4.1" In a and b), solve the

equation so that you are

assured that Gauss-Seidel iteration will converge.

Then, with x, = 0, do

{a) 2x, -8Bx, = X, = -3
-8x, +3x, t x, = -4
X, + X, ~3%, = 5
by x, =~ x, +3x,

5X, X,
4x, + x, - X,
3X, t X,

X, t X,

Are coefficient matrices

matrices?

aad
a) 3 1 (E,) 2x, -6Xx, = X
(E,) -8x, +3x, t X,
(E,) x, t x, -3%,
« £ |
LRI nTEuL T Ang navTruInA R
i i

2 (-6)-1

A= @3 1
1 1®j

Feuin strictly dominant

a,, strictly dominant

a,, strictly dominant

a,, strictly dominant

OR 205 (H)

four iterations.

= 1
- X5 = 3
= -1
- X, = 4
-4x5 = -3

in a) and b) strictly dominant

3 =-3
= -4
=5
natrix F4i

entry 289 (E )
entry a4 (E,)
entry nay (E,)
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-~ ’.S 4 a ' - - ]
gyt Wan1T#n111438 Gauss-Seidel gtiﬂ
Vv J 3
LT181938UNANNT (E)) LWAWOAMAY X, X
i V) v 4 1
wAMNNUNIT (E)) (WanAImEN x,, X

v v " '
URWNFNATT (E)) LWanmrAmey x,, x

. ¥ Y oa
WAIINNTINITY 4 RIVAA

x,’ = CD.68750  0.50000
x,’ = 0069401  0.94097
x,' = c0.70414  0.91628
x,’ = co.70514  0.92235

-1.270631
-1.121701
-1. 125661
-1. 124171

(e = (-1/6) (-3-2X,4X,)

(now)

= (-1/8) (-4-3X,-X,)

nawl) _
¢ (-1/8)(5-x,-X,)

4 add v 4 1
78 on 2 L'i']ﬂ'??'i#llﬂﬂuﬂ']‘i (Ea) LWARIRIRY Xy

v w <4 '
HaMNAAN T (E,) Luaniangay x,

v 4
WAWARNNNT (E) Liaw

.Y A
WAIINNITNIET 4 AT9AB

x,” = C0.58333  0.77780
x,’ = C0.66460  0.89661
xz? = c0.70739  0.91613
x,” = C0.70584  0.92210

-1.666701
-1.123001
-1. 139601
-1. 119601

WEY X,

4 4. 4 v
aae 1N 3 Lwanw1ﬁﬁ1uw1n1§iuzﬁu GS Tun14uuIn A (unn 4 1A

. b
Amualn (E,) -8x, 43x, + X

(E,) 2x, -6x, = X,

(E,)

X, t x, —3x3

-4
-3

5

1 add
?qLﬂu equi val ent system fiu systen11u1§n 1

4 '
Wfusiu EQ ufigun1s (E,) iWamid1mad x,, x

(naw)

1

(1/8)(4+3x=+x3)

4 ' new) .
uRAUAENATT (E)) (WamiAamas x,, x 7777 = (1/6)(3+2x -x,)

p 1 . 4 U
URIUARAUNTE (E)) tWan1Rmay x,, x

40

2
(new2 _ (1/3)(-54x,4x,)

orR 205 (H)



CH R AKX SUBROUT INE EQXKKR %

CH¥HKKFOR FINDING XNEW(I) FROM E{I)kkkkk

CREXXATHIS SUBROUTINE 15
© BUBROUTINE EQ(M,X,X0LD,XNEW)

DIMENSION X (N) , XNEW(N) , XOLD (N)

DO 10 I=1,N

XOLD(1)=X (1)

XNEW (1) (A+3KX (2)+X(3))/8

X (1 y=XNEW(1)

ANEW(Z) = (3+2%X (1) ~X(3) ) /6

X (2)=XNEW(2)

KNEW ()= (=54 X (1) +X(2) ) /3

X (5= XNEW ()

RETURRN

END

10

waawnnw1ﬂﬁﬁugﬁu GS Aa

ENTER NO.
A i3

C R
N

C} ELI?

