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Unit 5: Integration /// Lesson 6: Integration by
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Concepts & Fundamentals of Substitution

Gilew iy ybygaill JolSill pgnio ¢ |

séludi Jlwl ... Jo UL cadl Jud

Subileo oSl syl Gl o,
Can it be integrated directly?
SUgi grjeist 9i il ySoy Jo >
Can it be simplified/expanded?
Sss30 @i Lol b Juwob go Jo v
Is one part the derivative of the other?

Sudugeaill padiud Lio
Qiidio Loslas! gl Cuny s wpd Juols Joldl aic padiuy
YY1

Used for product of functions, where one is the derivative of the other.

S8le u ydshi Jui

ouBI(4) | &gl (3) il Gl (2) | gweddl J31s (1)

[ f(9(2)) - ¢'(z) dz = [ f(u) du

Practice (1) cwyai B .

Non-linear substitution
1 JWI 3201 jué JolsiUIl aogi

fa:s(a:4 —2)4dz

G ol wgugdll JS1ay o v ydphi

Let = be the inner function, then differentiate

=z4-2 — du=4z%dr — %=33da:

udliay Jolsig yogai

Substitute and integrate in terms of u

= (%)
= Hfutdu=}(%) +C

| ST |
[

Substitute back »

:%(m4—2)5+0}

NMon-linear substitution

Solved Example (1) Jtio B |

1 JWI 32001 e Jo U1 aogi

/2:2(2:3 +1)°dz

Gidai of wgugdll JBla o v yophi

Let u be the inner function, then differentiate

u=z*+1 = du=3z%r = % =2%z
v @y Glodll Jolsil b yogai

Substitute back into the integral in terms of u

- [ (4

z Wiy ado i VIl gop

l Substitute back »

[ = 3@+10+0 |

Practice (2) cuysi B .

. Linear inner function
1 J I a0l pud JolBiI angi

f(4zv—3)3dx

[ u oS pdi gl YSlay dubs Al }

Linear inner function, let it be 4

u=4r -3 = du=4ddr — %=dx

Substitute and integrate

| e |

= fut (%) = } [uta
=1(%)+c

[ =%(4a:—3)4+0]

Linear inner function

Solved Example (2) Jtio B

1 JWI 20001 pé JolSUI agi
f (2z +1)° dz

ud yAugeill gi spiiluo lals ghay vihs dlls

Linear inner function, let it be 4

u=2z+1 = du=2dzr = dT“=da:

Joliig yogai

Substitute and integrate

[ =L@z+1)8+C ]
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Substitution Method Applications /// ydygaidl Jo B Oliudni

Similar Concept Practice (1) «wyai B

A

f62”\/62‘*’ + 4dzx

Padiun t§ELD I aic (2) Jolaoll Bod y— 2 4 4.

Watch the (2) coefficient; let g — ¢ 1 4.

. Exponential Root Example (1) dl:LD | |

Je*ve® +1dx

sz BJl DI Ao diiidins by 4 jiadl Cod W bl

Let y be under root; its deriv. cancels the outer part.

u=e"+1 dp = &

= [eryutt = 331

‘ = %(e“+1)3/3+0}

et

Similar Concept Practice (2) <uyai !

= &

|

ool t-2z (@ jiadl Gl b diidie u=190— 2. 1
- 1

1

Inner deriv. is —2e; let u=19— .
=—1fuVidu=—u2+C

=—v9-22+C ‘

Negative Exponent Example (2) dl.ln | |

[rap—_

Il Biniu o* ddLdio eIl yulijpliall gy o5

Move denominator up with negative power.

du
425

u=4-—z dx =
= [ttt = 1,12 C

{ =—%V4—:E4+O ‘

Logarithmic substitution Practice (3) wujai | |

1
] e

|
I
GBI ade W ludl 5Ly il (41— z). i
i
I

Mind the minus slgn when deriving [4— /)~

=-2fidu=—2Inu/+C

[=—2m|4—¢5|+cJ

. Logarithmic substitution Example (3) dl.'.i..n | |

1
| Zarm

[

1596 pliall yin Winy 130 t(1/2/z) @ J32J1 diieo.

Deriv. of /z cancels the denominator’s root.

u=1++z de = 2+/zdu

=2[ldu=2nul+C

\=2m|1+\/5|+o}

Similar Concept Practice (4) l,l._.!_l.\.lﬁ !

JOLUI Junadid y g guill ydpdl 1302 0 of Aiido,

Deriv. of #? is 32%; let u=o7.

Exponential Exponent Example {4) dl.-u'l _._

w

[ze " 2dg

W il 90 uJ JUus Juddi v il DI 5.

In exponentials, y is usually the exponent.

:u=—:c2/2 dz = 4

= [ze" & = — [etdu

-2
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Similar Concept Practice wujai Exponential with Root Example JUio
elf{” e\jz
3 de —_—
z ,\/5
-pLEAI (b o® biniiu 1)z BTG tu g gudll YSpbi Pl Winkuw jiodl dbidee tugo il gi yoyai
Let exponent be u; deriv. of 1/z cancels 2” in denom. Let u be the exponent; its derivative cancels the denominator.
u= 1 =du=dz=>de=—adu u = y/z = dz = 2¢/zdu
= [ & (—2%du) = — [e'du = f;—: 2y/zdu = [2e%du
=—e/24+C =2 4+C=2eV"+C
\. VAN J
- N\ \
Similar Concept Logarithmic Function Example tio
Inz)3 vVinz
u4:11':!: de
T &
P b 2 I B30T @ibiuing tu g gughll yOsdi .z Biaiw alyylégUl d8idio tu g yindl Cad b yoyhi
Let parenthesis be y; its derivative cancels 2 in denom. Let u be under the root; deriv. of In x cancelsa,
u=Inz = de=zdu u=]n:c=>du=%dw=>dw=wdu
3
=[% .odu= [uidu =f§‘”d“=f“mdﬂ
=%u4+0=%(].na:)4+0 =%u3/2+0= %-(]nm)sf2+6'
A" S N A
~ Y ™y
Similar Concept Practice wujai Logarithmic Properties Example tio
1 1
——dz ——dz
f zIn(z3) zln/z
.u=lnz ydygaill padiwl o In(zd) = 8lnz piyylé gl by cwdggaill padiwl oz = i.]nz.ilgi Ay jLégll oy
Simplify In(z%} = 3Inz, then use substitution u=Inz. Simplify the log first Iny/z = 0.61nz, then substitute.
_ 1 _1f_1 - 1 _ 1
=gt de=1f_Llods | itz =2 sz de
uw=Inz= de=zdu u=Ingz = dr=zdu
1 1 1
=3 ydu=3ln|lnz[+C —2fldu=2M|lz|+C
\. AN J
s A d hY

