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The wet \&b m;n  numbet 0} elements o Objed’»
avyanged s O ‘m’ number o) Yows and ‘N’ pumbot
o) columny  Jb colded  the  modwit,

The madriz won  Jbe denoted by the oapffu& DA
aJ{Jhabe‘ta and the o0vdvr 0} the moditx can be denoted

as  MAN. )
§ An g Q3 - --- Qn
Og, (Qea Qaza - -~ Ran
A = Qa) Qa2 a«">'5 = N a\'ﬁ,”
: ,' \ \
: : b 2
Oirni Oms Ama - - -~ Amn
- ~ mxn
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(07)
A= (a{f] MmN

Rank Ob o Malbrix

The numbwt Ob Lfnea'rlxj {ndapmdmt vows 07
Jin indcpmde.n't columms 0 @ motrin LA
o Mmatrix.

S T

| colled  the aank Ob
Also, the wvank o) ottt In Aimple  words MAy

be wpim’nad on the numbet 0 non - Ze¥0 Tows

(o) Colummr 0} & non- %70 modrix Js  walled

the vank o) & matrix .

The hitﬂhest pydwn Db
iy alko said to be o aank o) the Mmoo

The ~ank o) dhe advin A’ can be denoted by
¢9(R) and which L p(p) =y and it should  be
alwouy 1< ¢(p)<m (07)

@ene'vawd , the 7@
i variouh WOA, ’chuj e

| £F¥£M
echelon .bo'rm.

Kank Ob o Madrint LLsin% Echelon bmm.

4, Jet A bt @ matrin o) Q ovdery TNXN.

g. Thewe ave any &0 qows  then ’chvd should
be plawd below NON=- Xe70 TOWS.

pon - Ze10  minoy 0} a malaix

nk o} o okttt can be  evaluated
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13 T"\C ﬂumbvt. d‘)l, W0 b,””d U') \/('7”(1 LD
LNEY QAN LA acc..owdrn(d (D the Tow numbet,

by [
n. The non- xe10 qows o o echelon mabvri%
ave thad madrin’A U ncwtl.td tn C’(PUI("V.Y)"; 7oL

veetpyA.

5. Hence, the numbot o} noN- Y0 *wu)@ o a
matrin aeduted in  echelon 4orm 1S (/DJ)_e,dNn)

the «ank o] ‘the malvtx ond  which (¢
ov w(A) »

(\ Qua-— Az Am /
—— hc

OI (ap% 055 Pfium
(lei (laa @? dau

a}a Quz  Auy

-

>
1

in

1, 9ind the yank o, & malyi .

1" & 3
& 3 M
& B AL
g 3|
3 L
5 7
Ra'—'Ra*apl
Ra : Ra- 3R

a
9

I 2 3
0

0

- ba‘J RS:RQ-RQ

e e S e v e 3



Q. Jind the ank o} U;; maﬂi’x‘

(& 3 0|
| 0 | &

L) | | &

NSRRI e §

914-—>Qa

Ra: Ra-aR:
Pa: Ra+ Ri
Ry: Ry-Ri

Ra < Ry

Rz : R3 -3R:

Ry: Ry -5Ra
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| o | & T
0 I a o
~N)
o O -8 -3
o o0 -8 -3
Rq:Rq-Qﬁ
I 7
n 0 | a
0 o -8 -3
bo O -
(A =23
3. Find the ~onk ob the matrix
'y o @ I |
& | 3 Y
i 8 i A
N 3 1 A
= [et, * )
B 0 & |
A=19 | 2 K
a 3 4 H
g 3 | H
) pl‘_‘)Qa_
9 1 3 4 |
nJ
hb o & |
a & 4 4
Ras Ra - R
L2 8 | L,- Ra: Ra-Ri
y ¢ Ry - R,

