


iiaSauti61~~  5 iia  Giinniia  loo wuw.4-. .

OR 205 (HI 1 5 3



ie 1.3 ri7HUa (3 x 3) linear systen

(ix,) x, t 3x, = 2

(E,)  5x, t x, t 2x, = -5

(E,)  x, t 6x, t 2x, = -11

OY7LjllLl’lr:Uuii7\Iw~qY!~tURjn~ &I AX = b ?wanhdnaa4  A, x ~a%  b

Solve E, for x <n.u,: x

then E, for x : X(-“’  =

then E, for x <nru,: x =- -
1st iteration:

x’ = x ’ -
i -

2nd iteration:
(a-..“,

X ;

<la.“,
X =
-

x(“-“’ =

X
9 -- x,’  =

OR 205 (H)



a”a  2 . 1  3481  $, A  11% det  A  =  A  ~t3an’WIAA  I\L\$  ( P a r t i a l  p i v o t i n g )  ?UI I

LU-factori

row,C = Cl/T ,,) Irowji - CC--I-,[  t I,}  ,  i = l , .  .  . .

Ylll CG  : CI 81  x &gun? Iwalj  Backward substitution

row,l(:  =  row,C - [<--I:[:  & 1;;  ,  i=n,n-l,..., 1

OR  205 (H)

n

1 5 5



H i n t :  WI  c uaa  t &IVI%I  Forback  matr ix  CI?L\G  : ?, :  c :  21

Forback  matrix ~CI

l -

o  2 -l/2 312 : :

0 0 2 l/2 : : :

-1 l/2 0 5/4 :

row,C =

row,c  =

row,?  = - -

row,X  = .--

row,X  = --.--  _

rowlX = - - . - -

-1
A =

(14 RZMMU)

OR 205 (H)



--ml3 Af(X)/h  = Cf(xth)-f(x)I/h

baa T6t8lj Central difference approximation la

6f(x)/Zh  = Cf(xth)  - f(x-h,I/zh

. . . (1)

. . . (2)

X f(x)  = In x

1.0 0.00000

1.1 0.09531

1.2 0.16232

1.3 0.26236

1.4 0.33647

1.5 0.40547

1.6 0.47000

OR 205 (H) 1 5 7



a”a  3.2 77n In x , x = 1.0(0.1,1.6  'luia 3.1

~SVI~I  definite integrals ~EIIII~

2.e 1.5

(1) S  In x dx LI  a :: (2) $ l n x d x
1 f

(6 AZUMM)

$95 (1) Simpson’s l/u-Rule:

X J+E

J fcx,dx  :: th/3)Lf<x,)  t  4f(xj+,)  t  fix,,,)1

Xd

.$44 (2) Simpson’s 3/i3-Rule:

j f(x)dx  fi (3h/8)cf(x,)  t  3f(x,+,,  t  3f(x,,,)  t  f(xJ+3)

h h h h
--c----b

4m;:  -.
2

.

1 5 8 OR 205 (HI



OR 205 (H) 1 5 9



ia 4 7Jt&611'11J Divided Difference 'h?u 6 knots ‘lhuu&
s

Knot Node

PO

p,

pe

p,

pa

P,

- 2

- 1

0

1

2

3

A/=y-

2 1

7

1

-3

-11

91

4
-14 4hz-

4 A3-
-6 - 1 AA-

1 0 a=-

-4

-2

-8
55

102

4.1) 7in DD table il&d

leading coefficient aaJ p .o 5(x) ;a
"::
flJu.4  P,., (x1 aa polynomial % degree  L~I~"U

ua= leading coefficient IaJ p,.,(x)  :a
“::
Ram P,., (x) !?a polynomial 4; degree  ~hn”nr

ua= leading coefficient BBJ  p,.,(xr  :a
” ::
@JW PI*, (x) i;a polynomial h! degree  ~Y!?I?u

4.2) wtiau p o .(x) SAanw~&  nodes  RW~?#U~J~  x , ,  x , , x,9 x49  x,9 x,

~~?uaudYlu  DD table ~5%lhdnisM1 p, .(x) c‘&ww~?a~inn~~

OR 205 (H)



uaa  PO., fx) ‘lu nested form i;a

P 015(x) =

4.3) 1ummi  p,., (x) a'~R"un~~th~  nodes ~IU?;  Neuton backward

R’a

7Ja97adl'lU  DD table !?Jwq#ul  p,,,(x)  RWI%?!

cTna?~sautT3aihda  udliia4tiau p, .(x))

4.4) 79M’l  p, 4 (xi 4wsnw77arnaG~s

P .*,(XJ = -

OR 205 (H) 161



ia 5.1 ~lUlls'li/  Linearization Algorithm (10 A~IIMU)

&;@I  f i t  y  =  a exp(gxj

Ku%l;adkhl~  P,!1,5.12~,P~~3,3~,P~~6,2.4B),p,~9,2.34~,P~~l5,2.1~~

Linearized form ;e Y = a t bX

74llh3~nl~%nl4Ul  Transformation relations

Z&A ‘Transformation relations i3a  X, = ,i=l ,-a., 5

Y, = , i=1,...,5

a =

b =

a =

0 =

Transformed points lie Q,(X,,Y,), i=1,...,5 i’Ldz8  QIC

77n Q,!X,,Y,),  i=l,..., 5 n’lw61  II  X = 342

2z  Y, = 5.2695

II  x*= = 352

XI X,Y, = 29.72

ain normal equations 79uanSdwl  % 118::
A
b (Kaiiawd~~eu!