Similar Concept
/(a:+2)v:32 + 4z — 5dx

- PJBI ugill binl daTdiall ty g yiadl J51s Lo ybybi

Let  be inside root; derivative cancels outer parenthesis.

u=2z%+4z— b= du=2(z + 2)dz

f(z+2)\/im%7 =1 fu'du

1(z*+42-5p32+C

Algebraic Substitution
[(a:— 1)V z? — 2z + 2dz

coguAall yugdll Winiw difidie tug giadl Y315 Lo yophi

Let  be inside root; its derivative cancels the multiplied term.
u=2?—22+2=>du=2(z—1)dz

=f{z—1)ﬁ§(‘%j 1 [u?du

=13/ +C=1(z2-22+2)32+C
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Similar Concept Practice (1) wasyadi Exponential Log Property Example (1) Jlo

fe]’“”(ma +5)*de

fe]”(:r:z —1)%dz

.22 J| Bl gugdll diideo : o0 = (1) gi J535 .aididiog @1 Byguad JolBill Jgaiuw :1gi &0 = () Lol Gub
Recall et = {(...); deriv. of u will cancel the z2. Apply ¢"? =z first; the integral becomes “function and derivative”.
= [o¥(2® +5)%de = [z(z? —1)%de
u=z34+5= du=38zdz u=2z?—1= du=2zdz

=1fuldu=LuS+C =i Juldu=qu'+C

= L@*+50+C ==t -1t+C

Y ™y
Similar Concept Practice (2) «asyali Log & Denominator Example (2) Jlio

far(Tﬁ—a)-”’d"’ [ e ri®

z(lnz+1)?
Jo Bl ddludl 698J1 6acld padiwig us yugdll J3lay Lo yd3c a=Inz+1 g8l vl légll diidios Wiad plioadl b zJl
Let parenthesis be « and use negative power rule. Deriv. of Inz is 1/z; letu=Inz + 1 to cancel .

u=lnx—3=‘-du=%dx=>d:u=xdu u=lna:+1=>d‘u=%dw=:—dz=zdta

=f:°,—du=f6u_sdu =I?:’!-du= I4‘u—2du

=8 4+ 0= +C — VO 5 +C

< -
s N

.
Similar Concept Practice (3) wuyai Exponents & Trig Example (3) JUo

/ecot 42 lnescxdx

/etan=c+2 l.mmv.:a:‘:‘,:a=

sectz pualil i pl etanz . glusec®a 4 ) i ja

Split exponent; simplify ) to get sec?z.

cot by @B gurunn gGgstl diidio 09 1%° —cgc?z
Simplify to cc?x, which is (-) derivative of cot ».

= [e®t% csc® adz = [e***% gec? pdx

u = cot & = du = — csc? ede u = tanz = du = sec? zdz

=—[e'du=—e"+C = fetdu=e"+C

=—e™2 4 C =4

A
-

.
Similar Concept Practice (4) cuyad Log Property & Powers Example (4) Jlin

f%eﬂvhxdx fmse2hzdw

.Jolsg 2 Lle paudl ol ¢80 — 53 158001 yudi Gub
Apply same idea: ¢*"* = 2%, divide by z.

ol .03 ellne — gzt _ 2 :Ilgi il buay
Simplify exponent: ¢2'* = 22, then multiply.

= [1.2%s = [2% 2lde
=lra;2d3 =I$ﬁdz
=1zt+C =1z8+C
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Similar Concept

| s dz

| AUl gl Baclh padiwlg uy ugdll JS1a Lo ybysl tady gl gubiy.

Same logic; let parenthesis be » and use negative power rule.

u=Inz—3 dr =z du

Practice (1) wyysi B

Logarithmic Denominator

Example (1) Jlio B )

e

plinll b Juull wbiog ug gugdll ybydi 13 Y1/z) o aiyylégll diidio.

Deriv. of Inz is 1/z; let y mInx+1 to cancel z.

=lnz+1 dr =z du

Similar Concept

Jtan(3z) dz

Joleo Juil U9 uas ploidl wus opblg duwdl Ladgs taladl gudi Gub

dyglyl.
Same trick; use sin /cos and let u = cos3e.
= _ du
u = cos 3% de = —ggnss
=1l ri
— 3 f u du

[=—%ln|cos3x|+G'J

Practice (2) wwyai B

Tangent Integration

Example (2) Jlio B )

[tan(2z) dz

—

Louadil bl 619590 didiiuog u plioll bsin / cos) il JBJI Jgo (—12)

Convert gun to sin / cos; denom. is y and deriv. is in num.

— _ du
dz = —2sin 2z

Inverse Tan Sub.

j‘ tan
1+m"’
| Wil oy pdilod] ydygaill bl Lo Guusall JBIIEdLG.

Deriv. of tan=1 gis ﬁ’: direct u sub. works.

u =tan! dz= (1+ 2%)du

= fudu=zu*+C

[ = 3 (tan"! $)2+C]

Practice (3) cwyai B

Example (3) gtic B )

&8 Al aigay vy ydygalll tolioll b Sjole Luusall cuall diidie

by,

Deriv. of in—# is in the denom; power rule follows.

u=sin"lz dz = /1 — z22du

= fuldu= Ju'+C

[ = I(sine)t+C ‘

L.

Similar Concept

f ln(oos x)

[rym—r

ydsgaill aic wuluul yLisl Guuii o H(—tanz) @ In{cos ) diicus.

Deriv. of lnfcosz) is (- tanz); mind the minus sign.

_ _du
dz = —tanz

u = In(cos z)

—[Ldu=—Inlu|+C

[= —lu|ln(coaa:)|+0l

Practice (4) wuyai B

Logarithmic Trig Sub.

Example (4) Jlio B |

_cotx

f In(sinz) a:)

Ada> HJLCQJ JoBU ndgoy o ydugaill teotz oo In(sin ) i ‘o,

Deriv. of In{sinx) is cotx; results in double log integral.

de =

u = In(sin z) otz

=[ydu=
[ =1 +C |

In|u|+C
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Practice (1) wyysi B

Mon-linear Angle Sub.

[ zsin(z?) dz

| Aol | @A Juaadid v g dygl I o phi b Gloiadl pudiy.
Same logic; let angle be u to simplify the trig function.

=P — du
u=z de = g}

=1 [sinudu=—1cosu+C

[ = —1cos(z?) +C ‘

Example (1) Jlio B )

Mon-linear Angle Sub.

[z cos(z?) dz

of iidins tiugl il (& u yd s ahs ui” Aglisl Sl 13 s ol 858

o yJl 2 JI Wiad,

If angle is non-linear, let u be the angle; deriv. of =2 cancels outer #.

. | — du
u=gz do = 5}

=1 [cosudu= isinu+C

= 1sin(z?) + C ‘

Practice (2) wwyai W

Logarithmic Angle Sub.

f si.n(]ﬁnm) dz

| b gl cun JI Jeaiow JolSUI i Bodg tug aliylégll ybpdl.

