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5.4.1Integrating Special Functions

Integrating Trig Functions
Howdolintegrate sinand cos?

= The antiderivatives forsine and cosine are

fsinxdx= —cos x+c¢

fcos xdx=sin x+c

where Cisthe constant of integration

= Theseare giveninthe formulabooklet

= Forthelinear function 8X + b,where dand bare constants,

1
fsin (ax+b) dx= ~~ cos (ax+b)+c

1
fcos (ax+b) dx=;sin (ax+b)+c

= Forcalculus withtrigonometric functions angles must be measured inradians
= Ensure youknowhow to change the angle mode onyourGDC
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@ Worked example

a) Find,intheform F(X) + C,anexpressionforeachintegral

i)

| fcos x dx

ii)

' f3sin(2x+ %) dx

" [(asin(@x) - 3c0s(2x)) dx

Jeos = de = Sioxte
i I=j39;n \2oc +5) e = 3jg'\n&ax+%) dac
3= 3 ccsae )] v
I:-2es(2eT)ae
o Tt (2sinbe) 30 ) o = 2 siobha) o -3 ey
- 2] <% cos ()| -3 3500 (3] +

for o Lom ’iCoe&‘-bc)- %GKOKQQC)+C

Check \:y c\'\%\?et‘en‘\'id\fnﬁ‘ - ‘l'g‘: WSin QVJFSS‘ %KRCOS(QX;;J
= Ain th) -3009\?::) v

b) The graphof y = F(X) + Cforquestion(a) part (ii) passes through the point with

(x 3)
coordinates | ——

\3’2)
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Find the value of C.

%‘)‘@\ ) I: -%c,oskﬂx+1r5)+c

a 5.1 ’
= %009\2,‘%'7:%3+c
53 e
“c=\

Integratinge*x & 1/x

Howdolintegrate exponentialsand 1/x?

» The antiderivatives involving €% and In xare

fex dx=eX+c¢

1
[~ ax=mlx| +c
X

where C is the constant of integration

= Theseare giveninthe formulabooklet
= Forthelinearfunction (ax+ b),where aand bareconstants,

fe’”‘*b dx=leax+b+c
a

[ dx=—nlax+b] +
ax+b X_a ax ¢

= |tfollows fromthe lastresultthat

a
fm dx=In|ax+b| +¢

= whichcanbe deduced usingReverse ChainRule

= WithlIn, it canbe usefulto write the constant of integration, C,as alogarithm
= usingthe laws oflogarithms, the answercanbe writtenas asingle term

1
. f} dx=]n|x| +1nk=]nk|x|where kis aconstant

= Thisis similarto the special case of differentiating In (ax + b) when b=0
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O Exam Tip

= Make sure youhave acopyofthe formulabooklet duringrevisionbutdon'ttryto remember
everythinginthe formulabooklet
= However,do be familiarwith the layout of the formulabooklet
= You'llbe able to quicklylocate whateveryou are after
= Youdo notwantto be searchingeveryline of everypage!
= Forformulae youthink youhave remembered, use the bookletto double-check

@ Worked example
3

Acurve has the gradient function Id(X) = 3X—+2 +etx,

Giventhe exactvalue of f(l) is In 10— €3 find an expressionfor f(X)

;loc = j(32+)\+ eh.-t) dx
|

tee) 3j3x+1 G ¥ jc et

| 3[-‘5\\-, \3x+2\] - e\-x *c

%k\\'— la\0 -ea, [P \3)‘\"'2\'2}/1 *e = \n \C)"ﬁ7
~c2lal0-1w5
C:\n \%X=\nl

- ¥\x\ = \n \30(‘,“'1\ - e“‘-x ¥ \n A
G e 2\3x+2\-e\*‘x’)
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5.4.2Techniques of Integration

Integrating Composite Functions (ax+b)
Whatisa composite function?

= Acomposite functioninvolves one functionbeingapplied afteranother
= Acomposite functionmaybe described as a “functionofafunction”

= This RevisionNote focuses onone of the functions beinglinear - i.e.of the form 8X + b
Howdolintegratelinear (ax+b)functions?

