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2. Compound Interest 
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3. Annuities 
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AMKNMSLB� GLRCPCQR� DMP�D	 �� KML RFQ�� 4FC� QCAMLB� BCNMQGR� UGJJ� F?TC�

!LLSGRGCQ��Z����



C?PLCB� GLRCPCQR� DMP�D � �� KML RFQ�� ,?QR� KMLRFQ� BCNMQGR� UMSJB� F?TC�

C?PLCB�MLJW�MLC�KMLRF�UMPRF�MD�GLRCPCQR��4FC�KMQR�PCACLR�BCNMQGR�

UGJJ�F?TC�C?PLCB�LM�GLRCPCQR�WCR��

4FGQ�COS?RGML�JC?TCQ�?�JMR�RM�@C�BCQGPCB
�RFMSEF�k�GR�BMCQLnR�K?IC�

A?JASJ?RGLE� RFC� CLBGLE� @?J?LAC� ?LW� C?QGCP�� 4M� QGKNJGDW� RFGLEQ
�

KSJRGNJW�@MRF�QGBCQ�MD�RFC�COS?RGML�@W��������

$GQRPG@SRGLE�ML�RFC�PGEFR�QGBC�MD�RFC�COS?RGML�EGTCQ�

. MU�U CnJJ�JGLC�RFGQ�SN�UGRF�JGIC�RCPKQ�DPMK�MSP�MPGEGL?J�COS?RGML
�

?LB�QS@RP?AR�C?AF�QGBC�

!JKMQR� ?JJ� RFC� RCPKQ� A?LACJ� ML� RFC� PGEFR� F?LB� QGBC� UFCL� UC�

QS@RP?AR
�JC?TGLE�

3MJTGLE�DMP�)D�

2CNJ?AGLE�D �KMLRFQ�UGRF���' 
�UFCPC�' �GQ�KC?QSPCB�GL�WC?PQ
�EGTCQ�

2CA?JJ� ������ U ?Q�I �B � ?LB� ���� U ?Q� RFC� BCNMQGR�;
� ��� U ?Q�B
� RFC�

LSK@CP� MD� BCNMQGR� C?AF� WC?P�� 'CLCP?JGXGLE� RFGQ� PCQSJR
� UC� ECR� RFC�

Q?TGLE�?LLSGRW�DMPKSJ?��

!LLSGRW�&MPKSJ?�

�� ��Z��!LLSGRGCQ



) ' �GQ�RFC�@?J?LAC�GL�RFC�?AAMSLR�?DRCP�' �WC?PQ��

; �GQ�RFC�PCESJ?P�BCNMQGR�	RFC�?KMSLR�WMS�BCNMQGR�C?AF�

WC?P
�C?AF�KMLRF
�CRA�
�

I� GQ�RFC�?LLS?J�GLRCPCQR�P?RC�GL�BCAGK?J�DMPK��

B�GQ�RFC�LSK@CP�MD�AMKNMSLBGLE�NCPGMBQ�GL�MLC�WC?P��

)D�RFC�AMKNMSLBGLE�DPCOSCLAW�GQ�LMR�CVNJGAGRJW�QR?RCB
�

?QQSKC�RFCPC�?PC�RFC�Q?KC�LSK@CP�MD�AMKNMSLBQ�GL�?�

WC?P�?Q�RFCPC�?PC�BCNMQGRQ�K?BC�GL�?�WC?P��

�

&MP�CV?KNJC
�GD�RFC�AMKNMSLBGLE�DPCOSCLAW�GQLnR�QR?RCB��

)D� WMS� K?IC� WMSP� BCNMQGRQ� CTCPW� KMLRF
� SQC� KMLRFJW�

AMKNMSLBGLE
�B�������

)D�WMS�K?IC�WMSP�BCNMQGRQ�CTCPW�WC?P
�SQC�WC?PJW�AMKNMSLBGLE
�B�

�����

)D� WMS� K?IC� WMSP� BCNMQGRQ� CTCPW� OS?PRCP
� SQC� OS?PRCPJW�

AMKNMSLBGLE
�B������

%RA��

7 FCL�BM�WMS�SQC�RFGQ�

!LLSGRGCQ�?QQSKC�RF?R�WMS�NSR�KMLCW�GL�RFC�?AAMSLR�

!LLSGRGCQ��Z����



ML�?�PCESJ?P�QAFCBSJC�	CTCPW�KMLRF
�WC?P
�OS?PRCP
�CRA�
�

?LB�JCR�GR�QGR�RFCPC�C?PLGLE�GLRCPCQR��

#MKNMSLB�GLRCPCQR�?QQSKCQ�RF?R�WMS�NSR�KMLCW�GL�

RFC�?AAMSLR�MLAC�?LB�JCR�GR�QGR�RFCPC�C?PLGLE�GLRCPCQR��

#MKNMSLB�GLRCPCQR��/LC�BCNMQGR�

!LLSGRW��-?L W�BCNMQGRQ��

�

Example 7 

!�RP?BGRGML?J�GLBGTGBS?J�PCRGPCKCLR�?AAMSLR�	)2!
�GQ�?�QNCAG?J�RWNC�MD�

PCRGPCKCLR�?AAMSLR�GL�UFGAF�RFC�KMLCW�WMS�GLTCQR�GQ�CVCKNR�DPMK�

GLAMKC�R?VCQ�SLRGJ�WMS�UGRFBP?U�GR��)D�WMS�BCNMQGR������C ?AF�KMLRF�

GLRM� ?L� )2!� C ?PLGLE� ��� GLRCPCQR
� FMU� KSAF� UGJJ� WMS� F?TC� GL� RFC�

?AAMSLR�?DRCP����WC?PQ �

)L�RFGQ�CV?KNJC
�

; ������� ���������RFC�KMLRFJW�BCNMQGR�

I ���� ��� �������������?LLS?J�P ?RC�

B������ ������������QGLAC�UCnPC�BMGLE�KMLRFJW�BCNMQGRQ
�UCnJJ�AMKNMSLB�

KMLRFJW�

' ����� ������������������������UC�U?LR�RFC�?KMSLR�?DRCP����WC?PQ�

0SRRGLE�RFGQ�GLRM�RFC�COS?RGML��

�� ��Z��!LLSGRGCQ



4FC�?AAMSLR�UGJJ�EPMU�RM����
����?D RCP����WC?PQ��

. MRGAC� RF?R� WMS� BCNMQGRCB� GLRM� RFC� ?AAMSLR� ?� RMR?J� MD� �� �
 ����

	�����?�KML RF�DMP� ����KML RFQ
��4FC�BGDDCPCLAC�@CRUCCL�UF?R�WMS�

CLB�SN�UGRF�?LB�FMU�KSAF�WMS�NSR�GL�GQ�RFC�GLRCPCQR�C?PLCB��)L�RFGQ�

A?QC�GR�GQ����
����k��� �
 ���������
��� ��

Example 8 

9MS�U?LR�RM�F?TC����� 
����GL�W MSP�?AAMSLR�UFCL�WMS�PCRGPC�GL����

WC?PQ��9MSP�PCRGPCKCLR�?AAMSLR�C?PLQ����GLRCPCQR��(MU�KSAF�BM�WMS�

LCCB�RM�BCNMQGR�C?AF�KMLRF�RM�KCCR�WMSP�PCRGPCKCLR�EM?J �

)L�RFGQ�CV?KNJC
�

7 CnPC�JMMIGLE�DMP�; ��

I ���� ��� �������������������������?LLS?J�P ?RC�

B����� �������������������������QGLAC�UCnPC�BCNMQGRGLE�KMLRFJW�

' ����� ���������������������������������������W C?PQ�

)�� ������� 
��� ������������4FC�?KMSLR�UC�U?LR�RM�F?TC�GL����WC?PQ�

)L�RFGQ�A?QC
�UCnPC�EMGLE�RM�F?TC�RM�QCR�SN�RFC�COS?RGML
�?LB�QMJTC�

DMP�; ��

!LLSGRGCQ��Z����



3M� WMS� UMSJB� LCCB� RM� BCNMQGR� ����� ��� C ?AF� KMLRF� RM� F?TC�

���� 
����GL����W C?PQ�GD�WMSP�?AAMSLR�C?PLQ����GLRCPCQR�

Try it Now 2 

!� KMPC� AMLQCPT?RGTC� GLTCQRKCLR� ?AAMSLR� N?WQ� ��� GLRCPCQR�� )D� WMS�

BCNMQGR����?�B?W�GLRM�RFGQ�?AAMSLR
�FMU�KSAF�UGJJ�WMS�F?TC�?DRCP����

WC?PQ �(MU�KSAF�GQ�DPMK�GLRCPCQR �

�� ��Z��!LLSGRGCQ



4. Payout Annuities 

)L�RFC�J?QR�QCARGML�WMS�JC?PLCB�?@MSR�?LLSGRGCQ�� )L�?L�?LLSGRW
�WMS�

QR?PR�UGRF�LMRFGLE
�NSR�KMLCW�GLRM�?L�?AAMSLR�ML�?�PCESJ?P�@?QGQ
�

?LB�CLB�SN�UGRF�KMLCW�GL�WMSP�?AAMSLR��

)L� RFGQ� QCARGML
� UC� UGJJ� JC?PL� ?@MSR� ?� T?PG?RGML� A?JJCB� ?�+7OEKJ�

� DDK?JO�� 7GRF� ?� N?WMSR� ?LLSGRW
� WMS� QR?PR� UGRF� KMLCW� GL� RFC�

?AAMSLR
�?LB�NSJJ�KMLCW�MSR�MD�RFC�?AAMSLR�ML�?�PCESJ?P�@?QGQ��!LW�

PCK?GLGLE�KMLCW�GL�RFC�?AAMSLR�C?PLQ�GLRCPCQR��!DRCP�?�DGVCB�?KMSLR�

MD�RGKC
�RFC�?AAMSLR�UGJJ�CLB�SN�CKNRW��

0?WMSR�?LLSGRGCQ�?PC�RWNGA?JJW�SQCB�?DRCP�PCRGPCKCLR��0CPF?NQ�WMS�

F?TC�Q?TCB����� 
����D MP�PCRGPCKCLR
�?LB�U?LR�RM�R?IC�KMLCW�MSR�MD�

RFC�?AAMSLR�C?AF�KMLRF�RM�JGTC�ML��9MS�U?LR�RFC�KMLCW�RM�J?QR�WMS�

���W C?PQ��4FGQ�GQ�?�N?WMSR�?LLSGRW��4FC�DMPKSJ?�GQ�BCPGTCB�GL�?�QGKGJ?P�

U?W�?Q�UC�BGB�DMP�Q?TGLEQ�?LLSGRGCQ��4FC�BCR?GJQ�?PC�MKGRRCB�FCPC��

0?WMSR�!LLSGRW�&MPKSJ?�

)� �GQ�RFC�@?J?LAC�GL�RFC�?AAMSLR�?R�RFC�@CEGLLGLE�

	QR?PRGLE�?KMSLR
�MP�NPGLAGN?J
��

; �GQ�RFC�PCESJ?P�UGRFBP?U?J�	RFC�?KMSLR�WMS�R?IC�MSR�

C?AF�WC?P
�C?AF�KMLRF
�CRA�
�

I �GQ�RFC�?LLS?J�GLRCPCQR�P?RC�	GL�BCAGK?J�DMPK��%V?KNJC��

������ ���
�

0?WMSR�!LLSGRGCQ��Z����



B�GQ�RFC�LSK@CP�MD�AMKNMSLBGLE�NCPGMBQ�GL�MLC�WC?P��

' �GQ�RFC�LSK@CP�MD�WC?PQ�UC�NJ?L�RM�R?IC�UGRFBP?U?JQ�

,GIC� UGRF� ?LLSGRGCQ
� RFC� AMKNMSLBGLE� DPCOSCLAW� GQ� LMR� ?JU?WQ�

CVNJGAGRJW� EGTCL
� @SR� GQ� BCRCPKGLCB� @W� FMU� MDRCL� WMS� R?IC� RFC�

UGRFBP?U?JQ��

7 FCL�BM�WMS�SQC�RFGQ�

0?WMSR�?LLSGRGCQ�?QQSKC�RF?R�WMS�R?IC�KMLCW�DPMK�

RFC�?AAMSLR�ML�?�PCESJ?P�QAFCBSJC�	CTCPW�KMLRF
�WC?P
�

OS?PRCP
�CRA�
�?LB�JCR�RFC�PCQR�QGR�RFCPC�C?PLGLE�GLRCPCQR��

#MKNMSLB�GLRCPCQR��/LC�BCNMQGR�

!LLSGRW��-?L W�BCNMQGRQ��

0?WMSR�!LLSGRW��-?L W�UGRFBP?U?JQ�

Example 9 

!DRCP�PCRGPGLE
�WMS�U?LR�RM�@C�?@JC�RM�R?IC�������C TCPW�KMLRF�DMP�?�

RMR?J�MD����WC?PQ�DPMK�WMSP�PCRGPCKCLR�?AAMSLR��4FC�?AAMSLR�C?PLQ�

��� GL RCPCQR�� (MU� KSAF� UGJJ� WMS� LCCB� GL� WMSP� ?AAMSLR� UFCL� WMS�

PCRGPC �

)L�RFGQ�CV?KNJC
�

; �������� �������������������RFC�KMLRFJW�UGRFBP?U?J�

I� ��� ��� �������������������������?LLS?J�P ?RC�

�� ��Z��0?WMSR�!LLSGRGCQ



B����� ��������������������������QGLAC�UCnPC�BMGLE�KMLRFJW�UGRFBP?U?JQ
�UCnJJ�

AMKNMSLB�KMLRFJW�

' ����� �������������������������QGLAC�UCPC�R?IGLE�UGRFBP?U?JQ�DMP����WC?PQ�

7 CnPC�JMMIGLE�DMP�)� ��FMU�KSAF�KMLCW�LCCBQ�RM�@C�GL�RFC�?AAMSLR�

?R�RFC�@CEGLLGLE��

0SRRGLE�RFGQ�GLRM�RFC�COS?RGML��

9MS�UGJJ�LCCB�RM�F?TC����� 
����GL�W MSP�?AAMSLR�UFCL�WMS�PCRGPC��

. MRGAC�RF?R�WMS�UGRFBPCU�?�RMR?J�MD��� �� 
����	������?�KML RF�DMP�

� ���KML RFQ
��4FC�BGDDCPCLAC�@CRUCCL�UF?R�WMS�NSJJCB�MSR�?LB�UF?R�

WMS�QR?PRCB�UGRF�GQ�RFC�GLRCPCQR�C?PLCB��)L�RFGQ�A?QC�GR�GQ����� 
����k�

���� 
���������� 
����GL�GL RCPCQR��

%T?JS?RGLE�LCE?RGTC�CVNMLCLRQ�ML�WMSP�A?JASJ?RMP�

7GRF�RFCQC�NPM@JCKQ
�WMS�LCCB�RM�P?GQC�LSK@CPQ�RM�

LCE?RGTC�NMUCPQ���- MQR�A?JASJ?RMPQ�F?TC�?�QCN?P?RC�

@SRRML�DMP�LCE?RGLE�?�LSK@CP�RF?R�GQ�BGDDCPCLR�RF?L�RFC�

QS@RP?ARGML�@SRRML���3MKC�A?JASJ?RMPQ�J?@CJ�RFGQ�	�
�
�

QMKC�UGRF������ ��4FC�@SRRML�GQ�MDRCL�LC?P�RFC���ICW�MP�

RFC�BCAGK?J�NMGLR��

0?WMSR�!LLSGRGCQ��Z��� �



)D�WMSP�A?JASJ?RMP�BGQNJ?WQ�MNCP?RGMLQ�ML�GR�	RWNGA?JJW�?�

A?JASJ?RMP�UGRF�KSJRGJGLC�BGQNJ?W

�RM�A?JASJ?RC������� � ���

WMSnB�RWNC�QMKCRFGLE�JGIC����� ����=�	�
�� ���

)D�WMSP�A?JASJ?RMP�MLJW�QFMUQ�MLC�T?JSC�?R�?�RGKC
�RFCL�

SQS?JJW�WMS�FGR�RFC�	�
�ICW�?DRCP�?�LSK@CP�RM�LCE?RC�GR
�QM�

WMSnB�FGR��������WV�� ���	�
 ���

'GTC�GR�?�RPW�k�WMS�QFMSJB�ECR������� � ������ ��� �����

Example 10 

9MS�ILMU�WMS�UGJJ�F?TC����� 
����GL�W MSP�?AAMSLR�UFCL�WMS�PCRGPC��

9MS�U?LR�RM�@C�?@JC�RM�R?IC�KMLRFJW�UGRFBP?U?JQ�DPMK�RFC�?AAMSLR�

DMP�?�RMR?J�MD����WC?PQ��9MSP�PCRGPCKCLR�?AAMSLR�C?PLQ����GLRCPCQR��

( MU�KSAF�UGJJ�WMS�@C�?@JC�RM�UGRFBP?U�C?AF�KMLRF �

)L�RFGQ�CV?KNJC
�

7 CnPC�JMMIGLE�DMP�; ��

I ���� ��� �������������������������?LLS?J�P ?RC�

B����� �������������������������QGLAC�UCnPC�UGRFBP?UGLE�KMLRFJW�

' ����� ���������������������������������������W C?PQ�

)� ������� 
��� ������������UC�?PC�@CEGLLGLE�UGRF����� 
����

)L�RFGQ�A?QC
�UCnPC�EMGLE�RM�F?TC�RM�QCR�SN�RFC�COS?RGML
�?LB�QMJTC�

DMP�; ��

� � ��Z��0?WMSR�!LLSGRGCQ



9MS�UMSJB�@C�?@JC�RM�UGRFBP?U���
 � �� ����C ?AF�KMLRF�DMP����WC?PQ��

Try it Now 3 

!� BMLMP� EGTCQ� ���� 
���� RM� ?� SLGTCPQGRW
� ?LB� QNCAGDGCQ� RF?R� GR� GQ� RM�

@C� SQCB� RM� EGTC� ?LLS?J� QAFMJ?PQFGNQ� DMP� RFC� LCVR� ��� WC?PQ�� )D� RFC�

SLGTCPQGRW� A?L� C?PL� ��� GL RCPCQR
� FMU� KSAF� A?L� RFCW� EGTC� GL�

QAFMJ?PQFGNQ�C?AF�WC?P �

0?WMSR�!LLSGRGCQ��Z����



5. Loans 

)L�RFC�J?QR�QCARGML
�WMS�JC?PLCB�?@MSR�N?WMSR�?LLSGRGCQ��

)L�RFGQ�QCARGML
�WMS�UGJJ�JC?PL�?@MSR�AMLTCLRGML?J�JM?LQ�	?JQM�A?JJCB�

?KMPRGXCB�JM?LQ�MP�GLQR?JJKCLR�JM?LQ
��%V?KNJCQ�GLAJSBC�?SRM�JM?LQ�

?LB� FMKC� KMPRE?ECQ�� 4FCQC� RCAFLGOSCQ� BM� LMR� ?NNJW� RM� N?WB?W�

JM?LQ
� ?BB�ML� JM?LQ
� MP� MRFCP� JM?L� RWNCQ� UFCPC� RFC� GLRCPCQR� GQ�

A?JASJ?RCB�SN�DPMLR��

/LC� EPC?R� RFGLE� ?@MSR� JM?LQ� GQ� RF?R� RFCW� SQC� CV?ARJW� RFC� Q?KC�

DMPKSJ?� ?Q� ?� N?WMSR� ?LLSGRW�� 4M� QCC� UFW
� GK?EGLC� RF?R� WMS� F?B�

��� 
����GL TCQRCB�?R�?�@?LI
�?LB�QR?PRCB�R?IGLE�MSR�N?WKCLRQ�UFGJC�

C?PLGLE�GLRCPCQR�?Q�N?PR�MD�?�N?WMSR�?LLSGRW
�?LB�?DRCP���WC?PQ�WMSP�

@?J?LAC�U?Q�XCPM��&JGN�RF?R�?PMSLB
�?LB�GK?EGLC�RF?R�WMS�?PC�?ARGLE�

?Q�RFC�@?LI
�?LB�?�A?P�JCLBCP�GQ�?ARGLE�?Q�WMS��4FC�A?P�JCLBCP�GLTCQRQ�

��� 
����GL�W MS��3GLAC�WMSnPC�?ARGLE�?Q�RFC�@?LI
�WMS�N?W�GLRCPCQR��4FC�

A?P�JCLBCP�R?ICQ�N?WKCLRQ�SLRGJ�RFC�@?J?LAC�GQ�XCPM��

,M?LQ�&MPKSJ?�

)� �GQ�RFC�@?J?LAC�GL�RFC�?AAMSLR�?R�RFC�@CEGLLGLE�	RFC�

NPGLAGN?J
�MP�?KMSLR�MD�RFC�JM?L
��

;� GQ�WMSP�JM?L�N?WKCLR�	WMSP�KMLRFJW�N?WKCLR
�?LLS?J�

N?WKCLR
�CRA
�

I �GQ�RFC�?LLS?J�GLRCPCQR�P?RC�GL�BCAGK?J�DMPK��

�� ��Z��,M?LQ



B�GQ�RFC�LSK@CP�MD�AMKNMSLBGLE�NCPGMBQ�GL�MLC�WC?P��

' �GQ�RFC�JCLERF�MD�RFC�JM?L
�GL�WC?PQ�

,GIC� @CDMPC
� RFC� AMKNMSLBGLE� DPCOSCLAW� GQ� LMR� ?JU?WQ� CVNJGAGRJW�

EGTCL
�@SR�GQ�BCRCPKGLCB�@W�FMU�MDRCL�WMS�K?IC�N?WKCLRQ��

7 FCL�BM�WMS�SQC�RFGQ�

4FC�JM?L�DMPKSJ?�?QQSKCQ�RF?R�WMS�K?IC�JM?L�

N?WKCLRQ�ML�?�PCESJ?P�QAFCBSJC�	CTCPW�KMLRF
�WC?P
�

OS?PRCP
�CRA�
�?LB�?PC�N?WGLE�GLRCPCQR�ML�RFC�JM?L��

#MKNMSLB�GLRCPCQR��/LC�BCNMQGR�

!LLSGRW��-?L W�BCNMQGRQ��

0?WMSR�!LLSGRW��-?L W�UGRFBP?U?JQ�

,M?LQ��-?L W�N?WKCLRQ�

Example 11 

9MS�A?L�?DDMPB������NCP�KML RF�?Q�?�A?P�N?WKCLR��)D�WMS�A?L�ECR�?L�

?SRM�JM?L�?R����GL RCPCQR�DMP����KML RFQ�	��WC?PQ

�FMU�CVNCLQGTC�MD�?�

A?P�A?L�WMS�?DDMPB �)L�MRFCP�UMPBQ
�UF?R�?KMSLR�JM?L�A?L�WMS�N?W�

MDD�UGRF������NCP�KML RF �

)L�RFGQ�CV?KNJC
�

; ������� ���������������������RFC�KMLRFJW�JM?L�N?WKCLR�

I� ��� ��� �������������������������?LLS?J�P ?RC�

,M?LQ��Z����



B� �� ��� ������������� ������������ QGLAC� UCnPC� BMGLE� KMLRFJW� N?WKCLRQ
� UCnJJ�

AMKNMSLB�KMLRFJW�

' � �� � ���������������������������QGLAC�UCnPC�K?IGLE�KMLRFJW�N?WKCLRQ�DMP���

WC?PQ�

7 CnPC�JMMIGLE�DMP�)� 
�RFC�QR?PRGLE�?KMSLR�MD�RFC�JM?L��

9MS�A?L�?DDMPB�?����
����JM?L��

9MS�UGJJ�N?W�?�RMR?J�MD����
 ����	�����NCP�KML RF�DMP����KML RFQ
�RM�

RFC�JM?L�AMKN?LW��4FC�BGDDCPCLAC�@CRUCCL�RFC�?KMSLR�WMS�N?W�?LB�

RFC�?KMSLR�MD�RFC�JM?L�GQ�RFC�GLRCPCQR�N?GB��)L�RFGQ�A?QC
�WMSnPC�N?WGLE�

���
 �������
�����������GL RCPCQR�RMR?J��

Example 12 

9MS�U?LR�RM�R?IC�MSR�?����� 
����KMP RE?EC�	FMKC�JM?L
��4FC�GLRCPCQR�

P?RC�ML�RFC�JM?L�GQ���
�?LB�RFC�JM?L�GQ�DMP����WC?PQ��(MU�KSAF�UGJJ�

WMSP�KMLRFJW�N?WKCLRQ�@C �

)L�RFGQ�CV?KNJC
�

7 CnPC�JMMIGLE�DMP�; ��

I ���� ��� �������������������������?LLS?J�P ?RC�

B����� �������������QGLAC�UCnPC�N?WGLE�KMLRFJW�

' ����� ���������������������������W C?PQ�

)� ������� 
��� ������������RFC�QR?PRGLE�JM?L�?KMSLR�

�� ��Z��,M?LQ



)L�RFGQ�A?QC
�UCnPC�EMGLE�RM�F?TC�RM�QCR�SN�RFC�COS?RGML
�?LB�QMJTC�

DMP�; ��

9MS�UGJJ�K?IC�N?WKCLRQ�MD����� �� ��NCP�KMLRF�DMP����WC?PQ��

9MSnPC�N?WGLE�?�RMR?J�MD���� �
�������RM�RFC�JM?L�AMKN?LW������ �� ��

NCP�KMLRF�DMP�����KML RFQ��9MS�?PC�N?WGLE�?�RMR?J�MD���� �
�������k�

���� 
����������
�������GL�GL RCPCQR�MTCP�RFC�JGDC�MD�RFC�JM?L��

Try it Now 4 

*?LGLC�@MSEFR���
 ����M D�LCU�DSPLGRSPC�ML�APCBGR��"CA?SQC�FCP�APCBGR�

QAMPC�GQLnR�TCPW�EMMB
�RFC�QRMPC�GQ�AF?PEGLE�FCP�?�D?GPJW�FGEF�GLRCPCQR�

P?RC�ML�RFC�JM?L�� ����� )D�QFC�?EPCCB�RM�N?W�MDD�RFC�DSPLGRSPC�MTCP���

WC?PQ
�FMU�KSAF�UGJJ�QFC�F?TC�RM�N?W�C?AF�KMLRF �

,M?LQ��Z����



6. Remaining Loan Balance 

7GRF� JM?LQ
� GR� GQ� MDRCL� BCQGP?@JC� RM� BCRCPKGLC� UF?R� RFC� PCK?GLGLE�

JM?L�@?J?LAC�UGJJ�@C�?DRCP�QMKC�LSK@CP�MD�WC?PQ��&MP�CV?KNJC
�GD�WMS�

NSPAF?QC�?�FMKC�?LB�NJ?L�RM�QCJJ�GR�GL�DGTC�WC?PQ
�WMS�KGEFR�U?LR�RM�

ILMU�FMU�KSAF�MD�RFC�JM?L�@?J?LAC�WMS�UGJJ�F?TC�N?GB�MDD�?LB�FMU�

KSAF�WMS�F?TC�RM�N?W�DPMK�RFC�Q?JC��

4M�BCRCPKGLC�RFC�PCK?GLGLE�JM?L�@?J?LAC�?DRCP�QMKC�LSK@CP�MD�

WC?PQ
�UC�DGPQR�LCCB�RM�ILMU�RFC�JM?L�N?WKCLRQ
�GD�UC�BMLnR�?JPC?BW�

ILMU�RFCK��2CKCK@CP�RF?R�MLJW�?�NMPRGML�MD�WMSP�JM?L�N?WKCLRQ�EM�

RMU?PBQ�RFC�JM?L�@?J?LAC��?�NMPRGML�GQ�EMGLE�RM�EM�RMU?PBQ�GLRCPCQR��

&MP�CV?KNJC
�GD�WMSP�N?WKCLRQ�UCPC���
 ����?�KML RF
�?DRCP�?�WC?P�WMS�

UGJJ�EFK�F?TC�N?GB�MDD����
 ����M D�RFC�JM?L�@?J?LAC��

4M� BCRCPKGLC� RFC� PCK?GLGLE� JM?L� @?J?LAC
� UC� A?L� RFGLI� pFMU�

KSAF� JM?L� UGJJ� RFCQC� JM?L� N?WKCLRQ� @C� ?@JC� RM� N?W� MDD� GL� RFC�

PCK?GLGLE�RGKC�ML�RFC�JM?L q�

Example 13 

)D�?�KMPRE?EC�?R�?����GL RCPCQR�P?RC�F?Q�N?WKCLRQ�MD���
����?�KML RF
�

FMU�KSAF�UGJJ�RFC�JM?L�@?J?LAC�@C����WC?PQ�DPMK�RFC�CLB�RFC�JM?L �

4M�BCRCPKGLC�RFGQ
�UC�?PC�JMMIGLE�DMP�RFC�?KMSLR�MD�RFC�JM?L�RF?R�

A?L�@C�N?GB�MDD�@W� ��
���� ?�KML RF�N?WKCLRQ�GL� ���WC?PQ�� )L�MRFCP�

UMPBQ
�UCnPC�JMMIGLE�DMP�0��UFCL�

; �����
 ��� ������������������RFC�KMLRFJW�JM?L�N?WKCLR�

I� ��� ��� ��������������������������?LLS?J�P ?RC�

B� �� ��� ������������� ������������ QGLAC� UCnPC� BMGLE� KMLRFJW� N?WKCLRQ
� UCnJJ�

AMKNMSLB�KMLRFJW�

' ����� �������������������������QGLAC�UCnPC�K?IGLE�KMLRFJW�N?WKCLRQ�DMP����

KMPC�WC?PQ�

�� ��Z��2CK?GLGLE�,M?L�"?J?LAC



4FC� JM?L� @?J?LAC� UGRF� ��� WC?PQ� PCK?GLGLE� ML� RFC� JM?L� UGJJ� @C�

��� 
� ������

/D RCL�RGKCQ�?LQUCPGLE�PCK?GLGLE�@?J?LAC�OSCQRGMLQ�PCOSGPCQ�RUM�

QRCNQ��

�
�#?JASJ?RGLE�RFC�KMLRFJW�N?WKCLRQ�ML�RFC�JM?L�

�
�#?JASJ?RGLE�RFC�PCK?GLGLE�JM?L�@?J?LAC�@?QCB�ML�RFC�I <D8@E@E>�

K@D<�ML�RFC�JM?L�

Example 14 

!�A MSNJC�NSPAF?QCQ�?�FMKC�UGRF�?����� 
����KMP RE?EC�?R����D MP����

WC?PQ�UGRF�KMLRFJW�N?WKCLRQ��7F?R�UGJJ�RFC�PCK?GLGLE�@?J?LAC�ML�

RFCGP�KMPRE?EC�@C�?DRCP���WC?PQ �

&GPQR�UC�UGJJ�A?JASJ?RC�RFCGP�KMLRFJW�N?WKCLRQ��

7 CnPC�JMMIGLE�DMP�; ��

I ���� ��� �������������������������?LLS?J�P ?RC�

B����� �������������QGLAC�RFCWnPC�N?WGLE�KMLRFJW�

' ����� ���������������������������W C?PQ�

)� ������� 
��� ������������RFC�QR?PRGLE�JM?L�?KMSLR�

7 C�QCR�SN�RFC�COS?RGML�?LB�QMJTC�DMP�; ��

2CK?GLGLE�,M?L�"?J?LAC��Z����



. MU�RF?R�UC�ILMU�RFC�KMLRFJW�N?WKCLRQ
�UC�A?L�BCRCPKGLC�RFC�

PCK?GLGLE� @?J?LAC�� 7 C� U?LR� RFC� PCK?GLGLE� @?J?LAC� ?DRCP� �� WC?PQ
�

UFCL� ��� WC?PQ� UGJJ� @C� PCK?GLGLE� ML� RFC� JM?L
� QM� UC� A?JASJ?RC� RFC�

JM?L�@?J?LAC�RF?R�UGJJ�@C�N?GB�MDD�UGRF�RFC�KMLRFJW�N?WKCLRQ�MTCP�

RFMQC����WC?PQ��

; � �� �������� ���������������� RFC� KMLRFJW� JM?L� N?WKCLR� UC� A?JASJ?RCB�

?@MTC�

I� ��� ��� ��������������������������?LLS?J�P ?RC�

B����� �������������������������QGLAC�RFCWnPC�BMGLE�KMLRFJW�N?WKCLRQ�

' ����� �������������������������QGLAC�RFCWnB�@C�K?IGLE�KMLRFJW�N?WKCLRQ�DMP�

���KMP C�WC?PQ�

�� ��Z��2CK?GLGLE�,M?L�"?J?LAC



4FC� JM?L� @?J?LAC� ?DRCP� �� WC?PQ
� UGRF� ��� WC?PQ� PCK?GLGLE� ML� RFC�

JM?L
�UGJJ�@C�����
�������

/T CP�RF?R���WC?PQ
�RFC�AMSNJC�F?Q�N?GB�MDD����� 
����k�����
 ���������

�� �
���� ���M D�RFC�JM?L�@?J?LAC��4FCW�F?TC�N?GB�?�RMR?J�MD���������?�

KMLRF�DMP���WC?PQ�	���KML RFQ

�DMP�?�RMR?J�MD����
������ 
�QM����
�������

k� �� �
���� ��� �� ��� 
��� ���� MD� UF?R� RFCW� F?TC� N?GB� QM� D?P� F?Q� @CCL�

GLRCPCQR��

2CK?GLGLE�,M?L�"?J?LAC��Z����



7. Which Equation to Use? 

7 FCL�NPCQCLRCB�UGRF�?�DGL?LAC�NPM@JCK�	ML�?L�CV?K�MP�GL�PC?J�JGDC

�

WMSnPC�SQS?JJW�LMR�RMJB�UF?R�RWNC�MD�NPM@JCK�GR�GQ�MP�UFGAF�COS?RGML�

RM� SQC��� ( CPC� ?PC� QMKC� FGLRQ� ML� BCAGBGLE� UFGAF� COS?RGML� RM� SQC�

@?QCB�ML�RFC�UMPBGLE�MD�RFC�NPM@JCK��

4FC�C?QGCQR�RWNCQ�MD�NPM@JCK�RM�GBCLRGDW�?PC�JM?LQ���,M?L�NPM@JCKQ�

?JKMQR�?JU?WQ�GLAJSBC�UMPBQ�JGIC��pJM?Lq
�p?KMPRGXCq�	RFC�D?LAW�UMPB�

DMP�JM?LQ

�pDGL?LAC� 	?�A?P
q
�MP�pKMPRE?ECq� 	?�FMKC�JM?L
��� ,MMI�DMP�

RFCQC� UMPBQ��� )D� RFCWnPC� RFCPC
� WMSnPC� NPM@?@JW� JMMIGLE� ?R� ?� JM?L�

NPM@JCK���4M�K?I C�QSPC
�QCC�GD�WMSnPC�EGTCL�UF?R�WMSP�KMLRFJW�	MP�

?LLS?J
�N?WKCLR�GQ
�MP�GD�WMSnPC�RPWGLE�RM�DGLB�?�KMLRFJW�N?WKCLR��

)D�RFC�NPM@JCK�GQ�LMR�?�JM?L
�RFC�LCVR�OSCQRGML�WMS�U?LR�RM�?QI�GQ��

p!K�)�NSRRGLE�KMLCW�GL�?L�?AAMSLR�?LB�JCRRGLE�GR�QGR
�MP�?K�)�K?IGLE�

PCESJ?P�	KMLRFJW�?LLS?JJW�OS?PRCPJW
�N?WKCLRQ�MP�UGRFBP?U?JQ q��)D�

WMSnPC�JCRRGLE�RFC�KMLCW�QGR�GL�RFC�?AAMSLR�UGRF�LMRFGLE�@SR�GLRCPCQR�

AF?LEGLE�RFC�@?J?LAC
�RFCL�WMSnPC�JMMIGLE�?R�?�AMKNMSLB�GLRCPCQR�

NPM@JCK��� 4FC� CVACNRGML� UMSJB� @C� @MLBQ� ?LB� MRFCP� GLTCQRKCLRQ�

UFCPC�RFC�GLRCPCQR�GQ�LMR�PCGLTCQRCB��GL�RFMQC�A?QCQ�WMSnPC�JMMIGLE�?R�

QGKNJC�GLRCPCQR��

)D� WMSnPC� K?IGLE� PCESJ?P� N?WKCLRQ� MP� UGRFBP?U?JQ
� RFC� LCVR�

OSCQRGMLQ�GQ��p!K�)�NSRRGLE�KMLCW�GLRM�RFC�?AAMSLR
�MP�?K�)�NSJJGLE�

KMLCW�MSR q��)D�WMSnPC�NSRRGLE�KMLCW�GLRM�RFC�?AAMSLR�ML�?�PCESJ?P�

@?QGQ� 	KMLRFJW�?LLS?JJW�OS?PRCPJW
� RFCL� WMSnPC� JMMIGLE� ?R� ?�

@?QGA�!LLSGRW� NPM@JCK��� "?QGA� ?LLSGRGCQ� ?PC� UFCL� WMS� ?PC� Q?TGLE�

KMLCW���5 QS?JJW�GL�?L�?LLSGRW�NPM@JCK
�WMSP�?AAMSLR�QR?PRQ�CKNRW
�

?LB�F?Q�KMLCW�GL�RFC�DSRSPC��

)D�WMSnPC�NSJJGLE�KMLCW�MSR�MD�RFC�?AAMSLR�ML�?�PCESJ?P�@?QGQ
�RFCL�

WMSnPC�JMMIGLE�?R�?�0?WMSR� !LLSGRW�NPM@JCK��� 0?WMSR�?LLSGRGCQ�?PC�

SQCB�DMP�RFGLEQ�JGIC�PCRGPCKCLR�GLAMKC
�UFCPC�WMS�QR?PR�UGRF�KMLCW�

GL�WMSP�?AAMSLR
�NSJJ�KMLCW�MSR�ML�?�PCESJ?P�@?QGQ
�?LB�WMSP�?AAMSLR�

CLBQ�SN�CKNRW�GL�RFC�DSRSPC��

2CKCK@CP
� RFC� KMQR� GKNMPR?LR� N?PR� MD� ?LQUCPGLE� ?LW� IGLB� MD�

�� ��Z��7 FGAF�%OS?RGML�RM�5QC 



OSCQRGML
�KMLCW�MP�MRFCPUGQC
�GQ�DGPQR�RM�AMPPCARJW�GBCLRGDW�UF?R�RFC�

OSCQRGML�GQ�PC?JJW�?QIGLE
�?LB�RM�BCRCPKGLC�UF?R�?NNPM?AF�UGJJ�@CQR�

?JJMU�WMS�RM�QMJTC�RFC�NPM@JCK��

Try it Now 5 

&MP�C?AF�MD�RFC�DMJJMUGLE�QACL?PGMQ
�BCRCPKGLC�GD�GR�GQ�?�AMKNMSLB�

GLRCPCQR� NPM@JCK
� ?� Q?TGLEQ� ?LLSGRW� NPM@JCK
� ?� N?WMSR� ?LLSGRW�

NPM@JCK
�MP�?�JM?LQ�NPM@JCK��4FCL�QMJTC�C?AF�NPM@JCK��

7 FGAF�%OS?RGML�RM�5QC ��Z����



8. Solving for Time 

/D RCL� UC� ?PC� GLRCPCQRCB� GL� FMU� JMLE� GR� UGJJ� R?IC� RM� ?AASKSJ?RC�

KMLCW�MP�FMU�JMLE�UCnB�LCCB�RM�CVRCLB�?�JM?L�RM�@PGLE�N?WKCLRQ�

BMUL�RM�?�PC?QML?@JC�JCTCJ��

. MRC�� 4FGQ� QCARGML� ?QQSKCQ� WMSnTC� AMTCPCB� QMJTGLE� CVNMLCLRG?J�

COS?RGMLQ�SQGLE�JME?PGRFKQ
�CGRFCP�GL�NPGMP�AJ?QQCQ�MP�GL�RFC�EPMURF�

KMBCJQ�AF?NRCP��

Example 15 

)D� WMS� GLTCQR� ������ ? R� ��� A MKNMSLBCB� KMLRFJW
� FMU� JMLE� UGJJ� GR�

R?IC�RFC�?AAMSLR�RM�BMS@JC�GL�T?JSC �

4FGQ� GQ� ?� AMKNMSLB� GLRCPCQR� NPM@JCK
� QGLAC� UC� ?PC� BCNMQGRGLE�

KMLCW�MLAC�?LB�?JJMUGLE�GR�RM�EPMU��)L�RFGQ�NPM@JCK
�

)� �������� �����������������RFC�GLGRG?J�BCNMQGR�

I ���� ��� �������������������������?LLS?J�P ?RC�

B����� ����������������������������KML RFQ�GL���WC?P�

3M� MSP� ECLCP?J� COS?RGML� GQ

�� 7 C� ?JQM� ILMU� RF?R� UC�

U?LR� MSP� CLBGLE� ?KMSLR� RM� @C� BMS@JC� MD� ����� 
� UFGAF� GQ� ����� 
�

QM�UCnPC�JMMIGLE�DMP�' �QM�RF?R�) ' � ������ ��4M�QMJTC�RFGQ
�UC�QCR�MSP�

COS?RGML�DMP�) ' �COS?J�RM����� ��

�������������� $GTGBC� @MRF�

QGBCQ�@W������

����������������������������������� 4M� QMJTC� DMP� RFC�

CVNMLCLR
�R?IC�RFC�JME�MD�@MRF�QGBCQ�

�� ��Z��3MJTGLE�DMP�4GKC



������������� 5 QC� RFC� CVNMLCLR�

NPMNCPRW�MD�JMEQ�ML�RFC�PGEFR�QGBC�

���������������������. MU�U C�A?L�BGTGBC�

@MRF�QGBCQ�@W���JME	�����
�

������������������������������!NNPMVGK?RGLE�RFGQ�RM�

?�BCAGK?J�

' ����������

)R�UGJJ�R?IC�?@MSR��������WC?PQ�DMP�RFC�?AAMSLR�RM�BMS@JC�GL�T?JSC��

. MRC� RF?R� WMSP� ?LQUCP� K?W� AMKC� MSR� QJGEFRJW� BGDDCPCLRJW� GD� WMS�

F?B� CT?JS?RCB� RFC� JMEQ� RM� BCAGK?JQ� ?LB� PMSLBCB� BSPGLE� WMSP�

A?JASJ?RGMLQ
�@SR�WMSP�?LQUCP�QFMSJB�@C�AJMQC��&MP�CV?KNJC�GD�WMS�

PMSLBCB� JME	�
� RM� ������ ?LB� JME	�� ���
� RM� � ��� ��� 
� RFCL� WMSP� DGL?J�

?LQUCP�UMSJB�F?TC�@CCL�?@MSR��������WC?PQ��

Example 16 

)D� WMS� GLTCQR� ����� C ?AF� KMLRF� GLRM� ?L� ?AAMSLR� C?PLGLE� ���

AMKNMSLBCB�KMLRFJW
�FMU�JMLE�UGJJ�GR�R?IC�RFC�?AAMSLR�RM�EPMU�RM�

��� 
��� �

4FGQ� GQ� ?� Q?TGLEQ� ?LLSGRW� NPM@JCK� QGLAC� UC� ?PC� K?IGLE� PCESJ?P�

BCNMQGRQ�GLRM�RFC�?AAMSLR��

; ������� ���������RFC�KMLRFJW�BCNMQGR�

I ���� ��� �������������?LLS?J�P ?RC�

B������ ������������QGLAC�UCnPC�BMGLE�KMLRFJW�BCNMQGRQ
�UCnJJ�AMKNMSLB�

KMLRFJW�

7 C�BMLnR�ILMU�' 
�@SR�UC�U?LR�) ' �RM�@C����
��� ��

0SRRGLE�RFGQ�GLRM�RFC�COS?RGML��

3MJTGLE�DMP�4GKC��Z��� �



�����������������������3GKNJGDWGLE�RFC�DP?ARGMLQ�?�@GR�

7 C�U?LR�RM�GQMJ?RC�RFC�CVNMLCLRG?J�RCPK
� ���� ���� ' 
�QM�KSJRGNJW�

@MRF�QGBCQ�@W����� ���

����������������������������� $GTGBC�

@MRF�QGBCQ�@W�����

������������������������� ������������ !BB� �� RM�

@MRF�QGBCQ�

���������������������������������������� . MU� R?IC� RFC�

JME�MD�@MRF�QGBCQ�

������������������ ������������ 5 QC�

RFC�CVNMLCLR�NPMNCPRW�MD�JMEQ�

�������������� ������������ $GTGBC� @W�

��JME	���� ��
�

����������������������������������������������

!NNPMVGK?RGLE�RM�?�BCAGK?J�

' ���� �����W C?PQ�

)R�UGJJ�R?IC�?@MSR�������W C?PQ�RM�EPMU�RFC�?AAMSLR�RM����
��� ��

�� ��Z��3MJTGLE�DMP�4GKC



Try it Now 6 

*MCJ�GQ�AMLQGBCPGLE� NSRRGLE�?� ��
���� J?NRMN�NSPAF?QC�ML�FGQ�APCBGR�

A?PB
�UFGAF�F?Q�?L�GLRCPCQR�P?RC�MD�����A MKNMSLBCB�KMLRFJW��( MU�

JMLE�UGJJ�GR�R?IC�FGK�RM�N?W�MDD�RFC�NSPAF?QC�GD�FC�K?ICQ�N?WKCLRQ�MD�

����?�KML RF �

Try it Now Answers 

���

"�������M D�GLRCPCQR�

)� ��������NPGLAGN?J�

I ���SLILM UL�

K�����KML RF�

5 QGLE�"���)�IK 
�UC�ECR���������` I �̀��3MJTGLE
�UC�ECR�I� ��� ���
�MP�����

3GLAC�RFC�RGKC�U?Q�KMLRFJW
�RFGQ�GQ�RFC�KMLRFJW�GLRCPCQR��4FC�?LLS?J�

P?RC�UMSJB�@C����RGKCQ�RFGQ������GLRCPCQR��

���

; ����� ��������������RFC�B?GJW�BCNMQGR�

I ���� ��� �������������?LLS?J�P ?RC�

B� �� ���� ����������� QGLAC� UCnPC� BMGLE� B?GJW� BCNMQGRQ
� UCnJJ� AMKNMSLB�

B?GJW�

' ����� ������������������������UC�U?LR�RFC�?KMSLR�?DRCP����WC?PQ�

���
���� � ��

7 C� UMSJB� F?TC� BCNMQGRCB� ?� RMR?J� MD� ��` ���` ��� �� ���
��� 
� QM�

��
 ���� � ��GQ�DPMK�GLRCPCQR�

���

; ���SLILM UL�

I ���� ��� �������������������������?LLS?J�P ?RC�

3MJTGLE�DMP�4GKC��Z����



B���� ���������������������������QGLAC�UCnPC�BMGLE�?LLS?J�QAFMJ?PQFGNQ�

' ����� ���������������������������������������W C?PQ�

)� ������ 
��� ���������������UCnPC�QR?PRGLE�UGRF����� 
����

3MJTGLE� DMP�; � EGTCQ� ��
������� C ?AF� WC?P� RF?R� RFCW� A?L� EGTC� GL�

QAFMJ?PQFGNQ��

)R� GQ� UMPRF� LMRGLE� RF?R� SQS?JJW� BMLMPQ� GLQRC?B� QNCAGDW� RF?R� MLJW�

GLRCPCQR� GQ� RM� @C� SQCB� DMP� QAFMJ?PQFGN
� UFGAF� K?ICQ� RFC� MPGEGL?J�

BML?RGML� J?QR� GLBCDGLGRCJW���� )D� RFGQ� BMLMP� F?B� QNCAGDGCB� RF?R
�

���� 
���	 � ��� 
�����
 ����?�W C?P�UMSJB�F?TC�@CCL�?T?GJ?@JC��

Try it Now Answers continued 

���

; ���SLILM UL�

I ���� ��� ��������������������������?LLS?J�P ?RC�

B����� �������������������������QGLAC�UCnPC�K?IGLE�KMLRFJW�N?WKCLRQ�

' ���� ����������������������������WC?PQ�RM�PCN?W�

)� ����
 ��� �������������������UCnPC�QR?PRGLE�UGRF�?���
 ����JM?L�

3MJTGLE�DMP�; �EGTCQ������� ��?Q�KMLRFJW�N?WKCLRQ��

)L�RMR?J
�QFC�UGJJ�N?W���
�������RM�RFC�QRMPC
�KC?LGLE�QFC�UGJJ�N?W�

��������GL�GL RCPCQR�MTCP�RFC�RUM�WC?PQ��

���

���

; ������ ������������������������4FC�KMLRFJW�N?WKCLRQ�

�� ��Z��3MJTGLE�DMP�4GKC



I ���� ��� ��������������������������?LLS?J�P ?RC�

B����� �������������������������QGLAC�UCnPC�K?IGLE�KMLRFJW�N?WKCLRQ�

)� ����
 ��� �������������������UCnPC�QR?PRGLE�UGRF�?���
����JM?L�

7 C�?PC�QMJTGLE�DMP�' 
�RFC�RGKC�RM�N?W�MDD�RFC�JM?L�

3MJTGLE�DMP�' �EGTCQ��������) R�UGJJ�R?IC�?@MSR�����WC?PQ�RM�N?W�MDD�RFC�

NSPAF?QC��

3MJTGLE�DMP�4GKC��Z����



9. Exercises 

Skills 

��� !�DPGCLB�JCLBQ�WMS������D MP�?�UCCI
�UFGAF�WMS�?EPCC�RM�PCN?W�

UGRF����MLC�RGKC�GLRCPCQR��(MU�KSAF�UGJJ�WMS�F?TC�RM�PCN?W �

��� 3SNNMQC�WMS�M@R?GL�?���
����4 �LMRC�UGRF�?����?LLS?J�P?RC
�

N?GB�OS?PRCPJW
�UGRF�K?RSPGRW�GL���WC?PQ��(MU�KSAF�GLRCPCQR�UGJJ�

WMS�C?PL �

��� !�4 �@GJJ�GQ�?�RWNC�MD�@MLB�RF?R�GQ�QMJB�?R�?�BGQAMSLR�MTCP�RFC�D?AC�

T?JSC��&MP�CV?KNJC
�QSNNMQC�WMS�@SW�?���� UCCI�4 �@GJJ�UGRF�?�

D?AC�T?JSC�MD���� 
����D MP��� 
��� ��4FGQ�KC?LQ�RF?R�GL����UCCIQ
�

RFC�EMTCPLKCLR�UGJJ�EGTC�WMS�RFC�D?AC�T?JSC
�C?PLGLE�WMS����� ��

7 F?R�?LLS?J�GLRCPCQR�P?RC�F?TC�WMS�C?PLCB �

��� 3SNNMQC�WMS�?PC�JMMIGLE�RM�@SW�?�������D?A C�T?JSC���� UCCI�4 �

@GJJ��)D�WMS�U?LR�RM�C?PL�?R�JC?QR����?LLS?J�GLRCPCQR
�UF?R�GQ�RFC�

KMQR�WMS�QFMSJB�N?W�DMP�RFC�4�@GJJ �

��� 9MS�BCNMQGR������GL�?L�?A AMSLR�C?PLGLE����GLRCPCQR�

AMKNMSLBCB�?LLS?JJW��( MU�KSAF�UGJJ�WMS�F?TC�GL�RFC�?AAMSLR�

GL����WC?PQ �

��� ( MU�KSAF�UGJJ�������BCNMQGRCB�GL�?L�?AAMSLR�C?PLGLE����

GLRCPCQR�AMKNMSLBCB�?LLS?JJW�@C�UMPRF�GL����WC?PQ �

� �� 9MS�BCNMQGR�������GL�?L�?A AMSLR�C?PLGLE����GLRCPCQR�

AMKNMSLBCB�KMLRFJW��

?�� ( MU�KSAF�UGJJ�WMS�F?TC�GL�RFC�?AAMSLR�GL����WC?PQ �

@�� ( MU�KSAF�GLRCPCQR�UGJJ�WMS�C?PL �

��� 9MS�BCNMQGR���� 
����GL�?L�?A AMSLR�C?PLGLE����GLRCPCQR�

AMKNMSLBCB�KMLRFJW��

?�� ( MU�KSAF�UGJJ�WMS�F?TC�GL�RFC�?AAMSLR�GL����WC?PQ �

@�� ( MU�KSAF�GLRCPCQR�UGJJ�WMS�C?PL �

� �� ( MU�KSAF�U MSJB�WMS�LCCB�RM�BCNMQGR�GL�?L�?AAMSLR�LMU�GL�

MPBCP�RM�F?TC���
 ����GL�RFC�?AAMSLR�GL���WC?PQ �!QQSKC�RFC�

�� ��Z��%VCPAGQCQ



?AAMSLR�C?PLQ����GLRCPCQR�AMKNMSLBCB�KMLRFJW��

�� �� ( MU�KSAF�U MSJB�WMS�LCCB�RM�BCNMQGR�GL�?L�?AAMSLR�LMU�GL�

MPBCP�RM�F?TC���� 
����GL�RFC�?AAMSLR�GL���WC?PQ �!QQSKC�RFC�

?AAMSLR�C?PLQ����GLRCPCQR��

���� 9MS�BCNMQGR������C ?AF�KMLRF�GLRM�?L�?AAMSLR�C?PLGLE����

GLRCPCQR�AMKNMSLBCB�KMLRFJW��

?�� ( MU�KSAF�UGJJ�WMS�F?TC�GL�RFC�?AAMSLR�GL����WC?PQ �

@�� ( MU�KSAF�RMR?J�KMLCW�UGJJ�WMS�NSR�GLRM�RFC�?AAMSLR �

A�� ( MU�KSAF�RMR?J�GLRCPCQR�UGJJ�WMS�C?PL �

���� 9MS�BCNMQGR�������C ?AF�WC?P�GLRM�?L�?AAMSLR�C?PLGLE����

AMKNMSLBCB�?LLS?JJW��

?�� ( MU�KSAF�UGJJ�WMS�F?TC�GL�RFC�?AAMSLR�GL����WC?PQ �

@�� ( MU�KSAF�RMR?J�KMLCW�UGJJ�WMS�NSR�GLRM�RFC�?AAMSLR �

A�� ( MU�KSAF�RMR?J�GLRCPCQR�UGJJ�WMS�C?PL �

���� *MQC�F?Q�BCRCPKGLCB�FC�LCCBQ�RM�F?TC����� 
����D MP�PCRGPCKCLR�

GL����WC?PQ����( GQ�?AAMSLR�C?PLQ����GLRCPCQR��

?�� ( MU�KSAF�U MSJB�WMS�LCCB�RM�BCNMQGR�GL�RFC�?AAMSLR�C?AF�

KMLRF �

@�� ( MU�KSAF�RMR?J�KMLCW�UGJJ�WMS�NSR�GLRM�RFC�?AAMSLR �

A�� ( MU�KSAF�RMR?J�GLRCPCQR�UGJJ�WMS�C?PL �

���� 9MS�UGQF�RM�F?TC�������GL���W C?PQ�RM�@SW�?�D?LAW�LCU�QRCPCM�

QWQRCK��(MU�KSAF�QFMSJB�WMS�BCNMQGR�C?AF�OS?PRCP�GLRM�?L�

?AAMSLR�N?WGLE����AMKNMSLBCB�OS?PRCPJW �

���� 9MS�U?LR�RM�@C�?@JC�RM�UGRFBP?U���� 
����C ?AF�WC?P�DMP����

WC?PQ��9MSP�?AAMSLR�C?PLQ����GLRCPCQR��

?�� ( MU�KSAF�BM�WMS�LCCB�GL�WMSP�?AAMSLR�?R�RFC�@CEGLLGLE�

@�� ( MU�KSAF�RMR?J�KMLCW�UGJJ�WMS�NSJJ�MSR�MD�RFC�?AAMSLR �

A�� ( MU�KSAF�MD�RF?R�KMLCW�GQ�GLRCPCQR �

���� ( MU�KSAF�KMLCW�UGJJ�)�LCCB�RM�F?TC�?R�PCRGPCKCLR�QM�)�A?L�

UGRFBP?U���� 
����?�W C?P�DMP����WC?PQ�DPMK�?L�?AAMSLR�C?PLGLE�

���A MKNMSLBCB�?LLS?JJW �

?�� ( MU�KSAF�BM�WMS�LCCB�GL�WMSP�?AAMSLR�?R�RFC�@CEGLLGLE�

@�� ( MU�KSAF�RMR?J�KMLCW�UGJJ�WMS�NSJJ�MSR�MD�RFC�?AAMSLR �

A�� ( MU�KSAF�MD�RF?R�KMLCW�GQ�GLRCPCQR �

%VCPAGQCQ��Z����



�� �� 9MS�F?TC����� 
����Q? TCB�DMP�PCRGPCKCLR��9MSP�?AAMSLR�C?PLQ�

���GL RCPCQR��(MU�KSAF�UGJJ�WMS�@C�?@JC�RM�NSJJ�MSR�C?AF�KMLRF
�

GD�WMS�U?LR�RM�@C�?@JC�RM�R?IC�UGRFBP?U?JQ�DMP����WC?PQ �

���� ,MPCL�?JPC?BW�ILMUQ�RF?R�FC�UGJJ�F?TC����� 
����UFCL�FC�

PCRGPCQ��)D�FC�QCRQ�SN�?�N?WMSR�?LLSGRW�DMP����WC?PQ�GL�?L�

?AAMSLR�N?WGLE�����GLRCPCQR
�FMU�KSAF�AMSJB�RFC�?LLSGRW�

NPMTGBC�C?AF�KMLRF �

�� �� 9MS�A?L�?DDMPB�?������NCP�KML RF�KMPRE?EC�N?WKCLR��9MSnTC�

DMSLB�?����WC?P�JM?L�?R����GL RCPCQR��

?�� ( MU�@GE�MD�?�JM?L�A?L�WMS�?DDMPB �

@�� ( MU�KSAF�RMR?J�KMLCW�UGJJ�WMS�N?W�RFC�JM?L�AMKN?LW �

A�� ( MU�KSAF�MD�RF?R�KMLCW�GQ�GLRCPCQR �

�� �� -?PGC�A?L�?DDMPB�?������NCP�KML RF�A?P�N?WKCLR��3FCnQ�DMSLB�?�

��WC?P�JM?L�?R����GLRCPCQR��

?�� ( MU�CVNCLQGTC�MD�?�A?P�A?L�QFC�?DDMPB �

@�� ( MU�KSAF�RMR?J�KMLCW�UGJJ�QFC�N?W�RFC�JM?L�AMKN?LW �

A�� ( MU�KSAF�MD�RF?R�KMLCW�GQ�GLRCPCQR �

���� 9MS�U?LR�RM�@SW�?����
 ����A ?P��4FC�AMKN?LW�GQ�MDDCPGLE�?����

GLRCPCQR�P?RC�DMP����KML RFQ�	��WC?PQ
��7 F?R�UGJJ�WMSP�KMLRFJW�

N?WKCLRQ�@C �

���� 9MS�BCAGBC�DGL?LAC�?����
 ����A ?P�?R����A MKNMSLBCB�KMLRFJW�

DMP���WC?PQ��7F?R�UGJJ�WMSP�KMLRFJW�N?WKCLRQ�@C �( MU�KSAF�

GLRCPCQR�UGJJ�WMS�N?W�MTCP�RFC�JGDC�MD�RFC�JM?L �

� ��� 9MS�U?LR�RM�@SW�?����� 
����FMKC��9 MS�NJ?L�RM�N?W�����?Q�?�

BMUL�N?WKCLR
�?LB�R?IC�MSR�?����WC?P�JM?L�DMP�RFC�PCQR��

?�� ( MU�KSAF�GQ�RFC�JM?L�?KMSLR�EMGLE�RM�@C �

@�� 7 F?R�UGJJ�WMSP�KMLRFJW�N?WKCLRQ�@C�GD�RFC�GLRCPCQR�P?RC�GQ�

�� �

A�� 7 F?R�UGJJ�WMSP�KMLRFJW�N?WKCLRQ�@C�GD�RFC�GLRCPCQR�P?RC�GQ�

�� �

� ��� , WLL�@MSEFR�?����� 
����FMSQC
�N? WGLE�����BMUL
�?LB�

DGL?LAGLE�RFC�PCQR�?R����GL RCPCQR�DMP����WC?PQ��

?�� &GLB�FCP�KMLRFJW�N?WKCLRQ��

@�� ( MU�KSAF�GLRCPCQR�UGJJ�QFC�N?W�MTCP�RFC�JGDC�MD�RFC�JM?L �

�� ��Z��%VCPAGQCQ



���� %KGJC�@MSEFR�?�A?P�DMP����
 ����RFP CC�WC?PQ�?EM��4FC�JM?L�F?B�?�

��WC?P�RCPK�?R����GL RCPCQR�P?RC��(MU�KSAF�BMCQ�FC�QRGJJ�MUC�ML�

RFC�A?P �

���� !�DPGCLB�@MSEFR�?�FMSQC����WC?PQ�?EM
�R?IGLE�MSR�?�����
����

KMPRE?EC�?R����D MP����WC?PQ��(MU�KSAF�BMCQ�QFC�QRGJJ�MUC�ML�

RFC�KMPRE?EC �

�� �� 0?R�BCNMQGRQ���
����GL RM�?L�?AAMSLR�C?PLGLE����AMKNMSLBCB�

KMLRFJW��( MU�JMLE�UGJJ�GR�R?IC�RFC�?AAMSLR�RM�EPMU�RM���� 
��� �

���� +?W�GQ�Q?TGLE������?�KML RF�GLRM�?L�?AAMSLR�C?PLGLE����

GLRCPCQR��(MU�JMLE�UGJJ�GR�R?IC�FCP�RM�Q?TC���� 
��� �

�� �� *?KCQ�F?Q���
����GL�AP CBGR�A?PB�BC@R
�UFGAF�AF?PECQ�����

GLRCPCQR��(MU�JMLE�UGJJ�GR�R?IC�RM�N?W�MDD�RFC�A?PB�GD�FC�K?ICQ�

RFC�KGLGKSK�N?WKCLR�MD�����?�KML RF �

�� �� #FPGQ�F?Q�Q?TCB����� 
����D MP�PCRGPCKCLR
�?LB�GR�GQ�GL�?L�

?AAMSLR�C?PLGLE����GLRCPCQR��)D�QFC�UGRFBP?UQ���
 ����?�KML RF
�

FMU�JMLE�UGJJ�RFC�KMLCW�J?QR �

Concepts 

���� 3SNNMQC�WMS�GLTCQR�����?�KMLRF�DMP���WC?PQ�GLRM�?L�?AAMSLR�

C?PLGLE����AMKNMSLBCB�KMLRFJW��!DRCP���WC?PQ
�WMS�JC?TC�RFC�

KMLCW
�UGRFMSR�K?IGLE�?BBGRGML?J�BCNMQGRQ
�GL�RFC�?AAMSLR�DMP�

?LMRFCP����WC?PQ��(MU�KSAF�UGJJ�WMS�F?TC�GL�RFC�CLB �

���� 3SNNMQC�WMS�NSR�MDD�K?IGLE�GLTCQRKCLRQ�DMP�RFC�DGPQR���WC?PQ
�

?LB�GLQRC?B�K?BC�BCNMQGRQ�MD�����?�KML RF�DMP����WC?PQ�GLRM�?L�

?AAMSLR�C?PLGLE����AMKNMSLBCB�KMLRFJW��( MU�KSAF�UGJJ�WMS�

F?TC�GL�RFC�CLB �

���� -GI C�NJ?LQ�RM�K?IC�AMLRPG@SRGMLQ�RM�FGQ�PCRGPCKCLR�?AAMSLR�DMP�

���WC?PQ��!DRCP�RFC�J?QR�AMLRPG@SRGML
�FC�UGJJ�QR?PR�UGRFBP?UGLE�

��� 
����?�OS?P RCP�DMP����WC?PQ��!QQSKGLE�-GICnQ�?AAMSLR�C?PLQ�

���A MKNMSLBCB�OS?PRCPJW
�FMU�J?PEC�KSQR�FGQ�OS?PRCPJW�

AMLRPG@SRGMLQ�@C�BSPGLE�RFC�DGPQR����WC?PQ
�GL�MPBCP�RM�

?AAMKNJGQF�FGQ�EM?J �

%VCPAGQCQ��Z����



���� +CLBP?�U?LRQ�RM�@C�?@JC�RM�K?IC�UGRFBP?U?JQ�MD���� 
����?�W C?P�

DMP����WC?PQ�?DRCP�PCRGPGLE�GL����WC?PQ��(MU�KSAF�UGJJ�QFC�F?TC�

RM�Q?TC�C?AF�WC?P�SN�SLRGJ�PCRGPCKCLR�GD�FCP�?AAMSLR�C?PLQ����

GLRCPCQR �

���� 9MS�F?TC���
 ����RM�GLTCQR
�?LB�U?LR�GR�RM�EPMU�RM���
 ����GL�R UM�

WC?PQ��7F?R�GLRCPCQR�P?RC�UMSJB�WMS�LCCB�RM�DGLB�RM�K?IC�RFGQ�

NMQQG@JC �

���� 9MS�F?TC���
 ����RM�GLTCQR
�?LB�U?LR�GR�RM�EPMU�RM���� 
����GL�

RCL�WC?PQ��7F?R�GLRCPCQR�P?RC�UMSJB�WMS�LCCB�RM�DGLB�RM�K?IC�

RFGQ�NMQQG@JC �

� � �� 9MS�NJ?L�RM�Q?TC������?�KML RF�DMP�RFC�LCVR����WC?PQ�DMP�

PCRGPCKCLR��7F?R�GLRCPCQR�P?RC�UMSJB�WMS�LCCB�RM�F?TC�

��
 ��� 
����? R�PCRGPCKCLR �

���� 9MS�PC?JJW�U?LR�RM�@SW�?�SQCB�A?P�DMP����
��� 
�@SR�A?L�MLJW�

?DDMPB������?�KML RF��7F?R�GLRCPCQR�P?RC�UMSJB�WMS�LCCB�RM�

DGLB�RM�@C�?@JC�RM�?DDMPB�RFC�A?P
�?QQSKGLE�RFC�JM?L�GQ�DMP����

KMLRFQ �

Exploration 

�� �� 0?W�B?W�JM?LQ�?PC�QFMPR�RCPK�JM?LQ�RF?R�WMS�R?IC�MSR�?E?GLQR�

DSRSPC�N?WAFCAIQ��4FC�AMKN?LW�?BT?LACQ�WMS�KMLCW�?E?GLQR�?�

DSRSPC�N?WAFCAI��%GRFCP�TGQGR�?�N?W�B?W�JM?L�AMKN?LW
�MP�JMMI�

MLC�SN�MLJGLC��"C�DMPCU?PLCB�RF?R�K?LW�AMKN?LGCQ�BM�LMR�

K?I C�RFCGP�DCCQ�M@TGMSQ
�QM�WMS�KGEFR�LCCB�RM�BM�QMKC�BGEEGLE�

MP�JMMI�?R�QCTCP?J�AMKN?LGCQ��

?�� %VNJ?GL�RFC�ECLCP?J�KCRFMB�@W�UFGAF�RFC�JM?L�UMPIQ��

@�� 7 C�UGJJ�?QQSKC�RF?R�UC�LCCB�RM�@MPPMU������?LB�RF? R�UC�

UGJJ�N?W�@?AI�RFC�JM?L�GL����B?WQ��$CRCPKGLC�RFC�RMR?J�

?KMSLR�RF?R�WMS�UMSJB�LCCB�RM�N?W�@?AI�?LB�RFC�CDDCARGTC�

JM?L�P?RC��4FC�CDDCARGTC�JM?L�P?RC�GQ�RFC�NCPACLR?EC�MD�RFC�

MPGEGL?J�JM?L�?KMSLR�RF?R�WMS�N?W�@?AI��)R�GQ�LMR�RFC�Q?KC�

?Q�RFC�!02�	?LLS?J�P?RC
�RF?R�GQ�NPM@?@JW�NS@JGQFCB��

�� ��Z��%VCPAGQCQ



A�� )D�WMS�A?LLMR�N?W�@?AI�RFC�JM?L�?DRCP����B?WQ
�WMS�UGJJ�LCCB�

RM�ECR�?L�CVRCLQGML�DMP�?LMRFCP����B?WQ��$CRCPKGLC�RFC�DCCQ�

DMP�?L�CVRCLQGML
�BCRCPKGLC�RFC�RMR?J�?KMSLR�WMS�UGJJ�@C�

N?WGLE�DMP�RFC�LMU����B? W�JM?L
�?LB�AMKNSRC�RFC�CDDCARGTC�

JM?L�P?RC��

�� �� 3SNNMQC�RF?R����WC?PQ�?EM�WMS�@MSEFR�?�FMKC�DMP����� 
��� 
�

N?WGLE�����?Q�?�BMUL�N?WKCLR
�?LB�DGL?LAGLE�RFC�PCQR�?R����

GLRCPCQR�DMP����WC?PQ��

?�� ,CRnQ�AMLQGBCP�WMSP�CVGQRGLE�KMPRE?EC��

G�� ( MU�KSAF�KMLCW�BGB�WMS�N?W�?Q�WMSP�BMUL�N?WKCLR �

GG��( MU�KSAF�KMLCW�U?Q�WMSP�KMPRE?EC�	JM?L
�DMP �

GGG��7 F?R�GQ�WMSP�ASPPCLR�KMLRFJW�N?WKCLR �

GT�� ( MU�KSAF�RMR?J�GLRCPCQR�UGJJ�WMS�N?W�MTCP�RFC�JGDC�MD�

RFC�JM?L �

@�� 4FGQ�WC?P
�WMS�AFCAI�WMSP�JM?L�@?J?LAC��/LJ W�N?PR�MD�WMSP�

N?WKCLRQ�F?TC�@CCL�EMGLE�RM�N?W�BMUL�RFC�JM?L��RFC�PCQR�

F?Q�@CCL�EMGLE�RMU?PBQ�GLRCPCQR��9MS�QCC�RF?R�WMS�QRGJJ�F?TC�

���
����JCD R�RM�N?W�ML�WMSP�JM?L��9MSP�FMSQC�GQ�LMU�T?JSCB�

?R����� 
��� ��

G�� ( MU�KSAF�MD�RFC�JM?L�F?TC�WMS�N?GB�MDD �	G�C�
�FMU�

KSAF�F?TC�WMS�PCBSACB�RFC�JM?L�@?J?LAC�@W �+CCN�GL�

KGLB�RF?R�GLRCPCQR�GQ�AF?PECB�C?AF�KMLRF�k�GRnQ�LMR�

N?PR�MD�RFC�JM?L�@?J?LAC�
�

GG��( MU�KSAF�KMLCW�F?TC�WMS�N?GB�RM�RFC�JM?L�AMKN?LW�

QM�D?P �

GGG��( MU�KSAF�GLRCPCQR�F?TC�WMS�N?GB�QM�D?P �

GT�� ( MU�KSAF�COSGRW�BM�WMS�F?TC�GL�WMSP�FMKC�	COSGRW�GQ�

T?JSC�KGLSQ�PCK?GLGLE�BC@R
�

A�� 3GLAC�GLRCPCQR�P?RCQ�F?TC�BPMNNCB
�WMS�AMLQGBCP�

PCDGL?LAGLE�WMSP�KMPRE?EC�?R�?�JMUCP����P ?RC��

G�� )D�WMS�RMMI�MSR�?�LCU����W C?P�KMPRE?EC�?R����D MP�WMSP�

PCK?GLGLE�JM?L�@?J?LAC
�UF?R�UMSJB�WMSP�LCU�

KMLRFJW�N?WKCLRQ�@C �

GG��( MU�KSAF�GLRCPCQR�UGJJ�WMS�N?W�MTCP�RFC�JGDC�MD�RFC�

%VCPAGQCQ��Z����



LCU�JM?L �

B�� . MRGAC�RF?R�GD�WMS�PCDGL?LAC
�WMS�?PC�EMGLE�RM�@C�K?IGLE�

N?WKCLRQ�ML�WMSP�FMKC�DMP�?LMRFCP����WC?PQ��)L�?BBGRGML�

RM�RFC����WC?PQ�WMSnTC�?JPC?BW�@CCL�N?WGLE
�RF?RnQ����WC?PQ�

RMR?J��

G�� ( MU�KSAF�UGJJ�WMS�Q?TC�C?AF�KMLRF�@CA?SQC�MD�RFC�

JMUCP�KMLRFJW�N?WKCLR �

GG��( MU�KSAF�RMR?J�GLRCPCQR�UGJJ�WMS�@C�N?WGLE�	WMS�LCCB�

RM�AMLQGBCP�RFC�?KMSLR�DPMK��A�?LB��@
�

GGG��$MCQ�GR�K?IC�QCLQC�RM�PCDGL?LAC �	 RFCPC�GQLnR�?�AMPPCAR�

?LQUCP�RM�RFGQ�OSCQRGML��*SQR�EGTC�WMSP�MNGLGML�?LB�

WMSP�PC?QML
�

�� ��Z��%VCPAGQCQ



PART III 

TOPIC F: USING A 
CALCULATOR 
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10. F1.01 Beginning & Example 
3 

Topic F. Using a Calculator 

Objectives: 

��� 5LBCPQR?LB�RF?R�BGDDCPCLR�A?JASJ?RMPQ�PCOSGPC�?�QMKCUF?R�

BGDDCPCLR�MPBCP�MD�CLRCPGLE�LSK@CPQ�?LB�MNCP?RGMLQ��"C�?@JC�RM�

SQC�RFC�AMPPCAR�MPBCP�ML�9/ 52�A ?JASJ?RMP
�?LB�PCAMELGXC�

UFGAF�MRFCP�A?JASJ?RMPQ�PCOSGPC�?�BGDDCPCLR�MPBCP��

��� 0CPDMPK�@?QGA�MNCP?RGMLQ�?LB�QOS?PC�PMMR�

��� 5 QC�CVNMLCLRQlLMR�HSQR�QOS?PCQ�?LB�AS@CQ�

��� 5 QC�RFC�AMLQR?LR�NG��

��� ,C?PL�RFC�BGDDCPCLAC�@CRUCCL�CLRCPGLE�?�LCE?RGTC�LSK@CP�?LB�

RFC�MNCP?RGML�MD�QS@RP?ARGML��

��� ,C?PL�RM�NSR�GL�N?PCLRFCQCQ�UFCL�LCCBCB��

� �� 2C?B�RFC�MSRNSR�UFCL�GR�GLAJSBCQ�QAGCLRGDGA�LMR?RGML��

��� 7 FCL�?LB�FMU�KSAF�QFMSJB�WMS�PMSLB�RFC�PCQSJRQ �

� �� #FCAIGLE�WMSP�UMPI�UGRF�?�A?JASJ?RMP��	%QRGK?RGML
�

Discussion: Types of calculators 

'CLCP?JJW� QNC?IGLE
� RFC� T?PGMSQ� @P?LBQ� MD� A?JASJ?RMPQ� ?JJ� UMPI� GL�

NPCRRW�QGKGJ?P�U?WQ
�QM�RFC�BGDDCPCLACQ�?PC�GL�RFC�RWNC�MD�A?JASJ?RMP
�

LMR�RFC�@P?LB��

7 C�KGEFR�RFGLI�MD�DMSP�A?RCEMPGCQ�MD�A?JASJ?RMPQ�RWNGA?JJW�SQCB�@W�

QRSBCLRQ��

&�����"CE GLLGLE���%V?KNJC����Z����



r� "?QGA�A?JASJ?RMPQ��4FCQC�?BB
�QS@RP?AR
�KSJRGNJW
�BGTGBC
�?LB�?�

DCU�MRFCP�RFGLEQ��4FCW�AMQR����RM�����

r� 3AGCLRGDGA�A?JASJ?RMPQ�UGRF�?�MLC�JGLC�BGQNJ?W��4FCQC�AMQR����RM�

�����

r� 3AGCLRGDGA�A?JASJ?RMPQ�UGRF�?�RUM�JGLC�BGQNJ?W��4FCQC�AMQR����RM�

��� ��

r� 'P ?NFGLE�A?JASJ?RMPQ��4FCQC�AMQR�����RM����� ��

&MP� RFCQC� K?RCPG?JQ
� RFC� @?QGA� A?JASJ?RMPQ� BMLnR� F?TC� CLMSEF�

A?N?@GJGRW�?LB�RFC�EP?NFGLE�A?JASJ?RMPQ�F?TC�KSAF�KMPC�A?N?@GJGRW�

RF?L� LCCBCB� ?LB� ?PC� KMPC� CVNCLQGTC� RF?L� LCCBCB�� %GRFCP� MD� RFC�

RUM�RWNCQ�MD�QAGCLRGDGA�A?JASJ?RMPQ�GQ�?AACNR?@JC��(MUCTCP
�UC�CLRCP�

T?PGMSQ�MNCP?RGMLQ�GLRM�RFCK�GL�BGDDCPCLR�U?WQ
�QM�WMSnJJ�DGLB�GR�C?QGCP�

RM�NGAI�MLC�RWNC�?LB�?JU?WQ�SQC�GR����)D�WMS�?JPC?BW�F?TC�?�QAGCLRGDGA�

A?JASJ?RMP
�WMS�A?L�SQC�GR�DMP�RFGQ�AMSPQC�� -MQR�QRSBCLRQ�DGLB�RF?R�

RFCW�NPCDCP�?�A?JASJ?RMP�UGRF�?�RUM�JGLC�BGQNJ?W��4FMQC�CL?@JC�WMS�RM�

QCC�UF?R�WMS�CLRCPCB�?LB�RFC�PCQSJR�?R�RFC�Q?KC�RGKC
�UFGAF�GQ�LMR�

NMQQG@JC�ML�RFC�MLC�JGLC�BGQNJ?W�A?JASJ?RMPQ��

!N7C FB;����0CPDMPK�@?QGA�MNCP?RGMLQ�?LB�QOS?PC�PMMR��

4PW�?JJ�MD�RFCQC�NPM@JCKQ�ML�WMSP�A?JASJ?RMP�RM�K?IC�QSPC�RF?R�WMS�

SLBCPQR?LB�UF?R�RM�CLRCP�RM�M@R?GL�RFC�AMPPCAR�?LQUCP��

?��

@��

A��

B��

C��

.E BKJ?ED�� 9MS� ILMU� FMU� RM� BM� ?JJ� MD� RFCQC� MNCP?RGMLQ� UGRFMSR� ?�

A?JASJ?RMP�� $M� RFCK� ?LB� RFCL� K?IC� QSPC� WMS� A?L� ECR� RFC� Q?KC�

?LQUCP�UGRF�WMSP�A?JASJ?RMP��

/>;� EH :;H� ?D� M>?9>� OEK� ;DJ;H� J>;� DKC8;H I� 7D:� EF;H 7J?EDI� ?I�

:?<<;H;D J�ED�:?<<;H;D J�97B9KB7JEHI ��0P?ARGAC�UGRF�RFC�A?JASJ?RMP�WMS�

UGJJ� SQC� GL� RFGQ� AMSPQC�� -?IC� ?� LMRC� GL� RFC� K?PEGL� FCPC� ?@MSR�

�� ��Z��&�����"CE GLLGLE���%V?KNJC��



?LWRFGLE� WMS� KSQR� PCKCK@CP� GL� MPBCP� RM� CLRCP� RFCQC� GLRM� WMSP�

A?JASJ?RMP��

!N7C FB;�� ��5 QC�CVNMLCLRQlLMR�HSQR�QOS?PCQ�?LB�AS@CQ��

?�� &GLB�

@�� &GLB�

A�� &GLB�

B�� &GLB�

.E BKJ?ED��- MQR�QAGCLRGDGA�A?JASJ?RMPQ�F?TC�?�QOS?PC�?LB�?�AS@C�ICW�

	NMUCPQ�MD� �� ?LB� ��
� " SR�UC�UGJJ�LCCB�RM�AMKNSRC�MRFCP�NMUCPQ���

4FC�CVNMLCLR� ICW�ML�KMQR�A?JASJ?RMPQ�GQ�BCLMRCB�@W�MLC�MD�RFCQC�

QWK@MJQ���� 
� 
�MP�=��

?�� " W�F?LB�	MP�GL�WMSP�FC?B
�DGLB�RF?R� ��

&GLB�RFC�CVNMLCLR�ICW�ML�WMSP�A?JASJ?RMP�?LB�K?IC�QSPC�RF?R�

WMS�A?L�SQC�GR�AMPPCARJW��

0P?ARGAC�@W�CT?JS?RGLE� ��

@�� 4FCL�SQC�RFC�Q?KC�KCRFMB�RM�DGLB� ��	4F?R�?LQUCP�QFMSJB�

@C��������� �
�

A�� 9MSnJJ�LCCB�N?PCLRFCQCQ�?PMSLB�RFC�DP?ARGML�GL�RFC�CVNMLCLR��

B�� !E?GL
�SQC�N?PCLRFCQCQ�?PMSLB�RFC�DP?ARGML�GL�RFC�CVNMLCLR��

!N7C FB;�� ��5 QC�RFC�AMLQR?LR� ��

?�� &GLB� ��

@�� @��&GLB�

A�� A��%T?JS?RC�RFC�?PC?�MD�?�AGPAJC�UGRF�P?BGSQ���� ��

.E BKJ?ED��

&�����"CE GLLGLE���%V?KNJC����Z����



?�� 4FGQ�GQ�RFC�'PCCI�JCRRCP�pNGq�UFGAF�BCLMRCQ�?�LSK@CP�UFGAF�GQ�

RFC�P?RGM�MD�RFC�AGPASKDCPCLAC�MD�?�AGPAJC�RM�GRQ�BG?KCRCP�?LB�GQ�

?NNPMVGK?RCJW�������) R�GQ�SQCB�GL�K?LW�ECMKCRPW�DMPKSJ?Q�

GLTMJTGLE�PMSLB�M@HCARQ��/DRCL�UC�LCCB�RM�SQC�GR�RM�?�EPC?RCP�

?AASP?AW�RF?L�RUM�BCAGK?J�NJ?ACQ��-MQR�QAGCLRGDGA�A?JASJ?RMPQ�

F?TC�?�ICW�DMP���(?TC�WMS�LMRGACB�RF?R�WMSP�QAGCLRGDGA�A?JASJ?RMP�

F?Q�RUM�BGDDCPCLR�T?JSCQ�DMP�KMQR�ICWQ �/LC
�A?JJCB�RFC�K?GL�

T?JSC
�GQ�J?@CJCB�ML�RFC�ICW�GRQCJD�?LB�RFC�MRFCP
�A?JJCB�RFC�

QCAMLB?PW�T?JSC
�GQ�SQS?JJW�J?@CJCB�PGEFR�?@MTC�GR��4M�ECR�RF?R�

QCAMLB?PW�T?JSC
�WMS�KSQR�NPCQQ�?�QNCAGDGA�MRFCP�ICW�ML�RFC�

A?JASJ?RMP�DGPQR��4F?R�GQ�RFC�p�LBq�ICW�MP�K?W@C�p3FGDRq�MP�p)LTq��

!JKMQR�?JU?WQ�GR�GQ�RFC�RMN�JCDR�ICW�MD�RFC�A?JASJ?RMP�ICW@M?PB���

/L�K?L W�A?JASJ?RMPQ
�RFC��I CW�GQ�?�QCAMLB?PW�ICW�T?JSC
�QM�

WMSnJJ�LCCB�RM�NSLAF�RF?R�RMN�JCDR�ICW�DGPQR����7 FCL�WMS�DGLB�RF?R�

I CW
�WMSnJJ�@C�?@JC�RM�QCC�RF?R� ��4FC�

BGDDCPCLR�A?JASJ?RMPQ�F?TC�BGDDCPCLR�LSK@CPQ�MD�BCAGK?J�NJ?ACQ��

@�� 4M�DGLB� ML�WMSP�A?JASJ?RMP
�WMS�KSQR�JC?PL�RM�SQC�

KSJRGNJGA?RGML�?LB�RFC�QCAMLB�ICW�GL�RFC�AMPPCAR�MPBCP��9MS�A?L�

AFCAI�WMSP�UMPI
�MD�AMSPQC
�@W�KSJRGNJWGLE���RGKCQ��������s�@W�

F?LB�RM�QCC�GD�WMSP�A?JASJ?RMP�GQ�EGTGLE�WMS�RFC�AMPPCAR�?LQUCP��

A�� . MRGAC�FMU�RM�CLRCP�RFCQC�GLRM�WMSP�A?JASJ?RMP�QM�RF?R�RFC�

MNCP?RGMLQ�?PC�BMLC�AMPPCARJW��/L�MLC�JGLC�BGQNJ?W�A?JASJ?RMPQ
�

WMS�K?W�LCCB�RM�QOS?PC�RFC�P?BGSQ�@CDMPC�KSJRGNJWGLE�@W� ��

�

�� ��Z��&�����"CE GLLGLE���%V?KNJC��



11. F1.02: Examples 4-5 

!N7C FB;��
 �. CE?RGTC�LSK@CPQ�?LB�RFC�MNCP?RGML�MD�QS@RP?ARGML��

?��

@��

.E BKJ?ED��7 FCL�UC�BM�QS@RP?ARGML�NPM@JCKQ�@W�F?LB�MP�UMPI�UGRF�

LCE?RGTC� LSK@CPQ
� UC� SQS?JJW� UPGRC� RFC� LCE?RGTC� QGEL� ?LB� RFC�

QS@RP?ARGML� QWK@MJ� GL� CV?ARJW� RFC� Q?KC� U?W
� QM� UC� RFGLI� MD� RFCK�

?Q� RFC� Q?KC�� "SR� A?JASJ?RMPQ� RPC?R� RFCK� BGDDCPCLRJW���� 5 QC� WMSP�

A?JASJ?RMP�RM�DGLB� ��

. MU� RPW� RM� DGLB� �� 5 QGLE� RFC� QS@RP?ARGML� QWK@MJ� UMLnR�

UMPI� FCPC�� 4FC� ICW� WMS� LCCB� GQ� NPM@?@JW� J?@CJCB�

�� &GLB� RF?R� ICW� ?LB� CVNCPGKCLR� UGRF� GR� SLRGJ�

WMS�QCC�FMU�RM�SQC�WMSP�A?JASJ?RMP�RM�DGLB� ��

- MQR�QRSBCLRQ�EM�RFPMSEF�CLRGPC�?JEC@P?�AMSPQCQ�?LB�LCTCP�LCCB�

RFC� LCE?RGTC� LSK@CP� ICW� @CA?SQC� RFCW� F?LBJC� ?JJ� RFC� QGEL� N?PRQ�

MD� RFC� NPM@JCK� KCLR?JJW�� &MP� CV?KNJC
� UCnB� HSQR� Q?W�

�?LB�RFCL�SQC�RFC�A?JASJ?RMP�DMP�RFGQ�PCQSJRGLE�

NPM@JCK���� " SR� UFCL� UC� JC?PL� ?@MSR� RPGEMLMKCRPW� J?RCP� GL� RFC�

AMSPQC
�UC�UGJJ�LCCB�RM�@C�?@JC�RM�DSJJW�F?LBJC�LCE?RGTC�LSK@CPQ
�QM�

UCnJJ�LCCB�RM�SQC�RFGQ�ICW��

 ?I9KII?ED��/P BCP�MD�MNCP?RGMLQ��

4FCPC� ?PC� RFPCC� RWNCQ� MD� K?RFCK?RGA?J� CVNPCQQGMLQ� UFGAF� UC�

UPGRC
�@W�F?LB
�UGRFMSR�N?PCLRFCQCQ
�@SR�UFGAF�LCCB�N?PCLRFCQCQ�

UFCL�CLRCPGLE�RFCK�GLRM�?�A?JASJ?RMP�MP�QNPC?BQFCCR��

&��� ���%V?KNJCQ������Z����



%T?JS?RC�C?AF�
CVNPCQQGML� %LRCP�RFGQ� 7 FW �


�UFCPC� ��=�	��� 
�� ���MP�

�
)L�RFC�MPGEGL?J�CVNPCQQGML
�RFC�

NJ?ACKCLR�MD�RFC�QWK@MJQ�
GLBGA?RCQ�RF?R�RFC�CVNMLCLR�GQ���
RGKCQ�V����" SR�UFCL�UC�F?TC�RM�
HSQR�CLRCP�QWK@MJQ�MLC�?DRCP�RFC�
MRFCP�k�ML�RFC�Q?KC�JGLC�k�UC�
F?TC�RM�SQC�N?PCLRFCQCQ�RM�
AJ?PGDW�UF?R�GQ�GL�RFC�CVNMLCLR��

�


�

UFCPC�

	�=� ���� 
�	 ���� �
���
MP�

	�� ���� 
�	 ���� �
���

�
)L�RFC�MPGEGL?J�CVNPCQQGML
�RFC�

NJ?ACKCLR�MD�RFC�QWK@MJQ�
GLBGA?RCQ�RF?R�RFC�CLRGPC�
LSKCP?RMP�GQ�BGTGBCB�@W�RFC�
CLRGPC�BCLMKGL?RMP��" SR�UFCL�
UC�F?TC�RM�HSQR�CLRCP�QWK@MJQ�
MLC�?DRCP�RFC�MRFCP�k�ML�RFC�
Q?KC�JGLC�k�UC�F?TC�RM�SQC�
N?PCLRFCQCQ�RM�AJ?PGDW�UF?R�GQ�RM�
@C�BGTGBCB�@W�UF?R��

�


�UFCPC�

�
	���� �� 
���
�

/ 2����� ����� ���

�
)L�RFC�MPGEGL?J�CVNPCQQGML
�RFC�

D?AR�RF?R�RFC�CVNPCQQGML�U?Q�
AMKNJCRCJW�SLBCP�RFC�QOS?PC�
PMMR�QWK@MJ�K?BC�GR�AJC?P����)L�
RFC�A?JASJ?RMP
�UC�F?TC�RM�SQC�
N?PCLRFCQCQ�RM�Q?W�RF?R��

�

!N7C FB;� �
� &MP�C?AF�MD�RFC�CVNPCQQGMLQ�?@MTC
�CT?JS?RC�GR�@W�F?LB�

?LB�RFCL�CT?JS?RC�GR�UGRF�WMSP�A?JASJ?RMP����" W�F?LB�

�� ��Z��&��� ���%V?KNJCQ����




�UFCPC�


�

UFCPC�
. MU�SQC�WMSP�A?JASJ?RMP�RM�DGLB�RFGQ�GQ�k���������


�UFCPC�

0JSE� RFCQC� GLRM� WMSP� A?JASJ?RMP� SQGLE� RFC� CVNPCQQGMLQ� ?@MTC
� UGRF�

N?PCLRFCQCQ�

%T?JS?RC�C?AF�CVNPCQQGML� %LRCP�RFGQ�


�UFCPC�

�
��=�	��� 
�������

/ 2������� �����

�


�UFCPC�

�
	�=� ���� 
�	 ���� �
�� ���k� ��������
�
/ 2���	�� ���� 
�	 ���� �
���k� ��������
�

�


�UFCPC�

�

	���� �� 
�����

�

/ 2������� ����� �����

�

�

&��� ���%V?KNJCQ������Z����



12. F1.03: Example 6 

!N7C FB;�� ��3AGCLRGDGA�LMR?RGML����-SJRGNJW��
��� 
����@ W��� 
��� ��

.E BKJ?ED�� 7 FCL� WMS� BM� RFGQ� ML� WMSP� A?JASJ?RMP
� WMSnJJ� ECR� ?�

QRP?LEC�JMMIGLE�?LQUCP�UGRF�?�%�GL�GR��9MS�KSQR�JC?PL�RM�GLRCPNPCR�

RF?R�?LQUCP��4F?RnQ�RFC�U?W�A?JASJ?RMPQ�EGTC�QAGCLRGDGA�LMR?RGML��

)L� QMKC� ?JEC@P?� AJ?QQCQ� WMS� JC?PLCB� QAGCLRGDGA� LMR?RGML� ?Q� ?�

QFMPRCP�U?W�MD�UPGRGLE�QMKC�TCPW�J?PEC�MP�TCPW�QK?JJ�LSK@CPQ��

��� ?LB��

7 FCL� SQGLE� ?� A?JASJ?RMP� MP� QNPC?BQFCCR� UC� KGEFR� C?QGJW� M@R?GL�

?�LSK@CP�RF?R�GQ�RMM�@GE�DMP�RFC�BGQNJ?W�?LB�KSQR�@C�CVNPCQQCB�GL�

QAGCLRGDGA�LMR?RGML��"SR�A?JASJ?RMP�BGQNJ?WQ�SQS?JJW�SQC�QFMPRF?LB�DMP�

RFGQ����/L�KMQR�A?JASJ?RMPQ�?LB�QNPC?BQFCCRQ
�UCnJJ�F?TC������%����MP�

�� ��%k�� ��4FCQC�KC?L�

�����%������

�� ��%k�����

/L�W MSP�A?JASJ?RMP
�KSJRGNJW� �
��� 
����@ W� �� 
��� ��7 F?R�BM�WMS�

ECR � ( MU� U MSJB� WMS� UPGRC� GR� GL� QAGCLRGDGA� LMR?RGML � ( MU� U MSJB�

WMS� UPGRC� GR� GL� PCESJ?P� LMR?RGML � 	 !LQU CP�� ��� 
��� 
��� 
��� 
��


�

- ;L?;M ����!BBGRGML?J�PCTGCU�MD�QAGCLRGDGA�LMR?RGML�GQ�?T?GJ?@JC�DPMK�

RFC�AMSPQC�UC@QGRC��

#E?D=� <KHJ>;H�� 3AGCLRGDGA� LMR?RGML� GQ� ?JQM� SQCB� RM� AMLTCW� RFC�

NPCAGQGML�MD�KC?QSPCB�T?JSCQ�AJC?PJW�?LB�AMLAGQCJW��7 C�UGJJ�BGQASQQ�

RF?R�GL�J?RCP�4MNGAQ�GL�RFGQ�AMSPQC��

 ?I9KII?ED��7 FCL�?LB�FMU�KSAF�QFMSJB�WMS�PMSLB�RFC�PCQSJRQ�MD�

?�A?JASJ?RMP�AMKNSR?RGML �

#?JASJ?RMPQ� ICCN� KMPC� ?AASP?AW� GL� A?JASJ?RGMLQ� RF?L� UC� UGJJ�

NPM@?@JW� U?LR� RM� BM� GL� MSP� F?LB� A?JASJ?RGMLQ���� 4WNGA?JJW
� RF?R� GQ�

?@MSR� ��� BCAGK?J� NJ?ACQ� DMP� RFC� GLCVNCLQGTC� QAGCLRGDGA� A?JASJ?RMPQ��

7 FCL�AMKNSRGLE
�GR�GQ�RCKNRGLE�DMP�QRSBCLRQ�RM�SQC�RFC�A?JASJ?RMP�

�� ��Z��&������%V?KNJC��



RM� BM� C?AF� GLBGTGBS?J� MNCP?RGML� ?LB� RFCL� UPGRC� BMUL� RF?R� PCQSJR�

AMPPCAR� RM� ?@MSR� RFPCC� BCAGK?J� NJ?ACQ� ?LB� RFCL� BM� RFC� LCVR�

GLBGTGBS?J�MNCP?RGML��4FGQ�GQ�LMR�AMLQGBCPCB�EMMB�NP?ARGAC�@CA?SQC�GD�

GR�GQ�BMLC�DMP�QCTCP?J�QRCNQ
�RFCL�OSGRC�?�@GR�MD�?AASP?AW�A?L�@C�JMQR��

'MMB�NP?ARGAC�GL�SQGLE�?�A?JASJ?RMP�GQ�RM�:E�7BB�J>;�97B9KB7J?EDI�?D�

J>;�FHE8B;C�8O�A;;F?D=�J>;�?DJ;HC;:?7 J;�H;IKBJI�?D�J>;�97B9KB7JEH�

7D:�EDBO�HEKD:�7J�J>;�;D:�JE�H ;FEHJ�J>;�<?D7B�7DIM;H��4F?R�CL?@JCQ�

SQ�RM�ICCN�?Q�KSAF�?AASP?AW�GL�MSP�PCQSJR�?Q�MSP�MPGEGL?J�B?R?�F?B�

?LB�LMR�RM�GLRPMBSAC�GL?AASP?AW�?Q�?�PCQSJR�MD�MSP�AMKNSR?RGML��

( MUCTCP
�UFCL�DMPKSJ?Q�?PC�N?PRGASJ?PJW�JMLE�MP�AMKNJGA?RCB
�WMS�

K? W� LCCB� RM� UPGRC� BMUL� GLRCPKCBG?RC� PCQSJRQ� GL� MPBCP� RM� @CRRCP�

SLBCPQR?LB� RFC� RCAFLGOSCQ�� 7FGJC� RF?R� GQ� ?AACNR?@JC� RM� FCJN� WMS�
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�GR�GQ�GKNMPR?LR�DMP�WMS�RM�SLBCPQR?LB�RF?R�WMS�?PC�
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)L�D?AR
�SQGLE�QSAF�NPM@JCKQ�RM�CVNCPGKCLR�GQ�MLC�MD�RFC�K?GL�U?WQ�

NCMNJC�JC?PL�RM�BM�LCU�RFGLEQ�ML�RFCGP�A?JASJ?RMPQ�� !DRCP�?JJ
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NCPACLR?EC� MD� RGKC� BM� KMQR� MD� SQ� QNCLB� PC?BGLE� RFC� A?JASJ?RMP�
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. MRGAC�RF?R�KMQR�MD�RFC�CV?KNJCQ�QM�D?P�SQCB�QGKNJC�LSK@CPQ�QM�

RF?R�GR�UMSJB�@C�C?QW�DMP�WMS�RM�BM�RFC�A?JASJ?RGML�@W�F?LB�?LB�AFCAI�

WMSP� A?JASJ?RMP� UMPI� ��� 4F?R� GQ� ?JU?WQ� FMU� WMS� QFMSJB� ?NNPM?AF�

JC?PLGLE�RM�SQC�?� ICW�ML�WMSP�A?JASJ?RMP�RF?R�WMS�F?TC�LCTCP�SQCB�

@CDMPC��

7 FCL�SQGLE�RFC�A?JASJ?RMP�RM�BM�KCQQW�NPM@JCKQ�RF?R�UC�UMSJBLnR�

U?LR�RM�BM�@W�F?LB
�GR�GQ�?JQM�GKNMPR?LR�RM�BM�QMKC�AFCAIGLE��	)R�GQ�
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�BCAGK?JQ
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!N7C FB;�� ��!�QMD?�GQ�NPGACB�?R������GL�RFC�DSPLGRSPC�QRMPC��4FC�Q?JCQ�

R?V�GQ��������

?�� %QRGK?RC�RFC�RMR?J�?KMSLR�WMSnJJ�F?TC�RM�N?W�UGRF�@MRF�RFC�AMQR�

?LB�RFC�R?V��

@�� 5 QC�WMSP�A?JASJ?RMP�RM�AMKNSRC�RFC�RMR?J�?KMSLR�WMSnJJ�F?TC�RM�

N?W��

A�� )Q�WMSP�A?JASJ?RMP�?LQUCP�AJMQC�RM�WMSP�CQRGK?RC �

.E BKJ?ED��

?�� 3GLAC������GQ�LMR�RMM�D?P�DPMK�RM������ 
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A�� 9CQ
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13. F1.04: Exercises 

Part I. 

!Q�WMS�UMPI�RFPMSEF�RFCQC
�K?IC�?�N?EC�MD�LMRCQ�MD�?LWRFGLE�WMS�

LCCB�RM�PCKCK@CP�?@MSR�FMU�RM�SQC�WMSP�A?JASJ?RMP��
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��� !�QMD?�GQ�NPGACB�?R������GL�RFC�DSPLGRSPC�QRMPC��4FC�Q?JCQ�R?V�GQ�

�������
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AMQR�?LB�RFC�R?V��

@�� 5 QC�WMSP�A?JASJ?RMP�RM�AMKNSRC�RFC�RMR?J�?KMSLR�WMSnJJ�

F?TC�RM�N?W��

A�� )Q�WMSP�A?JASJ?RMP�?LQUCP�AJMQC�RM�WMSP�CQRGK?RC �

Part II. 

&MP� ?LW� NPM@JCKQ� DMP� UFGAF� RFC� ?LQUCPQ� ?PC� LMR� UFMJC� LSK@CPQ
�

PMSLB� RM� RFPCC� BCAGK?J� NJ?ACQ�� 4F?R� UGJJ� CL?@JC� WMS� RM� AFCAI� RFC�

NPM@JCKQ�UGRFMSR�RFC�PCQSJRQ�@CGLE�RMM�AMLDSQGLE����&MP�RFC�?JEC@P?�

NPM@JCKQ
�SQC�RFC�A?JASJ?RMP�?Q�LCCBCB
�GLAJSBGLE�GL�AFCAIGLE�RFC�

PCQSJRQ��

� �� %T?JS?RC� SQGLE�WMSP�A?JASJ?RMPnQ�CVNMLCLR�ICW�?LB�RFCL�

AFCAI�GR�@W�KSJRGNJWGLE�@W�F?LB��

�� �� %T?JS?RC� SQGLE�WMSP�A?JASJ?RMPnQ�CVNMLCLR�ICW�?LB�RFCL�
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���� 5 QC�RFC��I CW�ML�WMSP�A?JASJ?RMP�UFCL�CT?JS?RGLE� � �

����#FCAI�WMSP�UMPI�@W�CQRGK?RGLE��?Q���?LB�UMPIGLE�GR�GL�WMSP�

FC?B��

���� 5 QC�WMSP�A?JASJ?RMP�RM�CT?JS?RC� ?LB�RFCL�SQC�RFC�

LCE?RGTC�LSK@CP�ICW�?Q�N?PR�MD�CT?JS?RGLE� ��#FCAI�

WMSP�UMPI�@W�BMGLE�GR�@W�F?LB��

���� 5 QC�WMSP�A?JASJ?RMP�RM�CT?JS?RC� ?LB�RFCL�SQC�RFC�

LCE?RGTC�LSK@CP�ICW�?Q�N?PR�MD�CT?JS?RGLE� ��#FCAI�

WMSP�UMPI�@W�BMGLE�GR�@W�F?LB��
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����?LB�RFC�QCAMLB�

LSK@CP�?Q�?@MSR�������-SJRGNJW�RFMQC�@W�F?LB�?LB�QCC�GD�RFGQ�
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14. Module Overview 

,GIC� KMQR� NCMNJC
� WMS� NPM@?@JW� DCCJ� RF?R� GR� GQ� GKNMPR?LR� RM� pR?IC�

AMLRPMJ�MD�WMSP�JGDC�q�"SR�UF?R�BMCQ�RFGQ�KC?L �0 ?PRJW�GR�KC?LQ�@CGLE�

?@JC� RM� NPMNCPJW� CT?JS?RC� RFC� B?R?� ?LB� AJ?GKQ� RF?R� @MK@?PB� WMS�

CTCPW� B?W�� )D� WMS� A?LLMR� BGQRGLESGQF� EMMB� DPMK� D?SJRW� PC?QMLGLE
�

RFCL�WMS�?PC�TSJLCP?@JC�RM�K?LGNSJ?RGML�?LB�RM�BCAGQGMLQ�RF?R�?PC�

LMR�GL�WMSP�@CQR�GLRCPCQR��3R?RGQRGAQ�NPMTGBCQ�RMMJQ�RF?R�WMS�LCCB�GL�

MPBCP�RM�PC?AR�GLRCJJGECLRJW�RM�GLDMPK?RGML�WMS�FC?P�MP�PC?B��)L�RFGQ�

QCLQC
�3R?RGQRGAQ�GQ�MLC�MD�RFC�KMQR�GKNMPR?LR�RFGLEQ�RF?R�WMS�A?L�

QRSBW��

4M�@C�KMPC�QNCAGDGA
�FCPC�?PC�QMKC�AJ?GKQ�RF?R�UC�F?TC�FC?PB�ML�

QCTCP?J�MAA?QGMLQ��	7C�?PC�EFK�Q?WGLE�RF?R�C?AF�MLC�MD�RFCQC�AJ?GKQ�

GQ�RPSC�
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r� ��MSR�MD���BCLRGQRQ�PCAMKKCLB�$CLRWLC��

r� !JKMQR�����M D�JSLE�A?LACPQ�GL�KCL�?LB�����GL�UMKCL�?PC�

RM@?AAM�PCJ?RCB��

r� #MLBMKQ�?PC�CDDCARGTC�����M D�RFC�RGKC��

r� . ?RGTC�!KCPGA?LQ�?PC�QGELGDGA?LRJW�KMPC�JGICJW�RM�@C�FGR�

APMQQGLE�RFC�QRPCCRQ�RF?L�?PC�NCMNJC�MD�MRFCP�CRFLGAGRGCQ��

r� 0CMNJC�RCLB�RM�@C�KMPC�NCPQS?QGTC�UFCL�RFCW�JMMI�MRFCPQ�

BGPCARJW�GL�RFC�CWC�?LB�QNC?I�JMSBJW�?LB�OSGAIJW��

r� 7 MKCL�K?I C����A CLRQ�RM�CTCPW�BMJJ?P�?�K?L�K?ICQ�UFCL�RFCW�

UMPI�RFC�Q?KC�HM@��

r� !�QSPNPGQGLE�LCU�QRSBW�QFMUQ�RF?R�C?RGLE�CEE�UFGRCQ�A?L�

GLAPC?QC�MLCnQ�JGDC�QN?L��

r� 0CMNJC�NPCBGAR�RF?R�GR�GQ�TCPW�SLJGICJW�RFCPC�UGJJ�CTCP�@C�?LMRFCP�

@?QC@?JJ�NJ?WCP�UGRF�?�@?RRGLE�?TCP?EC�MTCP���� ��

r� 4FCPC�GQ�?L�����AF?LAC�RF?R�GL�?�PMMK�DSJJ�MD����NCMNJC�RF?R�?R�

JC?QR�RUM�NCMNJC�UGJJ�QF?PC�RFC�Q?KC�@GPRFB?W��
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MD� RFCK� QMSLB� D?KGJG?P�� GD� LMR
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3R?RGQRGAQ� ?PC� MDRCL� NPCQCLRCB� GL� ?L� CDDMPR� RM� ?BB� APCBG@GJGRW� RM�

?L� ?PESKCLR� MP� ?BTGAC�� 9MS� A?L� QCC� RFGQ� @W� N?WGLE� ?RRCLRGML� RM�

RCJCTGQGML� ?BTCPRGQCKCLRQ�� -?LW� MD� RFC� LSK@CPQ� RFPMUL� ?@MSR� GL�

RFGQ�U?W�BM�LMR�PCNPCQCLR�A?PCDSJ�QR?RGQRGA?J�?L?JWQGQ��4FCW�A?L�@C�

KGQJC?BGLE
�?LB�NSQF�WMS�GLRM�BCAGQGMLQ�RF?R�WMS�KGEFR�DGLB�A?SQC�
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QR?RGQRGA?J�AJ?GKQ��

9MS� A?L� R?IC� RFC� DGPQR� QRCN� PGEFR� ?U?W�� 4M� @C� ?L� GLRCJJGECLR�

AMLQSKCP� MD� QR?RGQRGAQ
� WMSP� DGPQR� PCDJCV� KSQR� @C� RM� OSCQRGML� RFC�

QR?RGQRGAQ�RF?R�WMS�CLAMSLRCP��4FC�" PGRGQF�0PGKC�-GLGQRCP�"CLH?KGL�

$GQP?CJG�D?KMSQJW�Q?GB
�p4FCPC�?PC�RFPCC�IGLBQ�MD�JGCQlJGCQ
�B?KLCB�

JGCQ
�?LB�QR?RGQRGAQ�q�4FGQ�OSMRC�PCKGLBQ�SQ�UFW�GR�GQ�QM�GKNMPR?LR�RM�

SLBCPQR?LB�QR?RGQRGAQ��3M�JCR�SQ�GLTGRC�WMS�RM�PCDMPK�WMSP�QR?RGQRGA?J�

F?@GRQ�DPMK�LMU�ML�� . M�JMLECP�UGJJ�WMS�@JGLBJW�?AACNR�LSK@CPQ�MP�

DGLBGLEQ��)LQRC?B
�WMS�UGJJ�@CEGL�RM�RFGLI�?@MSR�RFC�LSK@CPQ
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BCRCARGLE�RFC�BCACNRGTC�SQC�MD�QR?RGQRGAQ�GQ�RFC�?NNPCAG?RGML�MD�RFC�

NPMNCP�SQC�MD�QR?RGQRGAQ��9MS�KSQR�?JQM�JC?PL�RM�PCAMELGXC�QR?RGQRGA?J�
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15. Populations and Samples 

"CDMPC� UC� @CEGL� E?RFCPGLE� ?LB� ?L?JWXGLE� B?R?� UC� LCCB� RM�

AF?P?ARCPGXC�RFC�FEFKB7J?ED� UC�?PC�QRSBWGLE�� )D�UC�U?LR�RM� QRSBW�

RFC� ?KMSLR� MD� KMLCW� QNCLR� ML� RCVR@MMIQ� @W� ?� RWNGA?J� DGPQR�WC?P�

AMJJCEC�QRSBCLR
�MSP�NMNSJ?RGML�KGEFR�@C�?JJ�DGPQR�WC?P�QRSBCLRQ�?R�

WMSP�AMJJCEC���/P�GR�KGEFR�@C��

r� !JJ�DGPQR�WC?P�AMKKSLGRW�AMJJCEC�QRSBCLRQ�GL�RFC�QR?RC�MD�

7 ?QFGLERML��

r� !JJ�DGPQR�WC?P�QRSBCLRQ�?R�NS@JGA�AMJJCECQ�?LB�SLGTCPQGRGCQ�GL�RFC�

QR?RC�MD�7?QFGLERML��

r� !JJ�DGPQR�WC?P�QRSBCLRQ�?R�?JJ�AMJJCECQ�?LB�SLGTCPQGRGCQ�GL�RFC�

QR?RC�MD�7?QFGLERML��

r� !JJ�DGPQR�WC?P�QRSBCLRQ�?R�?JJ�AMJJCECQ�?LB�SLGTCPQGRGCQ�GL�RFC�

CLRGPC�5LGRCB�3R?RCQ��

r� !LB�QM�ML��

0MNSJ?RGML�

4FC�FEFKB7J?ED�MD�?�QRSBW�GQ�RFC�EPMSN�RFC�AMJJCARCB�

B?R?�GQ�GLRCLBCB�RM�BCQAPG@C��

3MKCRGKCQ�RFC�GLRCLBCB�NMNSJ?RGML�GQ�A?JJCB�RFC�J7H=;J�FEFKB7J?ED
�

QGLAC� GD� UC� BCQGEL� MSP� QRSBW� @?BJW
� RFC� AMJJCARCB� B?R?� KGEFR� LMR�

?ARS?JJW�@C�PCNPCQCLR?RGTC�MD�RFC�GLRCLBCB�NMNSJ?RGML��

7 FW� GQ� GR� GKNMPR?LR� RM� QNCAGDW� RFC� NMNSJ?RGML �� 7 C� KGEFR� ECR�

BGDDCPCLR� ?LQUCPQ� RM� MSP� OSCQRGML� ?Q� UC� T?PW� RFC� NMNSJ?RGML� UC�

?PC�QRSBWGLE���&GPQR�WC?P�QRSBCLRQ�?R�RFC�5LGTCPQGRW�MD�7?QFGLERML�

KGEFR�R?IC�QJGEFRJW�KMPC�BGTCPQC�AMSPQCQ�RF?L�RFMQC�?R�WMSP�AMJJCEC
�

�� ��Z��0MNSJ?RGMLQ�?LB�3?KNJCQ



?LB�QMKC�MD�RFCQC�AMSPQCQ�K?W�PCOSGPC�JCQQ�NMNSJ?P�RCVR@MMIQ�RF?R�

AMQR�KMPC��MP
�ML�RFC�MRFCP�F?LB
�RFC�5LGTCPQGRW�"MMIQRMPC�KGEFR�

F?TC� ?� J?PECP� NMMJ� MD� SQCB� RCVR@MMIQ
� PCBSAGLE� RFC� AMQR� MD� RFCQC�

@MMIQ� RM� RFC� QRSBCLRQ��� 7 FGAFCTCP� RFC� A?QC� 	?LB� GR� GQ� JGICJW� RF?R�

QMKC�AMK@GL?RGML�MD�RFCQC�?LB�MRFCP�D?ARMPQ�?PC�GL�NJ?W

�RFC�B?R?�

UC�E?RFCP�DPMK�WMSP�AMJJCEC�UGJJ�NPM@?@JW�LMR�@C�RFC�Q?KC�?Q�RF?R�

DPMK�RFC�5LGTCPQGRW�MD�7?QFGLERML��0?PRGASJ?PJW�UFCL�AMLTCWGLE�MSP�

PCQSJRQ�RM�MRFCPQ
�UC�U?LR�RM�@C�AJC?P�?@MSR�RFC�NMNSJ?RGML�UC�?PC�

BCQAPG@GLE�UGRF�MSP�B?R?��

Example 1 

!�LC UQN?NCP�UC@QGRC�AMLR?GLQ�?�NMJJ�?QIGLE�NCMNJC�RFCGP�MNGLGML�ML�

?�PCACLR�LCUQ�?PRGAJC��

7 F?R�GQ�RFC�NMNSJ?RGML �

7 FGJC�RFC�R?PECR�	GLRCLBCB
�NMNSJ?RGML�K?W�F?TC�@CCL�?JJ�NCMNJC
�

RFC�PC?J�NMNSJ?RGML�MD�RFC�QSPTCW�GQ�PC?BCPQ�MD�RFC�UC@QGRC��

)D�UC�UCPC�?@JC�RM�E?RFCP�B?R?�ML�CTCPW�KCK@CP�MD�MSP�NMNSJ?RGML
�

Q?W� RFC� ?TCP?EC� 	UC� UGJJ� BCDGLC� p?TCP?ECq� KMPC� A?PCDSJJW� GL� ?�

QS@QCOSCLR�QCARGML
�?KMSLR�MD�KMLCW�QNCLR�ML�RCVR@MMIQ�@W�C?AF�

DGPQR�WC?P�QRSBCLR�?R�WMSP�AMJJCEC�BSPGLE�RFC� ���������� ?A ?BCKGA�

WC?P
�RFC�PCQSJRGLE�LSK@CP�UMSJB�@C�A?JJCB�?�F7H7C;J;H ��

0?P?KCRCP�

!� F7H7C;J;H �GQ�?�T?JSC�	?TCP?EC
�NCPACLR?EC
�CRA�
�

A?JASJ?RCB�SQGLE�?JJ�RFC�B?R?�DPMK�?�NMNSJ?RGML�

7 C� QCJBMK� QCC� N?P?KCRCPQ
� FMUCTCP
� QGLAC� QSPTCWGLE� ?L� CLRGPC�

0MNSJ?RGMLQ�?LB�3?KNJCQ��Z����



NMNSJ?RGML� GQ� SQS?JJW� TCPW� RGKC�AMLQSKGLE� ?LB� CVNCLQGTC
� SLJCQQ�

RFC�NMNSJ?RGML�GQ�TCPW�QK?JJ�MP�UC�?JPC?BW�F?TC�RFC�B?R?�AMJJCARCB��

#CLQSQ�

!�QSPTCW�MD�?L�CLRGPC�NMNSJ?RGML�GQ�A?JJCB�?�9;DIKI ��

9MS�?PC�NPM@?@JW�D?KGJG?P�UGRF�RUM�AMKKML�ACLQSQCQ��RFC�MDDGAG?J�

EMTCPLKCLR� #CLQSQ� RF?R� ?RRCKNRQ� RM� AMSLR� RFC� NMNSJ?RGML� MD� RFC�

5 �3��CTCPW�RCL�WC?PQ
�?LB�TMRGLE
�UFGAF�?QIQ�RFC�MNGLGML�MD�?JJ�CJGEG@JC�

TMRCPQ�GL�?�BGQRPGAR��4FC�DGPQR�MD�RFCQC�BCKMLQRP?RCQ�MLC�?BBGRGML?J�

NPM@JCK� UGRF� ?� ACLQSQ�� RFC� BGDDGASJRW� GL� DGLBGLE� ?LB� ECRRGLE�

N?PRGAGN?RGML�DPMK�CTCPWMLC�GL�?�J?PEC�NMNSJ?RGML
�UFGAF�A?L�@G?Q
�MP�

QICU
�RFC�PCQSJRQ��

4FCPC� ?PC� MAA?QGML?JJW� RGKCQ� UFCL� ?� ACLQSQ� GQ� ?NNPMNPG?RC
�

SQS?JJW� UFCL� RFC� NMNSJ?RGML� GQ� D?GPJW� QK?JJ�� &MP� CV?KNJC
� GD� RFC�

K?L?ECP�MD�3R?P@SAIQ�U?LRCB�RM�ILMU�RFC�?TCP?EC�LSK@CP�MD�FMSPQ�

FCP� CKNJMWCCQ� UMPI CB� J?QR� UCCI
� QFC� QFMSJB� @C� ?@JC� RM� NSJJ� SN�

N?WPMJJ�PCAMPBQ�MP�?QI�C?AF�CKNJMWCC�BGPCARJW��

3GLAC� QSPTCWGLE� ?L� CLRGPC� NMNSJ?RGML� GQ� MDRCL� GKNP?ARGA?J
� UC�

SQS?JJW�QCJCAR�?�I7C FB;�RM�QRSBW��

3?KNJC�

!� I7C FB;�GQ�?�QK?JJCP�QS@QCR�MD�RFC�CLRGPC�NMNSJ?RGML
�

GBC?JJW�MLC�RF?R�GQ�D?GPJW�PCNPCQCLR?RGTC�MD�RFC�UFMJC�

NMNSJ?RGML��

�� ��Z��0MNSJ?RGMLQ�?LB�3?KNJCQ



7 C� UGJJ� BGQASQQ� Q?KNJGLE� KCRFMBQ� GL� EPC?RCP� BCR?GJ� GL� ?� J?RCP�

QCARGML��� &MP� LMU
� JCR� SQ� ?QQSKC� RF?R� Q?KNJCQ� ?PC� AFMQCL� GL� ?L�

?NNPMNPG?RC� K?LLCP��� )D� UC� QSPTCW� ?� Q?KNJC
� Q?W� ���� DGPQR�WC?P�

QRSBCLRQ� ?R� WMSP� AMJJCEC
� ?LB� DGLB� RFC� ?TCP?EC� ?KMSLR� MD� KMLCW�

QNCLR�@W�RFCQC�QRSBCLRQ�ML�RCVR@MMIQ
�RFC�PCQSJRGLE�LSK@CP�GQ�A?JJCB�

?�IJ7J?IJ?9��

3R?RGQRGA�

!� IJ7J?IJ?9�GQ�?�T?JSC�	?TCP?EC
�NCPACLR?EC
�CRA�
�

A?JASJ?RCB�SQGLE�RFC�B?R?�DPMK�?�Q?KNJC��

Example 2 

!� PCQC?PAFCP� U?LRCB� RM� ILMU� FMU� AGRGXCLQ� MD� 4?AMK?� DCJR� ?@MSR�

?�TMRCP� GLGRG?RGTC�� 4M� QRSBW�RFGQ
� QFC� EMCQ� RM� RFC� 4?AMK?� -?JJ� ?LB�

P?LBMKJW�QCJCARQ� ����QFMNNCPQ�?LB�?QIQ�RFCK�RFCGP�MNGLGML�� ����

GLBGA?RC�RFCW�?PC�QSNNMPRGTC�MD�RFC�GLGRG?RGTC��7 F?R�GQ�RFC�Q?KNJC�?LB�

NMNSJ?RGML �) Q�RFC�����T ?JSC�?�N?P?KCRCP�MP�?�QR?RGQRGA �

4FC� Q?KNJC� GQ� RFC� ���� QFMNNCPQ� OSCQRGMLCB�� 4FC� NMNSJ?RGML� GQ�

JCQQ�AJC?P��7 FGJC�RFC�GLRCLBCB�NMNSJ?RGML�MD�RFGQ�QSPTCW�U?Q�4?AMK?�

AGRGXCLQ
� RFC� CDDCARGTC� NMNSJ?RGML� U?Q� K?JJ� QFMNNCPQ�� 4FCPC� GQ� LM�

PC?QML� RM� ?QQSKC� RF?R� RFC� ���� QFMNNCPQ� OSCQRGMLCB� UMSJB� @C�

PCNPCQCLR?RGTC�MD�?JJ�4?AMK?�AGRGXCLQ��

4FC�����T ?JSC�U?Q�@?QCB�ML�RFC�Q?KNJC
�QM�GR�GQ�?�QR?RGQRGA��

0MNSJ?RGMLQ�?LB�3?KNJCQ��Z����



Try it Now 1 

4M�BCRCPKGLC�RFC�?TCP?EC�JCLERF�MD�RPMSR�GL�?�J?IC
�PCQC?PAFCPQ�A?RAF�

���D GQF�?LB�KC?QSPC�RFCK��7F?R�GQ�RFC�Q?KNJC�?LB�NMNSJ?RGML�GL�RFGQ�

QRSBW �

Try it Now 2 

!�A MJJCEC�PCNMPRQ�RF?R�RFC�?TCP?EC�?EC�MD�RFCGP�QRSBCLRQ�GQ����WC?PQ�

MJB��)Q�RFGQ�?�QR?RGQRGA�MP�?�N?P?KCRCP �

� � ��Z��0MNSJ?RGMLQ�?LB�3?KNJCQ



16. Categorizing Data 

/LA C�UC�F?TC�E?RFCPCB�B?R?
�UC�KGEFR�UGQF�RM�AJ?QQGDW�GR���2MSEFJW�

QNC?IGLE
�B?R?�A?L�@C�AJ?QQGDGCB�?Q�A?RCEMPGA?J�B?R?�MP�OS?LRGR?RGTC�

B?R?��

1S?L RGR?RGTC�?LB�A?RCEMPGA?J�B?R?�

�7 J;=EH?97B��GK7B?J7J?L; ��:7 J7�?PC�NGCACQ�MD�

GLDMPK?RGML�RF?R�?JJMU�SQ�RM�AJ?QQGDW�RFC�M@HCARQ�SLBCP�

GLTCQRGE?RGML�GLRM�T?PGMSQ�A?RCEMPGCQ��

,K7D J?J7J?L;�:7 J7�?PC�PCQNMLQCQ�RF?R�?PC�LSKCPGA?J�GL�

L?RSPC�?LB�UGRF�UFGAF�UC�A?L�NCPDMPK�KC?LGLEDSJ�

?PGRFKCRGA�A?JASJ?RGMLQ��

Example 3 

7 C�KGEFR�AMLBSAR�?�QSPTCW�RM�BCRCPKGLC�RFC�L?KC�MD�RFC�D?TMPGRC�

KMTGC�RF?R�C?AF�NCPQML�GL�?�K?RF�AJ?QQ�Q?U�GL�?�KMTGC�RFC?RCP��

7 FCL�UC�AMLBSAR�QSAF�?�QSPTCW
�RFC�PCQNMLQCQ�UMSJB�JMMI�JGIC��

�@E;@E>�'<DF
�-?<�! LCB
�MP�- <ID@E8KFI����+@J<�F=�K?<�&8:?@E<J���7 C�

KGEFR�AMSLR�RFC�LSK@CP�MD�NCMNJC�UFM�EGTC�C?AF�?LQUCP
�@SR�RFC�

?LQUCPQ�RFCKQCJTCQ�BM�LMR�F?TC�?LW�LSKCPGA?J�T?JSCQ��UC�A?LLMR�

NCPDMPK� AMKNSR?RGMLQ� UGRF� ?L� ?LQUCP� JGIC� p�@E;@E>� '<DF�q� 4FGQ�

UMSJB�@C�A?RCEMPGA?J�B?R?��

#?RCEMPGXGLE�$?R?��Z����



Example 4 

!�QSPTCW�AMSJB�?QI�RFC�LSK@CP�MD�KMTGCQ�WMS�F?TC�QCCL�GL�?�KMTGC�

RFC?RCP�GL�RFC�N?QR����KMLRFQ�	� 
��
��
��
��
�s
�

4FGQ�UMSJB�@C�OS?LRGR?RGTC�B?R?��

/RFCP�CV?KNJCQ�MD�OS?LRGR?RGTC�B?R?�UMSJB�@C�RFC�PSLLGLE�RGKC�MD�

RFC� KMTGC� WMS� Q?U� KMQR� PCACLRJW� 	���� KGLSRCQ
� ���� KGLSRCQ
� ����

KGLSRCQ
�s
�MP�RFC�?KMSLR�MD�KMLCW�WMS�N?GB�DMP�?�KMTGC�RGAICR�RFC�

J?QR�RGKC�WMS�UCLR�RM�?�KMTGC�RFC?RCP�	����� 
��� ���
��� 
�s
��

3MKCRGKCQ
� BCRCPKGLGLE� UFCRFCP� MP� LMR� B?R?� GQ� A?RCEMPGA?J� MP�

OS?LRGR?RGTC�A?L�@C�?�@GR�RPGAIGCP��

Example 5 

3SNNMQC�UC�E?RFCP�PCQNMLBCLRQn�:)0�AMBCQ�GL�?�QSPTCW�RM�RP?AI�RFCGP�

ECMEP?NFGA?J�JMA?RGML��

:)0� A MBCQ� ?PC� LSK@CPQ
� @SR� UC� A?LnR� BM� ?LW� KC?LGLEDSJ�

K? RFCK?RGA?J�A?JASJ?RGMLQ�UGRF�RFCK�	GR�BMCQLnR�K?IC�QCLQC�RM�Q?W�

RF?R�������GQ�pRUGACq������ �l�RF?RnQ�JGIC�Q?WGLE�RF?R�,WLLUMMB
�7!�

GQ�pRUGACq�"?RRJC�#PCCI
�-)
�UFGAF�BMCQLnR�K?IC�QCLQC�?R�?JJ

�QM�:)0�

AMBCQ�?PC�PC?JJW�A?RCEMPGA?J�B?R?��

Example 6 

!�QSPTCW�?@MSR�RFC�KMTGC�WMS�KMQR�PCACLRJW�?RRCLBCB�GLAJSBCQ�RFC�

OSCQRGML�p(MU�U MSJB�WMS�P?RC�RFC�KMTGC�WMS�HSQR�Q?U q�UGRF�RFCQC�

NMQQG@JC�?LQUCPQ��

��k�GR�U?Q�?UDSJ�

��k�GR�U?Q�HSQR�/+�

��k�)�JGICB�GR�

�� ��Z��#?RCEMPGXGLE�$?R?



