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Given a mathematical expression, simplify it using the order of operations.


 3FJMIFCV�>KV�BUMOBPPFLKP�TFQEFK�DOLRMFKD�PVJ?LIP�

�
 3FJMIFCV�>KV�BUMOBPPFLKP�@LKQ>FKFKD�BUMLKBKQP�LO�O>AF@>IP�

�
 0BOCLOJ�>KV�JRIQFMIF@>QFLK�>KA�AFSFPFLK�FK�LOABO��COLJ�IBCQ�QL�OFDEQ�

�
 0BOCLOJ�>KV�>AAFQFLK�>KA�PR?QO>@QFLK�FK�LOABO��COLJ�IBCQ�QL�OFDEQ�

�I2>A=6�
�

+C9>7�D85�%B45B�?6�%@5B1D9?>C

5PB�QEB�LOABO�LC�LMBO>QFLKP�QL�BS>IR>QB�B>@E�LC�QEB�CLIILTFKD�BUMOBPPFLKP�

�92AE6C��'C6C6BF:D:E6D �



>� �	�� �Û���
�� �å ���	�� �� ���


?� �� �� �å ��
�� �å ���� �å ��

@� �� �å �]�� �å ���]�� ���	�� �å ���


A� ���� �å �� �Û��
�� �Û�� �å �� ��

B� ���	�� �Û���
�å ���7�9�	�� �å ���
�å �� ���:�<�� ��

)?<ED9?>

>�

�	�� �Û���
�� �å ���	�� �� ���
 �� �	���
�� �å ���	���
 �4�J�N�Q�M�J�G�Z���Q�B�S�F�O�U�I�F�T�F�T
�� ���� �å ���	���
 �4�J�N�Q�M�J�G�Z���F�Y�Q�P�O�F�O�U
�� ���� �å ���� �4�J�N�Q�M�J�G�Z���N�V�M�U�J�Q�M�J�D�B�U�J�P�O
�� �� �4�J�N�Q�M�J�G�Z���T�V�C�U�S�B�D�U�J�P�O

?�

�� ��
�� �å ���� �å �� �� �� �� �å ��

�� �å �� �4�J�N�Q�M�J�G�Z���H�S�P�V�Q�J�O�H���T�Z�N�C�P�M�T���	�S�B�E�J�D�B�M�


�� �� �� �å ��
�� �å �� �4�J�N�Q�M�J�G�Z���S�B�E�J�D�B�M

�� ���� �å ��
�� �å �� �4�J�N�Q�M�J�G�Z���F�Y�Q�P�O�F�O�U

�� ����
�� �å �� �4�J�N�Q�M�J�G�Z���T�V�C�U�S�B�D�U�J�P�O���J�O���O�V�N�F�S�B�U�P�S

�� �� �å �� �4�J�N�Q�M�J�G�Z���E�J�W�J�T�J�P�O
�� �� �4�J�N�Q�M�J�G�Z���T�V�C�U�S�B�D�U�J�P�O

.LQBQE>QFKQEBCFOPQPQBM�QEBO>AF@>IFPQOB>QBA>P>DOLRMFKDPVJ?LI�IFHBM>OBKQEBPBP�!IPL� FKQEBQEFOA
PQBM��QEB�CO>@QFLK�?>O�FP�@LKPFABOBA�>�DOLRMFKD�PVJ?LI�PL�QEB�KRJBO>QLO�FP�@LKPFABOBA�QL�?B�DOLRMBA�

@�
�� �å �]�� �å ���]�� ���	�� �å ���
 �� �� �å �]�å���]�� ���	���
 �4�J�N�Q�M�J�G�Z���J�O�T�J�E�F���H�S�P�V�Q�J�O�H���T�Z�N�C�P�M�T

�� �� �å �� �� ���	���
 �4�J�N�Q�M�J�G�Z���B�C�T�P�M�V�U�F���W�B�M�V�F
�� �� �å �� �� �� �4�J�N�Q�M�J�G�Z���N�V�M�U�J�Q�M�J�D�B�U�J�P�O
�� �� �� �� �4�J�N�Q�M�J�G�Z���T�V�C�U�S�B�D�U�J�P�O
�� ���� �4�J�N�Q�M�J�G�Z���B�E�E�J�U�J�P�O

A�
���� �å �� �Û��
�� �Û�� �å �� ��

�� ���� �å �� �Û��
�� �Û�� �å ��

�4�J�N�Q�M�J�G�Z���F�Y�Q�P�O�F�O�U

�� ���� �å ��
���� �å ��

�4�J�N�Q�M�J�G�Z���Q�S�P�E�V�D�U�T

�� ��
��

�4�J�N�Q�M�J�G�Z���E�J�ê�F�S�F�O�D�F�T

�� �� �4�J�N�Q�M�J�G�Z���R�V�P�U�J�F�O�U

)KQEFPBU>JMIB�QEBCO>@QFLK?>OPBM>O>QBPQEBKRJBO>QLO>KAABKLJFK>QLO� TEF@ETB PFJMIFCVPBM>O>QBIV
RKQFI�QEB�I>PQ�PQBM�

�� �92AE6C��'C6C6BF:D:E6D

+9:D�4@?E6?E�:D�2G2:=23=6�7@C�7C66�2E�9EEA���=6824J
4?I
@C8�4@?E6?E�4@=����
�



1.6

B�

���	�� �Û���
�å ���7�9�	�� �å ���
�å �� ���:�<�� �� �� ���	�����
�å ���7�9�	���
�å �� ���:�<�� �� �4�J�N�Q�M�J�G�Z���J�O�T�J�E�F���Q�B�S�F�O�U�I�F�T�F�T

�� ���	�����
�å ���	�� �å �����
�� �� �4�J�N�Q�M�J�G�Z���F�Y�Q�P�O�F�O�U
�� ���	�����
�å ���	�å�����
�� �� �4�V�C�U�S�B�D�U
�� ������ �� ���� �� �� �.�V�M�U�J�Q�M�Z
�� ������ �" �E�E

5PB�QEB�LOABO�LC�LMBO>QFLKP�QL�BS>IR>QB�B>@E�LC�QEB�CLIILTFKD�BUMOBPPFLKP�

>� �� �� �å �� �� �� ���	�� �å ���
��

?� �� �� �� �Û�� �å �� �Û��
�� �å ��

@� �]�������å �������]�� ������ ���� �� ����

A� ��
��

�7
�9�� �Û�� �� �å �� ���:�<�� ��

��
�Û�� ��

B� �7
�9�	�� �å ���
�� �å ���:�<�å �	�� �å ���


+C9>7�&B?@5BD95C�?6�(51<�$E=25BC
&LOPLJB>@QFSFQFBPTB MBOCLOJ�QEBLOABOLC@BOQ>FKLMBO>QFLKPALBPKLQJ>QQBO� ?RQQEBLOABOLCLQEBOLMBO>QFLKPALBP�&LO
BU>JMIB�FQALBPKLQJ>HB> AFCCBOBK@BFCTB MRQLKQEBOFDEQPELB?BCLOBQEBIBCQLOSF@BSBOP>�(LTBSBO� FQALBPJ>QQBO
TEBQEBO�TB�MRQ�LK�PELBP�LO�PL@HP�CFOPQ��4EB�P>JB�QEFKD�FP�QORB�CLO�LMBO>QFLKP�FK�J>QEBJ>QF@P�

�*((/.�.%0!��,*+!,.%!-

4EBcommutative property of addition PQ>QBP�QE>Q�KRJ?BOP�J>V�?B�>AABA�FK�>KV�LOABO�TFQELRQ�>CCB@QFKD�QEB�PRJ�

�B�� �C�� �C�� �B

7 B�@>K�?BQQBO�PBB�QEFP�OBI>QFLKPEFM�TEBK�RPFKD�OB>I�KRJ?BOP�

�	�å���
�� �� �� �� �B�O�E�� �� �	�å���
 �� ��

3FJFI>OIV� QEBcommutative property of multiplication PQ>QBPQE>QKRJ?BOPJ>V ?B JRIQFMIFBAFK>KVLOABOTFQELRQ
>CCB@QFKD�QEB�MOLAR@Q�

�B�Û�C�� �C�Û�B

!D>FK��@LKPFABO�>K�BU>JMIB�TFQE�OB>I�KRJ?BOP�

�	�å�����
 �Û�	�å���
 �� ���� �B�O�E�	�å���
 �Û�	�å�����
 �� ����

)QFPFJMLOQ>KQQLKLQBQE>QKBFQEBOPR?QO>@QFLKKLOAFSFPFLKFP@LJJRQ>QFSB�&LOBU>JMIB������ �å ���FPKLQQEBP>JB>P��� �å �������
3FJFI>OIV� ����� �Ð�� �v �� �Ð������

�--*�%�.%0!��,*+!,.%!-

4EBassociativeproperty of multiplication QBIIPRPQE>QFQALBPKLQJ>QQBOELT TB DOLRMKRJ?BOPTEBKJRIQFMIVFKD�7 B
@>K�JLSB�QEB�DOLRMFKD�PVJ?LIP�QL�J>HB�QEB�@>I@RI>QFLK�B>PFBO��>KA�QEB�MOLAR@Q�OBJ>FKP�QEB�P>JB�

�92AE6C��'C6C6BF:D:E6D ��



�B�	�C�D�
 �� �	�B�C�
�D

#LKPFABO�QEFP�BU>JMIB�

�	�� �Û���
 �Û�� �� ���� �B�O�E�� �Û�	�� �Û���
 �� ����

4EBassociative property of addition QBIIP�RP�QE>Q�KRJ?BOP�J>V�?B�DOLRMBA�AFCCBOBKQIV�TFQELRQ�>CCB@QFKD�QEB�PRJ�

�B�� �	�C�� �D�
 �� �	�B�� �C�
�� �D

4EFP�MOLMBOQV�@>K�?B�BPMB@F>IIV�EBIMCRI�TEBK�AB>IFKD�TFQE�KBD>QFSB�FKQBDBOP��#LKPFABO�QEFP�BU>JMIB�
�7
�9���� �� �	�å���
�:�<�� ���� �� ���� �B�O�E���� �� �7

�9�	�å���
�� �����:
�< �� ����

!OB�PR?QO>@QFLK�>KA�AFSFPFLK�>PPL@F>QFSB��2BSFBT�QEBPB�BU>JMIBP�

�� �å �	�� �å �����
 ��� �	�� �å ���
�å ���� ���� �Ð�	�� �Ð���
 ��� �	���� �Ð���
 �Ð��

�� �å �	�å �����
 �� �� �å ���� ������ �Ð�� ��� ���� �Ð��
���� �v ������ �å ���� ������ �v ��

!P�TB�@>K�PBB��KBFQEBO�PR?QO>@QFLK�KLO�AFSFPFLK�FP�>PPL@F>QFSB�

�%-.,%�/.%0!��,*+!,.2

4EBdistributive property PQ>QBPQE>QQEBMOLAR@QLC>C>@QLOQFJBP>PRJFPQEBPRJLCQEBC>@QLOQFJBPB>@EQBOJFKQEBPRJ�

�B�Û�	�C�� �D�
 �� �B�Û�C�� �B�Û�D

4EFP�MOLMBOQV�@LJ?FKBP�?LQE�>AAFQFLK�>KA�JRIQFMIF@>QFLK�	>KA�FP�QEB�LKIV�MOLMBOQV�QL�AL�PL
��,BQ�RP�@LKPFABO�>K�BU>JMIB�

.LQBQE>Q� FPLRQPFABQEBDOLRMFKDPVJ?LIP�PLTBAFPQOF?RQBQEB� ?VJRIQFMIVFKDFQ?V��� JRIQFMIVFKDFQ?Vb�� >KA>AAFKD
QEB�MOLAR@QP�

4L ?BJLOBMOB@FPBTEBKABP@OF?FKDQEFPMOLMBOQV� TB P>VQE>QJRIQFMIF@>QFLKAFPQOF?RQBPLSBO>AAFQFLK�4EBOBSBOPBFPKLQ
QORB��>P�TB�@>K�PBB�FK�QEFP�BU>JMIB�

�� �� �	�� �Û���
 ��� �	�� �� ���
 �Û�	�� �� ���


�� �� �	�����
 ��� �	���
 �Û�	�����

���� �v ������

-RIQFMIF@>QFLK�ALBP�KLQ�AFPQOF?RQB�LSBO�PR?QO>@QFLK��>KA�AFSFPFLK�AFPQOF?RQBP�LSBO�KBFQEBO�>AAFQFLK�KLO�PR?QO>@QFLK�

!�PMB@F>I�@>PB�LC�QEB�AFPQOF?RQFSB�MOLMBOQV�L@@ROP�TEBK�>�PRJ�LC�QBOJP�FP�PR?QO>@QBA�

�B�å�C�� �B�� �	�å�C�


&LOBU>JMIB�@LKPFABOQEBAFCCBOBK@B����� �å �	�� �� ���
���7 B @>KOBTOFQBQEBAFCCBOBK@BLCQEBQTLQBOJP�� >KA��	�� �� ���
�?V

QROKFKD�QEB�PR?QO>@QFLK�BUMOBPPFLK�FKQL�>AAFQFLK�LC�QEB�LMMLPFQB��3L�FKPQB>A�LC�PR?QO>@QFKD��	�� �� ���
� TB�>AA�QEB�LMMLPFQB�

���� �� �	�å���
 �Û�	�� �� ���


.LT ��AFPQOF?RQB��å���>KA�PFJMIFCV�QEB�OBPRIQ�

���� �å �	�� �� ���
 �� ���� �� �	�å���
 �Û�	�� �� ���

�� ���� �� �<�	�å���
 �Û�� �� �	�å���
 �Û���>
�� ���� �� �	�å���

�� ��

�� �92AE6C��'C6C6BF:D:E6D

+9:D�4@?E6?E�:D�2G2:=23=6�7@C�7C66�2E�9EEA���=6824J
4?I
@C8�4@?E6?E�4@=����
�



4EFPPBBJPIFHB> ILQLCQOLR?IBCLO> PFJMIBPRJ�?RQFQFIIRPQO>QBP> MLTBOCRIOBPRIQQE>QTFII?BRPBCRILK@BTB FKQOLAR@B
>IDB?O>F@QBOJP�4L PR?QO>@Q> PRJLCQBOJP�@E>KDBQEBPFDKLCB>@EQBOJ>KA>AAQEBOBPRIQP�7 FQEQEFPFKJFKA�TB @>K
OBTOFQB�QEB�I>PQ�BU>JMIB�

���� �å �	�� �� ���
 �� ���� �� �	�å�� �å ���

�� ���� �� �	�å���

�� ��

� !).%.2��,*+!,.%!-

4EBidentity property of addition PQ>QBPQE>QQEBOBFP>RKFNRBKRJ?BO� @>IIBAQEB>AAFQFSBFABKQFQV	�
 QE>Q�TEBK>AABAQL
>�KRJ?BO��OBPRIQP�FK�QEB�LOFDFK>I�KRJ?BO�

�B�� �� �� �B

4EBidentity property of multiplication PQ>QBPQE>QQEBOBFP> RKFNRBKRJ?BO� @>IIBAQEBJRIQFMIF@>QFSBFABKQFQV	�
 QE>Q�
TEBK�JRIQFMIFBA�?V�>�KRJ?BO��OBPRIQP�FK�QEB�LOFDFK>I�KRJ?BO�

�B�Û�� �� �B

&LOBU>JMIB�TB E>SB��	�å���
�� �� �� �å���>KA����� �Û�� �� �������4EBOB>OBKLBU@BMQFLKPCLOQEBPBMOLMBOQFBP�QEBVTLOHCLOBSBOV

OB>I�KRJ?BO��FK@IRAFKD���>KA���

�)0!,-!��,*+!,.%!-

4EBinverseproperty of addition PQ>QBPQE>Q�CLOBSBOVOB>IKRJ?BOa� QEBOBFP>RKFNRBKRJ?BO� @>IIBAQEB>AAFQFSBFKSBOPB
	LO�LMMLPFQB
��ABKLQBAja��QE>Q��TEBK�>AABA�QL�QEB�LOFDFK>I�KRJ?BO��OBPRIQP�FK�QEB�>AAFQFSB�FABKQFQV����

�B�� �	�å�B�
 �� ��

&LO�BU>JMIB��FC��B�� �å��� QEB�>AAFQFSB�FKSBOPB�FP����PFK@B��	�å���
�� �� �� ����

4EBinverseproperty of multiplication ELIAPCLO>IIOB>IKRJ?BOPBU@BMQ� ?B@>RPBQEBOB@FMOL@>ILC� FPKLQABCFKBA�4EB
MOLMBOQVPQ>QBPQE>Q�CLOBSBOVOB>IKRJ?BOa� QEBOBFP> RKFNRBKRJ?BO� @>IIBAQEBJRIQFMIF@>QFSBFKSBOPB	LOOB@FMOL@>I
�

ABKLQBA����B� QE>Q��TEBK�JRIQFMIFBA�?V�QEB�LOFDFK>I�KRJ?BO��OBPRIQP�FK�QEB�JRIQFMIF@>QFSB�FABKQFQV����

�B�Û���B�� ��

&LO�BU>JMIB��FC��B�� �å ��
��

� QEB�OB@FMOL@>I��ABKLQBA����B� FP� �å ��
��

� ?B@>RPB

�B�Û���B�� �1
�3�å

��
��

�4
�6�Û

�1
�3�å

��
��

�4
�6�� ��

&B?@5BD95C�?6�(51<�$E=25BC

4EB�CLIILTFKD�MOLMBOQFBP�ELIA�CLO�OB>I�KRJ?BOPa� b��>KAc�

�92AE6C��'C6C6BF:D:E6D ��



�55:E:@? $F=E:A=:42E:@?

�?==ED1D9F5
&B?@5BDI

�B�� �C�� �C�� �B �B�Û�C�� �C�Û�B

�CC?391D9F5
&B?@5BDI

�B�� �	�C�� �D�
 �� �	�B�� �C�
�� �D �B�	�C�D�
 �� �	�B�C�
�D

�9CDB92ED9F5
&B?@5BDI

�B�Û�	�C�� �D�
 �� �B�Û�C�� �B�Û�D

�45>D9DI
&B?@5BDI

+96C6�6I:DED�2�F?:BF6�C62=�?F>36C
42==65�E96�255:E:G6�:56?E:EJ�����DF49
E92E��7@C�2?J�C62=�?F>36Ca

�B�� �� �� �B

+96C6�6I:DED�2�F?:BF6�C62=�?F>36C
42==65�E96�>F=E:A=:42E:G6�:56?E:EJ����DF49
E92E��7@C�2?J�C62=�?F>36Ca

�B�Û�� �� �B

�>F5BC5
&B?@5BDI

�G6CJ�C62=�?F>36C�2�92D�2?�255:E:G6
:?G6CD6��@C�@AA@D:E6��56?@E65Ða�
DF49�E92E

�B�� �	�å�B�
 �� ��

�G6CJ�?@?K6C@�C62=�?F>36Ca 92D�2
>F=E:A=:42E:G6�:?G6CD6��@C�C64:AC@42=�
56?@E65����B� DF49�E92E

�B�Û�1�3
��
�B

�4
�6�� ��

�I2>A=6�
�

+C9>7�&B?@5BD95C�?6�(51<�$E=25BC

5PB�QEB�MOLMBOQFBP�LC�OB>I�KRJ?BOP�QL�OBTOFQB�>KA�PFJMIFCV�B>@E�BUMOBPPFLK��3Q>QB�TEF@E�MOLMBOQFBP�>MMIV�

>� ��� �Û�� �� �� �Û��

?� ��	�� �� ���
�� �	�å���


@� ��� �å �	���� �� ���


A� ����� �Û�1�3
��
��

�Û��
��

�4
�6

B� ������� �Û�7
�9���������� �	�å���������
�:�<

)?<ED9?>

>�
�� �Û�� �� �� �Û�� �� �� �Û�	�� �� ���
 �%�J�T�U�S�J�C�V�U�J�W�F���Q�S�P�Q�F�S�U�Z

�� �� �Û���� �4�J�N�Q�M�J�G�Z
�� ���� �4�J�N�Q�M�J�G�Z

�� �92AE6C��'C6C6BF:D:E6D

+9:D�4@?E6?E�:D�2G2:=23=6�7@C�7C66�2E�9EEA���=6824J
4?I
@C8�4@?E6?E�4@=����
�



1.7

?�
�	�� �� ���
�� �	�å���
 �� �� �� �<�� �� �	�å���
�> �"�T�T�P�D�J�B�U�J�W�F���Q�S�P�Q�F�S�U�Z���P�G���B�E�E�J�U�J�P�O

�� �� �� �� �*�O�W�F�S�T�F���Q�S�P�Q�F�S�U�Z���P�G���B�E�E�J�U�J�P�O
�� �� �*�E�F�O�U�J�U�Z���Q�S�P�Q�F�S�U�Z���P�G���B�E�E�J�U�J�P�O

