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UNDERSTANDING HOW TO FIND THE COORDINATE VECTOR OF A VECTOR RELATIVE TO A GIVEN BASIS IS FUNDAMENTAL IN LINEAR
ALGEBRA, ESPECIALLY WHEN WORKING WITH VECTOR SPACES LIKE \(\MATHBB{R}"2\). IN THIS ARTICLE, WE WILL EXPLORE THE
PROCESS STEP-BY-STEP, USING A SPECIFIC BASIS \(S = (U, U)\) aND A VECTORr \(\W/\). OUR GOAL IS TO DETERMINE THE
COORDINATE VECTOR OF \(\W/\) RELATIVE TO THE BASIS \(S\). WE WILL COVER THE CONCEPTS THOROUGHLY, INCLUDING

BASIS FORMATION, VECTOR REPRESENTATION, AND THE CALCULATION PROCESS, ENSURING CLARITY FOR LEARNERS AT ALL
LEVELS.

INTRODUCTION TO VECTOR SPACES AND Bases IN \(\MaTHBe{R}"2\)

BEFORE DELVING INTO THE SPECIFIC PROBLEM, IT IS ESSENTIAL TO UNDERSTAND SOME FOUNDATIONAL CONCEPTS.

VecTor Spaces anp \(\MaTHeB{R}"2\)

- \(\MATHBB{R}"2\) IS THE SET OF ALL ORDERED PAIRS OF REAL NUMBERS \((x, Y)\).
- |T IS A VECTOR SPACE, MEANING IT ALLOWS VECTOR ADDITION AND SCALAR MULTIPLICATION.

WHAT Is A BAsis?

- A gasis of \(\MaTHeg{R}"2\) Is A seT oF Two vecTors \(\{u, U\}\) THAT ARE LINEARLY INDEPENDENT AND SPAN THE
ENTIRE SPACE.
- ANy veEcTor \(\W \in \MATHBB{R}"2\) CAN BE EXPRESSED UNIQUELY AS A LINEAR COMBINATION OF THE BASIS VECTORS.

CooRrDINATE VECTOR RELATIVE TO A BAsIs

- THE COORDINATE VECTOR OF \(\W/\) ReLATIVE To THE BASIS \(S = (U, U)\) IS THE orpERED PAIR \((c_1, c_2)\) sucH
THAT:

\[
W=c Tu+c 2U
\]

- FINDING THIS COORDINATE VECTOR INVOLVES SOLVING A SYSTEM OF LINEAR EQUATIONS.

Given DATA AND PROBLEM STATEMENT

LET’'S CLARIFY THE GIVEN VECTORS AND THE TASK AT HAND.



VECTORS PROVIDED

-\u=C(a_1,a_2)V)
-\(U=(4,-3)\)
-\OW = (w_1, w_2)\)

NoTE: THERE APPEARS TO BE A TYPOGRAPHICAL ERROR IN THE PROMPT, AS BOTH BASIS VECTORS ARE LABELED \(U\).
TypicaLLy, A Basis \(S\) N \(A\MATHBB{R}"2\) IS FORMED BY TWO DISTINCT VECTORS, SAY, \(U\) anp \(U\).

AssUMPTION: THE BASIS VECTORS ARE \(U=(a_1, A_2)\) anp \(U = (4, -3)\). Tre vecTor \(W =(w_T1, w_2)\) s
GIVEN OR NEEDS TO BE SPECIFIED.

STeP-BY-STEP PrROCESS To FIND THE CoorDINATE VECTOR of \(\W\)
ReLaTive To \(S = (u, U)\)

THE MAIN GOAL 1S To FIND SCALARS \(c_ 1\) anp \(c_2\) SucH THAT:

\[
W=c Tu+c 2U
\]

THIS EQUATION TRANSLATES INTO A SYSTEM OF LINEAR EQUATIONS.

STep 1: WRITE THE SYSTEM OF EQUATIONS

SUPPOSE:

\[
u=(a_1,A_2), \quap U= (4,-3), \quap W = (w_1, w_2)
\]

THEN:

\[
(w_1,w 2)=c_ 1(a_1,a_2)+c_2(4,-3)
\]

WHICH GIVES TWO EQUATIONS:

\[

w 1=c 1a 1+c 2\TmMes 4

\]

\[

w 2=c_ 1A 2+c_2\1imMes (-3)

\]



STep 2: SET UP THE MATRIX EQUATION

EXPRESSING THE SYSTEM IN MATRIX FORM:

\[
\BeGIN{BMATRIX}
A_1q4\\
A_29-3
\eno{BMATRIX}
\BeGIN{BMATRIX}
c_1\\

c 2
\eno{BMATRIX}

\BeGIN{BMATRIX}
w_ T \\

w_2
\eno{aMATRIX}

\]

