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1 Simple Inteest

$GQASQQGLRGEQR QRZP UJ- RFCFH?D9?F7BVP ?KMSR \MSP
?2AAMSIR QRR® URF 4FGQMSJIB @C ? QRGEE BLQRKCOR MP RFC
QRMGLE ?KMS. Nd ? JM?L LRCEQR GR@ KMQR QGKNJIBKD GQ
ARJASREB ?Q ? NOELR Nb RFC NPGLAGN?J SMHNIC GDVI®/
@MRPICB  DP MK ? DPGCLB ?LB TEFRMENWRUBF GLRCEQR
RFCL RFC ?KMS&LND GRCEQRNE ULMSJIB N IMSJIB HSQR @C DM
4FC RMR?J ?KMSL R \WMS UMSJB ENW WMSJB @C
RFC MPGIE2J NPGLAGN?J NJSQRREQBL

3GKNJC /LC RGKA@.RCEQR
;51 = Byr
A=Py+1=0PF, -|-P07’:P0(1-|—7’)
" GQ RFCREIEOR
GQ RFC CLB ?KMBINPGLAGN?J NJBGEGR
) GQ RFC NPGLAGRAGLE ?KM$_
I GQ RFCREIEOQRARC GL BGK?INPK %V?KNJIC

Example 1

I DPGCLB ?QIQ RM @MPP?LB ?EP CCQ RMCRWRBGL BWQ WRF
GL RCEQR WU KSAF GIRCEQR UGMSAZPL
) RFC NPGLAGN?J

3GKNJARCEQKZ



| P ?RC
9MS UGJPPL GLRCEQR

/LC RGKC QGKNJCREIEQR GQ WLMKKML DMP @REKCW QFNP
RCPK JM?LQ &MP JMLECP RCPK BM3QRKE&ML DMP GRCEQR RM @C
N?GB ML ? BYGHEMLRFW OS?RCEVMP ?LLS?J @?QGRAR ARQC
GRCEQR MSJB @C?PLB FCESJ?W &MP ¥?KNJC @MLBQ C?P
CQQMGMI ? JM?L K?BC RM RFC @MLB GQQBERN?LW MP
EMCPLKCIR @V WIS RFC @MLB FMJBCPCRSPL NP RFC JM?L RFC
GQQSCP GE® RM NPGRCEQR MRCL ?LLS?W"MLBQ FAC ? K?RSH®/
B?RC R UFGAF RGKC RFC GQQBQRANAI RFC MRGE@MLBIEC

Example 2

3SNNMQOVSP R GQ @SGJIBGLE R ?LB GQQSCQ @MLBQEBRIP
RFC KML® RM @S®JBMS M@R?GL ? @MLB RF?RNWQ GLRCEQR
2LLS?IW RAR K?RSEQ GL @?PQ ( MU KSAF GIRCEQR UGMSAZPL
%?AF WP WIS UMSJB @PL  GL RCEQR GL
GRCEQR 3MMUP RFCMSPQCOIMGT W?PQ MS UMSJB 2PL ? RMR?DM
GL GL RCEQR FCL RFC @MLB RBEQ WS UMSJB GACGT @7Al
RFC W MS MPGE?W N?GB 2ZKGLEMS UBF ? RMRD M
7 C /2L ECLCRIGXRFGQ GBD QGKNIJRRGEQRTEP RGKC

3GKNJQRCEQRTEP 4GKC
I = PFyrt

A=P+I1=PF, —|—P07°t:P0(1+7‘t)
" GQ RFCREIEQR

GQ RFC CLB ?KMSINPGLAGN?J NFSTEGR

Z3GKNJARCEQR



) GQ RFC NPGLAGRAGLE ?KMK.
| GQ RFOREIEQRARC GL BGK?INPK
KGQ RGKC

4FC SLERQ MKCXQSEKCLR W?PQ KMRFQ RA MP RFC
RGKC QFMSJBRAF RFC RGKC NCRGNMBHRL BCEQRRC

10 2k ILLS?J 0 CIACLR?EC 2RC

)LRCEQRARCQ TPSQSAMBTL ?Q ?L7DIK7B
F;H9;DJ7= H7J; + - k RFC RMR?RGEQR RRUGJJ @C
N?GB GL RFCR)D RFC BCEQR GQ N?GB GL QK?JICP RGK(
GLABKCLRQ RFC DUGJJ @C BGBGBC

&MP Z?KNJC ? !0 2 N?GB KMRFW WMSJB @C BGBGBC
GRMBRCIC N? WKCIRQ

I ?LLS?J P ?RC N?GB ORT®V WMSJIB @C BGB3ERM
DMSP  N?WKCIRQ

Example 3

4RC2QSW .MRCQ MRCQ ?FC @MLBQ G@QS@V RFC CBCRJ
EMCPLKCIR RMMICP RQ YNCLQCQSBINMQCOME M@R?GL ? 4
LMRC UG ? ?LLS?J P?RC N?GB QCKG ?LLBRIARF ? KIRSHR® GL
VW?PQ (MJ KSAF GIRCEQR UGMS\ZPL

3GLE GRCEQR GQ @CGLE N?GB QCKG\?RUSE? W@?P RFC
GRCEQR UGJJ @C BEEERIZM N? WKCIRQ

3GKNJCLRCEQRZ



) RFC NPGLAGN?J
| P ?RC NCP FAD?P
K WC?PQ  F2JDAC?PQ
9MS UGJPPL  GL RCEQR RMRTCM
RFCISP @PPQ

Try it Now 1

I IM?L AVKN?LW AFBCQ  GLRCEeQRMP ? MLC KMRF JM?LIM
&GLB RFC ?LLS? REGRQRRC RARE ?€ AF?EGLE

Z3GKNJARCEQR



2. Compound Intezst

7GRF QGKNJCRGEBQR U UCKE ?QQSKGLE RFRC NMACR®B RFC
GRCEQR UFCL O RACGIB R ) ? QR?LB® @~?LI ?AMSIR ?IW
GRCEQR U @PL GQSRMKRGAW ?BBB RM MSP @?JX2LALB UC
C?PL GRCEBQR ML RRTRCEQR GL DSRBPPQ 4FGQ@GICQRKCOR D
GRCEeQR G228 9ECFEKD:?D=

3SNNMQC RF2LC BCNMRG GL ? @7?7LI ?A AMSIR NBCPGLE
GRCEQR MKNMSLBB KMLRFW( MJ UGJJ MSP KMIMERJ

4FC GL RCEQR GQ 7L ?LLS?JACCR?EC TRC !0 2 k RFC RMR?J
GRCEQR RM @C N?GB BSPGLE?RRGME GRCEQR GQ @CGLE N?GB

3
KMLRFWC?AF KMLRF W UGJ>PeL — NCP KML RF

)L RFC GPQR KRE

)
[

)L RFC GPQR KRE WC UGJJ?EL  GL GLRCEQR #BQGLE MSP
2AAMSIR @2J?0ARM

)L RFC Q®/ILB KMLRF

)

" AVSLB®

. MRGARFR GL RFCAMLB KMLRF WC (PLB KMRC GRCEQR RF?L
UC BGB GL RR&PQR KRE 4FGQ GQA®QC \C @PLB GRCEQR LMR
MLW ML RFCMBGE] U CBCNMR@ @SR O ?JQMEL® GRCEQR
ML RFC M D GRCEQR U @PL® RFCGPQR KRE 4FGQ GQ REW |
?BT?LR?EC RRPECFEKD:?D=MD GRCEQRETQ SQ

#?2JASIRGLE MSRGJIXMPC KMLRFQ

#MKNMSLB ) RCEQRZ



( EDJ> .J7HJ?D=87B7D9%J;H;1J ;7HD;: ! D:?D= 7B7D9;

4M BLB ?L OSRGML RENEQCR RFGQ)IFCNEQCRQ RFC ?KMBL
MD KML®V ?RCPD KMLRFQ RFCL @ AMSJB URE RFCCRSPQGT
COSRGML

)

)D )D

9MS NR@?@IPAMELGXRFGQ ?Q REESPQGIMPK ND @NMLCRG?J
EMURF D LMR O AMSJB EM RWBE RFC QRCNQ RM @SGYBIJERG
COSRGMMP RFC EBRF

)
)
)

~— N~ '

)

/@QCWGLE ? NRCPL G AISJB MLAJSBC

)D D

. MRG/RFRRFC GLRFC ©®SRGML2D) RFC QRRBLE ?KM$L
7 C MSLB @W ?BBGLE MLC RM RFORIPPRC BGTGBGV
QGLAUC UCRE AMMKNMSLBGLE RGKCQ NCPPW

'CLCP?JGXGLE MERSJR WAISIB URE

Z#MKNMSLB ) RCEeQR



r m
P, =P, (1 n —)
k
)L RFGQMBKSJ?
D GQ RFC LSK@CPMKNMSLBGLE NCPGKMBOQRFQ GL MSP2BNJIC
| GQ RFC ?LLS?RGEQRARC
BGQ RFC LSK@TCPMKNMSLBQ NCEW
7 FGJC RFEIRKSJI? WRQ O5LC RGQ KPMKKML RM SQC MIBKSJ?
RFR GIMICQ RFC LSK@CP® M?PQ PRFCP RF?L RFC LSK@@P M
AMKNMSLBGLE NCPGMBQ GQ RFC LSK@@PWPPQ RFCD 'B
2IGLE RFGQ AF?LEGSEQ SQ RFC QR?EBBAPKSJ? P MKNMSLB
GRCEQR
#MKNMSLB L RCEQR

r\ Nk
Py = P, (1 + E)
)" GQ RFC @?I2GA RFC ANSIR ?RCP W?PQ

) GQ RFC QRZEE @?JELAD RFC PMSIR ?JQM WJB GLREG?J
BCNM@GMP NPGLAGN?J

| GQ RFC ?LLS?RGBQRRC GL BGK?INIPK

BGQ RFC LSK@CPAKNMSLBGLE NCPGMBQ GICRR.C W

)D RFCMKNMSLBGLE GQ BMLC ?LUSRLIC ? \@?P B

)D RFCMKNMSLBGLE GQ BMLC RSHYS

)D RFCMKNMSLBGLE GQ BMLC KRB

)D RFCMKNMSLBGLE GQ BMLOABRGJ

4FC KMQR GKNRMR RFGLE RBKEK@CP ?@MSR SQGLENRHKEID
GQ RRB ?QQSKCQ RAZL NSR KMLW GL RFCAMSIR MLG ?LB J& B
QR RFCPCPLGLE BCEQR

Example 4

| ACRRGIRRC B BCNMRE GQ ? JBLEQ GLQRPSKRER K?LW @7LIQ
MICP)R SQSMIBTQ ? FGEP GRCEQRIRC @SB/ ALLMR ?ACQQ
WISP GCQRKCR BIP ? QM@EB JCLERFIMRGKCSBINMQOWS BCNMRG

#MKNMSLB ) RCeQRZ



GL?#$N? WGLE GRCEQR MKNMSLBB KMLRFW( MJ KSAF
UGJIMG FTC GL RFC AMSIR ?RCP  VC?PQ

)L RFGQ/@KNJC

) RFC GRG?J BCNRIQG

| ?LLS?J P ?RC

B KML RFQ GL CAP

' QGLAUOKC IMMIGLEIPR FM KSAF U OnJJ HZ ?BRCP
VW2PQ

0.06 20x12
M Py =3000( 14— — $9930.61

PMSLB WSP ?LQOP RM RFCIFCQR NCML
,CR SQMKN?C RFC ?KMSR M KML®V CPL® DRK AMKNMSLBGLE
?E?GLQR RFC ?KRR3MS UMSJB ?PL DK QGKNJCRIeQR

9C°PQ 3GKNJAQRCEBQR NCP A MKNMSLB8 KMLRFRW
) KMLRF C?AF KMLRF

1Q WMS AL QC MCP ? JMLE NCPGMBRUBKCMKNMSLBGLE KTQ ?

Z#MKNMSLB ) RCEeQR



J?IEC BEDELAC GL RFC AWSIR @?J?ICA MS KW PAMELGXRFGQ ?Q
RFC BOIKLAC @RJCCL JGLZP ERURF ?LB YNMLCRG?J MPRF

%TISRGLEMWMLCRQ ML RFCIASRMP

7 FCL UC LGB RM 2JASIRC QMKRFGLE 5| GR GQPQW
CLMSE RM HSQR KSJRGNJ " SR UFCL (€ LGB RM
A?JASRC QMKRFGLE G| GR WISJB @CTRV
RBGMSQ RMASRC RFGWY @SJRGNILE @ WRQCJID

RGKCQ 3M RM K?C RFGLEQ@GCPC AL F?PLCQQ RFC
NMJCP 1@ MSP QAGGA 2JASRMPQ

- MQR QAGGA AJASRMPQ FC ? @ FRVILIDP
COVNMLCRQ)R GQVRIGAW G&-CP J?@EJGT

= WV MPVW

AM d?JSRC uaB RYNC = MP
Wwv 4PW R MSR kM$ QFMSIB RQMKRFGLE BFSLB

Example 5

9MS ILMJ RFR \MS UGJJ (B D MP WSP AFGQBBSARGML GL
VC?2PQ ) WISP ?AVMSIR @PLQ A MKNMSLBB OS?RCHVFMJ KSAF
UMSJB MS L@B RM BCNNRQ®U RM E2AF WISP EM?J

)L RFGQ/@KNJIC

7 QFC JMMIGLEID)

|

B OS?FRCPQ GLCAW

#MKNMSLB ) RCeQRZ



' 3GLE UC ILMU RFC @?J?C/AGL  W?PQ

) 4FC ?KMSIR WC FZTC GL  W?PQ

)L RFEGQPAC \ORC EMGLE RMIERM @CSN RFGOSRGML ?LB Q1)
1P

4
40000 = P, (2.0471)

40000

— T $19539.84

0™ 9.0471 $
3M WIS UMSJB LB RM BCNNRQG LM U RM FTC GL

WC?PQ

0.04 18 x4
40000 = Py <1 + —)

2MSLBGLE

)R GQ GKIRAR RM @CRV ARCDSJ ?@MSFSPBGLE
UFCL A2JASIRGLE RFGLERFUGNMLCRQ L) ECLCRJ WS
U?LR RMACN ?Q K?W BBGK?JQ BSPGPEASRGMLQ ?Q
WS AL "C QSE RM:F 7 JB;71J 17=D?<?97D:?=7I

LSK@CPQ ROP AV JEBGLE GMQ 2 MSLBGLE
RM UGJJ SQSWIBT WIS ? pIMQC CLMRBE
2LQUCP @SRACNGLE KMPBGRQ GQZWQ @RCP

Example 6

4M QC UFW LMRT@PPMSLBGLE GQ QM GRNRIFQSNNMQEISMCR
GOICQRGLE ?R GLRCEQRMKNMSLBB KMLRFWEBIP WC?PQ
) RFC GRG?J BCNRIQG

Z#MKNMSLB ) RCEeQR



B KML RFQ GL GAP

QGL@ UQRC JMMIGLEIP RFC ?KMKL?RCP
V2PQ

)D LC PQRIKNSRCB UC [BLB
( CE GQ RFTIZB W RISLBGLE RFGQ RIBGDPRISCQ

#1;1 # JES8; ! HHEH
: 3 HEKD:;: JE

LM MSLBGLE

)D WSRC UMRGLE GL ? @?LI MMSPQCM8 UMSJBhR MSLB R ?J3J
&MP MSP NSPNMQCQ RFCRUQUEMRWARISLBGLE RM RFRC
QGEL&RR BGRQ GQ AIMQC CGLMSEM D WD GQL nR RMM @7B
#CMR?GIN ICCNGLE RR'BISRF BBGK?J NJEAUMSJIBAR FIC FSIR

5 QGLEN%P 2AJASRMP

)L K?L W RQCQ M& AL ?TMGBNPSLBGLEMKNJROY @&
FMJ WMS CRCP RFGLEQNEEPARAIJAS RMRRMP Z?KNJC GL
RFC €?KNJC ?@@ UC LCB@®B RMAJIASRC

12x30
0.05

Py =1 14+ ——
30 000 1+ 19

#MKNMSLB ) RCeQRZ



7 C KL OSGAW RIASRC e EGTGLE

0.()5

. MU UC &L SQC RFC?2AASRMP

/OF; 3>?I 7B9KBJEH I>BMI
h

wv

5 QGLEN$P AJASRMPMIRGLEC

4FC NETGMSQ QRCEBEZZQQSKGLEMFAC ? pLC
MNCPRGMIR?? RGKGRIASRMP ? KMP?BI?LACB
A?JASRMP UGIREL 2JIMWMS RMARNC GL RFGRTIP
CVNEQQGML RMRIS®RE )D WS FAC ? RIASRMP JGI
RFGOMS UGJI M@? @ HSQRIBARM CRCP

e h wV

Z#MKNMSLB ) RCEQR




3. Annuities

&MP KMQFDMSQ G ?RLnR ?@JC RM NSREZ J2BK @ KML@ GL RFC
@7LI RMB®)LQREB UC QTC MP RFC DSRI® BCNMREAE ? QK?JJCP
?KMSLR Nb KML® DK C?AF NPAFQA GIRM RFC @7L1 4FGQ?GRT
A?JJB ? I7L?D4 7DDKZO - MQRARGHKCLR NJ?LQ IGI | NJ?LQ MP
)21 NJ?LQ ?E O/?KNJCQIMQPGLEQ ?LLBGCQ

IL ?LLSGRV AL @C BCQAPB@BSPQGW GL ? DIBRIGKNICW
2CA?JJ RIR @?QGMKNMSLB GRCEQRVIIVD DK RFC @IRGMLQFGN

Rn=(1+£)Bwl

&MP ? QBLEQ ?LLBBUC QGKMJILCB RM ?BB ? BCNIRQGRM RFC
2AAMSIR UBF GAF AMMKNMSLBGLE NCPGMB

Rn:(1+£>RW4+d

4?IGLE RFGQERGML IR FCASPQGTMPK RMINJGRBIPK GQ ?RDG
RPGAIGCP RF?RFUSIKNMSLB GRCEQR R UGJJ @BQGCQR RN @C
UMPRGLE UBF ?L @?KNJC PRFCP RF?LNRGLE GL ECLEP

3SNNMQC@UGJJ BCNRIQGC ?AF KMLRF GRM ?L ?AVISIR NWGLE

GL RCEQR T ?QQSKC RRRFC ZMSIR GQWKNMSLBB URF RFC
Q?KC DBDSCLAV ?Q 8 K?I C BCNMRG SLICQQRERRMRFOFSQCLIRFGQ
CV2KNJC

|

B A MKNMSLBBCNMQRQ NCRIP

MSP BCNNRQECP KMRF
7 PRGLE MSR REGIFPQGTOSRGMLELQ

0.06
P, = (1 + F) Po_1 + 100 = (1.005) P,,_; + 100

IQQSKGLE € QRFPURF ?L CKNR/ ?AMSIR UC 2L @CEL SQGLE RFGQ
PCJRGMLQFGN

#MLRGLSGLE RFGROPL RLP BCNMAG @B F7TC Q7B

)L MRFCPMBQ ?RCP KMLRFQ RFGPQR BCNMAGEJ F2 QPL®B
AMKNMSLB GRCEQRMPD KMLRFQ 4FC QEILB BCNMRGGJJ K2

ILLSGRGCR



C?PLB GRCEQRMPD KML RFQ ?QR KMRFQ BCNNRQ®ISJB FIC
C?PL@B MLW MLC KMRF UIMIRF Nd GRCEQR 4FC KMQ&LR BCNMRG
UGJJ AT @PL® LM GRCEQRAN

4FGQ@SRGMLITQ ? IMR RM @C BEREMSEK (R BMCQR K?C
A?JASRGLE RFC CLBGLE @CJZALW CQGCP M4 QGKNVGIRFGLEQ
KSJRGWI@MRF QGRIRFIAS RGMLV@

1.005P,, = 1.005 (100(1.005)’”*1 +100(1.005)™ 2 + - - - +100(1.005) + 100)

$GQRPG@SRGLE MLIRFQBBE RFCUSRGMLELQ

1.005P,, = 100(1.005)™ + 100(1.005)™ " + - - - +- 100(1.005)* + 100(1.005)
. MJ UnJJ JGLC RFGQRMJIEERCPKQNR MSP MPGIE?J GSRGML

7LB QS@RMR CAF QGBC
1.005P, = 100(1.005)"+ 100(1.005)™ * +.--+ 100(1.005)
P, = 100(1.005)™ " 4 ---+ 100(1.005) +100

IJKMQR ?JJ RFC RCPRQA®J ML RFC FREF?LB QGBC UFCLCU
QS@RAR JETGLE

1.005P,, — P,, = 100(1.005)™ — 100
3MIGLENIPD
0.005P,, = 100 ((1.005)™ — 1)
~100((1.005)™ — 1)
moe 0.005
2CNJ?AGIEKMLRFQ U ' UFCRC' GQ K@QSEB GL B®PPQ BTQ

100 ((1.005)12N - 1)

Py =
0.005
20A2)) U ?QIB ?LB U ?Q RFC BCNRQG U ?QB RFC

LSK@CP B BCNMRQGAF W?P 'CLCP?JGXGLE RRGOBIR WER RFC
QTGLE ?LLEF® MPKSJ?

ILLSGRN &MPKSJ?

ZILLSGRGCQ



)' GQRFC @?I?CA RFC AKNSIR ?RCP W?PQ

; GQ RFCIPSJ?P BCNR®GC ?KMSR WS BCNMRGAF
WC?P C?AF KMLRF RA

| GQ RFC ?LLS?RGEQRZRC GL BGK?INIPK
BGQ RFC LSK@CPAMKNMSLBGLE NCPGMBQ GICRR.C W

)D RFCMKNMSLBGLEQISCLAV GQ LMRAJGRB QR™®
?QQSKC RFCRR RFC Q?KC LSK@CP MKNMSLBQ GL ?
V2P ?Q RFCPRE BCNMRG K?BC GL TWP

&MP Z?KNJC GD RAMKAIMSLBGLE@ISCLAV GQR QR®

)D WS K?IC WISP BCNMQG TCRV KMIRF SQC KMRFW
AMKNMSLBGLB

)D WIS K?IC WISP BCNNRUQGECRV 2P SQC PRW MKNMSLBGLB

)D WIS K?IC WISP BCNMQQG TRV OSTCP SQC OSRTHRV
AMKNMSLBGLB
%RA

7 FCL BM WS SQC RFGQ
ILLSGRGCQ ?QQSKCRRNB NSR KM\ GL RFCAMSIR

ILLSGRGCR



ML ? RESJ?P QABEICCTCRV KMIRF W?P OS?RCFCRA
?LB JR B QCRFCPCPLGLE BCEQR

#MKNMSLB GRCEQR ?QQSKCQRRWS NSR KM GL
RFC ?AMSIR MLE ?LB J& B GGRFCPCPLGLE BCEQR

#MKNMSLB GRCEQR /LC BCNMRQG
ILLSGRN -?L W BCNMRIB

Example 7

| RPPBRGML?J GLBGTGESZXELR ?AMSIR )2 GQ ? QNGS?2MRC
FCRGIKCLR ?AMSIR GL UFGAF RFC KML®IS GICQR GROBNR D#K
GLMKC R?2Q SRGMS UBFBPU R P WIS BCNMRG C ?AF KMLRF
GRM 7L )2 C?PLGLE GIRCEQR RMKSAF UGJJMS F7C GL RFC
2AAMSIR ?BRCP  VE?PQ

)L RFGQ/@KNJIC

; RFC KMRFW BCNMRG

| 2LLS?J P ?RC

B QGL@ UQRC BMGLE KNRFW BCNMRIS nJIMKNMSLB
KMLRFW

' UC U?LR RFC ?2KMSRL?RCP  VZ?PQ
0SFRGLE RFGRMGRFAOSRGML

ZILLSGRGCQ



100 ((1 + %)m(m - 1)

Py =
0.06
(%)
100 ((1.005)240 . 1)
P —
20 (0.005)
100 (3.310 — 1)
Py =
(0.005)
100 (2.310)
P20 - = $46200
(0.005)

4FC ?AMSIR UGJJMPRM 2D RCP VEZ?PQ
. MRGARFR WS BCNMREB GRM RFC AMSIR ? RMR?D M
? KML RF BIP KML RFQ4FC BABRLAC @RJCCL UF?R WS
CLB SN URBF ?LB FM KSAF WMS NSR GL GQ RRCERRTPL®B )L RFGQ
APQCREGQ  k

Example 8

9MS W’LR RM AT GL W MSP ?AMSIR UFCL WIS PRGPGL
VC?PQ MSP ERGIKCLR ?AMSIR CPLQ GLRCEQR WU KSAF BMWIS
LCCB RM BCNNREAF KMLRF RM KGR WMSP ERGHKCLR EM?J

)L RFEGQVCKNJC

7 QRC IMMIGLE B

| ?LLS?I P ?RC

B QGLAUQRC BCNMRGLE KMRFW
' W C?PQ
) 4FC ?KMSIR WC W2LRRM AT GL  WC?PQ

)L RFGQAC WiC EMGLE RMIETRM @CSN RFGOSRGML ?LB QE1J
MP,

ILLSGRGCR



d ((1 + %)30(12) - 1)
)

d ((1.00667)360 _ 1)

(0.00667)
200,000 = d(1491.57)

d= 200,000 _ $134.09
©1491.57 '

3M WIS WSJB LGB RM BCNMNRQG C ?AF KMLRF RM HAE
GL W C?PQGDE8P ?AMSIR CPLQ GLRCEQR

200,000 =

200,000 =

Try it Now 2

I KMPC AMLQCPRQT GICQRKCR ?AMSIR NWQ GLRCEQRD WS
BCNMRG ? B?W GRM RFGQAVISIR FM KSAF UGJIMSE FTC ?RCP
VC?PQ (MJ KSAF GQ DK GRCEQR

ZILLSGRGCQ



4. Payout Annuities

)L RFC J?QRABGMLMS JEPL®B ?@MSR ?LLUBGCQ L ?LLSGNV WIS
QR7® UBF LMRFGLE NSR KMLGRM ?L ?AMSIR ML ? EESJ?P @?QGQ
7LB CLB SN UBF KML®V GLMBP ?AVISIR
)L RFGQ @RGML @ UGJJ ZRL ?@MSR ?PGRGML?AIB ? +7CEKJ
DDKPO 7GRF ? NWISR ?LLS® WIS QRRPUBF KML®V GL RFC
2AAMSIR ?LB NSJJ KMMZMSRIMRFC ZMSIR ML ? @ESJ?P @?QGE®/ 'L
FCK?GLGLE KMMZGL RFCAMSIR @PLQ (RCEQR 'RCP X&IB ?KMSLR
MD RGKC RFQGWISIR UGJJ CLB SN CKWR
0?WMSR ?LLIECQRRVNGAW SQE?RCPERGKCLR WCHE?NQ WIS
F?TC QTCB D MP ERGIKCLR ?LB PLR RM RGIKMLGN MSRIM
RFC ?AMSIR @AF KMLRF RM JGVIL MS UPLR RFC KMLME RM J?QESW
W C?PQ 4FGQ GQWMSR ?LLRHAFC IMPKSJ? GQ BEABGEL ? QGKGJI?P
U?W ?Q G BGEMP QIGLEQ ?LLBGCQ 4FCRESIQ?MKERG FCIE

0?VWSR ILLSBN &MPKSJ?

—NEk
d 1—<1+§)

Py, =

) GQ RFC @?I?ICA RFC AMSIR R RFC @GH-GLE
QRMGLE ?KM&. MP NPGLAGN?J

; GQ RFCIPSJ?P BREBPU?J RFC ?KMSR WS R”C MSR
C?AF W?P C?PAF KMLRF RA

| GQ RFC ?LLS?RGEBQRMRC GL BGK?INIPK %V?KNJC

0?WISR ILLSBGCR



BGQ RFC LSK@CPMKNMSLBGLE NCPGMBQ GICRR.C W
' GQ RFC LSK@@P@2PQ \C NJ?L RM R2URFBPU?JQ

,GIC UBF ?LLSBGCQ RFEIKAMSLBGLE @ISCLAV GQ LMRJANQ
OVNJGAB BTL @SR GQRBEKGBC@V FM MRCL WS R?C RFC
URFBRU?2JQ

7 FCL BM WS SQC RFGQ

0?WISR ?LLSEECQ ?QQSKARRNS R2C KMLGN D#K
RFC ?AMSIR ML ? EESJ?P QABEICCTCRV KMIRF \@?P
OS?RCRCRA ?LB JR RFOIQR REFTPCPLGLE GCEQR

#MKNMSLB GRCEQR /LC BCNMRQG
ILLSGRN -?L W BCNMRIGB
0?WISR ILLSBN -?L W URFBPU?JQ

Example 9

IDRCPGRGPGLEMSMPLR RM @C ?@JC M R TCRV KMIRF BIP ?
RMR?DM WC?PQ MK WISP ERGEKCLR ?AMSIR 4FC ?AMSIR CPLQ

GL RCBQR WU KSAF UGJIMSE LEB GL WSP ?AMSIR UFCL WS
ORGP

)L RFGQ/CKNJC

; RFC KMRFW URBFBPU?J

| ?LLS?JP ?RC

Z0?WASR ILLSBGCQ



B QGLAUGKRC BMGLE KNRFW URFBPU?JQ ONnJJ
AMKNMSLB KMRFW

' QGLAUCKE R?IGLE REBPU?JQNP  WC?PQ

7 QRC JMMIGLEIB  FMJ KSAF KMLCW LCBQ RM @C GL RARVISIR
?R RFC @GH.GLE

OSMRGLE RFGRMGRFAOSRGML

—20(12)
1000 (1 _ (1 + %) )

Py =
0.06
(%)
1000 x (1 - (1.005)‘240)
jo
(0.005)
1000 x (1 — 0.302)
2 — $139, 600
(0.005)
9MS UGJJ CBRM FIC GL W MSP ?AMSIR UFCL WIS PRGP
. MRE@ARFR WMS UBFBRU ? RMR?IDM ? KML RF DIP

KML RFQ4FC BABRLAC @RJCOCL UF?R WS NSJBMSR ?LB UFR
WIS QRR®B URF GQ RFRGRQRZPLB )L RFGQPACREGQ k
GL GLRCEQR

%TISRGLE LCRBI G/NMLCRQ MLMSP AJASIRMP

7GRF RFCQCM®JCKQMS LEB RMPEQC LSK@CPQ RM
LCERGTINMICPQ- MQRMWASRMPQ FC ? QCNZRC
@SRMLIDP LCERGLE ? LSK@CP RFEQ BIDLR RF?L RFC
QS@RMRGML @3R. 3MKC RJASRMPQ J?@CJ RFGQ
QMKC URF 4FC @SRML GQREL LeP RFC IOV MP
RFC BEGK?J NM&L

0?WISR ILLSBGCR



)D WISP AJASRRMP BGQMQPMNERGMLQ NRRB/NGAW ?
A2IASRMP RE KSIRGJIGLC BERNAIASIRC
VWISB RVNC QMIREGLE &1 =

)D WISP AJASRMP MMQFRNR MLC TISC R ? RGKC RFCL
SQS?W WS FERFC OV ?RCP ? LSK@CP RM IRIER QM
WISB FR WV

'GTC & ? RR k\MS QFMSJBEC
Example 10
9MS ILMJ WMS UGJI 2 GL W MSP ?AMSIR UFCL WS PRGP

IMS LR RM @C ?@JC RWVKRRIRFW URFBPU?JQ MK RFC ?AMSIR
MP ? RMRT) MWC?PQ BISP ERGEKCLR ?AMSIR CPLQ GLRCEQR
( MU KSAF UGJIMS @C ?@JC RRFBRU C?AF KMLRF

)L RFGQ/CKNJC

7 ORC IMMIGLE B

| ?LLS?I P ?RC

B QGLAUGRC URFBRPUGLE KMRFW
' W C?PQ
) UC ?C @OELLGLE BE

)L RFEGQPAC WOFC EMGLE RMIERM @®CSN RFGOSRGML ?LB Q1)
VP,

Z0?WMSR ILLSBGCQ



d (1 _ (1 + %>_30(m))
@

d (1 - (1.00667)‘360)
(0.00667)

500,000 = d(136.232)

d= 500,000 _ $3670.21
- 136.232 '

9MS WMSJB @C ?@JC RARKE C ?AF KMLRF BIP  WC?PQ

500,000 =

500,000 =

Try it Now 3

| BMLMP BTQ RM ? SLGTCPG®W ?LB QNBGECQ RRB GQ RM
@C S@CRM BT ?LLS?J QAFMJ?PQFGIRQREC MR WC?PQ ) RFC
SLGTP@® AL C?PL  GLRCEQR FRM KSAF A?L RF@ BT GL
QAFMJ?PQFGNG 2P

0?VWMSR ILLSBGCR



b. Loans

)L RFC J?QRARGMLMS JEPL®B ?@MSR WASR ?LLFECQ
)L RFGQ @TGMLMS UGJIRL ?@MSRISTCLRGML?J IM?LIDM2IB
2KMARG® JM?LQ MP GLQR?RKEBIZLP6V?KNICQ GLAISBRM JM?LQ
2LB FMKC KMIRE?ECQ 4FCQGARGSOSCQ BM LMR ANRW MBAW
JM?LQ ?BB ML JM?LQ MP MRFCP INWBQRUFCPRFC ®RCEQR GQ
A?JASRG SN DRLR
/LC EPC?R RFGLE ?@MSR JM?LQRGRFBFSQCVC/ARW RFC Q?KC
MPKSJ? ?Q ? MPISR ?LLS® 4M QC UPW GK?ELC R \WMS F?B
GL TCQRE?R ? @7LI ?LB QRRB R?IGLE MSRWRCIRQ UFGJC
C?PLGLE GCEQR ?Q NRMD ? NWISR ?LLF® ?LB ?2IRCP  \BPPQ MSP
@2J72LB U?Q XM &JGN RE?MISLB ?LB GK?GELC RIRMS ?E 2/RGLE
2Q RFC @?LI ?LB 2R JCLBCP G®GAE ?Q& 4FC AP JCLBCPTEIQRQ
GLW MS LA WISRC ?/RGLE ?Q RFC @?MSWMWV GRCEQR 4FC
A?P JCLBCP R2) N®WKCIRQ SRGJ RFC @7?C2GAOR

,M?LQ &MPKSJ?

—NEk
d 1—(1+g)

(£)

) GQ RFC @?I?CA RFC AMSIR R RFC @GH-GLIRFC
NPGLAGN?J MP ?KMSLRAG JM?L

Py =

; GOMEP JIM?L WKCIR \MSP KMRFW NWKCIR ?LLS?J
NWKCIR RA

I GQ RFC ?LLS?RGBQRRC GL BGK?INIPK

Z ,M?LQ



BGQ RFC LSK@CPMKNMSLBGLE NCPGMBQ GICRR.C W
' GQ RFC JCLERRWC JM?L GI2RQ

,GIC @G RFC MKNMSLBGLE @FSCLAV GQ LMRIANQ INJGRI
EGTL @SR GRBEKGBIAV FM MIRCL WIS K?IC NWKCIRQ

7 FCL BM WIS SQC RFGQ

4FC JM?LMPKSJ? ?QQSKCQ RRMS K?IC JM?L
NWKCIRQ ML ZFESJ?P QABEICCICRV KMIRF \@?P
OS?RCRCRA 7?7LB ?€ NWGLE BCeQR ML RFC JM?L

#MKNMSLB GRCEBQR /LC BCNMRQG
ILLSGRN -?L W BCNMRI®G

0?WMSR ILLSBN -?L W UBFBPU?JQ
,M?LQ -?L W NWKCIRQ

Example 11

OMS AL ?MB  NCP KML RF ?Q ?7° NWKCIR p WIS AL ERR ?L
?SRM IM?IR? GLRCEQRMP KML RFQ \WW?PQFMJ CVNCLQGTD ?
A?P AL WIS ?DMB )L MRFCP MBQ UFR ?KMSIR JM?LA WS NW
MD UBF NCP KML RF
)L RFGQ/CKNJC
; RFC KMRFW JM?L NPKCIR
| ?LLS?J P ?RC

M?LQ Z



B QGL® UQRC BMGLE KNRFW NWKCIRQ @ndJ
AMKNMSLB KMRFW

' QGL® UQRC K?IGLE KMIRFW NWKCIRQNP
VE2PQ

7 QRC JMMIGLEIB  RFC QRRBLE ?KMSRN RFC JM?L

—5(12)
200 (1 _ (1 + %) )

jo
0.03
(%)
200 (1 . (1.0025)‘60)
Py =
(0.0025)
200 (1 — 0.861)
Py = — $11,120
(0.0025)
9MS AL ?DMB ? JM?L
9MS UGJIW?? RMRT M NCP KML RF DIP  KML RFQRM

RFC IM?LMKN?LW4FC BABKELAC @RJCCL RFC ?KMSR \MS N ?LB
RFC ?KMSR M RFC JM?L GQ RRCBEIR N?GBRFGQAC WSRC NWGLE
GL RCEQR RMR?J

Example 12

9MS W2LR RM REIMSR ? KMP RE?EC FMKC JM?4FC GRCEQR
PPRC ML RFC JM?L GQ  ?LB RFC JMMRSQWE?PQ (WU KSAF UGJJ
WISP KMRFWV NWKCIRQ @C

)L REGQ/@KNJC

7 QRC JMMIGLEIR

| ?LLS?J P ?RC

B QGL@ UGRC NWGLE KMRFW
' W C?PQ
) RFC QRRBLE JM?L ?KMSL

Z M?LQ



)L RFGQAC WC EMGLE RMIERM @CSN RFGOSRGML ?LB QE1J

DP,
(i (o))
(%)
12

d (1 - (1.005)‘360)

(0.005)
140,000 = d(166.792)
100,99 _ g839.37
166.792 '

9IMS UGJJ K@ NWKCIRQ Bl NCP KMIRF BIP  WC?PQ
IMSFC NWGLE ? RMR2J M RM RFC JM?L AMKN?LW
NCP KMRF PP KML RFQ MIS ?E NWGLE ? RMR2J M k
GL GL RCEQRTP RFC 03D RFC JM?L

140, 000 =

140, 000 =

Try it Now 4

*?LGLC @MSE M D LO DSPIRSE ML ABBR "CA?SQC FCP 8PR
QME GQIRCRV EMMB RFC @RMP AFRRBLE FCP ? DRGPGEGRCEQR
PPRC ML RFC JM?L D QFC ?BEEB RM N¥ @ RFC DSREB MCP
W2?PQ FMKSAF UGJJ QFCR2 RM NV CAF KMLRF

M?LQ Z



6. Remaining Loan Balanc

7GRF JM?LQR GQIRCL BCGR@PIC RMABIPKGLC UR?RFCAK?GLGLE
IM?L @2J?CAIGI) @RE@P QMKC LSK@TPWIPQ &MR/GKNJIC GIM®/
NSRF?QC ? FMKC ?LB NJ?L RM @RI3I@C W?PQ MS KGER WPLR RM
ILMU FMU KSAF MD RFC JM?L @?3?\MS UGJJ F2 N?GB ?LB FM
KSAF WS FAC RM N¥ DK RFC Q?JC

4M BRCPKGLC RFCKPGLGLE JM?L @?C?RPRCP QMKC LSK@QP M
W?PQ (€ BPQRIERM ILM RFC JM?L NPKCIRQ GITWBMDR 20PBW
ILMU RFCK 2CKCK@CP RRMLWY ? NMEGMLIMMSP JM?L MAKCIRQ EM
RNM?BQ RFC IM?L @?I?l2ANMRGML GQ EMGLE RV EE@ERCEQR
&MP Z?KNJC GDSP NWKCIRQ G ?KML RF ?RCP ?@¥P \MS
UGJEFKF?TC N?GBM M D RFC JM?L @?32LA

4M B®CPKGLC RFCKRGLGLE JM?L @?@?LBWC AL RFGLI pFM
KSAF JM?L UGJJ RFCQC JMMKERQ @C ?@JC RM B GL RFC
PCK?GLGLE RGKC ML RFCGM?L

Example 13

)D ? KMRE?ECR? GLRCEQRRC F?Q NPKCIRQD  ?KML RF
FMU KSAF UGJJ RFC JM?L @ 0®& \@?PQ MK RFC CLB RFC JM?L

4M BRCPKGLC RFGR?E JMMIGLEIR RFC 2KMELND RFC JM?L RF?
AL @C N?GEIM@  ? KML RF NWKCIRQ GL @PPQ ) MRFCP
UMBQ ORC JMMIGLEIR O UFCL

; RFC KMRFW JM?L NPKCIR

| 2LLS?J P ?RC

B QGL@ UQRC BMGLE KNRFW NWKCIRQ GndJ
AMKNMSLB KMRFW

' QGL@ UGRC K?IGLE KMIRFW NWKCIRQNIP
KMFC \Z2PQ

Z2CK?GLGLE ,M?L "?J?IQA\



—10(12)
0.06
1000 (1 _ (1 n F) )

Py =
006
(%)

1000 (1 _ (1.005)120)

jo
(0.005)

1000 (1 — 0.5496)

jo — $90,073.45
(0.005)

4FC JM?L @?JCAURF WC?PQ ©K?GLGLE ML RFC JM?L UGJJ @C

/DRCL RGKCQ ?ICRGLEOR?GLGLE @7?JCLASCQRGMINSER) BM
QRCNQ
#2JASIRGLE RFC KRIEV NWKCIRQ ML RFC JM?L
#?JASIRGLE RFCH?GLGLE JM?L @?@@°@ML RFC<D8@E@E>
K@DML RFC JM?L

Example 14

' AMSNJC N8P?QCQ ? FMKC Ri6? KMP RE?ECR D MP
VC?PQ URF KMIRFW NWKCIRQ 7F?R UGJJ RFCKPGLGLE @?JCLML
RFCGP KRE?EC @(RTIP OPPQ

&GPOQRWGIFPAASRC RFCGP KWV NWKCIRQ

7 QfC IMMIGLER

| ?LLS?IP ?RC

B QGL@ARFGAT NWGLE KMRFW
' W C?2PQ
) RFC QRRBLE JM?L 2KMSL

7 C Q8 SN RFAIS'RGML ?LB QUIIMP,

2CK?GLGLE ,M?L "?J?IQ\Z



d (1 _ (1 + %>_30(12))
®

d (1 - (1.00333)‘360)

(0.00333)

180,000 = d(209.562)

d= 180,000 _ $858.93
- 209.562 '

. MJ RFR T ILMU RFC KMIRFWV NWKCIRQ @ 2L BARCPKGLC RFC
FCK?GLGLE @?JCLA C U?LR RFCOK?GLGLE @?JCLARCP \BPPQ
UFCL WC?PQ UGJJ @EKTGLGLE ML RFC JM?L QMPUASIRC RFC
IJM?L @?J?CARFR UGJJ @C NABBUBF RFC KMRFWV NWKCIRQ TCP
RFMQC @®PQ

180, 000 =

180,000 =

: RFC KMRFW JM?L NPKCIR WC RIJASRB
2@NC

| 2LLS?J P ?RC

B QGL® RFBAC BMGLE KNREW NWKCIRQ

' QGLARFUBI @C K?IGLE KMRFW NWKCIRQNP
KMP C \Z?PQ

—25(12)
0.04
858.93 (1 — (1+2%) )

Py =
0.04
(%)

858.93 (1 - (1.00333)‘300)

Py =
(0.00333)
858.93 (1 — 0.369)
Py = — $155,793.91
(0.00333)

Z2CK?GLGLE ,M?L "?J?IQA



4FC JM?L @?J7CARCP WPPQ URF WC?PQ GK?GLGLE ML RFC
JM?L UGJJ @C

/T CPRRR VWC?PQ RFOQWSNJC F?Q N?GB M k
M D RFC JM?L @?I?L4FCN FTC N?GB ? RMRRI M ?

KMLRF BIP V@?2PQ KML RFQIMP? RMRTIM QM
k MD UFR RF®@ FTC N?GB QM D?P F2QL@C
GRCEQR

2CK?GLGLE ,M?L "?J?IQ\Z



/.Which Equation to &k?

7 FCL NEQCR® URF ? BL?LE NRI@JCHKVIL 2L G/?K MP GLARJ JGD
WASRC SQS2WLMR RMJB BFRR/NC MNM@JCKRGSQ MP UFGAEBGML
RM SQQ( CE ?E QMKC F®Q ML BGBGLE UFGABSRGML RM SQC
@?QEML RFC MBGLE BIRFC NR®JCK

4FC 2QGCQRNCIMIR@JCK RM GBED?E JM?LQM?L NIM@JCKQ
2JKMQR BPWQ GLAISBEIBQ JG pIMLp?KMARGY, RFC D2k VB
MP JM?LQIBL?LE ? A?Pq MP KMFRE?EG ? FMKC JM?L ,MMI DMP
RFCQC MBQ )D RRAGRC RFGP WISFC NRI@?@JIMMIGLR 2 IM?L
NAM@JCK4M K?IC QSB QC GDMERC ESTL UF?R WMSP KMRFW MP
2LLS?J NWKCIR GQ MPIBSRIRWGLE RGLB ? KMRFV NWKCIR

)D RFC NR®JCK GQ LMR ? JM?L RACQSCQRGMS WPLR RM ?QI GQ
AK ) NSRRGLE KMIMZ GL 7L 2MSIR ?LB JRRGLERGFG MP 2K ) K?IGLE
PCESJ?AKMLRPW?LLS?JIMOS?PRCEVNAWKCIRQ MP BEBRPU2JQ q)D
WASRC JEBRGLE RFC KMMGRIGL RFCAMSIR UBF LMRFGLE @ $RCE0QR
AF?LEGLE RFC @?JCLRFCL MERC JMMIGLER?? MKNMSLB GRCEQR
NAMM@JCK 4FC O/ACNRGMLMS$JB @C @MLBQ ?LB MRFCRRKCRQ
UFCRC RFC RCEQR GQ LEBIEQRE GL RFMQBYCQMEC JMMIGLR?
QGKNJCRIEQR

)D WSRC K?IGLE EESJ?P NPKCIRQ MP BEBPU?JQ RFC MR
OSCQRGMLQIGRNSRRGLE KMMZ GRM RFC ANSIR MP ?K ) NSJJGLE
KMLOW MSR D WISFC NSRGLE KMMZ GRM RFC AMSIR ML ? @ESJI?P
@?QGAMLRPWILLS?JIMOS?PRCAV RFCL WISC JMMIGLE R? ?
@?Q@EA SGRV NM@JCK "?QGA ?LLRGCQRIFCL WIS ?E QTGLE
KMLOW 5QS?W GL ?L ?LL&S NM@JCK MBP ?AVSIR QRR® CKNR
2LB F?Q KML®/ GL RFC DSRSP

)D WISFC NSJIGLE KMMMSRIMRFC 2MSIR ML ? @ESJ?P @?QGQ RFCL
WISFC JMMIGLER?? (PWISR ILLSBV NM@JCKO?WISR ?LLFECQXP
SQB8 IMP RFGLE@IERGIKCLR GIMKC UFCE WIS QRRRUBF KML®V
GL WISP ?2AMSIR NSJJKMMZMSR ML CESJ?P @?QGQ MEPWAMVSIR
CLBQ SN CKNRGL RFC DSRSP

2CKCK@CPRFC KMQR GKIR?R N?R W ?LQUPGLE MW IGLB DI

Z7 FGAF %OR&GML R\DE



OSCQRGML KMLEIP MREGR)C GEPDR RWPRARW GBRGDUFR RFC
OSCQRGML@G@WP?QIGLE ?LB RVMREBPKGLC UR??NNR?AF UGJJ @COR
?JIM WMS RM QIZRFC NP@JCK

Try it Now 5

&MP CAF ND RFOMJJWGLE QAL?PGMQ BBIPKGLC BBEQ MKNMSLB
GRCEQR WRRJCK ? QGLEQ ?LLBE® NM@JCK ? N®ISR ?LLF®
NAM@JCK MP ? IM?LR@PCK 4FCL Q@I?AF NRM@JCK

7 FGAF %ORGML RMDE Z



8. Solving for Time

/DRCL \C ? GRCEQREGL FM JMLE B UGJJ R?IRM XSKSJRC
KMLCW MP RMIMLE 0B LGOB RM ZRCLB ? JM?L RM @PGMEGIRQ
BMUL RM ? E2QML?@JOAC

. MRC 4FGQARGML ?QQSKQQSW ATCRB QMIGLE INMLCRG?J
COSRGMLQ SQGLE JREKRPGIG-CP GL NPGMP AJ?QQCQ MPMBRRFC EP
KMBCJQ AF?NRCP

Example 15

)D WIS GICQR ? R A MKNMSLB8 KMLRFRW FMJ JMLE UGJR G
R?IC RFC 2MMSIR RM BMS@JC?G8T

4FGQ GQ MHINMSLB GRCeQR WRRJCK QGLAC ?FE BCNMRGLE
KMLCW ML& ?LB ?JIWGLERSRM EB )L RFGQ MEB®JCK

) RFC GRG?J BCNRIQG

| 2LLS?I P ?RC

B KML RFQ GL GAP

M MSP ECLEP ©OSRGML GQ

0.06\ V12
Py = 2000 (1 + F) 7C 2JQM ILM RFR \C
UPLR MSP CLBGLE ?KMSRM @C BMS@IC M UFGAF GQ
QM @FC JMMIGLEIB QM RR)* 4M QMC RFGQOUQR MSP
COSRGMMB)'  C0S?J RM
0.06 Nx12

4000 = 2000 (1 + F) $GTGBC @MRF
QGBCQV@

2 = (1.005)"*" 4M QMC WMP RFC

CVNMLCR R2C RFC JMBM@MRF QGBCQ

Z3MJIGLENIP 4GKC



log(2) = log((1.005)12N) 5QC RFC VGIMLCR

NAMNCRV 1 IMEQ ML RFGEREGEBC

log(2) = 12N log(1.005) . MJ UC L BGTGBC
@MRF QGBGQ ®E
log(2)
=N INNPWGKRGLE RFGQ RM
121og(1.005)
? BAAGK?J

)R UGJJ R?P@MSR  \@?PQNIP RFC 2MSIR RM BMS@JCGST
. MRC RR?\WSP ?LQOP KW MKC MSR QBE® BGIIELRW GIOM®
F?B C?JSRB RFC JMEQ RMAGK?JQ ?LBMSLBG BSPGLE MSP
A?JASRGMLQ @SFSRV?LQOP QFMSJIB @C AJMQC VEKIRIC GIM®/
AVSLB® JME RM  ?LB JME RM RFCL WISP GL?J
2LQUCP WMSJB FIC @CL ?@MSR  \@PQ

Example 16

)D WIS GICQR C?AF KMLRF (RM ?L ?AMSIR CPLGLE
AMKNMSLB8 KMLRFWFMJ JMLE UGR BT RFC #MSIR RM EB RM

4FGQ GQ 7TQREQ ?LLBEG NM@JCK QGLAIC ?R K?IGLE EESJ?P
BCNM@G &M RFC AMSIR

: RFC KMRFW BCNMRQG

| 2LLS?J P ?RC

B QGLA UQRC BMGLE KNREW BCNMRE GnJIMKNMSLB
KMLRFW

7 CBMbRILM ' @SROU?LR)' RM @C

0SFRGLE RFGRMGRFAOSRGML

3MIGLENIP 4GKCZ



N(12)
0.03
100 ((1 e 1)
0.03
12
3GKNJBGLE RFCATGMLQ RAOG
100 ((1.0025)12N - 1)

10,000 =

10,000 =
7 0.0025
7 C U2LR RM GQAIRFCWBIMLCRG?J RCPK ' QM KSIRGKJ
@MRF QGBEQ @
25 = 100 ((1.0025)* -~ 1) SGTGEC
@MRF QGBEQ @
0.25 = (1.0025)"*Y — 1 BB RM
@MRF QGBCQ
1.25 = (1.0025)"*" . MJ R?IC RFC
IME B @MRF QGBCQ
log(1.25) = 10g<(1.0025)12N) 5QC
RFC ENMLCR NRINCRV 1@ JMEQ
log(1.25) = 12N log(1.0025) $GTGBON
IME
log(1.25)

121og(1.0025)

INNPWGKRGLE RM 2/8EK?J
W C?PQ
)R UGJII R?P@MSR W C?PQ RMEPRFC ?AMSIR RM

Z3MJIGLENDP 4GKC



Try it Now 6

*MCJ GMMEQGBCPGLER@EE ? J?NRMN NSRAF?QC ML FGBR

A?B UFGAF F?Q ?L BCeQRRC A MKNMSLB8 KMLRFW( MJ

JMLE UGRBXC FGK RM MPID RFC NBP?QC GD FC KX NWKCIRQ M
?KML RF

Try it Now Answers

M D GRCEQR

) NPGLAGN?J

| SLILM UL

K KML RF

5QGLE )IK UCE® ° |’ 3MJGLE CE® MP
3GLE RFC RGK@Q KMIRFWRFGQ GQ RFCREMLGRCEQR 4FC ?LLS?J
P?RC WSJB @C RGKCQ RFGQ RTRQR

; RFC B2GBCNMOG
| 2LLS?J P ?RC
B QGL@ UQRC BMGLE BRGBCNMRIE GnJJMKNMSLB
B?2GY
UC U?LR RFC ?2KMRL?RCP  \@?PQ

365x10
5 ((1+ 0o ) * 1>

P = =
10 0.03
365
7 C UMSJB FIC BCNMR® ? RMR?JDM °~ ° QM

GQ MK GRCEQR

; SLILM UL
| ?LLS?IP ?RC

3MIGLENIP 4GKZ



B QGLAUQRC BMGLE ?LLS?J QAFMJ?PQFGNQ

W C2PQ

) UQRC QRTGLE BE
—20x1
d (1 — (1) )
100,000 — o
1
3MIGLE NOP; EGTQ C 7?AF W?P RFR RR@W AL EGT GL
QAFMJI?PQFGNQ

)R GQMIRF LMRGLE RFSQSMJBMLMPQ GRBRINGGE RAR MW
GRCEQR GQ RM @B BFCQAFMJ?PQFGN UFGAEKRFC MBGE
BMLRGML J?QR GEBEIN )D RFGQ BMLMP F?BAGBE RFR

?W C?P UMSJB FIC @CL 7T?GJ?@JC

Try it Now Answersantinued

: SLILM UL
| ?2LLS?I P ?RC
B QGLAUGKRC K?IGLE KMIRFW NWKCIRQ
' WC?PQ RNCRW
) UGRC QRRGLE BE ?  JM?L
—2x12
0.16
d (1 (1 + o ) )

3,000 =

! 0.16

12

3MIGLENIP, EGTQ ?Q KMLRFW NWKCIRQ

)L RMR?J QFC UGW N? RM RFC QRME KC?LGLE QFC UGJYW?
GLGL RCEQRTEP RFARI\E?PQ

; 4FC KMLRFW NWKCIRQ

Z3MJIGLENIP 4GKC



| 2LLS?J P ?RC

B QGLAUQKC K?IGLE KMIRFW NWKCIRQ
) UQGRCQREGLE BE ?  JM?L

7 C?F QMEGLENIP RFC RGKC RMWID RFC JM?L

30(1- (1 + %)_N(m)

1,000 =
0.12

12
SMIGLENIP EGTQ ) RUGJIR?P@MSR @YPQ RM WD RFC

NSRAF?QC

3MIGLENIP 4GKZ



0. Execises

Skills

I DPGCLB JCLBRRSV D MP ? l0CI UFGAF WS ?EEC RMENW
URF MLC RGKC GRCEQR KU KSAF UGJIMS FAC RMENW
3SNNMQOWS M@R?GL? 4 LMRC URF? ?LLS?JP?RC
N?GB OSRERVURF K?RSAR/ GL @PPQ (MU KSAF GIRCEQR UGJJ
WIS @PL

14 @GJJ GQVNR M@MLB REGQ QMBER?BGEISIR MICP RFC D2A
T?2JSC &MP/CKNJIC QSNNMQES/@® ? UCCI 4 @GJIRB?
D?E& T?ISC B D MP 4FGQ KCLQ RARR GL CCIQ
RFC ERCPLKCIR UGJBE WIS RFC DRA?JSC CPLGLEMS

7 F?R ?LLS?J RCEQRRC FTC WIS CPL®B

3SNNMQQOMS ?E JMMIGLE RMA@S D?A CT?2JSC  UCCI 4
@GJD WS LR RMZBL R JEQR ?LLS?J GRCEQR UMR GQ RFC
KMQRMS QFMSJBWHIP RFC @GJJ

9MS BCNMRG GL ?L ?A AMSIR CPLGLE GIRCEQR
AMKNMSLBB ?LLS?JW( MJ KSAF UGJIJMS FAC GL RFC MSIR
GL W?PQ

( MUKSAFUGJJ BCNMQG&® GL ?L ?AMSIR CPLGLE
GRCEQRMKNMSLBB ?LLS?JW @CMIRF GL  \VZ?PQ

9MS BCNMRG GL ?L ?A AMSIR CPLGLE GIRCEQR
AMKNMSLBB8 KMLRFW

2 ( MJ KSAF UGJIMS F7C GL RFCAMSIR GL  VZ?PQ
@ ( MJ KSAF GIRCEQR UGMS\2PL

9MS BCNMRG  GL 7L ?A AMSIR GPLGLE GIRCEQR
AVKNMSLBB KMLRFN

? ( MJ KSAF UGJIMS FAC GL RFC AMSIR GL W?PQ

@ ( MJ KSAF GIRCEQR UGMSACPL

( MJ KSAF U MSJBMS LCB RM BCNNRQE. ?L 2MSIR LM GL
MBCPRMEZ  GL RFC ?AAMSIR GL WPQ !QQSKC RFC

Z%\CRGQCQ



?2AAMSIR CPLQ  GLRCEQRMKNMSLBB KMLRFW

( MJ KSAF UMSJBMS LECB RM BCNNRJE. 2L 2MSIR LNJ GL
MBCP RM FC GL RFC ?AAMSIR GL @PPQ !QQSKC RFC
?2AAMSIR @GPLQ GLRCEQR

9MS BCNMRG C ?AF KMLRF GRM ?L ?AVMISIR GPLGLE
GRCEQRMKNMSLBB KMLRFW

? ( MUKSAF UGJIJMS FAC GL RFC ASIR GL  VZ?PQ
@ ( MJ KSAF RMR?J KMMCUGJIM®/NSR BM RFC ANSIR
A ( MJ KSAF RMR?JRCEQR UGMS\ZPL

9MS BCNMRG C ?AF W?P GRM ?L ?AVISIR CPLGLE
AMKNMSLB8 ?LLS?JW

?  ( MJKSAF UGJIMS FAC GL RFC AMSIR GL \@PQ

@ ( MJKSAF RMR?J KMMCUGJM&NSR BM RFC ANSIR

A ( MJ KSAF RMR?JRCEQR UGMS\CPL

*MQC F?Q BCPKGEXFC L&BQ RM AT D MP ERGHKCLR
GL WC?PQ ( GQ ZMSIR CPLQ GLRCEQR

? ( MJUKSAF UMSJBMS LEB RM BCNNRI&E. RFCAMSIR CAF
KMLRF

@ ( MJKSAF RMR?J KMMCUGIME/NSR BM RFC ANSIR

A ( MJ KSAF RMR?JRCEQR UGMSAN2PL

IMS UGQFRMIE? GL W C?PQRM @S D?W LC QRGIM
QWQRCKMJ KSAF QFMSJBME BCNMRGAF OS?RCP BM ?L
?AAMSIR NWGLE AVKNMSLBB8 OS?RCHV

9MS U’LR RM @C ?@JC RMBPG C 7?AFW?P DIP
VC?PQ BISP ?AMSIR CPLQ GLRCEeQR

? ( MJKSAF BM WIS L@B GL WSP ?AMSIR R RFC @GH-GLE
@ ( MJKSAF RMR?J KMMCUGIWMENSJJ MSB RFC AMSIR

A ( MJKSAF MD RFR KML®V GQREIEQR

( MJ KSAF KMLCW UGJJ ) GBRM FIC 'R BRGKCLR QM YA

URFBRU ?W C?PDMP WC?PQ MK ?L ?AAMSIR CPLGLE
A MKNMSLBS8 ?LLS?JW

? ( MJKSAF BM WIS L@B GL WSP ?AMSIR R RFC @GH.GLE
@ ( MJKSAF RMR?J KMMCUGIWME/NSJIJ MSR RFC AMSIR
A ( MJ KSAF MD RFR KMLGV GQREIEQR

N\CRAGQCH



9MS F7C Q? TOB IMP BRGKCLR MSP ?AVISIR @PLQ
GL RCEQR U KSAF UGJIMB @C ?@JC RM NSJPAMSRMLRF

GDM® WPLR RM @C ?@JC RMRZFBRU?JQNP  WC?PQ

,MPCL ?JE?BW ILMUQ RFR FC UGJJT? UFCL FC

PORGE) ) FC Q& SN ? NWISR ?LLS® BIP  WC?PQ GL 7L

?2AAMSIR NWGLE  GIRCEQR RNKSAF AMSJB RFC ?LLSG

NAVTGBCTAF KMLRF

9MS AL ?IMB ? NCP KML RF KMRE?EC NYKCIR M$IT

MSLB? WC?P JM?LR GLRCEQR

2 (MU @GEDVWP IM?LA WIS 2DMB

@ ( MJ KSAF RMR?J KMMCUGJIME/NW RFC JIM?MEN?LW

A ( MJ KSAF MD RAR? KMLGV GQREIEQR
-?PGCAL?IMB? NCPKML RF AP NWKCIR 3F@ BISLB ?
WC?P JM?LR  GLRCEQR

2 ( MUCVNCLQGTD ? AP 2L QFC 1MB

@ ( MJ KSAF RMR?J KMMZUGJJ QFGANRFC JM?MKN?LW
A ( MJ KSAF MD RFR KMLGV GQREIEQR

9MS LR RM @8? A 2P 4FC AVKN?LW GQIPGLE ?
GRCEQRMIRCMP KMLRFQ WC?PQ7 F?R UGJMEP KMRFN
NWKCIRQ @C

9MS BEGBQAR?LA ? A ?2PR A MKNMSLBB KMLRFW
MP W?PQ 7F?R UGJMEP KMRFN NWKCIRQ @C MJ KSAF
GRCEQR UGMSWW NCP RFC G3D RFC JM?L

9MS LR RM @8? FMKC 9 MSNJ?LRMW? ?2Q?
BMUL N?WKCIR ?LB RT MSR ? \Z?P JM?LMIP RFCO®R

? ( MJKSAF GQ RFC JM?L ?KNREEMGLE RM @C
@ 7 F?RUGIIMSP KMRFW NWKCIRQ @C GD RRCERRRC GQ

A 7 F?RUGIMEP KMRFW NWKCIRQ @C GD RRCERRRC GQ

, WLL @MSR ? FMSQC N?WGLE BMUL ?LB
O5L?LAGLE RROJRR GL RCEQRMP WC?PQ

? &GLB FCP KNRFW NWKCIRQ
@ ( MJKSAF GIRCEQR UGJJ QR NEP RFC @A RFC JM?L

Z%\CRAGQCQ



%KGJIC @NFEE? AP DIP RFP CC W?PQ ?EM 4FC JM?L F?B ?
WC?P RCPKR  GLRCEQRRC (MU KSAF BMCQ FC QRGI ML

RFC 2P

| DPGCLB @\NFRE? FMSQC ®¥PQ ?EM R?IGLE MSR ?

KMFRE?ECR DMP WC?PQ (MJ KSAF BMCQ QFC QRGAMIL

RFC KMRE?EC

0?RBCNMR@® GL RM?L?AMSIR @GPLGLE AMKNMSLB8

KMLRFW( MJ JMLE UGR B2C RFC 2MSIR RM EB RM

+?WGQTELE ?KML RF GRM ?L ?AVISIR CPLGLE

GRCEQR (U JMLE UGR B2 FCP RMTZ?

*KCQF?Q GLAP CB® AP BC@R UFGAF AECR

GRCEQR (U JMLE UGR B2C RM N¥ D RFC2#B GD FC KBQ

RFC KGLGKSK NPKCIR @ ? KML RF

#FPGQ F?QTOB D MPERGKCLR ?LBBGQ GL 7L

?2AAMSIR CPLGLE GIRCEQRDQFC BEBPUQ  ?KML RF

FMJ JMLE UGJJ RFC KMLI?QR

Coneepts

3SNNMQOWS GICQR  ? KMLRF BIP  W?PQ M ?L ?AMSIR
C?PLGLE AMKNMSLBB KMLRFW!DRCP WPQ MS JETC RFC
KMLOWUGRFMSR K?IGLE ?BB&VL?J BCNAMIGL RFORISIR BIP
2LMRFCP \WPQ (MJ KSAF UGJIJMS FAC GL RFC CLB
3SNNMQOWS NSRM K?IGLE GICQRKCRQMP RFGSPQR CPPQ
?LB GLQRBK?BC BCNMRGD ?KML RFBIP WC?PQ GM 2L
?2AAMSIR GPLGLE  AMKNMSLB8 KMLRFW/( MJ KSAF UGJIMS
F?TC GL RFC CLB
-Gl C NJ?LQ RM KRIAMLRPG@SRGMLQ RIREBCER ?AMSIR BIP
WC?PQ !RCP RFC J?QRRPG@SRGML FC URIUBRBPIGLE
2 0S?P RCPMIP W?PQ !QQSKGLE -G ?AMSIR CPLQ
A MKNMSLBB OS?RCRVFMJ J?FEC KSQR FGQ CR2RV
AMIRPG@SRGMLQ @C BSPGPBRF(BQ GL BIEP RM
2AAMKNIGQF FGQ EM?J

%N\CAGQCH



+CLBP U?LRQ RM @C ?@JC RMWEBFBPU?JQ M 2W C?P
MP WC?PQ RCPGRGPGLE GLCARQ (MU KSAF UGJJ QFCR?
RM QT CAF W?P SN SRGIRGIKCLR GD FCRAMISIR CPLQ
GRCEQR
OMSFAC  RMGLTCQR ?LBRLRBRMEBRM  GLR UM
VW?PQ 7F?R GRCEQRRC WISJIBMS LEB RMELB RM KT RFGQ
NMQQG@JC
OMSFAC  RMGLTCQR ?LB®LRBRM EB RM GL
RCL WPQ 7F?R GRCEQRRC WISJBMS LEB RMELB RM KT
RFGQ NMQQG@JC
9MS NJ?LRMTZ? ?KML RFBIPRFCMR WC?PQNP
RORGIKCLR 7 F?R GRCEQRARC WISJIB MS LECB RM FIC

? RPRGXCLR
9MS B2JW (PLR RM @S? SEA?P DIP @SRA MLW
2DMB  ?KML RF 7F?R GRCEQRIRC WISJIBMS LECB RM
O5LB RM @C ?@JAMM RBC 2P ?QQSKGLE RFC JM?IMBQ D
KMLRFQ

Exploation

0?W BW JM?LQCRFMPRCPK JM?LQ RR®S R?C MSR ?E?GLQR
DSREPNMAFQAIQ 4FC AMKN?LW ?B?LACQ WS KML®V ?E?GLQR ?
DSREPNMAFQAI %&FCP TRQAW BW JM?LMKN?LWMP JMMI
MLC SN MLJGLC '\3fJ?PL@ RFR K?LW MKN?LGCQ BM LMR
K?I C RFCGEQ) M@MSQ QMSKGER LCB RM BM QMKC BGEHE
MP IMMRQTCPJ MKN?LGCQ

?  %VNJ?GL RFC ECUGERFMB ® UFGAF RFC JMNIRD

@ 7 CUGJI?QQSKCREZ LB RM @MiP ?LBRF? RLWC
UGJJ N? @?AlI RFC JM?L GL WB? $RCPKGLC RFC RMR?J
?KMSLR RAR WS UMSJB LGB RM N @?Al ?LB RFCOICARGT
JM?L PRC 4FC @DARGT IM?LPRC GQ RFCACIR?EC DIRFC
MPGH.?J IM?L ?KMBIRAR WS NW @?AIR GQ LMR RFC Q?KC
?QRFC!@ ?LLS?J PRCRFR GQ MB?@&NS@JIGRFC

Z%\CRAGQCQ



A )DWS ALLMR N @?Al RFC IM?RCP  BWQ M5 UGJJ CB

RM ER ?L YRCLQGNMUFAD?LMRFCP BRQ) $RCPKGLC RECQ
DMP ?L YRCLQGMLREIPKGLC RFC RMR?J ZRMEB.UGJJ @C
NWGLEBMP RFC WM B? W JIM?L ?LBMKNSRC RFCOCARGT
JM?L PRC

3SNNMQC R¥? WC?PQ ?EMWE @M$R ? FMKCNDP
NWGLE ?Q ? BML N?WKCIR ?LB BL?LAGLE RROFRR
GRCEQRMP WC?PQ

?

A

,CRQ MLQGBCWSP CGQRGLE REPEC

G ( MJ KSAF KMLCW BGBWS NV 2QMSP BML N?WKCIR

GG ( MJ KSAF KMLCW PQ WSP KMRE?EC JM?IMP

GGG F?R GQASP ASERR KMIRFWV NWKCIR

GT ( MU KSAF RMR?JRIEQR UGMIWV NICP RFC 03D
RFC JM?L

AFGQ®YP WIS AFGI WMSP JM?L @2JCLA.JW N7R Nb WISP

NWKCIRQ FIC @CL EMGLE RMABML RFC JM?L RFC®R

F?Q @CL EMGLE BRFBQ GRCEQR MS QC RFR WMS QRGJIIE?
JCD R RM NP ML MSP JM?LMSP FMSQC GQ [RIS®

2R

G ( MJKSAF MD RFC JM?LE?WIS N?GEII G C FMJ
KSAF F?TC WIS PBSACB RFC JM?L @?JCL@ +COCN GL
KGLB RFR GRCEQR GQ AEGPC?AF KMLRF k 89 LMR
N?MR Nb RFC JM?L @??LA

GG ( MJ KSAF KMLCW F7C WIS N?GB RM RFC JIMIRINRLW
QM D?P

GGG MJ KSAF GIRCEQR AT WIS N?GB QM D?P

GT ( MU KSAF COSBN BMMS FAC GL MSP FMKGIOSBV GQ
T?2JSC KGLS@R?GLGLE BC@R

3GL& GRCEQRRCQ AT BRNNB WIS MLQGBCP

FCIBL?LAGLEWSP KMRE?ECR ? JMCP P ?RC

G )D WS RMMI MSR AWLCW C?P KMIRE?ECR D MP WSP
FCK?GLGLE JM?L @?C?ILF7R UIMSIBMSP LO
KMLRFW NWKCIRQ @C

GG ( MJ KSAF GIRCEQR UGMSWY NICP RFC @3ID RFC

N\CRAGQCH



LCU JM?L
B . MREGRFR GIWY EGL?LE WIS ?E EMGLE RM @C K?IGLE
NAWKCIRQ MLMEP FMKCMIP ?LMRFCP  G@¥PQ 1) ?BBRGML
RM RFC ©?PQMST ?2JR?BW @ NWGLE RR@ WC?PQ
RMR?J

G ( MJ KSAF UGJIMS QTC CPAF KMLRF @&SQC B RFC
JMJCP KMIRFIV NWKCIR
GG ( MU KSAF RMR?JRIEQR UGMS\@C NCGLE WS LCB
RM MLQGBCP RFC ?KRISBK A?LB @
GG@MCQ GR KCIQCLQC RMEL?LE RFCE GQIR ?MPEAR
?2LQUCP RM RFGQ OSCQRGMET SSFEMNGLGML ?LB
WISP €QML

Z%\CRAGQCQ



PART II1

TOPIC F: BING A
CALCULATOR

AMNGA & QGLE ? #?JARIKAFZ






10F1.01 Beginning & Example
3

Topic F Using a Calculator

Objectives:

5LBCPQR?LB RRBBILR RAIASRMPE@BSGP? QMKOF?R
BABRLR MBCP B CRCPGLE LSK@CPQ ?LB AREILQ "C ?@JC RM
SQC RFQVPEAR MBCP ML 8 52 A 2JASRRMPLB FCAMELGX
UFGAF MRFCRIASRMP@BSGP? BEDRELR MBCP

0CPHIPK @?QGA MIRGMLQ ?LB QASRAVR

5QC ENMLCRQILMR HSQR QOS7RB AS@CQ

5QC RFOWLQRR NG

,C?PL RFC BISECLAC @RJCCL CIRCPGLE ? LGEZTLSK@CP ?LB
RFC MNCRGMLIMDS @RRGML

,C?PL RM NSR GLGIFFCQCQ UFCLIRIB

2C?B RFC MSRNSR UFRIGEAJSBCQ QRGILLMRBML

7 FCL ?LB FMWU KSAF QFMSJBM® RISLB RFOGRSIRQ

#FCAIGLE WSP WIPUGRF ? RIASRMP%QRGRBML

Discusion: Ypes ofalculators

'CLCP?JW QNUGLE RFC?PGMSQ2EEQ M RIASRMPQ ?JMB GL
NRFRRV QGKGJ?RID QM RFAMBGDACQ ?€ GL RFGVRIC MIARIJASRRMP
LMR RFC @B

7 C KGER RFGLIIVBISP 2RCEMPGOQWAS RMPOWRIGAW SEE@V

QRSB®Q

& "CE GLLGLE %V?KNJCZ



r "2QGAAIASRMPQ 4FCQC ?BB QB@®RESIRGMBGTGBC ?LB ?
00U MRFCP RFGLEQ WR@QR RM
r 3AGCRGEA 2AJASRMPQ RE? MLC JGLC BGONBZQC MQR RM

r 3AGCREA AJASRMPQ RE? RM JGLC BGQMAPCQC MOR RM

r 'P ?NFGLEANASRMPQ 4FCQEQ@R RM

&MP RFCQC R@PG?JQ RFC @7JGARMPQ BMX FIC CLMSE
APN?@®BAG?LB RFC ERFGLE ZAASRMPQ FC KSAF KM 2N?@®AG
RF?L LCB@B ?LB ?FC KM O/NCLQGTRF?L LCB(B %RFCP IMRFC
RIM RYNCQIMQAGREDA 2JASRMPQ GACMR?@JAVY CTCPUC CIRCP
T?PGMSQ MRTBMLQRBLRFCK GL EEBLIR LPWQ QNSBHJJAL BRECQGCP
RM NGAI MLWRC ?LB 2PWQ SQR GD WS 2JE?BW FTC ? QAGREA
A2IJASRMPWS AL SQCREBIP RFGRIPPQC MQR QRSBGLELB RIR
RF@V NETP ? RIASRMP IRE ? BRM JGLC BGQMIEMQC CL?@JEIRM
QC UFR \WMS CRCEB ?LB RFC BQSJRR?RFC Q?KC RGKC UFGAF GQ LMR
NMQQG@JC ML RFC MLC JGLW BGABIRMPQ

IN7C FB; OCPHIPK @?QGA MIRGMLQ ?LB QSRR

4PW 2JJIVRFCQCMR®JICKQ MMBP AJASRRMP RM KCIQSE RFR \MS
SLBCPQR?LB URRM GCP RM M@R?GLMERBR?LQCP

? 3+4

@ 7—12
A 1214
B 8-3
c /36

.EBKI?ED9MS ILMJ FMU RM BM ?JDMRFCQC MRRZBMLQ RFBASR ?
A?JASRMP$SM RFCK ?LB RFCL K?C QSE WIS AL EQR RFC Q?KC
?LQUCP UBF WMSP AJASRMP

/>; EH ;;H ?D M>?9> &K ;DJ;H J>; DKC8;H 1 7D: EF;H 7J?EDI ?I
:?7<<sH;DJ ED :?<:H;DJ 97B9KBEH OP?ARGAURF RFCWASRMPME
UGJJ SQC GL RMEPQ@C -?C ? LMRC GL RFC KGR FOP ?@MSR

Z& "CE GLLGLE %V?KNJC



?LWRFGLEM$ KSQRGKCK@CP GL BGP RM BCP RFCQMRIBLMSP
A2JASRMP
IN7C FB; 5QC ¥NMLCRQILMR HSQR QOS7RB AS@CQ

? &GLBZ4
@ &GL%OJ

A &GLBY/3D — 39%
B &GLEY/TY — 7976

.EBK?ED- MQR QAGGIA 2JASRMPQ FC ? QOSTP?LB ? AS@COW
NMUCPQM ?LB " SR LC UGJJ BB RM MKNSRC MRFCPUXIQ
4FC O/NMLCR ION ML KMQRIMSIRMPQ GQ BCBMBRCMLC IMRFCQC
QWK@MJ@w z¥ MP=

? "W F?LBMP GL\W$P FeB O5LB RFF@24 =16

&GLB RFG/GIMLCR IOV ML MSP 2JASRMP ?LB K?C QSE RFR
WS AL SQCREMPEARW
OP?ARGA@V G’?JSRGL§4

@ 4FCL SQC RFC Q?KC ReMB RMIB30-7 4F?R ?LQEP QFMSJB

@cC
A 9MQII LBN?ELRFCQCQWVELB RFC PARRGML GL RMIMLCR

/33 =325 =2

B 'E?GL SQC NZPRFCQCQWELB RFC PARGML GL RMBIMILCR
1
79 =796 = 2.071434
IN7C FB; 5QC RFOW.QRRIT
? &GLBT
@ @ &GLET('

A A %PISRC RFCCPM ? AGBC URF PBGSQ 4 — 71-,,42

.EBK?ED

& "CE GLLGLE %V?KNJCZ



?  4FGQ GQ RFCIPJGRCPNG( UFGAF BCLMRCQ ? LSK@CP UFGAF GQ
RFC PRGMMRFC AEKICIELAC ND ? ABBC RVRG BG?IRTP 2LB GQ
NNRVGKRON ) R GQ SBGL K?IW ERIKCRRV BIPKSJ?Q
GIMIGLEMSLB M@ART) /RCL | LGB RM SQB BM ? EPRCP
2AASPAN RF?LUM BAGK?J NJE® -MQR QAGGEA 2JASRMPQ
F?TC 2 IGVBIP (?TC WIS LMRGARFR \MSP QAGTHEA 2AJASRMP
F?Q RM BEDRELR PISCQUP KMQRWQ /LC AJJB RFC K?GL
T?2JSC GQ J?@GICRFCON BQCJID ?LB RFC MRECHB RFC
Q@MLB?RV PISC GQ SQBPII@BIEGR ?@ 8 M ER RFR
Q@MLB?RV PIJSC WIS KSQR NR)Q ? QNGEA MRFOBN ML RFC
A?IJASRMPAPQR 4RTQ RFC p LEIN MP KW@C p3RGMPL)q
1IJKMQR J?WQRIGQ RFC RVR IBBDD RFCAASRMPIW@MVBP
ILK?L W RIASRMPQ RRO OW GQ ?ALB?RV ION PISC QM
WIS1JJ LBRM NSLAF RRRMN JCOW BPQR’ FCL WIS BLB RAR
| OVWISIJJ @C ?@JC BRI — 3.14159.... 4FC
BABRLR RJASRMPQ FC BEDRELR LSK@CPMMBBGK?J NJ2Q

@ 4M BLBYTML WISP AJASRRMRWS KSQR 2€L RM SQC
KSIJRGNZBGML ?LB RFGNUOB ICW GL RFTIREAR MBCPIMS AL
AFQGA WMSP WP MD MSPQCVEKSIJRGMALE RGKCQ s @W
F?LB RM @CGIMSP AJASRMP GQEGLEAY RFCMPEAR ?LQEP

A . MRGANU RM CRCP RFCQBIBMSP AJASRMP QM RARFC
MNCPRGMLQC?BMLC MPEARW/L MLC JGLC BGQNIRIASRMPQ
WIS KAW LCB RM QOSZRFCTBGSQ @EDKSIRGNGLEVET

A=nmnr’=mx-22 =12.56637061

Z& "CE GLLGLE %V?KNJC



11F1.02: Examples 4-5

IN7C FB; . CERGILSK@CPQ ?LB RFC MIRGMLIM)S @RRGML

? 8—6
@ —6+ 8

EBK?ED7 FCL UC BM QS@RRGML NIRDJCKQAGF?LB MP MP UGRF
LCERGT LSK@CPQ @ SQS?2W) URRC RFC LCEG@T QGEL ?LB RFC
QS@RMGML QWK@MNGRE RFC Q?KCAW QM & RFGLI BIRFCK
2Q RFC Q?KC SR RJASRMPQ ®R RFCK BEIELRW 5QC WSP
A?JASRMP RBIER — 6

. MJ RRV RMGDB— @ + 8 5QGLE RFC QI@REML QWK@MINR
UMP FCPC 4FC ION WS LEB GQ WNR?@J) J?Q®IC
+/— or (—) &GLB RRION ?LB ENCPGKBLUBF B SIRGJ
WIS QC FMU RM SQQWSBP AJASRMP REIB—6G + 8

- MQR QRSBCLEM RWSE CLRGP?JEC@RMSPQCQ ?LBTCP LCB
RFC LCERGT LSK@CP @W @©SQC RRE F?LBJC ?J] RFC QGERQN?P
MD RFC NRRJCK KOR?W &MP C?KNJC OB HSQR \@?
—6 + 8 = 8 — 6 ?LB RFCL SQC RFEJASRMPMP RFGQESJIRGLE
NRM@JCK "SR UFCL \C JCPL ?@MSR RPGEMRMKORCP GL RFC
AMSPQC @UGJJ 1B RM @C ?@JC R BRBJIC LCRBETLSK@CPQ QM
UQJJ LERM SQC RFG@ |

219KII?ED /P BCP @ MNCRGMLQ

4FCRC 7 RFEC RVNCQIMKRFCKRGA NEQQGMLQ UFGAF U
UPBC @ F?LB URFMSR NCERFCQCQ @SR UFGAB NCRLRFCQCQ
UFCL CLRCPGLE RFCIREIL? AJASRMP MP QRBQFCR

& %V?KNJCQ Z



%TPJISRC CAF
CVNEQQGML

3296 UFCRC _

z=3 3y (2%3)

2 — 6z
dr+2

UFCRC
xr =

Var + 13

UFCKC
/2

%LRCP RFGQ

MP

vV

7 FW

)L RFC MPGE?JUNEQQGML RFC
NJ?&KCLR @ RFC QWK@MJQ
GLBGRCQ RRRFCVNMLCR GQ
RGKCQ V' SR UFCL T F7TC RM

—HSQR RCP QWK@MJQ NRCPRFC

MRFCP k ML RFC Q?KC JGLC k U
F?TC RM SQC N2RFCQCQ RM
AJ?PBOJFR GQ GL RVSIGLCR

)L RFC MPGE?J\INEQQGML RFC
NJ?&KCLR M RFC QWK@MJQ
GLBGRCQ RRRFC RGP
LSKCP?RMP GQ BAH @R@RFC
CLRGPBCLMKGIRMP SR UFCL
UC F7IC RM HSQIRCE QWK@MJQ
MLC ?RCP RFC MRFCP k ML RFC
Q?KC JGLC k@WF?TC RM SQC
N?FCLRFCQCQ RM AWPBER GQ RM
@C BGTGB®BU@BR

)L RFC MPGE?JYNEQQGML RFC
D?R RFR RFC\INEQQGMEQ
AMKNJRQN SLBCP RFC QQ@S?P
AMMR QWK@MJ KTBEIEP )L
RFC AJASRMRJC F7TC RM SQC
N?RLRFCQCQ RW@EIR

IN7C FB; &MP €AF ND RFCVWEQQGMLQ T@M?IJSRCK @/ F?LB
?LB RFCL T?2JSRCRBUBF WSP AJASRMP " W F?LB

Z& %V?KNJICQ



32 UFCR 323 -3-3.3.3.3.3-3

=3 =90.3.3-3:-3=27-3-3:-3=81-3-3=243-3 = 72¢
z 6 32_6.3 9—_18 9

UFCRC 4.-34+2 12+ 2 14

€T = 3 . MJ SQC WISP AJASRMP RELB RFGQ GQ k

Vax + 13
UFCRC Vidr+13=44-3+13=+425=5
=3

0JSE RFCQCRBLMSP AJASRMP SQGLE RVERQQGMLQ TB®MEF
N?RLRFCQCQ

% PISRC CAF O/NEQQGML %LRCP RFGQ

32z UFcrEy = 3

2 3y°(2#3) =
2
zr — bz UFCRE — 3 = k
4 + 2 /2 k

JAx + 13 urce gy — 3 s \/

& %V?KNJCQ Z



12F1.03: Example 6

IN7C FB; 3AGORGA LMRBML-SIRGNY @ W

EBK?ED 7 FCL WIS BM RFGQ MUSW AJASRMPWISIIJ EC?
QRR.EC JMMIGLE ?L@®@ UBF ? % GRGMS KSQR €L RM GCPNR
RFR ?LQEP4F?RQ RFC ®W AJASRMPQEE QAGRIEA LMRGML

)L QMKC ?2JECB®RI?QQCQMSVICPLB QAGREA LMRBML ?Q ?
QFMRCP RW 10 UARGLE QMKCRV JZEC MPGRV QK?JJ LSK@CPQ

4,120,000 = 4.12 x 10° 718

0.000089 = 8.9 x 107°
7 FCL SQGLE 7?2ASRMP MP @QRBQFCR UWC KGER CQ®J M@R?GL

? LSK@CP RRPGQ RMM @BREC BGOWIEB KSQR @UNIEQEGL

QAGERGEA LMRBML SR RIASRMP BGQMI?SQSRISQC QFRA?LB BIP

RFGQ/L KMQR A2JASRMPQ ?LB @YBQFCRQ GNJJAT % MP
%k 4FCQC KeL

% 3.12 x 10° = 312,000

wk 6.7 x 1071% = 0.00000000067
/L WMSP AJASRMPKSIRGWI @ W 7 F?R BM MS

ER (MJ UMSJB MS UPRC & GL QARGHEA LMRBMI( MJ UMSJB
WS UPRC R GL GESJ?P LMRGML !ILQUCP

4.8 x 101
-;L?;M I BBARGML?CIREG VD QAGREA LMRGML GRGEI?@ITRP

RFC MSPQCT@®RG

#E?D= <KHJ>H3AGOR@A LMRBML GQ 2JQNB KOCMLTON RFC
NRAGQGMR KI?QSEB T?JSCQ AJBN ?LB MLAGQEI C UGJJ BGQASQQ
RFR GL RCPMINGAQ GL RMSBP@C

219KII?ED 7 FCL ?LB FNU KSAF QFMSJBMG RISLB RFOGDSIRQ M

? A2 JASRMPMKNSRRGML

#2JASIRMPQCCN KME ?AASPAN GL WASRGMLQ RF?ICWGJJ
NAV@?@JPLR RM BM GL MSP F?RBASRGMLQAWNGAW RFR GQ
?@MSR  BEGK?J NJ@Q MP RFC GINCLQGTQAGRIEA AJASRMPQ
7 FCL AMKNSRGLER GQ RCKNRGAE QRSBRQ RM SQC REIABRMP

Z& %V?KNJIC



RM BM7@F GLBGTGBS?J BREGML ?LB RFCL BE®BML RFR EQSJR
AMPEAR RM ?@MSRORFB@GK?J NJE® ?LB RFCL BM RFCVRC
GLBGTGBS?J MRGML 4FGQ GQUMBFBGPEMMB NPRGA@E?SQC GD
® GQ BMUMFDQICPJ QRCNQ RFCIROSGERED ?ASPAN AL @C JMQR

'MMB NPPARGAGL SQGLEWASRMP GQRVBB J>; 97B9KB7EDI ?D
J>: FHESB;C 80 A;F?D= J>; ?DJ;HC;:?7 J; H:IKBJI ?D J>; 97BIKBIEH
7D: EDBD HEKD: 7J J>; ;D: JE H ;FEHJ J>; <?D7B 7DIMI 4F?R CL?@JCQ
SQ RMACN ?Q KSAF 2ASPAW GL MSE®SJR ?Q MSP GIFGER? F?B
2LB LMR RMRRIBSAE GL?ASPAN 2Q 2GQSIFOMISPMKNSRRGML

( MUCTCPUFCL DMPKSJ?Q @N?RGASIAPIMLE MRKNI@RBG VIS
K?W LCB RM URE BML GIRCPKBGRC €QSJRQ GIBGHP RM @CP
SLBCPQR?LB RFARGSOSCQ FGJC RR?GQ ABNR?@JC RM FGIS W
K?I C NMEEQQREGQ GKNMIIR BIP WS RM SLBCPQR?LERRNS ?E
IJMQGLEASPAN )D RFCPGQ MRFGLE GKNRMR BCNCLBGLE MUSR
AMKNSRB FCQSIJRMS QFMSJB2RL. RMACN 2JJ RFAMANSRB T?JSCQ
GL RFC28ASIRMP RMNIBS & RFCEL?J ?LQTP

219KII?ED #FCAIGLE WSP WP

7 FCL JGPLGLE RM SQC RBEQ ML 224ASRMFSQC NR@JCKQ FFE?
WS AL C?Q®J BM \@ F?LB MPTCL KCLR?3¥ QM RIR\MS AL C2Q®&
AFQ\ RM QCUFRFCP RFQIASRMP F?QGEL RFC MPEAR ?LQCP
)L D?R SQGLE QSAMEICKQ RVNCPGKELGQ MLO RFC K?GLIWQ
NQVNJC 2eL RM BM LCRFGLEQ ML RFCBRARMPQ RTP ?2JJ UR?
NCRCLR?EC B RGKC BM KMQR 3@ QNCLEMRGLE RFC?2ASRMP
K?LS?J )L D?R FM K?L W D SQ?A. CTCL EKCK@CP UFE@PUC NSR
RFC AJASRMP K?LS?J

. MRG2ARFR KMQRIMRFC\@KNJICQ QM D?PESQGKNJIC LSK@CPQ QM
RFR B WISJB @ QWP WS RM BM RFGOASRGMIWEF?LB ?LB AFAI
WASP AJASRMP MP  4F?R GQUAWQ RMI WS QFMSJB ?NIIAF
JGPLGLE RM SQCCM ML MSP AJASRMP RRAMS FAC LOCP SCE
@QuR

7 FCL SQGLE RFZJASRMP RM BM KCQOMBNEKQ AREEC UMSJIBAR
U?LR RM BMA@?LB RGQ ?JQM GRRIRFRM BM QMKC ARGLE R GQ
TCRV @QW RM NSLAF GL RMLERSK@CPQ BGK?JQ MP MNGEMLQ
)L QSAF RQCQ M QFMSJB CQREK®FR RFC ?LQP UGJJ @C ?LB
RFCL @C QSRFR WMSP GL?J ?LQCP ML RFC?2ASRMP GROML?@J

& %V?KNJC Z



AIMQC RMSF CQRGC P B GQ LMRISMJ LGB RM BRCPKGLC URECP
WISP CQRG? ?Q URILE MP RFC QMREGLE OLR URILE UBF RFC
A?IASRGML GL RRGASRMP

IN7C FB; !|QMD? GQNEBZR GL RFC DSPRSE QRIP4FC Q?JCQ
R?V GQ

?  %QRGREZ RFC RMR?J ?KM&1$1JJ AZ RM N¥ URF @MRF RRGQOR
7LB RFC R?V

@ 5QC WSP AJASRMP RMIKNSRC RFC RMR?J 2HMEIBIJI AT RM
N

A )QWSP AJASRMP ?LQLP AIMQC RISIVCQREC?

.E BKI?ED

? 3GLE GQLMR RMM D?RIORM J@RQ CQRGRE RFAVIQR
MD RFC QM ?Q GQ NP ORRV AJMQCRM  QM@C
AMKNSRC MD 3GLE MD GQ RFCL M D

KSQR @C RCL RGKCR RIVR@ ?@MSR  4FSQ Q?JCQ R?V
?KMSLR GQ GV AJMQC RM 3M FNU KSAF GQ RFC UFMJC @GJJ
)RR 2@MSR  KME RF?L RFQVIQRIVRFC QRIRQCJIDCE UC
AMSJB MLRGLSC RM SQC RFC GRIRBIRFC QW ?2Q @SRR@
FC?2JW AJMQCP RM

)RQ NERRV QW RM ?BB ?LB QM € CQRGRE RFC RMR?J GQ
2@MSR

5 QGLE ?28ASRMRJC AMKNSRC

9CQ RFC28ASRMP ?LQLP GQORN AJIMQC R RQRGXZ QNRG
QTKQ JAW RFR B GQWPEAR

> ®

Z& %V?KNJC



13F1.04: Exases

Part I.

IQ WS UMMP RFIMSE RFCQC KT ? N?EC DI LMRC@ MMRFGLENMS
LCCB RMEBKCK@CP ?@MSRIRM SQAWEP AJASRMP

%TISRC CAF

-~

@
A

&GLBy4

&GLR0.7
8GLBY/3D — 39/
SGLEY/TY — 7976
&GLET

&GLB 71
%TPJISRC RFC CPNMD ? ABPC U PBGSQ A — 7-‘-7»2

5QC ? AJASRMP RMJISRC CAF

?

8—6

@ —6+8
%TPISRC CAF ND RFCQENEQQGMLQ

?

@

32z UFCEg = 3
4xr + 13 UFCE g = 3
z? — 6z

%TPISRC RFGONEQQGML_—____ "~ UFCRCp = 3

4z + 2

& %V CRAGQCR



5QC ? AJASRMP RM KSIRGNJ @ W
IQMD? GQ NE&ZR  GL RFC DSPRSE QRMPAFC Q?JCQ R?V GQ

? %QRGRE RFC RMR?J ?KRM@M$JJ HZ RM W URBF @MRF RFC
AMQR ?LB RFC R?V

@ 5QCWSP AJASRMP RMIKNSRC RFC RMR?J ?RMBIShJJI
F?TC RM N¥

A )QWMSP AJASRMP ?LQLP AJMQC RAMSWCQREC?

Part Il.

&MP 2 NM@JCKQIP UFGAF RFC ?1CRD T LMR UFMJC LSK@CPQ
AMSLB RM RBP BAGK?J NJE® 4FR UGJJ CL?@MS\RM ARC RFC
NRM@JCKQ REMSR RFC@SIRQ @CGLE RMISAGLEMP RFC 2JEC@P
NAM@JCKQ SQC RECASRMP ?Q BB GLAJSBGLE GLMECE RFC
FCQSJRQ

%T?JS'RC34 SQGLEWSP AJASRMPNYNMLCR ICW ?LB RFCL
AFQAl R @/ KSIRGNGLEV@F?LB
%T?JS'RC43 SQGLEWSP AJASRMRNYNMLCR ICW ?LB RFCL
AFQAl R @/ KSIRGNSLEV@EF?LB

% TPISRC CAF
? (1.06)*
@ Y217 = 217/
% TPISRC CAF
2 (2.13)°

1
@ /383 — 3837
5QC RF@ | QW ML MSP AJASRMP UFCL'IQJS’RGLB —|— 87-(-
#FCAI WMSP WP @W CQRGXGELE ?Q ?LB UMPGLE B GLMSP
FC?B

Z& %V CRAGQCQ



5QC RF@ | ON ML MSP AJASRMP UFCLTRISRGLE 271 — 7

#FCAI WMSP WIP@W CQRARGLE ?Q ?LB UMIGLE B GLMSP
FC?B
5QC WSP AJASRMP RMIISRC73 — 372LB RFCL SQC RFC
LCERGILSK@CPQW ?Q NFPWD G?JSRGLE-37 - 73 #FCAI
WASP WP @V BMGLE @ F?LB
5QC WISP AJASRMP RMISR24 — 357LB RFCL SQC RFC
LCERGILSK@CPQW ?Q NFPD G?JSRGLE-35 - 24 #FCAI
WASP WP @W BMGLE @ F?LB
%TPISRC CAF ND RFCQENIEQQGMLQ
? 32T UFCRy = 3
@ 1;2——633 UFCEp — 3

dx + 2

%TPISRC CAF ND RFCQENEQQGMLQ

? 91+3 UFCR g = 4
3z + 15

5¢2 — 11
5QC WSP AJASRMP RMKSJRGNJ @ W 7 PBC
UF?R WSP AJASRMP QEIQ ?LB RFCL RFC ?LQP GL QR?LB?P
LSK@CP LMRBML LMR QRGEA LMRGML #RCWMSP WP @W
CQRGRBLE RFGEQR LSK@CP ?Q ?@MSR ?LB RFC QCAMLB
LSK@CP ?Q ?@MSR -SJRGNY RFMQ@W/@?LB ?LB QCGD RFGQ
CQRGRZ GQ AIMQG/SH MASRMP?LQEP
5QC WSP AJASRRMP RM KSJRGNJ @ W 7 PRC
UF?R WSP AJASRMP QEIQ ?LB RFCL RFC ?LQP GL QR?LB?P
LSK@CP LMRBML LMR QRGEA LMRGML #RCWMSP WIP@W
CQRGRBLE RFGPQR LSK@CP ?Q ?@MSRB RFC QCAMLB
LSK@CP ?Q ?@MSR -SJRGNY RFMQ@/@?LB ?LB QCGD
RFGQ CQRBKGQ AIMQI/SH WASRMPPLQEP
4FC NPGAD ? P GQ  ?LB RFC R?V BSC ML RFGQ GQ
&GLB RFC RMRPRFC NFEGAB R?V &GPQR CAREK®NJI?GLGLE
FMJ WMS ?E CQRGRGLE ?LB RFCL SQC2A4SRMP RMKNSRC
®

UFCE gy = 4

& %V CRAGQCR



4FC NPGAND ? AP GQ ?LB RFC R?V BSC ML RFGQ GQ
&GLB RFC RMRPRNMC NRGA B R?V &GPQR CRREXKE®NJI?GLGLE
FMJ WMS ?E CQRGRGLE ?LB RFCL SQG@IASIRMP RMKANSRC
®

7 MPRFC PIUIMGLE NR@JCKQ ?LB ARIGAMSP WP ?Q UC JCPL® GL
4AMNGA! RC ? AJASRMP RM BM RFEBFREGA?Q®J GL RFC QMJSRGML
MD RFC NR®JCK ?LB GL ARIGLE WISP ?LQOP

5)
avic = — —
m 2
8 t
soknIee-12(z — 2) 3MJCE ) :
- MICBIP WY — 7 = .
2352365(3m —8) 18 38 MICOHIFP gy — 9 =
35y 15— 81 1 o 3MIC MIFP
3MIC y—2=0.12(z -
3&;219 =3-Tt 1.12 v 3MIC MFP (
—_— = — 10 = —1.42
6(3m — 11) = 32 3|\,/|7:f02 96 Y 3MIC IN/IFP(
3MIC
9(2q — 7) = 12 % — 06482 Y L12=-00
3MIC
18
— =0.938
r

Z& %V CRGQCQ



PART IV

STATISTICS
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14 Module Overview

,GIC KMQR NONJC M8 NF@?@J0C] RFR B GQ GKWRAR RM pReI
AMLRRIJ B WISP JGP'SR UFR BMCQ RFGQIKG ?FRW BKCLQ @CGLE
2@JC RMMNWCRV T?JSRC RFC B? ?LB AJ?GKQ RF@MK@RRMIS
CTCRV BW)D WS ALLMR BGQRGLESGQF EWHUBEIR P?QMLGLE
RFCL WS ?E TSILCR®JC RM K?LGNGSNIL ?LB RMABT)GMLQRRPR
LMR GLW8P @CQRCRQR RRGQRGAFGEBCQ RMMJIQ RIS LTB GL
MMBCP RMCPAR GRCJIGERI. RM MIFKRGMLMS FCP MP@B )L RFGQ
QCLQC RBRGQRGAQ GQDMRECMKMQR GKRNER RFGLEQ RAMIS AL
QRSW®

4M @C KMPQNGGEA FAP?’E QMKC AJ?GKQ RER F7TC FC2FB ML
QQCPJ MA?QGMLQ T ?F EFKQWGLE RRPAF MLC Bl RFCQC AJ?GKQ
GQ RPSC

r MSRN) BCIRGQRWKKCLB $CLRVLC

r IJKMQR M DJSLEAACPQGLKCL?LB GL UMKCL ?FC
RM@2K FCIR®B

r #MLBMKQ ?€ COTARGT M D RFC RGKC

r . PRGTIKCPGALQ ?E QGEIGRDRW KME JGIW RM @ RFG
ARMMQQGLE RFOGRPRF?L CANGINIC MMRFCRELGRGCQ

r 0OMNJC RCLB RM @ GCKNEPQS?Q®FCL RF®/ JMMI MRFCPQ
BGEARW GL RF®EC?LB QN JMSBW ?LB OSGAJ

r 7 MKCLK?I C A CLRQ RMCRV BMJJ?P ? K?L K@IQ UFCL RRE
UMPRFC Q?KC HM@

r 1QSPNPGQGLE GRS QRMD RFR CRGLE CEE UFGQA
GLAB?QC ML®Q JGIN?L

r 0CMNJC NBGR RFR B GERV SLIGW RFCPUGJJICP @C ?LMRFCP
@?QC@?JIWPURF ? @GRGLETCPEC NICP

r 4FCREGQ?L AF?LAC RFR GL 2WMK DSJDM NCMNJC RR?R
JCQREM NMINJC UGJJ @ERFC Q?KC @EBW

r M D 2JJ QRZQRGAIKZBC SN ML RFC QNMR

13J MD RFCQC AJ?GIIXIRRGQREBL AF?PRCFI C QSQMEB RFR QMKC

- MBSJC/THGG z



MD RFCK QMSLB D?KGJG?P GICL®R RFR WS FAC FCRB MRFCP
AJ?GKQ BSRFCK .MRGAFNU BGTPQC RFUZKNJICQ TP RF®/ MKC
DRIK NQWFMIMEFC?JRF 12 QNMRQ @SQGLCR®)BACB BR? 7LB
B?R? GRCPNRRGML QBN GL BGREPQCNIR TGRS?W TCRV DR
MD MLRCKNMFPW JGD

3RRGQRGAD MRCL NEQCRB GL ?L ABIR RM ?BB @BGA@RNEGM
7L ?FESKCLR MP 7B3@ 9VMS AL QC RFGQMaNWGLERRCRGML RM
RCJIGQGMLTEERGQCKBR -?LW M RFC LSK@CPQMREP?@MSR GL
RFGQAW BM LMREREQCR ARRCDSJ QRIQRGAL?WQGQ ARGRL @C
KGQIBGLE ?LB NSQM& GRM BEGQGMLQRRWIS KGER BLB ASQC
RME@ERR &MP RFC@2PMLQ JBLGLE ?@MSRRGRRGAQ GQ ? JMLE QRCN
RM?MBQ R?IGLEMIRMJ B WSP JGDR GQ LMP MISPQC RFC WLJ
QRCN IGBGB MP RFGQ NSPNMQC 4FCQC AF?NRCPQ MSJJGRLIN W
QRRGQREBBQQRG?IR YGJIJ K& WIS GRM 2L GRCIIGECAMLQSKCPIM
QRRGQRBAI?GKQ

9MS AL R?IC RFC GPQR QRCNFRPAEW 4M @C ?L GCJIGECL
AMLQSKCP M QRGQRGASPMBPQRIPY KSQR @C RM OSCQRGML RFC
QRRGQRGA® RMF3 CLMSIRCP4FC " PRGQF OPGKC -GLGQREFKEIL
$GQRCIG D?KMBQQ?GRIRCRC 2/ RFEC IGLBQ MJGCQIIGCQ BEKLC
JGCQ ?LB GRDRGAEGQ OSMREBELBQ SQ WFR GQ QM GKRIFPRM
SLBCPQR?LB BRDRGAQ RNQUFRC WS RMIMPK WMSP QRGQRGA
F?@Q DK LMJ ML . M JMLECP UGMISV@JGIB2ACNR LSK@CPQ MP
O5LBGLEQQR®B WIS UGJJ @LERM RFGLI ?@MSR RFC LSK@CPQ RFCGP
QMSRQ ?LB KMQR GKIRWIRW RFC NRABSEEQ SBRM ECLERC
RFCK

7 C FZIC NSR RFC CKNF?QGQ MCLBGDE MSPQEJ ?E?GLQR
DPSBSJCR AJ?GKQ BMN® SN ?2Q QREQRGAQ *SQR ?QRERNAP
B(RARGLE RFC/ABNRGTSQC MQRGQRGAQ GQ REEGRBIMLIVNRFC
NRVINCP SQDMRGQRGMS BSQR ?JQMBCRMEMELGXQRRGQREGA
CTGBCI@\RFR QSNNR® ? QR® AMLAISQGMLFTL ? EQ@RAF REK
GQ RCQRGLEWRE?RKCIR DIP ? BGAIC QRBQRGAQQRACK RM
AMLAJSBC @BIGL ? BIRGIW QK?JJ RPG?R RFEPGQ EMMBIBCLA
RFCGP BPSE GRRET RRGQRGAQEBINMQAESRMPQ GL RFC  Q
2LB Q RM BCKMLQRRC PAG?J @GYGQRGL HBPN?LCIQRRGQRGAQ

Z- MBSJC/TCHGO



2FC 2JJ MSLB WS QMKRGKCQ SROCJIJ QMIRGKCQ LMRCKSQR
JCPL FMU RM BGQRGLESGQBE RRZIRQ

- MBSJC/TCHRGG Z



15Populations and Samples

"CIME UC @GEL ERFCPGLE 7?7LB ?WGLE BR? WL LGB RM
AF?PARCPGXRFGEFKBI?EDUC ?E QRSBGLED)WC U?LR RM QRSB
RFC ?KMSR M KML®&/ QNG ML R(R@MMIQV@ WRNGA BPQRCYP
AMJICEC QRSBQUSP NMNBEML KEE @C ?JIGBRRCYP QRSBEO R
VWSP MJIJCEQP CR KGER @C

r 13 PQRYP MKKSLGW MJIIJCEC QRSBQIGL RFCRIREI
7 2QFGLERML

r 13 PQRYP QRSB R NS@JAWACECQ ?LB SLB@®E&CQ GL RFC
QRRC B 7?QFGLERML

r 1] B5PQRCYP QRSBRQ R 2JIMIJCECQ ?LB SLBRECQ GL RFC
QRRC Bl 7?QFGLERML

r 13 IPQRYP QRSBERQ R 2JIMIICECQ ?LB SLR®&CQ GL RFC
CLRGP5LR® 3RRCQ

r ILBQM ML

OMNSRGML

4FC FEFKBJ?EDWD ? QRSBGQ RFMBR RFCWJIERB
B?R? GQREILBB RM BCQAPG@C

3MKORGKCQ RF®RGLBB NMNSRGML GRJIB RFQ7H:;J FEFKBT?ED
QGL@ GD © BCQGEL MSP @REBBIRFC MJIREG BR? KGER LMR
2ARS?W @ECREQCRRGIND RFC BCLBB NMNSRGML

7 FW G@R GKNMRIR RM QNGB RFC NMNBEML 7 C KGER ER
BABRLR ?LQEPQ RM MSP OSCQRGML PBAMURFC NMNBEML ©
?2FC QRIBGLE&GPQRM QRSBBQ R RFC 5LEPQW @ 7?QFGLERML
KGER R2C QJGRW KME BAJPQCMSPQCQ RF?L RFNKQRISP MJJCEC

ZOMNSXRGMLQ ?LB 3?KNJCQ



?LB QMKC B RFCQ®IBPQCQ MPPOSGPJICQQ NMNSJIYREMMIQ RF?
AMQR KNP MPML RFC MRFCP F?LB RFC SPGW "MMIQREKGER
F?TC ? J?ECP NMMDMQE ROR@MMIEBSAGLE RFMAR IMRFCQC
@MMIQ RM RFC QRSBCLFGAFTCP RFC2QC?LB ® GQ O3V RAR
QMKC MK@GIRGMLORFCQC ?LB MRFCFRBIPQ CRGL NI? RFC BR?

UC ERFCP BIR WSP MJJCEC UGNI®P@ILMR @C RFC Q?KC ?R RF?
DRIK RFC 5LGIPGW 1D 7?QFGLERMP?RRGASIAPUFCL MLTOWGLE MSP
RCQSJRQ RM MRFCPQPLUR RM @C 2BC@MSR RFC NMRENIR © 2/
BCQAPG@GEEWSP BR?

Example 1

I LC UQN?NCP C@@&G MLR?GLQ ? NMJJ ?QIGMANC RFCGP MNGLGML ML
? RCACLR L@IQ ?RGAJIC

7 F?R GQ RFC NMRGML

7 FGJC RFC R@® GRCLBB NMNSRGML K F7C @CL 2JJ NGNJC
RFC €2J NMNSERBMLIMRFC QBRV GEIBCPQIMRFC C@QG

)D LT UCK ?@JC RMREZP BR? ML TCRV KCK@CPIWISP NMNREML
QW RFCTEREC UC UGJJ BGIC PICPEQ KM AQFCDSW GL ?
QS@QSCR QERGMRKMSLR M KMLEV QNGML RER@MMIQV@AF
O5PQRCYP QRSBBLR \MSP WMJJCEC BSPGLE RFC ~ ?A  ?BCKGA
V2P RFC EQSJRGLE LSK@GSIB @AB ? F7HC;J;H

0?P?KCRCP

I F7THC,J;H GQ ?7DSC?TCPEC NCRCLR?EC RA
A?JASR®G SQGLE ?JJ RFE&BRWK ? NMNSRGML

7 C QCIBMK QN?PKCRCPQ EMITCP QGLG QSFOWGLE ?L RGP

OMNSJIRGMLQ ?LB 3?KNJZQ



NMNSRGML GQ S@ETBNV RGKOW.QSKGLE ?LBMWBICLQGTSLICQQ
RFC NMNSREGML GIRV QK?JJ MEELPJIE?BW FTC RFC BR? MIJERREG

#CLQSQ

I QSPTCW 1@ ?L CREPNMNSRGML GQIB ? 9;DIKI

9MS ?E NM@?@ID?KGIG?RAUBM MKKML ACLQSQCQ RABEBAG?J
EMCPLKCIR #CLQSQ RRZRRCKNRQ RM$R RFC NMNBEMLIMRFC
5 3 CTCRV RCLOAPQ ?LBWMRGLE UFGAF ?QIQ RFC MNGLBWICBEEBIC
TMRCPQ GL ? BGRORIFGBPQMMFCQC BCKMIZBRR) MLC ?BBEML?J
NM@JCK &®E ? ALQSQ RFC BB3SUR GL AMBGLE ?LB BRGLE
N?RRGAGRGMLNDR CTCRWILC GL ? J2E NMNSBRBML UFGARADG?Q MP
QICU RFC €QSJRQ

4FCRE 2 MA?QGMLWJIRGKCQ UFCL TILRSQ GQ ?NNPGT
SQS?W UFCL RFC NMNBGML GQ DPEK?JJ &MRBNJC GD RFC
K?L?ECP N R?P@SAIQURG RM ILM RFC TCPEC LSK@CPIVMFMSPQ
FCP CKNMWICQ WIPCB J?QR @CI QFC QFMSJB @C ?@JC RM NSJJ SN
NWRIIIGMBQ MP ?QIRBF CKNIMIC BGRRW

3GLE QSROWGLE ?L ®GP NMNSRGML GQROL GKNPRGA LC
SQS?W QCAR ?17C FB; RM QRSB

3?KNJC

I 17C FB; GQ ? QK?JICP QB@IRFC GEPNMNSRGML
GBZIW MLC RRTGQ DWGENEQCRRGTIND RFC UFMJC
NMNSRGML

ZOMNSJRGMLQ ?LB 3?7KNJCQ



7 C UGJJ BGQASQQ Q?KNJRHEMBQ GL (BRCP HBR?GJ GL 7RCP
Q@RGMLEMP LM J®R SQ ?QQSKC RFQ?KNJCQ @RFMQCL GL 2L
?NNRINPKE K?LLCP )D L QSFOW ? Q?KNJC W? DGPQRWP
QRSB®Q R WMSP MJICEC ?LESLB RFCTEPEC ?KMSR N KML®
QNCR @ RFCQC QR$BTML RR@MMIQ REQBJIRGLE LSK@CRIIB A
2137321329

3RRGQRGA

I 137J3?13?9GQ ?7DSC?TCPEC NCACLR?EC RA
A?JASREG SQGLE RFCRE?INK ? Q?KNJC

Example 2

| PCQ@RAFCP BLRB RM ILM FMU ARGHQ M #AVIK? [TJR ?@MSR
? TMRCP ®RIGEGT 4M QRIB RFGQ QFC EMCQ RMARFC 42JJ 7LB
PPLBMKW QCARQ QFMNNCPQ ?LB ?QIQ RFCK RFCGP MNGLGML
GLBGRC RRE 72 QSNNIREIMD RFC RERGT 7 F?R GQ RFC Q?KNJC ?LB
NMNSRGM)LQ RFC T 2JSC ? NZACRCP MP ? GRDRGA

4FC Q?KNJC GQ RFC  QFMNNCPQ OSCRRGEHMLEMNSRGML GQ
JCQQ AR7 FGJC RFGRGLBB NMNSRGMLIMRFGQ TSP PQ 2AVIK?
ABGXN.Q RFC MBRGT NMNSRGML 20 K?JJ QFMNNCPQ 4FGR LM
RC?QML RM ?QQSKC RRIRFC  QFMNNCPQ OSCQRGMMSJIB @C
FCNEQCRRGI D 2JJ2AMK? ABGLQ

4FC T ?JSC?Q @?@®IL RFC Q?KNJC B\GG ? REDRGA

OMNSIRGMLQ ?LB 3?KNJZQ



Try it Now 1

4M BRCPKGLC RFICPEC JCLER\NRASR GL ? 2| EQCRAFCPQIRAF
D GQF ?LB KBQSE RFCK 7F?R GQ RFC Q?KNJC ?LB NRESI2GL RFGQ
QRS®W

Try it Now 2

I AMJICECRMRQ RRPRFCTEPEC ?EC DIRFCGP QREROGQ GRPQ
MJB @ RFGQ ? RBRRGA MPZKCRTP

ZOMNSRGMLQ ?LB 3?KNJCQ



16 Categrizing Data

/LA C UC F7IC ERFCEB BR? W KGER UGQF RM AJYORGMSHE IV
QNCIGLE BR? AL @C AJ?QRBRQ ARCEMPGABR? MP OSRBRGT
B7R?

1S?L RBRRGT?LB ARCEMPGABR?

7 J,=EH?97TBK7RI7IL,; :7 J7?FC NGECQ
GLMPKRGML RR2JIVSQ RM AJ?QQREC M@ SLBCP
GICQRGE3ML BU TPGMSQRCEMPGCQ

K7D J3732; .7 J7?FC EQNMLQCQ RPE LSKCPGA GL
L?RSE ?LB UBF UFGAF O 2L NCPBPK KC?LGLBSJ
?PRFKRGA?BASRGMLQ

Example 3

7 C KGER MLBSR ? QSEW RM RCPKGLC RFC L?KO RFC DMPRC
KMTGC RRCAF NCPQML GL ?RRP AJ?QQUBL ? KM GC RPRCP

7 FCL UC AMLBSAR QSAF ? QBRVRFC EQNMLQC®I8IB JMMI (Gl
@E;@E><DF -?<! LCBMP-<ID@E8SKFI +@J<F=K®BDE<J7 C
KGER MSIR RFC LSK@CP MEINJC UFME&L QAF ?LQICP @SR RFC
?LQUWCPQ RFCKQCQO® BM LMRFZ? ?LW LSKCPGA ?JSCQ O ALLMR
NCRBPK MKNSRRGMLQ RFS?L ?LQECP JGI p@E;@E> <DFq 4FGQ
UMSJB @ CRCEMPGABR?

#? RCEMPGXGREAZ



Example 4

I QSPTOW MSJB ?Ql RFC LSK@OP KM GCQMS FTC QCL GL ? KMGC
RFCRCP GL RFC N?QR RMQ S
4FGQ MSJB @C OFBRRGIBR?

/RFCP /?KNJCQ MOS?RRRGTI BR? WMSJIB @C RFC PSLLGLE RGKC M
RFC KMGC M& Q3 KMQR ECLRW KGLSRCQ KGLSRCQ
KGLSRCQ s MP RFC ?KRRID KMLAGV WIS N?GB/IP ? KMGC RGRIRFC
J?0QR RGK@SNLLR RM ? KM5C RPRCP S

3MKGRGKCQ BCPKGLGLE WHWRCP MP LMRRB?GQ?RCEMPJIAVP
OS?IRBRRGI AL @C ? RRPGAIGCP

Example 5

3SNNMQCWERFCPGQNMLBEQN :)0 MBCQ GL ? JSR RM R RFCGP
EQVERPNFGAJ JMPRGML

70 AMBCQ 7P LSK@CPQ @SFC UPLnR BM WU KCLGLESJ
K? RFCKRGA RJASRGMLQRIGRFCK FEBMCQ@R K?C QCLQC RMAQ?
RFR  GQ pRUGAY | RF?RQ J& QWGLE RRZWLIUMMB 7
GQ PRy "?RRIC #EC| -) UFGAF BMCQhR K?C QCLQGR??J] QM :)0
AMBCQ TPRE2JW ARCEMPGBR?

Example 6

| QSPTCW ?@MSR RFCTIIGMS KMQRORCLRW PRCLBB GLAJSBCQ RFC
OSCQRGMIMY(UMSJIB MS PRC RFC KMGCMB HSQRUQPUGRF RFCQC
NMQQG@JC ARQ
k &R LPQ DDSJ
k GR ?Q HSQR/
k) JGICB ®

Z#?RCEMPGXGRE%



k GR LPQ EE?R
k @CQR KWGCTCP
IE?GL RFGP?R LSK@CPQ ?QQRMBAIRF RFCAONMLQCQ @SR U

APLNREJIW BM AW RIASRGMLQRISRFCK ? KNMIGC RRPRCQ ? GQ
LMR LBCQQ?RGEGE ?Q EMMB ?Q ? K®C RR?PRCQ ? UFRQCP
RFR KZLQ GIURI NMNJC @CRFC KWMGC ?LB MLADMRFCK RFGLIR G
QRGLIQ ?LB RFC MRFCP RRALRFG @CQRRCR BMCQR LECQQ?RG]
K?l C QCLQC RNNGRAR ML ZTCPEC RP® JGB &y

IQ UC QRSB KMGC EMGLE FRQ®LB NIBRELACQ (& QFMSJBR
DME®R RM QAGY RFC NMNBEML SLBCRILQGBEEGMLD & QSFOW

WC?PMJIBQ RFC PSI2W DIMPRC KGER @G@E;@E> <DF
VW?PMJIBQ KGR NEDP- <ID@ESKFI ILB WC?PMJIBQ KGR
NREDBRU CJJ @E;@E><DF

Try it Now 3

#J?QQBIRAF KC?QSEBKCLR ?Q 2RCEMPGAMP OSRERRGT
? %W AMIMPDV? EMSN 1 N®INJC
@ $0CN FGERCKNCPRSE ND ? A®/ NICP QICPJ UCCIQ
A ILLS?J GLNMKC

#? RCEMPGXGREAZ



17Sampling Methods

IQ UC KCLRGMBOGL ? NETGMSQ ARGML RFGHADR RFGIEQFMSJB
BM @G AMLBSRGLE ? QBERV GQ RM GBMRFC NMNREML RE2RLC
U?LR RM QRSEBSNNMQC @7/ FGEB @V ? NMRGAG?L RNRBRKGLC
RFC ?KMSR N QSNNRFFC F?Q ?KMLE RFC ARKIPRC QFMSJB FC
BOAGBC RM PSIPLPLMRFCP RCRKF?R NMNSBBML QFMSJIB QRSB
% TRV NCPQML GL RFC BEQRMBACRV NCPQML GQGEEBE RNRT
?LB FCE?BJCQQDMFM QRMLEW QMKGLC JEQ MP BGQIGRFC
A?LBGBRC RAEZ BMiR FIC KSAF RM BM BE FGK @CGIEGRIBREG GD
RFQV 72 LMR ?@JC RNRT

7 F?R ?@MSR GIGEMRCPQ GL RFC BEQRPIRAKGER @C @RTP
@SR GD QMKC GQ (3@HIC RMRT @SR BMCQRCHEFQRCRV@FC
BC?BJGLC RAGMLNR FIC ?2LW Q& GL RFC BRGMLRIECP7 F?R ?@MSR
FCEGQREPTMRCPQ?L W NEINJC TPREEGQREP @SR AFMMQC LMR RM
TMRC7 F?R ?@MSR EIBIMRCPQ q

4FGQ GQ RFCRBPG? SGL KSAF NMRGN NMJJGLE @SRGG
QMK®RGKCQ BGASJR RM@GD? pJGIV MRGP)Q B QMKLC UFM
TMRB GL RFC J?QRARGML)L RFC J?QR ECRCRJIGRGML)L RFC J?QR
NFEQGBRIG?J @GRGML3FMSJIB (@ AMLQGBCP QWKC UFM HSQR RSPLC

2 pJGCW MRCP ¢FCW (CRLNR CJ&@JC RWRT GL RFC N?QR QM FM
BM C HSBEC RFCCIGIFMMB RARF® UGJMRC GL RFG/EOCCIRGML

)L. MICK@CP  DMPKCP N®BCQQGML?IGRICBAQCIEC "MBW(
6CLRSP U?Q CHR® EMCPLMP M-GLLCQMRBN SLRGJ FREQCIE
RFC CJRGML KMQR NMJJQGBARC F?B JRIC AF?IAND UGLLGLE
4FCRE UCK QUCPJ MIRPG@SRGLENIPA RM RFC NMJJQIDGARGR E
RFC ?RS?J ®RCR N RFC CARMPRC

r 6CLRSP U?Q PSLLGLE ML ? RFSPFRV RGZR ?LB KMQR NMJJGLE
KCRFMBQ CROERCP Q8B RM 2R\ A?LBGBRC PAC

r -2L W BQNMLB®Q RM NMJIJQ/KAC @CL CK@?PRQBRM RCJJ
NMJJQRCP @R LCR NJ?LLGLE RMROMP ? NALQQGML?J
UPCQRJCP

r 4FC KCFC D?R RFR RFC NMJJQUIEBVBCLRSP F?B JRRJIC AF?IG\

Z3?KNJGLE -CRFMBQ



MD UGLLGLE K&EFTC NRIKNRB QMKC N@NJC RMIROMP FGK
GL NMRCQR RM QCLB ? KCQQ?EC RM RRCRRAHAMMBGBRCQ

" SR MLCIMRFC K?HMRLRPG @ SRGLENIPBAQ RFR CLRSP FCAPSRB

? QS@QRRE?J ?KMBLND QSNNRAMK WISLE N®INJC NRGASIAP
AMJICEC QRSBQLUFM F?B ITCTP MRE @QIR ?LB UFM EEGQRGP
QNBGERIW RMMRC GL RFC ES@RVMEG?J AIGMLAFC NMJIJQ BGB LMR
BACK RFCQCMSLE NEINJC JGIV MRCPQGL® GL KMQR@CQMBLE
NQVINJC FAIZ ? JMCP PRC B MRCROBGQRRGML ?LB ? RSPLMSICHIP
CJBRGMLELB QM RFC NMJJGLE Q?KNIC@S @NCRIIC FB?D= 827
RFQV MKR® ? NMRGMLIMRFC CARMPRC RFR PQ LCGER® GL DMP

MD RFC UGLLGIEBGBRC

37KNJGLE @G?Q

I Q?KNJGLE K&FMB GQ @BBIICRV KCK@CPIVRFC
NMNSRGML BMGRLFC @S?J JGIGFMMB CGLE GL RFC
Q?KNJC

3M OCL GBARGUGLE RFC NMR&ML?A @C ? BOFASIR HM@ @SR MLA
UC F7IC GBREB RFC NMNSIGML EMBM UC AFMMQC 2L ?NNPRT
Q?KNJC 2CKCK@CP ?JRFMSE UC UMSJB NEGP RM QW 2JJ
KCK@CPQMRFC NMNBEML RFGQ GQ\SQEMPRGA SLICQQ RFC
NMNSRGML GGRV QK?JJ QMCIAFMMQC ? Q?KNJC 4FCR K?2LW
U?WQ RM Q?KNJC ? NMRGM2 @SR RFGR MLC EM7G UGB RM
| OCN GL KGLB © UMSJB JGIRFC Q?KNJC RMI @BkJ<EKSK@M< F= K?<
GFGLC8K@FE

2CRSPLGLE RM MBMAFMRRGA HM@ ?Q ? REEGIMJIIJQROE UMSJIB
LMR ?RGAG® TRV ?ASPRC €QSJRQ GDBEU 2JJ @ MSP Q?KNJCQ
DRIK ?KMLE RFC ASQRMKCRQ R?P@SAIQ LMRISUB € O/N@R RFR
2 Q?KNJC BRIL CLRGRIV DWK RFC KCK@CPQFGN JBRRAVIRIA%JIQ

3?KNJGLE -CRFMBQ@



AJS@ MSJB NWTGBC ? SQCDSREBAD BGQRPGABC QSNNVEIP MSP
A?LBGBRC

/LC U 2W RM CLASRFR RFC Q?KNJC F?QC?@ML?@JC AFPLAD
KGPMPGLE RFC NMRSML GQ RM OKNEFDE<JJ 4FC KMQR @?QGA
PPLBMK KCRFMB GQ QGKRUBNIK Q?KNJGLE

3GKNJICRBMK Q?KNJC

I H'D:EC I7C FB; GQ MLC GL UFGAAFKCK@CP MRFC
NMNSRGML F?Q ?DE?J NR@?@RA0B @CGLE AFMQCL !
I?7CFB; HD:EC I7C FB; GQ MLC GL UFGKERY KCK@CPIM
RFC NMNSRGML ?LB W.EMSN I KCK@CPQ F?Q 10E&2J
NAM@?@rRe0® @CGLE AFMQCL

Example 7

)D L AMSJIB QMKCENGBCRGD?JJ TV MRCPQ GL RFERQRISRBF
MD RFCGP L?KCQ ML AGIGIEN?NCRMQQ RFC QIGMYXECRY JZEC
F?R ?LB BPU  QJGNQ MSR IMRFC R WC UMSJB FPC ? QGKNJC
P?LBMK Q?KNJC

)L NF?ARGA AMKNSRCPQGRORRCP QSE& DMP RFGQ RMP CLBEZTMP
RF?L KGJIGMDQQMGNIDNANCP ?LB/REKCW JTEC FCBEGP

)R GQUIWQ NMQQG@UCTEMRFR GCL ? PLBMK Q?KNJC KGR
CLB SN LMR @CGLE RMRNEQCRRGT ND RFC NMNBEML)D L
FCNCGRBIV R Q?KNJC@M NC MNJC BIR ?KMLE RFC NMNSIGML
MD JEW MRCPQ GL RFRQEP7?QFGLERML QMK RFCQC Q?KNJICQ
KGER RCLB RMTE?? QJGEW FGEP NORLR?EC Bl $CKMAPRQMP
2CNS@JBM RF?L BMCQ RFC ECLIMMNSEGML QMKC Q?KNJCERGE
GLAJSBC KKRVJBCP NIBIJC ?LB QMKC Q?KNJCQFRGELAJSBC KMP

Z3?KNJGLE -CRFMBQ



VWSLECP NMINJC RA ) KMQR 2QCQ RHFGQ FB?D=TH?787?B2GQ LMR
QGELGR.R

3?KNJGLEPG?@RBIG

4FC L?RSPJ PPARGMLIMY?KNJICQ GMA I7C FB?D=
L7H?782B0

4FGQ GQ IMGB?@JC ?DNENGR® GL PLBMK Q?KNJGLE
?LB GL KMQRACQ GQ LMR ?L GQQSC

AM FCIJN PMSIR DIP PPG?@BEIEMJIJQRCPQ ARGELQMEC SQC ?
IJH7J?<?;: I7TC FB;

3RPRE&B Q?KNJGLE

)L 1JH73?<?;: 17C FB?D=? NMNSJRGML GQ BBIGRE ?
LSK@CP DIQS@EBNQVIP QRR? 2?2LBMK Q?KNJCQ eP
RFCL RTL DMK C?AF QS@EISN URF Q?KNJC @EX
NAVINMRGML?J RM RFC KBARFC QS@IBR GL RFC
NMNSRGML

Example 8

3SNNMQC GL ? REASI?P RRRR NETGMSQ B? GLB&REB RFR RFC
CJBRMPRC 7Q MKNPGBGD $CKMAP ?RQ 2 CNS@JGA ?LB
GLBCNCLBCIRQ )L ? Q?KNJC DI NC MNJC RRCWMSJIB RFCL

3?KNJGLE -CRFMBQ@



CO/N@R RM EC?@MSR $CKMARRQ 2 CNS@J&® ?LB
GLBCNCLB&Q 4M ?AMKNJIGQF RFGQNVRMSIB RLBMKIV QCAR
NOQVINJC PR ?KMLE RFMQ®/RCPQ LM RM @C $CKMARQ DPMK
RFMQC ILM. RM @CANS@IJE® ?LB  DPMK RFMQC BE LM NHV
?M5JeGML

3RPREB Q?KNJGLE?A 2JQM @C BERM QO¥T? Q?KNJIC BE N®INJC
GL BCQBP?EC EMSNQ ? QNGEB KGV PRGMIVK?JCQ ?LECR?JCQ
CRA | ?PARGML ML RFGEIREDSC GQIB GKEJ7 I7CFB?D=

1SMR? Q?KNJGLE

,KEJ7 I7C FB?DEQ ?7PARGML ML QREB Q?KNJGLE
UFCREGL Q?KNJCE@RIIIRE GL CAF QS@EIBN SRGJ
RFC BC@BROSMR? GOKC

Example 9

3SNNMQC RFC NMJJQRIINRINJCR PLBMK @SR MCARRF®/ FTC KCR
RFCGP OSMR? MB(CKMAP ?RQ RNCMIW ERFCP NMINJC UFM BM LMR
GBCRGDRFCKQIR ?Q ? $CKMAR

9MS KW FTC F?B RFC\INCPGOLAD @CGLEJAB @V ? RCICNFMLC
NMJJQRCP UFMRIBRT ?QIGLEVS \MSP ?EC GUKC GRA ?LB RFCL
RF?LICB WIS BDIP WISP RGKC ?LB FSLE SN MECDQIGLE AV BC?Jq
OSCQRGMEQMQR JGIVRF®V 2JEPBW F?B MLR?RE CLMSE NQVINJC

GL WSP BCKMERFGA ESN ?LB T JMMIGLEIR NINJC UFM O
MJBCP MRISLECFPGAFCP MP NBAVIRA 1SMR? Q?KNJGLE GQ S@S?JJ
? @& CQGCP RF?L7REEB Q?KNJGLE @SR ?JQM BMCQ LMRRHADQSP
Q?KC JTCJ @ PLBMKLCQQ

Z3?KNJGLE -CRFMBQ



ILMRFCP Q?KNJGLE REMB GE€BKIJ;H I7CFB?D=GL UFGAF RFC
NMNSRGML GQ BGTGEM BRSNQ ?LB MLC MP KMERISNQ 7>
P?LBMKJV QCARE® RM @C GL RFC Q?KNJC

#JSQRCP Q?KNJGLE

)L 9BKIJ;H I7CFB?D-RFC NMNRGML GQ BGBTGRM
QS@BMENQAISQRCPAQB ? Q&R b QS@EBNQ TQCIREB
RM @C GL RFC Q?KNJC

Example 10

)D RFCMJJCECAUR® RM QW QRSBRQ QGLARSBERQ 2P ?JR?BW
BGTGBGRM AJ?QQCOVRMSIB ABMKW QCAR AJ?QQCQ ?LBE

RFC QSBW RM 2JJ RFC QRSBGL RFMQC AJ?QQCQVEIB@L AJSQRCP
Q?KNJGLE

/RFCP Q?KNJGLE REMBQ GLAJ$BII;C7 J?9 I7TCFB?D=

SWQRCIRGA Q?KNJGLE

)L IO13;C7 J?9 I7CFB?D=CTCRVEK?KCK@CP B RFC
NMNSRGML GQ @RBARM @C GL RFC Q?KNJC

3?KNJGLE -CRFMB@



Example 11

4M QCJR8 ? Q?KNJC SQGLE QW@RBKZ?KNJIGLE ? NMJIJRIBRGRORN
RF L?KC GL RFC NFMLC @MMI
3WQRCIRBA Q?KNJGLE GQ LREBMKPQ ? QGKNJIZLBMK Q?KNJC
GDMBP L?KC GQ@OR !?FBT?A ?LB WMSP QGQRCRGIZ2FBT?R GQ
PGER ?RCPMS GL RFC NFMLC @MMI(REQRLMAW WIS MSJB @MRF
CLB SN GL RFC Q?KN@GRRGEL WGCIBAENR?@JC Q?KNJICQ

0CHF?NQ RFC MPQRMRICQIMQ?KNJGLE REMBQ CPOELL;D?;D9;
I7C FB;l ?LB LEBKD7HD HFEDI; I7C  FB;l

#MLTCLGCLAQ?KNJIGLE ?LBIISR?W BQNMLQC Q?KNJIGLE

ED L;D?;D9; 17C FB?DGQ Q?KNJCQ AFMQEIQ@IRGLE UFMCP GQ
AMLTCLGOR
1EBKD7HD HFEDI; 17C  FB?DEQ ?JJMLE RFC Q?KNJC RNISRCP

Example 12

I NMJIJQRCP QR?LBQ MLGZRORPLCP ?LB BCPGOQ RFCE&PQR
NGVNJC UFM ?8B RM QRIRM FGK 4FGQ GRETELGCLAQ?KNJIC

Example 13

| U C@BG F?Q ? QBRV ?QIGLECPBCPQ RMGE RFCGP MNGLGML ML ?
R?V NERNMQ?J 4FGQ GQ QQUERB Q?KNJC MAVISR?W BQNMLQC
Q?KNJC GL UFGARINMLBEQ MISRCP RM NRBAGRE

5QS?W MISR?W EQNMLQC Q?KNJIGIXHEU CB RM ?ABQ NEINJC UFM
F?TC ? N?RGASIAPQRRE MNGLGML ?@MSR RFERIB@FC QERV MP

Z3?KNJGLE -CRFMBQ



UFM HSQR? U?W RMM KSAF RGKC ML RFCGP F?LBCHM/EBRCIGLE
QSPCVQ

Try it Now 4

)L C?AF 2QC GLBZRE UFR Q?KNJGLE REMB BQ SQE

? % TRV RF NCPQML GL RFC APDQCIRE

@ ! Q?KNJC BQ QCAREB RMMLR?GL KCL?LB U MKCL

A 6GOCPQM? LT QFN ?FC ?QIB RMMRC ML RFC QRVILC@®QG

B | UC@®G PLBMKW QCARQ MD RFCGP ASQRMKCPQ RM QCLB ?
QRGQRBML QR RM

C 4M QSFOW MRCPQ GL PRI NMJIJGLEIKN?LW PLBMKIV QCARQ

AGRN @IMAIQ ?LERGPGEQ OCRWILC UFM JGD ML RFMQC @JMAIQ

3?KNJGLE -CRFMBQ@



18 How to Mes Things @
Befoe You Start

4FCRC 7 LSK@CP MPWQ RR?? QRSB AL @C PSER.@AIT WIS
CTCL QRTP MJJGRGLE BR? 4FC GPQRCUF?TC ?JE?BW @NJMIB k

I7C FB?D=MP [;B;9J?ED 8?7 UFGAF GQ UFCL RFC Q?KNJC GQ LMR
FCNEQCRRGT ND RFC NMNBEML /LC Z?KNJC B RFGQLERKD7HD
HIFEDI; 8?7] UFGAF GQ @GRRIBSAB @V MM MIIGRGLE B2 DWK
RFMQC UFMITSRCP RM NRBAGRE 4FGQ GQ LMR RFC MMBRG?J
QMSKE \D @G?Q

3MSRCQ M @G?Q
.7C FB?D= 8?7 UFCL RFC Q?KNJC GQ LMR
FCNEQCRRGIND RFC NMNBG&GML

1EBKD7HD HFEDI; 8?71 k RFC Q?KNJGLE @G RF?
MIRCL MASPQ UFCL RFC Q?KNJOWGQERCPQ

;B< ?DIH;IJ IIK: Ok @G?Q RFRL MASP UFCL RFC
FCQ@MFCPQ AT ?L GRCEQR GL RFC MB&A

- ;IFEDI; 8?7 k UFCL RFC EQNMLBCRSEQ GLASPRC
FCQNMLQQO@FI?PW B2QML

+:H9;?L;: B79A E< 7DECOk UFCL RFC EQNMLBCP

C?PQ BTGLE ?L FMLCQR TRKGER LCERGIW ?IMAR
RFCK

'E7:: GK;IJ?EDI  k UFCL RFC OSCQRGMIBGLE
GLISCLEQ RFE®MNMLQCQ

) EDH;IFEDI; 8?71 k UFCL NOMNJCEDSQGLE RM

Z( MJ RM -CQQ 4FGLEQ 5N M®®
9IMS R?R



N?RGARECGL RFC QR3B. GLISCLE RFCIGBG @ RFC
MSRMKC

Example 14

#MLQGBCP CALR QRSB UFGARMSLB RFR AFOGLE ESK KW PGQC
K? RF EPBCQ GL BC?ECPQUFGQ QRBRPQ MLBSRE @V RFC PGEW
3AGCL® LQRTSRC ? @AF MD RFC PGEW AFOGLE ESK MKN?LW
4FGQ GQ ?NMZBNJIC B ?1:B<?DJ;H:1J 1JK: O MLC GL UFGAF RFC
FCQEMFCQ FIC ? TQREGRCEQR GL RFC MBEAND RFC QRSB FGJC
RFGQ BMCQ LMARCQQ?MGEILQSPRFR RFC QRSBPQ @GECR
ACRR?GIM QSEECQRQRRBZ QFMSJB QS@HBFC QRSBRM \RP
QAPSRGL

Example 15

I QSPTOW ?QIQ NMNJC pUFCL 20 RFC J?QR RGMS VWGRB WISP
BMARMP g 4FGQ KREQSDP D#K HIFEDI; 8271 QGLA K?LW NEINJC
KGEER LMRGKCK@CP \22/RW UFCL RAE J?QRWD? BMRMP ?LBE&T

GL?ASPRC EQNMLQCQ

3SMSRCQ B EQNMLQC @G K’C GLIGIR QSAF ?Q @?B KCKNWP

2CSRCPCHN LCUQW?FMMMK Q LK
MB>SI>LK MSI MC>SI>ESK>JC?PLGLE CGRPG(B

( MURM -CQQ 4FGLEQ 5N MI® MS R?R Z



?Q GRCRGML?J ?QCRAMSPGLE ®FC NMJIJORIRGBCBP ¥?KNJC
FMJ K?L W MRGLE 80333 NRRGMLQ MRJC QGELRBEISRTCL
RC?BGLE RFCK

Example 16

I QSPTCW ?QIQ NRBAGNRR ? OSCQRGML ?@MSR REREEMLQ RS
KCK@CPQIMMRFCPAQ (CE ?F;H9;?L;: B79A E< 7TDECJIOAMSJIB
GLISCLE RFC MSRKC 4FC RQNMLB® KGER LMR ®LR RM @C
NCRCGIB ?Q PAGQRETL GD RKM>E ?LB E5T ?L SLRPSRFDSJ ?IGpU

Example 17

IL CKNJWCP NSRQ MSR ?TQ8P?QIGLE RFCGP CHITIMGD RFETC

? BPSE ?@SQCM@JCK ?LB IGB RE?RKCIR FCIN CR ?LQWCPGLE
RPSRFDSJKGER F7C AMLQOSCLEQ EQNMLQCQ KBELMR @C
?ASPRC GD RFC CKMOQ BM LMROD RFCGREGNMLQCQC?P
2LMLWKMSQ ME?P RRPG@SRGMK RPCGP CKNEW

Example 18

| QSPTOW ?QIQBM \MS QSNNRPDSLBGLEE®CRF MD ?JRCARGT
CLCEW QMS8EQ RMOBSAC MSP GJG?IA ML FGENMJJSRGLEI@RG]
DSCJQ q 4FGQ GQVAKNIC B ?BE7:;: MPB;7:?D= GK;lJJ?EDk
OSCQRGMLQ UFM@BGLE XBQ RFCINMLBERVUPFBQ 7L ?LQEP

,M?BB OSCQRGMLR. MASP RCRGMLWJ@& NMJIJQRCPRF X&
?ECLB? MP AGBMR?W RAPSE NMMP OSCQRGMIBGLE !JQM ?

