QLABM®I>P Y QY RTEBOBR [>KA
QR C

Q Can every trinomial be factored as a poduct of binomials?
No. Some polynomials cannot be faetbrThese polynomialseasaid to be prime.

Given a trinomial in the form Y CY D factor it.
0:

FPQ C>@QLDP LC
&FKAG>KAR > M>FO LC C>@QIBREG PRJ T

7 OFQB QEB C>@QLOBA BUMQBPPR.K

12>A=6

13D?7B9>7 1 B9>7=91< G9D8 "5149>7 ?5669395>D

&@QN0 Y&

)?<ED9?>
7 BE>SB> QOFKLIFAQEB>AFKDLBE@FBKQ  >KAD & 7 BKBBALCFKATLKRI?BOPFQE
MOLAR@®@ LC>KA > PRILC )K*12<5  TB IFPQ C>@QLOP RKQFI TB CFKA > M>FO TFQE QEB ABPFOBA PRJ

Factors of & Sum of Factors
! a
&
& a
&
*12<5

LT QE>Q TB E>SB FABK@BBRBZP & >KA TOFQB QEB C>@QLOBAELOY>P

>1<IC9C
7 B @>K @EB@H LRO TLOH ?V JRIQFMIVFKD 5PB &/), QY@LKEZFOJ QF>Q Ya
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[aJ§ Does the order of the factors matter?
No. Multiplication is commutative, so theder of the factors does not matter

149 g>@QNOAa Y

13D?B9>7 21 B?E@9>7

4OFKLJIFSTPQB>AFK®LBE @ FRKERIE>K>0BIFDEQL\DBA LIMIF@>QBA@ @IG)EBREFKLIFFP@>factor
by grouping ?VAFSFARBEB QBOBKQREBRJILOQTLQBOJE>@QLBSAMLOQIEIIQEBUMOBPPFEM>0>CGBAQEBK

C>@QLQRKDER& LOQEBKQFRMEMOBPPHEEBQOFKLIFSY Y @>RBOBTOFQ®BKY Y  RPFKDEFP

MOL@BPB?BDFRVOBTOFQFRBOFDFELIMOBPEPLKY Y Y  >KAQEBB>@ BE@MLOQEREBUMOBPPFLK
QL L?Q>FK Y Y 7B QEBK MRIILRQ QEB #& LC QL CFKA QEB C>@QLOBA BUMOBPPFLK

13D?B 21 B?E@9>7

4L C>@QI@DFKLIFKREBLOJBY CY LC?VDOLRMFRBCFKATLKRI?BOFFQEMOLAR@®C>KA>PRJILC
C 7 BRPREBRERI?BOBLAFSFAFEBYQBOBKQREBRJ LCQTLQBOIFKAC> @ BX@EBLOQRIGQEBUMOBPPFLK
PBM>O>Q@EIBK C>@QLO LRQ QEB '#& LC QEB BKQFOB BUMOBPPFLK

9F5> 1 DB9>?=91< 9> D85 6?EBY CY D 613D?B 2| 7B?E@9>7
. EPQ C>@QLEP LC

&FKAG>KAR > M>FO LC C>@@IDPQE> PRJ IC
2BTOFQB QEB LOFDFK>| BUMBYBPRBLKRP D

ORIILRQ QEB '#& BY QY
ORII LRQ QEB '#& RY D

&>@QLO LRQ QEB #& LC QEB BUMOBPPFLK

12>A=6

13D?B9>7 1 B9>?=91< 2| B?E@9>7

&>@QLY Y& ?V DOLRMFKD

)?<ED9?>
7 BE>SB QOFKLJIFFRQEB C >KAD & &FORPBQBOJFRB & 7 BKBBMICFKATLKRJI?BOP
TFQE > MOLAR@Q B&A > PRI LC )K*12<5 TB IFPQ C>@QLOP RKQFI TB CFKA > M>FO TFQE QEB ABPFOBA PR

+9:D 4@7E67?E :D 2G2:=23=6 7@C 7C66 2E Y9BENQEEBR2EPEG?E 4@=
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Factors of & Sum of Factors
E:} a
a
F:} a
a
a a
a
*12<5
3L Q & >KAR
Y&ay Ya SIXSUIFFWBHJOBM FIJPBY By RY D
Y Y& Y& 'BPY PIVFU($J PG BB
Ya vy 'BPSY PIVUMPGFWFEFITIPO
>1<IC9C
7 B @>K @EB@H LRO TLOH ?V JRIQFMIVFKD 5PB &/), QLYBLKCFOJ QE>® Y&

Hy 150 g>@QLO¥ Y 2?2 Y VY&

13D?B9>7 1 &5B653D )AE1BB9>?=91<

I MBOCBER>QEFKLIFR QOFKLIRE>@>RBTOFQQRBOEBNR>QB> ?FKLIF>PB@>DESTEBK> ?FKLIFFP
PNR>OBA QEB OBPRIQ FP QEB PNR>OB LC QEB CFOPQ QBOJ >AABA QL QTF@B QEB MOLAR@Q LC QEB QTL QBOJF

B BC C B C
BOE
Ba BC C BaC

7 B @>K RPB QEFP BNR>QFLK QL C>@QLO >KV MBOCB@Q PNR>0OB QOFKLJIF>

&5B653D )AE1B5B9>?=91<C
I MBOCB@Q PNR>0OB QOFKLJF>I @>K ?B TOFQQBK >P QEB PNR>0OB LC > ?FKLJF>|
B BC C B C
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TP Given a perfect squae trinomial, factor it into the square of a binomial.
To: #LKCFOJ QE>Q QEB CFOPQ >KA I>PQ QBOJ >0OB MBOCB@Q PNR>OBP
#LKCFOJ QE>Q QEB JFAAIB QBOJ FP QTF@HEBQEB MOLAR@Q LC

7 OFQB QEB C>@QLOBA CKDJ >P

12>A=6

13D?B9>7 1 &5B653D )AE1BB9>7=91<

&>@QLOY Y

)?<ED9?>
LQF@@E>Q Y >KA >OBIBOCBERY>OCHR@>RPBY Y >KA AEBK@EB@IPBBEQEBFAAIB
QBOFPQTF@BEBIOLAR@R Y>KA 4EB JFAAIBQBOFP FKABBRTFA@BEBIOLAR@QY Y

4EBOBCLOB QEB QOFKLJF>I FP > MBOCB@Q PNR>0OB QOFKLJF¥I >KA @>K ?B TOFQQBK >P

l1;;|~y 151 g>@QLOY & Y

13D?B9>7 1 9665B5>35 ?6 )AE1B5C

| ARCBOBK@BNR>O0BP MBOCBER>TR?Q0>@QB& MBOCBER>OIB @>QE>HARCBOBK@BNR>08PRB
OBTOFQ®BK@ QERRQ>F KFKE>JBQBOJRQMMLPRFB KB @>ROBBFAAIRBOJR>K GBQE)ERBRJEBKQEB
QTL C>@QLOP >0B JRIQFMIFBA

BA4C B CBA&C
7 B @>K RPB QEFP BNR>QFLK QL CBORN@BKVAPER>0OBP

9665B5>35C 26 JAE1B5C
| AFCBOBK@B LC PNR>OBP @>K ?B OBTOFQQBK >P QTL C>@QLOP @LKQ>FKFKD QEB P>JB QBOJP ?RQ LMMLPF
BAC B CBAC

T Given a difference of squaes, factor it into binomials.
Lo: #LKCFOJ QE>Q QEB CFOPQ >KA I>PQ QBOJ >0OB MBOCB@Q PNR>OBP
7 OFQB QEB C>@QLOBA CIMOBarC

13D?B9>7 1 9665B5>35 ?6 JAE1B5C

+9:D 4@7E67?E :D 2G2:=23=6 7@C 7C66 2E Y9BENQEEBR2EPEG?E 4@=
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&@0QLY &

)?<ED9?>

LQF@BE>QY >KA >OB/BOCPER>-OBPQ@>RPH Y >KA 4EBMLIVKLIFDBMOBPBKQP
AFCBOBK@B LC PNR>0OBP >KA @>K ?B ¥BTOFY&BK >P

152 g>@QLOZ &

Q Is there a formula to factor the sum of squags?
No. A sum of squas cannot be facted.

13D?B9>7 D85 )E= 1>4 9665B5>35 7?6 E25C

LT TBTFIHILLH>@TLKBTPMB@WMLAR@EBRJ>KAAFCBOBH@® R?BRQELRDREBRJLCPNR>0BRPKKRE
C>@QLOBA QEB PRJLC @R?BP @>K ?B C>@QLOBA FKQL > ?FKLJF>I >KA > QOFKLJF>I

B C B CBA&BC C
3FJFI>OIQEB PRJ LC @R?BP @>K ?B C>@QLOBA FKQL > ?FKLIF>| >KA >CBUBKQMPHF DM TFQE AFC
BA4C BaCB BC C

7 B@>RPREB@OLKEI0 QIOBJIBJ?BQEBFDKEBKC>@ QLQEERJILOAFCBOBK@®R?BFEBCFABQQRB>@E
TLOA OBI>QBP QL QEB-FFOKMMLPRYB>-VAPLPFQFSB &LO BU>JMIB @LKPFABO QEB CLIILTFKD BU>JMIB

Y & Y& Y Y
4EBPFDKCQEBFOPBRQEBame>PQERFDRBQTBBK & 4EBPFDKCQEB YQBOBRoppositeQEBRFDRBQTBBK
Y & KA QEB PFDK LC QEB I>PQ @B@ys peBitive

)E= 1>4 9665B5>35 ?6 E25C
7 B @>K C>@QLO QEB PRJ LC QTL @R?BP >P
B C B CBAaBC C

7 B @>K C>@QLIBEBRESB LC QTL @R?BP >P
BAC BACB B C

T Given a sum of cubes or diffeence of cubes, factor it.

To:
#LKCFOJ QE>Q QEB CFOPQ >KA I>PQ BBOL>08 BR8P

&LO-PRILC@QR?BROF@EB>@QLCIBA*P B C B aBC C &LC-ARCBOBK@@R?BFOFQ@EB
C>@QLOBACLBAEG B BC C

12>A=6
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13D?B9>7 1 )E= 76 E25C

&>@QN0

)?<ED97?>
LQF@B Q®¥>OKA  >OB @R?BP ?B@>RPB 2BTOFQB QEB PRJLC @R?BP>P & Y

>1<IC9C

ICQBTOFQRRBEBRJILC@R?EFEAPV TB JFDEQEFKIS PELRI& EB@HPBEFQEROFKLIFIOQRRKRB
C>@QLOBA CROBEBODEB QOFKLIF>I MLOQFLK @>KKLQ ?B C>@QLOBA PL TB AL KLQ KBBA QL @EB@H

l1;!3/ 1.53 &>@QLO QEB PRJ LC @R®BPC

12>A=6

13D?B9>7 1 9665B5>35 ?6 E25C

&@QLY &

)?<ED9?>

LQF@BE>QY >KA >OB@R?BFB@>RPN Y >KA 7 OFQBEB\FCBOBKI@RDR?BFP
Ya Y Y

>1<IC9C

*RPQ >P TFQE QEB PRJ LC @R?BP TB TFII KLQ ?B >?IB QL CROQEBO C>@QLO QEB QOFKLJF>I MLOQFLK

ky 154 g>@QLO QEBGBK@B LC @R?BF &

13D?B9>7 H@B5CC9?>C G9D8 B13D9?>1< ?B $571D9F5 H@?>5>DC

%UMOBPPFERQE O>@ QEIKED>QESBVILKBK@RBC>@QLDBARIIFKIRG #& ,LLH CLQEB>OF>ABBUMLKBKQ
QERRALJIILKQLB>@EBOICQEBUMOBPRRAVIRILR@E>>OF>ABBUMLKBRSFPRAQER TBPMLTBAIEBPB

BUMOBPPELKETQEB>JBC>@QLQNBFPQEL PB-QEKQBIROILKBKORFKPQ>K@B Y @>RBC>@QLOBA

MRIIFKD LRQ>KA ?BFKD OBTOFQQBK >PY

I12>A=6

13D?B9>7 1> H@B5CC9?> G9D8 B13D97>1< ?B $571D9F5 H@?>5>DC

+9:D 4@7E67?E :D 2G2:=23=6 7@C 7C66 2E Y9BENQEEBR2EPEG?E 4@=
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&>@QLYY Y
)?<ED9?>

3
&>@QLO LRQ QEB QBOJ TFQE QEB ILTBPQ S>IRB LC QEB BUMLKBKQ )X QEFP @>PB QE>Q TLRIA ?B

Y Y Y 'BPY PIVU(3
E
Y Y Y 4IJQMIGZ
&
Y Y
Try 1.55 . - . &
It &>@QLOBa B Ba

’ 1@@BPP QEBPB LKIFKB OBPLRO@BP CLO >AAFQFLK>I FKPQOR@QFLK >KA MO>@QF@B TFQE C>@QLOFKD NV
O 45>D96lI 8DD@ ?@5>CD1H3?7<<575?B7 <69>4736D?613D
O 13D?B *B9>?=91<C G85>1 AE1<C 8DD@ ?@5>CD1H3?7<<575 ?B7 <613DDB9>?=
O 13D7?B *B9>?=91<C G85> 1 9C >?D 5AE1<D? 8DD@ ?@5>CD1H3?<<575 ?B7 <613DDB9>?=
O 13D?B)E=7?B 9665B5>35 ?6 E25C 8DD@ ?@5>CD1H37<<575 ?B7 < CE=4963E25


http://openstaxcollege.org/l/findgcftofact
http://openstaxcollege.org/l/facttrinom1
http://openstaxcollege.org/l/facttrinom2
http://openstaxcollege.org/l/sumdifcube

92AE6C 'C6C6BF:D:E6D

(1))

, bB21<

)C QEB QBOJP LC > MLIVKLIF>I AL KLQ BB X)E&Q JB>K FQ FP KLQ C>@QLO>?IB %UMI>FK

I MLIVKLIFHAFRC>@QLO2RF KLY MBOCBER>QBFKLJIESH> ARCBOBH@BTLPNR>OBPKVLRC>@ @QEB
MLIVKLIF>I TFQELRQ CFKAFKD QEB '#&

(LT AL VLR C>@QLO ?V DOLRMFKD
<752B193

&LO QEB CLIILTFKD BUBO@FPBP CFKA QEB DOB>QBPQ @LJJILK C>@QLO
Y Yza Y

NC& N @G NB
YZ& YZ Yz
QN & QN N
KL & KL KL
Z&7Z Z4az

&LO QEB CLIILTFKD BUBO@FPBP C>@QLO ?V DOLRMFKD

Y Ya
B Ba
D D
Oa& O0a
Xa X
Qéa Qa

&LO QEB CLIILTFKD BUBO@FPBP C>@QLO QEB MLIVKLJIF>I

Y Ya

a

Qo

ca ca

+9:D 4@7E67?E :D 2G2:=23=6 7@C 7C66 2E Y9BENQEEBR2EPEG?E 4@=
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&LO QEB CLIILTFKD BUBO@FPBP C>@QLO QEB MLIVKLJIF>IP

Y
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(51<- ?B<4 @@<931D9?>C
&LO QEB CLIILTFKD BUBO@FPBP @LKPFABO QEFP P@BK>OFL

#E>OILQEXE>MMLFKQBFE>FOMBUIR:KS @FQB>RQFCF @AHQIFEBIBRC FORGINIFKPQPD>QREPCLRKQ>FKP
LKBLCQER FEW-OHFEBM>OFP> OB@Q>RBEEK>0BLC Y Y& J >PPELTKFKQEBFDREEBLT 4EB
IBKDQE >KA TFAQE LC QEB M>OH >0B MBOCB@Q C>@QLOP LC QEB >OB>

&>@QLO ?V DOLRMFKD QL CFKA QEB IBKDQE >KA TFAQE LC QEB M>OH

I PQ>QRBL?BMI>@BAQER)BKQEBQERI>OMUEB>0OBECQEB>PRCQEBQ>QRB Y Y N &@QQREB
>0B> QL CFKA QEB IBKDQEP LC QEB PFABP LC QEB PQ>QRB

IQ QEBLOQETHPDKBINER>O)ER FEWLFKRLFKPQ>ICLRKQ>HEB>0BECQER>PR CQEELRKQFK
Y& N &@QLO QEB >0OB> QL CFKA QEB IBKDQEP LC QEB PFABP LC QEB CLRKQ>FK

&LO QEB CLIILTFKD BUBO@FPB @LKPFABO QEB CLIILTFKD P@BK>OFL

I P@ELERFKPQ>I1BKI)>DMLABQE B BKQRIIWAEBMI>WER> PNR>OBQBFABKDQE VA >PPELTKFKQEBFDROB
?BILT 4EB CI>DMLIB TFIl Q>HB RM > PNR>0OB MYATFQE »@B>

+9:D 4@7E67?E :D 2G2:=23=6 7@C 7C66 2E Y9BENQEEBR2EPEG?E 4@=
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&FKA QEB IBKDQE LC QEB ?>PB LC QEB CI>DMLIB ?V C>@QLOFKD

HD5>C9?7>C
&LO QEB CLIILTFKD BUBO@FPBP C>@QLO QEB MLIVKLIF>IP @LJMIBQBIV

Y a Y
Za
[ & B
3 _
Y'Y Y
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K(1D9?7>1< H@B5CC9?7>C

"51B>9>7 %2:53D9F5C

1? E9:D D64E:@7? DEF56?ED H:==

*>A=:7J C2E:@72= 6IAC6DD:@?D

$F=E:A=J C2E:@?2= 6IAC6DD:@?D

:G:56 C2E:@7?2=6lAC6DD:@?D

55 2?5 DF3EC24E C2E:@7?2= 6lAC6DD:@?D
*>A=:7] 4@>A=6] C2E:@?2= 6lAC6DD:@?D

| M>PQRELM>FCFURRLPQE  MBODBBH-KASSOF>TELPQE  MBELULOM>PQOSBBPELNE LPYIBDOBBHK
QBOJEC Y QERRJ?BQC?LUBB>AB FP Y 7 B@>KFSFAERLPRIBIBBHY QEERI?BQC?LUBB>ABQL
ABQBOJFKB QEB @LPQ MBO ?LU LC M>PQOFBP

Y
.

.LQF@EEQEBBPHR MLIVKLIFBUMOBPRHASEABY> PB@ LKA IVKLIFBIUMOBPPRIGEFB@QHIBFIIBUMILOB
NRLQFBKQP LC MLIVKLJF>I BUMOBPPFLKP

)9=@<9619>7 (1D9?>1< H@B5CC9?>C

4EBNRLQFBKQTLMLIVKLIF:BUMOBPPFE@®>|IBArational expression 7 B @>kMMIQEBIOLMBORQEB®>@QFLKP
QLO>QFLB:IMOBPPRR@EPPFIMIFCVEMBUMOBPPRVK®>K @BIBHDJILK C>@QUORQEKRIBO>QEKAQEB
ABKLIFK>QUOAL QEFPB CFOREBAIC>@QLQBERRJIBO>CQIPABKLIFK>QBQEPQ>TRDDEBR>QFLEHYMOBPPFLK
PELTK

Y Y
Y Y

7 B @>K C>@QLO QEB KRJBO>QLO >KA ABKLIFK>QLO QL OBTOFQB QEB BUMOBPPFLK

S S
Y Y

4EBK TB @>K PFIMIFCV QE>Q BUMOBPPFLK ?V @>K@BIFKN¥ QEB @LJILK C>@QLO
Y

Y

M Given a rational expression, simplify it.
Lo &>@QLO QEB KRIBO>QLO >KA ABKLJFK>QLO
#>K@BI >KV @LJILK C>@QLOP

12>A=6

)9=@<9619>7 (1D9?>1< H@B5CCI?>C
SFEIMIFGY &
Y

)?<ED9?>

+9:D 4@7E67?E :D 2G2:=23=6 7@C 7C66 2E YBENQEEBR2EPEG?E 4@=
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Qo

'BPUWRJOVBMEBS BIFEEF O PR

S <|<
<|<

$BODFM DBRBYO G

<

>1<IC9C
7 B @>K @>K@BI QEB @LJILK C>@QLO ?B@>RPB >KV BUMOBPPFLK AFSFABA ?V FQPBIC FP BNR>| QL

Canthe Y term be cancelled inH1=@<5  ?

No.Afactoris anexpeessiorthatis multipliedby anotherexpessionThe Y termis notafactorofthenumerator
or the denominator

5] 156 gramiIFGyvYA
It Y &

#E<D9@<I9>7 (1D9?>1< H@B5CC9?>C

-RIQFMIF@>QEDQFLIBIMOBPPRLIMRER>JB T>V >PJIRIQFMIF @ >(QEHVLQEBTO>@QRLERRIQFMIYEB
KRJBO>QQIEFKAERRJIBO>QIMEBRIOLAREXEQERIRIQFMOERBKLIFK>QRUFFKAEBBKLIFK>QIQEBIOLAR@Q
"BCLOBRIQFMIVFRFPEBIMCRILC> @ QREKRIBO>QLERABKLIFK>QIGRPETB AFATEBKPFIMIFCVEKIDFLK>|
BUMOBPPFLEPOB LCQBK >?IB QL PFIMIFCV QEB MOLAR@Q LC O>QFLK>| BUMOBPPFLKP

M Given two rational expressions, multiply them.

Lc: &>@QLO QEB KRIJBO>QLO >KA ABKLIFK>QLO
-RIQFMIV QEB KRJBO>QLOP
-RIQFMIV QEB ABKLJFK>QLOP
3FIMIFCV

12>A=6

#E<D9@<I19>7 (1D9?>1< H@B5CC9?>C

-RIQFMIV QEB O>QFLK>I BUMOBPPFLKP >KA PELT QEB MOLAR@Q FK PFIMIBPQ CLOJ

Y YYa UJ"" 'BPYFRJOVBWES BOE ERG
L YYa y Ya VMW OMEBST BOE EFE
X va  va $BODFM DBR®SFI@MJ G
Y xY—
Ya Ya
Y

)?<ED97?>
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Y YYa OJ"" 'BIPYFUOVBES BOE E G
Y YYa . Ya VM WIQMEBST BOE EFE
S YA Ya $BODFM DBRSFAI@MJG
v x—
Ya Ya
v

}l'ry 1.57 -RIQFMIV QEB O>QFLK>I BUMOBPPFLKP >KA PELT QEB MOLAR@Q FK PFIMIBPQ CLOJ
t

Y Y gy Y
Y oY Y oY

9F949>7 (1D97>1< H@B5CC9?>C

$FSFPFLKO>QFLIBIMOBPPFLRRRER>IBT>V >PAFSFPALBLQEBID>@ QRLKRFSFABO>QFLIBLIMOBPPRLK
>KLQEBOQFLRBRIMOBPPRIQFMYEBFOBQVOBPPMGBEBB@FMQICYERB @ L KFPFKIERMMOL>TETLRIA

OBTORQ®-Y >PQEMOLAR@Q? /K@BQEBFSFPRIKMOBPESERBBIOBTOFQ®BERIQFMIF@:BYRIRBPPHRK

@>K JRIQFMIV >P TB AFA ?BCLOB
YNy
M Given two rational expressions, divide them.
To: 2BTOFQB >P QEB CFOPQ O>QFLK>I BUMOBPPFLK JRIQFMIFBA ?V QEB OB@FMOL@>! LC QEB PB@LKA
&>@QLO QEB KRJBO>QLOP >KA ABKLJFK>QLOP
-RIQFMIV QEB KRJBO>QLOP
-RIQFMIV QEB ABKLJFK>QLOP
3FIMIFCV

12>A=6

9F949>7 (1D9?>1< H@B5CC9?>C

$FSFAB QEB O>QFLK>I BUMOBPPFLKP >KA BUMOBPP QEB NRLQFBKQ FK PFIMIBPQ CLOJ
Y Y& 5 va
Y & Y Y

)?<ED9?>
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il'ry 1.58 $FSFAB QEB O>QFLK>| BUMOBPPFLKP >KA BUMOBPP QEB NRLQFBKQ FK PFIMIBPQ CLOJ
17

449>7 1>4 )E2DB13D9>7 (1D9?7>1< H@B5CC9?>C

IAAFKD-KAPR?QO> @I BRIMOBPPFLRPIBRPEHBAAFKEK APR?Q0O> @GRIBDF @8> @ QRLKAACO>@QFLKP
TB KBBA QL CFKA > @LJILK ABKLBGBQL® >Q >K BU>IMIB LC CO>@QFLK >AAFQFLK

7 BE>SRIOBTORIEBO>@ QFLEEPBRE>0RDLIILKABKLIFK>GBTLAB >0B?IBQ>AA7 BJRP@LQEB>JBQEFKD
TEBK >AAFKD LO PR?QO>@QFKD O>QFLK> BUMOBPPFLKP

4EBB>PFBRQIJLKABKLIFK>@URPBFII?BQERastcommondenominator LO#$ 4EB#$ FRQEBJ>IIBPIRIQFMIB
QEQEBBKLIFK>QESBEK@LIILK 4L CFKAER$ LOQTLO>QFLEEMOBPPHIEE>@ QEBUMOBPPHKKIRIQFMIV
>1I LOQEBFPQFEEH KOEK PQ>KEEEB>@ QLABA JFK>QIBBeB Y Y >SKAY Y QEBREB$

TLRIA?B Y Y Y

/K@BTB CFKAQER!$ TB KBBALIRIQFMBA@BUMOBPPRLBEBLOLC QESTFII @E>KMERBKLIFK>QRIEB
#$ 7 BTLRIAKBBALURIQFMQEBUMOBPAFQEABKLIFK>QIDY Y ’?V¥ >KAQEBUMOBPHFQE

ABKLIFK>QLOYC Y ?V¥

M Given two rational expressions, add or subtract them.
Lo &>@QLO QEB KRJBO>QLO >KA ABKLJFK>QLO
&FKA QEB ,#$ LC QEB BUMOBPPFLKP
-RIQFMIV QEB BUMOBPPFLKP ?V > CLOJLC QE>Q @E>KDBP QEB ABKLJFK>QLOP QL QEB #$
IAA LO PR?QO>@Q QEB KRJBO>QLOP
3FIMIFCV

12>A=6
449>7 (1D9?>1< H@B5CC9?>C

IAA QEB O>QFLK>I BUMOBPPFLKP

)?<ED9?>
&FOPIB E>SEQLCFKAER$S )K QEFR>PRER#$ TFII?B YZ 7 B QEBERIQFMBS@BUMOBPPRLREB
>MMOLMOF>QB CLOJ LC QAP QEBKABKLIFK>QLO CLO B>@E CO>@QFLK

0% 2O

Z v
YZ YZ
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LT QE>Q QEB BUMOBPPFLKP E>SB QEB P>JBBABRINIFK>@AMEB KRIBO>QLOP QL CFKA QEB PRJ

Y Z
—YZ

>1<IC9C
-RIQFMIVF’K\D%LO%ALBIKL@E>KQEB>IRIBCQEBOFDFHMOBPF?BI@(>F€HB,KRJ?B@FSFAB\0&FQPBIC
FP >KA JRIQFMIVFKD >K BUMOBPPFLK ?V DFSBP QEB LOFDFK>I BUMOBPPFLK

12>A=6

)E2DB13D9>7 (1D9?>1< H@B5CC9?>C

3R?Q0>@Q QEB 0>QFLK>| BUMOBPPFLKP

Y Y va
)?<ED9?>
&~z BPS
AYO 2 "|Y
T WAy O VMW ORIBD U PPRY $% BT EF QPR
Ya 5 Y VMWIQM
Y Ya Y Ya
a a ¥y " Q @VEUIE VAU BV B B
Y va
Y& 4V B
Y Ya
Ya 4IQMIGZ
Y Ya

Q Do we have to use the LCD to add or subtract rational exgssions?