Let Inz = u; the Integral simplifies to sine of 4 only.

u=Inz dzr =z du

= [sinudu = —cosu+C

[ =—coﬁ(lnm)+C'J

Example (2) Jtio B |

Logarithmic Angle Sub.

f cos(In z) dx

&

plinll L Aisul uy dugl il ySphi 13 Y{1/z) o aiyylégll dbideo.

Deriv. of In» I8 1/2; let angle be , to cancel the denominator.

= [cosudu/=sinu+ C

{ =sin(lnz)+6']

Secant with Angle

Practice (3) cwyai B

[ sec(3z) dz

| aladl b (3) dygl il Joleo e douudll Gudi alg Hlodl gubi G4b.

Apply the same trick; divide by the angle coefficlent (3) at the end.

Multiply by 5525 ss

[= %ln|sec3a:+tau3:=|+01

cant Integration Trick

Example (3) Jto B )

[seczdz

ddideo ouudl 2y 1350 tsecs +tans) b ioLE.ogf.h.u.u A 1885 dleo

pliadl.

Multiply by S2£H30%, o). becomes deriv. of denom.

_ [ sec’ztsecotane —
=[ ety tde —> u=secz +tanz

=In|secx +tanz|+ C ‘

Practice (4) i B

cant with Angle

Jcsc(2z) dz

(2) e loguuio yugill piysleg) (o dagiillg u pliall taladl gudiy.

Same trick; denom. is « and result is log divided by (2).

cac 2z—cot 3z

Multiply by Cc3ecot2e

[= %ln|cac2:c—cot2z|+CJ

Example (4) Jto B )

Cosecant Integration Trick

Jesczdz

pliol &Eidias ! Jle Juasil ecz —cotz) b Loliog Unuuy cipudi.

Multiply by % to get deriv. in numerator.

2

_ csc” z—cscx cob —_ —
= [ecmetide —> u=cscx —cotx

=].n|cscm—oot:c|+CJ

Telegram
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Similar Concept Practice (1) wuysi B I Symmetric Trig Products Example (1) lJl-I-D | .

[ sindz cos 4z dx [sinz coszdx

$511gu lodasi ybpsl Hlosmudey OlEidie ploill wusg wusdl ol 8485

| Alail b dale iy il L GUELD I sic (4) gl Jolas) dgil. Juo LAl o iy,
Watch the angle (4); divide the result by the coefficient. sin and cos are derivatives; let one be uto cancel the other.
u = sinde de = g3 u=sinz dz = 2
=%fudu=%u2+0 =fudu=%u2+0
= §sin’4z + C = 3sin’z+C
- J

Practice (2) wujai | | Power Rule for Trig Example (2) dlip | |

[sinz cos® z dz [cosz sin’ z dz

Ubygaill Jadl tLoylgay (cosz) Liliden (s z) g dl degdpall &1t

vaygaill sic bl §yLisl Guuii U H(—sinz) @ ploil cius diiidio. S,
Deriv. of cosz Is —sing; mind the minus sign. sio » Is ralsed to power 3 and its derivative s adjacent.
U =CosT de = 5 u=sinz dz =
=— [ubdu=—}u+C = [uldu=Zut+C
(iero)

[ Similar Concept Practice (3) < yai | | Non-linear Angle Power Example (3) ‘JL'I‘..D | |

fa: sec? z2 dz fa:2 sec? 23 dz

27 pfindl o goldiiow o digl il ybphy t(aa?) o (2%) gl I ddido

gedl gblidl Jolsl Jusuud) u g draw pUl digljJ1 yosa1 tdbiadl guuiiy. CYIENR
Let the quadratic anglé be y to integrate sec? easily. Deriv. of angle =* is 3c2; sub. cancels the outer variable.
u=2? dx = % u=g® dz = %‘5
=1 2 =1 =1 2 =1
= 3 [sec’udu = Stanu+C = 5 [secudu = jtanu+C
{ = %tan(a:z)+0} [ = gtan(z®) +C ‘
o S >

Double Exponential Logic Practice (4) i B Double Exponential Logic Example (4) dl.-l..o | |

J e sin(e?) de [ e® cos(e**!) dz

L T AT e s . Syl e plivw e (0 dagl P A8idio 130 te™t! = el - o® 8Ll 1/e.

L S dugl iyl godl tayJL Lolod 529290 (7) dygl Y ddicus touwl Wl 0o u. : e o a9ty vy
eT+1 = ¢.¢%; deriv. of angle is ¢*+1, leaving a constant 1/e.

Easier case; angle derivative (&%) is exactly outside; let u= £,

— gH = _du
u=e* dz:% u=e dx ezt

I e _cosudu = %fcosudv.

= [sinudu = —cosu+C P

oerre) [

Telegram YouTube 0562721972 & magdymath.com
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Practice (1) wyysi B

Similar Concept

Example (1) Jlio B )

Simplification via Reciprocal

[sinz(cosz + 2)5 dz

bl 3yl y auiil (—sing) O pLadl Cius Alidio tuy gugdll gl

Let parenthesis be u; deriv. is —gine; mind the minus.

du

—ginz

u=coszr+2 = dx=

— [uPdu=—FuS+C

—glcosz+2)0+C J

(sinz+1)3

secT

[

Lo 10 gng H(1/secz = cosz) plaill cuus 9o ghblill wglio :Jall 5y8b

Gugdll JSlay.
Reciprocal of sec is cos, the deriv. of (siaz+1).
= [cosz(sinz+1)%dz , u=sinz+1

= fuldu= Ju'+C

l(sinz +1)4+C ‘

Practice (2) wwyai W

Similar Concept

[ sin2z sin ¢ dx

|4 ! gA bl H(2coszain? o) 8590t JolEI| Jgaiuw tahsUniall gudi Gub

Apply same identity; let u = sinz to integrate n2du.

= [2coszsin’zdz , u=sinz

=2 fuldu=2u3+C

Example (2) Jtio B |

Double Angle Identity

[ sin 2z cos z de

aiidioll e Bl Dgi (sin2e = 2sinzcoss) dugl Pl hod CLb : Yol 586,

Use sin 3z identity first to reveal the internal derivative.

= [2sinzcos’zdz. , u=cosz
-2 [uldu=~%u3+C

[--4

cossm+C]

w

Similar Concept

Practice (3) cwyai B

[ esc? zv/cot z dx

| @laol By u= cotz 4 YAGRUI H—csclz) O plad JUEI) AELL.