@�
�� �å �	���� �� ���
 �� �� �� �<�	�å�����
�� �	�å���
�> �%�J�T�U�S�J�C�V�U�J�W�F���Q�S�P�Q�F�S�U�Z

�� �� �� �	�å�����
 �4�J�N�Q�M�J�G�Z
�� �å���� �4�J�N�Q�M�J�G�Z

A�
��
�� �Û�1�3

��
��

�Û��
��

�4
�6 �� ��

�� �Û�1�3
��
��

�Û��
��

�4
�6 �$�P�N�N�V�U�B�U�J�W�F���Q�S�P�Q�F�S�U�Z���P�G���N�V�M�U�J�Q�M�J�D�B�U�J�P�O

�� �1
�3
��
�� �Û��

��
�4
�6�Û

��
��

�"�T�T�P�D�J�B�U�J�W�F���Q�S�P�Q�F�S�U�Z���P�G���N�V�M�U�J�Q�M�J�D�B�U�J�P�O

�� �� �Û��
��

�*�O�W�F�S�T�F���Q�S�P�Q�F�S�U�Z���P�G���N�V�M�U�J�Q�M�J�D�B�U�J�P�O

�� ��
��

�*�E�F�O�U�J�U�Z���Q�S�P�Q�F�S�U�Z���P�G���N�V�M�U�J�Q�M�J�D�B�U�J�P�O

B�
������ �Û�<���������� �	�å ���������
�> �� ������ �Û���������� ������ �Û�	�å���������
 �%�J�T�U�S�J�C�V�U�J�W�F���Q�S�P�Q�F�S�U�Z

�� ���� �� �	�å�������
 �4�J�N�Q�M�J�G�Z
�� �å������ �4�J�N�Q�M�J�G�Z

5PB�QEB�MOLMBOQFBP�LC�OB>I�KRJ?BOP�QL�OBTOFQB�>KA�PFJMIFCV�B>@E�BUMOBPPFLK��3Q>QB�TEF@E�MOLMBOQFBP�>MMIV�

>� ��1�3�å
����
��

�4
�6�Û

�7
�9���� �Û�1�3�å

��
����

�4
�6
�:
�<

?� ��� �Û�	�������� �������


@� ����� �å �	���å�����


A� �����
����

�� �Û�7�9
��
��

�� �1
�3�å

����
����

�4
�6
�:
�<

B� ��� �Û�	�å���
�� �� �Û��

�F1<E1D9>7��<752B193��H@B5CC9?>C

3L C>O� QEBJ>QEBJ>QF@>IBUMOBPPFLKPTB E>SBPBBKE>SBFKSLISBAOB>IKRJ?BOPLKIV� )K J>QEBJ>QF@P�TB J>V PBB

BUMOBPPFLKPPR@E>P��Y�� ��� ��
��

�&�S��� LO� ���N�� �O����� )K QEBBUMOBPPFLK��Y�� ��� � FP@>IIBA> constant ?B@>RPBFQALBPKLQS>OV

>KAx FP@>IIBA>variable ?B@>RPBFQALBP�	)K K>JFKDQEBS>OF>?IB�FDKLOB>KVBUMLKBKQPLOO>AF@>IP@LKQ>FKFKDQEBS>OF>?IB�

!K algebraic expressionFP> @LIIB@QFLKLC@LKPQ>KQP>KAS>OF>?IBPGLFKBAQLDBQEBO?VQEB>IDB?O>F@LMBO>QFLKPLC>AAFQFLK�
PR?QO>@QFLK��JRIQFMIF@>QFLK��>KA�AFSFPFLK�
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!KV S>OF>?IBFK>K>IDB?O>F@BUMOBPPFLKJ>V Q>HBLKLO?B>PPFDKBAAFCCBOBKQS>IRBP�7EBKQE>QE>MMBKP�QEBS>IRBLCQEB
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DFSBKS>IRBLCB>@ES>OF>?IBFKQEBBUMOBPPFLK�2BMI>@BB>@ES>OF>?IBFKQEBBUMOBPPFLKTFQEQEBDFSBKS>IRB�QEBKPFJMIFCV
QEBOBPRIQFKDBUMOBPPFLKRPFKDQEBLOABOLCLMBO>QFLKP�)CQEB>IDB?O>F@BUMOBPPFLK@LKQ>FKPJLOBQE>KLKBS>OF>?IB�OBMI>@B
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�
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@� ���N�� �O��
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�F1<E1D9>7�1>��<752B193��H@B5CC9?>�1D��9665B5>D�,1<E5C
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>� ��Y�� ���CLO��Y�� �å��
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!K equation FP> J>QEBJ>QF@>IPQ>QBJBKQFKAF@>QFKDQE>QQTLBUMOBPPFLKP>OBBNR>I�4EBBUMOBPPFLKP@>K?BKRJBOF@>ILO
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! formula FP>KBNR>QFLKBUMOBPPFKD> OBI>QFLKPEFM?BQTBBK@LKPQ>KQ>KAS>OF>?IBNR>KQFQFBP�6BOVLCQBK�QEBBNR>QFLKFP>
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BUMOBPPFLK�

)?<ED9?>

�1 �� �- �� �8 �� �- �� �8
�1 �� �- �� �- �� �8 �� �8 �$�P�N�N�V�U�B�U�J�W�F���Q�S�P�Q�F�S�U�Z���P�G���B�E�E�J�U�J�P�O
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��B���4EBPNR>OBOLLQ@LRIA?BMLPFQFSBLOKBD>QFSB?B@>RPBJRIQFMIVFKDQTLKBD>QFSBKRJ?BOPDFSBP>MLPFQFSBKRJ?BO� 4EB
principal square root FPQEBKLKKBD>QFSBKRJ?BOQE>QTEBKJRIQFMIFBA?VFQPBICBNR>IP��B���4EBPNR>OBOLLQL?Q>FKBARPFKD>
@>I@RI>QLO�FP�QEB�MOFK@FM>I�PNR>OB�OLLQ�
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radicand��>KA�QEB�BKQFOB�BUMOBPPFLK�FP�@>IIBA�>radical expression�
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4EBprincipal square root LC��B�FPQEBKLKKBD>QFSBKRJ?BOQE>Q�TEBKJRIQFMIFBA?VFQPBIC�BNR>IP��B��� )QFPTOFQQBK>P>
radical expression, TFQE�>�PVJ?LI�@>IIBA�>radical LSBO�QEB�QBOJ�@>IIBA�QEBradicand� � �B��

Does� ���� �� �Š�� � 

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

square root. The principal square root of 25 is� ���� �� ����

�I2>A=6�
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�F1<E1D9>7�)AE1B5�(??DC
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>� ������ �� �����?B@>RPB����� �� �� ������

?� ���� �� �� �� ���?B@>RPB��� �� �� �����>KA��� �� �� ��

@� ���� �� ������ �� ������ �� �����?B@>RPB����� �� �� ������

A� ���� �å ���� �� �� �å �� �� �å���?B@>RPB��� �� �� �����>KA��� �� �� ����

For � ���� �� ������� can we find the square roots before adding?

No.� ���� �� ������ �� �� �� ���� �� �������This is not equivalentto � ���� �� ������ �� �������Theorder of operationsrequiresus

to add the terms in the radicand before finding the square root.
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Given a square root radical expression, use the product rule to simplify it.
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Given the product of multiple radical expressions,usethe product rule to combine them into one radical
expression.
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Given a radical expression, use the quotient rule to simplify it.
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Given a radical expression requiring addition or subtraction of square roots, solve.
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Given an expressionwith a singlesquareroot radical term in the denominator, rationalize the denominator.
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Given an expression with a radical term and a constant in the denominator, rationalize the denominator.
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Given an expression with a rational exponent, write the expression as a radical.
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Given a polynomial expression, identify the degree and leading coefficient�
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Given multiple polynomials, add or subtract them to simplify the expressions.
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MLIVKLJF>I�QL�QEB�CFOPQ�

&FKA�QEB�AFCCBOBK@B�

�	�å���Y�� �å ���Y�� �� ���Y�å���
�å �	���Y�� �å ���Y�� �å �Y�� ���


#E<D9@<I9>7�&?<I>?=91<C
-RIQFMIVFKDMLIVKLJF>IPFP> ?FQJLOB@E>IIBKDFKDQE>K>AAFKD>KAPR?QO>@QFKDMLIVKLJF>IP�7 BJRPQRPBQEBAFPQOF?RQFSB
MOLMBOQVQLJRIQFMIVB>@EQBOJFKQEBCFOPQMLIVKLJF>I?VB>@EQBOJFKQEBPB@LKAMLIVKLJF>I�7 BQEBK@LJ?FKBIFHBQBOJP�
7 B@>K>IPLRPB> PELOQ@RQ@>IIBAQEB&/), JBQELATEBKJRIQFMIVFKD?FKLJF>IP�#BOQ>FKPMB@F>IMOLAR@QPCLIILTM>QQBOKP
QE>QTB @>KJBJLOFWB>KARPBFKPQB>ALCJRIQFMIVFKDQEBMLIVKLJF>IP?VE>KAB>@EQFJB�7 BTFIIILLH>Q>S>OFBQVLCT>VP
QL�JRIQFMIV�MLIVKLJF>IP�

#E<D9@<I9>7�&?<I>?=91<C�+C9>7�D85��9CDB92ED9F5�&B?@5BDI

4L JRIQFMIV> KRJ?BO?V > MLIVKLJF>I�TB RPBQEBAFPQOF?RQFSBMOLMBOQV� 4EBKRJ?BOJRPQ?BAFPQOF?RQBAQLB>@EQBOJ
LCQEBMLIVKLJF>I�7 B @>KAFPQOF?RQBQEB����FK����	�Y�� ���
�QLL?Q>FKQEBBNRFS>IBKQBUMOBPPFLK����Y�� �������7EBK JRIQFMIVFKD

MLIVKLJF>IP�QEBAFPQOF?RQFSBMOLMBOQV>IILTPRPQLJRIQFMIVB>@EQBOJLCQEBCFOPQMLIVKLJF>I?VB>@EQBOJLCQEBPB@LKA�
7 B�QEBK�>AA�QEB�MOLAR@QP�QLDBQEBO�>KA�@LJ?FKB�IFHB�QBOJP�QL�PFJMIFCV�

Given the multiplication of two polynomials, use the distributive property to simplify the expression.


 -RIQFMIV�B>@E�QBOJ�LC�QEB�CFOPQ�MLIVKLJF>I�?V�B>@E�QBOJ�LC�QEB�PB@LKA�

�
 #LJ?FKB�IFHB�QBOJP�

�
 3FJMIFCV�

�I2>A=6�
��

#E<D9@<I9>7�&?<I>?=91<C�+C9>7�D85��9CDB92ED9F5�&B?@5BDI

&FKA�QEB�MOLAR@Q�

�	���Y�� ���
�1�3���Y
�� �å �Y�� ���4�6

)?<ED9?>

�� �92AE6C��'C6C6BF:D:E6D

+9:D�4@?E6?E�:D�2G2:=23=6�7@C�7C66�2E�9EEA���=6824J
4?I
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�
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���Y�	���Y�� �å �Y�� ���
�� ���	���Y�� �å �Y�� ���
 �� �6�T�F���U�I�F���E�J�T�U�S�J�C�V�U�J�W�F���Q�S�P�Q�F�S�U�Z��

�	���Y�� �å ���Y�� �� ���Y�
�� �	���Y�� �å �Y�� ���
 �.�V�M�U�J�Q�M�Z��

���Y�� �� �	�å ���Y�� �� ���Y���
�� �	���Y�å �Y�
�� �� �$�P�N�C�J�O�F���M�J�L�F���U�F�S�N�T��

���Y�� �� �Y�� �� ���Y�� �� �� �4�J�N�Q�M�J�G�Z��

�>1<IC9C
7 B@>KRPB>Q>?IBQLHBBMQO>@HLCLROTLOH�>PPELTKFK* 12<5�	 � 7 OFQBLKBMLIVKLJF>I>@OLPPQEBQLM>KAQEB
LQEBOALTKQEBPFAB�&LOB>@E?LUFKQEBQ>?IB�JRIQFMIVQEBQBOJCLOQE>QOLT?VQEBQBOJCLOQE>Q@LIRJK�4EBK
>AA�>II�LC�QEB�QBOJP�QLDBQEBO��@LJ?FKB�IFHB�QBOJP��>KA�PFJMIFCV�

���Y�� �å�Y �� ��

���Y ���Y�� �å���Y�� ���Y

�� �� ���Y�� �å�Y ��

* 12<5��	

&FKA�QEB�MOLAR@Q�

�	���Y�� ���
�	�Y�� �å ���Y�� �� ���


+C9>7��%�"�D?�#E<D9@<I��9>?=91<C

! PELOQ@RQ@>IIBA&/), FPPLJBQFJBPRPBAQLCFKAQEBMOLAR@QLCQTL?FKLJF>IP�)QFP@>IIBA&/), ?B@>RPBTB JRIQFMIVQEB
fFOPQ�QBOJP��QEBoRQBO�QBOJP��QEBiKKBO�QBOJP��>KA�QEBK�QEBl>PQ�QBOJP�LC�B>@E�?FKLJF>I�

4EB&/), JBQELA>OFPBPLRQLCQEBAFPQOF?RQFSBMOLMBOQV� 7 B>OBPFJMIVJRIQFMIVFKDB>@EQBOJLCQEBCFOPQ?FKLJF>I?VB>@E
QBOJ�LC�QEB�PB@LKA�?FKLJF>I��>KA�QEBK�@LJ?FKFKD�IFHB�QBOJP�

Given two binomials, use FOIL to simplify the expression.


 -RIQFMIV�QEB�CFOPQ�QBOJP�LC�B>@E�?FKLJF>I�

�
 -RIQFMIV�QEB�LRQBO�QBOJP�LC�QEB�?FKLJF>IP�

�
 -RIQFMIV�QEB�FKKBO�QBOJP�LC�QEB�?FKLJF>IP�

�
 -RIQFMIV�QEB�I>PQ�QBOJP�LC�B>@E�?FKLJF>I�

�
 !AA�QEB�MOLAR@QP�

�
 #LJ?FKB�IFHB�QBOJP�>KA�PFJMIFCV�

�92AE6C��'C6C6BF:D:E6D �
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�I2>A=6�
��

+C9>7��%�"�D?�#E<D9@<I��9>?=91<C

5PB�&/),�QL�CFKA�QEB�MOLAR@Q�

)?<ED9?>

&FKA�QEB�MOLAR@Q�LC�QEB�CFOPQ�QBOJP�

&FKA�QEB�MOLAR@Q�LC�QEB�LRQBO�QBOJP�

&FKA�QEB�MOLAR@Q�LC�QEB�FKKBO�QBOJP�

&FKA�QEB�MOLAR@Q�LC�QEB�I>PQ�QBOJP�

���Y�� �� ���Y�å�����Y�å���� �" �E�E���U�I�F���Q�S�P�E�V�D�U�T��

���Y�� �� �	���Y�å�����Y�
�å ���� �$�P�N�C�J�O�F���M�J�L�F���U�F�S�N�T��

���Y�� �å �����Y�å���� �4�J�N�Q�M�J�G�Z��

5PB�&/),�QL�CFKA�QEB�MOLAR@Q�

�	�Y�� ���
�	���Y�å���


&5B653D�)AE1B5�*B9>?=91<C

#BOQ>FK?FKLJF>IMOLAR@QPE>SBPMB@F>ICLOJP�7EBK>?FKLJF>IFPPNR>OBA�QEBOBPRIQFP@>IIBA>perfect square trinomial �
7 B@>KCFKAQEBPNR>OB?VJRIQFMIVFKDQEB?FKLJF>I?VFQPBIC�(LTBSBO� QEBOBFP> PMB@F>ICLOJQE>QB>@ELCQEBPBMBOCB@Q
PNR>OBQOFKLJF>IPQ>HBP�>KAJBJLOFWFKDQEBCLOJJ>HBPPNR>OFKD?FKLJF>IPJR@EB>PFBO>KAC>PQBO� ,BQdPILLH>Q> CBT
MBOCB@Q�PNR>OB�QOFKLJF>IP�QL�C>JFIF>OFWB�LROPBISBP�TFQE�QEB�CLOJ�

���	�Y�� ���
�� �� ���Y�� �� �����Y�� ����

�	�Y�å���
�� �� �����Y�� �å ���Y�� ��

�	���Y�å���
�� �� ���Y�� �å ���Y�� ��

.LQF@BQE>QQEBCFOPQQBOJLCB>@EQOFKLJF>IFPQEBPNR>OBLCQEBCFOPQQBOJLCQEB?FKLJF>I>KA�PFJFI>OIV� QEBI>PQQBOJLCB>@E
QOFKLJF>IFPQEBPNR>OBLCQEBI>PQQBOJLCQEB?FKLJF>I�4EBJFAAIBQBOJFPALR?IBQEBMOLAR@QLCQEBQTLQBOJP�,>PQIV� TB
PBB�QE>Q�QEB�CFOPQ�PFDK�LC�QEB�QOFKLJF>I�FP�QEB�P>JB�>P�QEB�PFDK�LC�QEB�?FKLJF>I�

�� �92AE6C��'C6C6BF:D:E6D
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&5B653D�)AE1B5�*B9>?=91<C

7EBK>?FKLJF>IFPPNR>OBA�QEBOBPRIQFPQEBCFOPQQBOJPNR>OBA>AABAQLALR?IBQEBMOLAR@QLC?LQEQBOJP>KAQEBI>PQ
QBOJ�PNR>OBA�

��	���	�Y�� �B�
�� �� �	�Y�� �B�
�	�Y�� �B�
 �� �Y�� �� ���B�Y�� �B��

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


 3NR>OB�QEB�CFOPQ�QBOJ�LC�QEB�?FKLJF>I�

�
 3NR>OB�QEB�I>PQ�QBOJ�LC�QEB�?FKLJF>I�

�
 &LO�QEB�JFAAIB�QBOJ�LC�QEB�QOFKLJF>I��ALR?IB�QEB�MOLAR@Q�LC�QEB�QTL�QBOJP�

�
 !AA�>KA�PFJMIFCV�

�I2>A=6�
��

�H@1>49>7�&5B653D�)AE1B5C

��	���Y�å���
����

)?<ED9?>

"BDFK?VPNR>OFKDQEBCFOPQQBOJ>KAQEBI>PQQBOJ�&LOQEBJFAAIBQBOJLCQEBQOFKLJF>I�ALR?IBQEBMOLAR@QLCQEB
QTL�QBOJP�

�	���Y�
�� �å ���	���Y�
�	���
�� �	�å���
��

����Y�� �å �����Y�� ������

��	���Y�å���
����

�9665B5>35�?6�)AE1B5C

!KLQEBOPMB@F>IMOLAR@QFP@>IIBAQEBdiffer enceof squares� TEF@EL@@ROPTEBKTBJRIQFMIV>?FKLJF>I?V>KLQEBO?FKLJF>I
TFQEQEBP>JBQBOJP?RQQEBLMMLPFQBPFDK�,BQdP PBBTE>QE>MMBKPTEBKTB JRIQFMIV��	�Y�� ���
�	�Y�å���
�RPFKDQEB&/),

JBQELA�

�	�Y�� ���
�	�Y�å���
 �� �Y�� �å �Y�� �Y�å��

�� �Y�� �å ��

4EBJFAAIBQBOJAOLMPLRQ�OBPRIQFKDFK> AFCCBOBK@BLCPNR>OBP�*RPQ>PTB AFATFQEQEBMBOCB@QPNR>OBP�IBQdPILLH>Q> CBT
BU>JMIBP�

�	�Y�� ���
�	�Y�å���
 �� �Y�� �å ����

�	�Y�� �����
�	�Y�å�����
 �� �Y�� �å ������

�	���Y�� ���
�	���Y�å���
 �� ���Y�� �å ��

"B@>RPBQEBPFDK@E>KDBPFKQEBPB@LKA?FKLJF>I�QEBLRQBO>KAFKKBOQBOJP@>K@BIB>@ELQEBOLRQ�>KATB >OBIBCQLKIVTFQE
QEB�PNR>OB�LC�QEB�CFOPQ�QBOJ�JFKRP�QEB�PNR>OB�LC�QEB�I>PQ�QBOJ�

�92AE6C��'C6C6BF:D:E6D ��
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Is there a special form for the sum of squares?

No. The differenceof squares occursbecausethe oppositesignsof the binomialscausethe middle terms to
disappear. There are no two binomials that multiply to equal a sum of squares.

