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IS A FUNDAMENTAL QUESTION IN THE REALM OF ALGEBRA AND EXPONENTIAL EQUATIONS. UNDERSTANDING HOW TO SOLVE FOR
THE UNKNOWN V ARIABLE, OFTEN REPRESENTED AS X, IN EXPONENTIAL EXPRESSIONS IS CRUCIAL FOR STUDENTS, EDUCATORS, AND
ANYONE INTERESTED IN MATHEMATICS. THIS ARTICLE AIMS TO BREAK DOWN THE PROCESS OF SOLVING SUCH EQUATIONS STEP-
BY‘STEP, EXPLORE THE UNDERLYING CONCEPTS OF EXPONENTS/ AND PROVIDE PRACTICAL EXAMPLES TO ENHANCE YOUR
UNDERSTANDING.

UNDERSTANDING EXPONENTIAL EQUATIONS

BEFORE DIVING INTO SOLVING THE SPECIFIC EQUATION, IT'S ESSENTIAL TO UNDERSTAND WHAT EXPONENTIAL EQUATIONS ARE
AND HOW THEY FUNCTION IN MATHEMATICS.

WHAT |s AN EXPONENTIAL EQUATION?

AN EXPONENTIAL EQUATION INVOLVES VARIABLES IN THE EXPONENT POSITION. THE GENERAL FORM LOOKS LIKE:
\[a%x3 =8 \]

WHERE:

-\(A\) I1s THE BASE (A POSITIVE REAL NUMBER, NOT EQUAL TO 1),

- \(x \) 1s THE EXPONENT (\VARIABLE OR CONSTANT),

-\(B\) 15 THE RESULT (ALSO A POSITIVE REAL NUMBER).

THE GOAL IS OFTEN TO FIND THE VALUE OF \( X \) THAT MAKES THE EQUATION TRUE.

PROPERTIES OF EXPONENTS

UNDERSTANDING THE PROPERTIES OF EXPONENTS IS VITAL, INCLUDING:

ProbucT oF Powers: \( A*{M} \TiMEs A™{N} = A™{M+NI \)

e Power of A Power: \( (A™{MDMN} =AM \TiMeES N} \)

* EQUALITY oF ExPONENTIAL EXPRESSIONS: IF \( A%x} = A{¥} \), THen \( x =¥ \) (FoR \(A >0 \), \( A \nEQ 1

\)

Zero ExPONENT: \( A0} = 1 \) (For \( A \NeQ O \))

BreakING DowN THE EQUATION: 1074 = 10™X

THE SPECIFIC EQUATION UNDER DISCUSSION IS:



\[107{4} = 10"{X}\]

THIS IS A STRAIGHTFORW ARD EXPONENTIAL EQUATION WHERE BOTH SIDES HAVE THE SAME BASE (10) THE QUESTION IS:
WHAT VALUE OF X MAKES THIS EQUATION TRUE?

Key INSIGHT: SAME BASE, EQUAL EXPONENTS

SINCE BOTH SIDES OF THE EQUATION HAVE THE SAME BASE, THE FUNDAMENTAL PROPERTY APPLIES:
FACA™x}=a™¥}\) a0 \(Aa>0\), \Ca\neQ 1V), THEN \(x =¥ \).

APPLYING THIS PROPERTY HERE:

\[ \soxeo{X = 4} \]

THUS, THE VALUE oF X IS 4.

THIS RESULT DEMONSTRATES A CORE PRINCIPLE IN SOLVING EXPONENTIAL EQUATIONS WITH IDENTICAL BASES: EQUATE THE
EXPONENTS DIRECTLY.

STeEP-BY-STEP SOLUTION PROCESS

LET’S EXPLORE THE STEPS INVOLVED IN SOLVING SUCH EQUATIONS, WITH DETAILED EXPLANATIONS.

STepP 1: Recognize THE COMMON BASE

IDENTIFY IF THE BASES ON BOTH SIDES ARE THE SAME. IN THE GIVEN EQUATION, BOTH SIDES ARE EXPRESSED AS POWERS OF 10:
\[107{4} = 10"{X}\]

SINCE THE BASES ARE IDENTICAL, THIS SIMPLIFIES THE SOLVING PROCESS.

