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FIND THe INDICATED ANTIDERIVATIVE. (A) UsSING SUBSTITUTION, FIND X'x2 DX (B) USING INTEGRATION BY PARTS

UNDERSTANDING HOW TO COMPUTE ANTIDERIVATIVES, ALSO KNOWN AS INDEFINITE INTEGRALS, IS A FUNDAMENTAL SKILL IN
CALCULUS. THESE INTEGRALS ARE ESSENTIAL FOR SOLVING PROBLEMS INVOLVING AREAS, VOLUMES, AND DIFFERENTIAL
EQUATIONS. \WHEN FACED WITH A CHALLENGING INTEGRAL, CHOOSING THE APPROPRIATE TECHNIQUE—SUCH AS SUBSTITUTION
OR INTEGRATION BY PARTS—CAN SIMPLIFY THE PROCESS SIGNIFICANTLY. THIS COMPREHENSIVE GUIDE WILL WALK YOU THROUGH
THE METHODS TO FIND THE INDICATED ANTIDERIVATIVES, FOCUSING ON TWO COMMON TECHNIQUES: SUBSTITUTION AND
INTEGRATION BY PARTS. WHETHER YOU'RE A STUDENT NEW TO CALCULUS OR LOOKING TO REINFORCE YOUR SKILLS, THIS
DETAILED EXPLANATION WILL HELP YOU MASTER THESE INTEGRAL TECHNIQUES.

PART A: Using SuesTiTuTioN To FInb \(\INT x*{1} x*{2} bx\)

UNDERSTANDING THE INTEGRAL

THE INTEGRAL TO EVALUATE IN THIS SECTION IS:

\[
\INT x*{13 x™{2} \, bx
\]

AT FIRST GLANCE, THIS APPEARS STRAIGHTFORWARD, BUT IT'S IMPORTANT TO SIMPLIFY THE INTEGRAND BEFORE APPLYING
suesTITUTION. NoTice THAT \(x*{ 1} x*{2} = x*{1+2} = x"{3}\). So, THE INTEGRAL SIMPLIFIES TO:

\[
\inT x*{3}\, bx
\]

HO\X/EVER, TO ILLUSTRATE THE SUBSTITUTION PROCESS, WE'LL PRETEND WE'RE NOT AWARE OF THAT SIMPLIFICATION AND
APPROACH IT AS IF THE INTEGRAND IS A PRODUCT OF FUNCTIONS.

STeP 1: RECOGNIZE THE STRUCTURE OF THE INTEGRAL

THE INTEGRAND IS A PRODUCT:

\[
x {13 \1imes x* {2}
\]

WHICH CAN BE WRITTEN AS:

\[
x M1} \1imMes x {2} = x* {13 \Times x {23
\]

SINCE BOTH ARE POWERS OF \(X\), SUBSTITUTION CAN BE USED TO SIMPLIFY THE INTEGRAL.



ST1ep 2: CHOOSE THE SUBSTITUTION

IN SUBSTITUTION, WE LOOK FOR A PART OF THE INTEGRAND WHOSE DERIVATIVE ALSO APPEARS WITHIN THE INTEGRAL. HERE/
CONSIDER:

- LeT \(u = x*{2}\)
THEN,

\[
bu = 2x \, bx

\]

BuT our DIFFEReNTIAL \(Dx\) 1s MULTIPLIED BY \(X"{1}\), WhicH 15 \(x\). To MATCH THE \(DU\) EXPRESSION, NOTE THAT:

\[
x \, ox = \rrAc{ 1}{2} bu
\]

NO\X/, REWRITE THE ORIGINAL INTEGRAL ACCORDINGLY.