0%



-2 -u -1
i 1 3
L0 et R3: Ra + Ra
Ryt Ru+ Ra
9 1 3 4]
n 0 -2 -4 -4
o o0 -3 -H
») o -6 -1
) B pq:Rq*&Rg
2 1 3 4]
oo e -u
0 o -3 -l
o o 0 1]
p(a) =4
y. Find the ~ank o}, the matrin
a4 3 ]
9 | -1 O
2 2 & |
9 4 © QJ
= S Ty 2 > ]
A= |la 1 -1 O
3 3 ' Ra: Ra-aR,
9 4 6 2 Ra: Ra-3R,
= \J RL\’Rq’&R.




f’l a 3 1 ]
) 6O -3 -4 -2
o -3 -1 -2
| 0 o0 O oj Ra: Ra - Ra
[V 9 3 1 7]
0 -3 -1 -2

0o o o0 O
o o o0 O

P(A) =2
5. TFind the ~ank 0) the malvyin
0 1 -3 -
| @) ] ]
3 0 Q
| | - 0
% i
= fet, 08 £ o300 =125
A= |1 o 1 |
> | 0 &
1 -a 0
Pl“—>9=.
- T B
0] |} -3 -l
) | 0O &
L..I ‘ "& O...

Ra: Ra-3R
Rq . RH"Rl




6.

o 1 I
T, T
po-3 -
7 1) Rg:Ra-Ra
Ru =+ Ru-Ra
O | )
y -3 -
0 0 (@)
O o O
;o p(R) =8
Jind the aank Dl) the rnaditx
| a2 b 3 |
9 Y 6 8
Ly g & 16
v 2 3 4
e u 3 |
= la y 6 8
1y 8 12 16
1 & 3 U] R&: Ry-2R
B e iy g i Ra: Ra-uf
Ry » Ru- R
0 0 & &
o 6 -uu
o o -1 I}
Ra —> Ry

08



| 2 X §
0 O -&
0 A
o 0 -4 Y |
(1 2 u 3]
O 0 -& a
o o -1 |
lo o 0 O
flp)=3
ind the aonk
& |
TR
8 Y
K H
let
b/ ra |
A=y a
g H
L§ H
r“& '
N o O
o) (0

Ry : RN'QR3

0!) ’rhe_ matr{x

3 5

-5 -9
-15 -19

Ra " R&—&Rl
Ra * RB—HRI
Qq s Q]_'-‘ LIQI

Rq 3 Qq ’3R3
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f(A) =1
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0 o
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9. Tind the wank ob the matain

rl! 1

18 13
13 14
L 15

>
= 4]
= Lt .

12
13
Y

e
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n
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&
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g

I
I

I3
Iy
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16

12
13
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15
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12

14
15

16
17
13
Iy
15
16
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Qa’- QQ’R|
I'-l'- R3: Ra-Ri
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Q
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m/&{fﬂ.% Ob COﬂth\iA‘ 2 ﬂCL ,b()] i glqn‘) K ;Qg ” .[.lcﬂu‘d“‘ L !
Ecbuaffoms -

1. let 3 System of e equations with
3- unknown ave : |
Quds + Qa%a + A3 = b |

Qo X, + Qea%a + Qa3™Xd = ba

Az Wy + Q@a¥y + Q23743 = b3

ey

=) Pan Qua Qua p e b 1
Qar Qax Qa3 %La ba
Qa1 Qaa Q3a] L%3 | b3 |

-

= AX =B
whee, A - [0 a2 Qi ]
- Qs Qaz Qas JLb Caued CO-%l‘dQﬂt
Qa1 Qaa Qa3 | modri .
1, .
X= |2, the varviable (07) unknown mabrix
E&
B = [ b .
b s called the constant aabria.
 bs

9. White an mﬂumen’ced matrix _
Qun Oua Qa3 ’and veduce

Cﬂ;@ = H’B = | AR =
J [ ] [AB] Qai CQoa Qaz [t to echelon
| Aar Qa (133J gorm:




3.

0.

sor
L

=>

»
LN

4 §(R) = f(PB)=73=n [no. o) unknownr], then
the ""‘j’st@m 0} equokions e com'chcnca
and  may have unigue 4olutions.

