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APPLY THEOREM B.3 To OBTAIN THE CHARACTERISTIC EQUATION FROM ALL THE TerMs: (R-2)(r-1)*2(r-2) =
®-2)"2(r-1)"2

IN THE STUDY OF LINEAR RECURRENCE RELATIONS AND DIFFERENCE EQUATIONS, THE CHARACTERISTIC EQUATION PLAYS A
PIVOTAL ROLE IN DETERMINING THE GENERAL SOLUTION. APPLYING THEOREM B.3 ALLOWS US TO SYSTEMATICALLY DERIVE THIS
CHARACTERISTIC EQUATION FROM POLYNOMIAL EXPRESSIONS INVOLVING ROOTS AND THEIR MULTIPLICITIES. IN THIS ARTICLE, WE
WILL EXPLORE HOW TO UTILIZE THEOREM B.3 TO OBTAIN THE CHARACTERISTIC EQUATION FROM THE GIVEN ALGEBRAIC
EXPRESSION:

\[
R-2)(R-1)"2(r-2) = (r-2)"2(r-1)"2
\]

WE WILL BREAK DOWN THE PROCESS STEP-BY-STEP, PROVIDING A CLEAR UNDERSTANDING OF THE UNDERLYING CONCEPTS, AND
EMPHASIZING THE IMPORTANCE OF POLYNOMIAL FACTORIZATION, ROOT MULTIPLICITIES, AND THE STRUCTURE OF
CHARACTERISTIC EQUATIONS IN SOLVING RECURRENCE RELATIONS.

UNDERSTANDING THEOREM B.3 AND ITS RELEVANCE

WHAT Is THeEoreM B.3?

THEOREM B.3 IS A FUNDAMENTAL RESULT IN THE THEORY OF LINEAR RECURRENCE RELATIONS AND THEIR CHARACTERISTIC
EQUATIONS. |T STATES THAT:

> GIVEN A LINEAR RECURRENCE RELATION WITH CONSTANT COEFFICIENTS, THE CHARACTERISTIC EQUATION CAN BE OBTAINED BY
EXPRESSING THE RECURRENCE RELATION AS A POLYNOMIAL EQUATION IN THE VARIABLE \( R \)/ \WHERE THE ROOTS OF THIS
POLYNOMIAL CORRESPOND TO THE SOLUTIONS OF THE RECURRENCE RELATION.

IN SIMPLE TERMS, THE THEOREM PROVIDES A SYSTEMATIC APPROACH TO CONVERT A RECURRENCE RELATION INTO A POLYNOMIAL
EQUATION WHOSE ROOTS DETERMINE THE FORM OF THE GENERAL SOLUTION.

WHY |s THEOREM B.3 IMPORTANT?

- |T SIMPLIFIES THE PROCESS OF SOLVING RECURRENCE RELATIONS.

- |T ALLOWS FOR THE USE OF ALGEBRAIC TECHNIQUES, SUCH AS POLYNOMIAL FACTORIZATION, TO FIND ROOTS.

- |T HELPS IN UNDERSTANDING THE BEHAVIOR OF SOLUTIONS, ESPECIALLY WHEN ROOTS ARE REPEATED.

- |T LAYS THE FOUNDATION FOR SOLVING NON-HOMOGENEOUS RECURRENCE RELATIONS VIA PARTICULAR SOLUTIONS.



ANALYZING THE GIVEN EXPRESSION

THE EXPRESSION PROVIDED IS:

\[
R-2)r-1D"2R-2)=G-2)"2(k-1"2
\]

OUR GOAL IS TO APPLY THEOREM B.3 TO THIS EXPRESSION TO DERIVE THE CHARACTERISTIC EQUATION ASSOCIATED WITH THE
UNDERLYING RECURRENCE RELATION.

STep 1: SIMPLIFY BOTH SIDES OoF THE EQUATION

LET’S FIRST ANALYZE AND SIMPLIFY BOTH SIDES TO SEE THEIR POLYNOMIAL STRUCTURE.