Step 3: RewRITE THE INTEGRAL IN TerMS of \(U\)

EXPRESS THE INTEGRAL AS:

\[

\INT xM{13 x™{23\, ox = \INT x \TimMes x*{2} \, bx
\]

Using \(u = x*{2}\), THen:

\[

x = \sQrT{U}

BUT THIS COMPLICATES THINGS; A BETTER APPROACH IS TO CONSIDER THE SUBSTITUTION:
-\(u=x"{3}\)
SINCE:

\[
pu = 3x"{2}\, bx
\]

AND OUR INTEGRAND INVOLVES \(X" {1} x*{2} = x"{3}\), WHICH IS PERFECT.
THus:

- Let \(u=x"{3}\)

- Tren, \(ou = 3x*{2} \, ox\)

REARRANGED:

\[
x™{2}\, ox = \rrac{ 1}{3} pU
\]



NOTE THAT IN THE ORIGINAL INTEGRAL, WE HAVE \(x"{ 1} x"{2} bx = x \TiMes x*{2} ox\). BuT:

\[
x M1} x*23 = x™{33
\]

AND

\[
x™ {23 ox = \rrac{1}{3} pu
\]

So, To INcLupE \(x\) IN THE susTITUTION, ExPREsS \(x\) IN Terms oF \(U\):

\[
u = x"{3} \RichTARROW X = U"{1/3}

\]

WHICH COMPLICATES THE SUBSTITUTION. THUS, THE SIMPLEST SUBSTITUTION HERE IS TO RECOGNIZE THAT:

\[
x*{13 x*{2} = x*{3}
\]

WHICH MAKES THE INTEGRAL:

\[
\inT x*{3} \, bx
\]

THIS IS STRAIGHTFORW ARD:

\[
\INT x*{33} \, ox = \rrac{x"{433}{4} + C
\]

CONCLUSION: THE INTEGRAL EVALUATES TO:

\[
\Boxep{\rrRac{x"{4}}{4} + C}
\]

PART B: UsING INTEGRATION BY PARTS To FiND \(\INT x \sIN x \, bx\)

UNDERSTANDING THE T ECHNIQUE

INTEGRATION BY PARTS IS BASED ON THE PRODUCT RULE OF DIFFERENTIATION:

\[
\rrac{p}{ox3 (uv) = U \rrac{ov}{px} + v \rrac{pu}{px}

\]

REARRANGED FOR INTEGRATION:



\[
\INT U \,ov =uv - \INT v \, DU

\]

THIS TECHNIQUE IS ESPECIALLY USEFUL WHEN THE INTEGRAND IS A PRODUCT OF TWO FUNCTIONS, \WHERE DIFFERENTIATING ONE
SIMPLIFIES IT, AND INTEGRATING THE OTHER IS STRAIGHTFORW ARD.

Step 1: IoenTiFy \(u\) ano \(pv\)

FOR THE INTEGRAL:

\l

\INT x \sIN x \, DX

\]
CHoosSE:

- \(u = x \RiGHTARROW DU = DX\)
-\(bv = \sinx \, ox \RiGHTARROW V = -\cOs x\)

STEP 2: APPLY THE INTEGRATION BY PARTS FORMULA

UsING:

\[
\INT U\, ov =uv - \INT v \, DU

\]

WE GET:

\[
\INT x \sIn x \, bx = -x \cos x - \INT -\cos x \, bx

\]

SIMPLIFY:

—
—

= -x \cos x + \INT \cos x \, bx

fu—

Tre INTEGRAL of \(\cos x\) 1s \(\sin x\):

\l

=-x\cosx +\sinx +C

\]

FINAL ANSWER:

\[
\Boxep{-x \cos x + \sin x + C}

\]



SUMMARY AND KEY T AKEAWAYS

® SUBSTITUTION TECHNIQUE: BEST SUITED FOR INTEGRALS WHERE A COMPOSITE FUNCTION OR A FUNCTION MULTIPLIED BY
ITS DERIVATIVE APPEARS. RECOGNIZE PATTERNS, CHOOSE AN APPROPRIATE SUBSTITUTION, AND SIMPLIFY ACCORDINGLY.

o INTEGRATION BY PARTS: IDEAL FOR INTEGRALS INVOLVING THE PRODUCT OF FUNCTIONS WHERE DIFFERENTIATING ONE
sIMPLIFIES THE INTEGRAL. SELECT \(U\) AND \(DV\) STRATEGICALLY TO REDUCE THE PROBLEM.

