Use THE SussTITUTION FORMULA To EVALUATE THE
INTEGRAL. 2R 3 Co X SINXDx 7/3 0 O 129 1024 776
774

Use THE SUBSTITUTION FORMULA To EvALUATE THE INTEGRAL. 2R 3 Co X SNXDx 7/3 O O 129 1024 776 774

INTRODUCTION TO INTEGRATION AND SUBSTITUTION METHOD

UNDERSTANDING THE CONCEPT OF INTEGRATION

INTEGRATION IS A FUNDAMENTAL CONCEPT IN CALCULUS THAT INVOLVES FINDING THE INTEGRAL OF A FUNCTION, WHICH CAN BE
INTERPRETED AS THE AREA UNDER A CURVE OR THE ACCUMULATION OF QUANTITIES. W/HEN DIRECT INTEGRATION IS COMPLEX OR
NOT STRAIGHTFORWARD, SUBSTITUTION METHODS ARE OFTEN EMPLOYED TO SIMPLIFY THE PROCESS.

THE PURPOSE OF SUBSTITUTION IN INTEGRATION

SUBSTITUTION, ALSO KNOWN AS U-SUBSTITUTION, TRANSFORMS A COMPLEX INTEGRAL INTO A SIMPLER FORM BY REPLACING AN
EXPRESSION WITH A NEW VARIABLE. THIS TECHNIQUE LEVERAGES THE CHAIN RULE IN REVERSE AND IS PARTICULARLY USEFUL
WHEN THE INTEGRAND CONTAINS COMPOSITE FUNCTIONS.

ANALYZING THE GIVEN INTEGRAL

STATEMENT OF THE PROBLEM
THE INTEGRAL TO EVALUATE IS:

\l

\INT 2R3 \cos x \sin x \, bx

\]

WITH ADDITIONAL ANNOTATIONS: “7/3 O O 129 1024 776 774" WHICH SEEM TO BE EXTRANEOUS OR POSSIBLY
REFERENCING SPECIFIC VALUES OR PARAMETERS, BUT FOR THE SCOPE OF THIS ARTICLE, THE FOCUS REMAINS ON THE INTEGRAL
ITSELF.

UNDERSTANDING THE INTEGRAND

THE INTEGRAND [S:

\l

283 \cos x \sin x

\]



WHICH INVOLVES A PRODUCT OF A CONSTANT MULTIPLE \( 2r"3 \) AND THE TRIGONOMETRIC FUNCTIONS \( \cos x \) anp \(

\sin x \).

APPLYING THE SUBSTITUTION FORMULA

STEP 1: RECOGNIZE A SUITABLE SUBSTITUTION

NOTICE THAT THE INTEGRAND CONTAINS THE PRODUCT \( \COS X \SIN X \) RECOGNIZING COMMON IDENTITIES OR DERIVATIVES
CAN GUIDE THE SUBSTITUTION.

SINCE:

\[
\rrac{p}px3} (\sin*2 x) = 2 \siNn x \cos x

\]

WE SEE THAT:

\[
\sin x \cos x = \rrac{13}{2} \rrac{o}{px3} (\sin"2 x)
\]

THIS SUGGESTS SUBSTITUTING \( U= \SIN X \), WHICH SIMPLIFIES THE INTEGRAL DUE TO THE DERIVATIVE RELATIONSHIP.

STeEP 2: IMPLEMENT THE SUBSTITUTION

LeT:

\[
U = \sIN x

\]

THEN:

\[
pu = \cos x \, bx

\]

REARRANGED:

\[
\cos x \, bx =bu

\]

SUBSTITUTING INTO THE INTEGRAL:

\[
\INT 2r*3 \cos x \sin x \, bx = 2r*3 \INT U \, DU

\]

gecAUSE \(\sin x =u\) ano \(\cos x \, bx =pu \).



EVALUATING THE TRANSFORMED INTEGRAL

STeP 3: PERFORM THE INTEGRATION

THE INTEGRAL SIMPLIFIES TO:

\[
2R"3 \INTuU \, DU

\]

WHICH IS STRAIGHTFORW ARD:

\[
2R3 \1iMes \rrRAC{U"2}{2} + C=r"3 U2+ C
\]

wHERE \( C \) IS THE CONSTANT OF INTEGRATION.