No. Any common denominator will work, but it is easiest to use the LCD.

1.59
3R?Q0>@Q QEB O>QFLK>| BYMOBRRFLKP

)9=@<9619>7 ?=@<5H (1D9?>1< H@B5CC9?>C

| @LIMIBO>QFLRBLIMOBPMRE:IO>QFLBRIMOBPRFEHD LKQ>FKRFQFLE>QFLBIMOBPPFKREERIBO>QQEB

ABKLIFK>QLOPLQE B@>RFIMIF@LIMIBO>QFLEHMOBPPR/RBTOFQFRRRJIBO>QIGABKLIFK>QIRBFKDIB

O>QFLBUMOBPPFKMFSFAFKBB@LJMIBO>QFLBUMOBPPFI§(—D@>P?B PFIMIFCRB/AOBTOFQBEBRJIBO>QLO
T
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>PQEB?O>@QEEKA@LJ’?FKFQEBUMOBPPFKQEBBKLJFK>QIR9—C(D 7 B@>KEBRBTORUEBUMOBPRIFK

JRIQFMIF@>QFLK MOL?IBJ RPFKD QEB OB@FMOL@NELD@@A%HIQ@BFP BNF»;—@G—D

Given a complex rational expession, simplify it.
Lo #LJ?FKB QEB BUMOBPPFLKP FK QEB KRJBO>QLO FKQL > PFKDIB O>QFLK>I BUMOBPPFLK ?V >AAFKD L(

#LJ?FKB QEB BUMOBPPFLKP FK QEB ABKLJFK>QLO FKQL > PFKDIB O>QFLK> BUMOBPPFLK ?V >AAFKD
2BTOFQB >P QEB KRJBO>QLO AFSFABA ?V QEB ABKLJFK>QLO

2BTOFQB >P JRIQFMIF@>QFLK

-RIQFMIV

3FIMIFCV

12>A=6

)9=@<9619>7 ?=@<5H (1D9?>1< H@B5CC9?>C

3FJMIFC—\£7_—Y
A

)?<ED97?>
"BDFK ?V @LJ?FKFKD QEB BUMOBPPFLKP FK QEB KRJBO>QLO FKQL LKB BUMOBPPFLK

ZO v VMWBYP M $% BT EFCPF

Yz
~ v
Yz "EE O\BRST
x
.LT QEB KRJBO>QLO FP > PFKDIB O>QFLK>I BUMOBPPFLK >KA QEB ABKLJFK>QLO FP > PFKDIB O>QFLK>I BUMO
YZ
z_
—
Z

7 B @>K OBTOFQB QEFP >P AFSFPFLK >KA QEBK JRIQFMIF@>QFLK

Y2, %  3KSUF BT NVM

% VMWIQM

120 1.60 Y32
3FIMIFCV

Q Can a complex rational expession always be simplified?
Yes. & can alwayseawrite a complex rational exgssion as a simplified rational exgasion.
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’ |@@BPP QEBPB LKIFKB OBPLRO@BP CLO >AAFQFLK>I FKPQOR@QFLK >KA MO>@QF@B TFQE O>QFLK>I BUM
0 )9=@<96I (1D9?>1< H@B5CC9?>C 8DD@ ?@5>CD1H3?<<575 ?B7 < C9=@B1D5H@B5CC
O #E<D9@<I 1>4 9F945 (1D9?>1< H@B5CC9?>C 8DD@ ?@5>CD1H3?<<575 ?B7 < =E<D49FB1D5H
O 44 1>4)E2DB13D (1D9?>1< H@B5CC9?>C 8DD@ ~?@5>CD1H3?<<575 ?B7 < 144CE2B1D5H
0 )9=@<961 1 ?=@<5H B13D9?> 8DD@ ?@5>CD1H3?<<575 ?B7 <3?=@<5H6B13D
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(1))

, bB21<

(LT @>K VLR RPB C>@QLOFKD QL PFIMIFCV O>QFLK>I BUMOBPPFLKP

(LT AL VLR RPB QEB #$ QL @LJ?FKB QTL O>QFLK>| BUMOBPPFLKP

4BIITEBQEBEBLIILTFKEQ>QBJBRIDRBC>IPEKABUMI>FEV 9LRLKIVKBBRICFKAERS TEBK>AAFKID
PR?QO>@QFKD O>QFLK>I BUMOBPPFLKP
<752B193

a

&LO QEB CLIILTFKD BUBO@FPBP PFJMIFCV QEB O>QFLK>I BUMOBPPFLKP
Y

wo [<

Y

zZ
Qo |Qo

0]
@)

Qo

&LO QEB CLIILTFKD BUBO@FPBP JRIQFMIV QEB O>QFLK>I BUMOBPPFLKP >KA BUMOBPP QEB MOLAR@Q FK PFJIMI
YAaYa Y 3
Y

G Ya
Ya Y a

D D& D& D

D D D& D

E E& GE E&
E E
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0404 (3 O0& O
O o0& 0&a O
Y& gy ¥
Y Y Y Y

&LO QEB CLIILTFKD BUBO@FPBP AFSFAB QEB O>QFLK>I BUMOBPPFLKP

Z a Za DZ Za
Z 4 Za Z Za
Q @ Q& Q
Q Q Q Qa
R a JaRa R?
R R R Ra

E E& DE Ed
E&a E E&a E
Y Y& E)Y Y
Y& Ya

C éa B Cé& cC
Céa ca Ca Cca
B4 B B B &
B B& B B

Z., D Zo Z

Z Za Za Z
Y Y& DY Y&
Y& 'Y Y& Y

&LO QEB CLIILTFKD BUBO@FPBP >AA >KA PR?QO>@Q QEB O>QFLK>I BUMOBPPFLKP >KA QEBK PFIMIFCV
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Y ~Z
_Ra_c
B B3
D 2 Da
Z Za
Za Z
Y& s Y
Y %7y
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Q 2 Q
a
Q Q
Y _Z
Y Z

&LO QEB CLIILTFKD BUBO@FPBP PFJMIFCV QEB O>QFLK>| BUMOBPPFLK

4.\1
d

< o
P A
o lo o!

o
[

-<‘-<

Qo
wWo

w
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r\l-j N<
Qo
IN<N

(51<- ?B<4 @@<931D9?>C
"OBKA¥PMI>@FRBIBK EB@>QEOLIJILLAIEB>0OBLCQEEILLGP Y & Y& CQA4EB>OB:CLKBQFIBP
Y & Y @ 4L CFKA QEB KRJ?BO LC QFIBP KBBABA PFJMIFCV QEB %@@%UMOBPPFLK
a

4EB>OBBC3>KARV>0ORP Y & CQ! M>Q@EPLAE>PK>0BECY & Y  CQ$FSFABERTL>OB>P
>KA PFIMIFCV QL CFKA ELT J>KV MFB@BP LC PLA 3>KAV KBBAP QL @LSBO EBO V>0A

I>OLKT>KQBLRI@EFP>0ABKPD>0ABRY Y  CQ/KB ?>DLCIRI@QEALSBOPA CQ$FSFABEB
BUMOBPPFLKP >KA PFIMIFCV QL CFKA ELT J>KV ?>DP LC JRI@E '>OLK KBBAP QL JRI@E EFP D>OABK

HD5>C9?>C
&LO QEB CLIILTFKD BUBO@FPBP MBOCLOJ QEB DFSBK LMBO>QFLKP >KA PFIMIFCV

Y&

Y YA YA 5 Y Y
Yavya |y

Ya Y Y

o

Qo |Qo

Za z 02525

za _ z az4
Za
B Ba
Ba B
B
B
Y Y gY Y 5 Y va
Y Ya Ya va Y va
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& ( (, -

L] * (#)
1<752B193 5SH@B5CC®EKPQ>KQP >KA S>0OF>?IBP @LJ?FKBA RPFKD >AAFQFLK PR?QO>@QFLK JRIQFMIF@>QFLK

1CC?391D9F5 @B?@5BDI 76 144QEBRILCQEOKRRJI?BORV ?BDOLRMBRCBOBKIHQELRQB@ QKB BPRRX
Pvi?LiP,B C D B C [

1CC?391D9F5 @B?@5BDI 76 =E<D9@ <ERIDAAR@QEORRBJI?BOPV ?BDOLRMBRCBOBKIHRELRQB@QRKB
OBPRIQ FKPVJRBIPCUD BUC UL

21C5 FK BUMLKBKQF>I KLQ>QFLK QEB BUMOBPPFLK QE>Q FP ?BFKD JRIQFMIFBA
29>7=91<> MLIVKLIF>| @LKQ>FKFKD QTL QBOJP

3?5669395>EKy OB>| KRJ?BEFK > MLIVKLIF>| FK QEBBM®] B Y B Y B

3?==ED1D9F5 @B?@5BDI ?6 1449Q02KRJ?BQAP-V ?B>AABRKBFQHRIABTGQELRQGB@QBEBBPRFBPVJI?LIP
B C CE

3?==ED1DYF5 @B?@5BDI ?6 =E<DI@<IFIDRI?BOPV ?BIRIQFMIABAKWOABTQELRQB @ QBEBBPRRY
PvJ?LIP BOC CUE

37>CD1>D> NR>KQFQV QE>Q ALBP KLQ @E>KDB S>IRB
457B55 QEB EFDEBPQ MLTBO LC QEB S>OF>?IB QE>Q L@@ROP FK > MLIVKLIF>I

49665B5>35 ?6 CAE1BREBFKLIFQEOBPRITEBK> ?FKLIFHBRIQFMIFBA ?FKLIFATFQREB>JBQBOJPRQEB
LMMLPFQB PFDK

49CDB92EDYF5 @B? @EBILAR@T>@ QFIBPPRIFREBRILOQEB>@ QFIBB>@EBORBIQEBRJ FIPVJ?LIP
BOC D B(C BU
5AE1D97>> J>QEBJ>QF@>| PQ>QBJIBKQ FKAF@>QFKD QE>Q QTL BUMOBPPFLKP >OB BNR>

5H@?>5>0FKBUMLKBKQE>QF QER>FPBRJ?BQAOS>0OF>2@E>EKAF@>EIBPJ>KV QFJBRER>PEFP?BFKD
JRIQFMIFBA

5H@?>5>D91< >?D1DYPELOQE>KA JBQELA LC TOFQFKD MOLAR@QP LC QEB P>JB C>@QLO
613D7?B 2| 7B?E@9>/JBQELALQ>@QLORMFKLIFKREBLOJBY CY [C?VAFSFARRERQBOBKQREBRJILC

QTLQBOJE>@QLBFENMLOQEREBUMOBP PHM>0>QRBAQERE>@QLORKIERS LOQEBKQFRMBVIOBPPFLK
6?B=E<1>K BNR>QFLK BUMOBPPFKD > OBI>QFLKPEFM ?BQTBBK @LKPQ>KQ >KA S>OF>?IB NR>KQFQFBP
7B51D5CD 3?==?> 613D?BEB IBBPQ MLIVKLJIF>I QE>Q AFSFABP BSBKIV FKQL B>@E MLIVKLJIF>!

945>D9DI @B?@5BDI 76 14430EBEE RKFNRRJI?BD>|IBBEBAAFQIF3BKQF QNEF @ EEBK>AABOL> KRJI?BO
OBPRIQP FK QEB LOFDFK>| KRJ?BOBFK PVE?LIP

945>D9DI @B?@5BDI 76 =E<D9@ <QEHIEP> RKFNRERJ?BO@>1IBREBRIQFMIF@>RFRHFQWEF@BEEBK
JRIQFMIFBA ?V > KROBRIQP FK QEB LOFDFK>| KRJ?BOBRK P\B?LIP

9>45H QEB KRJ?BO >?LSB QEB O>AF@>| PFDKE¥26@5DFKD QEB
9>D575B@QEB PBQ @LKPFPQFKD LC QEB K>QRO>| KRJ?BOP QHEBFGALMAILFRFQBP >KA d”
9>F5BC5 @B?@5BDI ?6 144900@SBOUB>KRJI?BOB QEBG®> RKFNRERJ?BO@>1IBAEB-AAFQAIESBORE)

LMMLPF@BKLQBA B TEF@EEBK>AABRLQEBOFDFKRI?BADBPREMDEBAAFQFPBKQFQRKPVJI?LIP
B &B
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9>F5BCS @B?@5BDI 76 =E<DI@<P3HpEBOW| K WBADB>KRJ?BOB QEBOEP> RKFNRRRJ?BO @>IIBAEB
JRIQFMIF @>FHEFRORPBOB@FMOUBKILQBY TEF@HEBKIRIQFMIFBAQEROFDFHRI?BOOBPRIEKQER

JRIQFMIF@>QFSB FABKRFQUIP B Ug

9BB1D9?>1< >E=25BEBBLC> 1| KRJ?BORE@EBL@>QFLIQERD >KKRBTOFQQBRFQEBUBOJFK>QBRBMB>QFKD
AB@FJ>I QEBV @>KKLQ ?B BUMOBPPBA >P > CO>@QFLK LC QTL FKQBDBOP

<5149>7 3?56693955IEB @CB@FBKQ LC QEB IB>AFKD QBOJ

<5149>7 D5B=QEB QBOJ @LKQ>FKFKD QEB EFDEBPQ ABDOBB

<51CD 3?==7> 45>7=9>1D?BQEB PJ>IIBPQ JRIQFMIB QE>Q QTL ABKLIJFK>QLOP E>SB FK @LJJLK

=2>7=91< > MLIVKLIF> @LKQ>FKFKD LKB QBOJ

>1DEB1< >E=25BQEB PBQ LC @LRKQFKD\KRJ?BGP"

?B45B 76 ?@5B1D9?>EBQCORIBPLSBOKRHD J>QEBJ>QFBHOBPPFOEL?BBS>IR>QBRPFDKMDFLORQUFBP
LMBO>QFLKP

@5B653D CAE1B5 DB9>BEBQOFKLIF>I QE>Q OBPRIQP TEBK > ?FKLJF>| FP PNR>OBA
@?<1>?=91<> PRJ LC QBOJP B>@E @LKPFPQFKD LC > S>OF>?IB O>FPBA QL > KLKKBD>QFSB FKQBDBO MLTBO
@B9>39@ D8 B??IREB KRJ?BO TFQE QEB P>JERHDIQSFEBK O>FPBAQE MEEBO BNE>IP
@B9>39@1< CAE1B5 BEEKLKKBD>QFSB PNR>0OB OLLQBQE>RRIEBR JRIQFMIFBA ?V FQPBIC BNR>IP
B14931< 5H@B5CCHE-BUMOBPPFLK @LKQ>FKFKD > O>AF@>| PVJ?LI
B14931<QEB PVJ?LI RPBA QL FKAF@>QB > OLLQ
B14931>4QEB KRJ?BO RKABO QEB O>AF@>| PVJ?LI
B1D9?>1< 5H@B5CGIPB NRLQFBKQ LC QTL MLIVKLJIF>I BUMOBPPFLKP
B1D9?>1< >E=25BQEBBQC>I| KRI?BOFOQEBLOIY, TEBOBN>KA C>OBKQBDBRROV 'KV O>QFLKRJ?BO
J>V 2B TOFQQBK >P > CO>@QFLK LO > QBOJFK>QFKD LO OBMB>QFKD AB@FJ>|

B51< >E=25B <9>5 ELOFWLHEKRPBALOBMOBREKRBXRJ?BOK >0?FQCCBALFKHERELPEKOBMOBPBKQ
MLPFQFSB KRJ?BOP IFB QL QEB OFDEQ LC >KA KBD>QFSB KRJ?BOP QL QEB IBCQ

B51< >E=25BCQEB PBQP LC O>QFLK>| KRJ?BOP >KA FOO>QFLK>| KRJ?BOP Q>HBK QLDBQEBO

C395>D9693 >?D1DIPELOQEHA>QRLKT OFQFEBOY-OBLOSBOYJ>I KRI?BOPKQEELOJB® CTEBOB
z1B  >KACFP>K FKQBDBO

D5B= 76 1 @?<I>?=915Kv B;Y LC > MLIVKLIF>I FK QEBEN8J BY BY B

DB9>?=91x% MLIVKLJF>I @LKQ>FKFKD QEOBB QBOJP
F1B912<5 NR>KQFQV QE>Q J>V @E>KDB S>IRB
G8?<5 >E=25BC QEB PBQ @LKPFPQFKD LC MIRP QEB K$QRO>| KRI¥’BOP

1/ '+ * 96$)
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(E<5C 26 H@?>5>DC
@C ?@?K6C@ C62= ?F>B?D C2?5 :?E686CIN2?5 C

&B?4E3D BE<5 BN gV ¢

'E?D95>D BE<5 —ENO gl&c

&?G5B BE<5 VO pVW&
05B? 5H@?>5>D BE<5 B

$571D9F5 BE<5 B0 =
&?G5B ?6 1 @B?4E3D BE<5 BUC® B°UC
&?G5B 26 1 AE?D95>D BE<5 1%‘0 %C

@5B653D CAE1B5 DB9>?=91<Y B Y BY B Y BY B

49665B5>35 76 CAE1B5C B CBaC BAC

49665B5>35 ?6 CAE1B5C B&ac B CB&acC

@5B653D CAE1B5 DB9>?=918 BC C B C

CE= 76 3E25C B C B CBA&BC C
49665B5>35 ?6 3E25C BAC BAaCB BC C
1] %% &%)

(51< $E=25BC <752B1 CC5>D91<C

P 2>QFLKKIRJ?BOP>V ?B TOFQQBXCO>@QEOQGBOJIFK>QRNDBMB>QRR@FJ>IBBB H1=@<5 >KA

H1=@<5
P $BQBOJFKB TEBQEBO > KRJ?BO FP O>QFLK>| LO FOO>QFLK>| ?V TOFQERBRFQ >P > AB@FJ>| 3BB
P 4EBO>QFLKRU?BOFKAFOO>QMR¥PBOP-HBRM)EBBQUOBHRI?BOBBBH1=@<5 ! KRJ?B@>RB

@I>PPFCFBA >P K>QRO>| TEIOBGH®BDBO FOO>QF{K>{3BB
P 4EB LOABO LC LMBO>QFLKP FP RPBA QL BS>IR>QBIBIUMOBPPFLKP 3BB
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P 4EBOBKRJ?BORKABQEBMBO>QHRIGSAAFQRHAIRIQFMIF@QBMR>PF@RIBPKLTK>PQEBIOLMBOQEBP
OB{RJ?BOREBPBORE®LJIJRQ>QNER. MBOQEBPPL@F>RQBEBIBOQEBFPQOF?RICEMBQEBABKQFQV
MOLMBOQFBP >KA QEB FKSBOPB MOLMBOQFBP 3BB

P 1IDB?0>FEUMOBPPEO® LIMLPRA @LKPQ>KQRS>0OF>?IBE>EDRALJ?FKBRPFKEAAFQF PR ?Q0>@QFLK
JRIQFMIF@>QRRKFSFPFBRB H1=@<5  4EBVQ>HBK > KRIBOF@>IRE'EBKBS>IR>QBAOBMI>@FKD
S>OF>?IBP TFQE @LKPQ=KQP<8BB H1=@<5 SKAH1=@<5

P &LOJRI>POBNR>QFEKFEF@QIEKBNR>KQFEBMOBPBRQBO IR QEBMR>KQFQEBRI>V ?BPFIMIFCEBA
BS>IR>QBA >P >KV J>QEBJ>QF@>| BUMOBRRHLK 3BEKAH1=@<5

H@?>5>DC 1>4)395>D9693 $?D1D9?>

P 0OLAR@@UMLKBK@BMOBPPFEQBEB>JB?>PE)>RBPFIMIFCRBAAAFKEUMLKBIGBBH1=@<5
P 1RLQFBKQBUMLKBKBBMOBPPFERBEB>JB?>PR)>RBPFIMIFCPBRR?QO>@EDRKIXKBIIBB H1=@<5

P OLTBOPCBUMLKBKBEMOBPPFERBEB>JB?>PE)>RBPFIMIFCPBARIQFMIVBUMLKBKEEB H1=@<5

IK BUMOBPPFLK TFQE BUMLKBKQ WBOL FP ABGRKBA >P 3BB

IK BUMOBPPFLK TFQE > KBD>QFSB BUMLKBKQ FP ABCFKBAL>R)x©B@FMAL@>13BB
4EBMLTBOC> MOLAR@Q>@ QERYEB>JB>PQEBIOLAR@QEBIL TBARQEB>JBC>@QBBBH1=@<5
4EBMLTBOC>NRLQFBRQ>@ QERYEB>JB>FQERRLQFBRQEBIL TBARQEB>JBC>@QBBBH1=@<5
4EBORIBELBUMLKBKGENIOBPPELKEB @LJ?FKBRPFIMIFGMOB@LIMIF @-BBBOBPPRBER1=@<5

T U U TV T

P 3@FBKQROBERMRBRILTBOEC  QLPFIMIFGBO-OBLOSBOYI>II KRJ?BOBBB H1=@<5 >KA
H1=@<5

P 3@FBKQRCFH®BLN ?BRPBAIPFIMIF@4|@RI>QFERBBOMOBR. CSBORI>IIKRI?BOBBBH1=@<5
>SKAH1=@<5

(14931<C 1>4 (1D9?>1< H@B5CC9?>C

P 4EBMOFK@PMREQR LQC> KRJ?BOBFRQEELKKBD>QRRB?BQESTEBKIRIQFMIFBAFQPHENR>IM 3BB
H1=@<5
P )C B>KA C>OBLKKBD>QESBNR>0ORLLOQEBIOLARBIFBNRDIQEBIOLAR@QEBNR>ORLQE B>KA
C3BBH1=@<5 >KAH1=@<5
P )C B>KA C>OIKLKKBD>QQHBNR>(DBL[IIQEBIRLQFBEQ=BNR>(DLQEBIRLQFIBKQEBNR>(OBLQLI€ B>KA
C3BBH1=@<5 >KAH1=@<5

P 7 B@>KAAKAPR?QOENF @YMOBPPFQEBY>SK)EB>IBO>AF@>KAQEB>IBFKABBBBH1=@<5
>SKAH1=@<5

P 2>AF@BUMOBPPFORRPBRFIMIBEQOAL KL LKQ3FB>AF @KQEBBKLIFK>QUOBIFIJFK>QEBNR>0B
OLLQ>AF@OLIQERBKLIFK>QIRIQFMRLQEEKRIBO>QKAQERBKLIFK>QRDQERD LKGRDEQBEB
ABKLIFK>QBEBH1=@<5  >KAH1=@<5

P 4EBMOFK@R®EDLLQC BFRQOEBRJ?BAFQBER>JBPFDKP BQESTEBKO>FPEAQERQEVLTBBNR>IB
4EBPB OLLQP E>SB QEB P>JB MOLMBOQFBP >P-HPNR>GB OLLQP 3BB

