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Prece tige. L;'nca'a' Iydw/mpé)aié%n 3
\ = ™ —

\We  Rave i duadimet modal r)ond,& Ao, Xy, -, Xy
ond  wank 1o cl!ie.b’\m)ﬂ(’_ an M&?"PO‘EW O’%Y'-UYM(A/Q
which 1w Liveor m each Lubimterval (xl:l X)) amd
aa'b’l’,&& &)?‘YIR, #hd}ﬂ% 70[1) at 7‘7{& N+ %oda,Q/@ﬂWb&
The aubinfervale oz Hhe Line Aegmente ave called
ﬂm;bg eﬂ.emn:b& AN B )&/aace, demenaton camd Hhe_
Moeled Fﬂfl‘r\b& ave colled knats.
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MW fw%w& a«ve,& e FLe,c,ewme Qmequ
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XXy
\9&1/ 1(1) = % ILL, :POQ -+
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TS, e XEAp
Xy —X¢
0 ; Xz Ay

%#noaw Nyoo ia called a,&ﬁajb& m
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Note HRats e nem-zero teymg im N; G ave e coeflieomia
c(\r 'ﬁ(xb) A f)b (9 and ﬂﬂiCx) D'e&}ae,ci,l,v . Thew

e deprtdeg g

Pm=gam@ )
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é} MJ::.TF;OQAﬁML wheye +he Mf@o‘eﬂm‘k {2 ;F«bne
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Let Flw) = mw  ad ferp = f; .

'y
-._‘}_?4%_.‘; @Maﬂc ,sfw% ove. o(j/saglvanhﬁexs and axe mot

utked commonly. Cubic ,&F&MEA Rave no diz\aclvomfaﬁ&
Like q/molnﬁc szfﬁm avd dye uged common@_ld.

B Oun each ;&MUWJL [Zcﬂ,lg], e af;}:ﬁoﬂfmip, ‘.ﬁx) bﬂ
o cubic Fa%nmmaﬂv ag

[ = B = Ao+ o+ Q4 dp, L=l 2 0,

So,(,;)e, “}?LQVG, AN unknownd a4, by, G, dc" L‘:l,l,-”,)’) {0
be deteawined. Uaing- e continidy o} Feo), PO and $E0
we “Rave e :Fa%win% Wtéjlm C=12,,m4
@ Tagns FEIN
Cmdxmu.dij CQ' 3 .
b (g, x]: R®) =T = g +6 7 +EXp+d;
—®
Ow. [xf" IL‘HJ : @-H@f) = ﬁ = q€+4153+ 61}/1?;*'4},%*&‘-*!
® Canmu/«% <O( Feo): o
3614‘,1,‘,91—%9—5},1(‘, +C = 3 Ain g +2.bpy 2t o @)
©  contimuidy J)' NESE
capr+ 2b) = iyt 2hon (O
At e end powdd %o and X, We Rave %ﬁginmtaoﬁdbwy
Conditiong + = mﬁ+b,%%+qxo+d, —
* = Anxzi+ b -+ C -+l
We 'Rove 4N-2 eq/mbﬂ*k& i’a'om ® +to . We meed
2. Ynowe W&z& to obtau 4Re %WL \!Y\‘A%A,Q_ﬁ.
IV. mz-[; CORCR, e F?'QBC—T'LBQ- F%’Q ak e foD end FO‘mJt& c.e,
Flro= Mo =p and Fm) = Mn=% @
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he end condibiour, Mo=0, M =0, Joad 4o a matural

gpline. Hew, pond ¢ oy be von-zero.

T Re above two conditions @ are frnf)a&ed,
s we Rave 41 equatipus dw 49 umknowns. We can
wooite -fﬁme,eﬁ/uaﬂmmmmﬁciﬁﬂm and cam obtatw
gobidiva. ix mefhod is called divect methed. Ay otRer
ddlernative melod oy olzo be used to obtaim e cuhie

/&)DQM& WM

Pm Adkexnate meiﬁocl

Since. FEO R 4o be Puie—cuof&e cubie ool
F”Lx) ® @ Dineaxs ,ljiunckiﬂw (ﬂ' x P dmdervel Y
frhur, e can wWIe
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PO = %‘%?— My, + C Z_;H) M; + e+, — (3

Lohee M; = ) and ¢, and Cp ove &?ﬁﬂﬁrﬂ’j Comztand4
1o be deteymmed by U\A?mﬁ Hhe conditouns
flag) = 30D ad {2 = )
From (12, we Rave
2
Ty = o (e My + 4Ty + &

i :FC4 = %ﬁt‘mﬁﬂ'q%*& '—_—
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and "r'-L = 6-.R (11"1 ) f’L + X+ G

oY :[Jt" — _Lﬁimt+ C,:r(:-i'g’_ (15
aradJMa/ @ -F'Erﬁm @} Ly C‘L)’

¢, (x; —Ziy) @3 ?Z) J_(m mL—Qﬁ
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Now, we 3&Wm ok Feo be condnusys at x = E €
ag € —>o. Le,tUMgA Flx-e) = Flg+e) & €—>o, e ﬂd‘
‘ I8 £

L3 < M * ﬁ 70) = =g oy £ (ur 79

'S
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*ﬁg ﬁ‘*’f{‘ l fu | (£ _ :
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Ux‘mﬁ@, e 5@
M+ My = -9 i)