STeP 4: BACK-SUBSTITUTE TO ORIGINAL V ARIABLE
RECALL THAT:
\[

U= \sIN x

\]

THUS, THE SOLUTION IN TERMS oF \( x \) Is:

\[
R*3\sNn*2 x + C

\]

FINAL RESULT AND INTERPRETATION

CoMPLETE SoOLUTION

THE EVALUATED INTEGRAL IS:

\[

\soxen{

\INT 2r*3 \cos x \sin x \, bx =R"3 \sIN"2 x + C
}

\]

THIS DEMONSTRATES THE EFFECTIVENESS OF THE SUBSTITUTION METHOD IN SIMPLIFYING AND SOLVING THE INTEGRAL INVOLVING
TRIGONOMETRIC FUNCTIONS.



ADDITIONAL CONSIDERATIONS

- THe conNSTANT \(R \) IS TREATED AS A PARAMETER; IF \( R \) IS VARIABLE, FURTHER CONTEXT IS NECESSARY.
- THE INTEGRAL'S BOUNDS ARE NOT SPECIFIED; IF LIMITS ARE GIVEN, THE DEFINITE INTEGRAL CAN BE EVALUATED SIMILARLY.

SUMMARY OF THE SUBSTITUTION PROCESS

* [DENTIFY A PART OF THE INTEGRAND WHOSE DERIVATIVE APPEARS ELSEWHERE IN THE INTEGRAND (HERE, \( \sIN x \) AND

\(\cos x \)).
o CHOOSE A SUBSTITUTION TO SIMPLIFY THE INTEGRAL (HERE, \(U = \sIN x \)).

Express \( DX \) AND OTHER PARTS OF THE INTEGRAND IN TERMS oF \( pu \) ano \(u \).

® PERFORM THE RESULTING SIMPLER INTEGRAL.

® BACK-SUBSTITUTE TO EXPRESS THE ANSWER IN ORIGINAL VARIABLES.

CoNcCLUSION

THE SUBSTITUTION FORMULA IS A POWERFUL TOOL IN CALCULUS THAT STREAMLINES THE PROCESS OF EVALUATING INTEGRALS,
ESPECIALLY THOSE INVOLVING COMPOSITE FUNCTIONS OR PRODUCTS OF DERIVATIVES. IN THE EXAMPLE EVALUATED,
RECOGNIZING THE DERIVATIVE OF \( \SINAQ X \) FACILITATED AN EFFICIENT SUBSTITUTION, LEADING TO A STRAIGHTFORW ARD
INTEGRATION. MASTERY OF THIS TECHNIQUE ENABLES SOLVING A WIDE RANGE OF INTEGRALS WITH CONFIDENCE, REINFORCING ITS
IMPORTANCE IN CALCULUS AND MATHEMATICAL ANALYSIS.

FREQUENTLY AskeD QUESTIONS

\W/HAT IS THE SUBSTITUTION FORMULA USED TO EVALUATE INTEGRALS LIKE[]] 2rR® cos
X SIN X DXP

THE SUBSTITUTION FORMULA INVOLVES CHOOSING A SUBSTITUTION THAT SIMPLIFIES THE INTEGRAND, SUCH AS SETTING U = SIN
X OR U = COS X, AND THEN REWRITING THE INTEGRAL IN TERMS OF U TO FACILITATE EASIER INTEGRATION.

How Do You APPLY SUBSTITUTION TO EVALUATE]] 2rR® cos X SIN X bx?

YOU CAN LET U = SIN X, WHICH GIVES DU = COS X DX. THEN/ EXPRESS THE INTEGRAL IN TERMS OF U, SIMPLIFYING IT TO 283
U DU AND INTEGRATING ACCORDINGLY.

\WHAT IS THE SIGNIFICANCE OF THE CONSTANTS 7/3, 129, 1024, 776,774 IN THE
CONTEXT OF THIS INTEGRAL?

THESE CONSTANTS MIGHT REPRESENT SPECIFIC VALUES OR BOUNDS RELATED TO THE INTEGRAL OR A PARTICULAR PROBLEM
SETUP. IN THE CONTEXT OF SUBSTITUTION, CONSTANTS LIKE 7/3 COULD BE COEFFICIENTS OR LIMITS USED IN THE EVALUATED



RESULT.

CAN THE SUBSTITUTION METHOD BE USED TO EVALUATE INTEGRALS INVOLVING
TRIGONOMETRIC FUNCTIONS LIKE COS X SIN X?

YES, SUBSTITUTION IS PARTICULARLY USEFUL FOR INTEGRALS INVOLVING PRODUCTS OF TRIGONOMETRIC FUNCTIONS, AS IT CAN
CONVERT THE INTEGRAND INTO A POLYNOMIAL FORM IN TERMS OF A SINGLE VARIABLE, SIMPLIFYING THE INTEGRATION PROCESS.