P 2>AF@>@>RBOBTOFQPBKQFLRHEIMLKBKERO>QFLREMLKBK@MRBOBTOFQE®BKAF@3BBH1=@<5
SKAH1=@<5

P 4EB MOLMBOQFBP LC BUMLKBKQP >MMIV QL O>QHAI1K®) BUMLKBKQP 3BB
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&?<I>7=91<C

P | MLIVKLIFAP PRILOQBOB>@®LKPFPQEKS>OF>TBFPBA KLK KBD>QFKRBBDETBA@EBABDOBB
QEBFDEBRQTBOCQEB>0F>TEA(R @ REREBILIVKLIF>EBIB>AFKDBOBREBBO® LK Q>FKFEBFDEBPQ
ABDOBB >KA QEB IB>AER@FRETFP QERERISTLC QE>Q OBOJ3BB

P 7 B @>K >AA >KA PR?QO>@Q MLIVKLIF>IP ?V @LJ?FKFKDFBHEQBOIKABBB-@<5

P 4L JRIQFMMWLIVKLIF>IRPR)EBFPQOF?RICESEBQRRIQFMBA @EBOBKQEBFORQVKLIFSVB>@BBOBK
QEB PB@LKA 4EBK >AA QEB MOLAR@QP 3BB

P &/), &FOPQ /RQBXBO-PQ FP > PELOQ@RQ QE>Q @>K ?B RPBA QL JRIQRM@2EKLIF>IP 3BB
P 0BOCB@Q PNR>OB QOFKLOBSIBKEEBABPNR>0BP >0OB PMB@F:1 MOLAR@QKABB-@ <5
P &LILT QEB P>JB ORIBP QL TLOH TFQE MLIVKLIF>IP @LKQ>FKFKD PB$SBO@>ES>0OF>?IBP 3BB

13D?B9>7 &?<I>?=91<C
P 4EBDOB>QBRQLKC>@Q@#& @>RBC>@QLUBRC> MLIVKLIF#EB@HFEDS '#& PELRIABQEBFOPQ
PQBM FK >KV C>@QLOFKD M@I:-2iBJ53BB

P 40FKLIFSTRQB>AFK®LBE @FBERRBC>@ QLDBIFKAFKRI?BORE K> SB MOLAR@QEBEFQROIKA
> PRJ LC QEB PB@LKA QBO.J>@BB

P 40FKLIF>IP @>K 7B C>@QLOBA RPFKD > MOL@BPP @>IIBA C>@QRI@FKD ?V DOLRMFKD 3BB

P O0BOCBRIR>QBFKLIFEKPQEBRRCBOBKE@MENR>ORPBMB@WALILAR @R >RBC>@ QLRBAENR>QFI3E8B
H1l=@<5 >SKAHl1=@<5

P 4EBPRJILC@R?BIRKAQEBFRCBOBK@® R?ER>RBC>@ QLRBAKEBNR>QFLIGB H1=@<5 >KAH1=@<5

P OLIVKLIF>I@LKQ>FKERE@ QAN BD>QRBEVILKBK@QFRB C>@QLOBMRIIFKIRG '#& 3BBH1=@<5

(1D9?>1< H@B5CC9?>C
P 2>QFLKBUMOBPPRKRB PFIMIFCERA@>K @BIIBXDILK C>@QERREKRIBO>QEKAABKLIFK>QRBB
H1=@<5

P 7 B @>KRIQFMI®>QFLIBYMOBPPRMKIRIQFMIVFREKRIBO>QLARJIRIQFMIVFRERBKLIFK>QLEBB
H1=@<5

P 4L AFSFAB O>QFLK>| BUMOBPPFLKP JRIQFMIV ?V QEB OB@FMOL@>| LEIREBFB@LKA BUMOBPPFLK 3BB

P !AAFKDLOPR?QO>@QFREL BtIMOBPPRIBNWRFOBRAFKIDLIILK ABKLIFK>QBBB H1=@<5 >KA
H1=@<5

P #LIMIBUO>QFLIBYMOBPPHASBCO>@ QFKKIEKRIBO>QLOQERBKLIFK>QUEBPEBBUMOBPPDKRB
PFIMIFCFBA BBB@<5

*
& ( (1 - ( ))
(51< $E=25BC <752B1 CC5>D91<C
&LO QEB CLIILTFKD BUBO@FPBP MBOCLOJ QEB DFSBK LMBO>QFLKP

374. a4 0 &
375. p U0 1)

376. U )

&LO QEB CLIILTFKD BUBO@FPBP PLISB QEB BNR>QFLK



92AE6C 'C6C6BF:D:E6D

Qo

377. Y

378. Z

&LO QEB CLIILTFKD BUBO@FPBP PFIMIFCV QEB BUMOBPPFLK
379. 1z b U

380. N anN
&LOQEELIILTFKBUBO @ APBBK QEEBRI?BG-PO>QFLKEDO>QFMIEHIB LOK>QROMELLPBQEBLPQABP@OFMQFSB

>KPTBO
381.

382.

383. —

384. vV

H@?>5>DC 1>4)395>D9693 $?D1D97?>
&LO QEB CLIILTFKD BUBO@FPBP PFJMIFCV QEB BUMOBPPFLK

385, O
386. —
. 1
388. BBéCB
389. 2 (O
zZ Y
s o
390. vz
Y
391. %—}f

1 g4 add
393. 7 OFQB QEB KRJ?BO FK PQ>KA>0A KLQ>QI‘§LK
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394. 7 OFQB QEB KRJ?BO FK P@FBKQFCF@ KLQ>QFLK

(14931<C 1>4 (1D9?>1< H@B5CC9?>C
&LO QEB CLIILTFKD BUBO@FPBP CFKA QEB MOFK@FM>I PNR>OB OLLQ
395. V

396.
397. v/
398. V
399. v/
a00. |—
401. \P
402. |—o
403, ——
-

404. v W
405. vV & Vv
406. V&
407. 2

Va
&?<1>?=91<C

&LO QEB CLIILTFKD BUBO@FPBP MBOCLOJ QEB DFSBK LMBO>QFLKP >KA PFIMIFCV
408. Y Ya Yay

409. 1Z td3Z & Z& ¢
410. Y Ya Yay

4. 3B B ¢43;BA&B ¢
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412. L L&

413. I I a

o

414. Y %Y

415. N& N N &
416. B C BAaC
417. 'Y Z YAz

13D?B9>7 &?<I1>?=91<C
&LO QEB CLIILTFKD BUBO@FPBP CFKA QEB DOB>QBPQ @LJJILK C>@QLO

418. Q @®Ri OR
419. YZ YZ& Yz

420. BC BCa B

&LO QEB CLIILTFKD BUBO@FPBP C>@QLO QEB MLIVKLIF>I
421. Y & YA

422. B Ba

423. E & E&

424. Y Y

425. Za Z

426. 1 & IL L
427, Y &

428. Q

429. Y a

430, R& Q

431. YYa Ya
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432. QQ ¢ aiQ ¢

433. S Sa & Ssa

(1D9?>1< H@B5CC9?>C
&LO QEB CLIILTFKD BUBO@FPBP PFJMIFCV QEB BUMOBPPFLK

434, Y aYa
Y&y
435. Za
Za Z
B & Ba B4 Ba
a37. B4 gE4
E a E a
438, NN p N N&
N & N& N & N&
439 _ E8 E& 5 E E
Ea E E EA
440.—7 —
441. d—
B B B a
T D
442. -E =
ED
443 Rar:
~
&*( &(* *)*

&LOQEELIILTFKBUBO @ APEPKQREBERJI?BGPO>QFLKEDO>QFOIEIB LOK>QROAELLPBQEBLPQABP@OFMQFSB
>KPTBO

Q

444. 3
445. v

&LO QEB CLIILTFKD BUBO@FPBP BS>IR>QB QEB BNR>QFLKP
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Qo

446. Y

o

447. Z

448. 7 OFQB QEB KRJ?BO FK PQ>KA>0A KLO>QFLK

449. 7 OFQB QEB KRJ?BO FK P@FBKQFCF@ KLQ>QFLK

&LO QEB CLIILTFKD BUBO@FPBP PFJMIFCV QEB BUMOBPPFLK
450. &4 0 0]

451. Y a 'y

452. (0@

1
453. 3
454, — Y

455. 3zt A
456.

457.

458.

P
as0. L€

460. vV v

Qo
<‘

=

461.

-

Py}
Py
Qo
Qo
Py
Y
Qo

462.
463. 3Q Q ¢ 3QA&¢

464. O4 O0O& O
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465. Ba C B C

&LO QEB CLIILTFKD BUBO@FPBP C>@QLO QEB MLIVKLJIF>I

466. Y a
467. Z Z
468. Da
o & o -
469. YYa Ya

&LO QEB CLIILTFKD BUBO@FPBP PFJMIFCV QEB BUMOBPPFLK

470. -
[ a

471. ¥ ~

472. Ba C
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K+ *%$) $
$'+"*)

97EBS

81@D5B %ED<9>5

+96 )64E2?8F=2C @@C5:?2E6 *JDE6>D 2?5 C2A9D
#:262C BF2E:@7D :? &?@C:23=6

$@56=D 2?5 AA=:42E:@?D

@>A=61 %F>36CD

(F25C2E:4 BF2E:@?D

&E96C 3JA6D @7 BF2E:@7?D

#:262C 176BF2=:E:6D 2?5 3D@=PEB6 1?6BF2=:E:6D

>DB?4E3D9?7>

&LQILPQVIBLMIRERBOQBOOFQUOFSBPPFKKF @ >UHEFQOF GRIFR KB > FKIFQBOBPM>PRIKEQBM>PP>DB
>KAQ>HBR>@MPLIBCLOBADE >QFLE>QILPQIBOF@>1 KLGDB>IFRADECDLBBMQBJ?BEOLREEABJI?BO
QBOOFQUIFPBPPALIEK>QBRIFCBPQVEAE >Q@ERMER., K QERR®BEOBOOFQUIFRBEPAHEK SBOKBAQEB
OBCBOBBPJ>HBQEBRB@FPFEXFBAK TE>QERE>FRBSBICQEB>IIFPQILFKQ Y Z QEBREFRRMQLQEB

NR>0QBO?>@H QL AB@FAB TEF@B OYR@B QREBLBKAWLKB FP JLPQ CB>PF?IB
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K*85 (53D1>7E<1B ??B49>1D5 )ICD5=C 1>4 B1@8C

"51B>9>7 %2:53D9F5C

1?7 E9:D D64E:@? J@F H:==

'=@E @C56C65 A2:CD :? 2 2CE6D:2? 4@ @C5:?2E6 DIJDE6G>
C2A9 6BF2E:@7?D 3J A=@EE:?8 A@:?ED

C2A9 6BF2E:@?D H:E9 2 8C2A9:?8 FE:=:EJ

1?5 Y:?E6CA46AED 275:?E6C46AED

,D6 E96 5:DE2?746 7T@C>F=2
,D6 E96 >:5A@:?E 7T@C>F=2

97EBS

40>@FBQREOLY6IJEROPQ QLDLQL&O>KHIBKOHK QEB>V PEE>AB> CBTPQLMRAL BOO>K2G> @EQLNP
FKAF@>DBOBALFKI7EBS  >VFKD OB@Q>KIRIOAFIDQESBQEB>M TB @>RBREE @EQLMFDKP
TFQEKFKQBOPB GIDRYRRKBRK QEFFB @ QFIXTFII IB>OKLT QLRPE ORRKBRLABP @ OE@B>QF HKR@ E>KDBR
IL@>QFLKP

&<?DD9>7 %B45B54 &19BC 9> D85 1BD5C91> ??B49>1D5 )ICD5=

IK LIAPQL@\BP@OFABFPBSBKQBBKQE @EXIERLYIEBQEBJ>QF @BKK$BP @>OREBSBKQBEBVPQREJESE>P
?B@LIREBLRKA>QECKIDB?CFEFIEPF @H?BA | @ @ LOARKNREBRQLOSBP @>0NHFPQ>0RKD CIV@O>TIFKD
QERBFIFREBKEBOB>IFWEZEB@LRIABP @ OBER \RIL @>QFEKOBI>QRUKEBBOMBKAF @RBZ.0JBAY QEB
>AG>@BKPLCEFPLL) (B SFBTBAEBRIBOMBKAF@RBFREELOFWL KRABBOQR@BR.ROQEBAFSFARKIREIFP
FKQENR>RKABKDQEBP @>0PBRQERJ>PMLPPFTBL@>QRBW?GBEKS QTL AFIBKPFLKMKRPFKBRRETL
KRJ?BOPcQEB AFPMI>@BJBKQ COLJ QEB ELOFWLKQ>I >UFP >KA QEB AFPMI>@BJBKQ COLJ QEB SBOQF@>| >UFP

7EFIB QEBGBBSFABK @B>EAB>PFJIFI>QL$BP @>0 QBPERVPQBE3UFPQBSKQRBSBIRFERY >P $BP@>00BP
FKQOLARGERB LIMLKBKQP>@LIMORPBE artesian coordinate system > DOFRVPQES>SFKRIBOMBKAF GHBFRO
$BP@>0QBP K>JBA QEB ELOFWLK&X$ >KKRBEBBOQF@>asiP QEB

4EB#>0QBPR@KLOAFKRBOB3IPL@>IIBAEDB@Q>KD@LIMAFKRUBOBEP?>PBAK > QTL AFJBKPFLKHHKB
@LKPFPQERER>UFPKAQER>UFPMBOMBKAF @IE>@IEK)EBQOEBUBRFSFAEEBII>KBKQLLRPB @ QFUKRERB @ QF LK
FP @>IIBduadrant QEB NR>AO>KQP >0B KRJ?BOBA @LRKQBO@IL@HIFPB >P PELTK FK
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4EB@BKQBQEBII>KBREBILFKQIEF@QRERTL>UBB OLREFRHKLTK>PQEBrigin LOMLFKQ  &OLJQEBOFDFK

B>@EUFPFFCROQBBOSFABKQBNR>RKFQFK @ OB>RAKPFQRE8?BOBLQEBFDER QER->UFPKARMQER->UFP

AB@OB>PBID>QKFE?BOBIQEMBCIXQEB>UFPK AL TKQER->UFREB>UBBUQBKAVLPFQFREKBD>QFBEFKFQV
>P PELTK ?V QEB >OO0LTEBSBRFK

97EB5

%>@¥HL FKEBQEBII>KBRFABKQFC¥B@Rcoordinate LCELOFWLKEPMI>@ BIBBIQDEBOFDEKAFQRcoordinate
LOSBOQR&FAMI>@BIBRIRQREBOFDFK. DBQEB® TOFQEEBJIP>Kordered pair FKAF@>QE@LI?FKBX¥-PQ>K@B
COLIREBOFDFKQEELOJ Y Z 'K LOABOBKFEP>IPLHKLTK>P> @LLOAFKASIEYB @>RPEDLKPFEQR >KAy

@LLOAFK$BRU>IJMIF B @>RBMOBRED FKQ & FKQEBII>KBVJILSFKIEOBRBFQRQEBFDEQREBOFDFK
QEB ELOFWLKQ>| AFOB@QFLK >KA LKB RKFQ ALTK FK QEBSBEQF@>| AFOB@QFLK 3BB
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97EB5

7EBK AFSFARREBUBFPKQBNR>|IRM>@BA@OBJIBKQBRE>QER->UFP>V ?B@LKPFABEMA>0>QRIVDER->UFP
)K LQEBRROAPTEFIBQER->UFP>V ?BAFSFABKA>?BIBA®@ @LOAFIAL K P B @ RENCEED BIEB->UF P>V ?BAFSFABA
>KA>?BIBAVFK@OBJEKDALO LO )KC>@UEBUBB>V OBMOBRRBEGIKFQIR @FVB>0D>FKOEB>I>K@B
FK> P>SFKD@® @ LRIANR>KQFQYFK@QPEKAPLLK #LKPFAREBB @ Q>K IR OAFKAFRBIOF J>OFP¢ JBQELA
CLO PELTFKD QEB OBI>QFLKPEFM ?BQTBBK QTL NR>KQFQFBP

1BD5C91> ??B49>1D5 )ICD5=
| QTL AFJBKPFLK> MI>KB TEBOB QEB
P x>UFP FP QEB ELOFWLKQ>| >UFP
P y>UFP FP QEB SBOQF@>| >UFP
| MLFKBQEBII>KBRABCFKBR-KLOABORAFOY Z PR@EEXFRBQBOJFRBEQELOFWLKEPQ>K®BDEB
LOFDFK yH® ABQBOJFKBA ?V FQP SBOQF@>| AFPQ>K@B COLJ QEB LOFDFK

12>A=6

&<?DD9>7 &?9>DC 9> 1 (53D1>7E<1B ?7?B49>1D5 )ICD5=

Q

0ILQ QEB MLFHQP >KA a FKQEB MI>KB

)?<ED9?>

4L MIL@QEBRILFKG ?BDFKQQEROFDREBxX @LLOAFKS®B PLILSB QTLRKF@RQEBBC@EBY
@LLOAFK>QB FP PL QEBK JLSB CLRO RKFQP RMAO@EFMKPFQFSB

AL MILQERILFKQ  ?BDFKD>FXQEBOFDRIEBX @LLOAFKS®EPLILSB QEOBKFQRQEBFDHEB

y @LLOAFK>QB FP >IPL PL JLSB QEOBB RKFQP RMFBBIEBRIKPFQFSB

4L MILQEBILFKQ & ?BDFKD>FKQQEBOFDRIEBX @LLOAFKSRBAEFR)BIIRPKL@LILSB FKBFQEBO

AFOB@SEKODER >UFRIEBy @LLOAFKS®B PLILSB QEOBEFQ@PTKFKQERBD>QFSE-OB@ GHBQEB
DO>ME FREB5
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>1<IC9C

LQBQETEBKBFQEBDLOAFKERMBOQEBILFKBP@BLK>K>UFHCQER @LLOAFKSRBOQEBIL FKR K
QER>UFP )C @EBLLOAFK>QB FP WBOL QEB MLFKEFFP LK QEB

B1@89>7 AE1D97?>C 2| &<?DD9>7 &?9>DC

7 B@>KILOPBLOMLFKQE®)BMOBPEBRRNR>QFIEBK PR@KBNR>QRRKKQ>PKREKX S>OF>2RA>y S>OF>?HRP
@>l1BAKequation in two variables )QPO>ME@>1IBAgraph in two variables 'KV DO>MK>QTL AFJBKPFLKistKB
FP > DO>ME FK QTL S>OF>?IBP

3RMMLPB T>K@LDO>MBEBNR>QFFZK Ya 7 B @>RBDFRV PR?PQFQRGFHRECLA FKQREBNR>QFRHKA

ABQBOJFKBEBBPRIQSKIRECY %>@E>AMX >KAy S>IRBPP-KLOABOBAFQE>@>RBMILQQBA2<5  IFPQP
S>IRBP kCOLJb QL >KA QEB OBPRIQFKDYS>IRBP CLO



Y| Z Ya Y Z
a Z a a a a a
a Z a a a a a
a Z a a a a a
z a a a
z a
zZ a
z a
*12<5
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7 B@>KIILQEBILFKBREBR>?IBEBMLFKQPQERP>OQF BRIREQRLIO P IFKEPLTB @>I0LKKB@EBJI3BBO7ERS

. 4EFP FP KLQ QORB CLO >Il BNR>QFLKP
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97EB5S

.LQBQE>QER-S>IRB@ELPBOBO?FQOSBY>0AIBEFE BVMEBNR>QHAIEK>0BO>MEFKD@LROPBIBPFQR>QFLKP
J>V OBNRAGE QF @RIRBECX QL?BMILQQBA OABWIPBE M>0QF @HEPRIQEBOTFAEFALDF @SL@ELL R IRBP
QE@>RB@>|@RI>BEFI¥YKAFGPIT>VP DLLAFABOL@EL LS IRBOEBLQKBD>QRSBMLPFQREBOBKL
ORIBF@Q>8ERD>KVMLFKQBILGIQELRDB KBBAQB>PQTLQIDO>MEFKBBBMFKIFKA ELTBSBQEQEBLOB
MLFKQP TB MILQ QEB JLOB >@@RO>QBIV TB @>K PHBQ@E QEB DO>ME

M Given an equation, graph by plotting points.

To: ->HB > Q>?IBFQEKB@LIRIK>?BIBA >PB@LKALIRIK>?BIBAFQBEBNR>QF:KA> QEF@ALIRIK
IFPQFKD QEB OBPRIQFKD LOABOBA M>FOP

%KQBES>IRBRLTK QEEFORQIRIKRPFKBILPFQBSRKBD>QFSHRBMRBBIB@ QRIER-S>IRBFK
KRJBOF@>| LOABO TFIl J>HB QEB DO>MEFKD PFIMIBO

3BIB@E>IRBP QE>Q TFIWEFHRBP TFQE IFQLIEBRIOBCBO>?IV LKBP QE>Q @>K 7B @>I@RI>QBA JBKQ>|
0ILQ QEB LOABOBA M>FOP
#LKKB@Q QEB MLFKQP FC QEBV CLOJ > IFKB

12>A=6

B1@89>7 1> AE1D9?>9>&? , 1B912<5C 2|1 &<?DD9>7 &?9>DC
'O>ME QEB BNR>QFLE Y  ?V MILQQFKD MLFKQP

)?<ED9?>
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&FOPQ TB @LKPQOR@Q > Q37IBEFIFH#ELQRE S>IRBP >KA @>I@RI>QB
A Z ay YZ
& Z &aa &
& Z aa &
a Z &aa &
zZ a
Z &
Z a & a
Z é & a
*12<5
LT MILQ QEB MLFKQP #LKKB@Q QEBJ FC QEBWOERD > IFKB 3BB
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97EB5

|1:cry 2.1 # KPQOR@Q > Q>?IB >KA DO>ME QEB BNR>QFLKZ2V-MLQQFKD MLFKQP

B1@89>7 AE1D9?>C G9D8 1 B1@89>7 +D9<9DI
-LPQDO>MERES @R|>QBBIRRBBFI>QB @ EKFREBP>MEBNR>QFEKBBNR>QFPKFBQF JER SBRI?BI>KFMRI>QBA
PLQEBYOBOFQUBREBQVIZ @ @ UEB4)  OIRP>KAI>KV LQEB®>I@RIXGHBP-KAILABIP E>SB JLAB

CRK@QFER@HILTPQEBFKALTQEP @ OBEKSFBTFKIEBO>MEL?B>IQBOBLQEBIBOQFKBIAME DO>ME>RB
PBBK

&LBU>IJMIBQEBNR>QFFZK Y4 E>P’BBKBKQBUBEB) OIRPPELTKFKO7EB5  a.)K 97EB5 b, QEB

OBPRIQBRBDMEPELTK.LQF@BESTB @>KKPBRK QEB@OBHEBOBEBO>MEOLPREBUBRIEBPQ>KASTHAALT
P@OBBK LK QEB4) OIRPEELTPYz >KA& =z Zz 3BBI7EB5 ¢

97EB5 > %KQBO QEB BNR>QFLK ? 4EFP FP QEB DO>ME FK QEBHRFEDFBBIQERALT
LOFDFK>| PBQQFKDP
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"V @E>KDRMEBFKALTQLPELTILOBLOQEBILPFQRESBFPKAILOBLOQERBD>QFSRIFAB E>SE JR@EBQQERBT
LC QEB DO>ME >KAREEFKQBO@BMOPESBB  a>KA97EB5 b

97EB5 > 4EFP P@OBBK PELTP QEB KBT TFKALT PBQQFKDP ?
7 B @>K @IB>0IV SFBT QEB FKQBO@BMQP FK QEB KBT TFKALT

12>A=6

+C9>7 1 B1@89>7 +D9<9DI D? B1@8 1> AE1D9?>
5PB > DO>MEFKD RQFIFQV QL DO>MEZQE&-BNR>QFLK

)?<ED97?>

%KQBBBNR>QFKRER= CRK@QRDER > @RI>ERQEBFKALTPBQQRNDESQQDER >KA/- FKQBO@BMQP
>OB PELTFKD FK QEB TIB&./ERB5

97EBS

9>49>7 1 9>D5B35@DC 2>@>D5B35@DC

4EBintercepts LC> DO>MBBILFKQ® EF@REBO>MEO0LPREBUBRIEBX-inter cept FRQEBILFKQI EF@BEBO>ME
@OLPEHSB->UFPQ QERALFKQER- @LLOAFKERYB OLEBy-inter cept FRYEBILFKQI EF @BEBO>MEBOL PRPHEB->UFP
1Q QEFP MLFKQ@HEBAFK>QB FP WBOL

4L ABQBOJRER-FKQBO@BWMBQYBNRDIWBCKAPLISEL® 3FIFI>OIPIABQBOJKER-FKQBO @BRBQBNRDL
WBOL >KA PLISB €LO BU>JMIB IBQP CFKA QEB FKQBO@BM@ LCYAEB BNR>QFLK