Deriv. of oot o s —csc? #: use 4= oot

=— [u'?du= —%u3f2+C

[

~2(cotz)%? 4+ C \

"

Trig Product

with Root

Example (3) Jto B )

[ sec’ zv/tan z dz

Jio il Jodl 98 u=tanz 4 ydugaill 13 tespall gpblill (o gLl ddides.
Deriv. of tanz is sec? «; I8t 4 = tanz directly.

dz = du

u =tanz =5

= [ul/?du = %u‘w +C

[ = Z(tanz)*? + C }

Practice (4) i B

Similar Concept

fVsinz cos® zdz

| diiideng wuadl W0y WS W1l puualdl (1-sin?z) J cste Jgo.

Convert cos? to (1 —sin?); use u=sinz,

= [u?(1 —u?)du = [(u/? — u5/?)du

[:%':mz—%sin”zz+0J

[ = Z(tanz)/?+C J

Example (4) Jto B ~

[+/tanz(secz tanz)? dz

r Simplification

U dfidus aaiw tlgi oI sob 2021y Lol yuill gjg :daJl 5456

Sjolo.

Distribute the power and combine tan terms first.
= ftanﬁfza:seczmdm , u=tanz

= [udu= 2u"? +C

Telegram
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Similar Concept Practice (1) *JA.I« !

Example (1) Jlio B )

Trig Root Denominator

dx

f COST
sinz

D AL (2 (0 el Al tuy giadl ob L gdsl ik nll gudiy

dwlo.
Let under root be w; deriv. of sin= is exactly cosx.
— _du
u=sinz de = =5

sinz

Jcosz

J

&

09 (—sinz) O plaill cus 8didis telw yuly pliall gbyi :Jall 5456

bBaudy di9390.

Move denominator up; deriv. of s is —aine (present in numerator).

dx:

U=Ccosx _:i';x

= —fu2du=-2u'?+C
= —24/cosz+C ‘

Practice (2) wwyai W

Sl JolBil u Lausdysl tolinll b 839290 auloll cuall ddidie.

Deriv. of sin—13z Is in the denominator; let it be 4.

g de =1 — z%du

u = sin

= futdu= Fu®+C

(-

t(sin'z)5+C J

Example (2) Jtio B |

Inverse Trig Power
f (tan—! z)? da
z2+1
a2 Wy $95 D1a) Lagay ybygalitdl - (o Lussall JAJI dkid.

Deriy. of taam z is =2'_| ; substitution leads to power rule.

dz = (2 + 1)du

-1

u=tan &

= fuldu=3Fud+C

{ = 3(tanTm)* +C ‘

Similar Concept

Practice (3) cwyai B

J cos 2z sin? 2z dz

g B

udsl toylgay plol cuuo il t6gi) £odpoll g0 LIl Lid umiin2s.

Here sin is raised to power; its deriv. is adjacent; let u=sin2z.

— _du
dm_zaou%

u = gin 2z

=1
]

[E

Juldu= Ltu®+C

%sin52z+0}

Hig

"

Power Trig Product

Example (3) Jto B )

f sin 3z cos® 3z dz

Jolaols agiil t2jLJy 619290 LiHideo (cosb 32) Sl I il dladi

(3).
High power function {ngS:r] has its deriv. outside; mind the (3).
— — du
u = cos3z dz = —5 =

=—3 [ubdu=—-%u®+C

[ =—j5cos®3z+C ‘

Practice (4) i B

Similar Concept

f:cz sec? z3 tan z3 dz

g p.u.n.iiw dauiil] 1809290 Lol ddidiog duunsi digl i ¢ @il yuiis

(3) ole.

Same logic; cubic angle; tangent derivative present; divide by (3).

— 3 = __du
u = tan .z dx—wmszs

=3 fudu= v’ +C

[=%tan2£3+CJ

Example (4) Jto B )

Complex Angle Product

f:csec2 z2tan z2 dx

P Y

JolSiIl b JolsIl 619290 (09 Irsec’x? (0 tans? Adidin i Bsul.

Deriv. of tana? is 2esec 22, which is fully present here.

dx

— 2 = _du
u =tanz = 2zseciz?

=1 fudu=1u?+C

{= itan?z? 4+ C ‘
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Similar Concept Practice (1) *JA.I« !

Example (1) Jlio B )

Trig Root Denominator

dx

f COST
sinz

D AL (2 (0 el Al tuy giadl ob L gdsl ik nll gudiy

dwlo.
Let under root be w; deriv. of sin= is exactly cosx.
— _du
u=sinz de = =5

sinz

Jcosz

J

&

09 (—sinz) O plaill cus 8didis telw yuly pliall gbyi :Jall 5456

bBaudy di9390.

Move denominator up; deriv. of cosar is —sine (present in numerator).

dx:

U=Ccosx _:i';x

= —fu2du=-2u'?+C
= —24/cosz+C ‘

Practice (2) wwyai W

Sl JolBil u Lausdysl tolinll b 839290 auloll cuall ddidie.
Deriv. of sin—13z Is in the denominator; let it be 4.
u=sin"lz dz =v1— z?du

= futdu= Fu®+C

(-

t(sin'z)5+C J

Example (2) Jtio B |

Inverse Trig Power

(tan—! z)?
z2+1

J

120 dbuu g6 Wi ladgay ydsgaill ok 8 el JBI ddid.
~Lleis 1 . i
Deriyv. of tan™" = |s 2a° substitution leads to power rule.

dz = (2 + 1)du

u=tan "'z

= fuldu=3Fud+C

{ = 3(tanTm)* +C ‘

Similar Concept

Practice (3) cwyai B

J cos 2z sin? 2z dz

g B

udsl toylgay plol cuuo il t6gi) £odpoll g0 LIl Lid umiin2s.

Here sin is raised to power; its deriv. is adjacent; let u=sinZz.

— _du
dm_zaou%

u = gin 2z

=1
]

[E

Juldu= Ltu®+C

%sin52z+0}

Hig

"

Power Trig Product

Example (3) Jto B )

f sin 3z cos® 3z dz

Jolaols agiil t2jLJy 619290 LiHideo (cosb 32) Sl I il dladi

(3).
High power function {ngS:r] has its deriv. outside; mind the (3).
— — du
u = cos3z dz = —5 =

=—3 [ubdu=—-%u®+C

[ =—j5cos®3z+C ‘

Practice (4) i B

Similar Concept

f:cz sec? z3 tan z3 dz

» 4 - " . o e ..
| il dagiill 829290 Lol ddiuiog duasi digl il b Gbiod| gudiy
(3) oLe.
Same logic; cubic angle; tangent derivative present; divide by (3).

— 3 = __du
u = tan .z dx—wmszs

=1 [udu=Fu’+C

[=%tanza:3+CJ

Example (4) Jto B )

Complex Angle Product

f:csec2 z2tan z2 dx

P Y

JolSiIl b JolsIl 619290 (09 Irsec’x? (0 tans? Adidin i Bsul.

Deriv. of tana? is 2esec 22, which is fully present here.

dx

— 2 = _du
u =tanz = 2zseciz?