Mgy -+ 20y = -—GP' ——’li>

Pow e;{/u.‘m.[aa.cea Knotx ’R{Kﬁ ?PO‘B/OﬂL/ ng and @
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O = é'ﬁ [(x( ) mH'*’(I'xL-D M ]* by (0 ('fH i NH)

e (i-En) ——@
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¢ Ip po P o
and M, 440+ 0y = = (:I(»."Q'{L + .[m> _ y (/1>

\ 4 o/ . & " ~
Td mdfod rver he \HIQMPA tq ﬂll::-' ! (x), C=1,2, -, 14,
I : X w ub i JJA;‘:
he aocluctiows obtaived 7[0,. My, Ce12,.0, 11 0FC 2 JoFiduded
- . . . ~ 1 - ) 'r?r;‘
i (9 or@® o ‘-Pim\ e cubic )XI)QAMQ_ m)\f’.ﬁroeﬁb—ﬂu T AR
o oo AA -Q

medhod, we meed {0 ,vae_ awﬁﬂ an () % (n1) UuJAa(.j/y 5

,&jﬁem ﬂ ec{/,ta:ugu :fcx TFMM& M.

Saf. Oblain e cuble apline mf»oéaim s e Fnchie
deffned by ARe date

X ¥ M %

X o | 2 3
x) | | 2 23 244

i LR T S

Wik Mo)=0, m) =0, Heace , ffiuf) an exdimake Q "F(_f&-s').
1
@ Birect Method

—_—g— M ——X— ,
We -Rave HRe. cuble Fo%nmuol a]bfraoximoiiew a,&7D~ A DA
(0 = PO = XX+ o= x|

—®

f(=0) = @,_(DQ = aLx?’_;. bﬂ_x?’_;_c_’g_x—%-d_g’ e Y}

Z 2
PO = RO = A+ b, X+ CgXtdy, 92X £3 |

Comﬁmuiﬁ cq/ F(,() Bl‘vﬂ/& Hae. 'Pc()ﬂmo;nd. e'zcllud{[o»\,&

2.
ﬂ(x,)z:ﬁ = [Qi?-&- b|x|+ClI'+d| - dﬂ-bl-}-cl-ro\l

fy G =4 = Qo+ b+ G +dy
3 2. ‘
?9..(1-9;) = EL = QX+ bg +CpXy+dy = a,+Aby+20+ dy_

@;(;(2) = J;'zf- 8454‘4‘“‘)3 +_:)._C3+ dg
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CD’n-hlw \ Qf ) P’C,x) ‘(%)-fve;s -Hpr ;’%Uj@fn : ferﬂj ajﬁfﬁu.é
\AuJJj . 5

3@1?"4> b2y ¢ ¢ = By X +2hA+ Gy
L5 I+ 2+ = 32, +9b, +Cy
2- 2
and 20,% +2b, %+ G = 2037, +2b,%y+ Gy
o 1205+ 4by, + & = 1243+ 4by + C3

C@‘Y\ﬁm,u,bj qu F'to gives ke %—%w]rﬁ e:(/mﬁi@uzs

cayy + 2b) = éai1,+9.bl

o¥ Eay+2b = 625+ 2b,
and b0y, + 2by = 6037 + 2bg
o% 12dy + 2 by = 1285+ 2 b

At e end poimdts, e Rave h»&ﬂw@&w& corditeys
1 = 0T+ b % + ot dy =4,
%) = &Sgg—kkgifzq/ar- 63%4—%3 = .9_:1La3+%3+3c3+d3
K\'W‘m e 8«\/% conditiona F“Gfo)smo==M(xo)=-M[_0)=0 and
Bz =M, = Mgy =M@ =0, we Kave

b=0 and da;+b3=0
;&@hﬂmﬁ e values b=0, by=-d4 and ollz—‘ko-_: |,

bo+ by+Go+dy =2, 8dy+4by +2G+d, =33,
—280,+ 9C5+d, = 33, 3+ (-30)-2b,-C, =0,
128+ 4+ G+ Uly—5 =0/ 34-34,-4, =0

68y + b+ 34, =0, —540y+3C +d,= 244 .
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éDQ,VlMSa. R Aﬂ&sm cq, e;?/uﬁjg««é Lo %&}

=-4, ¢,=5, a,=50, by=-162, G= 16+,
A =46, by= 44, Cg:—qas, dy= FI5
PtLSo, we Fave Qﬂzeo.ﬂﬂ 6'—;0 and d;=0

~Thue , Re cubic Fc%mw& afaf:aoxiwmbl&w ® becomel

RO = _AXTF Sx+), oex<]
% 2- X L9
i = sox-leex +16¥x—S3, =X

RGO = —46x + 4142 -85 +FIS, 2£XTE3
Howce, Feas) = f25) = 121125

.A,U:e:a’\mif. Method

q— N

Heve, all e peints are eq/tdé}oacecf' WHR, R=1.
So Rat we Rave +¥om
M+ A0+ 05, = 6(F, -2+,
o Mo+ 40, + My = c.(io—zf‘ﬁg) }
ond ny + 40+ 03 = 6(F£-24+ 3)
HRak %u’% with M,=0=Ms