�9665B5>35�?6�)AE1B5C

7EBK>?FKLJF>IFPJRIQFMIFBA?V>?FKLJF>ITFQEQEBP>JBQBOJPPBM>O>QBA?VQEBLMMLPFQBPFDK�QEBOBPRIQFPQEBPNR>OB
LC�QEB�CFOPQ�QBOJ�JFKRP�QEB�PNR>OB�LC�QEB�I>PQ�QBOJ�

��	���	�B�� �C�
�	�B�å�C�
 �� �B�� �å �C��

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


 3NR>OB�QEB�CFOPQ�QBOJ�LC�QEB�?FKLJF>IP�

�
 3NR>OB�QEB�I>PQ�QBOJ�LC�QEB�?FKLJF>IP�

�
 3R?QO>@Q�QEB�PNR>OB�LC�QEB�I>PQ�QBOJ�COLJ�QEB�PNR>OB�LC�QEB�CFOPQ�QBOJ�

�I2>A=6�
��

#E<D9@<I9>7��9>?=91<C�(5CE<D9>7�9>�1��9665B5>35�?6�)AE1B5C

-RIQFMIV��	���Y�� ���
�	���Y�å���
��

)?<ED9?>

3NR>OBQEBCFOPQQBOJQLDBQ��	���Y�
�� �� �����Y�����3NR>OBQEBI>PQQBOJQLDBQ��� �� �� �������3R?QO>@QQEBPNR>OBLCQEBI>PQ

QBOJ�COLJ�QEB�PNR>OB�LC�QEB�CFOPQ�QBOJ�QL�CFKA�QEB�MOLAR@Q�LC������Y�� �å ������

-RIQFMIV��	���Y�� ���
�	���Y�å���
��

&5B6?B=9>7�%@5B1D9?>C�G9D8�&?<I>?=91<C�?6�)5F5B1<�,1B912<5C
7 BE>SBILLHBA>QMLIVKLJF>IP@LKQ>FKFKDLKIVLKBS>OF>?IB�(LTBSBO� > MLIVKLJF>I@>K@LKQ>FKPBSBO>IS>OF>?IBP�!II LC
QEB�P>JB�ORIBP�>MMIV�TEBK�TLOHFKD�TFQE�MLIVKLJF>IP�@LKQ>FKFKD�PBSBO>I�S>OF>?IBP��#LKPFABO�>K�BU>JMIB�

�	�B�� ���C�
�	���B�å�C�å�D�

�B�	���B�å�C�å�D�
�� ���C�	���B�å�C�å�D�
 �6�T�F���U�I�F���E�J�T�U�S�J�C�V�U�J�W�F���Q�S�P�Q�F�S�U�Z��

���B�� �å �B�C�å�B�D�� ���B�C�å���C�� �å ���C�D �.�V�M�U�J�Q�M�Z��

���B�� �� �	�å �B�C�� ���B�C�
�å�B�D�å���C�� �å ���C�D �$�P�N�C�J�O�F���M�J�L�F���U�F�S�N�T��

���B�� �� ���B�C�å�B�D�å���C�D�å���C�� �4�J�N�Q�M�J�G�Z��

�I2>A=6�
��

#E<D9@<I9>7�&?<I>?=91<C��?>D19>9>7�)5F5B1<�,1B912<5C

�� �92AE6C��'C6C6BF:D:E6D
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-RIQFMIV��	�Y�� ���
�	���Y�å���Z�� ���
��

)?<ED9?>

&LIILT�QEB�P>JB�PQBMP�QE>Q�TB�RPBA�QL�JRIQFMIV�MLIVKLJF>IP�@LKQ>FKFKD�LKIV�LKB�S>OF>?IB�

�Y�	���Y�å���Z�� ���
�� ���	���Y�å���Z�� ���
 �� �6�T�F���U�I�F���E�J�T�U�S�J�C�V�U�J�W�F���Q�S�P�Q�F�S�U�Z��

���Y�� �å ���Y�Z�� ���Y�� �����Y�å���Z�� ���� �.�V�M�U�J�Q�M�Z��

���Y�� �å ���Y�Z�� �	���Y�� �����Y�
�å ���Z�� ���� �$�P�N�C�J�O�F���M�J�L�F���U�F�S�N�T��

���Y�� �å ���Y�Z�� �����Y�å���Z�� ���� �� �4�J�N�Q�M�J�G�Z��

��	���Y�å���
�	���Y�� ���Z�å���
��

!@@BPP�QEBPB�LKIFKB�OBPLRO@BP�CLO�>AAFQFLK>I�FKPQOR@QFLK�>KA�MO>@QF@B�TFQE�MLIVKLJF>IP�

O �449>7�1>4�)E2DB13D9>7�&?<I>?=91<C��8DD@�

?@5>CD1H3?<<575	?B7
<
144CE2@?<I�

O #E<D9@<I9>7�&?<I>?=91<C��8DD@�

?@5>CD1H3?<<575	?B7
<
=E<D9@<@?<I�

O )@5391<�&B?4E3DC�?6�&?<I>?=91<C��8DD@�

?@5>CD1H3?<<575	?B7
<
C@5391<@?<I@B?4�

�92AE6C��'C6C6BF:D:E6D ��

http://openstaxcollege.org/l/addsubpoly
http://openstaxcollege.org/l/multiplpoly
http://openstaxcollege.org/l/specialpolyprod
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, 5B21<

%S>IR>QBQEBCLIILTFKDPQ>QBJBKQ�4EBABDOBBLC> MLIVKLJF>IFKPQ>KA>OACLOJFPQEBBUMLKBKQLCQEBIB>AFKDQBOJ�
%UMI>FK�TEV�QEB�PQ>QBJBKQ�FP�QORB�LO�C>IPB�

->KV QFJBP�JRIQFMIVFKDQTL?FKLJF>IPTFQEQTLS>OF>?IBPOBPRIQPFK>QOFKLJF>I�4EFPFPKLQQEB@>PBTEBKQEBOBFP>
AFCCBOBK@B�LC�QTL�PNR>OBP��%UMI>FK�TEV�QEB�MOLAR@Q�FK�QEFP�@>PB�FP�>IPL�>�?FKLJF>I�

9LR@>KJRIQFMIVMLIVKLJF>IPTFQE>KVKRJ?BOLCQBOJP>KA>KVKRJ?BOLCS>OF>?IBPRPFKDCLRO?>PF@PQBMPLSBO>KA
LSBO�RKQFI�VLR�OB>@E�QEB�BUM>KABA�MLIVKLJF>I��7E>Q�>OB�QEB�CLRO�PQBMP�

3Q>QBTEBQEBOQEBCLIILTFKDPQ>QBJBKQFPQORB>KABUMI>FKTEVLOTEVKLQ�! QOFKLJF>IFP>IT>VP>EFDEBOABDOBBQE>K>
JLKLJF>I�

�<752B193

&LO�QEB�CLIILTFKD�BUBO@FPBP��FABKQFCV�QEB�ABDOBB�LC�QEB�MLIVKLJF>I�

���Y�å���Y�� �� ����

�����N�� �� �N�� �å �����N�� ��

�å�������B�� �� �����C��

�������Q�å�����Q�� �N�� �����N��

�Y�� �� ���Y�� ��

���Z�� �å �Z�� �� ���Z�å��

&LO�QEB�CLIILTFKD�BUBO@FPBP��CFKA�QEB�PRJ�LO�AFCCBOBK@B�

�1
�3�����Y

�� �� ���Y�4�6�å
�1
�3���Y

�� �å�����4�6

�1
�3���[

�� �� ���[�� �å �[�4�6��
�1
�3�å���[�� �� �[ �� ���4�6

�1
�3���X

�� �� �����X�� �����4�6�å �	���X�å���X�� ���


�1
�3���B

�� �� ���B�� �å ���B�å�����4�6��
�1
�3�å���B�� �å ���B�� �� ���B�� �����4�6

�1
�3�����C

�� �å ���C�� �� �����C�� �å ���C�� ���4�6�å
�1
�3���C

�� �� ���C�� �� ���C�4�6

�1
�3�����Q

�� �å �����4�6��
�1
�3�����Q

�� �å �����Q�� �� �����4�6

&LO�QEB�CLIILTFKD�BUBO@FPBP��CFKA�QEB�MOLAR@Q�

�	���Y�� ���
�	���Y�å���


�	�����D�� �� ���D�
�	���D�� �å ���D�


�	���C�� �å ���
�	���C�� �å ���


�� �92AE6C��'C6C6BF:D:E6D
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�	���E�å���
�	���E�� ���


�	���W�å�����
�	�����W�å���


�1
�3���U

�� �� ���U�4�6
�1
�3�å���U�� �� ���4�6

�	���O�å���
�	�O�� �� ���


&LO�QEB�CLIILTFKD�BUBO@FPBP��BUM>KA�QEB�?FKLJF>I�
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Given a polynomial expression, factor out the greatest common factor.
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Can every trinomial be factored as a product of binomials?

No. Some polynomials cannot be factored. These polynomials are said to be prime.

Given a trinomial in the form ��Y�� �� �C�Y�� �D� factor it.


 ,FPQ�C>@QLOP�LC��D��

�
 &FKA��Q�>KA��R� >�M>FO�LC�C>@QLOP�LC��D�TFQE�>�PRJ�LC��C��

�
 7 OFQB�QEB�C>@QLOBA�BUMOBPPFLK��	�Y�� �Q�
�	�Y�� �R�
��

�I2>A=6�
��

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

&>@QLO��Y�� �� ���Y�å������

)?<ED9?>

7 B E>SB> QOFKLJF>ITFQEIB>AFKD@LBCCF@FBKQ���� �C�� ��� >KA��D�� �å�������7 B KBBAQLCFKAQTLKRJ?BOPTFQE>

MOLAR@Q�LC��å�����>KA�>�PRJ�LC������ )K* 12<5��	� ��TB�IFPQ�C>@QLOP�RKQFI�TB�CFKA�>�M>FO�TFQE�QEB�ABPFOBA�PRJ�

Factors of��å���� Sum of Factors

��� �å���� �å����

�å��� ���� ��

��� �å�� �å��

�å��� �� �

* 12<5��	�

.LT�QE>Q�TB�E>SB�FABKQFCFBA��Q�>KA��R�>P��å���>KA���� TOFQB�QEB�C>@QLOBA�CLOJ�>P��	�Y�å���
�	�Y�� ���
��

�>1<IC9C

7 B�@>K�@EB@H�LRO�TLOH�?V�JRIQFMIVFKD��5PB�&/),�QL�@LKCFOJ�QE>Q��	�Y�å���
�	�Y�� ���
 �� �Y�� �� ���Y�å������

�92AE6C��'C6C6BF:D:E6D �



1.49

Does the order of the factors matter?

No. Multiplication is commutative, so the order of the factors does not matter.
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Factors of��å���� Sum of Factors
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Given a perfect square trinomial, factor it into the square of a binomial.
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�13D?B9>7�1�&5B653D�)AE1B5�*B9>?=91<

&>@QLO������Y�� �� �����Y�� ����

)?<ED9?>

.LQF@BQE>Q������Y�� �>KA����>OBMBOCB@QPNR>OBP?B@>RPB������Y�� �� �	���Y�
�� �>KA��� �� �� �����4EBK@EB@HQLPBBFCQEBJFAAIB

QBOJFPQTF@BQEBMOLAR@QLC����Y�>KA������4EB JFAAIBQBOJFP�FKABBA�QTF@BQEBMOLAR@Q�����	���Y�
�	���
 �� �����Y���

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

&>@QLO������Y�� �å �����Y�� ����

�13D?B9>7�1��9665B5>35�?6�)AE1B5C
! AFCCBOBK@BLCPNR>OBPFP> MBOCB@QPNR>OBPR?QO>@QBACOLJ> MBOCB@QPNR>OB�2B@>IIQE>Q> AFCCBOBK@BLCPNR>OBP@>K?B
OBTOFQQBK>PC>@QLOP@LKQ>FKFKDQEBP>JBQBOJP?RQLMMLPFQBPFDKP?B@>RPBQEBJFAAIBQBOJP@>K@BIB>@ELQEBOLRQTEBKQEB
QTL�C>@QLOP�>OB�JRIQFMIFBA�

�B�� �å �C�� �� �	�B�� �C�
�	�B�å�C�


7 B�@>K�RPB�QEFP�BNR>QFLK�QL�C>@QLO�>KV�AFCCBOBK@BP�LC�PNR>OBP�

�9665B5>35C�?6�)AE1B5C

!�AFCCBOBK@B�LC�PNR>OBP�@>K�?B�OBTOFQQBK�>P�QTL�C>@QLOP�@LKQ>FKFKD�QEB�P>JB�QBOJP�?RQ�LMMLPFQB�PFDKP�

��	� ���B�� �å �C�� �� �	�B�� �C�
�	�B�å�C�


Given a difference of squares, factor it into binomials.


 #LKCFOJ�QE>Q�QEB�CFOPQ�>KA�I>PQ�QBOJ�>OB�MBOCB@Q�PNR>OBP�

�
 7 OFQB�QEB�C>@QLOBA�CLOJ�>P��	�B�� �C�
�	�B�å�C�
��

�I2>A=6�
��

�13D?B9>7�1��9665B5>35�?6�)AE1B5C

�� �92AE6C��'C6C6BF:D:E6D

+9:D�4@?E6?E�:D�2G2:=23=6�7@C�7C66�2E�9EEA���=6824J
4?I
@C8�4@?E6?E�4@=����
�
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&>@QLO����Y�� �å ������

)?<ED9?>

.LQF@BQE>Q����Y�� �>KA������>OBMBOCB@QPNR>OBP?B@>RPB����Y�� �� �	���Y�
�� �>KA����� �� �� �����4EBMLIVKLJF>IOBMOBPBKQP>

AFCCBOBK@B�LC�PNR>OBP�>KA�@>K�?B�OBTOFQQBK�>P��	���Y�� ���
�	���Y�å���
��

&>@QLO������Z�� �å ��������

Is there a formula to factor the sum of squares?

No. A sum of squares cannot be factored.

�13D?B9>7�D85�)E=�1>4��9665B5>35�?6��E25C
.LT � TB TFIIILLH>QQTLKBTPMB@F>IMOLAR@QP�QEBPRJ>KAAFCCBOBK@BLC@R?BP�!IQELRDEQEBPRJLCPNR>OBP@>KKLQ?B
C>@QLOBA��QEB�PRJ�LC�@R?BP�@>K�?B�C>@QLOBA�FKQL�>�?FKLJF>I�>KA�>�QOFKLJF>I�

�B�� �� �C�� �� �	�B�� �C�
�	�B�� �å �B�C�� �C���


3FJFI>OIV��QEB�PRJ�LC�@R?BP�@>K�?B�C>@QLOBA�FKQL�>�?FKLJF>I�>KA�>�QOFKLJF>I��?RQ�TFQE�AFCCBOBKQ�PFDKP�

�B�� �å �C�� �� �	�B�å�C�
�	�B�� �� �B�C�� �C���


7 B@>KRPBQEB>@OLKVJ3/!0 QLOBJBJ?BOQEBPFDKPTEBKC>@QLOFKDQEBPRJLOAFCCBOBK@BLC@R?BP�4EBCFOPQIBQQBOLCB>@E
TLOA�OBI>QBP�QL�QEB�PFDKP�S>JB OMMLPFQBAIT>VPPLPFQFSB��&LO�BU>JMIB��@LKPFABO�QEB�CLIILTFKD�BU>JMIB�

�Y�� �å �� �� �� �	�Y�å���
�	�Y�� �� ���Y�� ���


4EBPFDKLCQEBCFOPQ� FPQEBsame>PQEBPFDK?BQTBBK��Y�� �å �� �����4EBPFDKLCQEB����Y�QBOJFPoppositeQEBPFDK?BQTBBK

��Y�� �å �� ����� !KA�QEB�PFDK�LC�QEB�I>PQ�QBOJ�����FPalways positive�

)E=�1>4��9665B5>35�?6��E25C

7 B�@>K�C>@QLO�QEB�PRJ�LC�QTL�@R?BP�>P

��	���B�� �� �C�� �� �	�B�� �C�
�	�B�� �å �B�C�� �C���


7 B�@>K�C>@QLO�QEB�AFCCBOBK@B�LC�QTL�@R?BP�>P

��	����B�� �å �C�� �� �	�B�å�C�
�	�B�� �� �B�C�� �C���


Given a sum of cubes or difference of cubes, factor it.


 #LKCFOJ�QE>Q�QEB�CFOPQ�>KA�I>PQ�QBOJ�>OB�@R?BP���B�� �� �C�� �LO��B�� �å �C����

�
 &LO>PRJLC@R?BP�TOFQBQEBC>@QLOBACLOJ>P��	�B�� �C�
�	�B�� �å �B�C�� �C���
���&LO>AFCCBOBK@BLC@R?BP�TOFQBQEB

C>@QLOBA�CLOJ�>P��	�B�å�C�
�	�B�� �� �B�C�� �C���
��

�I2>A=6�
��

�92AE6C��'C6C6BF:D:E6D ��



1.53

1.54

�13D?B9>7�1�)E=�?6��E25C

&>@QLO��Y�� �� ��������

)?<ED9?>

.LQF@B�QE>Q��Y�� �>KA��������>OB�@R?BP�?B@>RPB��� �� �� ���������2BTOFQB�QEB�PRJ�LC�@R?BP�>P��	�Y�� ���
�	�Y�� �å ���Y�� �����
��

�>1<IC9C
!CQBOTOFQFKDQEBPRJLC@R?BPQEFPT>V� TB JFDEQQEFKHTB PELRIA@EB@HQLPBBFCQEBQOFKLJF>IMLOQFLK@>K?B
C>@QLOBA�CROQEBO��(LTBSBO��QEB�QOFKLJF>I�MLOQFLK�@>KKLQ�?B�C>@QLOBA��PL�TB�AL�KLQ�KBBA�QL�@EB@H�

&>@QLO�QEB�PRJ�LC�@R?BP���������B�� �� �C����

�I2>A=6�
��

�13D?B9>7�1��9665B5>35�?6��E25C

&>@QLO����Y�� �å ��������

)?<ED9?>

.LQF@BQE>Q����Y�� �>KA��������>OB@R?BP?B@>RPB����Y�� �� �	���Y�
�� �>KA������� �� �� �����7 OFQBQEBAFCCBOBK@BLC@R?BP>P

��	���Y�å���
�	���Y�� �� �����Y�� �����
��

�>1<IC9C
*RPQ�>P�TFQE�QEB�PRJ�LC�@R?BP��TB�TFII�KLQ�?B�>?IB�QL�CROQEBO�C>@QLO�QEB�QOFKLJF>I�MLOQFLK�

&>@QLO�QEB�AFCCBOBK@B�LC�@R?BP����� �������Y�� �å ����

�13D?B9>7��H@B5CC9?>C�G9D8��B13D9?>1<�?B�$571D9F5��H@?>5>DC
%UMOBPPFLKPTFQECO>@QFLK>ILOKBD>QFSBBUMLKBKQP@>K?BC>@QLOBA?VMRIIFKDLRQ>'#& � ,LLH CLOQEBS>OF>?IBLOBUMLKBKQ
QE>QFP@LJJLKQLB>@EQBOJLCQEBBUMOBPPFLK>KAMRIILRQQE>QS>OF>?IBLOBUMLKBKQO>FPBAQLQEBILTBPQMLTBO� 4EBPB

BUMOBPPFLKPCLIILTQEBP>JBC>@QLOFKDORIBP>PQELPBTFQEFKQBDBOBUMLKBKQP�&LOFKPQ>K@B�����Y
��
�� �� ���Y

��
�� �@>K?BC>@QLOBA?V

MRIIFKD�LRQ��Y
��
�� �>KA�?BFKD�OBTOFQQBK�>P��Y

��
���	�� �� ���Y

��
���
��

�I2>A=6�
��

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

�� �92AE6C��'C6C6BF:D:E6D

+9:D�4@?E6?E�:D�2G2:=23=6�7@C�7C66�2E�9EEA���=6824J
4?I
@C8�4@?E6?E�4@=����
�
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&>@QLO����Y�	�Y�� ���

�å��
�� �� ���	�Y�� ���


��
����

)?<ED9?>

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

�å��

����

�	�Y�� ���

�å��

���	���Y�� ���	�Y�� ���
�
 �' �B�D�U�P�S���P�V�U���U�I�F���(�$�'��

�	�Y�� ���

�å��

���	���Y�� ���Y�� ���
 �4�J�N�Q�M�J�G�Z��

�	�Y�� ���

�å��

���	���Y�� ���


&>@QLO����	���B�å���

��
�� �� ���B�	���B�å���


�å��
����

!@@BPP�QEBPB�LKIFKB�OBPLRO@BP�CLO�>AAFQFLK>I�FKPQOR@QFLK�>KA�MO>@QF@B�TFQE�C>@QLOFKD�MLIVKLJF>IP�

O �45>D96I������8DD@�

?@5>CD1H3?<<575	?B7
<
69>4736D?613D�

O �13D?B�*B9>?=91<C�G85>�1��AE1<C����8DD@�

?@5>CD1H3?<<575	?B7
<
613DDB9>?=��

O �13D?B�*B9>?=91<C�G85>�1�9C�>?D�5AE1<�D?����8DD@�

?@5>CD1H3?<<575	?B7
<
613DDB9>?=�

O �13D?B�)E=�?B��9665B5>35�?6��E25C��8DD@�

?@5>CD1H3?<<575	?B7
<
CE=4963E25�

�92AE6C��'C6C6BF:D:E6D ��

http://openstaxcollege.org/l/findgcftofact
http://openstaxcollege.org/l/facttrinom1
http://openstaxcollege.org/l/facttrinom2
http://openstaxcollege.org/l/sumdifcube
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�	���.�(��)�)
, 5B21<

