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Elective 111 : NUMERICAL ANALYSIS 111 18SMST34E
Onwards

Objective : To improve the mathematical skills among the PG students

UNIT -1
Errors in Numerical Calculations — Introduction — Error and their Computations — Relative Error —
A general error formula — Error in series approximation.

UNIT-11
Solution of Algebraic and Transcendental equations — Bisection Method — Method of False
position — lteration method — Newton-Raphson method — Horner’s method.

UNIT - 111

Solution of Linear system of equations — Gauss - elimination method — Gauss-Jordon method —
Iterative methods — Gauss - Jacobi and Gauss — Seidal methods — Inverse of a matrix by Gauss —
Elimination method

UNIT - IV

Initial value problems for Ordinary Differential Equations — Introduction — Taylor series method —
Euler’s method — Modified Euler's method — Runge-Kutta methods — Predictor — Corrector
methods — Adam’s and Milne’s method.

UNIT -V
Numerical solution for Partial Differential Equations — Introduction — Finite Difference
approximations to denivatives — Laplace’s equation — Parabolic equations .

Text Books:

I. Dr. B.S. Grewal : * Numerical Methods in Engineering & Science”, Khanna Publishers, New
Delhi,Fifth Edition, 2000.

2. S.S. Sastry : “Introductory methods of Numerical Analysis”, , PHI Learning Pvt Ltd, New
Delhi, Fifth Edition, 2013.

Reference Books:

|. DrM.K. Venkataraman : “Numerical Methods in Science and Engineering”, the National
Publishing Company. Chennai, Fifth Edition 2001.

2. P.Kandasamy, V. Thilagavathy, K.Gunavathi : “Numerical Methods”,S.Chand& Company Lid,
New Delhi. 2016.
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UNIT-T

APPROXIMATIONS AND ERRoRS TN COMPUTATION

- Intneduction

| The Limitations of analytical methods wn practicol
| applications fowe Ued suientists and engineers to avolue

- umoucal methads . ko Know that enact methods often fail

| un dﬂwi“@ plassible unfaonces from o given Set of
tabulated Adata on yn Finding no0ts o tramscordantad oquations
!091 un So,virg hon- finean diffewntial %uaﬁaM-Thgmv_ ana mary
“mou. Such gituations where analy tical methods ane unable to
ipnoduca desinable sesukts - Even ufy analytical Sodutions ane
EW‘“ awailable , those ane not ameneble to direct rumenical
%uhtmpu%aﬁ@n. The dim of numenical analysis us thewfors,
}h) provide constnuchive methools fon obbm'm'ng arswens o Such

EPﬂObIDJn)S un a numecal foam.
|

| With the advent of ﬂcg«ﬂl Speecl dompu}ﬂv’ and

i un(Nosing demand o numenical Solutisn to vardous problom,
| numenical tedmitltws have becoms wunclis pensible toods un
The hands of enginoons and Suientises.

The uhpub wnfoamation us marely exact sina it
lomey {nom Some measwument ox the otk and the methed
also un tnoduus funthen ovon. As Such , the evion an the
final et may po due to avion un the unitial data on un
fhe method on both- Oun effoat will be to minimize Those

€M, S0 a5 {o Guat hopt possible gesutts-
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o dal‘glbs' le-J) 22/ = 3 /

g | We Herefore begin by explaining vonious Kinds o
j“ F aPwarnaivW and ernon which m"é’ ocaun e o Prob i,
j and denive Some nosudts en ennon prwpogahan un numww
? Calcu(ahem

I

Accurnaw of Numbens |
[ Appnoximaifz numbers!

Thene ane two types of numbens exact andl
approumale: Exact numbers ane 2,4,9,13, s » b kS, cte,
But +hens ane numbesns guch ob Ag_ (=133333......),
V2B 414213 ..) and (= 3141682 .. ...) whith Cannst bz
expnessed by a Sinite humben of digits  These oty be
OPproximated by numbens |-3333, 1'h142 and 3 1hib raspectivaly
Suth humbens which Azpassent the given numbéné tvo a
Contan deguee of acwnary are called appnopimate numbers.