- \.i}

METRIX A
~1 =%

X5,

i1

(BHY COLUMMIUMIT &7 CUM

ENTER VECTOR E-4 -3 5

EMTER INITIAL GUESSES XO0(L)Y ... XORIO G O
1 « SEHOGO0 wObbEAT L 2TTTTE
2 W FOETE WFOUGTED —Ll.1h6867
o G PEARLED 101286157
& W TOTEHL WREGALE 1. 127409
o ALETTT LPEE2A94 -1 L L2ER0Y9

& FELAET ~1 0124029
7 LHERATY -1 1RA05T
|5 SPEE4A81 -1, 124031
& WR22481 ~1.1240351

W 700G 246 L9E2E481 ~1 . 12406351
RFFROXS X-B&SR(TIY TO 7S

X{I)
1 TG4 2 L BR2481

Io-1.124031

OR 205 (H)
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(b)

ad2
=e

31

(E,) X, - X,
(E,) 5x,

(E,) ax,
(E,)

(E,) X, + X,

o 4 { -1
(uATNTENUTEAnT 18 T UNAR

o

?ilﬁu

a14

az1

aaz

a43

aSS

1 -1 0 (::)
5 0 1 0 -
ol () b

o o0 o !
1

0
1

0

1
1 0 0 q‘l’
J

strictly dominant matrix Zai

strictly dominant
strictly dominant
strictly dominant
strictly dominant

strictly dominant

entry
entry
entry
entry

entry

nay (E,)
5as (E))
1849 (E,)
58y (E,)

18y (E)

w o 4. oW o R v W
Aelinl wan1 111938 Gauss-Seidel aLdn

» : -4 ]
LT18IRBUATUNT (E1) iwaneinay x,,

42

o 4 '
URIMNFNATT (E) (WanIAImAY X,
v 4 r
URMNFUNTT (E) LWANIAIZAY X,, X
v W 4 '
daungunT (E)) iwaniatmas x,,

4 '
UAMARNNTT (E) 1WAMIAIEBY X, X

{new)

P

(nsw)

ta]

{naw)

{nasw)

{new)

= (/) (1-x_+x,)
= (1/5) (3-X_4%,)
= (/4 (-1-x,4x,)
= (1/3) (~4-x_4x)

= (-1/4)(—3-x,-xg)

OR 205 (H)



. ¥ v oa
WHAINN1THIEY 4 ATIAD

x = C0.600000 -0.166667 -1.444444
x,” = [1.060600 0.130560 -1.073100
X, = C1.024185 0.024120 -0.991852
x4*= CI . 000790 -0.002040 -0.995960

Uay
fuat
(E,) 5%, t X, - X
(E}) 4x, + X, = X,
(E,) X, t X, - Xg
(E,) X| - X, +3%,
(Eg) X, + X, -4x

0.333333  0.8563331
0.077776  1.0476001
0.023333  1.0127°641

-0.000020  0.9996901

= -1

= -4

=1

= -3

: ] . d4
Faithe equivalent system fu systen Tuifn 1

4
wiugiu EQ undun11 (E) (Wawidsag X, ,

v 4
WA2uRFNANT (E) LWBMIATDBY X,

¥ v 4 .
RRWMAFENANT (E)) Luamifnmay x,,

v w 4 '
BAIMNANNIT (E) LwanIAITaY X,

4
uduhaNnTT (E) L#amIAImay X,

SUBROUTI NE EQ(N, X, XOLD,XNEW)
DI MENSI ON X (N),XNEW(N), XOLD(N)
DO 10 1I=1,N

XOLD(I}=X(1)
XNEW(1)=(3-X(3)+X(5))/5
X(1)=XNEW(1)
XNEW(2)=(-1-X(3)+X(4))/4
X(2)=XNEW(2)’
XNEW(3)=(-4-X(4)+X(5))/3
X(3)=XNEW({3)
XNEW(4)=(1-X(1)+X(2)}/3
X(4)=XNEW(4)
XNEW(5)=(3+X(1)+X(2))/4
X(5)=XNEW(5)

RETURN

END

10

orR 205 (H)

(naw)?

