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NUMERICAL METHONS |
ERROR ANALNSIS
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of dRrwiation From the xoact vo| L L

re Ercor, @ = ACtual valur - Aproximmte vau
.. Actool Valve = Agerorximotl vale + @reor

_12!295 QfF LCrQCSy

O Rondom RccolC - b —
TheSe arl errors tkhat oCCur due

10 S i\thar rAChint or humoean falure:

SUWCh Rrrgrs Coannot be treaied nume.ricculds-

@Rouvndias _rcocs _
TheseSNare <rrors that Srris<e
WhA v NuMmerical Value 1S approximated.:
2 When rounded off o iruncoantcd 1o
NVEN Nueb ¢ of decimal places:

Exocnples
® Tromcotee the Fcllouairus 1o R decimal

(> O-38%4 (b) © 3RA94 .
0 38, o0 3]

@ Round off tho Fonow;no\\ to R decimad

PlonCeS - '

) |-23400
@ 125312

D 1255
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—— 1816 ( ndps) e |

Boisic toerms used.
O Absotute. error |
Twis

'S the mcu_chmimdq_ Of tho_ |
LCCor A o %\vq_(\ funaction -

ce 18] = |Actuan ValuQ = Approximat Valg|
F X isogproximated as X, then S =X=X"

®9~Q.Lo.:tiv9_ ercor 1
This 15 the ractio of the o bSoluie
QPFFS™ to the @xoct Volul -
'R Relative error- = | x|
>
@Pe_r-ce_ntwak LreoC
This 1S the T lotivl Rrror expressed
AS & pRrcAntel
Le PQ._FCQ.r\'tQ.%L Qrrer = I_Sic._l X 10012
>
®MMiMmM abscolute ercor (MAE) = |
This (s the mMmoaximuem possible Valve
OFf the Mm%ﬂ\tméﬁ_ of the ercor '.no.g)\uzn
function - Jt coun olSO be_ termed oS thoe
toleraanc e <Qrror oabbrevioate d os Tol -
Ng:

For o number rounded ofe 10 N decimal

PlaceS , MAE = O-SxI0" T
F on ' = XU M = ML AL
o N\ funciton , MAE l‘;\:‘l}?—um Mrnirumy

@Lirmts(. P\o-mcge_,) CF O\C_c_u\rcxtﬁ
TheSe are the VoaluesS dhod resteict..
thhe r&c&on bQu\S.:;r\d. WhiCh the. @xowct
VAR Sf 1R function con not Le - These
Valluls bind the roaun OFf Vales foo 4
the oacciuail Valul of & function - 1
The MiniMumMm  Vale s caled the |
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lowac Lt aond the MuiM“M-\JQluL
coalled the Wweger Limat -

Miadiruen  Valul =w°fkin3\fo\lu0_ - MAE
Moximuen  value = Workina- Voune + Mag -

Ramae of oncCuhracy = | Mawmum wm
A 3 3 Voume | . vmm-q

' g

NE -

If th* ovciuall Valull LiQs beiwern
o oand b then Hhe roan Cf oCCurag
Can be described oS [, b ] or (G swve ) ‘\

Procanation oe eccacs
S E 9 )
— O Addition”
lei1 Z =3<'-+‘:5 , Wwhere >C, A oond Z are
Approairmations of X, Y aand Z resSpectivel
= X = > +8x, VY= U184 ond Z=z+sz
Cz+62) = (x+5x) 14 (&"i 85\
€2 = S + §
I§z] = 18 + S\é\

fror— 1l ’t.nm.ru%u_ OF 'me.g_umLit:&s,

|s=c,+sﬁl 16| 4 164\
- < lgx

. @ Subtreciion
le+1 Z =3¢ - \S, wakhe re o 19....'\,& Z o
opproximations of X, ¥ and Z respeciivel
2 X=2x+sx Y= ‘3-&83 oand Z=24562
(Z+62) = @ +8x) - (A+sw)
_ _ 6z = Sx - Sy
€2 = ISJ.-SLA\
Frorm tial {oionale. of _me__LUQ\.LLt;Lsa

82 - 8ul <1614 1-gul < 151+l

- 2| < | 6§x] +

|
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Let Z = :r:.t Where. >, \3 and Z wrey
PP ImModiane of X, Y oand Z respectivet 1 -

DPX=XtEx, Y =46 Md»z—z-*sz—---}
(Z-tsz) = (U S 6x) -
| b ot -;3*1’6 +\$6=C.+Scr.ﬂlsﬁh
Since $x B and syzo. §x6

) Z+ 52 ::tx:)-*:r.&s \SSJC :
i

§z = xby ¢ \ﬁs.x_ 4
18z = IJCS:S 1 Wbxl
fFrom 1thu ted e of Neguolities,

l:x'-63 + t\.xé.x.l < .:CJSS + 5IS-'CI

S 1621 = DE:.ISL.S\ + \slSJc,l 1
Re ladve eccoc = Lsi_?_!_ ‘
- 3—'651* lﬁxf' - _é."
= 18x| + k&al -
_5-__ A

Division
G?e_-t Z =X | LQhere o, \6 o.nd Z areg
Q??rox'.mmt€oﬁ ok X, ¥ and ) ol rﬁ&?lﬁi;ul\&lﬁ‘ A
- X =X153x, Y-‘—'Q-tés ond Z= z+6%
Z+6z = > t§6H=x
W+ 53
= + S -
@60y C v - 5w
=cw4 usx 4 X8
W - qéy 563—(‘63\‘

Since ST 20 and ‘:SEO‘ stiao md(&ls\‘xo

= Z 1%z =_;u\i%_$1+x£3 r
> 2

N
=X 4+ §X « X fw |
SRR
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§z = §x - Xfd
R S
1§2| = | &< - .3(.‘.55]
18F ~ =% |
from the fanale of inegualitits,
|£.x = :sJ-%' s""l = [S:jl

S )1$2z) £ 18x] o+ :Llssl_
3 QT

R lotive errar = | 8§21
cr

J

L=

M

Lot \3: fdx) | wakhere 30‘"“1 X oure
perorimations of Y ouad X r%g-.‘a_ctivum
- Y = Y464  and XIx+gx
Wt §9 = Flx+5x)
Frorm  Tauwler 9 series
Flx +6x) = () + sxf(x) +(s:t)1;f"C:ﬂ+---
2!