STeP 2: APPLY THE EXPONENT EQUALITY PROPERTY

AS PER THE PROPERTY:
\[ 10"{A} = 10"{B} \RiGHTARROW A =B \]
THEREFORE:

\[4=X\]

STEP 3: WRITE THE SOLUTION

THE VALUE OF X IS:

\[ \soxeo{X =4} \]



UNDERSTANDING WHY THIS WoORKS: THE POWER OF LOGARITHMS

W/HILE THE ABOVE METHOD IS STRAIGHTFORWARD WHEN BASES ARE THE SAME, WHAT IF THE BASES DIFFER? IN CASES WHERE
BASES ARE DIFFERENT OR UNKNOWN, LOGARITHMS ARE USED TO SOLVE FOR THE VARIABLE.

UsING LOGARITHMS TO SoLVE FOR X

SUPPOSE WE HAVE AN EQUATION LIKE:

\[27°{X}=8\]

To SOLVE FOR X, TAKE THE LOGARITHM BASE 2 OF BOTH SIDES:
\[\Loe_{23(27°{X}) = \Loc_{2}(8) \]

APPLYING THE LOGARITHM POWER RULE:

\[ X =\roc_{2}(8) \]

Since \( 8 = 2*{3} \), THen:

\[X=231\]

IN OUR ORIGINAL PROBLEM, BECAUSE THE BASES ARE THE SAME, LOGARITHMS ARE UNNECESSARY.

EXTENDING THE CONCEPT: MORE COMPLEX EXPONENTIAL EQUATIONS

UNDERSTANDING SIMPLE EQUATIONS LIKE \( 107{4} = 107{X} \) SETS THE FOUNDATION FOR TACKLING MORE COMPLEX
PROBLEMS INVOLVING EXPONENTS.

EQUATIONS W/ITH DIFFERENT BASES

FOR EXAMPLE:

\[27{X} =10"{4}\]

To soLVE For X:

1. T AKE THE NATURAL LOGARITHM (LN) OR LOGARITHM TO ANY BASE ON BOTH SIDES:
\[\en(27(X3) = \n(107{4 1) \]

2. APPLY THE LOGARITHM POWER RULE:

\[ X \7imes \un(2) = 4 \1iMes \n(10) \]

3. IsoLATE X:

\[ X = \rrac{4 \1iMes \Ln(TO)FH{\Ln(2)3\]

Since \(\Ln(10) \approx 2.3026 \) anp \(\Ln(2) \apPProx 0.693 1 \):



\[ X \approx \FrRac{4 \TiMes 2.302630.693 13 \aprrox \FrRac{9.21043{0.693 1} \aprrox 13.28 \]

THIS DEMONSTRATES HOW LOGARITHMS ENABLE SOLVING FOR EXPONENTS EVEN WHEN BASES DIFFER.

APPLICATIONS OF EXPONENTIAL EQUATIONS IN REAL LIFE

EXPONENTIAL FUNCTIONS ARE PREVALENT IN VARIOUS FIELDS, INCLUDING:

® POPULATION GROW TH MODELING
® RADIOACTIVE DECAY CALCULATIONS

COMPOUND INTEREST IN FINANCE

e ELECTRICAL ENGINEERING (EXPONENTIAL DECAY OF CURRENTS)

e COMPUTER SCIENCE ALGORITHMS

UNDERSTANDING HOW TO SOLVE EQUATIONS LIKE \( 107{4} = 10"{X3} \) IS FUNDAMENTAL TO ANALYZING AND PREDICTING
BEHAVIORS IN THESE DOMAINS.

SUMMARY AND KEY T AKEAWAYS

- \WHEN FACED WITH AN EXPONENTIAL EQUATION WHERE THE BASES ARE IDENTICAL, SUCH AS \( 10°{4} = 10™{X} \), THe
SOLUTION IS FOUND BY SETTING THE EXPONENTS EQUAL.

- THe soLuTIoN To THE EQUATION \( 107{4} = 10" {X3 \) s \( X =4).

- LOGARITHMS ARE POWERFUL TOOLS FOR SOLVING EXPONENTIAL EQUATIONS WITH DIFFERENT BASES.