OR 205 0-I)



a”a  5 . 2  171  p(x)  =  a,x” t a,x”-’  t . . . t anx  t an+l , ia, f 0)

blat: q(x)  = x2 - rx - s

p(x)  = q(x)  Q(x) t R(x)

x r  >

1

a1 “e a3 aa --- an-1  Iaa a “+I

tblr tb,r tb,r . ..tb.-,r tbnetr tb,r

xs> tb,s tb,s . ..tb”-=s  tb,-,s  tb_-,s

b, b, b, b, .--  b_-, 1 b”b”*,

5.u p(x)  = x0 - x3 t x2 t 2 i;a  polynomial &i

degree =

-- ..--

--~--.~___-----

----

-

-

f 10 RZIIMM)
OR 205 (HI 163



a”6l 1.2 rilHWi  nonlinear system TGXZ

Zlny-x=0

xy - x - 1 = ‘0

164 OR  205 (H)



ie 1.3 n'lwn (3 x 3) linear system

(E:,) x1 t 3x, = 2

!E,?) 5x, t x, t 2x3 = -5

A =

10 3

0

0
5 1 2

1 6)2C
,x=

x1 2

x, ,b= -5

X -113

Solve E, flor x, : x,'"~"'  = (-l/6)(11  t x1 t 2x,'

then E, f'or x1 : x~'"~-'  = (-l/5)(5  t x, t 2x,)

then E, f(Dr x, : xLlcnou'  = (2 - x,)/3

1st iteration:

1%9JFl9&31R  x = x, = co 0 01'
" :: <rrc.r,
RJUU X e = (-l/6)(11  t 0 t 0) = -1.83

<r..3Wl
x 1 = i-1/5)(5  t (-1.83)) = -3.17/5  = -0.634

cn‘.v,
X3 = (2 t 0.634)/j=  0.878

x' = x*' = C-O.634 -1.83 0.8781

2nd iteration:
n-Y,

X =e (-1/6)Cll- 0.634 t 2(0.878)1= -12.122/6 = -2.02
nmu,

Xl = (-1/5)C5+  C-2.02) t 2(0.678)1  = -4.736/5  = 4947
nm... ,

X3 = <l/3)(2  t 0.947) = 0.982

x' = x ' = c-o.947L -2.02 0.9821

OR 205 (H) 1 6 5



a”a  2.1 ~JR’I  2, A ita::  det A = Icl8n’%WR  ^L\^v  (Partial pivoting) ‘lid

LIJ-factorization Tiii&B

i\b  =

2 0
I\A=% 0 2

-1 l/2

P,‘/3 2 -1

_-__-__  > -1 1

0 2

I IA = (-1)*(2)(2)(5/4)

-------) -1 1 0 =A

= 5

iil 2.2 l~n7sHlwnlaaaaeJhn7q~~~~n~  Ax = B

qin LU-decomposition ~IH%I  A I?I Â  = ?G

ui?11517a~l/\B  7111 B %lanlsril  row interchanges 617~%%%H’l  Â  3111 A

(la”7 ^Ax  = B̂  1516 equivalent system

LTI~~MI  2 'lG?in Forback  matrix C?\b :$ :C : Xl

778 6. :
A
Bl MI E hiattn?  Iaa’l#  Forward substitution

row,? = Cl/?,  ,) trow,;\B - II<--1;C  1 I,} , i=l , . . ..n

77n cZ : cl ~3 ? h%un? Ia81~  Backward substitution

row,? = row,C  - C<--l;CJ/lG  ,  i=n,n-l,..., 1

1 6 6 OR 205 (H)



Forback  matrix ;a

0 2 -l/2 3 1 2 : 0 0 1 : 0 0 l/2 : 3/5 -715 -l/5

0 0 2 11’2 : 1 0 0 : l/2 0 0 : 3/5 -2/5 -l/5

-1 l/2 0 51’4 : 0 1 0 : -l/5 4/5 2/5 :-l/5 415 2/5

rowlC = 1/(2)CO 0 11 = CO 0 l/21

row,C = l/(Z)fCl  0 0 1  - COIL00 l/211 = Cl/2 0 01

0 0 l/2

row,? = [1/(5/4jlICO 1  01 - C - l l/23  l/2 0 0 1
= C - 1 / 5  4/5  2151

rowj = r o w , ?  =  C - 1 / 5  415 2/51

row,? = Cl/2 0 01 - (1/2)C-l/5 415 2/51  = C3/5 -2/5 -l/51

3/5

rou,X = CO 0 l/21 - C - 1 / 2  3/21 C -l/5

-215 -l/5

4/5 215 1
= c3/5  -715  -l/51

13 / 5 -7/5 -l/5 %a417dDUh A-=
-1

A = 3 / 5 -Z/5 -l/5 AA-* = I

-l/5 415 215

OR 205 (H)
(14  A”lIMM)