ADDITIONAL TIPS FOR MASTERING INTEGRATION TECHNIQUES

1. ALWAYS LOOK FOR COMMON PATTERNS OR STRUCTURES IN THE INTEGRAND BEFORE CHOOSING YOUR METHOD.
2. For SUBSTITUTION, IDENTIFY INNER FUNCTIONS OR POWERS THAT CAN BE REPLACED TO SIMPLIFY THE INTEGRAL.

3. IN INTEGRATION BY PARTS, SELECT \(U\) AS THE FUNCTION THAT SIMPLIFIES UPON DIFFERENTIATION, AND \(DV\) AS THE
PART THAT IS EASILY INTEGRABLE.

4. PRACTICE WITH DIFFERENT TYPES OF INTEGRALS TO DEVELOP INTUITION FOR WHICH TECHNIQUE TO USE.

5. REMEMBER THAT SOME INTEGRALS MAY REQUIRE MULTIPLE STEPS OR COMBINATION OF TECHNIQUES.

CoNcCLUSION

MASTERING SUBSTITUTION AND INTEGRATION BY PARTS EQUIPS YOU WITH POWERFUL TOOLS TO EVALUATE A WIDE RANGE OF
INDEFINITE INTEGRALS. REMEMBER TO ANALYZE THE INTEGRAND CAREFULLY, CHOOSE THE MOST SUITABLE METHOD, AND EXECUTE
EACH STEP SYSTEMATICALLY. WITH PRACTICE, RECOGNIZING PATTERNS AND APPLYING THESE TECHNIQUES WILL BECOME SECOND
NATURE, GREATLY ENHANCING YOUR PROBLEM~SOLVING SKILLS IN CALCULUS.

FEEL FREE TO EXPLORE FURTHER EXAMPLES AND PRACTICE PROBLEMS TO SOLIDIFY YOUR UNDERSTANDING OF THESE ESSENTIAL
INTEGRATION METHODS!

FREQUENTLY AsSkeD QUESTIONS

How DO YOU APPROACH FINDING THE ANTIDERIVATIVE OF X2 USING SUBSTITUTION?

TO FIND THE ANTIDERIVATIVE OF X2 USING SUBSTITUTION, SET U = X, THEN DU = DX. THE INTEGRAL BECOMES [F] U"2 DU,
WHICH IS STRAIGHTFORWARD TO EVALUATE AS (U"3)/3 + C. SUBSTITUTING BACK U = X GIVES (x*3)/3 + C.

W/HAT IS THE STEP-BY-STEP PROCESS FOR APPLYING SUBSTITUTION TO FIND [f] X 1x*2
DX?

FIRST, IDENTIFY A SUBSTITUTION SUCH AS U = XA2, THEN COMPUTE DU = 2X DX. REWRITE THE INTEGRAL IN TERMS OF U: XU



pu / (2x). SiMpLIFY To GeT (1/2) ] U bU, WHICH INTEGRATES To (1/4) U2 + C. SUBSTITUTE BACK U = X2 TO GET
(1/4) x4 + C.

\X/HEN USING INTEGRATION BY PARTS ;, WHAT ARE THE TYPICAL CHOICES FOR U AND DV
IN THE INTEGRAL /] X E™X DX?

For X EMx DX, CHOOSE U = X (SINCE ITS DERIVATIVE SIMPLIFIES) AND DV = E"X DX (\X/HICH IS STRAIGHTFORWARD TO
INTEGRATE). THEN, DU = DX AND V = E"X. APPLYING INTEGRATION BY PARTS FORMULA GIVES THE ANTIDERIVATIVE.

CAN YOU DEMONSTRATE THE USE OF INTEGRATION BY PARTS TO FIND X "X DxP

YEes. LET U = X, SO DU = DX; DV = E"X DX, SO V = E"X. APPLYING INTEGRATION BY PARTS: ] X E"X DX = X E"X -[}] E"X DX
=X -e"x+C=e"x(x-1)+C.

\YWHAT ARE COMMON MISTAKES TO AVOID WHEN USING SUBSTITUTION FOR
ANTIDERIVATIVES?

