lV\'tea\r'ctﬁion of Exronevr(:ial Functions :
Recall - § € b o £ &

[n 3enerq| : J‘a'*dx =7 ‘for‘ a>o

Recall x nha Una)x
ecall : a = e = e
J.&dx =j’e(lno.)x dx
1 e(lno.)'x.
fna
T + C

OR. : Recall that ad.z d= a Ina

d _a& _ = j'x ._a
so E;W-a ,and a dx W+C



lVTteSra:(ﬁon of Loaari'thmic Functions :

J\lnxdx='? fov *>0

Ex: f xhx-=

Ans: e 2

Therefore . [Inx de = xlhx-x+C

Problem : How do we know e xMx-% = lnx in advance 2
(Make a Guess ujl antidecivative of Inx divectly )

An«a divect waig. +o jalnd an _avitidevivative cf nx ? (Yes, later ¥)



eg (Constarit  issue )

f(aul)’dx et u=x+1t f(aul)’dx
N dus cbe = [ eaxr ik
= -é-u3+ C - —éf-«- X+x+ C
= '%(X-H) +C
seems to
= —éxs-q- x‘+z+?l+C be d'#evewt ?

Pns : This C s NOST +hat C 2




| yation loa Parts

Recall : Let ued and veo be cl‘rﬁeywdﬁa.ble. ftmc&ions .

Poduct vule :  Felav) = uSLlev e

ugﬁ=ad§(uv)-vg§
IV\’(Zejmte both sides witth resFec(: “o w
,YUL dx = f (uv)&x—jv%“&dx

Ju dx = uv - fvd“dx

OR : j)udv = uv-fvdu



vation lo-a Parts _Y W Vdx = uv - Iv gﬁdx
eq- fx‘ lnx dbx = I(lnx) X
= j'(lv\x) g;(%s) o (Now, u=ln= , V=-§r- )

=j. lnxd%

-%;lv\x -J’-%; ddnx)

3 3
= Lhx-fF L

4
=

n
o
s

N

|
|?‘
+
N

3 (\/er‘nf% the answer b-.a d‘nﬁerevrbiatiov\ ?)



X X _ %
e dx = de*
f'ie.xdx Now, u=x ,v=€°
- [xde*

xex-j e dx

xet-ef+C

e (x-D+C




e.q (,-xzexelx
}J

J‘ *'de*

x’e.x-‘g e.xd'z"

et - S. dxe

Ex: : - A‘;’Fha—mﬂ‘“ﬁm—bﬁm—“ﬁ”“ 14

Pms : ex(‘x?-'):z+')_) +C

—ACkau.enje;J_z“_eidx ="

- - " n
Ans : I ™ - - =D K t k O] 4+ C




Question : How 4o make a juess U and ved ?
| ration bg Parts - J‘ uﬁl;'—cdx = uv—\[vg%dx

e.q Jo nxde = [Unx) 2 e

= S S
Realize the ‘«vr(:eﬂmml os a product of parts and make a Guess sf ueo and veo
Such Hhat one part can be vealized as a jew\cs(:ion Uu&) , ancther 'Far{: VG



Jnieara:him_oa!;LaamithEmcnms :

“(‘[V\XAT_E‘? fmr x>0

Us_uﬁ lwﬁeﬁrcr(:‘mv\ L:a ?aft:

[l d= welnm  vex

xX IV\"X_ - ‘!\’Zd ln')r_

% lnx - r-x-—de
J A

'I_lvrx- ('el-x
J

x> - +C




- | (— | - )
A WVU Ao Al T N\
na
- hx __=x ,_C
na lna na
=1los % -—2% 4 c S ust a  constant ?
- Ina Ina J



Sec(o\ew:es uf Real  Nuwmbsars
e.g. G =2, By=T , Qa=1| ,

OR witte as {"l,’rt,l,---} (No 'P«Eb&ﬁA)

g Sea‘uemes l«aving pattenns .

wn=1

Q=1 , =2, Oy=l, ... n 3@\era| + Qn="%
al=l ' Q:.‘&: aS=-3(-l - IV\ a@\e'ra‘ ’ ah=_rlr

Qi==l, Oy=1 , Oa=—|, - n aa/\exal . a,\=(-|)“



Gk
=1
' * aa:":l'. -+
% i}"z 3":&
1 > 3 4 T

Avxa obsexrvation ?

