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INTRODUCTION TO THE PROBLEM

MATHEMATICS OFTEN INVOLVES SOLVING EQUATIONS WITH MULTIPLE VARIABLES AND UNDERSTANDING THEIR RELATIONSHIPS.
ONE COMMON CHALLENGE IS TO FIND THE SUM OF VARIABLES WHEN GIVEN PROPORTIONAL OR EQUAL RELATIONSHIPS AMONG
THEM. THE PROBLEM AT HAND STATES:!

>IF 11x =3y = 99z, THEN WHAT IS THE VALUE OF 1X + 1y + 1z°

THIS PROBLEM REQUIRES US TO ANALYZE THE GIVEN EQUALITY AND FIND THE INDIVIDUAL VALUES OF X, Y, AND Z IN TERMS OF A
COMMON PARAMETER, THEN SUM THEM ACCORDINGLY. UNDERSTANDING THE RELATIONSHIPS BETWEEN VARIABLES IS FUNDAMENTAL

IN ALGEBRA, AND THIS PROBLEM PROVIDES AN EXCELLENT OPPORTUNITY TO EXPLORE PROPORTIONAL REASONING AND THE
PROPERTIES OF EQUALITY.

UNDERSTANDING THE EQUATION: 11x = 3y = 997
THE CORE OF THIS PROBLEM LIES IN THE STATEMENT:
>11x=3y=99z

THIS INDICATES THAT ALL THREE EXPRESSIONS ARE EQUAL TO THE SAME CONSTANT, WHICH WE CAN DENOTE AS "« THUS, WE
HAVE!:

- 1Ix =«
-3y =k
-99z=k

THE GOAL IS TO FIND THE SUM \( X+vy+z \) IN TERMS OF THIS COMMON CONSTANT, AND THEN EVALUATE THE SUM ONCE THE
VARIABLES ARE EXPRESSED EXPLICITLY.

STEP-BY-STEP SOLUTION APPROACH
To SOLVE THE PROBLEM SYSTEMATICALLY, FOLLOW THESE STEPS:
STeP 1: ASSIGN A COMMON VARIABLE TO THE EQUAL EXPRESSIONS

LeT:

11x=3y=99z=«
wHERE \(k\) IS A REAL NUMBER REPRESENTING THE COMMON VALUE OF ALL THREE EXPRESSIONS.

STeEP 2: EXPRESS EACH VARIABLE IN TERMS OF \(k\)

FROM THE EQUALITIES, DERIVE FORMULAS FOR \(x\), \(¥\), ano \(z\):

-\(x = \rrac{k}{11}\)



-\(y = \rrac{k3}{3}\)
-\(z = \rrac{k}{993\)

Step 3: Fino THE sum \(x + ¥ + Z\)

ExPRESS THE SUM IN TERMS OF \(k\):

\[
x + v +z=\rRAac{k}{ 11} + \rrac{k}{3} + \rrac{k3}{993
\]

STeP 4: SIMPLIFY THE SUM
TO COMBINE THESE FRACTIONS, FIND THE LEAST COMMON DENOMINATOR (LCD). THE DENOMINATORS ARE 11, 3, AND 99.
- THELCD ofF 11, 3, aND 99 15 99, SINCE:

-99+11=9
-99+3=33

EXPRESS EACH TERM WITH DENOMINATOR 99:

\[

\rRAC{K}H 11} = \rrac{9k3}{993
\]

\[

\rrAC{K} 3} = \FrrAc{33k}{99}
\]

\[

\rrAC{K}{99} = \rrAc{k}{ 993
\]

Now, SUM THESE:

\[
\FRAC{9Kk3}{993 + \rrAc{33k}{993 + \rrAc{k}{993 = \FrrAc{(9k + 33k + K)X 99} = \Frrac{43k}{99}
\]

THus,

\[
x + v +z=\rrac{43c}{99}
\]

DETERMINING THE V ALUE oF \(k\)

THE PROBLEM DOES NOT SPECIFY AN ADDITIONAL CONDITION, SUCH AS THE VALUE OF ANY PARTICULAR VARIABLE. THEREFORE,
THE suM \(x + v + Z\) pepenps on \(k\).