40+ N, = §(1-4 +33) = 180 'g
and M+ 40, = 6(2-¢6+244) = 1080

= m‘¢'9—4', ml::lq_é'
Noed #'m’m @ HRe UMAFBM&JM He cmloma.mﬂ,u&xw&

o To,1] ¢+ F) = f{0= X >24) + (o x|2- LCZ‘QJz CAX ST
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Ou v, 2] f-(x) = &(x) = %f [CQ-‘D‘)g(-lt‘r-) £ (Iu,f)b (23 C)]-}— (a-x)[ —-2—(*24)]
+ (=) [33— -('-’:(9:,15)]

)

9~ -
Sox3_ 1420 16T —S 3

Ou [2,3]: FO= f?(x) = %[(24—211+qx%—xg)(2?6)]+ (3-0 33‘"%(2:’6)]

+ (x2) (244)

= 4y AR S A ST

HJMC&, }"E{Z.S—) = FB)LZS—) = 121,25

Nupexied Difeverdlation
Lot $(0) Be,aﬁunch}w ot attainz values

Y Py, .-, Haw ab e W Xo, Xy, «vr,Xn. The
cﬁwmi a.r)\ovoad\, fm’ d,e:a"lvin%f e numericall differentlation

Qf 7ch) i 1o ‘—Pﬂ‘m{: obtam He WMFCQMWQ/Q f,

and oo dipferoatiate. s polygroviel G tinex (x2)

bo gt RieD. e value & et gives Hhe approximate
voluie &) $0o sk Hhe nodal pobnt T e quanily
EP = o~ —————®
5 colled HRe exor aq» af?/»aox)maﬁw I T e
Jenvative ak e o¢ . Ngwexical dffﬁerenﬁahbw
melRode o¥e obtamed UG~ o @riffke_ffaﬂﬂmomﬁ technigues

q)) Methods bazed Ow m&mw
() Methods bazed ow Finite diffexence &fbekaivng

(i) MelRods based O undetesmined coedciest3
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MelReds Bazed @u Ini:e}}acr@_a:llow
M ——R——H—R—

e Zﬂhvei ding. Newton' s iormmrl clr'ffiaen ce :foanu&}_

Newton’s ‘-{%:rwwd W@@aﬂm fc:mu&g_& &
(PD(P-2 E:! e @ 5o
3l 0

Q-
Y@= Yo+ paY+IED &y 4 B -

Wheve p= (x-x)/f and Ho= FC).

Bitp. © 0w p, we ger

3 apa2ep—6) &
(3E°f-:;3pl+2) AS(\JO+M£—!2—2L2A30+-M
| ®

_?‘—E-l-— = A:io-*‘%ri—;i)—-gﬂo—l—

From b= Cexafp, we Rave 3—'2% ""'%"

Vet
dy db 4 A% _ Si(i*’— L
Now, % = QFE and -~ dpld=

o > pr2) 8 (AP8RrazP-6) A
N =41 [A*;(;&—%?QAHD—F @——E—%)Ej'léifo“k ——‘Ir"ﬂﬂc'f
0\1 I=Xo+Fﬁ: -f\)-" * * o

] —=
Rt x=%, P=°
oM — J_[Ago--;:ﬁ’goJr—gisof%,;ﬁgo—r 1
dXL,

o P8P 1) dhy 4oL
dd _L[A‘Vtio + (\o—i)g),fo + (eF- S Sy
5
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f%e“simhvez u&m@ Newton's bmkm:):f 4;%8@@}&_ %c'muﬁl

—_— S —————

Newton's backeasd L-@faﬂaﬁ@w a1

NGO = N+ P, + BT *’(*”f') V*’n F—H)(M_)van

R

tReze b= (-x)/p and Y, = Fw).

Tu a Amday momey ag ée{’m, e HKave

g 3 8=
dY _ 1 obtl) 2= | (3p+eprd) 3, @FHIPHIPRE
'J;L' "_‘f:{v'\fn +'C'—_§___'V'3n+ 5I’ Nyt 12 ’V‘\W

At o b —®

. ay 1 o 3= 3
R (dx)x vy ?i[w“ e ]

K 3 Cp+18p +1)
'éi . '%%ﬂ:[vqgn'*_ (P'H)Vﬂ“ 'C——r__f—’#vﬁh_k ]

=0

Vdi; :C:IMI F::O
q" -
[ I I
N <c\£)x t E'{Vﬁ“‘*-qd“*-ﬁv’ﬂn“k

' LR - 00 cong. date
/%’-}1— (:mﬂ%i- fo¥ the Forif ng-d

z o0 1 2 3
Y 1 1 15 3 5
, B

Hewce #ind YO ab x =
4
%; H-E’er 'ﬁ;-’-i.ﬁinc& - = 0.5 L& neaX b Xo =0,

we d‘FF'Eﬁ Newtm's fmumxi WW %Mk
Yo desiiative 3.
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a4 _ [AEI +& P—D/_\:jo (3p= §p+z)M +(4P 8pr22p-6) ﬁﬁo '}

dx * T
wheve |:>= (XX)/P . Dunce Xo=0, p=X.
The Fosurard ditference table
: 3
x Yy AY A%ﬁ AY Krg
0 =y
>°\
L 1< > 14~
=14 ~-3
N P j
/.2.f3< : q ]
8 | 40 ~ 920 ]
\45‘/
4 | 85

Wﬁ@éme&

dy _ RCEDIORS L (el (x+) D+ ﬁ@ﬁ-taxﬁm—-é) (2)

dx

2 %
Z(2x-) — L(3Z6x+D) 4 (22X -9XHUX =B

I

= r‘dé:r.) = _9_9(,3- 2‘2-!9:;9'—}- 28x |l

Howee, Y'(0.8) = 0.625¢

% The_ POPW L(-} o cestaim foon jx shown ax
Jeay (3 931 WM 19S1 1960 199
Po‘oulaﬂﬂ% (D 40, 62 €0.80  79.95  t035¢  132-¢S”

Hnd HRe rate cﬂ» aarow{‘ﬁ. cq- He \aoFAJA&LQ—\,\jM \9¢).