When. n 1 aztl'.wg (av-sev- and lav-ser , On & ﬂe:&ms closey and closey +o o©.

Liwirks cf Sec('wev\ces

lvrfww\o.l definirtion. :

et oy be a Sectu\o_r\.ce, of veal nuwbers .

% nos aca’.\v\g larjer and larﬁer - se'&‘ms closer and closer 4o [ eR ,
then we say L s the bwit sf'ﬂf\ekc(uewce an and we denste Tb by

N>



e% —_ = 0
N L
lim (-0 does NoT exisk
N0
lim 3 does NoT edsk.




Defnr(:e. |vr(:e3mﬁov\
Goal : Find  the area of the \’esioh wder -the curve (6=-J?(x) over an inttevval Ca.bl.

8 A l6=:fb°

/

A T

Area

v

|
|
' }
o b




Riemm Swm
BArea as Hre limrt uf a sum
(6-}\

A Tiee F

~

NomQ A, Xa N Hpa i Tz X

Subdivide [a.bl wto n ezlwa( subintervals |, XG-wo=ax , 1=1,2,3,-,n



UFFe_r sSum = Max f(i.)Ax +  max f(EQAz +.o 4 MAX f(g,\)Ax

Lo <E S, X <$ES L OWER A M
n
Upr=Z max fcg.) ax
i=( Wy < ~;I‘xl
Lower Sum = MmMin f(g.) A%+ W\m f(g,) AX +---+ __MIn f(;,‘)mc
Xo<E 1S, LR XN 1€ E0E T

L=  min j-’cgo ax

izl W T

No‘Ee : Ln < AY'E& < Un
'Roual« idea: N—>o , wmore V'ectamjles , better OtP‘onximxtiovx !
I-f '!l_;n“ L ='!_|_»;n”Un =A , we de_ﬁne the avea to A. — (%)



Remark :
D) lf the avea is deflned, we dencte H loa _r:jfhn)dx.

2) lf -f(:o is a cortinwous functlon, f:f(z)dx is we“-deflned fcr any ashb.
2 let a.-Rfedax D flash-all). B8 | then [ < ansUn.

Noub, we. knon llm Lm = ‘IM Un = A , So hm annA
N->co n=ros LSad

% 2
'6'= f(x)

]

—
o= A K X Apa Xt Trzb <




4) If -f is o piecewise conbinuous  on [a,b] |, ie. discortinuous onla at fln“rl'ela mavua 'Folvr('s .

then \C::fwdx is deﬁwz:l as +the fb“owivj :
‘61\ (64\

S Ay

a b a L Ml b

J: foodx - j:fwdx . I:fwdx R jifwdx




\ 2
f-feoelx-‘[ -fmdx+j Feod >
o J o J T Jd | >
= Ixl+2xl
=3

Nahzg&jg&h_uf_g_]mmjo




Rules ft»* Deflnf&e lv\'ﬁejrals :
Le:t ftx) . St-x) be continuous Cor 'F’uece\..ﬁse covtinuous ) -fmcams.

Suppose ashb .
“FF b b
D B ks a constant . J kfeod = k [ofeod

2) f:-feo :tﬂeoclx = J:-_feodx -.tjigeodx
2) J‘:’f&o&x -0

(S
4) J‘ : f(‘x) de s deﬁmed 4o be -J a -j-eo e (reverse divection. )



b c b
5) I ‘h}dz = [ "ﬁx)dz:h ‘ s'gz)dz #ﬂ anj‘a C (Smbd'uisigy\)

® a<csh
J
(6‘\ (Aa'?(’(.)
/!
P \\// T RN
R C > a b a o o
b e b
Sy oot « { Foode s [ Fooce




o - (oo [ oo
-j: Feod=

Ex : Think wlma (5) s twe lf askb<c !