9 §(P = f(AB)<n, then the ayatem o)
uotions one comu&mcﬂ and moy have
inbtnibz numbet ol) A0lukions.

4 p(p) # F(AB) [07] 7(R) < £(AB) , then
the /SLdAtP,m o) eq/uod;ion)s are woid to Dbe
tncomu’cenud and no  weludions.

ane)&%{ﬂa:h dhe valuws 6} A end R, 40 thok
the cquakin @By + 579, Tt 3y~
and 8%+ BY+ A%L= R may have

Uni’q/u.e Solukion
Mamj Solution

No Soluklon
(9 2 s JMx] [
+ a3 a||ly]=|8
& 3 AJLZ Eal
= AX=01
:is]- (@ 3 5 :9]
7 & 2 +8
(2 B A =HJ Ra : 2Ry ~7TR

Ra: Ra~-Ri

1



—

|
|

n

ifh  The yutem o} equakion masy Jhave iabinibo,
number 0} uolukion onlﬂ ad ,

A=b

ey The destem o eq/uah’on ave fncoma{;mud

and wih no wolution onl

)\=51 H#:C’

als 70'7 whai \/GJJNA Ob A and H, the Jslj/ﬂtﬂm Ob
equokions , o+By+BL=6y K BY+ 5L, SASY LATH

hove i Um’q{ue Solutions
" ﬂnbinfte
nib No o Solution
= [ a8 37|[% 6
o3 5|47
a 5 MNIL% M
=S AX=Bb
(1 a2 2 : 6
TN LE U
_& 5 A H Ra : Ra-R,
= Ra : R3-9R,

(2 3 5 : ¢

o -15 -39 ¢ -ud

o 0 A5 ! M4

iy The cdtven .)ndlbtcm o) eq/ua,tton maﬂ have

unique  wolukion only ok,
AN#+5H

 M#9

, H=1

ot,
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ey

' 2 3 ¢ 6
v oo 1+ & %3
O | A6 -la
L M1 Ra: Ra-Ra
1 2 3 & 7
)

t.  The fd‘ivm solukfon o} e,q/ua:tim% Moy have

uniqlu,e solukion onhj o
A+8 5, MHFIS

i, The cd'ivan uuﬂs’cem ob eq),mﬁom moy Jhave

tnjinite Aolutiona onbj at, %
A=8 , H=15 |
|

fix The aivm \bldrsttm Ob P,(VUIJUD S Qe LNCONALS femﬁ.
Oﬂllj ok, |
)\ =§ ) \)'{#: 15

Gauss - Elimination  Method

1. Jut bm conhutenud ond sgolve A+Y+Z=6,
%-g+az=6, sz+td+z=8

PO T R A S 6
C-roa |y T
_3 | | | 2 ,8

= AX=0B

I



< [p:B] = I
I -1 Q& ¢ H
L3 T 3d
Ro : Ra-Ri
Ra : Ra-3R)
1yt 6
n)
0 -@ | =i
_O "& "'& . "IO_J
Ra: Ra-Ra
T b6
n
0o -2 I ¢ -l

|0 0 -3 -9
‘o The given equokions ane com'utenuﬁ and
oo unique aolution.

K AX=DB
o 1T [ 6
0 -9 | Y =1 -1
0 0 -3 Z | -q

=> A+YtL=6 —)
S -8y +x=-l —_)
S5 -3z = -9 —3)

—

LT =9
@)= -9y+3=-1 (4)  A+Y+X =06
= -ald:—l_' S A+2+3:=6
:> 'x,=6"6
= =a
) ld =S A=A

Ar=1 , 853, =3




9. Solue -the &%k@m 0}) le&HOf) bﬂ @uaﬁs-eli’mfr;aﬁ
-on  method AHY+T=0q , QA+Y-=0, QU+ 5y+2=5

—

S [0 0] 9

— f— —

g 1 -1yl =]|o
a5 T)|=] |5
AX=D0
o lp]= [0 1 1sa
a4 -1:0
| @ 5 7 F08 Ra: Ra—-aR;
Ra: R3-2AR,
N I I
n 0 -1 -3 : -I8
0 3 5 oy
R3: Ra+3Ra
11 1 ota ]
N b - -3 :-18

0 0 -y : 0|
f(r)= §(AB)=3=n
.. The J;ttahm o) oq/ua},l'on \.bsuowé unigue golukion.