Alinear function(of X)is of the form ax + b
= The specialcases fortrigonometric functions and exponentialand logarithmfunctions are

1
fsin(ax+ b)dx= — zcos(ax +b)+c

1
fcos(ax+ b) dx = ;sin(ax+ b)+c
1
. fe“*bdx=zeax+b+ c

1 1
. fm dx=;1n|ax+b|+c

Thereis one more specialcase

1
b n = &= n+l1 A
f(ax+b) dx a(n+1)(aX+b) *l+ cwhere n€EQ, n# — 1

C,inallcases,is the constant of integration

All the above canbe deduced usingreverse chainrule
= However,spottingthem canmake solutions more efficient

O Exam Tip

= Althoughthe specific formulaeinthis revisionnote are NOT inthe formulabooklet
= almostallof the informationyouwillneed to applyreverse chainrule is provided
= make sure you have the formulabooklet open at the right page(s) and practice usingit
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@ Worked example

Find the followingintegrals

[3(- 2x)§ dx

s 5
I‘I 3(7-2x) '3 dx * 3] (’2&-»1) & dx
USing I (o.ac+\:)n dar.= \c:\-.ac-v\:)“H *E

. 3[ s klxﬂ)/sj-\s/

~1=- —U-lac) -I-c,:|
1
f 5005(3)(—2) dx

I- j %Cog k?»c-l) dec = lz JCog (3%-2) ax
Uting | cos{oocrb) dae = goin oot +b)+c

1= —‘i[ gmk?mc 21-\—5

L I -'éggn\‘sx-z)i—c
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Reverse Chain Rule
Whatisreverse chainrule?

= The ChainRule is awayof differentiatingtwo (ormore) functions
= Reverse ChainRule (RCR)refers to integrating byinspection
= spottingthat chainrule would be used inthe reverse (differentiating) process

Howdolknowwhentousereverse chainrule?

= Reverse chainruleis used whenwe have the product of acomposite functionand the
derivative of its second function
= |ntegrationis trickierthandifferentiation;manyof the shortcuts do notwork

eﬂX )

= Forexample,ingeneral fef(x) dx #
X

= However,thisresultis true if f(X) is linear (aX + b)
= Formally,infunctionnotation,reverse chainrule is used forintegrands of the form

1= [¢'(x)fg(x) dx

= thisdoesnothaveto be strictlytrue, but ‘a/gebraically’it should be
= if coefficients do notmatch‘adjust and compensate’canbe used

= eg. 5x2isnot quite the derivative of 4x3
= the algebraicpart (Xz) is ‘correct’
= butthe coefficient5is ‘wrong’

= use ‘adjust and compensate’to ‘correct’it
= Aparticularlyusefulinstance ofreverse chainrule to recogniseis

I= f% dx=In|Ax)|+¢

= j.e.the numeratoris (almost) the derivative of the denominator
= 'adjust and compensate'mayneed to be used to dealwithanycoefficients
= eg.

x2+1 x2+1 3x2+3 1
= | —— — — xX=— 3+ +
! fX3+3X f X3+3X fX3+3X 3ln | +3x| +e

Howdolintegrateusingreverse chainrule?

= |fthe productcanbeidentified,theintegrationcanbe done “byinspection”
= there maybe some “adjusting and compensating”to do
= Noticealotofthe "adjust and compensate method” happens mentally
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= thisisindicated inthe steps below byquote marks

STEP1
Spotthe ‘main’ function

eqg. I= [ x(5x2-2)6 dx

"the mainfunctionis ( )6 whichwould come from ( )7”

STEP2
‘Adjust’and ‘compensate’anycoefficients required intheintegral

eg." ( )7 would differentiate to 7( )6"

“chain rule says multiply by the derivative of 5x2 — 2, whichis 10x”
“thereisno '7'or10’inthe integrand so adjustand compensate”

1 1

- _ 2 _9)6
I 7><10><f7><10><x(5x 2)6 dx
STEP3

Integrate and simplify

1 1
e.g. I=7X1—OX(5X2—2)7+C

1
- — 2 7+
I 70(5x 2)7+¢

= Differentiationcanbe used as ameans of checkingthe finalanswer
= Aftersome practice,youmayfind Step 2is notneeded

= Douseitonmore awkward questions (negatives and fractions!)
= |fthe productcannot easilybeidentified,use substitution

O Exam Tip

= Before the exam, practice this untilyou are confident with the patternand do notneed to
worryaboutthe formulaorsteps anymore
= This will save time inthe exam
= Youcanalways check yourwork bydifferentiating, if you have time
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@ Worked example
Acurve has the gradient function £ (x) = 5x2sin(2x3).

Giventhat the curve passes through the point (0, 1),ﬁnd anexpressionfor f(X).