��k�GR�U?Q�EPC?R�

��k�@CQR�KMTGC�CTCP��

!E?GL
�RFCPC�?PC�LSK@CPQ�?QQMAG?RCB�UGRF�RFC�PCQNMLQCQ
�@SR�UC�

A?LnR�PC?JJW�BM�?LW�A?JASJ?RGMLQ�UGRF�RFCK��?�KMTGC�RF?R�P?RCQ�?���GQ�

LMR�LCACQQ?PGJW�RUGAC�?Q�EMMB�?Q�?�KMTGC�RF?R�P?RCQ�?� �
�UF?RCTCP�

RF?R�KC?LQ��GD�RUM�NCMNJC�QCC�RFC�KMTGC�?LB�MLC�MD�RFCK�RFGLIQ�GR�

QRGLIQ�?LB�RFC�MRFCP�RFGLIQ�GRnQ�RFC�@CQR�CTCP�GR�BMCQLnR�LCACQQ?PGJW�

K?I C�QCLQC�RM�Q?W�RF?R�pML�?TCP?EC�RFCW�JGICB�GR�q�

!Q� UC� QRSBW� KMTGC�EMGLE� F?@GRQ� ?LB� NPCDCPCLACQ
� UC� QFMSJBLnR�

DMPECR�RM�QNCAGDW�RFC�NMNSJ?RGML�SLBCP�AMLQGBCP?RGML���)D�UC�QSPTCW�

�� �� WC?P�MJBQ� RFC� PSL?U?W� D?TMPGRC� KGEFR� @C��@E;@E>� '<DF��� ��� ���

WC?P�MJBQ� KGEFR� NPCDCP�- <ID@E8KFI� ���� !LB� ��� � �� WC?P�MJBQ� KGEFR�

NPCDCPsU CJJ
��@E;@E>�'<DF��

Try it Now 3 

#J?QQGDW�C?AF�KC?QSPCKCLR�?Q�A?RCEMPGA?J�MP�OS?LRGR?RGTC�

?��%WC�AMJMP�MD�?�EPMSN�MD�NCMNJC�

@��$?GJW�FGEF�RCKNCP?RSPC�MD�?�AGRW�MTCP�QCTCP?J�UCCIQ�

A��!LLS?J�GLAMKC�

#?RCEMPGXGLE�$?R?��Z����



17. Sampling Methods 

!Q� UC� KCLRGMLCB� GL� ?� NPCTGMSQ� QCARGML
� RFC� DGPQR� RFGLE� UC� QFMSJB�

BM�@CDMPC�AMLBSARGLE�?�QSPTCW�GQ�RM�GBCLRGDW�RFC�NMNSJ?RGML�RF?R�UC�

U?LR�RM�QRSBW���3SNNMQC�UC�?PC�FGPCB�@W�?�NMJGRGAG?L�RM�BCRCPKGLC�

RFC� ?KMSLR� MD� QSNNMPR� FC� F?Q� ?KMLE� RFC� CJCARMP?RC� QFMSJB� FC�

BCAGBC�RM�PSL�DMP�?LMRFCP�RCPK���7 F?R�NMNSJ?RGML�QFMSJB�UC�QRSBW �

%TCPW�NCPQML�GL�RFC�BGQRPGAR �� . MR�CTCPW�NCPQML�GQ�CJGEG@JC�RM�TMRC
�

?LB� PCE?PBJCQQ� MD� FMU� QRPMLEJW� QMKCMLC� JGICQ� MP� BGQJGICQ� RFC�

A?LBGB?RC
�RFCW�BMLnR�F?TC�KSAF�RM�BM�UGRF�FGK�@CGLE�PC�CJCARCB�GD�

RFCW�?PC�LMR�?@JC�RM�TMRC��

7 F?R�?@MSR�CJGEG@JC�TMRCPQ�GL�RFC�BGQRPGAR ��4F?R�KGEFR�@C�@CRRCP
�

@SR� GD� QMKCMLC� GQ� CJGEG@JC� RM� TMRC� @SR� BMCQ� LMR�PCEGQRCP� @W� RFC�

BC?BJGLC
�RFCW�UMLnR�F?TC�?LW�Q?W�GL�RFC�CJCARGML�CGRFCP���7 F?R�?@MSR�

PCEGQRCPCB�TMRCPQ �� -?L W�NCMNJC� ?PC�PCEGQRCPCB�@SR�AFMMQC� LMR�RM�

TMRC���7 F?R�?@MSR�pJGICJW�TMRCPQ q�

4FGQ� GQ� RFC� APGRCPG?� SQCB� GL� KSAF� NMJGRGA?J� NMJJGLE
� @SR� GR� GQ�

QMKCRGKCQ� BGDDGASJR� RM� BCDGLC� ?� pJGICJW� TMRCP�q�� )Q� GR� QMKCMLC� UFM�

TMRCB�GL�RFC�J?QR�CJCARGML �� )L�RFC�J?QR�ECLCP?J�CJCARGML �� )L�RFC�J?QR�

NPCQGBCLRG?J�CJCARGML ��3FMSJB�UC�AMLQGBCP�QMKCMLC�UFM�HSQR�RSPLCB�

���?�pJGICJW�TMRCP q��4FCW�UCPCLnR�CJGEG@JC�RM�TMRC�GL�RFC�N?QR
�QM�FMU�

BM�UC�HSBEC�RFC�JGICJGFMMB�RF?R�RFCW�UGJJ�TMRC�GL�RFC�LCVR�CJCARGML �

)L�. MTCK@CP�����
�DMPKCP�NPMDCQQGML?J�UPCQRJCP�*CQQC�p4FC�"MBWq�

6CLRSP?�U?Q�CJCARCB�EMTCPLMP�MD�-GLLCQMR?���5N�SLRGJ�PGEFR�@CDMPC�

RFC� CJCARGML
� KMQR� NMJJQ� QFMUCB� FC� F?B� JGRRJC� AF?LAC� MD� UGLLGLE��

4FCPC�UCPC�QCTCP?J�AMLRPG@SRGLE�D?ARMPQ�RM�RFC�NMJJQ�LMR�PCDJCARGLE�

RFC�?ARS?J�GLRCLR�MD�RFC�CJCARMP?RC��

r� 6CLRSP?�U?Q�PSLLGLE�ML�?�RFGPB�N?PRW�RGAICR�?LB�KMQR�NMJJGLE�

KCRFMBQ�?PC�@CRRCP�QSGRCB�RM�?�RUM�A?LBGB?RC�P?AC��

r� -?L W�PCQNMLBCLRQ�RM�NMJJQ�K?W�F?TC�@CCL�CK@?PP?QQCB�RM�RCJJ�

NMJJQRCPQ�RF?R�RFCW�UCPC�NJ?LLGLE�RM�TMRC�DMP�?�NPMDCQQGML?J�

UPCQRJCP��

r� 4FC�KCPC�D?AR�RF?R�RFC�NMJJQ�QFMUCB�6CLRSP?�F?B�JGRRJC�AF?LAC�

�� ��Z��3?KNJGLE�-CRFMBQ



MD�UGLLGLE�KGEFR�F?TC�NPMKNRCB�QMKC�NCMNJC�RM�TMRC�DMP�FGK�

GL�NPMRCQR�RM�QCLB�?�KCQQ?EC�RM�RFC�K?HMP�N?PRW�A?LBGB?RCQ��

" SR�MLC�MD�RFC�K?HMP�AMLRPG@SRGLE�D?ARMPQ�U?Q�RF?R�6CLRSP?�PCAPSGRCB�

?� QS@QR?LRG?J� ?KMSLR� MD� QSNNMPR� DPMK� WMSLE� NCMNJC
� N?PRGASJ?PJW�

AMJJCEC�QRSBCLRQ
�UFM�F?B�LCTCP�TMRCB�@CDMPC�?LB�UFM�PCEGQRCPCB�

QNCAGDGA?JJW�RM�TMRC�GL�RFC�ES@CPL?RMPG?J�CJCARGML���4FC�NMJJQ�BGB�LMR�

BCCK�RFCQC�WMSLE�NCMNJC�JGICJW�TMRCPQ�	QGLAC�GL�KMQR�A?QCQ�WMSLE�

NCMNJC�F?TC�?�JMUCP�P?RC�MD�TMRCP�PCEGQRP?RGML�?LB�?�RSPLMSR�P?RC�DMP�

CJCARGMLQ
�?LB�QM�RFC�NMJJGLE�Q?KNJCQ�UCPC�QS@HCAR�RM�I7C FB?D=�8?7I��

RFCW�MKGRRCB�?�NMPRGML�MD�RFC�CJCARMP?RC�RF?R�U?Q�UCGEFRCB�GL�D?TMP�

MD�RFC�UGLLGLE�A?LBGB?RC��

3?KNJGLE�@G?Q�

!�Q?KNJGLE�KCRFMB�GQ�@G?QCB�GD�CTCPW�KCK@CP�MD�RFC�

NMNSJ?RGML�BMCQLnR�F?TC�COS?J�JGICJGFMMB�MD�@CGLE�GL�RFC�

Q?KNJC��

3M�CTCL�GBCLRGDWGLE�RFC�NMNSJ?RGML�A?L�@C�?�BGDDGASJR�HM@
�@SR�MLAC�

UC�F?TC�GBCLRGDGCB�RFC�NMNSJ?RGML
�FMU�BM�UC�AFMMQC�?L�?NNPMNPG?RC�

Q?KNJC �� 2CKCK@CP
� ?JRFMSEF� UC� UMSJB� NPCDCP� RM� QSPTCW� ?JJ�

KCK@CPQ� MD� RFC� NMNSJ?RGML
� RFGQ� GQ� SQS?JJW� GKNP?ARGA?J� SLJCQQ� RFC�

NMNSJ?RGML� GQ� TCPW� QK?JJ
� QM� UC� AFMMQC� ?� Q?KNJC�� 4FCPC� ?PC� K?LW�

U?WQ� RM� Q?KNJC� ?� NMNSJ?RGML
� @SR� RFCPC� GQ� MLC� EM?J� UC� LCCB� RM�

I CCN�GL�KGLB��UC�UMSJB�JGIC�RFC�Q?KNJC�RM�@C�I <GI<J<EK8K@M<�F=�K?<�

GFGLC8K@FE��

2CRSPLGLE�RM�MSP�FWNMRFCRGA?J�HM@�?Q�?�NMJGRGA?J�NMJJQRCP
�UC�UMSJB�

LMR�?LRGAGN?RC�TCPW�?AASP?RC�PCQSJRQ�GD�UC�BPCU�?JJ�MD�MSP�Q?KNJCQ�

DPMK�?KMLE�RFC�ASQRMKCPQ�?R�?�3R?P@SAIQ
�LMP�UMSJB�UC�CVNCAR�RF?R�

?�Q?KNJC�BP?UL�CLRGPCJW�DPMK�RFC�KCK@CPQFGN�JGQR�MD�RFC�JMA?J�%JIQ�

3?KNJGLE�-CRFMBQ��Z����



AJS@�UMSJB�NPMTGBC�?�SQCDSJ�NGARSPC�MD�BGQRPGAR�UGBC�QSNNMPR�DMP�MSP�

A?LBGB?RC��

/LC� U ?W�RM�CLQSPC�RF?R�RFC�Q?KNJC� F?Q�?�PC?QML?@JC� AF?LAC�MD�

KGPPMPGLE�RFC�NMNSJ?RGML�GQ�RM�CKNJMW�I 8E;FDE<JJ��4FC�KMQR�@?QGA�

P?LBMK�KCRFMB�GQ�QGKNJC�P?LBMK�Q?KNJGLE��

3GKNJC�P?LBMK�Q?KNJC�

!� H7D:EC�I7C FB;�GQ�MLC�GL�UFGAF�C?AF�KCK@CP�MD�RFC�

NMNSJ?RGML�F?Q�?L�COS?J�NPM@?@GJGRW�MD�@CGLE�AFMQCL��!�

I?C FB;�H7D:EC�I7C FB;�GQ�MLC�GL�UFGAF�CTCPW�KCK@CP�MD�

RFC�NMNSJ?RGML�?LB�?LW�EPMSN�MD�KCK@CPQ�F?Q�?L�COS?J�

NPM@?@GJGRW�MD�@CGLE�AFMQCL��

Example 7 

)D�UC�AMSJB�QMKCFMU�GBCLRGDW�?JJ�JGICJW�TMRCPQ�GL�RFC�QR?RC
�NSR�C?AF�

MD�RFCGP�L?KCQ�ML�?�NGCAC�MD�N?NCP
�RMQQ�RFC�QJGNQ�GLRM�?�	TCPW�J?PEC
�

F?R� ?LB� BP?U� ����� QJGNQ� MSR� MD� RFC� F?R
� UC� UMSJB� F?TC� ?� QGKNJC�

P?LBMK�Q?KNJC��

)L�NP?ARGAC
�AMKNSRCPQ�?PC�@CRRCP�QSGRCB�DMP�RFGQ�QMPR�MD�CLBC?TMP�

RF?L�KGJJGMLQ�MD�QJGNQ�MD�N?NCP�?LB�CVRPCKCJW�J?PEC�FC?BEC?P��

)R�GQ�?JU?WQ�NMQQG@JC
�FMUCTCP
�RF?R�CTCL�?�P?LBMK�Q?KNJC�KGEFR�

CLB� SN� LMR� @CGLE� RMR?JJW� PCNPCQCLR?RGTC� MD� RFC� NMNSJ?RGML��� )D� UC�

PCNC?RCBJW�R?IC�Q?KNJCQ�MD������NC MNJC�DPMK�?KMLE�RFC�NMNSJ?RGML�

MD�JGICJW�TMRCPQ�GL�RFC�QR?RC�MD�7?QFGLERML
�QMKC�MD�RFCQC�Q?KNJCQ�

KGEFR�RCLB� RM�F?TC�?�QJGEFRJW�FGEFCP�NCPACLR?EC�MD�$CKMAP?RQ� 	MP�

2CNS@JGA?LQ
�RF?L�BMCQ�RFC�ECLCP?J�NMNSJ?RGML��QMKC�Q?KNJCQ�KGEFR�

GLAJSBC�KMPC�MJBCP�NCMNJC�?LB�QMKC�Q?KNJCQ�KGEFR�GLAJSBC�KMPC�

�� ��Z��3?KNJGLE�-CRFMBQ



WMSLECP�NCMNJC��CRA��)L�KMQR�A?QCQ
�RFGQ�I7C FB?D=�L7H?78?B?JO�GQ�LMR�

QGELGDGA?LR��

3?KNJGLE�T?PG?@GJGRW�

4FC�L?RSP?J�T?PG?RGML�MD�Q?KNJCQ�GQ�A?JJCB�I7C FB?D=�

L7H?78?B?JO��

4FGQ�GQ�SL?TMGB?@JC�?LB�CVNCARCB�GL�P?LBMK�Q?KNJGLE
�

?LB�GL�KMQR�A?QCQ�GQ�LMR�?L�GQQSC��

4M� FCJN� ?AAMSLR� DMP� T?PG?@GJGRW
� NMJJQRCPQ� KGEFR� GLQRC?B� SQC� ?�

IJH7J?<?;:�I7C FB;��

3RP?RGDGCB�Q?KNJGLE�

)L�IJH7J?<?;:�I7C FB?D=
�?�NMNSJ?RGML�GQ�BGTGBCB�GLRM�?�

LSK@CP�MD�QS@EPMSNQ�	MP�QRP?R?
��2?LBMK�Q?KNJCQ�?PC�

RFCL�R?ICL�DPMK�C?AF�QS@EPMSN�UGRF�Q?KNJC�QGXCQ�

NPMNMPRGML?J�RM�RFC�QGXC�MD�RFC�QS@EPMSN�GL�RFC�

NMNSJ?RGML��

Example 8 

3SNNMQC�GL�?�N?PRGASJ?P�QR?RC�RF?R�NPCTGMSQ�B?R?�GLBGA?RCB�RF?R�RFC�

CJCARMP?RC�U?Q�AMKNPGQCB�MD�����$CKMAP ?RQ
�����2 CNS@JGA?LQ�?LB�

� ��� GLBCNCLBCLRQ��� )L� ?� Q?KNJC� MD� ����� NC MNJC
� RFCW� UMSJB� RFCL�

3?KNJGLE�-CRFMBQ��Z����



CVNCAR� RM� ECR� ?@MSR� ���� $CKMAP?RQ
� ���� 2 CNS@JGA?LQ� ?LB� ����

GLBCNCLBCLRQ���4M�?AAMKNJGQF�RFGQ
�RFCW�AMSJB�P?LBMKJW�QCJCAR�����

NCMNJC�DPMK�?KMLE�RFMQC�TMRCPQ�ILMUL�RM�@C�$CKMAP?RQ
�����DPMK�

RFMQC�ILMUL�RM�@C�2CNS@JGA?LQ
�?LB�����DPMK�RFMQC�UGRF�LM�N?PRW�

?DDGJG?RGML��

3RP?RGDGCB�Q?KNJGLE�A?L�?JQM�@C�SQCB�RM�QCJCAR�?�Q?KNJC�UGRF�NCMNJC�

GL�BCQGPCB�?EC�EPMSNQ
�?�QNCAGDGCB�KGV�P?RGM�MD�K?JCQ�?LB�DCK?JCQ
�

CRA��!�T?PG?RGML�ML�RFGQ�RCAFLGOSC�GQ�A?JJCB�GKEJ7�I7CFB?D=��

1SMR?�Q?KNJGLE�

,KEJ7�I7C FB?D=�GQ�?�T?PG?RGML�ML�QRP?RGDGCB�Q?KNJGLE
�

UFCPCGL�Q?KNJCQ�?PC�AMJJCARCB�GL�C?AF�QS@EPMSN�SLRGJ�

RFC�BCQGPCB�OSMR?�GQ�KCR��

Example 9 

3SNNMQC�RFC�NMJJQRCPQ�A?JJ�NCMNJC�?R�P?LBMK
�@SR�MLAC�RFCW�F?TC�KCR�

RFCGP�OSMR?�MD�����$CKMAP ?RQ
�RFCW�MLJW�E?RFCP�NCMNJC�UFM�BM�LMR�

GBCLRGDW�RFCKQCJTCQ�?Q�?�$CKMAP?R��

9MS� K?W� F?TC� F?B� RFC� CVNCPGCLAC� MD� @CGLE� A?JJCB� @W� ?� RCJCNFMLC�

NMJJQRCP�UFM�QR?PRCB�@W�?QIGLE�WMS�WMSP�?EC
�GLAMKC
�CRA��?LB�RFCL�

RF?LICB� WMS� DMP� WMSP� RGKC� ?LB� FSLE� SN� @CDMPC� ?QIGLE� ?LW� pPC?Jq�

OSCQRGMLQ��� - MQR�JGICJW
�RFCW�?JPC?BW�F?B�AMLR?ARCB�CLMSEF�NCMNJC�

GL�WMSP�BCKMEP?NFGA�EPMSN�?LB�UCPC�JMMIGLE�DMP�NCMNJC�UFM�UCPC�

MJBCP�MP�WMSLECP
�PGAFCP�MP�NMMPCP
�CRA���1SMR?�Q?KNJGLE�GQ�SQS?JJW�

?�@GR�C?QGCP�RF?L�QRP?RGDGCB�Q?KNJGLE
�@SR�?JQM�BMCQ�LMR�CLQSPC�RFC�

Q?KC�JCTCJ�MD�P?LBMKLCQQ��

�� ��Z��3?KNJGLE�-CRFMBQ



!LMRFCP� Q?KNJGLE� KCRFMB� GQ�9BKIJ;H� I7CFB?D=
� GL� UFGAF� RFC�

NMNSJ?RGML� GQ� BGTGBCB� GLRM� EPMSNQ
� ?LB� MLC� MP� KMPC� EPMSNQ� ?PC�

P?LBMKJW�QCJCARCB�RM�@C�GL�RFC�Q?KNJC��

#JSQRCP�Q?KNJGLE�

)L�9BKIJ;H�I7CFB?D=
�RFC�NMNSJ?RGML�GQ�BGTGBCB�GLRM�

QS@EPMSNQ�	AJSQRCPQ

�?LB�?�QCR�MD�QS@EPMSNQ�?PC�QCJCARCB�

RM�@C�GL�RFC�Q?KNJC�

Example 10 

)D�RFC�AMJJCEC�U?LRCB�RM�QSPTCW�QRSBCLRQ
�QGLAC�QRSBCLRQ�?PC�?JPC?BW�

BGTGBCB�GLRM�AJ?QQCQ
�RFCW�AMSJB�P?LBMKJW�QCJCAR����AJ?QQCQ�?LB�EGTC�

RFC�QSPTCW�RM�?JJ�RFC�QRSBCLRQ�GL�RFMQC�AJ?QQCQ��4FGQ�UMSJB�@C�AJSQRCP�

Q?KNJGLE��

/RFCP�Q?KNJGLE�KCRFMBQ�GLAJSBC�IOIJ;C7 J?9�I7CFB?D=��

3WQRCK?RGA�Q?KNJGLE�

)L�IOIJ;C7 J?9�I7CFB?D=
�CTCPW�EK?�KCK@CP�MD�RFC�

NMNSJ?RGML�GQ�QCJCARCB�RM�@C�GL�RFC�Q?KNJC��

3?KNJGLE�-CRFMBQ��Z����



Example 11 

4M�QCJCAR�?�Q?KNJC�SQGLE�QWQRCK?RGA�Q?KNJGLE
�?�NMJJQRCP�A?JJQ�CTCPW�

���RF�L?KC�GL�RFC�NFMLC�@MMI��

3WQRCK?RGA�Q?KNJGLE�GQ�LMR�?Q�P?LBMK�?Q�?�QGKNJC�P?LBMK�Q?KNJC�

	GD�WMSP�L?KC�GQ�!J@CPR�!?PBT?PI�?LB�WMSP�QGQRCP�!JCVGQ�!?PBT?PI�GQ�

PGEFR�?DRCP�WMS�GL�RFC�NFMLC�@MMI
�RFCPC�GQ�LM�U?W�WMS�AMSJB�@MRF�

CLB�SN�GL�RFC�Q?KNJC
�@SR�GR�A?L�WGCJB�?AACNR?@JC�Q?KNJCQ��

0CPF?NQ� RFC� UMPQR� RWNCQ� MD� Q?KNJGLE� KCRFMBQ� ?PC�9EDL;D?;D9;�

I7C FB;I �?LB�LEBKDJ7HO�H;IFEDI;�I7C FB;I ��

#MLTCLGCLAC�Q?KNJGLE�?LB�TMJSLR?PW�PCQNMLQC�Q?KNJGLE�

�ED L;D?;D9;� I7C FB?D=�GQ�Q?KNJCQ�AFMQCL�@W�QCJCARGLE�UFMCTCP�GQ�

AMLTCLGCLR��

1EBKDJ7HO�H;IFEDI;�I7C FB?D=�GQ�?JJMUGLE�RFC�Q?KNJC�RM�TMJSLRCCP��

Example 12 

!� NMJJQRCP� QR?LBQ� ML� ?� QRPCCR� AMPLCP� ?LB� GLRCPTGCUQ� RFC� DGPQR� ����

NCMNJC�UFM�?EPCC�RM�QNC?I�RM�FGK��4FGQ�GQ�?�AMLTCLGCLAC�Q?KNJC��

Example 13 

!� U C@QGRC� F?Q� ?� QSPTCW� ?QIGLE� PC?BCPQ� RM� EGTC� RFCGP� MNGLGML� ML� ?�

R?V�NPMNMQ?J��4FGQ�GQ�?�QCJD�QCJCARCB�Q?KNJC
�MP�TMJSLR?PW�PCQNMLQC�

Q?KNJC
�GL�UFGAF�PCQNMLBCLRQ�TMJSLRCCP�RM�N?PRGAGN?RC��

5 QS?JJW�TMJSLR?PW�PCQNMLQC�Q?KNJCQ�?PC�QICUCB�RMU?PBQ�NCMNJC�UFM�

F?TC�?�N?PRGASJ?PJW�QRPMLE�MNGLGML�?@MSR�RFC�QS@HCAR�MD�RFC�QSPTCW�MP�

�� ��Z��3?KNJGLE�-CRFMBQ



UFM�HSQR�F?TC�U?W�RMM�KSAF�RGKC�ML�RFCGP�F?LBQ�?LB�CLHMW�R?IGLE�

QSPTCWQ��

Try it Now 4 

)L�C?AF�A?QC
�GLBGA?RC�UF?R�Q?KNJGLE�KCRFMB�U?Q�SQCB�

?��%TCPW��RF�NCPQML�GL�RFC�AJ?QQ�U?Q�QCJCARCB�

@��!�Q?KNJC�U?Q�QCJCARCB�RM�AMLR?GL����KCL�?LB����U MKCL�

A��6GCUCPQ�MD�?�LCU�QFMU�?PC�?QICB�RM�TMRC�ML�RFC�QFMUnQ�UC@QGRC�

B�� !� U C@QGRC� P?LBMKJW� QCJCARQ� ��� MD� RFCGP� ASQRMKCPQ� RM� QCLB� ?�

Q?RGQD?ARGML�QSPTCW�RM�

C��4M�QSPTCW�TMRCPQ�GL�?�RMUL
�?�NMJJGLE�AMKN?LW�P?LBMKJW�QCJCARQ�

���AGRW�@JMAIQ
�?LB�GLRCPTGCUQ�CTCPWMLC�UFM�JGTCQ�ML�RFMQC�@JMAIQ��

3?KNJGLE�-CRFMBQ��Z����



18. How to Mess Things Up 
Before You Start 

4FCPC�?PC�LSK@CP� MD�U?WQ�RF?R�?�QRSBW�A?L�@C�PSGLCB�@CDMPC�WMS�

CTCL� QR?PR� AMJJCARGLE� B?R?�� 4FC� DGPQR� UC� F?TC� ?JPC?BW� CVNJMPCB� k�

I7C FB?D=�MP�I;B;9J?ED� 8?7I
� UFGAF� GQ� UFCL� RFC� Q?KNJC� GQ� LMR�

PCNPCQCLR?RGTC�MD�RFC�NMNSJ?RGML��/LC�CV?KNJC�MD�RFGQ�GQ�LEBKDJ7HO�

H;IFEDI;�8?7I 
�UFGAF�GQ�@G?Q�GLRPMBSACB�@W�MLJW�AMJJCARGLE�B?R?�DPMK�

RFMQC� UFM� TMJSLRCCP� RM� N?PRGAGN?RC�� 4FGQ� GQ� LMR� RFC� MLJW� NMRCLRG?J�

QMSPAC�MD�@G?Q��

3MSPACQ�MD�@G?Q�

.7C FB?D=�8?7I�k�UFCL�RFC�Q?KNJC�GQ�LMR�

PCNPCQCLR?RGTC�MD�RFC�NMNSJ?RGML�

1EBKDJ7HO�H;IFEDI;�8?7I �k�RFC�Q?KNJGLE�@G?Q�RF?R�

MDRCL�MAASPQ�UFCL�RFC�Q?KNJC�GQ�TMJSLRCCPQ�

.;B<�?DJ;H;IJ�IJK: O�k�@G?Q�RF?R�A?L�MAASP�UFCL�RFC�

PCQC?PAFCPQ�F?TC�?L�GLRCPCQR�GL�RFC�MSRAMKC�

- ;IFEDI;�8?7I �k�UFCL�RFC�PCQNMLBCP�EGTCQ�GL?AASP?RC�

PCQNMLQCQ�DMP�?LW�PC?QML�

+;H9;?L;:�B79A�E<�7DEDOC?JO�k�UFCL�RFC�PCQNMLBCP�

DC?PQ�EGTGLE�?L�FMLCQR�?LQUCP�KGEFR�LCE?RGTCJW�?DDCAR�

RFCK�

'E7:;:�GK;IJ?EDI �k�UFCL�RFC�OSCQRGML�UMPBGLE�

GLDJSCLACQ�RFC�PCQNMLQCQ�

) ED�H;IFEDI;�8?7I �k�UFCL�NCMNJC�PCDSQGLE�RM�

�� ��Z��( MU�RM�-CQQ�4FGLEQ�5N�"CDMPC
9MS�3R?PR



N?PRGAGN?RC�GL�RFC�QRSBW�A?L�GLDJSCLAC�RFC�T?JGBGRW�MD�RFC�

MSRAMKC�

Example 14 

#MLQGBCP�?�PCACLR�QRSBW�UFGAF�DMSLB�RF?R�AFCUGLE�ESK�K?W�P?GQC�

K? RF�EP?BCQ�GL�RCCL?ECPQ� ��4FGQ�QRSBW�U?Q�AMLBSARCB�@W�RFC�7PGEJCW�

3AGCLAC�)LQRGRSRC
�?�@P?LAF�MD�RFC�7PGEJCW�AFCUGLE�ESK�AMKN?LW��

4FGQ� GQ� ?L� CV?KNJC� MD� ?�I;B<�?DJ;H;IJ� IJK: O�� MLC� GL� UFGAF� RFC�

PCQC?PAFCQ�F?TC�?�TCQRCB�GLRCPCQR�GL�RFC�MSRAMKC�MD�RFC�QRSBW��7 FGJC�

RFGQ� BMCQ� LMR� LCACQQ?PGJW� CLQSPC� RF?R� RFC� QRSBW� U?Q� @G?QCB
� GR�

ACPR?GLJW� QSEECQRQ� RF?R� UC� QFMSJB� QS@HCAR� RFC� QRSBW� RM� CVRP?�

QAPSRGLW��

Example 15 

!� QSPTCW� ?QIQ� NCMNJC� pUFCL� U?Q� RFC� J?QR� RGKC� WMS� TGQGRCB� WMSP�

BMARMP q�4FGQ�KGEFR�QSDDCP�DPMK�H;IFEDI;�8?7I 
�QGLAC�K?LW�NCMNJC�

KGEFR�LMR�PCKCK@CP�CV?ARJW�UFCL�RFCW�J?QR�Q?U�?�BMARMP�?LB�EGTC�

GL?AASP?RC�PCQNMLQCQ��

3MSPACQ�MD�PCQNMLQC�@G?Q�K?W�@C�GLLMACLR
�QSAF�?Q�@?B�KCKMPW
�MP�

�� �2CSRCPQ��FRRN��� LCUQ�W?FMM�AMK�Q�LK �������� � �

MB>SI>LK �MSI MC>SI>ESK>JC?PLGLE��2CRPGCTCB�� ��� �

���

( MU�RM�-CQQ�4FGLEQ�5N�"CDMPC�9MS�3R?PR��Z����



?Q�GLRCLRGML?J�?Q�NPCQQSPGLE�@W�RFC�NMJJQRCP��#MLQGBCP
�DMP�CV?KNJC
�

FMU� K?L W� TMRGLE� GLGRG?RGTC� NCRGRGMLQ� NCMNJC� QGEL� UGRFMSR� CTCL�

PC?BGLE�RFCK��

Example 16 

!�QSPTCW�?QIQ�N?PRGAGN?LRQ�?�OSCQRGML�?@MSR�RFCGP�GLRCP?ARGMLQ�UGRF�

KCK@CPQ�MD�MRFCP�P?ACQ��(CPC
�?�F;H9;?L;:�B79A�E<�7DEDOC?JO�AMSJB�

GLDJSCLAC� RFC� MSRAMKC�� 4FC� PCQNMLBCLR� KGEFR� LMR� U?LR� RM� @C�

NCPACGTCB�?Q�P?AGQR�CTCL�GD�RFCW�?PC
�?LB�EGTC�?L�SLRPSRFDSJ�?LQUCP��

Example 17 

!L�CKNJMWCP�NSRQ�MSR�?�QSPTCW�?QIGLE�RFCGP�CKNJMWCCQ�GD�RFCW�F?TC�

?� BPSE� ?@SQC� NPM@JCK� ?LB� LCCB� RPC?RKCLR� FCJN�� (CPC
� ?LQUCPGLE�

RPSRFDSJJW� KGEFR� F?TC� AMLQCOSCLACQ�� PCQNMLQCQ� KGEFR� LMR� @C�

?AASP?RC� GD� RFC� CKNJMWCCQ� BM� LMR� DCCJ� RFCGP� PCQNMLQCQ� ?PC�

?LMLWKMSQ�MP�DC?P�PCRPG@SRGML�DPMK�RFCGP�CKNJMWCP��

Example 18 

!� QSPTCW� ?QIQ� pBM� WMS� QSNNMPR� DSLBGLE� PCQC?PAF� MD� ?JRCPL?RGTC�

CLCPEW� QMSPACQ� RM� PCBSAC� MSP� PCJG?LAC� ML� FGEF�NMJJSRGLE� DMQQGJ�

DSCJQ q� 4FGQ� GQ� ?L� CV?KNJC� MD� ?�BE7:;:� MP�B;7:?D=� GK;IJ?ED� k�

OSCQRGMLQ�UFMQC�UMPBGLE�JC?BQ�RFC�PCQNMLBCLR�RMU?PBQ�?L�?LQUCP��

,M?BCB� OSCQRGMLQ� A?L� MAASP� GLRCLRGML?JJW� @W� NMJJQRCPQ� UGRF� ?L�

?ECLB?
� MP� ?AAGBCLR?JJW� RFPMSEF� NMMP� OSCQRGML� UMPBGLE�� !JQM� ?�

�� ��Z��( MU�RM�-CQQ�4FGLEQ�5N�"CDMPC�9MS�3R?PR



AMLACPL�GQ�GK;IJ?ED�EH:;H 
�UFCPC�RFC�MPBCP�MD�OSCQRGMLQ�AF?LECQ�

RFC�PCQSJRQ��!�NQWAFMJMEW�PCQC?PAFCP�NPMTGBCQ�?L�CV?KNJC� ��

p- W�D?TMPGRC�DGLBGLE�GQ�RFGQ��UC�BGB�?�QRSBW�UFCPC�UC�?QICB�

QRSBCLRQ
�m(MU�Q?RGQDGCB�?PC�WMS�UGRF�WMSP�JGDC � ( MU�MDRCL�

BM�WMS�F?TC�?�B?RC n�4FC�RUM�?LQUCPQ�UCPC�LMR�QR?RGQRGA?JJW�

PCJ?RCB�k�WMS�UMSJB�AMLAJSBC�RF?R�RFCPC�GQ�LM�PCJ?RGMLQFGN�

@CRUCCL�B?RGLE�DPCOSCLAW�?LB�JGDC�Q?RGQD?ARGML��"SR�UFCL�UC�

PCTCPQCB� RFC� MPBCP� ?LB� ?QICB
� m(MU� MDRCL� BM� WMS� F?TC� ?�

B?RC � ( MU� Q?RGQDGCB� ?PC� WMS� UGRF� WMSP� JGDC n� RFC� QR?RGQRGA?J�

PCJ?RGMLQFGN�U?Q�?�QRPMLE�MLC��9MS�UMSJB�LMU�AMLAJSBC�RF?R�

RFCPC� GQ� LMRFGLE� ?Q� GKNMPR?LR� GL� ?� QRSBCLRnQ� JGDC� ?Q� B?RGLE�

DPCOSCLAW�q�

Example 19 

!�RCJCNFMLC�NMJJ�?QIQ�RFC�OSCQRGML�p$M�WMS�MDRCL�F?TC�RGKC�RM�PCJ?V�

?LB�PC?B�?�@MMI q
�?LB�����M D�RFC�NCMNJC�A?JJCB�PCDSQCB�RM�?LQUCP�

RFC� QSPTCW�� )R� GQ� SLJGICJW� RF?R� RFC� PCQSJRQ� UGJJ� @C� PCNPCQCLR?RGTC� MD�

RFC� CLRGPC� NMNSJ?RGML�� 4FGQ� GQ� ?L� CV?KNJC� MD�DED�H;IFEDI;� 8?7I 
�

GLRPMBSACB�@W�NCMNJC�PCDSQGLE�RM�N?PRGAGN?RC�GL�?�QRSBW�MP�BPMNNGLE�

MSR� MD� ?L� CVNCPGKCLR�� 7FCL� NCMNJC� PCDSQC� RM� N?PRGAGN?RC
� UC� A?L�

LM� JMLECP� @C� QM� ACPR?GL� RF?R� MSP� Q?KNJC� GQ� PCNPCQCLR?RGTC� MD� RFC�

NMNSJ?RGML��

�� �3U?PRX
�.MP@CPR��FRRN��� UUU�SKGAF�CBS�\LC UQGLDM�

-4 ��� �&?J�� �K R�D���FRKJ��2CRPGCTCB�� ��� ������

( MU�RM�-CQQ�4FGLEQ�5N�"CDMPC�9MS�3R?PR��Z��� �



Try it Now 5 

)L�C?AF�QGRS?RGML
�GBCLRGDW�?�NMRCLRG?J�QMSPAC�MD�@G?Q�

?��!�QSPTCW�?QIQ�FMU�K?L W�QCVS?J�N?PRLCPQ�?�NCPQML�F?Q�F?B�GL�RFC�

J?QR�WC?P�

@��!�P?BGM�QR?RGML�?QIQ�PC?BCPQ�RM�NFMLC�GL�RFCGP�AFMGAC�GL�?�B?GJW�

NMJJ��

A��!�QS@QRGRSRC�RC?AFCP�U?LRQ�RM�ILMU�FMU�QRSBCLRQ�GL�RFC�AJ?QQ�

BGB�ML�RFCGP�J?QR�RCQR��4FC�RC?AFCP�?QIQ�RFC����QRSBCLRQ�QGRRGLE�GL�RFC�

DPMLR�PMU�RM�QR?RC�RFCGP�J?RCQR�RCQR�QAMPC��

B��( GEF�QAFMMJ�QRSBCLRQ�?PC�?QICB�GD�RFCW�F?TC�AMLQSKCB�?JAMFMJ�

GL�RFC�J?QR�RUM�UCCIQ��

C��4FC�"CCD�#MSLAGJ�PCJC?QCQ�?�QRSBW�QR?RGLE�RF?R�AMLQSKGLE�PCB�

KC?R�NMQCQ�JGRRJC�A?PBGMT?QASJ?P�PGQI��

D��!�NMJJ�?QIQ�p$M�WMS�QSNNMPR�?�LCU�RP?LQNMPR?RGML�R?V
�MP�UMSJB�

WMS�NPCDCP�RM�QCC�MSP�NS@JGA�RP?LQNMPR?RGML�QWQRCK�D?JJ�?N?PR q�

�� ��Z��( MU�RM�-CQQ�4FGLEQ�5N�"CDMPC�9MS�3R?PR



19. Experiments 

3M�D?P
�UC�F?TC�NPGK?PGJW�BGQASQQCB�E8I;H L7J?ED7B�IJK:?;I�k�QRSBGCQ�

GL�UFGAF�AMLAJSQGMLQ�UMSJB�@C�BP?UL�DPMK�M@QCPT?RGMLQ�MD�?�Q?KNJC�

MP� RFC� NMNSJ?RGML�� )L� QMKC� A?QCQ� RFCQC� M@QCPT?RGMLQ� KGEFR� @C�

SLQMJGAGRCB
�QSAF�?Q�QRSBWGLE�RFC�NCPACLR?EC�MD�A?PQ�RF?R�RSPL�PGEFR�

?R�?�PCB�JGEFR�CTCL�UFCL�RFCPC�GQ�?�pLM�RSPL�ML�PCBq�QGEL�� )L�MRFCP�

A?QCQ�RFC�M@QCPT?RGMLQ�?PC�QMJGAGRCB
�JGIC�GL�?�QSPTCW�MP�?�NMJJ��

)L�AMLRP?QR
�GR�GQ�AMKKML�RM�SQC�;NF;H?C;D JI �UFCL�CVNJMPGLE�FMU�

QS@HCARQ�PC?AR�RM�?L�MSRQGBC�GLDJSCLAC��)L�?L�CVNCPGKCLR
�QMKC�IGLB�

MD�JH;7 JC;D J�GQ�?NNJGCB�RM�RFC�QS@HCARQ�?LB�RFC�PCQSJRQ�?PC�KC?QSPCB�

?LB�PCAMPBCB��

/@QCPT?RGML?J�QRSBGCQ�?LB�CVNCPGKCLRQ�

!L� E8I;H L7J?ED7B�IJK:O�GQ�?�QRSBW�@?QCB�ML�

M@QCPT?RGMLQ�MP�KC?QSPCKCLRQ�

!L� ;NF;H?C;D J�GQ�?�QRSBW�GL�UFGAF�RFC�CDDCARQ�MD�?�

JH;7 JC;D J�?PC�KC?QSPCB�

( CPC�?PC�QMKC�CV?KNJCQ�MD�CVNCPGKCLRQ��

Example 20 

?������ !�NF?PK?ACSRGA?J�AMKN?LW�RCQRQ�?�LCU�KCBGAGLC�DMP�RPC?RGLE�

!JXFCGKCPnQ�BGQC?QC�@W�?BKGLGQRCPGLE�RFC�BPSE�RM����CJBCPJW�N?RGCLRQ�

UGRF�PCACLR�BG?ELMQCQ��4FC�RPC?RKCLR�FCPC�GQ�RFC�LCU�BPSE��

@������ !�E WK�RCQRQ�MSR�?�LCU�U CGEFR�JMQQ�NPMEP?K�@W�CLJGQRGLE� ���

%VNCPGKCLRQ��Z����



TMJSLRCCPQ�RM�RPW�MSR�RFC�NPMEP?K��4FC�RPC?RKCLR�FCPC�GQ�RFC�LCU�

NPMEP?K��

A������ 9MS� RCQR� ?� LCU� IGRAFCL� AJC?LCP� @W� @SWGLE� ?� @MRRJC� ?LB�

AJC?LGLE�WMSP�IGRAFCL��4FC�LCU�AJC?LCP�GQ�RFC�RPC?RKCLR��

B������ !� NQWAFMJMEW� PCQC?PAFCP� CVNJMPCQ� RFC� CDDCAR� MD� KSQGA� ML�

RCKNCP?KCLR�@W�KC?QSPGLE�NCMNJCnQ�RCKNCP?KCLR�UFGJC�JGQRCLGLE�RM�

BGDDCPCLR�RWNCQ�MD�KSQGA��4FC�KSQGA�GQ�RFC�RPC?RKCLR��

Try it Now 6 

)Q� C?AF� QACL?PGM� BCQAPG@GLE� ?L� M@QCPT?RGML?J� QRSBW� MP� ?L�

CVNCPGKCLR �

?��4FC�UCGEFRQ�MD����P?LBMKJW�QCJCARCB�NCMNJC�?PC�KC?QSPCB�

@��3S@HCARQ�?PC�?QICB�RM�BM����HSKNGLE�H?AIQ
�?LB�RFCL�RFCGP�FC?PR�

P?RCQ�?PC�KC?QSPCB�

A�� 4UCLRW� AMDDCC� BPGLICPQ� ?LB� RUCLRW� RC?� BPGLICPQ� ?PC� EGTCL� ?�

AMLACLRP?RGML�RCQR�

7 FCL� AMLBSARGLE� CVNCPGKCLRQ
� GR� GQ� CQQCLRG?J� RM� GQMJ?RC� RFC�

RPC?RKCLR�@CGLE�RCQRCB��

Example 21 

3SNNMQC�?�KGBBJC�QAFMMJ�	HSLGMP�FGEF
�DGLBQ�RF?R�RFCGP�QRSBCLRQ�?PC�

LMR�QAMPGLE�UCJJ�ML�RFC�QR?RCnQ�QR?LB?PBGXCB�K?RF�RCQR��4FCW�BCAGBC�

RM� PSL� ?L� CVNCPGKCLR� RM� QCC� GD� ?L� ?JRCPL?RC� ASPPGASJSK� UMSJB�

GKNPMTC�QAMPCQ��4M�PSL�RFC�RCQR
�RFCW�FGPC�?�K?RF�QNCAG?JGQR�RM�AMKC�

GL�?LB�RC?AF�?�AJ?QQ�SQGLE�RFC�LCU�ASPPGASJSK��4M�RFCGP�BCJGEFR
�RFCW�

QCC�?L�GKNPMTCKCLR�GL�RCQR�QAMPCQ��

4FC�BGDDGASJRW�UGRF�RFGQ�QACL?PGM�GQ�RF?R�GR�GQ�LMR�AJC?P�UFCRFCP�RFC�

ASPPGASJSK� GQ� PCQNMLQG@JC� DMP� RFC� GKNPMTCKCLR
� MP� UFCRFCP� RFC�

�� ��Z��%VNCPGKCLRQ



GKNPMTCKCLR�GQ�BSC�RM�?�K?RF�QNCAG?JGQR�RC?AFGLE�RFC�AJ?QQ��4FGQ�GQ�

A?JJCB�9ED<EKD:?D=� k�UFCL�GR�GQ�LMR�AJC?P�UFGAF�D?ARMP�MP�D?ARMPQ�

A?SQCB� RFC� M@QCPTCB� CDDCAR�� #MLDMSLBGLE� GQ� RFC� BMULD?JJ� MD� K?LW�

CVNCPGKCLRQ
�RFMSEF�QMKCRGKCQ�GR�GQ�FGBBCL��

#MLDMSLBGLE�

�ED<EKD:?D=�MAASPQ�UFCL�RFCPC�?PC�RUM�NMRCLRG?J�

T?PG?@JCQ�RF?R�AMSJB�F?TC�A?SQCB�RFC�MSRAMKC�?LB�GR�GQ�

LMR�NMQQG@JC�RM�BCRCPKGLC�UFGAF�?ARS?JJW�A?SQCB�RFC�

PCQSJR��

Example 22 

!� BPSE� AMKN?LW� QRSBW� ?@MSR� ?� UCGEFR� JMQQ� NGJJ� KGEFR� PCNMPR� RF?R�

NCMNJC� JMQR� ?L� ?TCP?EC� MD� �� NMSLBQ� UFGJC� SQGLE� RFCGP� LCU� BPSE��

( MUCTCP
� GL� RFC� DGLC� NPGLR� WMS� DGLB� ?� QR?RCKCLR� Q?WGLE� RF?R�

N?PRGAGN?LRQ� UCPC� CLAMSP?ECB� RM� ?JQM� BGCR� ?LB� CVCPAGQC�� )R� GQ� LMR�

AJC?P�GL�RFGQ�A?QC�UFCRFCP�RFC�UCGEFR�JMQQ�GQ�BSC�RM�RFC�NGJJ
�RM�BGCR�

?LB�CVCPAGQC
�MP�?�AMK@GL?RGML�MD�@MRF��)L�RFGQ�A?QC�AMLDMSLBGLE�F?Q�

MAASPPCB��

%V?KNJC����

2CQC?PAFCPQ�AMLBSAR�?L�CVNCPGKCLR�RM�BCRCPKGLC�UFCRFCP�QRSBCLRQ�

UGJJ� NCPDMPK� @CRRCP� ML� ?L� ?PGRFKCRGA� RCQR� GD� RFCW� JGQRCL� RM� KSQGA�

BSPGLE� RFC� RCQR�� 4FCW� DGPQR� EGTC� RFC� QRSBCLR� ?� RCQR� UGRFMSR� KSQGA
�

RFCL�EGTC�?�QGKGJ?P�RCQR�UFGJC�RFC�QRSBCLR�JGQRCLQ�RM�KSQGA�� )L�RFGQ�

A?QC
� RFC� QRSBCLR� KGEFR� NCPDMPK� @CRRCP� ML� RFC� QCAMLB� RCQR
�

%VNCPGKCLRQ��Z����



PCE?PBJCQQ�MD�RFC�KSQGA
�QGKNJW�@CA?SQC�GR�U?Q�RFC�QCAMLB�RCQR�?LB�

RFCW�UCPC�U?PKCB�SN��

4FCPC� ?PC� ?� LSK@CP� MD� KC?QSPCQ� RF?R� A?L� @C� GLRPMBSACB� RM� FCJN�

PCBSAC�RFC�JGICJGFMMB�MD�AMLDMSLBGLE��4FC�NPGK?PW�KC?QSPC�GQ�RM�SQC�

?�9EDJHEB�=HEKF��

#MLRPMJ�EPMSN�

7 FCL�SQGLE�?�AMLRPMJ�EPMSN
�RFC�N?PRGAGN?LRQ�?PC�

BGTGBCB�GLRM�RUM�MP�KMPC�EPMSNQ
�RWNGA?JJW�?�9EDJHEB�

=HEKF�?LB�?�RPC?RKCLR�EPMSN��4FC�RPC?RKCLR�EPMSN�

PCACGTCQ�RFC�RPC?RKCLR�@CGLE�RCQRCB��RFC�AMLRPMJ�EPMSN�

BMCQ�LMR�PCACGTC�RFC�RPC?RKCLR��

)BC?JJW
�RFC�EPMSNQ�?PC�MRFCPUGQC�?Q�QGKGJ?P�?Q�NMQQG@JC
�GQMJ?RGLE�RFC�

RPC?RKCLR� ?Q� RFC� MLJW� NMRCLRG?J� QMSPAC� MD� BGDDCPCLAC� @CRUCCL� RFC�

EPMSNQ��&MP�RFGQ�PC?QML
�RFC�KCRFMB�MD�BGTGBGLE�EPMSNQ�GQ�GKNMPR?LR��

3MKC�PCQC?PAFCPQ�?RRCKNR�RM�CLQSPC�RF?R�RFC�EPMSNQ�F?TC�QGKGJ?P�

AF?P?ARCPGQRGAQ� 	Q?KC� LSK@CP� MD� DCK?JCQ
� Q?KC� LSK@CP� MD� NCMNJC�

MTCP� �� 
� CRA�

� @SR� GR� GQ� LC?PJW� GKNMQQG@JC� RM� AMLRPMJ� DMP� CTCPW�

AF?P?ARCPGQRGA�� "CA?SQC� MD� RFGQ
� P?LBMK� ?QQGELKCLR� GQ� TCPW�

AMKKMLJW�SQCB��

Example 24 

4M� BCRCPKGLC� GD� ?� RUM� B?W� NPCN� AMSPQC� UMSJB� FCJN� FGEF� QAFMMJ�

QRSBCLRQ�GKNPMTC�RFCGP�QAMPCQ�ML�RFC�3!4�RCQR
�?�EPMSN�MD�QRSBCLRQ�

U?Q� P?LBMKJW� BGTGBCB� GLRM� RUM� QS@EPMSNQ�� 4FC� DGPQR� EPMSN
� RFC�

RPC?RKCLR� EPMSN
� U?Q� EGTCL� ?� RUM� B?W� NPCN� AMSPQC�� 4FC� QCAMLB�

�� ��Z��%VNCPGKCLRQ



EPMSN
� RFC� AMLRPMJ� EPMSN
� U?Q� LMR� EGTCL� RFC� NPCN� AMSPQC��

!DRCPU?PBQ
�@MRF�EPMSNQ�UCPC�EGTCL�RFC�3!4��

Example 25 

!�A MKN?LW�RCQRGLE�?�LCU�NJ?LR�DMMB�EPMUQ�RUM�APMNQ�MD�NJ?LRQ�GL�

?BH?ACLR�DGCJBQ
�RFC�RPC?RKCLR�EPMSN�PCACGTGLE�RFC�LCU�NJ?LR�DMMB�

?LB�RFC�AMLRPMJ�EPMSN�LMR��4FC�APMN�WGCJB�UMSJB�RFCL�@C�AMKN?PCB��

" W� EPMUGLE� RFCK� ?R� RFC� Q?KC� RGKC� GL� ?BH?ACLR� DGCJBQ
� RFCW� ?PC�

AMLRPMJJGLE�DMP�UC?RFCP�?LB�MRFCP�AMLDMSLBGLE�D?ARMPQ��

3MKCRGKCQ� LMR� EGTGLE� RFC� AMLRPMJ� EPMSN� ?LWRFGLE� BMCQ� LMR�

AMKNJCRCJW�AMLRPMJ�DMP�AMLDMSLBGLE�T?PG?@JCQ��&MP�CV?KNJC
�QSNNMQC�

?� KCBGAGLC� QRSBW� GQ� RCQRGLE� ?� LCU� FC?B?AFC� NGJJ� @W� EGTGLE� RFC�

RPC?RKCLR� EPMSN� RFC� NGJJ� ?LB� RFC� AMLRPMJ� EPMSN� LMRFGLE�� )D� RFC�

RPC?RKCLR� EPMSN� QFMUCB� GKNPMTCKCLR
� UC� UMSJB� LMR� ILMU�

UFCRFCP�GR�U?Q�BSC�RM�RFC�KCBGAGLC�GL�RFC�NGJJ
�MP�?�PCQNMLQC�RM�F?TC�

R?ICL�?LW�NGJJ��4FGQ�GQ�A?JJCB�?�FB79;8E�;<<;9J ��

0J?AC@M�CDDCAR�

4FC�FB79;8E�;<<;9J �GQ�UFCL�RFC�CDDCARGTCLCQQ�MD�?�

RPC?RKCLR�GQ�GLDJSCLACB�@W�RFC�N?RGCLRnQ�NCPACNRGML�MD�

FMU�CDDCARGTC�RFCW�RFGLI�RFC�RPC?RKCLR�UGJJ�@C
�QM�?�

PCQSJR�KGEFR�@C�QCCL�CTCL�GD�RFC�RPC?RKCLR�GQ�GLCDDCARS?J��

%VNCPGKCLRQ��Z����



Example 26 

!� QRSBW� DMSLB� RF?R� UFCL� BMGLE� N?GLDSJ� BCLR?J� RMMRF� CVRP?ARGMLQ
�

N?RGCLRQ�RMJB�RFCW�UCPC�PCACGTGLE�?�QRPMLE�N?GLIGJJCP�UFGJC�?ARS?JJW�

PCACGTGLE�?�Q?JRU?RCP�GLHCARGML�DMSLB�?Q�KSAF�N?GL�PCJGCD�?Q�N?RGCLRQ�

PCACGTGLE�?�BMQC�MD�KMPNFGLC���

4M�AMLRPMJ�DMP�RFC�NJ?AC@M�CDDCAR
�?�FB79;8E
�MP�BSKKW�RPC?RKCLR
�

GQ�MDRCL�EGTCL�RM�RFC�AMLRPMJ�EPMSN��4FGQ�U?W
�@MRF�EPMSNQ�?PC�RPSJW�

GBCLRGA?J�CVACNR�DMP�RFC�QNCAGDGA�RPC?RKCLR�EGTCL��

0J?AC@M�?LB�0J?AC@M�AMLRPMJJCB�CVNCPGKCLRQ�

!� FB79;8E�GQ�?�BSKKW�RPC?RKCLR�EGTCL�RM�AMLRPMJ�DMP�

RFC�NJ?AC@M�CDDCAR��

!L�C VNCPGKCLR�RF?R�EGTCQ�RFC�AMLRPMJ�EPMSN�?�NJ?AC@M�

GQ�A?JJCB�?�FB79;8E�9EDJHEBB;:�;NF;H?C;DJ��

Example 27 

?������)L�?�QRSBW�DMP�?�LCU�KCBGAGLC�RF?R�GQ�BGQNCLQCB�GL�?�NGJJ�DMPK
�?�

QSE?P�NGJJ�AMSJB�@C�SQCB�?Q�?�NJ?AC@M��

�� �,CTGLC�*$
�'MPBML�. #
�3 KGRF�2
�&GCJBQ�(,��	����
�

!L?JECQGA�PCQNMLQCQ�RM�KMPNFGLC�?LB�NJ?AC@M�GL�

GLBGTGBS?JQ�UGRF�NMQRMNCP?RGTC�N?GL��0?GL������ ���� � ��

�� ��Z��%VNCPGKCLRQ



@������ )L� ?� QRSBW� ML� RFC� CDDCAR� MD� ?JAMFMJ� ML� KCKMPW
� ?� LML�

?JAMFMJGA�@CCP�KGEFR�@C�EGTCL�RM�RFC�AMLRPMJ�EPMSN�?Q�?�NJ?AC@M��

A������ )L� ?� QRSBW� MD� ?� DPMXCL� KC?J� BGCR� NJ?L
� RFC� RPC?RKCLR� EPMSN�

UMSJB�PCACGTC�RFC�BGCR�DMMB
�?LB�RFC�AMLRPMJ�AMSJB�@C�EGTCL�QR?LB?PB�

DPMXCL�KC?JQ�QRPGNNCB�MD�RFCGP�MPGEGL?J�N?AI?EGLE��

)L�QMKC�A?QCQ
�GR�GQ�KMPC�?NNPMNPG?RC�RM�AMKN?PC�RM�?�AMLTCLRGML?J�

RPC?RKCLR�RF?L�?�NJ?AC@M��&MP�CV?KNJC
�GL�?�A?LACP�PCQC?PAF�QRSBW
�

GR�UMSJB�LMR�@C�CRFGA?J�RM�BCLW�?LW�RPC?RKCLR�RM�RFC�AMLRPMJ�EPMSN�

MP�RM�EGTC�?�NJ?AC@M�RPC?RKCLR��)L�RFGQ�A?QC
�RFC�ASPPCLRJW�?AACNR?@JC�

KCBGAGLC�UMSJB�@C�EGTCL�RM�RFC�QCAMLB�EPMSN
�A?JJCB�?�9ECF7H?IED�

=HEKF� GL� RFGQ� A?QC�� )L� MSP� 3!4� RCQR� CV?KNJC
� RFC� LML�RPC?RKCLR�

EPMSN� UMSJB� KMQR� JGICJW� @C� CLAMSP?ECB� RM� QRSBW� ML� RFCGP� MUL
�

P?RFCP� RF?L� @C� ?QICB� RM� LMR� QRSBW� ?R� ?JJ
� RM� NPMTGBC� ?� KC?LGLEDSJ�

AMKN?PGQML��

7 FCL� SQGLE� ?� NJ?AC@M
� GR� UMSJB� BCDC?R� RFC� NSPNMQC� GD� RFC�

N?PRGAGN?LR�ILCU�RFCW�UCPC�PCACGTGLE�RFC�NJ?AC@M��

" JGLB�QRSBGCQ�

!� 8B?D:�IJK:O�GQ�MLC�GL�UFGAF�RFC�N?PRGAGN?LR�BMCQ�LMR�

ILMU�UFCRFCP�MP�LMR�RFCW�?PC�PCACGTGLE�RFC�RPC?RKCLR�

MP�?�NJ?AC@M��

!� :EK8B;�8B?D:�IJK: O�GQ�MLC�GL�UFGAF�RFMQC�

GLRCP?ARGLE�UGRF�RFC�N?PRGAGN?LRQ�BMLnR�ILMU�UFM�GQ�GL�

RFC�RPC?RKCLR�EPMSN�?LB�UFM�GQ�GL�RFC�AMLRPMJ�EPMSN��

%VNCPGKCLRQ��Z��� �



Example 28 

)L� ?� QRSBW� ?@MSR� ?LRG�BCNPCQQGML� KCBGAGLC
� WMS� UMSJB� LMR� U?LR�

RFC�NQWAFMJMEGA?J�CT?JS?RMP�RM� ILMU�UFCRFCP�RFC�N?RGCLR�GQ�GL�RFC�

RPC?RKCLR� MP� AMLRPMJ� EPMSN� CGRFCP
� ?Q� GR� KGEFR� GLDJSCLAC� RFCGP�

CT?JS?RGML
� QM� RFC� CVNCPGKCLR� QFMSJB� @C� AMLBSARCB� ?Q� ?� BMS@JC�

@JGLB�QRSBW��

)R�QFMSJB�@C�LMRCB�RF?R�LMR�CTCPW�CVNCPGKCLR�LCCBQ�?�AMLRPMJ�EPMSN��

Example 29 

)D�?�PCQC?PAFCP�GQ�RCQRGLE�UFCRFCP�?�LCU�D?@PGA�A?L�UGRFQR?LB�DGPC
�

QFC�QGKNJW�LCCBQ�RM�RMPAF�KSJRGNJC�Q?KNJCQ�MD�RFC�D?@PGA�k�RFCPC�GQ�

LM�LCCB�DMP�?�AMLRPMJ�EPMSN��

Try it Now 7 

4M�RCQR�?�LCU�JGC�BCRCARMP
�RUM�EPMSNQ�MD�QS@HCARQ�?PC�EGTCL�RFC�LCU�

RCQR��/LC�EPMSN�GQ�?QICB�RM�?LQUCP�?JJ�RFC�OSCQRGMLQ�RPSRFDSJJW
�?LB�

RFC�QCAMLB�EPMSN�GQ�?QICB�RM�JGC�ML�MLC�QCR�MD�OSCQRGMLQ��4FC�NCPQML�

?BKGLGQRCPGLE�RFC�JGC�BCRCARMP�RCQR�BMCQ�LMR�ILMU�UF?R�EPMSN�C?AF�

QS@HCAR�GQ�GL��

$MCQ� RFGQ� CVNCPGKCLR� F?TC� ?� AMLRPMJ� EPMSN � ) Q� GR� @JGLB
� BMS@JC�

@JGLB
�MP�LCGRFCP �

Try it Now Answers 

��� 4FC� Q?KNJC� GQ� RFC� ��� DGQF� A?SEFR�� 4FC� NMNSJ?RGML� GQ� ?JJ� DGQF� GL�

�� ��Z��%VNCPGKCLRQ



RFC� J?IC�� 4FC� Q?KNJC� K?W� @C� QMKCUF?R� SLPCNPCQCLR?RGTC� MD� RFC�

NMNSJ?RGML�QGLAC�LMR�?JJ�DGQF�K?W�@C�J?PEC�CLMSEF�RM�A?RAF�RFC�@?GR��

���4FGQ�GQ�?�N?P?KCRCP
�QGLAC�RFC�AMJJCEC�UMSJB�F?TC�?AACQQ�RM�B?R?�

ML�?JJ�QRSBCLRQ�	RFC�NMNSJ?RGML
�

���?��#? RCEMPGA?J�����������@��1S?LRGR?RGTC������������������������A��1S?LRGR?RGTC�

���?��3 WQRCK?RGA�

@��3RP?RGDGCB�MP�1SMR?�

A��6MJSLR?PW�PCQNMLQC�

B��3GKNJC�P?LBMK�

C��#JSQRCP�

��� ?�� 2 CQNMLQC� @G?Q�k�FGQRMPGA?JJW
�KCL�?PC�JGICJW�RM�MTCP�PCNMPR
�

?LB�UMKCL�?PC�JGICJW�RM�SLBCP�PCNMPR�RM�RFGQ�OSCQRGML��

@��6MJSLR?PW�PCQNMLQC�@G?Q�k�RFC�Q?KNJC�GQ�QCJD�QCJCARCB�

A��3?KNJGLE�@G?Q�k�RFC�Q?KNJC�K?W�LMR�@C�PCNPCQCLR?RGTC�MD�RFC�

UFMJC�AJ?QQ�

B��, ?AI�MD�?LMLWKGRW�

C��3CJD�GLRCPCQR�QRSBW�

D��,M?BCB�OSCQRGML�

���?��/@QCPT?RGML?J�QRSBW�

@��%VNCPGKCLR��RFC�RPC?RKCLR�GQ�RFC�HSKNGLE�H?AIQ�

A��%VNCPGKCLR��RFC�RPC?RKCLRQ�?PC�AMDDCC�?LB�RC?�

� ��4FC�RPSRF�RCJJGLE�EPMSN�AMSJB�@C�AMLQGBCPCB�RFC�AMLRPMJ�EPMSN
�

@SR� PC?JJW� @MRF� EPMSNQ� ?PC� RPC?RKCLR� EPMSNQ� FCPC
� QGLAC� GR� GQ�

GKNMPR?LR�DMP�RFC�JGC�BCRCARMP�RM�@C�?@JC�RM�AMPPCARJW�GBCLRGDW�JGCQ
�

?LB�?JQM�LMR�GBCLRGDW�RPSRF�RCJJGLE�?Q�JWGLE��4FGQ�QRSBW�GQ�@JGLB
�QGLAC�

RFC�NCPQML�PSLLGLE�RFC�RCQR�BMCQ�LMR�ILMU�UF?R�EPMSN�C?AF�QS@HCAR�

GQ�GL��

%VNCPGKCLRQ��Z����



20. Describing Data 

/LA C�UC�F?TC�AMJJCARCB�B?R?�DPMK�QSPTCWQ�MP�CVNCPGKCLRQ
�UC�LCCB�

RM�QSKK?PGXC�?LB�NPCQCLR�RFC�B?R?�GL�?�U?W�RF?R�UGJJ�@C�KC?LGLEDSJ�

RM� RFC� PC?BCP�� 7 C� UGJJ� @CEGL� UGRF� EP?NFGA?J� NPCQCLR?RGMLQ� MD� B?R?�

RFCL�CVNJMPC�LSKCPGA?J�QSKK?PGCQ�MD�B?R?��

Presenting Categorical Data Graphically 

#?RCEMPGA?J
�MP�OS?JGR?RGTC
�B?R?�?PC�NGCACQ�MD�GLDMPK?RGML�RF?R�?JJMU�

SQ�RM�AJ?QQGDW�RFC�M@HCARQ�SLBCP�GLTCQRGE?RGML�GLRM�T?PGMSQ�A?RCEMPGCQ��

7 C�SQS?JJW�@CEGL�UMPIGLE�UGRF�A?RCEMPGA?J�B?R?�@W�QSKK?PGXGLE�RFC�

B?R?�GLRM�?�<H;GK;D9O�J78B;
�

Frequency Table 

!�DPCOSCLAW�R?@JC�GQ�?�R?@JC�UGRF�RUM�AMJSKLQ��/LC�

AMJSKL�JGQRQ�RFC�A?RCEMPGCQ
�?LB�?LMRFCP�DMP�RFC�

DPCOSCLAGCQ�UGRF�UFGAF�RFC�GRCKQ�GL�RFC�A?RCEMPGCQ�

MAASP�	FMU�K?L W�GRCKQ�DGR�GLRM�C?AF�A?RCEMPW
��

��� ��Z��$CQAPG@GLE�$?R?
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!L�GLQSP?LAC�AMKN?LW�BCRCPKGLCQ�TCFGAJC�GLQSP?LAC�

NPCKGSKQ�@?QCB�ML�ILMUL�PGQI�D?ARMPQ��)D�?�NCPQML�GQ�

AMLQGBCPCB�?�FGEFCP�PGQI
�RFCGP�NPCKGSKQ�UGJJ�@C�FGEFCP��

/LC�NMRCLRG?J�D?ARMP�GQ�RFC�AMJMP�MD�WMSP�A?P��4FC�GLQSP?LAC�

AMKN?LW�@CJGCTCQ�RF?R�NCMNJC�UGRF�QMKC�AMJMP�A?PQ�?PC�

KMPC�JGICJW�RM�ECR�GL�?AAGBCLRQ��4M�PCQC?PAF�RFGQ
�RFCW�

CV?KGLC�NMJGAC�PCNMPRQ�DMP�PCACLR�RMR?J�JMQQ�AMJJGQGMLQ��4FC�

B?R?�GQ�QSKK?PGXCB�GL�RFC�DPCOSCLAW�R?@JC�@CJMU��

�E BEH� " H;GK;D9O�

" JSC� ���

'P CCL� ���

2CB� ���

7 FGRC� ���

" J?AI� ���

'P CW� � ��

3MKCRGKCQ�UC�LCCB�?L�CTCL�KMPC�GLRSGRGTC�U?W�MD�BGQNJ?WGLE�B?R?��

4FGQ� GQ� UFCPC� AF?PRQ� ?LB� EP?NFQ� AMKC� GL�� 4FCPC� ?PC� K?LW
� K?L W�

U?WQ�MD�BGQNJ?WGLE�B?R?�EP?NFGA?JJW
�@SR�UC�UGJJ�AMLACLRP?RC�ML�MLC�

TCPW�SQCDSJ�RWNC�MD�EP?NF�A?JJCB�?�@?P�EP?NF��)L�RFGQ�QCARGML�UC�UGJJ�

UMPI�UGRF�@?P�EP?NFQ�RF?R�BGQNJ?W�A?RCEMPGA?J�B?R?��RFC�LCVR�QCARGML�

UGJJ�@C�BCTMRCB�RM�@?P�EP?NFQ�RF?R�BGQNJ?W�OS?LRGR?RGTC�B?R?��

$CQAPG@GLE�$?R?��Z�����



Bar Graph 

!� 87H�=H7F>�GQ�?�EP?NF�RF?R�BGQNJ?WQ�?�@?P�DMP�C?AF�

A?RCEMPW�UGRF�RFC�JCLERF�MD�C?AF�@?P�GLBGA?RGLE�RFC�

DPCOSCLAW�MD�RF?R�A?RCEMPW��

4M� AMLQRPSAR� ?� @?P� EP?NF
� UC� LCCB� RM� BP?U� ?� TCPRGA?J� ?VGQ� ?LB� ?�

FMPGXMLR?J�?VGQ��4FC�TCPRGA?J�BGPCARGML�UGJJ�F?TC�?�QA?JC�?LB�KC?QSPC�

RFC� DPCOSCLAW� MD� C?AF� A?RCEMPW�� RFC� FMPGXMLR?J� ?VGQ� F?Q� LM� QA?JC�

GL� RFGQ� GLQR?LAC�� 4FC� AMLQRPSARGML� MD� ?� @?P� AF?PR� GQ� KMQR� C?QGJW�

BCQAPG@CB�@W�SQC�MD�?L�CV?KNJC��

�?)584-�
�

5 QGLE�MSP�A?P�B?R?�DPMK�?@MTC
�LMRC�RFC�FGEFCQR�

DPCOSCLAW�GQ���
�QM�MSP�TCPRGA?J�?VGQ�LCCBQ�RM�EM�DPMK���RM�

��
�@SR�UC�KGEFR�?Q�UCJJ�SQC���RM���
�QM�RF?R�UC�A?L�NSR�?�

F?QF�K?PI�CTCPW���SLGRQ��

�� � ��Z��$CQAPG@GLE�$?R?



. MRGAC�RF?R�RFC�FCGEFR�MD�C?AF�@?P�GQ�BCRCPKGLCB�@W�RFC�DPCOSCLAW�MD�

RFC�AMPPCQNMLBGLE�AMJMP��4FC�FMPGXMLR?J�EPGBJGLCQ�?PC�?�LGAC�RMSAF
�

@SR�LMR� LCACQQ?PW�� )L� NP?ARGAC
� WMS� UGJJ� DGLB� GR� SQCDSJ� RM� BP?U� @?P�

EP?NFQ�SQGLE�EP?NF�N?NCP
�QM�RFC�EPGBJGLCQ�UGJJ�?JPC?BW�@C�GL�NJ?AC
�

MP� SQGLE� RCAFLMJMEW�� )LQRC?B� MD� EPGBJGLCQ
� UC� KGEFR� ?JQM� JGQR� RFC�

DPCOSCLAGCQ�?R�RFC�RMN�MD�C?AF�@?P
�JGIC�RFGQ��

)L�RFGQ�A?QC
�MSP�AF?PR�KGEFR�@CLCDGR�DPMK�@CGLE�PCMPBCPCB�DPMK�

J?PECQR�RM�QK?JJCQR�DPCOSCLAW�T?JSCQ��4FGQ�?PP?LECKCLR�A?L�K?I C�GR�

C?QGCP�RM�AMKN?PC�QGKGJ?P�T?JSCQ�GL�RFC�AF?PR
�CTCL�UGRFMSR�EPGBJGLCQ��

$CQAPG@GLE�$?R?��Z�����



7 FCL�UC�?PP?LEC�RFC�A?RCEMPGCQ�GL�BCAPC?QGLE�DPCOSCLAW�MPBCP�JGIC�

RFGQ
�GR�GQ�A?JJCB�?�+7H;JE�9>7HJ��

Pareto Chart 

!� +7H;JE�9>7HJ�GQ�?�@?P�EP?NF�MPBCPCB�DPMK�FGEFCQR�RM�

JMUCQR�DPCOSCLAW�

�?)584-���

4P?LQDMPKGLE�MSP�@?P�EP?NF�DPMK�C?PJGCP�GLRM�?�0?PCRM�

AF?PR
�UC�ECR��

��� ��Z��$CQAPG@GLE�$?R?
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)L�?�QSPTCW
� �?BSJRQ�UCPC�?QICB�UFCRFCP�RFCW�NCPQML?JJW�

UMPPGCB�?@MSR�?�T?PGCRW�MD�CLTGPMLKCLR?J�AMLACPLQ��4FC�

LSK@CPQ�	MSR�MD������QSPTCWCB
�UFM�GLBGA?RCB�RF?R�RFCW�

UMPPGCB�p?�EPC?R�BC?Jq�?@MSR�QMKC�QCJCARCB�AMLACPLQ�?PC�

QSKK?PGXCB�@CJMU��

! DL?HEDC;D J7B�%IIK;� " H;GK;D9O�

0MJJSRGML�MD�BPGLIGLE�U?RCP� �� ��

#MLR?KGL?RGML�MD�QMGJ�?LB�U?RCP�@W�RMVGA�U?QRC� ����

!GP�NMJJSRGML� ����

'JM@?J�U?PKGLE� ����

4FGQ�B?R?�AMSJB�@C�QFMUL�EP?NFGA?JJW�GL�?�@?P�EP?NF��

4M�QFMU�PCJ?RGTC�QGXCQ
�GR�GQ�AMKKML�RM�SQC�?�NGC�AF?PR��

�� �'?JJSN�0MJJ��-?PAF��k�
����� ��

FRRN��� UUU�NMJJGLEPCNMPR�AMK�CL TGPM�FRK�

$CQAPG@GLE�$?R?��Z�����



Pie Chart 

!� F?;�9>7HJ�GQ�?�AGPAJC�UGRF�UCBECQ�ASR�MD�T?PWGLE�QGXCQ�

K?PI CB�MSR�JGIC�QJGACQ�MD�NGC�MP�NGXX?��4FC�PCJ?RGTC�QGXCQ�

MD�RFC�UCBECQ�AMPPCQNMLB�RM�RFC�PCJ?RGTC�DPCOSCLAGCQ�MD�

RFC�A?RCEMPGCQ��

�?)584-�
�

&MP�MSP�TCFGAJC�AMJMP�B?R?
�?�NGC�AF?PR�KGEFR�JMMI�JGIC�RFGQ��

0GC�AF?PRQ�A?L�MDRCL�@CLCDGR�DPMK�GLAJSBGLE�DPCOSCLAGCQ�

MP�PCJ?RGTC�DPCOSCLAGCQ�	NCPACLRQ
�GL�RFC�AF?PR�LCVR�RM�RFC�

��� ��Z��$CQAPG@GLE�$?R?



NGC�QJGACQ��/DRCL�F?TGLE�RFC�A?RCEMPW�L?KCQ�LCVR�RM�RFC�NGC�

QJGACQ�?JQM�K?ICQ�RFC�AF?PR�AJC?PCP��

�?)584-���

4FC�NGC�AF?PR�RM�RFC�PGEFR�QFMUQ�RFC�NCPACLR?EC�MD�TMRCPQ�

QSNNMPRGLE�C?AF�A?LBGB?RC�PSLLGLE�DMP�?�JMA?J�QCL?RC�QC?R��

)D�RFCPC�?PC��� 
����T MRCPQ�GL�RFC�BGQRPGAR
�RFC�NGC�AF?PR�

QFMUQ�RF?R�?@MSR�����MD�RFMQC
�?@MSR��
����TMRCPQ
�QSNNMPR�

2CCTCQ��

0GC�AF?PRQ�JMMI�LGAC
�@SR�?PC�F?PBCP�RM�BP?U�@W�F?LB�RF?L�@?P�AF?PRQ�

QGLAC�RM�BP?U�RFCK�?AASP?RCJW�UC�UMSJB�LCCB�RM�AMKNSRC�RFC�?LEJC�

C?AF� UCBEC� ASRQ� MSR� MD� RFC� AGPAJC
� RFCL� KC?QSPC� RFC� ?LEJC� UGRF�

?� NPMRP?ARMP�� #MKNSRCPQ� ?PC� KSAF� @CRRCP� QSGRCB� RM� BP?UGLE� NGC�

AF?PRQ��#MKKML�QMDRU?PC�NPMEP?KQ�JGIC�-GAPMQMDR�7MPB�MP�%VACJ
�

$CQAPG@GLE�$?R?��Z���� �



/NCL /D DGAC�MPE�7 PGRC�MP�#?JA
�MP�'MMEJC�$MAQ�?PC�?@JC�RM�APC?RC�@?P�

EP?NFQ
�NGC�AF?PRQ
�?LB�MRFCP�EP?NF�RWNCQ��4FCPC�?PC�?JQM�LSKCPMSQ�

MLJGLC�RMMJQ�RF?R�A?L�APC?RC�EP?NFQ���

Try It Now 

#PC?RC�?�@?P�EP?NF�?LB�?�NGC�AF?PR�RM�GJJSQRP?RC�RFC�

EP?BCQ�ML�?�FGQRMPW�CV?K�@CJMU��

!�����QRSBCLRQ
�"�����QRSBCLRQ
�#�����QRSBCLRQ
�$����

QRSBCLRQ
�&����QRSBCLRQ�

$MLnR� ECR� D?LAW� UGRF� EP?NFQ�� 0CMNJC� QMKCRGKCQ� ?BB� DC?RSPCQ� RM�

EP?NFQ� RF?R� BMLnR� FCJN� RM� AMLTCW� RFCGP� GLDMPK?RGML�� &MP� CV?KNJC
�

��BGKCLQGML?J�@?P�AF?PRQ�JGIC�RFC�MLC�QFMUL�@CJMU�?PC�SQS?JJW�LMR�

?Q�CDDCARGTC�?Q�RFCGP�RUM�BGKCLQGML?J�AMSLRCPN?PRQ��

�� �&MP�CV?KNJC��FRRN��� LACQ�CB�EMT�LA CQIGBQ�

APC?RC!EP?NF��MP�FRRN��� BMAQ�EMMEJC�AMK�

��� ��Z��$CQAPG@GLE�$?R?



( CPC�GQ�?LMRFCP�U?W�RF?R�D?LAGLCQQ�A?L�JC?B�RM�RPMS@JC��)LQRC?B�MD�

NJ?GL�@?PQ
�GR�GQ�RCKNRGLE�RM�QS@QRGRSRC�KC?LGLEDSJ�GK?ECQ��4FGQ�RWNC�

MD�EP?NF�GQ�A?JJCB�?�F?9JE=H7C ��

Pictogram 

!� F?9JE=H7C �GQ�?�QR?RGQRGA?J�EP?NFGA�GL�UFGAF�RFC�QGXC�

MD�RFC�NGARSPC�GQ�GLRCLBCB�RM�PCNPCQCLR�RFC�DPCOSCLAGCQ�

MP�QGXC�MD�RFC�T?JSCQ�@CGLE�PCNPCQCLRCB��

$CQAPG@GLE�$?R?��Z�����
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!�J?@MP�

SLGML�KGEFR�NPMBSAC�RFC�EP?NF�RM�RFC�PGEFR�RM�QFMU�RFC�

BGDDCPCLAC�@CRUCCL�RFC�?TCP?EC�K?L?ECP�Q?J?PW�?LB�RFC�

?TCP?EC�UMPI CP�Q?J?PW��

,MMIGLE�?R�RFC�NGARSPC
�GR�UMSJB�@C�PC?QML?@JC�RM�ESCQQ�

RF?R�RFC�K?L?ECP�Q?J?PGCQ�GQ���RGKCQ�?Q�J?PEC�?Q�RFC�UMPI CP�

Q?J?PGCQlRFC�?PC?�MD�RFC�@?E�JMMIQ�?@MSR���RGKCQ�?Q�J?PEC��

( MUCTCP
�RFC�K?L?ECP�Q?J?PGCQ�?PC�GL�D?AR�MLJW�RUGAC�?Q�

J?PEC�?Q�UMPI CP�Q?J?PGCQ
�UFGAF�UCPC�PCDJCARCB�GL�RFC�NGARSPC�

@W�K?IGLE�RFC�K?L?ECP�@?E�RUGAC�?Q�R?JJ��

!LMRFCP�BGQRMPRGML�GL�@?P�AF?PRQ�PCQSJRQ�DPMK�QCRRGLE�RFC�@?QCJGLC�RM�

?�T?JSC�MRFCP�RF?L�XCPM��4FC�@?QCJGLC�GQ�RFC�@MRRMK�MD�RFC�TCPRGA?J�

��� ��Z��$CQAPG@GLE�$?R?



?VGQ
� PCNPCQCLRGLE� RFC� JC?QR� LSK@CP� MD� A?QCQ� RF?R� AMSJB� F?TC�

MAASPPCB�GL�?�A?RCEMPW��. MPK?JJW
�RFGQ�LSK@CP�QFMSJB�@C�XCPM��

�?)584-���

#MKN?PC�RFC�RUM�EP?NFQ�@CJMU�QFMUGLE�QSNNMPR�DMP�

Q?KC�QCV�K?PPG?EC�PGEFRQ�DPMK�?�NMJJ�R?ICL�GL�$CACK@CP�

����� � �4FC�BGDDCPCLAC�GL�RFC�TCPRGA?J�QA?JC�ML�RFC�DGPQR�EP?NF�

QSEECQRQ�?�BGDDCPCLR�QRMPW�RF?L�RFC�RPSC�BGDDCPCLACQ�GL�

NCPACLR?ECQ��RFC�QCAMLB�EP?NF�K?I CQ�GR�JMMI�JGIC�RUGAC�?Q�

K?L W�NCMNJC�MNNMQC�K?PPG?EC�PGEFRQ�?Q�QSNNMPR�GR��

�� �#.. �/NGLGML�2CQC?PAF�#MPNMP?RGML�0MJJ��$CA���� ��
�

����
�DP MK�FRRN��� UUU�NMJJGLEPCNMPR�AMK�AGTGJ�FRK�

$CQAPG@GLE�$?R?��Z�����



Try It Now 

!�NMJJ�U?Q�R?ICL�?QIGLE�NCMNJC�GD�RFCW�?EPCCB�UGRF�RFC�

NMQGRGMLQ�MD�RFC���A?LBGB?RCQ�DMP�?�AMSLRW�MDDGAC��$MCQ�

RFC�NGC�AF?PR�NPCQCLR�?�EMMB�PCNPCQCLR?RGML�MD�RFGQ�B?R? �

%VNJ?GL��

Presenting Quantitative Data Graphically 

1S?L RGR?RGTC
� MP� LSKCPGA?J
� B?R?� A?L� ?JQM� @C� QSKK?PGXCB� GLRM�

DPCOSCLAW�R?@JCQ��

��� ��Z��$CQAPG@GLE�$?R?
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!�RC?AFCP�PCAMPBQ�QAMPCQ�ML�?����NMGLR�OSGX�DMP�RFC����

QRSBCLRQ�GL�FGQ�AJ?QQ��4FC�QAMPCQ�?PC��

������������������������������������������������������������

���������������������������

4FCQC�QAMPCQ�AMSJB�@C�QSKK?PGXCB�GLRM�?�DPCOSCLAW�R?@JC�

@W�EPMSNGLE�JGIC�T?JSCQ��

.9EH;� " H;GK;D9O�
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5 QGLE�RFGQ�R?@JC
�GR�UMSJB�@C�NMQQG@JC�RM�APC?RC�?�QR?LB?PB�@?P�AF?PR�

DPMK�RFGQ�QSKK?PW
�JGIC�UC�BGB�DMP�A?RCEMPGA?J�B?R?��

$CQAPG@GLE�$?R?��Z�����



( MUCTCP
�QGLAC�RFC�QAMPCQ�?PC�LSKCPGA?J�T?JSCQ
�RFGQ�AF?PR�BMCQLnR�

PC?JJW�K?IC�QCLQC��RFC�DGPQR�?LB�QCAMLB�@?PQ�?PC�DGTC�T?JSCQ�?N?PR
�

UFGJC� RFC� J?RCP� @?PQ� ?PC� MLJW� MLC� T?JSC� ?N?PR�� )R� UMSJB� @C� KMPC�

AMPPCAR�RM�RPC?R�RFC�FMPGXMLR?J�?VGQ�?Q�?�LSK@CP�JGLC��4FGQ�RWNC�MD�

EP?NF�GQ�A?JJCB�?�>?IJE=H7C ��

Histogram 

!�FGQRMEP?K�GQ�JGIC�?�@?P�EP?NF
�@SR�UFCPC�RFC�

FMPGXMLR?J�?VGQ�GQ�?�LSK@CP�JGLC�

�?)584-�	��

&MP�RFC�T?JSCQ�?@MTC
�?�FGQRMEP?K�U MSJB�JMMI�JGIC��

��� ��Z��$CQAPG@GLE�$?R?



. MRGAC� RF?R� GL� RFC� FGQRMEP?K
� ?� @?P� PCNPCQCLRQ� T?JSCQ� ML� RFC�

FMPGXMLR?J�?VGQ�DPMK�RF?R�ML�RFC�JCDR�F?LB�QGBC�MD�RFC�@?P�SN�RM
�@SR�

LMR� GLAJSBGLE
� RFC� T?JSC� ML� RFC� PGEFR� F?LB� QGBC� MD� RFC� @?P�� 3MKC�

NCMNJC�AFMMQC�RM�F?TC�@?PQ�QR?PR�?R�c�T?JSCQ�RM�?TMGB�RFGQ�?K@GESGRW��

5LDMPRSL?RCJW
� LMR� ?� JMR� MD� AMKKML� QMDRU?PC� N?AI?ECQ� A?L�

AMPPCARJW� EP?NF� ?� FGQRMEP?K�� !@MSR� RFC� @CQR� WMS� A?L� BM� GL� %VACJ�

MP�7MPB�GQ�?�@?P�EP?NF�UGRF�LM�E?N�@CRUCCL�RFC�@?PQ�?LB�QN?AGLE�

?BBCB�RM�QGKSJ?RC�?�LSKCPGA?J�FMPGXMLR?J�?VGQ��

$CQAPG@GLE�$?R?��Z�����



)D�UC�F?TC�?�J?PEC�LSK@CP�MD�UGBCJW�T?PWGLE�B?R?�T?JSCQ
�APC?RGLE�

?�DPCOSCLAW�R?@JC�RF?R�JGQRQ�CTCPW�NMQQG@JC�T?JSC�?Q�?�A?RCEMPW�UMSJB�

JC?B�RM�?L�CVACNRGML?JJW�JMLE�DPCOSCLAW�R?@JC
�?LB�NPM@?@JW�UMSJB�

LMR� PCTC?J� ?LW� N?RRCPLQ�� &MP� RFGQ� PC?QML
� GR� GQ� AMKKML� UGRF�

OS?LRGR?RGTC�B?R?�RM�EPMSN�B?R?�GLRM�9B7II�?DJ;HL7BI��

Class Intervals 

#J?QQ�GLRCPT?JQ�?PC�EPMSNGLEQ�MD�RFC�B?R?��)L�ECLCP?J
�

UC�BCDGLC�AJ?QQ�GLRCPT?JQ�QM�RF?R��

r� %?AF�GLRCPT?J�GQ�COS?J�GL�QGXC��&MP�CV?KNJC
�GD�RFC�

DGPQR�AJ?QQ�AMLR?GLQ�T?JSCQ�DPMK�����RM���� 
�RFC�

QCAMLB�AJ?QQ�QFMSJB�GLAJSBC�T?JSCQ�DPMK�����RM�

��� ��

r� 7 C�F?TC�QMKCUFCPC�@CRUCCL���?LB����AJ?QQCQ
�

RWNGA?JJW
�BCNCLBGLE�SNML�RFC�LSK@CP�MD�B?R?�

UCnPC�UMPIGLE�UGRF��

�?)584-�		�

3SNNMQC�RF?R�UC�F?TC�AMJJCARCB�UCGEFRQ�DPMK�����K?JC�

QS@HCARQ�?Q�N?PR�MD�?�LSRPGRGML�QRSBW��&MP�MSP�UCGEFR�B?R?
�

UC�F?TC�T?JSCQ�P?LEGLE�DPMK�?�JMU�MD�����NMSLBQ�RM�?�FGEF�

MD�����NMSLBQ
�EGTGLE�?�RMR?J�QN?L�MD����� �����������7 C�AMSJB�

APC?RC���GLRCPT?JQ�UGRF�?�UGBRF�MD�?PMSLB��� 
����GLRCPT?JQ�

��� ��Z��$CQAPG@GLE�$?R?



UGRF�?�UGBRF�MD�?PMSLB��� 
�MP�QMKCUFCPC�GL�@CRUCCL��/DRCL�

RGKC�UC�F?TC�RM�CVNCPGKCLR�UGRF�?�DCU�NMQQG@GJGRGCQ�RM�DGLB�

QMKCRFGLE�RF?R�PCNPCQCLRQ�RFC�B?R?�UCJJ��,CR�SQ�RPW�SQGLE�?L�

GLRCPT?J�UGBRF�MD�����7 C�AMSJB�QR?PR�?R����
�MP�?R�����QGLAC�GR�

GQ�?�LGAC�PMSLB�LSK@CP��

%DJ;HL7B� " H;GK;D9O�

���k ���� ��

���k ���� ���

���k ���� ���

���k ���� ���

���k ���� ���

���k ���� ��

���k �� �� ��

���k � ��� ��

� ��k ���� ��

���k ���� ��

!�FGQRMEP?K�MD�RFGQ�B?R?�UMSJB�JMMI�JGIC��

$CQAPG@GLE�$?R?��Z�����



)L� K?L W� QMDRU?PC� N?AI?ECQ
� WMS� A?L� APC?RC� ?� EP?NF� QGKGJ?P� RM� ?�

FGQRMEP?K�@W�NSRRGLE�RFC�AJ?QQ�GLRCPT?JQ�?Q�RFC�J?@CJQ�ML�?�@?P�AF?PR��

/RFCP�EP?NF�RWNCQ�QSAF�?Q�NGC�AF?PRQ�?PC�NMQQG@JC�DMP�OS?LRGR?RGTC�

B?R?�� 4FC� SQCDSJLCQQ� MD� BGDDCPCLR� EP?NF� RWNCQ� UGJJ� T?PW� BCNCLBGLE�

SNML� RFC� LSK@CP� MD� GLRCPT?JQ� ?LB� RFC� RWNC� MD� B?R?� @CGLE�

PCNPCQCLRCB��&MP�CV?KNJC
�?�NGC�AF?PR�MD�MSP�UCGEFR�B?R?�GQ�BGDDGASJR�

RM�PC?B�@CA?SQC�MD�RFC�OS?LRGRW�MD�GLRCPT?JQ�UC�SQCB��

��� ��Z��$CQAPG@GLE�$?R?



Try It Now 

4FC�RMR?J�AMQR�MD�RCVR@MMIQ�DMP�RFC�RCPK�U?Q�AMJJCARCB�

DPMK����QRSBCLRQ��#PC?RC�?�FGQRMEP?K�DMP�RFGQ�B?R?��
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7 FCL� AMJJCARGLE� B?R?� RM� AMKN?PC� RUM� EPMSNQ
� GR� GQ� BCQGP?@JC� RM�

APC?RC�?�EP?NF�RF?R�AMKN?PCQ�OS?LRGRGCQ��

�?)584-�	
�

4FC�B?R?�@CJMU�A?KC�DPMK�?�R?QI�GL�UFGAF�RFC�EM?J�GQ�RM�

KMTC�?�AMKNSRCP�KMSQC�RM�?�R?PECR�ML�RFC�QAPCCL�?Q�D?QR�?Q�

NMQQG@JC��/L����MD�RFC�RPG?JQ
�RFC�R?PECR�U?Q�?�QK?JJ�

PCAR?LEJC��ML�RFC�MRFCP���
�RFC�R?PECR�U?Q�?�J?PEC�PCAR?LEJC��

4GKC�RM�PC?AF�RFC�R?PECR�U?Q�PCAMPBCB�ML�C?AF�RPG?J��

$CQAPG@GLE�$?R?��Z�����



%DJ;HL7B�
�C?BB?I;9ED:I��

" H;GK;D9O��
IC7BB�J7H=;J�

" H;GK;D9O��
B7H=;�J7H=;J�

���k ���� �� ��

���k���� �� ��

���k���� �� ���

���k���� �� ��

���k ���� �� ��

���k� ��� �� ��

���k���� �� ��

����k ����� �� ��

����k ����� �� ��

/LC�MNRGML�RM�PCNPCQCLR�RFGQ�B?R?�UMSJB�@C�?�AMKN?P?RGTC�

FGQRMEP?K�MP�@?P�AF?PR
�GL�UFGAF�@?PQ�DMP�RFC�QK?JJ�R?PECR�

EPMSN�?LB�J?PEC�R?PECR�EPMSN�?PC�NJ?ACB�LCVR�RM�C?AF�MRFCP��

��� ��Z��$CQAPG@GLE�$?R?



Frequency Polygon 

!L�?JRCPL?RGTC�PCNPCQCLR?RGML�GQ�?�<H;GK;D9O�FEBO=ED��

!�DPCOSCLAW�NMJWEML�QR?PRQ�MSR�JGIC�?�FGQRMEP?K
�@SR�

GLQRC?B�MD�BP?UGLE�?�@?P
�?�NMGLR�GQ�NJ?ACB�GL�RFC�

KGBNMGLR�MD�C?AF�GLRCPT?J�?R�FCGEFR�COS?J�RM�RFC�

DPCOSCLAW��4WNGA?JJW�RFC�NMGLRQ�?PC�AMLLCARCB�UGRF�

QRP?GEFR�JGLCQ�RM�CKNF?QGXC�RFC�BGQRPG@SRGML�MD�RFC�B?R?��

�?)584-�	��

4FGQ�EP?NF�K?I CQ�GR�C?QGCP�RM�QCC�RF?R�PC?ARGML�RGKCQ�UCPC�

ECLCP?JJW�QFMPRCP�DMP�RFC�J?PECP�R?PECR
�?LB�RF?R�RFC�PC?ARGML�

RGKCQ�DMP�RFC�QK?JJCP�R?PECR�UCPC�KMPC�QNPC?B�MSR��

$CQAPG@GLE�$?R?��Z�����



Numerical Summaries of Data 

)R� GQ� MDRCL� BCQGP?@JC� RM� SQC� ?� DCU� LSK@CPQ� RM� QSKK?PGXC� ?�

BGQRPG@SRGML�� /LC� GKNMPR?LR� ?QNCAR� MD� ?� BGQRPG@SRGML� GQ� UFCPC� GRQ�

ACLRCP�GQ�JMA?RCB��- C?QSPCQ�MD�ACLRP?J�RCLBCLAW�?PC�BGQASQQCB�DGPQR��

!�QCAMLB�?QNCAR�MD�?�BGQRPG@SRGML�GQ�FMU�QNPC?B�MSR�GR�GQ�� )L�MRFCP�

UMPBQ
�FMU�KSAF�RFC�B?R?�GL�RFC�BGQRPG@SRGML�T?PW�DPMK�MLC�?LMRFCP��

4FC�QCAMLB�QCARGML�BCQAPG@CQ�KC?QSPCQ�MD�T?PG?@GJGRW��

Measures of Central Tendency 

,CRnQ�@CEGL�@W�RPWGLE�RM�DGLB�RFC�KMQR�pRWNGA?Jq�T?JSC�MD�?�B?R?�QCR��

. MRC�RF?R�UC�HSQR�SQCB�RFC�UMPB�pRWNGA?Jq�?JRFMSEF�GL�K?LW�A?QCQ�

WMS�KGEFR�RFGLI�MD�SQGLE�RFC�UMPB�p?TCP?EC�q�7 C�LCCB�RM�@C�A?PCDSJ�

UGRF� RFC� UMPB� p?TCP?ECq� ?Q� GR� KC?LQ� BGDDCPCLR� RFGLEQ� RM� BGDDCPCLR�

NCMNJC�GL�BGDDCPCLR�AMLRCVRQ��/LC�MD�RFC�KMQR�AMKKML�SQCQ�MD�RFC�

UMPB� p?TCP?ECq� GQ� UF?R� K?RFCK?RGAG?LQ� ?LB� QR?RGQRGAG?LQ� A?JJ� RFC�

7H?J>C;J?9� C;7D 
� MP� HSQR� NJ?GL� MJB�C;7D � DMP� QFMPR�� p!PGRFKCRGA�

KC?Lq�QMSLBQ�P?RFCP�D?LAW
�@SR�WMS�F?TC�JGICJW�A?JASJ?RCB�?�KC?L�

K?L W�RGKCQ�UGRFMSR�PC?JGXGLE�GR��RFC�KC?L�GQ�UF?R�KMQR�NCMNJC�RFGLI�

MD�UFCL�RFCW�SQC�RFC�UMPB�p?TCP?ECq��

Mean 

4FC�C;7D �MD�?�QCR�MD�B?R?�GQ�RFC�QSK�MD�RFC�B?R?�T?JSCQ�

BGTGBCB�@W�RFC�LSK@CP�MD�T?JSCQ��

��� ��Z��$CQAPG@GLE�$?R?



�?)584-�	��

-?P AGnQ�CV?K�QAMPCQ�DMP�FCP�J?QR�K?RF�AJ?QQ�UCPC���� 
���
�

��
�����4FC�KC ?L�MD�RFCQC�T?JSCQ�UMSJB�@C��

��4WNGA?JJW�UC�PMSLB�KC?LQ�RM�MLC�KMPC�BCAGK?J�NJ?AC�RF?L�

RFC�MPGEGL?J�B?R?�F?B��)L�RFGQ�A?QC
�UC�UMSJB�PMSLB�������RM�

������

�?)584-�	
�

4FC�LSK@CP�MD�RMSAFBMUL�	4$ 
�N?QQCQ�RFPMUL�@W�C?AF�MD�

RFC����RC?KQ�GL�RFC�.?RGML?J�&MMR@?JJ�,C?ESC�GL�RFC������

QC?QML�?PC�QFMUL�@CJMU��

� ��������������������� �����������������������

����������������������������������������������

!BBGLE�RFCQC�T?JSCQ
�UC�ECR�����RMR?J�4$Q��$GTGBGLE�@W���
�

RFC�LSK@CP�MD�B?R?�T?JSCQ
�UC�ECR�

��)R�UMSJB�@C�?NNPMNPG?RC�RM�PMSLB�RFGQ�RM�������

)R�UMSJB�@C�KMQR�AMPPCAR�DMP�SQ�RM�PCNMPR�RF?R�p4FC�KC?L�

LSK@CP�MD�RMSAFBMUL�N?QQCQ�RFPMUL�GL�RFC�.&,�GL�RFC�

�����QC ?QML�U?Q��� ���N?QQCQ
q�@SR�GR�GQ�LMR�SLAMKKML�RM�

QCC�RFC�KMPC�A?QS?J�UMPB�p?TCP?ECq�SQCB�GL�NJ?AC�MD�pKC?L�q�

$CQAPG@GLE�$?R?��Z���� �



Try It Now 

4FC�NPGAC�MD�?�H?P�MD�NC?LSR�@SRRCP�?R���QRMPCQ�U?Q��

����� 
������ 
���� �� 
���� ��
�?LB������ ��&GLB�RFC�KC?L�NPGAC��

�?)584-�	��

4FC�MLC�FSLBPCB�D?KGJGCQ�GL�?�N?PRGASJ?P�LCGEF@MPFMMB�

?PC�?QICB�RFCGP�?LLS?J�FMSQCFMJB�GLAMKC
�RM�RFC�LC?PCQR����

RFMSQ?LB�BMJJ?PQ��4FC�PCQSJRQ�?PC�QSKK?PGXCB�GL�?�

DPCOSCLAW�R?@JC�@CJMU��

%D9EC;�� J>EKI7D:I�E <�:EBB7HI �� " H;GK;D9O�

��� ��

��� ��

��� ���

��� ���

��� ���

��� ���

��� ���

��� ��

#?JASJ?RGLE�RFC�KC?L�@W�F?LB�AMSJB�ECR�RPGAIW�GD�UC�RPW�RM�

RWNC�GL�?JJ�����T?JSCQ��

�� � ��Z��$CQAPG@GLE�$?R?



7 C�AMSJB�A?JASJ?RC�RFGQ�KMPC�C?QGJW�@W�LMRGAGLE�RF?R�

?BBGLE����RM�GRQCJD�QGV�RGKCQ�GQ�RFC�Q?KC�?Q����e���������5 QGLE�

RFGQ�QGKNJGDGA?RGML
�UC�ECR�

4FC�KC?L�FMSQCFMJB�GLAMKC�MD�MSP�Q?KNJC�GQ������

RFMSQ?LB�BMJJ?PQ�	���
���
��

�?)584-�	��

%VRCLBGLE�MDD�RFC�J?QR�CV?KNJC
�QSNNMQC�?�LCU�D?KGJW�

KMTCQ�GLRM�RFC�LCGEF@MPFMMB�CV?KNJC�RF?R�F?Q�?�FMSQCFMJB�

GLAMKC�MD����KGJJGML�	������RFMSQ?LB
��!BBGLE�RFGQ�RM�MSP�

Q?KNJC
�MSP�KC?L�GQ�LMU��

7 FGJC������RFMSQ?LB�BMJJ?PQ�	���
��� 
�GQ�RFC�AMPPCAR�KC?L�

FMSQCFMJB�GLAMKC
�GR�LM�JMLECP�PCNPCQCLRQ�?�pRWNGA?Jq�T?JSC��

)K?EGLC�RFC�B?R?�T?JSCQ�ML�?�QCC�Q?U�MP�@?J?LAC�QA?JC��4FC�KC?L�GQ�

RFC�T?JSC�RF?R�ICCNQ�RFC�B?R?�GL�@?J?LAC
�JGIC�GL�RFC�NGARSPC�@CJMU��

)D�UC�EP?NF�MSP�FMSQCFMJB�B?R?
�RFC����KGJJGML�B?R?�T?JSC�GQ�QM�D?P�

$CQAPG@GLE�$?R?��Z�����



MSR�RM�RFC�PGEFR�RF?R�RFC�KC?L�F?Q�RM�?BHSQR�SN�RM� ICCN�RFGLEQ�GL�

@?J?LAC�

&MP� RFGQ� PC?QML
� UFCL� UMPIGLE� UGRF� B?R?� RF?R� F?TC�

EKJB?;HI l T?JSCQ�D?P�MSRQGBC�RFC�NPGK?PW�EPMSNGLElGR�GQ�AMKKML�RM�

SQC�?�BGDDCPCLR�KC?QSPC�MD�ACLRCP
�RFC�C;:?7D ��

Median 

4FC�C;:?7D �MD�?�QCR�MD�B?R?�GQ�RFC�T?JSC�GL�RFC�KGBBJC�

UFCL�RFC�B?R?�GQ�GL�MPBCP��

4M�DGLB�RFC�KCBG?L
�@CEGL�@W�JGQRGLE�RFC�B?R?�GL�MPBCP�

DPMK�QK?JJCQR�RM�J?PECQR
�MP�J?PECQR�RM�QK?JJCQR��

)D�RFC�LSK@CP�MD�B?R?�T?JSCQ
�' 
�GQ�MBB
�RFCL�RFC�

KCBG?L�GQ�RFC�KGBBJC�B?R?�T?JSC��4FGQ�T?JSC�A?L�@C�DMSLB�

@W�PMSLBGLE�' ���SN�RM�RFC�LCVR�UFMJC�LSK@CP��

)D�RFC�LSK@CP�MD�B?R?�T?JSCQ�GQ�CTCL
�RFCPC�GQ�LM�MLC�

KGBBJC�T?JSC
�QM�UC�DGLB�RFC�KC?L�MD�RFC�RUM�KGBBJC�

T?JSCQ�	T?JSCQ�' ���?LB� ' ������
�

�?)584-�	��

2CRSPLGLE�RM�RFC�DMMR@?JJ�RMSAFBMUL�B?R?
�UC�UMSJB�QR?PR�

��� ��Z��$CQAPG@GLE�$?R?



@W�JGQRGLE�RFC�B?R?�GL�MPBCP��,SAIGJW
�GR�U?Q�?JPC?BW�GL�

BCAPC?QGLE�MPBCP
�QM�UC�A?L�UMPI�UGRF�GR�UGRFMSR�LCCBGLE�

RM�PCMPBCP�GR�DGPQR��

� ��������������������� �����������������������

����������������������������������������������

3GLAC�RFCPC�?PC����B? R?�T?JSCQ
�?L�MBB�LSK@CP
�RFC�

KCBG?L�UGJJ�@C�RFC�KGBBJC�LSK@CP
�RFC���RF�B?R?�T?JSC�


�PMSLB�SN�RM���
�JC?TGLE����T?JSCQ�@CJMU�?LB����?@MTC
��4FC�

��RF�B?R?�T?JSC�GQ���
�QM�RFC�KCBG?L�LSK@CP�MD�RMSAFBMUL�

N?QQCQ�GL�RFC������QC?QML�U?Q����N?QQCQ��.MRGAC�RF?R�DMP�

RFGQ�B?R?
�RFC�KCBG?L�GQ�D?GPJW�AJMQC�RM�RFC�KC?L�UC�

A?JASJ?RCB�C?PJGCP
��� ����

�?)584-�	��

&GLB�RFC�KCBG?L�MD�RFCQC�OSGX�QAMPCQ�����������������������

7 C�QR?PR�@W�JGQRGLE�RFC�B?R?�GL�MPBCP�����������������������

3GLAC�RFCPC�?PC����B? R?�T?JSCQ
�?L�CTCL�LSK@CP
�RFCPC�GQ�

LM�MLC�KGBBJC�LSK@CP��3M�UC�DGLB�RFC�KC?L�MD�RFC�RUM�

KGBBJC�LSK@CPQ
���?LB��
�?LB�ECR�

��

4FC�KCBG?L�OSGX�QAMPC�U?Q������
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Try It Now 

4FC�NPGAC�MD�?�H?P�MD�NC?LSR�@SRRCP�?R���QRMPCQ�UCPC��

����� 
������ 
���� �� 
���� ��
�?LB������ ��&GLB�RFC�KCBG?L�

NPGAC��

�?)584-�
��

,CR�SQ�PCRSPL�LMU�RM�MSP�MPGEGL?J�FMSQCFMJB�GLAMKC�B?R?��

%D9EC;�� J>EKI7D:I�E <�:EBB7HI �� " H;GK;D9O�
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��� ��

��� ���

��� ���

��� ���

��� ���

��� ���

��� ��

( CPC�UC�F?TC�����B? R?�T?JSCQ��)D�UC�BGBLnR�?JPC?BW�ILMU�

RF?R
�UC�AMSJB�DGLB�GR�@W�?BBGLE�RFC�DPCOSCLAGCQ��3GLAC�����GQ�

?L�CTCL�LSK@CP
�UC�LCCB�RM�DGLB�RFC�KC?L�MD�RFC�KGBBJC�

��� ��Z��$CQAPG@GLE�$?R?



RUM�B?R?�T?JSCQ��RFC���RF�?LB���QR�B?R?�T?JSCQ��4M�DGLB�

RFCQC
�UC�QR?PR�AMSLRGLE�SN�DPMK�RFC�@MRRMK��

4FCPC�?PC���B?R?�T?JSCQ�MD����
�QM�T?JSCQ���RM���?PC�

����RFMSQ?LB�

4FC�LCVR���B?R?�T?JSCQ�?PC���� 
�QM�T?JSCQ���RM�	��� 
� ���

?PC�����RFMSQ?LB�

4FC�LCVR����B?R?�T?JSCQ�?PC����
�QM �T?JSCQ����RM�

	��� ��
����?P C�����RFMSQ?LB�

4FC�LCVR����B?R?�T?JSCQ�?PC���� 
�QM�T?JSCQ����RM�

	��� ��
����?P C�����RFMSQ?LB�

4FC�LCVR����B?R?�T?JSCQ�?PC����
�QM�T?JSCQ����RM�

	��� �� 
����?P C�����RFMSQ?LB�

&PMK�RFGQ�UC�A?L�RCJJ�RF?R�T?JSCQ����?LB����UGJJ�@C�����

RFMSQ?LB
�?LB�RFC�KC?L�MD�RFCQC�RUM�T?JSCQ�GQ�����

RFMSQ?LB��4FC�KCBG?L�GLAMKC�GL�RFGQ�LCGEF@MPFMMB�GQ�����

RFMSQ?LB��

�?)584-�
	�

)D�UC�?BB�GL�RFC�LCU�LCGEF@MP�UGRF�?����KGJJGML�

FMSQCFMJB�GLAMKC
�RFCL�RFCPC�UGJJ�@C�����B?R?�T?JSCQ
�?LB�

RFC���QR�T?JSC�UGJJ�@C�RFC�KCBG?L��!Q�UC�BGQAMTCPCB�GL�RFC�

J?QR�CV?KNJC
�RFC���QR�T?JSC�GQ�����RFMSQ?LB��.MRGAC�RF?R�RFC�

LCU�LCGEF@MP�BGB�LMR�?DDCAR�RFC�KCBG?L�GL�RFGQ�A?QC��4FC�

KCBG?L�GQ�LMR�QU?WCB�?Q�KSAF�@W�MSRJGCPQ�?Q�RFC�KC?L�GQ��

)L�?BBGRGML�RM�RFC�KC?L�?LB�RFC�KCBG?L
�RFCPC�GQ�MLC�MRFCP�AMKKML�

KC?QSPCKCLR�MD�RFC�pRWNGA?Jq�T?JSC�MD�?�B?R?�QCR��RFC�CE:; ��

$CQAPG@GLE�$?R?��Z�����



Mode 

4FC�CE:; �GQ�RFC�CJCKCLR�MD�RFC�B?R?�QCR�RF?R�MAASPQ�

KMQR�DPCOSCLRJW��

4FC�KMBC�GQ�D?GPJW�SQCJCQQ�UGRF�B?R?�JGIC�UCGEFRQ�MP�FCGEFRQ�UFCPC�

RFCPC� ?PC� ?� J?PEC� LSK@CP� MD� NMQQG@JC� T?JSCQ�� 4FC� KMBC� GQ� KMQR�

AMKKMLJW� SQCB� DMP� A?RCEMPGA?J� B?R?
� DMP� UFGAF� KCBG?L� ?LB� KC?L�

A?LLMR�@C�AMKNSRCB��

�?)584-�

�

)L�MSP�TCFGAJC�AMJMP�QSPTCW
�UC�AMJJCARCB�RFC�B?R?�

�E BEH� " H;GK;D9O�

" JSC� ��

'P CCL� ��

2CB� ��

7 FGRC� ��

" J?AI� ��

'P CW� ��

&MP�RFGQ�B?R?
�'PCCL�GQ�RFC�KMBC
�QGLAC�GR�GQ�RFC�B?R?�T?JSC�

RF?R�MAASPPCB�RFC�KMQR�DPCOSCLRJW��

��� ��Z��$CQAPG@GLE�$?R?



)R�GQ�NMQQG@JC�DMP�?�B?R?�QCR�RM�F?TC�KMPC�RF?L�MLC�KMBC�GD�QCTCP?J�

A?RCEMPGCQ� F?TC� RFC� Q?KC� DPCOSCLAW
� MP� LM� KMBCQ� GD� C?AF� CTCPW�

A?RCEMPW�MAASPQ�MLJW�MLAC��

Try It Now 

2CTGCUCPQ�UCPC�?QICB�RM�P?RC�?�NPMBSAR�ML�?�QA?JC�MD���

RM����&GLB�

��� 4FC�KC?L�P?RGLE�

��� 4FC�KCBG?L�P?RGLE�

��� 4FC�KMBC�P?RGLE�

-7 J?D=� " H;GK;D9O�

�� ��

�� ��

�� ��

�� ��

�� ��

Measures of Variation 

#MLQGBCP�RFCQC�RFPCC�QCRQ�MD�OSGX�QAMPCQ��

3CARGML�!����������������������

3CARGML�"���������������������������

3CARGML�#����������������������

$CQAPG@GLE�$?R?��Z�����



!JJ�RFPCC�MD�RFCQC�QCRQ�MD�B?R?�F?TC�?�KC?L�MD���?LB�KCBG?L�MD��
�WCR�

RFC�QCRQ�MD�QAMPCQ�?PC�AJC?PJW�OSGRC�BGDDCPCLR��)L�QCARGML�!
�CTCPWMLC�

F?B�RFC�Q?KC�QAMPC��GL�QCARGML� "�F?JD�RFC�AJ?QQ� EMR�LM�NMGLRQ�?LB�

RFC� MRFCP� F?JD� EMR� ?� NCPDCAR� QAMPC
� ?QQSKGLE� RFGQ� U?Q� ?� ���NMGLR�

OSGX��3CARGML�#�U?Q�LMR�?Q�AMLQGQRCLR�?Q�QCARGML�!
�@SR�LMR�?Q�UGBCJW�

T?PGCB�?Q�QCARGML�"��

)L�?BBGRGML�RM�RFC�KC?L�?LB�KCBG?L
�UFGAF�?PC�KC?QSPCQ�MD�RFC�

pRWNGA?Jq�MP�pKGBBJCq�T?JSC
�UC�?JQM�LCCB�?�KC?QSPC�MD�FMU�pQNPC?B�

MSRq�MP�T?PGCB�C?AF�B?R?�QCR�GQ��

4FCPC�?PC�QCTCP?J�U?WQ�RM�KC?QSPC�RFGQ�pQNPC?Bq�MD�RFC�B?R?��4FC�

DGPQR�GQ�RFC�QGKNJCQR�?LB�GQ�A?JJCB�RFC�H7D=; ��

Range 

4FC�P?LEC�GQ�RFC�BGDDCPCLAC�@CRUCCL�RFC�K?VGKSK�

T?JSC�?LB�RFC�KGLGKSK�T?JSC�MD�RFC�B?R?�QCR��

�?)584-�
��

5 QGLE�RFC�OSGX�QAMPCQ�DPMK�?@MTC
�

r� &MP�QCARGML�!
�RFC�P?LEC�GQ���QGLAC�@MRF�K?VGKSK�

?LB�KGLGKSK�?PC���?LB�� �k�� �� ���

r� &MP�QCARGML�"
�RFC�P?LEC�GQ����QGLAC��� �k�� �� ����

r� &MP�QCARGML�#
�RFC�P?LEC�GQ���QGLAC�� �k�� �� ���

��� ��Z��$CQAPG@GLE�$?R?