Z( MJRM -CQQ 4FGLEQ 5N MI® 9MS R?R



AMLACPL GQK;IJ?ED EHH UFCKFC RFC \BEP B OSCQRGMLQ AF?LECQ
RFC €QSJRQ ! NGPMIIME BEQCPAFCP NTGBCQ ?IVCKNJIC

p- W DIMPRC GLBGLE GQ RFGBAB ? QRERBJFCE UC ?QIB
QRSBMRQ U QRGGB ?FC WIS UBF WSP JGID MJ MIRCL
BM WS FAC ? BRGY 4FC RM ?LQICPQ G LMR QRGQRIM
FCIRB k WIS UMSJIB MLAJSBC RRARFEPGQ LMCFRGMLQFGN
@8JCCL BRGLE OPSCLAV ?LB JGRRGQIRBML SR UFCL (C
FCTCPQE RFC MECP 7LB ?@B m(\J MIRCL BM M8 FAC ?
B?RC( MU QRRGQB ?FC WIS UBF WSP JGID RFC QRGQREA
FCIRGMLQFGMY? QRRE MLC BIS WMSJB LM AMLAJSBC RR?
RFCE GQ LMRFGLE ?Q GRARMBL ? QRSERRLIGI?Q BRGLE
DPOSCLAV

Example 19

I RCICNFMLC NMJJ ?QIQ RFC OSCQROM NBELWTC RGKC REPV
?LB RC?B ? @MMI LB M D RFC NMINJCAJB FCDS@CRM ?LQCP
RFC QIBW)R GQ SLO®V RAR RFCANSJIRQ UGJIGRE®CRRGT ND
RFC CRGPNMNSRGML 4FGQ GQVAKKJIC EDEDH;IFEDI; 827
GRRIBSAB @V NEINJCEDSQGLE RVREGFGRE GL ? QRBBIP BRANGLE
MSR BI ?L @NCPGK®L 7 FCL NGINJCEDSQC RM RGRRE® (T AL
LM JMLECP @C @WR2GL RR?MSP Q?KNJC GREQCRRGT \D RFC
NMNSRGML

3U?RX .MP@EPFRN UUU SKGAF 8S\LC UQGIND
-4 &?J K RD FRKJ ZRPGCB

( MURM -CQQ 4FGLEQ 5N MI® VS R?R Z



Try it Now 5

)L C?AF QRSRGML GERID? NMRRG?J QMSRD @G?Q

2 1 QSPTOW ?QIQ RWK?L W QZS?J NARLCPQ ? NCPQML F?Q F?B GL RFC
J?QRGAP

@ ! PBGM @R3ML ?QIQ?BCPQ RM NFMLC GL RFCGE GENGERE]
NMJJ

A | QS@URERC REFCP BLRQ RM IILMFMU QRSBARQ GL RFC AJ?QQ
BGB ML RFCGP J?QR RCQRAFBPRQIQ RFC QRSBQLERGLE GL RFC
DRILR RU RM QRZ RFCGRUQR RCQRA

B ( GE QAFMMJ QRSBGLZP ?QIB GD RACFTC AMLQSK® 2JMFMJ
GL RFC J?QR/RICCIQ

C 4FC "OCD #MSLAGIJRQCQ ? QREERRBGLE RRMLQSKGLEB
KC?R NMQCERIG ZFBGPQASJI?P PGQI

D ! NMJJ 2QIQ p$MB/QSNNRP LU RPLQNMRRGML R?V MRSJB
WIS NEEP RM QMSP NS@JGAGRVRRGML QWQRCK D?R §N?P

Z( MJRM-CQQ 4FGLEQ 5N MI® MS R?R



19 Experiments

3M D?RJC F7IC NPGK?RGBGQASBEEI;H L7J?ED7B 1JK:?;lk QRSBGCQ
GL UFGARLAJSQGMLUQSJB @CBR. DMK M@QTARGMLOM Q?KNJIC
MP RFC NMNSGMLL)QMKC AQCQ RFCQC M@RGMLQ KGE @C
SLOMIGAE QSAF ?Q QREBLE RFC WCER?EC DIAPQ RPRSPL FREE
7R ? PB JGER QCL UFCL RFGP GQ 2.p RSPL MLCBq QGELL MRFCP
A?QCQ RFC M@TRFMLQERRMIBESIGT GL ? Q$EW MP ? NMJJ

)L AMLRPQR REGGQWKKML RM SQEIF;H?C;D JI UFCL OVNJMPGLEWFM
QS@ARQE?AR RM ?L MSRQGEISGLE ) ?L CVNCPGKEL QMKC IGLB
MDIH7 JC;D J GQ ?NNBGM RFC QS&RBC?LB RFCOSIJRQE?RC?QSEB
2LB FCAMBB

/@QCP?RGML?J QRSBGCQ/NEFGKEQ
IL E8I:HL7J?ED7B IJKOGQ ? QREED ?GGIL
M@QTIRGMLQ MPKISEKCLRQ

IL :NF;H?C;D JGQ ? QRSEL UFGAF RFITEID B ?
JH7 JC;D J?FC KC?QSEB

( CEE 2R QMKC Z?KNJCQIMENCPGKERQ

Example 20

? 1 NF?PK?ACSRGA MKN?LW RCQRQ MIKC BGAGL®IP RPRGLE
IIXFCGKCOBGQRQC @ ?BKGLGQRCPGLE RFC BPSE RMW GIETRQ
UGRF PACLR BG?ELMQCQ 4RR2RRECIR FCE GQ RFCUBPSE

@ ! EWK RCQRQ MSR© UCGER JMQQMERPK @V CLIGQRGLE

%VNCPGKRQZ



TMISRCPQ RMVRMSR RFOMEPK 4FC RE?RKCIR FCE GQ RFCUC
NRMEPRPK

A 9MS RCQR ? WAGRAFCL AJCCP @& @SGLE ? @NR ~?7LB
AJCLGLE MSP IRAFCL 4FC LG AJCLCP GQ RFCHRKCIR

B ! NQWAFMIME BQCRAFCP UNJMEQ RFC @BR N KSQGA ML
RCKNCHEKCLR @& KQQSPGLE MNJG RCKNCRCLR UFGJC JGQRCLGLE RM
BARRLR RINCOIMKSQGA 4FC KSQGA GQRREBIR

Try it Now 6

)JQ GAF QBL?PGM BCQAPG@GLE ?LTR@QCE QRSEMP 7L
CVNCPGK®L

? 4FC UCGERQ B P?LBMKW QCAR® NOMNJIC TPKC?QSEB

@ B@HBQ ®?Q0B RM BM HSKNGLEAH) ?LB RFCL RFCGRARC
PPRCQ TPKC?QSEB

A 4UCLRV MIDC BPGIGPQ ?LBUCLRV REBPGLCPQ T EGTL ?
AMLACLRPRGML RCQR

7 FCL AMLBSARGLE \MWCPGKRQ 5 GQ CQRGRJ RM GIMRFC
RE?RKCIR @CGLE RB8QRC

Example 21

3SNNMQC ? KGBBJC QARNBLEMP FAELBQ RRARFCGP QREECED

LMR QMPGLEQIJ ML RFC REP QR?LBBBEB K? RF RCQR ANGAGBC
RM PSL ?L \INCPGK®.RM QCGD ?L ?JRGRC?ASPPGASJSKISJIB
GKNRITC QMEQ M PSL RFC RCQRVWRFEP? K?RF QNEG?JGQRNRKCA
GL 7LB RRF ? AJ?QQ SQGLE REGASPPGASISKWRFCGP BERGEFW

QC ?L GKNMICKCLR GL RCQRIBA

4FC BABASYRURF RFGQORAPGM GQRREBTGQ LMRZRIOFGRFCP RFC
ASPPGASJSK GQNMLQG@JIE RFC GKMWEKCLR MP UFRFCP RFC

Z%VNCPGKRQ



GKNRTCKCLR GQ BSC RM REQNEG?JGQRARGLE RFC AJ?QQ 4FGQ GQ
A?1)B 9EDEKD:?D=k UFCL R GQ LMRRCFGAF DRIP MP BRPQ
A?SQB RFC M@QOP CIEAR #MLEISLBGLE GQ RFOLEMJJ MK?LW
CVNCPGKEBIQ RFMBEMK®GKC®GQ FGBBCL

#MLIMSLBGLE

ED<EKD:?D=MMSPQ UFCL RFCPE RIM NMR&G?J
T?PG?@JCCRRAIBIB FIC 2SQB8 RFC MSRIKC ?LB 8 GQ
LMR NMQQG @JCRRMIBGLC UFGARSAW ASQB RFC
FCQSJR

Example 22

| BPSE AVKN?LW QRSB ?@MSR TOER JMQQ NGJFRGENMR RFR
NGVNJC JMQR ZICREC N NMSLBQ UFGJC SQGLE RFOGPSE

( MUCTCP GL RFCGERC NPRLWS BLB ? QREKCR QWGLE RR?
N?RGAGNRX CFE CLMSPE@ RM ?JQM BGLB G®CRGQCR)GQ LMR

AJCP GL RFGEDE UFRFCP RFCOGER JIMQQ GQ BSC RM RFC NGJJ RM BGC
7LB O/CRAGQC MPNH@GIRGMLIM@MRE RFGQPAC MLMSLBGLE F?Q
MAASPEB

%V?KNJC

2CQCRAFCPQMLBSR ?L ¥NCPGKBRM BRCPKGLC URECP QRSB
UGJJ NGFPK @@RCP ML ?L TIK@®RGA RCQR G RFQRCL RM KSQGA
BSPGLE RFC RCQRM4BEQRGE RFC QRSBTLR RCQRRFBISR KSQGA
RFCL BT ? QGKGJ?P RCQR UFGJC RFR QRSRCLQ RM KIQRAGR
A?QC RFC QRSBCKGER NCRPK @RRCP ML RFC AYCB RCQR

%VNCPGKRQZ



FCE?BJCQQDVRFC KSQGA QBKEISQCRS?Q RFC @KILB RCQR ?LB
RFQV LCRC U?PKCB SN

4FCRC ?R ? LSK@CP MKQQSEQ RR AL @C BRMBSAB RM FCJIN
RCBSAC RFC JGIGFMMB WILMSLBGLE 4FC NPGWPRCQSE GQ RM SQC
? 9EDIHEB =HKF

#MLRMJ EMSN

7 FCL SQGLE MARMJ ERSN RFC NRBAGIRQ B
BGTGBGRMBM MP KMPERISNQ \RNGAW DEDQIHEB
=HEKF?LB ? RE?RKCIR EMISN 4FC RPRKCIR EMISN
FCACGTQ RFCEIRKCIR @CGLE RBQREZ MLRRIJ BMSN
BMCQ LMRAEGT RFC RPRKCIR

)BC2JWRFC BRSNQ ZPMRFCRQC 2Q QGKGJI?P 2Q NMQQBGUE REQMJ?
RE?RKCIR ?Q RFC MLNMRRG?J QMSAD BELELAC @RJCCL RFC
EMSNQ &MP RRBQML RFC KTFMB DIBGTGBGLESN GQ GKRINR
3MKC RQERFCPQRRCKNR RM CLQIRFR RFC BMSNQ FIC QGKGJ?P
AF?PARCPGQRGARC LSK@CPIMDK?JCQ Q?KC LSK@CP MEINJC
MICP  CRA @SR GQ REW GKNMQQG@JOVERWARP TCRV
AF?PARCPGQRGAA?SQC RFGQ?LBMK ?QQGELKBL GQ CRV
AVKKMLIV SQ&E

Example 24

4M B®RCPKGLC GDUMRBW NEN MSPQC MSJB FCIN FGBAFMMJ
QRSB@®Q GKNFC RFCGPMIQ ML RFC 3'RCQR ? BBN @ QRSBRD
U?Q PLBMKW BGTEGRM BM QS@HEBNQ 4FCAPQRNESN RFC
RE?RKCIR ERMISN PQ BTL ? RIM BW NEN MSPQC 4FC QLB

Z%VNCPGKRQ



EMSN RFC MARRJ HASN LPQ LMR G&CL RFC NEN AMSPQC
IDRCB?BQ @MRAENQ O EGTL RFC 34

Example 25

' AMKN?LW RCQRGLE @ NJ?IR PMIMB BRJQ RIM ARINQ P NJRQ GL
?BRACLR BCJBQ RFC?RRCIR EMISN PACGTGLE RFQLUEI?IR DIMB
?LB RFC MLRRIJ BASN LMR 4FC MR WGCJBISUB RFCL @I@KN?RB
"W EMUGLE RFCK R RFC Q?KC RGKC GRABR BCJIBQ R¥FCE
AMIRMJJGLEP IC?RFCP ?LB MRFOPLMSLBGLE CRMPQ

3MKCRGKCQ LMRGESLE RFQILRRIJ BASN ?MRFGLE BMCQ LMR
AMKNJIRCY MLIRRII P MLIMSLBGLE?PG?@JCQ &KPRIKIC QSNNMQC
? KCBGAGLC QRSBQ RCQRGLEU?FO2B?AFC NGIJW@BTGLE RFC
RER?RKCIR ERMISN RFC NGJJ ?LB RWIRRJI BAWSN LMRFGLED RFC
RE?RKCIR ENMISN QRMXB GKNRTCKCLR UC UMSJB LMR LM
UFCRFCFRA?Q BSC RM RFCBGEAGLC GL RFC NGJZQWRMLRC RME?
R?ICL ?LW NGJJ 4FGQIIQ AFB79;8E ;<9J

0J?A @M GBR

4FCFB79;8E ;<9J GQ UFCL RFDRGILCQQIV?
RER?RKCIR GQ GEDLAB @V RFC RGEEGQ NCACNRGMDM
FMJ CIPARGT RF®/ RFGLI RFERRKCIR UGJJ @C QM ?
FCQSJIR KEE @C QC CCL GD RFCMHKCIR GQ GRBRS?J

%VNCPGKRQZ



Example 26

| QRSBV BMISLB RFR UFCL BMGLE N?GLDSRBLRMMR¥RBARGMLQ
NRGEQ RMJIB RFICK RACGTGLE ? RRP N?GLIGJICP UFGIS?aX

FCACGTGLE ? QZRCP GIBRGMIMSLB ?Q KSAF N?GCFGCD ?@RSERQ

FCACGTGLE ? BMQA&KMPNFGLC

4M AMLRRIJ P RFC N2&M QIR ?FB79;8E MP BSKKW REPPRKCIR
GQMRCL BTL RM RFG/ARRIJ BEMSN 4FGQW @MRF EIBNQ TPRPSJ
GBCRGAN JACNRNIP RFC QAGRA RPRKCIR ESTL

0J? @M ?LBIPAL@MMRRIIE C/NCPGKEQ

I FB79;8EGQ ? BSKKV RE?PRKCIR ETL RM MLRRIJ AP
RFC NJT@M QAR

IL C VNCPGKE&RRR EBTQ RFOWRRIJI BASN ? NJ@M
GQAWJIB ?FB79;8E 9EDHEBB;: ;NF;H?C;DJ

Example 27

? )L ? QRSB BIP ? LO KCBGAGLC RFGQ BGQNBI®EC? NGMFK ?
QSE?P NGMBAB @C ™) ? NJB@M

,CTGLC *$MPBML . # 3K&RF 2 &GCJBQ (,
IL?ZJECQGARNMLQCQ RM KMPNFGLC ?IBaN12L
GLBGTGBS? RFUBIQRMRRIETN?GL PGL

Z%VNCPGKRQ



@ )L ? QRS® ML RFC @AR N ?JMFMJ ML KCKM®? LML
2IMFMIGA@EKGCGER @CECL RM RFGMRRIJ EMSN ?Q ? NJe@M

A )L ? QRS®W @ ? DWCL KC?J BGENJ?L RFCQRRKCIR ERISN
UMSJBECGT RFC BERGIMB ?LB RFGVARMJ MSJB @GEL QR?LBEP
DRICL KC?JQ QRPGBIMERFCGP NHRGEN?AIZELE

)L QMKC RQCQRGSQ KKPNNRINPRZ RMKN?RE RM ?MLTCLRGML?J
RE?RKCIR RF?L ? NJ2@M &MRTKNIC GL ??AACP BEQCRAF QRSB
® WISJB LMR @RFGA RM BOL ?W RPPRKCIR RM RFGIRRIJ ERSN
MP RMEE ? NJ?6@M BFRKCIR ). RFGQPAC RFC ASRRW ?ACNR?@JC
KCBGAGLOMSJB @GEL RM RFCAMLB EMSN RJJB ? 9ECF7H?IED
=HEKF GL RFGQQL I) MSP 34 RCQRVEKNJC RFC LML GIRKCIR
ERMSN WSJB KMQR GBI @C CMSPE® RM QRBBML RFCGBLM
PPRFCP RF?L @C GBRM LMR QRSR 2J] RMNNBBC ? KELGLDSJ
AMKN?PGQML

7 FCL SQGLE ? NIX@M RGUMSJB BCRR RFC NSPNMQC GD RFC
N?RGAGIWRILOU RFGV L RACGTGLE RFC BBM

"JGLB QRSBGCQ

I 8B?D: IJK:0GQ MLC GL UFGAF RARGYWEWR’BEMCQ LMR
ILMU UFCRFCP MP LMRWRFRE RACGTGLE RFC?’RRCIR
MP ? NJTB@M

I :EK8B; 8B?D: 1IK: OGQ MLC GL UFGAF RFMQC
GRCPARGLE BE RFC NRBAGNRQ BMIR ILM UFM GQ GL
RFC RPRKCIR ERISN ?LB UFM GQ GL R#RRIJ EMSN

%VNCPGKRQZ



Example 28

)L ? QRSB ?@MSRRG BCNIQGML BGAGLCM® LIMSJB LMR AUR
RFC N@QWWMJIMERJ G?JSRMP RM ILMUFCRFCP RFC RGGLGQ GL RFC
RE?RKCIR MP MLRRIJ EMSN G&CP?Q B KGER GLSCLE RFCGP
CT?JSRGML QM RRMICPGK®. QFMSJB @ELBSRG ?Q ? BMS@JC
@JGLB QRSB

)R QFMSJB @C IB/RER LMRTCRV YNCPGKELLCBQ ? MLRMJ BASN

Example 29

)D ? BQ@MFCP GQ RCQRGLERIFC? LC D?@PGALAJGRFQR?LEGB
QFC QGKNJLCBQ RM RAFPKSIRGNJIC Q?KNJC@RC D?@PGA KOREQP
LM LGB IMP ? MLRRIJ EMSN

Try it Now 7

4M RCQR ?W.GGC BRBRMARJM ERISNQ IMQS@RQ TP ESTL RFC LG
RCQR /LC BN GQ T RM ?LQCP ?2JJ RFC OSCQRGMLQ RPSEFDSJJ
RFC Q@ILB ERISN GQ @ RM JGC ML MLR @ESCQRGMLQ 4FC NCPQML
?BKGLGQRCPGLE RFCRGRMFCRCQR BMCQ LMRUERR EMSN CAF
QS@BMRGQ GL

$MCQ RFGQNTPGK®LFAC ? AMLRRIJ BRSN) Q B @JGLB BMS@JC
@JGLB MPREGP

Try it Now Answers

4FC Q?KNJC GQ RFC GQF %EFR 4FC NMNSRGML GQ @RMGL

Z%VNCPGKRQ



RFC JT 4FC Q?KNJC K& @C QMBE?R SLENEQCRRGI ND RFC
NMNSRGML QGLAMR ?2JGRQF KW @C 2B CLMSERM 2RAF RFC @?G
4FGQ GQ ? NKERCRQGLARFC MJICECMBIB FPC 2A4CQQ RMR?
ML ?JJ QRSBRQRFC NMNSRGML
? #? RCEMPGA @ 1S?IRRRGT A 1S?LRRRGT
? 3 WQRCRBGA
@ RPR@B MP 1SMR?
A 6MJISR?WV BQNMLQC
B 3GKNJCRBMK
C #JSQRCP
? 2 CQNMLQC @G?Q k FGQRNEEAPC JGIW RMTAPPCNMR
?LB UMKCL ?~ JGW RM SLBEENMR RM RFGQ OSCQRGML
@ B1ISR?W EQNMLQC @G?Q k RFC Q?KNJQGIBRGID
A 3?KNJGLE @G?Q k RFC Q?KNJCLKIR @CNIEQCRRGT D RFC
UFMJC AJ?QQ
B , ?Al MD 2LMWK&N
C 3CJBLRCEQR QRSB
D ,M?B8 OSCQRGML
? I@QCP?RGML?J QRSB
@ %VNCPGIRCRFC BFRKCIR GQ RFC HSKNBAIDH
A %VNCPGKRIRFC RFRKCIRQ 2B AIC ?LB R€
4FC RPSRF RCJJGIMSEPMSJIB @M QGBOPRFC MLRRIJ EASN
@SR RIJW @MRF MBNQ 7P RE?RKCIR EMSNQ FCP QGIA B GQ
GKNMR?IR BIP RFC JG@RBBMP RM @C ?@JHIRBARW GBEGD JGCQ
2LB 2JQM LMR GRGDRPSRF RCJIGMERAEJAFGQ QRSB @IGLBAQGLA
RFC NCPQML PSLLGLE RFC RCQR BMOQURHRIERISN CAF QS @ARC
GQGL

%VNCPGKRQZ



2Q Describing Data

/LA C UC F7IC AVJIERE® BR? DMK QSPONQ MR/RCPGKRQ @ LGB
RM QSKK?PGXLB NEQCR RFC BR? GL ? &V RRR UGJJ @CKGLDSJ
RM RFCGCPBCP7 C UGJJ @GRIEURF EPNFGA] NEQCRRGMLNBR?
RFCL ENJMPLSKCPGA QSKK?PGCQ BR?

Presenting Categical Data Gaphially

#?RCEMPGAVP OSRIBGT BR? ?E NGILQ B GMPKRGML RE2JIM

SQ RM AJ?QORIEC M@RTSLBCPTEIQRGEESML R TPGMSQRCEMPGCQ
7 C SQSAW @CHE. IMRGLE UBF ARCEMPBAR? @ QSKK?PGXGLE RFC
B7R? GRM XHGK;D90 J78B;

Frequency @ble

| DROOSCLAV R?@JC GQ ? R?RFIBM@IISKLQ /LC
AVISKL JGQRQ RIRCEMPGCQ ?LB ?LMRECRAT
DPOSCLAGCQRFGJFGAF RARAKQ GL RFEREEMPGCQ
MASP FM K?L WRCKQ® GRM @AF A°RCEMP

Z$CQAPG@GRERB



2)584-

IL GLQSPLAC AMKN?LW BRCPKGLCQAGAJIC GLOSE
NFEKGSKQ @?BEIL ILMUL PGQI DRMPQ@)? NCPQML GQ
AVILQGBO®P? FGECP PGQI RFCEKSBKQ UGJJ @EEBE

/LC NMRCRG?J [RMP GQ RNMIMPDMMSP 2P 4FC GLQSPAC
AVKN?LW @CIGQ RFR NBINJIC IRE QMKCMIMP2RQ 2B

KMFC JGIW RM BGL XGBARQ M EQCMF RFGQ R¥FC
OV?KGLC NMISENMRQNIP EACLR RMR?J IMRQIGQGMLQ 4FC
B7R? GQ QSKK?PBKL RFCAFSCLAV R?@JC @CJIM

EBEH "HGK;D90
"JSC

‘P CCL

2CB

7 FRC

" J?Al

‘P QW

3MKCRGKCQ@LAB ?L CICL KMEZ GRSBGT U?W 1 BGOMIGLE BR?
4FGQ GQ UECRF?RQ ?LB BENFQ MKC GL 4FCGP ?E K?LWK?L W
U?WQ MBGQMIGLE B? EPNFGAIW @SR O UGJIMALACLRPRC ML MLC
TCRV SQCDSUNC MEPNF AJJB ? @?P ERF ) RFGQ ARGMLOUGJJ
UMPUGRF @7?P BIRFQ RIRBGQMIRRCEMPGABR? RFC MR Q®RGML
UGJJ @CBARB RM @7?PHBRFQ RIRBGQWDS?RRRGIBR?
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Bar Gaph

I 87H =HF> GQ ? ERF RFR BGQMWIQ ? @ MMCAF
A?RCEMP URBF RFC JCLERP ®AF @?P GLBRBLE RFC
DROSCLAV I RAR ARCEMP

4M MLQRPBA? @7?P BRF UC LGB RM BRJ ? TCARRGA ?2VGQ ?LB ?
FMPGHR?J ?VGQ 4FCRGA BGRRGML UGJIE? QAIC ?LB KCQSE
RFC MPSCLAV B GAF ARRCEMP RFC FMREX?J ?VGQ F?Q LMIQA
GL RFGQ GLQR?AC MLQRPEGMLIM? @?P ARFGQ KMQRQGY
BCQAPGA®Y SQCIVPL ®?KNJC

5 QGLE MSPRBR? D#K ?@NVC LMRC RFC FGBR
DPOSCLAV GQ QM MSERRGA ?VGQ CBQ RM EMP RM

@SR UC KGER ?Q @JJSQC RM QM RAZL /AL NSR ?
F?QF K?RCTCRV SLRQ
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. MRGRFR RFC FOBEND CAF @?P GQREPKGIBI@V RFC OFSCLAV D

RFC MPEQNMLBGLEIAVRFC FMPGXR?J EPGBJIGLCC P8 RMSAF
@SRMR LECQQ?IP)L NP?ARGA WIS UGJBDB K5 SQCDSJ RMUB@®?P
EPNFQ SQGLE?EIF N?NCRQM RFC EPGBJGLCQ GFRW B GL NJ?A
MP SQGLEARCMJIME )LQREB MD EPGBJGLCQ KGER ?JQM JGQR RFC
DPOSCLAGCR RFC RMN AF @?RGC RFGQ

)L RFEGQPAC MSP AMRKGER @CLGDIMK @CGLEMBCRB DRIK
J?ECQR RM QK?JJCIISOEW PISCQ 4FGQ AHECKCLIR AL K?I C &
C?QGCP RWKAI?RE QGKGJI7BSCQ GL RFC AETECL URFMSR EPGBJGLCQ
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7 FCL UC ?PPLEC RFC?RCEMPGCQ GEBQGLE GFSCLAV MECP JGI
RFGQR GQAIB ? +7HJIE 9>7HJ

Pareto Chart

I +7HJE 9>7HIGQ ? @7?P’EF MBCRB DRIK FGECQR RM
JNUCQR OPSCLAV

2)584-

4P?LQDIPKGLE MSP @ ?PNEFDMK C?RIGCPRAV ? OFCRM
AF?R WC ER
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2)584-

)L ? QSFCW ?BSIRQCK ?QICB UFCRFCP RWCNCPQMMYJJ
UMPPBC@MSR ?HCGRV I CIGRALKCLR?J MLACPLQ 4FC
LSK@QCPQISR B QSPTONB UFM GLBGRB RFR RFW
UMPPB@? ERC?R BCJq ?@MSR QMKCAREBBMLACPLQ 2P
QSKK?PG3B @CIM

! DL?HEDC;D J7B BK; "HGK;D90
OMJJSRGML.BPGLIGLERCP

#MLR?KGLRGMLIMQMGJ ?LBRECP \@ R¥GA BORC

IGP NMJJSRGML

‘IM@7?J BPKGLE

4FGQ BR? MSJB @C QAMEP?’NFGAIW GL ? @?P?EF

4M QFM PCIRGTQEXQ REGQMKKML RM SQC ? NGC RF?P

*2JIJSN OMJJ -?FAF k
FRRN UUU NMJJIGIENMR MK CL TGR RK

$CQOAPG@GRRBZ



Pie Chart

I F?2; 9>7HIGQ ? AGIE URF LCBECQ ASFONPPVGLE @GX
K?PI B MSR JGRJIGA B NGC MPXGAFC EIRGTQEQ
MD RFC CBECQ MPEQNMLB RM RECRGT DEOSCLAGCQ M
RFC ARCEMPGCQ

2)584-

&MP MSEEFGAJGMBMP BR? ? NGC ARRGER JMMI JIGRFGQ

0GC AFFQ 2L MRRCL @CLEINWK GLAJSBGLEDECLAGCQ
MP EJRGIDBOSCLAGCQ NCHRQGL RFC AFRR./R RM RFC
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NGC QO®A/IRCL FTGLE RFCRCEMP L?KCQ LZR RM RFC NGC
QIER ?2JQM K@IQ RFC AFRRJZFCP

2)584-

4FC NGC AFRMRM RFC PERFVQ RFC NEBLR?EC MITMRCPQ
QSNNNRGLEZBF A2LBGBRC PSLLGLEP ? JMA QCLRC AR

)DRFCPE T MRCPQ GL RFC BERQRRGRGC AR?P
QFMQ RFR ?@MSR BIRFMQC ?@MSR MRCPQ QSNRIMP
20CTCQ

0GC AFRQ JMMI LGADSR CHF?BCP RM BP @V F?LB RF?L @7?P ARCP
QGLARM B® RFCK ?AASPRGY LC UMSJB LGB RM MKNSRC RFC 21E
C?AF UGBEC ASRQ MSBR RFC AGE RFCL KRQSE RFC ?LEC URF
? NIMRPARMP#MKNSRCPQ CPKSAF @RRCP QB8 RM BRIGLE NGC
AF?RQ #MKKML QIUJ?FC NRMEPKQ JGI -GARIQER 7MB MP %ACJ
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/NCL /D OGS ME 7 PEC MP #2JA MP 'MNESMAQ €P?@JC RNCARC @?P
EPNFQ NGC ARXP ?LB MRFCPEPRVNCQ 4FCPR 2JQM LSK&FSQ
MLJGLC RMMJQ REARC?RC ERNFQ

Try It Now

#PC?RC ? @?PB¥F ?LB ? NGC ARRRM GJISRBRRFC
EPBCQ ML ? FGQRNPK @Ca

| QRSBCLRQ " QRSBRRQ # QRSB®RQ $
QRSB@Q & QRSBRQ

$MLNR BT D?LW UBF EPNFQ @MNJC QMRGKCQ ?BERSEQ RM
EPNFQ RAR BMhR FCIN RMLFON RFCGPMRHORGML &MR2BNJIC

BGKCLQGML?J @?P REPBGIRFC MLC QBM@CJIM?FC SQSAM LMR
2Q CBARGT ?Q RFCGARBGKCLQGMLRMARCPNRR)

&MP Z?KNJC RN LACQ B8 EM LA CQIGBQ
ARC?RCIERPNF MP FRRN BMAQ EMMEMK
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( CEE GQ ?LMRFCRAURFR D?LAGLCQQ X?B RM RFS@JQ.QREB MD
NJ?GL @?FRGR RCKNRGLE RMRSRDQEEGLDSI GK?ECQ 4FBE®R
MD EPNF GQRAJB ? F?9JE=FC

Pictogam

I F?9JE=FC GQ ? QR3QREGEPNFGA GL UFGAF RFC QGX
MD RFC NRBE GQ BCLBB RMENEQCR RFC OPSCLAGCQ
MP QGXD RFC7ISCQ @CGCERQCRG
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1 J?@MP
SLGML KGR NNIBSE RFC EIRF RM RFC PRRM QBNRFC
BARFLAC @RJCCL RFC TCPEC K?L?ECP Q?JAP?LB RFC
?TCPEC UMPCP Q?J%P

MMIGLE R RFC NG2E & WMSJB @ CFROML?@JC RM ESCQQ
RFR RFC K?L?ECP Q?J?PGCQ GQ RGHIIPTRFENUIPCP
Q?J?PGCQIRFC?WD RFC @7E JMMIQ ?@MSR RGKEQ ?Q J?P
( MUCTCPRFC K?L?ECP Q?J?PGCGRMRAMIW BGA 2Q
J?EC ?Q WIPCP Q?J?PGCQ UFGEKE BDA@REG GL RFC NHR
@V K?IGLE RFC K?L?ECP @RBER ?Q R?JJ

ILMRFCP BGQRGIFL GL @?P RETQSIRQBROERGLE RFC @?QCJGLC RM
? T?JSC MRFCP RF@RX 4FC @?QCJGLC GQ RRGKABIRFCOMRGA

Z$CQAPG@GER®



?VGQ CNEQCRGLE RFC?QR LSK@CPDMRQCQ RR?MSJB F¥C
MAASPEB GL ? ARCEMP. MPK?JW/RFGQ LSK@CP QFMSJER®IC X

2)584-

#MKN?FC RFCURVl EPNFQ @QJIMFNIGLE QSNNRIBIP
Q?KC QW K?PPG?EC FBE DK ? NMJJ RCL GL $GCK@CP

4FC BADRLAC GL RFCCTRGA QAJC ML RFGBQRARE
QSEECQRQ TBGIR QRMFRF?L RFC RPSTGBTGDCQ GL
NCRCLR?ECQ RFCARCB EPNF K?I CQREIMMI JGRIGA 2Q
K2L W NBINJC MNNMQC K?PPG HERPBEQSNRNE

#..  INGLGML ZZQCPAF #MPNMRGMLMIJ $8
DP MKFRRN UUU NMJIGIE¥MR MK AGTGIRK
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Try It Now

I NMJJ (PQ RZCL ?QIGLE NANJC GD WFIEEB URF RFC
NM@REML@RFC A BGBRCQMP ? MSIRV G $MCQ
RFC NGC ARPREQCR ? EMMECREQCRRGMLIMRFGQRE?
%VNJI?GL

Presenting Quantitative Data &hially

1S?LRRRGT MP LSKCP@A BR? AL ?2JQM @C QSKKEEXGRM
DROSCLAV R?@JCQ
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| RC?PAFCP&MBQ QMIEQ ML ? NMGR OSGNIP RFC
QRSBAQ GL FGQ AJ?QQ MECQ?2e

4FCQC QAZQ NMSJB @C QSKK?RPBERM ? DRSCLAV R?@JC
@V EMSNGLE IGPJSCQ

.9EH, "HGK;D90

5 QGLE RFGQ R7RUICSE @C NMQQG@IRMAPR?LER?P AFRP
DRIK RFGQ QSKK®RGC UC BGBMIP ARCEMPGIBR?
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( MUCTCPQGL@RFC QAEQ 22 LSKCP@A PJSCQ RFGQ RABMCQR
FC?2JW K?IC QCLQC RFGFQR ?LBARICB @?PQCRET T?JSCQ ?NRP
UFGJC RFCRIP @?PE LW MLC 70SC 2N R WSJB @C K®IP
AMPEAR RM B8R RFC FMREER?J ?VGQ ?Q ? LSK@CP JGLCWNGH! R
EPPNF GQPAJB ? >?1JE=HC

Histogram

I FGQRMBR GQ JGI? @?P ERF @SR UFCHRFC
FMPGHR?J ?VGQ GQ ? LSK@CP JGLC

2)584-

&MP RFQ@ISCQ ?@® ? FGQRMER MSJIB JIMMI GG
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. MRGARFR GL RFC FGORMEP @?P eNEQCRQ TISCQ ML RFC
FMPGXR?J ?VGHRRFR ML RFC JCE?LB QGBMNRFC @?P SN RM @SR
LMR GLAJSBGLE RBESA ML RFC PRHE-?LB QGBO® NRFC @3MKC
NAQVNJC AFMMQC RIZ E@?PQ QR c T?JSCQ RNIMGB RFGQ ?K@WESG

S5LDMRSLRGY LMR ? JMRDMMKKML QNRJ?FC N?AI?ECQ A
AMPEARW EPNF ? FGQRNMEP!@MSR RFC @CQOS WL BM GL %%¢ZJ
MP 7MB GQ ? @?P?HP URF LM E?N @OCCL RFC @7?PQ ?LB QN?AGLE
?BB@B RM QGKRI? ? LSKCPGAFMP®XR?J ?VGQ
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)D LC F7IC ? J?BC LSK@CPIMUGBGUPRNGLE B? PIJSCQ APRGLE
? DRBOSCLAV R?@JC RBGQRQRY NMQQG @IECT?Q ?2RCEMP IMSJIB
J@B RM ?L YACNRGMMRIIJMLE GPSCLAV R?@JC ?LBWP? @IWMSJIB
LMR €1C?2J ?IW NRRCPLQ &MP RFGOQML R GOMKKML UM®RF
OS?IRBRGIBR? RM EBN BR? GRMB7II ?0J;HL7BI

Clas Intenals

#3?QQ BCPJIQ 2@ ERSNGLE@WFC B ). ECLCRJ
UC BCBLC AJ?Q@®RGR2JQ QM RE?

I %?AF GICP?J GQOS?J GL @GEMP\?KNJIC GD RFC
O5PQR AJ?RIRAGLPISCQER  RM RFC
Q@MLB AJ?QQ QFMSJB GLAISBCUBMR RM

r 7 CF7IC QMKOFCFE @RJCCL ?LB  AJ?QQCQ
RVNGAWBCNCLBGLE SNML RFC LSK@QCBR?
UQrC UMPGLE UBF

2)584-

3SNNMQC R¥RC F7IC AMMJIAREG UCGERQ MK K?JC
QS@ARNY ?Q NRMD ? LSRRGML QR&&BVIP MSPAGER BR?
UC FZIC ?PJSCQREGLE MK ? IV MD NMSLBQ RM ? FGE
MD NMSLBQ ESTGLE ? RMR?J QN?L M 7 C AMMSJB
ARCPRC GRCP?JQ URF ? UGBF W ?RISLB GLRCP?JQ
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$CQAPG@GRRBZ




)L K?L W QERJ?RC N?AI?ECQ M$ AL ARCPRC ? EINF QGKGJ?P RM ?
FGQRMERAW NIRGLE RFC AJ?QQ RURC®) RFC J?@CJQ ML ? @RP AF?P

IRFCP ERPNF RVNCQ QSAF ?Q NGQREFZPNMQQG @IRO@S RBRGT
B?R? 4FC SQCDSJLCQ@ELIELR EPNF RVNCQ UG2RWY BCNCLBGLE
SNML RFC LSK@CPD MRCPJQ ?LB RFCWRIC M BR? @CGLE
FCNEQCR® &MP Z?KNJC ? NGC ARPRD MSP OGER BR? GQ BEASJR
RME&B @&?SQC B RFC OSRBV D GRCPJQ € SQB
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Try It Now

4FC RMR?MORVRIR @MMIQRFC RCPRQY MIIRE
DRK QRSBCIRQ #E?RC ? FGQRMEBMP RFGQRZ?

7 FCL AVJIRGLE B? RMMKN?RE RIM ERMISNQ RGGQ BCT@GKE RM
ARCPRC ? EINF RFR MKN?EEQ OSRBGCQ

2)584-

4FC BR? @CUM?KC DRIK ? R?QI GL UFGAF RFC EM?J GQ RM
KMTC ? MKNSRCP KMSQC RM E@®RIL RFC @ER. ?Q D?QR ?Q
NMQQG@JC /L DVRFC RPG?JQ REGRRPR) ? QK?JJ
FCAR?LEC ML RFC MRFCPRFC RERR U?Q ? JZEC RAR?LEC
4GKC RMPAF RFC REER L?Q PAMBB ML QAF RPG?J

$CQAPG@GERSZ
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Frequency Blygon

IL 2JRCPLRGTRENEQCRRGML G&:BK;DIO FER=ED
| DROOSCLAV NNMEML QRR® MSROGIFGQRIER@SR
GLQRB MD BPUGLE ? @?PNM@ GQ NIBGL RFC
KGBNM@LW CAF GRCP?J R FCGR ©S?J RM RFC
DPOSCLAVAWNGAW RFC NMRRL B AILLAREG URF
QRFGER JGLCQ RM CKNF?REX BGQRPG @ SRINML B

2)584-

4FGQ ERF K?l CQECQGCP RM RER B?ARGML RGKGTFL
ECLCPIW QFNREPNIP RFC PEP RERR ?LB RFR RFORARGML
RGKC®P RFC QK?JIJCERRRCEE KM QNE?B MSR
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Numerial Summaries of Data

)R GQORCL BCQ@IC RM SQC () RSK@CPQ RM QSKK2BGX
BGQRPG@SRGML /LC RGHRIMENGR W ? BGQRPG@SRGML G@QWFCP
ACLRCP GQ 2RIB. - C?QSEQ B £LRPJ RCLBCIM& 78 BGQASBIEGPQR

| QCAMLB ?QNGR W ? BGQRPG@SRGMLABEMVMSRRGGQL MRFCP
UMBQ FM KSAF RFC BR? GL RFC BGQRPG @BRGWK MLC ?LMRFCP
4FC Q@MLB QERGML BCQAPG @ZTTSRQ B PPG?@RBIG

Measues of Centl Tendency

,CRQ @QE. @ RFGLE RGLB RFC KMQR/pR2AG PISC B ? BR? QR

. MRC RRAL HSQR SRFC WB pRVNGAg 2JRFMSEL K?LW RQCQ
WIS KGER RFGLIIMSQGLE RFRIB PTCPEQ) 7 C LGB RM @ @RCDS)
UGRF RFC MB RTCPEQ ?Q R KCLQ BEDFLR RFGLEQ RNIEGR
NGVINJC GL BIFDLR MIR&RQ /LC B RFC KMQRIKKML SQCQMMRFC
UMB PTCPEQ GQ UR K?RFCKRGAG?LQ ?LBRETRGAG?LY RFC
7H3>C;J?9 C;7D MP HSQR NJ?GLOWIB DMP QFWRP [PARFKGRGA
KC?Lg QMSLBQRFCP D?WA@SRMS FAC JGIW RIASRG ? KC?L
K?L W RGKCQRFMSROPIGXGLEE BFC KL GQ UFR KMQR MBIJC RFGLI
MD UFCL RR@ SQC RFOB PTCPEQ)

Mean

4FCC;7D MD ? QRND BR? GQ RFC QIKRFC B PISCQ
BGTGB@V RFC LSK@CB MJSCQ
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2)584-

-?P AGhY/?K QMEQMP FCP J?QRRE?AI?QQLHE
4FC KC 7?L MD RFCQERJIBECQ MSJB @C

79 + 86 + 82 + 94
4

AWNGAW LC MSLB K&?LQ RM MLC KNIBAGK?J NJEARF?L
RFC MPGIE?J BR? F?B ) RFGQPAC € UMSIBMSLB RM

= 85.25

2)584-

4FC LSK@CP DRMSAFBM 4$  N?QQCQ RER. @V CAF ND
RFC REGKQ GL RFC?RGML?J &MMR@7E3@GL RFC
QCQML 22 QFML @CJM

IBBGLE RFCQRJECQ OE®R RMR?J4$Q $GTGBGUE @
RFC LSK@CHEMBR? PJISCQ OER

634
—— = 20.4516
31

)R WMSJB @C ?NWWPEZ RMISLB RFGQ RM
)R WMSJIB @C KMQRPRAR BIP SQ RIINMR RFR gFC KC?L
LSK@CP BIRMSAFBMN?QQCQ RER. GL RFC .&, GL RFC
QC ?2QML1ZQ  N?QQCQ@SRGQ LMR SIKKML RM
QC RFC KMP/2QS?J MIB (P TCPEQ] SQB GL NJZAND KC?Lq
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Try It Now

4FC NPGAND ? PP ND NCLSR @HREPR QRMR) LPQ
?LB &GLB RFC K€ NPGA

4FC MLC FSLBEB D?KGJGCQ GL RGABJI?P LE@EFMMB
?RC ?QLB RFCGP ?LLS?J FMSQCFMVEKGLRM RFC PREQR
RFMSQ?LB BMJJ?PQ 4RISBRQC?OSKK?PG® GL ?
DPOSCLAV R?@JC @CJIM

%9EC; J>EKI7D:IE <:EBBMH  "HGK;D90

#?JASJRGLE RFC RC@V F?LB MSJB BRRPGAIW GR®W RM
RVNC GL ?2JJ 7SCQ
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6 terms 8 terms 11 terms
7\ 7 7

154 415 +20+---+20+ 25+ --- 425 4 - - -
100
7 C AMSJIB 2JASIRRC RFGQ KMPQ® @& LMRGAGLIRRF?
?BBGLE RMR@CJID QGV RGKCQ GQ RFC Q?KC ?Q 5 @GLE
RFGQ QGKBARBML UER

15-6+20-8+25-11+30-17+35-19+40-20+12+50-7 _ 3390 _ ., o
100 100 0

4FC KC?L FMSQCFMJB GIKE ND MSP Q?KNJC GQ
RFMSQ?LB BMJJ?PQ

2)584-

%VRCLBGLEDNRFC J?QRRENJC QSNNMQC YI?KGY
KMTCQ &M RFC LG@EAVIMMB €?KNJC RFR F?Q ? FMSQCFMJB
GLMKC ND KGJJIGML RFMSQ?LB BBGLE RFGQ RM MSP
Q?KNJC MSP RC GQ LW

15-6+20-8+25-11+30-17+35-19+40-20+-12+50-7+5000-1 3390 — 83.069

101 101

7 FGJC RFMSQ?LBBMJJ?PQ  GQ RFGIREAR KC2L
FMSQCFMJB BIKE & LM JMLECENFEQCRQ ? pRNGAq PISC

)K?EGLC RFC B? PJSCQ ML ? QQ MP @?J?CAQARIC 4FC KCL GQ
RFC 7JSC RRICCNQ RFC B? GL @?J®.AGI GL RFC \R&£ @CIM

)D LT ERNF MSP FMSQCFMJBBRFC KGJIJGMIRBZJSC GQ QM D?P
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MSR RM RFCARGEFR RFC KZL F?Q RM ?BHSQR SNRM RFGLEQ GL
@?J?La

&MP RFGQC?’GML UFCL WIRGLE UBF BR? RMR F1C
EKIB?;H T?JSCQ D?P MSRQGBC RFOMNERERISLEREGQUKKML RM
SQC ? BEIELR KC?QSE MD £LRCHRFCC;:?7D

Median

4FCC;:?7D NMD ? QRND BR? GQ RFEISC GL RFC KGBBJC
UFCL RFC BR? GQ GIBRP

4M BLB RFC KEG?L @GE @ JGQRGLE RREGR BRP
DRIK QK?JJCQR RMEGZIR MPHE®R RM QK?JICQR

)D RFC LSK@CP BR? PJSCQ GQ MBB RFCL RFC
KCBG?L GQ RFC KGBBRBC BISC 4FGQJSC AL @CNASLB
@V RISLBGLE SN RM RFC LER UFMJC LSK@CP

)D RFC LSK@CPB BR? PJSCQ GILC RFGPGQ LM MLC
KGBBJC?DSC QMUIGBLB RFC K. MD RFALM KGBBJC
T?2JSCQr2JSCQ ?LB '

2)584-

2CRSPLGLE RM REIR@?JJ RMSBEBYR? LC UMSJB QRRP

Z$CQAPG@GER®



@V JGQRGLE RRZBR BEP,SAIGW®R W?Q ?J2?BW GL
BCARC?QGLE BePQM T AL UMPUGRF B UBFMSR IGBGLE
RMEGVBCPREBPQR

3GLR RFGP?KE B?R? PJSCQ ?L MBB LSK@8FC
KCBG?L UGJJ @C RFC KGBBJC L&K@CRF BR? PJSC

31
— =155
2

AVSLBSNRM JTGLE TJSCQ @CIMB ?@MIC 4FC

RF B?R? PJSC GQ QM RFC KBI5?L LSK@CFNRMSAFBM
N?QQCQ GLRFC QQML 2Q N?QQCQ MRG/RFR BIP
RFGQ B? RFC KBG?L GQ DARGPMQC RM RFZLKIT
A2IASRB C?RIGCP

2)584-

&GLB RFC KBG?L B RFCQC OSGAMEIA
7 C QRPP@& JGQRGLE RRZBGR BEP

3GLE RFGP? B? R? PJSCQ ?LTCL LSK@CHRFCe GQ
LM MLC KGBBJC LSK@&W UC [5LB RFC KX ND RFCQRVI
KGBBJC LSK@CPQ ?LB’LB ER

6+7

=6.5
2

4FC KCBG?L OSGXMEAU?Q

$CQAPG@GRRSBZ



Try It Now

4FC NPGAND ? PP ND NCLSR @QREPR QRMR) I(CRC
?LB &GLB RFC KBG?L
NPGA

2)584-

,CR SQE@RSPL LM RM MSP MBGE) FMSQCFMJB/BICABR?

%9EC; J>EKI7D:IE <:EBBMH "HGK;D90O

(CRE UCF?7IC B? R?PJSCQD W BGBiR ?CPBW ILMJ
RFR WC AMSIBGLBRE@/ ?BBGLE RFCOIFCLAGCGRE GQ
?L CTCL LSK@CRJC LGB RMGLB RFC K& MD RFC KGBBJC
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RJM BR? PJSCQ RFC RF?LB QRB?PJSCQ M GLB
RFCQC CUQRPPMSIRGLE SNNIRRFC @RRK

4FCRC ?R B?R? PJSCQM QM PJSCQ RM @P
RFMSQ?LB

4FCLOVR BR?PISCQ®  QM?JSCQ RM

?FC  RFMSQ?LB

4FCLOVR BR?PJSCQZ QM T2JSCQ RM
2P C RFMSQ?LB

4FCLOVR BR?PISCQP QMPJISCQ RM
2P C RFMSQ?LB

4FCLOVR B7R? PISCQ® QMT?JSCQ RM
2P C RFMSQ?LB

&MVK RFGQ@AL RCJJRRPISCQ ?LB UGJJ @C
RFMSQ?LB ?LB RFC'NOVD RFCQUIR T?JSCQ GQ

RFMSQ?LB 4FC KBG?L GIMKC GL RFGQ [FE@#MMB GQ
RFEMSQ?LB

2)584-

)D L ?BB GL RFCUCCGE@MP BG ? KGJIGML
FMSQCFMJB BIKE RFCL RFCRIGJ) @C B? PJSCQ 2LB
RFC QR7ISC UGJJ @C RFBGAL. !Q \C BGQYACRKB GL RFC
J?QRVGKNJIC RFC QRJSC GQ RFMSQ?LBVIRGARFR RFC
LCU LCGE@MP BGB LMRARFC KBG?L GL RFGQ@ 4FC
KCBG?L GQ LMRB ?Q KSAF @ MSRIGCPQ ?Q REGKL

)L 7BBEGML RM RFCKELB RFC KBG?L RFCRGQ MLC MRRGRKML
KC?QSEKCLR \d RFCYRIGAq PISC M ? BR? QR RFCE:;

$CQAPG@GRRBZ



Mode

4FCCE:;; GQ RFC CJCROD RFC B QR RFR MASPQ
KMQR DBSCRW

4FC KMBC GQ DAGEQCICQRIUBR? JG UCGERQ MP FEBE UFGP
RFCE ?/C ? J?BC LSK@CP IMNMQQG@JSCR 4FC KMBC GQ KMQR
AMKKMLIW SQEMP ARCEMPGABR? BIP UFGAF K&ES?L ?LB KCL
A?LLMR @QVIKNSRB

2)584-

)L MSP TFGAJG/AMP QERVUC AMJJER® RFC BR?

E BEH "HGK;D90
"JSC

‘P CCL

208

7 FRC

" J?Al

‘P QW

&MP RFGQ@RB?PCCL GQ RFC KMBC Q@ /&Q RFARB7PISC
RFR MASPEB RFC KMQRIDBCRRW

Z$CQAPG@GRERB



)R GQ NMQQG@JTHER? QR RM AT KMRE RF?L MLC KMBC GDOBJ
A?RCEMPGCQCGFRFC Q?KC @FSCLAV MP LM KMBCQ GBARCOCRV
A?RCEMP MASPQ MWIMLE

Try It Now

2CTGACPQ G ?QCB RMTRC ? NBPBSR ML ? GAC 2
RM &GLB

4FC KC?L P?RGLE
4FC KCBG?L PRGLE
4FC KMBC PRGLE

-7J?D=  "HGK;D90

Measues of ¥riation

#MLQGBCP RFCQORBRQ DI OSGXMIBQ
3CARGML !
3CARGML "
3CARGML #

$CQAPG@GERBZ



13J RFEC ND RFCQCRWMIBR? FC ? KC?LMD ?LBKCBG?LE VER
RFC QR DIQMEEQ 7€ AJCRW OSE BAIELR ). Q@RGML ! TCRWILC
F?B RFC Q?KC @ GL QBGML " F?JD RFC AJ?QQ EMR RQ NMEGL
RFC MRFCP F?JD EMR @ARCBIRE ?QQSKGLE RFGQ 2 NMGR
OSGX 3BGML #20Q LMR ?QAQGQRCIQ GRGML ! @SR LMR ?Q WGBCJ
T?PEE?Q QERGML "

)L ?BB&RGML RM RFCKGLB KCBG?L UFGAF CRKC?QSEQ B RFC
PRVNGAG MAKEBBJIE?ISC € 2JQM IGB ? KC?QSE ND FM pQNE?B
MSRq MPAGEC?AF BR? QR GQ

4FCRC 7/ QUCPJ UPWQ RM RQSE RFGQNKE?Bq M RFC BR? 4FC
O5PQR GQ RFC QGKNJCQRIIEERFG#D=,

Rang

4FC PLEC GQ RFCIB&DAC @RJCCL RFC K?VGKSK
T?JSC ?LB RFC KGLGKSRJEC M RFC B2 QR

2)584-

5 QGLE RFC OSOXEIADIK ?@NC

r  &MP QBGML! RFCIEC GQ QGLAMRF K?VGKSK
7LBKGLGKSK 7B 7LB k

r  &MP QRGML" RFCIEC GQ QGIA k

r  &MP QBGML # RF@LEC GQ QGLAk

Z$CQAPG@GER®



)L RFC J?QRZKNIC RFCPEC QCKQ RM @CTR?JGLE RMQNE?B MSR
RFC BR? GQ MUCTCP QSNNMQGOU?BB ? IISRF QERGML 28GML $
URF QUEQ

4FGQ @RGML 2JQM F?Q ?IKPLB KCBG?L B 4FC PLEC GQ WR
RFGQ B? QR GQ GRGBAIFLR RF?L 3RGML " M @RRCP GJISKRC?
RFC BEIXLACQ WhJJ AZ RM RSPL RM RMPMNFGQRBAKC?QSEQ
MD PPGRGML

Standad Deviation

4FC QR?LBEPBCTGRGML GQ 72QSE ND PPGRGML @BQC
ML KC?QSPGLE BND?P CAF BR? PJSC BUGRCQ MP GQ
BABRLR MK RFC K@L ! DOU GKNMR?IR
AF?PARCPGQRGAQ

r 3R?LB?B BOGRGML GQAYQ NMREBI 3R?LB?B
BCTGRGML UGJJ @R %D ?JJ RFRBPJSCQ 2P
00S?J ?LB UGJIRECCP ?Q RFCHB2QNR?BQ MSR

r 3R?LB?B BOGRGML F?Q RFC Q?KR{LE) RFC
MPGH.?J BR?

r 3R?LB?B BOGRGML OGRFC KCL A?L @C FGBN
GLISCLAB @V MSRJGCPQ

5 QGLE RFC B2 DK Q@RGML $UC AMSIB WMKNSRCNIP CAF BR?
T?JSC RFC BGBLAC @RJCCL RFC BR? PJSC ?LB RFC KL

$CQAPG@GRRBZ



7 J7 L7BK; :L?7 J?ED 07 L7BK; Y C;7D
u u

u

7 C UMSJB JGIRM ET?L GBCMD RFC?PCPEQ B GRGML NMR RFC
KC?L @SR GO WLB RFCIEPEC ¥ RFC?ISCQ GL RFEANIB MJISKL
RFC LCHRGT ?LB NMRGT T?2JSCQ AACJ CAF MRFCP MSHFGQ UGJJ
2U?WQ F?NNCLOM RM GFCLIR RFGQCUQOS® ACRV PJSC GL RFC
Q@MLB MJISKL

17 J7 L7BK; ;;L?7 J?ED Q7 L7BK;Y C;7D :;L?7 J?ED IGK7H
u u u

u

7 C RFCL ?BB RFC QO=’BGRGMLQ SN RR EC
/P BGL?R®@JLLC UMSJB RFCL BGTOB@QRELC LSK@CP

Z$CQAPG@GER®



MD QUEQE GL RFGRC RMGLB RFC KT MD RFC BGRGML@SR
UC MLW BM RFGQ GD RPQREENEQCRQ ? NMNRGBML GD RFRZ?ER
FCNEQCRQ ? Q?KNJZQ B ?2JKMQRUZINQ BMCQC GLQREBGTGBW/ @
Eu GLRFGQR@C wu

3M GL MSPVEKNJC € UMSJB FIC GD QCARGML $
FCNEQCRQ ? NMNRGBML ?LB ?@MSR  GD Q@RGML $
FCNEQCRQ ? Q?KNJC 4FCQRISCQ  ?LB FC R1IB

FCQNGRGIW RFCFEFKBJ?ED ZH?7D9;?LB RFA7C FB; L7TH?7D9;MP
Q@RGML $

6?PG?L@ #L @C ? SQCDSIRORRGAILACNR @SR LMRCRRRPC
SLRQ B PPG?LA GL RFGQ GLARPMSIB @C NRGLQOSEB QGIA\
UC QOSTB ?2JJ B RFC BGRGMLQ F?R ?E NMGQ QOSCB 'MMB
OSCQRGMLC 7UMSJB PRFCP BOU UGF RFC SRG@ @ QRFA®B URF
NMGRQ GL RFEGQAQM RMATCR @?Al € R?C RFC QOS?RVIMR ?LB
ER

NMNSRGML QR?LB?P BA'GRGML
50
= \/le =+6~22
MP
NMNSRGML QR?LB?P BCATGRGML

50
=4/—~24
9

)D LT 2/ SLQSE UFGRFCP RFCB? QR GQ ? Q?KNJC MP ? NRSSIL?

4FC FC?QML € BM RFGQ GEJAGEFLGA] @SRUAL QT
FMJ QR KGER @C SQCDSIN®.QGBCPGLE RETAI ? QK?2JJ
Q?KNJC DK ? NMNSRGML REMLR?GLQ ?L MSRIBGAF
UMSJB GLERC RFCTCPEC BCGRGML RFC MSRIRUP T
JGCW WLR @C GLAJBERL RFC Q?KNJC QM RFC KC
BCTGRGMLIMRFC Q?KNJ®ISJIB SLBCRMRGRE RFC KL
BCTGRGMLIMRFC NMNBEML RFSQ BGTGB® @ QJISEN
QK?JJCP LSK@CP RRI EQJERN @GEETEREC
BCTGRGML

$CQAPG@GERBZ



UC UGJJ SQIYJQQSKR&Q ? Q?KNJC ?LB UGIMBLB ?LQEPQ
RM MLC KMPBAGK?J NJEARF?L RFC MBGHE) BR? ?Q G F7IC BMLC
?@NC

To wmpute standdrdeviation:

&GLB RFC BGRGMLIM2AF B'R? INMK RFC KCL
JLMRFCPMBQ QS@RR RFC K€L DMK RFC BR?
T?2JSC

30S?E @AF BOGRGML

IBB RFC QOS®B BA'GRGMLQ

$GTGBCM® RFC LSK@CHMMR? PISCQ GD RFC
B?R? ENEQCRQ ? UFMJC NMNE3RIL BGTGBE @
GD RFCB2GQNMI¥? Q?KNJC

#MKNSRC RFC QOSTMRIMRFCIQSJIR

#MKNSRGLE RFC QR?BEE GRGMIMP 3BRGML " ?@™
UC BPQRIASRC RRRFC KZL GQ S)GLE ? R?@3JICHRCIN
I CCN RFAI MD WISP MKNSRRGMLUPRFC QR?LBHITGRGML

Z$CQAPG@GER®



7 J7 L?7 J?ED 77 L7BK;Y »L?7 J?ED

L7BK; C,;7D IGK7H:
u u u
u u u
u u u
u u u
u u u

u u
u u
u u
u u
u u

IQQSKGLE RFGERBENEQCRQ ? NMNRGML WUGJJ ?BB
RFC QOSGPBCGRGMLQ BGTGBC @FC LSK@CHMBR?
T?2JSCQ ?LBMKNSRC RFC QOSTRMR

B2 +BFBI2B2H1%EB _ (B0
V 10 “ Vo

. MRGARFR RFC QR?LBEIT GRGMLIMRFGQRE?QR GQ
KSAF J?[ECP RF?L RRM QERGML $ QGLRFC BR? GL RFGQ QC
GQ KMPQNE?B MSR

&MP WMKN?PGQML RFC QRBBCFGRGML@MIMSBP QRGMLQC?P

3CARGML ! 3R?LB?B BOGRGML
3CARGML " 3R?LB?B BOGRGML
3CARGML # 3R?LB?B BOGRGML
3CARGML $ 3R?LB?B BOGRGML

$CQAPG@GRRBZ



Try It Now

4FC NPGAND ? PP ND NCLSR @SRPR QRMR) (CRC
?LB &GLB RFC QR?LB?P
BCTGRGMLIMRFC NFIGA

7 FCRE QR?LBBPBOTGRGML GQ ?20SE ND PPGRGML @BQGL RFC
KC?L GK7HJ?B2RC @?@ML RFC KBG?L

Quartiles

1S?PRGICE?7RISCQ RRBGTGBC RAR?B3L OSREPQ

4FC 5PQR OB@C GQ RFRJSC QM RE? M D RFC
B?R? PJSCQ TP@CIMR RFC RBAPS?RGIC GQ RFC
T?2JSC QM RE? M D RFC BR? PJSCQ TP@CIMR MS
K? W F7C ESCQB®RFR RFC @RILB OS?RGJC GQ RFC Q?KC
2Q RFC KBG?L QGLARFC K8G?L GQ RRAST QM RE?
MD RFC B2 PJSCQ TP@CIMR

4FGQ BGTGBCQ RFZ@M OSHCPQ MD RFC BR? GQ
@BJCCL RFC KGLGKSK?LB1 GQ @CRJCCL1 ?LB
RFCKBG?L GQ @RJCCLRFCKBG?L?LB1 ?LB

GQ @RJCCL1 ?LBRFC K?VGKSKTISC

Z$CQAPG@GRERB



7 FGJC ORBICQC?RPMR ? LSK@CP QSKK?®W 1@ PPARGML Gl
QR?LBB BAOGRGML RFC ORBGBCQC?RBQB URF RFC KBG?L
KGLGKSK ?LB K?VGKSK PJSCQ RMEK ? D KC8;H IKCC7H OMD RFC
B?R?

Five number summary

4FC [T LSK@CP QSKKF RTQ RFGPK
-GLGKSK 1 - (BG?L 1 -?VGKSK

4M BLB RFGBQR ORERCALAB RMELB RFC B? PJSC QM RE?

MD RFC B2 GQ @C @RI PE GQ RFC LSK@TPBR? PIJSCQ U AMKNSRC
? IMARMP\@BLBGLE MDE )D RFGQ JRMP GQ ?ABK?J TISC €
FMSLB SN ?LBBLB RFC R? PJSC GL RRNMRGMLD)RFC JRRMP GQ ?
UFMJC LSK@CBC [B5LB RFC KIL MD RFC B? PJSC GL RRNMRGML
7LB RFC LUR BR? PJSC 4FGQ GQ RBEMLRM RFCMEQQ U SQB RM
O5LB RFC KEG?L WACNR € SQC M D RFC B PISCQ?RFCP RF?2L
F2JD RFC B? PJSCQ ?Q RFCZRMP

To find the first quartile, Q

"CEGL @ MBCPGLE RFCREZIMK QK?JJCQR RNEGZIR
#MKNSRC RFC JNRMP% E

$CQAPG@GERBZ



)D%NGQ ? BGK?JAISC

r  2MSLB SN RM
r  5QC RFC B? PJSC GL RBERF NMRGML

)D%GQ ? UFMJC LSK@CP

r  &GLB RFC KC MD RFC BR? PJSCQ GL RARF ?LB
% RFNMQESMLQ

To find the thid quartile, @

5QC RFC Q?KCMIRBSK ?QIIP 1, E

%V?KNJICQ QFMSJIB FCINCKRIFGQ ABTP

2)584-

3SNNMQCOF?IC KC?QSEB DCK?JCQ ?LB RFCGP FRGE
GL GLAFCQMR® DRK QK?JJCQR RNECPIR CP

4M BLB RFGPQR ORZRCIIGPQRIKNSRC RFC ARMP

Z$CQAPG@GER®



M D G@b 3 GLE RFGQJISC GQ LMR ? UFMJC
LSK@CPUC MSLB SN RM 4FC3IPQR ORZRC UGJJ @C RFC
RFEBR? PJISC GLAFCQ

4M BLB RFC RBGRS?RGJIC ARE?GLMKNSRC RFC JRMP

M D GQ 3 GL& RFGQJBC GQ LMR ? UFMJC
LSK@CPUC RMSLB SN RM4FC RFGROS?RGJIC UGJJ @C RFC
QQCLRF BR? PJSC  GLAFCQ

3SNNMQCWF?B KC?QSEB DCK?JCQ ?LB RFCGP FRQEGL
GLAFC@MR® DMK QK?JJCOR RNECPIR CP

4M BLB RFGPQR ORZBOIIGPQRIKNSRC RFC IRMP

M D G@ 3 GLE RFGQJBG@2 UFMJC
LSK@CPUC UGJSBDB RFC K. MD RFC LB ?LB B BR?
T?2JSCQ QMRFCD GPQROR®RBC GQ GLAFCQ

4FC RFBROS?RGJIC GIXNSRB QGKGIASQGLE
GLQRBMD % 4FGQ GQ ? UFMJC LSK@QM
UC UGJEDB RFC K MD RFC RF ?LB RF B? PJSCQ
OM1  GQ

. MRC RRRFC KBG?L MSJB @BMNSRB RFC Q?KC BW
SQGLE

4FC LSK@CP QSKK?RV MK@GLCQ RBPQR ?LB BFG8?RGJIC Ric
RFC KGLGKSK KBG?L ?LB K?VGKSK7TISCQ

$CQAPG@GRRBZ



&MP RFC AKX?JC Q?KNJC RFCBG?L GQ RFC KGLGKSK
GQ ?LBRFCK?VGKSKGQ 4FC LSK@CP QSKKAFGQ

&MP RFC AK?JC Q?KNJC RFCBG?L GQ RFC KGLGKSK
GQ ?LBRFCK?VGKSK GQ QM RFC LSK@CP QSKKAP
UMSJIB @C

2)584-

2CRSPLGLE RM MSP OSIXEIR? ). C?AF £QC RFGPQR
OS?RGJIC IRAMP GQ QM RFC I5PQR ORZRC UGJJ @C
RFC B BXR? PJSC ?LB RFC RBGS?RGJC UGJJ @C RFC RF
B?R? PJSC #R?RGLE RFGDLSK@CP QSKK?PGCQ

49J?ED 7D: .7 J7 D KC8;H IKCC7H O
3CARGML !
3CARGML "
3CARGML #
3CARGML $

/D AMSPQC BE ? BJRGIW QK?JJ B? QR GLBGLE BB LSK@CP
QSKK?PW GQ ?RABMQGLA RFC QSKKAR MLR?GLQ 2JKMQR ?QWK?L
T?JSCQ ?Q RFC \GRGERR?

Z$CQAPG@GERB



Try It Now

4FC RMR?VMORIRIR@MMIRMRFC RCPRQ MIIREB
DMK QRSBCIRQ &GLB RFC LSK@CP QSKKAPRFGQ
B72R?

2CRSPLGLE RM RFC FMSQCFMBE®R? DMK C?RIGCP
AR?RC RF@GID LSK@CP QSKK?W/

$CQAPG@GRR3Z



99EC; J>EKI7D:I E <:EBBAH  "HGK;D90

"W ?BBGLE RFCOSCLAGCQCWRL QT RFGP?E  B? R?
T?JSCQENEQCR® GL RFC R?@J@Y?KNJC  UC IMSLB
RFC KBG?L ?Q RFMSQ?LB 7C 2L QT GL RFC R?@J&RF?
RFC KGLGKSK GUKC GQ RFMSQ?LB ?LB RFC K?VGKSK GQ
RFMSQ?LB

AM BLB 1 UC RJASRC RFC JRRMP%
4FGQ GQ ? UFMJC LSK@KR UGJJ @C RFC?K®D RFC RF
?LB RF B?R? PJSCQ

#MSLRGLE SN GL RFEB?Q G BGB @MI®

4AFCRC ?C B?R? PJISCQIM QMT?JSCQ RM @P
RFMSQ?LB

4FCLOVR BR?PISCQ® QMTISCQ RM
?PC RFMSQ?LB

4FCLOVR BR?PISCQTP QM T?JSCQ RM
2P C RFMSQ?LB

4FCLOVR BR?PISCQ®  QM?JSCQ RM
2P C RFMSQ?LB

4FC RFB?R? PJSCGQ RFMSQ?LB ?LB RFC RRB?

Z$CQAPG@GPER®



T?2JSCGQ RFMSQ?LB QMIGJJ @C RFC?KED RFCQC
RFMSQ?LB

4AMBLB1 UC AJASRC RFC JRRMP%o
4FGQ GQ ? UFMJIC LSK@RR UGJJ @C RFC?KGD RFC RF
?LB RF B?R? PJSCQ #MRGLSGLE MSSRGLE MR C?RIGCP

4FCLCVR B7R? PJISCQ % QM T2JSCQ RM
?P C RFMSQ?LB

4FCLOVR B?R?PJSCQTP  QMPJSCQ RM
9P C RFMSQ?LB

"MRF RFC RF ?LB RF BR? PJSCQ JGC GL RM3NEPM 1
UGJJ @C RFMSQ?LB

0SRRGLE RFCQUSTQ RMERCP GM ?ET LSK@CP
QSKK?PWUC ER

. MRC RR?RFC LSK@CP QSKK®P BGTGBCQ RHAR? BRRM NISP
GRCP2JQ @AF ND UFGAF UGMLR?GL ?7@MSR MRFC B ) RFC
NEETGMSQVEKNJC RRR KC2LQ ?@MSR ND FMSQCFMJIBQIGF?
GLMKC @RJCCL RFMSQ?LB ?LB RFMSQ?LB

&MP TGQS?JGXGRE BRFCP GQ ? ERFGA] ENEQCRRGMLIM?
LSK@CP QSKK?RPV R1JB ? 8EN FBEIMP @WM?LB UFG(@P EPNF

Box Plot

| 8EN FBEQ ? BRFGA ENEQCRRGMLOV BT
LSK@CP QSKK2W

$CQAPG@GRRBZ



4M AR?PRC ? @WJIMR ? LSK@CP JGLGREYRERR. !
@M GQ BBL DMK RFCGPQR ORZRC RM RFBRFEARGIC
?LB ? JGLC GQBPRFRSE RFC @MR RFC KBG?L
p7 FGQIPQq CRYYRCLBEMSR RM RFC KGLGKSK ?LB
K?VGKSK T?JSCQ

2)584-

4FC @MNJMR @CBQ @7NUL RFC OK?JC FCER BR?
URF LSK@CP QSKK2R

2)584-

4FC @MNJMR @CBQ @7MNL RFC FMSQCFMJIB/GLCA
B?R? UBF LSK@CP QSKK2AR

Z$CQAPG@GRERB



Try It Now

#PC?RC ? @MIIMR @BOML RFC RB@MMI NEGBAR?
DRIK RFC J?QR¥ . MJ

"MV NIMRQ CN?RGASIAP SQCDNIFDMKN?PGLE BR? DWK RJM
NMNSRGMLQ

2)584-

4FC @M NIMRIMQARE RGKCOIPEM D?QRIMB
FCQRSP’LRQ GQ QENDCJIM

$CQAPG@GERSZ



7 FGJC QRMP?B ? QJGRW QF WP KBG?L QTBA RGKC
KGLSRCQTQ KGLSRCQRMP GQ JCQQLQGQRCUBF
2 UGBCP QGHB MD RFC B

IRQREP M D ASQRMKCPGRJQCRB URFGL
KGLSRCQ UFGROJREIP M D ASQRMKCPGRIQCRB
URFGL KGLSRCQ

7 FGAF QRMBFMSJBAS EM RM GL ? RSPRFR BCNCLBQ
SNML WISP MNGLGMLQ ?@MSR JSAD ASQRMKCRQOREIP
F?BRMB® @RJOCL ?LB  KGLSRCQ

2)584-

4FC @VMNJIMR @CBQ @7 RML RFC @GRERCGERQ B
GLDRQ UG QICR GBGMRFGARNCRMA BG ORI
QWLBAKC 3)2$3  4FC @MNJIMR GQ QTRBRM QRVRFC

T?L 6JGR 0+ ?LB'SNR? *- 3MBGSK @TX@MIRC
GL GBGIRRG/AODNGRVW BGERK) QWM | :?

Z$CQAPG@GER®



@&F UCGERQ BMIGLDRR UFM QBETB ?LB RFMQC REBGB
LMR

#MKN?PGLE RFOR ERISNQ RFC @NMRFC2JQ RIRPRFC
@&F WCGERQ DIRFC GLB?. RR?BGE?’NNGP RM @J0RJJ
QK?JJCP RF?L RFCGERQ BIGLDRQ RIRPQSFGIB )L D?R
A?L QC RFR RFC KBG?L @JPLCGER M GLDRQ RR?
QSPGB GQ RFC Q?KC ?Q RFE RISGRGJDNRFC GLRELRIR?
BGB

3GKGJIRUC AL QC RFR RFCIPQR ORZRONRFC
QSPGWMPQ GQECP RF?L RFC BG?L \CGER ™ RFMQC RF?
BGB KC?LGLE RIRMCP M D RFC QBEWIPQ F?B ? @GP
UCGER JZECP RF?L RFC BG?L @RFPUCGER @ RFMQC RF?
BGB

MMIGLE R RFC K?VGKSK7ISC P RFMQC RBG?LB
RFC RABPS?RGIONRFC QBEWIPQ U AL QC RFR NICP

MD RFC QBEWIPQ F?B @ERCGERQ FGEP RF?L RFC FIISCQR
GLDR RFR BGC

4FC @MNJIMREEQ SQ ? OSGAIGIEGMPK?J PW RM
B(RCPKGLC RE@BP UCGER GQ GEEIGWV JGIB RM QSBTJ
MD GLDRR WRF 3)2$3

@J<8J< @E ?@C;?FF; Kk 1Q OSMRCB ML
FRRN MNCLJ®PL MNCL ?81 KMB MSAMIRCR
TGG NFNGB QC ARGML

$CQAPG@GRRBZ



21Understanding Normal
Distribution

( CE WIS UGJJ?RL ?@MSR RFRPK?J $GQRPG@SREML 9
UGJJ 2BL UFR B GQ ?LB WFEGQ GKNAR ?LB WS
UGJ@CEL RM BCIMN ?L BSBGMIMP RFC?PBN @ ? PISC GL
? QR @ MKN?PGLR®M RFC RC?LB QR?LBBBCTGRGML
MDRFC BR?

)D WS ILCU RFR RFC NRIEAR R QFR@ QMJIB GL ?L MLIGLC QFMNNGLE
QRC \CFCDEHC7BB:?1JH?8K;: ?LB F?B ? KC?L AMQRIM  UGRF ?
QR?LBBBOGRGMLIM  FMJ AMSJB RRRGMPKRGML @CEOBS
2Q WS ?E IMMIGLIR?PPGMSOQFGPNPGA ML RFCRTE MJ AMSJIB
WIS SQC URR WS ILMJ GD M8 L JMMIGLE RM K?P NRDR @&
NSRF?QGLE SLSQS?IMNCLQGTQOF&®® RNCECIRNPGS RAR 2B

Z5LBCPQR?LBGLEIPK?J
$GQRPG@SRGML



KMRC AMKKML

Watch This: Sgad of a Normal
Distribution

| @D<F <C<D<EK ?8J 9<€FEk;<; =I FD K?@J

5LBCPQR?LBGLIPK?J $GQRPG@SRGML



M<U@FE F= K?OK<EL :8E M@<N @K FEC@E< ?<I
?KKGIC@9I P8:?@<M@E>K28[D FI>
8LIK@E::D8K?C @98 J

Guidane

I :?21JH?8KI?EDGQ ?L TRISRGMLIMRFC DV RAR NMEQ GL ? B?
Q® ?E AJSQREPMP QNPB ?ARIQQ RFG®B= MDT?JSCQ DEHCT7B
21JH?8KI?ED GQ ? RV QNXEBEA QWKKTPGA BGQRPG@SRGRIL RF?
GLBGRCQ ?2KMLE MRFCP RFGLEQ RORARWN

3
MO RFC ®? GQ @CJM RFC  KGL 2LB

3
GQ ?@™ RFR ?NNW/GKRGN M D RFC B? GQ REGL
?NNRVGKRON M D RFC B? GQREGL 7?LB ?NNWGKRON
GQ WEGL 1J7D:7H: ;;L?7 J?EDIMD RFC K&L

4FCRC 7/ ? LSK@CP ME?QMLQ RR7B GQ GKIRAR RM @AKC

D?KGJG?P REGRFC LMPK?J BGQRPG@SRGMIS EBHQACP
RFRISEMSR RFGQ AF?NRCEKNICQIVPISCQ ?QQNRESB®RF LMPK?J
BGQRPG@SRGML

r OFWQGAAF?PARCPGQRGAQ QSAF PR ECGER ?PK MP JCE
JCLERF RA

r 4FC NCRCLRGJCIRGLEQ M QR?LBBBEB RCQRGLE QSAF ?Q RFC
1 #4 ?2LB 3! 4

Z5LBCPQR?LBGLEMPK?J $GQRPG@SRGML


https://library.achievingthedream.org/austinccmathlibarts/?p=41#pb-interactive-content
https://library.achievingthedream.org/austinccmathlibarts/?p=41#pb-interactive-content

r 4FC TMISKC B (PRCP NFBSAB @V ? PGP ML ? KMRFW MP
VC?RW @?QGQ
r 4FC TCIMAGRD KMJISSICQ GL 7L GBE?Q

+LMUGLE RRR RFC70SCQ GL ? RQCE G/?RW MP ?NMPGKRCY
LMPK?J)/ BGOQRPCEERMQ WIS RM RC? OCJ MP FM AMKKML ?
N?RRGASJI?RIEC KGR @C GL RFQR "CA?SQC RFQISCQDA? LMPK?J
BGQRPG@SRGMIRBBER?@VY AJSQRBPMVISLB RFC KZL WS AL
CQRGRT GL QAHMRIBCP RFC?PBN @ ? BTL T?JSC GL RFCRQE
MSP SNMAKGLE JCQOQML RHC %KNGPGARSIC M6 UGJ) QRFR B
GQ MRRF KCKMPGXGLE RA2MPK?W BGQRPGRBRR? F?Q RFC
AF?PARCPGQREARGMBZ@NVC

r M D?JJB?NMBRQ B?@W RFCKECL?LB ?P C @CIM

r INV M D?JJB®» NMBQ PURFGL QR?LE?BCTGRGMLIM
RFC KGL

r INV M D?JJB®?NMBR 2PURFGL QR?LEZBCGRGMLOM
RFC KGL

r INV M D?J]JB? NMBQ ®PURFGL QR?LEBBCOGRGMLQM
RFC KGL

)L RFGQ JCQQMC WGJJ @C?ARGAGLE PM8E CQRGR® M RFC
NAM@?@RIRR ? PISC URFGL ? GCL PPLEC UGMASP GL ?
N?RRGASJ?PRQ® BR? HSQR RM@EIN ?L BSRGMLIMRFC SQO M
LMPK?J BGQRPG@SR®S@@SCRICQQMLQCWGI) @MKC KME

QNBGEA URF MSP CQRBEQ 4FC GK?EC @QJBUJ @C BIEL EEPRCP
B(R?GJ GL REQQML ML RFC %KREGRSIC @SRISVKW SQREQ ?
FCORLAC MP RFGQ JCQQML 2JQM

5LBCPQR?LBGLEPK?J $GOQRPG@SRGML



2)584-

( SK?L FCGER GQVKKMLIW MLQGBG®P?L ?NNRVGKROY
LMPK?3/ BGOQRPCEISRQSE D RFC K& FCGER D ?
K?JC?BSJR GL RFC RIEB3RRCGQ  URF ? QR?LBBP
BCTGRGMLIM  FMJ AMKKML ?RC KCL URF FCGRQ
ERC?’RCP RF?L
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3GLE @AF QR?LBBBCTGRGMLIMRFGQ LMPWPBGQRPGSRC
BR?GQ ?LB  GQ ?@MC RFC KeL VP
RFONMNSRGML  GQ LTIV QR?LBEPBAGRGMLQ 7I@M
RFC KGL 4F?R RCJJQ SQRRFCL R?JICP RF?L ?RC
OSBOP?FC GL RFGQ NVMRSVA

Z5LBCPQR?LBGLEPK?J $GQRPG@SRGML



2)584-

)D RFC DSCJ RGETCIWD ? N?RGASI?P KMBOJA® GQ LMPKRJJ
BGQRPG@®S3RRF ? KL MD KNE ?LB ?
QR?LBBBCTGRGMLIM KNE FMJ AMKKML ?RC 2PQ U ?
DSCJ GRAGCMAD RM KNE

#74<;176

7 CILMURFR?N M D RFC?RQ GL RFC NMR&ML F€
?L CDSAGOMNAD @OCCL  ?LB  KNE QGLAC RFR
UMSJBERC 3% @CUMLB 3% ?2@MC RFC KCL 4F?R
QSEECQROREN F? TC?L COGAGOMWMAD RM KNE
QM € AL QW RIR B GQ SMKKML RM QC? 2P UBF 7L
CDEAGOWA@ROCCL  ?LB  KNE @SR LMR ¥REKCW QM

5LBCPQR?LBGLIPK?J $GQRPG@SRGML



2)584-

)D RFC K?VGKSK HSKNGLE FRQE 53 FGE QAFMMJ FGE
HSKNCPQ GQ LMRKBIEQRPGHASRE ? KC?L MD 2LB?
3$MD  FMJ SLSQS?J GRRM QG FGEQAFMMJ HSKNCP
AJGP
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)D RFC KZL GQ RFCL 3$?@WC GQ ?LB 3%Q
GQ 4F?R KCLQ RFR JCQQ RF?L W HSKNCPQ
QMREWMSJIB @C GRV SLMKKML RM QI=? FGE QAFMMJ
AVKNGRBMP\@OCB

Intro AFroblem Revisital

"= PFL BE<N K?8K K?< GI@:<J F= K J?@IKJ JFC; @E 8E FEC@E< J?FGG@
J@K< N<IB7:5)44A 1;<:1*=<-, 8E; ?8; 8 D<8E :FJK F= N@K? 8
JK8E:8I; :<M@8K@FE F= ?FN :FLC; K?8K @HBSK@FE 9<E<=@K PFL
8J PFL 8 CFFB@E> 8K MSI@FX®IK JKPC<J 8E; ;<J@>EJ FE K?< J@K<
! FN :FLC; PFL LJ< N?8K PFL BEFN @= PFLN\RFFB@E> KF D8BIF=@K
9PGLI:?8J@E> LELILBCCP@@REJ@M< J?@IKIKECT 8K GI@:<J K?28K 8l
DFI < :FDDFE

"W ILMUGLE RFC KZL ?LB 3$ MD RFC QRGRPG® ?LB ILMJGLE
RFR RF®W ?E LMPK?3 BGQRPGEDBRE AL CQRGRTPGER V?W GD ?
QFGPGQ NEBAR ? NMBLQGEBBDRW @CINRFC LMPK &MP GLQR?LA
URF RFGQR®? LC AL CQRGRTRFR ? QFBAPGB R  GQ JCQQ
CUNCLQGRF?L?N M D ?JJ QRGPML RFGRQG?LB MSJB JGW @C

Z5LBCPQR?LBGLEMPK?J $GQRPG@SRGML



PCQMJIBRP?NAVIR ?QQSKGLE RECBQ LMR QRKGLE UALE RFC QRGP
RFR GQ LMRTIG@SQMMPRFC JGQRGLE

Voabulary

?1IJH?8B?ED?L ?PRLECKCIR \d PISCQIM? PPG?@JC
QFMGLE RFCGP M@RCHP RAMERGA DBOSCLAY 12
MAASPELAC

-7D=; E< L7BK;| E< 7 :?1JH?8K?EDGQ RFC EXBILAC
@BJCCL RFC XQR ?LB ERRCQRJISCQ

) EHC7B :?1JH?8KED? TCRV QN3EA BGQRPG@SRREML RE?
GQ QWKREBGA ?@MSR GRQ(KIOD RFGISCQM
RFA?LBMK T?PG?@JC@CIMRFC KL ?LB F?JD 2P
?2@NC RFC KCL INNPWGKRON M D RFC B GQ
UGRFGLQR?LBZPBAGRGMLIMRFC K& ?NRWGKRON
GQUGRFGL 3$Q ?LB UG RFGL 3$Q

. J7D:7H :L?7 J?ED? KC?QSE MD FM QNE?B MSR RFC
B?R? GOMIFRFC K@L 4M BRCPKGLC GDRBPJISC GQ
D?MRIK RFC KGL BARCPKGLC ENK?L W QR?LBBP
BCTGRGMLR GQMIPRFC KGL 4FC 3$ GQ AJASRE 2Q
RFC QOSCRMMRD RFC7PG?LA

5LBCPQR?LBGLBMPK?J $GQRPG@SRGML



IQQSKC RFC B?? RM @C LMPW?BGEQRPCGRREMBCQAPG@C
RFC PPBN @ ?L OCLR SQGLE RMIIWGLEQAJIC

r
r
r
r
r

RM NP M@?@RBOGICRV PFC
RM P ?RC

RM SLA  MKKML

RM A MKKML

RM JGI CW

I<-::176:

)DRFCKZL _ MD RFC B®? GQ ?LB RFC QR?IB?P
BCTGRGML GQ FM AMKKML GQ ?70SC @OCCL
2LB

)DRFC _GQ?LBRFC GQ FM UAMKKML GQ ?
T?2JSC @OCCL  7LB

)DRFC_GQ ?LBRFCGQ FMJAMKKML GQ ?
T?2JSC @OCCL  7LB

)D RFC KZL BCOAR PRC R ? £JINFMLC MBSRGML
NJ?R GQ URF ? QR?LBBBCTGRGMLIM U MSJB
RQCK PC?QML?@JIaM? OSTB?QQBEAC K?L?ECP RM
@C MLACPLB ?@MSR BCARGTNFMLCQ GL ? QGLE

SL® PSL

Z5LBCPQR?LBGLEPK?J $GQRPG@SRGML
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IT?2JSCH GQMW QR?LBBBOGRGML @CRFC
KC?L QM? TISC @OCCL ?LB U MSJB @C
CVN@R® ?NNRVGKRON M D RFC RGKC RMBJIB
@C WMKKML

IT?JSCH GQ 3$Q @CIMRFCKCL ?LB  GQ
3$Q @CIMQM € UMSJIB ZN@R RFCPRM @C ?@MSR
?2 NP M@?@Ra08 ? PISC MASPPGLE GLRPREC !
T2JSC @OCCL  ?7LB U MSJB @CH

GQ 3$ @CIMRFCKQL ?LB  GQ 3$?@MTC
RFC KGL QM € UMSJB EN@R ?NNA/GKROY
MDRFC BR? RM @C GLRRFZEC KC?LGLE RFRB GQ 03V
RFR ? PISC GL RRPLEC UMSJB MYSP

RP?LQJRCQ 8M NCP RFMSQ?LRRIJGQR?LBBP
BCTGRGMLIM NCP RCL RFMSQ?LB RKZ?LQ RFR
BCDARQ GRFC Q?KC RFMSQ?LB GEINC 3$Q ?@N
RFC KGL UCJJ ®M RFCCRV PRC ARCEMP7 FGIREQ
LMR GKNMQQB@JIBBMK AF?LAC RMEQSJR GL QSAF ?
T?JSC RUMSJIB BRR?GIN @C NPSBTHIP RFC K?L?ECP
RM GCQRGR?

Practie Questions

IQQSKC ?J) ®QIMNSIRGMLQ RM @C MIGIERCY LMPK2M
BGQRPG@®SRE BCQAPG@C RP&\PID ?L GCLR SQGIRFEC DINGLE
QRIC

5LBCPQR?LBGLIMPK?J $GQRPG@SRGML



r RM NPM@?@RBOGICRV PRC
r RM P ?RC

r RM SLA MKKML

r RM A MKKML

r RM JGI Cw

IMS KW BCELAC RFC GK?EC @CIM

3AMEQ ML ?@R?GL QR?LB®HEB RCQRF2? KC?LMD  2LB

? QR?LBBPBAGRGMLIM  ( MU AMKKML GQ @M @RJCCL
2LB

#MLQGBCPGLE ? DSAILERFNU OS?JBV K?2JC G@CPGBQIW

F?Q?K@LUCGERM J@Q WE3$M J@Q RWMAMKKML

2RC K?JC FSQIGCQ GL RFE J @QREC

INMNSJRGML _ ?LB FM U AMKKML ?RC T2JSCQ GL RFC
k P ?LEC

OMNSIRGML _ ?LB FM U AMKKML ?RC T2JSCQ

@BJCCL ?LB

I MXA?LM QMB? F?Q ? RCTMJSKC MX UBF ? QR?LBBP
BCTGRGMUIM MX (MJ AMKKML ?FC ALQURF @O CCL ~?LB
MX MD QMB?
?LB FM U AMKKML ?RC T2JSCQ @0CL
?LB

Z5LBCPQR?LBGLEPK?J $GQRPG@SRGML



)D?NMNSRGML _ ?LB FM U AMKKML ?FC T?JSCQ
@@JCCL ?LB

IQQSKGLE NMNRIBML _ ?LB FM U AMKKML ?FC
T?2JSCQ @OCL  ?LB

4FC IKCPGAL 2M@GLB@E?QR F?Q ? KL UCGER N E URF
? QR?LBBPBATGRGMLIM E ( MJ AMKKML ?FC 2M@GLQ GL RFC
Eu EP?LEC

OMNSJRGML _

?LB

FMJ AMKKML ?RC T2JSCQ @OCCL

2
5

?LB

OMNSIRGML _ ?LB FM U AMKKML ?RC T2JSCQ
@BJCCL ?LB

OMNSIRGML _ ?LB FM U AMKKML ?RC T2JSCQ
@BJCCL 7?LB

5LBCPQR?LBGLIPK?J $GQRPG@SRGML



22 The Empirial Rule

( CE WIS UGJJ?RL. FNU RM SQC RFC %KNERXSAC RM
CQRGRTZ RFC Ni@?@Ra08 ?L CCLR

)D RFC NRGACP NMSLBEDM3$! #FMGAC "CCD GQ LMPKPEBGQRPEDSRC
URF ? KL MD J @ ?LB ? QR?LEZBCTGRGMID J@ UFR

GQ RFC COREXNM@?@RBIGRR ? PLBMKW AFMQCL Q?KNDI®IK

? PPLBMKW AFMQCL KPER UGJ@C @CCL ?LB NCP

NMSLB

ZAFC %KNGPZEARSIC



Watch ThisEmpirial Rule

| @D<F <C<D<EK ?8J 9<€FEk;<; =I FD K?@J
M<D@FE F= K?©K<EL :8E M@<N @K FEC@E< ?<I
?KKGIC@HI P8:?@<M@E>K28D FI>
8LIK@E::D8K?C@98HKJ

Guidane

4FGQ@BGLBIL RFC C F?H?97BKB; GQ ?L\WRCLQGMR RFC KPGMSQ
RC?BGLE p5LBCPQR?LBGLE RMEK?J $GQRPG@GRGMWREC NPGMP
R?BGLE RFC EM?2QJRM BCJMN ?L GSRGMLIMRFC BCPARGML
@8JCCL BAR?QB NM@?@BIGLEGLAE?QB BGQRZCADMK RFC
KC?L )L RFGQEPBGLE @ UGJJ RIRGA?NNYGLE RFC %KNEPZSIC

AFC %KNGPGARSICZ
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RM CQREC?RFQNBGRA NP@? @0 MASPELAC ND ? Q?KNJC @8QC
ML RFC'REC W RFC Q?KNJC R@SEB GL QR?LEZBCOGRGMLQ
4FC EPNFGA @QUBIRQ ?GNEQCRRGMLUIMRFC %KNGR@SJC

4FC EPNFGA GQ?RPCPMLAGQC QSKKERD RFCA7B 1J3?1329IMD
? . MPK?J $GQRPG@SRGRIL RMRFC EPNFRCQCK@JCQ ? @CVU .
WIS ILMJ UF W RFC LMPK?J BGQRPG@SRGMUIBR W@CA ASH

r M DRFCB? GQ ?7@M?LB @CJIMU RFC KCL MD RFC B?

r INNPWGKRGY M D RFC B? MASPQ WRFGL 3$ @ RFC KL

r INNPWGKRGY MA ASPQ WREGL 3% M RFC KZL

r INNPWGKROY M D RFC B? MASPQ IRFGL 3$Q M RFC
KC?L

)R GQ BSC RM RMBWIGICQ ?QQRBGIRF  ?LB 3$Q RF?R RFC
%KNGPZEI2SIC GQ 2JQMILNQ RFCY Y HKB;

2)584-

)D RFC BG?RCPM? @?QR@?JJ GQ LMMKBIQRPGHDSRC

ZAFC %KNGPZE@ARSIC



4FC %KNGPBEARSICZ




2)584-

)D RFC BCNRP RFC QUNGL KW WBPGQ LMPKWJ
BGQRPG@®3RRF _ ?LB UF?R GQ RFC
NM@? @RROBHRR? PPLBMKIW AFMQCL JRSML UGJIE?
QLN BCNRF @QCCL 7?LB GLAFCQ

#74<;176

GLAFCQGQ _u ?LB GLAFCQGQ_ QMRFCGP
CLAMKN?QGE?NNRVGKRON ENEQCRQ

4FC NIM@?@RBIRR ? PLBMKIW AFMQCL BRSML UGJIIE?
?BCNRF @OOCL  ?LB  GLAFCQ GQ

ZAFC %KNGP®EARSIC



2)584-

)D RFC FGREND WIMKCL GL RFC 5R® 3RRCQ GQ LMPW?JJ
BGQRPG@®SRRF _ ?LB UF?R GQ RFC
NMM@?@RBIBRR ?P?LBMKW AFMQCLMK?L GL RFC 5R®B

3RRCQ GQ QGFOAPRF?L

#74<;176

4FGQ MLC GQFRIGBGBIE IR QGLCAJC ?EILnR IMMIGMPD
RFC NR@?@RB0B ? JGKGRRLEC ND PJSCQ T U?LR
RMCT?JSRC RFC N ? @30 ? PISC MASPPGLE RIUFCe
@Cam 3GLE RFC BMK?GIDN® LMPK?J BGQRPG@SRGML
GGLOLRC € 2LnR RRS?W QRE RFC N ?@RB0B RFC
NMRGMLIMRFC BGOQRPG@SRGMR NI BIRBZSQCREF?Q LM
pCLBg7 F?R WC LGB RM BM GQ ?BB SN RMEN@REIGQ RF?
UC BM ILMU ?LB QS@RMRR RFCK MK RMEC R RFC
FCK?GLBCP

( CE GQ RR2EMPK?J BGQRPG@ SRGMHAEE?GL RFERFC
FCGER BR? GLORB

4FC %KNGPBARSICZ



2CA?J] RIR? LMPK?J BGQRPG@IRBWQ.P3Q MD RFC
B?R? ML CAF QGBMNRFC KZL 4F?R GLB@RCQ RR?
MD53 DCK?JCQ ZPR?JICP RF?L  ?LB EGTQ SQ ? QMJIGB
QR7RGLE NMGRMMAASRC DK 4FCRC GQ ?LMRFCP
@@aJCCL 2LB ?2LB?O5L?) @CRJCCL  ?LB
5JRGKRON RFR RMR?2JQ
3GLE M D53EBK?JCQT  MPR?JIGFR
JOTCQ RF? R?BJCQQRF?L R?JJ

Intr o Problem Revisitel

"= K?< GlI@:< G<l GFLE; F= ., ?F@:< <<= @J EFID8CCP :@JKI@9LK<:
N@K? 8 D<8E F=  C9 8E; 8 JK8E;8I; ;:<M@8K@FE C9 N?8K
@J K?< <JK@D8KRIGI@C@KP K?8K;BICP :?FJ<E J8DGC<IFD 8
| 8E;FDCP :?FJ<E D8IB<KN@®€ 9<KN<<E  8E;  G<I GFLE;

GQ _ 2LB GQ _ QM RFC N@?@®I® ? PISC
MASPPGLE GLRPREC GQ ?NNRGKRCN

Z4FC %KNGPGEARSJIC



Voabulary

) EHC7B :?1JH?8KED? AMKKML @SR QNGBEA
BGQRPG@SR@BRNBF ? QR b AF?PARCPGQRGRQGHT
GL RFICQQML 7@M

| C F?H?97BKB; ? L?KC IMP RFCW GL UFGAF RFC
LMPK?J BGQRPG@SRGML BRT@GBQREBBBITGRGMLQ

URFGL 3% UG RFGL 3$Q?LB UGRFGL 3%Q
MD RFC KZL

HKB; ?LMRFCP L?KQVMP RFC %KNGBG8JC
;BB 9KH,; RFC QF?NMONM LMPK?J BGQRPG@SRGML

| LMPK?JW BGQRPGEEESRC QR F?Q _  ?LB

UF? R GQ RFO/NP?@BIM PLBMKW QCARGLE ?
T?JSC EEPRCP RF?L DRVIK RFC Q€

| LMPK?JW BGQRPGEERSRC QRF?Q _  ?LB

UF? R GQ RFO/NP?@BIM PLBMKW AFMMQGLE ?
T?JSC @OCCL ?LB DMK RFC Q&€

| LMPK?JW BGQRPGEEESRC QR F?Q _  ?LB 7L
SLILMUL QR?LB®BCTGRGML URGQ RFONP?@BIG
RFR ? PLBMKW QCAR® T?JSC UGJJ @C JCQQ RF?L

4FC %KNGPBARSICZ
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)D_  2LB RFCL _ 3GLE UC 7/’
IMMIGLEP 2JJ B? ?@I¢ RFR NM®L UC LGB RM
QS@RMR RFC INR® ?@BIRR ? PISC UGJIAER @OJIM
RFRPISCDAK 4FCNP M@?@®BIBMR ? PISC UGJJ
@CJCQQRF?L GQ QGLAGQ RFC K& 4FCFC GQ
2LMRFCP @GUCCL ?LB  ?LMRFCP
@®&CCL ?LB ?LB?D GL?J @CRJCCL ?LB
u u u u
NAM@? @018 ? PISC EEPRCP RF?L
GQRFCKEL ?LB  GQ QR?LBBBCGRGMLQ

2@NC RFC KCL QM RFC M@?@RB0®@ ? PISC GL RR?
P?LEC GQ

GQ RFC KCL QM RFC N@?@Ra0® ? PJSC JCQQ
RF?L RFR GQ

Practice Questions

IQQSKC 2JJ BGQRPG@SRGMLQ RM @C LMRKGEREPNMPK?J ?LB
AJASRC NGELR?ECQ SQGLERFC u u PSJC

'GTCL KC?L ?LB QR7?LB?MB BOGRGMLM DGLB RFC
?NNRVGKRC NGELR?EC MRFC BGQRPG @ SFRGNHCRRAQL

u ?LB

INNPWGKRGY UFR NCACLR @ ? LMPK?J BGQRPG@SRGML GQ
@8JCCL QR?LBPBCGRGMLQ ?LB QR?LBBZTGRGMLQVBP
RFC KCL

Z4FC %KNGP&GEARSJIC



'GTCL QR?LBEBCGRGMLIM ?LB KC ?L MD  ?NNRAWGKROY
UF?R NCRCLR?EC DIRFC?ISCQ ZPER?RCP RF?L
'‘GTCL ?LB _ ?NNP  MWGKRGY UFR NCACLR?EC MRFC
T?JSCQ PRICQQ RF?L
'GTCL KC?L ?LB QR?LB?B BOGRGML [O5LB RFC
?NNRVGKRC NGELR?EC DIRFC BGQRPG @ SRGMICRRAML
u ?LB
INNPWGKRGY UFR NCRCLR N ? LMPK?J BGQRPG@SRGML JGCQ
@eJoCcL . ?LB
'GTCL QR?LBBEBCGRGMLIM ?LBKC?L ?NNPWGKRGK
UF?R NCACLR?EC MRFC7ISCQ ?RPICQQ RF?L u
'GTCLKC?L ?LB QR?LB?BBCGRGML DBGLB RFC
?NNRVGKRC NGELR?EC MRFC BGQRPG @ SFRGNHCRRAACL

?LB
'‘GTCL ?LB _ ?NNP  MWGKRGOK UFR NCRCLR?EC DIRFC
T?JSCQ TPER?RCP RF?L
INNPWGKRGY UFR NCRCLR @ ? LMPK?J BGQRPG@SRGML GQ
@BJCOCL _7?LB _
'GTCL KC?L 7?LB QR?LB?B BOGRGML DBLBRFC
?NNRVGKRC NGELR?EC MIRFC BGQRPG @ SFRGNACRRAQL
u ?LB
'GTCL QR?LBBEBC GRGMLIM ?LB KC~?L ?NNRVGKROY
UF?R NGRCLR?EC DI'PJSCQ ZTPER?RCP RF?L
INNPMWGKRGN UFR NCACLR W ? LMPK?J BGORPG@SRGML GQ JCQQ
RF?L QR?LBBBOTGRGMLQVBERFC KCL

'GTCL _ 2LB _ D GLB RFC ?NMFGKRC
NCRCLR?EC MRFC BGQRPG@SRGMICRRAML ?LB
'GTCL_u u ©?LB ?NNP WGKRQN UFR

NCRCLR?EC MRFC?ISCQ ZPER?RCP RF?L u

4FC %KNGPBARSICZ



237Z-Sores

( CRZ WIS UGJJ?RL FNU X QAVIEQ AL @C S@RM
CT?JSRC FM CVREKC ? EGTL T2JSC GQ GL ?RIBRSJ?P
Q®R MP
NMNSRGML

( CFZ WIS UGJJ2RL RMT2ISRC XQAMEQ 2Q RAC
FCIRC RM M@ ?@®0G

( CRZ WIS UGJJ?RL RMAASIRC RFC NI®? @RI ?
XQAME @RJCCL RIM MRFCPQ

Part |

5 QGLE RFC %KN@GPZRC AL EGT WIS ? EMMB GB® RFC NH®?@RBIG
MD MASPELAC ND ? PJSC RRR F?NNCLQ RM @ZRW MLC IRV MP
RFEC RM @6CP QGBD RFC K& @SR FMBM WIS MKN?RE RFC
NM@? @GREESGPNISCQ RR??E GI@BJCCL QR?LBBBCO GRGMLQ

Z: 3AMEQ



Watch This: Mathsuforial: Z sores

4FC "PBGQF TGB@CINGQAORV AR ?LB CQW RM
DMJIIV )R GOMIRF LMRGLE RBASIAPEIP 53 QRSBRQ
RFR RFC GLQRRSA SQCQ RFC RERRP?RFCP RF?L MP
KC?L ?LB NIMLMSLEQQ?Q pCBq

2 FL-L9< <C<D<EK ?8J 9<<EXCL;<; =| FD K?@J
M<D@FE F= K?OK<EL :8E M@<N @K FEC@E< ?<I
?KKGIC@9I P8:?@<M@E>K28D FI>
BLIK@E::D8K?C @98 J

: QAVEQ 72 EJRB RM RFC %KNGPGAIC MK RFC QR?LBNRGR
@CGLE ? REMB M C?IJSRGLE RMCVREKC ? N?RGASJ?RPIBC GQ GL
? EGTL QR 4EK 97D J>?DA€7 PI9EH; 71 J>; D KC8;H E< IJ7D:7H

: 3AMRQZ
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;L?7 J?EDI J>;H 7H; 8;JM ;;D 7 =?L;D L7BK; 7D: J>; C;7D E < J>;
I;,J 7 FGJC RFC %KNGPZAIC ?JUQ WIS RM ?QQNRAGRFIGPQR REP
QR?LBB BOGRGMLQ RF5 RFC NAPLR?EC Bl BR? RAR CAF 3%
GLAJSBCQ RFQAXIE ?JJUQ WIS RM @RZ?Q ?ASPRGY ?QMS J@E
HSQR BNK?L W 3$Q ? BTL T?JSC GQ 7I@WIP @CJIRFC KL
#MLACNRSAMIRFC XQAVE ARJASRGML GQ HSQR W3 KGER
CO/N@R ETL RFR WS ?E RJASRGLE RFC LSK@TP3¥Q @UOCCL
? T?JSC ?LB RFC KL 9MS RJASRC RFCQAVE @V BPQRIASRGLE
RFC BAIXLAC @RJOCL WISP TJSC ?LB RFC K ?LB RFCL BGTGBGLE
RFR ?KMSIR @& RFC QR?LBBU GRGMLIMRFC QCAFC MPKSJ? JMMIQ
JCC RFGQ

(value — mean) (z=p)
z-score = —— =
standard deviation o

)L RFGQ JCQQMLUGJJI RIRGARIASRGLE RFCMME MP PPGMSQ
T?JSCQL)RFC L@R JCQQMIC UGJIZRL FNU RM ?QQMRGRFCQAVIE
MD ? PISC URF RFC INR®? @BIBFR RFC7DSC UGJIASR

7 F?R GQ RFQAME ND ? PJSC EGCTL ? Q& KCL MD
?LB ? QR?LB?B BOTGRGMLIM

#74<;176

4M BLB RFCAVIE UC LGB RM BGTGBC RECBGR
@BJCCLRFCTISC ?LBRFCKCL @W RFC
QR?LBBBCTGRGMLIMRFC RC

W—p 224 3
==t =

z-score =
2 2

z-score of 27 = +1.5

Z: 3AMEQ



4FGQ GLBBEQ RR? GQ QR?LBBBCTGRGMLQ 7@WRFC
KC?L

2)584-

7 F?R GQ RFQAME ND ? PJSC M GL? QR UBF _
?LB

#74<;176

&GLB RFC BGDLAC @RJCCL RFC ETL T?2JSC ?LB RFC
KC?L RFCL BGTGRG@E RFC QR?LBBTIGRGML

tecore_ 1045 _ 1045125 _ 205
SreE T T T 62 62

z-score of 104005 = —3.306

. MRC RRIRFC ®AVIE GQ LCRET QGIARFC KCQSEB
T2JSC  GQJCQQ RF?L @CRWC KGL

2)584-

&GLB RF@JISC eNEQCR® @V ? XQAVIE ND E GCL_
?LB

. 3AMEQZ



#74<;176

4FGQ MLEBSGR) RAR L QMCT MP ? KGQQGRESKT PRFCP
RF?L BIP ? KGQQGLEAIE QM G HSQRTERMEIJ GL
MSAMPKSJ? URF UFR LC ILMU ?LB QMIC MP RFC KGQQGLE
T?2JSC

ke
Z-Score = ———
a

z — 63
4.25
10.213 =z — 63

2.403 =

73213 ==z

F?Q? X QAVRE ND

Intro Roblem Rvisitel

5 QGLE RFC %KNGPZHIC 2L EGT WIS ? EMMB GB® RFC NRD?@RBIG
MD MASPELAC ND ? PJSC RFR F?NNCLQ RM @EFPRIE MLCIMRFGAPQR
RFEC QR?LBBBOTGRGMLQ RRFUB QGHIRFC KZL. @SR FVBM WIS
AVMKN?RE RFC NR@?@BIGDNPISCQ RR??E GL @CGCCL QR?LBEP
BCTGRGMLQ

4FC XQAMEE ND ? PJSC GQ RAGSAR W RFC LSK@CP \pR?LBBP
BCTGRGMLQRICCL RFC TISC ?LB RFC KL MD RFC @CMS AL OGLB
® @ QS@RRGLE RFEIEC MK RFC KCGL ?LB BGTGBGLE RECRR\@
RFC QR?LEZBOGRGML

Z: 3AMREQ



Voabulary

4FC XQAME ND ? PJSC GQ RFC LSK@QTRRPLBBP
BCTGRGMLQR@CCL RFC1ISC ?LB RFC K& MD RFC QC

7 F?R GQ RFQAMIE ND RFC NRGYD ? N?GPNIGQ
RFRMQR  GDRFCRCQIG NPGSQ  UGRF?
QR?LBBBCTGRGMLIM

7 F?R GQ RFQAME \D ? QAVMN GAAR?K AMLC GD
RFC KGL LSK@CP DIQMMNQ GQ RF®? QR?LBBP

. 3AMEQZ



BCTGRGMID QMMN

7 F?R GQ RFQAVIE ND RFC OGER D ? AU RFR RGNQ
RFC QCQR J @Q GD RFGKUCGER BIP AUQ D
FCPRUNC GQ @Q WRF ? QR?LBBBCGRGMLIM

JoQ
7 F?R GQ RFQAE ND ? K?QSEB T?JSC
EGTL _ 2LB
#74<;176:

&GPQBLB RFC BGBLAC @RJCCL RFC KCQSEB
T?JSC ?LB RFC KL RFCL BGTGBCRRBBLRLAC @V RFC
QR?LBBBOGRGML

247279 _ -32

16 16

XQAVIE u

4FGQ MLC GQW 4FC HEELAC @RJCCL QAVIMNQ
?LB QAMMNQ GQ?LB U C BGTGBC RR¥ RFC QR?LB?P
BCTGRGMID QM RFAMME GQ

&GPQRBLB RFC BGBLAC @RJCCL RFC KEQSPB
T?JSC ?LB RFC KL RFCL BGTGBCRRB@LRLAC @V RFC
QR?LBBBCTGRGML

8251bs — 1150 1bs ~ —325

771 Ibs T
XQAVIE u
&GPQEBLB RFC BGBLAC @RJCCL RFC KCQSEB
T?JSC ?LB RFC KL RFCL BGTGBCRRBBLRLAC @V RFC
QR?LBBBCTGRGML

0.0034 — 0.0041  —0.0007
0.0008 ~ 70.0008

XQAVIE u

Z: 3AVMEQ



Part Il

+LMUGLE RFC QAME ND ? BTL T?JSC GQ@R @SR UR?AL WIS
BM UBF B ( MJ BMCQ ? RAVIE RJRC RM M@®?@W®B03 F?R GQ RFC
NRM@?@B0® MASPELAC ND ? XQAMIE JCQQ RF?L

Watch This: The Normal Distribution

4FC TGBZ @CIMNAVTGBCQ ? BCKMLERGMLIMFM RM
SQC ? XAVIE NRI@?@RIBCRELAC R?@JC ?Q BM GL
RFGQ JCQQML 4FC R?@JC FC SQCQ GLARFGHIGIRC
BABKLR @SR RAGLCNR GQ RFC Q?KC

2 FL-L9< <C<D<EK ?8J 9<<EXCL;<; =| FD K?@J

: 3AMRQZ



M<U@FE F= K?OK<EL :8E M@<N @K FEC@E< ?<I
?KKGIC@9I P8:?@<M@E>K28[D FI>
8LIK@E::D8K?C @98 J

3GLE XQAMIEQ 7€ ? KC?QSE ND RFC LSK@C® M$Q @OCCL ?
T?2JSC ?LB RFC KL RFQV AL @C S@CRM AJASRRC NR@?@REI@Y
AMKN?PGLE RFC IRBMLIVMRFC GAMIE RM RFCGPSLBCP ? LMPK?J
ASHC CRFCP RM RFQRIEP PGE 4FC 267 A?L @C AJASRG SQGLE
A2JASISQ @SR UGJIJ HSQR SQC ? R?@JC RM JMMIBN RFC ?P

) @CJIJBTRFR RFCMLACNR DI MKN?PGLE QAMEQ RM M@?@RBIGQ
KMQR P& SLBCPQRMMBRRUBEPNFGA JGRFC MLC®SQB GL RFC
JCQQML ML RFC %KNERSIC QM ) GLABSRILC @CJM'C QSE RM
FCTGG RFC ®@2KNJCQ RMGYMU RFC QARQ WP

,GIC RFC ENFGA O TAOB GL RFC %KNGBG@SJIC JCQQML RFGQ
MLC MW NMTGBCQ N@?@BIGCKLR?ECQMP RCECP2JSCQ DX
QMRQQR?LBBBOGRGMLJL MBCP RMEDB RFC?ISCQMP XQAMIEQ
RFR ?ELnR ®RCECPQM® AL SQC R?@JC GGRFC MLC @GJIMM

Z: 3AMEQ


https://library.achievingthedream.org/austinccmathlibarts/?p=43#pb-interactive-content
https://library.achievingthedream.org/austinccmathlibarts/?p=43#pb-interactive-content

B5LB RFC?ISC ?QQMREB?URF ? BTL XQAVME WIS GLB RFGGPQR
BCAGK?J DIWISP XQAVEML RFC JRIMP PBEQGBC ?LB RFCL RFC LB
BCAGK?J M WISP XQAVE ?ARIQQ RFC RMN MRN®MB RFC R?@JC
7 FCE RFBGRCP@R WS UGJIHDB RFC BGK?J YINEQQGMD RRFC
NCRCLR?EC MPJSCQ RR7?E JCQQ RFMUSP Q?KNIQC G/?KNJIC

: 3AMRQZ



/ 78B; 19HEBB JE |;; 7BB7ABK;I
5

Z: 3AMEQ



/ 78B; 19HEBB JE |;; 7BB7ABK;I

: QAVE R?@JCQCIBFC MLC ?@MBCQAPG@C RMEARERBIGMR ?
EGTL T2JSC MP 9 PJSC JCQQ RFRLIB5JJ ABP GR EGTL Q8 4FGQ
N?RRGASJ?P R?@JC ?QQMSCQRWMMIGLE RELB RFC N@®?@RBIG
2QQMARBB URF ? NMRGT XQAME 9MS KW F7C ?BBRGML?MIPRM
BM GD RFQAVIE GQ LCRG&T

r 4M BLB RFC NERR?EC DIPISCQ EPRCP RF?L ? LORGT:
QM HSQR JMMI SN RFRAEGLE NIRQE: QAVIE T2JSC

r 4M BLB RFC NERR?EC PIPIJSCQ JCQQ RF?L ? RGEXQAMVIE
QS@RM RFC AFRPPISC IMK

r 4M BLB RFC NERR?EC DIPISCQ EPRCP RF?L ? NRGGX
QMR QS@RR RFC AFRPRISC MK

: 3AMEQZ



2)584-

7 F?R GQ RFONP? @RBORMR ? PISC URF ? XQAMIE JCQQ
RF?L  UGJJ MASP GL ? LMPK?J BGQRPG@SRGML

#74<;176

3ARMJIJ SN RM RFC R?@JC ?[@\MBLB p q ML RFC KKMP
PGER QGBCMJ KMTC ?ARIQQ RFC R?@JC RYIML RFC
RMWIP @RRK ?LB PAMB RFC TIJSC GL RFCH 4F?R
RCJIQ SQRF? E <Ll/BK;I?DJ>;;J7H;7JEHS8;BE 7P
I9EH E <

2)584-

7 F?R GQ RFO/N®? @RBORHR ? PJSC URF ? XQAVIIE ER?RCP
RF?L  UGJJ MASP GL ? LMPK?J BGQRPG@SRGML

#74<;176

3ARMJIJ SN RM RFC R?@IQAVMIE N @?@%ICGQ ?E?GL ?LB
O5LB RFCRCP@RGML @CCL ML RFC JEOMP PBE?LB
MLRFC RMN MP @MKRRPAMB RFC TJSC GL RFCH

4F?R BBGK?J KD SQ ILMRFR M D PJSCQ GL RFRQC

Z: 3AMEQ



?RC9<CFNRFC XOAVE ND 4 M BLB RFC NERR?EC RR&GQ
?@NC RFR PJSC € QS@RR DRVK MP DP MK
RMEC R MP

2)584-

7 F?R GQ RFONP?@BIB ? PLBMK QCHRGML @CGLE JCQQ
RF?L  E GCTL ? LMPK?J BGQRPG@SIREML LREB

#74<;176

4FGQ OSCQRGEMSEFY SQ REMDRIB RFCYAVE IMP RFC
T?2JSC  RFCL A?JASRC RFC NERR?EC M PJSCQ @CIM
RFR XQAVIE DRK ? FCREELAC

&GLB RFCOAME MP  SQGLE RFC QAVIE
MPKSJ?

(z—p) 365-5 —1.35
% 23 2z - ®

. MUUC &L QARJIJ SN RM MSPAIE ECEELAC
?@NC ?LB BLB RFCRCP@RGMLIM ?LB UFGAF
QFMSJB @C

3GLE RFGQ GQ ? REEXQAVE ?LB UC U?LR RFC
NCRCLR?EC M PJSCQ @CIGR WC QS@RR RFR
BCAGK?J DK FCCRELAC RFC REB QRCNQ
FGEJGERB @V @SRCMEB @TIRFC AFR GDAY
BGBhR®?JJ RFGRM ER u

: 3AMRQZ



4FCFC GQ ?NMFGKRCOY ? NP M@?@RBIRMR ? PJSC
JCQQ RF?L U MSJB M¥SP DK ? PPLBMK QCJRGML
MD ? LMPK?J BGQRPG@SREKIPUG?LB QR?LB?B
BCTGRGML

Conept Roblem Fvisitel

$EFN@E> K?<J®Il < F= 8 >@M<E M8CL< @K 9LK N?8K :8E PFL
‘F N@K? @KFN :F<J 8 QJ:FI < I<C8K< KFFRSBI@C@KRP8R @J K?<
GIF989@C@KP F= RH:# F= 8 Q:FI < C<JJ K?8E
I X QAVE JRQ M5 ARJASRC RFC NR?@BIRR ? PLBMKW
QCIRE® T?JSC UGJJ @C?REP MP JCQQ RF?LRGERBI?RISC GL ? RC
4M BLB RFC NR?@RB0B ? XQAVIE @CIM SQGLE TBRLAC
QSAF 2Q RFC R?@JC GL RFC JCQQOML ?2@M

&GLB ML RFC JRIMP PEEQGBC
- MIC 2ARMQQ RM ML RFC RMN MP RVUR
4FC ACJIMS ?2PPGTR QWQ  UFGAFKC ?LQ RFR 72NV

M D RFC?ISCQ GL ? LMPK?J BGQRPG@SRGER GEIIMA
X QAME ND

Voabulary

5 19EH; J78B; ? R?@JC RF?QQMRG® RFCAGMSQ

Z: 3AMEQ



AMKKML XQAVEQ @OCCL ?LB UG RF RFC BGK?J
NAM@? @B @CGILEQQ RF?L MPSCJ RM RE2QAVIE

7 F?R GQ RFOWE? @Ra0® MASPELAC ND ? PISC
UGRF XQAVIE ER?RCP RF?L

7 F?R GQ RFONE? @B0BQ u

7 F?R GR3

#74<;176:

3GLE RFGQ GQ ?REIG@AVE UC 2L SQC RFQISC
MRQ BGRARW D#K RFC R?@JC ?LB HSRRQQRG
?2Q? NCRCLR?EC ~ MP

4FGQ GQ ? LBBIXQAMVIE ?LB UC U?LR RFC
NCRCLR?EC M PJSCQ EPRCP RF?RGIM O LGB RM
QS@RMR RFT?ISCIDRQ DMK u
MP

4FGQ GQ ? NMBIEQAVIE ?LB UC LGB RFC
NCRCLR?EC M PJSCQ @CTJIBR QM O 2L SQC RFC
NCRCLR?ECQQMARBE URFQ BGPCARW DWK RFC
R?@JC MP

. 3AMEQZ




Part Il

$M XQAVIE NRI@? @REE3GQURANQ LB RM @CISRB ?Q RFC AF?LCA
MD ? PJSC GRECP ?@® MP @QIN EGTL QME ( MJ UMSJB MS

A?JASRC RFC N®®? @RI ? XQAVIE @RJCCLuU  ?LB

Watch This: Bading FPobabilities fom
the Z-table

2 FL-L9< <C<D<EK ?8J 9<<EXCL;<; =| FD K?@J
M<U@FE F= K?OK<EL :8E M@<N @K FEC@E< ?<I
?KKGIC@9I P8:?@<M@E>K28D FI>
BLIK@E::D8K?C @98 J

Z: 3AMEQ


https://library.achievingthedream.org/austinccmathlibarts/?p=43#pb-interactive-content
https://library.achievingthedream.org/austinccmathlibarts/?p=43#pb-interactive-content

4M RIASRC RFC NR?@@IM EERGLE ?7ISC URF ? XQAVIE
@®JCCL RIM MRFCPQAMEEQ WS AL CEFCP SQC CBRELAC R?@JC
RM JMMI SN RFZISC BP @MRFMEQ ?LB QS@RR RFCK RMGDB
RFC BGIELAC MP MS AL SQC RELMIME )L RFGQ JCQQML UFGAF
GQ ?L\RCLQGMD MYAVIEQ ?LB :QAVIEQ )) (€ UGJJ RARGA @MRF
KCRFMBQ

( GOQRMPIBWR F?Q @C TCRV MKKML RM SQC 2QMIE NRI@? @R0G
R?@JC GRFC MLC @CGRM JMMI SN RFONP? GRBIBQQMRBURF ?
EGTL XQAVIE

: 3AMRQZ



/ 78B; 19HEBB JE I;; 7BB1BK;|
5

Z: 3AMEQ



/ 78B; 19HEBB JE I;; 7BB1BK;|

3GLA RFC NRIGEPRGMLIMRFA_RCPLR FMCTCPW/S AL ?JQM SQC ?
DRC MLIGLCPASRMP QSAF ?Q MDCRACQC REP

r X3AME #?JASRMP
r X3AME RM N 8JSC #?JASBMP
r X3AME #?2JASRMP

2)584-

7 F?R GQ RFOWNP? GRBIBQQMRBURF ? XQAVIE
@BJCCL ?LB

: 3AMEQZ


http://www.fourmilab.ch/rpkp/experiments/analysis/zCalc.htmlculator
http://easycalculation.com/statistics/p-value-for-z-score.php
http://www.mathportal.org/calculators/statistics-calculator/z-score-calculator.php

Z: 3AMRQ



2)584-

7 F?R GQ RFQ/NP?@QRBOBHR ? PJSC URF ? JQAVIE
@®eJCCL ?LB UGJJ MASP GL ? LMPK?J BGQRPG@SRGML

#74<;176

,CR@ SQC RFC MLIGUBARMPRK? RENM®2J NEFIMP RFGQ
MLC7 FCL WIS MNCL RFC N?ERIS/IQFMSJIBQEUGLBMJIGC
RFGQ

1JJ WIS LCB RM BM GQ @R RECIBGM @SRL RM RFCRIED
RFC GPQR/RC DINM@?@W®IGLNSR pug GLRM RFGBQR
@M ?LB  GL RM RFCAMLB 7 FCL WIS AJGAEC FKJ;

VWIS QFMSJB ERFOIDSIRU 3

7 FGAF RCJJQ SQ RF?R BRCAMFGKRCY ?LB
NM@?@RIBHR ? PJSC URF ? XQAVIE @RJCCL  ?LB
UGJJ MAP GL ? LMPK?J BGQRPG@SRGML

. 3AMEQZ


http://www.mathportal.org/calculators/statistics-calculator/z-score-calculator.php

. MRG’RFR RFCNASRMP 2JQMRBGJQ RFC QREMEIBL
UGRF BLBGLE RFC ?1CRJ

%QRGREC RFC NI®?@RBISQGLE 7B QMMS F7C
7L GBEMD UFR \WMSP ?LQUP QFMSJB @C
&GLB RFC N@?@RE0IBQ SQGLE TRRLAC

&GLB RFCN@®?@®IMQ u  ?E?GL SQGLE ?
FCORELAC
3S@R®PR RFC?USCQ  u MP

2)584-

7 F?R GQ RFONB? @RIBFR ? PLBMK QCHRGML UGJJ @C
@B8JCCL  7LB GD B GONIR? LMPK?J
BGQRPG@SRBRNL ?LB

#74<;176

4FGQ OSCQRGERIBER) SQ REMDBIE RFCYAMEQMP RFC
T2JSC  7LB RFCL A?JASRRC RFC NERR?EC B!
T?JSG@@JCCL RFCK @ SQGLEISCQ MR ? XQAVIE
FCORELAC ?LB BLBGLE RFCIBEDAC

&GLB RFCOAVE MP  SQGLE RFCQAVIE
MPKSJ?

Z: 3AMEQ



. 3AMRQZ



Conept Roblem Rvisitel

F Q J:Fl < GIF989@C@K@<J 8CN8PJ E<<; KF 9< :8C:LC8K<; 8] K?< :?8E:< F=
8 M8CL< <@K?<I| 89FM< FIl 9<CFN 8 >@M<EBNNFLC; PFL :8C:LC8K<
K?< GF989@C@KP B-F8 Q9<KN<<E] 8E;

IDRCP RFGQ JCQIBLQAMSIB IWUGRFMSR OSCQRGNRLRARIE
NM@?@RE3CGQ BM LMRBLERM ?QQSKC MLNM@?@RE3IG@NC MP
@CIM? EGTL T2JSC RFC N@?@RBIG@ROCCL T?JSCQ A ?2JQM @C
A?JASREB

4FC NM@?@RB0@ ? XQAVME @CIMu GQ ?LB RFC
NM@?@Ra0@ ? XQAVIE @CIM  GQ QM RFC NAM@?@RB0G
@BJCCLRFCKGQ u

Voabulary

PISEH; ? KC?QSE ND FM K?L W QR?LBBBCTGRGMLQ
RFCe ? @RJCCL ? BR? PJSC ?LB RFC KL

PI9EH; FHES78?B® J78B;? R?@JC RF?QQMRGD X
QMEQ RM @PSLBCP RFC LMPK?J ASP4FC R?@JC WP@C
SQB RM ?QQMRG? :QAVIE URF ? NOAZLR NRI@?@RB0G

7 F?R GQ RFONE? @@0M ? XQAVIE @RJCCL u

Z: 3AMEQ



2LB
7 F?RGR 3
7 F?R GRU 3

#74<;176:

5 QGLE RFQQAVE NM@?@RBIR?@JC T@NC AL
QC RFR RFC NR@?@HRBOMD ? PISC @AJM  GQ
?LB RFC NP@?@R0®8 ? PIJSC @AJM GQ

4FCEEME RFC NR@?@RB0B ? PIJSC @OCCL RFCK

GQ u MP
5QGLE RFOYAMVEE NRI@?@BIR?@JEC QC RFR RFC
NAV@?@®0@ ? PISC @AJM  GQ 2LB

2 T?2JSC @QJIM GQ  4F? RKCLQRFRRFC
NAM@?@Re0m@ ? PISC @OCCL RFCK GQ u
MP
5 QGLE RFC MLIGUBARMPRK? RENME2J NIPU C
QCJR RFC RMRIASRRGML BE RFC ?QQNREBGM
@SRMIRM RFC 50D B CRCP puq GL RFCGPQR\@M
2LBp qGL RFC @ULB @W #JGAIEC FKJ; RM ERp
q?LB AVLTCHR RM ? NGELR?EC 4FC NR@?GRA0D
2 XQAVIE @RJCCL U ?LB GQ ?@MSR

Practie Questions

'GTCL ? BGQRPG@SREBMRKGL MD ?LB QR?LB?BBCTGRGML
MD  DGLB ? TISC UF ? XQAMEE ND u
7 FPRBMCQ QAVEND KC ?L

. 3AMEQZ


http://www.mathportal.org/calculators/statistics-calculator/z-score-calculator.php

'GTCL ? BGQRPG@SRRIME KIGL MD  ?LB QR?LB?B BOTGRGML

MD DGLB RFCQAVIE ND

'GTCL ? BGQRPG@SRRIVE KIGL MD  ?LB QR?LB?B BOTGRGML

MD DGLB ? TISC URF ? XQAVIE ND

&GLB RFOQAME ND EGTL ? BGQRPG@SREME KGL ND
7LB QR?LB?M BOTGRGMLIM

7 F?R BMCQ Q8ME NDu KC 7L

&GLBRFOQEME D  E GTL ? BGQRPG @SRRIV KIGL MD
7LB QR?LB?B BOGRGMLIM

'GTCL ? BGQRPG@SRRMR KGL MD  ?LB QR?LBEBPBOTGRGML

MD DGLB ? TISC URF ? XQAVIE \D u

'GTCL ? BGQRPG@SRRIMR KGL MD  ?LB QR?LB?B BOTGRGML

MD  DOGLB ? 7ISC URF ? XQAME ND u

&GLBRFOQEMEND E GTL_ ?LB

&GLB ?7ISC URF 2 XQAME \Du EGTL _ 7LB

&GLBRFOQEME MD E GTL_ ?7LB

&GLB RFC NB?@RICGQ SQC RFC RNBIRHIPICQQML P@M

F?R GQ RFONE? @RI ? XQAVRE JCQQ RF?L
F?R GQ RFONG? @RA0MD ? XQAVIE ER?RCP RF?L

F?R GQ RFON? @I ? XQAVIE JCQQ RF?L u

F?R GQ RFONE? @I ? XQAVIE ER?RCP RF?L u

F?R GQ RFONG? @Ra0@ ? XQAVIE JCQQ RF?L

F?R GQ RFON? @RI ? XQAVIE JCQQ RF?L u

F?R GR3

F?R GR3

F?RGR3 u

F?RGR3 u

F?R GR3

F?R GQ RFONG? @B0M RFC?RBMK MASPELAC D ? PJSC
ER?RCP RF?L DMK ? LMPK?J) BGQRPEESRISRGML BE
KC?L ?LB QR?LB?M BAGRGML

7 F?R GQ RFONE?@RB0® ? PISCE  MP ERC?RCP?QQSKGLE ?
LMPK?3/ BGQRPGEBIRUBF KL ?LB  QR?LBBPBOGRGML

NN NN NN NN NN NN

Z: 3AMEQ



7 F?R GQ RFON? @®BI® EERGLE 771SC @QJM DPMK RFC
PPLBMK MSRNSPOM LMPK2MBGQRPGEESRURBF _ ?LB

&GLB RFC MB?@%3ICQ SQC RFC RMKE&BP JCQQML MP ?L MLJGLC
FCQM3¥E

7 F?R GQ RFO/NP? @RAOID ? XQAVIE @RJCCL ?LB
7 F?R GQ RFONP? @M ? XQAVME @RJCCLu  ?LB
7 F?R GQ RFOWNP?@RB0B ? XQOAME @RJCCLuU ?LBu
7 F?R GQ RFO/NP? @RAOID ? XQAVIE @RJCCL ?LBu
7 F?R GQ RFONP?@BID ? XQAVIE ER?RCP RF?L

7 F?R GQ RFO/NP? @RBOB ? XQAME EE?RCP RF?L u

7 F?RGR 3

7 F?RGR 3

7 F?RGRu 3 u

7 F?R GRuU 3

7 F?RGR 3

7

F?R GQ RFONG? @RA0@ RFC?PBMK MASPELAC ND ? PJSC
@@JCCL ?LB DP MK ? LMPK?3¥ BGQRPGEISRISRGML BE
KC?L ?LB QR?LB?M BOTGRGML

7 F?R GQ RFONP?@®IM ? PISC @OCCL  7LB

?QQSKGLE ? LMPKRIBGQRPGASRURF KC?L  ?7LB
QR?LBBBAGRGML

7 F?R GQ RFO/NP? @BIM EERGLE

. 3AMEQZ



24 Regesion and
Correlation

r ( CE WIS UGJJ2RL. ?@MSR N?GPRRG?@JCQRTR2
RCIJRE® GL ? JIGPRD?QFGML GLAJSBGLE RRMQ@ISI®)
MASPPGLE
GL ? QJ5HN PLBMK K?LLCP

r ( CE WIS UGJJ2FL. RMNASRC RFC JGEC
AMPRIRGMIMCEEAGRL?LB FM RM SQRE&M BCQAPG@C
RFC @JRGMLQFGRI@CL ?L C/NJ?LRMW ?LB
FCONMLQCRG?@JC

Linear Relationships

)K?EGLC BJIGLE RFSE RFC CIBRILGAQ AESMLIMWSP JVA
BCN?RKCIR QREIPLL RFC U?JJ 28 O/?KNJCQ IMBMELQVD RCIGQGML
QRQ DK JARIC  SLGRQ K?BC RMRML ? IRAFCL MSIRCP RM
KMLQRCPQ RCR RM @C REIRCPNGIMD ? FMKC RPEE ,MMIGLE
2R RFC NRIEA WS LMRC BEMSR QSPNPGECRFE? KMBCJ GQ K®IP
OVNCLQGTRF?L RFC ?LB ?  KMBCJ GQ NEGBGL @OCCL R
QCTKQ PRFCP AJE RFR ?Q RFCBAECRQ JEHEPRFC NPGAMCQ SN
$MCQRFR KL GLAE?QB QAECL QEXRSQCQ GIGYDEG NPGA

Z2CERQQGML ?LB #MPRGML



,MMI RM RFC CLEDNRFC GBRGMIMP RFC ?LQ@P

2CEERQQGML ?LB #MPRGME



Watch This: Exploring Liae
Relationships

2 FL-L9< <C<D<EK ?8J 9<<EXCL;<; =IFD K?@J
M<D@FE F= K?©K<EL :8E M@<N @K FEC@E< ?<I
?KKGIC@HI P8:?@<M@E>K28D FI>
8LIK@E::D8K?C@98HKJ

7 FCL RIM OS?RBGCQCRMKN?RB ® GQ LMR SIKML RM LMRC ?
FCIRGMLQFGMUGCL RFCK RFR GLBERCQ @MRF GEIGCQ GLAFC
2LB BAAR?QC R RFC Q?KC RGKC MR RRT GLERCQ ?Q RFC MRFCP
BOAR?QCQ D @MRF OKBGCQCMIMES ML MMBGLRC ?€Q RFC
B?R? NMEQ QEM? ECLCPJ MP BGIRC JGRE RELB

)D RFC NMREL 2RS?W BIPK ? AJERW BGELE JGLC RFGPG?@JCQ

Z2CERQQGML ?LB #MPRGML


https://library.achievingthedream.org/austinccmathlibarts/?p=44#pb-interactive-content
https://library.achievingthedream.org/austinccmathlibarts/?p=44#pb-interactive-content

K? W @C ?LV2KNJIC B ?2:J;HC?D?1J?9 FCJRGMLQFGN REIPKGLGQRGA
FCIRGMLQFGN GREEARRRFC?ISC B MLCPG?@JPLADC BIGA@J
7LB ?AASPRON BBCPKGBC @V RFC K?LGNSEML IMRFC MRFCP
T?PG?@JC IVEKNJIC KGER @C GLAFCQ ?(BRGKRCPQ MLC GLAF GQ
RFC Q?KC ?Q  ACLRGKRCPQD)WS ILMJ FMU K?L W GLAFCQ JMLE
QMK®FGLE GMISARL FCIGA®PLB ?2ASPRON RJIASIRC RFC LSK@CP
MD £LRGKRCPQ JMLE RFC QRAKGQ

IQ WMS JEW PA?JJ MK IJEC@P RFABEF; BCQAPG@CQ RFICDE
RFC JGLORR® @V NIJRBLE NMELDK ? JGLTP EIJRGMLQFGN ?LB RFC
NMG@R UFCE RFCNFB7DIEHD L7H?78BF?Q ? PISC B XM GQPAIB
RFC W ®RCARCNRAMKKMLIW BCLMB@

IDRCL NRGASIIP GL GQCAF QRSRGMLQ UFCL MLC MP @MRF
T?PG?@JCQ RE?QSEB RFC NJRE® T?JSCQ TPECLCRIW JGRE @SR
BM LMR JGLC SARQWY FCL RIM PPG?@JCQIQRM QRM? JGLEP
FCJRGMLQFGN @SRARBCJ BGQMIZMKC ?KME&ND PLBMKLCQQ
UC AMKKMLIV TGQS¥BCQAPG@C BRFRAMLQFGRE@97 JJ;H FBEJ
IQ WIS UGJJ QRFMSEMSR RFGQ AF?NRIEP QRPERF Bl RFC JGEC
FCIRGMLQFENRAC?PG?@JCGQ @C BCQAPBRFRISE K? RFCKRGAQ

2)584-

'GTCL RFC GSRGMR. O

#PC?RC ?LCkP R?@JC RM BCQAPG @ISRIIMR
JZQRNISP NMBQ

7 F?R GQ RFC QININRAG JGLC

7 F?R GQ RPGLRCARCNR

2CEEQQGML ?LB #MPRGME



#74<;176

0GAI ? PISCIDRO QS@@BRC RFC AFMQRIIST MFO
GL RFOGSRGML ?LB?AASRCP

/ 78B;
@ 97B9KBEPED A
P

P
P
P

4FC @OSRGML GL RFRI@BCK GQPGIDO 9 IMPK
?JOM ILML ?QIBEF; ?DJ;H9;FJ <EHC UFCRC9 GQ RFC
P T?JSC UFCIO ?LBD GQ RFC QJMDE®RC JGLC

D
9

2)584-

'GTCLRFCOSRGMR u O

#PC?RC ?LCkP R?@JC RM BCQAPG @CSRIGINR
JQQRNISP NMBQ
7 F?R GQ RFC QININRAG JGLC

Z2CERQQGML ?LB #MPRGML



7 F?R GQ RPGIRCRCNR

#74<;176

0GAI ? PISCIDRO QS@@BRC RFC AFMQRIIST MFO
GL RFOGSRGML ?LB?AASRCP

| 78B;

@ 97B9KEIPED A
P u
P u
P u

u Puu

4FC OSRGML GL RFEI@RBCK GQPGLDO 9 IMPK
?JOM ILML ?QIBEF; ?DJ;H9;FJ <EHC UFCRC9 GQ RFC
P T2JSC UFCIO ?LBD GQ RFC QIMDE&RC JGLC

D u
9

2)584-

'GTCL RFC GSRGMR. u Ou

#PC?RC ?LkPR?@JC RM BCQAPG @CSREIDIR

2CEERQQGML ?LB #MPRGME



JCQRNISP NMBQ
7 F?R GQ RFC QININRAG JGLC
7 F?R GQ RPGLRCACNR

#74<;176

0GAI ? PISCIDRO QS@EBRC RFC AFMQRIIST MFO
GL RFOISRGML ?LB?AASRCP

|/ 78B;

@ 97B9KBPED A
Pu u u
P u u u
P u u u

u Pu u u

4FC OSRGML GL RFMI@ERBCK GQPGLDO 9 IMPK
?JOM ILML ?QIBEF; ?DJ;H9;FJ <EHC UFCRC9 GQ RFC
P T2JSC UFCIO ?LBD GQ RFC QIMDERC JGLC

D u
9 u

Intro Roblem Rvisitael

"D8>@E< NS8CB@E>FKF? K?< <C<RE@:J J<K@FE F= PFLI CF:8C
;<G8IKD<EK JKKE!l (E K?< N8CC 81 <{BDGC<J F= ;FQ<EJ F= K<C<M@J@FE
J<KJ HD C@KKC< LE@KJ D8;< KF J@K FE 8 B@K:?<E :FLEK<I KF

Z2CERQQGML ?LB #0MPRGML



DFEJK<J D<8EK KF 9< K?< :<EK<IG@<:< F=8 ?FD< KBFKB@E> 8K K?<
Gl@:<J PFL EFK< N@K?FLK JLIGI@J< K?8BRXC @J DK <OG<EJ@M<
K?8E K?< 8E; 8 DF;<C @J GlI@:<; @E 9<KN&<HE<<DJ 8K?<I
:C<8I K?8K 8J K?< -/ ><KJ G8l K?< GI@:< >F<J LG F<J K?8K D<8E
@E%8J<; J:l <<E J@Q< :8LJ<J @B); Gl@:<

.M 8 BMCQ LMR 4FGQ G@?KRNIC B RFC BBRSIR ?QQMRE?
URF ?KGLGLE JGECEJRGMLQFGMRHB7J?ED :E;| DEJ ?CFBO
97KI7J?ED *SQR @ZSQC ? N?G® WPG?@JOF-GRE BIJRGMLQFGN
JGLZP MP MRREFQC BMCQ LMRIKRFR MLCAPG?@JTSACQ AF?LECQ
GL RFC MRFCPG?@JC

Voaabulary

THJ;1?7D # HIF> ? (NJSQ QF?NBQ EPNF URF RFC
<OGC8E8SKFM8I@89E®R¥FC GLNSRIBCNIMRB
FMPGHR?W ML RFG?VGQ ?LB RR€IGFEJ< M8I@8RI<C
MSRNSRJISCNIJMREG TCRRGAW ML RAE?VGQ

;J;HC?D?13?9 B?D;7H HBB7J?EDI>?F? RCIRGMLQFGNRF?
NIJMRQ CFGA®DRBER ?LB ?ASPRC QGIE JGLC

. BEF; K 7 B?D; AMKKMLJV BCLME® BCQAPG@CQ RFC
?LEJC @ ? NJRRB JGLC ML ? BHRF

.97 JJ;H BBEJ? EPNF ND GLBGTGBS?JROMKAL 7L
kP EPNF

2CEEQQGML ?LB #MPRGME



)D ? JGRE EPNF O/FGRG ? NMTE QIJMNC URAL
VWIS NEBGR UGJJ F?NNCL RM REBIFLQCAG?@JC ?Q
RFQOVNJ?LRM® PPG?@JC GRAEQ
)D ? JGRE EPNF F?Q LM QIMNC BFBMCQ RERC?L
'GTCL RFC JGIEOSRGMIP O

7 F?R GQ RFC QIMNC
7 F?R GQ RPGLRCENR
7 F?R F?NNCLQ RNMQOGLAE?QCQ

'GTCL RFCGSRGMR. O

)Q RFGQ ? FPLOSRGME FW MP UN LMR
$MCQ RFGQSRGMICREQCR ? BJRGMLQFGN

#74<;176:

I NMQBGT QIMNC GLERER RRRFC7PG?@JCQ
GLAE?QC ?LB B&RE?QC RMRECP

I JIGLC URF LM QIMNC GQ ? MRBXGLC QRAC
MLW BGELB T?PG?@JC GQ RFC MSRNGRRCP UFR
T?2JSC GGEL MP RFOMIJ?LRMR PPG?@JC RFC
FCQNMLQC GQ RFC Q?KC

ILQUCPQ

4FC QIMND GQ

4FCPGLRCRCNRIY GQ

3GLE RFGQ JGLC F?Q RENIQBVINE
GLAE?QCQ 2QGLAE?QCQ

Z2CERQQGML ?LB #MPRGML



ILQUCPQ

. M RFC\INJ?LRMW PPG?@JC GQ QBFHGQ
EPPNF UMSJBNIPK ? N?P@MJ?
9CQ R GQ HSQR LB THCIRGMLQFGN

Linear Corrlation Coefficient

3SNNMQQVS FAC LMRERFR WSP 2P QCKQ RM SQC KME?Q UFCL
WIS BPGTD?QR RF?L UFQUS\BPGTKMEE QIVIN 9MS BEGBC RMAQC
FMU QRMLE RFCBIRGMLQFGN GQMEBMQMKCRECRF AMIIR RFC
B?R? ?LB NJMR RF®RBML RFC BERF @CIMUFCFC RFC \INJ?LRMW
T?PG?@0GQ KNF ?LB RFCONMLQCAG?@BGQ KNE U A?L WIS
BCQAPG@C EMMLE RFCMPEJRGML G@RBIBSR RFC?EF

2CEERQQGML ?LB #MPRGME



Watch This: The Caoetation
Coefficient and Coefficient of
Determination

2 FL-L9< <C<D<EK ?8J 9<<EXCL;<; =| FD K?@J
M<D@FE F= K?OK<EL :8E M@<N @K FEC@E< ?<I
?KKGIC@HI P8:?@<M@E>K28D FI>
BLIK@E::D8K?C@98KJ

4FC JGLZP AMPEJRGML MCEBAGRL QMKRGKCQ ?418 0C?PQMY

#MPRJIRGML #MGIAGRLAMKKMLIW BCLMBC GQ RC?QSE ND RFC
QRELERF M RFC JGEERJRGMLQFGRI@CL RIM PPG?@JCQ 4RaIST
MD P F?Q RAGIIWGLE NANCRGCQ

Z2CEERQQGML ?LB #MPRGML


https://library.achievingthedream.org/austinccmathlibarts/?p=44#pb-interactive-content
https://library.achievingthedream.org/austinccmathlibarts/?p=44#pb-interactive-content

r 1 GQ RPWQ ?70SC @UCCL u 7LB

r 4FC DSRFCP ?L T?JSC GQMIPXCRM RFC QREECP RFC
FCIRGMLQFGRIGCL RFCIBV PPG?@JCQ

r 4FC QGELIM GLBGRCQ RFCRSE ND RFOCRRGMLQFGN ! NRBJIG
| GLBGRCQ ? NNRQG EJRGMLQFGN ?LB ? IRTE? GLBGRCQ ?
LCERGTREIRGMLQFGN

'CLCP?JW QNUIGLE WS KW RFGLIIVRFC?ISCQIMP GL RAGIOWGLE
K?LLCP

r )DZGQRICCL 7?LB RFCPC GQ ? QRE MPRIRGML

r DZGQRCCL 7LB RFCPC GQ ? KMBZHRC MPEJRGML
r )DZGQRICCL ?LB RFCRE GQ ?CPI AMPEIRGML

r )DIZ GQ JCQQ RF?RFCE GQ LM ?NIKC?R MPEJRGML

. PRSPJWI T?JSC AL @C AJASREG @SR RFEIFKSJ? GQ RGWWILB
RFC QANC BI RFGEI®PQC &RBLRONRFCE ?2/EK?L W ®ACJICR 2LB
DPC MLIGLGIASRMPQID BRCPKGLGLE RACFSC B ? QR D BR?
)L RFGEPBGLE ) UGJJ @C SRELHILCRC2QWIASRRGMIMK @SR ?
QCRAF MP AMPRIRGML2BASIRMP MLIGLESWGCJIB RFC KMQRCABPP
MNRGMLQ

| R RFC PG@ NICRM?BGLEWS UBF LL RCPKQ RFCEQ MLC KGIP
RFR ) RFGLRGGQMIRF JEPLGLE GL RFGIBBLE RFE;<<?97;D E<
:J;HC?D7 J?ED4FC AMCOBAGRLY) BRCPKGRGML GGRY QGKNJIC RM
A?JASRC GIM®/ILMJ RFC MPEJRGMAMCIBAGRLQGLAR GQ HSQR
4FC R?QML ) KCRGMRGQ RERFCMCIBAGRLIY BRCPKGRGML2A
@C BRCPNRG ?Q RFRCRCLR?EC M PPGRGMLIMRFE@ T?PG?@JC RF?
A?L @C RRPG@BMR RFCFRGMLQFGNVRFCP MBQ ? PJSC

A?L @C RCPNRB ?Q p M D RFC AF?LECQREICL MLCP T?JSC

?LB ?LMRFCP?A @C FRPG @BmRIPQ EIRGMLQFGRECH

2CEEQQGML ?LB #MPRGME


http://easycalculation.com/statistics/correlation.php

2)584-

%J?GL? GQ ASPGMSQ ?@NSREAFCFFGRIGCL RFC
UCGER W ? BME ?LB RFC ?KMS BIMBRSCRQ RGAGERIW
QFAJMLBCPQ GD'RGCP BMETRGME IMMB MP GD ?EC ?LB
QGXD?RMP GL 3FQMEQ 7R RFC SK?LC 3MAGW/?LB BMCQ
QMKOFCQERAF |DRCP QMKCIASRGML QFCRBIPKGLCQ RF?
BME \CGER ?LB BIMB (CGER WFG®GLI T?JSC

7 F?R AL %J?GL? ??@MSR RECRGMLQFGN @RMRECP
FCQ@RAF 7 F?R NCARCLR?EC DIRFC GIGYBCQ GURIB
GR?ICA?L QFC FRPG@SRC BEER ?AMBGLE RM FCP
FCQ@RAF

#74<;176

4FC RRJASRB| T?2JSC RCJJQ SQ RE%J?GRBR?