)= j Bocgin(2ac®) doc
fe)= §) asin(28) dx  Toke Sodros o focer

\/\'\'\9 e o PFBAUQ\:, Ameot iathe %J\"m 3‘ LTIZ\ %:(Ci(:c))
STEP 1 Spok the ‘main’ Juncken

* Hhe main Jurchien 18 6in () which wol\d
DO come from cos ()"

CEr2: 'Qéjoe\: ond Compen’éo‘k‘e' weﬁ%d\eh‘\'g
"8 () woold dfreresvideto =Cin(.--) ’

77 AR

Compenaae odjosk

STEP 3: |nFeqrafe 0nd g'm\,\-.({-:3

H)e - Sees (27) v

Page 9 of 27
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

Substitution: Reverse ChainRule
Whatisintegration by substitution?

= Whenreverse chainruleis difficult to spot orawkward to use thenintegrationbysubstitution
canbeused

= substitutionsimplifies the integral by defining an alternative variable (usually U)interms of
the original variable (usually X)

= everything(including “dXx” and limits for defnite integrals) is then substituted which makes
the integrationmucheasier

Howdolintegrate using substitution?

STEP1
Identify the substitutionto be used - it willbe the secondaryfunctioninthe composite
function

So g(X) in f(g(X)) and U= g(X)

STEP2
Differentiate the substitution and rearrange

du

—— canbetreated like afraction

dx

(i.e.“multiply by dx”to getrid of fractions)

STEP3
Replace all parts of the integral

All X terms should be replaced with equivalent U terms,including dx

If finding a definite integral change the limits from X-valuesto U-valuestoo

STEP4
Integrate and either

substitute X backin
or

evaluate the definte integralusing the U limits (eitherusinga GDC ormanually)

STEP5

Find C,the constantofintegration,if needed

= Fordefinite integrals,a GDC should be able to process theintegral without the need fora
substitution
= beclearaboutwhetherworkingis required ornotinaquestion

O Exam Tip

= UseyourGDC to checkthevalue of adefinite integral,evenincases where workingneeds to
be shown
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@ Worked example

a) Find the integral

f 6x+5
(3x2+5x—1)3 dx

STEP 1+ \denhify the shotitution
The co &A‘e sfunc‘\‘m e \3&, +5x - \)
The secondary Tonckion & thisie 3o+ 5 -\
s Lek 0= 3o +5x -1
steP2: Oifjeredhide 0 ond eafTonog

—62 = 61-\'5
doc

s dos k€x+5) doc
oteP 3: Reploce ol 90:‘\'9 § e w?\'eera\

1 }‘ 6x+5 ax _ | do
L?m-*S:c-\)a ) 03
= J 0-3 do

STEP h: \o‘\’e%va.s\'e ond sdehitife % back o
(ser 5 nor necded ev«:&ud\'itg c ic odr \’equi\'ed)
I ¢ +c
-2

I--3 390*5:»-\) ¥

+c
2(2 > Sx-\)z

b) Evaluate the integral

f2 6x+5 q
L B sx—13
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givingyouransweras anexact fractioninits simplest terms.

Neve $har yoo col\d ee your 60C Sicr s POL\‘t
Cet‘\'ojw\y e '\k '\'o check Yoor ontwer)

=2

Fom STEP 3 dhoe, I’j 0% A
x=\
C\rnrﬂe Ve +w, xzl, o= 3\,\)1-\- S\ =7
x=2, v23(a)+ 5(@)-)1=2\
STEP W+ \ategrele and evdudye

I- [-- 1 - (a Gy
2T W

W)
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5.4.3Definite Integrals

Definite Integrals

Whatisa definiteintegral?
[t ax = [ (12 =F () ~F(a)

= Thisis knownas the FundamentalTheoremof Calculus

= gand bare called limits

= ais thelowerlimit

= bis the upperlimit

f(X) is theintegrand

F(X) is anantiderivative of f(X)

= The constant ofintegration(“+c”)isnotneeded indefinite integration
= “+c”would appearalongside bothF(a)and F(b)
= subtractingmeans the “+c”’s cancel

Howdolfind definiteintegralsanalytically (manually)?