COMMON MISTAKES INCLUDE CHOOSING AN INCORRECT SUBSTITUTION THAT DOESN'T SIMPLIFY THE INTEGRAL, FORGETTING TO
CHANGE BOUNDS IF IT'S A DEFINITE INTEGRAL, AND NOT SUBSTITUTING BACK TO THE ORIGINAL VARIABLE AFTER INTEGRATION.
ALWAYS VERIFY THAT SUBSTITUTION SIMPLIFIES THE INTEGRAL AND INCLUDE THE CONSTANT OF INTEGRATION.

How DO YOU DECIDE WHETHER TO USE SUBSTITUTION OR INTEGRATION BY PARTS FOR
A GIVEN INTEGRAL?P

USE SUBSTITUTION WHEN THE INTEGRAL CONTAINS A COMPOSITE FUNCTION OR A FUNCTION AND ITS DERIVATIVE. USE
INTEGRATION BY PARTS WHEN THE INTEGRAND IS A PRODUCT OF FUNCTIONS \WHERE ONE SIMPLIFIES UPON DIFFERENTIATION AND
THE OTHER IS EASILY INTEGRABLE, SUCH AS PRODUCTS OF POLYNOMIAL AND EXPONENTIAL OR TRIGONOMETRIC FUNCTIONS.

\WHAT IS THE GENERAL FORMULA FOR INTEGRATION BY PARTS AND HOW IS IT APPLIED?

THE INTEGRATION BY PARTS FORMULA IS uUDbV = UV - v DU. CHOOSE U AND DV FROM THE INTEGRAND, COMPUTE DU AND V,
THEN SUBSTITUTE INTO THE FORMULA. THIS METHOD IS ESPECIALLY USEFUL FOR INTEGRALS INVOLVING PRODUCTS OF
FUNCTIONS WHERE DIRECT INTEGRATION IS DIFFICULT.

CAN YOU PROVIDE AN EXAMPLE OF USING SUBSTITUTION TO FIND THE ANTIDERIVATIVE
oF ] (2x)/ (x*2+ 1) ox?

Yes. LETU=x"2 + 1,50 bU = 2x DX. THE INTEGRAL BECOMES DU / U, WHICH EQUALS LN|u| + C. SUBSTITUTING BACK U
=x"2 + 1, THE ANTIDERIVATIVE IS LN[x"2 + 1| + C,

\WHAT ARE THE KEY STEPS TO CORRECTLY PERFORM INTEGRATION BY PARTS ON[?] LN X
DX?P

SET U = LN X (SINCE ITS DERIVATIVE SIMPLIFIES) AND DV = DX (WHICH INTEGRATES TO X). THEN, DU = 1/X DX, V = X.
APPLYING INTEGRATION BY PARTS: [?] LN X DX = X LN X - x (1/X) DX = X LN X - Tox=xLNX-x+C.

ADDITIONAL RESOURCES

FIND THE INDICATED ANTIDERIVATIVE. (A) USING SUBSTITUTION, FIND xB] 2 bx (B) USING INTEGRATION BY PARTS

IN THE REALM OF CALCULUS, THE PROCESS OF FINDING ANTIDERIVATIVES—OR INDEFINITE INTEGRALS—IS FUNDAMENTAL TO
UNDERSTANDING THE BEHAVIOR OF FUNCTIONS AND SOLVING A VARIETY OF REAL-WORLD PROBLEMS. THE TASK OFTEN INVOLVES



SELECTING THE APPROPRIATE METHOD TO EVALUATE THE INTEGRAL EFFICIENTLY AND ACCURATELY. TWO SUCH POWERFUL
TECHNIQUES ARE SUBSTITUTION AND INTEGRATION BY PARTS. THIS ARTICLE PROVIDES A COMPREHENSIVE EXPLORATION OF
THESE METHODS, DEMONSTRATING THEIR APPLICATION THROUGH THE SPECIFIC PROBLEMS: (A) USING SUBSTITUTION TO FIND
)<1 2 DX, AND (B) EMPLOYING INTEGRATION BY PARTS TO EVALUATE THE SAME INTEGRAL.