DENOTE:

\[

A = \eeGIN{BMATRIX}
A_1§4\\
A_2¢-3
\enp{BMATRIX}

\Quap

\MaTHeF{c} = \BEGIN{BMATRIX}
c_1\\

c 2

\eno{BMATRIX}

,\Quab

\MaTHeF{W} = \BEGIN{BMATRIX}
w_T\\

w_2

\eno{BMATRIX}

\]

OUR TASK REDUCES TO SOLVING:

\l

A \MaTHeF{c} = \MATHBF{ W/}

\]

Step 3: CALcULATE THE DETERMINANT OF \(A\)

THe DETERMINANT, \(\DET(A)\), IS CRUCIAL TO DETERMINE IF THE SYSTEM HAS A UNIQUE SOLUTION:

\[
\DeT(A) =A_T\TiMes (-3) - Ao_2 \TiMes 4
\]

- IF \(\peT(A) \NeQ 0\), THE SYSTEM HAS A UNIQUE SOLUTION.



- IF \(\peT(A) = 0\), THE VECTORS ARE LINEARLY DEPENDENT, AND \(\WW/\) MAY OR MAY NOT LIE IN THE SPAN.

Step 4: Fino THE INverRsE ofF \(A\) anp SoLve For \(\MaTHBF{c}\)

UsING CRAMER'S RULE OR MATRIX INVERSION:

\[
\MaTHer{c} = A™{- 13 \mMaTHBF{ W}

\]

The iINnverse of \(A\) (For A 2x2 MATRIX) IS:

\[

AM-13 = \rrac{ 1}{\peT(A)} \BEGIN{BMATRIX}
-3§ -4\

-A_29 a1

\eno{emaTRIX}

\]

HENCE, THE COORDINATE VECTOR:

\[
\BeGIN{BMATRIX}
c_1\\

c 2
\eno{eMATRIX}
= \rrAac{ 13{\peT(A)} \BeGIN{BMATRIX}
-3 6 -4\
A2 a1
\eno{emMATRIX}
\BeGIN{BMATRIX}
w_T\\

w_2
\eno{emMATRIX}

\]

PrACTICAL EXAMPLE WITH SPECIFIC VECTORS

TO ILLUSTRATE, LET'S ASSUME SPECIFIC VALUES For \(U\) anp \(\W/\).

ExaMpPLE DATA

-\(u=01, 2\
-\(U=(4,-3)\)
-\(W = (5, HV)



STep 1: SET UP THE SYSTEM

\[
\BeGIN{BMATRIX}
16 4\\
2¢-3
\enp{BMATRIX}
\BeGIN{BMATRIX}
c_1\\

c 2
\enp{BMATRIX}

\seGIn{BMATRIX}

5\\
4

\eno{emaTRIX}

\]

STEP 2: CoMPUTE THE DETERMINANT

\[
\oeT(A) =(1)(-3)-(2)(4)=-3-8=-11
\]

SiNce \(-17 \NeQ O\), THE SYSTEM HAS A UNIQUE SOLUTION.

Step 3: Fino \(AM{(-13\)

\[

AMN-13 = \rrac{13{- 113 \Beain{BMATRIX}
-3 6 -4 \\

-2 1

\eno{BMATRIX}

= \BeGIN{BMATRIX}

3/114/11\\

2/11§-1/11

\eno{BMATRIX}

\]

STEP 4: CALCULATE THE COORDINATES

\[

\MaTHer{c} = A™{-1} \MaTHBF{W]} = \BEGIN{BMATRIX}
3/11§4/11\\

2/11-1/11

\eno{BMATRIX}



\seGIN{BMATRIX}

5\\
4
\eno{BMATRIX}

\]

CALCULATIONS:

\[
c_1=\rRAc{3}{ 113 \1iMes 5 + \rrac{43{ 11} \TiMes 4 = \rrAc{153{ 11} + \rrAc{163}{ 11} = \rrAc{313}{ 11}
\]

\[
c 2 =\rRAc{2}{ 113 \1iMes 5 - \rrAC{13{ 11} \TiMes 4 = \rrAc{103}{ 113 - \rrAc{43{11} = \rrac{6}{ 113}
\]

RESULT:

\[
\soxen{
\TexT{CoorbINATE VECTOR OF } W \TexT{ ReLaTIVE TO } S = \LerT( \FRAC{3 13{ 11}, \rrac{63{ 11} \riGHT)

}
\]

INTERPRETING THE RESULT AND APPLICATIONS

KNOWING THE COORDINATE VECTOR ofF \(\W/\) ReLATIVE To A BAasIs \(S\) aLLows us To:

- Express \(

FREQUENTLY ASkeD QUESTIONS

How Do | FIND THE COORDINATE VECTOR OF W/ RELATIVE To THE BASIS S = (U, U)?