)L�RFC�J?QR�CV?KNJC
�RFC�P?LEC�QCCKQ�RM�@C�PCTC?JGLE�FMU�QNPC?B�MSR�

RFC�B?R?�GQ�� (MUCTCP
�QSNNMQC�UC�?BB�?�DMSPRF�QCARGML
�3CARGML�$
�

UGRF�QAMPCQ��������������������� ��

4FGQ�QCARGML�?JQM�F?Q�?�KC?L�?LB�KCBG?L�MD����4FC�P?LEC�GQ���
�WCR�

RFGQ�B?R?�QCR�GQ�OSGRC�BGDDCPCLR�RF?L�3CARGML�"��4M�@CRRCP�GJJSKGL?RC�

RFC�BGDDCPCLACQ
�UCnJJ�F?TC�RM�RSPL�RM�KMPC�QMNFGQRGA?RCB�KC?QSPCQ�

MD�T?PG?RGML��

Standard Deviation 

4FC�QR?LB?PB�BCTG?RGML�GQ�?�KC?QSPC�MD�T?PG?RGML�@?QCB�

ML�KC?QSPGLE�FMU�D?P�C?AF�B?R?�T?JSC�BCTG?RCQ
�MP�GQ�

BGDDCPCLR
�DPMK�RFC�KC?L��!�DCU�GKNMPR?LR�

AF?P?ARCPGQRGAQ��

r� 3R?LB?PB�BCTG?RGML�GQ�?JU?WQ�NMQGRGTC��3R?LB?PB�

BCTG?RGML�UGJJ�@C�XCPM�GD�?JJ�RFC�B?R?�T?JSCQ�?PC�

COS?J
�?LB�UGJJ�ECR�J?PECP�?Q�RFC�B?R?�QNPC?BQ�MSR��

r� 3R?LB?PB�BCTG?RGML�F?Q�RFC�Q?KC�SLGRQ�?Q�RFC�

MPGEGL?J�B?R?��

r� 3R?LB?PB�BCTG?RGML
�JGIC�RFC�KC?L
�A?L�@C�FGEFJW�

GLDJSCLACB�@W�MSRJGCPQ��

5 QGLE� RFC� B?R?� DPMK� QCARGML� $
� UC� AMSJB� AMKNSRC� DMP� C?AF� B?R?�

T?JSC�RFC�BGDDCPCLAC�@CRUCCL�RFC�B?R?�T?JSC�?LB�RFC�KC?L��

$CQAPG@GLE�$?R?��Z�����



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

�� ��u�����u��

�� ��u�������

�� ��u�������

�� ��u�������

�� ��u�������

�� ��u�������

�� ��u�������

�� ��u�������

�� ��u�������

��� ���u�������

7 C� UMSJB� JGIC� RM� ECR� ?L� GBC?� MD� RFC� p?TCP?ECq� BCTG?RGML� DPMK� RFC�

KC?L
�@SR�GD�UC�DGLB�RFC�?TCP?EC�MD�RFC�T?JSCQ�GL�RFC�QCAMLB�AMJSKL�

RFC� LCE?RGTC� ?LB� NMQGRGTC� T?JSCQ� A?LACJ� C?AF� MRFCP� MSR� 	RFGQ� UGJJ�

?JU?WQ� F?NNCL

� QM� RM� NPCTCLR� RFGQ� UC� QOS?PC� CTCPW� T?JSC� GL� RFC�

QCAMLB�AMJSKL��

:7 J7�L7BK;� :;L?7 J?ED��:7J7�L7BK;�Y�C;7D� :;L?7 J?ED�IGK7H;:�

�� �u����u�� 	u�
 � ������

�� ��u������� � � �����

�� �������� � � �����

�� ��u������� � � �����

�� ��u������� � � �����

�� ��u������� � � �����

�� ��u������� � � �����

�� ��u������� � � �����

�� ��u������� � � �����

��� ���u������� 	�
 � ������

7 C�RFCL�?BB�RFC�QOS?PCB�BCTG?RGMLQ�SN�RM�ECR��������������������������

������������������� ��/P BGL?PGJW�UC�UMSJB�RFCL�BGTGBC�@W�RFC�LSK@CP�

��� ��Z��$CQAPG@GLE�$?R?



MD�QAMPCQ
�E
�	GL�RFGQ�A?QC
���
�RM�DGLB�RFC�KC?L�MD�RFC�BCTG?RGMLQ��"SR�

UC�MLJW�BM�RFGQ�GD�RFC�B?R?�QCR�PCNPCQCLRQ�?�NMNSJ?RGML��GD�RFC�B?R?�QCR�

PCNPCQCLRQ�?�Q?KNJC�	?Q�GR�?JKMQR�?JU?WQ�BMCQ

�UC�GLQRC?B�BGTGBC�@W�

E�u���	GL�RFGQ�A?QC
����u�� �� �� 
���

3M� GL� MSP� CV?KNJC
� UC� UMSJB� F?TC� �� ���� �� �� GD� QC ARGML� $�

PCNPCQCLRQ� ?� NMNSJ?RGML� ?LB� ����� �� ?@MSR� ����� GD� QCARGML� $�

PCNPCQCLRQ� ?� Q?KNJC�� 4FCQC� T?JSCQ� 	�� ?LB� ���� 
� ?PC� A?JJCB
�

PCQNCARGTCJW
�RFC�FEFKB7J?ED�L7H?7D9;�?LB�RFC�I7C FB;�L7H?7D9;�DMP�

QCARGML�$��

6?PG?LAC� A?L� @C� ?� SQCDSJ� QR?RGQRGA?J� AMLACNR
� @SR� LMRC� RF?R� RFC�

SLGRQ� MD� T?PG?LAC� GL� RFGQ� GLQR?LAC� UMSJB� @C� NMGLRQ�QOS?PCB� QGLAC�

UC� QOS?PCB� ?JJ� MD� RFC� BCTG?RGMLQ�� 7F?R� ?PC� NMGLRQ�QOS?PCB � 'MMB�

OSCQRGML�� 7C� UMSJB� P?RFCP� BC?J� UGRF� RFC� SLGRQ� UC� QR?PRCB� UGRF�

	NMGLRQ�GL�RFGQ�A?QC

�QM�RM�AMLTCPR�@?AI�UC�R?IC�RFC�QOS?PC�PMMR�?LB�

ECR��

NMNSJ?RGML� QR?LB?PB� BCTG?RGML�

MP�

NMNSJ?RGML� QR?LB?PB� BCTG?RGML�

)D�UC�?PC�SLQSPC�UFCRFCP�RFC�B?R?�QCR�GQ�?�Q?KNJC�MP�?�NMNSJ?RGML
�

�� �4FC�PC?QML�UC�BM�RFGQ�GQ�FGEFJW�RCAFLGA?J
�@SR�UC�A?L�QCC�

FMU�GR�KGEFR�@C�SQCDSJ�@W�AMLQGBCPGLE�RFC�A?QC�MD�?�QK?JJ�

Q?KNJC�DPMK�?�NMNSJ?RGML�RF?R�AMLR?GLQ�?L�MSRJGCP
�UFGAF�

UMSJB�GLAPC?QC�RFC�?TCP?EC�BCTG?RGML��RFC�MSRJGCP�TCPW�

JGICJW�UML�R�@C�GLAJSBCB�GL�RFC�Q?KNJC
�QM�RFC�KC?L�

BCTG?RGML�MD�RFC�Q?KNJC�UMSJB�SLBCPCQRGK?RC�RFC�KC?L�

BCTG?RGML�MD�RFC�NMNSJ?RGML��RFSQ�UC�BGTGBC�@W�?�QJGEFRJW�

QK?JJCP�LSK@CP�RM�ECR�?�QJGEFRJW�@GEECP�?TCP?EC�

BCTG?RGML��

$CQAPG@GLE�$?R?��Z�����



UC� UGJJ� SQS?JJW� ?QQSKC� GR� GQ� ?� Q?KNJC
� ?LB� UC� UGJJ� PMSLB� ?LQUCPQ�

RM�MLC�KMPC�BCAGK?J�NJ?AC�RF?L�RFC�MPGEGL?J�B?R?
�?Q�UC�F?TC�BMLC�

?@MTC��

To compute standard deviation: 

��� &GLB�RFC�BCTG?RGML�MD�C?AF�B?R?�DPMK�RFC�KC?L��

)L�MRFCP�UMPBQ
�QS@RP?AR�RFC�KC?L�DPMK�RFC�B?R?�

T?JSC��

��� 3OS?PC�C?AF�BCTG?RGML��

��� !BB�RFC�QOS?PCB�BCTG?RGMLQ��

��� $GTGBC�@W�E
�RFC�LSK@CP�MD�B?R?�T?JSCQ
�GD�RFC�

B?R?�PCNPCQCLRQ�?�UFMJC�NMNSJ?RGML��BGTGBC�@W�E�u���

GD�RFC�B?R?�GQ�DPMK�?�Q?KNJC��

��� #MKNSRC�RFC�QOS?PC�PMMR�MD�RFC�PCQSJR��

�?)584-�
��

#MKNSRGLE�RFC�QR?LB?PB�BCTG?RGML�DMP�3CARGML�"�?@MTC
�

UC�DGPQR�A?JASJ?RC�RF?R�RFC�KC?L�GQ����5QGLE�?�R?@JC�A?L�FCJN�

I CCN�RP?AI�MD�WMSP�AMKNSR?RGMLQ�DMP�RFC�QR?LB?PB�BCTG?RGML��

��� ��Z��$CQAPG@GLE�$?R?



:7 J7�
L7BK;�

:;L?7 J?ED��:7J7�L7BK;�Y�
C;7D�

:;L?7 J?ED�
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�� 	�
 � ������

!QQSKGLE�RFGQ�B?R?�PCNPCQCLRQ�?�NMNSJ?RGML
�UC�UGJJ�?BB�

RFC�QOS?PCB�BCTG?RGMLQ
�BGTGBC�@W���
�RFC�LSK@CP�MD�B?R?�

T?JSCQ
�?LB�AMKNSRC�RFC�QOS?PC�PMMR��

. MRGAC�RF?R�RFC�QR?LB?PB�BCTG?RGML�MD�RFGQ�B?R?�QCR�GQ�

KSAF�J?PECP�RF?L�RF?R�MD�QCARGML�$�QGLAC�RFC�B?R?�GL�RFGQ�QCR�

GQ�KMPC�QNPC?B�MSR��

&MP�AMKN?PGQML
�RFC�QR?LB?PB�BCTG?RGMLQ�MD�?JJ�DMSP�QCARGMLQ�?PC��

3CARGML�!���������������������� 3R?LB?PB�BCTG?RGML����

3CARGML�"��������������������������� 3R?LB?PB�BCTG?RGML����

3CARGML�#���������������������� 3R?LB?PB�BCTG?RGML������

3CARGML�$����������������������� 3R?LB?PB�BCTG?RGML������

$CQAPG@GLE�$?R?��Z���� �



Try It Now 

4FC�NPGAC�MD�?�H?P�MD�NC?LSR�@SRRCP�?R���QRMPCQ�UCPC��

����� 
������ 
���� �� 
���� ��
�?LB������ ��&GLB�RFC�QR?LB?PB�

BCTG?RGML�MD�RFC�NPGACQ��

7 FCPC� QR?LB?PB� BCTG?RGML� GQ� ?� KC?QSPC� MD� T?PG?RGML� @?QCB� ML� RFC�

KC?L
�GK7HJ?B;I�?PC�@?QCB�ML�RFC�KCBG?L��

Quartiles 

1S?PRGJCQ�?PC�T?JSCQ�RF?R�BGTGBC�RFC�B?R?�GL�OS?PRCPQ��

4FC�DGPQR�OS?PRGJC�	1 � 
�GQ�RFC�T?JSC�QM�RF?R�����M D�RFC�

B?R?�T?JSCQ�?PC�@CJMU�GR��RFC�RFGPB�OS?PRGJC�	1 � 
�GQ�RFC�

T?JSC�QM�RF?R�����M D�RFC�B?R?�T?JSCQ�?PC�@CJMU�GR��9MS�

K? W�F?TC�ESCQQCB�RF?R�RFC�QCAMLB�OS?PRGJC�GQ�RFC�Q?KC�

?Q�RFC�KCBG?L
�QGLAC�RFC�KCBG?L�GQ�RFC�T?JSC�QM�RF?R�����

MD�RFC�B?R?�T?JSCQ�?PC�@CJMU�GR��

4FGQ�BGTGBCQ�RFC�B?R?�GLRM�OS?PRCPQ������MD�RFC�B?R?�GQ�

@CRUCCL�RFC�KGLGKSK�?LB�1� 
�����GQ�@CRUCCL�1 � �?LB�

RFC�KCBG?L
�����GQ�@CRUCCL�RFC�KCBG?L�?LB�1� 
�?LB�

����GQ�@CRUCCL�1 � �?LB�RFC�K?VGKSK�T?JSC�

��� ��Z��$CQAPG@GLE�$?R?



7 FGJC� OS?PRGJCQ� ?PC� LMR� ?� ��LSK@CP� QSKK?PW� MD� T?PG?RGML� JGIC�

QR?LB?PB� BCTG?RGML
� RFC� OS?PRGJCQ� ?PC� SQCB� UGRF� RFC� KCBG?L
�

KGLGKSK
�?LB�K?VGKSK�T?JSCQ�RM�DMPK�?���D KC8;H�IKCC7H O�MD�RFC�

B?R?��

Five number summary 

4FC�DGTC�LSK@CP�QSKK?PW�R?ICQ�RFGQ�DMPK��

-GLGKSK
�1 � 
�- CBG?L
�1� 
�-?VGKSK�

4M�DGLB�RFC�DGPQR�OS?PRGJC
�UC�LCCB�RM�DGLB�RFC�B?R?�T?JSC�QM�RF?R�����

MD�RFC�B?R?�GQ�@CJMU�GR��)D�E�GQ�RFC�LSK@CP�MD�B?R?�T?JSCQ
�UC�AMKNSRC�

?�JMA?RMP�@W�DGLBGLE�����MD�E��)D�RFGQ�JMA?RMP�GQ�?�BCAGK?J�T?JSC
�UC�

PMSLB�SN
�?LB�DGLB�RFC�B?R?�T?JSC�GL�RF?R�NMQGRGML��)D�RFC�JMA?RMP�GQ�?�

UFMJC�LSK@CP
�UC�DGLB�RFC�KC?L�MD�RFC�B?R?�T?JSC�GL�RF?R�NMQGRGML�

?LB�RFC�LCVR�B?R?�T?JSC��4FGQ�GQ�GBCLRGA?J�RM�RFC�NPMACQQ�UC�SQCB�RM�

DGLB�RFC�KCBG?L
�CVACNR�UC�SQC�����M D�RFC�B?R?�T?JSCQ�P?RFCP�RF?L�

F?JD�RFC�B?R?�T?JSCQ�?Q�RFC�JMA?RMP��

To find the first quartile, Q1 

"CEGL�@W�MPBCPGLE�RFC�B?R?�DPMK�QK?JJCQR�RM�J?PECQR�

#MKNSRC�RFC�JMA?RMP��%���� ��� E�

$CQAPG@GLE�$?R?��Z�����



)D�%�GQ�?�BCAGK?J�T?JSC��

r� 2MSLB�SN�RM�%��

r� 5 QC�RFC�B?R?�T?JSC�GL�RFC�%� RF�NMQGRGML�

)D�%�GQ�?�UFMJC�LSK@CP��

r� &GLB�RFC�KC?L�MD�RFC�B?R?�T?JSCQ�GL�RFC�%RF�?LB�

%����RF�NMQGRGMLQ��

To find the third quartile, Q3 

5 QC�RFC�Q?KC�NPMACBSPC�?Q�DMP�1� ,���� ��� E�

%V?KNJCQ�QFMSJB�FCJN�K?IC�RFGQ�AJC?PCP��

�?)584-�

�

3SNNMQC�UC�F?TC�KC?QSPCB���DCK?JCQ�?LB�RFCGP�FCGEFRQ�

	GL�GLAFCQ

�QMPRCB�DPMK�QK?JJCQR�RM�J?PECQR�?PC��

���������������� �����������

4M�DGLB�RFC�DGPQR�OS?PRGJC�UC�DGPQR�AMKNSRC�RFC�JMA?RMP��

��� ��Z��$CQAPG@GLE�$?R?



����M D���GQ�%���� ���	 � 
���������3 GLAC�RFGQ�T?JSC�GQ�LMR�?�UFMJC�

LSK@CP
�UC�PMSLB�SN�RM����4FC�DGPQR�OS?PRGJC�UGJJ�@C�RFC�

RFGPB�B?R?�T?JSC�����GLAFCQ��

4M�DGLB�RFC�RFGPB�OS?PRGJC
�UC�?E?GL�AMKNSRC�RFC�JMA?RMP��

����M D���GQ�����	 � 
����� ����3 GLAC�RFGQ�T?JSC�GQ�LMR�?�UFMJC�

LSK@CP
�UC�PMSLB�SN�RM����4FC�RFGPB�OS?PRGJC�UGJJ�@C�RFC�

QCTCLRF�B?R?�T?JSC�����GLAFCQ��

�?)584-�
��

3SNNMQC�UC�F?B�KC?QSPCB���DCK?JCQ�?LB�RFCGP�FCGEFRQ�	GL�

GLAFCQ

�QMPRCB�DPMK�QK?JJCQR�RM�J?PECQR�?PC��

���������������� ��������

4M�DGLB�RFC�DGPQR�OS?PRGJC�UC�DGPQR�AMKNSRC�RFC�JMA?RMP��

����M D���GQ�%���� ���	 � 
������3 GLAC�RFGQ�T?JSC�@J�?�UFMJC�

LSK@CP
�UC�UGJJ�DGLB�RFC�KC?L�MD�RFC��LB�?LB��PB�B?R?�

T?JSCQ��	�����
�������
�QM�RFC�D GPQR�OS?PRGJC�GQ����GLAFCQ��

4FC�RFGPB�OS?PRGJC�GQ�AMKNSRCB�QGKGJ?PJW
�SQGLE�����

GLQRC?B�MD������ %���� ���	 � 
������4FGQ�GQ�?�UFMJC�LSK@CP
�QM�

UC�UGJJ�DGLB�RFC�KC?L�MD�RFC��RF�?LB��RF�B?R?�T?JSCQ��

	� � ��� 
�������
�QM�1 � �GQ�����

. MRC�RF?R�RFC�KCBG?L�AMSJB�@C�AMKNSRCB�RFC�Q?KC�U?W
�

SQGLE������

4FC���LSK@CP�QSKK?PW�AMK@GLCQ�RFC�DGPQR�?LB�RFGPB�OS?PRGJC�UGRF�

RFC�KGLGKSK
�KCBG?L
�?LB�K?VGKSK�T?JSCQ��

$CQAPG@GLE�$?R?��Z�����
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��

&MP�RFC���DCK?JC�Q?KNJC
�RFC�KCBG?L�GQ���
�RFC�KGLGKSK�

GQ���
�?LB�RFC�K?VGKSK�GQ�����4FC���LSK@CP�QSKK?PW�GQ����
�

��
���
��� 
�����

&MP�RFC���DCK?JC�Q?KNJC
�RFC�KCBG?L�GQ���
�RFC�KGLGKSK�

GQ���
�?LB�RFC�K?VGKSK�GQ���
�QM�RFC���LSK@CP�QSKK?PW�

UMSJB�@C����
���
���
���
��� ��

�?)584-�
��

2CRSPLGLE�RM�MSP�OSGX�QAMPC�B?R?��)L�C?AF�A?QC
�RFC�DGPQR�

OS?PRGJC�JMA?RMP�GQ�����	�� 
������
�QM�RFC�DGPQR�OS?PRGJC�UGJJ�@C�

RFC��PB�B?R?�T?JSC
�?LB�RFC�RFGPB�OS?PRGJC�UGJJ�@C�RFC��RF�

B?R?�T?JSC��#PC?RGLE�RFC�DGTC�LSK@CP�QSKK?PGCQ��

.;9J?ED�7D:�:7 J7� ��D KC8;H�IKCC7H O�

3CARGML�!���������������������� �
��
��
��
���

3CARGML�"��������������������������� � 
�� 
��
��� 
����

3CARGML�#���������������������� �
��
��
��
���

3CARGML�$����������������������� � 
��
��
��
����

/D� AMSPQC
� UGRF� ?� PCJ?RGTCJW� QK?JJ� B?R?� QCR
� DGLBGLE� ?� DGTC�LSK@CP�

QSKK?PW�GQ�?�@GR�QGJJW
�QGLAC�RFC�QSKK?PW�AMLR?GLQ�?JKMQR�?Q�K?LW�

T?JSCQ�?Q�RFC�MPGEGL?J�B?R?��

��� ��Z��$CQAPG@GLE�$?R?



Try It Now 

4FC�RMR?J�AMQR�MD�RCVR@MMIQ�DMP�RFC�RCPK�U?Q�AMJJCARCB�

DPMK����QRSBCLRQ��&GLB�RFC���LSK@CP�QSKK?PW�MD�RFGQ�

B?R?��
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�?)584-�
��

2CRSPLGLE�RM�RFC�FMSQCFMJB�GLAMKC�B?R?�DPMK�C?PJGCP
�

APC?RC�RFC�DGTC�LSK@CP�QSKK?PW��

$CQAPG@GLE�$?R?��Z�����
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���� ��

��� ��

��� ���

��� ���

��� ���

��� ���

��� ���

��� ��

" W�?BBGLE�RFC�DPCOSCLAGCQ
�UC�A?L�QCC�RFCPC�?PC�����B? R?�

T?JSCQ�PCNPCQCLRCB�GL�RFC�R?@JC��)L�%V?KNJC���
�UC�DMSLB�

RFC�KCBG?L�U?Q�����RFMSQ?LB��7C�A?L�QCC�GL�RFC�R?@JC�RF?R�

RFC�KGLGKSK�GLAMKC�GQ�����RFMSQ?LB
�?LB�RFC�K?VGKSK�GQ�

����RFMSQ?LB��

4M�DGLB�1� 
�UC�A?JASJ?RC�RFC�JMA?RMP��%���� ���	��� 
�������

4FGQ�GQ�?�UFMJC�LSK@CP
�QM�1� �UGJJ�@C�RFC�KC?L�MD�RFC���RF�

?LB���RF�B?R?�T?JSCQ��

#MSLRGLE�SN�GL�RFC�B?R?�?Q�UC�BGB�@CDMPC
�

4FCPC�?PC���B?R?�T?JSCQ�MD����
�QM�T?JSCQ���RM���?PC�

����RFMSQ?LB�

4FC�LCVR���B?R?�T?JSCQ�?PC���� 
�QM�T?JSCQ���RM�

	��� 
� ���?PC�����RFMSQ?LB�

4FC�LCVR����B?R?�T?JSCQ�?PC����
�QM �T?JSCQ����RM�

	��� ��
����?P C�����RFMSQ?LB�

4FC�LCVR����B?R?�T?JSCQ�?PC���� 
�QM�T?JSCQ����RM�

	��� ��
����?P C�����RFMSQ?LB�

4FC���RF�B?R?�T?JSC�GQ�����RFMSQ?LB
�?LB�RFC���RF�B?R?�

��� ��Z��$CQAPG@GLE�$?R?



T?JSC�GQ�����RFMSQ?LB
�QM�1� �UGJJ�@C�RFC�KC?L�MD�RFCQC��	�����

�� 
�������� ���RFMSQ?LB��

4M�DGLB�1� 
�UC�A?JASJ?RC�RFC�JMA?RMP��%���� ���	��� 
�������

4FGQ�GQ�?�UFMJC�LSK@CP
�QM�1� �UGJJ�@C�RFC�KC?L�MD�RFC���RF�

?LB���RF�B?R?�T?JSCQ��#MLRGLSGLE�MSP�AMSLRGLE�DPMK�C?PJGCP
�

4FC�LCVR����B?R?�T?JSCQ�?PC����
�QM �T?JSCQ����RM�

	��� �� 
����?P C�����RFMSQ?LB�

4FC�LCVR����B?R?�T?JSCQ�?PC���� 
�QM�T?JSCQ����RM�

	��� �� 
����?P C�����RFMSQ?LB�

"MRF�RFC���RF�?LB���RF�B?R?�T?JSCQ�JGC�GL�RFGQ�EPMSN
�QM�1��
UGJJ�@C�����RFMSQ?LB��

0SRRGLE�RFCQC�T?JSCQ�RMECRFCP�GLRM�?�DGTC�LSK@CP�

QSKK?PW
�UC�ECR����
��� ��
���
��� 
����

. MRC� RF?R� RFC� �� LSK@CP� QSKK?PW� BGTGBCQ� RFC� B?R?� GLRM� DMSP�

GLRCPT?JQ
�C?AF�MD�UFGAF�UGJJ�AMLR?GL�?@MSR�����MD�RFC�B?R?��)L�RFC�

NPCTGMSQ� CV?KNJC
� RF?R� KC?LQ� ?@MSR� ���� MD� FMSQCFMJBQ� F?TC�

GLAMKC�@CRUCCL�����RFMSQ?LB�?LB�����RFMSQ?LB��

&MP� TGQS?JGXGLE� B?R?
� RFCPC� GQ� ?� EP?NFGA?J� PCNPCQCLR?RGML� MD� ?�

��LSK@CP�QSKK?PW�A?JJCB�?�8EN�FBEJ
�MP�@MV�?LB�UFGQICP�EP?NF��

Box Plot 

!� 8EN�FBEJ�GQ�?�EP?NFGA?J�PCNPCQCLR?RGML�MD�?�DGTC�

LSK@CP�QSKK?PW��

$CQAPG@GLE�$?R?��Z�����



4M�APC?RC�?�@MV�NJMR
�?�LSK@CP�JGLC�GQ�DGPQR�BP?UL��!�

@MV�GQ�BP?UL�DPMK�RFC�DGPQR�OS?PRGJC�RM�RFC�RFGPB�OS?PRGJC
�

?LB�?�JGLC�GQ�BP?UL�RFPMSEF�RFC�@MV�?R�RFC�KCBG?L��

p7 FGQICPQq�?PC�CVRCLBCB�MSR�RM�RFC�KGLGKSK�?LB�

K?VGKSK�T?JSCQ��

�?)584-����

4FC�@MV�NJMR�@CJMU�GQ�@?QCB�ML�RFC���DCK?JC�FCGEFR�B?R?�

UGRF���LSK@CP�QSKK?PW���� 
���
���
��� 
�����

�?)584-��	�

4FC�@MV�NJMR�@CJMU�GQ�@?QCB�ML�RFC�FMSQCFMJB�GLAMKC�

B?R?�UGRF���LSK@CP�QSKK?PW����
��� ��
���
��� 
����
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Try It Now 

#PC?RC�?�@MVNJMR�@?QCB�ML�RFC�RCVR@MMI�NPGAC�B?R?�

DPMK�RFC�J?QR�4PW�GR�. MU��

"MV� NJMRQ� ?PC� N?PRGASJ?PJW� SQCDSJ� DMP� AMKN?PGLE� B?R?� DPMK� RUM�

NMNSJ?RGMLQ��

�?)584-��
�

4FC�@MV�NJMR�MD�QCPTGAC�RGKCQ�DMP�RUM�D?QR�DMMB�

PCQR?SP?LRQ�GQ�QFMUL�@CJMU��

$CQAPG@GLE�$?R?��Z�����



7 FGJC�QRMPC���F?B�?�QJGEFRJW�QFMPRCP�KCBG?L�QCPTGAC�RGKC�

	����KGLSRCQ�TQ������KGLSRCQ

�QRMPC���GQ�JCQQ�AMLQGQRCLR
�UGRF�

?�UGBCP�QNPC?B�MD�RFC�B?R?��

! R�QRMPC��
�����M D�ASQRMKCPQ�UCPC�QCPTCB�UGRFGL�����

KGLSRCQ
�UFGJC�?R�QRMPC��
�����M D�ASQRMKCPQ�UCPC�QCPTCB�

UGRFGL�����KGLSRCQ��

7 FGAF�QRMPC�QFMSJB�WMS�EM�RM�GL�?�FSPPW �4F?R�BCNCLBQ�

SNML�WMSP�MNGLGMLQ�?@MSR�JSAI������MD�ASQRMKCPQ�?R�QRMPC���

F?B�RM�U?GR�@CRUCCL��� ��?LB�� ���KGLSRCQ��

�?)584-����

4FC�@MVNJMR�@CJMU�GQ�@?QCB�ML�RFC�@GPRF�UCGEFRQ�MD�

GLD?LRQ�UGRF�QCTCPC�GBGMN?RFGA�PCQNGP?RMPW�BGQRPCQQ�

QWLBPMKC�	3)2$3
� � �4FC�@MVNJMR�GQ�QCN?P?RCB�RM�QFMU�RFC�

�� �T?L�6 JGCR
�0�+��?LB�'SNR?
�*�-��	�� �� 
�3MBGSK�@GA?P@ML?RC�

GL�GBGMN?RFGA�PCQNGP?RMPW�BGQRPCQQ�QWLBPMKC��� I :?
�

��� ��Z��$CQAPG@GLE�$?R?



@GPRF�UCGEFRQ�MD�GLD?LRQ�UFM�QSPTGTCB�?LB�RFMQC�RF?R�BGB�

LMR��

#MKN?PGLE�RFC�RUM�EPMSNQ
�RFC�@MVNJMR�PCTC?JQ�RF?R�RFC�

@GPRF�UCGEFRQ�MD�RFC�GLD?LRQ�RF?R�BGCB�?NNC?P�RM�@C
�MTCP?JJ
�

QK?JJCP�RF?L�RFC�UCGEFRQ�MD�GLD?LRQ�RF?R�QSPTGTCB��)L�D?AR
�UC�

A?L�QCC�RF?R�RFC�KCBG?L�@GPRF�UCGEFR�MD�GLD?LRQ�RF?R�

QSPTGTCB�GQ�RFC�Q?KC�?Q�RFC�RFGPB�OS?PRGJC�MD�RFC�GLD?LRQ�RF?R�

BGCB��

3GKGJ?PJW
�UC�A?L�QCC�RF?R�RFC�DGPQR�OS?PRGJC�MD�RFC�

QSPTGTMPQ�GQ�J?PECP�RF?L�RFC�KCBG?L�UCGEFR�MD�RFMQC�RF?R�

BGCB
�KC?LGLE�RF?R�MTCP�����M D�RFC�QSPTGTMPQ�F?B�?�@GPRF�

UCGEFR�J?PECP�RF?L�RFC�KCBG?L�@GPRF�UCGEFR�MD�RFMQC�RF?R�

BGCB��

,MMIGLE�?R�RFC�K?VGKSK�T?JSC�DMP�RFMQC�RF?R�BGCB�?LB�

RFC�RFGPB�OS?PRGJC�MD�RFC�QSPTGTMPQ
�UC�A?L�QCC�RF?R�MTCP�����

MD�RFC�QSPTGTMPQ�F?B�@GPRF�UCGEFRQ�FGEFCP�RF?L�RFC�FC?TGCQR�

GLD?LR�RF?R�BGCB��

4FC�@MV�NJMR�EGTCQ�SQ�?�OSGAI
�?J@CGR�GLDMPK?J
�U?W�RM�

BCRCPKGLC�RF?R�@GPRF�UCGEFR�GQ�OSGRC�JGICJW�JGLICB�RM�QSPTGT?J�

MD�GLD?LRQ�UGRF�3)2$3��

�@J<8J<�@E��?@C;?FF;
���
�� ��k �����!Q�OSMRCB�ML�

FRRN��� MNCLJC?PL�MNCL�?A�SI�KMB �MSAMLRCLR�

TGCU�NFN GB��������QC ARGML�������

$CQAPG@GLE�$?R?��Z�����



21. Understanding Normal 
Distribution 

�*2-+;1=-�

( CPC�WMS�UGJJ�JC?PL�?@MSR�RFC�.MPK?J�$GQRPG@SRGML��9MS�

UGJJ�JC?PL�UF?R�GR�GQ�?LB�UFW�GR�GQ�GKNMPR?LR
�?LB�WMS�

UGJJ�@CEGL�RM�BCTCJMN�?L�GLRSGRGML�DMP�RFC�P?PGRW�MD�?�T?JSC�GL�

?�QCR�@W�AMKN?PGLE�GR�RM�RFC�KC?L�?LB�QR?LB?PB�BCTG?RGML�

MD�RFC�B?R?��

)D�WMS� ILCU�RF?R�RFC�NPGACQ�MD�R�QFGPRQ�QMJB�GL�?L�MLJGLC� QFMNNGLE�

QGRC�UCPC�DEHC7BBO�:?IJH?8KJ;: 
�?LB�F?B�?�KC?L�AMQR�MD���� 
�UGRF�?�

QR?LB?PB�BCTG?RGML�MD������ 
�FMU�AMSJB�RF?R�GLDMPK?RGML�@CLCDGR�WMS�

?Q�WMS�?PC�JMMIGLE�?R�T?PGMSQ�R�QFGPR�NPGACQ�ML�RFC�QGRC �( MU�AMSJB�

WMS� SQC� UF?R� WMS� ILMU� GD� WMS� UCPC� JMMIGLE� RM� K?IC� ?� NPMDGR� @W�

NSPAF?QGLE�SLSQS?JJW�GLCVNCLQGTC�QFGPRQ�RM�PCQCJJ�?R�NPGACQ�RF?R�?PC�

��� ��Z��5LBCPQR?LBGLE�.MPK?J
$GQRPG@SRGML



KMPC�AMKKML �

Watch This: Spread of a Normal 
Distribution 

��/ @D<F�<C<D<EK�?8J�9<<E�<O:CL;<;�=I FD�K?@J�

5LBCPQR?LBGLE�.MPK?J�$GQRPG@SRGML��Z�����



M<IJ@FE�F=�K?<�K<OK
�2FL�:8E�M@<N�@K�FEC@E<�?<I<��

?KKGJ���C@9I8I P
8:?@<M@E>K?<;I<8D
FI>�

8LJK@E::D8K?C@98IKJ��G��
�

Guidance 

!� :?IJH?8KJ?ED� GQ� ?L� CT?JS?RGML� MD� RFC� U?W� RF?R� NMGLRQ� GL� ?� B?R?�

QCR�?PC�AJSQRCPCB�MP�QNPC?B�?APMQQ�RFCGP�H7D=; �MD�T?JSCQ�� !�DEHC7B�

:?IJH?8KJ?ED� GQ� ?� TCPW� QNCAGDGA� QWKKCRPGA?J� BGQRPG@SRGML� RF?R�

GLBGA?RCQ
� ?KMLE� MRFCP� RFGLEQ
� RF?R�CV?ARJW�

�MD� RFC� B?R?� GQ� @CJMU� RFC� KC?L
� ?LB�

�GQ� ?@MTC
� RF?R� ?NNPMVGK?RCJW� ���� M D� RFC� B?R?� GQ� UGRFGL� �
�

?NNPMVGK?RCJW�����M D�RFC�B?R?�GQ�UGRFGL��
�?LB�?NNPMVGK?RCJW��� ����

GQ�UGRFGL���IJ7D:7H:�:;L?7 J?EDI�MD�RFC�KC?L��

4FCPC� ?PC� ?� LSK@CP� MD� PC?QMLQ� RF?R� GR� GQ� GKNMPR?LR� RM� @CAMKC�

D?KGJG?P� UGRF� RFC� LMPK?J� BGQRPG@SRGML
� ?Q� WMS� UGJJ�BGQAMTCP�

RFPMSEFMSR�RFGQ�AF?NRCP��%V?KNJCQ�MD�T?JSCQ�?QQMAG?RCB�UGRF�LMPK?J�

BGQRPG@SRGML��

r� 0FWQGA?J�AF?P?ARCPGQRGAQ�QSAF�?Q�FCGEFR
�UCGEFR
�?PK�MP�JCE�

JCLERF
�CRA��

r� 4FC�NCPACLRGJC�P?LIGLEQ�MD�QR?LB?PBGXCB�RCQRGLE�QSAF�?Q�RFC�

! #4�?LB�3! 4�

��� ��Z��5LBCPQR?LBGLE�.MPK?J�$GQRPG@SRGML

https://library.achievingthedream.org/austinccmathlibarts/?p=41#pb-interactive-content
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r� 4FC�TMJSKC�MD�U?RCP�NPMBSACB�@W�?�PGTCP�ML�?�KMLRFJW�MP�

WC?PJW�@?QGQ�

r� 4FC�TCJMAGRW�MD�KMJCASJCQ�GL�?L�GBC?J�E?Q�

+LMUGLE� RF?R� RFC� T?JSCQ� GL� ?� QCR� ?PC� CV?ARJW� MP� ?NNPMVGK?RCJW�

LMPK?JJW� BGQRPG@SRCB� ?JJMUQ� WMS� RM� ECR� ?� DCCJ� DMP� FMU�AMKKML� ?�

N?PRGASJ?P�T?JSC�KGEFR�@C�GL�RF?R�QCR��"CA?SQC�RFC�T?JSCQ�MD�?�LMPK?J�

BGQRPG@SRGML� ?PC� NPCBGAR?@JW� AJSQRCPCB�?PMSLB� RFC� KC?L
� WMS� A?L�

CQRGK?RC� GL� QFMPR� MPBCP� RFC� P?PGRW� MD� ?� EGTCL� T?JSC� GL� RFC� QCR�� )L�

MSP� SNAMKGLE� JCQQML� ML�RFC� %KNGPGA?J� 2SJC
� WMS� UGJJ� QCC� RF?R� GR�

GQ� UMPRF� KCKMPGXGLE� RF?R� LMPK?JJW� BGQRPG@SRCB� B?R?� F?Q� RFC�

AF?P?ARCPGQRGAQ�KCLRGMLCB�?@MTC��

r� ����M D�?JJ�B?R?�NMGLRQ�?PC�?@MTC�RFC�KC?L�?LB�����?P C�@CJMU�

r� !N V�����M D�?JJ�B?R?�NMGLRQ�?PC�UGRFGL���QR?LB?PB�BCTG?RGML�MD�

RFC�KC?L�

r� !N V�����M D�?JJ�B?R?�NMGLRQ�?PC�UGRFGL���QR?LB?PB�BCTG?RGMLQ�MD�

RFC�KC?L�

r� !N V��� ����M D�?JJ�B?R?�NMGLRQ�?PC�UGRFGL���QR?LB?PB�BCTG?RGMLQ�MD�

RFC�KC?L�

)L� RFGQ� JCQQML
� UC� UGJJ� @C� NP?ARGAGLE� ?� nPMSEF� CQRGK?RCn� MD� RFC�

NPM@?@GJGRW� RF?R� ?� T?JSC� UGRFGL� ?� EGTCL� P?LEC� UGJJ�MAASP� GL� ?�

N?PRGASJ?P� QCR� MD� B?R?
� HSQR� RM� BCTCJMN� ?L� GLRSGRGML� MD� RFC� SQC� MD� ?�

LMPK?J� BGQRPG@SRGML�� )L� QS@QCOSCLR�JCQQMLQ
� UC� UGJJ� @CAMKC� KMPC�

QNCAGDGA�UGRF�MSP�CQRGK?RCQ��4FC�GK?EC�@CJMU�UGJJ�@C�SQCB�GL�EPC?RCP�

BCR?GJ�GL�RFC�JCQQML�ML�RFC�%KNGPGA?J�2SJC
�@SR�WMS�K?W�SQC�GR�?Q�?�

PCDCPCLAC�DMP�RFGQ�JCQQML�?JQM��

5LBCPQR?LBGLE�.MPK?J�$GQRPG@SRGML��Z�����
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( SK?L�FCGEFR�GQ�AMKKMLJW�AMLQGBCPCB�?L�?NNPMVGK?RCJW�

LMPK?JJW�BGQRPG@SRCB�KC?QSPC��)D�RFC�KC?L�FCGEFR�MD�?�
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24. Regression and 
Correlation 
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Watch This: Exploring Linear 
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Intro Problem Revisited 
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Watch This: The Correlation 
Coefficient and Coefficient of 
Determination 

��2 FL-L9<�<C<D<EK�?8J�9<<E�<O:CL;<;�=I FD�K?@J�

M<IJ@FE�F=�K?<�K<OK
�2FL�:8E�M@<N�@K�FEC@E<�?<I<��

?KKGJ���C@9I8I P
8:?@<M@E>K?<;I<8D
FI>�

8LJK@E::D8K?C@98IKJ��G�� ��

4FC� JGLC?P� AMPPCJ?RGML� AMCDDGAGCLR� 	QMKCRGKCQ� A?JJCB� 0C?PQMLnQ�

#MPPCJ?RGML�#MCDDGAGCLR

�AMKKMLJW�BCLMRCB�I 
�GQ�?�KC?QSPC�MD�RFC�

QRPCLERF�MD�RFC�JGLC?P�PCJ?RGMLQFGN�@CRUCCL�RUM�T?PG?@JCQ��4FC�T?JSC�

MD�P�F?Q�RFC�DMJJMUGLE�NPMNCPRGCQ��

��� ��Z��2CEPCQQGML�?LB�#MPPCJ?RGML

https://library.achievingthedream.org/austinccmathlibarts/?p=44#pb-interactive-content
https://library.achievingthedream.org/austinccmathlibarts/?p=44#pb-interactive-content


r� I �GQ�?JU?WQ�?�T?JSC�@CRUCCL�u��?LB�� ��

r� 4FC�DSPRFCP�?L�I �T?JSC�GQ�DPMK�XCPM
�RFC�QRPMLECP�RFC�

PCJ?RGMLQFGN�@CRUCCL�RFC�RUM�T?PG?@JCQ��

r� 4FC�QGEL�MD�I �GLBGA?RCQ�RFC�L?RSPC�MD�RFC�PCJ?RGMLQFGN��!�NMQGRGTC�

I �GLBGA?RCQ�?�NMQGRGTC�PCJ?RGMLQFGN
�?LB�?�LCE?RGTC�I �GLBGA?RCQ�?�

LCE?RGTC�PCJ?RGMLQFGN��

'CLCP?JJW�QNC?IGLE
�WMS�K?W�RFGLI�MD�RFC�T?JSCQ�MD�P�GL�RFC�DMJJMUGLE�

K?LLCP��

r� )D�ZI Z�GQ�@CRUCCL�� ����?LB��
�RFCPC�GQ�?�QRPMLE�AMPPCJ?RGML��

r� )D�ZI Z�GQ�@CRUCCL�� ���?LB�� ���
�RFCPC�GQ�?�KMBCP?RC�AMPPCJ?RGML��

r� )D�ZI Z�GQ�@CRUCCL�� ���?LB�� ��
�RFCPC�GQ�?�UC?I�AMPPCJ?RGML��

r� )D�ZI Z�GQ�JCQQ�RF?L����
�RFCPC�GQ�LM�?NN?PCLR�AMPPCJ?RGML��

. ?RSP?JJW
�I � T?JSC�A?L�@C�A?JASJ?RCB
�@SR�RFC�DMPKSJ?�GQ�?�@GR�@CWMLB�

RFC�QAMNC�MD�RFGQ�AMSPQC��&MPRSL?RCJW
�RFCPC�?PC�K?L W�CVACJJCLR�?LB�

DPCC�MLJGLC�A?JASJ?RMPQ�DMP�BCRCPKGLGLE�RFC�P�T?JSC�MD�?�QCR�MD�B?R?��

)L�RFGQ�PC?BGLE
�)�UGJJ�@C�SQGLE�RFC�MLC�?R�C?QWA?JASJ?RGML�AMK
�@SR�?�

QC?PAF�DMP�pAMPPCJ?RGML�A?JASJ?RMP�MLJGLCq�UGJJ�WGCJB�RFC�KMQR�ASPPCLR�

MNRGMLQ��

! R�RFC�PGQI�MD�MTCPJM?BGLE�WMS�UGRF�LCU�RCPKQ
�RFCPC�GQ�MLC�KMPC�

RF?R� )� RFGLI� GR� GQ� UMPRF� JC?PLGLE� GL� RFGQ� PC?BGLE
� RFC�9E;<<?9?;DJ� E<�

:;J;HC?D7 J?ED��4FC�AMCDDGAGCLR�MD�BCRCPKGL?RGML�GQ�TCPW�QGKNJC�RM�

A?JASJ?RC�GD�WMS�ILMU�RFC�AMPPCJ?RGML�AMCDDGAGCLR
�QGLAC�GR�GQ�HSQR�I � ��

4FC�PC?QML�)�KCLRGML�GR�GQ�RF?R�RFC�AMCDDGAGCLR�MD�BCRCPKGL?RGML�A?L�

@C�GLRCPNPCRCB�?Q�RFC�NCPACLR?EC�MD�T?PG?RGML�MD�RFC�P�T?PG?@JC�RF?R�

A?L�@C�?RRPG@SRCB�RM�RFC�PCJ?RGMLQFGN��)L�MRFCP�UMPBQ
�?�T?JSC�MD�I � ���

��� �A?L�@C�GLRCPNPCRCB�?Q�p����M D�RFC�AF?LECQ�@CRUCCL�MLC�P�T?JSC�

?LB�?LMRFCP�A?L�@C�?RRPG@SRCB�RM�PnQ�PCJ?RGMLQFGN�UGRF�O�q�

2CEPCQQGML�?LB�#MPPCJ?RGML��Z�����

http://easycalculation.com/statistics/correlation.php
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https://www.youtube.com/playlist?list=PL5BCD54B2207B861C


26. Exercises 

Skills 

��� !�NMJGRGA?J�QAGCLRGQR�QSPTCWQ����MD�RFC�ASPPCLR�����

PCNPCQCLR?RGTCQ�GL�?�QR?RCnQ�AMLEPCQQ����/D�RFCK
����Q?GB�RFCW�

UCPC�QSNNMPRGLE�?�LCU�CBSA?RGML�@GJJ
����Q?GB�RFCPC�UCPC�LMR�

QSNNMPRGLE�RFC�@GJJ
�?LB���UCPC�SLBCAGBCB��

?�� 7 F?R�GQ�RFC�NMNSJ?RGML�MD�RFGQ�QSPTCW �

@�� 7 F?R�GQ�RFC�QGXC�MD�RFC�NMNSJ?RGML �

A�� 7 F?R�GQ�RFC�QGXC�MD�RFC�Q?KNJC �

B�� 'GTC�RFC�Q?KNJC�QR?RGQRGA�DMP�RFC�NPMNMPRGML�MD�TMRCPQ�

QSPTCWCB�UFM�Q?GB�RFCW�UCPC�QSNNMPRGLE�RFC�CBSA?RGML�

@GJJ��

C�� "?QCB�ML�RFGQ�Q?KNJC
�UC�KGEFR�CVNCAR�FMU�K?L W�MD�RFC�

PCNPCQCLR?RGTCQ�RM�QSNNMPR�RFC�CBSA?RGML�@GJJ �

��� 4FC�AGRW�MD�2?JCGEF�F?Q������P CEGQRCPCB�TMRCPQ��4FCPC�?PC�RUM�

A?LBGB?RCQ�DMP�AGRW�AMSLAGJ�GL�?L�SNAMKGLE�CJCARGML��"PMUL�?LB�

&CJGX��4FC�B?W�@CDMPC�RFC�CJCARGML
�?�RCJCNFMLC�NMJJ�MD�����

P?LBMKJW�QCJCARCB�PCEGQRCPCB�TMRCPQ�U?Q�AMLBSARCB������Q?GB�

RFCWnB�TMRC�DMP�"PMUL
��� ��Q?GB�RFCWnB�TMRC�DMP�&CJGX
�?LB����

UCPC�SLBCAGBCB��

?�� 7 F?R�GQ�RFC�NMNSJ?RGML�MD�RFGQ�QSPTCW �

@�� 7 F?R�GQ�RFC�QGXC�MD�RFC�NMNSJ?RGML �

A�� 7 F?R�GQ�RFC�QGXC�MD�RFC�Q?KNJC �

B�� 'GTC�RFC�Q?KNJC�QR?RGQRGA�DMP�RFC�NPMNMPRGML�MD�TMRCPQ�

QSPTCWCB�UFM�Q?GB�RFCWnB�TMRC�DMP�"PMUL��

C�� "?QCB�ML�RFGQ�Q?KNJC
�UC�KGEFR�CVNCAR�FMU�K?L W�MD�RFC�

�����T MRCPQ�RM�TMRC�DMP�"PMUL �

��� )BCLRGDW�RFC�KMQR�PCJCT?LR�QMSPAC�MD�@G?Q�GL�RFGQ�QGRS?RGML��!�

QSPTCW�?QIQ�RFC�DMJJMUGLE��3FMSJB�RFC�K?JJ�NPMFG@GR�JMSB�?LB�

?LLMWGLE�PMAI�KSQGA�GL�AJMRFGLE�QRMPCQ�A?RCPGLE�RM�RCCL?ECPQ �

%VCPAGQCQ��Z���� �



��� )BCLRGDW�RFC�KMQR�PCJCT?LR�QMSPAC�MD�@G?Q�GL�RFGQ�QGRS?RGML��4M�

BCRCPKGLC�MNGLGMLQ�ML�TMRCP�QSNNMPR�DMP�?�BMULRMUL�

PCLMT?RGML�NPMHCAR
�?�QSPTCWMP�P?LBMKJW�OSCQRGMLQ�NCMNJC�

UMPIGLE�GL�BMULRMUL�@SQGLCQQCQ��

��� )BCLRGDW�RFC�KMQR�PCJCT?LR�QMSPAC�MD�@G?Q�GL�RFGQ�QGRS?RGML��!�

QSPTCW�?QIQ�NCMNJC�RM�PCNMPR�RFCGP�?ARS?J�GLAMKC�?LB�RFC�

GLAMKC�RFCW�PCNMPRCB�ML�RFCGP�)23�R?V�DMPK��

��� )BCLRGDW�RFC�KMQR�PCJCT?LR�QMSPAC�MD�@G?Q�GL�RFGQ�QGRS?RGML��!�

QSPTCW�P?LBMKJW�A?JJQ�NCMNJC�DPMK�RFC�NFMLC�@MMI�?LB�?QIQ�

RFCK�RM�?LQUCP�?�JMLE�QCPGCQ�MD�OSCQRGMLQ��

� �� )BCLRGDW�RFC�KMQR�PCJCT?LR�QMSPAC�MD�@G?Q�GL�RFGQ�QGRS?RGML��!�

QSPTCW�?QIQ�RFC�DMJJMUGLE��3FMSJB�RFC�BC?RF�NCL?JRW�@C�

NCPKGRRCB�GD�GLLMACLR�NCMNJC�KGEFR�BGC �

��� )BCLRGDW�RFC�KMQR�PCJCT?LR�QMSPAC�MD�@G?Q�GL�RFGQ�QGRS?RGML��!�

QRSBW�QCCIQ�RM�GLTCQRGE?RC�UFCRFCP�?�LCU�N?GL�KCBGA?RGML�GQ�

Q?DC�RM�K?PI CR�RM�RFC�NS@JGA��4FCW�RCQR�@W�P?LBMKJW�QCJCARGLE�

����KCL�DP MK�?�QCR�MD�TMJSLRCCPQ��

� �� )L�?�QRSBW
�WMS�?QI�RFC�QS@HCARQ�RFCGP�?EC�GL�WC?PQ��)Q�RFGQ�B?R?�

OS?JGR?RGTC�MP�OS?LRGR?RGTC �

�� �� )L�?�QRSBW
�WMS�?QI�RFC�QS@HCARQ�RFCGP�ECLBCP��)Q�RFGQ�B?R?�

OS?JGR?RGTC�MP�OS?LRGR?RGTC �

���� $MCQ�RFGQ�BCQAPG@C�?L�M@QCPT?RGML?J�QRSBW�MP�?L�CVNCPGKCLR��

4FC�RCKNCP?RSPC�ML�P?LBMKJW�QCJCARCB�B?WQ�RFPMSEFMSR�RFC�

WC?P�U?Q�KC?QSPCB��

���� $MCQ�RFGQ�BCQAPG@C�?L�M@QCPT?RGML?J�QRSBW�MP�?L�CVNCPGKCLR �!�

EPMSN�MD�QRSBCLRQ�?PC�RMJB�RM�JGQRCL�RM�KSQGA�UFGJC�R?IGLE�?�RCQR�

?LB�RFCGP�PCQSJRQ�?PC�AMKN?PCB�RM�?�EPMSN�LMR�JGQRCLGLE�RM�

KSQGA��

���� )L�?�QRSBW
�RFC�Q?KNJC�GQ�AFMQCL�@W�QCN?P?RGLE�?JJ�A?PQ�@W�QGXC
�

?LB�QCJCARGLE����MD�C?AF�QGXC�EPMSNGLE��7F?R�GQ�RFC�Q?KNJGLE�

KCRFMB �

���� )L�?�QRSBW
�RFC�Q?KNJC�GQ�AFMQCL�@W�UPGRGLE�CTCPWMLCnQ�L?KC�ML�

?�NJ?WGLE�A?PB
�QFSDDJGLE�RFC�BCAI
�RFCL�AFMMQGLE�RFC�RMN����

A?PBQ��7F?R�GQ�RFC�Q?KNJGLE�KCRFMB �

���� !�RC?K�MD�PCQC?PAFCPQ�GQ�RCQRGLE�RFC�CDDCARGTCLCQQ�MD�?�LCU�(06�

�� � ��Z��%VCPAGQCQ



T?AAGLC��4FCW�P?LBMKJW�BGTGBC�RFC�QS@HCARQ�GLRM�RUM�EPMSNQ��

'P MSN���PCACGTCQ�LCU�(06�T ?AAGLC
�?LB�'PMSN���PCACGTCQ�RFC�

CVGQRGLE�(06�T?AAGLC��4FC�N?RGCLRQ�GL�RFC�QRSBW�BM�LMR�ILMU�

UFGAF�EPMSN�RFCW�?PC�GL��

?�� 7 FGAF�GQ�RFC�RPC?RKCLR�EPMSN �

@�� 7 FGAF�GQ�RFC�AMLRPMJ�EPMSN�	GD�RFCPC�GQ�MLC
 �

A�� )Q�RFGQ�QRSBW�@JGLB
�BMS@JC�@JGLB
�MP�LCGRFCP �

B�� )Q�RFGQ�@CQR�BCQAPG@CB�?Q�?L�CVNCPGKCLR
�?�AMLRPMJJCB�

CVNCPGKCLR
�MP�?�NJ?AC@M�AMLRPMJJCB�CVNCPGKCLR �

���� &MP�RFC�AJGLGA?J�RPG?JQ�MD�?�UCGEFR�JMQQ�BPSE�AMLR?GLGLE� 8I :@E@8�

:8D9F>@8�KFC�QS@HCARQ�UCPC�P?LBMKJW�BGTGBCB�GLRM�RUM�EPMSNQ��

4FC�DGPQR�PCACGTCB�?L�GLCPR�NGJJ�?JMLE�UGRF�?L�CVCPAGQC�?LB�BGCR�

NJ?L
�UFGJC�RFC�QCAMLB�PCACGTCB�RFC�RCQR�KCBGAGLC�?JMLE�UGRF�

RFC�Q?KC�CVCPAGQC�?LB�BGCR�NJ?L��4FC�N?RGCLRQ�BM�LMR�ILMU�

UFGAF�EPMSN�RFCW�?PC�GL
�LMP�BM�RFC�DGRLCQQ�?LB�LSRPGRGML�

?BTGQMPQ��

?�� 7 FGAF�GQ�RFC�RPC?RKCLR�EPMSN �

@�� 7 FGAF�GQ�RFC�AMLRPMJ�EPMSN�	GD�RFCPC�GQ�MLC
 �

A�� )Q�RFGQ�QRSBW�@JGLB
�BMS@JC�@JGLB
�MP�LCGRFCP �

B�� )Q�RFGQ�@CQR�BCQAPG@CB�?Q�?L�CVNCPGKCLR
�?�AMLRPMJJCB�

CVNCPGKCLR
�MP�?�NJ?AC@M�AMLRPMJJCB�CVNCPGKCLR �

Concepts 

�� �� !�RC?AFCP�UGQFCQ�RM�ILMU�UFCRFCP�RFC�K?JCQ�GL�FGQ�FCP�AJ?QQ�

F?TC�KMPC�AMLQCPT?RGTC�?RRGRSBCQ�RF?L�RFC�DCK?JCQ��!�

OSCQRGMLL?GPC�GQ�BGQRPG@SRCB�?QQCQQGLE�?RRGRSBCQ��

?�� )Q�RFGQ�?�Q?KNJGLE�MP�?�ACLQSQ �

@�� )Q�RFGQ�?L�M@QCPT?RGML?J�QRSBW�MP�?L�CVNCPGKCLR �

A�� !PC�RFCPC�?LW�NMQQG@JC�QMSPACQ�MD�@G?Q�GL�RFGQ�QRSBW �

���� !�QRSBW�GQ�AMLBSARCB�RM�BCRCPKGLC�UFCRFCP�NCMNJC�JC?PL�@CRRCP�

UGRF�QN?ACB�MP�K?QQCB�NP?ARGAC��3S@HCARQ�TMJSLRCCP�DPMK�?L�

%VCPAGQCQ��Z�����



GLRPMBSARMPW�NQWAFMJMEW�AJ?QQ��!R�RFC�@CEGLLGLE�MD�RFC�

QCKCQRCP����QS@HCARQ�TMJSLRCCP�?LB�?PC�?QQGELCB�RM�RFC�

K?QQCB�NP?ARGAC�EPMSN��!R�RFC�CLB�MD�RFC�QCKCQRCP����QS@HCARQ�

TMJSLRCCP�?LB�?PC�?QQGELCB�RM�RFC�QN?ACB�NP?ARGAC�AMLBGRGML��

?�� )Q�RFGQ�?�Q?KNJGLE�MP�?�ACLQSQ �

@�� )Q�RFGQ�?L�M@QCPT?RGML?J�QRSBW�MP�?L�CVNCPGKCLR �

A�� 4FGQ�QRSBW�GLTMJTCQ�RUM�IGLBQ�MD�LML�P?LBMK�Q?KNJGLE��	�
�

3S@HCARQ�?PC�LMR�P?LBMKJW�Q?KNJCB�DPMK�QMKC�QNCAGDGCB�

NMNSJ?RGML�?LB�	�
�3S@HCARQ�?PC�LMR�P?LBMKJW�?QQGELCB�RM�

EPMSNQ��7FGAF�NPM@JCK�GQ�KMPC�QCPGMSQ �7F?R�?DDCAR�ML�

RFC�PCQSJRQ�BMCQ�C?AF�F?TC �

�� �� !�D?PKCP�@CJGCTCQ�RF?R�NJ?WGLE�"?PPW�-?LGJMU�QMLEQ�RM�FGQ�NC?Q�

UGJJ�GLAPC?QC�RFCGP�WGCJB��$CQAPG@C�?�AMLRPMJJCB�CVNCPGKCLR�RFC�

D?PKCP�AMSJB�SQC�RM�RCQR�FGQ�RFCMPW��

�� �� !�QNMPRQ�NQWAFMJMEGQR�@CJGCTCQ�RF?R�NCMNJC�?PC�KMPC�JGICJW�RM�@C�

CVRPMTCPRCB�?Q�?BSJRQ�GD�RFCW�NJ?WCB�RC?K�QNMPRQ�?Q�AFGJBPCL��

$CQAPG@C�RUM�NMQQG@JC�QRSBGCQ�RM�RCQR�RFGQ�RFCMPW��$CQGEL�MLC�?Q�

?L�M@QCPT?RGML?J�QRSBW�?LB�RFC�MRFCP�?Q�?L�CVNCPGKCLR��7FGAF�

GQ�KMPC�NP?ARGA?J �

Exploration 

���� 3RSBGCQ�?PC�MDRCL�BMLC�@W�NF?PK?ACSRGA?J�AMKN?LGCQ�RM�

BCRCPKGLC�RFC�CDDCARGTCLCQQ�MD�?�RPC?RKCLR�NPMEP?K��3 SNNMQC�

RF?R�?�LCU�!)$3�?L RG@MBW�BPSE�GQ�ASPPCLRJW�SLBCP�QRSBW��)R�GQ�

EGTCL�RM�N?RGCLRQ�MLAC�RFC�!)$3�QWKNRMKQ�F?TC�PCTC?JCB�

RFCKQCJTCQ��/D�GLRCPCQR�GQ�RFC�?TCP?EC�JCLERF�MD�RGKC�GL�KMLRFQ�

N?RGCLRQ�JGTC�MLAC�QR?PRGLE�RFC�RPC?RKCLR��4UM�PCQC?PAFCPQ�

C?AF�DMJJMU�?�BGDDCPCLR�QCR�MD����!)$3�N? RGCLRQ�DPMK�RFC�QR?PR�MD�

RPC?RKCLR�SLRGJ�RFCGP�BC?RFQ��

?�� 7 F?R�GQ�RFC�NMNSJ?RGML�MD�RFGQ�QRSBW �

@�� ,GQR�RUM�PC?QMLQ�UFW�RFC�B?R?�K?W�BGDDCP��

A�� #?L�WMS�RCJJ�GD�MLC�PCQC?PAFCP�GQ�AMPPCAR�?LB�RFC�MRFCP�MLC�

��� ��Z��%VCPAGQCQ



GQ�GLAMPPCAR �7 FW �

B�� 7 MSJB�WMS�CVNCAR�RFC�B?R?�RM�@C�GBCLRGA?J �7 FW�MP�UFW�

LMR �

C�� )D�RFC�DGPQR�PCQC?PAFCP�AMJJCARCB�FCP�B?R?�@W�P?LBMKJW�

QCJCARGLE����QR?RCQ
�RFCL�QCJCARGLE���NCPQML�DPMK�C?AF�MD�

RFMQC�QR?RCQ��7F?R�Q?KNJGLE�KCRFMB�GQ�RF?R �

D�� )D�RFC�QCAMLB�PCQC?PAFCP�AMJJCARCB�FGQ�B?R?�@W�AFMMQGLE����

N?RGCLRQ�FC�ILCU��7 F?R�Q?KNJGLE�KCRFMB�UMSJB�RF?R�

PCQC?PAFCP�F?TC�SQCB �7 F?R�AMLACPLQ�UMSJB�WMS�F?TC�

?@MSR�RFGQ�B?R?�QCR
�@?QCB�SNML�RFC�B?R?�AMJJCARGML�

KCRFMB �

���� &GLB�?�LCUQN?NCP�MP�K?E?XGLC�?PRGAJC
�MP�RFC�MLJGLC�COSGT?JCLR
�

BCQAPG@GLE�RFC�PCQSJRQ�MD�?�PCACLR�QRSBW�	RFC�PCQSJRQ�MD�?�NMJJ�?PC�

LMR�QSDDGAGCLR
��'GTC�?�QSKK?PW�MD�RFC�QRSBWnQ�DGLBGLEQ
�RFCL�

?L?JWXC�UFCRFCP�RFC�?PRGAJC�NPMTGBCB�CLMSEF�GLDMPK?RGML�RM�

BCRCPKGLC�RFC�T?JGBGRW�MD�RFC�AMLAJSQGMLQ��)D�LMR
�NPMBSAC�?�JGQR�

MD�RFGLEQ�RF?R�?PC�KGQQGLE�DPMK�RFC�?PRGAJC�RF?R�UMSJB�FCJN�WMS�

BCRCPKGLC�RFC�T?JGBGRW�MD�RFC�QRSBW��,MMI�DMP�RFC�RFGLEQ�

BGQASQQCB�GL�RFC�RCVR��NMNSJ?RGML
�Q?KNJC
�P?LBMKLCQQ
�@JGLB
�

AMLRPMJ
�NJ?AC@MQ
�CRA��

%VCPAGQCQ��Z�����





PART V 

SETS 

3CRQ��Z�����





27. Basics 

!L�?P R�AMJJCARMP�KGEFR�MUL�?�AMJJCARGML�MD�N?GLRGLEQ
�UFGJC�?�KSQGA�

JMTCP� KGEFR� ICCN� ?� AMJJCARGML� MD� #$Q�� !LW� AMJJCARGML� MD� GRCKQ� A?L�

DMPK�?�I;J ��

Set 

!� I;J �GQ�?�AMJJCARGML�MD�BGQRGLAR�M@HCARQ
�A?JJCB�

;B;C;D JI �MD�RFC�QCR�

!�QCR�A?L�@C�BCDGLCB�@W�BCQAPG@GLE�RFC�AMLRCLRQ
�MP�@W�JGQRGLE�RFC�

CJCKCLRQ�MD�RFC�QCR
�CLAJMQCB�GL�ASPJW�@P?AICRQ��

Example 1 

3MKC�CV?KNJCQ�MD�QCRQ�BCDGLCB�@W�BCQAPG@GLE�RFC�AMLRCLRQ��

?
�4FC�QCR�MD�?JJ�CTCL�LSK@CPQ�

@
�4FC�QCR�MD�?JJ�@MMIQ�UPGRRCL�?@MSR�RP?TCJ�RM�#FGJC�

3MKC�CV?KNJCQ�MD�QCRQ�BCDGLCB�@W�JGQRGLE�RFC�CJCKCLRQ�MD�RFC�QCR��

?
�Y�
��
�� 
���[�

@
�YPCB
�MP?LEC
�WCJJMU
�EPCCL
�@JSC
�GLBGEM
�NSPNJC[�

!�QCR�QGKNJW�QNCAGDGCQ�RFC�AMLRCLRQ��MPBCP�GQ�LMR�GKNMPR?LR��4FC�

QCR�PCNPCQCLRCB�@W�Y�
��
�� [�GQ�COSGT?JCLR�RM�RFC�QCR�Y�
��
��[��

"?QGAQ��Z��� ��



Notation 

#MKKMLJW
�UC�UGJJ�SQC�?�T?PG?@JC�RM�PCNPCQCLR�?�QCR
�RM�

K?I C�GR�C?QGCP�RM�PCDCP�RM�RF?R�QCR�J?RCP��

4FC�QWK@MJ�� �KC?LQ�pGQ�?L�CJCKCLR�MDq��

!�QCR�RF?R�AMLR?GLQ�LM�CJCKCLRQ
�Y�[
�GQ�A?JJCB�RFC�

;C FJO�I;J�?LB�GQ�LMR?RCB�	 �

Example 2 

,CR��� ��Y�
��
��
��[�

4M�LMR?RC�RF?R���GQ�CJCKCLR�MD�RFC�QCR
�UCnB�UPGRC���� ���

3MKCRGKCQ� ?� AMJJCARGML� KGEFR� LMR� AMLR?GL� ?JJ� RFC� CJCKCLRQ� MD� ?�

QCR��&MP�CV?KNJC
�#FPGQ�MULQ�RFPCC�-?BMLL?�?J@SKQ��7FGJC�#FPGQnQ�

AMJJCARGML�GQ�?�QCR
�UC�A?L�?JQM�Q?W�GR�GQ�?�IK8I;J �MD�RFC�J?PECP�QCR�MD�

?JJ�-?BMLL?�?J@SKQ��

Subset 

!� IK8I;J �MD�?�QCR�� �GQ�?LMRFCP�QCR�RF?R�AMLR?GLQ�MLJW�

� �� ��Z��"?QGAQ



CJCKCLRQ�DPMK�RFC�QCR�� 
�@SR�K?W�LMR�AMLR?GL�?JJ�RFC�

CJCKCLRQ�MD�� ��

)D�� �GQ�?�QS@QCR�MD�� 
�UC�UPGRC�� �� ���

!� FHEF;H�IK8I;J �GQ�?�QS@QCR�RF?R�GQ�LMR�GBCLRGA?J�RM�RFC�

MPGEGL?J�QCR�k�GR�AMLR?GLQ�DCUCP�CJCKCLRQ��

)D�� �GQ�?�NPMNCP�QS@QCR�MD�� 
�UC�UPGRC�� �� ���

Example 3 

#MLQGBCP�RFCQC�RFPCC�QCRQ�

� ���RFC�QCR�MD�?JJ�CTCL�LSK@CPQ������������ ���Y�
��
�� [���� ���Y�
��
��
�� [�

( CPC�� �� �� �QGLAC�CTCPW�CJCKCLR�MD�� �GQ�?JQM�?L�CTCL�LSK@CP
�QM�GQ�

?L�CJCKCLR�MD�� ��

- MPC�DMPK?JJW
�UC�AMSJB�Q?W�� �� �� �QGLAC�GD�O�� �� 
�RFCL�O�� �� ��

)R�GQ�?JQM�RPSC�RF?R�� �� �� ��

� �GQ�LMR�?�QS@QCR�MD�� 
�QGLAC�#�AMLR?GLQ�?L�CJCKCLR
��
�RF?R�GQ�LMR�

AMLR?GLCB�GL���

Example 4 

3SNNMQC�?�QCR�AMLR?GLQ�RFC�NJ?WQ�& L:?�� ;F�� 9FLK�' FK?@E>
�& 8: �<K?
�

?LB���& @;JLDD<IZJ�'@>?K��I<8D��7 F?R�GQ�?�J?PECP�QCR�RFGQ�KGEFR�@C�

?�QS@QCR�MD �

4FCPC�?PC�K?LW�NMQQG@JC�?LQUCPQ�FCPC�� /LC�U MSJB�@C�RFC�QCR�MD�

NJ?WQ�@W�3F?ICQNC?PC��4FGQ�GQ�?JQM�?�QS@QCR�MD�RFC�QCR�MD�?JJ�NJ?WQ�CTCP�

UPGRRCL��)R�GQ�?JQM�?�QS@QCR�MD�?JJ�"PGRGQF�JGRCP?RSPC��

"?QGAQ��Z��� ��



Try it Now 1 

4FC�QCR�� ���Y�
��
��[��7 F?R�GQ�?�J?PECP�QCR�RFGQ�KGEFR�@C�?�QS@QCR�MD �

� �� ��Z��"?QGAQ



28. Union, Intersection, and 
Complement 

#MKKMLJW� QCRQ� GLRCP?AR�� &MP� CV?KNJC
� WMS� ?LB� ?� LCU� PMMKK?RC�

BCAGBC� RM� F?TC� ?� FMSQC� N?PRW
� ?LB� WMS� @MRF� GLTGRC� WMSP� AGPAJC� MD�

DPGCLBQ��!R�RFGQ�N?PRW
�RUM�QCRQ�?PC�@CGLE�AMK@GLCB
�RFMSEF�GR�KGEFR�

RSPL�MSR�RF?R�RFCPC�?PC�QMKC�DPGCLBQ�RF?R�UCPC�GL�@MRF�QCRQ��

Union, Intersection, and Complement 

4FC�KD?ED�MD�RUM�QCRQ�AMLR?GLQ�?JJ�RFC�CJCKCLRQ�

AMLR?GLCB�GL�CGRFCP�QCR�	MP�@MRF�QCRQ
��

4FC�SLGML�GQ�LMR?RCB��� � ��
�

- MPC�DMPK?JJW
�O�� ��� � �� �GD�O�� �� �MP�O�� �� �	MP�@MRF
�

4FC�?DJ;HI;9J?ED�MD�RUM�QCRQ�AMLR?GLQ�MLJW�RFC�

CJCKCLRQ�RF?R�?PC�GL�@MRF�QCRQ��

4FC�GLRCPQCARGML�GQ�LMR?RCB��� � ��
�

- MPC�DMPK?JJW
�O�� ��� � �� �GD�O�� �� �?LB�O�� ���

4FC�9ECFB;C;D J�MD�?�QCR�� �AMLR?GLQ�CTCPWRFGLE�RF?R�GQ�

EFK�GL�RFC�QCR�� ��

4FC�AMKNJCKCLR�GQ�LMR?RCB�� Z
�MP�� : 
�MP�QMKCRGKCQ�\� ��

5LGML
�)LRCPQCARGML
�?LB
#MKNJCKCLR��Z��� ��



Example 5 

#MLQGBCP�RFC�QCRQ�������� � � ��YPCB
�EPCCL
�@JSC[� ��� ��������� � � ��YPCB
�WCJJMU
�

MP?LEC[�

� ���YPCB
�MP?LEC
�WCJJMU
�EPCCL
�@JSC
�NSPNJC[�

?
�&GLB��� � ���

4FC� SLGML� AMLR?GLQ� ?JJ� RFC� CJCKCLRQ� GL� CGRFCP� QCR���� � � � � �� YPCB
�

EPCCL
�@JSC
�WCJJMU
�MP?LEC[�

. MRGAC�UC�MLJW�JGQR�PCB�MLAC��

@
�&GLB��� � ���

4FC�GLRCPQCARGML�AMLR?GLQ�?JJ�RFC�CJCKCLRQ�GL�@MRF�QCRQ���� � � � � ��

YPCB[�

A
�&GLB�� :� � ���

( CPC�UCnPC�JMMIGLE�DMP�?JJ�RFC�CJCKCLRQ�RF?R�?PC�EFK�GL�QCR�� �?LB�

?PC�?JQM�GL�� ��

� :� � �� ���YMP?LEC
�WCJJMU
�NSPNJC[�

Try it Now 2 

5 QGLE�RFC�QCRQ�DPMK�RFC�NPCTGMSQ�CV?KNJC
�DGLB��� � �� �?LB��:� � ���

. MRGAC�RF?R�GL�RFC�CV?KNJC�?@MTC
�GR�UMSJB�@C�F?PB�RM�HSQR�?QI�DMP�

� : 
�QGLAC�CTCPWRFGLE�DPMK�RFC�AMJMP�DSAFQG?�RM�NSNNGCQ�?LB�NC?LSR�

@SRRCP�?PC�GLAJSBCB�GL�RFC�AMKNJCKCLR�MD�RFC�QCR��&MP�RFGQ�PC?QML
�

AMKNJCKCLRQ�?PC�SQS?JJW�MLJW�SQCB�UGRF�GLRCPQCARGMLQ
�MP�UFCL�UC�

F?TC�?�SLGTCPQ?J�QCR�GL�NJ?AC��

Universal Set 

!� KD?L;HI7B� I;J � GQ� ?� QCR� RF?R� AMLR?GLQ� ?JJ� RFC� CJCKCLRQ� UC� ?PC�

GLRCPCQRCB�GL��4FGQ�UMSJB�F?TC�RM�@C�BCDGLCB�@W�RFC�AMLRCVR��

� �� ��Z��5LGML
�)LRCPQCARGML
�?LB�#MKNJCKCLR



!�A MKNJCKCLR�GQ�PCJ?RGTC�RM�RFC�SLGTCPQ?J�QCR
�QM�� :� AMLR?GLQ�?JJ�RFC�

CJCKCLRQ�GL�RFC�SLGTCPQ?J�QCR�RF?R�?PC�LMR�GL�� ��

Example 6 

?
����� )D� UC� UCPC� BGQASQQGLE� QC?PAFGLE� DMP� @MMIQ
� RFC� SLGTCPQ?J� QCR�

KGEFR�@C�?JJ�RFC�@MMIQ�GL�RFC�JG@P?PW��

@
����)D�UC�UCPC�EPMSNGLE�WMSP�&?AC@MMI�DPGCLBQ
�RFC�SLGTCPQ?J�QCR�

UMSJB�@C�?JJ�WMSP�&?AC@MMI�DPGCLBQ��

A
����� )D�WMS�UCPC�UMPIGLE�UGRF�QCRQ�MD�LSK@CPQ
�RFC�SLGTCPQ?J�QCR�

KGEFR�@C�?JJ�UFMJC�LSK@CPQ
�?JJ�GLRCECPQ
�MP�?JJ�PC?J�LSK@CPQ�

Example 7 

3SNNMQC�RFC�SLGTCPQ?J�QCR�GQ�. ���?JJ�UFMJC�LSK@CPQ�DPMK���RM����)D�� ���
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�RFCL�

� :� ��Y�
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�� 
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�� [��

!Q�UC�Q?U�C?PJGCP�UGRF�RFC�CVNPCQQGML�� :� � � � 
�QCR�MNCP?RGMLQ�A?L�

@C�EPMSNCB�RMECRFCP�� 'P MSNGLE�QWK@MJQ�A?L�@C�SQCB�JGIC�RFCW�?PC�

UGRF�?PGRFKCRGA�k�RM�DMPAC�?L�MPBCP�MD�MNCP?RGMLQ��

Example 8 

3SNNMQC�! � �� YA?R
� BME
� P?@@GR
� KMSQC[
� � � �� YBME
� AMU
� BSAI
� NGE
�
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0 ���YBSAI
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�DPME
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?
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7 C�QR?PR�UGRF�RFC�GLRCPQCARGML��!� � �� ���YBME
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5LGML
�)LRCPQCARGML
�?LB�#MKNJCKCLR��Z��� � �



. MU�U C�SLGML�RF?R�PCQSJR�UGRF�0 ��	!� � �� 
�� �0 ���YBME
�BSAI
�P?@@GR
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BCCP
�DPME
�KMSQC[�

@
�&GLB�!� � �	� �� �0 
�

7 C�QR?PR�UGRF�RFC�SLGML��� �� �0 ���YBME
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�BSAI
�NGE
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DPME
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� ��YBME
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�

KMSQC[�

A
�&GLB�	!� � �� 
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: �� �0 ���YBSAI
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� �� ��Z��5LGML
�)LRCPQCARGML
�?LB�#MKNJCKCLR



29. Venn Diagrams 

4M�TGQS?JGXC�RFC�GLRCP?ARGML�MD�QCRQ
� *MFL�6CLL�GL� �����RFMSEFR�RM�

SQC�MTCPJ?NNGLE�AGPAJCQ
�@SGJBGLE�ML�?�QGKGJ?P�GBC?�SQCB�@W�,CMLF?PB�

%SJCP� GL� RFC� ��RF� ACLRSPW�� 4FCQC� GJJSQRP?RGMLQ� LMU� A?JJCB� 1;DD�

 ?7=H7CI ��

Venn Diagram 

!�6 CLL�BG?EP?K�PCNPCQCLRQ�C?AF�QCR�@W�?�AGPAJC
�

SQS?JJW�BP?UL�GLQGBC�MD�?�AMLR?GLGLE�@MV�PCNPCQCLRGLE�

RFC�SLGTCPQ?J�QCR��/TCPJ?NNGLE�?PC?Q�GLBGA?RC�CJCKCLRQ�

AMKKML�RM�@MRF�QCRQ��

"?QGA�6CLL�BG?EP?KQ�A?L�GJJSQRP?RC�RFC�GLRCP?ARGML�MD�

RUM�MP�RFPCC�QCRQ��

Example 9 

#PC?RC�6CLL�BG?EP?KQ�RM�GJJSQRP?RC��� � �� 
��� � �� 
�?LB�� :� � ���

�� � �� �AMLR?GLQ�?JJ�CJCKCLRQ�GL�<@K?<I�QCR��

6CLL�$G?EP?KQ��Z��� ��



�� � � � � AMLR?GLQ� MLJW� RFMQC�

CJCKCLRQ�GL�@MRF�QCRQ�k�GL�RFC�MTCPJ?N�MD�RFC�AGPAJCQ��

� :� UGJJ�AMLR?GL�?JJ�CJCKCLRQ�EFK�GL�

RFC�QCR�!��� A�� �� �UGJJ�AMLR?GL�RFC�CJCKCLRQ�GL�QCR�� �RF?R�?PC�LMR�GL�QCR�

� ��

Example 10 

5 QC�?�6CLL�BG?EP?K�RM�GJJSQRP?RC�	!� � �� 
: �� �0�

7 CnJJ�QR?PR�@W�GBCLRGDWGLE�CTCPWRFGLE�GL�RFC�QCR�!� � ���

� �� ��Z��6CLL�$G?EP?KQ



. MU
�	!� � �� 
: �� �0 �UGJJ�AMLR?GL�CTCPWRFGLE�EFK�GL�RFC�QCR�GBCLRGDGCB�

?@MTC�RF?R�GQ�?JQM�GL�QCR�0 ��

Example 11 

#PC?RC� ?L� CVNPCQQGML� RM� PCNPCQCLR� RFC� MSRJGLCB� N?PR� MD� RFC� 6CLL�

BG?EP?K�QFMUL��

4FC�CJCKCLRQ�GL�RFC�MSRJGLCB�QCR�8I <�GL�QCRQ�! �?LB�� 
�@SR�?PC�LMR�GL�

6CLL�$G?EP?KQ��Z��� ��



QCR�0 ��3M�UC�AMSJB�PCNPCQCLR�RFGQ�QCR�?Q�!� � �� �� �0 A�

Try it Now 3 

#PC?RC�?L�CVNPCQQGML�RM�PCNPCQCLR�RFC�MSRJGLCB�NMPRGML�MD�RFC�6CLL�

BG?EP?K�QFMUL�

� �� ��Z��6CLL�$G?EP?KQ



30. Cardinality 

/D RCL� RGKCQ� UC� ?PC� GLRCPCQRCB�GL� RFC� LSK@CP� MD� GRCKQ� GL� ?�QCR�MP�

QS@QCR��4FGQ�GQ�A?JJCB�RFC�A?PBGL?JGRW�MD�RFC�QCR��

Cardinality 

4FC�LSK@CP�MD�CJCKCLRQ�GL�?�QCR�GQ�RFC�A?PBGL?JGRW�MD�

RF?R�QCR��

4FC�A?PBGL?JGRW�MD�RFC�QCR�� �GQ�MDRCL�LMR?RCB�?Q�Z� Z�MP�

L	 � 
�

Example 12 

,CR�� ���Y�
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��
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�� [�?LB�� ���Y�
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�� [��

7 F?R�GQ�RFC�A?PBGL?JGRW�MD��  � � �� �� 
��� � ��  �

4FC�A?PBGL?JGRW�MD�� �GQ��
�QGLAC�RFCPC�?PC���CJCKCLRQ�GL�RFC�QCR��

4FC�A?PBGL?JGRW�MD�� �� �� �GQ��
�QGLAC�� �� �� ���Y�
��
��
��
��
��
�� [
�UFGAF�

AMLR?GLQ���CJCKCLRQ��

4FC�A?PBGL?JGRW�MD��� � �� �GQ��
�QGLAC��� � �� ���Y�
��
�� [
�UFGAF�AMLR?GLQ�

��CJCKCLRQ��

#?PBGL?JGRW��Z��� ��



Example 13 

7 F?R� GQ� RFC� A?PBGL?JGRW� MD�) � �� RFC� QCR� MD� %LEJGQF� L?KCQ� DMP� RFC�

KMLRFQ�MD�RFC�WC?P �

4FC�A?PBGL?JGRW�MD�RFGQ�QCR�GQ���
�QGLAC�RFCPC�?PC����KML RFQ�GL�RFC�

WC?P��

3MKCRGKCQ�UC�K?W�@C�GLRCPCQRCB�GL�RFC�A?PBGL?JGRW�MD�RFC�SLGML�MP�

GLRCPQCARGML�MD�QCRQ
�@SR�LMR�ILMU�RFC�?ARS?J�CJCKCLRQ�MD�C?AF�QCR��

4FGQ�GQ�AMKKML�GL�QSPTCWGLE��

Example 14 

!� QSPTCW� ?QIQ� ���� NCMNJC� p7 F?R� @CTCP?EC� BM� WMS� BPGLI� GL� RFC�

KMPLGLEq
�?LB�MDDCPQ�AFMGACQ��

r� 4C?�MLJW�

r� #MDDCC�MLJW�

r� "MRF�AMDDCC�?LB�RC?�

3SNNMQC����PCNMPR�RC?�MLJW
����P CNMPR�AMDDCC�MLJW
����P CNMPR�@MRF���

( MU�K?L W�NCMNJC�BPGLI�RC?�GL�RFC�KMPLGLE �( MU�K?L W�NCMNJC�BPGLI�

LCGRFCP�RC?�MP�AMDDCC �

4FGQ� OSCQRGML� A?L� KMQR� C?QGJW� @C� ?LQUCPCB� @W� APC?RGLE� ?� 6CLL�

BG?EP?K��7 C�A?L�QCC�RF?R�UC�A?L�DGLB�RFC�NCMNJC�UFM�BPGLI�RC?�@W�

?BBGLE�RFMQC�UFM�BPGLI�MLJW�RC?�RM�RFMQC�UFM�BPGLI�@MRF�����NCMNJC��

7 C� A?L� ?JQM� QCC� RF?R� RFMQC� UFM� BPGLI� LCGRFCP� ?PC� RFMQC� LMR�

AMLR?GLCB�GL�RFC�?LW�MD�RFC�RFPCC�MRFCP�EPMSNGLEQ
�QM�UC�A?L�AMSLR�

RFMQC�@W�QS@RP?ARGLE�DPMK�RFC�A?PBGL?JGRW�MD�RFC�SLGTCPQ?J�QCR
���� ��

����k����k����k���������NC MNJC�UFM�BPGLI�LCGRFCP��

� �� ��Z��#?PBGL?JGRW



Example 15 

!� QSPTCW� ?QIQ���� 7 FGAF� MLJGLC� QCPTGACQ� F?TC� WMS� SQCB� GL� RFC� J?QR�

KMLRF��

r� 4UGRRCP�

r� &?AC@MMI�

r� ( ?TC�SQCB�@MRF�

4FC� PCQSJRQ� QFMU� ���� M D� RFMQC� QSPTCWCB� F?TC� SQCB� 4UGRRCP
� ����

F?TC� SQCB� &?AC@MMI
� ?LB� ���� F? TC� SQCB� @MRF�� (MU� K?L W� NCMNJC�

F?TC�SQCB�LCGRFCP�4UGRRCP�MP�&?AC@MMI �

,CR�- � @C� RFC� QCR� MD� ?JJ� NCMNJC� UFM� F?TC� SQCB� 4UGRRCP
� ?LB� � � @C�

RFC�QCR�MD�?JJ�NCMNJC�UFM�F?TC�SQCB�&?AC@MMI��.MRGAC�RF?R�UFGJC�RFC�

A?PBGL?JGRW�MD�� �GQ�����?LB�RFC�A?PBGL?JGRW�MD�- �GQ����
�RFC�A?PBGL?JGRW�

MD�� �� �- �GQ�LMR�QGKNJW����������
�QGLA C�RF?R�UMSJB�AMSLR�RFMQC�UFM�

SQC�@MRF�QCPTGACQ�RUGAC��4M�DGLB�RFC�A?PBGL?JGRW�MD�� �� �- 
�UC�A?L�?BB�

RFC�A?PBGL?JGRW�MD�� �?LB�RFC�A?PBGL?JGRW�MD�- 
�RFCL�QS@RP?AR�RFMQC�GL�

GLRCPQCARGML�RF?R�UCnTC�AMSLRCB�RUGAC��)L�QWK@MJQ
�

L	 � �� �- 
���L	 � 
���L	 - 
�k�L	 � �� �- 
�

L	 � �� �- 
�������������k�����������

. MU
�RM�DGLB�FMU�K?L W�NCMNJC�F?TC�LMR�SQCB�CGRFCP�QCPTGAC
�UCnPC�

JMMIGLE� DMP� RFC� A?PBGL?JGRW� MD� 	� � � � - 
: � �� 3GLAC� RFC� SLGTCPQ?J� QCR�

AMLR?GLQ� ����� MD� NCMNJC� ?LB� RFC� A?PBGL?JGRW� MD�� � � � - � �� ���
� RFC�

A?PBGL?JGRW�MD�	� �� �- 
: �KSQR�@C�RFC�MRFCP������

#?PBGL?JGRW��Z��� ��



4FC�NPCTGMSQ�CV?KNJC�GJJSQRP?RCB�RUM�GKNMPR?LR�NPMNCPRGCQ�

Cardinality properties 

L	 � �� �� 
���L	 � 
���L	 � 
�k�L	 � �� �� 
�

L	 � : 
���L	 . 
�k�L	 � 
�

. MRGAC�RF?R�RFC�DGPQR�NPMNCPRW�A?L�?JQM�@C�UPGRRCL�GL�?L�COSGT?JCLR�

DMPK�@W�QMJTGLE�DMP�RFC�A?PBGL?JGRW�MD�RFC�GLRCPQCARGML��

L	 � �� �� 
���L	 � 
���L	 � 
�k�L	 � �� �� 
�

Example 16 

&GDRW�QRSBCLRQ�UCPC�QSPTCWCB
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���U CPC�R?IGLE�?�33�AMSPQC���������������������U CPC�R?IGLE�?�(-�AMSPQC�

���U CPC�R?IGLE�?�.3�AMSPQC�������������������U CPC�R?IGLE�33�?LB�(-�

��U CPC�R?IGLE�33�?LB�.3������������������������U CPC�R?IGLE�(-�?LB�.3�

��U CPC�R?IGLE�?JJ�RFPCC���������������������������U CPC�R?IGLE�LMLC�

( MU�K?L W�QRSBCLRQ�?PC�MLJW�R?IGLE�?�33�AMSPQC �

� �� ��Z��#?PBGL?JGRW



)R�KGEFR�FCJN�RM�JMMI�?R�?�6CLL�BG?EP?K��

&PMK�RFC�EGTCL�B?R?
�UC�ILMU�RF?R�RFCPC�?PC�

��QRSBCLRQ�GL�PCEGML�<�?LB�

��QRSBCLRQ�GL�PCEGML�?��

3GLAC���QRSBCLRQ�UCPC�R?IGLE�?�33�?LB�.3�AMSPQC
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L	 ; 
���L	 <
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�RFCPC�

KSQR�@C�
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� UFGAF�
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Try it Now 4 
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31. Exercises 
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PART VI 

MODULE 5: NUMERATION 
SYSTEMS 
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32. Module 5 Overview 

What YouÕll Learn To Do: Understand numbers 
in other bases and recognize when use of other 
bases is applicable to real-life situations. 
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33. Numeration 

Historical Counting Systems Introduction and 
Basic Number and Counting Systems 

Introduction 
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RFGQ�IGLB�MD�RMMJ�GQ�RFC�)QF?LEM�"MLC
�BGQAMTCPCB�GL������? R�)QF?LEM
�

?LB� QFMUL� @CJMU�� �)R� GQ� PCNMPRCB� RM� @C� @CRUCCL� QGV� ?LB� LGLC�

RFMSQ?LB�WC?PQ�MJB�?LB�QFMUQ�UF?R�?NNC?P�RM�@C�K?PIGLEQ�SQCB�RM�

BM�AMSLRGLE�MD�QMKC�QMPR��

4FC� K?PIGLEQ� ML� PMUQ� 	?
� ?LB� 	@
� C?AF� ?BB� SN� RM� ���� 2MU� 	@
�

AMLR?GLQ�RFC�NPGKC�LSK@CPQ�@CRUCCL����?LB� �� ��2MU�	A
�QCCKQ�RM�

GJJSQRP?RC�DMP�RFC�KCRFMB�MD�BMS@JGLE�?LB�KSJRGNJGA?RGML�SQCB�@W�RFC�

%EWNRG?LQ��)R�GQ�@CJGCTCB�RF?R�RFGQ�K?W�?JQM�PCNPCQCLR�?�JSL?P�NF?QC�

AMSLRCP��

�@>LI<��
�

�� �" SLR
�,SA?Q��*MLCQ
�0FGJJGN��"CBGCLR
�*?AI��4FC�( GQRMPGA?J�

2MMRQ�MD�%JCKCLR?PW�-?RFCK?RGAQ
�N�����

�� �FRRN��� UUU�K? RF�@SDD?JM�CBS�K?B �!LAGCLR�!DPGA?�

K?B>X?GPC�SE?LB?�FRKJ�

.SKCP ?RGML��Z�����

http://www.math.buffalo.edu/mad/Ancient-Africa/mad_zaire-uganda.html
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Spoken Words 

!Q�KCRFMBQ�DMP�AMSLRGLE�BCTCJMNCB
�?LB�?Q�J?LES?EC�NPMEPCQQCB�?Q�

UCJJ
�GR�GQ�L?RSP?J�RM�CVNCAR�RF?R�QNMICL�UMPBQ�DMP�LSK@CPQ�UMSJB�

?NNC?P��5LDMPRSL?RCJW
�RFC�BCTCJMNKCLRQ�MD�RFCQC�UMPBQ
�CQNCAG?JJW�

RFMQC�AMPPCQNMLBGLE�RM�RFC�LSK@CPQ�DPMK�MLC�RFPMSEF�RCL
�?PC�LMR�

C?QW�RM�RP?AC��0?QR�RCL
�FMUCTCP
�UC�BM�QCC�QMKC�N?RRCPLQ��

r� %JCTCL�AMKCQ�DPMK�pCGL�JGDML
q�KC?LGLE�pMLC�JCDR�MTCP�q�

r� 4U CJTC�AMKCQ�DPMK�pRUC�JGD
q�KC?LGLE�pRUM�JCDR�MTCP�q�

r� 4FGPRCCL�AMKCQ�DPMK�p4FPCC�?LB�RCLq�?Q�BM�DMSPRCCL�RFPMSEF�

LGLCRCCL��

r� 4U CLRW�?NNC?PQ�RM�AMKC�DPMK�pRUC�RGEq�UFGAF�KC?LQ�pRUM�

RCLQ�q�

r� ( SLBPCB�NPM@?@JW�AMKCQ�DPMK�?�RCPK�KC?LGLE�pRCL�RGKCQ�q�

Written Numbers 

7 FCL�UC�QNC?I�MD�pUPGRRCLq�LSK@CPQ
�UC�F?TC�RM�@C�A?PCDSJ�@CA?SQC�

RFGQ�AMSJB�KC?L�?�T?PGCRW�MD�RFGLEQ��)R�GQ�GKNMPR?LR�RM�ICCN�GL�KGLB�

RF?R� KMBCPL� N?NCP� GQ� MLJW� ?� JGRRJC� KMPC� RF?L� ���� WC?PQ� MJB
� QM�

pUPGRGLEq� GL� RGKCQ� N?QR� MDRCL� RMMI� ML� DMPKQ� RF?R� KGEFR� JMMI� OSGRC�

SLD?KGJG?P�RM�SQ�RMB?W��

!Q� UC� Q?U� C?PJGCP
� QMKC� KGEFR� AMLQGBCP� UMMBCL� QRGAIQ� UGRF�

LMRAFCQ�A?PTCB�GL�RFCK�?Q�UPGRGLE�?Q�RFCQC�?PC�KC?LQ�MD�PCAMPBGLE�

GLDMPK?RGML�ML�?�KCBGSK�RF?R�A?L�@C�pPC?Bq�@W�MRFCPQ�� /D�AMSPQC
�

RFC�QWK@MJQ� SQCB� 	QGKNJC� LMRAFCQ
�ACPR?GLJW�BGB�LMR�JC?TC�?� JMR�MD�

DJCVG@GJGRW�DMP�AMKKSLGA?RGLE�?�UGBC�T?PGCRW�MD�GBC?Q�MP�GLDMPK?RGML��

/RFCP�KCBGSKQ�ML�UFGAF�pUPGRGLEq�K?W�F?TC�R?ICL�NJ?AC�GLAJSBC�

A?PTGLEQ�GL�QRMLC�MP�AJ?W�R?@JCRQ
�P?E�N?NCP�K?BC�@W�F?LB�	RUCJDRF�

ACLRSPW�GL�%SPMNC
�@SR�C?PJGCP�GL�#FGL?

�N?NWPSQ� 	GLTCLRCB�@W�RFC�

%EWNRG?LQ� ?LB� SQCB� SN� SLRGJ� RFC� 'PCCIQ

� ?LB� N?PAFKCLRQ� DPMK�

?LGK?J�QIGLQ��!LB�RFCQC�?PC�HSQR�?�DCU�MD�RFC�K?LW�NMQQG@GJGRGCQ��

��� ��Z��.SKCP ?RGML



4FCQC�?PC�HSQR�?�DCU�CV?KNJCQ�MD�C?PJW�KCRFMBQ�MD�AMSLRGLE�?LB�

QGKNJC�QWK@MJQ�DMP�PCNPCQCLRGLE�LSK@CPQ��%VRCLQGTC�@MMIQ
�?PRGAJCQ�

?LB� PCQC?PAF� F?TC� @CCL� BMLC� ML� RFGQ� RMNGA� ?LB� AMSJB� NPMTGBC�

CLMSEF� GLDMPK?RGML� RM� DGJJ� RFGQ� CLRGPC� AMSPQC� GD� UC� ?JJMUCB� GR� RM��

4FC�P?LEC�?LB�BGTCPQGRW�MD�APC?RGTC�RFMSEFR�RF?R�F?Q�@CCL�SQCB�GL�

RFC� N?QR� RM� BCQAPG@C� LSK@CPQ� ?LB� RM� AMSLR� M@HCARQ� ?LB� NCMNJC� GQ�

QR?EECPGLE��5LDMPRSL?RCJW
�UC�BMLnR�F?TC�RGKC�RM�CV?KGLC�RFCK�?JJ
�

@SR�GR�GQ�DSL�?LB�GLRCPCQRGLE�RM�JMMI�?R�MLC�QWQRCK�GL�KMPC�BCR?GJ�RM�

QCC�HSQR�FMU�GLECLGMSQ�NCMNJC�F?TC�@CCL��

The Number and Counting System of the Inca 
Civilization 

Background 

4FCPC�GQ�ECLCP?JJW�?�J?AI�MD�@MMIQ�?LB�PCQC?PAF�K?RCPG?J�AMLACPLGLE�

RFC�FGQRMPGA?J�DMSLB?RGMLQ�MD�RFC�!KCPGA?Q��- MQR�MD�RFC�pGKNMPR?LRq�

GLDMPK?RGML�?T?GJ?@JC�AMLACLRP?RCQ�ML�RFC�C?QRCPL�FCKGQNFCPC
�UGRF�

%SPMNC�?Q�RFC�ACLRP?J�DMASQ��4FC�PC?QMLQ�DMP�RFGQ�K?W�@C�RUMDMJB��

DGPQR
�GR�GQ�RFMSEFR�RF?R�RFCPC�U?Q�?�J?AI�MD�QNCAG?JGXCB�K?RFCK?RGAQ�

GL� RFC� !KCPGA?L� PCEGMLQ�� QCAMLB
� K?LW� MD� RFC� QCAPCRQ� MD� ?LAGCLR�

K? RFCK?RGAQ� GL� RFC� !KCPGA?Q� F?TC� @CCL� AJMQCJW� ES?PBCB�� �4FC�

0CPSTG?L� QWQRCK� BMCQ� LMR� QCCK� RM� @C� ?L� CVACNRGML� FCPC�� 4UM�

PCQC?PAFCPQ
� ,CJ?LB� ,MAIC� ?LB� %PJ?LB� . MPBCLQIGMJB
� F?TC� A?PPGCB�

MSR� PCQC?PAF� RF?R� F?Q� ?RRCKNRCB� RM� BGQAMTCP� UF?R� K?RFCK?RGA?J�

ILMUJCBEC�U?Q�ILMUL�@W�RFC�)LA?Q�?LB�FMU�RFCW�SQCB�RFC�0CPSTG?L�

OSGNS
� ?� AMSLRGLE� QWQRCK� SQGLE� AMPBQ� ?LB� ILMRQ
� GL� RFCGP�

�� �$G?L?
�,GLB�-?C��4FC�0CPSTG?L�1SGNS�GL�& 8K?<D8K@:J�

- <8:?<I ��)QQSC����	/ AR�
���� �

�N���� �k ����
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K? RFCK?RGAQ��4FCQC�PCQC?PAFCPQ�F?TC�AMKC�RM�ACPR?GL�@CJGCDQ�?@MSR�

RFC�OSGNS�RF?R�UC�UGJJ�QSKK?PGXC�FCPC��

Counting Boards 

)R�QFMSJB�@C�LMRCB�RF?R�RFC�)LA?Q�BGB�LMR�F?TC�?�AMKNJGA?RCB�QWQRCK�

MD� AMKNSR?RGML�� 7FCPC� MRFCP� NCMNJCQ� GL� RFC� PCEGMLQ
� QSAF� ?Q� RFC�

-? W?LQ
� UCPC� BMGLE� AMKNSR?RGMLQ� PCJ?RCB� RM� RFCGP� PGRS?JQ� ?LB�

A?JCLB?PQ
�RFC� )LA?Q�QCCK�RM�F?TC�@CCL�KMPC�AMLACPLCB�UGRF�RFC�

QGKNJCP�R?QI�MD�PCAMPB�I CCNGLE��4M�BM�RFGQ
�RFCW�SQCB�UF?R�?PC�A?JJCB�

RFC� pOSGNSq� RM� PCAMPB� OS?LRGRGCQ� MD� GRCKQ�� 	7C� UGJJ� BCQAPG@C� RFCK�

GL� KMPC� BCR?GJ� GL� ?� KMKCLR�
� ( MUCTCP
� RFCW� DGPQR� MDRCL� LCCBCB� RM�

BM�AMKNSR?RGMLQ�UFMQC�PCQSJRQ�UMSJB�@C�PCAMPBCB�ML�OSGNS��4M�BM�

RFCQC� AMKNSR?RGMLQ
� RFCW� UMSJB� QMKCRGKCQ� SQC� ?� AMSLRGLE� @M?PB�

AMLQRPSARCB�UGRF�?�QJ?@�MD�QRMLC�� )L�RFC�QJ?@�UCPC�ASR�PCAR?LESJ?P�

?LB�QOS?PC�AMKN?PRKCLRQ�QM�RF?R�?L�MAR?EML?J�	CGEFR�QGBCB
�PCEGML�

U?Q�JCDR�GL�RFC�KGBBJC��4UM�MNNMQGRC�AMPLCP�PCAR?LEJCQ�UCPC�P?GQCB��

!LMRFCP�RUM�QCARGMLQ�UCPC�KMSLRCB�ML�RFC�MPGEGL?J�QSPD?AC�MD�RFC�

QJ?@�QM�RF?R�RFCPC�UCPC�?ARS?JJW�RFPCC�JCTCJQ�?T?GJ?@JC��)L�RFC�DGESPC�

QFMUL
� RFC� B?PI CQR� QF?BCB� AMPLCP� PCEGMLQ� PCNPCQCLR� RFC� FGEFCQR
�

RFGPB�JCTCJ��4FC�JGEFRCP�QF?BCB�PCEGMLQ�QSPPMSLBGLE�RFC�AMPLCPQ�?PC�

RFC�QCAMLB�FGEFCQR�JCTCJQ
�UFGJC�RFC�AJC?P�UFGRC�PCAR?LEJCQ�?PC�RFC�

AMKN?PRKCLRQ�ASR�GLRM�RFC�QRMLC�QJ?@��

��� ��Z��.SKCP ?RGML
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0C@@JCQ�UCPC�SQCB�RM�ICCN�?AAMSLRQ�?LB�RFCGP�NMQGRGMLQ�UGRFGL�RFC�

T?PGMSQ�JCTCJQ�?LB�AMKN?PRKCLRQ�E?TC�RMR?JQ��&MP�CV?KNJC
�?�NC@@JC�

GL�?�QK?JJCP� 	UFGRC
�AMKN?PRKCLR�PCNPCQCLRCB�MLC�SLGR�� . MRC�RF?R�

RFCPC� ?PC� ��� QSAF� QOS?PCQ� ?PMSLB� RFC� MSRCP� CBEC� MD� RFC� DGESPC�� )D�

?� NC@@JC� U?Q� NSR� GLRM� MLC� MD� RFC� RUM� 	UFGRC
� J?PECP
� PCAR?LESJ?P�

AMKN?PRKCLRQ
� GRQ� T?JSC� U?Q� BMS@JCB�� 7 FCL� ?� NC@@JC� U?Q� NSR� GL�

RFC�MAR?EML?J�PCEGML�GL�RFC�KGBBJC�MD�RFC�QJ?@
�GRQ�T?JSC�U?Q�RPGNJCB��

)D�?�NC@@JC�U?Q�NJ?ACB�ML�RFC�QCAMLB� 	QF?BCB
�JCTCJ
�GRQ�T?JSC�U?Q�

KSJRGNJGCB�@W�QGV��!LB�DGL?JJW
�GD�?�NC@@JC�U?Q�DMSLB�ML�MLC�MD�RFC�RUM�

FGEFCQR�AMPLCP�JCTCJQ
�GRQ�T?JSC�U?Q�KSJRGNJGCB�@W�RUCJTC��$GDDCPCLR�

M@HCARQ�AMSJB�@C�AMSLRCB�?R�RFC�Q?KC�RGKC�@W�PCNPCQCLRGLE�BGDDCPCLR�

M@HCARQ�@W�BGDDCPCLR�AMJMPCB�NC@@JCQ��

.SKCP ?RGML��Z���� �
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3SNNMQC�WMS�F?TC�RFC�DMJJMUGLE�AMSLRGLE�@M?PB�UGRF�RUM�

BGDDCPCLR�IGLB�MD�NC@@JCQ�NJ?ACQ�?Q�GJJSQRP?RCB��,CR�RFC�QMJGB�

@J?AI�NC@@JC�PCNPCQCLR�?�BME�?LB�RFC�QRPGNCB�NC@@JC�

PCNPCQCLR�?�A?R��(MU�K?L W�BMEQ�?PC�@CGLE�PCNPCQCLRCB �

#74<;176�

�@>LI<��
�

4FCPC�?PC�RUM�@J?AI�NC@@JCQ�GL�RFC�MSRCP�QOS?PC�

PCEGMLQsRFCQC�PCNPCQCLR���BMEQ��4FCPC�?PC�RFPCC�@J?AI�

NC@@JCQ�GL�RFC�J?PECP�	UFGRC
�PCAR?LESJ?P�AMKN?PRKCLRQ��

4FCQC�PCNPCQCLR���BMEQ��4FCPC�GQ�MLC�@J?AI�NC@@JC�GL�RFC�

KGBBJC�PCEGMLsRFGQ�PCNPCQCLRQ���BMEQ��4FCPC�?PC�RFPCC�

��� ��Z��.SKCP ?RGML



@J?AI�NC@@JCQ�ML�RFC�QCAMLB�JCTCJsRFCQC�PCNPCQCLR����

BMEQ��&GL?JJW
�RFCPC�GQ�MLC�@J?AI�NC@@JC�ML�RFC�FGEFCQR�

AMPLCP�JCTCJsRFGQ�PCNPCQCLRQ����BMEQ��7C�RFCL�F?TC�?�RMR?J�

MD����� �� ��� ��������BMEQ��

Try It Now 

( MU�K?L W�A?RQ�?PC�PCNPCQCLRCB�ML�RFGQ�@M?PB �
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The Quipu 

4FGQ� IGLB�MD�@M?PB�U?Q�EMMB�

DMP� BMGLE� OSGAI� AMKNSR?RGMLQ
�

@SR� GR� BGB� LMR� NPMTGBC� ?� EMMB�

U?W� RM� ICCN� ?� NCPK?LCLR�

PCAMPBGLE� MD� OS?LRGRGCQ� MP�

AMKNSR?RGMLQ��&MP�RFGQ�NSPNMQC
�

RFCW�SQCB�RFC�OSGNS��4FC�OSGNS�

GQ� ?� AMJJCARGML� MD� AMPBQ� UGRF�

ILMRQ�GL�RFCK��4FCQC�AMPBQ�?LB�

ILMRQ�?PC�A?PCDSJJW�?PP?LECB�QM�

RF?R� RFC� NMQGRGML� ?LB� RWNC� MD�

AMPB� MP� ILMR� EGTCQ� QNCAGDGA�

GLDMPK?RGML�ML�FMU�RM�BCAGNFCP�

RFC�AMPB��

!�OSGNS�GQ�K?BC�SN�MD�?�K?GL�

AMPB� UFGAF� F?Q� MRFCP� AMPBQ�

	@P?LAFCQ
� RGCB� RM� GR�� 3CC�

NGARSPCQ�RM�RFC�PGEFR���

,MAI C� A?JJCB� RFC� @P?LAFCQ� (�

AMPBQ��4FCW�?PC�?RR?AFCB�RM�RFC�K?GL�AMPB�� "�AMPBQ
�GL�RSPL
�UCPC�

?RR?AFCB�RM�RFC�(�AMPBQ��- MQR�MD�RFCQC�AMPBQ�UMSJB�F?TC�ILMRQ�ML�

RFCK��2?PCJW�?PC�ILMRQ�DMSLB�ML�RFC�K?GL�AMPB
�FMUCTCP
�?LB�RCLB�

RM� @C� K?GLJW� ML� RFC� (� ?LB� "� AMPBQ�� !� OSGNS� KGEFR� ?JQM� F?TC� ?�

pRMR?JGXCPq�AMPB�RF?R�QSKK?PGXCQ�?JJ�MD�RFC�GLDMPK?RGML�ML�RFC�AMPB�

EPMSN�GL�MLC�NJ?AC��

,MAI C� NMGLRQ� MSR� RF?R� RFCPC� ?PC� RFPCC� RWNCQ� MD� ILMRQ
� C?AF�

PCNPCQCLRGLE�?�BGDDCPCLR�T?JSC
�BCNCLBGLE�ML�RFC�IGLB�MD�ILMR�SQCB�

?LB�GRQ�NMQGRGML�ML�RFC�AMPB��4FC�)LA?Q
�JGIC�SQ
�F?B�?�BCAGK?J�	@?QC�

�� �$G?L?
�,GLB�-?C��4FC�0CPSTG?L�1SGNS�GL�& 8K?<D8K@:J�

- <8:?<I ��)QQSC����	/ AR�
���� �

�N���� �k ����
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RCL
�QWQRCK
�QM�C?AF�IGLB�MD�ILMR�F?B�?�QNCAGDGA�BCAGK?J�T?JSC��4FC�

3GLEJC�ILMR
�NGARSPCB�GL�RFC�KGBBJC�MD�DGESPC�� � �U?Q�SQCB�RM�BCLMRC�

RCLQ
� FSLBPCBQ
� RFMSQ?LBQ
� ?LB� RCL� RFMSQ?LBQ�� 4FCW� UMSJB� @C� ML�

RFC�SNNCP�JCTCJQ�MD�RFC�(�AMPBQ��4FC�DGESPC�CGEFR�ILMR�ML�RFC�CLB�

U?Q�SQCB�RM�BCLMRC�RFC�GLRCECP�pMLC�q�%TCPW�MRFCP�GLRCECP�DPMK���RM�

��U ?Q�PCNPCQCLRCB�UGRF�?�JMLE�ILMR
�QFMUL�ML�RFC�JCDR�MD�RFC�DGESPC��

	3MKCRGKCQ�JMLE�ILMRQ�UCPC�SQCB�RM�PCNPCQCLRQ�RCLQ�?LB�FSLBPCBQ�
�

. MRC�RF?R�RFC�JMLE�ILMR�F?Q�QCTCP?J�RSPLQ�GL�GRsRFC�LSK@CP�MD�RSPLQ�

GLBGA?RCQ�UFGAF�GLRCECP�GQ�@CGLE�PCNPCQCLRCB��4FC�SLGRQ�	MLCQ
�UCPC�

NJ?ACB� AJMQCQR� RM� RFC� @MRRMK� MD� RFC� AMPB
� RFCL� RCLQ� PGEFR� ?@MTC�

RFCK
�RFCL�RFC�FSLBPCBQ
�?LB�QM�ML��

�@>LI<���

)L� MPBCP� RM� K?IC� PC?BGLE� RFCQC� NGARSPCQ� C?QGCP
� UC� UGJJ� ?BMNR� ?�

AMLTCLRGML� RF?R� GQ� AMLQGQRCLR�� &MP� RFC� JMLE� ILMR� UGRF� RSPLQ� GL� GR�

	PCNPCQCLRGLE�RFC�LSK@CPQ���RFPMSEF� � 

�UC�UGJJ�SQC�RFC�DMJJMUGLE�

LMR?RGML��

4FC�DMSP�FMPGXMLR?J�@?PQ�PCNPCQCLR�DMSP�RSPLQ�?LB�RFC�ASPTCB�?PA�

ML�RFC�PGEFR�JGLIQ�RFC�DMSP�RSPLQ�RMECRFCP��4FGQ�UMSJB�PCNPCQCLR�RFC�

LSK@CP����

�� �FRRN��� UGQAGLDM�BMGR�UGQA�CBS�AF? WQGKGPC�RGRSJM��

IFGNSQ�UF? R�FRK�

.SKCP ?RGML��Z�����

http://wiscinfo.doit.wisc.edu/chaysimire/titulo2/khipus/what.htm
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7 C�UGJJ�PCNPCQCLR�RFC�QGLEJC�ILMR�UGRF�?�J?PEC�BMR�	�`�
�?LB�UC�UGJJ�

PCNPCQCLR�RFC�DGESPC�CGEFR�ILMR�UGRF�?�QGBCU?WQ�CGEFR�	�w�
��

�?)584-�
�

7 F?R�LSK@CP�GQ�

PCNPCQCLRCB�ML�RFC�AMPB�

QFMUL�GL�DGESPC�� �

#74<;176�

/L�RFC�AMPB
�UC�QCC�?�

JMLE�ILMR�UGRF�DMSP�RSPLQ�GL�

GRsRFGQ�PCNPCQCLRQ�DMSP�GL�RFC�MLCQ�NJ?AC��4FCL���QGLEJC�

ILMRQ�?NNC?P�GL�RFC�RCLQ�NMQGRGML�GKKCBG?RCJW�?@MTC�RF?R
�

UFGAF�PCNPCQCLRQ���RCLQ
�MP�����&GL?JJW
���QGLEJC�ILMRQ�?PC�

RGCB�GL�RFC�FSLBPCBQ
�PCNPCQCLRGLE�DMSP���FSLBPCBQ
�MP���� ��

4FSQ
�RFC�RMR?J�QFMUL�ML�RFGQ�AMPB�GQ������

Try It Now 

7 F?R�LSK@CPQ�?PC�PCNPCQCLRCB�ML�C?AF�MD�RFC�DMSP�

AMPBQ�F?LEGLE�DPMK�RFC�K?GL�AMPB �
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4FC� AMJMPQ� MD� RFC� AMPBQ� F?B� KC?LGLE� ?LB� AMSJB� BGQRGLESGQF� MLC�

M@HCAR� DPMK� ?LMRFCP�� /LC� A MJMP� AMSJB� PCNPCQCLR� JJ?K?Q
� UFGJC� ?�

BGDDCPCLR� AMJMP� KGEFR� PCNPCQCLR� QFCCN
� DMP� CV?KNJC�� 7FCL� ?JJ� RFC�

AMJMPQ� ?T?GJ?@JC� UCPC� CVF?SQRCB
� RFCW� UMSJB� F?TC� RM� @C� PC�SQCB��

"CA?SQC�MD�RFGQ
�RFC�?@GJGRW�RM�PC?B�RFC�OSGNS�@CA?KC�?�AMKNJGA?RCB�

R?QI�?LB�QNCAG?JJW�RP?GLCB�GLBGTGBS?JQ�BGB�RFGQ�HM@��4FCW�UCPC�A?JJCB�

1SGNSA?K?WMA
� UFGAF� KC?LQ� ICCNCP� MD� RFC� OSGNSQ�� 4FCW� UMSJB�

@SGJB
�ES?PB
�?LB�BCAGNFCP�OSGNSQ��

.SKCP ?RGML��Z�����
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!Q� WMS� A?L� QCC� DPMK� RFGQ�

NFMRMEP?NF� MD� ?L� ?ARS?J� OSGNS�
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Another Method For Converting From Base 10 to 
Other Bases 
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� QM� RFC� DMPK?J� QWK@MJQ� DMP� RFC� B?WQ� UCPC� BCAMP?RCB�

FC?BQ
�� �JGIC�RFC�Q?KNJC�RM�RFC�JCDR�� �3GLAC�RFC�@?QGA�A?JCLB?P�U?Q�

@?QCB�ML�����B? WQ
�RFC�NPGCQRJW�LSKCP?J�QWQRCK�SQCB�?�KGVCB�@?QC�

QWQRCK� CKNJMWGLE� KSJRGNJCQ� MD� ��� ?LB� ��� �� 4FGQ� K?ICQ� DMP� ?�

AMLDSQGLE�QWQRCK
�RFC�BCR?GJQ�MD�UFGAF�UC�UGJJ�QIGN��

��� �" GBUCJJ
�*?KCQ��-? W?L�!PGRFKCRGA�GL�& 8K?<D8K@:J�
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�)QQSC����	. MT�
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�N����� k����

��� �FRRN��� UUU�SI?LQ�CBS�\JA RJQ�-? W?L�LSK@CPQ�FRKJ�
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��� 
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���� #?@?J�
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�� �� ��� +?J�

�� �� �� ( SL�

The Mayan Number System 

)LQRC?B
�UC�UGJJ�DMASQ�ML�RFC�LSKCP?RGML�QWQRCK�MD�RFC�pAMKKMLq�

NCMNJC
� UFGAF� SQCB� ?� KMPC� AMLQGQRCLR� @?QC� QWQRCK�� !Q� UC� QR?RCB�

C?PJGCP
� RFC� -?W?LQ� SQCB� ?� @?QC���� QWQRCK
� A?JJCB� RFC� pTGECQGK?Jq�

QWQRCK��,GIC�MSP�QWQRCK
�GR�GQ�NMQGRGML?J
�KC?LGLE�RF?R�RFC�NMQGRGML�

MD�?�LSKCPGA�QWK@MJ�GLBGA?RCQ�GRQ�NJ?AC�T?JSC��)L�RFC�DMJJMUGLE�R?@JC�

WMS�A?L�QCC�RFC�NJ?AC�T?JSC�GL�GRQ�TCPRGA?J�DMPK?R����

��� �" GBUCJJ�

.SKCP ?RGML��Z�����
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)L�MPBCP�RM�UPGRC�LSK@CPQ�BMUL
�RFCPC�UCPC�MLJW�RFPCC�QWK@MJQ�

LCCBCB�GL�RFGQ�QWQRCK��!�FMPGXMLR?J�@?P�PCNPCQCLRCB�RFC�OS?LRGRW��
�?�

BMR�PCNPCQCLRCB�RFC�OS?LRGRW��
�?LB�?�QNCAG?J�QWK@MJ�	RFMSEFR�RM�@C�?�

QFCJJ
�PCNPCQCLRCB�XCPM��4FC�-? W?L�QWQRCK�K?W�F?TC�@CCL�RFC�DGPQR�

RM�K?IC�SQC�MD�XCPM�?Q�?�NJ?ACFMJBCP�LSK@CP��4FC�DGPQR����LSK@CPQ�

?PC�QFMUL�GL�RFC�R?@JC�RM�RFC�PGEFR����

5LJGIC�MSP�QWQRCK
�UFCPC�RFC�MLCQ�NJ?AC�QR?PRQ�ML�RFC�PGEFR�?LB�

RFCL�KMTCQ�RM�RFC�JCDR
�RFC�-?W?L�QWQRCKQ�NJ?ACQ�RFC�MLCQ�ML�RFC�

8EJJEC� MD� ?� TCPRGA?J� MPGCLR?RGML� ?LB� KMTCQ� SN� ?Q� RFC� NJ?AC� T?JSC�

GLAPC?QCQ��

7 FCL�LSK@CPQ�?PC�UPGRRCL�GL�TCPRGA?J�DMPK
�RFCPC�QFMSJB�LCTCP�

@C� KMPC� RF?L� DMSP� BMRQ� GL� ?� QGLEJC� NJ?AC�� 7 FCL� UPGRGLE� -?W?L�

LSK@CPQ
� CTCPW� EPMSN� MD� DGTC� BMRQ� @CAMKCQ� MLC� @?P�� !JQM
� RFCPC�

QFMSJB�LCTCP�@C�KMPC�RF?L�RFPCC�@?PQ�GL�?�QGLEJC�NJ?ACsDMSP�@?PQ�

UMSJB�@C�AMLTCPRCB�RM�MLC�BMR�GL�RFC�LCVR�NJ?AC�SN�� )RnQ�RFC�Q?KC�

?Q����ECRRGLE�AMLTCPRCB�RM�?� ��GL�RFC�LCVR�NJ?AC�SN�UFCL�UC�A?PPW�

BSPGLE�?BBGRGML��
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�UFGAF�GQ�QFMUL�GL�
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3R?PRGLE�DPMK�RFC�@MRRMK
�UC�F?TC�RFC�MLCQ�NJ?AC��4FCPC�

?PC�RUM�@?PQ�?LB�RFPCC�BMRQ�GL�RFGQ�NJ?AC��3GLAC�C?AF�@?P�GQ�

UMPRF��
�UC�F?TC����MLCQ�UFCL�UC�AMSLR�RFC�RFPCC�BMRQ�GL�

RFC�MLCQ�NJ?AC��,MMIGLE�RM�RFC�NJ?AC�T?JSC�?@MTC�GR�	RFC�

RUCLRGCQ�NJ?ACQ

�UC�QCC�RFCPC�?PC�RFPCC�BMRQ�QM�UC�F?TC�

RFPCC�RUCLRGCQ��

( CLAC�UC�A?L�UPGRC�RFGQ�LSK@CP�GL�@?QC�RCL�?Q��
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�?)584-�	��
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4FGQ�LSK@CP�F?Q����GL�RFC�MLCQ�NJ?AC
�XCPM�GL�RFC���Q�

NJ?AC
�?LB����GL�RFC���� ������Q�NJ?A C��( CLAC
�RFC�T?JSC�MD�

RFGQ�LSK@CP�GL�@?QC�RCL�GQ��
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Try It Now 
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4FGQ�NPM@JCK�GQ�BMLC�GL�RUM�QR?ECQ��&GPQR�UC�LCCB�RM�

AMLTCPR�RM�?�@?QC����LSK@CP��7 C�UGJJ�BM�QM�SQGLE�RFC�

KCRFMB�NPMTGBCB�GL�RFC�J?QR�QCARGML�MD�RFC�RCVR��4FC�QCAMLB�

QRCN�GQ�RM�AMLTCPR�RF?R�LSK@CP�RM�-?W?L�QWK@MJQ��

4FC�FGEFCQR�NMUCP�MD����RF?R�UGJJ�BGTGBC�GLRM������GQ��� � ���

��� 
�QM�UC�QR?PR�@W�BGTGBGLE�RF?R�?LB�RFCL�NPMACCB�DPMK�

RFCPC��

�����h����������� ���

� ��� ���e��������� ���

� ����e��������� ��
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�� ���

4FC�QCAMLB�QRCN�GQ�RM�AMLTCPR�RFGQ�RM�-?W?L�LMR?RGML��

4FGQ�LSK@CP�GLBGA?RCQ�RF?R�UC�F?TC����GL�RFC�MLCQ�NMQGRGML��

4F?RnQ�RFPCC�@?PQ�?R�RFC�@MRRMK�MD�RFC�LSK@CP��7 C�?JQM�F?TC�

���GL�RFC���Q�NJ?AC
�QM�RF?RnQ�RFPCC�@?PQ�?LB�RFPCC�BMRQ�GL�RFC�

QCAMLB�NMQGRGML��&GL?JJW
�UC�F?TC���GL�RFC����Q�NJ?AC
�QM�

RF?RnQ�MLC�@?P�?LB�RFPCC�BMRQ�ML�RFC�RMN��7C�ECR�RFC�

DMJJMUGLE��

. MRC�RF?R�GL�RFC�NPCTGMSQ�CV?KNJC�?�LCU�LMR?RGML�U?Q�SQCB�UFCL�UC�
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QCN?P?RC�DPMK�C?AF�MRFCP��4FGQ�SQC�MD�RFC�AMKK?�GQ�QJGEFRJW�BGDDCPCLR�

RF?L� FMU� RFCWnPC� SQCB� GL� RFC� BCAGK?J� QWQRCK�� 7FCL� UC� UPGRC� ?�

LSK@CP�GL�@?QC���
�QSAF�?Q��
�� � 
�� �
�RFC�AMKK?Q�?PC�SQCB�NPGK?PGJW�

?Q�?L�?GBC�RM�PC?B�RFC�LSK@CP�C?QGJW�@SR�RFCW�BM�LMR�QCN?P?RC�QGLEJC�

NJ?AC�T?JSCQ�DPMK�C?AF�MRFCP��7 C�UGJJ�LCCB�RFGQ�LMR?RGML�UFCLCTCP�

RFC�@?QC�UC�SQC�GQ�J?PECP�RF?L�����

Writing numbers with bases bigger than 
10 
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�QCN?P?RC�
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�
�� �� ��

Try It Now 
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Try It Now 
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Adding Mayan Numbers 
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UGJJ�FCJN�ICCN�RFC�NJ?AC�T?JSCQ�DPMK�@CGLE�KGVCB�SN��
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�?LB�RM�RFC�PGEFR�MD�RFGQ�LCU�

LSK@CP�BP?U�?�QCR�MD�CKNRW�@MVCQ�UFCPC�WMS�UGJJ�NJ?AC�RFC�

DGL?J�QSK��

9MS�?PC�LMU�PC?BW�RM�QR?PR�A?PPWGLE��"CEGL�UGRF�RFC�NJ?AC�

RF?R�F?Q�RFC�JMUCQR�T?JSC
�HSQR�?Q�WMS�BM�UGRF�!P?@GA�
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KSQR�AMLTCPR�RM�?�@?P��3GLAC�DGTC�BMRQ�K?IC�MLC�@?P
�UC�

BP?U�?�@?P�RFPMSEF�DGTC�MD�RFC�BMRQ
�JC?TGLE�SQ�UGRF�MLC�BMR�

UFGAF�GQ�SLBCP�RFC�DMSP�BMR�JGKGR��0SR�RFGQ�BMR�GLRM�RFC�

@MRRMK�NJ?AC�MD�RFC�CKNRW�QCR�MD�@MVCQ�WMS�HSQR�BPCU��
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�
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7 FCLCTCP�UC�F?TC�DMSP�@?PQ�GL�?�QGLEJC�NJ?AC�UC�UGJJ�

?SRMK?RGA?JJW�AMLTCPR�RF?R�RM�?�;FK�GL�RFC�LCVR�NJ?AC�SN��7C�

BP?U�?�AGPAJC�?PMSLB�DMSP�MD�RFC�@?PQ�?LB�?L�?PPMU�SN�RM�

RFC�BMRQn�QCARGML�MD�RFC�FGEFCP�NJ?AC��! R�RFC�CLB�MD�RF?R�

?PPMU
�BP?U�?�LCU�BMR��4F?R�BMR�PCNPCQCLRQ����HSQR�RFC�

Q?KC�?Q�RFC�MRFCP�BMRQ�GL�RF?R�NJ?AC��. MR�AMSLRGLE�RFC�

AGPAJCB�@?PQ�GL�RFC�@MRRMK�NJ?AC
�RFCPC�GQ�MLC�@?P�JCDR��/LC�

@?P�GQ�SLBCP�RFC�RFPCC�@?P�JGKGR��NSR�GR�SLBCP�RFC�BMR�GL�RFC�

QCR�MD�CKNRW�NJ?ACQ�RM�RFC�PGEFR��
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7 C�A?L�QCC�FCPC�RF?R�UC�F?TC���RUCLRGCQ�	�� 

�?LB���MLCQ
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�@SR�RF?RnQ�MLJW�@CA?SQC�GRnQ�KMPC�

D?KGJG?P�RM�WMS��9MSP�R?QI�FCPC�GQ�RM�RPW�RM�JC?PL�?�LCU�@?QC�

QWQRCK�?LB�FMU�?BBGRGML�A?L�@C�BMLC�GL�QJGEFRJW�BGDDCPCLR�

U?WQ�RF?L�UF?R�WMS�F?TC�QCCL�GL�RFC�N?QR��.MRC
�FMUCTCP
�

RF?R�RFC�AMLACNR�MD�A?PPWGLE�GQ�QRGJJ�SQCB
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Try It Now 

4PW�?BBGLE�����?LB����GL�-? W?L�@W�DGPQR�AMLTCPRGLE�RM�

-? W?L�LSK@CPQ�?LB�RFCL�UMPIGLE�CLRGPCJW�UGRFGL�RF?R�

QWQRCK��$M�LMR�?BB�GL�@?QC�RCL�	BCAGK?J
�SLRGJ�RFC�TCPW�

CLB�UFCL�WMS�:?<:B �WMSP�UMPI��

Conclusion 

)L� RFGQ� PC?BGLE
� UC� F?TC� @PGCDJW� QICRAFCB� RFC� BCTCJMNKCLR� MD�

LSK@CPQ�?LB�MSP�AMSLRGLE�QWQRCK
�UGRF�RFC�CKNF?QGQ�ML�RFC�p@PGCDq�

N?PR��4FCPC�?PC�LSKCPMSQ�QMSPACQ�MD�GLDMPK?RGML�?LB�PCQC?PAF�RF?R�

DGJJ�K?LW�TMJSKCQ�MD�@MMIQ�ML�RFGQ�RMNGA��5LDMPRSL?RCJW
�UC�A?LLMR�

@CEGL�RM�AMKC�AJMQC�RM�AMTCPGLE�?JJ�MD�RFC�GLDMPK?RGML�RF?R�GQ�MSR�

RFCPC��

7 C� F?TC� MLJW� QAP?RAFCB� RFC� QSPD?AC� MD� RFC� UC?JRF� MD� PCQC?PAF�

?LB� GLDMPK?RGML� RF?R� CVGQRQ� ML� RFC� BCTCJMNKCLR� MD� LSK@CPQ� ?LB�

AMSLRGLE�RFPMSEFMSR�FSK?L�FGQRMPW��7 F?R�GQ�GKNMPR?LR�RM�LMRC�GQ�

RF?R�RFC�QWQRCK�RF?R�UC�SQC�CTCPW�B?W�GQ�?�NPMBSAR�MD�RFMSQ?LBQ�MD�

WC?PQ�MD�NPMEPCQQ�?LB�BCTCJMNKCLR��)R�PCNPCQCLRQ�AMLRPG@SRGMLQ�@W�

K?L W�AGTGJGX?RGMLQ�?LB�ASJRSPCQ��)R�BMCQ�LMR�AMKC�BMUL�RM�SQ�DPMK�

RFC� QIW
� ?� EGDR� DPMK� RFC� EMBQ�� )R� GQ� LMR� RFC� APC?RGML� MD� ?� RCVR@MMI�

NS@JGQFCP�� )R� GQ� GLBCCB� ?Q� FSK?L� ?Q� UC� ?PC
� ?Q� GQ� RFC� PCQR� MD�

K? RFCK?RGAQ�� "CFGLB� CTCPW� QWK@MJ
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&SPRFCPKMPC
� UC� FMNC� RF?R� WMS� LMU� F?TC� ?� @?QGA� ?NNPCAG?RGML�
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�
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34. Supplemental Videos 

4FGQ� 9MS4S@C� NJ?WJGQR� AMLR?GLQ�

QCTCP?J�TGBCMQ�RF?R�QSNNJCKCLR�RFC�PC?BGLE�ML�(GQRMPGA?J�#MSLRGLE��

9MS� ?PC� LMR� PCOSGPCB� RM� U?RAF� ?JJ� MD� RFCQC� TGBCMQ
� @SR� )�

PCAMKKCLB� U?RAFGLE� RFC� TGBCMQ� DMP� ?LW� AMLACNRQ� WMS� K?W� @C�

QRPSEEJGLE�UGRF��

��� ��Z��3SNNJCKCLR?J�6GBCMQ

https://www.youtube.com/playlist?list=PL15B6F634E3765145


35. Binary, Octal, and 
Hexadecimal 

)L�KMBCPL�AMKNSRGLE�?LB�BGEGR?J�CJCARPMLGAQ
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FCV?BCAGK?J�	@?QC���
��)D�UC�?PC�AMLTCPRGLE�@CRUCCL�RUM�@?QCQ�MRFCP�

RF?L�BCAGK?J
�UC�RWNGA?JJW�F?TC�RM�AMLTCPR�RFC�LSK@CP�RM�@?QC� ���

DGPQR
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�
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�

?LB�DPMK�@GL?PW�RM�FCV?BCAGK?J
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https://library.achievingthedream.org/austinccmathlibarts/?p=57#pb-interactive-content
https://library.achievingthedream.org/austinccmathlibarts/?p=57#pb-interactive-content
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?KKGJ���C@9I8I P
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FI>�

8LJK@E::D8K?C@98IKJ��G����

&MP�DSPRFCP�AJ?PGDGA?RGML
�PCA?JJ�RF?R�RFC�LSK@CPQ���RFPMSEF���A?L�@C�

PCNPCQCLRCB�@W�SN�RM�RFPCC�BGEGRQ�GL�@?QC�RUM��)L�@?QC�CGEFR
�RFCQC�

LSK@CPQ�?PC�PCNPCQCLRCB�@W�?�QGLEJC�BGEGR��

��� ��Z��" GL?PW
�/ AR?J
�?LB�(CV?BCAGK?J

https://library.achievingthedream.org/austinccmathlibarts/?p=57#pb-interactive-content
https://library.achievingthedream.org/austinccmathlibarts/?p=57#pb-interactive-content
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�UC�LCCB�DMSP�BGEGRQ�GL�@?QC� ��

?LB�RUM�BGEGRQ�GL�@?QC����)L�D?AR
�RFC�LSK@CPQ���RFPMSEF����A ?L�@C�

PCNPCQCLRCB�@W�RUM�BGEGRQ�GL�@?QC����7C�LCCB�DMSP
�DGTC
�MP�QGV�BGEGRQ�

GL�@?QC���RM�PCNPCQCLR�RFCQC�Q?KC�LSK@CPQ��

�7I;���D KC8;H� �7I;����;GK? L7B;DJ� �7I;���D KC8;H�

����� �� �������e�������e���
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4FC�LSK@CP����GL�@?QC���GQ�PCNPCQCLRCB�@W���� � � �� ��e�� � � �� ��e�� � � ��

��e� � � � �� ��e� ��� �� ��e� �� �� ��e� ��� ) L�@?QC� �
�RFGQ�UMSJB�@C�������� � ��

$M�WMS�QCC�?�N?RRCPL�FCPC �&MP�?�QGLEJC�BGEGR�GL�@?QC��
�UC�LCCB�SN�

RM�RFPCC�BGEGRQ�GL�@?QC����&MP�RUM�BGEGRQ�GL�@?QC��
�UC�LCCB��
��
�MP���

BGEGRQ�GL�@?QC����&MP�RFPCC�BGEGRQ�GL�@?QC��
�UC�LCCB�� 
��
�MP���BGEGRQ�

GL�@?QC����&MP�C?AF�?BBGRGML?J�BGEGR�GL�@?QC��
�UC�LCCB�SN�RM�RFPCC�

" GL?PW
�/ AR?J
�?LB�(CV?BCAGK?J��Z�����
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�����IE�M ;�D;;:�J>H ;;�IF79;I
�

!�A MSNJC�MD�CV?KNJCQ�UMSJB�FCJN�FCPC��

��� #MLTCPR�RFC�LSK@CP������ �RM�@?QC����7C�QNJGR�C?AF�BGEGR�GL�@?QC�

��RM�RFPCC�BGEGRQ�GL�@?QC��
�SQGLE�RFC�RFPCC�BGEGR�@?QC���

COSGT?JCLR
�QM��� ������ � 
�� � ������ � 
�CRA��

��� #MLTCPR�RFC�LSK@CP��������������� � �RM�@?QC����3NJGR�RFGQ�

LSK@CP�GLRM�QCRQ�MD�RFPCC
�IJ7HJ?D=�M?J>�J>;�H?=>J�CEIJ�:?=? J
�

RFCL�AMLTCPR�C?AF�QCR�MD�RFPCC�RM�GRQ�COSGT?JCLR�GL�@?QC����

&MP� FCV?BCAGK?J� 	@?QC� ��

� UC� LCCB� SN� RM� DMSP� BGEGRQ� GL� @GL?PW� RM�

PCNPCQCLR�C?AF�QGLEJC�BGEGR��2CKCK@CP�RFGQ�@W�PCA?JJGLE�RF?R��� �����
�

QM�UC�LCCB�DMSP�BGEGRQ��

9MS�K?W�U?LR�RM�NPGLR�MSR�AMNGCQ�MD�RFCQC�UMPIQFCCRQ�RM�FCJN�WMS�

UGRF�WMSP�AMLTCPQGMLQ�@CRUCCL�@GL?PW�?LB�MAR?J�MP�FCV?BCAGK?J��

r� #MLTCPRGLE�DPMK�" GL?PW�RM�/AR?J�

r� #MLTCPRGLE�DPMK�" GL?PW�RM�(CV?BCAGK?J�

)D� WMS� UMSJB� JGIC� RM� OSGX� WMSPQCJD� ML� AMLTCPRGLE� RFC� LSK@CPQ� ��

RFPMSEF� ����RM�@GL?PW
�MAR?J
�?LB�FCV?BCAGK?J� 	?LB�@CRUCCL�RFMQC�

@?QCQ

�FCPCnQ�?�JGLI�RM�RFC�PCNPCQCLR?RGMLQ�MD�RFMQC�LSK@CPQ��" GL?PW
�

/ AR?J
�?LB�(CV?BCAGK?J�.SK@CPQ��

��� ��Z��" GL?PW
�/ AR?J
�?LB�(CV?BCAGK?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. Discuss: Numeration 
Application 

0GAI� ?� PC?J� NPM@JCK� ?LB� RPW� RM� QMJTC� GR� SQGLE� RFC�LSKCP?RGML�

QWQRCK�QMJTGLE� QRP?RCEGCQ� DPMK� RFGQ� KMBSJC�� 0PCQCLR� RFC� NPM@JCK�

?LB�RFC�QMJSRGML�RM�RFC�PCQR�MD�RFC�AJ?QQ��6GCU�RFC�NPM@JCKQ�NMQRCB�

@W� WMSP� AJ?QQK?RCQ� ?LB� PCQNMLB� RM� ?R� JC?QR� RUM��2C?B�

RFC�.SKCP ?RGML�!NNJGA?RGML�$GPCARGMLQ�DMP�BCR?GJCB�BGPCARGMLQ��

#PC?RC�?�LCU�RFPC?B�GL�RFC�) KC;H 7J?ED�� FFB?97J?ED�DMPSK�GL�RFC�

 ?I9KII?ED��E7H: �RM�AMKNJCRC�RFGQ�?QQGELKCLR��

/>?I�7II?=DC;D J�?I�H;GK?H;:�7D:�M EHJ>�KF�JE����FE?DJI
�

$GQASQQ��.SKCP?RGML
!NNJGA?RGML��Z���� �

https://novaonline.nvcc.edu/descriptions/mth151common/documents/numeration-directions.rtf


'P ?BGLE�#PGRCPG?� 0MGLRQ�
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r� )Q�GR�AF?JJCLEGLE
�LMR�RPGTG?J �
r� )Q�GR�?�SLGOSC�NPM@JCK�GLQRC?B�MD�?�AMNW�MD�?�AJ?QQK?RCnQ�

NMQRGLE �

��

4FC�QRP?RCEGCQ��

r� !PC�MLC�MP�KMPC�ECLCP?J�NPM@JCK�QMJTGLE�QRP?RCEGCQ�SQCB �
r� !PC�RFC�QRP?RCEGCQ�AMPPCARJW�GBCLRGDGCB �

��

4FC�NPCQCLR?RGML��

r� )Q�RFC�NPM@JCK�CVNJ?GLCB�UCJJ �
r� !PC�RFC�NPM@JCK�QMJTGLE�QRP?RCEGCQ�CVNJ?GLCB�UCJJ �
r� !PC�RFC�?NNPMNPG?RC�RCPKQ�SQCB �
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r� $GB�WMS�NMQR�?R�JC?QR�RUM�PCQNMLQCQ �
r� $GB�WMS�CVNJ?GL�FMU�RFC�CV?KNJCQ�FCJNCB�WMS�@CRRCP�

SLBCPQR?LB�RFC�K?RF�GL�RFGQ�KMBSJC �
r� $GB�WMS�?QI�OSCQRGMLQ�DMP�AJ?PGDGA?RGML�MP�K?IC�

QSEECQRGMLQ�ML�FMU�RM�AF?LEC�MP�GKNPMTC�RFC�MPGEGL?J�
?NNJGA?RGML�NMQRGLE�MP�?LW�MRFCP�DMJJMU�SN�NMQRGLEQ �
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�

�� � ��Z��$GQASQQ��.SKCP?RGML�!NNJGA?RGML



PART VII 

MODULE 1: GENERAL 
PROBLEM SOLVING 

- MBSJC����'CLCP?J�0PM@JCK
3MJTGLE��Z�����





37. Module 1 Overview 

What YouÕll Learn To Do: Solve problems 
involving percents, geometry, and estimation. 

�- )9616/��*2-+;1=-:�

r� 3MJTC�NPM@JCKQ�GLTMJTGLE�NCPACLRQ
�NPMNMPRGMLQ
�

?LB�P?RCQ��

r� 3MJTC�NPM@JCKQ�SQGLE�@?QGA�ECMKCRPW��

r� 5 QC�NPM@JCK�QMJTGLE�?LB�CQRGK?RGML�RCAFLGOSCQ��

- MBSJC���/TCPTGCU��Z�����



Learning Activities 

See daily handout April 10 (Day 23) 

" -),16/��: :1/65-6;:�)6,�&1,-7:�

r� - ;7:� �0PM@JCK�3MJTGLE�

r� 2 7J9>��3SNNJCKCLR?J�6GBCMQ�

�75 ->793��::1/65-6;::  See daily handout April 10 (Day 23) 

��� ��Z��- MBSJC���/TCPTGCU



38. Discuss: Introduce 
Yourself to the Class 

'M� RM� RFC�%DJHE:K9J?ED�DMPSK�� #JGAI� ML� RFC��H ;7 J;� />H ;7: �@SRRML�

RM� NMQR� WMSP� GLRPMBSARGML�� )LAJSBC� WMSP�=@IJK�?LB�C8JK�L?KC� GL�

RFC�. K8@;9J�JGLC��7GRFGL�WMSP�NMQRGLE
�NJC?QC�@C�QSPC�RM�GLAJSBC�RFC�

DMJJMUGLE�GLDMPK?RGML��

r� 9MSP�GLRCPCQRQ�GLAJSBGLE�UF?R�WMS�JGIC�RM�BM�MSRQGBC�MD�AJ?QQ��

r� 7 FW�WMS�?PC�R?IGLE�RFGQ�AJ?QQ�?LB�UF?R�WMS�FMNC�RM�E?GL�MSR�MD�

R?IGLE�RFGQ�AJ?QQ�RFGQ�QCKCQRCP��

r� 7 F?R�WMSP�KMQR�QSAACQQDSJ�K?RFCK?RGA?J�CVNCPGCLAC�GL�MP�MSR�

MD�AJ?QQ�F?Q�@CCL��

2CQNMLB� RM� RFC� GLRPMBSARGMLQ� MD�7J� B;7IJ� JME�AJ?QQK?RCQ�� 9MSP�

PCQNMLQCQ�QFMSJB�@C�QS@QR?LRGTC��4F?R�GQ
�RFCW�QFMSJB�AMLR?GL�KMPC�

RF?L�HSQR�?�p(CJJM�q�

/>?I�7II?=DC;D J�?I�H;GK?H;:�7D:�M EHJ>�KF�JE����FE?DJI
�

$GQASQQ��)LRPMBSAC�9MSPQCJD�RM�RFC
#J?QQ��Z�����



39. Problem Solving 

)L� NPCTGMSQ� K?RF� AMSPQCQ
� WMSnTC� LM� BMS@R� PSL� GLRM� RFC� GLD?KMSQ�

pUMPB�NPM@JCKQ�q�5LDMPRSL?RCJW
�RFCQC�NPM@JCKQ�P?PCJW�PCQCK@JC�RFC�

RWNC� MD� NPM@JCKQ� UC� ?ARS?JJW� CLAMSLRCP� GL� CTCPWB?W� JGDC�� )L� K? RF�

@MMIQ
� WMS� SQS?JJW� ?PC� RMJB� CV?ARJW� UFGAF� DMPKSJ?� MP� NPMACBSPC�

RM�SQC
�?LB�?PC�EGTCL�CV?ARJW�RFC�GLDMPK?RGML�WMS�LCCB�RM�?LQUCP�

RFC� OSCQRGML�� )L� PC?J� JGDC
� NPM@JCK� QMJTGLE� PCOSGPCQ� GBCLRGDWGLE� ?L�

?NNPMNPG?RC� DMPKSJ?� MP� NPMACBSPC
� ?LB� BCRCPKGLGLE� UF?R�

GLDMPK?RGML�WMS�UGJJ�LCCB�	?LB�UMLnR�LCCB
�RM�?LQUCP�RFC�OSCQRGML��

)L�RFGQ�AF?NRCP
�UC�UGJJ�PCTGCU�QCTCP?J�@?QGA�@SR�NMUCPDSJ�?JEC@P?GA�

GBC?Q��NCPACLRQ
�P?RCQ
�?LB�NPMNMPRGMLQ��7C�UGJJ�RFCL�DMASQ�ML�RFC�

NPM@JCK� QMJTGLE� NPMACQQ
� ?LB� CVNJMPC� FMU� RM� SQC� RFCQC� GBC?Q� RM�

QMJTC�NPM@JCKQ�UFCPC�UC�BMLnR�F?TC�NCPDCAR�GLDMPK?RGML��

Percents 

)L� RFC� ����� TGAC�NPCQGBCLRG?J� BC@?RCQ
� %BU?PBQnQ� AJ?GKCB� RF?R�53�

DMPACQ� F?TC� QSDDCPCB� p���� M D� RFC� AM?JGRGML� A?QS?JRGCQq� GL� )P?O��

#FCLCW�BGQNSRCB�RFGQ
�Q?WGLE�RF?R�GL�D?AR� )P?OG�QCASPGRW�DMPACQ�?LB�

AM?JGRGML� ?JJGCQ� pF?TC� R?ICL� ?JKMQR� ��� NCPACLRq� MD� RFC� A?QS?JRGCQ���

7 FM�GQ�AMPPCAR �( MU�A?L�UC�K?I C�QCLQC�MD�RFCQC�LSK@CPQ �

+;H9;DJ�JGRCP?JJW�KC?LQ�pNCP� ��� 
q�MP�pN?PRQ�NCP�FSLBPCB�q�7 FCL�

UC� UPGRC� ���
� RFGQ� GQ� COSGT?JCLR� RM� RFC� DP?ARGML�

MP� RFC� BCAGK?J� ���� �� . MRGAC� RF?R� ��� MSR� MD� ���� ?LB� ��� MSR� M D� ���

?PC� ?JQM� ���
� QGLAC�

�� �FRRN��� UUU�D?ARAFCAI�MPE�

AFCLCW>CBU?PBQ>K?LEJC>D?ARQ�FRKJ�

��� ��Z��0PM@JCK�3MJTGLE

http://www.factcheck.org/cheney_edwards_mangle_facts.html
http://www.factcheck.org/cheney_edwards_mangle_facts.html
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. MRGAC�RF?R�RFC�NCPACLR�A?L�@C�DMSLB�DPMK�RFC�COSGT?JCLR�

BCAGK?J�@W�KMTGLE�RFC�BCAGK?J�NMGLR�RUM�NJ?ACQ�RM�RFC�

PGEFR��

�?)584-�
�
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��� � �� ��

��� �����
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Percents 

)D�UC�F?TC�?�G8IK�RF?R�GQ�QMKC�G<I:<EK�MD�?�N?FC<
�RFCL�


�MP�COSGT?JCLRJW


��

4M�BM�RFC�A?JASJ?RGMLQ
�UC�UPGRC�RFC�NCPACLR�?Q�?�

BCAGK?J��

��� ��Z��0PM@JCK�3MJTGLE
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4FC�Q?JCQ�R?V�GL�?�RMUL�GQ�������( MU�KSAF�R?V�UGJJ�WMS�

N?W�ML�?������NSPAF?QC �

#74<;176�

( CPC
������GQ�RFC�UFMJC
�?LB�UC�U?LR�RM�DGLB������ F=����� ��

7 C�QR?PR�@W�UPGRGLE�RFC�NCPACLR�?Q�?�BCAGK?J�@W�KMTGLE�RFC�

BCAGK?J�NMGLR�RUM�NJ?ACQ�RM�RFC�JCDR�	UFGAF�GQ�COSGT?JCLR�RM�

BGTGBGLE�@W���� 
��7 C�A?L�RFCL�AMKNSRC��R?V���� ����	��� 
���

�������GL�R?V��

�?)584-���

)L�RFC�LCUQ
�WMS�FC?P�pRSGRGML�GQ�CVNCARCB�RM�GLAPC?QC�@W�

���LC VR�WC?P�q�)D�RSGRGML�RFGQ�WC?P�U?Q�������NCP�OS?PRCP
�

UF?R�UGJJ�GR�@C�LCVR�WC?P �

#74<;176�

4FC�RSGRGML�LCVR�WC?P�UGJJ�@C�RFC�ASPPCLR�RSGRGML�NJSQ�?L�

?BBGRGML?J���
�QM�GR�UGJJ�@C������M D�RFGQ�WC?PnQ�

RSGRGML�������	�� � �
����������

0PM@JCK�3MJTGLE��Z�����



!JRCPL?RGTCJW
�UC�AMSJB�F?TC�DGPQR�A?JASJ?RCB����M D��������

�����	 � �� �
��������

. MRGAC�RFGQ�GQ�EFK�RFC�CVNCARCB�RSGRGML�DMP�LCVR�WC?P�	UC�

AMSJB�MLJW�UGQF
��)LQRC?B
�RFGQ�GQ�RFC�CVNCARCB�@E:I<8J<
�QM�

RM�A?JASJ?RC�RFC�CVNCARCB�RSGRGML
�UCnJJ�LCCB�RM�?BB�RFGQ�

AF?LEC�RM�RFC�NPCTGMSQ�WC?PnQ�RSGRGML�����������������������

Try It Now 

!�4 6�MPGEGL?JJW�NPGACB�?R������GQ�ML�Q?JC�DMP�����M DD��

4FCPC�GQ�RFCL�?������Q?JCQ�R?V��&GLB�RFC�NPGAC�?DRCP�

GLAJSBGLE�RFC�BGQAMSLR�?LB�Q?JCQ�R?V��

�?)584-�
�

4FC�T?JSC�MD�?�A?P�BPMNNCB�DPMK��� ����RM�������M TCP�RFC�

J?QR�WC?P��7 F?R�NCPACLR�BCAPC?QC�GQ�RFGQ �

#74<;176�

4M�AMKNSRC�RFC�NCPACLR�AF?LEC
�UC�DGPQR�LCCB�RM�DGLB�RFC�

��� ��Z��0PM@JCK�3MJTGLE



BMJJ?P�T?JSC�AF?LEC��������k ��� ������k���� ��/D RCL�UC�UGJJ�

R?IC�RFC�?@QMJSRC�T?JSC�MD�RFGQ�?KMSLR
�UFGAF�GQ�A?JJCB�RFC�

78IEBKJ;�9>7D=; ��Zk���Z������ ��

3GLAC�UC�?PC�AMKNSRGLE�RFC�BCAPC?QC�PCJ?RGTC�RM�RFC�

QR?PRGLE�T?JSC
�UC�AMKNSRC�RFGQ�NCPACLR�MSR�MD��� �����

������BC APC?QC��4FGQ�GQ�A?JJCB�?�

H;B7J?L;�9>7D=; ��

Absolute and Relative Change 

'GTCL�RUM�OS?LRGRGCQ
�

!@QMJSRC�AF?LEC��

2CJ?RGTC�AF?LEC��

!@QMJSRC�AF?LEC�F?Q�RFC�Q?KC�SLGRQ�?Q�RFC�MPGEGL?J�

OS?LRGRW��

2CJ?RGTC�AF?LEC�EGTCQ�?�NCPACLR�AF?LEC��

4FC�QR?PRGLE�OS?LRGRW�GQ�A?JJCB�RFC�87I; �MD�RFC�NCPACLR�

AF?LEC��

4FC�@?QC�MD�?�NCPACLR�GQ�TCPW�GKNMPR?LR��&MP�CV?KNJC
�UFGJC�.GVML�

0PM@JCK�3MJTGLE��Z�����



U?Q�NPCQGBCLR
�GR�U?Q�?PESCB�RF?R�K?PGHS?L?�U?Q�?�pE?RCU?Wq�BPSE
�

AJ?GKGLE� RF?R� ���� M D� K?PGHS?L?� QKMICPQ� UCLR� ML� RM� SQC� F?PBCP�

BPSEQ� JGIC� AMA?GLC�� 4FC� NPM@JCK� GQ
� RFGQ� GQLnR� RPSC�� 4FC� RPSC� AJ?GK�

GQ� RF?R� ���� M D� F?PBCP� BPSE� SQCPQ� DGPQR� QKMICB� K?PGHS?L?�� 4FC�

BGDDCPCLAC� GQ� MLC� MD� @?QC�� ���� MD� K?PGHS?L?� QKMICPQ� SQGLE� F?PB�

BPSEQ
�TQ������MD�F?PB�BPSE�SQCPQ�F?TGLE�QKMICB�K?PGHS?L?��4FCQC�

LSK@CPQ� ?PC� LMR� COSGT?JCLR�� !Q� GR� RSPLQ� MSR
� MLJW� MLC� GL� �
����

K?PGHS?L?�SQCPQ�?ARS?JJW�EM�ML�RM�SQC�F?PBCP�BPSEQ���

�?)584-���

4FCPC�?PC�?@MSR����1&#�QSNCPK?PI CRQ�GL�RFC�5LGRCB�

3R?RCQ��!J@CPRQMLQ�F?Q�?@MSR�����QRMPCQ��#MKN?PC�RFC�QGXC�MD�

RFC�RUM�AMKN?LGCQ��

#74<;176�

7 FCL�UC�K?I C�AMKN?PGQMLQ
�UC�KSQR�?QI�DGPQR�UFCRFCP�

?L�?@QMJSRC�MP�PCJ?RGTC�AMKN?PGQML��4FC�?@QMJSRC�BGDDCPCLAC�

GQ�����k��������� ��&PMK�RFGQ
�UC�AMSJB�Q?W�p!J @CPRQMLQ�F?Q�����

KMPC�QRMPCQ�RF?L�1&#�q�( MUCTCP
�GD�WMS�UPMRC�RFGQ�GL�?L�
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PCJ?RGTC�BGDDCPCLAC�K?W�@C�KMPC�KC?LGLEDSJ��4FCPC�?PC�RUM�

BGDDCPCLR�PCJ?RGTC�AF?LECQ�UC�AMSJB�A?JASJ?RC
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NCPGMB��4FC�LSK@CP�MD�IGBQ�?RRCLBGLE�QAFMMJQ�UGRF�QSAF�JMU�

EP?BS?RGML�P?RCQ�U?Q�ASR�GL�F?JD�q�

��� )Q�RFC�pBCAPC?QC�@W���q�LSK@CP�?�SQCDSJ�
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Proportions and Rates 
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Rates 
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C?AF�T?PG?@JC
�SQGLE�RFC�AMPPCAR�MPBCP�MD�MNCP?RGMLQ��

�

2CA?JJ� RFCQC� PSJCQ� ?@MSR� MPBCP� MD� MNCP?RGMLQ��� $M� RFCK� GL� RFGQ�

MPBCP��

��� !JJ�MNCP?RGMLQ�GLQGBC�QWK@MJQ�MD�EPMSNGLE�	N?PCLRFCQCQ
�DPMK�

RFC�GLQGBC�MSR��

��� !JJ�MNCP?RGMLQ�MD�CVNMLCLRQ�MP�PMMRQ��

��� !JJ�KSJRGNJGA?RGMLQ�?LB�BGTGQGMLQ
�GL�MPBCP�DPMK�JCDR�RM�PGEFR��

��� !JJ�?BBGRGMLQ�?LB�QS@RP?ARGMLQ
�GL�MPBCP�DPMK�JCDR�RM�PGEFR��

�

4FC�@CQR�KCRFMB�)�ILMU�GQ�RM�UPGRC�RFC�CVNPCQQGML�DGPQR�UGRF�RFC�

T?PG?@JC
� RFCL� UGRF� N?PCLRFCQCQ� GL� NJ?AC� MD� RFC� T?PG?@JC
� ?LB� RFCL�

UGRF�RFC�T?JSCQ�GLQCPRCB�GLRM�RFC�N?PCLRFCQCQ��

4FCL�WMS�A?L�PCKMTC�?LW�MD�RFMQC�N?PCLRFCQCQ�RF?R�?PCLnR�LCCBCB�

RM�ICCN�RFC�LCE?RGTC�LSK@CPQ�AJC?P�?LB�RM�ICCN�RFC�NPMBSARQ�MD�RUM�

LSK@CPQ�AJC?P��

4FCL
�@CEGL�RM�CT?JS?RC�RFC�CVNPCQQGML�?AAMPBGLE�RM�RFC�MPBCP�MD�

MNCP?RGMLQ
�BMGLE�MLC�MNCP?RGML�NCP�QRCN��

�

&MP� NPM@JCKQ� GL� RFGQ� AMSPQC
� RFC� KMQR� GKNMPR?LR� MD� RFCQC� PSJCQ�

4CQR�0?EC��Z��� ��



?PC�RM�BM�CVNMLCLRQ�DGPQR�?LB�RFCL�RM�BM�KSJRGNJGA?RGMLQ�BGTGQGMLQ�

@CDMPC�?BBGRGMLQ�QS@RP?ARGMLQ��

�

!N7C FB;�����%T?JS?RC�UFCL���

3MJSRGML��

�
�
�
. MRGAC�RF?R�RFC���FCPC�GQ�GL�N?PCLRFCQCQ
�@SR�GR�GQ�LMR�?L�

/ 0%2! 4)/ .�GL�N?PCLRFCQCQ
�QM�RFCPC�GQ�LM�LCCB�RM�RFGLI�
?@MSR�RF?R�DGPQR�PSJC�GL�RFC�MPBCP�MD�MNCP?RGMLQ��

$GQASQQGML��� , ?RCP� GL� RFC� AMSPQC
� QMKC� QRSBCLRQ� DPCOSCLRJW� BM�

NPM@JCKQ�JGIC�RFGQ�GLAMPPCARJW�@CA?SQC�RFCW�BM�RFC�?BBGRGML�@CDMPC�

RFC�KSJRGNJGA?RGML���)R�GQ�GKNMPR?LR�RM�JC?PL�RFGQ�PSJC�UCJJ��

�

!N7C FB;�� � �%T?JS?RC��UFCL���

3MJSRGML��

$GQASQQGML��� , ?RCP� GL� RFC� AMSPQC
� QMKC� QRSBCLRQ� F?TC� RPMS@JC�

PCKCK@CPGLE�LMR�RM�BM�RFC�KSJRGNJGA?RGML�MD� ��RGKCQ� ��FCPC�DGPQR��

-?L W�MD�MSP�DMPKSJ?Q�UGJJ�GLAJSBC�CVNMLCLRQ�QSAF�?Q�RFGQ
�QM�GR�GQ�

GKNMPR?LR�RM�JC?PL�RFGQ�PSJC�UCJJ��

�

�>;9A?D=� OEKH� MEHA���� 7 FCL� CT?JS?RGLE� CVNPCQQGMLQ
� RFC� MLJW�

AJC?P� KCRFMB� RM� AFCAI� WMSP� UMPI� GQ� RM� QGKNJW� PC�UMPI� GR��� 4F?RnQ�

LMR� AMKNJCRCJW� Q?RGQD?ARMPW� @CA?SQC� GD� WMS� F?TC� ?� KGQR?IC� GL�

SLBCPQR?LBGLE
�WMSnPC�JGICJW�RM�K?IC�GR�@MRF�RGKCQ��

( MUCTCP
� GL� RFGQ� AMSPQC
� KMQR� MD� RFC� RGKCQ� UC� UGJJ� CT?JS?RC� ?L�

CVNPCQQGML
�GR�GQ�GL�RFC�AMLRCVR�MD�?�J?PECP�NPM@JCK�DMP�UFGAF�RFCPC�GQ�

?�EMMB�KCRFMB�MD�AFCAIGLE�?T?GJ?@JC��

�

!N ;H9?I;I
�

!DRCP� WMS� UMPI� C?AF� MD� RFCQC� NPM@JCKQ
� SQC� QMKC� KCRFMB� MD�

AFCAIGLE� WMSP� ?LQUCP� ?LB� QFMU� RF?R� AFCAI� PGEFR� @CQGBC� WMSP�

� �� ��Z��4CQR�0?EC



QMJSRGML���$MLnR�DMPECR�RM�NPCN?PC�?LB�DGJJ�MSR�RFC�FMKCUMPI�AMTCP�

QFCCR�?Q�WMS�BM�RFC�NPM@JCKQ��

0?PR�)��

��� 3GKNJGDW�
��� 3GKNJGDW�
��� 3GKNJGDW�
��� 3GKNJGDW�
��� 3MJTC�
��� &GLB�?�DMPKSJ?�DMP�W�	RF?R�GQ
�QMJTC�

DMP�P�GL�RCPKQ�MD�O
��
� �� 3MJTC�
��� 3MJTC�
� �� 3MJTC�

�� �� 3MJTC�
���� ���&GLB�?�DMPKSJ?�DMP�?�	RF?R�GQ
�

QMJTC�DMP�?�
����
���� &GLB�?�DMPKSJ?�DMP�; �	RF?R�GQ
�QMJTC�

DMP�; �
����
���� %T?JS?RC�UFCL�
���� %T?JS?RC��UFCL�

�
0?PR�))��

��� 3MJTC�
��� 3MJTC�
��� 3GKNJGDW�
��� 3GKNJGDW�
��� 3MJTC�
��� 3MJTC�
� �� 3MJTC�
��� 3MJTC�
� �� &GLB�?�DMPKSJ?�DMP�W�	RF?R�GQ
�

QMJTC�DMP�P
��
�� �� &GLB�?�DMPKSJ?�DMP�W�	RF?R�GQ
�

QMJTC�DMP�P
��
���� &GLB�?�DMPKSJ?�DMP�B��	RF?R�GQ
�

QMJTC�DMP�B�
����
���� &GLB�?�DMPKSJ?�DMP�D� �	RF?R�

GQ
�QMJTC�DMP��D �
����
���� %T?JS?RC��UFCPC�
���� %T?JS?RC��UFCPC�

�

4CQR�0?EC��Z��� ��



41. Supplemental Videos 

4FGQ� 9MS4S@C� NJ?WJGQR� AMLR?GLQ�

QCTCP?J�TGBCMQ�RF?R�QSNNJCKCLR�RFC�PC?BGLE�ML�0PM@JCK�3MJTGLE��

9MS� ?PC� LMR� PCOSGPCB� RM� U?RAF� ?JJ� MD� RFCQC� TGBCMQ
� @SR� )�

PCAMKKCLB� U?RAFGLE� RFC� TGBCMQ� DMP� ?LW� AMLACNRQ� WMS� K?W� @C�

QRPSEEJGLE�UGRF��

��� ��Z��3SNNJCKCLR?J�6GBCMQ

https://www.youtube.com/playlist?list=PL_PzRS-mVErH0c6u2QqXrTJ54xjijDCty


42. Optional Discussion 
Boards 

4FCPC�?PC�RUM�MNRGML?J�$GQASQQGML�"M?PBQ�GL�RFGQ�AMSPQC��
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GLQGEFRQ�PCJ?RCB�RM�RFC�PC?BGLE��9MS�A?L�?JQM�SQC�RFGQ�DMPSK�RM�

DMPK�QRSBW�EPMSNQ��2FL�N@CC�LJ<�K?@J�9F8I;�K?I FL>?FLK�K?<�

;LI 8K@FE�:FLIJ<
�"K�@J�67<�JG<:@=@:�KF�K?@J�DF;LC<
�

r� 'M�RM� ?I9KII?ED��E7H:���+H E8B;C�.E BL?D=�$EC;M EHA�

 ?I9KII?ED�RM�BGQASQQ�GQQSCQ�WMS�?PC�F?TGLE�UGRF�RFC�
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43. Discuss: Problem Solving 
Application 

0GAI� ?� SLGOSC� PC?J� NPM@JCK� ?LB� RPW� RM� QMJTC� GR� SQGLE� RFC� ECLCP?J�

NPM@JCK�QMJTGLE�QRP?RCEGCQ�DPMK�RFGQ�KMBSJC��0PCQCLR�RFC�NPM@JCK�
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BGPCARGMLQ��

#PC?RC�?�LCU�RFPC?B�GL�RFC�+HE8B;C�.E BL?D=��FFB?97J?ED�DMPSK�GL�

RFC� ?I9KII?ED��E7H: �RM�AMKNJCRC�RFGQ�?QQGELKCLR��

/>?I�7II?=DC;D J�?I�H;GK?H;:�7D:�M EHJ>�KF�JE����FE?DJI
�

��� ��Z��$GQASQQ��0PM@JCK�3MJTGLE
!NNJGA?RGML

https://novaonline.nvcc.edu/descriptions/mth151common/documents/strategies-directions.rtf
https://novaonline.nvcc.edu/descriptions/mth151common/documents/strategies-directions.rtf
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44. Discuss: Math Editor 
Practice (Blackboard) 

9MS�UGJJ�LCCB�RM�@CAMKC�D?KGJG?P�UGRF�RFC�SQC�MD�RFC�-?RF�%BGRMP�GL�

" J?AI@M?PB��9MS�K?W�AFMMQC�RM�SQC�RFC�-?RF�%BGRMP�DMP�QMKC�MD�WMSP�
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7GRF�RFGQ�?QQGELKCLR
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r� 0P?ARGAC�SQGLE�RFC�K?RF�CBGRMP�GL�"J?AI@M?PB��#JGAI�FCPC�DMP�

GLQRPSARGMLQ��" J?AI@M?PB-? RF%BGRMP�BMA�
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https://s3-us-west-2.amazonaws.com/oerfiles/BlackboardMathEditor+(1).docx
http://www.nvcc.edu/home/kwalters/MTH004online/Java%20instructions.pdf


45. Problem Solving Exercises 

Exercises 
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In the next 4 questions, estimate the values by 
making reasonable approximations for unknown 
values, or by doing some research to find 
reasonable values. 
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For the next set of questions, B9:; identify the 
information you need to answer the question, and 
;0-6 turn to the end of the section to find that 
information. The details may be imprecise; 
answer the question the best you can with the 
provided information. Be sure to justify your 
decision. 
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For the next set of problems, research or make 
educated estimates for any unknown quantities 
needed to answer the question. 
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Income Taxation 
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PART VIII 

MODULE 2: GEOMETRY 
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46. Module 2 Overview 

What YouÕll Learn To Do: Understand and use 
geometry to solve problems. 
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r� - ;7:� �6MJSKC�

r� - ;7:� �3SPD?AC�!PC?�

r� - ;7:� �'P ?NF�4FCMPW�

r� 2 7J9>��'P ?NF�4FCMPW�6GBCMQ�

r� - ;7:� �4MNMJMEW
�4GJGLE
�.ML�%SAJGBC?L�'C MKCRPW�
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r� . K8C?J��0CPGKCRCP�?LB�!PC?�	���NMGLRQ
�

r� . K8C?J��4PG?LEJCQ�	��NMGLRQ
�

r� . K8C?J��3SPD?AC�!PC?�?LB�6MJSKC�	���NMGLRQ
�

r� . K8C?J��'P ?NF�4FCMPW�	��NMGLRQ
�
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47. Perimeter and Area 

Perimeter 

+;H?C;J;H �GQ�?�MLC�BGKCLQGML?J�KC?QSPCKCLR�RF?R�GQ�R?ICL�?PMSLB�
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/L�- MLB?WQ
�FC�KSQR�ECR�
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�RM�UMPI
�?LB�

@?AI�FMKC�?E?GL��(GQ�PMSRC�

GQ�NGARSPCB�GL�DGESPC����

4FC�M@TGMSQ�OSCQRGML�RM�

?QI�GL�RFGQ�QGRS?RGML�GQ
�pFMU�

K?L W�KGJCQ�BMCQ�*MQCNF�

RP?TCJ�ML�-MLB?WQq �4M�

AMKNSRC
�UC�C?AF�BGQR?LAC��

� �� �� �� �� �� �����

*MQCNF�RP?TCJQ����KGJCQ�ML�
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�pUF?R�GQ�RFC�
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Notes on Perimeter 

r� 0CPGKCRCP�GQ�?�MLC�BGKCLQGML?J�KC?QSPCKCLR�

RF?R�PCNPCQCLRQ�RFC�BGQR?LAC�?PMSLB�?�AJMQCB�

ECMKCRPGA�DGESPC�MP�QF?NC�	LM�E?NQ
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Circumference 

9MS�K?W�PC?JGXC�RF?R�UC�F?TC�LMR�WCR�BGQASQQCB�RFC�BGQR?LAC�?PMSLB�

?� TCPW� GKNMPR?LR�ECMKCRPGA� QF?NC�� ?� AGPAJC�� 4FC� BGQR?LAC� ?PMSLB�

?� AGPAJC� F?Q� ?� QNCAG?J� L?KC� A?JJCB� RFC�9?H9KC<;H;D9; �� 4M� DGLB� RFC�

AGPASKDCPCLAC�MD�?�AGPAJC
�UC�SQC�RFGQ�DMPKSJ?��#����jP�

0CPGKCRCP�?LB�!PC?��Z�����



�@>LI<��
�

)L� RFGQ� DMPKSJ?
� j� GQ�
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Notes about �  = 2� 9�
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Origins of �  = 2� 9�
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7 C�ILMU�DPMK�MSP�NPCTGMSQ�UMPI�RF?R�RM�GBCLRGDW�RFC�SLILMUL
�
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BG?KCRCP�GQ�RUGAC�RFC�P?BGSQ��7C�A?L�SNB?RC�� �GL�RCPKQ�MD�RFC�P?BGSQ�
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EGTCL
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Exact Form vs. Rounded Form 
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r� �����GQ�?�PMSLBCB�DMPK�?NNPMVGK?RGML�DMP�j�

7 FW�BMCQ�GR�K?RRCP�UFGAF�DMPK�UC�SQC �) R�K?RRCPQ�

@CA?SQC�UFCL�UC�PMSLB
�UC�GLRPMBSAC�CPPMP�GLRM�MSP�

DGL?J�PCQSJR��&MP�RFGQ�AJ?QQ
�RF?R�CPPMP�GQ�SQS?JJW�
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�RF?R�JCTCJ�MD�?AASP?AW�GQ�?�
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. MRGAC�RF?R�MSP�DGL?J�PCQSJRQ�?PC�BGDDCPCLR��4F?R�BGDDCPCLAC�

GQ�RFC�CPPMP�APC?RCB�@W�SQGLE������?Q�?L�GLGRG?J�?NNPMVGK?RGML�

DMP�j��7 FCL�BMGLE�FMKCUMPI�?LB�RCQRQ
�PC?B�RFC�BGPCARGMLQ�

A?PCDSJJW�ML�C?AF�NPM@JCK�RM�QCC�UFGAF�DMPK�RM�SQC��
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&GLB�RFC�AGPASKDCPCLAC�MP�NCPGKCRCP�EGTCL�GL�C?AF�

BCQAPG@CB�QGRS?RGML�@CJMU��)LAJSBC�?�BP?UGLE�MD�RFC�QF?NC�

UGRF�RFC�GLAJSBCB�GLDMPK?RGML��5QC�RFC�CV?KNJCQ�RM�FCJN�

BCRCPKGLC�UF?R�QF?NCQ�RM�BP?U��3FMU�?JJ�UMPI��!Q�GL�RFC�

CV?KNJCQ
�GD�SLGRQ�?PC�GLAJSBCB�RFCL�SLGRQ�QFMSJB�@C�NPCQCLR�

GL�WMSP�DGL?J�PCQSJR��2MSLB�RM�RCLRFQ�SLJCQQ�GLBGA?RCB�

MRFCPUGQC��
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��� &GLB�RFC�AGPASKDCPCLAC�MD�?�AGPAJC�UGRF�P?BGSQ���

GLAFCQ��0PCQCLR�?LQUCP�GL�CV?AR�DMPK�?LB�?JQM�

AMKNSRC�SQGLE������DMP�j��0PCQCLR�PMSLBCB�DMPK�RM�

RFC�LC?PCQR�RCLRF��

��� &GLB�RFC�AGPASKDCPCLAC�MD�?�AGPAJC�UGRF�BG?KCRCP�

�����GLAFCQ��0PCQCLR�?LQUCP�GL�CV?AR�DMPK�?LB�?JQM�
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BGQR?LAC�?PMSLB�KMPC�AMKNJGA?RCB�DGESPCQ��&GLB�RFC�

BGQR?LAC�?PMSLB�RFC�DMJJMUGLE�QF?NC��2MSLB�DGL?J�?LQUCP�RM�
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�
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49. Volume 
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QGLEJC�ACLRCP�NMGLR�( ��

r� !�QNFCPC�GQ�RFC�QSPD?AC�RF?R�PCQSJRQ�UFCL�?�AGPAJC�GQ�PMR?RCB�

?@MSR�?LW�MD�GRQ�BG?KCRCPQ��

Surface Area of a Sphere 

9MS�A?L�GLDCP�RFC�DMPKSJ?�DMP�RFC�QSPD?AC�?PC?�MD�?�QNFCPC�@W�R?IGLE�

KC?QSPCKCLRQ� MD� QNFCPCQ� ?LB� AWJGLBCPQ��( CPC� UC� QFMU� ?� QNFCPC�
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UGRF�?�P?BGSQ�MD���?LB�?�PGEFR�AWJGLBCP�UGRF�@MRF�?�P?BGSQ�?LB�?�FCGEFR�

MD���?LB�CVNPCQQ�RFC�?PC?�GL�RCPKQ�MD�j��

. MU�RPW�?�J?PECP�N?GP
�CVNPCQQGLE�RFC�QSPD?AC�?PC?�GL�BCAGK?J�DMPK��

,MMI�?R�?�RFGPB�N?GP��

)Q�GR�?�AMGLAGBCLAC�RF?R�?�QNFCPC�?LB�?�AWJGLBCP�UFMQC�P?BGSQ�?LB�

FCGEFR� ?PC� COS?J� RM� RFC� P?BGSQ� MD� RFC� QNFCPC�F?TC� RFC� CV?AR� Q?KC�

QSPD?AC�?PC? �. MR�?R�?JJ��)L�D?AR
�RFC�?LAGCLR�'PCCIQ�SQCB�?�KCRFMB�

3SPD?AC�!PC?��Z�����



RF?R� QFMUCB� RF?R�RFC� DMJJMUGLE� DMPKSJ?� A?L� @C� SQCB� RM� DGLB� RFC�

QSPD?AC�?PC?�MD�?LW�QNFCPC�	MP�?LW�AWJGLBCP�GL�UFGAF�
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&GLB�RFC�QSPD?AC�?PC?�MD�?�QNFCPC�UGRF�?�P?BGSQ�MD����DCCR��

5 QC�RFC�DMPKSJ?��
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&GLB�RFC�QSPD?AC�?PC?�MD�RFC�DMJJMUGLE�DGESPC�GL�RCPKQ�MD�j��
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4FC�DGESPC�GQ�K?BC�MD�MLC�F?JD�QNFCPC�MP�FCKGQNFCPC
�?LB�

MLC�AWJGLBCP�UGRFMSR�GRQ�RMN��

. MU�DGLB�RFC�?PC?�MD�RFC�AWJGLBCP�UGRFMSR�GRQ�RMN��
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4FSQ
�RFC�RMR?J�QSPD?AC�?PC?�GQ�

Review Exercises 

��� &GLB�RFC�P?BGSQ�MD�RFC�QNFCPC�RF?R�F?Q�?�TMJSKC�

MD�����AK � ��

��� $CRCPKGLC�RFC�QSPD?AC�?PC?�?LB�TMJSKC�MD�RFGQ�

QF?NC��
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��� 4FC�P?BGSQ�MD�?�QNFCPC�GQ����&GLB�GRQ�TMJSKC�?LB�

RMR?J�QSPD?AC�?PC?��

��� !�QNFCPC�F?Q�?�P?BGSQ�MD����!�PGEFR�AWJGLBCP
�

F?TGLE�RFC�Q?KC�P?BGSQ�F?Q�RFC�Q?KC�TMJSKC��&GLB�

RFC�FCGEFR�?LB�RMR?J�QSPD?AC�?PC?�MD�RFC�AWJGLBCP��

��� 3NFCPC��TMJSKC�������AK � ��&GLB�RFC�$G?KCRCP��

��� 3NFCPC��QSPD?AC�?PC?�GQ�����GL� ��&GLB�RFC�2?BGSQ��

� �� 4CLLGQ�@?JJQ�UGRF�?�BG?KCRCP�MD�����GLAFCQ�?PC�

QMJB�GL�A?LQ�MD�RFPCC��4FC�A?L�GQ�?�AWJGLBCP��!QQSKC�

RFC�@?JJQ�RMSAF�RFC�A?L�ML�RFC�QGBCQ
�RMN�?LB�

@MRRMK��7F?R�GQ�RFC�TMJSKC�MD�RFC�QN?AC�LMR�

MAASNGCB�@W�RFC�RCLLGQ�@?JJQ �

��� !�QNFCPC�F?Q�QSPD?AC�?PC?�MD���j�GL���&GLB�GRQ�

TMJSKC��

� �� !�E G?LR�QAMMN
�MNCP?RCB�@W�?�AP?LC
�GQ�GL�RFC�
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QF?NC�MD�?�FCKGQNFCPC�MD�P?BGSQ������GLAFCQ��4FC�

QAMMN�GQ�DGJJCB�UGRF�KCJRCB�FMR�QRCCJ��7FCL�RFC�

QRCCJ�GQ�NMSPCB�GLRM�?�AWJGLBPGA?J�QRMP?EC�R?LI�RF?R�

F?Q�?�P?BGSQ�MD����GLAFCQ
�RFC�KCJRCB�QRCCJ�UGJJ�PGQC�

RM�?�FCGEFR�MD�FMU�K?L W�GLAFCQ �

�6:>-9:�

. MRC�RF?R�RFCQC�NPM@JCKQ�SQC�j�LMR�������

��� ���2?BGSQ��������AK�

��� 3SPD?AC�?PC?����������AK��

6MJSKC������ � ����AK��

��� 6MJSKC������� ���SLG RQ��

3SPD?AC�?PC?������� ���SLG RQ��

��� ( CGEFR����� ���SLG RQ�RMR?J�QSPD?AC�?PC?����������

SLGRQ��

��� $G?KCRCP�������AK�

��� 2?BGSQ��������GLAFCQ�

� �� 6MJSKC�MD�AWJGLBCP��������j�GL��T MJSKC�MD�RCLLGQ�

@?JJQ��������j�GL��

6MJSKC�MD�QN?AC�LMR�MAASNGCB�@W�RCLLGQ�@?JJQ���

��� ���GL��

��� 6MJSKC����������GL��

� �� ( CGEFR�MD�KMJRCL�QRCCJ�GL�AWJGLBCP�UGJJ�@C������

GLAFCQ�
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51. Graph Theory 

)L� RFC� KMBCPL� UMPJB
� NJ?LLGLE� CDDGAGCLR� PMSRCQ� GQ� CQQCLRG?J� DMP�

@SQGLCQQ� ?LB� GLBSQRPW
� UGRF� ?NNJGA?RGMLQ� ?Q� T?PGCB� ?Q� NPMBSAR�

BGQRPG@SRGML
� J?WGLE� LCU� DG@CP� MNRGA� JGLCQ� DMP� @PM?B@?LB� GLRCPLCR
�

?LB� QSEECQRGLE� LCU� DPGCLBQ� UGRFGL� QMAG?J� LCRUMPI� U C@QGRCQ� JGIC�

&?AC@MMI��

4FGQ�DGCJB�MD�K?RFCK?RGAQ�QR?PRCB�LC?PJW�����W C?PQ�?EM�?Q�?�JMMI�

GLRM� ?� K?RFCK?RGA?J� NSXXJC� 	UCnJJ� JMMI� ?R� GR� GL� ?� @GR
�� 4FC� DGCJB� F?Q�

CVNJMBCB� GL� GKNMPR?LAC� GL� RFC� J?QR� ACLRSPW
� @MRF� @CA?SQC� MD� RFC�

EPMUGLE�AMKNJCVGRW�MD�@SQGLCQQ�GL�?�EJM@?J�CAMLMKW�?LB�@CA?SQC�MD�

RFC�AMKNSR?RGML?J�NMUCP�RF?R�AMKNSRCPQ�F?TC�NPMTGBCB�SQ��

Drawing Graphs 
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( CPC�GQ�?�NMPRGML�MD�?�FMSQGLE�BCTCJMNKCLR�DPMK�

-GQQMSJ?
�-MLR?L?��!Q�N?PR�MD�FCP�HM@
�RFC�BCTCJMNKCLRnQ�

J?UL�GLQNCARMP�F?Q�RM�U?JI�BMUL�CTCPW�QRPCCR�GL�RFC�

BCTCJMNKCLR�K?IGLE�QSPC�FMKCMULCPQn�J?LBQA?NGLE�

AMLDMPKQ�RM�RFC�AMKKSLGRW�PCOSGPCKCLRQ��

'P ?NF�4FCMPW��Z�����



. ?RSP?JJW
�QFC�U?LRQ�RM�KGLGKGXC�RFC�?KMSLR�MD�U?JIGLE�

QFC�F?Q�RM�BM��)Q�GR�NMQQG@JC�DMP�FCP�RM�U?JI�BMUL�CTCPW�

QRPCCR�GL�RFGQ�BCTCJMNKCLR�UGRFMSR�F?TGLE�RM�BM�?LW�

@?AIRP?AIGLE �7 FGJC�WMS�KGEFR�@C�?@JC�RM�?LQUCP�RF?R�

OSCQRGML�HSQR�@W�JMMIGLE�?R�RFC�NGARSPC�DMP�?�UFGJC
�GR�UMSJB�

@C�GBC?J�RM�@C�?@JC�RM�?LQUCP�RFC�OSCQRGML�DMP�?LW�NGARSPC�

PCE?PBJCQQ�MD�GRQ�AMKNJCVGRW��

4M�BM�RF?R
�UC�DGPQR�LCCB�RM�QGKNJGDW�RFC�NGARSPC�GLRM�?�

DMPK�RF?R�GQ�C?QGCP�RM�UMPI�UGRF��7C�A?L�BM�RF?R�@W�BP?UGLE�

?�QGKNJC�JGLC�DMP�C?AF�QRPCCR��7FCPC�QRPCCRQ�GLRCPQCAR
�UC�

UGJJ�NJ?AC�?�BMR��
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4FGQ�RWNC�MD�QGKNJGDGCB�NGARSPC�GQ�A?JJCB�?�=H7F>��

Graphs, Vertices, and Edges 

!� =H7F>�AMLQGQRQ�MD�?�QCR�MD�BMRQ
�A?JJCB�L;HJ?9;I 
�?LB�?�

QCR�MD�;:= ;I �AMLLCARGLE�N?GPQ�MD�TCPRGACQ��

7 FGJC�UC�BPCU�MSP�MPGEGL?J�EP?NF�RM�AMPPCQNMLB�UGRF�RFC�NGARSPC�UC�

F?B
�RFCPC�GQ�LMRFGLE�N?PRGASJ?PJW�GKNMPR?LR�?@MSR�RFC�J?WMSR�UFCL�

UC�?L?JWXC�?�EP?NF��"MRF�MD�RFC�EP?NFQ�@CJMU�?PC�COSGT?JCLR�RM�RFC�

MLC�BP?UL�?@MTC��

9MS� NPM@?@JW� ?JPC?BW� LMRGACB� RF?R� UC� ?PC� SQGLE� RFC� RCPK�>I8G?�

BGDDCPCLRJW�RF?L�WMS�K?W�F?TC�SQCB�RFC�RCPK�GL�RFC�N?QR�RM�BCQAPG@C�

RFC�EP?NF�MD�?�K?RFCK?RGA?J�DSLARGML��
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"?AI�GL�RFC���RF�ACLRSPW�GL�RFC�0PSQQG?L�AGRW�MD�+gLGEQ@CPE
�

?�PGTCP�P?L�RFPMSEF�RFC�AGRW�?LB�QCTCL�@PGBECQ�APMQQCB�RFC�

DMPIQ�MD�RFC�PGTCP��4FC�PGTCP�?LB�RFC�@PGBECQ�?PC�FGEFJGEFRCB�

GL�RFC�NGARSPC�RM�RFC�PGEFR���

!Q�?�UCCICLB�?KSQCKCLR
�RMULQDMJI�UMSJB�QCC�GD�RFCW�

AMSJB�DGLB�?�PMSRC�RF?R�UMSJB�R?IC�RFCK�?APMQQ�CTCPW�@PGBEC�

MLAC�?LB�PCRSPL�RFCK�RM�UFCPC�RFCW�QR?PRCB��

,CML?PB�%SJCP�	NPMLMSLACB�/ 9�JSP

�MLC�MD�RFC�KMQR�

NPMJGDGA�K?RFCK?RGAG?LQ�CTCP
�JMMICB�?R�RFGQ�NPM@JCK�GL�����
�

J?WGLE�RFC�DMSLB?RGML�DMP�EP?NF�RFCMPW�?Q�?�DGCJB�GL�

�� �"MEB?L�'GSzAy��FRRN��� CL�UGIGNCBG?�MPE�UGIG�

&GJC�+MLGEQ@CPE>@PGBECQ�NLE�
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K? RFCK?RGAQ��4M�?L?JWXC�RFGQ�NPM@JCK
�%SJCP�GLRPMBSACB�

CBECQ�PCNPCQCLRGLE�RFC�@PGBECQ��

3GLAC�RFC�QGXC�MD�C?AF�J?LB�K?QQ�GR�GQ�LMR�PCJCT?LR�RM�RFC�

OSCQRGML�MD�@PGBEC�APMQQGLEQ
�C?AF�A?L�@C�QFPSLI�BMUL�RM�?�

TCPRCV�PCNPCQCLRGLE�RFC�JMA?RGML��

. MRGAC�RF?R�GL�RFGQ�EP?NF�RFCPC�?PC�KNF�CBECQ�AMLLCARGLE�

RFC�LMPRF�@?LI�?LB�GQJ?LB
�AMPPCQNMLBGLE�RM�RFC�RUM�

@PGBECQ�GL�RFC�MPGEGL?J�BP?UGLE��$CNCLBGLE�SNML�RFC�

GLRCPNPCR?RGML�MD�CBECQ�?LB�TCPRGACQ�?NNPMNPG?RC�RM�?�

QACL?PGM
�GR�GQ�CLRGPCJW�NMQQG@JC�?LB�PC?QML?@JC�RM�F?TC�KMPC�

RF?L�MLC�CBEC�AMLLCARGLE�RUM�TCPRGACQ��

7 FGJC�UC�F?TCLnR�?LQUCPCB�RFC�?ARS?J�OSCQRGML�WCR�MD�

UFCRFCP�MP�LMR�RFCPC�GQ�?�PMSRC�UFGAF�APMQQCQ�CTCPW�@PGBEC�

'P ?NF�4FCMPW��Z�����



MLAC�?LB�PCRSPLQ�RM�RFC�QR?PRGLE�JMA?RGML
�RFC�EP?NF�

NPMTGBCQ�RFC�DMSLB?RGML�DMP�CVNJMPGLE�RFGQ�OSCQRGML��

Definitions 

7 FGJC�UC�JMMQCJW�BCDGLCB�QMKC�RCPKGLMJMEW�C?PJGCP
�UC�LMU�UGJJ�RPW�

RM�@C�KMPC�QNCAGDGA��

Vertex 

!�T CPRCV�GQ�?�BMR�GL�RFC�EP?NF�RF?R�AMSJB�PCNPCQCLR�?L�

GLRCPQCARGML�MD�QRPCCRQ
�?�J?LB�K?QQ
�MP�?�ECLCP?J�

JMA?RGML
�JGIC�pUMPIq�MP�pQAFMMJq��6CPRGACQ�?PC�MDRCL�

AMLLCARCB�@W�CBECQ��.MRC�RF?R�TCPRGACQ�MLJW�MAASP�UFCL�

?�BMR�GQ�CVNJGAGRJW�NJ?ACB
�LMR�UFCLCTCP�RUM�CBECQ�APMQQ��

)K?EGLC�?�DPCCU?W�MTCPN?QQlRFC�DPCCU?W�?LB�QGBC�QRPCCR�

APMQQ
�@SR�GR�GQ�LMR�NMQQG@JC�RM�AF?LEC�DPMK�RFC�QGBC�

QRPCCR�RM�RFC�DPCCU?W�?R�RF?R�NMGLR
�QM�RFCPC�GQ�LM�

GLRCPQCARGML�?LB�LM�TCPRCV�UMSJB�@C�NJ?ACB��
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Edges 

%BECQ�AMLLCAR�N?GPQ�MD�TCPRGACQ��!L�CBEC�A?L�

PCNPCQCLR�?�NFWQGA?J�AMLLCARGML�@CRUCCL�JMA?RGMLQ
�JGIC�

?�QRPCCR
�MP�QGKNJW�RF?R�?�PMSRC�AMLLCARGLE�RFC�RUM�

JMA?RGMLQ�CVGQRQ
�JGIC�?L�?GPJGLC�DJGEFR��

Loop 

!�JMMN�GQ�?�QNCAG?J�RWNC�MD�CBEC�RF?R�AMLLCARQ�?�TCPRCV�

RM�GRQCJD��,MMNQ�?PC�LMR�SQCB�KSAF�GL�QRPCCR�LCRUMPI�

EP?NFQ��
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Degree of a vertex 

4FC�BCEPCC�MD�?�TCPRCV�GQ�RFC�LSK@CP�MD�CBECQ�

KCCRGLE�?R�RF?R�TCPRCV��)R�GQ�NMQQG@JC�DMP�?�TCPRCV�RM�F?TC�

?�BCEPCC�MD�XCPM�MP�J?PECP��

 ;=
H;;���  ;=H ;;���  ;=H ;;���  ;=H ;;���

Path 

!�N? RF�GQ�?�QCOSCLAC�MD�TCPRGACQ�SQGLE�RFC�CBECQ��

5 QS?JJW�UC�?PC�GLRCPCQRCB�GL�?�N?RF�@CRUCCL�RUM�

TCPRGACQ��&MP�CV?KNJC
�?�N?RF�DPMK�TCPRCV�!�RM�TCPRCV�-�

GQ�QFMUL�@CJMU��)R�GQ�MLC�MD�K?LW�NMQQG@JC�N?RFQ�GL�RFGQ�

EP?NF��
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Circuit 

!�AGPASGR�GQ�?�N?RF�RF?R�@CEGLQ�?LB�CLBQ�?R�RFC�Q?KC�

TCPRCV��!�AGPASGR�QR?PRGLE�?LB�CLBGLE�?R�TCPRCV�!�GQ�QFMUL�

@CJMU��
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Connected 

!�EP?NF�GQ�AMLLCARCB�GD�RFCPC�GQ�?�N?RF�DPMK�?LW�TCPRCV�

RM�?LW�MRFCP�TCPRCV��%TCPW�EP?NF�BP?UL�QM�D?P�F?Q�@CCL�

AMLLCARCB��4FC�EP?NF�@CJMU�GQ�:?I9EDD;9J;: ��RFCPC�GQ�

LM�U?W�RM�ECR�DPMK�RFC�TCPRGACQ�ML�RFC�JCDR�RM�RFC�

TCPRGACQ�ML�RFC�PGEFR��

Weights 

$CNCLBGLE�SNML�RFC�NPM@JCK�@CGLE�QMJTCB
�QMKCRGKCQ�

UCGEFRQ�?PC�?QQGELCB�RM�RFC�CBECQ��4FC�UCGEFRQ�AMSJB�

PCNPCQCLR�RFC�BGQR?LAC�@CRUCCL�RUM�JMA?RGMLQ
�RFC�RP?TCJ�

RGKC
�MP�RFC�RP?TCJ�AMQR��)R�GQ�GKNMPR?LR�RM�LMRC�RF?R�RFC�
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BGQR?LAC�@CRUCCL�TCPRGACQ�GL�?�EP?NF�BMCQ�LMR�

LCACQQ?PGJW�AMPPCQNMLB�RM�RFC�UCGEFR�MD�?L�CBEC��

Euler Circuits and the Chinese Postman Problem 

)L�RFC�DGPQR�QCARGML
�UC�APC?RCB�?�EP?NF�MD�RFC�+gLGEQ@CPE�@PGBECQ�

?LB�?QICB�UFCRFCP�GR�U?Q�NMQQG@JC�RM�U?JI�?APMQQ�CTCPW�@PGBEC�MLAC��

"CA?SQC�%SJCP�DGPQR�QRSBGCB�RFGQ�OSCQRGML
�RFCQC�RWNCQ�MD�N?RFQ�?PC�

L?KCB�?DRCP�FGK��

Euler Path 

!L� ! KB;H�F7J>�GQ�?�N?RF�RF?R�SQCQ�CTCPW�CBEC�GL�?�EP?NF�

UGRF�LM�PCNC?RQ��"CGLE�?�N?RF
�GR�BMCQ�LMR�F?TC�RM�PCRSPL�

RM�RFC�QR?PRGLE�TCPRCV��
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)L�RFC�EP?NF�QFMUL�@CJMU
�RFCPC�?PC�QCTCP?J�%SJCP�N?RFQ��
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/LC�QSAF�N?RF�GQ�#!" $#"��4FC�N? RF�GQ�QFMUL�GL�?PPMUQ�RM�

RFC�PGEFR
�UGRF�RFC�MPBCP�MD�CBECQ�LSK@CPCB��

Euler Circuit 

!L� ! KB;H�9?H9K?J�GQ�?�AGPASGR�RF?R�SQCQ�CTCPW�CBEC�GL�?�

EP?NF�UGRF�LM�PCNC?RQ��"CGLE�?�AGPASGR
�GR�KSQR�QR?PR�?LB�

CLB�?R�RFC�Q?KC�TCPRCV��
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4FC�EP?NF�@CJMU�F?Q�QCTCP?J�NMQQG@JC�%SJCP�AGPASGRQ��

( CPCnQ�?�AMSNJC
�QR?PRGLE�?LB�CLBGLE�?R�TCPRCV�!��

!$ %!#%&#"!�?LB�!%# !"#&%$ !��4FC�QCAMLB�GQ�QFMUL�GL�

?PPMUQ��
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,MMI�@?AI�?R�RFC�CV?KNJC�SQCB�DMP�%SJCP�N?RFQlBMCQ�RF?R�EP?NF�F?TC�

?L�%SJCP�AGPASGR �!�DCU�RPGCQ�UGJJ�RCJJ�WMS�LM��RF?R�EP?NF�BMCQ�LMR�F?TC�

?L� %SJCP� AGPASGR�� 7FCL� UC� UCPC� UMPIGLE� UGRF� QFMPRCQR� N?RFQ
� UC�

UCPC�GLRCPCQRCB�GL�RFC�MNRGK?J�N?RF��7GRF�%SJCP�N?RFQ�?LB�AGPASGRQ
�

UCnPC�NPGK?PGJW�GLRCPCQRCB�GL�UFCRFCP�?L�%SJCP�N?RF�MP�AGPASGR�<O@JKJ��

7 FW� BM� UC� A?PC� GD� ?L� %SJCP� AGPASGR� CVGQRQ � 4FGLI� @?AI� RM� MSP�

FMSQGLE� BCTCJMNKCLR� J?UL� GLQNCARMP� DPMK� RFC� @CEGLLGLE� MD� RFC�

AF?NRCP�� 4FC� J?UL� GLQNCARMP� GQ� GLRCPCQRCB� GL� U?JIGLE� ?Q� JGRRJC� ?Q�

NMQQG@JC�� 4FC� GBC?J� QGRS?RGML� UMSJB� @C� ?� AGPASGR� RF?R� AMTCPQ� CTCPW�

QRPCCR�UGRF�LM�PCNC?RQ��4F?RnQ�?L�%SJCP�AGPASGR��,SAIGJW
�%SJCP�QMJTCB�

RFC�OSCQRGML�MD�UFCRFCP�MP�LMR�?L�%SJCP�N?RF�MP�AGPASGR�UGJJ�CVGQR��

EulerÕs Path and Circuit Theorems 

!�EP?NF�UGJJ�AMLR?GL�?L�%SJCP�N?RF�GD�GR�AMLR?GLQ�?R�

KMQR�RUM�TCPRGACQ�MD�MBB�BCEPCC��

!�EP?NF�UGJJ�AMLR?GL�?L�%SJCP�AGPASGR�GD�?JJ�TCPRGACQ�F?TC�

CTCL�BCEPCC�
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)L�RFC�EP?NF�@CJMU
�TCPRGACQ�!�?LB�#�F?TC�BCEPCC��
�QGLAC�

RFCPC�?PC���CBECQ�JC?BGLE�GLRM�C?AF�TCPRCV��"�GQ�BCEPCC��
�$�

GQ�BCEPCC��
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�QM�%SJCPnQ�RFCMPCKQ�RCJJ�SQ�RFGQ�

EP?NF�F?Q�?L�%SJCP�N?RF
�@SR�LMR�?L�%SJCP�AGPASGR��

�?)584-���

)Q�RFCPC�?L�%SJCP�AGPASGR�ML�RFC�FMSQGLE�BCTCJMNKCLR�

J?UL�GLQNCARMP�EP?NF�UC�APC?RCB�C?PJGCP�GL�RFC�AF?NRCP �!JJ�

RFC�FGEFJGEFRCB�TCPRGACQ�F?TC�MBB�BCEPCC��3GLAC�RFCPC�?PC�

KMPC�RF?L�RUM�TCPRGACQ�UGRF�MBB�BCEPCC
�RFCPC�?PC�LM�%SJCP�

N?RFQ�MP�%SJCP�AGPASGRQ�ML�RFGQ�EP?NF��5LDMPRSL?RCJW�MSP�

J?UL�GLQNCARMP�UGJJ�LCCB�RM�BM�QMKC�@?AIRP?AIGLE��

��� ��Z��'P ?NF�4FCMPW
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7 FCL�GR�QLMUQ�GL�RFC�Q?KC�FMSQGLE�BCTCJMNKCLR
�RFC�

QLMUNJMU�F?Q�RM�NJMU�@MRF�QGBCQ�MD�CTCPW�QRPCCR��&MP�

QGKNJGAGRW
�UCnJJ�?QQSKC�RFC�NJMU�GQ�MSR�C?PJW�CLMSEF�RF?R�GR�

A?L�GELMPC�RP?DDGA�J?UQ�?LB�BPGTC�BMUL�CGRFCP�QGBC�MD�RFC�

QRPCCR�GL�CGRFCP�BGPCARGML��4FGQ�A?L�@C�TGQS?JGXCB�GL�RFC�

EP?NF�@W�BP?UGLE�RUM�CBECQ�DMP�C?AF�QRPCCR
�PCNPCQCLRGLE�

RFC�RUM�QGBCQ�MD�RFC�QRPCCR��

'P ?NF�4FCMPW��Z�����



. MRGAC�RF?R�CTCPW�TCPRCV�GL�RFGQ�EP?NF�F?Q�CTCL�BCEPCC
�QM�

RFGQ�EP?NF�BMCQ�F?TC�?L�%SJCP�AGPASGR��

��� ��Z��'P ?NF�4FCMPW



52. Supplemental Videos 

4FGQ� 9MS4S@C� NJ?WJGQR� AMLR?GLQ�

QCTCP?J�TGBCMQ�RF?R�QSNNJCKCLR�RFC�PC?BGLE�ML�'P?NF�4FCMPW��

9MS� ?PC� LMR� PCOSGPCB� RM� U?RAF� ?JJ� MD� RFCQC� TGBCMQ
� @SR� )�

PCAMKKCLB� U?RAFGLE� RFC� TGBCMQ� DMP� ?LW� AMLACNRQ� WMS� K?W� @C�

QRPSEEJGLE�UGRF��

3SNNJCKCLR?J�6GBCMQ��Z�����

https://www.youtube.com/playlist?list=PLFE3A39A431A72D19


53. Topology, Tiling, and 
Non-Euclidean Geometry 

Topology 

4MNMJMEW� GQ� ?� @P?LAF� MD� K?RFCK?RGAQ� QRSBWGLE� QN?ACQ
� GL� UFGAF�

pAMLLCARGTCLCQQq� MD� M@HCARQ� GQ� ?� K?GL� DMASQ�� 2M@CPR� "PSLCP� F?Q�

UPGRRCL�?�KMPC�BCR?GJCB�BCQAPGNRGML��p7 F?R�GQ�4MNMJMEW q�

&MP� RFGQ� AMSPQC
� UC� UGJJ� BCRCPKGLC� UFCRFCP� RUM� M@HCARQ� ?PC�

RMNMJMEGA?JJW� COSGT?JCLR� @W� AMKN?PGLE� RFCGP� ECLSQ
� MP� LSK@CP� MD�

FMJCQ��0JC?QC�PC?B�?LB�UMPI�RFPMSEF�RFC�JCQQML�QR?PRGLE�DPMK�N?EC�

�� �"C�QSPC�RM�AJGAI�RFC�JGLI�?R�RFC�@MRRMK�PGEFR�F?LB�AMPLCP�MD�C?AF�

N?EC�RM�ECR�RM�RFC�LCVR�N?EC�GL�RFC�QCOSCLAC�	RFCPC�?PC�DGTC�N?ECQ�

GL� RMR?J
�� /L� RFC� J?QR� N?EC
� WMSnJJ� DGLB� RMNGAQ� RF?R� A?L� @C� SQCB� GL�

RFC�� FFB?97J?ED�E<�#;EC;JH O� ?I9KII?ED��E7H: ��

4FGQ�GQ�?�JGLI�RM�?�;<=FID8K@FE
�QFMUGLE�FMU�?�AMDDCC�KSE�A?L�@C�

RP?LQDMPKCB�GLRM�?�BMLSR��RFSQ�RFCW�?PC�RMNMJMEGA?JJW�COSGT?JCLR��

Tiling 

0JC?QC�PC?B�RFPMSEF�RFC�DMJJMUGLE�RFPCC�N?ECQ�DMP�?�KGLG�JCQQML�ML�

RGJGLE��

r� 7 F?R�GQ�?�4GJGLE �

r� 4GJGLEQ�UGRF�*SQR�?�&CU�3F?NCQ�

r� - MLMKMPNFGA�?LB�+�- MPNFGA�4GJGLEQ�

��� ��Z��4MNMJMEW
�4GJGLE
�?LB
. ML�%SAJGBC?L�'C MKCRPW

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-Euclidean Geometry 

/SP�DGL?J�RMNGA�GQ� .ML�%SAJGBC?L� 'C MKCRPW��4FGQ�UC@QGRC�UGJJ�EGTC�

WMS�?L�GLRPMBSARGML�RM�RFC�RMNGA��

4MNMJMEW
�4GJGLE
�?LB�.ML�%SAJGBC?L�'C MKCRPW��Z���� �

http://regentsprep.org/Regents/math/geometry/GG1/Euclidean.htm
http://regentsprep.org/Regents/math/geometry/GG1/Euclidean.htm


54. Discuss: Application of 
Geometry 

0GAI� ?� PC?J� NPM@JCK� ?LB� RPW� RM� QMJTC� GR� SQGLE� RFC� ECMKCRPW� WMS�

JC?PLCB� GL� RFGQ� KMBSJC�� 0PCQCLR� RFC� NPM@JCK� ?LB� RFC� QMJSRGML� RM�

RFC�PCQR�MD�RFC�AJ?QQ��6GCU�RFC�NPM@JCKQ�NMQRCB�@W�WMSP�AJ?QQK?RCQ�

?LB� PCQNMLB� RM� ?R� JC?QR� RUM��2C?B� RFC�'C MKCRPW� !NNJGA?RGML�

$GPCARGMLQ�DMP�BCR?GJCB�BGPCARGMLQ��

5 QC�RFC�#;EC;JH O�� FFB?97J?ED�DMPSK�GL�RFC� ?I9KII?ED��E7H: �RM�

AMKNJCRC�RFGQ�?QQGELKCLR��

/>?I�7II?=DC;D J�?I�H;GK?H;:�7D:�M EHJ>�KF�JE����FE?DJI
�

�� � ��Z��$GQASQQ��!NNJGA?RGML�MD
'C MKCRPW

https://novaonline.nvcc.edu/descriptions/mth151common/documents/geometry-directions.rtf
https://novaonline.nvcc.edu/descriptions/mth151common/documents/geometry-directions.rtf
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r� )Q�GR�AF?JJCLEGLE
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NMQRGLE �
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4FC�QRP?RCEGCQ��
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r� !PC�RFC�QRP?RCEGCQ�AMPPCARJW�GBCLRGDGCB �

��

4FC�NPCQCLR?RGML��

r� )Q�RFC�NPM@JCK�CVNJ?GLCB�UCJJ �
r� !PC�RFC�NPM@JCK�QMJTGLE�QRP?RCEGCQ�CVNJ?GLCB�UCJJ �
r� !PC�RFC�?NNPMNPG?RC�RCPKQ�SQCB �

��

9MSP�PCQNMLQCQ��

r� $GB�WMS�NMQR�?R�JC?QR�RUM�PCQNMLQCQ �
r� $GB�WMS�CVNJ?GL�FMU�RFC�CV?KNJCQ�FCJNCB�WMS�@CRRCP�

SLBCPQR?LB�RFC�K?RF�GL�RFGQ�KMBSJC �
r� $GB�WMS�?QI�OSCQRGMLQ�DMP�AJ?PGDGA?RGML�MP�K?IC�

QSEECQRGMLQ�ML�FMU�RM�AF?LEC�MP�GKNPMTC�RFC�MPGEGL?J�
?NNJGA?RGML�NMQRGLE�MP�?LW�MRFCP�DMJJMU�SN�NMQRGLEQ �

��

�

$GQASQQ��!NNJGA?RGML�MD�'CMKCRPW��Z�����





PART IX 

MODULE 3: SET THEORY 

- MBSJC����3CR�4FCMPW��Z�����





55. Module 3 Overview 

What YouÕll Learn To Do: Describe set theory and 
perform operations. 

�- )9616/��*2-+;1=-:�

r� $CQAPG@C�KCK@CPQFGNQ�MD�QCRQ
�GLAJSBGLE�RFC�CKNRW�

QCR
�SQGLE�NPMNCP�LMR?RGML
�?LB�BCAGBC�UFCRFCP�EGTCL�

GRCKQ�?PC�KCK@CPQ�?LB�BCRCPKGLC�RFC�A?PBGL?JGRW�MD�?�

EGTCL�QCR��

r� $CQAPG@C�RFC�PCJ?RGMLQ�@CRUCCL�QCRQ�PCE?PBGLE�

KCK@CPQFGN
�COS?JGRW
�QS@QCR
�?LB�NPMNCP�QS@QCR
�

SQGLE�NPMNCP�LMR?RGML��

r� 0CPDMPK�RFC�MNCP?RGMLQ�MD�SLGML
�GLRCPQCARGML
�

AMKNJCKCLR
�?LB�BGDDCPCLAC�ML�QCRQ�SQGLE�NPMNCP�

LMR?RGML��

r� "C�?@JC�RM�BP?U�?LB�GLRCPNPCR�6CLL�BG?EP?KQ�MD�QCR�

PCJ?RGMLQ�?LB�MNCP?RGMLQ�?LB�SQC�6CLL�BG?EP?KQ�RM�

QMJTC�NPM@JCKQ��

r� 2CAMELGXC�UFCL�QCR�RFCMPW�GQ�?NNJGA?@JC�RM�PC?J�JGDC�

QGRS?RGMLQ
�QMJTC�PC?J�JGDC�NPM@JCKQ
�?LB�AMKKSLGA?RC�

PC?J�JGDC�NPM@JCKQ�?LB�QMJSRGMLQ�RM�MRFCPQ��

- MBSJC���/TCPTGCU��Z�����



Learning Activities 

4FC� JC?PLGLE�

?ARGTGRGCQ�DMP�RFGQ�KMBSJC�GLAJSBC��

" -),16/��: :1/65-6;:�)6,�&1,-7:�

r� - ;7:� �3CR�4FCMPW�

r� - ;7:� �3SNNJCKCLR?J�6GBCMQ�DMP�3CR�4FCMPW�

r� - ;7:� �6CP@?J
�2MQRCP
�?LB�3CR�" SGJBCP�.MR?RGML�DMP�?�3CR�

r� - ;7:� �#MLQGBCP�?�3CR�

r� - ;L?;M� �( CJNDSJ�,GLIQ�

�75 ->793��::1/65-6;:�

r� . K8C?J��3CR�4FCMPW�(MKCUMPI����	���NMGL RQ
�

r� . K8C?J��3CR�4FCMPW�(MKCUMPI����	���NMGL RQ
�

r�  ?I9KII� �!NNJGA?RGML�MD�3CR�4FCMPW�	���NMGLRQ
�

��� ��Z��- MBSJC���/TCPTGCU



56. Set Theory 

)R�GQ�L?RSP?J�DMP�SQ�RM�AJ?QQGDW�GRCKQ�GLRM�EPMSNQ
�MP�QCRQ
�?LB�AMLQGBCP�

FMU� RFMQC� QCRQ� MTCPJ?N� UGRF� C?AF� MRFCP�� 7 C� A?L� SQC� RFCQC� QCRQ�

SLBCPQR?LB� PCJ?RGMLQFGNQ� @CRUCCL� EPMSNQ
� ?LB� RM� ?L?JWXC� QSPTCW�

B?R?��

Basics 

!L�?P R�AMJJCARMP�KGEFR�MUL�?�AMJJCARGML�MD�N?GLRGLEQ
�UFGJC�?�KSQGA�

JMTCP� KGEFR� ICCN� ?� AMJJCARGML� MD� #$Q�� !LW� AMJJCARGML� MD� GRCKQ� A?L�

DMPK�?�I;J ��

Set 

!� I;J �GQ�?�AMJJCARGML�MD�BGQRGLAR�M@HCARQ
�A?JJCB�

;B;C;D JI �MD�RFC�QCR�

!�QCR�A?L�@C�BCDGLCB�@W�BCQAPG@GLE�RFC�AMLRCLRQ
�MP�@W�

JGQRGLE�RFC�CJCKCLRQ�MD�RFC�QCR
�CLAJMQCB�GL�ASPJW�

@P?AICRQ��

3CR�4FCMPW��Z�����
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3MKC�CV?KNJCQ�MD�QCRQ�BCDGLCB�@W�BCQAPG@GLE�RFC�

AMLRCLRQ��
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��� 4FC�QCR�MD�?JJ�@MMIQ�UPGRRCL�?@MSR�RP?TCJ�RM�#FGJC�

�6:>-9:�

3MKC�CV?KNJCQ�MD�QCRQ�BCDGLCB�@W�JGQRGLE�RFC�CJCKCLRQ�MD�

RFC�QCR��

��� Y�
��
�� 
���[�

��� YPCB
�MP?LEC
�WCJJMU
�EPCCL
�@JSC
�GLBGEM
�NSPNJC[�

!�QCR�QGKNJW�QNCAGDGCQ�RFC�AMLRCLRQ��MPBCP�GQ�LMR�GKNMPR?LR��4FC�QCR�

PCNPCQCLRCB�@W�Y�
��
�� [�GQ�COSGT?JCLR�RM�RFC�QCR�Y�
��
��[��

Notation 

#MKKMLJW
�UC�UGJJ�SQC�?�T?PG?@JC�RM�PCNPCQCLR�?�QCR
�RM�

K?I C�GR�C?QGCP�RM�PCDCP�RM�RF?R�QCR�J?RCP��

4FC�QWK@MJ�� �KC?LQ�pGQ�?L�CJCKCLR�MDq��

��� ��Z��3CR�4FCMPW
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3MKCRGKCQ� ?� AMJJCARGML� KGEFR� LMR� AMLR?GL� ?JJ� RFC� CJCKCLRQ� MD� ?�

QCR��&MP�CV?KNJC
�#FPGQ�MULQ�RFPCC�-?BMLL?�?J@SKQ��7FGJC�#FPGQnQ�

AMJJCARGML�GQ�?�QCR
�UC�A?L�?JQM�Q?W�GR�GQ�?�IK8I;J �MD�RFC�J?PECP�QCR�MD�
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Subset 
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3CR�4FCMPW��Z�����
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�QM�GQ�?L�CJCKCLR�MD�� ��
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4FCPC�?PC�K?LW�NMQQG@JC�?LQUCPQ�FCPC��/LC�U MSJB�@C�RFC�

��� ��Z��3CR�4FCMPW



QCR�MD�NJ?WQ�@W�3F?ICQNC?PC��4FGQ�GQ�?JQM�?�QS@QCR�MD�RFC�QCR�

MD�?JJ�NJ?WQ�CTCP�UPGRRCL��)R�GQ�?JQM�?�QS@QCR�MD�?JJ�"PGRGQF�

JGRCP?RSPC��

Try It Now 

4FC�QCR�� ���Y�
��
��[��7 F?R�GQ�?�J?PECP�QCR�RFGQ�KGEFR�@C�?�

QS@QCR�MD �

Union, Intersection, and Complement 

#MKKMLJW� QCRQ� GLRCP?AR�� &MP� CV?KNJC
� WMS� ?LB� ?� LCU� PMMKK?RC�

BCAGBC� RM� F?TC� ?� FMSQC� N?PRW
� ?LB� WMS� @MRF� GLTGRC� WMSP� AGPAJC� MD�

DPGCLBQ��!R�RFGQ�N?PRW
�RUM�QCRQ�?PC�@CGLE�AMK@GLCB
�RFMSEF�GR�KGEFR�

RSPL�MSR�RF?R�RFCPC�?PC�QMKC�DPGCLBQ�RF?R�UCPC�GL�@MRF�QCRQ��

3CR�4FCMPW��Z�����



Union, Intersection, and Complement 

4FC�KD?ED�MD�RUM�QCRQ�AMLR?GLQ�?JJ�RFC�CJCKCLRQ�
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 �- MPC�DMPK?JJW
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�

4FC�?DJ;HI;9J?ED�MD�RUM�QCRQ�AMLR?GLQ�MLJW�RFC�

CJCKCLRQ�RF?R�?PC�GL�@MRF�QCRQ��4FC�GLRCPQCARGML�GQ�

LMR?RCB��� � ��
 �- MPC�DMPK?JJW
�O�� ��� � �� �GD�O�� �� �?LB�O�� ��
�

4FC�9ECFB;C;D J�MD�?�QCR�� �AMLR?GLQ�CTCPWRFGLE�RF?R�GQ�

EFK�GL�RFC�QCR�� ��4FC�AMKNJCKCLR�GQ�LMR?RCB�� Z
�MP�� A��FI�

JFD<K@D<J�R� 
�

�?)584-�
�

#MLQGBCP�RFC�QCRQ��

� ���YPCB
�EPCCL
�@JSC[�

� ���YPCB
�WCJJMU
�MP?LEC[�
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�MP?LEC
�WCJJMU
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�@JSC
�NSPNJC[�

&GLB�RFC�DMJJMUGLE��
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��� &GLB��� � ���

��� ��Z��3CR�4FCMPW
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��� 4FC�SLGML�AMLR?GLQ�?JJ�RFC�CJCKCLRQ�GL�CGRFCP�QCR���

� �� ���YPCB
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JGQR�PCB�MLAC��

��� 4FC�GLRCPQCARGML�AMLR?GLQ�?JJ�RFC�CJCKCLRQ�GL�@MRF�

QCRQ���� � �� ���YPCB[�

��� ( CPC�UCnPC�JMMIGLE�DMP�?JJ�RFC�CJCKCLRQ�RF?R�?PC�EFK�

GL�QCR�� �?LB�?PC�?JQM�GL�� ��� A�� �� ���YMP?LEC
�WCJJMU
�

NSPNJC[�

Try It Now 

5 QGLE�RFC�QCRQ�DPMK�RFC�NPCTGMSQ�CV?KNJC
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?LB�� A�� ���

. MRGAC�RF?R�GL�RFC�CV?KNJC�?@MTC
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3CR�4FCMPW��Z���� �



Universal Set 
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57. Supplemental Videos 
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https://www.youtube.com/playlist?list=PL7138FAEC01D6F3F3


58. Verbal, Roster, and 
Set-Builder Notation for a Set 
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http://web.mnstate.edu/peil/MDEV102/U1/S2/SetNotation3.htm


59. Consider a Set 
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60. Helpful Links 

4FCQC� N?ECQ�ML�

0SPNJCK?RF�AMK� UGJJ� NPMTGBC� DSPRFCP� @?AIEPMSLB� ?LB�

SLBCPQR?LBGLE� MD� @MRF� 3CR� . MR?RGML� ?LB� 6CLL� $G?EP?KQ�� 4FCW�

NPMTGBC�GLQRPSARGML�?LB�CV?KNJCQ��

r� 3CR�. MR?RGML�

r� 6CLL�$G?EP?KQ�	9MSnJJ�LMRGAC�RFC�UMPBQ�p0?EC���MD��q�?R�RFC�RMN�

MD�RFGQ�N?EC��"C�QSPC�RM�JMMI�?R�?JJ�DMSP�N?ECQ�MD�RFC�6CLL�

$G?EP?K�QCARGML�
�

( CJNDSJ�,GLIQ��Z�����

http://www.purplemath.com/modules/setnotn.htm
http://www.purplemath.com/modules/venndiag.htm


61. Discuss: Application of Set 
Theory 
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$GPCARGMLQ�DMP�BCR?GJCB�BGPCARGMLQ��

5 QC�RFC�.;J�/>;EH O�� FFB?97J?ED�DMPSK�GL�RFC�$GQASQQGML�"M?PB�RM�
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/>?I�7II?=DC;D J�?I�H;GK?H;:�7D:�M EHJ>�KF�JE����FE?DJI
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��� ��Z��$GQASQQ��!NNJGA?RGML�MD�3CR
4FCMPW

https://novaonline.nvcc.edu/descriptions/mth151common/documents/sets-directions.rtf
https://novaonline.nvcc.edu/descriptions/mth151common/documents/sets-directions.rtf
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PART X 

MODULE 4: LOGIC 
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62. Module 4 Overview 

What YouÕll Learn To Do: Identify, make, and 
interpret logic. 

�- )9616/��*2-+;1=-:�
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�GL�%LEJGQF��
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Learning Activities 
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63. Logic 
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)R� GQ� GKNMPR?LR� RM� PC?JGXC� RF?R� JMEGA� GQ� ?� NPMACQQ� MD� BCBSAGLE�

GLDMPK?RGML�AMPPCARJW
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��� #GPAJC�8�F?Q�P?BGSQ�COS?J�RM����

��� )D�?LW�AGPAJC�F?Q�P?BGSQ�I 
�RFCL�GRQ�?PC?�GQ�jI � �QOS?PC�SLGRQ��

��� #GPAJC�8�F?Q�?PC?��j�QOS?PC�SLGRQ��
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MP� BCDGLGRCJW�D?JQC�� 9MS� A?L� RFGLI� MD� QR?RCKCLRQ� ?Q� NGCACQ� MD�

GLDMPK?RGML� RF?R� ?PC� CGRFCP�AMPPCAR� MP� GLAMPPCAR�� 4FSQ� QR?RCKCLRQ�

?PC�NGCACQ�MD�GLDMPK?RGML�RF?R�UC�KGEFR�?NNJW�JMEGA�RM�GL�MPBCP�RM�

NPMBSAC�MRFCP�NGCACQ�MD�GLDMPK?RGML�	UFGAF�?PC�?JQM�QR?RCKCLRQ
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�QSAF�?Q�p4FC�

DSLARGML�=	O
�� �O� �GQ�AMLRGLSMSQ
q�GR�GQ�AMLTCLGCLR�RM�HSQR�PCDCP�RM�GR�?Q�

+�RM�?TMGB�F?TGLE�RM�UPGRC�MP�Q?W�GR�K?LW�RGKCQ��

3R?RCKCLRQ�A?L�AMLR?GL�T?PG?@JCQ��(CPC�GQ�?L�CV?KNJC��

) ���)D�?L�GLRCECP�O�GQ�?�KSJRGNJC�MD��
�RFCL�O�GQ�CTCL��

4FGQ� GQ� ?� QCLRCLAC� RF?R� GQ� RPSC�� 	!JJ� KSJRGNJCQ� MD� �� ?PC� CTCL
� QM�

LM� K?RRCP�UFGAF� KSJRGNJC� MD� �� RFC� GLRCECP�O� F?NNCLQ� RM� @C
� GR� GQ�

CTCL�
�3GLAC�RFC�QCLRCLAC�) �GQ�BCDGLGRCJW�RPSC
�GR�GQ�?�QR?RCKCLR��7FCL�

?� QCLRCLAC� MP�QR?RCKCLR�) � AMLR?GLQ� ?� T?PG?@JC� QSAF� ?Q�O
� UC�

QMKCRGKCQ�BCLMRC�GR�?Q�) 	O
�RM�GLBGA?RC�RF?R�GR�GQ�Q?WGLE�QMKCRFGLE�

?@MSR�O��4FSQ�RFC�?@MTC�QR?RCKCLR�A?L�@C�BCLMRCB�?Q�

) 	O
���)D�?L�GLRCECP�O�GQ�?�KSJRGNJC�MD��
�RFCL�O�GQ�CTCL��

!� QR?RCKCLR� MP� QCLRCLAC� GLTMJTGLE� RUM� T?PG?@JCQ� KGEFR� @C�

BCLMRCB�) 	O
�P

�?LB�QM�ML��

)R�GQ�OSGRC�NMQQG@JC�DMP�?�QCLRCLAC�AMLR?GLGLE�T?PG?@JCQ�RM�LMR�@C�

?�QR?RCKCLR��#MLQGBCP�RFC�DMJJMUGLE�CV?KNJC��

* 	O
���4FC�GLRCECP�O�GQ�CTCL��

)Q�RFGQ�?�QR?RCKCLR �7 FCRFCP�GR�GQ�RPSC�MP�D?JQC�BCNCLBQ�ML�HSQR�

UFGAF�GLRCECP�O�GQ��)R�GQ�RPSC�GD�O�����?LB�D?JQC�GD�O���� 
�CRA��"SR�UGRFMSR�

?LW�QRGNSJ?RGMLQ� ML� RFC� T?JSC� MD�O� GR� GQ� GKNMQQG@JC� RM� Q?W� UFCRFCP�

* 	O
�GQ�RPSC�MP�D?JQC��3GLAC�GR�GQ�LCGRFCP�BCDGLGRCJW�RPSC�LMP�BCDGLGRCJW�

D?JQC
�* 	O
�A?LLMR� @C�?�QR?RCKCLR�� !�QCLRCLAC�QSAF�?Q�RFGQ
� UFMQC�

RPSRF� BCNCLBQ� ML� RFC� T?JSC�MD� MLC� MP� KMPC� T?PG?@JCQ
� GQ� A?JJCB� ?L�

EF;D� I;D J;D9; �� 4FC� T?PG?@JCQ� GL�?L� MNCL� QCLRCLAC� 	MP� QR?RCKCLR
�

A?L�PCNPCQCLR�?LW�RWNC�MD�CLRGRW
�LMR�HSQR�LSK@CPQ��(CPC�GQ�?L�MNCL�

QCLRCLAC�UFCPC�RFC�T?PG?@JCQ�?PC�DSLARGMLQ��

+	=
�>
���4FC�DSLARGML�=�GQ�RFC�BCPGT?RGTC�MD�RFC�DSLARGML�>��

4FGQ�MNCL�QCLRCLAC�GQ�RPSC�GD�=	O
� �� � O�?LB�>	O
� � �O� �� )R�GQ�D?JQC�GD�

=	O
�� �O� �?LB�>	O
�� �O� 
�CRA��7C�NMGLR�MSR�RF?R�?�QCLRCLAC�QSAF�?Q�+	=
�

,MEGA��Z�����



>
�	RF?R�GLTMJTCQ�T?PG?@JCQ
�A?L�@C�BCLMRCB�CGRFCP�?Q�+	=
�>
�MP�HSQR�+��

7 C�SQC�RFC�CVNPCQQGML�+	=
�>
�UFCL�UC�U?LR�RM�CKNF?QGXC�RF?R�RFC�

QCLRCLAC�GLTMJTCQ�T?PG?@JCQ��

7 C�UGJJ�F?TC�KMPC�RM�Q?W�?@MSR�MNCL�QCLRCLACQ�J?RCP
�@SR�DMP�LMU�

JCRnQ�PCRSPL�RM�QR?RCKCLRQ��

3R?RCKCLRQ� ?PC� CTCPWUFCPC� GL� K?RFCK?RGAQ�� !LW� PCQSJR� MP�

RFCMPCK�RF?R� F?Q� @CCL� NPMTCB� RPSC� GQ� ?� QR?RCKCLR�� 4FC� OS?BP?RGA�

DMPKSJ?�?LB�RFC�0WRF?EMPC?L�RFCMPCK�?PC�@MRF�QR?RCKCLRQ��

) � �� 4FC� QMJSRGMLQ� MD� RFC� COS?RGML�

��

* ���)D�?�PGEFR�RPG?LEJC�F?Q�JCEQ�MD�JCLERFQ�8�?LB�9�?LB�FWNMRCLSQC�

MD�JCLERF�

���

( CPC�GQ�?�TCPW�D?KMSQ�QR?RCKCLR
�QM�D?KMSQ
�GL�D?AR
�RF?R�GR�F?Q�

?� L?KC��)R� GQ� A?JJCB� " ;HC7 JVI� B7IJ� J>;EH;C � ?DRCP� 0GCPPC� &CPK?R
� ?�

QCTCLRCCLRF�ACLRSPW�&PCLAF�K?RFCK?RGAG?L�UFM�QAPG@@JCB�GR�GL�RFC�

K?PEGL�MD�?�LMRC@MMI��

2� �� &MP� ?JJ� LSK@CPQ�8
� 9
� : 
� E� � �

UGRF� E� �� �
� GR� GQ� RFC� A?QC� RF?R�

��

&CPK?R�@CJGCTCB�RFGQ�QR?RCKCLR�U?Q�RPSC��(C�LMRCB�RF?R�FC�AMSJB�

NPMTC�GR�U?Q�RPSC
�CVACNR�FGQ�LMRC@MMInQ�K?PEGL�U?Q�RMM�L?PPMU�RM�

AMLR?GL�FGQ�NPMMD�� )R�GQ�BMS@RDSJ�RF?R�FC�PC?JJW�F?B�?�AMPPCAR�NPMMD�

GL�KGLB
�DMP�?DRCP�FGQ�BC?RF�ECLCP?RGMLQ�MD�@PGJJG?LR�K?RFCK?RGAG?LQ�

RPGCB�SLQSAACQQDSJJW�RM�NPMTC�RF?R�FGQ�QR?RCKCLR�U?Q�RPSC�	MP�D?JQC
��

&GL?JJW
� GL� ����
� !LBP CU� 7GJCQ� MD�0PGLACRML� 5LGTCPQGRW� ?LLMSLACB�

RF?R�FC�F?B�BCTGQCB�?�NPMMD��7GJCQ�F?B�UMPI CB�ML�RFC�NPM@JCK�DMP�

MTCP�QCTCL�WC?PQ
�?LB�FGQ�NPMMD�PSLQ�RFPMSEF�FSLBPCBQ�MD�N?ECQ��4FC�

KMP?J�MD�RFGQ�QRMPW�GQ�RF?R�QMKC�RPSC�QR?RCKCLRQ�?PC�LMR�M@TGMSQJW�

RPSC��

( CPC� GQ� ?LMRFCP� QR?RCKCLR� D?KMSQ� CLMSEF� RM� @C� L?KCB�� )R� U?Q�
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DGPQR�NMQCB�GL�RFC�CGEFRCCLRF�ACLRSPW�@W�RFC�'CPK?L�K?RFCK?RGAG?L�

#FPGQRG?L�'MJB@?AF
�?LB�RFSQ�GQ�A?JJCB�RFC�'MJB@?AF�AMLHCARSPC��

, ���%TCPW�CTCL�GLRCECP�EPC?RCP�RF?L���GQ�?�QSK�MD�RUM�NPGKC�

LSK@CPQ��

9MS�KSQR�?EPCC�RF?R�, �GQ�CGRFCP�RPSC�MP�D?JQC��)R�?NNC?PQ�RM�@C�RPSC
�

@CA?SQC�UFCL� WMS� CV?KGLC� CTCL� LSK@CPQ� RF?R� ?PC� @GEECP� RF?L� �
�

RFCW�QCCK�RM�@C�QSKQ�MD�RUM�NPGKCQ���������
������� �
��������
������

���
�������� � 
��������� ����?LB�QM�ML��" SR�RF?RnQ�LMR�RM�Q?W�RFCPC�GQLnR�

QMKC�J?PEC�CTCL�LSK@CP�RF?RnQ�LMR�RFC�QSK�MD�RUM�NPGKCQ��)D�QSAF�

?�LSK@CP�CVGQRQ
�RFCL�, �GQ�D?JQC��4FC�RFGLE�GQ
�GL�RFC�MTCP�����W C?PQ�

QGLAC� 'MJB@?AF� DGPQR� NMQCB� RFGQ�NPM@JCK
� LM� MLC� F?Q� @CCL� ?@JC� RM�

BCRCPKGLC�UFCRFCP�GRnQ�RPSC�MP�D?JQC��"SR�QGLAC�GR�GQ�AJC?PJW�CGRFCP�RPSC�

MP�D?JQC
�, �GQ�?�QR?RCKCLR��

4FGQ�@MMI�GQ�?@MSR�RFC�KCRFMBQ�RF?R�A?L�@C�SQCB�RM�NPMTC�RF?R�,�

	MP�?LW�MRFCP�QR?RCKCLR
�GQ�RPSC�MP�D?JQC��4M�NPMTC�RF?R�?�QR?RCKCLR�

GQ�RPSC
�UC�QR?PR�UGRF�M@TGMSQ�QR?RCKCLRQ�	MP�MRFCP�QR?RCKCLRQ�RF?R�

F?TC� @CCL�NPMTCL� RPSC
� ?LB� SQC� JMEGA� RM� BCBSAC� KMPC� ?LB� KMPC�

AMKNJCV�QR?RCKCLRQ�SLRGJ�DGL?JJW�UC�M@R?GL�?�QR?RCKCLR�QSAF�?Q�, ��

/D�AMSPQC�QMKC�QR?RCKCLRQ�?PC�KMPC�BGDDGASJR�RM�NPMTC�RF?L�MRFCPQ
�

?LB� , � ?NNC?PQ� RM� @C� LMRMPGMSQJW�BGDDGASJR�� UC� UGJJ� AMLACLRP?RC� ML�

QR?RCKCLRQ�RF?R�?PC�C?QGCP�RM�NPMTC��

" SR� RFC� NMGLR� GQ� RFGQ�� )L� NPMTGLE� RF?R� QR?RCKCLRQ� ?PC� RPSC
� UC�

SQC�JMEGA�RM�FCJN�SQ�SLBCPQR?LB�QR?RCKCLRQ�?LB�RM�AMK@GLC�NGCACQ�

MD� GLDMPK?RGML�RM� NPMBSAC� LCU� NGCACQ� MD� GLDMPK?RGML�� )L� RFC� LCVR�

QCTCP?J� QCARGMLQ� UC�CVNJMPC� QMKC� QR?LB?PB� U?WQ� RF?R� QR?RCKCLRQ�

A?L� @C� AMK@GLCB� RM� DMPK� LCU�QR?RCKCLRQ
� MP� @PMICL� BMUL� GLRM�

QGKNJCP�QR?RCKCLRQ��

And, Or, Not 

4FC�UMPB�p?LBq�A?L�@C�SQCB�RM�AMK@GLC�RUM�QR?RCKCLRQ�RM�DMPK�?�

LCU�QR?RCKCLR��#MLQGBCP�DMP�CV?KNJC�RFC�DMJJMUGLE�QCLRCLAC��

+� ���4FC�LSK@CP���GQ�CTCL�7D: �RFC�LSK@CP���GQ�MBB��
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7 C� PCAMELGXC� RFGQ� ?Q� ?� RPSC� QR?RCKCLR
� @?QCB� ML� MSP� AMKKML�

QCLQC� SLBCPQR?LBGLE�MD� RFC� KC?LGLE� MD� RFC� UMPB� p?LB�q� . MRGAC�

RF?R�+� �GQ�K?BC�SN�MD�RUM�QGKNJCP�QR?RCKCLRQ��

) ���4FC�LSK@CP���GQ�CTCL��

* ���4FC�LSK@CP���GQ�MBB��

4FCQC� ?PC� HMGLCB� RMECRFCP� @W� RFC� UMPB� p?LBq� RM� DMPK� RFC� KMPC�

AMKNJCV�QR?RCKCLR�+� �� 4FC� QR?RCKCLR�+� � ?QQCPRQ� RF?R�) � ?LB� * � ?PC�

@MRF�RPSC��3GLAC�@MRF�) �?LB�* �?PC�GL�D?AR�RPSC
�RFC�QR?RCKCLR�+� �GQ�

?JQM�RPSC��

( ?B� MLC� MP� @MRF� MD�) � ?LB�* � @CCL� D?JQC
� RFCL�+� � UMSJB� @C� D?JQC��

&MP�GLQR?LAC
�C?AF�MD�RFC�DMJJMUGLE�QR?RCKCLRQ�GQ�D?JQC��

+� ���4FC�LSK@CP���GQ�CTCL�7D: �RFC�LSK@CP���GQ�MBB��

+� ���4FC�LSK@CP���GQ�CTCL�7D: �RFC�LSK@CP���GQ�MBB��

+� ���4FC�LSK@CP���GQ�CTCL�7D: �RFC�LSK@CP���GQ�MBB��

&PMK� RFCQC� CV?KNJCQ� UC� QCC� RF?R� ?LW� RUM� QR?RCKCLRQ�) � ?LB�*�

A?L�@C�AMK@GLCB�RM�DMPK�?�LCU�QR?RCKCLR�p) �7D: � * �q� )L�RFC�QNGPGR�

MD�SQGLE�JCRRCPQ�RM�BCLMRC�QR?RCKCLRQ
�UC�LMU�GLRPMBSAC�RFC�QNCAG?J�

QWK@MJ�� �RM�QR?LB�DMP�RFC�UMPB�p?LB�q�4FSQ�GD�) �?LB�* �?PC�QR?RCKCLRQ
�

) �� �* �QR?LBQ�DMP�RFC�QR?RCKCLR�p) �7D: �* �q�4FC�QR?RCKCLR�) �� �* �GQ�RPSC�

GD�@MRF�) �?LB�* �?PC�RPSC��MRFCPUGQC�GR�GQ�D?JQC��4FGQ�GQ�QSKK?PGXCB�GL�

RFC�DMJJMUGLE�R?@JC
�A?JJCB�?�JHKJ>�J78B;��

#� $� #�� �� $�

4� 4� 4�

4� &� &�

&� 4� &�

&� &� &�

)L� RFGQ� R?@JC
�- � QR?LBQ� DMP� p4PSC
q� ?LB�� � QR?LBQ� DMP� p&?JQC�q� 	4� ?LB�

&� ?PC�A?JJCB�JHKJ>� L7BK;I�
� %?AF� JGLC� JGQRQ� MLC� MD� RFC� DMSP� NMQQG@JC�

AMK@GL?RGMLQ�MP�RPSRF�T?JSCQ�DMP�) �?LB�* 
�?LB�RFC�AMJSKL�FC?BCB�@W�

) �� �* �RCJJQ�UFCRFCP�RFC�QR?RCKCLR�) �� �* �GQ�RPSC�MP�D?JQC�GL�C?AF�A?QC��

3R?RCKCLRQ�A?L�?JQM�@C�AMK@GLCB�SQGLE�RFC�UMPB�pMP�q�#MLQGBCP�

RFC�DMJJMUGLE�DMSP�QR?RCKCLRQ��
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, � ���4FC�LSK@CP���GQ�CTCL�MP�RFC�LSK@CP���GQ�MBB��

, � ���4FC�LSK@CP���GQ�CTCL�MP�RFC�LSK@CP���GQ�MBB��

, � ���4FC�LSK@CP���GQ�CTCL�MP�RFC�LSK@CP���GQ�MBB��

, � ���4FC�LSK@CP���GQ�CTCL�MP�RFC�LSK@CP���GQ�MBB��

)L� K? RFCK?RGAQ
� RFC� ?QQCPRGML� p) � EH� * q� GQ� ?JU?WQ� SLBCPQRMMB� RM�

KC?L�RF?R�MLC�MP�@MRF�MD�) � ?LB�* � GQ�RPSC��4FSQ�QR?RCKCLRQ�, � 
� , � 
�

, � � ?PC�?JJ�RPSC
�UFGJC�, � �GQ�D?JQC��4FC�QWK@MJ�� �GQ�SQCB�RM�QR?LB�DMP�

RFC� UMPB� pMP�q� 3M� GD�) �?LB�* � ?PC� QR?RCKCLRQ
�) �� � * � PCNPCQCLRQ� RFC�

QR?RCKCLR�p) �EH�* �q�( CPC�GQ�RFC�RPSRF�R?@JC��

#� $� #�� �� $�

4� 4� 4�

4� &� 4�

&� 4� 4�

&� &� &�

)R� GQ� GKNMPR?LR� RM� @C� ?U?PC� RF?R� RFC� KC?LGLE� MD� pMPq� CVNPCQQCB�

GL�RFC� ?@MTC� R?@JC� BGDDCPQ� DPMK� RFC� U?W� GR� GQ� QMKCRGKCQ� SQCB� GL�

CTCPWB?W�AMLTCPQ?RGML�� &MP� CV?KNJC
� QSNNMQC� ?� SLGTCPQGRW� MDDGAG?J�

K?I CQ�RFC�DMJJMUGLE�RFPC?R��

9MS�N?W�WMSP�RSGRGML�EH�WMS�UGJJ�@C�UGRFBP?UL�DPMK�QAFMMJ��

9MS�SLBCPQR?LB�RF?R�RFGQ�KC?LQ�RF?R�CGRFCP�WMS�N?W�WMSP�RSGRGML�

MP�WMS�UGJJ�@C�UGRFBP?UL�DPMK�QAFMMJ
�9LK�EFK�9FK?��)L�K? RFCK?RGAQ�

UC� LCTCP� SQC�RFC� UMPB� pMPq� GL� QSAF� ?� QCLQC�� &MP� SQ� pMPq� KC?LQ�

CV?ARJW�UF?R�GQ�QR?RCB�GL�RFC�R?@JC�DMP�� ��4FSQ�) �� �* �@CGLE�RPSC�KC?LQ�

FE<�MP�9FK?�MD�) �?LB�* �GQ�RPSC��)D�UC�CTCP�LCCB�RM�CVNPCQQ�RFC�D?AR�

RF?R� CV?ARJW� MLC� MD�) � ?LB� * � GQ�RPSC
� UC� SQC� MLC� MD� RFC� DMJJMUGLE�

AMLQRPSARGMLQ��

) �EH�* 
�8KJ�DEJ�8EJ>
�

! ?J>;H�) �EH�* ��

)D� RFC� SLGTCPQGRW� MDDGAG?J� UCPC� ?� K?RFCK?RGAG?L
� FC� KGEFR� F?TC�

OS?JGDGCB�FGQ�QR?RCKCLR�GL�MLC�MD�RFC�DMJJMUGLE�U?WQ��

0?W�WMSP�RSGRGML�EH�WMS�UGJJ�@C�UGRFBP?UL�DPMK�QAFMMJ
�8KJ�

DEJ�8EJ>��
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! ?J>;H� WMS� N?W� WMSP� RSGRGML�EH� WMS� UGJJ� @C� UGRFBP?UL� DPMK�

QAFMMJ��

4M�AMLAJSBC�RFGQ�QCARGML
�UC�KCLRGML�?LMRFCP�U?W�MD�M@R?GLGLE�

LCU�QR?RCKCLRQ�DPMK�MJB�MLCQ��'GTCL�?LW�QR?RCKCLR�) 
�UC�A?L�DMPK�

RFC�LCU�QR?RCKCLR�p%J�?I�DEJ�JHK;�J>7J�) �q�&MP�CV?KNJC
�AMLQGBCP�RFC�

DMJJMUGLE�QR?RCKCLR��

4FC�LSK@CP���GQ�CTCL��

4FGQ�QR?RCKCLR�GQ�RPSC��.MU�AF?LEC�GR�@W�GLQCPRGLE�RFC�UMPBQ�p)R�GQ�

LMR�RPSC�RF?Rq�?R�RFC�@CEGLLGLE��

%J�?I�DEJ�JHK;�J>7J�RFC�LSK@CP���GQ�CTCL��

4FGQ�LCU�QR?RCKCLR�GQ�D?JQC��

&MP� ?LMRFCP� CV?KNJC
� QR?PRGLE� UGRF� RFC� D?JQC� QR?RCKCLR� p

q� UC� ECR�RFC� RPSC� QR?RCKCLR� p)R� GQ� LMR� RPSC� RF?R�

�q�

7 C�SQC�RFC�QWK@MJ�� �RM�QR?LB�DMP�RFC�UMPBQ�p)RnQ�LMR�RPSC�RF?R
q�

QM�� �) �KC?LQ�p%JVI�DEJ�JHK;�J>7J�) �q�7 C�MDRCL�PC?B�� �) �QGKNJW�?Q�pLMR�

) �q�5LJGIC�� �?LB�� 
�UFGAF�AMK@GLC�RUM�QR?RCKCLRQ
�RFC�QWK@MJ�� �HSQR�

?JRCPQ�?�QGLEJC�QR?RCKCLR��4FSQ�GRQ�RPSRF�R?@JC�F?Q�HSQR�RUM�JGLCQ
�MLC�

DMP�C?AF�NMQQG@JC�RPSRF�T?JSC�MD�) ��

#� � �� #�

4� &�

&� 4�

4FC� QR?RCKCLR�� � ) � GQ� A?JJCB� RFC�D;= 7J?ED� MD�) �� 4FC� LCE?RGML� MD�

?�QNCAGDGA�QR?RCKCLR�A?L�@C�CVNPCQQCB�GL�LSKCPMSQ�U?WQ��#MLQGBCP�

) ���4FC�LSK@CP���GQ�CTCL��

( CPC�?PC�QCTCP?J�U?WQ�MD�CVNPCQQGLE�GRQ�LCE?RGML��

� �) ���)RnQ�LMR�RPSC�RF?R�RFC�LSK@CP���GQ�CTCL��

� �) ���)R�GQ�D?JQC�RF?R�RFC�LSK@CP���GQ�CTCL��

� �) ���4FC�LSK@CP���GQ�LMR�CTCL��

)L� RFGQ� QCARGML� UCnTC� JC?PLCB� FMU� RM� AMK@GLC� MP� KMBGDW�
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QR?RCKCLRQ�UGRF�RFC�MNCP?RGMLQ�� 
� � � ?LB�� �� /D�AMSPQC�UC�A?L�?JQM�

?NNJW� RFCQC� MNCP?RGMLQ�RM� MNCL� QCLRCLACQ� MP� ?� KGVRSPC� MD� MNCL�

QCLRCLACQ�?LB�QR?RCKCLRQ��&MP�CV?KNJC
�	O�GQ�?L�CTCL�GLRCECP
� 	��GQ�

?L�MBB�GLRCECP
�GQ�?L�MNCL�QCLRCLAC�RF?R�GQ�?�AMK@GL?RGML�MD�?L�MNCL�

QCLRCLAC�?LB�?�QR?RCKCLR��

Conditional Statements 

4FCPC�GQ�WCR�?LMRFCP�U?W�RM�AMK@GLC�RUM�QR?RCKCLRQ��3SNNMQC�UC�

F?TC�GL�KGLB�?�QNCAGDGA�GLRCECP�8��#MLQGBCP�RFC�DMJJMUGLE�QR?RCKCLR�

?@MSR�8��

+���)D�RFC�GLRCECP�?�GQ�?�KSJRGNJC�MD��
�RFCL�?�GQ�BGTGQG@JC�@W����

7 C� GKKCBG?RCJW� QNMR� RFGQ� ?Q� ?� RPSC� QR?RCKCLR� @?QCB� ML� MSP�

ILMUJCBEC�MD�GLRCECPQ�?LB�RFC�KC?LGLEQ�MD�RFC�UMPBQ�pGDq�?LB�pRFCL�q�

)D�GLRCECP�?�GQ�?�KSJRGNJC�MD��
�RFCL�?�GQ�CTCL
�QM�RFCPCDMPC�?�GQ�BGTGQG@JC�

@W����. MRGAC�RF?R�+�GQ�@SGJR�SN�DPMK�RUM�QGKNJCP�QR?RCKCLRQ��

0���4FC�GLRCECP�?�GQ�?�KSJRGNJC�MD����

1���4FC�GLRCECP�?�GQ�BGTGQG@JC�@W����

2���)D�0
�RFCL�1��

)L�ECLCP?J
�EGTCL�?LW�RUM�QR?RCKCLRQ�) �?LB�* �UF?RQMCTCP
�UC�A?L�

DMPK�RFC�LCU�QR?RCKCLR�p"=� )��K?<E�*�q�4FGQ�GQ�UPGRRCL�QWK@MJGA?JJW�

?Q�) � � � * �UFGAF� UC� PC?B�?Q� p"=� )�� K?<E� *
q�MP� p)�@DGC@<J� *�q� ,GIC�� �

?LB�� 
�RFC�QWK@MJ�� �F?Q�?�TCPW�QNCAGDGA�KC?LGLE��7FCL�UC�?QQCPR�

RF?R�RFC�QR?RCKCLR�) � � �* �GQ�RPSC
�UC�KC?L�RF?R�@=�) �GQ�RPSC�K?<E�*�

KSQR� ?JQM� @C� RPSC�� 	)L� MRFCP� UMPBQ�UC� KC?L� RF?R� RFC� AMLBGRGML�)�

@CGLE�RPSC�DMPACQ�* �RM�@C�RPSC�
�!�QR?RCKCLR�MD�DMPK�) �� �* �GQ�A?JJCB�

?�9ED:?J?ED7B�QR?RCKCLR�@CA?SQC�GR�KC?LQ�* �UGJJ�@C�RPSC�LE;<I�K?<�

:FE;@K@FE�RF?R�) �GQ�RPSC��

9MS�A?L�RFGLI�MD�) �� �* �?Q�@CGLE�?�NPMKGQC�RF?R�UFCLCTCP�) �GQ�RPSC
�

* �UGJJ�@C�RPSC�?JQM��4FCPC�GQ�MLJW�MLC�U?W�RFGQ�NPMKGQC�A?L�@C�@PMICL�

	G�C��@C�D?JQC
�?LB�RF?R�GQ�GD�) �GQ�RPSC�@SR�* �GQ�D?JQC��4FSQ�RFC�RPSRF�R?@JC�

DMP�RFC�NPMKGQC�) �� �* �GQ�?Q�DMJJMUQ��
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4� 4� 4�

4� &� &�

&� 4� 4�

&� &� 4�

0CPF?NQ� WMS� ?PC� @MRFCPCB� @W� RFC� D?AR� RF?R�) � � � * � GQ� RPSC� GL� RFC�

J?QR�RUM�JGLCQ�MD�RFGQ�R?@JC��(CPCnQ�?L�CV?KNJC�RM�AMLTGLAC�WMS�RF?R�

RFC� R?@JC� GQ�AMPPCAR�� 3SNNMQC� WMSP� NPMDCQQMP� K?ICQ� RFC� DMJJMUGLE�

NPMKGQC��

%<�WMS�N?QQ�RFC�DGL?J�CV?K
�J>;D �WMS�UGJJ�N?QQ�RFC�AMSPQC��

9MSP�NPMDCQQMP�GQ�K?IGLE�RFC�NPMKGQC�

	9MS�N?QQ�RFC�CV?K
�� �	9MS�N?QQ�RFC�AMSPQC
��

5LBCP� UF?R� AGPASKQR?LACQ� BGB� QFC� JGC � 4FCPC� ?PC� DMSP� NMQQG@JC�

QACL?PGMQ
�BCNCLBGLE�ML�UFCRFCP�MP�LMR�WMS�N?QQCB�RFC�CV?K�?LB�

UFCRFCP�MP�LMR�WMS�N?QQCB�RFC�AMSPQC��4FCQC�QACL?PGMQ�?PC�R?JJGCB�GL�

RFC�DMJJMUGLE�R?@JC��

4EK�F7II�;N7C� 4EK�F7II�9EKHI;� �4EK�F7II�;N7C ��� ��4EK�F7II�9EKHI; ���

4� 4� 4�

4� &� &�

&� 4� 4�

&� &� 4�

4FC�DGPQR�JGLC�BCQAPG@CQ�RFC�QACL?PGM�UFCPC�WMS�N?QQ�RFC�CV?K�?LB�

WMS�N?QQ�RFC�AMSPQC��#JC?PJW�RFC�NPMDCQQMP�ICNR�FCP�NPMKGQC
�QM�UC�

NSR�?�- � GL�RFC�RFGPB�AMJSKL�RM�GLBGA?RC�RF?R�QFC�RMJB�RFC�RPSRF�� )L�

RFC�QCAMLB�JGLC
�WMS�N?QQCB�RFC�CV?K
�@SR�WMSP�NPMDCQQMP�E?TC�WMS�?�

D?GJGLE�EP?BC�GL�RFC�AMSPQC��)L�RFGQ�A?QC�QFC�@PMIC�FCP�NPMKGQC
�?LB�

RFC�� �GL�RFC�RFGPB�AMJSKL�GLBGA?RCQ�RF?R�UF?R�QFC�Q?GB�U?Q�SLRPSC��

. MU�AMLQGBCP�RFC�RFGPB�PMU��)L�RFGQ�QACL?PGM�WMS�D?GJCB�RFC�CV?K�

@SR�QRGJJ� N?QQCB� RFC� AMSPQC�� (MU� AMSJB� RF?R� F?NNCL � -? W@C� WMSP�

NPMDCQQMP� DCJR�QMPPW� DMP� WMS�� "SR� RF?R� BMCQLnR� K?IC� FCP� ?� JG?P�� ( CP�
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MLJW�NPMKGQC�U?Q�RF?R�GD�WMS�N?QQCB�RFC�CV?K�RFCL�WMS�UMSJB�N?QQ�

RFC�AMSPQC��3FC�BGB�LMR�Q?W�N?QQGLE�RFC�CV?K�U?Q�RFC�EDBO�M7O�RM�
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Fact: DeMorganÕs Laws 
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Logical Inference 
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64. Truth Tables and 
Analyzing Arguments: 
Examples 

Truth Tables 
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UC�A?L�APC?RC�?�JHKJ>�J78B;�RM�ICCN�RP?AI�MD�UF?R�RPSRF�T?JSCQ�DMP�

RFC�QGKNJC�QR?RCKCLRQ�K?IC�RFC�AMKNJCV�QR?RCKCLR�RPSC�?LB�D?JQC�

Truth Table 

!�R?@JC�QFMUGLE�UF?R�RFC�PCQSJRGLE�RPSRF�T?JSC�MD�?�

AMKNJCV�QR?RCKCLR�GQ�DMP�?JJ�RFC�NMQQG@JC�RPSRF�T?JSCQ�DMP�

RFC�QGKNJC�QR?RCKCLRQ��

�?)584-�	�

3SNNMQC�WMSnPC�NGAIGLE�MSR�?�LCU�AMSAF
�?LB�WMSP�

4PSRF�4?@JCQ�?LB�!L?JWXGLE
!PESKCLRQ��%V?KNJCQ��Z�����



QGELGDGA?LR�MRFCP�Q?WQ�pECR�?�QCARGML?J�FI�QMKCRFGLE�UGRF�?�

AF?GQC�q�

4FGQ�GQ�?�AMKNJCV�QR?RCKCLR�K?BC�MD�RUM�QGKNJCP�

AMLBGRGMLQ��pGQ�?�QCARGML?J
q�?LB�pF?Q�?�AF?GQC�q�&MP�QGKNJGAGRW
�

JCRnQ�SQC�, �RM�BCQGEL?RC�pGQ�?�QCARGML?J
q�?LB�� �RM�BCQGEL?RC�

pF?Q�?�AF?GQC�q�4FC�AMLBGRGML�, �GQ�RPSC�GD�RFC�AMSAF�GQ�?�

QCARGML?J��

!�RPSRF�R?@JC�DMP�RFGQ�UMSJB�JMMI�JGIC�RFGQ��

&� �� &�EH���

4� 4� 4�

4� &� 4�

&� 4� 4�

&� &� &�

)L�RFC�R?@JC
�4�GQ�SQCB�DMP�RPSC
�?LB�&�DMP�D?JQC��)L�RFC�DGPQR�

PMU
�GD�, �GQ�RPSC�?LB�� �GQ�?JQM�RPSC
�RFCL�RFC�AMKNJCV�

QR?RCKCLR�p,� MP�� q�GQ�RPSC��4FGQ�UMSJB�@C�?�QCARGML?J�RF?R�

?JQM�F?Q�?�AF?GQC
�UFGAF�KCCRQ�MSP�BCQGPC��

2CKCK@CP�?JQM�RF?R�FI�GL�JMEGA�GQ�LMR�CVAJSQGTC��GD�RFC�

AMSAF�F?Q�@MRF�DC?RSPCQ
�GR�BMCQ�KCCR�RFC�AMLBGRGML��

4M�QFMPRF?LB�MSP�LMR?RGML�DSPRFCP
�UCnPC�EMGLE�RM�GLRPMBSAC�QMKC�

QWK@MJQ�RF?R�?PC�AMKKMLJW�SQCB�DMP�8E; 
�FI
�?LB�EFK��

��� ��Z��4PSRF�4?@JCQ�?LB�!L?JWXGLE�!PESKCLRQ��%V?KNJCQ



Symbols 

4FC�QWK@MJ�� �GQ�SQCB�DMP�8E; ��� �?LB�� �GQ�LMR?RCB�� �� �� ��

4FC�QWK@MJ�� �GQ�SQCB�DMP�FI��� �MP�� �GQ�LMR?RCB�!� � �"�

4FC�QWK@MJ�\�GQ�SQCB�DMP�EFK��LMR�� �GQ�LMR?RCB�\ ��

9MS� A?L� PCKCK@CP� RFC� DGPQR� RUM� QWK@MJQ� @W� PCJ?RGLE� RFCK� RM� RFC�

QF?NCQ�DMP�RFC�SLGML�?LB�GLRCPQCARGML���� � �� �UMSJB�@C�RFC�CJCKCLRQ�

RF?R� CVGQR� GL� @MRF� QCRQ
� GL� !�� � "�� ,GI CUGQC
��� � � � � UMSJB� @C� RFC�

CJCKCLRQ�RF?R�CVGQR�GL�CGRFCP�QCR
�GL�!�� �"��

)L� RFC� NPCTGMSQ� CV?KNJC
� RFC� RPSRF� R?@JC� U?Q� PC?JJW� HSQR�

QSKK?PGXGLE� UF?R� UC� ?JPC?BW� ILMU� ?@MSR� FMU� RFC�FI� QR?RCKCLR�

UMPI��4FC�RPSRF�R?@JCQ�DMP�RFC�@?QGA�8E; 
�FI
�?LB�EFK�QR?RCKCLRQ�?PC�

QFMUL�@CJMU��

4PSRF�4?@JCQ�?LB�!L?JWXGLE�!PESKCLRQ��%V?KNJCQ��Z�����



Basic Truth Tables 

�� �� �� � �� ��

4� 4� 4�

4� &� &�

&� 4� &�

&� &� &�

�

�� �� �� � �� ��

4� 4� 4�

4� &� 4�

&� 4� 4�

&� &� &�

�

�� Q��

4� &�

&� 4�

4PSRF� R?@JCQ� PC?JJW� @CAMKC� SQCDSJ� UFCL� ?L?JWXGLE� KMPC� AMKNJCV�

"MMJC?L�QR?RCKCLRQ��

��� ��Z��4PSRF�4?@JCQ�?LB�!L?JWXGLE�!PESKCLRQ��%V?KNJCQ



�?)584-�
�

#PC?RC�?�RPSRF�R?@JC�DMP�RFC�QR?RCKCLR�� �� �\	 � �� �� 
�

)R�FCJNQ�RM�UMPI�DPMK�RFC�GLQGBC�MSR�UFCL�APC?RGLE�RPSRF�

R?@JCQ
�?LB�APC?RC�R?@JCQ�DMP�GLRCPKCBG?RC�MNCP?RGMLQ��7C�

QR?PR�@W�JGQRGLE�?JJ�RFC�NMQQG@JC�RPSRF�T?JSC�AMK@GL?RGMLQ�DMP�

� 
�� 
�?LB�� ����. MRGAC�FMU�RFC�DGPQR�AMJSKL�AMLR?GLQ���4Q�

DMJJMUCB�@W���&Q
�RFC�QCAMLB�AMJSKL�AMLR?GLQ���4Q
���&Q
�

RFCL�PCNC?RQ
�?LB�RFC�J?QR�AMJSKL�?JRCPL?RCQ��4FGQ�N?RRCPL�

CLQSPCQ�RF?R�?JJ�AMK@GL?RGMLQ�?PC�AMLQGBCPCB��!JMLE�UGRF�

RFMQC�GLGRG?J�T?JSCQ
�UCnJJ�JGQR�RFC�RPSRF�T?JSCQ�DMP�RFC�

GLLCPKMQR�CVNPCQQGML
�� �� �� ��

�� �� �� � �� ���

4� 4� 4� 4�

4� 4� &� 4�

4� &� 4� 4�

4� &� &� &�

&� 4� 4� 4�

&� 4� &� 4�

&� &� 4� 4�

&� &� &� &�

. CVR�UC�A?L�DGLB�RFC�LCE?RGML�MD�� �� �� 
�UMPIGLE�MDD�RFC���

� �� �AMJSKL�UC�HSQR�APC?RCB��

4PSRF�4?@JCQ�?LB�!L?JWXGLE�!PESKCLRQ��%V?KNJCQ��Z�����



�� �� �� � �� ��� \	 � �� �� 
�

4� 4� 4� 4� &�

4� 4� &� 4� &�

4� &� 4� 4� &�

4� &� &� &� 4�

&� 4� 4� 4� &�

&� 4� &� 4� &�

&� &� 4� 4� &�

&� &� &� &� 4�

&GL?JJW
�UC�DGLB�RFC�T?JSCQ�MD�� �8E; �\	 � �� �� 
�

�� �� �� � �� ��� \	 � �� �� 
� � �� �\	 � �� �� 
�

4� 4� 4� 4� &� �&�

4� 4� &� 4� &� &�

4� &� 4� 4� &� &�

4� &� &� &� 4� 4�

&� 4� 4� 4� &� &�

&� 4� &� 4� &� &�

&� &� 4� 4� &� &�

&� &� &� &� 4� &�

)R�RSPLQ�MSR�RF?R�RFGQ�AMKNJCV�CVNPCQQGML�GQ�MLJW�RPSC�GL�

MLC�A?QC��GD�!�GQ�RPSC
�"�GQ�D?JQC
�?LB�#�GQ�D?JQC��

7 FCL�UC�BGQASQQCB�AMLBGRGMLQ�C?PJGCP
�UC�BGQASQQCB�RFC�RWNC�UFCPC�

UC� R?IC� ?L� ?ARGML� @?QCB� ML� RFC� T?JSC� MD� RFC� AMLBGRGML�� 7C� ?PC�

LMU� EMGLE� RM� R?JI� ?@MSR� ?� KMPC� ECLCP?J� TCPQGML� MD� ?� AMLBGRGML?J
�

QMKCRGKCQ�A?JJCB�?L�?CFB?97J?ED��

��� ��Z��4PSRF�4?@JCQ�?LB�!L?JWXGLE�!PESKCLRQ��%V?KNJCQ



Implications 

)KNJGA?RGMLQ�?PC�JMEGA?J�AMLBGRGML?J�QCLRCLACQ�QR?RGLE�

RF?R�?�QR?RCKCLR�G
�A?JJCB�RFC�?LRCACBCLR
�GKNJGCQ�?�

AMLQCOSCLAC�H��

)KNJGA?RGMLQ�?PC�AMKKMLJW�UPGRRCL�?Q�G��� H�

)KNJGA?RGMLQ�?PC�QGKGJ?P�RM�RFC�AMLBGRGML?J�QR?RCKCLRQ�UC�JMMICB�?R�

C?PJGCP�� N��� O� GQ� RWNGA?JJW� UPGRRCL� ?Q� pGD� N� RFCL� O
q� MP� pN� RFCPCDMPC�

O�q� 4FC� BGDDCPCLAC� @CRUCCL� GKNJGA?RGMLQ� ?LB� AMLBGRGML?JQ� GQ� RF?R�

AMLBGRGML?JQ�UC�BGQASQQCB�C?PJGCP�QSEECQR�?L�?ARGMLlGD�RFC�AMLBGRGML�

GQ� RPSC
� RFCL� UC� R?IC� QMKC� ?ARGML� ?Q� ?� PCQSJR�� )KNJGA?RGMLQ� ?PC� ?�

JMEGA?J�QR?RCKCLR�RF?R�QSEECQR�RF?R�RFC�AMLQCOSCLAC�KSQR�JMEGA?JJW�

DMJJMU�GD�RFC�?LRCACBCLR�GQ�RPSC��

�?)584-���

4FC�%LEJGQF�QR?RCKCLR�p)D�GR�GQ�P?GLGLE
�RFCL�RFCPC�?PC�

AJMSBQ�GQ�RFC�QIWq�GQ�?�JMEGA?J�GKNJGA?RGML��)R�GQ�?�T?JGB�

?PESKCLR�@CA?SQC�GD�RFC�?LRCACBCLR�pGR�GQ�P?GLGLEq�GQ�RPSC
�

RFCL�RFC�AMLQCOSCLAC�pRFCPC�?PC�AJMSBQ�GL�RFC�QIWq�KSQR�

?JQM�@C�RPSC��

. MRGAC�RF?R�RFC�QR?RCKCLR�RCJJQ�SQ�LMRFGLE�MD�UF?R�RM�CVNCAR�GD�GR�GQ�

4PSRF�4?@JCQ�?LB�!L?JWXGLE�!PESKCLRQ��%V?KNJCQ��Z���� �



LMR�P?GLGLE��)D�RFC�?LRCACBCLR�GQ�D?JQC
�RFCL�RFC�GKNJGA?RGML�@CAMKCQ�

GPPCJCT?LR��

�?)584-���

!�DPGCLB�RCJJQ�WMS�RF?R�pGD�WMS�SNJM?B�RF?R�NGARSPC�RM�

&?AC@MMI
�WMSnJJ�JMQC�WMSP�HM@�q�4FCPC�?PC�DMSP�NMQQG@JC�

MSRAMKCQ��

��� 9MS�SNJM?B�RFC�NGARSPC�?LB�ICCN�WMSP�HM@�

��� 9MS�SNJM?B�RFC�NGARSPC�?LB�JMQC�WMSP�HM@�

��� 9MS�BMLnR�SNJM?B�RFC�NGARSPC�?LB�ICCN�WMSP�HM@�

��� 9MS�BMLnR�SNJM?B�RFC�NGARSPC�?LB�JMQC�WMSP�HM@�

4FCPC�GQ�MLJW�MLC�NMQQG@JC�A?QC�UFCPC�WMSP�DPGCLB�U?Q�

JWGLElRFC�DGPQR�MNRGML�UFCPC�WMS�SNJM?B�RFC�NGARSPC�?LB�

I CCN�WMSP�HM@��)L�RFC�J?QR�RUM�A?QCQ
�WMSP�DPGCLB�BGBLnR�Q?W�

?LWRFGLE�?@MSR�UF?R�UMSJB�F?NNCL�GD�WMS�BGBLnR�SNJM?B�RFC�

NGARSPC
�QM�WMS�A?LnR�AMLAJSBC�RFCGP�QR?RCKCLR�GQ�GLT?JGB
�

CTCL�GD�WMS�BGBLnR�SNJM?B�RFC�NGARSPC�?LB�QRGJJ�JMQR�WMSP�HM@��

)L�RP?BGRGML?J�JMEGA
�?L�GKNJGA?RGML�GQ�AMLQGBCPCB�T?JGB�	RPSC
�?Q�JMLE�

?Q� RFCPC� ?PC� LM� A?QCQ� GL� UFGAF� RFC� ?LRCACBCLR� GQ� RPSC� ?LB� RFC�

AMLQCOSCLAC�GQ�D?JQC��)R�GQ�GKNMPR?LR�RM�ICCN�GL�KGLB�RF?R�QWK@MJGA�

JMEGA�A?LLMR�A?NRSPC�?JJ�RFC�GLRPGA?AGCQ�MD�RFC�%LEJGQF�J?LES?EC��

��� ��Z��4PSRF�4?@JCQ�?LB�!L?JWXGLE�!PESKCLRQ��%V?KNJCQ



Truth Values for Implications 

G� H� G��� H�

4� 4� 4�

4� &� &�

&� 4� 4�

&� &� 4�

�?)584-�
�

#MLQRPSAR�?�RPSRF�R?@JC�DMP�RFC�QR?RCKCLR�	D �� �\ G
��� I�

7 C�QR?PR�@W�AMLQRPSARGLE�?�RPSRF�R?@JC�DMP�RFC�?LRCACBCLR��

D� G� \ G� D �� �\ G�

4� 4� &� &�

4� &� 4� 4�

&� 4� &� &�

&� &� 4� &�

. MU�U C�A?L�@SGJB�RFC�RPSRF�R?@JC�DMP�RFC�GKNJGA?RGML�

4PSRF�4?@JCQ�?LB�!L?JWXGLE�!PESKCLRQ��%V?KNJCQ��Z�����



D� G� \ G� D �� �\ G� I� �D �� �RG���� I�

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�

)L�RFGQ�A?QC
�UFCL�D �GQ�RPSC
�G�GQ�D?JQC
�?LB�I �GQ�D?JQC
�RFCL�

RFC�?LRCACBCLR�D �� �\ G�UGJJ�@C�RPSC�@SR�RFC�AMLQCOSCLAC�

D?JQC
�PCQSJRGLE�GL�?�GLT?JGB�GKNJGA?RGML��CTCPW�MRFCP�A?QC�

EGTCQ�?�T?JGB�GKNJGA?RGML��

&MP� ?LW� GKNJGA?RGML
� RFCPC� ?PC� RFPCC� PCJ?RCB� QR?RCKCLRQ
� RFC�

AMLTCPQC
�RFC�GLTCPQC
�?LB�RFC�AMLRP?NMQGRGTC��

Related Statements 

4FC�MPGEGL?J�GKNJGA?RGML�GQ�pGD�G�RFCL�Hq��G��� H�

4FC�AMLTCPQC�GQ�pGD�H�RFCL�Gq��H��� G�

4FC�GLTCPQC�GQ�pGD�LMR�G�RFCL�LMR�Hq��\G���\ H�

��� ��Z��4PSRF�4?@JCQ�?LB�!L?JWXGLE�!PESKCLRQ��%V?KNJCQ



4FC�AMLRP?NMQGRGTC�GQ�pGD�LMR�H�RFCL�LMR�Gq��\H���\ G�

�?)584-���

#MLQGBCP�?E?GL�RFC�T?JGB�GKNJGA?RGML�p)D�GR�GQ�P?GLGLE
�RFCL�

RFCPC�?PC�AJMSBQ�GL�RFC�QIW�q�

4FC�AMLTCPQC�UMSJB�@C�p)D�RFCPC�?PC�AJMSBQ�GL�RFC�QIW
�GR�GQ�

P?GLGLE�q�4FGQ�GQ�ACPR?GLJW�LMR�?JU?WQ�RPSC��

4FC�GLTCPQC�UMSJB�@C�p)D�GR�GQ�LMR�P?GLGLE
�RFCL�RFCPC�?PC�

LMR�AJMSBQ�GL�RFC�QIW�q�,GICUGQC
�RFGQ�GQ�LMR�?JU?WQ�RPSC��

4FC�AMLRP?NMQGRGTC�UMSJB�@C�p)D�RFCPC�?PC�LMR�AJMSBQ�GL�

RFC�QIW
�RFCL�GR�GQ�LMR�P?GLGLE�q�4FGQ�QR?RCKCLR�GQ�T?JGB
�?LB�GQ�

COSGT?JCLR�RM�RFC�MPGEGL?J�GKNJGA?RGML��

,MMIGLE�?R�RPSRF�R?@JCQ
�UC�A?L�QCC�RF?R�RFC�MPGEGL?J�AMLBGRGML?J�?LB�

RFC� AMLRP?NMQGRGTC� ?PC� JMEGA?JJW� COSGT?JCLR
� ?LB� RF?R� RFC� AMLTCPQC�

?LB�GLTCPQC�?PC�JMEGA?JJW�COSGT?JCLR��

%C FB?97J?ED� �ED L;HI;� %DL;HI;� �ED JH7FEI?J?L;�

8� 9� 8��� 9� 9��� 8� Q8���Q 9� Q9���Q 8�

4� 4� 4� 4� 4� 4�

4� &� &� 4� 4� &�

&� 4� 4� &� &� 4�

&� &� 4� 4� 4� 4�

4PSRF�4?@JCQ�?LB�!L?JWXGLE�!PESKCLRQ��%V?KNJCQ��Z�����



Equivalence 

!�A MLBGRGML?J�QR?RCKCLR�?LB�GRQ�AMLRP?NMQGRGTC�?PC�

JMEGA?JJW�COSGT?JCLR��

4FC�AMLTCPQC�?LB�GLTCPQC�MD�?�QR?RCKCLR�?PC�JMEGA?JJW�

COSGT?JCLR��

Arguments 

!� JMEGA?J� ?PESKCLR� GQ� ?� AJ?GK� RF?R� ?� QCR� MD� NPCKGQCQ� QSNNMPR� ?�

AMLAJSQGML�� 4FCPC� ?PC� RUM� ECLCP?J� RWNCQ� MD� ?PESKCLRQ�� GLBSARGTC�

?LB�BCBSARGTC�?PESKCLRQ��

Argument types 

!L� ?D:K9J?L; �?PESKCLR�SQCQ�?�AMJJCARGML�MD�QNCAGDGA�

CV?KNJCQ�?Q�GRQ�NPCKGQCQ�?LB�SQCQ�RFCK�RM�NPMNMQC�?�

ECLCP?J�AMLAJSQGML��

!� :;:K9J? L; �?PESKCLR�SQCQ�?�AMJJCARGML�MD�ECLCP?J�

�� � ��Z��4PSRF�4?@JCQ�?LB�!L?JWXGLE�!PESKCLRQ��%V?KNJCQ



QR?RCKCLRQ�?Q�GRQ�NPCKGQCQ�?LB�SQCQ�RFCK�RM�NPMNMQC�?�

QNCAGDGA�QGRS?RGML�?Q�RFC�AMLAJSQGML��

�?)584-���

4FC�?PESKCLR�pUFCL�)�UCLR�RM�RFC�QRMPC�J?QR�UCCI�)�

DMPEMR�KW�NSPQC
�?LB�UFCL�)�UCLR�RMB?W�)�DMPEMR�KW�NSPQC��)�

?JU?WQ�DMPECR�KW�NSPQC�UFCL�)�EM�RFC�QRMPCq�GQ�?L�GLBSARGTC�

?PESKCLR��

4FC�NPCKGQCQ�?PC��

)�DMPEMR�KW�NSPQC�J?QR�UCCI�

)�DMPEMR�KW�NSPQC�RMB?W�

4FC�AMLAJSQGML�GQ��

)�?JU?WQ�DMPECR�KW�NSPQC�

. MRGAC�RF?R�RFC�NPCKGQCQ�?PC�QNCAGDGA�QGRS?RGMLQ
�UFGJC�RFC�

AMLAJSQGML�GQ�?�ECLCP?J�QR?RCKCLR��)L�RFGQ�A?QC
�RFGQ�GQ�?�

D?GPJW�UC?I�?PESKCLR
�QGLAC�GR�GQ�@?QCB�ML�MLJW�RUM�

GLQR?LACQ��

�?)584-���

4FC�?PESKCLR�pCTCPW�B?W�DMP�RFC�N?QR�WC?P
�?�NJ?LC�DJGCQ�

4PSRF�4?@JCQ�?LB�!L?JWXGLE�!PESKCLRQ��%V?KNJCQ��Z�����



MTCP�KW�FMSQC�?R��NK��!�NJ?LC�UGJJ�DJW�MTCP�KW�FMSQC�CTCPW�

B?W�?R��NKq�GQ�?�QRPMLECP�GLBSARGTC�?PESKCLR
�QGLAC�GR�GQ�

@?QCB�ML�?�J?PECP�QCR�MD�CTGBCLAC��

Evaluating inductive arguments 

!L�GLBSARGTC�?PESKCLR�GQ�LCTCP�?@JC�RM�NPMTC�RFC�

AMLAJSQGML�RPSC
�@SR�GR�A?L�NPMTGBC�CGRFCP�UC?I�MP�QRPMLE�

CTGBCLAC�RM�QSEECQR�GR�K?W�@C�RPSC��

-?L W� QAGCLRGDGA� RFCMPGCQ
� QSAF� ?Q� RFC� @GE� @?LE� RFCMPW
� A?L� LCTCP�

@C� NPMTCL�� )LQRC?B
� RFCW� ?PC� GLBSARGTC� ?PESKCLRQ� QSNNMPRCB� @W� ?�

UGBC�T?PGCRW�MD�CTGBCLAC��5QS?JJW�GL�QAGCLAC
�?L�GBC?�GQ�AMLQGBCPCB�?�

FWNMRFCQGQ�SLRGJ�GR�F?Q�@CCL�UCJJ�RCQRCB
�?R�UFGAF�NMGLR�GR�EP?BS?RCQ�

RM� @CGLE� AMLQGBCPCB� ?� RFCMPW�� 4FC� AMKKMLJW� ILMUL� QAGCLRGDGA�

RFCMPGCQ
�JGIC�. CURMLnQ�RFCMPW�MD�EP?TGRW
�F?TC�?JJ�QRMMB�SN�RM�WC?PQ�

MD�RCQRGLE�?LB�CTGBCLAC
�RFMSEF�QMKCRGKCQ�RFCW�LCCB�RM�@C�?BHSQRCB�

@?QCB�ML�LCU�CTGBCLAC��&MP�EP?TGRW
�RFGQ�F?NNCLCB�UFCL�%GLQRCGL�

NPMNMQCB�RFC�RFCMPW�MD�ECLCP?J�PCJ?RGTGRW��

!�BCBSARGTC�?PESKCLR�GQ�KMPC�AJC?PJW�T?JGB�MP�LMR
�UFGAF�K?ICQ�

RFCK�C?QGCP�RM�CT?JS?RC��

��� ��Z��4PSRF�4?@JCQ�?LB�!L?JWXGLE�!PESKCLRQ��%V?KNJCQ



Evaluating deductive arguments 

!�BCBSARGTC�?PESKCLR�GQ�AMLQGBCPCB�T?JGB�GD�?JJ�RFC�

NPCKGQCQ�?PC�RPSC
�?LB�RFC�AMLAJSQGML�DMJJMUQ�JMEGA?JJW�
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Analyzing Arguments with Venn 
Diagrams��
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GQ�LMR�GKNMPR?LR�GL�CT?JS?RGLE�RFC�T?JGBGRW�MD�RFC�?PESKCLR��UC�?PC�

MLJW�AMLACPLCB�UGRF�UFCRFCP�RFC�NPCKGQCQ�?PC�CLMSEF�RM�NPMTC�RFC�

AMLAJSQGML��
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>>>
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?PESKCLR
�UC�A?L�?L?JWXC�GR�SQGLE�?�RPSRF�R?@JC�@W�

PCNPCQCLRGLE�C?AF�MD�RFC�NPCKGQCQ�QWK@MJGA?JJW��7 C�A?L�

RFCL�JMMI�?R�RFC�GKNJGA?RGML�RF?R�RFC�NPCKGQCQ�RMECRFCP�
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Analyzing arguments using truth tables 
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65. Truth Tables: Conjunction 
and Disjunction 

4FGQ�TGBCM�CVNJMPCQ�RFC�CV?KNJC�p)R�GQ�QLMUGLE�/2�)�?K�U C?PGLE�KW�

F?R
q�?LB�p)R�GQ�QLMUGLE�!.$ �)�?K�U C?PGLE�KW�F?R�q�

FRRNQ��� WMSRS�@C��P .0 A)>��%A�
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66. Truth Tables: Implication 

4FGQ�TGBCM�CVNJMPCQ�RFC�CV?KNJC�p)D�GR�GQ�QLMUGLE
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67. Analyzing Arguments 
with Truth Tables 

Part I 

��2 FL-L9<�<C<D<EK�?8J�9<<E�<O:CL;<;�=I FD�K?@J�M<IJ@FE�F=�K?<�

K<OK
�2FL�:8E�M@<N�@K�FEC@E<�?<I<��

?KKGJ���C@9I8I P
8:?@<M@E>K?<;I<8D
FI>�

8LJK@E::D8K?C@98IKJ��G����

!L?JWXGLE�!PESKCLRQ�UGRF�4PSRF
4?@JCQ��Z�����

https://library.achievingthedream.org/austinccmathlibarts/?p=93#pb-interactive-content
https://library.achievingthedream.org/austinccmathlibarts/?p=93#pb-interactive-content


Part II 

��2 FL-L9<�<C<D<EK�?8J�9<<E�<O:CL;<;�=I FD�K?@J�M<IJ@FE�F=�K?<�

K<OK
�2FL�:8E�M@<N�@K�FEC@E<�?<I<��

?KKGJ���C@9I8I P
8:?@<M@E>K?<;I<8D
FI>�

8LJK@E::D8K?C@98IKJ��G����

��� ��Z��!L?JWXGLE�!PESKCLRQ�UGRF�4PSRF�4?@JCQ

https://library.achievingthedream.org/austinccmathlibarts/?p=93#pb-interactive-content
https://library.achievingthedream.org/austinccmathlibarts/?p=93#pb-interactive-content


68. Negating "all," "some," or 
"no" statements 

4FGQ�PC?BGLE�NPMTGBCQ�GLDMPK?RGML�?@MSR�LCE?RGLE�p?JJ
q�pQMKC
q�MP�

pLMq� QR?RCKCLRQ��#JGAI� ML� RFC� JGLI� @CJMU� RM� TGCU� RFC�
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. CE?RGLE��?JJ
���QMKC
��MP��LM�
QR?RCKCLRQ��Z�����

http://www.regentsprep.org/Regents/math/geometry/GP1/negatecompound.htm
http://college.cengage.com/mathematics/bello/topics/9e/assets/students/clast/ch05.pdf


69. Discuss: Truth Table 
Practice 

9MS� UGJJ� LCCB� RM� @CAMKC� D?KGJG?P� UGRF� APC?RGLE� ?� 4PSRF� 4?@JC� GL�
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��� ��Z��$GQASQQ��4PSRF�4?@JC�0P?ARGAC

http://www.nvcc.edu/home/kwalters/MTH151/creatingatruthtable.docx


70. Discuss: Logic Application 

0GAI�?�PC?J�NPM@JCK�?LB�RPW�RM�QMJTC�GR�SQGLE�UF?R�WMS�JC?PLCB�?@MSR�

JMEGA�GL�RFGQ�KMBSJC��0PCQCLR�RFC�NPM@JCK�?LB�RFC�QMJSRGML�RM�RFC�
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https://novaonline.nvcc.edu/descriptions/mth151common/documents/logic-directions.rtf
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PART XI 

MODULE 6: CONSUMER 
MATH 

- MBSJC����#MLQSKCP�-?RF��Z�����





71. Module 6 Overview 

What YouÕll Learn To Do: Understand consumer 
math and perform computations in daily life. 

�- )9616/��*2-+;1=-:�
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Learning Activities 
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72. Consumer Math 
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PCOSGPCQ� MLJW� ?PGRFKCRGA
� UFCL� UC� QR?PR� Q?TGLE
� NJ?LLGLE� DMP�

PCRGPCKCLR
�MP�LCCB�?�JM?L
�UC�LCCB�KMPC�K?RFCK?RGAQ��

Simple Interest 

$GQASQQGLE� GLRCPCQR� QR?PRQ� UGRF� RFC�FH?D9?F7B
� MP� ?KMSLR� WMSP�

?AAMSLR� QR?PRQ� UGRF�� 4FGQ� AMSJB� @C� ?� QR?PRGLE� GLTCQRKCLR
� MP� RFC�

QR?PRGLE� ?KMSLR� MD� ?� JM?L�� )LRCPCQR
� GL� GRQ� KMQR� QGKNJC� DMPK
� GQ�

A?JASJ?RCB� ?Q� ?� NCPACLR� MD� RFC� NPGLAGN?J�� &MP� CV?KNJC
� GD� WMS�

@MPPMUCB������DP MK�?�DPGCLB�?LB�?EPCC�RM�PCN?W�GR�UGRF����GLRCPCQR
�

RFCL�RFC�?KMSLR�MD�GLRCPCQR�WMS�UMSJB�N?W�UMSJB�HSQR�@C����MD������

����	 � ���
� �� ����4FC�RMR?J�?KMSL R�WMS�UMSJB�PCN?W�UMSJB�@C�����
�

RFC�MPGEGL?J�NPGLAGN?J�NJSQ�RFC�GLRCPCQR��

Simple One-Time Interest 

r� "�GQ�RFC�GLRCPCQR�

r� � �GQ�RFC�CLB�?KMSLR��NPGLAGN?J�NJSQ�GLRCPCQR�

#MLQSKCP�-?RF��Z�����



r� ) � �GQ�RFC�NPGLAGN?J�	QR?PRGLE�?KMSLR
�

r� I �GQ�RFC�GLRCPCQR�P?RC�	GL�BCAGK?J�DMPK��%V?KNJC��

������ ���
�

�?)584-�	�

!�DPGCLB�?QIQ�RM�@MPPMU������?LB�?EP CCQ�RM�PCN?W�GR�GL����

B?WQ�UGRF����GL RCPCQR��(MU�KSAF�GLRCPCQR�UGJJ�WMS�C?PL �

#74<;176�

) � �������� RFC�NPGLAGN?J�

I ���� ���� ���P ?RC�

"�������	 � ��� 
������ 9MS�UGJJ�C?PL����GLRCPCQR��

/LC�RGKC�QGKNJC�GLRCPCQR�GQ�MLJW�AMKKML�DMP�CVRPCKCJW�QFMPR�RCPK�

JM?LQ��&MP�JMLECP�RCPK�JM?LQ
�GR�GQ�AMKKML�DMP�GLRCPCQR�RM�@C�N?GB�

ML�?�B?GJW
�KMLRFJW
�OS?PRCPJW
�MP�?LLS?J�@?QGQ��)L�RF?R�A?QC
�GLRCPCQR�

UMSJB�@C�C?PLCB�PCESJ?PJW��&MP�CV?KNJC
�@MLBQ�?PC�CQQCLRG?JJW�?�JM?L�

K?BC� RM� RFC� @MLB� GQQSCP� 	?� AMKN?LW� MP� EMTCPLKCLR
� @W� WMS
� RFC�

@MLB�FMJBCP��)L�PCRSPL�DMP�RFC�JM?L
�RFC�GQQSCP�?EPCCQ�RM�N?W�GLRCPCQR
�

MDRCL�?LLS?JJW��"MLBQ�F?TC�?�K?RSPGRW�B?RC
�?R�UFGAF�RGKC�RFC�GQQSCP�

N?WQ�@?AI�RFC�MPGEGL?J�@MLB�T?JSC��

��� ��Z��#MLQSKCP�-?RF
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�

3SNNMQC�WMSP�AGRW�GQ�@SGJBGLE�?�LCU�N?PI
�?LB�GQQSCQ�

@MLBQ�RM�P?GQC�RFC�KMLCW�RM�@SGJB�GR��9MS�M@R?GL�?���
����

@MLB�RF?R�N?WQ����GLRCPCQR�?LLS?JJW�RF?R�K?RSPCQ�GL���

WC?PQ����( MU�KSAF�GLRCPCQR�UGJJ�WMS�C?PL �

#74<;176�

%?AF�WC?P
�WMS�UMSJB�C?PL����GL RCPCQR�������	 � ���
�������

GL�GLRCPCQR��3M�MTCP�RFC�AMSPQC�MD�DGTC�WC?PQ
�WMS�UMSJB�C?PL�

?�RMR?J�MD������GL�GLRCPCQR��7FCL�RFC�@MLB�K?RSPCQ
�WMS�

UMSJB�PCACGTC�@?AI�RFC���
����W MS�MPGEGL?JJW�N?GB
�JC?TGLE�

WMS�UGRF�?�RMR?J�MD���
��� ��

7 C�A?L�ECLCP?JGXC�RFGQ�GBC?�MD�QGKNJC�GLRCPCQR�MTCP�RGKC��

Simple Interest over Time 

r� "�GQ�RFC�GLRCPCQR�

r� � �GQ�RFC�CLB�?KMSLR��NPGLAGN?J�NJSQ�GLRCPCQR�

#MLQSKCP�-?RF��Z�����



r� ) � �GQ�RFC�NPGLAGN?J�	QR?PRGLE�?KMSLR
�

r� I �GQ�RFC�GLRCPCQR�P?RC�GL�BCAGK?J�DMPK�

r� K�GQ�RGKC�

4FC�SLGRQ�MD�KC?QSPCKCLR�	WC?PQ
�KMLRFQ
�CRA�
�DMP�RFC�

RGKC�QFMSJB�K?RAF�RFC�RGKC�NCPGMB�DMP�RFC�GLRCPCQR�P?RC��

APRÑAnnual Percentage Rate 

)LRCPCQR�P?RCQ�?PC�SQS?JJW�EGTCL�?Q�?L�7DDK7B�

F;H9;DJ7=;�H7J;�� �+ - �lRFC�RMR?J�GLRCPCQR�RF?R�UGJJ�@C�

N?GB�GL�RFC�WC?P��)D�RFC�GLRCPCQR�GQ�N?GB�GL�QK?JJCP�RGKC�

GLAPCKCLRQ
�RFC�!02�UGJJ�@C�BGTGBCB�SN��

&MP�CV?KNJC
�?����!0 2�N?GB�KMLRFJW�UMSJB�@C�BGTGBCB�

GLRM�RUCJTC�� ����N? WKCLRQ��

!����?LLS?J�P ?RC�N?GB�OS?PRCPJW�UMSJB�@C�BGTGBCB�GLRM�

DMSP����N?WKCLRQ��

�?)584-���

4PC?QSPW�.MRCQ�	4�LMRCQ
�?PC�@MLBQ�GQQSCB�@W�RFC�DCBCP?J�

��� ��Z��#MLQSKCP�-?RF



EMTCPLKCLR�RM�AMTCP�GRQ�CVNCLQCQ��3SNNMQC�WMS�M@R?GL�?�

��
 ����4 �LMRC�UGRF�?����?LLS?J�P?RC
�N?GB�QCKG�?LLS?JJW
�

UGRF�?�K?RSPGRW�GL���WC?PQ��(MU�KSAF�GLRCPCQR�UGJJ�WMS�

C?PL �

#74<;176�

3GLAC�GLRCPCQR�GQ�@CGLE�N?GB�QCKG�?LLS?JJW�	RUGAC�?�WC?P

�

RFC����GLRCPCQR�UGJJ�@C�BGTGBCB�GLRM�RUM����N? WKCLRQ��

) � ��������� RFC�NPGLAGN?J�

I ���� �� �� ���P ?RC�NCP�F?JD� WC?P�

K����� ��WC?PQ�����F?JD� WC?PQ�

"��������	 � �� �
	 � 
�
�������

9MS�UGJJ�C?PL������GL RCPCQR�RMR?J�MTCP�
RFC�DMSP�WC?PQ��

Try It Now 

!�JM?L�AMKN?LW�AF?PECQ�����GLRCPCQR�DMP�?�MLC�KMLRF�

JM?L�MD����� ��&GLB�RFC�?LLS?J�GLRCPCQR�P?RC�RFCW�?PC�

AF?PEGLE��

#MLQSKCP�-?RF��Z�����



Compound Interest 

7GRF� QGKNJC� GLRCPCQR
� UC� UCPC� ?QQSKGLE� RF?R� UC� NMAICRCB� RFC�

GLRCPCQR� UFCL� UC� PCACGTCB� GR�� )L� ?� QR?LB?PB� @?LI� ?AAMSLR
� ?LW�

GLRCPCQR� UC� C?PL� GQ� ?SRMK?RGA?JJW� ?BBCB� RM� MSP� @?J?LAC
� ?LB� UC�

C?PL�GLRCPCQR�ML�RF?R�GLRCPCQR�GL�DSRSPC�WC?PQ��4FGQ�PCGLTCQRKCLR�MD�

GLRCPCQR�GQ�A?JJCB�9ECFEKD:?D=��

3SNNMQC� RF?R� UC� BCNMQGR� ������ GL� ?� @?LI� ?A AMSLR� MDDCPGLE� ���

GLRCPCQR
�AMKNMSLBCB�KMLRFJW��( MU�UGJJ�MSP�KMLCW�EPMU �

4FC� ��� GL RCPCQR� GQ� ?L� ?LLS?J� NCPACLR?EC� P?RC� 	!0 2
lRFC� RMR?J�

GLRCPCQR� RM� @C� N?GB� BSPGLE� RFC� WC?P�� 3GLAC� GLRCPCQR� GQ� @CGLE� N?GB�

KMLRFJW
� C?AF� KMLRF
� UC� UGJJ� C?PL�

��� �����NCP�KML RF��

)L�RFC�DGPQR�KMLRF
�

) � ���������

I ���� ��� ���	 � ����
�

"���������	 � ��� ��
���������

� ����������������������� �����

)L� RFC� DGPQR� KMLRF
� UC� UGJJ� C?PL� ������ GL� GLRCPCQR
� P?GQGLE� MSP�

?AAMSLR�@?J?LAC�RM����� ���� ��

)L�RFC�QCAMLB�KMLRF
�

) � ������� �����

"������� �����	 � ��� ��
���������	 PMSLBCB
�

� ������� ��������������������� ���

. MRGAC�RF?R�GL�RFC�QCAMLB�KMLRF�UC�C?PLCB�KMPC�GLRCPCQR�RF?L�

UC�BGB�GL�RFC�DGPQR�KMLRF��4FGQ�GQ�@CA?SQC�UC�C?PLCB�GLRCPCQR�LMR�

MLJW�ML�RFC�MPGEGL?J�������U C�BCNMQGRCB
�@SR�UC�?JQM�C?PLCB�GLRCPCQR�

ML�RFC�������M D�GLRCPCQR�UC�C?PLCB�RFC�DGPQR�KMLRF��4FGQ�GQ�RFC�ICW�

?BT?LR?EC�RF?R�9ECFEKD:?D=�MD�GLRCPCQR�EGTCQ�SQ��

#?JASJ?RGLE�MSR�?�DCU�KMPC�KMLRFQ��

��� ��Z��#MLQSKCP�-?RF



( EDJ>� . J7HJ?D=�87B7D9;�%DJ;H;IJ�;7HD;:� ! D:?D=��7B7D9;�

�� ���� ���� ����� ��� �����

�� ��� ����� ����� ����� ���

�� ����� ��� ����� ��� � ����

�� ��� � ���� ����� ���� ����

�� ���� ���� ����� ��������

�� �������� ����� ��������

�� �������� ����� ���� ����

�� ���� ���� ����� �� �� ����

�� �� �� ���� ����� �� ��� ���

��� �� ��� ��� ����� �� ������

��� �� ������ ����� �� �� ����

��� �� �� ���� ����� ���� ����

4M�DGLB�?L�COS?RGML�RM�PCNPCQCLR�RFGQ
�GD�) K �PCNPCQCLRQ�RFC�?KMSLR�MD�

KMLCW�?DRCP�D �KMLRFQ
�RFCL�UC�AMSJB�UPGRC�RFC�PCASPQGTC�COS?RGML��

) � ���������

) K ���	����� ��� ��
 ) Kk ��

9MS�NPM@?@JW�PCAMELGXC�RFGQ�?Q�RFC�PCASPQGTC�DMPK�MD�CVNMLCLRG?J�

EPMURF�� )D�LMR
�UC�AMSJB�EM�RFPMSEF�RFC�QRCNQ�RM�@SGJB�?L�CVNJGAGR�

COS?RGML�DMP�RFC�EPMURF��

) � ���������

) � ����� �� �� ) � ����� �� ���	���� 
�

) � ����� �� �� ) � ����� �� ���	�� �� ���	���� 

����� �� �� � 	���� 
�

) � ����� �� �� ) � ����� �� ���	�� �� �� � 	���� 

����� �� �� � 	���� 
�

) � ����� �� �� ) � ����� �� ���	�� �� �� � 	���� 

����� �� �� � 	���� 
�

/@QCPTGLE�?�N?RRCPL
�UC�AMSJB�AMLAJSBC�

) K ���	�� �� ��
 K 	����� 
�

. MRGAC�RF?R�RFC�������GL�RFC�COS?RGML�U?Q�) � 
�RFC�QR?PRGLE�?KMSLR��

7 C� DMSLB� ���� ��� @ W� ?BBGLE� MLC� RM� RFC� EPMURF� P?RC� BGTGBCB� @W� ��
�

QGLAC� UC� UCPC� AMKNMSLBGLE� ��� RGKCQ� NCP� WC?P��'CLCP?JGXGLE� MSP�

PCQSJR
�UC�AMSJB�UPGRC�

#MLQSKCP�-?RF��Z�����



)L�RFGQ�DMPKSJ?��

D � GQ� RFC� LSK@CP� MD� AMKNMSLBGLE� NCPGMBQ� 	KMLRFQ� GL� MSP�

CV?KNJC
�

I �GQ�RFC�?LLS?J�GLRCPCQR�P?RC�

B�GQ�RFC�LSK@CP�MD�AMKNMSLBQ�NCP�WC?P��

7 FGJC�RFGQ�DMPKSJ?�UMPIQ�DGLC
�GR�GQ�KMPC�AMKKML�RM�SQC�?�DMPKSJ?�

RF?R� GLTMJTCQ� RFC� LSK@CP� MD� WC?PQ
� P?RFCP� RF?L� RFC� LSK@CP� MD�

AMKNMSLBGLE� NCPGMBQ�� )D�' � GQ� RFC� LSK@CP� MD� WC?PQ
� RFCL�D� �� 'B ��

-?IGLE� RFGQ� AF?LEC� EGTCQ� SQ� RFC� QR?LB?PB� DMPKSJ?� DMP� AMKNMSLB�

GLRCPCQR��

Compound Interest 

r� ) . �GQ�RFC�@?J?LAC�GL�RFC�?AAMSLR�?DRCP�' �WC?PQ��

r� ) � �GQ�RFC�QR?PRGLE�@?J?LAC�MD�RFC�?AAMSLR�	?JQM�

A?JJCB�GLGRG?J�BCNMQGR
�MP�NPGLAGN?J
�

r� I �GQ�RFC�?LLS?J�GLRCPCQR�P?RC�GL�BCAGK?J�DMPK�

r� B�GQ�RFC�LSK@CP�MD�AMKNMSLBGLE�NCPGMBQ�GL�MLC�

WC?P��

)D�RFC�AMKNMSLBGLE�GQ�BMLC�?LLS?JJW�	MLAC�?�WC?P

�B������

)D�RFC�AMKNMSLBGLE�GQ�BMLC�OS?PRCPJW
�B������

)D�RFC�AMKNMSLBGLE�GQ�BMLC�KMLRFJW
�B�������

)D�RFC�AMKNMSLBGLE�GQ�BMLC�B?GJW
�B��������

4FC�KMQR�GKNMPR?LR�RFGLE�RM�PCKCK@CP�?@MSR�SQGLE�RFGQ�DMPKSJ?�

GQ�RF?R�GR�?QQSKCQ�RF?R�UC�NSR�KMLCW�GL�RFC�?AAMSLR�ED9;�?LB�JCR�GR�

QGR�RFCPC�C?PLGLE�GLRCPCQR��

��� ��Z��#MLQSKCP�-?RF



�?)584-���

!�A CPRGDGA?RC�MD�BCNMQGR�	#$ 
�GQ�?�Q?TGLEQ�GLQRPSKCLR�RF?R�

K?L W�@?LIQ�MDDCP��)R�SQS?JJW�EGTCQ�?�FGEFCP�GLRCPCQR�P?RC
�@SR�

WMS�A?LLMR�?AACQQ�WMSP�GLTCQRKCLR�DMP�?�QNCAGDGCB�JCLERF�MD�

RGKC��3SNNMQC�WMS�BCNMQGR�������GL�?�#$�N? WGLE����

GLRCPCQR
�AMKNMSLBCB�KMLRFJW��( MU�KSAF�UGJJ�WMS�F?TC�GL�

RFC�?AAMSLR�?DRCP����WC?PQ �

#74<;176�

)L�RFGQ�CV?KNJC
�

) � ���
������ RFC�GLGRG?J�BCNMQGR�

I ���� ���� ���?LLS?J�P ?RC�

B������ ���KML RFQ�GL���WC?P�

' ������ QGLAC�UCnPC�JMMIGLE�DMP�FMU�KSAF�U CnJJ�F?TC�?DRCP�
���W C?PQ�

3M�

	PMSLB�WMSP�?LQUCP�RM�RFC�LC?PCQR�NCLLW
�

,CR� SQ� AMKN?PC� RFC� ?KMSLR� MD� KMLCW� C?PLCB� DPMK� AMKNMSLBGLE�

?E?GLQR�RFC�?KMSLR�WMS�UMSJB�C?PL�DPMK�QGKNJC�GLRCPCQR�

#MLQSKCP�-?RF��Z�����



9C?PQ�3GKNJC�)LRCPCQR�	����NCP�
KMLRF
�

���A MKNMSLBCB�KMLRFJW���� ����
C?AF�KMLRF��

�� ������ ���������

��� ������ ���������

��� ������ ���������

��� ������ ����� ����

��� ������ ����������

��� ������ ����� � ����

��� ������ �� �� �� ����

!Q�WMS�A?L�QCC
�MTCP�?�JMLE�NCPGMB�MD�RGKC
�AMKNMSLBGLE�K?ICQ�?�

J?PEC�BGDDCPCLAC�GL�RFC�?AAMSLR�@?J?LAC��9MS�K?W�PCAMELGXC�RFGQ�?Q�

RFC�BGDDCPCLAC�@CRUCCL�JGLC?P�EPMURF�?LB�CVNMLCLRG?J�EPMURF��

��� ��Z��#MLQSKCP�-?RF



Evaluating Exponents on the Calculator 

7 FCL�UC�LCCB�RM�A?JASJ?RC�QMKCRFGLE�JGIC�� � �GR�GQ�C?QW�

CLMSEF�RM�HSQR�KSJRGNJW������� ���������� ��" SR�UFCL�UC�LCCB�

RM�A?JASJ?RC�QMKCRFGLE�JGIC������ � �� 
�GR�UMSJB�@C�TCPW�

RCBGMSQ�RM�A?JASJ?RC�RFGQ�@W�KSJRGNJWGLE�������@ W�GRQCJD�

� ���RGKCQ���3M�RM�K?IC�RFGLEQ�C?QGCP
�UC�A?L�F?PLCQQ�RFC�

NMUCP�MD�MSP�QAGCLRGDGA�A?JASJ?RMPQ��

- MQR�QAGCLRGDGA�A?JASJ?RMPQ�F?TC�?�@SRRML�DMP�

CVNMLCLRQ���)R�GQ�RWNGA?JJW�CGRFCP�J?@CJCB�JGIC��

=
 �PV
���MP�OW��

4M�CT?JS?RC������ � �� �UCnB�RWNC�������=�� �� 
�MP������� PV�

� �� ��4PW�GR�MSRlWMS�QFMSJB�ECR�QMKCRFGLE�?PMSLB�

����� ���������

�?)584-�
�

9MS�ILMU�RF?R�WMS�UGJJ�LCCB���� 
����D MP�WMSP�AFGJBnQ�

CBSA?RGML�GL����WC?PQ��)D�WMSP�?AAMSLR�C?PLQ����

AMKNMSLBCB�OS?PRCPJW
�FMU�KSAF�U MSJB�WMS�LCCB�RM�

BCNMQGR�LMU�RM�PC?AF�WMSP�EM?J �

#MLQSKCP�-?RF��Z�����
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)L�RFGQ�CV?KNJC
�

7 CnPC�JMMIGLE�DMP�) � ��

I ���� ���� ���

B����� ��OS?PRCPQ�GL���WC?P�

'� ����� 3GLAC�UC�ILMU�RFC�@?J?LAC�GL����WC?PQ�

) �� ������ 
���� 4FC�?KMSLR�UC�F?TC�GL����WC?PQ��

)L�RFGQ�A?QC
�UCnPC�EMGLE�RM�F?TC�RM�QCR�SN�RFC�COS?RGML
�

?LB�QMJTC�DMP�) � ��

3M�WMS�UMSJB�LCCB�RM�BCNMQGR���� 
��� ����LM U�RM�F?TC�

��� 
����GL����W C?PQ��

Rounding 

)R�GQ�GKNMPR?LR�RM�@C�TCPW�A?PCDSJ�?@MSR�PMSLBGLE�

��� ��Z��#MLQSKCP�-?RF



UFCL�A?JASJ?RGLE�RFGLEQ�UGRF�CVNMLCLRQ��)L�ECLCP?J
�WMS�

U?LR�RM�ICCN�?Q�K?LW�BCAGK?JQ�BSPGLE�A?JASJ?RGMLQ�?Q�

WMS�A?L��"C�QSPC�RM�A;;F�7 J�B;7IJ���I?=D?<?97DJ�:?=?JI�

	LSK@CPQ�?DRCP�?LW�JC?BGLE�XCPMQ
��2MSLBGLE�������� ����

RM�������� ��UGJJ�SQS?JJW�EGTC�WMS�?�pAJMQC�CLMSEFq�

?LQUCP
�@SR�A;;F?D=�CEH;�:?=?JI�?I�7BM7OI�8;JJ;H��

�?)584-���

4M�QCC�UFW�LMR�MTCP�PMSLBGLE�GQ�QM�GKNMPR?LR
�QSNNMQC�

WMS�UCPC�GLTCQRGLE�������?R����GL RCPCQR�AMKNMSLBCB�

KMLRFJW�DMP����WC?PQ��

) � ���
������ RFC�GLGRG?J�BCNMQGR�

I ���� ���� ���

B������ ���KML RFQ�GL���WC?P�

' ������ QGLAC�UCnPC�JMMIGLE�DMP�RFC�?KMSLR�?DRCP����
WC?PQ�

#74<;176�

)D�UC�DGPQR�AMKNSRC�


�UC�DGLB�

#MLQSKCP�-?RF��Z���� �



��

( CPC�GQ�RFC�CDDCAR�MD�PMSLBGLE�RFGQ�RM�BGDDCPCLR�T?JSCQ��

HEKD:;:�JE�

# ?L;I�
# �� �JE�
8;�

! HHE
H�

�� ����� ������
���

����
����

� ������ ������
���

����
���

� ������� ������
���

����
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� ������� �� ���� � �
���

�� ��
��

LM�PMSLBGLE� ���� � �
� ��

)D�WMSnPC�UMPIGLE�GL�?�@?LI
�MD�AMSPQC�WMS�UMSJBLnR�PMSLB�

?R�?JJ��&MP�MSP�NSPNMQCQ
�RFC�?LQUCP�UC�EMR�@W�PMSLBGLE�RM�

� ������ 
�RFPCC�QGELGDGA?LR�BGEGRQ
�GQ�AJMQC�CLMSEFl���M DD�MD�

������GQL nR�RMM�@?B��#CPR?GLJW�ICCNGLE�RF?R�DMSPRF�BCAGK?J�

NJ?AC�UMSJBLnR�F?TC�FSPR��

��� ��Z��#MLQSKCP�-?RF



Using Your Calculator 

)L�K?L W�A?QCQ
�WMS�A?L�?TMGB�PMSLBGLE�AMKNJCRCJW�@W�

FMU�WMS�CLRCP�RFGLEQ�GL�WMSP�A?JASJ?RMP��&MP�CV?KNJC
�GL�

RFC�CV?KNJC�?@MTC
�UC�LCCBCB�RM�A?JASJ?RC�

7 C�A?L�OSGAIJW�A?JASJ?RC����e��������� 
�EGTGLE�

��

. MU�U C�A?L�SQC�RFC�A?JASJ?RMP��

/OF;�/>?I� �7B9KB7JEH�.>EMI�

� ��� �T���� �� � �������������� ��


 ��� �� �� ������������� ��

AN����� �� ���� �� �����������

S������ �� ��� � �� �����������

Using Your Calculator Continued 

4FC�NPCTGMSQ�QRCNQ�UCPC�?QQSKGLE�WMS�F?TC�?�pMLC�

#MLQSKCP�-?RF��Z�����



MNCP?RGML�?R�?�RGKCq�A?JASJ?RMP��?�KMPC�?BT?LACB�

A?JASJ?RMP�UGJJ�MDRCL�?JJMU�WMS�RM�RWNC�GL�RFC�CLRGPC�

CVNPCQQGML�RM�@C�CT?JS?RCB��)D�WMS�F?TC�?�A?JASJ?RMP�JGIC�

RFGQ
�WMS�UGJJ�NPM@?@JW�HSQR�LCCB�RM�CLRCP��

����� S�	�� 
 �� ���� T���
 �AN����� � ���

Annuities 

&MP�KMQR�MD�SQ
�UC�?PCLnR�?@JC�RM�NSR�?�J?PEC�QSK�MD�KMLCW�GL�RFC�

@?LI�RMB?W��)LQRC?B
�UC�Q?TC�DMP�RFC�DSRSPC�@W�BCNMQGRGLE�?�QK?JJCP�

?KMSLR� MD� KMLCW� DPMK� C?AF� N?WAFCAI� GLRM� RFC� @?LI�� 4FGQ� GBC?� GQ�

A?JJCB�?�I7 L?D=I�7DDK?JO�� - MQR�PCRGPCKCLR�NJ?LQ�JGIC� ���I�NJ?LQ�MP�

)2 !�NJ?LQ�?PC�CV?KNJCQ�MD�Q?TGLEQ�?LLSGRGCQ��

!L� ?LLSGRW� A?L� @C� BCQAPG@CB� PCASPQGTCJW� GL� ?� D?GPJW� QGKNJC� U?W��

2CA?JJ�RF?R�@?QGA�AMKNMSLB�GLRCPCQR�DMJJMUQ�DPMK�RFC�PCJ?RGMLQFGN�

&MP�?�Q?TGLEQ�?LLSGRW
�UC�QGKNJW�LCCB�RM�?BB�?�BCNMQGR
�; 
�RM�RFC�

?AAMSLR�UGRF�C?AF�AMKNMSLBGLE�NCPGMB��

4?IGLE�RFGQ�COS?RGML�DPMK�PCASPQGTC�DMPK�RM�CVNJGAGR�DMPK�GQ�?�@GR�

RPGAIGCP� RF?L� UGRF� AMKNMSLB� GLRCPCQR�� )R� UGJJ� @C� C?QGCQR� RM� QCC� @W�

UMPIGLE�UGRF�?L�CV?KNJC�P?RFCP�RF?L�UMPIGLE�GL�ECLCP?J��

3SNNMQC�UC�UGJJ�BCNMQGR������C ?AF�KMLRF�GLRM�?L�?AAMSLR�N?WGLE�

���GL RCPCQR��7C�?QQSKC�RF?R�RFC�?AAMSLR�GQ�AMKNMSLBCB�UGRF�RFC�

Q?KC�DPCOSCLAW�?Q�UC�K?I C�BCNMQGRQ�SLJCQQ�QR?RCB�MRFCPUGQC��)L�RFGQ�

CV?KNJC��

r� I ���� ����	 ��
�

r� B������	���A MKNMSLBQ�BCNMQGRQ�NCP�WC?P
�

��� ��Z��#MLQSKCP�-?RF



r� ; ��������	 MSP�BCNMQGR�NCP�KMLRF
�

7 PGRGLE�MSR�RFC�PCASPQGTC�COS?RGML�EGTCQ�

!QQSKGLE�UC�QR?PR�UGRF�?L�CKNRW�?AAMSLR
�UC�A?L�@CEGL�SQGLE�RFGQ�

PCJ?RGMLQFGN��

#MLRGLSGLE�RFGQ�N?RRCPL
�?DRCP�D �BCNMQGRQ
�UCnB�F?TC�Q?TCB��

)L�MRFCP�UMPBQ
�?DRCP�D �KMLRFQ
�RFC�DGPQR�BCNMQGR�UGJJ�F?TC�C?PLCB�

AMKNMSLB�GLRCPCQR�DMP�D �u���KML RFQ��4FC�QCAMLB�BCNMQGR�UGJJ�F?TC�

C?PLCB�GLRCPCQR�DMP�D �u���KML RFQ��,?QR�KMLRFQ�BCNMQGR�UMSJB�F?TC�

C?PLCB�MLJW�MLC�KMLRF�UMPRF�MD�GLRCPCQR��4FC�KMQR�PCACLR�BCNMQGR�

UGJJ�F?TC�C?PLCB�LM�GLRCPCQR�WCR��

4FGQ�COS?RGML�JC?TCQ�?�JMR�RM�@C�BCQGPCB
�RFMSEFlGR�BMCQLnR�K?IC�

A?JASJ?RGLE� RFC� CLBGLE� @?J?LAC� ?LW� C?QGCP�� 4M� QGKNJGDW� RFGLEQ
�

KSJRGNJW�@MRF�QGBCQ�MD�RFC�COS?RGML�@W��������

$GQRPG@SRGLE�ML�RFC�PGEFR�QGBC�MD�RFC�COS?RGML�EGTCQ�

. MU�U CnJJ�JGLC�RFGQ�SN�UGRF�JGIC�RCPKQ�DPMK�MSP�MPGEGL?J�COS?RGML
�

?LB�QS@RP?AR�C?AF�QGBC�

!JKMQR� ?JJ� RFC� RCPKQ� A?LACJ� ML� RFC� PGEFR� F?LB� QGBC� UFCL� UC�

QS@RP?AR
�JC?TGLE�

#MLQSKCP�-?RF��Z�����



3MJTGLE�DMP�)D�

2CNJ?AGLE�D �KMLRFQ�UGRF���' 
�UFCPC�' �GQ�KC?QSPCB�GL�WC?PQ
�EGTCQ�

2CA?JJ� ������ U ?Q�

?LB�����U ?Q�RFC�BCNMQGR�;
 ����U ?Q�B
�RFC�LSK@CP�MD�BCNMQGR�C?AF�WC?P��

'CLCP?JGXGLE�RFGQ�PCQSJR
�UC�ECR�RFC�Q?TGLE�?LLSGRW�DMPKSJ?��

Annuity Formula 

r� ) . �GQ�RFC�@?J?LAC�GL�RFC�?AAMSLR�?DRCP�' �WC?PQ��

r� ; �GQ�RFC�PCESJ?P�BCNMQGR�	RFC�?KMSLR�WMS�BCNMQGR�

C?AF�WC?P
�C?AF�KMLRF
�CRA�
�

r� I� GQ�RFC�?LLS?J�GLRCPCQR�P?RC�GL�BCAGK?J�DMPK��

r� B�GQ�RFC�LSK@CP�MD�AMKNMSLBGLE�NCPGMBQ�GL�MLC�

WC?P��

)D�RFC�AMKNMSLBGLE�DPCOSCLAW�GQ�LMR�CVNJGAGRJW�QR?RCB
�

?QQSKC�RFCPC�?PC�RFC�Q?KC�LSK@CP�MD�AMKNMSLBQ�GL�?�

WC?P�?Q�RFCPC�?PC�BCNMQGRQ�K?BC�GL�?�WC?P��

&MP�CV?KNJC
�GD�RFC�AMKNMSLBGLE�DPCOSCLAW�GQLnR�QR?RCB��

��� ��Z��#MLQSKCP�-?RF



)D� WMS� K?IC� WMSP� BCNMQGRQ� CTCPW� KMLRF
� SQC� KMLRFJW�

AMKNMSLBGLE
�B�������

)D�WMS�K?IC�WMSP�BCNMQGRQ�CTCPW�WC?P
�SQC�WC?PJW�AMKNMSLBGLE
�B�

�����

)D� WMS� K?IC� WMSP� BCNMQGRQ� CTCPW� OS?PRCP
� SQC� OS?PRCPJW�

AMKNMSLBGLE
�B������

%RA��

When Do You Use This? 

!LLSGRGCQ�?QQSKC�RF?R�WMS�NSR�KMLCW�GL�RFC�?AAMSLR�

ED�7�H;=KB7H�I9>;:KB;�� ;L ;HO�CEDJ>��O;7H��GK7HJ;H��;J9
��

?LB�JCR�GR�QGR�RFCPC�C?PLGLE�GLRCPCQR��

#MKNMSLB�GLRCPCQR�?QQSKCQ�RF?R�WMS�NSR�KMLCW�GL�

RFC�?AAMSLR�MLAC�?LB�JCR�GR�QGR�RFCPC�C?PLGLE�GLRCPCQR��

#MKNMSLB�GLRCPCQR��*D; �BCNMQGR�

!LLSGRW��( 7DO�BCNMQGRQ��

�?)584-���

!�RP?BGRGML?J�GLBGTGBS?J�PCRGPCKCLR�?AAMSLR�	)2!
�GQ�?�

QNCAG?J�RWNC�MD�PCRGPCKCLR�?AAMSLR�GL�UFGAF�RFC�KMLCW�WMS�

GLTCQR�GQ�CVCKNR�DPMK�GLAMKC�R?VCQ�SLRGJ�WMS�UGRFBP?U�GR��)D�

WMS�BCNMQGR������C ?AF�KMLRF�GLRM�?L�)2!�C ?PLGLE����

#MLQSKCP�-?RF��Z�����



GLRCPCQR
�FMU�KSAF�UGJJ�WMS�F?TC�GL�RFC�?AAMSLR�?DRCP����

WC?PQ �

#74<;176�

)L�RFGQ�CV?KNJC
�

; ���
����� RFC�KMLRFJW�BCNMQGR�

I ���
� ���� ���?LLS?J�P ?RC�

B������ QGLAC�UCnPC�BMGLE�KMLRFJW�BCNMQGRQ
�UCnJJ�
AMKNMSLB�KMLRFJW�

' ���
��� UC�U?LR�RFC�?KMSLR�?DRCP����WC?PQ�

0SRRGLE�RFGQ�GLRM�RFC�COS?RGML��

4FC�?AAMSLR�UGJJ�EPMU�RM����
����?D RCP����WC?PQ��

. MRGAC�RF?R�WMS�BCNMQGRCB�GLRM�RFC�?AAMSLR�?�RMR?J�MD�

�� �
 ����	�����?�KML RF�DMP�����KML RFQ
��4FC�BGDDCPCLAC�

@CRUCCL�UF?R�WMS�CLB�SN�UGRF�?LB�FMU�KSAF�WMS�NSR�GL�GQ�

RFC�GLRCPCQR�C?PLCB��)L�RFGQ�A?QC�GR�GQ����
����u��� �
 ������

���
��� ��

��� ��Z��#MLQSKCP�-?RF



�?)584-���

9MS�U?LR�RM�F?TC����� 
����GL�W MSP�?AAMSLR�UFCL�WMS�

PCRGPC�GL����WC?PQ��9MSP�PCRGPCKCLR�?AAMSLR�C?PLQ����

GLRCPCQR��(MU�KSAF�BM�WMS�LCCB�RM�BCNMQGR�C?AF�KMLRF�RM�

KCCR�WMSP�PCRGPCKCLR�EM?J �

#74<;176�

)L�RFGQ�CV?KNJC
�UCnPC�JMMIGLE�DMP�; ��

I ���� ���� ���?LLS?J�P ?RC�

B������ QGLAC�UCnPC�BCNMQGRGLE�KMLRFJW�

' ������ ���W C?PQ�

) �� ������� 
���� 4FC�?KMSLR�UC�U?LR�RM�F?TC�GL����WC?PQ�

)L�RFGQ�A?QC
�UCnPC�EMGLE�RM�F?TC�RM�QCR�SN�RFC�COS?RGML
�

?LB�QMJTC�DMP�; ��

3M�WMS�UMSJB�LCCB�RM�BCNMQGR������ ���C ?AF�KMLRF�RM�F?TC�

���� 
����GL����W C?PQ�GD�WMSP�?AAMSLR�C?PLQ����GLRCPCQR�

#MLQSKCP�-?RF��Z�����



Try It Now 

!�KMPC�AMLQCPT?RGTC�GLTCQRKCLR�?AAMSLR�N?WQ����

GLRCPCQR��)D�WMS�BCNMQGR����?�B?W�GLRM�RFGQ�?AAMSLR
�FMU�

KSAF�UGJJ�WMS�F?TC�?DRCP����WC?PQ �(MU�KSAF�GQ�DPMK�

GLRCPCQR �

Payout Annuities 

)L�RFC�J?QR�QCARGML�WMS�JC?PLCB�?@MSR�?LLSGRGCQ�� )L�?L�?LLSGRW
�WMS�

QR?PR�UGRF�LMRFGLE
�NSR�KMLCW�GLRM�?L�?AAMSLR�ML�?�PCESJ?P�@?QGQ
�

?LB�CLB�SN�UGRF�KMLCW�GL�WMSP�?AAMSLR��

)L� RFGQ� QCARGML
� UC� UGJJ� JC?PL� ?@MSR� ?� T?PG?RGML� A?JJCB� ?�+7OEKJ�

� DDK?JO�� 7GRF� ?� N?WMSR� ?LLSGRW
� WMS� QR?PR� UGRF� KMLCW� GL� RFC�

?AAMSLR
�?LB�NSJJ�KMLCW�MSR�MD�RFC�?AAMSLR�ML�?�PCESJ?P�@?QGQ��!LW�

PCK?GLGLE�KMLCW�GL�RFC�?AAMSLR�C?PLQ�GLRCPCQR��!DRCP�?�DGVCB�?KMSLR�

MD�RGKC
�RFC�?AAMSLR�UGJJ�CLB�SN�CKNRW��

0?WMSR�?LLSGRGCQ�?PC�RWNGA?JJW�SQCB�?DRCP�PCRGPCKCLR��0CPF?NQ�WMS�

F?TC�Q?TCB����� 
����D MP�PCRGPCKCLR
�?LB�U?LR�RM�R?IC�KMLCW�MSR�MD�

RFC�?AAMSLR�C?AF�KMLRF�RM�JGTC�ML��9MS�U?LR�RFC�KMLCW�RM�J?QR�WMS�

���W C?PQ��4FGQ�GQ�?�N?WMSR�?LLSGRW��4FC�DMPKSJ?�GQ�BCPGTCB�GL�?�QGKGJ?P�

U?W�?Q�UC�BGB�DMP�Q?TGLEQ�?LLSGRGCQ��4FC�BCR?GJQ�?PC�MKGRRCB�FCPC��

��� ��Z��#MLQSKCP�-?RF



Payout Annuity Formula 

r� ) � �GQ�RFC�@?J?LAC�GL�RFC�?AAMSLR�?R�RFC�@CEGLLGLE�

	QR?PRGLE�?KMSLR
�MP�NPGLAGN?J
��

r� ; �GQ�RFC�PCESJ?P�UGRFBP?U?J�	RFC�?KMSLR�WMS�R?IC�

MSR�C?AF�WC?P
�C?AF�KMLRF
�CRA�
�

r� I �GQ�RFC�?LLS?J�GLRCPCQR�P?RC�	GL�BCAGK?J�DMPK��

%V?KNJC�������� ���
�

r� B�GQ�RFC�LSK@CP�MD�AMKNMSLBGLE�NCPGMBQ�GL�MLC�

WC?P��

r� ' �GQ�RFC�LSK@CP�MD�WC?PQ�UC�NJ?L�RM�R?IC�

UGRFBP?U?JQ�

,GIC� UGRF� ?LLSGRGCQ
� RFC� AMKNMSLBGLE� DPCOSCLAW� GQ� LMR� ?JU?WQ�

CVNJGAGRJW� EGTCL
� @SR� GQ� BCRCPKGLCB� @W� FMU� MDRCL� WMS� R?IC� RFC�

UGRFBP?U?JQ��

When Do You Use This 

0?WMSR�?LLSGRGCQ�?QQSKC�RF?R�WMS�J7A; �KMLCW�DPMK�

#MLQSKCP�-?RF��Z�����



RFC�?AAMSLR�ED�7�H;=KB7H�I9>;:KB; �	;L ;HO�CEDJ>��O;7H��

GK7HJ;H��;J9
 
�?LB�JCR�RFC�PCQR�QGR�RFCPC�C?PLGLE�GLRCPCQR��

r� #MKNMSLB�GLRCPCQR��*D; �BCNMQGR�

r� !LLSGRW��( 7DO�BCNMQGRQ��

r� 0?WMSR�!LLSGRW��( 7DO�M?J>:H7M7BI�

�?)584-���

!DRCP�PCRGPGLE
�WMS�U?LR�RM�@C�?@JC�RM�R?IC�������C TCPW�

KMLRF�DMP�?�RMR?J�MD����WC?PQ�DPMK�WMSP�PCRGPCKCLR�?AAMSLR��

4FC�?AAMSLR�C?PLQ����GLRCPCQR��(MU�KSAF�UGJJ�WMS�LCCB�GL�

WMSP�?AAMSLR�UFCL�WMS�PCRGPC �

#74<;176�

)L�RFGQ�CV?KNJC
�

; ���
������ RFC�KMLRFJW�UGRFBP?U?J�

I� ��
� ���� ���?LLS?J�P ?RC�

B������ QGLAC�UCnPC�BMGLE�KMLRFJW�UGRFBP?U?JQ
�UCnJJ�
AMKNMSLB�KMLRFJW�

' ������ QGLAC�UCPC�R?IGLE�UGRFBP?U?JQ�DMP����WC?PQ�

��� ��Z��#MLQSKCP�-?RF



7 CnPC�JMMIGLE�DMP�) � ��FMU�KSAF�KMLCW�LCCBQ�RM�@C�GL�RFC�

?AAMSLR�?R�RFC�@CEGLLGLE��

0SRRGLE�RFGQ�GLRM�RFC�COS?RGML��

9MS�UGJJ�LCCB�RM�F?TC����� 
����GL�W MSP�?AAMSLR�UFCL�WMS�

PCRGPC��

. MRGAC�RF?R�WMS�UGRFBPCU�?�RMR?J�MD��� �� 
����	������?�

KMLRF�DMP�����KML RFQ
��4FC�BGDDCPCLAC�@CRUCCL�UF?R�WMS�

NSJJCB�MSR�?LB�UF?R�WMS�QR?PRCB�UGRF�GQ�RFC�?DJ;H;IJ�;7HD;: ��

)L�RFGQ�A?QC�GR�GQ����� 
����u����� 
���������� 
����GL�GL RCPCQR��

Evaluating Negative Exponents on Your 
Calculator 

7GRF�RFCQC�NPM@JCKQ
�WMS�LCCB�RM�P?GQC�LSK@CPQ�RM�

LCE?RGTC�NMUCPQ���- MQR�A?JASJ?RMPQ�F?TC�?�QCN?P?RC�

@SRRML�DMP�LCE?RGLE�?�LSK@CP�RF?R�GQ�BGDDCPCLR�RF?L�RFC�

QS@RP?ARGML�@SRRML���3MKC�A?JASJ?RMPQ�J?@CJ�RFGQ���� 
�QMKC�

UGRF�
�� ���4FC�@SRRML�GQ�MDRCL�LC?P�RFC�� �I CW�MP�RFC�

BCAGK?J�NMGLR��

#MLQSKCP�-?RF��Z�����



)D�WMSP�A?JASJ?RMP�BGQNJ?WQ�MNCP?RGMLQ�ML�GR�	RWNGA?JJW�?�

A?JASJ?RMP�UGRF�KSJRGJGLC�BGQNJ?W

�RM�A?JASJ?RC������ u� ���

WMSnB�RWNC�QMKCRFGLE�JGIC����� ���� 6���� �� ���

)D�WMSP�A?JASJ?RMP�MLJW�QFMUQ�MLC�T?JSC�?R�?�RGKC
�RFCL�

SQS?JJW�WMS�FGR�RFC���� �I CW�?DRCP�?�LSK@CP�RM�LCE?RC�GR
�QM�

WMSnB�FGR������� �AN�� ��� ��� ����

'GTC�GR�?�RPWlWMS�QFMSJB�ECR������ u� �� ���� ��� �����

�?)584-�	��

9MS�ILMU�WMS�UGJJ�F?TC����� 
����GL�W MSP�?AAMSLR�UFCL�

WMS�PCRGPC��9MS�U?LR�RM�@C�?@JC�RM�R?IC�KMLRFJW�UGRFBP?U?JQ�

DPMK�RFC�?AAMSLR�DMP�?�RMR?J�MD����WC?PQ��9MSP�PCRGPCKCLR�

?AAMSLR�C?PLQ����GLRCPCQR��(MU�KSAF�UGJJ�WMS�@C�?@JC�RM�

UGRFBP?U�C?AF�KMLRF �

#74<;176�

)L�RFGQ�CV?KNJC
�UCnPC�JMMIGLE�DMP�; ��

I ���� ���� ���?LLS?J�P ?RC�

B������ QGLAC�UCnPC�UGRFBP?UGLE�KMLRFJW�

' ������ ���W C?PQ�

) � ������� 
���� UC�?PC�@CEGLLGLE�UGRF����� 
����

��� ��Z��#MLQSKCP�-?RF



)L�RFGQ�A?QC
�UCnPC�EMGLE�RM�F?TC�RM�QCR�SN�RFC�COS?RGML
�

?LB�QMJTC�DMP�; ��

9MS�UMSJB�@C�?@JC�RM�UGRFBP?U���
 � �� ����C ?AF�KMLRF�DMP�

���W C?PQ��

Try It Now 

!�BMLMP�EGTCQ����� 
����RM�?�SLGTCPQGRW
�?LB�QNCAGDGCQ�

RF?R�GR�GQ�RM�@C�SQCB�RM�EGTC�?LLS?J�QAFMJ?PQFGNQ�DMP�RFC�

LCVR����WC?PQ��)D�RFC�SLGTCPQGRW�A?L�C?PL����GL RCPCQR
�

FMU�KSAF�A?L�RFCW�EGTC�GL�QAFMJ?PQFGNQ�C?AF�WC?P �

Loans 

)L�RFC�J?QR�QCARGML
�WMS�JC?PLCB�?@MSR�N?WMSR�?LLSGRGCQ��

)L�RFGQ�QCARGML
�WMS�UGJJ�JC?PL�?@MSR�AMLTCLRGML?J�JM?LQ�	?JQM�A?JJCB�

?KMPRGXCB�JM?LQ�MP�GLQR?JJKCLR�JM?LQ
��%V?KNJCQ�GLAJSBC�?SRM�JM?LQ�

#MLQSKCP�-?RF��Z�����



?LB� FMKC� KMPRE?ECQ�� 4FCQC� RCAFLGOSCQ� BM� LMR� ?NNJW� RM� N?WB?W�

JM?LQ
� ?BB�ML� JM?LQ
� MP� MRFCP� JM?L� RWNCQ� UFCPC� RFC� GLRCPCQR� GQ�

A?JASJ?RCB�SN�DPMLR��

/LC� EPC?R� RFGLE� ?@MSR� JM?LQ� GQ� RF?R� RFCW� SQC� CV?ARJW� RFC� Q?KC�

DMPKSJ?� ?Q� ?� N?WMSR� ?LLSGRW�� 4M� QCC� UFW
� GK?EGLC� RF?R� WMS� F?B�

��� 
����GL TCQRCB�?R�?�@?LI
�?LB�QR?PRCB�R?IGLE�MSR�N?WKCLRQ�UFGJC�

C?PLGLE�GLRCPCQR�?Q�N?PR�MD�?�N?WMSR�?LLSGRW
�?LB�?DRCP���WC?PQ�WMSP�

@?J?LAC�U?Q�XCPM��&JGN�RF?R�?PMSLB
�?LB�GK?EGLC�RF?R�WMS�?PC�?ARGLE�

?Q�RFC�@?LI
�?LB�?�A?P�JCLBCP�GQ�?ARGLE�?Q�WMS��4FC�A?P�JCLBCP�GLTCQRQ�

��� 
����GL�W MS��3GLAC�WMSnPC�?ARGLE�?Q�RFC�@?LI
�WMS�N?W�GLRCPCQR��4FC�

A?P�JCLBCP�R?ICQ�N?WKCLRQ�SLRGJ�RFC�@?J?LAC�GQ�XCPM��

Loans Formula 

r� ) � �GQ�RFC�@?J?LAC�GL�RFC�?AAMSLR�?R�RFC�@CEGLLGLE�

	RFC�NPGLAGN?J
�MP�?KMSLR�MD�RFC�JM?L
��

r� ;� GQ�WMSP�JM?L�N?WKCLR�	WMSP�KMLRFJW�N?WKCLR
�

?LLS?J�N?WKCLR
�CRA
�

r� I �GQ�RFC�?LLS?J�GLRCPCQR�P?RC�GL�BCAGK?J�DMPK��

r� B�GQ�RFC�LSK@CP�MD�AMKNMSLBGLE�NCPGMBQ�GL�MLC�

WC?P��

r� ' �GQ�RFC�JCLERF�MD�RFC�JM?L
�GL�WC?PQ�

,GIC� @CDMPC
� RFC� AMKNMSLBGLE� DPCOSCLAW� GQ� LMR� ?JU?WQ� CVNJGAGRJW�

EGTCL
�@SR�GQ�BCRCPKGLCB�@W�FMU�MDRCL�WMS�K?IC�N?WKCLRQ��

��� ��Z��#MLQSKCP�-?RF



When do you use this 

4FC�JM?L�DMPKSJ?�?QQSKCQ�RF?R�WMS�K?IC�JM?L�

N?WKCLRQ�ED�7�H;=KB7H�I9>;:KB; �	;L ;HO�CEDJ>��O;7H��

GK7HJ;H��;J9
 
�?LB�?PC�N?WGLE�GLRCPCQR�ML�RFC�JM?L��

r� #MKNMSLB�GLRCPCQR��*D; �BCNMQGR�

r� !LLSGRW��( 7DO�BCNMQGRQ��

r� 0?WMSR�!LLSGRW��( 7DO�M?J>:H7M7BI�

r� ,M?LQ��( 7DO�F7OC;D JI�

�?)584-�		�

9MS�A?L�?DDMPB������NCP�KML RF�?Q�?�A?P�N?WKCLR��)D�WMS�

A?L�ECR�?L�?SRM�JM?L�?R����GL RCPCQR�DMP����KML RFQ�	��WC?PQ

�

FMU�CVNCLQGTC�MD�?�A?P�A?L�WMS�?DDMPB �)L�MRFCP�UMPBQ
�

UF?R�?KMSLR�JM?L�A?L�WMS�N?W�MDD�UGRF������NCP�KML RF �

#74<;176�

)L�RFGQ�CV?KNJC
�

#MLQSKCP�-?RF��Z�����



; ���
����� RFC�KMLRFJW�JM?L�N?WKCLR�

I� ��
� ���� ���?LLS?J�P ?RC�

B������ QGLAC�UCnPC�BMGLE�KMLRFJW�N?WKCLRQ
�UCnJJ�
AMKNMSLB�KMLRFJW�

' ����� QGLAC�UCnPC�K?IGLE�KMLRFJW�N?WKCLRQ�DMP���WC?PQ�

7 CnPC�JMMIGLE�DMP�) � 
�RFC�QR?PRGLE�?KMSLR�MD�RFC�JM?L��

9MS�A?L�?DDMPB�?����
����JM?L��

9MS�UGJJ�N?W�?�RMR?J�MD����
 ����	�����NCP�KML RF�DMP����

KMLRFQ
�RM�RFC�JM?L�AMKN?LW��4FC�BGDDCPCLAC�@CRUCCL�RFC�

?KMSLR�WMS�N?W�?LB�RFC�?KMSLR�MD�RFC�JM?L�GQ�RFC�?DJ;H;IJ�

F7?:��)L�RFGQ�A?QC
�WMSnPC�N?WGLE����
����u����
�����������

GLRCPCQR�RMR?J��

�?)584-�	
�

9MS�U?LR�RM�R?IC�MSR�?����� 
����KMP RE?EC�	FMKC�JM?L
��

4FC�GLRCPCQR�P?RC�ML�RFC�JM?L�GQ���
�?LB�RFC�JM?L�GQ�DMP����

WC?PQ��(MU�KSAF�UGJJ�WMSP�KMLRFJW�N?WKCLRQ�@C �

��� ��Z��#MLQSKCP�-?RF



#74<;176�

)L�RFGQ�CV?KNJC
�UCnPC�JMMIGLE�DMP�; ��

I ���� ���� ���?LLS?J�P ?RC�

B������ QGLAC�UCnPC�N?WGLE�KMLRFJW�

' ������ ���W C?PQ�

) � ������� 
���� RFC�QR?PRGLE�JM?L�?KMSLR�

)L�RFGQ�A?QC
�UCnPC�EMGLE�RM�F?TC�RM�QCR�SN�RFC�COS?RGML
�

?LB�QMJTC�DMP�; ��

9MS�UGJJ�K?IC�N?WKCLRQ�MD����� �� ��NCP�KMLRF�DMP����

WC?PQ��

9MSnPC�N?WGLE�?�RMR?J�MD���� �
�������RM�RFC�JM?L�AMKN?LW��

���� �� ��NCP�KMLRF�DMP�����KML RFQ��9MS�?PC�N?WGLE�?�RMR?J�MD�

��� �
�������u����� 
����������
�������GL�GL RCPCQR�MTCP�RFC�JGDC�

MD�RFC�JM?L��

#MLQSKCP�-?RF��Z�����



Try It Now 

*?LGLC�@MSEFR���
 ����M D�LCU�DSPLGRSPC�ML�APCBGR��

"CA?SQC�FCP�APCBGR�QAMPC�GQLnR�TCPW�EMMB
�RFC�QRMPC�GQ�

AF?PEGLE�FCP�?�D?GPJW�FGEF�GLRCPCQR�P?RC�ML�RFC�JM?L�������

)D�QFC�?EPCCB�RM�N?W�MDD�RFC�DSPLGRSPC�MTCP���WC?PQ
�FMU�

KSAF�UGJJ�QFC�F?TC�RM�N?W�C?AF�KMLRF �

Remaining Loan Balance 

7GRF� JM?LQ
� GR� GQ� MDRCL� BCQGP?@JC� RM� BCRCPKGLC� UF?R� RFC� PCK?GLGLE�

JM?L�@?J?LAC�UGJJ�@C�?DRCP�QMKC�LSK@CP�MD�WC?PQ��&MP�CV?KNJC
�GD�WMS�

NSPAF?QC�?�FMKC�?LB�NJ?L�RM�QCJJ�GR�GL�DGTC�WC?PQ
�WMS�KGEFR�U?LR�RM�

ILMU�FMU�KSAF�MD�RFC�JM?L�@?J?LAC�WMS�UGJJ�F?TC�N?GB�MDD�?LB�FMU�

KSAF�WMS�F?TC�RM�N?W�DPMK�RFC�Q?JC��

4M�BCRCPKGLC�RFC�PCK?GLGLE�JM?L�@?J?LAC�?DRCP�QMKC�LSK@CP�MD�

WC?PQ
�UC�DGPQR�LCCB�RM�ILMU�RFC�JM?L�N?WKCLRQ
�GD�UC�BMLnR�?JPC?BW�

ILMU�RFCK��2CKCK@CP�RF?R�MLJW�?�NMPRGML�MD�WMSP�JM?L�N?WKCLRQ�EM�

RMU?PBQ�RFC�JM?L�@?J?LAC��?�NMPRGML�GQ�EMGLE�RM�EM�RMU?PBQ�GLRCPCQR��

&MP�CV?KNJC
�GD�WMSP�N?WKCLRQ�UCPC���
 ����?�KML RF
�?DRCP�?�WC?P�WMS�

UGJJ�EFK�F?TC�N?GB�MDD����
 ����M D�RFC�JM?L�@?J?LAC��

4M� BCRCPKGLC� RFC� PCK?GLGLE� JM?L� @?J?LAC
� UC� A?L� RFGLI� pFMU�

KSAF� JM?L� UGJJ� RFCQC� JM?L� N?WKCLRQ� @C� ?@JC� RM� N?W� MDD� GL� RFC�

PCK?GLGLE�RGKC�ML�RFC�JM?L q�

��� ��Z��#MLQSKCP�-?RF



�?)584-�	��

)D�?�KMPRE?EC�?R�?����GL RCPCQR�P?RC�F?Q�N?WKCLRQ�MD�

��
 ����?�KML RF
�FMU�KSAF�UGJJ�RFC�JM?L�@?J?LAC�@C����WC?PQ�

DPMK�RFC�CLB�RFC�JM?L �

#74<;176�

4M�BCRCPKGLC�RFGQ
�UC�?PC�JMMIGLE�DMP�RFC�?KMSLR�MD�RFC�

JM?L�RF?R�A?L�@C�N?GB�MDD�@W���
����?�KML RF�N?WKCLRQ�GL����

WC?PQ��)L�MRFCP�UMPBQ
�UCnPC�JMMIGLE�DMP�) � �UFCL�

; ���
��
 ���� RFC�KMLRFJW�JM?L�N?WKCLR�

I� ��
� ���� ���?LLS?J�P ?RC�

B������ QGLAC�UCnPC�BMGLE�KMLRFJW�N?WKCLRQ
�UCnJJ�
AMKNMSLB�KMLRFJW�

' ������ QGLAC�UCnPC�K?IGLE�KMLRFJW�N?WKCLRQ�DMP����KMPC�
WC?PQ�

4FC�JM?L�@?J?LAC�UGRF����WC?PQ�PCK?GLGLE�ML�RFC�JM?L�UGJJ�

@C���� 
� ������

#MLQSKCP�-?RF��Z�����



/D RCL� RGKCQ� ?LQUCPGLE� PCK?GLGLE� @?J?LAC� OSCQRGMLQ� PCOSGPCQ� RUM�

QRCNQ��

��� #?JASJ?RGLE�RFC�KMLRFJW�N?WKCLRQ�ML�RFC�JM?L�

��� #?JASJ?RGLE�RFC�PCK?GLGLE�JM?L�@?J?LAC�@?QCB�ML�RFC�I <D8@E@E>�

K@D<�ML�RFC�JM?L�

�?)584-�	��

!�A MSNJC�NSPAF?QCQ�?�FMKC�UGRF�?����� 
����KMP RE?EC�?R�

���D MP����WC?PQ�UGRF�KMLRFJW�N?WKCLRQ��7F?R�UGJJ�RFC�

PCK?GLGLE�@?J?LAC�ML�RFCGP�KMPRE?EC�@C�?DRCP���WC?PQ �

#74<;176�

&GPQR�UC�UGJJ�A?JASJ?RC�RFCGP�KMLRFJW�N?WKCLRQ��7 CnPC�

JMMIGLE�DMP�; ��

I ���� ���� ���?LLS?J�P ?RC�

B������ QGLAC�RFCWnPC�N?WGLE�KMLRFJW�

' ������ ���W C?PQ�

) � ������� 
���� RFC�QR?PRGLE�JM?L�?KMSLR�

7 C�QCR�SN�RFC�COS?RGML�?LB�QMJTC�DMP�; ��

��� ��Z��#MLQSKCP�-?RF



. MU�RF?R�UC�ILMU�RFC�KMLRFJW�N?WKCLRQ
�UC�A?L�

BCRCPKGLC�RFC�PCK?GLGLE�@?J?LAC��7 C�U?LR�RFC�PCK?GLGLE�

@?J?LAC�?DRCP���WC?PQ
�UFCL����WC?PQ�UGJJ�@C�PCK?GLGLE�ML�

RFC�JM?L
�QM�UC�A?JASJ?RC�RFC�JM?L�@?J?LAC�RF?R�UGJJ�@C�N?GB�

MDD�UGRF�RFC�KMLRFJW�N?WKCLRQ�MTCP�RFMQC����WC?PQ��

; ���
�������� RFC�KMLRFJW�JM?L�N?WKCLR�UC�A?JASJ?RCB�?@MTC�

I� ��� ���� ���?LLS?J�P ?RC�

B������ QGLAC�RFCWnPC�BMGLE�KMLRFJW�N?WKCLRQ�

' ������ QGLAC�RFCWnB�@C�K?IGLE�KMLRFJW�N?WKCLRQ�DMP����
KMPC�WC?PQ�

4FC�JM?L�@?J?LAC�?DRCP���WC?PQ
�UGRF����WC?PQ�PCK?GLGLE�

ML�RFC�JM?L
�UGJJ�@C�����
��������

/T CP�RF?R���WC?PQ
�RFC�AMSNJC�F?Q�N?GB�MDD����� 
����u�

����� ������������ 
� ��� � ��MD�RFC�JM?L�@?J?LAC��4FCW�F?TC�N?GB�?�

RMR?J�MD���������?�KML RF�DMP���WC?PQ�	���KML RFQ

�DMP�?�RMR?J�

MD����
������ 
�QM����
�������u���� 
� ��� � �������
���� ���M D�UF?R�

RFCW�F?TC�N?GB�QM�D?P�F?Q�@CCL�GLRCPCQR��

#MLQSKCP�-?RF��Z�����



Which Equation to Use? 

7 FCL�NPCQCLRCB�UGRF�?�DGL?LAC�NPM@JCK�	ML�?L�CV?K�MP�GL�PC?J�JGDC

�

WMSnPC�SQS?JJW�LMR�RMJB�UF?R�RWNC�MD�NPM@JCK�GR�GQ�MP�UFGAF�COS?RGML�

RM� SQC��� ( CPC� ?PC� QMKC� FGLRQ� ML� BCAGBGLE� UFGAF� COS?RGML� RM� SQC�

@?QCB�ML�RFC�UMPBGLE�MD�RFC�NPM@JCK��

4FC�C?QGCQR�RWNCQ�MD�NPM@JCK�RM�GBCLRGDW�?PC�JM?LQ���,M?L�NPM@JCKQ�

?JKMQR�?JU?WQ�GLAJSBC�UMPBQ�JGIC��pJM?L
q�p?KMPRGXCq�	RFC�D?LAW�UMPB�

DMP�JM?LQ

�pDGL?LAC� 	?�A?P

q�MP�pKMPRE?ECq� 	?�FMKC�JM?L
��� ,MMI�DMP�

RFCQC� UMPBQ��� )D� RFCWnPC� RFCPC
� WMSnPC� NPM@?@JW� JMMIGLE� ?R� ?� JM?L�

NPM@JCK���4M�K?I C�QSPC
�QCC�GD�WMSnPC�EGTCL�UF?R�WMSP�KMLRFJW�	MP�

?LLS?J
�N?WKCLR�GQ
�MP�GD�WMSnPC�RPWGLE�RM�DGLB�?�KMLRFJW�N?WKCLR��

)D�RFC�NPM@JCK�GQ�LMR�?�JM?L
�RFC�LCVR�OSCQRGML�WMS�U?LR�RM�?QI�GQ��

p!K�)�NSRRGLE�KMLCW�GL�?L�?AAMSLR�?LB�JCRRGLE�GR�QGR
�MP�?K�)�K?IGLE�

PCESJ?P�	KMLRFJW�?LLS?JJW�OS?PRCPJW
�N?WKCLRQ�MP�UGRFBP?U?JQ q��)D�

WMSnPC�JCRRGLE�RFC�KMLCW�QGR�GL�RFC�?AAMSLR�UGRF�LMRFGLE�@SR�GLRCPCQR�

AF?LEGLE�RFC�@?J?LAC
�RFCL�WMSnPC�JMMIGLE�?R�?�AMKNMSLB�GLRCPCQR�

NPM@JCK��� 4FC� CVACNRGML� UMSJB� @C� @MLBQ� ?LB� MRFCP� GLTCQRKCLRQ�

UFCPC�RFC�GLRCPCQR�GQ�LMR�PCGLTCQRCB��GL�RFMQC�A?QCQ�WMSnPC�JMMIGLE�?R�

QGKNJC�GLRCPCQR��

)D� WMSnPC� K?IGLE� PCESJ?P� N?WKCLRQ� MP� UGRFBP?U?JQ
� RFC� LCVR�

OSCQRGMLQ�GQ��p!K�)�NSRRGLE�KMLCW�GLRM�RFC�?AAMSLR
�MP�?K�)�NSJJGLE�

KMLCW�MSR q��)D�WMSnPC�NSRRGLE�KMLCW�GLRM�RFC�?AAMSLR�ML�?�PCESJ?P�

@?QGQ� 	KMLRFJW�?LLS?JJW�OS?PRCPJW
� RFCL� WMSnPC� JMMIGLE� ?R� ?�

@?QGA�!LLSGRW� NPM@JCK��� "?QGA� ?LLSGRGCQ� ?PC� UFCL� WMS� ?PC� Q?TGLE�

KMLCW���5 QS?JJW�GL�?L�?LLSGRW�NPM@JCK
�WMSP�?AAMSLR�QR?PRQ�CKNRW
�

?LB�F?Q�KMLCW�GL�RFC�DSRSPC��

)D�WMSnPC�NSJJGLE�KMLCW�MSR�MD�RFC�?AAMSLR�ML�?�PCESJ?P�@?QGQ
�RFCL�

WMSnPC�JMMIGLE�?R�?�0?WMSR� !LLSGRW�NPM@JCK��� 0?WMSR�?LLSGRGCQ�?PC�

SQCB�DMP�RFGLEQ�JGIC�PCRGPCKCLR�GLAMKC
�UFCPC�WMS�QR?PR�UGRF�KMLCW�

GL�WMSP�?AAMSLR
�NSJJ�KMLCW�MSR�ML�?�PCESJ?P�@?QGQ
�?LB�WMSP�?AAMSLR�

CLBQ�SN�CKNRW�GL�RFC�DSRSPC��

2CKCK@CP
� RFC� KMQR� GKNMPR?LR� N?PR� MD� ?LQUCPGLE� ?LW� IGLB� MD�

OSCQRGML
�KMLCW�MP�MRFCPUGQC
�GQ�DGPQR�RM�AMPPCARJW�GBCLRGDW�UF?R�RFC�

��� ��Z��#MLQSKCP�-?RF



OSCQRGML�GQ�PC?JJW�?QIGLE
�?LB�RM�BCRCPKGLC�UF?R�?NNPM?AF�UGJJ�@CQR�

?JJMU�WMS�RM�QMJTC�RFC�NPM@JCK��

Try It Now 

&MP�C?AF�MD�RFC�DMJJMUGLE�QACL?PGMQ
�BCRCPKGLC�GD�GR�GQ�?�

AMKNMSLB�GLRCPCQR�NPM@JCK
�?�Q?TGLEQ�?LLSGRW�NPM@JCK
�

?�N?WMSR�?LLSGRW�NPM@JCK
�MP�?�JM?LQ�NPM@JCK��4FCL�

QMJTC�C?AF�NPM@JCK��

��� -?P AW�PCACGTCB�?L�GLFCPGR?LAC�MD���� 
��� 
�?LB�

GLTCQRCB�GR�?R����GL RCPCQR��3FC�GQ�EMGLE�RM�SQC�GR�DMP�

AMJJCEC
�UGRFBP?UGLE�KMLCW�DMP�RSGRGML�?LB�

CVNCLQCQ�C?AF�OS?PRCP��( MU�KSAF�A?L�QFC�R?IC�

MSR�C?AF�OS?PRCP�GD�QFC�F?Q���WC?PQ�MD�QAFMMJ�JCDR �

��� 0?SJ�U?LRQ�RM�@SW�?�LCU�A?P��2?RFCP�RF?L�R?IC�

MSR�?�JM?L
�FC�BCAGBCQ�RM�Q?TC������?�KML RF�GL�?L�

?AAMSLR�C?PLGLE����GLRCPCQR�AMKNMSLBCB�

KMLRFJW��( MU�KSAF�UGJJ�FC�F?TC�Q?TCB�SN�?DRCP���

WC?PQ �

��� +CGQF?�GQ�K?L?EGLE�GLTCQRKCLRQ�DMP�?�LML�NPMDGR�

AMKN?LW��4FCW�U?LR�RM�GLTCQR�QMKC�KMLCW�GL�?L�

?AAMSLR�C?PLGLE����GLRCPCQR�AMKNMSLBCB�

?LLS?JJW�UGRF�RFC�EM?J�RM�F?TC���� 
����GL�RFC�

?AAMSLR�GL���WC?PQ��(MU�KSAF�QFMSJB�+CGQF?�

BCNMQGR�GLRM�RFC�?AAMSLR �

��� -G?M�GQ�EMGLE�RM�DGL?LAC�LCU�MDDGAC�COSGNKCLR�

?R�?����P ?RC�MTCP�?���WC?P�RCPK��)D�QFC�A?L�?DDMPB�

KMLRFJW�N?WKCLRQ�MD����� 
�FMU�KSAF�LCU�

#MLQSKCP�-?RF��Z�����



COSGNKCLR�A?L�QFC�@SW �

��� ( MU�KSAF�U MSJB�WMS�LCCB�RM�Q?TC�CTCPW�KMLRF�

GL�?L�?AAMSLR�C?PLGLE����GLRCPCQR�RM�F?TC���
 ����

Q?TCB�SN�GL�RUM�WC?PQ �

Solving for Time 

/D RCL� UC� ?PC� GLRCPCQRCB� GL� FMU� JMLE� GR� UGJJ� R?IC� RM� ?AASKSJ?RC�

KMLCW�MP�FMU�JMLE�UCnB�LCCB�RM�CVRCLB�?�JM?L�RM�@PGLE�N?WKCLRQ�

BMUL�RM�?�PC?QML?@JC�JCTCJ��

. MRC�� 4FGQ� QCARGML� ?QQSKCQ� WMSnTC� AMTCPCB� QMJTGLE� CVNMLCLRG?J�

COS?RGMLQ�SQGLE�JME?PGRFKQ
�CGRFCP�GL�NPGMP�AJ?QQCQ�MP�GL�RFC�EPMURF�

KMBCJQ�AF?NRCP��

�?)584-�	
�

)D�WMS�GLTCQR�������? R����A MKNMSLBCB�KMLRFJW
�FMU�

JMLE�UGJJ�GR�R?IC�RFC�?AAMSLR�RM�BMS@JC�GL�T?JSC �

#74<;176�

4FGQ�GQ�?�AMKNMSLB�GLRCPCQR�NPM@JCK
�QGLAC�UC�?PC�

BCNMQGRGLE�KMLCW�MLAC�?LB�?JJMUGLE�GR�RM�EPMU��)L�RFGQ�

NPM@JCK
�

��� ��Z��#MLQSKCP�-?RF



) � ��������� RFC�GLGRG?J�BCNMQGR�

I ���� ���� ���?LLS?J�P ?RC�

B������ ���KML RFQ�GL���WC?P�

3M�MSP�ECLCP?J�COS?RGML�GQ��

7 C�?JQM�ILMU�RF?R�UC�U?LR�MSP�CLBGLE�?KMSLR�RM�@C�

BMS@JC�MD������ 
�UFGAF�GQ������ 
�QM�UCnPC�JMMIGLE�DMP�' �QM�

RF?R�) . ������� ��4M�QMJTC�RFGQ
�UC�QCR�MSP�COS?RGML�

DMP�) . �COS?J�RM����� ��

$GTGBC�@MRF�
QGBCQ�@W������

4M�QMJTC�DMP�
RFC�CVNMLCLR
�
R?IC�RFC�JME�MD�
@MRF�QGBCQ�

5 QC�RFC�
CVNMLCLR�
NPMNCPRW�MD�
JMEQ�ML�RFC�
PGEFR�QGBC�

. MU�U C�A?L�
BGTGBC�@MRF�
QGBCQ�@W�
��JME	�����
�

!NNPMVGK?RG
LE�RFGQ�RM�?�
BCAGK?J�

' ����������

)R�UGJJ�R?IC�?@MSR��������WC?PQ�DMP�RFC�?AAMSLR�RM�BMS@JC�GL�

T?JSC��.MRC�RF?R�WMSP�?LQUCP�K?W�AMKC�MSR�QJGEFRJW�

BGDDCPCLRJW�GD�WMS�F?B�CT?JS?RCB�RFC�JMEQ�RM�BCAGK?JQ�?LB�

#MLQSKCP�-?RF��Z�����



PMSLBCB�BSPGLE�WMSP�A?JASJ?RGMLQ
�@SR�WMSP�?LQUCP�QFMSJB�

@C�AJMQC��&MP�CV?KNJC�GD�WMS�PMSLBCB�JME	�
�RM�������?LB�

JME	�����
�RM�� ��� ��� 
�RFCL�WMSP�DGL?J�?LQUCP�UMSJB�F?TC�

@CCL�?@MSR��������WC?PQ��

�?)584-�	��

)D�WMS�GLTCQR������C ?AF�KMLRF�GLRM�?L�?AAMSLR�C?PLGLE����

AMKNMSLBCB�KMLRFJW
�FMU�JMLE�UGJJ�GR�R?IC�RFC�?AAMSLR�RM�

EPMU�RM���� 
��� �

#74<;176�

4FGQ�GQ�?�Q?TGLEQ�?LLSGRW�NPM@JCK�QGLAC�UC�?PC�K?IGLE�

PCESJ?P�BCNMQGRQ�GLRM�RFC�?AAMSLR��

; ���
����� RFC�KMLRFJW�BCNMQGR�

I ���
� ���� ���?LLS?J�P ?RC�

B������ QGLAC�UCnPC�BMGLE�KMLRFJW�BCNMQGRQ
�UCnJJ�
AMKNMSLB�KMLRFJW�

7 C�BMLnR�ILMU�' 
�@SR�UC�U?LR�) ' �RM�@C����
��� ��

0SRRGLE�RFGQ�GLRM�RFC�COS?RGML��

��� ��Z��#MLQSKCP�-?RF



3GKNJGDWGLE�RFC�DP?ARGMLQ�?�@GR�

7 C�U?LR�RM�GQMJ?RC�RFC�CVNMLCLRG?J�RCPK
����� �� �� ' 
�QM�

KSJRGNJW�@MRF�QGBCQ�@W����� ���

$GTGBC�@MRF�
QGBCQ�@W�����

!BB���RM�
@MRF�QGBCQ�

. MU�R?IC�
RFC�JME�MD�@MRF�
QGBCQ�

5 QC�RFC�
CVNMLCLR�
NPMNCPRW�MD�
JMEQ�

$GTGBC�@W�
��JME	���� ��
�

!NNPMVGK?RG
LE�RM�?�
BCAGK?J�

' ���� �����W C?PQ�

)R�UGJJ�R?IC�?@MSR�������W C?PQ�RM�EPMU�RFC�?AAMSLR�RM�

��� 
��� ��

#MLQSKCP�-?RF��Z�����



Try It Now 

*MCJ�GQ�AMLQGBCPGLE�NSRRGLE�?���
����J?NRMN�NSPAF?QC�

ML�FGQ�APCBGR�A?PB
�UFGAF�F?Q�?L�GLRCPCQR�P?RC�MD�����

AMKNMSLBCB�KMLRFJW��( MU�JMLE�UGJJ�GR�R?IC�FGK�RM�N?W�

MDD�RFC�NSPAF?QC�GD�FC�K?ICQ�N?WKCLRQ�MD�����?�KML RF �

��� ��Z��#MLQSKCP�-?RF



73. Supplemental Videos 

4FGQ� 9MS4S@C� NJ?WJGQR� AMLR?GLQ�

QCTCP?J�TGBCMQ�RF?R�QSNNJCKCLR�RFC�PC?BGLE�ML�&GL?LAC��

9MS� ?PC� LMR� PCOSGPCB� RM� U?RAF� ?JJ� MD� RFCQC� TGBCMQ
� @SR� )�

PCAMKKCLB�U?RAFGLE� RFC� TGBCMQ� DMP� ?LW� AMLACNRQ� WMS� K?W� @C�

QRPSEEJGLE�UGRF��

3SNNJCKCLR?J�6GBCMQ��Z���� �

https://www.youtube.com/playlist?list=PL178DFA0B016BBE94


74. Average Daily Balance 

#JGAI� ML� RFC� JGLI� @CJMU� RM�

BMULJM?B�?� BMASKCLR�� p#PCBGR� #?PBQ� ?LB� )LQR?JJKCLR� "SWGLEq� @W�

%PGC� #MKKSLGRW� #MJJCEC�� 4FGQ� PC?BGLE� QFMUQ� ?L� CV?KNJC�

MD�?L�! TCP?EC� $?GJW� "?J?LAC� - CRFMB� MD� $CRCPKGLGLE� )LRCPCQR� 2?RC�

SQGLE�APCBGR�A?PBQ�?LB�GLQR?JJKCLR�@SWGLE�RM�GJJSQRP?RC�GRQ�NMGLRQ��

r� #PCBGR�#?PBQ�?LB�)LQR?JJKCLR�"SWGLE�

��� ��Z��! TCP?EC�$?GJW�"?J?LAC

http://facultypages.ecc.edu/title3/ICM/math%20ICM/Quinn/ICM_arith_percent_decimals.doc


75. How an Amortization 
Schedule is Calculated 

#JGAI�ML�RFC�JGLI�@CJMU�RM�TGCU�

RFC� UC@QGRC�p( MU� GQ� ?L� !KMPRGX?RGML� 3AFCBSJC� #?JASJ?RCB q� @W�

- W!KMPRGX?RGML#F?PR�AMK�� 4FGQ� UC@QGRC� NPMTGBCQ� ?� @PGCD�

MTCPJMMI�!KMPRGX?RGML�3AFCBSJCQ��

r� ( MU�GQ�?L�!KMPRGX?RGML�3AFCBSJC�#?JASJ?RCB �

( MU�?L�!KMP RGX?RGML�3AFCBSJC�GQ
#?JASJ?RCB��Z�����

http://www.myamortizationchart.com/articles/how-is-an-amortization-schedule-calculated/


76. Discuss: Consumer Math 
Application 

0GAI� ?� PC?J� NPM@JCK� ?LB� RPW� RM� QMJTC� GR� SQGLE� RFC�AMLQSKCP�

K? RF�QMJTGLE�QRP?RCEGCQ�DPMK�RFGQ�KMBSJC��0PCQCLR�RFC�NPM@JCK�?LB�

RFC�QMJSRGML�RM�RFC�PCQR�MD�RFC�AJ?QQ��6GCU�RFC�NPM@JCKQ�NMQRCB�@W�

WMSP� AJ?QQK?RCQ� ?LB� PCQNMLB� RM� ?R� JC?QR� RUM��2C?B� RFC�#MLQSKCP�

-? RF�!NNJGA?RGML�$GPCARGMLQ�DMP�BCR?GJCB�BGPCARGMLQ��

#PC?RC�?�LCU�RFPC?B�GL�RFC��EDIKC;H�( 7J>�� FFB?97J?ED�DMPSK�GL�

RFC� ?I9KII?ED��E7H: �RM�AMKNJCRC�RFGQ�?QQGELKCLR��

/>?I�7II?=DC;D J�?I�H;GK?H;:�7D:�M EHJ>�KF�JE����FE?DJI
�

� �� ��Z��$GQASQQ��#MLQSKCP�-?RF
!NNJGA?RGML

https://novaonline.nvcc.edu/descriptions/mth151common/documents/consumer-directions.rtf
https://novaonline.nvcc.edu/descriptions/mth151common/documents/consumer-directions.rtf


'P ?BGLE�#PGRCPG?� 0MGLRQ�
0MQQG@JC�

4FC�NPM@JCK��

r� )Q�GR�?�PC?J�JGDC�NPM@JCK �
r� )Q�GR�AF?JJCLEGLE
�LMR�RPGTG?J �
r� )Q�GR�?�SLGOSC�NPM@JCK�GLQRC?B�MD�?�AMNW�MD�?�AJ?QQK?RCnQ�

NMQRGLE �

��

4FC�QRP?RCEGCQ��

r� !PC�MLC�MP�KMPC�ECLCP?J�NPM@JCK�QMJTGLE�QRP?RCEGCQ�SQCB �
r� !PC�RFC�QRP?RCEGCQ�AMPPCARJW�GBCLRGDGCB �

��

4FC�NPCQCLR?RGML��

r� )Q�RFC�NPM@JCK�CVNJ?GLCB�UCJJ �
r� !PC�RFC�NPM@JCK�QMJTGLE�QRP?RCEGCQ�CVNJ?GLCB�UCJJ �
r� !PC�RFC�?NNPMNPG?RC�RCPKQ�SQCB �

��

9MSP�PCQNMLQCQ��

r� $GB�WMS�NMQR�?R�JC?QR�RUM�PCQNMLQCQ �
r� $GB�WMS�CVNJ?GL�FMU�RFC�CV?KNJCQ�FCJNCB�WMS�@CRRCP�

SLBCPQR?LB�RFC�K?RF�GL�RFGQ�KMBSJC �
r� $GB�WMS�?QI�OSCQRGMLQ�DMP�AJ?PGDGA?RGML�MP�K?IC�

QSEECQRGMLQ�ML�FMU�RM�AF?LEC�MP�GKNPMTC�RFC�MPGEGL?J�
?NNJGA?RGML�NMQRGLE�MP�?LW�MRFCP�DMJJMU�SN�NMQRGLEQ �

��

�

$GQASQQ��#MLQSKCP�-?RF�!NNJGA?RGML��Z��� ��



77. Discuss: Final Reflection 

2CDJCAR� ML� UF?R� WMS� F?TC� JC?PLCB� GL� RFGQ� AMSPQC
� UFGAF� UGJJ� FCJN�

WMS�@CRRCP�SLBCPQR?LB�?LB�PCKCK@CP�GR��2C?B�RFC�&GL?J�2CDJCARGML�

$GPCARGMLQ�DMP�BCR?GJCB�BGPCARGMLQ��#PC?RC�?�LCU�RFPC?B�GL�RFC�" ?D7B�

- ;<B;9J?ED�DMPSK� GL� RFC� ?I9KII?ED� �E7H: � RM� AMKNJCRC� RFGQ�

?QQGELKCLR��

/>?I�7II?=DC;D J�?I�H;GK?H;:�7D:�M EHJ>�KF�JE����FE?DJI
�

'P ?BGLE�#PGRCPG?� 0MGLRQ�
0MQQG@JC�

4FC�NPCQCLR?RGML��

r� )Q�GR�?�QS@QR?LRGTC
�RUM�MP�RFPCC�N?P?EP?NF�CQQ?W �
r� )Q�GR�AJC?P�?LB�UCJJ�UPGRRCL�UGRF�NPMNCP�EP?KK?P�?LB�

AMPPCAR�QNCJJGLE �

���

4FC�AMLRCLR��

r� &MP�/NRGML����

� � $MCQ�GR�?NNJW�RM�K?RCPG?J�AMTCPCB�GL�AJ?QQ �
� � )Q�RFC�NMQRGLE�SLGOSC�RM�RFC�NMQRGLEQ�MD�MRFCP�

QRSBCLRQ�?LB�RM�WMSP�MUL�?NNJGA?RGML�NMQRGLEQ �

r� &MP�/NRGML����

� � )Q�	?PC
�RFC�QCJCARCB�OSCQRGML	Q
�?LQUCPCB�GL�BCNRF �
� � !PC�RFC�D?ARQ�?AASP?RC �

���

� �� ��Z��$GQASQQ��&GL?J�2CDJCARGML

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 
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78. Linear (Algebraic) Growth 

-?P AM�GQ�?�AMJJCARMP�MD�?LRGOSC�QMB?�@MRRJCQ��(GQ�AMJJCARGML�ASPPCLRJW�

AMLR?GLQ�����@MRRJCQ��%TCPW�WC?P
�FC�@SBECRQ�CLMSEF�KMLCW�RM�@SW�

���LC U�@MRRJCQ��#?L�UC�BCRCPKGLC�FMU�K?L W�@MRRJCQ�FC�UGJJ�F?TC�

GL���WC?PQ
�?LB�FMU�JMLE�GR�UGJJ�R?IC�DMP�FGQ�AMJJCARGML�RM�PC?AF������

@MRRJCQ �

7 FGJC�@MRF�MD�RFCQC�OSCQRGMLQ�WMS�AMSJB�NPM@?@JW�QMJTC�UGRFMSR�

?L�COS?RGML�MP�DMPK?J�K?RFCK?RGAQ
�UC�?PC�EMGLE�RM�DMPK?JGXC�MSP�

?NNPM?AF� RM� RFGQ� NPM@JCK� RM� NPMTGBC� ?� KC?LQ� RM� ?LQUCP� KMPC�

AMKNJGA?RCB�OSCQRGMLQ��

3SNNMQC�RF?R�)E� PCNPCQCLRQ�RFC�LSK@CP
�MP�NMNSJ?RGML
�MD�@MRRJCQ�

-?P AM� F?Q� ?DRCP�E� WC?PQ�� 3M�)� � UMSJB� PCNPCQCLR� RFC� LSK@CP� MD�

@MRRJCQ�LMU
�) 
 �UMSJB�PCNPCQCLR�RFC�LSK@CP�MD�@MRRJCQ�?DRCP���WC?P
�

)� �UMSJB�PCNPCQCLR�RFC�LSK@CP�MD�@MRRJCQ�?DRCP���WC?PQ
�?LB�QM�ML��

7 C�AMSJB�BCQAPG@C�FMU�-?P AMnQ�@MRRJC�AMJJCARGML�GQ�AF?LEGLE�SQGLE��

)� ����� ��

)E���)E	 
 ������

4FGQ�GQ�A?JJCB�?�H;9KHI?L;�H;B7J?EDI>?F��!�PCASPQGTC�PCJ?RGMLQFGN�GQ�

?�DMPKSJ?�UFGAF�PCJ?RCQ�RFC�LCVR�T?JSC�GL�?�QCOSCLAC�RM�RFC�NPCTGMSQ�

T?JSCQ��(CPC
�RFC�LSK@CP�MD�@MRRJCQ�GL�WC?P�E�A?L�@C�DMSLB�@W�?BBGLE�

���RM�RFC�LSK@CP�MD�@MRRJCQ�GL�RFC�NPCTGMSQ�WC?P
� )E	 
 �� 5 QGLE�RFGQ�

PCJ?RGMLQFGN
�UC�AMSJB�A?JASJ?RC��

) 
���)� ���������� �������������

)����) 
 �����������������������

)����)� �����������������������

)����)� �����������������������

)����)� ��������������������� ��

7 C�F?TC�?LQUCPCB�RFC�OSCQRGML�MD�FMU�K?L W�@MRRJCQ�-?PAM�UGJJ�

F?TC� GL� �� WC?PQ�� (MUCTCP
� QMJTGLE� FMU� JMLE� GR� UGJJ� R?IC� DMP� FGQ�

AMJJCARGML� RM� PC?AF� ����� @MRRJCQ� UMSJB� PCOSGPC� ?� JMR� KMPC�

A?JASJ?RGMLQ��

7 FGJC�PCASPQGTC�PCJ?RGMLQFGNQ�?PC�CVACJJCLR�DMP�BCQAPG@GLE�QGKNJW�

,GLC?P�	!JEC@P?GA
�'P MURF��Z��� ��



?LB� AJC?LJW�?FN� ?� OS?LRGRW� GQ� AF?LEGLE
� RFCW� ?PC� LMR� AMLTCLGCLR�

DMP�K?IGLE�NPCBGARGMLQ�MP�QMJTGLE�NPM@JCKQ�RF?R�QRPCRAF�D?P�GLRM�RFC�

DSRSPC�� &MP� RF?R
� ?� AJMQCB� MP� CVNJGAGR� DMPK� DMP� RFC� PCJ?RGMLQFGN� GQ�

NPCDCPPCB�� !L� ;NFB?9?J� ;GK7J?ED�?JJMUQ� SQ� RM� A?JASJ?RC�)E� BGPCARJW
�

UGRFMSR� LCCBGLE� RM� ILMU� )E	 
 �� 7 FGJC� WMS� K?W� ?JPC?BW� @C� ?@JC� RM�

ESCQQ� RFC� CVNJGAGR� COS?RGML
� JCR� SQ� BCPGTC� GR� DPMK� RFC� PCASPQGTC�

DMPKSJ?��7C�A?L�BM�QM�@W�QCJCARGTCJW�LMR�QGKNJGDWGLE�?Q�UC�EM��

) 
��� �� ������ ���������������������������������������������������� �����	 ��
�

)����) 
 ���������� ����������� ���������������� �����	 ��
�

)����)� ��������	 �� �����	 ��
 
����� �������� �����	 ��
�

)����)� ��������	 �� �����	 ��
 
����� �������� �����	 ��
�

�

9MS�A?L�NPM@?@JW�QCC�RFC�N?RRCPL�LMU
�?LB�ECLCP?JGXC�RF?R�

)E��� �� ���� E	��
����� ������ E�

5 QGLE�RFGQ�COS?RGML
�UC�A?L�A?JASJ?RC�FMU�K?L W�@MRRJCQ�FCnJJ�F?TC�

?DRCP���WC?PQ��

)��� ��� ������	�
����� ������������ ��

7 C� A?L� LMU� ?JQM� QMJTC� DMP� UFCL� RFC� AMJJCARGML� UGJJ� PC?AF� �����

@MRRJCQ�@W�QS@QRGRSRGLE�GL������DMP�)E �?LB�QMJTGLE�DMP�E�

��������� ������ E�

�������� E�

E������ �������� ����

3M�-?PAM�UGJJ�PC?AF������@MRRJCQ�GL����WC?PQ��

)L� RFC� NPCTGMSQ� CV?KNJC
� -?PAMnQ� AMJJCARGML� EPCU� @W� RFC�J8D<�

ELD9<P�MD�@MRRJCQ�CTCPW�WC?P��4FGQ�AMLQR?LR�AF?LEC�GQ�RFC�BCDGLGLE�

AF?P?ARCPGQRGA�MD�JGLC?P�EPMURF���� 0JMRRGLE�RFC�T?JSCQ�UC�A?JASJ?RCB�

� �� ��Z��,GLC?P�	!JEC@P?GA
�'P MURF



DMP�-?PAMnQ�AMJJCARGML
�UC�A?L�QCC�RFC�T?JSCQ�DMPK�?�QRP?GEFR�JGLC
�RFC�

QF?NC�MD�JGLC?P�EPMURF��

,GLC?P�'PMURF�

)D�?�OS?LRGRW�QR?PRQ�?R�QGXC�)� �?LB�EPMUQ�@W�; �CTCPW�

RGKC�NCPGMB
�RFCL�RFC�OS?LRGRW�?DRCP�E�RGKC�NCPGMBQ�A?L�

@C�BCRCPKGLCB�SQGLE�CGRFCP�MD�RFCQC�PCJ?RGMLQ��

2CASPQGTC�DMPK��

)E���)E	 
 ��� ;�

%VNJGAGR�DMPK��

)E���)�� �� ;�E�

)L�RFGQ�COS?RGML
�; �PCNPCQCLRQ�RFC�9ECCED�:?<<;H;D9;�

k�RFC�?KMSLR�RF?R�RFC�NMNSJ?RGML�AF?LECQ�C?AF�RGKC�E�

GLAPC?QCQ�@W���

�

Connection to prior learning Ð slope and 
intercept 

9MS�K?W�PCAMELGXC�RFC�AMKKML�BGDDCPCLAC
�; 
�GL�MSP�JGLC?P�COS?RGML�

?Q�JCFG<��)L�D?AR
�RFC�CLRGPC�CVNJGAGR�COS?RGML�QFMSJB�JMMI�D?KGJG?P�k�GR�

GQ�RFC�Q?KC�JGLC?P�COS?RGML�WMS�JC?PLCB�GL�?JEC@P?
�NPM@?@JW�QR?RCB�

?Q�P���DO���9 ��

)L� RFC� QR?LB?PB� ?JEC@P?GA� COS?RGML�P� �� DO� �� 9 
� 9� U?Q� RFC�

P�GLRCPACNR
� MP� RFC�P� T?JSC� UFCL�O� U?Q� XCPM�� )L� RFC� DMPK� MD� RFC�

,GLC?P�	!JEC@P?GA
�'P MURF��Z��� ��



COS?RGML� UCnPC� SQGLE
� UC� ?PC� SQGLE�)� � RM� PCNPCQCLR� RF?R� GLGRG?J�

?KMSLR��

)L�RFC�P���DO���9 �COS?RGML
�PCA?JJ�RF?R�D �U?Q�RFC�QJMNC��9MS�KGEFR�

PCKCK@CP�RFGQ�?Q�pPGQC�MTCP�PSLq
�MP�RFC�AF?LEC�GL�P�BGTGBCB�@W�RFC�

AF?LEC�GL�O��%GRFCP�U?W
�GR�PCNPCQCLRQ�RFC�Q?KC�RFGLE�?Q�RFC�AMKKML�

BGDDCPCLAC
�; 
� UC� ?PC� SQGLE� k� RFC� ?KMSLR� RFC� MSRNSR�)E � AF?LECQ�

UFCL�RFC�GLNSR�E�GLAPC?QCQ�@W����

4FC� COS?RGMLQ�P� �� DO� �� 9 � ?LB� )E� �� )�� �� ;� E� KC?L� RFC� Q?KC�

RFGLE�?LB�A?L�@C�SQCB�RFC�Q?KC�U?WQ
�UCnPC�HSQR�UPGRGLE�GR�QMKCUF?R�

BGDDCPCLRJW��

Example 1 

4FC�NMNSJ?RGML�MD�CJI�GL�?�L?RGML?J�DMPCQR�U?Q�KC?QSPCB�RM�@C���
����

GL� ����
� ?LB� U ?Q� KC?QSPCB� ?E?GL� RM� @C� ��
���� GL� ��� � �� )D� RFC�

NMNSJ?RGML�AMLRGLSCQ�RM�EPMU�JGLC?PJW�?R�RFGQ�P?RC
�UF?R�UGJJ�RFC�CJI�

NMNSJ?RGML�@C�GL����� �

4M� @CEGL
� UC� LCCB� RM� BCDGLC� FMU� U CnPC� EMGLE� RM� KC?QSPC�E���

2CKCK@CP� RF?R�)� � GQ� RFC� NMNSJ?RGML� UFCL�E� �� � 
� QM� UC� NPM@?@JW�

BMLnR� U?LR� RM� JGRCP?JJW� SQC� RFC� WC?P� � �� 3GLAC� UC� ?JPC?BW� ILMU� RFC�

NMNSJ?RGML�GL�����
�JCR�SQ�BCDGLC�E�����RM�@C�RFC�WC?P�������4FCL�

)� �����
 ��� ��

. CVR� UC� LCCB� RM� DGLB�; �� 2CKCK@CP�; � GQ� RFC� EPMURF� NCP� RGKC�

NCPGMB
� GL� RFGQ� A?QC� EPMURF� NCP� WC?P�� "CRUCCL� RFC� RUM�

KC?QSPCKCLRQ
�RFC�NMNSJ?RGML�EPCU�@W���
���� ��
 �������
 ��� 
�@SR�GR�

RMMI���� � � ���������W C?PQ�RM�EPMU�RF?R�KSAF��4M�DGLB�RFC�EPMURF�NCP�

WC?P
�UC�A?L�BGTGBC�������CJI�����W C?PQ�������CJI�GL���WC?P��

!JRCPL?RGTCJW
� WMS� A?L� SQC� RFC� QJMNC� DMPKSJ?� DPMK� ?JEC@P?� RM�

BCRCPKGLC�RFC�AMKKML�BGDDCPCLAC
�LMRGLE�RF?R�RFC�NMNSJ?RGML�GQ�RFC�

MSRNSR�MD�RFC�DMPKSJ?
�?LB�RGKC�GQ�RFC�GLNSR��

7 C�A?L�LMU�UPGRC�MSP�COS?RGML�GL�UFGAFCTCP�DMPK�GQ�NPCDCPPCB��
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)E �����
 ��������� E�

4M�?LQUCP�RFC�OSCQRGML
�UC�LCCB�RM�DGPQR�LMRC�RF?R�RFC�WC?P������

UGJJ�@C�E�����
�QGLAC������GQ����WC?PQ�?DRCP�������4FC�C VNJGAGR�DMPK�UGJJ�

@C�C?QGCP�RM�SQC�DMP�RFGQ�A?JASJ?RGML��

) 

 �����
 ���������	��
����� 
����CJI�

Example 2 

'?QMJGLC� AMLQSKNRGML� GL� RFC� 53� F?Q� @CCL� GLAPC?QGLE� QRC?BGJW��

#MLQSKNRGML�B?R?�DPMK������RM������GQ�QFM UL�@CJMU � ��&GLB�?�KMBCJ�

DMP�RFGQ�B?R?
�?LB�SQC�GR�RM�NPCBGAR�AMLQSKNRGML�GL�������)D�RFC�RPCLB�

AMLRGLSCQ
�UFCL�UGJJ�AMLQSKNRGML�PC?AF�����@GJJGML�E?JJMLQ �

9C?P� n��� n��� n��� n��� n��� n��� n��� n��� n��� n��� n��� n��� n���

#MLQSKNRGML�
	@GJJGML�MD�
E?JJMLQ
�

���� ���� ���� ���� ���� ���� �� �� ���� ���� ���� ���� ���� ����

0JMRRGLE� RFGQ� B?R?
� GR� ?NNC?PQ� RM� F?TC� ?L� ?NNPMVGK?RCJW� JGLC?P�

PCJ?RGMLQFGN��

�� �FRRN��� UUU�@RQ�EMT�NS@JGA?RGMLQ�

L?RGML?J>RP?LQNMPR?RGML>QR?RGQRGAQ����� �F RKJ�

R?@JC>��>�� �FRKJ�

,GLC?P�	!JEC@P?GA
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7 FGJC�RFCPC�?PC�KMPC�?BT?LACB�QR?RGQRGA?J�RCAFLGOSCQ�RF?R�A?L�@C�

SQCB�RM�DGLB�?L�COS?RGML�RM�KMBCJ�RFC�B?R?
�RM�ECR�?L�GBC?�MD�UF?R�GQ�

F?NNCLGLE
�UC�A?L�DGLB�?L�COS?RGML�@W�SQGLE�RUM�NGCACQ�MD�RFC�B?R?�

k�NCPF?NQ�RFC�B?R?�DPMK������?LB�������

,CRRGLE�E� �� �� A MPPCQNMLB� UGRF� ����� U MSJB� EGTC�)� � �� ���� @GJJGML�

E?JJMLQ��

4M� DGLB�; 
� UC� LCCB� RM� ILMU� FMU� KSAF� RFC� E?Q� AMLQSKNRGML�

GLAPC?QCB� C?AF� WC?P
� ML� ?TCP?EC�� &PMK� ����� RM� ����� RFC� E?Q�

AMLQSKNRGML�GLAPC?QCB�DPMK�����@GJJGML�E?JJMLQ�RM�����@GJJGML�E?JJMLQ
�

?�RMR?J�AF?LEC�MD� ���� k� ���� �� ���@GJJGML�E?JJMLQ
�MTCP� ���WC?PQ��4FGQ�

EGTCQ�SQ�?L�?TCP?EC�AF?LEC�MD����@GJJGML�E?JJMLQ������WC?P�������@GJJGML�

E?JJMLQ�NCP�WC?P��

%OSGT?JCLRJW
�

@GJJGML�E?JJMLQ�NCP�WC?P�

7 C�A?L�LMU�UPGRC�MSP�COS?RGML�GL�UFGAFCTCP�DMPK�GQ�NPCDCPPCB��
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�

#?JASJ?RGLE�T?JSCQ�SQGLE�RFC�CVNJGAGR�DMPK�?LB�NJMRRGLE�RFCK�UGRF�

RFC�MPGEGL?J�B?R?�QFMUQ�FMU�U CJJ�MSP�KMBCJ�DGRQ�RFC�B?R?��

7 C�A?L�LMU�SQC�MSP�KMBCJ�RM�K?IC�NPCBGARGMLQ�?@MSR�RFC�DSRSPC
�

?QQSKGLE�RF?R�RFC�NPCTGMSQ�RPCLB�AMLRGLSCQ�SLAF?LECB��4M�NPCBGAR�

RFC�E?QMJGLC�AMLQSKNRGML�GL�������

E���� ��	�����k��������� ��WC?PQ�J?RCP
�

)�� ������������	� � 
������� ��

/SP�KMBCJ�NPCBGARQ�RF?R�RFC�53�UGJJ�AMLQSKC�������@GJJGML�E?JJMLQ�

MD�E?QMJGLC�GL������GD�RFC�ASPPCLR�RPCLB�AMLRGLSCQ��

4M�DGLB�UFCL�RFC�AMLQSKNRGML�UGJJ�PC?AF�����@GJJGML�E?JJMLQ
�UC�

UMSJB�QCR�)E� ����� 
�?LB�QMJTC�DMP�E��

)E ������ ����������������������������������2CNJ?AC�)E �UGRF�MSP�KMBCJ�

��������� E������ ��������������������3S@RP?AR�����DPMK�@MRF�QGBCQ�

��� E���� � ���������������������������������$GTGBC�@MRF�QGBCQ�@W�����

E����� ������

4FGQ� RCJJQ� SQ� RF?R� AMLQSKNRGML� UGJJ� PC?AF� ���� @GJJGML� ?@MSR� ���

WC?PQ�?DRCP�����
�UFGAF�UMSJB�@C�GL�RFC�WC?P�������

Example 3 

4FC� AMQR
� GL� BMJJ?PQ
� MD� ?� EWK� KCK@CPQFGN� DMP�E� KMLRFQ� A?L� @C�

BCQAPG@CB� @W� RFC� CVNJGAGR� COS?RGML�)E � �� ��� �� �� E�� 7 F?R� BMCQ� RFGQ�

COS?RGML�RCJJ�SQ �

4FC�T?JSC�DMP�)� �GL�RFGQ�COS?RGML�GQ���
�QM�RFC�GLGRG?J�QR?PRGLE�AMQR�

,GLC?P�	!JEC@P?GA
�'P MURF��Z�����



GQ������4FGQ�RCJJQ�SQ�RF?R�RFCPC�KSQR�@C�?L�GLGRG?RGML�MP�QR?PR�SN�DCC�MD�

����RM�HMGL�RFC�EWK��

4FC�T?JSC�DMP�; �GL�RFC�COS?RGML�GQ���
�QM�RFC�AMQR�GLAPC?QCQ�@W�����

C?AF�KMLRF��4FGQ�RCJJQ�SQ�RF?R�RFC�KMLRFJW�KCK@CPQFGN�DCC�DMP�RFC�

EWK�GQ�����?�KMLRF��

Try it Now 1 

4FC�LSK@CP�MD�QR?W�?R�FMKC�D?RFCPQ�GL�#?L?B?�F?Q�@CCL�EPMUGLE�

QRC?BGJW� ����7 FGJC�RFC�RPCLB�GQ�LMR�NCPDCARJW�JGLC?P
�GR�GQ�D?GPJW�JGLC?P��

5 QC�RFC�B?R?�DPMK��� ���?LB������RM�D GLB�?L�CVNJGAGR�DMPKSJ?�DMP�RFC�

LSK@CP�MD�QR?W�?R�FMKC�D?RFCPQ
�RFCL�SQC�GR�RM�NPCBGAR�RFC�LSK@CP�

GD����� ��

When good models go bad 

7 FCL�SQGLE� K?RFCK?RGA?J�KMBCJQ� RM�NPCBGAR�DSRSPC�@CF?TGMP
�GR�GQ�

GKNMPR?LR� RM� ICCN� GL� KGLB� RF?R� TCPW� DCU� RPCLBQ� UGJJ� AMLRGLSC�

GLBCDGLGRCJW��

Example 4 

3SNNMQC�?�DMSP�WC?P�MJB�@MW�GQ�ASPPCLRJW����GLAFCQ�R?JJ
�?LB�WMS�?PC�

RMJB�RM�CVNCAR�FGK�RM�EPMU�����GLAFCQ�?�WC?P��

7 C� A?L� QCR� SN� ?� EPMURF� KMBCJ
� UGRF�E� �� �� A MPPCQNMLBGLE� RM� ��

WC?PQ�MJB��

�� �FRRN��� UUU�DGP?�A?�?P RGAJC�NFN GB�����

��� ��Z��,GLC?P�	!JEC@P?GA
�'P MURF
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)E ����������� E�

3M�?R���WC?PQ�MJB
�UC�UMSJB�CVNCAR�FGK�RM�@C�

) ������������	�
������GLAFCQ�R?JJ�

!L W�K?RFCK?RGA?J�KMBCJ�UGJJ�@PC?I�BMUL�CTCLRS?JJW��#CPR?GLJW
�UC�

QFMSJBLnR�CVNCAR�RFGQ�@MW�RM�AMLRGLSC�RM�EPMU�?R�RFC�Q?KC�P?RC�?JJ�FGQ�

JGDC��)D�FC�BGB
�?R�?EC����FC�UMSJB�@C�

) �������������	 �� 
�������GLAFCQ�R?JJ��������DCCR�R?JJ��

7 FCL�SQGLE�?LW�K?RFCK?RGA?J�KMBCJ
�UC�F?TC�RM�AMLQGBCP�UFGAF�

GLNSRQ� ?PC� PC?QML?@JC� RM� SQC�� 7FCLCTCP� UC�;NJH7FEB7J; 
� MP� K?IC�

NPCBGARGMLQ�GLRM�RFC�DSRSPC
�UC�?PC�?QQSKGLE�RFC�KMBCJ�UGJJ�AMLRGLSC�

RM�@C�T?JGB��

,GLC?P�	!JEC@P?GA
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79. Exponential (Geometric) 
Growth 

3SNNMQC�RF?R�CTCPW�WC?P
�MLJW�����M D�RFC�DGQF�GL�?�J?IC�F?TC�QSPTGTGLE�

MDDQNPGLE�� )D�RFCPC�UCPC� ����D GQF�GL�RFC�J?IC�J?QR�WC?P
�RFCPC�UMSJB�

LMU�@C�����DGQF��)D�RFCPC�UCPC������D GQF�GL�RFC�J?IC�J?QR�WC?P
�RFCPC�

UMSJB�LMU�@C������DGQF�� !@QCLR�?LW�GLFG@GRGLE�D?ARMPQ
�NMNSJ?RGMLQ�

MD� NCMNJC� ?LB� ?LGK?JQ� RCLB� RM� EPMU� @W� ?� NCPACLR� MD� RFC� CVGQRGLE�

NMNSJ?RGML�C?AF�WC?P��

3SNNMQC�MSP�J?IC�@CE?L�UGRF������D GQF
�?LB�����MD�RFC�DGQF�F?TC�

QSPTGTGLE� MDDQNPGLE� C?AF� WC?P�� 3GLAC� UC� QR?PR� UGRF� ����� D GQF
�)� � ��

���� �� ( MU�BM�UC�A?JASJ?RC�) 
  �4FC�LCU�NMNSJ?RGML�UGJJ�@C�RFC�MJB�

NMNSJ?RGML
�NJSQ�?L�?BBGRGML?J������3WK@MJGA?JJW��

) 
 ��� )� ���� ��� )��

. MRGAC�RFGQ�AMSJB�@C�AMLBCLQCB�RM�?�QFMPRCP�DMPK�@W�D?ARMPGLE��

) 
 ��� )� ���� ��� )� ���� )� ���� ��� )�� ��	���� ��� 
)�� ������ )��

7 FGJC�����GQ�RFC�=HEMJ>�H7J; 
������GQ�RFC�=HEMJ>�CKBJ?FB?;H��. MRGAC�

RF?R������A ?L�@C�RFMSEFR�MD�?Q�pRFC�MPGEGL?J������NJSQ�?L�?BBGRGML?J�

���q�

&MP�MSP�DGQF�NMNSJ?RGML
�

) 
 �������	���� 
��������

7 C�AMSJB�RFCL�A?JASJ?RC�RFC�NMNSJ?RGML�GL�J?RCP�WC?PQ��

)� ������� ) 
 �������	���� 
��������

)� ������� )� �������	���� 
��������

. MRGAC�RF?R�GL�RFC�DGPQR�WC?P
�RFC�NMNSJ?RGML�EPCU�@W�����DGQF
�GL�RFC�

QCAMLB�WC?P
�RFC�NMNSJ?RGML�EPCU�@W�����DGQF
�?LB�GL�RFC�RFGPB�WC?P�

RFC�NMNSJ?RGML�EPCU�@W�����DGQF��

7 FGJC�RFCPC�GQ�?�AMLQR?LR�G<I:<EK8><�EPMURF
�RFC�?ARS?J�GLAPC?QC�

GL�LSK@CP�MD�DGQF�GQ�GLAPC?QGLE�C?AF�WC?P��

'P ?NFGLE� RFCQC� T?JSCQ� UC� QCC� RF?R� RFGQ� EPMURF� BMCQLnR� OSGRC�

?NNC?P�JGLC?P��

��� ��Z��%VNMLCLRG?J�	'C MKCRPGA

'P MURF



4M� ECR� ?� @CRRCP� NGARSPC� MD� FMU� RFGQ� NCPACLR?EC�@?QCB� EPMURF�

?DDCARQ�RFGLEQ
�UC�LCCB�?L�CVNJGAGR�DMPK
�QM�UC�A?L�OSGAIJW�A?JASJ?RC�

T?JSCQ�DSPRFCP�MSR�GL�RFC�DSRSPC��

,GIC�UC�BGB�DMP�RFC�JGLC?P�KMBCJ
�UC�UGJJ�QR?PR�@SGJBGLE�DPMK�RFC�

PCASPQGTC�COS?RGML��

) 
 ������� )� �������	���� 
�

)� ������� ) 
 �������	����	���� 

������� �	���� 
�

)� ������� )� �������	���� �	���� 

��������	���� 
�

)� ������� )� �������	�����	���� 

��������	���� 
�

/@QCPTGLE�?�N?RRCPL
�UC�A?L�ECLCP?JGXC�RFC�CVNJGAGR�DMPK�RM�@C��

)E ������� E	���� 

�MP�COSGT?JCLRJW
�)E �������	���� E
�

&PMK�RFGQ
�UC�A?L�OSGAIJW�A?JASJ?RC�RFC�LSK@CP�MD�DGQF�GL���
��� 
�MP�

���W C?PQ��

) 
� ������� 
� 	���� 
��������

)�� ������� �� 	���� 
���� ����

)�� ������� �� 	���� 
����� ����

!BBGLE�RFCQC�T?JSCQ�RM�MSP�EP?NF�PCTC?JQ�?�QF?NC�RF?R�GQ�BCDGLGRCJW�

LMR�JGLC?P��)D�MSP�DGQF�NMNSJ?RGML�F?B�@CCL�EPMUGLE�JGLC?PJW
�@W�����

%VNMLCLRG?J�	'C MKCRPGA
�'P MURF��Z�����



DGQF�C?AF�WC?P
�RFC�NMNSJ?RGML�UMSJB�F?TC�MLJW�PC?AFCB������GL����

WC?PQ�AMKN?PCB�RM�?JKMQR� ������UGRF�RFGQ�NCPACLR�@?QCB�EPMURF
�

A?JJCB�;NFED;DJ?7B�=HEMJ>
�

�

)L�CVNMLCLRG?J�EPMURF
�RFC�NMNSJ?RGML�EPMUQ�NPMNMPRGML?J�RM�RFC�

QGXC� MD� RFC� NMNSJ?RGML
� QM� ?Q� RFC� NMNSJ?RGML� ECRQ� J?PECP
� RFC� Q?KC�

NCPACLR�EPMURF�UGJJ�WGCJB�?�J?PECP�LSKCPGA�EPMURF��

%VNMLCLRG?J�'PMURF�

)D�?�OS?LRGRW�QR?PRQ�?R�QGXC�)� �?LB�EPMUQ�@W�+��

	UPGRRCL�?Q�?�BCAGK?J
�I 
�CTCPW�RGKC�NCPGMB
�RFCL�RFC�

OS?LRGRW�?DRCP�E�RGKC�NCPGMBQ�A?L�@C�BCRCPKGLCB�SQGLE�

CGRFCP�MD�RFCQC�PCJ?RGMLQ��

2CASPQGTC�DMPK��

)E ���	�� I 
�)E	 
�

%VNJGAGR�DMPK��

)E ���	�� I 
E�)� ��������MP�COSGT?JCLRJW
�)E ��� )� �	�� I 
E�

7 C�A?JJ�I �RFC�=HEMJ>�H7J; ��

4FC�RCPK�	��I 
�GQ�A?JJCB�RFC�=HEMJ>�CKBJ?FB?;H
�MP�

AMKKML�P?RGM��

�

Example 5 

"CRUCCL� ��� �� ?LB� ����
� /J WKNG?
� 7!� EPCU� ?JKMQR� ��� RM� ?�

��� ��Z��%VNMLCLRG?J�	'C MKCRPGA
�'P MURF



NMNSJ?RGML� MD� ���� RFMSQ?LB� NCMNJC�� )D� RFGQ� EPMURF� P?RC� U?Q� RM�

AMLRGLSC
�UF?R�UMSJB�RFC�NMNSJ?RGML�MD�/JWKNG?�@C�GL����� �

!Q� UC� BGB� @CDMPC
� UC� DGPQR� LCCB� RM� BCDGLC� UF?R� WC?P� UGJJ�

AMPPCQNMLB�RM�E���� ��3GLAC�UC�ILMU�RFC�NMNSJ?RGML�GL�����
�GR�UMSJB�

K?I C�QCLQC�RM�F?TC������A MPPCQNMLB�RM�E���� 
�QM����)� � ��� ��
 ��� ���

4FC�WC?P������U MSJB�RFCL�@C�E������

7 C�ILMU�RFC�EPMURF�P?RC�GQ���
�EGTGLE�I� ��� �����

5 QGLE�RFC�CVNJGAGR�DMPK��

)� ���	��� ��� 
��	� ��
 ��� 
����������	� ��
 ��� 
������
�������

4FC�KMBCJ�NPCBGARQ�RF?R�GL�����
�/J WKNG?�UMSJB�F?TC�?�NMNSJ?RGML�

MD�?@MSR�����RFMSQ?LB�NCMNJC��

%T?JS?RGLE�CVNMLCLRQ�ML�RFC�A?JASJ?RMP�

4M�CT?JS?RC�CVNPCQQGMLQ�JGIC�	���� 
�
�GR�UGJJ�@C�C?QGCP�RM�

SQC�?�A?JASJ?RMP�RF?L�KSJRGNJW������@ W�GRQCJD�QGV�RGKCQ��

- MQR�QAGCLRGDGA�A?JASJ?RMPQ�F?TC�?�@SRRML�DMP�CVNMLCLRQ��

)R�GQ�RWNGA?JJW�CGRFCP�J?@CJCB�JGIC��

=�
 ���WV�
���MP�VW���

4M�CT?JS?RC������ �UCnB�RWNC������=��
�MP��� ���WV��� ��4PW�

GR�MSR�k�WMS�QFMSJB�ECR�?L�?LQUCP�?PMSLB��������� ���

�

Try it Now 2 

)LBG?� GQ� RFC� QCAMLB� KMQR� NMNSJMSQ� AMSLRPW� GL� RFC� UMPJB
� UGRF� ?�

NMNSJ?RGML� GL� ����� MD� ?@MSR� ����� @GJJGML� NCMNJC�� 4FC� NMNSJ?RGML� GQ�

EPMUGLE�@W�?@MSR�������C?AF�WC?P��)D�RFGQ�RPCLB�AMLRGLSCQ
�UF?R�UGJJ�

)LBG?nQ�NMNSJ?RGML�EPMU�RM�@W��� �� �

%VNMLCLRG?J�	'C MKCRPGA
�'P MURF��Z�����



Example 6 

!� DPGCLB� GQ� SQGLE� RFC� COS?RGML�)E � �� ����	�� � ��
 E� RM� NPCBGAR� RFC�

?LLS?J�RSGRGML�?R�?�JMA?J�AMJJCEC��3FC�Q?WQ�RFC�DMPKSJ?�GQ�@?QCB�ML�

WC?PQ�?DRCP����� ��7 F?R�BMCQ�RFGQ�COS?RGML�RCJJ�SQ �

)L� RFC� COS?RGML
�)� � �� ���� 
� UFGAF� GQ� RFC� QR?PRGLE� T?JSC� MD� RFC�

RSGRGML�UFCL�E���� ��4FGQ�RCJJQ�SQ�RF?R�RFC�RSGRGML�GL������U?Q���
 ��� ��

4FC�EPMURF�KSJRGNJGCP�GQ���� ��
�QM�RFC�EPMURF�P?RC�GQ���� ��
�MP�� �����

4FGQ�RCJJQ�SQ�RF?R�RFC�RSGRGML�GQ�CVNCARCB�RM�EPMU�@W������C ?AF�WC?P��

0SRRGLE�RFGQ�RMECRFCP
�UC�AMSJB�Q?W�RF?R�RFC�RSGRGML�GL� �����U?Q�

��
 ��� 
�?LB�GQ�CVNCARCB�RM�EPMU�@W������C ?AF�WC?P��

Example 7 

)L����� 
�RFC�PCQGBCLRG?J�CLCPEW�SQC�GL�RFC�53�U?Q�PCQNMLQG@JC�DMP�����

KGJJGML�KCRPGA�RMLQ�MD�A?P@ML�BGMVGBC�CKGQQGMLQ��"W�RFC�WC?P����� 
�

RF?R�LSK@CP�F?B�PGQCL�RM������KGJJGML�KCRPGA�RMLQ� ��)D�RFC�CKGQQGMLQ�

EPMU� CVNMLCLRG?JJW� ?LB� AMLRGLSC� ?R� RFC� Q?KC� P?RC
� UF?R� UGJJ� RFC�

CKGQQGMLQ�EPMU�RM�@W����� �

3GKGJ?P�RM�@CDMPC
�UC�UGJJ�AMPPCQNMLB�E� �� ��UG RF����� 
�?Q�RF?R�GQ�

RFC�WC?P�DMP�RFC�DGPQR�NGCAC�MD�B?R?�UC�F?TC��4F?R�UGJJ�K?IC�)� �������

	KGJJGML�KCRPGA�RMLQ�MD�#/�
��) L�RFGQ�NPM@JCK
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80. Solve Exponentials for 
Time: Logarithms 

%?PJGCP
�UC�DMSLB�RF?R�QGLAC� /JWKNG?
�7!�F?B�?�NMNSJ?RGML�MD� ����

RFMSQ?LB� GL� ����� ?LB� F?B� @CCL� EPMUGLE� ?R� ��� NCP� WC?P
� RFC�

NMNSJ?RGML�AMSJB�@C�KMBCJCB�@W�RFC�COS?RGML�

�

)E ���	��� ��� 
E�	� ��
 ��� 

�MP�COSGT?JCLRJW
�)E ���� ��
 ���	�� �� 
E��

�

5 QGLE�RFGQ�COS?RGML
�UC�UCPC�?@JC�RM�NPCBGAR�RFC�NMNSJ?RGML�GL�RFC�

DSRSPC��

�

3SNNMQC� UC� U?LRCB� RM� ILMU� UFCL� RFC� NMNSJ?RGML� MD� /JWKNG?�

UMSJB� PC?AF� ���� RFMSQ?LB���� 3GLAC� UC� ?PC� JMMIGLE� DMP� RFC� WC?P�E�

UFCL�RFC�NMNSJ?RGML�UGJJ�@C�����RFMSQ?LB
�UC�UMSJB�LCCB�RM�QMJTC�

RFC�COS?RGML�

�

��� 
���� �� � ��
 ���	�� �� 
E������������������� BGTGBGLE� @MRF� QGBCQ� @W�

� ��
 ����E GTCQ�

�� ��������� �� E�

�

/LC�?NNPM?AF�RM�RFGQ�NPM@JCK�UMSJB�@C�RM�APC?RC�?�R?@JC�MD�T?JSCQ
�

MP�RM�SQC�RCAFLMJMEW�RM�BP?U�?�EP?NF�RM�CQRGK?RC�RFC�QMJSRGML��

3MJTC�%VNMLCLRG?JQ�DMP�4GKC�
,ME?PGRFKQ��Z�����



&PMK�RFC�EP?NF
�UC�A?L�CQRGK?RC�RF?R�RFC�QMJSRGML�UGJJ�@C�?PMSLB�

��� RM� ��� WC?PQ� ?DRCP� ����� 	�� � �� RM� �� ��
�� 4FGQ� GQ� NPCRRW� EMMB
� @SR�

UCnB� PC?JJW� JGIC� RM� F?TC� ?L� ?JEC@P?GA� RMMJ� RM� ?LQUCP� RFGQ� OSCQRGML��

4M� BM� RF?R
� UC� LCCB� RM� GLRPMBSAC� ?� LCU� DSLARGML� RF?R� UGJJ� SLBM�

CVNMLCLRG?JQ
� QGKGJ?P� RM� FMU� ?� QOS?PC� PMMR� SLBMCQ� ?� QOS?PC�� &MP�

CVNMLCLRG?JQ
� RFC� DSLARGML� UC� LCCB� GQ� A?JJCB� ?� JME?PGRFK�� )R� GQ� RFC�

GLTCPQC� MD� RFC� CVNMLCLRG?J
� KC?LGLE� GR� SLBMCQ� RFC� CVNMLCLRG?J��

7 FGJC�RFCPC�GQ�?�UFMJC�D?KGJW�MD�JME?PGRFKQ�UGRF�BGDDCPCLR�@?QCQ
�UC�

UGJJ�DMASQ�ML�RFC�AMKKML�JME
�UFGAF�GQ�@?QCB�ML�RFC�CVNMLCLRG?J�

�� O��

#MKKML�,ME?PGRFK�

4FC�AMKKML�JME?PGRFK
�UPGRRCL�JME	O

�SLBMCQ�RFC�

CVNMLCLRG?J���O�

4FGQ�KC?LQ�RF?R�JME	��O
��� O
�?LB�JGICUGQC���JME	O
��� O�

4FGQ�?JQM�KC?LQ�RFC�QR?RCKCLR��� 8��� 9�GQ�COSGT?JCLR�RM�

RFC�QR?RCKCLR�JME	9
��� 8�

JME	O
�GQ�PC?B�?Q�pJME�MD�Oq
�?LB�KC?LQ�pRFC�JME?PGRFK�MD�

RFC�T?JSC�Oq��)R�GQ�GKNMPR?LR�RM�LMRC�RF?R�RFGQ�GQ�EFK�

KSJRGNJGA?RGML�k�RFC�JME�BMCQLnR�KC?L�?LWRFGLE�@W�GRQCJD
�

HSQR�JGIC�v�BMCQLnR�KC?L�?LWRFGLE�@W�GRQCJD��GR�F?Q�RM�@C�

?NNJGCB�RM�?�LSK@CP��

�

Example 9 

%T?JS?RC�C?AF�MD�RFC�DMJJMUGLE�

��� ��Z��3MJTC�%VNMLCLRG?JQ�DMP�4GKC��,ME?PGRFKQ



?
� JME	��� 
������� ��� @
� JME	���� 
������������ A
� JME	����� 
� ���������B
� JME	��

��� 
�����������������C
�JME	�
�

�

?
� JME	��� 
� A?L� @C� UPGRRCL� ?Q� JME	���
�� 3 GLAC� RFC� JME� SLBMCQ� RFC�

CVNMLCLRG?J
�JME	���
�����

@
�JME	���� 
���JME	��� 
�����

A
�JME	����� 
���JME	��� 
�����

B
� 2CA?JJ� RF?R� ���

C
�2CA?JJ�RF?R�O������ ���JME	�
���JME	��� 
�����

�

�

)R�GQ�FCJNDSJ�RM�LMRC�RF?R�DPMK�RFC�DGPQR�RFPCC�N?PRQ�MD�RFC�NPCTGMSQ�

CV?KNJC�RF?R�RFC�LSK@CP�UCnPC�R?IGLE�RFC�JME�MD�F?Q�RM�ECR�
��K@D<J�

9@>><I�DMP�RFC�JME�RM�GLAPC?QC�GL�T?JSC�@W����

/D� AMSPQC
� KMQR� LSK@CPQ� A?LLMR� @C� UPGRRCL� ?Q� ?� LGAC� QGKNJC�

NMUCP� MD� �� �� &MP� RFMQC� LSK@CPQ
� UC� A?L� CT?JS?RC� RFC� JME� SQGLE� ?�

QAGCLRGDGA�A?JASJ?RMP�UGRF�?�JME�@SRRML��

�

Example 10 

%T?JS?RC�JME	��� 
�

�

5 QGLE�?�A?JASJ?RMP
�JME	��� 
�GQ�?NNPMVGK?RCJW����������

�

�

7GRF�?L�COS?RGML
�HSQR�JGIC�UC�A?L�?BB�?�LSK@CP�RM�@MRF�QGBCQ
�

KSJRGNJW�@MRF�QGBCQ�@W�?�LSK@CP
�MP�QOS?PC�@MRF�QGBCQ
�UC�A?L�?JQM�

3MJTC�%VNMLCLRG?JQ�DMP�4GKC��,ME?PGRFKQ��Z�����



R?IC�RFC�JME?PGRFK�MD�@MRF�QGBCQ�MD�RFC�COS?RGML�?LB�CLB�SN�UGRF�

?L� COSGT?JCLR� COS?RGML�� 4FGQ� UGJJ� ?JJMU� SQ� RM� QMJTC� QMKC� QGKNJC�

COS?RGMLQ��

�

�

Example 11 

?
� 3MJTC� �� O� �� ���� ����������������� @
� 3MJTC� �� O� �� � ���������������������� A
� 3MJTC�

�	�� O
�����

�

?
�4?IGLE�RFC�JME�MD�@MRF�QGBCQ�EGTCQ�JME	��O
���JME	���� 
�

�

3GLAC� RFC� JME� SLBMCQ� RFC� CVNMLCLRG?J
� JME	��O
� �� O�� 3GKGJ?PJW�

JME	���� 
���JME	��� 
������

4FC�COS?RGML�QGKNJGDGCQ�RFCL�RM�O������

�

@
�4?IGLE�RFC�JME�MD�@MRF�QGBCQ�EGTCQ�JME	��O
���JME	� 
��

�

/L�RFC�JCDR�QGBC
�JME	��O
� �� O
�QM�O���JME	� 
��7 C�A?L�?NNPMVGK?RC�

RFGQ�T?JSC�UGRF�?�A?JASJ?RMP��O�x�� �����

�

A
�( CPC�UC�UMSJB�DGPQR�U?LR�RM�GQMJ?RC�RFC�CVNMLCLRG?J�@W�BGTGBGLE�

@MRF�QGBCQ�MD�RFC�COS?RGML�@W��
�EGTGLE�

�� O������

�

. MU� U C� A?L� R?IC� RFC� JME� MD� @MRF� QGBCQ
� EGTGLE� JME	��O
� �� JME	� 

�

UFGAF�QGKNJGDGCQ�RM�

O���JME	� 
�x�� ��� ��

4FGQ�?NNPM?AF�?JJMUQ�SQ�RM�QMJTC�CVNMLCLRG?J�COS?RGMLQ�UGRF�NMUCPQ�

MD� �� 
� @SR� UF?R� ?@MSR� NPM@JCKQ� JGIC� �� �� �� �� E� DPMK� C?PJGCP
� UFGAF�

��� ��Z��3MJTC�%VNMLCLRG?JQ�DMP�4GKC��,ME?PGRFKQ



F?TC�?�@?QC�MD� ���� �&MP�RF?R
�UC�LCCB�RFC�CVNMLCLR�NPMNCPRW�DMP�

JMEQ��

�

0PMNCPRGCQ�MD�,MEQ��%VNMLCLR�0PMNCPRW�

�

�

�

4M�QFMU�UF W�RFGQ�GQ�RPSC
�UC�MDDCP�?�NPMMD��

3GLAC� RFC� JME?PGRFK� ?LB� CVNMLCLRG?J� SLBM� C?AF� MRFCP
�

��

3M�

5 RGJGXGLE�RFC�CVNMLCLRG?J�PSJC�RF?R�QR?RCQ� 
�

�

3M�RFCL�

!E?GL�SRGJGXGLE�RFC�NPMNCPRW�RF?R�RFC�JME�SLBMCQ�RFC�CVNMLCLRG?J�

ML�RFC�PGEFR�QGBC�WGCJBQ�RFC�PCQSJR�

�

Example 12 

2CUPGRC�JME	��
�SQGLE�RFC�CVNMLCLR�NPMNCPRW�DMP�JMEQ�

�

JME	��
���JME	��
����JME	�
�

3MJTC�%VNMLCLRG?JQ�DMP�4GKC��,ME?PGRFKQ��Z���� �



�

4FGQ�NPMNCPRW�UGJJ�DGL?JJW�?JJMU�SQ�RM�?LQUCP�MSP�MPGEGL?J�OSCQRGML��

�

�

3MJTGLE�CVNMLCLRG?J�COS?RGMLQ�UGRF�JME?PGRFKQ�

�� �����)QMJ?RC�RFC�CVNMLCLRG?J��)L�MRFCP�UMPBQ
�ECR�GR�@W�

GRQCJD�ML�MLC�QGBC�MD�RFC�COS?RGML��4FGQ�SQS?JJW�GLTMJTCQ�

BGTGBGLE�@W�?�LSK@CP�KSJRGNJWGLE�GR��

�� �����4?I C�RFC�JME�MD�@MRF�QGBCQ�MD�RFC�COS?RGML��

�� �����5 QC�RFC�CVNMLCLR�NPMNCPRW�MD�JMEQ�RM�PCUPGRC�RFC�

CVNMLCLRG?J�UGRF�RFC�T?PG?@JC�CVNMLCLR�KSJRGNJWGLE�RFC�

JME?PGRFK��

�� �����$GTGBC�?Q�LCCBCB�RM�QMJTC�DMP�RFC�T?PG?@JC��

�

�

�

Example 13 

)D� /JWKNG?� GQ� EPMUGLE� ?AAMPBGLE� RM� RFC� COS?RGML
�)E � �� � ��	�� �� 
E
�

UFCPC�E� GQ� WC?PQ� ?DRCP� ����
� ?LB� RFC� NMNSJ?RGML� GQ� KC?QSPCB� GL�

RFMSQ?LBQ��&GLB�UFCL�RFC�NMNSJ?RGML�UGJJ�@C�����RFMSQ?LB��

�

7 C�LCCB�RM�QMJTC�RFC�COS?RGML�

��� ��Z��3MJTC�%VNMLCLRG?JQ�DMP�4GKC��,ME?PGRFKQ



������� ��	�� �� 
E���������������������"CEGL�@W�BGTGBGLE�@MRF�QGBCQ�@W�����RM�

GQMJ?RC�RFC�CVNMLCLRG?J�

�� �������� �� E��������������������������. MU�R?IC�RFC�JME�MD�@MRF�QGBCQ�

JME	����� 
���JME	���� E
������������5 QC�RFC�CVNMLCLR�NPMNCPRW�MD�JMEQ�ML�

RFC�PGEFR�QGBC�

JME	����� 
�� E�JME	���� 
�����������. MU�U C�A?L�BGTGBC�@W�JME	���� 
�

�����������������������7 C�A?L�?NNPMVGK?RC�RFGQ�T?JSC�

ML�?�A?JASJ?RMP�

E�x��������

�

�

!JRCPL?RGTCJW
� ?DRCP� ?NNJWGLE� RFC� CVNMLCLR� NPMNCPRW� MD� JMEQ� ML�

RFC�PGEFR�QGBC
�UC�AMSJB�F?TC�CT?JS?RCB�RFC�JME?PGRFKQ�RM�BCAGK?J�

?NNPMVGK?RGMLQ� ?LB� AMKNJCRCB� MSP� A?JASJ?RGMLQ� SQGLE� RFMQC�

?NNPMVGK?RGMLQ
� ?Q� WMSnJJ� QCC� GL� RFC� LCVR� CV?KNJC�� 7FGJC� RFC� DGL?J�

?LQUCP�K?W�AMKC�MSR�QJGEFRJW�BGDDCPCLRJW
�?Q�JMLE�?Q�UC�ICCN�CLMSEF�

QGELGDGA?LR� T?JSCQ� BSPGLE� A?JASJ?RGML
� MSP� ?LQUCP� UGJJ� @C� AJMQC�

CLMSEF�DMP�KMQR�NSPNMQCQ��

�

�

Example 14 

0MJJSRCB� U?RCP� GQ� N?QQCB� RFPMSEF� ?� QCPGCQ� MD� DGJRCPQ�� %?AF� DGJRCP�

PCKMTCQ� ���� M D� RFC� PCK?GLGLE� GKNSPGRGCQ� DPMK� RFC� U?RCP�� )D� WMS�

F?TC����KGJJGML�N?PRGAJCQ�MD�NMJJSR?LR�NCP�E?JJML�MPGEGL?JJW
�FMU�K?L W�

DGJRCPQ� UMSJB� RFC� U?RCP� LCCB� RM� @C� N?QQCB� RFPMSEF� RM� PCBSAC� RFC�

NMJJSR?LR�RM�����N?PRGAJCQ�NCP�E?JJML �

�

)L� RFGQ� NPM@JCK
� MSP� pNMNSJ?RGMLq� GQ� RFC� LSK@CP� MD� N?PRGAJCQ� MD�

NMJJSR?LR�NCP�E?JJML��4FC�GLGRG?J�NMJJSR?LR�GQ����KGJJGML�N?PRGAJCQ�NCP�

3MJTC�%VNMLCLRG?JQ�DMP�4GKC��,ME?PGRFKQ��Z�����



E?JJML
� QM�)� � �� �� 
��� 
��� �� )LQRC?B� MD� AF?LEGLE� UGRF� RGKC
� RFC�

NMJJSR?LR�AF?LECQ�UGRF�RFC�LSK@CP�MD�DGJRCPQ
�QM�E�UGJJ�PCNPCQCLR�RFC�

LSK@CP�MD�DGJRCPQ�RFC�U?RCP�N?QQCQ�RFPMSEF��

�

!JQM
�QGLAC�RFC�?KMSLR�MD�NMJJSR?LR�GQ�;<:I <8J@E>�UGRF�C?AF�DGJRCP�

GLQRC?B�MD�GLAPC?QGLE
�MSP�pEPMURFq�P?RC�UGJJ�@C�LCE?RGTC
�GLBGA?RGLE�

RF?R�RFC�NMNSJ?RGML�GQ�BCAPC?QGLE�GLQRC?B�MD�GLAPC?QGLE
�QM�I ����� ��� ��

�

7 C�A?L�RFCL�UPGRC�RFC�CVNJGAGR�COS?RGML�DMP�RFC�NMJJSR?LR��

)E ����� 
��� 
���	��k�� ��� 
E����� 
��� 
���	 � ��� 
E�

�

4M�QMJTC�RFC�OSCQRGML�MD�FMU�K?L W�DGJRCPQ�?PC�LCCBCB�RM�JMUCP�RFC�

NMJJSR?LR�RM�����N?PRGAJCQ�NCP�E?JJML
�UC�A?L�QCR�)E �COS?J�RM����
�?LB�

QMJTC�DMP�E��

�

���� �� �� 
��� 
���	 � ��� 
E��������������������� $GTGBC� @MRF� QGBCQ� @W�

�� 
��� 
����

� ���������� ��� E����������������������������������4?I C�RFC�JME�MD�@MRF�QGBCQ�

JME	� ������
���JME	 � ��� E
��������������������5 QC�RFC�CVNMLCLR�NPMNCPRW�MD�

JMEQ�ML�RFC�PGEFR�QGBC�

JME	� ������
� �� E�JME	� ��� 
������������������%T?JS?RC�RFC�JME?PGRFKQ�RM�?�

BCAGK?J�?NNPMVGK?RGML�

������� �� E� 	� �
 ������������������������������������ $GTGBC� @W� ��
� RFC� T?JSC�

KSJRGNJWGLE�E�

�������� E�

�

)R� UMSJB� R?IC� ?@MSR� ������ DGJRCPQ�� /D� AMSPQC
� QGLAC� UC� NPM@?@JW�

A?LnR�GLQR?JJ� ����DGJRCPQ
�UC�UMSJB�LCCB�RM�SQC���DGJRCPQ�RM�@PGLE�RFC�

NMJJSR?LR�@CJMU�RFC�BCQGPCB�JCTCJ��

�

�

��� ��Z��3MJTC�%VNMLCLRG?JQ�DMP�4GKC��,ME?PGRFKQ



Try it Now 4 

)LBG?� F?B� ?� NMNSJ?RGML� GL� ����� MD� ?@MSR� ����� @GJJGML� NCMNJC�� 4FC�

NMNSJ?RGML� GQ� EPMUGLE� @W� ?@MSR� ������ C?AF� WC?P�� )D� RFGQ� RPCLB�

AMLRGLSCQ
�UFCL�UGJJ�)LBG?nQ�NMNSJ?RGML�PC?AF�����@GJJGML �

3MJTC�%VNMLCLRG?JQ�DMP�4GKC��,ME?PGRFKQ��Z�����



81. Logistic Growth 

)L� MSP� @?QGA� CVNMLCLRG?J� EPMURF� QACL?PGM
� UC� F?B� ?� PCASPQGTC�

COS?RGML�MD�RFC�DMPK�

)E� �� )E	 
� �� I�)E	 
�

)L� ?� AMLDGLCB� CLTGPMLKCLR
� FMUCTCP
� RFC� EPMURF� P?RC� K?W� LMR�

PCK?GL� AMLQR?LR�� )L� ?� J?IC
� DMP� CV?KNJC
� RFCPC� GQ� QMKC�D8O@DLD�

JLJK8@E89C<�GFGLC8K@FE�MD�DGQF
�?JQM�A?JJCB�?�97HHO?D=�97F79?JO��

#?PPWGLE�#?N?AGRW�

4FC�97HHO?D=�97F79?JO
�MP�C7N?CKC�IKIJ7?D78B;�

FEFKB7J?ED
�GQ�RFC�J?PECQR�NMNSJ?RGML�RF?R�?L�

CLTGPMLKCLR�A?L�QSNNMPR��

&MP�MSP�DGQF
�RFC�A?PPWGLE�A?N?AGRW�GQ�RFC�J?PECQR�NMNSJ?RGML�RF?R�RFC�

PCQMSPACQ�GL�RFC�J?IC�A?L�QSQR?GL��)D�RFC�NMNSJ?RGML�GL�RFC�J?IC�GQ�D?P�

@CJMU�RFC�A?PPWGLE�A?N?AGRW
�RFCL�UC�UMSJB�CVNCAR�RFC�NMNSJ?RGML�

RM� EPMU� CQQCLRG?JJW� CVNMLCLRG?JJW�� ( MUCTCP
� ?Q� RFC� NMNSJ?RGML�

?NNPM?AFCQ� RFC� A?PPWGLE� A?N?AGRW
� RFCPC� UGJJ� @C� ?� QA?PAGRW� MD� DMMB�

?LB� QN?AC� ?T?GJ?@JC
� ?LB� RFC� EPMURF� P?RC� UGJJ� BCAPC?QC�� )D� RFC�

NMNSJ?RGML� CVACCBQ� RFC� A?PPWGLE� A?N?AGRW
� RFCPC� UMLnR� @C� CLMSEF�

PCQMSPACQ�RM�QSQR?GL�?JJ�RFC�DGQF�?LB�RFCPC�UGJJ�@C�?�LCE?RGTC�EPMURF�

P?RC
� A?SQGLE� RFC� NMNSJ?RGML� RM� BCAPC?QC� @?AI� RM� RFC� A?PPWGLE�

A?N?AGRW��

)D� RFC� A?PPWGLE� A?N?AGRW� U?Q� ���� 
� RFC� EPMURF� P?RC� KGEFR� T?PW�

QMKCRFGLE� JGIC�RF?R�GL� RFC�EP?NF�QFMUL�� . MRC� RF?R�RFGQ� GQ� ?� JGLC?P�

COS?RGML� UGRF� GLRCPACNR� ?R� ���� ?LB� QJMNC� 
� QM� UC� AMSJB�

UPGRC�?L�COS?RGML�DMP�RFGQ�?BHSQRCB�EPMURF�P?RC�?Q��

�� � ��Z��,MEGQRGA�'PMURF



I 8;ALJK<;� ��

3S@QRGRSRGLE�RFGQ�GL�RM�MSP�MPGEGL?J�CVNMLCLRG?J�EPMURF�KMBCJ�DMP�I�

EGTCQ�

,MEGQRGA�'PMURF�

)D�?�NMNSJ?RGML�GQ�EPMUGLE�GL�?�AMLQRP?GLCB�

CLTGPMLKCLR�UGRF�A?PPWGLE�A?N?AGRW�$
�?LB�?@QCLR�

AMLQRP?GLR�UMSJB�EPMU�CVNMLCLRG?JJW�UGRF�EPMURF�P?RC�I 
�

RFCL�RFC�NMNSJ?RGML�@CF?TGMP�A?L�@C�BCQAPG@CB�@W�RFC�

JMEGQRGA�EPMURF�KMBCJ��

5LJGIC� JGLC?P� ?LB� CVNMLCLRG?J� EPMURF
� JMEGQRGA� EPMURF� @CF?TCQ�

BGDDCPCLRJW�GD�RFC�NMNSJ?RGMLQ�EPMU�QRC?BGJW�RFPMSEFMSR�RFC�WC?P�MP�

GD� RFCW� F?TC� MLC� @PCCBGLE� RGKC� NCP� WC?P�� 4FC� PCASPQGTC� DMPKSJ?�

NPMTGBCB� ?@MTC� KMBCJQ� ECLCP?RGML?J� EPMURF
� UFCPC� RFCPC� GQ� MLC�

,MEGQRGA�'PMURF��Z�����



@PCCBGLE� RGKC� NCP� WC?P� 	MP
� ?R� JC?QR� ?� DGLGRC� LSK@CP
�� RFCPC� GQ� LM�

CVNJGAGR�DMPKSJ?�DMP�RFGQ�RWNC�MD�JMEGQRGA�EPMURF��

Example 15 

!�DMPCQR�GQ�ASPPCLRJW�FMKC�RM�?�NMNSJ?RGML�MD�����P ?@@GRQ��4FC�DMPCQR�

GQ� CQRGK?RCB� RM� @C� ?@JC� RM� QSQR?GL� ?� NMNSJ?RGML� MD� ����� P ?@@GRQ��

!@QCLR� ?LW� PCQRPGARGMLQ
� RFC� P?@@GRQ� UMSJB� EPMU� @W� ���� NCP� WC?P��

0PCBGAR�RFC�DSRSPC�NMNSJ?RGML�SQGLE�RFC�JMEGQRGA�EPMURF�KMBCJ��

- MBCJGLE�RFGQ�UGRF�?�JMEGQRGA�EPMURF�KMBCJ
�I� ��� ��� 
�$ ������� 
�?LB�

)�� ����� ��#?JASJ?RGLE�RFC�LCVR�WC?P��

7 C�A?L�SQC�RFGQ�RM�A?JASJ?RC�RFC�DMJJMUGLE�WC?P��

!�A ?JASJ?RMP�U?Q�SQCB�RM�AMKNSRC�QCTCP?J�KMPC�T?JSCQ��

E� �� �� �� �� �� �� �� �� �� �� ���

) L� ���� ���� ���� ���� ���� �� ��� ����� ����� ����� ����� ��� ��

0JMRRGLE� RFCQC� T?JSCQ
� UC� A?L� QCC� RF?R� RFC� NMNSJ?RGML� QR?PRQ� RM�

GLAPC?QC�D?QRCP�?LB�RFC�EP?NF�ASPTCQ�SNU?PBQ�BSPGLE�RFC�DGPQR�DCU�

WC?PQ
�JGIC�CVNMLCLRG?J�EPMURF
�@SR�RFCL�RFC�EPMURF�QJMUQ�BMUL�?Q�

RFC�NMNSJ?RGML�?NNPM?AFCQ�RFC�A?PPWGLE�A?N?AGRW��

��� ��Z��,MEGQRGA�'PMURF



Example 16 

/L�?L�GQJ?LB�RF?R�A?L�QSNNMPR�?�NMNSJ?RGML�MD������JGX?PBQ
�RFCPC�GQ�

ASPPCLRJW�?�NMNSJ?RGML�MD���� ��4FCQC�JGX?PBQ�F?TC�?�JMR�MD�MDDQNPGLE�

?LB�LMR�?�JMR�MD�L?RSP?J�NPCB?RMPQ
�QM�F?TC�TCPW�FGEF�EPMURF�P?RC
�

?PMSLB�������#?JASJ? RGLE�MSR�RFC�LCVR�AMSNJC�ECLCP?RGMLQ��

)LRCPCQRGLEJW
�CTCL�RFMSEF�RFC�D?ARMP�RF?R�JGKGRQ�RFC�EPMURF�P?RC�

QJMUCB�RFC�EPMURF�?�JMR
�RFC�NMNSJ?RGML�QRGJJ�MTCPQFMR�RFC�A?PPWGLE�

A?N?AGRW��7 C�UMSJB�CVNCAR�RFC�NMNSJ?RGML�RM�BCAJGLC�RFC�LCVR�WC?P��

#?JASJ?RGLE� MSR� ?� DCU� KMPC� WC?PQ� ?LB� NJMRRGLE� RFC� PCQSJRQ
� UC�

QCC�RFC�NMNSJ?RGML�U?TCPQ�?@MTC�?LB�@CJMU�RFC�A?PPWGLE�A?N?AGRW
�

@SR� CTCLRS?JJW� QCRRJCQ� BMUL
� JC?TGLE� ?� QRC?BW� NMNSJ?RGML� LC?P� RFC�

A?PPWGLE�A?N?AGRW��

Try it Now 5 

!� DGCJB� ASPPCLRJW� AMLR?GLQ� ��� KGLR� NJ?LRQ�� !@QCLR� AMLQRP?GLRQ
� RFC�

LSK@CP�MD�NJ?LRQ�UMSJB�GLAPC?QC�@W�����C ?AF�WC?P
�@SR�RFC�DGCJB�A?L�

MLJW�QSNNMPR�?�K?VGKSK�NMNSJ?RGML�MD�����NJ?L RQ��5QC�RFC�JMEGQRGA�

KMBCJ�RM�NPCBGAR�RFC�NMNSJ?RGML�GL�RFC�LCVR�RFPCC�WC?PQ��

Example 17 

/L�?�LCGEF@MPGLE�GQJ?LB�RM�RFC�MLC�DPMK�RFC�NPCTGMSQ�CV?KNJC
�RFCPC�

,MEGQRGA�'PMURF��Z�����



GQ�?LMRFCP�NMNSJ?RGML�MD�JGX?PBQ
�@SR�RFC�EPMURF�P?RC�GQ�CTCL�FGEFCP�

k�?@MSR�������

#?JASJ?RGLE�MSR�QCTCP?J�ECLCP?RGMLQ� ?LB�NJMRRGLE�RFC�PCQSJRQ
� UC�

ECR�?�QSPNPGQC��RFC�NMNSJ?RGML�QCCKQ�RM�@C�MQAGJJ?RGLE�@CRUCCL�RUM�

T?JSCQ
�?�N?RRCPL�A?JJCB�?�� �AWAJC��

7 FGJC� GR� UMSJB� @C� RCKNRGLE� RM� RPC?R� RFGQ� MLJW� ?Q� ?� QRP?LEC� QGBC�

CDDCAR� MD� K?RFCK?RGAQ
� RFGQ� F?Q� ?ARS?JJW� @CCL� M@QCPTCB� GL� L?RSPC��

2CQC?PAFCPQ� DPMK� RFC� 5LGTCPQGRW� MD� #?JGDMPLG?� M@QCPTCB� ?� QR?@JC�

� �AWAJC�GL�?�JGX?PB�NMNSJ?RGML�GL�#?JGDMPLG?���

4?IGLE� RFGQ� CTCL� DSPRFCP
� UC� ECR� KMPC� ?LB� KMPC� CVRPCKC�

@CF?TGMPQ�?Q�RFC�EPMURF�P?RC�GLAPC?QCQ�FGEFCP����)R�GQ�NMQQG@JC�RM�ECR�

QR?@JC���AWAJCQ
���AWAJCQ
�?LB�FGEFCP��1SGAIJW
�RFMSEF
�RFC�@CF?TGMP�

?NNPM?AFCQ�AF?MQ�	PCKCK@CP�RFC�KMTGC�*SP?QQGA�0?PI 
��

Try it Now Answers 

���,C RRGLE�E�����A MPPCQNMLB�UGRF��� ��
�RFCL�)� ����� 
��� ��

&PMK��� ���RM������RFC�LSK@CP�MD�QR?W�?R�FMKC�D?RFCPQ�GLAPC?QCB�

@W�

��
����k��� 
��������
����

4FGQ� F?NNCLCB� MTCP� ��� WC?PQ
� EGTGLE� ?� AMKKML� BGDDCPCLR�; � MD�

��
�������������� ��

)E ����� 
��������� E�

0PCBGARGLE�DMP��� �� 
�UC�SQC�E������

)� � ����� 
���������	 �� 
�����
� ���QR?W�?R�FMKC�D?RFCPQ�GL����� ��

���5 QGLE�E�����A MPPCQNMLBGLE�UGRF�����
�

) 
� ���	��� ����� 
���	���� 
���?@MSR�������@GJJGML�NCMNJC�GL������

���( CPC�UC�UGJJ�KC?QSPC�E�GL�KMLRFQ�P?RFCP�RF?L�WC?PQ
�UGRF�E���

�� �FRRN��� SQCPQ�PAL�AMK�HIGK@?JJ�K?�SJRP?LCR�

" GMJMEW0?ECQ�0 �0 MNSJ?RGMLQ��FRKJ�

��� ��Z��,MEGQRGA�'PMURF



��A MPPCQNMLBGLE�RM�RFC�&C@PS?PW�UFCL�RFCW�UCLR�NS@JGA��4FGQ�EGTCQ�

)� ������RFMSQ?LB��/ ARM@CP�GQ���KMLRFQ�J?RCP
�QM�)� ����� ��

)� ���	�� I 
�� )��

�����	�� I 
�����


�MP�������

4FC�ECLCP?J�CVNJGAGR�COS?RGML�GQ�)E ���	�� ���� 
E����

0PCBGARGLE����KML RFQ�	��WC?PQ
�?DRCP�RFCW�UCLR�NS@JGA��

)�� ���	�� ���� 
� ����������� ���RFMSQ?LB�SQCPQ��

�������	�� ���� 
E������� ���E��������
�UFGAF�GQ�BSPGLE������

���

) �������

) �������

,MEGQRGA�'PMURF��Z���� �



82. Exercises 

Skills 

��� -?P I M�ASPPCLRJW�F?Q����RSJGNQ�GL�FGQ�W?PB� ������%?AF�WC?P�FC�

NJ?LRQ���KMPC��

?�� 7 PGRC�?�PCASPQGTC�DMPKSJ?�DMP�RFC�LSK@CP�MD�RSJGNQ�-?PI M�

F?Q�

@�� 7 PGRC�?L�CVNJGAGR�DMPKSJ?�DMP�RFC�LSK@CP�MD�RSJGNQ�-?PI M�

F?Q�

��� 0?K�GQ�?�$GQA�*MAICW��%TCPW�UCCI�QFC�@SWQ���LCU�?J@SKQ�RM�

I CCN�FCP�AMJJCARGML�ASPPCLR��3FC�ASPPCLRJW�MULQ�����?J @SKQ��

?�� 7 PGRC�?�PCASPQGTC�DMPKSJ?�DMP�RFC�LSK@CP�MD�?J@SKQ�0?K�

F?Q�

@�� 7 PGRC�?L�CVNJGAGR�DMPKSJ?�DMP�RFC�LSK@CP�MD�?J@SKQ�0?K�

F?Q�

��� !�QRMPCnQ�Q?JCQ�	GL�RFMSQ?LBQ�MD�BMJJ?PQ
�EPMU�?AAMPBGLE�RM�RFC�

PCASPQGTC�PSJC�����0L�0L� ������
�UG RF�GLGRG?J�NMNSJ?RGML�0���� ��

?�� #?JASJ?RC�0��?LB�0��

@�� &GLB�?L�CVNJGAGR�DMPKSJ?�DMP�0L�

A�� 5 QC�WMSP�DMPKSJ?�RM�NPCBGAR�RFC�QRMPCnQ�Q?JCQ�GL����WC?PQ�

B�� 7 FCL�UGJJ�RFC�QRMPCnQ�Q?JCQ�CVACCB����� 
��� �

��� 4FC�LSK@CP�MD�FMSQCQ�GL�?�RMUL�F?Q�@CCL�EPMUGLE�?AAMPBGLE�

RM�RFC�PCASPQGTC�PSJC�0L�0L������� 
�UGRF�GLGRG?J�NMNSJ?RGML�

0����� ��

?�� #?JASJ?RC�0��?LB�0��

@�� &GLB�?L�CVNJGAGR�DMPKSJ?�DMP�0L�

A�� 5 QC�WMSP�DMPKSJ?�RM�NPCBGAR�RFC�LSK@CP�MD�FMSQCQ�GL����

WC?PQ�

B�� 7 FCL�UGJJ�RFC�LSK@CP�MD�FMSQCQ�PC?AF�����FMSQCQ �

��� !�NMNSJ?RGML�MD�@CCRJCQ�GQ�EPMUGLE�?AAMPBGLE�RM�?�JGLC?P�EPMURF�

��� ��Z��%VCPAGQCQ



KMBCJ��4FC�GLGRG?J�NMNSJ?RGML�	UCCI�� 
�U?Q�0���
�?LB�RFC�

NMNSJ?RGML�?DRCP���UCCIQ�GQ�0���� ��

?�� &GLB�?L�CVNJGAGR�DMPKSJ?�DMP�RFC�@CCRJC�NMNSJ?RGML�GL�UCCI�

L�

@�� !DRCP�FMU�K?L W�UCCIQ�UGJJ�RFC�@CCRJC�NMNSJ?RGML�PC?AF�

��� �

��� 4FC�LSK@CP�MD�QRPCCRJGEFRQ�GL�?�RMUL�GQ�EPMUGLE�JGLC?PJW��&MSP�

KMLRFQ�?EM�	E���� 
�RFCPC�UCPC�����JGEFRQ�������. MU�	 E���� 
�RFCPC�

?PC�����JGEFRQ��)D�RFGQ�RPCLB�AMLRGLSCQ
�

?�� &GLB�?L�CVNJGAGR�DMPKSJ?�DMP�RFC�LSK@CP�MD�JGEFRQ�GL�KMLRF�

E�

@�� ( MU�K?L W�KMLRFQ�UGJJ�GR�R?IC�RM�PC?AF�����JGEFRQ �

� �� 4?AMK?nQ�NMNSJ?RGML�GL������U?Q�?@MSR�����RFMSQ?LB
�?LB�F?B�

@CCL�EPMUGLE�@W�?@MSR����C?AF�WC?P��

?�� 7 PGRC�?�PCASPQGTC�DMPKSJ?�DMP�RFC�NMNSJ?RGML�MD�4?AMK?�

@�� 7 PGRC�?L�CVNJGAGR�DMPKSJ?�DMP�RFC�NMNSJ?RGML�MD�4?AMK?�

A�� )D�RFGQ�RPCLB�AMLRGLSCQ
�UF?R�UGJJ�4?AMK?nQ�NMNSJ?RGML�@C�GL�

���� �

B�� 7 FCL�BMCQ�RFGQ�KMBCJ�NPCBGAR�4?AMK?nQ�NMNSJ?RGML�RM�

CVACCB�����RFMSQ?LB �

��� 0MPRJ?LBnQ�NMNSJ?RGML�GL������U ?Q�?@MSR�����RFMSQ?LB
�?LB�F?B�

@CCL�EPMUGLE�@W�?@MSR������C?AF�WC?P��
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K? RFCK?RGA?J�UMPJB
�?JMLE�UGRF�QMKC�KMPC�RP?BGRGML?J�MLCQ��

4FGQ�AJ?QQ�UGJJ�@C�LMRFGLE�JGIC�WMSP�GLRCPKCBG?RC�?JEC@P?�AMSPQC��

)D� WMS� NPCDCP� COS?RGMLQ� ?LB� CVNPCQQGMLQ
� RFGQ� GQ� LMR� RFC� AJ?QQ� DMP�

WMS�� 7C� UGJJ� @C� JMMIGLE� ?R� RMNGAQ� RF?R� KGEFR� LMR� QCCK� JGIC� K?RF�

RM� WMS�� -?L W� MD� RFCQC� RMNGAQ� UGJJ� @C� CVNJMPCB� GL� AMLRCVR� MD� RFCGP�

?NNJGA?RGMLQ��

4FC�NSPNMQC�MD�RFGQ�AMSPQC�GQ�RM�CVNMQC�WMS�RM�RFC�UGBCP�UMPJB�MD�

K? RFCK?RGA?J�RFGLIGLE��4FCPC�?PC�RUM�PC?QMLQ�DMP�RFGQ��&GPQR
�DMP�WMS�

RM�SLBCPQR?LB�RFC�NMUCP�MD�OS?LRGR?RGTC�RFGLIGLE�?LB�RFC�NMUCP�MD�

LSK@CPQ�GL�QMJTGLE�?LB�BC?JGLE�UGRF�PC?J�UMPJB�QACL?PGMQ��3CAMLBJW
�

DMP� WMS� RM� SLBCPQR?LB� RF?R� RFCPC� GQ� KMPC� RM� K?RFCK?RGAQ� RFCL�

CVNPCQQGMLQ�?LB�COS?RGMLQ��

+H;H;GK?I?J;�

4FC�NPC�PCOSGQGRC�DMP�RFGQ�AMSPQC�GQ�-?RF���
�) LRCPKCBG?RC�!JEC@P?
�

MP� -?RF� ��
� ) LRCPKCBG?RC� !JEC@P?� UGRF� KMBCJGLE
� UGRF� ?� ���� MP�

@CRRCP
�MP�?�QSGR?@JC�NJ?ACKCLR�RCQR�QAMPC��

/ ;9>D?97B�!NF;9J7J?EDI�

4M�@C�QSAACQQDSJ�GL�RFGQ�AMSPQC
�WMS�UGJJ�LCCB�QMKC�RCAFLGA?J�QIGJJQ��

- MQR� GKNMPR?LR� GQ� ?AACQQ� RM� ?� AMKNSRCP� UGRF� ?� PCJG?@JC� GLRCPLCR�

AMLLCARGML
� ?LB� RFC� ?@GJGRW� RM� MNCP?RC� RF?R� AMKNSRCP� ?LB� ?� UC@�

@PMUQCP��� )D�WMS�?PC�PC?BGLE�RFGQ
�WMSnPC�NPM@?@JW�/+�DMP�RFGQ�N?PR��

4FCPC� UGJJ� @C� ?� AMSNJC� ?QQGELKCLRQ� RF?R� ?QI� WMS� RM� SNJM?B� DGJCQ
�

ASR�?LB�N?QRC�GLRCPLCR�?BBPCQQCQ�	52,Q

�CRA���)L�KMQR�A?QCQ
�?�LML�

RCAFLGA?J�?JRCPL?RGTC�GQ�?T?GJ?@JC�GD�LCCBCB��

%I�J>?I�9EKHI;�H?=>J�<EH�OEK��

��� ��Z��3?KNJC�3WJJ?@SQ



-? RF��� ��GQ�?�RCPKGL?J�K?RF�AMSPQC
�KC?LGLE�GR�BMCQ�LMR�NPCN?PC�WMS�

DMP�?LW�MRFCP�K?RF�AJ?QQ���!DRCP�GLRCPKCBG?RC�?JEC@P?
�RFCPC�?PC�DMSP�

BGPCARGMLQ�WMS�A?L�EM��

3R?RGQRGAQ� k� -?RF� ���� 	 UFGAF� K?LW� QMAG?J� QAGCLAC� ?LB� @SQGLCQQ�

K?HMPQ�LCCB
�

0PCA?JASJSQ�k�-?RF�����	 UFGAF�KMQR�QAGCLAC�K?HMPQ�?LB�QMKC�MRFCPQ�

LCCB
�

&GLGRC�-?RF�k�-? RF�����	 UFGAF�KMQR�@SQGLCQQ�K?HMPQ�LCCB
�

-? RF� GL� 3MAGCRW� k� -? RF� �� �� 	 UFGAF� GQ� PGEFR� DMP� K?LW� FSK?LGRGCQ�

K?HMPQ�?LB�QMKC�NPM�RCAF�NPMEP?KQ
�

( MNCDSJJW� WMS� UCLR� RM� ?L� ?BTGQCP� UFM� ILMUQ� WMSP� CBSA?RGML?J�

EM?JQ�UFCL�BCAGBGLE�UFGAF�AJ?QQ�RM�R?IC��� )D�WMSnPC�LMR�QSPC�GD�RFGQ�

AJ?QQ�GQ�PGEFR�DMP�WMS
�NJC?QC�DCCJ�DPCC�RM�CK?GJ�KC�?LB�)nB�@C�F?NNW�RM�

BGQASQQ�GR�UGRF�WMS��

/ ;NJ8EEA�

)�EMR�RGPCB�MD�QRSBCLRQ�F?TGLE�RM�N?W�MTCP������D MP�RFC�@MMI���3M�

GLQRC?B�MD�SQGLE�?�RP?BGRGML?J�RCVR@MMI
�?�@MMI�)�UPMRC�UGJJ�@C�SQCB��

4FC�@MMI�UGJJ�@C�?T?GJ?@JC�DPCC�MLJGLC�GL�0$ &�DMPK?R���)D�WMS�NPCDCP�

PC?BGLE�DPMK�NPGLR
�WMS�?PC�UCJAMKC�RM�NPGLR�MSR�RFC�0$ &Q
�MP�?�JGLI�

RM�MPBCP�?�@MSLB�NPGLRCB�AMNW�UGJJ�@C�NPMTGBCB�	SQS?JJW�AFC?NCP�

RF?L�NPGLRGLE�RFC�CLRGPC�@MMI�WMSPQCJD
��

�

)D�WMS�UGQF�RM�PC?B�@CWMLB�RFC�K?RCPG?JQ�)�NPMTGBC
�WMS�A?L�DGLB�

?BBGRGML?J�K?RCPG?J�MLJGLC
�MP�GL�KMPC�RP?BGRGML?J�RCVR@MMIQ�

?T?GJ?@JC�GL�RFC�JG@P?PW����O :LI J@FEJ�@E�&F;<IE�& 8K?<D8K@:J@W�

4?LLCL@?SK�GQ�?�EMMB�AFMGAC��

" EHC7J�E<�J>;��EKHI;�

4FGQ� AMSPQC� GQ�DEJ� QCJD�N?ACB�� %?AF� UCCI� RFCPC� UGJJ� @C� ?� QNCAGDGA�

QCR�MD�K?RCPG?J�RM�JC?PL
�?LB�?QQGELKCLRQ�?LB�RCQRQ�ML�RF?R�K?RCPG?J��

4FCPC�UGJJ�@C�DGVCB�BSC�B?RCQ�DMP�RFMQC�?QQGELKCLRQ��(MUCTCP
�RFC�

AMSPQC� GQ�7IOD9>HEDEKI
� UFGAF� KC?LQ� RF?R� WMS� A?L� JME� GLRM� RFC�

AJ?QQPMMK�?LW�RGKCQ�BSPGLE�RFC�UCCI�RF?R�?PC�AMLTCLGCLR�DMP�WMS�

?LB�AMKNJCRC�RFC�?QQGELKCLRQ��

%?AF�UCCI
�WMS�UGJJ�@C�EGTCL�?�PC?BGLE�?QQGELKCLR��2C?BGLE�RFC�

3?KNJC�3WJJ?@SQ��Z�����



RCVR@MMI� UGJJ� @C� WMSP� NPGK?PW� U?W� RM� JC?PL� RFC� K?RCPG?J� DMP� RFC�

AMSPQC��

4FCPC� UGJJ� ?JQM� @C� ?� NJ?WJGQR� MD� TGBCMQ� RF?R� AMPPCQNMLB� UGRF� RFC�

CV?KNJCQ� GL� RFC� @MMI��� 9MS� QFMSJB� SQC� RFCQC� RM�JLGGC<D<EK� RFC�

PC?BGLE
�LMR�PCNJ?AC�GR
�?Q�RFCPC�GQ�?�JMR�MD�AMLRCLR�GL�RFC�@MMI�RF?R�

GQ�LMR�GLAJSBCB�GL�RFC�TGBCMQ���4FCQC�TGBCMQ�UGJJ�FMNCDSJJW�FCJN�WMS�

SLBCPQR?LB�?L�CV?KNJC�GD�WMSnPC�F?TGLE�RPMS@JC�DMJJMUGLE�GR�GL�NPGLR��

4FC� @MMI� ?LB� TGBCMQ� UGJJ� NPMTGBC� RFC� RFCMPW� ?LB� QIGJJQ� LCCBCB�

RM� ?NNPM?AF� RFC� CVCPAGQCQ
� OSGX
� ?LB� UPGRGLE� ?QQGELKCLR��� 5LJGIC�

?JEC@P?� AJ?QQCQ
� RFGQ� AJ?QQ� GQ� ?@MSR� QMJTGLE� NPM@JCKQ
� LMR� HSQR�

PCNJGA?RGLE� QIGJJQ
� QM� QMKC� OSCQRGMLQ� K?W� LMR� @C� CV?ARJW� JGIC�

NPM@JCKQ�GL�RFC�@MMI���&MP�RFMQC
�WMS�UGJJ�LCCB�RM�DGESPC�MSR�FMU�RM�

?B?NR�UF?R�WMSnTC�JC?PLCB�RM�QMJTC�RFC�LCU�?LB�BGDDCPCLR�NPM@JCK��

!�BGQASQQGML�DMPSK�UGJJ�@C�NPMTGBCB�UFCPC�WMS�A?L�?QI�OSCQRGMLQ�

?@MSR� RFC� PC?BGLE
� ?LB� BGQASQQ� RFC� K?RCPG?J� UGRF� KC� ?LB� WMSP�

AJ?QQK?RCQ��4FGQ�GQ�FMU�WMS�A?L�ECR�FCJN�UFCL�WMS�BMLnR�SLBCPQR?LB�

RFC�@MMI��

4FCPC�UGJJ�@C�?�QCR�MD�FMKCUMPI�CVCPAGQCQ�?QQGELCB�C?AF�UCCI��

4FC�MLJGLC�FMKCUMPI�CVCPAGQCQ�?PC�PCOSGPCB
�?LB�EP?BCB���( MUCTCP
�

GD� WMS� KGQQ� ?� OSCQRGML
� GR� UGJJ� QFMU� RFC� ?LQUCP
� ?JJMUGLE� WMS� RM�

QCJD�BG?ELMQC�WMSP�KGQR?IC
�?LB�RFCL�WMS�A?L�RPW�QGKGJ?P�NPM@JCKQ�

SLRGJ�WMS�ECR�RFC�OSCQRGMLQ�AMPPCAR��� 9MS�A?L�?QI�OSCQRGMLQ�GL�RFC�

BGQASQQGML�@M?PB�?@MSR�?LW�FMKCUMPI�OSCQRGMLQ�WMS�F?TC�BGDDGASJRW�

UGRF���� 4FCQC� CVCPAGQCQ� UGJJ� ?JJMU� WMS� RM� CVNJMPC� ?LB� NP?ARGAC� RFC�

K? RCPG?J�DPMK�RFC�AF?NRCP���4FC�CVCPAGQCQ�UGJJ�@C�BSC�?R�RFC�CLB�MD�

RFC�UCCI��

%?AF� UCCI� RFCPC� UGJJ� @C� ?� p3IGJJQ� 1SGXq�� 4FGQ� UGJJ� @C� ?� OSGX�

AMLQGQRGLE�MD�NPM@JCKQ�QGKGJ?P
�@SR�LMR�LCACQQ?PGJW�GBCLRGA?J
�RM�RFC�

FMKCUMPI�NPM@JCKQ
�RF?R�RCQR�WMSP�SLBCPQR?LBGLE�MD�RFC�K?RCPG?J�

?LB�WMSP�?@GJGRW�RM�NCPDMPK�?LW�NPMACBSPCQ�MP�RCAFLGOSCQ�NPCQCLRCB�

GL�RF?R�AF?NRCP��4FCQC�OSCQRGMLQ�UGJJ�@C�LSKCPGA?J
�KSJRGNJC�AFMGAC
�

K? RAFGLE
�MP�DGJJ�GL�RFC�@J?LI���4FC�OSGX�UGJJ�@C�BSC�?R�RFC�CLB�MD�RFC�

UCCI��

!BBGRGML?JJW
� C?AF� UCCI� RFCPC� UGJJ� @C� ?L� UPGRRCL�C VRCLBCB�

?QQGELKCLR� LMR� DPMK� RFC� @MMI�� 4FGQ� ?QQGELKCLR� UGJJ� @C� ?� KMPC�

��� ��Z��3?KNJC�3WJJ?@SQ



MNCL�CLBCB� OSCQRGML� RF?R� SQS?JJW� PCOSGPCQ� ?� @GR� KMPC� UMPI
�

AMLACNRS?J�SLBCPQR?LBGLE
�NMQQG@JW�QMKC�MSRQGBC�PCQC?PAF
�?LB�K?W�

PCOSGPC�?�UPGRRCL�QMJSRGML�MP�CVNJ?L?RGML���4FCQC�OSCQRGMLQ�NPMTGBC�

?�JCQQ�NPMACBSP?J�CVNJMP?RGML�MD�RFC�RMNGA�@CGLE�AMTCPCB
�DMASQGLE�

ML�APGRGA?J�RFGLIGLE�?LB�OS?LRGR?RGTC�PC?QMLGLE���)L�QMKC�A?QCQ�RFCQC�

K? W� @C� AMJJ?@MP?RGTC� ?QQGELKCLRQ� UGRF� GLRCPKCBG?PW� BSC� B?RCQ� GL�

RFC� KGBBJC� MD� RFC� UCCI��"C� QSPC� RM� AFCAI� RFC� AJ?QQPMMK� ?R� RFC�

9<>@EE@E>��MD�RFC�UCCI�RM�QCC�GD�RFCPC�?PC�?LW�QSAF�GLRCPKCBG?PW�BSC�

B?RCQ��

%VACNR� GL� RFC� A?QC� MD� AMJJ?@MP?RGTC� ?QQGELKCLRQ� PCOSGPGLE�

DCCB@?AI�RM�DCJJMU�QRSBCLRQ
�RFCPC�?PC�LM�EP?BCB�DMPSK�PCQNMLQC
�

CK?GJ
� MP� JME�GL� DPCOSCLAW� PCOSGPCKCLRQ��� ( MUCTCP
� )� QRPMLEJW�

CLAMSP?EC�WMS�RM�DEJ�U?GR�SLRGJ�RFC�J?QR�B?W�MD�RFC�UCCI�RM�@CEGL�

WMSP�?QQGELKCLRQ
�?Q�RFGQ�BMCQ�LMR�?JJMU�RGKC�RM�QCCI�MSR�?QQGQR?LAC�

GD�LCCBCB��

! R�RFC�CLB�MD�RFC�AMSPQC�RFCPC�UGJJ�?�8: 7+<7:-, � DGL?J�CV?K��� 9MS�

UGJJ�F?TC� ?� UCCI� BSPGLE� UFGAF� WMS� A?L� R?IC� RFGQ� CV?K� ?R� WMSP�

AMLTCLGCLAC� ?R� CGRFCP� A?KNSQ
� MP� RFPMSEF� ?L� CVRCPL?J� NPMARMP� @W�

?PP?LECKCLR��

4FGQ�OS?PRCP�UC�UGJJ�@C�QRSBWGLE�RFCQC�RMNGAQ�	GL�MPBCP
��

7 CCI����0PM@JCK�3MJTGLE�

7 CCI����6 MRGLE�4FCMPW�

7 CCI����'P ?NF�4FCMPW�

7 CCI����'P MURF�- MBCJQ�

7 CCI����&GL?LAC�

7 CCI����#MJJCARGLE�B?R?�

7 CCI�� ��$CQAPG@GLE�B?R?�

7 CCI����0P M@?@GJGRW�

7 CCI����&GL?J�PCTGCU�	LM�LCU�K? RCPG?J
�

7 CCI���� �( GQRMPGA?J�AMSLRGLE�KCRFMBQ�

';7HD?D=�*K J9EC;I�

4FC� AMSPQC� JC?PLGLE� MSRAMKCQ� 	?I?� M@HCARGTCQ
� BCQAPG@C� UF?R�

?@GJGRGCQ�?LB�QIGJJQ�?�QSAACQQDSJ�QRSBCLR�GQ�CVNCARCB�RM�BCTCJMN�?LB�

BCKMLQRP?RC�GL�RFGQ�AMSPQC���7 FGJC�MDRCL�PCJ?RCB
�RFCQC�?PC�QCN?P?RC�

DPMK�RFC�AMSPQC�AMLRCLR�	RFC�QNCAGDGA�RMNGAQ�UCnJJ�@C�AMTCPGLE
�

3?KNJC�3WJJ?@SQ��Z���� �



��� $CQAPG@C�FMU�K? RFCK?RGAQ�A?L�AMLRPG@SRC�RM�RFC�QMJSRGML�MD�

NPM@JCKQ�GL�RFC�L?RSP?J�UMPJB�MP�FSK?L�QMAGCRW��

��� %KNJMW�APGRGA?J�RFGLIGLE�QIGJJQ
�BP?UGLE�SNML�NPGMP�ILMUJCBEC�

UFCL�NMQQG@JC
�RM�?L?JWXC�?LB�CVNJMPC�LCU�?LB�SLD?KGJG?P�

NPM@JCKQ�

��� &MPK�?LB�AMKKSLGA?RC�ECLCP?JGX?RGMLQ�MD�N?RRCPLQ�BGQAMTCPCB�

RFPMSEF�GLBGTGBS?J�MP�EPMSN�GLTCQRGE?RGMLQ��

��� 3MJTC�NPM@JCKQ�SQGLE�?JEMPGRFKQ�MP�DMPKSJ?Q�

��� - MBCJ�?LB�QMJTC�NPM@JCKQ�SQGLE�EP?NFGA?J�KCRFMBQ�

��� #MKKSLGA?RC�KCRFMBQ�MD�QMJSRGMLQ�?LB�QMJSRGMLQ�RM�NPM@JCKQ�

DMP�RFC�AJ?PGRW�MD�RFC�PCACGTCP��

� �� !L?JWXC�?LB�GLRCPNPCR�B?R?
�GLAJSBGLE�A?JASJ?RGLE�LSKCPGA?J�

QSKK?PGCQ�?LB�APC?RGLE�EP?NFGA?J�PCNPCQCLR?RGMLQ
�RM�NPMNMQC�

NMQQG@JC�GKNJGA?RGMLQ�

��� )BCLRGDW�KSJRGASJRSP?J�NCPQNCARGTCQ�MD
�MP�KSJRGASJRSP?J�

AMLRPG@SRGMLQ�RM
�?R�JC?QR�MLC�K?RFCK?RGA?J�RMNGA�QRSBGCB�

7GRFGL�C?AF�UCCInQ�DMJBCP
�WMS�UGJJ�DGLB�?�JGQR�MD�RF?R�UCCInQ�RMNGA�

@?QCB�JC?PLGLE�MSRAMKCQ
�?LB�FMU�RFCW�PCJ?RCB�@?AI�RM�RFCQC�

AMSPQC�MSRAMKCQ���9MS�UGJJ�@C�?@JC�RM�KCCR�RFCQC�JC?PLGLE�

MSRAMKCQ�@W�PC?BGLE�RFC�@MMI
�K?IGLE�QSPC�WMS�SLBCPQR?LB�RFC�

CV?KNJCQ�GL�RFC�@MMI
�?LB�UMPIGLE�RFPMSEF�RFC�MLJGLC�CVCPAGQCQ
�

QCCIGLE�MSR�?QQGQR?LAC�GD�WMS�F?TC�BGDDGASJRGCQ���9MS�UGJJ
�MD�AMSPQC
�

?JQM�LCCB�RM�?NNJW�WMSP�APGRGA?J�RFGLIGLE�QIGJJQ
�QGLAC�N?PR�MD�RFC�

NSPNMQC�MD�RFGQ�AMSPQC�GQ�RM�CVN?LB�WMSP�?@GJGRW�?NNJW�RFC�QIGJJQ�

WMSnTC�JC?PLCB�RM�LCU�?LB�BGDDCPCLR�QACL?PGMQ���)L�PC?J�JGDC
�NPM@JCKQ�

P?PCJW�RCJJ�WMS�FMU�RM�QMJTC�RFCK� �

" ;;:879A�

4FC�FMKCUMPI�CVCPAGQCQ�?LB�QIGJJQ�OSGXXCQ�?PC�?SRMK?RGA?JJW�

EP?BCB�@W�7!-!0 
�?LB�WMS�UGJJ�PCACGTC�GLQR?LR�DCCB@?AI�ML�RFMQC�

?QQGELKCLRQ��

)D�WMS�CK?GJ�KC�UMPI�DMP�NPM@JCKQ�WMS�KGQQCB�ML�RFC�QIGJJQ�OSGX
�)�

UGJJ�RWNGA?JJW�EP?BC�RFMQC�?DRCP�RFC�OSGX�BSC�B?RC
�SQS?JJW�UGRFGL��� ��

B?WQ��

7 PGRRCL�C VRCLBCB�?QQGELKCLRQ�)�K?LS?JJW�EP?BC���)�RWNGA?JJW�UGJJ�

�� � ��Z��3?KNJC�3WJJ?@SQ



EP?BC�RFCQC�MTCP�RFC�UCCICLB�?DRCP�RFCWnPC�BSC���9MSP�QAMPC
�UGRF�

DCCB@?AI
�UGJJ�QFMU�GL�RFC�7!-!0�EP ?BC@MMI�?DRCP�RFCWnPC�QAMPCB��

'7 J;�2 EHA�+EB?9O�

4FC�MLJGLC�(MKCUMPI�?LB�3IGJJQ�4CQR�BC?BJGLCQ�?PC�CVRPCKCJW�DGPK��

4FC� JGLI� RM� RFCQC� ?QQGELKCLRQ� UGJJ� ?ARS?JJW� BGQ?NNC?P� ?R� KGBLGEFR�

ML� RFC� BSC� B?RC
� ?LB� RFC� ?QQGELKCLR� KSQR� @C� AMKNJCRCB� @CDMPC�

KGBLGEFR��"CA?SQC�MD�RFGQ
�)�QRPMLEJW�PCAMKKCLB�RF?R�QRSBCLRQ�LMR�

U?GR�SLRGJ� �����NK� RM� QR?PR�RFC� RCQR
� GL� A?QC� GD� RFCW� F?TC� NPM@JCKQ�

JMEEGLE�GL�MP�QMKCRFGLE��

4FC�'P ?BCB�!QQGELKCLRQ�BC?BJGLCQ�?PC�?JQM�TCPW�DGPK
�QGLAC�WMS�

F?TC� RFC� CLRGPC� UCCI� RM� UMPI� ML� RFCK�� )D� ?� EP?BCB� ?QQGELKCLR� GQ�

RSPLCB�GL�J?RC
�)�UGJJ�LCTCP�EGTC�KMPC�RF?L�����M D�RFC�NMQQG@JC�NMGLRQ��

)D� QMKCRFGLE� K?HMP� AMKCQ� SN� 	?� BC?RF� GL� RFC� D?KGJW
�

FMQNGR?JGX?RGML
� CRA�

� EM� ?FC?B�?LB� CK?GJ� KC� MP� A?JJ� KC� RM� JCR�KC�

ILMU
�?LB�UC�A?L�UMPI�QMKCRFGLE�MSR��

� 8EKJ�/ 7A?D=�7D�*DB?D;��EKHI;�

4?IGLE� ?L� MLJGLC� AMSPQC� DMP� RFC� DGPQR� RGKC� A?L� @C� ?� B?SLRGLE�

SLBCPR?IGLE�� #MKN?PCB� RM� RP?BGRGML?J� ML�A?KNSQ� AMSPQCQ
� RFCW�

F?TC�RFCGP�NPMQ�?LB�AMLQ��-MPC�?LB�KMPC�NCMNJC�?PC�R?IGLE�AMSPQCQ�

MLJGLC� K?GLJW� @CA?SQC� MD� RFC� AMLTCLGCLAC�� 4FGQ� AMSPQC� GQ�

?QWLAFPMLMSQ
� UFGAF� KC?LQ� QRSBCLRQ� ?LB� RFC� GLQRPSARMP� ?PC� LMR�

LCACQQ?PGJW� MLJGLC� ?R� RFC� Q?KC� RGKC�� -CQQ?ECQ� ?PC� NMQRCB� RM� RFC�

BGQASQQGML�@M?PBQ�@W�@MRF�QRSBCLRQ�?LB�D?AGJGR?RMPQ�?LW�RGKC�MD�B?W�

MP�LGEFR��4FC�MLJGLC�AJ?QQPMMK�GQ�MNCL����FMSPQ�?�B?W
�QCTCL�B?WQ�?�

UCCI��4FGQ�?JJMUQ�WMS�RM�R?IC�?�AJ?QQ�?LWRGKC�WMS�U?LR��9MS�?PC�LMR�

RGCB�BMUL�RM�?�QNCAGDGA�FMSP�MD�RFC�B?W
�- MLB?W�RFPMSEF�&PGB?W
�?Q�

UGRF�RP?BGRGML?J�AMJJCEC�?LB�SLGTCPQGRW�AMSPQCQ��

- MQR� QRSBCLRQ� UGJJ� ?EPCC� RF?R� MLJGLC� AMSPQCQ� PCOSGPC� KMPC�

GLTMJTCKCLR� RGKC� RF?L� RP?BGRGML?J� AJ?QQCQ�� )R� GQ� LMR� SLAMKKML� RM�

QNCLB�?PMSLB����RM����FMSPQ�C?AF�UCCI�ML�?�AMSPQC��(MUCTCP
�RFC�

?KMSLR�MD�RGKC�WMS�UMSJB�LMPK?JJW�QNCLB�AMKKSRGLE�RM�?�A?KNSQ
�

U?GRGLE�DMP�AJ?QQ�RM�QR?PR
�?LB�RFCL�AMKKSRGLE�FMKC
�A?L�LMU�@C�

QNCLR�AMLQRPSARGTCJW�ML�RFC�AMSPQC��!Q�?�PCQSJR
�K?LW�QRSBGCQ�F?TC�

QFMUL� RF?R� MLJGLC� AMSPQCQ� ECLCP?JJW� NPMBSAC� FGEFCP� EP?BCQ� ?LB�

3?KNJC�3WJJ?@SQ��Z�����



EPC?RCP�JC?PLGLE�RF?L�RP?BGRGML?J�AMSPQCQ��"SR�GR�BMCQ�PCOSGPC�?�TCPW�

AMKKGRRCB�QRSBCLR��

!LMRFCP� AML� GQ� RFC� J?AI� MD� NFWQGA?J� GLRCP?ARGML� RF?R� MAASPQ� GL� ?�

RP?BGRGML?J�AMSPQC��4FGQ
�FMUCTCP
�GQ�?ARS?JJW�?�NPM�� -?L W�NCPQML?J�

?LB�GLBGTGBS?J�@G?QCQ�?PC�CJGKGL?RCB�@CA?SQC�UC�A?LnR�QCC�C?AF�MRFCP�

	SLJCQQ�WMS�MNR�RM�NMQR�?�NGARSPC�MD�WMSPQCJD
��1SGRC�MDRCL�RFC�NCPQML�

UFM� GQ� LMPK?JJW� GLFG@GRCB� GL� ?� RP?BGRGML?J� AJ?QQ� GQ� TCPW� ?ARGTC� GL�

?L� MLJGLC� AJ?QQ�� !JQM� UGRF� RFGQ� ?QWLAFPMLMSQ� KMBCJ� RFCPC� A?L� @C�

KSJRGNJC� pAMLTCPQ?RGMLQq� F?NNCLGLE� QGKSJR?LCMSQJW�� 9MS� A?L�

PCQNMLB� RM� ?LW� MP� ?JJ� MD� RFC� BGQASQQGML� RFPC?BQ� ?R� ?LW� RGKC
�

QMKCRFGLE� RF?R� GQ� GKNMQQG@JC� GL� RFC� RP?BGRGML?J� AJ?QQPMMK�� !Q� ?�

PCQSJR
� WMS� UGJJ� ECR� RM� ILMU� WMSP� DCJJMU� AJ?QQK?RCQ� KSAF� @CRRCP�

RF?L�?LW�JCARSPC�AJ?QQ�WMS�F?TC�R?ICL�MP�UGJJ�R?IC��"SR
�UFCL�WMSP�

GLRCP?ARGML� GQ� J?AIGLE
� RFC� CLRGPC� AJ?QQ� QSDDCPQ�� 9MS� F?TC� RM� @C� ?L�

?ARGTC�KCK@CP�MD�RFC�AJ?QQ��

#;JJ?D=�$ ;BF�

4FC�BGQASQQGML�@M?PB�GQ�?�DMPSK�UFCPC�WMS�A?L�?QI�OSCQRGMLQ�?@MSR�

RFC�PC?BGLE�MP�FMKCUMPI
�?LB�ECR�FCJN�DPMK�KC�MP�WMSP�AJ?QQK?RCQ��

4FC� GBC?� GQ� RM� F?TC� RFC� AJ?QQ� MNCP?RC� JGIC� ?� QRSBW� EPMSN� k� UGRF�

?JJ� MD�WMS�UMPIGLE� RMECRFCP�RM�DSPRFCP�WMSP�JC?PLGLE�� 4FGQ� GQ�UF?R�

BGQRGLESGQFCQ�?L�MLJGLC�AJ?QQ�DPMK�?�RP?BGRGML?J�BGQR?LAC�JC?PLGLE�MP�

K? RF�J?@�AMSPQC��

5 QC�RFC�$GQASQQGML�"M?PB�RM�?QI�DMP�FCJN�ML�NPM@JCKQ�WMS�BMLnR�

SLBCPQR?LB� FMU� RM� BM�� )D� WMS� BM� SLBCPQR?LB� FMU� RM� BM� RFC�

NPM@JCKQ
�FCJN�MSR�WMSP�AJ?QQK?RCQ�@W�?LQUCPGLE�OSCQRGMLQ�ML�RFC�

BGQASQQGML�@M?PB��

)�UGJJ�KMLGRMP�RFC�FMKCUMPI�BGQASQQGML�@M?PBQ
�?LB�UGJJ�PCQNMLB�

RM� OSCQRGMLQ� GD� RFCW� EM� SL?LQUCPCB
� MP� GD� QMKCMLC� NPMTGBCQ� ?L�

GLAMPPCAR� PCQNMLQC�� )D� WMS� F?TC� ?BBGRGML?J� OSCQRGMLQ
� BGBLnR�

SLBCPQR?LB�RFC�?LQUCP�QMKCMLC�E?TC�WMS
�MP�F?TC�?�OSCQRGML�RF?R�

F?Q�EMLC�SL?LQUCPCB
�BMLnR�FCQGR?RC�RM�CK?GJ�KC�?LB�?QI�OSCQRGMLQ��

( MUCTCP
�NJC?QC�SQC�RFC�BGQASQQGML�@M?PBQ�DGPQR
�QM�RF?R�MRFCPQ�A?L�

@CLCDGR�DPMK�WMSP�OSCQRGMLQ��

)�A?LnR�QRPCQQ�CLMSEF�RF?R�UGRFMSR�@CGLE�?@JC�RM�QCC�RFC�CVNPCQQGML�

ML�WMSP�D?AC
�RFCPCnQ�LM�U?W�DMP�KC�RM�HSBEC�GD�WMS�SLBCPQR?LB�KW�

��� ��Z��3?KNJC�3WJJ?@SQ



MP� ?� DCJJMU� QRSBCLRnQ� CVNJ?L?RGML� RM� WMSP� OSCQRGMLQ�� 3M
� WMS� LCCB�

RM�@C�NPM?ARGTC�?@MSR�WMSP�JC?PLGLE
�?LB�?QI�DMP�KMPC�CVNJ?L?RGML�

UFCL�WMS�LCCB�GR��!E?GL
�WMS�A?L�BM�RFGQ�TG?�CK?GJ�RM�KC
�MP�GL�RFC�

BGQASQQGML�@M?PBQ��

)L�?BBGRGML�RM�RFC�BGQASQQGML�@M?PB�?LB�CK?GJGLE�KC
�WMS�?PC�?JQM�

UCJAMKC�RM�AMKC�QCC�KC�ML�A?KNSQ�GD�WMSP�QAFCBSJC�?JJMUQ��3CC�

RFC� )LQRPSARMP� )LDMPK?RGML� RM� QCC� UF?R� KW� MDDGAC� FMSPQ� ?PC� RFGQ�

OS?PRCP��

!BBGRGML?JJW
� WMS� A?L� ECR� FCJN� DPMK� RFC� BPMN�GL� RSRMPQ� ?R� RFC�

!A ?BCKGA� 3SNNMPR� #CLRCP� ML� CGRFCP� A?KNSQ�� "C� ?U?PC� RF?R� LMR�

?JJ� RSRMPQ� F?TC� R?ICL� RFGQ� K?RF� AMSPQC
� ?LB� K?W� F?TC� BGDDGASJRW�

FCJNGLE�WMS��7PGRGLE�RSRMPQ�?PC�?JQM�?T?GJ?@JC�RM�FCJN�UGRF�UPGRGLE�

?QQGELKCLRQ��

%DIJHK9JEH��EDJ79J�

9MS�A?L�AMLR?AR�KC�TG?�RFC�BGQASQQGML�@M?PBQ
�CK?GJ
�KCQQ?ECQ
�@W�

NFMLC
�MP�GL�NCPQML��

0JC?QC�AFCAI�)LQRPSARMP�)LDMPK?RGML�DMP�KW�CK?GJ�?BBPCQQ
�NFMLC�

LSK@CP
�?LB�MDDGAC�JMA?RGML�?LB�FMSPQ��

)D�WMS�F?TC�ECLCP?J�OSCQRGMLQ�?@MSR�RFC�AMSPQC
�WMS�A?L�?QI�RFCK�

GL�RFC�p!QI�$ ?TGBq�BGQASQQGML�DMPSK��)D�RFC�OSCQRGML�GQ�MD�?�NCPQML?J�

L?RSPC
�DCCJ�DPCC�RM�CK?GJ�KC��

)D�WMS�F?TC�OSCQRGMLQ�?@MSR�RFC�FMKCUMPI�MP�PC?BGLEQ
�WMS�A?L�

?QI�RFCK�GL�RFC�UCCIJW�BGQASQQGML�DMPSKQ��&CCJ�DPCC�RM�CK?GJ�KC
�A?JJ�

KC
�MP�TGQGR�KC�DMP�?BBGRGML?J�FCJN��

7 FCL�WMS�NMQR�?�KCQQ?EC�MP�CK?GJ�KC
�NJC?QC�SLBCPQR?LB�RF?R�)�

?K�LMR�MLJGLC�?JJ�RFC�RGKC��0JC?QC�?JJMU�?R�JC?QR����FMSPQ�DMP�KC�RM�

PCQNMLB�RM�WMSP�OSCQRGMLQ
�NMQQG@JW�JMLECP�ML�RFC�UCCICLBQ�	SN�RM�

���FMSPQ
��"C A?SQC�MD�RFC�?QWLAFPMLMSQ�L?RSPC�MD�RFC�AMSPQC
�NJC?QC�

?QI�OSCQRGMLQ�C?PJW�CLMSEF�RM�?JJMU�RGKC�DMP�?�PCQNMLQC��

# H7:?D=�

4FC�DGPQR�UCCI�MD�AJ?QQ�RFCPC�GQ�?�@GM�?QQGELKCLR�?LB�QWJJ?@SQ�OSGX��

%?AF�UCCI�WMS�UGJJ�F?TC�MLJGLC�(MKCUMPI��

%?AF�UCCI�WMS�UGJJ�F?TC�?�3IGJJQ�1SGX��

%?AF�UCCI�RFCPC�UGJJ�@C�?�UPGRRCL�C VRCLBCB�?QQGELKCLR��

/>;H ;�M?BB�8;�7�FHE9JEH;:�<?D7B�J;IJ��

3?KNJC�3WJJ?@SQ��Z�����



/LJGLC�FMKCUMPI�UGJJ�AMSLR�DMP�����M D�WMSP�AMSPQC�EP?BC��

3IGJJQ�1SGXXCQ�UGJJ�AMSLR�DMP�����M D�WMSP�AMSPQC�EP?BC��

7 PGRRCL�?QQGELKCLRQ�UGJJ�AMSLR�DMP�����M D�WMSP�AMSPQC�EP?BC��

4FC�&GL?J�UGJJ�AMSLR�DMP�����M D�WMSP�AMSPQC�EP?BC��

9MSP�UCGEFRCB�NCPACLR�GL�RFC�AJ?QQ�UGJJ�@C�AMLTCPRCB�RM�?�BCAGK?J�

EP?BC�TG?�RFGQ�QA?JC��

��� ������������ ��

���� ��������� ����

��� �������� �� ����

��� � �������� ����

��������� �� � ����

"CJMU������� ���

� 97:;C?9�%DJ;=H?JO�

/LJGLC� AMSPQCQ� F?TC� RFC� Q?KC� ?A?BCKGA� GLRCEPGRW� ?Q� ?LW� MRFCP�

AMJJCEC�AMSPQC��9MS�A?L�RPSQR�RF?R�)�UGJJ�PCQNMLB�RM�WMSP�OSCQRGMLQ�

?LB�AMKKCLRQ�GL�?�RGKCJW�K?LLCP
�?Q�UCJJ�?Q�@C�RGKCJW�?LB�D?GP�GL�

EP?BGLE�QS@KGRRCB�?QQGELKCLRQ��

!Q�WMSP�GLQRPSARMP
�)�RPSQR�RF?R�WMS�UGJJ�K?IC�WMSP�@CQR�CDDMPR�RM�

AMKNJCRC�RFC�?ARGTGRGCQ�GL�?�RGKCJW�K?LLCP�?LB�RM�RFC�@CQR�MD�WMSP�

?@GJGRGCQ��)D�RFCPC�GQ�?L�SLDMPCQCCL�AF?LEC�GL�WMSP�QAFCBSJC�DCCJ�DPCC�

RM�AMLR?AR�KC�DMP�?JRCPL?RGTC�?PP?LECKCLRQ��%�;NF;9J�J>7J�J>;�MEHA�

OEK�IK8C?J�<EH�J>?I�9EKHI;�M?BB�8;�OEKH�EMD�MEHA
��>;7 J?D=�7D:�

EH� FB7=?7H?IC� M?BB� DEJ� 8;� JEB;H7J;:
 � 0JC?QC� PCDCP� RM� RFC� AMJJCECnQ�

!A ?BCKGA�$GQFMLCQRW�NMJGAW�DMP�KMPC�BCR?GJQ��

*DB?D;�! J?GK;JJ;�

-SAF� F?Q� @CCL� UPGRRCL� ?@MSR� MLJGLC� CRGOSCRRC�� 4FC� MJB� Q?WGLE
�

p,K@:BJ�8E;�JKFE<J�D8P�9I<8B�DP�9FE<J��9LK�NFI;J�N@CC�E<M<I�?LIK�D<
q�

GQ�QSBBCLJW�SLRPSC�� 7MPBQ�?PC�MSP�QMJC� KC?LQ� MD�AMKKSLGA?RGML��

-?L W�RGKCQ�?�Q?PA?QRGA�NFP?QC�WMS�K?IC�RM�?�DPGCLB�GQ�QMDRCLCB�UGRF�

?�QKGJC�MP�CWC�AMLR?AR��)L�?L�MLJGLC�QGRS?RGML
�RF?R�Q?KC�NFP?QC�A?L�

@C� TCPW� FSPRDSJ� GD� PC?B� BGDDCPCLRJW�� 2CKCK@CP� RPC?R� CTCPWMLC� RFC�

Q?KC�U?W�WMS�UMSJB�U?LR�RM�@C�RPC?RCB��UGRF�PCQNCAR��

4FCPC� ?PC� U?WQ� RM� CVNPCQQ� CKMRGMLQ� UGRFMSR� UMPBQ�� 4FCQC� ?PC�

A?JJCB�CKMRGAMLQ��9MSnTC�NPM@?@JW�QCCL�QCTCP?J�?JPC?BW�GL�AMKNSRCP�

UPGRGLE�� �  � �M
�  �CRA�
�4FCQC�?PC�?ARS?JJW�D?ACQ�RSPLCB�ML�RFCGP�QGBC�

��� ��Z��3?KNJC�3WJJ?@SQ



RM�PCNPCQCLR�CKMRGMLQ�� 4FCW�R?IC�RFC�NJ?AC�MD�@MBW�J?LES?EC�?LB�

D?AG?J�CVNPCQQGMLQ�RF?R�?PC�?�L?RSP?J�N?PR�MD�AMKKSLGA?RGML��)L�RFGQ�

QCRRGLE
� GRnQ� BGDDGASJR� QMKCRGKCQ� RM� BGQACPL� @CRUCCL� Q?PA?QK� ?LB�

APGRGAGQK�� 5QGLE� CKMRGAMLQ� A?L� MDRCL� AMLTCW� RFC� AMLRCVR� MD� RFC�

AMKKCLR�UFCL�UMPBQ�A?LnR��

3?KNJC�3WJJ?@SQ��Z�����





PART XIV 

DESCRIBING DATA 

$CQAPG@GLE�$?R?��Z�����





86. Presenting Categorical 
Data Graphically 

#?RCEMPGA?J
�MP�OS?JGR?RGTC
�B?R?�?PC�NGCACQ�MD�GLDMPK?RGML�RF?R�?JJMU�

SQ�RM�AJ?QQGDW�RFC�M@HCARQ�SLBCP�GLTCQRGE?RGML�GLRM�T?PGMSQ�A?RCEMPGCQ��

7 C�SQS?JJW�@CEGL�UMPIGLE�UGRF�A?RCEMPGA?J�B?R?�@W�QSKK?PGXGLE�RFC�

B?R?�GLRM�?�<H;GK;D9O�J78B;
�

Frequency Table 

!�DPCOSCLAW�R?@JC�GQ�?�R?@JC�UGRF�RUM�AMJSKLQ��/LC�

AMJSKL�JGQRQ�RFC�A?RCEMPGCQ
�?LB�?LMRFCP�DMP�RFC�

DPCOSCLAGCQ�UGRF�UFGAF�RFC�GRCKQ�GL�RFC�A?RCEMPGCQ�

MAASP�	FMU�K?L W�GRCKQ�DGR�GLRM�C?AF�A?RCEMPW
��

Example 1 

!L� GLQSP?LAC� AMKN?LW� BCRCPKGLCQ� TCFGAJC� GLQSP?LAC� NPCKGSKQ�

@?QCB�ML�ILMUL�PGQI�D?ARMPQ��)D�?�NCPQML�GQ�AMLQGBCPCB�?�FGEFCP�PGQI
�

RFCGP�NPCKGSKQ�UGJJ�@C�FGEFCP�� /LC�NMRCLRG?J�D?ARMP�GQ�RFC�AMJMP�MD�

WMSP� A?P�� 4FC� GLQSP?LAC� AMKN?LW� @CJGCTCQ� RF?R� NCMNJC� UGRF� QMKC�

AMJMP�A?PQ�?PC�KMPC�JGICJW�RM�ECR�GL�?AAGBCLRQ��4M�PCQC?PAF�RFGQ
�RFCW�

CV?KGLC�NMJGAC�PCNMPRQ�DMP�PCACLR�RMR?J�JMQQ�AMJJGQGMLQ��4FC�B?R?�GQ�

QSKK?PGXCB�GL�RFC�DPCOSCLAW�R?@JC�@CJMU��

0PCQCLRGLE�#?RCEMPGA?J�$?R?
'P ?NFGA?JJW��Z�����



�E BEH� " H;GK;D9O�

" JSC� ���

'P CCL� ���

2CB� ���

7 FGRC� ���

" J?AI� ���

'P CW� � ��

3MKCRGKCQ�UC�LCCB�?L�CTCL�KMPC�GLRSGRGTC�U?W�MD�BGQNJ?WGLE�B?R?��

4FGQ� GQ� UFCPC� AF?PRQ� ?LB� EP?NFQ� AMKC� GL��� 4FCPC� ?PC� K?LW
� K?L W�

U?WQ�MD�BGQNJ?WGLE�B?R?�EP?NFGA?JJW
�@SR�UC�UGJJ�AMLACLRP?RC�ML�MLC�

TCPW�SQCDSJ�RWNC�MD�EP?NF�A?JJCB�?�@?P�EP?NF���)L�RFGQ�QCARGML�UC�UGJJ�

UMPI�UGRF�@?P�EP?NFQ�RF?R�BGQNJ?W�A?RCEMPGA?J�B?R?��RFC�LCVR�QCARGML�

UGJJ�@C�BCTMRCB�RM�@?P�EP?NFQ�RF?R�BGQNJ?W�OS?LRGR?RGTC�B?R?��

Bar graph 

!� 87H�=H7F>�GQ�?�EP?NF�RF?R�BGQNJ?WQ�?�@?P�DMP�C?AF�

A?RCEMPW�UGRF�RFC�JCLERF�MD�C?AF�@?P�GLBGA?RGLE�RFC�

DPCOSCLAW�MD�RF?R�A?RCEMPW��

4M� AMLQRPSAR� ?� @?P� EP?NF
� UC� LCCB� RM� BP?U� ?� TCPRGA?J� ?VGQ� ?LB� ?�

FMPGXMLR?J�?VGQ���4FC�TCPRGA?J�BGPCARGML�UGJJ�F?TC�?�QA?JC�?LB�KC?QSPC�

RFC� DPCOSCLAW� MD� C?AF� A?RCEMPW�� RFC� FMPGXMLR?J� ?VGQ� F?Q� LM� QA?JC�

GL� RFGQ� GLQR?LAC��� 4FC� AMLQRPSARGML� MD� ?� @?P� AF?PR� GQ� KMQR� C?QGJW�

BCQAPG@CB�@W�SQC�MD�?L�CV?KNJC��

��� ��Z��0PCQCLRGLE�#?RCEMPGA?J�$?R?�'P?NFGA?JJW



Example 2 

5 QGLE�MSP�A?P�B?R?�DPMK�?@MTC
�LMRC�RFC�FGEFCQR�DPCOSCLAW�GQ���
�QM�

MSP�TCPRGA?J�?VGQ�LCCBQ�RM�EM�DPMK���RM���
�@SR�UC�KGEFR�?Q�UCJJ�SQC�

��RM���
�QM�RF?R�UC�A?L�NSR�?�F?QF�K?PI�CTCPW���SLGRQ��

. MRGAC�RF?R�RFC�FCGEFR�MD�C?AF�@?P�GQ�BCRCPKGLCB�@W�RFC�DPCOSCLAW�

MD� RFC� AMPPCQNMLBGLE� AMJMP��� 4FC� FMPGXMLR?J� EPGBJGLCQ� ?PC� ?� LGAC�

RMSAF
�@SR�LMR�LCACQQ?PW���)L�NP?ARGAC
�WMS�UGJJ�DGLB�GR�SQCDSJ�RM�BP?U�

@?P� EP?NFQ� SQGLE� EP?NF� N?NCP
� QM� RFC� EPGBJGLCQ� UGJJ� ?JPC?BW� @C� GL�

NJ?AC
�MP�SQGLE�RCAFLMJMEW��� )LQRC?B�MD�EPGBJGLCQ
�UC�KGEFR�?JQM�JGQR�

RFC�DPCOSCLAGCQ�?R�RFC�RMN�MD�C?AF�@?P
�JGIC�RFGQ��

)L�RFGQ�A?QC
�MSP�AF?PR�KGEFR�@CLCDGR�DPMK�@CGLE�PCMPBCPCB�DPMK�

J?PECQR�RM�QK?JJCQR�DPCOSCLAW�T?JSCQ��4FGQ�?PP?LECKCLR�A?L�K?I C�GR�

C?QGCP�RM�AMKN?PC�QGKGJ?P�T?JSCQ�GL�RFC�AF?PR
�CTCL�UGRFMSR�EPGBJGLCQ��

7 FCL�UC�?PP?LEC�RFC�A?RCEMPGCQ�GL�BCAPC?QGLE�DPCOSCLAW�MPBCP�JGIC�

RFGQ
�GR�GQ�A?JJCB�?�+7H;JE�9>7HJ��

0PCQCLRGLE�#?RCEMPGA?J�$?R?�'P?NFGA?JJW��Z�����



Pareto chart 

!� +7H;JE�9>7HJ�GQ�?�@?P�EP?NF�MPBCPCB�DPMK�FGEFCQR�RM�

JMUCQR�DPCOSCLAW�

Example 3 

4P?LQDMPKGLE�MSP�@?P�EP?NF�DPMK�C?PJGCP�GLRM�?�0?PCRM�AF?PR
�UC�ECR��

��� ��Z��0PCQCLRGLE�#?RCEMPGA?J�$?R?�'P?NFGA?JJW



Example 4 

)L� ?� QSPTCW� 
� ?BSJRQ� UCPC� ?QICB� UFCRFCP� RFCW� NCPQML?JJW� UMPPGCB�

?@MSR�?�T?PGCRW�MD�CLTGPMLKCLR?J�AMLACPLQ��4FC�LSK@CPQ�	MSR�MD������

QSPTCWCB
�UFM�GLBGA?RCB�RF?R�RFCW�UMPPGCB�p?�EPC?R�BC?Jq�?@MSR�QMKC�

QCJCARCB�AMLACPLQ�?PC�QSKK?PGXCB�@CJMU��

! DL?HEDC;D J7B�%IIK;� " H;GK;D9O�

0MJJSRGML�MD�BPGLIGLE�U?RCP� �� ��

#MLR?KGL?RGML�MD�QMGJ�?LB�U?RCP�@W�RMVGA�U?QRC�����

!GP�NMJJSRGML� ����

'JM@?J�U?PKGLE� ����

4FGQ�B?R?�AMSJB�@C�QFMUL�EP?NFGA?JJW�GL�?�@?P�EP?NF��

4M�QFMU�PCJ?RGTC�QGXCQ
�GR�GQ�AMKKML�RM�SQC�?�NGC�AF?PR��

�� �'?JJSN�0MJJ��-?PAF����
����� ��

FRRN��� UUU�NMJJGLEPCNMPR�AMK�CL TGPM�FRK�

0PCQCLRGLE�#?RCEMPGA?J�$?R?�'P?NFGA?JJW��Z���� �



Pie Chart 

!� F?;�9>7HJ�GQ�?�AGPAJC�UGRF�UCBECQ�ASR�MD�T?PWGLE�QGXCQ�

K?PI CB�MSR�JGIC�QJGACQ�MD�NGC�MP�NGXX?���4FC�PCJ?RGTC�QGXCQ�

MD�RFC�UCBECQ�AMPPCQNMLB�RM�RFC�PCJ?RGTC�DPCOSCLAGCQ�MD�

RFC�A?RCEMPGCQ��

Example 5 

&MP�MSP�TCFGAJC�AMJMP�B?R?
�?�NGC�AF?PR�KGEFR�JMMI�JGIC�RFGQ��

0GC�AF?PRQ�A?L�MDRCL�@CLCDGR�DPMK�GLAJSBGLE�DPCOSCLAGCQ�MP�PCJ?RGTC�

DPCOSCLAGCQ� 	NCPACLRQ
� GL� RFC� AF?PR� LCVR� RM� RFC� NGC� QJGACQ�� /DRCL�

F?TGLE� RFC� A?RCEMPW� L?KCQ� LCVR� RM� RFC� NGC� QJGACQ� ?JQM� K?ICQ� RFC�

AF?PR�AJC?PCP��

��� ��Z��0PCQCLRGLE�#?RCEMPGA?J�$?R?�'P?NFGA?JJW



Example 6 

4FC� NGC� AF?PR� RM� RFC� PGEFR� QFMUQ� RFC� NCPACLR?EC� MD� TMRCPQ�

QSNNMPRGLE�C?AF�A?LBGB?RC�PSLLGLE�DMP�?�JMA?J�QCL?RC�QC?R��

)D�RFCPC�?PC��� 
����T MRCPQ�GL�RFC�BGQRPGAR
�RFC�NGC�AF?PR�QFMUQ�RF?R�

?@MSR�����MD�RFMQC
�?@MSR��
����TMRCPQ
�QSNNMPR�2CCTCQ��

0GC� AF?PRQ� JMMI� LGAC
� @SR� ?PC� F?PBCP� RM� BP?U� @W� F?LB� RF?L� @?P�

AF?PRQ�QGLAC�RM�BP?U�RFCK�?AASP?RCJW�UC�UMSJB�LCCB�RM�AMKNSRC�

RFC�?LEJC�C?AF�UCBEC�ASRQ�MSR�MD�RFC�AGPAJC
�RFCL�KC?QSPC�RFC�?LEJC�

UGRF�?�NPMRP?ARMP��#MKNSRCPQ�?PC�KSAF�@CRRCP�QSGRCB�RM�BP?UGLE�NGC�

AF?PRQ��#MKKML�QMDRU?PC�NPMEP?KQ�JGIC�-GAPMQMDR�7MPB�MP�%VACJ
�

/NCL /D DGAC�MPE�7 PGRC�MP�#?JA
�MP�'MMEJC�$MAQ�?PC�?@JC�RM�APC?RC�@?P�

0PCQCLRGLE�#?RCEMPGA?J�$?R?�'P?NFGA?JJW��Z�����



EP?NFQ
�NGC�AF?PRQ
�?LB�MRFCP�EP?NF�RWNCQ��4FCPC�?PC�?JQM�LSKCPMSQ�

MLJGLC�RMMJQ�RF?R�A?L�APC?RC�EP?NFQ���

Try it Now 1 

#PC?RC� ?� @?P� EP?NF� ?LB� ?� NGC� AF?PR� RM� GJJSQRP?RC� RFC� EP?BCQ� ML� ?�

FGQRMPW�CV?K�@CJMU��

!�� ���QRSBCLRQ
� "�� ���QRSBCLRQ
�#�� ���QRSBCLRQ
�$�� ��QRSBCLRQ
�&�� ��

QRSBCLRQ�

$MLnR� ECR� D?LAW� UGRF� EP?NFQ�� 0CMNJC� QMKCRGKCQ� ?BB� DC?RSPCQ� RM�

EP?NFQ� RF?R� BMLnR� FCJN� RM� AMLTCW� RFCGP� GLDMPK?RGML�� &MP� CV?KNJC
�

��BGKCLQGML?J�@?P�AF?PRQ�JGIC�RFC�MLC�QFMUL�@CJMU�?PC�SQS?JJW�LMR�

?Q�CDDCARGTC�?Q�RFCGP�RUM�BGKCLQGML?J�AMSLRCPN?PRQ��

( CPC�GQ�?LMRFCP�U?W�RF?R�D?LAGLCQQ�A?L�JC?B�RM�RPMS@JC��)LQRC?B�MD�

NJ?GL�@?PQ
�GR�GQ�RCKNRGLE�RM�QS@QRGRSRC�KC?LGLEDSJ�GK?ECQ��4FGQ�RWNC�

MD�EP?NF�GQ�A?JJCB�?�F?9JE=H7C ��

�� �&MP�CV?KNJC��FRRN��� LACQ�CB�EMT�LA CQIGBQ�

APC?RC!EP?NF��MP�FRRN��� BMAQ�EMMEJC�AMK�

� �� ��Z��0PCQCLRGLE�#?RCEMPGA?J�$?R?�'P?NFGA?JJW



Pictogram 

!� F?9JE=H7C �GQ�?�QR?RGQRGA?J�EP?NFGA�GL�UFGAF�RFC�QGXC�

MD�RFC�NGARSPC�GQ�GLRCLBCB�RM�PCNPCQCLR�RFC�DPCOSCLAGCQ�

MP�QGXC�MD�RFC�T?JSCQ�@CGLE�PCNPCQCLRCB��

Example 7 

!� J?@MP� SLGML� KGEFR� NPMBSAC� RFC� EP?NF�

RM�RFC�PGEFR�RM�QFMU�RFC�BGDDCPCLAC�@CRUCCL�RFC�?TCP?EC�K?L?ECP�

Q?J?PW�?LB�RFC�?TCP?EC�UMPI CP�Q?J?PW��

,MMIGLE�?R�RFC�NGARSPC
�GR�UMSJB�@C�PC?QML?@JC�RM�ESCQQ�RF?R�RFC�

K?L?ECP� Q?J?PGCQ� GQ� �� RGKCQ� ?Q� J?PEC� ?Q� RFC� UMPI CP� Q?J?PGCQ� k� RFC�

?PC?�MD�RFC�@?E�JMMIQ�?@MSR���RGKCQ�?Q�J?PEC��(MUCTCP
�RFC�K?L?ECP�

Q?J?PGCQ�?PC�GL�D?AR�MLJW�RUGAC�?Q�J?PEC�?Q�UMPI CP�Q?J?PGCQ
�UFGAF�UCPC�

PCDJCARCB�GL�RFC�NGARSPC�@W�K?IGLE�RFC�K?L?ECP�@?E�RUGAC�?Q�R?JJ��

!LMRFCP�BGQRMPRGML�GL�@?P�AF?PRQ�PCQSJRQ�DPMK�QCRRGLE�RFC�@?QCJGLC�

RM�?�T?JSC�MRFCP�RF?L�XCPM��4FC�@?QCJGLC�GQ�RFC�@MRRMK�MD�RFC�TCPRGA?J�

0PCQCLRGLE�#?RCEMPGA?J�$?R?�'P?NFGA?JJW��Z��� ��



?VGQ
� PCNPCQCLRGLE� RFC� JC?QR� LSK@CP� MD� A?QCQ� RF?R� AMSJB� F?TC�

MAASPPCB�GL�?�A?RCEMPW��. MPK?JJW
�RFGQ�LSK@CP�QFMSJB�@C�XCPM��

Example 8 

#MKN?PC� RFC� RUM� EP?NFQ� @CJMU� QFMUGLE� QSNNMPR� DMP� Q?KC�QCV�

K?PPG?EC� PGEFRQ� DPMK� ?� NMJJ� R?ICL� GL� $CACK@CP� ���� � ��4FC�

BGDDCPCLAC�GL�RFC�TCPRGA?J�QA?JC�ML�RFC�DGPQR�EP?NF�QSEECQRQ�?�BGDDCPCLR�

QRMPW� RF?L� RFC� RPSC� BGDDCPCLACQ� GL� NCPACLR?ECQ�� RFC� QCAMLB� EP?NF�

K?I CQ�GR�JMMI�JGIC�RUGAC�?Q�K?LW�NCMNJC�MNNMQC�K?PPG?EC�PGEFRQ�?Q�

QSNNMPR�GR��

�� �#.. �/NGLGML�2CQC?PAF�#MPNMP?RGML�0MJJ��$CA���� ��
�

����
�DP MK�FRRN��� UUU�NMJJGLEPCNMPR�AMK�AGTGJ�FRK�

� �� ��Z��0PCQCLRGLE�#?RCEMPGA?J�$?R?�'P?NFGA?JJW



Try it Now 2 

!� NMJJ� U?Q� R?ICL� ?QIGLE� NCMNJC� GD� RFCW� ?EPCCB� UGRF� RFC� NMQGRGMLQ�

MD�RFC���A?LBGB?RCQ�DMP�?�AMSLRW�MDDGAC��$MCQ�RFC�NGC�AF?PR�NPCQCLR�

?� EMMB� PCNPCQCLR?RGML� MD� RFGQ� B?R? � %VNJ?GL�

0PCQCLRGLE�#?RCEMPGA?J�$?R?�'P?NFGA?JJW��Z��� ��



87. Presenting Quantitative 
Data Graphically 

1S?L RGR?RGTC
� MP� LSKCPGA?J
� B?R?� A?L� ?JQM� @C� QSKK?PGXCB� GLRM�

DPCOSCLAW�R?@JCQ��

Example 9 

!�RC?AFCP�PCAMPBQ�QAMPCQ�ML�?����NMGLR�OSGX�DMP�RFC����QRSBCLRQ�GL�

FGQ�AJ?QQ��4FC�QAMPCQ�?PC��

���������������������������������������������������������������������������

������������

4FCQC� QAMPCQ� AMSJB� @C� QSKK?PGXCB� GLRM� ?� DPCOSCLAW� R?@JC� @W�

EPMSNGLE�JGIC�T?JSCQ��

.9EH;� " H;GK;D9O�

�� ��

�� ��

��� ��

��� ��

��� ��

��� ��

��� ��

��� ��

��� ��

5 QGLE�RFGQ�R?@JC
�GR�UMSJB�@C�NMQQG@JC�RM�APC?RC�?�QR?LB?PB�@?P�AF?PR�

DPMK�RFGQ�QSKK?PW
�JGIC�UC�BGB�DMP�A?RCEMPGA?J�B?R?��

� �� ��Z��0PCQCLRGLE�1S?LRGR?RGTC�$?R?
'P ?NFGA?JJW



( MUCTCP
�QGLAC�RFC�QAMPCQ�?PC�LSKCPGA?J�T?JSCQ
�RFGQ�AF?PR�BMCQLnR�

PC?JJW�K?IC�QCLQC��RFC�DGPQR�?LB�QCAMLB�@?PQ�?PC�DGTC�T?JSCQ�?N?PR
�

UFGJC� RFC� J?RCP� @?PQ� ?PC� MLJW� MLC� T?JSC� ?N?PR�� )R� UMSJB� @C� KMPC�

AMPPCAR�RM�RPC?R�RFC�FMPGXMLR?J�?VGQ�?Q�?�LSK@CP�JGLC��4FGQ�RWNC�MD�

EP?NF�GQ�A?JJCB�?�>?IJE=H7C ��

Histogram 

!�FGQRMEP?K�GQ�JGIC�?�@?P�EP?NF
�@SR�UFCPC�RFC�

FMPGXMLR?J�?VGQ�GQ�?�LSK@CP�JGLC�

Example 10 

&MP�RFC�T?JSCQ�?@MTC
�?�FGQRMEP?K�U MSJB�JMMI�JGIC��

0PCQCLRGLE�1S?LRGR?RGTC�$?R?�'P?NFGA?JJW��Z��� ��



. MRGAC� RF?R� GL� RFC� FGQRMEP?K
� ?� @?P� PCNPCQCLRQ� T?JSCQ� ML� RFC�

FMPGXMLR?J�?VGQ�DPMK�RF?R�ML�RFC�JCDR�F?LB�QGBC�MD�RFC�@?P�SN�RM
�@SR�

LMR� GLAJSBGLE
� RFC� T?JSC� ML� RFC� PGEFR� F?LB� QGBC� MD� RFC� @?P�� 3MKC�

NCMNJC�AFMMQC�RM�F?TC�@?PQ�QR?PR�?R�c�T?JSCQ�RM�?TMGB�RFGQ�?K@GESGRW��

5LDMPRSL?RCJW
� LMR� ?� JMR� MD� AMKKML� QMDRU?PC� N?AI?ECQ� A?L�

AMPPCARJW� EP?NF� ?� FGQRMEP?K�� !@MSR� RFC� @CQR� WMS� A?L� BM� GL� %VACJ�

MP�7MPB�GQ�?�@?P�EP?NF�UGRF�LM�E?N�@CRUCCL�RFC�@?PQ�?LB�QN?AGLE�

?BBCB�RM�QGKSJ?RC�?�LSKCPGA?J�FMPGXMLR?J�?VGQ��

)D�UC�F?TC�?�J?PEC�LSK@CP�MD�UGBCJW�T?PWGLE�B?R?�T?JSCQ
�APC?RGLE�

?�DPCOSCLAW�R?@JC�RF?R�JGQRQ�CTCPW�NMQQG@JC�T?JSC�?Q�?�A?RCEMPW�UMSJB�

JC?B�RM�?L�CVACNRGML?JJW�JMLE�DPCOSCLAW�R?@JC
�?LB�NPM@?@JW�UMSJB�

LMR� PCTC?J� ?LW� N?RRCPLQ�� &MP� RFGQ� PC?QML
� GR� GQ� AMKKML� UGRF�

OS?LRGR?RGTC�B?R?�RM�EPMSN�B?R?�GLRM�9B7II�?DJ;HL7BI��

� �� ��Z��0PCQCLRGLE�1S?LRGR?RGTC�$?R?�'P?NFGA?JJW



Class Intervals 

#J?QQ�GLRCPT?JQ�?PC�EPMSNGLEQ�MD�RFC�B?R?��)L�ECLCP?J
�

UC�BCDGLC�AJ?QQ�GLRCPT?JQ�QM�RF?R��

r� %?AF�GLRCPT?J�GQ�COS?J�GL�QGXC��&MP�CV?KNJC
�GD�RFC�

DGPQR�AJ?QQ�AMLR?GLQ�T?JSCQ�DPMK����� ��� 
�RFC�

QCAMLB�AJ?QQ�QFMSJB�GLAJSBC�T?JSCQ�DPMK����� ��� ��

r� 7 C�F?TC�QMKCUFCPC�@CRUCCL���?LB����AJ?QQCQ
�

RWNGA?JJW
�BCNCLBGLE�SNML�RFC�LSK@CP�MD�B?R?�

UCnPC�UMPIGLE�UGRF��

Example 11 

3SNNMQC� RF?R� UC� F?TC� AMJJCARCB� UCGEFRQ� DPMK� ���� K?JC� QS@HCARQ�

?Q� N?PR� MD� ?� LSRPGRGML� QRSBW�� &MP� MSP� UCGEFR� B?R?
� UC� F?TC� T?JSCQ�

P?LEGLE�DPMK�?�JMU�MD�����NMSLBQ�RM�?�FGEF�MD�����NMSLBQ
�EGTGLE�?�

RMR?J�QN?L�MD����� �����������7 C�AMSJB�APC?RC���GLRCPT?JQ�UGRF�?�UGBRF�

MD�?PMSLB��� 
����GLRCPT?JQ�UGRF�?�UGBRF�MD�?PMSLB��� 
�MP�QMKCUFCPC�GL�

@CRUCCL��/DRCL�RGKC�UC�F?TC�RM�CVNCPGKCLR�UGRF�?�DCU�NMQQG@GJGRGCQ�

RM�DGLB�QMKCRFGLE�RF?R�PCNPCQCLRQ�RFC�B?R?�UCJJ��,CR�SQ�RPW�SQGLE�?L�

GLRCPT?J�UGBRF�MD�����7 C�AMSJB�QR?PR�?R����
�MP�?R�����QGLAC�GR�GQ�?�LGAC�

PMSLB�LSK@CP��

0PCQCLRGLE�1S?LRGR?RGTC�$?R?�'P?NFGA?JJW��Z��� ��



%DJ;HL7B� " H;GK;D9O�

����k����� ��

����k����� ���

����k����� ���

����k����� ���

����k����� ���

����k����� ��

����k��� �� ��

����k�� ��� ��

� ���k����� ��

����k����� ��

!�FGQRMEP?K�MD�RFGQ�B?R?�UMSJB�JMMI�JGIC��

)L�K?L W�QMDRU?PC�N?AI?ECQ
�WMS�A?L�APC?RC�?�EP?NF�QGKGJ?P�RM�?�

FGQRMEP?K�@W�NSRRGLE�RFC�AJ?QQ�GLRCPT?JQ�?Q�RFC�J?@CJQ�ML�?�@?P�AF?PR��

� �� ��Z��0PCQCLRGLE�1S?LRGR?RGTC�$?R?�'P?NFGA?JJW



/RFCP�EP?NF�RWNCQ�QSAF�?Q�NGC�AF?PRQ�?PC�NMQQG@JC�DMP�OS?LRGR?RGTC�

B?R?�� 4FC� SQCDSJLCQQ� MD� BGDDCPCLR� EP?NF� RWNCQ� UGJJ� T?PW� BCNCLBGLE�

SNML� RFC� LSK@CP� MD� GLRCPT?JQ� ?LB� RFC� RWNC� MD� B?R?� @CGLE�

PCNPCQCLRCB��&MP�CV?KNJC
�?�NGC�AF?PR�MD�MSP�UCGEFR�B?R?�GQ�BGDDGASJR�

RM�PC?B�@CA?SQC�MD�RFC�OS?LRGRW�MD�GLRCPT?JQ�UC�SQCB��

Try it Now 3 

4FC� RMR?J� AMQR� MD� RCVR@MMIQ� DMP� RFC� RCPK� U?Q� AMJJCARCB� DPMK� ���

QRSBCLRQ��#PC?RC�?�FGQRMEP?K�DMP�RFGQ�B?R?��

���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� �� �� ���� �� �� ���� ���� ���

���� �������� ���������

���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���

���� �������� ���������

0PCQCLRGLE�1S?LRGR?RGTC�$?R?�'P?NFGA?JJW��Z��� ��



���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���

���� �������� ���������

7 FCL� AMJJCARGLE� B?R?� RM� AMKN?PC� RUM� EPMSNQ
� GR� GQ� BCQGP?@JC� RM�

APC?RC�?�EP?NF�RF?R�AMKN?PCQ�OS?LRGRGCQ��

Example 12 

4FC� B?R?� @CJMU� A?KC� DPMK� ?� R?QI� GL� UFGAF� RFC� EM?J� GQ� RM� KMTC� ?�

AMKNSRCP�KMSQC�RM�?�R?PECR�ML�RFC�QAPCCL�?Q�D?QR�?Q�NMQQG@JC��/L����

MD�RFC�RPG?JQ
�RFC�R?PECR�U?Q�?�QK?JJ�PCAR?LEJC��ML�RFC�MRFCP���
�RFC�

R?PECR�U?Q�?�J?PEC�PCAR?LEJC��4GKC�RM�PC?AF�RFC�R?PECR�U?Q�PCAMPBCB�

ML�C?AF�RPG?J��

%DJ;HL7B��C?BB?I;9ED:I�� " H;GK;D9O�
IC7BB�J7H=;J�

" H;GK;D9O�
B7H=;�J7H=;J�

���� ���� �� ��

�������� �� ��

�������� �� ���

�������� �� ��

���� ���� �� ��

����� ��� �� ��

�������� �� ��

����� ����� �� ��

����� ����� �� ��

/LC�MNRGML�RM�PCNPCQCLR�RFGQ�B?R?�UMSJB�@C�?�AMKN?P?RGTC�FGQRMEP?K�

MP� @?P� AF?PR
� GL� UFGAF� @?PQ� DMP� RFC� QK?JJ� R?PECR� EPMSN� ?LB� J?PEC�

R?PECR�EPMSN�?PC�NJ?ACB�LCVR�RM�C?AF�MRFCP��

��� ��Z��0PCQCLRGLE�1S?LRGR?RGTC�$?R?�'P?NFGA?JJW



Frequency polygon 

!L�?JRCPL?RGTC�PCNPCQCLR?RGML�GQ�?�<H;GK;D9O�FEBO=ED��

!�DPCOSCLAW�NMJWEML�QR?PRQ�MSR�JGIC�?�FGQRMEP?K
�@SR�

GLQRC?B�MD�BP?UGLE�?�@?P
�?�NMGLR�GQ�NJ?ACB�GL�RFC�

KGBNMGLR�MD�C?AF�GLRCPT?J�?R�FCGEFR�COS?J�RM�RFC�

DPCOSCLAW��4WNGA?JJW�RFC�NMGLRQ�?PC�AMLLCARCB�UGRF�

QRP?GEFR�JGLCQ�RM�CKNF?QGXC�RFC�BGQRPG@SRGML�MD�RFC�B?R?��

�

Example 13 

4FGQ�EP?NF�K?I CQ�GR�C?QGCP�RM�QCC�RF?R�PC?ARGML�RGKCQ�UCPC�ECLCP?JJW�

QFMPRCP� DMP� RFC� J?PECP� R?PECR
� ?LB� RF?R� RFC� PC?ARGML� RGKCQ� DMP� RFC�

QK?JJCP�R?PECR�UCPC�KMPC�QNPC?B�MSR��

0PCQCLRGLE�1S?LRGR?RGTC�$?R?�'P?NFGA?JJW��Z�����



��� ��Z��0PCQCLRGLE�1S?LRGR?RGTC�$?R?�'P?NFGA?JJW



88. Measures of Central 
Tendency 

)R� GQ� MDRCL� BCQGP?@JC� RM� SQC� ?� DCU� LSK@CPQ� RM� QSKK?PGXC� ?�

BGQRPG@SRGML�� /LC� GKNMPR?LR� ?QNCAR� MD� ?� BGQRPG@SRGML� GQ� UFCPC� GRQ�

ACLRCP�GQ�JMA?RCB��- C?QSPCQ�MD�ACLRP?J�RCLBCLAW�?PC�BGQASQQCB�DGPQR��

!�QCAMLB�?QNCAR�MD�?�BGQRPG@SRGML�GQ�FMU�QNPC?B�MSR�GR�GQ�� )L�MRFCP�

UMPBQ
�FMU�KSAF�RFC�B?R?�GL�RFC�BGQRPG@SRGML�T?PW�DPMK�MLC�?LMRFCP��

4FC�QCAMLB�QCARGML�BCQAPG@CQ�KC?QSPCQ�MD�T?PG?@GJGRW��

,CRnQ�@CEGL�@W�RPWGLE�RM�DGLB�RFC�KMQR�pRWNGA?Jq�T?JSC�MD�?�B?R?�QCR��

. MRC�RF?R�UC�HSQR�SQCB�RFC�UMPB�pRWNGA?Jq�?JRFMSEF�GL�K?LW�A?QCQ�

WMS�KGEFR�RFGLI�MD�SQGLE�RFC�UMPB�p?TCP?EC�q�7 C�LCCB�RM�@C�A?PCDSJ�

UGRF� RFC� UMPB� p?TCP?ECq� ?Q� GR� KC?LQ� BGDDCPCLR� RFGLEQ� RM� BGDDCPCLR�

NCMNJC� GL� BGDDCPCLR� AMLRCVRQ��� /LC� M D� RFC� KMQR� AMKKML� SQCQ� MD�

RFC� UMPB� p?TCP?ECq� GQ� UF?R� K?RFCK?RGAG?LQ� ?LB� QR?RGQRGAG?LQ� A?JJ�

RFC�7H?J>C;J?9�C;7D 
�MP�HSQR�NJ?GL�MJB�C;7D �DMP�QFMPR���p!PGRFKCRGA�

KC?Lq�QMSLBQ�P?RFCP�D?LAW
�@SR�WMS�F?TC�JGICJW�A?JASJ?RCB�?�KC?L�

K?L W�RGKCQ�UGRFMSR�PC?JGXGLE�GR��RFC�KC?L�GQ�UF?R�KMQR�NCMNJC�RFGLI�

MD�UFCL�RFCW�SQC�RFC�UMPB�p?TCP?ECq��

Mean 

4FC�C;7D �MD�?�QCR�MD�B?R?�GQ�RFC�QSK�MD�RFC�B?R?�T?JSCQ�

BGTGBCB�@W�RFC�LSK@CP�MD�T?JSCQ��

- C?QSPCQ�MD�#CLRP?J�4CLBCLAW��Z�����



Example 14 

-?P AGnQ�CV?K�QAMPCQ�DMP�FCP�J?QR�K?RF�AJ?QQ�UCPC���� 
���
���
�����4FC�

KC?L�MD�RFCQC�T?JSCQ�UMSJB�@C��

�� 4WNGA?JJW� UC� PMSLB�

KC?LQ�RM�MLC�KMPC�BCAGK?J�NJ?AC�RF?L�RFC�MPGEGL?J�B?R?�F?B��)L�RFGQ�

A?QC
�UC�UMSJB�PMSLB�������RM�������

Example 15 

4FC� LSK@CP� MD� RMSAFBMUL� 	4$ 
� N?QQCQ� RFPMUL� @W� C?AF� MD� RFC� ���

RC?KQ�GL�RFC�.?RGML?J�&MMR@?JJ�,C?ESC�GL�RFC������QC?QML�?PC�QFMUL�

@CJMU��

� ��������������������� �����������������������

����������������������������������������������

!BBGLE� RFCQC� T?JSCQ
� UC� ECR� ���� RMR?J� 4$Q�� $GTGBGLE� @W� ��
� RFC�

LSK@CP� MD� B?R?� T?JSCQ
� UC� ECR� ��� ���� �� �� ������ ��� )R� UMSJB� @C�

?NNPMNPG?RC�RM�PMSLB�RFGQ�RM�������

)R�UMSJB�@C�KMQR�AMPPCAR�DMP�SQ�RM�PCNMPR�RF?R�p4FC�KC?L�LSK@CP�

MD� RMSAFBMUL� N?QQCQ� RFPMUL� GL� RFC� .&,� GL� RFC� ����� QC?QML� U?Q�

�� ���N?QQCQ
q�@SR�GR�GQ�LMR�SLAMKKML�RM�QCC�RFC�KMPC�A?QS?J�UMPB�

p?TCP?ECq�SQCB�GL�NJ?AC�MD�pKC?L�q�

Try it Now 4 

4FC�NPGAC�MD�?�H?P�MD�NC?LSR�@SRRCP�?R���QRMPCQ�U?Q������� 
������ 
���� �� 
�

��� ��
�?LB������ ��&GLB�RFC�KC?L�NPGAC��

��� ��Z��- C?QSPCQ�MD�#CLRP?J�4CLBCLAW



Example 16 

4FC� MLC� FSLBPCB� D?KGJGCQ� GL� ?� N?PRGASJ?P� LCGEF@MPFMMB� ?PC� ?QICB�

RFCGP�?LLS?J�FMSQCFMJB�GLAMKC
�RM�RFC�LC?PCQR����RFMSQ?LB�BMJJ?PQ��

4FC�PCQSJRQ�?PC�QSKK?PGXCB�GL�?�DPCOSCLAW�R?@JC�@CJMU��

%D9EC;�� J>EKI7D:I�E <�:EBB7HI �� " H;GK;D9O�

��� ��

��� ��

��� ���

��� ���

��� ���

��� ���

��� ���

��� ��

#?JASJ?RGLE�RFC�KC?L�@W�F?LB�AMSJB�ECR�RPGAIW�GD�UC�RPW�RM�RWNC�GL�?JJ�

����T ?JSCQ��

7 C�AMSJB�A?JASJ?RC�RFGQ�KMPC�C?QGJW�@W�LMRGAGLE�RF?R�?BBGLE����RM�

GRQCJD�QGV�RGKCQ�GQ�RFC�Q?KC�?Q�������5 QGLE�RFGQ�QGKNJGDGA?RGML
�UC�ECR�

4FC� KC?L� FMSQCFMJB� GLAMKC� MD� MSP� Q?KNJC� GQ� ����� RFMSQ?LB�

BMJJ?PQ�	���
��� 
��

Example 17 

%VRCLBGLE�MDD�RFC�J?QR�CV?KNJC
�QSNNMQC�?�LCU�D?KGJW�KMTCQ�GLRM�RFC�

- C?QSPCQ�MD�#CLRP?J�4CLBCLAW��Z�����



LCGEF@MPFMMB�CV?KNJC�RF?R�F?Q�?�FMSQCFMJB�GLAMKC�MD� ���KGJJGML�

	������RFMSQ?LB
��!BBGLE�RFGQ�RM�MSP�Q?KNJC
�MSP�KC?L�GQ�LMU��

7 FGJC� ����� RFMSQ?LB� BMJJ?PQ� 	���
��� 
� GQ� RFC� AMPPCAR� KC?L�

FMSQCFMJB�GLAMKC
�GR�LM�JMLECP�PCNPCQCLRQ�?�pRWNGA?Jq�T?JSC��

)K?EGLC�RFC�B?R?�T?JSCQ�ML�?�QCC�Q?U�MP�@?J?LAC�QA?JC��4FC�KC?L�

GQ�RFC�T?JSC�RF?R�ICCNQ�RFC�B?R?�GL�@?J?LAC
�JGIC�GL�RFC�NGARSPC�@CJMU��

)D�UC�EP?NF�MSP�FMSQCFMJB�B?R?
�RFC����KGJJGML�B?R?�T?JSC�GQ�QM�D?P�

MSR�RM�RFC�PGEFR�RF?R�RFC�KC?L�F?Q�RM�?BHSQR�SN�RM� ICCN�RFGLEQ�GL�

@?J?LAC�

&MP� RFGQ� PC?QML
� UFCL� UMPIGLE� UGRF� B?R?� RF?R� F?TC�EKJB?;HI � k�

T?JSCQ� D?P� MSRQGBC� RFC� NPGK?PW� EPMSNGLE� k� GR� GQ� AMKKML� RM� SQC� ?�

BGDDCPCLR�KC?QSPC�MD�ACLRCP
�RFC�C;:?7D ��

Median 

4FC�C;:?7D �MD�?�QCR�MD�B?R?�GQ�RFC�T?JSC�GL�RFC�KGBBJC�

UFCL�RFC�B?R?�GQ�GL�MPBCP�

4M�DGLB�RFC�KCBG?L
�@CEGL�@W�JGQRGLE�RFC�B?R?�GL�MPBCP�

DPMK�QK?JJCQR�RM�J?PECQR
�MP�J?PECQR�RM�QK?JJCQR��

)D�RFC�LSK@CP�MD�B?R?�T?JSCQ
�' 
�GQ�MBB
�RFCL�RFC�

KCBG?L�GQ�RFC�KGBBJC�B?R?�T?JSC��4FGQ�T?JSC�A?L�@C�DMSLB�

@W�PMSLBGLE�' ���SN�RM�RFC�LCVR�UFMJC�LSK@CP��

��� ��Z��- C?QSPCQ�MD�#CLRP?J�4CLBCLAW



)D�RFC�LSK@CP�MD�B?R?�T?JSCQ�GQ�CTCL
�RFCPC�GQ�LM�MLC�

KGBBJC�T?JSC
�QM�UC�DGLB�RFC�KC?L�MD�RFC�RUM�KGBBJC�

T?JSCQ�	T?JSCQ�' ���?LB� ' ������
�

Example 18 

2CRSPLGLE�RM�RFC�DMMR@?JJ�RMSAFBMUL�B?R?
�UC�UMSJB�QR?PR�@W�JGQRGLE�

RFC�B?R?�GL�MPBCP��,SAIGJW
�GR�U?Q�?JPC?BW�GL�BCAPC?QGLE�MPBCP
�QM�UC�

A?L�UMPI�UGRF�GR�UGRFMSR�LCCBGLE�RM�PCMPBCP�GR�DGPQR��

� ��������������������� �����������������������

����������������������������������������������

3GLAC�RFCPC�?PC����B? R?�T?JSCQ
�?L�MBB�LSK@CP
�RFC�KCBG?L�UGJJ�@C�

RFC�KGBBJC�LSK@CP
�RFC���RF�B?R?�T?JSC�	�� ���������
�P MSLB�SN�RM���
�

JC?TGLE����T?JSCQ�@CJMU�?LB����?@MTC
��4FC���RF�B?R?�T?JSC�GQ���
�QM�

RFC�KCBG?L�LSK@CP�MD�RMSAFBMUL�N?QQCQ�GL�RFC� �����QC?QML�U?Q�

���N?QQCQ��.MRGAC�RF?R�DMP�RFGQ�B?R?
�RFC�KCBG?L�GQ�D?GPJW�AJMQC�RM�RFC�

KC?L�UC�A?JASJ?RCB�C?PJGCP
��� ����

Example 19 

&GLB�RFC�KCBG?L�MD�RFCQC�OSGX�QAMPCQ�����������������������

7 C�QR?PR�@W�JGQRGLE�RFC�B?R?�GL�MPBCP�����������������������

3GLAC�RFCPC�?PC� ���B? R?�T?JSCQ
�?L�CTCL�LSK@CP
�RFCPC�GQ�LM�MLC�

KGBBJC�LSK@CP��3M�UC�DGLB�RFC�KC?L�MD�RFC�RUM�KGBBJC�LSK@CPQ
���

?LB�� 
�?LB�ECR�	�� �
����������

4FC�KCBG?L�OSGX�QAMPC�U?Q������

- C?QSPCQ�MD�#CLRP?J�4CLBCLAW��Z�����



Try it Now 5 

4FC� NPGAC� MD� ?� H?P� MD� NC?LSR� @SRRCP� ?R� �� QRMPCQ� UCPC�� ����� 
� ����� 
�

��� �� 
���� ��
�?LB������ ��&GLB�RFC�KCBG?L�NPGAC��

Example 20 

,CR�SQ�PCRSPL�LMU�RM�MSP�MPGEGL?J�FMSQCFMJB�GLAMKC�B?R?�

%D9EC;�� J>EKI7D:I�E <�:EBB7HI �� " H;GK;D9O�

��� ��

��� ��

��� ���

��� ���

��� ���

��� ���

��� ���

��� ��

( CPC� UC� F?TC� ���� B? R?� T?JSCQ�� )D� UC� BGBLnR� ?JPC?BW� ILMU� RF?R
� UC�

AMSJB�DGLB�GR�@W�?BBGLE�RFC�DPCOSCLAGCQ��3GLAC�����GQ�?L�CTCL�LSK@CP
�

UC�LCCB�RM�DGLB�RFC�KC?L�MD�RFC�KGBBJC�RUM�B?R?�T?JSCQ�k�RFC���RF�

?LB���QR�B?R?�T?JSCQ��4M�DGLB�RFCQC
�UC�QR?PR�AMSLRGLE�SN�DPMK�RFC�

@MRRMK��

4FCPC�?PC���B?R?�T?JSCQ�MD����
�QM������������������6?JSCQ���RM���?PC�����

RFMSQ?LB�

4FC�LCVR���B?R?�T?JSCQ�?PC���� 
�QM������������������6?JSCQ���RM�	��� 
� ���

?PC�����RFMSQ?LB�

4FC�LCVR����B?R?�T?JSCQ�?PC����
�QM� ���������������6?JSCQ����RM�	�����
����

?PC�����RFMSQ?LB�

��� ��Z��- C?QSPCQ�MD�#CLRP?J�4CLBCLAW



4FC�LCVR����B?R?�T?JSCQ�?PC���� 
�QM����������������6?JSCQ����RM�	��� ��
����

?PC�����RFMSQ?LB�

4FC�LCVR����B?R?�T?JSCQ�?PC����
�QM� ���������������6?JSCQ����RM�	��� �� 
����

?PC�����RFMSQ?LB�

&PMK�RFGQ�UC�A?L�RCJJ�RF?R�T?JSCQ����?LB����UGJJ�@C�����RFMSQ?LB
�

?LB� RFC� KC?L� MD� RFCQC� RUM� T?JSCQ� GQ� ���� RFMSQ?LB�� 4FC� KCBG?L�

GLAMKC�GL�RFGQ�LCGEF@MPFMMB�GQ�����RFMSQ?LB��

�

�

Example 21 

)D�UC�?BB�GL�RFC�LCU�LCGEF@MP�UGRF�?����KGJJGML�FMSQCFMJB�GLAMKC
�

RFCL� RFCPC� UGJJ� @C� ���� B?R?� T?JSCQ
� ?LB� RFC� ��QR� T?JSC� UGJJ� @C� RFC�

KCBG?L��!Q�UC�BGQAMTCPCB�GL�RFC�J?QR�CV?KNJC
�RFC���QR�T?JSC�GQ�����

RFMSQ?LB��.MRGAC�RF?R�RFC�LCU�LCGEF@MP�BGB�LMR�?DDCAR�RFC�KCBG?L�GL�

RFGQ�A?QC��4FC�KCBG?L�GQ�LMR�QU?WCB�?Q�KSAF�@W�MSRJGCPQ�?Q�RFC�KC?L�

GQ��

)L� ?BBGRGML� RM� RFC� KC?L� ?LB� RFC� KCBG?L
� RFCPC� GQ� MLC� MRFCP�

AMKKML�KC?QSPCKCLR�MD�RFC�pRWNGA?Jq�T?JSC�MD�?�B?R?�QCR��RFC�CE:; ��

Mode 

4FC�CE:; �GQ�RFC�CJCKCLR�MD�RFC�B?R?�QCR�RF?R�MAASPQ�

KMQR�DPCOSCLRJW��

4FC�KMBC�GQ�D?GPJW�SQCJCQQ�UGRF�B?R?�JGIC�UCGEFRQ�MP�FCGEFRQ�UFCPC�

- C?QSPCQ�MD�#CLRP?J�4CLBCLAW��Z�����



RFCPC� ?PC� ?� J?PEC� LSK@CP� MD� NMQQG@JC� T?JSCQ�� 4FC� KMBC� GQ� KMQR�

AMKKMLJW� SQCB� DMP� A?RCEMPGA?J� B?R?
� DMP� UFGAF� KCBG?L� ?LB� KC?L�

A?LLMR�@C�AMKNSRCB��

Example 22 

)L�MSP�TCFGAJC�AMJMP�QSPTCW
�UC�AMJJCARCB�RFC�B?R?�

&MP�RFGQ�B?R?
� 'PCCL�GQ�RFC�KMBC
�QGLAC�GR�GQ�RFC�B?R?�T?JSC�RF?R�

MAASPPCB�RFC�KMQR�DPCOSCLRJW��

)R�GQ�NMQQG@JC�DMP�?�B?R?�QCR�RM�F?TC�KMPC�RF?L�MLC�KMBC�GD�QCTCP?J�

A?RCEMPGCQ� F?TC� RFC� Q?KC� DPCOSCLAW
� MP� LM� KMBCQ� GD� C?AF� CTCPW�

A?RCEMPW�MAASPQ�MLJW�MLAC��

Try it Now 6 

2CTGCUCPQ�UCPC�?QICB�RM�P?RC�?�NPMBSAR�ML�?�QA?JC�MD���RM����&GLB�

?��4FC�KC?L�P?RGLE�

@��4FC�KCBG?L�P?RGLE�

A��4FC�KMBC�P?RGLE�

-7 J?D=� " H;GK;D9O�

�� ��

�� ��

�� ��

�� ��

�� ��

��� ��Z��- C?QSPCQ�MD�#CLRP?J�4CLBCLAW



89. Measures of Variation 

#MLQGBCP�RFCQC�RFPCC�QCRQ�MD�OSGX�QAMPCQ��

3CARGML�!����������������������

3CARGML�"���������������������������

3CARGML�#����������������������

!JJ�RFPCC�MD�RFCQC�QCRQ�MD�B?R?�F?TC�?�KC?L�MD���?LB�KCBG?L�MD��
�WCR�

RFC�QCRQ�MD�QAMPCQ�?PC�AJC?PJW�OSGRC�BGDDCPCLR��)L�QCARGML�!
�CTCPWMLC�

F?B�RFC�Q?KC�QAMPC��GL�QCARGML� "�F?JD�RFC�AJ?QQ� EMR�LM�NMGLRQ�?LB�

RFC� MRFCP� F?JD� EMR� ?� NCPDCAR� QAMPC
� ?QQSKGLE� RFGQ� U?Q� ?� ���NMGLR�

OSGX���3CARGML�#�U?Q�LMR�?Q�AMLQGQRCLR�?Q�QCARGML�!
�@SR�LMR�?Q�UGBCJW�

T?PGCB�?Q�QCARGML�"��

)L�?BBGRGML�RM�RFC�KC?L�?LB�KCBG?L
�UFGAF�?PC�KC?QSPCQ�MD�RFC�

pRWNGA?Jq�MP�pKGBBJCq�T?JSC
�UC�?JQM�LCCB�?�KC?QSPC�MD�FMU�pQNPC?B�

MSRq�MP�T?PGCB�C?AF�B?R?�QCR�GQ��

4FCPC�?PC�QCTCP?J�U?WQ�RM�KC?QSPC�RFGQ�pQNPC?Bq�MD�RFC�B?R?��4FC�

DGPQR�GQ�RFC�QGKNJCQR�?LB�GQ�A?JJCB�RFC�H7D=; ��

Range 

4FC�P?LEC�GQ�RFC�BGDDCPCLAC�@CRUCCL�RFC�K?VGKSK�

T?JSC�?LB�RFC�KGLGKSK�T?JSC�MD�RFC�B?R?�QCR��

- C?QSPCQ�MD�6?PG?RGML��Z�����



Example 23 

5 QGLE�RFC�OSGX�QAMPCQ�DPMK�?@MTC
�

&MP�QCARGML�!
�RFC�P?LEC�GQ���QGLAC�@MRF�K?VGKSK�?LB�KGLGKSK�

?PC���?LB���k���� ���

&MP�QCARGML�"
�RFC�P?LEC�GQ����QGLAC����k�� �� ����

&MP�QCARGML�#
�RFC�P?LEC�GQ���QGLAC���k�������

)L�RFC�J?QR�CV?KNJC
�RFC�P?LEC�QCCKQ�RM�@C�PCTC?JGLE�FMU�QNPC?B�

MSR�RFC�B?R?�GQ��(MUCTCP
�QSNNMQC�UC�?BB�?�DMSPRF�QCARGML
�3CARGML�

$ 
�UGRF�QAMPCQ��������������������� ��

4FGQ�QCARGML�?JQM�F?Q�?�KC?L�?LB�KCBG?L�MD����4FC�P?LEC�GQ���
�WCR�

RFGQ�B?R?�QCR�GQ�OSGRC�BGDDCPCLR�RF?L�3CARGML�"��4M�@CRRCP�GJJSKGL?RC�

RFC�BGDDCPCLACQ
�UCnJJ�F?TC�RM�RSPL�RM�KMPC�QMNFGQRGA?RCB�KC?QSPCQ�

MD�T?PG?RGML��

Standard deviation 

4FC�QR?LB?PB�BCTG?RGML�GQ�?�KC?QSPC�MD�T?PG?RGML�@?QCB�

ML�KC?QSPGLE�FMU�D?P�C?AF�B?R?�T?JSC�BCTG?RCQ
�MP�GQ�

BGDDCPCLR
�DPMK�RFC�KC?L��!�DCU�GKNMPR?LR�

AF?P?ARCPGQRGAQ��

r� 3R?LB?PB�BCTG?RGML�GQ�?JU?WQ�NMQGRGTC��3R?LB?PB�

BCTG?RGML�UGJJ�@C�XCPM�GD�?JJ�RFC�B?R?�T?JSCQ�?PC�

COS?J
�?LB�UGJJ�ECR�J?PECP�?Q�RFC�B?R?�QNPC?BQ�MSR��

r� 3R?LB?PB�BCTG?RGML�F?Q�RFC�Q?KC�SLGRQ�?Q�RFC�

MPGEGL?J�B?R?��

r� 3R?LB?PB�BCTG?RGML
�JGIC�RFC�KC?L
�A?L�@C�FGEFJW�

GLDJSCLACB�@W�MSRJGCPQ��

��� ��Z��- C?QSPCQ�MD�6?PG?RGML



5 QGLE� RFC� B?R?� DPMK� QCARGML� $
� UC� AMSJB� AMKNSRC� DMP� C?AF� B?R?�

T?JSC�RFC�BGDDCPCLAC�@CRUCCL�RFC�B?R?�T?JSC�?LB�RFC�KC?L��

B?R?�T?JSC�BCTG?RGML��B?R?�T?JSC�k�KC?L�

�� ���������

�� ��������

�� ��������

�� ��������

�� ��������

�� ��������

�� ��������

�� ��������

�� ��������

��� ���������

7 C� UMSJB� JGIC� RM� ECR� ?L� GBC?� MD� RFC� p?TCP?ECq� BCTG?RGML� DPMK� RFC�

KC?L
�@SR�GD�UC�DGLB�RFC�?TCP?EC�MD�RFC�T?JSCQ�GL�RFC�QCAMLB�AMJSKL�

RFC� LCE?RGTC� ?LB� NMQGRGTC� T?JSCQ� A?LACJ� C?AF� MRFCP� MSR� 	RFGQ� UGJJ�

?JU?WQ� F?NNCL

� QM� RM� NPCTCLR� RFGQ� UC� QOS?PC� CTCPW� T?JSC� GL� RFC�

QCAMLB�AMJSKL��

B?R?�T?JSC�BCTG?RGML��B?R?�T?JSC�k�KC?L� BCTG?RGML�QOS?PCB�

�� ��������� 	��
�������

�� �������� � ������

�� �������� � ������

�� �������� � ������

�� �������� � ������

�� �������� � ������

�� �������� � ������

�� �������� � ������

�� �������� � ������

��� ��������� 	�
�������

- C?QSPCQ�MD�6?PG?RGML��Z�����



7 C�RFCL�?BB�RFC�QOS?PCB�BCTG?RGMLQ�SN�RM�ECR��������������������������

������������������� ���/P BGL?PGJW�UC�UMSJB�RFCL�BGTGBC�@W�RFC�LSK@CP�

MD�QAMPCQ
�E
�	GL�RFGQ�A?QC
���
�RM�DGLB�RFC�KC?L�MD�RFC�BCTG?RGMLQ���" SR�

UC�MLJW�BM�RFGQ�GD�RFC�B?R?�QCR�PCNPCQCLRQ�?�NMNSJ?RGML��GD�RFC�B?R?�QCR�

PCNPCQCLRQ�?�Q?KNJC�	?Q�GR�?JKMQR�?JU?WQ�BMCQ

�UC�GLQRC?B�BGTGBC�@W�

E�k���	GL�RFGQ�A?QC
����k������ 
���

3M� GL� MSP� CV?KNJC
� UC� UMSJB� F?TC� �� ���� �� �� GD� QC ARGML� $�

PCNPCQCLRQ� ?� NMNSJ?RGML� ?LB� ����� �� ?@MSR� ����� GD� QCARGML� $�

PCNPCQCLRQ� ?� Q?KNJC��� 4FCQC� T?JSCQ� 	�� ?LB� ���� 
� ?PC� A?JJCB
�

PCQNCARGTCJW
�RFC�FEFKB7J?ED�L7H?7D9;�?LB�RFC�I7C FB;�L7H?7D9;�DMP�

QCARGML�$��

6?PG?LAC� A?L� @C� ?� SQCDSJ� QR?RGQRGA?J� AMLACNR
� @SR� LMRC� RF?R� RFC�

SLGRQ� MD� T?PG?LAC� GL� RFGQ� GLQR?LAC� UMSJB� @C� NMGLRQ�QOS?PCB� QGLAC�

UC�QOS?PCB�?JJ�MD�RFC�BCTG?RGMLQ���7 F?R�?PC�NMGLRQ�QOS?PCB �� 'MMB�

OSCQRGML��� 7 C� UMSJB� P?RFCP� BC?J� UGRF� RFC� SLGRQ� UC� QR?PRCB� UGRF�

	NMGLRQ�GL�RFGQ�A?QC

�QM�RM�AMLTCPR�@?AI�UC�R?IC�RFC�QOS?PC�PMMR�?LB�

ECR��

�� �4FC�PC?QML�UC�BM�RFGQ�GQ�FGEFJW�RCAFLGA?J
�@SR�UC�A?L�QCC�

FMU�GR�KGEFR�@C�SQCDSJ�@W�AMLQGBCPGLE�RFC�A?QC�MD�?�QK?JJ�

Q?KNJC�DPMK�?�NMNSJ?RGML�RF?R�AMLR?GLQ�?L�MSRJGCP
�UFGAF�

UMSJB�GLAPC?QC�RFC�?TCP?EC�BCTG?RGML��RFC�MSRJGCP�TCPW�

JGICJW�UML�R�@C�GLAJSBCB�GL�RFC�Q?KNJC
�QM�RFC�KC?L�

BCTG?RGML�MD�RFC�Q?KNJC�UMSJB�SLBCPCQRGK?RC�RFC�KC?L�

BCTG?RGML�MD�RFC�NMNSJ?RGML��RFSQ�UC�BGTGBC�@W�?�QJGEFRJW�

QK?JJCP�LSK@CP�RM�ECR�?�QJGEFRJW�@GEECP�?TCP?EC�

BCTG?RGML��

��� ��Z��- C?QSPCQ�MD�6?PG?RGML



)D�UC�?PC�SLQSPC�UFCRFCP�RFC�B?R?�QCR�GQ�?�Q?KNJC�MP�?�NMNSJ?RGML
�

UC� UGJJ� SQS?JJW� ?QQSKC� GR� GQ� ?� Q?KNJC
� ?LB� UC� UGJJ� PMSLB� ?LQUCPQ�

RM�MLC�KMPC�BCAGK?J�NJ?AC�RF?L�RFC�MPGEGL?J�B?R?
�?Q�UC�F?TC�BMLC�

?@MTC��

To compute standard deviation: 

�� �����&GLB�RFC�BCTG?RGML�MD�C?AF�B?R?�DPMK�RFC�KC?L��)L�

MRFCP�UMPBQ
�QS@RP?AR�RFC�KC?L�DPMK�RFC�B?R?�T?JSC��

�� �����3OS?PC�C?AF�BCTG?RGML��

�� �����!BB�RFC�QOS?PCB�BCTG?RGMLQ��

�� �����$GTGBC�@W�E
�RFC�LSK@CP�MD�B?R?�T?JSCQ
�GD�RFC�B?R?�

PCNPCQCLRQ�?�UFMJC�NMNSJ?RGML��BGTGBC�@W�E�k���GD�RFC�B?R?�

GQ�DPMK�?�Q?KNJC��

�� �����#MKNSRC�RFC�QOS?PC�PMMR�MD�RFC�PCQSJR��

Example 24 

#MKNSRGLE� RFC� QR?LB?PB� BCTG?RGML� DMP� 3CARGML� "� ?@MTC
� UC� DGPQR�

- C?QSPCQ�MD�6?PG?RGML��Z�����



A?JASJ?RC�RF?R�RFC�KC?L�GQ� ��� 5QGLE�?�R?@JC�A?L�FCJN� ICCN�RP?AI�MD�

WMSP�AMKNSR?RGMLQ�DMP�RFC�QR?LB?PB�BCTG?RGML��

B?R?�T?JSC�BCTG?RGML��B?R?�T?JSC�k�KC?L� BCTG?RGML�QOS?PCB�

�� ��������� 	��
�������

�� ��������� 	��
�������

�� ��������� 	��
�������

�� ��������� 	��
�������

�� ��������� 	��
�������

��� ��������� 	�
�������

��� ��������� 	�
�������

��� ��������� 	�
�������

��� ��������� 	�
�������

��� ��������� 	�
�������

!QQSKGLE�RFGQ�B?R?�PCNPCQCLRQ�?�NMNSJ?RGML
�UC�UGJJ�?BB�RFC�QOS?PCB�

BCTG?RGMLQ
�BGTGBC�@W���
�RFC�LSK@CP�MD�B?R?�T?JSCQ
�?LB�AMKNSRC�RFC�

QOS?PC�PMMR��

. MRGAC�RF?R�RFC�QR?LB?PB�BCTG?RGML�MD�RFGQ�B?R?�QCR�GQ�KSAF�J?PECP�

RF?L�RF?R�MD�QCARGML�$�QGLAC�RFC�B?R?�GL�RFGQ�QCR�GQ�KMPC�QNPC?B�MSR��

&MP�AMKN?PGQML
�RFC�QR?LB?PB�BCTG?RGMLQ�MD�?JJ�DMSP�QCARGMLQ�?PC��

3CARGML�!���������������������� 3R?LB?PB�BCTG?RGML����

3CARGML�"��������������������������� 3R?LB?PB�BCTG?RGML����

3CARGML�#���������������������� 3R?LB?PB�BCTG?RGML������

3CARGML�$����������������������� 3R?LB?PB�BCTG?RGML������

��� ��Z��- C?QSPCQ�MD�6?PG?RGML



Try it Now 7 

4FC� NPGAC� MD� ?� H?P� MD� NC?LSR� @SRRCP� ?R� �� QRMPCQ� UCPC�� ����� 
� ����� 
�

��� �� 
���� ��
�?LB������ ��&GLB�RFC�QR?LB?PB�BCTG?RGML�MD�RFC�NPGACQ��

7 FCPC�QR?LB?PB�BCTG?RGML�GQ�?�KC?QSPC�MD�T?PG?RGML�@?QCB�ML�RFC�

KC?L
�GK7HJ?B;I�?PC�@?QCB�ML�RFC�KCBG?L��

Quartiles 

1S?PRGJCQ�?PC�T?JSCQ�RF?R�BGTGBC�RFC�B?R?�GL�OS?PRCPQ��

4FC�DGPQR�OS?PRGJC�	1�
�GQ�RFC�T?JSC�QM�RF?R�����M D�RFC�

B?R?�T?JSCQ�?PC�@CJMU�GR��RFC�RFGPB�OS?PRGJC�	1� 
�GQ�RFC�

T?JSC�QM�RF?R�����M D�RFC�B?R?�T?JSCQ�?PC�@CJMU�GR��9MS�

K? W�F?TC�ESCQQCB�RF?R�RFC�QCAMLB�OS?PRGJC�GQ�RFC�Q?KC�

?Q�RFC�KCBG?L
�QGLAC�RFC�KCBG?L�GQ�RFC�T?JSC�QM�RF?R�����

MD�RFC�B?R?�T?JSCQ�?PC�@CJMU�GR��

4FGQ�BGTGBCQ�RFC�B?R?�GLRM�OS?PRCPQ������MD�RFC�B?R?�GQ�

@CRUCCL�RFC�KGLGKSK�?LB�1�
�����GQ�@CRUCCL�1��?LB�

RFC�KCBG?L
�����GQ�@CRUCCL�RFC�KCBG?L�?LB�1�
�?LB�

����GQ�@CRUCCL�1��?LB�RFC�K?VGKSK�T?JSC�

7 FGJC� OS?PRGJCQ� ?PC� LMR� ?� ��LSK@CP� QSKK?PW� MD� T?PG?RGML� JGIC�

QR?LB?PB� BCTG?RGML
� RFC� OS?PRGJCQ� ?PC� SQCB� UGRF� RFC� KCBG?L
�

KGLGKSK
�?LB�K?VGKSK�T?JSCQ�RM�DMPK�?���D KC8;H�IKCC7H O�MD�RFC�

B?R?��

- C?QSPCQ�MD�6?PG?RGML��Z���� �



Five number summary 

4FC�DGTC�LSK@CP�QSKK?PW�R?ICQ�RFGQ�DMPK��

-GLGKSK
�1�
�- CBG?L
�1�
�-?VGKSK�

4M�DGLB�RFC�DGPQR�OS?PRGJC
�UC�LCCB�RM�DGLB�RFC�B?R?�
T?JSC� QM� RF?R� ���� M D� RFC� B?R?� GQ� @CJMU� GR�� )D�E� GQ�
RFC�LSK@CP�MD�B?R?�T?JSCQ
�UC�AMKNSRC�?�JMA?RMP�
@W� DGLBGLE� ���� MD�E�� )D� RFGQ� JMA?RMP� GQ� ?� BCAGK?J�
T?JSC
�UC�PMSLB�SN
�?LB�DGLB�RFC�B?R?�T?JSC�GL�RF?R�
NMQGRGML��)D�RFC�JMA?RMP�GQ�?�UFMJC�LSK@CP
�UC�DGLB�
RFC�KC?L�MD�RFC�B?R?�T?JSC�GL�RF?R�NMQGRGML�?LB�RFC�
LCVR�B?R?�T?JSC��4FGQ�GQ�GBCLRGA?J�RM�RFC�NPMACQQ�UC�
SQCB�RM�DGLB�RFC�KCBG?L
�CVACNR�UC�SQC�����M D�RFC�
B?R?�T?JSCQ�P?RFCP�RF?L�F?JD�RFC�B?R?�T?JSCQ�?Q�RFC�
JMA?RMP��

To find the first quartile, Q1 

"CEGL�@W�MPBCPGLE�RFC�B?R?�DPMK�QK?JJCQR�RM�J?PECQR�

#MKNSRC�RFC�JMA?RMP��%���� ��� E�

��� ��Z��- C?QSPCQ�MD�6?PG?RGML



)D�%�GQ�?�BCAGK?J�T?JSC��

2MSLB�SN�RM�%��

5 QC�RFC�B?R?�T?JSC�GL�RFC�%�RF�NMQGRGML�

)D�%�GQ�?�UFMJC�LSK@CP��

�������&GLB�RFC�KC?L�MD�RFC�B?R?�T?JSCQ�GL�RFC�%RF�?LB�

%� �RF�NMQGRGMLQ��

To find the third quartile, Q3 

5 QC�RFC�Q?KC�NPMACBSPC�?Q�DMP�1�
�@SR�UGRF�JMA?RMP��%�

��� ��� E�

%V?KNJCQ�QFMSJB�FCJN�K?IC�RFGQ�AJC?PCP��

Example 25 

3SNNMQC�UC�F?TC�KC?QSPCB���DCK?JCQ�?LB�RFCGP�FCGEFRQ�	GL�GLAFCQ

�

QMPRCB�DPMK�QK?JJCQR�RM�J?PECQR�?PC��

���������������� �����������

4M�DGLB�RFC�DGPQR�OS?PRGJC�UC�DGPQR�AMKNSRC�RFC�JMA?RMP������M D���GQ�

%���� ���	 � 
���������3 GLAC�RFGQ�T?JSC�GQ�LMR�?�UFMJC�LSK@CP
�UC�PMSLB�

SN�RM����4FC�DGPQR�OS?PRGJC�UGJJ�@C�RFC�RFGPB�B?R?�T?JSC�����GLAFCQ��

4M�DGLB�RFC�RFGPB�OS?PRGJC
�UC�?E?GL�AMKNSRC�RFC�JMA?RMP������MD���

- C?QSPCQ�MD�6?PG?RGML��Z�����



GQ�����	 � 
����� ����3 GLAC�RFGQ�T?JSC�GQ�LMR�?�UFMJC�LSK@CP
�UC�PMSLB�SN�

RM����4FC�RFGPB�OS?PRGJC�UGJJ�@C�RFC�QCTCLRF�B?R?�T?JSC�����GLAFCQ��

Example 26 

3SNNMQC�UC�F?B�KC?QSPCB���DCK?JCQ�?LB�RFCGP�FCGEFRQ�	GL�GLAFCQ

�

QMPRCB�DPMK�QK?JJCQR�RM�J?PECQR�?PC��

���������������� ��������

4M�DGLB�RFC�DGPQR�OS?PRGJC�UC�DGPQR�AMKNSRC�RFC�JMA?RMP�� ����M D� ��

GQ�%� �� � ���	 � 
� �� ���3 GLAC�RFGQ�T?JSC�@J�?�UFMJC�LSK@CP
�UC�UGJJ�DGLB�

RFC�KC?L�MD�RFC��LB�?LB��PB�B?R?�T?JSCQ��	�����
�������
�QM�RFC�D GPQR�

OS?PRGJC�GQ����GLAFCQ��

4FC�RFGPB�OS?PRGJC�GQ�AMKNSRCB�QGKGJ?PJW
�SQGLE�����GLQRC?B�MD������

%���� ���	 � 
������4FGQ�GQ�?�UFMJC�LSK@CP
�QM�UC�UGJJ�DGLB�RFC�KC?L�MD�

RFC��RF�?LB��RF�B?R?�T?JSCQ��	� � ��� 
�������
�QM�1��GQ�����

. MRC� RF?R� RFC� KCBG?L� AMSJB� @C� AMKNSRCB� RFC� Q?KC� U?W
� SQGLE�

�����

4FC� ��LSK@CP� QSKK?PW� AMK@GLCQ� RFC� DGPQR� ?LB� RFGPB� OS?PRGJC�

UGRF�RFC�KGLGKSK
�KCBG?L
�?LB�K?VGKSK�T?JSCQ��

Example 27 

&MP�RFC���DCK?JC�Q?KNJC
�RFC�KCBG?L�GQ���
�RFC�KGLGKSK�GQ���
�?LB�

RFC�K?VGKSK�GQ�����4FC���LSK@CP�QSKK?PW�GQ����
���
���
��� 
�����

&MP�RFC���DCK?JC�Q?KNJC
�RFC�KCBG?L�GQ���
�RFC�KGLGKSK�GQ���
�?LB�

RFC�K?VGKSK�GQ���
�QM�RFC���LSK@CP�QSKK?PW�UMSJB�@C����
���
���
�

��
��� ��

��� ��Z��- C?QSPCQ�MD�6?PG?RGML



Example 28 

2CRSPLGLE� RM� MSP� OSGX� QAMPC� B?R?�� )L� C?AF� A?QC
� RFC� DGPQR� OS?PRGJC�

JMA?RMP� GQ� ����	�� 
� �� ���
� QM� RFC� DGPQR� OS?PRGJC� UGJJ� @C� RFC� �PB� B?R?�

T?JSC
�?LB�RFC�RFGPB�OS?PRGJC�UGJJ�@C�RFC��RF�B?R?�T?JSC��#PC?RGLE�RFC�

DGTC�LSK@CP�QSKK?PGCQ��

3CARGML�?LB�B?R?� ��LSK@CP�QSKK?PW�

3CARGML�!���������������������� �
��
��
��
���

3CARGML�"��������������������������� � 
�� 
��
��� 
����

3CARGML�#���������������������� �
��
��
��
���

3CARGML�$����������������������� � 
��
��
��
����

/D� AMSPQC
� UGRF� ?� PCJ?RGTCJW� QK?JJ� B?R?� QCR
� DGLBGLE� ?� DGTC�LSK@CP�

QSKK?PW�GQ�?�@GR�QGJJW
�QGLAC�RFC�QSKK?PW�AMLR?GLQ�?JKMQR�?Q�K?LW�

T?JSCQ�?Q�RFC�MPGEGL?J�B?R?��

Try it Now 8 

4FC� RMR?J� AMQR� MD� RCVR@MMIQ� DMP� RFC� RCPK� U?Q� AMJJCARCB� DPMK� ���

QRSBCLRQ��&GLB�RFC���LSK@CP�QSKK?PW�MD�RFGQ�B?R?��

���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� �� �� ���� �� �� ���� ���� ���

���� �������� ���������

���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���

���� �������� ���������

���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���

���� �������� ���������

- C?QSPCQ�MD�6?PG?RGML��Z�����



Example 29 

2CRSPLGLE� RM� RFC� FMSQCFMJB� GLAMKC� B?R?� DPMK� C?PJGCP
� APC?RC� RFC�

DGTC�LSK@CP�QSKK?PW��

%D9EC;�� J>EKI7D:I�E <�:EBB7HI �� " H;GK;D9O�

��� ��

��� ��

��� ���

��� ���

��� ���

��� ���

��� ���

��� ��

" W� ?BBGLE� RFC� DPCOSCLAGCQ
� UC� A?L� QCC� RFCPC� ?PC� ���� B? R?� T?JSCQ�

PCNPCQCLRCB�GL�RFC�R?@JC��)L�%V?KNJC���
�UC�DMSLB�RFC�KCBG?L�U?Q�

����RFMSQ?LB��7 C�A?L�QCC�GL�RFC�R?@JC�RF?R�RFC�KGLGKSK�GLAMKC�GQ�

����RFMSQ?LB
�?LB�RFC�K?VGKSK�GQ�����RFMSQ?LB��

4M�DGLB�1�
�UC�A?JASJ?RC�RFC�JMA?RMP��%��� � ���	��� 
� �� ����4FGQ�GQ�?�

UFMJC� LSK@CP
� QM� 1�� UGJJ� @C� RFC� KC?L� MD� RFC� ��RF� ?LB� ��RF� B?R?�

T?JSCQ��

#MSLRGLE�SN�GL�RFC�B?R?�?Q�UC�BGB�@CDMPC
�

4FCPC�?PC���B?R?�T?JSCQ�MD����
�QM������������������6?JSCQ���RM���?PC�����

RFMSQ?LB�

4FC�LCVR���B?R?�T?JSCQ�?PC���� 
�QM������������������6?JSCQ���RM�	��� 
� ���

?PC�����RFMSQ?LB�

4FC�LCVR����B?R?�T?JSCQ�?PC����
�QM� ���������������6?JSCQ����RM�	�����
����

?PC�����RFMSQ?LB�

4FC�LCVR����B?R?�T?JSCQ�?PC���� 
�QM����������������6?JSCQ����RM�	��� ��
����

?PC�����RFMSQ?LB�

4FC� ��RF�B?R?�T?JSC�GQ� ����RFMSQ?LB
�?LB�RFC� ��RF�B?R?�T?JSC�GQ�

��� ��Z��- C?QSPCQ�MD�6?PG?RGML



����RFMSQ?LB
�QM�1��UGJJ�@C�RFC�KC?L�MD�RFCQC��	��� �� �� 
��� �� ��� ���

RFMSQ?LB��

4M�DGLB�1�
�UC�A?JASJ?RC�RFC�JMA?RMP��%��� � ���	��� 
� �� ����4FGQ�GQ�?�

UFMJC� LSK@CP
� QM� 1�� UGJJ� @C� RFC� KC?L� MD� RFC� ��RF� ?LB� ��RF� B?R?�

T?JSCQ��#MLRGLSGLE�MSP�AMSLRGLE�DPMK�C?PJGCP
�

4FC�LCVR����B?R?�T?JSCQ�?PC����
�QM� ���������������6?JSCQ����RM�	��� �� 
����

?PC�����RFMSQ?LB�

4FC�LCVR����B?R?�T?JSCQ�?PC���� 
�QM����������������6?JSCQ����RM�	��� �� 
����

?PC�����RFMSQ?LB�

"MRF�RFC���RF�?LB���RF�B?R?�T?JSCQ�JGC�GL�RFGQ�EPMSN
�QM�1��UGJJ�@C�

����RFMSQ?LB��

0SRRGLE� RFCQC� T?JSCQ� RMECRFCP� GLRM� ?� DGTC�LSK@CP� QSKK?PW
� UC�

ECR����
��� ��
���
��� 
����

. MRC� RF?R� RFC� �� LSK@CP� QSKK?PW� BGTGBCQ� RFC� B?R?� GLRM� DMSP�

GLRCPT?JQ
�C?AF�MD�UFGAF�UGJJ�AMLR?GL�?@MSR�����MD�RFC�B?R?��)L�RFC�

NPCTGMSQ� CV?KNJC
� RF?R� KC?LQ� ?@MSR� ���� MD� FMSQCFMJBQ� F?TC�

GLAMKC�@CRUCCL�����RFMSQ?LB�?LB�����RFMSQ?LB��

&MP� TGQS?JGXGLE� B?R?
� RFCPC� GQ� ?� EP?NFGA?J� PCNPCQCLR?RGML� MD� ?�

��LSK@CP�QSKK?PW�A?JJCB�?�8EN�FBEJ
�MP�@MV�?LB�UFGQICP�EP?NF��

Box plot 

!� 8EN�FBEJ�GQ�?�EP?NFGA?J�PCNPCQCLR?RGML�MD�?�DGTC�

LSK@CP�QSKK?PW��

4M�APC?RC�?�@MV�NJMR
�?�LSK@CP�JGLC�GQ�DGPQR�BP?UL�� !�@MV�GQ�BP?UL�

DPMK� RFC� DGPQR� OS?PRGJC� RM� RFC� RFGPB� OS?PRGJC
� ?LB� ?� JGLC� GQ� BP?UL�

RFPMSEF�RFC�@MV�?R�RFC�KCBG?L��p7 FGQICPQq�?PC�CVRCLBCB�MSR�RM�RFC�

KGLGKSK�?LB�K?VGKSK�T?JSCQ��

- C?QSPCQ�MD�6?PG?RGML��Z�����



Example 30 

4FC� @MV� NJMR� @CJMU� GQ� @?QCB� ML� RFC� �� DCK?JC� FCGEFR� B?R?� UGRF� ��

LSK@CP�QSKK?PW��

�� 
���
���
��� 
�����

Example 31 

4FC�@MV�NJMR�@CJMU�GQ�@?QCB�ML�RFC�FMSQCFMJB�GLAMKC�B?R?�UGRF���

LSK@CP�QSKK?PW��

��
��� ��
���
��� 
����

Try it Now 9 

#PC?RC�?�@MVNJMR�@?QCB�ML�RFC�RCVR@MMI�NPGAC�B?R?�DPMK�RFC�J?QR�4PW�

GR�. MU��

"MV� NJMRQ� ?PC� N?PRGASJ?PJW� SQCDSJ� DMP� AMKN?PGLE� B?R?� DPMK� RUM�

NMNSJ?RGMLQ��

�� � ��Z��- C?QSPCQ�MD�6?PG?RGML



Example 32 

4FC�@MV�NJMR�MD�QCPTGAC�RGKCQ�DMP�RUM�D?QR�DMMB�PCQR?SP?LRQ�GQ�QFMUL�

@CJMU��

7 FGJC� QRMPC� �� F?B� ?� QJGEFRJW� QFMPRCP� KCBG?L� QCPTGAC� RGKC� 	����

KGLSRCQ� TQ�� ���� KGLSRCQ

� QRMPC� �� GQ� JCQQ� AMLQGQRCLR
� UGRF� ?� UGBCP�

QNPC?B�MD�RFC�B?R?��

! R�QRMPC��
�����M D�ASQRMKCPQ�UCPC�QCPTCB�UGRFGL�����KGLSRCQ
�UFGJC�

?R�QRMPC��
�����M D�ASQRMKCPQ�UCPC�QCPTCB�UGRFGL�����KGLSRCQ��

7 FGAF� QRMPC� QFMSJB� WMS� EM� RM� GL� ?� FSPPW ��� 4F?R� BCNCLBQ� SNML�

WMSP�MNGLGMLQ�?@MSR�JSAI�k�����MD�ASQRMKCPQ�?R�QRMPC���F?B�RM�U?GR�

@CRUCCL��� ��?LB�� ���KGLSRCQ��

Example 33 

4FC� @MVNJMR� @CJMU� GQ� @?QCB� ML� RFC� @GPRF� UCGEFRQ� MD� GLD?LRQ� UGRF�

QCTCPC� GBGMN?RFGA� PCQNGP?RMPW� BGQRPCQQ� QWLBPMKC� 	3)2$3
 � ���� 4FC�

�� �T?L�6 JGCR
�0�+��?LB�'SNR?
�*�-��	�� �� 
�3MBGSK�@GA?P@ML?RC�

GL�GBGMN?RFGA�PCQNGP?RMPW�BGQRPCQQ�QWLBPMKC��!PAF��

$GQC?QC�GL�#FGJBFMMB
���
����k ���� ���!Q�OSMRCB�ML�

- C?QSPCQ�MD�6?PG?RGML��Z�����



@MVNJMR� GQ� QCN?P?RCB� RM� QFMU� RFC� @GPRF� UCGEFRQ� MD� GLD?LRQ� UFM�

QSPTGTCB�?LB�RFMQC�RF?R�BGB�LMR��

#MKN?PGLE� RFC� RUM� EPMSNQ
� RFC� @MVNJMR� PCTC?JQ� RF?R� RFC� @GPRF�

UCGEFRQ�MD�RFC�GLD?LRQ�RF?R�BGCB�?NNC?P�RM�@C
�MTCP?JJ
�QK?JJCP�RF?L�

RFC� UCGEFRQ� MD� GLD?LRQ� RF?R� QSPTGTCB�� )L� D?AR
� UC� A?L� QCC� RF?R� RFC�

KCBG?L�@GPRF�UCGEFR�MD�GLD?LRQ�RF?R�QSPTGTCB�GQ�RFC�Q?KC�?Q�RFC�RFGPB�

OS?PRGJC�MD�RFC�GLD?LRQ�RF?R�BGCB��

3GKGJ?PJW
� UC� A?L� QCC� RF?R� RFC� DGPQR� OS?PRGJC� MD� RFC� QSPTGTMPQ� GQ�

J?PECP�RF?L�RFC�KCBG?L�UCGEFR�MD�RFMQC�RF?R�BGCB
�KC?LGLE�RF?R�MTCP�

����M D�RFC�QSPTGTMPQ�F?B�?�@GPRF�UCGEFR�J?PECP�RF?L�RFC�KCBG?L�@GPRF�

UCGEFR�MD�RFMQC�RF?R�BGCB��

,MMIGLE�?R�RFC�K?VGKSK�T?JSC�DMP�RFMQC�RF?R�BGCB�?LB�RFC�RFGPB�

OS?PRGJC�MD�RFC�QSPTGTMPQ
�UC�A?L�QCC�RF?R�MTCP�����M D�RFC�QSPTGTMPQ�

F?B�@GPRF�UCGEFRQ�FGEFCP�RF?L�RFC�FC?TGCQR�GLD?LR�RF?R�BGCB��

4FC�@MV�NJMR�EGTCQ�SQ�?�OSGAI
�?J@CGR�GLDMPK?J
�U?W�RM�BCRCPKGLC�

RF?R� @GPRF� UCGEFR� GQ� OSGRC� JGICJW� JGLICB� RM� QSPTGT?J� MD� GLD?LRQ� UGRF�

3)2$3��

FRRN��� MNCLJC?PL�MNCL�?A�SI�KMB �MSAMLRCLR�

TGCU�NFN GB��������QC ARGML�������

��� ��Z��- C?QSPCQ�MD�6?PG?RGML



Try it Now Answers 

���

��� 7 FGJC�RFC�NGC�AF?PR�?AASP?RCJW�BCNGARQ�RFC�PCJ?RGTC�QGXC�MD�RFC�

NCMNJC�?EPCCGLE�UGRF�C?AF�A?LBGB?RC
�RFC�AF?PR�GQ�AMLDSQGLE
�

QGLAC�SQS?JJW�NCPACLRQ�ML�?�NGC�AF?PR�PCNPCQCLR�RFC�NCPACLR?EC�

MD�RFC�NGC�RFC�QJGAC�PCNPCQCLRQ��

��� 5 QGLE�?�AJ?QQ�GLRCPT?JQ�MD�QGXC���
�U C�A?L�EPMSN�MSP�B?R?�GLRM�QGV�

GLRCPT?JQ��

- C?QSPCQ�MD�6?PG?RGML��Z�����



#MQR�GLRCPT?J� &PCOSCLAW�

����� ���� ��

����� � ��� ��

����� ���� ��

����� ���� ���

��������� ��

��������� ��

7 C�A?L�SQC�RFC�DPCOSCLAW�BGQRPG@SRGML�RM�ECLCP?RC�RFC�FGQRMEP?K�

��� !BBGLE�RFC�NPGACQ�?LB�BGTGBGLE�@W���UC�ECR�RFC�KC?L�NPGAC��

��� ����

��� &GPQR�UC�NSR�RFC�B?R?�GL�MPBCP������� 
������ 
���� ��
���� �� 
������ ��

3GLAC�RFCPC�?PC�?L�MBB�LSK@CP�MD�B?R?
�RFC�KCBG?L�UGJJ�@C�RFC�

KGBBJC�T?JSC
��������

��� 4FCPC�?PC�� ��P?RGLEQ��

?�� 4FC�KC?L�GQ�

x�����

@�� 4FCPC�?PC�� ��B? R?�T?JSCQ
�QM�RFC�KCBG?L�UGJJ�@C�RFC���RF�

B?R?�T?JSC��2?RGLEQ�MD���?PC�RFC�DGPQR���T?JSCQ
�UFGJC�?�P?RGLE�

MD���?PC�RFC�LCVR���T?JSCQ
�QM�RFC���RF�T?JSC�UGJJ�@C�?�P?RGLE�

MD����4FC�KCBG?L�GQ����

A�� 4FC�KMBC�GQ�RFC�KMQR�DPCOSCLR�P?RGLE��4FC�KMBC�P?RGLE�GQ�

���

� �� %?PJGCP�UC�DMSLB�RFC�KC?L�MD�RFC�B?R?�U?Q���� �����

B?R?�T?JSC�BCTG?RGML��B?R?�T?JSC�k�KC?L� BCTG?RGML�QOS?PCB�

����� �����k��� �������� ����� � ��������

����� �����k��� �������� ����� � ��������

�� ��� �� ���k��� ������� ����� � ��������

�� ��� �� ���k��� ������� ����� � ������ ��

����� �����k��� ������� ����� � ��������

��� ��Z��- C?QSPCQ�MD�6?PG?RGML



4FGQ� B?R?� GQ� DPMK� ?� Q?KNJC
� QM� UC� UGJJ� ?BB� RFC� QOS?PCB�

BCTG?RGMLQ
� BGTGBC� @W� �
� RFC� LSK@CP� MD� B?R?� T?JSCQ� KGLSQ� �
�

?LB� AMKNSRC� RFC� QOS?PC� PMMR�

�� �����

��� 4FC�B?R?�GQ�?JPC?BW�GL�MPBCP
�QM�UC�BMLnR�LCCB�RM�QMPR�GR�

DGPQR�4FC�KGLGKSK�T?JSC�GQ������?LB�RFC�K?VGKSK�GQ�

���� �4FCPC�?PC����B? R?�T?JSCQ�QM�E������� E�������
�UFGAF�GQ�?�

UFMJC�LSK@CP
�QM�RFC�KCBG?L�GQ�RFC�KC?L�MD�RFC���RF�?LB���RF�

B?R?�T?JSCQ
������?LB����� ��4FC�KCBG?L�GQ����� ��� ��

4M�DGLB�RFC�DGPQR�OS?PRGJC
�UC�A?JASJ?RC�RFC�JMA?RMP
�,���� ���	 �� 
���

� ��3GLAC�RFGQ�GQ�?�UFMJC�LSK@CP
�UC�ILMU�1��GQ�RFC�KC?L�MD�RFC�

�RF�?LB���RF�B?R?�T?JSCQ
������?LB����� ��1����������

4M�DGLB�RFC�RFGPB�OS?PRGJC
�UC�A?JASJ?RC�RFC�JMA?RMP
�,���� ���	 �� 
�

���� ��3GLAC�RFGQ�GQ�?�UFMJC�LSK@CP
�UC�ILMU�1��GQ�RFC�KC?L�MD�

RFC���RF�?LB���RF�B?R?�T?JSCQ
������?LB����� ��1�������� ��� ��

4FC� �� LSK@CP�QSKK?PW�MD�RFGQ�B?R?�GQ�� ����
� ����
� ��� � ��� 
�

���� ��� 
������

� �� "MVNJMR�MD�RCVR@MMI�AMQRQ�

�

- C?QSPCQ�MD�6?PG?RGML��Z�����



90. Exercises 

Skills 

��� 4FC�R?@JC�@CJMU�QFMUQ�QAMPCQ�ML�?�-?RF�RCQR��

?�� #MKNJCRC�RFC�DPCOSCLAW�R?@JC�DMP�RFC�-?RF�RCQR�QAMPCQ�

@�� #MLQRPSAR�?�FGQRMEP?K�MD�RFC�B?R?�

A�� #MLQRPSAR�?�NGC�AF?PR�MD�RFC�B?R?�

��� ��� ��� ��� ��� ��� ���� ��� ��� ��� ��� ���

��� ���� ��� ��� ��� ��� ��� ��� ���� ��� ��� ���

��� !�EPMSN�MD�?BSJRQ�UFCPC�?QICB�FMU�K?L W�A?PQ�RFCW�F?B�GL�RFCGP�

FMSQCFMJB�

?�� #MKNJCRC�RFC�DPCOSCLAW�R?@JC�DMP�RFC�A?P�LSK@CP�B?R?�

@�� #MLQRPSAR�?�FGQRMEP?K�MD�RFC�B?R?�

A�� #MLQRPSAR�?�NGC�AF?PR�MD�RFC�B?R?�

�� �� �� �� �� �� �� �� �� �� �� ��

�� �� �� �� �� �� �� �� �� �� �� ��

��� !�EPMSN�MD�?BSJRQ�UCPC�?QICB�FMU�K?L W�AFGJBPCL�RFCW�F?TC�GL�

RFCGP�D?KGJGCQ��4FC�@?P�EP?NF�RM�RFC�PGEFR�QFMUQ�RFC�LSK@CP�MD�

?BSJRQ�UFM�GLBGA?RCB�C?AF�LSK@CP�MD�AFGJBPCL��

?�� ( MU�K?L W�?BSJRQ�UFCPC�OSCQRGMLCB �

@�� 7 F?R�NCPACLR?EC�MD�RFC�?BSJRQ�OSCQRGMLCB�F?B���AFGJBPCL �

��� ��Z��%VCPAGQCQ



��� *?QKGLC�U?Q�GLRCPCQRCB�GL�FMU�K?L W�B?WQ�GR�UMSJB�R?IC�?L�

MPBCP�DPMK�. CRDJGV�RM�?PPGTC�?R�FCP�BMMP����4FC�EP?NF�@CJMU�

QFMUQ�RFC�B?R?�QFC�AMJJCARCB��

?�� ( MU�K?L W�KMTGCQ�BGB�QFC�MPBCP �

@�� 7 F?R�NCPACLR?EC�MD�RFC�KMTGCQ�?PPGTCB�GL�MLC�B?W �

��� 4FC�@?P�EP?NF�@CJMU�QFMUQ�RFC�G<I:<EK8><�MD�QRSBCLRQ�UFM�

PCACGTCB�C?AF�JCRRCP�EP?BC�ML�RFCGP�J?QR�%LEJGQF�N?NCP��4FC�AJ?QQ�

AMLR?GLQ����QRSBCLRQ��7F?R�LSK@CP�MD�QRSBCLRQ�C?PLCB�?L�!�ML�

RFCGP�N?NCP �

%VCPAGQCQ��Z�����



��� +MPG�A?RCEMPGXCB�FCP�QNCLBGLE�DMP�RFGQ�KMLRF�GLRM�DMSP�

A?RCEMPGCQ��2CLR
�&MMB
�&SL
�?LB�/RFCP��4FC�NCPACLRQ�QFC�QNCLR�

GL�C?AF�A?RCEMPW�?PC�NGARSPCB�FCPC��)D�QFC�QNCLR�?�RMR?J�MD�

������RFGQ�KML RF
�FMU�KSAF�BGB�QFC�QNCLB�ML�PCLR �

� �� !�EPMSN�MD�BGLCPQ�UCPC�?QICB�FMU�KSAF�RFCW�UMSJB�N?W�DMP�?�

KC?J��4FCGP�PCQNMLQCQ�UCPC���� ��� 
������
��� ��� 
���� �� 
��� ���
�

�� ��� 
���� �� 
��� ��� ��

��� &GLB�RFC�KC?L�

��� &GLB�RFC�KCBG?L�

��� 7 PGRC�RFC���LSK@CP�QSKK?PW�DMP�RFGQ�B?R?�

��� 9MS�PCAMPBCB�RFC�RGKC�GL�QCAMLBQ�GR�RMMI�DMP���N?PRGAGN?LRQ�RM�

QMJTC�?�NSXXJC��4FC�RGKCQ�UCPC������
�����
��� ��
��� �� 
��� ��
�����
�

����
��� ����

��� &GLB�RFC�KC?L�

��� &GLB�RFC�KCBG?L�

��� 7 PGRC�RFC���LSK@CP�QSKK?PW�DMP�RFGQ�B?R?�

� �� 2CDCP�@?AI�RM�RFC�FGQRMEP?K�DPMK�OSCQRGML�����

��� ��Z��%VCPAGQCQ



��� #MKNSRC�RFC�KC?L�LSK@CP�MD�AFGJBPCL�DMP�RFC�EPMSN�

QSPTCWCB�

��� #MKNSRC�RFC�KCBG?L�LSK@CP�MD�AFGJBPCL�DMP�RFC�EPMSN�

QSPTCWCB�

��� 7 PGRC�RFC���LSK@CP�QSKK?PW�DMP�RFGQ�B?R?�

��� #PC?RC�@MV�NJMR�

�� �� 2CDCP�@?AI�RM�RFC�FGQRMEP?K�DPMK�OSCQRGML�����

��� #MKNSRCP�RFC�KC?L�LSK@CP�MD�QFGNNGLE�B?WQ�

��� #MKNSRC�RFC�KCBG?L�LSK@CP�MD�QFGNNGLE�B?WQ�

��� 7 PGRC�RFC���LSK@CP�QSKK?PW�DMP�RFGQ�B?R?�

��� #PC?RC�@MV�NJMR�

Concepts 

���� 4FC�@MV�NJMR�@CJMU�QFMUQ�Q?J?PGCQ�DMP�!ARS?PGCQ�?LB�#0!Q��

+CLBP?�K?I CQ�RFC�KCBG?L�Q?J?PW�DMP�?L�!ARS?PW��+CJQCW�K?ICQ�

RFC�DGPQR�OS?PRGJC�Q?J?PW�DMP�?�#0!��7 FM�K?I CQ�KMPC�KMLCW �

( MU�KSAF�KMPC �

���� 2CDCPPGLE�RM�RFC�@MVNJMR�?@MTC
�UF?R�NCPACLR?EC�MD�?ARS?PGCQ�

K?I CQ�KMPC�RF?L�RFC�KCBG?L�Q?J?PW�MD�?�#0!  �

Exploration 

���� 3RSBGCQ�?PC�MDRCL�BMLC�@W�NF?PK?ACSRGA?J�AMKN?LGCQ�RM�

BCRCPKGLC�RFC�CDDCARGTCLCQQ�MD�?�RPC?RKCLR�NPMEP?K��3 SNNMQC�

%VCPAGQCQ��Z�����



RF?R�?�LCU�!)$3�?L RG@MBW�BPSE�GQ�ASPPCLRJW�SLBCP�QRSBW��)R�GQ�

EGTCL�RM�N?RGCLRQ�MLAC�RFC�!)$3�QWKNRMKQ�F?TC�PCTC?JCB�

RFCKQCJTCQ��/D�GLRCPCQR�GQ�RFC�?TCP?EC�JCLERF�MD�RGKC�GL�KMLRFQ�

N?RGCLRQ�JGTC�MLAC�QR?PRGLE�RFC�RPC?RKCLR��4UM�PCQC?PAFCPQ�

C?AF�DMJJMU�?�BGDDCPCLR�QCR�MD����!)$3�N? RGCLRQ�DPMK�RFC�QR?PR�MD�

RPC?RKCLR�SLRGJ�RFCGP�BC?RFQ��4FC�DMJJMUGLE�B?R?�	GL�KMLRFQ
�?PC�

AMJJCARCB�2CQC?PAFCP����������������������������������� ������������ �������

���������������������������������������������������������������������������

������������ �����������������2 CQC?PAFCP����������������������������������

������������������������������������������������ �������������������������������

����������������������������� ���� ��������������

?�� #PC?RC�AMKN?P?RGTC�FGQRMEP?KQ�MD�RFC�B?R?�

@�� #PC?RC�AMKN?P?RGTC�@MVNJMRQ�MD�RFC�B?R?�

���� !�EP?NF�?NNC?PQ�@CJMU�QFMUGLE�RFC�LSK@CP�MD�?BSJRQ�?LB�

AFGJBPCL�UFM�NPCDCP�C?AF�RWNC�MD�QMB?��4FCPC�UCPC�����?BSJRQ�

?LB�IGBQ�QSPTCWCB��$GQASQQ�QMKC�U?WQ�GL�UFGAF�RFC�EP?NF�

@CJMU�AMSJB�@C�GKNPMTCB�

���� -?I C�SN�RFPCC�B?R?�QCRQ�UGRF���LSK@CPQ�C?AF�RF?R�F?TC��

?�� RFC�Q?KC�KC?L�@SR�BGDDCPCLR�QR?LB?PB�BCTG?RGMLQ��

@�� RFC�Q?KC�KC?L�@SR�BGDDCPCLR�KCBG?LQ��

A�� RFC�Q?KC�KCBG?L�@SR�BGDDCPCLR�KC?LQ��

���� !�Q?KNJC�MD����BGQR?LAC�QAMPCQ�KC?QSPCB�GL�W?PBQ�F?Q�?�KC?L�

MD��
�?�T?PG?LAC�MD���
�?LB�?�QR?LB?PB�BCTG?RGML�MD����

?�� 9MS�U?LR�RM�AMLTCPR�?JJ�WMSP�BGQR?LACQ�DPMK�W?PBQ�RM�DCCR
�

QM�WMS�KSJRGNJW�C?AF�QAMPC�GL�RFC�Q?KNJC�@W����7 F?R�?PC�

��� ��Z��%VCPAGQCQ



RFC�LCU�KC?L
�KCBG?L
�T?PG?LAC
�?LB�QR?LB?PB�BCTG?RGML �

@�� 9MS�RFCL�BCAGBC�RF?R�WMS�MLJW�U?LR�RM�JMMI�?R�RFC�BGQR?LAC�

N?QR�?�ACPR?GL�NMGLR��4FSQ
�?DRCP�KSJRGNJWGLE�RFC�MPGEGL?J�

QAMPCQ�@W��
�WMS�BCAGBC�RM�QS@RP?AR���DCCR�DPMK�C?AF�MD�RFC�

QAMPCQ��.MU�UF?R�?PC�RFC�LCU�KC?L
�KCBG?L
�T?PG?LAC
�?LB�

QR?LB?PB�BCTG?RGML �

�� �� )L�WMSP�AJ?QQ
�BCQGEL�?�NMJJ�ML�?�RMNGA�MD�GLRCPCQR�RM�WMS�?LB�

EGTC�GR�RM�RFC�AJ?QQ��

?�� 3SKK?PGXC�RFC�B?R?
�AMKNSRGLE�RFC�KC?L�?LB�DGTC�

LSK@CP�QSKK?PW��

@�� #PC?RC�?�EP?NFGA?J�PCNPCQCLR?RGML�MD�RFC�B?R?��

A�� 7 PGRC�QCTCP?J�QCLRCLACQ�?@MSR�RFC�RMNGA
�SQGLE�WMSP�

AMKNSRCB�QR?RGQRGAQ�?Q�CTGBCLAC�GL�WMSP�UPGRGLE��

%VCPAGQCQ��Z�����





PART XV 

TOPIC G: LINEAR 
EQUATIONS - ALGEBRA 
AND SPREADSHEETS 

4MNGA�'��,GLC?P�%OS?RGMLQ���!JEC@P?
?LB�3NPC?BQFCCRQ��Z�����





91. G1.01: Intro & Slope 

�- )9616/��*2-+;1=-:�

��� 5LBCPQR?LB�QJMNC�MD�?�JGLC�GL�RUM�U?WQ�	EP?NFGA?JJW�

@W�PGQC�PSL
�?JEC@P?GA�DMPKSJ?�GL�OnQ�?LB�PnQ�
�

��� 5LBCPQR?LB�RFC�P�GLRCPACNR�MD�?�JGLC�GL�RUM�U?WQ�

	EP?NFGA?JJW�?Q�RFC�GLRCPACNR�MD�RFC�W�?VGQ
�?JEC@P?GA�

DMPKSJ?�GL�OnQ�?LB�PnQ�
�

��� !JEC@P?GA?JJW
�DGLB�RFC�QJMNC�UFCL�EGTCL�RUM�NMGLRQ��

��� 7 PGRC�RFC�DMPKSJ?�DMP�RFC�JGLC�GL�QR?LB?PB�QJMNC�

GLRCPACNR�DMPK�?LB�LMRGAC�UFGAF�LSK@CP�GQ�RFC�QJMNC�

?LB�UFGAF�LSK@CP�GQ�RFC�P�GLRCPACNR��)LRCPNPCR�RFC�

QJMNC�?LB�GLRCPACNR��

��� &GLB�RFC�DMPKSJ?�DMP�?�JGLC�UFCL�EGTCL�RFC�QJMNC�

?LB�MLC�NMGLR�ML�RFC�JGLC��

��� &GLB�RFC�DMPKSJ?�DMP�?�JGLC�UFCL�EGTCL�RUM�NMGLRQ�

ML�RFC�JGLC��

� �� &GLB�RFC�GLTCPQC�DMPKSJ?
�UFCL�LCCBCB
�@W�

GLRCPAF?LEGLE�RFC�GLNSR�?LB�MSRNSR�T?PG?@JCQ��.MRGAC�

RFC�PCJ?RGMLQFGN�@CRUCCL�RFC�QJMNCQ�MD�RFC�DMPKSJ?�

?LB�RFC�GLTCPQC�DMPKSJ?��

��� 5 QC�?�QNPC?BQFCCR�RM�CVNJMPC�RFC�CDDCARQ�ML�RFC�

EP?NF�MD�AF?LEGLE�RFC�T?JSCQ�MD�RFC�QJMNC�?LB�

GLRCPACNR��

'�� ����) LRPM���3JMNC��Z���� �



. KCC7HO�E<�7B=;8H7?9�<79JI�7D:�?DJ;HFH;J7J?EDI��

. BEF;��
4FC�IBEF;�E<�7�B?D;�GQ�


�UFCPC�RFC�RUM�NMGLRQ�

�?LB� ?PC�

ML�RFC�JGLC��

�
. BEF;�

?DJ;H9;FJ�<EHC��
)D�J>;�<EHCKB7�

?I�

UFCPC�P�?LB�O�
?PC�RFC�T?PG?@JCQ�
?LB�D �?LB�9�?PC�
LSK@CPQ
�RFCL�
RFC�EP?NF�MD�RFGQ�
DMPKSJ?�GQ�?�
QRP?GEFR�JGLC�UGRF�
QJMNC�D �?LB�W�
GLRCPACNR�9��

�
4FGQ�A?L�?JQM�@C�

UPGRRCL�?Q�

�
+E?DJ�IBEF;�<EHC��
)D�RFC�QJMNC�MD�?�JGLC�GQ�D �?LB�

MLC�NMGLR�ML�RFC�JGLC�GQ�


�RFCL�RFC�;GK7J?ED�

E<�J>;�B?D;�A?L�@C�UPGRRCL�?Q�

UFGAF�EGTCQ�RFC�DMPKSJ?��

�
%DJ;HFH;J�J>;�IBEF;��
D �GQ�RFC�?KMSLR�UC�CVNCAR�P�RM�GLAPC?QC�

UFCL�O�GLAPC?QCQ�@W����
�

%DJ;HFH;J�J>;�?DJ;H9;FJ��
9�GQ�RFC�T?JSC�MD�P�UFCL�RFC�T?JSC�MD�O�GQ�

XCPM��

7 C� U?LR� RM� GLTCQRGE?RC� RFC� PCJ?RGMLQFGN� @CRUCCL� RCKNCP?RSPC�

#CLRGEP?BC� ?LB� RCKNCP?RSPC� &?FPCLFCGR� GL� MPBCP� RM� R?IC�

RCKNCP?RSPCQ�DPMK�?�LCUQ�@PM?BA?QR�GL�#?L?B?�	GL�#CLRGEP?BC
�?LB�

AMLTCPR� RFCK� RM� RCKNCP?RSPCQ� RF?R� ?PC� C?QW� DMP� 53� AGRGXCLQ� RM�

SLBCPQR?LB� 	GL�&?FPCLFCGR�
�7C�?JPC?BW� ILMU�RFC�DMPKSJ?�DMP�RF?R�

?LB�UC�ILMU�FMU�RM�DGLB�NMGLRQ
�NJMR�RFCK
�?LB�BP?U�?�EP?NF����	3CC�

4MNGA�#��&MPKSJ?Q�
�

( CPC
� RFC� RCKNCP?RSPC� #CLRGEP?BC� GQ� RFC� GLNSR� T?JSC� ?LB� RFC�

RCKNCP?RSPC� &?FPCLFCGR� GQ� RFC� MSRNSR� T?JSC�� 4FC� DMPKSJ?� GQ�

� ?LB� DMJJMUGLE� GQ� ?� R?@JC� MD� T?JSCQ� ?LB� ?�

EP?NF��

��� ��Z��'�� ����) LRPM���3JMNC



#� &�

�� ���

��� ���

��� ���

��� ���

��� ����

Slope 

. MRGAC�RF?R�RFC�EP?NF�?NNC?PQ�RM�@C�?�QRP?GEFR�JGLC��4F?R�QSEECQRQ�

RF?R�RFGQ�GQ�?�JGLC?P�PCJ?RGMLQFGN��!�PCJ?RGMLQFGN�GQ�JGLC?P�GD�RFC�Q?KC�

GLAPC?QC� GL� RFC� GLNSR� ?JU?WQ� JC?BQ� RM� RFC� Q?KC� GLAPC?QC� GL� RFC�

MSRNSR����7 C�A?L�JMMI�?R�RFC�R?@JC�MD�T?JSCQ�?LB�QCC�RF?R
�DMP�CTCPW�

GLAPC?QC�GL�#�MD���]
�RFCPC�GQ�?L�GLAPC?QC�MD���]�GL�&��

)L� ECLCP?J
� DMP� ?� QRP?GEFR� JGLC� UGRF� GLNSR� T?PG?@JC�O� ?LB� MSRNSR�

T?PG?@JC�P
� RFC� IBEF;� GQ� BCDGLCB� RM� @C��� QJMNC� ��


� UFCPC� RFC� RUM� NMGLRQ�

?LB� ?PC�ML�RFC�JGLC��

)L�RFC�RCKNCP?RSPC�CV?KNJC
�UC�LMRGAC�RF?R�RFC�T?PG?@JC�� �NJ?WQ�

'�� ����) LRPM���3JMNC��Z�����



RFC� PMJC� MD�O� ?LB� RFC� T?PG?@JC�� � NJ?WQ� RFC� PMJC� MD�P�� 3M� UC� A?L�

AMKNSRC�RFC�QJMNC�MD�RFC�JGLC�SQGLE�RFC�RUM�NMGLRQ�	� 
��
�?LB�	�� 
�� 
��

#?JJ�RFC�DGPQR�NMGLR� �?LB�RFC�QCAMLB�NMGLR� ��

3JMNC� ��

BCEPCCQ�&�NCP�BCEPCC�#��

&MP�RFGQ�RM�@C�?�JGLC?P�PCJ?RGMLQFGN
�RFC�QJMNC�KSQR�@C�RFC�Q?KC�

LM� K?RRCP� UFGAF� RUM� NMGLRQ� ML� RFC� EP?NF� WMS� SQC� RM� AMKNSRC� GR��

,CRnQ�RPW�MLC�KMPC�N?GP�MD�NMGLRQ����3M�UC�A?L�AMKNSRC�RFC�QJMNC�MD�

RFC�JGLC�SQGLE�RFC�RUM�NMGLRQ�	��
�� 
�?LB�	�� 
��� 
��#?JJ�RFC�DGPQR�NMGLR�

�?LB�RFC�QCAMLB�NMGLR� ��

3JMNC� ��

BCEPCCQ�&�NCP�BCEPCC�#��

4FCPC�?PC�QCTCP?J�KMPC�N?GPQ�MD�NMGLRQ�DPMK�MSP�R?@JC�MD�T?JSCQ�

RF?R�WMS�AMSJB�C?QGJW�RPW��4PW�QMKC�MD�RFMQC�?LB�QCC�GD�WMS�ECR�RFC�

Q?KC�QJMNC�C?AF�RGKC��

Negative slope and positive slope. 

2CA?JJ� DPMK� ?JEC@P?� AJ?QQ� RF?R� JGLCQ� UFGAF� ?PC� QJ?LRCB� BMUL� F?TC�

LCE?RGTC� QJMNC� ?LB� RFMQC� QJ?LRCB� SN� F?TC� NMQGRGTC� QJMNC�� /LC�

GKNMPR?LR� KCRFMB� MD� AFCAIGLE� WMSP� UMPI� GL� AMKNSRGLE� RFC� QJMNC�

GQ� RM� @C� QSPC� RF?R� WMSP� EP?NFQ� ?LB� ?JEC@P?� EGTC� PCQSJRQ� RF?R� ?PC�

AMLQGQRCLR�UGRF�RF?R��

��� ��Z��'�� ����) LRPM���3JMNC
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'�� ����) LRPM���3JMNC��Z�����



92. G1.02: Intercepts & 
Example 3 

y-intercept 

)L�?JEC@P?�AJ?QQ
�UC�JC?PLCB�RF?R�RFC�W�GLRCPACNR�MD�?�EP?NF�GQ�RFC�

T?JSC�ML�RFC�P�?VGQ�UFCL�O���� ��4F?R�GQ�C?QW�RM�DGLB�SQGLE�RFC�DMPKSJ?�

DMP�RFC�JGLC
�@CA?SQC�UC�MLJW�F?TC�RM�NJSE�GL�O�����?LB�D GLB�P��

3GLAC� 
� UFCL� UC� NJSE� GL�� � �� � 
� RFCL�

7 FCL�UC�JMMI�?R�RFC�EP?NF�DMP�RFGQ�DMPKSJ?
�EM�RM�� ���� 
�?LB�DGLB�

RFC�NMGLR�ML�RFC�EP?NF�?@MTC�RF?R
�RFC�P� T?JSC�?NNC?PQ�RM�@C�?@MSR�

?�JGRRJC�@GR�?@MTC��� ��4M�DGLB�?�KMPC�NPCAGQC�CQRGK?RC�DPMK�RFC�EP?NF
�

UCnB�LCCB�?�@GEECP�EP?NF��4FGQ�GQ�AMLQGQRCLR�UGRF�RFC�T?JSC�MD����RF?R�

UC�DMSLB�?JEC@P?GA?JJW��5LBCPQR?LBGLE�@MRF�MD�RFCQC�NPMTGBCQ�?�U?W�

MD�AFCAIGLE�WMSP�UMPI�ML�CGRFCP�MD�RFCK��

The formula for the line 

. MRGAC�RF?R�@MRF�RFC�QJMNC�?LB�RFC�P�GLRCPACNR�?NNC?P�GL�RFC�DMPKSJ?�

DMP�RFC�JGLC��)L�?JEC@P?�AJ?QQ
�WMS�JC?PLCB�RF?R�

��� !L W�COS?RGML�GL�UFGAF�O�?LB�P�?NNC?P�MLJW�RM�RFC�DGPQR�NMUCP�GQ�

?�JGLC?P�COS?RGML��

��� 4FC�COS?RGML�MD�?�JGLC�A?L�@C�UPGRRCL�GL�?�T?PGCRW�MD�U?WQ
�@SR�GD�

WMS�R?IC�?LW�MD�RFMQC�?LB�pQMJTC�DMP�Pq�WMSnJJ�ECR�?�DMPKSJ?�JGIC�


�UFCPC�P�GQ�RFC�MSRNSR�T?PG?@JC
�O�GQ�RFC�GLNSR�

T?PG?@JC
�?LB�D �?LB�9�?PC�LSK@CPQ����4FCL�RFC�QJMNC�GQ�RFC�

AMCDDGAGCLR�MD�RFC�O� T?PG?@JC�?LB�RFC�P�GLRCPACNR�GQ�RFC�

��� ��Z��'�� � ���) LRCPACNRQ���%V?KNJC��



AMLQR?LR��3M�D �GQ�RFC�QJMNC�?LB�9�GQ�RFC�P�GLRCPACNR��

&MP�RFC�RCKNCP?RSPC�CV?KNJC
�QGLAC�� �GQ�RFC�MSRNSR�T?JSC�?LB�� �GQ�

RFC�GLNSR�T?JSC
�?LB� 
�RFCL�UC�QCC�DPMK�RFC�

DMPKSJ?�RF?R�RFC�QJMNC�GQ�����?LB�RFC�P�GLRCPACNR�GQ�����

Interpret the slope and intercept 

��� 4FC�P�GLRCPACNR�GQ�RFC�T?JSC�DMP�P�UFCL�

��� 7 FCL�RFC�O� T?JSC�GLAPC?QCQ�@W���SLGR
�RFCL�RFC�P� T?JSC�

GLAPC?QCQ�@W�RFC�T?JSC�MD�RFC�QJMNC��

3M
�DMP�RFC�RCKNCP?RSPC�NPM@JCK
�UC�DMSLB�RF?R�GD�RFC�RCKNCP?RSPC�

U?Q��]�#
�RFCL�GR�GQ���]�&��!LB�UC�?JQM�DMSLB�RF?R
�GD�RFC�RCKNCP?RSPC�

#�GLAPC?QCQ�@W��]�#
�RFCL�RFC�RCKNCP?RSPC�&�GLAPC?QCQ�@W����]�&��

!N7C FB;����&MP�RFGQ�DMPKSJ?�� 
�RCJJ�

��� 7 FGAF�T?PG?@JC�GQ�RFC�MSRNSR�T?PG?@JC �

��� 7 FGAF�T?PG?@JC�GQ�RFC�GLNSR�T?PG?@JC �

��� )Q�GR�JGLC?P�PCJ?RGMLQFGN �

��� )D�GR�GQ�?�JGLC?P�PCJ?RGMLQFGN
�UF?R�GQ�RFC�QJMNC �

��� )D�GR�GQ�?�JGLC?P�PCJ?RGMLQFGN
�UF?R�GQ�RFC�P�GLRCPACNR �

3FMU�!LQU CP�

��� 4FC�MSRNSR�T?PG?@JC�GQ�+��

��� RFC�GLNSR�T?PG?@JC�GQ�; ��

��� WCQ
�GR�GQ�?�JGLC?P�PCJ?RGMLQFGN�@CA?SQC�@MRF�T?PG?@JCQ�?NNC?P�

MLJW�RM�RFC�DGPQR�NMUCP��

��� RFC�QJMNC�GQ�����@CA?SQC�RF?R�GQ�RFC�LSK@CP�KSJRGNJGCB�@W�RFC�

GLNSR�T?PG?@JC��

��� RFC�W�GLRCPACNR�GQ�������

'�� � ���) LRCPACNRQ���%V?KNJC����Z�����



!N7C FB;� � ��&MP�RFGQ�DMPKSJ?�� 
�DGLB�RFPCC�

NMGLRQ�RF?R�DGR�RFGQ�?LB�SQC�RFCK�RM�QICRAF�?�EP?NF��

3FMU�!LQU CP�

4M�DGLB�?�NMGLR�RF?R�DGRQ�RFGQ�PCJ?RGMLQFGN
�AFMMQC�?LW�T?JSC�DMP�RFC�

GLNSR�T?PG?@JC����	'CLCP?JJW�UC�AFMMQC�?�T?JSC�RF?R�GQ�C?QW�RM�AMKNSRC�

UGRF�?LB�RM�EP?NF
�QSAF�?Q�?�QK?JJ�UFMJC�LSK@CP�
��� ,CRnQ�@CEGL�@W�

AFMMQGLE� ��4FCL�AMKNSRC�RFC�MSRNSR�T?JSC��

. MU� AFMMQC� RUM� MRFCP� T?JSCQ� DMP�; � ?LB� SQC� RFCK� RM� AMKNSRC�

RFC�MSRNSR�T?JSCQ��)L�RFC�GLRCPCQRQ�MD�Q?TGLE�QN?AC
�UC�UGJJ�MKGR�RFC�

BCR?GJQ��

#FMMQC� � ?LB� DGLB� RF?R�

#FMMQC� � ?LB� DGLB� RF?R�

'P ?NF�UGRF�SLAMLLCARCB�NMGLRQ� �������'P ?NF�UGRF�NMGL

�

��� ��Z��'�� � ���) LRCPACNRQ���%V?KNJC��



!N7C FB;�� ��$CRCPKGLC�UFCRFCP�RFCQC�RFPCC�NMGLRQ�JGC�ML�?�QRP?GEFR�

JGLC�@W�AMKNSRGLE�QJMNCQ��	�
�
�?LB�	�
� 
�?LB�	�
 � 
��

3FMU�!LQU CP�

&GLB� RFC� QJMNC� MD� RFC� JGLC� RFPMSEF� 	�
�
� ?LB� 	�
� 
��

&GLB� RFC� QJMNC� MD� RFC� JGLC� RFPMSEF� 	�
�
� ?LB� 	 �
 � 
��

3GLAC�RFCQC�RUM�QJMNCQ�?PCLnR�COS?J
�RFCQC�RFPCC�NMGLRQ�?PC�LMR�ML�

?�QRP?GEFR�JGLC��

#FCAI�� #FCAI� RFGQ� @W� EP?NFGLE� RFC� RFPCC� NMGLRQ� RM� QCC� GD� RFCW�

?NNC?P� RM� JGC� ML� ?� QRP?GEFR� JGLC�� )L� RFC� DMJJMUGLE� EP?NF
� UC� F?TC�

BP?UL�RFC�JGLC�@CRUCCL�RFC�NMGLRQ�?LB�GR�GQ�AJC?P�RF?R�GR�GQ�LMR�RFC�

Q?KC�QRP?GEFR�JGLC�@CRUCCL�?JJ�RFPCC�NMGLRQ��

'�� � ���) LRCPACNRQ���%V?KNJC����Z���� �



93. G1.03: Examples 4-7 

!N7C FB;�� ��!�K?L?ECP�GQ�AMLQGBCPGLE�RFC�AMQR�� �MD�NPGLRGLE�?�@MMI�

@?QCB� ML� RFC� LSK@CP� MD� N?ECQ�G�� ( C� GQ� RMJB� RF?R� RFC� DMPKSJ?� DMP�

NPCBGARGLE�RFC�AMQR�GQ�JGLC?P�@?QCB�ML�RFC�LSK@CP�MD�N?ECQ�?LB�RF?R�

RFC�P�GLRCPACNR�GQ�������?LB�RFC�QJMNC�GQ����� �� ��&GLB�RFC�DMPKSJ?�RM�

NPCBGAR�RFC�AMQR�DPMK�RFC�LSK@CP�MD�N?ECQ��

3FMU�!LQU CP�

3GLAC� GR� GQ� JGLC?P
� 
� UFCPC� � ?LB�

��

4FSQ� �GQ�RFC�DMPKSJ?��

!N7C FB;�� ��&GLB�RFC�DMPKSJ?�DMP�RFC�JGLC�UGRF�QJMNC������UFGAF�F?Q�

RFC�NMGLR�	�
�� 
�ML�GR��

3FMU�!LQU CP�

,CR� �?LB� ��4FCL�

4FSQ�RFC�COS?RGML�MD�RFC�JGLC�GQ� ��

#FCAI��7 C�A?L�JMMI�?R�RFC�DMPKSJ?�?LB�PC?B�RFC�QJMNC�?Q�����
�QM�

RF?R�AFCAIQ��4M�QCC�UFCRFCP�RFC�EGTCL�NMGLR�GQ�ML�GR
�CT?JS?RC�RFC�

DMPKSJ?� ?R� � ?LB� QCC� UFCRFCP� GR� EGTCQ� RFC� AMPPCAR�P� T?JSC��

�� 4FGQ�

AFCAIQ��

7 C�A?L�SQC�RFGQ�Q?KC�GBC?�RM�9ECFKJ;�J>;�< EHCKB7�<EH�7�B?D;�?<�M;�

��� ��Z��'�� ����%V?KNJCQ��� �



>7L;�JM E�FE?DJI�ED�?J�@CA?SQC�UC�A?L�DGPQR�SQC�RFC�RUM�NMGLRQ�RM�DGLB�

RFC�QJMNC��(CPCnQ�?L�MSRJGLC��

&GLB�RFC�DMPKSJ?�DMP�MD�?�JGLC�RFPMSEF�RUM�NMGLRQ��

��� #FMMQC�RFC�?NNPMNPG?RC�T?PG?@JC�RM�@C�RFC�MSRNSR�T?PG?@JC�?LB�

A?JJ�GR�P��4FCL�A?JJ�RFC�GLNSR�T?PG?@JC�O��

��� 7 PGRC�RUM�NMGLRQ�?Q� ?LB� ��

��� 5 QC�RFC�RUM�NMGLRQ�RM�AMKNSRC�RFC�QJMNC��#?JJ�GR�D
�

��� 0GAI�MLC�MD�RFC�NMGLRQ�	CGRFCP�GQ�DGLC
�?LB�A?JJ�GR� ��

��� 0JSE�RFMQC�T?JSCQ�GLRM�RFGQ�COS?RGML��

��� 3MJTC�DMP�P��4F?R�EGTCQ�RFC�COS?RGML�MD�RFC�JGLC��

� �� )D�BGDDCPCLR�JCRRCPQ�?PC�LCCBCB�@CQGBCQ�O�?LB�P�DMP�RFC�GLNSR�?LB�

MSRNSR�T?PG?@JCQ
�PCNJ?AC�RFC�O�?LB�P�GL�RFC�DMPKSJ?�UGRF�RFMQC�

BGDDCPCLR�JCRRCPQ��

!N7C FB;� � ���� &GLB� RFC� DMPKSJ?� DMP� RFC� JGLC� RFPMSEF� 	�
 � 
� ?LB� 	�
��
��

)BCLRGDW�RFC�QJMNC�?LB�W�GLRCPACNR��

3FMU�!LQU CP�

,CR� ��	�
 � 
�?LB���	 �
��
��

. MU
�RM�SQC�RFC�NMGLR�QJMNC�DMPK
� )�UGJJ�SQC� �� 	�
 � 
�RM�

ECR�

� 3M� RFC� COS?RGML� MD� RFC� JGLC� GQ�


�RFC�QJMNC�GQ����
�RFC�W�GLRCPACNR�GQ����

#FCAI��5 QC�RFC�DMPKSJ?�UC�BCPGTCB�RM�BCRCPKGLC�RFC�MSRNSR�T?JSC�

DMP� � ?LB� QCC� GD� RFC� EGTCL� NMGLR� GQ� ML� RFC� JGLC���

'�� ����%V?KNJCQ��� � ��Z�����



��4FGQ�RCJJQ�SQ�

RF?R�	�
� 
�GQ�ML�RFC�JGLC��

5 QC� RFC� DMPKSJ?� UC� BCPGTCB� RM� BCRCPKGLC� RFC� MSRNSR� T?JSC� DMP�

� ?LB� QCC� GD� RFC� QCAMLB� EGTCL� NMGLR� GQ� ML� RFC� JGLC���

�� 4FGQ�

RCJJQ�SQ�RF?R�	�
��
�GQ�ML�RFC�JGLC��3M�RFGQ�AFCAIQ��

!N7C FB;�� ��7 C�F?TC�@CCL�RMJB�RF?R�RFC�?KMSLR�MD�M?RKC?J�LCCBCB�

DMP�M?RKC?J�AMMIGCQ�GQ�JGLC?PJW�PCJ?RCB�RM�RFC�?KMSLR�MD�DJMSP�LCCBCB��

!JQM
� UC� ILMU� RF?R� GD� UC� SQC� �� ASNQ� MD� DJMSP
� UC� LCCB� �� ASNQ� MD�

M?RKC?J��!LB
�MD�AMSPQC
�GD�UC�SQC���ASNQ�MD�DJMSP
�UC�UGJJ�SQC���ASNQ�

MD�M?RKC?J��

��� &GLB�RFC�DMPKSJ?�RM�NPCBGAR�RFC�M?RKC?J�LCCBCB�	A?JJCB�-
�DPMK�

RFC�DJMSP�LCCBCB�	&�
�

��� )LRCPNPCR�RFC�QJMNC��

��� )LRCPNPCR�RFC�W�GLRCPACNR��

3FMU�!LQU CP�

?��( CPC
�RFC�MSRNSR�T?PG?@JC�	P
�GQ�-�?LB�RFC�GLNSR�T?PG?@JC�	O
�GQ�&��

3M�RFC�RUM�NMGLRQ�EGTCL�?PC�	� 
� 
�?LB�	�
��
��

5 QGLE� RFC� QJMNC� DMPKSJ?
�

ASNQ�

MD�M?RKC?J�NCP�MLC�ASN�MD�DJMSP��

4FCL
�RM�SQC�RFC�NMGLR�QJMNC�DMPK�MD�RFC�JGLC
�UCnJJ�SQC�?LB�RFC�

DGPQR�NMGLR
�UFGAF�GQ�	� 
� 
��

3M�RFC�DMPKSJ?�GQ� 
�QM�RFC�QJMNC�GQ����� ��?LB�

RFC�W�GLRCPACNR�GQ����

��� ��Z��'�� ����%V?KNJCQ��� �



��� )LRCPNPCR�RFC�QJMNC��&MP�CTCPW���?BBGRGML?J�ASN�MD�DJMSP
�UC�

QFMSJB�SQC����� ��?BBGRGML?J�ASNQ�MD�M?RKC?J��

��� )LRCPNPCR�RFC�GLRCPACNR��)D�UC�SQC���ASNQ�MD�DJMSP
�RFCL�UC�UGJJ�

SQC���ASNQ�MD�M?RKC?J��

/>?I�B7IJ�;N7C FB;�?BBKIJH7J;I�J>7 J�IEC;J?C;I�J>;�?D J;H9;FJ�?I�DEJ�7�

DKC8;H�J>7J�MEKB:�8;�H;7B?IJ?9�?D�J>;�I?JK7J?ED�J>7J�J>;�FHE8B;C�

:;I9H?8;I
�� KJ�?J�:E;I�>7 L;�7�C;7D?D=�?D�J>;�7B=;8H7?9�<EHCKB7
�

" EH� 7� B?D;7H� <EHCKB7�� J>;� IBEF;� ?I� 7BM7OI� 7� DKC8;H� J>7J� ?I�

C;7D?D=<KB
�

'�� ����%V?KNJCQ��� � ��Z�����



94. G1.04: Examples 8-14 

Additional examples: 

!N7C FB;� � �� &GLB� RFC� QJMNC� ?LB� GLRCPACNR� MD� RFC� JGLC�

3FMU�!LQU CP�

4FC�QJMNC�GQ�������?LB�RFC�W�GLRCPACNR�GQ���� � ��

!N7C FB;� � �� &GLB� RFC� QJMNC� ?LB� GLRCPACNR� MD� RFC� JGLC�

3FMU�!LQU CP�

4FC�QJMNC�GQ�����?LB�RFC�W�GLRCPACNR�GQ������

!N7C FB;� �� �� &GLB� RFC� QJMNC� ?LB� GLRCPACNR� MD� RFC� JGLC�

3FMU�!LQU CP�

4FC�QJMNC�GQ�����?LB�RFC�W�GLRCPACNR�GQ������

!N7C FB;� �� �� &GLB� RFC� QJMNC� ?LB� RFC� GLRCPACNR� MD� RFC� JGLC�

3FMU�!LQU CP�

4FC�QJMNC�GQ������?LB�RFC�W�GLRCPACNR�GQ�������

!N7C FB;��� �&GLB�RFC�DMPKSJ?�DMP�RFC�JGLC�UGRF�QJMNC������RFPMSEF�RFC�

NMGLR�	�� ��
����� �
�

3FMU�!LQU CP�

�� � ��Z��'�� ����%V?KNJCQ��� ��



!N7C FB;��� ��&GLB�RFC�DMPKSJ?�DMP�RFC�JGLC�RFPMSEF�	�
�
�?LB�	��
��
�

3FMU�!LQU CP�

4FCL
� SQGLE� RFGQ� QJMNC� ?LB� RFC� QCAMLB� NMGLR���

!N7C FB;� �� ��&GLB�RFC�DMPKSJ?�DMP�RFC�JGLC�RFPMSEF� 	����
� �� �� 
� ?LB�

	� ��� � 
����� 
�

3FMU�!LQU CP�

4FCL
� SQGLE� RFGQ� QJMNC� ?LB� RFC� DGPQR� NMGLR��

'�� ����%V?KNJCQ��� �� ��Z�����



95. G1.05: Exploring by 
Graphing Part I 

Section 2. Exploration by graphing. 