&M‘ Hewe R =10. Snce > = 1961 1& meas to xy = 19, (n=4)
we apply Newfon's backwasd mkez]gop.ab.m&
:chww.h TFcrd' dexnvative (8.
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oy 2 3 F Y4 )
= %[VN4+'@“;_LDV§++ (Bp4-6p+2) 33 +(2P+QP+HP+3 Wﬂf")

dx 6 VY 12—
wheve be (o — 961971 —©
The. backwand difpevence table
pd : - 4
1931 40-69_\ :
> 208N
9 6080 < | —ko3
> H-IS—< p S'/H\\
1951 19.95” N 44 ~ 4.4
™~ 923.4| A \I-OD_.//
1961 03.5¢ <1 i N
~ = 5,487
19 132 65”1

ﬂlﬁr(iﬁcm ® becomes
(%)p.—--n = T};[QQ.OQ-&'i{ZC—{)-H}(S-A—E)-F% 3H)+€H)+2}(l'02)
i fiizt—ngwe)gl \|(4)+3} (—4.41)]

= .gg[zq.oq — 92,34 — 0|F+ 0. 3425]

= _'.. 26, 5‘5“25’]
10

= 2.6053

Hoce, Y (6) = 2:6553.
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Note. ! f-o'a' No — miuulwrl tmml! We. can  UAL [aﬁ‘mnﬂc’g

s | Em—
waken soladion imm,ufa oy Newlom's Avided chf{r poNced

'-{\OB“U-\-QA to obtam JRe ,iM{L’L\['JUO a},{,ug, im%mmuaﬂ "n ( .'f/)

:rcny the ’fundiﬂl-L $00. T P\“’(;«), ven will give e
()

a{b}:’aoxnnde value q f (),

Melfoda Bazed @A&Nph\‘xf\;biﬁgzﬁﬂce&

romsider HRe velatiow

P =
iog (142

E
2> = lgE =
- Lﬁ { Lea O—V)

£ log(1+2) = A —3z5 +LA—
= =
{,—Jlozg—q) - 44 4-3Lv3+-

. %-(A-—-‘Q:K-&-ég— )
= D = . - @
' R S
¥ {]-&-i{] + 5V )
Now, we —Rave . )
| Lo 4R SR )
Frgo = 20 = { o §

%(Vfg ﬁva'}}ﬁ 3 v%&* 2}
chlso, woe Aave § = (EWL— éVL) = C 161)/9_ 'f’b’/g')w 2.5mh {d/2.)
= b= Smh('“ =R (&” ___3| 8 ) —®

5 Fw = k(S g Chr ) ®
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Two - Foin, D i--.”‘e.'a ence ‘:o'mmﬂ.cke
M e ) — N — e

——

fean—feo
e

Foxeoand diff evemce demvative :{’(x_) =

= few = :f'(m"wj;#‘@’g— ab = k.

Backeard Jlf?f exence devvative :P'(:c) = Tf(z) -—j(l—ﬁ) — (02

> fay = FW “;w—m b = Y.

Hexe, 'f:Cx) le a two Fowt difference afrwkymm‘iw_

tolch & @ g@od (L}zspfaox?nmim For pmall 2. The

cenbxal diffevemce dervative 2 alao -b_po-]?o{/v\t

ol).-fﬂfewmce a{zrwox{vmﬁﬂw.

Cembrall difperence desivative o = 1 <x+gjtx-ﬁ>_ -
PR -Fa®) g x = Xy

= A = =
‘% F‘O‘K 'W\E, '?qmw 7?(1) = xln(x) , W "Ea\le.
b & | 9 2
o o 1,3863  3.29598

Approxiale Foy by eack & e dwo-poinb differeuce

-{irmmu.m 91\/% above .
',?(1) = L ,Q“ LJQ = '.F,(x) = |+ -rQﬂ (I)

“

é} We -Rave

= 2= 1631 (Exack value)
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> )
HELTG. -RJ = 1_ . E)H :{)’Oﬁ'w_a.bd di'{)fa"“WCﬁ :I ('f?.‘f?ﬂ,{./l..a, a 9 (LD ¢ ﬁﬁ\/{l

Poo = AR rm,,_:)jff-) 9015

T

Ab&o‘gpiﬁ— ey = ‘(H'/QHCD-)) — l}]oqgl — Il~6(f3|" |.f]oq5| = 0. 2164

By backtsond diffevemce Posmula, e Rave
—»T;(D’_) = fﬁx) — ﬁxfﬁ) = ’fCQ_) _,Cl.)—::{iép' |. 3863
1Y