167



ia 3.1 nmhwmd7 f’(x) 2 iiaa

-blalaY Af(X)/h  = Cftxthj-fcx,l/h

II%  ‘Ifl8lf Central difference approximation :a

6f(x)/2h  = Cfcxth,  - f(x-h)3/2h

. . . (1)

. . . (2)

iY1  f(x)  = In  x

f’(x) = l /x 663~  f’(l.2) = l/l.2 = 0.8333333

7SHldl~%~UlN f’(x) ‘IFia?i($RT  (1)  LIB::  (2)  %a?!  f(x)  =  In  x

N x = 1.2 TRal#  h = 0.1 uasdl  In  x 77nR7475kiIMuW1~  66nudllu~a7*

I IXX f(x)  = In  xf(x)  = In  x

1.01.0 0.000000.00000

1.11.1 0.095310.09531

1.21.2 0.182320.18232

1.31.3 0.262360.26236

1.41.4 0.336470.33647

1.51.5 0.405470.40547

1.61.6 0.470000.47000

i

(1) f’(l.2) e Cf11.3) - f(l.2)1/0.1  = (0.26236 - 0.18232)/0.1

= 0.8004

actual error = 0.8333333 - 0.8004 = 00329333

(2)  f’(l.2) * C f ( 1 . 3 )  - f(l.1 )1/c2(0.1~1

= (0.26236 - 0.09531)/0.2  = 0.83525

actual error = 0.8333333 - 0.83525 = -0.0019167

1 6 8 OR 205 (H)



ia 3.2 7in In x , x  =  1.0(0.1)1.6  ?aGe  3 . 1

3a1d-1  d e f i n i t e  i n t e g r a l s  ~~IIJZ

1.e 1.5

(11  j In x dx LIB:: (2) J”  In x dx

1 1

(6 A”aLedUd,

j In x dx = x In x -x

1.e 1.e

(1) J ln x dx = (x In x - x) = (1.21n  1 . 2  - 1.2)-illn 1  - 1)
I f

= l.Z(O.18232)  - 1.2 t 1 = 0.018784

1 .J

(2~ 1 In x dx = i1.51n  1 . 5  - 1.5)-(lln 1 - li

f
= 1.5(0.40547, - 1.5 t 1 = 0.108205

$FiS ilt S i m p s o n ’ s  l/3-Rule:

x.3+,

J ftxldx  :: (h/3)&x,)  t  4f(xj+I)  t  f(xj+Z)l

xd

$ws  (2) S i m p s o n ’ s  3/E-Rule:

X .++a

1 f(x)dx  :: t3h/8)Cf!xJ)  t  3f(xj+I!  t  3f(xj+z) t  f(xj+JJ1

xd

h h h h

ml; -.--.
I-h---h-,--A

.

OR 205 (H) 1 6 9



1) h = 0.1 3111 (1) ./ In x dx R (0.113)Cf(l)  t 4fCl.l)  + f(l.Z)l
I

= (O.l/3)CO  t 4ln 1.1 t In 1.21

= (0.1/3)C4(0.09531)  t (0.38232)1

= (0.1/3)(0.56356)

= 0.0187853

actual error = 0.016784 - 0.0187853 = -0.0000013

2)

.

-/ ,:, j= 1.3 .I. j-i--

1.e 1.e 1.5

j In x dx = j In x dx t J In x dx
1 * s.2

1.5

J In x dx R C3(0.1)/8lCf(l.2)  t 3f(1.3)  t 3fCl.4) t f(1.51
1.2

= i0.3/8)Cln 1.2 t 31n 1.3 t 31n 1.4 t In 1.51

= (0.3/&3)(2.36428)

= 0.0894105

1.e

J In x dx 8 0.0187853 t 0.0894105 = 0.1081958

' actual error = 0.108205 - 0.1081958 = 0.0000092

1 7 0 OR 205 (H)



~CI  4 79Li91611715  Divided Difference $?W%I  6 knots ‘Lh;==ih

P,~-2,21!,P,~-1,7i,P.(O,l~,P3(1,-3~,P4(2,-11~  ~a= P,(3,91,

PO

pa

pe

p3

pa

p5

-2 2 1 ml-

-14

-1 7

-6

0 1

1 c -3)

- a

2 -11
,;02\ -1

k- 1’
3

./

*=-

4

0
1

-2

‘-\
: 55;
./

3
m-

-1

0
-1

c.
/

\ 1 9 :
.-’

*m0 0 $2

/-- :Cl 1;: \ .-.
5,

. _-

/ -1
I\ ; 4-3

CA

0 b2

4.1) 7111  DD table ~?Q&A

l e a d i n g  c o e f f i c i e n t  aa~  pO.,!x) a’e 1
a, z
fiQW P, 5 (x) +?a  polynomial $; degree  L~II?U 5