4L CFKA QEEKXQBO@BMD) PBQ
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4L CFKA QEEXQBO@BMY) PBQ

Z2JODR

7 B@>I@LKCFOEA®RABPRIDABPBKPB/L?PBOSEKDO>MBEQEBNR>QFHRKI7EBS
@OLPPBP QEB >UBP TEBOB TB MOBAF@QBA FQ TLRIA

LQF@@E>QEBO>ME

97EB5

9F5> 1> 5AE1D9?> 69>4 D85 9>D5B35@DC

&FKA QEBKQBO@BMQ ?V PBQORKIPLISFKD GLO

&FKA QEBKQBO@BMQ ?V PBQORKIPLISFKD ZLO

12>A=6

9>49>7 D85 >D5B35@DC ?6 D85 9F5> AE1D97?>

)?<ED9?>

&FKA QEB FKQBO@BMQP LC DEBBXR>QHEBK PHBQ@E QEB DO>ME RPFKD LKIV QEB FKQBO@BMQP
3BQZ

QL CFKAQEBQBO@BMQ




92AE6C BF2E:@?D 27?5 1?6BF2=:E:6D

<< <
Qo Qo

YaJODR

o < Qo Qo Qo

3BQY QL CFKAWEBQBO@BMQ

N N N
Qo Qo Qo
<
Qo

QD

Z2JODR

Qo

0ILQ ?LQE MLFKQP >KA AO>T > IFKB M>PPFKD QEDIERBE QEBJ >P FK

97EB5

ﬁry 2.2 gFKA QEB FKQBO@BMQP LC QEB BNR>QFLK >ZA PHBY@E QEB DO>ME

+C9>7 D85 9CD1>35 ?B=E<1

$BOFSEOLDEBVQE>DLOBSELOBQEBistanceformula FARRPBOICFKAEBFPQ>KREBTBEXT LMLFKEREBII>KB
4EBOVQE>DLOBSELOBJB C D FP>PBAK>OFDEQF>KIEBOS>KA >OBEBKDQEEQEBDPAG>@BKQ

QEB OFDEQ >KDtBFP-REB IBKDQE LC QEB EVMLOBKRPB 3BB
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97EB5

AEBOBI>QFLKREFRABPY & Y |>KAJZ & Z |QIPFABFREB>JB>PQEAQPFABP-K/A QIPFAB 7 BRPREB?PLIRQB
S>IRPVJ?LIQLFKAF @SEBUEBKDJE> MLPFQREB?BOB@>ROBEB?PLIRGEIRE C>KVKRJI?BEMLPFQF&BO

BU>JMIB]A ] 4EBPVI?LIP]Y & Y |>KA|Z & Z |FKAF@QE®EBKDQEEQEBFARRQEROF>KEIMRILPFQFSB
41 CFKA QEB IBKQOHB QEB PNR>0OB OLLQ LC ?LQE PFABP LC QEB 0VQE>DLOB>K 4EBLOBJ
D B C2DVB C

)Q CLIILTP QE>Q QEB AFPQ>K@B CLOJRI> FP DFSBK >P

E Yay z&az 2E |vyay zaz

7 B AL KLQ E>SB QL RPB QEB >?PLIRQB S>IRB PVJ?LIP FK QEFP ABCFKFQFLK ?B@>RPB >KV KRJ?BO PNR>OBA FP N

*85 9CD1>35 ?B=E<1
'FSBK BKAMLFKQPZ >KA' Y Z QEBAFPQ>K@B ?BQTBBK QTL MLFKQP FP DFSBK ?V

E|Yay zaz

12>A=6

9>49>7 D85 9CD1>35 25DG55>37? &?9>DC
&FKA QEB AFPQ>K@B ?BQTBBKSQER M:RKQP

)?<ED9?>
,BQ RP CFOPQ ILLH >Q QEB DO>ME LC QEB QTL MLFKQP #LKKB@Q QEB MLFK@QERL CLOJ > OFDEQ QOF>KDIB :
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97EB5

4EBK @>I@RI>QB QEB [BRPEKDLQEB AFPQ>K@B CLOJRI>

E|vYyay zaz
E | a

Q o

a a

Qo

ﬁTT

ITry 2.3 &FKA QEB AFPQ>K@B ?BQTBBK QTL MUKQP
it

12>A=6

9>49>7 D85 9CD1>35 25DG55>3G? "?31D9?>C

,BOE OBQROK QL QEB PFQR>QFLK FKQOLAR@BA >Q QEB ?BDFKKFKD LC QEFP PB@QFLK

40>@FBORCOLWIJEROPQ QIDLQI&O>KHIBKOHK QEB>V PEB>AB>CBTPQLMRALBOO>KA®@E
PQLRFEKAF@>DBYOBALFKO7ERS  &FKAQEBLQAFPQ>IEBRD>@EB>SBIBAIM>0BEAFEQBEB
AFPQ>K@B ?BQTBBK EBO PQ>0QFKD >KA CFK>| MLPFQFLKP

)?<ED9?>

4EBCFOREFKIB PELRIAL FFEABKQEOXBOBAFQRABP @ OBS@HLPFQRCRB PBQEBQ>OQWKPFQBIK
QEBOFDHAIB @>RABKQBS@EQEBQEBIL FKQP@LRKQRKB@PPQFDEKAKLOQRM LKQEBOFALO
BU>JMIBQEBFOPQLIFP ?IL@B>PSKA ?IL@HLOQELFGP-Q 4EBKBUPQLFP ?IL@HBLQEB>PQ

PLFGP-Q ICQBQE>PERO>SBIBAL@HP>PEKA ?IL@HRLOTE >PQI\PERO>SBIBAL@HP
KLOQEQL 7 B @>K I>?Bl QEBPB MLFKQP LK QEBHZGFA >P FK
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g

g

97EB5

.BUQ TB @>K @>I@RI>QB QEB AFPQ>K@B .LQB QE>Q B>@E DOFA RKFQ OBMOBPBKQP  CBBQ

&OLJEB®Q>0QEED QRREBTCFORQLM 40>@FDEG>SROFSBEKOQE  CBBHAQEBK
B>PQ CBBQ LO SF@B SBOP> BEGEENIBY CBBQ QL EBO CFOPQ PQLM

(BO PB@LKA PQLM FP >@L COLJ QL 40>@FB AOLSB B>PQ  CBBQ

(BOQEFBALFP-Q 4EBOBOB KRJ?BQ.COLRQBPLJ QL 7E>QBSEN.RAB>@FB

AB@FABIRPBQEBFPQ>H@HEB>JB >PQEBOBEKL>KDRIRDOBBRPTBRIER TLMLFK QBQEP>V
PEBAOLSBB>PQ CBBQ >KA QEBK KLOQE CBBQ CLO>QLQ>ILC CBBQ

40>@FBFK>I PQLM FP >QIEFP FP > PQO>FDEQ AOFSB KLOQEG®RLQ>I LC  CBBQ

.BUQ TB TFII >AA QEB AFPQ>K@BPIEPQBA FK

From/To Number of Feet Driven

QL

QL

QL

QL

4LQ>

*12<5
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AEBQLQAFPQ>KOBAFBLSEP CBBD  JFIBP4EFFAKLELTBSBQEB@QRAPQ>REBTBESEO
PQ>0QMMABKAFKDLPFQFUK R FKAEAFPQ>K@ED >RPREBFPQ>ICBBIRI2BQTBEERILFKQP

>KA

E Y| &
o

v
VOJUT

1Q CBBIBOOFRKFQEBFPQ>KRBBTBBKIJEROPQ QL&O>KHIBKOWP CBBD  JFIBP
4EBAFPQ>IC@BJRISBPRE}S PELOGBS @RI>QBI@>RPGF?>PBAK QEEVMLQBKREBOFDEQF>KDIB
PQO>FAEMLKSDLDEBOFDEIQEBILFKQ  0BOE>MPRE>SEB>CREB>VFKDROE®OLTIFBFTEF@E

JB>KFOEBELOQRPRQ>REBTBEK LMLFKB@>RPEOL®>K\FK> PQO>ABRBSBIQELRDEIBOPLK
QEB DOLRKA E>P QL QO>SBI > ILKDBO AFPQ>K@B LK BUFPQFKD OL>AT>VP

Qo

+C9>7 D85 #94@?9>D ?B=E<1

7EBK QEBKAMLFKQP IFKEPBDJIBKfDBIKLTK TB @>KFKAEBILFKIBAT>V?BQTBBBEBJ4EFMMLFKEPHKLTK>P
QEBFAMLFKRRAQEELOJRIFFHKLTK>PQEmBidpoint formula 'FSBKQEBKAMLFKQ@P IFKBPBDJBKQY Z >KA

Y Z QEBJFAMLFKQ CLOJRI>PQ>QBP ELT QL CFKA QEB @LLOAFK>QBP LC QEB JFAMLFKQ
Y Y Z Z:¢

3 €
| DO>MEFEFBIC> JFAMLFR@PELTKEKO7ERS LQF @BE>QEB-KPBDJBKQRBFQEBOABCQEBFAMLFKQB
@LKDORBKQ
97EB5
12>A=6

9>49>7 D85 #94@?9>D ?6 D85 "9>5 )57=5>D
&FKA QEB JFAMLFKQ LC QEB IFKB PBDJBKQ TFQE EBRKAMLFKQP

)?<ED9?>
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5PB QEB CLOJRI> QL CFKA QEB JFAMLFKQ LC QEB IFKB PBDJBKQ

1Y Y Z Z4 1 a 4
3 6 3 €

4
6

W

2] 2.4 &FKA QEB JFAMLFKQ LC QEB IFKB PBDJBKQ BFQBE BEAKLEAKQP
It

12>A=6

9>49>7 D85 5>D5B 7?6 1 9B3<5

4EB AF>JBQBO LC > @FO@IB E>FBBKAMLIZQP & &FKA QEB @BKQBO LC QEB @FO@IB

)?<ED9?>

4EB@BKQRES @ FO ERBE R BKQRDFAML FHQ@F QRF>JBQBERPQEBFAMLFKQOJRBFIIVFBIQEBBKQBO
MLFKQ

Y Y Z Z4

3 6
13 &8 4 4 1 o 4 0
3 6 3 976 a

1@@BPP QEBPB LKIFKB OBPLRO@BP CLO >AAFQFLK>I FKPQOR@QFLK >KA MO>@QF@B TFQE QEB #>0QBPF:
O &<?DD9>7 @?9>DC ?> D85 377B49>1D5 @<1>5 8DD@ %@5>CD1H3?<<575 ?B7 < 3??B4@<?D@>DC

O 9>4 H1>419>D5B35@DC 21C54 ?> D85 7B1@8 76 1 <9>5 8DD@ %@5>CD1H37<<575 ?B7 <
HI9>DC7B1@8


http://Openstaxcollege.org/l/coordplotpnts
http://Openstaxcollege.org/l/xyintsgraph
http://Openstaxcollege.org/l/xyintsgraph
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(1))

, bB21<
)P FQ MLPPF?IB CLO > MLFKQ MILQQBA FK QEB #>0QBPF>K @LLOAFK>QB PVPQBJ QL KLQ IFB FK LKB LC QEB CL
$BP@OF?B QEB MOL@BPP CLEFERBAKEBNIEBRR@EB@BMQ LC > DO>ME >IDB?0>F@>11IV

$BP@OF?B FK VLRO LTK TLOAR FRSBQE&BMQ LC > DO>ME FP

7EBK RPFKQEBFPQ>IG@BJIRIE | Y &Y Z 4Z BUMI>RERLOOBEEILMBO>QRENDRL?B
MBOCLOJBA QL L?Q>FK QEB @LOOB@Q >KPTBO

<752B193

&L@B>@EQEBLIILTFKBUBO @ REFBfRER FKQBO @RMIE R FKQBO @BYELRQ>MEFKDFQEBLLOAFKEQBRAOE
FKQBO@BMQ

Z ay

&LO B>@E LC QEB CLIILTFKD BUBO@FPBP PLISBREEBEENRAQ@FLK CLO

Y Z

Ya z

Y & Z
Ya Z

4 Y

Y Z

&L®B>@EQEBLIILTFKBUBO @ REERREBFPQ>K@BTBBXER TLMLFK@FIMIFGXLROKPTBOFKATOF@EBU>@Q
>KPTBO FK PFIMIBPQ O>AF@>| CLOJ CLO FOO>QFLK>| >KPTBOP

a >SKA &
4 >KA
>KA

a >KA

&FKA QEB AFPQ>K@B ?BQTBBK QEB QTL MLFKQP DFSBK-RREXIRKARQ > H&ERTED QL QEB KB>OBPQ ERKAOBA
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>KA

&L®B>@FQEBLIILTFKBUBO @ FEFMBE® LLOAFK QBPBFAMLFKQREBFK P BDJBKUE G FKFEB TLDFSBMLFKQP

4 & >KA

a >SKA &

Qo

A a >KA &

>SKA &

Qo

a >KA
B1@8931<
&LO B>@E LC QEB CLIILTFKD BUBO@FPBP FABKQFCV QEB FKCLOJ>QFLK OBNRBPQBA
7E>Q >OB QEB @LLOAFK>QBP LC QEB LOFDFK
)C > MLFKQ FP IL@>QBAURREE>Q FR @EBOAFK>QB
)C > MLFKQ FP IL@>QRAURREB>Q Fy @EBOAFK>QB

&L®B>@EQEBLILTFKBUBO @ AMBREBEOBR FKQRQEBFSBE LLOAFK#HORBQ>JEBQEREBEOBR FKYER
MILQQBA >MMB>0 QL ?B @LIIFKB>0 LK QEB P>JB IFKB

a a

Qo
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Qo
Qo
Qo
Qo

>JB QEB @LLOAFK>QBP LC QEB MLFKQP DO>MEBA
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>JB QEB NR>AO>KQ FK TEF@E QEB CLIILTFKD MLFKQP TLRIA ?B IL@>QBA )C QEB MLFKQ FP LK >K >UFP K>JB |

a a

Qo

a
a
a

mm o0 W

&LO B>@E LC QEB CLIILTFKD BUBO@FPBP @LKPQOR@Q > Q>?IB >KA DO>ME QEB BNR>QFLK ?V MILQQFKD >Q IB>
zZ —-Y
Z ay
zZY

$E=5B93

&LB>@ECQERLIILTFKBUBO @ RPBRAKAMILQER- >KAy FKQBO @ BKIID>MBEEB QO>FIPE®>PBAK QELRBTL
MLFKQP

&LO B>@E LC QEB CLIILTFKD BUBO@FPBP RPB QEB DO>ME FK QEB CFDROB ?BILT
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&FKA QEB AFPQ>K@B ?BQTBBK QEB QTL BKAMLFKQP RPFKD QEB AFPQ>K@B CLOJRI> 2LRKA QL QEOBB AB@F
&FKA QEB @LLOAFK>QBP LC QEB JFAMLFKQ LC QEB IFKB PBDJBKQ @LKKB@QFKD QEB QTL MLFKQP

&FKA QEB AFPQ>K@B QEFRCOLJ QEB LOFDFK
&FKA QEB AFPQ>K@B QEPQOLJ QEB LOFDFK 2LRKA QL QEOBB AB@FJ>I MI>@BP

7TEF@E MLFKQ FP @ILPBO QL QEB LOFDFK
*538>7<?7I
&LO QEB CLIILTFKD BUBO@FPBP RPB VLRO DO>MEFKD @>I@RI>QLO QL FKMRQ QEB IFKB>0 DO>MEP FK QEB 9 D(

ICQBDO>MERKBPREB# # ?RQQEKA S>IRB?RQQIEFBKQBQ QER TBAV>QQQEB@OBBKTFIIPBBU f
>KA> ?IFKHFKIROPIARJ>V BKQBR\VKRJI?BOLO>KA-QFIIAFPMIDERS>IRELOK\K S>IRB/LRFKMFREPBQERKA
MIRD R QERP CFKAFKPREEBO@BMQ CLO B>@E LC QEB CLIILTFKD DO>MEP

&LO QEB CLIILTFKD BUBO@FPBP RPB VLRO DO>MEFKD @>I@RI>QLO QL FKMRQ QEB IFKB>0O DO>MEP FK QEB 9 D(

ICQBDO>MER@PREB# # ?RQQBKA WBORRQQLIEEBKQBQ QER TBAM>QQQEB@OBAKTFIIPBRIBCQ
2LRKA f>KA> ?2IFKHFKBRORIKIDEBO>MEQEBKBLSB QER®RORUQEMBCIIOQERFKQBO@RMNU%2 LT FQ
P>VROFDERKA f-LSB QERRORMQEBFDEQQER FKQBOG@HMMBQBOT F®>VRDRBPP-ESB VLR@RORO
QEBBCPLIBTEBUB?BQTBRIEMBCEKAOFDELRKAB>QER FKQBO @BOEKQBQ QEBLQQLUCVLRE@OBEFFI|
AFPMI>V QEB @LLOAFKXB@BO@EMQ LO QEB eWBORBEREEGEFP QL CHRAQEERDBMQ

LQB 7 FQEKBO>FIPRECRK @ QREB/BAKLAB>I1¥ eDRBPPREFRB@BPPOMKQB@DRBPPLFJFII
PB>0@H2CFKAEBU>@EKQBO@BRTBBK ROFDERABCT.RKA>OFBPQEQERTYMBECRK @ QRILKIBQE>KKB
x FKQBO@BERIAV ?BFOO0>QRKR¥PBOPLeDRBPPRLOB>MMOLMGHEEBBQE R LOOB@QRICFKASBO®ILPB
>MMOLUFJ>QFLK ?BQTBBK QEB IBCQ >KA OFDEQ ?LRKA>OFBP

ay
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Y&

Y 2LRKA VLRO >KPTBO QL QEB KB>OBPQ QELRP>KAQE

HD5>C9?>C

| J>K AOLSB JF AFOB@IRQOLEFELIB J>AB>IBCQROK>KFKQBOPB@KMEBRO>SBIBI KLOWEEFP
MI>@BTLOH)C> OL>A>PJ>ABAFOB @QVEFELIBQIEFRI>@ETLOHTE>JLRIAFQRFPQ>REFQERB>OBFEKQE
LC > JFIB

)C QEB OL>A T>P J>AB FK QEB MOBSFLRP BUBO@FPB ELT JR@E PEKBQBY QLRI CEBIBRY A>V
'FSBKQEBRH_ROILFKQP # & $ BO% & CFKOEBLLOAFK*QBEBFAMLFKQIFKB
PBDJBKQR >KAS$ %

ICQBOFKAFRERTLIFAMLFKEH®)EBIOBSFIRBO@EPEAEBFPQ>KBBTBERER TLIFAMLFKQE)EEB>0BPQ
QELRP>KAQE

'FSBKQEBO>MEQEBB@Q>RBEIE KKAQERB LLOAFKEQBREFBOQF @BPSBEQEBF>DLK3BQEBB@Q>KDB
LC BNR>I IBKDQE

)K QEB MOBSFLRP BUBO@FPB CFKA QEB @LLOAFK>QBP LC QEB JFAMLFKQ CLO B>@E AF>DLK>I
(51<- ?B<4 @@<931D9?>C

4EB @LLOAFKA@BP J>M CLGB>K &O0>K@FPOR >KAQELPBLG>@0>JBKSDB LQB QE>Q
@LLOAFK>QBP OBMOBPBKQ JFIBP &FKA QEB AFPQ>K@B ?BQTBBK QEB @FQFBP QL QEB KB>OBPQ JFIB

)C3>K*LPERI@LLOAFK>QBP &  TEBOBE®LLOAFKSBBM®BRBHPCFKAERFPQ>REBTBEBEKLPB-KA
3>K &0>K@FP@L QL QEB KB>OBPQ JFIB

I PJ>I @OBQHB/KQ>OMBKAERQ AFPQOBFPKXEB@LLOAFK:QBEBL>FKQOLRTBOB KB
OBP@RBEPQEBLLOAFK>QBP >KA>PB@LKA>-P@R>0A@OFREIBLLOAFK>QBP  |PPRIFKDLQBBP@RB
@0>CQ QO>SBI >Q QEB P>JB 0>QB TEF@E LKB TLRIA DBQ QL QEB AFPQOBPPBA ?L>Q QEB C>PQBPQ
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I J>K LKQEBLMC>?RFIAFRBKQOIE>SE DRVTFOBUQBKRI> MLFHBQEBOLRKA CQOLDEBRFIAFKD QEB
KB>OBPQ CLLQ ELT ILKD TFIl QEB TFOB E>SB QL ?B FC QEB ?RFIAFKD FP  CQ Q>lI

)CTBOBK@OR®@XAVI>  A>\CBBIRP CLBSBQWIBTBQO>SBOFQEKBENR>QREDRIABUMORHEB
QLQ@&LPQ RPFKIYQLOBMOBREHERJ?BQCIFIBPTB QO>SEI>MEERFRK @ QW ROO>MERRBI @RISHUACFKA

QEB QLQ>l @LPQ CLO LKB A>V FC TB QO>SBI JF
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K'9>51B AE1D9?>C 9> %>51B912<5

"51B>9>7 %2:53D9F5C

1?7 E9:D D64E:@? J@F H:==

*@=G6 6BF2E:@7?D :? @76 G2C:23=6 2=863C2:42==
*@=G6 2 C2E:@7?2= 6BF2E.@?
1?52 =:762C 6BF2E:@?

:G6? E96 6BF2E:@?@7EH@=:?6D 56E6C>:?6 HO96E96CE96:C8C2A9D2C6 A2C2==62C
AB6CA67?5:4F=2C

. C:E6 E96 6BF2E:@? @7 2 =:?76 A2C2==6= @C A6CA6?75:4F=2C E@ 2 8:G67? =:?6

#>OLIFKB> CRII QFJBLIIBIE)RABKIOKKFKFPMOFRDB>E>@>QMLKB>0RKLRDE KBVCLQEBORMEE>FQ>HBK
>M>0Q QEIB-QER @>1>KHYEAP>VP EO>KAPER.MBKBAP>SFKD® @LRKQEKFKFQRBMLPERY) LK
*>KR>0V 3EB>00>KDEADFOBARYILPEEBM>VOL@EB@MPMOFKDB>PBDFKPO@E  >KAQEROHRWII @LPQ
>MMOLUFJ>QBIV ELT J>KVELROFEIIPEE>SRITLOHDIB>OBKLRDEIM>\CLEBG>@>QRIGRERD>KKIVTLOH
ELRORB@>VELT J>KV A>VIMBOBBHTFIIPEE>SELTLOH (LT J>KV TBBHRFFIIFQ>HBK QEFFB @ QHIKTFII
FKSBPQFD>QB MOL?IBJP IFHB QEFP >KA LQEBOP TEF@E DBKBOS@BDO>MEP IFHB QEB IFKB FK

97EB5

)?<F9>7 "9>51B AE1D97?7>C 9> %>51B912<5

I linear equation FP-KBNR>QRLE> PQO>FIFEETOFQ@BKKBS>OF>?HEBLKIVMLTBQCQEB>OF>HB ,FKB>0
BNR>QFLKP FK LKB S>OF>?IB J>V Q>BB QEB CtRA >OB PLISBA RPFKD ?>PF@ >IDB?0>F@ LMBO>QFLKP

7 B?BDFRV @I|>PPFCVHKEENR>QF BKPKBS>OF>2BLKBLCQEO BB/ MBFABK QK@M AFQFILKOAK @ LKPFPBBKQ
identity equation FP QORB CLO >II S>IRBP LC QEB S>OF>?IB (BOB FP >K BU>JMIB LC >K FABKQFQV BNR>QFLK

Y Y O

4EBsolution set @LKPFPQRAI S>IRBREXZHBQEBNR>QR&RSBLAQEMNR>QFQERLIRQFPREP-I| OBKRJ?BOP
?B@>RPB >KV OB>| KRJ?BO PR?PYFOIROBA QEB BNR>QFLK QORB

I conditional equation FFQORELQKIVPLJIB S>IRBRCQEB>0F>?18LOBU>IMIBFCTB >ORLPLISBQEBNR>QFLK
Y Ya TBE>SB QEB CLIILTFKD

Y Ya
Y &
Y &

4EBPLIRQAPE@LKPAEQREKRI?BO\& "~ )FREBKIVPLIRQFKAQEBOBCIBB>SPLISBA@LKAFQFBKR>QFLK
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IK inconsistentequation OBPRI® C>IPBQ>QBJBK@BU>IJMIFFTB >ORLPLISB Y& Y& TBE>SE)EB
CLIILTFKD
Ya Ya
Y& &Y Y& A4 Y 4VBDYPN TPTJIE
a4 v a 'BMTBFUFNFOU

Q

JKABBAA Vv & 4EBOB FP KL PLIRQFLK ?B@>RPB QEFP FP >K FK@LKPFPQBKQ BNR>QFLK

3LISFKIFKB>ENR>QFEKEKBS>OF>HRSLISEFEBRKA>JBK@LMBOHEBAR > FERA?>PFE@DB? O BB O>QFLKP
?0FBC OBSFBT LC QELPB LMBO>QFLKP CLIILTP

"9>51B AE1D9?> 9> %>51B912<5
I IFKB>0O BNR>QFLK FK LKB S>OF>?I1B @>K ?B TOFQQBK FK QEB CLOJ
By C

TEBO8>KA >0OB OB>| KRJ?HDIP

Tl Given a linear equation in one variable, use algebra to solve it.