STEP1
Give the integralaname to save havingto rewrite the whole integral every time
If need be, rewrite the integralinto anintegrable form

1= fbf(X) dx

STEP 2
Integrate without applying the limits;youwillnotneed “+¢”
Notation:use square brackets []withlimits placed at the end bracket

STEP 3
Substitute the limits into the function and evaluate

O Exam Tip

= |faquestiondoesnotstate thatyoucanuse your GDC thenyoumustshow all of your
working clearly, howeveritis always good practice to check youanswerbyusingyour GDC if
you haveitinthe exam
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@ Worked example

a) Show that

4
f 3x(x2—2) dx = 144
2

QTEP \: Nam Y in‘\'esrn\ and rewt‘:\'e o an h‘\'ea\fi\'o\a\e ‘?o\"«:
'S
I‘j (33&3- Gx» dc
p 3

P 2: \ﬁeﬂ\"o’}e
1= [ ?—‘_3&‘* -3307:):
SP3: Evdudte
T-[2{w-ab] {320}

I=w-0

Y !

j 3x(3c1- l) = W\
2

b) Use yourGDC to evaluate
1 5.
f 36X Sin x dX
0
givingyouranswerto three significant figures.
ngxj GoC,
‘ X Cin
s
j e dx = ¥®72957 ..
o

§ j 3 Zto= . 207 \3 s?)

0
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Properties of Definite Integrals

Fundamental Theoremof Calculus
b
[ tx) ax=[F(x)1°=F(b) -F(a)
a

= Formally,
. f(X) is continuous intheinterval a< X< b
] F(X) is anantiderivative of f(X)

What are the propertiesof definiteintegrals?

= Some of these have beenencountered alreadyand some mayseemobvious ..
= takingconstant factors outside the integral

b b
= f kf(X) dx =kf f(X) dx where Kis aconstant

= usefulwhenfractionaland/ornegative values involved
= integratingtermbyterm

o 710 +g)1dx= [ () dx+ [Celx) dx

a a a
= the above works forsubtractionofterms/functions too
= equalupperand lowerlimits

. faf(x) dx=0

a
= onevaluating, this would be avalue, subtractitself!
= swapping limits gives the same, but negative, result

. fbf(x) dx= - _/:f(x) dx

a
= compare 8 subtract 5 say,with5 subtract8 ..
= splittingthe interval

. fbf(x) dx= fcf(x) dx + fbf(x) dxwhere a<c<b

a a c
= thisis particularlyuseful forareas undermultiple curves orareas underthe X-axis
= horizontal translations

b b—k
" f f(X) dx= f f(X +k) dx where kis aconstant

a a—k

= thegraphof y = f(X + k) is ahorizontal translation of the graphof Yy = f(X)
(f(X + k) translates left, f(X - k) translates right)

O ExamTip

= |earningthe properties of definite integrals canhelpto save timeinthe exam
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@ Worked example

f(x) is a continuous functioninthe interval 5 < x < 15.

10 15
Itis knownthat f f(X) dx =12 and that f f(X) dx=5.
5 10

a) Write down the values of

! f7f(X) dx

7

fsf(x) dx
10

. ;(oc) ox = O jaa$kx\ e

s " cosopped limiks
|, il =12 Jl F) ae - SR e

' J7 “equol -ty

b) Find the values of

’ flsf(x) dx

5

10
f 6£(x +5) dx
5

ii)
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ST Lw fly o+ ], fl e = 1205217

Sp\\\: fiw \33
I fle) o= ] o) e +f] o) &

L\S $od) & = 17

i T 6les)- ej"’«;(ﬁs) e
%d'oﬂ;
[} W) e kj o

\0+S

- (A ?(xx&c

5+5
\‘>o\' Zon’\'a\ '\T'ans\d\'m

I, o aee [ ) o
I= ij fleyac= 645230

| e
~ ), 6%lers) ax = 30
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5.4.4 Further Applications of Integration

Negative Integrals

= The areaunderacurve mayappearfully orpartially underthe x-axis

= This occurs whenthe function f(X) takes negative values withinthe boundaries of the area
= The definite integrals used to find such areas

= willbe negative if the areais fully underthe X-axis

= possiblynegative if the areais partially underthe X-axis
= thisoccursif the negative area(s)is/are greaterthanthe positive area(s), theirsumwill be
negative
= Whenusinga GDC use the modulus (absolute value) function so that all definite integrals have a
positive value

A= [Tl ds
a

= Thisis giveninthe formulabooklet

Howdolfindtheareaunderacurve whenthe curveisfullyunderthe x-axis?

STEP1
Write the expressionforthe definite integral to find the area as usual

This mayinvolve finding the lowerand upperlimits from a graph sketch or GDC and f(x) may
need to berewritteninanintegrable form

STEP2
The answerto the definite integral will be negative

Page 18 of 27
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Areamust always be positive so take the modulus (absolute value) of it
eg. If I= — 36 thenthe areawould be 36 (square units)

Howdo lfindthe areaunderacurve whenthe curveis partiallyunderthe x-axis?