LLIZ l e a d i n g  c o e f f i c i e n t  aas p014!x~ !a o
Y ::
@9’uU  P,*, (x) ~CI  polynomial % degree  ~i?n’u  3

uaa l e a d i n g  c o e f f i c i e n t  ~189  p,.,(x)  a”~ 5

ci& p ,.,(x) R”e polynomial h! deg ree  161n"u 4

4.2) ?dLaau  p,, .,!x)  7wani%bih  nodes  WTO~~~?~II~J~  xD,  x , , x,, X4?  X0’ x5

~~?+%EIII~v?M  DD table !?sasl#luni%M?  p, .Cx) tlGas%euiaati7nn?)

p .o .(X)  =:  - 3  - 4(X-l)  t  1(X-1)(X-O)  - l(x-l)fx-o)(xtl)

t  o(x-l)fx-o)(xtl)(x-2)  t  ltx-l)(x-0)(xtl)(x-2)(x+2)

cKai~a4nstr3iabneu)

OR 205 (H) 1 7 1



naz  p, 5 (X’J  ‘Lu nested form Is

p .o 5(x)  = cICLl(xt2’)ltx-2)-lltxtl~tllx-4l~x-l~-3

4 . 4 )  39Ml  p, 4(x) Tmanszaiarnau~as

P = -0.4 ix) -3 -4(X-l) t 1(x-1)x 1(x-1)x(x+1)

zc -3 -4x t 4 t x2 - x - x 9tx

3= -x t x2  - 4 x i 1

x,, X3’ x,9  xa,  x,

p .* .(X)  =  1  - 4(X-O)  t  ltx-o)(x-l)  - ltx-0)~x-l)txtl)

t 5(X-O)  (x-1)  txtl)  (x-2)

= 5x& - 11x= - 4xa t 6x t 1

172 OR  205 (H)



ie 5.1 %m?s?t/  Linearization Algorithm

L&I f i t  y  = 0:  exp(gx)

fiuiu~ada~ti~  P,(1,5.12),P,(3,3~,P.(6,2.48),P,(9,2.34j,P~~l5,2.18~

Linearized form ;a Y = a t bX

Wlt~R%I?%%h7YMi  Transformation relations

y = Q exp(gx)

In  y = In  0 t PX

t?& Transformation relations za  X, = x, , i=l ,---, 5

Y,  = In  y ,  ,i=l,...,  5

a = In CC, b = B

a ;exp(a),o  = b

Transformed points &I Q,CX,,Y,),  i=l,...,  5 &;a Q,(l, In  5.12)

Q$l,  ln 3)  ,..., Q&S,  In  2 . 1 8 )

3’1n  Q,(X,,Y,), i=l,...,  5  tiwua Ix  X 1 = 34 5

= y, y 5.2695 Twdl  zs:  = z%.z

XI  x,2
,=I

= 352

= xty* = 29.72

[ ix I;2 I[; I = [ z:J --->  [ 3; 3;;  11; z
1 [ 5.2695

29.72 I
3in normal equations 34uaniiia3  t ua=

A
b (biiew~d~wau)

5 34 -1 5.2695

34 352 1 [ 29.72 1
OR 205 (H) 1 7 3



ia 5.2 n”3  p(x) = a,x” n--lt a,x t . . . t a-x  t an+l  , (a, f 0)

uas  q(x) = X2 - rx - s

p(x) =  q(x) Q(x)  t  Rix)

= ~xz-rx-s)(b,x~-ztbEx~~~t  . . . tbn-extbn-l)tb (x-r)tbm n+,
fkng  b,‘s  ;$sL&~‘?~~wMR  Q(x)  iaar Rix)  HI?~B~I~  synthetically

~JM~AJ~URl4lJ~lJalJ~

“1 aE 83 a4 . . . an-l a an =+I
tb,r tb,r tb3r  . . .tb,-,r  tb rn--l tb rn

tb,s tb,s  .  ..tbne3s  tb,-,s  t b  sn--l

bl  b, b3 b, -a*  b”-* b”  n+t
I

b

5.1 p(x) = xb  - x3  t x2 t 2 t?a polynomial i; degree = 4
“E

5.2 amu p(x) 7zihnhw = 4 47n

5.3 hilHuR q(x) = xp - 2x t 2 79~7 Q!x)  l~f.l%f  Synthetic Division
v

ai’s  1 -1 1 0 2

:q2 -1 -i -1

1 1 1 0 0

n’&  Q(x) = x2 txt1

p(x)  = qtx,Qtx, = (xp - 2x t 2)(x’  t x t 1)

p(x)  = 0 ---) q(x)  = 0 ua:: Q(x) = 0

(X2 - 2x t 2) = 0 (X2  t x t 1) =  0

x = c2 t&/2,  c2 -J&/2 x = C-l t 1 31/2,I -

= 1 t i, 1 - i C - l  - iFI/

(10  A~llldld)

1 7 4 OR 205 (H)



iadaudnti  5 iii 100 fwtuu-3

;a 1.1 75  solve system klmdR1~ SaaTi Gauss-Seidel iteration uat:

~~%&a~~l~  Gauss-Seidel iteration converges

mF&fURYld  x,

(E,) x,

(E,)  5x,

(E,)

(E,)

1st iteration:

u~1ui-m  E, ~&M-I

Ui?Un” E,  &WI

Uhln’ E,  L18Hl

uas E, ,&I,,

.iYY
LmaMRaE  x = x, = co
“::
AJMM

cn.u,
X =

= 0  75Ii7  1  i t e ra t i ons  tdlu7ldInat~ 3s)

- % +3x,=  1

+ x3 = 3

4x, t x, - x, = -1

3x, t x, = -4

cnru,
X : x =
- -

X
: X‘-“’ =

- -
<nru,

X : x =
-
cnrv,

X : x =
- -

0 0 01’

- -
cnru>

X =
-
‘n-u,

X =
-
<D.“,

X
-.

x’  =  x  ’ =
1

OR  205 (H) 1 7 5



Ah
L\lJ =

0’2 cl- -O-  2--1 1511 - 10I I---,--
-5 i-4 4 00 - -_

3 p;o;pJ
I

(10  R%llUdu)

-

OR 205 (H)



X5 - 3 sin y - zI = 0

z - 2xy t 1= 0
r*v

e t zz  = 0

MiS
fl(Xl = 0

fe(X)  = 0

f3CX)  = 0

kT1  J = f’(x)  ;\a  J a c o b i a n  matrix

rlJM1

J=

c

af,cx)iax  afl!xr/ay

af,cx)/ax af,(x)/ay

af,cx)/ax af3(x)/ay

af

R, = x0 t dx

OR 205 (H) 1 7 7



x f!xb = eX X ffx) = en

0.0 1.000000 0.92 2.509290

0.1 1.105171 0.94 2.559981

0.2 1.221403 0.96 2.611696

0 . 3 1.349859 0.98 2.664456

0.4 1.491825 1.00 2.718282

0.5 1.648721 1.02 2.773194

0.6 1.822119 1.04 2.829216

0.7 2.013753 1.06 2.886370

0.8 2.225541 1.G8 2.944679

0.9 2.459603 1.10 3.004165

1 7 8 OR 205 (H)
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ie  3. 7-111 ex ,  x  = o.o~o.1~o.Y~o.oz~1.1o  ‘l&I 2 . 2

3.1 ~JMI~I  de f in i t e  in tegra l s  ~s’ILI~

.3 .s

(1) .f ex dx LLB”y (2) .f es dx (4 RallMM)
.I 0

b

$WS  (11  Midpo in t  Ru le :  J ftxjdx  R (b-a,  f[(atb)/zl
P

b

5 (2~  Trapezoidal Rule: 1 frx)dx  *
P

C(b-a)/ZlCf(a)tf(b)l

Simpson’s l/3-Rule:

ftx)dx  * (h/3)cftx,)  t  4f(xj+>) t  ftxJ+,)l

iFi$  (4) S impson ’ s  3/B-Rule:

X .I+3

j fcx,dx  it: (3h/8)Cf(xj)  t  3f(xj+l)  t  3f(xj+,)  t  f(xJ+=)l

xd
h h h h

-id -.+---r--F---?-.

1 8 0 OR 205 (H)



1

Trapezo ida l  rule) (6 twlluu)

OR  205 (H) 1 8 1



ia 4 .  ~'IWR Lagrange interpolation Algorithm ?%d

Algorithm: Lagrange Interpolation

Purpose: To evaluate the Lagrange form of ,vk,k+,,,(z),  that is,

/JA.*+,,‘(z)  = yh&(z)  t y*+,Lktl(Z)  +. ” I- yk+,“LC+.,(Z)

wht~c:  L,(X) z IT,c,  (X - xi)/(x, - x,), the  jth Lagra~lgt:  polynomial
for the m -t I knots Ph(xk, yk),  , &,,,(~r-+~,.  yk+,,,).  and z is a
qwcitictl point  near  the intcrpolatmg  nodes  xh-.  , xkf,,,.

GET II. x, Y, Ix = I&  x, ‘.’ &‘I,  Y = [Y”  YI “. Yrtli
k. no, IstntTing index, degree of interpolating polyrwmial~
z (point at which interpolated value is desired)

OUTPUT (The interpolated value pc,n+,,,(z)  is PO&?.)

II'IHMR~A  5 $B P,(-2,-8),P,(O,O),P,( 1,

P,.,(2) =

182 OR 205 (H)



1)  IJth  Divided Difference Table ‘IhllJ’Ih

PO

p,

P,

pa

P-3

-2 -0

0 0

1 1

4 6 4

5 1 2 5

AL’-

LTi2-

5b3- -
0

m- -

21 1

10

6

3)  79M-l  p,., (x) B’IU;~  backward recursive form (nTz318Lnauga8)

PI.,(X)  =

OR 205 (H) 1 8 3



5) 79Ml p, 3 (XI  Tmaa77ln  p, 3 (X) 3w1‘l?y&116 2,

P,.,(X) =

interpo 1

7) 39Wl  p,

P 0.4 (

ating polynomial Cp,  ,(x!l  a”e LW41::