- LerT-HAND sipe (LHS):

\[

R-2)R-1"2(k-2)

\]

- RiGHT-HAND sioe (RHS):

\[

R-2)"2(r-1"2

\]

NOTICE THAT:

\[

R-2)R-2)=(R-2)"2

\]

AND SIMILARLY, THE LHS CAN BE WRITTEN AS:
\[

R-2)"2(G-1"2

\]

WHICH IS EXACTLY THE SAME AS THE RHS. THEREFORE, THE EQUATION SIMPLIFIES TO:
\[
R-2)"2G-1D)"2=GCR-2)"2&-1"2
\]

THIS INDICATES THAT THE POLYNOMIAL SIDES ARE IDENTICAL, WHICH MIGHT SUGGEST THAT THE ORIGINAL EXPRESSION IS AN
IDENTITY. HO\X/EVER, THE KEY IS TO INTERPRET THE EXPRESSIONS AS FACTORS REPRESENTING PARTS OF THE CHARACTERISTIC
POLYNOMIAL, AND THE EQUALITY SIGNIFIES THAT THE CHARACTERISTIC POLYNOMIAL FACTORS IN THE SAME WAY ON BOTH
SIDES.



DerIVING THE CHARACTERISTIC EQUATION

STeP 2: RECOGNIZE THE POLYNOMIAL FACTORS

FROM THE SIMPLIFIED EXPRESSION, WE OBSERVE THAT.:

\[

\TexT{CHARACTERISTIC POLYNOMIAL} = (R - 2)"2 (R - 1)"2
\]

THIS POLYNOMIAL IS ALREADY FACTORED INTO ITS ROOTS.

- RooTs:

-\(r=2\), WITHMULTIPLICITY 2
-\(r=1\), WITHMULTIPLICITY 2

THE ROOTS AND THEIR MULTIPLICITIES ARE CRUCIAL FOR CONSTRUCTING THE GENERAL SOLUTION OF THE RECURRENCE RELATION.

STeP 3: APPLYING THEOREM B.3

ACCORDING TO THEOREM BS, THE CHARACTERISTIC EQUATION IS OBTAINED DIRECTLY FROM THE POLYNOMIAL EXPRESSION,
WHICH IS THE PRODUCT OF FACTORS CORRESPONDING TO ROOTS AND THEIR MULTIPLICITIES.

THEREFORE, THE CHARACTERISTIC EQUATION IS:

\[
R-2)"2k-1"2=0
\]

OR, EQUIVALENTLY,

\[
R-2)"2G-1"2=0
\]

WHICH SIMPLIFIES TO:

\[
R-2)"2k-1"2=0
\]

RooTs:

-\(r=2) (pousLE rOOT)
-\(r= 1) (pousLE rOOT)

CONSTRUCTING THE GENERAL SOLUTION OF THE RECURRENCE RELATION

ONCE THE ROOTS AND THEIR MULTIPLICITIES ARE IDENTIFIED, THE GENERAL SOLUTION TO THE RECURRENCE RELATION CAN BE



CONSTRUCTED UTILIZING THESE ROOTS.

ForM OF THE GENERAL SOLUTION

For eacH RooT \(R_1'\) wiTHMULTIPLICITY \(M_1'\), THE GENERAL SOLUTION INCLUDES TERMS:

\[

Nk} r_IMN{N3

\]

wHere \( O \Leqk <m_1\).

APPLYING THIS TO OUR ROOTS:

-For \(r=2\) (MuLTIPLICITY 2):

\[

A_1\cooT 2™{N} + A_2 \cooT N \cpoT 2°{n}

\]

-For \(r=1\) (MuLTIPLICITY 2):

\[

B_1\coot 1*{n} +B_2 \cooT n \cooT 1M{N}=B_1+B_2 \cpoT N
\]

FuLL GENERAL SOLUTION:

\[

A N=C_1\cooT 2*{n} + C_2 \cpoT N \cooT 2*{N}+D_1+D_2 \cpoT N
\]

wHERe \( C_1,C_2,D_1,D_2 \) ARE CONSTANTS DETERMINED BY INITIAL CONDITIONS.

IMPLICATIONS OF RooTs AND THEIR MULTIPLICITIES

WHY Do RooTs wITH MULTIPLICITY GREATER THAN ONE MATTER?

- RooTs WITH MULTIPLICITY 1 CONTRIBUTE TERMS OF THE FOrM \( R™{N]} \).
- RooTs wiTH MULTIPLICITY \( M \) CONTRIBUTE TERMS OF THE FORM:

\[
rR*{N}, \Quap N RN}, \QuaD N {2} rR*{N}, \QuAD \DOTS, \QUAD N*{M-1} R"{N}

\]

THIS MULTIPLICITY INCREASES THE NUMBER OF INDEPENDENT SOLUTION COMPONENTS, REFLECTING THE DIMENSION OF THE
SOLUTION SPACE.