® Yrdy = St sxftx) 4 (Ex)
al

Since_ Sx o0 , (_SJ‘-) oand L.\QS_\U PORE S
RNST approrima4_ 1o Zero -

94 §u = FCX) + §x §Cx)
f9 = sx§'Cx)

Isal = I8x|f(x)
Reilectivk error = | s
3
= |sx] {¢x<
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Exompies

lowe - : ?'F‘BIJ- Betermine ke
and upper Limit of the X values iy
MAE = 0 5x 02

-
< 0 0005 . S
@ Lower ((mit = 0184 =010005 }
= 01835 ,
UpPPer Limit = 0184 + 00005
1
@1 > =5356 .ond = 6 %1

Qhere both
Nnumbers arl rounded, Find the mMamum
and Moxitue Vooluess of

= -2 () B

N >
@G‘;UEJ\ thot m=2-12 . W=3 8 and Z=0-31
Wherdy all AumberS aare round, Stote.

a,
12 rma%a of c..cc_mr-o;c.m fo- ﬂ%_‘.;tz__‘é_

. @G\\VQJ'\ 14had 1the errorC N MRaSweTn

N
o cu\.c\\g 1S 0587, Find thae MoA MM
POSS I bLE. @rcofr inm SinX

For OC = 30°
CoSSC

o\ln

o+t O~ =25n=>x and b= coso L

» [5a]= |8xlcosx ond|Sblz ~18x%|sinx

MOXA MU~ Q0SS bl erres = |,§2-_‘ 4 |8bl ‘r
o b -

= |§.x.]cn:.x -9-[-55]5'1111

S\nxo [ XT3~
- —
=15x) E:.otx.+ tonx|

- =_ﬂ_ < . o
360EC° a.ow;c.

[
@Givm thot 5-‘-1, Fiad X PrasSsSion for

_ f
Pra= -—
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Llow 1V % absClute. ercQc an W -
e les

Let :5
> 53=4I5Ll1 L
. ive ercor = 4185x]1x
S, Re o™ x4
=4[S£&-
=

@T‘HQ. arQo. of o trioanale. Of 51d@95 032402
ond B3 4201\ ) oéve..r\ bu 1Al = lalleleind
e O = 30205 Find iR Pe_rc_e..mtm&q_

f

1

[

}coralss|

__‘il-nl MG L AL Ckrﬁ_f\‘ A

EA

L

< |
RS-~

error N the oaress of the tr.mmo&e_
S\
Actual o~ree, A = oabSin® |
T2 4xX34H4*»5N3J0
= 4 0800 5§ wnils
Minipan s 020 Ah.n = Dkl_..“l bh.ﬂs;ﬁeﬁ
= 2.2 »335n~A295

= 3 57150 Sg_.un's‘ts
D‘msa x bn-nup Sin q‘.-
26 %395 X5n305
“4-6186 S53- anis

Man

- , - - A
le.rﬂmrﬂ ob50luil ercor- Ahh’ "in
2
=t(u4 €186 - 3 5750)

=T 005218

Relativea, ercar X 1007
=0 S21% X (1007

, 4-08

2t°‘°g'~ C L Y —

%Wﬁﬁsﬂ

@TKL ?_U..Ck.l"\'ttt s X ond

Y oare afpr-
OxXirated o s X and

volt rrors 31’

and 5‘3 ru?it‘i‘\fﬂ.hﬁ- Shaiwv thaeot ‘H"-L.-I
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Felotwve eecor im usink :cﬂ 40 operoni- &

B 415 >
Soln
le+ Z = X§¥ )
- z+sz=@c+£x)(&+s\g“
=(c+ §x) (1 + 59 3" b
= Ge+ s (1e 4~ (E)(E)s -y -
Sinc e 5\3%0, (53\4‘ o nd \-\.:@r\g_r- poLIR TS

also o.ppron\mod.ﬁ_ zerQ: "
=» z+§z = (X+50001+82)Q

:xﬁﬂ xg"‘ﬁab +usx 4 83;-;3‘ -

Also 6xb4 = ©

€ ‘. S
> Z48Z = :3=+x_}€§5+%5x

$z = TIYO t o<
ANy .

1= ewmlgal + W l6x )
1§21 ,418.;‘3'-3 A\ =
Relative €rcor =]§_iz-_| -
-_-(xrﬁts«:,\ ¥ {'-slsx-l)h:_
a3 "4
—=w e
= 18yl + 16xl
2N X
- Re lontiv errocr = ‘%‘ *il%l »
.P\Ltv_rno\-tiutl:j
Gt Z= X ¥a |
w Z 462 =20x+5x)( 5_4 S-ﬁ) h

(Z + Sz)" = (x4 §x)*( Y+ 53)1
Z42z252+82° = (xt42x 5% 48X )C ‘3" E@
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elnc e S = o0 and 133(.&'..-, 52.*:: C and sxiag

>24 2262 = (== lZJC.SJL)C\s*\ 8\3}

2
= 31 11\351+11531215351l
ALso SWsx = O : X
£z = uE IO EX + X su — Xus
| EC TR S

- §
| -"-'r\ii,:r_ X84
! EXSC
- 1§2z] = Swléxl + x|l
| . RRlative ecroc = 152 s

| Z

l = (@l sx) 4 3.‘_3‘_5:}_])
2

<Ay

AL

ExXerciSe_

,®'The. Numbars A and B oare rounded
b off 40 & and b wilh [erers 2, and e,
reseectivel .

