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UNDERSTANDING THE SOLUTION SET OF A SYSTEM OF LINEAR EQUATIONS IS FUNDAMENTAL IN LINEAR ALGEBRA. THE NATURE OF
SOLUTIONS—WHETHER THERE ARE NONE, EXACTLY ONE, OR INFINITELY MANY—DEPENDS ON THE RELATIONSHIPS BETWEEN THE
EQUATIONS INVOLVED. SPECIFICALLY, THE PARAMETER \(A\) IN A SYSTEM CAN INFLUENCE THESE RELATIONSHIPS SIGNIFICANTLY.

IN THIS ARTICLE, WE EXPLORE HOW TO DETERMINE THE VALUES OF \(A\) THAT LEAD TO DIFFERENT TYPES OF SOLUTIONS FOR A
GIVEN SYSTEM, WITH A FOCUS ON IDENTIFYING WHEN THE SYSTEM HAS NO SOLUTIONS OR A UNIQUE SOLUTION.

OVERVIEW OF SYSTEMS OF LINEAR EQUATIONS

TYPES OF SOLUTIONS
A SYSTEM OF LINEAR EQUATIONS IN VARIABLES \(X, Y, Z, \LDOTS\) CAN HAVE:

hd UNIQUE SOLUTION: EXACTLY ONE SET OF VARIABLE VALUES SATISFIES ALL EQUATIONS.

* No SoLUTION: THE EQUATIONS ARE INCONSISTENT, NO SET OF VARIABLE VALUES SATISFIES ALL EQUATIONS
SIMULTANEOUSLY.

¢ INFINITELY MANY SOLUTIONS: THERE ARE MULTIPLE SOLUTIONS FORMING A SOLUTION SET, OFTEN DUE TO DEPENDENT
EQUATIONS.

METHODS OF ANALYZING SOLUTIONS

COMMON TECHNIQUES INCLUDE:

1. GAUSSIAN ELIMINATION OR ROW REDUCTION TO ECHELON FORM.
2. DETERMINANT ANALYSIS FOR SYSTEMS WITH THE SAME NUMBER OF EQUATIONS AND VARIABLES.

3. PARAMETERIZATION OF FREE VARIABLES TO UNDERSTAND SOLUTION STRUCTURE.

RoLe oF PARAMETER \(A\) IN THE SYSTEM



PARAMETER INFLUENCE ON SYSTEM CONSISTENCY

PARAMETERS WITHIN EQUATIONS CAN ALTER THE RELATIONSHIPS BETWEEN EQUATIONS, CHANGING THE RANK OF THE COEFFICIENT
MATRIX OR THE AUGMENTED MATRIX, WHICH IN TURN AFFECTS THE EXISTENCE AND UNIQUENESS OF SOLUTIONS. SPECIFICALLY,
THE vALUES ofF \(A\) CAN LEAD TO:

o THE SYSTEM BEING CONSISTENT AND HAVING A UNIQUE SOLUTION.

® THE SYSTEM BECOMING INCONSISTENT, LEADING TO NO SOLUTIONS.

® THE SYSTEM REMAINING CONSISTENT WITH INFINITELY MANY SOLUTIONS.

TypicaL FOrRMS oF PARAMETER-DEPENDENT SYSTEMS

A COMMON FORM MIGHT BE:

\[

\BeGIN{ CASES}

A {1Ix+a {123y +a {13}z=8_1\\
A {213x+a {22}y + A {23}z=8_2\\
A {31}x+a {32}y +a {33}z=8_3
\eno{cases}

\]

wHERE SOME COEFFICIENTS \(A_{13}\) pepenD on \(A\). ANALYZING SUCH SYSTEMS INVOLVES EXAMINING THE DETERMINANTS
AND RANKS OF MATRICES AS FUNCTIONS oF \(A\).