UNDERSTANDING THE CONCEPT OF ANTIDERIVATIVES

BEFORE DELVING INTO THE METHODS, IT'S ESSENTIAL TO CLARIFY WHAT AN ANTIDERIVATIVE IS. AN ANTIDERIVATIVE OF A
FUNCTION F(X) IS ANOTHER FUNCTION F(x) sUCH THAT F'(x) = F(x). THE INDEFINITE INTEGRAL F(X) DX REPRESENTS THE SET
OF ALL ANTIDERIVATIVES OF F(X), TYPICALLY EXPRESSED AS F(x) + C, WHERE C IS AN ARBITRARY CONSTANT.

FINDING ANTIDERIVATIVES IS A CORE COMPONENT OF INTEGRAL CALCULUS BECAUSE IT ENABLES THE COMPUTATION OF AREAS
UNDER CURVES, ACCUMULATION FUNCTIONS, AND SOLUTIONS TO DIFFERENTIAL EQUATIONS. HO\X/EVERI NOT ALL INTEGRALS ARE
STRAIGHTFORWARD, PROMPTING THE DEVELOPMENT OF VARIOUS TECHNIQUES LIKE SUBSTITUTION AND INTEGRATION BY PARTS.

PART (A): UsinGg SuesTiITuTIoONTO FIND ] X'P 2 DX

ANALYZING THE INTEGRAL

THE INTEGRAL IN QUESTION IS:

\[
\INT x*{x"2} \, DX

\]

AT FIRST GLANCE, THE INTEGRAND \( x{x"2} \) APPEARS COMPLEX DUE TO THE VARIABLE BOTH IN THE BASE AND THE
EXPONENT. TRADITIONAL METHODS LIKE DIRECT INTEGRATION OR STANDARD FORMULAS DO NOT SUFFICE HERE, PROMPTING THE
NEED FOR SUBSTITUTION TECHNIQUES.

CHOOSING THE APPROPRIATE SUBSTITUTION

THE KEY TO SIMPLIFYING THIS INTEGRAL IS TO IDENTIFY A SUBSTITUTION THAT TRANSFORMS THE VARIABLE EXPONENT INTO A
MORE MANAGEABLE FORM. NOTICE THAT THE EXPONENT 1S \( X" 2 \), WHICH SUGGESTS SETTING:

\[
u=x"2

\]
THIS SUBSTITUTION SIMPLIFIES THE EXPONENT, BUT WE ALSO NEED TO ExPRESS \( X" {x"2} \) N Terms oF \(u \).

RECALL THAT:

\[
xMx"2} = eMx"2 \un x3
\]



USING OUR SUBSTITUTION:

\[

U= x"2 \impLIES DU = 2x \, Dx \IMPLIES DX = \FRAC{DU}{ 2x}

\]

Now, EXPRESS THE ORIGINAL INTEGRAL IN TERMS OF \( U \):

\[
\INT xM{x*23\, ox = \INT EM{x"2 \Ln X3\, DX

\]

BuT siNce \( U = x"2 \), THE EXPONENTIAL BECOMES:

\[
MU \Ln x}

\]

However, \( \Ln x \) cAN BE ExPRESSED IN TERMS OF \( U \):

\[

u=x"2 \impLiES X = \sqrT{U}
\]

\[

\Ln x = \rrac{ 1K 23 \tnuU

\]

THus,

\[
MU \Ln x} = e™Mu \cooT \rrac{ 13{23} \tn U} = e™{\rrac{uU}{2]} \Ln U}
\]

THIS EXPRESSION IS STILL COMPLEX, BUT FURTHER REWRITING USING PROPERTIES OF EXPONENTS AND LOGARITHMS CAN HELP.
RECOGNIZE THAT:

\[

eM\rrac{uX{ 23 \Ln U3 = UMU/ 23
\]

THEREFORE, THE INTEGRAL BECOMES:
\[

\inT MU/ 2}, DX

\]