-

" AX=RB
C1or 0 [T q ]
0 -1 -3 Yl=|-
[o o -4J[Z] L730]

~

I6



=5 '1+ld+z:q —{1)
=  “Y-37=-13 —(2)

—

= -4z = -80 —©)
S K=5
() = “d’3(5)=‘|8 @)= x+y+x=4
-9=-3 A+3+5=19
=2 L =9-8
g o

Sook=ly Y=3 , =5

3. Jest JDo'w comutenud and  aolve 5x+3y+iL=H,

9%+&6ﬂ+&1=q 9 ?ht+atd+ 10Z =5

> 53=1'x[u

\

3 a6 2 ||}y q
4 a 10J[¥ g
AX =0
w[AiB]= [5 8 7 4
3 a6 & ¢ 9
(7 & 10 9]
Ryt 5Ra=3Ri
§ Ra : 6Ra-FRi
5 3 4 ! k]
n o II -1 i 3d
[0 -1t &
Ra= | Qi




(5 & % .y
n
o Il -1 3
O -1 1 :-3
: 7 Ra: Ry +Ra
5 3 1 : b7
4V

o n -r <+ 3
O o o : 0O

pR)= ¢(AB) =8=n <3
o The (dive.n equation -bouow»s inbi’ni’ke solutions
AX =B
5 3 1 8

Ld:1 Z=K
(2) = th—H=3
lly= K +2 > Hye+ 2 (K+3) +TK =4

(1) > Hat+d fﬁ CK+3)]+’1H=L,

4 =-T;—CH+3) ) 1l
S B5+3K+9 + TK = Ly

> 5%+ 10K = HH-9
= 5590 = 36 - IDK

18



H. Solve +the Al.dfsf?,m o) equakion by Guam -
eiminadton method, x+ay+z=3, 3n+Yy+L=3,

"l

A¥X =B
[A:e] = [+ & 1 2
3 a | )
-t =5 S pgrRa-2R
R3: Ra-R
I & 1 3
n D -1 -& * -6
0 -4 -6 ! -8
Rzt YR3 +3Ry
o | 9 1:3
6 -4 - :-6
0O O Q2

g(p)= §(AB)=3 .
The (dtven e,q/ua,tton»s %wows undque Aslutions.

AX =06
e 1 [ [ 3
0 -4 -2 4 1=1-6
o o & JL% :

19



1+aﬂ+Z=3 —)
-Ly-9z=-6 —)
az = -3 —©)

<=~

@) -Ly-8f1)=-6
—Llld-!—a = -6
4u3=¢3

4=

3)> a+a(8)+(-1)=3

.:-1=o,ﬂ=a,2=-l

Guass - Jordon Method

I. Solve the Js%lfe_m DTB Q%uaifon by G,uaM~Jovdon

method X+Yy+=9 , X~y +237L=8, &x+3—z=2).
~ o1 1> q
y -a 3 |9 ([T 8
;& I ..I?J ’Z o)
AX =B _
. (ple] = IR
| - 3:8
& ) -1:3
- ~ Ra: Ra-Ri
R3: Ra-gR,
B N
U | R I
0 -3 & ! -l
-] -3 ¢ -]5
'0 It S0k "" Ra: Ra-R)
Ra: Ra-QR