IMH £ pc L TFEOBMERPBALI>KFMRISSEBNR>OBKREPL I>QERKHKLTE>OF > ROEER PGKBB>AP

Y @@ @ @FQFP QEB RKHKLTK 4EBOB FP KLHBQHEERGBMP RPBA ABMBKA LK TE>Q FP DFSBK

7 BJ>V >AAPR?QOIBIQFMIMOAFSFABBNR>QRK KRI?BQC>KBUMOBPRRLKD>PTB ALQEB
P>JB QEFKD QL ?LQE PFABP LC QEB BNR>| PFDK .LQB QE>Q TB @>KKLQ AFSFAB ?V WBOL

IMMIV QEB AFPQOF?RQFSB MOLMBBQV EP KBBAMD

)PLI>QB QEB S>OF>?IB LK LKB PFAB LC QEB BNR>QFLK

7EBK QEB>OF>HBIRIQFMIFBA> @LBE @ FBKIEBFKPIQ>DIRIQFMA.QPFABRQEBNR>QFK
QEB OB@FMOL@>! |CFQEBEBC

12>A=6

)?<F9>7 1> AE1D9?> 9> %>5 1B912<5
3LISB QEB CLIILTFKD BNR>QFLK

Y?<ED9?>
AEFBNR>QFEKRB TOFQUBQEELOJBY C  ?VPR?Q0O>@QRBOLFLQEPFABRLTBSBOTB J>V
MOL@BBA QL PLISB QEB BNR>QFLK FK FQP LOFDFK>I CLOJ ?V MBOCLOJFKD >IDB?0>F@ LMBO>QFLKP

Y
Y 4V BDSJPNGEBPTIJEFT

Y NVMUWWAQNTIEETPG EJW.!

4EB PLIRQFLKRYFP

il’ry 2.5 3LISB QEB IFKB>0 BNR>QFLK FK LKB S>0OF&?IB
17
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12>A=6

)?<F9>7 1> AE1D9?> <752B1931<<I-85> D85 1B912<5 @@51BC ?> ?D8)945C

3LISB QEB CLIILTFKD BNR>®FLK a 'y
)?<ED97?>
IMMIV PQ>KA>0OA >IDB?0>F@ MOLMBOQFBP
Ya a'y
Ya a ya "Q@NEF BIT VR VBB 3B
Y a &y $PNCJCF WINFIEL
Y a IMBB@BRU NS PO POF TIEMJIE
Y a— NVMWARTIEET IF D POSB M
Y

>1<IC9C
AEFRIOL?IBOBNRFQBRFPQOF?RMQESBQRB>MMIFBA F@HKAQEBREBIOLMBOESHEB?O:0RPBAL
OB>@E QEB CFKM IFEB

2.6 3LISB QEB BNR>QFLK FK LKB §>0F2&?IB Y ay
t

)?<F9>7 1 (1D9?>1< AE1D9?>

)K QEFB @ QAIELLH>®>QFLENR>QFQERECQBOIBI>KFMRI>QRBP AR IFKBENR>QPIG$KBNR>QRRKKQ>FKP
>Q IB>PQ LKB O>QFLK>| BUMOBPPFLK FQ#&Rra@icRFABOBA >

2B@>DE>D>QFLKRI?BEREBR>QEMQTLKRI?BOPR@P— LO- | O>QFLRYMOBPFRQEB>QEICNRLQFBKD
QTL MLIVKLIF>IP (BOB >OB QEOBB BU>JMIBP

Y — PS
ya Ya Y YA

2>QFLKBNR>QFIESB> S>OF>MEKQERBKLIFK>QE>QB>PQKBLCQERBOJFRO DL>IFFQLMBOCLOIDB?0O>F@
LMBO>QRIKPE>QEB>0F>? IBRMBFRQEBRJIBO>Q)IOC>@IB TFI BIFJFK>OBABKLIFK>QRUBRIQFMIVFKIDE
PFABP LC QEB BNR>QABKPY @EBILK ABKLIFK#®LO

&FKAFKIEB!S FAFABKQFCHMREIMOBPRFELKQ>BEBFDERRQIIBOCS | LOQEB>@ QECH LOQEBBKLIFK>QLOP
7 BALQEFB@>RPBBKQEBNR>QFBRIQFMIFBAQER!S QEBLIILKC>@QERPEB!S >KAFKB>@EBKLIFK>QLO
TFII BNR>I LKB >KA TFIl @>K@BI LRQ

12>A=6

)?<F9>7 1 (1D9?>1< AE1D97?>

3LISB QEB O>QFLK>| BN-F?QFV( —
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)?<ED9?>
7 BE>SREOBBKLIFK>QLOP Y >KA 4EB#$ JRP@LKQ>FK Y >KA K #$ LC Y@LKQ>BKP

QEOBBKLJFK>QLRPQEBRQOAM>@EBKLIFK>QRORBAFSFABABKIFKQREB!S .BUQJIRIQFMPLQE
PFABP LC QEB BNR>QFLK ?V QEB #$

6 THRBIL VRU VMR B 3

/Y%/—Ygé/ﬂ(%/—yg :1),7é/v $ B O D F MF PD/RIN bEFIDS G
Y VM WINE J OB B8 TGEB O V NBRY

| @LIILKIFPQ>HBAB TEBKPLISFKD>QFLBNR>QFEKSLISEFFKAFRER!$ TEBKLKBLCQEBBKLJIFK>QEBP
2FKLIF>IcQTRBOIRAABACPPR?QO>@QBAEPRBE  !IT>VP @LKPFABBEKLIFP>KFKAFSFARS® QLOQEBIP

@>KKRBPBM>0>G@REBU>IMIEPRMMLPBIOL ?IBE>FOEORBOIFKAQEBBKLIFK>QROBY Y& >KA Y&

&FORP @QLABKLIFK>QIOBQEBE>SBY Y& >KA Y& >PQEBBKLJFK>QLOPBQEBI>OBKQEBPE®@BA

>OLRKAERB@LHWBKLIFK>QURIV QEB-P@TLABKLIFK>QESBB @LJILKC>@QM YA  4EB YFKQEEFOPQ

ABKLIFK>@EBM>0SQBDEBYFKQEB Y&  ABKLIFK>QLRMBCB@QRSKIOBIBI?BQEMMI OF QB @QLOGN

2FKLIF>ABKLIFK>QE&W>0BKQEBRR® LK PF AS@E>0BKQEBPSPBM>0ORBBD> PBM>OSOB QUEB #$  FK

QEFP FKPQ>K@B FP CLRKA ?V JRIQFMIVFKLKBLDBRQEBO BEB >KA QEB  4ERP QEB #$ FP QEB CLIILTFKD
YYa YYa

3L ?LQPFABPQEBNR>QALRIA?BIRIQFMIFBA YY& B>SBQERS FKC>@QLCBA>PQERPHBAFG>PFBO
PBB ELT B>@E ABKLJFK>QLO FK QEB MOL?IBJ @>K@BIP LRQ

IKLQEBBU>JMIBP>MOL?IBIFQBTIABKLIFK>QIRIR@P Y>KAY  Y/K@BOEBB@LKWBKLIFK>GFO>@QLIBA
Y Y YY QEBOB FP > @LJJLK C»@RI20QE ABKLIFK>QLOP >KA QBBY#$ FP

3LIBQFJBPB E>SB O>QFLBNR>QFHQEELOLC> MOLMLOQPEHPTEBKLKBCO>@ @RR>FKLQEBO>@ GRIK
QEBOB >0OB KL LQEBO QBOJP FK QEB BNR>QFLK

B L

C E
7 B@>RPBKLQEBBQELACPLISFKREBNR>QFIFQELRBKAFREB!S @OLPP JRIQFMIFBBIRIQEMYBOJIPY
@OLPPFKD LSBO QEB BNR>| PFDK

-RIQFMNBE >KACD TEF@E OBPRIGP FKD
IKV PLIRQFLK QE>Q J>HBP > ABKLJFK>QLO FK QEB LOFDFK>| BUMOBPPFLK BNR>| WBOL JRPQ ?B BU@IRABA COLJ
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(1D9?>1< AE1D9?>C
| rational equation @LKQ>BKIB>PQKBO>QFLBtIMOBPPREBOBES>0F>2#BIMB>BR>QB>PQKBLCQEB
ABKLJFK>QLOP

M Given a rational equation, solve it.
Lo: &>@QLO >ll ABKLIFK>QLOP FK QEB BNR>QFLK
&FKA >KA BU@IRAB S>IRBP QE>Q PBQ B>@E ABKLJFK>QLO BNR>I QL WBOL

&FKA QEB #$
-RIQFMIV QEB TELIB BNR>QFLK ?V QEB ,#$ )C QEB ,#$ FP @LOOB@Q QEBOB TFIl 7B KL ABKLIFK>QLOP

3LISB QEB OBJ>FKFKD BNR>QFLK
->HB PROBL@EB@HRQFLKRAIFKQEROFDFIBNR>QFIGBSLFA PLIRQFMOLAR @WRHITDEK>
ABKLJIFK>QLO

12>A=6

)?<F9>7 1 (1D9?7>1< AE1D97?> G9D8?ED 13D?B9>7

3LISB QEB CLIILTFKD O>QFLK>I BNR>QFLK

Yas o Ty

)?<ED97?>

7 BE>SREOBBKLIFK>QLOP >KA Y.L C>@QLGRMENRFABEEMOLAR@QEBFOPQABKLIFK>QLOP
FIBNR>QLQEREF@RKLIFK>QPDQER!$ FP Y/KIV LKBS>IREFRBU@IRABALJ> PLIRQFPRQY

.BUQ JRIQFMIV QEB TELIB BNR>QFLK ?LQE PFABP LC QBB BNR>I PFDK ?V

g 7
Yoyd—L e Y
\Ylwéé\%:g 1KY6Y % JIC V Y F
&Y % F O P NJSBDB O
ay
ay
Y a
P& A

4EBMOLMLPBARQFERY & TEF@EPKLQKBU@IRABAIRBPLQERLIRQFPB@LKQ>EKBKRI?BO
Y & LO\& "TOFQQBK FK PBQ KLQ>QFLK

2.7 a
3LISB QEB O>QFLK>I BNR>QFLK—,
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)?<F9>7 1 (1D9?>1< AE1D9?> 2| 13D?B9>7 D85 5>?=9>1D7B
3LISB QEB CLIILTFKD O>QFLK>I-BNR>QBLK,

)?<ED9?>

&FORCFKAEB@LJIILK ABKLIFK>QI4EB QEOBEBKLIFK>QLERC>@QLUB®J>OBY U >KA
Y U OY4EBPJ>IIBPRUMOBPRFLRPAFSFPFAMB>@KBL.OQEBBKLIFK>QEOP Y/KIV Y  FP

>K BU@IRABA S>IRB -RIQFMIV QEB TELIB BNR>QFLK ?V

4 1 o 4
Yavs 3= a6

Y&

Y
Y

4EB PLIRQFLKYFP—

o

7 2.8 _
3LISB QEB O>QFLK>I BNR>QFLK;, &

12>A=6

)?<F9>7 (1D9?>1< AE1D9?>C G9D8 1 9>7=91< 9> D85 5>7=9>1D?B

3LISB QEB CLIILTFKD O>QFLK>I BNR>QFLKP >KA PQ>QB QEB BU@IRABA S>IRBP

>

ya Y

9

Y
2 X . a-—
’ Ya Ya a

Q

Y _
@Ya Yaa

)?<ED9?>
> 4EBABKLIFK>QLOKAYa E>SKLQEFKR@LJILK 4EBOBCLOBB!$S FRQEBIOLAR®@®A
(LTBSBOCLO QEFP MOL?IBJ TB @>K @OLPP JRIQFMIV

Ya Y
Y Y& %UICV
Y Y&
&y a
Y

4EB PLIRQFLKYFP  4EB BU@IRABA S>IRBP >OKA'Y
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? 4EB #$FP Y& -RIQFMIV ?LQE PFABP LC QEB BNR¥FLK ?V

< <=<=< <

4EB PLIRQFLRKYFP— 4EB BU@IRABA S>IRB FP

@ 4EB IB>PQ @LJJLK ABKLIFK>QN@ FP-RIQFMIV ?LQE PFABP LC QEB BNRMDFLK 2V

o 7Y 7 o . o
Ya oyg < oyg < Y4

<
Y a Ya
Y &y
Y
Y
4EB PLIRQFLKYFP 4EB BU@IRABA S>IXB FP
ﬁ;ry 2.9 3L|SBY5‘— —— 3Q>QB QEB BU@IRABA S>IRBP

12>A=6

)?<F9>7 1 (1D9?>1< AE1D9?>G9D813D?B54 5>7=9>1D7?BC 1>4 )D1D9>7H3<E454
, 1<E5C

3LISEQEB>QFLENR>QBCQBO@ QL QEEBKLIFK>QLOP— A~ x— S Y 30>@EBU@IRABARBP

a

)?<ED97?>

7 B JRPQC>@QREB\BKLIFK>QNOA 7 B OB@LDKBEEEBPP QEB\FCBOBKI@BPNR>OBKAC>@ QP
YA Y  AERPQEB$ QE>@LKQ>BK@EBKLIFK>GROYA Y  -RIQFMIQEBELIBBNR>QFLK

?V QEB #$% @>K@BI LRQ QEB ABKLJFK>QLOP >KA PLISB QEB OBJ>FKFKD BNR>QFLK

7 o . 7 Y

Ya Y v avyy < 9Y§ Y <Ya Y
Ya a 'y Y
Ya ava Y % JISC VIUFF OB WR WL
a ay

a vy
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4EB PLIRQFLKYFPA 4EB BU@IRABA S>IRBP >OKAY A

57 2.10 311SB QEB O>QFLK>IB FL- S
QEB 0>QFLK-1 BNGZQFLy— o0

9>49>7 1 "9>51B AE1D9?>

0BOE>IPEBLPQC>JFIFSROLC> IFKBENR>QMRERILMB FKQBO@BNIQFQOBKZ NY C TEBOBN TMF
>KAC Z4JOD RJ,BQ RP ?BDFK TFQE QEB PILMB

*85)<?@5 26 1 "9>5

4EBslopeLC> IFKEDBCBUREBR>QECQEBBOQR@E+K BBy LSBQEBLOFWLK@EHK BB ?BQTBBK\VQTLMLFKOR
> |IFKBFKAF @ EBFOB @ ORILEF @EFK B 1>KQPTBI| >PFQPRQBBMKBRRIE-FPLIBQFJBHBP @ OFFF RBBORK

zaz
N Y a Y

)CQEBILMBRVLPFQRSEF-KP|>K QRQEBFDEQQERILMBKBD>QFSBE-KPI>KQRQEBC(P QEBILMBK@OB>PBP
QEBFKRB@LJBPQBBNVEROIB BU>IJMIBFORELTKFK97EBS 4EBIFKBPKAF@QEBLIILTFKPILMBAN &

N >KAN —

97EB5

*85 )<?@5 76 1 "9>5
4EBPILMBC> IFKBn OBMOBPBEGFE>K BBy LSBQERE>KPE. 'FSBKQTLMLFKQPY Z >KA Y Z QEB

CLILTFKD CLOJRI> ABQBOJFKBP QEB PILMB LC > IFKB @LKQ>FKFKD QEBPB MLFKQP
ZaZz
N Y ay
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12>A=6

9>49>7 D85 )<?@5 76 1 "9>5 9F5> G? &?9>DC

&FKA QEB PILMB LC > IFKB QE>Q M>PPBP QEOL&DEREBMLFKQP

)?<ED97?>
7 B PR?PQFQREB-(RHP >KA QEBIRBP FKQL QEB CLOJRI>
N a a
a a
a
a—

4EB PILMB R~

>1<IC9C
JQALBRLQ>QQBEBFAQELFKBO>IIBAY Z LO Y Z P ILKD>PTB>OBLKPFPOBRREBOABMQER

QBOJP >KA QEB LOABGREDIEBK QEB KRIBO>QLO >KA ABRBIEKH@ED>QFLK TFIl VFBIA QEB P>JB OBPRIQ

lTry 2.11 &FKA QEB PILMB LC QEB IFKB QE>Q M>PPBP QEOLRBEAEB MLFKQP
&

12>A=6

45>D9619>7 D85 )<?@5 1:249>D5B35@D ?6 1 "9>5 9F5> 1> AE1D97?>
)ABKQFCV QEB PIWMEKSBO@BMQ DFSBK QEB BERSGFLK

)?<ED9?>
IP QEB IFKB FRZFKNY CCLOJ QEB DFSBK IFKB E>P >RILMBL@EBy-FKQBO@BGIQ &P

>1<IC9C

4EBy FKQBO GREBILFKQIEF @BEB-KEOLPREP->UFPK QEB>UFPY 7 B@>KIT>VAFABKQBES
y-FKQBO @BRIQEB-KEFFKPILMB FKQBOQEBMEFQFII>IT>VBNRY. /0 GRPR?PQFQRQB>KAPLISB
CcL@

*85 &?29>D )<?@5 ?B=E<1

'FSBK QEB PILMB >KA LKB MLFKQ LK > IFKB TB @>K CFKA QEB BNR>QFLK LC QEB IFKB RPFKD QEB MLFKQ PILMB Cl
Z&Z NYAY

AEFFFP-KFIMLOQEKQJRI>PFQFII ?BRPBAKLQEB@BIR@LIIBDBDB?C:KALCQBH@ > @REFKAEBNR>QFLK

LC> Q>KDBIRRB? BKBBAKIVLKBVMLFK®AQEBILMBOQEF-KRIRPREBLOJRI3CQBPR?PQFQREBHIMBKAQEB
@LLOAFK>QBP LC LKB MLFKQ FKQL QEB CLOJRI> TB PFIMIFCV FQ >KA TOFQB FQ FK PILMB FKQBO@BMQ CLOJ
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*85 &79>D )<?@5 ?B=E<1

'FSBK LKB MLFKQ >KA QEB PILMB QEB MLFKQ PILMB CLOJRI> TFII IB>A QL QEB BNR>QFLK LC > IFKB
Z&Z NYAY

12>A=6

9>49>7 D85 AE1D9?> ?6 1 "9>5 9F5> D85 )<?@5 1>4 %>5 &?9>D

7 OFQEBNR>QREIGQEBFKEFQRILMEN & >KAV>PPFREOLRQEBILFKQ 7 OFQEBFKBNR>QFLK
FK PILMB FKQBO@BMQ CLOJ

)?<ED9?>
5PFKD QEB MLFKQ PILMB CLOJRI> 8P RAFMFRRQBB MLFKQ CLOY Z

ZdaZ NYAY

Za a Ya
Za ay
Z ay
>1<IC9C
.LQBQEXWLFKBQEB-KE)>RBRPBAICFKAEBNR>QFIGALKRDLOOB@BB#JBCFKBNR>QHIKI?B
L?Q>FKBA

}I'ry 2.12 'FSBKN CFKA QEB BNR>QFLK LC QEB IFKB FK PILMB FKQBO@BMQ CLOJ M>PPFKD QEOLRDE QEE
t

12>A=6

9>49>7 D85 AE1D9?7> ?6 1 "9>5 &1CC9>7 *8B?E7837? 9F5> &?79>DC

&FKQEBNR>QRIGQEF-KBI>PPFREOLRQERILFKQP >KA & 7 OFQ@EBFKENR>QMHRILMB
FKQBO@BMQ CLOJ

)?<ED9?>
&FOPQ TB @>I@RI>QB QEB PILMB RPFKD QEB PILMB CLOJRI> >KA QTL MLFKQP

9

N 2 a

a

a
-
a

.BUQ TB RPEQEBILFKQ PILGIBJIRIFFQEERILMBRC— >KABFQEBOFKBQE MF@PEBILFKQ  CLO
Y Z
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Z& - Ya
Za -—Ya % JJIC V LFF
Z —Ya

)K PILMB FKQBO@BMQ CLOJ QEB BNR>QELK-FPATOFQQBK >P

>1<IC9C
4L MOLSB QE>Q BFQEBO MLFKQ @>K ?B RPBA IBQ RP RRB QHG\HHEBIFA\TELBEQ QEB P>JB BNR>QFLK

Zd & -—Ya
4 -Y
Z —Ya

7 BPBR)EQEB>JBIFKE FII ?BL?Q>FKRRFKBF QEROFKAEFR>HBAPBKPEB @>RPBRPBALQELFKQP
@>I@RI>QB QEB PILMB

)D1>41B4 ?B=7?761"9>5

IKLQEBO T>V QE>Q TB @>K OBMOBPBKQ QEB BNRRQFHAMAERBWR GK CLOJ FP DFSBK >P
"Y #Z $

TEBOB # >KA$>OBKQBDREBx- >KA/-QBOIOBKLKEPFABOQEBNRPFDKKAQER LKPQOBQBR.KQEBQEBO
PFAB

12>A=6
9>49>7 D85 AE1D9?>?6 1"9>51>4 -B9D9>7 D 9>)D1>41B4 ?B=
&FK@EBNR>QEREFKBFQEN & >KAV>PPFREOLRDEBILFKS & & 7 OFQEBNR>QRIRQ>KA>OA
cLOJ

)?<ED9?>
7 B ?BDFK RPFKD QEB MLFKQ PILMB CLOJRI>

=

Z& & & iva—¢
Z ay —

&OLJEBOBB JRIQFMOEOLRDE >PKLCO>@QFOEMBOJFQEBA>KAID I>KAQEBK SB?LQB>0F>?IBP
QL QEB IBCQ >PFAB LC QEB BNR>I PFDK >KA JLSB QEB @LKPQ>KQP QL QEB OFDEQ

Z AY —¢
a
a
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4EFP BNR>QFLK FP KLT TOFQQBK FK PQ>KA>OA CLOJ

i!;;ry 2.13 &FKAQEMBNR>QRALBQEBFKBE-KPQ>KA>CILOJTFQPILMBN 34— >KAM>PPFREOLRREB/ILFKQ

1 4
376

, 5BD931< 1>4 ?B9J?>D1< "9>5C
A4EBBNR>QFILKISBOQF&AELOFWLHEKRBRL KLAQDBNREG®/LCQEBIOB@BARKDIRI>PIQELROB @>IRPE)EB
CLOJRI>P QL MOLSB QE>Q QEB BNR>QFLKP >0OB @LOSB@JF GEBBRBSBIKHPLC >

Y L

TEBOBFP> @LKPQH4EBPILMBC> SBOQREKEFRKABCFKE&0BD>0AIBEPER-S>IREC>KWILFH® QEBKBQEB
x-@LLOAFK>QB LC QEB MLEKQ TFII ?B

3RMMLREESTB T>KQ@QLCFK@EBNR>QALE> IFKBALKQ>FKPRBLIILTFKBILFKQR & & a SKA

Q

a &FOPQ TB TFIl CFKA QEB PILMB

N 4 —
a a a

‘BOLFKQEBBKLJIFK>QBSKRQEQEBILMBMRKABCFIKBAQEBOBCIBD@>KKREREBILFKQ PIOUBIRIYTBSBO
TB @>KIILQEBILFKQEQF @BE =9 LOQER-@LLOAFK>QRFEB>JB>KATB CFKASBOQREKEEOLRDE 4 3BB
97EB5

4EB BNR>QFLKHLOFWLKQ>FFFRBSBK >P
Z L

TEBOBFP> @LKPQAKBPILMBC> ELOFWLKEKERVBOEKACLOKWK-S>IRBC> MLFHB QEB-KBQERB-@LLOAFKER)B
?Bc

3RMMLAB T>K@ICFKAEBNR>QHRIG IFKEX@LKQ>EEBLIILTFKPBQOMLFKQR & a a4 >KA

Q

a 7B @>KRPB QEB MLFKQ PILMB CLOJRI> &FOPQ TB CFKA QEB PILMB RPFKD >KV QTL MLFKQP LK QEB IFKE

a aa
aa

N

5PB >KV MLFKQ L@ FK QEB CLOJRI> LO RFEQEB@BMQ
Za a Ya
z
Z A&

4EB DO>ME FP > ELOFWLKQ>! IFKB @EQL@EEB QE>Q >/l y-@QEBAFK>QBP >OB QEB PxIB53BB

+9:D 4@7E67?E :D 2G2:=23=6 7@C 7C66 2E Y9BENQEEBR2EPEG?E 4@=



92AE6C BF2E:@7?D 2?5 |?6BF2=:E:6D

97EB5 4EB IFKB j FP > SBOQF@>! IFKB 4EBjIFKB
FP > ELOFWLKQ>! IFKB

12>A=6
9>49>7 D85 AE1D9?> ?6 1 "9>5 &1CC9>7 *8B?E78 D85 9F5> &?9>DC
&FKA QEB BNR>QFLK LC QEB IFKB M>PPFKD QEOLRDEZEBKIFSBK MLFKQP

)?<ED97?>
4EBXx-@LLOAFK>QB LC ?LQE MLFKQP FP 4EBOBCLOB TB E¥SB > SBOQF@>! IFKB

}I’ry 2.14 &FKA QEB BNR>QFLK LC QEB IFKB M>FPFKD>RBEOLRDE
t

5D5B=9>9>7 -85D85B B1@8C ?6 "9>5C 1B5 &1B1<<5< ?B &5B@5>493E<1B

0>0>IBFKBE>SEEB>JBPILMBKAARCBOBKEKQBO @ BMBIE=DRI>0>1BLB>@EEBF| KBSBEKQBORE@Q
BU>JMIBI7EB5  PELTP QEB DO>MEP LC S>OFLRP IFKBP TFQENDEB P>JB PILMB
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97EB5 0>0>IIBI IFKBP

11l LC QEB IFKBP PELTK FK QEB DO>ME >0B M>0>IIBl ?B@>RPB QEBV E>CBUBKERSBDRBNEFPKA AFC

FKBRE@MBIBOMBKAFENQBORE@ QS - >KDIBAEBPILMBCLKBFKER)ERBD>QRIEA FMQIOQEBQEBDB
@>RELTQE>QTLIFKBPOBIBOMBKAF@REBIOLAR@QERTLPILMBFPA N ON & &LGBU>IMIBI7EBS

PELTP QEB DO>ME LC QTL MBOMBKAF@RI>O IFKBP /KB IFKB E>P > PILMB LC QEB-LQEBO IFKB E>P > PILMB L(
N ON &

Ba-g &

97EB5 O0BOMBKAF@RI>O IFKBP
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B1@89>7 *G? AE1D9?>C 1>4 5D5B=9>9>7 -85D85B D85 "9>5C 1B5 &1Bl<<b<
&5B@5>493E<PB $59D85B

'O>MEQEBNR>QFLUKPQEBFSBKFKBP>KA PQ>QEBQEBJEBWOBVI>0O>|IBVIBOMBKAF@RIKBFQEBO
Z a4 yY >KA YA Z

)?<ED9?>
4EB CFOPQ QEFKD TB T>KQ QL AL FP OBTOFQB QEB BNR>QFLKP PL QE>Q ?LQE BNR>QFLKP >0B FK PILMB FKC
&FOPQ BNR>QFLK

Z ay
Z a-y
3B@LKA BNR>QFLK
Ya Z
az ay
Z —Ya&

3BB QEB DO>ME LC ?LOQBIRKBP FK

97EB5

&OLJ QEB DO>ME TB @>K PBB QE>Q QEB IFKBP >MPEOJBIERMBEABIRROBOQEB PILMBP
N a—

N —

N Al s

4EB PILMBP >0B KBD>QFSB OB@FMOL @@IEKCF-BI@DLQEBDQEB IFKBP >OB MBOMBKAF@RI>O

i3 2.15 'O>MEEBTUFKBFKAABQBOJAIBQEREBYORI>0O>IIBIBOMBKAF@&RIBEQEBZA Y >KA
zZ Y
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- BOD9>7 D85 AE1D9?>C 7?6 "9>5C &1B1<<5< ?B &5B@5>493E<1B D? 1 9F5>
"9>5

IP TB E>SBB>OKBABQBOJFKHEKBQERODLIFKBPORI>O>IIBOMBOMBKAFERI>QQBOCFKAFREBILMBBL TOFQB
QEBNR>QHLBS> IFKB/>0>11BOMBOMBKAF@RIXKICQEBXBTB CLIILTQEP>JBMOFK@ FNHBP AL CLCFKAFREB
BNR>QFLK LC >KV IFKB ICQBO CFKAFKD QHEBMIVELRBBIDOBRIGFQB QEB BNR>QFLK LC QEB KBT IFKB

T Given an equation for a line, write the equation of a line parallel or perpendicular to it.