=1 fudu=1u?+C

[= itan?z? 4+ C ‘
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Similar Concept Practice (1) *JA.I« ! I Inverse Trig & Log Form Example (1) 'Jlj_p ! .

— 1l 1
f (1+z?)tan' z de fm dx

By pliyjlé L85 LigaJ Loud g 1351 —1g Ao,
sy ol leg) Jo 43 ol « Jr-¥ s Yo n e
Deriv. of sin~—L# is present in denom; u sub yields a simple log.

Joll Ladgay @9&3“':‘3 O tan~'z AEidun thniall gubiy 1.

Deriv. of tan~1z Is ﬁ,—: result Is log of the function. u= si.n'lw de =1 — z"’du
uztm‘lzﬁdu:ﬁdx =f%du=]n|u|+0
[=ln|t.an“:=|+0 ‘ =ln|sin‘1a=|+0]

ine Sub. Practice (2) wwsss B | Example (2) Jto B |

coslz sec! 22
| frde [ v &

- 19 dEidio
[22] /4221 (LT

sie JolSIy pliatl (o yaliii il Bod b

Soil bacliy Alwall Loy yAygeill {——L ) @ cos~!z diiiduo.

= s,

Deriv. of ca~!xis present; let um oo = mind the minus. Derly. of 4132 matches the denom. part; let o= s~ 22.
u=cos 'z = dr=—+1—2z2du u=sec 2z de = mf!_ldﬂ
=—fudu=—-1u?+C = fudu= ul4C
[ = —1(ecost2)?+C ‘ { =%(sec‘12z)2+GJ

Exponential to Arctan Example (3) ‘Jllﬂ !

. e
f 4:52” 1+e¥* dx

| Similar Concept Practice (3) cwyai B

8yg1ad Jo Sl Jgals u=e* gdpis te¥ — (¢7)2 Ui o5 tanu.

. {e’}z; u = &7 sub. leads to the arctan integral form.

el padiuwl to? = 4) Cul 39294 5)54)1 Guihi Lean ! 2.

— — du
Same logic with constant a=2 use lian—1{u/a) formula. u=¢e" de = 2
— o 1 — 1 — -1
u=e" = [ladu =[{zdu=tan'u+C
{ = lm—l(%)+o} [ =ta:n_1(e”)+0 ‘
" 4 w,
Similar Concept Practice (4) i B Trig to Arctan form Example (4) Jtio B
cose sin
1+sin’z l+cos?z dz
Wil (o u=sine 4 yAygaill 1épdilo plaill wus (0 sl diidee JI B2eld) liliogy v=rcosz 4 ydygaill —sinz) (® ALAUI wuy> diides tanl.
P Deriv. of coss i5 —sins; « = cosz leads to the arctan form.
lygd. du
Deriv. of sin= is exactly coas; let u=sine for direct arctan. U =cos® d:B = —sino
u=sinz = [lzdu =—[izdu=—tan'u+C

[ =tan~!(sinz) + C [ = —tan"!(cosz) + C J

Telegram YouTube 0562721972 '-E—) magdymath.com
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Similar Concept Practice (1) wwyai B

[

z2+4+2z+2

Completing Square - Tan™" Example (1) Jtio B

[ sz de

5 pdileo Jadl tpapadl JLosl any (£+1)2+1 auay pliod] tan~t,

Square is (z + 1)? + 1; integrate as tan—1.

usall JBII §5g40 Hz+2)7 +1 auual o? + 40+ 4+1 tg ol Jasi.

Complete square: (a'.+il)’+ 1; integrate as tan~1.

fmdm — u=x+1

=tan "}z +1)+C

J

mdﬂ: = u=x+2

=tan"}(z+2)+C

Similar Concept Practice (2) «wyai B

[ 329 do

3 Lo puuiio dagiil 0? =9 = a=3 teudilin aclill Gub.

Apply formula directly; a = . Result divided by 3.

f;%;d:c=>a=3

= ytan }(2)+C

St

andard Arctan Formula Example (2) Jto B

J st e

dadil a=2 dus Luulall JBU L Lwill §)g.all Lo oin

1/atan"(z/a).

The basic tan—! form where a = 2. Formula: %m_l -§ .

J

1

mdﬁ: = a=2

= stan"}($)4 C

Similar Concept Practice (3) cwysi B

f w2—6];c+13 dz

Completing Square - Formula Example (3) Jl.'i.n [ |

[ e da

z2—8z+25

g0l JlaS| say Lo o =2 gi Bod Yz — 3)2 + 4 90 pliodl.

Denom: (z —3)2 4 22. Note 4 — 2 after square completion.

S Saclif padiwl Yz — 4)2 +9J Jgaiy plioll g = 3.

Denom: (z — 4)2 + 3% use Ltan—(ufa) with g —3.

J‘md& — u=xz—3

= ltan}(Z3) +C

J

mdﬂ: == u=z—4

= ttan"}(Z2) 4+ C

.

Similar Concept Practice (4) «uyai B

1
| Vo 4o

Radical Completing Square Example (4) Jtio B

1
| o do

uisall cuadl b a=2 Ji $535 /27— (2 - 2)7 puuay yiadl ol Le.

Inside: \/‘ﬂ - (z—2)2. Recall a =2 for sin~L,

sall cuall 5ygu0 !vsi—(z—s}ie.!myJ.'\:ng Ciadi Lo oy

Inside radical: V’Iﬁ - {z — 8)2: matches sin—! form.

=sin"!(%2)+C

/

1 de — u=a-3

=sin"!(%32) +C

Telegram
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ol Jolall wouwg dGl JI5i51 /// $yghio Ol

Similar Concept

Practice - cuyai B

f z8+1 dz

| ole paudi) 42° o 2% AL $(24)? 5 2° iS5 1855401 gudiy

Write z® as (24)2; deriv. of 24 is 4z°. Divide by 4.

/ (m4)=‘+1d‘” = u=2z'

_ 1 1
= 4fu2+1d‘u

= stan~!(z?) + C

Example - JUo B

Order Reduction (Arctan)

xﬁ +1 dx

Ppadiunig vy Ailidis pogud () 5 2° ik sAGI YIS

usall S SaclE.

Power Reduction: Write z° as (z%)? to match numerator’s derivative.

/ (z3)2+1dm = u=2°

— 1 1
- 3 -ru3+1du

= 3tan~!(23) + C

Similar Concept Practice - wuysi B

fﬁdﬂ?

| pisoaw u=2% g gdugaillg v\/1 - (2f)? puuosuw plioall
[PYPVI PP

Denom. becomes \.r‘l — (2%)%; sub. u =25 clears numerator.

dr — u=2°

=g
%f«/ll-?d“
[ = ¢sin”!(23) + C ]

Example - JGo B

Order Reduction (Arcsin)

. [oaclill 85940 GylbwS (z7)? 5 2 LSS ruusall cuadl juaal.