)C�QEB�QBOJP�LC�>�MLIVKLJF>I�AL�KLQ�E>SB�>�'#&��ALBP�QE>Q�JB>K�FQ�FP�KLQ�C>@QLO>?IB��%UMI>FK�

! MLIVKLJF>IFPC>@QLO>?IB�?RQFQFPKLQ> MBOCB@QPNR>OBQOFKLJF>ILO> AFCCBOBK@BLCQTLPNR>OBP�#>KVLRC>@QLOQEB
MLIVKLJF>I�TFQELRQ�CFKAFKD�QEB�'#&�

(LT�AL�VLR�C>@QLO�?V�DOLRMFKD�

�<752B193

&LO�QEB�CLIILTFKD�BUBO@FPBP��CFKA�QEB�DOB>QBPQ�@LJJLK�C>@QLO�

�����Y�� ���Y�Z�å�����Y�Z��

�����N�C�� �å �����N�� �C�B�� �����N�B��

�����Y�� �Z�å�����Y�� �Z�� �� �������Y�Z��

�������Q�� �N�� �å �����Q�� �N�� �� �����N��

���� �K�� �L�� �å ���� �K�� �L�� �� ���� �K�� �L��

���Z�� �å ���Z�� �� ���Z�� �å �Z

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

���Y�� �� ���Y�å��

���B�� �� ���B�å����

���D�� �� �����D�� ����

���O�� �å �����O�å����

�����X�� �å �����X�� ����

���Q�� �å ���Q�å��

&LO�QEB�CLIILTFKD�BUBO@FPBP��C>@QLO�QEB�MLIVKLJF>I�

���Y�� �� �����Y�å��

�����I�� �å ���I �å ��

���C�� �å �����C�å������

���E�� �å�����E�� ��

�����W�� �å�������W�� ����

�����U�� �� �U�å����

�� �92AE6C��'C6C6BF:D:E6D

+9:D�4@?E6?E�:D�2G2:=23=6�7@C�7C66�2E�9EEA���=6824J
4?I
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����

����

���O�� �å �O�å����

�����Y�� �å ������

�����Z�� �å ������

�������Q�� �å ������

���N�� �å ��

�������E�� �å ����

�������Y�� �å ������

�������C�� �å �����D��

�����B�� �å ���B�� ��

�����O�� �� �������O�� ������

�������Y�� �å �����Y�� ����

�������Z�� �� �������Z�� ����

�N�� �å �����N�� ������

�N�� �å �����N�� ������

�����R�� �� �����R�� ����

&LO�QEB�CLIILTFKD�BUBO@FPBP��C>@QLO�QEB�MLIVKLJF>IP�

�Y�� �� ������

�����Z�� �å ��

�������B�� �� ������

�C�� �å ���E��

�����Y�� �å������

�������R�� �� ��������

�������S�� �� ����������T��

���Y�	�Y�å���

�å��

�� �� ���	�Y�å���

��
��

���D�	���D�� ���

�å��

�� �å ���	���D�� ���

��
��

�92AE6C��'C6C6BF:D:E6D ��
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���U�	�����U�� ���

��
�� �� ���	�����U�� ���


��
��

�����Y�	�Y�� ���

�å��

�� �� ���	�Y�� ���

��
��

���Z�	���Z�å�����

��
�� �å ���	���Z�å�����


��
��

���[�	���[ �å ���

�å��

�� �� �����	���[ �å ���

�å��

��

���E�	���E�� ���

�å��

�� �� ���	���E�� ���

��
��

(51<�- ?B<4��@@<931D9?>C

&LO�QEB�CLIILTFKD�BUBO@FPBP��@LKPFABO�QEFP�P@BK>OFL�

#E>OILQQBE>P>MMLFKQBA>@E>FOMBOPLKQLIB>A>@FQV?B>RQFCF@>QFLKMOLGB@Q�4EBCFOPQ>@QFPQLFKPQ>IIPQ>QRBP>KACLRKQ>FKPFK

LKBLCQEB@FQVdPM>OHP�4EBM>OHFP> OB@Q>KDIBTFQE>K>OB>LC������Y�� �� �������Y�å�����J � � >PPELTKFKQEBCFDROB?BILT� 4EB

IBKDQE�>KA�TFAQE�LC�QEB�M>OH�>OB�MBOCB@Q�C>@QLOP�LC�QEB�>OB>�

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

! PQ>QRBFPQL?BMI>@BAFKQEB@BKQBOLCQEBM>OH�4EB>OB>LCQEB?>PBLCQEBPQ>QRBFP����Y�� �� �����Y�� ���N�����&>@QLOQEB

>OB>�QL�CFKA�QEB�IBKDQEP�LC�QEB�PFABP�LC�QEB�PQ>QRB�

!Q QEBKLOQETBPQ@LOKBOLCQEBM>OH�QEB@FQVFPDLFKDQLFKPQ>II> CLRKQ>FK�4EB>OB>LCQEB?>PBLCQEBCLRKQ>FKFP

����Y�� �å �����N�����&>@QLO�QEB�>OB>�QL�CFKA�QEB�IBKDQEP�LC�QEB�PFABP�LC�QEB�CLRKQ>FK�

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

! P@ELLIFPFKPQ>IIFKD> CI>DMLIBFKQEB@BKQO>IMI>W>�4EBMI>W>FP> PNR>OBTFQEPFABIBKDQE��� VA�>PPELTKFKQEBCFDROB

?BILT��4EB�CI>DMLIB�TFII�Q>HB�RM�>�PNR>OB�MILQ�TFQE�>OB>��Y�� �å ���Y�� �� VA� �

�� �92AE6C��'C6C6BF:D:E6D

+9:D�4@?E6?E�:D�2G2:=23=6�7@C�7C66�2E�9EEA���=6824J
4?I
@C8�4@?E6?E�4@=����
�
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&FKA�QEB�IBKDQE�LC�QEB�?>PB�LC�QEB�CI>DMLIB�?V�C>@QLOFKD�

�HD5>C9?>C

&LO�QEB�CLIILTFKD�BUBO@FPBP��C>@QLO�QEB�MLIVKLJF>IP�@LJMIBQBIV�

�����Y�� �å �������Y�� �� ������

�����Z�� �å ������

�����[�� �å ����������B��

���Y�	���Y�� ���

�å��

�� �� �	�����Y�� ���

��
��

�	�����Y�� �� �����Y�� �å �������Y�å�������
�å��

�92AE6C��'C6C6BF:D:E6D �



�	� K(1D9?>1<��H@B5CC9?>C

"51B>9>7�%2:53D9F5C

!?�E9:D�D64E:@?�DEF56?ED�H:==�

�	�	� *:>A=:7J�C2E:@?2=�6IAC6DD:@?D


�	�	 $F=E:A=J�C2E:@?2=�6IAC6DD:@?D


�	�	� �:G:56�C2E:@?2=�6IAC6DD:@?D


�	�	� �55�2?5�DF3EC24E�C2E:@?2=�6IAC6DD:@?D


�	�	� *:>A=:7J�4@>A=6I�C2E:@?2=�6IAC6DD:@?D


! M>PQOVPELME>PCFUBA@LPQPLC����������MBOTBBH>KAS>OF>?IB@LPQPLC������MBO?LULCM>PQOFBP�4EBPELMdP@LPQPMBOTBBHFK

QBOJPLC��Y� QEBKRJ?BOLC?LUBPJ>AB�FP������� �� ���Y���7 B@>KAFSFABQEB@LPQPMBOTBBH?VQEBKRJ?BOLC?LUBPJ>ABQL

ABQBOJFKB�QEB�@LPQ�MBO�?LU�LC�M>PQOFBP�

������ �� ���Y
�Y

.LQF@BQE>QQEBOBPRIQFP>MLIVKLJF>IBUMOBPPFLKAFSFABA?V>PB@LKAMLIVKLJF>IBUMOBPPFLK�)KQEFPPB@QFLK�TBTFIIBUMILOB
NRLQFBKQP�LC�MLIVKLJF>I�BUMOBPPFLKP�

)9=@<96I9>7�(1D9?>1<��H@B5CC9?>C
4EBNRLQFBKQLCQTLMLIVKLJF>IBUMOBPPFLKPFP@>IIBA> rational expression� 7 B @>K>MMIVQEBMOLMBOQFBPLCCO>@QFLKP
QLO>QFLK>IBUMOBPPFLKP�PR@E>PPFJMIFCVFKDQEBBUMOBPPFLKP?V @>K@BIFKD@LJJLKC>@QLOPCOLJQEBKRJBO>QLO>KAQEB
ABKLJFK>QLO� 4L ALQEFP�TBCFOPQKBBAQLC>@QLO?LQEQEBKRJBO>QLO>KAABKLJFK>QLO� ,BQdPPQ>OQTFQEQEBO>QFLK>IBUMOBPPFLK
PELTK�

�Y�� �� ���Y�� ����
�Y�� �� �����Y�� ����

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

�	�Y�� ���
��

�	�Y�� ���
�	�Y�� ���


4EBK�TB�@>K�PFJMIFCV�QE>Q�BUMOBPPFLK�?V�@>K@BIFKD�QEB�@LJJLK�C>@QLO��	�Y�� ���
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Given a rational expression, simplify it.
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Can the��Y�� � term be cancelled in�H1=@<5��	�� ?

No.A factor is anexpressionthat is multipliedbyanotherexpression.The��Y�� � termis nota factorof thenumerator
or the denominator.
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Given two rational expressions, multiply them.
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Given two rational expressions, divide them.
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Given two rational expressions, add or subtract them.
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Do we have to use the LCD to add or subtract rational expressions?

No. Any common denominator will work, but it is easiest to use the LCD.
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Given a complex rational expression, simplify it.
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Can a complex rational expression always be simplified?

Yes. We can always rewrite a complex rational expression as a simplified rational expression.
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Given an equation, graph by plotting points.
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�E���	�å��� ���

�F���	��� �å���


&LO�B>@E�LC�QEB�CLIILTFKD�BUBO@FPBP��@LKPQOR@Q�>�Q>?IB�>KA�DO>ME�QEB�BNR>QFLK�?V�MILQQFKD�>Q�IB>PQ�QEOBB�MLFKQP�

�Z�� ��
��

�Y�� ��

�Z�� �å���Y�� ��

���Z�� �Y�� ��

$E=5B93

&LOB>@ELCQEBCLIILTFKDBUBO@FPBP�CFKA>KAMILQQEBx- >KAyFKQBO@BMQP�>KADO>MEQEBPQO>FDEQIFKB?>PBALKQELPBQTL
MLFKQP�

���Y�å���Z�� ����

�Y�å���Z�� ��

�Z�å�� �� ���Y

���Z�� �å���Y�� ��

�Z�� �Y�å��
��

&LO�B>@E�LC�QEB�CLIILTFKD�BUBO@FPBP��RPB�QEB�DO>ME�FK�QEB�CFDROB�?BILT�
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&FKA�QEB�AFPQ>K@B�?BQTBBK�QEB�QTL�BKAMLFKQP�RPFKD�QEB�AFPQ>K@B�CLOJRI>��2LRKA�QL�QEOBB�AB@FJ>I�MI>@BP�

&FKA�QEB�@LLOAFK>QBP�LC�QEB�JFAMLFKQ�LC�QEB�IFKB�PBDJBKQ�@LKKB@QFKD�QEB�QTL�MLFKQP�

&FKA�QEB�AFPQ>K@B�QE>Q��	�å��� ���
�FP�COLJ�QEB�LOFDFK�

&FKA�QEB�AFPQ>K@B�QE>Q��	��� ���
�FP�COLJ�QEB�LOFDFK��2LRKA�QL�QEOBB�AB@FJ>I�MI>@BP�

7EF@E�MLFKQ�FP�@ILPBO�QL�QEB�LOFDFK�

* 538>?<?7I

&LO�QEB�CLIILTFKD�BUBO@FPBP��RPB�VLRO�DO>MEFKD�@>I@RI>QLO�QL�FKMRQ�QEB�IFKB>O�DO>MEP�FK�QEB�9��DO>ME�JBKR�

!CQBODO>MEFKDFQ�RPBQEB� KA#!,# ?RQQLK>KA��S>IRB?RQQLK�EFQBKQBO� !Q QEBILTBOM>OQLCQEBP@OBBKVLRTFIIPBBeU�f
>KA>?IFKHFKD@ROPLO� 9LRJ>V BKQBO>KVKRJ?BOCLOx >KAFQTFIIAFPMI>VQEBy S>IRBCLO>KVx S>IRBVLRFKMRQ�5PBQEFP>KA
MIRD�FKx �����QERP�CFKAFKD�QEByFKQBO@BMQ��CLO�B>@E�LC�QEB�CLIILTFKD�DO>MEP�

�: �� �� �å���Y�� ��

�: �� �� ���Y�å��
��

�: �� �� �Y�� ��
��

&LO�QEB�CLIILTFKD�BUBO@FPBP��RPB�VLRO�DO>MEFKD�@>I@RI>QLO�QL�FKMRQ�QEB�IFKB>O�DO>MEP�FK�QEB�9��DO>ME�JBKR�

!CQBODO>MEFKDFQ�RPBQEB� KA#!,# ?RQQLK>KA��WBOL?RQQLK�EFQBKQBO� !Q QEBILTBOM>OQLCQEBP@OBBKVLRTFIIPBBeIBCQ
?LRKA�f>KA> ?IFKHFKD@ROPLOLKQEBDO>MELCQEBIFKB�-LSB QEFP@ROPLOQLQEBIBCQLCQEBxFKQBO@BMQ�EFQ%.4%2� .LT FQ
P>VPeOFDEQ?LRKA�f-LSB QEB@ROPLOQLQEBOFDEQLCQEBxFKQBO@BMQ�EFQBKQBO� .LT FQP>VPeDRBPP�f-LSB VLRO@ROPLOQL
QEBIBCQPLJBTEBOBFK?BQTBBKQEBIBCQ>KAOFDEQ?LRKAKB>OQEBxFKQBO@BMQ�(FQBKQBO� !Q QEB?LQQLJLCVLROP@OBBKFQTFII
AFPMI>V�QEB�@LLOAFK>QBP�LC�QEBx-FKQBO@BMQ�LO�QEB�eWBOLf�QL�QEByS>IRB��5PB�QEFP�QL�CFKA�QEBxFKQBO@BMQ�

.LQB�7 FQEIFKB>O�PQO>FDEQIFKBCRK@QFLKPQEBWBOLFPKLQOB>IIV> eDRBPP�f?RQFQFPKB@BPP>OVQLBKQBO> eDRBPPfPLFQTFII
PB>O@E>KACFKAQEBBU>@QxFKQBO@BMQ?BQTBBKVLROOFDEQ>KAIBCQ?LRKA>OFBP�7 FQELQEBOQVMBPLCCRK@QFLKP	JLOBQE>KLKB
xFKQBO@BMQ
�QEBVJ>V ?BFOO>QFLK>IKRJ?BOPPLeDRBPPfFPJLOB>MMOLMOF>QBQLDFSBFQQEB@LOOB@QIFJFQPQLCFKA>SBOV@ILPB
>MMOLUFJ>QFLK�?BQTBBK�QEB�IBCQ�>KA�OFDEQ�?LRKA>OFBP�

�: �� �� �å���Y�� ��

�� �92AE6C����BF2E:@?D�2?5�!?6BF2=:E:6D
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�: �� �� ���Y�å��

�: �� �� ���Y�� ��
��

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

�HD5>C9?>C

! J>K AOLSB�� JF AFOB@QIVB>PQCOLJEFPELJB�J>AB>IBCQQROK>Q>KFKQBOPB@QFLK�>KAQEBKQO>SBIBA� JF KLOQEQLEFP
MI>@BLCTLOH�)C>OL>AT>PJ>ABAFOB@QIVCOLJEFPELJBQLEFPMI>@BLCTLOH�TE>QTLRIAFQPAFPQ>K@B?BQLQEBKB>OBPQQBKQE
LC�>�JFIB�

)C�QEB�OL>A�T>P�J>AB�FK�QEB�MOBSFLRP�BUBO@FPB��ELT�JR@E�PELOQBO�TLRIA�QEB�J>KdP�LKBT>V�QOFM�?B�BSBOV�A>V�

'FSBKQEBPBCLROMLFKQP���"�	��� ���
� �#�	�å��� ���
� �$�	��� ���
� ���B�O�E�����%�	��� �å���
� CFKAQEB@LLOAFK>QBPLCQEBJFAMLFKQLCIFKB

PBDJBKQP��"�#�>KA��$�%��

!CQBOCFKAFKDQEBQTLJFAMLFKQPFKQEBMOBSFLRPBUBO@FPB�CFKAQEBAFPQ>K@B?BQTBBKQEBQTLJFAMLFKQPQLQEBKB>OBPQ
QELRP>KAQE�

'FSBKQEBDO>MELCQEBOB@Q>KDIBPELTK>KAQEB@LLOAFK>QBPLCFQPSBOQF@BP�MOLSBQE>QQEBAF>DLK>IPLCQEBOB@Q>KDIB>OB
LC�BNR>I�IBKDQE�

)K�QEB�MOBSFLRP�BUBO@FPB��CFKA�QEB�@LLOAFK>QBP�LC�QEB�JFAMLFKQ�CLO�B>@E�AF>DLK>I�

(51<�- ?B<4��@@<931D9?>C

4EB @LLOAFK>QBPLK > J>M CLO3>K &O>K@FP@L>OB��	����� �����
�>KAQELPBCLO3>@O>JBKQL>OB��	������� �����
��� .LQB QE>Q

@LLOAFK>QBP�OBMOBPBKQ�JFIBP��&FKA�QEB�AFPQ>K@B�?BQTBBK�QEB�@FQFBP�QL�QEB�KB>OBPQ�JFIB�

)C3>K*LPBdP@LLOAFK>QBP>OB��	����� �å�����
� TEBOBQEB@LLOAFK>QBPOBMOBPBKQJFIBP�CFKAQEBAFPQ>K@B?BQTBBK3>K*LPB>KA

3>K�&O>K@FP@L�QL�QEB�KB>OBPQ�JFIB�

! PJ>II @O>CQFK,>HB/KQ>OFLPBKAPLRQ> AFPQOBPPPFDK>I�4EB@LLOAFK>QBPLCQEB?L>QFKQOLR?IBTBOB��	����� �����
��� /KB

OBP@RB?L>QFP>QQEB@LLOAFK>QBP��	����� �����
�>KA>PB@LKA#L>PQ'R>OA@O>CQFP>Q@LLOAFK>QBP��	����� �����
��� !PPRJFKD?LQEOBP@RB

@O>CQ�QO>SBI�>Q�QEB�P>JB�O>QB��TEF@E�LKB�TLRIA�DBQ�QL�QEB�AFPQOBPPBA�?L>Q�QEB�C>PQBPQ�
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! J>K LKQEBQLMLC>?RFIAFKDT>KQPQLE>SB>DRVTFOBBUQBKAQL>MLFKQLKQEBDOLRKA�� CQCOLJQEB?RFIAFKD�4L QEB
KB>OBPQ�CLLQ��ELT�ILKD�TFII�QEB�TFOB�E>SB�QL�?B�FC�QEB�?RFIAFKD�FP����CQ�Q>II�

)CTBOBKQ>QOR@H>KAM>V>���� A>VCBBMIRP���� CLOBSBOVJFIBTBQO>SBI�TOFQB>IFKB>OBNR>QFLKQE>QTLRIABUMOBPPQEB
QLQ>I@LPQ��Z� RPFKD��Y�QLOBMOBPBKQQEBKRJ?BOLCJFIBPTB QO>SBI�'O>MEQEFPCRK@QFLKLKVLRODO>MEFKD@>I@RI>QLO>KACFKA

QEB�QLQ>I�@LPQ�CLO�LKB�A>V�FC�TB�QO>SBI����JF�
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#>OLIFKBFP> CRIIQFJB@LIIBDBPQRABKQMI>KKFKD> PMOFKD?OB>HS>@>QFLK�4L B>OKBKLRDEJLKBVCLOQEBQOFM�PEBE>PQ>HBK
> M>OQQFJBGL?>QQEBIL@>I?>KHQE>QM>VP������� EO� >KAPEBLMBKBA> P>SFKDP>@@LRKQTFQE>KFKFQF>IABMLPFQLC���� LK
*>KR>OV��� 3EB>OO>KDBACLOAFOB@QABMLPFQLCEBOM>VOLII@EB@HP�)CPMOFKD?OB>H?BDFKP->O@E�� >KAQEBQOFMTFII@LPQ
>MMOLUFJ>QBIV������� ELT J>KVELROPTFIIPEBE>SBQLTLOHQLB>OKBKLRDEQLM>VCLOEBOS>@>QFLK�)CPEB@>KLKIVTLOH
� ELROPMBOA>V� ELT J>KVA>VPMBOTBBHTFIIPEBE>SBQLTLOH�(LT J>KVTBBHPTFIIFQQ>HB�)K QEFPPB@QFLK�TB TFII
FKSBPQFD>QB�MOL?IBJP�IFHB�QEFP�>KA�LQEBOP��TEF@E�DBKBO>QB�DO>MEP�IFHB�QEB�IFKB�FK�97EB5�	�� �

�97EB5�	��

)?<F9>7�"9>51B��AE1D9?>C�9>�%>5�,1B912<5
! linear equation FP>KBNR>QFLKLC> PQO>FDEQIFKB�TOFQQBKFKLKBS>OF>?IB�4EBLKIVMLTBOLCQEBS>OF>?IBFP�� ,FKB>O
BNR>QFLKP�FK�LKB�S>OF>?IB�J>V�Q>HB�QEB�CLOJ��B�Y�� �C�� ���>KA�>OB�PLISBA�RPFKD�?>PF@�>IDB?O>F@�LMBO>QFLKP�

7 B?BDFK?V@I>PPFCVFKDIFKB>OBNR>QFLKPFKLKBS>OF>?IB>PLKBLCQEOBBQVMBP�FABKQFQV� @LKAFQFLK>I�LOFK@LKPFPQBKQ�!K
identity equation FP�QORB�CLO�>II�S>IRBP�LC�QEB�S>OF>?IB��(BOB�FP�>K�BU>JMIB�LC�>K�FABKQFQV�BNR>QFLK�

���Y�� ���Y�� �Y

4EBsolution set @LKPFPQPLC>II S>IRBPQE>QJ>HBQEBBNR>QFLKQORB�&LOQEFPBNR>QFLK�QEBPLIRQFLKPBQFP>II OB>IKRJ?BOP
?B@>RPB�>KV�OB>I�KRJ?BO�PR?PQFQRQBA�CLO��Y�TFII�J>HB�QEB�BNR>QFLK�QORB�

! conditional equation FPQORBCLOLKIVPLJB S>IRBPLCQEBS>OF>?IB�&LOBU>JMIB�FCTB >OBQLPLISBQEBBNR>QFLK
����Y�� �� �� ���Y�å��� TB�E>SB�QEB�CLIILTFKD�

���Y�� �� �� ���Y�å��
���Y�� �å��
�Y�� �å��

4EBPLIRQFLKPBQ@LKPFPQPLCLKBKRJ?BO���\�å��� �̂�� )QFPQEBLKIVPLIRQFLK>KA�QEBOBCLOB�TBE>SBPLISBA>@LKAFQFLK>IBNR>QFLK�
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2.5

!K inconsistentequation OBPRIQPFK> C>IPBPQ>QBJBKQ�&LOBU>JMIB�FCTB >OBQLPLISB����Y�å���� �� ���	�Y�å���
� TB E>SBQEB

CLIILTFKD�

���Y�å���� �� ���Y�å����
���Y�å���� �å ���Y�� ���Y�å���� �å ���Y �4�V�C�U�S�B�D�U�����Y���G�S�P�N���C�P�U�I���T�J�E�F�T��

�å���� �v �å���� �� �' �B�M�T�F���T�U�B�U�F�N�F�O�U

)KABBA���å���� �v ��å�������4EBOB�FP�KL�PLIRQFLK�?B@>RPB�QEFP�FP�>K�FK@LKPFPQBKQ�BNR>QFLK�

3LISFKDIFKB>OBNR>QFLKPFKLKBS>OF>?IBFKSLISBPQEBCRKA>JBKQ>IMOLMBOQFBPLCBNR>IFQV>KA?>PF@>IDB?O>F@LMBO>QFLKP�!
?OFBC�OBSFBT�LC�QELPB�LMBO>QFLKP�CLIILTP�

"9>51B��AE1D9?>�9>�%>5�,1B912<5

!�IFKB>O�BNR>QFLK�FK�LKB�S>OF>?IB�@>K�?B�TOFQQBK�FK�QEB�CLOJ

�B�Y�� �C�� ��

TEBOBa >KAb >OB�OB>I�KRJ?BOP���B�v ����

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

4EBCLIILTFKDPQBMP>OBRPBAQLJ>KFMRI>QB>KBNR>QFLK>KAFPLI>QBQEBRKHKLTKS>OF>?IB�PLQE>QQEBI>PQIFKBOB>AP
��Y�� �@�@�@�@�@�@�@�@�@�FCx FP�QEB�RKHKLTK��4EBOB�FP�KL�PBQ�LOABO��>P�QEB�PQBMP�RPBA�ABMBKA�LK�TE>Q�FP�DFSBK�


 7 BJ>V >AA�PR?QO>@Q�JRIQFMIV� LOAFSFAB>KBNR>QFLK?V>KRJ?BOLO>KBUMOBPPFLK>PILKD>PTB ALQEB
P>JB�QEFKD�QL�?LQE�PFABP�LC�QEB�BNR>I�PFDK��.LQB�QE>Q�TB�@>KKLQ�AFSFAB�?V�WBOL�

�
 !MMIV�QEB�AFPQOF?RQFSB�MOLMBOQV�>P�KBBABA���B�	�C�� �D�
 �� �B�C�� �B�D��

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

�
 7EBKQEBS>OF>?IBFPJRIQFMIFBA?V> @LBCCF@FBKQFKQEBCFK>IPQ>DB�JRIQFMIV?LQEPFABPLCQEBBNR>QFLK?V
QEB�OB@FMOL@>I�LC�QEB�@LBCCF@FBKQ�

�I2>A=6��
�

)?<F9>7�1>��AE1D9?>�9>�%>5�,1B912<5

3LISB�QEB�CLIILTFKD�BNR>QFLK�����Y�� �� �� ������

)?<ED9?>

4EFPBNR>QFLK@>K?B TOFQQBKFKQEBCLOJ��B�Y�� �C�� ���?V PR?QO>@QFKD������COLJ?LQEPFABP�(LTBSBO� TB J>V

MOL@BBA�QL�PLISB�QEB�BNR>QFLK�FK�FQP�LOFDFK>I�CLOJ�?V�MBOCLOJFKD�>IDB?O>F@�LMBO>QFLKP�

���Y�� �� �� ����
���Y�� ���� �4�V�C�U�S�B�D�U�������G�S�P�N���C�P�U�I���T�J�E�F�T��

�Y�� �� �.�V�M�U�J�Q�M�Z���C�P�U�I���T�J�E�F�T���C�Z��
��

���P�S���E�J�W�J�E�F���C�Z������

4EB�PLIRQFLK�FP��Y�� ����

3LISB�QEB�IFKB>O�BNR>QFLK�FK�LKB�S>OF>?IB�����Y�� �� �� �å����
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2.6

�I2>A=6��
�

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

3LISB�QEB�CLIILTFKD�BNR>QFLK�����	�Y�å���
�� ���� �� �����å���	�Y�� ���
��

)?<ED9?>

!MMIV�PQ>KA>OA�>IDB?O>F@�MOLMBOQFBP�

���	�Y�å���
�� ���� �� ���� �å ���	�Y�� ���

���Y�å���� �� ���� �� ���� �å ���Y�å���� �� �"�Q�Q�M�Z���U�I�F���E�J�T�U�S�J�C�V�U�J�W�F���Q�S�P�Q�F�S�U�Z��

���Y�� �å���� �å ���Y �$�P�N�C�J�O�F���M�J�L�F���U�F�S�N�T��
���Y�� �å���� �� �1�M�B�D�F���Y�å�U�F�S�N�T���P�O���P�O�F���T�J�E�F���B�O�E���T�J�N�Q�M�J�G�Z��

�Y�� �å ����
��

�.�V�M�U�J�Q�M�Z���C�P�U�I���T�J�E�F�T���C�Z����
��

����U�I�F���S�F�D�J�Q�S�P�D�B�M���P�G������

�Y�� �å ��
��

�>1<IC9C
4EFPMOL?IBJOBNRFOBPQEBAFPQOF?RQFSBMOLMBOQVQL?B>MMIFBAQTF@B�>KAQEBKQEBMOLMBOQFBPLC>IDB?O>>OBRPBAQL

OB>@E�QEB�CFK>I�IFKB���Y�� �å ��
��

��

3LISB�QEB�BNR>QFLK�FK�LKB�S>OF>?IB���å���	���Y�å���
�� �Y�� ���� �å �Y��

)?<F9>7�1�(1D9?>1<��AE1D9?>
)KQEFPPB@QFLK�TBILLH>QO>QFLK>IBNR>QFLKPQE>Q�>CQBOPLJBJ>KFMRI>QFLK�OBPRIQFK>IFKB>OBNR>QFLK�)C>KBNR>QFLK@LKQ>FKP
>Q�IB>PQ�LKB�O>QFLK>I�BUMOBPPFLK��FQ�FP�>�@LKPFABOBA�>rational equation�

2B@>IIQE>Q>O>QFLK>IKRJ?BOFPQEBO>QFLLCQTLKRJ?BOP�PR@E>P���
��

�LO���
��

��� ! O>QFLK>IBUMOBPPFLKFPQEBO>QFL�LONRLQFBKQ�LC

QTL�MLIVKLJF>IP��(BOB�>OB�QEOBB�BU>JMIBP�

�Y�� ��
�Y�� �å ��

� � ��
�Y�å��

� ��P�S� ��
�Y�� �� �Y�å��

2>QFLK>IBNR>QFLKPE>SB> S>OF>?IBFKQEBABKLJFK>QLOFK>QIB>PQLKBLCQEBQBOJP�/RO DL>IFPQLMBOCLOJ>IDB?O>F@
LMBO>QFLKPPLQE>QQEBS>OF>?IBP>MMB>OFKQEBKRJBO>QLO� )K C>@Q�TB TFIIBIFJFK>QB>II ABKLJFK>QLOP?VJRIQFMIVFKD?LQE
PFABP�LC�QEB�BNR>QFLK�?V�QEBIB>PQ�@LJJLK�ABKLJFK>QLO	,#$
�

&FKAFKDQEB,#$ FPFABKQFCVFKD>KBUMOBPPFLKQE>Q@LKQ>FKPQEBEFDEBPQMLTBOLC>IILCQEBC>@QLOPFK>IILCQEBABKLJFK>QLOP�
7 BALQEFP?B@>RPBTEBKQEBBNR>QFLKFPJRIQFMIFBA?VQEB,#$� QEB@LJJLKC>@QLOPFKQEB,#$ >KAFKB>@EABKLJFK>QLO
TFII�BNR>I�LKB�>KA�TFII�@>K@BI�LRQ�

�I2>A=6��
 

)?<F9>7�1�(1D9?>1<��AE1D9?>

3LISB�QEB�O>QFLK>I�BNR>QFLK�� ��
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Given an equation for a line, write the equation of a line parallel or perpendicular to it.
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Given a real-world problem, model a linear equation to fit it.


 )ABKQFCV�HKLTK�NR>KQFQFBP�

�
 !PPFDK�>�S>OF>?IB�QL�OBMOBPBKQ�QEB�RKHKLTK�NR>KQFQV�

�
 )C�QEBOB�FP�JLOB�QE>K�LKB�RKHKLTK�NR>KQFQV��CFKA�>�T>V�QL�TOFQB�QEB�PB@LKA�RKHKLTK�FK�QBOJP�LC�QEB�CFOPQ�

�
 7 OFQB�>K�BNR>QFLK�FKQBOMOBQFKD�QEB�TLOAP�>P�J>QEBJ>QF@>I�LMBO>QFLKP�

�
 3LISB�QEB�BNR>QFLK��"B�PROB�QEB�PLIRQFLK�@>K�?B�BUMI>FKBA�FK�TLOAP��FK@IRAFKD�QEB�RKFQP�LC�JB>PROB�

�I2>A=6��
��

#?45<9>7�1�"9>51B��AE1D9?>�D?�)?<F5�1>�+>;>?G>�$E=25B�&B?2<5=

&FKA> IFKB>OBNR>QFLKQLPLISBCLOQEBCLIILTFKDRKHKLTKNR>KQFQFBP�/KB KRJ?BOBU@BBAP>KLQEBOKRJ?BO?V
������>KA�QEBFO�PRJ�FP��������&FKA�QEB�QTL�KRJ?BOP�

)?<ED9?>

,BQ��Y�BNR>IQEBCFOPQKRJ?BO� 4EBK�>PQEBPB@LKAKRJ?BOBU@BBAPQEBCFOPQ?V��� TB@>KTOFQBQEBPB@LKAKRJ?BO
>P��Y�� �������4EB�PRJ�LC�QEB�QTL�KRJ?BOP�FP�����7B�RPR>IIV�FKQBOMOBQ�QEB�TLOAis >P�>K�BNR>I�PFDK�

�� �92AE6C����BF2E:@?D�2?5�!?6BF2=:E:6D

+9:D�4@?E6?E�:D�2G2:=23=6�7@C�7C66�2E�9EEA���=6824J
4?I
@C8�4@?E6?E�4@=����
�



2.17

�Y�� �	�Y�� �����
 �� ����
���Y�� ���� �� ���� �4�J�N�Q�M�J�G�Z���B�O�E���T�P�M�W�F��

���Y�� ����
�Y�� ��

�Y�� ���� �� �� �� ����
�� ����

4EB�QTL�KRJ?BOP�>OB����>KA�������

&FKA> IFKB>OBNR>QFLKQLPLISBCLOQEBCLIILTFKDRKHKLTKNR>KQFQFBP�/KB KRJ?BOFPQEOBBJLOBQE>K
QTF@B�>KLQEBO�KRJ?BO��)C�QEB�PRJ�LC�QEB�QTL�KRJ?BOP�FP������ CFKA�QEB�KRJ?BOP�

�I2>A=6��
��

)5DD9>7�+@�1�"9>51B��AE1D9?>�D?�)?<F5�1�(51<�-?B<4��@@<931D9?>

4EBOB>OBQTL@BIIMELKB@LJM>KFBPQE>QLCCBOAFCCBOBKQM>@H>DBP�#LJM>KV! @E>ODBP> JLKQEIVPBOSF@BCBBLC
����MIRP������JFK�Q>IHQFJB��#LJM>KV�"�@E>ODBP�>�JLKQEIV�PBOSF@B�CBB�LC�����MIRP������JFK�Q>IHQFJB�

>� 7 OFQB�>�IFKB>O�BNR>QFLK�QE>Q�JLABIP�QEB�M>@H>DBP�LCCBOBA�?V�?LQE�@LJM>KFBP�

?� )C�QEB�>SBO>DB�KRJ?BO�LC�JFKRQBP�RPBA�B>@E�JLKQE�FP��������TEF@E�@LJM>KV�LCCBOP�QEB�?BQQBO�MI>K�

@� )C�QEB�>SBO>DB�KRJ?BO�LC�JFKRQBP�RPBA�B>@E�JLKQE�FP������TEF@E�@LJM>KV�LCCBOP�QEB�?BQQBO�MI>K�

A� (LT�J>KV�JFKRQBP�LC�Q>IHQFJB�TLRIA�VFBIA�BNR>I�JLKQEIV�PQ>QBJBKQP�COLJ�?LQE�@LJM>KFBP�

)?<ED9?>

>� 4EBJLABICLO#LJM>KVA @>K?BTOFQQBK>P��" �� ���������Y�� �������4EFPFK@IRABPQEBS>OF>?IB@LPQLC����������Y�
MIRPQEBJLKQEIVPBOSF@B@E>ODBLC���� #LJM>KVBdPM>@H>DB@E>ODBP>EFDEBOJLKQEIVCBBLC���� ?RQ>
ILTBO�S>OF>?IB�@LPQ�LC����������Y���#LJM>KVBdP�JLABI�@>K�?B�TOFQQBK�>P��#�� ���������Y�� ��������

?� )C�QEB�>SBO>DB�KRJ?BO�LC�JFKRQBP�RPBA�B>@E�JLKQE�FP��������TB�E>SB�QEB�CLIILTFKD�

�$�P�N�Q�B�O�Z���" �� ���������	����������
�� ����
�� ���� �� ����
�� ����

�$�P�N�Q�B�O�Z���#�� ���������	����������
�� ����
�� ���������� ����
�� ��������

3L� #LJM>KVB LCCBOPQEBILTBOJLKQEIV@LPQLC������ >P@LJM>OBATFQEQEB��� JLKQEIV@LPQLCCBOBA
?V�#LJM>KVA TEBK�QEB�>SBO>DB�KRJ?BO�LC�JFKRQBP�RPBA�B>@E�JLKQE�FP�������

@� )C�QEB�>SBO>DB�KRJ?BO�LC�JFKRQBP�RPBA�B>@E�JLKQE�FP������TB�E>SB�QEB�CLIILTFKD�

�92AE6C����BF2E:@?D�2?5�!?6BF2=:E:6D ��



2.18

�$�P�N�Q�B�O�Z���" �� ���������	�������
�� ����
�� ���� �� ����
�� ����

�$�P�N�Q�B�O�Z���#�� ���������	�������
�� ����
�� ���������� ����
�� ��������

)CQEB>SBO>DBKRJ?BOLCJFKRQBPRPBAB>@EJLKQEFP���� QEBK#LJM>KVA LCCBOP> ILTBOJLKQEIV@LPQ
LC�����@LJM>OBA�QL�#LJM>KVBdP�JLKQEIV�@LPQ�LC��������

A� 4L >KPTBOQEBNRBPQFLKLCELT J>KVQ>IHQFJBJFKRQBPTLRIAVFBIAQEBP>JB?FIICOLJ?LQE@LJM>KFBP�
TBPELRIAQEFKH>?LRQQEBMOL?IBJFKQBOJPLC��	�Y� �Z�
�@LLOAFK>QBP�!Q TE>QMLFKQ>OB?LQEQEBx-S>IRB>KA

QEBy-S>IRB�BNR>I��7B�@>K�CFKA�QEFP�MLFKQ�?V�PBQQFKD�QEB�BNR>QFLKP�BNR>I�QL�B>@E�LQEBO�>KA�PLISFKD�CLOx.

���������Y�� ���� �� ���������Y�� ����
���������Y�� ��

�Y�� ������
#EB@H�QEBx-S>IRB�FK�B>@E�BNR>QFLK�

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

4EBOBCLOB��>�JLKQEIV�>SBO>DB�LC�����Q>IHQFJB�JFKRQBP�OBKABOP�QEB�MI>KP�BNR>I��3BB�97EB5�	�

�97EB5�	�

&FKA>IFKB>OBNR>QFLKQLJLABIQEFPOB>ITLOIA>MMIF@>QFLK�)Q@LPQP!"# BIB@QOLKF@P@LJM>KV����� MBO
RKFQQLMOLAR@B> M>OQRPBAFK> MLMRI>O?O>KALCABPHQLM@LJMRQBOP�4EB@LJM>KVE>PJLKQEIVLMBO>QFKD
BUMBKPBP�LC������CLO�RQFIFQFBP�>KA��������CLO�P>I>OFBP��7E>Q�>OB�QEB�@LJM>KVdP�JLKQEIV�BUMBKPBP�

+C9>7�1��?B=E<1�D?�)?<F5�1�(51<�- ?B<4��@@<931D9?>
->KV >MMIF@>QFLKP>OBPLISBARPFKDHKLTKCLOJRI>P�4EBMOL?IBJFPPQ>QBA�> CLOJRI>FPFABKQFCFBA�QEBHKLTKNR>KQFQFBP
>OBPR?PQFQRQBAFKQLQEBCLOJRI>�QEBBNR>QFLKFPPLISBACLOQEBRKHKLTK�>KAQEBMOL?IBJdPNRBPQFLKFP>KPTBOBA�4VMF@>IIV�
QEBPBMOL?IBJPFKSLISBQTLBNR>QFLKPOBMOBPBKQFKDQTLQOFMP�QTLFKSBPQJBKQP�QTL>OB>P�>KAPLLK�%U>JMIBPLCCLOJRI>P
FK@IRABQEBarea LC> OB@Q>KDRI>OOBDFLK���" �� �-�8��QEBperimeter LC> OB@Q>KDIB���1�� ���- �� ���8 ��>KAQEBvolume LC>

�� �92AE6C����BF2E:@?D�2?5�!?6BF2=:E:6D

+9:D�4@?E6?E�:D�2G2:=23=6�7@C�7C66�2E�9EEA���=6824J
4?I
@C8�4@?E6?E�4@=����
�



OB@Q>KDRI>OPLIFA���7 �� �-�8 �) ���7EBKQEBOB>OBQTLRKHKLTKP�TB CFKA>T>VQLTOFQBLKBFKQBOJPLCQEBLQEBO?B@>RPBTB
@>K�PLISB�CLO�LKIV�LKB�S>OF>?IB�>Q�>�QFJB�

�I2>A=6��
��

)?<F9>7�1>��@@<931D9?>�+C9>7�1��?B=E<1

)QQ>HBP!KAOBT�� JFKQLAOFSBQLTLOHFKQEBJLOKFKD�(B AOFSBPELJBRPFKDQEBP>JBOLRQB�?RQFQQ>HBP�� JFK
ILKDBO��>KA�EB�>SBO>DBP����JF�E�IBPP�QE>K�FK�QEB�JLOKFKD��(LT�C>O�ALBP�!KAOBT�AOFSB�QL�TLOH�

)?<ED9?>

4EFPFP> AFPQ>K@BMOL?IBJ�PLTB @>KRPBQEBCLOJRI>��E�� �S�U� TEBOBAFPQ>K@BBNR>IPO>QBJRIQFMIFBA?VQFJB�

.LQBQE>QTEBKO>QBFPDFSBKFKJF�E�QFJBJRPQ?BBUMOBPPBAFKELROP�#LKPFPQBKQRKFQPLCJB>PROBJBKQ>OBHBV
QL�L?Q>FKFKD�>�@LOOB@Q�PLIRQFLK�

&FOPQ�TB FABKQFCVQEBHKLTK>KARKHKLTKNR>KQFQFBP�!KAOBTdPJLOKFKDAOFSBQLTLOHQ>HBP�� JFK�LO���
��

�E>Q

O>QB��S��� (FPAOFSBELJBQ>HBP�� JFK�LO���
��

�E�>KAEFPPMBBA>SBO>DBP�� JF�E IBPPQE>KQEBJLOKFKDAOFSB�"LQE

QOFMP@LSBOAFPQ>K@B��E��� ! Q>?IB�PR@E>P* 12<5	� � FPLCQBKEBIMCRICLOHBBMFKDQO>@HLCFKCLOJ>QFLKFKQEBPBQVMBP
LC�MOL?IBJP�

�E �S �U

To Work �E �S ��
��

To Home �E �S�å���� ��
��

* 12<5�	�

7 OFQB�QTL�BNR>QFLKP��LKB�CLO�B>@E�QOFM�

�E�� �S�1�3
��
��

�4
�6 �5�P���X�P�S�L

�E�� �	�S�å�����
�1�3
��
��

�4
�6 �5�P���I�P�N�F

!P�?LQE�BNR>QFLKP�BNR>I�QEB�P>JB�AFPQ>K@B��TB�PBQ�QEBJ�BNR>I�QL�B>@E�LQEBO�>KA�PLISB�CLOr�

�S�1�3
��
��

�4
�6�� �	�S�å�����
�1�3

��
��

�4
�6

��
��

�S�� ��
��

�S�å ����
��

��
��

�S�å ��
��

�S�� �å ����
��

�å��
��

�S�� �å ����
��

�S�� �å ����
��

�	�å���


�S�� ����

7 BE>SBPLISBACLOQEBO>QBLCPMBBAQLTLOH��� JME�3R?PQFQRQFKD�� FKQLQEBO>QBLKQEBOBQROKQOFMVFBIAP�� JF�
E��.LT�TB�@>K�>KPTBO�QEB�NRBPQFLK��3R?PQFQRQB�QEB�O>QB�?>@H�FKQL�BFQEBO�BNR>QFLK�>KA�PLISB�CLOd.