Z2CEERQQGML ?LB #MPRGML



BCKMLQRRCQ ? KMB@RC RM QRE MPEIJRGML @TCL
RFC TPG?@JCQ

3GLA RFCMCIAGRIND BRCPKGRGML RCJJIQ SQ RFC
NCRCLR?EC MAF?LECQ GL RFC MSRIRER @JC RE2. @C
?RPG@BMRDM RFC GLNSRG?@JC UGB RM AJASRA

INNPWGKRON M D GLAPQCQ GMEB G2IC 2L @C
2MRPG@BRM RFC JGREJIJRGMLQFGRIGCL MMB
GR?IC?LB RFC (CGER W RFC BME QSEECQRGREIRFCP
D?RMPQ NERQ ?EC ?LB @GXEE 2JQM BILICB

2)584-

4SQALW WLBCPQ GD @PPRGLE RGKCQ RRJRE RM RFC
?EC W RFC FMPQEGGERIWQFC WILBCPQ GD MJBCP
FMPQGRY?IC JMLECP RMKNJ®C ? @2BPPAGLE PSL 1Q ?
KCK@CP BIRFCNILW #JS@ QFC BMCQ QNIRCHRAF ?LB
BARCPKGL&FR FMPQC ?EC RM@ TS RGKUFG®RG 2L

| T2JSC

7 F?R AL 4SQALW QF ?@MSR FMPQC ?EC TQJ @%PP
RGKC 2MBGLE RM FCEQJRAF

#74<;176

4SQALWQ EQECRAF QSEECQRQRRRECPGQ ? KMBERC RM
UC?I AMPRJRGML @CCL FMPQC ?EC ?LB @JFPSL RGKC

2CEERQQGML ?LB #MPRGME



)L MRFCPMBQ RFOI)ECAF QSEECQRQRRF?

M D RFC BBELACQ @OCCL @?RP PSL RGKOQSVB
@CRPG@SR?@JC RM RPEIREMLQFGRIGCL @?RP) PSL
RGKC ?LB RFC ?ED RFC FMPQC

3?W@CP F?RMGRE RFCIVGLE BR? BE?BGLE NYEP
QMR TQ ?EC GL FGIMERC MLIGLC E?KE QSQMBQ
RFRGLAB?Q® ?EC GQ LMR ? EMMB ZRIBEBIE?KGLE ?@8IG
7 F?R 7B RFC JGIEMPEJRGMIMCIEAGRI?LB MCIBAGRL
MDBCARCPKGRGMI?ISCQIMFGQ B? ?LB FM BM RF®/
QSNNNPMP LMR QSNRIBTV @ CPRWNMRFCQGQ

|/ 78B;
= L= +BDH .9EH;

Z2CERQQGML ?LB #MPRGML



#74<;176

,CRQ SQC RFC MLIGUBARMPR CQW?JASRGMLMK DMP
RFGQ MLC

) CLRCEB RFC ENJ?LRMW IEC ?LB FCQNMLQCI®CP
SAME T?JSCQ M RFCQAASIRMP

4FC JGLZP MPRIRGMIMCEEAGRIND ?NNAVGKROY
QSEECQRQRRFCPGQ LM ?NI&G?@JC XBLMPEIJRGML
4FC AMCEIAGRIWM BRCPKGRGMLIM  QSEECQRQ R
NCF?NQ NP ?ARGAYW LMLAVD RFC?PG?@RAIA RFC
NIYCPOME GQ BCNCLBCML ?EC

,MMIGLE R RFC @¥®Q FMCICPQMK®FGLE Q&Q ? KGQQ
UGRF MSRALBGLEQ 4FQMEBQ QSEECQRRRFEC F?2Q
LM@GPGLE ML N&P QU @SR JMMR RFC ERF ND RFC
Q?KC BR?

2CERQQGML ?LB #MPRGME



4FC EPNF QSEECQRQRRRPCNMBLECQR ?LB MIBCQRBIMJIJIC
NJYCPQ QFE JCQQ RF?LWIRQ GLRR RTLQ RM KGB
RFGEGCQFGAF @KQ 2QML?@JC

4FGQ GQ ?L GKRRR @?KNJC B RFC C?ILCQQ B SQGLE
HSQR MLC GRRERIMRFORRGMLQFGRIGCL RIM
T?PG?@JCY) LMRB C?RW GL RFCBGLE RFCTRJSC GQ MLJ
7L GLBGRMPDIGRE MPEIRGMIR@HQ LMRFGIE?JJ ?@MSR
MRFCR5LBQ B PPG?@JLIRGMLQFGRGQUPIWQ ? EMMB @BC
RMETGG WMSP BR? GL HBELR LPWQ RMISRC MSP
GLRGAMLAISQGMLQ

Intro Foblem Rvisitel

,LGGFJ< PFL ?8M< EFK<; K?8K PFLI :8I J<<DJ KF LJ<<DF8J N?<E
PFL ;i@M<83K K?8E N?<E PFL ;@M< BFICFNCPFL ;<:@;< KF J<<
?FN JKFE> K?< «C8K@FEJ?@G @J JF PFL ;F<IKBK?| :FCC<:K K?<
;8K8 8E; GCFK K?< ;8K8 FE KP8G? 9<CFNN?<I< K?< ©GC8ESKFI
M8I@89C< O @J DG? 8E; KISHEJI< M8I@89C< P @J B>8E PFL
;<JII@9<?FN JKFE> K?< :FIKC8K@FE @J N@K?FLBGA?< >|

Z2CERQQGML ?LB #MPRGML



IDRCP RFCTBGLR@NC UC ILMU RFR RFC P?JSC MP T?JSC
MD RFCARRGMLQFGNRIGCL -0' ?LB -0 ( U MSJBCQAPG@C RFC
QRELERF B RFC JGERRJRGMLQFGN GL ZQ®UEC

"W R?IGLE RFCRZ?NMERQ BR?GBOML RFC BERF GL NPRGZA ND
AMSPQC )MSJB FTC F?B RFCK GL R?@JIPKR ?JE?BWQGLA) UMSJIB
F?TC LGB RFCK RM @SGJB RACFEBL RFGBQR N3?ALB CLRCPGLE
RFCK GRM ? DB JGLZP AMCIBAGRIZIASRMP MLIG)ER ?LI T?JSC
MD u  GLBGAPRGLE ? QREE LCERGT FEJRGMLQFGN 4FGQ 2JQM
RPLQJRCQ BM 2?2l T?JSC B u GLBGRGLE RR?RFC
FCQE@RAF QSEECQRQ RRPNNW/GKRON M D RFC BE®E?QC GL
-0 DMK JCR RM FREE?ARQQ RFCEIE 2L @C RRPG@BRRM RFC
GLAB?QC GL -q

2CEERQQGML ?LB #MPRGME


https://www.easycalculation.com/statistics/correlation.php

Voabulary

"2D:7H 9EHEB7I?ED 9E:<<?92JMP. L 7BK; K 7
HB7J?EDI>?FBCQAPG@CQ RECERFFM RFAGLEZP
FCIRGMLQFGN

E;<<?9?;DJ < ;;J;HC?D7J?EDMP. L 7BK; K7
HB7J?EDI>?FGLBGRCQ RFC ?WNBKRC NGELR?EC M
T?PGRGML BEC EQNMLQCHG?@JC RAL. @C RPG@BRC
RM RFC JGR®IJRGMLQFGRUGCL RFCEQNMLQC ?LB
CVNJI?LRMW PPG?@JC@WVMBGLE RM RFGRRBNEQCR®

7 F?R AL WIS Q® ?@MSR RFCILHEFF M ? JGRE
FCJRGMLQFGRR@.l T?JSC Mu

7 F?R AL WIS Q% ?@MSR RACJ@ LCERGT
AMPEJRGMLIV BIJRGMLQFGNMEDWWU RFC
AVICOEAGRIMBRCPKGRGML GQ

( MJ KSAF MD RFC?PG?@RAINBP GQRRPG@SR?@JC RM V
GL ? BJRGMLQFGRM@LI T?JSC

Z2CERQQGML ?LB #MPRGML



#74<;176:

ILZIZM  GLBGARCQ ? QREE JGPe
PCIRGMLQFGN 4FQRIRAR P GQ LEEXT GLBGRCQ RR?
2Q V GLEPQCQ BOAR?QCQ

. MRFGLE 4FO/EBEAGRIND BRCPKGRGML GQ?LB
RFCEME 2U?WQ NMET 7 C ILMU RFR IZ

V82~ .91
QM RFGQ GQW.ERBPE MPEIJRGML @SR E?IC LM
GBCGIRGQ NRGEMP LCEGT

4FC AVCEBAGRIND BRCPKGRGML BCQAPG@CQ RFC

T?PRGML GL ¥PG@SR? @00 ML LGB RMELB
INNP  WGKROY M D RFC AF?LEC GL
W T2JSCQA @C RPG@BMRM RFC AF?LECTSL

Practie Questions

&MP RFG/IDIWGLE OSCQRGMELB BRFO?LB P GRCRCNRQIVRFCE&CL
COSRGMLQ

ud P
O P
uoO P
uoO P
Ou P u
uOu Pu
uO Pu
uO Pu

2CEEQQGML ?LB #MPRGME



&MP RFMDIWMGLE OSCQRGMIXNAERFC JGLC

O GRCRCNR u PGIRCRCNR

Pu O
D u 9
1
O P
uO Pu

&MP RFGIDIVGLE OSCQRGMLQ BCQAPGIREWOIEGN @RQRIRFC
PT?JSC

&MP RFGIIVGLE OSCQRGMLQ BCQAPGREWOIEGN @RQMRFC
AVCIOSAGRIM BRCPKGRGML

4FC DAJIVGLE OSCQRGRIEP RM RFCRP?GL RFUIIDWGLE R?@JC

Z2CERQQGML ?LB #MPRGML



/ 78B;
@ A

7 F?R GQ RFC 28l1A1PEJRGMIMCIBAGRIN RFC B
7 F?R BMCQ P RGOS W@MSR REIRGMLQFGN

7 F?R GQ RFCT?JSC B RFC B

7 F?R BMCQ RAGEIEAGRINM BRCPKGRGML ROUB\WW@MSR RFGQ
FCIJRGMLQFGN

7 F?R UMSJB ? ERF ND RFC B2 JMMI JGI

2CEEQQGML ?LB #MPRGME



25 Supplemental ideos

4FGQ MISIS@C  NVWIGQR MIR?GLQ
QQCPJTGBQ RIRPQSNNICKRIRFCPBGLE GL REGRSMS ?E LMR
POOSGIB RM BRAF ?JIWVRFCQC TMBC@SRAMKKCLB U?RAFGLE RFC
TGBQP 2 MLACNRQWS KW @C QRPEEEE RE

Z3SNNJCKCR?J 6GBAR)


https://www.youtube.com/playlist?list=PL5BCD54B2207B861C

26 Execises

Skills

I NMJRGN QAGRGQR TSPQ D RFC ASBIR
FCNEQCRRGIQ GL ? GRI) MLEEQQ /D RFCK  Q?GB RNC
UCR QSNNRBLE ? ICCBSARGML @GJJ Q?GB REEPLMR
QSNNNRGLE RFC @GJJ ?\ET\SLBAGEE

? 7 F?R GQ RFC NMRSMIMRFGQ TSP

@ 7 F?R GQ RFCEIBQRFC NMNBEML

A 7 F?R GQ RFCAIYEQRFC Q?KNJC

B 'GTC RFC Q?KNJC RR®RER RFC NRIMRGMLIMMRCPQ
QSFONB UFM Q?GB RFCCK QSNNIRBLE RFEERPRGML
@GJJ

C "?Q@ ML RFGQ Q?KNJC KGER UN@R FM K?L W I RFC
FCNEQCRRGIQ RM QSNRMFECESARGML @GJJ

4FC ABN D 22JCEE?Q P CESQRGPTMRCPQ 4RTPE RIM

A?LBGBRCQWP A%/ MSLAGJ GL 7L SNGLE CARGML VUL 7LB

&CJIGX 4FCB?@BIEE RFC CARGML ? RCJCNFMLC BMJJ M

P?LBMKIW QCARG FCEGQRGPTMRCPQPQ MLBSRB  Q?GB

RFGBTMROMP FMUL  Q?GB RMBI TMROMP &CJGX ?LB

UCK SLB@GBE

? 7 F?R GQ RFC NMRSMLIMRFGQ TSP

@ 7 F?R GQ RFCOY®RFC NMNBEML

A 7 F?R GQ RFCOI®RFC Q?KNJC

B 'GTC RFC Q?KNJC RBQRER RFC NINMRGMLIMMRCPQ
QSFONB UFM Q?GB REESTMRCMP 'AMUL

C "?2Q@ ML RFGQ Q?KNJC KGER WN@R FM K?L W 1@ RFC

T MRCPQ RWRDMP ‘AVUL

)BCLRGDRFC KMQRIE?LR QM®E ND @G?Q GL RREREM. !

QSFOW ?2QIQ RFRIDWGLE 3FMSJB RFC K?JVRB@GEVSB ?LB

?LLMWGLEVRAI KSQGA GL AJMRFGLEQRREPGLE RIZIRECPQ

W\CRAGQCH



)BCLRGDRFC KMQRIE?LR QM®E ND @G?Q GL RRERGNLM

BARCPKGLC MNGLGMLRRILPTQSNRNIFP ? BML RMIL

FCLM?RGML MPUR ? QSEVWIP PLBMKIV OSCQRGMIMNNC

UMPRGLE GL BM.RML @SQGLCQQCQ

)BCLRGDRFC KMQRIE?LR QM®E ND @G?Q GL RREREM. !

QSFON ?QIQ NMNJC RIZRVR RFCGFRE?J GMKC ?LB RFC

GLMKC RF®/ ENMR® ML RFCGP )23 RINVR

)BCLRGDRFC KMQRIE?LR QM®E ND @G?Q GL RREREM. !

QSPON PLBMKIV RJJQ NMINJC BIR RFC NFMLC @MMI ?LB 2QIQ

RFCK RM ?L@P ? JMLE QCPGEQICQRGMLQ

)BCLRGDRFC KMQRIE?LR QM®E ND @G?Q GL RREREM. !

QSPOW ?QIQ RFRIDWGLE 3FMSJB RFCRE NCL?YR@C

NCPKER® GD GLLMR NEINJC KER BGC

)BCLRGDRFC KMQRIE?LR QM®E ND @G?Q GL RREREM. !

QRS® QTIQ RM BLQRGE2 UFGFCP ? LEN?GL KBGPRGML GQ

Q?D RM K2FCR RM RFC NS@JGR RERR ®_BMKW QCARGLE
KCLDP MK ? Q& b MISRCPQ

)L ? QRSB/WWS ?QI RFC QS@ERTCRFCGP ?EC0ERMY RFGQRE?

0S?TERGTMP OSRRRGT

)L ? QRSB/WIS ?QI RFC QS@ERMCRFCGP ECLETRFGQR?

0S?TERGTMP OSREBRGT

$MCQ RFGQ BCQAPG@C T?RIGQCP QREBP ?L\INCPGK®L

4FC RCKNCIRSE ML PLBMKJW QCAR® BAWQ RFSEMSR RFC

V2P U?Q K2QSEB

$MCQ RFGQ BCQAPG@C ?RIGMQCP QREBP ?L\INCPGK®L !

ERMMSN @ QRSBRD TPRMJB RM JGQRCL RM KSQGA UFGJC R?IGLE ? RCQ|

?LB RFCGE®SJRQ?AIKN?RB RM ? BASN LMR JGQRCLGLE RM

KSQGA

)L ? QRSB/RFC Q?KNJC GQ AFM@OR@I?RGLE 2JIRQ @ QGX

?LB QCHRGLE I CAF Q@ERISNGLE F?R GQ RFC Q?KNJGLE

KCRFMB

)L ? QRSB/RFC Q?KNJC GQ AFM@OUREGLETCRWILGD L?KC ML

2 NJWGLE?R QFSDIGLE RFCBCRFCL AFMMQGLE RFC RMN

A?BQ 7F?R GQ RFC Q?KNJGIHFKIB

I RC?K MD EQ@RAFCPQ GQ RCQRGLERRGILEQQIV? LT (06

Z%\CRAGQCQ



T?AAGLC 4R PLBMKW BGTGBC RFC OS@&M BM ERISNQ
'P MSN RACGIQ LO (06 T ?AAGLC ?LB'MSN RACGIQ RFC
CVGQRGLE (0BAAGLC 4FC NRG®RQ GL RFC QRSB LMR 1LV
UFGAF BRSN RAE 7€ GL

? 7 FGAF GQ RFC?RRCIR ERISN

@ 7 FGAF GQ RELZRRIJ BASN GD REGFQ MLC

A )QRFGQ QRSBIGLB BMS@JC @JGLRAIPLCG

B )QRFGQ @CQR BCRABG@UNCPGK®. ? MIRRIIIE
CVNCPGKEL MP ? NJC&MMRMIJEC/NCPGKEL

&MP RFC AJGIRRG?IYMLCGER JMQQ BPSHER?GLGLE :@E@S

:8DIF>@8EC QS@ARD) CIE PLBMKIV BGTEBERM BM ERISNQ

4FC IEPQRAEGAB ?L GLAORNGJJ ?2IMLRE@A. GCRGQC ?LB BGC

NJ?L UFGJC RFQQIB FACGIB RFC RCQRBGAGLC 2JMLREG

RFC Q?KC\CRGQC ?LB BAT?L 4FC NNGEQ BM LMR IUM

UFGAF B®SN RRE 7€ GL LMP BM RERLDQQ ?LB LSRBEIL

2BTGQMPQ

? 7 FGAF GQ RFC?RRCIR ERISN

@ 7 FGAF GQ RRIRRIJ ERSN GD RETCRQ MLC

A )QRFGQ QREBJIGLB BMS@JC @JGLRAIPLCG

B )Q RFGQ @CQR BCRRAGG@ENCPGK®L ? MLRRIJIE
COVNCPGK®LMP ? NJC@MMRRIJIEC/NCPGKEL

Conepts

| RC?AFCP UGQFCQ RMILMCRFCP RFC K?JCQ GEEB®J?QQ
F?TC KMIE AMLQCPRGT FRBSBCQ RF?L REERICQ !
OSCQRGMLL?GE BGQRPB @SRCQQGHEREREBCQ

? )QRFGQ ? Q?KNJGLE KIPQSR

@ )Q RFGQ ?L M@PRGML?J QREBP ?L\INCPGKEBL

A IPC RFGP?LW NMQQG@JRQWBRAG?Q GL RFGW QRSB

| QRSBV GQIBSR®B RM BRCPKGLC URECP NANJC 6L @RRCP
URF QN'B MP K?Q@ENPARGA 3S@HRQMISRCP DK 7L

%\CRAGQCD



GRRIBSRMA NQAWMIME AJ?QQR RFC @GELGLEIVRFC
QCKCQRCP QS&RQINJISRCP ?LB ?€ ?QQGH.8M RFC

K?QQ8 NP?ARGAEMSN R RFC CLEIMRFC QCKCQRCP  QR@HC
TMJISRCP ?LB 7?2 ?QQGH. 8M RFC QNBANP?ARGAALBBGML

? )Q RFGQ ? Q?KNJGLE KPQSR
@ )Q RFGQ ?L M@ZRGML?J QRIBP ?L\INCPGKEL
A 4FGQ QRSESIMICQ BM IGLBQIMLML PLBMK Q?KNJGLE
3S@HRQ B LMRARBMKI Q?KNEDRK QMKC QNGBS
NMNSRGML ?LB  S@HEBQ TPLMRRBMKI ?QQGBLRM
EMSNQ FGAF NP@JCK GQ KMPCPGMSQF7R 2IEAR ML
RFC €QSJRQ BM@AFE7TC
| D?PKCP @CIGQ RFRNJXGLE "?RP-?LGIM QMLEQ RM FGRNC
UGJJ GIGYRC RFCGP WGCJB $CQARRPCIES/NCPGKERFC
D?PKCPMSJB SQC RM RCQR REW RFC
I QNMRQ N@WMIMEQR @TCQARAR NGINIC TPKMRE JAIW RM @C
CVRRTCRRG ?Q ?BSJRQ GIVRFIIB RCK QNMRQ ?Q AFGIBP
$CQAPG@OVRIMQQG@JC QRSBGCQ RM RUBRSREGERMCC 2Q
2L M@QTIRGML?J QRSB.B RFC MRFCP ?2QVNAPGKEL 7 FGAF
GQ KMPNRARGH

Explomtion

3RSBGCQC?MIRCL BMLCV@NF?PK?2BSRGAMKN?LGCQ RM
BCRCPKGLC RFOMRGILCQQIVP RPRKCIR NFIERK 3 SNNMQC
RFR? L0 $3 7L RG@WHBPSE GQ ASRA SLBCP QRBR GQ
EGTL RM NRG®RQ MIGRFC 1)$3 QWKNRMKQT2RETC2I®B
RFCKQGCQ /D GRCEQR GQ RFCFPEC JCLERMRGKC GL KRFQ
NRGRQ JGHMLE QRAGLE RFCRRKCIR 4UM EQERAFCPQ
C?AF MJJVI? BGEELR QRN 1)$3 N? RGEQ DX RFC QRRFD
RE?RKCIR SIRGJ RFCGRRBQ

? 7 F?R GQ RFC NMRSMLIMRFGQ QRSB
@ ,GQRAM E2QMLQ UR RFC B? KWW BGIP
A #?L WMS RCJJ GD MIGRZPAFCP GQIREAR ?LB RFC MRFCP MLC

Z9%\CRAGQCQ



GQ GUREAR 7 FW

B 7 MSJBMS WN@R RFC B?? RM @C GB&N 7 FW MP UN
LMR

C )D RFGIPQR@CAFCP NJJER®G FCP BR? @ PLBMKW
QCMRGLE QRRCQ RFCL QEIGLE NCPQMUIOB?AF ND
RFMQC @RR F?R Q?KNJGLE REMB GQ RF?

D )D RFC @GLB EQCRMFCP MIIWRE FGQ B? @ AFMMQGLE
NRG®RQ FC ILO 7 F?R Q?KNJGLE REMB WISJB RIR
PCQGRAFCP FPC SQB 7 F?R MLACPLQ WISJB MS FAC
?2@MSR RFGRBR @?BSNML RFC B2 MIKRGML
KCRFMB

&GLB ? LGQN?NCP MP K?E?XGLRGRIC MP RFC MLOGIGICR
BCQAPG@GLE BBESIRQ M PACLR QRSBRFC €QSIRQ MINMJIIGP
LMR QSBAGRLGTC ? QSKK?RV I RFC QREBGLBGLEQ RFCL
?L?IVE UFQRFCP RFCRBAJCNIESBE CLMSE GLEPKRGML RM
BORCPKGLC RFEIGBS D RFCMLAIJSQGMIILMR NBSKE ? JGQR
MD RFGLEQ RPE KGQQGLEIRRFC 2RGAJC RAMSJIB FCINAS
BORCPKGLC RFEJGRS D RFC QRBB/IMI IMP RFC RFGLEQ
BGQAS@JEL RFC RR NMNRGML Q?KNJELBMKLCQQ @JGLB
AMLRRJ NJB@MQRE
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27 Basics

IL ?PR MJJEARMP KGR ML ? AMJJIERGMLIMN?RGLEQ UFGJC ? KSQGA
JMCP KGER ICCN ? MJIERGMLIMESQ LW MIJERGMLIMBCKQ AL
DMPK ?I1;J

Set

I'1;J GQ ?MIJERGMLIMBG QRS M@AARD) A?BC
;B;C;D JI MD RFC QC

I QCR AL @C B@1r8 @V BCQAPG@GLENRRCRQ MPWaGIGQRGLE RFC
CJCKCRQ DIRFC QCCLAIMBRGL ASIV @RICRQ

Example 1

3MKC G/?KNJCQIMQRQ BGRB @V BCQAPG@GLEVRRCRQ

? 4FC QR W ?JJTCL LSK@CPQ

@4FC QR W 2JJ @MMIQMBRG ?@MSRRR RM #FGJC

3MKC 0/?KNJCQIMQRQ BGRB @V JGQRGLE RFC CRQHIRFC @C

?2Y [

@YRB MPLEC \@JJM ERCL @JSC GLBGEM NSPNJC

| QCR QGKWIQNGIECQ RFGIIRCRQ NEEP GQ LMR GHRIQMR 4FC
QRENEQCRB @VY [GQGSGICR RMRFCRIC [

"?QGAQ



Notation

#MKKMLIWUC UGJJ SQC?PG?@JC RNPQCR ? QR RM
K?l C & CQGCP RbP RM RRRR JRCP

4FC QWK@MKC?LQ pGQ ?L CICIODq

I QCR RFMR MLIR?GLQ LM CIJCIRCL Y [ GRI#B RFC
;C FJOI;J ?LB GQ LMR®

Example 2

CR Y [

4M LMRRC RFR GQ CJCKRIND RFC @COB UPEC

3MKCRGKCQ MAJERGML KEE LMRMLR?GL 2JJ RFC CIJGNTD! ?
QR &MP\@KNJIC #FPGQM RFEC -?BMLL? 2J@SKQ 7FGJIC #FPGQn
AVIIRGML GQ RQC AL 2JQM @PR GQIRSI;.J MD RFC JReP GTND
2JJ -?BMLL? 2@SKQ

Subset

I'IK8IlJ MD? QR GQ ?LMRFCR®ER MLR?GLQ NMVLJ

Z"?QGAQ



CJCKCRQ DK RFC Q€ @SR KW LMRWR?GL ?JJ RFC
CJCKCRQ DI

)D GQ?QS@MT UC UPRC

| FHEF;H IK8I:J GQ ? QS@MER GQ LMR GB®E RM RFC
MPGH ?J ®k & MLR?GLQICP CICKRQ

)D GQ ? MNCP QS@QE UC UPBC

Example 3

#MLQGBCP RFCQCRBRQ

RFC QB W ?JJTCL LSK@CPQ Y [ Y [
(Cr QGLATCRV CICK@ N GQ ?JQM 7ICC LSK@CROM GQ
7L CICKCR W

- ME MPK?JWUC AISJB Q¥ QGLAGD  RFCLO
)R GQ 2JQM RPST RF?
GQ LMR ? QSR@MC QGLA# AMIR?GLQ ?L CICKEL RFR GQ LMR
AMLR?GLEGL

Example 4

3SNNMQC ? RBILR?GLQ RFC\W@®L:? ;F 9FLK'FK?@E& 8: <K?
2LB & @;JLDD<I2'@>?K 1<8D 7 F?R GQ ? EGP QTRFGQ KREAC
? QS@BID

4FCRC 2/ K?LW NMQQG@JCCRQUECP /LC U MSJB @C RFQRQE
NIWQ\@3F?CQNRC 4FGQ GQ 2JQM ? QIBREC QID 2JJ N TP
UPERCL R GQ 2JQM ? QB @C3IPBGQF JGRSE

"?QGAQ



Try it Now 1

AFCQR Y [7 F?RGQ?ETP RRFGQ KBEAC ? QS@ET

Z"?QGAQ



28 Union, Intersetion, and
Complement

#MKKMLIW QRQ ®RCPAR &MP@KNJIC WS ?LB ? LO PMMKK?RC
BOAGBC RMTE?? FMSQC NRF ?LB VWIS @MRFTGIC WSP AGFC
DPGCLB® RFGQ RAMRUM QRQ 2P @ CGLEK@GIEC RFMSE ® KGER
RSPL MSR RFRFCP?IE QMKC DPGCLB@REE GL @MRRQC

Union, Intersetion, and Complement

4FC KD?EDVD BM QRQ MLR?GLQ ?JJ RFC CIBRCL
AVILR?GLEGL GGCP @MP @MRFRQC

4FC SLGML GQ LRB?
- ME MPK?J40 GD MRO MP @MRF

4FC ?D3;HI;9J?ED MD BM QRQ MLR?GLQ MLRFC
CICKCRQ RR?E GL @MRRQC

4FC GRCP@RBGML GQ IRER?
- ME MPK?J40 GD 7?LBO

AFC9ECFB;C;D JMD ? QR AMIR?GLQICRRFGLE RRTGQ
EFKGL RFC RC

4FC AVKNJCKCR GQ LNR® ZMP : MP QMKRGKCQ\

5LGML LRCP@RGML ?LB
#MKNJCKCIR Z



Example 5

#MLQGBCP RFRQC  YRB ERCL @JSC YRCB VTJIMI
MRLEG
YRCB MPLEC \@JJWI ERCL @JSC NSPNJC
? &GLB
4FC SLGMLMLR?GLQ ?JJ RFC CJBROGL RFEP ®C YFCB

ERCL @JSCOMWM MPLEG

. MRGAUC MLW JGQR RILA

@&GLB

4FC GRCP@RGMLMIR?GLQ ?JJ RFC CJBRROGL @MRR@C
YFOB[

A &GLB :

( CRE UQRC JMMIGLER 2JJ RFC CJCRQLRR??E EFKGL Q€ ?7LB
?FC 2JQM GL

YMPLEC \@JJW NSPNJC

Try it Now 2

5 QGLE RFCRUEMK RFC NETGMS(Y2KNJC GLB ?LB :
. MR@ARFR GL RF/2ZKNJC ?@K & UMSJB @C F®RM HSQR QP D
QGLA dCMRFGLE MR RFC MIMP DSAFQG? RM NSNNGC@.3EB NC
@SRCP TPGLAJSBGSL RFCMKNJICKCR M RFC QC&MP RF@EQQML
AMKNJICKCRQ P SQSAM MW SCEEURF GRCP@RGMLQ MP UFQGC U
F?TC ? SLGTPQ?J RGL NJCA

Universal Set

I KDZHI7B ;1) GQ ? ®RCRFR MLR?GLQ ?JJ RFC CJRRCIE 7K
GRCEQREGL 4FGQMSEJB FIC RM @C BB @V RFCWRYR

Z5LGML )RCP@RGML ?LB #MKNJCKRL



I'AMKNJCKCR GE@PRGIRM RFC SCFD?J RAM: AMIR?GLQ ?JJ RFC
CJCKCRQ GL RFC SLEJ?J RERRR ?E LMR GL

Example 6

? )D€ UCE BGQASQQGIENBGLENIP @MMIQ RFC SE@PJ RC
KGER @C ?JJ RFC @MMIQ GL RRE JG@P

@ )D WL UCK ERMSNGLEWSP &28@MMI DPGCLBQ RFCFR@EIRC
UMSJB @C ?34SR &2B@MMI DPGCLBQ

A )D WS WC UMRGLE UBF QRQ DILSK@CPQ RFC SIRE?J RC
KGEER @C ?JJ UFMJC LSK@CPQREEGHQ MP €3] PSK@CPQ

Example 7

3SNNMQC RFC STBQ?J RGQ ?JJ UFMIC LSK@CP®RPRM )D
Y [ RFCL
Y [
IQ UC QU C?RIGCP RERFCVNEQQGML  Q® MNGRGMLQIA
@C BWSNB RMERFCPP MSNGLE QWK@MNIGEXC S@CIGT RFW/ 78
UGRF ?ABKMRGA k RMAEC ?L MBCP @ MNCRGMLQ

Example 8

3SNNMQC  YA?R BME RO@GKMSQC YBME AU BSAlI NGE
P@@G

0 YBSAI PP@@GBCPDRME KMSJC

? &GLB! 0

7 C QRRPURF RFC BCP@RGML YBME P@@®G

5LGML JRCP@RGML ?LB #MKNJCKRE



. MUUC SLGML RREQSJRRE ! 0 YBME BSAl P@@G
BACPDMIE KMSJC

@&GLB 0

7 CQRPPUBFRFC SLGML 0 YBME AMJ P?@@GBSAI NGE BB
DRE KMSJC

. MU UC GRCP@R RFR EQSJR RE ! 0 YBME PO@®G
KMSQE
A &GLB! .0

7 C QRTPUBF RFC BCP@RGML YBME P@@®G
. MJUC U?LR RMADB RFC CJCKRQR B0 RFR ?BEFKGL!
! : 0 YBSAI BACPDRIE KMSQC

Z5LGML )RCP@RGML ?LB #MKNJCKRL



29 Venn Diagams

AM TGQSTEHFC RCPARGMLIMOROQ MFL 6CLL GL ~ RFMSEFR RM

SQC MCR?NNGLE AGEQ @SGJIBGLE ML ? QGKGIQBGBC AVILF?B

%SJCP GL RFC RELRSW 4FCQC GJISBRRILQ UMA?JI8 1;DD
?7=HCI

Venn Diagam

16 CLL BG?BR PCNEQCRQ TAF QR @/ ? AGBC
SQS?W BRUL GLQGBO M MLR?GLGLE\ERINEQCRGLE
RFC SLEPQ?J RUTCR?NNGLE €RQ GLBBRC CICKERQ
AVMKKML RM @MRFRQC

"?QGAGLL BG?ERQ AL GJISQRE RFC RCPARGMLIM
RJM MP REE QRQ

Example 9

#PC?’RC €LL BG?EIKQ RM GJISRRP ?LB
AMLIR?GLQ ?JJ CICRQIGL@K?€QR

6CLL $G?EPKQ Z



AMIR?GLQ MYJ RFMQC
CJCKCRQ GL @MRR@ICGL RFTAW?N I RFC AGEQ

: UGJIMIR?GL ?JJ CICIRCEFKGL
A

RFC Q<! UGJIMIR?GL RFC CICRCLGL RCRFR ?E LMR GLRC
Example 10
5QC ? €LL BG?EK RM GJJISTHR 0

7 JJ QRPE GBRGUGLETCRRFGLE GL RFRIQC

Z6CLL $G?EPKQ



LM . 0 UGJIMIR?GLTCRRFGLEFKGL RFC RGBEGES
2@NC RFR GQ ?2JQM ®0 QC

Example 11

#PC?RC ?L ¥NEQQGML RMRQCR RFC MSRESNCR N RFC GLL
BG?EX QFMJL
4FC CIJCKCRQ GL RFC MSBIGES8I<GL QRO ?LB @SR ?PLMR GL

6CLL $G?EPKQ Z



QR0 3M UC AMSIBENEQCR RFGQRXD oA

Try it Now 3

#PC?RC 7L ¥NEQQGML RMRQCR RFC MSRESN®IRGMLIMRFCELL
BG?EX QFMJL

Z6CLL $G?EPKQ



3Q Cadinality

/DRCL RGKC P GRCEQREGL RFC LSK@CP RCKQ GL ? R®IP
QS@BCAFGQ GQI¥B RFC ABGL?RY I RFC QC

Cadinality

4FC LSK@CP MCJICK@®Q GL ? RGQ RFETFRGL?RS 1D
RFR QR

4FC A°BGL?RY 1 RFC QC GQMRCL LMRB ?Q ZZ MP
L

Example 12

CR Y [72LB Y [
7 F?R GQ RFZFBGL?B0 1D
4FC /OFBGL?RF D GQ QGLRFAP?E CJCKCIRQ GL RFGRQC

4FC /FBGL?RE 1D GQ QGLA Y [ UFGAF
AMLR?GLQ CJCKRQ
4FC RFBGL?BG 1D GQ QGCA Y [ UFGAF MIR?GLQ
CJCKCLRQ

#?PBGL?RG Z



Example 13

7 F?R GQ RFCRAGL?RY @) RFC Q8 N %LEGQF L?KCMP RFC
KMLRFQ DIRFCGAP

4FC BGL?R I RFGQRQBY QGLRFAP?E  KML RFQ GL RFC
VPP

3MKCRGKCQMK?W @C BCEeQREGL RFC?RBGL?RY I RFC SLGML MP
GRCPARGMLIMRQ @SR LMRULRFC ?RS?J CIJCKRBQ B CAF QB
4FGQ GMIKKML GL QSRWGLE

Example 14

| QSPTOW ?2QIQ  NCMNJC hF?R @ICPEC BM MS BPGLI GL RFC
KMPLGLE@LB MECPQ AFMTA

r 4C? MLW
r #MIC MLW
r "MRF MIXC ?LB R€

3SNNMQC ENMR REMLW P CNMR AIC MLW P CNMR @MRF
( MJ K?L W NEINJC BPGLIREL RFC KMPLGLEWU K?L W N®INJC BPGLI
LC®FCP RGP MILC

4FGQ OSCQRGMLKAMQR Q8 @C ?L@EB @V AE?RGLE ? GLL
BG?ERK 7 C AL QC RFR WC AL O5LB RFC NBIJC UFM BPGLPR@V
?BBGLE RFMQC UFM BPGMWRERM RFMQC UFM BPGLI @ MRAVINBIC

7 C AL 2JQM QCRFR RFMQC UFM BPGLIREC8 7 RFMQC LMR
AMLR?GLECGL RFC P I RFC REPMRFCP MBNGLEQ QR &L AMSIR
RFMQOANBQS@RRGLE MR RFC 2BGL?RY D RFC SLGAQ?J RC

k k k NC MNJC UFM BPGLI REGP

Z#?PBGL?RY



Example 15

I QSPTOW ?QIQ 7 FGAF MLJGLC TBER) FTC WIS SQB GL RFC J?QR
KMLRF

r 4UGRCP
r &2IC@MMI
r ( ?TC SQB @MRF

4FC FEQSJRQ QFM M D RFMQC QSRB F7TC SQB 4UGRCP
F?TC SQB &?A@MMI ?LB  F? TC SQB @MRF NU K?L W NRINJC
F?TC SQB LCE&FCP 4LRRCP MP &2@MMI

,CR- @C RFC R@ ?JJ NMONJC UFM AZ SQB 4UGRCP?LB  @C
RFC QTW 2JJ NONJC UFM AZ SQB &?A@MMI MREARFR UFGJC RFC
APFBGL?RN D GQ 7?LBRFC RMBGL?R I GQ RFC A?FBGL?RY
MD - GQLMRQGMNJ QGLA C RFR UMSJBMSIR RFMQC UFM
SQC @MRF Q&AQ BGA 4M LB RFC?2RBGL?RY I - UC /L ?BB
RFC 2FBGL?R 1 ?LB RFC ABGL?RY - RFCL QS@RR RFMQC GL
GRCP@RGML RERNT AVSIRB RIGE L QWK@MJIQ

L - L L-kL -

L - k

. MU RMBLB FM K?L W NEINJC FIT LMR S@CRFCP QUBG UQRC
JMMIGLEMP RFC?2RBGL?8E 1 - : 3GLE RFC SLGPQ?J RC
AMIR?GLQ ~ MD N®INJC ?LB RFCHGL?RY @ - RFC
APFBGL?RY @ - : KSQR @C RFC MRFCP

#?PBGL?RE Z



4FC NETGMSEKNJIC GJISHHPRIM GKNNR?IR NFMINCRGCQ

Cadinality properties

L L L kL

. MRE@ARFR RFCAPQRNIFCRV AL ?2JOM @C BRGL GL ?LASGHCR
MPK @/ QVIGLENDP RFC?RBGL?RY 1 RFC RCP@RGML
L L L kL

Example 16

&GIV QRSBRQ G QSFONB ?LB ?QIB GD RAOLK R?IGLE ? QMAG?J
QAGCLA33 FSK?LARGCQ (- MP ? LRSRPJ QAGGLA3 A MSPQC RFC
LCVR OSTCP

U CE R?IGLE ? 33MSPQC U CE R?IGLE ? (- AMSPQC
U CE R?IGLE ? .3 MSPQC U CRE R?IGLE 33 ?LB (-

U CR R?IGLE33?LB .3 U CRE R?IGLE (- ?LB .3

U CR R?IGLE ?JJ REP U CE R?IGLE LMLC

( MJ K?L W QRSBRQ PMLW R?IGLE ? 33WSPQC

Z#?PBGL?B



)R KGER FCJIN RM JMRI?26LL BG?BK
&MMK RFC BTL BR? L ILMU RFR RFCP?R
QRSBCRQ GICEGME ?LB
QRSBCRQ GICEGMP
3GLE QRSBMQ G R?IGLE ? 33 ?LB .3 MSPQC UILMU RFR
L: L < 3GL&UCILMURFCE?FE QRSBORQ GICEGML RFCP
KSQR @C
k QRSBCL RQ GICEGML
3GKGJ3® QGLA RFGP ?C  QRSBCRQ R?IGLE (- ?LB .3 UFGAF
GLAJSBCQESML?LB = RFCE KSQR @C
k QRSBCL RQ GICEGME
3GLE QRSBCRQ CR R?IGLE 33 ?LB (- RFCE KSQR @C k
QRSB®Q GICEGMB
. MJ UC ILMU RFR QRSBMQ @R R?IGLE ? 33MSPQC 4FGQ
GLAJSBCQ QR$BTIDK FCEGML@ 9 : ?LB < 3GL& UC ILMU RFC
LSK@CP DIQRSBRD GL ?JJ @SHSMIB UC 2L BARCPKGLC AE? k
k k QRSBCL RQ2PGLEEGMB
QRSBCRQ 7PR?IGLE MMW? 33 MSPQC

Try it Now 4

/LC FSLBPCB [ERV NRINJC OFF QSFOWB ?LB ?QIB GD RAC@CIGE
GL 5&/Q EFMQRQ ?LESBMR
@CJGIB GL 5&/Q @CJGITB GL EMQRQ

#?PBGL?RE Z



@CJGEB GL 'GBIMR @CJGICB GL 5&/Q ?LB
EFMQRQ
@CJGCB GL EMQRQ ?LBGBMR @CJGCB GL 5&/Q ?LB
" GBAMR
@CJGCB GL 2JJ REP
( MJ K?L W NEINJC QBBRMB @CJEB GL R JEQR MLCIMRFCQC
RFGLEQ

Try it Now Answers

4FCRC 7/ QICPJ ?LQICPQ 4FC ®JD ?JJ MBB LSK@CPQ JCQQ RF?L
4FC Q& b 2JJ MBB LSK@CPQ 4FRCNDRJIJ BCECPQ 4FCRID 2JJRJ
LSK@CPQ
YRCB MPLEC \@JJM ERICL @JSC NSPNJC
YERCL @JSC

3 R?RGLE BE RFC BCP@RGMLIM?IJ REP AGRCQ O UMPMSP
U?W MSRG.E NCMNJC @CUGBGL 5&/Q ?LB 'FMQRQ ?LB @CUGC
GL ?JJ RBP RFR JEICQ RFR @CJGGSL MM 5&/Q ?LB 'FMQRQ T
UMPMSP UPW MSRGDJGLE GL ?JJ GEEMRQ /L& UC FZIC UC AL
?BB SN ?2JJ RFM@EFMLQ ERGLE NEINJC GL RFC SLGMRM REBP
QRQ 4FGPICQ k  UFM @CJIGCTC GL LMLC

Z#?PBGL?BG



31Execises

,GQR MSR RFC CJRQIM RFC @@FC JERCPQMRFC MB
-GQQGQQGNNG(q

,GQR MSR RFC CJRQM RFC @@- MLRFQ DIRFCGAPq

7 PRC ? TP@7?J) BCQAPGNRGWCIAY [

7 PRC ? TP@?J BCQAPGNRGWACIAT G C M[S

QY [?QS@Q® W RFC @D MBB RCECPQ

JQY! " #? QS@TTND RFC @D JARCPQIMRFC 2INFFC

&MP NP@JCKQ A MLQGBCP RFR@@CIMPLB GLBGRC GLPAF
QRRCKCR GQ RPSC MP D?JQC

Ly [ "Y [ #Y [ 5 YLSK@CPQDR
RM [

5 QGLE RFCRIEDMK ?@NMC ?LB RE?RGLE ?Q RFC 5LGPQ?J RAGLB
C?AF ND RFOMDJWGLE

CR$ Y@ ? A1l % R? QI & Y@ ? R [F5QGLE RFCQRQC
O5LB RFO/DIVGLE

%N\CRAGQCH



#PC?RC ? €LL BG?EK RM GJISTHTCAF ND RFOMIJJWGLE

7 PRC ?L UNEQQGMIMRFC QFBECESML

Z%\CRAGQCQ



CR! Y [ "Y [ #Y [ &GLBRFCEBGL?RY D
RFC BTL Q®&

r - -

4FC 6CLL BG?ERK FCFC QFMQ RFCZBGL?RE 1D GAF QR 5QC RFGQ GL
RM DGLB RFC?RBGL?B% 0 BTL QR

r - - -

%\CAGQCH



oL L( L ! DGLBL !

oL L( L !  DGLBL !

I QSPTOW PQ BTL ?QIGLE URRFCP RRCPRAF KMGCQRFMKC
DRIK . CRDGV B@M MP ? TGRQRKIPSQC RFCMSIRQ RM
BCGRCPKGLC ENK?L W NEINJC SQTR@M

MLJ W SQCCROGV MLJ W SQCCB@M

MLIW SQC ? TGBQRKIP SQC MLW ? TGBOQRKIP
2LB 2CB@M

SQC MLW .CRDGV ?LBGB@M SQC MLWV ? TGBOQRKIP
7LB . CRDGV

SQC ?JJ RER SQC LMLC M RFCQC

I QSPTCW ?QIB @YCPQ UFRRFCPMIMRGX MP @EB GLISCLAB
RFCGP AFNIGBAJI NFMLC 4FCRSIRQLC?@CIM( MJ K?L W
NOQVNJC O GLISCLAB @GV @kB

MLIW Q?GBIAMP MLIW Q?GB QGX

MLIW Q?GB2@P Q?GB MLW MJIMP 2LB @GX

Q?GB MW MJMP ?LB @B  Q?GB MW QGXLB @R.B
Q?GB ?JJ REP Q?GB LMLC BIRFCQC

5QC RFOELL GLIPKRGML RMKNJRC ? €LL BG?EK RFCL
BARCPKGLC PMJU K?L W QRSBRQ FFC QCL G/?ARW MLCIM
RFCQC KMGCQ ?LB MU K?L W F?B Q. MLW,K8I 0 81J

F?B QCCL-?< & 8KI@O & F?B QCCL K8l
081J,0

F?B QCCL%Ft F= K?< +@E>J %FK+ F?B QCCL& ?LB
,0

F?B QCCL%FK®LB ,0 F?B QCCL& ?LB
%FK+

F?B QCCL ?JJ RER
I QSPTCW ?QIB NGMINJC URR ?JRCFRGT RPLOQNMPRGML KMBCQ
RFQ®V SQC GGLE RFCB2RMMKNJRC ? €LL BG?EK RFCL
BARCPKGLC GF?R NCARCLR N N®INJC MMIPGBC RFC @SQ ?LB @
FMJU K?L W NEINJC BMR SQCWL?JRCHRC RPQNVRRGML

SQC RFC @SQ PGBC ? @GWAIC
u 2dl SQC RFC @SQ ?LB PGBC ?
@GIAIC

Z%\CRGQCQ



PGBC ? @GAJIC ?LB BJI SQC RFC @SQ ?LB I
SQC ?JJ RFEC

N\CRAGQCH






PART VI

MODULE 5: NUMERAON
SYSTEMS
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32Module 5 Overview

What Youd Learn To Do: Lhderstand numbers
in other bases andcognize when use of other
bases is appéible to eal-life situations.

-)9616 *2-+;1=-:

r  $CQAPG@C FGQREPBNICQMQGKNIQVSNGLE
KSIJRGNIBBTEMSNGLE ?LB NIRGEIL?J LSKBEGML
QWQRCKQ GL RFCBINKCR M KMBCPL KRFCKRGAQ

r 7 PRC ?LB GICPNR LSK@CPQ GL MRFCP @?QCQ

r  #MLTCRR BERRW @O CCL @GLARMAR?J BAGK?J
7LB FO/?BAGK?J @?QCQ

r  2CAMELGXUFCL SQCIMMRFCP @?QCQ GQ@ITIRM
FC?J JGDQRSRGMLQ QVEL?J JGDNRI@JICKQ ?LB
AVKKSLGARC €2J JGDNRI@JCKQ ?LB QMISRGMLQ RM
MRFCPQ

- MBSJC /TCHGG z



Learning Activities

?ARGRGCUIPRFGQ KMBSJC GLAJSBC

"),16 : :1/656;:)6, &1,-7:

r -,7. .SKCP ?RGML
r 2 739> 3SNNJCKCR?J 6GBAT)
r -;7. "GL?®/ AR?J ?LB CV?BAGK?J

75 ->793 :1/656;:

r .K8C?J .SKCP ?RGMLNMKQJMP NMGL RQ
r .K8C?J .SKCP ?RGMLNMKQJMP NMGL RQ
r 219Kl .SKCP ?RGML INNXB&ML NME&Q

Z- MBSJC /TCHGO

4FC JCPLGLE



33 Numeagtion

Historical Counting Systems Imiduction and
Basic Number and Counting Systems

Introduction

IQ UC @CEL MSP HMSRLRR#SE RFC FGQRMB K/RFCKRGAQ MLC
OSCQRGML RM @B GQVpFCFE BM € QRTPq $CNCLBGLE MLEMMS
TGG K? RFCKRGAQ MP LSK@CHMS MSJB AFMMQGAPID ? LSK@CP
MD JSLAFGLE NMRQ MK UFGAF RM @BLE(MJ?FB %TQ QSEECQRQ RFC
MINVGLE JGQRNMMQQR@BGAG

7 FCR RM QRPRFC QRSHD RFC FGQRMPK RFCKRGAQS

r 1| R RFGEPQR B8 ECMKRPGARNDQQ FERGMLWAB RS RM
4F?2JCQM-GIRSQ "#%

r 7GRF RFOMPKSJRGMLIMKGRFMBQIVMK?QSEKCLR K?BC @ RFC
%EVNRG?LQ ?LEQMNMR?KG72@ WMLG?LQ

r 7 FCRE NEFGQRMPOMNCQ K?BCIHIRQ RMEMGE RFC
AVLACNRQIMQGXQF?NC ?LB LSK@CP

r )L NRC FSK?L RGKCQ GL RRIRV QGKNJC LSK@CP QCLQC ?LB
NFRCPLEAMELBGML REEL @C BGQWE @V SR?GL ?LGK?JQ
@GR RA

r %TL @GO RFR GL RFC ?K?XGHRGMLQFGRQSK@CPQ ?LB
QF?NCQ/SLB GL NJRQ

r 7GRF RFC QREEC@SJ?C RFREPJ MSPQCIMIJI?LRQ ?LB

%TQ (MJ?FB IL) LRRIBSRGML RM RREYRWAD
-2 RFCKRGAQ N

.SKCP ?RGME



MRFCP SLEGPQC NFCLMKCL?

7 C AL AFMMQC LM QRGEE NMGIR 2JJ ?LB GLQRCERC RFR
K? RFCKRGAQ FBUNSPJCVGQRGLB F?Q QGKWJI@ML U?®GLE GL
RFC UGLE®IP FSK?LQ RM BEIDP %?AF @ RFCQC NMEMLQIA@C
BCOLB® RM QMKC BQEP?LB UFGAF MLOWS ?BMNR GIVZ?FECW
BCNCLBQ MLMSP NFGIMQMNFGED ?@MSR RECKRGAQ ?LB
LSK@CPQ

. CTCRRFCJCQQC UGB ? QRAGLE NMGEZ&RFMSR N?QQGLE HSBEKCL
ML RFCGBE 1D ?W 1D RFCQC RBASJI?P NMQRGE@IELBGJJ AFMMQC
2Q MSP QRBLE NMGRFC CKEELA ND RFC GBRD LSK@CP ?LB RFC
NAVACQQMMSIRGLE ?Q MSBLIRFGLE N?B 4FGQ GQ BMLC NRGKIPGJ
2 NPARGA K?RRCP GTL RFC LRSE ND RFGOISPQCL RFC RIIVGLE
AF?NRCR C UGJIWRMBSQ MIURI K?GL GBQ 4FC GPQR UGJJ @C 7L
COV?KGLRGMLIM@?QGA LSK@CP MBRGLE QWQRCKQ ?LB RFC QWK@MJQ
RFR WC SQCMIP LSK@CPQCUGJJ JMNR RISPWL KMBCPL 7 CQRCPL
LSK@CP QWQRCK ZIIRFMQU MMSNJICIMQCARB AGTGIEXVLQ RM
QC RFC BEELACQ ?LB BEP@W RAR GQ NMQQG@JC UFCL FSKRQ QR?P
AVSIRGLE 4FC @ELB GBCUC UGJJ JMMR RGJJ @C @?QC QWQRCKQ "
AMKN?PGLE MSBIM@?QC RCBCAGK?J QWQRCREBRFCP @?QCQ U
UGJJ OSGAIBAMKC 2J?RC RFR RFC QWQRCHKRRE??/E QM SBRM
UFCL QJGRW AF?LEE UGJJ AF?JJCLEC MSP LMRGMLQ ?@MSR LSK@CPQ
2LB UF?R QWK@MVIB RFMQC LSK@CRR3?I KCL

Recognition of Moe vs. Las

4FC GBZ MD LSK@CP ?LB RFCMMEQQ M MSIRGLE EMCQ @?Al D?P

@WMLB FGQRM@CE?L RM @BIBB 4FCIE GQ QMKCAFRMIMEA]

CTGBCL® RFR QSEECQRQRRF3IK?LQ TR AMSIRGLE ?Q D?P @?Al 2Q
W C?PQ ?EM( MUCTCPUC BM LMFCRIW ILMJ FMU RFGQ MRCQQ

%TQ N

Z .SKCP ?RGML



QRTRE MP BICIMNEMCP RGKC 4FC @CQRRL BM GQ RM K2I?
EMMB ESCQQ ?Q RMARGLEQ MEEQE )R GQ NB?@ILMR FBFRM
@CJBTRFR GCL RFC PRIGCQR FSK?LQ F?B QMKC QUDIYE PLB
C<IMTL QMKC QK?JJ ?2LGK?JUF@CL QFML RM F7C QSAF ? QCLQC
&MP Z?KNJC MLC IRSPIGQR RCINEMMFC UMSJB QERW BKMIC
MLC CEE ZTAF B2W DK ? NJNWICRR LCQR 4FC KMRFCPQUBGJGRCL
GL JWGLE ?LMRP CEE CCRV BW RM K7 SN BIP RFC KGQQGLE CEE
3MKC FEQERF F?Q QRM RFR FCLQA @C RBLB RM BGQRGLESGQF
@@JCCL CCL ?LB MBB LSK@CPQ M@CQ B IMB 7GRF RFCQC QP
MD BLBGLEQ GL KGRBG LMR BHM MLACGT RFR CRW FSK?LQ F?B

7R JEQR? QGKGJ?P QCLREME ?LB JCQQMJCTCPMSP MLHBRSEQ
?2@MSR EM?LB UFCL RFCQC GRCCKCE® ?KMLE FSK?LQ ?E
QGKNY RFRR? BSARB ESCQQCQ @?®IC MSP L. ?QQSKNRGMLR M
UF?R KGER MPMSJB FIC @CL

The Ned for Simple Counting

IQ QMAGGCQ ?LB FSK?LIGLBMICB QGKNY FTGLE ? QCLQD KME
MP JCQQIGT. MP MBB RA WISJB NWC RM @C GIIRBBRLRM KGR
RFC LCBQ \d CCRBAW JGTGLE !Q RPG@CHMSNEEPKB R @LKC
GKNMR?IR RM @C ?@JC RM MU K?L W KCK@CPQQGE GL RFC
ERMMSN ?LB NGPNQ FM K?L W LCR GL RFC CL@WQ AKN #CPR?GI
® ?Q GKNMRIR BIP RFCK RM ILMGD RFONIAI M QFCN MP MRFCP
NMQQCBRLGK?JQ O GLARQGLE MPAT?QGLE GL QGXSQR EM
K?LW @ RFCK BM © F7IC 2LWPW q GQ ? OSCQRGMLIRFBM LMR
F?TC ? F?B RGKC GK@EGLE RFCK ?QIGLE RFCKSQBIP CAF MRFCP
)L MBBCP RMMSIR BCKQ QSAF ?Q ?LGK?RQGGIRCL MLHBRSEB
RFR MLC DI RFCTBIGCQR REMBQIMBMGLE QWMISIB @C RIS pRAYJ
QRGAYUFCQC TP M@ARQ S@CRM RRI RFC LSK@CP@®MCKQ RM

- ACGQF MFL 4FC RMW D .SK@CPQ MJ -? RFCKRGAQ
( 7Q 3F?NB #GTGJBBML N

.SKCP ?RGME



@C WSIRG 7GRF RFGQ REMB PAF DRGAINP NC@@JC MFRAEP
AVISIRGLE BG& @CGLE BQECNEQCRQ MLC ?LGK?J MP ARDHEGQ
KCRFMB SQCQ RF@GBED; JE ED; 9EHHFED:;D9; )L ? MLC RM MLC
AMPEQNMLBCICA GCKQ RIR?E @CGLMSIRG ?-C SLGOSWIIGEB
UGRF QMKCMSIRGLE RMMJ

)L RFC N®&SE RM RFC PRE
WIS QC  ®AF  QRGAI
AMPEQNMLBGLE RM MLC FMRQC "
CV?KGLGLE RFCMAWRGML M
QRGAIQ GL F?LB MLCUQVFNY
K?2LW ?LGK?JQ QFMSJB @C
NEEQCR MS AL GK?ELC RFC
SQCDSJILC@QBAF ? QWQREK ?
JOQR MIP QK?JJCP LSK@CHRD M
®CKQ RMCCN RRAI MD P ?
FCBCP ’LR® RMAMSIR NDg FGQ
2LGK?JQ RM KRIQSE RFW (LR
2JJ NBQCR FC MSJB KCR?W
MP K®FMBGAN ?QQGEL?&F
QRGAI RM MLC ?LGK?J MIRGLSC RM BM QRGSLFC2Q QRGGB RFR
2JJ \CR 2AAMSIRB IMP

/D AMSPQC GL MSP KMBCPL QWQRERTGJRENJ?8B RFC QRGAIQ
URF KME ?@QRR M@ARD 1) N?FRGASITEC RMN QRGACE(PEB
URF MSP QWK@MRFC @RILB QRGAIEGENJI?EB @V ? p q ?LB RFC
RFEPQRGAI @NEQCRB @V RFC QWK@MIDSRU?E EGRGLE ?PB
MD MSPQCQH FGP 4FCQC KMBCPL QWK@MJQ RMWI EPRSPGCQ RM
CKCFEC

ILMRFCP NMQQG@W M@ CKNJWGLE RFC pR?QRGAIYSIRGLE
KCRFMB G@/@?IGLE K?RQ MP ASEGLE LMRAFCRMGNBCQ B! IMMB
MP TCL RVGLE ILMRQ GL QRPGLE QF?JJ QQRCP)L +2PJ
I@QMJIMK BGOBRB ? UMID @MLC RFEEMCQ @?A1 NM@QRG@J

>Lk

Z .SKCP ?RGML



V?PQ B GQ @TIBEM @C MSIRGLE BGB 'LMRFCP Z?KNJC
RFGQ IGLBRMMJ GQ QFELEM "MLC BGWABRB GL  ? R RF?LEM
2LB QFML @CJ¥ )R GQCRMR® RM @C RICCL QGV ?LB LGLC
RFMSQ?LBOAPQ MJB ?LB QFMUFR ?NNEP RM @C K@REQ SERM
BM MSIRGLEIMQMKC QRIP

4FC K?PIGLEQ MLNRIQ ? ?LB @ C?AF ?BB SN RM 2MJ @
AMLR?GLQ RFC NPGKC LSK@EBQ@C?LB  2MJ A QECKQ RM
GJISQRE P RFC KRFMB DIBMS@JGLE ?LB KSJRESIGASB@V RFC
%EVNRG?LR GQ @TIBRFR RFGQ W??JQMCREQCR ? JSL?P NF?QC
AMSIRCP

@>Lk

"SLR ,SA?Q MLCQ BGJIGNBGCR ®Al 4FC ( GORMRIGA
2MMRMWICKEA?RV -? RFCKRGAQ N

FRRN UUU K?RF @8RJIMBSK?B !LAGCLR IDPGA
K?B>X?GE SE?LB? RRKJ

.SKCP ?RGME


http://www.math.buffalo.edu/mad/Ancient-Africa/mad_zaire-uganda.html
http://www.math.buffalo.edu/mad/Ancient-Africa/mad_zaire-uganda.html

Spolen Words

IQ KCRFMBQVIP MSIRGLE BCJMNE ?LB ?Q J?LES?EC MEEQQE?Q
UCJJ RSGQ RBPJ RMING@R RFR QNMIL UMBQ BIP LSK@CPQM3JB
?NNCGP 5LDMRSLRONRFC BTCIMNKCRQ DIRFCQAVIBQ CQNG AW
RFMQOVWPEQNMLBGLE RM RFC LSK@CRGIDPRARSE RCL ?€ LMR
C?QW RMPRE 0?QR RCL EMITCPUC BM QCQMKC NRCPLQ

r %JTCL AMKCQ DMK pCGL JaiR KC?LGLE MLC JEGDNICR)

r 4UCJIC AMKCQ DHK pRIC JGIXC?LGLE pRV JGDNICR)

r 4FGRCL AMKCQ D#K p4FPCC ?LB RCH?Q BMMBRCL RFFISE
LGLRCL

r 4UCLRV ?NNZPQ RMKC DK pRIC RGEq UFGAFN® pBM
RCLQ

r ( SLBRB NRM@?@IMKCQ DK ? RCPK KCLGLE pRCL RGKCQ

Written Numbers

7 FCL UC QN@ MD pURBCH LSK@CPQ QWF?TC RM @CREDSJ @FSQC
RFGQWSJB KCL ? T?PGRV @ RFGLEQ ¢Q GKNIAIR RMACN GL KGLB
RFR KMBCPL N?NCP GQWRJBJIC KMP RF?L  WC?PQ MJB QM
pUPBGLEQ GL RGKCQ NRQR RMMI MMPKQ RIR KGER JMMI OSG
SLD?KGJG?P RM SQ\RMB?

IQ UC QU C?RIGCRMKC KGER MLQGBCPMMBCL QRGAIREIG
LMRAFCQ@ACB GL RFCK ?Q URGE.E ?Q RFCQTKE?LQ \b PAMBGLE
GLEIPKRGML ML ? BGSK RFRR AL @C RC?Bq @& MRFCPQ /BISPQC
RFC QWK@MJIMBSQGKNJIC LMRAREIIR?GIM BGB LMRTC ? JMRIM
DVG@RIEP MKKSLGARGLE ? UGBZPTRY 1D GBQ MP QUPKRGML

/RFCP KGBGSKQ ML UFGAF pRBLCEqQ KW FTC R?CL NJ?& GLAJSBC
A?PTGLEQ GL QRMLC MPRI@IT FE N?NCP K?BCWAF?LB RJCJIRF
ACLRSWV GL %8RC @SRRIGCP GL #FGN?NVPSQ TILR® @V RFC
%BEVNRG?LQ ?LB B@EMN SIRGJ RFCCRIQ ?LB N?RFKCLRQ DK
?2LGK?J QIGLQ !LB RFCQC ABQRAIMD RFC KW NMQQRBGAG

Z .SKCP ?RGML



4FCQC 2B HSQR AUDCV?KNICQ MCRW KQRFMBQIMMSIRGLE ?LB
QGKNJIC QWK@MB@®BEQCRGLE LSK@CPQ %VRTIE@EWIQ RBAICQ
7LB FCQ@MF F7IC @CL BMLC ML RFGQ RMNGA MPSBBANAGBC
CLMSE GLEIPKRGML REJD RFGRE@RAMSPQC GO BIJV(B ® RM
4FC PLEC 7LB BGIPQW M AE?RGT RFMSR RFR F?Q @C SQB GL
RFC N?QR RM BCQAPG@C LSK@CPQISLB R@ART) ?LB NANJC GQ
QR?EECPGLE BESLRONUC BMBR FIC RGKC RMZBGLC RFCK 2JJ
@SRREGQ DSL ?LIRGEQRGLE RM JNAWIRC QWQRCK GLOKBAR?GJ RM
QC HSQRBMBLECLGMSQWOC AT @CL

The Number and Counting System of thealnc
Civilization

Backgound

4FCRC GQ ECLTOBV ? J?Al Bl @MMIQ ?LB@CRAF K?RCPGNIXCPLGLE
RFC FGQRMPBISLBRGML@MFC IKCPGA - MQRIMRFC pGKNRZIRq
GLEPKRGMLT?GJ?@JBACLRPRCQ ML RFEIRCPL FCKGQNFCRRF
%SRINC ?Q RFCIRPJI DIASQ 4FCRQMLOMP RFGQ \K?@QURDMIB
OD5PQR GQ RFMBERAR RFTPU?Q ? J?Al Bl QNG 2JGXK? RFCKRGAQ
GL RFC 'KCP@AFCEGMLQ @MLB K?LW B RFC @RRQ Bl ?LAGBL
K? RFCKRGAQ GL RFC !KCRGATC @CL AIMQUIESTB®B 4FC
0CPSG?L QWQRCK BMCQ LGIR RM @C ?LVACNRGML RCRAUM
FCQERAFCPQ ,CJ?LB ,MA! ?LB %#?LB . MBCLQIGMJB T2 APPGC
MSR GQCRAF RFR F?Q FRCKNRE RM BA@EP UFR K?RFCKRGA
ILMUJBEC ?Q ILMJL @V RFA}?Q ?LB FM RFGQV SQERFC CPSG?L
OSGNS ? MSIRGLE QWQRCK SQ®UEQA?LB ILMRQ GL RFCGP

$G?L? ,GLB -?C 4FC 0CPSG?L 1SGNS &I8K?<DSK@:J
- <8:2<1 )QQSC / AR Nk

.SKCP ?RGME



K? RFCKRGAQ 4FC@ORMFCPQ AZ AMKC RM@R?GL @CJIGCDQ ?@MSR
RFC OSGNS RRE UGJJ QSKK?REFHCE

Counting Boats

)R QFMSJB @C IB/RER RFAA?Q BGB LMRTE? AMKNJ@RE QWQRCK
MD MKNSRRGML FCRE MRFCP MBJCQ GL REBEFMLQ QSAF ?Q RFC
-2 W?LQ G BMGLEMKNSRRGMLQCFRB RM RFCGRS?GQ ?7LB
A?JCLB?PQ RACATQ QCK RM FPC @CL KMRE AMLACPL® URF RFC
QGKNJCP R?QIBAVIB | CCNGLE M BM RFGQ RFSIIEUF?R 7€ 2JJ8

RFC PSGNSRM@MB OS?IRRGCOMECKQ 7C UGJJ BCQAPG@C RFCK
GL KME BR?GJ GL ? KMKRL (MJCTCP RF®&V BPQRREL LCBG RM

BM MKNSRRGMLQ UFMQQ8JRMSJIB @TAB®E ML OSGNSMIBM
RFCQCMKNSRRGMLQ RFCMSJIB QMHESKCQ SQC MARGLE @B?P
AMLQRP8® URF ? QI?@MRMLE RFC QJ?@CE ASR@®R?LESJ?P

2LB QOS7® AMKN?MRKCIRQ QM RF?L MR?EML?LCGER QGEBCRCEGML

U?Q JEDGL RFC KGBBJCMAMNNMQGRELCPMR?LECQ B PG
ILMRFCP BM QBRGMLQOEE KMSIR® ML RFC MR&RJ QSPDMD RFC
QJ?@ QM RIRFCPUCK ?/RS?W R JCCIQ ?GJ?@JC RFC GESP
QFML RFC B?FCQR QF?B@MPLCPCGEGMLQONEQCR RFC FEEQR
RF@JACJ 4FC JERCP QF?BECEGMLQ QSFR BGLE RF®IRLCPQGP

RFC Q®ILB FGECQR JCJQ UFGJC RFCRMFEC eAR?LECQ TP RFC
AMKN?ARKCLRQ ASRRBI RFC QRMLC QJ?@

Z .SKCP ?RGML



@>Lk

0C@@JCQR SQB RM CCN ?AMSIRQ ?LB RFCGP REIBQRFGL RFC
T?PGMSQIAAQ ?LBMKN?RKCLRQ ETC RMR?JQ &MPKBIIC ? NC@@JC
GL ? QK?JICBFRCAMKN?RKCIR ENEQCRB MLC SL& .MRC RR?
RFCE 7 QSAF QOSZR) 7MSLB RFC MSRMEC N RFCAESP D
? NC@@J@®@ NSR BM MLCIMRFCUM UFGRC J?FECP FCAR?LESJ?P
AMKN?RKCIRQ R® TSC ?Q BMS@IC7 FCL ? NC@@JCQNSR GL
RFC MRPEML?J0EGML GL RFC KGBEIRRC QJ?RD @SC (PQ RPGRJIC
)D ? NC@@JPQUNJEB ML RFC QEILB QF?B8 JOCJ RQ FISC ?Q
KSIJRGNEGEV QGV !LESD?WGD ? NC@@3C MSLB ML MLCIVRFQRY
FGECQRMPLCP JCJQ R® TISC ?Q KSIRGNB@Y HCIC $GIERCLR
M@WHRQ WMSJB @BISIRG 7R RFC Q?KC RGKE BNEQCRGLE HERLR
M@HRQ & BEIXLR MIMIB NC@@JCQ

.SKCP ?RGME



2)584-

3SNNMQOM8 FAC RFCNDJJVMGLE MSIRGLE @2 RF RM
BARKIR IGLB MNC@@JCQOR7ZR GJISREP,LR RFC QMJGB
@J?Al NC@@JINRQCR ? BME ?LB RFC QRBGR@@JC
FCNEQCR ? AR (MJ K?L W BMEQCKRCGLEREQCR®

#74<;176

@>Lk

4FCKC ? RIM @J?AI NC@@JCQ GL RFC MSRCP QOS?P
FCEGMLQsRFCQINEEQCR BMEQIFCRC ?E2 RFEC @J?Al
NC@@JCQ GL RECRRF®RCPCAR?LESJI?AMKN?RKCIRQ
4FCQCEeNEQCR BMEMFCF GQ MLC @J?AINC@@JC GL RFC
KGBBJCCEGMLSRFGONEQCRQ BME@FCKC ?E RFEC

Z .SKCP ?RGML



@J?AI NC@@JCQ ML RMCERIICISRFCQTREQCR
BMEQGL?WRFCE GQ MLC @J?Al NC@@JC MLARIIRFGE
AVIPLCP JCJSRFG@REQCRQ BMEQ T RFCL FIC ? RMR?J
MD BMEQ

Try It Now

( MUK?L W ARQ ZPEENEQCR® ML RFGQ @1?P

.SKCP ?RGME




The Quipu

4FGQ IGLBIM@MBRJ?Q EMMB
DMP BMGLE OSGMKASRRGMLQ
@SRRGBGB LMRMIBBC ? EMMB
U?W RM QCN ? NCPK?LCR
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MLC MP KMPBGRQ 7T AL R?IC RFGQ LSK@CP ?LB ?QCBELNI BQ
BGERQ ?WISC /LC U?W RM BM RFGQRFEQIRZ@JC UFQARIBN

e e &GT KGJIGML

e e 3CTCL FSLBRB RFMSQ?LB
e e %GERNV RFMSQ?LB

e e 4FPCC RFMSQ?LB

e e 4UM FSLBRB

e e 4CL

e e 3GV

&GT KGJIGMLTQICFSLBRB CGERN RFEC RFMSQ?LBJR
FSLBREB QGVRBC

&MK RFC RABPMJISKL GL RFC R?@0ICARL QC RFR CAF NJ?8 GQ

Z .SKCP ?RGML



QGKNY ? KSJRGNITRCL /DMSPQC RFGQBQRIQCLQGEL RFR MSP
@7?QC GQ RCL 4FREEER??E KSIRGNGLEMF NJ?8& QGKMIRCJJ SQ
FMU K?L W D RAR NJ2B.UC F7TC 7 C 2 EQRARBB RM FPGLER KMQR

GL ?LW MLC NJCA@GIF UC F7TC RMAPPRVG WCP RM RFCURENJTA
7 C RLLMR P @?KNJC FTC GL RFC FSLBBQ NJ7 LQREB UC
UMSJB 2PRV RM RFC RFMSQ?LBE@KIBARR?GL GL RFC FSOB®
NJ?& 4FGQMKCQ ?Q LM QSPNPGQC RMGQGERBGY QT RFR
FSLBRBQ GQ RFC Q?KC ?Q MLC RFMSQ?LB ML FSMBRGLE GQ ?
NRFRRV RINGAMASPELAC GL ? @?QC QWQRCK

( MUCTCP@?QC RCL GQ LMR RRCMNRGMT B7TC OPPARGAIW ?W

NMQ@@&TGRCECP EPRCP RF?L MBE2J RM 24 @C S@E2Q ? @?Q0m?
LSK@CP QWQRCSAB QWQRCKQ N MPHSQR JBRFC BEGK?J QWQRCK
CVACNR RFC LSK@CP @WK@MJQ UGJJ BTBGRB CAF NMEGML
UGJJ BCNCLB ML RFC @RIB

Other Bases

&MP Z?2KNJC JRD QSNNMQC BBMNR ? @?@@ITDQWQRCK 4FC WILJ
KMBCPL BERQ € UMSJB LGB IMP RFGQ QWQRETK ?P?LB 7 F7R
?FC RFC NJ@ARJSCQ GL QSAF ? QW@RCRLQICP RAR UC QRPPUBF
RFC MLCQ NEC?2Q KMQR @?QC QWQRCKRUEBNCR GD O UCKE RM
AMSIR GL RFGQ QWQRCAVSIB MIM ER RVMMSP  @QDIE UC F?B
RM HSKN SN RM RFCR.RJTA /SP @?QC GQ RTP 2JJ F?R GQ RE?
LCVR NJZARFR LC UMSJB HSKN R UMSJB LMR @C RCLQCQIGLAT
LM JMLECP GL @?QC RQECTGL ? BEECLR LSKCPGA UMBB !Q RFC
@?QC RCL QWQRGKEBRQCQMIP RM QM RFC @?@IIWQRCK
KMTCQDAK RM  4FSQ U C KMIC DMK RFC MLCQ RM RET®
IDRCP RFGDQ € UMSJB KNIC RM RFC NJ?& MP RFOURLRV BTQ
. MRC RR?GL @?QC RCC UMSJB FPC EMLC B RFC RCLQ RM RFC
FSLBRBQ UFGAF GQ MSPQC
,CRQ R?C ?L G/?KNJC ?LB @SGJB ? R?@JC #MLQGBCP RFC LSK@CP
GL @?QC 05T 7 C UGJJ URGRFGQ ?Q  UFCFC RFC QS@QAPGNR
GQ LMR NRRD RFC LSK@CP @SR PREBGRFC @?Q@BEASQGLE &GPQR

.SKCP ?RGME



MD LMRC RERFGQ G@ RFC LSK@CP pRRGRFMSQ?LBISP FSLBIB

RJCICq 7 C KSQR @@REDSJI LMR RM GKNMQC RFC @?QC RCL QWQRCK ML
RFGQ LSK@CRRQ UFR MSP R?@JCRGRIMI JGI7 C UGJJ SQTRM

AMLTCRR RFGQ LSK@CP RM MSPIXMIBIG?P @?QC RCL QWQRCK

"2QC  4FGQMISKL MICRQ RM @?QC RCL'?QC 4CL

e e

e e

e e

e e

e e
4MR?J

IQ WIS AL QT RFCLSK@CP  GQ@SGUCRRM GL @?QC RCL
7 CUGJIQ? 13J MD RFGQ WPQCK QRALEC RMMS @SR
RFRQ MW @CSQC MS ?E QM SBRM RFC MLDQWQRCK RIS$IT
CTCP QCL

2)584-

#MLTCHR RM? @?QC LSK@CP

#74<;176

7 C BPQR LMR(RRIE??R EGTL ? @?Q0.SK@CP RFR LC
?FC RMMLTCRR 4FSQ MSP NC®UGJJ GRTFPRFC MLCQ
?LBRFCLKMC SNRMRFC Q Q CRA (CR@ RFC
@E?1 BMJL

Z .SKCP ?RGML



"?2QC #MLTCHR "?QC

e e
@ e
@ e
e e
4AMR?J
4FSQ
Try It Now
#MLTCHR RM? @?QC LSK@CP

Converting fom Base 10 to Other Bases

#MLTCRGLE BIR 7L SLD?KGJG?P @?QC RM RFC D?KGEG2RBOQRCK
GQ LMR RFBGBASJR MLAMS EQ RFC F?LEDVE R@ MW ? KFRCP
MD GBRGUGLE?BF NJ?G ?LB RFCL KSJRBINELE?BF BGR & RFC
?NNRINP&Z NMICP ( MUCTCP EMGLE RFC MRFCEABGRIL?A @C ?
JERIC RPGAIGEMMQOMS FAC ? @?QC RCL LSK@CP ?MBWPLR RM
AMLTCIR RM @?QEID,CRR QRRPURF QMKC QGKNIGZKNJICQ @MI®
UC ER RM ? KMPAVKNJ@R® MLC

.SKCP ?RGME



#MLTCHRR RCIC RM ? @?QGILSK@CP

#74<;176

7 C 2L NM@?®X2Q®) QCRFR WC 2L FOUPBC RFGQ
LSK@CP ?QDIVQ

e e

( CLAC UC F7IC RIM BTQ ?LB MLCQ CLAC GL @?QGD
UC UMSJB UREBCIC ?Q  4FSQ

2)584-

#MLTCHR QGWR.GLC RM ? @?QT DSK@CP

#74<;176

7 CARLQC LM RFR W FAICKME RF?L QM LC
RUP&C QGVRGLC ?QDJINVD

e e e

(CR UC F7IC M RCLRV BTQ TQ ?LB MLCQ
( CLAC GL @?Q@IDUC F?IC  4FSQ

Z .SKCP ?RGML



#MLTCHRR RFC @?QCUQCLSK@CP

#74<;176

4FC NNUCPQIM 7R

%RAs

4FSQ

RM @?QC

Try It Now

#MLTCRR  RM @?QC

.SKCP ?RGME




Try It Now

#MLTCRR RFC @?QC BFBSK@CP RM @?QC

"E ><E<BC N?<E :FEM<IK@EPFDB=PB8J<K<E KF JFD< FK?<I| 98J< @K @J
F=K<E ?<CG=LC KF <K<ID@E< K?< ?@>?<JK GFN<| F= K?< 98J< K?8K NG
;@M@ ;< @EKF K?< >@M<E ELD9<I 8K C<8JK FE:<
)L RFC J?QR/ZKNJC GQ RFC JECQR NMP @ BT RFR GQ
NEEQCR GL QM RIRU?Q MSP QR?ZR_E NMGD WC F?B KMICB RM
RFCL U MSJBLMR BGTGR®IGER JEQR MIG

Converting fom Base 10 to Base

&GLB RFC FEE)R NMCP I RFC @?@QRFR UGJJ
BGTGBARBLRFCELL LSK@CPR JEQR MIA?LB
RFCL BGTGBC

7 PBC BML RFC UFMJC LSK@CP R?RFCL SQC
RFC €K?GLBCP R BGTGQGML GL RAFCQRCN

2CNCR QRCNR BGTGBGKERFC MR FGEQR
NMJCP @ RFC @7?QCUP®&GLE BM RFC UFMJC
LSK@CP NP GLAJSBGLE?LB SQGLE RFC
FCK?GLBCP GL RFVR@RCN

#MLRGLSC KGJ RFCKPGLBCP GQ QK?JJCP RF?L RRC

Z .SKCP ?RGML



@?QC 4FGQ JBPRELBCP UGJJ @C GIVMREQ®
NJ?E

#MJIJER ?JIMEP UFMJIC LSK@CP RQRM EQMSP
LSK@CP GL @ QGIRRGML

2)584-

#MLTCR RFC @?QC RCL LSK@CP RM @3QC D

#74<;176

4FC NNUCPQ MBT 27/

%RAs

3GLE GQQK?JICPRF?L @SR @GEECP RF?LC QC
RFR GQ RFC FGECQR NWCP @ BT NEQCR GL  3M
UCBGTGBC BM RMQCFN K?L W i RFCK RFCRPIEE

h URF EK?GLBCP

7 C UPBC BML RFC UFMJC NRP ?LB AMLRGLSC BE RFC
FCK?GLBCRFCKE ?E JCIR MCPQM & QC FMU K?L W Q

.SKCP ?RGME



RFC LER QK?JJCQRIEHM @ BT RFCE ?F GL RFCR?GLBCP
h U®RF EK?GLBCP

7 C UPBC BML RFC UFMJC NRP ?LB AMLRGLSC BE RFC
FCK?GLBCRFCKE ?E  JCIR MICPQM & JMMIR RFC IMR
NJ?& RFC Q

h U®RF BK?GLBCP

4FGQ JTCQ SQ BE UFGAF GQ JCQQ RF?L MSP @?QC QM RFGQ
LSK@CP UGJJ @C GLNRETQu NJ2A7 C 2/ RE2BW RM
2QQCK@JC MSP @BQLSK@CP

e e e e

( CLAC MSP @?QGDLSK@CP GQ 7 (JJ @?RRR

2)584-

#MLTCR RFC @?QC RCL LSK@CP  RM @?QCLQC

#74<;176

4AFC NNUCPQM 7R

Z .SKCP ?RGML



%RAs

AFC FGECQR NWCP @ RFR UGJJ BGTGRM GL GQ
7GRF BGTGQGIZIQC RFRBUGJJ EM GL RGRE BG
FCK?GLBCPIM 3MU CFZC GL RFC NJ?&

4FC LC/R NNMICP BML GQ UFGAF EMCQ GRM  QGV
RGKCQ B6? LO PCK?GLBCPIM 3M UC F7IC GL RFC
NJ?E

4FC LCVR NMCP BML GQ UFGAF EMCCRGL MLAC
UQRF ? LO PCK?GLBCPIM 3M RFCRGQ ? GL RFQNJ?E

4FC LOVR NMCP BML GQ @SR RFTR?Q MW ?
FCK?GLBCPIM QM RRKCLQ RFEPGQ ? GL RFC Q NIJ?A
?LB UC QRGJITE??Q ? BK?GLBCP

4F?R N MSPQC KZLQ RFR W F7IC GL RFC MLCQ NIJ?A
OSRRGLE ?JDRFGQ RREP KCLQ RFR

.SKCP ?RGME



Try It Now

#MLTCHR RM? @?QC LSK@CP

Try It Now

#MLTCHR RM? @?QC LSK@CP

Another Method &r Converting Ffom Base 10 to
Other Bases

IQ WS B?B RFC QMJSRGML RM RFGZKIRITRPCB ARCKNRERFC HPV
® .MJg NM@JCKQME KA FTC F?B RMGNGRBW QRMN ?LB RFGLI
2@MSR URPU?Q EMGLE ML 4FC RRFR WS ?E NM@?@JQRPSEH E
RM MJJW RFC @NJ?LRGML ?LBCRRIBSE RFC NRPCQQ MBPQCJID GQ
KMQRY BSC RM RFCFDBRFR RFC LML BGSK?J QWQRCKQ @M
SLD?KGJG?P RS ). D?R RFC MM QWQRCK RRVS ?E NRI@?@J
AVKIMR?@JC RIGGQ RFOABE ?J QWQRCK

IQ @SBBGLE HFCKRGAG?LOMSNQFMSJB UNQ @C ?QIGLE
OSCQRGMLQ PO AMSJB ) QGKNIGFGQMEQQ d)ECLCRI RFR GQ

Z .SKCP ?RGML



MLC @ RFC K?GL RFGLE@ RFRFCKRGAG?LQ BMWRAGMMP (PWQ RM
R?IC AMMKNJ@REB QRSRGMLQ ?LB K@IRFCK GQGCP MP KMP?KGJG?P
)L RFGQ ARBSMLOTUGJFRRCKNR RM BM RF?

4M BM QM WUGJJ QR JMMIGLR MSPWL BCAGK?J QWQRCIK7R
UC BM KW QCK M@GMSQ ?LB NP@CTCL GRSRGT @SR RR@ RFC
NMG@R 7C U?LR RMARB ? NRAQQ RRAL R?BGY PAVMELGX UMIRQ
2LB K?I CQ QCLQC RM SQ GL ? D?KGJIG?P QWQRCK ?EBRARGRCIBC G
MSP €QSJRQ RM BHGIR SLD?KGJG?P QWQRCK

,CRQ QRRPUBF RFC BGK?J LSK@CP 7 C UGJMATCRR RFGQ
LSK@CP RM @?QCQIC?F ) ILMU GR@ ?JE?BW GL @?QC @SR GRISV
A?FCDSWRIJIMUF? R LORC BMGLEM&JJ Q@ K?1CQ RFGLE@PMSR
TCRV LG2W UBF MRFCP @?QRQPRIML T PQR LMRGRRERC FEEQR
NMJCP @ RFR UGJJBGTGBEIGL? R JEQR MIGAGQ "E
><E<BC K?@J @J KIK #@G @E FLI EXNFRIJ N< =@E; K?< ?@>7<JK
GFN<I K?8K 8 >@M<E 98J< K?8K N@CC ;@M@;< 8K C<8JK FE:< @EKF FLI >(
ELD9<I

7 CLWBGTGBC GRM

h

4FGQ @PQ RR?RFCP ?F MSP RFMSQ?LBQ GL M@GMSE@J
( MUCTCP ® 2JQMWQ RRPRFE@P?E RFMSQ?LBQ GL  4FGQ
DPARGML?J NPRSQ MSEKRGLBCP ?LB UGJJ @ICTAREG RM JNCP
NMUCPQ MMSP @?QC )D W R?C RFR BEGK?J ?LB KSIRGN®
QGLBRFRQ RFC @?QQR GLU C E®R RFOBIWGLE

e
7 FW KSJIRGNE® ?R RFGQ NRIGLC LGB RMEWMELGXFCE RFR
RFMSQ?LBQ GQ RFC Q?KC ?@SLBP (BQ 4FGLI ?@MSRREIRGJ

® QGLIQ GL

4FCQCBM QRRCKCRQ P MSGACR 3M UFR LC 2/ RE2JW BMGLE
FCRC @V KSJRGXGLEW® GQENFRQGLE MRIACARGLE MR MLC NJZ@
RFMSQ?LBRM RFC MR NJZTABMUL FSLBPCBQ
e
0?FRQ DI4FMSQ?LB® ( SLBRBQ
7 F2R WC FZIC LMJ GQ FSLBEBQ ?LB ? BK?GLBCP DM

.SKCP ?RGME



FSLBRBQ UFGAF GQ RFC Q?KC ?Q ROL@PL BM RFGQ ?E?GRRIG
RFC RF? R EK?GLQ RIP RFGPOR QRCN
e
(SLBRBQe  4CLQ

3M UC F7IC QGV RCLQ ?LERCLQ UFGAF GQ RFC Q?KC ?Q MLCQ MSP
J?QR NX2A?JSC

. MU FCRIQ RFC NSLAF JGLCRRCNSR ?JDMRFC RMERTP GL MLC
NJ?E

#MLTCRRGLE BR "?QC  RM "?2QC9 !LMRFCP K&FMBMRC RR?GL
C?AF QRCN RFCKRPGLBCP GQPRECBMUL RM RFC MR QRCN ?LB
KSIRGNEG@V RFC @?QC IJQRIGAF QRCN RFC UFMJC LSK@GP N?P
UFGAF GQ Al® EGTQ RFC BRRFR @CIMLEQ GRRPRGASJ?P NI?A

7 F?R GQ ?K?XGLE GR RFGQMQ IMP 2/ @?QC 3M RMISHR DK

? @?QC LSK@CP RM QMKC MRFCR@TYETC RFCNJWGLE QRCNQ
UC AL DIJIJV

Converting fom Base 10 to B&se

Z .SKCP ?RGML



Another method

&GLB RFC FEE)R NMCP I RFC @?®QRFR UGJJ
BGTGBRBLRFCGEL LSK@CPR JEQR MIA?LB
RFCL BGTGBC

+COCN RFC UFMJC LSK@CPRN?EB KSJIRGMRFC
DPARGML?J NRP@ RFC @?®)C

2CNCR QRCNR ICCNGLE RFC UFMJC LSK@CP
N?MR GLAJSBGLEA?PRVGLE RFCATGML?J NRPRM
RFC LER QRCNBGJ MLP? UFMJC LSK@GRFSJIR GQ
M@R?@&.C

#MJIJIAR ?JIMEP UFMJIC LSK@CP RQIRM E@MSP
LSK@CP GL @ BIBIRRGML

7 C UGJJ GIITRIRRFGQMEBSKE URF QMKCWZKNJICQ

2)584-

#MLTCR RFC @?QC LSK@CP RM @?QC

#74<;176

4FGQ GQRE?W ? MLTCPQGML RRZ F7TC BMLC GL ?
NFEETGMSQ/@KNJIC 4FC NWCPQMBT ?/E

.SKCP ?RGME
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#MLTCRR RFC @?QC LSK@CP RM @?QC

#74<;176

4FC FGECQR NACP @ RFR BGTGB&YRQR MIAGRM
GQ 4FSQ U CF7IC

h
=
@
e
e
4FGQGETQ SQ RR? . MRG’RFR GL RFC RFGP
JGLC RRKSJRGMGLEW® EZTC SQ P MSP UFMJC LSK@CP

N?MR 7C BMbR BGEBRFR 4FC XM RCJJIQ SQRRFTMM GL
RFR NJ2B 4FR GQ RECHC LM Q GL RFGQ LSK@CP

4FGQ J?QR?BNJC QRMQ RFC GKNRRA ND SQGLE ?JASRMP GL
ACRR?GL R&RGMLQ ?LB R?IGRECARMTMGB AJRGLE RFCIASRMPEN
KCKMPW MP BGQOMFRGME ER RM RFCRV CLB MRFC NZCQQ

#MLTCRR RFC @?QC LSK@CP RM @?QC

.SKCP ?RGME



#74<;176

4FC NMUCPQDM 7/

CRAs

4FC FGECQR NWCP @ RFR UGJJ BGTGBIZRQR MIAGRM
GQ 7 FCL UC BM RFC ®IG2J BGTGQGML2NASZRMP
UC ER RFOMDJJIVGLE

h

4FC BAAGK?J NFP?RS?W BJJIQ SN RRIASRMPQ BGRNJ?
7LB UC BMER ILNM GORRCPKGREQR QMKC NMGMP NEPNQ
CTCL ENCRQ BWL RFC RI?B 3M GITWAJEP MSPWASRMPR
RFGQ NIRGIC UGJJRRIBSA CPHP RFR GQ 03V RMICN RFGQ
NRMACQQ BIR CTCP CLBGLEMIZMGB RFGQIEECK O JETC
RFC €QSJR GL RPIASRMP ?LB QGNNQS@RR DMK RFGQ
RM ER RFC DRRGML?J NPRIN\@RQCJIE DEJ HEKD: E<<
3S@RPRGML ?LB RFCL KSIJRERGBEBAEQITL EGTQ

h i

Z .SKCP ?RGML



9CQ @CIG@E MP LMR RFRPPORMBSR GQ/CARW 8J CFE>
8J PFL ;FEZK :C<8l 8BEPK?@E> FLK FE PFLI :8C:LEZB&RIGTQ
SQ MSRAD?JEQSIR

)D LC AMSLB GCL RMBRV BAGK?J NJ2& GLXBF QRCN
AJCPGLE MSRIASRMP MSR @AF QRCN ?JMLE RP®/UC
UGJJ IRC? QCPGOQUBK@CPQ RFABM LMR RCPKRL @SR
@CBEL ENCRGLE RFCKQCQ CLBICQQIPW RS 7C CLB SN
UGRF QMKRFGLE RRBMCQ@R K?C ?LW QCLQGR J@QR LMR GL
RFGQMRER 3M @CREDSJ RM SSRAIASRMPZSRGMSDJ
ML RFCQMMTCPQGMLNN@JICKQ

IJQOM BKCK@CP RRZGGIMEP GPQR BGTGQGNL BR@
WS UN@R RM AZ BGHERQ GL RR&LDJ ?LQCP
AMPEQNMLBGLE RM RFCCIQIBR ?LB QM ML BM. RM
)D WS BLB WSPQCJIRB&KME RF?L BGRQ BSC RM$LBGLE
CPRIPQ M& ILMJ QMK@&FGLE CLR URILE

Try It Now

#MLTCRR RFC @?QC LSK@CP RM @7QC

.SKCP ?RGME




Try It Now

#MLTCRR RFC @?QC LSK@CP RM @?QC

"C A?RCDSJ LMR RMRINISP AJASRMP ML RFGQ MLC
JQM GIMGRC LMR ACDSJ GRAF QRCNMS KW LMR RC
?JJ M RFC B&R M&C JMMIGLEBPQM KMC QJWIWV ?LB
U®RF ASRGML

The Ma/an Numeal System

Backgound

IQ WMS KGER GK?G6LC RFC BCIMNKCR M ? @?QC QWQRCK GQ 2L

GKNMR?IR QRCN GL K?IGLE RHASIRGLE NPCQQ KMPCOSAGRL/SP

MJL @?QC RCL QWQRQH@P®AJI?MQC BIK RFC DRARFR WC F7TC
DGLECPQ GLAJSBGLE RFSK@RM F?LBQ 4FGQ GQ RS

BCTCIMNKCR (MJCTCP MRFCP AGTEEINQ F? F?B ? PPCGRV D

@?QCQ MRFCP RF?L RCLVEKNIC RFC?RGIQ B 1SCLQJI?LB SBC

? @?QCURV QWQRCKISIRGLE 2@QIDIVY pILC BM RIM ?LB MLC RV

RIMQ KSAF) 3MKC - MBCPL 3MSRF IKCPGAPG@CQIE? @?QCIT

QWQRCHKISIRGLE GL RFGW WLC BM RFEC MSPF?LB F?LB ?LB

MLC F?LB ?LB BMq ?LB QM ML 4FC "M@MLG?LQ ST @?QC QBVR

QWGECQGK?J QWQR®EGQ AF?NRGE UPN SN UBF ? QNEIBA

CV?KNJC B ? AGTGBGXAL RE?RS?W SQE? @?QC QWQRCK MRFCP RF?L

Z .SKCP ?RGML



4FC -? W?L AGTGBGKA GQ ECIMFBR®B DMK "#% RM  #%

4FC 9SAPR?L (CLGLQSIRC BESP  GL - CVGM U?Q RFC QAC BIP
RFC BICIMNKCR M MLC MRFC KMQRT?BACB AGTGJEXMLDNRFC
2LAGOR WBB 4FC -?W?LQ F?B ? QMNFGREGRRS?J QWQRCKRRF?
U?Q MICPQCL @V ? NPGGRRI?QQ 4FGQ ADQPECQRICHINE ?

FRRN UUU EMPNMK EMPNIJMA?RGMI? R?KCP
K?N>K? W? RK

.SKCP ?RGME



NFGIMQMNERF RGKC ?Q BGTGLC REPI?J 4FC A2JCLB?P?LB
A?IJASRGMLGFRB RMFG LCE RFSQORV GKNIRRIR RM RFGRB@J JGD
MD RFC NPGBQRPQQ ?LB FCLRFC -AW?L NEINJCL)D?R KSAF Nb
UF?R WC ILMU ?@MSR RFGQ ASIRBEQ MK RFCGRICLB?PGMBQ
2LB ?QRALMKW BR? LMRFCP GKNAMR QM3E MD GMPKRGML ML
RFC -?W?LQ GQ RFCRERGMMRFCP $GCEM BZLB? UFM UCLR RM
- OVGI ?Q ? KGQQGML@R

4FCRE UCE RIM LSKCPJ QWQRCKQ
BCTCIMNE @V RFC -W?LQIMLCNP RFOMKKML NQVINJC ?LB MLMP
RFC NPGCQRIR MW BGB RFCQBMRWQRCKQ SQEBED QWK@MJIQ
RFQV 2JQM SBABRLR @?QC QWQRCKQ &MP RFC NPGCQRQ RFC LSK@C
QWQRCK?Q ENCPLB @V ARS?J 4FC B¥Q MRFCGAP UCKE RFMSER
RM @C EMBQ QM RPE&?D QWK@WN® BFC B?Q G B@MPRB
FC?BQ JGT RFC Q?KNJC RM RAR JBBLE RFC @?QGACAB?P BQ
@?&ML  B? WQ RFC NPGIZQBKCPJ QWQRCK BQXKGYB @?QC
QWQRCK CKMIGLE KSJRGNJDQ MLB 4FGQ K?CQ MP ?
AMLDSQGLE QWQRCK RRGEBMFGAFCUGJJ QIGN

"GBICJJ 7KCQ -? W?L IPGRFKISA @L8K?<D8K@:J
-<8:7<] )QQSC . M N Kk

FRRN UUU SI?2LQ BS\JA RIE@ W?LL SK@CPQ RKJ
FRRN UUU SI?2LQ BS\JA RIE@ W?LL SK@CPQ RKJ

Z .SKCP ?RGML


http://www.ukans.edu/~lctls/Mayan/numbers.html
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OMJCPQ "?QC 4CL 62JSC 0J?/& . ?KC
(7@R
1328
+GLAFGJ
#2@7?]
0GA
8B
+2]

(sL

The Maan Number System

JLQR®B UC UGJMBSQ ML RFC LSKERML QWQRBKRFCAMKKMLG
NGVINJC UFGAF ST KMFC AMLQGQRC@?QC QWQRCK CQQBREG
C?RIGCRFC -?W?LQ SBC? @?QC QWQRCK 2JJB RFC pTGECQGK?Jq
QWQRCK GMSP QWQREBKGG NRGRIL?J ROGLE R RFC NNREHIL
MD ? LSKCPGA QWK@MJI7RIEE® NJCARJSC [) RFC MIMWGLE R?@JC
WIS AL QT RFC NJRAPJSC GIRG CRRGA DPIPKR

"GBICJJ

.SKCP ?RGME
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)L MBBCP RM URG LSK@CPQBMRFCE UCIE MLW RFEZ QWK@MJIQ
LOCB@ GL RFGQ QWQRCK !NMNR?G @ ?BREQCR®B RFC OSRRBV  ?
BMRENEQCR® RFC OSRBV ?LB ? QNEG?2J QWK@WIMSER RM @C ?
QFCJIGNEQCR® XCMM 4FC -? W?2L QWQRCKWEFTC @CL RFCEPQR
RM K?IC SQCIMXMM 2Q ? NJBAMIBABK@CP 4FC IBPQR  LSK@CPQ
?FC QFML GL RFC R?@JC RM RAR PGE

5LIGC MSP QWQRCK WFBPC MLCQ NJ28RARQ ML RFC PRELB
RFCL KMCQ RM RFCRIGRFC -W?L QWQRCKQ GQ?RFC MLCQ ML RFC
8EJJEC MD ? TRRGN MPGRRGML ?LB KIZQ SN ?2Q RFC NJ7RJISC
GLA®QCQ

7 FCL LSK@CPQ CRUPERCL GLOMRGA BIPK RFGPQFMSJB ICP
@C KMP RF?L BSP BMRQ GL ? QGINIT® 7 FCL UPBGLE -W?L
LSK@CPQ TCRV EMSN @ BT BMRQ @MKCQ MLC @7PQM RFCP
QFMSJB ITTP @C KMPRF?L RFE @?PQ GL ? QGLE)@sIMSP @2PQ
UMSJB @QATCRR® RM MLC BMR GL RRRUCITASN RQ RFC Q?KC
?Q ECRRGLEMITCRR® RM ? GL RFCMR NJTASN UFCL LT 2PRV
BSPGLE ?BBGML

2)584-

7 F?R GQ RFZE$C M RFGQ LSK@QUFGAF GQ QEMGL
TCHRGA DIPK

FRRN UUU TNBQQS BSD?GP> E WK5- F RKJ

.SKCP ?RGME


http://www.vpds.wsu.edu/fair_95/gym/UM001.html

#74<;176

3R?RGLE MR RFC @RRK W F?TC RFC MLCQ NG?AFCE
?FC RIM @?PQ ?LB REBBMRQ GL RFGE@NIRAE @AF @7?P GQ
UMRF UCF?IC MLCQ UFCL € AMSIR RFC REPBMRQ GL
RFC MLCQ NC?AMMIGLE RM RFC ICJPASC 7@K & RFC
RICLRGCQ NC?AU C QC RFCP?E RFEC BMRQ QM B?TC
RFEC RICLRGCQ

( CLAC UC L UPBC RFGQ LSK@CP GL @?QC RCL ?Q

e e e e

2)584-

7 F?R GQ RFZ$C M RFOMJJWVGLE -?W?L LSK@CP

Z .SKCP ?RGML



Try It Now

#MLTCHRR RFC -W?L LSK@CP @CRM @?QC

.SKCP ?RGME



2)584-

#MLTCRR RFC @?QC LSK@CP RM -?W?L LSKCPRJQ

4FGQ NR@JCK GQ BMLAUBLGR?ECQ &GRQURIB RM
AMLTCRR RM ? @?QC  LSK@TR UGJJ BM QM SQGLE RFC
KCRFMB NWTGBE GL RFC J?QRRBMLIMRFC RR 4FC QOILB
QRCN GQ RIMBR RAR LSK@CP RM W?L QWK@MJQ

4FC FGECQR NMCP 1@ RF?R UGJJ BGTGBNM GLGQ
QM € QRFP@/ BGTGBGLIRREB RFCL INPOCB DRIK
RFCe

e
4FGQ KeLQ RFR

4FC Q@MLB QRCN GQRMCGR RFGQ RMV?L LMARGML

4FGQ LSK@CP GPRG® RRAL FIIC  GL RFC MLCQ NRGML

4F?RQ RREC @?PQRRFC @R ¥ RFC LSK@GJPC 2JQM Fe
GLRFC QNJ?& QM RR® RREC @?PQ ?LB REFBMRQ GL RFC

Q@MLB NMEBGML &GWPUL FZIC GLRFC Q NJ?& QM

RFRQ MLC @?P ?LB REBMRQ ML RFC RMNE®R RFC

MINVGLE

. MRC RRGL RFCHIIEMSYCKNJIC ? LO LMRRGML2D SQEUFCL UC
UPMRC 4FC AVKK?Q @RJCCL RFC RER LSK@CPQ ?LB

Z .SKCP ?RGML



2P C LMW QCN?PRGLE NI2A?ISCQMP SQ QM RRT AL | GCN RFCK
QCN7IRC DK C?2AF MRFCAFGQ SQDNMRFCOMKK? GQ QFREV BEIICLR
RF?L FM RFO\WWC SQB GL RFC BGK?J QWQRCK-GL UC UPRC ?
LSK@CP GL @?Q@SAF ?Q RFC AMKK?Q ?FC SQB NPGK?RGJ
2Q ?L ?GBC R®P RFC LSK@CPQ® @SR RFEGM LMR QCNRE QGLE
NJ?& T2JSCQ BIR C?2AF MRFCP C UGJJ 8B RFGQ LNREML UFCICP
RFC @?QC$QC GQBERP RF?L

Writing numbers with bases begghan
10

7 FCL RFC @?QD RLSK@CP GETPRF?L QCN7IRC
C?AF BGERg URF ? MKK? RM K?IC RFC QCNRGMLIM

BGRQ A€
&MP Z?KNJC GL @?QCRM URRE RFC LSK@CP
AMPEQNMLBGLERM e e e UQaB UPKRC
Try It Now

#MLTCRR RFC @?QC LSK@CP RM -?W?L
LSKCP?JQ

.SKCP ?RGME



Try It Now

#MLTCR RFC @?QC LSK@CP RM -2W2L
LSKCP2JQ

Adding Maan Numbers

7 FCL ?BBGLE -W?L LSK@CPQ RRECPUMJJ ?BMNR ? QAFCKARRF?
RFC -?W?LQ NR@?@JIBGB LMR SQC @SR UFGAF UG JER?IJRIC
C?QGCRIP SQ

2)584-

IBB GL -? W?L RFC LSK@CPQLB

FRRN DMPSK QUFRRFKME BS| K? W?L KRF
K? W?L FRKJ

Z .SKCP ?RGML


http://forum.swarthmore.edu/k12/mayan.math/mayan2.html
http://forum.swarthmore.edu/k12/mayan.math/mayan2.html

.SKCP ?RGME




UMIRF 4FCE ?F QGV BMRQ @SR ? K?VGESISM 7@
?JJMCB GL ?W MLC NJCAMLE WIS ER RMAIT BMRQMS
KSQR MLTCR RM ? @3BLE BT BMRQ K& MLC @?BC

BP?U ? @?P RMSE 05T MD RFC BMRQT®ELE SQ BE MLC BMR
UFGAF GQ SLBCP RFEHBMR JGRASR RFGQ BMRRIKREC
@MRMK NJZAMD RFC CKMROR ND @WZQ WS HSQR®BP

. MJJMMI R RFC @?PQ GL RFRMEMBR7A 4FCE ?FE [T
?LB RFC K?VGKSK LSK@CP RFC KJZA. FMJB GQ REP FLI
98l J 8l< <HL8C KF FE< ;FK @E K@K P@>?<JK GC8:<

7 FCLAOCP \C F7TC IMSP @?PQ GL ? QEENEXAUC UGJJ
?2SRMKRGANW MLTCRR RFR RM FK GL RFC MR NJZTASN 7C
BPU ? AGRIC ZMSLB DISP Bl RFC @?PQ ?LB ?IVePEN RM

RFC BMRQAREMLIMRFC FEEP NJ72 ! R RFC CLBINRFR

?PRU BP?U ? LCU BMR 4FR BMRINEQCRQ HSQR RFC

Q?KC ?Q RFC MRFCP BMRQRALRE?. MR MSIRGLE RFC

AGRIB @?PQ GL RFCREIMRIJ7® RFAPGQ MLC @?R JCD

@?P GQ SLBCP RFGCRBRP JGRASFRGLBCP RFC BMR GL RFC
Q® N CKNW NJZ2Q RM RFCHGE

Z .SKCP ?RGML



.SKCP ?RGME




Try It Now

4PW ?BBGLE ?LB GL-? W?L @ OPQRIANCHRGLE RM
-? W?L LSK@CPQ ?LB RFQURELE CRGRV URBFGL RR?
QWQRCK $M LMR ?BB GL @?QBRGK?J SRGJ RFCRV
CLB UFCL WIS:?<:B WISP WP

Conclusion

)L RFGQCPBGLE @ F7IC @PGGDQIRAFB RFC BTCIMNKCR ND
LSK@CPQ ?LB MSRBIRGLE QWQRCRFJEC CKNF?QGQ ML RFC p@PGCDq
N?MR 4FCE 2/ LSKCRMSQ QMSEQ B GMPKRGML ?LECBCRAF RFR
05JJ KA MISKCQM@MMIQ ML RFGQ RMNERSEIEON UC AQLLMR
@CEL RMMKC AJMQC RMI@PGLE 2JD MFC GLEKRGML REGQ MSR
RFCE

7 C F7IC MLW QARAFB RFC QSPI?AD RFC C?JRF Bl EQCRAF
7LB GLBPKRGML REIVGQRQ ML RFICBEINKCR M LSK@CPQ ?LB
AVISIRGLE RABEMSR FSK?L FGQRMPF?R GQ GKWAR RM LMRC GQ
RFR RFC QWQRCHKRRE?SQC TCRV BW GQ ?IMBSR M RFMSQ?LBR M
VZ?PQ B NFEEQQ ?LB BCIJMNKCR R ENEQCRQ MLRPG@SRGMLQ @
K?L W AGTGBGXALQ ?LB ASIRSIR BMCQ LMRKC BWL RM SQ BIR
RFC QIVW? EGR DMK RFC EMBQR GQ LMR RFC?REBMLIM? RER@MMI
NS@JGQFIP GQ GIBC?Q FSK?L ?Q € ?F ?Q GQ RFCQR M
K? RFCKRGAQ "CFGLEC&V QWK@MJIPRSJ? ?LB PSJC RECBQ ?
FSK?L D?A RM @®ISLB MPR JEQR QMBE

&SMRFCPKMP UC FMNC RR?WS LNU F?TC ? @?QGA ?BABRGML
IMP HSQRUFBIRCEQRGLE ?LB BBQC LSK@CP QWQRBKER 'JQM

Z .SKCP ?RGML



UQRC NRRRV QSPRFR WS FAC 2JQM @CESL @MWIELGXRFR UC R?C
MSP ML LSK@CP QWQRGHIER.LRB QM KSAF RIRUFCL LC R/ RM
?B?NR RM MRFCP QWQRCKQ MP@BQEMSPJCQP RPEIFTGLE RM
AMLACLRPRC ?LB RFGLI ?@MSRRIER) EMGLE ML

.SKCP ?RGME



34 Supplemental ideos

4FGQ MISIS@C NV@GQRVIIR?GLQ
QUCPJITGBEQ RIPQSNNJICKRIRFORBGLE ML GQRMPGASIRGLE
9MS ?E LMR @®DSGB RM BRAF ?2JJ M RFCQC TEBC @SR )
PCAMKKCLB U?RAFGLE RFC T@B@MP ?W MLANRQMS KW @C
QRPSHELE RF

Z3SNNJCKCR?J 6GBAR)


https://www.youtube.com/playlist?list=PL15B6F634E3765145

35Binary Octal, and
Hexadeimal

)L KMBCPL MKNSRGLE ?LB BRE CARRILGAQ RFC KMEIRKMLIN
SQB @?QCQXBAGK?J @?QC @GLYP @?QC RAJ @?QC7?LB
FOV?B@GK?J @2QC )D T 2/ AMLTCRRGLE @LOCL RIM @?QGARFCP
RF?L BBGK?J € RVNGAW FTC RMMLTCRR RFC LSK@CP RM @?QC
O5PQR ?LB RFGITCAR RFRLSK@CP RM RFGNQKB @?QC MUCTCP
UC AL C?QEJ MLTCIR BERRW D#K @GLYPRM RAJ ?LB TGACPQ?
7LB DMK @GLYPRM KCB@GK?J ?LB TGACPQ?

4FGQ TGBOSIR ? @?QGRMESRGML RM RFAQITGPQGMLQ

2 FL-L9< <C<D<EK ?8J 9<<EXCL;<; =I FD K?@J MK@FE F= K?<
KOK EL :8E M@<N @K FEC@E< ?<I
?KKGIC@EI P8:?@<M@E>K28D FI>
SLIK@E::D8K?C@98&KJ

"GL?®// AR?J ?LB CV?BAGK?XIZ


https://library.achievingthedream.org/austinccmathlibarts/?p=57#pb-interactive-content
https://library.achievingthedream.org/austinccmathlibarts/?p=57#pb-interactive-content

&MP ?LMRFCP BCQAPGNRGML RFGQOVI@E GRHKARIGRSE

2 FL-L9< <C<D<EK ?8J 9<<EXCL;<; =I FD K?@J MK®FE F= K?<
KOK EL :8E M@<N @K FEC@E< ?<I
?KKGJIC@HI P8:?@<M@E>K28D FI>
SLIK@E::D8K?C@98KJ

&MP DBFCP AJ?6@RGMLCR?JJ RFRRFC LSK@CPQ REE A?L @C
FCNEQCRE® @V SN RM REPBGRQ GB?QCUR ). @?QC OBE RFCQC
LSK@CPQ CAENEQCR® @V ? QGIE BGR

Z" GL?®// AR?J ?LB CV?BAGK?J


https://library.achievingthedream.org/austinccmathlibarts/?p=57#pb-interactive-content
https://library.achievingthedream.org/austinccmathlibarts/?p=57#pb-interactive-content

71, 71, 71,
8?D71@d DKC8;H 59?C7B ;GK17B;DJ E9J7BDKC8;H

. MJ UFCL UC E® RM RFC LSK@CP C UGB IMSP BE&X) GL @?QC
7LB RIM BGRQ GL @?Q0. D?R RFCSK@CPQ RMSE A ?L @C
FCNEQCRB @V BM BGRQ GL @?QC C1.00B IMSPIST MP QGV &GE
GL@?QC RMREQCR RFCQC Q?KC LSK@CPQ

71, D KC8H 7I; ;GK? L7B; 71; D KC8;H

e e
e e
e e
s s s

e e
e e
e e
e e

4FC LSK@CP GL @?QC GDEQCR® @V e e

e e e e ) L @?QC RFGQMBJB @C

$M VS QC ? NFRRCPL FCP&MP ? QGIE BGE GL @?QC CU.AB SN
RM REEBGIRQ GL @?QC & BGRQ GL @?QC C UGB MP
BGERQ GL @?QC &MPRBBRQ GL @?QC CLLCCB MP BGERQ
GL @?QC &MPAE ?BBRGML?J) BEEL @?QC CULGB SN RM REP

"GL?W/ AR?J ?LB CV?BAGK?XIZ



QN?8Q RRCNEQCR B GL @?QGs ;H; V7 M 70 JE LC;C8;H J>?I
IEM ;D;;:J>H ;; IF79;
I AMSNJCDM@?KNJCQ MSJB FCJIN RCP

#MLTCRR RFC LSK@CP RM @?QC Q@ QNBG2AF BGR GL @?QC
RM RFEC BGRQ GL @?QSQGLE RFC BEBGR @?QC

COSGICR QM CRA

#MLTCRR RFC LSK@CP RM @?QC N3B RFGQ

LSK@CP G®M Q& DIRRE [J7HI?D-MZ> J>; H?=>J CEIJ :?=? J

RFCL MLTCRR @AF QR Wb RRIZ RVR® OSGICR GL @?QC

&MP FZ?B@GK?J @?QC UC LGB SN RMMSP B@&) GL @GURM
FCNEQCR CAF QGLE BGE TKCK@CRFGQA@RA?JIGLE RFE?
QM (€ LB MSP B@Q

9MS KW LPLR RM NFRGUSRUNGC @ RFCQAMIQFACRQ RM FCIMSV
UGRF WSP MLTCPQGMLQRECL @GLAPLB MAR?J MP FCBAGK?J

r #MLTCRRGLE MR " GL?® RMAR?J
r #MLTCHRRGLE MR " GL?W RMQV?BAGK?J

)D WIS UMSJB JGIRM OSGMSPQCID MILICRRGLE RFC LSK@CPQ
RFRISE RM @GLAWMR?J ?LEC/?BAGK?J?LB @BJCCL RFMQC
@7?QCECRY ? JGLI RM RENEQCRRGMLOMFMQC LSK@CRRD 2R/

[ AR?J 2LB CV?B@GK?2J .SK@CPQ

Z" GL?®/ AR?J ?LB CV?BAGK?J


http://cse4k12.org/binary/convert_bin2oct.html
http://cse4k12.org/binary/convert_bin2hex.html
http://www.engineeringtoolbox.com/binary-octal-hexadecimal-numbers-d_1802.html
http://www.engineeringtoolbox.com/binary-octal-hexadecimal-numbers-d_1802.html

36 Discus: Numeattion
Application

0GAl ? B2J NRI@JCK ?LB RPRM QEIJ& SQGLE RESKCP?RGML
QWQRGEMIIGLE QEFRCECQ MR RFGQ KMBSJCCQRER RFC INR@JCK
?LB RFC QMJSRGML RN\CRRIMRFC AJ?0GQC RFC NF@JCKQ NMBRC
@V WSP AJ?QQRCQ ?LB GONMLB RMR? JEQR &M 2C?B
RFCSKCP ?RGML INNJBGML $GRGMIMIP BR?GBBGEARGMLQ
#PC?RC ? LO RFR?B GIRFQ KC;H 7J?ED FFB?97?ECIMPSK GL RFC
?219KII?ED E7H: RM MKNJ&C RFGQ ?QQGHRKCL
/>?17117=DC;D J ?I HGK?H 7D: M EHJ>KFJE FE?DI

$GQASQQ .SKCRGML
INNJG2RGME


https://novaonline.nvcc.edu/descriptions/mth151common/documents/numeration-directions.rtf

. OMGRQ
? ?
P ?BGLE #REPG? OMOQG@IC

4FC NM@JCK

r )QB? B2J JGDNM@JCK

r )QBAF?JICEE LMR RPGTG?J

r )QB? SLGOSCMB®JICK GLARED ? MWV 1D ? AJ?QQRE
NMQRGLE

4FC QRIRCECQ

r IPC MLC MP KNFECLCRI NRMI@JCK QMELE QRRCECQ SQCB
r IPC RFC QRCECQUPEARW GBRGB

4FC NEQCRRGML

r )Q RFC NR@JCKMINJ?GBAUCJJ
r IPCRFC NRF@JCK QMELE QRFCBECQWDIJ?GBIUCJIJ
r 'PC RFC ?NININPREZ RCPKQ $C

9MSP EQNMLQCQ

r $GB WS NMQR2@QREM EQNMLQCQ

r $GB WS WNJ?GL EMRFC @?KNJCQ FCIRIEMS @RRCP
SLBCPQR?LB RFCRRPGL RFGQ KMBSJC

r $GB WS ?QI OSCQRGWRYD?BRRGML MP K2
QSEECQRGMLQ MIRRMAF?LEC MP GKINPRFC MR&RJ
?2NNJGRGML NMQRGLEWRREFCAIDMSN NMQRGLEQ

Z$GQASQQ .SKCRGML INNFBRGML



PART VII

MODULE 1: GENERAL
PROBLEM SOVWVING

- MBSJC 'CLCPRJOM@JICK
3MIGLEZ






37 Module 1 Overview

What Youd Learn To Do: Solve mblems
involving pecents, gometry and estimation.

-)9616 *2-+;1=-:

r 3MIC NM@JCKQTMIGLE NGBLRQ NANMRGMLQ
2LB PPRCQ

r  3MIC NM@JCKQ SQGLE @?QRaN

r  5QC NR@JCK QMELE ?LB CQRBGML RELGOSCQ

- MBSJC /TCAGE Z



Learning Activities

See daily handout April 10 (Day 23)

"-),1€ : :1/656;:)6, &1,-7:

r -;7. OPM@JCK 3WVGLE
r 2 739> 3SNNJCKCR?J 6GBAQ)

75 ->793 :1/656;:: See daily handout April 10 (Day 23)

Z- MBSJC /TCHGG



38 Discus: Intodue
Yourself to the Clas

‘M RM RFCRIHE:K9J?EDIMPSK #JGAI ML RRE&;7 J; />H ;7. @SRML
RM NMQRVSP GRRIBSRGML LAJSBC MEP-@K?LB C8JK?KC GL
RFC K8@;9JGLC 7TRFGLMEP NMQRGLE?QEC@C @SRM GLAJSBC RFC
MIWGLE GMPKRGML

r 9MSP (RCEQRQ GLAJSBGLRWMS J& RM BM MSRQGBLIRQQ

r 7 FW WS ?E R?IGLE RFGQ AJ?QQ ?LBWIS?FMNC RM E?GL MISR M
R?IGLE RFGQ AJ?QQ RFGQ QCKCQRCP

r 7 F?R WSP KMQR QERQDSJ RECKRGA /NCPGOL/EL MP MSR

MD AJ?QQ F?@@C

2CQNMLB RM RFGRREBSRGMLQDM B:71J JVMEAJ?QQKRCQ MSP
FCQNMLQCQ QFMSJB @C BEQIRR GQ RFQFMSIBIER?GL KMP
RF?L HSQR 2QiJN

/>?17117=DC;D J ?I HGK?H 7D: M EHJ>KFJE FE?DI

$GQASQQRRIBSE MSPQCJID RM RFC
#1270



32 Problem Solving

)L NFCTGMSQ IRF MSPQCQMST LM BMS@R PSRIBLRFC GLD?KMSQ
pUMB NV @JCHKIBLIMRSLROVRFCQC NI®JIJCKQREW BQCK@JC RFC
RVNC M NM@JCKQG?/RS?W CLMSIRCP GLTCRBW JGDL K? RF
@MMIQ M8 SQS2M 78 RMIBVRARW UFGARMPKSJ? MP MRBSKE
RM SQC ?LBCHGTL O/?/RW RFC GIEKRGMLMS LCB RM ?LQCP
RFC OSCQRGMIP(PJ JGDNRM@JCK QMELE BDSGR) GBRMUGLE 7L
NNRINPRZ MPKSJ? MP MRBSKE ?LB B®RCPKGLGLE UE?
GLEPKRGMLME UGJJ 0B ?LB UMLNR LGB RM ?LQOP RFC OSCQRGML

)L RFGQ AF?NROPUGJITIPGE QACPJ @?QGA @ SRKORIISJ 2JECER
GB@Q NOACLRQ TRCQ ?LB MAMRGMLQ @ UGJJ RFQUASQ ML RFC
NRM@JCK QMELE N@CQQ ?LB\INIMP FMJ RM SQC RFCQC?GERM
QMIC NRI@JCKQ UFCRIC BMBR FIC NCRBR GMPKRGML

Percents

)LRFC  TGAC NFCQGBRG?J BORER %EFBQR AJ?GHECRFRS53
MRCQ FTC QSEBRB p M D RFC MRJEGML?0S?JRGCQq F2D )
#FCLON BGQNSRRFGQ \@GLE RRGL DRA?OG QSPRV MRCQ ?7LB
AVI?RGML 2JIGCQMR2CL 2JKMQR  NOELRg B RFC2QS?JRGCQ
7 FM GQUPEAR ( MJ A?L UC K?I C QCLQ@MMRFCQC LSK@CPQ
+:H9:DJ JBCPIW K@LQ PICP g MPIW?HRQ NCP FSLER) 7 FCL

UC UPRBC RFGQ GQ OSGIUCR RM RFC ?BEGML
40
00
MP RFC BGK?J . MRGARFR MSR N0 ?LB  MSR MD
2RC 2JQM QGLE

FRRN UUU D?RAF&I MHEE
AECLOV>@BU?BQ>K?LEIC>DRQ RKJ

ZOPM@JCK 3WVGLE



http://www.factcheck.org/cheney_edwards_mangle_facts.html
http://www.factcheck.org/cheney_edwards_mangle_facts.html

80 _10_ 40
200 25 100

2)584-

NC MNJC MS®M QR?RC RFRRF® JGIBMEQ F?R
NCRCLR GQ RFGQ

#74<;176

243 60.75
100 0.6075 = 00

4FGQ GQ

. MRERFR RFC NAPLR AL @CNASLB MK RFC OSGZICIR
BCAGK?J ® KM GLE RFC BGK?J NM&SRM NJ?8Q RM RFC
PGER

2)584-

7 PBC CAF ?Q ? NGELR

OPM@JCK 3VGLEZ



Percents

)D WL F?TC ?G8IKRFR GQ QMEEL<EKMD N?FC<RFCL
part

ercent =
P whole

MP OSGUCRRW

part - whole = percent

4M BM RFC?AASRGMLQAWUPRC RFC NERR ?Q ?
BCAGK?J

ZOPM@JCK 3VGLE



2)584-

4FC Q?JCQR?VGLULRBQ ( MJKSAF R?V UGIME
NWML?  NSPAF?QC

#74<;176

(CE GQRFCUFMJC ?LBOUU?LR RMEDB F=
7 C QRPP@&/ UHBSLE RFC MCER ?Q ? BEGK?J @ KM GLE RFC
BAAGK?J NM&RM NJ?8Q RM RFCRIOBGAF GQSGUCIR RM
BGTGBGIW @ 7 C AL RFCL MKNSRR?V
GL R?V

2)584-

)LRFC LOQ WIS FCP pREGML GINGREB RM GLEF)C @
LC VR@R D REGML RFGZPW?Q  NCP OS?PRCP
UF?R UGR @C MR @PP

#74<;176

4FC RFEGML MR WP UGJJ @C RFCAISPRREML NISQ 7L
?BBEGML?J QMRE®GJJ @CM D RFGQWRQ
RSRGML

OPM@JCK 3W3LEZ



IJRCPLRGIWUC AVSJIB FIC BGPOQRIASREB M D

. MRGARFGQEFBRFC EN@RBG RSRGMIMP LUR BPP UC
AVISJIB M UGQFLQR®B RFGQ GQ RA@RE @E:¥8J< QM
RM AJASIRC RFO/BIGRE RSRGML @JJ LEBRM ?BB RFGQ
AF?LEC RM RFOINBMSTWQ RKGML

Try It Now

14 6 MPGEL?W NPGA?R GQML Q2J0MP M D
4FCRC GQ RFCL ? Q2JCQ R?V &GLB RFC BPBICP
GLAJSBGLE RFC BSIB#LB Q?JCQ R?V

2)584-

AFCT?2JSCE? APBRINNBDRMK RM M  TCP RFC
J?QROAP 7 F?R NCACLR BBRE?QC GQ RFGQ

#74<;176

4M AMKNSRC RFC NCER AF?LEC G BPQRCERMGELB RFC

ZOPM@JCK 3VGLE



BMJJ?P?ISC AF?LEC k k /DRCL L UGJJ
R?IC RFC ?@QMJISRET M RFGQ ?KMSIUFGAF G348 RFC
78IEBK; 9>7D=; Zk Z

3GLA UC ?IE AMKNSRGLE RFCABC?QC @IRGIRM RFC
QRMGLE?ISC & AMMKNSRC RFGQAGCR MSRIM

600

7400
HB7J2; 9>7D=;

— (0.081 = BC AR?QC 4FGQ GQR8 ?

Absolute and &ative Charg

'GTCL RIM OS?RBGCQ

I@QMJISRC AF?LEC
lending quantity — starting quantity|

absolute change
2CIRGTAF?LEC

starting quantity

I@QMJISRC AF?LEC F?Q RFC Q?RQ SIICRFC NRGE
OS?IRBV

2CIRGTAF?LEC 6TQ ? NGELR AF?LEC

4FC QRHGLE OSRRV GQAIB RF@7I; MD RFC NAPLR
AF?LEC

4FC @?QCOV? NGELR GQCRV GKNMPIR &MPWKNJC UFGJC .MV

OPM@JCK 3VGLEZ



U?Q NEQGBBLRB W?Q ?ES@ RFR K?PGHS?L2Q ? ERT?Wq BPSE
AJ?GKGLE RF? M D K?PGHS?L? QKWMQ GLR ML RM SQC B@P
BPSEQ JGIMARGLC 4FC MR®JCK GQ RFG® ®BBC 4FC RPSC AJ?GK
GQ RR? M D F?BCP BPSE SQCREPQR QKIBI K?PGHS?L? 4FC
BABKLAC GQ MLAOM®?QC  MD K?PGHS?L? QKVIQ SQGLE B?P
BPSEQ TQ MD F?B BPSE SQCPQIELE QKMB K?PGHS?L? 4FCQC
LSK@CPQ @PLMR GSGUCR !'Q B RSPLQ MSR WIINMLC GL
K?PGHS?L? SQCPRS?8Y EM ML RM SQBERPBPSEQ

2)584-

4FCFC 7/ ?@MSR  &# QSNCPKIRRQ GL RFC K&
3RRCQ @CRQMLQ F?Q ?@MSR  QEMMKN?E RFC QGND
RFC BM MKN?LGCQ
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SL&RQ

4FC HSK@M K?PQFK?UJMNNCPQ RM 2 ? BG?KRCP M
?2@MSR  SIRY) ETGLE ?BGSQIM SLGRQ ?LB ? FCEEN
?2@MSR SR® 4FCNIJSKC GQ ?@MSR SLRQ

7 C AMSJB LM Q@ SN ? NBNMRGML MP SQRGR 4FC
FCESJ?P K?PQFK?WLIFPQ A?JMPGA@PD AS@GA RG
TMJISKC 4FC HSK@M K?PQFKRIJRJIJ FIT

3 25 calories
33.7 units®

)R GQRELEQRGLE RM LMRR BFGJC RFC BGREE ?LB
FCGER 7B ?@MSR RGKCECFRDP RFC HSK@M
K?PQFK?JJM RFC MJSKC ?LB AJIMPGCQ ZRMSR
RGKCQ EGP

118.8 units’ = 88.1 calories

ZOPM@JCK 3VBLE



Try It Now

U C@BG Q¥Q RRAMS1JJ LEC D GRV NMSLB @?EQ M
Q?LB RMEDJ ? Q?LBERFR KO?QSE R @ R @& B (MU
K?L W @?EQMSJIB MS LEB IMP ? Q?LBEMR @& R @&

R

Problem Solving and Estimating

&GL?W UC UGJJ @PGLE RREC RFC RECKRGA RMMJQQIT
RCTGOCB ?LB SQC RFCK RM ?NNRF KME AMKNJ® NRM@JCKQL )
K?L W NM@JCKQR GQ RCKNRGLE RMRFZ GTL GLPKRGML NJSE
® GRM UFRACP BIPKSJ?QMS FAC F?LBN?LB FMNC RIRPRFCARSJIR
GQ UMR WS LCE QSNNMBBMELB #F?LEQ 22 RFGQ ?MNRAF F?2Q
QCFB VWIS UCJJ GL MRFCRRAJ?QQCQ

4FGQ ?NNPAF BMCQ LMRIRU CJJ RF B2J JGINM@JCKQ QREB
NAVM@JCK QMELE GQ @CQRVPMIFB @V BPQR (RPEER RFC CLB
GBCRGUGLEVCARW UFR WMS ?E JMMIGLEP&MK RFCE WIS RFCL
UMP @?AIU?BQ ?QIGLE pUR?GIMPKRGML ?LB MABSEEQ UGJJ )
LOOB RMGBLB RFGQ @R/ OU GIRCEQRGLE OSCQRGMI@CA?L QURB
GL MLC KRFCKRGH QRCN RCL RGKCQISVUGJJ OB RM AF?GL
RMERFCP ? QMJSRGRENW? QCPGCR GRCNQ REGIJ 20INMIS RM
?LQUCP RFC OSCQRGML

OPVM@JCK 3W3LEZ



Problem SolvingrBes

)BCLRGDRFC OSCQRGESRR/GLE RM ?LCRJ

7 MP@?AIU?FBQ GBROUGLE RFCNERERGML
WAS UGJJ 08B ?LB RFCEBIRGMLQFGNS WGJJ SQC RM
?LQUCP RFAR OSCQRGML

#MLRGLSCNMIFGLE @?AIGFBQ AE?RGLE ?
QMJISRGMRRZW

)D WIS ?E KGQQGLEADRQ W GMPKRGML JMRI G
SN MP CQR®CKS P WIS FAC SLLACQQWP
GLEPKRGML GED\®

3MJIC RFC NIR@JCKMIJWGLE WSP QMJSRGML
N7RFJ2W

)L KMQR NR@JCKQQUMP U C UGJJ @C ?MKBKRGLE ? QMJISRGML
@@?SQC (€ UGJJ LMRTE?NCRBR GMPKRGML € UGJJ @REURF

2 U CV?KNJICQ UFCPUC UGJJ @C ?@JC RMMBIIRC RFC QMISRGML
SQGLE @?QGAJLEEC DWK MSP JGQ

2)584-

( MU K?L W RGKCQ BMUISR\FERR @R GL 2@WP

ZOPM@JCK 3V3LE



#74<;176

4FGQ OSCQRGML GQ NPRECPRC Bl FCFR @TRQ NCP

V2P 3GLE ? W@2P GQ ? JMLE RGKC RQSE FCOR @TRQNIP
GD O ILCU RFC PRC Bl FEFR @TRQ NCP KGLSRC AVSJB

QARJIC RAR OS?RBV SN RM T¥P 3M RFC QUPKRGMLOTLAB

RM ?LQOP RFGQ OSCQRGMEEQ@ET NCP KGLSRC 4FGQ GQ
QMK®FGLEMS AL C?Q@JI KQSE @ MSIRGLEMSBP NSJQC
UFGJC RRAFGLE ? AJMMFD? KGLSRC

3SNNMQOWSB MSIR  @C?RQ GL ? KGLSRE MLTCAR RFGQ
@CRQ NCRYP

80 beats 60 minutes 24 hours 365 days
1 minute 1 hour 1 day 1 year

= 42,048, 000 beats per year

2)584-

( MU RFGAI GQ ? QELERGR \d N?NCP U KSAF BMCQRG
UCGE

#74<;176

7 FGJOWS KGER FAC ? QFCR \d N?NCP F?VBRRVGLE RM
KC?QSE & WMSJB @C RPGAWREB UC KGER GK?ELC ?
QR?AI BIN?NCPLB RFCL QNC RFC RFGAILCQQ 2TBER RM ?
QGLE QFIR P WSIT OCP @MSR N?NCRP ? NPRCP MP

OPM@JCK 3WGELEZ



AMNGCORVS NF@?@I@MER ? B?K UFGAF MLR?GLQ
QFCRQ 7T AMSJB CQR®&RC?’RIR? B?K MD N?NCP GQ ?@MSR
GLAFCQ RFGAI ?LBGEQ ?@MSR NMSLBQEB2LE RFCQC
BMUL

2inches  1ream
ream 500 pages

= 0.004 inches per sheet

5pounds  1ream
ream 500 pages

= 0.01 pounds per sheet, or = 0.16 ounces per sheet.

2)584-

| PCAGNQVIP XSAFGLG KSBLQ QR2Q RRB WGCJIBQ
KSOOBLQ WE A 2JMPGCQ NCPIBSDMS GLQREBAGBC RM
K?l C KGLG KSIBLQ ?LB RFCAGNC WGCJBQ ERBI)D) WS
C?R  FMJ K?L W RIMPGCQ URISIMLQSKC

#74<;176

4FCFE 7/ QUCPJ NMQQG@JC QMISRBRIVGRM ?LQP
RFGQ OSCQRGEIUGIMBIIMPMLC

4AM ?LQEP RFC OSCQREMHWK?L W RIMPGCQ KGLG
KSDOELQ UGMIR?GL O UMSJB BLR RM ILM RFC LSK@CHM
A?JMPGCQ BARKGLG KSEEL M BLB RFC2AMPGCQ GARC
KGLG KSE5L C AMSIBGPQRIB RFC RMRAMRGAQPIRFC
CLRGEPRAGNC RFCL BGTRRE BFC LSK@CB KIGLG KSBLQ
NRVBSAB 4M GLB RFC RMRZAMRGAIPIRFCRGNC ©AMSJIB
KSIRGWIRFC?2AMPGCQ NCP QRBKESIBEL @ RFC LSK@CP
NCP KSO5L .MRE@ARFR RFGQWBSLEQ ? KSJRG QRCN QMISRGML

ZOPM@JCK 3VGLE



N7RRJ?W)R GARCL CQGCP RMIQMMNM@JCK GL QK?JJ QRCNQ
P?RFCP RF?L\RBLE RGLB ? PW RM HSKN G&V D#K RFC
EGTL GUBPKRGML RM RFC QMJSRGML

7 C AL LMJU CVCASRC MSP NJ?L

250 calori
12 mulffins - Z50ica orico il 3000 calories for the whole recipe
muffin

3000 calories

——————— = gives 150 calories per mini-muffin
20 mini-muffins

4 mini-muffins - 150 calories

— = totals 600 calories consumed.
mini-muffin

2)584-

9MS LCB RMENJ?& RFC @NBZPML MSP BE&I |@MSR FM
KSAF UGJJ RFC RZPG?MOR

#74<;176

4FCRKC ?FE RIM ?NNM?AFCQ O AVMSJB RZ RM RFGQIERCK

CQRGHKX RFC LSK@CP @MBR LC UGJJ 3B ?LB LB RFC
AVMQR NCP @R CQRGRE RFC CPMD RFC BC?LB DGLB
RFC ?NNWGKRC MQR NCP QUSRMRMP BE&l @M7BQ 7C
UGJJ RCIRFC RCP ?NNPAF

&MP RFGQ QMJISRBRIRWN® C UGJJ @C ?@JC RN\CPLRRC
OSCQRGML GILMU RFC MQR NCP QUSRMVIRMP BEIGLE
@MBY ?LB RFC QOERMR?EMNRFC BT 4 M BLB RFAVQR
NCP QOSCHMRMP BEIGLE @VBR W AMSIB MKNSRC RFC
?RC? MD ? QGILE @MBP?LB BGTGBE@&M RFOVIQRVP RFR

OPM@JCK 3W3LEZ



@M 7 C QL AMKNSRC RFC QUSTAMR?EMNRFC BT
SQGLE BAKCRPGAMPKSJ?Q 3M6BQROWLAB GLBPKRGML RFC
BGKCLQGMLD)RFC BT ?LB RFC MQR ?LB BGKCLQGNLD) M
QGLE BGI @M

3SNNMQC REKC?QSPGLE RFABGR GE@AR?LESJI?P
KC?QSPGLE FO® DR BIP ? RMR?C?RD DR

&AK ? TGRERM RFC IMAMKC QROIRMS GLB RAR 2L
DMMRV® GLAF@8?P B&I @M7B AVMQRQ ?@MSR  4FC ?RC?
MD RFGQ @VBRIGLE RFCACRQ MLTCPQGMIMBFGLAFCQ
RM@R GQ

1 foot
12 inches

4FC AMIQR NCP Q@SRIMR GQ RFCL
$7.50
2.667ft2

4FGQ UGJJ 2032 RM CQREBERFC KRCPGNI@RVP RFC
UFMJC DR BQAI

8 feet - 4 inches - = 2.667ft>.

= $2.8125 per ft.

= $1080 total cost.

s3sage? . 528125
ftZ

/D AMSPQC RFGIQR CQRBE?QQSKCQ RIRFTPGQ LM
U?QRC UFGAF GQW RFC2C R GQWKKML RM ?BBR JEQR
RM RFC AMQR CQRBERM AMSIR BIP PQRC

)Q B WMMRF @& GLE ?\(VSLB?G 3MR? FV@PGB GPBRREC
FCESJ?P \WVSLB?G 3MR?