2R

Moacbide emos = |16al— 64| = 00452

fhiz shows thak 1o -[;1.00—\90\\4/\*3 condnal differermce :)Pomruj_a

1B move aconrate .

see—pony_ditferesce. Formulse

N —

-3 +adeerR)Ater2R)

Tbreea\oo'wd) W dff fewewce, ipowmpa ’r (20) = —

VR | —®
x x4+, x+2k,
: . ! R4 Rt s
W,Fow baskuwoad d\]?fe"reho& an&m :F(x) = s
e 2 i = e ¥
x-2R xR, x
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Order § o Numesicall Dipferentiatiou Mekod
== . ~ bl et =

A yomenteal clqéfwwm%w ma¥hod 12 Aald
o be (\V oxde> lb Fff

| €% =142y —p%| ¢ K ——— (?
Wheve ¢ 1A oo comzdgnt McLe{De)/mef CQ'T\,-

Note » iy methods (1D and (19 are Pzt - orded afafawximﬁm

Le. bol mebRods ave d} Fiwst-owdey e, are %O(fl)-
() Metod (4 1 Q()(,&econdrovfdffb’ Le & qfO(A). .
(i) Methode @ ard @ ove df pecond-0rcer L& e d}-olh.

Extw obatiow
e Th s an estimation & o value based
e W‘Mﬁ o kown  sequence (}vmﬂxm or packs
bpﬁm\;ﬁ He area Rak & cewtamgx\] kyown. T a 8—e,wmg
penge, to exmf%'bf?& » 1o waﬁmﬂdhﬁ»% 2 nob
Kichardzon's Exbapolation .
_____-94._'--"—99""" a \ ' |
Iy eonll AL 12 FOES&L}J«QL 4o obtaum
Z’en \
{‘ﬁkﬂiy acoate veaulds by combi +he @MVM
obtained by uai%m coxtam method WA, dif fevent atep 1768,
Lot 3@) and ‘}(ﬁ)m -H%.Q,AJ%)\O%xmm vnﬂuﬂ,aglk%’
obtnived Ld u,&ﬁﬁ a wmedhod c/}-o'w\ﬁ@' FJ, w‘htkggtef:) M&W

A and 7,5‘ ?J‘@ér?
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We ~Rave. b "
YR = g+ ki + o(K)

and a(c;f:,) — 8 4 € ?f?{\.\!’-}_ O()QI’H)

Eﬂjm]mﬁug, c ,{\ om Hhe above ecVLa,{iob\A, (e 3-9:9‘

9 - 2ha®)- 968 | ()
9F-|
Thus, e Rave

gy = O30 _ g 4 oA

- —

£
n/ =— —

) 2,3#'
DJP\IL!» lb Q' O’BOLE_%’ F—H and g(")(;ﬁ) l& Wﬂ,j C%—P}m&
@Famimnﬁb\k to G- g techugue J)f cofmb'n\nﬁ two
COv \'G.AL&& obtained Bﬂ u&.‘Hﬁ, -H?\e_ 2AME vrafbod wih,
+wo cbﬁe‘zre&\t ﬁieﬁa Aizes to obtam a 'ﬁ'{jkea‘ oxded

weod 1= called 4Re RKichasdaom’s @dmrow'\

j}]ﬁt’ii T a meiRed Koz an exoow team O('R,P), we. Aoy

Rak e wmadhod i& cq orde? p. Fory examriﬁ,i* we.
use Taylow's ex‘som'ww to aFPzroxEmmfe, - #ncﬁw ;P(x)
ab x= a+R, we Fave

]

3 3
P = Ftar) = $(¢)+7€¢'(a>+§;ﬂm)+ 3’{-}48( 9, acs<ark
Rew ot 2oy Hox e O.P‘zaox‘lm.dﬁﬂ% 1A D(’ﬁg) o
Ko wadRod R cq' i oeder.
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Lot ug comsides Re Aecond-opder cemtral olifferemce

ch’?mW—Qa 4}@73‘ (1) which (9§ve15 o2 aH:Dox}maﬁﬂlL.

fep = 1T _ £ #’(9 + oKD, Tu<§<

L+-r X
Led vz dennte

D = drue value cq' HRe dexvatie L.e. QE’(I,;)
Dy = a{bf:mx}mif, velue c,q' :F'C:q) wifh, gsie}o zize

= aﬂsmmﬁ, value J}—ff’(:a) Lot mtep Rize Rz
Mo @ can be wditten Az

b = D BT+ o) ——B
Tw} gdcef gize Rfe gives
: ‘ ©®
o) = "f(’“ﬂ/@%:ﬁ@‘ﬁ/ﬁ) ﬁ > fro+ (ﬁ)

9/(3

= Db = Dﬁlz"’_'?[z(@""oc'ﬁ)

o 4D = 4%,1—1@,;&2@-&0@6)
Wb/ﬂja.?ﬁm. ‘“‘f’—ﬁ&

3D = 4Dgrp — Dp -+ o@%)

£ approxmabien o D= f(xt)
—@

~ Scanned with CamScanner

| L [_’D _ ADgp— DE ﬁu&}v«tﬁanOCﬁ;)




Mia process d\ extm.rwﬁaiimz% iP')UYﬂ Dp and Dy 4o
(l”-‘ﬂt»\\"m\f\lf‘ D owtik "/L\'n‘ﬁf\cﬂ' order (Q- o-cenrady L&
called Nichardeon's ext a*a,[o(y@fdiam :

t_i:_L_T}__ Conslder '”\e_ :{‘o-ﬁaﬂco‘ng,) data FOW :