&FKMEBILMBOQEBFSBKKBIEBB>PFBRY QIAL QEFITOFQEBNR>QMFKRILMB FKQBCEBMQ
5PB QEB PILMB >KA QEB DFSBK MLFKQ TFQE QEB MLFKQ PILMB CLOJRI>
3FJMIFCV QEB IFKB QL PILMB FKQBO@BMQ CLOJ >KA @LIM>0B QEB BNR>QFLK QL QEB DFSBK IFKB

12>A=6

- B9D9>J85 AE1D9?>761 "9>5 &1B1<<H3?1 9F5> "9>5 &1CC9>7*8B?E78 1 9F5>
&?79>D

7 OFQB QEB BNR>QFLK LC IFKB M&0O>HB| QKA M>PPFKD QEOLRDE QEB MLFKQ

)?<ED9?>
&FOPQ TB TFII TOFQB QEB BNR>QFLK FK PILMB FKQBO@BMQ CLOJ QL CFKA QEB PILMB
Y Z
Z ay
Z a-Y -

4EBPILMBPN  &— 4EBy-FKQBO®BMQRQEXIB>IINLBRLEKQBRQIRMOL?IBSPQEBKIVQEFRB

KBBELQTLFKBOL?BM>0>IIBREB>JBPILMBIEBLKBBU@BMERYERIER-FKQBO @ENGEB>JB QEBK
QEBTLUFKBPOREB>JBIFKB/EBKBUPQENRIRPREFRLMBKAQEBFSBULFKGQBERILFKQ PICUMBJIRI>

zZa a— va
Za a-y
Z a-yY

4EB BNR>QFLK LC QEBAFKBFN 3BB97EBS
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97EBS

T
I

12>A=6

9>49>7 D85 AE1D9?7>761 "9>5 &5B@5>493E<IR®1 9F5> "9>5 &1CC9>7*8B?E78 1
9F5> &?9>D

7 2.16 &FKA QEB BNR>QFLK LC QEB IFKBY>O>IBi@LM>PPFKD QEOLRDE QEB #ILFKQ
it

&FKA QEB BNR>QFLK LC QEB IFKB MBO¥&BKAF@RI>0&0L

)?<ED9?>
4EB CFOPQ PQBM FP QL TOFQB QEB BNR>QFLK FK PILMB FKQBO@BMQ CLOJ

Ya z
aZ ayvya
zZ -Y -
7 BPBR)ESQERILMBPN — 4EFRIB>KPQE>QERILMBCQEBFKBIBOMBKAF @RYE®FSBKKE-FQEB
KBD>QFSB OB@FMAL@BUQOTB RPB QEB MLFKQ PILMB CLOJRI> TFQE QEFP KBT PILMB >KA QEB DFSBK MLFKG

Qo

Za a— Ya

Za a—Yad—
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’ 1@@BPP QEBPB LKIFKB OBPLRO@BP CLO >AAFQFLK>I FKPQOR@QFLK >KA MO>@QF@B TFQE IFKB>0 BNR>Q
O )?<F9>7 B1D9?>1< 5AE1D9?>C 8DD@ ?@5>CD1H3?7<<575 ?B7 <B1D9?>1<5AC
O AE1D97?>?6 1 <9>5 79F5> DG? @?9>DC 8DD@ ?@5>CD1H3?<<575?B7 <DG?@?9>DC<9>5

O 9>49>7 D85 AE1D97?> 76 1 <9>5 @5B@5>493E<1B D? 1>?D85B <9>5 D8B?E78 1 79F5> @?9>D
8DD@ ?@5>CD1H3?<<575 ?B7 < 69>4@5B@<9>5

O 9>49>7 D85 5AE1D9?> 76 1 <9>5 @1B1<<5< D? 1>?D85B <9>5 D8B?E78 1 79F5> @?9>D
8DD@ ?@5>CD1H3?<<575 ?B7 < 69>4@1B1<9>5
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(1))

, bB21<
7E>Q ALBP FQ JB>K TEBK TB P>V QE>Q QTL IFKBP >0OB M>0>IIBI
7E>Q FP QEB OBI>QFLKPEFM ?BQTBBK QEB PILMBP LC MBOMBKAF@RI>0 IFKBP >PPRJFKD KBFQEBO FP ELOFV

(LT AL TB OB@LDKFWB TEBK >K BNR>QFLK @LO BU>JMIBII ?B > PQO>FDEQ IFKB IFKB>O TEBK DO>MEBA

7E>Q ALBP FQ JB>K TEBK TB P>V QE>Q > IFKB>0 BNR>QFLK FP FK@LKPFPQBKQ
7EBK PLISFKD QEB CLIILTFKD BNR>QFLK
Y& Y
BUMI>FK TEV TB JRPQ BURIRAKAY & >P MLPPF?IB PLIRQFLKP COLJ QEB PLIRQFLK PBQ

<752B193
&LO QEB CLIILTFKD BUBO@FPBP PLISB QEB BNR>QFLK CLO

Y Ya
Y&
Y a Y
a 'y Y&
—8—Y —
Yy Y
—Y — —
Ya Y Y
Ys_ Y __
Y a Ya
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~ - =

&LO QEB CLIILTFKD BUBO@FPBP CFKA QEB BNR>QFLK LC QEB IFKB RPFKD QEB MLFKQ PILMB CLOJRI>
7 OFQB >Il QEB CFK>| BNR>QFLKP RPFKD QEB PILMB FKQBO@BMQ CLOJ

TFQE > PILMB-LC

TFQE > PILMB&.C

x FKQBO@BMQ FPa >KA
y FKQBO@BMQ FP KA
a >KA &
BOE

M>O>IIBI@GL Y  >KA M>PPBP QEOLRDE QEB MLFKQ

MBOMBKAF@RIZO Q& >KA M>PPBP QEOLRDE Q&B MLFKQ

&LO QEB CLIILTFKD BUBO@FPBP CFKA QEB BNR>QFLK LC QEB IFKB RPFKD QEB DFSBK FKCLOJ>QFLK
a >KA &

>KA

4EB PILMB FP RKABCFKBA >KA FQ M>PPBP QEOLRDE QEB MLFKQ
4EB PILMB BNR>IP WBOL >KA FQ M>PPBP QEOL&RDE QEB MLFKQ
4EBPILMBP- >KAM>PPRIEOLRQEBILFKQ
a >KA &
B1@8931<

&LADEBLIILTFKBUBO @ AFBAVEEBI>AUBNR>QFLKPEB>JB>UBP-KAPQ>DBBQEBEBYORI>0>IIRIBOMBKAF@RI>0
LO KBFQEBO

Z Y
z 24 vy

N <
Qo Qo
< N
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Y
Z &
$E=5B93
&LO QEB CLIILTFKD BUBO@FPBP CFKA QEB PILMB LC QEB IFKB QE>Q M>PPBP QEOLRDE QEB DFSBK MLFKQP

>KA
a >KA &
a >KA
a4 & >KA
a4 >KA A&

&LAQEBLIILTFKBUBO @ REF®BE BILMBOQEB-K BEENp>POEOL RBEAE>AMML FKSRABQBOJAKBQERBBKBP
>0OB M>0>I1BI LO MBOMBKAF@RI>O

a BOE
a BOE
BOE

a & BOE

*538>7<?7I

&LADEBLIILTFKBUBO @ FREVROEFEBNR>QFEKP LMBKQBO @BOIQLRKAFER@KRJ?BQIQEBELRP>KAQNE@®B
%KQRERKQLDO>MEREBI@RISFIO QEBKAGREEBJIFK>KAVJI>US>IRBELOLRIFKALTQLFK@IRABBOBEB
y FKQBO@BMQ L@@ROP 3Q>QB VLRO VJFK >KA VJ>U S>IRBP

Ya Z
Ya Z
a Zz
—
HD5>C9?>C

3Q>0QFRREBEBRILFKQ PIGIBJIRIZ& Z N YAY PLISRQEFBUMOBPRELBYFKQBOJECY Z Z >KA

3Q>0QFRQBEBQ>KAXCQUOLC-KBNR>QFLY #  $PLISR)EFBUMOBPREIKFKQBOJEC" # $ >KA
Y 4EBK MRQ QEB BUMOBPPFLK FK PILMB FKQBO@BMQ CLOJ

5PB QEB >?LSB ABOFSBA CLOJRI> QL MRQ QEB CLIILTFKD PQ>KA>0A BNR>QFVYR& FE PILMB FKQBO@BMQ CLOJ

'FSBKQE>QEBLIILTFK@LLOAFK>QEEBBOQFA@SPB @ Q>KXR SBE>QERFORFP OB@Q>RUMELTFKQEB
PILMBP LC QEB PFABP QE>Q JBBQ >OB MBOMBKAF@RI>O

o

a >KA

&FKA QEB PILMBP LC QEB AF>DLK>IP FK QEB MOBSFLRP BUBO@FPB !0B QEBV MBOMBKAF@RI>O
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(51<- ?B<4 @@<931D9?>C

4EBPILMBLOTEBBI@ESSONCLOELIBE>RI?B— )OQEBBOQR®PQ>K@BDEBOLRKAQEELLOLQQLEP
CQ CFKA QEB AFPQ>K@B QEB 0>JM E>P QL BUQBKA COLJ QEB ELJB FK LOABO QL @LJIMIV TFQE QEB KBBABA P

)CQEBIOLGRR>QRLIKS PJ>11 ?RPFKBPBIIFKIYKRJ?BQCFQBIKB>KA ZKRJ?BQCFQBOTLFPQ Y Z
CFKA QEB>IRB TEBKQ BO¥E

&LAREBLIILTFKBUBO @ FBREFRD BK>@EBQ@LRQOBKQPK®>P THMIRP JF QO>SBAROFKIE>IBBH
IK BNR>QFLK QL OBMOBPBKQ QEB @LPQ TLRIA7BEBOBYFP QEB KRJ?BO LC JFIBP QO>SBIBA

7E>Q FP VLRO @LPQ FC VLR QO>SBI JF

)C VLRO @LPQ TBOB ELT J>KV JFIBP TBOB VLROBEX O QO>SBIFKD

3SRMMLRBRE>SE J>UFJRJLC QIPMBKELQEB>0BKQHE>QTLRIA?BQEB>UFJRJKRJ?BQCIFIBR/LR
@LRIA QO>SBI
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K#?45<C 1>4 @ @<931D9?7>C
"51B>9>7 %2:53D9F5C

1?7 E9:D D64E:@7? J@F H:==

*6E FA 2 =:762C 6BF2E:@? E@ D@=G6 2 C62= H@C=5 2AA=:42E:@"?
,D6 2 7@C>F=2 E@ D@=G6 2 C62= H@C=5 2AA=:42E:@?

97EB5 #OBAFQ +BSFK $LLIBV

*LPEFFELMFKDIDBOK! FKEFRALIIBDBDB?GBI>P@B E>FP@LORP >KA LKEFEFOBESBBPQRV
QEBFKBU>JOBJ>FKPKAQEB>UFJRJI LOMLFKQE>@>RBB>OKER  )PFQILPPFBRELPEQIBKAQERLROFR)E
>K | | PEIMIB IFKB>0 BNR>QFLK TFIl DFSB *LPE EFP >KPTBO

>KV OB>| TLOMMMIF@>QBLHKAB JLABIBA?V IFKB>BNR>QFLKECBU>IMIB> @BIMELKBI>@H>DB/ FK@IRAB
JLKQEI\PBOSR@B®IIRP @EBBMBIFKRQBCQ>IH QF FR@LPOFFADBIRKRC>@QRE@ED Q>RIRK@LMOLARGB
TFADBRBILKQMIRPLKQEIYMBO>QBEBBP> @>0BK@LIM>K@EDBP A>FIZBBIRPK>JLRKQIBIFIBAOFSBK
4EBPBOBU>JMIBEC-MMIF@>QELERJIB>@OLBFBOA\QESMBLABIBAVIFKBEBNR>QF KR EFB @ QHIKTFI|
PBQ RM >KA RPB IFKB>0 BNR>QFLKP QL PLISB PR@E MOL?IBJP

)5DD9>7 E@ 1 "9>51B AE1D9?> D?)?<F51 (51¥¢B<4 @@<931D97?>

4L PBRM.QILABI> IFKBBNR>QRIKFEDB>| TLOMIMIF@>JQBLIRPEFOMDBOJERKL TKNR>KQFSRAFBCFKB
QEBKHKLTKR>KQBBYS>OF>EBKTB ?BDFRIFKQBORQEBLOAPPI>QEBI>QFBNOBPPRPRRDQEBJI>QF @>|
PVJ?LIP,BORFRPRER>0BK@EU>IMIB?LSBKQER@>PBHKLTKALPRR@®P  JF FRRIQFMIFBAKRKHKLTK
NR>KQRJBRRJ?BQCIFIBRAOFSBHEBOBCLTB@>KOFQB Y 4EFBUMOBPRIBMOBPBREDF>78 P8 @>RPB

@E>KDBP >@@LOAFKD QL QEB KRJ?BO LC JFIBP AOFSBK

)C> NR>KQFEFKABMBKARXG>0OF>?TB RPR>IIGRPAALCPR?QOFP@ @ @ LOAFREBIOL?IBIP QEBPBLRKQRL
KL@E>KDEB @>QEBLFURDLP@PKPFAB@>0BKQDBK@EQEDBP  JFMIRPA>FICBBC 7 B@>RPB
QEBPB NR>KQFQFBP QL JLABI >K BNR>QFLK QE>Q @>K ?B RPBA QL CBKA QEB A>FIV @>0 OBKQ> @LPQ

$ Y

7EBKAB>IFKIFQBEB>| TLOMMMIF@>QBERRBEY BOBIKOBPPEBESSB @>RO>KPIARBB @RN>QE* 12<5
IFPQP PLIB @LJJLK SBO?>I BUMOBPPFLKP >KA QEBFO BNRFS>IBKQ J>QEBJ>QF@>| BUMOBPPFLKP
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*B1>C<1D9?> D? #1D8
, 5B21< %@5B1D9?>C
&76 ?F>36C 614665D 2?@E96C aJ YY E
+H:46 2 ?F>36C Y
&76 ?F>36C :Da >@C6 E927? 2?@E96C ?F>36C YY E
&76 ?F>36C :Da =6DD E92? EH:46 2?@E96C ?F>36C Y YAE
+96 AC@5F4E @7 2 ?F>36C24C62D65 3b Bya C
+96 BF@E:6?E @7 2 ?F>36C 2?25 E96 ?F>36QARHEYC66 E:>6D E96 Y \
?F>36C Y B
+96 AC@5FAE @7 E9C66 E:>6D 2 ?F>36C 2?5 E96 ?F>36C 564C620653¢ v ¢ [
b :Dc
*12<5

Given a real-world problem, model a linear equation to fit it.
Lo: )JABKQFCV HKLTK NR>KQFQFBP
IPPFDK > S>OF>?IB QL OBMOBPBKQ QEB RKHKLTK NR>KQFQV
)C QEBOB FP JLOB QE>K LKB RKHKLTRHR>RK¥F QY TOFQB QEB PB@LKA RKHKLTK FK QBOJP LC QEB CF
7 OFQB >K BNR>QFLK FKQBOMOBQFKD QEB TLOAP >P J>QEBJ>QF@>| LMBO>QFLKP
3LISB QEB BNR>QFLK "B PROB QEB PLIRQFLK @>K ?B BUMI>FKBA FK TLOAP FK@IRAFKD QEB RKFQP L

12>A=6

#?45<9>7 1 "9>51B AE1D9?> D? )?<F5 1> +>;>?G> $E=25B &B?2<5=

&FKA IFKB>BENR>QRRPLISEELQEBLIILTFKRKHKLTKR>KQFGKBKRJI?BBU@BBAR.QEBRJ?BOV
>KA QEBFO PRJ R&FKA QEB QTL KRJ?BOP

)?<ED97?>

,BQ YBNRQEBFOfRI?BAEBK>FQEBB@LKRI?BBU@BEMBFORQ TB @>KOFQEBB@LKRI?BO
SPY  4EBPRJLC QEB QTL KRJ?BOPBRPRAIIV FKQBOMOBQSQEB-KIENR> PFDK
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Y Y
Y 4IQMIGZ W
Y
Y
Y

4EB QTL KRJ?BOP >QGIBA

i) 2.17 &FKA IFKB>ENR>QRQPLISELQEBLILTFKRKHKLTKR>KQFGRBRKRJI?BEHRQEOBBOBQE>K
I QTF@B >KLQEBO RRIPBBPRJ LC QEB QTL KRI?BOFKR QEB KRI?BOP

12>A=6

)5DD9>7 +@ 1 "9>51B AE1D9?> D? )?<F5 1 (51<?B<4 @@<931D9?>

4EBOBORTL@BMELK® LIM>KFBE(CBAFRCBOBYU@H>DRBM>KM @EBBP JLKQEIWBOSKBRBC
MIRP  JFK Q>IH QFJB #LIJM>KV " @BFO> JLKQEIV PBOSF@B CBBLC MIRP  JFK Q>IH QFJB

> 7 OFQB > IFKB>0 BNR>QFLK QE>Q JLABIPCEEIBN 2@ ALQB@EULOM>KFBP

? )C QEB >SBO>DB KRJ?BO LC JFKRQBP RPBA B>@E JLKQE FP  (HEPRGEBIZBOEBQ®I>K

@ )C QEB >SBO>DB KRJ?BO LC JFKRQBP RPBA B>@E JLKQE FP CBERGE® RRQQBOLGI>K

A (LT J>KV JFKRQBP LC Q>IH QFJB TLRIA VFBIA BNR>I JLKQEIV PQ>QBJBKQP COLJ ?LQE @LIM>KFBP

)?<ED97?>

> 4EBJLABICLBLIM>KVA @>RBTOFQQEBK' Y 4EFFK@IRABEB>OF>7_RQ Y

MIRBEBLKQEI?PBOSK@HRPALC  #LIM>K\BAPM>@H>@BBBP EFDEBLKQEIZBRBC ?RQ
ILTBO S>OF>?IB @LPQY.ELIM>K\B® JLABI @>K ?B TOFQ@BK >P Y

? )C QEB >SBO>DB KRJ?BO LC JFKRQBP RPBA B>@E JLKQE FP TB E>SB QEB CLIILTFKD
$PNQ EZO

$P ) @

3L #LIM>K\B LCBGFER TBALKQENGLRG >P@LIM>OBAQBEB JLKQEN®LREBOBA
2V #LIM>K\A TEBK QEB >SBO>DB KRJ?BO LC JFKRQBP RPBA B>@E JLKQE FP

@ )C QEB >SBO>DB KRJ?BO LC JFKRQBP RPBA B>@E JLKQE FP  TB E>SB QEB CLIILTFKD
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$P ) EZO

$PNQ EZ@&

)CQEBSBO>BRJ?BQCIFKRQEBPBB>@HEKQEP  QEBKLIM>KVA LCBORLTBALKQEN®LPQ
LC @LIM>OBA QL #LIMBRVILKQEIV @LPQ LC

A 4L >KPTBQEBRRBPQELELT J>KVQ>IH QFIBKRQBRRIAVFBI®ER>JB?FIICOLPLQELIM>KFBP
TB PELRIQEFKALRQEBIOL?IBBKQBOIRE Y Z @LLOAFKIQBE>QILFKOBLOBERS>IRBKA

QERB-S>IRB BNR>IB7@>K CFKA QEFP MLFKQ ?V PBQQFKD QEB BNR>QFLKP BNR>I Qt. B>@E LQEBO >KA PL

Y Y
Y
Y

#EB@H QEB>IRB FK B>@E BNR>QFLK

4EBOBCLOB > JLKQEIV >SBO>DB LC Q>IH QFJB JFKRQBP OBKABOPRGESB MI>KP BNR>| 3BB

97EB5

2] 2.18 &FKAIFKBENR>QRUKLABIQERIB>| TLOMMMIFQ@>QR@KPOP BIB@QOLEEGNP-KV ~ MBO
It RKFQLMOLAR@®>CRPBAK> MLMRIXO>KACABPHQ@LIMRQBEB @LIM>KE>PILKQEIN-MBO>QFKD
BUMBKPBP LC CLO RQFIFQFBP >KA CLO P>I>0OFBP 7E>(P-DEQER BUMBKRBP

+C9>7 1 ?B=E<1 D?)?<F5 1 (51<- ?B<4 @@<931D9?>

->KV >MMIF@>QRMBRPISBRPFKEKLTKCLOJRI>REBMOL?IBERPQ>QBALOJRIFPHFABKQFCHBBIKLTKNR>KQFQFBP
>OBR?PQFQRUREBLOJRIQEBNR>QFRLISBALQEBKHKLTKKAQEBIOL?IBBHRBPQFEKPTBOBAYMF@>11V
QEBRBOL?IBIKSLISBTLBNR>QFOEMOBPBKQEROFFLFKSBPQJIBRIPBE-OB>PKAPLLK %U>IMIBROCLOJRI>P
FK@IRQERrea LC> OB@Q>KDBBEPLK -8 QERerimeter LC> OB@Q>KDIB - 8 >KAQEBolume LC>

+9:D 4@7E67?E :D 2G2:=23=6 7@C 7C66 2E Y9BENQEEBR2EPEG?E 4@=
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OB@Q>KDBRIFA7 -8) 7EBKQEBOBRTLRKHKLTKPB CFKAT>VQLTOFQBB-KQBOIRQEBQERB@>RPB
@>K PLISB CLO LKIV LKB S>0OF>?IB >Q > QFJB

12>A=6

)?<F9>7 1> @@<931D9?> +C9>7 1 ?B=E<1

YQQ>HBRAOBT  JFKQIAOFSBTLOHFKQEBLOKFKIB AOFSBRIBRPFKDEBR>JBOLRGIREQ>HBP JFK
ILKDBOKA EB >SBO>DBP JF E IBPP QE>K FK QEB JLOKFKD (LT C>O ALBP IKAOBT AOFSB QL TLOH
)?<ED97?>