= Forquestions thatallowthe use of a GDC youcanstilluse

A= [F100)] dx

= To find the area analytically (manually) use the following method
STEP1
Splitthe areainto parts - the area(s) that are above the x-axis and the area(s) that are below the
X-axis

STEP 2
Write the expressionforthe definite integral foreach part (give each partaname, /;, /5, etc)
This mayinvolve finding the lowerand upperlimits of each part froma graphsketchora GDC,

findingtheroots of the function(i.e.where f(X) = () and rewriting f(X) inanintegrable form

STEP3
Find the value of each definite integral separately

STEP4
Find the area by summing the modulus (absolute values) of eachintegral

(Mathematically this would be written A = |Il | + |I2| + |I3| +...)

O Exam Tip

= |fno diagramis provided, quicklysketchone so thatyoucansee where the curve is above
and below the x - axis and splitup yourintegrals accordingly
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@ Worked example

The diagrambelow shows the graphof Yy = f(X) where f(X) = (X + 4)(X - 1)(X - 5).

y = f(x)

R\ P

Theregion Rl is bounded bythe curve Yy = f(X),the X -axis and the Y -axis.
Theregion R2 is bounded bythe curve Yy = f(X),the x-axis and the line X = 3.
a) Determine the coordinates of the point labelled P.

a) “The x-coordindte & P ic o root & Fle)
flx)=0
(et )l 1) (e-5)=0
x=-% =), x=5
C\eor\\/ %OW\ the gogh, x=\ at poick P

~P(1o)
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i) Find adefinite integral that would help find the area of the shaded region R2
and briefly explain why this would not give the area of the region R2'

if) Find the exact area of the shaded region RZ'

3
IZ:[ (2c +)(e-1)(-5) dx

'
Ry is undernecth the x-ax%i¢ go the
valve 6 the acfinie isteqrol will be
neqa¥ive. Aren cannck be neogtive.
3
y swer ) levlenles) e
T (@e3xilbe-5) ae Revwie in o ieggolie $ron

I,;-j‘s (o3 -2 -1 + 20 &

= [’% -%?-ﬂ;_cfa-lbxli \ﬁ\’eatﬂ'e(mﬁeea %:r“+c")
T,= (3 -23P -1y +00@)\- (L -2 -1 +20
: K‘% —Lsf Ai)_ 3 k*\- 3 = )

L=-8 -1
LS P

L--loo

e
STEP 2 [+ Area of Ry, Ay = VOO Squore onits
3

c) Find the exacttotalarea of the shadedregions, Rl and R2‘

\
9 o2 ﬂfl’ﬁ_f 022" - e +20) Use he relevardt
' it resoiis frem b) )
I: x_“-l_xa-Equ]'
v 3 2 0
CTEP 3: = 1a-o0
)
STEPW: & A¥R, = 121 +100 = 52
2 3 n

+ To¥ol area shaded = 52\  gquose unite
£3

You can check the finel ancwer using your 60C
and the formula (inbooklet) A= Ib Jy\ de.
-3

Here, A= J: ‘ (x-&‘l-)bc-\)(x-‘i)\ dx¢
A= w3-%1666...

(Nee that cur GOC was oct e Yo
preduce ¥he exock acower..)
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AreaBetweenaCurve and aline

= Areas whose boundariesinclude acurve and a(non-vertical) straight line canbe found using
integration
= Foranareaunderacurve adefinite integral willbe needed
= Foranareaunderaline the shape formed will be atrapeziumortriangle
= basic areaformulae canbe used ratherthanadefiniteintegral
= (althoughadefinite integral would stillwork)
= The arearequired could be the sumordifference of areas underthe curve and line

Page 22 of 27
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Howdolfindthe areabetweenacurveandaline?

STEP1
If not given, sketch the graphs of the curve and line on the same diagram
Use a GDC to help with this step

STEP2
Find the intersections of the curve and the line
If no diagramis given this will help identify the area(s) to be found

STEP3

Determine whetherthe arearequired is the sumordifference of the areaunderthe curve and
the areaunderthe line

Calculate the areaunderacurve usingaintegral of the form

fbydx

1
Calculate the areaunderaline using either A = Ebb foratriangleor A = Eh(a + b) fora

trapezium (y-coordinates willbe needed)
STEP4

Evaluate the definite integrals and find theirsumordifference as necessaryto obtain the area
required

O Exam Tip

= Addinformationto anydiagram provided

= Add axesintercepts,as wellasintercepts betweenlines and curves
= Markand shade the areayou’re trying to find

= [fno diagramis provided, sketchone!
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@ Worked example

The region R is bounded bythe curve withequation y = 10X — X2 — 16 and the line with
equation y =8 — X.