ZOPM@JCK 3VGLE



#74<;176

4M K?| C RFGQBGQGMIC KSQRGPQRAEGBC UFR MSP
@?QAQFDMKN?PGQML UGJJ @C &MP RFC NSPRFMGQQ M
OV?KNJIC nJMASQ ML DSCJ ?LBARRCMQRQ @SR
CLTGRLKCLR?J GKNR® ?LB K?GRCL?LAE AMMQRQCRIRFCP
D?RMPQ ? &P KGER MLQGBCP

)R KGER @C BCEQRGLE RWKA?”C RFC MQRIVE?Q RM PSL
@MRPRQWP ? WP 4M BRCPKGLC RFGQUGJJ (38 RM
ILMU RFC KGJCQ NCP E?JIML @MRER ?Q €JJ ?Q RFC
LSK@CP DIKGJCQ@UYN@R RM BRGGL ? @2P &MK RFR
GLEPKRGML ©/AL O5LB RFC LSK@CP ERJIMLQISGIB
DRIK ? VC?P 5 QGLE RFC NPEAE?Q NCP E?JIML AL DGLB
RFC PSLLGLE®R

&MK ( WSLB?QGRC@RG RFC 3ML7R? UGJIECKGJICQ
NCP E?JIMKNE GL RFCR&?LB KNE ML RFC FGEU?W
4FC FW@PGB UGRJ HQIE GL RFC RB?LB KNE ML RFC
FGEU?W

IL ? TCPEC BPGP BPGQ ?@MSR KGJCQ ? WC?P
3SNNMQC RFMS N@R RM BRGI@MSR  MD RAR GL RFC
ABVQM AG RV KGJICQGCAR?LB FGE FU?W KGJCQ ?
WC?P

7 C L RFCL GLB RFC LSK@CP ERPIJIMLQAE 2P UMSJB
POOSGPMP RFQOAP

.ED7J7
1 gallon 1 gallon

9000 city miles - — o | 3000 high fles. - 2200
S ety el Wy s ighway miles

$ O8H?:
1 gallon 1 gallon

9000 city miles - —————— + 3000 high: iles —————
gy M 35 city miles i R M 40 highway miles

= 460.7 gallons

= 332.1 gallons

OPM@JCK 3WV3LEZ



)D E?Q GM@&P 2? ?TCPECQ ?@MSR  NCP E?JJMC U
A?L SQC RIRRMADB RFC PSLLGINGR

.ED7J7

$3.50

460.7 gallons - = $1612.45
gallon

$ O8H?:

B _ $1162.35

332.1 gallons - E
gallon

4FC FW@PGB UGID Q?  ? WC?P 4FC E?Q NQR®P RFC
FW@PGE7ZROMSR

$450.10
$1612.45

JM UCP RF?L RFGIQR®P RFC QR?LB?P
3MLR?

7 FGJC @MRF RFC ?@QMJSRIRBRMKN?PGQMLE?P
SQCDSJ RCRF®/ QRGJJ €M F?B RM ?LQTP RFC MBEE)
OSCQRGML Q@GR GMRF Bq GKNIJGCQ RECPQMKCRBVD
IMP RFC E?QTGREQLBCCB RFC W@PGB 3R2MQRQ ?@MSR

AMKN?RB RM RFC @?QC KMBERFCESJI?P
3MLR? R

4M @RRCP ?LQTP RFC pRQBRF Bq OSCQRGMLKGER
COVNIMPFMW JMLE BUGJJ R?RFC E?QTBLEQ RM K2ISN BIP
RFC ?BRGML?J BGEGMOQR 4FOF@PGBARQ  KMPC
7GRF E?Q QBLEQIM ?W C?P ® UGJJ R?P@MSR CAPQ
IMP RFC E?QTGREQ RM K2ISN BIP RFC ABEP GRG?MQRQ

7 C 2L AMLAJSBC RRTGDAY ¥N@R RMUIL RFC AP
VW?PQ RFONF@PGB GQUBIEGRF B P WS NJ?L RMIMRFC
A?P BPIP JCQQ RF?LC?RQ RKEKAW QRGJJ ®IRER QGLARFC
RCQ?JC?ISC B RFCW@PGB\K2@C FEEPMP P MRFCP LML
KMLCR?® B?QMLQ 4FGQ GRQUTAUFOPK?RF AL FCIN ESGBC
WISP BAGQGML @SRLGR K?C & DIP WS

Z0PM@JCK 3WVGBLE



Try It Now

)D RACJGLEMR 3C?RRIC 7 RM NMI?LC 7! DMP ?
RFEC B?W MLORLAC BMCRE?IC KM QCLQC RM BPGT
MP BV

OPM@JCK 3WGBLEZ




40 Test R

[ EF?9 .ER?D=I!GKW?EDI 7D: ! L7TBK3?D=INFHI?EDI
* 8@;9221

5QC ?BREML?COMIEQ RM RMRGA?JEC@PQ LCBB
,C?PL RM ART?LQUCPQ GL QMK@W MRFCP RF?L JMMIGLE pGL RFC
@?AI D RFC @MMI

5QC RFC BGQRPG@BRETRY ?LB MRFCPMNFCRGCQ RM QGKNIGD
2JEC@BAINEQQGMLQ ?LBARGVISP WP

3MJC ?LB QGKNVYGIGRE ®SRGMLQ ?LB AFQMISRGMIQ M
COSRGMLQU@IJISEEE RFCK @?Al GL

3MIC OSRGMLQRIGPPG?@JCQ GL RFC BCLRMIS2RB ART
QMJISRGMUQNGSEELE RFCK GL

3MIC OSRGMLORFMQGNR RVNCQ BE KSIRGNIPE?@JGIP D
MLC PPG?@JCQSJIRGLE GURPKSJ?MP RFR MLCAPG?@JC
%TPJISRC TPG?@IINEQQGMLQ UF@IE RFC TISC M CAF
T?PG?@JC SQGLENFER MBCP @ MNGRGMLQ

ALVIARARAARERAARETTARIATARARAAR
*LHL?;M

4FC NEROSGRG P RFCQC REPG?JQ GLAISBCQ WP@ERE@PQGA
K? RF QIGJJQ ?LB QMKC ?JEC@PCBMB RM ?AFBT pMJJCEC ICJq
ML 40V?Qn 4(%! RCQR?L W QRSBRQ UFM AT JGPL®B K?RF R
RFGQTLI BER B CQ®IQM RFGIEC Q@RGMLIMOMKC ?2JECE@R)
NRTGBE 3MKC QRSBRQ GL RFC AJ?QQ UGJNEERHGQ KRCPG?J
OSGAW ?LB MRFCPQ UGB BM EM KSAF KNMPQIWUN ?LB BM KMP
FCTGG UMP  IBBARGML?J MNRGME2RGRNRI@JCKQ CRNRTGBE
ML RFC MSPQC C@ N?ECQ 4FCUROJ RMNGAQ GL RFC BM LMR SQC

ZACQRTEC



RFGQ ?JEC@RIRGGQR LACQQMP RM K?QRCERRFGLE GL RFGQ RMNGA
GKK@BGROY )R GQ BCQQYP RM K?QRERAIMIE KMTGLE &M MNGA '
,GLC?P %0ORGMLPLB JRCP

| K?HMP BEIFELAC @RJCCL RFGQMSPQC ?LB KMQR MRFORFK?
AMSPQCQTEIICQ AFQAIGLE WSP ?LQOP @ JMMIGLE GL RFC @DAI M
RFC @MNI)L QR?LBEP?JEC@RI?QQCQ QREELMPRGAOSRC ? IMR
MD QGKGJ?RM@RCKQ ?LBCR/N@RG RM ARG K?L W 1@ RFC ?L@PQ
@V JMMIGLE GL RFC @?&RRC @MMI FCL UC SQC KRFCKRGAQ GL
?NNJGRGMLQ GL REZ RMBB RFEPGQ LM p@?4 RFC @MMI)L
RFGQVSPQC ©UGJJI R KCRFMBQVP GLBCNCLBRAL AFSIGLE MSP
FCQSJRQ RN GO REC?E APEAR MP R JEQR ®QML?@JC RRBISR
F?TGLE RMCW ML ?LQOPQ RR? QMKMILC CJQCGEQ SQ- MQR
QRSB@Q GLB RFGQIB ?M 7R BPQR @SR UFCLWRRTPQGQR GL
NPARGAGLE RFCAMECE KRFMBQ BCIMN KMPAVILGBCL®A GL SQGLE
K? RFCKRGAQ ?LB GL RFOG®JIEK QNGLE QIGJAGCRT 2/ LMR BQW
AFQAIGLE K@RFMBQMP ?JJ RFCARCGOSCQVIICRB FCE QM QMKC
?2LQUCPQ ZPNRTGBE 'CLCP?JW FMJCTCP IMP N?ARRGASJ?P RMNGA GD
WIS 2B O/N@R®G RM AR WMSP ?LQOP @ ?L GLBCNCLETKRFMB
2L ?2LQUCP IOW GQ LMRVNBBE

;9J?2ED  5QC RFC BGQRPG@BREGIRV ?LB MRFCPMIWCRGCQ RM
QGKNIZENEQQGMLQ ?LBARBISP WP

$GQRPGESHRBGINCRY
&MP 2V R?J LSK@CP®)9 ?LB: 89 : 89 8
&MP ?W B?J LSK@CP®9 ?LB: 89k: 89k 8:

4FC D?R RFR RM WNEQQGMLQ 2BS?J KCLQ RFR RAM 7B @S?J
MP ?W PJSCQ MRFC?PG?@J8M WIS AL AFGAI @V R?IGLE DD
T?2JSCQMP RFC?PG?@JC ?LB K?IGLE@BPR RFMQC BM K?RFCURM
QGBC@S?J 5QS?W € BMbR SQC RRISCQ MP MP ?Q RFQJST
MP RFC?PG?@JC ABBQC RFD RMM QGKNUIQM R) @CQR RMGB
LSK@CPQ RR2JE?BW ?NNZP GL RFCM@JCK

4CQRTECZ



IN7C FB; 3GKNJ@&D

3MJSRGMI9?FRG?‘] #AC 5QC

IN7C FB; 3GKNJ@GD

3MJSRGMI9?FRG?‘] #AC 5QC

IN7C FB; 3GKNJ@D

0?RG?I#AC 5QC
3MJSRGML

IN7C FB; 3GKNJ@D

0?RG?I#AC 5QC
3MJSRGML

#? SRGML#FCAIGLE WISP WP ML NAV@JCKQ GGRFCQC GQ LMR
AVKNJRON QRGQIRMI @B?SQC QRSERQ UFM K?2C ? KGQRE! GL
RFC MPGE2J QMJSRGIRCIMK?IC ? AMPEQNMLBGLE KGQRGL RFC
AFQAGLE NFMAQQ 3M RFC DRARFR B AFBIQ BMCQ LMRMIBBC
AVKNJRC MLIBBCLA RFR RFC QMJISRGMIRGGRA" SR BQ QRGJJ ? EMMB
GBEZRM ARG @@?SQC WSIJIRAF KMQFOMMSP KGQRRD

ZACQRTEC



&MP JGLIQ RMRCPG?IRFG?BERGML?YZKNICQ ?LBVINI?LRGMLQ
QC RFCMSPQCC@ N?EC

QRRRRARARARARARARAQRAQRARAQAQAAQAAQRAQRARQ

+9J?ED  3MJIGLE ?LB QGKNGLE JGPCDSRGMLQ ?LB ARGLE
RFC EQSJR

4M QMC @SRGMLQ B QGKNJIAFSGUCR ©SRGML SQGLE RFC
MIVGLE PSICOACN UPRGLE QGKNJOBG&UCR ©SRGMLQ BGMS
F?TC QGKNBEDR CLMSERFR MLC QGBC F?Q RPGT@JC ?JMLC ?LB
RFC MRFCP F?Q ? LSK@EPR BTQ RFC QMISRGML

IBB MP QS@RR RFC Q?KC LSK@CP MREQQGML RM @MRF QGBCQ
MD RFCASRGML

-SJRGNY MP BGTGBC @MRF QEBC@IRGMLVERFC Q?KC

LMLYXCM LSK@CP MREEQQGML

9MS AL AFAAI RFC QMISRGML RRISRGMIWVENJISHER E RFC LSK@CP
GRM RFC MBGE GSRGML ?LB QGLE GD REQ®IRGLERBKCR GQ
RPSC

&MP ?BRGML?YKRI?LRGML ?LB/RKNICQ Q@IRFCMSPQCT@ N?EC
IMP JGLIQFCQC GLAJSBC JGLIQ RM R®RESARTPG?JQ ?LB ? JGLI RM
7L COSRGML QEB UFCRC WIS AL CLRCP AW OSRGML ?LB FC &
O5LB RFC QMJSRGMS AL SQC RIRRM ARCWMSP WP ML 2Q K?2LW
NAV@JCKQ ?R@ISVFTC RFC RGKC ?LB CEGFRM P

IN7C FB; 3MJC

ACQRTEC Z



3MISRGML #FCA

IN7C FB; &GLB ?MPKSJ?NFP RFR GQ QBIMFP GL RCPKQ@UI
$GQASQQGMIEGQ GQ KMPMKNJ@RB RF?L ? NM@JCK G
%V?KNJIC | FN<M<I @K LI<IB:KCP K?< J8D< K<:?E@HLBRV@JCKQ
JGC RFGQ ?PGQC URC@UEL RM TIQRGE? ENFGLE JGLOBM@? @)
WIS FAC BMLC NR@JCKQ GGRFCQC GL CNBMSQ ?JEC@ASPQC
@SR KW@OW8 FACLNR BMLC K2\ 1@ RFCK 7 C UGJJ RERGAK?LW
NRM@JCKQ GGRFCQC GL REBPQ@RLDU CCIQ Nb RFCMSPQC$MLNR

NPPARGARFCQC BGMS AL BM NRI@JCKQ GBHV?KNIC DIBRQE)

3MJISRGMI#FCAI @V NJSEEE GL RFC ?LCRMIFP

IN7C FB;  3MJC

$GQASQQGMEGQ GQ @2WGAG %V?KNJC \BCNR RIR RFC
AVCIBAGRD 7B BAGK?JQ ?LB RFCPG?@JCKIRRFCP RF?D )L
WISP NETGMSQ ?JECE@PQQCMSVK2W LMR AZ BMLC KSAF WP
UGRF BBGK?J LSK@CPQ @SRUGJJ SQC RFARGL GL RFGQ AJ?QQ
7 C UGJJ RARGAK?LW NM@JCKQ GERFCQC GL REE@RLDU CCIQ
MD RFCMSPQCS$MLNR NRRGARFCQC BGMS AL BM NRI@JCKQ 0GI
%V?KNJC DIBReQ®)

3MJISRGMEFCAI

ojejele]ele]0/el0]0/e]0]0l0]0/0]0]0 o]0 0l0]0 0]0/el0]0 o]0 0]0]0 0 0]0[0]0 0]V,

49J?ED  3MIGLE OGSRGMLQRIGPPG?@JCQ GL RFC BCLRM®SL?

ZACQRTEC



IN7C FB; 3MIC

$GQASQQGBMKCRGKCQ QRSBQLIPL RM QIEINRI@JICKQ GARFGQ
MLC @& BRVQQ KSJRBIGLE 4F?R GQUPEAR ( MUCTCP KMQR KRF
RCAFCPQ KBEP RM RFGID QNIGLE RFGW E5IRGMBLE @MRF QGBCQ @
RFC Q?KC RFGLE k GL REERQRFC MBSR Nb RFOUR BCLMKGIEMPQ
4FC FCQSJR GQ RFC QMRF K(RFMBQ CROFML @CJM!

[EBKI?ED
IJRCPLRC
amisremL  SISROML
- (RFMB cal
| P23 DLck@adhLCKOGCP 9
.<EFD@ESKFI

( CRE RFCURVl QGBCRIR \C2/ARW
00S?J " SR RFR GAR QSPNPGQGATS@IC
UC MSLB® RFCBL?J ?LQTP RM RFC
MPGE.?J NR@JCK QMCUBMDRYIN@R RFC
RJM QGBCQ EGM @UTRW 0S?J

. MRGARFR RFC OSMRGQTIFGAF GQ REC?D ?LQTP BGBOR MKC
MSRTCL QM) F?B RMISLB ND ) AFMQC RM$LB ND RMISP BAGK?J
NJ?E8Q 7 (dJ R?JI KPQNAGERIW ?@MSR UFMV?ARW ?LQUEPQ
QFMSJB @GEL JRCP GL RFEISPQC&MP LM UFCL WIS FAC RM
AVSLB GL RFGI?J MKNSRRGML 23WQ CCN R JBQR REE BAGK?J
NJ?£Q 4F?R UGJJ CLQSRFR WSP ARGIGLE UGJIMBSAE ?LQICPQ
AIMQC CLMSEFR WS AL FCAMELGXRFCK ?Q @CGLE CRGRIIRFC
Q?KC QMMBP AFGIGLE GQ SQCDSJ

IN7C FB; 3MJC

$GQASQQGKICK RFC 7PG?@JCrRUEL RFC BCLMIRMAE®SR RFGQ
GJISQREQ RRRFC @?QGA NPGLAMHEIREMGLE @MRF QGBGF®@
Q?KC LML XCiM /NEQQGMMEQ FCRE RMM

.EBKI?ED

4CQRTECZ



SMISRGML | 3RCPLRC 3MISRGMIRFMB& LCK@GCP 9P

- CRFMB ! ; HECAI
| B bLCK@GCEPDFE i<EFD@ESKF

IN7C FB; 3MJC
SMISRGML 5\ 55R GMICRFMB& LCK@GCP 9P :FDDFE
- CRFMB <EFD@ESKFI H#FCAI

| FJJDLCK@GCP

IN7C FB; &GLB ?MPKSJ?NF? RFR GQ QBIMP?
SMISRGML 550p| rC 3MISRGMIRFMBS. LCK@GCP 9P
- CRFMB "EDDFE :<EFD@ESKFI H#FCAI

| FJJDLCK@GCP ’

3S@QRERC

ZACQRTEC



IN7C FB; &GLB ?NIPKSJ?DP, RFR GQ JQCIMP,

SMISROML  JRCPLRC 3MJSRGMIRFMBE LCK@GCE:
| FJJ DLCK@GCP TDDFE i<EFD@ESKFI
@G
3S@QREROVP B
ML RFC PEFE

+9J?ED %TPISRC TPG?@IINEQQGMLQ UF@IE RFC TISC
C?AF ?’PG?@JC SQGLENAFRAR MBCP M MNCRGMLQ

2CA?JJ RFCQC PSJCQ ?@BSR MMMNCRGMLGM RFCK GL RFGQ
MBCP

13 MNCIRGMLQ GLQGBC QWR@MINGLE NCERFCQCRRIK
RFC GLQGBC MSR

133 MNCTRGML@MNMLCRQ MRVIMRQ

13J KSJRGNZBGMLQ ?LB BGTGQGMBTREDMIBCR RM FREE
13J ?BBRBGMLQ ?LB QQ@TEMLQ GBEP DK JCR RM FRFE

4FC @CQR REMB ) ILM GQ RM REERFOVBIEQQGMEADRRIERFC
T?PG?@JC RFCRRAUB?ELRFCQCQ GL KJRB RFC?PG?@JC ?LB RFCL
UGRF RFC?DSCQ GLREPGRM RFC NZERFCQCQ

4FCL WIS AL FCKMTC ?LW @ RFMQC B2RFCQCQ RFZELNR LGB
RM OCN RFC LCRBILSK@CPQ ARRC?LB RMACN RFC MBSRQ DIRM
LSK@CPQ A

4FCL @CEL RMIRISRC RFOVBIEQQGMLAMBGLE RM RFGUIP
MNCPRGMLQ BMGLE MLC?REEIP. NCP QRCN

&MP NP@JCKQ GL RAGEPAC RFC KMQR GRNRIMD RFCQC PSJCQ

4CQRTECZ



?FC RM BMWGIMLCRQGPQR ?LB RFCL RM BM KSZRGNIEBTGQGMLQ
@QDRE ?BBRGMITS @RPRGMLQ

IN7C FB; % TJSRCUFCL

3MJISRGML
. MRGARFR RFC FQPGQ GL KPRFCQCQ @SBG LMR 7L
/ 0%2 4)/ . GL N?FCLRFCQCQ QM RRER LM 08 RM RFGLI
2@MSR REBPQR PSJC GL RFEPNIPMNCGRGMLQ

$GQASQQGMPRCP GL RFMSPQC QMKC QRSECIDDSCRW BM
NAM@JCKQ CRFGQ GIPRARW @CSQC RRE BM RFC ?BERML @IED
RFC KSJRGRREMUR GQ GKNAR RM IBL RFGQ PSIIU

IN7C FB; %TJSRC UFCL

3MJSRGML

$GQASQQGMBRRCP GL RF®ISPQC QMKC QREELERC RMS@JC
PFCKCK@CPGLE LMR RM BM RFC KSRGMNIBARGKCQ FCPIZPQR
2L W I MSPMPKSJ?Q UGJJ GLAJSBIMICCRQ QSAF ?Q RFGQR QY G
GKNMR?IR RM BL RFGQ PSIIU

>9A?D= OEKH MEFA 7 FCL C?JSRGLEVWNEQQGMLQ RFGVMLJ
AJCP K(RFMB RM ARCOAMSP WP GQ RM QGKNB UMP &R 4F?RQ
LMR KMKNJROYN RGOQERMW® @CSQC GDM®/ FAC ? KGQREI GL
SLBCPQR?LBGLEIRC JGAW RM KT 8@ @MRF RGKCQ

( MUCTCP GL RFG#PQC KMQR RFC RGKCQ UGJJTRISRC 7L
CYNEQQGMR &) GL RMIRWR B ? JHCP NR@JCKMP UFGAF RECBQ
? EMMB KBFMB MAFBIGLE 7T?GJ?@JC

IN;H9?I|
IDRCP M5 UMP C?AF ND RFCQCNRJICKQ SQC QMK@RRKB M
AFQAIGLE WISP ?LQOP ?LB QRM RFR AFBI PGER @CQGB@SW

ZACQRTEC



QMJISRGMMLNRNIEGR RM KR?E ?LB BJJ MSR RFC FMKE A MICP
QFCR ?QMS BM RFC NBJCKQ

07FR)

07MR))
3GKNJ@D
3GKNJ@D SMJIC
3MIC
3GKNJ@D
3GKNJBD
3GKNJ@D
3GKNJGD
3MIC oK
&GLB 2MPKSI?IP VRFR GQ @81 aC
DFP GL RCPK Q@O
3MIC
3MIC e
3MIC M
&GLB 2MPKSJI?P WRFR GQ
3MIC
3MIC QML PP
&GLB 2MPKSJI?NP? RFR GQ &GLB 2NIPKSJ?P WRFR GQ
e Bro? OMIT MIFP
: 2| 2
&GLB 2MPKSJ?P, RFRGQ @&l  ZGLB2NPKSI?MRB RFR GQ
DR, gc’\;/lﬁcs ngl\z?éKspm RFR
L . .
%5 PISRCUFCL o TOIPD

%TISRC UFCL

%TPISRC UFCFC
%PISRC UFCKC

4CQRTECZ



41 Supplemental ideos

4FGQ MISIS@C NV@GQRVIIR?GLQ
QUCPJTGBIBQ RIPQSNNJCKRIRFORBGLE ML 0R@JCK 3WBLE
9MS ?E LMR @®DSGB RM BRAF ?2JJ M RFCQC TEBC @SR )
PCAMKKCLB U?RAFGLE RFC T@B@MP ?W MLANRQMS KW @C
QRPSHELE RF

Z3SNNJCKCR?J 6GRAD)


https://www.youtube.com/playlist?list=PL_PzRS-mVErH0c6u2QqXrTJ54xjijDCty

42 Optional Discusion
Boads

4FCR 7/ RM MNRGML?J $GQASQQ@BQ GURFAISRQC

r 'MRM ?I9KII?ED E7H: *F;D ?19KII?ED RM ?QDSCQRGMLQ
?LQUWCP OSCQRGMLQ NM@RRASEER W?KNJCQ MRERPG@SRC
GLQEGEQ®IR® RM RFCPBGLE BIS AL ?2JQM SQC RAGTIR RM
MPK QRSB EMSNQ@FL N@CC LJ< K?@J RFBFL>?FLK K?<
LI 8K@FE :Fllk 'K @F<JG<:@=@: KF K?@J DF;LC<

r 'MRM ?I9KII?ED E7H: +H E8B:C .E B.?D=$EC;:M EHA

?19KII?ED RM BGQASQQ GQOSEP MPTGLE URS- RFC
FMKQUMPMP RM FCINMBP AJ?QQRCQ IRE RFCGP OSCQRGMLQ
-?<l < N@CC 9< 8<@EK ?FD<NFB ;@J:LJJ@FE 9F8FI <8:?
DF;LC< -?<P): - JG<:@=@: KF <8:? DF;LC<

/INRGML?J $GQASQQGMBCM?P



43 Discus: FPoblem Solving
Application

0GAl ? SLGOST® NR@JCK ?LB RPRM QEIJB SQGLE RFC ECICP
NAV@JCK QMELE QRFCECQ MR RFGQ KMBSJCCQER RFC INR®JCK
?LB RFC QMJSRGML RN\CRRIMRFC AJ?0GQC RFC NF@JCKQ NMBRC
@V WISP AJ?QQRCQ ?LBAONMLB RMR 3@QR BV 2C?B RFCCLCP?J
OPM@JCK 3WBLE BPRCECQ INNJBEML $GRGMIIIP BR?GBC
BGEARGMLQ

#PC?RC ? LO RFE?B GL RFEHESB;C .E B?D= FFB?9T?ECIMPSKGL
RFC ?I9KII?ED E7H: RM MKNJ&RC RFGQ ?QQGHRKCL

/>?1 7117=DC;D J ?I HGK?k 7D: M EHJ>KFJE FE?DI

Z$GQASQQN@®JCK 3WBLE
INNJG2RGML


https://novaonline.nvcc.edu/descriptions/mth151common/documents/strategies-directions.rtf
https://novaonline.nvcc.edu/descriptions/mth151common/documents/strategies-directions.rtf

. OMGRQ
? ?
P ?BGLE #REPG? OMOQG@IC

4FC NM@JCK

r )QB? B2J JGDNM@JCK

r )QBAF?JICEE LMR RPGTG?J

r )QB? SLGOSCMB®JICK GLARED ? MWV 1D ? AJ?QQRE
NMQRGLE

4FC QRIRCECQ

r IPC MLC MP KNFECLCRI NRMI@JCK QMELE QRRCECQ SQCB
r IPC RFC QRCECQUPEARW GBRGB

4FC NEQCRRGML

r )Q RFC NR@JCKMINJ?GBAUCJJ
r IPCRFC NRF@JCK QMELE QRFCBECQWDIJ?GBIUCJIJ
r 'PC RFC ?NININPREZ RCPKQ $C

9MSP EQNMLQCQ

r $GB WS NMQR2@QREM EQNMLQCQ

r $GB WS WNJ?GL EMRFC @?KNJCQ FCIRIEMS @RRCP
SLBCPQR?LB RFCRRPGL RFGQ KMBSJC

r $GB WS ?QI OSCQRGWRYD?BRRGML MP K2
QSEECQRGMLQ MIRRMAF?LEC MP GKINPRFC MR&RJ
?2NNJGRGML NMQRGLEWRREFCAIDMSN NMQRGLEQ

$GQASQQME@JICK 3W3LE INNJCRGME



44 Discus: Math Editor
Practiee (Blackboal)

9MS UGJJ 0B RM @WIKC D?KGJIG?REBFC SQORFC -RF %BBP GL
" J2AI@MBEPIMS KW AFMMQC RM SQC RRIE %GB/ AMP QMKCIMMSP
OV?K OSCQRGMLQ

5QC RFC 7J> ! :2JEH +M9J79; IMPSK GL RFC $GQASQQGM. RMI?P
AMKNJRC RFGQ ?QQGERKEZIGAI ML RAC;7 J; />H ;7: @SRML RM
@CBL ? LO RFE?B

7GRF RFGQ ?QQGERKEIS UGJJ MKNIGQER RFGLEQ

r OP?ARGASQGLE RFCRP BE&MP GL?AI@MBP#IGAI FGPIMP
GLQRASBMLQ?AI@MBE? REABBMBMA

r 4MS@JCQFMMRGLE RFFC%BBIBNEP?PBGLE!6!

r OP?ARGANEQCRGLE ? N®®JCK

,CRE WMSP ?EC LSK@CMMRFC KMRF \d WISP @RFP $QRCPKGLC

RFERFFOV?EML?J LSK@CP SQGLE RPRSI?
n(4n —2)
n - 2

OMQRMSP CRGPQMJISRGML GLAJSBGLE RACINERESJ? GL RFC
BGQASQQGML BBWPER= J>; C7J> ::? JEH "C QSE RM SQC MIRCP
DPARGML LMBEGML $M LMR SQC RMEEQCR RFC DRRGML @3RIP
CV?KNJC GIM®/?E ?LB WMS UCEE @MPL GL INPGJ RFCL

2LBRFC  RFFQV?EML?J LSK@CP GQ
_20((4x29)-2)  29(116-2) _ 29(114)

Hyy = 3 2 = 3 = 1653

/>?1711?=DC;D J?IHGK?H 7D: M EHJ>KFJE FE?DI

4EK 7H IJHED=D ;D9EKH=;: JE HL?;M H ;F;7 J J>?I FH9J?9;
:N;H9?I; 8;< EH J7TA?D= ;79> E< J>; ;N7C| 8K J DE ;NJH FE?DI M?BB
8; 7 M7H;:

Z$GQASQQ RF %BBIP (FARGA
" J?AI@MBP


https://s3-us-west-2.amazonaws.com/oerfiles/BlackboardMathEditor+(1).docx
http://www.nvcc.edu/home/kwalters/MTH004online/Java%20instructions.pdf

45 Problem Solving Ex@ses

Exercises

/SRMD P ?ACPQ UFM QR®RFC K?PRFML  AMKNJR®
RFCPAC E?TCSN ?LB UCK BGQOSTBD F?R NCARCLR?EC
BGB LMRKNJRC RFC K?ZRFML

0?RPGAIKXEL RGNML? PCOQREPPLR @GJF7R NCACLR RGN
GQ RR?

JRCI?LBF?Q ? 6 !4 T?JSC ?BBB R?V QGKGJ?P RM ? Q?JCQ R?V
( MJUKSAF UGJIRFC 6 @C ML ? N3F?QCBM?t G RCK

%KNIJMICQ GL  N?GB M D RFCGRVER) RECQ RMBQ
QMAG?AGERV &)#R?V UFGJC CKNIBPQ N?GB ?LMRFCP
( MU KSAF UGJJ QMIKLC GPLGLE ~ ?W C?P N RUPFBQ

QMAG?ASERBV MSRIMRFCGRVER) RECQ

I NPMHER ML +GAIQRTGRMK U?Q ?GKGLE RMGBC D MP ?
NRAGQGMUIEC NEQQ 4R@ CLBB SN UBF  QSNNMRCPQ
MGQGLE MD RFCGP EMRU KSAF BGB RRZ PGQC

OPM@JCK 3WBLE BRAGQCH



ILMRFCP NRHER ML +GAIQRTPNIP ?L@xB QRISQ FGES
MD RFCGP EMPGQGLE ? RMR?J M DP MK QSNNMRCPQ
7 F?R B?Q RFCGP NHRGEEM?J

4FC NMNSRGMLIWP RWL. GLAR?QEB DMK GL  RM
GL &GLB RFC ?@QMJISRCCAMB3E NCRCLR GLAE?QC

4FCLSK@QCPM#$Q QMIBGL PQ KGJIGML BMDIMK
KGJJGML RFCTNBMS@?R_< &GLB RFC ?@QMJISRCCAPB3E
NCRCLR BCARC?QC

I AMKN?LW PLRQ RM BE?QC RFCGP BMZBQCV@

)D RFCGPARRGA @GJJ GRMABPP ? KML RF UFR UGJJ
RFCGP @GJJ @ @EDJFEACQQDSJ

)D RFCGPEC@GJJ GQ KML RF R RF®/ QSACQQDSJ
7 FW MP UW LMR

I QRME GQ FMNGLE ?ICRGQGLEKA?GEL UGJJ GIAFC RFCGP
LSK@CP PIASQRMKCRQ @4FC W ASRRRW FTC ?@MSR
ASQRMKCPQ B?

( MU K?L W ASQRMKCPQ UGW RRCGD RFCEHNRGEL GQ
QSACQQDSJ

)D RA® GLEPQC RM  ASQRMKCPQ WRICKC RF®/
QSACQQDSJ FW MP UK LMR

ZOPM@JCK 3VBLE BRAGQCQ



IL ?P RGAICIMRQPRCLB?LEA BRMMNNB8 RFGQW?PRM q
7 F?R I?Q RFCRRCLB?LE @GIX RFC BRN

IL 2P RGAJCIRMRQ@?JCQ FC ERUL @V RFGQ \@P RM
KGJJIGMI F?R LR Q?JCQ @@IRFC BRRF

4FC 7 ?2JBCL5LGIPQW F?B QRSBCLRQGL  UFGJC
+?NJ?L 5LGTP@®W F?B ~ QRSBCLRQ #MKNJRC RFG/DIVGLE
QRRCKCRQ

+2NJ?LQ CLRMJIIKCR PQ >>> J?P ECP RF?L 2JBCIO
7 2JBCI) CLMJIIKCR PQ >>> QK?JICP RF?L +?NJTRQ
7 2JBCIY) CLRJIKCR PQ >>> M D +?NJAD

JLREC /1 WKNGAQ@GL "MJIRLFRFC K B?QF GL
Q@MLBQ *GK GLCQML RFC  /J WKNGA EMJERBG RGKMDM
QCAMLBQ

"MIRPRGKC2Q >>> D?QRCP RF?LGLCQN
( GLE RGKCAQ >>> QIMUCP RF?L "MIRn
( GLERGKCAQ >>> M D "MJRn

I QRME F?Q ARP?LAC BCKQ RIRPFTC @CL K?Pl B BMUL @V

4FC W ?B F7TGLE ? Q?JC TBRGQGLE ?L ®BML?) MD
AJCP?LAC BCKQ 7F?R NCACLR ¥ RFC MBEEJ NRGBM WS CLB
SN NWGLE

OPV@JCK 3WBLE BRAGQCH



7 FGAF GQRECP FITGLE ? QRMAI RFEMCQ SN ML - MLBW
RF?LBRINQ ML 4 SCQB®MP ? QRMAI RFBRINQ ML

- MLBW ?LBEMCQ SN ML SCQB® )L C?AF 2QC UFR GQ
RFC L& NCACLR E?GL MP JMQQ

IPC RFCQUR AJ?GK@SGMICIR GLMLDGA MP LMRKN?P@JC
@B?SQC RMIC R?JIGLE ?@MSECBGR RFGLEQ

p M DIKCPGAQ ?E URFMSR PORF GLQBRAQ] <
MMLW M D ?BSJRQMEGT CKNIMCP NFTGBE FC?JRF
GLQSRAQY <

IPC RFCQUR AJ?GK@SGMICIR GLMLDGA MP LMRKN?P@JC
@B?SQC RMEC R?JIGLE ?@MSECBER RFGLEQ

p7 C K?A SN RFC UFMJCQ?JC BR®A RM AMKC SN UBF
RFC ER?GJ NBGA
PAFC QRMFF?Q ? NP MIR K?FEGH

IPC RFCQUN AJ?GK@SCGUCIR GLMLDGA MP LMRIKN?P@JC
@B2SQC RMEC R?JIGLE ?@MSECBER RFGLEQ

p%TRV B?P QGICA RFC LSK@CHMKCPGA. AFGJBR

ESLL@G BMIL F?Q BMS@B6G

pAFC LSK@CP MAFGJB ESLQFMIRBQ F?Q BMSBD®IK
RM q

IPC RFCQUR AJ?GK@SGMICIR GLMLDGA MP LMRMKN?P@JC
@B?SQC RMIC R?JIGLE ?@MSECBR RFGLEQK

ZOPM@JCK 3VGLE YBRAGQCQ



p NCPACLR Nb RFGBCRJ FQJRF 2/C JYQ R20Q WISJB @C
N?GB@RFMQERLGLE JCQQRF?L  ?W C?Pq

p NCPACLR M RFMQC UFWIBJB N RFC NCLWRFQJIRF
APFC JUIQ R?0Q MP LMR FBLE GLPSRC GL U MSJB
C?PL SLBCP q

IPC RFCQUN AJ?GK@SCGMCIR GLMLDGA MP LMRIKN?P@JC
@B?SQC RMIC R?JIGLE ?@MSECBGR RFGLEQ

pAFC QAFMMJIE GQ ML2  GLAPC?QC B1 RFC INRCRV R?V

PRQ

PMFGQ LEJOW GQ? R?V FGIPGQGLE MSP RMRCRM
NCP M D7PJS@

IPC RFCAISCQMKN?FB GL RFGQRIKCR MKN?P@JC MP LMR
AMKN?P@J®'SLQ F? TC KSFBCRB KMFC IKCPGALQ FCE R

FMKC GLECLR \@?PQ RF?L AT BGEML RFC @RJICECIB@NPO

?LB IDEF?LGQR?LL RSNNMPND RFAR U?PQ KME RF?L

IKCPGAL QMIBGCPUFFMQR RFCERIGSPGLE RFC Q?KC NCPGMB
FMJCTCPESLQ FTC @CL SQB RM KSBCP ?@MSR  NC MNJC

ML IKCPGAL QMGJg<

| FGEF QAFMMJ ASRRW F?Q ? BP MNMSRRC 4F@/ri0 @CL
R?QCB RM BERR?QC RIRPRC @  &GLB RFC ©®SGHCIR
NCRCLR?EC NM&BRIN

INMIRGAGRIQSNNRERU DMK @ W NCRCLR?EC NM&Q RM
7 F?RNCKCLR RCJRGIT AF?LEC GQ RFGQ

OPM@JCK 3WBLE BRAGQCH



2P ANF?Q? ? TCPEC GL FCP AJ?QQ EMBMREGD?J 2K
3FC QWQ p) IGB RMER? ML RFGQ BL2J QM JIAP?GQC W
QMERM  )Q QFCMPEAR

3SNNMQOM8 FTC MLC OSTPND LPRCPISGEB KGV RIRGQ
HS@A?LB WIS ?BB OS?RQ DIHSGA F?R NCACLR HSG&Q RFC
B5L?J KGV

&GLB ? SEGPRC 9MS @MER NMSLBQ BINMRMCQP

&GLB ? SEGPRC MCJR. KC RCPQGL KGLSRCQ AQLBQ

3MIC

3MIC

| APCNC PAGNC?2AJQMP CEEQ ASNMIMSPPLB ASN ND KGJI
( MU KSAF DIMSP MSJB MS LEB GDW8 SQC CEEQ

IL D RJCLEREEMGLAF UGBCMR. KMIJBGLEMQRQ  (MJ

ZOPM@JCK 3VBLE BRAGQCQ



KSAF UGJRGMQR RMW@ PR W ARUL KMIBGLE

&MSP KCEU?R UGLB RSP@GRCQBNNY CLMFECIBRPGRAG
RMNWCP FMKCQ ( MJK?L WRSP@GLMIIB @ CPSGB
RM NWCP FMKCQ

| FGEFU?W F?B ? J?LBQJGBC W UFCP AS@GA W7BQ 1D KIRCPG?J
ICJJ ML RF®IPB POSGPGLE BSKN RPSAI JM?BQ RRPALIC
2LMRFCP FBE?W? QJGBCBCD AS@GA W7BQ ML RFO/PB

( MU K?L W BSKN RPSAI JM?BRISIB @C RM AZE RFGQ
QJGBC

#MLTCHRR [ODCR RM GLAFCQ

#MLTCR IGIMEKQ RM EXQ

I UGRC AMMQRQ NCP KRCR MJ KSAF UGJJ IGIMKREPQIMIGE
AMQR

3SE?P MIR?GLQ AIMPGCQ NCRRMML W K?L W RIMPGC@?P
GL ASN MQSE?P

OPM@JCK 3WVGLE %BRAGQCH



I A?P GQ BPGT®.E IGIMKCRCPQ NCP FMSW®J D?P BMCR G
RRTCJGL Q®ILBQ

I AF?GL UCGEQ NMSLBQ NCRIDIR U K?L W MSLBQ UGJJ
GLAFCQQGE

4FC R?@JC @CHRTQ BR? ML REE KMTGCQ 'MQQRPLGLEQ GQ
RFC ?KMSR Nd KML®V RFC KMGC @PGLEQ GL #MKRPE LR
C?PLGLE®MLCW K?BC 2RCPYNCLQCMP RFC REPKMIGCQ <

( EL?; -B; 7l 7J; K:=3;J #Hell ;7HD?D4

AR?LGA

*SPQQGAR

&MP RFC KNBCQ GL RFCTIHMSQM@JICK UFGARWBBE RFC
@CQRRSPL ML GCQRKCR

4FC NMNSRGMUIMRFC B8 GQ ?@MSR AMICPGLE ?
J?LB ?E? MD QOS?P CKGJCQ 4FC NMNS3IRILIMBG? GQ
?@MSR AMICPGLE ? J?LBGAVD QOS?P C

KGJCQ #MKNCFRFC NMNRBML BCRBE@MRFARM AMSIRPGCQ

4FC'$ 0 'P MQQ $SMKCQRGMBERMD #FGL? BQ  @GJIGML
GL ?LB RFC'$0MD JJCBCL U?Q  @GJIGML 4FC

ZOPM@JCK 3WGLE ¥BRAGQCQ



NMNSRGMLIMFGL? GQ ?@MSR KGJIGML UFGJC RFRGNNMNSJI?
MD JJBCL GQ ?@MSKGJIGML #MKNCHRFC '$0 NCP AN&? b
RFC BM AMSIRPGCQ

JL*SLC  4UG HRRCP BQ ENMRGLE KGJIGMUBCRQ NCP B
%?AF BOCR AL AMLOQGQR SN RM  AF?PARCPQ RRCP
LSK@CPQRA #R?RC ? NKN?PGQML RM FCIN SLBCPQR?LB RFC
?KMSLR ¥ RCCRQ GL TW @/ GK?ELGLE?BF AF?RPARCP BQ ?

BAMN @ WPRCP ?LBMKN?PGLE RBUDGLE QRRKGLE SN

4FC NFMRM QF?PGRE@GGAIP F?B@GJIJGML NFMRMQ GL *SLC
#P C?RC ? MKN?PGQML RM SLBCPQR?LB RFGQ V8K@CP @

?2QQSKGLEBF NGASE GQ ?@MSR KCHRED GL QGXB

AMKN?PGLE RM RFRBQREEPML MRFCP BG? JGI$6$Q GMBQ

MP IPQF BPGJ

9MSP AFMAJRC KGJI KGV\W® RM SQC MIMNQIVKGWIP  ASNQ

MD KGJI !|RCP NMSPGLE GL RFC KISIQRRP?BBGLE RFC KGV @SR
EQR BGQRR® ?LB ?AAGBGR?M NSR GL RIMNQIVKGV (U A?L

WS ?BHSQR RFC KGV GD

AFCRC GQ QREBMKRGL RFC ASN
4FC ASN GQ €2BW DSJJ

| PCAGNOVP Q?@ML 2JIQMP CEEMUIQ R?@JCQNMMLQ M
QSE?P’LB b ASN MD UFRC UGLC RCP ARIGLE RFC CEEQIW
QR KCQSPGLE RFC QSEBR HGB@R?W NSR GL
R?@JCQNMMRQSE?P MJ A?L WIS MKNCLQRC

OPM@JCK 3WBLE BRAGQCH



4FC $CCNU?RCP MIPGH. MGJ QNGQEPBGL  KGJIGML @RRP
MD MGJ QNGJIJRMERGC 'SIIDMCVGIM %?AF @ TRPID MGIIA@C
NAVAQEGRM ?@MSR  E?JIMDEROMIGLEL(K?L W APQ
AMSJIB RFGQEDSCBIMP ? ®P !QQSKC ?L TCPEC AP ERQ
KGJCQ RM RFC E?JJML ?LBEPE®MSR KGJCQ GL ? \@?P

4FC QRMFGQ QCJJGLE JCKRMLEMP  %?AF WGCJIBQ ?@MSR
R?@JCQNMMRBISGA MJ KSAF UGJRGMQR RM@SLMSE
JCKMLQ RM K@ ? GLAF JCKML NGOPSGPGLE ¢ ASN BCKML
HS@A

ING@C MD N?NCP?A @C K?BC &M ? WGLBCP GINRU?WQ \@
HMGLGLE RFC REMGBCQ RRHEEMP @& HMGLGLE RFC JMLE QGBCQ
RMERFCP_< 7 FGAFWGLBCPMBJB FMJB KKIR MJ KSAF

KMRC

7 FGAF DIRFCQOEQCHIR?GLQ KIMRGOSGEV(Y KSAF KMPC

ZOPM@JCK 3VGLE ¥BRAGQCQ



In the next 4 questions, estimate Hiees by
making easonable appximations for unknown
values, or by doing sonesarch to find
reasonablealues.

%QRGRE FM K?L W E?JIMLOQ MPRCPMS BPGLI GL 2

%QRGRE FM K?L W RGKCRISV@JGLI GL ¥B?

( MJ KSAF BMCQ RFCCP GL ? NCPQML FMR R3gE U

( MUK?L WE?JIMLQ M?GR.LMSJB @C RM N?8&L? RM
QRMPFMSQC BJIMLE?LB R UGBC

$SPGLE RFC J?LBGDERWC -?PQ 3AGCLA@MRMA LI@FI@KR
U?Q ENMR® RFR RFC QGELRIKORFC MTCP WMSJB R%
KGLSRCQ RMAF CFRF 2?BGM QGEL?IITRR RFC QREM
JGER ?@MSR  KGJCQ NCP Q@ILB (MJ D?P BQ -?PQ DK
%?RF UFCLLI@FJ@KPLB®

)R GQ CQRBBERFR ? BPGP RTQ MLTCPEC QGMLBQ K
QCGLE ?L M@QR?AJCRRIGLEV@?NNVYGLE RFC2@PMP
QUWCAGLE (U D?P UGJJ 2RARPICIJGLER? KGJCQ NCP FMSP
RRTCJ GLOR @QODE RFC BRGTE?ARQ RM 2L M@QR?AJC
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information. The details m&e impecise;
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provided information. Be serto justify your
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For the next set of pblems, @sarch or mak
eduateal estimates for any unknown quantities
needed to answer the question.

9MS W2LR RM RIEJ DWK 4?AMK? 7 | RM #FGIN # DMP ?
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RSPLGLR GRM ? TER?@JC BEL RM B @RIAMIG RMRPICQ
7LB XSAFGLG 7GJJ BMGLE TEMMS KMLOVMP MQRMS KME
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Income Bxation

2L W NEINJC AT NMNM@ET?PGMSCIBQGMLQ RM RRMKGLRRV
AMJJERGML GL RFCRBBGRRCQ 3MKCMP @?KNJC FTC AJ?GKET
RFR ? DR R?V MSJB @C OFSMRFCPQ AJJ MP ETGQGMLQ RM FM
BABFELR RINCQIMGIMKC ?E R?B QG ASPELRW GICQRKCOR
GLMKC GQ RB/?R ? BELELR PRC RF?L REC GLMKC

4FC DAJIVGLE BM NRIHERQ UGJJ RIYMS RMVANIMPQMKC MRFCQC
GBeQ ?LB BPU WMSP ML AMLAJSQGMLQ

Project 1: Flat tax, ModifieFlat Tax, and
Progesive BxX.

)K?EGLC RFOSIRV GQ K?BC SNDM FMSQCFMJBQ 4FCHTRJ
EMCPLKCIR LCBQ RMWJIGR GL GLAMKC R?€Q RM @C ?@JC RM
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'P MSN# FMSQCFMJBQ RF@PL C ?AF
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R?V PRCQ

4FC [EPQRNNPMQ?JAJIMLQGBCP GQR R?V k MLC UFCRICRV
GLMKC EMSN GQ RBV?R RFC Q?KC NICRR?EC R?\?RC
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CLMSE KMLCW4FCRE GQ LM MLCFRGELQIEP FOB k HSQR K@ QSE
WIS @PGLE GL CIEMSECW

OPM@JCK 3WBLE BRAGQCH



/ EJ7B J7N

9BIEC; . 9B9EC; BJIIN 9poEC; 7<I:H
HHEKE F:H FTINHI - 7N En fEEEE;’Sé" JINIEH
>EKI;>E B: >EKI;>E B: SEKI:>E Bl >EKI;>E B:
!
#
$
%
&
4FGQ @RCP
RMR?J RM

$GQABRGMLAPGIMKC GQ RFC K& NGINJIC FIT JaBNICP ?RCP
NWGLEMP LBCQB®GCQUGTLIR BIMB RPQNMRRGMLR2 4FC MQR
MD @?QG¥NCLQCQ BMCQ GIQ® URF GIMKC QGIAFMSQGLE ?LB
A?P MQRQCGREGECP FMUCTCP SQSWJILMR NRIMRGMLWEMP CAF
GLMKC EMSN CQRGZRFCGP CRGRVEICLQCQ ?LBISRC RFCGP
BGQARGMLAPGIMKC 4FCL MKNSRC RFCIDARGT R?VIRC IDP CAF
NJ?L BEJRGTRM BGQREMLAPGIMKC PRFCP RF?L GIAC

ZOPM@JCK 3VGLE YBRAGQCQ



9%9EC; ?I19HJ?ED71D
#HEKF F;H 99EC;
>SEKI>E B:  ;1J?C7 J;:

1 <907 1 <907,
HJ; H7J;
CE:?<?;: FHE=HII? L;

1 <907,
H7J; <B7D

%

7 FGAF NJ?L QRQ RFC KMQR D?GIMBM WGAF NJ?L QRQ RFC
J@QR D?GP RB W FW

Project 2: Calculatingakkes.

6GRBUU GPQ EMLB BMULIM?B RFC KMQ&ELR TPQGMD MIPKQ
?LB QAFBSJCQ! " # ?LB $

3ACL?PGM  #?JASI? RFC R P QMKALC UFM @PL®
GL QR?LBBRJ?EC GIMKC 7 GLAVMKC F?Q LM BCNCLBBQ ?LB
R?ICQ RFC QR?LBERBSARGML

3ACL?PGM  #?JARC RFC RZY P QMKILC UFM CPL®B

OPM@JCK 3WGBLE BRAGQCH


http://www.irs.gov/

GL QR?LEBRI?EC GLMKC GL 0S?JGBB8 BGTGBCLBQ F?Q LM
BCNCLBCRQ ?LB R@IQ RFC QR?LBTERBS/ARGML1S?JGBB BGTGBCLBQ
?2FC @PLGLEQ MCR?GL BLQRKORQ QSAF ?Q QRMAIQ

3ACL?PGM  #?JASIC RFC R2Y P QMKA@LC UFM PL®
GL QK?JJ @SQGLCQOKGLA?Q LM BCNCLBRQ ?LB R@®Q RFC
QR?LBBBMBSARGML

"2Q@B ML RFCQC RERGEL?PGMQ UE?E WISP GKNR)QGMLIDAW
RFC GIMKC R?V QWQRGRRE RFCQUBBIR BIPKQ B GIMKC U?EC
BGTGBCLBQ ?LB @SQGL®BQ GLA

3ACL?PGM M ER ? KME F2JGQRGA QCMBRIASRGLE RCQ
VWIS1JJ LGB RM IMLQGBORGBEG® BBSARGMLQ #?JASI7RFC QUKC
R?\CQMP QMK@LC URF RFC GUAC ?LB WNCLQCQ JBIE@CIM

-?PPGB URF AFGJBR [BJGLE HROGL
7 ?EC GLMKC A MK@GIRC
07GB Q?JCQ R?V BDRGLERMRBRC
OPMNCRV RTQ N?GB

( MKC KMRRE?EC BCEQR N?GB
#F?PR?@JIGRQ

i< FRRN UUU D?RAF&I MFE
AFCL®V>BU ?BQ>K?L EJC>D7RQ RKJ

L < FRRN _RRRINCQ BRK UGIGIK UGIG NFNGL
GC®?KLCB.GCQILBRRGQRGAQ

D < FRRN UUU UFGRRCFMSQC EMRCBCDSBIM GJAK@
@SBERDW  ?QQ®REGQRX VJIQ

i< FRRNQ UUU AG? EMG@PWS@JERGMIRFC U MBB
D?R@MMIPLIMBCP P ?LIFRKJ

1< FRRN B?RUMBB@?LI MPGLBGZRMBO 0/ 04/ 4,

L < FRRN UUU ALL AMK 30 7" ) -SQGA
AB BGR?J Q?JGQBO/ FRKJ

ZOPM@JCK 3VGLE YBRAGQCQ


http://www.factcheck.org/cheney_edwards_mangle_facts.html
http://www.factcheck.org/cheney_edwards_mangle_facts.html
http://tvtropes.org/pmwiki/pmwiki.php/Main/LiesDamnedLiesAndStatistics
http://tvtropes.org/pmwiki/pmwiki.php/Main/LiesDamnedLiesAndStatistics

. <FRRN UUU ALL AMK NMIBGAQRL FC?JRF AFC
GLBE FRKJ

. <FRRN UUU NMFBAAIK LC UQQRMPGCQ F  RKJ

. <FRRN D?ARAF&I MFE RUGQRGLEHRF AFC R?\CQ

L < FRRN UUU LMARRFHCP®BMK LC UQMNGLGMLQ
JBRCL@EP F RKJAWN?EC

i< FRRN UUU RFC LSK@CPQIK KM TGCRCAMBQ
@SBERQ NFN

. <FRN TGK® MK

i <FRRN TGK®& MK

. <FRRN UUUWISRS@M™KU ?RAFT $ )IU CRC:A

. < FRRN UUUW/SRS@®KU ?RAFTN3!" ( 9E-

. <FRRN UUUWISRS@®KU ?RAFT *- DORD1

. <OFMRM AB® ERRN UUU DGAIBMK NEMRMQU ?WX  ##
"9

L < FARRN UUU LMRKR WK ?P AFGTQ DJIMMWD
NCLLGC NFN

OPM@JCK 3WBLE BRAGQCH


http://www.flickr.com/photos/swayze/
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46 Module 2 Overview

What Youd Learn To Do: Lhderstand and use
geometry to solve piblems.

)9616 *2-+;1=-:

r INNJW BIPKSJ?Q RM TIMNCPGIRTPPRC? QSPDRA
2RC? ?LB TMISKC NR@JCKQ
r  3MIC NM@JCKQ SQGLE QGKGJ?BIPEARRFC
OVRF?EMEL 4FCMEK
r  $GQRGLESGQF %SAXEBCML %SAJGBC
EQVMKCRRV
$CQAPG@C RFC\YRBRMNMIVIELB RQ GKNRIPLE
$CQAPG@C RFC\YRBBRIMRQ ?LB ®Q GKNRIFLA
2CAMELGX?LB AR?RC RGJGLEQ
2CAMELGXUFCL EMKCRRV GQ ?NNI@BIC RIPB JGD
QBSRGMLQ TB/R?J JGDNRI@JCKQ ?LBIKKSLGARC
RC?J JGDNM@JCKQ ?LB QMISRGMLQ RM MRFCPQ

= = = =

- MBSJC /TCHGG zZ



Learning Activities

4FC JCPLGLE
?ARGRGCUIPRFGQ KMBSJC GLAJSBC

"-),16 : :1/656;:

OCPGKRCP ?7LB !E?
4PG?LEQ

r -:7:
7

r -;7:. 6MJSKC
7
7

=
]

ro- 3SPDAAIPC?

r - 'P ?NF 4FQVIRV

r 2 739> 'P ?NF 4FQMRV 6GBIQ

r -;7. 4AMNMIMEGIGLEML %SAJGBC'C MKCRWV

75 ->793 :1/656;:

r .K8C?J OCPGKRCP ?LB!2? NMGIRQ

r . K8C?J 4PG?LEEQ NMGRQ

r . K8C?J 3SPDAA!PC? ?LB 6MIJSKC NM@RQ
r .K8C?2J 'P ?NF 4FQVIRV NMGRQ

Z- MBSJC /TCHGO



r . K8C?J AMNMINEAGIGLE ?LBML %SAJGBC'C MKCRRV
NMGRQ

r 219Kl INNJG2RGMLIMCMKCR®V  NMGRQ

r EC FB:J; %V?K

- MBSJC /TCHGG Z



47 Perimeter and Aaa

Perimeter

+;H?C;J;H GQ ? MLC BGKCLQGML?2DEEKCLR RAR GQ KL ?RMSLB
RFC MSRQGBC MIMBEWMKCRPGA QF?NRERRAMSP BGQASQQBML M
RFC MLACNR MINCPGRCP WRF ?L ?KNJC

*MQCNF BMCQ LMR ¥
A?P QM KSQR PGBC RFC @SQ MP
U?JI CTCRVUFCE FC EMCQ
/L- MLBWQ FC KSQRFEC
RM QAFMMJ RAPLPLB
@?Al FMKC ?E?GL GQWPSRC
GQ NB2EB GL GESP

4FC M@GMSQ OSCQRGML RM
2QI GL RFGEERGML GQ pFME™HF
K7L W KGJCQ BMEQENF
RPTCJ ML -MLBIWQq M
AMKNSRC G CAF BGQRTLA

*MQCNF RIEJQ KGJCQ ML
- MLBWQ

ILMRFCP BW RMMP

URF RFGRYBGML GQ RM
@>Lk

Z0CPGKRCP ?LB !e?



BP?U ? QF?NC RIRENEQCRQNMQCNS RAICJ MSRC ?LB GQ
J?@CBU&RF RFC BGQR?DMK MLC QNMR RM ?LMRFCP

. MRGRFR RFC QF?NC K?BW®QCNG RMSRC GQ RFD ?
AIMEEMKRPGSESPURF RREE QGBCERPG?IE QT
ODGESP 7 F?R WC AL ?QI ?@MSR RFGQ QF?NC GRGIRFC
G<I@D<K&D RFC RPGIRLE

+:H?C:J:H KC?LQ BGQR?CAMSLB ? AJMBGGESPMP
QF?NG ?LB RMMKNSRC G ?BB GAF JCLERF

/ISP AMLAJSQGML GQ RFC Q?KCTE)R@NUNF REZJQ
KGJCQ MLMLBWQ

( MUCTCPUF?R WC BGB @Q KMBCJ RFIRQBGML BE ?
EQUKCRPGA QF?NC ?LB RFCLWNRNIMGEA HIKCRPGA
AMLACNRG<I@D<K<RM MKNSRCP EMD?PMQCNF RIZJ8

Notes on EBrimeter

r  OCPGKRCP GQ ? MLC BGKCLQGMPQSRECLR
RFR ENEQCRQ RFC BGQRZBNSLB ? AIMBC
EQVMKCRPGSBESPMP QF?NICM E?NQ

r  4M BLB NCPGRCP?BB RFC JCLERFQ®AF QGBC
MD RFC QF?NC

r  )DRFCP?C SLAQ GLAJSBCFRGIMSP BL?J
FCQSJR 5RG UGJU2WQ @DMGIE BGKCLQGML G C
CR GLAFCQ BQPELRGKRCPQRAS

OCPGKRCP ?LB I1B? Z




4M AMKNSRC NCPGTPMSP QF?NCQ KSQR @C BJSMEESP QFMQ
RFC BRIELAC @RJCCL ? AIMBIBESP?LB ?L MNCLGESP

@>Lk

2)584-

&GLB RFC NCPRRENMP CAF ND RFC QF?NCQ @CJIM

IBB RFC JCLERF@ RRAF QGBC

Z0CPGKRCP ?LB 'e?



OCPGKRCP ?LB IR? Z




2)584-

( MJ BM UC B5LB RFC NCPBKE MRFGQ KIMMKNI@REG
QF?NC

#74<;176

*SQRAOCN ?BBGLE RFMQC QGBC JCLERFQ
SLG RQ

)D WS JMMI AJM@CR RFC QF?NCQ GL RETGNSQUEKNJICQ MBS
KGER LMRGAMKC BWQ RM BRGZAF NCPGIRTP 2Q ? KIBRYNJGRG

MPKSJ? 3C GD RFCPSIJRQMBRIF?R UC F2TC BMLC QM D?PREF RFC
MPKSJ?Q @OJIM

Z0CPGKRCP ?LB 'e?



. >TF; +;H?C;J;H

4PG?LE URF
QGBC
JCLERF® 9 :

30S7E URF
QGBC JCLERF

2CAR?LEC
URF QGBC
JCLERF® 9

Circumfeene@

9MS KW B?JGXRFR L F7IC LMRGR BGQASB®EC BGQRELIMISLB
? TCRV GKNRRIREQUKCRPGA QF?NC 7A4GPAFC BGQRCL2RMISLB
? AGRIC F?Q ? QNG?J L?KC 298 RF®?KKC<H;D9; 4M BLB RFC
AGRSKICRELAC ND ? ABBC € SQC RFGPRSI?# P

OCPGKRCP ?LB 'B? Z



)L RFGQ MBKSJ? | GQ
NAMLMSLAB (N@ ?LB GQ BGDB
?Q RFC AGKICELAC ND ?
AGRIBGTGBC@V BQ BG?IRTP

7 C SQSAN ENJ?8 j UGRF RFC ?NNPGKRGML ~ 4FC JERCAH
FCNEQCRQ RAF:?KI MD RFC AGE
,CRQ QC UFCE RFCNIPKSJ?NP AGBKICRELAC AMKCQ DK &GESP
QFMJQ? ECLCPGA ABPURFP?BGSQ

Notes about =29

2CKCK@CP RRGL RFEIPKSJ? UFCLMKNSRGLE RFC
AGRSKICRELAC | | UC KSJRGNPQUIWQKIK7BB
QS@@SRGLE  GL NIPAD j

e e |

/DRCL RFC SQD M UGJJ FCIN K?RFC BGEELR N?RQ
MD RFQMIPKSJ? @QGCP R QC

e el

Z0CPGKRCP ?LB 'e?



Origins of =29

1Q KCLRGMBOC?RIGCRFC QMG?J LSK@CP j GQ@ED?Q RFC?RGM
MD ? AGB®@) AGBKIZELAC RMR® BG?RCP7 C L UPEGMRFGQ GL
QOSRGML MPK ?Q

7 C ILMU DK MSP NETGMSQMP RF?R RM GBTHDRFC SLILML
UC 2L KMTC; RM RFC MRFCP QBERFOUSRGMLV@UARGLE
i : 4FC BG?KBCP GQ ?JJ RAW BAMQQ RFC Al KGBBJC QM RFC
BG?K®CP GQGE RFCTBGSQ T AL SNBRC GL RCPK@MFC?BGSQ
2Q j | 7GRF? FRJCEL?JEPPLEGLE B RFC BEP MSP NRD 2B
UPERCL GL ORLQWRR | |
,CRQ SQC RFRIFKSJ? RNEDB RFC AGRICELAC ND ? 0U AGRICQ

2)584-

&GLB RFC AGRIZCELAC ND CAF ND RFOMIJVGLE AGBCQ
,C?TC WISP ?LQUPQEPQR M?MAR DIPK ?LB RFCL GMBLB®
DMPK RM RFC FSLEBRFQ NJZA . MRC RRUFCL ? PBGSQ GQ
EGTL BRQ7ISC GEKRCEB ?@NC ? PBGSQ QCEKRL7 FCL ?
BG?KKCP GQEL ®QTISC GCKRCEB ?@NC ? BG?KRCP
QCEKCR

OCPGKRCP ?LB 'B? Z



ZOCPGKRCP ?LB !2?




PMSLBB SQGLE DIPj GL
%V?R jK P MSLB® DRK CV?R ?LQCP

K PMSLB® SQGLE DIPj K

Exact Brm vs. Bund& Form

r jGQ ? LSK@CP GVTR MPK R GQ LMRISRBB
r GQ ? MSLBB® IMPK ?NNHWGKRGMIMP |

7 FW BMC® &2RCP UFGAMEK UC SQQ R KZRRCPQ
@@?SQC UFCL € MSLB C GRMBSE CPRP (RM MSP
O5L?JEQSIR &MP RFGQ AJTOGRRESQ SQBRJJ
2AACNR?@JQVIJ CTCPWAS UGJGDB GL MRFCP Q&R@HC
QSAF ?2Q NFQGAQ MP AFCHRPRPITC D ?2ASPAN GQ ?
AMLACNR DIEE?R GKNNR?LA ,CR@ QC ?L G/?KNJC B RFC
BABRLAC GLNPKQ

4FC PBGSQIMRFC KMML GQ ?@MIHBICQ 7F?R GQ RFC
AGRSKICEELAC ,C RR QMCTRFGQ SQGLE @MR¥FRRGICK
?LB RFCHMSLB® MPK

OCPGKRCP ?LB I1B? Z



)+, #74<;176

C = 2mr = 27(1079) = 21587

4M RISLB<HEC RFC €?/R QMJSRGML SQC RFEM@BR
VWISP AJASRMP RMAEC

21587 ~ 6779.56

" 7<6,; #74<;176

C = 2nr = 2(3.14)(1079) ~ 6776.12

. MRGARFR MSRAL?JEQSIRQC?’BEDKLR 4FR BEBCELAC
GQ RFC GIFPAB’REG @V SQGLE  ?Q ?L RG2J ?NWGEKRGML
DMP j 7 FCL BMGLE FMK®IP?LB RCQRQCHB RFC BGRRGMLQ
A?FCDSW ML CAF NR@JCK RMAEUIFGARMIPK RM SQC

2)584-

&GLB RFC ASRICELAC MP NCPGRCP GTL GL @AF
BCQAPGEAIRSRGML @CIMAJISBC BPPUGLE B RFC QF?NC
UGRF RFC GLAJSEELDPKRGML GC RFOWCKNJICQ RM FCJIN
BGRCPKGLGF?R QF?NCQ RKIBBFMJ 2JJ WMP !Q GL RFC
OV?KNJCQ GDRBQGPGLAISBRFCL SIRBMNFMSJIB @GR
GL WSP GL?JEQSIRMSLB RM RREQ SLICQQ GEBBA
MRFQFGQC

Z0CPGKRCP ?LB 'e?



OCPGKRCP ?LB IR? Z



16,16;0- 1:)6+-)9<6, 76 #;)6,)9, #0)8-:

4FC @?QQARKSJI?MP NCPGRCP MQRBER JGLC QF?NCQ
?LB RFC AGBKIECKEELAC ND ? ABGPC UGJJ FCINGIBIRFC
BGQR?CAMSLB KME AMKNJGR® GESEQ &GLB RFC
BGQR?CAMSLB RFOMIWGLE QF?NCMSLB BL?J ?LQTP RM
RCRFQ?LBSQC P |

Z0CPGKRCP ?LB 'e?



OCPGKRCP ?LB IR? Z




2)584-

8841176: 7.-915;-9 )6, 19+<5:96+-

/SP ILM UJBEC » @?QGMECRPGA QF?NCD@C ?NNE5C
RM QM °C?J JEQ NRI@JCKQ

7 2JW (PLRQ RM ?BBGLEC RM RFC @2/ MGQ FMSQC RM
K?I C QMKCMMK DIP FGQ AFGIERM NY? Q7IW QT BG?ER
@CIM ( C @CE?L KBQSPGLE FG@BV@SR EMR BHRREP?LB
IMEMR RMBDGQF RQSPGLE @I@DFC UWCLR RM RFC QIRNIFFC
FCKCK@CPQ RERFC @?ARJJ B FGQ FMSQC GQBQVRRLE
BMCQ FC A€ CLMSE GLEPKRGML RW@ES-CDAGLE FC
LOCBQ D QM RWK?L W OCR QFMSJB FCV@S

Z0CPGKRCP ?LB !e?



#74<;176

DCCR

Area

,CRQ@ R?C ?LMRFCP JMM 72?J\Q @?AIWBDRIK %V?KNJC GL BEeP
RM GRPRIBSE RFC LZR MLACNR 1@

7 2JW QSHCQQDBIOLAB FGQ WRPBSR LU ?LRQ RM ?BB
QMKC J?LB@NGLE ?LB ARPRC ? ERQQW €P?Q QFYL @CJIM

OCPGKRCP ?LB '1B? Z



ZOCPGKRCP ?LB !2?




Notes on A

r H7 GQ ARV BGKCLQGML?J¥ISEKCLR RFR
FCNEQCRQ RFC ?KMBL® QNTAGLQGBAUM
BGKCLQGML?J QF?NC

r  4M BLB RFC @P AMSIR RFC LSK@CP BLE
QOS2BQ GLQGBC RFC QF?NC

r  )DRFCP?C SLEQ GLAJSBCRQRGIMSPBL?J
FCQSJR 5RG@ UGJL?WQ @UR BGKCLQGML?J G C
QOS2 MIR QOSEPNVEEQ QOSERKGICQRBS

2)584-

&GLB RFCCPIMP CAF ND RFC QF?NCQ @CJIM

2CKCK@CP RWISIR RFC SRGOS@®) GLQGBC RFC
QF?NC

OCPGKRCP ?LB !1B? Z



Z0CPGKRCP ?LB 'B?




)D WIS IMMI AAMA RFC QF?NCQ GL RETGIMSYCKNJICQ ME KGER
LMRE@AQMKC BWQ RM BEXAF ?IE? ?Q ? KME O/NJGRGIPKSJ? 3C
GD RFC@SIJRQMBPUF?R WC F?TC BMLC QM D?PRE&F RFOMIPKSJ?Q
@cam

OCPGKRCP ?LB IR? Z



. >7F; H7

30S7F
UGRF QGBC
JCLERB

2CAR?LEC
UGRF QGBC
JCLERF®

9

9MS UGJJ 2JQK REGQ

4FC ?R2? IMPKSJ?QMP RFC QF?NCQ @CBY KMIZ AMKNIJGREG RM
BCPEIQM RF®IPKSJ?Q CRIGQRIMP WS GL RFC R?@JC

Z0CPGKRCP ?LB !e?



. >TF; . >TF;

4PG?LEC URF FCGR F ?LB @?QC @

#GRJC UGRE
1 bh
A= gbh = -
2C?B ?Q pILC F?JD @?QC RGKCBREGE
. MRC RR#F GQ RFCQER JGLC BGQR?DRK RMN MRFC RPGILE 2B 20 HE
BGEARW RM RFC MRFCP QGBC 4FC QKTUREM GLBGRCQ RFGXK?Y RF i
RCPKQ RFC\@BLBGRCQ ? a PGER ?LEJC
)D WISP RPG?
KC?QSEB MS|
4FC 722 M

2)584-

&GLB RFCGPIMP CAF BCQAPB@BSRGML #RRC ?
BPPUGLE B RFC QF?NGRF RFC GLAJSEELDPKRGML 3fEM
23] WIP 1Q GL RFC\Z?KNJCQ GDBQEPGLAISBRFCL SLRQ
QFMSJB @COQTR GLMSPGL?JEQSIRGC  DMP j 2LB
FMSLB ?LQICPQ RRCRFQ ?Q I(B(B

&GLB RFCCPMD ? PAR?LBC UFMQC JCLERF GQ

OCPGKRCP ?LB '? Z



KCRCPQ ?LB FEBEQ MLC REBPR ?KMSIR
&GLB RFCCPMD ? RPGAEURF @2QC
24%
GLAFCQ ?LB FEBE GLAFCQ
&GLB RFCCP\D ? ABBC URF PBGSQ

1
2=
3

GLAFCQ GRCR ?LQECP GL\?AR DIPK ?LB ?JQM
AMKNSRCWSLB® IMPK SQGLE WP j OFCQCR
AVSLBG IMPK RM RFC2RCQR RRE

#74<;176:

K MP QOS?”KE KCRCP@MSLB®B
GL MP QOS?FK GLAFCEMSLB®
%V?R jGL 2MSLBB GL

2)584-

&GLB RFC@PEGTL C?AF BCQAPG@BSRGMLLAISBC ?
BPPUGLE B RFC QF?NCRFGRFC GLAJSEELDPKRGML 3fEM
2JJ WP !Q GL RFC\Z?KNJCQ GDBQEPGLAISBRFCL SIRK
QFMSJB @COUTR GLMSP GL?JEQSIRMSLB ?LQIEPQ RM
RCRFQ SLICQQ MEEGK GLBR®

&GLB RFCCPM ? QOSCRIBRF QGBC JCLERFOC®
&GLB RFCCPMD ? PAR?LEHC URF QGBCR MLERF

Z0CPGKRCP ?LB !e?



?LB

&GLB RFCCPM ? RPGAEURF FCHR GLAFCQ ?LB
@?QC GLAFCQ

&GLB RFCCPM ? AGBC U PBGSQ GLAFCQ
OPCQCR ?LQECP GL\Z?AR BIPK ?LB ?2JQMWKNSRC SQGLE

D MP j OFCQCR RISLBB MPK RM RFCPRCQR RRE

#74<;176:

DR MP QOS?RC @CR

GL MP QOS?€ GLAFCQ
%V?R jGL MP jQOS?FC GLAFCQMBLB®B SQGLE
DMPj GL MP  QOS?EGLAFCQ

16,16;0- 9-) 7. 76 #,)6,)9, #0)8-:

4FC @?QGARKSI?QMP 2€? UGJJ FCJIN SELBRFC @PMD
KMFC AMKNJ@RG GESEQ 4FGQ GQ RFC QMM@BIEK O
MSLB RFC NCPGRGPMIP GRIGCRGLB RFC@PMD RFCETL
QF?NC #MKNSRC SQGLE MMj ?LB MSLB RM RFC2RCQR
RCRF

OCPGKRCP ?LB 'B? Z



ZOCPGKRCP ?LB !2?



2)584-

88411176:7. 9)6, -915:-9

7 C QL AMK@GLC MSP IUMBEC M ?B? NCPGK&CP RM
QMIC NRI@JCKQ QSAF ?Q RFGQ MLC

7 2JW GQ QREMBIE SN FGQ FMSQC ?LB FYIPGLEWNR
RM MKNJ&C (C U?LRQ RM @ELMIE@?K@MNINMPGLE RM
AVICP RFCJBIMP QN?GLIAMKQ | # 2LB F2JU?W " 2LB
CLMSE @?K@MMBEGLENP @?QC@@M@BEL ?JJ RFC @PAQ
UCJJ WJ K?L W QOSEHOCR W DMMPGLE ?LBUFKPL W OCR
MD @?QC@BEPRFMSJIB FCU®S

OCPGKRCP ?LB 'B? Z



ZOCPGKRCP ?LB !B?



48. Triangles

Similar Triangles

,CRQ @CEL MSP BGQASQ@BMEREJI?P REGRLE 7L ©/?KNJC

2P W lPQ MSR GL RFCBVAEC BW ?LB F?B FCRRI
B?SEFRCPQ BE FCRBFCU?Q BMGLE QMKILRT?RGMLQ ?LB
U?LR® RM ILM FMU R?JJ RFC FMSQQBFC LMRGB.?
QF?BM DOCR JMLE UFCL FCPSHERCP BQ QR?LBGLE
ODCRDRIK RFC FMSQC ?LB $QR RM @GN GESP

4PGILEQ



Z4PG?LEQ



@>Lk

4M BKRCPKGLC RFC HFEE® RFC FMSQ® Q& SN RFC
MJIJVGLE NRNMRGML

2z
15

4FCL UC QMC MP RFC SLILWML. O@V SQGLEM®Q
NRMMBSRQ ?QUF7IC BMLC @GE

L Bx15 _ 75
3 3

_5
3

=25

AFCEEME UC 2L AMLAJSBC RR'RFC FMSQC GQ@CRD
FGE

5QC RFOGKGJ?PG?LEEQ NICQQ RMMBCPKGLC RFC JCLERF
MD RFEGQQGLE QGBR SSCRFC NRMRGMLQ GL 2Q WAPWQ
2Q NMQQG@JC ?L1B RIFRRCQSJIRQC?PI) RFC Q?KC

4PGILEQ



Z4PG?LEQ



4PGILEQ



Z4PG?LEQ




Q@MLB BBEFRCPZQRQ ? QFBRFR GQ DR JMLE UFCL
QFCGQ @R MK RFC FMSQC URTGQ RFC FEGE RFC
Q@MLB BBEFRCP $RU ?L ?AASPRC BG?ER?LB SQC
QGKGJ?P RPIERRM TB/1J

#74<;176

DR

Squae Roots

"CIMEE UC E®R RM MSP J?QR RMNGA GL RFGQ JOGRBVEENGRC 0
4FCMEK | UC LGB RM ILM ? JARIC @G@MSR QE@SRIMRQ

I 4FCIGK7H HEEIMD ? LSK@CP GQRRESK@CP UFGAF UFCL
KSIJRGNEFRGKCRGCIISEQ RFC MBGE] LSK@CUP W MSP
A2IASRMPMMI BIP RM MKNSRC
QOS® MMRQ

@B?SQC e
r 1 F;H<9J IGK7H GQ ? LSK@CP UFMQC QDBMR GQ ? UFMJC
LSK@CP4FC QOSTPRMMRD ? LML NCRBR QOSEFGQ ? BGK?J
T?2JSC
V16
GQ ? NGPR QOSeP
Wit
G@EJ? NCRIAR QOSEeP
r 4M M@R?GL 2ABE?J7ISCMP LML NCEAR QOSZFMMRQ MMBP
A?JASRMRWIS KWLCOB RM AF?LEC RFGRGLEQ SLBARSK

4PGILEQ



-/ $% @FML #FBI WMSP MLCP@ K?LS?JIMP FCIN GOR®
V19 = 4.36

AMSLB® RM FSLBBBRFQ

2)584-

&GLB RFC QOSTMMRIMCAF ND RFOMDJVGLE MSLB RM
RJM B@AGK?J NJEAGD BB )LBGARC RFMQC RRE
NCRDAR QOSE®) ?LB UNJ?GL UM

/169

V31
V9
#74<;176:
NCPAR QOSEeP
LMR ? NCeaR QOSeP
NCPIOAR QOSEP
?)584-

&GLB RFC QOSTAMRIMCAF ND RFOMJJVGLE MSLB RM
RJM B@AGK?J NJeR GDTRBIB )LBGARC RFMQC RPE
NCRDAR QOSE®) ?LB UNJ?GL UM

Z4PG?LEQ



The Pythagrean Th@rem

4FC K?RFCKRGAG?MRF?EM) NFTCB RFC DRF?EMPL RFMIEK
4FC RFGIEK QRRCQ RREGTL ?LW PGR RPGAE URBF QGBEQ9
7LB : ?Q @CUMRFC MIWGLE BIJRGMLQFGNIGTWQ RPSE 9

. MRCQ ?@MSR RRETEMPL RFMRK

r 4FC RPG?IE KSQR @CGi?=JRPG?UEAMIR?GLQ ? a ?LHC

4PGILEQ



r 4FC QGBCGQAWJIB RFCGOFEJ;IXI; ?LB 8CN8PIRQ ?ARQQ MR
RFC PERE ?LBC

r 4FC JCLERREY?LB 9 ?FC GRCRF?LEC@JC GL RFCNEB @SR
A?LLMR @QCRIRF?LE®B URF8 MP )L MRFCPMBQ RFC
JMARGMLIMGQARV GKNMRRIR ?LB ALLMR @C AF?LEC

5QC RFCWMRF?EMPL RFMEK RMGLB RFC KGQQGLE QGBCQ
JCLERAMP RFC RPGRLETL @CIM2MSLB RM RFC RER
NJ?E

#74<;176

AMSLBE&

ZAPG?LEQ



4PGILEQ




5QC RFCMRF?EMPL RFMEK RMGLB RFC KGQQGLE QGBCQ
JCLERRMP RFC RPGRLETL @CIM 2MSLB RM FSLBBRFQ

#74<;176

D RRAVSLBG

2)584-

88414176: 7. ;0 @;0)79)6 $0-795

)L."1"?QI CR@?JJ RFC REE RFC OPRFRU JGLC GQ

Z4APG?LEEQ



ICR ! NJ?VCP QR?LB® MLC /R MPLCPIVRFC OPRFRU
JGLC IWCP ?2LB WLRQ RM REF? N?QQ RM FGQ MNCL

RGKK? RC ?ARQQ RFC J?LC ?LB AIMQC RM REC @WOP

)D FGQ MRFCIKREZRC UNCP IFC?TGY ESTBB GQ BGRW
BMUL RFC J?LC MIR FGK DOCR FM D?P GQ FGQ N?QQ RM RFC
MNCL REKK? RC&GJJ GL RFC BBREFCIV?LB SQCRERM FCJIN
WIS QNIC RFC NBP@JCK

FRRN UUU QNMRQILMFMJ AMK

4PGILEQ@



Z4PG?LEQ




49 Volume

,CRQ RTGRAVISP DPGCLBIW D#K gPC? ?LB 0CPGKRCPq ?LB SQC
2LMRFCP ?QNCND FGQ \B?RM BRIBSE RFC MLACNR BILEBKC;
7 2JW GQ ? QUGKKCP ?LB.RQ RM GLQR?JJ ? J?N NMMJ GL FBQ @?AIW?P
"CA?SQC FC F?Q QMKZRP QN?& FC GQ EMGLE RM @SGJB ? RIGK)J RF?
W?PBQ JMLE WBR UGBC ?LB WB®BCN (MJ K?L W AS@GABPP
MD LPRCP KSQR @CBREIEIJ RFC NMIQOSKGLE FRRERM RFC RMN
-SAF ?Q UC BGB RF ?B? AMSIRGLE SR®OSE® UGRFLEBKC; UC
UGJJ @WIBIRGLE SRAS@CQF?R GQ RAGJBKC M ? SLBRAS@ R
JMMI R GESP

Finding the ¥lume of a Cube

4FC QF?NCR JGDGQ ?
AS@C2JJ QGBCQ @BS?J
JCLERF)L N?RRGASJ?P
@B?SQC ?JJ QGBTGRP
JCLERF RFGQ AS@C GQ
A?JJB ? SLR AS@C

7 CILMU RFC ?€? MD
RFC @?Q0BMSP @>Lk /FCLD< P;V P;V
NEETGMSQWP WBe WB P; L9@: P8I;
MP QOSePN® 7 C?F
EMGLE RM RRFR ?B? ?LB COVRCLBRGCRGAW RARPSHE ?
FCCER @ W®HBQM MSMMISKC @MKCQ

6MJSKC WBe WBeVB AS@GAWBP

6MJISKCZ



( MU BMCQ RFGQ FCAWY 7CJJ GD FLAMSIR RFC LSK@CP 9L
AS@CQ GL FGQ NMMIL BTRCPKGLC RAGJIEKC M PRCP LGB RM
05JJ RFC NMMJ

14406 YA4@AT4

@>Lk

/ FCLD<

%<E>K? V

0 @K?V

| <@>7K |
%0!

)D LC ©JJ RFC NMNRASER AS@CQCW?L B5JJ SLB
AS@CQ ?JMLE RFC JCLERNLE RFC URB?LB ?JMLE RFC
FCGER4F?R WMSJBET SQ e e SLG RAS@CQ MP

6MJSKC WBe WBe WB AS@GA VB

%VNIGAGIPKSI?QMP RFCWRICQIMPAR?LESJ?P QMJIGB® SQRFC
NRETGMSQARG ML CPPQ DJIIVD

Z6MJISKC



. >TF;

#S@ 1D
QGBC
JCLERFG

"MV
URF
QGBCOM
JCLERF
%0 !

1EBKC,;

V=LxLxL

v=L

V=LxWxH

Notes on ¥lume

r

1EBKC; GQ ? RBP BGKCLQGML?JXTSEKCLR
RFR ENEQCRQ RFC ?KMBL® QNTAGLQGBC ?
AIM@RFEC BGKCLQGML?J QF?NC

4M BLB MISKC MSIR RFC LSK@CP BLREAS@CQ
GLQGBC GEL QF?NC

)D RFCP?R SLAQ GLAJSBCFRGIMSP GL?J
FCQSJR 5RG UGJU?WQ @C REBGKCLQGML?J G C
AS@GER AS@GABPRS@GA KGIREs C

6MJISKCZ



Z6MJISKC



Volume of A Cicular Cylinder

#?L U C SQC URR WC ILMU ?@MSR RFC
?2FC? MD ? ABBC RMMBKSJRC RFC
TMJISKC ?2 AL 2JQM I8 ?
9CB?D:;H 4 21 C ? IMMIR BESP

4FC @?QC AGE GQ QFBBID L R?C
RFC 7267 MD RFR AGBC! i1 7B
OVRCLBRGSN RIMSEE RFC FCER? RFCL
MSP MJSKC P RFC?A UMSJB @C

I j1?

2)584-

&GLB RFGMUISKC M RFCVAGLBCP QHAM@CJIM

6MJISKCZ



#74<;176

j AK

Volume of Other Shapes

4FC AF?R @CUMDFMIQ RFCNIISKCQMQMKC MRFCP @ ?QMKAIERGA
QF?NCQ

. >7F; 1EBKC;

4
3NFCE V= gm?
V= lm‘zh
#MLC 3
1
OWPKGB V= §LWH

&GLB RFAMDISKC M ? QNFCRUBF PBGSQ KRCPQ

Z6MJISKC
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50 ot

2)584-

$CRCPKGLC RAGJBKC B GAF ND RFOVDIWGLE HAJSBC ?
BPPUGLE B RFC QF?NCRFRFC GLAJSBGLOPKRGML 3EM
23] WP !Q GL RFC\Z?KNJCQ GDBQEPGLAISBRFCISLRQ
QFMSJB @UOQTR GLMBPBL?JEQSIR@C  DMVP | 7LB
AVSLB ?LQICPQ RM IREQ ?QCCB(B

&GLB RFGMISKC M ? AS@CREQGBC K®RCPQ

6MJISKCZ



&GLB RFQMISKC M ? @MURF QGBCR MLERF COR
av

DR @& MR

&GLB RFAMDSKC M ? AL URF PBGSQ AK ?LB
FCGER AK

&GLB RFAMDSKC M ? QNFCRURF BG?KRCP WHBQD

#74<;176

K MP AS@GAKRCPQ
DR MP AS@GAR
AK MP AS@GAARGKRCPQ
W B MP AS@GA WB®)

2)584-

88411176: 7. ®4<5

)D WS BPLI QMB?Q DK A?LQ CGAF ND BG?KRCP GLAFCQ
7LB FCGER GLAFCQ EMK?L W AS@GA GLAECQMB? BABSV
BPGLI 5QC DMP j ?LB AMSLB RM RREQ

Z6MJISKC



Angles

E>C<IMRCL K@QQSEB GL<>| <<J KC?QSE RFC ?KMSR N\ MRRGML
MP PRAq @RJCCL GRCP@RGLE JGLC QCHXELL LAB RM FIC QMKC
QCLQCIMUFR ?L ?LBC GQ @@®DKMIGLE ML RM RFOVRARMNGAC3C
QMKC €?KNJCQ ?LB RCPKGLMJEIIM

6MJISKCZ



Z6MJISKC

4FGQ 7LEC
KC?QSEQ a
4FGQ 7LEC
KC?QSE GQ
JCQQ RF?2L
ILE JCQ JCQ
RF?L a ?FC
A21IB T9KJ;
7D=8:|

4FGQ ?LEC
KC?QSEQ a
ILE JCQ RR?
KC?QSEe
QV2ARW

a ?rC
A?JIB H?=]
7D=B;I
4FC QK?JJ
@M GL RFC
?LEJC MPLC|
BCLMRCQ
? PGER ?LBEC

4FGQ 7LEC
KC?QSEQ

a
4FGQ 7LEC
KC?QSE GQ
KMFC RF?L

a
ILE JCQ RR?
KC?QSE
KMRC RF?L
a @SR
JCQQa RF?
?RC £JJ8
E8JKI;
7D=B;l



r 4FGQ7LE
KC?QSEQ

a
r 'LE JCQRR?

KC?QSe
V2 RW

a ?RC
A?JJ8
1IJH7?=>J
7D=B;l

6MJISKCZ



50 Surfae Area

-)9616 *2-+;1=-:

r  5LBCPQR?LB IR
r  5QCLRQ RMREQCR NPGQKQ

r  &GLB RFC QSRD?®&? MD ? NPGQK

r  &GLB RFC QSRD?®&? MD MIGLBCPQ
r  &GLB RFC QSRD?&? MD ? QNFCP

Nets

/LC DGL?J BW RMCNEQCR ? QMJGB GQ RM SECI? WS ASR MSR ?
LCR WS AL MIBRSGRM ? KMBCIDW BESP. CRQ 2L ?JOM @C 8RM
?L?IVE ? QGUE QMIGER GQ ?LMCKNIJC M ? LR BIP ? AS@C

Z3SPD7AA!PC?



AFCKC GQ KMFRF?L MLC ®NV RM KT ? LR BIP ? QGLE GESP

( MUCTCPLMR ?JJ 7REECKCLRQ UGJIARC ? AS@C

2)584-

0 ?8K B@QE; F==@>EKJ K?< E<K 48K<| 8N K?<=@>¢1

3SPD7IPC? Z



Z3SPD7\!PC?




3SPDMIPC? Z



Review Exeises

$P?U ? LCR BIP GAF ND RFQVDJIVGLE

Z3SPD7!PC?



3SPD7AIPC? Z




6:>-9:

Z3SPD7\!PC?




Prisms

I NPGQK GQ ? REBGKCLQGMLTESP URF ? N?GFDMI7RIJC] 7LB
AMLEPSCR CLBQ MP @?QCQ 4FC QBBERGQK CPN?RIICIMELD
OPGQKQ CREBREB @V RFCGP @?QCQ

3SPDAIPC? Z



Surfae Area of a Asm Using Nets

4FC NPGQKQ 7@NMREH?>J FH?ICI )L ? PGER NPGQK RFRQOPJ QGBCQ
?FC NCPNCLBGASJ?P RM RFC @IRGQKV#MKNEP? PGIR NPGQK RM
7L E8B?GK; FH?IGGL UFGAF QGBCQ ?LB @ QU@RRCPNCLBGASJI?P

4UM NMQR&Q RR??NNY¥ RM €P ?FC RFC !B? #MLEPSCL&
OMQRSRE ?LB RFC {? IBBARGMLMQRRE

Z3SPD7\!PC?



H7 ED=HK;D9; + EIJKB3J; )D BEM NMEMLQMP NJ?LC
OGESPQ?RC AMMLEPSCR RFCL RFCEBE?Q ?E AMLEPSCR

H7 :? J?ED EIJKBD; 4FC QSPDERR? MD ? RREC
BGKCLQGMLGEBPGQ RFC QSBRAC 2€2Q D 2JIVRQ
LML MICR?NNGLE NR©

9MS AL SQC ? LR ?LB RFC €2 IBBARGMIMQRSRC RMEDB RFC QSRD?A
?FC? MD ? PGR NPGQK

&MMK RFC LB WS AL QT RFR RFR RFC QSPO7#? MD RFC GGP
NPGQKAS?JQ RFC QSR RFGIESEQ RMK?! C SN RFC LI

4AMR?J QSPOZR? ?7PC? ?PC? 7PC? ?PC?  ?PC?
2RC?

5 QGLE RFIRKSJ?NIP RFC @P\D ? PAR?LEIC WIS AL QT RFR RFC
?FC? MD BAR?LEC GQ

3SPDAIPC? Z



CN
QOS2 SLEQ
3GKGJZFRFC 262Q W RFC MRFCPR?LECQ T°GLQRB @?Al GRM
RFC OSRGML ?@M
4AMR?J QSPOZ#? ?PC? ?7PC? ?PC? ?PC?  ?PC?
2PC?
4AMR?J QSPO72&?

4MR?J QSPO2UE?
4AMR?J QSPO?/®?  QOS?PC SLEQ

50QC ? L& RMADB RFC QSRD?K? MD RFC NPGQK

Z3SPD7A!PC?



3SPDMIPC? Z




4FC ?FC? MD RFC IRGQDS?J RM RFC QSPDRRR MD RFC
OGESP 4M BLB RFC CPMD RFC RPGILEL SQC RAWIPKSJ?

A:%hb
UFCREE? GQ RFC FERHED RFC RPGRRLELB GAR® @7?QC

. MRC RRRPGAE) ?LB ?FC AMMLEPSCR QM O AL
KSIJRGWIRFC @R MD RPGAE! @V

area = area A + area B + area C + area D + area E

= 2(area A) + area B + area C + area D

:2[%(9~12)]+(6<9)+(6-12)+(6»12)

=108 + 54 + 72 + 90 = 324

4FSQ RFC QSPO7ZR? GQ QOS?E SLEQ

Review Exeises

&MP CAF ND RFOMJJMGLE GLB RFC QSRD?K ?
SQGLRFC K&RFMB PILRQ ?LERFC NCPGRCP

Z3SPD7A!PC?




4FC @?QW NPGQK GQ PRBEGEUFMQC
JCEQ %P ?LB ?LB QFMJU FCGER GQ 7 F?R GQ RFC
RMR2FC? MD RFC NPGQK

| PGER F&?EML?J NPGQK GQRAFCQ R?JJ ?LB F?Q
@?QCQ RF?E RESJ?P RCEMLQ K@QSPGLE
GLAFCHLL ? QGBC F?R GQ RFC RMR?J QSRD?A

3SPDAIPC? Z




7 F?R GQ RAGJBEKC M RFC NPGQK GL@IFCK

)L RFC MIWGLE OSCQRGWI@PPL GQ QFBNGT ?
NCIR?EML?J NPGQREBGKCLQGMLQURRBL DR

( MU K?L W QOSEHICR CVAJSBGLE RAGND ?FC
RFCE ML RFC QSPON® RFC @?PL RM @ RIB?GL
)D ? E2JIMIDNWN?GLAMICPQ  QOS?E OCR FNJ
K?L W E?JIMLQ M?GL?E LGB RM N?GLRFC
@7?PL

I A?BB@MBP@M GQ ? NCRR AS@C RE?L BEC
KC?QSPGLE GLAFCQU(K?L W AS@GIERAL R
FMJB

| QUGKKGLE NMMJ GQDO®UGBC  OCR JMLE
7LB GQ SIEKW [COR BCN (MJ K?L W AS @GS
MD PRCR?L R FMJB

I ACR?J @WIF?Q JCLERF AK UGH AK ?LB
FCGER AK ( MJ KSAF ACR?J AL ®R FMJB

6:>-9:

. CRQ ?LB NCPQRCP

GL
AK

Z3SPDA\!PC?




QOS?PC SLBQ
QOS?E SL&Q
AS@GA GLAFCQ

4FC @7PL

QOS?PC DR
E?JIMLQ DIN?GL
AS@GA DCR @CRCDSJ FCPAFC SLBQ GL RFC
NAV@JCK ZPESTL GL GLAFCQ @SR RFC OSCQRGML ?QIQ
DMPODCR
AS@GA DICR
AK

Cylinders

| 9(B?D:;HGQ ? REEBGKCLQGMLEGESP URF ? N?GRDNN?RIJCJ 2LB
AMLEPSCR AGSJ?P CLBQ MP: ! AWGLBCP F?Q ? QGLESRB
QGBC REBIPKQ ? ®R?LEC UFCL J?GB MS®RD

IQ UGRF NPGQKQUGLBCPQLA@C@>?WIPFIC@HI4EC QGBCDW?
PGER AUGLBCP GQ NCPNCLBGARQPABRIG®?QCQ 4FC QGBGIM
M@JGOSBGLBCP GQ LMR NCPNCLBGASI @ TICQ

3SPDAAIPC? Z



Surfae Area of a Cylinder &ing Nets

9MS AL BCAMLQRPRA ANGLBCPRIM ? LR

4FC ?FC? MD CAF @?QC GETE @V RFC €? MD ? ABBC

A=mr?

A=n(5)?

Z3SPD7AA!PC?



A =257

A= (25)(3.14) = 78.5

4FC ?RC? MD RFCORR?LESJ?PRER] ?R? %GQE&TL @V RFC NIBSR
MD ? UGBF ?LB FCGR 4FC FCGR GQELL?Q 9 MS AL QC RFR RFC
UGRF W RFC 2P GQ@S?J RM RFCASBRCELAC MD RFC AGR?P @?QC

4M BLB RFC UBB GK?6LC R?IGLE ?IAJGC ANGLBCP ?NRRIGF
? QAGQQMPECE WIS ASR RFQRIPJ 72 WIS QC RFR B GQOS?J RM
RFC AGSKICRLAC ND RFCAIQ RMN 4FC ASRICRELAC ND ? ABGBC GQ
EGTL@ | | RFCRCPI?R? %GQ

L =2nrh

L = 2n(5)(24)

L = 2407

L ~ (240)(3.14) = 753.6

. MJUC &L B5LB RFC CPMD RFC RGPANGLBCP SQGLE ?RC? MD

RIM @?QCQ?Rc? MD JRCPI QGBC
A =2(75.36) + 753.6

A =904.32

3SPDAIPC? Z



9MS AL QC RFR RFQMPKSJ? € SQB RMGLB RFC RMR?J QSPE?A
A?L @C S@EIMP ?MW PGR AMGLBCP

H7 E<7-?=J OB?D:;H4FC QSPDE®R? MD ? PGR
AWGLBCBGRF PBGSQ ?LB FGEE GQETL @V %
UFCRE  GQ RFCCZAVD CAF @?QM\RFCMGLBCP 21BGQ
RFC RCPJ 72 MD RFCWGLBCP

2)584-

5QC ? L& RM3ADB RFC QSRD?K? MD RFCVAGLBCP

&GPQR?BP?LB J?@CJ ? KNP RFGESP

Z3SPD7A!PC?
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Surfae Area of a Cylinder &ing a Brmula

9MS FAC QCL FMJ RM SQC RQ RMsEB RFC RMR?J QSPIRZANMND
? ANGLBCRFC NMQRRC AL @C @RCLBMJL RM AB?’RC ? ECLCP
MPKSJ?0P ?JJ FRBEAMGLBCPQ

%

. MRE@ARFR RFC @?QCVD ?IW MIGLBCP GQ j |
4FC JRCPI ?E? % DMP ?MW MIGLBCP GQ

L = width of lateral area - height of cylinder
L = circumference of base - height of cylinder

L=2mr-h

OSARGLE RFORR ©SRGMLQ RRECP O ER
&?MRMPGLE MSRVIKODRFC OSRGMLAELQ

Z3SPD7\!PC?



/>;. KH<79; H7TE<7-?=J OB?D:;H! PGEER ANGLBCP
UQRF PBGSQ?LB FCGER? A?L @C ENEQQ?Q

MP

9MS AL SQC RFGIPKSJ?Q RELB RFC CPMD ?IW PGR AMGLBCP

2)584-

5 QC RFGIPKSJ? RNBEDB RFC QSRD?R? MD RFCVAGLBCP

7 PEBC RFGIPKSJ? ?LB QS@RIRE GL RFISCTQ ?LB Q)

A =2(mr?) + 27Th

A = 2(3.14)(15)(15) + 2(3.14)(15)(48)

3SPDAIPC? Z



Z3SPDA\!PC?




A = 2(3.14)(0.75)[0.75 + 6]

A = 31.7925 square inches

2)584-

&GLB RFC FERED ? NIGLBCP REF?QTBGSQ AK ?LB
QSPDZRR? D QO AK

7 PBC RFGIPKSJ? URF RFCE&CL GLPKRGML ?LB Qm1J
MpP?

A =2mr(r+h)

226.08 = 2(3.14)(4)[4 + A]
226.08 = 25.12[4 + A]
226.08 = 100.48 + 25.12h

5=nh

Sphees

| QNFCR GQ ? REPBGKCLQGMLGESPRFR F?Q RFC QF?NTM@?JJ

3SPDAAIPC? Z



3NFCEQ AL @C AF7ARCPGXGL REE U?WQ

r 1 QNFCE GQ RFCRIB 2JJ NME& RRPIGC GUB BGQRZCADRIK ?
QGLE £LRCP NMRL

r 1 QNFCE GQ RFC QSERFR EQSJRQ UFCL ?AGFGHIRRE
2@MSR W.10 BQ BG?IRTPQ

Surfae Area of a Spher

9MS AL GLOP RFQVIPKSJ?NIP RFC QSRD?R? MD ? QNFCR@ R?IGLE
KC?QSBKCLRQ B QNFCR ?LB WGLBCRQCE UC QFM ? QNFCEB

Z3SPD7AA!PC?



UGRF ? PBGSQIM ?LB ? PGIR AUGLBCP RE@MRF78GSQ ?LB ? FGRE
MD ?LB O/NEQ®FC 262 GL RCPK®W

. MURRV? JBECP N?GEVNEQQGLE RFC QEPERAGL BEAGK?INIPK

,MMI ?R ? RFBR?GP

)Q B ? MGLAGB@LRFR ? QNFCP?LB ? AUGLBCP UFMQB®SQ ?LB
FCGER ?E @S?J RM RFEBBSQIMRFC QNRIF?PTC RFC \C2/R Q?KC
QSPDEA?R? . MR R ?JJL)D?R RFC ?LAGTIPCCIQ SQBE ? KCRFMB

3SPDAIPC? Z



RFR QFWMCB RFRRFC MJIWGLE MPKSJ? 2L @C S@CRM GLB RFC
QSPDEA’E? MD ?IW QNFCPMVIP ?MW MIGLBCP GL UFGAF

/>, KH<79; H7TE<7.F>H; GQ&CL@ j |

2)584-

&GLB RFC QSRD?®&? MD ? QNFCRURF ? PBGSQIM DOCR
5QC RFGIPKSJ?

A= 4amr?

A = 4n(14)
A = 47(196)
A = 784r

2461.76 square feet using 3.14 for m

&GLB RFC QSRD?®? MD RFOVDIWGLE GESPGL RCPKQ M

Z3SPDA\!PC?
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Review Exeises

&GLB RFCBGSQIMRFC QNRTRFR F?Q ?NJSKC
MD  AK

$CRCPKGLC RFC QSPRRR ?LB TMISKC B RFGQ
QF?NC

Z3SPDA\!PC?



4FC PBGSQIM? QNFCRGQ  &GLB@WJISKC 2LB
RMR?J QSRD7E?

I QNFCR F?Q ? PBGSQIM ! PGER AUGLBCP
F?TGLE RFC Q?KZB%SQ F?Q RFC Q?KIBSKC &GLB
RFC FCGR?LB RMR?J QSRD7ZE&? MD RFCVAGLBCP

3NFCE MJSKC AK  &GLB RFC $G?RCP

3NFCE QSPDRARR? GQ GL &GLB RFC 2?BGSQ

ACLLGQ @?JIRFUTBG?KRCPM GLAFCQ 2P
QMJB GRIXQ M RREE 4FC AL GQ 2WGLBCR)QSKC
RFG@?JJQ RMSAF REGMA RFC QGBCQ RMN ?LB
@MRVK 7F?R GQ RAGJEKC B RFC QN?AMR
MASNGE@V RFC RCLIG®IIQ

| QNFCRE F?Q QSPD?AC?WD jGL &GLB BQ
TMJISKC

| E G?R QWMMN MNERG @V ? ARLC GQ GL RFC

3SPDAIPC? Z




QF?NC M? FCKGQNRITRD PBGSQ  GLAFCQ 4FC
QMMNGQAIBIURF KCIRECFMR QRE 7FCL RFC

QRCJ GQ NMBRSRM ? WGLBPEAQRNEC R?LI RFR

F?Q ? PBGSQIMGLAFCQ RFC KCHRQRCJ UGJJ PGQC
RM ? FCEE Nd FM K?L W GLAFCQ

6:>-9:

. MRC RR-RFCQCM®JCKQ S{IBIR

27BGSQ  AK
3SPD?R?  AK

BMJISKC AK
BMJISKC SLGRQ
3SPD7B.?R? SLGRQ
( CGER SLG RQ RMR?J QSPEZRA
SLRQ

$G?K@RCP  AK
2?BGSQ  GLAFCQ
6MJSKC M1 AUGLBCP  jGL T MJSKC B RCLLGQ

@?3JQ jGL
6MJISKC Bl QNTALMR MSNGE@V RCLLGQ @2JJQ
GL

6MJSKC  GL
( CGER W KMJRCL @RGLWGLBCP UGJJ @C
GLAFCQ

Z3SPD7A!PC?
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)L RFC KMBCPL MBB NJ?LLGLE MGRGRLRISRCQ GQ CRGEZMB
@SQGLCQQ 7LB GLBSQERF ?NNJEGMLQ ?QPTE ?Q NMBSR
BGQRPG@SRGKBLEJACDG@CP MNRGA JGRGOB@7?LB BCPLR
7LB QSEECQRGLEJ LBPGCLBQRFGL QMAG?BUMP U C@RGQ JGI
&?/IC@MMI

4FGQGLJIBIVKRFCKRGAQ QRBALC?RIV W C?2PQ ?EM 2Q ? JIMMI
GRM ? KRFCKRGA NSXJCUMJJ IMMRB GL ? @@FC O5CJB F?Q
CVNIMBE GL GKNRPLA GL RFC J?QRRSW @MRF @SQC B RFC
EMUGLE MKNJOBN D @SQGLCQQ GU@ENILMKW ?LB @@SQC
RFC MKNSRRGML?J N®P RAR MKNSRCPQF? NRTGBE SQ

Drawing Graphs

2)584-

( CRE GQ ? NRIBMLIVMP FMSQGLETBGMNKCR DK
-GQQMSJ? MLR?L? !Q N?R Nd FCP HM@ RATEBENKCRQ
JUL GLQNERMP F?Q RFUIUBMIL CTCRV QRER GL RFC
BCTCIMNKCR K?IGLE QSPFMK@/ULCPQN J?LBOMSLE
AMLMPKQ RM RAGKKSLGW BOSGEKCLRQ

'P ?NF 4FQVIRV Z



Z'P ?NF 4FQVRV




AFGQWNC MQGKNGBINGRSE GQraJ8 ? =HF>

Graphs, ¥rtices, and Edg

I =H'F> AMLQGQRIYAQR N BMRQXWB L;HJ?9;l 2LB ?
QR ;= ;| AVLLGARGLE N?GPQDWRGZQ

7 FGJCOBRU MSP MPGE?J EIRF RMMPEQNMLB BRE RFC N&2E UC
F?B RFQOP GQ LMRFGLERGASIJAPGKNRRIR ?@MSR RAMMEBR UFCL
UC ?L?WK ? ERPNF "MRF B RFC ERFQ @QJNMPC ®SGHICR RM RFC
MLC BPUL ?@NIC

IMS NNM@?@&J?3B?BW LMRGARFR WC ?C SQGLE RFC RCIPEG?
BARRCLRW RF?LME KW FTC SQB RFC RCPK GL RFC N?QR RM BCQAPG@C
RFC EINF ND ? KRFCKRGA DSLRGML

'P ?NF 4FQVIRV Z



"2AI GL RFC RF SLRSW GL RFC 0PSQQGALIBGLGEQ@EP
? PGIP PL RFRISE RFC A& ?LB QICL @PGBECRIQECRFC
IMIRQ MD RFC FEPRFC PGIP ?LB RFC @PGBECEGEIGERB
GL RFC NRSE RM RFC PRE

IQ ? UCCICLB ?KSQCKCR RUWLQDIJI UMSJB QEGD RKC
AMSJBGELB ? MSRC RRAMSJB R® RFCK ?ARQQTCRY @PGBEC
MLAC ?LB RRSPL RFCK RM URCRFQ/ QRRIB

,CML?B %SJCP NRMSLAB/ 9 JSP MLC M RFC KMQR
NRMMIGA KRFCKRGAG?LIZRIMMIB 7R RFGQUN®JCK GL
JWGLE RAGILBRGMIMP ERNF RFMIRV ?Q 2@&CJIB GL

"MEB?L 'GSzAy FRRN CLUGIGNEG? MPUGIG
&GICMLGEQ@&E®PGBECQ NLE

Z'P ?NF 4FQVIRV



K? RFCKRGAQWA?L?WE RFGOMBJICK %SIJCRRBBSAB
BECQE®NEQCRGLE RFC @PGBECQ

3GL& RFC QGMD CAF J?LB K?Q@RGQ LMRIE?LR RM RFC
OSCQRGML. ®IPGBERIARGLEQAE AL @C QFPSLI BM. RM ?
TCRRY ENEQCRGLE RFC 2RGML

. MRGARFR GL RFGQNEPRFGP ?C KNFCBECQ MLLAARGLE
RFC LMRF @7LI ?LB GQJ?LBIPEQNMLBGLE RM RAC R
@PGBECQ GL RFGMBGE/GLE $CNCLBGLE SNML RFC
GRCPNRRGMLIMBECQ ?LBAMRGZQ ?NNPNP&Z RM ?
QAEL?PGMR GQ RERV NMQQG@JCAGWR_?@JC RNIGRMIE
RF?L MLC BEC MLLGRGLER TARGZQ

7 FGJC O F7ICLNR ?LQERB RFC ?2RS?J OSCQRGIRLNW
UFCRFCP MP LMR RFG® MSRC UFGARWBQCJIRV @PGBEC

'P ?NF 4FQVIRV Z



MLAC ?LB RRSPLQ RM RFCREZP JIPRGML RFC’EFP
NAMIGBCQ RIRCSDBRGMIMP ¥NJMPGLE RFGQ OSCQRGML

Definitions

7 FGJC O IMMQEZBGELE8 QMKC RCPKGLMINERIGCB C LMJ UGJJ RP
RM @C KRIR)NAGBA

Vertex

I T CR¥ GQ ? BMR GL RPRFERFR MSJBENEQCR 2L
GRCP@RGMLIMDRERQ ? J?LB K?QQ MP ? EQLCP
IJMARGML THWMRY MP QAFMMSERRGZQ 2€ MIRCL
AMLLG\R® @V BECQ MRC RRPCARGZQ MMJ MASP UFCL
2 BMR G@MNJGRAB NJ@B LMR UFCLTCP BM BECQ ARQQ
)K?E GLC ? DBU?W NCPN?QQIRFAIDE?W ?LB QGBCRP
ARMQQ @$RGER LMR NMQQG@JC RMMRREC QBBC
QRBIR RM RF@OP?W R RAR NMEGLQM RRTBQ LM
GRCP@RGML ?LB LNCRR® UMSJB @C NAIBA

Z'P ?NF 4FQVIRV



Edges

%BECQWLLGR N?GPQ RRG2Q !L (BEC AL
FCNEQCR ? NWQGAMLLARGML @TCL JM2RGMLQ QGI
? QRER MP QGKWRFR ? MISRCMLLG\RGLE RFOR
IJMARGMLYGQRQCIEA ?GR5LCIBER

Loop

I IMMN GQ ? @IE2IANC MBEC RAR MLLAARQ ?CRY
RMRQCJID ,MMNQ 2R SBXKSAF GL QRER LEUMP
EPNFQ

'P ?NF 4FQVIRV Z




Degee of a vertex

4FC BCEEC ND ? TR GQ RFC LSK@CRBECQ
KCCRGLERRFR TRE R GQ NMQQGI® XTIRY RM FIC
? BCERC ND XM MP JERP

Path

I N? RF GQ ?Q&CLA ND THRRG2Q SQGLE RBECQ
5QS?W (L ? GRCEQREGL ? NRF @RCCL RIM

TCARRGZQ &MPVEKNJIC ? NRF DMK TCRR® ! RM TR -

GQ QB @CJM )R GQ MLO K?LW NMQQG@REMGL RFGQ
EPNF

Z'P ?NF 4FQVIRV




Circuit

IAGRASB GQ ? RE RFR @CH.Q ?LB CLBRRFC Q?KC
TCRY ! AGRSE QRRGLE ?LB CLBGLETERY ! GQ QRM
@Cam

'P ?NF 4FQVIRVZ




Conneted

IEP?NF GOW.LAR® GD RRCBQ ? RF DMK ?LW TRV
RM ?WW MRFCERY % TRV EPNF BRUL QM D?P F?Q@C
AMLLGAR® 4FC ERPNF @CIMGQRI9EDD;9J;: RFCe GQ
LM U?W RM RIMK RFC TRRGZQ ML RFC RO®M RFC
TCRRGZQ ML RFC PRE

Weights

$CNCLBGLE SNML RFOM@ICK @CGLE@VIQMKBGKCQ
UCGERQ 7P?QQGHR.BM RFBECQ 4FC BGERQ MSJB
FCNEQCR RFC BGQR?I@RICCL RIM IMARGMLQ RFETRP
RGKC MP RFCTRE MQRR)GQ GKWRAR RM LMRC RIRFC

Z'P ?NF 4FQVIRV




BGQR?CA®RJCCL TCARGZQ GL ? ERF BMCQ LMR
LCACQQ?RGMPEQNMLB RM RFCGER b 7L BEC

Euler Cicuits and the Chinesefiman Poblem

)L RFC GPQRARGML © AR?R® ? EPNF D RFC gL GEQ@E@PGBECQ
2LB ?QI0B UFCRFCARA?Q NMQQG@JCRNAMQQTCRV @PGBECHILA
"CA?SQC %SJCBADR QRBEGRGQ OSCQRGML RFNQQIMNRFQ 1B
L?KCB ?[RCP FGK

Euler Rth

IL 1 KB;H F2>GQ ? N&F RFR SQCQCRV BEC GL ? BRF
UGRF LM @NCRQ "CGLE ? RF B BMCQ LMRIERMGRSPL
RM RFC QRGRECRY

2)584-

)L RFC ERNF QFML @CJV RFCE ?FC QTCPJ %SJCP RPQ

'P ?NF 4FQVIRV Z



/LC QSAF NRF GQ% $#" 4FC N? RF GQ QAMGL ?PFUQ RM
RFC PEE UBF RFC MEP B BECQ LSK@CB

Euler Cicuit

IL 1 KB;H 978K? GQ ? AGS8B RFR SQCJCRV BEC GL ?
EPNF URF LM @NCGRQ "CGLE ? ASB B KSQR QRPPLB
CLB R RFC Q?KCRY

2)584-

4FC EPNF @CIMF?Q QICPJ NMQQG@JC %SASBAGP
( CRXQ ? MSNJC QRTLE ?LB CLBGLEEZRY !
I$ %61#%6&H" LB 1%# 1"#&%$ | 4FC QCAMLB GQ QBMGL
2PRUQ

Z'P ?NF 4FQVIRV



MMI @?AI R RFC\®KNJIC SEIMP %SJICPRFEQIBMCQ RREEPNF F7TC
7L %SJICP AG® ! DOU RPGCQ UGJJ RELMVRAR EPNF BMCQ LMRTE?
2L %SJCP AG® 7FCL UC UCEE UMRGLE UBF QFNREQR REQ @
UCR GRCEQREGL RFC MNRGKRM7GRF %SJICP RRQ ?LB ASFRQ
UQRC NPGK?RBGARCEQREGL UFRFCP 2L %SJCARIMP AESB<0@JKJ
7 FW BM G QFC GD ?L %SJCPASGRVGQRQ 4FGLI @?Al RM MSP
FMSQGLE BCIMNKCR JOL GLQNGRMP BIR RFC @GELGLE IMRFC
AF?NRCRIFC JVL GLONSRMP GQRGEQRE GL PJIGLE ?QRR3C ?Q
NMQQG@JC 4FRIGESRGML MSJB @C ? AGB RFR AMTCPQ TRV
QRBER UBF LM ENGRQ 4FRQ 7L %SJCP AR ,SAIGN%SICP QKB
RFC OSCQRGBIUMRFCP MP LMR ?L %SJEF NP A58 UGJYGQR

Euler©rith and Cicuit Theorems

EP?NF UGJMIR?GL ?L %SICRRRTGRB MLIR?GLQR?
KMQRIBM TRRG2Q M MBB BCBP

EP?NF UGJMAR?GL ?L %SICRASERGD 7T GZ2Q FTC
CICL BCEEC

'P ?NF 4FQVIRV Z



2)584-

)L RFC EPNF @CIMTCHRGZQ ! ?LB # F?TC BCEEC QGLA
RFCE ? CBECQ RBGLE ®M CAF TRV " GQ BCER  $
GQBCEP ?LB % GQ BAEP 4FGQ BRF AMIR?GLUNI
TCARGZQ URF MBB BCEE $ ?LB % ?LB RFEC TCARGZQ URF
CTCLBCEEC ! " ?LB# QM %SJCPNRAGIEKQ RCJJ SQ RFGQ
EPPNF F?Q ?L %SJCPRF @SR LMR 7L %SJ@SAGP

2)584-

)Q REGP?L %SJCP ASR ML RFC FMSQGLEEBEINKCR
JUL GLQN&RMP BRF UC AR?R® C?RIGCP GL RFC AF?NRCP 13J
RFC FGHGER® TCARRGZQ FTC MBB BCER GLA& RFAP?FE
KMRC RF?L BM TTRRGZQ URF MBB BCER RFGP?/E LM %SJCP
N?RFQ MP %SJCRIE® ML RFGRNEP5LIMRSLRCY MSP
JUL GLQNGRMP UGJIBRM BM QMKC @?AMRELE

Z'P ?NF 4FQVIRV



2)584-

7 FCL ® QLMQ GL RFC Q?KC FMSQGIEBRINKCR RFC
QLMININ F?Q RM NUNBMRF QGBO@ERV QRER &MP
QGKNJBAG JJ ?QQSKC RFANGW® MSRIN CLMFERFR B
A?L GELMPRPIIGA 1Q ?LB BPGBML CRFCP QGHTRFC
QRER GL BECP BGRGML 4FGR /@ C TGQSEBGX RFC
EPPNF @' BPUGLE BM BECQNIP GAF QRER ENEQCRGLE
RFC BM QGBCR RFC @RR

'P ?NF 4FQVIRV Z



Z'P ?NF 4FQVIRV



52 Supplemental ideos

4FGQ MISIS@C NV@GQRVIIR?GLQ
QUCPJTGBIBQ RIPQSNNJCKRIRFORBGLE ML 'PNF 4FQVIRV
9MS ?E LMR @®DSGB RM BRAF ?2JJ M RFCQC TEBC @SR )
PCAMKKCLB U?RAFGLE RFC T@B@MP ?W MLANRQMS KW @C
QRPSHELE RF

3SNNJCKCR?J 6GBAQZ


https://www.youtube.com/playlist?list=PLFE3A39A431A72D19

53 Topolog, Tiling, and
Non-Euclidan Gemetry

Topoloy

AMNMINE GQ ? 2®RF MD KRFCKRGAQ QRERE QN GL UFGAF
PAMLLGRGILCQQDVM@MRD GQ ? K?QUASQ RI@GP "PSLCP F?Q
UPERCL ? KME BR?GBBCQAPGNRGME?R GQUNMINE(

&MP RFGRISPQC © UGJJ BCPKGLC URECP UM M@ARY) 7B
RMNMJIBIBIW OSGICR @& MKN?PGLE RFCGP ECLSQ MP LSK@CP M
FMJC@JC@QC €28 ?LB UMP RERMSE RFC JCQQML QRPE MR N?EC
_"C QS RM AJGAI RFC JBIRRPC @R PGR F?LB MPLCPDMCAF
N?EC RM R(RM RFC\R N?EC GL RFORCLE RFCE ?’ BT N?ECQ
GL RMR?J /L RFC J?QR NMSJWARB RMNGAQRRER @C S@CGL
RFC FFB?9T?ED E #EC;JH O ?I9KII?ED E7H:

4FGQ GQ ? JGLI RMFIDSK@FEFMIGLE FM ? AMIIC KSE 2L @C
RPLOBDIPK® GRM ? BMLSRFSQ RRC?E RMNMIMEEW OSGUCR

Tiling

0J@QC €?B RFRISE RFCMIIWGLE REE N?ECQMP ? KGLG JCQQML ML
RGJGLE

r 7 EF?RGQ?4GJIGLE
r 4GJGLEQREGSOR ? BIGF?NCQ
r - MLMKMPNEGA ?LB +MPNFGA 4GJGLEQ

ZAMNMIMEGJIGLE ?LB
. ML %SAJGBIC'C MKCR®WV


http://www.math.wayne.edu/~rrb/topology.html
http://jwilson.coe.uga.edu/EMT668/EMAT6680.F99/Estes/unit/dayten/topology1.html
http://jwilson.coe.uga.edu/EMT668/EMAT6680.F99/Estes/unit/dayten/topology1.html
http://demonstrations.wolfram.com/CoffeeMugToDonut/
http://demonstrations.wolfram.com/CoffeeMugToDonut/
http://demonstrations.wolfram.com/CoffeeMugToDonut/
http://www.math.cornell.edu/~mec/2008-2009/KathrynLindsey/PROJECT/Page1.htm
http://www.math.cornell.edu/~mec/2008-2009/KathrynLindsey/PROJECT/Page2.htm
http://www.math.cornell.edu/~mec/2008-2009/KathrynLindsey/PROJECT/Page3.htm

Non-Euclidan Gemetry

/ISP DGL?J RMNGA @Q%SAJGBIC'C MKCRW 4EGQ BC@RBG UGJIGE
WS ?L GRRIBSRGML RM REC RMNGA

AMNMINMEGJIGLE ?LBML %SAJGBICC MKCRWZ


http://regentsprep.org/Regents/math/geometry/GG1/Euclidean.htm
http://regentsprep.org/Regents/math/geometry/GG1/Euclidean.htm

54 Discus: Appliation of
Geometry

0GAI ? B2J NM@JCK ?LB RPRM QRIJB SQGLE RFOVIRCRWV WIS
JOPL® GL RFGQ KMBSJC@ER RFC WR®JCK ?LB RFC QMJSRGML RM
RFC EQRIMRFC AJ?6GC RFC NM@JCKQ NVMBRY WSP AJ?QQRCQ
2LB FCQNMLB RMR 2J@QR BM 2C?B RFCC MKCRRV INNJGRGML
$GRARGMIOYP BR?GBBGEARGMLQ

5QC RFEEC;JH O FFB?9I?ECIMPSK GL RFC?I9KII?ED E7H: RM
AMKNJ®C RFGQ ?QQGHRKCL

/>?1 711?2=DC;D J 2| HGK?kt 7D: M EHJ>KF JE FE?DI

Z$GQASQQ 'NNFZEMLIM
'C MKCRW


https://novaonline.nvcc.edu/descriptions/mth151common/documents/geometry-directions.rtf
https://novaonline.nvcc.edu/descriptions/mth151common/documents/geometry-directions.rtf

. OMGRQ
? ?
P ?BGLE #REPG? OMOQG@IC

4FC NM@JCK

r )QB? B2J JGDNM@JCK

r )QBAF?JICEE LMR RPGTG?J

r )QB? SLGOSCMB®JICK GLARED ? MWV 1D ? AJ?QQRE
NMQRGLE

4FC QRIRCECQ

r IPC MLC MP KNFECLCRI NRMI@JCK QMELE QRRCECQ SQCB
r IPC RFC QRCECQUPEARW GBRGB

4FC NEQCRRGML

r )Q RFC NR@JCKMINJ?GBAUCJJ
r IPCRFC NRF@JCK QMELE QRFCBECQWDIJ?GBIUCJIJ
r 'PC RFC ?NININPREZ RCPKQ $C

9MSP EQNMLQCQ

r $GB WS NMQR2@QREM EQNMLQCQ

r $GB WS WNJ?GL EMRFC @?KNJCQ FCIRIEMS @RRCP
SLBCPQR?LB RFCRRPGL RFGQ KMBSJC

r $GB WS ?QI OSCQRGWRYD?BRRGML MP K2
QSEECQRGMLQ MIRRMAF?LEC MP GKINPRFC MR&RJ
?2NNJGRGML NMQRGLEWRREFCAIDMSN NMQRGLEQ

$GQASQQ NNFBZEMLIMCMKCRW Z
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55 Module 3 Overview

What Youd Learn To Do: Describe set ttwey and
perform opeations.

-)9616 *2-+;1=-:

I $CQAPG@C KCK@CPQBEGDRIDMGLAISBGLE RFCWKNR
Q® SQGLEMRCP LMRGML ?LB BGBC URRFCPGTL
®RCKQ B KCK@CPQ ?LB RCPKGLC RFZFRGL?HW 1D ?
EGTL QR

r  $CQAPG@C REIRGMLQRICCL QRQEE?BGLE
KCK@CPQFGNE?RI/QS@®C?LB NMINCP QS@QC
SQGLE NRCP LMR@ML

r  OCPEIPK RFC MNZEGMLQ@MBLGML RCP@RGML
AMKNJCKCR ?LB BELELAC ML QRQ SQGLEWRCP
LMRRGML

r  "C?@JC RMBP?LB GIRCPNR &LL BG?ERQ M QR
FCIJRGMLQ ?LB MRRIBMLQ ?LB SQELE BG?EKQ RM
QMIT NRM@JCKQ

r  2CAMELGXUFCL QR RAGRV GQ ?NNIGIC RIEPB JGD
QBSRGMLQ TB/R?J JEDNRI@JCKQ ?LBIKKSLGARC
RC?J JEDNM@JCKQ ?LB QMISRGMLQ RM MRFCPQ

- MBSJC /TCHGE Z



Learning Activities

4FC JCPLGLE
?ARGRGCUIPRFGQ KMBSJC GLAJSBC

"),16 : :1/656;:)6, &1,-7:

3CR 4F®IRV
3SNNJCKCR?J 6GRQ P 38 4FGARV
6CP@?JMQRCR.B 3R " SGJBCAMRRGMIMP ? 3R
:7: #MLQGBCP ?RC

r -:L2M ( CJSJ,GLIQ

= =
[

75 ->793 :1/656;:

r . K8C?J 3CR 4FMIRV (MKQUMP  NMGL RQ
r . K8C?J 3CR 4FMIRV (MKQUMP  NMGL RQ
r 219Kl INNJG2ZRGMLIMB® 4F®RV  NMGRQ

Z- MBSJC /TCHGO
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)R GQ RBPRJ DIP SQ RM AJAPRGEQ GIM BRSNQ MPRXE ?LBMLQGBCP
FMJ RFMQC RQ WCR?N UBF CAF MRFCR C AL SQC RFCQCRQC
SLBCPQR?LECPRGMLQFGNQJ@T ERISNQ ?LB RM ?UPE QSFOWN
B2R?

Basics

IL ?PR MJIEARMP KGR ML ? AMJJIERGMLIMN?RGLEQ UFGJC ? KSQGA
JMCP KGER ICCN ? MJIERGMLIMESQ LW MIJERGMLIMBCKQ AL
DMPK ?1;J

Set

I ;) GQ ?MIIRGMLIMBGQRSM@NRD) A?BC
‘B;C;D JI MD RFC @C

| QCR AL @C B@2.6 @V BCQAPG@GLEWRRCRQ MPA@
JGQRGLE RFC CREMBIRFC QCCLAIMBGL ASH/
@PAICRQ

3CR AFGIRVZ



2)584-

3MKC O/?KNJCQMQRQ BGRB @V BCQAPG@GLE RFC
AMLRCRQ

4FC QR W ?JJTCL LSK@CPQ
4FC QR W ?JJ @ MMIQRBRG ?@MSR'RB RM #FGJC

6:>-9:
3MKC G/?KNJCQMQRQ BGDB @V JGQRGLE RFC CRQHITL

RFC Q€

Y [
YCB MPLEC WJJM ERCL @JSC GLBGEM NSPNJC

| QCR QGKWIQNGIECQ RFBIIRCRQ NBEZP GQ LMR GHRR 4FC QR
FCNEQCRB @VY [GQOSGICR RMRFCRIC |

Notation

#MKKMLIWUC UGJJ SQC7PG?@JC BMEQCR ? QR RM
K?l C @ GQGCP RMOP RM RRTR JRCP

4FC QWK@MXC?LQ pGQ ?L CICKIDq

Z3CR AFGARV



I QCR RFR MLR?GLQ LM CJCIRGL Y [ GEJ28 RFC
:C FJO I:J ?LB GQ LMR®

CR Y [

4M LMRRC RFR GQ CJICKRIM RFC RCUOB UPKC

3MKCRGKCQ ?MAJERGML KEE LMR MIR?GL ?JJ RFC CIRTIM ?
QR &MPWKNJIC #FPGQM RFEC -?BMLL? ?2J@SKQ 7FGJC #FPQQn

AVIJIRGML GQ RQC AL 2JQM @2’ GQIRSI;.) MD RFC JPeP QTN
2JJ -?BMLL? 2@SKQ

Subset

I IK8I:J MD? QR GQ ?LMRFCR®ER MLR?GLQ NI
CJCKCRQ DK RFC Q€ @SR KW LMRWR?GL 2JJ RFC
CJCKCRQ B

)D GQ?QS@M UC UPRC

I FFEF;H IK8I,J GQ ? QS@®ER GQ LMR GEB®E RM RFC
MPGH.?J RIGR MLR?GLQ@UICP CICKARQ

3CR 4FGIRVZ



)D GQ ? MNCP QS@Q UC UPBC

2)584-

#MLQGBCP RFCQORBRQ

RFC Q8 W 2JJTCL LSK@CPQ
Y [
Y [

(Cr QGLACCRY CICK@ N GQ 2JQM 7I0C
LSK@CPQM GQ ?L CICROD

- ME MPK?JJUC AMMSJB Q¥ QGLAGO RFCLO

)R GQ ?2JQM RPST RF?

GQ LMR ? QSRC QGLA# AMLR?GLQ ?L CICKHEL RFR
GQ LMRMR?GIEGL

3SNNMQC ? RBILR?GLQ RFC\WN@?p-SAF IBM [@MSR
. MRFGIfp-?A"CRFj ?LB p-GBQSKKCPIQ .GER $R2K q
7 F?R GQ ? F¥P QCRFGQ KREAC ? QS@WET

4FCFE 7/ K?LW NMQQG@JCCGRQECP/LC U MSJB @C RFC

Z3CR AFGARV



QR W NINQ@3F?CQNEFC 4FGQ GQ 2JQM ? QIBRE GC
MD 2JJ NI TCP UFRRCL R GQ 2JQM ? QR @QCIPRGQF
JBCPRSE

Try It Now

4FCQ® Y [7 F?RGQ?ETP QTRFGQ KBEAC ?
QS@@ID

Union, Intersetion, and Complement

#MKKMLIW QRQ ®RCPAR &MP\@KNJIC WS ?LB ? L© PMMKK?RC
BOAGBC RMTE?? FMSQC NRF ?LB WIS @MRFTGIC WSP AGEC
DPGCLB® RFGQ RMRUM QRQ 2P @ CGLEK@GIEC RFMSE ® KGER
RSPL MSR RFRFCP?IC QMKC DPGCLB@REE GL @MRRQC

3CR AFGIRVZ



Union, Intersetion, and Complement

4FC KD?EIMD BM QRQ MLR?GLQ 2JJ RFC CIBRCL
AVILR?GLEGL GGCP GMP @MRFRQZFC SLGML GQ
LMRR® - ME MPK?30/0 GD MPRO
MP @MRF

4FC ?03;HI;9J?ED MD BM QRQ MLR?GLQ MLRFC
CJCKCRQ RR??E GL @MRIRQEFC GRCP@RGML GQ
LMRR® - ME MPK?JW/O GD ?LBO

4FC9ECFB;C;D JMD ? QR AMLR?GLQICRVRFGLE RRTGQ
EFKGL RFC QC 4FC AMVKNJCKCR GQ LN ZMP A Fl
JFD<K@D<J R

2)584-

#MLQGBCP RFRQC

YRCB ERCL @JSC
YRGB VCJJV MPLEQG
YRGB MPLEC WJJM ERCL @JSC NSPNJC

&GLB RFMDIWGLE

&GLB
&GLB

Z3CR AFGARV



&GLB A

6:>-9:

4FC SLGMLMLR?GLQ ?2JJ RFC CJRRGELRFETP ®C
YRCB ERCL @JSCOAMM MPLEG . MRGAUC MLW

JGQREPMLAC

4FC GRCP@RGMIMAR?GLQ ?JJ RFC CJBRGEL @MRF
QRQ YFCB[

( CR UQRC JMMIGLEIR 2JJ RFC CJCRQIRIR??E EFK
GLQR ?LB?RC?2JQMGL A  YMPLEC \@JJM
NSPNJC

Try It Now

5 QGLE RFCRUCMK RFC NETGMS(W@KNJC GLB
LB A

. MRGARFR GL RFG/ZKNJC 2@ & WSJB @C FPRM HSQR 2@PD

A QGLE OCRRFGLE MR RFC MIMP DSAFQG? RM NSNNGCRLSEB NC
@SRCP TPGLAJSBGGL RFCMKNJCKCR Nb RFC @C&MP RFERQQRIL
AMKNJCKCRQ 2 SQS2W MW SCEURF GRCP@RGMLQ MP UFGLT U
F?TC ? SLGIPQ?J RGL NJCA

3CR 4FGARVZ



Universal Set

I KD2;HI7B 1,1 GQ ? GRRR MIR?GLQ ?JJ RFC CJRRCL
UC ?E GRCEBQREGL 4FGQMSEJB FIC RM @C BB @V
RFC MLRWR

| AMKNJCKCR GE@PRGIRM RFC SOBQ?J RC
QM A AMLIR?GLQ ?JJ RFC CJBRGEL RFC SLEJ?J REBFR
?FC LMR GL

2)584-

)D LT UCK BGQASQQGRENBGLENIP @MMIQ RFC
SLGTPQ?J REGER @C ?JJ RFC @MMIQ GL RRE JG@P
)D WC UCK ERSNGLEWSP &28@MMI DPGCLBQ RFC
SLGTPQ?J RCMSJIB @C ?JSK &2B@MMI DPGCLBQ

)D WIS LCRE UMRGLE UBF QRQ BILSK@CPQ RFC
SLGTPQ?J REGER @C ?JJ UFMJIC LSK@CPQREEIFIQ
MP 2JIPJ LSK@CPQ

Z3CR AFQGIRV



2)584-

3SNNMQC RFC SLBQ?J RGQ ?JJ UFMJC LSK@CP®IRP
RM )D Y [RFCL Ay [

IQ UC QU C?RIGCP RERFC\NEQQGME  Q® MNGRGMLQIA@C
ERMVSNG RMERFCPP MSNGLE QWK@NMIG@E SE@IGT RFQ/ 78 URF
?PBFK@RGA k RMHC ?L MBCP B MNGRGMLQ

2)584-

3SNNMQC YA?’R BME @ @EKMSQC YBME MJ
BSAI NGE ®@@G’LB 0 YBSAI PP@@GBCPDRE KMSQC

&GLB! 0
&GLB 0
&GLB! Ao

#74<;176:

7 C QRPPURF RFC BCP@RGML YBME
PP@@&G MJUC SLGML RREQSJREB) ! 0
YBME BSAI P@@GBCPDRIE KMS{C
7 CQRPPUBF RFC SLGML 0 YBME MJ PP@@G
BSAI NGE BCPDRIE KMSQC. MJ UC GRCP@R RFR
FCQSJRRE ! 0 YBME P@@GEKMSJC

3CR 4AFGARVZ



7 C QRPPURF RFC BCP@RGML YBME
P@@G MJ UC U?LR RMADB RFC CJCKRQ DD RFR
?2RCEFKGL! I A 0 YBSAI BACPDRIE
KMSQEC

Venn Diagams

AM TGQSTEHC RCPARGMLIMOROQ MFL 6CLL GL ~ RFMSEFR RM

SQC MCR?NNGLE AGEQ @SGJIBGLE ML ? QGKGIQBGEBC AVLF?B

%SJCP GL RFFRGERFACLRSW4FCQC GJISBRRMLQUM?JJI8 1;DD
?7=HCI

Venn Diagam

16 CLL BG?BR PCNEQCRQ TAF QR @/ ? AGBC
SQS?W BRUL GLQGBOM MLR?GLGLE\ERINEQCRGLE
RFC SLEPQ?J RUTCR?NNGLE €RQ GLBERC CICKERQ
AVMKKML RM @MRFRQC

"?QGA 6LL BG?ERKQ AL GJIS@RE RFC BRCPARGMLOIMEM MP REB
QRQ

Z3CR AFGARV



3CR 4F®IRVZ




Z3CR AFQGIRV



3CR 4FQIRVZ




Z3CR AFQGIRV



Try It Now

#PC?RC ?L UNEQQGML RIMRQCR RFC MSRE5LC
NMRGMLIMRFCELL BG?ERK QFMJL

Cardinality

IDRCL RGKCE\PIE GRCEQREGL RFC LSK@CP RCKQ GL ? RGP
QS@@CAFGQ GRQIB RFC ABGL?BW D RFC &C

3CR 4FGIRVZ



Cadinality

4FC LSK@CP DCJICK@®Q GL ? RGQ RFEFRGL?AW 1D
RFR QR

AFC A2BGL?RY 1 RFC QC GQMRCL LMR®B ?Q ZZ MP
L

CR Y [?2LB Y [

7 F?R GQ RFEFBGL?RE 1D

6:>-9:

4FC /AOFBGL?BE @ GQ QGLARFAP?C CJICKCIRQ GL RFC
QR

4FC /OFBGL?BE D GQ QGLA Y [
UFGAF MIR?GLQ CJCKRQ

4FC A°FBGL?BW 10 GQ QGCA Y [ UFGAF
AMLIR?GLQ CJCKRD

Z3CR AFQIRV



7 F?R GQ RFZFBGL?RM ) RFC Q8 b %LEGQF L?KCHIP
RFC KMRFQ DIRFCGAP

6:>-9:

4FC /OFBGL?BG D RFGQRER QGLRFAP?E  KML RFQ
GL RFCORP

SMKCRGKCQWK?W @C BRCEQREGL RFC?ABGL?B I RFC SLGML MP

GRCPARGMLIMRQ @SR LMRULRFC ?RS?J CIJCKEBIQ B CAF QB
4FGQ GMIKKML GL QSRWGLE

2)584-

I QSPTCW ?QIQ NCMNJCHF?R @ICPEC BMMS BPGLI GL
RFC KMPLGLEYB MECPQ AFMGA

r 4C? MLW
r #MDC MLW
r "MRF MIIC ?LB R€

3SNNMQC ENMR REMLW P CNMR MITC MLW
FCNMR @MRK MJ K?L W NRINJC BPGLITREL RFC KMPLGLE
( MU K?L W NRINJC BPGLI IRFEP RGAP KITC

3CR 4FGIRVZ



6:>-9:

4FGQ
OSCQRGML KMQR ZQ®J @C ?LQ&EB @V AE?RGLE ?@LL
BG?EK 7 C AL QC RFR WC AL DGLB RFC MBIJC UFM BPGLI
RC @V ?BBGLE RFMQC UFM BPGN RIZRM RFMQC UFM BPGLI
@MRF N®INJC

7 C RL 2JQM @RFR RFMQC UFM BPGLREC® ZPRFMQC
LMR MLR?GIECGL RFC 9 I RFC REPMRFCPEBNGLEQ QM
UC AL AMSIR RFMQ@@S@RRGLE MR RFC 2FBGL?RY 1D
RFC SLEPQ?J RC

k k k NC MNJC UFM BPGLI REGP

2)584-

! QSPTOWN ?QIQ 7 FGAF MLIGLCTEZ®) FTC WIS SQEGL
RFC J?QR KRIE]

Z3CR AFGARV



r 4UGRCP
r &?/C@MMI
r ( ?TC SQB @MRF

4FC FCQSJRQ @FMM D RFMQC QSRB F?TC SQB
4UGRCP F? TCSQB&?A@MMI ?LB F? TC SQB @MRF
( MU K?L W NRINJC AT SQB LCAFCP 4LRRCP MP &2@MMI

6:>-9:

,CR- @C RFCR® ?JJ NMONJC UFM A€ SQB 4UGRCP?LB

@C RFC R® ?JJ NONJC UFM AT SQB &?A@MMI MRGA
RFR UFGJC RFEBGL?BE @ GQ ?LB RFC AMBGL?RY D
- GQ RFCABGL?BE D - GQ LMR QGKNJ
QGLARFR WMSJB MSIR RFMQC UFM SQC @MREAIDBG A
4M BGLB RFCFBGL?RY D - UC AL ?BB RFC 2ABGL?B
MD ?LB RFC 2FBGL?RN @ RFCL QS@RR RFMQC GL
GRCP@RGML RERINT AVSIRB RIGE L QWK@MJIQ

L - L L - kL =
L - k

. MJ RMGLB FM K?L W NEINJC AT LMR S@CRFCP

QCPGA& UGiC IMMIGLE P RFC?RBGL?RE D - . 3GLE
RFC SLEPQ?J RAMIR?GLQ MD N®INJC ?LB RFC
A?BGL?RY D - RFCA ?RBGL?B¢ - : KSQR

@C RFC MRFCP

4FC NETGMSQ@KNJIC GJISTREPRIM GKNNR?IR NFINCRGCQ

3CR 4FGIRVZ



Cadinality properties

L L L KL

. MRGARFR RFCAPQRNNRCRV AL ?JQM @C BRGL GL ?L@SCGMCIR
MPK @/ QWIGLENP RFC?ABGL?BW 0 RFC BRCP@RGML
L L L kL

2)584-

&GBV QRSBRQ G QSFONB ?LB ?QIB GD RAALK
R?IGLE ? QMAG?J QEGIBLASK?LERGCQ (- MP ? LRSPJ
QAGCCA.3 A MSPQC RFOMREOSTCP

U CE R?IGLE ? 33MSPQC U CE R?IGLE ? (- AMSPQC
U CE R?IGLE? .3MSPQC U CE R?IGLE 33 ?LB (-

U CKE R?IGLE 33 ?LB .3 U CE R?IGLE (-?LB .3

U CE R?IGLE ?JJ REP U CE R?IGLE LMLC

( MUK?L W QRSBRQ ®MLW R?IGLE ? 33SPQC

Z3CR AFGARV



3CR 4FGIRVZ




. MJ UCILMURFR QRSBMQ R R?IGLE ? 33MSPQC
4FGQ GLAJSBCQ QRSBBK FCEGMLE 9 ; ?LB < 3GL& UC
ILMU RFC LSK@CFOMQRSBRD GL 2JJ @SHSMB UC AL
BARCPKGLC RE?k k k QRSBCL RQ ZPGLEEMB

QRSBCRQ ZPR?IGLE MM? 33 MSPQC

Try It Now

/LC FSLBPCB [BRV NEINJC O QSFOACB ?LB 2QIB GD
RFQV @CIGEGL 5&/Q EFMQRQ ?LESBVMR

@CJGIEB GL 5&/Q @CJGIB GL EMQRQ
\ @CJGITB GL 5&/Q ?LB
@CJGITB GL 'GBIMR EFMORO
@CJAE0B GL EMQRQ ?LB @CJIGOH GL 5&/Q ?LB
" GBAMR " GBMMR

@CJGCB GL ?JJ REP

( MU K?L W NEINJC QBB @CJEB GL R JEQR MLAM
RFCQC RFGLEQ

Z3CR AFGARV




57 Supplemental ideos

4FGQ MISIS@C NV@GQRVIIR?GLQ
QUCPJITGBEQ RIPQSNNICKRIRFORBGLE ML FCAFMIRY
9MS ?E LMR @®DSGB RM BRAF ?2JJ M RFCQC TEBC @SR )
PCAMKKCLB U?RAFGLE RFC TGBMP ?W MLANRQMWB KW @C
QRPSHELE RF

3SNNJCKCR?J 6GRADZ


https://www.youtube.com/playlist?list=PL7138FAEC01D6F3F3

58 Verbal, Bster and
Set-Builder Notation for a Set

4FGQ RG GLAJSBCQ FREGBCQAPGNRGML ?LBV? BGBAPG@GLE RFC
RFEC U?WQ RM L?KC ?R)C

r "W L?KC MPAP@?J BCQAPGNRGML

r "WRMQRCP JGOR MP JMPRGLE D

r "WQR@SGJIBCP IRGML MRC RRRFCMIML KW @CRJ?E8B
@v ? TRGA JGLC Z

#JGAI ML RFC JGLI @®RM TERFC ?RGAPSCP@?IMQRCAB 3CR
@SGJIBCPMRRGMLMP ? 3Rq BTCIMNE @V -GLLCOMR?RRC
5LGTP@Ek MMPC?B

r 6CP@?JMOQRCRB 3R @SGIJBCHRRGMIMP ? 3R

Z6CP@?IMQRCRB 3CR" SGJBCP
. MRRGMIMP ? 3R


http://web.mnstate.edu/peil/MDEV102/U1/S2/SetNotation3.htm

59 Consider a Set

#MLQGBCP RFGRQ Q¥8 9 : ;[
1Q BCBLB GL RFGPQRMBGLE ?QQGELIRCR QS@R®W GQ ?LMRFCP
QR RR MIR?GLQ MLLZICKAQ MK RFC QT @SR K?W LMRWR?GL
?JJRFC CICKRQ DM ! FHEF;HIK8I;J GQ ? QS@WER GQ LMR G4
RM RFC MBGE IR MLR?GL@DCP CJCK@®Q
7 C RLJIGQR ?MIRFC QS@QMI
YIMPf Y[ YO[ Y[ Y[ Y89 ¥8:[ ¥8;[ YO:[ YO;[ Y ;]
¥MI:[YB9;[8:;[ W:;[¥89:;]
9IMS AL QC RFR RF@P? QS@U) ND UFGAF CPNRINCP
QSE®RQ
,GQRGLE RFRQGRQGII GMSFTC MLW ? OJ CICKCIRQ (MJCTCPGD
UC UCRE RM JGQRDRA QS@QMI? QR MLR?GLGLE KRLCICKGRQ
® WMSJIB @C BEGRIEMSQQREB JERQ MLQGBCPAE CICKCR N RFC
Q® QCN?RCY
)L MSP €?KNJC RFCP?IE MSP CICKRQ &MP REEPQDR CIJCRGL
CEBFCHRR GL RFCRNIFRA LMR 4FSQ RECHEC AFMG2Q P RARBPOR
CJCKCR THBKGJIZRRFCE 7’ RIM AFMGR MPICGRFCPRA GL RFCR)C
MP ) LMR QGLE HSQR RFVMRECRCKARQ € QC RFR RFC QS@QC
?RC 2QMMJJNRQ
Y[I@MRF CIJCKRRQ ®PLMR GL RFQRRQC
B[l 8 GQ GAGQ LMR GL RRT QC
W[l 8 GQ LMR GL RACIOEED GL
WBI[l 8GQGLGQGL
4UM AFMGR P8 RGKCQ RACMRMP EGTQ SQ  QS@QBQ BIS
A?L BP?U ? RRC BG?ER RM QCRFGQ ?QLJ
. MJ JARQ GLAJSBCIE?GL CRFCP GQ GLAJBB@PREGQ@R UFGAF
EGTQ SQUM AFMGR® 4FC MSRIKCQ 7@ Y[ 8§ Y[ Y[ B89 ¥8:[
Y:[ ¥89:[. MRC RRRFCP?EE QS@QBQ
)JLAJSBGLE ?M3P CICKRQ RFCPRE QS@QRQ Nb RFMQC
QS@BQ TNRINCP QS@@CL?KCW&9: ;[ GQ LMR

#MLQGBCP ?RBC



)L ECLCRJ GIMS FAC E CJCKCRQ GLMSP Q& RFCL RFCRE E
QS@®@Q ?LBFu NAVINCP Qs@QC

Z#MLQGBCP ?RC



60. Helpful Links

4FCQC N?EQQL
OSPNJCKRF MK UGJJ NPGBC DSFCP @?AEBLB ?LB
SLBCPQR?LBGLD MMRF BC MRRGML ?LB@.L $G?EPKQ 4FON
NAVTGBC GLQRRSML ?LB/KNICQ

r 30R.MRRGML
r 6CLL $G?EPKQ 9MS1JJ LMREAC WIBQ p@EC ND q R RFC RMN
MD RFGQ N?EC "CGISH JMMR?IJMSP N?ECORFC €LL
$G?EPK QGARGML

( CIDSJ ,GLIZ


http://www.purplemath.com/modules/setnotn.htm
http://www.purplemath.com/modules/venndiag.htm

61 Discus: Appliation of Set
Theory

0GAI ? B2J NRI@JCK ?LB RPRM QRIJB SQGLE RFC ECIAWI@JCK
QMIGLE QRECECQ R RFGQ KMBSJCCQRER RFC INR®JCK ?LB RFC
QMJISRGML RM GBRIFRFC AJ?6GC RFC NFH@JCKQ NMBR WSP
AJ?QQKRCQ ?LBADNMLB RN 2@QR M 2C?B RFGCRQ INNJCRGML
$GRARGMIOYP BR?GBBGEARGMLQ

5QCRFCI/>EH O FFB?9I?ECIMPSK GL RFC $GQASQQGNARM?P
AVKNJBC RFGQ ?QQGERKCL

/>?1 7117=DC;D J ?I HGK?H 7D: M EHJ>KFJE FE?DI

Z$GQASQQ 'NNZFZEMLIMB®R
4FCMRV


https://novaonline.nvcc.edu/descriptions/mth151common/documents/sets-directions.rtf
https://novaonline.nvcc.edu/descriptions/mth151common/documents/sets-directions.rtf

. OMGRQ
? ?
P ?BGLE #REPG? OMOQG@IC

4FC NM@JCK

r )QB? B2J JGDNM@JCK

r )QBAF?JICEE LMR RPGTG?J

r )QB? SLGOSCMB®JICK GLARED ? MWV 1D ? AJ?QQRE
NMQRGLE

4FC QRIRCECQ

r IPC MLC MP KNFECLCRI NRMI@JCK QMELE QRRCECQ SQCB
r IPC RFC QRCECQUPEARW GBRGB

4FC NEQCRRGML

r )Q RFC NR@JCKMINJ?GBAUCJJ
r IPCRFC NRF@JCK QMELE QRFCBECQWDIJ?GBIUCJIJ
r 'PC RFC ?NININPREZ RCPKQ $C

9MSP EQNMLQCQ

r $GB WS NMQR2@QREM EQNMLQCQ

r $GB WS WNJ?GL EMRFC @?KNJCQ FCIRIEMS @RRCP
SLBCPQR?LB RFCRRPGL RFGQ KMBSJC

r $GB WS ?QI OSCQRGWRYD?BRRGML MP K2
QSEECQRGMLQ MIRRMAF?LEC MP GKINPRFC MR&RJ
?2NNJGRGML NMQRGLEWRREFCAIDMSN NMQRGLEQ

$GQASQQ NNFZZMLIMB®R 4FBARV Z






PART X

MODULE 4: LOGIC

- MBSJC MBAZ






62 Module 4 Overview

What Youd Learn To Do: Identify male, and
interpret logic.