(NDShow thail tha Mo ximunm relative erroc
. (e de W thel ovpprOximation of B 5-3‘1}/
o b
(Mig also tw e Nu ™ be ~ C 'S rounded of

QO € Wt e Rccor e, deduce the
fXprission fore 4y MO XM U o lontive

- ‘i""’or Lo U {,o-.;k._\ka T operoxipnation oOf
N oL Ao A '
Nl S B 7 n tQ__rZL:, Of Q,, e, .8, Os,_h.ml.c.!
. A MAE =2 ) 4 |leal s le ) s
o 2|+ feliial)

AL fouwnded of =3

|
| |
|
de ciman |

f 1t two QveEn Nue~br -
£ : : NN £ RS
Place s, find the Fonae of Wl ‘

— F
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expesSSon A Les - - = “ |

) &t ) _

( Exoct va e = 0-00:’10 -

@'Tl-\& AUMBRrS o=23 0317 and b=%-4658\f_..
A rownded 0f¢ 40 th e NUuMbRr of deciren
Ploces \adicated -

M Stat the mMaxirmurm PSS I bl €rrocS
N ound b - | = -
M Deterrming t-2 obSclute escec w2y
(N Fid the raAoR ©F ValulsS wtaithin LR_WICKH
> LeS Correct to 4 decimal places -

@aciven that 5xXI=E, and IS\ = Ea, Shou _
2ot the Maxirmuaes releantive @occe radl
TN C\-.q'pror.'\mud-n,os ::65 as Xl"i 'S Cb‘\\} en bm_’,

2| |5

@ IF the QrrarsS 1n @achk of the Valuks

e ord € F {5 +0. 0005, Find dhe mimmusal
T

and MAXimMura Valus Of tha guotient /g™

when X =0 04 cblv;ncb \&au_r ANSWer to Sdfs

Boiven tnat X =24, W=54 and 2218
R al AumbersS ore rounded ; find
LR Maxirmaum abSolute ercoc N gsz-

J

(0-000122)
® Givan thot A= |xlly|sinS, dedunce that
L MORirALLRA poSS'bl reletive rroc \n
1S ALV x| + 169 ceto
AAS e b\ﬁ l_.i._\ \_?\-rlsel

a2 X P
@ Given ot Y= 10 and X=09-Fiad 1o
ro..f\.cse. O0€ Vol s Lavth ‘A Lokick 1he oct
Voulwe of W LS ’
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’Th\b o o~ NUM il e trod th~o ¢ |
Le uoed to Caolculate the cx?pron'.mmj
ader the Curve = $Cx) between|

e ~ = b oand the X - S

c:ir\. the onreo under thecurve

' L Tulle, th area

Cucve +9 divvded nio Stiripes

e )
wade @ * Q_rt_uo-.l wrdt d o

'CSuxb‘ﬂ‘Vi'—"'Uo"ls) of

u-ﬂ-&;s ‘_'...""' - ﬂ = m -
f{?l wl (9 L
3 : ¢ -
PRy x-S
| " b
Lripe S are jondd
te to

When the tops ©F the S .
b3strn~l%\\‘t LnRS, thﬂ-é A QR COXY N

troe Pz M5 -

Aren 0f tro~pezium I = zd(Yot4) X
The total onrke o0 tha trapeziums 'S

te refor e CG'NQ.r\ ’bB al

AT ':le [:('ﬁof Q) +(Q,t9)+---- 1 (U;“_:rgﬂﬂ
) éd[(\s‘f‘%n\ ¥ ac“b\*‘iz*"'“ﬁn-.ﬂ

-'- ‘n %Q.f\trml : s 2Emn s P
b » '
' A= ff(:c)dx T '_li"[( Yoty ) + 2(-':..1'-5,*""&3‘\

T"\Q_ CXPresSSion oabove 15 the Lro peLinm
USSR

Ng .

Mfar A ord.-nm'te.?:-, e & (n
e rvals

-
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) .niP_rVle 1he iddih & L
s %‘.th\ bﬁ: d = b=Q, . X
- - i: . A

WD For Ordinates, tke widtk d Is \wen
by 4= b= tQ (No o
- 5= ¢ o of \ .
3 n-=j (S\Ab nlervals ) (Nt‘é \‘\'l‘\\.-.) .
(v 'T!-\_e_ o\ct‘_u..rc\cs depends on tha
AuMbecr of Subintlrvals uSed & the
\'\wg\.'z.r' thQ Number of SWb .r\-t,e_r'\quSJ'thQJ-_
CS:'Q.&--{.Q_T' tre od.'.c.u..r'o\c.\§~

(V) The actual (exoct) e under
Tt Cuu-vo__ 'S Ob-{.m..\ﬂktd frorm ColCuw LS.
e A fgd_n = /a:fc:c)d:.r_

EXomple s
®U-5Q.. 4t ‘tl""C\PQ‘_,Z.lth-f\ WL Wt‘tlv-\ =)
Sub it rVals 16 wWerk ot /I— e dx .

$01n
d -— ]—0 e
3
=oQ ;
' Y
0-0 {O-00000 a
O- O-0o48%6 :
04 023369 R
06 0655 96
O-5 |- HR4325
- O X-T182%
Total | - 71828 | X-36186

f}cx)dx z id[um..\ 209y, - 5«-3]

§o=
fx_edx_% Lx0- RC:Z, 328+ (2 -'.56-736]

= Q 14940

T e e—— T

3 3 .
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FEOd 3 gh(Bet 49,19, Lintre

— __

,-‘raglk- oabowl 5"’1(5301'\"5 ﬁul_ﬁ_ e L

S

S What 'S the e xoct Value OFf
I(\") find the pe.rcq._n,-t,q,%e.. errac

e 1o calculatians v (@ ond (&) above:

-I_®(a~') Use. the trapeziven rml,i Wit 8

reduced -

|

@US"’—' the tropeTivm rulle Lin 6 ordinodges

ExQeercCise.

o worwowt . 1
; ¢ dX () I -
) [ EES 2 dx
o o
i -
LR o
Qv) £c S dx

() [ sec xd%

@ Uvse the trapeZiten rale wWith S Sub

~q1e-vals to QSiimoate the Aares Of \_\S:%

between the > -axis aand 1h& Lines x=1

e s [
a the

Colculotions w @ and 0 obove ond Stote

wow 1 Coan b r‘Q.du-C.Q_& -

@) Use the troapezinm rule With 5.Sut:x
iader vols 10 eStimatl the ares of S?;S

betsaen 4he SC-axis and the LNRS =0
and x=1" !" .
(b) Find 1re exact valtu Of % 5
) Deterrmine the pe_rc.e.n-to..o\sQ. Qrror 1N

Jr“d::c.-

d) How Ceoun 1he error be Teduced?