HO\X/EVER, IN TYPICAL ALGEBRAIC PROBLEMS LIKE THIS, THE VALUE OF \(K\) CAN BE ARBITRARY, OR SOMETIMES, THE QUESTION
IMPLIES THAT THE VARIABLES ARE SCALED SO THAT THE SUM OR SOME OTHER QUANTITY EQUALS A SPECIFIC VALUE.

ASSUMPTION: NORMALIZED OR STANDARDIZED V ALUES

IN MANY CASES, SUCH PROBLEMS ARE DESIGNED TO FIND THE RATIO OR THE SUM IN TERMS OF THE PROPORTIONAL CONSTANTS,
ASSUMING \(k=T\). LET'S ANALYZE THIS COMMON APPROACH.



- IF we assuMe \(k=1\), THEN:

\[
x + v +z=\rrRAc{43 \TiMes 1}{99} = \rrac{433}{99}
\]

So, THE suM of THE VARIABLES IS \(\FRAC{43}{993\).

FINAL ANSWER:

\[
\Boxen{\rrRac{43}{99}}
\]

THIS INDICATES THAT, ASSUMING THE COMMON VALUE \(k=1\), THE sum \(x + v + z\) eQuaLs \(\rrAc{43}{993\).

ADDITIONAL INSIGHTS AND ALTERNATIVE APPROACHES

\WHILE THE ABOVE SOLUTION ASSUMES \(k=T\), IT'S IMPORTANT TO UNDERSTAND HOW DIFFERENT VALUES OF \(k\) AFFECT
THE SUM:

- THe suM \(x + v + z = \rrAac{4 3k3}{99}\) scaLes LinearLY wiTH \(k\).
- IF THE PROBLEM SPECIFIES A PARTICULAR VALUE FOR THE VARIABLES OR THE SUM, YOU CAN SUBSTITUTE THAT VALUE TO

FND \(k\).
GENERALIZATION:

Suppost THE sUM \(X + ¥ + z = S\). THen:

\[
S = \rrac{4 3k} 99} \RicHTARROW K = \FRAC{99S}{43}
\]

THIS RELATION ALLOWS ADJUSTING THE VALUE OF \(k\) BASED ON ADDITIONAL CONDITIONS.

PRACTICAL APPLICATIONS OF PROPORTIONAL EQUATIONS

UNDERSTANDING EQUATIONS LIKE \(11x = 3y = 997\) IS FUNDAMENTAL IN VARIOUS REAL-WORLD CONTEXTS:

1. RATIOS AND PROPORTIONS IN ECONOMICS

- IN BUDGETING, RESOURCE ALLOCATION, AND FINANCIAL MODELING, RATIOS DETERMINE PROPORTIONAL DISTRIBUTION.
2. PHYSICS AND ENGINEERING

- \WHEN BALANCING FORCES OR ANALYZING COMPONENTS WITH PROPORTIONAL RELATIONSHIPS, SUCH EQUATIONS HELP IN
CALCULATIONS.

3. CHEMISTRY
- STOICHIOMETRY OFTEN INVOLVES RATIOS OF ELEMENTS IN REACTIONS, SIMILAR TO PROPORTIONAL EQUATIONS.
4. STATISTICS

- WHEN WORKING WITH RATIOS AND PROPORTIONAL DATA, UNDERSTANDING HOW VARIABLES RELATE IS KEY TO DATA



ANALYSIS.

CoMMON MISTAKES To AvVoID
W/HEN SOLVING EQUATIONS INVOLVING MULTIPLE VARIABLES AND EQUALITIES, BE CAUTIOUS OF:

-~ ASSUMING VARIABLES ARE EQUAL WITHOUT JUSTIFICATION: IN THIS PROBLEM, THE EQUALITIES INVOLVE DIFFERENT VARIABLES,
NOT IMPLYING \(x=v=Z\).

- INCORRECTLY HANDLING DENOMINATORS: ALWAYS FIND THE LEAST COMMON DENOMINATOR TO COMBINE FRACTIONS
ACCURATELY.

- NEGLECTING THE ARBITRARY NATURE OF THE CONSTANT \(k\): \WITHOUT ADDITIONAL CONDITIONS, THE VALUE OF \(k\)
REMAINS UNDETERMINED, AFFECTING THE SUM.