BUT RECALL THAT:

\[

ox = \rrRAc{pU}{ 2x} = \rrac{pu}{ 2 \sqrT{U}}
\]

PUTTING IT ALL TOGETHER:

\[
\inT u™{u/23 )\, ox = \inT U™{u/ 2} \cooT \FrRac{pu} 2 \s@rT{U}} = \rrRAc{ 1}{ 2} \inT U™{U/2} \cpoT U™{-1/2} \, DU
\]

SIMPLIFY THE PoweERs of \( U \):



\[
u™u/2} \cooT UN-1/2} =u™Nu/2 - 1/23

\]

THUS, THE INTEGRAL REDUCES TO:

\[

\rrac{1H 2} \nT U™U/2 - 1/2}\, DU
\]

W/HILE THIS FORM IS MORE MANAGEABLE IN TERMS OF SUBSTITUTION, IT STILL INVOLVES A COMPLEX EXPONENT THAT DEPENDS
ON \( U \) IN PRACTICAL TERMS, THIS INTEGRAL DOES NOT HAVE AN ELEMENTARY ANTIDERIVATIVE AND MAY REQUIRE SPECIAL
FUNCTIONS OR NUMERICAL METHODS FOR EVALUATION.

CONCLUDING REMARKS ON SUBSTITUTION

THE ATTEMPT TO EVALUATE \( \INT x{x"2} \, DX \) VIA SUBSTITUTION REVEALS THE COMPLEXITY OF THE INTEGRAL.
ALTHOUGH SUBSTITUTION SIMPLIFIES CERTAIN PARTS OF THE INTEGRAL, THE RESULTING EXPRESSION INVOLVES NON-ELEMENTARY
FUNCTIONS. THIS ILLUSTRATES AN IMPORTANT POINT: NOT ALL INTEGRALS ARE SOLVABLE IN CLOSED FORM USING ELEMENTARY
FUNCTIONS, AND RECOGNIZING WHEN TO EMPLOY SUBSTITUTION IS CRUCIAL. FOR THIS PARTICULAR INTEGRAL, THE BEST
APPROACH MAY INVOLVE EXPRESSING THE INTEGRAL IN TERMS OF SPECIAL FUNCTIONS OR RESORTING TO NUMERICAL METHODS.

PART (B): UsING INTEGRATION By PARTS TOFIND F] Xf] 2 bx

UNDERSTANDING INTEGRATION BY PARTS

INTEGRATION BY PARTS IS A TECHNIQUE DERIVED FROM THE PRODUCT RULE OF DIFFERENTIATION:

\[
\INT U\, ov =uv - \INT v \, DU

\]

THIS METHOD IS ESPECIALLY USEFUL WHEN THE INTEGRAND IS A PRODUCT OF FUNCTIONS WHERE ONE FUNCTION SIMPLIFIES UPON
DIFFERENTIATION, AND THE OTHER CAN BE EASILY INTEGRATED.

APPLYING INTEGRATION BY PARTS TO THE INTEGRAL

GIVEN THE INTEGRAL:

\[
I =\INnT x{x"2} \, bx

\]

IT'S NOT IMMEDIATELY OBVIOUS HOW TO SPLIT THE INTEGRAND INTO PARTS SUITABLE FOR INTEGRATION BY PARTS. UNLIKE
STANDARD PRODUCTS LIKE \( X \CDOT E™X \), HERE THE INTEGRAND IS AN EXPONENTIAL-LIKE EXPRESSION WITH A VARIABLE
EXPONENT.