ExAMPLE: HANDLING DousLE RooTs

DouBLE ROOTS, AS IN OUR CASE, INTRODUCE TERMS MULTIPLIED BY \( N \), WHICH ARE ESSENTIAL TO SATISFY THE INITIAL
CONDITIONS AND FULLY DESCRIBE THE SOLUTION SPACE.

SUMMARY OF THE STEP-BY-STEP PROCESS

TO SUMMARIZE, HERE IS A STEP-BY-STEP GUIDE TO APPLYING THEOREM B.3 TO OBTAIN THE CHARACTERISTIC EQUATION:
1. EXPRESS THE GIVEN ALGEBRAIC RELATION AS A POLYNOMIAL EQUATION IN \( R \).

2. SIMPLIFY BOTH SIDES TO IDENTIFY THE POLYNOMIAL FACTORS.

3. FACTOR THE POLYNOMIAL COMPLETELY INTO LINEAR FACTORS, NOTING THE ROOTS AND THEIR MULTIPLICITIES.

4. \X/RITE DOWN THE CHARACTERISTIC EQUATION AS THE PRODUCT OF FACTORS EQUAL TO ZERO.

5. IDENTIFY ROOTS AND THEIR MULTIPLICITIES, WHICH DETERMINE THE FORM OF THE GENERAL SOLUTION.

6. CONSTRUCT THE GENERAL SOLUTION BY COMBINING TERMS ASSOCIATED WITH EACH ROOT, CONSIDERING THEIR
MULTIPLICITIES.

CoNcCLUSION

APPLYING THEOREM B.3 TO THE GIVEN EXPRESSION REVEALS THAT THE CHARACTERISTIC POLYNOMIAL HAS ROOTS AT \(R = 1
\) AND \(R =2 \), EACH WITH MULTIPLICITY TWO. RECOGNIZING THESE ROOTS AND THEIR MULTIPLICITIES ENABLES US TO
CONSTRUCT THE GENERAL SOLUTION TO THE ASSOCIATED RECURRENCE RELATION SYSTEMATICALLY. THIS PROCESS
UNDERSCORES THE IMPORTANCE OF POLYNOMIAL FACTORIZATION AND ROOT MULTIPLICITY IN SOLVING LINEAR RECURRENCE
RELATIONS. \WHETHER DEALING WITH SIMPLE ROOTS OR MULTIPLE ROOTS, THE PRINCIPLES REMAIN CONSISTENT, PROVIDING A
ROBUST FRAMEWORK FOR ANALYZING A WIDE RANGE OF DIFFERENCE EQUATIONS.

SEO KeyworbpSs AND PHRASES FOR OPTIMIZATION

- APPLYING THEOREM B.3 IN RECURRENCE RELATIONS

- How TO DERIVE CHARACTERISTIC EQUATIONS FROM POLYNOMIALS
- POLYNOMIAL FACTORIZATION IN DIFFERENCE EQUATIONS

- RooTS AND MULTIPLICITIES IN CHARACTERISTIC EQUATIONS

- SOLVING RECURRENCE RELATIONS WITH MULTIPLE ROOTS

- STEP-BY-STEP GUIDE TO CHARACTERISTIC EQUATIONS

- GENERAL SOLUTION OF LINEAR RECURRENCE RELATIONS

- RooTS OF CHARACTERISTIC POLYNOMIAL AND SOLUTIONS

- DIFFERENCE EQUATIONS AND POLYNOMIAL METHODS

- MATHEMATICAL METHODS FOR SOLVING RECURRENCE RELATIONS



NoTE: MASTERY OF THESE CONCEPTS ENHANCES PROBLEM-SOLVING SKILLS IN DISCRETE MATHEMATICS, COMPUTER SCIENCE, AND
ENGINEERING DISCIPLINES WHERE DIFFERENCE EQUATIONS ARE PREVALENT.

FREQUENTLY ASkeD QUESTIONS

How po You APPLY THEOREM B.3 TO DERIVE THE CHARACTERISTIC EQUATION FROM
THE GIVEN POLYNOMIAL EXPRESSION?