Sub.Ater Vals 10 LSt imoate [:1:_+.d-’f- Correct
to Y4 deci~—al PlaaCe S

(b) Deterrmine the po_rc.&n-ta%e_ errar in
the_ eStimation ond Stoate howy 1t con b

- —

©(°~) USe the trapeivm Cnle vt 5 s5ub
inqervelsS 10 ULStirmate L“E,de to 34
(B) Deterrmine tho percentange QLroos

N Yowr estimate- How cen it b reduced?

|
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Ap_p"‘w"-_““’ﬁlg_ NUMERICAL  METHODS

|

l

|
’TP\L:':Q_ AL N EmicaY MEe thods MF
10 locate 1he poSiticA OF the rea. | root

QFf o Function A the Farm fCx)=c -
The Ao tlode AT phical - ound -~
Oxr\m.l\.&tit'_w\ MeikodsS - -

(o) A
‘e W= ¥(x) ond Fd - fteye 0o (&
Neaalive) , then there AIStS on real |
Cco4 For \3: f(x) =C betweren X= KRN
and > =b- :
NG : v
X and b are VvalvesS of X not \6 i

EXompleS
® Shotu thet there exi5ts o real
oot Far 4R Ffu.nction 1.:’..1-? 3x -3=0 "
beriwreen 2 ==3 awnd X =-2 =
Scln
led £¢x) = 2x"+ ax -3 - f(x=)=0 .
FC-3)= 2AC-2)"+43(-3) -3 = 6(+VR)
F(-2) = 2(-aY +3¢-2)-3 = =1 (=vR)
FC-20)-F(-3) = -6 e r\@_ﬁc\tive_-
Since fC=3)-f(-2) <L 0, ther. exists
on el oot fFOor the funcCton %\VQ_(\ -
bw 2x*+3%x -3 20 between X =-3and x=-2{

|-
EXxgcrcise

O Showe that x4+ LOC&LI_ =0'S koS o Teo |

roct betwaen >X =05 and X =1 -

@Show that there exists o reol root
cor 2x* = 6x+ 32 n 1t ro.nae_ C:-’),q'j

<
@ S"'\OL-J that X 1€ =90 nas N FRall |
root between X =0 and X == . |

- - ™
e —— . L —
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(b) Grephice) method N
NS Bl i
N T ’ —enUY

1

When o Fsen of . s
fcx) =0 15 ploted, 1t W cut tht
N
between 1o 2= values betiwehn UO"f
o Feal oot ©f the fwncton es

. - el wnto
WhQ A 1R fuonction $CxD '5 AL 4 .
raa ploted on thE

N Ya) O aare. L
10 FunChoNnS W + bewin

2 Nas 4 2 C
SAMRL oUXRS the cy-o..phs v\ b2 ST

. cootl of
ton 20 Vellu g kha4aeen whiCh o real

L fuunction LW S
EXormple O
®U5e.. o %ﬂ'&?\-\;cc\l metnod 1o
the 1At rvedls Loitihina WhkiCh th ‘
FeO1S of the equadion 2x*t3x-2=C Le
fer 1w V‘\f\%&. - e x <3
Soln

Lt ‘3= 2x*t+ 23X -3 N 5=°

loconte
o reol

Touble ©f Yo \Wk O

X |-3 | -2 | -1 @) [ 2 3
A 6 = -4 -5 | K n | R4
oo §

o W=2xx"+3x -3
10T
sd

-0 - aX1S

"F
o4

-3

TR exiStsS oo reol rool for 4ke

eguation 2xX'+3x -3:0 betwgen 5 =0

and X =1 oond betwween x=-3 and X =-2-
ExXerc,co

@U-SQ. on %ro\Phigo\\ Method for -—4eX <4 to

leCant 1L posSitians of 1he real rQotS of
2 3:-1‘63:.-3 =< (D :x_e_i'-: 5X =10 N € +2x” = 4x
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ITERATIVE NUMERICAL METHODS.

b These are numMmerical  ™Metkodd
wsad 10 find a betder agproximotion.
OF the eguation wnthe fForm £(x) =0-

W\ St MRikods, o Segulrnce orf
approrimations Xy, x, , Xy, X, , - --, X, S| -
FQuNd , 2ok Suwbsejuent one ben
Closer 40 1tha reol roat of- F(XI=0 than

~thhe pec_viouns one@ - I
o | -

() LinEAR \NTERPoLATION / EATRAPOLATION
This 1S &« Aume Ficol mMethrod wused 4o

Flad ol approxirmate Value ©F the fonded
WWICK e S 2ither betrdeen +w0 Enown
Vatue s (inte rpoletion) of cx.d&mz:?_.t\t 10 _
1o knowvn Velue S ( xtropolationd -
Conside e 4he 1able below Skoumné
X VaulneS and dReir c_cer_spoﬂd;nSv&\u
of 00 - : , 4

Volu e of = X X >,
Valse of £e0| fxo) | 0 | F(x) _

A aroen of f(x) aasinst M&é
be. asSsumed 1o hove the Shope belocT | e

feo A
5 =fo) = -

IF W et ime Lne ADB APProximate

the Curve ACP, then B WO\ b Clase
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tho4 HDT HC ond e FF

TI-;mnSLQb ARD and F\%F ar ".‘:\M\I.Oxf',
- AH = HD = ‘HC. -
AF Fe FP.
| J. X -Xg = frx) - f(x). - -
X, - fex) - F(x)

The expression oabovVe 'St

exXpression used When llnet\.f'.;ﬂ'te-"Po'-“d':“q

°C @xtrafelading

EXomples

®THQ- 1abl beloww Sholras 1th Valukd

Of temprrature € oi diffrent 1imes T

S

T | O 120 | 240 | 360 |480 | 600
18C°%) | 00| <go 15 65 56 4 g
Use LbNneor

1N1Rcpolation or exirapolation
1o determing

MO wraena T

-

= 370s (MG whean T=120s
on T When 8 T 70°C ) T Whea ©=38°C
Soln
(n. Extroact
T¢s) 360 | 370 480
‘__ O(°c) | 65 © 56
. Froga, £CE)-fx) == X ocar 14
 fe) ST I x =T
BBO -~ 360 = 56-65 '
370 - 360 © - 65
2 = éﬂ Eoc