At L-1=3
A+3 =3
A=0

0
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I\ nmm noonon
< = N
«© ¥ ¢ . & - N
(o' o< - %
& P ~|= o & « I 9
© % o5 fSe =~ 1
- ) - .. Y
& & = & & o A
 — _llllj _..roj [ ,m @ oI
© —~ T ( 7 0 for ts . .5
- _ W < T Q - I s o_l o o o
a3 | =) . - L - ae i e oy i
‘e Y o — i _I/.
O B T = S Hﬁ
S ™M g QO ™ O O © o © ~- o
0 9 _ . _ .t I
| o O —
D o - O
L ) | I D R )
|
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B — _
& Solve the Jotjbtem J)l) @%uob'or1 by Guos - Jordon |
method  A+y+Z=1l, JA-Y+8Z=19, 91+y-7=3

p—

—

= 1 14 4| 1
3 -1 & Vi = |12

le 1 -1)] % 1
AX=8
[n:B] = 1 1 j H “
3 -1 2 I
-1 1%
2 | i Ra ¢ Ra-3R,
R3: Ra-&R
(4 2 4 : N
n
o0 -4 -1 -al
-] -3 -19
L—O Ris 4R
Ra:-4R3
L B b ouy |
n
o -H -1 : -4l
0 4 12 i 6]
Q| N PH—RQ
R3:Ra+Ra
o 3 : a3 |
Y,
0o -4 -l ~al
o o Il 55
B Ra: (-NRa




b O 3 Q3
aY) o 4 1 ¢ &l
0 o 414 ! 5
Ri: Ri—3Ra
Ra: Ry - R3
BT 8 |
V 0 o i 16
o o0 1 ¢ 95
Q|: ’_ILT'QI
RQ.‘—:'—-Q::
) o0 0:2
N o | O0:4
o o :5%
g(p)= ¢(AB)=3=n
AX =B

| 0 © %} F]
o | o] gyl =lH
o o 11L% p

NOA=R \d:Ll y Z=5

5. Solve the J‘S%{T&m Ob eq/lm,tfon bﬂ Guosk - Jovdon
method  2+Yy+Z=10, QA=Y +3Z =19, 1+aﬁ+3z:ga

- — — ~

=2 B €L 10
g 1 3 | =]
a2 3 |z ] ([ R3

AX =B

L3



g -1 3 19
& 3 &
l Ra: Ra-2R
_Ra: Ra- R
1 1 1 s 10
n
o -3 | -l
0 1 & ¢ 1q
- ~ R‘!BRI
Ra: 3R3
3 3 3 ¢ 30
n o -3 1+ ¢ -l
0O 3 6 386
Ri: R +Ra
R3: Ra+ Ra
3 0 4 9
n O -3 | — |
3 04 : aq|
o)) 0 -3 | -
o 0 | 5
J Ri: QI‘QRE}.
” _Ra: Ra-Rsa
3 0 0 !9
n O -3 0! -6
o o 1+ 5
L J Ry ':‘;"Rl

Y



{ 0 O 3
(4} 0O + 0 :@&
o 0 | ! 5

f(p)= r(AB)=3=n
AX =B

) o O y 3
= (o 1 © Y] =12
o o | < S

S =S, 3=a, =5

k. Solve the :Alj/){:?,m o} u:LuaHon b8 Guas - Jordon
method A+YTR=8, —A-Y+T=-h 5 BA+EY A=
= = A+tY+tx=8 —{)
S —A-Y+8zL= -hH
> Aty -8z= y —@)
= 31+6ﬂ—#z=m —3)

> 4 4 24 : 8]
(p:g)=[ 1 21 -2 : H
5 -4 ¢ 14]
] Ra: Ra-Ri
Roa: Ra - 3(R)
Sl 1 8
N

—
o
A

L
(&)
{
S
L

Ra «—R3

25



n o 2 -lo :-10
o 0 -3 :-H

Qaf—é—Rn
R T I
n o | -5 ! -5
o 0 -3 : -H R : - Ra
1 0 6 : 13
" o0 | -6 -5
[0 0 78 ] 0 +aRs
Ra:3Ra —5R3
7 0 0 ¢ 5|
v 0 3 0 !5
0 0 -3 :-H] :
: Ra '3 Ra
F?s:--\'gRa
| o O :5
n o 1 O ! 93
o o 1| : 4>
g(p) = £(AB) =3 =n
AX =B