To APPLY THEOREM B.3, YOU FACTOR EACH TERM OF THE POLYNOMIAL AS SHOWN, THEN SET THE PRODUCT EQUAL TO ZERO.
THIS LEADS TO THE CHARACTERISTIC EQUATION BY EQUATING EACH FACTOR TO ZERO, RESULTING IN (R-2)"3(r-1)"2=0.

W/HAT IS THE SIGNIFICANCE OF FACTORING THE TERMS (R-2) AND (R-1) IN THE GIVEN
EXPRESSION WHEN DERIVING THE CHARACTERISTIC EQUATION?

FACTORING THE TERMS ALLOWS US TO IDENTIFY THE ROOTS DIRECTLY, WHICH ARE ESSENTIAL FOR FORMING THE
CHARACTERISTIC EQUATION. THE ROOTS DETERMINE THE SOLUTION STRUCTURE OF THE DIFFERENTIAL EQUATION OR RECURRENCE
RELATION.

How DOES THE MULTIPLICITY OF RooTS (sucH As (R-2)"*3 anp (R-1)"2) AFFecT
THE GENERAL SOLUTION DERIVED FROM THE CHARACTERISTIC EQUATION?

THE MULTIPLICITY INDICATES HOW MANY TIMES EACH ROOT APPEARS. A ROOT WITH MULTIPLICITY M CONTRIBUTES TERMS
MULTIPLIED BY POWERS OF T (OR N), SUCH AS TA{M‘ 1} TIMES THE EXPONENTIAL, AFFECTING THE FORM OF THE GENERAL
SOLUTION.

WHY IS IT IMPORTANT TO SET EACH FACTOR EQUAL TO ZERO AFTER APPLYING
THEOREM B.3 IN THIS CONTEXT?

SETTING EACH FACTOR EQUAL TO ZERO ISOLATES THE ROOTS OF THE CHARACTERISTIC EQUATION, WHICH ARE NECESSARY FOR
CONSTRUCTING THE GENERAL SOLUTION TO THE DIFFERENTIAL OR DIFFERENCE EQUATION.

CAN YOU EXPLAIN THE STEP-BY-STEP PROCESS OF TRANSFORMING THE ORIGINAL
EXPRESSION INTO THE CHARACTERISTIC EQUATION USING THEOREM B.3?

FIRST, FACTOR BOTH SIDES OF THE EXPRESSION TO IDENTIFY COMMON ROOTS. NEXT, SET EACH FACTOR EQUAL TO ZERO, WHICH
YIELDS THE CHARACTERISTIC ROOTS. FINALLY, COMBINE THESE ROOTS INTO THE CHARACTERISTIC EQUATION (E.G.,
(r-2)"3(r-1)"2=0), REPRESENTING THE FUNDAMENTAL EQUATION WHOSE ROOTS DETERMINE THE SOLUTION STRUCTURE.

ADDITIONAL RESOURCES

APPLYING THEOREM B.3 To DerIVE THE CHARACTERISTIC EQUATION FROM POLYNOMIAL TERMS

UNDERSTANDING HOW TO TRANSITION FROM A POLYNOMIAL EXPRESSION TO ITS CHARACTERISTIC EQUATION IS FUNDAMENTAL IN
MANY AREAS OF MATHEMATICS, ESPECIALLY IN SOLVING LINEAR DIFFERENTIAL EQUATIONS, DIFFERENCE EQUATIONS, AND
ANALYZING SYSTEMS IN ENGINEERING AND PHYSICS. ONE KEY TOOL IN THIS PROCESS IS THEOREM B3, WHICH PROVIDES A
SYSTEMATIC WAY TO EXTRACT THE CHARACTERISTIC EQUATION FROM POLYNOMIAL FACTORS. IN THIS DETAILED EXPLORATION,
WE WILL EXAMINE HOW TO APPLY THEOREM B.3 TO THE EXPRESSION:

\[
R-2)r-D"2GR-2)=G-2)"2(kr-1"2



\]

AND HOW THIS LEADS TO THE DERIVATION OF THE CHARACTERISTIC EQUATION.

UNDERSTANDING THE CONTEXT AND SIGNIFICANCE OF THEOREM B.3

BEFORE DIVING INTO THE SPECIFIC EXAMPLE, IT'S CRITICAL TO UNDERSTAND WHAT THEOREM B.3 STATES AND WHY IT IS A
POWERFUL TOOL.

\WHAT IS THEOREM B.3?