GENERAL APPROACH To DeTerMINE VALUES ofF \(A\)

STEP 1: WRITE THE SYSTEM IN MATRIX FORM

EXPRESS THE SYSTEM AS:

\[
A \MATHBF{x} = \MaTHBF{B]}

\]

wHERe \(A\) 1s THE coerrICienT MATRIX, \(\MATHBF{X}\) THE VECTOR OF VARIABLES, AND \(\MATHBF{E}\) THE CONSTANTS
VECTOR.

STEP 2: CoMPUTE THE DETERMINANT OF THE COEFFICIENT MATRIX

- For sQUARE sYsTeMs, THE DETERMINANT \(\DET(A)\) INDICATES WHETHER THE MATRIX IS INVERTIBLE.
- IF \(\peT(A) \NeQ O\), THE SYSTEM HAS A UNIQUE SOLUTION, REGARDLESS OF PARAMETERS.

- IF \(\peT(A) = 0\), THE SYSTEM MAY HAVE EITHER INFINITELY MANY SOLUTIONS OR NO SOLUTIONS, DEPENDING ON THE



AUGMENTED MATRIX.

Step 3: ANAaLYze THE Ranks ofF \(A\) ano \([A|\MaTHEF{B}]\)

- THE RANK OF A MATRIX IS THE MAXIMUM NUMBER OF LINEARLY INDEPENDENT ROWS OR COLUMNS.
- USE METHODS SUCH AS ROW REDUCTION TO FIND THE RANKS.
- THE SYSTEM'S SOLUTION SET DEPENDS ON THE RELATIONSHIP BETWEEN \(\oPERATORNAME{RANKI(A)\) AND
\(\opreraTorNAME{RANK}([A|\MATHBF{}])\):
¢ Ir \(\oreraTORNAME{RANK}(A) = \oPERATORNAME{RANK}([A[\MATHBF{B}]) = N\) (NUMBER OF VARIABLES), THEN A
UNIQUE SOLUTION EXISTS.

o IF \(\oreraTORNAME{RANKI(A) = \oPERATORNAME{RANKI([A[\MATHBF{8}]) < N\), THEN INFINITELY MANY SOLUTIONS.

e Ir \(\oreraTORNAME{RANK}(A) \NEQ \OPERATORNAME{RANK}([A[\MATHBF{8}])\), THEN NO SOLUTIONS EXIST.

Step 4: ExPress ConpiTions onN \(A\)

- DERIVE THE CONDITIONS UNDER WHICH THE DETERMINANT \(\DET(A)\) EQUALS zERO.

- For THE cASE WHERe \(\DET(A) = 0\), ANALYZE THE AUGMENTED MATRIX TO FIND SPECIFIC VALUES OF \(A\) THAT LEAD
TO INCONSISTENCY.

- SOMETIMES, SUBSTITUTING SPECIFIC VALUES OR PARAMETERS INTO THE EQUATIONS HELPS IDENTIFY THESE CRITICAL POINTS.

ExXAMPLE: ANALYZING A PARAMETER-DEPENDENT SYSTEM

SUPPOSE WE HAVE THE FOLLOWING SYSTEM:

\[

\BeGIN{CASES}
x+vy+Az=2\\

2x + 3y + (A+1)z=5\\
Ax+y+z=23
\eno{cases}

\]

OUR GOAL IS TO DETERMINE THE VALUES OF \(A\) FOR WHICH THIS SYSTEM HAS NO SOLUTIONS OR A UNIQUE SOLUTION.