- MASTERY OF EXPONENT RULES AND LOGARITHMIC FUNCTIONS IS ESSENTIAL FOR TACKLING MORE ADVANCED EXPONENTIAL
PROBLEMS.

- RECOGNIZING THE PROPERTIES OF EXPONENTS SIMPLIFIES COMPLEX MATHEMATICAL EXPRESSIONS AND UNDERPINS MANY
SCIENTIFIC CALCULATIONS.

CoNcCLUSION

IN SUMMARY, THE VALUE OF X THAT MAKES THE EQUATION \( 107{4} = 10"{X} \) TRUE I1s X=4. THIS STRAIGHTFORW ARD
RESULT UNDERSCORES A FOUNDATIONAL PRINCIPLE IN ALGEBRA: WHEN THE BASES ARE THE SAME, THE EXPONENTS MUST BE
EQUAL. WHETHER YOU'RE SOLVING SIMPLE EQUATIONS LIKE THIS OR TACKLING MORE COMPLEX EXPONENTIAL PROBLEMS,
UNDERSTANDING THE PROPERTIES OF EXPONENTS AND THE USE OF LOGARITHMS IS CRUCIAL. W/ITH PRACTICE, THESE CONCEPTS
BECOME INTUITIVE, EMPOWERING YOU TO SOLVE A WIDE RANGE OF MATHEMATICAL CHALLENGES CONFIDENTLY.

REMEMBER: THE KEY TO SOLVING EXPONENTIAL EQUATIONS LIES IN RECOGNIZING WHEN BASES ARE EQUAL OR CAN BE MADE
EQUAL, AND APPLYING THE APPROPRIATE RULES TO ISOLATE THE UNKNOWN EXPONENT.

FREQUENTLY ASkeD QUESTIONS



W/HAT IS THE VALUE OF X THAT MAKES THE EQUATION 10°4 = 10”x TRUE?

THE VALUE OF X IS 4 BECAUSE BOTH SIDES HAVE THE SAME BASE (]O) AND EXPONENTS MUST BE EQUAL FOR THE EQUATION TO
HOLD TRUE.

W/HY ARE THE EXPONENTS EQUAL WHEN SOLVING 1074 = 10"x?

BECAUSE THE BASES ARE THE SAME, THE ONLY WAY FOR THE EQUATION TO BE TRUE IS IF THE EXPONENTS ARE EQUAL, SO 4=
X.

How DO YOU SOLVE FOR X IN AN EXPONENTIAL EQUATION LIKE 1074 = 10*x?

SINCE THE BASES ARE IDENTICAL, SET THE EXPONENTS EQUAL TO EACH OTHER!: 4 = X,SO0 X = 4.

CAN THE VALUE OF X BE ANY NUMBER OTHER THAN 4 IN THE EQUATION 10”4 = 10"x?

NO, BECAUSE THE BASES ARE THE SAME, THE EXPONENTS MUST BE EQUAL FOR THE EQUATION TO BE TRUE, SO X MUST BE 4.

WHAT PROPERTY OF EXPONENTS IS USED TO SOLVE 10™4 = 10™x?

THe ZErO EXPONENT LAW OR THE ONE-TO-ONE CORRESPONDENCE PROPERTY, WHICH STATES THAT IF THE BASES ARE EQUAL,
THEN THE EXPONENTS ARE EQUAL.

Is THE EQUATION 10”4 = 10”™X AN EXAMPLE OF AN EXPONENTIAL EQUATION?

YES, BECAUSE IT INVOLVES AN EXPONENTIAL EXPRESSION WITH A VARIABLE EXPONENT.

\WHAT WOULD BE THE SOLUTION IF THE EQUATION WAS 1074 = 10*{x+13}?

SET THE EXPONENTS EQUAL: 4 = X + 1, THEN SOLVE FOR X: X = 3.

\WHY IS IT IMPORTANT TO HAVE MATCHING BASES WHEN SOLVING EXPONENTIAL
EQUATIONS?

BECAUSE MATCHING BASES ALLOW YOU TO EQUATE EXPONENTS DIRECTLY, SIMPLIFYING THE PROCESS OF SOLVING FOR THE
UNKNOWN V ARIABLE.