1 [ 5
= 5/3
[ 3 J 43

=5, Y= >, X Ufa

D s me N e bl A,




5. Solve the eq}uoifor) btj u,xfn% Quom - Jordon ]
method  1+Y+7=9 , 1+y-7-0, @1+5ld+:rz:5af

=> o) yl q
g 1 -l Ldr[o
g 5 FJL*] Lo

AX =0
oo
(h:8] - k |
a 1 -1 10 |
5 4 : 53
2 Ra: Ra-aR;
,_REHQ%‘D.R:
11 1 9
V) O " '3 :’18
© 3 5 ! 3y
- RS:Q3+3R1
Ri: Ri+ Ra
1 0 -@ ¢ -9
n 0 -1 -3: -I%
0 0 -Y: -30]
- Ra: [‘—.}J?a
| 0 -& -q
n
o -1 -3 I8
0 o0 19 Ri:Ri+2aRs
Ra‘® Ra +3R3
1 o0 0 ! |
n 0o -1 0 -3
0O O
Ra ! (-1)Rg

SE |



A=l, Y=3 , Z=5

6. Solve the cq;mﬂon bH usina EI-U.CUVs’ Jovdon
method At aﬁ+z:3 y AX+3Y+AL=5, 31~6U+51=&

Sl

Ax=B
[A:B] = |1 91 ¢3
a 9 & !5
£ 5 &
0.3 Ra: Ra-aR,
- R3:! Rz -3R
I &1 3
n 0 -1 0 ¢ -l
o -1l g ¢ -4
J R|:QI+QR&
| o 1:1 7] ReFRe-liRe
a)) 0-1 D -l

Ou" B2 o5 Ri: QR -R3

o8



@uahs—SdcleL Method (07)
Giuass - Scidel  Ytavative Mlethod

1, ket the 3 syptem o) lineast equokions are
O + QaXy + QuaNs =by —)
O X + Qaa¥y + QazXa= ba —(2)
Qa1 0 + Qaa%a + Qaz3Az=bzy —(3)

9. Ccheck the p’zrope'rt'a o dicuaona? dominant o

cal'vm below .
[an] > |aue] + [az)

fa.w|>|l1a|] + IaaB)
,Clga,> Iasll + I(laa)

39



3 4 the diaﬂonal elements ave not in dt’aﬁonal
dominant , then ~earyange the cq/uah'on.

H., Watte the unknown %y Na X3 ub«rom the 3 egn

() () & (3)
)= = 70'7— | by - Qia%as - Quats |
1

1 ] ba-Qat — Qass)

Aas
| | by - Qa1 - Qeaal

]

Q) > Na

\

@) = A3
a3

5. Take +the intttal condition o» Ny=0 5, Na=0
and 22=0 and wtart ttavations bﬁ upda’c'mﬂ
the valuer of o ,Na x> and  continue the
same until b 7ea

4. Solve the \A\jstem ob eq)uaﬂon by u);i’ﬂ(a
Guarm - Sddd method .

10X+ Y+ = 1Q s ‘X+IDW+ZJ= 12
=> loL+y+Z =19 —1)
A+ IOLJ-I"Z'—‘ 1Q —A2)

a+ Yy + 10z2=13 —B)

ave dfacdonallﬂ dominant

, a+y +10Z=12

s The ﬂtvm ecbuo}.ion/a
1) > = .+O_ [1a-y-%]

@=> Y= ,_:6_ [1a-21-%]

& = i -
3> Z-= W[uauld]

ch the solution Capp'mximately)

30



I-0

10
\ T‘E [1a-1.2-0) = 1108
2% = T'o' [1a-1.a-1.08] = 0.9792
= %[a): —l‘(-)— [‘&-— |'08-—O.q:fa] - 0.9948
4 - Tl'" [13- 0.aqyg- 0.972]= 1. 0033
0

2 = L [12- 0.9 4 8-1.0033]= 1.0008

T-(3) & - o [1a-1.0033-1.0008] = |

|
ye). L fla | - 1.000@] =1

). L [1a-1-i] =1
Z lo[ ]

T-(u) = 2™ [la -1 = |

‘;jM“ [1a-1-1] =

The Solution

%:l, ‘j'—’l "Z:"

3l




Q.