ST1ep 1: WRITE THE COEFFICIENT MATRIX AND CONSTANTS

\[

A = \eeGIN{BMATRIX}
1616 A\
2636 A+1\\
AT 1]



\eno{emaTrIX}, \QUAD \MATHBF{8} = \BEGIN{BMATRIX} 2 \\ 5 \\ 3 \EnD{BMATRIX}

\]

Step 2: CoMPUTE DETERMINANT \(\DeT(A)\)

CALCULATE:

\[

\peT(A) = \seaIN{VMATRIX}
1616 A\

263 A+1\\
A1

\eno{vmaTRIX}

\]

USING COFACTOR EXPANSION OR ROW OPERATIONS:

\[
\peT(A) = 1 \cpoT \eeain{vMaTrRIX} 3 & A+1\\ 1§ 1 \eno{vMaTrIX} - 1 \cpoT \Beain{vMaTRIX} 2 & A+T1\\ A &
1 \eno{vmaTrIX} + A \cpoT \Beain{vMAaTRIX} 2 & 3 \\ A § 1 \eno{vMAaTRIX]}

\]
CALCULATE EACH MINOR:
1. \Q\eeain{vMAaTRIX} 3§ A+T1\\ 1§ 1 \eno{vMaTrixX} =3 \TiMes 1 - (A+1)\TiMes 1=3-A-1=2-A\)

2. \(\seain{vmaTRIX} 2 € A+T\\ A § 1 \eno{vmaTrIX} =2 \TiMEs 1 - (A+1) \TMes A=2- A(A+1)=2-(A"2 +
AV

3. \(\seain{vmaTrIX} 2 ¢ 3\\ A & 1 \eno{vmaTRIX} = 2 \TiMeS 1 - 3 \TiMes A = 2 - 3A\)

NO\X/, SUBSTITUTE BACK:

\[

\pET(A) = 1 \TiMes (2 - A) - 1 \TiMes (2 - A"2 - A) + A \Times (2 - 3A)
\]

SIMPLIFY:

\[

\peT(A)=(2-A)-(2-A"2-A)+ A(2-3A)

\]

\[

=2-A-2+A"2+A+2A-3A"2

\]

COMBINE LIKE TERMS:

\[

(2-2)+ A+ A+2A)+(A"2-3A"2) =0+ (2A) + (-2A"2)
\]

FINAL FORM:

\[

\peT(A) = 2A - 2A"2=2A(1-A)
\]



Step 3: Fino VaLues ofF \(A\) witH \(\peT(A) = 0\)

SET THE DETERMINANT TO ZERO:

\[
2A(1-A)=0
\]
\[

\RicHTARROW A = 0 \Quab \TexT{or} \QuaD A = 1

- For \(A \NeQ O, 1)), THE DETERMINANT IS NON-ZERO, SO THE SYSTEM HAS A UNIQUE SOLUTION.

- For \(A =0\) or \(A = T\), THE SYSTEM IS POTENTIALLY INCONSISTENT OR HAS INFINITELY MANY SOLUTIONS, REQUIRING
FURTHER ANALYSIS.

STeP 4: ANALYZE For \(A=0\) anp \(A=1)\)

Case 1: \(A=0\)

SUBSTITUTE INTO THE SYSTEM

FREQUENTLY ASKeED QUESTIONS

\YWHAT CONDITION ON THE PARAMETER A ENSURES THAT THE SYSTEM OF EQUATIONS
HAS NO SOLUTIONS?

THE SYSTEM HAS NO SOLUTIONS WHEN THE EQUATIONS ARE INCONSISTENT, WHICH TYPICALLY OCCURS WHEN THE RATIOS OF
COEFFICIENTS ARE EQUAL BUT THE CONSTANTS ARE NOT, LEADING TO A CONTRADICTION. SPECIFICALLYI FOR THE SYSTEM, IF
THE RATIOS OF THE COEFFICIENTS OF VARIABLES ARE EQUAL BUT THE RATIO OF THE CONSTANTS DIFFERS, THEN THE SYSTEM
HAS NO SOLUTION.

How CAN | DETERMINE THE VALUES OF A THAT LEAD TO A UNIQUE SOLUTION IN A
SYSTEM OF LINEAR EQUATIONS?