Prep for sin~!: write z! as (z)? to match standard form.

de — u = z2

fﬁ

= % f \/11_32 du

[ = ¢sin"'(z?) + C ]

Similar Concept

Practice - wusyai B

[Vz"=2zbdz

- Jabgil 2 g a5 509 o UL giadl 51 gidin Jole 25 canawl
diidenll.

Factor z® out of 5th root as x to get the derivative.

[ v/z%(z? — 1)dz = [z(=?

u=gz?-1 = 1 [u'/Sdu

—1)dg

S(22-1)%+C ]

Example - JGio B

Smart Factoring

[ Vb =23 dx

U957 4 4250 i yyiadl Y51 2¥ canawl 1,85 ik Jole

L3

adicanll.

Smart Factoring: pull 2 out as z to create the derivative.

[ V3 (z? — 1)dz = [z(z?

u=gz?-1 = 1 [u'Pdu

(-t

—1)3dz

—1)*3 4+ C ]
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(Ulpaioll 100l uusall ydygaill) dayldl sgbidl /// $yghio &l

Similar Concept

Practice - wuysi W

1
f zva8-1 dz

Inverse Secant & 4th Step Example - .JL'LD | |

f :c\/::-“—l dz

| pdid ylaisyl aes pliall b 2® dla) Gldiow tdis gl gudly

(dayipl S903U1) Lusall ydygailly.

After cancelling, substitute the remaining z* back with u.

u Wy 2? pydiaul w go ¢ praioll cliy joou 4 :dayidl oghiJl

usie pbUEs Jasil.

4th Step: Variables can't mix. Sub. z2 with u.

u=2 = de=2 , P=u u=2 = dz=2 , 2?=u
_ 1 _ 1

=J s =J v

[ = gsec }(2%) +C ] [ = ysec 1 (z?) + C ]

Practice - cusyai M

Similar Concept

Jz(z+3)*dz

Example - Jtio W

Algebraic Back-Substitution

fz(z —2)%dz

| Jeail ybshIl 30 z = v —3 Wiagh @il 12y BIL ¢ Lhtisw

Aoy 3940 Ol puis Wiuead.

Extract y = — 3 to convert into a simple polynomial integration.

| s Wil ORI 0 2 = o + 2 d0ud 2wl 1Ol pudioll drdunl

iy yulghiill upud pubill 4 yogey.

Extract y = 4 + 2 from the assumption to expand the brackets.

u=2+3 = de=du , z=u—3

= [(u — 3)u'du = [(u® — 3u?)du

[ =3z+3)°-2(z+3)°+C ]

u=2—2 = de=du , z=u+2

= [(u+ 2)ubdu = [(u® + 2u®)du

[ =3@z-2)"+3(x-2)°+C ]

Practice - wyysi B

Similar Concept

| g d=

Fractional Back-Substitution

Example - Jtio B

|00 SRl claw guls plial @iyl a5 iy yb9eg o = w3 2wl

bl

Extract z = "3‘1 . Move root up with negative power and multiply.

| Bl b Wnubgai ab v = 41 a0gi ydpill (o yudiall ol il

Ay sl 6gdll Lle dowudl).

Solve fort = “;1 . substitute it back, and divide powers.

u=3z+1 = da:=%“ , a:="‘T_1

— %f(‘u,lf’z _ u—1f2)d,u

[ =2(B8z+1)¥2- 28z +1)2+C ]

u=2-1= dt=% , t=21

— %f(u1f2+u—1}2)du

[ =1@-132+1@2-1)"2+C ]
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Similar Concept Practice - wusyai B

[z5Vad +2dz

Power Split & Back-Sub Example - Jtio B

[z*Vz? — 1dz

Split » to #%. 42, Deriv cancels »2. Sub o with (x—2).

oAl oo 27 Je yogeg vididial » padiwl 2?2 2P 5;9 e

Split % to £2. ». Use z for deriv. and sub £? from u.

du

u=a’+2 = 2*=u-2 , dz=3%

=2@+2)%2 - 3(=*+2)%2+C

vu=z-1 = a?=u+1 , dx=§—:

= 3 Jw+ D du = § f(*? +u'/)du

= L(a2—1)%2 + L(z? —1)¥24°C

r

Practice - cuyysi M

Similar Concept

1
f |z|v/z2—16 de

Inverse Secant Prep. Example - JUo B

1
f |z|v/22—25 dz

Saclil Jgwogll u==z/i yopil Gub 4% =168 — a=4 L.

Here g —4. Let u=»/4 to reach the direct sec—! formula.

J3adl go Sulolandl 309U u=a/5 YOsbl LSacliSl Gulil.
Prep for gec—1: match coefficients by letting u=uw/5.

= dzr = 4du

_z
U=7

/ 4du 1 1) du
|4u|v/16u*—16 4 J |ulvur—1

= isecI(2)+C

u=% = dz = bdu

— f Gdu — 1 f du
|5u|v/25u2—25 5 |ulvui-

-

= tsec 1 (2)+C

Practice - cusyai M

Similar Concept

JV2+yzde

I Bind b Il BELLD b Loy pudlg 7 —u—2 pdiuwl by pbdl by o

Extract ./z = u— 2 and multiply it by the differential to eliminate =.

u=2+ /2 = dz=2y/zdu=2(u—2)du

= [Vu-2(u—2)du =2 [(u¥? — 2u"/?)du

=42+ 2)%% - 82+ V)2 +C

Example - .Jliﬁ [ |

Derivative Back-Sub.

JV1+zde

Bl 30 (u—1) 4 Wadagiawl tE e giaiw dr JI sddidall ybygal.

de contains /2. Replace it using the initial assumption u -1, |

u=1++2z2 = dz =2/zduv=2(u—1)du

= [ V- 2(u—1)du =2 [(u¥? — u'/?)du

= §(1+v2)"? - §(1+=)**+C
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Similar Concept Practice - wusyai B

[sin®zcost zdzx

UBblg 1—cos’z S LoJgo sin’z - sine I sin'c i§ )2 1845401 Gardiy u=cosz,

Split sin¥a to sin’ s -sinz. Convert to 1—cos’ and let u = cose.