ADDITIONAL RESOURCES

WHAT Is THE VALUE OF X THAT Makes THIs EQuaTioN True? (10 Raised To THe Power OF 4) = 10 RaIsedp To THE
IS A QUESTION THAT TAPS INTO THE FUNDAMENTAL PRINCIPLES OF EXPONENTS AND LOGARITHMS—CORE CONCEPTS IN ALGEBRA
AND HIGHER MATHEMATICS. UNDERSTANDING HOW TO MANIPULATE EXPONENTIAL EXPRESSIONS IS ESSENTIAL FOR SOLVING A
WIDE ARRAY OF MATHEMATICAL PROBLEMS, FROM SIMPLE EQUATIONS TO COMPLEX SCIENTIFIC CALCULATIONS. IN THIS GUIDE,
WE WILL EXPLORE THE PRINCIPLES BEHIND EXPONENTS, ANALYZE THE STRUCTURE OF THE GIVEN EQUATION, AND WALK THROUGH
THE STEPS TO FIND THE VALUE OF X THAT MAKES THE EQUATION TRUE.

(UNDERSTANDING EXPONENTS AND THEIR PROPERTIES
BEFORE DIVING INTO SOLVING THE SPECIFIC EQUATION, IT’S CRUCIAL TO REVIEW THE BASICS OF EXPONENTS.

\WHAT ARE EXPONENTS?



EXPONENTS/ ALSO KNOWN AS POWERS, ARE A WAY TO EXPRESS REPEATED MULTIPLICATION. For EXAMPLE:

-\C A \) MeaNs MULTIPLYING THE BASE \( A \) BY ITseLF \( N \) TIMES.
-\ 1074 \) mMeans \( 10 \Times 10 \Times 10 \TiMes 10 \).

Key PROPERTIES OF EXPONENTS

THESE PROPERTIES HELP SIMPLIFY AND MANIPULATE EXPONENTIAL EXPRESSIONS:
1. ProbucT ofF Powers: \( A \TiMEs AN =AM+ N} )

2. Power ofF A Power: \( (A"M)"N = a™{M \TiMeES N} \)

3. ProbucT To A Power: \( (aB)"N = AN \TiMES BN \)

4. Zero ExponNenT: \( A"0 = 1\) (assuming \( A \neq O 1))
5. NecATIVE ExPoNENT: \( A%{-N} = \Frrac{ T AN} \)

DissecTING THE EQUATION: (10 RaIseD To THE Power OF 4) = 10 Raisep To THe

THE EQUATION IN QUESTION IS:

\[(10)"4 = 10" {\TexT{X}} \]

AT FIRST GLANCE, THIS LOOKS STRAIGHTFORWARD, BUT THE QUESTION IS: WHAT VALUE OF X MAKES THIS EQUATION TRUE?
RECOGNIZING THE PATTERN

THE PATTERN HERE INVOLVES COMPARING TWO EXPONENTIAL EXPRESSIONS WITH THE SAME BASE (WHICH IS 10). WHEN THE
BASES ARE IDENTICAL AND THE EXPRESSIONS ARE EQUAL, THEIR EXPONENTS MUST ALSO BE EQUAL, BASED ON THE EQUALITY OF
EXPONENTS RULE:

-IF\CA™=AN\) anD \(A \NeQ O \), THEN \(M =N \).

USING THIS PRINCIPLE, THE PROBLEM REDUCES TO:

\[4 = \1exTt{X}\]

THUS, THE VALUE oF X IS 4.

FORMAL STEP-BY-STEP SOLUTION

Step 1: WRITE THE EQUATION

\[ 1074 = 10"X \]

STeP 2: APPLY THE RULE FOR EQUAL BASES AND EQUAL V ALUES

SINCE THE BASE IS THE SAME (10), FOR THE EQUATION TO HOLD TRUE, THE EXPONENTS MUST BE EQUAL.
\[4=X\]

STep 3: CONCLUDE THE VALUE OF X

THEREFORE,

\[ \soxen{X = 4} ]



ADDITIONAL CLARIFICATIONS AND RELATED CONCEPTS

\W/HILE THE PROBLEM APPEARS SIMPLE, IT’S IMPORTANT TO UNDERSTAND WHY THIS LOGIC WORKS AND WHAT ASSUMPTIONS ARE
INVOLVED.