�92AE6C����BF2E:@?D�2?5�!?6BF2=:E:6D ��



2.19

�E�� �����1�3
��
��

�4
�6

�� ����

4EB�AFPQ>K@B�?BQTBBK�ELJB�>KA�TLOH�FP����JF�

�>1<IC9C
.LQBQE>QTB @LRIAE>SB@IB>OBAQEBCO>@QFLKPFKQEBBNR>QFLK?VJRIQFMIVFKD?LQEPFABPLCQEBBNR>QFLK?VQEB
,#$�QL�PLISB�CLO��S��

�S�1�3
��
��

�4
�6�� �	�S�å�����
�1�3

��
��

�4
�6

����°��S�1�3
��
��

�4
�6�� ����°��	�S�å�����
�1�3

��
��

�4
�6

���S�� ���	�S�å�����

���S�� ���S�å����

�å�S�� �å����
�S�� ����

/K 3>QROA>VJLOKFKD�FQQLLH*BKKFCBO��� EQLAOFSBQLEBOJLQEBOdPELRPBCLOQEBTBBHBKA�/K 3RKA>V
BSBKFKD�ARBQLEB>SVQO>CCF@�FQQLLH*BKKFCBO� EQLOBQROKELJB�(BOPMBBAT>P� JF�EPILTBOLK3RKA>VQE>K
LK�3>QROA>V��7E>Q�T>P�EBO�PMBBA�LK�3RKA>V�

�I2>A=6��
��

)?<F9>7�1�&5B9=5D5B�&B?2<5=

4EBMBOFJBQBOLC> OB@Q>KDRI>OLRQALLOM>QFLFP������CQ�4EBIBKDQEFP����CQDOB>QBOQE>KQEBTFAQE�7E>Q>OBQEB
AFJBKPFLKP�LC�QEB�M>QFL�

)?<ED9?>

4EBMBOFJBQBOCLOJRI>FPPQ>KA>OA���1�� ���- �� ���8 ���7 BE>SBQTLRKHKLTKNR>KQFQFBP�IBKDQE>KATFAQE�(LTBSBO�

TB @>KTOFQBQEBIBKDQEFKQBOJPLCQEBTFAQE>P��- �� �8 �� �����3R?PQFQRQBQEBMBOFJBQBOS>IRB>KAQEBBUMOBPPFLK

CLO�IBKDQE�FKQL�QEB�CLOJRI>��)Q�FP�LCQBK�EBIMCRI�QL�J>HB�>�PHBQ@E�>KA�I>?BI�QEB�PFABP�>P�FK�97EB5�	� �

�97EB5�	�

.LT�TB�@>K�PLISB�CLO�QEB�TFAQE�>KA�QEBK�@>I@RI>QB�QEB�IBKDQE�

�� �92AE6C����BF2E:@?D�2?5�!?6BF2=:E:6D

+9:D�4@?E6?E�:D�2G2:=23=6�7@C�7C66�2E�9EEA���=6824J
4?I
@C8�4@?E6?E�4@=����
�



2.20

�1�� ���- �� ���8
���� �� ���	�8 �� ���
�� ���8
���� �� ���8 �� �� �� ���8
���� �� ���8 �� ��
���� �� ���8
���� �� �8

�	���� �� ���
 �� �-
���� �� �-

4EB�AFJBKPFLKP�>OB��- �� �����CQ�>KA��8 �� �����CQ�

&FKAQEBAFJBKPFLKPLC>OB@Q>KDIBDFSBKQE>QQEBMBOFJBQBOFP��������@J>KAQEBIBKDQEFP� @JJLOBQE>K

QTF@B�QEB�TFAQE�

�I2>A=6��
��

)?<F9>7�1>��B51�&B?2<5=

4EBMBOFJBQBOLC> Q>?IBQLCDO>MEM>MBOFP�� FK�� � 4EBIBKDQEFP����FK�JLOBQE>KQEBTFAQE�&FKAQEB>OB>LCQEB
DO>ME�M>MBO�

)?<ED9?>

4EBPQ>KA>OACLOJRI>CLO>OB>FP��" �� �-�8��ELTBSBO� TB TFIIPLISBQEBMOL?IBJRPFKDQEBMBOFJBQBOCLOJRI>�4EB

OB>PLKTBRPBQEBMBOFJBQBOCLOJRI>FP?B@>RPBTBHKLTBKLRDEFKCLOJ>QFLK>?LRQQEBMBOFJBQBOQE>QQEBCLOJRI>
TFII>IILT RPQLPLISBCLOLKBLCQEBRKHKLTKP�!P ?LQEMBOFJBQBO>KA>OB>RPBIBKDQE>KATFAQE>PAFJBKPFLKP�
QEBV�>OB�LCQBK�RPBA�QLDBQEBO�QL�PLISB�>�MOL?IBJ�PR@E�>P�QEFP�LKB�

7 BHKLTQE>QQEBIBKDQEFP� FK�JLOBQE>KQEBTFAQE�PLTB @>KTOFQBIBKDQE>P��- �� �8 �� �����3R?PQFQRQBQEBS>IRB

LC�QEB�MBOFJBQBO�>KA�QEB�BUMOBPPFLK�CLO�IBKDQE�FKQL�QEB�MBOFJBQBO�CLOJRI>�>KA�CFKA�QEB�IBKDQE�

�1�� ���- �� ���8
���� �� ���	�8 �� ���
�� ���8
���� �� ���8 �� ���� �� ���8
���� �� ���8 �� ����
���� �� ���8
�� �� �8

�	�� �� ���
 �� �-
���� �� �-

.LT ��TB�CFKA�QEB�>OB>�DFSBK�QEB�AFJBKPFLKP�LC��- �� �����FK��>KA��8 �� ���FK�

�" �� �-�8
�" �� �����	���


�� ���������J�O����

4EB�>OB>�FP��������FK�� �

�92AE6C����BF2E:@?D�2?5�!?6BF2=:E:6D ��



2.21 ! D>JBOLLJE>P>MBOFJBQBOLC�� CQ�4EBIBKDQEFPCFSBJLOBQE>KQTF@BQEBTFAQE�(LT J>KVCQ� LCKBT
@>OMBQFKD�PELRIA�?B�LOABOBA�

�I2>A=6��
��

)?<F9>7�1�, ?<E=5�&B?2<5=

&FKAQEBAFJBKPFLKPLC> PEFMMFKD?LUDFSBKQE>QQEBIBKDQEFPQTF@BQEBTFAQE�QEBEBFDEQFP����FK@EBP�>KAQEB

SLIRJB�FP�������FK�� �

)?<ED9?>

4EBCLOJRI>CLOQEBSLIRJBLC> ?LUFPDFSBK>P��7 �� �-�8 �) � QEBMOLAR@QLCIBKDQE�TFAQE�>KAEBFDEQ�7 B>OB

DFSBK�QE>Q��- �� ���8 � >KA��) �� �����4EB�SLIRJB�FP�����������@R?F@�FK@EBP�

�7 �� �-�8 �)
����������� �	���8 �
�8�	���


����������� �����8 ��

������ �� �8 ��

���� �� �8

4EB�AFJBKPFLKP�>OB��- �� �����FK����8 �� �����FK���>KA��) �� ���FK�

�>1<IC9C

.LQBQE>QQEBPNR>OBOLLQLC��8 �� �TLRIAOBPRIQFK> MLPFQFSB>KA> KBD>QFSBS>IRB�(LTBSBO� ?B@>RPBTB >OB
ABP@OF?FKD�TFAQE��TB�@>K�RPB�LKIV�QEB�MLPFQFSB�OBPRIQ�

!@@BPPQEBPBLKIFKBOBPLRO@BPCLO>AAFQFLK>IFKPQOR@QFLK>KAMO>@QF@BTFQEJLABIP>KA>MMIF@>QFLKPLCIFKB>O
BNR>QFLKP�

O &B?2<5=�C?<F9>7�EC9>7�<9>51B�5AE1D9?>C��8DD@�

?@5>CD1H3?<<575	?B7
<
<9>5A@B?2C?<F5�

O &B?2<5=�C?<F9>7�EC9>7�5AE1D9?>C��8DD@�

?@5>CD1H3?<<575	?B7
<
5AE1D9?>@BC?<F5�

O �9>49>7�D85�49=5>C9?>C�?6�1B51�79F5>�D85�@5B9=5D5B��8DD@�

?@5>CD1H3?<<575	?B7
<

@5B=1B51C?<F5�

O �9>4�D85�49CD1>35�25DG55>�D85�39D95C�EC9>7�D85�49CD1>35���B1D5���D9=5�6?B=E<1
�8DD@�

?@5>CD1H3?<<575	?B7
<
B1D5D9=5C?<F5�

O "9>51B�5AE1D9?>�1@@<931D9?>��-B9D5�1�3?CD�5AE1D9?>���8DD@�

?@5>CD1H3?<<575	?B7
<

<9>5A1@@<�

�� �92AE6C����BF2E:@?D�2?5�!?6BF2=:E:6D

+9:D�4@?E6?E�:D�2G2:=23=6�7@C�7C66�2E�9EEA���=6824J
4?I
@C8�4@?E6?E�4@=����
�

http://openstaxcollege.org/l/lineqprobsolve
http://openstaxcollege.org/l/equationprsolve
http://openstaxcollege.org/l/permareasolve
http://openstaxcollege.org/l/permareasolve
http://openstaxcollege.org/l/ratetimesolve
http://openstaxcollege.org/l/ratetimesolve
http://openstaxcollege.org/l/lineqappl
http://openstaxcollege.org/l/lineqappl


����

����

����

����

����

����

����

����

����

����

����

����

����

����

����

����

	���.�(��)�)
, 5B21<

4L�PBQ�RM�>�JLABI�IFKB>O�BNR>QFLK�QL�CFQ�OB>ITLOIA�>MMIF@>QFLKP��TE>Q�PELRIA�>IT>VP�?B�QEB�CFOPQ�PQBM�

5PB�VLRO�LTK�TLOAP�QL�ABP@OF?B�QEFP�BNR>QFLK�TEBOBn FP�>�KRJ?BO�

���	�O�� ���
 �� ���O

)CQEBQLQ>I>JLRKQLCJLKBVVLRE>AQLFKSBPQT>P������ >KAVLRABMLPFQ��Y�>JLRKQFKLKBFKSBPQJBKQ�ELT@>KVLR
OBMOBPBKQ�QEB�OBJ>FKFKD�>JLRKQ�

)C>J>K P>TBA>��CQ?L>OAFKQLQTLPB@QFLKP>KALKBPB@QFLKT>P��O�CQILKD�ELT ILKDTLRIAQEBLQEBOPB@QFLK?BFK
QBOJP�LC��O�

)C�"FII�T>P�QO>SBIFKD��W�JF�E��ELT�TLRIA�VLR�OBMOBPBKQ�$>BJLKdP�PMBBA�FC�EB�T>P�QO>SBIFKD����JF�E�C>PQBO�

(51<�- ?B<4��@@<931D9?>C

&LOQEBCLIILTFKDBUBO@FPBP�RPBQEBFKCLOJ>QFLKQLCFKA> IFKB>O>IDB?O>F@BNR>QFLKJLABI QLRPBQL>KPTBOQEBNRBPQFLK
?BFKD�>PHBA�

->OH>KA$LK >OBMI>KKFKDQLPBIIB>@ELCQEBFOJ>O?IB@LIIB@QFLKP>Q>D>O>DBP>IB�)C$LK E>P� JLOBQE>K� QFJBPQEB
KRJ?BO�LC�J>O?IBP�->OH�E>P��ELT�J>KV�ALBP�B>@E�?LV�E>SB�QL�PBII�FC�QEB�QLQ>I�KRJ?BO�LC�J>O?IBP�FP�����

"BQE>KA!KK >OBGLHFKDQE>QQEBFO@LJ?FKBA>DBPBNR>I3>JdP>DB�)C"BQEFPQTF@B!KKdP>DB>KA3>J FP�� VOLIA�
TE>Q�>OB�"BQE�>KA�!KKdP�>DBP�

"BK LOFDFK>IIVCFIIBALRQ� JLOB>MMIF@>QFLKPQE>K(BKOV� 4EBKB>@E?LVCFIIBALRQ� >AAFQFLK>I>MMIF@>QFLKP�?OFKDFKD
QEB�QLQ>I�QL�����(LT�J>KV�>MMIF@>QFLKP�AFA�B>@E�?LV�LOFDFK>IIV�CFII�LRQ�

&LOQEBCLIILTFKDBUBO@FPBP�RPBQEFPP@BK>OFL�4TL AFCCBOBKQQBIBMELKB@>OOFBOPLCCBOQEBCLIILTFKDMI>KPQE>Q> MBOPLKFP
@LKPFABOFKD�#LJM>KV! E>P> JLKQEIVCBBLC��� >KA@E>ODBPLC����� JFKCLO@>IIP�#LJM>KV" E>P> JLKQEIVCBBLC��
>KA�@E>ODBP������JFK�CLO�@>IIP�

&FKA�QEB�JLABI�LC�QEB�QLQ>I�@LPQ�LC�#LJM>KV�!dP�MI>K��RPFKD��N�CLO�QEB�JFKRQBP�

&FKA�QEB�JLABI�LC�QEB�QLQ>I�@LPQ�LC�#LJM>KV�"dP�MI>K��RPFKD��N�CLO�QEB�JFKRQBP�

&FKA�LRQ�ELT�J>KV�JFKRQBP�LC�@>IIFKD�TLRIA�J>HB�QEB�QTL�MI>KP�BNR>I�

)C�QEB�MBOPLK�J>HBP�>�JLKQEIV�>SBO>DB�LC�����JFK�LC�@>IIP��TEF@E�MI>K�PELRIA�CLO�QEB�MBOPLK�@ELLPB�

&LOQEBCLIILTFKDBUBO@FPBP�RPBQEFPP@BK>OFL�! TFOBIBPP@>OOFBOLCCBOPQEBCLIILTFKDMI>KPQE>Q>MBOPLKFP@LKPFABOFKD�4EB
&>JFIV0I>K���� JLKQEIVCBB�RKIFJFQBAQ>IH>KAQBUQLKRMQL� IFKBP�>KAA>Q>@E>ODBPLC��� CLOB>@EABSF@BCLORMQL
� '" LCA>Q>MBOABSF@B�4EB-L?FIB 3E>OB0I>K����� JLKQEIVCBBCLORMQL�� ABSF@BP�RKIFJFQBAQ>IH>KAQBUQCLO>IIQEB
IFKBP�>KAA>Q>@E>ODBPLC��� CLOB>@EABSF@BRMQL> PE>OBAQLQ>ILC�� '" LCA>Q>�5PB��1�CLOQEBKRJ?BOLCABSF@BPQE>Q
KBBA�A>Q>�MI>KP�>P�M>OQ�LC�QEBFO�@LPQ�

&FKA�QEB�JLABI�LC�QEB�QLQ>I�@LPQ�LC�QEB�&>JFIV�0I>K�

&FKA�QEB�JLABI�LC�QEB�QLQ>I�@LPQ�LC�QEB�-L?FIB�3E>OB�0I>K�

!PPRJFKD�QEBV�PQ>V�RKABO�QEBFO�A>Q>�IFJFQ��CFKA�QEB�KRJ?BO�LC�ABSF@BP�QE>Q�TLRIA�J>HB�QEB�QTL�MI>KP�BNR>I�FK�@LPQ�

)C�>�C>JFIV�E>P���PJ>OQ�MELKBP��TEF@E�MI>K�PELRIA�QEBV�@ELLPB�

&LOBUBO@FPBP�� >KA��� RPBQEFPP@BK>OFL�! OBQFOBATLJ>K E>P������� QLFKSBPQ?RQKBBAPQLJ>HB������ >VB>OCOLJQEB
FKQBOBPQQLJBBQ@BOQ>FKIFSFKDBUMBKPBP�/KB ?LKAFKSBPQJBKQM>VP��� >KKR>IFKQBOBPQ�4EBOBPQLCFQPEBT>KQPQLMRQFK>
#$�QE>Q�M>VP����

�92AE6C����BF2E:@?D�2?5�!?6BF2=:E:6D ��



����

����

����

����

����

����

����

����

����

����

����

����

����

����

����

����

����

����

����

����

)C�TB�IBQ��Y�?B�QEB�>JLRKQ�QEB�TLJ>K�FKSBPQP�FK�QEB�����?LKA��ELT�JR@E�TFII�PEB�?B�>?IB�QL�FKSBPQ�FK�QEB�#$�

3BQRM>KAPLISBQEBBNR>QFLKCLOELTJR@EQEBTLJ>K PELRIAFKSBPQFKB>@ELMQFLKQLPRPQ>FK>������ >KKR>IOBQROK�

4TL MI>KBPCIVFKLMMLPFQBAFOB@QFLKP�/KB QO>SBIP��� JF�E>KAQEBLQEBO��� JF�E�(LT ILKDTFIIFQQ>HB?BCLOBQEBV
>OB�������JF�>M>OQ�

"BK PQ>OQPT>IHFKD>ILKD> M>QE>Q� JF�E� /KB >KA> E>ICELROP>CQBO"BK IB>SBP�EFPPFPQBO!J>KA> ?BDFKPGLDDFKD
>ILKD�QEB�P>JB�M>QE�>Q���JF�E��(LT�ILKD�TFII�FQ�?B�?BCLOB�!J>KA>�@>Q@EBP�RM�QL�"BK�

&FLO>PQ>OQPOFAFKDEBO?FHB>Q�� JF�E�!CQBO>TEFIB�PEBPILTPALTKQL�� JF�E�>KAJ>FKQ>FKPQE>QPMBBACLOQEBOBPQLC
QEB�QOFM��4EB�TELIB�QOFM�LC����JF�Q>HBP�EBO�����E��&LO�TE>Q�AFPQ>K@B�AFA�PEB�QO>SBI�>Q����JF�E�

! @EBJFPQOVQB>@EBOKBBAPQLJFU> ��� P>IQPLIRQFLKTFQE> ��� P>IQPLIRQFLKQLJ>HB�� NQLC> ��� P>IQPLIRQFLK�
(LT�J>KV�NR>OQP�LC�B>@E�PLIRQFLK�PELRIA�QEB�QB>@EBO�JFU�QL�DBQ�QEB�ABPFOBA�OBPRIQ�

0>RIE>P������� QLFKSBPQ�(FPFKQBKQFPQLB>OK� �� FKQBOBPQLKEFPFKSBPQJBKQ�(B @>KFKSBPQM>OQLCEFPJLKBV>Q��
FKQBOBPQ>KAM>OQ>Q��� FKQBOBPQ�(LT JR@EALBP0>RIKBBAQLFKSBPQFKB>@ELMQFLKQLJ>HBDBQ> QLQ>I� �� OBQROKLKEFP
��������

&LOQEBCLIILTFKDBUBO@FPBP�RPBQEFPP@BK>OFL�! QOR@HOBKQ>I>DBK@VLCCBOPQTLHFKAPLCMI>KP�0I>K! @E>ODBP���� TH MIRP
�����JF�AOFSBK��0I>K�"�@E>ODBP������TH�MIRP������JF�AOFSBK�

7 OFQB�QEB�JLABI�BNR>QFLK�CLO�QEB�@LPQ�LC�OBKQFKD�>�QOR@H�TFQE�MI>K�!�

7 OFQB�QEB�JLABI�BNR>QFLK�CLO�QEB�@LPQ�LC�OBKQFKD�>�QOR@H�TFQE�MI>K�"�

&FKA�QEB�KRJ?BO�LC�JFIBP�QE>Q�TLRIA�DBKBO>QB�QEB�P>JB�@LPQ�CLO�?LQE�MI>KP�

)C�4FJ�HKLTP�EB�E>P�QL�QO>SBI�����JF��TEF@E�MI>K�PELRIA�EB�@ELLPB�

&LO�QEB�CLIILTFKD�BUBO@FPBP��RPB�QEB�DFSBK�CLOJRI>P�QL�>KPTBO�QEB�NRBPQFLKP�

�" �� �1�	�� �� �S�U�
�FPRPBAQLCFKAQEBMOFK@FM>I>JLRKQPABMLPFQBA�B>OKFKDr� FKQBOBPQ�CLOt VB>OP�5PBQEFPQLCFKATE>Q

MOFK@FM>I�>JLRKQP $>SFA�FKSBPQBA�>Q�>����O>QB�CLO����VO�FC��" �� �������������

4EBCLOJRI>��' �� �N�W��
�3 �OBI>QBPCLO@B	F
� SBIL@FQV	v
� J>PP	m
� >KAOBPFPQ>K@B	R
� &FKA��3�TEBK��N�� ����� �W�� ���

>KA��' �� ��������

�' �� �N�B�FKAF@>QBPQE>QCLO@B	F
 BNR>IPJ>PP	m
 QFJBP>@@BIBO>QFLK	a
� &FKAQEB>@@BIBO>QFLKLC>J>PPLC�� HDFC>
CLO@B�LC����.�FP�BUBOQBA�LK�FQ�

�4�V�N�� ��
�� �å �S

�FP�QEB�CLOJRI>�CLO�>K�FKCFKFQB�PBOFBP�PRJ��)C�QEB�PRJ�FP����CFKA��S��

&LOQEBCLIILTFKDBUBO@FPBP�PLISBCLOQEBDFSBKS>OF>?IBFKQEBCLOJRI>�!CQBOL?Q>FKFKD>KBTSBOPFLKLCQEBCLOJRI>�VLR
TFII�RPB�FQ�QL�PLISB�>�NRBPQFLK�

3LISB�CLOW� ��1�� ���- �� ���8

5PBQEBCLOJRI>COLJQEBMOBSFLRPNRBPQFLKQLCFKAQEBTFAQE���8 � LC> OB@Q>KDIBTELPBIBKDQEFP�� >KATELPB

MBOFJBQBO�FP����

3LISB�CLO��G�� ���Q�� ��
�R�� ��

�G

5PB�QEB�CLOJRI>�COLJ�QEB�MOBSFLRP�NRBPQFLK�QL�CFKA��G�TEBK��Q�� ����B�O�E���R�� ������

3LISB�CLO��N�FK�QEB�PILMBFKQBO@BMQ�CLOJRI>���Z�� �N�Y�� �C

�� �92AE6C����BF2E:@?D�2?5�!?6BF2=:E:6D

+9:D�4@?E6?E�:D�2G2:=23=6�7@C�7C66�2E�9EEA���=6824J
4?I
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5PB�QEB�CLOJRI>�COLJ�QEB�MOBSFLRP�NRBPQFLK�QL�CFKA��N�TEBK�QEB�@LLOAFK>QBP�LC�QEB�MLFKQ�>OB��	��� ���
�>KA��C�� ������

4EB >OB>LC> QO>MBWLFAFPDFSBK?V��" �� ��
��

�I�1�3�C�� �� �C��
�4
�6���5PB QEBCLOJRI>QLCFKAQEB>OB>LC> QO>MBWLFATFQE

��I �� ��� ���C�� �� ����� ���B�O�E���C�� �� ����

3LISB�CLOh: ��" �� ��
��

�I�1�3�C�� �� �C��
�4
�6

5PBQEBCLOJRI>COLJQEBMOBSFLRPNRBPQFLKQLCFKAQEBEBFDEQLC>QO>MBWLFATFQE��" �� ������� ���C�� �� ����� ���B�O�E���C�� �� ������

&FKAQEBAFJBKPFLKPLC>K!JBOF@>KCLLQ?>IICFBIA�4EBIBKDQEFP��� CQJLOBQE>KQEBTFAQE�>KAQEBMBOFJBQBOFP�����
CQ��&FKA�QEB�IBKDQE�>KA�TFAQE��5PB�QEB�MBOFJBQBO�CLOJRI>��1�� ���- �� ���8 ��

$FPQ>K@B�BNR>IP�O>QB�QFJBP�QFJB���E�� �S�U���&FKA�QEB�AFPQ>K@B�4LJ�QO>SBIP�FC�EB�FP�JLSFKD�>Q�>�O>QB�LC����JF�E�CLO�����E�

5PFKDQEBCLOJRI>FKQEBMOBSFLRPBUBO@FPB�CFKAQEBAFPQ>K@BQE>Q3RP>KQO>SBIPFCPEBFPJLSFKD>Q>O>QBLC�� JF�ECLO
�����E�

7E>QFPQEBQLQ>IAFPQ>K@BQE>QQTLMBLMIBQO>SBIFK� EFCLKBLCQEBJFPOFAFKD>?FHB>Q�� JF�E>KAQEBLQEBOFPT>IHFKD
>Q���JF�E�

)C�QEB�>OB>�JLABI�CLO�>�QOF>KDIB�FP��" �� ��
��

�C�I� CFKA�QEB�>OB>�LC�>�QOF>KDIB�TFQE�>�EBFDEQ�LC����FK��>KA�>�?>PB�LC����FK�

3LISB�CLOh: ��" �� ��
��

�C�I

5PBQEBCLOJRI>COLJQEBMOBSFLRPNRBPQFLKQLCFKAQEBEBFDEQQLQEBKB>OBPQQBKQELC>QOF>KDIBTFQE>?>PBLC�� >KA>K
>OB>�LC�����

4EBSLIRJBCLOJRI>CLO> @VIFKABOFP��7 �� �&�S�� �I���5PFKDQEBPVJ?LI��&�FKVLRO>KPTBO� CFKAQEBSLIRJBLC> @VIFKABO
TFQE�>�O>AFRP���S� LC���@J�>KA�>�EBFDEQ�LC����@J�

3LISB�CLOh: ��7 �� �&�S�� �I

5PB�QEB�CLOJRI>�COLJ�QEB�MOBSFLRP�NRBPQFLK�QL�CFKA�QEB�EBFDEQ�LC�>�@VIFKABO�TFQE�>�O>AFRP�LC���>KA�>�SLIRJB�LC������&

3LISB�CLOr: ��7 �� �&�S�� �I

5PBQEBCLOJRI>COLJQEBMOBSFLRPNRBPQFLKQLCFKAQEBO>AFRPLC>@VIFKABOTFQE>EBFDEQLC�� >KA>SLIRJBLC��������&��

4EBCLOJRI>CLOQEB@FO@RJCBOBK@BLC>@FO@IBFP��$ �� ���&�S���&FKAQEB@FO@RJCBOBK@BLC>@FO@IBTFQE>AF>JBQBOLC�� FK�
	AF>JBQBO����r
��5PB�QEB�PVJ?LI��&�FK�VLRO�CFK>I�>KPTBO�

3LISBQEBCLOJRI>COLJQEBMOBSFLRPNRBPQFLKCLO��&��� .LQF@BTEV��&�FPPLJBQFJBPABCFKBA>PQEBO>QFLLCQEB
@FO@RJCBOBK@B�QL�FQP�AF>JBQBO�

�92AE6C����BF2E:@?D�2?5�!?6BF2=:E:6D �



	� K�?=@<5H�$E=25BC

"51B>9>7�%2:53D9F5C

!?�E9:D�D64E:@?�J@F�H:==�

	�	� �55�2?5�DF3EC24E�4@>A=6I�?F>36CD


	�	 $F=E:A=J�2?5�5:G:56�4@>A=6I�?F>36CD


	�	� *@=G6�BF25C2E:4�6BF2E:@?D�H:E9�4@>A=6I�?F>36CD

�97EB5�	�

$FP@LSBOBA?V"BKLFQ->KABI?OLQ>OLRKA����� QEB->KABI?OLQ3BQFPLKBLCQEBJLPQOB@LDKFW>?IBCO>@Q>IFJ>DBP�4EB
FJ>DBFP?RFIQLKQEBQEBLOVLCPBICPFJFI>OFQV>KAQEBLMBO>QFLKLCFQBO>QFLK�:LLJFKDFKLK> CO>@Q>IFJ>DB?OFKDPJ>KV
PROMOFPBP�M>OQF@RI>OIVFKQEBEFDEIBSBILCOBMBQFQFLKLCABQ>FIQE>Q>MMB>OP>PJ>DKFCF@>QFLKFK@OB>PBP�4EBBNR>QFLKQE>Q
DBKBO>QBP�QEFP�FJ>DB�QROKP�LRQ�QL�?B�O>QEBO�PFJMIB�

)K LOABOQL?BQQBORKABOPQ>KAFQ�TB KBBAQL?B@LJBC>JFIF>OTFQE> KBTPBQLCKRJ?BOP�+BBMFKJFKAQE>QQEBPQRAVLC
J>QEBJ>QF@P@LKQFKRLRPIV?RFIAPRMLKFQPBIC�.BD>QFSBFKQBDBOP�CLOBU>JMIB�CFII> SLFAIBCQ?VQEBPBQLCMLPFQFSBFKQBDBOP�
4EBPBQLCO>QFLK>IKRJ?BOP�FKQROK�CFIIP> SLFAIBCQ?VQEBPBQLCFKQBDBOP�4EBPBQLCOB>IKRJ?BOPCFIIP> SLFAIBCQ?VQEB
PBQLCO>QFLK>IKRJ?BOP�.LQ PROMOFPFKDIV� QEBPBQLCOB>IKRJ?BOPE>PSLFAP>PTBII� )KQEFPPB@QFLK�TB TFIIBUMILOB>PBQLC
KRJ?BOP�QE>Q�CFIIP�SLFAP�FK�QEB�PBQ�LC�OB>I�KRJ?BOP�>KA�CFKA�LRQ�ELT�QL�TLOH�TFQEFK�FQ�

�H@B5CC9>7�)AE1B5�(??DC�?6�$571D9F5�$E=25BC�1C�#E<D9@<5C�?6��J

7 BHKLTELT QLCFKAQEBPNR>OBOLLQLC>KVMLPFQFSBOB>IKRJ?BO� )K > PFJFI>OT>V� TB @>KCFKAQEBPNR>OBOLLQLC>KV
KBD>QFSBKRJ?BO� 4EBAFCCBOBK@BFPQE>QQEBOLLQFPKLQOB>I�)CQEBS>IRBFKQEBO>AF@>KAFPKBD>QFSB�QEBOLLQFPP>FAQL?B>K
FJ>DFK>OV�KRJ?BO. 4EB�FJ>DFK>OV�KRJ?BO��J�FP�ABCFKBA�>P�QEB�PNR>OB�OLLQ�LC��å����

�å�� �� �J

3L��RPFKD�MOLMBOQFBP�LC�O>AF@>IP�

�J�� �� �	 �å���
�� �� �å��

7 B�@>K�TOFQB�QEB�PNR>OB�OLLQ�LC�>KV�KBD>QFSB�KRJ?BO�>P�>�JRIQFMIB�LC��J���#LKPFABO�QEB�PNR>OB�OLLQ�LC��å������

�å���� �� ���� �Û�	�å���


�� ���� �å��
�� ���J

7 B�RPB����J�>KA�KLQ��å���J�?B@>RPB�QEB�MOFK@FM>I�OLLQ�LC������FP�QEB�MLPFQFSB�OLLQ�

�� �92AE6C����BF2E:@?D�2?5�!?6BF2=:E:6D
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! @LJMIBUKRJ?BOFPQEBPRJLC>OB>IKRJ?BO>KA>KFJ>DFK>OVKRJ?BO� ! @LJMIBUKRJ?BOFPBUMOBPPBAFKPQ>KA>OACLOJ
TEBKTOFQQBK��B�� �C�J�TEBOB��B�FPQEBOB>IM>OQ>KA��C�FPQEBFJ>DFK>OVM>OQ�&LOBU>JMIB���� �� ���J�FP> @LJMIBUKRJ?BO� 3L�

QLL��FP��� �� ���J����

)J>DFK>OVKRJ?BOPAFCCBOCOLJOB>IKRJ?BOPFKQE>Q> PNR>OBAFJ>DFK>OVKRJ?BOMOLAR@BP> KBD>QFSBOB>IKRJ?BO� 2B@>II
QE>QTEBK>MLPFQFSBOB>IKRJ?BOFPPNR>OBA�QEBOBPRIQFP>MLPFQFSBOB>IKRJ?BO>KATEBK>KBD>QFSBOB>IKRJ?BOFPPNR>OBA�
QEB�OBPRIQ�FP�>IPL�>�MLPFQFSB�OB>I�KRJ?BO��#LJMIBU�KRJ?BOP�@LKPFPQ�LC�OB>I�>KA�FJ>DFK>OV�KRJ?BOP�

�=179>1BI�1>4��?=@<5H�$E=25BC

! complex numberFP�>�KRJ?BO�LC�QEB�CLOJ��B�� �C�J�TEBOB

P �B�FP�QEB�OB>I�M>OQ�LC�QEB�@LJMIBU�KRJ?BO�

P �C�FP�QEB�FJ>DFK>OV�M>OQ�LC�QEB�@LJMIBU�KRJ?BO�

)C��C�� ��� QEBK��B�� �C�J�FP> OB>IKRJ?BO� )C��B�� ���>KA��C�FPKLQBNR>IQL�� QEB@LJMIBUKRJ?BOFP@>IIBA> MROB

FJ>DFK>OV�KRJ?BO��!K imaginary number FP�>K�BSBK�OLLQ�LC�>�KBD>QFSB�KRJ?BO�

Given an imaginary number, express it in the standard form of a complex number.


 7 OFQB� �å�B�>P� �B�å����

�
 %UMOBPP� �å���>P��J���

�
 7 OFQB� �B�Û�J�FK�PFJMIBPQ�CLOJ�

�I2>A=6��
�

�H@B5CC9>7�1>��=179>1BI�$E=25B�9>�)D1>41B4��?B=

%UMOBPP� �å���FK�PQ>KA>OA�CLOJ�

)?<ED9?>

�å�� �� �� �å��
�� ���J

)K�PQ>KA>OA�CLOJ��QEFP�FP��� �� ���J��

%UMOBPP� �å�����FK�PQ>KA>OA�CLOJ�

&<?DD9>7�1��?=@<5H�$E=25B�?>�D85��?=@<5H�&<1>5
7 B @>KKLQMILQ@LJMIBUKRJ?BOPLK > KRJ?BOIFKB>PTB JFDEQOB>IKRJ?BOP�(LTBSBO� TB @>KPQFIIOBMOBPBKQQEBJ
DO>MEF@>IIV� 4L OBMOBPBKQ> @LJMIBUKRJ?BO� TB KBBAQL>AAOBPPQEBQTL@LJMLKBKQPLCQEBKRJ?BO� 7 BRPBQEBcomplex
plane� TEF@EFP> @LLOAFK>QBPVPQBJFKTEF@EQEBELOFWLKQ>I>UFPOBMOBPBKQPQEBOB>I@LJMLKBKQ>KAQEBSBOQF@>I>UFP

�92AE6C����BF2E:@?D�2?5�!?6BF2=:E:6D ��



OBMOBPBKQPQEBFJ>DFK>OV@LJMLKBKQ�#LJMIBUKRJ?BOP>OBQEBMLFKQPLKQEBMI>KB�BUMOBPPBA>PLOABOBAM>FOP��	�B� �C�
�

TEBOB��B�OBMOBPBKQP�QEB�@LLOAFK>QB�CLO�QEB�ELOFWLKQ>I�>UFP�>KA��C�OBMOBPBKQP�QEB�@LLOAFK>QB�CLO�QEB�SBOQF@>I�>UFP�

,BQdP@LKPFABOQEBKRJ?BO��å�� �� ���J���4EBOB>IM>OQLCQEB@LJMIBUKRJ?BOFP��å���>KAQEBFJ>DFK>OVM>OQFP�� 7 BMILQQEB

LOABOBA�M>FO��	�å��� ���
�QL�OBMOBPBKQ�QEB�@LJMIBU�KRJ?BO��å�� �� ���J� >P�PELTK�FK�97EB5�	� .

�97EB5�	�

�?=@<5H�&<1>5

)KQEB@LJMIBUMI>KB�QEBELOFWLKQ>I>UFPFPQEBOB>I>UFP�>KAQEBSBOQF@>I>UFPFPQEBFJ>DFK>OV>UFP�>PPELTKFK�97EB5
	�� .

�97EB5�	��

Given a complex number, represent its components on the complex plane.


 $BQBOJFKB�QEB�OB>I�M>OQ�>KA�QEB�FJ>DFK>OV�M>OQ�LC�QEB�@LJMIBU�KRJ?BO�

�
 -LSB�>ILKD�QEB�ELOFWLKQ>I�>UFP�QL�PELT�QEB�OB>I�M>OQ�LC�QEB�KRJ?BO�

�
 -LSB�M>O>IIBI�QL�QEB�SBOQF@>I�>UFP�QL�PELT�QEB�FJ>DFK>OV�M>OQ�LC�QEB�KRJ?BO�

�
 0ILQ�QEB�MLFKQ�

�� �92AE6C����BF2E:@?D�2?5�!?6BF2=:E:6D
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�I2>A=6��
��

&<?DD9>7�1��?=@<5H�$E=25B�?>�D85��?=@<5H�&<1>5

0ILQ�QEB�@LJMIBU�KRJ?BO��� �å ���J�LK�QEB�@LJMIBU�MI>KB�

)?<ED9?>

4EBOB>IM>OQLCQEB@LJMIBUKRJ?BOFP���� >KAQEBFJ>DFK>OVM>OQFPb�� 7 BMILQQEBLOABOBAM>FO��	��� �å���
�>P

PELTK�FK�97EB5�	�� .

�97EB5�	��

0ILQ�QEB�@LJMIBU�KRJ?BO��å�� �å �J�LK�QEB�@LJMIBU�MI>KB�

�449>7�1>4�)E2DB13D9>7��?=@<5H�$E=25BC
*RPQ>PTFQEOB>IKRJ?BOP�TB@>KMBOCLOJ>OFQEJBQF@LMBO>QFLKPLK@LJMIBUKRJ?BOP�4L >AALOPR?QO>@Q@LJMIBUKRJ?BOP�
TB�@LJ?FKB�QEB�OB>I�M>OQP�>KA�QEBK�@LJ?FKB�QEB�FJ>DFK>OV�M>OQP�

�?=@<5H�$E=25BC���449D9?>�1>4�)E2DB13D9?>

!AAFKD�@LJMIBU�KRJ?BOP�

�	�B�� �C�J�
�� �	�D�� �E�J�
 �� �	�B�� �D�
�� �	�C�� �E�
�J

3R?QO>@QFKD�@LJMIBU�KRJ?BOP�

�	�B�� �C�J�
�å �	�D�� �E�J�
 �� �	�B�å�D�
�� �	�C�å�E�
�J

�92AE6C����BF2E:@?D�2?5�!?6BF2=:E:6D ��



2.24

Given two complex numbers, find the sum or difference.