=

(2)
(3)

T

s The ,(a{ven u:[,ucxti’om Qe dl'aﬂonally dominant

l - -—
0o w= 5 [18-8y-7]

Solve the followtn uation bj usina
Guam - Sudel  method.

HA+QY+ZL =18, A+HYy+9z= 155 L+ay +52=30
!:aJ«fng (0,0,0) a» an initiatial appaozimation
[*Cmmrtj out 4 ttovodion] .

S+ &Y+ <= 13 —{1) |

A+ by +82=15 —)

L+ @y +52= a0 —3)

y= "T.,' [|5~1-8‘LZ]

=
5 x= L [20-%-8Y]
5
= n _ 12 _ 9.y
-1 = 4’ = 5
U) - .L -9.4-0 = 3.15
Y= e L1s 9.1 -0]

200 = 1L [a0-9.4 -9(3-15)) = 2.26
5
@) > = L ra- 2(2.15) -2:26) = 0-688
5
- 1[15-0.688-2(a.26)|= & HHR
= L[ )

Z2®= L [a0-0.688- a(a.4ug)) =2.3832
5

T T D B e P
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T-(3)> . 1 [1a-2(2.4u8) -2.8833] = 0.8uul6

9)]

(j(3) N [‘5-' 0.8uul6 - 9(&.8839):].—. 2.09726

A

4
ZCB): _'._.
5

[20- 0.8uu16 - 2(2.09936)] = 29932
T-(u)> o= TD!_ [12- 2(2:09736) - 2.993d] = 09626
(= _t [15-0.9686 -2(2.998d)]= & 0132

y- L[ (

o) 1 [20- 0.9626 -2(2.0123)] = 3-0022
2

. The Solution Js
A= 0.9626 I
Y= 8.0122 2
<= 3.0002+ 3

2. a%’a‘d+aoz=§6g &Oxwd-az:l?(931+a05—z:——l8:
ustng  Gowws - Sudel  taking (0,0,0) ar an meal§
approximaktion. :
=y The %{ven equatfon ase not I qfaﬁm“u}f sl
domioant qovm. By Teordering the given equation

we have {
&O'x+ld—&2= 13—

3% + 80y - X = ~18 @)
g1 — By + &0z = 95 —3)

393



0)=> %= E)_ 19~y +8%]
(@) = y= 5 45 [-18-dx+Z]

3) = S
Z- & [25- ax+3y]

T-)> =19 - 085
) _
Y. [~18-3(D.85) +0] = -1.0315

() — 1
z T [a5-8a(0.85) +3(-1:0275) = 1-0108

L [13+1-02715 +&(1.008)] = 10085

- & (~18-3(1.0085) +(1.0108)] = ~0-998 |

7(2) = oy [aB —&(l-ooaﬁ) +3[~o.qq3)]-.— o,qqqgé

T-(3)=> 1= !
&o (17 + 0.998 +2(0.9998)] = |

Lj@): ,&'_. [<18-3(1) +0.9998] = -1

2(3) = [a6-20) +3(N] = |

A
Q0
w

-(u)=> = — (I | L

(u)=> % T [14+1+12]) = |

Wy . - [-18- = -

Y o [-18-3+1] = ~-I

(W - _L _9-3] =

Z = [a5-2-3] =1

'_,-FW. 80‘&:0” (S A=, Ej‘;" ’Z:.)

ol



h, &%+ '\' s @l 5 R 'J."'v Lol oy By lu" 107 =58

“""""‘fl (A Selded l/ih(n(, (0,0,0) as on
’”r'”“! f.\|1p'nl)'th||fUH.
) 16 % - lJ-l*;(s- ) P ——
MU Rl‘, LB )| m— —(9)
Bot 1y ploxs b8 =)
Mo e e L81-4-7]

)y :g [on -~ o]