\WHAT ARE COMMON SUBSTITUTION CHOICES FOR INTEGRALS INVOLVING COS X SIN X?

COMMON SUBSTITUTIONS INCLUDE SETTING U = SIN X OR U = COS X, DEPENDING ON THE INTEGRAL'S STRUCTURE. THESE
CHOICES OFTEN SIMPLIFY THE INTEGRAND AND MAKE THE INTEGRAL STRAIGHTFORWARD TO EVALUATE.

How DOES UNDERSTANDING THE SUBSTITUTION FORMULA HELP IN EVALUATING
COMPLEX INTEGRALS LIKE THE ONE GIVEN?

UNDERSTANDING THE SUBSTITUTION FORMULA ALLOWS YOU TO SYSTEMATICALLY SIMPLIFY COMPLEX INTEGRALS BY
TRANSFORMING THEM INTO MORE MANAGEABLE FORMS, MAKING IT EASIER TO FIND ANTIDERIVATIVES AND EVALUATE THE INTEGRAL
ACCURATELY.

ADDITIONAL RESOURCES

Use THE SUBSTITUTION FORMULA To EVALUATE THE INTEGRAL: AN IN-DEPTH ANALYSIS

IN THE REALM OF CALCULUS, THE TECHNIQUE OF SUBSTITUTION STANDS AS ONE OF THE MOST POWERFUL AND VERSATILE
TOOLS FOR EVALUATING INTEGRALS. \WHEN FACED WITH COMPLEX OR SEEMINGLY INTRACTABLE INTEGRALS, SUBSTITUTION
OFTEN SIMPLIFIES THE PROBLEM INTO A MORE MANAGEABLE FORM, ALLOWING FOR STRAIGHTFORW ARD INTEGRATION. THiS
ARTICLE DELVES INTO THE APPLICATION OF THE SUBSTITUTION FORMULA TO EVALUATE A SPECIFIC INTEGRAL: \(\INT 2rR"3
\COS X \SIN X \/ DX\)I AND EXPLORES ITS BROADER SIGNIFICANCE IN CALCULUS, INCLUDING DETAILED STEP-BY-STEP
PROCEDURES, INTERPRETATIONS, AND PRACTICAL IMPLICATIONS.

UNDERSTANDING THE SUBSTITUTION METHOD IN INTEGRAL CALCULUS

WHAT Is THE SUBSTITUTION METHOD?

THE SUBSTITUTION METHOD, ALSO KNOWN AS U-SUBSTITUTION, IS A TECHNIQUE WHERE A COMPLEX INTEGRAL INVOLVING A
COMPOSITE FUNCTION IS SIMPLIFIED BY CHANGING VARIABLES. THE CORE IDEA IS TO IDENTIFY A PART OF THE INTEGRAND THAT,
WHEN SUBSTITUTED WITH A NEW VARIABLE \(U\), TRANSFORMS THE INTEGRAL INTO A STANDARD FORM THAT’S EASIER TO
EVALUATE.

MATHEMATICALLY, IF AN INTEGRAL INVOLVES A FUNCTION \(F(G(x))\) muLTIPLIED BY \(G'(X)\), THEN SETTING \(U = G(x)\)
LeaDs To \(bu = G'(x) bx\), AND THE INTEGRAL BECOMES:

\[
\INT F(6(X)) 6'(x) px = \iINnT F(U) bU

\]

THIS TRANSFORMATION OFTEN TURNS A COMPLICATED INTEGRAL INTO A BASIC POLYNOMIAL, EXPONENTIAL, OR TRIGONOMETRIC
INTEGRAL.



\WHY USE SUBSTITUTION?

- SIMPLIFIES INTEGRALS INVOLVING COMPOSITE FUNCTIONS.

- CONVERTS DIFFICULT INTEGRALS INTO BASIC FORMS.

- PROVIDES INSIGHT INTO THE STRUCTURE OF THE INTEGRAND.

- FACILITATES THE EVALUATION OF DEFINITE INTEGRALS WITH VARIABLE LIMITS.

COMMON SCENARIOS FOR SUBSTITUTION

- INTEGRALS INVOLVING COMPOSITE FUNCTIONS, SUCH AS \(\sIN*2(x)\), \(\s@rT{1 - x"2}\), or \(e*{x"23\).
- TRIGONOMETRIC INTEGRALS WHERE SUBSTITUTION SIMPLIFIES TRIGONOMETRIC IDENTITIES.
- FUNCTIONS INVOLVING PRODUCTS OF FUNCTIONS AND THEIR DERIVATIVES.