These 'FvvFerbies are -fuﬂoued +he. qlzftn'r(:iov\ & .



Cowrrw(:a'(:ibv\ c:f area, :
NoT relta on +he above limk . bk Fundamertal Theorem cf Caleulus !

Fundamertal Theorem cf Caleulus :
—Pve,?ara'(:ion :
Le(: fd:) be. o cortinwous Twcbiovx.

(6/\
4 Fe

o —3 —>
T 1
—‘f\xed wmovable



(D) J:ft(:)d-(: s well dzﬁned fur all xR

2) What & a ‘ﬁnncb'\on 2 fRouﬁl«la Sreakmﬁ , iV\’de: >, D\KEF\&(: % .
Now , consbuct a new fwnct'\on Feo de-f?ned \oaa
Feo = Brea under +the cunve %:-f&(—.) over [, x]

- j: fd—.)cl-(-.

3) How about choosinj ancther -fixecl 'Fclvrt 2
Let ﬁw=L.=ftt)cH: , what is +the &Iﬁerence between Feo and Feo 2

. —fact
Feo - Fo = J:fet)d-(-. —j: -fd-.)d-l:

- _{: feb&e + J': fet)d-l-.

= j': f&t)d'ﬁ which is a constant .



Flmdamm(:q[ —rl'\eorem cf Co.lculu.s :
Let fd:) be a cortinuous Twc(:lon , %o be a ‘ﬁxed -I>oivd:.
Surrose Feo s xa fIAV\C(:iOV\ clefive::l Ba

Feo - L f&)&‘: )

then Feo s a &nﬁe&lﬂiqble ft«vxcb?on and Féeo =‘f(70 .
Ge. Feo s an antidevivative vj j?eo D)

1) Divect Comseﬁuence : j:fmdx = ﬁfwd" = fjwdx

= Fd» - Fa)
ie. I—f we know how +o cow\'Fwﬁe. arttidevivetive of f(x) .
b
then we know how to fnd Lo feodt.



2)  Wait ! Antidevivative of j?w is NoT uniﬁu\e. . but w\iciue wp 4o a constant .
Which one should we pick 2
(jz Fea- _[:ftt)d-t , then Fa) is ancther arctiderivative cf feo .
[ :fac& .t is NoT sw'erisiv\S, we know F&o - ﬁx) is a constant .

b a
Blso, {, Foode jf food - | Foodx
- Eb-Feay
Tl\ev-e-fwe., we can 'Fick anaone 14



2.3- (Ver‘-fica'(:iw\ cf Rundamerrtal Theorem cf Caleulus )

j?ecwc . %ezO

y X

Feo = L-fwd—(—.
= Area df -the. shaded '('.r'lanjle

= L
= =X

Note : We have Feo =-f(10 .

4y gfet
N\
e



e.s. jqer.)=x+| 4 %-‘:f(x) =%+
Avtidevivative of feo = j“':t.+ldx = Z.E+-x+C

Choose C-o0, (e‘b Feo =%_’-.+x

Area ef the shaded veﬁiovx =J' fwdx = F)-Fuw >~
= 4-32
. 5
X

What we wyite :
\Y,fbodx =[%+x]:..
= (%;+2)_(|_2=+|) = 4--% =

F&) Fw

Ml




'¥("J =

e.q

)

NS

44

ion = r*bddx_

n (_3




Sketch cf the E(ooj?

Clam: 1f Feo: [ fodt .

%A

/7

3

Fudamental  Theorem uj? Caleulus

y=Fee

i

T XS

|iw\
AX>o

EZ*—%%;&Q—=:§M , le, F'eo=feo

Fetax - Feo
= Brea of

K C KK

Ba c:orfb“mw\'r‘:a ::sf f, theve exsts Celr,w+ax)
such that

. -f@)