7 C�A?L�?JQM�DGLB�JGLCQ�HSQR�@W�EP?NFGLE��4F?R�K?W�@C�SQCDSJ�GRQCJD�GL�

QMKC�QGRS?RGMLQ�CTCL�UGRFMSR�DGLBGLE�RFC�?ARS?J�COS?RGML�MD�RFC�JGLC��

!LB
�GD�UC�F?TC�?JPC?BW�DMSLB�RFC�COS?RGML�MD�RFC�JGLC
�UC�A?L�SQC�?�

EP?NF�RM�AFCAI�MSP�?JEC@P?��

7 C�F?TC�AMLQGBCPCB�RUM�RWNCQ�MD�NPM@JCKQ�GL�RFGQ�RMNGA��

4FC�DGPQR�GQ�DGLBGLE�?�JGLC�UFCL�UC�F?TC�RFC�QJMNC�?LB�MLC�NMGLR�ML�

RFC�JGLC��4M�EP?NF�RF?R�@W�F?LB�

��� -?I C�?�QCR�MD�?VCQ��

��� 'P ?NF�RFC�NMGLR��

��� 2CUPGRC�RFC�QJMNC�?Q� �?LB�SQC�RF?R�AMSLR�MTCP�?LB�SN�	MP�

BMUL
�RM�K?IC�?LMRFCP�NMGLR�ML�RFC�EP?NF��

��� #MLLCAR�RFMQC�NMGLRQ�@W�?�JGLC��

4FC�QCAMLB�A?QC�GQ�DGLBGLE�?�JGLC�UFCL�UC�F?TC�RUM�NMGLRQ�ML�RFC�

EP?NF����4M�EP?NF�RF?R�@W�F?LB�

��� -?I C�?�QCR�MD�?VCQ��

��� 'P ?NF�MLC�NMGLR��

��� 'P ?NF�RFC�MRFCP�NMGLR��

��� #MLLCAR�RFMQC�NMGLRQ�@W�?�JGLC��

)L� CGRFCP� MD� RFCQC� A?QCQ
� ?DRCP� UC� F?TC� RFC� EP?NF� MD� ?� JGLC
� UC�

A?L�NGAI�?LW�NMGLR�ML�RF?R�JGLC�?LB� ILMU�GR�GQ�QSNNMQCB�RM�DGR�RFC�

COS?RGML�MD�RFC�JGLC��3M�UC�A?L�NJSE�GL�RFC�T?JSCQ�DMP�O�?LB�P�GLRM�RFC�

��� ��Z��'�� ����%VNJMPGLE�@W�'P?NFGLE
0?PR�)



?JEC@P?GA�DMPKSJ?�UC�DMSLB��)D�RFC�EP?NF�GQ�AMPPCAR�?LB�RFC�COS?RGML�

GQ�AMPPCAR
�RFCL�RFC�NMGLR�UGJJ�DGR�RFC�COS?RGML��

5 QGLE� ?� QNPC?BQFCCR� RM� EP?NF� JGLCQ� ?JJMUQ� SQ� RM� RPW� T?PGMSQ�

NMQQG@GJGRGCQ�OSGAIJW�?LB�C?QGJW��4FC�GLRCPCQRGLE�A?QC�FCPC�GQ�UFCL�UC�

F?TC�RUM�NMGLRQ�?LB�UC�U?LR�RM�CVNJMPC�T?PGMSQ�NMQQG@JC�COS?RGMLQ�

MD�?�JGLC��

!N7C FB;� �� �� 5 QC� ?� QNPC?BQFCCR� RM� EP?NF� RFC� JGLC� RFPMSEF� RFC�

NMGLRQ�	�
�
�?LB�	�
�� 
��

��� 0SR�RFC�J?@CJ�V�GL�ACJJ�!��?LB�CLRCP�RFC�V�T?JSCQ����! ��QFMSJB�

F?TC���?LB�!��QFMSJB�F?TC����

��� 0SR�RFC�J?@CJ�W�GL�ACJJ�"��?LB�CLRCP�RFC�W�T?JSCQ����"��QFMSJB�

F?TC���?LB�"��QFMSJB�F?TC�����

��� 4FCL�QCJCAR�RFC�B?R?
�UGRF�RFC�J?@CJQ��(GEFJGEFR�GR��4FCL�AFMMQC�

%DI;HJ����>7HJ �?LB�89�3A?RRCP����#FMMQC�MLC�MD�RFC�MNRGMLQ�RF?R�

AMLLCARQ�RFC�B?R?�UGRF�ASPTCQ����4FCL�AJGAI�ML�p.CVRq��)L�RFGQ�

@MV
�AFCAI�RFC�p#MJSKLQq�@MV�RM�GLBGA?RC�RF?R�RFC�B?R?�GQ�

?PP?LECB�UGRF�RFC�B?R?�T?JSCQ�GL�AMJSKLQ��4FGQ�GQ�?�6%29�

)-0/ 24 !.4�QRCN�UFCL�WMS�?PC�MLJW�BC?JGLE�UGRF�RUM�NMGLRQ���

4FGQ�QRCN�QFMSJB�LMR�@C�LCACQQ?PW�UFCL�WMS�F?TC�KMPC�RF?L�

RUM�NMGLRQ��

'�� ����%VNJMPGLE�@W�'P?NFGLE�0?PR�)��Z�����
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96. G1.06: Exploring by 
Graphing Part II 

!N7C FB;��� ��#MLRGLSC�UGRF�RFC�NPCTGMSQ�QNPC?BQFCCR�RM�CVNJMPC�RM�

DGLB�?L�COS?RGML�MD�RFC�JGLC�RFPMSEF�RFC�NMGLRQ�	�
�
�?LB�	�
�� 
��

��� 3R?PRGLE�UGRF�RFC�NPCTGMSQ�QNPC?BQFCCR
�JMMI�?R�RFC�NMGLRQ�?LB�

ESCQQ�UF?R�RFC�GLRCPACNR�?LB�QJMNC�KGEFR�@C����)�ESCQQ�RF?R�RFC�

GLRCPACNR�KGEFR�@C���?LB�RFC�QJMNC�KGEFR�@C������3M�NSR�RFMQC�

ESCQQCQ�GL�#MJSKL�'����)L�'��NSR���?LB�GL�(��NSR�RFC�J?@CJ�

pGLRCPACNR�q������)L�'��NSR�����?LB�GL�(��NSR�RFC�J?@CJ�pGLRCPACNR�q�

��� )L�AMJSKL�#
�NSR�RFC�J?@CJ�pW�DMPKSJ?q�GL�ACJJ�#���4FCL
�GL�ACJJ�

#�
�NSR�RFC�DMPKSJ?�DMP�?�JGLC
�
�@SR�NSR�GR�GL�RFC�?NNPMNPG?RC�

DMPK�RM�SQC�RFC�T?JSCQ�DMP�RFC�QJMNC�?LB�GLRCPACNR�GL�AMJSKL�'�

?LB�RFC�O�T?JSCQ�GL�AMJSKL�!� ���4F?R�GQ
�GL�ACJJ�#��NSR�

��'��� ! ���'����

��� ��Z��'�� ����%VNJMPGLE�@W�'P?NFGLE
0?PR�))



!� "� #� $� %� &� '� (�

�� V� W� W�DMPKSJ?�

�� �� �� ���� �� GLRCPACNR�

�� �� ��� ����� ���� QJMNC�

��

��

��

��

��

��

���

���

���

���

���

��� . MRGAC�RF?R�RFC�JGLC�DMP�RFC�DMPKSJ?�GQ�AJMQC
�@SR�LMR�AMPPCAR��3M�

?BHSQR�RFC�T?JSCQ�DMP�RFC�QJMNC�?LB�GLRCPACNR�SLRGJ�GR�JMMIQ�PGEFR��

&GPQR
�GR�JMMIQ�?Q�GD�RFC�GLRCPACNR�GQ�?ARS?JJW�?�JGRRJC�FGEFCP�RF?L�

RFC�DMPKSJ?�GLBGA?RCQ��3M�RPW���DMP�RF?R����!LB�RFCL�GR�JMMIQ�?Q�GD�

RFC�QJMNC�GQ�?�JGRRJC�JMUCP�RF?L�RFC�DMPKSJ?�GLBGA?RCQ�������3M�RPW�

����DMP�RF?R��4F?R�JMMIQ�@CRRCP
�@SR�QRGJJ�LMR�AMPPCAR��

��� 4FC�GLRCPACNR�MD���GQ�QRGJJ�RMM�J?PEC��4PW����� ���4FC�QJMNC�MD�����GQ�

QRGJJ�RMM�J?PEC��4PW��������4FGQ�JMMIQ�@CRRCP
�@SR�GR�AMSJB�QRGJJ�@C�

GKNPMTCB�SNML��

��� ,C?TC�RFC�GLRCPACNR�?R�����?LB�RPW�?�QJMNC�MD�������4F? R�JMMIQ�

NPCRRW�EMMB�ML�RFC�EP?NF��4FC�LSK@CPQ�GL�RFC�DMPKSJ?�AMJSKL�

QFMU�RF?R�GR�GQ�LMR�OSGRC�AMPPCAR
�@SR�RFGQ�GQ�?@MSR�?Q�EMMB�?Q�

UCnB�CVNCAR�RM�ECR�DPMK�HSQR�DGRRGLE�@W�CWC����7 C�A?L�SQC�?JEC@P?�

RM�DGLB�KMPC�NPCAGQC�T?JSCQ��

'�� ����%VNJMPGLE�@W�'P?NFGLE�0?PR�))��Z�����
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5 QGLE�?JEC@P?�FCPC
�?Q�GJJSQRP?RCB�GL�%V?KNJCQ��
��
���
�?LB���
�UC�DGLB�

RF?R� RFC� COS?RGML� MD� RFC� JGLC� RFPMSEF� RFC� NMGLRQ� 	�
�
� ?LB� 	� 
�� 
� GQ�

��� ��Z��'�� ����%VNJMPGLE�@W�'P?NFGLE�0?PR�))



��4FC�DMPKSJ?�UC�F?TC�DMSLB�HSQR�@W�JMMIGLE�

?R�RFC�EP?NF�?LB�?NNPMVGK?RGLE�GQ�TCPW�AJMQC�RM�RFC�AMPPCAR�DMPKSJ?��

�

'�� ����%VNJMPGLE�@W�'P?NFGLE�0?PR�))��Z�����



97. G1.07: Section 4 

*FJ?ED7B�.;9J?ED�� ����!BBGLE�DMPK?RRGLE�RM�RFC�QNPC?BQFCCR�SQCB�RM�

CVNJMPC�N?P?KCRCP�T?JSCQ��

7 FCL� WMS� ?PC� HSQR� APC?RGLE� ?� QNPC?BQFCCR� RM� SQC� DMP� ?� DCU�

KGLSRCQ
� GR� GQ� C?QW� RM� PCKCK@CP� UF?R� WMS� NSR� UFCPC� ?LB� UF?R� GR�

KC?LR����" SR�GR�GQ�?JQM�AMLTCLGCLR�RM�Q?TC�QMKC�UMPIQFCCRQ�?LB�SQC�

RFCK�?E?GL�J?RCP����7 FCL�WMS�BM�RF?R
�GR�GQ�EMMB�RM�?BB�QMKC�DC?RSPCQ�

RF?R�K?IC�GR�C?QGCP�RM�PCKCK@CP�UF?R�GQ�UFCPC��)L�RFGQ�AMSPQC
�UC�

UGJJ�?BB�QCTCP?J�DC?RSPCQ�RM�QSAF�QNPC?BQFCCRQ��

��� 7 C�UGJJ�K?IC�RFC�ACJJQ�GL�UFGAF�UC�AF?LEC�LSKCPGA?J�T?JSCQ�

EPCCL
�QM�RF?R�GR�GQ�C?QW�RM�QCC�?R�?�EJ?LAC�UF?R�RM�AF?LEC��

��� 7 C�UGJJ�K?IC�RFC�ACJJQ�RF?R�?PC�AMKNSRCB�DPMK�RFMQC�T?JSCQ�UC�

AF?LEC�WCJJMU
�QM�RF?R�GR�GQ�C?QW�RM�JMMI�?R�UF?R�LSK@CPQ�

AF?LECB�?Q�?�PCQSJR�MD�UF?R�UC�CLRCPCB��

��� 7 C�UGJJ�?BB�?�JGLC�RF?R�QFMUQ�RFC�DMPKSJ?�UGRF�RFC�LSKCPGA?J�

T?JSCQ�UC�?PC�SQGLE��

"CA?SQC� RFC� AMJMPQ� BMLnR� QFMU� GL� RFCQC� NPGLRCB� K?RCPG?JQ
� RFC�

CV?KNJC�NPGLRCB�FCPC�GL�LMR�AMKNJCRCJW�Q?RGQD?ARMPW��

Methods 

Color: 

4M�K?I C�ACJJQ�?�EGTCL�AMJMP
�AFMMQC�RFC�ACJJQ�	FGEFJGEFR�RFCK
�?LB
�

DPMK� RFC� KCLS
� AFMMQC� &MPK?R� �� #CJJQ� ?LB� RFCL� AFMMQC� RFC�

p0?RRCPLQq� R?@�� &PMK� RFCPC
� AFMMQC� RFC� AMJMP� WMS� U?LR�� )L� RFGQ�

AMSPQC
�UC�UGJJ�SQC�EPCCL�DMP�GLNSR�?LB�WCJJMU�DMP�AMKNSRCB�T?JSCQ���

��� ��Z��'�� � � ��3CARGML��



	7 C�UGJJ�?JQM�SQC�@JSC�DMP�ACJJQ�UFCPC�RFCPC�GQ�?�pAFCAI�q�4F?R�F?Q�LMR�

WCR�@CCL�GJJSQRP?RCB�GL�RFC�CV?KNJCQ�
�

Formula: 

4M�QFMU�RFC�DMPKSJ?�GL�RFC�QNPC?BQFCCR�DMP�%V?KNJC����?@MTC�GL�ACJJ�

'�
�SQC�%VACJnQ�#/ . # ! 4%.! 4%�DSLARGML�GL�RFC�DMJJMUGLE�U?W��

)L�'��CL RCP��#/ . # ! 4%.! 4%	pW�q
'�
 q�V���p
'�
�

'�� � � ��3CARGML����Z�����
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98. G1.08: Exercises 

Part I 

��� &MP�RFGQ�DMPKSJ?�� 
�RCJJ�

?�� 7 FGAF�T?PG?@JC�GQ�RFC�MSRNSR�T?PG?@JC �

@�� 7 FGAF�T?PG?@JC�GQ�RFC�GLNSR�T?PG?@JC �

A�� )Q�GR�JGLC?P�PCJ?RGMLQFGN �

B�� )D�GR�GQ�?�JGLC?P�PCJ?RGMLQFGN
�UF?R�GQ�RFC�QJMNC �

C�� )D�GR�GQ�?�JGLC?P�PCJ?RGMLQFGN
�UF?R�GQ�RFC�P�GLRCPACNR �

��� &MP�RFGQ�DMPKSJ?��� 
�DGLB�?�RFPCC�

NMGLRQ�RF?R�DGR�RFGQ�?LB�SQC�RFCK�RM�QICRAF�?�EP?NF��

��� !�K?L?ECP�GQ�AMLQGBCPGLE�RFC�AMQR�� �MD�NPGLRGLE�?�@MMI�@?QCB�

ML�RFC�LSK@CP�MD�N?ECQ�G��( C�GQ�RMJB�RF?R�RFC�DMPKSJ?�DMP�

NPCBGARGLE�RFC�AMQR�GQ�JGLC?P�@?QCB�ML�RFC�LSK@CP�MD�N?ECQ�?LB�

RF?R�RFC�P�GLRCPACNR�GQ�������?LB�RFC�QJMNC�GQ����� �� ��&GLB�RFC�

DMPKSJ?�RM�NPCBGAR�RFC�AMQR�DPMK�RFC�LSK@CP�MD�N?ECQ��

��� &GLB�RFC�DMPKSJ?�DMP�RFC�JGLC�UGRF�QJMNC������UFGAF�F?Q�RFC�

NMGLR�	�
�� 
�ML�GR��

��� &GLB�RFC�DMPKSJ?�DMP�RFC�JGLC�RFPMSEF�	�
 � 
�?LB�	�
��
��

)BCLRGDW�RFC�QJMNC�?LB�W�GLRCPACNR��

��� 7 C�F?TC�@CCL�RMJB�RF?R�RFC�?KMSLR�MD�M?RKC?J�LCCBCB�DMP�

M?RKC?J�AMMIGCQ�GQ�JGLC?PJW�PCJ?RCB�RM�RFC�?KMSLR�MD�DJMSP�

LCCBCB��!JQM
�UC�ILMU�RF?R�GD�UC�SQC���ASNQ�MD�DJMSP
�UC�LCCB���

ASNQ�MD�M?RKC?J��!LB
�MD�AMSPQC
�GD�UC�SQC���ASNQ�MD�DJMSP
�UC�

UGJJ�SQC���ASNQ�MD�M?RKC?J��

?�� &GLB�RFC�DMPKSJ?�RM�NPCBGAR�RFC�M?RKC?J�LCCBCB�	A?JJCB�-
�

DPMK�RFC�DJMSP�LCCBCB�	&�
�

@�� )LRCPNPCR�RFC�QJMNC��

A�� )LRCPNPCR�RFC�W�GLRCPACNR��

� �� &GLB�RFC�QJMNC�?LB�GLRCPACNR�MD�RFC�JGLC�

'�� ����%V CPAGQCQ��Z�����



��� &GLB�RFC�QJMNC�?LB�GLRCPACNR�MD�RFC�JGLC�

� �� &GLB�RFC�QJMNC�?LB�GLRCPACNR�MD�RFC�JGLC�

�� �� &GLB�RFC�QJMNC�?LB�RFC�GLRCPACNR�MD�RFC�JGLC�

���� &GLB�RFC�DMPKSJ?�DMP�RFC�JGLC�UGRF�QJMNC������RFPMSEF�RFC�NMGLR�

	�� ��
����� �
�

���� &GLB�RFC�DMPKSJ?�DMP�RFC�JGLC�RFPMSEF�	�
�
�?LB�	��
��
�

���� &GLB�RFC�DMPKSJ?�DMP�RFC�JGLC�RFPMSEF�	����
��� �� 
�?LB�	� ��� � 
�

���� 
�

���� 5 QC�?�QNPC?BQFCCR�RM�?NNPMVGK?RC�RFC�COS?RGML�MD�RFC�JGLC�

RFPMSEF�	�
� 
�?LB�	� 
�� 
��

Part II 

7 PGRC�WMSP�DMPKSJ?Q�DMP�JGLCQ�GL�NMGLR�QJMNC�DMPK��9MS�K?W�K?IC�RFC�

PCOSCQRCB�EP?NFQ�@W�F?LB�ML�EP?NF�N?NCP�MP�SQGLE�?�QNPC?BQFCCR��

���� &MP�RFGQ�DMPKSJ?�� 
�RCJJ�

?�� 7 FGAF�T?PG?@JC�GQ�RFC�MSRNSR�T?PG?@JC �

@�� 7 FGAF�T?PG?@JC�GQ�RFC�GLNSR�T?PG?@JC �

A�� )Q�GR�JGLC?P�PCJ?RGMLQFGN �

B�� )D�GR�GQ�?�JGLC?P�PCJ?RGMLQFGN
�UF?R�GQ�RFC�QJMNC �

C�� )D�GR�GQ�?�JGLC?P�PCJ?RGMLQFGN
�UF?R�GQ�RFC�P�GLRCPACNR �

���� !�K?L?ECP�F?Q�NPMNMQCB�RF?R�RFC�PCLR�ML�?N?PRKCLRQ�GL�MLC�

JMA?RGML�UGJJ�@C�JGLC?P�@?QCB�ML�RFC�LSK@CP�MD�QOS?PC�DCCR�GL�

RFC�?N?PRKCLR��4FC�P�GLRCPACNR�UGJJ�@C������?LB�RFC�QJMNC�UGJJ�

@C������ ��&GLB�RFC�DMPKSJ?�RM�NPCBGAR�RFC�PCLR�DPMK�RFC�LSK@CP�

MD�QOS?PC�DCCR�GL�RFC�?N?PRKCLR��

�� �� *?LCRnQ�PCAGNC�DMP�QNJGR�NC?�QMSN�F?Q�?�JGLC?P�PCJ?RGMLQFGN�

@CRUCCL�RFC�?KMSLR�MD�A?PPMRQ�?LB�RFC�?KMSLR�MD�MLGMLQ���

7 FCL�QFC�SQCQ�����ASNQ�MD�A?PPMRQ
�QFC�SQCQ���ASN�MD�MLGMLQ��

��� ��Z��'�� ����%V CPAGQCQ



7 FCL�QFC�SQCQ���ASNQ�MD�A?PPMRQ
�QFC�SQCQ���ASNQ�MD�MLGMLQ��

?�� &GLB�RFC�DMPKSJ?�RM�NPCBGAR�RFC�MLGMLQ�LCCBCB�	A?JJCB�' 
�

DPMK�RFC�A?PPMRQ�LCCBCB�	� �
�

@�� )LRCPNPCR�RFC�QJMNC��

A�� )LRCPNPCR�RFC�P�GLRCPACNR��

���� &GLB�RFC�DMPKSJ?�DMP�RFC�JGLC�RFPMSEF�RFC�NMGLR�	�
� 
�UGRF�QJMNC�

�� ���#FCAI�RFGQ�@W�JMMIGLE�?R�RFC�DMPKSJ?�RM�QCC�RF?R�RFC�QJMNC�

AMCDDGAGCLR�GQ���?LB�RFCL�?JQM�NJSEEGLE�GL�RFC�NMGLR�	�
� 
�RM�

AMLDGPK�RF?R�GR�PC?JJW�BMCQ�DGR�RFC�COS?RGML��

�� �� &GLB�RFC�DMPKSJ?�DMP�RFC�JGLC�RFPMSEF�RFC�NMGLR�	����
���� �� 
�UGRF�

QJMNC���� ��#FCAI�RFGQ�@W�JMMIGLE�?R�RFC�DMPKSJ?�RM�QCC�RF?R�RFC�
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99. K1.01: Simple and 
Compound Interest 
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100. K1.02: Savings Plans 
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101. K1.03: Installment Loans 
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102. K1.04: Exercises 
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103. M1.01: Introduction 
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104. M1.02: Power Models Part 
I 

Section 1: Dimensional relationshipsÑthe Power 
model 
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105. M1.03: Power Models Part 
II 
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106. M1.04: Why We Use 
Logarithms 

Section 2: Compressing the range of values by 
using logarithms 
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107. M1.05: Finding 
Logarithms 
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108. M1.06: Logarithmic 
Graphs Part I 

Section 3: Logarithmic graphs 
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109. M1.07: Logarithmic 
Graphs Part II 
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110. M1.08: Exercises 

Part I 

2CNC?R�RFC�%V?KNJCQ�����

Part II 
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PART XVIII 

TOPIC L: AUTOMATED 
FITTING OF MODELS, 
COMPARATIVE GOODNESS 
OF FIT, AND OUTLIERS 
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111. L1.01: Overview 

Automated Fitting of Models, Comparative 
Goodness of Fit, and Outliers 
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NMGLRQ�QFMSJB�@C�F?LBJCB�QNCAG?JJW
�?LB�GLRCPNPCRGLE�UF?R�RFC�DGL?J�

N?P?KCRCP�T?JSCQ�GKNJW�?@MSR�RFC�QGRS?RGML�GL�UFGAF�RFC�B?R?�U?Q�

R?ICL��4FC�QCAMLB�N?PR�MD�DGRRGLE�GQ�RFC�RCBGMSQ�NPMACQQ�MD�?BHSQRGLE�

C?AF�N?P?KCRCP�GL�RSPL�SLRGJ�WMS�DGLB�RFC�@CQR�N?P?KCRCP�T?JSCQ�DMP�

RFC�AFMQCL�IGLB�MD�KMBCJ��

- <;@FLJ� K8JBJ� 8I<� N?8K� :FDGLK<IJ� ;F� 9<JK�� )L� RFGQ� RMNGA� WMS� UGJJ�

JC?PL�RM�SQC�3MJTCP�RMMJ�RF?R�A?L�K?I CQ�RFC�AMKNSRCP�OSGAIJW�DGLB�

RFC�@CQR�DGR�N?P?KCRCP�T?JSCQ�DMP�?�KMBCJ��#FMMQGLE�UFGAF�B@E;�MD�

KMBCJ�RM�DGR�GQ�QRGJJ�WMSP�HM@
�@SR�?SRMK?RGML�UGJJ�EGTC�WMS�KMPC�RGKC�

RM�BM�GR��5QGLE�?L�?SRMK?RCB�DGRRGLE�NPMACQQ�UGJJ�?JQM�K?IC�GR�C?QGCP�

RM�SQC�KMBCJQ�RF?R�F?TC�KMPC�N?P?KCRCPQ
�NCPKGRRGLE�KMBCJQ�RF?R�

?PC�KMPC�PC?JGQRGA�?LB�A?L�QMJTC�?�UGBCP�P?LEC�MD�NPM@JCKQ��

0 ?8K�@J�K?<�[9<JK\�=@K��3M�D?P
�UC�F?TC�PCJGCB�ML�?�NCPQML�JMMIGLE�?R�

RFC�EP?NF�RM�BCAGBC�UFCL�RFC�N?P?KCRCP�QCRRGLEQ�DMP�?�KMBCJ�E?TC�

?� EMMB� DGR�� 0CMNJC� ?PC� EMMB� ?R� RFGQ� IGLB� MD� TGQS?J� ?QQCQQKCLR
� @SR�

AMKNSRCPQ�?PC�LMR�l�RFCW�?PC�KSAF�@CRRCP�?R�BC?JGLE�UGRF�LSK@CPQ��

3M� RM� ?SRMK?RC� RFC� DGRRGLE� R?QI� UC� UGJJ� AMKNSRC� ?� LSK@CP� RF?R�

KC?QSPCQ�FMU�U CJJ�?�N?PRGASJ?P�KMBCJ�DGRQ�RFC�B?R?�UC�?PC�UMPIGLE�

UGRF��

! 8E;C@E>� JKI8P� ;8K8� GF@EKJ
� )R� QMKCRGKCQ� F?NNCLQ� RF?R� ?� QK?JJ�

QS@QCR� MD� RFC� NMGLRQ� GL� ?� B?R?� QCR� BCTG?RC� QS@QR?LRG?JJW� DPMK� RFC�

MTCP?JJ�N?RRCPL��4FCQC�pMSRJGCPq�NMGLRQ�QMKCRGKCQ�AMLTCW�GKNMPR?LR�

GLDMPK?RGML
�@SR�MRFCP�RGKCQ�QGKNJW�PCDJCAR�@?B�KC?QSPCKCLRQ�� )L�

CGRFCP�A?QC
�GR�GQ�SQS?JJW�@CQR�RM�CVAJSBC�RFCK�DPMK�RFC�KMBCJ�DGRRGLE�

NPMACQQ�?LB�PCNMPR�RFCK�QCN?P?RCJW��7 C�UGJJ�BGQASQQ�FMU�RM�BM�RFGQ�

UGRFMSR�JMQGLE�RFC�CDDGAGCLAW�MD�RFC�?SRMK?RCB�DGRRGLE�?NNPM?AF��

� ;;@K@FE8C�KPG<J�F=�DF;<CJ
�4FC�KMBCJ�DGRRGLE�NPMACQQ�RF?R�UC�F?TC�

?JPC?BW�?NNJGCB�RM�JGLC?P
�OS?BP?RGA
�?LB�CVNMLCLRG?J�DMPKSJ?Q�A?L�
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@C�SQCB�UGRF�?LW�RWNC�MD�KMBCJGLE�DMPKSJ?�� !JJ�RF?R�GQ�LCCBCB�DMP�

?�LCU�RWNC�MD�KMBCJ�DMPKSJ?�GQ�RM�CLRCP�RFC�GL�#��GL�QNPC?BQFCCR�

DMPK?R
�UGRF�RFC�N?PRQ�RF?R�WMS�UGQF�RM�DGR�?Q�N?P?KCRCPQ�CVNPCQQCB�

?Q�?@QMJSRC�PCDCPCLACQ�RM�AMJSKL� '�A CJJQ�� )L�RFGQ�RMNGA�UC�UGJJ�QCC�

FMU�RM�OSGAIJW�?B?NR�?�KMBCJGLE�QNPC?BQFCCR�RM�DGR�K?LW�BGDDCPCLR�

DMPKSJ?Q� MP� RM� NPMTGBC� KMBCJ� CLF?LACKCLRQ� QSAF� ?Q� ?� LML�XCPM�

@?QCJGLC�DMP�?L�CVNMLCLRG?J�KMBCJ��)L�J?RCP�RMNGAQ�UC�UGJJ�CVRCLB�MSP�

JGQR�MD�@?QGA�KMBCJ�DMPKSJ?Q�?LB�BGQASQQ�FMU�RFCQC�AMK@GL?RGMLQ�MD�

RFCQC�@?QGA�KMBCJQ�A?L�@C�SQCB�RM�K?IC�NPCBGARGTC�DMPKSJ?Q�DMP�?�

T?PGCRW�MD�PC?JGQRGA�QGRS?RGMLQ��
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112. L1.02: Section 1 

Section 1: Choosing a numerical indicator of how 
well a model fits a dataset 

)L�?L�C?PJGCP�RMNGA�UC�AMKNSRCB�?�LSKCPGA?J�GLBGA?RMP�MD�RFC�LMGQC�MD�

?�KC?QSPCKCLR�NPMACQQ
�RFC�QR?LB?PB�BCTG?RGML�?PMSLB�RFC�?TCP?EC�

KC?QSPCKCLR��)D�UC�F?B�?�QGKGJ?P�GLBGA?RMP�MD�RFC�QA?RRCP�MD�RFC�B?R?�

?PMSLB�?�KMBCJ
�UC�AMSJB�SQC�GR�RM�ESGBC�MSP�QC?PAF�DMP�RFC�@CQR�

QCR� MD� KMBCJ� N?P?KCRCPQ�� %TCL� @CRRCP
� UC� KGEFR� @C� ?@JC� RM� ECR� ?�

AMKNSRCP�NPMEP?K�RM�FCJN�GL�RFC�QC?PAF�QGLAC�AMKNSRCPQ�?PC�EMMB�

?R�UMPIGLE�UGRF�LSK@CPQ��/SP�MPGEGL?J�KCRFMB�MD�HSBEGLE�?�KMBCJ
�

TGQS?JJW�AMKN?PGLE�RFC�B?R?�?LB�KMBCJ�EP?NFQ
�GQ�C?QW�DMP�NCMNJC�@SR�

@CWMLB�RFC�ASPPCLR�A?N?@GJGRGCQ�MD�AMKNSRCPQ��

7 FGJC� QA?RRCP� GLBGA?RMPQ� MD� RFGQ� IGLB� ?Q� MDRCL� PCDCPPCB� RM� ?Q�

KC?QSPGLE� pEMMBLCQQ� MD� DGRq
� I CCN� GL� KGLB� RF?R� RFCW� ?PC� QFMUGLE�

RFC� ?KMSLR� MD� BCTG?RGML
� QM� QK?JJCP� GQ� @CRRCP� 	RFCQC� ?PC� ?ARS?JJW�

@?BLCQQ�MD�DGR�GLBGA?RMPQ
��7 C�UGJJ�DGLB�RFC�@CQR�KMBCJ�@W�?BHSQRGLE�

RFC�N?P?KCRCPQ�RM�K?IC�RFC�GLBGA?RMP�?Q�AJMQC�RM�XCPM�?Q�NMQQG@JC��

7 C�U?LR�RM�KGLGKGXC�@MRF�NMQGRGTC�?LB�LCE?RGTC�BCTG?RGMLQ
�QGLAC�

FCPC� UC� A?PC� ?@MSR� FMU� AJMQC� RFC� B?R?� GQ� RM� RFC� KMBCJ
� @SR� LMR�

UFCRFCP�GR�GQ�FGEFCP�MP�JMUCP��)L�RFGQ�QGRS?RGML
�RFC�KMQR�NPMBSARGTC�

U?W�RM�RPC?R�NMQGRGTC�?LB�LCE?RGTC�BCTG?RGMLQ�RFC�Q?KC�GQ�RM�JHL8I<�

C?AF� BCTG?RGML� 	G�C�
� KSJRGNJW� GR� @W� GRQCJD
� ?� NPMACQQ� RF?R� NPMBSACQ�

NMQGRGTC� PCQSJRQ� DMP� @MRF� NMQGRGTC� ?LB� LCE?RGTC� LSK@CPQ
�� 7 C� UGJJ�

RFCL�KGLGKGXC�QMKC�GLBGA?RMP�@?QCB�ML�RFCQC�QOS?PCB�BCTG?RGMLQ��

)L�QNPC?BQFCCRQ�RF?R�?PP?LECB�QGKGJ?PJW�RM�-MBCJQ�VJQ�	GLNSR�B?R?�

GL�AMJSKL�!
�MSRNSR�B?R?�GL�AMJSKL�"
�KMBCJ�NPCBGARGML�GL�AMJSKL�

#
�?LB�B?R?�KMBCJ�BCTG?RGML�GL�AMJSKL�$

�GR�GQ�L?RSP?J�RM�NSR�RFCQC�

QOS?PCB� BCTG?RGMLQ� GL� AMJSKL� %�� 4FGQ� A?L� @C� BMLC� @W� NSRRGLE� RFC�

DMPKSJ?�p�$�=�q�GLRM�ACJJ�%�
�RFCL�QNPC?BGLE�RF?R�DMPKSJ?�BMUL�?JJ�

RFC�B?R?�PMUQ��
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#MJSKL�%�LMU�AMLR?GLQ�RFC�DMPKSJ?Q�

p�$�=�q�GL�%��

p�$�=�q�GL�%��

p�$�=�q�GL�%��

,�� � ���3CARGML����Z�����



CR�ACRCP?
�DMP�C?AF�B?R?�PMU�

What number will be used to represent the 
squared-deviation values? 

)D� UC� ?PC� EMGLE� RM� K?IC� BCAGQGMLQ� ?@MSR� N?P?KCRCP� QCRRGLEQ� @W�

JMMIGLE� ?R� ?� LSKCPGA?J� EMMBLCQQ�MD�DGR� GLBGA?RMP
� RF?R� GLBGA?RMP�

KSQR�@C�?�QGLEJC�LSK@CP�QM�UC�A?L�BCAGBC�UFGAF�QCRRGLEQ�?PC�@CRRCP�

@W� AFMMQGLE� RFMQC� RF?R� EGTC� RFC� JMUCQR� GLBGA?RMP� T?JSC�� 7F?R�

GLBGA?RMP� QFMSJB� @C� SQCB� RM� QSKK?PGXC� RFGQ� AMJSKL� MD� QOS?PCB�

BCTG?RGMLQ �/LC�M@TGMSQ�NMQQG@GJGRW
�UFGAF�RSPLQ�MSR�RM�@C�RFC�KMQR�

ECLCP?JJW�SQCDSJ
�GQ�RFC�JLD�MD�RFC�QOS?PCB�BCTG?RGMLQ��4FGQ�A?L�@C�

AMKNSRCB�@W�?NNJWGLE�RFC�QNPC?BQFCCR�35-�DSLARGML�RM�AMJSKL�%
�

?Q�@W�NSRRGLE�RFC�DMPKSJ?�p�35-	%��%��
q�GLRM�QMKC�CKNRW�ACJJ�QSAF�

?Q�(���

!L�?JRCPL?RGTC�GLBGA?RMP�RF?R�GQ�SQCDSJ�GL�?�DCU�QGRS?RGMLQ�GQ�QGKNJW�

RFC� J?PECQR� QOS?PCB� BCTG?RGML� 	UFGAF� AMKCQ� DPMK� RFC� J?PECQR�

BCTG?RGML
�UFCRFCP�NMQGRGTC�MP�LCE?RGTC
��4FGQ�A?L�@C�AMKNSRCB�UGRF�

RFC� QNPC?BQFCCR� -! 8� DSLARGML
� SQGLE� RFC� DMPKSJ?� p�-! 8	%��%��
q�

GL�RFGQ�A?QC��/RFCP�GLBGA?RMPQ�?PC�QMKCRGKCQ�AMLQRPSARCB�RF?R�R?IC�

GLRM�?AAMSLR�RFC�CAMLMKGA�AMQR�GL�?�N?PRGASJ?P�QGRS?RGML�MD�BGDDCPCLR�

BCTG?RGML� QGXCQ� ?LB�MP� BGPCARGMLQ�� "SR� RFC� QSK� MD� RFC� QOS?PCB�

BCTG?RGMLQ� GQ� @W� D?P� RFC� KMQR� AMKKMLJW� SQCB� GLBGA?RMP� DMP� DGRRGLE�

KMBCJQ� RM� B?R?
� ?LB� UC� UGJJ� SQC� GR� GL� RFGQ� AMSPQC� CVACNR� UFCPC�

?LMRFCP�GLBGA?RMP�GQ�QNCAGDGA?JJW�?QICB�DMP��
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Example 2: Improve the earlier population model 
by using the sum-of-squared-deviations indicator. 

4FC� CVNMLCLRG?J�KMBCJ� N?P?KCRCP� QCRRGLEQ�8� �� �
� � ?LB� I� �� � 
���

RF?R�UCPC�DMSLB�C?PJGCP�DGR�RFC�B?R?�NPCRRW�UCJJ
�@SR�MD�AMSPQC�MRFCP�

LC?P@W�QCRRGLEQ�MD�RFC�N?P?KCRCPQ
�QSAF�?Q�UMSJB�AF?LEC�RFC�EP?NF�

QM�JGRRJC�UC�AMSJB�LMR�RCJJ�@W�JMMIGLE�UFCRFCP�MLC�MD�RFCQC�KMBCJQ�

GQ�QJGEFRJW�@CRRCP�RF?L�RFC�MRFCP��" SR�RFC�LSKCPGA?J�QSK�MD�QOS?PCB�

BCTG?RGMLQ�A?JASJ?RGML�GL�(��NPMTGBCQ�?�U?W�RM�AFMMQC�?KMLE�LC?P@W�

KMBCJ�QCRRGLEQ�RM�ECR�RFC�TCPW�@CQR�DGR��

;?<�( CPC�GQ�RFC�UMPIQFCCR�PCQSJR�DPMK�RFC�GLGRG?J�KMBCJ
�UFGAF�U?Q�

AFMQCL�@W�QCRRGLE�RFC�DGPQR�N?P?KCRCP�MD�RFC�KMBCJ�RM�����	RFC�B?R?�

T?JSC�?R�O���� 

�RFCL�?BHSQRGLE�RFC�EPMURF�P?RC�SLRGJ�RFC�EP?NFQ�UCPC�

AJMQC��
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3M�DMP�?�KMBCJ�MD�RFGQ�B?R?
�RFC�QSK�MD�QOS?PCB�BCTG?RGMLQ�COS?JQ�

?@MSR�������

;@<�)D�RFC�GLGRG?J�T?JSC�DMP�RFC�KMBCJ�GQ�GLAPC?QCB�@W�����KGJJGML�	RM�

���� KGJJGML

� RFC� QSK� MD� QOS?PCB� BCTG?RGMLQ� BPMNQ� DPMK� ?@MSR� �����

RM�����
�?�LMRGAC?@JC�GKNPMTCKCLR��3M�RFC�KMBCJ�A?L�@C�AMLQGBCPCB�

QJGEFRJW�@CRRCP��
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&SPRFCP� QK?JJ� ?BHSQRKCLRQ� RM� '�� KGEFR� PCBSAC� RFC� QR?LB?PB�

BCTG?RGML�DSPRFCP
�@SR�GR�UMSJB�@C�TCPW�RCBGMSQ�RM�RPW�?JJ�RFC�QCRRGLEQ�

LCCBCB�RM�DGLB�RFC�TCPW�@CQR�DGR
�CQNCAG?JJW�QGLAC�UC�UMSJB�LCCB�RM�

CVNJMPC�T?JSCQ�DMP�RFC�EPMURF�P?RC�GL�'��?Q�UCJJ��!BBGRGML?JJW
�QGLAC�

?� AF?LEC� GL� MLC� MD� RFC� N?P?KCRCPQ� UGJJ� AF?LEC� RFC� CDDCAR� MD� RFC�

MRFCP� N?P?KCRCP
� QCTCP?J� PMSLBQ� MD� ?BHSQRKCLR� UMSJB� @C� LCCBCB��

4FGQ� NPMACQQ� UMSJB� @C� CTCL� KMPC� BGDDGASJR� DMP� KMBCJQ� RF?R� F?TC�

RFPCC�MP�KMPC�N?P?KCRCPQ��

" SR�RCBGMSQ�R?QIQ�?PC�UF?R�AMKNSRCPQ�BM�@CQR��-MQR�QNPC?BQFCCRQ�

F?TC� ?� @SGJR�GL� PMSRGLC� RF?R� UGJJ� QWQRCK?RGA?JJW� ?BHSQR� N?P?KCRCPQ�

RM� ?� PCQSJR� WMS� ?QI� DMP� 	GL� RFGQ� A?QC
� RFC� KGLGKSK� T?JSC� DMP� RFC�
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EMMBLCQQ�MD�DGR� GLBGA?RMP
�� 7 C� UGJJ� SQC� QSAF� ?� @SGJR�GL� PMSRGLC
�

3MJTCP
�?Q�?�U?W�RM�?SRMK?RC�RFC�KMBCJ�DGRRGLE�NPMACQQ��

��� ��Z��,�� � ���3CARGML��



113. L1.03: Section 2 

Section 2: Using Solver in the Tool menu to find 
the best-fit parameters for a model 

4FC� p3MJTCPq� ?BB�GL� A?L� @C� SQCB� UGRF� ?L� ?NNPMNPG?RCJW�DMPK?RRCB�

QNPC?BQFCCR�RM�RCJJ�RFC�AMKNSRCP�RM�BM�?SRMK?RGA?JJW�UF?R�WMS�BGB�

@W� F?LB� GL� RFC� C?PJGCP� KMBCJ�DGRRGLE� CVCPAGQCQ� k� ?BHSQR� RFC�

N?P?KCRCPQ�SLRGJ�RFC�KMBCJ�GQ�?�EMMB�?Q�GR�A?L�@C��3MJTCP�SQCQ�RFC�

LSKCPGA?J� T?JSC� MD� RFC� QSK�MD�QOS?PCB�BCTG?RGMLQ� GLBGA?RMP�

	AMKNSRCB�GL�ACJJ�(��GL�RFC�CV?KNJC�QNPC?BQFCCR
�RM�BCAGBC�ML�RFC�

@CQR�N?P?KCRCPQ��

7 FCL� WMS� SQC� 3MJTCP� DMP� KMBCJGLE
� WMS� UGJJ� QCR� SN� ?� KMBCJGLE�

UMPIQFCCR�CV?ARJW�?Q�RFC�NPCTGMSQ�CV?KNJC
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Example 3: Use Solver to find the formula of the 
best-fit exponential model for the worksheet 
modified in Example 1 to include a sum-of-square 
deviations value. 
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Example 4: Use Solver to find the best-fit linear 
model for the sediment depth data from the topic 
on linear modeling. 
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114. L1.04: Section 3 

Section 3: Using the sum of squared deviations to 
compute the standard deviation for a model 
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Example 5: Modify the worksheets from Examples 
3 and 4 so they also compute standard deviation. 
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�� ��� ��� ��� � �������� �� �������� � ��������

�� ��� ��� ��� � ����� � �� �� ����� � �� � �������� �77,6-;;�7.�.1<�.
<0-;-�;-<<16/;�

�� ��� ����� ������ ��� �� ���� ���� � �������� 3SK�MD�QO��
BCT�� �
 �������

�� ��� �� ��� �� ������� �� �������� � ���� ����


 �� ��� � ���� ���� ����� � ��� ����� � �������� ��M D�BCT��
QSKKCB� ���


 
� ��� ����� �� ������� � �������� � ��� �� ��� ��M D�
N?P?KCRCPQ���


 �� ��� �� ��� �� ������� �� �������� � �������� QR?LB?PB�
BCTG?RGML� � 
�������

�
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115. L1.05: Section 4 

Section 4: Using Solver to choose the best kind of 
model 

3MKCRGKCQ� B?R?� F?Q� ?� N?RRCPL� DMP� UFGAF� KMPC� RF?L� MLC� IGLB� MD�

KMBCJ�GQ�?�NMRCLRG?J�K?RAF��7FGJC�TGQS?J�GLQNCARGML�MD�RFC�@CQR�DGR�

EP?NFQ� UGJJ� SQS?JJW� QFMU� UFGAF� MLC� GQ� @CQR
� WMS� A?L� ?JQM� AFMMQC�

@CRUCCL� A?LBGB?RCQ� @W� QCCGLE� UFGAF� KMBCJ� RWNC� F?Q� RFC� QK?JJCQR�

@CQR�DGR�QR?LB?PB�BCTG?RGML��

Example 6: Does a quadratic model fit 
the population data better than the model 
in Example 3? Why? 

.E BKJ?ED�7FFHE79>��

;?<�5QC�3MJTCP�UGRF�RFC�1S?BP?RGA�-MBCJ�UMPIQFCCR�GL�

- MBCJQ�VJQ�RM�DGR�RFC�Q?KC�B?R?��

;@<�!BB�RFC�AMKNSR?RGML�MD�QR?LB?PB�BCTG?RGML�RM�RFC�

UMPIQFCCR��

;A<�#MKN?PC�RFC�QR?LB?PB�BCTG?RGML�� �DMP�RFC�OS?BP?RGA�

KMBCJ�UGRF�RF?R�MD�RFC�CVNMLCLRG?J�KMBCJ��

3FMU�!LQU CP�

!L�C VNMLCLRG?J�KMBCJ�GQ�?�@CRRCP�DGR�RM�RFGQ�B?R?�RF?L�?�

� �� ��Z��,�� ����3C ARGML��



OS?BP?RGA�KMBCJ
�@CA?SQC�RFC�@CQR�DGR�CVNMLCLRG?J�KMBCJ�

�F?Q�� ���� 
���C?BB?ED
�UFGJC�

RFC�@CQR�DGR�OS?BP?RGA�KMBCJ�

�F?Q�� ��

� 
���C?BB?ED
�UFGAF�GQ�?JKMQR�RUGAC�?Q�J?PEC��

#?L� WMS� RFGLI� MD� ?LMRFCP� PC?QML� RF?R� ?� OS?BP?RGA� KMBCJ� GQ� LMR�

JGICJW� RM� @C� ?NNPMNPG?RC� DMP� RFGQ� B?R? � 	( GLRQ�� 7FCPC� GQ� RFC� TCPRCV�

MD�RFC�N?P?@MJ? �7 F?R�BMCQ�RFGQ�GKNJW�?@MSR�RFC�OS?BP?RGA�KMBCJnQ�

NPCBGARGML�DMP�WC?PQ�@CDMPC����� 
�RFC�DGPQR�WC?P�EGTCL�GL�RFGQ�B?R?QCR 
�

,�� ����3C ARGML����Z��� ��



116. L1.06: Section 5 

Section 5: Identifying and Removing Outliers in 
Data 

3MKC�B?R?QCRQ�GLAJSBC�?�DCU�NMGLRQ�RF?R�BM�LMR�DGR�GLRM�RFC�MTCP?JJ�

N?RRCPL�� 4FCQC� NMGLRQ� ?PC� A?JJCB� pMSRJGCPQq
� ?LB� PCOSGPC� QNCAG?J�

F?LBJGLE� GD� ?� KMBCJ� GQ� RM� @C� DGR� RM� RFC� B?R?QCR�� )L� ECLCP?J
� RFC�

?NNPM?AF� RM� KMBCJGLE� B?R?� UGRF� MSRJGCPQ� GQ� RM� CVAJSBC� RFCK� DPMK�

RFC�DGRRGLE�NPMACQQ�@SR�PCNMPR�RFCK�QCN?P?RCJW�?JMLE�UGRF�RFC�KMBCJ�

DMPKSJ?��

3MKCRGKCQ�MSRJGCPQ�?PC�QGKNJW�KGQR?ICQ�GL�RFC�B?R?��- C?QSPCKCLR�

GQ�LMR�?�NCPDCAR�NPMACQQ
�?LB�CPPMPQ�GL�?�KC?QSPCKCLR�BCTGAC�MP�GL�

UPGRGLE�BMUL�RFC�KC?QSPCKCLR�PCQSJRQ�A?L�JC?B�RM�@?B�T?JSCQ�GL�?�

B?R?QCR��/LC�@CLCDGR�MD�JMMIGLE�?R�RFC�MTCP?JJ�N?RRCPL�MD�RFC�B?R?�GQ�

RF?R�GR�SQS?JJW�UGJJ�PCTC?J�?LW�QS@QR?LRG?J�CPPMPQ�MD�RFGQ�IGLB��

/L� RFC� MRFCP� F?LB
� QMKC� MSRJGCPQ� ?PC� ?AASP?RC� KC?QSPCKCLRQ�

@SR�PCNMPR�?LMK?JGCQ
�QGRS?RGMLQ�RF?R�?PC�BGDDCPCLR�DPMK�RFC�RWNGA?J�

QGRS?RGML� GL� UFGAF� RFC� MRFCP� KC?QSPCKCLRQ� UCPC� K?BC��

- C?QSPCKCLRQ�MD�3SLB?W�NCBCQRPG?L�RP?DDGA�GL�BMULRMUL�!SQRGL
�DMP�

CV?KNJC
�UMSJB�QFMU�?L�MSRJGCP�C?AF�QNPGLE�BSC�RM�RFC�#?NGR?J���+�

P?AC��

)R� GQ� GKNMPR?LR� RM� PCNMPR� MSRJGCPQ
� QM� RF?R� NCMNJC� BCNCLBGLE� ML�

KC?QSPCKCLRQ�QGKGJ?P�RM�RFMQC�RF?R�NPMBSACB�RFC�B?R?�?PC�?JCPRCB�

RM�RFC�NMQQG@GJGRW�MD�J?PEC�BCTG?RGMLQ�DPMK�RFC�ECLCP?J�RPCLB�MD�RFC�

B?R?��%TCL�GD�RFC�MSRJGCP�GQ�?�KGQR?IC
�GR�GQ�?L�GLBGA?RGML�RF?R�SQCPQ�

QFMSJB�U?RAF�MSR�DMP�QGKGJ?P�KGQR?ICQ��)D�RFC�MSRJGCP�GQ�?L�?LMK?JW
�

GR� GQ� NMQQG@JC� RF?R� GR� GQ� RFC� KMQR� GKNMPR?LR� N?PR� MD� RFC� B?R?�� &MP�

CV?KNJC
�UC�UMSJB�U?LR�RFC�NCMNJC�UFM�BCQGEL�@PGBECQ�RM�BCQGEL�

DMP�RFC�K?VGKSK�JM?B�?LB�LMR�RFC�RWNGA?J�JM?B��

7 FCL� SQGLE� -MBCJQ�VJQ� RM� DGLB� @CQR�DGR� KMBCJQ
� UC� A?L� CVAJSBC�

MSRJGCPQ� DPMK� RFC� DGRRGLE� NPMACQQ� @W� CP?QGLE� RFC� AMLRCLR� MD� RFC�

� �� ��Z��,�� ����3C ARGML��



AMJSKL�%�ACJJ�DMP�C?AF�PMU�RF?R�AMLR?GLQ�MSRJGCP�B?R?��4FGQ�KC?LQ�

RF?R�RFC�BCTG?RGML�?QQMAG?RCB�UGRF�RFC�MSRJGCP�T?JSC�GQ�LMR�AMSLRCB�GL�

AMKNSRGLE�RFC�QR?LB?PB�BCTG?RGML
�?LB�RFSQ�BMCQ�LMR�GLDJSCLAC�RFC�

DGRRGLE�NPMACQQ��

Example 7: Using the dataset shown to the right: 

?�� &GR�?LB�PCNMPR�ML�?�JGLC?P�KMBCJ�SQGLE�?JJ�MD�RFC�B?R?�

@�� &GR�?LB�PCNMPR�ML�?�JGLC?P�KMBCJ�UGRF�RFC�MSRJGCP�CVAJSBCB��

3MJSRGML�?NNPM?AF��

G�� #MNW�RFC�B?R?�RM�?�,GLC?P�- MBCJ�UMPIQFCCR�GL�-MBCJQ�VJQ��

GG��3NPC?B�AMJSKLQ�#
�$
�?LB�%�BMUL�RM�K?RAF�RFC�B?R?
�?Q�SQS?J��

GGG��-?I C�?�EP?NF�MD�RFC�B?R?�?LB�KMBCJ�RMECRFCP
�?Q�SQS?J��

GT�� 5 QC�3MJTCP�RM�DGLB�RFC�@CQR�DGR�N?P?KCRCPQ�?LB�QR?LB?PB�

BCTG?RGML��

T�� %P?QC�ACJJ�%�
�QGLAC�RFC�EP?NF�QFMUQ�RFC�B?R?�GL�PMU���GQ�?L�

MSRJGCP��

TG��5 QC�3MJTCP�?E?GL
�RM�DGLB�PCQSJRQ�UGRF�RFC�MSRJGCP�CVAJSBCB��

,�� ����3C ARGML����Z��� � �



2CK?GLGLE�DSCJ�GL�CLEGLC�R?LI�

D@ELK<J� C@K<IJ�

�� �� ����

��� ��� ���

��� ��� ���

��� �����

��� �� ����

��� ������

��� ��� ��

��� �� ���

��� �����

��� �� ���

3FMU�!LQU CP�

G�� 7GRF�?JJ�RFC�B?R?
�RFC�@CQR�DGR�JGLC?P�KMBCJ�GQ�

��� �����

��

GG��7GRFMSR�RFC�MSRJGCP�?R�	O����� 
�P������� 

�RFC�@CQR�DGR�JGLC?P�

KMBCJ�GQ� ��� ���

�
�

� �� ��Z��,�� ����3C ARGML��



. MRGAC�RF?R�PCKMT?J�MD�RFC�MSRJGCP�K?ICQ�?�EPC?R�BGDDCPCLAC�GL�RFC�

QGXC�MD�RFC�QR?LB?PB�BCTG?RGML
�QGLAC�RFC�U?W�QR?LB?PB�BCTG?RGMLQ�?PC�

AMKNSRCB�CKNF?QGXCQ�?LW�J?PEC�BCTG?RGMLQ��

)Q�RFGQ�N?PRGASJ?P�MSRJGCP�?�KGQR?IC�MP�?L�?LMK?JW �9MS�A?LnR�RCJJ�

DPMK� RFC� LSK@CPQ
� QGLAC� ?LW� RWNC� MD� MSRJGCP� AMLQGQRQ� MD� @GE�

BCTG?RGMLQ�� "SR� GL� RFGQ� A?QC� RFC� A?NRGML� DMP� RFC� B?R?� GLBGA?RCQ� ?�

NPMACQQ�RF?R�JMEGA?JJW�KSQR�AF?LEC�QKMMRFJW��4FSQ�RFGQ�MSRJGCP�GQ�?�

KGQR?IC��%V?KGL?RGML�MD�RFC�B?R?�QSEECQRQ�RF?R�RFC�p����q�P�T?JSC�DMP�

RFC�MSRJGCP�QFMSJB�F?TC�@CCL�?@MSR�����FGEFCP
�QM�NCPF?NQ�?L�?ARS?J�

KC?QSPCKCLR�MD�p�����q�U ?Q�AMNGCB�GLAMPPCARJW��

Example 8: For the U.S. airline-passenger data 
provided to the right below: 

?�� 2CNMPR�RFC�@CQR�DGR�JGLC?P�KMBCJ�DMPKSJ?�?LB�GRQ�QR?LB?PB�

BCTG?RGML
�SQGLE�?JJ�RFC�B?R?�NMGLRQ�NPMTGBCB��

@�� %V?KGLC�RFC�EP?NF�?LB�JGQR�MD�BCTG?RGMLQ�GL�AMJSKL�$�RM�

GBCLRGDW�?LW�B?R?�NMGLRQ�UFGAF�?PC�MSRJGCPQ�DPMK�RFC�B?R?�RPCLB�

DPMK������RM����� ��

A�� 2CNMPR�RFC�@CQR�DGR�JGLC�?LB�� �UFCL�RFC�MSRJGCPQ�?PC�CVAJSBCB��

B�� )L�RFGQ�A?QC
�?PC�RFC�MSRJGCP�NMGLRQ�KGQR?ICQ�MP�?LMK?JGCQ �

C�� ( MU�K?L W������N?QQCLECPQ�UMSJB�RFCPC�F?TC�@CCL�	RM�RFC�

LC?PCQR�KGJJGML
�GD�53�?GP�RP?DDGA�F?B�AMLRGLSCB�GRQ������ �����

RPCLB �

D�� ( ?Q�RFC�?GPJGLC�GLBSQRPW�DSJJW�PCAMTCPCB�GRQ������ �����RP CLB �

7 FW �

,�� ����3C ARGML����Z��� ��



53�!GPJGLC�4P?DDGA�

9C?PQ�
QGLAC������

0?QQCLECPQ�
	KGJJGMLQ
�

�� ���� ��

�� ������

�� ������

�� ��� ���

�� ������

�� ��� ���

�� ������

�� ������

�� ������

�� ������

��� ������

��� ������

��� ������

��� ������

��� �� ����

��� ���� ��

��� � ��� ��

3FMU�!LQU CP�

?�� 4FC�?JJ�B?R?�KMBCJ�GQ� 
�� ��������KGJJGML�

N?QQCLECPQ��

@�� 4FC�NMGLRQ�DMP�RFC�WC?PQ�����
���� �
�?LB������?P C�AJC?PJW�

MSRJGCPQ��4FC�NMGLRQ�DMP�����
�����
�?LB������?P C�?JQM�JMU�@SR�

?PC�AJMQCP�RM�RFC�����������RP CLB��@MPBCPJGLC�A?QCQ�MD�RFGQ�IGLB�

?PC�?�K?RRCP�MD�HSBEKCLR
�?LB�CGRFCP�?L?JWQGQ�GQ�AMPPCAR�?Q�JMLE�

?Q�WMS�BCQAPG@C�UF?R�BCAGQGMLQ�WMS�F?TC�K?BC��

A�� 4FC�@CQR�DGR�JGLC?P�KMBCJ�DMP�RFC������ �����B? R?�GQ


�UGRF�� ��������KGJJGML�N?QQCLECPQ��

��� ��Z��,�� ����3C ARGML��



B�� 4FCQC�MSRJGCPQ�?PC�?LMK?JGCQ
�UFGAF�PCDJCAR�?�PC?J�AF?LEC�GL�

AMLBGRGMLQ��

C�� 4FC�RPCLB�DMP������U ?Q�����KGJJGML�	ACJJ�#���MD�RFC������ �����

KMBCJ
��

D�� !GP�@SQGLCQQ�F?Q�LMR�DSJJW�PCAMTCPCB
�@CA?SQC�?ARS?J������?GP�

RP?DDGA�MD�����KGJJGML�U?Q����KGJJGML�N?QQCLECPQ�@CJMU�RFC�

NPC������RP CLB
�?LB�?JJ�?ARS?J�T?JSCQ�QGLAC������F? TC�@CCL�

JMUCP�RF?L�RFC�NPC������RP CLB��

0 FIBJ?<<K�J?FN@E>�K?<�I<JLCK�F=�=@KK@E>�K?<�;8K8��

,�� ����3C ARGML����Z�����
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������� ������
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!�


� 8� W�B?R?� W�KMBCJ� 2CQGBS?J�3OS?PCB�

,GLC?P�
- MBCJ��W�
��K���V���
@�

�� 9C?P� ����� 0?QQCLECPQ�NPCBGARGML�BCTG?RGML�BCTG?RGML�

A���
��� 
�� �
�
@���
�
�������

�� �� ���� �� ��� ���� ������ ��������� ��� ������ *�
%

�� �� ������ ������� �� ���� �� ������ ��� ������ 5��

�� �� ������ ���� ��� � �� ���� ���������

�� �� ��� ��� ���� ��� � ������ ���� ����� �

�� �� ������ ��� ���� � ���� � ������

#EE:D;II�
E<�<?J�<EH�
J>;I;�
I;JJ?D=I�

�� �� ��� ��� ��� ���� � ����� ������� QSK�MD�QO��
BCT�� ���� �� ���

�� �� ������ ������� � ���� ��� �����


�� �� ������ ������� ����� � ������� ��M D�BCT��
SQCB� ���



� �� ������ ���� � �� � ����� � ���� �� ��M D�
N?P?KCRCPQ���


�� �� ������ ���� ��� � �� ��� � ��� � �� 3R?LB?PB�
BCTG?RGML� ��������


�� ��� ������ ��� ���� ����� ��� �����
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�� ��� ������ ������� � �� ���� �
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117. L1.07: Section 6 

Section 6: Distinguishing between linear and 
gently-curved data by examining deviation values 

7 FGJC�K?LW�B?R?�PCJ?RGMLQFGNQ�?PC�JGLC?P
�GR�GQ�?JQM�LMR�SLSQS?J�RM�

F?TC�PCJ?RGMLQFGNQ�RF?R�?PC�AJMQC�RM�JGLC?P
�@SR�F?TC�?�QJGEFR�ASPTC�GL�

RFC�N?RRCPL
�RMM�QK?JJ�RM�@C�M@TGMSQ�GL�RFC�EP?NF
�BSC�RM�QMKC�QK?JJ�

?BBGRGML?J� LMLJGLC?P� CDDCAR�� ,GLC?P�KMBCJGLE� QNPC?BQFCCRQ� MDRCL�

K?I C�GR�NMQQG@JC�RM�BCRCAR�QSAF�?�QGRS?RGML�@W�JMMIGLE�?R�FMU�NMQGRGTC�

?LB� LCE?RGTC� BCTG?RGML� T?JSCQ� ?PC� BGQRPG@SRCB� 	GL� AMJSKL� #� GL�

- MBCJQ�VJQ
�UFCL�RFC�@CQR�DGR�JGLC?P�KMBCJ�F?Q�@CCL�DMSLB��

)D� QSAF� B?R?� GQ� LMLJGLC?P� ?LB� ?JQM� JMU�LMGQC
� KMQR� BCTG?RGMLQ�

?PMSLB�RFC�KGBBJC�RFGPB�MD�RFC�GLNSR�T?JSC�P?LEC�UGJJ�F?TC�RFC�Q?KC�

QGEL
�UGRF�RFC�BCTG?RGMLQ�?R�C?AF�CLB�MD�RFC�GLNSR�T?JSC�P?LEC�KMQRJW�

F?TGLE�RFC�MNNMQGRC�QGEL��4FGQ�GQ�QGKGJ?P�RM�RFC�M@TGMSQ�TGQS?J�CDDCAR�

RF?R�DGRRGLE�?�JGLC�RM�QRPMLEJW�N?P?@MJGA�B?R?�UMSJB�NPMBSAC
�@SR�A?L�

UMPI�CTCL�UFCL�RFC�BCTG?RGMLQ�?PC�QK?JJ
�?Q�JMLE�?Q�RFCW�?PC�J?PECP�

RF?L�RFC�LMGQC��

!LMRFCP� U?W� MD� JMMIGLE� DMP� RFGQ� CDDCAR� GQ� RM� BM� ?� QA?RRCP� NJMR� MD�

RFC�GLNSR�T?JSCQ�?LB�RFC�BCTG?RGMLQ�	DMP�QNPC?BQFCCRQ�JGIC�- MBCJQ�VJQ
�

RFGQ� GQ� AMJSKLQ� !� ?LB� $
� UGRF� AMJSKLQ� "� ?LB� #� JCDR� MSR
�� )D� QSAF�

?� I <J@;L8C� >I8G?� MD� RFC� BCTG?RGMLQ� DPMK� RFC� @CQR�DGR� JGLC?P� KMBCJ�

BGQNJ?WQ�?�ASPTCB�JGLC�P?RFCP�RF?L�P?LBMK�LMGQC
�RFGQ�GQ�?�QGEL�RF?R�

RFC�B?R?�GQ�QGELGDGA?LRJW�LMLJGLC?P��( MUCTCP
�RFC�?SRMK?RGA�QA?JGLE�

DC?RSPC�MD�QNPC?BQFCCR�EP?NFQ�KC?LQ�RF?R�?LW�MSRJGCPQ�GL�RFC�B?R?�

UGJJ�AMKNPCQQ�RFC�QA?JC�QM�RF?R�KMQR�BCTG?RGMLQ�JMMI�DJ?RlRFGQ�GQ�UFW�

JMMIGLE�?R�RFC�BGQRPG@SRGML�MD�RFC�QGELQ�MD�RFC�BCTG?RGMLQ�A?L�@C�JCQQ�

AMLDSQGLE��

��� ��Z��,�� � � ��3CARGML��



118. L1.08: Section 7 

Section 7: Adapting a modeling spreadsheet to 
use any modeling formula that is specified 

4FC� MLJW� GKNMPR?LR� BGDDCPCLACQ� @CRUCCL� RFC� T?PGMSQ� RCKNJ?RCQ� GL�

- MBCJQ�VJQ�?PC�RFC�DMPKSJ?�RF?R�GQ�NSR�GLRM�ACJJ�#�
�?LB�RFC�J?@CJQ�RF?R�

?PC�NSR�GL�AMJSKL�(�LCVR�RM�RFC�N?P?KCRCPQ�RF?R�QR?PR�?R�PMU���GL�

AMJSKL�' ��4FGQ�KC?LQ�RF?R�?�QNPC?BQFCCR�A?L�C?QGJW�@C�?B?NRCB�RM�

?LW�QNCAGDGCB�DMPKSJ?��

4FCQC� ?PC� RFC� DMPKSJ?Q� RF?R� ?PC� RFC� Q?KC� GL� CTCPW� KMBCJGLE�

QNPC?BQFCCR�RF?R�SQCQ�RFC�-MBCJQ�VJQ�J?WMSR��

r� p�"��#�q�GL�A CJJ�$��	RFGQ�AMKNSRCQ�RFC�BCTG?RGML�DPMK�RFC�

KMBCJ
�

r� p�$�=�q�GL�A CJJ�%��	RFC�AMKNSRCB�RFC�QOS?PCB�BCTG?RGML
�
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Example 10: Fit the model @���)��1�  9�? ��*� to this 
dataset () , 9, and * are parameters) 
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119. L1.09: Section 8 

Section 8: Using alternative goodness-of-fit 
indicators 
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Using the maximum deviation as an alternative 
goodness-of-fit indicator 
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Example 11: Find the exponential model that 
minimizes the maximum deviation from the 
census data. 
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Example 12: Fit an exponential model to the 
population data, minimizing relative standard 
deviation; state the best-fit formula and the 
relative standard deviation. 
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GQ�MLJW�������M D�RFC������KGJJGML�NMNSJ?RGML����WC?PQ�J?RCP��

%VNMLCLRG?J�KMBCJQ�?PC�EMMB�NMQQG@JC�SQCQ�DMP�PCJ?RGTC�QR?LB?PB�

BCTG?RGML� QGLAC� QSAF� KMBCJQ� ?PC� @?QCB� ML� AMLQR?LR�NCPACLR?EC�

PCJ?RGTC� EPMURF� MP� BCA?W
� ?LB� LCTCP� F?TC� ?� XCPM� T?JSC� RF?R� UMSJB�

K?I C� GR� GKNMQQG@JC� RM� AMKNSRC� RFC� P?RGM�� (MUCTCP
� ?@QMJSRC�

QR?LB?PB�BCTG?RGML�GQ�QRGJJ�RFC�KMQR�SQS?J�DGRRGLE�KCRFMB�CTCL�DMP�RFGQ�

��� ��Z��,�� ����3C ARGML��



IGLB�MD�KMBCJ
�?LB�QFMSJB�@C�SQCB�SLJCQQ�WMS�F?TC�?�QNCAGDGA�PC?QML�

RM�SQC�QMKC�MRFCP�AMQR�DSLARGML��

Procedure for using Solver with a 
template from the Models.xls spreadsheet: 

G�� 3CR�SN�?L�?NNPMNPG?RC�UMPIQFCCR��

?�� -?I C�?�AMNW�MD�RFC�RCKNJ?RC�DMP�RFC�

BCQGPCB�KMBCJ
�?LB�NSR�RFC�B?R?�GLRM�

AMJSKLQ�!�?LB�"��

@�� 3NPC?B�RFC�DMPKSJ?Q�GL�#�
�$�
�?LB�%��

BMUL�RM�RFC�Q?KC�LSK@CP�MD�PMUQ�?Q�RFC�

B?R?��

A�� -?I C�?�EP?NF�UGRF�?�QA?RRCP�NJMR�RF?R�

QFMUQ�@MRF�RFC�B?R?�?LB�RFC�KMBCJ��

B�� 3CR�RFC�KMBCJ�N?P?KCRCPQ�RM�?�PMSEF�

CQRGK?RC
�QM�RF?R�RFC�RUM�EP?NFQ�?PC�LC?P@W��

GG�� 3CJCAR�3MJTCP�DPMK�RFC�4MMJQ�KCLS�?LB�DGJJ�MSR�

RFC�BG?JME�@MV�GR�BGQNJ?WQ��

?�� %LRCP�RFC�L?KC�MD�RFC�ACJJ�AMLR?GLGLE�RFC�

QR?LB?PB�BCTG?RGML�GL�RFC�p3CR�4?PECR�#CJJq�

QCARGML�?R�RFC�RMN�MD�RFC�3MJTCP�BG?JME�@MV�

	RFGQ�RFC�@MRRMK�AMKNSRCB�ACJJ�GL�AMJSKL�

' 
��

@�� #FMMQC�RFC�p-GLq�	DMP�-GLGKSK
�MNRGML�GL�

RFC�QCAMLB�JGLC
�QGLAC�UC�U?LR�3MJTCP�RM�DGLB�

RFC�QK?JJCQR�NMQQG@JC�T?JSC�DMP�RFC�QR?LB?PB�

,�� ����3C ARGML����Z�����



BCTG?RGML��

A�� $CQGEL?RC�RFC�N?P?KCRCP�ACJJQ�	p'�
 '�q�D MP�

KMBCJQ�UGRF�RUM�N?P?KCRCPQ
�p'��'�q�D MP�

KMBCJQ�UGRF�RFPCC�N?P?KCRCPQ
�CRA�
�GL�RFC�

p"W�#F?LEGLE�#CJJQq�QCARGML�ML�RFC�DMSPRF�

JGLC��

B�� 0PCQQ�RFC�p3MJTCq�@SRRML�?R�RMN�PGEFR��

GGG�� �?<:B�K?<�>I8G?�RM�QCC�GD�RFC�KMBCJ�LMU�GQ�AJMQC�

RM�RFC�B?R?
�UGRF�QMKC�ML�C?AF�QGBC��)D�GR�GQ�LMR
�

WMS�F?TC�K?BC�?�KGQR?IC�	NPM@?@JW�GL�QRCN�;GG<
�?LB�

KSQR�PCNC?R�RFC�NPMACQQ�AMPPCARJW��)D�RFC�KMBCJ�

EMCQ�RFPMSEF�RFC�B?R?�@SR�GQ�RFC�UPMLE�QF?NC
�WMS�

?PC�NPM@?@JW�SQGLE�?L�GL?NNPMNPG?RC�KMBCJ��

GT�� )D�RFC�EP?NF�GQ�?AACNR?@JC
�NPCQQ�p/ +q�RM�?AACNR�

RFC�QMJSRGML�RF?R�GQ�DMSLB��4FC�N?P?KCRCPQ�	?LB�

RFSQ�RFC�p-MBCJq�T?JSCQ�GL�RFC�AMJSKL�#
�?PC�LMU�

QCR�RM�RFC�@CQR�DGR�T?JSCQ�RM�?�TCPW�FGEF�?AASP?AW��

��� ��Z��,�� ����3C ARGML��



120. L1.10: Exercises 

Part I 

2CNPMBSAC�RFC�PCQSJRQ�GL�%V?KNJCQ��k����

Part IIÑWork the assigned problems 

;�� <� !�@?LI�@?J?LAC�C?PLGLE�?�AMLQR?LR�P?RC�MD�AMKNMSLB�GLRCPCQR�

F?Q� RFCQC� T?JSCQ�� ������ ?DRCP� �� WC?PQ
� ���� �� ?DRCP� ��� WC?PQ
� ������

?DRCP����WC?PQ
�������?D RCP����WC?PQ
�?LB�������?D RCP����WC?PQ��7F?R�

U?Q�RFC�MPGEGL?J�BCNMQGR�?KMSLR�	RF?R�GQ
�RFC�@?J?LAC�?DRCP���WC?PQ

�

?LB�UF?R�?LLS?J�GLRCPCQR�P?RC�U?Q�?NNJGCB �

;�� <� 4FC� ?ARGTGRW� MD� ?� P?BGM?ARGTC� QS@QR?LAC� GQ� KC?QSPCB� ML� RFC�

Q?KC�B?W�C?AF�WC?P�DMP�QCTCP?J�WC?PQ
�UGRF�RFCQC�PCQSJRQ������#SPGCQ�

?DRCP���WC?P
�����#SPGCQ�?DRCP���WC?P
��� ��#SPGCQ�?DRCP���WC?PQ
�?LB�����

#SPGCQ�?DRCP���WC?PQ��7F?R�GQ�RFC�BCA?W�P?RC�MD�RFC�QS@QR?LAC �7 F?R�

UGJJ�RFC�?ARGTGRW�@C�?DRCP����WC?PQ �

0PM@JCKQ� ��k� ��F? TC�RFC�Q?KC�GLQRPSARGMLQ
�?NNJGCB�RM�BGDDCPCLR�

B?R?QCRQ��#MNW�?LB�N?QRC�RFC�B?R?QCRQ�DPMK�RFC�AMSPQC�UC@�QGRC�AMNW�

MD�RFGQ�RMNGA�GLRM�RFC�-MBCJQ�VJQ�QNPC?BQFCCR
�P?RFCP�RF?L�PCRWNGLE�

RFCK��

&MP�C?AF�MD�RFC�B?R?QCRQ�JGQRCB�@CJMU�

?�� $GQNJ?W�RFC�B?R?QCR�?LB�TGQS?JJW�BCRCPKGLC�UFGAF�MD�RFC�KMBCJQ�

BGQASQQCB�GL�RFGQ�RMNGA�GQ�KMQR�QSGR?@JC�DMP�RFGQ�B?R?��

@�� )BCLRGDW�UFGAF�NMGLRQ
�GD�?LW
�?PC�MSRJGCPQ�DMP�RFGQ�B?R?QCR��

A�� &GR�?L�?NNPMNPG?RC�KMBCJ�RM�RFC�B?R?QCR
�MKGRRGLE�RFC�MSRJGCPQ�

	GD�?LW�?PC�NPCQCLR
��

B�� 2CNMPR�RFC�@CQR�DGR�KMBCJ�N?P?KCRCPQ�?LB�RFCGP�QR?LB?PB�

,������%V CPAGQCQ��Z�����
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?LGK?JQ� GLAPC?QC� QMKCUF?R� KMPC� QJMUJW� RF?L� @MBW� QGXC�� &MP�

CV?KNJC
� ?� ����NMSLB� KMLEMMQC� PCOSGPCQ� ��� IGJMA?JMPGCQ� NCP� B?W
�

?� ���NMSLB� DMV� PCOSGPCQ� ��� 
� ?� �� �NMSLB� @M@A?R� PCOSGPCQ� ��� 
� ?�

����NMSLB� U MJD� PCOSGPCQ� ���� 
� ?� ����NMSLB� JGML� PCOSGPCQ� ���� 
� ?�

����NMSLB� RGECP� PCOSGPCQ� ���� 
� ?LB� ?� ����NMSLB� NMJ?P� @C?P�
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?�� 7 F?R�?PC�RFC�@CQR�DGR�N?P?KCRCPQ�RM�RFGQ�B?R?�DMP�?�pNMUCPq�

KMBCJ �;4FC�ECLCP?J�DMPKSJ?�DMP�?�NMUCP�KMBCJ�GQ�P���8 �� �O69
<�

@�� 7 F?R�GQ�RFC�QR?LB?PB�BCTG?RGML�MD�RFC�B?R?�DPMK�RFC�@CQR�DGR�

KMBCJ �

A�� $MCQ�RFGQ�B?R?�QSNNMPR�RFC�GBC?�RF?R�?�NMUCP�KMBCJ�GQ�

?NNPMNPG?RC�DMP�NPCBGARGLE�RFC�CLCPEW�PCOSGPCKCLRQ�MD�

?LGK?JQ �

B�� 7 F?R�B?GJW�CLCPEW�PCOSGPCKCLR�A?L�@C�CVNCARCB�DMP�?�

���NMSLB�J WLV �

;�� <�4FC�DPCOSCLAW�MD�C?PRFOS?ICQ�T?PGCQ�@W�RFCGP�QGXC
�UGRF�QRPMLECP�

MLCQ� @CGLE� JCQQ� DPCOSCLR�� )L� ?� PCACLR� MLC�WC?P� PCNMPRGLE� NCPGMB
�

RFC� LSK@CP� MD� C?PRFOS?ICQ� BCRCARCB� ?R� ?� N?PRGASJ?P� D?AGJGRW� U?Q��

�� �
���� K?ELG RSBC��� OS?I CQ
� ��
���� K?ELG RSBC��� OS?I CQ
� �
����

K?ELGRSBC���OS?ICQ
�����K?ELGRSBC���OS?ICQ
�?LB����K?ELGRSBC���

OS?ICQ��

?�� 7 F?R�?PC�RFC�@CQR�DGR�N?P?KCRCPQ�RM�RFGQ�B?R?�DMP�?L�

CVNMLCLRG?J�KMBCJ
�UFCPC�RFC�K?ELGRSBC�GQ�RFC�GLNSR�

N?P?KCRCP�?LB�RFC�C?PRFOS?IC�AMSLR�GQ�RFC�MSRNSR�T?PG?@JC �

@�� 7 F?R�GQ�RFC�QR?LB?PB�BCTG?RGML�MD�RFC�B?R?�DPMK�RFC�@CQR�DGR�

KMBCJ �

A�� $MCQ�RFC�B?R?�QSNNMPR�RFC�GBC?�RF?R�RFGQ�PCJ?RGMLQFGN�GQ�

CVNMLCLRG?J �

B�� ( MU�K?L W�K?ELGRSBC���C?PRFOS?ICQ�BMCQ�RFGQ�KMBCJ�NPCBGAR�

RFGQ�D?AGJGRW�UGJJ�BCRCAR�C?AF�WC?P �

;�� <�&MP�$?R?QCR�#
�DGLB�RFC�?DL;HI;�CE:;B �	RF?R�GQ
�RFC�KMBCJ�UFCL�

RFC�O�?LB�P�AMJSKLQ�?PC�QU?NNCB
��

;�� <�&MP�$?R?QCR�*
�DGLB�RFC�?DL;HI;�CE:;B �	RF?R�GQ
�RFC�KMBCJ�UFCL�

RFC�O�?LB�P�AMJSKLQ�?PC�QU?NNCB
��

;�� <�&MP�$?R?QCR�' 
�SQC�3MJTCP�RM�DGLB�RFC�@CQR�DGR�N?P?KCRCPQ�GD�RFC�

QNPC?BQFCCR�GQ�KMBGDGCB�RM�KGLGKGXC�RFC�PCJ?RGTC�QR?LB?PB�BCTG?RGML��

#MKN?PC�RFCQC�N?P?KCRCPQ�RM�RFMQC�DMSLB�GL�%VCPAGQC�����
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PART XIX 

TOPIC H: LINEAR 
FORMULAS - WORD 
PROBLEMS 

4MNGA�(��,GLC?P�&MPKSJ?Q���7MPB
0PM@JCKQ��Z�����





121. H1.01: Overview 

Topic H. Linear FormulasÑWord Problems 

Objectives: 

��� 3MJTC�?NNJGA?RGMLQ�NPM@JCKQ�SQGLE�JGLC?P�KMBCJQ�?LB�GLRCPNPCR�

RFC�PCQSJRQ��

��� 2C�BCDGLC�RFC�GLNSR�T?PG?@JC�GD�LCCBCB�RM�K?IC�RFC�KMBCJ�

C?QGCP�RM�GLRCPNPCR�GL�?�SQCDSJ�K?LLCP��

Terminology: 

7 C�SQC�RFC�DMJJMUGLE�GLQRPSARGMLQ�GLRCPAF?LEC?@JW��

7 PGRC�?�DMPKSJ?�RM�CVNPCQQ�RFC�JGLC?P�PCJ?RGMLQFGN��

7 PGRC�?L�COS?RGML�RM�CVNPCQQ�RFC�JGLC?P�PCJ?RGMLQFGN��

7 PGRC�?L�?JEC@P?GA�JGLC?P�KMBCJ�RM�CVNPCQQ�RFC�PCJ?RGMLQFGN��

Overview: 

4M�QMJTC�RFC�?NNJGA?RGMLQ�NPM@JCKQ�GL�RFGQ�RMNGA
�DMJJMU�RFCQC�QRCNQ��

��� 17H?78B;I��

?�� 7 F?R�?PC�RFC�L?KCQ�MD�RFC�RUM�T?PG?@JCQ �

@�� 7 F?R�?PC�RFC�SLGRQ�MD�C?AF�T?PG?@JC �

��� +H;:?9J?ED��

(�� ����/T CPTGCU��Z�����



?�� 7 FGAF�T?PG?@JC�UGJJ�UC�NPCBGAR�GL�RFC�K?GL�OSCQRGML �

	4F?RnQ�RFC�MSRNSR�T?PG?@JC
�G�C��P� T?PG?@JC�
�

@�� 7 F?R�JCRRCPQ�UGJJ�UC�SQC�DMP�C?AF�MD�RFC�T?PG?@JCQ�GL�MSP�

JGLC?P�KMBCJ �

A�� !PC�RFCPC�?LW�JGKGRQ�ML�RFC�T?JSCQ�MD�CGRFCP�T?PG?@JC �) D�QM
�

UF?R �7 PGRC�RFCK�GL�K?RFCK?RGA?J�LMR?RGML��

B�� 7 F?R�?PC�QMKC�NMGLRQ
�RF?R�GQ
�T?JSCQ�MD�@MRF�T?PG?@JCQ�DMP�

KMPC�RF?L�MLC�NMGLR �7 PGRC�RFCQC�GL�?NNPMNPG?RC�MPBCPCB�

N?GP�LMR?RGML
�UGRF�RFC�O� T?PG?@JC�DGPQR�?LB�RFC�P� T?PG?@JC�

QCAMLB��

��� %I�7�B?D;7H�CE:;B�7FFHEFH?7J; �� ( MU�BM�WMS�ILMU �	5 QC�MLC�MD�

RFCQC�RFPCC�KCRFMBQ��	�
�RFC�NPM@JCK�Q?WQ�RF?R�?�JGLC?P�KMBCJ�

QFMSJB�@C�SQCB
�	�
�EP?NF�RFC�B?R?�EGTCL�?LB�QCC�RF?R�GR�DMPKQ�?�

QRP?GEFR�JGLC
�	� 
�RFC�NPM@JCK�Q?WQ�RF?R�?�ACPR?GL�GLAPC?QC�GL�RFC�

GLNSR�T?PG?@JC�UGJJ�?JU?WQ�EGTC�RFC�Q?KC�GLAPC?QC�GL�RFC�MSRNSR�

T?PG?@JC�
�

��� . BEF;��

?�� &GLB�RFC�QJMNC��

@�� 7 PGRC�?�QCLRCLAC�RM�?DJ;HFH;J�J>;�IBEF; 
�SQGLE�RFC�SLGRQ�MD�

C?AF�T?PG?@JC�GL�RFC�QCLRCLAC��

��� &GLB�RFC�<EHCKB7�DMP�RFC�JGLC��

��� 7 PGRC�?�QCLRCLAC�RM�?DJ;HFH;J�J>;� A�?DJ;H9;FJ 
�SQGLE�RFC�SLGRQ�

MD�C?AF�T?PG?@JC�GL�RFC�QCLRCLAC��)D�RFGQ�T?JSC�GQ�MSR�MD�RFC�P?LEC�

MD�RFC�?AACNR?@JC�T?JSCQ�DMP�RFC�P� T?PG?@JC
�AMKKCLR�ML�RF?R��

� �� 5 QC�RFC�DMPKSJ?�DMP�RFC�JGLC�RM�7DIM;H�J>;�;79>�FH ;:?9J?ED�

GK;IJ?ED��$M�RFC�?JEC@P?�?LB�UPGRC�?�QCLRCLAC
�L?KGLE�RFC�

T?PG?@JC�?LB�RFC�SLGRQ
�GLRCPNPCRGLE�WMSP�?LQUCP��

��� # H7F>?D=�7D:�9>;9A?D=�OEKH�7B=;8H7?9�MEHA
�

?�� -?I C�?�EP?NF�?NNPMNPG?RC�RM�?LQUCP�RFC�NPCBGARGML�

OSCQRGMLQ��

	)D�WMS�K?IC�RFC�EP?NF�DPMK�MLJW�RFC�GLDMPK?RGML�GL�RFC�

MPGEGL?J�NPM@JCK
�RFCL�WMS�A?L�AFCAI�WMSP�UMPI�GL�

BCTCJMNGLE�RFC�KMBCJ�@W�BCRCPKGLGLE�UFCRFCP�RFC�PCQSJRQ�

MD�RFC�KMBCJ�?PC�AMLQGQRCLR�UGRF�RFC�EP?NF��)D�WMS�EP?NF�

��� ��Z��(�� ����/T CPTGCU



RFC�DMPKSJ?�WMS�M@R?GLCB
�RFCL�WMS�QFMSJB�AFCAI�RM�@C�

QSPC�RF?R�RFC�EP?NF�GQ�AMLQGQRCLR�UGRF�RFC�GLDMPK?RGML�

EGTCL�GL�RFC�MPGEGL?J�NPM@JCK�
�

@�� 5 QC�RFC�EP?NF�RM�?LQUCP�RFC�NPCBGARGML�OSCQRGMLQ�������$GB�

WMS�DGLB�RFC�Q?KC�?LQUCPQ�?Q�UFCL�WMS�SQCB�RFC�DMPKSJ? �

A�� $M�WMSP�?LQUCPQ�RM�RFC�NPCBGARGML�OSCQRGMLQ�K?IC�QCLQC �

%VNJ?GL�QMKCRFGLE�WMS�JMMICB�?R�RM�QCC�GD�RFCW�?PC�

PC?QML?@JC��

(�� ����/T CPTGCU��Z�����



122. H1.02: Example 1 

!N7C FB;����$SPGLE�RFC�DGPQR�?LB�QCAMLB�OS?PRCPQ�MD�?�WC?P
�?�@SQGLCQQ�

F?B�Q?JCQ�MD����
 ����?LB����
 ��� 
�PCQNCARGTCJW��)D�RFC�EPMURF�MD�Q?JCQ�

DMJJMUQ�?�JGLC?P�N?RRCPL�DMP�RFC�LCVR�DMSP�WC?PQ
�UF?R�UGJJ�Q?JCQ�@C�GL�

RFC�DMSPRF�OS?PRCP �)L�RFC��RF�OS?PRCP �5QC�?L�?JEC@P?GA�KCRFMB�MD�

QMJSRGML��

.E BKJ?ED��

�
�2 >7J�7H;�J>;�JM E�L7H?78B;I�7D:�J>;?H�KD?JI� �

!LQ��1S?PRCP�?LB�Q?JCQ���� 1S?PRCP�GQ�GL�LSK@CPQ�?LB�Q?JCQ�?PC�GL�

BMJJ?PQ��

�
�2 >7J�M?BB�M;�FH;:?9J���( 7A;�?J�A
���2 >7J�7H;�J>;�B?C?JI�� �2 >7J�

7H;�IEC;�FE?D JI��

!LQ��7 C�UGJJ�NPCBGAR�Q?JCQ��3M�P���Q?JCQ��4FCL�O���OS?PRCP�?LB�O�UGJJ�

EM�DPMK���RM���
�GL�GLAPCKCLRQ�MD����

1S?PRCP���F?Q�Q?JCQ�MD���
 ��� ��3M�V�����?LB�W�������� ��5 QC�RFC�NMGLR�

	�
������ 
�

1S?PRCP���F?Q�Q?JCQ�MD���
 ��� ����3M�V��� ��?LB�W��� ����� ��5 QC�RFC�

NMGLR�	�
������ 
�

�
�%I�7�B?D;7H�CE:;B�7FFHEFH?7J; ��

7 C� ?PC� RMJB� RM� SQC� ?� JGLC?P� KMBCJ� FCPC� RM� QCC� UF?R� GR� UMSJB�

NPCBGAR��

�
�. BEF;��"?D:�J>;�IBEF;��C���H?I;���HKD�

,CR�	�
����� 
�@C�RFC�DGPQR�NMGLR�?LB�	�
������ 
�@C�RFC�QCAMLB�NMGLR��

%DJ;HFH;J� J>;� IBEF;�� KI?D=� J>;� KD?JI� E<� J>;� DKC8;H I� ?D� J>;�

FHE8B;C��

	!Q�V�GLAPC?QCQ�@W��
�W�GLAPC?QCQ�@W�K�
�

&MP�C?AF�OS?PRCP�RF?R�EMCQ�@W
�Q?JCQ�UGJJ�GLAPC?QC�@W����
 ��� ��

�
�2 H?J;�J>;�< EHCKB7�E<�J>;�B?D;7H�H;B7J?EDI>?F��

	#FMMQC� CGRFCP� NMGLR� ?LB� SQC� RFC� NMGLR�QJMNC� DMPK� MD� RFC� JGLC��

4FCL�QGKNJGDW�GR�RM�RFC�QJMNC�GLRCPACNR�DMPK�MD�RFC�JGLC�
�

��� ��Z��(�� � ���%V?KNJC��



#FMMQC�	�
����� 
�DMP�RFC�NMGLR�?LB�SQC�RFC�QJMNC�MD�������RF? R�U?Q�

HSQR�AMKNSRCB��

�
�%DJ;HFH;J�J>;�O �?DJ;H9;FJ
�

�-?<�M8CL<�F=�P�@J�9�N?<E�
��

&MP�OS?PRCP��
�RFC�Q?JCQ�UMSJB�@C����
��� ��4FGQ�GQLnR�KC?LGLEDSJ�

@CA?SQC�RFC�OS?PRCPQ�QR?PR�UGRF�RFC�DGPQR�OS?PRCP�GL�RFGQ�NPM@JCK
�LMR�

RFC�XCPM�RF�OS?PRCP��

� 
�0 I;�J>;�< EHCKB7�JE�C7A;�J>;�H ;GK;IJ;:�FH ;:?9J?ED
�2 H?J;�J>;�

H;IKBJ�?D�7�I;DJ;D9;��M?J>�KD?JI
�

&MP�RFC�DMSPRF�OS?PRCP
� ��

3M
� GL� RFC� DMSPRF� OS?PRCP
� RFC� JGLC?P� KMBCJ� NPCBGARQ� Q?JCQ� MD�

��� 
��� ��

)L�?�QGKGJ?P�K?LLCP
�DMP�RFC��RF�OS?PRCP
�RFC�JGLC?P�KMBCJ�NPCBGARQ�

Q?JCQ�MD����� 
��� 
�@CA?SQC�W��������	 � 
� �������������� �

�
� . A;J9>� 7� =H7F>� <HEC� J>;� EH?=?D7B� FHE8B;C� ?D<EHC7J?ED�� KI;�

?J� JE� ;IJ?C7J;� J>;� 7DIM ;HI� JE� J>;� FH;:?9J?ED� GK;IJ?EDI�� 7D:�

:;J;HC?D;�M >;J>;H�OEKH�7DIM;HI�<HEC�J>;�7B=;8H7?9�<EHCKB7�7H;�

H;7IED78B;
 �

OS?PRCP�Q?JCQ�

�� ������

�� ������

(�� � ���%V?KNJC����Z�����



" W�F?LB
�UC�NJMR�RFCQC�NMGLRQ
�BP?U�RFC�JGLC
�?LB�RFCL�CVRCLB�GR�D?P�

CLMSEF�RM�SQC�GR�RM�CQRGK?RC�RFC�?LQUCPQ�RM�RFC�OSCQRGMLQ��

/L� RFGQ� EP?NF
� UC� QCC� RF?R
� UFCL� OS?PRCPQ� �� �
� RFC� W�T?JSC� GQ�

�� 
��� ��

7 C�?JQM�QCC�RF?R�UFCL�OS?PRCPQ����
�RFC�W�T?JSC�GQ�����
��� ��

3M�RFC�?LQUCPQ�DPMK�RFC�EP?NF�?PC�AMLQGQRCLR�UGRF�RFC�?LQUCPQ�

UC�@W�BMGLE�RFC�?JEC@P?�?LB�?PGRFKCRGA�SQGLE�RFC�DMPKSJ?��

4FCQC�RUM�?LQUCPQ�DMP�RFC�NPCBGARGMLQ�?PC�PC?QML?@JC��

��� ��Z��(�� � ���%V?KNJC��



123. H1.03: Example 2 

!N7C FB;�� ��!H?V�-?LSD?ARSPGLE�@MSEFR�?�K?AFGLC�DMP����
 ��� ��)R�GQ�

CVNCARCB�RM�J?QR����WC?PQ�?LB
�?R�RFC�CLB�MD�RF?R�RGKC
�F?TC�?�Q?JT?EC�

T?JSC�MD���
��� ��3CR�SN�?�JGLC?P�BCNPCAG?RGML�KMBCJ�DMP�RFGQ�K?AFGLC�

?LB�DGLB�RFC�UMPRF�?R�RFC�CLB�MD����WC?PQ��

.E BKJ?ED��

�
�2 >7J�7H;�J>;�JM E�L7H?78B;I�7D:�J>;?H�KD?JI� ��

!LQ�� 4GKC� ?LB� UMPRF�� 4GKC� GQ� KC?QSPCB� GL� WC?PQ� ?LB� UMPRF� GL�

BMJJ?PQ��

�
�2 >7J�M?BB�M;�FH;:?9J���( 7A;�?J�O
� �2 >7J�7H;�IEC;�FE?D JI��

!LQ��7 C�UGJJ�NPCBGAR�UMPRF��3M�W���UMPRF
�UFGAF�KSQR�?JU?WQ�@C�

?@MTC������ ��4FCL�V���WC?PQ�?LB�V�UGJJ�EM�DPMK���RM�����

! R�XCPM�WC?PQ
�RFC�UMPRF�GQ������ ����3M�V�����?LB�W�������� ��5 QC�	� 
�

����� 
�

! R� ���WC?PQ
�RFC�UMPRF�GQ����� ����3M�V� �� ���?LB�W��� ���� ��5 QC�	��
�

���� 
�

�
�%I�7�B?D;7H�CE:;B�7FFHEFH?7J; ��

9CQ
�@CA?SQC�RFC�NPM@JCK�?QIQ�DMP�JGLC?P�BCNPCAG?RGML��

�
�. BEF;�

&GLB�RFC�QJMNC��K���PGQC���PSL�

,CR�	� 
����� 
�@C�RFC�DGPQR�NMGLR�?LB�	��
���� 
�@C�RFC�QCAMLB�NMGLR��

%DJ;HFH;J� J>;� IBEF;�� KI?D=� J>;� KD?JI� E<� J>;� DKC8;H I� ?D� J>;�

FHE8B;C��

	!Q�V�GLAPC?QCQ�@W��
�W�GLAPC?QCQ�@W�K�
�

&MP� C?AF� WC?P
� RFC� UMPRF� GLAPC?QCQ� @W� ���������� " SR
� MD� AMSPQC
�

GLAPC?QGLE� @W� ?� LCE?RGTC� ?KMSLR� KC?LQ� BCAPC?QGLE�� 3M
� DMP� C?AF�

WC?P
�RFC�UMPRF�BCAPC?QCQ�@W�����������

�
�2 H?J;�J>;�< EHCKB7�E<�J>;�B?D;7H�H;B7J?EDI>?F��

	#FMMQC� CGRFCP� NMGLR� ?LB� SQC� RFC� NMGLR�QJMNC� DMPK� MD� RFC� JGLC��

4FCL�QGKNJGDW�GR�RM�RFC�QJMNC�GLRCPACNR�DMPK�MD�RFC�JGLC�
�

(�� ����%V?KNJC�� ��Z�����



#FMMQC�	� 
������ 
�DMP�RFC�NMGLR�?LB�SQC�RFC�QJMNC�MD������������

�
�%DJ;HFH;J�J>;�O �?DJ;H9;FJ
�

�-?<�M8CL<�F=�P�@J�9�N?<E�
��

! R� RFC� @CEGLLGLE� MD� RFC� NPMACQQ
� UFCL� RGKC��
� RFC� UMPRF� GQ�

���
 ��� ��

� 
�0 I;�J>;�;GK7 J?ED�JE�C7A;�J>;�H ;GK;IJ;:�FH ;:?9J?ED
�2 H?J;�J>;�

H;IKBJ�?D�7�I;DJ;D9;��M?J>�KD?JI
�

! R����WC?PQ
�V�������

3M�RFC�UMPRF�MD�RFC�K?AFGLC�?R����WC?PQ�GQ����
���� � � ��

�
�( 7A;�7�=H7F>�7D:�KI;�? J�JE�9>;9A�J>;�FH;:?9J?ED
�

RGKC�UMPRF�

�� ������

��� �����

" W�F?LB
�UC�NJMR�RFCQC�NMGLRQ
�BP?U�RFC�JGLC
�?LB�SQC�GR�RM�CQRGK?RC�

RFC�?LQUCP�RM�RFC�OSCQRGML��

��� ��Z��(�� ����%V?KNJC��



. MRGAC� RF?R� RFC� EP?NF� QJ?LRQ� BMUL
� UFGAF� KC?LQ� RFC� QJMNC� GQ�

LCE?RGTC�� !LB� LMRGAC� RF?R� WMS� BGB� ECR� ?� LCE?RGTC� QJMNC� SQGLE� RFC�

DMPKSJ?Q��4F?RnQ�EMMB��

/L�RFC�EP?NF
�JMMI�DMP�RGKC��� 
�?LB�QCC�RF?R�RFC�UMPRF�GQ�?@MSR�

��� 
��� ��

4F?R�GQ�AMLQGQRCLR�UGRF�RFC�T?JSC�M@R?GLCB�SQGLE�RFC�DMPKSJ?��

4FC�NPCBGARGML�GQ�PC?QML?@JC��

(�� ����%V?KNJC�� ��Z�����



124. H1.04: Example 3 

!N7C FB;�� ��&MP�?�ACPR?GL�RWNC�MD�JCRRCP�QCLR�@W�&CBCP?J�%VNPCQQ
�RFC�

AF?PEC�GQ�������DMP�RFC�DGPQR���MSLACQ�?LB��� ����D MP�C?AF�?BBGRGML?J�

MSLAC�	SN�RM����MSLACQ�
�(MU�KSAF�UGJJ�GR�AMQR�RM�QCLB�?����MSLAC�

JCRRCP �

.E BKJ?ED��

�
�2 >7J�7H;�J>;�JM E�L7H?78B;I�7D:�J>;?H�KD?JI��

!LQ��7 CGEFR�?LB�AMQR��7CGEFR�GQ�KC?QSPCB�GL�MSLACQ�?LB�AMQR�GQ�

KC?QSPCB�GL�BMJJ?PQ��

�
�2 >7J�M?BB�M;�FH;:?9J���( 7A;�?J�O
� �2 >7J�7H;�IEC;�FE?D JI��

!LQ��7 C�UGJJ�NPCBGAR�AMQR��3M�W���AMQR��4FCL�V���MSLACQ�?LB�V�KSQR�

@C�EPC?RCP�RF?L�MP�COS?J�RM����#MQR�KSQR�@C�?R�JC?QR������ ��

%GEFR�MSLACQ�AMQR���������3M�V�����?LB�W������� ��5 QC�	�
����� 
�

.GLC�MSLACQ�AMQR����� ����3M�V�����?LB�W���� ��� ��5 QC�	� 
�� ��� 
�

�
�%I�7�B?D;7H�CE:;B�7FFHEFH?7J; ��

9CQ
� @CA?SQC� RFC� AMQR� GLAPC?QCQ� @W� RFC� Q?KC� ?KMSLR� DMP� C?AF�

?BBGRGML?J�MSLAC��

�
�. BEF;�

&GLB�RFC�QJMNC��K���PGQC���PSL�

,CR�	�
����� 
�@C�RFC�DGPQR�NMGLR�?LB�	� 
�� ��� 
�@C�RFC�QCAMLB�NMGLR��

%DJ;HFH;J� J>;� IBEF;�� KI?D=� J>;� KD?JI� E<� J>;� DKC8;H I� ?D� J>;�

FHE8B;C��

	!Q�V�GLAPC?QCQ�@W��
�W�GLAPC?QCQ�@W�K�
�

&MP�C?AF�?BBGRGML?J�MSLAC
�RFC�AMQR�GLAPC?QCQ�@W��� ��� ��

	. MRGAC�RF?R�U?Q�EGTCL�GL�RFC�NPM@JCK��3M�PC?JJW�UC�BGBLnR�LCCB�RM�

AMKNSRC�RFC�QJMNC��)D�UC�F?B�PCAMELGXCB�RFC�GLRCPNPCR?RGML�MD�GR
�UC�

AMSJB�F?TC�HSQR�NGAICB�GR�MSR�MD�RFC�QR?RCKCLR�MD�RFC�NPM@JCK�?LB�

QIGNNCB�QRCN���
�

�
�2 H?J;�J>;�< EHCKB7�<EH�J>;�B?D;7H�H;B7J?EDI>?F��

��� ��Z��(�� ����%V?KNJC��



	#FMMQC� CGRFCP� NMGLR� ?LB� SQC� RFC� NMGLR�QJMNC� DMPK� MD� RFC� JGLC��

4FCL�QGKNJGDW�GR�RM�RFC�QJMNC�GLRCPACNR�DMPK�MD�RFC�JGLC�
�

#FMMQC�	�
����� 
�DMP�RFC�NMGLR�?LB�SQC�RFC�QJMNC�MD����� ��

�
�%DJ;HFH;J�J>;�O �?DJ;H9;FJ
�

�-?<�M8CL<�F=�P�@J�9�N?<E� 
��

7 FCL�RFC�CLTCJMNC�UCGEFQ���MSLACQ
�RFC�KMBCJ�Q?WQ�RF?R�RFC�AMQR�

GQ������ ����3GLAC�RFC�KMBCJ�GQ�QR?RCB�RM�MLJW�@C�EMMB�DMP�UCGEFRQ�MD�?R�

JC?QR���MSLACQ
�RFCL�RFGQ�GQ�LMR�?�SQCDSJ�M@QCPT?RGML��

� 
�0 I;�J>;�;GK7 J?ED�JE�C7A;�J>;�H ;GK;IJ;:�FH ;:?9J?ED
���2 H?J;�J>;�

H;IKBJ�?D�7�I;DJ;D9;��M?J>�KD?JI
�

&MP����MSLACQ
�V�������

3M�?��� �MSLAC�JCRRCP�UGJJ�AMQR������� ��

�
� . A;J9>� 7� =H7F>� <HEC� J>;� EH?=?D7B� FHE8B;C� ?D<EHC7J?ED�� KI;�

?J� JE� ;IJ?C7J;� J>;� 7DIM ;HI� JE� J>;� FH;:?9J?ED� GK;IJ?EDI�� 7D:�
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125. H1.05: Example 3 
Alternative Method 

Alternative method of solution for Example 3: 
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126. H1.06: Example 4 
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127. H1.07: Interpreting the 
Slope and Intercept 
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128. H1.08: Exercises 

Part I. 
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TOPIC I: LINEAR AND 
QUADRATIC MODELS 
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129. I1.01: Overview 

Topic IÑLinear and Quadratic Models 
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130. I1.02: Section 1 

Section 1: Graphing data and model together 

)L�MPBCP�RM�DGLB�?�EMMB�KMBCJ�DMP�?�B?R?QCR
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T?JSCQ�GL�#MJSKL�!�RM�AMKNSRC�pKMBCJ�Pq�T?JSCQ�RF?R�?PC�NJ?ACB�GL�

#MJSKL� #� LCVR� RM� RFC� AMPPCQNMLBGLE� pB?R?�Pq� T?JSC� GL� #MJSKL� "��
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Example 1ÑAdding a model to a dataset and 
setting up a comparison graph 
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NCPKGR� SQ� RM� R?IC� ?LW� B?R?QCR� RF?R� QCCKQ� JGLC?P� ?LB� OSGAIJW� DGLB�

UF?R�N?PRGASJ?P�T?JSCQ�DMP�RFC�QJMNC�?LB�GLRCPACNR�N?P?KCRCPQ�UGJJ�

K?I C� ?� JGLC?P� DMPKSJ?� RF?R� GQ� ?� EMMB� KMBCJ� DMP� RF?R� B?R?QCR� 	MP�
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131. I1.03: Section 2 

Section 2: Using a spreadsheet model to predict 
values 

4FC�@CLCDGR�DMP�F?TGLE� ?�EMMB�KMBCJ� DMPKSJ?� DMP�?�PCJ?RGMLQFGN� GQ�

RF?R�WMS�A?L�NPCBGAR�UF?R�MSRNSR�T?JSC�QFMSJB�@C�CVNCARCB�DMP�?LW�

GLNSR�T?JSC
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132. I1.04: Section 3 Part 1 

Section 3: Using the �7,-4:�?4: spreadsheet to find 
a linear model 

4FC� - MBCJQ�VJQ� QNPC?BQFCCR� ?T?GJ?@JC� ML� RFC� AJ?QQ� UC@� QGRC� GQ� ?�

RCKNJ?RC� GLRM� UFGAF� WMS� A?L� NSR� ?LW� B?R?� T?JSCQ
� RFCL� DGR� ?�

K? RFCK?RGA?J�KMBCJ�RM�AJMQCJW�K?RAF�RF?R�B?R?��)R�F?Q�?JJ�RFC�LCCBCB�

DMPKSJ?Q�NPCQCR
�GLAJSBGLE�?�DMPKSJ?�GL�#��RF?R�GQ�@?QCB�ML�RFC�IGLB�

MD�KMBCJ�RF?R�GQ�U?LRCB�	C�E�
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SQCB� DMP� DGLBGLE� BGDDCPCLR� KMBCJQ
� QM� UFCL� WMS� JC?PL� RM� SQC� RFC�

,GLC?P�- MBCJ�UMPIQFCCR�WMS�UGJJ�@C�?@JC�RM�OSGAIJW�K?IC�SQC�MD�?LW�
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DGRRGLE��

Steps for using the �7,-4:�?4: spreadsheet to find a 
good linear model for a dataset: 
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133. I1.05: Section 3 Part 2 

Example 3: Using �7,-4:�?4: to fit a linear model to 
a dataset 

4FC� R?@JC� RM� RFC� PGEFR� EGTCQ� B?R?� ML� RFC� KC?QSPCB� P?RC� ?R� UFGAF�

QCBGKCLR�@SGJR�SN�GL�?�D?ARMPW�FMJBGLE�R?LI�BSPGLE�PMSRGLC�MNCP?RGML
�

?DRCP� ?� AJC?LGLE� NPMACQQ� RF?R� GQ� PCNC?RCB� ?� AMSNJC� MD� RGKCQ� NCP�

WC?P�� 4FC�D?ARMPW�MNCP?RMPQ� U?LR�RM�SQC�RFGQ�GLDMPK?RGML� RM�K?IC�

?� DMPKSJ?� RM� NPCBGAR� QCBGKCLR� BCNRF� ?R� ?LW� AFMQCL� RGKC� ?DRCP� ?�

AJC?LGLE��

!� NPCJGKGL?PW� EP?NF� MD� RFC� B?R?� QFMUQ� RF?R� RFC� N?RRCPL� MD� RFC�

NMGLRQ�GQ�PC?QML?@JW�AJMQC�RM�?�QRP?GEFR�JGLC��4FCPCDMPC
�RFC�p,GLC?P�

- MBCJq�UMPIQFCCR�GL�-MBCJQ�VJQ�GQ�RFC�?NNPMNPG?RC�MLC�RM�SQC��

$ ?WQ�
QGLAC�
AJC?LGLE�

$CNRF�
	KK 
�

��� �� ���

��� ��� ��

��� �� ���

��� ��� ��

��� �� ����

��� ������

��� ������

��� ��� ���

.E BKJ?ED��

)L�?L�C?PJGCP�RMNGA
�WMS�SQCB�?�QNPC?BQFCCR�RM�?BHSQR�RFC�GLRCPACNR�

?LB� QJMNC� MD� ?� JGLC?P� COS?RGML� ?LB� Q?U� RFC� PCQSJRGLE� AF?LECQ� GL�

)�� ����3C ARGML���0?PR����Z�����



RFC�NMQGRGML�MD�RFC�QRP?GEFR�JGLC�EP?NF��7 C�UGJJ�LMU�SQC�RF?R�Q?KC�

RCAFLGOSC�RM�K?IC�?�EMMB�JGLC?P�KMBCJ�DMP�RFGQ�B?R?�UGRF�- MBCJQ�VJQ��

��� )LQCPR�?�LCU�U MPIQFCCR�GLRM�-MBCJQ�VJQ
�J?@CJGLE�GRQ�R?@�p,GLC?P�

3CBGKCLR�- MBCJq��4FCL�AMNW�GLRM�RFC�LCU�U MPIQFCCR�RFC�

AMLRCLRQ�MD�RFC�PC?B�MLJW�UMPIQFCCR�J?@CJCB�p,GLC?P�- MBCJ�

4CKNJ?RCq��

��� )L�RFGQ�A?QC�UC�U?LR�RM�NPCBGAR�QCBGKCLR�BCNRF�DMP�?LW�EGTCL�

LSK@CP�MD�B?WQ�QGLAC�RFC�J?QR�AJC?LGLE��4FGQ�KC?LQ�RF?R�UC�

U?LR�RM�SQC�B?W�?Q�RFC�GLNSR�T?PG?@JC�O�?LB�BCNRF�?Q�RFC�MSRNSR�

T?PG?@JC�P��

��� #MNW�RFC�B?R?�RM�RFC�QNPC?BQFCCR�	AMJSKLQ�!�?LB�"
�PMUQ���RM�

���DMP�RFC�LSK@CPQ

�RFCL�J?@CJ�RFC�RMN�MD�RFC�B?R?�AMJSKLQ�

UGRF�p$?WQq�GL�!��?LB�p$CNRFq�GL�"���

��� 3CJCAR�#��	 UFGAF�AMLR?GLQ�?�NPCQCR�JGLC?P�DMPKSJ?�@?QCB�ML�RFC�

T?JSCQ�GL�'��?LB�'� 
�?LB�QNPC?B�RFC�DMPKSJ?�BMUL�RM�PMU��� 
�

K? RAFGLE�RFC�B?R?��!R�DGPQR
�RFCQC�KMBCJ�T?JSCQ�UGJJ�@C�XCPMQ��

��� !JQM�QCJCAR�?LB�QNPC?B�$��?LB�%��BMUL�RM�PMU��� ��4FC�T?JSCQ�GL�

AMJSKLQ�$�?LB�%�UGJJ�LMR�@C�TCPW�KC?LGLEDSJ�SLRGJ�WMS�?BHSQR�

RFC�KMBCJ�RM�@C�?�EMMB�DGR��

��� -?I C�?�QA?RRCP�NJMR�MD�RFC�B?R?�?LB�KMBCJ�AMJSKLQ�RMECRFCP�

	RF?R�GQ
�RFC�PCAR?LEJC�!��#�� 
��! R�DGPQR
�RFC�KMBCJ�NMGLRQ�UGJJ�JGC�

ML�?�FMPGXMLR?J�JGLC�?JMLE�RFC�O�?VGQ��

� �� !BHSQR�RFC�N?P?KCRCPQ�GL�'��?LB�'��QM�RF?R�RFC�KMBCJ�NMGLRQ�

?PC�?Q�AJMQC�?Q�WMS�A?L�ECR�RFCK�RM�RFC�B?R?�NMGLRQ��

� 7:�)�416-):�57,-4��0-: -�1;�)�/77,�8): )5-<-:�

),2=;<5-6<�;<: )<-/A��

��� .;J�J>;�?D J;H9;FJ�JE�7FFHEN?C7J;BO�M>;H;�J>;�

:7 J7�JH;D:�9H EII;I�J>;�O�7N?I �	?@MSR����GL�RFGQ�

� �� ��Z��)�� ����3C ARGML���0?PR��



A?QC
�?JRFMSEF�WMS�BM�LMR�LCCB�RM�@C�CV?ARJW�PGEFR�

QGLAC�WMS�UGJJ�?BHSQR�RFC�GLRCPACNR�?E?GL�GL�;A<�

@CJMU

�

��� � : @KIJ�J>;�IBEF;�JE�C7A;�J>;�CE:;B�B?D;�

F7H7BB;B�JE�J>;�:7J7�JH;D: �	GL�RFGQ�A?QC
���GQ�RMM�JMU�

?�T?JSC�DMP�RFC�QJMNC
�?LB���GQ�RMM�FGEF������QCCKQ�

?@MSR�PGEFR
��

��� ) EM�7: @KIJ�J>;�?DJ;H9;FJ�JE�?JI�8;IJ�L 7BK;
�

KMTGLE�RFC�KMBCJ�JGLC�UGRFMSR�AF?LEGLE�GRQ�QJMNC�

SLRGJ�RFC�KMBCJ�EMCQ�PGEFR�RFPMSEF�RFC�B?R?�	GL�

RFGQ�A?QC
�?�T?JSC�MD����DMP�RFC�GLRCPACNR�UMPIQ�

UCJJ
��

��� #FCAI�RM�QCC�GD�RFC�KMBCJ�GQ�EMMB��)L�RFGQ�A?QC
�RFC�KMBCJ�

NMGLRQ�?PC�AJMQC�RM�RFC�B?R?�NMGLRQ�MTCP�RFC�UFMJC�B?R?�P?LEC
�

QFMUGLE�RF?R�?�JGLC?P�KMBCJ�GQ�RFC�AMPPCAR�RWNC�RM�SQC�DMP�RFGQ�

B?R?��

� �� 7 PGRC�RFC�K?RFCK?RGA?J�DMPKSJ?�DMP�RFC�KMBCJ�WMS�F?TC�DMSLB��

A�������@������

-?<�%@E<8I� ,<;@D<EK�&F;<C�NFIBJ?<<K�J?FLC;�CFFB�89FLK�C@B<�K?@J�8K�

K?<�<E;�F=�K?@J�JFCLK@FE�GIF:<JJ��

)�� ����3C ARGML���0?PR����Z��� ��



� �� �� �� �� �� �� ����� �


� V� W�B?R?� W�KMBCJ� $ ?R?�- MBCJ�  16-):�57,-4��A���5���
@���*�

�� $ ?WQ�$CNRF� 0PCBGARGML�BCTG?RGML� A������@� ���

�� ��� �� ��� ��� � ��� ��� *�� %DJ;H9;FJ�

�� ��� ��� �� ��� �� ���� 5�� . BEF;�

�� ��� �� ��� ��� �����

�� ��� ��� �� ��� �� ��

�� ��� �� ���� ���� ����

�� ��� ������ ���� �����

�� ��� ������ �� �� ����


�� ��� ��� ��� ���� �����



� �


�� �


�� � � �

� �� ��Z��)�� ����3C ARGML���0?PR��



134. I1.06: Section 4 

Section 4: Adjusting the input variables to 
simplify the intercept parameter of linear models 
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Section 5: Using �7,-4:�?4: to find a quadratic 
model 
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136. I1.08: Section 5 Part 2 

Example 6: Fitting a quadratic model 
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137. I1.09: Section 6 

Section 6: Using models fitted with Models.xls to 
predict values 
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What if the same data points are measured again? 
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138. I1.10: Section 7 

Section 7: Looking at the data in the other 
directionÑmaking an inverse model 
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139. I1.11: Section 8 

Section 8: Systematically finding parameter 
values that fit a model to a dataset 
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Summary of systematic curve-fitting techniques 
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140. I1.12: Exercises 

Part I. 
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