4EFAFFP> AFPQ>KH@R.?IBPLTB @>RPEEEBLOJRI’E 3JTEBOBFPQ>KRRRB>IO>QRIQFMIFBAQFJIB

.LQBQESTEBKO>@BDFSBRKIF E QFJBRP@BBUMOBPPEZA RORLKPFPQRKEQRIB>PROBIBKQBIBY
QL L?Q>FKFKD > @LOOB@Q PLIRQFLK

&FOP® FABKQBEEBKLTK>KARKHKLTKIR>KQF QRBOB TRILOKFKROFSETLOHD>HBP JFK LO— E>Q

0>QB (FPAOFER.JB Q>HBP JFK LO—- E >KAEFPPMBB#SBO>DBRIF E IBPR)E>REBLOKFKROFSBQE

QOF@PSRBPQ>KEB Q>?IPR@F 12<5  FR.CQEBIMCELEBBMFRD>@IHKCLOJ>QFHJIEBRB/MBP
LC MOL?IBJP

E < l
To Work E N -
To Home E Sa -

*12<5

7 OFQB QTL BNR>QFLKP LKB CLO B>@E QOFM
E Se 5P RS

° 14
E S& 34 5P IP

IP ?LQE BNR>QFLKP BNR>| QEB P>JB AFPQ>K@B TB PBQ QEBJ BNR>| QLrB>@E LQEBO >KA PLISB CLO
S6 S& e
-S —S&—
—S4-S a—
&S a—
S a4— a
S

7 BE>SPLISBELQEB>QBPMBBATLOH JME 3R?PQFQRQIFKQDER>QEQEBBQRBIMHBIAP JF
E .LT TB @>K >KPTBO QEB NRBPQFLK 3R?PQFQRQB QEB 0>QB ?>@H FKQL 8FQEBO BNR>QFLK >KA PLISB CL(
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4EB AFPQ>K@B ?BQTBBK ELJB >KA TLOH FP JF

>1<IC9C
LOBQE>TB @LRIE>SE|B>08EB0>@ QFKRFPBNR>QFM\KIRIQFMIVFXDPFABEQEBNR>QF\KQEB
#$ QL PLISB CL®
4 o 14
Se S& 7g

ETRRE

S Sa

Qo

S
as
S

137 2.19 /K 3>QROAMDKFKBQLLHBKKFCBOE QIAOFSBEBOLQERPELRPBLQEBBBHBKAK 3RKA>V
It BSBKFKARRIIEB>SQOCEEQLLFBKKFCBEQIOBQREIKB (BOPMBBRP JF EPILTBOK3RKA>QE>K
LK 3>QROARAQ T>P EBO PMBBA LK 3RKA>V

12>A=6

)?<F9>7 1 &5B9=5D5B &B?2<5=

4EBMBOFJBQBOOB@Q>KDRSALM>QFP CQEBIBKDQE CQOB>QEDREBFAQEE>Q>OREB
AFJBKPFLKP LC QEB M>QFL

)?<ED9?>

4EBMBOFJBQBOQURBPQ>KA>CA - 8 7 BE>SRTIRKHKLTKR>KQF(BRPGKATFAQHE. TBSBO

TB @>ROFQEBKDQEKQBOJCQEBFAQEP - 8 3R?PQFQPERBBOFJBOBREKAQEBUMOBPPFLK

CLO IBKDQE FKQL QEB CLOJRI> )Q FP LCQBK EBIMCRI QL J>HB > PHBQ@EBKA |>?Bl QEB PFABP >P FK

97EBS

LT TB @>K PLISB CLO QEB TFAQE >KA QEBK @>I@RI>QB QEB IBKDQE
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4EB AFJBKPFLKP>0B CQ >K3 CQ

Y] 2.20 &FKQEBFIBKPFLKE OB@Q>RBEREE-QERIBOFIBEBO @J>KAQEBKDGE @JILOBQE>K
I OTF@B QEB TFAQE

12>A=6

)?<F9>7 1> B51 &B?2<5=

4EBMBOFJBQEB>?IRQDO>ME-MBP® FK 4EBIBKDQEF FKJILOBQE>REBFAQEFKAEBOBECQEB
DO>ME M>MBO

)?<ED9?>
4EBPQ>KAXCMDJIRISLOOBSP" -8 ELTBSBOB TFIIPLISEEBIOL?IBRPFKDEBIBOFIBQBOJRIAEB

OB>PB RPBEBIBOFJBQBOJREMB @>RPBHKL TBKLRDEKCLOJ>QRIKRQEBBOFJBQBEIEBLOJRI>
TFI>ILT RRQIPLISELOKBLOQERKHKLTKP ?LQEIBOFJBORE OBRPEBKDQEKATFAQEPAFIBKPFLKP
QEBV >0B LCQBK RPBA QLDBQEBO QL PLISB > MOL?IBJ PR@E >P QEFP LKB

7 BHKLTQEXQEBKD@® FKILOBQE>REBFAQELTB @>KOFQEBKDQP - 8 3R?PQF QFEESIRB
LC QEB MBOFJBQBO >KA QEB BUMOBPPFLK CLO IBKDQE FKQL QEB MBOFJBQBO CLOJRI> >KA CFKA QEB IBKDC

1 - 8
8
8
8
8

8

.LT TB CFKA QEB >0OB> DFSBK QEB AFJBKPFEKP-KZ8 FK
"8

JC

4EB >OB> FP FK
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U2 221 | D>JBOLLIE>PMBOFJBLUBOC@EBIBKD@ECFSROBOE>RTF@EBFAQET J>KVCQOKBT
@>OMBQFKD PELRIA ?B LOABOBA

12>A=6

)?<F9>7 1, ?<E=5 &B?2<5=

&FKAQEBFJBKPFLKE> PEFMMPKDDFSBRE>QEBKDJEQTF @EBFAQEEEBFDEQ FK@EBRAQEB
SLIRIBFP  FK

)?<ED9?>
AEBCLOJRIEL@QEBLIRIBLC>?LUFDFSBKP 7 -8 ) QEBROLAR@BKDQEFAQEKAEBFDE(B>0B
DFSBK QE>Q 8 >KA) 4EBSLIRIBFP  @R?F@ FK@EBP

7 -8)
8 8
8
8
8
4EB AFJBKPFLKP>0OB FK 8 FK >KA FK

>1<IC9C

LQBQE>QEPNR>@RLQCS TLRIAOBPRI&> MLPFQF&B> KBD>QFSBRB(LTBSBO?B@>RFB >OB
ABP@OF?FKD TFAQE TB @>K RPB LKIV QEB MLPFQFSB OBPRIQ

> |@ @BRPEBRKIFK®BPLROGEBPAAFQFLREPQOR@REMO>@ QFR@BLABIP>KA>MMIF@>QERLIRB>0
BNR>QFLKP

O &B?2<5=C?<F9>7 EC9>7 <9>51B 5AE1D9?>C 8DD@ ?@5>CD1H3?7<<575 ?B7 < <9>5A@B?2C?<F5
O &B?2<5=C?<F9>7 EC9>7 5AE1D9?>C 8DD@ ?@5>CD1H3?<<575 ?B7 <5AE1D9?>@BC?<F5

O 9>49>7 D85 49=5>C9?7>C ?6 1B51 79F5> D85 @5B9=5D5B 8DD@ ?@5>CD1H37<<575 ?B7 <
@5B=1B51C?<F5

O 9>4 D85 49CD1>35 25DG55> D85 39D95C EC9>7 D85 49CD1>35 B1D5 D9=56?B=E<1
8DD@ ?@5>CD1H3?<<575 ?B7 < B1D5D9=5C?<F5

O "9>51B 5AE1D9?> 1@ @<931D®P9D5 1 3?CD 5AE1D9?> 8DD@ ?@5>CD1H3?<<575 ?B7 <
<9>5A1@ @<
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(1))

, bB21<
4L PBQ RM > JLABI IFKB>0O BNR>QFLK QL CFQ OB>| TLOIA >MMIF@>QFLKP TE>Q PELRIA >IT>VP ?B QEB CFOPQ
5PB VLRO LTK TLOAP QL ABP@OF?B QEFP BIRR>RI’BEBOB
0] C

YOQEBLQ>ILRKQCILKBWLRE>AQIFKSBPSP >KA/LRABMLPFQJILRKGKKBFKSBPQJBKJ @>NLR
OBMOBPBKQ QEB OBJ>FKFKD >JLRKQ

)C>J>K P>TBA CQ?L>ORKQRTLPB@QFKR KEPB@QFER CCQKDELT ILKDTLRIAQEBQEB® @ QFBRK
QBOJP LC

)C "FIl T>P QO>SBWIE ELT TLRIA VLR OBMOBPBKQRPBIBEA FC EB T>P QO>SBIFKD JF E C>PQBO

(51<- ?B<4 @@<931D9?>C

&LOARERLIILTFKBUBO @ HRBR)EBKCLOJ>QBLEBFKA IFKB>3DB?O>BIgR>QFRILABI QLRPE)L>KPTBQEBIRBPQFLK
?BFKD >PHBA

->OH>KALK >OBII>KKFKIPBIB>@EQEBFED?IRALIIB@QFKP>0>PBIB)CSLK E>P JLOBQE>KQFJBREB
KRJ?BO LC J>0?IBP ->OH E>P ELT J>KV ALBP B>@E ?LV E>SB QL PBII FC QEB QLQ>| KRJ?BO LC J>0?IBP FP

"BQEKAKK >OBLHFIEQEBEDL. J?FKBADBBNR>3>JdP>DB)C'BQERTFA@KIP>DB-KA3>J FP VQ.IA
TE>Q >OB "BQE >KAIKR&P

"BK LOFDFK:EMIBARQ JLOB>MMIF @>QFEKBKOVAEBKB>@HE.VCFIIBARQ >AAFQFLKWMIF@>QRDRRDFKD
QEBQLQ>I QL (LT J>KV >MMIF@>QFLKP AFA B>@E ?LV LOFDFK>IIV CFIl LRQ

&LOQEBLIILTFKBUBO @ FRIBR) EFR@BK>QFL AFCBOBBBIBMEL®BOOERIBQEELIILTFKEI>KRESMBOPER
@LKPFABGEBR>KV E>P-JLKQENZBBC >KA@EBBRC  JFKCL@>IIRLIM>KV' E>P>JLKQEICBBC
>KA @DBP JFK CLO @>IIP

&FKA QEB JLABI LC QEB QLQ> @LPQ HEMLMMRRFKDLO QEB JFKRQBP
&FKA QEB JLABI LC QEB QLQ> @LPQ LEMLIKI:REFKMICLO QEB JFKRQBP

&FKA LRQ ELT J>KV JFKRQBP LC @>IIFKD TLRIA J>HB QEB QTL MI>KP BNR>|
)C QEB MBOPLK J>HBP > JLKQEIV >SBO>DB LC JFKLC @>IIP TEF@E MI>K PELRIA CLO QEB MBOPLK @ELLPB

&LAREBLIILTFKBUBO @ FRHR EFR BK>OFLFOBIB@RP-OQRBBUFEBLIILTFKI>KRE=(BOPER® LKPFABG@HERD
&>JFIVOI>K JLKQEINZBERRKIFIFQBAIHKAQBUB RMIL IFKBRKAASQ@EBBRC CLB>@EBSF@BBMQL
" LCA>QMB@ABSF@BB-L?FIB 3E>08/>K JLKQEIZBELEBM)L ABSF@BRIFIJFQBAIHKAQBWIDROIIQEB
IFKBRKAA>SQ@EBBRC CLB>@ABSF@BRL>PE>OBAQEC "™ LCA>QS5PB 1CLQEEBRJ?BQCABSF@ER>Q

KBBA A>Q> MI>KP >P M>0Q LC QEBFO @LPQ
&FKA QEB JLABI LC QEB QLQ>| @LPQ LC QEB &>JFIV 0I>K
&FKA QEB JLABI LC QEB QLQ>I @LPQ LC QEB -L?FIB 3E>0B 0I>K
IPPRIJFKD QEBV PQ>V RKABO QEBFO A>Q> IFJFQ CFKA QEB KRJ?BO LC ABSF@BP QE>Q TLRIA J>HB QEB QTL |
)C > C>JFIVE>P PJ>0Q MELKBP TEF@E MI>K PELRIA QEBV @ELLPB

&LBUBO@FPBRA RPREMRDBK>OFDBQFDRKK E>P QIFKSBPR®BBABLI>HB >VB>0O0LDEB
FKQBORPEBQ@®BOQFERKEUMBKPBB ?LKAFKSBPQIBKYP  >KKRAKQBOBPEDBRQFEER >KQBIMREK
#$ QE>Q M>VP



92AE6C BF2E:@?D 27?5 1?6BF2=:E:6D

)C TB IBQ?B QEB >JLRKQ QEB TLJ>K FKSBPQP FK QEB  ?LKA ELT JR@E TFII PEB ?B >?IB QL FKSBPQ FK QEB #

3BRM-KAPLISREBNR>QRIBLT JR@EEBLI>K PELRIBKSBPKB>@BVIQFHPRPQ>FK >KKR¥)BQROK

4TL MI>KBEIVFKLMMLPREBB@QKEXPO>SBIP JF E>KAQEBQEBO JFE (LT ILKDTFIIFQ>HEBCLAFEBYV
>0B  JF>M>0Q

"BK PQ>CORFKBILKD> M>QE) JF E /KB >KA> E>IELROFCQERK IB>SBEFPFPQBEXA> ?BDFKFLDDFKD
>ILKD QEB P>JB M>QE >Q JFE (LT ILKD TFIl FQ ?B ?BCLOB IJ>KA> @>Q@EBP RM QL "BK

&FLCPQ>@PAFEBOFHBQ JF E ICQBSTEFIBPERILTRLTKQL JF E >KAI>FKQ>RBE-RMBEA QEBBRQ
QEB QOFM 4EB TELIBQOFMLC JF Q>HBPEBO E &LO TE>Q AFPQ>K@B AFA PEB QO>SBI>Q JFE

| @EBJFPQBY@EBBABLIFU>  P>IQLIRQFIRQE  P>IQLIRQFQKI>HB NQC>  P>I®LIRQFLK
(LT J>KV NR>OQP LC B>@E PLIRQFLK PELRIA QEB QB>@EBO JFU QL DBQ QEB ABPFOBA OBPRIQ

0>RIE>P QIFKSBREPFKQBR®QIB>0OK FKQBABEPFFKSBPQJIRRQ@>RKSBROQQEFBLKBV>Q
FKQBOBRWI>0Q FKQBOBAQJR@RLBP>RIKBBAIFKSBPRB>@EVMQFIHI>HBDBOQLQ> OBQRMIEFP
&LADEBLIILTFKBUBO @ FEFRE FRE BK>OFQOR @BK QD BK @ BAPT LHFKARMI>KPRI>K! @EBBP  THMIRP

JFAOFSBK OI>K"@BB® THMIRP JF AOFSBK

7 OFQB QEB JLABI BNR>QFLK CLO QEB @LPQ LC OBKQFKD > QOR@H TFQE MI>K !

7 OFQB QEB JLABI BNR>QFLK CLO QEB @LPQ LC OBKQFKD > QOR@H TFQE MI>K "

&FKA QEB KRJ?BO LC JFIBP QE>Q TLRIA DBKBO>QB QEB P>JB @LPQ CLO ?LQE MI>KP

)C £J HKLTP EB E>P QL QO>SBI JF TEF@E MI>K PELRIA EB @ELLPB
&LO QEB CLIILTFKD BUBO@FPBP RPB QEB DFSBK CLOJRI>P QL >KPTBO QEB NRBPQFLKP

" 1  SUFRRPBOICFKAEBIOFK @FMRK@ABMLPFEEMOKFKDFKQBOBPQVB>0SPBQERFCFKAE>Q
MOFK@FM>| >BLRISBA FKSBPQBA >Q > O>QBCLO VO FC

4EBCLOJRI> N—%NOBI>QBIEO@B SBIL@FQVJ>PPm >KAOBPFPQ>R@KA3 TEBK N w
>KA'

' NBFKAF@:-QIB®)O@BBNR>IPPP m QFJBR@ @BIBO>®FARKQEB@ @BIBOLQFIKPPLC HDFG
CLO@BLC .FP BUBOQBA LK FQ

AW —é—SFP QEB CLOJRI> CLO >K FKCFKFQB PBOFBP PRJ )6 QEB PRIJFP CFKA

&LCREBLIILTFKBUBO @ FRBBE L QEBFSBE>OF>HRQEBLOJRIXCQBO?Q>FKEK{BTSBOPHLBQEBLOJRI¥LR
TFII RPB FQ QL PLISB > NRBPQFLK

3LIsBCw 1 - 8

5PBQEELOJRISOLIERIOBSFINRBPQRUCFKQEBFAQES LC> OB@Q>REBIEPEBKDQEP >KATELPB
MBOFJBQBO FP

3LISBCLG 4 R

5PB QEB CLOJRI> COLJ QEB MOBSFLRP NRBFEBFH K QL BRBRE

3LISB CLO FK QEB PILMB FKQBO@BNAQ O JIRI>
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5PB QEB CLOJRI> COLJ QEB MOBSFLRP NRBPEBKIQEE GRKAOAFK>QBP LC QEB MLKIIC>0B

4EB >OB+C> QO>MBWAFDFSBRV " —I1iC C! 5PB QERCLOJRIQLCFKAQEB-OB:C> QO>MBWIHQE
| C B OCE

3LISBCIO® " —1iC C?

5PBQEBLOJRISOLYEBIOBSFINFBPQELEFKAEBBFDEQ> QO>MBWERE" c B OCE

&FKAEBFJIBKPFLKPKIJBOF@>BLLQ?EFBIAEBIBKDG®P CQLOBQE>REBFAQEKAQEBIBOFJBEBO
CQ &FKA QEB IBKDQE >KA TFAQE 5PB QEB MBDFJBQBOBCLOJRI>

$FPQ>K@B BNR>IP 0>QB QEJBBURFER QEB AFPQIKEE-8BIP FC EB FP JLSFKD >Q >0>QBLC JFECLO E

5PFKREBLOJRBKQEBIOBSFERBO @EPRAERFPQ>KERRP>K0>SBIPEEFRLSFKDGO0>QE JF ECLO

TE>QFREBLQAFPQ>KQ@E LIMBLMBO>FB EFCKB_.CQQEBFROFAFKPFHBQ JF E>KAQEBQEB® >IHFKD
>Q JFE

)C QEB >0B> JLABI CLO > QOF>KDIB FFEKA QEB >0B> LC > QOF>KDIB TFQE > EBFDEQ LC AKK >KA > ?>PB LC

3tisBCIo " —-A@

5PBQEBLOJRISOLIDEBIOBSFINRBPQEIEFKAEBBFDEMERB>0OBPRKQE> QOF>KIFRE?>PRC >KA>K
>0B> LC

4EBSLIRJBCLOJRIELG @VIFKABT &S | 5PFKQEBVJ?LI &FKVLRGKPTBOFKBEBLIRIBLC @VIFKABO
TFQE > O>AFREC @J>KA>EBFDEQLC @J

3LISBCLHD 7 &S|

5PB QEB CLOJRI> COLJ QEB MOBSFLRP NRBPQFLK QL CFKA QEB EBFDEQ LC > @VIFKABO TRQE > O>AFRP LC

3LIsBCkO7 &S|
5PBQEBLOJRIEOLDEBIOBSFIN®BPQRIKFKAEB>AFRE @VIFKABQEEBFDEQ >KA>SLIRJBLC &

4EBCLOJRIGLQERFO@RJICBOBH@M® @B &S &FKQEBFO@RICBOBH@® THREAF>IBQBD FK
AF>JBQBOr 5PB QEB PVJ?KIFK VLRO CFK>I >KPTBO

3LISBQEECLOJRIEOLIQEBVOBSFLRRBPQRLK®. .LQF@BEV &FPPLIBQFJBRBCFKEBR QEED>QMRIC QEB
@FO@RJCBOBK@B QL FQP AF>JBQBO
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K?=@<5H $E=25BC
"51B>9>7 %2:53D9F5C

1?7 E9:D D64E:@? J@F H:==
55 2?5 DF3EC24E 4@>A=6] ?F>36CD
$F=E:A=J 2?5 5:G:56 4@>A=61 ?F>36CD
*@=G6 BF25C2E:4 6BF2E:@?D H:E9 4@>A=61 ?F>36CD

97EBS

$FP@LSBOBMABKLFQ-KABI?OLEDLRKA  QEB>KABI?OLEBFRKBLCQEBLPQOB@LDKFVTEPHERI>DBRIEB
FJ>DE-P?RFIQK QEREBLQEPBIC PFJFI>ORAYEBMBO>QECKQBO>QELBFKD FKLK > CO>@RI>DEOFKDPKYV
PROMORREBQF @ FAKQEE FDEBSBLCOBMBQRAMABQ>GE>EMMB>EHI>DKFCF @ >EH@EI0 B>PBBPBNR>QRRE>Q
DBKBO>QBP QEFP FJ>DB QROKP LRQ QL ?B O>QEBO PFIMIB

)K LOABQL?BQQBKABOPEEIB KBBAL?B@LIE>IFIFTBQE KBTPBQCKRJI?BORBBMKIFKAQE>QEBQRAV
J>QEBJ>QR@KQFKRLAFNARMLIKQPBED>QF $BQBDEDLBU>IMIECFI SLFABCR/ QEBBOCMLPFQFEBBDBOP
4EBPBQCO>QFLKRJI?BOFKQROEFIIP SLFABCQV QEBBQCFKQBDREBPBQCOBKRJ?BOEFIIP SLFABCQV QEB
PBQOO>QFLKRI?BOR.Q PROMOFPR}MIRBQCOBKRJI?BOR>FSLFAPPTBII )K QEFB@QAIKTFIIBUMILOBBQC
KRJ?BOP QE>Q CFIIP SLFAP FK QEB PBQ LC OB>l KRJ?BOP >KA CFKA LRQ ELT QL TLOH TFQEFK FQ

H@B5CC9>7 )AE1B5 (??DC 76 $571D9F5 $E=25BC 1C #E<D9@<5C ?6

7 BHKLTELT QLCFK@ERNR>QR LQC>KWLPFQEEBKRJI?BOK > PFIFISD>V TB @>KFKAERNR>QR LQC>KV
KBD>QRSE?BGIEBARCBOBKREEE-QEBLLEKL@B>)CQEB>IREKQEBD>AF @ FREBD>QFSEBLLEP>FOL?B>K
FJ>DFK>0V KRJ2BB FJ>DFK>0V KRIFFOABCFKBA >P QEB PNR>®B OLLQ LC

va o
3L RPFKD MOLMBOQFBP LC O>AF@>IP
J va &
7 B @>K TOFQB QEB PNR>OB OLLQ LC >KV KBD>QFSB KRI#BRPFABORIEBWEREOBOLLQ LC
Va ANVE

Vova
J

7 BRPB J>KAKL@ J?B@>RPB QEB MOFK@FM-F®QEBIMLPFQFSB OLLQ

+9:D 4@7E67?E :D 2G2:=23=6 7@C 7C66 2E YBENQEEBR2EPEG?E 4@=
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I @LIMIBKRJ?BOEREBRJILC> OBHRJ?BOKA>KFIJ>DFK>RRJI?BO @LIMIBKRJI?BEBUMOBPHBRA>KAXDADJ]
TEBKTOFQQBK CITEBOBFRQEBB>W>0C®A CFRQEBJ>DFK>0OM0O&.BU>IMIB JFP>- @LIMIBKRJ?BGBL

QLLFP §

)J>DFK>QRJ?BORFCBOOLDBKRJI?BOFKQE>PNR>0BFDFK>QRJ?BHOLAR@BBD>QFHBKRI?B2B@>II
QEEBK>MLPFQEBEKRI?BEPNR>OREBBPHIR MLPFQEBEKRI?BOKATEBK> KBD>QRIBHRI?BORPNR>0BA
QEB OBPRIQ FP >IPL > MLPFQFSBIOBHBKRRBYBOP @LKPFPQ LC OB>| >KA FJ>DFK>0V KRJ?BOP

=179>1BI 1>4 ?=@<5H $E=25BC
I complex numberFP > KRJ?BO LC QEBECLGITEBOB
P BFP QEB OB>I M>0Q LC QEB @LJMIBU KRJ?BO
P CFP QEB FJ>DFK>0V M>0Q LC QEB @LJMIBU KRJ?BO

)CC QEBKB CIFP> OB>KRJ?BOICB  >KACFPKLBNR>QL QERRLJIMIBKRI?BG-P@>11BA MROB
FJ>DFK>0V KRJ®@naginary number FP >K BSBK OLLQ LC > KBD>QFSB KRJ?BO

TP Given an imaginary number, express it in the standard form of a complex number

To: .
. 7 OFQEB>PVB &
%UMOBRP >P J
7 OFQ® WFK PFIMIBPQ CLOJ

12>A=6

H@B5CC9>7 1> =179>1Bl $E=25B 9>)D1>41B4 ?B=

%UMOBP® FK PQ>KA>0OA CLOJ

)?<ED9?>

JK PQ>KA>0OA CLOJ QEFRIFP

ITtry 2.22 %UMOBRP FK PQ>KA>0OA CLOJ

&<?DD9>7 1 ?=@<5H $E=25B ?> D85 ?=@<5H &<1>5

7 B @>KKML@LIMIBKRI?BOEK > KRJ?BAFKB-PTB JFDEQ@B>KRJ?BORLTBSBOTB @>RQFOBMOBREKE)
DO>MEF @4I9BMOBPERQIMIBKRI?BOTB KBBRL>AAOBEER TL@LIMLKBHORERRJI?BA BRPEEBomplex
plane TEF@EP> @LLOAFKRBQEKTEF@BEELOFWLKQAPBMOBPBEMBE>@LIMLKBKRAQEBBOQFEIAP
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OBMOBPRE®B>DFK>@LIMLKBKQIMIBUKRI?BOPORERLFKQRQERI>KEBBUMOBPPBAOABOBFOB C
TEBOB3BOBMOBPBKQP QEB @LLOAFK>QB CLO QEB GDBMOBRBKQRIGEBKALLOAFK>QB CLO QEB SBOQF@>I >UFP

,BQE@LKPFAERERJI?BCA J4EBOBM>QQ@QERLIMIBKRI?BEPA >KAQEBJ>DFK>®OMOXP 7 BMILQEB
LOABOBA M&FO QL OBMOBPBKQ QEB @LJIMI8U KRI?BPELTK FKEBS

97EB5

?=@<5H &<1>5

)KQEBLIMIBUI>KE)EBLOFWLKQFPROEBB=UFPKAQEBBOQRF@FPR)EBI>DFK>SNVFPFPELTHKI7EBS

97EB5

Given a complex numbeyrepresent its components on the complex plane.
lo: $BQBOJFKB QEB OB>I M>0Q >KA QEB FJ>DFK>0V M>0Q LC QEB @LJIJMIBU KRJ?BO
-LSB >ILKD QEB ELOFWLKQ>| >UFP QL PELT QEB OB>I M>0OQ LC QEB KRJ?BO

-LSB M>0>I11BI QL QEB SBOQF@>I >UFP QL PELT QEB FJ>DFK>0V M>0Q LC QEB KRJ?BO
0ILQ QEB MLFKQ

+9:D 4@7E67?E :D 2G2:=23=6 7@C 7C66 2E Y9BENQEEBR2EPEG?E 4@=
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12>A=6

&<?DD9>7 1 ?=@<5H $E=25B ?> D85 ?=@<5H &<1>5
0ILQ QEB @LIMIBU KRJABOLK QEB @LJIMIBU MI>KB

)?<ED9?>
4EBOBW>QCQEBLIMIBKRI?BGP >KAQEBJ>DFK>OMCKRb 7 BMILQEBOABOBAFO & >P
PELTK FK7EB5

97EB5

il'ry 2.23 0ILQ QEB @LJIMIBU KRI?AGLK QEB @LJMIBU MI>KB
t

449>7 1>4 )E2DB13D9>7 ?=@<5H $E=25BC

*RPSPTFQBBHRJ?BOFB @>KIBOCLEOFQEJRME®>QEK@LIMIBKRI?BORL >AA (PR?QOG@IMIBKRI?BOP
TB @LJ?FKB QEB OB>I M>0QP >KA QEBK @LJ?FKB QEB FJ>DFK>0V M>0QP

?=@<5H $E=25BC 449D9?> 1>4 )E2DB13D9?>
IAAFKD @LJIMIBU KRJ?BOP

B A DB B D C E.