)9616 *2-+;1=-:

r  )BCLRGEK?I C ?LB GRCPNR JMEA) QRRCKCRQ GL
%LEGQF ?LB QWK@MJIGREMR?

I %VNEQQ ?LB BCPNR MLLGRGIQ GLAJSBGLE
LCERGMGL %LEGQF ?LB QWK@MJIGREMR?

r %VNEQQ ?LB RCPNR JMEAJ OS?R@EITPQ ?LB RFCGP
LCERGMLQ GL 9G&EF

I %VNEQQ ?LB RBCPNR RFC NAMAGMLOM
AMLBBGML?MATCPQC BILPQC ?LBWRPNMRET GL
%LBEGQF ?LB QWK@MJIGREMR?

r  #MLQRP®XLB GRCPNR RPSRF R?@JCTPBSRT RFC
RPSRPTISC B ? MKNMSLB QREKCR B&CPKGLC
UFCRFCP MP LMRVRQARCKCRRQ 1B JMEAIW
COSGMCR ?LB BRCPKGLC RFLIGBE 1D 7L
?FESKCLR

r  2CAMELGXUFCL JMGA GQ ?NR@EE RIZPR JGD
QBSRGMLQ TB/E?J JEDNRI@JCKQ ?LBIKKSLGARC
RC?J JEGDNM@JCKQ ?LB QMISRGMLQ RM MRFCPQ

- MBSJC /TCHGG Z



Learning Activities

4FC JCPLGLE
?ARGRGCUIPRFGQ KMBSJC GLAJSBC

"),16 : :1/656;:)6, &1,-7:

r -:;7. ,MEGA

r -;7: 4PSRF2@JCQ ?LB 'LAWIXGLE BSKCLRQ %V?KNJCQ
r 2 7J9> 4PSRF 2@JCQ #MBLRGML ?LB $GQHRERML

r 2 7J9> 4PSRF 2@JCEKNJG2RGML

r 2 739> IL?JWXGLE BSKCLRQ R PSRF 2@JCQ

r -;7: . CERGLEJg QMKE MPLpv QRRCKCRQ

75 ->793 :1/656;:

r .K8C?2) MEGA MKQUMP!IQQGELKCR  NMGLRQ
r .K8C?J MEGA MKQUMPIQQGELKCR  NMGLRQ
r 219Kl 4PSRF 2@JC ORRGA NMGRQ

r 219Kl ,MEGA INNJGRGML NM®Q

r EC FBJ; %V?2K

Z- MBSJC /TCHGO



63 Logic

,MEGA GQ ? QWQRGK W I RFGLIGLE RFZIIM SQ RM BEAC LQJ
GLEPKRGMDRK MJB GMPKRGML ?LB RM N?PQC RRCAHEQ M
QCRCLEQIMS SQC JEE GUPK?JY GLTCRBAW JGIPLB AR?GIN
2JQM GL BMGLEIRRCKRGAQMP Z?KNJC QSNNMQESNPE UMRGLE
UGRF ? BR?GL AGIE AJJ R#GRJIC 8 ?LB WIS FAC 7T?GJ?@JC RFC
MJJVGLE BM NGCQ Bl GMPKRGML

#GRJC 8 F?QMBGSQIS?J RM
)D ?2IW ABBC F?Q?BGSQ RFCLRIQ 2 GQIj QOS2 SLEQ

9MS FAC LM RRS@JC NSRLE RFCQO/FD?RQ RMEEBCP RMEC
#GRJIC 8 F?Q TR j QOS?RC SLBQ

)L BMGLE RFGQB\PE SQGLE JB¥E RMK@GLCVGQRGLEVBKIRGML
RMIRMBSA LQJ GLRIPKRGMLGLE ? K?HMP MERMETGL KRFCKRGAQ
GQ RMBSAC LQJ GLEIPKRGML JBIE KSQR NY?? DSLB?KQR?J MIC
4FGQ AF?NRGO GCLBB RM ET WIS ? QSBAGRIK?QREPID JMEA

)R GQ GKWR RM@RJGX RFR JMEA GQ ?MNEQQ M BBSAGLE
GLEPK RGMAMPEARW EFKHSQR BSAGLE MPEAR GMPKRGML &MP
COV?KNJC QSNNMQCUWCKE KGQREL ?LB #GRIC 8 ?RS?W F?B ?
PBGSQM LMR ,CR@ JMMIRMSP €2/R Q?KC ZBSKCLR ?E?GL

#GRJC 8 F?QMBGSQAS?J RM
)D ?2IW ABBC F?Q?BGSQ RFCLRQ 2 GQIj QOS2 SLEQ
#GRJC 8 F?Q TR j QOS?FC SLEQ

4FC QCRCLE p@L:C< 1 78] 8;@LJ <HL8C KR GQ WMSLRPSC ?LB
QM GQ MBRAJSQGMI@pC< 1 78] 8k8 W JHL8kK LE@KJ"SR RFC
IJMBA GQ NZRIVAMPEAR RFC GUPKRGML 2 MK@GIECAVPEARW
CTCL GD QMKO B L?QD?JQC 4FGQ BGRRGLATCL AVPEAR JMEA
7LB AMPEAR GMPKRGML QQELGR R @LSQCREGRCL GKNIRPIR

,MEGAZ



RMNJWRFC MLQOSCLAQ B ?LGLAMPEAR ?QQSKNRGNC?YWUC
U?LR @MRF MSFGIBE: MSP GMPKRGMRM @GMEAR @SR RFC NMGL
GQ RRRAW 7B BADELR RFGLEQ

)L NAMFTGLE RROZKQ UC ?NNW JMEA RM SBIEBRGML RE?GQ
AVLQGBOPM@GMSE@IRPSASAF ?Q [EP KNF GF@EKJ :<K<ID@E<
<B:KCP FE< C@EM#P GQR?BW ILMJL RM @C RPSCE RFC
OWRF?EMPL RFGIREK )D MSP JHME GOIPEAR RFCL ARFGLE O
BMBSAC DFK QSAF GMPKRGML UGJJ 2JQM @EIRESIZOR ?Q RPSC ?Q
RFC M@GMSGRPEGINPKRGMLU@CE?L &G

Statements

4FC QRSE D JMEA @GEQ WF QWRTKCRQ !1J7J;,C:D J GQ ?
QCRCLEMP ? KRFCKRGA /NEQQGML REFQRFEP BGDRON RPSC
MP BQEIROAD?JQC MB AL RFGLI B QRTKCRQ ?Q NGO
GLEPKRGML RE?E CRFCRMPEAR MP GUREAR 4FSQ QREKCRQ
2FC NGECQ B GMPKRGML RRRZCKGER ?NNG JMEA RM GLBRIP RM
NRMBSA MRFCP MGQ B GMPKRGMUFGARFC 2JQM GRKCRQ

2)584-

( CE ?E QMKC Z?KNJCQMQREKCRQ 4F® ?E ?JJ RPSC

)D ? AGBC F?Q?BGSQ RFCLRQ 7B GQlj QOS7P
SLRQ

% TRV CCL LSK@CP GQ BGTGOG@JIC @

2€Z

GQ ?L CICKGNW RFC @D GRCECPRIP KME QGKMJ
GQ ?L RCECP

Z MEGA



VagL
4FC QOSTPMMRIM GQ LMR ?LRGIECP

NCZ

4FC Q® W LRSPJ LSK@CPQ GQ ? QS@WEC @D
GRCECPQ

4FCQRY [F?Q RFRC CIJCKCRQ
3MKC PGIR RPGAE) TPGOMQAEQ

2)584-

( CRC ?/C QMKC ?BRGML?J QRRCRQ 4F® 2B 2JJ D?2JQC
13 PGR RPGZAE) TGQOMILQ

V2ER
4FC QOSTBRMMRIM GQ LMRGR LSK@CP

ZCN
4FC QB W GRCECPQ GQ ? GS@®EC QD LRSPJ
LSK@CPQ

0,1,2NN =g

4FC GRCP@RGMLIMRFC @Y [ ?LB RFC L?RSPJ
LSK@CPQ GQ RFC @KWR

,MEGAZ



2)584-

( CE UC N?GP QRCLEQ MPVBIEQQGMLQRRFR LMR
QRRCKCRQGRF QGKGJIYMEQQGMLQMRFR QRRCKCRQ

) *. J73;,C.D Jl .J73;,C;D JI
BB RM @MRF QGBCQ IBBGLE RM @]
z
4FC Q® N\ RRCECPQ GQ ?L CICKCR |
GQ LMR ? LSK
7 F?R GQ RFC QMJSRGBIL M 4FC QMJISRGNM

2)584-

7 C UGJIRCL SQC RFERCPR * + ?LB, RM QR?LB
DMPONBGEA QREKCRQ 7FCL KMFE JERCPQ GR.GB UC
A?L SQC QS@QAPGNREY?IC KM QRRCKCRQ BCQGRIE
UGRF JERCPQMB BBGBC UFGABRFCK ?E RPSC ?LB UFGAF
?FC D?2JQC

) &MP TCRV RCECP RFC LSK@CP" u GQ
NPGKC
* % TRV NNMILMKG?DMBCEE E F?Q R KMQR FMMRQ
+ AFC DSLRGMEO O GQMIRGLSMSQ

Z ,MEGA



0,-1,-2NN=g

$CQGEIRGLE GROKCRQ URF JRRCPQQ PQ BMLC ?@M GQ ? GRV
SQCDRFMRF?LB ). BGQASQQGLE REASJ?PRERCR QSAF ?@RC
DSLRGMEO O GQMIRGLSM§@ GQMATCLGOR RM HSQRP RMRGQ
+ RM PMGEB?TGLE RM BRGMP QR K?LW RGKCQ
3RRCKCRQ 2L AMIR?GL7PG?@JCQRL GQ ?L\ZKNJIC
) )D?L GRCECBGQ ? KSJRGNDC RFCLOGQTCL
4FGQ GQ ? RCLE RFR GQ RPSEJ KSJRGNJCR MPRC OCL QM
LM K?RRCRIFGAF KSJRGNIZ MRFC GRCECP F?NNCLQ RM @R G
CTCL 3GL& RFQCRCLE) GQ BGIRON RPS® GQ ? BRKCR 7FCL
? QCRCLE MR)RRCKCR) AMLR?GLQ ??FG?@JC QSAFO?QIC
QMK®GKCQ BCLMR®G O RM GLBRRE RRB GQ WELE QMREGLE
2@MSR 4FSQ RFC ?@MQRRCKCIRA?L @C BCLMBEQ
) O )D?L GRCECOGQ ? KSJIRGNIC RFCLOGQTTL
| QRRCKCR MP QRCLE GIMIGLE BV TPG?@JCQ RGEAC
BCLMRE) O P ?LB QM ML
)R GQ GEGNMQQG@BC M®RCLE MIR?GLGLEPG?@JCQ RM LMR @C
2 QRRCKCR #MLQGBCP RACIBGLE ©?KNJC
* O 4FC GRCECBGQTCL
)Q RFGQ ? RBRCR 7 FCRFCPRGGQ RPSC MP D?JQC BCNCLBQ ML HSQR
UFGAFGRCECBGQR GQ RPSC GELB D?JQC GD  CRA 'SR UBFMSR
2LWQRGNEBMLQ ML RRGST MO ® GQ GKNMQQG@JW BMRFEP
* O GQ RPSCIMBQCGLE & GQ [RFECP BGDRON RPSC LMP GBI
D?JQE O A?LLMR @ZQRRCKCR ! QCRCLE QSAF ?Q RFGQ UFMQC
RPSRF BCNCLBQ ML RESGVD MLC MP KEIPPPG?@JCQ BaBAL
EF;D I:D J;D9; 4FC T?PG?@JCQIGMNCL QRCLE MP QRZKCR
A?L FCNEQCR ?IW RINC DICRBVLMR HSQBK@CPQ CF GQ 2L MNCL
QCRCLA UFCE RFCPG?@JCQ PBLRGMLQ
+=> 4FC DSLRGMtGQ RFC BCIRGTMD RFC DSRGM:
4FGQ MNCL RIILE GQ RPSGGD O?LB>0 O )R GQ D?JQC GD
=0 0O7?LB>0 O CRA 7C NMGMSR RR? QORCLE QSAF 2@ =
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> RFRGIMICQ TPG?@J&%. @C BCLMRCBFCP ?©= > MP HS@R
7 C SQC RRWNEQQGML= > UFCL UC U?LR RM CKNF?@@RFR RFC
QCRCLA GIMICQr?PG?@JCQ

7 C UGJJ Fe KM RM @P?@MSR MNCLRULIEQ RCROSRVP LU
JRQFCRSPL RM @RKCRQ

3RRCKCRQ 7P OCRVUFCE GL KRFCKRGAQ W BQSJR MP
RFMEK RFR F?Q @C NRICB RPSC GQ ?REKCR 4FC OS?BRGA
DMPKSJ? ?LB RFDARF?EMPL RFMEK ?PFC @MRF @RKCRQ

) 4FC  QMJSRGMLQ D M RFC  @SRGML

b+ Vb —4dac

az? +bz+c=0arex =
2a

* )D?PGR RPGAEF?Q JCER MCLERBQLB 9 ?LB FWNMRCLSQC
MDICLERF

a?+bt=c

( CE GQ 2CRV D?KMSQ ®RRKCR QM D?KMSQ GIRDRAR B F?Q
? L?KC )R GQ?AIB ":HC7 IV B71J J>EHC ?[RCP 0GCPRCPKR ?
QUCLRCLRF ACLRSRERCLAF K?RFCKRGAG?L UFM QAPB @@I(RFC
K?PEGL @ ? LMRC@MMI

2 &MP  ?JJ LSK@CPQ8 9 : E
N
URF E GR GQ RFC ?Q€ RR
A A

&CPKR @CJGB RFGQ @RKCR W’Q RPSC G LMRERFR FC MSJB
NAVIC ® L?Q RPSCVACNR FGQ LMRC @MAEGL 1PQ RMM LMWRPRM
AMLR?GL FEBIND R GQ BMS@RDSIFRFE?JW F?B ? MPEAR NRIND
GL KGLB NIP 2RCP FBQ’RF ECLCIRGML@®MPGJIBGCIRFCKRGAG?LQ
RPBCSLQSACQQDBIRM NFCRFR FGQ @RKCR W?Q RPS®IP D?JQC
&GLPWGL  ILBP QU 7GJCQ DOPGLERML 5LGIPQR ?LLMSLEB
RFR FC F?B BIG@E:? NIMND 7GJCQ FREMIPCB ML RFC NR@JCKMP
MICP QICL VI?PQ ?LB FGQUWN® PSLQ RABE FSLBRBQ M N?ECQ 4FC
KMP?J N RFGQ QRIGR RFQMKC RPSCREKCRQ@FC LMR M@MS@J
RPSC

( CE GQ ?LMRFCPRQRER D?KMSQ CLMSRM @C L?KC )R PQ
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ODSPQRVMQBGL RFC GRECLRF £LRSW @ RFC 'CPK?L KRFCKRGAG?L
#FPGQRGVUB@?AF ?LB RFSQ GMIE RFC 'MIB@?ARRHBRSE
, %TRV CCL GRCECP EFRCP RF?L GQ ? QSK M NPGKC
LSK@CPQ
9MS KSQR ?EB RFR, GQ RECP RPSC MP DRQENEPQ RM @C RPSC
@B?SQAJFCL WIS @?KGLC TL LSK@CPQ RE?E @GEECP RF?L
RF@V QCK RM@C QSKQIMEM NPGKCQ
?LB QM ML " SR RARQ LMR RM/QRFCPGQIR
QMKC JET GCLLSK@CP RR® LMR RFC QS ®M NPGKC® RSAF
? LSK@CP WGQRQ RFGEQ D?JQC 4FC RFGLE GQ GIPRFGWI?PQ
QGLA 'MIB@?AFEPQR NBREGIM@JCK LM MLC F?QC@@@JC RM
BARCPKGLC URECFRR RPSC MP D?JERGLAG GQ ARDV GB-CP RPSC
MP D?JQGGQ ? QRZKCR
4FGQ @MMI GQ ?@MSR RFEIBE RRARL @C S@RM NWC RFR,
MP?LW MRFCP RERCR GQ RPSC MP D?MQKRHAC RFR ? QRCKCR
GQ RPSLC QRFPUBF MBEEMSQ @RKCRQMP MRFCP RBRCRQ RIR?
F?TC @CLNRVICL RPSC?LB SQC JME RM BSAC KMIE ?LB KM
AMKNJ® QRRCKCRGLRGED?W C M@R?GL ?RIXCR QSAF ?Q
/D AMSPQC QMKC RERCRQRC KMIE BEBASJIR RWINPRF?L MRFCPQ
2LB, ?NNGPQ RM @C LMRMMBMEABJIR QJUGJIMLACLRPRC ML
QRRCKCRQ RR??E ?QGCP RMWINP
"SR RFC NMGGQ RFGONRMIGLE RR? QRRCKCRQ 2B RPSC ©
SQC JMERM FCJIN SQ SLBCPQR?IECRRRQ ?LB RMK@GLC NGQ
MD GMPKRGMRM NRBSE LQJ NGACQ B GMPKRGMLL)RFC L@R
QGCPJ QERGMLQOIVNIMP QMKC QR?LEPRI?WQ RR?QRRCKCRQ
A?L @C MK@GIECRM NIPK L@ QRRCKCRQ MP MIEL BMIL GIRM
QGKNJCP RBRCRQ

And, Or, Not

4FC UMB [?LBq AL @C SERM MK@GLARI QARCKCIRQ RWIEK ?
LCU QRRCKCR #MLQGBGRPIZ?KNJIC RFO/DIVGLE Q@RCLE
+ 4FCLSK@CP GQCL7D: RFC LSK@CP GQ MBB
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7 C RAMELGXRFGQ ?Q ? RPSRGIRR @?@QVL MSP MKKML
QCLQC SLBCPQR?LBGLRFC KZLGLE B RFC MB ®LBq . MRGA
RFR+ GQ K?BC SNORJM QGKNJCPRERCRQ
) 4FCLSK@CP GQCL
* 4FCLSK@CP GQ MBB
4FCQC 22 HMG ®RMERFCP \@ RFC MB ?LBq RMMPK RFC KMP
AMKNJ® QRRCKCR+ 4FC QRRCKCR+ ?QQGR RR) ?LB * ?RC
@MRF RPSGLE @MRF ?LB * ?RC GL DRARPSC RFCREXCR+ GQ
2JQM RPSC
( ?B MLC MP @MR® MLB * @CL D?JQC RFELUMSJIB @C D?JQC
&MFSLQR?CACAF ND RFOVDIVGLE QREKCRRQ GQ D?JQC
+ A4FCLSK@CP GQGL7D: RFC LSK@CP GQ MBB
+ 4FCLSK@CP GQCL7D: RFC LSK@CP GQ MBB
+ 4FCLSK@CP GQCL7D: RFCLSK@CP GQ MBB
&MMK RFCQCVEKNJICQ O QC RFR ?IW BM QRRCKCRQ ?LB *
AL @C MK@GIECRMNPK ? L@ QRRCKCR P 7D: * q L RFC QNBPG
MD SQGUEBRCPQ RM BCLMRROBRRQ € LM GIRRIBSE RFC QNG?J
QWK@MRMR?LBNIP RFCMIB LB 4FSQ GIPLB* ?FC QRRCKCRQ
) * QR?LBOMP RFC QFTKCR p 7D: * q4FC QRCKCR) * GQ RPSC
GD @MRALB * ?RC RPSC MREGR®RGQ D?JQC 4FGQ GQ QSBIGIPGX
RFCIJIVGLE R?@22JJ8 ? JHK> J78B;

PSR- Y N NG+
@ N b &
R R R b~ HF*

)L RFGQ R?@JQR?LBQMP #PSQ ?LB  QR?LBQMP p&?JQCA ?LB

& ?CA?1IB JHK> L7BK;l %?AF JGLC JGQRQ MREGMSP NMQQG@JC

AVK@GIRGMINMP RPSREJECQMP) ?LB* ?LB RFC MJSKL FGB®B @V

) * RCJIQ URECRFC QREZKCR) * GQ RPSC MP D?JQGR#QC
3RRCKCRQ 2L 2JQM @MK@GIBCSQGLE RFOVEB MR #MLQGBCP

RFAOMJIJVGLE BSP QREKCRRQ
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,  4FCLSK@CP GQCL MP RFC LSK@CP GQ MBB

,  4FCLSK@CP GQ@GL MP RFC LSK@CP GQ MBB

,  4FCLSK@CP GQCL MP RFC LSK@CP GQ MBB

,  4FCLSK@CP GQCL MP RFC LSK@CP GQ MBB

)L K? RFCKRGAQ RFC ?QQEIP pEH* q GQ 33WQ SLBCPQRMMB RM

KC?L RFRMLC MP @MRP) MLB * GQ RPSC 4FSQRURZRQ |,
, ?RC 2JJ RPSOFGJC GQ D?JQC 4FC QWK@RIISB®RM QR?LEIP
RFC WIB (MR 3M GD?LB * ?FC QRRCKCRQ) * FCNEQCRQ RFC
QRRCKCR p EH* g (CFE GRFC RPSRF R?@JC

- SIE-TE U N
I NI S N
I U SO NS

)R GQ GKWIR RM @U7RC RFR RFC KELGLE B MPq INEQQEE
GLRFC 7@K R?@JC BBR DR RFC W B GQ QMRGKCQ SRGL
CTCRBAWAMLTCPQRGML &MR2BNJC QSNNMQC ? S MBGAG?J
K?l CQ RFO/DIWVGLERFE?R
9MS NV WISP RBGMEHWIS UGJJ @ RBBRPUL DMK QAFMMJ
9MS SLBCPQR?LB RARFGQ R RFR GRFCPMS NV WISP RRGML
MP WSUGJJ @CRFBPUL DRIK QAFMMILK EFK 9FKR K? RFCKRGAQ
UC LOCP SQRFC WB MMPg GL QSAF ? QCLQC &MRPBQKELQ
COV2RW UFR GQ GRPGL RFC R?@JE DIFSQ) * @CGLE RPSCKQ
FE<MPOFK?MD) ?LB * GQ RPSD )C CP LCB RM ZNEQQ RFC B?A
RFR @?/RW MLC D) ?LB * G®PSC 0O SQC MLCOVRFCMDIWGLE
AMLQRP8SMLQ
) EH* 8KJDEJ8EJ>
| >:H) EH*
)D RFC SLGAQW MGAG?JCE ? K?RFCKRGAG?L FC KBEFTC
0S?2JGB FGQ QR?KCR GL MLOWRFOVDIWGLE (PWQ
0?W WISP RRGMEHWIS UGJJ @@RBBRPUL DMK QAFMMSKJ
DEJ 8EJ>
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| 2>H WIS NW WSP RBGMEHWS UGJJ @CRBEBRPUL DMK
QAFMMJ
4M MLAJSBC RFG@RTML © KCLRGML ?LMRFCPAURD M@R?GLGLE
LCU QRRCKCRRQ DK MJB MLCQ 'GL ?LW QRZKCR) UC AL DMPK
RFC LO QRRCKCR p6 ?1 DEJ JHK; J>7) q &MPN?KNJIC MLQGBCP RFC
DMINVGLEQRRCKCR
4FC LSK@CP GQCL
4FGQ QRCKCR GQ RPSBU.AF?LEC B @& GLQRBLE RFOMBQ R GQ
LMRRPSC RR@ R RFC @GELGLE
% ?1 DEJ JHK; J>3RFC LSK@CP GTC
4FGQ L QRRCKCR GQ D?JQC
&MP ?LMRFCRZBNJC QRRBLE BE RFC D?JQCRQRER p

2¢0

g UC E®RRFC RPSC RRRCR pR GQ LMR RPSCRRF?

2€@

q
7 C SQC RFC QWK@RW! QR?LBIP RFC MBQ pX@ LMR RPSC RF?

QM ) KC?LQ paVDEJ JHK; J>7) q 7C MIRCL 2B ) QGKNY 2QUMR

) g5LJGC ?LB  UFGAF MK@GLMRI QRRCKCRQ RFC QWK@WSQR
2JRCPQQGLE QRTKCR 4FSQR®) RPSRF R?@JC F?QMSIGREQ MLC
IMP CAFNMQQG@JC RRIRE W)

4FC QRRCKCR ) GQ WJB RFCD;=7J?EDMD) 4FC LCERGMLIM
? QNBGEA QRCKCR AL @C CNEQ@EGL LSKCRSQ BWQ #MLQGBCP
) 4FCLSK@CP GQCL
( CR ?F QUCPJ L?WQ MUNEQQGLEGLCERGML
) )R@LMR RPSCRRFEC LSK@CP GUQIC
) )R GQ D?JQRRFE LSK@CP GUIC
) 4FCLSK@CP GQLMRC
)L RFGQ MRGML @T JGPLB FMJ RM MK@GLC MP KMBGD
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QRRCKCRQ UGRFC MNCGRGMLQ ?LB /D AMSPQC @ &L 2JQM
?NNW RFCQC MARIBEMIRM MNCL QRLLAQ MP ? KGVRSHD MNCL
QCRCLEQ ?LB QREKCRQ &MI/?KNJC OGQ ?LTCL GRCECP GQ
2L MBB GRCECBEQ ?L MNCL QILERFR GQ MK@GIRGMLIMPL MNCL
QCRCLE ?LB ? QRRCKCR

Conditional Statements

4FCRC GQOR ?LMRFCPW RMMK@GLAJRI QRRCKCRQ SNNMQC @
F?TC GIKGLB ? QNE3BA RCEC® #MLQGBCP RFIMGLE QRTKCR
2@MSR
+ )D RFC BCECP ? GQ ? KSJRENJRACL ? GQ BGTGQEB@JC @

7 C GKKBGRON QNMR RFGQ ?Q ? RFSIKCQR@?GCML MSP
ILMUJBEC MGRCECPQ ?LB RFC?KGLEQIVRFC MBQ pGDq ?LB pRFCL
)D GRCECP ? GRSIRGNJO MRFCL ? GQ@L QM RFCBIE ? GQ BGTGQG@JC
@V . MRGRFR+ GQ @SGJR K RV QGKNIJCPREKRCRQ

0 4FC GRCECP ? GQ ? KSJRGNJC M
1 4FC GIRCECP ? GQ BGTGQG@JC @
2 )DORFCL 1

)L ECLCRJ EGTL ?LW BM QRRCKCRQ ?LB* UF?RQMCTPUC AL
IMPKRFC LO QRRCKCR =) K?<E *q 4FGQ GQ FBE QWK@NJIBA
2Q)  * UFGAF (€ R?B ?Q 1= ) K?<E *q MP)p@DGC@<4 *GIC
72LB  RFC QWK@MF?Q ? TRV QNKEBA KCLGLE 7FCL UC ?QQ&P
RFR RFC QR?KCR)  * GQ RPSCCC?L RFR@} GQ RP8R<E*
KSQR 2JQM @C RPB®IRFCP MBQUC KC?L RFR RFCMLBBGML
@CGLE RPSI®OQ RM @C RPSC !REBKRCRMD BIPK)  * GQAJB
2 9ED:2J?ED7RRRCKCR @L@SQCREKCLQ* UGI®C RPSE;<I K?<
‘FE:@K@RER) GQ RPSC

9MSALRFGLIE) * ?Q @CGLE M¥&GQC RRUFCLACP) GQ RPSC
* UGJJ @C RPSC ?JQNC GREMALMLC BW RFGQUIBQCA @C @RCL
G C@C D?JQOB RFR GQ)GBEQ RPSC @) D?JQC 4FSQ RFC RPSRF R?@JC
IMFRFC NRKGQL  * GQ ?QIIIVD
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@ R N~ BN H®
P A 2 N ©»
A D bOH

OCFE?NQ WS ?BE @MRREP@V RFC RARFR) * GQ RPSC GL RFC
J?QRUAMIGLCCDMRFGQ R?@3@® ?L &?KNIJC RMVATGLE WIS RFR
RFC R?@JONGEEAR BNNMQCMSP NACQQMP K@Q RFAVDIWGLE
NRMKGQC
%\WS N?QQ RRELRIC?K J>:D WIS UGJJ N?QQ RESPRC
9MSP NELQQMP GQ K?IGLE RREGOC
9MS N?QQ RFCX&  9MS N?QQ RFISPQC
5LBCP UFR AGBKQR?LBQ BGB QFC JGECPC ?C IMSP NMQQG@JC
QAEL?PGMBCNCLBGLE ML URECP MP LMRSAN?QBMRFC 2K ?LB
UFCRFCP MP LMRSN?QCERFC MSPQC 4FCQEQAPGMQCR?IIEGL
RFCMJIWGLE R?@JC

4EK F711 ;N7C  4EK F7II9EKH;  4EKF7II;;N7C 4EK F711 9EKH;
4 4 4

4 & &
& 4 4
& & 4

4FC [GPQR JGLC BCQAPG@CQ?REMQFCRMS N?QQ RFCAK ?LB
WISN?QQ RFOMSPQC #IBW RFC NECQQMRENR FCP MRGQC QMU
NSR 2 GLRFC RFABRMJISKL RM GLBR® RFR QFC RMJB RFC RASRF )
RFC QWILB JGLEWMS N?QBARFC C?K @SRMEP NACQQMPERWIS ?
D?GJGLREE GL RFAMSPQCL RFGQPAC QFC @IE FCP NWKGQC ?7LB
RFC GL RFC RB@MJISKLGLBGRCQ RRUFR QFC Q?GBQSIRPSC

. MU AMLQGBCP RFCERAGP )L RFGQ QPPGMAS D?@IRFC C2K
@SRRGJI NBYREC MSPQC NU AMSJB R F?NNCL-? W@CMSP
NAICQQMEIRDMAR BIP WS "SR RAR BMCQ@R K?C FCP ? JGIFRCP
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MLW NPKGQC 20 RARGDMS N?QBWRFC ¢?K RFCL WS UIMSJB N?QQ
RFC MSPQC 3FC BGB LMR R?QQGLE R¥EKQU ?Q RFEDB M/ORM
N?QQ RF®ISPQCG.A& QFC BGBRGC RFCL QFC RMJB RFC RPSRE QM RFCP
GQ ? GL RFC RB@MJSKL

&GL?W JMMIR RFCMSRF RU )L RFR QBL?PGMMS D?@IRFC
CV2K ?LB WIS D?@IRFC MSPQCMSP NECQQMP BGB LMR JGC QFC BGB
CV2/RW UFRQFC Q?GB QAGIJB BM CLAC RFC GL RFC RBBRIJSKL

)L K? RFCKRGAQ UFCICP \C CLMSIRCP RFQVAQRPESML'$)
K?<E* q 8 K&LQ @?/RW UFR RFC RPSRF R2@PIC DVNEQQCQSR
MD MSPQRFCE ?/C MRFCPE&K? RGA MLQRPBGMLQ RFZIQM KT

)  * ( CE GQQSKK?RPW B RFC K?GL MLCQ

If P, then Q.

Qif P.

Q@ whenever P.

Q, provided that P.

‘Whenever P, then also Q.

P is a sufficient condition for Q.
For Q, it is sufficient that P.

Q is a necessary condition for P.
For P, it is necessary that Q.

P only if Q.

4FCQC 2L 2JJ @C SBGL RFC NI?AD ?LB KC?L CV?/RW RFC Q?KC
RFGLE ?@=) K?<E *q MS QFMSJB ?MPE RFC KCLGLE B CAF MLC
?LB AMLTGLEWISPQCJID RI?ANRSEQ RFC KILGLE BI)  * &MP
OV?KNJC)  * KC?LQRFC MLBBGMLIM @CGLE RPSC GQ ELEISE
QSOBAGRIRM K?IC* RPSGFCLAC |) @J 8 JL==@: @<EK :FE; @K@FE =
4FC UMBGLE 2L @C RPGAD\RCL ?L CCRBW (RSRGML BILTGLE
? AVLBRGML?J QRRCR AL FCIN AJ?RGB &MP\CKNJC MLQGBCP
WISINAVITQQMPNRIKGQC
9MS N?QQ RFCX&  9MS N?QQ RFIFPQC
4FGQ KELQ RFR WMSP N?QQGLE R¥EKOGQ ? QSEAGRLRFMSE
NCFE?NQMR LEBCQQIWAMLBRGMIMP WSP N?QQGLE RESRQC 4FSQ
WISP NECQQMEGER HSQR ?QJ FIC NFRQ® FCP NRKGQC GL MLC
MD RFQVDJWGLE (PWQ
0?QQGLE RFZ?E GQ ? QEEAGRLMLBRGMIMP N?QQGLE RFC
AMSPQC
&MP MS RM N?QQ RMSRQCRGQ @BBGRLRAR WMS N?QQ RFC
V2K
( MUCTCP UFCL UC U?LR RM @R [= ) K?<E *q GL TCRBMW

P=Q
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AMLTCPQRGMUC BM LMR LMPKRIZNEQQ RFGQ*@p 8 E<:<JI8P
‘FE:@K@FE! 3 ¢ MR) FECP @=0¢*"SR QSAFMLQRP8GMLQCRMR
SLAMKKML GL KRFCKRGAQM SLBCPQR?LB WFRAE K?IC QCLQC
LMRERFR) * @CGLE RPSC?KQRFR B GKNMQQG@KRL BEPRPSC
@SR GQ D?JQC QMEIPNIFP) RM @C RPRGSG KCQQMP RAR* GQ
RPSC FCIO\$ @J 8 E<:<JJ8P :FE;@K@FE =q ILB RFGQ KELQ RFR)
A?L MLW @C RPSE G RPSC G)EEGP @

Biconditional Statements

)R GQ GKMMIERR RM SLBCPQR?LBRRF? * GQ LMR RFC Q?KC ?Q

) 4M QCUFW QSNNMQC RF? GQ QMK®GECP ?LEBVAQGBCP RFC
QRRCKCRQ

2 GQ ? KSJRGNDC M ? GQ BGTGQ®@JC @
2 GQ BGTGQ®@JC @ GQ ? KSJRGNIC M

4FC [5PQR RBRCR ?QQRP RRP?GD ? GQ ? KSIREGNJRACL ? GQ
BGTGQG@EWIC 4FGQ GQRE RPSAVP ?W KSIRGNJIZ NQTCL ?LB
RFCEMEBGTGQG@IC &C QBMLB QRRCKCR ?QQRE RR?GD ? GQ
BGTGQG@JICRBCIR GQ ? KSJRGNIC MFGQ GQ LMRAQQ?MBRPSC
MP ?  DMP GLQRELABGTGQGE@VC @R LMR ? KSIJRGNIC M
AFCEEME RFC KCLGLEQD)  * ?LB* ) ?RC GL ECLECP O
BABRLR 4FC MLBRGML?J QRRCR* ) G@?JJB RF®ELL;HI; MD
)  * QM ?NLBBGML?J QRKCR ?LB RQ MLTCPQCVNEQQ RGRW
BABRLR RFGLEQ

( MUCTCPRFEDIHFEIJ2; MD) * \* \) GQ
COSGUCRRY * 3GKGJIWRFCLHI, MD)  *
UFGAF GQ\ \* GQ@SGHCR RM RRGILTCPQE )
)L p4PSRF 2@JCQIP RRCKCR@ UC UGJJZRL FNU RM
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QFN RFCQCUSGICLAEQBQGLE ? RPSRF R?@JC

"SR QMKRGKCQ &IPLB * ?RC HSQR RFCFRGERTCKCRQ RGAL
F?NNCLRFR) * 9LB * ) ?FC @MRF ACQQ?RGRPSC &MP
CV?KNJC NLQGB®&FC QREZKCRQ
8GQTL 8GQBGTGQG®®@IC @
8 GQBGTGQB®JIC @ GQTCL

. M K?RRCP URR PJSC8 F?Q @MRMBNRFCQC RBRCRRQ %P RPSC
3GLE @MRF * ?LB* ) ?FC RPSCR®IJWQ RFR) * *
) GQRPSC

7 C LW GIRRIBSE ? LAJ QWK@MJ RM ENEQQ RFC ROGLE
RFAQQRRCKCR) * * ) 4AFCCO/NEQQGML * GQ SLBCPQRMMB
RM FPCCOV?ARW RFC Q?KC RCGLE ?Q . ) A AMBGLE RM
RFC NETGMSQBRGME ) GQ®B?Qp@="q?LB) * A?L @CE’B
?Q PFECP @=g¥FCREME UC NRMILMSLE) * ?2Q p@= 8E; FECP @=
* g &MPY2?KNJC BTL?L GIRCECP ? WFZTC RFC RPSC R&RRCIR

8 GQTCL 8 GQ BGTGQG®®JIC @

UFGAF I€ 2L RC?B ?Q fEK<><I 8 @J <M<E @= 8E; FECP @=8 @J ;@M@J@9
9P ¢

4FC RPSRF R?@JE DGQ QEM @CJ¥ . MR@ARFR GL RFGEQR ?LB
J?QRWQ @MRF O 1?LB 1 0 ?RC RPSCQAAMBGLE RM RFC RPSRF
R?@JP QM 0 1 1 0 GQRPSC ?LBFCLA 1 GQ RPSC
( MUCTCPGL RFRGBBJCUAM RUQ MLC BIO 1MP1 0GQ D?JQC QM
0 1 1 O0GQD?2®CRGLEO 1D?2JQC

I I NN
I TR
PN SR JEN
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#MKN?FC RFC QRCKCR+ 8 GQTCL 8 GQ BGTGQG@IU®F

RFGRPSRF R?@D8 GQTCL RFCL RFWRI QRRCKCIRQ ML RECP QGBC

MD ?RCRPSC QMMMBGLE RM RFC R¥@ITRPSD 9 GQ MBB RFCL RFC

RIMQRRCKCRQ ML RECP QGBI M?FC D?JQC ?LB ?E?GEVBGLE

RM RFC R?@IX RPSC 4FSGQ RPSC LMRREP UFR PJSC ? F?QL)

ECLCPJ) * @CGLERPS®KQ) ?LB* ?RC @MRF RPSC MP @MRF D?2JQC
. MR QSPNPGRGRECE 7 K?LW PWQMQRNGLE  * GL %LEGQF

4FC MIIVGLE MLQRPEG&MLQ 2JJXKG  *

P if and only if Q.

P is a necessary and sufficient condition for Q.
For P it is necessary and sufficient that Q.

If P, then @, and conversely.

4FC DEPQR REPD RFCQC HSRIR@GLCMAQRPRGMLQMBPRFC
NRETGMSQ@RGML RMNIEQQ RRP  * ?2LB* ) )L RFC J?QR MLC
RFC WIBQ BE; :FEM<U<C§ KC?L RFR GL ?BRGML RM ) K?<E *q
@CGLE RPSC RHTEPQQRRCKCR f=* K?<E )Yy GQ ?JQM RPSC

P = Q@

Truth Tables for Statements

9MS QFMSJB UMLM U RFC RPSRF R?@NIEQ D LB 4FCW
QFMSJBGREK<IESC@RQLLII 2Q KCKMRBXIMS KSQR SLBCPQR?LB
RFC QWK@REQIMSEIN IMP € LMJ AMK@GLC RFCK RWPR KM
AMKNJ® QRRCKCRQ
&MP Z?KNJC QSNNMQC U?LR RMMLTCW RAR MLC MP RFC MRFCP
MD) ?LB* GQ RPSC @SRVRRZLMR @MRF RPSC QGUE QWK@MJ
CVNEQQCQ RFGQU@BRSJIB MK@GLC RFCK ?Q
) )
UFGAF REPIW K@LQ
)FI* @I KIL< 8E; @K @J EFK K?< :8J< K?8K 9FK? ) 8K KRI<
4FGQ QRCKCR UGJJ @C RPSC MP D?JQC BCNCLBGLE MI?BECQRPSRF T
MD) ?LB * )L D?R W AL K?I C ? RPSRF R?@NE@ BFC BGP
QRRCKCR "CEL?Q SQS?J W8 JGQRGLE RFC NMQQG@AMPSC
AVK@GIRGML@WPLB * ML MSRIGLCQ 4FC @RRCR) * )
* AMLR?GLQ RFC GLBGTGBBZHGQR®) * ?LB ) * QM LO/R
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R?MW RFCGP RPSRECQ GL RFC RFGBMSRF MJISKLQ 4FC GRF
AMJISKL JGQRQSCQMP ) * ?LB RFCQERC HSQR RFC MNNMQ@GRCQ M
RFC MPEQNMLBGLERRGCQ GL RFSRB MISKL &GLAWAMK@GLGLE
RFC RABPLB BRF MJSKLQ URF  UC ER RFC?DSCQMP)  * )

* GL RFC QGVRBIKL

#$ # $ # # $ # 3 # $
4 4 4 4 & &
4 & 4 & 4 4
& 4 4 & 4 4
& & & & 4 &

4FGQ RPSRF R?@JC RCJJA BQ RF? ) * GQ RPSCONBQ®@J
UFCL MLC @SR LMR @WRPIB * ?RC RPSC QRIFK?Q RFC KRCGLE
GRCLBB . MRGARFR RFC KGBBJC ®FRVMJSKLQ B MSP RPSRF R?@JC
?FC HSQR pFCINGFSKLQQ ?LB ZPLMR L&CQQMP N72RQ BIRFC R?@JC
)L UPGRGLE RPSRF R?@JS®2W AFMMQC RMRBEAFMISKLQ GBIV
?FC AILGBCR ?@MSRISP WP

&MP ?LMRFCR2BNJC MLQGBCP RMIJVGLE D?KGJIG?RQRCR
AVMLACPLGLRIM R2J LSK@CPQ?LB P

4FC NIMBSROPCOS?JQCMM GD ?LB MLBD MP P

4FGQA. @C KMBCBCQ OP o) P  )DC GRRBSE
JERCPR * ?7LB + IMP RFC GRKCRQOP O ?LB P ®
@BMKCQ) * + . MRGARFR RFC NCPRFCQCQCRACQQW
FCE MP URFMSR RFCKOWMSJBhR ILM UFCRFCP RMCAB RFC
QRRCKCR?Q * + MP) * +

2IGLE ? RPSRF R?@MP)D * + CLR?GJQ ? JGUE @AF 4&
AVIK@GIRGMMP RFC REPQRRCKCRQ * ?LB + 4FC CGER NMQQG@JC
AVK@GIRGMIZBC R?JIEGL RFGGPQR RERMISKLQ Bl RFOVDIWGLE
R?@JC
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% $ % # $ %

P R R R A D DN N K
SR Y O N S N N7 S
R b R b~ R A R b
SIS N NN
ESE TN -R N NN

7 C BJJ GL RACSBF MJISKL SQGLE MSP WMBEC N RFC RPSRF
R?@IMP &GL?W RFGIBF MISKL GERBGL @ MK@GLGLE REEOQR
2LB IMSRFAMJISKLQ URF MSP SLBCPQR?LBBLRAE RPSRF RAIC D
4FC CQSJRGRE@JCEQ RFC RASTIQCWSCQMY  *  + DMP 2JJ
T?2JSCQM * ?LB+
. MRGARFR UFCL WC NJSE GL?FGMSQJBCQMPO ?LB P RFC
QRRCKCRQ OP * O ?LB + P F? TC ?PPGMSQ RPSRECQ
@SR RFC RBRCR) * + GQ ®2PWQ RPSC &MPKNJC GD
2LBP RFCL) * ?2LB+ ?FC 2JJ D?JQC 4FG@QTPSEM GQ BCQRREE@C
RFC J?QRLPMD RFC R?@JC REBE UC QC RFR)  * + GQ RPSC
GIQUGQC GD ?LB P  RFCL) ?LB* ?RC RPSC ?LB GQ D?JQC ?
QAL?PGM BCQABG@RFC A@LB JGLMRFC R?@JC UEGE?G).
* + GQRPSC 4B0BQ ? QGKNGZRIL UR)  * + GQ RPSEMD
2LW PIJSCQDO?LBP )RGQ RB? * + PCNEQCRQOP o)
P UFGAF GQKPL< D8K?<D8K@:8C JK8K<DREGT@QMISRCJ
GKNMQQG@FRIRM @C D?JQC
4FGQ KW K?IC WIS IMLBCP ?@MSR RFC JGLCQ GL RFC R2J@JC UFCP
* 4+ GQ D?JQGW ?B RF®/ RFCP4FC PC?QML GQ RF?  *  +
A?L 2JQMCNEQCR ? D?JQCRBRRCR M QC FMJ GK?ELC RIRPR RFC
CLB ND RFQCKCQRCRISP NECQQMP KeIQ RFO/DIVGLE NRKGQC
9MS N?QQ RFC AJ?QQ GD W.BMIBIER ?L pq ML RFGAR?J MP
WS E®? p"q ML RFOG.2J
4FGQ NKGQC F?Q RRPR)  * + QMRX RPSREISCQ P
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R?@SB®B GLRFC ?@K R?@J&?E GLCRGRSPIBCMSR RRAMS EMR 2L
A g ML RFC\@K @SR DMBREC WMSPQC 4FCL @SN WISP NVECQQMP
JGERMMS ) D?R) GQ?JQE GQ RPSC 7+EQ D?JQC 4FGQRWSM
GQGD@R® GL RFC QGVRFMIBREC R?@JC ?LB@BC * + GQ
D?JQC GRG® ? JGC

4FC KMPJ ND RFGQ/ZBNJIC GQ RENGINJC A JGC @SR RPSC
K? RFCKRGEQRRCKCR®;L ;H JGC

7 C AJMQC RFGR®GL BE ? MB ?@MSR RFC SQANWBLRFCQCQ
4FC QWK@MJIGQ ?L?IJMEMSQ RM RFC KGLSQ QGEL?GIRAEERIR)
RFCOVNEQQGMR PACBCQ 4FSQ) * KC?LQ ) * LMR )
* )L ) * RFCPJSC M RFC ®GPC/NEQQGHL * GQ LCR®B

Logial Equialene

)L AMIRCKNJRGLE RFC RPSRF RVI®JC D¥ WIS NFI@?@JILMRGA
RFR) * GQ RPSTZARW UFCL) ?LB* ?RC @MRF RPSC MP @MRF D?JQC
)L MRFCBEMBQ)  * GQ RPSCCABQ®JUFCL R JEQR MLCIVMRFC
QRRCKCRQ * MP) * GQRPSC 4FGRQ/HCKNR SQ RW Q)

* KC?LQRFC Q?KRFGLE ?® * )  *

4M QC GD RFGQUEWRQM © 2L UP®C RPSRF R?@MER D *
LB )  * ) * )L BMGLE RFGR) GR KMFCOSAGRLRM NSR
RFCQMMQRRCKCRQ &M RFC Q?KC R?@JMRAWD 4FGQ R?@JC F?Q
FCINCAWSKLQ@MP RFC BRCPKBGRC ENEQQGMLQ * ) * 2LB
V) ox

#$ # $ # $ # $ # $ # $ # 3
4 4 & & 4 & 4 4
4 & & 4 & & & &
& 4 4 & & & & &
& & 4 4 & 4 4 4
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4FC R?@JC QFMRFR) * ?2LB ) % ) * F?TC RFC Q?KC
RPSRP?JSC LM KBRRCP RFQJSCQ ?LB * )R GQ ?Q)GD * ?LB
) * ) * ?2RC ?2JEC@BA INEQQGMLQMRREFR @S?J LM KBRCP
UF?R GQNISEER GRMT?PG?@JCQLB * 7 C O/NEQQ RFGQRQRRZ
?M?GPY/@HABELE
) ) )

?LB QWGLE RR? * ?2LB ) * ) *  7?RC BE=?978B
:GKL17B;DJ

)L ECLCRPJ RM QRRCKCRQ 7P BE=?978B;GKR7B;J GD RFCGP
RPSRP?JSCQ KRAF SN JGLEBIGLC GL ? RPSRF R?@JC

,MEGAJ] ©SGHCLE GQ GKNWIR @LSQCRSAL EGT SQ BOIZLR
?LB NMRRGMWISQCDSJI?WQ M IMMIGLR RFC Q?KC RFGLE !Q ?L
CV?KNJC RFDAJIVWGLE R?@JC QBNRFR) * GQ JBRIW OSGIUCR
RM * )

#$ # $ 3 # # 3

4 4 & & 4 4

4 & & 4 & &

& 4 4 & 4 4

& & 4 4 4 4

4FC D?R RRR) * * ) GQ SQCDSA®QC QM KW

RFMEKQF?TC RFCMIPK)  * 1Q UC UGJJ QGL #F?NRCPNRVTGLE
QSAF ? RRMIEK K?W @C?QGCP GD (WNEQQRGGL RFC B#EW
COSGUCR DIPK  * )

4FCRC 7 RIM N?GP@ NMERJW OSGACRR QRCKCRQ RRPMKC
SN?E?GL ?LB ?E?GL RIFEEMSR RFGQ @MMI ?LBMIEC 4FGV 78
NRET?JCIRCLMSE RM @C BGEEE@V ? QNG?J L?KC; ( EHE7DV
BMI
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Fact: eMogar® Lavs

4FC BPOPMG ME?LY JPQ GQCPGEB @V RFOVDIGLE R?@JMD
?FC?QICB RM CPGDRFC @GLB GL MLAOMRFO\CRGQCQ

#$ x G # S # S # $
4 4 & & 4 & &
4 & & 4 & 4 4
& 4 4 & & 4 4
& & 4 4 & 4 4

$C- ME?LQ JBQ ?- ?/RS?W TRV LRSPJ ?LB GRSRGT #MLQGBCP
RFAQQRRCKCR ) * UFGAF (T 2L GRCPNR ?Q KCLGLE RIRB GQ
LMR RF&?QC RR@MRPLB* ?FC RPSCD)E GQ LMR REQARMR @MRF
) ?LB* ?RC RPSC RFCR J@QR MLCOY MP* GQ D?JQC GL UF@RE A

) * G@®PSC 4FSQ) * KC?LQRFC Q?KC RFGLE}Q *

$C- ME?LQ JBQ AL @C TRV SQCDSINNMQCTF?NNCL RM LM
RFRQMKC QREKCR FAGLENIPK ) * GQ RPSC 4FCAQUB ND
$C- ME?LQIUQ RCIIQ SORRF? ) GQ 2JQM RPSC ECLALB *
?FC @MRF RPECCI) "CGLE ?@JC RM OBGHAR?GL QSAFRRBEG?J
NGACQ B GMPKRGMA?L @C CREKCW SQCDSJ

( CEE GQ ? QSKKWP QMKC QGEAER JMERJ ©SGUCLAEQ 4FMQC

RFR?FC LMR GKKBGROY MEEMSQIA@C TP@EB URF ? RPSRF R?@JC
Contrapositivelaw { P = Q = (~ Q) = (~ P)
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PAQ)=~PV~Q
PVQ)=~PA~Q
(PAQ)=PAQ
(PvQ)=PVQ
PAQVR)=(PAQ)V(PAR)
PV(QAR)=(PVQ)A(PVR)
PAQAR) =(PAQ)AR
PV(QVR)=(PVQ)VR

DeMorgan’s laws { ~ E
Commutative laws {
Distributive laws {

Associative laws {

. MRGAFNU RFC BGQRPG@SBGT * + ) * ) + F?2Q
RFQQ?KC QRPBAE ?Q RFC BGQRPG@BRET | G'H G'I DRIK
2JEC@P#MLACPLGLE RFC ?QQRAELIRIQ RFC DRARFR) *  +
) *  +KC?LQRFR RFC NNRBBLIMNRFC NCPRFCQCQ GQJARER
2LB UC AL UPBC RFGQ)?Q*  + URFMSR ?K@GRETEKGIZRUC
K? W BRIN RFC NCBRFCQCQBLOVNEQQGML QSAF 2Q*  +

" SR N?BLRFCQCQXRQQ®G?J UFCL REOBQ ? KGDM?LB  ?Q
G) * + )LBABB) * + ?2LB) * + ?RCDEJIMBAIW
COSGICR

Neating Statements

'GTCL ? QRRCKCRR+ RFC QREZKCR + GQJB RFMD;=7J?ECVD+ )D
+ GQ ?MKNJ¥ QRRCKCR RFCIRAGGJRCL RFC?AC RIPBQ LCERGML
+ A?L @C UPBCL GL ? QGKNJCP MR ISQEDMRK 4FC NRIAQQM
O5LBGLE REERK GQRAIB D;=7J?D=+ )L NMMTGLE RMEEKQ B GQ@RCL
LCACQQ?P RMCERC BR?GL QRCKCRQ 7T LMW GITCQRGE? FM RM

BM RFGQ

7 C F7IC 2JE?BW @?KGLB N?IR N RFGQ RMNGAEH-7DVBMI

0 1 0 1
01 0o 1

DRIK p,MEGA] %0S@&ICLAY AL @C TGCB ?Q PSJCQ RFARCJJ SQ
FMU RM LCERC RFQRRCKCRQ 0 1 ?LB 0 1 ( CR ?F QMKC
COV?KNJCQ RR?GJISTRP FM $C- ME?LQ JBQ ?F SQB RM LCERC
QRRCKCRQ GMJIGLE?1.Bq MP\IR|
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2)584-

#MLQGBCP LGEZLE RFIDWGLE QREKCR

+ 9MS AL QMIC & @ DRMPGLE MRBEBFC
OS?BPRGAMPKSJ?

. MU +KC?LQ VS AL QMIC 8 @ DRMPGLE 9MS AL
QMIC @ URF 1& UFGAF (€ UGJJ BCLMRG 2 4FC
LCERGMLIMRFGQ GQ

) ) T
4FCEME GL WMBQ RFC LCRBMLIM GQ

+ 9MS ALnR QMIJB @/ DRMPGLE ?LBI®/ALNR
QM & UBFRFC OS?BRGAPKSJ?
-? W@QOW8 AL B5LB + URFMSR BUGLE $€ ME?LQ

JUQ 4FR GQ EMMBS FAC GRCPL?I®SC- MIE?L® JBQ
?LB ?FC SQGLE RFCK SUBQAGMEQJ

2)584-

7 CUGJJ LCEC RFGDIVGLE QARCLA
+ 4FC LSK@CPQ V ?LB WC"® MRF MBB

4FGQ QRECKCR KC?LQ OGQ MBB PGQ MBB (RQG
LCERGML GQ

\; OGQMBB PGQMB8 OGQMBB PGQ MBB
OGQ MBB PGQ MBB OGQTCL PGQTCL
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4AFCEEME RFC LCIRGMLIM A?L @C UNEQCEEGL RFC
MIWGLE LPWQ

2 AFCLSK@CP V GUC MP RFC LSK@CP WIGIQ C
2 | RJGQR MLAOW ?LB W GIZC

. MU JGR@ KMC ML RM ? QERW BBIFLR IGLB B NW@JCKRR NIRCL
LCACQQ™ RMGDB RFC LCEGMLQDMOS?REB QRRCKCRQ &MP

CV?KNJC MLQGBCP (0]
N

) O 2C?BGLE RFGQ GIBQ WL FIC RFCNDJIMGLE
)R GQ LMR REQARR) O GQ RPICMD?JJ IRSPJ LSK@CPQ

4FGQ KELQ) O GQ D?JMPR JAQR MLC \L. DWK@MJIQ RFGQ GQ
N

) O 4FSQ o)

) O o)
N

) O 3CGKGJ¥® WIS AL RC?QML MSR HE? (0]
N

) O 0
) O )L ECLCRJ

o ,)O0 o, )o
o ,)O0 o, )oO

Logial Inferene

3SNNMQC @ ILMU RFR ? QRCKCR W BIPK)  * GQ RPSC 4FGQ
RCJJQ BER UFCLOCP) GQ RPSCUGJJ 2JQM @C RRBEQCID
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* @CGLE RABICQ LMR RCJJ SR G&XCH MP* GQ RPIRFQ MSJB
@MRF @C D?JQCAMBJB @C D?JQC*?IEBPSC( MUCTCP GD GL T8BIBL
UC F?NNCL RM IWMRFR) GQ RPSC RFRIKSQR @C RE? GQ RPSC
4FGQ GQIAB ? BE=?97ED:H;D9; 'GTCL RIM RPSC GRXCRQ @ /2L
GLOP RAR ? RFBRRRCKCRGQ RPSCRFGQ GLQR?RRSC REKCRQ

) * ?2LB) ?RC [PBB® RMERFCPRM ER* 4FGQ GQ BCQAPGQDV
URF) * ?LB) QR?AIB MLC RMN RAGRFCP BE ? JGLC QCNRGLE
RFCK DK * 4FC GRCLBB KC?LGLE GQ RF? * AMK@GIBU®RF)
NAVBSEQ

4UM MRFCP 48 GIIXLACQ 7€ JGARE@WC )L C?AF RQC WIS
QFMSJBVLTGLE WISPQCJID @?RQC\MSP ILMJJBEC @ RFCRT?LR
RPSRF R?@RE® RFC RPSRF RFC GROKCRQ ?@W RFC JGLIGHCQ
RFC QRZKCR @CUMRFC JGLC RM @C RPSC

&MJIINGLE 7€ QMKC ?BBGML?J SQCDSGAMBIIXLACQ 4FC
P@YNEQQCQ RFCTEIMSQ B?RFR GD?LB * ?FC @MRF RPSC RFCL
RFC QREZKCR) * UGJJ @C RPSC /L RFC MRFCPF?EB@CGLE RPSC
MRCQ ?2JQM RM @C RPSC &WGIPIGQ RPSC RFCL* KSQR @C
RPSC LM KRCP UFRQRRCKCR* GQ

4FCQC GCELACQ 7@ QM RSRGEIW MEMSQ RFRAE QZRACW

LOCB RM@C KCRGMBC( MJCTCPRF®/ ENEQCR AMR?GL NRCPLQIM
FC?QMLGLE REZC UGJJTFSCRRW ?NNY RM QRCLAQ GL NRDQ QMU
QFMSJB @C AMELBM?RFC DRRFR LC ?FE SQGLE RFCK

4FC PQRR QARRCKCRQ GI28F 2QC 28 £JJ8
NREKGQCQq ?LB RECTRRCKCR GQ RAMRAISQGHIL

,MEGAZ



7 C MK@GLC SRGQCQRIG p?LBq 4FCNREKGQCQ
RMERFCP GKWRFCMLAJSQGML 4FSQ RIRDBESKCLR
UMSIBFIC ) * ) * ?2QBQ QWK@MJIGICRRR

An Important Note

)R GQ GKIWRAR RM @U7C MD RFCPQMLQ RR?UC QRSB JMEA
4AFCRC?RC RFEC TCRV QGEGBLR P?QMLQ &GPQR RFC RPSRF R?@JCQ U
QRSBBRCBQ RFC\CR KCZLGLEQIMRFC MBQ QSAF ?QUBq MR
rLMR) ?LB QM MEMP GLQRELAJFCLACP € SQC MRCTB RFC B)s
RFCh MLQRPBGML GIK? RFCKRGA MIRTR JMEA RCJIQ SQRW
UF?R GQ KCR 3@MLB RFC PSJCQ BOELAC NRTGBC ? QWQRCK GL
UFGAF € 2L NAVBSE LQJ GLEPK RGMIQRRCKCIRQDRIK ILMUL
GLEIPKRGML &GUPIMBAJ PSICRBAF ?Q $CME?L® JBQ FCIN SQ
AMPEARW AF?LEC GR?GL QRCKCRQ GRMNMRORGWIKME SQCDSJ
QRRCKCRQ UG RFC Q?KC KCGLE 4FSQ JBECINQ SQ SLBCPQR?LB
RFC KGLGLEQ MQRTKCRQ ?LBRG?JQM NBSEQ LO KC?LGLDSJ
QRRCKCRQ

MEGA GQ RFISE RFR FMJBQ QRPGLEQRILKCIRQ RMEECP ?LB
NGLQ BM RFC €?/R KCLGLE B £R?GL OV NFPQCQ QSAF ?Q RFC
pDs RFCH MP p&MBIqMLQRPESMLQ ,IBE GQ RRKKML J?LES?EC
RFR 2JJ KRFCKRGAG?EQC QMM@KSQR FIC ? BPK EPGN MR GL
MBCP RM URG?LB SLBCPQRABRFCKRGAQ

" SR BCQRGRX DSLB?KE2?JMIC INHR NJ?B.GQ GL RFC @ MEEB
MDUF?R C BM LMR RFGIEDHMLR &FMK FCEE ML RFC @SRGDSJ
QWK@MJQ 2LB  ?RC PRCW URRRCL 'SR T 2 U?FC
MD RFCGP NGLE@MLQRARW 7 FCL FE?BGLE MP URGLE ? QRCLA
GIMIGLE KRFCKRGAQ AN?PQCRGUBF RFCQC QWK@MRBCRG
KCLR?W MP ML @RRF N?NCRM ?Q FBUBCPQR?LB RFC RPSC ?LB
SL?K@GESMSQ NGLE
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64 Truth Tables and
Analyzing Aguments:
Examples

Truth Tables

"CA?SQC MKNJ¥ "MMJ2L QRRCKCIRQ 2L E(R RPGAIW RM RFGLI ?@MSR
UC AL ARC?RC 2JHK> J78B;RM CCN RFAI MD UFR RPSRPJISCQMP
RFC QGKNJCREXCIRRQ K?IC RFCMKNJ¥ QRRCKCIRR RPSC ?LB D?JQC

Truth Table

I R?@JC QBBLE UFR RFOR)SIRGLE RPSRECTH ?
AMKNJI® QRRCKCR G®IB ?JJ RFC NMQQG @ JC FSSRET
RFC QGKNJCRIKCRRQ

?)584-

3SNNMQOVERC NGAIGLE MSR PIABISAF ?LB WSP

4PSRF 2@JCQ ?LB ILAIXGLE
IPESKCLRQ %V?KNJ@&)



QGELGA R MRFCPWQRBR ? Q&RGMLEI QMKRFGLE B ?
AF?GQL

4FGQ GQNIKNJIY QRRCKCR K?BC 1 BM QGKNJICP
AVILBBGMLQ pGQRGELEPLB pF?Q ? AF?GEMP QGKNBGAG
J&RQ SQC RM BCQGRI?pGQ 2RGMLEPLB RM BCQGRL?
pF?Q ? AF?GQIFC MLBBGMLGQ RPSC GDRSBRGQ ?
Q@RGML?J

I RPSRF R?@MPIRFG®IBIB IMMI BRFGQ

& & EH
4 4

4

&

&

R A R

4
4
&

)L RFC R?@JC 4 G@BUCRPSC ?LBMMD?JQCRFC GPQR
AU GD GQ RPSC ?LESQ ?JQM RPSC RFCIMRRO®
QRRCKCR p MP g GQ RPSC 4FGISIB @C ?ARGML?J RF?
2JQM F?Q ? AF?GQC UFGBRE@®ISP BARGP

2CKCK@CP ?JQM RF?GL JMEA GQ LMRISQGTGD RFC
AMSAF F?Q @MRPRBEQ KEBMCQ KIR RFCMLBRGML

4M QFMRF?LB MSP LMRGML DFBFCRUQGRC EMGLE RMRBIBSE QMKC
QWK@MJIQRFPE AMKKMLIV SCEEIMPBE; FI ?LB EFK

ZAPSRF 2@JCQ ?LB ILAIXGLE BSKCLRQ %V?KNJCQ



Symbols

4FC QWK@MEQ SBAMPBE; ?LB  GQ LMR®
4FC QWK@MEQ SBAVFFI  MP GQ LMR®!
4FC QWK@MJ \ GOESIMEEFKLMR GQ LMR® \

9MS AL FCKCK@CP RFGBQR/IR QWK@MM BIRGLE RFCK RM RFC
QF?NCQVP RFC SLGML ?LRGRP@RGML  UMSJB @C RFC CJARTL
RFR @GQR GL @MRR Q&L ! " ,GI QUGQC UMSJB @C RFC
CJICKCRQ RRPU/GQR GRETP @CGL ! "

)L RFC NETGMSQVEKNJC RFC RPSRF R?@IT BPJW HSQR
QSKK?PGXGLE URAL ?JE?BW ILMJ ?@MSR EMRFCFI QRRCKCR
UMP 4FC RPSRF R?@JGRRFC @?8BAFI ?LB EFKQRRCKCRQ @
QFNML @CJM

4PSRF 2@JCQ ?LB ILAXGLE BSKCLRQ %V?KNJ@&



Basic Tuth Tables

4 4 4
4 & &
& 4 &
& & &
4 4 4
4 & 4
& 4 4
& & &
Q
&
&

4PSRF R?@JCUW @®KC SQCDSJ UFCL AWXGLE KIPAMKNJIY
"MMJCL QRRCKCRQ

ZAPSRF 2@JCQ ?LB LAXGLE BSKCLRQ %V?KNJCQ



2)584-

#PC?RC ? RPSRF R?@B®RBC GRKCR  \

)R FCINQ RMPDRMK RFC GLQGBC MSR URTRGRE RPSRF
R?@JCQ ?LEARC R?@JGIB RCPKBGRC MNCRGMLQ T
QR @ JGQRGLE 2JJ RFC NMQQG@EIT RASRERGMLYUMD

72LB . MRGANU RFC GPQRIZSKL MLR?GLQ @
MIJVOB @V &Q RFC BMILB MJISKL MIR?GLQ @ &Q
RFCL ENCRQ ?LB RFC J?QRPKL ?JRCPREQ 4FGQRREPL
CLQSEQ RAR2JIMK@GIRGMLQC?AVLQGBO® IMLE UGF
RFMQC BB32PTSCQ thJJ JGQR RFC RRSRENI® RFC
GLLCPKMQRNIEQQGML

® ® ® b~ b b b
® B B N p b~ b~
@ b P A o A @ b
- N O N N

. VR L AL B5LB RFC LCEGMLIM UMRGLE ND RFC
AMJSKL UC HSQRGRR®

4PSRF 2@JCQ ?LB ILAIXGLE BSKCLRQ %V?KNJ&Q



7 FCL UC BGQASBQ@WILBRGMLQRIGCE C BGQASBIECWNC UFQP
UC R?C 7L ?/RGML @BQMIL RFC 7USC B RFCMLBBGML T ?F
LMJU EMGLE RM R?JI ?@MSR € IBEECR TPQGMD M MLBRGML?J
QMK®GKCQ@AIB 2L ?CFB?9T?ED

ZAPSRF 2@JCQ ?LB LAXGLE BESKCLRQ %V?KNJCQ




Implications

)KNIG2RGMLQXBMER] MLBRGML?J RULEQ QRBLE
RFR ? QRCKCRG A?JJB RFC ?RACBCLR GKNJGCQ ?
AMLQOSCLEH

)KNIGARGMLQCZRVMKKMLIW URBCL ?@ H

)KNIGZRGMLQEZPGKGJ?P RM REGRGML?J QRRCRQ € JMMIB 7R
C?RIGCP NO GQ RVNGAW UFRBCL ?Q pGD N RFGIMO N RFCEME

Oq 4FC BEDRLAC @RJCCL GKNJGRGMLQ ?LBMBBRBGML?JQ G RF?
AVILBRGML?JQ BGQASBWEZRIGCP QSEECQRRGRAIGD RIMLERGML
GQ RPSC RFQL R?C QMKC RGML ?Q C®SIRKNIGZRGMLQCP
IJMBAJ QRRCKCR RAR QSEECQRRRECMLQOSCLA KSQR JNERIW
IMJIMGD RFCRBOBCIR GQ RPSC

2)584-

4FC %LBGQF GRXCR pp B GQBLGLE RFCL RECE
AIMSBQ GQ RFC QIWq GRPGKMEIBRGMLR)GQ 2IGB
?FESKCLR @&SQC GD RFR@CBCIR fEGQ@BLGLEq GQ RPSC
RFCL RFOWL.QOSCLA pRFTP?E AJIMSBQ GL RFC QIWg KSQR
2JQM @C RPSC

. MRGARFR RFC (RCKCR RCJJQ SQ LMRAGLER RMVIN@R GR GQ

4PSRF 2@JCQ ?LB ILWXGLE BSKCLRQ %V?KNJ&)



LMR PGLGLED)RFC R@BCIR GQ D?JQC RFCL RFCBKENIGEAMKCQ
GRRIC?LR

2)584-

| DPGCLB RCNIS RFAR pGIMB/SNIM?B RERGISE RM
&?AC@MMI M$JJ IMQASK HM@FCE 2/ IMSP NMQQG@JC
MSRMKCQ

9MS SNJM?B RFCRIEA\?LB ICCN WMSP HM@
9MS SNJM?B RFCRERA?LB IMQGASP HM@
9MS BMhR SNJM?B RFRSBALB ICCN \MSP HM@
9MS BMaR SNIJM?B RFGRSBALB JMQGASP HM@

4FCFC GQ MMLC NMQQG@ITWFCE WISP DPGCLBYU
JVGLEIRFGBQR MNRGMLAMIPSNIM?B RFCRERA?LB

| GCN \WMSP HM@RFC J?QRR £QCQ M&P DPGCLB BEEY?
?LWRFGLE ?@MSR RERISIB F?NNCL GISVBGBIR SNIM?B RFC
NGRSE QMMS ALnRMLAISBC RFCGRQRCR GQT3IGB

CTCL GDOWS BGBIR SNJM?B RFGRSEBALB QRGJJ IMSR WM@

)L RRBRGML?J BAE 7L GKNIBSML GALOGBAPT?IGERPSC?Q JMLE
2Q RFCP?E LM RQCQ GL UFGAF RFR@IBCLR GQ RPSC ?LB RFC
AMLQOSCLE GQ D?J@IGR GKNAR RMACN GL KGLB REDWK@MJIGA
IJMBA 2LLMR ANRSE ?JJ RFCRRGBAGC@\RFC %UEQF J?LES?EC

ZAPSRF 2@JCQ ?LB ILAXGLE BSKCLRQ %V?KNJCQ



Truth Values for Impl&tions

R R A~ A~ @
R b R~ T
F N N )

2)584-

#MLOQRP&X? RPSRF R?@IFCRFC G’RKCRD \G |
7 C QRPP@& MLQRP8G&LE ? RPSRF RMRIRAELC RACBCLR

D G \G D \G
4 4 & &
4 & 4 4
& 4 & &
& & 4 &

. MUUC 2L @SGJIB RFC RPSRF RRGRISCDG KNRFRBAML

4PSRF 2@JCQ ?LB ILAXGLE BSKCLRQ %V?KNJ&Q



®
o
O
8

R R A~ b R R b~ b O
R D R D R b p b QO
A R A R b b
R R » P R R P P O
Q@ R R R A N~ B» b
A A P A BN N BN B

)L RFGQPAC UFCID GQ RPSEGQ D?JQC PIEBQ D?JQC RFCL
RFC ?RECBCIRD \ GUGJJ @C RPSC @SRRRO3CLE
D?JQCCRSJIRGLE GLT?J&dB GKNIBBMLTCRVY MRFCPQC
EGTQ ? 7IGB GKNI®SBML

&MP ?W GKNJRGML RRECPRE RFEC EJRB QRRCKCRQ RFC
AMLTCPQC RFCIGBQC ?LB RFMIIRPNM@ER&ET

Relatel Statements

4FC MPGE ?J GKNIBBML GQEFBITLH G H
4FC ALTCPQC GQHIRFICIGG H G
4FC GICPQC GQ pGORMBL LMRy \G \ H

ZAPSRF 2@JCQ ?LB ILAXGLE BSKCLRQ %V?KNJCQ



4FC AMIRPNM@®R&TI GQ pGDHRRCL LMRg \H \ G

2)584-

#MLQGBCP ?E?GL REGE GKNIBBMLPR GQBLGLE RFCL
RFCE ?’ AJMSBQ GL RFQIQIW

4FC AVLTCPQC MSJB @ MpRFTP?RE AJIMSBQ GL RFC@IBQ
P?GLGLEFAFGQ GCHR?GIN LMR B2WQ RPSC

4FC GICPQC MSJB @ GQ LMFGRGLE RFCL RECE
LMR AJMSBQ GL RFG GIMUGQC RFGQ GQUMRQRPSC

4FC AVIRPNM@&T UMSJIB @ OpRFCP?E LMR AJMSBQ GL
RFC QIVRFCLEGQ LMFERGLEAFGQ RCKCIR GQIGB ?LB GQ
QOSGMHCIR RM RFC MHAGE GKNIRGML

,MMIGLE R RPSRF R?@JC@UQC RFR RFC MIBEEJMLBRGML?J ?LB
RFC NMIRPNM@&ET ?E JMEAJW OSGIUCIR ?LB RAR RFCMLITCPQC
?LB GICPQC ZRIMEAIW OSGICIR

% FB?9F?ED ED L;HI;

8

@ o N~ BN ©
o A @ BN ©

4
&
4
4

9

9

- NN

8

9LHI;  EDJHFEIZL,;

@ Q9 @ Q38
4 4
4 &
& 4
4 4

4PSRF 2@JCQ ?LB ILAXGLE BSKCLRQ %V?KNJ@&



Equialene

I AMLBRGML?J QRRCR ?LB BQ MLRPNM@R&ET ?FC
JMBAJW OSGHCIR

4FC AVLTCPQC ?LB BIPQCIV? QREKCR ?E JMEAIW
QOSGHACIR

Arguments

I IMEGAJ ?ESKCLR GQ ? AJ?GK RR?QR b NEKGQCQ QSNRNP
AMLAJSQGML 4ECHE RIM ECLCR RVNCQIM?ESKCLRQ GLBBGT
2LB BBSARGI?EESKCLRQ

Argument types

IL ?D:K9J2; ?FESKCLR SQCQ MAJERGMLIMINGIBA
OV?KNJICQ ?@G NEKGQCQ ?LB SQCQ RFCK IRNM(FT ?
ECLCPJ MLAJSQGML

I 5:K9J? L; ?AESKCLR SQCQ MAJERGMLIMECLCRB

ZAPSRF 2@JCQ ?LB 'LAXGLE BSKCLRQ %V?KNJCQ



QRRCKCRQ ?QRQ NEKGQCQ ?LB SQCQ RFCK RNMET ?
QNBGEA @SRGML ?2Q RAMLAISQGML

2)584-

4FC ?AESKCLR pUFCL ) CLR RM RFC QRMRAT! )
IMEMR KV NSPQC ?LB UFCL LR RMB? ) IIEMR KV NSPQC )
2J?WQMIEQR KW NSPQC UFCL ) EM RFC@QRIQP?L GLBSAT
?FESKCLR

4FC NIEKGQCQGP

) MEMR KV NSPQC J?Q@RIU
) MEMR KV NSPQC RMB?

4FC AMMLAJSQGML GQ
) 21U 2WQMIEQR KW NSPQC

. MRGARFR RFC NIKGQCQ@RNEGEA @SRGMLQ UFGJC RFC
AMLAJSQGML GQ ? ECIERCKCR ). RFGQAC RFGQ GQ ?
D?GR L7 ?PESKCLR QGLCAR GQ @BQL MLW BM

GLQR?C®

2)584-

4FC ?HEESKCLR LTCRV BW MP RFC N?QRR? NJ?LC ICQ

4PSRF 2@JCQ ?LB ILAXGLE BSKCLRQ %V?KNJ&Q



MICP KW FMSQ®?NK ! NJ?LC UGJIU NICP KW FMSQUCRV
B W R NKq GQ ? QRECP GLBRE&T?ESKCLR QGLCAR GQ
@?QEML ? J?PCP QND TGBCILA

Ewaluating inductive guments

IL GLBS/ARGT?ESKCLR GQ ICP ?@JC RMWIPRFC
AMLAJSQGML RPSC REBRNEMIGBC RECP 12| MP QRRLE
CTGBCL@RM QSEECRR® @C RPSC

2L W QAGREIA RMPGCQ QSAF ?Q RFC @GE @MMEARFCCTCP
@C NWCL JLQREB RFW ?E GLBSRGT ?FEESKCLRQ QSNNRE® @V ?
UGBC7PGRIV D CGBCLA 5QS?W GL QAGCLA. GBEGQMLQGBP?
FWNMRFCQGRGRE?Q @C UCJJ RCBRER UFGAF NMGR EPBSTRCQ
RM @CGLEILQGBG® ? RF®IRV 4FC AMKKMLIV ILMIL QAGGRGIA
RFMPGCQ JGOURMI) RFGRV @ EPTGN F?TC 2JJ QRMMB SN GRQV
MD RCQRGLE 7IBECLA RFMSEQMK&®GKCQ RFC.CB RM @C ?BHEQRC
@?Q@EML L@ CTGBCI® &MP EPGVRFGQ F?NNELOFCL %GLQRCGL
NAVMNM@RFC RIMRV 1D ECLCE EJRGREG

| BCBSARGT ?EESKCLR GQ KIRAJCRW PJGB MP LMR UFGAFGQ!
RFCK @QGCP RRJISRC

ZAPSRF 2@JCQ ?LB ILAIXGLE BSKCLRQ %V?KNJCQ



Ewaluating dductive aguments

| BCBSARGI ?FESKCLR GQMA QGBAPT?IGB GD 2JJ RFC
NFEKGQCQGRPSC ?LB RFRIBAISQGMLIING JMEAIW
DRIK RFMQC 8RGQCQ MRFCPMBQ RFC KRGQCQGP
RPSC ?LB RF®IBAISQGNLIING LACQQ?REDIK RFMQC
NFEKGQCQ

AFC ?EESKCLR plJ A’RQ P K?KK?JQ ?LB ? RGECP GGR? A
QM ? RGECP GQ ? K?KK?JgGQR BSARGT ?EESKCLR

4FC NIEKGQCQGP

133 A2RQ TPK?KK?2JQ
| RGECP GQPRA

4FC AMMLAJSQGML GQ
I RGECP GQ ? K?KK?J

4PSRF 2@JCQ ?LB ILAXGLE BSKCLRQ %V?KNJ@&)



ZA4PSRF 2@JCQ ?LB ILAUXGLE BSKCLRQ %V?KNJCQ



Analyzing Aguments with &¥nhn
Diagams

4M ?L?2WK ?L ?EESKCLR UBF ? €LL BG?EK

$P?U ? 6 CLL BG?EK @?QB ML RFC NIKGQC @M
RFC ?BSKCLR

)D RFC KIRGQCQCBLQBRAGRIRM BRCPKGLC
UF?R BRCPKGLC RFCZRGMLIVPL CICKOR
GLBGRC RIR

4FC ?EESKCLR GQJIGB DGR AFRCRFR RFC
AMLAJSQGML KSQR @C RPSC

OPCKGQC 1JJ EGERCPQ ILW#0 2
OPCKGQC *GJJ ILVQ #02
#MLAJSQGML*GJJ GGRIGERCP

ACAFLGRAIWRFCQC CPASICP AGEQ MP %SJCP BKQEP
LMR €LL BG?ERQ @SRVP RFC QCIND QGKNJBAENJIJ
AMLRGLSC RRIARFCKGLL BG?EKQ

4PSRF 2@JCQ ?LB ILAIXGLE BSKCLRQ %V?KNJ&Q



&MK RFCGPQR
NFEKGQC O ILMU RFR BEIERCPQ 2JJ JGC GLQGBR RFC QC
RFMQC UFM IIUV#0 2 &RVIK RFC QLB NEKGQC © ILMU
RFR *GJJ GQ ? KCK @R J?ECP Q€ @SRABM LMR FE
CLMSE GLEPKRGML RM IUNED QFC 2JQM GQ ? KCKERFCM
QK?JICP QSRBER GEGOBERCPQ

3GLA& RFCMLAJSQGML BMCQ LMEQ@?RGHIIVMDIMK RFC
NREEKGQCQ RFGQ GQPIGBIESKCLR EE?BIJCQMWF®FCP
*GJJ RS?W GQ GEBERCP

)R GQ GKNAR RM LMRC REF®RFCP MP LMR *GJRGZI¥A GEILERCP
GQ LMR GKRFIR GLT?JSRGLE RFRJGBG @ RFC BSKCLR WC 7’
MLW MLACPLB URF UF®RFCP RFCCHRGQCQX@ELMSE RM NWC RFC
AMLAJSQGML

)L ?BBEGML RM RFCIRCEMPGAQRIC NEKGQCDMRFCMPK (2JJ
>>> q MMKC >>>>q ?LB pM >>>> q & GQ ?JQMKKML RM QT
NREKGQCQ RF?E GKNJERGMLQ

Z4APSRF 2@JCQ ?LB ILAXGLE BSKCLRQ %V?KNJCQ



2)584-

OFCKGQC  )D WS JETGL 3eRJIC MS JETGL
7 2QFGLERML
OFCKGQC  -?P ASQ BMCQ LMR JET3ZRIC
#MLAJSQGML-?P ASQ BMCQ LMR JET7?QFGLERML

&MK RFCBPQR
NREKGQC © ILMU RFR RFC @@ NBINJC UFM JGGL 38RRIC
GQ GLQGBC RR@PEMQC UFMIIGT 7?QFGLERMLMMPRFC
Q@MLB NEKGQC ©ILMU RFR -?PASQ BMCQ LMR JGC GL RFC
3C?RIC C@SRAUFTC GLQBEAGRIGMPKRGML RM UM
UFCRFCP MP LMR &8Q JGD GL ?QFGLERML MP LMR 4FGQ GQ
7L GI?JGB BSKCLR

4PSRF 2@JCQ ?LB ILAIXGLE BSKCLRQ %V?KNJ@&)



2)584-

#MLQGBCP RFESRCLR PMS ?E ? K?PP@EX?L QM WS
KSQR F?C ? UGy

4FGQ GQ ?0%EIGB BHSKCLR QGLARFCP?E R JEQR GL
N?RRQ MRFC MBB KCL UFM ?E K?PP@RM MRFCP KCL QM
RFC NPKGQC LMR GORSGRIRM GRMRFCMLAISQGML

3MKC ?ESKCLRQ 7P @RRCP ?LWXB SQGLE RPSRF R?@JCQ

2)584-

#MLQGBCP RFESRCLR

OPCKGQC )D WS @MER @B RFCL MS LCLR RM
RFC QR&P
OPCKGQC IMS @M$ER @?B
#MLAJSQGMLIOMS WCIR RM RFC QRMP

7 FGJC RFGQINIC GQ FMNGDSRBPMEEMSYP PIGB
?FESKCLR C QL ?L?IVK 8 SQGLE ? RPSRF R¥®JC @
FCNEQCRGLEZF ND RFC KRGQCQ QWK @MNGAC AL
RFCL JMMIRPRFC GKNIRBML RRRFC KIKGQCQ RRECP
GKNW RFCMLAJSQGMD BFC RPSRF R?@JCSRYI2NAE
2JU?WQ RPSRFCL RFC BSKCLR GQIGB

7 nJJ BEC' CNEQCR pW'S @M$ER @?Bq ?LB 3 ENEQCR
pWIS LCLR RM RFC QRRMPCL RFC ZPSKCLR @®1KCQ

O0PCKGQC )

ZAPSRF 2@JCQ ?LB ILAXGLE BSKCLRQ %V?KNJCQ



OPCKGQC
#MLAJSQGML,

4M RCQR RRPCGEGBBUC JMMIR UFRFCP RFMK@GIRGML
MD @MRFOMGQCQ GKNJGCMRAGSIQGML FERRSC RE?
; <

P R A A
R b R »
I NS
R R R »
IO N NS

3GLE RFCRPSRFR?@RCD, < , GQRPWQRPSC
RFGQ GQJGB BSKCLR

Analyzing aguments using truth tables

4M ?L?2WXK ?L ?EESKCLR URF ? RPSRF R?@JC

2CNEQCR @AF ND RFC KRGQCQ QWK @VINGA
#PC?RC ? MLBBGML?J @RRCR HMGLGLE ?2JJ RFC
NFEKGQCQRIG?LB RMPK RFC R@CBCLR 7LB
SQGLE RFC AMLAJSQGML 7QLRISER
#PC?RC ? RPSRF R?@BRER QRRCKCR P B GQ
2U?WQ RPSC RFCL RESKELR GQIGB

4PSRF 2@JCQ ?LB ILAXGLE BSKCLRQ %V?KNJ@&Q




2)584-

OPRCKGQC  )D)EM RM RFC K?JJ RFCL WGBS
HeLQ
OFCKGQC  )D) @® LT HELQ )nJJ @S QFBRM EM
URFB
#MLAJSQGML)D ) EMR RM RFC K?JJ \WJ3 @S3P

,CR& )EMRMRFCK?3 ) @SW HTCQ ?LB, ) @SW?
QFGP
4FC NEKGQCQ ?LBIRAISQGMILARC QR® ?Q

OPCKGQC & #
OPCKGQC #
#MLAJSQGML&

7 C L AMLQRPB”R RPSRF R?GWFC&O # # , <
& ,

&#'i##&# ¢’§L ,g##,<
4 4 4 4 4 4 4 4
4 4 & 4 & & & 4
4 & 4 & 4 & 4 4
4 & & & 4 & & 4
& 4 4 4 4 4 4 4
& 4 & 4 & & 4 4
& & 4 4 4 4 4 4
& & & 4 4 4 4 4

&MK RFC RPSRF R?@3G°UQC RFGQ GQJGB HSKCLR

ZAPSRF 2@JCQ ?LB ILAXGLE BSKCLRQ %V?KNJCQ



65 Truth Tables: Conjunction
and Disjunction

4FGQ TABQNJIMEQ RFCVCKNJIC i} GQ QUBLE /2 ) ?K U C?PGLE K
F?R] ?LBpR GQ QUELE |.$ ) ?K U C?PGLE K FRy
FRRNQ WISRS @€ .0 A> %A

4PSRF 2@JCQ #MBLRGML ?LB
$GQHSR&ME



66 Truth Tables: Impl&tion

4FGQ TABQ/NJIMEQ RFOVCKNJIC ) B GQ QUSLE RFCL ) ?K G?PGLE
KW FRy
FRRNQ WISRS @R)@F J'G

ZAPSRF 2@JCKNIG2RGML



67 Analyzing Aguments
with Truth Tables

Part |

2 FL-L9< <C<D<EK ?8J 9<<EXCL;<; =I FD K?@J MK®FE F= K?<
KOK EL :8E M@<N @K FEC@E< ?<I
2KKGJIC@4I P8:?@<M@E>K28D F|>
BLIK@E::D8K?C@9&HKJ

IL?JWXGLE BSKCLRQ U PSRF
472@JCQ


https://library.achievingthedream.org/austinccmathlibarts/?p=93#pb-interactive-content
https://library.achievingthedream.org/austinccmathlibarts/?p=93#pb-interactive-content

Part Il

2 FL-L9< <C<D<EK ?8J 9<<EXCL;<; =IFD K?@J MKDFE F= K?<
KOK EL :8E M@<N @K FEC@E< ?<I
?KKGJIC@HI P8:?@<M@E>K28D FI>
BLIK@E::D8K?C@98HKJ

ZIL?JWXGLE BSKCLRQ WRF £SRF 2@JCQ



https://library.achievingthedream.org/austinccmathlibarts/?p=93#pb-interactive-content
https://library.achievingthedream.org/austinccmathlibarts/?p=93#pb-interactive-content

68 Neating all," 'somé or
"ngd' statements

AFGQ®BGLE NWGBCGLEPKRGML ?@MSR RCEE?PY MK MP
LMy QRRCKCRQ#IGAI ML RFC JGLI @CJRM TGC RFC
N?ECp. CERGMU 4#MKNMSLB 3RRCKCRQ ?LB I, 3/ -%q
AR?RE @V $MLL? M@GR) Bl RFC /QGEM #8V 3AFMMJ $GQRPGA
2CECRQ %V?K @N #CIRCP

r . CERGMU 4#MKNMSLB 3RRCKCRQ?LB!,, 3/ -%

&MP KMP GINPKRGML JMMR N?EC  MD,MEGA ?LB 3RQQR?PGLE
UGRF pRRCKCIRQ GMIGLE RFC SIGFPD?J OSRETPECEF EFE?LB
<M<P MP RFCUGQRREG?J ORETPIPD< ?LB K?<k O@JIKJ 8K C<8IK FE<
F?TC RM @C LGEB GL ? BEILR U2\

. CERGLEJJ QMKC MP LM
QRRCKCRQZ


http://www.regentsprep.org/Regents/math/geometry/GP1/negatecompound.htm
http://college.cengage.com/mathematics/bello/topics/9e/assets/students/clast/ch05.pdf

69. Discus: Tuth Table
Practie

9MS UGJJ 0B RM @WKC D?KGJG?RRE@E?RGLE ? PSRF 2@JC GL
" J2AI@MBP 9MS K2W @C 2@ RM ARRC ? #SRF 2@JOIP QMKCIM
WISP €?K OSCQRGMLE BEC?RGLE ?RSRF 2@JOMP GLQRREMLQ
#PC?RC ? LO RFE?B GIRFQ HKI> / 78B;+H79J79; IMPSKGL RFC
2I9KII?ED E7H: RM QS@R@ISP?QQGELKEL
/5?1 7117=DC;D J 2| HGK?kt 7D: M EHJ>KF JE FE?DI

Z$GQASQQPERF 2@JC ORPRGA


http://www.nvcc.edu/home/kwalters/MTH151/creatingatruthtable.docx

7Q Discus: Logic Appliation

0GAI ? B2J NRI@JCK ?LB RFRM Q1B SQGLE URAMS JCPL®B ?@MSR
IJMBA GL RFGQ KMBSIRDOR RFC M®JCK ?LB RFC QMJSRGML RM RFC
FCQRIMRFC AJ?0GU RFC NR@JCKQ NMBEY WSP AJ?QQReQ ?LB
FCQNMLB RN J@QRRV 2C?B RFCMEGA INNJCRGML $SGRGMIMIP
BAR?GBBGEARGMLQ

#PC?RC ? LO RFE?B GIRFCE=?9 FFB?9J?EDMPSK GL RFC

219KII?ED E7H: RM MKNJRC RFGQ ?QQGHRKCL

/>?1 711?=DC:D J 2| HGK?k 7D: M EHJ>KF JE FE?DI

. OMGRQ
P ?BGLE #REPG? OMQQG@JC
4FC NM@JCK

r )QB?B2J JENM@JCK

r )QBAF?JICEEE LMR RPGTG?J

r )QB? SLGOSCMB®JICK GLORED ? MNV 1D ? AJ?QQRED
NMQRGLE

4FC QRIRCECQ

r IPC MLC MP KNFECLCRI NRI@JCK QMELE QRRCECQ SQCB
r IPC RFC QRRCECQUPEARW GBEIEB

4FC NEQCRRGML

r )Q RFC NR®JCKWWNJI?GBIUCJIJ
r IPCRFC NR@JCK QMELE QRFCECQWDIJ?GIBAUCJIJ
r IPCRFC ?NINNPE&Z RCPKQ $QC

9MSP EQNMLQCQ

r $GB WS NMQR 2BQREM EQNMLQCQ

r $GB WS @NJ?GL EMRFC @?KNJCQ FCIRIENMS @RRCP
SLBCPQR?LB RFCR®GL RFGQ KMBSJC

r $GB WS ?QI OSCQRGMWEYD?BRRGML MP K2
QSEECQRGMLQ MLFRVAF?LEC MP GKIRPRFC MR&RJ
2NNJGRGML NMQRGLEWRMRECH.DW SN NMQRGLEQ

$GQASQQ ,BE NNIJGRGME


https://novaonline.nvcc.edu/descriptions/mth151common/documents/logic-directions.rtf

Z$GQASQQ ,BE INNJGRGML



PART Xl

MODULE 6: CONSUMER
MATH

- MBSJC #MLQSKCP -RFZ






71 Module 6 Overview

What Youd Learn To Do:; Lhderstand ansumer
math and performamputations in daily life.

-)9616 *2-+;1=-:

r  $COGLC RCEQRRC

r  $CQAPG@C RFICEIEEC @RJOCL QGKNJIC ?LB
AVMKNMSLB GRCEQR

r #?JASJRC QGKNJC ?LBKNMSLB GRCEQR

r  $CQAPG@C RFICEEEC @RJCCL NEQCR ?LB
DSREPJSCQ

r  #?JASJRC NEQCR ?LB DSRSH?JSCQ

r #?JASJRC ?LLSBEGCQ ?LBWASR ?LLFGEECQ

r  $COSLCGL?LE AF?EC

r #?2JASIJRCBL?LE AF?ECQ SQGLE RFCPPEC B?®J0
@7?J?L® KCRFMB

r  $CQAPG@GSRB P?RC KMRE?EC

r  OFCN?E 7L ?KMRGRGML QAFEIC

- MBSJC /TCHGG Z



Learning Activities

4FC JCPLGLE
?ARGRGCUIPRFGQ KMBSJC GLAJSBC

"),16 : :1/656;:)6, &1,-7:

r -:7: #MLQSKCP -?RF

r 2 7J9> 3SNNJCKCR?J 6GB

r -;7: | TCPEC $2Q4 "2J7L&

r -;7. ( MJ?L'KMP RGRGML 3ABSIC GQ #?JASE?

75 ->793 :1/656::

r . K8C?J #MLQSKCP -?2RF (MKQUMP ~ NMGL RQ
r . K8C?J #MLQSKCP -?2RF (MKQUMP ~ NMGL RQ
r 219Kl #MLQSKCP -?RF INNJGRGML NM®Q
r 219Kl &GL?JRD@RGML NMGLRQ

r EC FBJ; %V?2K

Z- MBSJC /TCHGG



72 Consumer Math

7 C FZIC RM WP UGRF KML® TCRV BW 7 FGJC @7?J?LAGMSRV
AFQI@MMI MP?BASIRGLEMSP KMRFW @NCLBRSEQ ML CQBIOQM
ROOSGR) MM ?AREKRGA UFCL © QRPP QPGLE NJ?LLGLEBIMD
RCRGIKCLR MP L@B ? IM?L € LEB KMFC K?RFCKRGAQ

Simple Inteest

$GQASQQGLRGEQR QRZP UG RFCFH?D9?F7BVP ?KMSR \MSP
?2AAMSIR QRR® URF 4FGQMSJIB @C ? QRGEE BLQRKCOR MP RFC
QRMGLE ?KMSR. N ? JM?L LRCEQR GR@ KMQR QGKNJBKD GQ
AJASREB ?Q ? NOELR b RFC NPGLAGN?J SMHNIC GDVI®/
@VRPICB  DP MK ? DPGCLB ?LB TEFRMENWRUBF GLRCEQR
RFCL RFC ?KMS&LND GRCEQRNE UMSJIB N IMSJIB HSQR @C DM
4FC RMR?J ?KMSL R \WMS UMSJB EN'W WMSJIB @C
RFC MPGIE2J NPGLAGN?J NJSCRREQBL

Simple On&ime Inteest

I=Pyr

A=Py+I=Py +Pr=PR(l+7)

r " GQRFORGEQR
r GQ RFC CLB ?KMSINPGLAGN?J NJSTEGR

#MLQSKCP -?RF Z



r ) GQ RFC NPGLAQRMGLE ?KM$L
r I GQ RFCREIEQRRC GL BGK?INIPK %V?KNJC

I DPGCLB ?QIQ RM @MPP?LB ?EP  GCQ RMCRW R GL
BWQ WRF GLRCEQR KU KSAF GIRCEQR UGMSN2PL

#74<;176

) RFC NPGLAGN?J
| P ?RC
9MS UGJPEBL GLRCEQR

/LC RGKC QGKNJCREIEQR GQWINMKKML DMP EREKCW QFNRFRCPK
JM?LQ &MP JMLECP RCPK JR7TEQWEKML DMP GRCEQR RM @C N?GB
ML ? B?GUKMLRFWOS?RCEVMP ?LLS?J @?QGRFR AQC RCEQR
UMSJB @CPL® FCESJWEMP Z?KNJC @MLBQ?EQQERGMWI? IM2L
K?BC RM RFC @MLB GQQPEKN?LW MP HRIPLKCIR @V WS RFC
@MLB FMJBQIPPCRSPLNIP RFC JM?L RFC GQQECR T M?GRCEQR

MRCL ?LLS?W"MLBQ FAC ? K?RSAR/ BRC R UFGAF RGKC RFC GQQSCP
NWQ @?Al RFC MRGE@MLBIBC

Z#MLQSKCP -?RF



2)584-

3SNNMQOWSP AB GQ @SGJIBGLIE N2/ ?LB GQQSCQ
@MLBQ RRGRC RFC KMURM @S®IBME M@R?GL ?
@MLB RRANWQ GIRCEQR ?LLSMIRR K?RSEQ GL
V?PQ ( MJ KSAF GIRCEQR UGMSAZPL

#74<;176

%?AF @?P WIS LMSJB 2PL  GL RCEQR
GL RRCEeQR 3MINIP RFCMSPQCMIT W?PQ MS UMSJB ZPL
? RMR?DM GL GLRCEQR FCL RFC @MLB RBEQ WS
UMSJBEACGT @?AIRFC W MS MPGE?W N?GB ZGLE
VWIS UBF ? RMR M

7 C AL ECLCRPIGXRFGQ GBD QGKNJGRGBQRTP RGKC

Simple Inteest over Time

I= Pyrt

A=Py+1=Py+ Prt=PF(1+rt)

r " GQ RFORGEQR
r GQ RFC CLB ?KMSINPGLAGN?J NJSTEGR

#MLQSKCP -?RF Z



r ) GQRFCNPGLAGRMGLE ?KMS.
r 1 GQ RFOREEQRMRC GL BGK?INPK
r  KGQRGKC

4FC SLRQ DKCZQSEKCLR W?PQ KMBRFQ RA MP RFC
RGKC QFMSJBRAF RFC RGKC NCR@RBREL BCEQRRC

APRNAnNnual Rrentag Rate

)LRCEQRARCQ TPSQSAMBTL ?Q ?L7DIK7B
F;H9;DJ7= H7J; + - IRFC RMR?JREIEQR RRUGJJ @C
N?GB GL RFCR)D RFC BCEQR GQ N?GB GL QK?JICP RGK(
GLABKCLRQ RFC DUGJJ @C BGBGBC

&MPZ?KNJC ? 10 2 N?GB KMRFW WMSJB @C BGBGBC
GRMRBRCIC N? WKCIRQ

I ?LLS?JP ?RC N?GB ORZHV WMSJB @C BGB3BRM
DMSP  N?WKCIRQ

2)584-

4RC?QSW .MRCQ UMRCQPRC @MLBQ G@IBTRFATBCRJ

Z#MLQSKCP -?RF



EMCPLKCIR RMMICP RQ YNCLQCQSBINMQOMS M@R?GL ?

4 LMRCURF? ?LLS?JP?RC N?GB QCKG ?LL8RJJ
URF ? KRSA®/ GL @PPQ (MU KSAF GIRCEQR UGMSV
C2PL

#74<;176

3GLE GRCEQR GQ @CGLE N?GB QCKG\?RIS&I? \W?P
RFC GLRCEQR UGJJ @C BBEGERRIRM N? WKCIRQ

) RFC NPGLAGN?J
[ P ?RC NCP F?90?P
K WC?PQ  F2JDVEC?PQ

9MS UGJPEL  GL RCEQR RMRTGR
RFCSP @?PQ

Try It Now

1 IM?L AMKN?LW AFBCQ  GLRCEQRMP ? MLC KMRF
JM?L 12 &GLB RFC ?LLS? REGEQRIRC RRE ?E
AF?EGLE

#MLQSKCP -?RF Z




Compound Integst

7GRF QGKNJCRGBQR 0O UCKE ?QQSKGLE RFRC NMACR® RFC
GRCEQR UFCL O ACGIB ® ) ? QR?LB® @~?LI ?AMSIR ?IW
GRCEQR U @PL GQSRMKRGAW ?BBB RM MSP @?JX2LALB UC
C?PL GRCEBQR ML RRTRCEQR GL DSRBPPQ 4FGQ@GICQRKCOR D
GRCEeQR G228 9ECFEKD:?D=

3SNNMQC RF2C BCNMRG GL ? @7?7LI ?A AMSIR NBCPGLE
GRCEQR MKNMSLBB KMLRFW( MJ UGJJ MSP KMIMERJ

4FC  GL RCEBQR GQ ?L ?LLS?J AICR?EC TRC !0 2 IRFC RMR?J
GRCEQR RM @C N?GB BSPGLE?RRGME GRCEQR GQ @CGLE N?GB

KMLRFW C?AF KMLRF wc UGJJ ?eL
3%
12

NCP KML RF
)L RFC GPQR KRE

)

)L RFC GPQR KRE W UGJJ?eL GL GLRCEeQR BQGLE MSP
?AAMSIR @?J?CARM
)L RFC Q®ILB KMLRF
)
" AMSLB®B

. MRGARFR GL RFCAMLB KMLRF WC @PLB KMFC GRCEQR RF?L
UC BGB GL RREPRR KRE 4FGQ GQ®QC (¢ @PL®B GRCEQR LMR
MLW MLRFCMBGE U CBCNMR@ @SR O ?2JQML®B GRCEQR
ML RFC M D GRCEQR U @PL®B RFCBPQR KRE 4FGQ GQ REW |
?BT?LR?EC RRPECFEKD:?D=MD GRCEQRETQ SQ

#2JASIRGLE MSRIJIKMPC KMLRFQ

Z#MLQSKCP -?RF



( EDJ> .J7HJ?D=87B7D9%J;H;1J ;7HD;: ! D:?D= 7B7D9;

4AM BLB ?L OSTRGML RONEQCR RFGQ) GIFCNEQCRQ RFC ?KMRLD
KMLCW ?RCB® KMLRFQ RFCLQAVSIB URE RFCRSPQGTOSRGML
)
) K ) Kk
9IMS NM@?@IPAMELGXRFGQ ?Q REASPQGTMPK ND ¥NMLCRG?J
EmMURF D LMR O AMSJB EM R#BE RFC QRCNQ RM @SGYBIXHRG
QOSRGMIMP RFC EBRF

)
) )
) )
) )

) )
/@QCWGLE ? NRCPL G AISJB MLAJSBC

) K K
. MREARFR RFC GL RFC ©OSRGML2)) RFC QRRBLE ?KM&L
7 C MSLB @W ?BBGLE MLC RM RMORFPPRC BGTBB@V

QGLa UC UICKE AMKNMSLBGLE RGKCQ NCPPVCLCP?JGXGLE MSP
FCQSJR WAVSIB URE
P =R(1+ %)

#MLQSKCP -?RF Z



)L RFGQMPKSJ?
D GQ RFC LSK@QP MKNMSLBGLE NCPGMBRRFQ GL MSP
CV?KNJC
| GQ RFC ?LLS?RGRQRARC
BGQ RFC LSK@TPAKNMSLBQ NCEW
7 FGJC RFGIBKSJ? WRQ [5LC RSGQ KPMKKML RM SQC RIBKSJ?
RFR GIMICQ RFC LSK@CP® MPPQ PRFCP RF?L RFC LSK@Q@P M
AMKNMSLBGLE NCPGMBQ GQ RFC LSK@QP WPPQ RFCD 'B
-?IGLE RFGQ AF?LEGSEQ SQ RFC QR?EBBAPKSJ? P MKNMSLB
GRCEQR

Compound Intezst

Py = 130(14r %)\k

r ). GQRFC @?I?CA RFC AMSIR ?RCP \W?PQ

r ) GQRFC QRGEE @?J2LKD RFC 2MSIR 2JQM
A?3JB GLRIG?J BCNRIGE® NPGLAGN?J

r | GQ RFC ?LLS?RGEQRMRC GL BGK?INPK

r  BGQ RFC LSK@CPMKNMSLBGLE NCPGMBQ GL ML
V2P

7

)D RFCMKNMSLBGLE GQ BMLC ?LUSALIC ? \@?P B

)D RFCMKNMSLBGLE GQ BMLC RGHPB

)D RFCMKNMSLBGLE GQ BMLC RR&/B

)D RFCMKNMSLBGLE GQ BMLGAERGJ

4FC KMQR GKNRMR RFGLE RBKEK@CP ?@MSR SQGLENRRGEID
GQ RRE ?QQSKCQ RFAL NSR KMLW GL RFCAMSIREDY; ?LB J®R B
QB RFCPCPLGLE BCEQR

Z#MLQSKCP -?RF



2)584-

| ACRRGIARC B BCNMRDE GQ ? QBLEQ GLQRPIKRER
K?L W @?LIQIECP)R SQSMIBTQ ? FGEP GRCEQRRC @SR
WIS ALLMR 2ACQQMBP GLQRKCR BIP ? QM@EB JCLERFIM
RGKC SNNMQOWS BCNMRG GL ? #$N?  WGLE
GRCEQR MKNMSLBB KMLRFW( MJ KSAF UGJIMS FAC GL
RFC ?AMSIR ?RCP  VI?PQ

#74<;176

)L RFGQ/RKNJIC

) RFC GRG?J BCNRIQG

| ?LLS?J P ?RC

B KML RFQ GL GaP
QGLA UaRC JMMIGLEIR FM KSAF U (hdJ AT ?RCP
W C?PQ
3M

0.06\ 2012
Py0 = 3000(1 aF T) = $9930.61

PMSLB WSP ?LQOP RM RFCIRCQR NCML

,CR SQ MKN?Z RFC ?KMSR N KML®V CPL®B DMK AMKNMSLBGLE
?E?GLQR RFC ?KRR3MS UMSJB ?PL DK QGKNJCRIeQR

#MLQSKCP -?RF Z



3GKNJAQRCEBQR NCP A MKNMSLB8 KMLRFRW

9C?PQ K MLRF C2AF KMLRF

1Q WIS AL QC MCP ? JMLE NCPGMEBRBKCMKNMSLBGLE KTQ ?
J?EC BEDELAC GL RFC ANSIR @?J?ICA9MS KW RAMELGXRFGQ ?Q
RFC BEIKLAC @RJCCL JGLZP ERURF ?LB YNMLCRG?J MPRF

Z#MLQSKCP -?RF



Ewaluating Exponents on the Calculator

7 FCL UC LGB RM 2JASRRC QMKEEGLE IGI ® GQQW
CLMSE RM HSQR KSJRGNJ "SR UFCL (€ LaB
RM AJASIRC QMKRFGLE IG| ® WISJB @CTRV
RBGMSQ RMASRC RFGW @SJRGNILE @ WRQCJID

RGKCQ 3M RM K?C RFGLEQ@GCPC AL F?PLCQQ RFC
NMUCP @ MSP QAGGIA 2JASRRMPQ

- MQR QAGGA AJASRMPQ FC ? @ FRVILIDP
COVNMLCRQ)R GQVRIGAW GG-CP J?@EJIGT

= P vrdY
4AM Q?JSRC UQB RVNC = MP pY
4PW B MSRMS QFMSJB EQMKRFGLE ®SLB

2)584-

9MS ILMJ RFR \WMS UGJJ CB D MP WSP AFGQBn
CBSARGML GL CAPQ ) WISP ?AMSIR CPLQ
AMKNMSLBB8 OS?RCERVFMJ KSAF U MSJB MS LEB RM
BCNMRE&N RM €2AF WISP EM?J

#MLQSKCP -?RF Z



Rounding

)R GQ GKWAR RM @CHV ARCDSJ ?@MS$SEBGLE

Z#MLQSKCP -?RF



UFCL A?2JASRGLE RFGLERRUGNMLCRQ L) ECLCPJ WS
U?LR RMACN ?Q K?W BBGK?JQ BSPGPEASRGMLQ ?Q

VWS BRL "C QSE RMy;F 7 JB;713 1?=D?<?97D:?="2I
LSK@CPQ ROP AV JZBGLE GMQ 2 MSLBGLE

RM UGJJ SQSWIST WIS ? AJMQC CLMSE
?LQUWCP@SR;;F?D= CEH; :?=?JI ?| 7B\70I 8;JJ;H

2)584-

4M QC UFW LMRT@PPMSLBGLE GQ QM GRNRIF)SNNMQC
W/S LC GICQRGLE ~ ?R  GL RCEQRMKNMSLBB
KMLRFW BIP  WC?PQ

) RFC GRG?J BCNRIQG

B KML RFQ GL CaP
QGL® UGRC JMMIGLEIR RFC ?KMSL?RCP
VC2PQ
#74<;176

)D LC BPQRIKNSRC

B

UC LB

#MLQSKCP -?RF Z



Z#MLQSKCP -?RF



Using Yur Calculator

)L K?L W RQCQ M$ AL ?TMGBNPSLBGLEMKNIROY @
FMJ WMS CRCP RFGLEQNESRARJAS RMREMP Z?KNJC GL
RFC €?KNJC ?@ UC LCB@B RMAJASRC

0.05"*%
Py = 1000(1 + T)

7 C 2L OSGAW RJIASRC e EGTGLE

0.05 360
Py = 1000 (1 + T)

. MJUC AL SQC RFC?2AASRMP

/OF; 1> 7B9KBIEH >EMI
T

Using Yur Calculator Continuk

4FC NETGMSQ QRCREZVZQQSKGLME FTC ? pILC

#MLQSKCP -?RF Z




MNCPRGMLR?? RGKGRIJASRMP ? KMP?B?LACB
A2IASRMP UGIREL 2JIMAMS RMRNC GL RFCRTP
OVNEQQGML RMRIS®RB )D WS FAC ? RIASRMP JGI
RFGQMS UGJJ M@ ?@HSQRIBRRM CRCP

S T AN

Annuities

&MP KMQFOMBQ G ?RLnR ?@JC RM NSREZ J2BK @ KML® GL RFC
@7?L1 RMB®)LQREB UC QTC IMP RFC DSRI® BCNMRIE.E ? QK?JICP
?2KMSLR N KML@ D#K C?AF NMAFQAl GIRM RFC @7?L1 4FGQPGET
A?1JB ? 17L?D# 7DDKZO - MQRARGIKCLR NJ?LQ IGI | NJ?LQ MP
)21 NJ?LQ ?E O/?KNJCQIMQRGLEQ ?LLBGCQ

IL ?LLSGRV AL @C BCQAPB@&BSPQGW GL ? DIBRGKNICW
2CA2J] RIR @?QGMKAMSLB GRCEQRMIJVD DK RFC BIRGMLQFGN

P = (1 n %) j

&MP ? QGLEQ ?LLRBBUC QGKMJLCB RM ?BB ? BCNIRQGRM RFC

?AAMSIR URF CAF AMKNMSLBGLE NCPGMB
Py = (1+%)Pm,1+d

4?IGLE RFGOERGMLNIR FCASPQGTMPK RMINJGRGIPK GQ ?ROG
RPGAIGCP RF?RRUBIKNMSLB (RCEQRR UGJJ @TIGCQR RN @C
UMRPGLE UBF ?L ?KNJC PRFCP RF?LMWGLE GL ECLECP

3SNNMQCM@UGJIJ BCNRIQGC ?AF KMLRF GRM ?L ?AMSIR NWGLE

GL RCEQR T ?QQSKC RRRFC AMSIR GQMWKNMSLBB URF RFC
Q?KC DEDSCLAV ?Q 8 K?I C BCNMRG SLICQQRERMRFAFGQCLIRFGQ
CV?KNJC

r B A MKNMSLB@CNMQ&) NCREYP

Z#MLQSKCP -?RF



ro; MSP BCNNRIXBCP KMRF

7 PEGLE MSR REEFPQGTOSRGMLELQ

0.06
P, = (1 + F) P,y +100 = (1.005)P,,—1 + 100

IQQSKGLE € QRRPURF ?L CKNR/ ?AMSIR WC AL @CEL SQGLE RFGQ

FCIRGMLQFGN
Py =0

P, = (1.005) Py + 100 = 100
Py = (1.005)P; + 100 = (1.005)100 + 100 = 100(1.005) + 100

Py = (1.005) P, + 100 = (1.005)(100(1.005) + 100) + 100 = 100(1.005)? + 100(1.005) + 100

#MLRGLSGLE RFGRCPL HCP BCNMRQG @B F?TC QTCB
P,, = 100(1.005)™ " + 100(1.005)™ 2 + - - -4+-100(1.005) + 100

)L MRFCPUBQ ?RCP KMLRFQ RFGPQR BCNM@&J FC CPPLB
AMKNMSLB GRCeQRMFD u KML RFQ 4FC @QNILB BCNMRGGJJ 2
C?PLB GRCEQRMFD u KML RFQ ?QR KMRFQ BCNNRQH®ISIB FrC
C?PL@ MLYW MLC KMRF WMIRF M GRCEQR 4FC KMQ&ELR BCNMRG
UGJJ AZ &PL® LM GRCEQRN

4FGQ QSRGMLICQ ? IMR RM @C BC@ERSHGR BMC@R K?C
A?JASRGLE RFC CLBGLE @CJALW CQGCP WM QGKNW5MRFGLEQ
KSIRGWI@MRF QGBIRFIASRGMLV/E

1.005P,, = 1.005 (100(1.005)" " + 100(1.005)™ % 4 100(1.005) + - - --+100(1.005) + 100)

$GORPG@SRGLE MLRFQBBE RFCASRGMLAETQ
1.005P,, = 100(1.005)™ + 100(1.005)™ " + - - -+100(1.005)* + 100(1.005)

. MJ UMJJ JGLC RFGQRNJIBERCPKQ MR MSP MPGIE?J GSRGML

?LB QS@RAR CAF QGBC
1.005P,, = 100(1.005)™ + 100(1.005)™ " + - - -+100(1.005)

Py, = 100(1.005)™ 1 + - - -+100(1.005) + 100

IJKMQR ?JJ RFC RCPRQA®J ML RFC FREF?LB QGBC UFCLCU

QS@RMR JCTGLE
1.005P,, — P,, = 100(1.005)™ — 100

#MLQSKCP -?RF Z



3MIGLENIPD
0.005P,, = 100((1.005)™ — 1)

100((1.005)™ — 1)
m= 0.005
2CNJ?AGIEKMLRFQ IKF ' UFCKC' GQ K®QSEB GL @PPQ BTQ
100((1.005)'2N — 1)
P = 0.005
2CA?JJ U ?2Q

T

k
?LB U ?QRFCBCNRQGU ?QB RFC LSK@CPNBCNMQCGAF \EZ?P
'CLCP?JGXGLE REEBIR WER RFC QGLE ?LLRH MPKSJ?

Annuity Formula

r ). GQ RFC @?I?CA RFC AXSIR ?RCP WC?PQ

r ; GQ RFCESJ?P BCNR®GC ?KMSR WS BCNMRG
C?AF W?P C?PAF KMLRF RA

r | GQ RFC ?LLS?RGEQR7RC GL BGK?INIPK

r BGQ RFC LSK@TPAMKNMSLBGLE NCPGMBQ GL ML
WC?P

7

)D RFCMKNMSLBGLE@ISCLAV GQ LMAIGRB QRSB
2QQSKC RFCPRE RFC Q?KC LSK@CP MKNMSLBQ GL ?
V2P 2Q RFCPR BCNMRG K?BC GL TWP

&MP Z?KNJC GD RIMKAIMSLBGLEMFSCLAY GQR QR®

Z#MLQSKCP -?RF



)D WS K?IC WISP BCNMQG TCRV KMIRF SQC KMRFW
AMKNMSLBGLB
)D WIS K?IC WISP BCNNRUGECRV 7P SQC PRW MKNMSLBGLB

)D WIS K?IC WISP BCNMRQG TCRV OSTCP SQC OSRCHRV
AMKNMSLBGLB
%RA

When D You Wse This?

ILLSGRGCQ ?QQSKIRRMS NSR KMIMZ GL RFCAMSIR
ED 7 HEKB7H 19>;:KB; ;L;HO CEDJ> Q7H GK7HJ;H,J9
?LB IR B QCRFCPZPLGLE BCEQR

#MKNMSLB GRCEQR ?QQSKCQRRWS NSR KM GL
RFC ?AMSIR MLE& ?LB J& B JCRFCPCPLGLE GCEQR

#MKNMSLB GRCEQRD; BCNM®G
ILLSGRV( 7DOBCNM®AG

I RP?BEGML?J GLBGTCBBEKELR ?AMSIR )2 GQ ?
QNBG?IWRC MPRGKCLR ?AMSIR GL UFGAF RFC KMLWIS
GICQR GOBNR DK GLMKC R?€Q SRGMS8 UBFBPU R P
WS BCNMRG C ?AF KMLRF GRM ?L )2C ?PLGLE

#MLQSKCP -?RF Z



Z#MLQSKCP -?RF




2)584-

9MS W’LR RM AZ GL W MSP ?AMSIR UFCL WS
PORGPGL WC?PQ BISP EREKCLR ?AMSIR CPLQ
GRCEQR KU KSAF BM WIS LECB RM BCNNRJBAF KMLRF RM
KCCR WMSP ERGEKCLR EM?J

#74<;176

)L RFEGQ/CKNJCUQRC IMMIGLEIR

| ?LLS?J P ?RC

B QGL® UGRC BCNMRGLE KMRFW
W C?PQ
) 4FC ?KMSIR LC W?LRRM AZ GL  WC?PQ

)L REGPAC \OFC EMGLE RMIERM @SN RFGISRGML
?LB QMT MP,

d ((1 + %)mm) - 1)
&)
d ((1.00667)3“” -~ 1)
200,000 =
(0.00667)

200,000 =

200,000 = d (1491.57)

200,000

= Taoisr = $134.09

3M WS UMSJB LGB RM BCNNMQG  C ?AF KMLRF RM AZ
GL W C?PQ GM8P ?AMSIR CPLQ GLRCEQR

#MLQSKCP -?RF Z



Try It Now

| KMP C AMLQCPRGT GICQRKCR ?AMSIR NWQ
GRCEQRD WS BCNMRG? B?W GRM RFG@WSIR FNJ
KSAF UGJIMG FAC ?BRCP \@?PQ (MU KSAF GQ DK
GRCEQR

Payout Annuities

)L RFC J?QRABGMLMS JEPL®B ?@MSR ?LLUSGCQ L ?LLSGNV WIS
QR UBF LMRFGLE NSR KMLGRM 2L ?AVISIR ML ? EESJ?P @?QGQ
2LB CLB SN URF KML® GLMBP ?AMSIR
)L RFGQ ARSML © UGJJ FeL ?@MSR PACRGML?AJB ? +7CEKJ
DDKPO 7GRF ? NWISR ?LLS® WIS QRRPUBF KML®V GL RFC
2AAMSIR ?LB NSJJ KMMZMSRIMRFC ZMSIR ML ? @ESJ?P @?QGE/ 'L
FCK?GLGLE KMMZGL RFCAMSIR @PLQ (RCEQR 'RCP X&IB ?KMSLR
MD RGKC RFQWISIR UGJJ CLB SN CKWR
0?WISR ?LLIECQRRVNGAW SQE?RCPERGIKCLR CHE?NQ WS
F?TC QTCB D MP ERGIKCLR ?LB PLR RM RGIKMLGN MSRIM
RFC ?AMSIR @AF KMLRF RM JGVIL MS WPLR RFC KMIMVE RM J?QESW
W C?PQ 4FGQ GQWMSER ?LLRHAFC IMPKSJ? GQ BABGEL ? QGKGJI?P
U?W ?Q G BGEMP QIGLEQ ?LLBGCQ 4FCRESIQ?MKERB FCIE

Z#MLQSKCP -?RF



Payout Annuity Brmula

r ) GQRFC @?&GA RFC ANSIR R RFC @GELGLE
QRTRGLE ?KM$L MP NPGLAGN?J

r ; GQRFCESJ?P REBPU?J RFC ?KMSR WS R2C
MSR BAF 2P C?2AF KMLRF ®A

r 1 GQ RFC ?LLS?RGEQRIRC GL BGK?IMPK
%V?KNJIC

r  BGQ RFC LSK@TPMKNMSLBGLE NCPGMBQ GL MLC
V2P

r ' GQRFCLSK@TP®PQ € NJ?L RM R
URFBRU?JQ

,GIC URF ?LLSBGCQ RFMKAMSLBGLE @FSCLAV GQ LMRJANQ
CVNJGAB BETL @SR GQRBEKGBC@V FM MRCL WS R2C RFC
URFBPU?JQ

When D You Wse This

0?WMSR ?LLSEECQ 2QQSKARMBI7A KMLOW DK

#MLQSKCP -?RF Z



RFC ?AMSIRED 7 H=KB7H 19>;:KB; ;L ;HO CEDI> Q7H
GK7HJ;HJ9 ?LB JR RFOIQR RBFCPCZPLGLE BCEQR

r  #MKNMSLB GRCEQRD; BCNM®G
r  ILLSGRN( 7DOBCNM@G
r  OPWASR ILLSBV( 7DO M3>:H7M7BI

2)584-

IDRCPERGPGLEMSVP’LR RM @C ?@JC RM RT TCRV
KMLRF BIP ? RMRZI MAVC?PQ IMK VISP ERGKCLR ?AMSIR
4FC ?AAMSIR CPLQ GLRCEQR KU KSAF UGJIMS LECB GL
VWISP ?AMSIR UFCL WS BRGP

#74<;176

)L RFGQV@KNJC

RFC KMRRW URFBPU?J

?LLS?J P ?RC

QGLAUGRC BMGLE KNRFW URBFBRPU?JQ @nJJ
AVMKNMSLB KMRFW/

QGLAUCKE R?IGLE REBPU?JQMP  WC?PQ

Z#MLQSKCP -?RF



7 QRC JIMMIGLEIB FMJ KSAF KMLCW LCBQ RM @C GL RFC
?AMSIR R RFC @GH-GLE

OSRRGLE RFGRMGRFCOSRGML
1000 (1 — (1 + Ui_gﬁ)ﬂﬂ(u))
=

1000 (1 - (1,005)’2‘“’)
(0.005)

Py =

Py =

1000 (1 - 0.302)

_ — $139,600
! (0.005) ’

9MS UGJJ CB RM FIC GL W MSP ?AMSIR UFCL WS
FCRGP
. MRGARFR \MS UBFBRU ? RMR?.DM ?

KMLRF BIP KML RFQ4FC BABRLAC @RJCCL UF?R WS
NSJIBMSR ?LB UFR \MS QRR®B URF GQ RFD;H;1J ;7HD;:
)L RFGQRACREGQ u GL GLRCEQR

Ewaluating Neative Exponents ot
Calculator

7GRF RFCQCM®JCKQMS LEB RMPEQC LSK@CPQ RM
LCERGINMICPQ- MQRMWASRMPQ Fe ? QCNZRC
@SRMLIDP LCERGLE ? LSK@CP RFEQ BDLR RF?L RFC
QS@RMRGML @BR. 3MKC RJASRMPQ J?@CJ RFQRIKC
URF  4FC @SRML G@REL LEP RFC | ON MP RFC
BOAGK?J NM&L

#MLQSKCP -?RF Z



)D WISP AJASRRMP BGQMQPMNERGMLQ NRRB/NGAW ?
A2IASRMP G KSIRGJIGLC BARNAIASRC U
VWSB RVNC QMIREGLE TG 6

)D WISP AJASRMP MMQRYD MLC FISC R ? RGKC RFCL
SQS?W WIS FRRFC | ON ?RCP ? LSK@CP RM LRIERS QM
WISB F® AV

'GTC & ? RRIWIS QFMSJBEC

2)584-

9MS ILMJ VWMS UGJJ e GL W MSP ?AMSIR UFCL
VWS PRGP MS W?LR RM @C ?@JC RMKRRRFW URBFBPU?JQ
DRIK RFC ?AMSIR DIP ? RMRT MWVC?PQ MSP ERGIKCLR
?AAMSIR CPLQ GLRCEQR WU KSAF UGJIMS5 @C ?@JC RM
U®RFBPU C?AF KMLRF

#74<;176

)L RFGQ/CKNJC WHC IMMIGLEP

[ 2LLS?J P ?RC

B QGLAUQRC URFBPUGLE KMRFW
W C2PQ

) UC ? @OELLGLE BE

Z#MLQSKCP -?RF




)L RFG@AC @FC EMGLE RMIERM @CSN RFGISRGML
?LB QMT MP

d (1 -(1+ %)73002))
&
d (1 = (1.00667)‘3“)
(0.00667)

500,000 =

500,000 =

500,000 = d (136.232)

500,000

= 136232 — $3670.21

9MS UWMSJIB @C ?@JC RARRS C ?AF KMLRF DIP
W C?PQ

Try It Now

| BMLMP BTQ RM ? SLGTCPGW?LB QNBGECQ

RFR B GQ RM @ BSRMET ?LLS?J QAFMJI?PQFER@EC
LCVR WC?PQ [) RFC SLGA@W AL C?PL  GL RCEQR
FMJ KSAF A?L RF®V BT GL QAFMJ?PQFGARME?P

Loans

)L RFC J?QRARGMLMS JEPL®B ?@MSR WASR ?LLRECQ
)L RFGQ ATSMLMB UGJJ2RL ?@MSRIACLRGML?J JIM7RIDM2IB
?2KMARGB JM?LQ MP GLQR?RKERL®6V?KNICQ GLAISBRM JM?LQ

#MLQSKCP -?RF Z



2LB FMKC KMIRE?ECQ 4FCQGARGSOSCQ BM LMR \ANRW MBAN
JM?LQ ?BB ML JM?LQ MP MRFCP MWM®QRUFCPRFC ®RCEQR GQ
A?JASRG SN DRLR
/LC EPC?R RFGLE ?@MSR JM?LQRGRFBFSQCVC/ARW RFC Q?KC
MPKSJ? ?2Q ? MBISR ?LLS® 4M QC UFW GK?ELC RIR WS F?B
GL TCQRE?R ? @7LI ?LB QRR® R?IGLE MSRWRCIRQ UFGJC
C?PLGLE GCEQR ?Q NRMD ? NWISR ?LLF® ?LB 2IRCP  \WPPQ MSP
@?37L8 U?Q XM &JIGN RE?MISLB ?LB GK?ELC RRPWS ?E ?/RGLE
2Q RFC @?LI ?LB 2R JCLBCP GRGAE ?Q& 4FC AP JCLBCPTEIQRQ
GLW MS LA WISRC ?/RGLE ?Q RFC @?MSWMWV GRCEQR 4FC
A?P JCLBCP R N®WKCIRQ SRGJ RFC @ 2CGACR

Loans Brmula

r ) GQRFC @?I?CA RFC AWSIR R RFC @GH-GLE
RFC NPGLAGN?J MP ZRMISRFC JM?L

r ; GOMEP IM?L WKCIR \WMSP KMRRW NWKCIR
?LLS?J NWKCIR RA

r | GQ RFC ?LLS?RGEBQR7RC GL BGK?INIPK

r BGQ RFC LSK@TPMKNMSLBGLE NCPGMBQ GL ML
WC?P

r ' GQ RFC JCLERRWC JM?L GI2RQ

7

,GIC @G RFC MKNMSLBGLE @FSCLAV GQ LMRIANQ \INJGRB
EGTL @SR GQRBEKGBI@V FM MIRCL WIS K?IC NWKCIRQ

Z#MLQSKCP -?RF



When do you use this

4FC JM?LMPKSJ? ?QQSKCQ RIS K?IC JM?L
NWKCIRED 7 H=KB7H 19>;:KB; ;L;HO CEDJ> Q7H
GK7HJ;HJ9 7?LB ?RC NWGLE BCEQR ML RFC JM?L

r  #MKNMSLB GRCEQRD; BCNM@G
r  ILLSGRN( 7DOBCNM@G

r  0PWASR ILLSBN( 7DO M3>:H7M7BI
r ,M?LQ( 7DO FOC;DJI

9MS AL ?ODMB  NCP KML RF ?Q ?7° NWKCIR D WS
A?L ER ?L BRM JM?IR? GLRCEQRMP KML RFQ \@?PQ
FMJ CVNCLQGTD ? AP AL WIS ?DMB )L MRFCP MBQ
UF?R ?KMSR JM?LA WIS NW D UBF NCP KML RF

#74<;176

)L RFGQ/RKNJC

#MLQSKCP -?RF Z



; RFC KMRRW JM?L NPKCIR

?LLS?J P ?RC

QGLAUGKRC BMGLE KNRFW NWKCIRQ GnJJ
AMKNMSLB KMRFW

QGLAUGKC K?IGLE KMLIRFWY NWKCIRQMP \?PQ

7 ORC IMMIGLEIB RFC QRRBLE ?KM®.Nd RFC JM?L
200 (1 _ (1+ Ui_g;)fs(lz))
(%)
200 (1 - (1_0025)760)
T ©om)

Py =

Py =

~200(1 - 0.861)

Py = = $11,120
’ (0.0025) ’

9MS AL ?0MB ? JM?L

9MS UGJIW?? RMRD M NCPKML  RFBIP
KMLRFQRM RFC JM?UKN?LW4FC BADRLAC @RJOCL RFC
?KMSLR WS NV ?LB RFC ?KMSLND RFC JM?L GQIREE;1J
F7?: )L RFGQQC WSRC NWGLE u
GRCEQR RMR?J

2)584-

9MS LR RM R2IMSR ? KMP RE?EC FMKC JM?L
4FC GRCEQRARC ML RFC JM?L GQ  ?LB RFC JMMFGQ D
V?PQ (MU KSAF UGJIMSP KMRFW NWKCIRQ @C

Z#MLQSKCP -?RF



#MLQSKCP -?RF Z



Try It Now

*LGLC @MSE M D L@ DSPIRSE ML ABBR
"CA?SQC FCP GBR QMIE GQIRGRV EMMB RFC @RMP
AF?FEGLE FCP ? DRGPGEGRCEQRMRC ML RFC JM?L
)D QFC ?EEB RM N® D RFC DSREB MCP VZ?PQ FM
KSAF UGJJ QFCTR?RM NN GAF KMLRF

Remaining Loan Balaac

7GRF JM?LQR GQIRCL BCGR@IC RMABIPKGLC UR?RFCAK?GLGLE
IM?L @2J?CAJGI) @RE@P QMKC LSK@TPWIPQ &MR/GKNJIC GIM®/
NSRF?QC ? FMKC ?LB NJ?L RM @®IBI@ W?PQ MS KGER WPLR RM
ILMU FMU KSAF MD RFC JM?L @?3?\MS UGJJ F2 N?GB ?LB FM
KSAF WS FAC RM N¥ DK RFC Q?JC

4M BRCPKGLC RFCKPGLGLE JM?L @?@?RPRCP QMKC LSK@QP M
W2PQ € BPQRAERM ILM RFC JM?L NPKCIRQ GITUBMBER ?QPBW
ILMU RFCK 2CKCK@CP RRMLWY ? NMEGMLIMMSP JM?L MAKCIRQ EM
RNM?BQ RFC IM?L @2I?l2ANMRGML GQ EMGLE RV ERB@ERCEQR
&MP Z?KNJC GDSP NWKCIRQ G ?KML RF ?RCP ?@¥P \MS
UGJEFKF?TC N?GBI® M D RFCJM?L @?d?LA

4M BRCPKGLC RFCKRGLGLE JM?L @?@?LWC AL RFGLI pFM
KSAF JM?L UGJJ RFCQC JMWKEIRQ @C ?@JC RM B GL RFC
PCK?GLGLE RGKC ML RFCGM?L

Z#MLQSKCP -?RF



2)584-

)D ? KMRE?ECR? GLRCEQRZRC F?Q NPKCIRQ M
? KML RF FM KSAF UGJJ RFC IM?L @U@ \E?PQ
DRIK RFC CLB RFC JM?L

#74<;176

4M BKRCPKGLC RFGQ?®E JMMIGLE P RFC ?KM& D RFC
JM?L RIR AL @C N?GEIM@ ? KML RF NWKCIRQ GL
VC?PQ ) MRFCPMBQ Wi#HC JMMIGLEB UFCL

RFC KMRFRW JM?L NPKCIR

?LLS?J P ?RC

QGLAUQRC BMGLE KNRFW NWKCIRQ (anJJ
AVKNMSLB KMRFW

QGLAUQRC K?IGLE KMIRFY NWKCIRQMIP  KMRC
VC2PQ

1000 (1 _ (1 + %)710(12))
)

1000 (1 - (1.005) )

—

Py =

Py =

_200(1 — 0.5496)

- = $90,073.45
! (0-005) ’

4FC IM?L @?JCAJBF WC?PQ EK?GLGLE ML RFC JM?L UGJJ
@cC

#MLQSKCP -?RF Z



/DRCL RGKCQ ?ICRGLECK?GLGLE @?JCLASCQRGMOQSER) BM
QRCNQ

#?JASIRGLE RFC KREW NWKCIRQ ML RFC JM?L
#?JASIRGLE RFCKR?GLGLE JM?L @?C?@°@E ML RFC<DS@E@E>
K@DML RFC JM?L

2)584-

' AMSNJC NBP?QCQ ? FMKC Ri6? KMP RE?ECR
D MP WC?PQ URF KMIRFW NWKCIRQ 7F?R UGJJ RFC
FCK?GLGLE @?JCLML RFCGP K\E?EC @(RTIP BPPQ

#74<;176

&GPQRWGIPBASRC RFCGP KAl NWKCIRQ7 QRC
JMMIGLBVP,

| ?LLS?J P ?RC

B QGLARFBARC NWGLE KMRFW
W C?2PQ
) RFC QRRBLE JM?L 2KMSL

7 C Q8 SN RFAISRGML ?LB QUIMP,
d <1 -(1+ %)_30“2))
)

d (1 -~ (1.00333)*3“")
180,000 =
(:00333)

180,000 =

Z#MLQSKCP -?RF



180,000 = d (209.562)

180,000

= 209562 $858.93

. MURFR WC ILMU RFC KMIRFW NWKCIRQ @ AL
BARCPKGLC RRTIKRPGLGLE @?JCLA C U?LR RFOBK?GLGLE
@?J?L8?RCP WPPQ UFCL W?PQ UGJJ @ETGLGLE ML
RFC JM?L QMCURJASIRC RFC JM?L @?CRAR UGJJ @C N?GB
MD UBF RFC KMRFW NWKCIRQ WCP RFMQC GAPQ

: RFC KMRFW JM?L NPKCIR LIC RJASRE ?@NWMC

| ?LLS?J P ?RC
B QGLARFBRC BMGLE KNRFW NWKCIRQ

QGLARFBB@C K?IGLE KMRFW NWKCIRQNDP
KMRC \Z?PQ

858.93 (1 _ (1 + %)725(125
8

858.93 (1 — (1.00333) 3"“)

Py =

=
(0.00333)

858.93 (1 — 0.369)

_ — $162,758.26
! (0-00333) ’

4FC IM?L @?J2CRRCP WPPQ URF WC?PQEK?GLGLE
ML RFC JM?L UGJJ @C

/T CPRARR W?PQ RFQMSNJC F?QN?GBM  u
MD RFC JM?L @?&214CN FTC N?GB ?
RMR?DM ?KML RFBIP W?PQ KML RFQIMP ? RMR?J
MD QM u M D UFR
RF@V F7C N?GB QM D?P FT). @RCEQR

#MLQSKCP -?RF Z



Which Equation to Ek?