CoNCLUSION: FINAL SUMMARY

GIVEN THE RELATION:

\[
11x=3vy=99z
\]

AND ASSUMING THE COMMON CONSTANT \(K: 1 \>/ THE SUM OF THE VARIABLES IS:

\[
x + v +z=\rrac{43}{993
\]

THIS RESULT UNDERSCORES THE IMPORTANCE OF UNDERSTANDING PROPORTIONAL RELATIONSHIPS IN ALGEBRA. |T DEMONSTRATES
HOW TO MANIPULATE EQUALITIES INVOLVING MULTIPLE VARIABLES, EXPRESS EACH IN TERMS OF A COMMON PARAMETER, AND
COMPUTE THEIR SUM. MASTERY OF THESE CONCEPTS IS ESSENTIAL FOR SOLVING COMPLEX ALGEBRAIC PROBLEMS AND APPLYING
MATHEMATICAL REASONING TO REAL-WORLD SCENARIOS.

ADDITIONAL PRACTICE PROBLEMS
T o REINFORCE UNDERSTANDING, CONSIDER THE FOLLOWING PROBLEMS:

1.IF\(5A=108= 15c\), Fino \( A + B8 + C \) ASSUMING THE COMMON VALUE IS 1.
2.GIiven \( 2M = 4n =8P \), ExPreESS \(M + N+ P \) IN TERMS OF THE COMMON CONSTANT.
3. For THE RELATION \( 7x = 14y =217z \), DETERMINE THE SUM \( X + Y + Z \) WHEN THE COMMON CONSTANT IS 1.

PRACTICING THESE TYPES OF PROBLEMS WILL STRENGTHEN YOUR SKILLS IN HANDLING PROPORTIONAL EQUATIONS AND
ALGEBRAIC EXPRESSIONS.

FINAL THOUGHTS

(UNDERSTANDING HOW TO MANIPULATE EQUATIONS INVOLVING MULTIPLE VARIABLES AND EQUALITIES IS FOUNDATIONAL IN
ALGEBRA. THE KEY STEPS INVOLVE IDENTIFYING THE COMMON CONSTANT, EXPRESSING VARIABLES IN TERMS OF THAT CONSTANT,
AND SIMPLIFYING THE SUM ACCORDINGLY. THIS APPROACH NOT ONLY HELPS SOLVE THE SPECIFIC PROBLEM BUT ALSO BUILDS A
STRONG FOUNDATION FOR TACKLING MORE COMPLEX ALGEBRAIC CHALLENGES IN ACADEMIC AND PRACTICAL CONTEXTS.



FREQUENTLY AskeD QUESTIONS

GIVEN THAT 11x = 3y = 99z, HOW CAN WE EXPRESS X, Y, AND Z IN TERMS OF A
COMMON VARIABLE?

LET THE COMMON VALUE BEK, SO 11x =3y =99z =k. THen, x =k/ 11, ¥ =/3, 2 =«/99.

W/HAT IS THE SUM X + Y + Z IN TERMS OF kP
x+vy+z=0/11)+/3)+ (/99).

How po WE siMPLIFY THESUM X + ¥ + 2= (k/11) + (k/3) + (k/99)?

FIND A COMMON DENOMINATOR, WHICH IS 99. THen, (k/11) = (9x/99), (k/3) = (33k/99), anp (k/99) = (k/99). So,
suM = (9k + 33k +«)/99 = (43k)/99.

\W/HAT IS THE VALUE OF X + Y + Z IN TERMS OF kP
X+ v +z=(43k)/99.

IF WE ARE ASKED TO FIND THE SUM 1X + 1Y + 1z, HOW IS IT RELATED TO X + Y + Z?

SINCE Tx + 1y + 1z 1SJUST X + Y + z, THE suM Is (43k)/99.

How DO WE FIND THE SUM X + Y + Z IF THE COMMON VALUE K IS KNOWN?

PLUG IN THE VALUE OF k INTO (43k)/99 To GET THE SUM.

\WHAT IS THE GENERAL APPROACH TO SOLVE FOR X + Y + Z WHEN GIVEN EQUALITIES
LIKE 11x =3y =99z°

EXPRESS EACH VARIABLE IN TERMS OF A COMMON PARAMETER, THEN SUM THESE EXPRESSIONS TO FIND THE TOTAL.

