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Systems of Equations and Inequalities

Figure 1 Enigma machines like this one, once owned by Italian dictator Benito Mussolini, were used by government  
and military officials for enciphering and deciphering top-secret communications during World War II. (credit: Dave Addey, Flickr)
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7.1 SYSTEMS OF LINEAR EQUATIONS: TWO VARIABLES

Figure 1 (credit: Thomas Sørenes)

"�TLBUFCPBSE�NBOVGBDUVSFS�JOUSPEVDFT�B�OFX�MJOF�PG�CPBSET��ThF�NBOVGBDUVSFS�USBDLT�JUT�DPTUT�XIJDI�JT�UIF�BNPVOU�
JU�TQFOET�UP�QSPEVDF�UIF�CPBSET�BOE�JUT�SFWFOVF�XIJDI�JT�UIF�BNPVOU�JU�FBSOT�UISPVHI�TBMFT�PG�JUT�CPBSET��)PX�DBO�
UIF�DPNQBOZ�EFUFSNJOF�JG�JU�JT�NBLJOH�B�QSPfiU�XJUI�JUT�OFX�MJOF �)PX�NBOZ�TLBUFCPBSET�NVTU�CF�QSPEVDFE�BOE�TPME�
CFGPSF�B�QSPfiU�JT�QPTTJCMF �*O�UIJT�TFDUJPO�XF�XJMM�DPOTJEFS�MJOFBS�FRVBUJPOT�XJUI�UXP�WBSJBCMFT�UP�BOTXFS�UIFTF�BOE�
TJNJMBS�RVFTUJPOT�

Introduction to Systems of Equations
*O�PSEFS�UP�JOWFTUJHBUF�TJUVBUJPOT�TVDI�BT�UIBU�PG�UIF�TLBUFCPBSE�NBOVGBDUVSFS�XF�OFFE�UP�SFDPHOJ[F�UIBU�XF�BSF�EFBMJOH�
XJUI�NPSF�UIBO�POF�WBSJBCMF�BOE�MJLFMZ�NPSF�UIBO�POF�FRVBUJPO��"�system of linear equations�DPOTJTUT�PG�UXP�PS�NPSF�
MJOFBS�FRVBUJPOT�NBEF�VQ�PG�UXP�PS�NPSF�WBSJBCMFT�TVDI�UIBU�BMM�FRVBUJPOT�JO�UIF�TZTUFN�BSF�DPOTJEFSFE�TJNVMUBOFPVTMZ��
5P�fiOE�UIF�VOJRVF�TPMVUJPO�UP�B�TZTUFN�PG�MJOFBS�FRVBUJPOT�XF�NVTU�fiOE�B�OVNFSJDBM�WBMVF�GPS�FBDI�WBSJBCMF�JO�UIF�
TZTUFN�UIBU�XJMM�TBUJTGZ�BMM�FRVBUJPOT�JO�UIF�TZTUFN�BU�UIF�TBNF�UJNF��4PNF�MJOFBS�TZTUFNT�NBZ�OPU�IBWF�B�TPMVUJPO�BOE�
PUIFST�NBZ�IBWF�BO�JOfiOJUF�OVNCFS�PG�TPMVUJPOT��*O�PSEFS�GPS�B�MJOFBS�TZTUFN�UP�IBWF�B�VOJRVF�TPMVUJPO�UIFSF�NVTU�CF�
BU�MFBTU�BT�NBOZ�FRVBUJPOT�BT�UIFSF�BSF�WBSJBCMFT��&WFO�TP�UIJT�EPFT�OPU�HVBSBOUFF�B�VOJRVF�TPMVUJPO�
*O�UIJT�TFDUJPO�XF�XJMM�MPPL�BU�TZTUFNT�PG�MJOFBS�FRVBUJPOT�JO�UXP�WBSJBCMFT�XIJDI�DPOTJTU�PG�UXP�FRVBUJPOT�UIBU�DPOUBJO�
UXP�EJffFSFOU�WBSJBCMFT��'PS�FYBNQMF�DPOTJEFS�UIF�GPMMPXJOH�TZTUFN�PG�MJOFBS�FRVBUJPOT�JO�UXP�WBSJBCMFT�
� �x +�y =���
� �x −�y =��
5IF�solution�UP�B�TZTUFN�PG�MJOFBS�FRVBUJPOT�JO�UXP�WBSJBCMFT�JT�BOZ�PSEFSFE�QBJS�UIBU�TBUJTGJFT�FBDI�FRVBUJPO�
JOEFQFOEFOUMZ��*O�UIJT�FYBNQMF�UIF�PSEFSFE�QBJS�	���
�JT�UIF�TPMVUJPO�UP�UIF�TZTUFN�PG�MJOFBS�FRVBUJPOT��8F�DBO�WFSJGZ�
UIF�TPMVUJPO�CZ�TVCTUJUVUJOH�UIF�WBMVFT�JOUP�FBDI�FRVBUJPO�UP�TFF�JG�UIF�PSEFSFE�QBJS�TBUJTfiFT�CPUI�FRVBUJPOT��4IPSUMZ�
XF�XJMM�JOWFTUJHBUF�NFUIPET�Pf fiOEJOH�TVDI�B�TPMVUJPO�JG�JU�FYJTUT�
� �	�
�+�	�
�=���� 5SVF
� �	�
�−�	�
�=����� 5SVF
*O�BEEJUJPO�UP�DPOTJEFSJOH�UIF�OVNCFS�PG�FRVBUJPOT�BOE�WBSJBCMFT�XF�DBO�DBUFHPSJ[F�TZTUFNT�PG�MJOFBS�FRVBUJPOT�CZ�
UIF�OVNCFS�PG�TPMVUJPOT��"�consistent system�PG�FRVBUJPOT�IBT�BU�MFBTU�POF�TPMVUJPO��"�DPOTJTUFOU�TZTUFN�JT�DPOTJEFSFE�
UP�CF�BO�independent system�JG�JU�IBT�B�TJOHMF�TPMVUJPO�TVDI�BT�UIF�FYBNQMF�XF�KVTU�FYQMPSFE��ThF�UXP�MJOFT�IBWF�

LEARNING OBJECTIVES

In this section, you will:
ō� Solve systems of equations by graphing.
ō� Solve systems of equations by substitution.
ō� Solve systems of equations by addition.
ō� Identify inconsistent systems of equations containing two variables.
ō� Express the solution of a system of dependent equations containing two variables.
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577SECTION 7.1 SYSTEMS OF LINEAR EQUATIONS: TWO VARIABLES

EJffFSFOU�TMPQFT�BOE�JOUFSTFDU�BU�POF�QPJOU�JO�UIF�QMBOF��"�DPOTJTUFOU�TZTUFN�JT�DPOTJEFSFE�UP�CF�B�dependent system�
JG�UIF�FRVBUJPOT�IBWF�UIF�TBNF�TMPQF�BOE�UIF�TBNF�y�JOUFSDFQUT��*O�PUIFS�XPSET�UIF�MJOFT�DPJODJEF�TP�UIF�FRVBUJPOT�
SFQSFTFOU�UIF�TBNF�MJOF��&WFSZ�QPJOU�PO�UIF�MJOF�SFQSFTFOUT�B�DPPSEJOBUF�QBJS�UIBU�TBUJTfiFT�UIF�TZTUFN��ThVT�UIFSF�BSF�
BO�JOfiOJUF�OVNCFS�PG�TPMVUJPOT�
"OPUIFS�UZQF�PG�TZTUFN�PG�MJOFBS�FRVBUJPOT�JT�BO�inconsistent system�XIJDI�JT�POF�JO�XIJDI�UIF�FRVBUJPOT�SFQSFTFOU�
UXP�QBSBMMFM�MJOFT��ThF�MJOFT�IBWF�UIF�TBNF�TMPQF�BOE�EJffFSFOU�y�JOUFSDFQUT��ThFSF�BSF�OP�QPJOUT�DPNNPO�UP�CPUI�MJOFT��
IFODF�UIFSF�JT�OP�TPMVUJPO�UP�UIF�TZTUFN�

types of linear systems 
ThFSF�BSF�UISFF�UZQFT�PG�TZTUFNT�PG�MJOFBS�FRVBUJPOT�JO�UXP�WBSJBCMFT�BOE�UISFF�UZQFT�PG�TPMVUJPOT�
t� �"O�independent system�IBT�FYBDUMZ�POF�TPMVUJPO�QBJS�	x�y
��ThF�QPJOU�XIFSF�UIF�UXP�MJOFT�JOUFSTFDU�JT�UIF�POMZ�

TPMVUJPO�
t� �"O�inconsistent system�IBT�OP�TPMVUJPO��/PUJDF�UIBU�UIF�UXP�MJOFT�BSF�QBSBMMFM�BOE�XJMM�OFWFS�JOUFSTFDU�
t� �"�dependent system�IBT�JOfiOJUFMZ�NBOZ�TPMVUJPOT. ThF�MJOFT�BSF�DPJODJEFOU. ThFZ�BSF�UIF�TBNF�MJOF�TP�FWFSZ�

DPPSEJOBUF�QBJS�PO�UIF�MJOF�JT�B�TPMVUJPO�UP�CPUI�FRVBUJPOT�
Figure 2�DPNQBSFT�HSBQIJDBM�SFQSFTFOUBUJPOT�PG�FBDI�UZQF�PG�TZTUFN�
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Figure 2  

How To…
(JWFO�B�TZTUFN�PG�MJOFBS�FRVBUJPOT�BOE�BO�PSEFSFE�QBJS�EFUFSNJOF�XIFUIFS�UIF�PSEFSFE�QBJS�JT�B�TPMVUJPO��
1. 4VCTUJUVUF�UIF�PSEFSFE�QBJS�JOUP�FBDI�FRVBUJPO�JO�UIF�TZTUFN�
2. %FUFSNJOF�XIFUIFS�USVF�TUBUFNFOUT�SFTVMU�GSPN�UIF�TVCTUJUVUJPO�JO�CPUI�FRVBUJPOT��JG�TP�UIF�PSEFSFE�QBJS�JT�B�

TPMVUJPO�

Example 1  Determining Whether an Ordered Pair Is a Solution to a System of Equations

%FUFSNJOF�XIFUIFS�UIF�PSEFSFE�QBJS�	���
�JT�B�TPMVUJPO�UP�UIF�HJWFO�TZTUFN�PG�FRVBUJPOT�
� x +��y =��
� �x −���=�y
Solution 4VCTUJUVUF�UIF�PSEFSFE�QBJS�	���
�JOUP�CPUI�FRVBUJPOT�
� 	�
�+��	�
�=��
� ��=��� 5SVF
� �	�
�−���=�	�

� ��=��� 5SVF
ThF�PSEFSFE�QBJS�	���
�TBUJTfiFT�CPUI�FRVBUJPOT�TP�JU�JT�UIF�TPMVUJPO�UP�UIF�TZTUFN�

Ana lysi s We can see the solution clearly by plotting the graph of each equation. Since the solution is an ordered pair that 
satisfies both equations, it is a point on both of the lines and thus the point of intersection of the two lines. See Figure 3.
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Try It #1
%FUFSNJOF�XIFUIFS�UIF�PSEFSFE�QBJS�	���
�JT�B�TPMVUJPO�UP�UIF�GPMMPXJOH�TZTUFN�
� �x −��y =���
� �x�+���=��y

Solving Systems of Equations by Graphing
ThFSF�BSF�NVMUJQMF�NFUIPET�PG�TPMWJOH�TZTUFNT�PG�MJOFBS�FRVBUJPOT��'PS�B�TZTUFN�PG�MJOFBS�FRVBUJPOT�JO�UXP�WBSJBCMFT�
XF�DBO�EFUFSNJOF�CPUI�UIF�UZQF�PG�TZTUFN�BOE�UIF�TPMVUJPO�CZ�HSBQIJOH�UIF�TZTUFN�PG�FRVBUJPOT�PO�UIF�TBNF�TFU�
PG�BYFT�

Example 2   Solving a System of Equations in Two Variables by Graphing

4PMWF�UIF�GPMMPXJOH�TZTUFN�PG�FRVBUJPOT�CZ�HSBQIJOH��*EFOUJGZ�UIF�UZQF�PG�TZTUFN�
� �x +�y =�−�
� x −�y =�−�

Solution 4PMWF�UIe fiSTU�FRVBUJPO�GPS�y�
� �x +�y =�−�
� y =�−��x −�

4PMWF�UIF�TFDPOE�FRVBUJPO�GPS�y�
� x −�y =�−�
� y =�x +��

(SBQI�CPUI�FRVBUJPOT�PO�UIF�TBNF�TFU�PG�BYFT�BT�JO�Figure 4�
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ThF�MJOFT�BQQFBS�UP�JOUFSTFDU�BU�UIF�QPJOU�	−��−�
��8F�DBO�DIFDL�UP�NBLF�TVSF�UIBU�UIJT�JT�UIF�TPMVUJPO�UP�UIF�TZTUFN�
CZ�TVCTUJUVUJOH�UIF�PSEFSFE�QBJS�JOUP�CPUI�FRVBUJPOT�
� �	−�
�+�	−�
�=�−�
� −��=�−��5SVF
� 	−�
�−�	−�
�=�−�
� −��=�−��5SVF
ThF�TPMVUJPO�UP�UIF�TZTUFN�JT�UIF�PSEFSFE�QBJS�	−��−�
�TP�UIF�TZTUFN�JT�JOEFQFOEFOU�

Try It #2
4PMWF�UIF�GPMMPXJOH�TZTUFN�PG�FRVBUJPOT�CZ�HSBQIJOH�
� �x −��y =�−��
� −�x�+��y�=���

Q & A…
Can graphing be used if the system is inconsistent or dependent?
:FT�JO�CPUI�DBTFT�XF�DBO�TUJMM�HSBQI�UIF�TZTUFN�UP�EFUFSNJOF�UIF�UZQF�PG�TZTUFN�BOE�TPMVUJPO��*G�UIF�UXP�MJOFT�BSF�
QBSBMMFM�UIF�TZTUFN�IBT�OP�TPMVUJPO�BOE�JT�JODPOTJTUFOU��*G�UIF�UXP�MJOFT�BSF�JEFOUJDBM�UIF�TZTUFN�IBT�JOfiOJUF�TPMVUJPOT�
BOE�JT�B�EFQFOEFOU�TZTUFN�

Solving Systems of Equations by Substitution
4PMWJOH�B�MJOFBS�TZTUFN�JO�UXP�WBSJBCMFT�CZ�HSBQIJOH�XPSLT�XFMM�XIFO�UIF�TPMVUJPO�DPOTJTUT�PG�JOUFHFS�WBMVFT�CVU�JG�
PVS�TPMVUJPO�DPOUBJOT�EFDJNBMT�PS�GSBDUJPOT�JU�JT�OPU�UIF�NPTU�QSFDJTF�NFUIPE��8F�XJMM�DPOTJEFS�UXP�NPSF�NFUIPET�
PG�TPMWJOH�B�TZTUFN�PG�MJOFBS�FRVBUJPOT�UIBU�BSF�NPSF�QSFDJTF�UIBO�HSBQIJOH��0OF�TVDI�NFUIPE�JT�TPMWJOH�B�TZTUFN�PG�
FRVBUJPOT�CZ�UIF�substitution method�JO�XIJDI�XF�TPMWF�POF�PG�UIF�FRVBUJPOT�GPS�POF�WBSJBCMF�BOE�UIFO�TVCTUJUVUF�
UIF�SFTVMU�JOUP�UIF�TFDPOE�FRVBUJPO�UP�TPMWF�GPS�UIF�TFDPOE�WBSJBCMF��3FDBMM�UIBU�XF�DBO�TPMWF�GPS�POMZ�POF�WBSJBCMF�BU�B�
UJNF�XIJDI�JT�UIF�SFBTPO�UIF�TVCTUJUVUJPO�NFUIPE�JT�CPUI�WBMVBCMF�BOE�QSBDUJDBM�

How To…
(JWFO�B�TZTUFN�PG�UXP�FRVBUJPOT�JO�UXP�WBSJBCMFT�TPMWF�VTJOH�UIF�TVCTUJUVUJPO�NFUIPE�
1. 4PMWF�POF�PG�UIF�UXP�FRVBUJPOT�GPS�POF�PG�UIF�WBSJBCMFT�JO�UFSNT�PG�UIF�PUIFS�
2. 4VCTUJUVUF�UIF�FYQSFTTJPO�GPS�UIJT�WBSJBCMF�JOUP�UIF�TFDPOE�FRVBUJPO�UIFO�TPMWF�GPS�UIF�SFNBJOJOH�WBSJBCMF�
3. �4VCTUJUVUF�UIBU�TPMVUJPO�JOUP�FJUIFS�PG�UIF�PSJHJOBM�FRVBUJPOT�UP�fiOE�UIF�WBMVF�PG�UIF�fiSTU�WBSJBCMF��*G�QPTTJCMF�XSJUF�

UIF�TPMVUJPO�BT�BO�PSEFSFE�QBJS�
4. $IFDL�UIF�TPMVUJPO�JO�CPUI�FRVBUJPOT�

Example 3  Solving a System of Equations in Two Variables by Substitution

4PMWF�UIF�GPMMPXJOH�TZTUFN�PG�FRVBUJPOT�CZ�TVCTUJUVUJPO�
� −x�+�y =�−�
� �x −��y =��
Solution 'JSTU�XF�XJMM�TPMWF�UIe fiSTU�FRVBUJPO�GPS�y�
� −x�+�y =�−�
� y =�x −��
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/PX�XF�DBO�TVCTUJUVUF�UIF�FYQSFTTJPO�x −���GPS�y�JO�UIF�TFDPOE�FRVBUJPO�
� �x −��y =��
� �x −��	x�−��
�=��
� �x −��x +����=��
� −�x =�−��
� x =��
/PX�XF�TVCTUJUVUF�x =���JOUP�UIe fiSTU�FRVBUJPO�BOE�TPMWF�GPS�y�
� −	�
�+�y =�−�
� y =��
0VS�TPMVUJPO�JT�	���
�
$IFDL�UIF�TPMVUJPO�CZ�TVCTUJUVUJOH�	���
�JOUP�CPUI�FRVBUJPOT�
� −x�+�y =�−��
� −	�
�+�	�
�=�−��� 5SVF
� �x −��y =��
� �	�
�−��	�
�=��� 5SVF

Try It #3
4PMWF�UIF�GPMMPXJOH�TZTUFN�PG�FRVBUJPOT�CZ�TVCTUJUVUJPO�
 x =�y +��
� ��=��x −��y

Q & A…
Can the substitution method be used to solve any linear system in two variables?
:FT�CVU�UIF�NFUIPE�XPSLT�CFTU�JG�POF�PG�UIF�FRVBUJPOT�DPOUBJOT�B�DPFffiDJFOU�PG���PS�−��TP�UIBU�XF�EP�OPU�IBWF�UP�EFBM�
XJUI�GSBDUJPOT�

Solving Systems of Equations in Two Variables by the Addition Method
"�UIJSE�NFUIPE�PG�TPMWJOH�TZTUFNT�PG�MJOFBS�FRVBUJPOT�JT�UIF�addition method��*O�UIJT�NFUIPE�XF�BEE�UXP�UFSNT�XJUI�
UIF�TBNF�WBSJBCMF�CVU�PQQPTJUF�DPFffiDJFOUT�TP�UIBU�UIF�TVN�JT�[FSP��0G�DPVSTF�OPU�BMM�TZTUFNT�BSF�TFU�VQ�XJUI�UIF�UXP�
UFSNT�PG�POF�WBSJBCMF�IBWJOH�PQQPTJUF�DPFffiDJFOUT��0ftFO�XF�NVTU�BEKVTU�POF�PS�CPUI�PG�UIF�FRVBUJPOT�CZ�NVMUJQMJDBUJPO�
TP�UIBU�POF�WBSJBCMF�XJMM�CF�FMJNJOBUFE�CZ�BEEJUJPO�

How To…
(JWFO�B�TZTUFN�PG�FRVBUJPOT�TPMWF�VTJOH�UIF�BEEJUJPO�NFUIPE�
1. 8SJUF�CPUI�FRVBUJPOT�XJUI�x��BOE�y�WBSJBCMFT�PO�UIF�MFGU� JEF�PG�UIF�FRVBM�TJHO�BOE�DPOTUBOUT�PO�UIF�SJHIU��
2. 8SJUF�POF�FRVBUJPO�BCPWF�UIF�PUIFS�MJOJOH�VQ�DPSSFTQPOEJOH�WBSJBCMFT��*G�POF�PG�UIF�WBSJBCMFT�JO�UIF�UPQ�FRVBUJPO�

IBT�UIF�PQQPTJUF�DPFffiDJFOU�PG�UIF�TBNF�WBSJBCMF�JO�UIF�CPUUPN�FRVBUJPO�BEE�UIF�FRVBUJPOT�UPHFUIFS�FMJNJOBUJOH�
POF�WBSJBCMF��*G�OPU�VTF�NVMUJQMJDBUJPO�CZ�B�OPO[FSP�OVNCFS�TP�UIBU�POF�PG�UIF�WBSJBCMFT�JO�UIF�UPQ�FRVBUJPO�IBT�UIF�
PQQPTJUF�DPFffiDJFOU�PG�UIF�TBNF�WBSJBCMF�JO�UIF�CPUUPN�FRVBUJPO�UIFO�BEE�UIF�FRVBUJPOT�UP�FMJNJOBUF�UIF�WBSJBCMF�

3. 4PMWF�UIF�SFTVMUJOH�FRVBUJPO�GPS�UIF�SFNBJOJOH�WBSJBCMF�
4. 4VCTUJUVUF�UIBU�WBMVF�JOUP�POF�PG�UIF�PSJHJOBM�FRVBUJPOT�BOE�TPMWF�GPS�UIF�TFDPOE�WBSJBCMF�
5. $IFDL�UIF�TPMVUJPO�CZ�TVCTUJUVUJOH�UIF�WBMVFT�JOUP�UIF�PUIFS�FRVBUJPO�
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Example 4  Solving a System by the Addition Method

4PMWF�UIF�HJWFO�TZTUFN�PG�FRVBUJPOT�CZ�BEEJUJPO�
� x +��y =�−�
� −x�+�y =��
Solution #PUI�FRVBUJPOT�BSF�BMSFBEZ�TFU�FRVBM�UP�B�DPOTUBOU��/PUJDF�UIBU�UIF�DPFffiDJFOU�PG�x�JO�UIF�TFDPOE�FRVBUJPO�

−��JT�UIF�PQQPTJUF�PG�UIF�DPFffiDJFOU�PG�x�JO�UIF�fiSTU�FRVBUJPO����8F�DBO�BEE�UIF�UXP�FRVBUJPOT�UP�FMJNJOBUF�x�XJUIPVU�
OFFEJOH�UP�NVMUJQMZ�CZ�B�DPOTUBOU�
� ��x +��y =�−��
� −x�+�y =���
� �y =��
/PX�UIBU�XF�IBWF�FMJNJOBUFE�x�XF�DBO�TPMWF�UIF�SFTVMUJOH�FRVBUJPO�GPS�y�
� �y =��
� y =�����@����
ThFO�XF�TVCTUJUVUF�UIJT�WBMVF�GPS�y�JOUP�POF�PG�UIF�PSJHJOBM�FRVBUJPOT�BOE�TPMWF�GPS�x�
� −x�+�y =��

� −x�+�����@@�����=��

� −x�=���− ����@����

� −x�=�����@����

� x =�− "��@����

ThF�TPMVUJPO�UP�UIJT�TZTUFN�JT��( − "��@@�������
��@@�����) �

$IFDL�UIF�TPMVUJPO�JO�UIe fiSTU�FRVBUJPO�
� x +��y =�−�

� ��( − "��@@�����)���+���( ����@@�����)��=�−�

� − "��@@�����+�����@@�����=�−�

� − "��@@�����=�−�

� −��=�−�� 5SVF

Ana lysi s We gain an important perspective on systems of equations by looking at the graphical representation. See 
Figure 5 to find that the equations intersect at the solution. We do not need to ask whether there may be a second solution 
because observing the graph confirms that the system has exactly one solution.

x +  �y = −�
�

x

y

–�–�–�–�–�–� –�
–�
–�
–�
–�

�

�

�

�� �

�

� �

−x +  y =��

�

�
�

�
�–

Figure 5



CHAPTER 7 SYSTEMS OF EQUATIONS  AND INEQUALITIES582

Example 5 Using the Addition Method When Multiplication of One Equation Is Required

4PMWF�UIF�HJWFO�TZTUFN�PG�FRVBUJPOT�CZ�UIF�BEEJUJPO�NFUIPE�
� �x +��y =�−��
� x −��y =���
Solution "EEJOH�UIFTF�FRVBUJPOT�BT�QSFTFOUFE�XJMM�OPU�FMJNJOBUF�B�WBSJBCMF��)PXFWFS�XF�TFF�UIBU�UIF�fiSTU�FRVBUJPO�
IBT��x�JO�JU�BOE�UIF�TFDPOE�FRVBUJPO�IBT�x��4P�JG�XF�NVMUJQMZ�UIF�TFDPOE�FRVBUJPO�CZ�−��UIF�x�UFSNT�XJMM�BEE�UP�[FSP�
� x −��y =���
� −�	x�−��y
�=�−�	��
�� .VMUJQMZ�CPUI�TJEFT�CZ�−��
� −�x +��y =�−��� � 6TF�UIF�EJTUSJCVUJWF�QSPQFSUZ�
/PX�MFU�T�BEE�UIFN�
� �x +��y =�−��
� −�x +��y =�−��
� ��y =�−��
� y =�−�
'PS�UIF�MBTU�TUFQ�XF�TVCTUJUVUF�y =�−��JOUP�POF�PG�UIF�PSJHJOBM�FRVBUJPOT�BOE�TPMWF�GPS�x�
� �x +��y =�−���
� �x +��	�−��
�=�−���
� �x −����=�−���
� �x =��
� x =��
0VS�TPMVUJPO�JT�UIF�PSEFSFE�QBJS�	��−�
��4FF�Figure 6��$IFDL�UIF�TPMVUJPO�JO�UIF�PSJHJOBM�TFDPOE�FRVBUJPO�
� x −��y =���
� 	�
�−��	�−��
�=���+��
� ���=���� 5SVF
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Figure 6

Try It #4
4PMWF�UIF�TZTUFN�PG�FRVBUJPOT�CZ�BEEJUJPO�
� �x −��y =��
� �x�+�y�=�−��

Example 6 Using the Addition Method When Multiplication of Both Equations Is Required

4PMWF�UIF�HJWFO�TZTUFN�PG�FRVBUJPOT�JO�UXP�WBSJBCMFT�CZ�BEEJUJPO�
� �x +��y =�−��
� �x −���y =���
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Solution 0OF�FRVBUJPO�IBT��x�BOE�UIF�PUIFS�IBT��x��ThF�MFBTU�DPNNPO�NVMUJQMF�JT���x�TP�XF�XJMM�IBWF�UP�NVMUJQMZ�
CPUI�FRVBUJPOT�CZ�B�DPOTUBOU�JO�PSEFS�UP�FMJNJOBUF�POF�WBSJBCMF��-FU�T�FMJNJOBUF�x�CZ�NVMUJQMZJOH�UIF�fiSTU�FRVBUJPO�CZ�

−��BOE�UIF�TFDPOE�FRVBUJPO�CZ���
� −��	�x +��y
�=�−�	−��

� −���x −���y =���
� �	�x −���y
�=��	��

� ��x −���y =���
ThFO�XF�BEE�UIF�UXP�FRVBUJPOT�UPHFUIFS�
� −��x −���y =�����
� ��x −���y =���
� −��y =����
� y =�−�
4VCTUJUVUF�y =�−��JOUP�UIF�PSJHJOBl fiSTU�FRVBUJPO�
� �x +��	−�
�=�−��
� �x −����=�−��
� �x =�−�
� x =�−�
ThF�TPMVUJPO�JT�	−��−�
��$IFDL�JU�JO�UIF�PUIFS�FRVBUJPO�
� �x −���y =���
� �	−�
�−���	−�
�=���
� −���+����=���
� ���=���
4FF�Figure 7�
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Figure 7

Example 7 Using the Addition Method in Systems of Equations Containing Fractions

4PMWF�UIF�HJWFO�TZTUFN�PG�FRVBUJPOT�JO�UXP�WBSJBCMFT�CZ�BEEJUJPO�

� ��x @@������+���y @@������=��

� ��x @@������−���y @@������=��

Solution 'JSTU�DMFBS�FBDI�FRVBUJPO�PG�GSBDUJPOT�CZ�NVMUJQMZJOH�CPUI�TJEFT�PG�UIF�FRVBUJPO�CZ�UIF�MFBTU�DPNNPO�
EFOPNJOBUPS�
� ��( ��x @@������+���y @@������) ��=��	�


� �x +�y =���
� ��( ��x @@������−���y @@������) ��=��	�


� �x −�y =��
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/PX�NVMUJQMZ�UIF�TFDPOE�FRVBUJPO�CZ�−��TP�UIBU�XF�DBO�FMJNJOBUF�UIF�x�WBSJBCMF�
� −�	�x −�y
�=�−�	�

� −�x +�y =�−�
"EE�UIF�UXP�FRVBUJPOT�UP�FMJNJOBUF�UIF�x�WBSJBCMF�BOE�TPMWF�UIF�SFTVMUJOH�FRVBUJPO�
� �x +�y =���
� −�x +�y =�−�
� �y =���
� y =��
4VCTUJUVUF�y =���JOUP�UIe fiSTU�FRVBUJPO�
� �x +�	�
�=���
� �x =���

� x =������@@@��� �

� =����
ThF�TPMVUJPO�JT��( �����@@@��� ����) ���$IFDL�JU�JO�UIF�PUIFS�FRVBUJPO�

� ��x @@������−���y @@������=��

� ��
�����@��� ��@@@@��� ���−���� @@�������=��

� �����@@@��� ��−�����@@�������=��

� ����@@�����=��

Try It #5
4PMWF�UIF�TZTUFN�PG�FRVBUJPOT�CZ�BEEJUJPO�
� �x +��y =��
� �x�+��y�=���

Identifying Inconsistent Systems of Equations Containing Two Variables
/PX�UIBU�XF�IBWF�TFWFSBM�NFUIPET�GPS�TPMWJOH�TZTUFNT�PG�FRVBUJPOT�XF�DBO�VTF�UIF�NFUIPET�UP�JEFOUJGZ�JODPOTJTUFOU�
TZTUFNT��3FDBMM�UIBU�BO�JODPOTJTUFOU�TZTUFN�DPOTJTUT�PG�QBSBMMFM�MJOFT�UIBU�IBWF�UIF�TBNF�TMPQF�CVU�EJffFSFOU�y�JOUFSDFQUT��
ThFZ�XJMM�OFWFS�JOUFSTFDU��8IFO�TFBSDIJOH�GPS�B�TPMVUJPO�UP�BO�JODPOTJTUFOU�TZTUFN�XF�XJMM�DPNF�VQ�XJUI�B�GBMTF�
TUBUFNFOU�TVDI�BT����=���

Example 8 Solving an Inconsistent System of Equations

4PMWF�UIF�GPMMPXJOH�TZTUFN�PG�FRVBUJPOT�
� x =���−��y
� x +��y =���
Solution 8F�DBO�BQQSPBDI�UIJT�QSPCMFN�JO�UXP�XBZT��#FDBVTF�POF�FRVBUJPO�JT�BMSFBEZ�TPMWFE�GPS�x�UIF�NPTU�PCWJPVT�
TUFQ�JT�UP�VTF�TVCTUJUVUJPO�
� x +��y =���
� 	��−��y
�+��y =���
� ��+��y =���
� ��=���
$MFBSMZ�UIJT�TUBUFNFOU�JT�B�DPOUSBEJDUJPO�CFDBVTF���≠ ���. ThFSFGPSF�UIF�TZTUFN�IBT�OP�TPMVUJPO�
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ThF�TFDPOE�BQQSPBDI�XPVME�CF�UP�fiSTU�NBOJQVMBUF�UIF�FRVBUJPOT�TP�UIBU�UIFZ�BSF�CPUI�JO�TMPQF�JOUFSDFQU�GPSN��8F�
NBOJQVMBUF�UIe fiSTU�FRVBUJPO�BT�GPMMPXT�
� x =���−��y
� �y =�−�x +��

� y =�−  "��@@����x +�����@@����

8F�UIFO�DPOWFSU�UIF�TFDPOE�FRVBUJPO�FYQSFTTFE�UP�TMPQF�JOUFSDFQU�GPSN�
� x +��y =���
� �y =�−�x +���

� y =�− "��@@����x +������@@@��� �

$PNQBSJOH�UIF�FRVBUJPOT�XF�TFF�UIBU�UIFZ�IBWF�UIF�TBNF�TMPQF�CVU�EJffFSFOU�y�JOUFSDFQUT��ThFSFGPSF�UIF�MJOFT�BSF�
QBSBMMFM�BOE�EP�OPU�JOUFSTFDU�
� y =�− "��@@����x +�����@@����

� y =�− "��@@����x +������@@@��� �

Ana lysi s Writing the equations in slope-intercept form confirms that the system is inconsistent because all lines will 
intersect eventually unless they are parallel. Parallel lines will never intersect; thus, the two lines have no points in 
common. The graphs of the equations in this example are shown in Figure 8.
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Try It #6
4PMWF�UIF�GPMMPXJOH�TZTUFN�PG�FRVBUJPOT�JO�UXP�WBSJBCMFT�
� �y −��x =��
� �y�−��x�=��

Expressing the Solution of a System of Dependent Equations Containing Two Variables
3FDBMM�UIBU�B�EFQFOEFOU�TZTUFN�PG�FRVBUJPOT�JO�UXP�WBSJBCMFT�JT�B�TZTUFN�JO�XIJDI�UIF�UXP�FRVBUJPOT�SFQSFTFOU�UIF�TBNF�
MJOF��%FQFOEFOU�TZTUFNT�IBWF�BO�JOfiOJUF�OVNCFS�PG�TPMVUJPOT�CFDBVTF�BMM�PG�UIF�QPJOUT�PO�POF�MJOF�BSF�BMTP�PO�UIF�PUIFS�
MJOF��"ftFS�VTJOH�TVCTUJUVUJPO�PS�BEEJUJPO�UIF�SFTVMUJOH�FRVBUJPO�XJMM�CF�BO�JEFOUJUZ�TVDI�BT���=���

Example 9 Finding a Solution to a Dependent System of Linear Equations

'JOE�B�TPMVUJPO�UP�UIF�TZTUFN�PG�FRVBUJPOT�VTJOH�UIF�BEEJUJPO�NFUIPE�
� x +��y =��
� �x +��y =��
Solution 8JUI�UIF�BEEJUJPO�NFUIPE�XF�XBOU�UP�FMJNJOBUF�POF�PG�UIF�WBSJBCMFT�CZ�BEEJOH�UIF�FRVBUJPOT��*O�UIJT�DBTF�
MFU�T�GPDVT�PO�FMJNJOBUJOH�x��*G�XF�NVMUJQMZ�CPUI�TJEFT�PG�UIF�fiSTU�FRVBUJPO�CZ�−��UIFO�XF�XJMM�CF�BCMF�UP�FMJNJOBUF�UIF�
x�WBSJBCMF�
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� x +��y =��
� 	−�
	x�+��y
�=�	−�
	�

� −�x −��y =�−��
/PX�BEE�UIF�FRVBUJPOT�
� −�x −��y =�−�
� +�����x +��y =��
� ��=��
8F�DBO�TFF�UIBU�UIFSF�XJMM�CF�BO�JOfiOJUF�OVNCFS�PG�TPMVUJPOT�UIBU�TBUJTGZ�CPUI�FRVBUJPOT�

Ana lysi s If we rewrote both equations in the slope-intercept form, we might know what the solution would look like 
before adding. Let’s look at what happens when we convert the system to slope-intercept form.
� x +��y =��
� �y =�−�x +��

� y =�−����@@����x +�����@@����

� �x +��y =��
� �y =�−�x +��

� y =�−����@@����x +�����@@����

� y =�−����@@����x +�����@@����

See Figure 9. Notice the results are the same. The general solution to the system is��( x�−����@����x +�����@�����) ��
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Figure 9

Try It #7
4PMWF�UIF�GPMMPXJOH�TZTUFN�PG�FRVBUJPOT�JO�UXP�WBSJBCMFT�
 y −��x =��
 −�y�+��x�=�−��

Using Systems of Equations to Investigate Profits
6TJOH�XIBU�XF�IBWF�MFBSOFE�BCPVU�TZTUFNT�PG�FRVBUJPOT�XF�DBO�SFUVSO�UP�UIF�TLBUFCPBSE�NBOVGBDUVSJOH�QSPCMFN�BU�
UIF�CFHJOOJOH�PG�UIF�TFDUJPO��ThF�TLBUFCPBSE�NBOVGBDUVSFS�T�revenue function�JT�UIF�GVODUJPO�VTFE�UP�DBMDVMBUF�UIF�
BNPVOU�PG�NPOFZ�UIBU�DPNFT�JOUP�UIF�CVTJOFTT��*U�DBO�CF�SFQSFTFOUFE�CZ�UIF�FRVBUJPO�R =�xp�XIFSF�x =�RVBOUJUZ�BOE�
p =�QSJDF. ThF�SFWFOVF�GVODUJPO�JT�TIPXO�JO�PSBOHF�JO�Figure 10�
ThF�cost function�JT�UIF�GVODUJPO�VTFE�UP�DBMDVMBUF�UIF�DPTUT�PG�EPJOH�CVTJOFTT��*U�JODMVEFT�fiYFE�DPTUT�TVDI�BT�SFOU�BOE�
TBMBSJFT�BOE�WBSJBCMF�DPTUT�TVDI�BT�VUJMJUJFT��ThF�DPTU�GVODUJPO�JT�TIPXO�JO�CMVF�JO�Figure 10��ThF�x�BYJT�SFQSFTFOUT�
RVBOUJUZ�JO�IVOESFET�PG�VOJUT. ThF�y�BYJT�SFQSFTFOUT�FJUIFS�DPTU�PS�SFWFOVF�JO�IVOESFET�PG�EPMMBST�
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ThF�QPJOU�BU�XIJDI�UIF�UXP�MJOFT�JOUFSTFDU�JT�DBMMFE�UIF�break-even point��8F�DBO�TFF�GSPN�UIF�HSBQI�UIBU�JG�����VOJUT�BSF�
QSPEVDFE�UIF�DPTU�JT�������BOE�UIF�SFWFOVF�JT�BMTP��������*O�PUIFS�XPSET�UIF�DPNQBOZ�CSFBLT�FWFO�JG�UIFZ�QSPEVDF�
BOE�TFMM�����VOJUT. ThFZ�OFJUIFS�NBLF�NPOFZ�OPS�MPTF�NPOFZ�
ThF�TIBEFE�SFHJPO�UP�UIF�SJHIU�PG�UIF�CSFBL�FWFO�QPJOU�SFQSFTFOUT�RVBOUJUJFT�GPS�XIJDI�UIF�DPNQBOZ�NBLFT�B�QSPfiU��
ThF�TIBEFE�SFHJPO�UP�UIF�MFGU SFQSFTFOUT�RVBOUJUJFT�GPS�XIJDI�UIF�DPNQBOZ�TVffFST�B�MPTT��ThF�profit function�JT�UIF�
SFWFOVF�GVODUJPO�NJOVT�UIF�DPTU�GVODUJPO�XSJUUFO�BT�P	x
�=�R	x
�−�C	x
��$MFBSMZ�LOPXJOH�UIF�RVBOUJUZ�GPS�XIJDI�UIF�
DPTU�FRVBMT�UIF�SFWFOVF�JT�PG�HSFBU�JNQPSUBODF�UP�CVTJOFTTFT�

Example 10 Finding the Break-Even Point and the Profit Function Using Substitution

(JWFO�UIF�DPTU�GVODUJPO�C	x
�=�����x +�������BOE�UIF�SFWFOVF�GVODUJPO�R	x
�=�����x�fiOE�UIF�CSFBL�FWFO�QPJOU�BOE�
UIF�QrofiU�GVODUJPO�

Solution 8SJUF�UIF�TZTUFN�PG�FRVBUJPOT�VTJOH�y�UP�SFQMBDF�GVODUJPO�OPUBUJPO�
� y =�����x +������
� y =�����x
4VCTUJUVUF�UIF�FYQSFTTJPO�����x +�������GSPN�UIe fiSTU�FRVBUJPO�JOUP�UIF�TFDPOE�FRVBUJPO�BOE�TPMWF�GPS�x�
� ����x +�������=�����x
� ������=����x
� ������=�x
ThFO�XF�TVCTUJUVUF�x =�������JOUP�FJUIFS�UIF�DPTU�GVODUJPO�PS�UIF�SFWFOVF�GVODUJPO�
� ����	�����
�=������
ThF�CSFBL�FWFO�QPJOU�JT�	�����������
�
ThF�QSPfiU�GVODUJPO�JT�GPVOE�VTJOH�UIF�GPSNVMB�P	x
�=�R	x
�−�C	x
�
� P	x
�=�����x −�	����x +�������

� =����x −�������
ThF�QSPfiU�GVODUJPO�JT�P	x
�=����x −�������

Ana lysi s The cost to produce ����� units is ������, and the revenue from the sales of ����� units is also ������. To 
make a profit, the business must produce and sell more than ����� units. See Figure 11.

We see from the graph in Figure 12 that the profit function has a negative value until x = �����, when the graph crosses 
the x-axis. Then, the graph emerges into positive y-values and continues on this path as the profit function is a straight 
line. This illustrates that the break-even point for businesses occurs when the profit function is �. The area to the left of 
the break-even point represents operating at a loss.
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Figure 12 

Example 11 Writing and Solving a System of Equations in Two Variables

ThF�DPTU�PG�B�UJDLFU�UP�UIF�DJSDVT�JT��������GPS�DIJMESFO�BOE��������GPS�BEVMUT��0O�B�DFSUBJO�EBZ�BUUFOEBODF�BU�UIF�DJSDVT�
JT������BOE�UIF�UPUBM�HBUF�SFWFOVF�JT���������)PX�NBOZ�DIJMESFO�BOE�IPX�NBOZ�BEVMUT�CPVHIU�UJDLFUT 
Solution -FU�c�=�UIF�OVNCFS�PG�DIJMESFO�BOE�a�=�UIF�OVNCFS�PG�BEVMUT�JO�BUUFOEBODF�
ThF�UPUBM�OVNCFS�PG�QFPQMF�JT�������8F�DBO�VTF�UIJT�UP�XSJUF�BO�FRVBUJPO�GPS�UIF�OVNCFS�PG�QFPQMF�BU�UIF�DJSDVT�UIBU�EBZ�
� c +�a =�����
ThF�SFWFOVF�GSPN�BMM�DIJMESFO�DBO�CF�GPVOE�CZ�NVMUJQMZJOH��������CZ�UIF�OVNCFS�PG�DIJMESFO���c��ThF�SFWFOVF�GSPN�
BMM�BEVMUT�DBO�CF�GPVOE�CZ�NVMUJQMZJOH��������CZ�UIF�OVNCFS�PG�BEVMUT���a. ThF�UPUBM�SFWFOVF�JT��������
8F�DBO�VTF�UIJT�UP�XSJUF�BO�FRVBUJPO�GPS�UIF�SFWFOVF�
� ��c +���a =������
8F�OPX�IBWF�B�TZTUFN�PG�MJOFBS�FRVBUJPOT�JO�UXP�WBSJBCMFT�
� c +�a =�����
� ��c +���a =������
*O�UIF�fiSTU�FRVBUJPO�UIF�DPFffiDJFOU�PG�CPUI�WBSJBCMFT�JT����8F�DBO�RVJDLMZ�TPMWF�UIF�fiSTU�FRVBUJPO�GPS�FJUIFS�c�PS�a��8F�
XJMM�TPMWF�GPS�a�
� c +�a =�����
� a =������−�c
4VCTUJUVUF�UIF�FYQSFTTJPO������−�c�JO�UIF�TFDPOE�FRVBUJPO�GPS�a�BOE�TPMWF�GPS�c�
� ��c +���	�����−�D
�=������
� ��c +��������−���c =������
� −���c =�−�����
� c =�����
4VCTUJUVUF�c =������JOUP�UIe fiSTU�FRVBUJPO�UP�TPMWF�GPS�a�
� �����+�a =�����
� a =����
8e fiOE�UIBU������DIJMESFO�BOE�����BEVMUT�CPVHIU�UJDLFUT�UP�UIF�DJSDVT�UIBU�EBZ�

Try It #8
.FBM�UJDLFUT�BU�UIF�DJSDVT�DPTU�������GPS�DIJMESFO�BOE��������GPS�BEVMUT��*G������NFBM�UJDLFUT�XFSF�CPVHIU�GPS�B�UPUBM�PG�
�������IPX�NBOZ�DIJMESFO�BOE�IPX�NBOZ�BEVMUT�CPVHIU�NFBM�UJDLFUT 

"DDFTT�UIFTF�POMJOF�SFTPVSDFT�GPS�BEEJUJPOBM�JOTUSVDUJPO�BOE�QSBDUJDF�XJUI�TZTUFNT�PG�MJOFBS�FRVBUJPOT�
t� Solving Systems of Equations Using Substitution (http://openstaxcollege.org/l/syssubst)
t� Solving Systems of Equations Using Elimination (http://openstaxcollege.org/l/syselim)
t� Applications of Systems of Equations (http://openstaxcollege.org/l/sysapp)

http://openstaxcollege.org/l/syssubst
http://openstaxcollege.org/l/syselim
http://openstaxcollege.org/l/sysapp
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7.1 SECTION EXERCISES