TO FIND THE COORDINATE VECTOR OF W RELATIVE TO THE BASIS S = (U, U), EXPRESS W/ AS A LINEAR COMBINATION OF U
AND U (WHICH ARE THE BASIS VECTORS). SOLVE FOR SCALARS A AND B SUCH THAT W = AU + BU. THE COORDINATE VECTOR
IS THEN (A, B).

Given U =(4,-3),U=(2, 6), AND W = ?, HOW DO | COMPUTE THE COORDINATE
VECTOR OF W/?

FIRST, CLARIFY WHETHER THE BASIS VECTORS ARE U = (4, -3)aNnD V = (2, 6). THEN, SET UP THE EQUATION W = AU + BV
AND SOLVE FOR A AND B USING THE COMPONENTS OF W/. THE COORDINATE VECTOR IS (A, B).

\WHAT IS THE IMPORTANCE OF BASIS VECTORS IN FINDING COORDINATE VECTORS IN R2P

BASIS VECTORS PROVIDE A REFERENCE FRAME FOR EXPRESSING OTHER VECTORS. THE COORDINATE VECTOR OF A VECTOR W/
RELATIVE TO ABASIS S = (U, V) GIVES ITS UNIQUE REPRESENTATION AS A LINEAR COMBINATION OF U AND V.



How CAN | DETERMINE IF THE VECTORS U AND V FORM A VALID BASIS FOR R2?

CHeck IF U AND V' ARE LINEARLY INDEPENDENT BY CALCULATING THEIR DETERMINANT OR VERIFYING THEY ARE NOT SCALAR
MULTIPLES. IF THEY ARE LINEARLY INDEPENDENT, THEY FORM A BASIS FOR R2.

IF W IS GIVEN, AND THE BASIS VECTORS ARE U = (4, -3) anD V = (2, 6), How Do |
FIND THE COORDINATE VECTOR OF \W/?

SET UP THE EQUATION W = AU + BV, THEN SOLVE FOR A AND B USING SYSTEMS OF EQUATIONS BASED ON THE COMPONENTS
ofF W. THE SOLUTIONS (A, B) FORM THE COORDINATE VECTOR OF W RELATIVE TO THE BASIS.

CAN | FIND THE COORDINATE VECTOR OF W RELATIVE TO THE BASIS (U, U) IF BOTH
BASIS VECTORS ARE THE SAMEP

NO, IF BOTH BASIS VECTORS ARE IDENTICAL, THEY DO NOT FORM A VALID BASIS FOR RQ, AND YOU CANNOT UNIQUELY EXPRESS
W IN TERMS OF THAT BASIS. A BASIS REQUIRES LINEARLY INDEPENDENT VECTORS.

ADDITIONAL RESOURCES

CooRrDINATE VECTOR CALCULATION

UNDERSTANDING THE PROBLEM: FINDING THE COORDINATE VECTOR OF W ReLATIVE To Basis S = (U, U)

\WHEN WORKING WITH VECTORS IN A TwO-DIMENSIONAL SPACE \(\MATHBB{R}"2\), A FUNDAMENTAL TASK IS EXPRESSING A
GIVEN VECTOR \(W\) IN Terms oF A BASIS \(S = (U, V)\). THIS PROCESS INVOLVES FINDING THE COORDINATE VECTOR OF
\(W\) reLaTIVE TO THE BASIS \(S\), WHICH ESSENTIALLY DESCRIBES HOW \(\/\) CAN BE REPRESENTED AS A LINEAR
COMBINATION OF THE BASIS VECTORS.