: 9 (S;anjzf,‘cﬁnt JQ‘auMz
The digits used 10 express a numpen ang called

Sigm;fiami d.t(jtfs f:f‘laW'lM) ThaA eath of the numbey

Fm.s 3589, 0-4TS8 (ontans foun Significant Figunas wiis
ffiﬁa fumbens 0:003 gk

t

» 0:000587 and ©. 0ooo29b ontam oty
’fﬁm’. 5'(7“:)‘"“"* JIW Since Tonpes only Aolp to fix
Positien of he decimal point S'wlanl,y e oo
and T3p0-00 Fwwc bma ,S,amd,m f'aw aﬂg(

- Raundtrg Off ¢

- Thowe w o
umber 25
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Tt ws Adesgneble o Limit Suth numbes o a
mﬂnaﬂabw nump.er [")J [L'Hit—g Suth ar 3:14 on 3”’—ng

p 1o tehs o4 Aprping wnw anted /:l,t'(('/llfﬁ e s called lem(fa‘m}

l

L
‘ A+ Rule o owund off a pumbet to n gigrudicant Figunes!
D) Duscand all dligits o the ought of he n'h digit
1) Tf Hhis cwscarded numben us.
a) st Hhan half o wnit un the nth place , Leowe
the nth dligit unchanged;
b) gneoket dhan half o unit un the ™ place,
un nease thg nth digit by wnity;
¢) Exacty half a unit un the n™ plaa, unuease
the nth dja'tt bg wuty i kS odd othen wise Jeane it uncharyu!.

| Fort unstan the following numbers smounded off o
thee S:‘am‘ﬁcanf: Figunes ane :

T-893 to T-69
12- 866 to 1249
b-435b to bhAk
2. 567 to 3:671
§4167 to BhBo0
5-9254 o S82

Also Ha numbes 6284359, 9. 864bS1, 12 hbhT62
Jwunded off o fown plaws of dewmal at 62844 ,1- 8646,
12- 4648 mﬂépm_{:ivdﬂ.

The numbens Thus noundad off to n significart gL
(on N dedmal plais ) s Said b be cosvnect to"n'St'cjﬂi:h'W
| Figwus (on n docimal places).
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ERRORS
Tn any numercal computatien, we me Ao,
the 3(0“014).”'5 type of emtons
I« Inherent £ 2oons
Froons wﬂtoﬂo i alflmdy szmt wun The
Stutﬂ.mmt of a P;waam bodons its Solutien, arnt callyy

;,mh,w,nt eons - Such exwons anise eithen duwe to e
gww data £g,mj apprwm.maiz on due to the vbrw{-nhw
04 mathematicad tubles - Calwlations on fhe ddgff—'al Lompibs
Tnhorent ennons can be minimized py taking betten it
On by using high preusion mputing aids.

2 Rourding Ermoms

?ouncb‘ry N Et)siée from the proass of
Tounding off the numbans duning the computatiors S
evions are wunawoidable un most of the Caleulations A

'h"H\“ ueLfYU‘fﬂtTW Oj the compuhnd aidh- RD! n“rb,gfzn-_"f\
Can, fowever, po neduced |

) by chalanﬂ The C.alaulahm chadum So as tv

MO'd’ dubtﬂﬂcﬁ&n Qj‘ I"LEML_V aiw mbw an d[l/,l&ﬁ"
by a smw numbm, i |
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3 Truncation Frvions

Truncatien @vions ane coaused by 'Ml"‘a—
approximale nesuls on en MP'““"B an unfinite proless
by a finite one- T we aw ws‘mﬂ a detirnal cornpuban
hewing a  fixed wond Leryth of A dgits, moundivy off of
13-658 gives 1346 whenass trwncation gives 13- 65 -

Fon E Xxample, 14

2 A
ex-1+7<+—x—,~+§r+:l Tt 0m X (SYY)

us ﬂﬁplatﬁd byr

I—HH- +x = x' (say), then The truncation

ennon us X-x'
Truncatisn ewvion us a type o4 algorw‘ﬁm erv1on .
A Absolute , Relative and pencentage emn ors:

T4 X us He %W Value of a 1uan+i@; and y'is
i1ts approwimate value , then | X-x'|-tije) |Esmon | us called
‘H»e absolute ennon E, .

The swlative emon us dafinad b,

_rzl.'{—x'l_ chas | Exnonl ‘
¢ | Thue value|

oand Hhe PMCMW& QVIoN us,

Ep =100 Ey =o0 I_x_-,_‘gl

T4 X be Suth a numben hat ,1’ x'| £l X, then ¥
| s on wper limit on the magritude of absolute ovion
: m mwm the absplute acum:ug
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Notes: ‘
I Tha relative and panentage enons ane undap ond,,

of the units wsed while absolute enton us expiessed

Forms 0f these wnets:

2. T4 a numbon cornect tv n cleamak pla s o,

the enhon = Ji—|o-n.
Fon Example, if the numbert us 3-lhlb coreck to 4 deyjy,,

places, thon the @nnon = L1o* = 5. 00008 -

b IV R Ty S

Vsefd Qules for ESH rmhy Emm).l. s

rumbens un a  caleulation ane e
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I [ numbert s cormect te n 'r;,',!y\jf,‘(,mf ,~U(7f|'..”um
(

1A maxtmum  aelative evion & J 10 h,

j Tf a Nnumban rllﬁ corng ¢t te o A(}(i'ﬂ‘“’ ,f)la.’ﬂA,'”gn'ﬂ"[p

| (”‘\f‘lllh’ rifron « | | -d

2 T4 the firat .\'r'{jm' ficant fq'au_m of a rumbat v k
aned R, numben ws conma t v n .(i(ffhj.ﬁ'(““t j{auntd ) than

| the owlative ovion « ’/(k xm“")-

L

ot us voiify s ousult by Sfinding the ralative @07
un fhe tumben 8bk-32 comact o five Sigrificant figwzs.
Here, k - @, n=S and

|
|
1
;
|
E
|
l
|
|
E abSolute exmon > o-o:x.l5 - 0-006
i

I
2 Polabive cimpn SLO00EE o B Ll g
86432  ppu320 2x gby32  2X&0o0o
EIRLEA . S
2 X &xlok gxlob
3 :
k x10""

. Henwe o nasult ws Vonidied.

paoblam !
Pound off fhe numbes 865250 and 3745235 to fowt Sigri icant
Jiquus and compule fa, Ev, Ep un each case.

Solution:
1) Numben owunded off e tv foun Siﬂnid-icanf &HM:gbsmo

Eazlx-x|=|865260-8bsap0] =50

E - X'XI\Q -EL—-:b'-HXID’S.
A gésrso
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| T o B |
Ep= Ey X100 =éTl X 10

w~ LI ¥ o t * % 1
i) Number Jioundad pff to fou SRS o = 57,

EazlXx-x:l= | 37-ub2354= 3T 4 booo|

= 000 23S
-
2‘;"1}: 0:0023%  _ .27 X 10
3'7'1‘”:23.;
3a

Ep= EyXi00 =427 XI0

E yuio~ Pnopaaaﬁon! ‘ l

;il A numben o oomputu{-ianal Steps ane Carricl.;
- Jor the Solutisn of prvblom - Tt (i nemawuj #p Undor chod
\ the way the ennon Pmpa,aaiu with phpjmmvz ¢coraputa tisy,
If the appnwumaiz Valusy oac -tw humbw X and
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2 ﬁbSoLu{:e euvoh u.rl eubtnatkion opznal:iw'-

XY= (X'+Eax)-(Y'+ Eay)

=(x"-y') + (Eax-Eay)
L X -Y)=(xy)] = | Eax - Eay| £ |Eax] +]Eay] .

Thus the absolute ewion In taking (x)-y') as an

| Approximation to (x-y) ws JLess than on equal to tha Swn
; Of 12 absolute ermons win taking X'as an apprerimatisn fo
X and y'ax an appronimatien to V.

3. AbSolute ervion wun multiplication ppwiation.

| To find +the absolute enswn £, un the preduct of buo
. wmbert X and V, we white,

Ea = (X+Ea) (Y+Eay)-Xxy

Where Eoy and Eay ane the absolute emions uin x and v
Sespe chively - Then,

E' A,_Q,SUrmfy Eax and Ea\’ ang mmabb LCmall S that
Eax Exy can be iannmd-

Thiss, Eq = XE,y +YEay Qpproximatdy

A+ AbSowte Fsmon un divisien OPznaﬁom

Similanly The abSolute ernon £, uin Hha quotizat of

two numbens X and v, we wite
'Eq: x-l-Er“ - X - YEay-XEay
Y #TRay T &Y Y (y+Eay)
- yf—ax "-"Xan

Y2 (I+Eay]y) J
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R e F Aok 3 k51 4 . g P

rﬂ: .Z_rrnx- xFay
Y'J

- __x_- (._E:ﬂx‘ b Eﬂy
y v, ...y gt

R N

- assuming Fay [y to be Smal

N T .