@Thq_ 12 bl below Shows 1 Values

of > ond their corr&.&enuinawxwm of £Cx)

x| 2

3

| F)

2-8%

4

5

S

i

% 4

I 94

&
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|

Use. line | |
N MARrpPolation oF thro\potn:t-bn]
to de.-t.Q_rMmQ_ the volae og ’

™ f(x) Wwnen xz2.15

N X Yhen fex)= IO-T-?!

| | -
@lr\ the table BRlow 1S an ex4ract o¢ 59.-:14- -

- e ! ’ / ‘
X=-60| O 12 24y’ 36 4%
1S8c x (2 0000]|2.0/22 R-0242 |2 0371 |2 049

Use Lneor interpolat.cn to eStimate the'
D Value of Sec 6015 |

(m o\r\cbte_ “hoSe Se_Cantd 1S 2 90432¢

-

l.

@n Ph35?c5 - MathermodilsS tancher 15
CoNnfFident trmat there 15 e~ Lineor e _Llod-
I0ASKIP beteen WS ClasSS’ perfocrmance
" P\m.gsic& S Nd Mathe matiCS: He Mar ES
Al pocpers of Ph\&:}i(_ 5 and Onl S AR
Meathemmatics papers - On reolthin thot

X Student Wwhe Seored S92 ‘n PR )
Scored TR 2

' MALhe Mot CS kil tThe
ONE ho Scerkd 762 in PRSICS had %10 in
Methemotics, ke mMotire fmocticoll predicied
1he fRsuwus of the rest oF 1Re_ |
Find the teacher™s predict

SO\n ; )
PHYSICS 59 6 i
MATHS T2 21

students
0N For I4lany a

@Show that the eguation eF-2x = |
haS o real\ TGcot bRtween ¢ =

=\ oand x=2
O*Nd hence wsSe Uneoer ‘nterpolation to
eStirmate 1he. root 1o 4uno decimal pPlaces

=
@SKDLQ that X 1220 wa g oL Tlal rooy
betwwden X =0 A4 X = -1 hency use | |

NeeT \atergolation 10 RStimadte |
LOSST TR REELD e oo |
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e —— e —

-

b

s

MET
|

This 15 thi Muthod. WSLd 10 determing |

the ~004 of «~ differendable Fuaction flx)=o©

by Rxpresgas F(x) =0 wnto. Several F&r\(,-tmns
OF thL fore X = 3(:.::.)_ and. CoONSider inl
tha one CROSC. SwCCeSSWe ~ootS te ad

to c.onw_.-(&p‘ )

The Suceessive rcotS of the fonction
- ¢ ard cnly if lSCI)j(l |
ST thu roots il divee '
the function wWnde ™ consideracton Wi”:
Not b ARPTOPriatl for Gindir\.%-tht_ oot * |

Ly Cc'ﬁVQ_ -

Ot v,

@Dl'tirrvnnq_ the_ %L:\Q_rk,\
Fe™ de4ecrmmine
D’— =3 ~-12 =

Le ¢

EXomple g

—0Ln

3
3T~ = fex)

2 f(x) =0

3X = x
= X,

o2

o
!
N

OR

“3 the coot o 1ha eguotion |

-

and

teroactive Focmuly

Nn=0 1, 2,3,..- I
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@ Shews et the agneral terative |
formMulol for Sclving . tha g uetio M

3
XV~ =1 =0 15:5\\”_“ b‘i >x,. .= s +.L)

INMher = o, , A, -.2"

|
3
X - -] =0
:.T;.s = 2 11 .
xF el i'
. i b
KTl 4+ L . '
x |
"—- x"\*[ = l_+ _I_ s N = 0’ A .2, - - - ' =y
\‘l > o 1
————— —————— n —:t_
-
@ be_-t‘e_r'mine.. the %Q.n?.r-:;d terative ForHU-U’\I
Focr F‘r\.d\f\% the rcot of the equadion
2x*-e*zo0 thet Lies betieen O xnd’l
S0\ .
Xa\h N
:'tnh = (&.) o0 X _ . = \n(l:L")) n=0,12.-
t = :__‘ - 0'5000 e S L
L :
for 5(::.) = in Ce.x.‘) foe— ‘3(.:..) = (%) |
' = X = I - H
SIS R stasgre™ |
A0S =y 3’(05) =0 37l
= |9'Cx )| >1  (Discard) » lyGl <1
- The AQAtneral (trradivis Fortulo o™  faw
F\r\.d\f‘\.i 1w VGQ-{ of 1k ?—‘Lmnduo-—\ 3_1 e_ =0

S (E.) ) NSO, 8 P’

_EXecrcisg.

O The positive root of the eguation e ax-1=¢

Les betiaren I'Soand I'8: USe. aclk of the

formulae bRlow twice 4o f.Aad o beder roat -
Formula 0 X, 2 4(&"-1)

w x,, = s:és._m
-2

s
Stoat, Lith & RSN, Witk of tha {0 foc- |
1
|

IS S .

muloe s agpropriatd foc fnd the oot
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) =CT i
@BisecTion A:.c:eammm(lnw |

.5 \.LS‘LJ t0

4o

2E 43 on 1M
hv_r..c_fr-_w,{_ o~ b{__ﬂt'- rocf C‘F ‘t‘!'\Q_ Q—"Lu.‘:\:t |

A forem fdx) =0 b~3 tuLi-x‘St"\L VRTINS |
G L Lmils OF the snteruml woithin hib
tha root LS

L 1§ fCxd=zt and Sl fdLO then
fcx) =e heeS o oot betioeen > =O aand
X =b AA CLStimatid. Of the root Lxsir\.os

biseciion Q‘“?Y}U"ithm 'S ey VA b3 Ko :tlaLb-

ThRIS {5 oA edloaac e

The AR T Vel S o rre_c-\rr:\ncse.cl the the
ProeCess of bisecticoA 15 continued watil
th best L3timetl 10 thai rood 1S Obtoined

EXNmples
G)Skow thot X’-2-22% hos o. ool beturen
21l aond x =2 Use 1tha biSeCtign ck_Loxxr.'thp\

to estimente 42 root cerrect to 2 dgs -
Soln
fex) = xP-x -2 = o
fo = P-1-2 = -2 |
f2> = 2°-2-2 = 4
fFNf(2)«0 e -ye '
2 X’~-x -2 =¢ |
=C has o root betwern X =] oand x::z-'
le4 O = $C1+t2) =15 |
£G8)=15% (5.2 = - @, 12.S
frs)f(2) <o
® Tha root Lies beinveen X =1'S and x =2
X = 1(,.