A SYSTEM HAS A UNIQUE SOLUTION WHEN THE COEFFICIENT MATRIX IS INVERTIBLE, MEANING ITS DETERMINANT IS NON-ZERO. By
CALCULATING THE DETERMINANT AS A FUNCTION OF A, YOU CAN FIND THE VALUES OF A FOR WHICH THE DETERMINANT # O,
INDICATING A UNIQUE SOLUTION.

\WHAT IS THE ROLE OF THE DETERMINANT IN ANALYZING THE SOLUTIONS OF A LINEAR
SYSTEM WITH PARAMETER AP

THE DETERMINANT OF THE COEFFICIENT MATRIX DETERMINES WHETHER THE SYSTEM HAS A UNIQUE SOLUTION (DET * O),
INFINITELY MANY SOLUTIONS (DET = 0 WITH CONSISTENT EQUATIONS)I OR NO SOLUTIONS (DET = 0 WITH INCONSISTENT
EQUATIONS). CALCULATING THE DETERMINANT AS A FUNCTION OF A HELPS IDENTIFY THESE CASES.

CAN YOU GIVE AN EXAMPLE OF A SYSTEM WHERE A AFFECTS THE EXISTENCE OF
SOLUTIONS?

YES. FOR EXAMPLE, CONSIDER THE SYSTEM:



AxXx+y=2
Xx+Avy=3

THE DETERMINANT OF THE COEFFICIENT MATRIX IS A2 = 1. WHEN A2 - 1 # O, THE SYSTEM HAS A UNIQUE SOLUTION. W/HEN
A"2-1=0,1E, A=+1, THE SYSTEM MAY HAVE INFINITELY MANY SOLUTIONS OR NONE, DEPENDING ON CONSISTENCY.

How Do | CHECK IF THE SYSTEM HAS NO SOLUTIONS FOR A SPECIFIC AP

FIRST, WRITE THE AUGMENTED MATRIX AND PERFORM ROW OPERATIONS OR CALCULATE RATIOS OF COEFFICIENTS. |F THE RATIOS
OF THE COEFFICIENTS ARE EQUAL BUT THE RATIO OF THE CONSTANTS DIFFERS, THEN THE SYSTEM HAS NO SOLUTIONS FOR THAT
A. ALTERNATIVELY, CHECK IF THE DETERMINANT IS ZERO AND THE EQUATIONS ARE INCONSISTENT.

WHAT STEPS SHOULD | FOLLOW TO FIND ALL A VALUES FOR WHICH THE SYSTEM HAS
NO SOLUTIONS?

1. WRITE THE SYSTEM IN MATRIX FORM AND COMPUTE THE DETERMINANT AS A FUNCTION OF A.

2. FIND THE A VALUES WHERE THE DETERMINANT IS ZERO.

3. FOR THESE A VALUES, CHECK IF THE EQUATIONS ARE INCONSISTENT (E.G., RATIOS OF COEFFICIENTS MATCH BUT CONSTANTS
DO NOT).

4. THE A VALUES SATISFYING THESE CONDITIONS ARE THOSE FOR WHICH THE SYSTEM HAS NO SOLUTIONS.

IS IT POSSIBLE FOR THE SYSTEM TO HAVE BOTH NO SOLUTIONS AND A UNIQUE
SOLUTION DEPENDING ON A?

No. FOr A GIVEN A, THE SYSTEM EITHER HAS A UNIQUE SOLUTION (DET # Q), INFINITELY MANY SOLUTIONS (DET = O AND
EQUATIONS ARE DEPENDENT), OR NO SOLUTIONS (DET = O AND EQUATIONS ARE INCONSISTENT). THESE ARE MUTUALLY
EXCLUSIVE CASES.