7 FCL NEQCR® URF ? BL?LE NRI@JCKVIL 2L G/?K MP GLARJ JGD
WASFC SQS2WLMR RMJB BFRR/NC MNM@JCKRGSQ MP UFGABBRGML
RM SQQ CE ?E QMKC FE&Q ML BGBGLE UFGABSRGML RM SQC
@?QEML RFC MBGLE BIRFC NR®JCK

4FC QQGCQRNCIMIR@JCK RM GBED?E JM?LQM?L NIM@JCKQ
2JKMQR BPWQ GLAISBEIBQ JGI pIM2t PKMARGY; RFC D2k IMIB
MP JM?LQEBL?LE ? A?Pq MPKMFRE?EG ? FMKC JM?L ,MMI DMP
RFCQC MBQ )D RRAGRC RFAP WISFC NRI@?@JIMMIGLR 2 IM?L
NAM@JCK4M K?1C QSB QC GDMERC EGTL UF?R WMSP KMRFW MP
2LLS?J NWKCIR GQ MPIGSRIRI/GLE RGLB ? KMRFV NWKCIR

)D RFC NR®JCK GQ LMR ? JM?L RACQSCQRGMS WLR RM ?QI GQ
AK ) NSRRGLE KMIMZ GL 7L 2MSIR ?LB JRRGLERGFG MP 2K ) K?IGLE
FCESJ?AKMLRPW?LLS?JIMOS?PRCEVNAWKCIRQ MP REBRPU?JQ q)D
WASRC JERGLE RFC KMMGRIGL RFCAASIR UBF LMRFGLE @ $RCEQR
AF?LEGLE RFC @?JCLRFCL MARC JMMIGLER?? MKNMSLB GRCEQR
NAM@JCK 4FC O/ACNRGMLMS$JB @C @MLBQ ?LB MRFCBRKORQ
UFCR RFC RCEQR GQ LERIEQRE GL RFMQBYTQMERC JMMIGLR?
QGKNJCRIEQR

)D WSRC K?IGLE RESJ?P NPKCIRQ MP REBPU?JQ RFC MR
OSCQRGMLQIGRNSRRGLE KMIMZ GRM RFC ANSIR MP ?K ) NSJJGLE
KMLOW MSR D WISFC NSRGLE KMIMZ GRM RFC AMSIR ML ? @ESJI?P
@?QGAMLRPWLLS?JIMOS?PRCRV RFCL WSRC JMMIGLE R? ?
@?QWEA SGRV NM@JCK "?QGA ?LLRGCQCRIFCL WIS ?E QTGLE
KMLOW 5QS?W GL ?L ?LL&S NM@JCK MBP ?AVSIR QRR® CKNR
2LB F?Q KML®/ GL RFC DSRSP

)D WISFC NSJIGLE KMMMSRIMRFC 2MSIR ML ? @ESJ?P @?QGQ RFCL
WISFC JMMIGLER?? (PWISR ILLSBV NM@JCKO?WISR ?LLFECQCP
SQB8 IMP RFGLE@IERGHKCLR GIMKC UFCE WIS QRRRUBF KML®V
GL WISP ?AMSIR NSJJKMMZMSR ML CESJ?P @?QGQ MEPWAMVSIR
CLBQ SN CKNRGL RFC DSRSP

2CKCK@CPRFC KMQR GKIR@R N?R M ?LQUPGLE MW IGLB DI
OSCQRGML KMLEIP MRETRC GEPRQR RWPRARW GBRGDUFR RFC

Z#MLQSKCP -?RF



OSCQRGML@G@WP?QIGLE ?LB RVRBPKGLC UR??NNR?AF UGJJ @CQR
?JIM VMS RM QIZRFC NWr@JCK

Try It Now

&MP CAF ND RFQDJWGLE QBL?PGMQ BBIPKGLC BIBQ ?
AMKNMSLB GRCEQR WR@JCK ? QGLEQ ?LLRENM@JCK
2 NAWWMSR ?LLS® NM@JCK MP ? IM?LRI@BCK 4FCL
QM CAF NRI@JCK

-?P AW PACGUB ?L GLFCRGLA ND 2LB
GICQRE® R GLRCEQR 3FC GQ EMGLE RRIERC G
AMJJICEC REBPUGLE KML®/ BIP REGML ?LB
COVNCLQC@EF OS?RCR MJ KSAF A?L QFC RT
MSR ®AF OS?RCP GD QFC F2Q@P® B QAFMMJRICD

0?SJ WPLRQ RM @S LT A?P 2?RFCP RF?L R
MSR ? JM?L FCBGBCQ RM®? ? KML RFGL 2L
2AAMSIR @PLGLE  GIRCEQRMKNMSLBB
KMLRFW( MJ KSAF UGJJ FC AZ QTCB SN ?BCP
V2PQ

+CGQF? GQ K?GIE GCQRKCORQNIP ? LML NFOR
AMKN?LW4FCW PLR RM BLQR QMKC KMMIGL 2L
2AAMSIR @PLGLE  GIRCEQRMKNMSLBB8
?LLS?JW UBF RFC EM?J RMGF?  GL RFC
?2AAMSIR GL BPPQ (WU KSAF QFMSJIBEGQF?
BCNM@GRM RFC AMSIR

-G?M GQ EMGLERMICE LQJ MIGE OSGNKMR
?2R? P ?RCNCP? VZ?P RCPKD QFCA ?IMB
KMLRFW NWKCIRQB  FMJ KSAF LCU

#MLQSKCP -?RF Z



COSGNK@R AL QFC @8

( MU KSAF UMSJB MS LEB RM Q€ OCRV KMIRF
GL ?L ?AMSIR CPLGLE GIRCEQR RMTE?
Q7B SN GLBRM W@?PQ

Solving for Time

/DRCL \C ?FC GRCEQREGL FM JMLE B UGJJ R?IRM %SKSJRC
KMLCW MP RMJIMLE 0B LGB RM ZRCLB ? JM?L RM @PGMEGIRQ
BMUL RM ? E2QML?@JOAC

. MRC 4FGQARGML ?QQSKQQSW ATCRB QMIGLE INMLCRG?J
COSRGMLQ SQGLE JREKRPGIG-CP GL NPGMP AJ?QQCQ MPMGRRFC EP
KMBCJQ AF?NRCP

2)584-

)JDWSGICQR ? R A MKNMSLB8 KMLRFWFMJ
JMLE UGR B RFC MSIR RM BMS@JC?G8

#74<;176

4FGQ GQNIKNMSLB GRCEQR NRJICK QGLUC ?/C
BCNM@GLE KMME MLG ?LB 2JWGLERGRM EB )L RFGQ
NRM@JCK

Z#MLQSKCP -?RF



) RFC GRG?J BCNRIQG
| ?LLS?J P ?RC
B KML RFQ GL GAP

3M MSP ECLEPOSRGML GQ

0.06\ V"2
Py =2000(1+ ——
N 000( 4 12)

7 C 2JQM ILMRFR WC U?LR MSP CLBGLE ?KNESRM @C
BMS@JOM UFGAFGQ QM @FC JMMIGLEIB QM
RFR) 4M QMIC RFGQAQR MSPESRGML

MP . COS?J RM

4000 = 2000(1 + @)M $GTGBC @MRF
? QGBCRV@

4M QMC MP
2 = (1.005)1V RFC ¥NMLCR
R?IC RFC JMIBPM
@MRF QGBCQ

5QC RFC
CV/NMLCR

log(2) = log((l.OOS)nN) NBVINCRV D
JMEQ ML RFC
PGER QGBC

. MJUC AL
log(2) = 121N log(1.005) BGTGBC @MRF

QGBCQV@
JME

log(2) INNPWGKRG
Tolog(1005) EEA%ZSS RM ?

)R UGJJ R?P@MSR \@?PQNIP RFC AMSIR RM BMS@JC GL
T?2JSC .MRC RRAMSP ?LQOP KW MKC MSR Q5%
BARKLRW GIM&F?B C?JSRG RFC JIMEQ RMEK?JQ ?LB

#MLQSKCP -?RF Z



FMSLB® BSPGLEWSP AJASRRGMLQ @BBR?LQOP QFMSJB
@C AJIMQC &MPKBIJC GIM®/RSLBB JME RM  ?LB

JME RM RFCL WSP GL?J ?LQCP WMSJB FIC
@CL ?@MSR  \W@PQ

)DWS GICQR  C?AF KMLRF GRM ?L ?AMSIR CPLGLE
AMKNMSLB8 KMLRFWFMJ JMLE UGR B2C RFC 2AMSIR RM
EMU RM

#74<;176

4FGQ GQ TQREQ ?LLBRENM@JCK QGLAC ?F K?IGLE
FCESJ?P BCNRQ@&M RFC AMSIR

; RFC KMRFW BCNMOG

?LLS?J P ?RC

QGLAUGHC BMGLE KNRFW BCNMRIE dnJJ
AVMKNMSLB KMRFW

7 CBMbRILM' @SROU?LR)" RM @C
OSRRGLE RFGRMBRFCOS'RGML

100 ((1 + %)N(m - 1)
T

10,000 =

Z#MLQSKCP -?RF



#MLQSKCP -?RF Z



Try It Now

*MCJ GQILQGBCPGLERGE ?  J?NRMN NSRAF?QC
ML FGQ @B® AP UFGAF F?Q ?L BCEQRRC
AVMKNMSLB8 KMLRFW( MJ JMLE UGR BZC FGK RM M?
MD RFC NSP?QC GD FC i) NWKCIRQ B ? KML RF

Z#MLQSKCP -?RF




/3 Supplemental ideos

4FGQ MISIS@C NV@GQRVIIR?GLQ
QQCPJTGBBQ RIRPQSNNJICKRIRFORBGLE ML &GLTA
9MS ?E LMR @®DSGB RM BRAF ?2JJ M RFCQC TEBC @SR )
PCAMKKCLB U?RAFGLE RFC TGBMP ?W MLANRQMWB KW @C
QRPSHELE RF

3SNNJCKCR?J 6GRRZ


https://www.youtube.com/playlist?list=PL178DFA0B016BBE94

/4 Average Daily Balarmc

#JGAI ML RFC JGLI @CJM
BMILIM?B? BMASKCR BPCB® #?BQ ?LB )JQR?JIKE "SWGLEGW@
%PGC #MKKSRE #MJIJCEC A4FGQ?BBLE QM) ?L G/?KNJC
MD?L | TCPEC $2GW "?J?LE - CRFMB Bl $(RCPKGLGLERCEQR RC
SQGLE BB® AFBQ ?LB GLQR?JIRG@EGLE RM GJISQRE NMRQ

r #PCBR #?BQ ?LB )QR?JIKE "SWGLE

Z! TCPEC $2Q4 "?J?LE


http://facultypages.ecc.edu/title3/ICM/math%20ICM/Quinn/ICM_arith_percent_decimals.doc

75 How an Amortization
Schdule 1s Calculate

#JGAI ML RFC JGLI @®RM TE&C
RFC C@B@(MJ GQ ?L 'KMRGRGML 3ABSIC #?JASBB q @V
- WKMPRGRGME?PR MK 4FGQ 0B@QG NWGBCQ ? @PGCD
MICRMMIKMP RGXRGML 3ABSJCQ

r (MJGQ?L IKMRGRGML 3ABSJC #?JASB®B

( MJ 2L IKMP RGRGML 3ABSJC GQ
#?JASIR®B Z


http://www.myamortizationchart.com/articles/how-is-an-amortization-schedule-calculated/

76 Discus: Consumer Math
Application

0GAl ? B2J NRI@JCK ?LB RPRM QEIJB SQGLE RRELQSKCP
K? RFQMIGLE QRECECQNR RFGQ KMBSJCCQRER RFC INRRJCK ?LB
RFC QMJSRGML RMCRIRIMRFC AJ?6GC RFC NF@JCKQ NVRRY
WISP AJ?QQRCQ ?LBGONMLB RNR JEQR B’V 2C?B RFGMLQSKCP
-2 RF INNJGRGML $GRGMIOYP BR?GBBGEARGMLQ

#PC?RC ? LO RFE?B GL RFEDIKC;H (73> FFB?9I?ECIMPSK GL
RFC ?I9KII?ED E7H: RM MKNJ®C RFGQ ?QQGHRKCL

/>?17117=DC;D J ?I HGK?H 7D: M EHJ>KFJE FE?DI

Z$GQASQQ #MLQSKCHRP
INNJG2RGML


https://novaonline.nvcc.edu/descriptions/mth151common/documents/consumer-directions.rtf
https://novaonline.nvcc.edu/descriptions/mth151common/documents/consumer-directions.rtf

. OMGRQ
? ?
P ?BGLE #REPG? OMOQG@IC

4FC NM@JCK

r )QB? B2J JGDNM@JCK

r )QBAF?JICEE LMR RPGTG?J

r )QB? SLGOSCMB®JICK GLARED ? MWV 1D ? AJ?QQRE
NMQRGLE

4FC QRIRCECQ

r IPC MLC MP KNFECLCRI NRMI@JCK QMELE QRRCECQ SQCB
r IPC RFC QRCECQUPEARW GBRGB

4FC NEQCRRGML

r )Q RFC NR@JCKMINJ?GBAUCJJ
r IPCRFC NRF@JCK QMELE QRFCBECQWDIJ?GBIUCJIJ
r 'PC RFC ?NININPREZ RCPKQ $C

9MSP EQNMLQCQ

r $GB WS NMQR2@QREM EQNMLQCQ

r $GB WS WNJ?GL EMRFC @?KNJCQ FCIRIEMS @RRCP
SLBCPQR?LB RFCRRPGL RFGQ KMBSJC

r $GB WS ?QI OSCQRGWRYD?BRRGML MP K2
QSEECQRGMLQ MIRRMAF?LEC MP GKINPRFC MR&RJ
?2NNJGRGML NMQRGLEWRREFCAIDMSN NMQRGLEQ

$GQASQQ #MLQSKCHRRINNIJGRGME



77 Discus: Final Bflection

2CD@R ML UFR WS FAC JEPL® GL RFG®ISPQC UFGAF UGJJ FCJIN
WIS @RCP SLBCPQR?LB ?0BEK@CPRG L?B RF@GL?J QD@RGML
$GRPARGMIMYIP BR?GBBGEARGMLQ @IRC ? LO RFE?B GL RFC?D7B
- ;<B;9J?EDMPSK GL RFC ?I9KII?ED E7H: RM MKNJRC RFGQ
?2QQGELKBL

/>?1 7117=DC;D J ?I HGK?k 7D: M EHJ>KFJE FE?DI

P9 b OVGRQ

4FC NEQCRRGML

r )QB? QS@QRAT RIM MP REE N?REPNF CQ@?
r )QBAJPP 7LB UCJIUPERCL URF NFINCP ERK?P 7LB
AMPEAR QNCJIGLE

4FC AVIRCR

r &MP /NRGML

$MCQ GR ?MNIM KRCPGNIIERB GL AJ?QQ
)Q RFC NMQRGLE SLGOSC RM RFC
QRSBQ ?LB RMI&P ML ?2NNJGRGML NMQRGLEQ

r &MP /NRGML

)Q ?FC RFC QCARB OSCQRGHRLQUCKSB GL BCNRF
IPC RFC DR® ?ASPRC

Z$GQASQQ &GICD@RGML


https://novaonline.nvcc.edu/descriptions/mth151common/documents/final_reflection-directions.rtf
https://novaonline.nvcc.edu/descriptions/mth151common/documents/final_reflection-directions.rtf

PART XII

GROWTH MODELS

'P MURF - MBCJQ@






/8 Linear (Algebraic) Gowth

2P AM GQ MIJRMPD?IRGOSC QMB?RIMREGEQMIIGRGML ASRRW
AMIR?GLQ @MRJICQ @RV PP FC @SBHER) CLMSEKMLCW RM @S

LC U @MRICQ #?L O BRCPKGLC BMNK?L W @RBCQ FC UGJICF?
GL VZ?PQ ?LB FMJIMLE BUGJJ R?IMP FGQAERGML ROPRF
@MRICQ

7 FGJC @MRFRFCQC OSCQRGALMBIB NR@?@IQV3 URFMSR
7L COSRGML MRAX?J KRFCKRGAQ AP EMGLE RMPB?JGEXMSP
?NNRI?AF RM RFGQI@FCK RMNIBBC ? KELQ RM ?L@P KME
AMKNJGR® OSCQRGMLQ

3SNNMQC RBE FCNEQCRQ RFC LSK@GP NMNREML IM@RBCQ
2P AM F?Q TCFE W?PQ 3M) UMSJB ENEQCR RFC LSK@CPM
@MRICQ M) UMSJIBENEQCR RFC LSK@CP M@RBCQRDP WP
) UMSJBENEQCR RFC LSK@CP MRBCQRDP @PPQ ?LB QM ML
7 C AISJB BCQAPG@G FVMAME @WRBCMIMRGML GQ ARGLE SQGLE

)

)E )E

4FGQ GQUAB ? HOKHI?L; H:B7J?EDI>?F! P CASPQGTEIJRGMLQFGN GQ
? IMPKSJ? UFGAEPRCQ RFCVR PJSC GL ? QSCLA RM RFCEIIBEMSQ
T?2JSCQ CR RFC LSK@CPMIRBCQ GCARE A?L @CNISLB @ ?BBGLE

RM RFC LSK@CPDM@RBCQ GL RFCTEMSQCYP )E  5QGLE RFGQ
FCIRGMLQFGIS AVISIB AJASIRC
)

~— ~— ' ~— —
~— ~— ~— ~—

7 C F7IC ?LQIWCKB RFC OSCQRGDNIEM K?L W @RRCQ -?RV UGJJ
F?TC GL \W?PQ (MJCTCP QMIGLE FM JMLE & UGJJ R?IMP FGQ
AMJIERGML RMZ?RF @MRRJCQ MSJB ®OSGP ? JMR KMP
A?2JASRGMLQ

7 FGICRSPQGTEIRGMLQFGNRQGRCJIIAR BIP BCQAPG@GLEWGKNJ

,GLCP JEC@PGAP MURF Z



2LB AJCLIN?FN ? OS?IRBV GQ AF7GEE RRE ?B LMR MLTCLGCOR

MP K?IGLE NBBGRGMLQ MPTGME NR@JCKQ REQRRAF D?PRM RFC
DSREP &MP RR? ? AJMBQVIP ENJGR®IPK BDIP RFCOBRGMLQFGN GQ
NEOPEB L NFB??;GK7J?ED?JIMQ SQ RMPAASIRC)E BGEARW
UGRFMSR IGBGLE RM IWM)E 7 FGIJCMS KW 2JBW @C ?@JC RM
ESCQQ RF/NIJGRGDSRGML RCSQ BCRG® DMK RFC @ASPQGT
MPKSJ? 7C L BM QMV@QCARGIW LMR QGKNIRIE ?QOEM

~— N~ — ~—
~— ~— ~—

9MS AL NM@?@IQCRFC NRCPL LM ?LB ECLCPIGXRFR

)E E E

5QGLE RFEB®GML ©ARL A2JASRC FM K?L W @RBCQ REJ AT
2IRCP GPPQ

)

7 C AL LMJ 2JQM QM MP UFCL RFCMNJERGML UGTIAF
@MRICQEQS@RERGLE GL  MPE ?LB QMIGLENIFE

E

E
3M-?PAM UGJEPAF  @MRRJCQ GL CAPQ

)L RFC NETGMSQV@KNJC -?PAMD MJJERGML 8P @V RFQ8D<
ELD9<P ND @RBCQTCRV WP 4FGQ MLQR® AF?LEC GQ RFCGRGDE
AF?PARCPGQROAGEE ERURF 0JMRGLE RFQJIBCQ U RJASREG

Z,GLCP UEC@PGAP MJRF



MP -?PAM@Q MJJIERGML 2L QC RFCTISCMPK ? QRBER JGLC RFC
QF?NC MJGREe ERURF

,GLCP 'PMJRF

)D ? OS?RBV QRRPR QGX ?LB ERUQ @ CICRV
RGKC NCPGMB RFCL RFERBS?RCE RGKC NCPGMBQ A
@C BRCPKGECSQGLE RIBCP MRFCQCFRGMLQ

2CASPQGTMPK
JE )E :
%VNIGARBPK
)E ) E

)L RFEGQDSRGME FCNEQCRQ RFIECCED :?<<sH;D9;
k RFC ?KMSR RFR RFC NMNB&ML AF?LECTAE RGKE
GLAR?QCQW®

Connetion to prior larning B slope and
intercept

9MS KW PAMELGXRFC MKKML BGBBELAC ; GL MSP JGEADSRGML
?QICFGYL D?R RFC QGEP/NIJGR®SRGML QFMSJIB JMMI D?KGRG?P k G
GQ RFC Q?KC JBLOSRGMIMS JCPL®B GL 2JECRRM@?@IQR®B
?2QP DO 9

)L RFC QR?LEBP?JEC@BA GSRGMIP DO 9 9 U?Q RFC
PGLRCACNR MP RIRCT?JSC UFCLO U?Q XM )L RFC BPK ND RFC

,GLCP JEC@FGAP MURF Z



COSRGML @FC SQGLE @ ?F SQGLE RM ENEQCR RFR GRG?J
?KMSLR

JLRFCP DO 9 COSRGMLCR?JJ RFRD U?Q RFC QIMNIBSHKGER
FCKCK@CP RFGQPGQOEP PSi MP RFC AF?LEC IBSBGTGB@V RFC
AF?LEC GO %BFCP BW® ENEQCRQ RFC Q?KC RFGLE ?QUREQVA.
BABKLAC ; UC ?E SQGLE k RFC ?KMSRFC MSRNERAF?LECQ
UFCL RFC GLNSFGLAR?QCQW@®

4FC @SRGML® DO 9 ?LB)E ) : E KC?L RFC Q?KC
RFGLE ?LB%A @C S@RFC Q?KC BNQ OFC HSQR BBER®MKAF?R
BARRLRW

Example 1

4FC NMNSRGMLIMZJI GL ? RGMLNBQR #Q KC?QSEB RM @C

GL ?LB U ?Q K&QSEB ?E?GL RM @C GL )D RFC
NMNSRGMIMARGLSCQ RMLEPGLCRW R RFGERE UFR UGJJ RFC CJI
NMNSRGML @C GL

4M @GE. \C LGB RM B@C FM UQGRC EMGLE RM K@SE E
2CKCK@CP RR) GQ RFC NMNR&aVIL UFCE QM € NM@?@J
BMINR BLR RMRIGPIW SQC RFCAW 3GLA UC ?JE?BW ILMU RFC
NMNSRGMLGL JR SQBGRE RM @CRFC3AP  4FCL

)

. VR |IC LGB RM EBLB; 2CKCK@CP, GQ RFCMNERRF NCP RGKC
NCPGMB GL RFGQC ABRJRF NCP @GP "CRIJCCL RFC BM
KC?QSEKCLRQ RFC NMNS3RIL 8p @V @SRRG
RMMI W C?PQ RMHEPRFR KSAF M GLB RFC HBRF NCP
VW?PUC LBGTGBC CJI WC?PQ  CJIGL WC?P

IJRCPLRGIW WS AL SQC RFC QIMNWMPKSBJ? MK ?JEC@PRM
BARCPKGLC RAGKKML BARFLAC LMRGLE RRFC NMNBEML GQ RFC

MSRNSPONRFOMIPKSJ? ?LB RGKC GQ RFC GLNSR
changeinoutput 15,000 — 12,000 3000
d = slope = — = = =750
changeininput 2007 — 2003 4

7 C AL LMJ UPRC MSROG'RGML GL UFGRICMPK GQ NEPEB

Z,GLCP UEC@PGAP MJRF



2CASPQGMPK

)

)E )E

%VNIGARBPK

)E E

4M ?LQICP RFC OSCQRGHRILL@B RMGPQR LMRCRRFPCORP
UGJJ@C QGLA GQ WCPQ®CP  4FC C VNJGRGIPK UGJJ
@C BQGCP RM SAERFGQASRGML

) cal

Example 2

"?QMJIGLC MLQSKNRGML GL RFC 53 F?QL @CAPQGLE OmGY
#MLQSKNRGMLBZIMK RM  GQ QFM UL @CIM &GLB ? KMBCJ
DMP RFGQ@RB??LB SQR®RM KBGR MLQSKNRGML GL D RFC 8EB
AMIRGLSCQ UFCL UGIU@SKNRGMI?PRF @GJIGML E?JIMLQ

9C?P n n n n nNn N N n nNn n n n n

#MLQSKNRGML
@GJIGIL M
E?JIMLQ

0JMRGLE RFG@RB?B ?NNEPQ RM F2 ?L ?NNRVGKRON JGRE
FCIJRGMLQFGN

FRRN UUU @QRQ ENS@JGRGMLQ
L?RGML?ISRRNMRPRGML>(REQRGAQ F RKJ
R?@JC> > FRKJ

,GLCP JEC@PGAP MURF Z



7 FGJC RRCPR KM ?B?LACB QRRGQRBREFLGOSCQ RFARL @C
SQB6 RMGELB ?L OSRGML RM KMBCJ RR2 BRM RC?L GBOWD UFR GQ
F?NNCLGLE O AL O5LB ?L OSRGMWWESQGLER NGCQ M RFC B?
kNCE?NQ RFC B? WK  ?LB

LCRGLE A MPEQNMLB &®E U MSJB E6T) @GJIGML
E?JIMLQ

4M GLB; UC LGB RM ILM FMU KSAF RFC E?Q MLQSKNRGML
GLAR?QB CAF W?P ML 7ICPEC &WK RM RFC E?Q
AMLQSKNRGML GRARB DMK @GJIJGML E?JJIMLQ RM  @GJJGML E?JIMLQ
? RMR?J AF?LEO M k @GJIGML E?JIMLQTOP WC?PQ 4FGQ
EGTQ SQ ?LTEPEC AF?LECIM @GJJGML E?JIMLQC?PN  @GJJIGML
E?JIMLQ NCPP®/

%OSGICIRW
changeinoutput 133 — 111 22
changeininput ~ 10—0 10
@GJIGML E?JIML@NCP W

7 C AL LMJU UPRC MSROS'RGML GL UFGRFEMPK GQ NEPEB

2CASPQGT™MPK

)

d = slope = 2.2

JE )E
%VNJIGAEBPK
)E E

Z,GLCP UEC@PGAP MJRF



#?2JASIRGLE?ISCQ SQGLE R¥FSIGRGIPK ?LB NINRGLE RFCK RIE
RFC MPGE2J BR? QFUYR FNU U CJJ MSP KMB@@@RFC B?

7 C QL LMJU SQC MSP KMBCJ RM € NRBGRGMLQ ?@MSR RFGDSRSP
?QQSKGLE RERFC KPGMSQM®B MLRGLSCQ SLAF?IEEGM NPBGR
RFC E?QMJGML@SKNRGML GL

E k WC?PQ RCP

)

/SP KMBCJ NPBGRQ RIPRFC 53 UGNILQSKC ~ @GJIGML E?JIMLQ
MD E?QMJGLC GL  GD RFCASRELB AMIRGLSCQ

4M BLB UFCL RFOVWQSKNRGML UGIAP @GJIGML E?JIMLQ U

UMSJB QOE 2LB QMIC MFE
)E 2CNJ?B)E URF MSP KMBCJ
E 3S@RPR DRIK @MRF QGBCQ
E $GTGBC @MRF Q®BCQ @
E

4FGQ RCJIQ S@ RARQSKNRGML UGPAP @GJIGML ?@MSR
VC?PQ RCP  UFGAF UMSJB @C GL REZPW

Example 3

4FC AVQR GL BMJJ?PQ? BVK KCK@CPQFGMPE KMLRFQ 2L @C
BCQAP@A@V RFC\MNJGR@SRGM)E E 7 F?R BMCQ RFGQ
COSRGML RCJJ SQ

4FC T2JSCBP) GL RFGQERGML GQQM RFC GG33J QREGREMQR

,GLCP UEC@PGAP MURF Z



GQ 4FGQ RCJJQ SB RFEPKSQR @C ?L BGRGML MP GRSR DC ND
RM HMGL RFGQVK
4FC T?JSCIDP, GL RFCISRGML GQ QM RFQVIQR GIGRRCQV@
C?AF KMLRF 4FGQ RCJJQ SR RFC KMRFW KCK@CPQFGN MP RFC
EWK GQ ?KMLRF

Try it Now 1

4FC LSK@CP MQRP R FMKC DRFCPQ GL #?L?B? F?CI@ERUGLE
QREBGY 7 FGJC RFCCRB GQ LMR NBRIV JGRE R GQ DINGFGRE
5QCRFCB? DK ?LB RMD GLB ?L ENJGRGIPKSJ?MP RFC
LSK@CP DIQR? R FMKC DRFCPQ RFCL SRR KBGR RFC LSK@CP
GD

When @od modelsaybad

7 FCL SQGLE KRFCKRGA KMBCJQ RMCBIBR DSRSR@CHGMIRR GQ
GKNMR?IR RMACN GL KGLB RR?CRV OJ RELBQ UGIMIRGLSC
GLBGRLRON

Example 4

3SNNMQC MBP TP MJB @MGQ ASPRW GLAFCQ R?JJ ?LBSVPE
RMJB RMNIZR FGK RMIEP GLAFCQ ? &P

7 C AL Q® SN ? BRJRF KMBCJ WREFE A MPEQNMLBGLE RM
VWC?2PQ MJB

FRRN UUU BEPA? ?P RGAJC NEB

Z,GLCP JEC@PGAP MJRF



2CASPQGMPK

)

)E )E

%VNIGREBPK

)E E

3M R W?PQ MJB WUMSJIB EN@R FGK RM @C

) GLAFCQ R?JJ

IL W KRFCKRGAN KMBCJ UGJT®BMUL CTCLRS?W#CFR?GIMUC
QFMSJBIRYN@R RFGQUBRMAMRGLSC RWEPR RFC Q?KCRC 2JJ FGQ
JGD)D FC BGBR?EC FC UMSJB @C

) GLAFCQR?JJ  DOXR R?JJ

7 FCL SQGLE W.KRFCKRGA KMBCJ G F7IC RMMLQGBCP UFGAF
GLNSRQQ@R?QML?@JC RM SQECIZOCP C ;NJHFEBD; MP K?IC
NRBGRGMLCRBLRFC DSRSK ?F 2QQSKGLE RFC KMBCJ MERGASC
RM @QJIGB

,GLCP JEC@PGAP MURF Z



79 Exponential (Gametric)
Growth

3SNNMQC REECRV &P MLW M D RFGADF GL ? L2F7TC QSPGTGLE
MDQNPGLE RFCPUCEE D GQF GL RFCCIIPQROWP RFCE UMSJB
LMJ @C DGQFDRFCPUCE D GQF GL RFCQIPQROWP RFCE
UMSJB LM @C DGQF !@QRI?IW GLFRGLE DRMPQ NMNSGMLQ
MD NEINJC ?LB ?LGK?JQ RCLB RM @ ? NOELR b RFC\GQRGLE
NMNSRGML?BF W?P

3SNNMQC MSPQ?®CE?L ®E D GQF ?LB MD RFCEDF AT
QSPGTGLEDONPGLEAE W?P 3GLE UC QRFPPUBF D GQP

( MU BM UC RJASRC) 4FC LCU NMNSRGML UGJJ @C RFC MJB

NMNSRGML NJSQ 7L T8BIBL?]  3WK@MIGH

) ) )

. MRG/RFGQISJB @GMBCLQERM ? QFREPNIPK @& DRVPGLE

) ) ) ) ) ) )

7 FGJC GQRREEMI>HJ;  GQRFEHMJI> CKB?mB?;H. MRGA
RFR A?L @C RFMBE I\ ?Q pRFC MFGE  NJSQ ?L ?BBRGML?J

q

&MP MSBERQF NMNEEML

)

7 C AMSJB RFCI?AASIRC RFC NMNSGML GRTP®YPQ

) )

) )

. MRG/RFR GL RFGBQRAWRFC NMNRGMLEP @V DGQF GL RFC
Q@MLB \@P RFC NMNRGML 8P @V DGQF ?LB GL RFC BNGFP
RFC NMNRGML 8P @V DGQF

7 FGJC RRCBQ MLQRRG<I<EK8><ERMURF RFC RS?J GLER)C
GL LSK@CFMBQF GQ GRABLEMF 2P

'P ?2NFGLE RFCQ@IFCQ U QC RFR RFGQMIRF BMCQR OBRG
2NNGP JGE®

Z%VNML®RG?T MKCRPGA
'P MURF



AM E® ? @RCP NBSE ND FM RFGQ NERR?EC @?@CEMURF
?LARQ RFGLEQ@ LB ?L OVNJGRGIPK QM U 2L OSGAW RJASRC
T?JSCQ DSPCP MSR GL RFC DSRSP

,GIC UC BGBMP RFC JGPGKKMBCJ G UGJJ QR2A®SGJIBGINKIRFC
FCASPQGTDSRGML

) )

) )

) )

) )

/@QCPGLE ? NRCPL € /2L ECLCPIGXRFCINJGRGIPK RM @C

)E E MP OSGCRRW)E E

&MMK RFGQ QPL OSGAW AJASIRC RFC LSK@OPBQFGL ~ MP

W C?PQ

)

)
IBBGLE RFCQRJIECQ RM MSPNEPRETC?JQ ? QF?NC RFGQ BEIROY

LMR JGRR)D MSPAQF NMNBEML F?B QCERUGLE JGRRW @V

%VNMLARG?L MKCRPGR MJRF Z



OBEQFZAF W?P RFC NMNSRGMLMSJIB FIC MLW B?AF@
VC?PQ WKN?RB RM ?JKMQR URF RFGQ NCHR @?ECEMURF

A?JJ8 ;NFED;DJ?7B #HMJ>

)L CVNMLCRG?J HPRF RFC NMNEGML EMBQ NMINMRGML?J RM RFC
QGXND RFC NMNREML QM ?Q RFC NREBI?RQ JEEPRFC Q?KC

NCRCLR ERURF UGJJ WGCJIEEEP’PSKCPGANERRF

%VNMLAG?J MURF

)D ? OS?RRV QRRRR QGX ~?LB EMUQ @~

CBFCPMRFCQCIRGMLQ
2CASPQGTMPK

)E | )E

%VNJIGABPK

)E | E) MP OSGUCRW)E )

7 C 2J1 RFGHMI> HJ;

AMKKML PPRGM

I E

4FC RCPK | GQAJB RFGHMI> CKB?B?;HMP

UPE&RCL ?Q ? BXGK?J CTCRV RGKC NCPGMB RFCL RFC
OS?IRBV ?RCIE RGKC NCPGMBQ@C BRCPKGIBCSQGLE

Example 5

"CRJCCL ?LB 1J WKNG? T EPQU ?JKMQR

Z%VNMLARG?T MKCRPGR MJRF

RM




NMNSRGMLIM RFMSQ?LB NEINJC D RFGQMERF PRC PQ RM
AMLRGLSC URPWISJIB RFC NMNSSMLIMIWKNG? @C GL

IQ UC BGB @@® UC PQR CE RM BGRC UFR \@P UGJJ
AMPEQNMLB AM  3GLA& UC ILMU RFC NMNSRBML GL ~ ® WMSJB
K?l C QCLQC RMIE? A MPEQNMLBRM QM )
AFCVW?P U MSJBRFCL @C

7 CILMU RFC ERURF PRC GQ BTGLE

5 QGLE RF@NIGRGIPK

)

4FC KMBCJNIBGRQ RIRPGL  /J WKNG? MSJB FFC ? NMNSRGML
MD ?@MSR  RFMSQ?LBWNCIC

%TISRGLEVWMLCRQ ML RFCIASRMP

4M ?JSRC ENEQQGMLEJIGI  GR UGJJ @QGCP RM
SQC ? AJASRMP RF?L KSIRBNI® WRQCJID QGV RGKCQ
- MQR QAGGA AJIASRMPQ Fe ? @FRVL P ENMLCRQ
)R GQWRIGAW GG-CP J?@EJGT

= w wmpVY

4M 0?JSRC UuaB RVNC = MP WV 4PV
® MSR kN$ QFMSJIBECL ?LQP ?WMISLB

Try it Now 2

)LBG? GQ RFGWMI®B KMQR NMNSIMSIIRW GL RFCMBB UGF ?
NMNSRGML GL  MD ?@MSR  @GJIGMNJSC4FC NMNBEML GQ
EMUGLE @ ?@MSR  QAF \&?P )D RFGE@RP AMLRGLSCQ URVGJIJ
)LBG® NMNSBBML BB RM @&

%VNMLARG?LT MKCRPGR MJRF Z



Example 6

| DPGCLB GQ SQGLE BS®REGM)E E RM NBBGR RFC
2LLS?J RSGMLR?? M MJIJCEC 3FCWIQ RFMPKSJ? GQ @@QIC
VC?PQ RCP 7 F?R BMCQ RFGQRGML RCJJ SQ
)L RFC OSRGMJ) UFGAF GQ RFC RBRP7ISC B RFC
RSRGML UFGE.  4FGQ RCJJQ SRRFEZ RSGML GL  WQ
4FC ERMURF KSJRGNJGCP GQM RFC BRJIRFPRC GQ  MP
4FGQ RCJJQ S® RFZ RSEML GOINGRG RM BR) @V C ?AF W2P
OSRRGLE RFGQ RMERUC AMSJB Q¥ RFR RFC REEML GL  W?Q
2LB GQN@RG RM B®) @V C ?AF 2P

Example 7

)L RFC €QGBRG?J CLEW SQC GL RFC 52QEQNMLQG @ D
KGJIGML REGA RMIIAP@ML BERBC CKGQQGMU@FCOAP
RFR LSK@CP F?B PGQCLRM  KGJJGRRGACRM)Q RFC CKGQQGMLQ
EMU CVNMLCRG2WJ?LB MLRGLSCRPRFC Q?KCRC UFR UGJJ RFC
CKGQQGMLLERM @&

3GKGJ?P RMMEECIIC UGJIMPEQNMLE UG RF 2Q RFR GQ
RFC UPP DIP RFGSPQR NGED BR? WL FZIC 4FR UGJJ K@)
KGJIGML REGA RMII#M ) L RFGQ MEBJCK O 2/ LMR GTL RFC
EMURF PRC @SR GI2BRE& EGTL RFR)

7 FCLE RFC ENJGR®SRGML JMMITJIGI

) L)

7 CILMURFC PIJSCP QM € AL NSR RFR GRM RFAISRGML

) |

7 C2JQM ILMRFR) QM QS@QRSRGLE RFGL 0 E®

|

FRRN UUU CG? BMC EMG?D EEPNRA ?P@MLAKJ

Z%VNMLARG?T MKCRPGR MJRF



7 C AL LMJU QMIC RFG@SRGMIMP RFC EBRF PRCI| 3R?R @&/

BGTGBGME @

% =(1+n)" 421C RFC RF MIMR D/
@MRF QGBCQ

/1182

T 147 3S@RPR DMK @MRF
QGBCQ
1182
r= 10 m—1200208

3M GD RFC CKGQQGMERLRBLE UNMLCRGWRFWV 72 ERUGLE @
?2@MSR NCP W C?P 7 C 2L LMJ NRBGR RFC CKGQQGMLQ GLW @
O5LBGLE

) KGJJGML KC ~ RPGA RMLI# GL

2MSLBGLE

IQ ? LMRC MUMSLBGLE LMRGIR GDAJF?B RISLBB
RFC BRURF PRCRM  MSP AJASRGMMP RFC
CKGQQGMLQ GL MBJB FIC @CL 2MSLBGLE RM

U MSJB FFC AF?LEG MSPEQSJRRM | TRV QK?JJ
BAMRLAC GL RFC BBRF PRCQ IR K?ELGB ER?RW GL
OVNMLCRG?J BPRF &MP RFGRIML RG@AVKKCLBOB
RMMSLB RFC EPRF PRC ?QRRGC 2Q NMQQG@JC

)D WIS LEB RMASLB A;;F 7 J B;713 J>H; 1?7=D?<?970
:?=21 K LSK@CPQ RTP A JZBGLEGMQ 3M
AMSIB @ CRIML?@UIMSLBEG RM 'EP MURF PRRC
A MSJB @CRYML?@UMSLBB RM

%VNMLARG?L MKCRPGR MJRF Z



%TPISRGLEMMRQ ML RFOASRMP

)L RFC NETGMSQ@KNJC T F?B RMBWASIRC RFC RF
AMMRIM? LSK@CRFGQ GQIBEDR RF?L R?IGLE RFC @?QGA
QOS2 MMMR v -?LW QAGRIEA AJASRMPQ FC ? @SRVIL
IMP ECLGR MMRQR GQWRIGAW J?@ GITAT

R AL
4M @?JSRC RFC BPAMMRI DMP €?KNJC 0B CBFCP
RVNC \“”/ MP {”/ BCNCLBGLE ML RFEIASRMRIPV

® ML WSPQ RMAQIFGAF RM SQOMSMFMSJB ECL
2LQUCP D

)D WISP AJASRRMP BMCQ LMROF? ECLCR) MMR @FRRL
2JJ GQ LMR JMERAL GLQRB SQC RFC MRCRV 1D
COVNMLCRQ UFGAF @R® RR? 3M RMUXNSRC RFCBP
AVMRIDM VIS AMSJIB SQAASP AJASRMEIYNMLCR IOW
RM T2JSRC M BM RFGQYNC

WY h
4FC N?ELRFCQCQ RCJJ RFASARMP RM BGTGBC
@QD BMGLE RFCNMLCR

Try it Now 3

4FC LSK@CP MSQCPQ ML ? QMAB?WIEGLE QRC ?Q RFMSQ?LB GL
&C@PSAPUFCL RAG MGAGMICLIR NS@JGA ?LBEERM RFMSQ?LB

Z%VNMLARG?T MKCRPGR MJRF



@v /ARM@CHD RFC RG GQ MRSLE @NMLCRGMWJI?LB EMURF
AMIRGLSC®R RFC Q?KCRC FMK?L W SQCPQ QFMSJB RARIBR RM
VC?PQ TCP RFCICLR NS@JGA

Example 8

MMIGLE @?AIR RFC J?QR?ENJC P RFC QIND MKN?PGQML UR?
UMSJB RF?R@ML CKGQQGMLQ @C GL  GD CKGQRQGBUEREPR
RFC Q?KCRC

IE?GL UC UGJJRE A MPEQNMLB BG EGTGLE 4 M
O5LB UC AMSJB R® RFC Q?KC ?NMNPAF ?Q TRIGCEPMRGLE RERFC
CKGQQGMLQ@G® @V KGJIGML KRPGA RMLQ GIC?R® BTGLE ?
AMKKML BGEBRELAC \D  KGJIGML KRPGA RMRARWZ?P

IJRCPLRGIWUC AMSJIB SQC 7L ?NWPAF QGKGJ?P RR BFGAF O
SQ@® RM ELB RFCVBIMLCRG?JOSRGML FCL E RFC UNJGRG
JGLZP ©®SRGML IMMITIGI

) ) ;

7 CILMURFCPJSCIBP QM € 2L NSR RFR GRM RFAOSRGML
) ;
3GLE UC ILMU RFR) QS@QRBSRGLE RGL 0 ER
7 C 2L LMU QMIC RFG@SRGMMP RFOMKKML BABRCLAC ;
k ;

4FGQ RCJJIQ S® RFEP RFC CKGQQGMARPRESLE JGRRW RFQV 28
EMUGLE @ KGJIGML IRPGA RML@ARC W?P OPCBGRGLE RFC
CKGQQGMLQ GL

) KGJIGML KC RPGA RMLQ

9MS UGJJ LMBRGFR RFGQ LSK@CP GQ QR@WRQAK?JICP RF?L
RFC NEBGRGMLNIR RFC ENMLCRG?J BPRF KMBCJ #?JARGLE ?LB
NIMRGLE KMPT?JSCQ FCINQ GRISQRPC BGBLACQ

%VNMLARG?L MKARPGR MJRF Z



3M FNU BM UC ILMU UFGAF BRRJRF KMBCJ RM SQC UFQURGLE
URF BR?4FCPC ?FZ RIM ?NNM?AFCQ UFGAF QFMSJB @RMERFCP
UFCLCTCP NMQQG@JC

r &GLB KME RF?LBM NGCQ M BR? UMR RFCJISCQ ?LB JMMI
DMP ? RR.B $MCQ RFCB? ?NNZP RM @C AF®AIE JGI? JGLC MP
BM RFC7DSCQ ?NRE RM @C ASRE SN?BQ

r  #MLQGBCP RFC RMRQWRPG@SRGLE RM RFCHEBRF®/
RFGLEQAY UMSJB UN@R RM AF?LEC JBIE MPVONMLCRGXJ
&MP Z?KNJC GL RFCQ@C M AP@ML CKGQQGMLAIBIB ZN@R
RFR ?@QRIMRFCP BRPQ RFCMSJIB @C RBCMQERM
NMNSRGMI?TSCQ UFGAF RCLB RM AFA/BNVICCRGRW]

Z%VNMLARG?T MKCRPGR MJRF



80. Solve Exponentials for
Time: Logrithms

%?BGCRIC MSLB RFR QGCAJWKNG? T F?B ? NMNSJRGMLIM
RFMSQ?LB GL ?LB F?B @CL ERUGLE R NCP WC?P RFC
NMNSRGMIMSIB @C KMBBX@V RFCASRGML

)E E MP OSGICIRW)E E

5 QGLE RFE&ZF®RGML UUCK ?@JC RMBIBR RFC NMNBE&EML GL RFC
DSR&P

3SNNMQC @ U?LR® RM ILM UFCL RFC NMNSRGMLDM/IWKNG?
UMSJB ®@AF RFMSQ?LB 3GLE UC ?R JMMIGLEBMP RFCCAP E
UFCL RFC NMNSRGML UGJJ @C RFMSQ?(BUMSJIB LB RM QMJ
RFC OSRGML

E BGTGBGLE @MRF Q®BCQ @

E GTQ

/LC ?NNPM?AF RM RFGR@PCKMSJIB @C RMRT ? R?@ITRISCQ
MP RM SQ@ARCVMIME RM BB ? EP’NF RM CORBKRFC QMJSRGML

3MIC %VNMLERG?IRMAGKC
,ME?PRFKQZ



&MK RFC EINF UC 2L CQRGREZ RIR RFC QMJISRGML UGMSBE ?P
RM  WC?PQ RCP RM 4FGQ GQ RN EMMB @SR
uaB RC?JW JGI RM FIC ?L ?2JEC@BA RMMJ RM @RBEFGQ OSCQRGML
4M BM RIR WC LGB RM RRIBSK ? LAJ DSLRGML RFRUGJIJ SLBM
COV/NMLCRG?JQ QGKGJ?PWRM GUIS?® RMMR SLBMCQ ? QGSBRP
CVNMLCRG?JQ RFC BEIML O LGB GQAJIB ? IME?REK R GQ RFC
GOICPQC MRFC VWMLCRG?J KILGLE R SLBMCQ RFUNBILCRG?J
7 FGJC RREBQ ? UFMJIC DYKBIIMEREKQ URF BECELR @?QCQCU
UGJIMASQ ML RFMKRKML JME UFGAF GQ ®MCRFCVNMLCRG?J

(0]

#MKKML ,ME?P&FK

4FC AVKKML JME?REK UPERCL JM& SLBMCQ RFC
CGVNMLCRG?JO

4FGQ KELQ RFRIJME O O ?LB JGIUGQC JME O

4FGQ ?JQM K@ RFC QR2KCR 8 9 GQ@SGICR RM
RFC QREKCR JME 8

IJMED GQG?B ?Q pIMER ?LB KC?LQ pRFC JMERIFGD
RFC TJSAY )R GQ GKNRAR RM LMRC RIRFGQEER
KSIJRGNIBGML k RFC JME BRRQEL ?LWRFGLEWERQCJID
HSQR 0& BMCQhR KEL ?LVWRFGLEWERQCJIR 2Q RM @C
?NNJIBRM ? LSK@CP

Example 9

%TISRC CAF ND RFOMIJWGLE

Z3MIC %VNMLARG?IRPDAGKC ,MERIEKQ



? JME @ JME A IJME B JME
C JME

? JME A?L @C UMRCL ?Q JME 3 GLR RFC JME SLBMCQ RFC
CVNMLCRG?J JME

@JIME IJME
A JME JME
B 1
B 2023 RAR r "=
xn
log( — ) = log(107?%) = —2
100
C 2CA?JJ RRRO JME  JME

)R GQ FOBJ RM LMRCRRE®K RFC GPQR RER?RQ BIRFC KPGMSQ
CV?KNJC RFR RFC LSK@CRIEC R?IGLE RFC JMERAQ RMECK@D<J
9@>>4MP RFC JME RMGIAPGL?TSC @

/D AMSPQC KMQR LSK@CRQMR @C URGL ?Q ? LGAQGKNJC
NMICP @ &MP RFMQC LSK@CRRQMU CT?JSRC RFC JME SQGLE ?
QAGREA 2IASRMP RE ? IME GOR.

Example 10

%TPISRC IME

5QGLE ?8ASRMPME  GQ ?NNRGKRON

7GRF 7L OSRGML HSQR UGI 2L ?BB ? LSK@CP RM @MRF QGBCQ
KSIJRGWI@MRF QGBEQ IBK@CRIP QOSCR@MRF QGBI 2JQM

3MIC %VNMLARG?IRMAGKC ,MEMRIKQZ



R?IC RFC JMERF& MD @MRF QGHTQRCASRGML ?LB CLB SNRKG
7L COSGUCR ©OSRGML 4FGQ UGJI BAVRM QIGJQMKC QGKNJIC
COSRGMLQ

Example 11
? 3MJC O @3MIC O A 3MJC
(0]

? 4?IGLE RFC JMP @MRF QGEEREME O JME

3GLE RFC JME SLBMCQ R¥SMCCRG?J JMB O 3GKGJI3R
JME JME
4FC AOSRGML QGKEIGIRFCLEAM

@4?IGLE RFC JMP @MRF QGEIDEIME O JME

/L RFC JCR QGBC JMB O QMO JME 7 C 2L ?NNRVGKRC
RFGQJISC URF ? AJASRMROX

A ( CFC UC UMSJBGPQRLR RM GQRCJRFOMBIMLCRG?INEBGTGBGLE
@MRF QGBO®FCASRGMIV® EGTGLE
o)

. MJ UC 2L R?IC RFC JMDM@MRF QGBGDGEE JMB® JME
UFGAF QGKNGGQ RM
O JME X

4FGQ ?NNPAF 2JU0 SQ RM QMB/NMLCRG? DS RGMLQRSNMCPQ
MD @SR UR ?@MSRNN®JCKQ aGl E DRIK C?’RIGCRFGAF

Z3MIC %VNMLARG?IJRMAGKC ,MEREKQ



F?TC ? @?QCDM &MP RF?R UC LAB RFC ENMLCR NFINCRV BIP
IJMEQ

OPMNCRGCO@MWMWEQ %VNMIECOMNCRV

log(A") = rlog(A)

4M QFM UFW RFGQ GQ RSP ? NHMND
3GLE RFC JMERP& ?LB G/NMLCRG?J SLBM?AF MRFCP

3m
5 RGJGXGLE RRGICCRG?J PSJCHRQHRZ:QQ;G )b — pab

3M RFCL
IE?GL SRGJGXGLE RRCORK RAR RFC JME SLBMCQ RIMOCRG?J
ML RFC PEFEEQGBC WGCJBQRSIRP

Example 12

2QUPARC JME SQGLE RRGNEILCR NFINCRV MP JMEQ
JME  JME JME

3MIC %VNMLEG?IRDAGKC ,MEMRKQZ



4FGQ NINCRV UGXGDPW ?JIWVSQ RM ?LA@P MSP MBGEJ OSCQRGML

3MIGLE CINMLCRG? OS5 RGMLQRFSIME K Q

)QMRC RFOMIMLCRG?1 MRFCPMBQ ER B @&
®QCJID ML MLC QBREGESRGML 4FGQ SYSEMICQ
BGTGBGIM @LSK@CP KSJREBGURG

4?1 C RFC IMBN®MRF QGEBORACGUSRGML

5 QC RFCMBIMLCR NRINCRV 1@ JIMEQ RMPERC RFC
CVNMLCRG?J BERFC7PG?@JINBLCR KSJRGMGLE RFC
JME?RGK

$GTGBC ?QUBIB RM QMIIMP RFC?PG?@JC

Example 13

)D /IJWKNG? GQVEBLE ?AMBGLE RM RFOSIRGMUE E
UFCKC E GQ &*PQ RCP ?LB RFC NMNSRGML GQXISEB GL
RFMSQ?LBQ &GLB UFCL RFC NRBIBIUGJJ @C RFMSQ?LB

7 C LGB RM QMIRFCGSRGML

Z3MJIC %VNMLARG?IPMAGKC ,MERIEKQ



E "CEGL @ BGTGBGLE @MRF QYGBRIQ @
GQMREC RFOMBIMLCRG?J

E . MJ R?IC RFC JMDM@MRF QGBCQ
JIME  UME E 5 QC RFOUBIMLCR NRINCRV 1D IMEQ ML
RFC PEE QGBC
IME E JME . MJUC AL BGTGBR@ME
log(1.633)
A=A S A A 7 C RL 2NNRVGKRC RFGRISC
log(1.03)
ML ? RIASRMP

E x

IJRCPLRGIW ?IRCP ?NWEGLE RF/MMLCR NFINCRV 1@ JMEQ ML
RFC PGE QGBCCUAMSJIB FIC O?JSR® RFC JMERFEEQ RM BGK?J
?NNRVGKRGMLQ ?LBMANJR® MSP AJASRGMLQ SQGLE RFMQC
?NNRVGKRGMLQ ?@ISMJ QOGL RFC MB ®?KNJC 7FGJC RFGI?J
2LQUCP KW MKC MSR QBFG® BBIFLRW?Q JMLE ?QQJ CCN CLMSE
QGELGRR PJSCQ BSPGLRIASRGML MSP 2ICRI UGJ] @C AIMQC
CLMSE DMP KMQR NSPNMQCQ

Example 14

OMJJSBCU?RCP GQ NBRERISE ? QCPGCO BIRCPQ %?GBBRTP
FCKMICQ M D RFCOK?GLGLE GKNBBGQMIKPRFC BPRCP)D WS
F?TC KGJIGML NRB8AJCR MMJIISRRPNCP E?JIJML MRCWFMJ K?L W
OGIJRCPMEUB RFCARCP LB RM @C N?@@RERISE RM EBBSAC RFC
NMJJSRRIRM  N?FRGAJCQ NCP E?JJML

)L RFGQ MBJCK MSRMNSRGMLGQ RFC LSK@CPNAZRGAIJCQ M
NMJJSRRINCP E?JJML 4FRGI2G NMIIERGD KGJIIGMLRERICQ NCP

3MIC %VNMLARG?IRMAGKC ,MEMRKQZ



E?JIML QM JLORZB MD AF?LELE U RGKC RFC
NMJJSRRIAF?LECQ BERFC LSK@CP BIRCPQEUEIITNEQCR RFC
LSK@CP DIBJRCPQ RPRCP N?QQCQVSHP

1IJQM QGCARFC ?KMSR W NMJIISRPGR:| <8J@EY@RF CAF BIJRCP
GLQRB MD GLAPQGLE MSPRWRF PRC UGJJ @C IREP GLBGRGLE
RFR RFC NMNSGEML GQBRQGLE GLRRED GLAPQGLE QM

7 C AL RFCL UARE RFOMBIJGR®SRGMMP RFC NMJJFR?L
)E k E E

4M QMC RFC OSCQRGMEMWK?L W BIJRCP@ 2B RM JMCP RFC
NMJJSRRIRM  N?FRGAJCQ NCP E?JIMRLO®)E COS?JRM  ?LB
QMIT MFE

E $GTGBC @MRF QGBCQ @
E 47?1 C RFC IMPM®MRF QGBCQ
JME JME E 5 QC RFOVBIMLCR NFMINCRV 12
JMEQ ML RFCHRGEGBC
JME E JME %TPISRC RFC IMERHR®) RM ?
BCAGK?J ?NNWGKRGML
E $GTGBCW®@ RFC 7PJSC
KSIRGWGLE
E

)R WMSJB R?@ ?@MSR BJRCPQ /MZPQC QGLAC NM@?@J
A?LnR GLQR?JDGJRCP(@ UMSJB LGB RM SQC @IRCPQ RM @PGLE RFC
NMJJSRRL@CUNRFC BCQBRIACJ

Z3MIC %VNMLARG?IJRMAGKC ,MEREKQ



Try it Now 4

)LBG? F?B ? NMNRGBML GL MD ?@MSR @GJIGMNIEC 4FC
NMNSRGML GQMEPLE @ ?@MSR QAF W?P )D RFGQCRP
AMIRGLSCQ UFCL UGB&B) NMNSBGMICPAF  @GJIGML

3MIC %VNMLEAG?IRMDAGKC ,MEMRKQZ



81 Logistic Gowth

)L MSP @?QG¥NEILCRG?J BPRF QBL?PGM @ F?B ? PASPQGT
COSRGMLIMRFOMPK

JE )E  1)E

)L ? AMLIBL8 CLTGRLKCLR FMICTCP RFC BRURF PRC KW LMR
FCK?GL MLQRR ) ? J?IC MP ©?KNJC RFCPGQ QMKIBO@DLD
JLIK8@E89C< GFGLCBR@EE ?JQRI2B ? 97HID?D= 97F79D

#?PRNGLE #?NRG

AFC 97HI®?D= 97F79® MPC7N?CKC IKIJ7?D78B;
FEFKBJ?EDGQ RFC HEZR)R NMNBEML RE?L
CLTGARALKCLR AL QSNNNP

&MP MSERQF RFCRRVGLE?N?ABN GQ RFCETZBR NMNBEML RERFC
FCQMSEQ GL RFC G29L QSQR?GD RFC NMNBREML GL RFCIGQ D?P
@CIVRFC APRVGLE?N?ARBVRFCL (€ UMSJB ZN@R RFC NMNBGEML
RM BW CQQMG2WI @NMLCRGRWI( MJCTCP ?Q RFC NMNBE&GML
?NNRI?AFCQ RFCRRVGLE?N?ARV RFCE UGJJ @C 7Rv@N 1 BIMB
2LB QN?8 7M?GJ?@JC ?LB RFOURF PRC UGJJ AC?QC [ RFC
NMNSRGMLMBOOBQ RFC2RRVGLE?N?ARV RFCE UMLNR @C CLMWFSE
FCQMSEQ RM QSQR?GL ?JGRFCIB RRCPGJIJ @C ? LREBTERURF
MRC ASQGLE RFC NMR&ML RMABCQC @7?AI RM RFEZPRVGLE
APN?ARN

)D RFCRRVGLE?N?ARN LPQ RFC BRIRF PRC KGER PPW
QMK®FGLE JISRFR GL RFCEWE QFML . MRC RR?RFGQ GQ 7?BGLC

0.1
GCOSRGML BE GRCRCNR R ?LB QIMNC- — QM & AMSJIB

UPBC ?L OSRGMMP RFGQ ?BHSERORF PRC ?2Q

Z MEGQRGAVPRF



I 8;ALIK<;

O.1—£P:0.1 1—i
5000 5000

3S@QRERGLE RFGQ GL RM NESP MWINGE CRG?J BPRF KMBC A
EGTQ

P, = +0.1(1 Poo1 p
n — 4in-1 . _m n—1

,MEGQRGAMPRF

)D ? NMNSREBML GQIEBLE GL 2ZW.QR&LE
CLTGRLKCLR UBF APRVGLE?N?ARVSG ?LB ?@QCL
AMLQRBR WMSJB B®J CVNMLCRGYMWIURF EFURF PRA
RFCL RFC NMNRGML @CTEMP?A @C BCQAPB @CRFC
JMEQRGMHERF KMBCJ

Pn—l
P,=P, 1 +r|1- K P, 4

5LJGC JGIZP ?LB NMLCRG?J HPRF JMEQRGAMERF @CHZQ
BARBKLRW GD RFC NMRIGN.QNEPQRECBGY RAPSEMSR RFCCYP MP
GD RRCFTC MLC @EBGLE RGKC NGP’RMFC FCASPQGTIMPKSJ?
NMIGBE ?@WMC KMBCJQ ECLZEREGML?JMERF UFCE RFGP GQ MLC

,MEGQRGAVPRF Z



@BCBGLE RGKC NGEPPRMWP ?R JEOQR ?GRC LSK@CRRFCE GQ LM
COVNIGRGIPKSJ?NDP RFGENRC MIMEQRGMBERF

Example 15

I DMEQR GQ ARV FMKC RM ? NMNB3RILIM P 2@ @G 4FOMEQR
GQ CQRBB?RM @C ?@JC RM QSQR?GL RGWINBU? P 2@@GQ
I@QCR ?IW EQRAGEMLQ RRERRG MSIB B @V  NCP WC?P
OFCBGR RFC DSRIMVINSRGML SQGLE RFGQREMERF KMBCJ

- MBCJGLE RFGFUGMEQRGMERF KMBCJ $ ?LB
) #?JASIRGLE RFCVYR GPP
Py 200
P =P . 1—-—— | P =2 . 1———]200=2
1 0+050< 2000) 0 00+050( 2000) 00 90
7 C AL SQC RFGQ RIMBIRC RFO/DIVGLE BPP
P, 290
P, =P . 1-— P =2 . 1—-———]290 ~ 414
2 1+050( 2000) 1 90+050( 2000) 90

IA?JASRMP 2Q SQERM MKNSRC QCPJ KME T?2JSCQ

E
)L

0JMRGLE RFCQEISCQ O AL QT RFR RFC NMNBEML QRZPRM
GLAE?QC D?QRCP ?LB RRNFERSFCQ SN?FBQ BSPGLE RFEPQRLD
VC?PQ JGIG/NMLCRG?J BBRF @SR RFCL RFELEFE QIND BMIL ?Q
RFC NMNSRGML ?NMPAFCQ RFCRRVGLE?N?ARN

Z MEGQRGAVPRF



Example 16

/L ?L GQJ?LB RHR AL QSNNMP? NMNSRGMLIM  JGX?HBQ RFTCPGQ
ASPELRW ? NMNRGMLIM  4FCQC JGRBZPFTC ? IMRIMIDQNPGLE
?LB LMR ? IMPMRSPJ NEB?RMPQ QMIE?ICRV FGEEmMURF PRC
?AMSLB  #?JASJ? RGLE MSR RFER®ISNJC ECLZTHFGMLQ

Py 600
P,=Py+150(1— —> ) Py =600+1.50(1——— ) 600 =960
1=r ( 1000) 0 + < 1000)

P, 960
Py=P, +150(1- —— )P = 150 (1 — —— =101
) = P + 50( 1000) | = 960 + 50< 1000)960 018

JLRCEQRGMECTCL RFMSERFC DRMP RR2IGR® RFC MIRF PRC
QJMCB RFC BRJRF ? IMR RFC NMNGML QREIPQFMR RFPRVGLE

A?N?ARNV7 C UMSJIB ZN@R RFC NMNEEML RMABGLC RFCUR'GPP

1018

P
2 ) P; =1018 4+ 1.50 (1 — m) 1018 =991

1000

#?JASIRGLE MSR GUDKMPC W?PQ ?LB NJRBLE RFCESIRQCU
QC RFC NMNRIBML TICPQ ?@®1?LB @CIMRFC APRVGLE?N?ARV
@SRTCLRS?W QRICQ BM JC?TGLE ? QREW NMNSRGML B RFC
APPRVGLE?A?ARN

Py =P, +1.50 <1—

Try it Now 5

| DGCJB ASHRW MLR?GLQ KGR NJ?RQ !'@QBLAMLQRBRQ RFC
LSK@CP DINJ7RQ WISJB GLERQC @ C ?AF W?P @SR RFGCUBA
MLW QSNNRIP K?VGKSK NMNSERBMLIM NJ?L RQ ®C RFC JEBIGRGA
KMBCJ RM SBGR RFC NMNSEML GL RFOURRRE W2PQ

Example 17

/L ? LCGEF@MPGLE GQJ?LB RM RFNIKIREORETGMSQ@KNJC RFCP

,MEGQRGAVBRF Z



GQ ?LMRFCP NMRISNRIMIGY®® @SR RFMERF PRC GQQL FGECP
k 2@MSR

#?JASIRGLE MSRTQRJ ECLCIRGMLQ ?LB NR®IEE RFC®SJRQCU
EQR ? QSPNPGQC RFC NREWBIDKQ RM @C MQRGUE?@LCL RIM
T?2JSCQ ? MRCPL2JJB? AWAIC

7 FGJC(RAMSJB @C RCKNRGLE ®R RPGQ MIL3Q ? GREC QGBC
COAR ND KRFCKRGAQ RFGQ FRS?7M @l M@QUB GL LRSE
2CQGRFCPQ MR RFC 5LAIPGWE M #?JGIPLG? M@T@BP? QR?@JC

AVAJC GL ? JGXRIMNSJRGML GL #RIRI5?

4?IGLE RFGQIGL DSRFCPUC E® KME ?LB KME G/REKC
@CFPGMPQ ?Q RAGERF PRC GLARQCQ FEEP )R GQ NMQQG@JR RM EC
QR?@JC VAJCQ AWRICQ ?LB FBEP1SGAIWRFMSE RFC @CFGMP
2NNRI?AFCQ AF?MQKCK@CP RFC RIGC *30QGAR

Try it Now Answers

CRGLE A MPEQNMLB®E  RFCL)
&MK RM RFC LSK@CP MD QR? R FMKC DRFCPQ GCABGB
av
k
4FGQ F?NNCBOMICP  WC?PQ BTGLE MKKML BGBRLR; MD

)E E

OPCBGRGLEMP UC SQE

) QR?W R FMKC DRFCPQ GL
5 QGLE A MPEQNMLBGLERF

) 2@MSR  @GJIGMMNAC GL

( CE UC UGJJ KQSE E GL KMRFQHRFCP RF?LCNQ URFE

FRRN SQCP@PAVIK HIGK@?JJ K8SJRR.CR
"GMIME?’EC@ 0 MNSIRGMLQRKJ

Z MEGQRGAVPRF



A MPEQNMLBGLE RM RFC &O@BECP RAE LCLR NS@JGA 4FGRE
)  RFMSQ?LB / ARM@CP GQ AR JCFON)
) )
[

60 .
= (1
5 = L)

/60
8 22 1
15 +r
60
= ¥~ —1=0.0366 w°
4 45

4FC ECLCPJ WNJGR®SRGML JE) E
OPCBGRGLE KML RFQ \@?PQ?IRCP RRCICLR NS@JGA
) RFMSQ?LB SQCPQ

E E UFGAF GQ BSPGLE
P 20
PL=P+070(1--2 )P =20+070(1-— )20=
] 0+070( 300> 3 0+070( 300) 0=33

)
)

,MEGQRGAVBRF Z



82 Execises

Skills

2P |M ASRBLRW F?Q RSJGNQ GL F®) WZR?AF P FC
NJ?RQ KME

? 7 PRC ? ASPQGTMPKSJ?MP RFC LSK@CP RISJGNQ FRP
F?2Q

@ 7 PBC 7L UNJGRGIPKSJI?NMP RFC LSK@CP RISIGNQ HWP
F?2Q

07K GQ ? $GQMAICN% TRV LOCI QFC @8Q LT 2J@SKQ RM

| CCN FCPMJJERGML ASRR 3FC ASERRW MLQ 2] @SKQ

? 7 PBC ? ASPQGIMPKSJ?MP RFC LSK@CP R®SKQ 0K
F?2Q
@ 7 PRC 7L NJGRGIPKSJ?P RFC LSK@CP RBSKQ 0K
F?2Q
| QRMEYQ Q?JCQ GL RFMSQMBYIM?ERVU ?AAMBGLE RM RFC
FCASPQGPSJC 0L OL UG RF GRG?J NMNSGRL 0

? #?JASJRCO ?LB O

@ &GLB ?L ZNJGRGIPKSJ?P OL

A 5QC WSPIPKSJ? RMGBGR RFC QRIRQ?ICQ GL CARQ
B 7 FCL UGJJ RFC @QRMP?JCQACCB
4FC LSK@CP MFMSQCQ GLUIRMQ @CL ERUGLE ?AMBGLE
RM RFCRSPQGPSJC OL OL UGRF GRG?J NMNSGRL

0

? #?JASJRCO ?LB 0

@ &GLB 7L CNJGRGIPKSJI?NP OL

A 5QC WMSPIPKSJ? RMGBGR RFC LSK@CP MMSQCQ GL
VE2PQ

B 7 FCL UGJJ RFC LSK@OFFMSQC@RF FMSQCQ

I NMNSJRGMLIMEMRICQ GMEBLE ?AMBGLE RM ? JBRERURF

Z%\CRAGQCQ



KMBCJ 4FC GRG?J NMNSGMUCCI U?Q0 ?LBRFC
NMNSRGMLRDOP OCIQ GQ 0

?  &GLB ?L CNJCRGIPKSJ?MP RFC @TIC NMNRBML GICC
L
@ !'DRCP RMK?L W WOCIQ UGJJ RFGORIC NMNRBMICPAF

4FC LSK@CP MQRERIJERQ GL ? BMGQ BRIGLE JGRBNV&MSP
KMLRFQ ?ENME~ RFCBUCKE JGEFRQ .MJ E  RFCE
?FC  JGEFRQ D) RFGERB AMLRGLSCQ

? &GLB ?L UNJCRGIPKSJ?NMP RFC LSK@CP MFRQ GL KNRF
E
@ ( MJK?L WKMRFQ UGRIREC RMGAF JGEFRQ
4?2AVK?2Q NMNSBRBML GL U?Q ?@MSR RFMSQ?LB ?LB F?B
@CL ERMJUGLE @ ?@MSR CAF \W?P

? 7 PRC ?@ASPQGMPKSJ?NMP RFC NMNSGMLIMPAVIK?
@ 7 PRC ?L ¥NJCRGIPKSJ?NP RFC NMNSGMLIMPAMK?
A )D RFGECRPAMLRGLSCQ URVGIPAMK?Q NMNSBBEML @C GL

B 7 FCL BMCQ RFGQ KMBB®RLAMK?Q NMNSBEGML RM
CQVACCB RFMSQ?LB

OMRJI?LENNMNSBBML GL - U ?Q ?7@MSR RFMSQ?LB ?LB F?B

@CL ERUGLE & 7@MSR  TAF \W?P

? 7 PBC ? ASPQGIMPKSJ?MP RFC NMNEGMLIMMRJI?LB
@ 7 PBC ?L NJGRGIPKSJ?MP RFC NMNESGMLIMMMRJ?LB
A )D RFGETRPAIRGLSCQ URVGIMIRI?LENNMNSEBGML @C
GL
B )D RFGERPAMLRGLSCQ UFCL UGJIRI?LENNMNSBEML
FC?AF RFMSQ?LB
$GQBQCQ RCLB RMIBIPAMBGLE RM RFENMLCRG?J BPRF
KMBCJ ) RFC @RW BWQ M!)$3 RFC ERURF PRC ?Q ?RISLB
) L ?@MSR NC MNJC GL RFG®BGBM !)$3 )D RFC
RELB F?B MIRGLICSLAFQICB FMJ K?L W NRINJC MSJB FIC
BGB DRIK 1)$3 GL
4FC NMNSRGMLIMRFCMBB GL U ?2Q @GJJGML ?LB RFC

%\CAGQCH



?LLS?J ERURF PRC 2Q COQRAGR® ?R NCRCLR NCPGRP
IQQSKGLE RR’RFC MBB NMNSBEMIMDIMQ ?L G/NMLCRG?J
ERMJRF KMBCJ @B RFC NIFKIR® UMBB NMNSBEGML GL

| @?ARCPG? ASIRGE QRBPURF @?ARCPG? RCP FMSPQ
RFC NMNRGML F?QNER. RM @?ARCPG® RFC NMNBGML
ERMMJQ &/NMLCRGJ

? 7 PBC ? ASPQGIMPKSJ?NP RFC LSK@CP @RCPG?

@ 7 PBC ?L UNJGRGIPKSJ?NMP RFC LSK@CP @ RCPG?

A )D RFGEREMLRGLSCQ BM?L W @ RCPG? UGJJ REIP GL
B?W

B ( MJJMLE BMCR B MP RFC ASJR$MM RPGNJC GL QGX

I L? RGTUMJID QNGCQ F?QEAEGRRIBSAB GRM ? LRGML?J

MEQR /PGE?W U MICQ \CR RPLQNJ?RG IDRCP @WPPQ

RFC NMNRGML F?BEFLRM U MICQ  )D RFC NMNBEGML

EMUQ O/NMLCRG2WJ

? 7 PBC ? @ASPQGIMPKSJ?NMP RFC LSK@CP WITCQ

@ 7 PBC ?L UNJGRGIPKSJ?NP RFC LSK@CP WITCQ

A )D RFGERBMLRGLSCQ BM?L W WMICQ UGJJ RE@C GL

WC2PQ

B )D RFGERBMLRGLSCQ BNMLE UGR B2 RFC NMNRBML
RMEWRM U MICQ

/LC FSLBPCB RWISR FPQCBB GRM ?JB  !@QCR

AVLQRIBR RFCGP NMRSML UGMEBW ? W C?P 4FC J?IC

A?L QSQR?GL ? K?VGKSB M RP MSR 5 QGLE RFC BERGA

EMVURF KMBCJ

? 7 PRC ? ASPQGIMPKSJ?NP RFC LSK@CP RRSR

@ #?JASJRC RFC LSK@CP RASR TCP @PP ?LB ?RCP
VW2PQ

4CL @J?AI@ CPRJITRQ QRRB EMUGLE GL W WEP!@QCR

AVLQRIBR @J?AI@CPPGCQ UBBI@NP ? KML RF -W WEP

A?L MLW QSQR?GL ?@MSR RQ?RGLE RFC BIRGMERF

KMBCJ

? 7 PRC ?@ASPQGMPKSJ?MP RFC LSK@CP @J?AI@BPP
NJ?IRQ GLW WBP

Z%\CRAGQCQ



@ #?JASJRC RFC LSK@CP NJ7RQ BCP  ?LB KMLRFQ

)L RFC5 3 KGLGKSKWECWQ NCPFMSP)L  RFC
KGLGKSK PEC ’Q  NCP FMSP IQQSKC RFC KGLGKSK
U?EC ERUQ ?AMBGLE RM ?IVEMLCRG?J KMBCJ UBEP
FCNEQCRQ RFC RGKCGPQ/TRCP

? &GLB ?L UNJCRBGIPKSJ?MP RFC KGLGKSK?BC
@ 7 F?R BMCQ RFC KMBEBER PP RFC KGLGKSK?HC GL

A )DRFCKGLGKSKECWPQ GL GQRFGQ?@W @CIM
MP 0S?J RM UR’RFC KMBCJTBGRQ

Coneepts

4FC NMNSRGMLIVM QK?JJ BMA?L @C BCQAPB@CRFC

COSRGME E UFCRCE GQ RFC LSK@TP®PQ TCP
%VNJ?GL GL IMBQ UFR RFGQERGML RCJIQ SQ ?@MSR FM

RFC NMNRGML GQ ARGLE

4FC NMNSRGMLIVP QK?JJ BMA?L @C BCQAPB@CTRFC

COSRGME E UFCRCE GQ RFC LSK@CP®PQ

2IRCP  %VNJ?GL GLMBQ UFR RFGQERGML RCJIIQ SQ ?@MSR

FMU RFC NMNSR@BML GQ ARGLE

Exploation

- MQRIMRFC\ZKNJICQ GL RFWR®?KGLE ERUGLE OSTRRBGCQ @SR
JGLZP ?LB ®NMLCRG?JOSRGMLQRIA 2JQM BCQAPG@GTBIGLE
OS?IRBGCQ ?Q RFZR.OJ NAM@JCKQ UGINIMP

I LC U RPSAI MQRQ 4FC A2PQ PJSC UGJJ BCANERC NCP
RGKC UFGAF RDQ B UGJJ IMQIST &MP R?V NSPNMQCQ
BCNPAGRGML GQ S@BRIASREG JGLTIW)D RFC RPSAI GQRF

N\CRAGQCH



?D RCP REBW?PQ URE ?L ENJGRGIPKSJI?NP RFC
T?JSC B RFC® ?RCE W?PQ

JLDIRGML?BQCQ RFGLEQNRIRAKMP ?LB BIP MSP KMMZRM @S
JCQQ FCCAMSP ER.BN?ELRQ QVGLE IpK W BWWIS MSJB
@SV ? ASNIMAMIIC MP ? LGAg SNNMQC GEGML BE?QCQ
RFC TJISC IKMLG®V @ C ?AF W?P )L MRFCPMBQ GIM&
F?TC RFGQMAP LCVR WP B UGJIMLBS WS U MRF D
QRSD (MJ KSAFUGJJ @SWWSGL VZ?PQ

3SNNMQC REMS FAC? @W ND --A  ?LBGCQ ?LEGF
B2W WS @R b MD RFCAABGCQMS F7C JQ RFC LSK@CP M
A?PLBGCQ FCAF?LELE JGRRW MP\AMLCRGMJ 7 PRC 2L
COSRGML RM KMBCJ RFC LSK@RPBGCQ FCPRCE BAWQ

U ?2PK M@HKR GL ?MMJICRIRK UGJJ BEZ?QC GL RCKNGRSE
CVNMLCRGMWPNNRI?AFGLE RFIMK RCKNGRSE ?AAMBGLE RM
RFCMPKSJ? UFGR-E GQ RFC RCKRRFE ?RCE KGLSRCQGQ
RFC PRC R UFGAF RCKNRRSE GQ AF?EEES GQ ?MLQRR. 7LB
-l GQ RFC RCKRRSE ND RFOMMK &MBLQGA TEIQRGEAPRRA
SQC RFGQ RIBSR RFC RGKD BRRF Nb ? FMKGAGBCRIGEA
3SNNMQC RERFCL ? @WBLPQ BGRCRB E =~ @R PQ
BCERCQ !IRCP KGLSRCQ RFC RCKRSE U?Q K&?QSEB
?E?GLRM @C BGQER) 4FC @MB PQGL? BCEEC RMMK

? 5QC RFOELL GLBPKRGML BE RFOMPKSJ? NATGBE RM
O5LB ?MPKSJ?NP RFC RCKKBBE ND RFC @WB
@ 7 FCL BGB RFC RGK BGC GD RFW/@RRB 7R
BCEBCQ
2CASPQGTDSRGMLQIA@C TRV F?LBV BIP KMBCJGLE
AVKNJ@RE QRSRGMLEPUFGARBIGR®SRGMLQMSIB @C
F?AB RM ®RCPNR !Q ?L &?KNJC MLQGBCP ?Q7L UFGAF
O5QF ASPERW EQGBC 4FGQF NMNREMLEBQ @/ C ?AF
V2P @SRTCRV WP D GQF ZPF?ACQREDRIK RFC JTT @V
NQVNJCGERQFGLE

? 7 PRC ? ASPQGTOSRGMIMP RFC LSK@CP BIQF GL RFC
J?IC ?RCE WC?PQ
@ #?JASIRC RFC NMNSGMLRDP ?LB W?PQ $MCQ RFC

Z%\CRAGQCQ



NMNSRGML ?NRERM @C GIARELE MPAC?QGLE
A 7 F?R GQ RFC K?VGKSK LSK@DBIF RR2MSJB @C
F?PTCQREC?AF W?P UBFMSRPSQGLE RFGQF NMN&EML RM
BOAR?QC GL RFC JMLE PSL
4FC LSK@CP MR?P@SAIQ QRYEBJ ?IRCPGPQR MNELL-C
LSK@CP D QREIG D#K 2Q ENMR® ML RFCGP
AVPNMRC IC@RG GQ QEM @CIW!

?  #?PCDSWNJMR RFRBBMCQ GQ ?RREBM @C AFAIE
JGLZRN MP\WWMLCRG?WJ

@ 4PWBLBGLE ?IGSRGML RM KMBCJ RR2 B¥ NGAIGLENR
NMGRQ RMMIPDRMK ( MJ U CJJ BMCQ REIS&RGML KMBCJ
RFC BR?

A 4PW SQGLE ?DERGMUIMRFAMPK UFCEBGQ ?MLORR
RM KMBCJ RFGR®? 4FGQWNC MKMBCJ G228 ? OMJCP
KMBCJ #MKN?@ WISP EQSJRQ RM REISBPRQBMN?R @

' FK< KF LI< K?@J DF;<C PFL N@CC E<<; KF ?8M<
‘FIl <IGFE; N@K? E 8K?<IK?8EE

.SK@CP ND R?P@SAIQ .SK@CP ND R?P@SAIQ
9C?P QRN 9C?P QRN

FRRN UUU QR?P@SAIRKN?@MSRSQ
#MKN?LW>4GKCJIGLC NBRAGCB -? W

N\CRAGQCH



4FMK?Q -2JRFSQ 8Q ?L @MLMKGQR UFM NBIRRB RFC NPGLAGNJC
RFR NMNSBBML BBQ @?@ML 2L &/NMLCRG?J BPRF KMBCJ
UFGJOMMB ?LBEQMSEQ BRU @?QEML ? JGI28 ERURF

KMBCJ "?QB ML RFGQ -?JRFS@BEREB RFR GCLRS?W

BCK?LB IMPRMB ?LBEQMIEQ WISIB MSR MIRERSNNY

UGRF BMMK ?LB BMMK MLQOSCLEQ $M QMKT®EAF ?@MSR
-2JRFSQ RM ?L@P RFCQC OSCQRGMLQ

? 7 F?R QMARED AF?LECQ BGB -?JRFSINNRQC RMAGB RFC
BMMK ?LB EJIMMK MSRIKC FC L?Q NEBGRGLE

@ 7 FW BMMS RFGLI FG@BIBRGMLQ BGB LMSMA

A 7 F?R ?E RFC QGKRER® ?LB BBILACQ @OUCCL
-?2JRFSQR RAGRY ?LB RFC JBMERGMERF KMBCJ

Z%\CRAGQCQ
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Course Overview

4FGQMSPQC20) MPGE?W BICJMNEDP RFC /NCL #MSPQC ,@R@AP
NAVHER 4FC RUR SECG@ 8K? @E F:@<RBRG @V $TGB ,GNNK?L
0GR #MJJCEC &MRGGIAMK $CTCIMNKCR N RFGQ @MNPQU
QSNNNRB GL N @& RFCRPLQRGML -RF ORIHER ?LB RFC /NCL
#MSPQC ,G@®W ORHER MNGAQMVICRB GL RFCMSPQC GLAJSBC
NMM@JCK QMELE WMRGLE RWRY EPNF RFRIRV EAVURF KMBCJQ
O5L?LE BR? MJIWRGML ?LB BCQAPGNRGML M@R GRAIGRSBCR
JGPLGLE MSRKCQ GLAJSBC

$CQAPG @R RFCKRGAQIAAMIRPG@SRC RM RFC QMDSRGML M
NRM@JCKQ GL RFRSRJ UMBB MP FSK?L QMARBEC

%KNIMW ARGH RFGLIGLE QIGJRY@HE SNML NPGMPULBEC
UFCL NMQQG@JC RWRLZIB O/NIMPLQJ ?LB SLD?KGIG?P
NRM@JCKQ

&MPK ?LB MKKSLGARC ECLCEGRGMLO@MARCPLQ BGIZES
RFRISE GLBGTGBS?J WSERSICQRGEGMLQ

3MIC NM@JCKQ SQGLE ?REMBRGIMPKSI?Q

- MBCJ ?LB QMINM@JCKQ SQGLENEBA) KC(RFMBQ
#MKKSLGARC KKRFMBQIMOMJISRGMLQ ?LB QMJISRGMEQ GRONP
IMP RFC AJRR@ RFCCRCGTIP

IL?JWK ?LB GRCPNR BR? GLAJSBGIEASRGLE LSKCPGA
QSKK?PGCQ ?LB&RGLE ERFGAl ENEQCRRGMLQ RMINFIQC
NMQQG@JC GIRGIBLQ

)BCLRGDKSIRGASIRHNCPQAREIQ B! MP KSJRGASIRSP
AMLRPG@SRGML@ BBOR MLC KRFCKRGN RMNGA QRBBGC

#MSPQC /CH GG zZ


http://www.opentextbookstore.com/mathinsociety/current2.php?chapter=MathinSociety.pdf

Course Aces

4FC AVSPQC KRCPG?JQ ?LB ML JGLC BMRQMRQ %® FMSE GL
- WINCL-? RF 9S AL 22ACQ®FC MSPQC ?Q ? ESCQR QRSBEIQC
FMJ RFC MSPQC GQR @GB! ?LB TGORFC MLIGLC FMK@P QWQRCK
3FMSJB M5 AFMMQC RM SQC RASFR®@ W/NCL-? RF AL @C
GRCEMRG GRM MSP QAFMM,8 D MP @QC B ?2ACQQ

Requesting an Instructor Aount in
MyOpenMath

)D WIS UMSJB JGIRM SQCW/NCL-? RF GLMEP AJ?Q@#K WS AL
FOOSCQR ?L GLOQRRBA PMSIR RARSE RFC - W/NCL-? RF
EMKCN?EC3CJBRpROOSCQR ?L GLORRBAPMSIRg R RFC @RMRK D
RFC N?EC 'GTSQ ? MSNJC BYQ RMFG®DRMAR WS ?E ?L GLQRHAIWP
?R ?L ?7ARBRBG GLQRERGML W/NCL-? RF ECLCIRCQ ?LSRMKR®
CK?GJ UFCLMEP ?AMSIR GQCPEB @SR QMRGKC@R®GJJ CLB SN
GL WSP HSLI CK?GJ MALOR K?C & RAASE RFC GJRCPQR @ WISP
GLORSRGMLM4TMGB RFGRISWRL AFGAI WMSP HSLINDIBCP MP ?QI
VWISP GLERBBGML RM R JC K?GJ MR ,7 67<
:-84A 5A78-65)<0 +75 RFRISE

)D WIS ?2J8?BW FTC ?L GLQRABWP AMSIR GL W/NCL-? RF WS
A?L TGO REC GLORRSPPAPQGWD RFCMSPQC

Z#MSPQC /CH GO


https://www.myopenmath.com/course/course.php?cid=6&guest=true
https://www.myopenmath.com/index.php
https://www.myopenmath.com/index.php
https://www.myopenmath.com/course/course.php?cid=6
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*L ;HL?;M
4AFGQ GQ MIPQC GL KMBCPLRFEKRGAQ T UGJJ @ENIMPGLE ?
LSK@CP Bl RMNGAQRRFTIC @CL BAOCIMNE D?AN BACLRW GL RFC
K? RFCKRGA UMBB ?JMLE BRE QMKC KMPRPBE&GML?J MLCQ

4FGQ AJ?QQ UGJJ @C LMREFGMER@GRCPKBGRC ?JECBRMAISPQC
)D WIS NEBREP OSRGMLQ ?LB/NEQQGMLQ RFGQ GQ LMR RMP AJ?QQ D
WIS 7C UGJJ @C JIMMIRRRMNGAQRRRGER LMR Q@& JGC K?RF
RM MS -?L W I RFCQC RMNGAQ UGNJ@B GL MIRVR B RFCGP
?NNJGRGMLQ

4FC NSPNMQO RFGE@I3PQC GQ RNMDOWS RM RFC UGBGHB D
K? RFCKRGA RFGLIGLE 4RCPE RIM R?2QMLQMP RFGQ &GHRRID
RM SLBCPQR?LB RFCOWI OS?RRRGT RFGLIGLE ?LB RFQJKNM 2
LSK@CPQ GL BLE ?LB BUOGLE WRE B?J UMBB QBAL?PGMQ AQ BW
DMP WS RM SLBCPQR?LBRRRECP GQ KMPRM KRFCKRGAQ RFCL
CVNEQQGMLQ ?IBESRGMLQ

+HH;GK?17;
4FC NE POOSGRGIIP RFGRIPQC GQRE ) LRCPKBGRC JEC@P
MP -?RF ) LRCPKBGRC JEC@PU®RF KMBCJGLE RK5?  MP
@ERCRVIP ? Q8B@JC NCKCLR RCQRMEA

/;9>D?97B INF;9J7J?EDI
4M @C Q8BQQDSJ GL RHMSRECME UGJJ B QMKC REFLGAJ QIGJIQ
- MQR GKNRMHR GQ ABQQ RM MKNSRCP BE ? BRIG?@QIRGRLR
AMLLGARGML ?LB RFC HACRME MNBE RFR MKNSRCP ?LB ? Q@
@RUQCP )D WS ?E Z?BGLE RFGOISFC NM@?@J + DMP RFGQ R?P
4FCKE UGJJ @C MINJIC ?QQGELRQLRIR? ?QI WIS RM SNJM2BJDQ
ASR ?LB N?QRCRIPLR ?BBEQQCQ 52,QCRA )L KMQR2QCQ ? LML
R@FLGAJ ?2JRCPRET GQ?GJ?@JC GBOE

%J>?1 9EKH; H?=>J €H BK

Z3?KNJC 3MJ?@SQ



-2 RF GQ ? RCPKGL?REMSPQC KILGLEREBMCQ LMRENRE WIS
MP 2\ MRFCP RE AJ?QDRCP ®CPKBGRC ?JEC@®RFCOR 2’ MSP
BGEARGMLM®/AL EM

3RRGQRGAQ RF?  UFGAF K?IW QMAG?J QAGCLR @SQGLCQQ
K?HMPQ 0B
OPCA?JASISQk -RF  UFGAF KMQR QAGHZHMPQ ?LB QMKC MRFCPQ
LCOB
&GIRC -?RFk -? RF UFGAF KMQR @SQGLCQQ K?B8RIPQ LC
-? RF GL 3MABCK ?RF  UFGAF GQ PRBIP K?lW FSK?LBGCQ
K?HMPQ ?LB QMKAQNRBF NRERPKQ

( MNCDSUJWS WCLR RM ?L 7B3QCP UFM IUKQ) WISP BSARGML?J
EM?JQ UFCL BGBGLE UFGAF AJ?QQ BMRWSIFC LMR QSFGD RFGQ
AJ?QQ GGFREEP WS NJEQCQCJ DI RM CK?GJ KC ?LB f@aC F?NN RM
BGQASQQURF WS
/ ;NJSEEA
) EMR RGBAMD QRSBRD FPGLE RMWACP D MP RFC @MNIM
GLQRB M SQGLE ?BRGML?MR@MMI ? @MMI MRE UGJJ @BSQC
4FC @MMI UGJJ @%53?@JCDMLIGLC GEOIMPKR )D WS NELP
RC?BGLE DK NPGR WS ?E UCIJMKC RM NFGMSR RFG &Q MP ? JGLI
RM MECP ? @MSLB NRBLAMNY UGJJ @OMTGBE SQS?YJ AFeNCP
RF?L NPRGLE RFCREP@MMINEPQCJID

)D WIS UGQF REPB @@WMLB RFC KRCPG?JQYNEBC M AL B5LB
?BBE&GML?J REPG?J MLIGLC MP GIRRBIRGML?MR@MMIQ
?T?GJ?@JC GL RFERNG@RLI J@FEJ @E&IE & 8K?<D8K@AV
4?LLCL@3K GQ ? EMMB AFBIGA

"EHC7) E< J>; EKHI;
4FGQ MSPQC GEJQCIRPACB %?AF WOCI RFCE UGJJ @C ? GGEA
Q® N KRCPG?J RRPLIC?LB ?QQGELKRQ ?LB RCQRQ MR RFRCPG?J
4FCRC UGJJ @88 BSC BRCQMP RFMQC ?QQGHRRCMICICP RFC
AMSPQC GIDD9>HEDEKI UFGAF KCGLQ RFR WS AL JME GM RFC
AJ?QQMMK ?IW RGKCQ BSPGLE RECRFR ?E AILTCLGCR DIP WIS
2LB AMKNJRC RFC ?QQGELRQL

%?AF WOCI WIS UGJJ @GTE. ? F?BGLE ?QQGELRCIC?BGLE RFC

3?KNJC 3MJ?@SR



RYR@MMI UGJJ @SPWNPGKRPLPW RM PL RFC KRCPGMNMDRFC
AMSPQC

4FCRC UGJJ 2JQM @C WEMGBL) RR MPEQNMLB BE RFC
COV?KNJCQ GL RFC @MWIS QFMSJB SQC RFCQILGBC<D<ERFC
RC?BGLE LMRERJ?G @ ?Q RFCRSQ ? JMR MLRCR GL RFC @MMIRRF?
GQ LMR GLABSBC RFC TGBT4FCQC TGBQ UGJJ FMN@DECINWS
SLBCPQR?LB ?V@KNJIC GIMHC FTGLE MS@JMDIWGLEBGL NFGL

4FC @MMI ?LB TGBQ UGJINWBBC RFC RAW ?LB QIGJIJQCBB
RM ?NMPPAF RFC\CRAGQCQ OSGX ?LRGES ?QQGELRCELIGE
2JEC@PAJ?QQCQ RFGQ AJ?QQ GQ T@MSRI@ICKQ LMR HSQR
FCNJGRGLE QIGJJQ QM QMKC OSCQREBMIMR K@O/TZRW JGI
NAM@JCKQ GL RFC @&MP RFMQ®SNIGJJ 08 RMGESPMSR AWRM
?B?NR UFR WM$T JCPL® RM QRIJRFC LG ?LB BGELR NMI@JCK

| BGQASQQGMPESK UGJJ @GINEBE UFCRE WIS AL ?QI OSCQRGMLQ
?@MSR RFC?BGLE ?LB BGQASQQ RARCRG?JRFGKC ?LB MSP
AJ?QQKRCQ 4FGQ GQ\WXNE AL ECR FCIN UFCLMS BMhR SLBCPQR?LB
RFC @MMI

4FCRC UGJJ @C RQB FMKOMP CVCRGQCQ ?QQBERSF UCCI
4FC MLJGLC FMK®IPCVCRAGQCQCROSGIB ?LB ERB® ( MUCICP
GDM$ KGQQ ? OSCQREBMUGE QFNVFC ?LQGP 2JJMGLE WS RM
QCIBG?ELMQOWSP KGQR?I?LB RFCL M8 AL RWV QGKGJ?ME@ICKQ
SLRGIMS E® RFC OSCQRGME@AR 9MS AL ?QI OSCQRGMLQ GL RFC
BGQASQQGMLEGN@MSR AL FMKC MPOSCQRGMIMB/FAC BABASYR
UGRF 4FCQC YCRAGQCQ UGJUMAS RM\INIMP ?LB NPARGA RFC
K? RCPG?MBRFC AF?NRCAFC O/CRAGQCQ UGJJ @CRBREX CLBIM
RFC WCI

%?AF WOCI RFCE UGJJ @C ? p3IGJIQ 18@Q UGJJ @C ? OSGX
AVMLQGQRGDENM@JCKQ QGK@SR LMRATQQ?RGEBRGH RM RFC
FMKQUMP NPM@JCKQ RERCQRISP SLBCPQR?LBGDERFC KRCPG?J
?LB VISP ?@®@JEM NGHIX ?LW NRABSFEQ MP RELGOSCQMFCRG
GL RAR AF?NRGFECQC OSCQRGMLQ UGJJ @CLEKSPRBNJIC ARMGA
K? RAFGLE MBI GL RFC @J?4FC OSGX UGJJ @C BREE CLEIMNRFC
uccl

IBBARGMLWJC?AF UCCI RFCE UGJ) @C ?L BRGEC VRCLBE
?2QQGELKBLLMR BIR RFC @MMI 4FGQ ?QQGRLKGIJ @C ? KMP

Z3?KNJC 3MJ?@SQ



MNCL CLB8 OSCQRGML RFSQSAM POSGHQ ? @GKME UMP
AMLACNRS?J SLBCPQR?LBGLE NMQOB@VSRQGEERF ?LB K?W
ROOSGP? UPRRCL QMJISRGMLVWBZCRGMI4FCQC OSCQRGMMGET
2 JCQQ MABSPJ /NJMIRGMLIMRFC RMNGA @ GECER MASQGLE
ML ARG RFGLIGLE ?LB OSBRGT ?QMLGLEL QMKC RQCQ RFCQC
K? W @CMIJ? @NRT ?QQGELKRD U GRCPKBGA BSC BRCQ GL
RFC KGBBJIDMRFC CCI "C QSE RM ARC RFC AJ?Q@MK R RFC
9<>@EE@®D RFC CC| RM QCGD RECHE ?LW QSAF BCPKBG AR BSC
BRCQ

%WCNR GL RFCQQC B MIJ?@NRET ?QQGELKRD BOSGPGLE
mMOB@?AI RMCIUM QRSBARQ RFCPPIE LM EPB@ IMPSK EQNMLQC
CK?GJ MP JME GUOBELAV POSGEKCLRQ ( MUCTCP ) QRWLEW
CLAVSREC WS RMEJU?® SIRGJ RFC J?QR BPRFC CCI RM @GE.
WISP ?QQGELKRI. ?Q RFGQ BMCQ LMRGKIMRMQ®SR ?QQGQR?LA
GD lGBCB

| R RFC CLBIMRFCMSPQC RECBGJJ @ 7+<7:, DGL?J\?K 9MS
UGJB?TC ? UCCI BSPGLE UFGARVS/ AL R?IC RFGQVZK ?R MSP
AMLTCLGCL® R QRFCP ZKNSQ MP RMBE ?L CVRCPL?J MRRMP\@
?PRLECKCIR

4FGQ OSREP G UGJJ @C QRSBE RFCQC RMNGABCBL MP

7 OCI OPM@JCK 3WBLE
7 CCI 6 MRGLE 4RGV
7 CCl 'P ?NF 4FQURV
7 CCl 'P MURF - MBCJQ
7 CCl &GL?LAC
7 CCl #MJIJGRGLE B
7 CCl $CQAPG@GLEB?
7 CCl 0P M@?@W®0G
7 CCI &GL?J BTGG LM LQJ K? RCPG?J
7 Cl  ( GQRMPIGRSIRGLE KRFMBQ

“7HD?D= *K JOEC;|
4FC AVISPQC ZRLGLE MSRKCQ ?1? M@HEGIQ BCQAPG@C RF?
2@GIGCQ ?LB QIGJIQ AOQEDSI QRFBGIVEGRE RM BICIMN ?LB
BCKMLQRRC GL RFMERQC FGJICIRCL BJRB RFCQC GROCNZRC
DRIK RFC MSPQAARCR RFC QMGEA RMNGARIU @OTEPGLE

3?KNJC 3MJ?@SR



$CQAPG@ QP RFCKRGAQIAAMIRPG@SRC RM RFC QMDSRGML M

NAM@JCKQ GL RFRSRI UMBB MP FSK?L QMARBC

%KNIW ARG RFGLIGLE QIGJRY@FE SNML NPGMPULBEC
UFCL NMQQG@JC RWRLZIB &/NIMPLQJ ?LB SLD?KGIG?P
NAM@JCKQ

&MPK ?LB MKKSLGARC ECLCPGRGMLO@MARCPLQ BGIZES
RFRISE GLBGTGBS?J WSERSICQRGEGMLQ

3MIC NRM@JCKQ SQGLE ?REMPBIMPKSI?Q

- MBCJ ?LB QMINRI@JCKQ SQGLENERBA] K(RFMBQ
#MKKSLGARC KKRFMBQIMQMJISRGMLQ ?LB QMJISRGMEQ GRONP
IMP RFC AJRR@ RFCIRCGTP

IL?JWE ?LB GRCPNR BR? GLAJSBGPEASIRGLE LSKCPGA
QSKK?PGCQ ?LB&RGLE ERFGAl ENEQCRRGMLQ RMINFIQC
NMQQG@JC GIRGIBLQ

)BCLRGDKSIRGASIRICPQARGI) B MP KSJIRGASIRSP
AMLRPG@SRGML® BBOR MLC KRFCKRGA RMNGA QRBBGC

7GRFGLZTAF UCCIQ DIIBCRWS UGJGDB ? JIGQRARR UOCIQ RMNGA
@?EICPLGLE MSRKCQ ?LB FM RFQV BRIJRB @?Al RM RFCQC
AMSPQC MSRECQ 9MS UGJJ @C ?@JC RRIRERCQC?RCGLE
MSRMKCQ @& B?BGLE RFC @MMI K?IGLEQQWRS SLBCPQR?LB RFC
CV?KNJCQ GL RFC @MMI MBGLE RARSE RFC MLIGLYGRGQCQ
QCIGLE MSR ?QQGQ@RZDAS8 FTC BABASIRGEARQS UGJIDMSPQC
?JOQM L@B RM ?NMIWSP ARGA RFGLIGLE QIGJIQC QIGRAD RFC
NSPNMQONMRFGRIAPQC GQ RNPCB WMSP ?@@JIGNNY RFC QIGJJQ
VWISIT JCPLB RM LG ?LB BAERLR QBL?PGM{L. PC?J IGDNM@JCKQ
P?RCIV RCIW®/FM RM QVMJ RFCK

":879A

4FC FMKQJMPCVCRAGQCQ ?LB QIGJIQTIFEXSRMKRGAW
EPB@® @V 7!-10 ?LB WIS UGJIACGCT GLQRRIDCB@?AI ML RFMQC
?QQGELKRIQ

)D WIS CK?GJ KCMPDMP NA@JCKQAS KGQQCB ML RFC QIGJJQ OSGX )

UGJIVRNGAW EPBC RFMQQREIP RFC OSGX BRTBSQSWIRFGL
BAWQ
7 PERCIC VRCLBB?QQGELKEBR ) K?LS?W EPBC ) RVNGAW UGJJ

Z3?KNJC 3MJ?@SQ



EPBC RFCQUGP RFCOCICLB ?RCP RWBC BSC IMSP QME URF
MCB@?Al UGJJ QFBL RFC T-I0 EP  ?BC@MMI ROP RMBC QAEB

7 J;2 EHA +EB?90
4FC MLIGLCMKQUMP?LB 31GJJQ @QR BBJIGLCQER/REKCIW BPK
4FC JGLI RM RFCQC ?QQGRIXUGJIRS?W BGQ?NIRCR KGBLGR
ML RFC BSC BRZ ?LB RFC ?QQGELK®ISQR @®KNIREB @QIT
KGBLGER "CA?SQC BI RFGQ ) MIEBN PAMKKCLB RFR QRSBRD LMR
U?® SIRGJ NK RM QRRMRFC RCQR TRCAGD RFETC NM@JCKQ
JMEBLE GL MP QMIRGLE

4FC 'P ?B@ !QQGELKMRQ BTBIGLCQERIQMCRV BPK QGCAMS
F?TC RFC (RGPUCCI RM WP ML RFCK D ? EPB@B ?QQGELKBLGQ
RSPLBGL RC ) UGJJTCP BT KMERF?L M D RFC NMQQG@ RNMGL

)D QMKRFGLE K?HMPMKCQ SN ? BCPRF GL RFC D2KGJ
FMQNGJIGRGMLRA EM ?FB ?LB CK?GJ KC MPJ KC RMRXKC
ILMU ?LB UC 2L UMPQMK(RFGLE MSR

8EKJ / 7A?D= 7D *DB?D; EKH

4?IGLE ?L MLJGLOMBPQCMP RFCGPQR RGKL AC ? BSLRGLE
SLBCR?IGLE #MKNTB RM RBRGML?J MRKNSQ AMMSPQCQ R¥FC
F?TC RFCGPMNP ?LB MLQ -MR ?LB KME NOMNJC TPR?IGLEMSPQCQ
MLIGLC K?GLJ @@SQC RFC MITCLGCL® 4FGQ MSPQC GQ
2QWLARRLMSQ UFGAF ROQ QRSBRR ?LB RFC GLQRRIBAZPLMR
LCACQQ?RGMLIGL® RFC Q?KC RGKAQQ?ECQC?RMQBM®RM RFC
BGQASQQGMLEQMBP@MRF QRFETLLB D?AARBPQ W. RGKMMBWY
MP LGR 4FC MLIGLC AJRMBPGQ MNCLFMSPQ ? B/ QQCL BAWQ ?
UCCI 4FGQ 2JUIQ WS RM ReI? AJ?QQ PRGKCMS LPLR WS 2B LMR
RGCBML RM ? QNGEA FMSFDMRFC B?- MLBW RABRSE &PGRY?Q
URF RIBRGML?MAJCEC ?LB SOBTRE MSPQCQ

- MQR QRSRGL UGJJ @EPRFR MLIGLOMSPQCQUISGP KMRE
GIMJICKCLR RGKC RF?L?BRGML?J AJ?QQGQ LMR SIKKML RM
QNCLB MSLB RM FMSPQ TAF UCCI ML ? AMSPQC NUCTCP RFC
?2KMSLR M RGKGAS LMSJB LMPK2WIQNCLBWKKSRGLE RM ?HNSQ
U?®RGLEMP AJ?QQ RMRORPB RFCLMKKSRGLE FMKC 2A LMU @C
QNCR MLQRPSEIW ML RFQWSPQC !Q TOSJR KW QRSBGCTICF?
QFVML RFR MLIJGLOVMSPQCQ ECRON NWBSA FGECP EPBCQ ?LB
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ERC?RCP 2ELGLE RF?LTERGML?MSPQCQSR B BMC@BSGR? TRV
AVKKGRE® QRSBE

ILMRFCP ML GQ RFC J?/A NRVQGAGRCPARGML REMASPQ GL ?
RPBEGML?MSPQC 4FGQURNVCP GQ RS?W ? NP -?L W NCPQML?J
7LB GLBGTGBS?J @G ZTCIBRERB @B?SQC T 2LnR @I?AF MRFCP
SLICQQWS MNR RM NMQRRSRA® WSPQCJIISGRC BRCL RFC NCPQML
UFM GQ LMPKRIGLFRBGGL ? RBEGML?J AJ?QQCBY FRGT GL
2L MLIGLC AJ?QQ NJORFUFGQ ?QWMARRSQ KMBCJ RECRL @C
KSJRGNJCAMAITCPQRGMLQgq F?NNCLGLE QGK@SRARLOMS AL
FCQNMLB RM WLMP ?JIDMRFC BGQASQQGNRBEFR ?IW RGKC
QMK®FGLE RR?GQ GKNMQQG@JC GPBRBMER AJMMK Q ?
FCQSJRMS UGJJ ERM ILM WSP CJJM AJ?QQKRCQ KSAF @RCP
RF?L ?IW JARSE AJ?QQWS FAC R?CL MP UGJJ R?I'SR UFCL WSP
GRCPARGML GQ J?AIGLE RRGFAI?QQ QSPQ 9IS FAC RM @C 7L
2ARGTKCK@CP MRFC AJ?QQ

#.JJ?D=$ ;BF
4FC BGQASQQGMLE@MPRMPSK UFCE WIS AL ?QI OSCQRGMLQ ?@MSR
RFC €?BGLE MP FMK®P ?LB ECR FCJIN BIR KC MP WISP AJ?QQRCQ
4FC GBZT GQ RMT? RFC AJ?QQ MRCPJGI? QRSB EMSN k UBF
2JJ B WS UWMRGLE RMERECP RM BSEP MBP JPLGLE 4FGQ GQRIF?
BGQRGLESGQFCQ ?L MLIGL®KRI?RREEGML?J BGQRIOCPLGLE MP
K? RF J?@MSPQC

5QC RFC $GQASQQGMB RWPRQINIP FCIN ML M@JCKQUWS BMhR
SLBCPQR?LB BMRM BM D WS BM SLBCPQR?LBUFRM BM RFC
NAVM@JCKQ FCJIN MERRAAJ?QORCQV@?LQUBPGLE OSCQRGMLQ ML RFC
BGQASQQGMLE®M?P

) UGJJ KMB®IP RFC FMKEIPBGQASQQGML BM?RB UGJC@NMLB
RM OSCQRGMLQ GDERFSL?LQLRB MP GD QMKC NRTGBCQ 7L
GLMPEAR EQNMLQCD)WS F7C ?BBRBGML?J OSCQRGMLQWRBGBL
SLBCPQR?LB RFC ?0PUQMK@LC ETC WIS MP FIE ? OSCQRGMLRRF?
F?Q EMLC SL?LQIRB BMInR FCRBC RM CK?GJ KC ?LB ?QI OSCQRGMLQ
( MUCTCPNJ@QC SQC RFC BGQASQQGBQ BT QMRRARFCPZLA
@CLQR DWK VMSP OSCQRGMLQ

) A?LnR QRBQ CLMBRFR UBFMSR @CGLE ?@JC RIQINEQQGML
ML WISP DZA RFGEYQ LM PW BIP KC RM HSBECNEDSMBCPQR?LBAK
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MP ? QUJM QRSBARY @NJ?LRGML RMISP OSCQRGMLQ N38! @B
RM @C MPRGT ?@MSRMEP JPLGLE ?LB ?QMP KME O/NJ?LRGML
UFCL VWIS LGB ® 'E?GL MS AL BM RFGQ TG? CK?GJ RM KC MP GL RFC
BGQASQQGMLE@M?P

)L ?BBRGML RM RFC BGQASQQBNMLEAMBIGLE KOVIS/?E 2JQM
UCJMKC RMMKC QC KC ML A°KNSQ GIMBP QABSJC 2JIND 3T
RFC DQRPSRMPLIMPKRGML RMCQOFRR KW MBS FMSPQ CPRFGQ
0S?RCP

IBBARGMLWIWIS AL ER FCIJN BIR RFC BRN GL RSRMAR) RFC
IA?BCKGA SNNMR #CIRCP ML RECP ZKNSQ "C J?RC RFR LMR
2J) RSRMPQG-R?CL RFGQ RF MSPQC ?LB K¥ FTC BGDBASYR
FCINGLEMS 7PBGLE RSRMRD?7IOMT?GJ?@JC RM FCRR UEBRGLE
2QQGELKBQ

9BIJHKIJEH ED79J
9MS AL AMIR?R KC TG? RFC BGQASQQGBQ @NM?8J KCQQ?EGR) @
NFMLC MP GL NCPQML

0J@QC AFS ) LORPSRMALIMPKRGMIMP KWV CK?GJ ?BBBQ NFMLC
LSK@CP?LB MEGS JMPRGML ?LB FMSPQ

)D WIS FAC ECLCR OSCQRGMLQ ?@MSRFFTCMS AL ?Ql RFCK
GL RFGQ@ $ ?TGBq BGQASQMRSK D RFC OSCQRGMD GRGPQML?J
L?RSE DCJ B RM CK?GJ KC

)D WIS FAC OSCQRGMLQ ?@MSR RACMIMAE ?2BGLEQ W8 AL
2QI RFCK GL RFGOIW BGQASQQENEHD &CJ DIE RM CK?GJ K@
KC MP TGRKC DIP ?BBGEML?J FCJIN

7 FCL WIS NMQR ? KCQQ?EC MP CK?GJ RQCNSKBCPQR?LBRF?
2K LMR MLJGLC ?JJ RFC RGRQ®?JIMPR JEQR FMSPQMP KC RM
FCQNMLB RMISP OSCQRGMLQ NWQRIGELP ML RRICLCLBQSN RM

FMSPQ "C A?SQC BI RFC ?QWLINEMSQ LRSE ND RFCMSPQC NIgC
2QI OSCQRGMRRVZ CLMFERM 2JIMRGKCNIP ? EQNMLQC

#H:?2D=
4FC [5PQRO0I MD AJ?QQ REGR) ? @GM ?QQGEIKBIQW?@SQ OSGX
%?AF LOCI VWS UGJJ Fe MLIGLOMKOUMP
%?AF LOCI WMS UGJJ Fe ?31GJJQ 1SGX
%?AF WOCI RFCE UGJJ @URPERCLC VRCLBB ?QQGELKBL
/>H ; M?BB 8; 7 FH9JEH <?D7B J;1J
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/LIGLC FMKOMPUGJJMSIR BIP M D WSP MSPQC EBC
31GJJQ 1SKOQ UGIMSIR BIP M D WISP MSPQC BBC
7 PERCL ?QQGELKTR UGNSIR BIP M D WISP MSPQC #BC
4FC &GL?J UGMAR DIP M D WISP MSPQC EBC
9MSP ICGER® NCRCLR GL RFC AJ?QQ UGMLEDERG RM ? BEGK?J
EPBC TG? RFGQIQA

"CINU
97:;C?9 %DJ;=HJO

/LIGLC MSPQCQ F? RFC Q?KC ?BCKGA ®RCERG ?Q AV MRFCP
AVMJICEQWSPQCMS AL RPSQR RFPUGJCONMLB RMISP OSCQRGMLQ
2LB AVKKCLRQ GL ? RGKGWLLCP?Q WCJJ ?Q @C RBKAB D?GP GL
EPBGLE QS@R® ?QQGELKBR

IQ WISP GLQRRBI® RPSQR RFMS UGJJ K@ WISP @CQRMED RM
AMKNJ®RC RFC RERGCQ GL ? RGKCLLCP ?LB RM RFC @TQRISP
2@@IGC@® RFCPGQ ?L SMEQCL AF?LEC GLWSP QABSJCOCJ DIE
RM MLR?R KC BIP 2JRCRAT ?PPLECKCLRQ% ;NF;9J J>T J>; MEHA
CEK IK8C?J €H J>?| 9EKHM?BB 8; GKH BID MEFA >;7 J?D= 7D:
EH B7=?7H?IC M?BB DEJ 8B}#J;; 0J@QC €TP RM RFMNCHT
IA ?BCKGA $GQFMLEQRIIGHP KME BR?GJQ

*DB?D; | J?GK;JJ;
-SAF F?Q @CL UPERCL ?@MSR MLJGRGOBRC 4FC MJB WGLE
pK@:BJ 8E; JKFE<J D8P<BB DP 9FE<J 9LK NE] N@CC E<M<I 2LIK <
GQ QSBB@LBRPSC MBQ ?B MSP QMJC K@ Nb MKKSLGARRGML
2L W RGKCQ ? APTFRGA NIFC WS K?IC RM ? DPGCLB REBIURF
? QKGJC MPECAMIR?R ). ?L MLIGLCRERGML RET?KC NFRC AL
@C TRV FSRDSJ GIDEPBADRLRW 2CKCK@CP RPR GCRWILC RFC
Q?KC LPW WIS ULMSJB ULR RM @CHRB URF EQNAR

4FCRC 7 U?WQ RWEEQQ CKMRGMLRFMISR MBQ 4FCQC @P
A?1JB CKMRGAQ MSHT NRI@?@IQCL QTCPJ 2JE?BW GLMKNSRCP
UPBGLE M CRA 4FCQC CP/RS?W DQ RSPBOML RFCGP QGBC
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RM ENEQCR CKMRGMLQ WFETT RFC NJEAND @NB J?LES?EC 7LB
D?AG?YREQQGMLQMRFE ? LRSPJ N?R N MKKSLGARRGMLL RFGQ
QERGLER@ BEBASIJR QMMGKCQ RM EBIBQAGRUCCL Q?R?QK 7LB
APRGAGQKQBLE CKMRIE® AL MIRCL MLTON RFCMIR@R B RFC
AMKKCLR UFCL IMBQ ALNR
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PART X1V

DESCRIBING BTA

$CQAPG@GERBZ






86. Presenting Categical
Data Gaphially

#?RCEMPGAVP OSRIBGT BR? ?E NGACQ B GMPKRGML RE2JIM
SQ RM AJ?QORIEC M@RTSLBCPTEIQRGEESML R TPGMSQRCEMPGCQ
7 C SQSAW @THE. IMRGLE UBF ARCEMPBAR? @ QSKK?PGXGLE RFC
B7R? GRM XHGK;D90 J78B;

Frequency @ble

| DROOSCLAV R?@JC GQ ? R?RFIBM@IJISKLQ /LC
AVISKL JGQRQ RIRCEMPGCQ ?LB ?LMRECRAT
DPOSCLAGCQRFGJFGAF RARGKQ GL RFEREEMPGCQ
MASP FM K?L WRCKQ® GRM @AF APRCEMP

Example 1

IL GLQSPLAC AMKN?LW BRCPKGLC@EHAGAJC GLRSE NEKGSKQ
@?QEML ILMUL PGQI DRMPD)? NCPQML GIRRGBO®? FGECP PGQI
RFCGP GIRGSKQ UGJJ @CFEBHA.C NMRCRG?J IRMP GQ REOMPIV
WISP 2P 4FC GLQSPAC AMKN?LW @CIGQ RAR N®INJC WRE QMKC
AMIMP?RQ 2B KMRE JGIWV RM BEGL 2XGBARQ M EQCRF RFGQ R¥C
OV?KGLC NMIGRNMRQNP BACLR RMR?J IMEIQUEQGMLQ 4R% BR
QSKK?PGOB GL RFCAFSCLAV R?@JC @CJIM

OPCQCRGLE #RCEMPRGA?R?
'P ?NFGAWZ



E BEH "HGK;D90
"JSC

‘P CCL

2CB

7 FRC

" J?Al

‘P QW

3MKORGKCQ@LAB ?L CICL KMRE GRSRGT U?W 1D BGQMIGLE B2
4FGQ GQ UECRF?RQ ?LB ERIFQ MKC GL 4FCRC 2/ K?LWK?L W
U?WQ MBGQMIGLE B? EPNFGAIW @SR U UGJIMLACLRPRC ML MLC
TCRV SQCDSUNC MEPNF /2JJB ? @?P ERF )L RFGQ ARSMLOTUGJIJ
UMPUGRF @?P BRFQ RAR BGQMJIZRCEMPGAR? RFC MR QERGML
UGJJ @CTRRE RM @?PEFQ RFR BGQMIDS?RRRGIBR?

Bar gaph

| 87H =HF> GQ ? BRF RFR BGQWQ ? @ MMCAF
A?RCEMP UBF RFC JCLERP ®AF @7?P GLBRBLE RFC
DPOSCLAV 1@ RFR ARCEMP

4M AMLQRPSA? @?P BIRF UC LADB RM BRJ ? TCRRGA ?VGQ ?LB ?
FMPGHR?J ?VGEFC TCARRGA BGRRGML UGJIE? QAIC ?LB KGQSE
RFC MPSCLAV @ CAF ARCEMP RFC FMMEX?J ?VGQ F?Q LMIQA
GL RFGQ GLQR?4AC AMLQRPBGMLIM? @?P ARFGQ KMQRQGV
BCQAPG@A®Y SQCIVPL &?KNJC

ZOPCQCRGLE #RCEMPRA?R? 'P?NFGAIW



Example 2

5QGLE MSPRBR? DWK ?@NC LMRC RFC FGER OPSCLAV GQ QM
MSP THRGA ?VGQ GBQ RM EMBP RM @SR € KGER ?Q €JJ SQC
RM QM RFR C 2L NSR ? F?QF KICTCRV SLEQ

. MRGARFR RFC FOBEN CAF @?P GQREIPKGIBO@V RFC OPSCLAV

MD RFC MPEQNMLBGLEMIAVPAFC FMPGXR?J EPGBJGLAR??PGA
RMSAF @BRR LECQQYP )L NPPARGA WIS UGJGDBRESQCDSJ RRUBP
@?P BRFQ SQGLE?EIF N?NCFQM RFC EPGBJGLCQ @2BW 8% GL
NJ?& MP SQGLEAROMIME )LQREB MD EPGBJGLARKGER ?JQM JGQR
RFC MPSCLAGCR RFC RMN RAF @?RGC RFGQ

)L RFGQ?PAC MSP ARKGER @CLGDIMK @CGLEMBCRB DRIK
J?ECQR RM QK?JIGISCIEA PISCQ 4FGQ ZHECKCIR AL K?I C &
C?QGCP RWKAI?FE QGKGJ7RSCQ GL RFC AETRCL URFMSR EPGBJGLCQ
7 FCL UC ?PPLEC RFCZRCEMPGCQ GEBQGLE GPSCLA MBCP JGI
RFGQR GQPAIB ? +7HJIE 9>7HJ

OPCQCRGLE #RCEMPGA?R? 'P?NFGAIW Z



Pareto chart

I +7HJE 9>7HJIGQ ? @?P’EF MBCRB DWK FGECQR RM
JMUCQR OBSCLAV

Example 3

4P?LOMPKGLE MSP @7ANEFDMK C?RIGCPR3U ? OFCRM AFFP LC ER

ZOPCQCRGLE #RCEMPRA?R? 'P?NFGRAIW



Example 4

)L ? QSFOW ?BSJRQ CF ?QB UFCRFCP RRCNCPQMMWWJIMPPEC
?2@MSR ?FGV D CTGALKCLR?JMLACPLQ 4FC LSK@CRISR B
QSPONB UFM GLBGRE® RFR RAW WPPB@ ERC?R BRJq ?@MSR QMKC
QCIRB AMLACPLQ TPQSKK?PGB @CIM

! DL?HEDC;D J7B BK; "HGK;D90
OMJJSRGMLBPGLIGLEPRCP

#MLR?KGLRGMLIMQMGJ ?LBRCP\@ RWGA BQRC

IGP NMJJSRGML

'IM@?J BPKGLE

4FGQ BR? MSJB @C QAMEP?NFGAIW GL ? @?P?NP

4M QFM PCIRGT Q®Q RGQWKKML RM SQC ? NGC RF?P

'‘?2JISN OMJJ -?RAF
FRRN UUU NMJJIGIENMR MK CL TGR RK

OPCQCRGLE RCEMPIA?R? 'P?NFGAIW Z



Pie Chart

I F?2; 9>7HIGQ ? AGIE URF LCBECQ ASFONPPVGLE @&X
K?PI 0B MSR JGRJIGA B NGC MPXGAFC FCIRGTQEQ
MD RFC GBECQ MPEQNMLB RM REGRGT DEOSCLAGCQ M
RFC ARCEMPGCQ

Example 5

&MP MSEECFGAJGIBMP B? ? NGC ARRGER JMMI JGRFGQ

0GC AFAQ AL MRRCL @CLEIMWMK GLAISBGLEDSCLAGCQ BRGT
DROSCLAGCQ MWCERQGL RFC AFRPL/R RM RFC NGCCQJGRCL
F?TGLE RFC?RCEMP L?KCQ L¢R RM RFC NGECQJEQM KelQ RFC
AF?R AJEFCP

ZOPCQCRGLE #RCEMPGA?R? 'P?NFGRAIW



Example 6

4FC NGC AFRPRM RFC PREQFMQ RFC N@ELR?EC B MRCPQ
QSNNNRGLERBF A2LBGBRC PSLLGLEIP ? JNA QCLRC (RR

)D RFCP?RE T MRCPQ GL RFC BEQRRGHGC ARTIFUQ RFR
?2@MSR D RFMQC ?@MSR MRCPQ QSNRIRIETCQ

0GC AFHQ JMMI LGA@SR CPF?BCP RM BP @V F?LB RF?L @?P
AF?RQ QGLARM BR RFCK ?ASPRGY WL UMSJIB LGB RM MKNSRC
RFC ?LEC CAF UCBEC ASRQ MIRRIFC AGE RFCL KIQSE RFC ?LEC
U®RF ? NMRPARMRBIMKNSRCPQCKSAF @RRCP Q86 RM BRIGLE NGC
AF?RQ #MKKML QIJ?FC NRIEPKQ JGT -GARQER 7MB MP %ACJ
/NCL /DB5& MB 7 PEC MP #?2JA MP 'MNESMAQ 2P?@JC RNCARC @7?P

OPCQCRGLE #RCEMPGA?R? 'P?NFGAIW Z



EPNFQ NGC AR ?LB MRFCPEP RVNCQ 4FCPE ?JQM LSKGSQ
MLIGLC RMMJIQ REARC?RC EINFQ

Try it Now 1

#PC?RC ? @?P B¥F ?LB ? NGC ARRFRM GJJSRERMRFC EBCQ ML ?
FGQRWRI?K @CJIM
| QRSBCLRQ " QRSBARQ # OQRSBEQ $ QRSBEQ &
QRSB®Q
$MLNR BT D?LW URF EPNFQ @MVNJC QMRGKCQ ?BERSEQ RM
EPNFQ RAR BMhR FCIN RMLFON RFCGPMRKORGML &MR2BNJIC
BGKCLQGML?J @?P REPBGIRFC MLC QBM@CJIM?PC SQSAM LMR
2Q CBARGT ?Q RFCGARBGKCLQGMLRMARCPNRR)
( CE GQ ?LMRFCRAURFR D?LAGLCQQ X?B RM RFS@JQ.QREB MD
NJ?GL @?FARG® RCKNRGLE RMRSRDQEEGLDSI GK?ECQ 4PGR®
MD EPNF GQRaJB ? F?9JE=FC

&MP Z?KNJC RN LACQ B8 EM LA CQIGBQ
ARC?RCIERPNF MP FRRN BMAQ EMMEMK

ZOPCQCRGLE #RCEMPGA?R? 'P?NFGRAIW



Pictogam

I F?9JE=FC GQ ? QR3QRGEPNFGA GL UFGAF RFC QGX
MD RFC NRBE GQ RCLBB RMENEQCR RFC OPSCLAGCQ
MP QGXD RFC7ISCQ @CGCERQCRG

Example 7

| J?@MP SLGML KBENRIBSE RFC ERF

RM RFC FRERM QBMRFC BEIFELAC @RJCCL RFC TCPEC K?L?ECP
Q?JAW ?LB RFCTEPEC WMPCP Q?JP

MMIGLE R RFC NG2E & WMSJB @CTROML?@JC RM ESCQORFE?
K?L?ECP Q?J?PGCQ GQ RGKCEQQQRFCMPCP Q?J?PGCQ k RFC
?RC? MD RFC @?E JMMIQ ?@MSR RGKEQ FQUEPCPRFC K?L?ECP
Q?J?PGCQ @R DRAMIW BGA ?Q JET ?Q WMPCP Q?J?PGCQ UFGAE U
FCD@R® GL RFC NGB @ K?IGLE RFC K?L?ECP @RBER ?Q R?JJ

ILMRFCP BGQRGIFML GL @?P RETQSIRQBRQERGLE RFC @?QCJGLC
RM ?7JSC MRFCP RFE@IRX 4FC @?QCJGLC GQ RBGKAMRFCOMRGA

OPCQCRGLE t#RCEMPGA?R? 'P?NFGAIW Z



?2VGQ CGNEQCRGLE RFC?QR LSK@CPDMRQCQ RR?MSJB F¥C
MAASPEB GL ? 2ARCEMP. MPK?JWRFGQ LSK@CP QFMSJEBRIC X

Example 8

#MKN?FC RFC BBVl EPNFQ @UQJMDFNUGLE QSNNRIFBIP Q?KC QC
K?PPG?EC FEBE DK ? NMJJ RCL GL $@CK@CP 4FC
BABRLAC GL RFCIRGN QAIC ML RFGBQRAEF QSEECQRQ BBGIR
QRMP RF?L RFC RPSTIBGIICQ GL NEFLR?ECQ RFCARCB EPNF
K2l CQREIMMI JGRIGE ?Q K?IW NRINJC MNNMQC K?PPG?ER(PEE
QSNNNER

#..  INGLGML ZZQCPAF #MPNMRGMLMIJ $8
DP MKFRRN UUU NMJJGIEPMR MK AGTGRK

ZOPCQCRGLE #RCEMPRGA?R? 'P?NFGAIW



Try it Now 2

I NMJJ (PQ R7CL ?QIGLE NANJC GD WFPEECB URF RFC NNRGHILQ
MD RFC 2LBGBRCQMP ? MSIRV MGE $MCQ RFC NGC RASEQCR
? EMMB GNEQCRRGML [M RFGQ R %VNJ?GL

OPCQCRGLE RCEMPIA?R? 'P?NFGAIW Z



87. Presenting Quantitative
Data Gaphially

1S?LRRRGT MP LSKCP@A BR? AL 2JQM @C QSKK?EE)GRM
DROSCLAV R?@JCQ

Example 9

| RC?AFCP @MBQ QUEQ ML ? NMGR OSGKIPRFC QRSBER GL
FGQ AJ?QQ 4FRIBA 7€

4FCQC QWEQ MSJB @C QSKK?PB)GRM ? DRSCLAV R?@JWV@
ERMVSNGLE S5RISCQ

.9EH; "HGK;D90

5QGLE RFGQ RAAIESEB @C NMQQG@ JARMARR?LEPE® 7P AFRP
DRIK RFGQ QSKKRRIGT UC BGEMP ARCEMPGABR?

ZOPCQCRGLE 1S7RBRGTI $?R?
'P ?NFGAIW



( MUCTCPQGL@RFC QAZQ ?€ LSKCPGA PISCQ RFGQ RBFMCQR
RC?JW K?IC QCLQC RFGFDR ?LBARPICB @?PQCRST T2JSCQ ?NRP
UFGJC RFCRIP @?PQ7MLW MLC 70SC ?NT® R UMSJB @C KEIP
AMPEAR RM 6#R RFC FMRMER?J ?VGQ ?Q ? LSK@CP JGLCWNGH R
EPNF GQRAJB ? >?1JE=HC

Histogram

| FGQRMBRGQ JGI? @?P ERF @SR UFCRRFC
FMPGHR?J ?VGQ GQ ? LSK@CP JGLC

Example 10

&MP RFQJISCQ ?@®/1 ? FGQRMER MSJB JMMI GG

OPCQCRGLE 1SRRRGIT $?R? 'P?NFGAIW Z



. MRGARFR GL RFC FGQRMEP@?P ENEQCRQ TISCQ ML RFC
FMPGHR?J ?2VGHRRFR ML RFC JCE?LB QGBMNRFC @?P SN RM @SR
LMR GLAJSBGLE REST ML RFC PREE?LB QGB® MFC @AMKC
NQVNJC AFMMQC RIG @?PQ QR®c T?JSCQ RNMGB RFGQ ?K@RFESG

S5LDMRSLROY LMR ? JMRDMMKKML QNIRU?FC N?AI?ECQ %A
AVPEARW EPNF ? FGQRNMEPI@MSR RFC @CQFS WL BM GL 9%A¢J
MP 7MB GQ ? @?FP?EP URF LM E?N @ICCL RFC @7?PQ ?LB QN?AGLE
?BB@ RM QGKRI? ? LSKCPGAFMPEIMR?J 2VGQ

)D L F7TC ? J?BC LSK@CPIMUGBBUPPNGLE B? PISCQ APRGLE
? DBOSCLAV R?@JC REGQRQRY NMQQG @IECT?Q ?2RCEMP IMSJB
JGB RM ?L YACNRGMWRIIMLE GFSCLAV R?@JC ?LBVI@?@IMSJIB
LMR €1C?J ?IW NRRCPLQ &MP RFGRQML RS GQMKKML UGRF
OS?IRBERGTBR? RM ESN BR? GRMOB7II ?LJ;HL7BI

Z0OPCQCRGLE 1S7RRRGIT $?R? 'P?NFGAIW



Clas Intenals

#32QQ BCPJIQ B ERMSNGLE@MRFC B ). ECLCRJ
UC BCBLC AJ?Q@RGE?JQ QM RE?

I %?AF GRCP?) GQOS?J GL @GEMP\L?KNJIC GD RFC
O5PQR AJ?RIRAGLPISCQ IR RFC
Q@MLB AJ?QQ QFMSJB GLAISBCTBIR

r 7 CF7C QMKOFCRE @RJCCL ?LB  AJ?QQCQ
RVNGAWBCNCLBGLE SNML RFC LSK@CER?
UQRC UMRGLE UGF

Example 11

3SNNMQC REAL F7IC AMJJRE UCGERQ DK K?JC QS@HERQ
2Q N?R N ? LSRRGML QRBEBMP MSPQGER BR? L F7IC T?JSCQ
P?LEGLE DK ? JW MD NMSLBQ RM ? F¥ NMSLBQ EGTGLE ?
RMR?J QN7 M 7  CAVSIB APRC GRCP?JQ URF ? UGRF
MD?RMISLB  GLRCP?JQ URF ? UGRF 0 ?FISLB  MP QMKIFCFC GL
@®8JCCL /DRCL RGKOQFZTIC RMNCPGKBLURF ? 0U NMQQGREIG
RMBLB QMKRFGLE RRENEQCRQ RFC B? WLJJ ,® SQ RPSQGLE 7L
GRCP?JUGBF @ 7 CASIBQRRRR MP R QGLK 8 GQ ? IGA
FMSLB LSK@CP

OPCQCRGLE 1S?RRBRGI$?R? 'P?NFGRIW Z



%J;HL7B "HGK;D90

~ X X X X X x x

~ =

I FGQRMBRMD RFGQRR2WMSJIB JMMI G

)L K?L W QIRJ?FC N?AI?ECQ M& AL AR?RC ? EINF QGKGJ?P RM ?
FGQRMER@W NSRGLE RFC AJ?QQ TR RFC J?@CJQ ML ? @GRP AF?P

ZOPCQCRGLE 1SRBRRGI$?R? 'P?NFGAIW



JRFCP ERPNF RVNCQ QSAF ?Q NGRAFZPNMQQG @FOIS RERGT
B7R? 4FC SQCDSJLCQ@ELIELR EPNF RVNCQ UG2ZRNV BCNCLBGLE
SNML RFC LSK@CPD MRCP?JQ ?LB RFCWRIC M BR? @CGLE
FCNEQCRB &MP Z?KNJC ? NGC ARPED MSP OGER BR? GQ BEASJR
RMEB @6?SQC B RFC OSRBV D GRCP2JQ € SQB

Try it Now 3

4FC RMR?M&R IMRR@MMIQID RFC RCPK?Q MIMRE DRIK
QRSB@Q #E?RC ? FGQRMEMMP RFGQRZ?

OPCQCRGLE 1S7RRRGT$?R? 'P?NFGAIW Z



7 FCL AJIARGLE B?? RMMKN?RC RIM ERISNQ RGGQ BCEERE RM
ARC?RC ? EENF RFR MKN?REQ OSTRBGCQ

Example 12

4FC BR? @CUMA?KC DRIK ? R?QI GL UFGAF RFC EM?J GQTRM KM
AMKNSRCP KMSQC RM E@PRIL RFC @ER. ?Q D?QR ?Q NMQQG@JC /L
MD RFC RPG?JQ REGRRP®) ? QK?JIPR?LEC ML RFC MRFCPRFC
R?EQR WPQ ? JTEC RAR?LEC 4GKC RMTAF RFC REER LPQ PAVMBB

ML CAF RPG?J

99J;HL7B C?BB?I;9ED:I "HGK;D90 "HGK;D90
IC7BB J7H,J B7H, J7H=,J

/LC MNRGML RENEQCR RFGQEB?UIMSJIB @C MKN?PRGIFGQRMEP
MP @7?P ARPGL UFGAF @?MR RFC QK?JJIRFPERISN ?LB JEHC
R?E® ERISN 7€ NJ?8B LCVR RMPBF MRFCP

ZOPCQCRGLE 1S?RBRGTI $?R? 'P?NFGAIW



Frequency polyon

IL 2JRCPLRGTRENEQCRRGML GEHBK; D90 FERD=ED
| DROOSCLAV NNMEML QRR® MSRGGIFGQRIMER@SR
GLQRB MD BPUGLE ? @?PNMGR GQ NIBAGL RFC
KGBNM®LW CAF GRCP?J R FCGR ©S?J RM RFC
DPOSCLAVAWNGAW RFC NMRRL B ALLARE® URF
QRFGER JGLCQ RM CKNF?RBEX BGQRPG @ SREMIL B

Example 13

4FGQ BRIF K?1 CQRECQGCP RN RER R?ARGML RGKGIRUECLCRIW
QFMRCPMP RFC JPEP RERR ?LB RFR RFCRARGML RGKMP BRFC
QK?JJCP FER \CFE KMIC QNE?B MSR

OPCQCRGLE 1S7RRRGI$?R? 'P?NFGRAIW Z



ZOPCQCRGLE 1S7RRRGIT $?R? 'P?NFGAIW



88 Measues of Censl
Tendency

)R GQOIRCL BCQ@IC RM SQC (¥ DSK@CPQ RM QSKK2BGX
BGQRPG@SRGML /LC RHRIMEONR W ? BGQRPG@SRGML G@QFCP
ACLRCP GQ2RIB - C?QSEQ M ALRPJ RCLBCIM& 78 BGQASBJEGPQR
| QCAMLB ?QN&R W ? BGQRPG@SRGMLABEMVMSRRGGQL MRFCP
UMBQ FM KSAF RFC BR? GL RFC BGQRPG @BRGEK WMLC ?LMRFCP
4FC Q@MLB QERGML BCQAPG @ZTTSRQ B PPG?@RBIG

,CRQ @CE. @ RRGLE RGLB RFC KMQRVpR3A] PISC B ? BR? QR

. MRC RRAL HSQR SRFC WIB pRVNGAg 2JRFMSEL K?LW RQCQ
WIS KGER RFGLIMSQGLE RFRIB @?’TCPEQ) 7 C LGB RM @GRCDS)
UGRF RFC MB RTCPEQ ?Q G KCLQ BEDFLR RFGLEQ RNIEGR
NGINJC GL BBDLR MIRZRQ/LC MD RFC KMQRIKKML SQCQ M
RFC WIB PTCPEQ GQ UR KRFCKRGAG?LQ ?LBRERIRGAG?LD A
RFC7H3>C;J?9 C;7D MP HSQR NJ?GICMIB IMP QFRPIPGRFKARGA
KC?Lg QMSLBQRFCP D?WA@SRME FAC JGIW RIASRG ? KC?L
K?L W RGKCQRFMSROPIGXGLEE BFC KeL GQ URR KMQR MMJC RFGLI
MD UFCL RR® SQC RFOB PTCPEQ)

Mean

4FCC;7D MD ? QRND BR? GQ RFC QIXRIFC B? PISCQ
BGTGB@V RFC LSK@CPB MJSCQ

- C?2QSEQ M #CIRPJ ACLBCLAVZ



Example 14

2P AGN@?K QMEEQ P FCP J?QRREAI?QE 4FC
KC?L MD RFCQRJBCQ MSJB @C
79 + 86 + 82 + 94

4

KC?LQ RM MLC KMBAGK?J NJEARF?L RFC MBGE) BR? F?B ) RFGQ
A?QC CUMSJIBRRSLB RM

— 85.25 4WNGAW |C MSLB

Example 15

4FC LSK@CP MRMSAFBM 4$ N?QQCQ RER. @V GAF ND RFC
RCKQ GL RFC?RGML?J &MMR@7ESGGL RFC  QCQML 2B QFML
@CI

IBBGLE RFCQ®JBCQ U ER RMR?J 43Q $GTGBGME @RFC
LSK@CP Bl BR? PJSCQ O E® )R LMSJB @C
?NNRINP&Z RMWISLB RFGQ RM

)R WMSJB @C KMQRPRAR BIP SQ RKINMR RFAR BFC KC?L LSK@CP
MD RMSAFBM N?QQCQ RER GL RFC .& GL RFC  QC?QML ¥Q

N?QQCQ @SRGQ LMR SIKKML RM QERFC KMP £QS?J VB
PPTCPEQ] SQB GL NJZAND KC?Lq

Try it Now 4

4FC NPGAD ? PP ND NCLSR @HTPR QRM®) LPQ
?LB &GLB RFC K NPGA

Z- C?QSEQ M #CIRPJ ACLBCLAV



Example 16

4FC MLC FSLBEB D?KGJGCQ GL RGIABJ?P LE@EMMMB 2B ?QB
RFCGP ?LLS?J FMSQCFMIBKGLRM RFC PREQR  RFMSQ?LB BMJJ?PQ
4FC FCQSJRQC?QSKK?PGB GL ? MPSCLAV R?@JC @CIM

99EC; J>EKI7D:IE <:EBB1H "HGK;D90

#?JASIRGLE RFC RC@V F?LB MSJB BERPGAIW GIR® RMARIC GL ?JJ
T ?2JSCQ

6te/r\ms 8te/{ms 1 1t§£ms
154--4+154+20+---+20+25+---+25+---
100

7 C AMSJIB AJASRC RFGQ KMRPQ® @ LMRGAGLERRIBBGLE RM

®RQCJID QGV RGKCQ GQ RFC Q?KIJ%R) E RFGQ QGAREM. UER
15-6+20-8+25-11+30-17+35-19+40-20+45-12+50-7733907339
100 T 100 0 7

4FC KC?L FMSQCFMJB GIKE ND MSP Q?KNJC GQ RFMSQ?LB
BMJJ?PQ

Example 17
%VRCLBGLEDNRFC J?QRRNJIC QSNNMQC YII?KGY KMCQ GM RFC

- C?2QSEQ M #CIRPJ ACLBCLAVZ



LCGE@MMMMB Z?KNJC RAR F?Q ? FMSQCFMJBVBCAND  KGJJGML
RFMSQ?LB !BBGLE RFGQ RM MSP Q?KNJC MSP®Q LW
15-64+20-8+4+25-11+30-17+35-19+40-20+45-12+50-7+5000-1 8390
T = oL = 83.069
7 FGJC RFMSQ?LB BMJJ?PQ GQ RFCMREAR KC2L
FMSQCFMJB BIKE & LM JMLECENEQCRQ ? MRNGAq] PISC
)K?EGLC RFC B? PJSCQ ML ? QQU MP @2J?CAQRIC 4FC KGL

GQ RFCJISC RIRICCNQ RFC B? GL @?J.AG GL RFC Nk @CIM

)D T ERNF MSP FMSQCFMJBBRFC KGJIJGMIRBZJISC GQ QM D?P
MSR RM RFCARGEFR RFC KL F?Q RM ?BHSQR SNCRM RFGLEQ GL
@?2372L8

&MP RFGE@ML UFCL WMRGLE UBF BR? RRR FAC EKIB?;H k
T?2JSCQ D?P MSRQGBC RFCWNEBIKRGLE KRGGQWKKML RM SQC ?
BABKLR KCQSE ND £LRCHRFCC;:?7D

Median

4FCC;:?7D MD ? QRND BR? GQ RFEIFC GL RFC KGBBJC
UFCL RFC BR? GQ GIB&P

4M BLB RFC K&3?L @GE @ JGQRGLE RREBR BEP
DRIK QK?JJCQR RMEGZIR MPHEC®R RM QK?JIJCQR

)D RFC LSK@CPB BR? PJSCQ GQ MBB RFCL RFC
KCBG?L GQ RFC KGBBBC BISC 4FGQJSC AL @CNASLB
@V MISLBGLE SN RM RFC LER UFMJC LSK@CP

Z- C?2QSEQ M #CIRRPJ ACLBCLAV



)D RFC LSK@CP BR? PJSCQ GIC RFAPGQ LM MLC
KGBBJC7ISC QMMIBLB RFC KL MD RFARM KGBBJC
T?2JSCQJSCQ 7LB

Example 18

2CRSPLGLE RM RANIR@?JJ RMSBEB?R? LC UMSJB QRRIY JGQRGLE
RFC BR? GL BEP,SAIGW® U?Q ?JB?BW GL BEC?QGLE BEePQM &
A?L UMPUGRF B UBFMSR IGBGLE RMMBCPRBPQR

3GLE RFGP?C  B?R? PIJSCQ ?L MBB LSK@RPC KBG?L UGJJ @C
RFC KGBBJC LSK@RPC RF BR? PJSC P MSLB SNRM
JOTGLE TJSCQ @TJIMB ?@MIC 4FC RF B?R? PJSC GQ QM
RFC KBG?L LSK@CFDMRMSAFBMN?QQCQ GL RFC  QQML 2Q

N?QQCQ MREARFR BIP RFGQRZ?RFC KBG?L GQ DRGRMQC RM RFC
KC?L UC RIASRG C?RIGCP

Example 19

&GLB RFC HEG?L B RFCQC OSOMEIA

7 C QRAP@ JGQRGLE RREBR BEP

3GLE RFGP?E  B?R? PJSCQ ?LTCL LSK@CPRFCE GQ LM MLC
KGBBJC LSK@CIM UC [BLB RFC KL MD RFORM KGBBJC LSK@CPQ
2LB 7LBE®R

4FC KCBG?L OSGXMIEU?Q

- C?2QSEQ M #CIRPJ ACLBCLAVZ



Try it Now 5

4FC NPGAND ? PP ND NCLSR @QHPR QRMR) ICRC
?LB &GLB RFC KBG?L NPGA

Example 20

,CR SQERSPL LM RM MSP MBGE] FMSQCFMJBABRICABR?