P = 1(!51—2) = 1715 S lerror) = 025
#C178) 21 783~ 135~ 2 = 1:6094 |
£C18) £(198) < 0 |
2 rect lies betieen x =15 end x=1-15 |
X, = |

2 R(I-S‘t 11718) = |- 625 > lecror] = 0125 |
:F(le,zs) =J'6153-i-625-1: O 666 |
F(18)f(1-628) < o
*The rFeot Les bedween oz 1°5 and X 21625

T3 2 1(1641:628) = 16625 3 Jercocl z 0:0¢

I

|
|

)
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{(1-5¢25) = 1-5625°-1-5625 -2, = 0-252
fG-s)f(rs628) < 0 * 15]

P Tl root (1S between x.."lsmnd X~ 1-56
Xy = 1(15415625) =15312 |eccorlz 003

L | Fer—

f(l 8312) = 1'5312°-1.5312 -2 = 0-059
fre)f(1-s312) <. 0 -

D T root Lils between X.=i:6and X=1 53
X, = L+(15415312) =1-5156 ; leccorl = 0015 |—

fC1-515¢) = 1 5156~ 1-5156 -2 = -0 034

= Tha roof LRS bedwela X 21-5166 and Xx= 'SZ| —
x, = i(l-5]56 +1.8712) = 1:6234; lerrorl=0-008

f(1-5234) =) 5234%-1-6234-2 = 0 012 ~ -

(1 5234)1(1-5156) 4 ©

D Tha root GRS betwee~ X = 105156 and X=1-523%
X, = 4(1-515641'5239) = 1:5195 leceerl = 0-0039

Since lerror| £ 0006, 15195 is-e betiesr |- .
root

T o S |- e A ——— o
Execcise.

CD Shows b:S plo-ﬁ;ns Suatable %ro..p hs on tha -
SamL coordinale oxeS OF D1Kha FLIiSe {hat
tha root of the ejuatdn e®-2x 11 =0 lies r’
beiwken X =1 and X =215 Use. biseciion

le.c-%o\r';tht‘ﬁ 19 find dKWR. 00t Coeerewct 10
L decimal Plocrs -

@63 plcrﬁms NXPhS Of U =SAnx and yu=i on

the Some aAs, Show that e root of 4re

Lguotion Sin>x - 5'\.‘_‘0 LS betweresn 215 and

x =2 Use_ bisection OL.LO%O-.I';‘(J\M 1o find ey I

m
m

rocti corractd 40 2 dec<mal places -

Scanned by CamScanner



@ NEWToNS gapneen o METHON

¥ 20 s the_ raidiol S gpromimoaton FO

betor KPPTOxmation ... Can bl Gbtawned ¢rom™

N4

o express.on DX, T XL j(,lr\) |
{1 |
e C o= - = - (=)
DX x - () and X, = X - H(X
[N £(x)
GLLQ-!:L&_L;-_;:«M de civa 4,00 of Newdon s Rophsony
Mmethod -
C.Clﬂa‘d{-. .
NAXET e Qropn  OF = £(=xD Shown|
b-itcn.o : % ts
jcx)/‘\
1ES)
ff— — = e
f=)}
—> 2C
let

Rl=., f(x) and ﬂ'(x..fCI))' be. tuao
Clase points oA 1. Curye -
The -to.rmbm-t at f Cuts

Tha, X -ax s
at X |

. . o~ better APPrOxamation 10 the root of
tha Qguation ) =o thoen ¢, .
Siemiloar

the -tmn%e_n-t at P Ccuts

' ithe
x - NS a4 o

2 7 SUse o bt~ o pproximat
1o tha root Of thL Q9uiation F(x) =0 thaA
x .

1o

Qradient of the tosr\%l.r\t at B = £() -0

x, - x,
Bt flx )-o = ey .
X, -x,
- X, = x, - I(E?_______,__u} I
()
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D The bianest root LRSS beteen >xX = 3

Qrodent of the tangeAt at F = f(x)-©

o X=Xy .
Bu+t F(xy-o - £(=x)
x, =X, . 1
- X, = X - f(X) _~-------- (»
£(x) |

I~ aeAneral ;
X = x, - flx ) ke N=0,1,2,3,«-
LFY n ;f nJy., -
(Xn) B

EXxampele S :
-2 2 x &5, determine -
a.l roots

@ U&ir\os the o z\%q_
R iAtrval Within Whitk the re
OF 4R JU&iion 2xF-6x -3=06 L& enCce
usSe. NE&M 4o find th b;'csg_St root correct
to 10 decimal ploces

ST 1AW

> |-2 |-t | O | 2 |3 4 S
f( 1|5 |3 |-7 |7 |-3]]5 |17
Thare s oo oot for the eguation
2x*-6x-3=0 between X=-1 and X =0

aand alse betdwneen X =3 and X =4 -

o.nd X =4 - _
‘Le4 Ax*-6x -3 = FCx)

= JCX) =0 aoand (X 4x -4 | -
'xﬂfl = J:'n - {(1“)
£(x.)
2
= xn - Rxn'éxﬁs
4x,. - 6
= 2x. +3
4x,- 6
For 1t~ b t roet, X, = 3+4
W -
= 3 50000
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e e