Xo 2 Xy A 3 1.4

feo % 4 & Jg o
A TR A A .
ESLWL(L{C‘, ',rfc_?) L‘Ah%ja Q‘CMB‘JAOW’) =3 exémf;»o—eaﬁél% totfh 'ﬁ:: b i

)|
Seb.  We e L - berin)
. 97
) 2 Pecr #ie) —Ftoa—Ri2)
am L1 = =
fo 'ﬁ,
= Dp = Frpat) - FL-R) +E+ ffﬁs-:'__)d
= =
2R A
= Fe-fy _ z-2 _ g6
4 4
ad Dy = FarrD—fm-fe) _ F3+1) —Fe3
2

¥
= ’13(4):-*(2-) _ -4 6 (b,ui Cemdrad di'f#e}ence)
< 2 ‘-foxvmxf&
Now, "F'aoqu @ we 'f\).GVE,

D= ADgp—Dr - HO-F&
— 3

= 5.5 (E‘H Kichardaom's ex&mpm?ahzwl.)

b‘,f’.té_: Actual fund:ie*& & '#Q'_) = 2x. Thaw '-f’-'(-"t) = Q_KJHZ .
e exact value 5 FC3) 2 5.54-52. Mus 2hoeds Mﬁ!‘dwdmn’s
extmf:o&aiﬂ}w 3ivezs MoYe QCCUIDLY-
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;C’éf‘- Comaldes e MQULO;W&L olata lgo‘uwta \

%€ =i I 2 3 4 S5 7
Fo | e a4l ost 625 240l

Extimake 79 by Rickndaon's extvapolution wiih
R=4 R=2 and K= uzsirﬁ MMQDMV\?, APFW"W
ol e = :Ftii-r'ﬁ»);ﬁffﬂxiﬁ
@L We aze 5&'|ve)u. toree values R, Ri Al (}, ;zsi;elu) aize.
hevelere, we cam caledate approximativs cq'o(ﬁ?): otf and
o(%%) M«O()\Mﬁ» Re dable given below.

Shep == 13 B
— ?é? o&H T ox%
s
K= 2 D e ﬁﬁ
R | Doy D
ﬁ)wngme, we Rave
Dy = B = —.{a@?ﬁ@—m _;*H?J—j(-&) = =g
Dey = 1D = "H*_)A_f ) s
Doy = 4 = DA _ oo
Thom, e RKave
j)i _ 433,4:/2—3)#, _ 4(!56)3-—300 _ 108

:Dﬂ_.g/gr_- 434%/4"-3191}: _ 4(120) - 1S

- 3 3 = |08
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‘?Ci’) = |c8 Lcw"#)\. OC—;‘?\.C) L‘L-FF?CXI'":S_{?:&#«,‘

/? Al

Richardzow's technigue
o(#h) Ferula
iR .SF L‘Lf,‘l-‘\r\a, ¢

Numesteal Tnteqratiou
=550 = = L&(’—.

Ler ya a’aume two #HCJL‘LB—VL& ?R:cg ard @(x) 2.+
Fo = FH
Bow $eo ik 2ad 4o be devivabive &} px> and
Feo i gad 4o be anbirdestvbive d Fex,
&ﬂ He ’#unﬂmnbuhp» "(fxwaI &}' He L\d:,amt Ca}lu.u':LLi ,
we can evaluate HRe #oubwmg, uh:%wa,k
jatf(x) dx. = ‘g& adiF(I,) [FC’Q] = FBY-F@ .

Yoo Fe> 1 called hutaﬁarand Functiow. But some :ﬁncﬁﬁw&
Rave no awLFtL anti-devivatives Le. diFpieult 4o Find qut
an approximatisw & needed and numentcal i-ute_ﬁaniinw 12
uged. Numeateal Wiaa&uﬁ!}w ’-f-mmn_p_a_ﬁ B alRo cafled
as C}uml-? atuvre fomnuﬁa& "Numeneal iwtﬁﬁ;&dmw I
:ﬂmmmﬁm-&: a definite wtegral devived Hrom o aet ¢
“ ‘ wd:e.gmnd w‘«bvck 12 Not Kown Exfil.ui_l# 1y
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Numexical Iuiﬁmm

= N

Newton-cote's Fowrmulae Gauaaran Quadaatwre
( Nodes aze eq;d&fm‘cgd) (Nod&'s are ot c.ko.s.en)
" ,
v 3
Newton - Cote's Clozed Fovrudlge Newton - cote's OPen Qmmuﬂae,
b
LL Fodx jif(x)dx
(ehd {)@m a X b ave uredag ahbciAsaA) (u«d F,ewhs are not uxed )
e (D Trapezotdal Rule e (D Mid-point Rule
(i) Simpse's Rules [ Tteorn = E o
Baw xps ave called abscirsas
Neoton — (ote’'s C,O,aie& Formula o wodes.