999EC; J>EKI7D:I E <:EBBTH "HGK;D90

(CR UC FIC  B? R? PJSCQD WC BGBIR ?0PBW ILMJ RFR C
AVMSIBELBRE@ ?BBGLE RFCISCLAGC@GIBE  GQ ?L CICL LSK@CP
UC LGB RMGELB RFC K& MD RFC KGBBJIMRBR? PJSCQ k RFC RF
2LB QR BR? PJSCQ M BLB RFCQCCWRPPMSIRGLE SNNIR RFC
@MRVIK

4FCRC 2 B?R? PJSCQIM QM 62JSCQ RM @P
RFMSQ?LB

4FC LOVR BR? PISCQ %P QM 6?JSCQ RM
?F-C  RFMSQ?LB

4FCLO/R BR?PJSCQ® QM 6?JSCQ RM

?RC RFMSQ?LB

Z- C?QSEQ M #CIRRPJ ACLBCLAV



4FCLOVR BR?7PISCQT QM 6?JSCQ RM
?FC  RFMSQ?LB

4FCLOVR B?R?PJSCQT QM 6?JSCQ RM
?FC  RFMSQ?LB

&MMK RFGQMARL RCJJ RRPISCQ ?LB UGJI @C RFMSQ?LB
2LB RFC K@L MD RFCQUMR TJSCQ GQ RFMSQ?LB 4FCBGZL
GLMKC GL RFGQ IKE@#MMB GQ RFMSQ?LB

Example 21

)D LC ?BB GL RFCUCCGE@MP BE ? KGJIJGML FMSQCFMIBKELA
RFCL RFCPUGJJ @C B2 PJSCQ ?LB RFC QRISC UGJJ @C RFC
KCBG?L !Q \C BGOACKB GL RFC J?QRKNJIC RFC QRJSC GQ
RFMSQ?LB MRG/RFR RFC LCLCGE@MP BGB LMRAORFC KBG?L GL
RFGQAC 4FC KBG?L GQ LMRB ?Q KSAF @ MSRJIGCPQ ?Q RIEC KC
GQ

)L ?BBRGML RM RFC?K®LB RFC KBG?L RFCPGQ MLC MRFCP
AMKKML KC?QSBKCLR N RFC PRIGAg TISC B ? BR? QR RFCE:;

Mode

4FCCE:;; GQ RFC CJCROD RFC B? QR RFR MASPQ
KMQR DBSCRW

4FC KMBC GQ DWGSQCJICQRIUBR? JG UCGERQ MP FEBD UFQP

- C?2QSEQ M #CIRPJ ACLBCLAVZ



RFCe ?f’E ? J?BC LSK@CP MNMQQG@JISCR 4FC KMBC GQ KMQR
AMKKMLIW SCEEIMP ARCEMPGABR? BIP UFGAF KBG?L ?LB KCL
A?LLMR @QVWKNSRB

Example 22

)L MSP TFGAJGAMP QERVU C AMJIER® RFC BR?

&MP RFGQRB?'PCCL GQ RFC KMBC Q@GRAGQ RFCRB?PJSC RIR
MASPEB RFC KMQRIDSCIRW

)R GQ NMQQG®.KBR? QR RM AT KM RF?L MLC KMBC GICHJ
A?RCEMPGCQCGFRFC Q?KC @FSCLAV MP LM KMBCQ GIAFCACRV
A?RCEMP MASPQ MWIMLA

Try it Now 6

2CTGOCPQ G ?QCB RMTRC ? NMBSRML? GAC @ RM &GLB
? 4FC KC?L PPRGLE
@ 4FC KBG?LPRGLE
A 4FC KMBC PRGLE

-7 J?D= "HGK;D90

Z- C?QSEQ M #CIRPJ ACLBCLAV



89. Measues of riation

#MLQGBCP RFCQORBRQ DM OSGXMBQ
3CARGML !

3CARGML "

3CARGML #

13J RFEC ND RFCQORWMIBR? FTC ? KC?L MD ?LBKCBG?LE VER
RFC QRQ DIQMEEQ 7€ AJERW ORE BEIFXLR ) Q@RGML ! TCRWILC
F?B RFC Q?KC QI GL QBGML " F?JD RFC AJ?QQ EMR RQ NMEL
RFC MRFCP F?JD EMR @ARCBIRE ?QQSKGLE RFGQ 2 NMGR
OSGX3CARGML #2Q LMR ?QAQGQRCIQ @BGML ! @SR LMR ?Q WEBCJ
T?PEE?Q QERGML "

)L ?BBERGML RM RFCKGLB KCBG?L UFGAF CRKC?QSEQ B RFC
PRVNGAg MAKBBBJIE ?ISC € 2JQM IGB ? KC?QSE ND FM pQNE?B
MSRq MPAGEC?AF BR? QR GQ

4FCRC 7/ QTCPJ UPWQ RM RQSE RFGQNKE?Bq N RFC BR? 4FC

O5PQR GQ RFC QGKNJCQRJIIEERFGHRD=,

Rang

4FC PPLEC GQ RFCHBE&EDAC @RJCCL RFC K?VGKSK
T?JSC ?LB RFC KGLGKSRJEC M RFC B2 QR

- C?2QSEQ M &PRGME



Example 23

5 QGLE RFC OSOXTIADRK ?@NC

&MP QRGML ! RFQIEEC GQ QGLAMRF K?VGKSK ?LB KGLGKSK
2FC ?LB k

&MP QRGML " RFCIEC GQ QGLAKk

&MP QRGML # RFCLEC GQ QGLAK

)L RFC J?QRZKNJC RFC?PEC QCKQ RM @CTR?JGLE RMQNE?B
MSR RFC B? GQ MJCTCP QSNNMQGOPBB ? MISRF QGRGML 38GML
$ URF QMEQ

4FGQ @RGML 2JQM F?Q ?IKPLB KCBG?L B 4FC PLEC GQ WR
RFGQ B? QR GQ GSISBEIXLR RF?L 3GRGML " Ml @RRCP GJISKRL?
RFC BEIXLACQ WnJJ AZ RM RSPL RM RMPMNFGQRGAKC?QSEQ
MD PPGRGML

Standad deviation

4FC QR?LBEPBAGRGML GQ ?AGE ND PPARGML @BQC
ML KC?QSPGLE B\D?P CAF B'R? PJSC BUGRCQ MP GQ
BARKLR DMK RFC KCL ! DAQJ GKNMR?IR
AF?PARCPGQRGAQ

r  3R?LB?B BOGRGML GQ2WQ NMRET 3R?LB?B
BCTGRGML UGJJ @R BD 2JJ RFRBPISCQ TP
00S?J ?LB UGJIFECAECP ?Q RFCR2QNI?BQ MSR

r  3R?LB?B BOGRGML F?Q RFC Q?KRELT) RFC
MPGE.?J BR?

r  3R?LB?B BOGRGML {FRFC KL A?L @C FGEN
GLISCLAB @V MSRIGCPQ

Z- C?2QSEQ B @PGRGML



5QGLE RFC HB? IWK Q@RGML $UC AMSIB MKNSRCNIP CAF BR?
T?JSC RFC BGIBLAC @RJCCL RFC BR? PJSC ?LB RFC KXL

B?R? PJSC BCTGRGML B? PJSC k KL

7 C UMSJB JGIRM BT ?L GECMD RFC?RCPEQ BOGRGML NIR RFC
KC?L @SR GO WLB RFCTCPEC M RFC7ISCQ GL RFGNIM MJISKL
RFC LCHRGT ?LB NM@GT T?JSCQ AACJ CAF MRFCP MS®EGQ UGJJ
2U?WQ F?NNCLOM RM SFCLR RFGQCUQOSTP OCRV PJSC GL RFC
Q@MLB MJISKL

B?R? PJSC BCTGRGML B? PJSC k KL BCTGRGML QO&BP

- C?2QSEQ M PARGME



7 C RFCL ?BB RFC QAE?BOGRGMLQ SN RR EC

/P BGL?P@1C UMSJB RFCL BGTOBREC LSK@CP
MD QMIEQE GL RFGRQC RMGLB RFC K& MD RFC BGRGMLOSR
UC MLW BM RFGQ GD RPQEENEQCRQ ? NMNRIBML GD RFCER
FCNEQCRQ ? Q?KNJEQ B 2JKMQRUZNVQ BMCQC GLQREBGTGBW/@
Ek GLRFGQ®AC k

3M GL MSPVE@KNJC & UMSJIB FIC GD QCARGML $
FCNEQCRQ ? NMNRGML ?LB ?@MSR GD Q@RGML $
FCNEQCRQ 7?7 Q?KNJC4FCQC TISCQ ?LB ?RC AJJB

PCQNGRGIW RFCFEFKBJ?ED ZH?7D9;?LB RFA7C FB; L7TH?7D9;IMP
Q@RGML $

6?PG?LA RL @C ? SQCDSIRURIRGAILACNR @SR LMRCRRRPC
SLRQ B PPG?L® GL RFGQ GLARPMSIB @C NRGLQOSEB QGIG\
UC QOSTB 2JJ B RFC BGRGMLQ@ F?R 7B NMGIQ QOSeB 'MMB
OSCQRGML C UMSJB TRFCP B UBF RFC SR@ € QRAB URF
NMGRQ GL RFEGQAQM RMATCR @?Al € R?C RFC QOS?RVMR ?LB
ER

4FC FC?QML € BM RFGQ GEJAGEFLGA] @SRUAL QT
FMJ QR KGER @C SQCDSIN®.QGBCPGLE RETAI ? QK?2JJ
Q?KNJC DK ? NMNSRGML REMLR?GLQ ?L MSRIBGAF
UMSJB GLERC RFCTCPEC BCGRGML RFC MSRIRUP T
JGCW WLR @C GLAJBERL RFC Q?KNJC QM RFC KC
BCTGRGMLIMRFC Q?KNJ®ISJIB SLBCRMRGRE RFC KL
BCTGRGMLIMRFC NMNBEML RFSQ BGTGB® @ QJISEN
QK?JJCP LSK@CP RRI EQJERN @GEETEREC
BCTGRGML

Z- C?2QSEQ M PARGML



50
populationstandarddeviation =  / 0" Vb~ 2.2

or

/50
samplestandarddeviation = 9 ~ 2.4

)D LC ?F SLQSE UFGRFCP RFCRB? QR GQ ? Q?KNJC MP ? NRSS1?
UC UGJJ SQSPIIQQSKRGQ ? Q?KNJIC ?LB UGIMSLB ?LQEPQ
RM MLC KMIPBAGK?J NJEARF?L RFC MBGE) BR? ?Q G F7IC BMLC
?@NC

To ompute standdrdeviation:

&GLB RFC BGRGMLIM2AF B'R? DMK RFC KCL )L
MRFCPMBQ QS@RR RFC K€L DRIK RFC BR? PJSC

30S?E @QAF BOGRGML
IBB RFC QOS?B BOGRGMLQ

$GTGBGM® RFC LSK@CHMR? PISCQ GD RFR™B?
FCNEQCRQ ? UFMJC NMNRE3ML BGTGRE K2 GD RFC R?
GQ MR ? Q?KNJC

#MKNSRC RFC QOSTWMRIMRFCIQSJIR

Example 24
#MKNSRGLE RFC QR?BBBERIGRGMIMP 3BRGML " ?@® UC GBPQR

- C?QSEQ B ®@PARGMEZ



A?JASRC RIR RFC KZL GQ RGLE ? R?@2C FCJIN OCN RPAI MD
VWISP MKNSRRGMLE@IPRFC QR?LBBEZTGRGML

B?R? PJSC BCTGRGML B? PISC k K@L BCTGRGML QOEBP

IQQSKGLE RFGRBENEQCRQ ? NMNRIBML ©UGJJ ?BB RFC QOB?P
BCTGRGMLQ BGT®BC @FC LSK@CRBR? PISCQ ?LBMKNSRC RFC
QOS®MMR

\/25+25+25+25+25+25+25+25+25+25 _ [Z0

10 10

. MRGARFR RFC QR?LBIBI GRGMLIMRFGQRE?QR GQ KSAF EXEP
RF?L RFR D QERGML $ QELRFC BR? GL RFGA QQ KIBRNE?B MSR

&MP MKN?PGQML RFC QREBCFGRGMLOMIMSP GRGMLQCP

3CARGML ! 3R?LB?B BOGRGML
3CARGML " 3R?LB?B BOGRGML
3CARGML # 3R?LB?B BOGRGML
3CARGML $ 3R?LB?B BOGRGML

Z- C2QSEQ B ®PGRGML



Try it Now 7

4FC NPGAND ? P D NCLSR @SRPR QRNR) (TR
2LB &GLB RFC QR?LBBETGRGMLIMRFC NRIEA
7 FCE QR?LBBPBOTGRGML GQ ?A0SE ND PPARGML @BQIL RFC
KC?L GK7HJ?B2RC @?@ML RFC KBG?L

Quartiles

1S?PRGJICE7RISCQ RRBGTGBC RARB3L OSREPQ

4FC 5PQR OB@C GQ RFC7ISC QM RE? M D RFC
B7R? PJSCQ TP@CIMR RFC RBGPS?RGIC GQ RFC
T?2JSC QM RE? M D RFC BR? PJSCQ TP@CIMR MS
K? W F7C ESCQB®RFR RFC @RILB OS?RGJC GQ RFC Q?KC
2Q RFC KBG?L QGLARFC K8G?L GQ RRAST QM RE?
MD RFC B2 PJSCQ TP@CIMR

4FGQ BGTGBCQ RFZ@M OSHCPQ MD RFC BR? GQ
@BJCCL RFC KGLGKSK?LB1 GQ @RJCCL1 ?LB
RFCKBG?L GQ @RJCCLRFCKBG?L7?LB1 ?LB

GQ @RJCCL 1 ?LB RFC K?VGKSK T2JSC

7 FGJC ORBICQC?RPMR ? LSK@CP QSKK?W 1@ PPARGML Gl
QR?LBB BAOGRGML RFC ORBGBCQC?RBQB URF RFC KBG?L
KGLGKSK ?LB K?VGKSK PJSCQ RMREK ? D KC8;H IKCC7H OMD RFC
B?R?

- C?QSEQ B ®PARGMEZ



Five number summary

4FC BT LSK@CP QSKK2F RTQ RFAGFPB
-GLGKSK 1 - BG?L 1 -?VGKSK

4M BLB RFGSPQR OR@IC GLAB RMELB RFC B?
T?JSC QM RF? M D RFC B? GQ @CJR PE GQ
RFC LSK@CPDMBR? PJSCQ O AMKNSRC ? JVRMP
@V OLBGLE MDE )D RFGQ JRMP GQ ?ABK?J
T?JSC & MSLB SN ?LB®LB RFC B? PJSC GL RR?
NM@&MLD)RFC JRRMP GQ ? UFMJC LSK@CHBLB
RFC KGL MD RFC B PJSC GL RRNMRGML ?LB RFC
LCVR BR? PJSC 4FGQ GQ REELRM RFCMEQQ O
SQ® RMGBLB RFC K&G?L ZACNR € SQC M D RFC
B?R? PIJSCQARFCP RF?L F?2JD RFR7BPJISCQ ?Q RFC
IJMBRMP

To find the first quartile, Q1

"CEGL @ MBCPGLE RFCREINK QK?JICQR RMECTIR
#MKNSRC RFC JNRMP%o E

Z- C?2QSEQ M &PEGML



)D%UGQ ? BGK?2JWISC
2MSLB SN R#

5QC RFC B? PJSC GL RBERF NMRGML
)D%GQ ? UFMJC LSK@CP

&GLB RFC KT MD RFC BR? PJSCQ GL RFRF 2LB
% RF NMAGMLQ

To find the thid quartile, Q3

5QC RFC Q?KCNRBSK ?QMP 1 @SR BE IMIRMP/%
E

%V?KNJICQ QFMSJB FCINKRFGQ ABCP

Example 25

3SNNMQCWUF?TC KC?QSEB DCK?JCQ ?LB RFCGP FRQEGL GLAFCQ
QMR® DMK QK?JICOR RNECEIR CP

4M GLB RFGPQR ORRBCAIGPQMKANSRC RFC IRMP MD GQ
% 3 GLE RFGQJISC GQ LMR ? UFMJC LSK@ECIMSLB
SNRM 4FCGBGPQR OBZRC UGJJ @C RBBRRGPISC GLAFCQ

4M BGLB RFC RBE@&S?RGICANRE?GLMKNSRC RFC FRAMP - MD

- C?QSEQ B @PARGME



GQ 3 GLE RFGQJISC GQ LMR ? UFMJC LSKEBIMSLB SN
RM 4FC RF@ROS?RGJIC UGJJ @C REIRBBR? PISC GLAFCQ

Example 26

3SNNMQC@F?B KC?QSEB  DCK?JCQ ?LB RFCGP FRQEGL GLAFCQ
QMR® DNIK QK?JICQR RNEGTIR CP

4M BLB RFGGPQR OBRERCAIPQRKNSRC RFC HRMP  MD
G®6 3 GL& RFGQJSC@P UFMJIC LSK@CBC UGJEDB
RFC KGL MD RFC LB ?LB B B7R? PJSCQ QMRFCD GPQR
0S?RGJC GQ GLAFCQ

4FC RFBROS?RGJIC GIKNSRB QGKGIMSQGLE  GLQRB MD
% 4FGQ GQ ? UFMJC LSK@QM (€ UGJBDB RFC KL MD
RFC RF ?LB RF BR? PJSCQ QM1 GQ

. MRC RR?RFC KBG?L MSJB @AWKNSRB RFC Q?KC ®W SQGLE

4FC LSK@CP QSKK?RV MK@GLCQ RFEPOR ?LB AFGB?RGJC
U®RF RFC KGLGKSK KBG?L ?LB K?VGKSKTISCQ

Example 27

&MP RFC X?JC Q?KNJC RFCBG?L GQ RFC KGLGKSK GQLB
RFC K?VGKSK GQ 4FC LSK@CP QSKKAFGQ

&MP RFC aK?JC Q?KNJC RFCEG?L GQ RFC KGLGKSK G@LB
RFC K?VGKSK GQ QM RFC LSK@CP QSKK¥RMSJIB @C

Z- C?QSEQ B @PERGML



Example 28

2CRSPLGLE RM MSP OS@&& BR? ) C?AF 2QC RFGGPQR ORZRC
JM2ARMP GQ QM RFC O5PQR OBRZRC UGJJ @C BB
T?JSC ?LB RFC RB@S?RGJIC UGJJ @C RFCRRFPB3C #R?RGLE RFC
O5T LSK@CP QSKK?PGCQ

3CARGML ?LB B? LSK@CP QSKK?RWV
3CARGML!
3CARGML "
3CARGML #
3CARGML $

/D AMSPQC BE ? BJRGIW QK?JJ B? QR GLBGLE BB LSK@CP
QSKK?PW GQ ?RABMQGLA RFC QSKKAR MLR?GLQ 2JKMQR ?QWK?L
T?2JSCQ ?Q RFC \GRGEERR?

Try it Now 8

4FC RMR?M@R MRZR@MMIGI RFC RCPK?Q MIWRE DRIK
QRSB®Q &GLB RFC LSK@CP QSKKMPRFGQR?

- C?QSEQ B @PARGME



Example 29

2CRSPLGLE RM RFC FMSQCFMIBC@R? WK C?’RIGCRRC?RC RFC
05T LSK@CP QSKKW/

999EC; J>EKI7D:I E <:EBB7H "HGK;D90

"W ?BBGLE RFOISCLAGCQCUPL QT RFAP?  B? R? PJSCQ

FCNEQCR® GL RFC R?@U@Y?KNJC  UC MSLB RFC KBG?L 2Q
RFMSQ?LB 7 C #L QT GL RFC R?@JR RFT KGLGKSK GIKC GQ
RFMSQ?LB ?LB RFC K?VGKSK GQ RFMSQ?LB

AM BLB 1 UC RJASRC RFC JNRMP% 4FGQ GQ ?
UFMJC LSK@CPM 1 UGJJ @C RFCKED RFC RF ?LB RF BR?
T?2JSCQ

#MSLRGLE SN GL RFEB?Q G BGB @I®

4FCRC 2 B?R? PISCQM QM 62JSCQ RM @P
RFMSQ?LB

4FC LOVR BR? PISCQ P QM 62JSCQ RM
?FC  RFMSQ?LB

4FCLOVR BR? PISCQZP QM 62JSCQ RM
?FC  RFMSQ?LB

4FCLO/R BR?PISCQ® QM 62JSCQ RM

?RC RFMSQ?LB
4FC RF B?R? PJSC GQ RFMSQ?LB ?LB RFC RMRB?PIJSC GQ

Z- C?2QSEQ B ®PERGML



RFMSQ?LB QM 1 UGJJ @C RFCIKED RFCQC
RFMSQ?LB

AM BLB 1 UC RJASRC RFC JRRMP% 4FGQ GQ ?
UFMJC LSK@CPM 1 UGJJ @C RFC?K@®D RFC RF ?LB RF BR?
T?2JSCQ #MRGLSGLE MSFSIRGLE MR C?RIGCP

4FCLO/R BMR?7PISCQ® QM 62JSCQ RM
2FC  RFMSQ?LB
4FCLOVR B?R?7PJSCQ® QM 62JSCQ RM

?F-C  RFMSQ?LB

"MRF RFC RF ?LB RF BR? PJSCQ JGC GL RIMBNEPM 1 UGJJ @C

RFMSQ?LB

0SARGLE RFCQOISTQ RMERCP BM ? GT LSK@CP QSKK?R UC
ER

. MRC RR?RFC LSK@CP QSKKAPBGTGBCQ RAR? ERM MSP
GRCP2JQ @AF ND UFGAF UGMILR?GL ?@MSR MRFC B? ) RFC
NRETGMSQVEKNIC RAR KLQ ?@MSR  ND FMSQCFMJBQICGF?
GLMKC @RJOCL RFMSQ?LB ?LB  RFMSQ?LB

&MP TGQS?JGXGRE BRFCP GQ ? ERFGA] ENEQCRRGMLIM?
LSK@CP QSKK?PWV RJJB ? 8EN FBEIMP @WMPLB UFGQEP EPNF

Box plot

I 8EN BBELQ ? ERFGA] ENEQCRRGMLIV GT
LSK@CP QSKKA®

4M AP?RC ? @WNJMR ? LSK@CP JGLGRRER | @W GQ BBL
DMK RFC GPQR ORE@RIC RM RFCBRBSPRGJIC ?LB ? JGLC @QLBP
RFMISE RFC @MR RFC KBG?L P FGQIPQq CRO/RCLBEMSR RM RFC
KGLGKSK ?LB K?VGKSK PJSCQ

- C2QSEQ B @PGRGME



Example 30

4FC @M NJMR @G0 @7EIL RFC ©OK?JC FCGR BR? URF
LSK@CP QSKK2®

Example 31

4FC @M NJMR @GJB @BEIL RFC FMSQCFMIBV&GCABR? URF
LSK@CP QSKK2®

Try it Now 9

#PC?RC ? @MIMR @BQ@ RFC RE@MMI NEGAR? WK RFC J?QRA
®R.MJ

"MV NIMRQCM?RGASIAP SQCDMPDMKN?PGLE BR? DWK RUM
NMNSRGMLQ

Z- C?QSEQ B ®@PERGML



Example 32

4FC @M NIJMRMJBE RGKCEPBRM D?QRIDB EQREPPLRQ GQ QEM
@CIm

7 FGJC QRMPF?B ? QIGRW QFMREP KBG?L QTB& RGKC
KGLSRCQ TQ  KGLSRAIRMP GQ JCQWLROGQRCIURF ? UGBCP
QNE?B MD RFC B

RQREP M DASQRMKCPQRUQCKBURFGL KGLSRCQ UFGJC
?RQREP M D ASQRMKCPGRUQCRB URFGL KGLSRCQ

7 FGAF QRMBPFMSJBME EM RM GL ? RSPRIF?R BCNCLBQ SNML
WISP MNGLGMLQ ?@MSR JSAI B ASQRMKCRQUREIPF?B RM B®
@8JCCL ?LB  KGLSRCQ

Example 33

4FC @MNJMR @CJBQ @GIL RFC @GREPUCGERQ Bl GLDRR RF
QUCRK GBGMAFGACONGRMW BGQRIK) QWLMBEC 3)2$3 4FC

T?L 6 JGR 0+ ?LB'SNR? *- 3MBGSK @TX@MIRC
GL GBGIRRG/ACDNGRVW BGQERI) QWMBEC |PAF
$GQBQC GL #FGIBFMMB  k IQ OSMREML

- C?QSEQ B ®PARGME



@MNJMR GQ QPRBPRM QRMRFC @R¥P UCGERQ Bl GLDRQ UFM
QSPGB ?LB RFMQC REBGB LMR

#MKN?PGLE RFUR ERMSNQ RFC AMMRCRC2JQ R RFC @GP
UCGERQ DIRFC GLBR?. RRPBEC?NNEP RM @CTORJIJ QK?JICP RF?L
RFC \(CGERQ B GLDRQ RRPQSFGIB )L D?R L AL QT RFR RFC
KCBG?L @RFPUCGER N GLDRQ RIRPQSFGEIB GQ RFC Q?KC ?Q RFE RFGP
0S?RGJDNRFC GLBR?. RRPBGC

3GKGJ2R UC AL QT RFR RFCAPQR OBRBICDMRFC QBEWPQ GQ
J?ECP RF?L RFC BG?L \(CGER N RFMQC RARECKC?LGLE RFRPNICP

M D RFC QBEWMPQ F?B ? @ERCGER J?ECP RF?L RFC BG?L @R3P
UCGER Nb RFMQC R

MMIGLE R RFC K?VGKSK?ISC P RFMQC RAEXE®C?LB RFC RFEP
O0S?RGJDNRFC QBEVIPQ U AL QT RFR NICP M D RFC QBEWPQ
F?B @@&F WCGERQ FGEP RF?L RFC FIIGCQR GIEEDRER BGC

4FC @M NIMRAEQ SQ ? OSGAI@IGGMPK?J PW RM BRCPKGLC
RFR @BP WCGER GQ GSIJGHV JGLB RM QSBTJ Nb GLDRRD UFF
3)2$3

FRRN MNCLJ®PL MNCL ?81 KMB MSAMIRCR
TGG NFNGB QC ARGML

Z- C?2QSEQ M &PERGML



Try it Now Answers

7 FGJC RFC NGC RPZFSPRON BCNBA RFCPRGT Q@M RFC
NQVINJC ?ERGLE WRF @AF RLBGBRC RFC ARBSQADSQGLE
QGLASQSAMNGELRQ ML ? NGC ARENEQCR RFC NGBLR?EC
MD RFC NGC RFCEERQCRQ

5QGLE ? AJ?QR@IRIQ BIQGX U C AL EAMSN MSP B? GRM QGV
GRCP2JQ

- C?QSEQ B @PERGME



#MQR BGCP?) &ROOSCLAV

7 C AL SQC RFCArsCLAY BGQRPG@SRGML RRCERECFGQRKIEP

IBBGLE RFC NRIEA?LB BGTGBGAE @ E®R RFC K€L NPGA

&GPQREWSR RFC B? GL MEP

3GLE RFCP?K ?L MBB LSK@CHMBR? RFC KBG?L UGJJ @C RFC
KGBBJC?7DSC

AFCEE ?E P?RGLEQ

? 4FCKC”LGQl4%_28%_3237%_43%_51

X

@ 4FCRE?E B?R?PJSCQ QM RFCBG2L UGJJ @C RFC RF
B7R? PISC 2RGLEMM?E RFCEPQR ?JSCQ UFGJC’RBLE
MD ?RCRFCLZR T2JSCQ QM RFC RBIC UGJJ @CRGLE
MD 4FC KCBG?L GQ

A 4FC KMBC GQ RFC KM@BRIBFR PRGLE 4FC KMBCRGLE GQ

%?BGCPAMSLB RFC K€L MD RFC B2 LPQ

B?R? PJSC BCTGRGML B? PJSC k K@?L BCTGRGML QOESBP
k

k
k
k

k

Z- C?QSEQ B @PGERGML



4FGQ HR? GQ NI ? Q?KNJC QM AJUGJIJ ?BB RFC QOB7?P
BCTGRGMLQ BGTGBC @FC LSK@CPDMBR? PJSCQ KGLSQ
?LB AVMKNSRC RFC QOG?P MMR
\/0.153664 -+ 0.008464 + 0.011664 + 0.004624 +- 0.094864 ~

4

4FC BR? GQ €IBW GL MEPQM (€ BMBR LGB RM QR
O5P@RC KGLGKSK PIJSC GQ  ?LB RFC K?VGKSK GQ

AFCRE?F B?RR?PJSCQ@ E  UFGAFGQ?
UFMJC LSK@CBM RFC KBI3?L GQ RFCXK®D RFC RF ?LB RF
BR? PJSCQ  7LB 4FC KCBG?L GQ

4M BLB RFGPQR OREICAIRIASIRC RFC JRRMP
3GLE RFGQ GQ ? UFMJC LSKI@TEMU 1 GQ RFC KL MD RFC
RF?LB RFB?R? PJSCQ ?LB 1
4M BLB RFC RBGB?RGJICAIRIASIRC RFC JARMP
3GLE RFGQ GQ ? UFMJC LSKI@GPVU 1 GQ RFC KGL MD
RFC RF?LB RFBR?PJSCQ 7LB 1
4FC LSK@CP QSKK?® I RFGQRE?GQ

"MVNIMROMRER@MMMRRQ

- C?QSEQ B @PARGME



90. Execises

Skills

4FC R?@JC @CQWNIQ QIEQ ML ? -7RF RCQR
?  #MKNJ®RC RFCAFSCLAV R?@MFIRFC -RF RCQRMEEQ

@ #MLQRP®A? FGORMKERID RFC B
A #MLORP®A? NGC ARR RFC B??

| EPMSN 1@ ?BSJRQ URCPQLB FMJ K?L W APQ RRZF?B GL RFCGP
FMSQCFMJB
?  #MKNJ®RC RFCASCLAV R?@MFIRFCR LSK@CP B

@ #MLQRP®&A? FGQRMERID RFC B2
A #MLORP®A? NGC ARR RFC B??

I'EPMSN 2 ?BSIJR@E ?QB FMJ K?L W AFGIBPRF®/ F7C GL
RFCGP D?KGJGCQ 4FC?EPRERFC PRRFVQ RFC LSK@CPM
?BSJRQ UFM GLBW@BR\C?AF LSK@CPMAFGJIBP

? (MJUK?L W ?BSJRQ URKCBSCQRGBILC
@ 7 F?R NCRCLR?EC MRFC ?BSJRQ OSCRENLAFGJIBFL

Z%\CRAGQCQ



*2QKGLC BQ GRCEQREGL FM K?L W BWQRAMSJB R 2L
MBCP D#K . CRDGV RM ?RPRIFCP BMMBFC EPNF @CIM
QFMIQ RFC BR? QFCMIIRE

? ( MUK?L WKMGCQ BGB QFEXORP
@ 7 F?R NCRCLR?EC MRFC KMGCQ ?PEEGL MLC BY

4FC @?P ERF @CIMYFMUQ RFG<L<EK8><MD QRSBRD UFM
PCACGOB C?AF JERCP EBC ML RFCGP J?QRGRIEN?NGPC AJ?QQ

AMIR?GLQ QRSBRQ 7F?R LSK@CPIMQRSBRD ZPL® 7L ! ML
RFCGP N?NCP

%\CRGQCH



+MPG?RCEMRBX-CP QNCLBGINFPLRFGQ KR.CGRMNAISP

A?’RCEMPGCOQIR &MMB &SL ?LB /RFCGHC NCRCLRQ QFC QNCL

GL CGAF ARCEMP 7?2 NGRSEB FCE D QFC QNRR RMRD M
RFGQ KML RF FM KSAF BGB QFC QNCLB MILR

| EPMSN @ BGLCP@R ?QIB FMJ KSAF RFQV IMSJB N® BIP ?
KC?J 4FCGERNMLQCQR

&GLB RFC KL

&GLB RFC KBG?L

7 PBC RFC LSK@CP QSKKAPMP RFGQRB?
9IMS PAMB@B RFC RGKC GAMIBORSRMMMP  N?RGAGNRRR RM
QML ? NSXJC 4FC RGKCQR3

&GLB RFC KC

&GLB RFC KBBG?L

7 PBC RFC LSK@CP QSKKAPMP RFG(RB?
2CCP @?Al RM RFC FGRQRMBK OSCQRGML

Z%\CRGQCQ



#MKNSRC RFC KT LSK@CP DI AFGJBPIMP RFC EISN
QSPONB
#MKNSRC RFC K371 LSK@CMFGIBPIMP RFC EISN
QSPONCB
7 PRC RFC LSK@CP QSKK?PRIP RFGQRB?
#PC?RC @MNIMR

2CIOP @?Al RM RFC FGQREIBRK OSCQRGML

#MKNSRCP RFC RCLSK@CP BIQFGNNGL®/B?
#MKNSRC RFC KBG?L LSK@CIMYQFGNNGLEB/E?
7 PRC RFC LSK@CP QSKKAPMP RFG(RB?
#PC?RC @QMNIJMR

Coneepts

4FC @M NJIMR @CIFNIQ Q?J?PGEIB DRS?PGCQ ?LB@0
+CLBP K?I CQ RFC KEG?L Q?JAFIP 7L IARS?/+CJIQE K?ICQ
RFC GPQR ORERIC Q3P 2 #0 7 FM K?I CQ KME KMLGN

( MU KSAF KMPC

2COPPGLE RM RFENGWR ?@MUFR NCRCLR?EC MI?RS?PGCQ
K?l CQ KM RF?L RFC KEIG?L Q?XAPD ? #0

Exploation

3RSBGCQC?MRCL BMLCW@NF?PK?BSRGAMKN?LGCQ RM
BARCPKGLC RFOQEBRGILCQQIVM? RPPRKCIR NFMERPK 3 SNNMQC

N\CRAGQCH



RFR ? L@ )$3 ?L RG@WHEBPSE GQ ASRRV SLBCP QREJR GQ
EGTL RM NRGERQ MIARFC 1)$3 QWKNRMKQT?RTC?I®
RFCKQGCQ /D GRCEQR GQ RFCFPEC JCLEROMRGKC GL KRFAQ
NRGERQ JGMLE QRHAGLE RFCRRKCIR 4UM EQCRFCPQ
C?AF MJJVI? BGIEELR QR 1)$3 N? RGEQ DK RFC QRRID
RE?RKCIR SIRGJ RFCGIRBQ 4FOMDJWGLE BR? GL KMRFQ?FC
AVIIRG 2CQCRAFCP

2 CQERAFCP

?  #PC?RC MKN?PRGTFGQRNE® MD RFC B

@ #PC?RC MKN?PRGT @VNIJMRQ@ RFC B

| EP?NF ?2NN@PQ @CQJRFMIGLE RFC LSK@CP ®BSJRQ ?LB
AFGJER UFM NEEP CAF RVNC DIQMB? 4FCRICEE  ?BSJRQ
?LB IGBQ Q$EWB $GQASQQ QMKBN®D GL UFGAF RFEGIEP
@CJIMAMSJIB @C GHNEB

-?l C SN RRE BR? QRQ UF LSK@CPQBF RFR F1C

? RFC Q?KC K@L @SR HBELR QR?LBBBCTGRGMLQ
@ RFC Q?KC K@L @SR HBELLR KBG?LQ

A RFC Q?KC KBG?L @SR EXBTIR KC?LQ

1Q?KNJC N  BGQR?IAQMEQ KEQSEB GL WBR F?Q ? KeL
MD ? T?PG?LAND ?LB ? QR?LBEBBCTGRGMLIM

?  9MS W’LR RMMUICHR ?JIMEP BGQRCIAMK W?BQ RMOCR
QM MIS KSIRGNEAF QNIE GL RFC Q?KNM @7 F?R ?E

Z%\CRAGQCQ



RFC LO KC?L KCBG?L TPG?L3 ?LB QR?LBBBBCTGRGML

@ 9MS RFCL BCAGBCRRWIS MW LPLR RM JMMR RFC BGQRZLA
N?QR ?GR?GL NMGUFSQ RCP KSJRGIELE RFC NRGE
QMEQ @ WIS BBGBC RM QSERMICR DMK C?AF ND RFC
QMEQ .MJ UF?R ?B RFC LEKC?L KCBG?L TPG?L3 ?LB
QR?LBBBAGRGML

)L WMSP AJ?QQ BCQGEL ? NMJJ ML TRERCEBARIRNIB/?LB

EGT & RM RFC AJ?QQ

? 3SKK?PGX RFC BR? MKNSRGLE RFC'KC?LB 05T
LSK@CP QSKKA/

@ #PC?RC ? EINFGA] ENEQCRRGMLINRFC B2

A 7 PBC QTPJ QCRCLAEQ ?@MSR RFC RMNGA EOBLE W
AMKNSRB QRRGQRGAJ @BCIAGL MSP URGLE

%\CAGQCH






PART XV

TOPIC G: LINEAR
EQUATIONS - ALGEBRA
AND SPREADSHEETS

AMNGA ' ,GLEP %ORGMLQ JECP
7LB 3NFE?BQFCRQZ






91G1.01: Intr & Slope

-)9616 *2-+;1=-:

5LBCPQR?LB QIMNIC?MGLC GIMRUPWQ ERIFGAIW
@V PGOSL ?JEC@BANIPKSJI? GDY ?LBPQ

5LBCPQR?LB RIFGLRCACNR B1? JGLC GIMNRUPWQ
EPPNFGAIW ?Q RFCREIRCNR DIRFC W 2VGQ ?JEEA@P
MPKSJ? GDY ?LBPQ

IJEC@PGAIWIGELE RFC QIMNC UFGLCERIM NMERQ

7 PRC RFMPKSJ?MP RFC JGLC GL QRPEAINC
GRCRCNRMIPK ?LB LMRGAIFGAF LSK@CP GQ RFC QIMNC
7LB UFGAF LSK@CP GQMRGIRCACNR )RCPNR RFC
QJMNC ?LBREACNR

&GLB RF®IPKSJ?NP ? JGLC UFCGEL RFC QIMNC
2LB MLC NM@&IML RFC JGLC

&GLB RF®BPKSJ?NP ? JGLC UFCGEL RIM NME&Q
ML RFC JGLC

&GLB RFCTEPQAVIPKSJ? UFCL LCBB @V
GRCRF?LEGLE RFC GLNSR ?LB MSRIRER @ JCHIRGA
RFC @IRGMLQFGRU@CL RFC QIMNTRAMPKSJI?
7LB RFC GCPQOVPKSJ?

5QC ? QNPBQFCR RMMNJIMPRFC GDARQ ML RFC
EPPNF ND AF?LELE RFCTSCQIMRFC QIMNC ?LB
GRCACNR

) LRM 3JMNCZ



. KCC7HO K 7B8H7?9 <79J1 7D: ?D;HFHJ7 J?EDI

. BEF;
?D);H9;FJ <EHC
)DJ>; <EHCKB7
2l
. BEF: Yy =mzx + b +E?DIBEF; <EHC
4FC IBEF; E< 7 B?DGQ UFCREP2LB O )D RFC QIMNICMGLCIBQLB
rise Yo — Y] 2R RFCIPG2@ICG!ILC NMEML RFC JGLC GQ
m = — 2LBD ?LB 9 ?RC (xo Yo ) RFCL RF@GK7J?ED
Tun Ty — L1 LSK@CPQ RFCL . ponl @C URRCL 20
UFCRC RFCBM NM®&Q RFC ERNF ND RFGQ '

MPKSI?GQ? Yy — Yy = m(x — xg)
(z1,1)28(22,Y5)?  ormer ssicme UFGAF BTQ RFMPKSJ?
ML RFC JGLC QJMNE ?LB W

GRCACNR y=m(z — xz9) + y
AFGQ7 2JQM @C
UPERCL ?Q
y=b+max
9BJ;HFHJ J>; IBEF; 9BJ;HFHJ J>; 2DJ;HO;F)
D GQ RFC ?KMBLL (/NGRPRM GLERQC 9 GQ RFCJISC BP UFCL RFC TISC BIOGG
UFCL OGLAS?QCOV@ N

7 C LR RM BILQRGE? RFCCBRGMLQFGNRU@CL RCKNCIRSE
#CLRGEBC ?LB RCKNGRSE &?FELFCB GL MEP RM R2I
RCKNCFRSEQ DAK ? LOUQ @W?BAQR GL #?L?B? GL #RGEBC ?LB
AMLTCRR RFCK RM RCKRRSEQ RRR ?E CQWNP 53 ARBGXLQ RM
SLBCPQR?LB GL &EPCR 7C ?JE?BW ILMJ RFC EIPKSJ? \oP RAR
?LB UC ILMU FMU RMGLB NMBQ NJMR RFCK ?LBIBPEPNF  3CC
AMNGA # &MPKSJ?Q

( CE RFC RCKNZHSE #CLRGEBC GQ RFC GLNBRJ ?LB RFC
RCKNCIRSE &?FELFCB GQ RFC MSRNERCT 4FC NMPKSJ? GQ
F—=1.8-C + 32 ?LB MIWGLE GQ ? R?@ICPISCQ ?LB ?
EPNF

z' ) LRM 3JMNC



Slope

. MRGARFR RFC ERF ?NN@PQ RM @C ??GER JGLC 4R?QSEECQRQ
RFR RFGQ GQ ?PAEIRGMLQFGNCURGMLQFGN G@PIGDRFC Q?KC
GLAE?QC GL RFC GLNSRW®D 28Q RM RFC Q?KC GP@E GL RFC
MSRNSR7 C AL JMMI R RFC R?@JICMSCQ ?LB QRFR BDIP TCRV
GLAG?QC GL #M ] RFCE GQ ?L GIRBC B ] GL &

)L ECLCRJ BIP ? QRBER JGLC RIE GLNSRAG?@@?LB MSRNSR
TPG?@JCP RFC IBEF; GQ BGDB8 RM @C QJMNC

rise Yy — Y
m = - 22 L Urcre RFC B NMGH.Q(Q:l,yl)
run o9 — I

LB (29, Yy ) ?FC ML RFC JGLC
)L RFC RCKNGRSE O/?KNJC & LMRGARFR RFC7PG?@JINJWVQ

) LRR 3JMNCZ



RFC RJC BIO ?LB RFC TPG?@JCNJWQ RFQVBC BIP 3M UC AL

AMKNSRC RFC QIMDNR&RKC JGLC SQGLERFNREARQ ?LB
#2)J RFQAPQR NRIGE , ; ) ?LB RFC Q®ILB NM&( x5, Y )

3JMNC

rise Yo — Yq 50 — 32 18 degrees F

m= run o —x; 10—0 10 degrees C N
BCERCQ & NCP BQTERP#

&MP RFGQ RM @C7PIBIRGMLQFGN RFC QIJMNC KSQR @C RFC Q?KC
LM K?RRCP UFGAEPKR NMERQ ML RFCHRE WIS SQC RMIKNSRCRG
,CRQ@ RR MLC KMPN?GPODMNMER 3M UC 2L AMKNSRC RFC QJMRC M

1.8

RFC JGLC SQGLE BFOWIGQ ~ 7LB #2JJ RFOGPQR NRIGL
(z1,y;) 7B RFC QULENMG( 5, 1y )
3JMNC

rise Yy —Y 104 —68 36 degrees F'
run xzy—x;  40—20 20 degrees C
BCERCQ & NCP BQERP#
4FCRC ?Z QTCPJ KME N?GP@MMER DK MSP R?@JO RISCQ
RFR WS MSJB 208V RF 4PV QMKCIMRFMQC ?LBAQEDME EQ RFC

Q?KC QIMNCGAF RGKC

1.8

Negtive slope and positive slope.

2CA2J] MK 2JEC@PAJ?QQ REIGLCQ UFGAE CRRE BMIL F?TC
LCERGT QIJMNC ?LB RFMQCR®?N FAC NM®GT QIJMNC /LC
GKNMR?IR KIRFMB DI AFBIGLE WSP WP GL AMKNSRGLE RFC QJMNC
GQ RM @COQBPR WSP ENFQ ?LB ?JEC@EGT EQSJRQ RF?E
AMLQGQRAUBF RFR

z' ) LR 3JMNC
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92 G1.02: Inteepts &
Example 3

y-intercept

)L 2JEC@PAJ?QQ ©JCPL® RFR RFC WRCACNR Bl ? EBNF GQ RFC
T?2JSC ML RAE?2VGQ UFCD  4F?R GQ@QW RIBIB SQGLE RMEKSJI?
IMP RFC JGLCATBQC (€ MLW FTC RM NJSE GL ?LB D GLEP

3GLe F'= 1.8 - C' + 32 UFCL UC NJSE GL RFCL
F=18.-C+32=18-0+32=32

7 FCL UC JMMIR RFC BRF IMP RFAQ@QFKSJ? EMRM  ?LB OGLB
RFC NMBIML RFC IRF ?@WC RFR RF® T?JSC ?NNEPQ RM @C ?@MSR
2 JRIC @GANE  4M BLB ? KME NPAGQC CQRBKBAK RFC EFNF
UQB LOOB ? @GEECPEP 4FGQ GRLQGQRALBF RFC?ISC M RFR
UC MSLB ?2JEC@FAIW5LBCPQR?LBGLE @MRRACQCNIBBCQ 22W
MD AFBIGLE WSP WMPML CRFCPMRFCK

The formula for the line

. MRGARFR @MRF RFC QJMNC ?IEB3RRCRCNR ?NN® GL RF®IBKSJ?
DMP RFC JGUC?JEC@RAJI?QOMS JCPL®B RFR

IL WOSRGML GL UF@AMEB P?NNCP MW/ RM RFGHRRBIGP GQ

? JGLZP ©SRGML

4FC OSRGMUIW JGLCIA@C URRCL GL ?7?7PCGRV @ PWQ @SR GD
VWIS R?C ?LW I RFMQC ?LBNIT MPPg WISiJJ IRC? MPKSJ? JGI

Yy =mz + b UFCREPGQ RFC MSRNSSRET@IMIGQ RFC GLNSR
T?PG?@JC MBLB 9 ?FC LSK@CPQ4FCL RFC QIMNC GQ RFC
AMCIBBAGRINM RFO T?PG?@JC ?LB RBIRCRCNR GQ RFC

Z' ) LRCRCNRQ %V?KNJC



AMLOQRR 3MD GQ RFC QIMNCI2ER RFGGLIRCRCNR

&MP RFC RCKIIRBE G/?KNJC QGCA GQ RFC MSRNSRJ ?LB GQ
RFC GLNSRJSC ?LBF' — 1.8 - C' -~ 32 RFCL € QC DRK RFC
IMPKSJ? RIPRFC QJMNC GQ  ?LEPREERCACNR GQ

Interpret the slope and intapt

4FC PGLRCARCNR GQ RRPAISC DFP UFCL
7 FCL RF® T?JSC GLEFQCQW® SLB RFCL RFCT?JSC
GLAE?QCQW®RFC?ISC B RFC QIMNC

3M DIP RFC RCKNEBE NRI@JCK O MSLB RFR GD RFC RCKRSE
U?Q ]# RFCL@&GQ ]& ILBUC ?JQMISLB RAR GD RFC RCKRSE
# GLAR?QCQW® ] # RFCL RFC RCKNGBE & GLARQCQW® ] &

IN7C FB; &MVP RFOMPESI?R — —6.3 + 8.2 - d RCI

7 FGAFTPG?@JC GQ RFC MSRES@IC

7 FGAFIPG?@JC GQ RFC GEESRTC

)Q B JGPE EIRGMLQFGN

)DRGQ ? JGREJIRGMLQFGN REEQ RFC QIMNC
DR GQ ? JGREIRGMLQFGN REQ RFGLRCACNR

3FMJU ILQU CP

4FC MSRNSRAG?@JG-GQ
RFC GLNSRPG?@JC GQ

VCQ RBGQ ? JEREIRGMLQFGHIBQC @MRFPG?@JCQ 7NNC
MLW RM RFGAIDR BIGP

RFC QIMNC GQ ABQC RIRGQ RFC LSK@CP KSJR@WIREC
GLNSRPG?@JC

RFC W ®CACNR GQ

) LRCRCNRQ %V?KNJCZ



IN7C FB; &MP RFGAPESI?R — —6.3 + 8.2 - d GLB RRE
NM@RQ RIRPIR RFGQ ?LB SQC RFCK GRABR EMNF
3FMJ ILQU CP

4M BLB ? NMBIRFR RQ RFGLIRGMLQFGN AFMM®CPISC P RFC
GLNSRPPG?@JCCLCP?2JW (€ AFMMQC 2J8C RFRGPQW RMIKNSRC
UGRF ?LB RM ERF QSAF ?2Q ? QK?JJ UFMJC LSK@CURQ @CHE. @&

AFMMQGKE— 92 4FCL AMKNSRC RFC MSRNSRBJ

R=-63+82-d
R=—6.3+8.2-(2)
R=-6.3+164

R =10.1

. MJ AFMMQQURI MRFCP2JSCQMP; ?LB SQC RFCK RNVIKNSRC
RFC MSRNSRISCQL)RFC GRCEQRMMIPGLE QNCAUC UGJJ MRRFC
BAR?GJQ

#FMMQC d=5 2LB LB RFR
R=-6.3+82-5=34.7

#FMMQC d="17 2LB 0BLB RFR
R=-63+82-7=51.1

'P ?NF URF SLMLLGAR® NMGQ

'P ?NF UE

z' ) LRCRCNRQ %V?KNJC



IN7C FB; $CRCPKGLC URECP RFCQC@®FRM®Q JGC ML ??GER

JGLCV@MKNSRGLE QIMNCQ@LB 2LB

3FMJ ILQU CP

&GLB RFC QJMN® NRFC JGLC MNRGE 2LB
rise Ys — Y 5—4 1 0.5

m = = _— = - = .
run Ty — X1 3—1 2

&GLB RFC QJMN® MFC JGLC NRFE 2LB

rise Yg — Yy 5—6 —1 10

m = = _— _— - .
run Ty — T 3—4 —1

3GLE RFCQUR QIMNCERRRGS?J RFCQC BERMEQ B LMR ML
? QRFGER JGLC

#FCAl #FCAl RFGQV@EPNFGLE RFC REPNM@&Q RM QGD RNC
?NNGP RM JGC ML ?GRR JGLCL RFC RJJVGLE ERNF UC F7IC
BPPUL RFC JGLC CCL RFC NMRQ ?LBRGGQ ARFCRFR B GQ LMR RFC
Q?KC QRBER JGLC ICCL ?JJ REE NMGRQ

) LRCRCNRQ %V?KNJCZ



93 G1.03: Examples 4-7

IN7C FB; ! K?L?ECP GQMLQGBCPGLE RIFQRAMD NPRGLE ? @MMI
@?@& ML RFC LSK@CPM?ECG ( C GQ RMIBRRRFCMPKSJ? 0P
NRBGRGLE RF®IAR GQ 281@?@ML RFC LSK@CPM?ECQ ?LB FE?
RFCPGLRCACNR GQ  ?LB RFC QIMNC GQ &GLB RF®IPKSJ? RM
NRBGR RFCMQR IR RFC LSK@CFDW?ECQ

3FMJ ILQU CP

3GLe @ GQ JeecC' = mp + b UFCE 1 = (0.027 2LB

b= 4.50
4FsQC' = 0.027p + 4.50 GQ RFRIBKSJ?

IN7C FB; &GLB RFGMBKSJ?NP RFC JGLRB®JIMNC  UFGAF F?Q
RFC NMBL ML ®
3FMJ ILQU CP

CRm = 1.357B (g, y,) = (5,40) 4FcL
Y — Yo = m(z — xo)
y — 40 = 1.35(z — 5)
y — 40 = 1.35z — 6.75
y—40+4+40 = 1.35z — 6.75 + 40

y = 1.35z + 33.25
4FSQ RFC@SRGMUMRFC IGLGGE 1.35x + 33.25
#FCAIl 7 C /2L JMMI R RFCMPKSJ? ?LB®B RFC QJIMNC ?2Q QM
RFR AFGIQ 4V QC UFQRFCP RFGGEL NMG.GQ MR @?JSRC RFC
DMPKSJ? Rp — § ?LB QC UF(RFCPRGETQ RFCMPEARP T?JSC

y=1.35(5) + 33.25 = 6.75 4+ 33.25 = 40  4FGQ
AFQAIQ

7 C RL SQC RFGQ Q?KC?GBBECFKJ; J>; < EHCKB7 EH 7 B?D; 2<;M

Z' %V?KNJICQ



>7L; JIME FE?DI ED 3 @&?SQC € AL BGPQR SQC RACRM®&Q RIGLB
RFC QIMNC® ?L MSRJIGLC
&GLB RFGIPKSJ?NIP B ? JGLC RESFE RJIM NM®&Q

#FMMQC RFC ?NNP&E TPG?@JC RM @C RFC MSTROFRIT 2LB
A2JIRP 4FCL A?JJ RFC GLNSRG?@AJC

7 PRC BM NM®RQ ?(}g;l Y1 )?LB (;1;2 , y2)

5QC RFARI NME&Q RMAKNSRC RFC QIMNC RRJJ G

0GAI MLC DIRFC NMRRICEFCP GGLID?LB A?JJR;{;EO , 3/0)

0JSE RFMQEJBCQ BM RFGQSRGML

(¥ —yo) = m(z — o)

3MIC MFP 4F?R BTQ RFOISRGMLIMRFC JGLC

)D BEZFELR JARCPQ CR.CBMB @CQGBTRLB P IMP RFC GLNSR ?LB
MSRNSRFG?@JCINF?E RFO?LB P GL RFAMPKSJI? URF RFMQC
BABFLR JARCPQ

IN7C FB; &GLB RFG®IBKSJ? MP RFC JGLCMGHE ?LB
)BCLRGDRFC QJMNC ?LB RCBCNR

3FMJU ILQU CP
’CR(whyl) ’LB
— 11 -6 5
me22"% _ 1170 0 5
Ty — X1 4—2 2
. MJ RM SQC RFC NMGIMN®IEK ) UGJJ S(é@o, yo) RM
ER

(y — yo) = m(z — zo)
(y—6) =2.5(x —2)
y—6=25c—-5
y =25z + 1

y = 2.5 + 1 RFCQIMNCGQ RFCREREINR GQ

#FCAl 5 QC RFGIPKSJ? & BCPGE RM BRCPKGLC RFC MSRREFCT
MP 2 = 92 ?LB QC GD RFCGEL NM& GQ ML RFC JGLC

3M RFC @SRGMLIMRFC JGLC GQ

%V?KNJICQ 4



y=25x+1=2.5(2)+1=5+1= 6 4FGQRCIQSQ
RFR  GQ ML RFC JGLC

5QC RFQVPKSJ? (€ BCPGE RM BRCPKGLC RFC MSRISSCTOP
7 — 4 ?LB QC GD RFCAWUOB ESTL NMGL GQ ML RFC JGLC
y=25c+1=254)+1=10+1=11 4FeQ
RCJJQ SQRF? GQ ML RFC JGLC 3M RFGIQAFC

IN7C FB; 7 C F7IC @CL RMJB RRRFC ?KMFR N MRKC?J LEB@B
MP MRKC?J MMIGCQ GQZRMWEJIREB RM RFC ?KMBID DMSP LGB
IJOM C ILMU RFR GDQSQC ASNQIMDMSPUC LGB ASNQ
MRKCJ ILB MD MSPQC GDE8QC ASNQIMDMSRJC UGJJ SQC ASNQ
MD MRKC?J

&GLB RFMPKSJ? RMGBGR RFC RKC?J LEB@B A?JJ8 - DPMK
RFCIMSP LGBB &

JLRCPNR RFC QJMNC

JLRCPNR RFC WRCRCNR

3FMU ILQU CP

? ( CEE RFC MSRNSRG?@JFCGQ - ?LB RFC GLNSFPG?@JITGQ &
3M RFCBRM NMRQ 6TL ?FC ?LB

5QGLE RFC QJMNC MPKBJ?
Y2 — % 2—-0 2

m=——— = —— = — = 0.667AsNQ
o — I1 3—0 3

MD MRKC?J NCP MLC ASE EMSP
4FCL RM SQC RFC NMTIMN®PK ND RFC JGLGWJ SQC ?LB RFC
O5PQR NRIGIFGAF GQ

(¥ —yo) = m(z — )
(y—0) =0.667(x — 0)
y = 0.667x

y = 0.667z + 0
3M RFCNIPKSJ? GM — 0667 . F QM RFC QIJMNC GQ~?LB
RFC W ®CARCNR GQ

z' %V?KNJICQ



JLRCPNR RFC QIMNC &NIRC ?BBRGML?J ASN BMSRJC
QFMSJB SQC ?BB®RGML?J ASNINIRKC?J

JLRCPNR RFC BCRCNR D LWC SQC ASNQIMDMSHRFCL WC UGJJ
SQC ASNQDMMRKC?J

/>?1 B713 ;N7C FB; ?BBKIJBtI 3>7 J IEC;J?C;1 J>; ?D J;H9;FJ ?I DEJ 7
DKC8;H J>7J MEKB: 8; H;7B?1J?9 ?D J>; I2K7J?ED J>J J>; FHES8B;C
5 19H?8;1 KJJ:E;I>7 L;7C;7D?D= ?D J>; 7B58H7?9 EHCKB7

"EH 7 B?D;7HEKCKB7 J>; IBEF; ?I 7BI70l 7 DKC8;H J>7J ?I
C;7D?D=<KB

%V?KNJICQ z



94 G1.04: Examples 8-14

Additional examples:

IN7C FB,; &GLB RFC QJMNC ?LERCRINR DB RFC JGLC

y = —2.322 + 7.89
3FMJ ILQU CP

4FC QIJMNC GQ?LB RFC W GIRCRCNR GQ

IN7C FB; &GLB RFC QJMNC ?LERCABINR B RFC JGLC
y=284.4+9.2z
3FMJ ILQU CP

4FC QIMNC GQ@LB RFC W GRCACNR GQ

IN7C FB; &GLB RFC QJMNC ?LERRCBINR B RFC JGLC
y = 1127 — 93z
3FMJ 'LQU CP

4FC QIMNC GQ ?LB RFC \RGACNR GQ

IN7C FB; &GLB RFC QJMNC ?LB RAECARGNR Bl RFC JGLC
y=2178xz — 114
3FMJ ILQU CP

4FC QIMNC GQ  ?LB RFC WGHCNR GQ

IN7C FB; &GLB RF®IBKSJ?NP RFC JGLERBQ@IMNC RMSE RFC
NM&R
3FMJ ILQU CP

z' %V?KNJICQ



y— Yo =m(z — o)

y—112.7 = —6.2(x — 87.2)

y—112.7 = —6.2x 4 540.64

y—112.7 + 112.7 = —6.2z + 540.64 + 112.7
y = —6.2z + 653.34

IN7C FB; &GLB RFMBKSJ?NDP RFC JGLOMGHE  7LB
3FMJ ILQU CP

17—-5 12
= =— =24
13 -8 5

AFCL  SQGLE RFGQ QJMNC ©?LB RAGILBQCNMGL

y— Yo =m(z — zo)

y—17=24(z — 13)

y—17=2.4x — 31.2

y— 17+ 17 =24z — 31.2 + 17

y=24x —14.2

m

IN7C FB; &GLB RFGIBPKSJ? MP RFC JGLCMRFHP ?LB

3FMJ ILQU CP

9 —-634 16.
79.9 — 63 6.5 _ 011

M= g38_232.7 _1489
4FCL SQGLE RFGQ QJMNC ?LB REEQR D NRIGL

y—yo =m(z — o)

y —79.9 = —0.11(z — 83.8)

y—79.9 = —0.11z + 9.218
y—79.9+79.9 = —0.11z + 9.218 + 79.9
y = —0.11z + 89.118

%V?KNJICQ z



95 G1.05: Exploring by
Graphing Art |

Section 2. Explation by gaphing.

7 C QL 2JQMGLB JGLCQ HYQRPEFGLE 4FR KW @C SQCIREIAED GL
QMKC @BSRGMLJCL URFMSFEDBGLE RFGRBYI GSRGMLIMRFC JGLC
ILB GD \C F7IC 2JE?BW BISLB RFC@SRGMLIMRFC JGLE L SQC ?
EPPNF RM ARC MSP 2JEC@®P

7 C F7IC AMLQGBGPRIM RINCQIMNF@JCKQ GL RFGQ RMNGA

4FC [GPQR GLBEGLE ? JGLC UFQ@ RPTC RFC QIMNC ?LB MLC RMGL
RFC JGLOWERNF RFR @ F?LB

221 C? QR M ?7¢Q
'P 2NF RFC NM®&L

rise

20UP&C RFC QIMNC.2Q_ ?LB SQC RIRAMSIR NICP ?LB SNMP
run

BMIL RM K?IC ?LMRFCP NRRGIL RFC ERF

#MLLCAR RFMQC NRIGI® ? JGLC

4FC QBMLB 2QC G@QIBGLE ? JGLC UFCL &TC RIM NM&RQ ML RFC
EPNF 4M ERPNF RFR @&/ F?LB

21 C?QR M ?7¢Q

'P ?2NF MLC NMBL

'P ?NF RFC MRFCP NMGL
#MLLCAR RFMQC NRIGI® ? JGLC

)L CRFCP M RFCQC®Q@CQ RTP G F7IC RFC BRF ND ? JGLC QJ
A?L NGAI ?2W NMBLML RAR JGLC ?LB IW®R GQ QSNNBIRRI® RFC
OOSRGMLIMRFC JGLC 3®1AL NJSE GL RFEISCQMFO?LB PGRM RFC

Z'  %VNIMPGLEAN@P?NFGLE
0?FR)



2JEC@BANIPKSJ? € MSLB P RFC ERF GQUWPEAR ?LB RFCASRGML
GQMPEAR RFCL RFC NRGIGJRRFCASRGML

5QGLE ? QGHBQFCR RM ERF JGLCQ JQMSQ RM \RPPPGMSQ
NMQQGREIG OSBANB CQAMFC GRCEQRGLEQRC FAPGQ UFCLT
F?TC /M NM®&Q ?LB € U?LR RMMIMP T?PGMSQ NMQQOERGEILQ
MD ? JGLC

IN7C FB; 5QC ? QNPBQFCR RM ERF RFC JGLC RBE RFC
NMGRQ 7LB

0SR RFC J?@CJ V@3l A?LB CIRCP RFCT?JSCQ! QFMSJB

F?TC ?LB! QFMSJB F7C

0SR RFC J?@CJ WCEL"A?LB CIRCP RFC WJBCQ" QFMSJB

F?TC ?LB" QFMSJB FAC

4FCL QCHR RFC B?? UBF RFC J?@CJRE(GER B 4FCL AFMMQC
9BI;H] >7HJ ?LB 89 3A?RRCP #FMMQC MLMNRFC MNRGMLR) RF?
AMLL@RQ RFC R? URF ASRCQ 4FCL AJGAI ML VRJL RFGQ
@M AFQI RFC $MJISKLQq @MRM GLBBE RIRRFC BR? GQ
?PRLE® URF RFC BR? PISCQ GMASKLQ 4FGQ GQ ?%%2

)-0/  241.4 QRCN UFCL WIS ?E MLW BRJIGLE WRE RM NM®RQ
4FGQ QRCN QFMSJB LMRAGEIIP UFCL WS FAC KM RF?L
RIM NM®RQ

%VNIMPGLEA@P?NFGLE R ) Z



z' %VNIMPGLBEN@P?NFGLE oFR )



" # % % &
vV W

%VNIJMPGLBEA@P?NFGLE R ) Z



96 G1.06: Exploring by
Graphing &rt I

IN7C FB,; #MLRGLSC B6 RFC NIPGMSQ Q@RBQFCR RMMVANJIMP RM
OGLB 7L OSRGMUIMRFC JGLCNWRHEE RFC NMBQ  ?LB

3R?RGLE BE RFC NPGMSQ @RBQFCR JMMIR RFC NMR&.?LB
ESCQQ URPRFC BCACNR ?LB QIMNC RBEC) ESCQQ RRRFC
GRCRCNR KGR @C ?LB RFC QIMNGFRGEC  3M NSR RFMQC
ESCQQCQ GL #MJSKL)L' NSR ?LB GL ( NSR RFC J?@CJ
PGRCRCNR )L' NSR ?LBGL ( NSR RFC J?@CJ RELACNR
)L AMISKL # NSR RFC J?@CMRNSEIG GLBJJ # 4FCL GLQIJ

# NSR RFCMPKSJ?NIP ? JGLC @SR RSR RFC ?NNPET
IMPK RM SQC RRGSTQMP RFC QIMNC ?IEBOBCNR GLVISKL '

?LB RFAT?2JSCQ GMASKL! 4F?R GQ GLIJ# NSR
' ;o

Z'  %VNIMPGLEA@P?NFGLE
0?RR))



Lo o# $ % &' (

V W WHEPKSJ?
GRCACNR
QJMNC

. MRGARFR RFC JGIMPIRFGIPKSJI? GQ AJMQC @SRIPEIR ABM
?BHSQR RFUSTQMP RFC QIJMNC ?IEEOBCNR SRGRGMMIQ FRE
&GPQR JMMIQ ?Q GD RERTRGNR GQRZPW ? FRIC FGEP RF?L
RFCIDPKSJ? GLEEREQ 3M\RPIMP RFR !LB RFCL ® JMMIQ ?Q GD
RFC QIMNC GERIQGMP RF?L RFRIPKSJ)? GLEEREQ 3M RW
DMP RRR 4FR JMMIQ @CRASR QRGJJ MRRAR
4FC GRCACNR DI GQ QRGJJ REMM 4P  4FC QIMNDOM GQ
QRGJIRMECIZPV  4FGQ JMMIQRRCR®D SRRGMSJB QRGJJ @C
GKNRTCB SNML
,C?TC RFC RCRCNRR ?LB RPNV ? QIMND M 4F? R IMMIQ
NFORRV EMMB ML RFCIP 4FC LSK@CPQ GL RABKSJI? MJISKL
QFM RFR B GQ LMRRSH®IPEAR @SR RFGQ GQ ?@MSR ?Q EMMB ?Q
UGB O/N@R RM RIMK HSQERGLEVREC 7 C 2L SQC ?JEC®P
RMG®GLB KME NPAGQCISCQ

%VNIMPGLBABP?NFGLE PR )) Z



Lo # $ % & (

V W WHPKSJ?
GRCRCNR
QIMNC

5QGLE 2JEG@BR ?Q GJISIEPGL %V?KNICQ 7LB  \CDBLB
RFR RFC@SRGMLIMRFC JGLCWGE RFC NMBQ  7LB GQ

z' %VNIMPGLBN@P?NFGLE PR ))



y = 1.25x + 2.75 4FC MPKSJ? € F7IC MSLB HSQR@VMIGLE
?R RFC BRF ?LB ?NNRVGKRGLE GGRV AJMQC RM RIFEAR BIPKSJ?

%VNIJMPGLBABP?NFGLE PR )) Z



97 G1.07: 88on 4

*FJ?ED7B;9J?ED  !BBGLE MIPKFRGLE RM RFOXRBIBFCR SQERM
CVNIMPN?RPKCRCPISCQ

7 FCL WIS ?B HSQR GRRGLE ? QBMBQFCR RM SQMIM ? QJ
KGLSRCQRGQ?QW RMRCK@CP UFR WS NSR UFCP?LB UFR B
KC?LR "SRR GQ 2JQWIECLGCR RM Q2 QMKC MIFQFQCRQ ?LB SQC
RFCK ?E?GLBEP 7 FCL WIS BM RIR B GQ EMMB RM ?BB QMRSEQ
RFR K?IC & CQGCP REKEK@CP UFR GQ UFCPL RFGQWSPQC ©
UGJJ ?BB TCPJ D?RSEQ RM QSAF GDFCRQ

7 CUGJJ KT RFC@JJQ GL UFGAEAF?LEC LSKCP@ARISCQ
ERCL QM RRB G@QW RM@®R ? B?LA UFR RM AF?LEC

7 CUGJJ KT RFC®BJJQ RR?E AMKNSRB DRIK RFMQCTSCQ U
AF?LEC @WJJV QM RFRPB GQPQW RM IMRIFR LSK@CPQ
AF?LE® ?Q ? BQSJFOMJFR UC CIRCEB

7 CUGJJ ?BB ? JGLGRRPFVIQ RFCMIPKSJ? URF RFC LSKCPBA
T?JSCQ 0 7’ SQGLE

"CA?SQC RFCMIMPQ BML QEMGL RFCQC NREGLK?RCPG?JQ RFC
CvV?KNJC NP&B FCFE GL LMRWKNJIRCH QRGQIRMP/

Methods

Color:

4M K?1C ACJIQ ?GCL AMIMRAFMMQC RFCJIAQ FEESER RFCK?LB

DRIK RFC KCLS AFMMQC &MRK?#CJJQ ?LB RFCL AFMMQC RFC
pO?RCPLQg R?@MIE&FRRFCE AFMMQC RFMINMPW® WLR ) RFGQ
AMSPQC TUGJJ SQ@EP MP GLNSR ?L8JAMIMP MKNSRB T2JSCQ

z' 3CARGML



7 CUGJJ ?2JQM SQC @P3EIDQ UFCRRFCPGQ APQA g 4FR F?Q LMR
VR @CL GJISQRB GL RFCWCKNJICQ

Formula:

4M QFM RFC BIPKSJ? GL RFC GMBOFCR BIP %V?KNJC ?@®IGL 8JJ
' SQC %\ACID #/ . #! 4%.] 4% DSLRGML GL RMGIVGLE LPW
)L' CL RCP # . #!4%. 4%pW¢4 qV p

3CARGML Z



r#
V W WHMPKSJ?

$

% & ' (
WY
GRCRCNR
QJIMNC

z' 3CARGML



08 G1.08: Exelses

Part |

&MP RFAPRSI?R = —6.3 + 8.2 - d RCIJ

? 7 FGAFTPG?@JC GQ RFC MSRES@JIC

@ 7 FGAFIPG?@JC GQ RFC GPESRTC

A )QRJIGRE EJRGMLQFGN

B )DBGQ ?JEGREIRGMLQFGN REXQ RFC QIJMNC

C )DRGQ?JEREIRGMLQFGN REXQ RPGLRCARCNR

&MP RFOPRSI? R = —6.3 + 8.2 - d IGLB?RER
NM@RQ RIRR RFGQ ?LB SQC RFCK BRABRP ERNF

I K?L?ECP GQMLQGBCPGLE RFQRAVD NPRGLE ? @MMI @?QC
ML RFC LSK@CPM?ECQ ( C GQ RMJIBRRREQMIPKSJ?NIP
NRBGRGLE RF®IAR GQ 281@?@ML RFC LSK@CPMN?ECQ ?LB
RFR RFEGIRCRCNR GQ  ?LBRFC QJMNC GQ &GLB RFC
DMPKSJ? RM GBGR RFCMQR IR RFC LSK@CPNN?ECQ

&GLB RF®MBKSJ?MP RFC JGLRBQJIMNC  UFGAF F?Q RFC
NMGR ML ®

&GLB RFMBKSJ?MP RFC JGLOWSEP 72LB

)BCLRGDRFC QIJMNC ?LBRCACNR

7 C F7IC @CL RMJB RRRFC ?KM®RN MRKC?J LEB®B MP
MRKCJ MMIGCQ GQZFWE@JIREB RM RFC ?KMBLND DMSP
LCCBGB JQM T ILMU RFR GDAJSQC ASNQMIMSRJC LGB
ASNQ DIMRK®J LB MD MSPQC GDSQC ASNQIMIMSRJC
UGJJ SQC ASNR MRKC?J

? &GLB RFMPKSJ? RMGBGR RFC MKC?J LEB@ A?JJ8 -
DMK RFCIMSP LGBAB &

@ )LRCPNR RFC QJMNC

A )LRCPNR RFC WRCRCNR

&GLB RFC QIMNC ?BERINR MRFC JGLC

%V CRGQCD



y=—2.32x + 7.89

&GLB RFC QIMNC ?EEBINR DIRFC JGyc= 84.4 + 9.2
&GLB RFC QIMNC ?FESINR PIRFC JGyC= 1127 — 93z
&GLB RFC QIJMNC ?LB FRCAGNR DIRFC JGLC

y=2178z — 114
&GLB RF®IPKSJ?MP RFC JGLRBQIMNC RMSHE RFC NMBL

&GLB RFMPKSJ?0P RFC JGLOWSHEE?  ?LB
&GLB RFMPKSJ?MP RFC JGLOWGHP ?LB

5QC ? QNPBQFCR RM ?NMPGKRC RFAISRGMLIMRFC JGLC
RFMSE  ?LB

Part |l

7 PRC WISPMPKSJ?QMP JGLCQ GL RMGMNGIPK MS KW K?IC RFC
POOSCQREPNFQ @ F?LB ML ERF N?NCP MP SQGLE CT@{FECR

&MP RFOPESI?N = 12.2 — 4.3 . 2 RCAJ

? 7 FGAFAPG?@JC GQ RFC MSRNS@®IC
@ 7 FGAFTPG?@JC GQ RFC GESRTIC

A )QRJGPRE BRIJRGMLQFGN

B )DBGQ ? JGREIRGMLQFGN REQ RFC QIMNC

C )DRGQ ? JGR@JIRGMLQFGN RERQ RPGLRCACNR

| K?L?ECP F?Q NFINM@RFR RFORR ML ?NTRKCLRQ GL MLC
JMARGML UGJJ @ CR@BBAML RFC LSK@CP IQOSEHICR GL

RFC ?2NTKCIR 4FCPGLRCARCNR UGJJ @C  ?LB RFC QIMNC UGJJ
@C  &GLB RF®IPKSJ? RMGBGR RFCRR DMK RFC LSK@CP

MD QOS@HOCR GL RFC ?NRMCIR

*?2LCRQ PAGNOVIP QNIE@ QMSN F?Q ? JGR@JIJRGMLQFGN
@@JCCL RFC ?KMSR ND APRIRQ ?LB RFC ?KMSID MLGMLQ

7 FCLQFC SQCQ ASNRAPRIRQ QFC SQCQ ASMMEMLQ
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7 FCL QFC SQCQ ASNDAPRIRQ QFC SQCQ AIMNMEMLQ

? &GLB RF®IPKSJ? RMGBGR RFC MLGMLQR@B A?JJ8"
DRIK RFC 2PRIRQ LGB

@ )LRCPNR RFC QIMNC

A )LRCPNR RFEGLRCACNR

&GLB RF®BKSJ?NIP RFC JGLOWSE RFC NMBL  UGRF QIMNC
#FCAI RFGQV@MMIGLR RFOMPKSJ? RMQRBFR RFC QIMNC

AMCIBAGRIGQ ?LB RFCL 2JQM N3BEEL RFC NRIGL RM

AVILIBPK RARB B2JW BMC@IRFCASRGML

&GLB RFMBPKSJ?NIP RFC JGLOWSE RFC NMBL URF

QIMNC #FCAI RFGQY&MMIGLR RFOMPKSJ? RMQRBFR RFC

QIMNQUCOBAGRIGQ ?LB RFCL 2JQM NJSHE GL RFC NIGL

RM MLIZPK RARRB B2JW BMC@RRFCASRGML

&GLB RF®BPKSJ?NP JGLC RIFEE RFC NMBQ  ?7LB

#FCAl RFGQUENJSEELE GL RFC NRIBER WIS $$ ./ 4 SQC GL

RFC J?QR QRCIGRBIRFC RCACNR ?LB @C QIRFR B [RQ RFC

COSRGML

&GLB ?NPKSJ?NIP RFC JGLOWSE RFC NMBQ 2LB

#FC Al RFGQUENJSEELE GL RFC NRIBER WS $$

/4 SQC GL RFC J?QR QRGNERRFT RCACNR ?LB @C QIRFR

® RQ RFOSRGML

&GLB ?NIPKSJ?NIP RFC JGLOWSE RFC NMBQ ~ 2LB

#FCAI RFGQWENJSEELE GL RFC NRIBER WS $$ ./ 4 SQC GL

RFC J?QR QRCIGRBIRFC RCACNR ?LB @C QIRFR B (RQ RFC

COSRGML

&GLB ?NIPKSJ?NIP RFC JGLOWSE RFC NMBQ 2LB

#FC Al RFGQUENJSEELE GL RFC NRIBER WS $$

/4 SQC GL RFC J?QR QRGNIRRFT RCACNR ?LB @C QIRFR

® RQ RFOOSRGML

5QC ? QNPBQFCR RM ?NMPGKRC RFOMPKSJI?P RFC JGLC

RFRISE RFC NMBQ  ?LB 5 QC RFGQ RVMARBISP

UMPGL RFC NFGMSQM@JCK.SK@CP UFCFC WIS BISLB

RFCIPKSJ? 2JECTBRIW

5QC ? QNPBQFCR RM ?NMPGKRC RFMPKSJI?P RFC JGLC

RFRISE RFC NMBQ 2LB 5 QC RFGQ RM
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AFQA WMSP WIPGL RFC NEFTGMSQM@JCK WR@JCK  UFCe
WIS DISLB RFOMPKSJ? 2JECTRIW

5QC ? QNPBQFCR RM ?NMPGKRC RFGMPKSJI?MP RFC JGLC
RFRISE RFCNMBQ  ?7LB 5 QC RFGQ RVMAMRBISP
UMPGL RFC NEFTGMSQM@JCK WR@JCK UFCE WIS DISLB
RFCIPKSJ? 2JECTBRIW

5QC ? QNPBQFCR RM ?NMPGKRC RFOMPKSJI?MP RFC JGLC
RFMSE RFC NMBQ 2LB 5 QC RFGQ RMMFC
WISP WIPGL RFC NBFTGMSQM@JCK NWR®JCK UFCFC WIS
MSLB RFQMPKSJ? 2JECTBRIW

&GLB RF®IPKSJI?NP RFC JGLERE@CL 2LB $M RFGQ
@V GB-CP MRFORM KCRFMBQ GLARGML  #MKNZPRFC QIMNCQ
MD RFGQ JGLC ?LB RFOMS BB GL RFCW@®JCK  UFCRC

WIS F?B RFC GLNSR ?LB MSRNSIR®JC RAKSB 'PC RFQ/
FCAGNPRJQ (GR KSJRGMRFCK RMERCP ?LB QUGIMS ER

)D QM RAC?E RAGNRRIQ

&GLB 2MPKSJ?NIP RFC JGLOWSE RFC NMBQ ~ ?LB

$M RFGQ\@RFCP MRFOLA KCRFMBQ GLARGML  #MKNZPRFC
QIMNC@RFGQ JGLC ?LB RFOMSBSIB GL NR@JCK  UFCE
WIS F?B RFC GLNSR ?LB MSRNSIR®.JC RAKB 'PC RFQ/
RCAGNPRJQ (GR KSIJRGMRFCK RMERCP ?LB QUGIMS ER

)D QM RAC?E RAGNRRIQ
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99, K1.01: Simple and
Compound Intezst

"?D7D9; .?CFB; 7D: EC FEKD: %bJ;H;1J
,K;1J?EDI INF BEH

r 7 F?R GQ RFOBBDAC @RJOCL QGKNJC ?LBIKNMSLB
GRCEQR

r ) U?LR RM BCNRQGSKN QSK MKML® GRM ?L ?AVSIR GPLGLE
GRCEQR ?LB 3TC & RFCP 7 F?R UGJJ ) K2 GL RFC DSRSP

r 7 F?R JSKN QSK QFMSJB ) BCRMER® 2L ?AMISIR @PLGLE
GRCEQR GLBOP RM Fe ? ACR?GL DSRSPJISC

r 7 F?R F?NNCLQ RMWABB® AFB @2J?LAGD ) BNR NY 2 D B
DMP ? NCPGMBRGKC

/ ;HCI

r +H?D9?FABGLBG?J ?KMEBIW RFC BLQRKCOR MP JM?L

r 9J;H;1J k ?KMSLR N?GB RMS\@/ RFC JCLBGHPOITICQRGLERFS
RFCK MFRFC@GC WIS NW MP @MRFGLE KML®Y

r . ?CFB; ?0;H;IJ k GIRCEQR N?GB WIML RFC MBGE] NPGLAGN?J

r EC FEKD: ?0J;H;1J k GIRCBQR N?GB ML @MRF REELRIPGE
NPGLAGN?J ?LBV?GRCEQR RRF?Q @C ?BBB RM RFC MBGH
NPGLAGN?J

r DOK7BF;¥9;DJ7=H7J; +- k M D GRCEQRZPLB MP MCB
C?AF W?P K?W LCB RM @C BGBGEBCPIP QK?JIJCP RGKC NCPGMBQ
G C KMRFWOS?RCRVCRA 102 BMCQ LMR R?AMKNMSLBGLE
GRM ?AMSIR

r EC FEKD:?D= F;H?E:k NCPGMBRRRFC CLEOMJFGAF BCEQR GQ
AMKNSRB

M ILLS?JW MLAC ? W?P

+ 3 GKNJC ?LB #MKNMSLB
JLRCEeQRz



r

r

M 3CKG?LLSA RIGR ? \W?P
M 1S?RCEV IMSP RGKCQCW
M- MIRFW RJCJIC RGKCQ ZR
M$?G¥ RGKCQ?W?P U?Q GL RFC N?QR @&D
AMKNSRCPQOE Z?BGY T?GJ?@JC RMERI?RF CQGCRP
RFC @?IGP

.7 L?D# 799EKDJI k ?AAMSIRQ ®RM UFGAMS BCNMREMLEYV

M #SPELRW QRGLEQ 2MSIRQ FEC ? TRV JM GIRCEQRMRC
M R?LB?B QTGLEQ 2MSIRQ KMLW K?PCR ?AMSIRQ ?LB
#$Q ACARGIARC Bl BCNMRZRC ? DU BGIEFELR RINCQIM
Q7TGLEQ 2MSIRQ URF BEBDELR GRCEQRIRCQ ?7LB
UGRFBPU?J EQRAGAMLQ
% k &CBCRJ $CNMAGEQSPLAC #MPNMRGMES?PLRCQ
Q?0RV @ @7LI BCNNRIGASEERW SN RM NCP BCNMQRMP
NCP @2LRQ D
ED:l k UFCL WMS NSRF?QC ? @MLB RFC @MLB GQQSCP GQ GL BC@R
RM RFC @MLB FMJBCP AMBNRFC @MLB FMJBTIEGR ML RFC
@MLB ?LBIP CNWQ RFC NPGLAGR(ZB M RFC FMJBCP

M 4FC @MLB FMJBCP GQ RFC JCLBCP ?LB B’RRM@IILB

GQQSCP KMIGFM GQ IWRFC BC@RMP

M 4FCE ?F K?LW RNCIM@MLBRZPQSW @MLBQ

AMPNMRC @MLBQ KSLGAGN?J @RBBQ C

M "MLBQ KW F7C ? (U8 MP TPG?@JRGRQRRC

M LRCEQR KW @C QGKNICNHENMSLB

M "MLBQ KW MP K& LMR @CJROML JGIB

M "MLBQ K3 MP K& LMR AZ R?V 7BLR?ECQ

M "MLBQ K @C UNP FGEPGQI
H:? J97H k QWQRCIOMIWKCIR RFR 2JJMQ QMKEILC RM
NSRF?QC EMMBQ MAGE® URF RFC IMKGQC RERFC KMI\E
UGJJ @CN?GB

DDK7B F;19;DJ7= 0?;B: 109 MP CIEARGT ?LLS?J WGCJB MP

CICARGTWGCJB MP WGCJIJBSRPR@ELR?EC \® UFGAF ? @2JCLA
GLAS?QCQ GL MLORQIGRW BBIFELR RF?L RFC DQGLA &
R?ICQ MKNMSLBGLE R ?AVMSIR

Z+ 3 GKNJC ?LB #MKNMSLBRCEQR



- KB;l
. ?CFB; ?0;H;1J  4FC ?KMSIR N0 (QRCEQR PLB GQ RFC Q?KC
NCRCLR?EC MRFC MBBEEJ NPGLAGRCRCPP

EC FEKD: ?DJ;H;1J  4FC ?KMSIR N RRCEBQRTPL®B GL CAF RGKC
NCPGMB GMKKSRB ML RFC SKSJRB® ?KMSLR @ KML®/ GL RFC
?AAMSIR R RFC @GH-GLEDVRAR RGKC NCPGMB

DOK7B +H9;DJ7= 4 ?;B: 4FC ?LLS?J NOKLR?EC WGCIB M

GICQRKCOR GOQVIKNSRB @V GLBGLE RFCJIJRGT AF?LEC MK RFC
GLRG?J @?)CIRAM RFC @?X2F1R RFC CLEEIMRFC Q?K YR

+ 3 GKNJC ?LB #MKNMSLBRCEQRZ



100K1.02: $Sangs Plans

"?D7D9; .7L?D#+7D: + 7CEK] DDK?7?;l
,K;IJ?EDI INF BEH

r ) UMSJB JGIRM K?C REESJ?P BCNRQ@&M ?L ?AMSIR R EESJ?P
GRCP?JQNIP ? LSK@CFDMWWPQ (MJ KSAF UGJJ ) FIC GL RFC
CLB

r ( MJKSAF BM ) LGB RM BCNNRJ® EESJ?P BCP?JQ BRM 2L
2AAMSIR GL BEP RM FE ? ACARR?GL 2KMSND KML®V

r B JGT RM @C ?@JC RFBRG ? ACRR?GL ?KMSX.GCRV WP
GLBGQELRON ?RCP )&RGP ( MU KSAF UMSJB ) LGB RM BCNNRIS
FCESJ?P BCP2JQ GL BIEP RM BM RF?

/ ;HCI

r .7 L?D#7DDKZQ?L ?A AMSIR GRM UFGAEESJI?2WV QARSJIB
BCNM@G TPK?BC

r +7CEKJ 7DIKZQ?L ?A AMSIR UBF KMLGV GIRGJFCE KMLGN GQ
UGRFBPUL PCESJ2CTCLRS?W CLBGLE SN CKMR

r AIMLC CV?KNJC M ?L CKNIWCPONMLQMB Q7GLEQ ?LLRE&
r %- ?D:1?:K7BH?HC;D J799EKD k WMS AL MNCL MLCIM
RFCQC ?LB KT EESJ?P BCNRQ@&M RFC AMSIR BIP BPPQ

M 4FCE ?F QICPJ RVYNCQIM2Q 4UM /?KNJCQ TP@CIM
IMSB R?JI RM BR?LAG?J NJ?LLCP ?@MIRRVNE MISIB @C
@CQRPWS @?@0L WISP UN@REB DSREPR?V @RICR

?LB RFCWRNC MJIGRQWC W$hJJ 28 LMJ ?LB GL RFC DSRSP

4P?BEGML?J)2 BCNMQBLM NW RTQ RCP
2MRF )2k N? W RTQ ML BCNNMRQG.M UGRFBPU R?V
DEC

Z+  3? TGLEQIPLQ



"EH 7D 7DBJ0 ,GIC AMMKNMSLB GRCBQR RFC ?KMBSIGL ?L ?LLEE
GL @GAF RGKC NCPGMBVBQSRB ML RFC ?KMSR M KML®V GL RFC
?LLS®V R RFC @GE.GLEIVRAR RGKC NCPGMB 4FC ?RMQCR R
RFC @GELGLEIMCAF NCPGMB KSQR @C Q8ERDEDIER BCNVRG
MP URFBPU?JQ QGLRFC NEFGMSQ RGKC NCPGMB @CE?L

@=<<EK
-PG<J F=
EEL@K@<J

+  3? TGLEQIPLQZ
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101K1.03: Installment Loans

"?D7D9; .7L?D#+7D: + 7CEK] DDK?7?;l
,K;IJ?EDI INF BEH

r ) UMSJB JGIRM K?C REESJ?P BCNRQ@&M ?L ?AMSIR R EESJ?P
GRCP?JQNIP ? LSK@CFDMWWPQ (MJ KSAF UGJJ ) FIC GL RFC
CLB

r ( MJKSAF BM ) LGB RM BCNNRJ® EESJ?P BCP?JQ BRM 2L
2AAMSIR GL BEP RM FE ? ACARR?GL 2KMSND KML®V

r B JGT RM @C ?@JC RFBRG ? ACRR?GL ?KMSX.GCRV WP
GLBGQELRON ?RCP )&RGP ( MU KSAF UMSJB ) LGB RM BCNNRIS
FCESJ?P BCP2JQ GL BIEP RM BM RF?

/ ;HCI

r .7 L?D#7DDKZQ?L ?A AMSIR GRM UFGAEESJI?2WV QARSJIB
BCNM@G TPK?BC

r +7CEKJ 7DIKZQ?L ?A AMSIR UBF KMLGV GIRGJFCE KMLGN GQ
UGRFBPUL PCESJ2CTCLRS?W CLBGLE SN CKMR

r AIMLC CV?KNJC M ?L CKNIWCPONMLQMB Q7GLEQ ?LLRE&
r %- ?D:1?:K7BH?HC;D J799EKD k WMS AL MNCL MLCIM
RFCQC ?LB KT EESJ?P BCNRQ@&M RFC AMSIR BIP BPPQ

M 4FCE ?F QICPJ RVYNCQIM2Q 4UM /?KNJCQ TP@CIM
IMSB R?JI RM BR?LAG?J NJ?LLCP ?@MIRRVNE MISIB @C
@CQRPWS @?@0L WISP UN@REB DSREPR?V @RICR

?LB RFCWRNC MJIGRQWC W$hJJ 28 LMJ ?LB GL RFC DSRSP

4P?BEGML?J)2 BCNMQBLM NW RTQ RCP
2MRF )2k N? W RTQ ML BCNNMRQG.M UGRFBPU R?V
DEC

Z+ ) LQR?IIKE ,M?LQ



"EH 7D 7DBJ0 ,GIC AMMKNMSLB GRCBQR RFC ?KMBSIGL ?L ?LLEE
GL @GAF RGKC NCPGMBVBQSRB ML RFC ?KMSR M KML®V GL RFC
?LLS®V R RFC @GE.GLEIVRAR RGKC NCPGMB 4FC ?RMQCR R
RFC @GELGLEIMCAF NCPGMB KSQR @C Q8ERDEDIER BCNVRG
MP URFBPU?JQ QGLRFC NEFGMSQ RGKC NCPGMB @CE?L

+ ) LOR?IIKR ,M?LQZ



102K1.04: Exeises

Exercises

. A?BBI
I DPGCLB JCLBQSW D MP ? W0CI UFGAF WS ?EEC RMENW
URF MLC RGKC GRCEBQR WJ KSAF UGJIME FTC RMENW

3SNNMQOM8 M@R?GL ? 4 LMRC URF ? ?LLS?JP?RC
N?GB OSRERVURF K?RSHRBE/ GL @PPQ (MJ KSAF GIRCEQR UGMW
C?PL

14 @GJJ GQVAR M@MLB REBQ QMBEB??BGEISIR MICP RFC
D?& T2JSC &MPVEKNIC QSNNMQESW@® ? UCCI 4 @GJJ R ?
D?& T?JSC D MP 4FGQ KeLQ RFR GL UXIQ RFC
EMCPLKCIR UGJJGE WIS RFC D2ARJSC CGPLGLE M5 7 F7R
?LLS?J GRCEQRMRC FTC WIS CPL®B

3SNNMQQWS ?E JMMIGLE RMA@S D?A C T?JSC  UCCI
4 @GID)WS W’LR RMZPL R JBQR 7?LLS?J GRCBQR UM GQ RFC
KMQRMS QFMSIBWHIP RFC @GJJ

9MS BCNMRG GL ?L ?A AMSIR CGPLGLE  GIRCEQR
AMKNMSLBB ?LLS?JW( MJ KSAF UGJIMS FAC GL RFC AWSIR GL
VE2PQ

( MJ KSAF UGJJ BCNMQE&® GL ?L ?AMSIR CPLGLE
GRCEQRMKNMSLBS8 ?LLS?JW @CMIRF GL \W?PQ

9MS BCNMRG GL ?L ?A AMSIR CPLGLE GIRCEQR

AMKNMSLB8 KMLRFW
? ( MJ KSAF UGJIMS FIC GL RFC AMSIR GL  VIZ?PQ
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@ ( MJKSAF GIRCEQR UGMSA2PL

9MS BCNMRG GL ?L ?A AMSIR CPLGLE GIRCEQR
AMKNMSLBB8 KMLRRW
? ( MJ KSAF UGJIMSE FAC GL RFCAMSIR GL  W?PQ
@ ( MJKSAF GIRCEQR UGMSN2PL

( MJ KSAF UMSJB MS L@CB RM BCNNRQ&EL ?L 2MSIR LNU GL
MBCP RM F€ GL RFC ?AAMSIR GL @?PQ !'QQSKC RFCAR4SIR
C?PLQ GLRCEQRMKNMSLB8 KMLRFW

( MJ KSAF UMSJB M5 L@B RM BCNNRQGL ?L ZMSIR LNJ
GL MBCP RM FEC GL RFC ?AAMSIR GL @PPQ !QQSKC RFC
?AMSIR CPLQ GLRCEeQR

9MS BCNMRG C ?AF KMLRF GRM ?L ?AMSIR GPLGLE
GRCEQRMKNMSLBB KMLRFW

?  ( MJKSAF UGJJMS F7C GL RFC RNSIR GL VZ?PQ

@ ( MJKSAF RMR?J KMMCUGJM®/NSR BM RFC ANSIR

A ( MJUKSAF RMR?JRCEQR UGMSACPL

9MS BCNMRG C ?AF W?P GRM ?L ?AMSIR GPLGLE
AMKNMSLBB ?LLS?JW

?  ( MJKSAF UGJIMS F7C GL RFC ANSIR GL \@PQ

@ ( MJKSAF RMR?J KMNCUGJM®/NSR BM RFC ANSIR

A ( MJUKSAF RMR?JRCEQR UGMSACPL

*MQC F?Q BCPKGIBFC LEBQ RM AT D MP ERGIKCLR
GL WC?PQ( GQ PMSIR CPLQ GLRCEQR

? (MU KSAF UMSJB MS LB RM BCNNRJEL RFCAMSIR CAF
KMLRF

@ ( MJKSAF RMR?J KMMCUGJM®/NSR BM RFC AMSIR

A ( MJUKSAF RMR?JRICEQR UGMINCPL
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9MS UGQF RMIE? GL W C?PQ RM @S D?1W LT QRGMM
QWQRCKMJ KSAF QFMSJBNE BCNMRGAF OS?RCP &M 2L 2AMSIR
NWGLE AMKNMSLBB OS?RCHV

9MS WLR RM @C ?@JC RHBBG C ?AF W?P DIP
W2?PQ BISP ?AMSIR CPLQ  GLRCEQR
? ( MJ KSAF BM WIS L@B GL WSP ?AMSIR R RFC @GH-GLE
@ ( MJKSAF RMR?J KMMCUGJIWMENSJIJI MSR RFC AMSIR
A ( MU KSAF MD RAR KML®V GQREIEQR

( MJ KSAF KMLCW UGJJ ) GB RM FEC R PRGIKCLR QM )A
UGRFBRU ?2W C?P DIP  WC?PQ DMK ?L ?AAMSIR CPLGLE
AMKNMSLB8 ?LLS?JW

?  ( MJKSAF BM WIS LCB GL WSP ?AVISIR R RFC @GE.GLE
@ ( MJKSAF RMR?J KMNCUGJM®/NSJJ MSR RFC 2MSIR
A ( MJKSAF MD RAR KML®V GQREIEQR

9MS F1C Q? TCB MP EREKCLR MSP ?AMSIR CPLQ
GL RCEQR WU KSAF UGJIME @C ?@JC RM NSIPKNSRMLRF GD
VWS U’LR RM @C ?@JC RMUEIFBPU?JQNDP  WC?PQ

MPCL ?2JE?BW ILMUQ RFR FC UGJJ ¥ UFCL FC
FORGR) [ FC Q&) SN ? NRISR ?LLS® BIP  WC?PQ GL 7L 2MSIR
NWGLE GIRCEQR RMKSAF AMSJB RFC ?LLSG NFTGBC T\F
KMLRF

9MS AL ?IMB ? NCP KML RF KMRE?EC NVKCIR M$T
MSLB? WC?P JM?LR GLRCEQR
2 ( MJ @GEDVP IM?LA WIS ?DMIB
@ ( MJUKSAF RMR?J KMNCUGJIM& NV RFC JM?MEN?LW
A ( MJUKSAF MD RAR KML®V GQRIIEQR

-?PGC AL ?DMB ? NCP KML RF AP NWKCIR 3F@ DISLB
? WC?P JM?LR GLRCEeQR
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? ( MJU CVNCLQGTD ? AP AL QFC VB
@ ( MJKSAF RMR?J KMMCUGJJ QFGANRFC JM?MKN?LW
A ( MJ KSAF MD RRR KMLGV GQREIEQR

IMS W’LR RM @85? A 7P 4FC AVMKN?LW GQDUPGLE ?
GL RCBQRMRC P KMLRFQ WC?PQ 7 F?R UGIJM&P KMRFW
N2WKCIRQ @C

9MS BGGBCAL?LE ? A ?PR A MKNMSLB8 KMLRFW
MP  WP?PQ 7F?R UGIIMEP KMRFW NWKCIRQ @G MJ KSAF
GRCEQR UGMSWYW NWICP RFC @G RFC JM?L

9MS W’LR RM @5? FMKC 9 MS NJ?L RMW? ?2Q ?
BMUL N?WKCIR ?LB R MSR? W?P JM?LNIP RFCIR)R
? ( MJ KSAF GQ RFC JM?L ?KNRIEMGLE RM @C
@ 7 F?R UGIMEP KMRFW NWKCIRQ @C GD RRCERR7RC GQ

A 7 F?R UGIMEP KMRFW NWKCIRQ @C GD RRCERR7RC GQ

,WLL @MS$R ? FMSQC N?WGLE BMUL ?LB
O5L?LAGLE RROJRR GL RCEQRMP \WC?PQ
?  &GLB FCP KNRFW NWKCIRQ
@ ( MUKSAF GIRCEQR UGJJ QF® NP RFC 03D RFC JM?L

%KGIC @QNFRE? AP DIP RFP CC W?PQ ?EM 4FC JM?L F?B
? WC?P RCPKR GLRCEQRRC (MJ KSAF BMCQ FC QRGIIML RFC
A?P

| DPGCLB @NFBE? FMSQC @YPQ ?EM R?IGLE MSR ?

KMFRE?ECR DMP WC?PQ (WU KSAF BMCQ QFC QRGGIML RFC
KMFRE?EC
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0?RBCNMRG GL RM ?L ?AMSIR CPLGLE AMKNMSLB8
KMLRFW( MJ JMLE UGR B?C RFC 2MSIR RM EB RM

+?W GQ TBELE  ? KML RF GRM ?L ?AMSIR GPLGLE
GRCEQR KW JMLE UGR B2C FCP RMTI?

*?KCQ F?Q GL AP CBR A BC@R UFGAF AECR
GRCEQR WU JMLE UGR 87C RM NV D RFC?AB GD FC KBQ RFC
KGLGKSK NWKCIR ™M ? KML RF

#FPGQ F?Q TQB D MP ERGEKCLR ?LB B GQ GL ?L
?AAMSIR CPLGLE GIRCEQRD QFC BREBPUQ ?KML RF FM
JMLE UGJJ RFC KMLI?QR

ED9;FJI
3SNNMQOME GICQR  ? KMLRF BIP W?PQ &RM ?L ?AMSIR
C?PLGLE = AMKNMSLB8 KMLRFW IDRCP WPPQ MS JEIC RFC
KMLCOW U®RFMSR K?IGLE ?BB&VL?J BCNMDGL RFCARKSIR BIP
?LMRFCP WPPQ (MJ KSAF UGJJMS FAC GL RFC CLB

3SNNMQQWS NSRIM K?IGLE GICQRKCRQNIP RFGSPQR CWPQ
?LB GLQRB K?BC BCNMRG ? KML RF DIP  WC?PQ &M 2L
?2AAMSIR CPLGLE  AMKNMSLBB8 KMLRFW( MJ KSAF UGJIMS F7C
GL RFC CLB

-Gl C NJ?LQ RM KeIMIRPG@SRGMLQ RERGETIER ?AMSIR
MP VC?PQ !BCP RFC J?QRRPG@SRGML FC URIURRBPUGLE

2 0S?P RCPNIP  W?PQ !QQSKGLE -GI ?AMSIR CPLQ
AMKNMSLBB OS?RCRVFMJ J?FEC KSQR FGQ OSCRV MIRPG@SRGMLQ
@C BSPGLE REEQR CAPQ GL BIBP RM AMKNJIGQF FGQ EM?J

+CLBP U?LRQ RM @C ?@JC RNl K&FBPU?JQ M
? V2P DIP WC?PQ RCPIRGPGLE GL CARQ (MJ KSAF UGJJ QFC
F?TC RM Q@ C?AF WZ?P SN SRGIRGIKCLR GD FCPAMSIR @PLQ
GRCEQR

Z+ %V CRGQCQ



9MS FAC RM GLTCQR ?LB ®.R B RM EB RM GL
RIM W?PQ 7F?R GRCEQRZRC WISJB MS LCB RMELB RM KT RFGQ
NMQQG@JC

9MS FAC RM GLTCQR ?LB 2LR B RM EB RM GL
RCL WPPQ 7F?R GRCEQRZRC WISJB MS LCB RMELB RM KB RFGQ
NMQQG@JC

9MS NJ?L RMT@? ? KML RF BIP RFC MR WC?PQ NOP
FORGEKCLR 7F?R GRCEBQR7RC WSJB M5 LEB RM FIC
?R BR@KCLR

IMS R2JW PLR RM @5? SGEA?P MP @SRA MLW

?MB  ? KML RF7 F?R GRCEBQRPRC WISJB MS LCB RMGELB RM
@C ?@JC RBMPORFC AP ?QQSKGLE RFC IM?IMBQ RML RFQ

+ %V CRAGQCD
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103M1.01: Inbduction

-)9616 *2-+;1=-:

"C 2@JC RMTISRC NMJCP DSIRGMIKMBCJIGLE
MPKSJ?Q RREST MSRNSRISCQ MNMRGML?J RM ?
AVMLQRRNMCP I RFC GLNSRST

"C ?@JC RRBIB RFC @C@RNMCP ?LB QAIC
N?PKCRCPQ GKNEI@U ? BR?QR

"C ?@JC RIBIB RFC @CERAICPQC DIREMLIMBR?

UGRF ? NMCPDSLARGMICBRGMLQFGN

"C 2@JC RM SQUKKML JME?REKQ RMMKNREQQ RFC
P?LEC b MLC MP @ MPRFGP@JCQ GLIRBMLQFGN QR RF?
2 KMFC GIPKRGTERNF 2L @C NWBSAB MD BR?

UGRF ? J7EC BVL?KGATREC

"C 2@JC RMGRRC QCKG JME ?LB JME JVEFEPH
B?R? RM RRCPKGLC UFCL QSARKFQ 7€ ?NNRINP&KE
2LB RMEB BR? RFR GQ GOCR®B GL QSAF ERFQ

"C 2@JC RMBCPKGLC URECP BR? PPG?@JCQGE?
7L CVNMLCRG?TBRGMLQFGME@PKGLGLE ? QCKG
JME?REKGA BRF ND RFC B? NMBQ

"C 2@JC RMBCPKGLC URECP BR? PPG?@JCQE?

NMJ CPDSLARGMICBRGMLQFGN@PKGLGLE ? JME JME
EPPNF ND RFC B? NMBQ

- ) LRRIBSRGME



Overview

3MKC QRSRGMLQ/GQR GL UFGAF ?JJ RFC GLNSR MP?J0ESRNER T
NM@R&T @SR RFERBEM @CCL RFC JECQR ?LB QK?JICRBTCQRFC
'PESD@: IBE>< GQURN JEC 4FGQ SQSVX?ICQREGKNMQQG@MPRM D
? RCESJ?P ERF RM QEMRFC BR?GJ® RFC QF?ND RFOBRGMLQFGN
%F>8l@K?DIFC ? QR?LBBP K?RFCKRGN RMMJ RFF?Q @C
BCTCIMNERM ?BERQQ RFGQ GQQSC

'P ?NFGLE Q@RI?FC SQSAM QSNNRI@ KMBCQ GL UFGAF MLC MP @MRF
MD RFC BQ 7@ ERNF®B URF JMETRIKGA QN?AGPRFCP RF?L RFC
SQS?J SLBPK QN?AGLESAF ERNFQ AL BGQNA?? KSAF UGBCPLEC
MD PJSCQ ?LB PPMIRCL SQGL ?NNJTRGML CPQ RAR NFIBSE BR?
UGRF ? JZEC BVL?KGATREC

"CA?SQC B RFC ®W @NMLCRG?J ?LB NKIP DSIRGMLQ K@ISQC M
CVNMLCRQ GL RFOM®PKS3J?Q ?NMRPGZ IMERFEGA PRFQ B BR?
URF QSAFRIRGMLQFGMNRKDQRBER JGLCQ UFGAE TERV CQW RM
PCAMELGX?LB SQCMP CQRARGML 4FGQ 2JQMKTECQW RMBBR
MSRJIGCPQ GL TSRGMLQFGNQ

)L ?BBERGML RM @CGLE ROSIARE?RL @C BGRW SQE GL
KMBCJGLE ,MEFREQ F7C QNGG?J MLLARGMLQ RMMRMRFCP
KMBCJGLE DRGBMLQ RFENGILCRG?J DRAML © FIC ?JE?BW
BGQAS@QPLB RFC NWVCP DSIRGML RENRCL ?PGQCQ ?QQIRDM
BGKCLQGMLZURGMLQFGNQ 4FGQ GEPSIIT @EC JMERRGMD 2L
CVNMLCRG?J DRAML GQ ?QRR JGLC ?LB ? NUP DSIRGML BERFQ
2Q ? QRBER JGLC GD RFC RWEZPE® @MRF RBCLB P T?JSCQ P
SQB8

'P ?NFQ 7€ MIRCL NWTGBE URF QCKG JMERPKGA ?LB JMERPRGA
QARJICQ RM R?PBI?LR?EC MRFCQCFRGMLQFGNQ UFGAE IR2QW
RM ®MELGX UFCL BR? F?Q ?L INMLCRG?J MP WBFDSLARGML
FCJRGMLQFGNRZBQFCR AL NAMBSE QSAF ERFQ SRMKRGAW

Z- ) LRMBSRGML



104M1.02: ®ver Models art
I

Setion 1: DimensionatlationshipsNthe &wver
modely = scale - 2P°"*"

OPMACQQCQ GL UFGAF REBBGMLQFGN GLNSR RM MSRNSR BCNCLBQ
ML TMJISKC ?€? MP BGQRELMRCL AL @C KMBCBC@V BIPKSJ?Q
GL UFGAF MSRNSRMNEQNSRB @V PGQGLE RFC GLNSR?@JC RM ?
N?RRGASJ?PNMLCR NMCPRFCL KSJRGWGLE RFCESIRAE? QAIGLE
D?RMPAFGQ BEGPQ DIK RFC CRIGCPVEMLCRG?MBKSJ? @eSQC
FCE RFC UNMLCR GQ ? NPMCRCP #RFCP RF?L @CGLE RFC GLNSR
T?PG?@IAWFGIOGQ SBRQ RFC @?QRIFCP RF?L RFENMLCR

)L ?BBEGML RMTGESTPRGMLQFGNQ QSAF ?Q RRVQIL @GX
?RC? ?LB TMISKC P ERIKCRPGA QF?NCQ GRDSLARGML KMBCJI@ ?P
SQCDSVIP K?IW RSRGMLQ URCRFC BMKCRW GIMICB GQ GLBEP
4FC PRC R UFGAF ?LGK?JQ SRIEDP ©?KNJC BCNCLBQ ML@GX
@?Q€ ML GRCPARGMLQ RBCCL UCGER UFGAF BRJQ PNGBY URF
QGX ?LB @P?RFGLE?RC UFGAF QUIQ BML PCQSJRGLE GUGIM
DSLRGMICBRGMLQFGNRAIEARGML?J MEPQ 4FCMLACLRPRGMLIM
? 0508 ?KMSLR W ? AFCK@A BGQQEBIGL (PRCP F?Q RFCABNRRJ
NMJCPDSLARGMLCBRGMLQFGNCRE RFC NMCP ©S?JQ kRM RFC
?KMSLR M LPRCPD RFC NMCP OS?JQ\@/ARW RFC NACP DSIRGML
GQ ? QRFER JGLC RISE RFC MPGE GD RFQUKM GQ/@RW RFC
NMUCP DSIRGML GQ ?2@RJ? UFMQCIRY GQRRFC MREE

4FC GFN<IN?PKCRCP KW F7C ?LW PJSC GLAJSBGIZAREGML?J ?LB
LCERGTLSK@CPQ NUCTCP VP DRRGML?J NI®PQQSAF 2Q RRT
IMP QOSCFMMRQMICP DSIRGMLQ®RICII BAELE MLW BIP PISCQ
MDORFR ?E ER?RCP RF?L MPE2?J RMCRM 4FCJ:8C<N?PKCRCPA
@C ?W PISC 2JRFMSER GQ SQSPNMRGT ? XCMM RJSC UGJJ Kel
2JJ MSRNSRISCQC®M ?LB ? LCERGT 2JSC UGIIGN 2J3J5CQ MSLB

0 MUCP -MBCJQM®R ) Z



RFQO?VGCQRFC ADAR N RFC QIC N?FKCRCP GQ RMMREIY QRRAF
MP QFPGLI RFCHEIP TCRGAW

) FN<I DF;<CJ :8E K8R D8EP J?8G<J ;<G<E;@E> FE K?< M8CL< F= K?< GFN<I

%V?KNJCCEMNMCPDMPKSJ? KMBCJQ

A @ NRBGRQ RFC QSRD?&? MD ? QRI @7?JJ
GL KK @?Q8 ML BQ K?QQ GI?EP

A @ NRBGRQ RFCAGER W ? ALR?IMSNC GL
NMSLBQ @KL BQ BG?IRTP GL GLAFCQ

A B @ NRBGRQBABJGRMPQ RIE® BGQ @EC
ML RFC N8ZP ! NMNSJRRGD RFC RIGQ

Z- 0 MUCP -MBCJQMR )



A @ NRBGRQ ? NJ?RR MP@BBGSQ GL KGJCQ
@?CEML RFC JCLERB BQ @P GL BRQ

4FC NMAQQMBRGLE ? NP KMBCJ RM ?RFTR GQ RFC Q?KCMB D
RFC MRFCP KMBOVIS BAC QRSBEINSR RFC BR? GRM ? IMRQFQAR
GL -MBCJQ VJQ RFCL SQUBMMDB RFC @ CER?PKCRCPQSR GL
RFGQ@AC WS UGJJ LMREE? NEQR UMRQFGIR RCKNRC GL UFGAF #
2JE?BW MLR?GLQ RFCARAELB Bl BIPKSJ? JQREB WIS UGJJ 0B RM
K?I C ? KMBCJGLEMFQFQIR WMSPQCJID MP KWEGONV D MLC IMRFC
MLCQMS SQEC?RIGCP GIMBCJQ VJQ 4FC BCQAPGNRGKIQ@SKIDQ
RFR WS UGJJ SQC RFC QRKC?PB AMJISKL LSK@CPQ ?Q QUBCJ VJQ
IMP RFC Q?KC IGLB MSPNMQCQ ?JRFMBS KW PPV RFCK ?Q JMLE
2Q WS BM QMAQGQRIL

0 MUCP -MBCJQMR ) Z
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[l

4M K?I C ? UMRQFAOR RMBRFGy — scale - £P°VeT DMPKSJ? RM
B?R? LC UGJJ KT RFCQC AF?LERIDM NSR ?NMWNPRZ J?@CJQT@M
MP @CQGBC RIRGEPACJIIQ RM FCOKEK@CP FM RFGV ?E @CGLE
SQB

r $CAGBC MICAJQ RM S®E BAF N?RPKCRCF7 C UGJJ SQC 'NIP
J:8C<?LB' D MPGFN<I

r OSR RFODJWGLE MPKSJ? BRM B8JJ # ?Q RFC KMBGIAXSJ?

# 6 #

r 4FGQ GQ RFOAVQRCN RF3Q BEDLR @RJCCL BADELR RINCQ
MD KMBCJ

r OSR RFOMPKSJ? GRMBJJ$ RMMKNSRC RFC2R?
- MBCJ BGRGML

r OSRRFOMPKSJ? 6 GRMBJJ% RMMKNSRC RFC QOSPP
BCTGRGML

r OSR RFQMPKSJ?.0(! ! GRM ( MP QMKC MRFCP SIESQC
ACJJ

r 4M NRIKMRC WKNR MLTCRECLAC GL RFC ZRBF NIMAQQ ®®RFC
GLRG?PTSCQMP RFESC<?LB GFN<IN?PKCRCPQ QM RIRFC
EPNF MD RFC KMBOVISEEJINV QGKGJ?P RM RRE EP RFC BR? QT
LMRC @TIM

. MU RFGQ KMBEDUMRQFQR GQ ? NEIFDSLARGML RCKRI? RFR
A?L @C S@ERM@ ? NMCP KMBCJ GL RFC Q?KEMUPPQ RFC ,GIEC
1S?BP?RGA MP %VNNREL) RCKRCRI?BB RFC B? QNI?B RFC
DMPKSJ?Q GL# $ 7LB % BML RM KRAF RFC B? K?IC ? ERNF

7LB ?BHSQR RFCMZTRCPQ RM K?IRFC KMBCJ QGKGJ?P RMARFC B?
RFCL SQC 3MP RMGDB RFC @C@RNPPKCRCPQWEBKGLGKGXGLE (
RFC QSK BIQOSEB BO'GRGMLQ

Z- 0 MJUCP-MBCJQ®%R))



"8<176)4 ) 101J;C7 J?9 MO JE I;,J 7TFFHEN?C7; ?D3?7B
L7BK;l <€EH FBM;H <KD9J?ED CE:;B F7HC;J;H |

G  30R RFGFN<IN?PKCRCP@S?J RMCRM RFGQ UGJJ
K?l C RFC KMBCJR! ? FMRER?J JGLBP J:8C<

GG  3CR RFQ:8C<N?PKCRCP@S?J RM ?@MSR RFC
KGBBJCIMRFC?PEC ND MSRNSRISCQ RFCZERE ND
RFC KMBCJ UGJULWPQQ RWSE RFC BR? UBF
QMKC BR? NMEQ ?@W® & ?LB QMKC @OJR

GGG )D RFC B? GQ GCARGLE 1QGLAE?QCQ BRFC
GFN<IN?PKCRCP RM MREGBC @& RM

GT 2CNCR RFC QSCLE @CIMSLRGJ RFC?EP ND
RFC KMBCJ GESEIV QGKGJ?P RM RNE EP RFC
BR?

?  )D RFC B GQ KRIRSFCB RF?L RFC KMBCJ
BMS@JC REEN<IN?PKCRCP GD JCQUBSP
F2JC &

@ )DRFC B GQ 2JJ QSERUREIQK?JICP RF?L
RFC KMBCJ G C AJMQCP RIMRFQBWYIS@JC
RFCJ:8CN?PKCRCP GD RFRBGQ 2JJ
QS@QRRGWUECP RF?L RFC KMBCJTE?J
RFCJ:8C<N?PKCRCP

T /LA CRFC KMBCJ GSEI QGKGJ?P RM FEL B?
SQC 3MCP QRRBLE BE RFCQC RRERCP GRGLEQ

0 MJUCP - MBCJQW%R)) Z




@)584- %<E>K?

85 . J< K?< ;8K8J<K FE K?< |@>?K KF =@E; 8 @IKBE:< [
DF;<C ¥IDLC8 ¥ K?< C<E>K? F= 8 GC8E<KZ )C8E<K D@c:c:@JF’):Qgl
P<8l @E :8PJ 98J<; FE @KJ 8M<t@JK8E:< F=D@C<J.gp

=IFD K?< JLE @E D@C<J
495 . J< K?8K DF;<C KF =@E; P<8I| C<EbK? = CRASRV

K?< ;N8I= GC8E<K <iJ N?FJ< 8M&>< 150
:@JK8E:< ED K?< JLE@J D@CC@FE D@CEY

.E BK?ED 7FFH79> %?IRF

;7<-?1 C ? NMICPJ?U QNE?BQFCR ?Q
BCQAP@R@@NC RFCL NSR RFC BG@RRY ~7PQ
GRM MJSKL ! ?LB RFC WPPJCLERF BR? ®RM  .qngep
AMJISKL " BMINRMNV RFC L?KC@FCL SQC
3MICP RM RIRFC @ C@RKMBCJ

:@ /LA C RFC KMBCJ F?Qa@®/SLB R/NC
RFC #CBQ BGQREIMD  KGJIGML KGIQRMSL
AMJISKL ! GL RFC MR RU @CIVRFC BR?

GC ! 4FC KMBC@\@?PJCLERF NEBGRGML
IMP #CEQ UGJJ @C GL #
DIM;HI ;?< 4FC @CQRRIXMBCJ GQ

y = 0.410 - 2!°0 :@4rcnescre
VC2P DIP #CEQ GQ 7 Ol

"MRF RFC QOS?PMMR DSRGME O ?LB RFC QOS2FDSLRGME

O ?RC NMCP DSIRGMLQ &MP REMEJISCQ D RFQV 28 2JQM
GICPQC DRGEMLQ QGRAC QOSPVMRDMIRFC QOE?RD ? LSK@CP
FCNRIBSEQ RFC MBGE] LSK@CPLB AMLTCPQR®J 4FGQ M¥SPQ
@®B?SQC RFC LSK@CPQ@LB ?P C RAGN®2JQ Bl CAF MRFCEFGQ GQ
RPSC GL ECRARFC GICPQCIV? NMCP DSIRGML GQ BEGIR NMCP
DSLRGML GL UFGAF RRCNKUCP GQ RFCABN®2J ND RFC MRSEE]
MLC

Z- 0 MJCP-MBCJQMR))



@)584-
B5 . J<K?<;8K8 FID O8DGC< KF=@E;8
>FF; DF;<C ¥l LI@E> K?< C<E>K? F= 8 GC8E<KJ
P<8l KF Gf;@:K @KJ 8%<I;@JIK8E:<ED K?<

JLE
495 . J< K?8K DF;<C KF =@E; K?<88M<I
J@JIK8E:< ED K?< JLE F= K?< 8JFK@; IFJ

N?FJ<P<8l @) ;8PJ CFE> HEK? @iKeE:<
.E BKI?ED 7FFE79> JCBE<K ,_o/  D@CC@FEJ
:2<-?1 C? NMCPJ?U QNP?BQFCR ?Q gpy F-Db@C<I
BCQAP@EI@®NWC @SR RFGQ RGKC NSR RFC
BGQR?CABR? &M MJISKL " ?LB RFC @P - CRASRV

JCLERF B®? GRM MJISKL ! 4FCL SQC 3MCP 6CLSO
RM ER RFC @CQ@RKMBCJ

:@ /LA C RFC KMBCJ F?QGBMSLB ?BB  9?RF
RFC %RQ GPP JCLERAM B? WQ GM
AVIJSKL!GLRFCIMRRU GC ! 4FC -?PQ
KMBCJIp NEBGRGMIMP %R TCPEC SSNECP
BGQR?CARM RFC QSL UGJJ @C GL #
3FMJ ILQU CP

;?7< 4FC @CQRIXMBCJ GQ
y = 1.80 -z

: @ 4FC NEBGR® 7TCPEC BGQRTLMP
%MQ GQ C?BB?ED C?B;|

- 0 MUCP-MBCJQ®R))Z



106M1.04: Why W/kse
Loaarithms

Setion 2: CompEsing the ang of alues by
using logrithms

2L W RNCQIMKCQSBKCLRQ MICP ?L ¥REKCW UGBC?EEC N
T?2JSCQ L ®2?KNJC GQ RFC GMZBJCQ® GL @FRFOS?CQ | RFCE GQ
?  @GJIGML RGKCE@EGDXC @RJCCL RFC CLEW M RFC QK?JICQR
C?FRFOS?C RFR ? QCGQKMIEP 2L KC?QSE ?LB RFC JEEQR MLCQ
RFR MASP)L AFCKGQRAMLACLRPRGML® WBRWW GMLA T?PV @
KMFC RF?L  RPGJJGML RGKRI@AGIRALE 2J17JGQ ?LBIPEP?AGBQ

4FSQ RFC Q?KC B?QR KGER MLR?GL RFECCFRGIW @GRJSC

RFC RCPKBGRC MLC  ?LB RFC @JRGIW QK?JJ

MLC ) L ? FCESJ?P ERF ND QSAF ? BR?QR RFCPGQ LM TS
RFR UGJJ QFRFC BR? WCJJICBFCP RFC @GEECQR LSK@CP UGJJ @C D?P
MD RFC QIC R RFC RMN MP RFC KGBBJC LSHF@RF GQ JCQQ RF?L
? KGJIJGRE N RFC @GE LSK@Q@BJJ @CR?RFC @RMK ?LB
GLBGQRGLESGQAV® REORK?JICQR LSK@TR RFMSE®R GQ KKIP
RF?L RCL KGJIJGML RGKCQ @GEECP

4FC LSK@CPQ ?@MARL @C ENEQQE?Q e e 7LB

e ? QR WC ARJJB QAGRGEA LMRBML ESQC G GQ SR@V
QAGRGQRQ UFMRGL LCB RM BZ) UGF TRV JEEC MP GRV QK?JJ
LSK@CPQ 4FC GBEDS87I; BE=7H3>Cl ?2JQM 23J8 pAMKKMLg
IJME?REKQ A?PPGCQ RFG® EERFCP \@ SQGLE AGK?J DARGMLQ GL
RFC ¥NMLCRQ QM RFRFC RE?J LSK@CP GQ LMBAC3GLAE

UC QW R GQ RFC JMEARG MD

3GKGJIWRFC JMERFE MD  GQ ?@MSR  7LB

RFR D GQ ?@MSR k  ?JJ LSK@CPQROCGCL ?LB F? TC
LCERGT JME?REKQ 3M UFCL SQGLE JMEFK® RFC MBGEJREC
DRIK RM @CAMKCQ ? MKNREQQEPLEC DK

Z- 7 FW7C5QC ,ME?REKQ



RM k /L RFGQ QAJC RFC BCPKBGRC 7JSC RFC
JME?REK D A?L @C @Q®) BGQRGLESGDME @MRFIMRFC
MRFCP?ISCQ

4FGQ GQUFMSP QCLQOMCPGLE MRQ ! UFGQNCP GQ ? @GJIGML RGKCQ
JCQQ RCLQC GL RMR?JEW.GRM MSP?BQRF?L ? MAI AVLACRR ).
MBCP RM F?LBJC RPGEPN GLNSR MSP QCLQIGQRAICB QM RIR?
MSP N@EGIB FCQNMLQC RM ? QRGKSJISQMHGRRIBE NMNMRGML?J
RM RFC JMERGM BQ RCL@W 4FC SQC B JMEFRKGA QACQ GL
K? RFCKRGAQ ?LBARCMIME GQ ?AW I SQGLE RFGQ Q?KRGR?RM
BC?J UBF ?IW PLEC N LSKCPGBA PJSCQ UFCPRFC TRGMIMRFC
J?ECQR RM RFC QK?REQRESD@: BE>< GQ JEE

4FC @?QCIVM? IMETHFK BMCQ LMRTE?RM @C ?JRFMSEMLW
@?QC  MP AMKKMLg JME?REKQ ?8 SQB GL RFG®I$PQC ?LB GL
KMQR ?NNI&SML CPQ 4FC LML @?QCQMP RB&GML?J IMRERGA
QARICQ T RVNGAW RFMQC RFR?IC RFC GQSIJRQRGL MLTCLGOR
LSK@CPQCE @WCCL ?LB D MP @FRRFOSCQ @OUCCL ?7LB
IMP QR?P @RGEQQ @?QC Bl GQ SBGL KSQGA &SQC LMRCQREG
? DPOSCLAV PRGMM ?FC F?PKMLGMSQ

IN7C FB;l E< BEAH3>C?9 C;7IKH ;C;D J197B;l

r  2GARCP QAC BIP GFRFOS?CQIC?AF GLARQC
MLC JTCI K@LQ RGKCQ KMPCLCBW

r N DMP ?AGBBJII?JGLBVIC?AF GLARQC B GL
N(KC ?LQ RGKCQ KMPR/BRWW GMLQ

r " PGERLCQWR?PQIGF GLARQC B GL QRCJJ?P
K?ELAGRSBC KCLQ ? QR?P GQ  RGKCQ BGKKCP

r  3MSLBIML RFC BESG@CXPQ® CAF @CJ
BOAAG@CBQ?LQ RFC QMSLB GQ RGKCQ KMP
GRCLQC

r  -SQGA MRTCQIC?AF MLC MR7C GLARQC GL

7 FW7C5QC ME?REKQZ



KSQGAI NRAF KGLQ RFR TG@FGMLAFSCLAV
BMS@JCQ

*FJ?ED7B 7:2J?ED7B ?BHC7J?ED 78EK BEZH3I>C 871 IL W
NMQT LSK@CP VBCNR AL @C S@C?Q ? JMETRKGA @?QC
FCQSJRGLE GL JRERRGRFR BELP DWK pAMKKMLG @7?QC
JME?REKQ @ ? PRGMOS?J RM RFBIKKML JME?REK MD RFC @?QC
AFMQCL "?2QQ@GLWq JMERFEQ RGKCQ J?RECP RF?LMKKML
JME?RBKQ ?FC SQB K?GLW GLMKNSRCPCJR® [ECJBQ PRSPIq
JME?REKQ  RGKCQ J?BCP RF?LMKKML JME?REKQ?FC SQB GL
A?JASISQ ?LB @BQUL RFC QNG?J LSK@CPRJIAB < ?NNRVGKRON

. 2RSPJ IMEAREKQ 78 QWK@MESXQ p,.q ML R2JASRMPQ
2LB A2JASRB URF RFC ,. DSLRGML GL QMROFCRQ /L A2JASRMPQ
RFC /' | OW MKNSRCQ @?QGME?PRFKQ @SR QRBQFCRQ SQC
RFC[ DSLA RGMMP RFRNSPNMQC ?LB SQC RESLA RGML ML
UFCL RFC SQCP GQA\GEGLE UFGAF @?QC RM SQC 4FSTRKORORP
MPKSJ? p/ q C T?JSRCQ RM 4FGQ ABIERFC @?QC
QNE?BQFCR /' DSLA RGML GQ SQG®PSARUPGLE OSCQRGMLQ QSAF 2Q
p(MJ K?L W \&?PQ WISIBRGRZC P ?L GICQRKCR R ? EP MURF
PPRC RM BMS@3GLE K?RFCKRGAW RFGQ GQ RFC Q?KC OSCQRGML ?Q
p7 F?R PJSC BOUGJJKZL ~ OCOS?JRM @RFC ?LQOP  WC?PQ
GQMKNSRB @V RFOVIPKSJ? p /' q <

Z- 7 FW7C5QC ,ME?REKQ



107M1.05: Finding
Loaarithms

ME?PRFKQ ?€8 SQCDSJ UFCL RFC?RSEKCLRQ GL ? B?QR F7C
? UGBC REC ND PJSCQ ?JJ@RCP RF?LCRI MQRIT T2JSCQ P
LOCB(B @B?SQCEDB FEIJ2; DKC8;HI >7 L; BEE7TH3>Cl QGLA LM
COVNMLCR N CVGQRQ REBTQ ? LCERGT MP G EQSJR GC B ?
LCERGIT?JSC GL RFC ,QNP C?BQFCR DSLRGML MPRIRFC/,
| OV ML ? 2AJASRMRIGJIET 2L CPRP KCQQ?EC

4FC JME?REK T?JSCQ RFCKQCQ AL @C &M GL UFGAR@C RFC
MPGH ?J SC GQVORW MP LCRBIT GL UFGAP?@AC RFC MBGE)
T?2JSC GQ JCQQ RE?E  GQ RFC JMEARG\D

@)584- Fl <8:? F= K?< M8CL<J C@JK<; 9<IBFN
I <8JFE@E> KF 8EJN<I K?<J< KNF HL<JK@FEJ 4@5 F<J K?«
M8CL< ?8M< 8 CF>8I@K2BKxI K?8E 4@@5 F<J K?< M8CLY
?8M< 8 CF>81@K?D K?8K @J 8 N?FC< ELD9<I

85 495 45 45 &5V
45 45
3MJSRGML ?NINRF

4FC UFMJC LSK@CP NI@PQIM ?PC M@GMSQ
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KC?QSEQ FM U CJJ ? NRGASJI?P KMBRRIRFC B? LT 2 UMPGLE
UGRF

| 8E;C@E> 3R ;8K8 GF@ERR QMKRGKCQ F?NNCLQ RRP?QK?JJ
QS@®Cd RFC NMRR. GL ? B? QR BCGRC QS@QRGRYJDWK RFC
MICPJJ NRRCPL 4FCQG®ISRIGCPq RREMHIRGKCQUMATON GKNIRRIR
GLEPKRGML @SR MRFCP RGKO® POERI@?B KBQSEKCLRQ L)
CEBFCPZQC RSGQ SQSPE CQR RAUISBC RFCKR RFC KMBCJERGLE
NAVMACQQ ?LBANMR RFCK QCNRRON 7 C UGJJ BGQASQRIMBM RFGQ
UGRFMSR JMQGLE REGGOMAD RFCSRMKR®B DERGLE ?NMPAF

: @K@FESC KPG<J F= DFRCHEMBCJ BRGLE NRCQQ RRALC F7TC

2JE?BW ?NNJBEBM JGXEOS?BPRGA ?LBVBIMLCRG?MBKSJ?Q7%A

Z, /T CHGO



@C SEURF ?IW RINC B KMBCJIGLEIRKSJ? 1JJ RRPGQ BB MP
? LOU RWNC M KMBCIMPKSJ? GQ RNRCP RFC GL # GL GBRFCR
MPKR UBF RFC NR® RRPWMS UGQF R® RPQ NZRCRCPQMGIEQQE
2Q ?@QMJISRCIELACQ RMMISKL ' A CJIJQL)RFGQ RMNGAUGJIJI QC
FMJ RM OSGMWJ?B?NR ? KMBCJGLEZBEFFCR RMB K?LW BEIELR
MPKSJ?Q MP RMINGBC KMBCJ CLFZKCLRQ QSAF ?Q ? LMCH
@?QCJIGMPDL NMLCRG?J KMBAJJRCP RMNGAQUGIMRCLB MSP
JGOR M®?QGA KMBEK3J?Q ?LB BGQASQORACQCMK@GIRGMLOM
RFCQC @?QGA KMETJ@® SECRM K?IC NEBGRGT MPKSJ?QVP ?
T?PGRV D B2IGQRGZSBGMLQ
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112.1.02: s8on 1

Section 1: Choosing a numeaticndicator of how
well a model fits a dataset

)L 2L C?RIGCP RMNGAMKNSRB ? LSKCPG GLBEGRMPIMRFC LMGQC M
? KC?QSEKCLR NFIAQQ RFC QR?IEBBETGRGML BSLB RFCTERPEC
KC?QSBKCLR P L F?B ? QGKGJ?P GEBEANRFC QARCP MRFC B
?MVSLB ? KMBCJ O AMSJB SQ® ®M ESGBC MSHAEAMP RFC @CQR
Q® b KMBCJ N?RCRCPQ @I @RRCPUC KGER @C ?@JC RR EC
AMKNSRCP NEERPK RM FCIN GL RFCRBE QGIAAMKNSRCPQGEMMB
2R IMIGLE UBF LSK@CPQ /SP MBGE) KRFMB DI HSEEE ? KMBCJ
TGQSWMKN?PGLE RFCRE??LB KMBCJ ERFQ GQQWNP NEINJC @SR
@WWMLB RFC ASCER AN?@ REC@MIKNSRCPQ

7 FGJC QMRCP GLBEMPQDVRFGQ IGLB ARQU EOPEB RM ?Q
KC?QSPGLEMMBLCQ® MRql CCN GL KGLB RERFE ?E QFMGLE
RFC ?KMSR W BTGRGML QM QK?JJCP RRGRRECQC @P?/RS?W
@7?BLCQQUER GLBEAMPQ C UGJEBDB RFC @CQR KMBCIBESQRGLE
RFC N7ACCRCPQ RM K?RFC GLEBAP ?Q AJIMQGIRMI?2Q NMQQG@JC

7 C U?LR RM KGLGKG&MRF NRGG?LB LCERGTBAGRGMLQ QGLA
FCEE UC RFC ?@MSR BM\JIMQC RFCR®?GQ RM RFC KMBCJ @SR LMR
UFCRFCPRIGQ HEP MP UMP)L RFGQRERGML RFC KMQRBERGT
U?W RM IR NMRGT ?LB LCERGT BOGRGMLQ RFC Q?KC GBLBM
C?AF BOGRGML G C KSJIRGBI@ RQCJIJD ?MEQQ RR?NRIBSEQ
NM@ET EQSIRGIM @MRF NREJELB LCERGT LSK@CPQ? C UGJJ
RFCL KGLGKGRMKC GLEBMP @ BXBL RFCQC QOSPBCTGRGMLQ

)L QNE?BQFCRQ RRP?PR.EGB QGKGJIAPRM MBCJQ VJQ GLNSR B?
GL MJSKL ! MSRNSR B? GLMJSKL " KMBCJ NEBBGRGML GMJSKL
# 7LB B?R? KMBCJ BOIGRGML GMJSKL $ R GQ RBPJ RM NSR RFCQC
QOS7B BOGRGMLQ GUISKL % 4FGQIA@C BMLCV@NSRGLE RFC
IMPKSJ? p$=q GLRM 8JJ % RFCL QYBGLE RR?BIPKSJ? BUL ?JJ
RFC BR? RUQ

Z, 3CARGML
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CR ARCP IMP CGAF BR? RU

What number will be udeo represent the
squaed-deviation &lues?

)D C ?” EMGLE RM K?IBAGQGMLQ ?@MSKCREP GRGLEQ\@
JMMIGLER? ? LSKCPGA EMMBLCQQIMR GLB@MPRFR GLB@MP

KSQR @C ? QBLESK@CP QM WL BCAGBC UFGAFRGLEQCRERCP

@V AFMMQGLE RFMQR B&? RFC IMCQR GLBBMP 70SC 7F?R
GLBGRMP QFMSJB @BRM QSKK?PGXRFGQMASKL ND QOSeB
BCTGRGMLQ /LC M@MSQ NMQ@B @RS RSPLQ MSR RM @C RFC KMQR
ECLCPRIW SQCDSJ GQIRFQD RFC QOSBFBCTGRGMLQ 4FGQ &C
AMKNSRB @V ?NNUGLE RFC QNFQFCR 35- DSLARGML RMJSKL %

2Q @ NSRGLE RFRIEKSJ? p35- % % q GLRM QMKC CKNREJJ QSAF

2Q (

IL 2JRCPLRGT GLBGRMP RRTGQ SQCDSJ Gl QBSRGMLQ GQ QBKNJ
RFC JECQR QOSBPBOGRGMLUFGAF WKCQ MK RFC JETQR
BCTGRGML URECP NMREI MP LCERGT 4FGQ 2L @C MKNSRB URF
RFC QNPBQFCR -! 8 DSLRGML SQGLE REEKBJI? p-! 8% % q
GL RFGRQCT /RFCP GLBBMPQ CROMKRGKCQUAQRPE® RFR R7C
GRM ?AVISIR RFCAMLMKGAMQR GL ? RTPASI?RYBGMLIMBGERCLR
BCTGRGML Q@GX?LBVIP BGEARGMLQSR RFC QSKIMRFC QOSBP
BCTGRGMLQ G P RFC KMOKKMLINV SQE GLBGRMPMP GRGLE
KMBCJQ RM M2 2LB L€ UGJJ SQR GL RFGRQSRQCVABCNR UFGP
2LMRFCP GLBRMP GQ QEEBRIW ?QIB IMP

Z, 3CARGML



Example 2: Impve the a&rlier population model
by using the sum-of-sqedudeviations indgtor.

4FC O/NMLCRG?J KMBCJ RRERCP GRGLE® 2B |
RFR WCK MSLB CRIGCREDRFC B NERV (CJJ @SR WISPQC MRFCP
LC?P@& QRRGLE@NRFC N?RCRCPQ QSAF ?QSJB AF?LEC RFC?EP
QM BRIC G MSJB LMR ROW JBIMIGLE URECP MLODMRFCQC KMBCJQ
GQ QFEW @BCP RF?L RFC MRFSR RFC LSKCPBARSK NDQOS?PB
BCTGRGMLQIASRGML GL ( NIFGBCQ 7AW RM AFMMQC ?KMLEP@
KMBCJ RGLEQ RNREEG-CARV @CQR D

:2< (CRC GQ RFOMMBQFAR EQSJRNIPRFC GRG?J KMBCJ UFGABU
AFMQCLV@QRBRGLE RFGHEQR NRERCP MRFC KMBCJ RM RFC BR?
T?2JSCRO  RFCL ?BHSQRGLE RAIREFPRC SRGJ RF?EPQ (TR
AIMQC

3CARGMLZ
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&SRFCP QK?JJ ?BHSQRKCIRM ' KGER PBSAC RFC QR?LE?P
BCTGRGML DBRCRASRRAMSJIB @CRV REGMSQ RWRBJ RFCRRGLEQ
LOCB@ RMELB RFOCRV @CQR [TQMG AW QGCAIC UMSJB LGB RM
OVNIMPT?IJSCQMP RFC EBRF PRC GL ' ?Q CJJ 'BBRGMLWQGLA
? AF?LEC GL MLODMRFC N?RCRCPQ UGJJ AF?LEC REBBRCED RFC
MRFCP NZRCRCPQGCPJ RISLBQ Bl 2BHSQRKTILMSJIB @C 0B®B
4FGQ NPCQQ MSJB @CTCL KMRC BGBASIRIP KMBCJQ RFEAC
RFEC MP KMPN?PKCRCPQ

" SR REGMSQ R?QIQ BFR MKNSRCPQ BM @C®RR QSHBQFCRQ
F?TC ? @SGJR GISRGLC RFYGJII QWQRGHV ?BHSQR NQERCPQ
RM ? GQSJRMS ?QI BIP GL RFGED@ RFC KGLGKSKJISC P RFC
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EMMBLCQMMR GLBEAMP 7 C UGJJ SQC QSAF ? @SGMSRGLE
3MICP?Q ? W RMSRMKRC RFC KMBOBRGLE NZCQQ
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113.1.03;: 880N 2

Section 2: Wing Solver in thedbl menu to find
the best-fit paameters for a model

4FC p3MICPq ?BB GL?A @C S@CURF ?L ?NNRNPEDY MPKTRB
QNE?BQFCR RM RCJJ RAEMSRCP RM BSRYMKRGAW UFR WS BGB
@V F?LB GL RFC?RIGCP KMBGBRGLE \CRGQCQ k ?BHSQR RFC
N?PKCRCPQ RGJ RFC KMBCJ GQ ? EMRIRR@GE 3MCP SQCQ RFC
LSKCPGAl TJSC RFC QSKMOS?EB BCTGRGMLQ GIRHP
AMKNSRB GL £JJ ( GL RFC\®?KNJC QNPBQFCR RM B&GBC ML RFC
@CQR NRERCPQ

7 FCL WIS SQC 3WOP BIP KMBCJGLEMSVUGJJI RGN ? KMBCJGLE
UMRQFQR @?/ARW ?Q RFCEIIBMSQ/EKNIC RFCL SQC BOR RM RCJJ
RFC MKNSRCP RM KGLEKBRC @JJ MLR?GLGLE RFC EMMBLDQQ M
OR GLB@AVP\@?BHSQRGLE REGQMIR?GLGLE RFCAIHTRCPQ 4FC
QNMRJ?FC RFCL QWQRREAW QEAFCQNP RFC NPRCRCP GRGLEQ
RFR EQSJR GL RFC QK?JICQR BRZIBRGML

4FC 3MICP RISRGLC BMCQ LMRJIRMMWRFGLE ?@MSR KMBCJGLE |
® QGKWIAF?LECQ RFC LSK@CPQ GLCREQMS GBRGD' ?LB
' GL RFGQ 2QC Q@RFGLENIP TJSCQ RRMNFIBSAE RFC EQSIRVE
2QI MP KGLGKGRBMGL RFC RE®R £JJ RRPWS GBRGD ( 4FGQ
NAMABSK BLBQ RFC @CQR KMBRS@ICM RFC ®W RFC MRQFQCR
GQ ®CSN URF RFC QSCLAE ND MLLARGMLQ URTRFC NZRCRCPQ
GL MJSKL ' ?PC SQB GL RFC KMBQURKXSJ?Q GIMASKL # UFGAF
BGRCPKGLC RFCRBKMBCJ BUGRGMLQ GUJISKL $ ?LB RFSQ RFC
QOS7B BOTGRGMLQ GLISKL % UFGAFEPBBG RMNIPK RFC QSKIM
QOS7EB BO'GRGMLQ GLRMP

3GLE 3MICP UGJJ BSIR RM RFC J7RQBCQ SBCMLA WIS QRRP
SQGLERGMS UGJIRCL GLB RFR RFC GRGLEQCRJIE?BW MPEAR QM
RFR WS 2L HSQR GOQ p3hti RM BECRFC @ CERKMBCJ N?RCRCPQ
IMP RFC ASRR QR W BR? P RFCMKNSRCP BMCQ LGIFB? QMJISRGML

3C ARGML Z



UFCL DBRGLE ? KMBCJ RFGQ SQEZIQ RFR WS BIEMR RM R)C
RFC p-Gtf MNRGML QNRRRRC MEPK GQ GLOBRW/GLE REBLB ?
K?VGKSK 7L GKNMQQG@JC R?QI GRRE@RBQC RFCRGQ LM JBKG
RM FM D?P B?W RFC KMBCILAEGR DMK RFC BR?