Ybsblg u=snz,
Split odd power: cos® z = cos? z - cos . Convert to 1—sin?z and let u = sinz.
u=cosz = sin’z=1—u? , dz= —it;m
— 2 —1 2 — _du
u=sinz = cos*z=1—u* , dr=_"
— [ 2y, 4_du  _ 6_ .4
= [sinz(l —u*)u*—&— = [(u® — u*)du
Jsinal ' =z = I ) = fcosz(l —u?)uS-2 = [(u® —u")du
COB X
— 1.7 1,5
=zu' —zu’+C
4 5 =148 - L840
1. T 1.5 . .
= ycos'e — gcos®z +C = lsin®z — Lsinfz +C

Odd Power Split Example - Jlio B

[cos®zsin® zdz

1—sints J @il J9o wcoslz:conm JI cosdm (552 1§ph1 gl LSS

Practice - cuyysi M

Similar Concept

Jcotzcsct z dz

B9 cot?z + 19 1351 J85 wcsc?z - cactz M cac z 842 u = cotze

Split cscdz to cactz . cse? z. Convert one to cot?z + 1 and let u =cota.

u=cotz = csc’z=u’+1 , dz= _:,:23
= [u(u?+1)csc?e—2— = — [(u® + u)du
=—tut— 14?4+ C

= —gcot*z — Jcot?z + C

Secant Power Split Example - JUo B

Jtan zsec! z dzx

Jeog diiidiall 51519 padicwl seclz-sectz Il sectz § 15 pblill sl

J sySUl tan? 2 4 1.

Split seci= to sec?z - sec? z, Use one for deriv. and convert the other. |

du
seclz

de =

u=tanz —> sec’z=u?+1 s
= [u(u? +1)sec’z_2% = [(ud + u)du

=1ul+ $u?+C

%tan‘la: + %ta.nzx+0

Practice - wuyyai W

Similar Concept

52/

Tro7 0%

Smart Power Substitution

Example - .Jliﬁ [ |

3z
1423

dr

JBIT Saclid Jun u=e" ybshy o = (0¥)? s9ay pliol! tGhinll yudiy

plilo ausall.

Same logic; denom has 2 = (z5/2)2. Let u =252 to reach arctan formula.

8jol> diidioll saiw u=o% ydyhy o = (%27 Ji Bod 1,55 ydagal

bt boLait

Smart Sub: Note % = (z%/%)%. Let w = ¢ to find its deriv. in numerator!

u=2%? = du= %a:sfzda: = 2du = 52%/2dx
=[5

=2tan"lu+C

= 2tan 1(2%2) + C

u=2% = du= 32'%dz = 2du=3\/zdz

=/

=2tan"'u+C

2du
1+u?

= 2tan1(z%?) + C
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Limits & Logarithms Example - Jlio B

Similar Concept Practice - wusyai B

2
S S e__1__
1 z(2+kngz) dz fl z+zlnz de
b e? 914 ybge) 39221 Jiég uy yugdll ydsbl .5j0L2 dsgauuis o JI P e 9 14 ubgE 1agandl pik w g gughll ySpbl pi L fidis Jole g 35
(udpidl. el gaigaill cuadl ybuill.
z Is already factored. Let denom be , and change limits with 1 and 2. Factor « out. Let 4 =1+ n#. Change limits by substituting 1 and ¢ into u.
u=2+Inr = de==zdu u=14+Ine = dez=xdu
z=1= u=2 , z=€* = u=4 z=1 = u=1 , = = u=2
— 14 4 _ | 21 2
= f# Ldu=nuflf =4 —In2 = [? L (@du) = [ Ldu=[Inu]}
=In(4) =In2 =In2-Inl1=In2

Similar Concept Practice - s sl | | Limits & Arctan Example - JUo B

1 52 1 .3
s dx £ dx

0 26+1 0 z8+1
i Bagaadl 3gandl gi aniw a9andl yidg u=2" yddl .(z?)? JIf Jg> b 1 9.0iudygRis 3921 i . uusall JBU Jgogl (24)? ] 2° by
S0 1 u=gff
Rewrite z°%as (z%)2. Let =23, New limits remain 0to 1. | Rewrite =% as (z4)? for arctan. Change limits using u =z4,

u=a° — de=2

3T
z=0= u=0 , z=1= u=1 z=0 = u=0 , z=1 = u=1
=i o du = 3[tan~!ulj =1 o du= [tan~lulj
-i9=% -1G-0=%

v

Similar Concept Practice - < jad | | Comprehensive Mastery Example - dliﬁ | |

fo (32+2)2 fs 0 (m2+1)2

JOGLg +(2 3 3) J 3gaadl Jié vu =2 +2 :ilo il Slghdl yudi Gub UL LA 2? = u— 1 2l gAduul + 39aal i culiiy :Jolds Jlgau
s lawso s =0 2. Jolsislg.
Apply same steps: change limits (2 — 3), and back-substitute »? = u -2, | Comprehensive: Requires limit change AND back-substituting »? =u—1, |

u=2"+2 = de=% , 2?=u-2 u=2’+1 = de=92 |, z2’=u-1
z=0—-u=2 , z=1—u=3 z=0—-u=1, z2=2->u=5
=3 i—:d'u = [ - 2u?)du =7 f—:du =2 [l (! —u?)du
=[nful+ 2]3=(In3+ 2) - (n2+1) =2[n|ul+ 1] =2(In5+ ) —2(ln1+1)

~(}) -} ~ 25— §
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Practice - wsjyai B

Similar Concept

If [ f(z)dz = —6,Find: [}2f(z —1)dz

Given Integral Value Example - Jlio B

If [ f(z)dz = —6,Find: [; f(%)de

Jo iU Tolal ddsUns auall bl 39andl Ji aaiaw u=z—1 ydsbl

< baoll

Let u= o~ 1. The new limits will exactly match the given integral.

doudy ydge i 1392l sl u=—q/3 ySgall padiuwl :Jadl 558

.Lhaoll Jolsit|

Let u=#/3 to change limits, then substitute the given integral value.

u=z—-1 = de=du | z=1—2u=0,c=2-2u=

= Jy 2f(w)du =2 [§ f(w)du

u=% —> de=38du | z=0—-2u=0,z=3>u=1

= Jo f(u)-3du =3 [} f(u)du

Similar Concept Practice - cuyysi M

If £(0) = 2, f(8) = 10, Find: [ 3z2f'(2°) dz

Example - JUo B

FTC & Substitution

If f(1) = 3,f(4).= -5, Find: [’zf'(z?)da

39a0Jl pudiig 2y LBJI pudiodl Biogw wi=g® yopbl bl ] gurdiy

.lbooll asill

Let o= «%. The outer variable cancels. Change limits and evaluate.