{(naw)

(naw)

{(nawl

{naw)

o 4 . & 2
30 2 tuann?ﬁﬁquwvn?ﬁ?uzﬁu GS TuAANKIN A (unn 4> ‘g

= (1/5)(3-X +X
= (178 (-1-X_+X,)
= (1/3) (-4-%x 4X_)
= (1/3) (1-x,4X,)
= (-1/4)(-3-%,-%,)
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uaﬂwnn111§iuzﬁu GS R

ENTER NO. OF X'S, MATRI X A (
5500110406-11113

ENTER VECTOR B3 -1 -1 1 -3
ENTER | NITI AL GUESSES X0(1),...,%0(N) 0 0 0 0 0

-
oL DhWN —

11
12

600000 ~.250000 -1.333333 050000

=

.034167
020667
.001379
. 999352
. 999858
000007
. 000007
.00000:
. 000000
*1..000000
1..000000

(RN

e

X(1 ) APPROXS
1 1. 000000

4.2 Let

44

(a) Show

AX =

.095833
022847
-.000814
-.001029
-.000104
.000028
. 000008
.000000
.000000

-1.070833  , (020556
-. 996019 000727
-.996616 -.000731 1.
-. 999709 -.o000127
-1.000098 000013
-1.000025 000007
-.999993 ., 000000
-. 999999 . 000000
-1. 000000 . 000000

.000000 -1.000000 . 000000

.000000 -1.000000 . 000000
X-BAR(1) TO 7s

Z .000000 3 -1.000000 4

5 3 -2 2

3 2-2 and B= 3

-2 -2 5 -1
that x = d -1 11' is the solu
o -1 51" and Bx = G2 -3 21

BY COLUMN)UNI T 52 con
000-1130-10-104

.837500
1.032500
1.010878
000141

999581

: 999938
1.000009
1.000004
1..000000
1..000000
1..000000
1..000000

000000 5 1.000000

3 -1
4 -2
-2 1
tion of

¢(by" For both systems in part a), solve (E) for

X,, i=1,2,3 and performtwo iterations of

Gauss-Sei del iteration starting with x, = 0.

bot h

Wiy shoul d you expect the iteration for Ax = b to

R
i

converge if continued 7 iWYﬂlWﬁ3ﬂ§iétju-Mxﬁxuﬂ

OR 205 (H)



(a) ufA431 Ax = [0 -1 51

UHAY11 Bx = C-2 -3 21

Bx

"
w
ESN

'
N
]
—
1
'
w

(by Ax = co -3. 51°

o H 4 .
Tufusiu EQ du udunnt E, w1 x,, 1= 1, 2, 3

CEREXESURBRDUTINE EGREXNEE
CREXEXEDOR FIMNDING AMEW(IY FROM E{(I)xxxkk
CrErExTHIS SUBROUTINE IS TO BE CHAMGED FUNCTION [ BSNEW D
SUBROUTINE EO(N, X, X0LD, XM
DIMENSION X{n), XNER{IN)  XOLT{N)
DO 10 I=1,N
10 XOLD(IYy=£(1)
XMNEW(L)=(2¥%X{EZ --2k{ (21175
X{L)Yy=XMEW{1:
YXNEW (2= {~1+2%X {23 -2%xX (1) /4
X{2y=XNEW{Z}
NEW(E = 5+2%4 (L) +2%x(2) 1/ 5
X(E3)y=XNEW{(Z}
RETURN
EMD

OR 205 (H) 45



v o ¥
aﬂnnwiﬂﬁﬁuzﬁu GS 1AWaRIL
ENTER INITIAL GUESSES XO(1). ..., X000 O O

L EHGOO

= »FPEOO0
- D 1.04:

4 ~ 6B449E L. :
Gooo.gmkiaa - LO98616 1, 0OBHO0D
& —LTOE1RG 1. 054747

7 84 ‘191 -~ 710140 1. 052981

) LEBATETSE - 718BBES L. udlﬁif

o LEARLYYT 3
10 LEEEEES : 0487Mm
11 LBEYTLD ?Lnéﬂ, 1.U4?&ES
12 CEBHIAET - FATEET 1 .,086564
13 Ub7Ué* - SR 1.0451
14 1.04E93
; 1.04276%

+ ot

b

.

e e e e

il SO N WP W S )
H k]

(by Bx = [-2 -3 21’

b1
ar 4
Tufuihu EQ U ufidun1s E, iwamr x,, i =1, 2, 3

TR bR E KSR
CoH K AR

ROUT INE ECRE %X
FINDING zmiW(J;

SF)H
R OF KWEERCD)

D UFERNS § O ‘iN}ﬂfHkﬂlHFuAU’DlH)
DOOLO T=1 N

1 thxllnw*tla
LA R MR TR T A (e T SN & I I
X(l) """ X MEW (L)

{MNEW e AL DXL L) +2 X (B ) 6,
x( T=ANEW (2 i
rn&.w( BE_N GEN Ax LY/,
XK{Z)=XNEW(3
RLfUHN
END

46 OR 205 (H)



v o A
aﬂnn1iﬂ§iuzﬁu GS 1auan Iy

ENTER NG OF X7BUNIT 37 CON

ENTER INITIAL

P OEEATEL
11 B05T
IO GLE270
12.174440
2L DHE620
212504710
40 . 515860
e 36T LG
BOED
. 42750
BOLET7L60L12.948700
P14 TETTO0L44, LAZRO0

MUT EVIGENT TN 20ITERATIONS

13 ~%., 782361
14172 . 978180
15-17. 1%
1622 . 495700

17-

3

4.3 Use graphical methods to estimate all roots of the given
nonlinear systems.

0

0

() 2 Iny =X
Xy =y -1
(by x t y* -9

it

1
[=—1

y-Inx =0
2 2

(¢c) x =y -4

= 0
y #1 -2 sin x = 0

OR 205 (H)



(a) 18 y

y=exp(x/2)| 0.22 0.36 0.60 1.00 1.64 2.71 4.46

y=1/(x-1) |-0.25 -0.33 -0.50 -1 = 1 0.50

e

(b) 198 x = 9-y° Az y = In x
3 2 -1 0 1 2 3
x=9-y 0 5 8 9 8 5 0

48

0.049 0.135 0.367 1 2.718 7.36 20.06

OR 205 (H)



(©) 18 x/2)° - (/2" =1 uagy = 2 sin (x) - 1

X =2n (=3/2)7 -7 -T/2 0 w/2TM(3/2)r 2w
sin X 0 | 0 -1 g 0 -1 0
y=2sinx-1|-1 1 -1 -3 -1 1 o4 -3 -1
7
\\\

—'5“ ..'\T - I (T | a7 .. .Ts“ Zﬂ-
Y z l i ey
|
! -1
(-13,-W ? \

OR 205 (H)



4.4 Use NRSYS with your answers to Exercise 4.3 as initial

guesses to find to 5s all roots of the systems a)-¢)
of Exercise 4.3.

(a) 2 Iny -x =0
Xy -y-1=0
- _ 4
nia fOO =0 Taan f(x) = | 2 1n
Xy -y
J=f£"00= |8(2 In(y-x)/8x a (2 ln{yrx)/0y - 2/
3 (xy-y-1)ax a(xy-y-1)/8y X-

|J|=-X—1

k=o0:x, = ClL5 2.053" {31 4.3(a})]
f(x) = | -0.064320413
0.025
fPx) = -1 0.9756097
2.05 0.5
—1
dx, = -€f*(x )] " fx) = | -0.022620179

0.042742738

OR 205 (H)



X, = x, +dx = 1.477379821

2.092742736

k =1
f{x,) -0.000428760
-0.0009666464
f7(x)) = -1 0.955663641
2.092742736 0.47737621
dx, = | -0.0004287801 |, x, = | 1.47787017
~0.0009668464 2.093495215
(by x t yz -9 =0
Yy = I nx =0
4 < z
wia f(x) = 0 Tagn f(X) = | xt ¥y =9
y - 1ln x
J=f7(x) = 12y