THEOREM B.3 GENERALLY REFERS TO A PRINCIPLE USED IN ALGEBRA AND LINEAR ALGEBRA FOR TRANSLATING POLYNOMIAL
FACTORS INTO CHARACTERISTIC EQUATIONS. |T OFTEN STATES THAT:

> THE CHARACTERISTIC EQUATION OF A LINEAR TRANSFORMATION OR A DIFFERENCE/DIFFERENTIAL OPERATOR ASSOCIATED WITH
A POLYNOMIAL IS OBTAINED BY SETTING THE POLYNOMIAL EQUAL TO ZERO, AND IT IS CONSTRUCTED BY EQUATING EACH
FACTOR TO ZERO.

IN MORE PRACTICAL TERMS, THEOREM B.3 GUIDES US IN:

- FACTORING THE POLYNOMIAL EXPRESSION ASSOCIATED WITH THE SYSTEM.

- RECOGNIZING THE ROOTS (OR EIGENVALUES).

- FORMULATING THE CHARACTERISTIC EQUATION BASED ON THESE ROOTS.

THIS THEOREM STREAMLINES THE PROCESS OF MOVING FROM A POLYNOMIAL EXPRESSION—OFTEN WRITTEN IN FACTORED
FORM—TO THE CHARACTERISTIC EQUATION THAT ENCAPSULATES THE SYSTEM'S BEHAVIOR.

\WHY IS IT ESSENTIAL?

- EIGENVALUE DETERMINATION: |T ALLOWS US TO IDENTIFY CRITICAL EIGENVALUES IN SYSTEMS.
- SOLUTION OF DIFFERENCE/DIFFEEENTIAL EQUATIONS: THE CHARACTERISTIC EQUATION DETERMINES THE NATURE OF SOLUTIONS.
- STABILITY ANALYSIS: ROOTS OF THE CHARACTERISTIC EQUATION INFORM ABOUT SYSTEM STABILITY.

THE PoLYNOMIAL EXPRESSION AND ITS SIGNIFICANCE

LET'S ANALYZE THE GIVEN POLYNOMIAL EXPRESSION:

\[
R-2)r-1D"2GR-2)=G-2)"2k- "2
\]

AT FIRST GLANCE, THIS LOOKS LIKE A FACTORED POLYNOMIAL WITH REPEATED ROOTS.



INTERPRETING THE EXPRESSION

- LerT-HAND siDe (LHS): \((r - 2)(r - 1)"2(r - 2)\)
- RigHT-HAND sipE (RHS): \((r - 2)*2(r - 1)"2\)

NOTICE THAT:

\[
R-2)r-1D"2GR-2)=GC-2)"2k- "2
\]

WHICH CONFIRMS THE EQUALITY.

THIS EQUALITY HINTS AT THE MULTIPLICITY OF ROOTS AT \(R = 2\) anD \(r = T\). THE SYMMETRY SUGGESTS THAT THE
PoLYNOMIAL'S RooTs ARE \(r = 2\) (wiTH MuLTIPLICITY 2) AND \(R = 1\) (WITH MULTIPLICITY 2).

IMPLICATIONS FOR THE CHARACTERISTIC EQUATION

- THe rooTs \(R = 2\) anD \(R = 1\) ARE THE EIGENVALUES OR CHARACTERISTIC ROOTS.
- THEIR MULTIPLICITIES INFLUENCE THE FORM OF THE GENERAL SOLUTION, ESPECIALLY IN DIFFERENTIAL OR DIFFERENCE EQUATIONS.

APPLYING THEOREM B.3: STEP-BY-STEP PROCESS

NO\X/, WE'LL WALK THROUGH THE APPLICATION OF THEOREM B.3 TO DERIVE THE CHARACTERISTIC EQUATION.

STEP 1: RECOGNIZE THE POLYNOMIAL'S ROOTS AND MULTIPLICITIES

FROM THE FACTORED FORM, THE ROOTS ARE:

-\(r = 2\), WITH MULTIPLICITY 2.
-\(r = 1\), WITH MULTIPLICITY 2.

THIS IS EVIDENT FROM THE FACTORS:

-\((r-2)"2\)
-\((R- 1)"2\)

ST1ep 2: WRITE THE POLYNOMIAL EQUATION SET TO ZERO

THE CHARACTERISTIC POLYNOMIAL IS:

\[
PRY=GR-2)"2(k-1)"2
\]

ACCORDING TO THEOREM BS, THE CHARACTERISTIC EQUATION IS OBTAINED BY SETTING THIS POLYNOMIAL EQUAL TO ZERO:!