Paoblam ! | 3

Find the absolute ervon and vwlative evion un /6 +J7+)5
Cowutt o 4 Siani:HmM: Aigits
Solutien:

We Aawe J5 - 2449,
SR G S T PR 1 |
V8 = 2.828
Se 00T 1= 1908 L st
Than the absolute evipn E,;ms 0

This Shows thod S us cor 2t to | o

R
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| of o) 24 csx’))

{ Y4dY = £ (o) (:DX} 11 as

| J
‘ haor PO LA d)_f A ond
|

‘ + berms (.iﬂw‘.'lvin[ {\j(rf
7 é?’_j —32(D

|
|

T the evions Sx,, dxa be So Small that thun 59 uanss

-

anel fulgh,g,n ingn,l, Can be ”‘27 lockted ; than (1T 3]\/%4

5y = ..a_} - OX, #.‘_3-{ A, appmwmaﬁ'gf |
X oX,

In 39111’_}!611, the emon 53 uh e f-w')C‘H&ﬂ H:JL(”:J”J;-""“U

C@Wpond«'rj to He erons dn, un ¥ Liz1,2,---- D) wh
5ivo.n by,
oy oy S 2y
-;_____—-5,(—1-_..._ :{+.,____.+___J
By R ; s 5 - Oin an

and tho nelative enwnon un y s

L)
EY—%_:-"_'SV &+&éﬁ+.....+§i d%n
0 y o2 y O%n T

P/wblzrﬂ'-
T4 U= #NQHSIZ‘* and @025 un 3, Y, be 0-00l, Lompule

fhe nelative maximum evon un (I when H2Y=Z=),

Solution !

du_ _ 8xy>  du_ _1ax*yp

Since, o ) 5 s

Z}" zh
du . lbxty’
o1 25

£ : i
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2. i 2u_ gy 4+ 24 4
Uzt c?x+aj Rl el

; 2
- O3 gy 20y gy L B

| Sine Ao ewions dx,dy,dz may be positive o negati,
1 we take the ablolute velue of +fe termA on The 7!-334"1 $1d,

N jivirg
Qxy3 2% 2y 3
05 - L Y lon’y?
max zh il d‘y/+ “_:«?E“Jz)j

= € (0:00))+12(0-001)+1b (p-00§)
= 0-03b

Hene the magpimum nelative &VloA = fJu)mau /LLF-B—eﬂ-g.-

L ) L e R L 5 S 0 gy wai i
|

-~ ©-03%
| 4
[ = 0009

Evions un a Sonjios app;wxjmaﬁm’-
|

hle Know that 44, Taylon'’s Senign fp1 £x) at =2

|

! s
- With a sumaindent aften 1 tormg VA,

002 £ tas 72
- + %-a) =
a) ;fra)-H:r-aJ;f’(a)-r Q!-:_@_J_?:f’ta)+
al ‘

th-ny IO R

who, Rptx)= Cx-a)h
ni 3 (8), acocyx

I the Aonies
PUE WS convengent, RnlX) =6 as n— @

|+ and hence if £0¢) us appnoscimatsd bym finst n tom
'f'ﬁ;J S ! J ‘ ‘
bt e The SRR TRBEREE N i 5,
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Nemainder tonm Pnix) . On the othankand s 14 e

Accwtady  guguired un a Serits apprexirnation 4
Pmawsiannd, Hhen we can find N, ke  nuambe LR e
which  Lwewld Yieldl Ahe Adesined accwtody.

paoklarn
Find the numbot 04 fams of The expenartial Sordes cuch
That Hhavt Sum ghves tha value of e wrmwct to Si dotimal

P\OLCM ok =)
Solutien :
Wle hawe,
3
eXo jpoa 2 +3'i-— G- e Rp LX)

- Moximum absplute enfon Cdi O=%) = x"‘ .Wm,d

-

7712 Mastimum ndahm oviorn = 2N, &

n'

ol

=t i 7‘- 2 {T
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ORDER OF APPRO XIMATION
| We often .mplau a j—um.{:iwn flh) with itg

approximation ¢Lh) and +he ewio” bound W Known ko,

M (h"),n being a positive unteqen So that,

| S(h)-gth) | £ p | h"l' . for Suficiently Small f
Thon we Say that @ (h) appronimales f(h)with ondn
approdmatisn O(h") andl wnite,
f(h)=¢pth) +O(h")
fon unstante,

—-'—'; = 1th+h +h’ +h* 4 h” oo
|-

UA Wiutten as,
_'_h_. = 14+h+h*+ h3+ O@M) —D
l_ E . p A f‘:.'- “r
to the 47 pndor o4 approximatisn,

Similan by ws(m:-.l-'l:_ -

e ST PP TR Lo RSO 0 i e S L
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Source :
Text Books:

1. Dr. B.S. Grewal: “ Numerical Methods in Engineering & Science”,
Khanna Publishers, New Delhi, Fifth Edition, 2000.
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