EvALUATING \(\INT 2r"3 \cos x \sIN x \, bx\) UsiNG SussTITUTION

BEFORE PROCEEDING WITH THE SUBSTITUTION, IT’S ESSENTIAL TO CLARIFY THE INTEGRAL'S FORM AND POTENTIAL VARIABLES
INVOLVED. THE EXPRESSION APPEARS TO BE:

\l

\INT 2r*3 \cos x \sin x \, bx

\]

HOWEVER, AS WRITTEN, IT SUGGESTS THE PRESENCE OF A VARIABLE \(R\) ALonGsIDE \(x\). TypicaLLY, IN caLcuLus, \(R\)
MIGHT BE A CONSTANT OR A PARAMETER, AND THE INTEGRAL IS OVER \(x\). AssuMING \(R\) IS A CONSTANT, THE INTEGRAL
REDUCES TO:

\[
2 R*3 \INT \cos x \sin x \, bx

\]

THe consTANT \(2 R"3\) CAN BE FACTORED OUT:

\l

2 R*3 \INT \cos x \sin x \, bx

\]

THIS SIMPLIFIES THE PROBLEM TO EVALUATING:

\[
I =\INT \cos x \sin x \, bx

\]

ONCE THIS INTEGRAL IS COMPUTED, MULTIPLYING THE RESULT BY \(2 RA3\) GIVES THE FINAL ANSWER.

STepP 1: RECOGNIZE THE INTEGRAL STRUCTURE

THe INTEGRAL \(\INT \cos x \siN x \, DX\) INVOLVES A PRODUCT OF SINE AND COSINE FUNCTIONS. THIS IS A CLASSIC
SCENARIO WHERE SUBSTITUTION CAN BE VERY EFFECTIVE.



ST1ep 2: CHOOSE THE APPROPRIATE SUBSTITUTION

OgserVE THAT \(\sin x\) anD \(\cos x\) ARE DERIVATIVES OF EACH OTHER:

\l

\rrac{p}{px} \sin x = \cos x
\]
\[

\rrac{p}{px} \cos x = - \siN x

\]

GIVEN THIS, A NATURAL CHOICE FOR SUBSTITUTION IS:

\l

U = \sin x \QuAD \RIGHTARROW \QUAD DU = \cos x \, bx

\]

THIS SUBSTITUTION TRANSFORMS THE INTEGRAL INTO:

\[
I=\INTuU\, DU

\]

WHICH IS STRAIGHTFORWARD TO EVALUATE.

STeP 3: PERFORM THE SUBSTITUTION AND INTEGRATE

REWRITING THE INTEGRAL:

\[
I =\INT \cos x \sinx \, ox = \INT U \, DU

\]

INTEGRATING:

\[
| =\rrac{1}{2}u"2 +C
\]

SuesTITUTING BAack \(U = \sin x\):

\[
| =\rrAac{13}{2} \sn*2 x + C
\]

STEP 4: INCLUDE THE CONSTANT AND FINAL ANSWER

RECALL THE ORIGINAL INTEGRAL HAD A COEFFICIENT \(2 rR"3\):

\[
\INT 2 R*3 \cos x \sinx \, bx = 2 "3 \TiMes \rRAC{ 1}{2} \sin"2 x + C

\]



SIMPLIFYING:

\[
=r"3\sNn"2x+ C

\]

FINAL RESULT:

\l

\Boxen{

\INT 2 R*3 \cos x \sinx \, bx =r"3 \sin"*2 x + C
}

\]

BROADER SIGNIFICANCE AND APPLICATIONS OF THE SUBSTITUTION METHOD

WHY THIS TECHNIQUE MATTERS

THE SUBSTITUTION METHOD IS FOUNDATIONAL IN CALCULUS BECAUSE IT BRIDGES THE GAP BETWEEN COMPLEX, COMPOSITE
FUNCTIONS AND THEIR SIMPLER COUNTERPARTS. THROUGH THIS TECHNIQUE, MATHEMATICIANS AND SCIENTISTS CAN EVALUATE
INTEGRALS THAT ARE OTHERWISE INTRACTABLE, ENABLING ADVANCEMENTS ACROSS PHYSICS, ENGINEERING, AND OTHER
QUANTITATIVE SCIENCES.

APPLICATIONS IN V ARIOUS FIELDS

- PHysics: CALCULATING WORK, ENERGY, OR PROBABILITY DISTRIBUTIONS OFTEN INVOLVES INTEGRALS WHERE SUBSTITUTION
SIMPLIFIES THE PROCESS.