ADDITIONAL RESOURCES

DeTerMINE THE VALUES OF A For WHICH THE FoLLoWING SysSTEM OF LINEAR EQUATIONS HAS No SoLuTions, A UNIQUE
— THIS IS A FUNDAMENTAL QUESTION IN LINEAR ALGEBRA THAT DELVES INTO UNDERSTANDING THE CONDITIONS UNDER WHICH A
SYSTEM OF EQUATIONS IS CONSISTENT, INCONSISTENT, OR HAS A UNIQUE SOLUTION. GRASPING THESE CONCEPTS NOT ONLY
ENHANCES PROBLEM-SOLVING SKILLS BUT ALSO DEEPENS COMPREHENSION OF THE STRUCTURE AND BEHAVIOR OF LINEAR SYSTEMS.
\W/HETHER YOU'RE A STUDENT PREPARING FOR EXAMS, A TEACHER DESIGNING PROBLEM SETS, OR A PROFESSIONAL ANALYZING
DATA MODELS, UNDERSTANDING HOW TO DETERMINE THE VALUES OF PARAMETERS THAT INFLUENCE THE SOLUTION SET IS
CRUCIAL.

IN THIS COMPREHENSIVE GUIDE, WE WILL EXPLORE THE STEPS AND PRINCIPLES NEEDED TO DETERMINE THE VALUES OF A FOR
WHICH A GIVEN SYSTEM OF LINEAR EQUATIONS HAS NO SOLUTIONS, A UNIQUE SOLUTION, OR INFINITELY MANY SOLUTIONS. WEe
WILL FOCUS ESPECIALLY ON THE CASE WHERE THE COEFFICIENT MATRIX DEPENDS ON A PARAMETER A/ ILLUSTRATING HOW THE
VALUE OF THIS PARAMETER AFFECTS THE NATURE OF THE SOLUTIONS.

(UNDERSTANDING THE T YPES OF SOLUTIONS IN LINEAR SYSTEMS
BEFORE DIVING INTO THE SPECIFICS, LET'S CLARIFY THE DIFFERENT TYPES OF SOLUTIONS A LINEAR SYSTEM CAN POSSESS:

1. UNIQUE SoLUTION

- THE SYSTEM HAS EXACTLY ONE SOLUTION.

- THE EQUATIONS ARE CONSISTENT AND INDEPENDENT.

- THE COEFFICIENT MATRIX IS INVERTIBLE (NON-SINGULAR).



2. INFINITELY MANY SOLUTIONS

- THE SYSTEM IS CONSISTENT BUT DEPENDENT.

- THE EQUATIONS ARE NOT ALL INDEPENDENT; AT LEAST ONE IS A LINEAR COMBINATION OF OTHERS.

- THE COEFFICIENT MATRIX IS SINGULAR BUT THE SYSTEM STILL SATISFIES THE CONSISTENCY CONDITION.

3. No SoLuUTIoN
- THE SYSTEM IS INCONSISTENT.
- THE EQUATIONS CONTRADICT EACH OTHER, MAKING IT IMPOSSIBLE TO FIND A COMMON SOLUTION.

(UNDERSTANDING HOW THESE OUTCOMES RELATE TO THE PROPERTIES OF THE COEFFICIENT MATRIX AND THE AUGMENTED MATRIX
IS KEY TO ANSWERING THE QUESTION ABOUT THE PARAMETER A.

FRAMEWORK FOR ANALYZING PARAMETER-DEPENDENT SYSTEMS
SUPPOSE YOU ARE GIVEN A SYSTEM OF LINEAR EQUATIONS INVOLVING A PARAMETER A. THE TYPICAL APPROACH INVOLVES:

1. WRITING THE SYSTEM IN MATRIX FORM: \( A \MATHBF{x} = \MATHBF{E]} )

2. FOrRMING THE COEFFICIENT MATRIX (SAY, \( M \)) AnD THE AUGMENTED MATRIX (\( [M | \MATHBF{&}] \)).

3. PERFORMING ROW OPERATIONS (GAUSSIAN ELIMINATION OR ROW ECHELON FORM) TO ANALYZE THE RANK CONDITIONS.
4. CompARING THE RANK OF \( M \) anp \( [M| \MaTHeF{B}] \):

- IF \( \texT{rANK}(M) = \TexT{rANK}([M | \MATHBF{B}]) = N \), THE SYSTEM HAS A UNIQUE SOLUTION.