Let 1T = jj(x)dx where :P(:c) tokes e

values Yo, My, ¥y ab e powdt Xo, Ty .., Xn. Divide
e derval (@8) indo n gubintervals &} oidh £ o Rat

-y -a
sy By T B TR, T FHIRy s :to+nf»zb.(_.f=-'°—r)

‘fkmre{yom we “Rave
— S Prodx = f,j Flo+pR) dp (’ﬁku‘ﬁp )

= ff Yo + PO+ P“"")/_\,:l +~.-ch@
(hﬂ Newton's ?mmm:b difference W}

i PN A LT 3 9
g A A

0

\

& = o
= 73 NHet+=o A‘»i +J~ ‘;;-"‘5_ DY, e
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R

nt.
ATo+ MR

= | [ Hose = A Lon e p(E-DAt ] | —0
Xo

Thix 1n called N ewoton - Cote's ‘fommﬁx. T+ A Cl}e—"ﬂlmﬁ
Wmﬂm rcvmu_u ‘f‘mm Lhoch e can denve variewsr
zFeuaﬁ_ Formudae jwma ditferent valuer For n.

“Trapezoidal Kule
el oy ——N——
)
Pu,{tiM{ n=1 m e n},u,u[:ra},u;}f ﬁ'%tmuda D,

toe. }d’
*ﬁ / . r
e Ao (s duoe iy
Ay ;

= ﬁ[‘io‘* :Ji@l'ﬁ")]

= e - )
SMLQM.(’,:I , Wt Rave

Ao

3 P,
J;q Fdx = %(3,-&39)

rﬂ Fdx = 3:i (gm+ :1“)
Adding- HRese wi:aﬁrdx we ek

Xo+Th

2
eodx = E o)+ Blaon) s+ E ()

N\

qf;:q-.ﬁ(x)d:c = -é’: [(kfc‘*‘-‘in) +—°—G{r" Ao+ -+ 3n4)] .__.u——o@

Thiz & known mfﬁ'a.f:ewid_al aule
‘ 2
Note: he enor m Wﬂf"f’aom tule. s of o>lex K.

._-_—_‘-—-
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I‘F R=b-a te. He imtenal (a,b) A ot divided into
fublubenals  dew the Trapezoidal vule is gives by

J}Ptx)dx o= (b- a)[ff(d)-%—:f(b)] [f(a)*{(“'l I ,,,,,

(SIML& n=1, x takes e values x or X.)

2

,_.,@—'/‘ ‘:md j:ﬂx)dx, tshere f(x_)z él.
éﬁ &\{l 'Tzra{ae.zoidﬂp. sule, we Rave
yE 1 9
j#(i)dx = féxdx
= L——”;’o [l-l-_é.‘{J

-4

It

|+€e

= 1.0183

248 Evaluste j*,‘i? e by Tm]bezo‘tdﬂﬂ yule .

N

@ Jo |+x* zdx = [Jm“ 1]|= tan (1) - ‘<ﬂ"(0)ﬂ~~o 03854
By Tmpezﬂid,aﬂ yule , we Rave Exack Value

JJ—-—""“AJC = _Q:D_g)_,[f(o)-r-:ﬁa)]

2
0 |+
2_[‘ 2 4

0. %5

I\

u

Exvox (E) l03854-0.35] = 00354

i\

Scanned with CamScanner



. = 1 :
2L Evaluate ‘(o _d by "B-ar)g:/olda(). ol e

|42
A | '
Qgi;’ ( “_Ol}g—ﬂ = [ : - = fe) 0, =5 10 G(r)l
7 \o “'\'I - ,p_ﬂ (HYT.)JO = »PH\J') . r"ﬂ(‘) - 3

&y Tw{:ezolclal alde, we Rave

[ = 2Lrontd] = 4l 8] - =075

0
Exror = ,0\6Q3|-0-?S| = 0.05¢9

mviamﬁ Be Sckerval (01 dwto two pubinbervals , HAsu

£ = (-0 _ o.s. We Rave
7

X, =0, =Ttk = 0+0.§ = 05

Xy = Xob 2R = o+2(0s) =1

e, by Tpesoidal ule- O, e Foe
bodxe _E[—J;(xo)+ itfi(x.)-f-?(xz}]

_Qg[l + 2 () + O.S':)

I

\

(0.25) [I-S‘+ 1.3333]
= 0.7083
Evor = |o.eq3|.-o.1-oaz| = 0.01S2
ﬂ‘l@_i Fo Mrwv'wﬁ‘ accurocy , we divide 4Re intexval

ivdo Aubnkenals of equal Jwgih £ {.e. move
PoiMi& ave imbyoduced betweem a amd b At

Xo= A , X = Lot R, Lp= T+ 2R, sy In=Zo+Nh = b.
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1. . .
ﬁ;lMtlJ-&cm‘ s Ome Thivd Fule
bt J] L — I e Y - . .‘,._..,__-

. ) , .
P(LULn(?_ N=2 AW IRQ 7/1.“16/_'6(1_.'[11'3(,‘ /omu,L(?ﬂ. (D: Wwe. ”ci

jzﬂ*r?xm = efener danrH(8-D)4,) (: oo 402)
=% [wuw. (-4 + & éﬁ!é}
= ﬂenow(u.—ﬂo)-»:—’;“"ﬁio]
- Bl + 24-2% + S(E- 2e DA

f "‘2}4| = :\—_3' (rﬂl_— W, -’r};]o)]