ASSUMING THE COMMON VALUEK IS 99, WHAT IS X + Y + 2
Fk=99, THENX=99/11=9,vy=99/3=33,2=99/99=1.THEsuMIs 9 + 33 + 1 = 43.

\WHAT IS THE FINAL ANSWER TO THE PROBLEM: IF 11x =3y =99z, THENX + Y + 2z =
>

THE SUM X + Y + Z EQUALS 43.

\WHAT IS THE KEY CONCEPT USED TO SOLVE FOR THE SUM IN THIS PROBLEM?

THE KEY CONCEPT IS EXPRESSING VARIABLES IN TERMS OF A COMMON PARAMETER BASED ON THE GIVEN EQUALITIES AND THEN
SUMMING THOSE EXPRESSIONS.



ADDITIONAL RESOURCES

UNDERSTANDING THE EQUATION: IF 11% = 3Y = 99z, THEN WHAT IS THE SUM OF X, Y, AND Z?

MATHEMATICS OFTEN PRESENTS US WITH ELEGANT RELATIONSHIPS THAT, WHILE SEEMINGLY COMPLEX AT FIRST GLANCE, REVEAL
THEIR SIMPLICITY UPON CAREFUL ANALYSIS. ONE SUCH INTRIGUING EXPRESSION INVOLVES A CHAIN OF EQUALITIES LINKING THREE
VARIABLES THROUGH DIFFERENT COEFFICIENTS: 11X = 3y = 997, THIS PARTICULAR FORM INVITES US TO EXPLORE THE
RELATIONSHIPS BETWEEN THESE VARIABLES AND DETERMINE THE VALUE OF THEIR SUM, X + Y + z. THIS PROBLEM EXEMPLIFIES THE
IMPORTANCE OF UNDERSTANDING PROPORTIONAL RELATIONSHIPS, ALGEBRAIC MANIPULATION, AND THE POWER OF SUBSTITUTION

IN SOLVING EQUATIONS. IN THIS COMPREHENSIVE REVIEW, WE WILL DISSECT THE PROBLEM STEP-BY-STEP, ANALYZE THE
UNDERLYING PRINCIPLES, AND ARRIVE AT A CLEAR, WELL-FOUNDED SOLUTION.

DecIPHERING THE CHAIN oF EQUALITIES: THE Core CONCEPT

WHAT DoEes THE ExXPRESSION MEAN?

THe STATEMENT 11X = 3Y = 997 1S A CHAIN OF EQUALITIES, WHICH CAN BE INTERPRETED AS:

- 11x =3y
-3y =99z

SINCE THESE ARE CONNECTED BY THE EQUALS SIGN, ALL THREE EXPRESSIONS ARE EQUAL TO A COMMON VALUE, SAY, K.

EXPRESSED MORE EXPLICITLY:

- Tlx=«k
-3y =k
-99z=k

THIS CHAIN INDICATES THAT THE THREE EXPRESSIONS ARE EQUAL TO EACH OTHER, AND EACH IS EQUAL TO SOME CONSTANT K.
THE MAIN GOAL IS TO FIND THE SUM X + Y + Z IN TERMS OF THESE RELATIONSHIPS.

WHY Is THIS IMPORTANT?

UNDERSTANDING THIS CHAIN ALLOWS US TO EXPRESS EACH VARIABLE IN TERMS OF K, WHICH THEN SIMPLIFIES THE PROCESS OF
CALCULATING THEIR SUM. INSTEAD OF DEALING WITH THREE SEPARATE VARIABLES, WE REDUCE THE PROBLEM TO A SINGLE
PARAMETER K AND THE RELATIONSHIPS BETWEEN VARIABLES.

STeP-BY-STEP SoLUTION: FROM CHAIN TO V ARIABLES

ExPRESSING V ARIABLES IN TERMS OF THE CoMMON CONSTANT

GIVEN THE EQUALITIES:



1. 11x =«
x=k/ 11

2.3y =«
Pl vy=«x/3

3.99z =k
z=x/99

NO\X/, THE PROBLEM REDUCES TO FINDING X + Y + Z:

\[
x + v +z=\RAac{k}{ 11} + \rrac{k}{3} + \rrac{k3}{993
\]

CALCULATING THE SUM IN TERMS OF Kk

TO COMBINE THESE FRACTIONS, FIND THE LEAST COMMON DENOMINATOR (LCD). THE DENOMINATORS ARE 11, 3, AND 99.