VERBAL

1. $BO�B�TZTUFN�PG�MJOFBS�FRVBUJPOT�IBWF�FYBDUMZ�UXP�
TPMVUJPOT �&YQMBJO�XIZ�PS�XIZ�OPU�

2. *G�ZPV�BSF�QFSGPSNJOH�B�CSFBL�FWFO�BOBMZTJT�GPS�
B�CVTJOFTT�BOE�UIFJS�DPTU�BOE�SFWFOVF�FRVBUJPOT�
BSF�EFQFOEFOU�FYQMBJO�XIBU�UIJT�NFBOT�GPS�UIF�
DPNQBOZ�T�QSPfiU�NBSHJOT�

3. *G�ZPV�BSF�TPMWJOH�B�CSFBL�FWFO�BOBMZTJT�BOE�HFU�
B�OFHBUJWF�CSFBL�FWFO�QPJOU�FYQMBJO�XIBU�UIJT�
TJHOJGJFT� PS�UIF�DPNQBOZ 

4. *G�ZPV�BSF�TPMWJOH�B�CSFBL�FWFO�BOBMZTJT�BOE�UIFSF�
JT�OP�CSFBL�FWFO�QPJOU�FYQMBJO�XIBU�UIJT�NFBOT�
GPS�UIF�DPNQBOZ��)PX�TIPVME�UIFZ�FOTVSF�UIFSF�JT�B�
CSFBL�FWFO�QPJOU 

5. (JWFO�B�TZTUFN�PG�FRVBUJPOT�FYQMBJO�BU�MFBTU�UXP�
diffFSFOU�NFUIPET�PG�TPMWJOH�UIBU�TZTUFN�

ALGEBRAIC
'PS�UIF�GPMMPXJOH�FYFSDJTFT�EFUFSNJOF�XIFUIFS�UIF�HJWFO�PSEFSFE�QBJS�JT�B�TPMVUJPO�UP�UIF�TZTUFN�PG�FRVBUJPOT�

6. �x�−�y�=���
x�+��y�=���BOE�	���


7. �−�x�−��y�=����
��−�x�+��y�=����BOE�	−���


8. �x�+��y�=���
�x�+��y�=���BOE�	���


9. �−�x�+��y�=���
�����x�+��y�=���BOE�	−���


10.   x�+��y�=����
�x −��y�=�−��BOE�	���


'PS�UIF�GPMMPXJOH�FYFSDJTFT�TPMWF�FBDI�TZTUFN�CZ�TVCTUJUVUJPO�

11.   x�+��y�=���
�x�+��y�=��

12. ���x −��y�=����
�x�+���y�=�−��

13. �x�+��y�=�−���
�x�+��y�=��

14. �x�+��y�=�−����
�x −��y�=����

15. �−�x�+��y�=�����
�−�x�−��y�=����

16.      x�−����y�=���
�−��x�+��y�=��

17. �����x�+��y�=���
��x�+���y�=�−��

18. �−�x�+�y�=���
��x −��y�=�−�

19. ����@@�����x�+�����@@����y�=����

�����@@����x�+�����@@����y�=��

20. �−����@@����x��+������@@����y�=����

�−����@@����x��+������@@����y�=��

'PS�UIF�GPMMPXJOH�FYFSDJTFT�TPMWF�FBDI�TZTUFN�CZ�BEEJUJPO�

21. �−�x�+��y�=�−���
�����x�+��y�=���

22. �x�−��y�=�−���
�x�+��y�=��

23. �������x�−�y�=�−����
�−�x�−��y�=����

24. �x�−��y�=���
�x�+��y�=�����

25. �−x�+��y�=�−��
�x�−���y�=��

26. ���������x�+��y�=���
�−��x�−���y�=�−�

27. ����@@����x�+�����@@����y �=���

�����@@����x�−������@@����y��=�−�����@@@������

28. ������@@����x��+������@@����y�=������@@�����

−����@@����x��+������@@����y�=�−����@@����

29. �−���x�+����y�=�����
�������������x�−��y�=�−�

30. �−���x�+����y�=�����
���������x�−���y�=��

'PS�UIF�GPMMPXJOH�FYFSDJTFT�TPMWF�FBDI�TZTUFN�CZ�BOZ�NFUIPE�

31. �x�+��y�=����
��x�+��y�=��

32. �x −��y�=�−����
�x�+��y�=����

33. �x�−��y�=������
�x�−��y�=��

34.     x�−������@@@�����y��=��−�����@@@������

�−�x��+������@@����y�=�������@@@��� �

Old: Allyson Rozell 
Download for free at https://openstax.org/ details/books/college-algebra
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35. �x�−��y��=������@@�����

�x�+��y��=������@@����

36. �x�+��y�=����
�x�+��y�=��

37. ��������@@����x��−������@@����y��=���

−�����@@@��� �x�+�����@@@�����y��=�−�

38. ����@@����x��+������@@����y�=�����@@�����

����@@����x��+������@@����y�=��−����@@����

39. ���x�+����y�=�−����
���x�+����y�=����

40. ������x�+����y�=���
����x −����y�=��

GRAPHICAL
'PS�UIF�GPMMPXJOH�FYFSDJTFT�HSBQI�UIF�TZTUFN�PG�FRVBUJPOT�BOE�TUBUF�XIFUIFS�UIF�TZTUFN�JT�DPOTJTUFOU�JODPOTJTUFOU�PS�
EFQFOEFOU�BOE�XIFUIFS�UIF�TZTUFN�IBT�POF�TPMVUJPO�OP�TPMVUJPO�PS�JOfiOJUF�TPMVUJPOT�

41. �x�−�y�=�����
x�−��y�=����

42. �−x�+��y�=���
���x�−��y�=��

43.   x�+��y�=���
�x�+��y�=���

44. �x�−��y�=���
��x�−��y�=��

45. �����x�−��y�=���
�−�x�+��y�=�−��

TECHNOLOGY
'PS�UIF�GPMMPXJOH�FYFSDJTFT�VTF�UIF�JOUFSTFDU�GVODUJPO�PO�B�HSBQIJOH�EFWJDF�UP�TPMWF�FBDI�TZTUFN��3PVOE�BMM�BOTXFST�
UP�UIF�OFBSFTU�IVOESFEUI�

46. �������x�+����y�=�����
�−���x�+����y�=��

47. �−����x�+�����y�=������
��������x�+�����y�=�����

48. ������x�+����y�=���
����x −����y�=�����

49. ��������x�+�����y�=������
�−����x�+�����y�=����

50. �−����x�+�����y�=������
��������x�+�����y�=����

EXTENSIONS
'PS�UIF�GPMMPXJOH�FYFSDJTFT�TPMWF�FBDI�TZTUFN�JO�UFSNT�PG�A�B�C�D�E�BOE�F�XIFSF�A�o�F�BSF�OPO[FSP�OVNCFST��/PUF�
UIBU�A�≠ �B�BOE�AE�≠ �BD�

51. x�+�y�=�A�
x�−�y�=�B

52. x�+�Ay�=���
x�+�By�=��

53. Ax�+�y�=���
Bx�+�y�=��

54. Ax�+�By�=�C�
�����x�+�y�=��

55. Ax�+�By�=�C�
Dx�+�Ey�=�F

REAL-WORLD APPLICATIONS
'PS�UIF�GPMMPXJOH�FYFSDJTFT�TPMWF�GPS�UIF�EFTJSFE�RVBOUJUZ�

56. "�TUuffFE�BOJNBM�CVTJOFTT�IBT�B�UPUBM�DPTU�PG�
QSPEVDUJPO�C�=���x�+����BOE�B�SFWFOVF�GVODUJPO�
R�=���x��'JOE�UIF�CSFBL�FWFO�QPJOU�

57. "�GBTU�GPPE�SFTUBVSBOU�IBT�B�DPTU�PG�QSPEVDUJPO�
C	x
�=���x�+�����BOE�B�SFWFOVF�GVODUJPO�R	x
�=��x��
8IFO�EPFT�UIF�DPNQBOZ�TUBSU�UP�UVSO�B�QSPfiU 

58. "�DFMM�QIPOF�GBDUPSZ�IBT�B�DPTU�PG�QSPEVDUJPO�
C	x
�=����x�+�������BOE�B�SFWFOVF�GVODUJPO�
R	x
�=����x��8IBU�JT�UIF�CSFBL�FWFO�QPJOU 

59. "�NVTJDJBO�DIBSHFT�C	x
�=���x�+�������XIFSF�x�
JT�UIF�UPUBM�OVNCFS�PG�BUUFOEFFT�BU�UIF�DPODFSt. ThF�
WFOVF�DIBSHFT�����QFS�UJDLFU��"ftFS�IPX�NBOZ�QFPQMF�
CVZ�UJDLFUT�EPFT�UIF�WFOVF�CSFBL�FWFO�BOE�XIBU�JT�UIF�
WBMVF�PG�UIF�UPUBM�UJDLFUT�TPME�BU�UIBU�QPJOU 

60. "�HVJUBS�GBDUPSZ�IBT�B�DPTU�PG�QSPEVDUJPO�
C	x
�=���x�+��������*G�UIF�DPNQBOZ�OFFET�UP�CSFBL�
FWFO�BftFS�����VOJUT�TPME�BU�XIBU�QSJDF�TIPVME�UIFZ�
TFMM�FBDI�HVJUBS �3PVOE�VQ�UP�UIF�OFBSFTU�EPMMBS�BOE�
XSJUF�UIF�SFWFOVF�GVODUJPO�
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'PS�UIF�GPMMPXJOH�FYFSDJTFT�VTF�B�TZTUFN�PG�MJOFBS�FRVBUJPOT�XJUI�UXP�WBSJBCMFT�BOE�UXP�FRVBUJPOT�UP�TPMWF�

61. 'JOE�UXP�OVNCFST�XIPTF�TVN�JT����BOd diffFSFODF�
JT����

62. "�OVNCFS�JT���NPSF�UIBO�BOPUIFS�OVNCFS��5XJDF�
UIF�TVN�PG�UIF�UXP�OVNCFST�JT�����'JOE�UIF�UXP�
OVNCFST�

63. ThF�TUBSUVQ�DPTU�GPS�B�SFTUBVSBOU�JT���������BOE�
FBDI�NFBM�DPTUT�����GPS�UIF�SFTUBVSBOU�UP�NBLF��*G�
FBDI�NFBM�JT�UIFO�TPME�GPS�����BftFS�IPX�NBOZ�
NFBMT�EPFT�UIF�SFTUBVSBOU�CSFBL�FWFO 

64. "�NPWJOH�DPNQBOZ�DIBSHes a flBU�SBUF�PG������
BOE�BO�BEEJUJPOBM����GPS�FBDI�CPY��*G�B�UBYJ�
TFSWJDF�XPVME�DIBSHF�����GPS�FBDI�CPY�IPX�NBOZ�
CPYFT�XPVME�ZPV�OFFE�GPS�JU�UP�CF�DIFBQFS�UP�VTF�
UIF�NPWJOH�DPNQBOZ�BOE�XIBU�XPVME�CF�UIF�
UPUBl cosU 

65. "�UPUBM�PG������GJ TU��BOE�TFDPOE�ZFBS�DPMMFHF�
TUVEFOUT�HBUIFSFE�BU�B�QFQ�SBMMZ. ThF�OVNCFS�PG�
GSFTINFO�FYDFFEFE�UIF�OVNCFS�PG�TPQIPNPSFT�CZ�
����)PX�NBOZ�GSFTINFO�BOE�TPQIPNPSFT�XFSF�JO�
BUUFOEBODF 

66. ����TUVEFOUT�FOSPMMFE�JO�B�GSFTINBO�MFWFM�DIFNJTUSZ�
DMBTT��#Z�UIF�FOE�PG�UIF�TFNFTUFS���UJNFT�UIF�OVNCFS�
PG�TUVEFOUT�QBTTFE�BT�GBJMFE��'JOE�UIF�OVNCFS�PG�
TUVEFOUT�XIP�QBTTFE�BOE�UIF�OVNCFS�PG�TUVEFOUT�
XIP�GBJMFE�

67. ThFSF�XFSF�����GBDVMUZ�BU�B�DPOGFSFODF��*G�UIFSF�XFSF�
���NPSF�XPNFO�UIBO�NFO�BUUFOEJOH�IPX�NBOZ�PG�
FBDI�HFOEFS�BUUFOEFE�UIF�DPOGFSFODF 

68. "�KFFQ�BOE�#.8�FOUFS�B�IJHIXBZ�SVOOJOH�FBTU�
XFTU�BU�UIF�TBNF�FYJU�IFBEJOH�JO�PQQPTJUF�EJSFDUJPOT��
ThF�KFFQ�FOUFSFE�UIF�IJHIXBZ����NJOVUFT�CFGPSF�
UIF�#.8�EJE�BOE�USBWFMFE���NQI�TMPXFS�UIBn tIF�
#.8��"ftFS���IPVST�GSPN�UIF�UJNF�UIF�#.8�
FOUFSFE�UIF�IJHIXBZ�UIF�DBST�XFSF�������NJMFT�BQBSU��
'JOE�UIF�TQFFE�PG�FBDI�DBS�BTTVNJOH�UIFZ�XFSF�
ESJWFO�PO�DSVJTF�DPOUSPM�

69. *G�B�TDJFOUJTU�NJYFE�����TBMJOF�TPMVUJPO�XJUI�����
TBMJOF�TPMVUJPO�UP�HFU����HBMMPOT�PG�����TBMJOF�
TPMVUJPO�IPX�NBOZ�HBMMPOT�PG�����BOE�����
TPMVUJPOT�XFSF�NJYFE 

70. "O�JOWFTUPS�FBSOFE�USJQMF�UIF�QSPfiUT�PG�XIBU�TIF�
FBSOFE�MBTU�ZFBS��*G�TIF�NBEF������������UPUBM�
GPS�CPUI�ZFBST�IPX�NVDI�EJE�TIF�FBSO�JO�QSPfiUT�
FBDh yFBS 

71. "O�JOWFTUPS�XIP�EBCCMFT�JO�SFBM�FTUBUF�JOWFTUFE�����
NJMMJPO�EPMMBST�JOUP�UXP�MBOE�JOWFTUNFOUT��0O�UIF�
GJ TU�JOWFTUNFOU�4XBO�1FBL�IFS�SFUVSO�XBT�B������
JODSFBTF�PO�UIF�NPOFZ�TIF�JOWFTUFE��0O�UIF�TFDPOE�
JOWFTUNFOU�3JWFSTJEF�$PNNVOJUZ�TIF�FBSOFE�����
PWFS�XIBU�TIF�JOWFTUFE��*G�TIF�FBSOFE����NJMMJPO�
JO�QSPfiUT�IPX�NVDI�EJE�TIF�JOWFTU�JO�FBDI�PG�UIF�
MBOd deBMT 

72. *G�BO�JOWFTUPS�JOWFTUT�B�UPUBM�PG��������JOUP�UXP�
CPOET�POF�UIBU�QBZT����TJNQMF�JOUFSFTU�BOE�UIF�

� PUIFS�UIBU�QBZT������@@�������JOUFSFTU�BOE�UIF�JOWFTUPS�
� FBSOT���������BOOVBM�JOUFSFTU�IPX�NVDI�XBT�
JOWFTUFE�JO�FBDI�BDDPVOU 