\\
. D

Ay
= J foodx = % [uo—» A4+ H;}
o 3

S‘Wvﬂuﬁﬁ, we Kave

Pt = Eor a4
Yo

(gj:j,(x)dx = Tgﬁ [Hn—z,"' ANna Hn:] Ca&z.uminc}, nto be even)
A dddi adl Hheze Maawabs L ot (k)ei

s
J;" £0dx = 3@[@0*'%) +2(HptNpt )+ i\(rﬂrh‘jg-%--\()]

]
SN

Ghg 12 called 5MPADY)'S one v nule o Sfm,mon’s rade. .
Note: e enos im e Sfme,SO“ﬂ’S oune HRixd rule g o]E 0(7‘{4).
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Stwee n=2, x +takesr e values T, x; 07 X Thow e Rave
R = (‘5—@)/2, Xo=A, =X, +h = (d*b)/l, x‘iﬁ:q,-w_ﬁ:b.
Thaa SMFAUWS ome 4R ade iz aiven. by

XQ,

J, Feodz & lf{%cxcw#ﬁmw %hﬂ

= Si'ﬁ(x)dx - Gfg [:f»(a)—f- 3=+ C@] —O

Exb Sl —%IE; Sclve by c‘in'm]mon’s ove Hhird rude
gl (1 dm o L] = 60- )= Froonest
%‘T éim]bwn's ouwe HRixd rule, e Fave
\g;jé}i‘l: = Qfg{i{on 4?(0-5)—%—350)]
- '-[!"_4'(!4-0 2&,)"' & ]
I _{r}_}
o610
= 0.7333
Exvoy | 07854 - 0.2833] = 0- 002

op. Evaluake [, €% dx by Sinpso's oue Rind sule.
!" n= 2 ard n=4 avrd WF&?’E’,!}O’!’?\:

2k Do geundl
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@w on’s rl’\xee Etﬁ}d; Rule

l——

ﬁz.ttm} n=3 . 4Re cz,umimrefn‘rwh D, we 8&

1_+3‘r3

J HOdx = %ﬁbc-*&‘!,—r 34,+ :]'3] Qﬁgl’:o,%bz)

A xXg
Sh%axﬂﬂ j Feodx = %’ﬁi 33+SH4'+335+HJ ohe.
=
Aﬂum'wer'#’& n Bamu%l’b‘eef {ILS, thd'
Xo+DR ﬁ

+a.(x13,+s€+aq+ =]

Xy

J Hode = — {:(H +40)+ 3+t ) *2(45+Y St i]
X

—F®

4

Miz 18 called Simf»so*n's HRsee e,vﬁﬁ\i aule.
Nete : The exoy i Hhe Simpaon’s thyee e,'.(?kt)mﬁe 1A c(}— O(ﬂ4).

SJ:“.»CE’ n==3, I.'b&kf»s "H?\_P_ VCLQJ-LQA xo/xif:(ﬂ-ov;c‘gl /’-)'UM— LOE.'EQVQ
= (b-0)f3 , Xo=0, (=R = [2ash))s  x, =Xo+2h = (a+2b)f3
and = Yot 35 = b. Thou Simpson's HRyee eiﬁhichulie £ given by

j Peode K %[ﬂm—r 3FCw+ 3#&)%@(&)]

. j Jeode = (b- a)[ﬁa)_*_g:r_(m-rb _fg(a.»zb)_F%ﬁ
—®
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cli

2. Avaluate ji o bﬂSIWLFAOYISSW

|

J‘ "d}’" [inﬁru)]‘ = WOH)—An(t) = 0.693
0 O

8.3 51"‘;'3‘50“ s 3y wule, we Rove
§ - %[¢c0>+s$<%)+sf(%)+fé'ﬂ

| +C
"t |+ 3<\+V3 (HWB |
‘ 3 ! "l
— q q \ ]

= 0.6938

]

= \o\gqs\amqsal — 0.000F%

\ ‘ | - — F— + = e _ —_— -—
Revye, N=<» ' Xo 92 £l =b f==~

j%ﬂkx)dx — R Flx+R) = 2RF)
Xo

_—®
=

[Peodx = (- (L)
a

/rwo’Po R—‘:‘-Jf'_ He;se n=3, "R’ = (b@/\’u IO'J—O-)I.——'CM*'@[}, :9-3 (d+1®/3 'D%z l’ =
J 2 podx. = SR [HED )]

J'wx»-wﬁ(&%*ﬂm)] ®
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§—-¥-:£’; C"“d the GLFFDOXI'm(dG value (ﬁ

— I sin x
I Jo = C’JC.
uAina- (h) mld—Pon}ud.- ade ) ﬂOo—PofMt open {,xdf:e rude. .

M
Sk (D Mid-poimt nule
Here, we Rave L= (b-a)fg = 2, %o=0,%= 1 %=).

1L = Slﬁtﬁdx = U"@ﬁ a+b) (1-0) ‘ﬁ(—L)

= Sin(9) _ o sin(Y)
I/

= o.CIS'8q

() "rwo":o'm\: sule

Here, we Kave AR=(b-a)z3=13 6 x,=0,

X = :zo+ﬁ = (2_0:;-[,)/3 = |/3 avd %;2};-%2’&:(0.—?%)/3}%:' i
! - b
I — So-:ﬁcx)dr_ = Qg[i(:%;‘) -)-:F(Cl-;?_b]
— CI*O)‘; _{,.1; 23:]

= -—'i[o Sm 3 Sln ~ﬂ

= 0.954¢
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