- ENGINEERING: SIGNAL PROCESSING, CONTROL SYSTEMS, AND CIRCUIT ANALYSIS FREQUENTLY EMPLOY SUBSTITUTION
TECHNIQUES TO EVALUATE INTEGRALS RELATED TO FREQUENCY RESPONSES OR ENERGY CALCULATIONS.

- PROBABILITY AND STATISTICS: COMPUTING EXPECTED VALUES OR CUMULATIVE DISTRIBUTION FUNCTIONS INVOLVES
INTEGRALS THAT BENEFIT FROM SUBSTITUTION TO HANDLE COMPLICATED PROBABILITY DENSITY FUNCTIONS.

LIMITATIONS AND CONSIDERATIONS

W/HILE SUBSTITUTION IS POWERFUL, IT REQUIRES IDENTIFYING AN APPROPRIATE SUBSTITUTION VARIABLE. MISAPPLICATION CAN
LEAD TO ERRORS OR OVERLY COMPLICATED TRANSFORMATIONS. ALSO, FOR DEFINITE INTEGRALS, CHANGING LIMITS ACCORDING
TO THE SUBSTITUTION IS ESSENTIAL, WHEREAS INDEFINITE INTEGRALS INCLUDE AN ARBITRARY CONSTANT.

ADVANCED TECHNIQUES AND V ARIATIONS

INTEGRATION BY PARTS AND SUBSTITUTION

SOMETIMES, SUBSTITUTION COMPLEMENTS OTHER TECHNIQUES LIKE INTEGRATION BY PARTS, ESPECIALLY WHEN AN INTEGRAL
INVOLVES PRODUCTS OF FUNCTIONS WITH DIFFERENT TYPES OF DERIVATIVES.



TRIGONOMETRIC SUBSTITUTIONS

For INTEGRALS INVOLVING \(\s@rT{A"2 - x"2}\), \(\s@rT{A"2 + x"2}\), or \(\s@rT{x"2 - A"2}\), speciALIzED
sUBSTITUTIONS SUCH AS \(x = A \siNn \THETA\), \(x = A \TAaN \THETA\), Oor \(x = A \sec \THETA\) ARE USED.

NUMERICAL SUBSTITUTION TECHNIQUES

IN CASES WHERE ANALYTICAL SUBSTITUTION IS COMPLEX OR INFEASIBLE, NUMERICAL METHODS LIKE SIMPSON’S RULE OR
GAUSSIAN QUADRATURE ARE EMPLOYED, OFTEN UTILIZING SUBSTITUTION PRINCIPLES TO IMPROVE ACCURACY.

ConcLusIoN: THE POWER oF SUBSTITUTION IN INTEGRAL CALCULUS

THE EVALUATION OF THE INTEGRAL \(\INT 2 R"3 \cos x \siN x \, DX\) EXEMPLIFIES THE ELEGANCE AND EFFICIENCY OF
SUBSTITUTION IN CALCULUS. BY RECOGNIZING THE STRUCTURE OF THE INTEGRAND AND CHOOSING AN APPROPRIATE
suBSTITUTION—HERE, \(U = \SIN X\)—WE TRANSFORMED A POTENTIALLY COMPLICATED PRODUCT INTO A SIMPLE
POLYNOMIAL INTEGRAL. THE RESULTING EXPRESSION, \(R"3 \sIN*2 x + C\), UNDERSCORES HOW STRATEGIC SUBSTITUTIONS
CAN DEMYSTIFY COMPLEX INTEGRALS.

BEYOND THIS SPECIFIC EXAMPLE, THE SUBSTITUTION FORMULA REMAINS A CORNERSTONE TECHNIQUE IN CALCULUS, ENABLING
PRACTITIONERS TO SOLVE A BROAD SPECTRUM OF INTEGRALS ACROSS SCIENTIFIC DISCIPLINES. |TS VERSATILITY AND
CONCEPTUAL CLARITY MAKE IT AN INDISPENSABLE TOOL, FOSTERING DEEPER UNDERSTANDING AND FACILITATING PROBLEM-
SOLVING IN MATHEMATICAL ANALYSIS.

AS CALCULUS CONTINUES TO UNDERPIN TECHNOLOGICAL AND SCIENTIFIC ADVANCEMENTS, MASTERY OF SUBSTITUTION
TECHNIQUES ENSURES THAT STUDENTS, RESEARCHERS, AND PROFESSIONALS CAN TACKLE DIVERSE CHALLENGES WITH CONFIDENCE
AND PRECISION.
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