73. *G�BO�JOWFTUPS�JOWFTUT��������JOUP�UXP�CPOET�POF�
UIBU�QBZT����JO�TJNQMF�JOUFSFTU�BOE�UIF�PUIFS�QBZJOH�
���TJNQMF�JOUFSFTU�BOE�UIF�JOWFTUPS�FBSOT���������
BOOVBM�JOUFSFTU�IPX�NVDI�XBT�JOWFTUFE�JO�FBDI�
BDDPVOU 

74. $%T�DPTU�������NPSF�UIBO�%7%T�BU�"MM�#FUT�"SF�0GG
&MFDUSPOJDT��)PX�NVDI�XPVME���$%T�BOE���%7%T�
DPTU�JG���$%T�BOE���%7%T�DPTU�������� 

75. "�TUPSF�DMFSL�TPME����QBJST�PG�TOFBLFSs. ThF�IJHI�UPQT�
TPME�GPS��������BOE�UIF�MPX�UPQT�TPME�GPS����������
*G�UIF�SFDFJQUT�GPS�UIF�UXP�UZQFT�PG�TBMFT�UPUBMFE�
���������IPX�NBOZ�PG�FBDI�UZQF�PG�TOFBLFS�XFSF�
TPME 

76. "�DPODFSU�NBOBHFS�DPVOUFE�����UJDLFU�SFDFJQUT�UIF�
EBZ�BftFS�B�DPODFSt. ThF�QSJDF�GPS�B�TUVEFOU�UJDLFU�XBT�
�������BOE�UIF�QSJDF�GPS�BO�BEVMU�UJDLFU�XBT���������
ThF�SFHJTUFS�DPOGJ NT�UIBU�������XBT�UBLFO�JO��)PX�
NBOZ�TUVEFOU�UJDLFUT�BOE�BEVMU�UJDLFUT�XFSF�TPME 

77. "ENJTTJPO�JOUP�BO�BNVTFNFOU�QBSL�GPS���DIJMESFO�
BOE���BEVMUT�JT����������'PS���DIJMESFO�BOE���BEVMUT�
UIF�BENJTTJPO�JT����������"TTVNJOg a diffFSFOU�QSJDF�
GPS�DIJMESFO�BOE�BEVMUT�XIBU�JT�UIF�QSJDF�PG�UIF�DIJME�T�
UJDLFU�BOE�UIF�QSJDF�PG�UIF�BEVMt tJDLFU 
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7. 3 SYSTEMS OF NONLINEAR EQUATIONS AND INEQUALITIES: TWO VARIABLES
)BMMFZ�T�$PNFU�	Figure 1
�PSCJUT�UIF�TVO�BCPVU�PODF�FWFSZ����ZFBST��*UT�QBUI�DBO�CF�DPOTJEFSFE�UP�CF�B�WFSZ�FMPOHBUFE�
FMMJQTF��0UIFS�DPNFUT�GPMMPX�TJNJMBS�QBUIT�JO�TQBDF��ThFTF�PSCJUBM�QBUIT�DBO�CF�TUVEJFE�VTJOH�TZTUFNT�PG�FRVBUJPOT��ThFTF�
TZTUFNT�IPXFWFS�BSF�EJffFSFOU�GSPN�UIF�POFT�XF�DPOTJEFSFE�JO�UIF�QSFWJPVT�TFDUJPO�CFDBVTF�UIF�FRVBUJPOT�BSF�OPU�MJOFBS�

Figure 1 Halley’s Comet (credit: "NASA Blueshift"/Flickr)

*O�UIJT�TFDUJPO�XF�XJMM�DPOTJEFS�UIF�JOUFSTFDUJPO�PG�B�QBSBCPMB�BOE�B�MJOF�B�DJSDMF�BOE�B�MJOF�BOE�B�DJSDMF�BOE�BO�FMMJQTF��
ThF�NFUIPET�GPS�TPMWJOH�TZTUFNT�PG�OPOMJOFBS�FRVBUJPOT�BSF�TJNJMBS�UP�UIPTF�GPS�MJOFBS�FRVBUJPOT�

Solving a System of Nonlinear Equations Using Substitution
"�system of nonlinear equations�JT�B�TZTUFN�PG�UXP�PS�NPSF�FRVBUJPOT�JO�UXP�PS�NPSF�WBSJBCMFT�DPOUBJOJOH�BU�MFBTU�
POF�FRVBUJPO�UIBU�JT�OPU�MJOFBS��3FDBMM�UIBU�B�MJOFBS�FRVBUJPO�DBO�UBLF�UIF�GPSN�Ax�+�By�+�C =����"OZ�FRVBUJPO�UIBU�
DBOOPU�CF�XSJUUFO�JO�UIJT�GPSN�JO�OPOMJOFBS. ThF�TVCTUJUVUJPO�NFUIPE�XF�VTFE�GPS�MJOFBS�TZTUFNT�JT�UIF�TBNF�NFUIPE�
XF�XJMM�VTF�GPS�OPOMJOFBS�TZTUFNT��8F�TPMWF�POF�FRVBUJPO�GPS�POF�WBSJBCMF�BOE�UIFO�TVCTUJUVUF�UIF�SFTVMU�JOUP�UIF�TFDPOE�
FRVBUJPO�UP�TPMWF�GPS�BOPUIFS�WBSJBCMF�BOE�TP�PO. ThFSF�JT�IPXFWFS�B�WBSJBUJPO�JO�UIF�QPTTJCMF�PVUDPNFT�

Intersection of a Parabola and a Line
ThFSF�BSF�UISFF�QPTTJCMF�UZQFT�PG�TPMVUJPOT�GPS�B�TZTUFN�PG�OPOMJOFBS�FRVBUJPOT�JOWPMWJOH�B�QBSBCPMB�BOE�B�MJOF�

possible types of solutions for points of intersection of a parabola and a line 
Figure 2�JMMVTUSBUFT�QPTTJCMF�TPMVUJPO�TFUT�GPS�B�TZTUFN�PG�FRVBUJPOT�JOWPMWJOH�B�QBSBCPMB�BOE�B�MJOF�

t� /P�TPMVUJPn. ThF�MJOF�XJMM�OFWFS�JOUFSTFDU�UIF�QBSBCPMB�
t� 0OF�TPMVUJPn. ThF�MJOF�JT�UBOHFOU�UP�UIF�QBSBCPMB�BOE�JOUFSTFDUT�UIF�QBSBCPMB�BU�FYBDUMZ�POF�QPJOU�
t� 5XP�TPMVUJPOs. ThF�MJOF�DSPTTFT�PO�UIF�JOTJEF�PG�UIF�QBSBCPMB�BOE�JOUFSTFDUT�UIF�QBSBCPMB�BU�UXP�QPJOUT�
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Figure 2 

LEARNING OBJECTIVES

In this section, you will:
ō� Solve a system of nonlinear equations using substitution.
ō� Solve a system of nonlinear equations using elimination.
ō� Graph a nonlinear inequality.
ō� Graph a system of nonlinear inequalities.

Old: Allyson Rozell 
Download for free at https://openstax.org/ details/books/college-algebra
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How To…
(JWFO�B�TZTUFN�PG�FRVBUJPOT�DPOUBJOJOH�B�MJOF�BOE�B�QBSBCPMB, fiOE�UIF�TPMVUJPO�
1. 4PMWF�UIF�MJOFBS�FRVBUJPO�GPS�POF�PG�UIF�WBSJBCMFT�
2. 4VCTUJUVUF�UIF�FYQSFTTJPO�PCUBJOFE�JO�TUFQ�POF�JOUP�UIF�QBSBCPMB�FRVBUJPO�
3. 4PMWF�GPS�UIF�SFNBJOJOH�WBSJBCMF�
4. $IFDL�ZPVS�TPMVUJPOT�JO�CPUI�FRVBUJPOT�

Example 1 Solving a System of Nonlinear Equations Representing a Parabola and a Line

4PMWF�UIF�TZTUFN�PG�FRVBUJPOT�
� x −�y =�−�
� y =��x����+��
Solution 4PMWF�UIe fiSTU�FRVBUJPO�GPS�x�BOE�UIFO�TVCTUJUVUF�UIF�SFTVMUJOH�FYQSFTTJPO�JOUP�UIF�TFDPOE�FRVBUJPO�
� x −�y =�−�
� x =�y −��� � 4PMWF�GPS�x�
� y =��x����+��
� y =��	y�−��
����+��� 4VCTUJUVUF�FYQSFTTJPO�GPS�x�
&YQBOE�UIF�FRVBUJPO�BOE�TFU�JU�FRVBM�UP�[FSP�
� y =��	y�−��
���
� =�	�y����−��y +��
�+��
� =��y����−��y +��
� ��=��y����−�y +��
� =�	y�−��
	y�−��

4PMWJOH�GPS�y�HJWFT�y =���BOE�y =����/FYU�TVCTUJUVUF�FBDI�WBMVF�GPS�y�JOUP�UIF�fiSTU�FRVBUJPO�UP�TPMWF�GPS�x��"MXBZT�
TVCTUJUVUF�UIF�WBMVF�JOUP�UIF�MJOFBS�FRVBUJPO�UP�DIFDL�GPS�FYUSBOFPVT�TPMVUJPOT�
� x −�y =�−�
� x −�	�
�=�−�
� x =��
� x −�	�
�=�−�
� x =��
ThF�TPMVUJPOT�BSF�	���
�BOE�	���
�XIJDI�DBO�CF�WFSJfiFE�CZ�TVCTUJUVUJOH�UIFTF�	x�y
�WBMVFT�JOUP�CPUI�PG�UIF�PSJHJOBM�
FRVBUJPOT��4FF�Figure 3�
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Q & A…
Could we have substituted values for y into the second equation to solve for x in Example 1?
:FT�CVU�CFDBVTF�x�JT�TRVBSFE�JO�UIF�TFDPOE�FRVBUJPO�UIJT�DPVME�HJWF�VT�FYUSBOFPVT�TPMVUJPOT�GPS�x�
'PS�y =��
� y =��x����+��
� ��=��x����+��
� �x����=��
� x =�±��√

—
 ����=��

ThJT�HJWFT�VT�UIF�TBNF�WBMVF�BT�JO�UIF�TPMVUJPO�
'PS�y =��
� y =��x����+��
� ��=��x����+��
� �x����=��
� x =�±��√

—
 ����=�±��

/PUJDF�UIBU�−��JT�BO�FYUSBOFPVT�TPMVUJPO�

Try It #1
4PMWF�UIF�HJWFO�TZTUFN�PG�FRVBUJPOT�CZ�TVCTUJUVUJPO�
� �x −�y =�−�
� ��x����−�y�=��

Intersection of a Circle and a Line
+VTU�BT�XJUI�B�QBSBCPMB�BOE�B�MJOF�UIFSF�BSF�UISFF�QPTTJCMF�PVUDPNFT�XIFO�TPMWJOH�B�TZTUFN�PG�FRVBUJPOT�SFQSFTFOUJOH�
B�DJSDMF�BOE�B�MJOF�

possible types of solutions for the points of intersection of a circle and a line 
Figure 4�JMMVTUSBUFT�QPTTJCMF�TPMVUJPO�TFUT�GPS�B�TZTUFN�PG�FRVBUJPOT�JOWPMWJOH�B�DJSDMF�BOE�B�MJOF�

t� /P�TPMVUJPn. ThF�MJOF�EPFT�OPU�JOUFSTFDU�UIF�DJSDMF�
t� 0OF�TPMVUJPn. ThF�MJOF�JT�UBOHFOU�UP�UIF�DJSDMF�BOE�JOUFSTFDUT�UIF�DJSDMF�BU�FYBDUMZ�POF�QPJOU�
t� 5XP�TPMVUJPOs. ThF�MJOF�DSPTTFT�UIF�DJSDMF�BOE�JOUFSTFDUT�JU�BU�UXP�QPJOUT�

/P�TPMVUJPOT 0OF�TPMVUJPO 5XP�TPMVUJPOT
Figure 4 

How To…
(JWFO�B�TZTUFN�PG�FRVBUJPOT�DPOUBJOJOH�B�MJOF�BOE�B�DJSDMF, fiOE�UIF�TPMVUJPO�
1. 4PMWF�UIF�MJOFBS�FRVBUJPO�GPS�POF�PG�UIF�WBSJBCMFT�
2. 4VCTUJUVUF�UIF�FYQSFTTJPO�PCUBJOFE�JO�TUFQ�POF�JOUP�UIF�FRVBUJPO�GPS�UIF�DJSDMF�
3. 4PMWF�GPS�UIF�SFNBJOJOH�WBSJBCMF�
4. $IFDL�ZPVS�TPMVUJPOT�JO�CPUI�FRVBUJPOT�
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Example 2  Finding the Intersection of a Circle and a Line by Substitution

'JOE�UIF�JOUFSTFDUJPO�PG�UIF�HJWFO�DJSDMF�BOE�UIF�HJWFO�MJOF�CZ�TVCTUJUVUJPO�
� �x����+��y����=��
� y =��x −��
Solution 0OF�PG�UIF�FRVBUJPOT�IBT�BMSFBEZ�CFFO�TPMWFE�GPS�y��8F�XJMM�TVCTUJUVUF�y =��x −���JOUP�UIF�FRVBUJPO�GPS�UIF�
DJSDMF�
� �x����+��	�x −��
����=��
� �x����+���x����−��x +����=��
� ���x����−��x +����=��
/PX�XF�GBDUPS�BOE�TPMWF�GPS�x�
� ��	�x����−��x +��
�=��
� ��	x�−��
	x�−��
�=��
� x =��
� x =��
4VCTUJUVUF�UIF�UXP�x�WBMVFT�JOUP�UIF�PSJHJOBM�MJOFBS�FRVBUJPO�UP�TPMWF�GPS�y�
� y =��	�
−�
� =��
 y =��	�
−�
� =�−�
ThF�MJOF�JOUFSTFDUT�UIF�DJSDMF�BU�	���
�BOE�	��−�
�XIJDI�DBO�CF�WFSJfiFE�CZ�TVCTUJUVUJOH�UIFTF�	x�y
�WBMVFT�JOUP�CPUI�PG�
UIF�PSJHJOBM�FRVBUJPOT��4FF�Figure 5�
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Figure 5