- 17 IS PRIME.
- 3 IS PRIME.
-99=9x11=3"2x11.

THE LCD MUST INCLUDE THE HIGHEST POWERS OF PRIME FACTORS PRESENT:

- FOR 3: THE HIGHEST POWER IN DENOMINATORS IS 3”2 (FRoM 99).
-For 11: APPEARS AS 11.

Thus, THE LCD 1s:

\[
\TexT{LCD} =32 \TiMes 11 =9 \1iMes 11 =99
\]

EXPRESS EACH FRACTION WITH DENOMINATOR 99:

\[
\rrAc{k}{ 11} = \rrac{k \TiMes 93{993
\]

\[
\rrAc{k}{ 3} = \rrac{k \TiMes 33}{9%3
\]

\[
\rRAC{k}H{ 99} = \rrac{k}{99}
\]

ADDING THESE:

\[
x + v +z = \rRAC{9k}{993 + \rrAc{33k}{993 + \rrAc{k3{99} = \FrrAac{(9k + 33k + K) {99}
\]

SIMPLIFY NUMERATOR:



\[
9k + 33k + k = 43k

\]

So

\[
x + vy +z=\rrac{43c}{99}
\]

1

THIS EXPRESSION RELATES THE SUM TO THE COMMON VALUE K. TO FIND A NUMERICAL VALUE, WE NEED TO DETERMINE K.

DETERMINING THE V ALUE OF k AND THE FINAL SUM

WHAT |s THE VALUE OF k?

THE KEY INSIGHT IS THAT K IS NOT ARBITRARY—ITS VALUE IS CONSTRAINED BY THE ORIGINAL EQUALITIES. SINCE K IS THE
COMMON VALUE OF 11X, 3Y, AND 997, IT IS CONSISTENT WITH THE INDIVIDUAL DEFINITIONS OF X, Y, AND Z.

HO\X/EVER, THE PROBLEM AS GIVEN DOES NOT SPECIFY ANY ADDITIONAL NUMERICAL CONSTRAINTS OR INITIAL CONDITIONS.
THEREFORE, K CAN BE ANY REAL NUMBER, AND THE SUM X + Y + Z CAN BE EXPRESSED IN TERMS OF K AS ABOVE.

BUT/ IN MANY ALGEBRAIC PROBLEMS OF THIS NATURE, THE TYPICAL APPROACH IS TO FIND THE SUM IN TERMS OF THE VARIABLES'
RATIOS, ASSUMING THE VARIABLES ARE REAL NUMBERS SATISFYING THE GIVEN RELATIONSHIPS, WITHOUT ADDITIONAL
CONSTRAINTS.

ALTERNATIVELY/ IF THE PROBLEM INTENDS FOR US TO FIND THE SUM IN A \WAY THAT IS INDEPENDENT OF THE SPECIFIC VALUE OF
K, WE CAN ASSIGN A SPECIFIC VALUE TO K TO ILLUSTRATE. For SIMPLICITY, CHOOSE K = Q9 (THE LEAST COMMON MULTIPLE OF
THE DENOMINATORS), WHICH SIMPLIFIES CALCULATIONS.

CALCULATING WITH A CHOSEN VALUE OF kK = 99

UsING k = 99:

\[
x = \rrAC{99}{113} =9
\]
\[
vy = \rrAC{99}{3} =33
\]
\[
z = \rrAC{993}{993 =1
\]

Sum:

\[
X+Yy+z=9+33+1=43
\]



THEREFORE, UNDER THIS SPECIFIC CHOICE, THE SUM X + Y + 2 = 43.