,(x)  R?U% forward recursive formula (n%718Lmtiia8)

X) =

ia 5 .1  ?unlflji Linearization Algorithm I~CI  f i t  y  = ax/(@ t Xl

I?UW<IUW  k qtil Linearized form a”a Y = a t bXc

Transformation relations !il X, = , i=l ,-*-, k

hwi4q
P,(15,2.18)

Y, =

a =

b =

,  i = l,-*-, k

a =

8 =

5 A98161  PI(1,5.12~,P,(3,3~,P.(6,2.48),P,!9,2.34,,

Transformed points a”e

(6 t3~LLu’Lb)
1 8 4 OR 205 (H)



ia 5.2 Tunis  fit, polynomial function degree 3 ~FI

g,(x)  = El t  ti,x t  E3X2 t &&X3

'dw%~  k 7” ;e P,tx,,y,),P,(x,,y,),...,P~(~~,y~)

79t!fIu  n.ormal  equations dlHCJW7  least square estimates

fla.4 xl , vp , x3 LLWS a4 c~iiau?u~~~ufihh (4 A=LIMM)

ie 5.3 n”i ptx,  = a,x”
n-1

t a,x t . . . t a x t a ta“+I’ 1 f 0)”

LLBE  qcx,  = x2 - rx - s

ptx,  =  q(x,  Q(x)  t  R(x)

= (xZ--rx-s)(b,xn-‘tb,xn-3+  . . . tb,_extb,_,ltb,ix-r)tb,+l

dIna+  b,‘s  h~h~afi’~wun  Q(x) UP= R(xr  w’-1’t;aeil9

synthetically #JU~W91~W7%79~19$7J~

7

“1 “e a3 a, ..- an-I a a” n+1

xr> tb,r tb,r tb3r  . . .tb,-,r tb rn-1 t b  r_

xs  > tbls tb,s  ...tbn-Js  tb”-,s  t b  sn-l

b, be  b, b4 a-*  b,-1  b” “+Ib

5 . 3 . 1  p(x)  =  xA  - 10x3  t  35x2 - 50x t 24 A”e polynomial nd$

degree =

OR  205 (H) 1 8 5



5.3.3 i1li1aua  q(x)  = x2 - 7x t 12 3417  Q(x)  7618%  Synthetic

Division h’N!Un‘I~  ~~I&~JU~~~&WUPYI~J  p(x)

OR 205 (H)



iadauda%i  5 ;a loo ~auuu
-a

ie 1.1 39  solve system hi’~u@K~ I~~ffi’l#  Gauss-Seidel iteration LLO:

1#%%bizyh?~  Gauss-Seidel iteration converges

TaflK;is~uiu x0 = 0  79fi7  1  i t e ra t i ons  tdlUlUT~ElK~ 3s)

(E,!  x1  - x, t3x = 14

(E,)  5x1 t x3 3

(E3) 4x,tx,-X,  =  - 1

!E,) 3x, t x, = -4

1st iteration:

uhWl5  E,  L&M7  x,
cnev>

: x, = (l/3)(1 - x, t xe)

a!iaun” E,  L&R7  x ,
<..L”>

: x I = (l/5)(3  - X3)

ui1un" E,  L&Ml  x,
<..-“I

: xg = (1/4)(-l  - x, t x,1

E, b&W7  x,
‘...%Vl

ita:: : x 3 = (l/3)(-4  - x,)

CGGha x = x, = co 0 0 01’
,:: cneu,
RJUU X4 = (l/3)(1  - 0 t 0) = l/3 = 0.333

<P.uu,
X = (l/5)(3  - 0) = 3/5 = 0.600I

cnuu,
x, = <1/4)(-l  - 0 t 0.333) = -0.167

<n‘.u,
x3 = (l/3)(-4  - 0.333) = -1.44

X’ = x,' = CO.600 -0.167 -1.44 0.3331

99LsBM  4 simultaneous equations 496!fl  matrix ba"a ~m%A&h.uhz~n%

L d ld strictly dominant matrix rqiaroj  aM7lsbM~Kl3  79ud~4n7msmdaG~a

Ax = b ---:>

OR 205 (H)

1 -1 0 3
c

0
5 0 1 0

0 4 1 -1
Cl

0 0 3 1
0

>

=

1

3

-1

-4

A Lfh  str ict ly

dominant matrix

tF4~?‘4dN.l~NdU%i

wndi77)

1 8 7



%=

- - - - )

02
/\A
L\U = -1

-5

3

2

-1

I
l-1- 2 _ z
' 5
,o'I-L -1.