\l

P(R)=0

\]

WHICH SIMPLIFIES TO:

\[
R-2)"2G-1"2=0
\]

STeP 3: EXTRACT THE CHARACTERISTIC EQUATION

THE ROOTS ARE DIRECTLY OBTAINED BY SETTING EACH FACTOR TO ZERO:

-\(r - 2 =0 \RiGHTARROW R = 2))
-\(r- 1 =0 \RicHTARROW R = 1))

THE MULTIPLICITIES INFLUENCE THE FORM OF THE GENERAL SOLUTION BUT DO NOT CHANGE THE ROOTS THEMSEL VES.

THUS/ THE CHARACTERISTIC EQUATION [S:

\[

R-2)"2(r-1"2=0

\]

OR, IN EXPANDED POLYNOMIAL FORM:
\[
RM"2-4r+4)R"2-2r+1)=0
\]

WHICH, WHEN MULTIPLIED OUT, YIELDS:
\[

RM - 6R™N3+ 13R™2-12r+4=0
\]

THIS POLYNOMIAL REPRESENTS THE CHARACTERISTIC EQUATION OF THE SYSTEM.

STEP 4: GENERAL SoLUTION CONSTRUCTION

THE ROOTS AND THEIR MULTIPLICITIES GUIDE THE FORM OF THE GENERAL SOLUTION:

- For \(R = 2\) (MULTIPLICITY 2), THE SOLUTION TERMS INCLUDE:

\l

C_1 \cooT 2N+ C_2 \cpoT N \cpoT 2”N

\]

- For \(r = T\) (MULTIPLICITY 2), THE SOLUTION TERMS INCLUDE:

\[
D_1\cooT 1"N+D_2 \cooT N \cpoT 1™N

\]



wHErRe \(C_1,C_2,D_1,D_2\) ARE CONSTANTS DETERMINED BY INITIAL CONDITIONS.

Deep DiVE: THEORETICAL FOUNDATIONS AND PRACTICAL IMPLICATIONS

THE RoLE oF RooTs AND MULTIPLICITIES

- SIMPLE ROOTS (MULTIPLICITY 1): CONTRIBUTE EXPONENTIAL SOLUTIONS OF THE FORM \(R™N\).
- REPEATED ROOTS (MULTIPLICITY > 1): INTRODUCE POLYNOMIAL FACTORS MULTIPLIED BY EXPONENTIAL SOLUTIONS, LEADING
To Terms LIKE \(NR"N\), \(N*2 r"N\), ETC.

\¥HY DOES THEOREM B.3 MATTER?

- |T ENSURES A SYSTEMATIC APPROACH TO TRANSITION FROM POLYNOMIAL FACTORS TO THE CHARACTERISTIC EQUATION.
- |T CLARIFIES HOW ROOTS (AND THEIR MULTIPLICITIES) INFLUENCE THE GENERAL SOLUTION.
- |T FACILITATES SOLVING LINEAR DIFFEEENCE/DIFFERENTIAL EQUATIONS BY PROVIDING THE CHARACTERISTIC POLYNOMIAL.

APPLICATIONS IN DIFFERENCE EQUATIONS

CONSIDER A LINEAR RECURRENCE RELATION WITH CONSTANT COEFFICIENTS, SUCH AS!

\[
A N=4a {N-1}-4A_{N-2}
\]

THE CHARACTERISTIC POLYNOMIAL IS:

\[
R"2-4r+4=0
\]

WHICH FACTORS AS \((R - 2)*2 = 0\), INDICATING A REPEATED ROOT AT \(R=2\). APPLYING THEOREM B.3, THE GENERAL
SOLUTION INVOLVES TERMS LIKE:

\[
A N=(A+BnN) 2"~
\]

THIS PATTERN REFLECTS THE MULTIPLICITY OF THE ROOT.

IMPLICATIONS FOR SYSTEM STABILITY AND BEHAVIOR

- RoOTS WITH MAGNITUDE LESS THAN 1 (FOR DIFFERENCE EQUATIONS) IMPLY STABILITY.
- REPEATED ROOTS CAN LEAD TO POLYNOMIALLY GROWING SOLUTIONS, AFFECTING SYSTEM STABILITY.