Asi)| Pa3iiulgngandl 4ié .flu) VI ooy f/(v) diideotl Jolsi
JAllal slbaoll

Integral of f/(y) is f(u). Change limits and use given function values.

u=a° = de=2% |

BT z=0—2u=0zz=2—>u=2=8

= [y 32 f'(w) & = [y £'(u)du = [f(u)]}

= (8)— £(0) =102

=8

w=g? = de =% |

e z=1—-u=1 =23 u=4

= f14 zf'(u % = % f14 f(u)du = %[f("')]%

31f(4) - f(1)] = 3[-5 -39

=4

Practice - cusyai M

Similar Concept

dz

If £(1) = 4, £(3) =25, Find: [} 25%

HiE P b Bodl Yo (S Joaisg wind dEidiall u=f(z) ydsdl

-pioiuwig 39aaJl

Let « = f(z). Deriv. cancels, leaving «~1/2, Change limits and solve.

u= flz) = da:z% | z=12u=4, =33 u=

_ 2 1
=l &

= Hau! P = [Vl = V35 - VA

du=1 [y 124y

Function Substitution

Example - .Jlin [ |

If f(0) =1, (1) = 9, Find: [ 3¢/f(z)f'(z)dz

Wil Jogaiig f(z) diideall Biail u= fz) yoybl ldlols Wiy yAygal

by S gd

Let o= f{z) to cancel the derivative and integrate a simple power function.

u=f(z) = da:=ﬁ‘i)- | 2=0—-u=f(0)=1 2z=1

=f 3vVuf!(z) poey = [P 3u'?du

= 3[243/2]) = 2[93/2 — 13/2] = 227 — 1]
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(Average Value) Wil doud bawgio /// dbladl Olduhidl

Practice - cuyai W

Production Rate

P(t)=20— 4(t—2)° WIDJU ol gias Uil Jsss boj
uo 2ligdl buugio o9l .Oleludl t Eus (SILEUI Slioy)

(¢ = 6) dawslud! delud! JI (¢ = 2) duil] delud]
A factory’s production rate is P(t) = 20 — 1(t — 2)°. Find the average
production from¢=2 to t =é.

90 3920J1 Juy Gl Spuislo Buwgioll Jgils Gub

6—2=4,

Puve = 555 [5 (20 — 1(t — 2)?)dt

= 4o )]

= 1((120- %) — (40 - 0))

. v

Temperature Model Example - dL'i.n |

Uandl sl b C° 6ylpadl doys dygatl sloydl dbaos Jauoy
dbidall loisiei JSos @i gulid JulUl duaiio say
0 BpAAIl B Sylpadl @2ys buwgio a29i JT(t) =3— 1(t—5)?

(17 detudl) Fluws 5 I bluo 8 dcludl
The temperature is modeled by T(t) =3 — +(t — 5). Find the average
temperature from 8 AM to 5 PM (i = 17).

1 8 30 JoELIN 3925 . fupe = g1 [7 f(t)dt :louugiall gilh

17.

Tove = 75 f5 (3— L(#=5)%)dt

17-8 J8

1 1 125)3 17
S )

(o]

. v

Chemical Reaction Practice - <y ] Drug Concentration Example - d'-b |

229 .C(t) = 2= VIV (hal Joldl b Lbloss 8300 jusyl
[0,4] J9 il gyy il Lilgiul JuS ju8U1 BBuugio

Chemical concentration is C(t) = ‘/;‘w . Find average concentration
over the first 4 seconds [0,4].

W1 .25 J19 G0 auunil 390l o .u=1¢2+9 ydydl
5 Joo Wi u~1/2,

"

Cuve = L [y 26(t> +9)"2dt

= Letu=1t%2+9

25
12
1 (25, -1/24,, — 1 [uf ]

delw ¢ o 2049 vaidl (dag ydysel dgdoc £lga] sie
buugio sogi .O(t)=m 90 dos b yadotl juSsS (9sy
.[0,8] S9N dLiloil Sleludl clbi yadodl juS s

Drug concentration in blood is C(t) = : Find average

a -
£2.430)5/2
concentration during the first 8 hours [0, 8].

J1 3920 =14 36 13922 puudi go buugioll Jgild a0l

136 o e.unlu.l u 100.

Cuave = L [2 38(t2 + 36)~3/2dt
= Letu=1%2+36

100
1 01003 _—3/25 _ 3 |ul?
yuTdu = 15 | S

1)y 4|12 =z
9 8 Jse a8

1 % _ 1 100
=5 Vul, =35(b5—-3 =31 —_3(1 _ 1

2 [Valy = 3 ) = a[ﬁ a8 $(&- %)

= _ 1 3

1 = 45 Mmg/em ]
. o L o’
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Example - JGio B

Symmetry Proof (1)

Practice - wusyai B

Prove: [’ f(a —z)dx = [ f(x)dx

General Symmetry Proof

Prove: fol f(1—z)dz = fol f(z)dz

00 Uludl u=a— 2 yOpill padiuwl .dolall Saclill oo 0in

a J10 30 sgail 39aatl gulos pgiuw dlidiall

General Rule. Let y = g — . The negative sign from du will flip the bounds back to
0—a.

u=a—2 — dzr=—du

r=0—-u=a , z=a—u=0

= [ f(u)(~du) = [; f(u)du
= [y flz)dz #

2500 7 gl u pudiall u=1—-c gugdll Ji yophi :5aclil n.lLu"I 7

il o8Il doth pdy 4 "5 g0 prbio”

Proof: Let u=1— 2. The dummy variable (u or ) does not change the integral's
value.

u=1—-2 = de=—du

z=0—-u=1 , z=1—-u=0

= [} f(u)(~du) = [; f(u)du
= [y flz)de #

Practice - wuyyai B

Similar Trig. Rule

z)
USGRU.IG fO md‘x E
To find: [;/? 222 —da

Example - JUio B

Trig. Application

UseRule f(f ML

+fla—2) dz = 3
To find: f*

dz

sinz
sin x4cosx

g of(z) = cosz yuiai Lo .0y U pliadl 6 wadiyitl
J(x/2—z)=¢ginz

Denominator order doesn't matter. Let f(z) = cosz, so f{n/2 — ) =sinz. Apply
formula.

a=7% , f(x)=cosz

fla—2) = f(§ — ) =sinz

Matches the formula perfectly:
Result = 2 =2 — =

:daddd| didlall . f(z) =sinz g a=n/2 Lo :SEsUI Gaudd
Jfla—z) =sin(§ — z) = cosz

Identify f(z) = sinz. Notice the hidden identity: fla — z) =sin(7/2 — ) = cosz.

a=% , f (z) =
fla—a)=f(F—2)=
Matches the formula perfectly:

Cosx

Result = ¢ =

Similar Concept

Practice - «uyaJ O

f—"‘*’
0. Vatvb—z

Example - Jlio B

Algebraic Roots

f _ Ji0—z
Va+v/10-z

Hisleodl yaygaill o =§ elall adlg s f(z) = vz b Bl @Gis
Baclill po Lady Ui Cudy

Look closely: Numerator f(z) = /z, Upper limit a = 5. Matches the golden rule
perfectly.

fe) = vz
fla—z)=f—-z)=v5—-=2
Matches the formula 3

a=5 ,

Result = & =2.5

fla—z) Gy f(z) = VIl —z @ Dt S US| B ygiadl |
—(10—=2) =

Numerator is f(z) = /10— - Then f(a — z) = /10— (10 — z) = /z. Matches Rule!

10—z

V10— (10 —z) = /=

a=10 , f(z)=
fla—z) = £(10— ) =

Matches the formula % :

Result = 2 =5
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