R lies entirelyinthe first quadrant.

a) UsingyourGDC, orotherwise, sketchthe graphs of the curve and the line onthe same
diagram.

Identifyand label the region R onyoursketchand use your GDC to find the X -
coordinates of the points of intersectionbetweenthe curve and the line

STEP \:

STEP 2 Pointe % infersecYion are
(35) ana (8.0)

b) i) Write down anintegral that would find the area of the region R.

Find the areaof the region R.

) oome 3t Cowe io ‘opper’ Boun&or\/ &R
&y, =10x-x*-16
¥a = B
im¥a = 102 =16 (8-) = Nac - o2

]
& Area Gy R, Ag = j k\\x-xz-lw) dx
3

8
i) CTEP W Ag = I k\\x‘:r,’-ﬂ‘v) doc
3

[
" [

Ne= -

i z\m]
3

\_B)_’ 2»\3)] _[\\\Tz)"‘ = Li)’ £ 2‘*(3)"\

3 3
- -6
2

I:z » ‘8»

2

w]“,‘;’ e

* Rrea ot region R is 125 square vnits
€
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AreaBetween2Curves

= Areas whose boundariesinclude two curves canbe found byintegration
= Theareabetweentwo curves willbe the difference of the areas underthe two curves
= bothareas willrequire adefinite integral
= Findingpoints of intersectionmayinvolve amore awkward equationthansolvingforacurve
and aline

Howdolfindthe areabetween twocurves?

STEP1
If not given, sketchthe graphs of both curves onthe same diagram
Use a GDC to help with this step

STEP2
Find the intersections of the two curves
If no diagramiis given this will help identify the area(s) to be found

STEP3
Foreacharea(there mayonlybe one) determine which curve is the ‘upper boundary
Foreacharea, write adefinite integral of the form

fb(yl_yz) dx

where yl is the functionforthe ‘upper boundaryand y2 is the functionforthe ‘lower’

boundary
Be carefulwhenthere is more thanoneregion - the ‘upper’ and ‘lower boundaries will swap
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STEP4
Evaluate the definite integrals and sumthemup to find the total area

(Step 3 means no definite integral will have anegative value)

O Exam Tip

If no diagramis provided sketch one, evenif the curves are not accurate
Add informationto anygivendiagramas youwork through aquestion
Maximise use of your GDC to save time and maintainaccuracy:

= Useitto sketchthe graphs and helpyouvisualise the problem

= Useitto find definite integrals

@ Worked example

The diagram below shows the curves with equations Y = f(X) and y= g(X) where

f(x)=(x-2)(x—3)2
g(x)=x2-5x+6

Find the area of the shaded region.

y = (%)
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5TeP 11 Sketch of gaph gven

6TeP 20 Two iYersechions are Yhe roofe & Fix)
fh)= (e oe-3)'=0 ok x=2,  (y4=0)
ond =3 (n_i: 0)
Sove §(x)= o) o Fiod the dher ictersection
(- 2)&::—3)‘ = x'-5x+6
(-2)(ee-3) = (oc-0)(x-3)

x-3=\
xz=h, y° (w-2)(w-3)= 2

STRP 3 The erea, A, o the Frst cegionie: gheny
A [ oeleaf'- (- sevel] o

A r be-2) e be-3)-1] o fockorice (e -2)(xc-3)
N
A= j: \xs 9o +26x -2%) dx
A= [ x* - %c® +\3=ca-2\¥=¢]3
4 2
A (l_) o 2wl 36 bl an)
% "

A: -63 —-16 = 1
" Wy

For Ay, the “upper oo lower boundosies Suwep
Py I: [ -6+ €)- o) o35 e
Ay * L‘* (el 3)]
[ Seng)) &

Py L‘* (- + G - 2600 +24) e

fy- [ St F 3o \3a 2\»11\*
% 3

Ay L (i +305-al' r 2l )- | (a)* +3{z -3 + 1‘*\3\)
W v

Tl area ie A +Ay

~ R Shoded fegion is L W
veo o) fegion is L sgore ve
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