OR 205 (H) 51



o 4
g mTuTan

k=0 : x, = [(5.85 1.761 [370 4.3(b)]
f(x,) = | 5.85¢(1.76)7-3 | = | -0.0524
1.76 - 1n(5.85) -6.44 x 107
fr(x) = | -1 2¢1.76) | = | 1 3.52
~1/5.85 1 -0.17094 1
.
(£2(x,)17 = | 0.62433 -2.19765
0.10672 0.62433
dx, = -[F?(x )17 £7ax,)
= | 0.0
0.009
X, = x, tdx, = | 5066656
1.76961
k = L.
x, = x, t dx, = 5.66656 + | 0.0000
1.76961 0.0000
|
52 OR 205 (H)



- d
gmIugian 2

CR 205 (H)

M
"
4
]
-
&
I

= 5. 66651
1. 76960

5.88851
1.76960

= 5. 86851
1. 76960

= G006 -2.981

|
b
-
&
i

[0 4.

0.06 gt
2.98

0. 049296893
-2.991795623

0. 049296893
-2.991795823

+ ] 1.948 x 10

1.100 x 10~

3(b1}11i

-0.0 10703106
-0.011795823

1 {91.00762 x 10"

a

1.73792 x 10~

53



3

0.050197655

-2.991622031

-2.991622031

0.05019785% | +

0. 050206004

-2.99162063

|
(c) x° ESIIﬂl%)( 2
y-} 11 =

54

o
Wia £ = 0 Taan fGo =

x> . yz -4

¥y +1 -2 sin Xx

J=f(0 H 2x

-2 ¢cos X

" 4
FMIUTINN 1
k =0 :x, =c212 0.71'
2 2 .
fax ) = | 2,127 - n)® - 4

0.7 + 1 - 2 sin 2.12

H

0.0044
-0.0063

8.34969 x 10 °

1.40075 x 10°°

OR 205 (H)



J=f(x)) = 2(2.12) -2¢0.7) | = 4.24 -1.4
-2 cos(2.121 1 [ -2¢-0.52186) 1
= 4.24 -1.4
1.04332 1
L |
AT dx, = ~[£7(x )1 £7(x,)
x, = x, t dx,
dx, = -[£%¢x, )1 £7(x,)
X, = x, tdx,
dx, = -[f’(x)1 £7(x,)
X3 = x, t dx,
ETRRL azuqa%ﬁnwsxﬂa
dx, | <= o ¥ nax(1, X, ), i =1,..., n

»

[ 24 4 v ° ° [
gwfurn 2 1 x, = [-2.7 -1.81° [970 4.3(c)] uaamimmiiuasiandiu

ot 4
nun1TN1TIan 1

4.5 For the system x” -3 siny -z° =

N4y

0

Z -2XYy +1 =0

e +z2 =0

(a) Find the Jacobian matrix (J).

(b) Use NRSYS with x, = 0 to find Xx,.
(Note: You can solve f”(x )dx,6 = -f(x)

almost by inspect ion. )

OrR 205 (H) 55



x° -3 siny -z
f(x) = | z -2xy +1
e* Y g2
0 0
faxp = | 1| —fix) = | -1
1 -1
(a)
2x -3 cosy -2z
J=f00=| .oy -2X 1
XY gxty oz
!
(b)
0 -3 0
F7(x) = |06 0 1
11 0
0 -3 0 dx 0
o 0 1 dy | = 1
1 1 0 dz -1
nia 3dy =0 D
dz = -1 Ce (2D
dx t dy = -1 )

4. .
uf 3 #unasiManaamas dx, dy, dz aiudfuURe ClIRBIET inverse Bad

LR TREA. U &)

56 OR 205 (H)



H

M (1) dy 0

N (2) dz -1

ey 9310 (3 dx = -1

fiuda
dx -1
d_y = )] = d-x
dz -1
0 -1
X, =x, +dx =] o |+ 01 -=
0 J -1

OR 205 (H)
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