IN THIS PARTICULAR SCENARIO, THE BASIS \(S\) consisTs oF THe vecTors \(U = (4, -3)\) ano \(U = (2, 6)\).
HOWEVER, NOTE THAT BOTH BASIS VECTORS ARE LABELED WITH THE SAME LETTER \(U\), WHICH MIGHT BE A TYPOGRAPHICAL
OVERSIGHT. TYPICALLY, A BASIS IN \(A\MATHBB{R}"2\) IS FORMED BY TWO DISTINCT VECTORS, OFTEN DENOTED AS \(U\)
AND \(V\). FOR CLARITY, WE WILL ASSUME THAT THE BASIS VECTORS ARE:

\[
U=(4,-3),\quab V =(2, 6)
\]

AND THAT THE VECTOR \(W/\) Is GIVEN AS soMe sPecIFIC VECTOR IN \(AMATHBB{R}"2\). SINCE THE PROBLEM STATEMENT IS
INCOMPLETE REGARDING \(\W/\), WE WILL PROCEED WITH THE GENERAL APPROACH TO FIND THE COORDINATE VECTOR OF AN
ARBITRARY \(W = (w_ 1, w_2)\) reLaTIVE TO THE BASIS \(S = (U, V)\). IF A speciFic \(W/\) Is PROVIDED LATER, THE
PROCESS REMAINS THE SAME.

THe SieNiFicance oF CoorpINATE VECTors IN \(A\MaTHBB{R}"2\)

WHY Do WE Neep COORDINATE VECTORS?

COORDINATE VECTORS PROVIDE A POWERFUL WAY TO REPRESENT VECTORS RELATIVE TO A PARTICULAR BASIS. THEY SERVE
AS THE “COORDINATES” OR “WEIGHTS” THAT TELL US HOW TO RECONSTRUCT THE ORIGINAL VECTOR FROM THE BASIS

VECTORS. THIS IS CRUCIAL FOR:

- SIMPLIFYING VECTOR OPERATIONS BY WORKING IN A BASIS WHERE THE VECTORS HAVE A SIMPLE FORM
- CHANGING COORDINATE SYSTEMS (BASIS TRANSFORMATIONS)



- SOLVING SYSTEMS OF LINEAR EQUATIONS
- UNDERSTANDING THE STRUCTURE OF VECTOR SPACES

THe CoNCEPT OF A BAsis

A easis IN \(\MATHBE{R}"2\) Is A SET oF TWo VECTORS \(\{U, V\}\) THAT ARE LINEARLY INDEPENDENT, MEANING NEITHER
CAN BE WRITTEN AS A SCALAR MULTIPLE OF THE OTHER. EVERY VECTOR \(W/\) N \(AMATHBB{R}"2\) CAN THEN BE UNIQUELY
EXPRESSED AS A LINEAR COMBINATION:

\[
W=c TU+c 2V
\]

wHere \(c_1, c_2\) ARe THE coorDINATES oF \(\W\) ReLATIVE To THE BASIS \(S)).

STEP-BY-STEP APPROACH TO FIND THE COORDINATE VECTOR
1. CoNFIRM THE Basis VECTORS ARE LINEARLY INDEPENDENT

Berore PROCEEDING, VERIFY THAT \(U = (4, -3)\) anp \(V = (2, 6)\) FORM A BASIS BY CHECKING THEIR LINEAR
INDEPENDENCE.

METHOD:

CALCULATE THE DETERMINANT OF THE MATRIX FORMED BY PLACING \(U\) ano \(V\) as coLumns:

\l

\peT \BEGIN{BMATRIX}

46 2\\

366

\eno{emaTrIX} = (4)(6) - (-3)(2) =24+ 6 =30
\]

SINCE THE DETERMINANT 1S NoN-zERO (\(30 \NeQ O\)), THE VECTORS ARE LINEARLY INDEPENDENT AND HENCE FORM A BASIS.

2. Express \(W\) As A Linear ComeiNaTION oF \(U\) anp \(V\)
Suppose \(W = (w_1, w_2)\). THEN, THE GOAL IS TO FIND SCALARS \(c_ 1, c_2\) SUCH THAT:

\[
W=c TU+c 2V
\]

WHICH GIVES THE SYSTEM OF EQUATIONS:

\[

\BEGIN{CASES}

w 1=4c 1+2c 2\\
w 2=-3c 1+6c 2
\eno{cases}

3. SOLVE THE SYSTEM OF LINEAR EQUATIONS

To rino \(c_T\) anp \(c_2\), WE USE METHODS SUCH AS SUBSTITUTION OR MATRIX ALGEBRA.