,-4 I
0

4 ' 0
I--_

do - 7
0' ' I

L

0 0 0

5 0 0

-4 4 0

0 0 -7

0 0 0

5‘ 0 0

-4 4 0

0 0 -7

(10  Asuw)

L

1 - 1 0 2

0 1 l - l

0 0 10

0 0 0 1

2

1 -1

3

-5

-2

6

-3

1

4

-7

-1

-6

I
---- >

I IA = (-1)'(2)(5)(4)(-7)  = -260

2 -2 0 4

3 -3 0 -1

-1 6 5 -7

-5 1 0 -6

= A

1 8 8 OR 205 (H)



X2 - 3 sin y - 2% = 0 f,(x) = 0

2 - 2xy + 1. = 0 de fg(X) = 0
raw  D

e t z =  0 f=(X)  =  0

af,cx)/ax  afI(x)/ay af,cx)/az

I I

2 X

J = afecx)/ax  af,(x)/ay  af,cx)/az  = -2Y

i

af3(x)/ax  af,(x)/ay  af,cx)laz

1 i

Xl-Y
e

T*ai  x =

x, Y, z)

0 - 3 0

0 0 1

1 1 0

v ::
R\IUU  x,

3cos y -22

-2x 1
X+Y

e 22

dx 0 -3 dy = b ---> dy = 0

dy  I -1 ---) dz = -1

dz -1 dx ) dy = -I ---> dx = -1

i

=  xo t dx = C-l 0 -11 ’

/

OR 205 (H) 1 8 9



a’a 2.2 ni7~7zuxudi  f’(x)  2 iiii;a

mil3 Af(X)/h  = Cfcxthj-ftx)l/h . . . (1)

11% l6tali Central difference approximation ;a

6f(x)/Zh  = Cf(xth)  - f(x-h)l/Zh . . . (2)

4viai7 7 ~~~~~7%i6ikl7aai7a lhiui7ni7  aau Xi (2)

$1 f(x)  = e”

f’(X)  = e” tlaa  f’(l) = e’ = 2.718282

X f(x)  = e*

0.0 1.000000

0.1 1.105171

0.2 1.221403

0.3 1.349859

0.4 1.491625

0.5 1.646721

0.6 1.822119

0.7 2.013753

0.8 2.225541

0.9 2.459603

1 9 0 OR 205 (H)

X f(x)  = eX

0.92 2.509290

0.94 2.559981

0.96 2.611696

0.98 2.664456

1.00 2.716262

1.02 2.773194

1.04 2.629216

1.06 2.886370

1.08 2.944679

1.10 3.004165

J



7in (1) f’(x)  :: Af(X)/h  = [ftXth)-f(X)l/h

= Cf(lto.OZJ  - f(1)1/0.02

= (e
l.OZ

- e1)/0.02

=  ( 2 . 7 7 3 1 9 4  - 2.718282~/0.02

= 0.054912/0.02

= 2.7456

'3ln (2) f’(x)  x 6f(x)/2h  = Cfixthr - f(x-h)l/2h

= cfclto.02)  - f(l-0.02)1/0.04

=  C f ( 1 . 0 2 )  - f(0.98!1/0.04

z (e1.02  - e0.08)/0.04

= (2.773194 - 2.664456)/0.04

= 0.106736/0.04

= 2.71845

dl exact,  f’(x)  =  eX x=, =  e’ = 2 . 7 1 6 2 8 2

Ml actual Ierror  ilas (1) = 2.718262 - 2.7456 = -0.027318

MI actual error 1189  12’  = 2.718282 - 2.71845 = -0.000168

(10  A”LLUlA)

OR 205 (H) 1 9 1



n"a 3. 73n em , x = 0.0(0.1)0.9(0.02)1.10  lldia 2.2

3 . 1  ~WI~I d e f i n i t e  i n t e g r a l s  60’Inl$

.3 .s

(1) J e” dx wa:: (2) J eM  dx (4 f3allMM)
.I 0

.3 0.3

(1) J e” dx = es 0 .3
= e - en.1 = 1.349859 - 1.105171

.* 0.1
= 0.244688

.s 0.5

= eosa  _ e” = 1.648721 - 1.000000

= 0.648721

b

$%‘I  (1)  Midpoint Ru le:  j

D

f(x)dx  .w (b-a)  fC(atb)/21

$614  (2) Trapezoidal Rule:

b

j f(x)dx  ic Ccb-a)/21Cf!aJtf!b)l
e

$614  (3) Simpson's l/3-Rule:

S ftx)dx  R (h/3)Cf(x,)  t  4f(x,+,)  t  ffxj+z~l

X1

$I%  (4)‘Simpson’s  3/8-Rule:

$ fcx!dx  ir (3h/8)Cf(X,)  t  3f!xJ+*k  t  3fcxj+,)  t  fCX,+,ll

Xd

h h h h

laai -.-  -------.-.. .

X3 X .9+1 X J+= X d+3 X .I+*

1 9 2 OR 205 (H)



(1~  a:O.l,b-0.3: .3

1 es dx :: ~0.3-0.1~fC~0.1t0.3)/21 = O.Zf(O.Z!
1

= 0. 2e”.’