ADDITIONAL CONSIDERATIONS AND ADVANCED TOPICS

CoMPLEX RooTs AND THEIR INTERPRETATION

\W/HEN ROOTS ARE COMPLEX CONJUGATES, SAY \(R =A \PM BI\)/ THE SOLUTIONS INVOLVE SINUSOIDAL COMPONENTS:

\[
RN = [R|"N (\cos N \THETA \PM 1 \sIN N \THETA)

\]

APPLYING THEOREM B.3 HELPS IN RECOGNIZING THESE ROOTS DIRECTLY FROM THE POLYNOMIAL FACTORS.

HiGHER-ORDER AND NON-CONSTANT CoEFFICIENT CASES

W/HILE THEOREM B.3 APPLIES DIRECTLY TO CONSTANT-COEFFICIENT LINEAR SYSTEMS, MORE COMPLEX SYSTEMS MAY REQUIRE
GENERALIZED APPROACHES, BUT THE PRINCIPLE OF EXTRACTING ROOTS FROM POLYNOMIAL FACTORS REMAINS FOUNDATIONAL.

CONCLUSION:; SYNTHESIZING THE PROCESS

APPLYING THEOREM B.3 TO THE POLYNOMIAL:

\[
R-2)r-D"2GR-2)=G-2)"2(kr-1"2
\]

ENTAILS:

1. RecogNiziNG THE RooTs \(rR=2\) anD \(rR=1\) WITH THEIR MULTIPLICITIES.

2. SETTING THE POLYNOMIAL EQUAL TO ZERO TO FIND THE CHARACTERISTIC EQUATION.
3. DERIVING THE CHARACTERISTIC POLYNOMIAL, EITHER IN FACTORED OR EXPANDED FORM.
4. USING ROOTS AND MULTIPLICITIES TO CONSTRUCT THE GENERAL SOLUTION.

THIS PROCESS EXEMPLIFIES THE POWER OF THEOREM B.3 IN TRANSFORMING POLYNOMIAL FACTORIZATIONS INTO
CHARACTERISTIC EQUATIONS, WHICH ARE CENTRAL TO UNDERSTANDING THE BEHAVIOR OF LINEAR SYSTEMS.

Apply Theorem B 3 To Obtain The Characteristic Equation
From All The Terms R2R12R2R22R12

Apply Theorem B 3 To Obtain The Characteristic Equation From All The Terms R2R12R2R22R
12


https://sip.evo9x.com/ma41/apply-theorem-b-3-to-obtain-the-characteristic-equation-from-all-the-terms-r-2-r-1-2-r-2-r-2-2-r-1-2.pdf
https://sip.evo9x.com/ma41/apply-theorem-b-3-to-obtain-the-characteristic-equation-from-all-the-terms-r-2-r-1-2-r-2-r-2-2-r-1-2.pdf

Related Articles

e 19. Two Chords, PQ And RS, Of A Circle Intersect At Right Angles At A Point Inside Thecircle
And If M(ZQPR)

e A Transfer Agent:A) Keeps The Stockholder List And, From Time To Time, Determines The

Shareholders Eligible
e At December 31, Before Adjusting And Closing The Accounts Had Occurred, The Allowance

For Doubtful Accounts

Back to Home


https://sip.evo9x.com/ma41/19-two-chords-pq-and-rs-of-a-circle-intersect-at-right-angles-at-a-point-inside-thecircle-and-if-m-zqpr.pdf
https://sip.evo9x.com/ma41/19-two-chords-pq-and-rs-of-a-circle-intersect-at-right-angles-at-a-point-inside-thecircle-and-if-m-zqpr.pdf
https://sip.evo9x.com/ma41/a-transfer-agent-a-keeps-the-stockholder-list-and-from-time-to-time-determines-the-shareholders-eligible.pdf
https://sip.evo9x.com/ma41/a-transfer-agent-a-keeps-the-stockholder-list-and-from-time-to-time-determines-the-shareholders-eligible.pdf
https://sip.evo9x.com/ma41/at-december-31-before-adjusting-and-closing-the-accounts-had-occurred-the-allowance-for-doubtful-accounts.pdf
https://sip.evo9x.com/ma41/at-december-31-before-adjusting-and-closing-the-accounts-had-occurred-the-allowance-for-doubtful-accounts.pdf
https://sip.evo9x.com