MATRIX FORM:

\[
\BeGIN{BMATRIX}
46 2\\

3§ 6
\eno{BMATRIX}
\BeGIN{BMATRIX}
c_1\\

c 2
\eno{BMATRIX}

\BeGIN{BMATRIX}
w_1\\

w_2
\eno{BMATRIX}

\]

THE SOLUTION INVOLVES INVERTING THE COEFFICIENT MATRIX OR USING CRAMER'S RULE:

\[
\MATHBF{C} = \MATHBF{A}"{- 1} \MATHRF{\W/}
\]

\WHERE:

\[

\MaTHBF{A} = \BEGIN{BMATRIX}
46 2\\

3§66

\eno{BMATRIX}

\Quap

\MaTHRF{\W} = \BeGIN{BMATRIX}
w_1\\

w_2

\eno{BMATRIX}

\]

4. CoMPUTING THE INVERSE OF THE COEFFICIENT MATRIX

GIVEN:

\[
\peT \mMaTHBF{A} = 30

\]

THE INVERSE oF \(AMATHBF{A}\) Is:

\[

\MATHBF{ A3 - 13 = \rrac{ 1} \peT \MATHBF{A}} \BEGIN{BMATRIX]}
66-2\\

34

\eno{BMATRIX}

= \rrac{13}{30} \seaiNn{BMATRIX}

66 -2\\

34

\eno{BMATRIX}



\]

THus,

\[
\BeGIN{BMATRIX}
c_1\\

c 2
\eno{aMATRIX}
= \rrac{13}{30} \seain{BMATRIX}
6§ -2\\
34
\eno{aMATRIX}
\BeGIN{BMATRIX}
w_1\\

w_2
\eno{aMATRIX}

\]

OR EXPLICITLY,

\[
c_1=\rRAc{1H30}6w_1-2w_2) \quapc_2=\rRAc{1H30}(Bw_1+4w_2)
\]

PracTICAL ExampLE: CoMPUTING THE COORDINATE VECTOR FORr A SpeciFic \(\W/\)
Suppost THE VECTOR \(W = (5, 7)\). LET'S COMPUTE ITS COORDINATE VECTOR RELATIVE TO THE BASIS \(S = (U, V)\).

STeEP 1: WRITE THE SYSTEM:

\[

\BEGIN{CASES}
5=4c 1+2c 2\\
7=-3c 1+6c 2
\eno{cases}

\]

Step 2: CompuTe \(c_1\):

\[
c_1=\rrAc{13}{303(6 \TiMes 5 - 2 \TiMes 7) = \rrAc{ TH303(30 - 14) = \rrac{ 163}{30} = \rrac{8}{ 15}
\]

Step 3: CompuTe \(c_2\):

\[
c_2=\rrAc{1}{303(3 \1iMes 5 + 4 \TiMes 7) = \rrac{ 13{30}(15 + 28) = \rrac{43}{30}
\]

RESULT:

\[

\soxen{

\TexT{CoorbINATE VECTOR OF } W = (5, 7) \TexT{ reLaTiVE To } S = \LerT( \rrAc{8}{ 15}, \Frac{433}{30} \riGHT)
}

\]



SUMMARY AND KEY TAKEAWAYS
THe GENERAL FORMULA

Given Basis vecTors \(U = (u_T1,u_2)\) ano \(V=(v_1, v_2)\) AnD AN ARBITRARY VECTOR \(W = (w_1, w_2)\),
THE CoorDINATE VECTOR \((c_T, c_2)\) CAN BE COMPUTED VIA:

\[

c_1=\rrAc{1}{\peT \MATHBF{A}} (V. 2 w_T1-Vv_1w_2)
\]

\[

c_2 =\rrac{1H\oeT \MATHBF{A}} (-U 2 W_T+U_Tw_2)
\]

\WHERE

\[
\oeT \MATHBF{A}=U_1Vv_2-U 2Vv_]1

\]

THIS APPROACH LEVERAGES THE PROPERTIES OF DETERMINANTS AND LINEAR ALGEBRA TO EFFICIENTLY DETERMINE THE
COORDINATES.

FINAL THOUGHTS: WHY THIS MATTERS

MASTERING HOW TO FIND THE COORDINATE VECTOR OF A VECTOR RELATIVE TO A BASIS IS A FOUNDATIONAL SKILL IN LINEAR
ALGEBRA, WITH APPLICATIONS SPANNING COMPUTER GRAPHICS, PHYSICS, ENGINEERING, AND MORE. W/HETHER TRANSFORMING
VECTORS BETWEEN DIFFERENT COORDINATE SYSTEMS OR SIMPLIFYING COMPLEX LINEAR TRANSFORMATIONS, UNDERSTANDING THIS
PROCESS PROVIDES CLARITY AND POWER IN ANALYZING MULTIDIMENSIONAL DATA.

IN THIS EXPLORATION, WE'VE DEMONSTRATED A SYSTEMATIC APPROACH, VERIFIED THE BASIS'S VALIDITY, AND PROVIDED A
CONCRETE EXAMPLE, ALL OF WHICH SERVE AS A BLUEPRINT FOR TACKLING SIMILAR PROBLEMS IN ADVANCED MATHEMATICS AND
APPLIED SCIENCES.
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