 )ABKQFCV�QEB�OB>I�>KA�FJ>DFK>OV�M>OQP�LC�B>@E�KRJ?BO�

�
 !AA�LO�PR?QO>@Q�QEB�OB>I�M>OQP�

�
 !AA�LO�PR?QO>@Q�QEB�FJ>DFK>OV�M>OQP�

�I2>A=6��
��

�449>7�1>4�)E2DB13D9>7��?=@<5H�$E=25BC

!AA�LO�PR?QO>@Q�>P�FKAF@>QBA�

�� �	�� �å ���J�
�� �	�� �� ���J�


�� �	�å�� �� ���J�
�å �	�å���� �� ���J�


)?<ED9?>

7 B�>AA�QEB�OB>I�M>OQP�>KA�>AA�QEB�FJ>DFK>OV�M>OQP�

��
�	�� �å ���J�
�� �	�� �� ���J�
 �� �� �å ���J�� �� �� ���J

�� �� �� �� �� �	�å���J�
�� ���J
�� �	�� �� ���
�� �	�å�� �� ���
�J
�� �� �� �J

��
�	�å�� �� ���J�
�å �	�å���� �� ���J�
 �� �å�� �� ���J�� ���� �å ���J

�� �å�� �� ���� �� ���J�å���J
�� �	�å�� �� �����
�� �	�� �å ���
�J
�� �� �� ���J

3R?QO>@Q��� �� ���J�COLJ��� �q���J��

#E<D9@<I9>7��?=@<5H�$E=25BC
-RIQFMIVFKD@LJMIBUKRJ?BOPFPJR@EIFHBJRIQFMIVFKD?FKLJF>IP�4EBJ>GLOAFCCBOBK@BFPQE>QTB TLOHTFQEQEBOB>I>KA
FJ>DFK>OV�M>OQP�PBM>O>QBIV�

#E<D9@<I9>7�1��?=@<5H�$E=25B�2I�1�(51<�$E=25B

,BQP?BDFK?VJRIQFMIVFKD> @LJMIBUKRJ?BO?V> OB>IKRJ?BO� 7 BAFPQOF?RQBQEBOB>IKRJ?BOGRPQ>PTB TLRIATFQE>
?FKLJF>I��#LKPFABO��CLO�BU>JMIB�����	�� �� ���J�
�

�� �92AE6C����BF2E:@?D�2?5�!?6BF2=:E:6D

+9:D�4@?E6?E�:D�2G2:=23=6�7@C�7C66�2E�9EEA���=6824J
4?I
@C8�4@?E6?E�4@=����
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Given a complex number and a real number, multiply to find the pr oduct.


 5PB�QEB�AFPQOF?RQFSB�MOLMBOQV�

�
 3FJMIFCV�

�I2>A=6��
��

#E<D9@<I9>7�1��?=@<5H�$E=25B�2I�1�(51<�$E=25B

&FKA�QEB�MOLAR@Q����	�� �� ���J�
��

)?<ED9?>

$FPQOF?RQB�QEB���

���	�� �� ���J�
 �� �	�� �Û���
�� �	�� �Û���J�

�� �� �� �����J

&FKA�QEB�MOLAR@Q����
��

�	���å���J�
��

#E<D9@<I9>7��?=@<5H�$E=25BC�*?75D85B

.LT � IBQPJRIQFMIVQTL@LJMIBUKRJ?BOP�7 B@>KRPBBFQEBOQEBAFPQOF?RQFSBMOLMBOQVLOJLOBPMB@FCF@>IIVQEB&/), JBQELA
?B@>RPBTB >OBAB>IFKDTFQE?FKLJF>IP�2B@>IIQE>Q&/), FP>K>@OLKVJCLOJRIQFMIVFKD&FOPQ�)KKBO� /RQBO� >KA,>PQQBOJP

QLDBQEBO��4EB�AFCCBOBK@B�TFQE�@LJMIBU�KRJ?BOP�FP�QE>Q�TEBK�TB�DBQ�>�PNR>OBA�QBOJ���J��� FQ�BNR>IP��å����

�	�B�� �C�J�
�	�D�� �E�J�
 �� �B�D�� �B�E�J�� �C�D�J�� �C�E�J��

�� �B�D�� �B�E�J�� �C�D�J�å�C�E �J�� �� �å ��
�� �	�B�D�å�C�E�
�� �	�B�E�� �C�D�
�J �(�S�P�V�Q���S�F�B�M���U�F�S�N�T���B�O�E���J�N�B�H�J�O�B�S�Z���U�F�S�N�T��

Given two complex numbers, multiply to find the product.


 5PB�QEB�AFPQOF?RQFSB�MOLMBOQV�LO�QEB�&/),�JBQELA�

�
 2BJBJ?BO�QE>Q��J�� �� �å����

�
 'OLRM�QLDBQEBO�QEB�OB>I�QBOJP�>KA�QEB�FJ>DFK>OV�QBOJP

�I2>A=6��
��

#E<D9@<I9>7�1��?=@<5H�$E=25B�2I�1��?=@<5H�$E=25B

-RIQFMIV��	�� �� ���J�
�	�� �å ���J�
��

)?<ED9?>

�92AE6C����BF2E:@?D�2?5�!?6BF2=:E:6D ��
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�	�� �� ���J�
�	�� �å ���J�
 �� ���	���
�å ���	���J�
�� ���J�	���
�å �	���J�
�	���J�


�� �� �å �����J�� ���J�å�����	�J���

�� �	�� �� �����
�� �	�å ���� �� ���
�J
�� ���� �å �����J

-RIQFMIV���	�� �å ���J�
�	�� �� ���J�
��

�9F949>7��?=@<5H�$E=25BC
$FSFAFKDQTL@LJMIBUKRJ?BOPFPJLOB@LJMIF@>QBAQE>K>AAFKD�PR?QO>@QFKD�LOJRIQFMIVFKD?B@>RPBTB @>KKLQAFSFAB
?V>KFJ>DFK>OVKRJ?BO� JB>KFKDQE>Q>KVCO>@QFLKJRPQE>SB> OB>IKRJ?BOABKLJFK>QLOQLTOFQBQEB>KPTBOFKPQ>KA>OA
CLOJ��B�� �C�J���7 BKBBAQLCFKA> QBOJ?VTEF@ETB @>KJRIQFMIVQEBKRJBO>QLO>KAQEBABKLJFK>QLOQE>QTFIIBIFJFK>QBQEB

FJ>DFK>OVMLOQFLKLCQEBABKLJFK>QLOPLQE>QTB BKARMTFQE> OB>IKRJ?BO>PQEBABKLJFK>QLO� 4EFPQBOJFP@>IIBAQEB
@LJMIBU@LKGRD>QBLCQEBABKLJFK>QLO� TEF@EFPCLRKA?V@E>KDFKDQEBPFDKLCQEBFJ>DFK>OVM>OQLCQEB@LJMIBUKRJ?BO�
)K�LQEBO�TLOAP��QEB�@LJMIBU�@LKGRD>QB�LC��B�� �C�J�FP��B�å�C�J���&LO�BU>JMIB��QEB�MOLAR@Q�LC��B�� �C�J�>KA��B�å�C�J�FP

�	�B�� �C�J�
�	�B�å�C�J�
 �� �B�� �å �B�C�J�� �B�C�J�å�C�� �J��

�� �B�� �� �C��

4EB�OBPRIQ�FP�>�OB>I�KRJ?BO�

.LQBQE>Q@LJMIBU@LKGRD>QBPE>SB>KLMMLPFQBOBI>QFLKPEFM�4EB@LJMIBU@LKGRD>QBLC��B�� �C�J�FP��B�å�C�J� >KAQEB@LJMIBU

@LKGRD>QBLC��B�å�C�J�FP��B�� �C�J���&ROQEBO� TEBK> NR>AO>QF@BNR>QFLKTFQEOB>I@LBCCF@FBKQPE>P@LJMIBUPLIRQFLKP�QEB

PLIRQFLKP�>OB�>IT>VP�@LJMIBU�@LKGRD>QBP�LC�LKB�>KLQEBO�

3RMMLPBTB T>KQQLAFSFAB��D�� �E�J�?V��B�� �C�J� TEBOBKBFQEBO��B�KLO��C�BNR>IPWBOL�7 BCFOPQTOFQBQEBAFSFPFLK>P>CO>@QFLK�

QEBK�CFKA�QEB�@LJMIBU�@LKGRD>QB�LC�QEB�ABKLJFK>QLO��>KA�JRIQFMIV�

�D�� �E�J
�B�� �C�J

���X�I�F�S�F���B�v �����B�O�E���C�v ��

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

�	�D�� �E�J�

�	�B�� �C�J�


�Û�	�B�å�C�J�

�	�B�å�C�J�


�� �	�D�� �E�J�
�	�B�å�C�J�

�	�B�� �C�J�
�	�B�å�C�J�


!MMIV�QEB�AFPQOF?RQFSB�MOLMBOQV�

�� �D�B�å�D�C�J�� �B�E�J�å�C�E�J��

�B�� �å �B�C�J�� �B�C�J�å�C�� �J��

3FJMIFCV��OBJBJ?BOFKD�QE>Q��J�� �� �å����

�� �D�B�å�D�C�J�� �B�E�J�å�C�E�	�å���

�B�� �å �B�C�J�� �B�C�J�å�C���	�å���


�� �	�D�B�� �C�E�
�� �	�B�E�å�D�C�
�J
�B�� �� �C��

*85��?=@<5H��?>:E71D5

4EBcomplexconjugateLC>@LJMIBUKRJ?BO��B�� �C�J�FP��B�å�C�J��� )QFPCLRKA?V@E>KDFKDQEBPFDKLCQEBFJ>DFK>OVM>OQ

LC�QEB�@LJMIBU�KRJ?BO��4EB�OB>I�M>OQ�LC�QEB�KRJ?BO�FP�IBCQ�RK@E>KDBA�

�� �92AE6C����BF2E:@?D�2?5�!?6BF2=:E:6D

+9:D�4@?E6?E�:D�2G2:=23=6�7@C�7C66�2E�9EEA���=6824J
4?I
@C8�4@?E6?E�4@=����
�
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P 7EBK�>�@LJMIBU�KRJ?BO�FP�JRIQFMIFBA�?V�FQP�@LJMIBU�@LKGRD>QB��QEB�OBPRIQ�FP�>�OB>I�KRJ?BO�

P 7EBK�>�@LJMIBU�KRJ?BO�FP�>AABA�QL�FQP�@LJMIBU�@LKGRD>QB��QEB�OBPRIQ�FP�>�OB>I�KRJ?BO�

�I2>A=6��
��

�9>49>7��?=@<5H��?>:E71D5C

&FKA�QEB�@LJMIBU�@LKGRD>QB�LC�B>@E�KRJ?BO�

�� �� �� �J��

�� �å��
��

�J

)?<ED9?>

�� 4EB�KRJ?BO�FP�>IOB>AV�FK�QEB�CLOJ��B�� �C�J���4EB�@LJMIBU�@LKGRD>QB�FP��B�å�C�J� LO��� �å �J����

�� 7 B@>KOBTOFQBQEFPKRJ?BOFKQEBCLOJ��B�� �C�J�>P��� �å ��
��

�J���4EB@LJMIBU@LKGRD>QBFP��B�å�C�J� LO��� �� ��
��

�J��

4EFP�@>K�?B�TOFQQBK�PFJMIV�>P���
��

�J��

�>1<IC9C
!IQELRDETBE>SBPBBKQE>QTB@>KCFKAQEB@LJMIBU@LKGRD>QBLC>KFJ>DFK>OVKRJ?BO� FKMO>@QF@BTBDBKBO>IIV
CFKAQEB@LJMIBU@LKGRD>QBPLCLKIV@LJMIBUKRJ?BOPTFQE?LQE>OB>I>KA>KFJ>DFK>OV@LJMLKBKQ�4L L?Q>FK>
OB>I�KRJ?BO�COLJ�>K�FJ>DFK>OV�KRJ?BO��TB�@>K�PFJMIV�JRIQFMIV�?V��J��

&FKA�QEB�@LJMIBU�@LKGRD>QB�LC��å�� �� ���J��

Given two complex numbers, divide one by the other.


 7 OFQB�QEB�AFSFPFLK�MOL?IBJ�>P�>�CO>@QFLK�

�
 $BQBOJFKB�QEB�@LJMIBU�@LKGRD>QB�LC�QEB�ABKLJFK>QLO�

�
 -RIQFMIV�QEB�KRJBO>QLO�>KA�ABKLJFK>QLO�LC�QEB�CO>@QFLK�?V�QEB�@LJMIBU�@LKGRD>QB�LC�QEB�ABKLJFK>QLO�

�
 3FJMIFCV�

�I2>A=6��
��

�9F949>7��?=@<5H�$E=25BC

$FSFAB���	�� �� ���J�
�?V��	�� �å �J�
��

)?<ED9?>

7 B�?BDFK�?V�TOFQFKD�QEB�MOL?IBJ�>P�>�CO>@QFLK�

�92AE6C����BF2E:@?D�2?5�!?6BF2=:E:6D ��



�	�� �� ���J�

�	�� �å �J�


4EBK�TB�JRIQFMIV�QEB�KRJBO>QLO�>KA�ABKLJFK>QLO�?V�QEB�@LJMIBU�@LKGRD>QB�LC�QEB�ABKLJFK>QLO�

�	�� �� ���J�

�	�� �å �J�


� �Û�	�� �� �J�

�	�� �� �J�


4L�JRIQFMIV�QTL�@LJMIBU�KRJ?BOP��TB�BUM>KA�QEB�MOLAR@Q�>P�TB�TLRIA�TFQE�MLIVKLJF>IP�	RPFKD�&/),
�

�	�� �� ���J�

�	�� �å �J�


�Û�	�� �� �J�

�	�� �� �J�


�� �� �� ���J�� �����J�� ���J��

���� �� ���J�å���J�å�J��

�� �� �� ���J�� �����J�� ���	�å ���

���� �� ���J�å���J�å�	�å ���


�#�F�D�B�V�T�F���J�� �� �å ����

�� �� �� �����J
����

�� ��
����

�� ����
����

�J �4�F�Q�B�S�B�U�F���S�F�B�M���B�O�E���J�N�B�H�J�O�B�S�Z���Q�B�S�U�T��

.LQB�QE>Q�QEFP�BUMOBPPBP�QEB�NRLQFBKQ�FK�PQ>KA>OA�CLOJ�

)9=@<96I9>7�&?G5BC�?6��J

4EB�MLTBOP�LC��J�>OB�@V@IF@��,BQdP�ILLH�>Q�TE>Q�E>MMBKP�TEBK�TB�O>FPB��J�QL�FK@OB>PFKD�MLTBOP�

�J�� �� �J

�J�� �� �å ��

�J�� �� �J�� �Û�J�� �å �� �Û�J�� �å �J

�J�� �� �J�� �Û�J�� �å �J�Û�J�� �å �J�� �� �å �	�å ���
 �� ��

�J�� �� �J�� �Û�J�� �� �Û�J�� �J

7 B @>KPBBQE>QTEBKTB DBQQLQEBCFCQEMLTBOLC��J� FQFPBNR>IQLQEBCFOPQMLTBO� !P TB @LKQFKRBQLJRIQFMIV��J� ?V

FK@OB>PFKD�MLTBOP��TB�TFII�PBB�>�@V@IB�LC�CLRO��,BQdP�BU>JFKB�QEB�KBUQ�CLRO�MLTBOP�LC��J��

�J�� �� �J�� �Û�J�� �J�Û�J�� �J�� �� �å ��

�J�� �� �J�� �Û�J�� �J�� �Û�J�� �J�� �� �å �J

�J�� �� �J�� �Û�J�� �J�� �Û�J�� �J�� �� ��

�J�� �� �J�� �Û�J�� �J�� �Û�J�� �J�� �� �J

4EB�@V@IB�FP�OBMB>QBA�@LKQFKRLRPIV���J� �å��� �å �J� ��� BSBOV�CLRO�MLTBOP�

�I2>A=6��
��

)9=@<96I9>7�&?G5BC�?6��J

%S>IR>QB���J������

)?<ED9?>

�� �92AE6C����BF2E:@?D�2?5�!?6BF2=:E:6D
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3FK@B��J�� �� ��� TB @>KPFJMIFCVQEBMOL?IBJ?VC>@QLOFKDLRQ>PJ>KVC>@QLOPLC��J�� �>PMLPPF?IB�4L ALPL�CFOPQ

ABQBOJFKB�ELT�J>KV�QFJBP���DLBP�FKQL��������� �� �� �Û�� �� ����

�J���� �� �J�� �Û�� �� �� �� �J�� �Û�� �Û�J�� �� �1
�3�J

���4
�6

��
�Û�J�� �� �� �� �Û�J�� �� �J�� �� �å �J

%S>IR>QB���J����

Can we write ��J���� � in other helpful ways?

As we sawin �1�(+'! 	�
� , we reduced��J���� � to ��J�� �by dividing the exponentby 4 and usingthe remainderto

find the simplified form. But perhapsanotherfactorizationof ��J���� �maybe more useful.� ��'! 	�� showssome
other possible factorizations.

�13D?B9J1D9?>�?6��J���� �J���� �Û�J �J���� �Û�J�� �J���� �Û�J�� �J���� �Û�J����

(54E354�6?B= �1
�3�J

���4
�6

����
�Û�J �J���� �Û�	�å���
 �J���� �Û�� �J���� �Û�1�3�J

���4
�6

��

)9=@<96954�6?B= �	�å���
���� �Û�J �å�J���� �J���� �J����

* 12<5�	�

Eachof thesewill eventuallyresultin theanswerweobtainedabovebut mayrequire severalmore stepsthanour
earlier method.

!@@BPP�QEBPB�LKIFKB�OBPLRO@BP�CLO�>AAFQFLK>I�FKPQOR@QFLK�>KA�MO>@QF@B�TFQE�@LJMIBU�KRJ?BOP�

O �449>7�1>4�)E2DB13D9>7��?=@<5H�$E=25BC��8DD@�

?@5>CD1H3?<<575	?B7
<
144CE23?=@<5H�

O #E<D9@<I��?=@<5H�$E=25BC��8DD@�

?@5>CD1H3?<<575	?B7
<
=E<D9@<I3?=@<5H�

O #E<D9@<I9>7��?=@<5H��?>:E71D5C��8DD@�

?@5>CD1H3?<<575	?B7
<
=E<D3?=@3?>:�

O (19C9>7�9�D?�&?G5BC��8DD@�

?@5>CD1H3?<<575	?B7
<
B19C9>79�

�92AE6C����BF2E:@?D�2?5�!?6BF2=:E:6D �

http://openstaxcollege.org/l/addsubcomplex
http://openstaxcollege.org/l/multiplycomplex
http://openstaxcollege.org/l/multcompconj
http://openstaxcollege.org/l/raisingi
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	���.�(��)�)
, 5B21<

%UMI>FK�ELT�QL�>AA�@LJMIBU�KRJ?BOP�

7E>Q�FP�QEB�?>PF@�MOFK@FMIB�FK�JRIQFMIF@>QFLK�LC�@LJMIBU�KRJ?BOP�

'FSB�>K�BU>JMIB�QL�PELT�QE>Q�QEB�MOLAR@Q�LC�QTL�FJ>DFK>OV�KRJ?BOP�FP�KLQ�>IT>VP�FJ>DFK>OV�

7E>Q�FP�>�@E>O>@QBOFPQF@�LC�QEB�MILQ�LC�>�OB>I�KRJ?BO�FK�QEB�@LJMIBU�MI>KB�

�<752B193

&LO�QEB�CLIILTFKD�BUBO@FPBP��BS>IR>QB�QEB�>IDB?O>F@�BUMOBPPFLKP�

)C��Z�� �Y�� �� �Y�å��� BS>IR>QB��Z�DFSBK��Y�� ���J��

)C��Z�� �Y�� �å ��� BS>IR>QB��Z�DFSBK��Y�� �J��

)C��Z�� �Y�� �� ���Y�� ��� BS>IR>QB��Z�DFSBK��Y�� �� �� �J��

)C��Z�� ���Y�� �� �Y�å��� BS>IR>QB��Z�DFSBK��Y�� �� �å ���J��

)C��Z�� �Y�� ��
�� �å �Y

� BS>IR>QB��Z�DFSBK��Y�� ���J��

)C��Z�� �� �� ���Y
�Y�� ��

� BS>IR>QB��Z�DFSBK��Y�� ���J��

�B1@8931<

&LO�QEB�CLIILTFKD�BUBO@FPBP��MILQ�QEB�@LJMIBU�KRJ?BOP�LK�QEB�@LJMIBU�MI>KB�

�� �å ���J

�å�� �� ���J

�J

�å�� �å ���J

$E=5B93

&LO�QEB�CLIILTFKD�BUBO@FPBP��MBOCLOJ�QEB�FKAF@>QBA�LMBO>QFLK�>KA�BUMOBPP�QEB�OBPRIQ�>P�>�PFJMIFCFBA�@LJMIBU�KRJ?BO�

�	�� �� ���J�
�� �	�� �å ���J�


�	�å�� �å ���J�
�� �	�� �� ���J�


�	�å�� �� ���J�
�å �	�� �å �J�


�	�� �å ���J�
�å �	�� �� ���J�


�	�å�� �� ���J�
�å �	�å�� �� ���J�


�	�� �� ���J�
�	���J�


�	�� �å ���J�
�	���J�


�� �92AE6C����BF2E:@?D�2?5�!?6BF2=:E:6D
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�	�� �å ���J�
�	���


�	�å�� �� ���J�
�	���


�	�� �� ���J�
�	�� �å �J�


�	�å�� �� ���J�
�	�å�� �� ���J�


�	�� �å ���J�
�	�� �� ���J�


�	�� �� ���J�
�	�� �å ���J�


�� �� ���J
��

�� �å ���J
��

�å�� �� ���J
���J

�� �� ���J
�J

�� �å ���J
�� �� ���J

�� �� ���J
�� �å �J

�� �� ���J
�� �å ���J

�å�� �� �� �å����

�å �å�� �å �� �å����

�� �� �å����
��

�� �� �å����
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Given a quadratic equation with the leading coefficient of 1, factor it.
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