NEVERTHELESS/ ONE APPROACH INVOLVES REWRITING THE INTEGRAL IN EXPONENTIAL FORM:



\l

I=\INT EM{x"2 \Ln X} \, DX

\]

SUPPOSE WE SET:

\[

u=x"2\Lnx

\]

THeN, THE DIFFERENTIAL \( DU \) IS:

\[

buU = 2x \LN x + x"2 \cooT \rrac{ 1H{x} = 2x \Ln x + x
\]

EXPRESSED AS:

\[

pu=x(2\tnx+ 1)\ bx

\]

REARRANGED TO EXPRESS \( DX \):

\[

px = \rrRAc{pU}{x (2 \Ln x + 1)}

\]

Now, REWRITE THE INTEGRAL IN TERMS OF \( U \):
\[

I =\inT e™{U} \, ox = \inT E*{U} \cooT \FrrAac{pu}{x (2 \Ln x + 1)}
\]

BuT since \( U = x"2 \Ln x ), AND THE DENOMINATOR INVOLVES \( x \) AND \( \LN X \), THIS SUBSTITUTION LEADS TO A
COMPLICATED EXPRESSION INVOLVING BOTH \( X \) AND \( \LN X \), NOT SIMPLIFYING THE INTEGRAL AS INTENDED.

ALTERNATIVELY, ONE MIGHT ATTEMPT TO SET:

\[
U = x \Quap \TexT{anp} \QuAD DV = x*{x"2} \, bx

\]

BUT THE \( DV \) PART IS THE ORIGINAL INTEGRAL, WHICH DOESN’T HELP. THEREFORE, STANDARD INTEGRATION BY PARTS ISN'T
DIRECTLY APPLICABLE HERE UNLESS THE INTEGRAL CAN BE EXPRESSED AS A PRODUCT OF FUNCTIONS \WHERE DIFFERENTIATION AND
INTEGRATION ARE STRAIGHTFORW ARD.

ALTERNATIVE APPROACH: RECOGNIZING THE LIMITATION

GIVEN THE COMPLEX NATURE OF THE INTEGRAND \( X"{x"2} \), APPLYING INTEGRATION BY PARTS DIRECTLY IS NOT
STRAIGHTFORW ARD. BOTH THE FUNCTION AND ITS DERIVATIVE INVOLVE COMPLICATED EXPRESSIONS, MAKING THE METHOD LESS
PRACTICAL FOR AN ELEMENTARY ANTIDERIVATIVE.

SUMMARY OF INTEGRATION BY PARTS APPLICATION



- INTEGRATION BY PARTS IS MOST EFFECTIVE WHEN THE INTEGRAND CAN BE DECOMPOSED INTO \( U \) anD \( bV \) SUCH THAT
\(ou \) siMpLiFiES AND \( v \) IS EASILY INTEGRABLE.

- For \( \INT x*{x"2} \, DX \), THE STRUCTURE OF THE INTEGRAND DOES NOT LEND ITSELF WELL TO THIS METHOD.

- THE COMPLEX VARIABLE DEPENDENCY IN THE EXPONENT PREVENTS STRAIGHTFORW ARD DECOMPOSITION REQUIRED FOR
INTEGRATION BY PARTS.

THIS ANALYSIS DEMONSTRATES THAT WHILE INTEGRATION BY PARTS IS A VERSATILE TOOL, ITS APPLICABILITY DEPENDS ON THE
FORM OF THE INTEGRAND. IN CASES LIKE THIS, RECOGNIZING THE LIMITS OF THE METHOD IS AS IMPORTANT AS APPLYING IT.

SUMMARY AND FINAL REMARKS

THE EVALUATION OF INTEGRALS INVOLVING VARIABLE EXPONENTS AND FUNCTIONS LIKE \( x*{x"23} \) EXEMPLIFIES THE
CHALLENGES ENCOUNTERED IN ADVANCED CALCULUS.

ParT (A): SUBSTITUTION

- THe suesTITUTION \( U = X2 \) AIMED TO SIMPLIFY THE EXPONENT BUT REVEALED THE INTEGRAL'S INHERENT COMPLEXITY.
- ExPresSING THE INTEGRAND AS \( EN{x"2 \LN X3 \) AND THEN REWRITING IN TERMS OF \( U \) LED TO AN EXPRESSION
INvOLVING \( U™{U/2} \), WHICH IS NOT ELEMENTARY.

- THE INTEGRAL DOES NOT HAVE A CLOSED-FORM SOLUTION IN TERMS OF ELEMENTARY FUNCTIONS INSTEAD, IT MAY REQUIRE
SPECIAL FUNCTIONS OR NUMERICAL
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