= O.Z(l.221403~  = 0.2442606

actual error ; 0.24466R - 0.2442806 = 0.0004074

(2) a:O.l,h=O.Z::  .e

J e” d x  :’ !(0.2-0.1)/21Cf(0.i)+f(D.2)~
.I

2 !0.1/2)(e0.1  t e”.‘j

= 0.1163287

a 0.2,11=0.3: .3

J e” dx R C(O .3-0.2~/21Cf!0.2~tf!0.3~1
.2

z (0.1/2)ie”.’  t ea.‘,

q 0.1285636

OR 205 (H) 1 9 3



j ex dx I: 0.1163287 t 0.1285636 = 0.2448923
I

actual error = 0.244688 - 0.2448923 = -0.0002043

(3, .5 .e .5

j em dx = J eX dx t J e" dx
0 0 .2

= 0.2214029

l#laa  (4) ti5=u1fl!  .5s

,J eM dx R (0.3i8)Ce0"  t3e0.3  t3e".A  te".fil
.r = 0.4273191

j e* dx :: 0.2214029 t 0.4273191 = 0.648722
0

actual error = 0.648721 - 0.648722 = -0.000001

1 9 4 OR 205 (H)



ia 4. n’wrsw Lagrange Interpolation Algorithm liisf

in 4 . 1  391rl’l p,.3 (zh (n7a3iflbnmt?a8)

(z-l)iZ-4! (Z-0)(2-4! !z-O)(z-1)

p ,I 3(2!  = Cl t 1 t 64

(0-l)  (O-4) Cl-O)(l-4, (b-0)(4-I)

= (zP - 4 2  -16~~ i 16z!/-3 = 5z2  - 42

p ., 3(2j  = 5(2j2  - 4(Z)  = 12

OR 205 (H)



-T-
-

Knot Node

PO

p,

Pe

p3

P.T

-2

cl

1

4

5

ma=y-
-0 m=-

4 **-

1 5 0

2 1 1

64 10

61

125

qm1 P,., tx) NW% forward recursive form (n%=~78anau~18)

P 1.3 (X)  = 0+1(x-o)  t5(x-o)(x-l!

= x t 5x2 - 5x

= 5x2  - 4x

3)  7JMl  p,., (x) w?u:~  backward recursive form (n%z~iabnau~?$)

P 1.3(x) =  64  t  21(x-4)  t  5tx-4)(x-1)

= 64 t 21x - 84 t 5x2 - 25x t 2 0

= 5x2  - 4x

1 9 6 OR 205 (H)



4i  iihisQ&ie 4.1 tianii  Lagrange’s method

%!n77%Aia  4.2 {l&In;7  Newton’s method

5) 7JRl  p,*, (x)  1618w7in  p,., (X) 34Mlr%lialu  2)

D 0.3(X) = PI.3 fx) t 1(X-0)(X-1)(X-4)

= 5x1 -4x t x3 -5x= t 4x

z x3

6)  77n  D D  t a b l e  u&i4~131nmi4  5  78  CA’s  P, 54 P,)  d e g r e e  tiilawaads I 1 s

interpolating polynomial CpO 4(x)l  i;e 3 LW%ls  mAyo = 0

7)  7JMl p, 4 (x!  WW%!  forward recursive formula in%=?iflbnasiaa~

p .* ,(x)  = - 8  t  4Cxt2) - l(xt2Jix-0’  t  l(xt2,(x-o!(x-l)

=  -6 +4x  t8 -x2 - 2 x  tx3 tx2 - 2 x
3

= x

ia 5.1 ‘iWll%?f/ Linearization Algorithm ~$9  fit y = CXX/(B  t x!

hJJ?Riluau k :fi Linearized form a”e  Y = a t bX

y  =  ax/cp  t  x)  ---:)  y  =  a  t(-gl(y/xl

Transformation relations la X, = 9,/x* , .i=l ,-*-, k

y, = Y, , i=l ,-me, k

a = a

b =-B

a = a

B = - b

,Y?,@,“+  5 &W P1(1,5.12i,P2(3,3),P.,6,2.48i,p4i9,2.35!,9
P,(15,2.18,

Transformed points $2 Q1!5.12/1,5.12),  Q,13/3,31,

Q,(2.48/6,2.48J,...,  Q,(2.18/15,2.1Rl

OR 205 (H)



is 5.2 ?unl% fit polynomial function degree 3 ~CI

ii)  5 . 3  n”l  P(X) z a,x” t a,x
n-l

t . . . t a x t an+i  , (a,  f 01n

uaz  q(x)  = x2 - i-x  - s

pix!  2 q(x)  Q(x)  t R!x!

= (xP-rx-s’(b~x”-2tbexn-3t  . . . tb,_Zxtb,_,)tbn(x-r)tb”*~

dinas  b,‘s  ~4~~uiafilwua Q(X)  118::  R!x) Ml~6Seil9

sgnthet,ically  ~9Ma~9~~~~7%79~79~7~~

zl

a 1 a9 %I a4  ..- an-, a an ntx

XT) tb,r tb,r tb3r  ...tb,-er tbm-,r tb,r

xs) tb,s  tb,s  . ..tbrre3s  tbnezs  tbmmIs

b, b, b, b, - -.  b,-1 / bm  b&l

5 . 3 . 1  p(x)  =  X1 - 10x3  t  35X2 - 50x  t 24 a’2  polynomial &i

degree = 4

1 9 8 O R  2 0 5  0-I)