Try It #2
4PMWF�UIF�TZTUFN�PG�OPOMJOFBS�FRVBUJPOT�
� �x����+��y����=���
 x�−��y�=�−��

Solving a System of Nonlinear Equations Using Elimination
8F�IBWF�TFFO�UIBU�TVCTUJUVUJPO�JT�PftFO�UIF�QSFGFSSFE�NFUIPE�XIFO�B�TZTUFN�PG�FRVBUJPOT�JODMVEFT�B�MJOFBS�FRVBUJPO�BOE�
B�OPOMJOFBS�FRVBUJPO��)PXFWFS�XIFO�CPUI�FRVBUJPOT�JO�UIF�TZTUFN�IBWF�MJLF�WBSJBCMFT�PG�UIF�TFDPOE�EFHSFF�TPMWJOH�
UIFN�VTJOH�FMJNJOBUJPO�CZ�BEEJUJPO�JT�PftFO�FBTJFS�UIBO�TVCTUJUVUJPO��(FOFSBMMZ�FMJNJOBUJPO�JT�B�GBS�TJNQMFS�NFUIPE�
XIFO�UIF�TZTUFN�JOWPMWFT�POMZ�UXP�FRVBUJPOT�JO�UXP�WBSJBCMFT�	B�UXP�CZ�UXP�TZTUFN
�SBUIFS�UIBO�B�UISFF�CZ�UISFF�
TZTUFN�BT�UIFSF�BSF�GFXFS�TUFQT��"T�BO�FYBNQMF�XF�XJMM�JOWFTUJHBUF�UIF�QPTTJCMF�UZQFT�PG�TPMVUJPOT�XIFO�TPMWJOH�B�TZTUFN�
PG�FRVBUJPOT�SFQSFTFOUJOH�B�DJSDMF�BOE�BO�FMMJQTF�
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possible types of solutions for the points of intersection of a circle and an ellipse 
Figure 6�JMMVTUSBUFT�QPTTJCMF�TPMVUJPO�TFUT�GPS�B�TZTUFN�PG�FRVBUJPOT�JOWPMWJOH�B�DJSDMF�BOE�BO�FMMJQTF�

t� /P�TPMVUJPO��ThF�DJSDMF�BOE�FMMJQTF�EP�OPU�JOUFSTFDU��0OF�TIBQF�JT�JOTJEF�UIF�PUIFS�PS�UIF�DJSDMF�BOE�UIF�FMMJQTF�BSF�
B�EJTUBODF�BXBZ�GSPN�UIF�PUIFS�

t� 0OF�TPMVUJPn. ThF�DJSDMF�BOE�FMMJQTF�BSF�UBOHFOU�UP�FBDI�PUIFS�BOE�JOUFSTFDU�BU�FYBDUMZ�POF�QPJOU�
t� 5XP�TPMVUJPOs. ThF�DJSDMF�BOE�UIF�FMMJQTF�JOUFSTFDU�BU�UXP�QPJOUT�
t� 5I FF�TPMVUJPOs. ThF�DJSDMF�BOE�UIF�FMMJQTF�JOUFSTFDU�BU�UISFF�QPJOUT�
t� 'PVS�TPMVUJPOs. ThF�DJSDMF�BOE�UIF�FMMJQTF�JOUFSTFDU�BU�GPVS�QPJOUT�

/P�TPMVUJPO 0OF�TPMVUJPO 5XP�TPMVUJPOT ThrFF�TPMVUJPOT 'PVS�TPMVUJPOT
Figure 6 

Example 3  Solving a System of Nonlinear Equations Representing a Circle and an Ellipse

4PMWF�UIF�TZTUFN�PG�OPOMJOFBS�FRVBUJPOT�
� �x����+��y����=���� 	�

� ��x����+����y����=����� 	�

Solution -FU�T�CFHJO�CZ�NVMUJQMZJOH�FRVBUJPO�	�
�CZ�−��BOE�BEEJOH�JU�UP�FRVBUJPO�	�
�
� 	−�
	�x����+��y���
�=�	−�
	��

� −��x����−���y����=�−���
� ��x����+����y����=����
� ���y����=���
"ftFS�XF�BEE�UIF�UXP�FRVBUJPOT�UPHFUIFS�XF�TPMWF�GPS�y�
� �y����=��
� y =�±��√

—
 ����=�±��

4VCTUJUVUF�y =�±���JOUP�POF�PG�UIF�FRVBUJPOT�BOE�TPMWF�GPS�x�
� �x����+��	�
����=����� � � �x����+��	−�
����=���

� �x����+���=���
� �x����=����=�±��

� �x����+���=���
� �x����=���
� x =�±��√

—
 �����=�±��

ThFSF�BSF�GPVS�TPMVUJPOT��	���
�	−���
�	��−�
�BOE�	−��−�
��4FF�Figure 7�
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Try It #3
'JOE�UIF�TPMVUJPO�TFU�GPS�UIF�HJWFO�TZTUFN�PG�OPOMJOFBS�FRVBUJPOT�

�x����+��y����=���
x����+��y����=���

Graphing a Nonlinear Inequality
"MM�PG�UIF�FRVBUJPOT�JO�UIF�TZTUFNT�UIBU�XF�IBWF�FODPVOUFSFE�TP�GBS�IBWF�JOWPMWFE�FRVBMJUJFT�CVU�XF�NBZ�BMTP�FODPVOUFS�
TZTUFNT�UIBU�JOWPMWF�JOFRVBMJUJFT��8F�IBWF�BMSFBEZ�MFBSOFE�UP�HSBQI�MJOFBS�JOFRVBMJUJFT�CZ�HSBQIJOH�UIF�DPSSFTQPOEJOH�
FRVBUJPO�BOE�UIFO�TIBEJOH�UIF�SFHJPO�SFQSFTFOUFE�CZ�UIF�JOFRVBMJUZ�TZNCPM��/PX�XF�XJMM�GPMMPX�TJNJMBS�TUFQT�UP�HSBQI�
B�OPOMJOFBS�JOFRVBMJUZ�TP�UIBU�XF�DBO�MFBSO�UP�TPMWF�TZTUFNT�PG�OPOMJOFBS�JOFRVBMJUJFT��"�nonlinear inequality�JT�BO�
JOFRVBMJUZ�DPOUBJOJOH�B�OPOMJOFBS�FYQSFTTJPO��(SBQIJOH�B�OPOMJOFBS�JOFRVBMJUZ�JT�NVDI�MJLF�HSBQIJOH�B�MJOFBS�JOFRVBMJUZ�
3FDBMM�UIBU�XIFO�UIF�JOFRVBMJUZ�JT�HSFBUFS�UIBO�y >�a�PS�MFTT�UIBO�y <�a�UIF�HSBQI�JT�ESBXO�XJUI�B�EBTIFE�MJOF��8IFO�
UIF�JOFRVBMJUZ�JT�HSFBUFS�UIBO�PS�FRVBM�UP�y ≥ �a�PS�MFTT�UIBO�PS�FRVBM�UP�y ≤ �a�UIF�HSBQI�JT�ESBXO�XJUI�B�TPMJE�MJOF��
ThF�HSBQIT�XJMM�DSFBUF�SFHJPOT�JO�UIF�QMBOF�BOE�XF�XJMM�UFTU�FBDI�SFHJPO�GPS�B�TPMVUJPO��*G�POF�QPJOU�JO�UIF�SFHJPO�XPSLT�
UIF�XIPMF�SFHJPO�XPSLT. ThBU�JT�UIF�SFHJPO�XF�TIBEF��4FF�Figure 8�
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Figure 8 (a) an example of y > a; (b) an example of y ≥ a; (c) an example of y < a; (d) an example of y ≤ a

How To…
(JWFO�BO�JOFRVBMJUZ�CPVOEFE�CZ�B�QBSBCPMB�TLFUDI�B�HSBQI�
1. (SBQI�UIF�QBSBCPMB�BT�JG�JU�XFSF�BO�FRVBUJPO. ThJT�JT�UIF�CPVOEBSZ�GPS�UIF�SFHJPO�UIBU�JT�UIF�TPMVUJPO�TFU�
2. *G�UIF�CPVOEBSZ�JT�JODMVEFE�JO�UIF�SFHJPO�	UIF�PQFSBUPS�JT�≤ �PS�≥ 
�UIF�QBSBCPMB�JT�HSBQIFE�BT�B�TPMJE�MJOF�
3. *G�UIF�CPVOEBSZ�JT�OPU�JODMVEFE�JO�UIF�SFHJPO�	UIF�PQFSBUPS�JT�<�PS�>
�UIF�QBSBCPMB�JT�HSBQIFE�BT�B�EBTIFE�MJOF�
4. 5FTU�B�QPJOU�JO�POF�PG�UIF�SFHJPOT�UP�EFUFSNJOF�XIFUIFS�JU�TBUJTfiFT�UIF�JOFRVBMJUZ�TUBUFNFOU��*G�UIF�TUBUFNFOU�JT�USVF

UIF�TPMVUJPO�TFU�JT�UIF�SFHJPO�JODMVEJOH�UIF�QPJOU��*G�UIF�TUBUFNFOU�JT�GBMTF�UIF�TPMVUJPO�TFU�JT�UIF�SFHJPO�PO�UIF�PUIFS�
TJEF�PG�UIF�CPVOEBSZ�MJOF�

5. 4IBEF�UIF�SFHJPO�SFQSFTFOUJOH�UIF�TPMVUJPO�TFU�

Example 4  Graphing an Inequality for a Parabola

(SBQI�UIF�JOFRVBMJUZ�y >��x����+���
Solution 'JSTU�HSBQI�UIF�DPSSFTQPOEJOH�FRVBUJPO�y =��x����+����4JODF�y >��x����+���IBT�B�HSFBUFS�UIBO�TZNCPM�XF�ESBX�
UIF�HSBQI�XJUI�B�EBTIFE�MJOF��ThFO�XF�DIPPTF�QPJOUT�UP�UFTU�CPUI�JOTJEF�BOE�PVUTJEF�UIF�QBSBCPMB��-FU�T�UFTU�UIF�QPJOUT�
	���
�BOE�	���
��0OF�QPJOU�JT�DMFBSMZ�JOTJEF�UIF�QBSBCPMB�BOE�UIF�PUIFS�QPJOU�JT�DMFBSMZ�PVUTJEF�

y >��x����+��
� >��	�
����+��
� >��� 5SVF
� >��	�
����+��
� >��� 'BMTF
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ThF�HSBQI�JT�TIPXO�JO�Figure 9��8F�DBO�TFF�UIBU�UIF�TPMVUJPO�TFU�DPOTJTUT�PG�BMM�QPJOUT�JOTJEF�UIF�QBSBCPMB�CVU�OPU�PO�
UIF�HSBQI�JUTFMG�
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Figure 9

Graphing a System of Nonlinear Inequalities
/PX�UIBU�XF�IBWF�MFBSOFE�UP�HSBQI�OPOMJOFBS�JOFRVBMJUJFT�XF�DBO�MFBSO�IPX�UP�HSBQI�TZTUFNT�PG�OPOMJOFBS�JOFRVBMJUJFT��
"�system of nonlinear inequalities�JT�B�TZTUFN�PG�UXP�PS�NPSF�JOFRVBMJUJFT�JO�UXP�PS�NPSF�WBSJBCMFT�DPOUBJOJOH�BU�MFBTU�
POF�JOFRVBMJUZ�UIBU�JT�OPU�MJOFBS��(SBQIJOH�B�TZTUFN�PG�OPOMJOFBS�JOFRVBMJUJFT�JT�TJNJMBS�UP�HSBQIJOH�B�TZTUFN�PG�MJOFBS�
JOFRVBMJUJFT��ThF�EJffFSFODF�JT�UIBU�PVS�HSBQI�NBZ�SFTVMU�JO�NPSF�TIBEFE�SFHJPOT�UIBU�SFQSFTFOU�B�TPMVUJPO�UIBO�XF�fiOE�
JO�B�TZTUFN�PG�MJOFBS�JOFRVBMJUJFT��ThF�TPMVUJPO�UP�B�OPOMJOFBS�TZTUFN�PG�JOFRVBMJUJFT�JT�UIF�SFHJPO�PG�UIF�HSBQI�XIFSF�
UIF�TIBEFE�SFHJPOT�PG�UIF�HSBQI�PG�FBDI�JOFRVBMJUZ�PWFSMBQ�PS�XIFSF�UIF�SFHJPOT�JOUFSTFDU�DBMMFE�UIF�feasible region�

How To…
(JWFO�B�TZTUFN�PG�OPOMJOFBS�JOFRVBMJUJFT�TLFUDI�B�HSBQI�
1. 'JOE�UIF�JOUFSTFDUJPO�QPJOUT�CZ�TPMWJOH�UIF�DPSSFTQPOEJOH�TZTUFN�PG�OPOMJOFBS�FRVBUJPOT�
2. (SBQI�UIF�OPOMJOFBS�FRVBUJPOT�
3. 'JOE�UIF�TIBEFE�SFHJPOT�PG�FBDI�JOFRVBMJUZ�
4. *EFOUJGZ�UIF�GFBTJCMF�SFHJPO�BT�UIF�JOUFSTFDUJPO�PG�UIF�TIBEFE�SFHJPOT�PG�FBDI�JOFRVBMJUZ�PS�UIF�TFU�PG�QPJOUT�DPNNPO�

UP�FBDI�JOFRVBMJUZ�

Example 5 Graphing a System of Inequalities

(SBQI�UIF�HJWFO�TZTUFN�PG�JOFRVBMJUJFT�
� �x����−�y ≤ ��
� ��x����+�y ≤ �����
Solution ThFTF�UXP�FRVBUJPOT�BSF�DMFBSMZ�QBSBCPMBT��8F�DBO�fiOE�UIF�QPJOUT�PG�JOUFSTFDUJPO�CZ�UIF�FMJNJOBUJPO�QSPDFTT��
"EE�CPUI�FRVBUJPOT�BOE�UIF�WBSJBCMF�y�XJMM�CF�FMJNJOBUFE. ThFO�XF�TPMWF�GPS�x�
� �x����−�y =��
� ��x����+�y =���
� ��x����=���
� �x����=��
� x =�±��
4VCTUJUVUF�UIF�x�WBMVFT�JOUP�POF�PG�UIF�FRVBUJPOT�BOE�TPMWF�GPS�y�
� �x����−�y =��
� �	�
����−�y =��
� ��−�y =��
� y =��
� �	−�
����−�y =��
� ��−�y =��
� y =��
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ThF�UXP�QPJOUT�PG�JOUFSTFDUJPO�BSF�	���
�BOE�	−���
��/PUJDF�UIBU�UIF�FRVBUJPOT�DBO�CF�SFXSJUUFO�BT�GPMMPXT�
� �x����−�y ≤ ��
� �x����≤ �y
� y ≥ ��x���
� ��x����+�y ≤ ���
� y ≤ �−���x����+���
(SBQI�FBDI�JOFRVBMJUZ��4FF�Figure 10��ThF�GFBTJCMF�SFHJPO�JT�UIF�SFHJPO�CFUXFFO�UIF�UXP�FRVBUJPOT�CPVOEFE�CZ���
x����+�y ≤ ����PO�UIF�UPQ�BOE��x����−�y ≤ ���PO�UIF�CPUUPN�

�

x

y

–��––�–�–�–– ����

�

�

�

��

	���
	–���


�

�

�� ��

��
��
��

Figure 10

Try It #4
(SBQI�UIF�HJWFO�TZTUFN�PG�JOFRVBMJUJFT�
 y ≥ ��x����−��
 x�−�y�≥ �−��

"DDFTT�UIFTF�POMJOF�SFTPVSDFT�GPS�BEEJUJPOBM�JOTUSVDUJPO�BOE�QSBDUJDF�XJUI�OPOMJOFBS�FRVBUJPOT�

t� Solve a System of Nonlinear Equations Using Substitution (http://openstaxcollege.org/l/nonlinsub)

t� Solve a System of Nonlinear Equations Using Elimination (http://openstaxcollege.org/l/nonlinelim)

http://openstaxcollege.org/l/nonlinsub
http://openstaxcollege.org/l/nonlinelim
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7.3 SECTION EXERCISES