- IF \(\TexT{rANK}(M) = \TexT{RANK}([M | \MATHBF{B}]) < N\), THE SYSTEM HAS INFINITELY MANY SOLUTIONS.

- IF \C\TexT{ranKI(M) < \TexT{RANKI([M | \MATHBF{8}]) \), THE SYSTEM IS INCONSISTENT, WITH NO SOLUTIONS.

W/HEN THE MATRIX DEPENDS ON A, THESE RANKS ARE FUNCTIONS OF A, SO ANALYZING THEIR DETERMINANTS AND MINORS CAN
REVEAL THE CRITICAL VALUES OF A THAT CHANGE THE SOLUTION STATUS.

STeEP-BY-STEP GUIDE TO FIND VALUES OF A FOR NO SOLUTIONS OR A UNIQUE SOLUTION
STeP 1: WRITE THE SYSTEM EXPLICITLY

EXPRESS THE SYSTEM CLEARLY, NOTING ALL COEFFICIENTS' DEPENDENCE ON A. FoRr EXAMPLE, CONSIDER A SYSTEM:

\[

\BEGIN{CASES}

A {11 A)x+a {123 A) vy +a_{133A)z=8_T1(A)\\
A {213A)x+a {223(A) vy +A_{233(A)z=8_2(A)\\
A_{313(A) x+a {323(A) vy +a_{33}A)z=8_3(A)
\eno{cases}

STeEP 2: FOrRM THE COEFFICIENT AND AUGMENTED MATRICES

ConsTRUCT THE COErFICIENT MATRIX \( M(A) \) AND THE AUGMENTED MATRIX:

\[

M(A) =

\BeGIN{BMATRIX}

A_{11HA) & a_{123(A) & A_{133(A) \\
A_{213A) & a_{223(A) & a_{233(A) \\
A_{313A) & a_{323(A) & A_{33}(A)
\eno{BMATRIX}

\Quap

[MCA) | \MaTHer{8}(A)]

\]



Step 3: CaLcuLATE THE DETERMINANT oF \( M(A) )
The pETERMINANT \( \DET(M(A)) \) IS A KEY INDICATOR:

- IF \( \peT(M(A)) \NEQ O \), THE MATRIX IS INVERTIBLE, AND THE SYSTEM HAS A UNIQUE SOLUTION.
- IF \( \beT(M(A)) = 0 \), THE MATRIX IS SINGULAR, AND THE SYSTEM MAY HAVE EITHER INFINITELY MANY SOLUTIONS OR NO
SOLUTIONS DEPENDING ON CONSISTENCY.

CaLcuLaTte \( \peT(M(A)) \) AS A FUNCTION OF A. THE SOLUTIONS FOR A WHERE THE DETERMINANT IS ZERO ARE POTENTIAL
CRITICAL POINTS.

STeP 4: ANALYZE THE CoNsISTENCY CONDITIONS
WHeN \( \peT(M(A)) = 0'\), THE SYSTEM'S NATURE DEPENDS ON THE AUGMENTED MATRIX:

- CHECK WHETHER THE AUGMENTED MATRIX'S RANK IS EQUAL TO THE COEFFICIENT MATRIX'S RANK.
- THIS INVOLVES COMPUTING MINORS OR ROW-REDUCING THE AUGMENTED MATRIX AND COMPARING THE RANK.

STep 5: Finp CrRITICAL VALUES OF A

SeT THe DETERMINANT \( \DET(M(A)) \) EQUAL TO ZERO AND SOLVE FOR A. THESE VALUES PARTITION THE A-AXIS INTO
REGIONS WHERE THE SOLUTION TYPE MIGHT CHANGE.