N&mM 4o find L Toot Correct to Rd P

.@Show that the NRF gor n.a“:roxjma‘tinS

"lli_'_(—r..‘.-*'"() hoenc e tonk A =4, astimot
%

x_n xML lx!’hl——-xnl
2 Soooo| 3 43150 - 062.50
343750 | 3 43641 O 0ol0O]
Sinc o | 3 43649 - 3 43150] £ 0-005, I-usean

'S A b2l agproximat.on to the root

"

— :. r—c

®SL‘D'~ that the ferative formulo. for
-F!t"\d.ﬂ ta foarth rcot of o nuMbers N

5 (SNL“ 53 l(xﬂ + N\ hance eStimat
18" to 3 3x3
347, "

Exg —cise.
© Shews that the Newton™ S Raphson 'S
foeomu le FOC f.r‘\& nc\e‘ t root Of tina
\?-\me-l N Yo :x:e. -+5:L—IO O g ?5‘“—“ bs
., .‘X...le, + 10
e (:::..*)16
1€ the root (1S batwween X =( and X=2
s NARAM 1o ¢ind that rcoct 10 3dPs -

@Shnw that tha rect of the g uaton
e* -rx_ = 4 5 bBetileewa laoand 2 Use

tha L{ rocot _of tha NULMbes N S cbwe..r\
by @ X, _L Ck-Nx, + N

xn
Use WOLLE Formula.  te find thL POSItivR
Sguere root ©ofF 67 Qorrect to 4 Sf -

@1F A 15 an ageroxirmmoate oot Of ihic
eguection 'JCz‘:.ﬂ, Showd that the 1iterative

formutal fer itk 00t reduces to.

the Sguore 00t of 17 Correct $0 340

Scanned by CamScanner



*@ Use. & Arevical rMethed to Show they
the qu.a\{io-n efw.x.—q-:.o haS onl one_
Feal ood - Use NAM 40 find 1k root
CorrRret 49 3545 -
@5%@»& that the e_?_uo..{sbr\ X = |r-\(8-$§)-4|-
hols & root bitwieen~ | aond 2+ Lse NRM!
e Find th agprorimate root cocrict |
1o Jd-fy

— |

@SHOL\J that the NRF foe- fadinag Line

. L3 ~ '
oot © = ‘ Ve by ' | -
C 3 -the‘_s re.iucu{aon o = N S (3 " 3 .

xml — 453-%!\1 L, nN=0,2, ---
S

n
Tc\mas Nz S0 and X = 2:2, ¢ind the root

€Carrect 40 3Idecimal placesS -

®G"} e & 18 the First A pproximation 10 th
Foot ©f tha Cquation X -80, Showw that
thaL Second approxiemation 15 t(qo. -g_c%) .

(b) SOW that tha POSItivi OOt OF thi ©guddon
x®-17=0 LIRS bedwen I'S aond 1'% hance ase
thL LXpress.on in 8@ abovie t0 find $hy root to AUy

@:;':km.-a that tha Qquaticn e.x'-:z::.-: 20 hoS e
AN root btween X=2l and 3= 1S khenCe use
NR™M 1o find 4hne rood to 3 dps - [

O F Ad the Simplest terativie formulo. boasad
on Nzwton R-G-PHSDﬂ*b method for m?pre,‘.mwt\j
2. 'Tc,.,u_xn% X, =1 S the (i rst agerox.nnotion,
Find 1o Second oggroxinao.1:0A -
a2 _ ~x = = Syt
Let =2 = X =4 % %, " x1x
®b¢..r‘uVL 1he Simglest teradwe formuto. hosSed

on NRM for G.fproxtmn.‘tiﬂfs th oot of 1tk eguaten

e* -3 =0 -Startnq With X = %, find 1he root 1o

3
4sf hance Ffind leq, 3
C tog,3 = 1:099]

1S S —

b
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_FrLow CHARTS |

A Eloto clhart 8 oo dios et C {
TLfrese ntation 0F oo oc—deced S1p
'bj Ste P plan OF oun cx..Lo%ow-.tkm for
"’—KQ_CmtinS ov ogveA computoational procedure-

The Steps are represented by Variouws
5Q_.C1N'\Q..-tt':c_o...l Shopes Nt connectied bil-'nts
Caned fFlow LRSS A Flow Lfno, 'S mstrm;&htl

BAL itk oon arrow to indicate the direction
|

AN Wk the computationoal procedure 'S
fxecuted - |
Ne - |

Flow LIS mMmust not Cross coshk other - i
|
'.

St :
@_IO\&P‘&. N o, flow) Chorct
he Sto -1 Stoag.
— - . d
"Ms IS 1L first Stoe of the
Flowd CTrort - Jt indicates the Stoact of o

Computotional procedunre -
The star+t Stogqe s Mepresented 53

o~ CGircle -

.@ o ] Sion ool
This IS LWhere 1the Voulues of thee
du.mr'\:s nput onre fed into the MmerMorwu:
T rad S'touesa, 'S represented b3
o~ pmrm\ltro%rmm-

. b
/“T s/

|
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]

Tkls IS Where. 1k Ari{lefetic compu:l,-i....'*
ACL Performald . |

-

T M&\'%nmtn-t 5{,&932.. 'S rtpro_:.u\.tutu'
by o "'Ll'tmngsle. .

R f
b= b‘-q,‘c 2 x = a1pic -

f —

@Tbg dgC?ﬁfDnCconjmg 'ﬂw;btm%b
TH:S 1S o. bf'oxf\c_\n'-r\_o) cparation fFromm
NWhitkm alternativl paths oare token oftitr
N Suitobl® deciSion keSS been Considored
bm&.xr\z on th Control Stoterent -

The deciSion S'Lo..cse_ 1S repreSented 53
o rhRombu s

5-3 _
&
YES

@ [he priant &t“-\%g‘
This is WhLFL the ot pPut Vallues of
N Computatinnaal

fFor V.a wing -

Procedure alre d-‘&plmﬂe_d f -

T print S-to\%'a_ IS represented b CN
pmrmiltru%rmm . \3

—~

=9

R'int x

f
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This is the lost 51‘.’:\31_ of ™ floww Chert
H‘ ‘ndico4e s ter it Of oo Computoational