VERBAL

1. &YQMBJO�XIFUIFS�B�TZTUFN�PG�UXP�OPOMJOFBS�FRVBUJPOT�
DBO�IBWF�FYBDUMZ�UXP�TPMVUJPOT��8IBU�BCPVU�FYBDUMZ�
UISFF �*G�OPU�FYQMBJO�XIZ�OPU��*G�TP�HJWF�BO�FYBNQMF�
PG�TVDI�B�TZTUFN�JO�HSBQI�GPSN�BOE�FYQMBJO�XIZ�ZPVS�
DIPJDF�HJWFT�UXP�PS�UISFF�BOTXFST�

2. 8IFO�HSBQIJOH�BO�JOFRVBMJUZ�FYQMBJO�XIZ�XF�POMZ�
OFFE�UP�UFTU�POF�QPJOU�UP�EFUFSNJOF�XIFUIFS�BO�
FOUJSF�SFHJPO�JT�UIF�TPMVUJPO 

3. 8IFO�ZPV�HSBQI�B�TZTUFN�PG�JOFRVBMJUJFT�XJMM�UIFSF�
BMXBZT�CF�B�GFBTJCMF�SFHJPO �*G�TP�FYQMBJO�XIZ��*G�OPU�
HJWF�BO�FYBNQMF�PG�B�HSBQI�PG�JOFRVBMJUJFT�UIBU�EPFT�
OPU�IBWF�B�GFBTJCMF�SFHJPO��8IZ�EPFT�JU�OPU�IBWF�B�
GFBTJCMF�SFHJPO 

4. *G�ZPV�HSBQI�B�SFWFOVF�BOE�DPTU�GVODUJPO�FYQMBJO�
IPX�UP�EFUFSNJOF�JO�XIBU�SFHJPOT�UIFSF�JT�QSPfiU�

5. *G�ZPV�QFSGPSN�ZPVS�CSFBL�FWFO�BOBMZTJT�BOE�UIFSF�
JT�NPSF�UIBO�POF�TPMVUJPO�FYQMBJO�IPX�ZPV�XPVME�
EFUFSNJOF�XIJDI�x�WBMVFT�BSF�QSPfiU�BOE�XIJDI�BSe nPU�

ALGEBRAIC
'PS�UIF�GPMMPXJOH�FYFSDJTFT�TPMWF�UIF�TZTUFN�PG�OPOMJOFBS�FRVBUJPOT�VTJOH�TVCTUJUVUJPO�

6.    x�+�y�=���
�x����+��y����=��

7.            y�=�x −���
�x����+��y����=��

8.            y�=�x�
�x����+��y����=��

9.            y�=�−�x�
�x����+��y����=��

10.            x�=���
�x����−��y����=��

'PS�UIF�GPMMPXJOH�FYFSDJTFT�TPMWF�UIF�TZTUFN�PG�OPOMJOFBS�FRVBUJPOT�VTJOH�FMJNJOBUJPO�

11. ��x����−���y����=����
��x����+���y����=���

12. �x����+��y����=����
�x����−��y����=��

13. ��x����+���y����=���
���x����−��y����=���x −���

14. �����y����−��x����=���
��x����+���y����=��

15. �x����+��y����+�����@������=������
����������������������y�=���x���

'PS�UIF�GPMMPXJOH�FYFSDJTFT�VTF�BOZ�NFUIPE�UP�TPMWF�UIF�TZTUFN�PG�OPOMJOFBS�FRVBUJPOT�

16. �−��x����+�y�=�−��
�������x�−�y�=��

17.  −�x����+�y�=���
���−x�+�y�=��

18. �x����+��y����=���
�����������y�=����x����−�

19. �x����+��y����=���
������������y�=�−�x���

20. ��x����−��x����=�y�
��������������y�=  "��@�����−�x

21. �������x����+����y����=�����
�	x −��
����+��y����=��

22. �x����−��x����=�y�
���x����+�y�=��

23. ��x����−��x����=�y�
������x����+�y�=��

'PS�UIF�GPMMPXJOH�FYFSDJTFT�VTF�BOZ�NFUIPE�UP�TPMWF�UIF�OPOMJOFBS�TZTUFN�

24. �x����+��y����=���
�����������y�=���−��x���

25. �x����−��y����=���
�����������x�=��

26. �x����−��y����=���
�����������y�=��

27. �x����−��y����=���
���x�−�y�=��

28.  −�x����+�y�=���
�−�x�+�y�=�−�

29.  −�x����+�y�=���
������������y�=�−�x

30. �x����+��y����=����
�x����−��y����=���

31. �x����+��y����=���
����������y����=��x���

32. ���x����−���y����+�����=���
��������������������y����+��x����=���

Old: Allyson Rozell 
Download for free at https://openstax.org/ details/books/college-algebra
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33. �����������x����−��y����=����
�	x −��
����+��y����=��

34. �����������x����−��y����=����
�	x −��
����+��y����=��

35. ��x����−��y����=����
���x����+��y����=���

36. �x����−��y����−��x�−��y�−����=���
��������������������������−�x����+��y����=��

37. �x����+��y����−��y�=���
������������x����+�y�=��

38. �x����+��y����=���
���������xy�=��

GRAPHICAL
'PS�UIF�GPMMPXJOH�FYFSDJTFT�HSBQI�UIF�JOFRVBMJUZ�

39. �x����+�y�<�� 40. �x����+��y����<��

'PS�UIF�GPMMPXJOH�FYFSDJTFT�HSBQI�UIF�TZTUFN�PG�JOFRVBMJUJFT��-BCFM�BMM�QPJOUT�PG�JOUFSTFDUJPO�

41. �x����+�y�<���
���������y�>��x

42. �x����+�y�<�−��
����������y�>��x�+���

43. ���x����+��y����<����
��x����−��y����>���

44. ��x����−��y����>�−��
�x����+��y����<���

45. �x����+���y����>����
��x����−��y����<��

EXTENSIONS
'PS�UIF�GPMMPXJOH�FYFSDJTFT�HSBQI�UIF�JOFRVBMJUZ�

46. y�≥ ��e�x��
y�≤ �MO	x
�+��

47. y�≤ �−MPH	x
�
y�≤ ��e�x�

'PS�UIF�GPMMPXJOH�FYFSDJTFT, fiOE�UIF�TPMVUJPOT�UP�UIF�OPOMJOFBS�FRVBUJPOT�XJUI�UXP�WBSJBCMFT�

48. � ������ ��@@�
�x���

���+�����@@�
�y���

���=����

�� ��@@�
�x���

���−�����@@�
�y���

���+���=��

49. �� ��@@�
�x���

���−�����@@�
�y���

���=���

�� ��@@�
�x���

���−�����@@�
�y���

���=�����@@����

50. �x����−�xy�+��y����−��=���
� � � ����x�+��y�=��

51. �x����−�xy −���y����−��=���
� � � � ��x����+��y����=��

52. �x����+��xy −���y����−���=���
� � � � � � � �x�=�y�+��

TECHNOLOGY
'PS�UIF�GPMMPXJOH�FYFSDJTFT�TPMWF�UIF�TZTUFN�PG�JOFRVBMJUJFT��6TF�B�DBMDVMBUPS�UP�HSBQI�UIF�TZTUFN�UP�DPOfiSN�UIF�BOTXFS�

53. xy�<���
���y�>��√

—
 x �

54. �x����+�y�<���
����������y�>��x

REAL-WORLD APPLICATIONS
'PS�UIF�GPMMPXJOH�FYFSDJTFT�DPOTUSVDU�B�TZTUFN�PG�OPOMJOFBS�FRVBUJPOT�UP�EFTDSJCF�UIF�HJWFO�CFIBWJPS�UIFO�TPMWF�GPS�
UIF�SFRVFTUFE�TPMVUJPOT�

55. 5XP�OVNCFST�BEE�VQ�UP������0OF�OVNCFS�JT�UXJDF�
UIF�TRVBSF�PG�UIF�PUIFS�OVNCFS��8IBU�BSF�UIF�
OVNCFST 

56. ThF�TRVBSFT�PG�UXP�OVNCFST�BEE�Uo 360. ThF�TFDPOE�
OVNCFS�JT�IBMG�UIF�WBMVF�PG�UIF�GJ TU�OVNCFS�TRVBSFE��
8IBU�BSF�UIF�OVNCFST 

57. "�MBQUPQ�DPNQBOZ�IBT�EJTDPWFSFE�UIFJS�DPTU�BOE��
SFWFOVF�GVODUJPOT�GPS�FBDI�EBZ��C	x
�=���x����−���x�+�����
BOE�R	x
�=�−��x����+����x�+�����*G�UIFZ�XBOU�UP�NBLF�
B�QSPfiU�XIBU�JT�UIF�SBOHF�PG�MBQUPQT�QFS�EBZ�UIBU�UIFZ�
TIPVME�QSPEVDF �3PVOE�UP�UIF�OFBSFTU�OVNCFS�XIJDI�
XPVME�HFOFSBUF�QSPfiU�

58. "�DFMM�QIPOF�DPNQBOZ�IBT�UIF�GPMMPXJOH�DPTU�BOE�
SFWFOVF�GVODUJPOT��C	x
�=���x����− ���x�+�������BOE�
R	x
�=�−��x����+����x��8IBU�JT�UIF�SBOHF�PG�DFMM�QIPOFT�
UIFZ�TIPVME�QSPEVDF�FBDI�EBZ�TP�UIFSF�JT�QSPfiU �
SPVOE�UP�UIF�OFBSFTU�OVNCFS�UIBU�HFOFSBUFT�QSPfiU�
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CHAPTER 7 REVIEW EXERCISES

SYSTEMS OF LINEAR EQUATIONS: TWO VARIABLES
'PS�UIF�GPMMPXJOH�FYFSDJTFT�EFUFSNJOF�XIFUIFS�UIF�PSEFSFE�QBJS�JT�B�TPMVUJPO�UP�UIF�TZTUFN�PG�FRVBUJPOT�

1. �x�−�y�=���
x�+��y�=�−���BOE�	�−����


2. ���x�−��y�=����
−�x�+��y�=����BOE�	����


'PS�UIF�GPMMPXJOH�FYFSDJTFT�VTF�TVCTUJUVUJPO�UP�TPMWF�UIF�TZTUFN�PG�FRVBUJPOT�

3. ��x�+��y�=�−��
���x�−��y�=�−��

4. ����@@����x�+�����@@����y�=������@@@������

����@@����x�−�����@@����y�=�−����@@����

5. �x�+��y�=����
�x�+��y�=��

'PS�UIF�GPMMPXJOH�FYFSDJTFT�VTF�BEEJUJPO�UP�TPMWF�UIF�TZTUFN�PG�FRVBUJPOT�

6. �x�+��y�=�−��
�x�+��y�=��

7. ���x�+��y�=���
�x�+���y�=��

8. �x�+��y�=���
�x�−��y�=����

'PS�UIF�GPMMPXJOH�FYFSDJTFT�XSJUF�B�TZTUFN�PG�FRVBUJPOT�UP�TPMWF�FBDI�QSPCMFN��4PMWF�UIF�TZTUFN�PG�FRVBUJPOT�

9. "�GBDUPSZ�IBT�B�DPTU�PG�QSPEVDUJPO�
C	x
�=����x�+�������BOE�B�SFWFOVF�GVODUJPO�
R	x
�=����x��8IBU�JT�UIF�CSFBL�FWFO�QPJOU 

10. "�QFSGPSNFS�DIBSHFT�C	x
�=���x�+�������XIFSF�x�
JT�UIF�UPUBM�OVNCFS�PG�BUUFOEFFT�BU�B�TIPX. ThF�WFOVF�
DIBSHFT�����QFS�UJDLFU��"ftFS�IPX�NBOZ�QFPQMF�CVZ�
UJDLFUT�EPFT�UIF�WFOVF�CSFBL�FWFO�BOE�XIBU�JT�UIF�
WBMVF�PG�UIF�UPUBM�UJDLFUT�TPME�BU�UIBU�QPJOU 

SYSTEMS OF LINEAR EQUATIONS: THREE VARIABLES
'PS�UIF�GPMMPXJOH�FYFSDJTFT�TPMWF�UIF�TZTUFN�PG�UISFF�FRVBUJPOT�VTJOH�TVCTUJUVUJPO�PS�BEEJUJPO�

11. ������x�−����y�=����
−����y�+����x�=���
������x�+����z�=��

12. ���x�+��y�−�z�=���
�x�−��y�+��z�=����
�x�+��y�+��z�=���

13.       x�+�y�+�z�=���
�x�+��y�+��z�=���
����������x�+��y�=��

14. ���x�−��y�+�z�=�−��
������x�+�y�+�z�=�−��
�x�+��y�−��z�=���

15. �x�+��y�−�z�=�−���
��x�−�y�+��z�=���
−x�+��y�+�z�=�−�

16. �x�+��z�=�−���
��x�−��y�=���
����y�−�z�=�−��

17. ���x�−��y�+�z�=���
�x�+��y�−��z�=���
���x�−��y�−�z�=��

18. �x�−��y�−��z�=���
�x�+��y�−��z�=���
�����������y�−��z�=��

'PS�UIF�GPMMPXJOH�FYFSDJTFT�XSJUF�B�TZTUFN�PG�FRVBUJPOT�UP�TPMWF�FBDI�QSPCMFN��4PMWF�UIF�TZTUFN�PG�FRVBUJPOT�

19. 5I FF�PEE�OVNCFST�TVN�VQ�Uo 61. ThF�TNBMMFS�JT��
POF�UIJSE�UIF�MBSHFS�BOE�UIF�NJEEMF�OVNCFS�JT����MFTT�
UIBO�UIF�MBSHFS��8IBU�BSF�UIF�UISFF�OVNCFST 

20. "�MPDBM�UIFBUSF�TFMMT�PVU�GPS�UIFJS�TIPX. ThFZ�TFMM�BMM�
����UJDLFUT�GPS�B�UPUBM�QVSTF�Pf $8,070.00. ThF�UJDLFUT�
XFSF�QSJDFE�BU�����GPS�TUVEFOUT�����GPS�DIJMESFO�BOE�
����GPS�BEVMUT��*G�UIF�CBOE�TPME�UISFF�UJNFT�BT�NBOZ�
BEVMU�UJDLFUT�BT�DIJMESFO�T�UJDLFUT�IPX�NBOZ�PG�FBDI�
UZQF�XBT�TPME 

Old: Allyson Rozell 
Download for free at https://openstax.org/ details/books/college-algebra
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SYSTEMS OF NONLINEAR EQUATIONS AND INEQUALITIES: TWO VARIABLES
'PS�UIF�GPMMPXJOH�FYFSDJTFT�TPMWF�UIF�TZTUFN�PG�OPOMJOFBS�FRVBUJPOT�

21. y�=��x����−���
y�=��x�−���

22. y�=��x����−���
y�=��x�+���

23. �x����+��y����=����
�����������y�=�x�−��

24. �x����+��y����=����
�����������y�=��x����+��

25. �x����+��y����=���
��y�−��x����=��

'PS�UIF�GPMMPXJOH�FYFSDJTFT�HSBQI�UIF�JOFRVBMJUZ�

26. y�>��x����−�� 27. ����@@�����x�
���+��y����<��

'PS�UIF�GPMMPXJOH�FYFSDJTFT�HSBQI�UIF�TZTUFN�PG�JOFRVBMJUJFT�

28. �x����+��y����+��x�<���
y�>�−��x����−��

29. �x����−��x�+��y����−��x�<���
y�<�−�x�+��

30. �x����+��y����<���
�y����<�x

PARTIAL FRACTIONS
'PS�UIF�GPMMPXJOH�FYFSDJTFT�EFDPNQPTF�JOUP�QBSUJBM�GSBDUJPOT�

31. �� −�x�+���@@@@@@@@@@�
�x����+��x�+��

�� 32. �� ��x�+���@@@@@@@@@@@�
��x����+��x�+��

�� 33. �� �x�+����@@@@@@@@@@@@��
�x����+���x�+���

��

34. �� x�−����@@@@@@@@@@@@��
�x����−���x�+���

�� 35. ��−�x����+���x�+�����@@@@@@@@@@@@@�
�x����−����

� � 36. ��−��x����+��x�−����@@@@@@@@@@@@�
�x����+���

� �

37. ���x�
���−���x����+��x�+�����@@@@@@@@@@@@@@@@��

�	�x����−��
���
� � 38. ����x�

���−���x����+����x����−��x�+������@@@@@@@@@@@@@@@@@@@@@@@��
�x	�x����+��
���

� �

MATRICES AND MATRIX OPERATIONS
'PS�UIF�GPMMPXJOH�FYFSDJTFT�QFSGPSN�UIF�SFRVFTUFE�PQFSBUJPOT�PO�UIF�HJWFO�NBUSJDFT�

A�=��[ ���� −������
������ �

��] ��B�=��[ �� ������ �� −����������
��� −������ �

��] ��C�=��[ ��
������ �
�

���
���� −������

������� �
��] ��D�=��[ ��

�� −������ �
��

�����
��������� �� −���������

������ ������ �
��] ��E�=��[ ��

�� −��� �
�

�����
������ −�� ��������

�������� �� �
��] �

39. �−�A 40. ��D�−��E 41. B�+�C 42. AB 43. BA 44. BC
45. CB 46. DE 47. ED 48. EC 49. CE 50. �A���

SOLVING SYSTEMS WITH GAUSSIAN ELIMINATION
'PS�UIF�GPMMPXJOH�FYFSDJTFT�XSJUF�UIF�TZTUFN�PG�MJOFBS�FRVBUJPOT�GSPN�UIF�BVHNFOUFE�NBUSJY��*OEJDBUF�XIFUIFS�UIFSF�
XJMM�CF�B�VOJRVF�TPMVUJPO�

51. ��[ �
�� �� −�

�
����

��� ����� �������
�� ����� �

��∣������ �
�
�

�−����
�
��] � 52. �[ �

�� ������ �
�

����
��� �� −�������
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53. �����−�x�+��y�+�z�=���
�������x�−��y�+��z�=���
��x�−���y�+���z�=��

54. �����x�+��y�−��z�=����
�−��x�+��y�+�z�=�����
�����x�−��y�+��z�=���

55.     x�+��z�=����
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�����y�+��z�=�−��
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Section 6.5
1. MPHb	�
�+�MPHb	�
�+�MPHb	�
�+�MPHb	k
�=��MPHb	�
�+�MPHb	k

2. MPH�	x�+��
�−�MPH�	x�−��
�−�MPH�	x�−��
�  3. �MO	x
  
4. −�MO	x
�  5. MPH�	��
�  6. �MPH	x
�+��MPH	y
�−��MPH	z

7. ����__ ���MO	x
   8. ����__ ���MO	x�−��
�+�MO	�x�+��
�−�MO	x�+��
�−�MO	x�−��


9. MPH�( ����⋅���____ ��⋅�����)���DBO�BMTP�CF�XSJUUFO�MPH�( ����__ ����)��CZ�SFEVDJOH�UIF�GSBDUJPO�
UP�MPXFTU�UFSNT���    10. MPH��( ���	x�−��
���√—

 x    ___________ 	�x�−��
� ��)�� �
11. MPH��x

��	x�+��
��________ 	�x�+��
�� ���UIJT�BOTXFS�DPVME�BMTP�CF�XSJUUFO�MPH�( ��x
�	x�+��
�_______ 	�x�+��
� ��)�

�
�

12. ThF�Q)�JODSFBTFT�CZ�BCPVU�������� � 13. �� MO	�
�____ MO	���
��

14. ��MO	���
�_____ MO	�
� ��≈����������_____ ���������=������

Section 6.6
1. x�= −��  2. x�= −��  3. x�=�����__ ����
4. 5IF�FRVBUJPO�IBT�OP�TPMVUJPO��  5. x�=   

MO	�
�@�
�MO�( ����_ ����)�

��

6. t = �MO�( �����__ �� ��)��PS MO�( �����__ �� ��)�
�
�

7. t�=�MO�( �� ��_ 
�√—

 ���
���)��=�−����__ ���MO	�
�  8. x�=�MO	�
�  9. x�=�e��  

10. x�=�e��−���  11. x�≈������ � 12.� x�=���PS x�=�−��  

13. t�=#����������×��MO	���
�______ MO	���
���ZFBST�≈�����������ZFBST�

Section 6.7
1. f 	t
�=�A��e −������������t�� 2. -FTT�UIBO�����ZFBST�����������UP�CF�FYBDU
3. f (t) = A� �e ����( ��MO	�
�____ �� ��)�t� ��   4. ������IPVST�  5. ����DBTFT�PO�EBZ���
6. &YQPOFOUJBM��y�=��e ���x�  7. y�=��e 	MO����
x�

Section 6.8
1. a.� ThF�FYQPOFOUJBM�SFHSFTTJPO�NPEFM�UIBt fiUT�UIFTF�EBUB�JT��
y�=�������������	����������
x�� b. *G�TQFOEJOH�DPOUJOVFT�BU�UIJT�
SBUF�UIF�HSBEVBUF�T�DSFEJU�DBSE�EFCU�XJMM�CF����������BftFS�POF�ZFBS�
2. a.� ThF�MPHBSJUINJD�SFHSFTTJPO�NPEFM�UIBt fiUT�UIFTF�EBUB�JT��
y�=��������������+������������MO	x
� b. *G�TBMFT�DPOUJOVF�BU�UIJT�
SBUF�BCPVU��������HBNFT�XJMM�CF�TPME�JO�UIF�ZFBS������
3. a.� ThF�MPHJTUJD�SFHSFTTJPO�NPEFM�UIBt fiUT�UIFTF�EBUB�JT

y�=���� �������������_____________________   
��+������������e−������������x  ���

b. *G�UIF�QPQVMBUJPO�DPOUJOVFT�UP�HSPX�BU�UIJT�SBUF�UIFSF�XJMM�CF�
BCPVU�������TFBMT�JO������� � c. 5P�UIF�OFBSFTU�XIPMF�OVNCFS�
UIF�DBSSZJOH�DBQBDJUZ�JT�������

Chapter 7
Section 7.1
1. /PU�B�TPMVUJPO
2. �ThF�TPMVUJPO�UP�UIF�TZTUFN�JT��

UIF�PSEFSFE�QBJS	−���
��

3. 	−��−�
� � 4. 	−��−�
�  5. 	���−�
�  6. /P�TPMVUJPO��
*U�JT�BO�JODPOTJTUFOU�TZTUFN��  7. ThF�TZTUFN�JT�EFQFOEFOU�TP�
UIFSF�BSF�JOfiOJUF�TPMVUJPOT�PG�UIF�GPSN�	x�x + �
��   
8. �����DIJMESFO�����BEVMUT

Section 7.2
1. 	��−���
�  2. /P�TPMVUJPO�  3. *OfiOJUF�OVNCFS�PG�
TPMVUJPOT�PG�UIF�GPSN�	x��x�−����−�x +���
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Section 7.4

1. �� ��_ x�−�����−��� ��_ x�−����� � 2. �� ��_ x�−�����−��� ��_ 
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21. MO	e−������
�=�−��������   
23. 

x

g	x
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−�
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25. %PNBJO��x�>�−���WFSUJDBM�
BTZNQUPUF��x =�−���FOE�
CFIBWJPS��BT�x�→�−�+���
f 	x
�→�−∞�BOE�BT��
x�→�∞��f 	x
�→�∞
27. MPH��	��xy

29. MO���( ��z @�xy   )  �
31. MPHy	��
�   

 
33. MO	�
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37. x =#�����@������� � 39. x =�−���� 41. /P�TPMVUJPO�� 43. /P�TPMVUJPO�  

45. x =�MO	��
��  47. a�=�e��−����  49. x =�± ����__ �����  

51. "CPVU������ZFBST��  53. f�−�	x
�=���� �
�√
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 ��x�−������  

55. f 	t
�=����	����
t���f 	��
�≈������g  57. "CPVU����NJOVUFT�   

59. "CPVU�����EBZT�  
61. &YQPOFOUJBM� 63. y =��	���
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Chapter 6 Practice Test
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−x f	−x
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7. ���a�=���������� 9. x =���� ��@������
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13. %PNBJO��x�<����WFSUJDBM�
BTZNQUPUF��x =����FOE�CFIBWJPS����
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�→�−∞�BOE�BT��
x�→�−∞�f 	x
�→�∞

15. MPH�t	��
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17. �MO	y
�+��MO	z
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19. x =����
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�_______ MO	��
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��__ ��� ���≈��������  21. a�=����MO�	�
�+���________ ��� ���  

23. /P�TPMVUJPO�  25. x =�MO	�
�  27. x =�±   ��√
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�=����e−��������t; IBMG�MJGF��BCPVU����EBZT�
31. T	t
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CHAPTER 7

Section 7.1
1. /P�ZPV�DBO�FJUIFS�IBWF�[FSP�POF�PS�JOGJO UFMZ�NBOZ��
�&YBNJOF�HSBQIT��  3. 5I T�NFBOT�UIFSF�JT�OP�SFBMJTUJD�
�CSFBL�FWFO�QPJOU��#Z�UIF�UJNF�UIF�DPNQBOZ�QSPEVDFT�
POF�VOJU�UIFZ�BSF�BMSFBEZ�NBLJOH�QSPfiU��  5. :PV�DBO�
TPMWF�CZ�TVCTUJUVUJPO�	JTPMBUJOH�x�PS�y�
�HSBQIJDBMMZ�PS�CZ�
BEEJUJPO��  7. :FT�  9. :FT�  11. 	−���
�  13. 	−���


15. ��( −  ��@�������)���  17. /P�TPMVUJPOT�FYJTU�  19. �( �����@��� ����
����@��� ��) �
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�  23. �( −����__�������
��___������) ��  25. /P�TPMVUJPOT�FYJTU�
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57. ThFZ�OFWFS�UVSn a pSPfiU��  59. 	�����������

61. ThF�OVNCFST�BSF�����BOE�������  63. �����
65. ����TPQIPNPSFT�����GSFTINBO�  67. ���NFO����XPNFO
69. ���HBMMPOT�PG�����TPMVUJPO����HBMMPOT�PG�����TPMVUJPO
71. 4XBO�1FBL����������3JWFSTJEF����������  73. �������JO�
UIF�GJ TU�BDDPVOU��������JO�UIF�TFDPOE��BDDPVOU��  75. )JHI�
UPQT�����-PX�UPQT�����  77. *OGJO UFMZ�NBOZ�TPMVUJPOT��8F�OFFE�
NPSF�JOGPSNBUJPO�

Section 7.2
1. /P�UIFSF�DBO�CF�POMZ�POF�[FSP�PS�JOGJO UFMZ�NBOZ�TPMVUJPOT�
3. /PU�OFDFTTBSJMZ. ThFSF�DPVME�CF�[FSP�POF�PS�JOGJO UFMZ�NBOZ�
TPMVUJPOT��'PS�FYBNQMF�	�����
�JT�OPU�B�TPMVUJPO�UP�UIF��TZTUFN�
CFMPX�CVU�UIBU�EPFT�OPU�NFBO�UIBU�JU�IBT�OP�TPMVUJPO���
�x�+��y�−��z�=��������−�x�−��y�+���z�=�−�������x�+��y�+��z�=���
5. &WFSZ�TZTUFN�PG�FRVBUJPOT�DBO�CF�TPMWFE�HSBQIJDBMMZ�CZ�
TVCTUJUVUJPO�BOE�CZ�BEEJUJPO��)PXFWFS�TZTUFNT�PG�UISFF�FRVBUJPOT�
CFDPNF�WFSZ�DPNQMFY�UP�TPMWF�HSBQIJDBMMZ�TP�PUIFS�NFUIPET�BSF�
VTVBMMZ�QSFGFSBCMF��  7. /P�    9. :FT�    

11. 	−�����
�    13. �( −�� ���____���������
����____���������

����____�������) ��  15. �( ������@�������) ��   

17. 	��−���
� 19. ��( x������−���x _______ ��� �������+�x ______ ��� ��)���  21. �( −�����___��������
���___������−��) �

23. /P�TPMVUJPOT�FYJTU�  25. 	�����
�  27. �( ����__�����−����__�����−�����__�����) ��  

29. 	�������
�  31. 	−�����
�  33. 	�������
�  

35. 	−��−��−�
�  37. 	��������
�  39. �( ����@@�
�
�������@@�
�
�������@@�
�
���) ��  

41. �( ����@@�
�
�������@@�
�
�������@@�
�
���) ��   43. 	�����
�  45. 	�����


47. �( ������@@@@�
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����� ���@@@@�
���

����� ���@@@@�
���

���) ��  49. 	��−���
�  51. ��������

53. ���HSBOEQBSFOUT�����QBSFOUT�����DIJMESFO�  55. :PVS�TIBSF�
XBT��������4BSBI�T�TIBSF�XBT�����BOE�ZPVS�PUIFS�SPPNNBUF�T�
TIBSF�XBT���������  57. ThFSF�BSF�JOGJO UFMZ�NBOZ�TPMVUJPOT��XF�
OFFE�NPSF�JOGPSNBUJPO��  59. ����TUVEFOUT�����DIJMESFO�BOE�
����BEVMUT�  61. ThF�#.8�XBT��������UIF�+FFQ�XBT��������
BOE�UIF�5PZPUB�XBT��������� � 63. ��������JO�UIF�BDDPVOU�UIBU�
QBZT����JOUFSFTU���������JO�UIF�BDDPVOU�UIBU�QBZT����JOUFSFTU�
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Section 7.3
1. "�OPOMJOFBS�TZTUFN�DPVME�CF�SFQSFTFOUBUJWF�PG�UXP�DJSDMFT�UIBU�
PWFSMBQ�BOE�JOUFSTFDU�JO�UXP�MPDBUJPOT�IFODF�UXP�TPMVUJPOs. A 
OPOMJOFBS�TZTUFN�DPVME�CF�SFQSFTFOUBUJWF�Pf a pBSBCPMB�BOd a cirDMF�
XIFSF�UIF�WFSUFY�PG�UIF�QBSBCPMB�NFFUT�UIF�DJSDMF�BOE�UIF�CSBODIFT�
BMTP�JOUFSTFDU�UIF�DJSDMF�IFODF�UISFF�TPMVUJPOT��   3. /P. ThFSF�
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UIF�MPXFS�MJOF��*O�UIJT�DBTF�OP�QPJOUT�JO�UIF�QMBOF�BSF�MPDBUFE�JO�
CPUI�SFHJPOT��IFODF�UIFSF�JT�OP�GFBTJCMF�SFHJPO��   5. $IPPTF�
BOZ�OVNCFS�CFUXFFO�FBDI�TPMVUJPO�BOE�QMVH�JOUP�C	x
�BOE�R	x
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