- For A vaLues wHere \( \DET(M(A)) \NeQ O \), THE SYSTEM HAS A UNIQUE SOLUTION.
- For A vaLues wHere \( \DET(M(A)) = 0 \), FURTHER ANALYSIS DETERMINES WHETHER SOLUTIONS EXIST (INFINITELY
MANY) OR IF THE SYSTEM IS INCONSISTENT (NO SOLUTIONS).

PrACTICAL EXAMPLE: A DETAILED W ALK THROUGH
LET'S CONSIDER A CONCRETE EXAMPLE:

SYSTEM:

\[

\BeGIN{CASES}
x+2y+Az=3\\

2x + 4y + (A + 1)z=6\\
-x-2vy+(A-2)z=-3
\eno{cases}

STeP 1: WRITE THE MATRICES

COEFFICIENT MATRIX:

\[

M(A) =
\BeGIN{BMATRIX}
1§26 A\
264 A+1\\
-1§-29A-2
\eno{BmMATRIX}

\]

AUGMENTED MATRIX:

\[



IM(A) | \mMATHBF{B}] =
\BeGIN{BMATRIX}
1626 A6 |63\
264§ A+16]66\\
NG26A-26]6-3
\eno{BmMATRIX}

\]
Step 2: Carcutate \(\pet(M(AD) V)

USING COFACTOR EXPANSION:

\[

\peT(M(A)) = 1 \TiMes
\BeGIN{ VMATRIX}
46 A+1\\
29 A-2
\enp{VMATRIX}
- 2 \TiMes
\BeGIN{ VMATRIX}
26 A+ 1\\
1§ A-2
\eno{vMATRIX}
+ A \TIMES
\BeGIN{ VMATRIX}
2§ 4\\
-1§-2
\eno{vMAaTRIX}

\]

COMPUTE EACH MINOR:

- FIRST MINOR:

\[
(AYA-2)-(-2XA+1)=4A-8+2A+2=06A-6
\]

- SECOND MINOR:

\[
200-2)-CI)XA+1)=2A-4+A+1=3A-3
\]

- THIRD MINOR:

\[

(DC2)-(W)(1)=-4+4=0

\]

Now, SUBSTITUTE BACK:

\[
\peT(M(A)) = 1 \1iMes (6A - 6) -2 \TiMes (BA-3) + A\TiMes 0 = (A -6)-(6A-6)+0=0
\]

OBSERVATION: THE DETERMINANT IS ZERO FOR ALL Al THIS INDICATES THE COEFFICIENT MATRIX IS SINGULAR REGARDLESS OF A/
SO THE SYSTEM CANNOT HAVE A UNIQUE SOLUTION FOR ANY VALUE OF A.



STeEP 3: ANALYZE THE SYSTEM FOR SOLUTIONS

Since \( \peT(M(A)) = 0 \) ALWAYS, THE SYSTEM EITHER HAS INFINITELY MANY SOLUTIONS OR NO SOLUTIONS DEPENDING ON
THE CONSISTENCY CONDITION.

NEXT STEP: CHECK WHETHER THE SYSTEM IS CONSISTENT FOR DIFFERENT A VALUES.

DETERMINING CONSISTENCY IN SINGULAR SYSTEMS

W/HEN THE COEFFICIENT MATRIX IS SINGULAR, THE KEY IS TO ANALYZE WHETHER THE AUGMENTED MATRIX'S RANK EXCEEDS THAT
OF THE COEFFICIENT MATRIX.

STepP 4: Row Rebuce To FIND RANK
PERFORM ROW OPERATIONS ON THE AUGMENTED MATRIX TO DETERMINE THE RANK.

STARTING WITH THE AUGMENTED MATRIX:

\l

\BeGIN{BMATRIX}
1626 A6 |63\
DGAGA+TG]G6\\
1§-26A-26]6-3

\eno{BmMATRIX}
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