Procedurcy - .
The stop Stoae s represented bam Circied

SToP

bf’:)r’un OFf o £LO 3 Ch "I

'T"\-'S 'S o ChRck uwe pleen for o Comput

" Stional procRdure {hot \SLL&& oo~ Onteut

Voulw e from onm et yalwe in on fimit R
Aumber of SIRRPS-
Ne-

Ity outePut valul 5 reguired to
N decCirmal plocesS, tha drﬁ Ffun 1S oprrated
10 Nt decimal placis aand th tolerance
eccoc (Tol) is O0-5x 10" -

TR t0leronce error 15 the Mmoaanitude
Of 1R MoXirmur accptable differencC
be tvazeln tiLao CconsSecutivi ountput Vol sS:
3 f:‘l:.n"-_'x.nlé‘l'oL

_Exormple S

(D 51&43 1 flow chrart BELOW oaand anSwke
1rhe Juestens traot folows
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O P'l‘-f‘fe'rwﬂ LN drﬁ run for the (low Chart
abovl ond Stoatl 1S pureosS - . -1 =
M) We te downn the relationship beiwerkn . n
and A - .

—S0ln_
)

- |

A
] _ o

Q

2 e i
6
24 |
120
RO
5S040 .
Th pucrpose ©f the flow Chart ' 16 4
Print Aobacral number S © 1o 7 and. 1o

J A B e WN

Compuie and priat.the.r foctoriaalS -
w A =

———

@bmm o~ Flow Chact that COMputlsS and

prats tha AV gl volud of the ficst 30

odd nu.mbersS - = : _
SOo\n

Odd numbers oce L3, .. * 4, =14@0-2 =57 e
ART
¥

n=23
5=90

ﬁlq,o.d: 5,4:1/

A

5=% "
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@b"'t\w o flow Chari thetl COMpuirsS o.nd
PrimlS the cub® Qf Ltk eSSt A0 Qouﬂtin& Numbersd

@ Draw o flOW Charl that Ccomputaxs ond
Prinis tha rootS of 1he Lguet oA o +bX4C =0
Whaicre oo

So\n

= > - b1 Fuac STTEa
FTN e
Z‘iﬁadtn,b,c/

r

D= I:—QO.C.

oW

e — - T e e ——— = T -

e e — T T e -
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@TP\Q_ flow Choerd brlow SHows the Socia)
St.c.u.ri-t.S nomber (SSN) and T morﬂ,hl3 wWo.

(W shaiaag) OF &n 2MPISURE WhoSe MRt pay is P

(STHR’T) s

Excess 1 = 2800 |. I_E"cu‘s;w'““ 4
\
ExceSS 2 = W=3000 [ -
¥ NO [Tox = 0125 X EX

y

-

ToX = b-;z‘&(&xis#s ) ¢+ 01.5(&«.::9}
L 4

o < - - l

P= W- Tox
Y
Priat: S-SH_H,P/

Y

STOP

C.op\.s and Completie the toble belows

SSN W T P »
230-0Y 300 __O 00
|80 - 34 840 05 _ 785
179 =923 4500 100 3800
| 80 — 66 | 5550 . | 970 4610
| 38S ~ 03 8000 | 575 | 6425

m
@Gnvm below o.r\l._ste..cse_,s Sf o flowy
Craort

3 3 -
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C=@&=2

. [e=As XY

(S F\rro\n%@ the Siaqes Lo Construct o
Compra o logpcal "¢ low Short:

(B Stote tme Purposes Ofthe flole Clharct
© Perform a dc.;sru..n o usouﬂ-ﬁ‘bw Chart
bts QOP\d\ﬂt\smr\d caomple {ina the table below:

A 2 C
46 —
27

JIRO |
173

| A€— A+

|

2 -

l
I
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(b) To compute and Peint pos vl Aotueal
nombecrS dwviSable b3 2 - -

- - W

©) A & C
| 4 8\ -
43 42 2l
77 .| 12 36
20 | ns | - .
121 116 59 -~
) 132 [ 112 86 i

e ——— —

@ The tecrotive formala ror findiny the =1
Cubl root Of & number N S Quven b\tj '
I.n*l=$(2xﬂ+-"-‘1-:)-,n-_,p‘,’z’...

(®) Broaw o flows Chardt that )

(M reodsS the values 6f N and Xa°

(N Computes and PruntsS valus OF e to 3dfs
() PQ.ri-‘r.:u‘rf\ o drﬁ roan. for N= 66 and X~ o i

(® @‘2‘5 M
¥

o

n

b d

ERER
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(b) n In xn*_L lxnn"' I'n_l
o) 4.0000 | 4 0417 C-o0414y,
! 4.0417. | 40412 ©0- 0005
2 4 0412 4 0412 ©0-0000__
667 = 4041
Ng:

The flow chacl obovil Con b rodified
So theot t:;rnu5 O Ponr Licudour Mo I MM NueMmber
Of \te~at.6nS 5&.:\ I0 {e rotiOnd 'S ee_rformt.d'

In ST o CasSe, N Counier LIhICh 1ACLrasSeS
b:sc\. Spec. i q_u,o.n{.t..:sjg, wsed and 1tis Checked
AEIr Rach teraton 'S Performed”

(START )

Y
n=ao

/Rtad - N_;,/

L
T

YES

— - - e .

@ A bu..it&-n‘b 50‘--'2-*-5 VS ow COmponnd nierest
o A shilingg °F P shilinge worth af Shawres ot &

T'hi.'l.—- OF r'i'e ?Q_(- NN MM e . o o -

0) W it dewn on &loqerithm for Compubian
r
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e Toaurmount e C_t_umu.u\.'td Oon SKo.re_ o

e 1w fest n \5?.5-.?5
M Gwen thay P = raoocor,

drewd oL flow chert
thed Compuies and PrintsS the armounnt of Mone
ACCumulated at & Compaund

n\
1S %

Wterest rate of
P ainnum ofier g4 59_;.\..1-5-

M) Per¢ornm N dr\.s Cun (oc U flow Chour b
M A, =Plrar)

% @ |

-*,,.
| =0

/RQn.dl P,r;/ F

A

A =e(1+< Y}
n= P15 Aentl
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