5QS?W 3MTP UGJGEB ? MPEAR QMISRGEEMBICQUMRFC RGERJ
T?JSCQ MRFC N?RCRCPQ NUCTCP ® UGJJ @C KMBCNCLB?@JC GD
WIS QRRPUBF RFC N?RCRCPQ FBLE TISCQ RR?NSR RFC KMBCJ
EPPNF GL RFC Q?KC ECRTEESML ?Q RFCRZPNMBR /RFOBGQC RFC
IMPKSJ? K F7C ? 2JSC QM EBMP QK?JJ RFRFCMKNSRCP?ALMR
F?LBJC S MPEARW)L ?LW AQC REGQ GKIRAR RM JMMR RFC BERF
MD RFGER® T?JSCQ RM KRIQSE 3MICP WIMIPCB AMPEARWI?IRCP RFC
AMKNSRCP BMCQ RFEGRISQ NRFRR WSP RSPL RM BM RFC RFGLIGLE
RFR GQ BB

Example 3:4¢ Solver to find the formula of the
best-fit exponential model for the worlethe
modified in Example 1 to include a sum-of-gquar
deviations &lue.

3CJEBR RFC@JJ MLR?GLGLE RFC QSIQ@S?PB BCTGRGMLQJBC
ACJJ (

3CJER 3MICP DWK RFC MMJQ KCLS GIB® LMR RECRIR

IBB) LQ ?LB ?BBR 4FC BG?JME @WQFMSJB QFRFC QCARG
ACJICE p(q GL RFC RLFER #CJJ @RGMIR?RFC RME MR
CLRCFRG

#FMMQC RFC p-GIMP -GLGKSKMNRGML GL RAMQB JGLC
QGLAUC U?LR 3MICP RMEDB RFC QK?JICQR NMQRIS@NDE RFC
GLBGRMP GL (

%LRCP p 'q GL RM RFC W #F?LESLE #CJIQARGML ML RFC
MSRF JGLC 4FGQ RCJIGPIRN ?BHSQR REIQRREL ?/C
SQGLE ?Q KMBCJN@ERCPQ UFCR GQ\RBLE RM KGLGKGX
OPCQQ RFC p3&J@IRVL R RMN FRBE

Z, 3C ARGML



?<:B K?< >18G? MP RFC LSK@CPQMEISKLQ " ?LB # RM @IGD
RFC KMBCJ LMGQ AJIMQC RM RRZ BBF QMKC ML?&F QGBO B
GQ LMRVI®/FAC K?BC ? KGQRRI?LB KSQRENCGR RFC NFCQQ
AVPEARW

)D RFC ERF GQ 28NR?@JCAQRY p+q RM #CNR RFC QMJISRGML
RFR GQIBLB 4FC N?PKCRCPQLB RFSQ RFC MBCJ?ISCQ GL
RFC MJSKL # ?FC LMJ Q@R RM RFC @CGRRPISCQ RM CRV FGE
2AASPAN

3FMU ILQU CP

4FC @CQRED WNMLCRG?J KMBCMAKSJ? WP RFGQ RB? GQ
y=3.11- (1_0289)"" UGRF RFC N?RCRCPQMSLBB MD RM
BGERQ RM IRAF RFC B? 4FC QSK ND QOSEB BOTGRGMLQI® RFGQ
KMBCJ GQ ?@MSRJFGAF GQ MMJ M D RFC  T?JSC @SLB @&
F?LB GL RFC NFGMSQ/@KNJC ?LB MMJ M D RFC?7ISC P RFC
N?PKCRCP GRGLE O MPGE ?W MISLB @ TGQS?J GEREEIL

3C ARGML Z



o -8K8 P DF:<CP  $?7R?- MBCJ30S?FB OGIFE;OEK@SC DF<C

9C?P OMNSIRGMLOPCBGRGMLBCTGRGML BCTGRGML w Y

)
LRG?J
T2JSC
2RV

'P MURF
PRC

77,6-;;7..1<. T.

<0-;- ;-<<16/;
3SK MD QO
BCT

. MRC RRRFC @C@RKMBCJ F?Q ? QRGBE?ISC RIR GQ ?RERGECP
RF?L GL RFCRIGCP KMBCJQ GLQReB MD MP @SR RFGQ GQ
@?J?L@B @GV RFC EBRF PRC @CGLE ER®BVICP GLQR® MD

1IJOM LMRC RFRFC BERFQ M ?JJ RBPKMBCJQ CROSRC AJIMQC RM RFC

B?R? QM RR?IW MSJB @QVAQGBGRP? EMMB KMBCJ ?LRB GMSJB
LMR @CIG@JC RM AFMNRQCC@RFCK TGQIWIJ
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Example 4:4¢ Solver to find the best-fit lare
model for the siment depth datadm the topic
on linear modeling.

FCLK@FE 8681
2< 5QC ? QNPBQFCR ?Q @@B @SR LM?BB RFC QOIS
BCTGRGMLQRBLINJISKL % ?LB MKNSRC RFCGP QSRRUBBIPKSJ? GL

RFCL SQC 3MICP RMGDB RFC @ CGRNPPKCRCP GRGLEQ

@ 7PBC RFC JGECOSRGML BE RFMQC RRERCPQ SRCQ
GRCRCNR ?LB QIMNGSCQ
3FMJ ILQU CP

/>, & <3 B?D;7H CE;B JE J> [:?C;DJ :7J7 2l
y = 1.759x + 12.657

3C ARGML Z
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1141.1.04: S8on 3

Section 3: Wing the sum of sqedrdeviations to
compute thestandat deviatiofor a model

7 FGJC RFC QSIODS?PB BCTGRGMLQ GIZRGI® MRQ TCRV (CJJ 2Q
RFC RERR BIP 3MCP RM KGLGKG®R BMCQ LMR @8® NWTGBC
GLEPKRGML ?@MSR RACER BCGRGML QGRE?SQC QTPJ RCPKQ
?FC ?BBB RMERFCP?LB C?AF RCPK GL RFC QSK GQ QBIRRMSJIB
@C SQCDSJ RV P?QR?LBBEEB EMMBLCQMBR GLBEAMP RR?BGB
LMR BCNCLB ML RFC LSK@DBEGRGMLQ ?LEBQ UNEQQEGL RFC
Q?KC SLBRQ ?Q RFCR¥? KMBCJ ?LB BGRGMLQ 4FGRQSJB ?2JQM @C
T?2JGBMP MKN?PGLE RFC OBYJB KMBCJQ RIEBECRELR LSK@CP@M
N?PKCRCPQ RE?E IR RM RFC Q?K(RBQR

7 C QL AMKNSRC QSAF ? QR?IEZEB GLBGRMP\@MKNSRGLE ?L
?TCPEC QOSEB BOGRGML RFCL R?IGLE RFC Q@8ARINRFR PJSC
4FC MLW BEGIELAC DRK ? FCESJ?PTEPEC GQ RERFC BGTGQMP GQ
K?BC QK?JICPWBRFC LSK@CP M?PKCRCPQ G C RFC BGT@&DMP GQ
GLQRB ME IMP ? JGREMPYNMLCRG?J KMBCJ UBERGQ RFC LSK@CP
MD QOSEB BOTGRGMLQ GL RFC QSK

4FC LSK@CP MKNSRB GL RFGQW GQ RBKSE;8; ;<M@8K@FE F=
K?< :8K8 D K?< DF;<C4FGQ GQ RFC Q?KC |G BMBBERMP 2Q2AQ
AMKNSRB RM K@QSE RFC LMGQCENIREG KC?QSBKCLRQ | GL RIR
A?QC RFC 34%6 DSLRGML ?BHEREC BGTGQMP EM @B&?SQC RFC
BCTGRGML GRIOP QGLE N?PKCRCP KMBCJ RFICPEC &MP KNP
AMKNJI® KMBCJQUF?TC RM K?C ?L O/NJGRGBHSQRKTRRFCP RF?L
SQGLE RFC 3% DSLRGMLGLA UC ?/C 2JE?BW MKNSRGLE RFC QSK
MD QOSEB BO'GRGMLQ RFGQ GQIBASEGD

&MP RFC T?JSC @ISKCR BR? BIP @?KNJC RFGMIKNSRRGML
AVISIB @C AAKNIGQBC@V RFCMPKSJ? p 3124 ( q QGLA (
2JE?BW F?Q @C Q& RM RFC QSR RFC QOSZPBCT GRGMLQMBPY%
RM % &MP RFC T?JSC NMNSRGML B? RFOMPKSJ? RM SQ®ISUB

3C ARGML Z



@C p 3124 ( q &MP RFCBIGCP T?JSC 0S?BRGA @TRI@?JJ RE
B7R? RFCMPKSJ? WMSJB @C p 34 ( q @&?SQC ? OS?BRGA
KMBCJ F?Q REPN?PKCRCPQ

4FC ?BHSQRKRIRM RFC BGTGPMEFOTEPEC GQ (BB @B?SQC GD
RFCE ?FC MLW BM BR? NMBQNP ? JGRE KMBCJMP ©?KNJC RFCL
RFC KMBCJA EM RRRSE RFCK &/?/ARW TCL UFCL RFGPUMSJB @C
QARRCP GD KIMRM@®Q DK RFC Q?KC KBQSBKCLR NRIAQQ O
?BB@ )R GQ MLJUFCL RFCP?E KMRE NM@Q RF?L RFC LSK@CP
MD N?PKCRCPQ REMS ILMJ ?LWRFGLE ?@MSR RE2RCP A @C
COVN@R® ?AMSLB RFC KMBCJISERGMLQ

Example 5: Modify the workstsefom Examples
3 and 4 so they alsonpute standdrdeviation.

.E BKI?ED 7FFE79>;1 7DO K J>;I; M?BB =2 9EHHOJ 7DIM ;HI
1< 737130 IF;92<?9 <EHCKB7II 0 J?AC RFCNIPKSJ?Q p 324 (

q MP p 3124 ( q FCONARGIW BIP %V?KNJCQ ?LB  BM 7L
CKNRV £JJ GL RFGIBQFACR QSAF 2Q ( 4FC BGQTBLR?EC B RFGQ
2NNM?AF GQ RFMS 2B JGIW RMMEQR RM AF?LEC RAAPRSJ?
UFGAF GQ LMR TGQE@IRFC WFQFAR GETRBQB URF ? BELKELR
LSK@CP DIBR? NM@Q

" < 17178B; 9EKD JEJ7BIl 3C R ( RM RFC LSK@CPDMQOSEB
BCTGRGMLQ QSKEGL MPKGLE ( RFGQ UGJJ @C RFC LSH@E®? M
NMGRQ SLICQRISAFAC G/AJSBB QMKC ?Q MSRIGIRQ. Q® ( RM
RFC LSK@CPDMKMBCJ N?RCRCPE E  DMP JGRE CVNMLCRG?J

DMP OS?BRGA &GL?W Q® ( RM RFC MPKSJ?
p3124( ( ( q )D WS ESQC RFGQ QBRFCR UBF ?
BABRLR BR?QR 2JJMB FAC RM AF?LEC GQ RFISRGMLMSIR GL
( RM RFC ?NNRINPEZ QRGLE 4FQMPKSJ? GL ( UGJJ LMRAECRM
@C AF?LEC

#< KJEC7J?9 9EKD JEJ7BI OSR RFC IIPKSJ? p#/54% % g
GRM BJJ (  4FGQ UGJI?GSRC RM RFC LSK@CPA1JQ GMASKL
% RFR FTC LSKCPGA?TSCQ GLBRGLE RFCOECLA ND ? BTGRGML

Z, 3C ARGML
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QR ( RM RFCMPKSJ? p3124( ( ( g 0 SIE@E> 8GE8:?
N@CC :8LJ< <HIJ @= K28I< 8EP OKBE<FLJ ELD9<U @E :FCLDE
7 FGAFTCP ?NN@?AF GQ FYRFC EQNARGT QR?LBBPBATGRGML
T?JSCQ NPSLBB RM RFC SQS®IMRQGEIGRDR BGRQ 7P
C?BB?ED F;B; DMP %V?KNJC ?LB CcC DMP %V?KNJC
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1159.1.05: Seon 4

Section 4: ing Solver to choose the best kind of
model

3MKCRGKCQ B? F?Q ? NRCPLNIP UFGAF KNPRF?L MLC IGLBDM
KMBCJ GQ ? NMRGRJ KRAF 7FGJC TGQS?J GREMLINRFC @CQR D
EPNFQ UGJJ SQ®&?{FM UFGAF MLC GQ @QOQR AN 2JQM AFMMQC
@B8JCCL ALBGBRCQ\® QUGLE UFGAF KMB®INT F?Q RFC QK?JICQR
@CQREDQR?LBBBO GRGML

Example 6: @es a quadtic model fit
the population data better than the mode
in Example 3? Why?

.E BKI?ED 7FFH79>

:2< 5QC 3MECP UBF RFC 1S?ERGA MBCJ MIFQFQR GL
- MBCJQ VJQ ®&\RBC Q?KC R?

- @ !BB RFC MKNSRRGMLIMDR?LBBBC GRGML RM RFC
UMPQFQR

A< #MKN?IE RFC QR?LB?BO GRGMLIMP RFC OS7ARGA
KMBCJ UF RFR \ RFCVWWMLCRG?J KMBCJ

3FMJ ILQU CP
IL C VNMLCRG?J KMBCJ GQR@E®R RM RFGRBRF?L ?

z,
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0S?BPRGA KMBCJ AZ8)C RFC @ CGRYNMLCRG?J KMBCJ

y = 3.11-(1.0289)" FQ C?BB?EDUFGJC

RFC @CQR DS?BIRGA KMBCJ

y = 0.0051 - (z — 6.536)° + 3.555 FQ
C?BB?EDUFGAF GQ ?JKMQBR&R?Q JET

#?L WMS RFGLI DA ?LMRFCEERML RRR ? OS?BIRGA KMBCJ GQ LMR
JGCW RM @C ?NINP®Z 0P RFGQRB?( GRQ 7TFCKE GQ RFCRY

MD RFC N?@MJ7 F?R BMCQ RFGQ\BRMIMSR RFC OZRBR KMBQJn
NFEBGRGMIMP CPPQ @R RFC GPQRAN ESTL GL RFGRBOR
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Section 5: Identifying andétnoving Outliers in
Data

3MKC BR?QRQ GLAJSBOO® DNMGRQ RR?BM LMREDGRM RFCTRIPJJ
NFRCPL 4FCQC NRGLZP 2JJ8 MMSRIGCPRM RIOSGP QNA&G?J
F?LBJGLE GD ? KMBCJ GQ RR RM RFC BZQR ). ECLCRJ RFC
?NNRI?AF RM KMBCJGLRBYRF MSRIGCPQ GARBC RFCK DR
RFCBRGLE NPCQQ @SENMR RFCK QCNRRON ?JMLE BE RFC KMBCJ
MPKSJ?

3MKORGKCQ MSRJIGCRQGHMIKGQR?Q GL RFCAE? - C?2QSBKCLR
GQ LMR ? NOFONRIAQQ ?LB ORPQ GL ? RQSEKCLR BECGA MP GL
UPGGLE BM RFC KC?QSBKCLR EQSJRQIAIZB RM @?BJSCQ GL ?
B?R?QR /LC @CLGR N IMMIGLR RFCTERJJ NRRCPL DIRFC BR? GQ
RFR B SQSMIUGJICIE?J ?IW QS@QR@2J GHPFQIMRFGQ IGLB

/L RFC MRFCP F?LB QMKC MSRJGCPRABPRC KCQSEKCLRQ
@SRENMR ?LMK?JGCREBGMLQ RF?E BADIELR DMK RFC WNGA
QBSRGML GL UFGAF RFC MRFCR)SEKCLRQ QR K?BC
- C?QSBKCLRQ MIBLBW NBCQRPG?RIRFA GL BMRML ISQRGL NIP
COV?KNJC WISJIB QRMPL MSRIGCPAE QNPGLE BSC RM RFR2ING
mAC

)R GQ GKWAR RMANMR MSRJGCPQ QRINRRJIC BCNCLBGLE ML
KC?QSEBKCLRQ QGKGJ?P RM RFNRQUFMSEB RFC BR? 7B 2JCRG
RM RFC NMQ@B@AJEC BCGRGMLQVIBPRFC ECLGP RELB ND RFC
B?2R? %CTL GD RFC MSRJGCP GQ € H&GGR?PL GLEGAML REBQCPQ
QFMSJB PRAF MSRB QGKGJ?P KGIRP RFC MSRIGCP GQ 7L ALMK?J
® GQ NMQQG@R@RFQ RFC KMQR GRKNRR?R M RFC B? &MP
COV?KNJC (€ UMSJB BLR RFC NMONJC UFM BCQGEL @PGBECQ RM BCQGEL
IMP RFC K?VGKSK JM?B ?LB LMR RAGSA JM?B

7 FCL SQGLE MBCJQ VJQ BMVBD@CQR KMBCJQ WAL CVAISBC
MSRJGCPRIKDRFC BRGLE NRCQQ \@ CPQGLE RFQMIRCR N RFC
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AMISKL % SJINIP GAF AMJ RFR MLR?GLQ MSRJIGRP BRGQ KITQ
RFR RFC BGRGML ?QQREIIRF RFC MSRIGISTGQ LMASARG GL
AMKNSRGLE RFC QRIBBIPGRGML ?LB RFSQ BMCQ LMSCGAIRFC
ODBRGLE NPCQQ

Example 7:4ihg the dataset shown to the right:

? &8 ?LB ENMR ML ? JGREKMBCJ SQGLE BIRWC B2?
@ &® ?LB ENMR ML ? JGRRKMBCJ IR RFC MSRIGBPSBSB

3MJSRGML ?NINRF

G #MNN RFC B? RM ? ,GRE - MBCJ MIRQFQCR GL MBCJQ VJQ

GG 3NR?B AMISKLQ # $ ?LB % BML RM KRAF RFC B? ?Q SQS?J

GGG?l C? ERNF ND RFC B ?LB KMBCJ RMERCP?Q SQS?J

GT 5QC 3MCP RMEDB RFC @CGRNPPKCRCPQ ?LB QR?LB?P
BCTGRGML

T %RQCB8JJ% QGLRFC ENF QFMQ RFC BR? GLNY GQ 7L
MSRJGCP

TG 5QC 3MCP ?E?GL RGLB EQSIJRQRIRFC MSRIGBPIBB
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2CK?GLGLE DSCJ GIGCOER?LI
D@ELK<J C@HK<I

3FMJ ILQU CP

G 7GRF ?JJRFCB? RFC @C@RIBRe KMBCJ GQ
y = —2.20z + 166.8

GG 7GRFMSR RFC MSRFEQP ? P RFC @COQRDGRe
KMBCIGR = —2.567 + 186.8
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. MRG2RFR EKMT?J Nb RFC MSRJGCRER?? EEPR BEBLRLAC GL RFC
QGXND RFC QR?LBBUTGRGML QGIRFEC BW QR?LBBBCT GRGMLQRP
AMKNSRB CKNF?Q&Q ?W JZEC BCGRGMLQ

)Q RFGQ RBASI?P MSRIGCP ? KGIBRAL 2LMK™ 9MS ALnR RCJJ
DRK RFC LSK@CPQ Q@SIAW WNC M MSRIGORL@AGQRQ WGE
BCTGRGMLQSR GL RFGTD@ RFC?ARGMIMP RFC B? GLBBRCQ ?
NAMAQQ RR2IMERIW KSQR AF?LEC QKMMRABQ RFGQ MSRIGCP GQ ?
KGQR® %V?KGIRGMLIMRFC B? QSEECQRQRAFFC p P T?JSCIDP
RFC MSRJGCP QFMSJBFCL 2@MSR ~ FGEEPQM NEPNQ ?L ?2RS?J
KC?QSBKCLRM p q U ?Q MNGOGLMPEARW

Example 8:df the U.S. airline-psengr data
providel to the right below:

? 2CNMR RFC @CQRIBRE KMBCIMPKSJ? ?LBR®) QR?LERPP
BCTGRGML SQGLE ?JJ RRENEARQ N GBE

@ %V?KGLC RFCAF ?LB JGQR BTGRGMLQ GLISKL $ RM
GBCRGD?W BR? NMBQ UFGAFGRMSRIGCRMKIREC BR? RELB
DRK RM

A 2CNMR RFC @CQ@RIBLC ?LBUFCL RFC MSRIJGCE@2ISBB

)L RFGPAC 22 RFC MSRIGCPROIGEQRT MP 2LMK?JGCQ

C (MUK?LW N?QQCLECPQ MSJB RFCRF?IC @CL RM RFC
LC?FCQR KGJJGML53 ?GP?EBA F?BMIRGLIORQ
RELB

D ( ?Q RFC 2ER.C GLBSORSAPAMICEB RQ RP CLB
7 FW

os}
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53 IGRIGLCPPMEA

0?QQCLECPQ
9C?PQ
oGIa, KGJIGMLQ
3FMJ ILQU CP

?

@

A

4FC ?JJBR? KMBCI @Q= 17.6x + 454.3 KGJIGML
N?QQCLECPQ

4FC NMGQNIP RFQOAPQ LB ?P CAJERW
MSRJGCPQ 4FC RN LB 7P C 2JQMUN@SR
?FC AJMQCPRMRFC RP CLB @MFCRGLCCQIMRFGQ IGLB
?FC ? K?RRCP MHSBEK®. ?LB GG-CP ?LWQGQ MOEAR ?Q JMLE
?Q WS BCQAPG@CRIBBGQGMIMB\WIC K?BC

4FC @CQRRIGRE KMBCIMP RFC B? R?GQ

y = 22.1x + 439.5 URF KGJIGML N?QQCLECPQ
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B 4FCQC MSRIGCEQIARK?JGCQ UFGBBE®@R ? B2J AF?LEC GL
AVLBBGMLQ

C 4FCRELBMP U ?Q KGJIGMIACII# MD RFC
KMBCJ

D IGP @SQGLCQQ F?Q LMFPAMITIRB @B8?SQC ?RS?J  ?GP
RPMBAD KGJIGMLRQ KGJIGML N?QQCLECPQ @RIM
N RP CLB ?LB ?JJ RS?J7ISCQ QELA F? TC @CL
JMJCP RF?L RFCGIP RP CLB

0 FIBJ?<<K J?FN@E> KQ3LICK F= =@KK@E> K?< ;8K8
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9C?P

W BR? W KMBCJ 2CQGBS?J30S?EB

0?QQCLECPRRBGRGMLBCTGRGMLBCTGRGML

,GLCP

- MBCJ W
K V
@
A
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#EE:D;lI
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Setion 6: Distinguishing beter linear and
gently-curvd data by examining deviatialues

7 FGJC KW BR? BJRGMLQFGNQ JBIZP ® GQ ?JQM LMR SLSQS?J RM
F?TC RIJRGMLQFGN@®RE?AIMQC RM 2BIE@SR AT ? QJEE ASFC GL
RFC NERCPL RMM QK?JJ RM @ME@GL RFEINEPBSC RM QMKC QK?JJ
?BBEGML?J LMLIELCEAR ,GLEPKMBCJGLE QG#BQFCRQ NRCL
K?I C ® NMQQG@JCRRBREISAF ? RERGMVEMMIGLR FN NMQRBT
?LB LCERGT BAGRGML?ISCQ 7P BGQRPGEBSERC MJISKL # GL
- MBCJQ VIFCL RFC @CQR DGR KMBCJ F?Q @COMSLB

)D QSAF B? GQ LMLIBR.CGLB 2JQM UMMGQC KMQRTBRGMLQ
?MVISLB RFC KGBBJC RRBRFC GLNSRISC PLEC UGJJ F@ RFC Q?KC
QGEL &G RFC BGRGML® ®AF CLB @ RFC GLNSRISC PLEC KMQRJ
F?TGLE RFC MNNMQGRC QGEL 4FGQ GQ QGKGBINSRM GEETARD
RFR BRGLE ? JGLC RMIGRPN?R@MIGARZAMSIB NBBSE @SRPA
UMPCTCL UFCL RFC BIGRGMLQ®RK?JJ ?Q JMLE ?QURPE J?ECP
RF?L RFC LMGQC

ILMRFCP BW @ JMMIGLEI® RFG@BR GQ RM BM 2AREP NIJMR M
RFC GLNSRIBCQ ?LB RFCBERGMLIMP QNPBQFCRQ JG MBCJQ VJQ
RFGQ GWSBKLQ ! ?LB $ UGRF MJISKLQ " ?LB # JO® MSR)D QSAF
? 1<J@;L8C 8G? MD RFC HGRGMLQMBPRFC @CQR DGRE KMBCJ
BGQNUR ? ASEB JGLC?RFCP RF?I?EBMK LMGQC RFGQ GQ ? Q&EL RF?
RFC BR? GQ QGERERW LMLJIGRE ( MUCTCP RFC SRMKRGA QAGLE
C?RSE ND QNI?BQFCR EPNFQ KGLQ RFR ?IW MSRJGCPQ GL RRC B?
UGJIMKNEQQ RFCQB QM REKMQR BGRGMLQ JMMRIRFGQ GQWF
JMMIGLERPRFC BGQRPG @ SRGMLQGEDQRWC HGRGMLQIA@C JCQQ
AMLDSQGLE

Z, 3CARGML
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Section 7: Adapting a modeling spdshet to
use any modeling formula that iscsfoezl

4FC MLW GKNMPIR BECFLACQ @OCCL RFC TPGMSQ RCKROQ GL
- MBCJQ VJQ@ RFCNMIPKSJ? RIRGQ NSREIBJJ # ?LB RFC J?@CIQRRF?
2FC NSR GIMASKL ( LCVR RM RFC RRERCPQ REDRRPR RU GL
AMJISKL ' 4FGQ KELQ RFR ? QNRBQFCR AL C?QE @C ?B?NRRM
2LW QN3IBB MPKSJ?

4FCQC 2B RFC NIPKSJ?Q RR??E RFC Q?KC GUGRV KMBCJGLE
QNE?BQFCR RFR SQCQ RFMBCJIQ VIQUSR

r p" #qGLA CJJ$ RFGQWKNSRCQ RFCTEBRGMLNIR RFC
KMBCJ

r p$=qGLA CJJ%RFC MKNSRB RFC QOSZPBCTGRGML

r p35-% % qGLBJI( RFGQ GQ RFC @SROSEB
BCTGRGMLQ UFGAFTBIRUGJJI KGLGKGX

#CJJ # UGJJ AT ? BADRLR DIPKSJ?NDP CAF RVNC DMKMBCJ 4FCQC
MPKSJ?Q UGJJ SQORM FEBP R RFGQ UGSRVIKRGAW AF?LEC
RM! | C RA ?Q RFMPKSJ? GL # GQ QR®BNIL RM RFC MRFCP
B7R? RUQ &MP RFC RRERCPQIMRFC KMBCJ RMPRSJ? GL # UGJJ
SQC ?@QMJISBORRLACQ RMCAJQ GIMASKL ' ' D MP RFCGPQR
N?PKCRCP' D MP RFC @QLB N?PKCRCPCRA &MP ARPG?AF
N?PKCRCP QFMSJBTE?? J?@CJ NSR @CRGROM3SKL ( @SR RFC
J?@CJIQ BM LMBARBBMICP MP RFGRGLE NACQQ

4M K?I1C ? QNEPBQFCR ?NN¥ RM ? QABEA KMBCJ RAGJIVGLE
RFBC QRCNQX?RQQ®RG?J GL ?RBGIL RM RFC QRBLBIEKSJI?Q RR?
?FC CIRCEB GRM MJISKLQ $ ?LB % ?LB &M BJJ (

%D J?<0 J>; FTAHC;J;H 1 ?D J>; CE:;;B M ; ?DJ;D: JE KI;

3C ARGML Z



9?5 M >?9>F7HC,J;H9;BB?D9BKCD # ;= #

9EHHFED:I JE ;79> F7H 7C;J;H

I DJ;H 7D 7FFHEFH?T; IFH ;7:1>;;J < EHCKB7 EH J>; CE:;B ?DJE
9:BB

?LB QNE?B R BML @CQGBC ?JJ RIR? BYQ ?JMLE WRE RFC
DMPKSJ?QGL $ ?LB %

)R UGJJ @GCP RM SQC RB&MBCJ GDA?JQM R?IRIM ?BBRGML?J
QRCNQ

+KJ B78;BI ?D 9BKCD $ D;NJ JE ;79> E< J>; 9>EI;D F7TH7C;J;H |
?D 9BKCD #

;I9H?8; J>; A?D: E < CE:;B?D=€HCKB7 ;3>;H?D # EH ED J>;
J78 < J>; MEHAI>;;J

/LA C RFCQC KMBBRGMLQT? @CL K?BC RFC MIFQFQR GQ SRGL
RFC Q?KC ®W ?Q RFC MRFCP RBQQ?

r -?1 C?EPRNFNM RFC B? ?LB KMBCJ RMEFRCFQM RIRWS AL
QC GD ? EMMB GQBLB

r 3CR RFC N?RCRCPQ RMRAXPTISCQ RRTLQEPRFC KMBCJ ?LB
B7R? ?B GL RFC Q?KCH5ML

r 5QC RFC 3MP RMMJ RM KGLGKGRFC QSK MQOSeB
BCTGRGMLQ

/DRCL ? LO KMBCJMPKSJ? GQ @P®IC ? MK@QGIRGML MP ?B7ZREBNML
MD KMBCJQM& ?JE?BW FTC SQB &MP Z?KNJC & @QRIGCP SBCL

CVNMLCRG?J KMBCJ M BR? QRWGLE RFCMMJGLEDMW JGOSGB RM

? ILMUL PMMK RCKNCRSE 7 F?R GD RFEMK RCKNCGRSE F?B
LMR @I ILMUL 7 C AVSJB FIC MSLB B DMK RFC BR? @& ?BBGLE
® ?Q ? N?RCRCP RM RPINW®ILCRG?J KMBCJ UFGARSIB LM @C
?L CVNMLCRG?J NJSQ @?QCJGLC KMBCJ 4FC KRBQIGBRM GQ
QFNML GL RFC?KNJC @QJM

Z, 3C ARGML



Example 10: Fit the mo@el ) 1 9? * to this
dataset)(, 9 and* are paameters)

3FMJ ILQU CP

- MBGD? QNPBQFCR RM SQC RMGBSU? ?LB RFC QR?LBRMBCJIGLE
AMKNMLCRQ

?  AVINW RFC B? RMWISKLQ! "M D ? QRGR UBF RFC LSK@CPQ

QRRGLE GMP

@ ?QQGECAIQ' ' ?LB' RMN?P ?KCRCP®| ?LB9
FCQNARGIW

A QRAJII# RMRFEIBKSI?p ' =l ' q

B QRAJIQ$ RMp" #q?LB% RMp$=q ?Q SQS?J

C QNE?BRFCMPKSJ?QGL# $ ?LB% BML @CQGBC ?JJ RR?B?
AJQ

D QRAJI(RMp35-% % qRMMKNSRC RFC QSKIQOSeB
BCTGRGMLQ

E RCJJ3WCP RM KGLGRGRJJ ( @V AF?LELE' ' ?LB'

4FC FCQSJRGLE NGERCP GRGLEQGP P LB @
4FCQC QRMRFR RFC JGOSGERER#® BCEPCCQ ?@K RFCMMK
RCKNCPRSE ND BCERCQ ?LB MMJE 7R RFC?RC B M D RFC
BABRLAC NCP KGLSRC

3C ARGML Z



-GLSRCQS$CERCQ
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Section 8: ing alternativeapdnes-of-fit
indicators

4FC QR?LBEPBOTGRGMMP RFC QSKDM)OS@B BOTGRGMLQ ML UFGAF
® GQ @BQGQ ?L\KNJIC B UFR GQ?AIB8 ? pAMQRq DRGML ?
AMKNSRB T?JSC RRR ?L ?BHSQRKEIMP BXGQGMLVMEQQ RPGCQ RM
K2l C 2Q QK?JJ ?Q NMQQGEGBIC QR?LB?BOTGRGML GO @?P RFC
KMQR MKKMLIW SQEAVQR DRGML GL KMBCIGMENPQCQ RECKE
MRFCP NMQQG®@NQ BM RQSE ? KMBCQnOS?AG RAR AL @C KME
?NNRINPGRZ GL QMKC ASHOQR?LEQ 3S?W RFCQC BEIR MQR
DSLRGMLQCZBCQGERRM EDAR BEDELACQ GLAMLMKGAMQRDM
BABRLR CARPQQSAF ?Q UFCL ?LT@RQRGRET F?Q KMPG/NCLQGT
AMLQOSCLEQ RF?L ?L SLBCPRGRZ RM JGRERFC GBR WM @GE
BCTGRGMLQ ML RBRELE NPCQQQM RIR ? QGIE @?B?ISC UGJJ
LMR AF?LEC RFC KMBGBAT KSAF MP RM ?4JIMP AQCQ UFCPRFC
GKNMR?LA ND ? BTGRGML BCNCLBQ ML RFC KDGRFC BGRGML
FCJRGT RM RFC B? PJSC UFGAF GQREL RPSQAMP @NMLCRG?J
KMBCJQ

)D WIS SQC ?L ?JRCRGTEMMBLCQODNR GLBERAMVP RELB ? p@CQR
ORq KMBCJ KT ?L O/NJGR®RRCKCR ?@MSR UFTGLBERMP RQ
KGLGKER 4FGQ GQ@BIB @MRF QM RAIBINIC A BCAGBC RMRM
SQC RFC KMBCJ ?LB QMRRERW MSJB @C ?@JC RURBSE WISP
FCQSJIRQBARFC Q?KC BR?

Using the maximum deviation as an alternative
goodnes-of-fit indicator

3R?LB?B BOGRGML GQ ? EMMB BCQAPGNRGEIMIEMD RFCVRNGA

3C ARGML zZ



BCTGRGML @TCL ? KMBCJ ?LBR® BR? "SR GL QMKRSBGMLMS/
K? W @C KMRMLACPLB ?@MSR RBEO@DLDBGABRLAC PRFCP RF?L
?2@MSR RFCGIEXRFONNGA BEDRELAC 4FGQ?A F?NNCL UFCL WS
U?LR RM @C ?@JC RNR@BCLBTGRGML ?KM&LRFR NEINJC A
AVLZBCRW ONGR UGJJ LMR @EMB® ?JRFMSEGL RAR RQC WIS
UGJJ SQSRIICB RM 2JUMOMKC ®RP K?PEGL @?80ML RFC\RNGA
PPLBMK LMGQC

)D WIS WLR RM KGLGKGRFC EPRCQR BGDLAC @RJCCL RFC
NMNSRGML KMBCJ ?LBWLGLBGTGBS?J NREBUI?ISC WS UMSJB
SQC RFC GLBGWP p-1 8% % g NJ?A0B GL ? QN@PCJIJ QSAF 2Q (
PPRFCP RF?L p35-% % q )D 3MTP GQ @ RM KGLGKGR ACJJ
URF RFGRIIKSJ?CE ( @ UGJJ ?BHSQR ' ?LB '?LB ?LW MRFCP
N?PKCRCP@L LPWQ RR?KAW K?IC RFC QR?LEB?BOTGRGML ABEP
@SR UGJJ K2IRFC K?VGKSK BGQRZI2@TC MP @QIRFC BR? ?2Q
QK?JJ ?Q GQ NMQQERARFEIAFMQCL IGDEMIBCJ

Z, 3C ARGML



Example 11: Find the exponential model that
minimizes the maximum deviatioarfr the

census data.
OGFE<EK@8C
(@] P ;8K8 P DF;<C 2CQGBS?J 30S?kB DF,<C P 8
I 60

-1 $%,

9C?P OMNSJRGMLOPCBGRGMLBCTGRGML BCTGRGMLQ 012 1-%4%
77,6-;; 7.
1< 7: <0-;-
;-<<16/;
3SK MD Q
( 7NIG ;L

. MRC RR?PRFC @C@R B?PKCRCPQ SQGLE RFGQRMBERQIGRW
BABRLR WK RFMQC RE?RIQC PIR KGLGKGXGLE RFC QSRBISCB
BCTGRGMLQGQ LM P ?RFCP RF?L  ?LBHGQ GLQRC?B MD

4FGQ U MSJB LMR KB KSAF TGQG@JICBGEC GL RFC BYF
QGL@ RFC QFBV FGECP QRRBLE?ZISC GQ KM@R@?J?(B @V RFC
QJGRW JMCP ERURF PRC @SR RFC K?VGKSK QAB?BATGRGML F?Q
@CL ASR ?@MSR GL F?JD RMRFCP RF?L /L RFC MRFCP F?LB
RFC QSK Bl QOSEB BOGRGMLQ GQ BNAF?L BGE ?Q JET
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PPRFCP RF?L P CQSJRGLE GL ? QRBIETBRGML REBGQ  J?FECP
3SAF RPBC MDQ TPRVNGA UGF BELRELR MQR DRGMLQIRFC KMBCJ
UGJJ @CRRTPNIP UFR \MS DIASQ ML @SR LMROSG EMMBDMRFCP
NSPNMQCQ

Relative standdrdeviation

I 1<C8K@M< ;<M@EIQ@RFEC B? KGLSQ KMBCJ BGBLAC BGTGB@V
RFC 7JSC B RFC KMBCJ 4FGRGM?A @C CNEQ@E ?Q ? BEGK?J
DPARGML MP ? NCER?EC k ?@ NCRCLR UMSJB @GVRGA Nb KMQR
QBSRGMLQC2RGT BOGRGMLQ@IA@C SQCDSJ UFCL RFC KMBCJ UGJJ
LMR FTC >CRM PJSCQ GL UFGATQS RFC BGTGQGMIBILMRNUP
?LB RFCB GQ ? RSPJ XCRM RM RFC B2 QAIC QM RFR RFC?RGM F?Q
AVMPEQNMLBQ RM QMBI EIJRGMLQFGN

)D LT UGQF RM SQCRGIBA GRGMLQ GLMRDFAR J& - MBCJIQ VJQ
UC ENJ?8 RFCNIPKSJ? p" #q GL ACJJ $ 7LB QGKGIRPMRFCP
AMJISKL $ ACJI@N RFQMPKSJ? p " #  #q . MRFGLE CJQC GL RFC
UMRQFGR LCB @C AF?LEC . MJ 3MJICP UGJJ KGLGK®KFC QSK
MD QOS@B FCJRGT BOGRGMLQ QGIRFR GQ LMUF?R GQ @CGLE
AMKNSRB GL ( 4FC PCJRGT QR?LBBPBCTGRGML?A @C MKNSRB
DRK RFR QSK GL Q?KC W ?Q @I® URF RFC MPKSJ?
p31 24 ( g GL RFGQQE UFGAF F?Q B? NMEBR ?7LB
N?PKCRCPQ

Example 12: Fit an exponential model to the
population data, minimizinglative standdr
deviation; state the best-fit formula and the
relative standdrdeviation.

.E BK?ED 7FFH79>

Z, 3C ARGML
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-?21 C? AMNV @ RFC %VNMRG?IMBCJ MPRQFAR GL -MBCJQ VJIQ

@ 3CRAJI$ RMRFOIPKSI?p " #  #qRMK?IC AMISKL $
FCJRGTBAGRGMLQ

A #MNNV RFC B? RM RFGMBQFQCR ?LB BLB RFC @C@R D
COVNMLCRG?J KMBCJ SQGLEEBMI

B 30R( MP QMKC MRFCBARM p 324 ( q RM MKNSRC
QR?LBBBOGRGML

C OSR ?NNRNPEE J?@CJQGLA"' ?LB' RM C VNJ?GL RFC
AMLRCRQ BI( ?LB (

D 2CNMR RFOOQSJIRGMPRSJ? ?LBERIRGT QR?LBBAIBOGRGML
3FMJ ILQU CP

4FC @CQRED WNMLCRG?J KMBCWIFD RFGQRB? UFCL KGLGKGXGLE
FCIRGT QR?LBBPBAGRGML GR= 2.91 - (1.0300)" UFMQC
FCIJRGTQR?LBBBOTGRGMLNIRRFC BR? GQ ~ MP

-?< NFI BJ?<<KF K?< 89FM<@BDGC< J?FLC; CFFB J@D@CS8I KF K?@J

3C ARGML Z
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4FC RC?QML RIRRFCQC KMBCJMBRCPQ CRQJGRW BBIIELR DMK
RFMQC REBMICP BISLB UFCL KGLGKGXGLE RFC ?@QMJSR® QR?LB?P
BCTGRGML GQ RRFSQGLECFRGT QR?LBBP BOGRGML KILQ RFR
BCTGRGMLQVBFRFC QK?JICPIBCQOMSIR KME GL RFGRGLE NPCQQ
RF?L RF® BGB @D 4FGQ GQABQC ? BUGRGMLIM KGJIGML GQ
?@MSR  MD RFC KGJJGMAPD UFGJC RRQ?KC BCTGRGML
GQMM M DRFC KGJJGMLNMNSGML \@PQ RCP
%VNMLARG?J KMBCJQ EMMB NMQQG @ JCMIDEIRGT QR?LBEP
BCTGRGML QGL@SAF KMBCJQC?R?@CML MLQRAR NCRCLR?EC
FCIJRGT ERURF MP BIZW 2LB LCTCP FIC ? XCRM JSC R UMSJB
K?l C 8 GKNMQQG@JCMRMSRC RFC?RGM NUCICP ?@QMJSRC
QR?LBBBCTGRGML GQ QRGJJ RFC KMQGRSISRREMB TCL IMP RFGQ
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IGLB Nb KMBCJ ?LB QFMSJB @B SQICQQS F7C ? QNAGEAEQML
RM SQC QMKC MRRGFRADSREML

Procedure for using Solver with a
template fom the Models.xls spdshet:

G 3CR SN ?L ?NNMNPERT WIRQFCR

? =21 C? ANV RFC RCKIRDP RFC
BCQGB KMBCJ ?LB NSR RFCRBTRM
AVMJISKLQ ! ?LB "

@ 3NRC?B RFCNPKSJ?QGL# $ ?LB %
BMUL RM RFC Q?KC LSK@@PRUQ ?Q RFC
BR?

A -?1 C?ERNFURF ? QARCP NJMRRF?
QFNMIQ @MRF RFRB?LB RFC KMBCJ

B 3CR RFC KMBCJ RRERCPQ RMVIHE
CQRGRZ QM RERFORV ERNFQ 7€ LOP@/

GG 3CJER 3MICP DFK RFC MMJQ KCLS ?LESDJ MSR
RFC BG?JME/@VBGQMWIQ

?  %LRCP RFC L?KMNRFCQUJ MLR?GLGLE RFC
QR?LBBPBOGRGML GL RFCREEER #CJJq
Q@RGMIR’RFC RME RFC 3NW0P BG?JMEV@M

RFGQ RFC RMRMKNSRB ACJJ GIMISKL

@ #FMMQC RFC p-GDVMP -GLGKSKMNRGML GL
RFC Q®ILB JGLC QGIUC U?LR 3MICP RMGDB
RFC QK?JJCQR NMQQGFEIBPTRFC QR?LB?P

3C ARGML Z



BCTGRGML

A $CQGEIRC RFC NZRCRCP®JJQ' p 'q D MP
KMBCJQ WRE RM N?PKCRCPQ pgD MP
KMBCJQ WRE RREE N?PKCRCPQRA  GL RFC
p"W #F?LEGLE #CJIQARGML ML RRCSIRF
JGLC

B OPCQQ RFC p3&iJ@IRVL R RMN FRRE

GGG ?<:B K?<>I8G?RM Q@CGD RFC KMBCU IBD AIMQC
RM RFC B? UBF QMKC MI?F QGB® B GQ LMR
WJS FAC K?BC ? KGQREI NM@?@GL QRGG< ?LB
KSQR ENGR RFC NFCQQMPEARW)D RFC KMBCJ
EMCQ RWBE RFC BR? @SR GQ RAMLER)F?NC WS
2FC NRI@?@BQGLE ?L GLIMNPGZ KMBCJ

GT )D RFC ERF GQ 26NR?@JCQORY prq RM #CNR
RFC QMJSRGMR RRPBLB 4FC N?FKCRCPQLB
RFSQ RFC MBCJ(PISCQ GL RAGISKL # ?2FC LMW
Q® RM RFC @GRRISCQ RM CRV FGE?AASPAN

Z, 3C ARGML




120L1.10: Ex@ses

Part |

2CNRIBSE RFCEQSJIRQ GL %V?KNICQ

Part [IN' Work the asignel problems

<! @7L1 @7J7L® @PLGLE ?MLQRR PRC B MKNMSLB GRCEQR
F?Q RFCQ®JBCQ  ?DRCP W@PPQ ?DRCP \@PQ
2IRCP \WPQ  ?D RCP W?PQ ?LB  ?DRCP WP?PQ 7F7R
U?Q RFC MBEEJ BCNMRJBMSR RFR GQ RFC @C2RCP \W?PQ
2LB UF?R ?LLS?J RCEQRMRC ?Q ?NNIBC

. < 4FC ?RGRE @ ? PBGMRGT QS@QRELEQ KTSEB ML RFC
Q?KC BW CAF W?P BIP QITPJ \@?PQ URF RFCQC®SJIRQ #SPGCQ
2IRCP WP #SPGCQ 7RCP WP #SPGCQ RTP WPQ ?LB
#SPGCQROP @PPQ 7F?R GQ RFCAB® PRC Bl RFC QS@QR7LAF?R
UGJJ RFCRBRG @CROP \Z?PQ

OPM@JCKQ k F? TC RFC Q?KC GLQREBALQ ?NBJBN BEECLR
B72R?QRQ #MW ?LB N?QRC RFEBIRQ DK RFC MSPQCT@ @G MNV
MD RFGQ RMN@W BEC MBCJQ VJQ @BRFCR PRFCP RF?IORVNGLE
RFCK

&MP @AF ND RFC BR?QRQ JGBRICIM

2 $GQNY? RFC BR?QR ?LB TGQSVBRCPKGLC UFGAF RFC KMBCJQ
BGQAS@IEL RFGQ RMNGA GQ IRMQREIBBFGQRZ?

@ )BCLRGDUFGAF NNREL GDWRFC MSRIGORP RFGQRBDR

A &R ?L ?NNANPE&Z KMBCJ RM RFREBIR MKERGLE RFC MSRJGCPQ
GD AV 7B NEQCR

B 2CNMR RFC @CQ@RKMBCJ N?RCRCPQ ?LB RFCGP QRPLB?P

%V CRAGQCH
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$7R2QRE  $7R2QR ¢ SFRIR( gopogr) 1 <IRIR

o P o P © P o P ° P

© < 3AGCIRGQRQIEMMSLB RAR RFC RMR?J EUCPOSGIKCLRQ
2LGK?JQ GIZ®PC QMKE?R KME QIWUN RF?L @WB QGX &MP
CV?KNJC ? NMSLB KMLEMMQ@®SGR) IGIMAIMPGCQ NCW B?
? NMSLB DW ROSGR) ? NMSLB @M@RA POSGRQ  ?
NMSLB U MJID®SGIQ ? NMSLB JGML ROOSGEQ ?
NMSLB RGECP E0SGIQ ?2LB ? NMSLB NMJ?P @®P

ROOSGIQ

Z, %V CRAGQCQ



? 7 F?R ?B RFC @CQR B?PKCRCPQ RM RFEQ BP ? NMUCPq
KMBCJ ;4FC ECLCR MPKSJ?MP ? NMCP KMBCJ BQ8 069 <

@ 7 F?R GQ RFC QRBBZPGRGMLIMRFC B DK RFC @CQR D
KMBCJ

A $MCQ RFGQRBQSNNRIRFC GBRFR ? NMCP KMBCJ GQ
?NNRINPEZ P NEBGRGLE RFC CEBPBOSGEKCLRQ B
2LGK?JQ

B 7 F?R B?@JCLARV POSGIKCLR AL @C ZN@RB IMP ?

NMSLB JWLV

. < 4FC DBOSCLAV D CFRFOS?CQ TPGCQV@RFCGPXGRF QRR.ECP
MLCQ @CGLE JCQUSOR ) ? FCACLR MLC WP ENMRGLE NCPGMB
RFC LSK@CPDVEFRFOS?CQ BRBR®B 7R ? N?RGASJ?P DRAGR®

K?ELG RSBC 0S?ICQ K?ELG RSBC 0S?ICQ
K?ELGRSBC 0OS?ICQ K?ELGRSBC 0S?ICQ ?LB K?ELGRSBC
0S?ICQ

? 7 F?R ?B RFC @CQR B?PKCRCPQ RM RFGQRBP 2L
CVNMLCRG?J KMBCJ UBJRFC K?EIRSBC GQ RFC GLNSR
N?PKCRCP ?LB RFCRRFOS?C AMSIR GQ RFC MSRRBR7@JC

@ 7 F?R GQ RFC QRBBZPGRGMLIMRFC B DWK RFC @CQR D
KMBCJ

A $MCQ RFC B? QSNNRIRFC GBRFR RFGQIRGMLQFGN GQ
CVNMLCRG?J

B ( MUK?L W K?ELBSBC C?FRFOS?CQ BMCQ RFGQ KMEBERP
RFGQ DARGUGJI BGR CAF 2P

. < &MP $R?QR# DBLB RFED;HI; CE;B RFR GQ RFC KMBCJ UFCL
RFQGD?LB P AMJISKLQ 2B QUPNN®B

© <&MP $R?QR*O5LB RFED;HI; CE;B  RFR GQ RFC KMBCJ UFCL
RFQD?LB P AMJISKLQ 2B QIPNN®B

. <&MP$R?QR' SQC 3MCP RMGDB RFC @ CERNIPKCRCPQ GD RFC
QNE?BQFCR GQ KMBBIRM KGLGHGRFCEIRGTQR?LBBBCTGRGML
#MKN?RC RFCQC N'MCRCPQ RM RFMISCEGL %VAGQC
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121H1.01: Overview

Topic H. Linar FormulasfWord Problems

Objectives:

3MIC ?NNJGRGMLQMBJICKQ SQGLERKIBCIQ ?LBRELPNR
RFC €QSJRQ

2C BCBLC RFC GLNSRA?@JC GBUERM K?IC RFC KMBCJ
C?QGCP RRGRNR GL ? SQCDSJ K?LLCP

Terminoloy:

7 C SQC RFGIDWGLE GLQRREMLQREIRF?LEC@W
7 PEC ?DPKSJ? RM C\O(R) RFC JER.EIRGMLQFGN
7 PRC ?L OSRGML RMNIZQQ RFC JR.EJRGMLQFGN
7 PAC 7L 2JECEA JGITKMBCJ RWKEREQQ RFCFRGMLQFGN

Overview:

4M QMC RFC ?NNABSMLQM@JICKQ GL RFGQ RMNBIRATQC QRCNQ

17H?78B;I

? 7 F?R 7B RFC L?KCQIVRFAM PPG?@JCQ
@ 7 F?R ?E RFC SR® MCAF T?PG?@JC
+H:?9J?ED

( /T CAGE Z



? 7 FGAFAPG?@JC UGINBBGR GL RFC K?GL OSCQRGML
4F?RQ RFC MSRNSRG?@JC B T?PG?@JC

@ 7 F?RJERCPQ UGT SQCMP CAF ND RFC?PG?@JCQ GL MSP
JGLTP KMBCJ

A IPC RFGP?LW JGRG ML RFRISCQIIAFCPAPG?@)0 QM
UF?R 7 PRC RFCK GL IRFCKRGN LMRRGML

B 7 F?R ?E QMKC NMRQ RRGQ?ISCQDN@MREPG?@JGIP D
KMRC RF?L MLC NMGZ PRC RFCQC GL NWRRE MBTRB
N?GP LMRGML BE RFO T?PG?@JEPRR ?LB RFT?PG?@JC
Q@MLB

%7 B?D;7H CE:;B 7TFFHEFH?J, ( MUBM WS ILMJ 5 QC MLCIM

RFCQC REPKCRFMBQ RFCM@JCK @R RR?? JGR2E KMBCJ

QFMSJB @C 8QCEP?NF RFC BR? IBTL ?LB QC RFR B DIPKQ ?

QRFGER JGLC RFC NM@JCK @0 RR?? £R?GL GIZR)C GL RFC

GLNSRPPG?@JC UGIAWQ GT RFC Q?KC GIORRC GL RFC MSRNSR

T?PG?@JC

. BEF;

? &GLB RFC QIMNC
@ 7 PBC ? QRCLA RNMDJ;HFHJ J>; IBEF; SQGLE RFC S
C?AF PPG?@JC GL RFRQ@.

&GLB RFHEHCKBTMP RFC JGLC

7 PRC ? QRCLA RMIJ;HFHJ J>; A?DJ;H9;FJ SQGLE RFC BI(G
MD CAF ?PG?@JC GL RFRQ@. D RFGEC GQ MSRRECREC
MD RFC AENR?@JEISCQMP RFE T?PG?@JGIKKCLR ML RFR
5QC RFMPKSJI?NP RFC JGLORMI;H J>; ;79> FH ;:?9J?ED
GK;IJ?ED $M RFC 2JEC@RB UPBC ? QRCLE L?KGLE RFC
T?PG?@JC ?LB RFRSLECPNRGLENSP ?LQOP
#H/F>?D= 7D: 9>;,9A?D= @KH 7B8H7?9 MEHA

? -2l C?ERNF ?NNFINP&Z RM ?LQ@P RFC KBGRGML
OSCQRGMLQ
)D WIS K?IC RFC ENF DRK MLW RFC GIBKRGML GL RFC
MPGH ?J NR@JCK RFCM®/AL AFGAI WWISP WIPGL
BCTCIMNGLE RFC KMBEB@CPKGLGLE URECP RFCOSJIRQ
MD RFC KMBCX?RILQGQRAURBF RFC BRF )D WS EPNF

zZ( /T CAGG



RFCIPKSJ? MS M@R?BLRFCL WS QFMSJB ARGRM @C
QSE RFR RFC BRF GQW.QGQRAURF RFC GILPKRGML
EGTL GL RFC MBGE) NIR@JCK

5QC RFC ERF RM ?LQLP RFC KBGRGML OSCQRGMISEB
WIS BLB RFC Q?KC ?LQRQ ?Q UFCIMS SQERFCNIPKSJ?
$M VISP ?LQOPQ RM RFCBERGML OSCQRGMLQBECLQC
%VNJI?GL QMREGLENS JMMB 2R RM Q@D RECE
RC?QML?@JC

( /T CAGQ Z



122H1.02: Example 1

IN7C FB; $SPGLE RFGPQR ?LBAYICB OS?RCPMW WP ? @SQGLCQQ
F?BQ?JC@M  ?LB FCQNARGIW)D RFC EBRF N Q?JCQ
DMIJVR ? JGB NFRCPLMIP RFC MR RSP @PPQ UFR UGJJ Q?JCQ @C GL
RFCMSRF OS7RCP [) RFC RF OSTCP %)C 7L ?JECESA KRFMB DI
QMJISRGML
.EBKI?ED
2 >7J 7HJ>; IM E L7H?78B;1 7D: J>;?H KDR
ILQ 1S?PRCP ?LB Q?JCQS?PRCP GQ GL LSK@CPQ ?LB QRJIGR ?P
BMJJ?PQ
2 >7IM?BBMH;:?29] ( 7A 2JA 2 >7J7HJI>;B?CI 2 >7J
7H IEC; FE?D JI
ILQ 7 CUGJJ NBGR Q?JCQ BMQ?JCQ 4FCD OS?PRCP ?LBUGJJ
EMD® RM GL GLERCLRQ Bl

1S?PRCP F?Q Q?2JEQ M 3MV ?LBW 5QC RFC NNRGL
1S?PRCP F?Q Q?JCQ M MV ?LBW 5QC RFC
NM&

% 7 B?D;7H CE:;B 7TFFHEFH?J,
7 C ?E RMJB RM SQC ??FGKNIBCJ FCPRM @CUFR B UMSJB
NFCBGR
. BEF; "?D: J>; IBEF;, C H?I; HKD

.CR @C RFGPQR NRGILB @C RFC &dLB NMBL
m— Y2—Y% _ 58000 — 42000 _ 16000 16000
L9 — X1 2—1 1

%J;HFHJ J>; IBEF; KI?D= J>; KD?JI E< J>; DKC8;HI ?D J>;
FHESB;C
IQ V GLARPQCQW® W GLERCQW®K
&MP PAF OS?RCP RREEMCQA®?JCQ UGJJ QP &
2 H3; J>; <EHCKB7 E J>; B?D;7H;B7J?EDI>?F
#FMMQC RECP NM&PLB SQC RFC NRIGIMN@®IBPK ND RFC JGLC
4FCL QGKNYZB RM RFC QIMNRCACNRNMPK ND RFC JGLC

Z( %V?KNJIC



#FMMQC IMP RFC NNRELB SQC RFC QIMNC MRF? R LPQ
HSQRWKNSRB
Y —1yp =m(z—zo)
y — 42000 = 16000(x — 1)
y — 42000 = 160002 — 16000
y — 42000 + 42000 = 160002 — 16000 + 42000

y = 16000z 4 26000
%DJ;HFHJ J>; O ?2DJ;H9;FJ
-2< M8CL< F= P @J 9 N?<E
&MP OSEEP RFC Q?JCQMSJB @C 4FGQ G@KCLGLDSJ
@B?SQC RFC OSREPQ QRYFBF RFGAPQR OBAP GL RFGQAUTCK LMR

RFC BEM RF OSRCP
01; J>; < EHCKB7 JE C7AJ>; H ;GK;1J;: FH ;:?9J?ED 2 H3; J>;

HIKBJ ?D 7 I;DJ;D9; M?J> KD3I
&MP RFGIBRF OSTRCPy — 4

y = 16000z + 26000
y = 16000(4) + 26000
y = 64000 + 26000

y = 90000
3M GL RFQVBRF OSMRCPRFC JGRPE KMBCJ NBGRQ Q?JC@ M

)L ? QGKGJ?P K?LLORP RFC RF OREMRFC JGRE KMBCJ NBGRQ

Q?JCQ@M @@?SQC W
. AJ9> 7 =HTF> <HEC J>; EH?=?D7B B8B;C ?DEHCTI?ED KI;

2 JE ;13?C7J; J>; 7DIM ;HI JE J>, FH;:?9J?ED GK;IJ?EDI 7D:
5 J;HC?D; M >;J>;H OEKH 7DIMHI <HEC J>; 7B=,8H7?9 EHCKB7 7H
H7IED78B;

0S?RCP Q?JCQ

( %V?KNJC Z



"W F?LB € NJMR RFCQC RQY@&R RFC JGLC ?LB RFGIRCLBRGD?P
CLMSE RM SQ® BM CQRRERFC ?LQ@QPQ RM RFC OSCQRGMLQ

/L RFGQ EMF UC QC RFR UFCL OSTRCPQ RFC WPISC GQ

7 C 2JQM Q®RFR UFCL OSTRCPQ RFC W7ISC GQ
3M RFC ?LQEPQ BIK RFC EANF ?F AMMLQGQROUBF RFC ?LQIPQ

UC @ BMGLE RFC 2JECE@P?PRFK@RGA SQGLE RIRKSJ?
4FCQCBM ?LQCPQMP RFC RBGRGMLQRR?QML?@JC

Z( %V?KNJC



123H1.03: Example 2

IN7C FB; IH?V -?LSD?ARSPGLE @MSE K?AFGLOVP )R GQ
COV/N@REG RM J?QR CYWQ ?LB R RFC CLBIMRAR RGKC e ? QPEC
T?2JSC 3CR SN ? JGPR BCNEAGRGML KMBGJIMRFGQ K?AFGLC
?LB 5LB RFCMIRRF R RFC CLBIM WC?PQ
.EBK?ED
2 >7J7HJ>;IM E L7H?78B;| 7D: J>;?H KDR
ILQ 4GKC ?LB WRF 4GKC GQ RQSEB GL @PPQ ?LB WMIRF GL
BMJJ?PQ
2 >7JM7?BB;MH;:?93 ( 7A?JO 2 >7J7HIEC; FE?D JI
ILQ 7 C UGJJ BBGR WMIRF 3M W WIRF UFGAF KSQRJ2ZWQ @C

2@NC 4FCLV WC?PQ ?LB V UGJJ EMKDRRM
| R)XCAM \@?PQ RFCMIRF GQ 3MV ?LBW 5QC
IR WC?PQ RFCMIRF GQ 3MV  ?LBW 5QC

% 7 B?D;7H CE::B 7FFHEFH?J:
9CQ @CSQC RFC M@JCK ?QIQIP JGRE BCNEAGRGML

. BEF;
&GLB RFC QJIMNC K PGQC PSL
CR @C RFGPQR NRIGLB @C RFC AMILB NM&L
Yy —y, 48000 — 7000 41000
- - — — _92733.333
s — 0—15 15

%J;HFHJ J>; IBEF; KI?D= J>; KD?JI E< J>; DKC8;HI ?D J>;
FHESB;C

IQ V GLARPQCQW® W GLERCQW®K

&MP CAF W?P RFC WIRF GLAPQCQ\® " SR @ MSPQC
GLAB?QGLEV® ? LCERGT ?KMSIR KC?LQ BGR?QGLE 3MMB CAF
VC?P RFC WIRF BBRZ?QCQV@

2 H3;J>; <EHCKB7 E J>; B?D;7H;B7J?EDI>?F

#FMMQC RBCP NM&ERLB SQC RFC NRIGIMNG®IPK ND RFC JGLC

4FCL QGKNYEB RM RFC QIMNRTAINRNIPK ND RFC JGLC

( %V?KNJC Z



#FMMQC IMP RFC NNRGILB SQC RFC QIMDIC M
Y — Yy =m(z — zo)
y — 48000 = —2733.333(z — 0)
y — 48000 = —2733.333x
y = —2733.333x + 48000

%DJ;HFHJ J>; O 2DJ;HI;FJ
-2< M8CL< F=P @J 9 N?<E
IR RFC @GELGLE MRFC NRCQQ UFCL RGKC RFC WIRF GQ

0l; J>; ;GK7 J?ED JE C7AJ>; H ;GK;l1J;: FH ;:?9J?ED 2H3; J>;
HIKBJ ?D 7 I;DJ;D9; M?J> KD3I
IR WC?PQ V

y = —2733.333z + 48000
y = —2733.333(10) + 48000
y = —27333.33 + 48000

y = 20666.67
3M RFC MIRRF N RFC K?AFGLR ? WC?PQ GQ
( 7A 7=H7F>7D: Kl; ? J JE 9>;9A J>; FH;:?9J?ED

RGKCUMMRF

"W F?LB (€ NJMR RFCQC R@G@R RFC JGLC ?LB SBRGI CQRRE?
RFC ?LQUP RM RFC OSCQRGML

Z( %V?KNJC



. MRGARFR RFC ERF QJ?RQ BWL UFGAF K@LQ RFC QIMNC GQ
LCERGT LB LMRGARFR WS BGB RC? LCERGT QIMNC SQGLE RFC
MPKSJ?Q 4R EMMB

/L RFC EPPNF JMMINOP RGKC ?LB QC RFR RFC MIRF GQ ?@MSR

4F?R GQUAQGQRJLRF RFC?ISC M@R7BBQGLE RACHAKSJ?
4FC NRBGRGML GREML?@JC

( %V?KNJC Z



124H1.04: Example 3

IN7C FB; &MP ? BR?GLVRNC MJBRCP QBL& &BCRJ %VNFQQ RFC
AF?EEC GQ DMP RFGGPQR MSC@ ?LB D MP QAF ?BBRBGML?J
MSLA SNRM MSLBQ (MJ KSAF UGJJRAQR RM QCLB RISLAC
JERCP
.E BKI?ED
2 >7J7HJ>; IM E L7H?78B;1 7D: J>;?H KDR
ILQ 7 CGER ?LB MQR TGER GQ KQSEB GL MSLEQ ?LB MQR GQ
KC?QSEB GL BMJJ?PQ
2 >7JM?BBWH;:?9J ( 7A 2JO 2 >7J THIEC; FE?D JI
ILQ 7 CUGJJ SBGR MQR 3M WMQR 4FCLV MSIOR ?LB V KSQR
@C EPRCP RF?L MOE?J RM  #MQR KSQR RIZRQR
%GER MSLBQ MQR  3MV ?LBW 5QC
GLCMSLEQMQR  3MV ?2LBW 5QC
% 7 B?D;7H CE:;B 7FFHEFH?J:
9CQ @eSQC RFCMQR GIGRRCQ V@ RFC Q?KC ?KMBLBIP CAF
?BBEGML?J MELA

. BEF;
&GLB RFC QIJIMNC K PGQC PSL
,CR @C RFGPQR NNGLB @C RFC aMLB NMGL
Yy — Y 9.40 — 8.50  0.90
m=22_J1 _ — — 0.90
L9 — I 9-—-8 1

9DJ;HFHJ J>; IBEF; KI?D= J>; KD?JI E< J>; DKC8;HI| ?D J>;
FHESB;C

1Q VGLARQCQW® W GLER)CQW®K

&MP CAF ?BBRBGML?J MELARFC MQR GIRBRCQ\®

. MREARFR W?Q EBTL GL RFC N®JCK 3MCRIW LC BGBiIR LGB RM
AMKNSRC RFC QJMNCC)F?B FAMELGB RFC GRICPNRRGMLIMS C
AMSJB FPC HSQR NGAR MSRIMRFC (FCKCR M RFC NRDJCK ?LB
QIGNNEQRCN

2 H3; J>; <EHCKB7 EH J>; B?D;7H;B7J?EDI>?F

Z( %V?KNJC



#FMMQC RECP NM&PLB SQC RFC NRIGIMNG/PK ND RFC JGLC
4FCL QGKNIZB RM RFC QIMNRTAINRNIPK ND RFC JGLC
#FMMQC DMP RFC NNRGILB SQC RFC QJMDNC M

Yy — 1y =m(z — xo)
y — 8.50 = 0.90(z — 8)
y— 850 =0.90x — 7.20

y = 0.90z + 1.30
%DJ;HFHJ J>; O ?DJ;H9;FJ

-?<MBCL<F=P @J9NZEE= ()

7 FCL RFC CICJMNCCGEQ MSLACQ RFC KMBCINI? RRRFCMQR
GQ 3GLE RFC KMBCJ GQRRERM M @C EMMEPDCGERQ DR
JCQR MSLEBQ RFCL RFGQ GQ LMR ? SQCDZRGMRQCP

01;J>;;GK7 J?EDJE C7AJ>; H ;GK;1J;: FH ;:?9J?ED 2 H3;J>;
HIKBJ ?D 7 I;,DJ;D9; M?J> KD3lI
&MP MSLEQ V

y = 0.90z + 1.30
y = 0.90(12) + 1.30
y = 10.80 + 1.30

=12.10
3M? MSLAC JERCP UGM®@R
. AJ9> 7 =H/F> <HEC J>; EH?=?D7B H8B,;C ?DEHC7I?ED Ki;
2 JE ;13?C7J; J>; 7DIM ;HI JE J>; FH;:?9J?ED GK;IJ?EDI 7D:
3 J;HC?D; M >;J>;H OEKH 7DIMHI <HEC J>; 7B=,8H7?9 EHCKB7 7H
H7IED78B;

UCGER AMQR

"W F?LB NJMR RFCQCRMGR) RFC JGLCOVRCLBRGRM RFC JEBIGP
RFC TPG?@JCQ ?LB KFMECQRBERFC ?L@P RM RFC OSCQRGML

( %V?KNJC Z



5QGLE RFCRFE RFCMQRVP ? FRCPIM MSLACQ GQ FRUIE KMP
RF?L

4F?R GQMAQGQRAUBF RFOIDSIRNIRSQGLE RFC JBLRIPKSJ?

4FC NRBGRGML GREML?@JC

. MRGARFR RFC ERF FCE MLW GLAJSBCQ ? JBRGREC NRP UFGP
RFC JGPE KMBCJ GQ ?NINP&Z [) MRFCP MBQ B BMCQ@R \IRCLB
@CIWVP UCGER D MSLAQ 4FGQ FCINQ GARSQARN RFC WRLACNR
FCR GQ LMRAV SQCDSJ

Z( %V?KNJIC



125H1.05: Example 3
Alternative Method

Alternative method of solution for Example 3:

IN7C FB; GK;IJ?ED &MP ? GR?GLVRNC M JBRCP QL& &BCRJ
%VNEQQ RFCAEPPGQ DMP RFGPQR MSLA@?LB D MP GAF
?BBE&GML?J MELAN RM MSLBQ ( MU KSAF UGJRGMQR RM QCLB ?

MSLAC JERCP

7 C QU FCRC RFR B GQIU ?FB IMP RFC?TSC RM @C QM DRV
SQCDS2ISCOMP RFC?PG?@JCQ 4FGQ QSEEGRERMRBTBLC RFC
T?PG?@JCQ RM @THMEDS]

:<?D; J>; L 7H?78B;I 7D: J>;?H KDR 7D: FEII?8B; L 7BK;| 21

J>; FE?D0I

.CRV LSK@CP DMSLEQ ?@K 3M RFC NMQQG@IECDMP V
?2FC RM UFGAF MPEQNMLBQ RM RFRCE BGGEGLE MSLEQ RM
MSLAQ

,CRW AMQR 4FC NMQQG@SCMP W @ ?LB J?P ECP

| JCRRCP OGEGLE MSLEQ MQRQ  3MV  4FC NMA.GQ

1 JCRRCP BGGEGLE MSLEQ MQRQ 3MV 4FC
NM@R GQ
% 7 B?D;7H CE:;B 7FFHEFH?J,
9CQ @CSQC RFCMQR GIRPCQ W RFC Q?KC ?KMBLBIP CAF
?BBE&GML?J MELA
?D: J>; IBEF; 7D: J>; < EHCKB7
5 QGLE RFC NRIGR@® UC FZIC
YDJI;HFHJ J>; A?DJ;H9;FJ
7 FCLV RFC TJSCP W GQ 3GLEV UCGER k MSLACQ
RFR KCLQ RFR UFCL RFC BRCP BGEQ MSLAQ RFAOMQR GQ

( %V?KNJC IJRCPLRGT
- (RFMBZ



. MRG@ARFR BGBLGLE RFT YPG?@JC GL RFGQ K?LLCP F?Q K?BC RFC
W GRCRCNR KMPKC?LGLBSJ GL RFONPICK
( 7A J>; FH ;:?93?ED
)D RFC BRCP CCGEQ MSLACQ RFCL © SQC V k 3M
y =8.5040.90 -4 = 8.50 + 3.60 = 12.10
4FGQ ?ERQ URF RFC ?LQP LC MSLB @& RFCIPQR REMB
# H'F>7D: 9>,9A M >;J>H OEK E8J77?D J>; I7C; H;IKBJI

UCGER V UCGERk W AVQR

"W F?LB NJMR RFCQCRMGR) RFC JGLCOVRCLBRGRM RFC JEBIGP
RFC TPG?@JCQ ?LB KFMEQRBERFC ?L@P RM RFC OSCQRGML

/L RFC EP’NF JMMI SN ? OGER @ MSLACQ UFGAF GQ
vV ook

4FC AVORMP V  GQ ?RGEC JERP RF?L  UFGAF GOIAQGQRCL
U®RF RFC?ISC € M@R?BLONMK RFCNPKSJ?

Z( %V?KNJC IJRCPLRGT- CRFMB



126H1.06: Example 4

IN7C FB; 7 PBC ? KRFCKRGA KMBCJINIP RFC NMNBGMLIMRFGQ
ABN NCP RFC ®&CL NCPGMBD NRGKC ?LB SQC RRM KBGR RFC
NMNSRGML GL

9C2P
OMM. RFMSQ?LBQ

.E BKI?ED
2 >7J7HJ>; IM E L7TH?78B;l D: M >7J 7H J>;?H KD
ILQ 9C?P ?LB NMNSBBML @P GQ GCARQ ?LB NMNSRIBML GQ GL
RFMSQ?LB@M®INIC
2 >7JM?BB;WH;:?9J ( 7A 2J0 2 >7J 7THIEC; FE?D JI
ILQ 7 C UGJJ SBGR NMNSBBEML 3M W NMNRSSRIL (@P GQ RFC
GLNSR?PG?@JCMJCTCP ?Q C Q® %V?KNJC B UGJJ @C KMP
AMLTCLGOR RM AT RFC GLNSFPG?@JC \CARQ QGLA  4FCLV GQ
ERC?RCP RF?L MOS2J RMCRM /@TGMSEIV KSQR 2JQM @TREP RF?2L
MP OS?J RNCRV
F2QNMNLMD 3MV ?LBW 5 QC RFC NNRGL
F?Q NMN . MD 3MV  ?LBW 5 QC RFC NMRGL

% 7 B?D;7H CE:;B 7TFFHEFH?J;

V2P V7P k NMNL

( %V?KNJC  Z



4FC EPNF AJCRW GLBTHCQ RR?? JGRke KMBCJ GQ ?NINPEKT 0P
RFGQ NMNS3®IL MBRF MCP RFGQ RGKC NCPGMB
. BEF; "?D:J>; IBEF; C H?I; HKD

,CR @C RFGPQR NRIGLB @C RFC @QuILB NMBL
Yo — Y1 289.5 —-234  55.5

m = = = = 5.55
o — I 10—-0 10

9BJ;HFHJ J>; IBEF; KI?D= J>; KD?JI E< J> DKC8HI ?D J>:
FHESB;C

IQ V GLAPQCQW® W GLERCQW@K

&MP @AF W?P RFR EMCQWGNMNSRGML UGJ) GIQ€ @
RFMSQ?LB NCMNJC

2 H3; J>; <EHOKB7 EH J>; B?D;7H;B7J?EDI>?F

#FMMQC RECP NMGPRLB SQC RFC NRIGIMNGIBK ND RFC JGLC
4FCL QGKNIZB RM RFC QIMNRTAINRNIPK ND RFC JGLC

#FMMQC IMP RFC NNRGELB SQC RFC QJMDC MRF?R ) HSQR
AMKNSRB

Z( %V?KNJC



y—yo = m(z — )
y — 234 = 5.55(z — 0)
y— 234 = 5.55x

y = 5.55z + 234
%DJ;HFHJ J>; O ?DJ;H9;FJ
-?<MBCL<F=P @J9NZEE= ()
7FCLy = () RFRGQ GL RFC NMNRRGML GQRFMSQ?LB
NQVNJC
5QC RFOMIPKSJ? RM K& RFCEBSCQBAMNKEBGRGML7 PRC RFC
FCQSJR GL ? RCLE URF SLEQ
&mpP = 2010 — 1970 = 40
y = 5.55x + 234
y = 5.55(40) + 234
y =222 + 234
y = 456
3M GL RFC KMBCJ BBGRQ RR?RFC NMNB&ML UGJJ @C
RFMSQ?LB NCMNJC
. AJ9> 7 =H7F> <HEC J>; EH?=?D7B H8B;C ?DEHC7I?ED KI;
2 JE ;J?C7J; J>; 7DIM ;HI JE J>; FH;:?9J?ED GK;lJ?EDI 7D:
5J;HC?D; M >;J>;H OEKH 7DIMHI <HEC J>; 7B=8H77?9 EHCKB7 7H
H7IED78B;
7 C R?C RFC Q?KC ERF ?Q @NE ?LB G/RCLBRGRM RFC PEBRM
RFR WC AL CQRGREZ ? NMNRRGML2ISCaP V

( %V?KNJC Z



4FC T?JSC € QC DMK RFC EINF GQ ?NNMFGKRGY RFMSQ?LB
NQMNJC 4R GQMAQGQRCUBF RFC7ISC € M@R?BLDORK RFC
MPKSJ?

4FC NEBGRGML GREML?@JC

Z( %V?KNJC



127H1.07: Intermting the
Slope and Inteept

3RSBCRQ DPSCRW FTC BGBASUWR GRCPNRGLE RFC QJMNC ?LB
GRCRCNR GL RCPKQ RIFC 7PG?@JCQ ?LBRE.GL RFCM@JICK
&MIWGLE ?€ ?BBRGML?YZKNICQIMAERCPNRRGMLQ ?LBIKKCLRQ

IN7C FB; 7 FCL AGEZRRCQ TP@SPIREC MLC @ NRIBSR GL RFC
QKMIC GQPR@ML KMMGBC R? GQMAIEREG RM BRCPKGLC URECP
RFC AP@ML KMIWGBC CKGQQGML@C NBGRB @V RFC LEERGLC
JOCJ @ RFC AGERRC R GQ BCPKGBCRFR RFC ®RGMLQFGN GQ
?NNRVGKRON JGRE UFCL UC NEBGR RP@ML KMMKGBC DMK
RFC LGARGLCTIT' "MRF PPG?@JCQ RE?QSEB GL KGJJIGER 4FC
DMPKSJ?MP RFC KMBCIGQ= 3.0 + 10.3 - V

9BJ;HFHJ J>; IBEF; )D RFC ?KM$LN LGARGLC EMCQ SN ®E
RFCL L€ NPBGR RFC ?KM$L. M AP@ML KMIKGBC GL RFC QBRMIGJJ
GLAE?QC W KE

9BJ;HFHJ J>; ?DJ;H9;FJ )D RFC ?KMSRND LGARGLC @RKRFCL G
NRBGR RFR RFC ?KM®. M AP@ML KMIKGBC GL RFC QEMIGI] @C
?2@MSR KE

IN7C FB; 2CGIMAXB AVILARRC @SGJBGLEQ ORI CHRCQ /LC
MD RFC K?GL [RMPQ MBRGLE RFC BEFRIG M RFCQC @SGJBGLEQ GQ
A?P@MIRGMLIMRFC MLABRC A?SQB @V ? AFCK@A E?ARGML RE?
AF?LECQ RFQ M D RFCMLAPRC UFGAF RFCLMPRIBCQ RFC QRC
FCGLIMRGLE RFC @SGJBGRRE GQMUIRE ML QNAGKCLQIMRFCME
R?ICL DMK QSAF @SGJBGLEQ WREE BCNRF MD RFCR@MIRGML
GL KK ?LB RFC QRPERFJ MD RFCMLARRC GL KCE?ZQARJIQ -0?
?FC KC?QSEB )R GOBLB RFR RFC KMBCJ&GE- 24.5 — 2.8 - d

9BJ;HFHJ7J?ED E J>; IBEF; )D RFC BCNRD MFC R @MIRGML
GLAE?QCQW® KK RFCL RFC KMBCJMEGRQ RRPRFC QRIERF BIRFC
AMLARRC UGJJBT?QC @ ?NNWGKRGN -0 ?

9BJ;HFHJ7 J?ED E J>; ?IJ;H9;FJ )D RFC BCNRB RFCR @MIRGML GQ

( )LRCPNRGLE RFC 3JMNC ?LB
)LRCRCNRZ



KK RFCL RFC KMBCJ NBBGRQ RRPRFC QRIERF Bl RFCMLAPRC GQ
NNRVGKRON -0 2

ECC,D JI )L RFGQ KMBCJ LMRR#R RFC QRERF BER?QCQ ?Q
RFC AP@MIRGML GLROCQ UFGAF GQUQREW RFC LCR®BI QIMNC
AVCOBAGRL7FCL WIS GRCPNR ? LCERGT QJMNC LMR®AR \MS
KSQR Q¥ RAR ?Q RFC GLNSRG?@JC GPAEQ RFCL RFC MSRNSR
T?PG?@JCABZQCQ

. MRGARFR B G@R LE&CQQ?I RM DSJSLBCPQR?LB RFCRSLGL
UFGAF RFC?PG?@JCQ RE?QSEB GL MBCP RMMPEARW GRCPNR
RFCQQUCIBAGRR FGJREGQ EMMB RM SLBCPQR RBRSEING
GQ ?JQM GKRNPRM SLBCPQR?LB RFC RE®SB JGRE KMBCJQ ?LB
RM @C ?@JC RMRERRFGQ ML ?NEJIGR@JCKQTCL GD RREC?E LMR
NAM@JCKQ GUSP GCJB

Z( JLRCPNRGLE RFC 3JMNC REBORCNR



128H1.08: Exerses

Part I.

$SPGLE RFGPQR ?LBARICB OS?RCPQIV PP ? @SQGLCQQ F?B
Q?2JC@M  7LB FCQNARGIW)D RFC EBRF ND
Q?JCQDIVY ? JGI2@ NFRCPLNIP RFC MR ISP @?PQ UFR UGJJ
Q?JCQ @C GL RSB OSTRCP [) RFC RF OSTCP %)C 7L
2JEC@BA KRFMB DIQMISRGML
IH?V -?LSD?ARSPGLE @MSE K?AFGLOVP )R GQ
OVN@R® RM J?QR CYPQ ?LB R RFC CLEDMRFR RGKC Fe ?
Q7I?EC PJSC 3CR SN ? JGRE BCNEAGRGML KMBGID
RFGQ K?AFGLC 2B RFCMRF R RFC CLEIM WC?PQ
&MP ? BIR?GLVRNC MJERCP QBL@ &BCRJ %VNEQQ RFC AEZP
GQ DMPRF@GPQR MSLA?LB D MP GAF ?BBRGML?J
MSLA SNRM MSLBQ ( MJ KSAF UGJRGMQR RM QCLB ?
MSLAC JERCP
7 PBC ? KRFCKRGA KMBCIP RFC NMNBGMLIMRFG @AGICP
RFC BTL NCPGMB RGKC ?LB SQCRRM KBGR RFC NMNRZML
GL

9C2P
OMM. RFMSQ?LBQ

7 FCL AGE@RCQ TP@SPIEC MLC @ NRIBSR GL RFC QKMGQ
A?P@ML KMMKGBC $ ?R? GQMIERB RM BRCPKGLC URECP RFC
AP@ML KMIKGBC CKGQQGMIGT NBBGRB @V RFC LERGLC
JACJ M RFC AGERRC R GQ RCPKGBIRFR RFCBRGMLQFGN GQ
?NNRVGKRON JGRE UFCL LC NPBGR AP@ML KMMEGBC

DRIK RFC LBARGLCTID' "MRF PPG?@JCQ RE?QSEB GL
KGJIGE®R 4FC IMPKSJ?MP RFC KMBCJ GQ

C=30+103-N

( %V CRGQCD



2 )LRCPNR RFC QIMNC

@ )LRCPNR RFC BCACNR

2CGINRCB AMLARRC @SGJBGLEQ BRTI DIKCQ /LC MD RFC

K?GL D?RMPQEBRGLE RFC BERRIGI RFCQC @SGJIBGLEQ GQ
A?P@MIEGMLIMRFCMLARRCA?SQB @V ? AFCKGA E2ARGML

RFR AF?LECQ RFCWND RFCMLAPRCUFGAF RFCLMPMBCQ RFC
QRCJ EGINMAGLE RFC @SGJBGRE GOMIREG ML QNEGKCLQ

MD RFCMIE R?CL DMK QSAF @SGJBGLEQ @WREE BCNRF MD

RFC 2P@MIRGML GL KK ?LB RFCQERFJ MD RFCMLAPRC GL
KCE? 0?QARJQ -0? ?RC KC?QSPB )R GMIBLB RFR RFC KMBCJ GQ

§=245-28-d
? )LRCPNR RFC QIMNC
@ )LRCPNR RFC BCACNR

Part Il.

)L ?BB&GML RMRIOGLE RMVP ?NNJGENRM@JICKQ MLC NMBLRFGQ
JCQQML GQ RMZRGMSP @QC ?LBIVG@RBIGLEBGLE ?LB MIFGLE
NAM@JCKQ &MP RFR?QML QMKC IMRFC NR®JICKQ CPQRRG
QMKUF?R BEDELRW RF?L NR@JCKQ GL RFCKNJICQ QI OSCQRGMLQ
2Q LCB@B

. MRGARFR K?LW @ RFCMJJWGLE NR@JCKQ F2 N?RQ J?@BJC
UGRF JERCPQL WWISP QMJSRGMS Y& ROSGI RM J?@CAE ND RFC
N?ARQ BIWSP QMISRGMWEWREC ?NMRP&E JRCP RR2QFVQ UFGAF
OSCQRGMISIE ?LQICPGLE

3MKCRGKCQ QRSBQLNEP RM MP NPM@JCKQ SQGMRARW RFC
Q?KC QRCNQ ?Q RFEIKNJICQ LSK@CPGLE RFC QRCNQ GL RFBAQ?KC U
)D WIS UMSJB NETP RM MP RFC NRI@JCKQ GL RRPW RFCL GPQR
BM RFR LSK@CPGLE RFC QRCNQ HSQR ?@?&NRKT I€4%2 WS
F?TC AMKNJB® RFR RFCLIPPC?B RFC NP@JCK ?LB EM @?Al ?LB NSR
?BBE&GML?J J?@CRMMWISP QMISRGML RMRCRESE CAF N?R D
RFC QR®B NRM@JCK GQTUBIJ

Z( %V CRGQCQ



I AMJJCEC F?B JBRERURF GL CIMIJKCR MCP RFC NCPGWEXDP
kK ) L  RFGVF?B QRSBCLRQ CIWIJE?LB GL
RFC WF?B QRSBCRQ CIMIJE )D RFC Q?KC RRCPL GL
ERURF MLRGLSCQ BM?L W QRSBRQ BMWS WNG@R RF UGJJ
F?TC GL

? ,CRK LSK@CP W W?PQ QGCA ,C R CLPMJJKCR

-?1 C? R?@JQV@?LB MP GL ? QRBQFCR RFR QFVQ RFC

FCIRGMLQFENMRM ROW RFCECL NCPGMB RGKC

'P ?NF RFC®IRGMLQFGN

7 PRC ? JGREKMBCIMIP RFGCBRGMLQFEN RMK

JLRCPNR RFC QIMNC PIBIRCRCNR GL RAGIHKSJI? SQGLE

RFC SR GL RFOWRICK

C 5QC RFGIPKSJ? RMGBGR RFC CMIJKCR GL

5QC WSP EmNF RM NBGR RFC CMIJKCR GL

E . QU OSCQRGMLILMRRIRGL RFC MBGE] NNR@JCK
INNPWGKRGY UFCL BM 8 G/N@R RFC CMIJKCR RM @C

QRSBCL RQ 3QC G&ECPMSEP ERNF MPNDPKSJ? RM BM

RFGQ %VNJ?GL URGABQE ?LB FMU WMS BGERG

INCPQML BCNNRQGZ BR?GL ?KMSRND KMLAV GL ?L AMSIR

RFR NWQ QGKNJIR@RQRFSQ RFC ?KMS$ND KML®&V GL RFC

?AAMSIR R ?IW RGKC GQ ?ZEDSLRGMLUIMRGKC HTP KMRFQ

RFC ?KMSR GL RFCAASIR GQ IDRCP KMIRFQ RFC ?KMBL

GL RFC 2MSIR GQ

)

@)

2 $M 2JJ RFC QRCNATI Y RVEDB ? JGREKMBCJ RIBFRC
RFC ?KMSR GL RFCAMSIR P RM RFC LSK@QP KMIRFQO
"C QSE RM BCPNR RFC QIMNC ?LBGFCNR

@ 5QC WSPMPKSJ?NP RFC JGR&MBCJ RIBIB RFC ?KMEL
RFR UGJJ @C GL RRGZIR ?RCP  KMLRFQ

A 5QC ? QNPBQFCR RM K7C ? R?@JORFC ?KMRGL RFC
2AAMSIR ?RCPZAF KMLRF SN RM  ?LB AF&! RFC ?LQGP
WIS M@R?8ISGLE 2JEC@P

/LC A 7L KC?QSE RCKNCIRSE GL BCEBQ #CJQGSQ MPEIEP

&?FELFCB 4FC BM KC?QSEKCLRQ TR JGIZRIN BJRG 4FC

RCKNCPRSE R UFGAF BRCP DBXCQ GQ BOEEQ #CJQGSQ ?LB

( %V CRGQCD



BCERCQ &?RELFCR 4FC RCKNCRSE R UFGAF BRCP @MGJQ GQ
BCEP CCQ #CJQGSQ ?LB BCER &?RPLFCB 7C U?LR RM
NFBGR RFC RCKNARSE #CJQGSQ

? ,CR# BCERCQ #CJQGSQ ?LB & BIEP&?RELFCR $M 2JJ
RFC QRCNQ\CQQP RMEDB ? JGREKMBCJ RM BCQAPG@C RFGQ
FCIRGMLQFGN

@ )LRCPNR RFC QJMNC ?LB ROBCNR BIOSRGML SQGLE RFC
SL®RQ GL RFOWPJICK

A 7 FCL RFC RCKN@H®SE GQ BCEERQ &?RBLFCB UFR GQ
RFC #CJQGSQ RCRRER

B 5QGLEMBPMPKSJI? K?IC ? R?@JC RRIFUQ RFC
RCKNCFRSE &?FELFCRB MK k BCEPCCQRM BCEECQ
7LB RFC NEBGR® #CJQGSQ RCKNRSR MP CAF ND RFCQO )
WIS AL SQC ? QNPBQFCR DIP RFGQMESA ? R?@JC RF?
EMCQ GL GCKELRQ D BCEEC D WS ?E BMGLR@/ F?LB
NRVMBSE ? R?@JC RFEMCQ GL GIKKRRQ Bl BCERCQ

C 'P ?NF RFGQGFRGMLQFGN

)L RFC LSK@CP N\D MSRAQFMNNGLELRCPQ GL RFC 53

W  RFCLSK@CP F?B GLGRQB RM
( GR ,GRK WC?PQ QGLA ?LB RFCL QMIC RFC NIR@JCK SQGLE
K

? )D RFC LSK@CP MSRRQFMNNGLERCPQVARGLECRM
GLAB?QC GL ? JGEANPRCPL UFR UMSJB FIC @CL RFC
LSK@CP GL  &GLB ? JGRER KMBCJ ?LB SQR BM KZC RFC
NFREBGRGML

@ )LD?R RFC BS?J LSK@QCPMWSRRQFMNNGLEHRCPQ GL

u ?2Q $M WS RFGLI RRRFC GIZ®RC GL RFC
LSK@CP DIMSRRQFMNNGLERCPQ2D ?NNA/GKROY
JGLRP

A -?I C?EPNFND RFC B? EETL GL RFC BG3JRSN M RFC
NAM@JCK $RJ RFC JGLC %VRCLB RFC JGLC RM F?R
BMCQMEP JGLCOBIBR RFC LSK@CP MSRRQFMNNGLE
ACLRCPQUGII @CGL $MC®RREEC URF RFC
NFEEBGRGMIMBPMMPKSJ? ETC GL N'RP?

Z( %V CRGQCQ



&MP NR@JCKQk UPGRC ?L ?JEC@A JGIEKMBCJ BCPMR RFC
QJIMNC ?LBGLRCRCNR SQC RFC 28IMBCJ RM ?LQIPIRFC OSCQRGML
2LB K?I C ? EPNF RM AT VISP WP

I A CJISI?P NFMLUGKN?LW F?Q@SGNKOR RFR AL QCPGA
RFMSQ?LB ASQRMKQPQ RFC W F?B  RFMSQ?LB ASQRMKCPQ
2LB MICP RFC J?@R RC?PQ RRZFTC @CL ?BBGLE ?@MSR
ASQRMKCPQ NCFOAP ( MU K?L W ASQRMKCPQ UGN IRRT
GL ) DRFGEZRE M GLAPQC MLRGLSCQ UFCL UGJWRKB
?BBE&GML?DSGNKOR
4FC K?L?ECP @ ? QSNCPKIZER BLBQ RRQFCZA QCJJ
E?JIMLQDWKGJI NCPAZI 7R NCP E?JJML ?LB  E?JIMLQ
KGJI NCP OCI ?R IQQSKC RFR RFC Q?JCQ Q GQPJGLC
MPKSJ? MIRFC NRGN (MJ K?L W E?JIMLOISJIB QFG/BI@R RM
QCJR NCPE?JIML ( GR 7FCL WIS GRCPNR RFC QIMNC G
K? W QCK QRRLEC RMM® MS KGER WPLR RMIPUMPRFC
NAM@JCK SQGIERQ GLOBGD BMJIJ?RGPIRFC NRGAFR UGJJ
K?l C & QGCP RM SLBCPQR?LBRERNRRGMLIMRFC QIMNC
IR &?FP CLFCR ? £MR?GL QNGCDMPGZR AFGPNQRGKCQ
NCP KGLSRCR! &?FP CLFCB RFC Q?KC APGRAFGPNQ
RGKCQ NCP KGLSRC !QQSKC RFC AFGPNQ NCP RGLEREIV
FCJR® RM RFC RCKIRRSE &?FELFCB- ( MJ K?L W RGKCQ NCP
KGLSRC UGJJ RFC ARGFGPR? &?FP CLFCB )D WS MSIR
RFC APGIR AFGPN@FD? KGLSRC ?LBIB RIRB GQ AFGPNQ
UF?R GQ RFC RCKIRSE RM RFC PREQR UFMJC BCEP
| @GWAIC K?LSDRSEP F?Q BB AMQR®M ?LBC ?AF
@GAIC MQRQ RM K?LSDRSE 7 F?R GQ RAGQ@RM
K?LSD?/RSPGLE @BACQ GL ?2\8?( MJ K?L W @BICQMSJB
@C K?LSDRSEB GL MLC BV BIP
2CA?JJ RFORKNJIC DK 4MNGA " &MPKSJ?Q MLOB@ETCLy
2L2IVQGQ MKN?LW QCJIIQ?RAGN?R RW BIP  C?AF ?LB QCJJQ
2JJ RFR?E NRIBSAB 4FC 7B AMQRIMNMBSRGML GQ
7LB RFC TPG?@JBQR GQ  @AF

? 7 PRC ?MPKSJ?MP RFOVMQRIMNMBSAGLERMWQ
; L0+ FIK <

( %V CRGQCD



@ 7 PRC ?LMRFORAXSJ?NP RFGFCLSC NMBSAB @V QCJIGLE
ORMWQ 40 + +<M<EL< Ox

A 5QC ? QNPBQFCR RM ERF @MRNMPKSJ?Q

B ,MMI?R WSP ERNF RME. B RFC?TSC BODVP UFGAF RFRIGR
GQ@S?J RM RRUBLSC 4FC NMGR ML RFC BRF GQ24J8
RFC p@M CTCLgNMGL ;',0+ " RC?I CTCL GQ UFCP
AMQR ?LBIPCLSC JGLCQUATQ <

C 5QC ?JECERM®BLB RFCT?JSC B RFC @ CTCL NMGR
?LB RFCL SQC MLO RFOMPKSJ?Q REBILB RFC VPJSC Bl RFC
@PE?I CTCL NMGR 7PBC WSP MLAJSQGML GL ROCE

I A MLRPARMP NBF?QCQ ? NGAD OSGNKCR DP 4FC

MNCPRGLEMQR GQ NCP FMSPCJBRPGRVK?GIRCL?LE (RA

?LB RFG@@P RFC MNZEMP GQ N?GB NCP FMSP4F?R KC?LQ

RFR RFC RMR?J FRGEEMQR GQ NCP FMSP

2 &GLB ?NIPKSJ?NIP RFOMQRIVRFC PSLLGLE RFC K?AFGLC
UFCRC RFC GLNSFPG?@JKAGK@CP b FMSPQ PSL "C
QSE RM GLAJSBC RFANBPFC MQR ?Q RFC ?KRIEUGJIJ
AVQR RM PBLEGIM FMSPQ $MWS QC UFW RAR K?1CQ
QCLQC

@ )D RFC NIBSR ECLCIR® @V RFC K?AFGLC GL NCP FMSP GQ
QMJBMP  UP®C ?PKSJ?NP RFGFCLSC+ UFCRC RFC
GLNSRPPG?@JC GQ RFC LSKIGRMSHQ PSL

A )D RFC K?AFGLC GQ RIBL DFMSPQ UF?R UGJJ RAGRRIM
PSLLGLERG@C

B )D RFC K?AFGLC GQ FBL DFMSPQ UFR UGJJ RRIJELSC
DRIK PSLLGLERG@C

C 5QGLE ? QGHBQFCR EPNF @MRF RAGQR ?LB RFCTELSC
IMPKSJ?Q ML RFC Q?KCQV #S UGJJ 08 RM B&GBC ML 2L
NNRINPRZ GENDK T2JSCQ RM SQIE ISP ERNF 9IS KW
LCCB RM BM QMKC ?LB RFERCLBRERM KMFK T?JSCQ

D &MP UFRK T?JSC BM RFCTREQ B RFOMPKSJ?Q BCP@R
&GLBREML RFC BRF 4FCL SQC ?JEC@M MLISPK RARMS
F?TC IMSLB B MPEARW 7 PBC ? QRCLE RM ?LQTP RFC
OSCQRGMIMI(JIMLE UGJJ REETC RM PSL RFC K?AFGLC RM
M@P CTCLn KC?LGLE RIRPRFOMCLSC UGJDS?J RFC RMR?J

Z( %V CRGQCQ
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12911.01: Overview

Topic INLinear and Quadatic Models

Objectives:

2 CAMELGXUFCL ? BR?QR QFVRQ ? EJRGMLQFGRIGCL RFC
T?PG?@JCQRREQ ?NWRSKRON JGRE

5QC ? QNPBQFCR RM ?BHSQR RECRGNR ?LB QIMNCNGERCPQ
MD ? JGRE BDIPKSJ? QM RERFC BRF ND MPEQNMLBGLE NRIGL
ML RFCEQSJRGLE JGOAIMQC RM RFCRIVERIF@ DRIK ?
BR? QR

5QC JGRE PIPKSJ? RIR@CQRQ RFC B? ?Q ? KMBCWIR RFC
B?R? NEBGRGLE RFC MSRNBRSCIP 20V QNGIEB GLNSR
T2JSC

2 CAMELGXUFCL ? BR?QR QFVRQ ? EJRGMLQFGRIGCL RFC
T?PG?@JCQRREQ ?NWRSKRON OS?ERGA

5QC ? QNPBQFCR RM ?BHSQR RERGWA ?LB ZIC N?7AKCRCPQ
MD ? OS?ERGMPKSJ? QM RERFC ERF ND MPEQNMLBGLE
NM@RQ ML RFC@SJRGLE N@RI1J? CRAIMQC RM RFCRMGL
EPPNF@ DFIK ? B?R? QR

5QC RFC OS7ZBGAPKSI? RR@CQRQ RFC B? ?Q ? KMBCYID
RFC BR? NEBGRGLE RFC MSRNBRSCIDP 2 QNGIBEB GLNSR
T2JSC

$GQRGLESG@BE@C ?NNRINPEE ?LB GL?NMRP&E
OVRPNMJIRGMLIVP KMBCJ

) /T CAGG Z



Overview

)L NFCTGMSQ RMNGBEFWC BQJR URF LSK@CPQ MBSAB DRIK
MPKSJ?Q ?LB QCRRPY UBRF BR?QRQ QRMSLE RFCCHRGMLQFGNQ
@&CCL RIM PPG?@JCQMU. UC ?F EMGLE RMIK@GLC RFCQC
NCPQMBGIQ ?LB BGLB MPKSJ?Q RR??NNA/GKRON KRAF RFC
FCIRGMLQFGNRI@CL T?PG?@JCSAB MPKSJ?Q @PDF;<CJMD RFC
KC?QSBKCLR BR? ?LB RFCGP?EP UGJJ N?QQ AJMQC RM RFC B?
NMGRQ

4FC KMBCJMPKSJ? GQ BQRM NBBGR MSRNSRIBCQL)RFGQ RMNGA
UC UGJIMEKGLC KMBCJQ RF?E C@E<S8RFR GQ RFCGMNE® 7€
QRFGER JGLCAQ UCJJ ?Q MLC IGLB ML JGI28 KMBCJ

4FC KMBCJQ UGJJ LMRAR RFC B2 ©?2/ARW 4FCFC UGJJ 2aWQ
@C QMKEF@J8SC RM SOTMGB?@JCLBMK CPMPQ GL RFCRB?
KC?QSBKCLR NRIAQQ 1JOM OQMMEKCQ RFC RB?J NRCPL
SLBCBNGLE RFCR®?UGJJ LMRRYSF RFC KMBQIAPKSJ?C E GD RFC
B7R? F?Q ? ASEB EPNF ?LB RFC KMBCJ GQ ?GERJIGLJL RFR 2QC
CTCL RFC @CQR BKMBCJ UGJITE?RM EM ?@MRFC BR? GL QMKC
?2RC?Q ?LB @OIMR GL MRFCPQ

*SQR ?Q @ AMKNSRB BO'GRGMLQMBP RFC TCPEC UFCL (L
2L?JVEB RFC LMGQC GN®RB KC?QSBKCLRQ € UGJIMKNSRC
BCTGRGMLQVBPRFC KMBCJ UFCLU?REC RWGLE RMAREBC RMU CJJ ?
N?RRGASJI?P KMBRIDI® BR?QR ! QR?LBBPBOGRGML @BML RFCQC
BCTGRGMI?TSCQ UGJJ @C ? LSKOMEAQSE ND FM EMMB RFC KMBCJ
GQ T AL 2JQMR RFC BGRGMLQ RM @D RFC KMBCJ GQ RMM QGKNJC
QGL@ GL ?L MCPQGKNJC KMBCJ KMQRPABER BCGRGML?TSCQ UGJJ
F?TC RFC Q?KC QGEL RMDEP LCEGT GL RFOVIPEAR KMBCJ RFC
B7R? UGJJ @CBMKW ?@I¢ MP @ WIRFC KMBCJ?ISCQ

4FC BR? PPG?@JBS\?LR WMSP KMBCJ RMCBER QFMSJB @CBQC
IMP RFC MSRRSRISCQ GL RFRBRR 4FSQ RFC MRFEPG?@JC QFMSJB
@C S@IMP RFC GLNSRJISCQ AA?QGMLWE GETPOML?@JC RM 2JQM
K?l C SQC MRF@EM3KMBCJ UFOB RFCNWJIC DIRFC BR? PPG?@JCQ
GQGICPQE?LB RFC QEILB PPG?@JC GB SOCNIBGR RFCAPQR MLC
)D ? KMBCJ GQ 28IREC GCPQC KMBAMPRAR BR? GQ 2JQMZELC

Z) /T CAGG



. MRC RR?UFGAF B? PPG?@JC GQ KMBBEJCMSRNSRLA@C
BABRLR BIP NENJC WRE BEDLR EM?JQ /LC NCPQML REEPLR RM
SQC RCKNE@RSE KC?QSEKCLRQ RMTBGR FM JMLE ? K&R?J @?P UGJJ
@C UFGJC QMKC CJQC KBERM SQC RFC?RSEB JCLERF MRFC
@7?P RM CQRREKGFR RFC RCKNEESE GQ "MRFMRJCMSJB SQC RFC
Q?KC QR W RIGE@RGML B? @SRMWBJB ?QQGEIIERSIRO?LE PAVICQ
RM RFC B? PPG?@JCQ UFCLVRR@IC RFCGPIBBRGTKMBCJQ

)L RFGQ RMNEAUGIMBSQ MLUM QGKNJIC KMBCJQ 2FGRCB
OS?BPRGAVPKSJ?Q@SR RFCARLGOSCQ QEMIGJIJ MPGL 2JKMQR
QV?/ARW RFC Q?KCAW BIP BRGLE W IGLB DIKRFCKRGA KMBCJ RM
B?R? 3MKC MRFCP SQCDSJ KMBCJQ UGJJ @B BGEEFRMNGAQ

) /T CAGG Z
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Setion 1: Gaphing data and model &tlger

)L MBBCP RMGDB ? EMMB KMBGAPD? BR?QR UC LGB RM @C ?@JC RM
AMKN?R RFC 7RS?J BR? PISCQ BRE RFC KBGRGML@MFC KMBCJ
4FGQ A @C BMLCV@?NNUGLE RFC KMBRIPKSJ? RMPAF ND RFO
T?2JSCQ GL #MJISKL ! RMKENSRCKMBCIg ?ISCQ RR??E NJ?8B GL
#MJSKL # LCVR RM RFGIPEQNMLBGLB2R?Pq T?JSC GL #MJSKL "

4FCL ? QARRCP NJMR RF3Q K?BC R 2JJ REE AMISKLQ QCYREB

UGJJ QBM@MRF RFCH? ?LB RFC KMBCJBBRGMLQ GLOBGIR
AVIMPQ &MP ? EMMB KMBCJURFIGEBQ MNMER UGJJ @C AJMQC RM
C?AF MRFCRJRFMSERFC BR? NMEBR UGJJ SQ8?3IQM GLAISBC QMKC
PPLBMK LMGQC

Z) 3CARGML



Example 1NAdding a model to a dataset and
setting up aamparison @gph

4FC BR?QRRM RFCREDQ ?QIRGMLQFGRI@CL O
"EGLK (LKGLK ?LBPRFR GQ ?NWGKR®E @V RFC JGEMIPKSIP O
4AFGQMIPKSJ? 2L @C SBRM MKNSROF;<CP
O  8KBP  T?JSCQUP GAF ND RFQWRIQ ND RFC BR?QR UFGAF O UGJJ
NSR GRM WJISKL # LOVR RM RFIREQNMLBGLE MSRNSR
;8K8 P T?JSC QM RERL /L C?Q@I MKN?IE RFCK

)LQCR ? L® UMRQFCOR GRM ? QRPBQFCR

#MNA RFC B?QR QM RRRFO?LB P T2JSCQ EMRM

AMJISKLQ ! 7LB " UGRF RFC LSK@CPQ RRRE GMP
4F?R GQCAJ ! UGJJ @C ?LB" UGJJ @C

0SR RFC J?@CJ®IBCIq BM 8] # ?LB KMBCJ WqRM

ACJIJ #

OSRRFOMPKSJ?p ! qGIRMBJI# 4FC

FCQSJMB # QFMSJB @C

3NRE?B RFCNIPKSJ? GL # BML AMJSKL # RM #

LCVR RM ?JJ RFRBPJISCQ GMASKL " 4FC RCQSJRQ

QFMSJB @CDMP # IMP# DMP# CRA

3CJER RFOPR?LEC DK | RM# ?LBK?l C?

QARRCP NJMR

7 FCL WIS FAC MJJWCB RFC QRCNQ BSR@IC WIS QFMSJB R2
FCQSJRQ RAIMMI ?@MSR RHGQ

) 3CARGMLZ



)LNSR /SRNSR O0PCBGRGML
\Y B?R? W KMBCJW

/>; =H 7F> 78EL; I>E MI J>7J A @ ?1 7 =EE: CE:;B < EH J>?I
7371, 1?D9; J>; ;7 J7 FE?DI 7H 9BEI; JE J>; CE:;B FE?D JI EL;H
J>; :D J?HH7D= E< :7J7 7D: J>; :?<<;H;D9;| 7H ; H7D:ECBO 78H

7D: 8;BEM J>; CE:;B

Z) 3CARGML



=<07?,1, ?-367?<0)<<0-:1/0<57,-47?);A @

'MMB OSCQRGML 4RGKNJC ?@@ QFMQ FNU RM <:F>E@Q¥FCL
? IMPKSJ? K?ICQ ? EMMB KMBCJ @SR BMCQ UMRMYFRM=@E?
EMMB KMBCMBPKSJ? 7F?R WC KC?2JW PLR GQ ? KEFMB RRPUGJJ
NCPKB SQ RM R?PLW BR?QR RFR QCKQ JGI2@ ?LB OSGAM BLB
UF?R N?RGASJ?PIJSCOMP RFC QJMNC ?LIBCBECNR NZKCRCPQ UGJJ
K?I C ? JGIAP MPKSJ? RIR? GQ ? EMMB KMBUB RRR BR?QR MP
? QGKGJ?PWEQQMP 7L ?NNMNPRZ LMLIGXE PIPKSJ? GD RFRB?
N?RRCPL GQ LMR AJIMQC RMERQRR.GFC LCVR QIRGML ERIBSEQ ?
RMMJ RENRTGBCQ ?12QW @W RMEDB RFC FBEN?PKCRCP GRGLEQ
GL ? KMBCMPKSJ?

) 3CARGMLZ
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Setion 2: Wing a smadshet model to prdict
values

4FC @CL@® MIP FTGLE ? EMMB KMBGIPRSJ? P ? BIRGMLQFGN GQ
RFR WS AL NFBBGR UFR MSRNSRISC QFMSJB @GIGREG IMP 2
GLNSR?PISC TCL GDW8 FAC LM BR? URF RFR GLNSRJSC 4FGQIA
@C BMLC QGWN@ MKNSRGLE URP T?JSC RFC KMBCI?GSRCQ RM
UFCL RFC GLNSRISC GQ B RFOT?JSC &MP/@KNJIC RFC KMBCJ
DRIK RFC NETGMSQARGML NBGRQ 7L MSRNSR MP ?L GLNSRJBC
MD @@&?SQCUFCL GQ QS@SREDIFO RFCIPKSIP O
@BMKCP  V

OPCBGRGMLQXR?RGASIAPCQW RMMBSA DHK ? KMBCJ GIM®/
2JE?BW FTC RFC KMBCWPKSJ? CRCEB GRM ? WIFQFQCR QGKGJ?P RM
RFC MLCM® K?BC GL RFCBMSQ ARGML FCLACP WS CRCP ?
LCU OT?JSC GRM RFQCAJ GIMNSKL ! RFR GQ GKBGRGON @CINRFC
J?QR B? PISCQSAF ?2Q ! RFC QNRPBQFCR BRMKRGAW @RCLBQ
RFC MPKSJ? GLMYSKL # RM RR?PQ?KC MJ QFMIGLE RFC KMBQJn
NRBGRGMMP RFC LOGLNSR?ISC 4FGQMRQQZA @CENCGRE IMP
?BBE&GML?J GLNBISTQ ?Q LB )D WISP QNPBQFCR NMERK BMCQ
LMR SRMKRGAW @RCLB MJSKL # WIS AL QNE?B RFC NDPKSJ?
BMUL @V F?LB RM RARFC Q?KCITAR

IN7C FB; 5QGLE RFQVMRQFCCR DVMK 3CARGML
NFEBGR RFC MSRNBRSLBG RM MLC BGK?J NJCAIMP

RFCQC GLNSBSCQ
<V @&V A<V :B<V XV
XV

Z) 3C ARGML



3FMJ ILQU CP
;2<P ;@&P A<P ;B<P ‘&P
<P

0 ?<E 8;;@E> M8CL<J KF :FCLDEJ 8E; N?8K J?FLC; 9< ;FE< KF
:FCLDE

4FGQ GQ RSPJ OSCQRGML QEBELE CKNR £JI@SAF ?2Q" ?LB
@CIMQCK RM JIC ? E?N GL RFCARZPL PIRFCMRQFQR "SREDVJ
7::JE9E BKCD M>;D FH;:?9J?D= M7> J>; CE;;B 9MS AL K?l C?Q
K?L W NEBGRGMLQRFSRFC KMBCJ 2QSAUGQBLK PFL DLIKEK D88
LG ;8K8 ,C?TC AMMISKL " @J?LI WACNRNP RFC B? PJSCQ RRAMS
?FC EGTL RM QRRBRF

I FN I<C@89C< N@CGHRHK@FEJ F= 8 DF;<C K?8K :CFJ<CP D8K:?<J K?<
;8K8 9<

. MRGARFR ? KMBCIMPKSJ? 2L @C SBC@MRMMB@EK<IGFC8K@FE
DMPO T?JSCQ WEGL RFCQLEC Nb RFC B? QSAF ?Q GIg; ?LB B<
?@NC ?LB IMP<OK8GFC8K@EE UFGAF RFORBR® NMGR.GQ/P ?L
OT?JSC RFR GQ MSRQGBC RP®BRC QSAF ?Q GB<; A< X ?LB x
?@NC )LRCPNMRGML GQ ECIBCNCLB?@JC ?JRFRREE LMGQC GL
RFC BJRGMLQFGN UGJJ WQS2NMIR DMK CV?ARW NEBGRGLE DSRSP
KC?QSEKCLRQ %VRMIRGML GQ JCIQ7™IC G@MI UFCL RFC
NFEBGRGML @CGLE K?BMBQ NMBIRAR GQCRV D?RUZW DK RFC
B?R? ML UFGAF RFC KMBCJ GB @RGQ GQ BGQAIRQWEe BR?GJ GL
? JRCP @QRGML

@)584- 7. -1 76-7=; - @9874)<176 Fl 8 >@M<E :?@C; FE< :8E
I<:Fl; K?< :?@C122<@>7?K 8E; 8>< @E B<8lI@E> K?< <C<D<ERSI
J:?FFC P<8l K?8K @JBATP C@E<8CBK@FEJ?@G N@HIKPIBK< F=
89FLK KF @E:?<J G<I P<8LK PFL NFLC; ><K MRI<IIFE<FLJ KJLCKJ
@= PFL LJ< K?8K DF;<C KF <JK@D8K< K?< KPG@:8C ?<@F&®.F= P<8I
N?F NFLC; 9< 89FLK =<K K8CC @= K?< PFLK?=LC G8KK<IE :FEK@EL<;

) 3C ARGML Z
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Setion 3: Wing the7,-4: ?4spreadshet to find
a linar model

4FC - MBCJQ VJQ @BRFCR T?GJ?@JC ML RFC AJE@E) ®G GQ ?
RCKNJRC GRM UFGAFMS AL NSR ?W BR? PJSCQ RFCLRD?
K? RFCKRGA KMBCJ RM AJMQCRAF RIRBR? R F?Q 2JJ RFGBCB
MPKSJ?Q KRR GLAJSBGLEMPRSJ? GL # RIRGQ @BQL RFC IGLB
MD KMBCJ RRIGQAUR® CE JGRE MP OS?BRGAAEK M?BB Kl; J>7?I
EH [2C?B7H IERI>;JI 71 O EKH C7?D JEE ?D J>?1 JEF?9 7D: BA
CE:;B?D= JEF?9 QM RS UGJJ TT?WIS ? JMRDVRGKC GESV@SIKC
QIGJBCR SQGLR G

- MBCJQ VJQ F?Q KSJRGNARQQPGF MD RFCK NFQR RM® ?
N?RRGASJI?R/RC M KMBCJ L) RFGQ ABSML © UGJJ SQC RFC ®BLC
- MBCJq QER 7MRQFQCRQNIP 1S?BPRGA ?LB %VNMRG2J CP?JQM
GLAJSECGL -MBCJQ VJQ ?LB UGJJ @C BBTASRGE @RGMLQ ?LB
RMNGA®IS UGJGDB RAIRPRFCPGQCRY JBJC BEECLAC GL RFC NAREQQ
SQ@ MP GLBGLE BGBLR KMBCJQ QM UFQUSAI@PL RM SQC RFC
,GLC?P - MBCJ MFRQFQCR WS UGJJ @C ?@JC RWOREASQC M?IW
MRFCP KMBCJ RFRSPLQ MSR RM @®IRRIBZ P RFC B?QR\MS ?E
OBRGLE

Steps for using thé,-4: ?4spieadshet to find a
good liner model for a dataset:

)LQCR ? L@ UMRQFQR UBF RFERI;H] 2 EHAI>;J KCLS
AFMGRA ?LB J?@CJ RFC RR@FT @RMK \d RFGQUL.QFCR UBF
2L 2NNMNP®Z L?KCC E p,GLEP - MBCIMIP 38GKCR - MBCJq
#MNWV RFOMIRCRQ BIRFC MPQFQR J?@®IGLCP - MBCJ

Z) 3C ARGML o/



QCIMR B ?LB RFCL SQC ? #RR*RPJ # #RR) 6 QEOSCLA RM
N?QRC MW 1D BQ MLIRCRQ &M RFCMRQFCCR WS GLQR® GL
QRCN R UGJJ LMRIBRM SQC RFC ,GEG MBCJ MIFQFQCR
BGEARW MP RM SQC RFR %B@C MP #MW 3FCR KCLS MNRGML
@@?SQC RFC KMBCJ RCKROWIRQFARQ TP NRIRERG DFIK
AF?LEC QM RRRF® 28 2l 2WQGJI?@JC

MMI ?R \MSP BR? ?LB:;97:: M >?9> 9EBKCD @K M7DJ CEKH
CE:;B JE FH;:?9J 4F?R MJSKL b RFC B UGJJ @C J7HaTIT
T?JSCQ ?LBMKN?RB RM RFC MSRNBIRFC KMBCJ 4FC MRFCP
AMISKL UGJJ @C J?BTICT?ISCQ ?LB UGJ) @B BRARFC
KMBCJMPKSJ? RMMKNSRC RFC KMBCJ MSRESRS)LCB RM
RC?PRLEC RFCMJSKLQ RM K@ RFC GCPQC ERF MP MRRGBQC
KMBGD RFC B?QR SQC RFCR? 3APRAF @B UMRQFQCR GL

- MBCJQ VJQ RRIRIEC B E?BW BIP QRCN

+B79; J>;:7 J7 ?DE 9BKCDI 7D:  QR7RGLE RFC LSK@CRQ ?
AU WMS AL NSR MJISKL J?@CJQ KL FGDMS UGQR QC
AMJISKL ! IMP RFC GLNSBR? PJSCQ ?LBMISKL " IMP RFC
MSRNSRB?R? PJSCQ 6C ?Q K?W RMJQ ?Q LGB MP RFC B?
RFGQ K¥ @C BGBLR DIP BEIFXLR BR? QRQ

. FHT7: J>; < EHOKB7 ?D 9;BB :E MD RM ?Q KAV RUQ ?Q RFC
B?R? ). RFC ,GLEP - MBCJ QFR # F?Q @CL NEQR RM

p I ' g 2 JGLZP DIPKSJ? RIRSQCQ RFIISC GLOYJ

' 2Q QIMNC ?LB RFCISC GLOYJ ' ?Q GRCACNR

. FH7: J>; < EHCKB71?D 9;BB  7D:! :E MD @CQGBC RFRB?
?LB KMBCJRUQ 4FC BIPKSJ?p" #qGL$ A MKNSRCQ RFC
BABRLAC @RJCCL RFC BR? ?LB RFC KMB@PJJB RFQ <J@;L8C
<M@8K@PREB RFCPKSJ? GL %MKNSRCQ RFC QUS@TPRR
BCTGRGML 4FCQRISKL % TISCQ ZPSQB RM MKNSRC GL*

? LSKCPGA 7CPEC W FM U CJJ RFC KMB@@RFC R? UFGAF
GQJB RFUKSE;8I; ;:<M@8K@FE

( 7A 7 =H7F> E< J>;:7 J7 7D: CE:;B JE=;J>H 3CJ@R RFC BR?
AVUQ GLIMJISKLQ ! " ?LB # RFCL QC28 RFC ZRRCP IMR MNRGML
DRIK RFC #F?R KCLS 4FC BR? ?LB KMBCJ NMRRLUGJJ @C
BABRLR MIMPQ RIGMLC DICAF IGLB R CAF FMPGXR?J
NM@EML

) 3C ARGML oR Z



T @KIJ J>; WF78;J;HX L7BK;l 7J J>; JEF E< 9BBKCD # JE CH;
J>; CE:;;B 9BEI; JE J>;:7 J7 %?AF WNC MKMBCJ F?Q BGOLR
N?PKCRCP@ E GRCARCNR ?LB QIMNPDIGRE KMBCJQ@SR ?
QGKGJ?AWEQQM?BHSQRKERL SQB GL 2J12RCQ

971, ?2<J>; CE;BKI;: 21 7TFFH  EFH?J; <EH J>; :7J71;J !

EMMB KMBCJ UQUKE AJIMQUGP RFC UFMJZLEC ND GLNSR
T?JSCQ WE BCGRGMLQ BSC K2 RM LMGQC GL RECIBRFC
@CQR NKEZRCP GRGLEQIALMR NRBSKE ? EMMB KMBGJE ?
JGLC KMBOB®IB RM N7 MIGAR?RFCL RAFR KMBCJ QFMSJB LMR
@C S@EIMP NBBGRGMLQ ! BGRLR KMBCXL E ? OS?BHRGA
MLCQFMSJB @C BPGC

2 H3;J>; C7 J>,C7 J?97BERHCKB7 EH J>?1 I;.J E< CE:;B

F7THCJHI CE P 0]

Z) 3C ARGML o
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Example 3:dihg 7,-4: ?41o fit a linear model to
a dataset

4FC R?@JC RM RFERPEICQ BR? ML RFC KQSPB PPRC R UFGAF
QBGKCR @SGJR SN GLRMWAMJIBGLE R?LI BSPGISRELC MRREML
?IRCP ? AJOGLE NRAQQ RR?GQCRCRB ? AVSNJIC MRGKCQ NCP
V2P 4FC D?RM® MNCRMPQAUR RM SQC RFGQPEEGML RM K2
2 MPKSJ? RM GBGR QBGKCR BCNRFR??IW AFMQCL RGKRCH ?
AJCLGLE

| NPCIJGKGLRPEPNF MD RFC B? QFUQ RFR RFC MRCPL Bl RFC
NMGERQ GQ?PML?@UAIMQC RM ?GEPJIGLC 4FCBIE RFC p,GRe
- MBCJqMRQFQR GL MBCJQ VJIQ GQ RFGIRREZ MLC RM SQC

$?2WQ
QGLA
AJCGLGLE

$CNRF
KK

.EBKI?ED
)L 2L C?RIGCP RMNEIS SOE ? QNE?BQFCR RM ?BHSQR RRCAGNR
?LB QIJMNCDVP? JGRE ®SRGML ?LB QRFC BEQSJRGLE AF?LECQ GL

) 3C ARGML oR Z



RFC NMRGMLIMRFC QI&FER JGLC ERF 7 C UGJJ WMSQC RARR Q?KC
R@AFLGOSC RM K2P EMMB JGEKMBCNIP RFGRBURF - MBCJQ VJQ

)LQCR ? L® U MPQFGR GRM -MBCJQ VJQ J?@RGER@ p,GRC

3CBGKCR - MBCJ4FCL AV G®M RFC LIAJ MPQFQCR RFC

AMLRCRQ DIRFORB MLW IMPRQFQR J?@@IE,GLCP - MBCJ

4ACKNJRQ

)L REGGAC € U?LR RM KBGR QBGKCR BCNRMP ?W BTL

LSK@CP DIBWQ QGLRFC J?QRAJLE 4FGQ RCQ RFR WC

U?LR RM SQC\B?Q RFC GLNSRGP@JCLB BCNRF ?Q RFC MSRNSR

T?PG?@BC

#MNN RFC BR? RM RFC QNBQFCR AMISKLQ ! ?LB" AVUQ RM
DMP RFC LSK@CMRFCL J?@CJ RFC RVRAG B MJISKLQ

UGRF pPWQq GL?LB p$CNRF GL "

3CJEBR # UFGAF MLR?GLQ ?GBR JGPE DIPKSJ? @?BGIL RFC

T?2JSCQGL' ?LB' ?LB QNE?B RFCNPKSJ? BUL RM RU

K? RAFGLE RFCR®? 'R BPQR RFCQC KMBISTD UGJJ @RIR

1IJQM QCAR ?LB QNI?B $ ?LB % BMULRMRU  4FC T?JSCQ GL

AMISKLQ $ ?LB % UGJJ LMR @W RCLGLEBSJ SRGMS ?BHSQR

RFC KMBCJ RM @C ? ENRVIB D

-2l C? QARRCP NJMR RFC B? ?LB KMBCIJMISKLQ RMEECP

RFR GQ RRBR?LEC! # | RBPQR RFC KMBCJRIGEJJ JGC

ML ? FMPGIXR?J JGLC ?IMLE BPIGQ

IBHSQR RFC RRERCPQ GL' ?LB' QM RAR RFC KMBCJ NRIGL

2RC 2Q AJIMQC RBRL ER RFCK RM RFGRBAMBR

7:)416-):57,-4 0-: -1;)/77,8): )5-<-:
),2=;<5-6< ;<: )<-/A

.JJ>; ?D J;H9;FJ JE TFFHEN?C7J;BO M>;H; J>;
(737 JED: 9H EI;1 J>;, O 7N?I ?@MSR  GL RFGQ

Z) 3C ARGML ®R



A?QC ?JRFMSES BM LMR 0B RM @ V&RW PGR
QGLAWIS UGJJ ?BHSQR RERGIR ?E?GL Bk ;
@Cam
. @KIJ J>; IBEF; JE C7AJ>; CE::B B?D;

F7H/BB;B JE J>; :37 JkD: GL RFGQQYC GQ RMWI IM
? T2JSCIP RFC QIMNC ?LB GQ RMM EEEKQ
2@MSR F&E

) EM 7: @KIJ J>; ?DHO;FJ JE D1 8:1J L 7BK;
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Setion 4: Adjusting the inpuviables to
simplify the intecept paameter of lingr models
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Z) 3CARGML PR



Setion 5: Wing 7,-4: ?41o find a quadatic
model
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Example 6: Fitting a quatic model
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Setion 6: WBing models fittewith Models.xIs to
predict values
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DIM;H %TPJSRC RFC KMBBIAKSI?R 2 — 37
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y=18z +11
y=18-(37)+11
y=66.6 411

y = 77.6millimeters

. MRC RR?RFC MKNSRRGML?J MEQQMP GRCPNMIGML G@?MRW
RFC Q?KC 2P ERPNMIRGML 4FGQ GQPARCPGQRGRAC SQO M
KMBCJ #1S REPR ?IW GLNSRIBC RFC Q?KCW k HSQR NJSERM RFC
MPKSJ? ?LB T2JSRC RFCCMSIRMS KW B&GBCMS BMER RPSQR RFC
2LQUCPCE RFC B? W QBGKCR BCNRFIRPNMIRGML@SR RFC
KMBCJ BTQ ?LQUPQ RFC Q?KGW GL 2J3@CQ

4FCRC GQ LM 0B RM JGRGRCPNMIGML MPRPNMIRGML RM UFMJC
LSK@CP GLNSRQ UFCRARBML?J GLNSRQCKRCLQC M5 MSJIB
CQRGRTZ RFC BGKCR BCNRFR? B? WQ MARR? B? WQ SR SQC
QMKC HSBEK®LFCE k WIS UMSJB LMRAUR RM CQRBEKGBLEE
RPIGAD @?QBML ? FGQRMB KCQSEKCLRQ K?BCR LMML

IN7C FB; 8 7 F?R QBGKCR BCNRFBMCQRFC O
KMBCJ NBBGR R B? WQ RTP A3OGLE

DIM;H %PJSRC RFC KMBBIAXSI?R g — 56.73
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y=18z+11
y=1.8-(56.73) + 12.7
y=102.114 4+ 11
y=113.114

y = 113.1millimeters

. MRC RRRFCID?JAISC GRIBLBG RM ? NRGQGML
AMLQGQRALEBF RFC NRGQGMD RFC B

Backvards extapolation

9MS MSJIB TCL AMKNSRC RFC KMBT2hQICP BIP 2L GLNSRJIBC RAR
AVMKCQ @M ?LW @ WISP BR? 4FR BMCQ LMR K?IQCLQ®P RFC
QBGKCR BR? QGLAUC ?FE RMJB RERFC R?LI ®Q AF?LEB ?@PSNRJ
@V AJLGLE HSQRMECBFGQMB? PQ RTL @SR GL MRFESBRGMLQ
® GQRCL NMQQG@JC RVE{MB CQREBEQMUFR MLBRGMLQOE

@O BR? PQ RXTL

IN7C FB,;

IL ?A ASKSJRB AMRGLED/PSQR ML RFC

QGBGLE M@SGJIBGLE GQIEB ML *SLC BIP
QSACQQGW?PQ ?LB RFC RFCQC RFGAILCGQSBKCLRQ
?FC MSLB RMB? JGRE KMBCJ UFTHP GQ RFC RFGAILCQQ
GL KGJIGRCPQ ?LBGQ RFC LSK@TPMPQ QGLRFC
OD5PQRMRFCQC RQSEBKCLRQ GL  %QRGRE UFR RFC
RFGAILCQQ RFCMRGLE 2Q ML *SLC

Z) 3C ARGML




DIM;H %TJSRC RFC KMBGBJHKXSJ?RO k QGLA
RFR MPEQNMLBQ RM RE®PW GL RFC IMPKSJ?

y = 0.085x + 1.52
y=0.08-(—7) + 1.52
y = —0.56 4 1.52

y = 0.96millimeters

1Q UGRF BIRJ?FB OVRPNMJRGMLMS FAC RM SQC HSBERGI@MSREM
D?P 3?W D#K RFC BR? WS AL BCNCLB ML @?ARIB O/RPNMJRGML
%V?KNIC @ W?PQ @GE O/RPNMIRGML GREML?@JC @SR SQGLE
RFGQ KMBCJ RM C@RGRRC PSQR RFGAILCQQ GLMSJB LMR @C
R?QML?@JC QGIRFR UMSJB BT ? LCERGT RFGAILCQQFGAF
GKNJGCQ RRFC @SGJBGME K?C @CL @SGJREP

What if the same data pointe an@asued a@in?

&MP RFC BGKCR BCNRF B®? RFC NBGRGMLIMRFC KMBCMM®
QBGKCR BCNRAR? B? WQ RTP AJOGLE GQ KK UFGAF GQ KK
JCQQ RF?L RFRSAJ BR? PJSC KK 7 FGAF BIRFCQRJIBCQ
UMSJB @C @CQR RM SQUBRE RM NIBGR RFC BCNRR ? B? WQ
?IRCP QMKC QS@STR AJRLGLE

$CTGRGMLQRICCL BR? PISCQ ?LB KMBCJIBBRGMLQIAAMKC
DRIK RUM BEDFELR IGLBQIMQMSEQ

r ) E?l; 4FC BOGRGMLQ MPHSQR @MRMIK T?PGRGMLQ GL RFC
NAMAQQ GL UFGARE \C UGJJ BMRRCP RM SQC RFC KMBCJ
QGL@ LG/R RGKC RFOBRGML GQ HSQRYQREI@C GL RFC MRFCP
BGEARGMLL ? QCLQC RFC KMBCJ G RMSPRC RF?L RFCRB?

) 3C ARGML z



GL RFGQQE 4FC LMGQC QSMNPGLE QKMMRFGLARGEFR ?
KMBCJ NITGBCQ GQ ?L GRRIRR®CLEDD RFC KMBCJGLE
2NNM?AF

r *L ;HI?CFB?<?;: CE:;Bl 4FC RCJRGMLQFGRU@CL RFC GLNSR
2LB MSRNSRAG?@JGIP BRFC NECQQ KW LMR GBG@C ?
QRFGER JGLC GL UFGABQAICL RFC @CQR IBKGIBCI UGJIITE?
CPRIPQ RRNICREQRGRE RFC B? GL QMKC GLNBEEQ ?LB
SLBCEQRGRERGL MRFCPRFC JGEKMBCJ GIORQGKN3BD
GL RFGQWUC UGJJ BMRRCP RM SQCTGMSQ RQSEKCLRQ
"CRRCPGR C QFMSJB SQC ? LML JBLKMBCJ RRF?Q
QSOBAGRIDY/G@RAIAMDIVIRFC BR? KME AIMQEJ

7 C AL BGQRGLESGRFG@LCRFCQURI RAQCQV@E?KGLRGMLINRFC
EPNF D LMGQC GQ RFG@MSRFC BHGRGMLQ RFCNEPUGJJ QBM
PPLBMK NJ?GKCLR Nd BR? NMBR ?@W® ?LB @CIMRFC KMBCJ 4FC
BCTGRGMLQ GL RFEGBCR BCNRF BR? (LR PLBMK ?Q QRML @W
RFC EPNF DRIK RFC BRGLE

" SR UFCL ? QRBER JGLC KMBCJ G@SE BR? UFMQC SLBRWFGLE
FCIRGMLQFGN GTRIRFC KMBCJ UGJJ N?QIC?EMOR BR? NMBR
GL QMKC NRPD RFC?PEC ?LB @CUMKMQR NMBQ GL MRFCPRQ?P
)L K?IGLE NEBGRGML®I® QSAF NMKMBCJ (RERGMLQI® QFMSJB
CBFCP SQC RFCNFMSQ RQSEKCLRQ BGRW MANFEDP@W OR ?
KMPRC QS2@JC KMBCJ RM RR€ BB RFCL SQC RAMBCJ

Z) 3C ARGML
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Section 7: Looking at the data in the other
directionNmaking an inverse model

/DRCL & GQ WM@ISQ UFGAP RFC7PG?@JCRIKDRFC BR? QR \MS
U?LR RM @OEBBREG @V RFC KMBCWI®/GRCLB RMEDRM RFCHB? "SR
QMKBGKCQRFEP AFMISK?I CQ QCLQC BCNCLBGLE MRUWWS 7B
BMGLE

)L RFC AQC B RFC BGKCR BCNRF B?? LT QR URF RFC KMBCJ
RFR GQ ?NWRPGZ GIM®/?LR RM KBGR RFC BGKCR BCNRFR?
? QNGBGABB RGKC RIP AJOGLE 4FGQ KMBCJ SQOAIB?Q GLNSR ?LB
BCNRF ?Q MSRNSER 2L GLQARMP KGR BBGBC RM RQSE RFC
QBGKCR BCNRF GLBCP RM CQRRIEFM JMLE BF?Q @C QGIARFC
J?QR AAGSLE (C UMSJB LCB ? KMBCJ RIRSQCQ BCNRF ?Q GLNSR ?LB
NAVMBSEQ BWQ ?Q MSRNSR 4PG@B NRBSAB GL U?/RW RFC Q?KC
U?W ?2Q @IP @SR RFCMRAMISKLQ B BR? QUBAF RFCORIEQ

@)584- <J:1@9< K?< DF;<C KF <JK@D8K< ;8PJ JQE:<
:C<8E@E>FH D<8JLI <D<EKJ F=J<;@D<EK ;<GK?

DIM;H -?1 C?LGQJ AMNV @ RFC QCIBQFCR UBF RFC
B?R? ?LB RFC JGRMSLRGML RGLEQ RFCL

3U?N AVJISKL ! 2LB AMISKL " GLAJSBGLE RFRIEGR?
RFC RMN @SR QRGJJ JZ@@LR " p Py

&GLB EMMB BRSLE®P RFC BCACNR ?LB QIMNE @
RFC KRFMBQ BGQAB@IIGCP GL RFGQ RMNGA

) 3C ARGMLZ



IL C V?KNJC B ? EMMB KMBGIFDRFGQEPQEBR?
6@ = 0.56z — 6.7

AFGQER® KMBCJ GQ REEM MD RFG) = 1.8 + 11 KMBCJ
OBRB C?RIGCP REBQE BWQ ?Q GLNSR ?LB BCNRF ?2Q MSRNSR 4FGQ GQ
AJCFCP GD L?KCQ@?BQB GL RFMPKSJ?Q?RFCP RFA?LB P

depth = 1.8’5171;1 x days + 11mm(original model)
days

days = 0.56 — x depth — 6.7days(inverse model)

)L D?R C AMMSJB FPC BCPGE RFC GCPQC KMBCMBFRFC MPGIE?J
KMBCJ @ SQGLE 2JEZ@EQRB MD KMBCJMLQRPRSML 2LB Fe
EMRCL ?JKMQR RFC Q?KC ZLRWRF@V KGER BECP QJEEN @CSQC
LMGQC GL RFC GLNSR BARQ RFCERGLE NRCQQ QMKE?R
BABRLRW RF?L RFC Q?KC LMGQC GL RFC MBRNSR B?

Z) 3C ARGML
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Section 8: Systematdly finding paameter
values that fit a model to a dataset

4FC - MBCJQ VIQMB@MMI MP ? QGKGJMRR@MMI BCPGH DRIK ®
NAMTGBCQ ?W BIP 2.7 J71:J MDO?LB P T2JSCQ GIMASKLQ ! ?LB
" PCQNARGIWRM @C KRAF8 RMP NRBGRGMLMIKNSRE IMP RARO
T?JSC URF 2CE:;B <EHOKB7GL MISKL # 4FC KMBCJINIPKSJ? K?ICQ
SQC MIRFC?USCQDM? OJ F7THC;J;H | GLMJISKL' #F?LECQ RM RFCQC
N?PKCRCPQ UGJJ RFSQ AF?LEC ?MJSKE A T?2JSCQ FI 8CC KPG<J
F= DF;<C K?< DF;<€@KK@B5:Gl :FEJ@JKJ F= =@E;@E> NB®I<] =
G8I8D<K<U N?@:? D8R K?< :FCLDE DF;<C M8CL<J :FD< 8J :CFJ< 8J
GFJJ@9C< KF K?< :FCLDE :8K8 M8CL<J

4FC QGKNJICQRARNGDB €2QML?@JC RRERCP BRGLEQ GQ RNMCK?!I
? QARCRJIMR BIF ND MJISKLQ ! " ?LB # RMERFCPUFGAF UGJJ
BGQNAPRFC B&? ?LB RFC KMBCJXBBRGMLQ ML RFC Q?KO@QAFCL
EMMB NPRCRCP GRGLEQ F2 @CL MSLB RFCURM EPNFQ UGJJ
MICR?N 2Q AJMACR NMQQG@JC RFC BRIFQ KRAF CJJ TGQSPJJ
RFC LSKCPGABGDRLACQ @O0 COCL RFC BR?P T?JSC ?LB RFC KMBEJ
NRBGRGMEMKNSRB GL MJISKL $ A?L QMKRGKCQ @C BE&™ K?C
O5LC ?BHSQRIRGLRM RFC NGERCP GRGLEQ

)L ECLCRJ OCL RFC @CQR KMBCJ UGJIRLRIRCCER? ©?/ARW )D
RFC BUGRGMLQMBPRFC KMBCJ CPPLBMKW ?@I¢ ?LB @CIM®R
RFQV ENEQCR LMGQC GL RIR?BGL QSAF ?29C NR@?@ LM MRFCP
KMBCJ WISJB BM @CP/L RFC MRFCP F?LB GD KMQRRGWIQES
LCERGT BOGRGMLQCGEMSNG URF QUTCPJ MRFCP® RFC Q?KC
QGEL RFGQ GRBRARFC KMBCJ BMCQ ®VIRFD BR? WCJJ NERPNQ
@®B?SQC RFC IGLEDMKMBCIMPKSJ? @CGLE B@@LLMR NRBSA ?
QF?NC QGKGJ?P RRINRIRFC BR?

) 3CARGML Z



Summary of systematic curve-fittinghtaques

r -2 C?ERNF QFMGLE RFC B? 7LB KMBCJ NMR&. QMAS AL
M@QUTE FM EMMB RFGDGQ

r &GPQRRIFC NNREHIL NARCRCPQ RM ?MKBKRC TISCQ @BC
ML RFC IGLBIVKMBCJ

,GLC?P | CQRGKIC RFC RCACNR ?Q RFCRPP T?JSC P RFC
OT?JSC AIMQCQRIRMI X
r )DLMDT?JSC GQ AIMQERMEBCBLC RFC B? MAMPKSJ? @
QS@RMRGLE RFGEERT™JSC

1S?BP?RGA | CQRGX? RFCCIRE O?LB PN?PKCRCPQNIR
RFC EINF
I %QRGRE ? @GELGLE?ISCP RFC MRFCP2KERRCP BIR RFC
EPNF MPEPQRR BR? NMBRQ

,GL®P QIMNCIQ®RM RFCBE AC \D RFE T?JSCQ BGTBBC
@V RFC BBRBLAC GIOT?JSCQ
1S?BP?RGA QF?NCINRGIEGD RFC CLBQIESSN LCERGIGD
RFC CLBQ ABPBMIL
r IBHSQR RFC RRERCPISCQ QWQRIEEW RM GKMWIE RFC
GLRG?J CQRREQ

#F?LEC RFCGPQR QGEAIGIBGRE @ M@QKELE GD RFGQ
KMTCQ RFC KMBCJRMB RFC BR?

#MLRGLS@PQR BBBF?LECQ GL RFERBERRGML RGJ RFC
KMBCJ EENF AMQQCQ RFRB?

/LA C RFCEGPQR BBEQ I ?BHSQR RFQWQIB BAR
2C?BHSQR RFC MRFCIKERER) RM RFC Q?KCT#EQGML

Z) 3CARGML
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Part I.

2CNRIBSE RFCEQSJIRQ GL RFC %V?KRJICQ

Part Il.

&MP PAF BR?QR GL RFCQMIGICKQ AT BM LMR/RGRGLMSPQCJID
@SRILB RFC RR @AJIMIL RFC ISPQCT@ N?EC ?LBENV ?LB N?QRC
® GRM RFC @IBQFCR 4FGQ UGJIIMS 0T 2 IMRNMP

7 FGAF DIRFCQCRIFQ GLBRRC BR? GL UFGAF RPEG?@JCQ
F?TC ?L ?NNRVGKRGY JGRE RIJRGMLQFGN

;< ;@&

&MP UFGAMNRFC BR?QRQ ERIF® GL RFC RFGMSQ/CRGQC UGJJ

) %VCRGQCD
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