\W/HEN ARE EXPONENTS EQUAL?
The PRINCIPLE THAT \( A = AN \) iMPLIES \( M = N \) ONLY HOLDS WHEN:

- THe 8ase \( A \) IS POSITIVE AND NOT EQUAL TO 1.
- THe BAsE IS NOT zerO (SINCE \( 070 \) IS INDETERMINATE).

IN OUR CASE, THE BASE IS 10, WHICH IS POSITIVE AND NOT EQUAL TO 1, SO THE RULE APPLIES.
WHAT IF THE BASES \WERE DIFFERENT?

SUPPOSE THE EQUATION WAS:

\[2"X =8 ]

Since \( 8 =273 \), THen:

\[ 2"X = 2”3 \RigHTARROW X = 3 \]

BUT IF THE BASES ARE DIFFERENT AND NOT THE SAME BASE, YOU'D NEED TO USE LOGARITHMS TO SOLVE FOR \( X \)

ExTENDING THE CONCEPT: LOGARITHMS AND MoRE COMPLEX EQUATIONS

W/ HEN THE BASES ARE NOT THE SAME

IF THE BASES DIFFER AND THE EXPONENTS ARE UNKNOWN, LOGARITHMS ARE THE TOOLS TO SOLVE For \( X \).
FOR EXAMPLE:

\[27X=161\]

Since \( 16 =274 \), THen:

\[X=41]

ALTERNATIVELY, USING LOGARITHMS:

\[X=\Loc_2 16=4]

LOGARITHMIC DEFINITIONS

-\(\LoG_B A \) IS THE EXPONENT TO WHICH THE BASE \( B \) MUST BE RAISED TO GET \( A \).

PRACTICAL APPLICATIONS AND IMPORTANCE
(UNDERSTANDING THESE PRINCIPLES IS VITAL IN VARIOUS FIELDS:

- ScieNce: CALCULATING EXPONENTIAL GROWTH OR DECAY.



- ENGINEERING: SIGNAL PROCESSING INVOLVING EXPONENTIAL FUNCTIONS.
- FiInaNCE: COMPOUND INTEREST CALCULATIONS INVOLVE EXPONENTS.
- COMPUTER SCIENCE: BINARY SYSTEMS AND DATA ENCODING.

SUMMARY AND FINAL THOUGHTS
To sum up:

- THe eQuUATION \( (10)"4 = 10"X \) INVOLVES EXPONENTIAL EXPRESSIONS WITH THE SAME BASE.
- \W/HEN BASES ARE IDENTICAL AND THE EXPRESSIONS ARE EQUAL, THEIR EXPONENTS ARE EQUAL.
- THEREFORE, THE VALUE oF X IS 4.

THIS SIMPLE YET FUNDAMENTAL CONCEPT FORMS THE BASIS FOR MORE COMPLEX MATHEMATICAL OPERATIONS INVOLVING
EXPONENTS AND LOGARITHMS. MASTERING THESE PRINCIPLES ENABLES YOU TO TACKLE A WIDE VARIETY OF PROBLEMS ACROSS
DISCIPLINES, FROM BASIC ALGEBRA TO ADVANCED SCIENTIFIC CALCULATIONS.

Key TAKEAWAYS

- RECOGNIZE WHEN BASES ARE THE SAME AND LEVERAGE THE PROPERTY THAT EXPONENTS MUST BE EQUAL.
- USE LOGARITHMS WHEN BASES DIFFER BUT YOU NEED TO SOLVE FOR EXPONENTS.
- REMEMBER THE KEY PROPERTIES OF EXPONENTS TO SIMPLIFY EXPRESSIONS EFFICIENTLY.

IN CONCLUSION, THE VALUE OF X THAT MAKES THE EQUATION (10)"4 = 10™X TRUE Is X = 4. THIS FUNDAMENTAL
UNDERSTANDING OF EXPONENTIAL RULES IS CRUCIAL FOR PROGRESSING IN MATHEMATICS AND RELATED FIELDS.
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