3R?Q0>@QFKD @LJMIBU KRJ?BOP
B &D B BabD Cak.
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TR Given two complex numbers, find the sum or diffeence.
Jo: JABKQFCV QEB OB>| >KA FJ>DFK>0V M>0QP LC B>@E KRJ?BO
IAA LO PR?QO>@Q QEB OB>I M>0OQP

IAA LO PR?QO>@Q QEB FJ>DFK>0V M>0OQP

12>A=6
449>7 1>4 )E2DB13D9>7 ?=@<5H $E=25BC

IAA LO PR?QO>@Q >P FKAF@>QBA

a J J

a J

Qo
Qo
(&N

)?<ED97?>

7 B >AA QEB OB>| M>0OQP >KA >AA QEB FJ>DFK>0V M>0QP

ad J ad J
aJ J
a .
J
a J& a J a J aJ
a Ja J
a a
J

lT.»y 2.24 3R?Q0>@Q JCOLJ q J
i

HE<D9@<19>7 ?=@<5H $E=25BC

-RIQFMIVFER.IMIBKRJ?BOFRIR @ EFHBRIQFMIVAABLIF>IREBJ>GLARCBOBKREEESTB TLOH FQREBB>HKA
FIJ>DFK>0V M>0QP PBM>0>QBIV

H#E<DI9@<I9>7 1 ?=@<5H $E=25B 2] 1 (51< $E=25B

,BQP?BDFRV JRIQFMIVEK@LJIMIBKRJ?BQAV > OB>KRJ?BCOY BAFPQOFZE@IB>KRJ?BGRP@TB TLRIATFQE
?FKLIF>| #LKPFARO BU>JMIB J

+9:D 4@7E67?E :D 2G2:=23=6 7@C 7C66 2E Y9BENQEEBR2EPEG?E 4@=
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TP Given a complex number and a eal number, multiply to find the pr oduct.
To: 5PB QEB AFPQOF?RQFSB MOLMBOQV
3FIMIFCV

12>A=6

#E<D9@<I19>7 1 ?=@<5H $E=25B 2| 1 (51< $E=25B
&FKA QEB MOLAR@QJ

)?<ED9?>
$FPQOF?RQB QEB

ﬁ:ry 2.25 gFKA QEB MOLAR@Q

#E<D9@<I9>7 ?=@<5H $E=25BC75D85B

LT  IBQIRIQFMQTL@LIMIBKRI?BOR B@>RPBFQEBEBFPQOF?RICESBOMVOEPMB@FCREERIY JBQELA
?B@>RPB>0RB>IFKIFQEFKLIF>IPB@>DEXY), FPK>@OLK\CLORIQFMIVRYEDARKBIRQBGKA>PQBOJP

QLDBQREEB ABBOBK@B TFQE @LJMIBU KRJ?BOP FP QE>Q TEBK TB DBFS BNR:IBA QBOJ

B AQD KB B BBl M &

BE] ya e J a
BDACE BE DJ (SPVOBMNU SO E JNMBUWR

M Given two complex numbers, multiply to find the pioduct.
Lo: 5PB QEB AFPQOF?RQFSB MOLMBOQV LO QEB &/), JBQELA

2BJBJ?BO QE3Q &
'OLRM QLDBQEBO QEB OB>| QBOJP >KA QEB FJ>DFK>0V QBOJP

12>A=6

#E<D9@<I9>7 1 ?=@<5H $E=25B 2| 1 ?=@<5H $E=25B
-RIQFMIV J al

)?<ED9?>
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Qo

(=

[
o Mo

(]
<

2.26 -RIQFMIV & J J
t

OF949>7 ?=@<5H $E=25BC

$FSFAFKITL@LJIMIBKRJ?BOPRILOB@LIMIF@>QBAXAAFK PR?Q0>@BHDIQFMIVFER >RPB @>KKIXBSFAB
2V >KFJ>DFK>RRJ?BAB>KFKQEK\VCO>@QREE>SE OB>l KRI?BBKLIFK>QUIOFQEBKPTBEKPQ>KA>0A
CLOJB CJ7 BKBBRICFKAQBOIVTEF@EB @>KRIQFMIERRIBO>QUAQEBBKLIFK>QESTFIIBIFJFK>QEB

FJ>DFK>ONOQRICQEBBKLIFK>@IGESTB BKARMIFQE OB>KRJ?BOPQEBBKLIFK>QLEFR)BOBRA>|IBAEB
@LIMIBOLKGROADEBBKLIFK>QLEF @EFCLRK2V @ E>KDRYXEBFDKOQEBJ>DFK>UMQQQEB LIMIBKRI?BO
)K LQEBO TLOAP QEB @LJMIBU @IEKGEPPGA I3 &LO BU>IMIB QEB MOLAR@IPK® B& CIFP
B CJB&C B A&BXJ BIJACJ
B C

4EB OBPRIQ FP > OB>I KRJ?BO

.LQBQE>@LIMIB@LKGRDEQBEKLMMLPRE>QFLKREB®LIMIBOLKGRIEE CIFPBA C) >KAQEBLIMIBU
@LKGRDEQBA CIFPB  CJ&ROQEBEBK> NR>AO>BNE>QFLRQIB>@LBE @ FBESHELIMIBBLIRQFLKIER
PLIRQFLKP >0B >IT>VP @LIJMIBU @LKGRD>QBP LC LKB >KLQEBO

3RMMLAB T>K@IAFSFAB EJ?V B CJ TEBORBFQEBRLOCBNR>WBOL BCFORQF@ERFSFPRRS CO>@QFLK
QEBK CFKA QEB @LJMIBU @LKGRD>QB LC X}ZBIRBRENAK>QLO

D B)
B C:JXIFFSBV B O

-RIQFMIV QEB KRJBO>QLO >KA ABKLIFK>QLO ?V QEB @LIMIBU @LKGRD>QB LC QEB ABKLJFK>QLO

D EJOBéCJ D BJBa&Q
B A "Bad B ABad

IMMIV QEB AFPQOF?RQFSB MOLMBOQV

B4 DCJ BEJA CEJ
B 4ABC) BCJACJ
3FIMIFQYBJIBJ?BOFKD QE>G
B4 DC) BEJA CE&
B ABC) BCJAC &
B CE BE&DC)
B C

*85 ?=@<5H ?>:E71D5

4EBcomplexconjugateLC> @LIMIBKRJ?BOB  CIFPBa CJ)(FRELRK2V @ E>KDRYEBFDKOQEBJ>DFK>I¥0Q
LC QEB @LIMIBU KRIEBOB>| M>0Q LC QEB KRJ?BO FP IBCQ RK@E>KDBA

+9:D 4@7E67?E :D 2G2:=23=6 7@C 7C66 2E Y9BENQEEBR2EPEG?E 4@=
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P 7EBK > @LJMIBU KRJ?BO FP JRIQFMIFBA ?V FQP @LJMIBU @LKGRD>QB QEB OBPRIQ FP > OB>| KRJ?BO
P 7EBK > @LJMIBU KRJ?BO FP >AABA QL FQP @LJMIBU @LKGRD>QB QEB OBPRIQ FP > OB>| KRJ?BO

12>A=6

9>49>7 ?=@<5H ?>:E71D5C

&FKA QEB @LJIJMIBU @LKGRD>QB LC B>@E KRJ?BO
I

)?<ED9?>
4EB KRJ?BO FP >|0B>AV FK (B C14EB @LIMIBU @LKGRBHBIAD a7

7 B@>RBTORIIBKRI?BGKQEBLOJB CI>P 33— J4EB@LIMIBOLKGRIERERA CJ LO —J
4EFP @>K ?B TOFQQBK RPRIMIV >P

>1<IC9C

IIQELRDEB E>SPBBREB @>KFKAER LIMIB@LKGRDXBRFI>DFK>RRI?BEFKMO>@PB@BKBO>11V
CFKRQE®LIMIBOLKGRD:QBEV@LIMIBKRI?BOR-QELQE OB>=tKA>KFJ>DFK>@LIMLKBKOQL?Q>EK
OB>| KRJ?BO COLJ >K FJ>DFK>OVBRIZROFIMIV JRIQFMIV ?V

2.27 &FKA QEB @LJMIBU @LKGRD>QB LC
t

Given two complex numbers, divide one by the other
& 7 OFQB QEB AFSFPFLK MOL?IBJ >P > CO>@QFLK
$BQBOJFKB QEB @LIMIBU @LKGRD>QB LC QEB ABKLJFK>QLO
-RIQFMIV QEB KRJBO>QLO >KA ABKLJFK>QLO LC QEB CO>@QFLK ?V QEB @LJMIBU @LKGRD>QB LC QE
3FIMIFCV

12>A=6

9F949>7 ?=@<5H $E=25BC
$FSFAB J?v. al

)?<ED97?>
7 B ?BDFK ?V TOFQFKD QEB MOL?IBJ >P > CO>@QFLK
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J

—_—

ald

4EBK TB JRIQFMIV QEB KRIBO>QLO >KA ABKLIFK>QLO ?V QEB @LIMIBU @LKGRD>QB LC QEB ABKLJFK>QLO

Jﬂ J
ald J

4L JRIQFMIV QTL @LIMIBU KRJ?BOP TB BUM>KA QEB MOLAR@Q >P TB TLRIA TFQE MLIVKLIF>IP RPFKD &/),

Jg J 3 3
al J Ja Jald
J_J_a #FDBVIJTF &
Ja Ja a
J
— 3 4F OELSFBS! BOE ZNRHE

.LQB QE>Q QEFP BUMOBPPBP QEB NRLQFBKQ FK PQ>KA>OA CLOJ

)9=@<9619>7 &?G5BC 26
4EB MLTBOP OB @V@IF@I,BR¢Q TE>Q E>MMBKP TEBK JBLO@®BB>PFKD MLTBOP

J

[ SR ) Qo (&)
ee
Qo Qo

w aJ
Ju aJ & &

Jw w J

7 B @>RBBYE>TEBKTB DBQLQEEFCRIETBQC J FEFBNR>QLQEEFOMOQTBOP TB @LKQFKRERIQFMIY ?V
FK@OB>PFKD MLTBOP TB TFIl PBB > @QBBLORKRQEB KBUQ CLRO NILTBOP LC

J
J
J
J

J Jw Jw J A
J Jw Jw J 4.
J Jw Jw J

J JWw Jw J

4EB @V@IB FP OBMB>QBA @LKAFKRLRPIBSBOV CLRO MLTBOP

12>A=6

)9=@<9619>7 &?G5BC 26

%S>IR>QB

)?<ED9?>
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3FK@B

3 3¢ J
l1;;ry 2.28 %S>IR>QB
Can we write J in other helpful ways?
Aswesawin 1 (+' , wereduced J

other possible factorizations.

(e}

TB @>RFIMIFQEBIOL?IB2V C>@QLQREPI>KV C>@QLOB >PMLPPF?2MR AL PL CFOPQ
ABQBOJFKB ELT J>KV QFJBP DLBP FKQL U

to J by dividing the exponenby 4 and usingthe remainderto
find the simplified form. But pethapsanotherfactorizationof J maybe more useful.

1

13D?B9J1D9?> 76 J J O} J W
(54E354 67B= Te 0a 0 J M
)9=@<96954 6?B= a u al J

*12<5

Eachof thesewill eventuallyresultin the answernwe obtainedabovebut mayrequire severalmore stepsthanour

earlier method.

’ 1@@BPP QEBPB LKIFKB OBPLRO@BP CLO >AAFQFLK>I FKPQOR@QFLK >KA MO>@QF@B TFQE @LJMIBU KRJ?
O 449>7 1>4)E2DB13D9>7 ?=@<5H $E=25BC 8DD@ ?@5>CD1H3?<<575 ?B7 < 144CE23?=@<5H

?@5>CD1H3?<<575 ?B7 < =E<D9@<I3?=@<5H

?@5>CD1H37?<<575 ?B7 < =E<D3?=@37?>:

O #E<D9@<I ?=@<5H $E=25BC 8DD@
O #E<D9@<I9>7 ?=@<5H ?>:E71D5C 8DD@
O (19C9>7 9 D? &?G5BC 8DD@ ?@5>CD1H37<<575 ?B7 <B19C9>79

showssome



http://openstaxcollege.org/l/addsubcomplex
http://openstaxcollege.org/l/multiplycomplex
http://openstaxcollege.org/l/multcompconj
http://openstaxcollege.org/l/raisingi
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(1))

, bB21<
%UMI>FK ELT QL >AA @LJMIBU KRJ?BOP
7E>Q FP QEB ?>PF@ MOFK@FMIB FK JRIQFMIF@>QFLK LC @LJIJMIBU KRJ?BOP
'FSB >K BU>JMIB QL PELT QE>Q QEB MOLAR@Q LC QTL FI>DFK>0V KRJ?BOP FP KLQ >IT>VP FJ>DFK>0V
7E>Q FP > @E>0>@QBOFPQF@ LC QEB MILQ LC > OB>| KRJ?BO FK QEB @LJMIBU MI>KB

<752B193
&LO QEB CLIILTFKD BUBO@FPBP BS>IR>QB QEB >IDB?0>F@ BUMOBPPFLKP

)YCZ Y Y& BS>IR>-QIDFSBR J
)YCZ Y & BS>IR>QBFSBK J

)CZ Y Y  BS>IR>QEDFSBR J
YCZ Y Y& BS>IR>QEFSBR & J

)C Z la.—Y BS>IR>QEDFSBR  J

CZ — Y BS>IR>GEDFSBRY ~ J

B1@8931<
&LO QEB CLIILTFKD BUBO@FPBP MILQ QEB @LJMIBU KRJ?BOP LK QEB @LJMIBU MI>KB

a .

Qo

& a <

$E=5B93
&LO QEB CLIILTFKD BUBO@FPBP MBOCLOJ QEB FKAF@>QBA LMBO>QFLK >KA BUMOBPP QEB OBPRIQ >P > PFIMIF

J aJ
aald J
a Ja al

a Ja J
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J

*538>?<?7I
&LO QEB CLIILTFKD BUBO@FPBP RPB > @>1@RI>QLO QL EBIM >KPTBO QEB NRBPQFLKP

%S>IR>QB  J-cLa B O E 00BAF@Q QEB SEIRB FC

%S>IR>QB& J- cLAL B O E 0OBAF@Q QEB SEIRB FC
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M Given a quadratic equation with the leading coefficient of 1, factor it.

1o &FKA QTL KRJ?BOP TELPB MOLAR@KQ,BNERRHB PRJ BNR>IP
5PBQELPRRJI?BOBLTOFQBILC>@QLOREELOJ Y L P Ya L TEBOB FRKBLCQEERRJ?BOP
CLRKRKPQBM5PBQERRJI?BOBU>@SROEBYOBK LQEBROAFFQERTLKRJI?BOFOB >KA &

QEB C>@QLOP >0OBY&

3LISB RPFKD QEB WBOL MOLAR@Q MOLMBOQV ?V PBQQFKD B>@E C>@QLO BNR>I QL WBOL >KA PLIS|

12>A=6

13D?B9>7 1>4 )?<F9>7 1 'E14B1D93 G9D8 "5149>7 ?5669395>D 76

&>@QLO >KA PLISB QEB BXR>®&LK

)?<ED9?>
4L C>@QYO Y& TBILLHCLQTLKRJ?BOFELPBVOLAREBR>IR  >KATELPEPRIBNR>IP "BDFK
2V ILLHFKD >Q QEB MLPPF?IB &>@QLOP LC
U&
a o
U&
F:!

4EBI>P@>FO U4 PRJFQL PLQEBPBBERRJ?BORQBQEAMIVLKBV>AMKRI?BOFFIITLOHAEBK
TOFQB QEB C>@QLOP

Ya Y
4L PLISB QEFP BNR>QFLK TB RPB QEB WBOL NBQAR@E COEMBOBNR> QL WBOL >KA PLISB

+9:D 4@7E67?E :D 2G2:=23=6 7@C 7C66 2E Y9BENQEEBR2EPEG?E 4@=



92AE6C BF2E:@7?D 2?5 |?6BF2=:E:6D

Ya Y
Ya
Y
Y
Y &

AEBQTLPLIRQFI¥@BY >KAY & 7 B@>RBELT QEBLIRQFLO®I>QE)EBO>MKI7ERS 4EB
PLIRQFLKP >O8FEEBO@BMQP M&

97EB5

11;.3, 2.29 g>@QLO >KA PLISB QEB NR>AO>QF @ BINR>QFLK

12>A=6

)?<F5 D85 'E14B1D93 AE1D9?> 2| 13D?B9>7

3LISB QEB NR>AO>QF@ BNR>QFLK PV C>@QLOFKD

)?<ED97?>
&FKA QTL KRJ?BOP TELPB MOLAR@QIBNRELPB PRJ BNR>|FPQ QEB C>@QLOP LC




92AE6C BF2E:@?D 27?5 1?6BF2=:E:6D

0]
0]
a Ua
a 0a
4EB KRJ?BOP QE>Q >AAQL >OB >KA 4EBK TOFQB QEB C>@QLOP PBQ B>@E C>@QLO BNR>I QL WBOL >K/
Y Y
Y
Y &
Y
Y &

4EB PLIRQFLKPY-OB >KAY a

Hy 2.30 3LISB QEB NR>AO>QF@ BNR>QFLK PVAC@QLOFKD

12>A=6

+C9>7 D8505B? &B?4E3D&B?@5BLD?)?<F5 1 'E14B1D93 AE1D9?>- BODDSEC D85
9665B5>35 ?6 )AE1B5C

3LISB QEB@BCBK@B LC PNR>OBP BNR>QFLK RPFKD QEB WBOB MOLAR@Q MOLMBOQV

)?<ED9?>

2B@LDKFWPKEDE BNR>QRDEMOBPBE@PFCBOBK@BNR>0BB @>ROFWERTLC>@QROR>HFIQER
PNR>OR LQCB>@EBORPFKEIFKRPFDKPQEBMBO>GKKBC>@ QK> MIRPFDKPQEBMBO>GKQEB
LQEBRISB RPFKD QEB WBOL C>@QLO MOLMBOQV

Y &

4EB PLIRQFLKP¥YOB>KAY a

ﬁry 2.31 3LISB?V C>@QLOF&D

13D?B9>7 1>4 )?<F9>7 1'E14B1D93 AE1D9?> 7?6 9785B %B45B

7TEBKQEB>AFK@LBE@HBKQQ TB C>@QINR>AO>RINE-QRK-KRPEBBQEL&>1BBOLRMFREF @EBNRFOBRO
QBOJP FQE QEB BNR>QFLK FK PQ>KA>OB SRR QEQMOLRMFKD MOL@BAROBP

+9:D 4@7E67?E :D 2G2:=23=6 7@C 7C66 2E Y9BENQEEBR2EPEG?E 4@=



	College Algebra
	Preface
	2. About College Algebra
	3. Coverage and Scope
	4. Development Overview
	5. Accuracy of the Content
	6. Pedagogical Foundations and Features
	7. About Our Team

	Chapter 1. Prerequisites
	1.1. Real Numbers: Algebra Essentials*
	1.2. Exponents and Scientific Notation*
	1.3. Radicals and Rational Expressions*
	1.4. Polynomials*
	1.5. Factoring Polynomials*
	1.6. Rational Expressions*
	Glossary

	Chapter 2. Equations and Inequalities
	2.1. The Rectangular Coordinate Systems and Graphs*
	2.2. Linear Equations in One Variable*
	2.3. Models and Applications*
	2.4. Complex Numbers*
	2.5. Quadratic Equations*
	2.6. Other Types of Equations*
	2.7. Linear Inequalities and Absolute Value Inequalities*
	Glossary

	Chapter 3. Functions
	3.1. Functions and Function Notation*
	3.2. Domain and Range*
	3.3. Rates of Change and Behavior of Graphs*
	3.4. Composition of Functions*
	3.5. Transformation of Functions*
	3.6. Absolute Value Functions*
	3.7. Inverse Functions*
	Glossary

	Chapter 4. Linear Functions
	4.1. Linear Functions*
	4.2. Modeling with Linear Functions*
	4.3. Fitting Linear Models to Data*
	Glossary

	Chapter 5. Polynomial and Rational Functions
	5.1. Quadratic Functions*
	5.2. Power Functions and Polynomial Functions*
	5.3. Graphs of Polynomial Functions*
	5.4. Dividing Polynomials*
	5.5. Zeros of Polynomial Functions*
	5.6. Rational Functions*
	5.7. Inverses and Radical Functions*
	5.8. Modeling Using Variation*
	Glossary

	Chapter 6. Exponential and Logarithmic Functions
	6.1. Exponential Functions*
	6.2. Graphs of Exponential Functions*
	6.3. Logarithmic Functions*
	6.4. Graphs of Logarithmic Functions*
	6.5. Logarithmic Properties*
	6.6. Exponential and Logarithmic Equations*
	6.7. Exponential and Logarithmic Models*
	6.8. Fitting Exponential Models to Data*
	Glossary

	Chapter 7. Systems of Equations and Inequalities
	7.1. Systems of Linear Equations: Two Variables*
	7.2. Systems of Linear Equations: Three Variables*
	7.3. Systems of Nonlinear Equations and Inequalities: Two Variables*
	7.4. Partial Fractions*
	7.5. Matrices and Matrix Operations*
	7.6. Solving Systems with Gaussian Elimination*
	7.7. Solving Systems with Inverses*
	7.8. Solving Systems with Cramer's Rule*
	Glossary

	Chapter 8. Analytic Geometry
	8.1. The Ellipse*
	8.2. The Hyperbola*
	8.3. The Parabola*
	8.4. Rotation of Axes*
	8.5. Conic Sections in Polar Coordinates*
	Glossary

	Chapter 9. Sequences, Probability, and Counting Theory
	9.1. Sequences and Their Notations*
	9.2. Arithmetic Sequences*
	9.3. Geometric Sequences*
	9.4. Series and Their Notations*
	9.5. Counting Principles*
	9.6. Binomial Theorem*
	9.7. Probability*
	Glossary

	Solutions
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6
	Chapter 7
	Chapter 8
	Chapter 9
	Index

	Attributions
	About Connexions