GENERALIZED RESULT AND INTERPRETATION

Key POINT: THE SUM X + Y + Z IN TERMS OF K IS:

\[
x + v +z=\rrRac{43ck}X99}
\]

SINCE K CAN BE ANY REAL NUMBER SATISFYING THE INITIAL CHAIN OF EQUALITIES, THE SUM IS PROPORTIONAL TO K.

|F THE PROBLEM IS ASKING FOR A SPECIFIC NUMERICAL VALUE, THEN ADDITIONAL INFORMATION OR CONSTRAINTS ARE NEEDED.
HO\X/EVER, IN MANY ALGEBRAIC CONTEXTS, THE GOAL IS TO EXPRESS THE SUM IN TERMS OF THE PARAMETER K OR TO NORMALIZE
THE VARIABLES BY CHOOSING CONVENIENT VALUES.

ALTERNATIVE APPROACHES AND BROADER IMPLICATIONS

UsING RATIOS INSTEAD OF THE PARAMETER

INSTEAD OF INTRODUCING K, ONE CAN DIRECTLY EXPRESS THE RATIOS OF X, Y, AND Z:

\[
x vz =\RAc{k3{ 113} : \rrac{k3{3} : \rrac{k}{99}
\]

DIVIDING ALL BY K:

\[
x:v:z=\rRAac{TH 11} : \rrac{ 13} : \rrac{1}{993
\]

FIND COMMON DENOMINATORS TO COMPARE:

- 11, 3, AND 99 As BeForg, WITH LCD 99:

\[
\rRAC{ 111} = \rrac{9}{993}
\]
\[
\rrAC{ 13}{3} = \rrAc{33}{99}
\]
\[
\FrRAC{13}{99} = \rrac{1}{99}
\]

THUS, THE RATIO OF THE VARIABLES IS:



\[
X:Y:2=9:33:1

\]

SUM OF THESE RATIOS:
\[

9+33+1=43

\]

THE SUM OF THE RATIOS IS 43, WHICH MATCHES OUR PREVIOUS CALCULATION WHEN K = Q9.

IMPLICATION: THE VARIABLES ARE PROPORTIONAL TO THESE RATIOS, AND THE SUM X + Y + Z IS PROPORTIONAL TO THE SUM OF
THE RATIOS, SCALED BY THE COMMON FACTOR K / 99.

FINAL ReFLECTION: THE SIGNIFICANCE OF THE RESULT

THE PROBLEM “IF 11x = 3y = 997, THEN WHAT IS X + ¥ + z°” ENCAPSULATES CORE PRINCIPLES OF ALGEBRA!

- THE USE OF CHAIN EQUALITIES TO RELATE MULTIPLE VARIABLES.

- EXPRESSING VARIABLES IN TERMS OF A SHARED PARAMETER.

- SIMPLIFYING COMPLEX FRACTIONS THROUGH COMMON DENOMINATORS.

- RECOGNIZING RATIOS AND PROPORTIONS.

- INTERPRETING THE PROBLEM BOTH GENERALLY AND THROUGH SPECIFIC NUMERICAL EXAMPLES.

THE KEY TAKEAWAY IS THAT THESE RELATIONSHIPS REVEAL THE PROPORTIONAL STRUCTURE OF THE VARIABLES. THE SUM X +
Y + Z DEPENDS LINEARLY ON THE COMMON FACTOR K, AND UNDERSTANDING THE RATIOS ALLOWS US TO INTERPRET THE SUM’S
MAGNITUDE RELATIVE TO THIS FACTOR.

IN CONCLUSION, THE EXPRESSION X t+ Y + Z CAN BE SUCCINCTLY WRITTEN AS:

\[
x + v +z=\rrac{43c}{99}

\]

AND FOR A SPECIFIC VALUE K = 99, THE SUM IS 43.

CLosING THOUGHTS: THE BROADER CONTEXT IN MATHEMATICAL PROBLEM
SOLVING

THIS ANALYSIS DEMONSTRATES THE IMPORTANCE OF BREAKING DOWN COMPLEX EQUATIONS INTO MANAGEABLE PARTS,
RECOGNIZING PROPORTIONAL RELATIONSHIPS, AND CHOOSING SUITABLE VALUES FOR PARAMETERS WHEN EXPLICIT DATA IS
LACKING. SUCH SKILLS ARE FUNDAMENTAL IN ALGEBRA AND HIGHER MATHEMATICS, ENABLING PROBLEM-SOLVERS TO NAVIGATE
ABSTRACT RELATIONSHIPS AND DERIVE MEANINGFUL CONCLUSIONS.

MATHEMATICS THRIVES ON PATTERNS AND
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