(B) = e Ll!o; [ 656 30~ hyJ

1-0) 5 AW e 35 amsas
0

l.f(") = 8‘ I;'{J'l - & (_7)-‘.)8?5.53) -40} = 635 Ué

) £ e [58-3(0.5832)~h (9. 35u3)] = 4-0833

T~ (@)= o= :1: [01- 23508 = 11,0833 = 8.0068
Yo - ..;; [on-o(p.1a:10) + 11.0880] = 1:1923
7 (2) ,'.; [68-3(0 .70 ) ~1(11928)] = 1.B6R6

L (o1 = 101905 = 0.8686) = 9.0%81

T-(3)m APe -
t

lj(v}) ,'v,m ~0(0.8892) 4 18626 = 2.88565
'1(") L (__ 58 -5(0.8899) - 1 (0 28655)] = 3.1:90

s The Goluflon .I)) LRy Yed Lol

—
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,Efzaen Vadues And Efaen Vectors

Figen volues wse o wpeciod — vek of Awlon

amocoted with the Jineat \Atfstam 0} ubuaffom
O Lhonackviistics veols

debrumined by tak:’nﬂ
(A-AI) x =0

wheve, A= Squane Mokt

T = Unit matria

X = Noniable mady i howfnj Az'nyte column

And the dduiminont ©f A-AT w@n be wred Jdo
Jend  the elgen volues and  which gelows QA
|A-ATl=0 Colled chovackuistic equokion and
it won piovide the aoots ©O) ‘A’
@Oldt?/ffdh"fé Powet Method  (07) Dower Methoo

To ebeuming the JLoaget u'ﬂen volue and
the aupeckive eirde,n veckoy we wed to jollow

the rﬁivm - wmhfnﬂ qule .
i. Ld«' 'th?, %t\/ﬂﬂ \quuacye moi,,f% aA {ﬂ, {,U]"H) -t—he

tnitiol d’ﬂen veckor oa X’ JollowA :

His

0

Joftje[3) L[t

36



. Take the pioduct o) ‘A’ and the tnitial
en  vectdy and b'r?n% out the nume'r:‘cauﬁ
ﬂwuﬂus‘c value Aoy it oas A’
Axcm)_ thm

-—

Continue the Aame process with the aesultant
u'taen vekova  unifl  to qeach an e%uaﬂ u‘idm

voiee
oy - x® &
ax® = x@ &
X(“) 7‘(“)

Ax® =
y '

: :
Jinally, the obtoined ‘N Js Lalled the Lcwﬂw:
ai(dc,n valwe and  the vecdtor X’ ds  calded

‘T%Puﬂve ei(dm vector.

Jind the tmﬂw: Ef(ﬂu) Vodue o), the matyix

g o0 1
5 a © with the inttlal veckov [1 007
| o @&
Let,
A a o0 1 '
o a O ** o
I 0 & 0

34



sopx@= a0 1|1 )
0O & O 0 = 0
| o alJ| o 1
" [c‘) ] RGO
0.5
.c Qxcn._ & O i 3‘5
o g4 © 0 = 0]
- Q.5 ‘:(‘) ] = ACQ)XCJ)
0.8
coAax®@ = 2 0 4 l 9.8
| o 2 0.8 8.6
|
- 9.9 X J N (3))((3)
0.9286
.oax® - Ja 0 1 ! 2.9286
0 9 0 o) = 0_
= 2.9386

38



. oax®™ - 2o 1] (¢ 9. 9756
0 & O 0 = 0
| 0 2 | D.9756 9.9513
[
=~ 9.a756 | o ]____ Ly (9
| 0.9918

s The lamaut u'fcdm value Jy Q.9766 V3
and e,&den vedtor  ds [‘ ] - [é]
|

0]
0.9918

8. USEna Rmdlei’ﬁh’/: Power method vbﬁnd the domina

-t Uiﬂen value and the co'swspondfna ejﬂm

b!J tak?ﬂa [‘l 0 OJT oA an

vector (96 h o1 -l
9 3 -lI inittad eiﬂm vector.
-Q I b
=> i
“la 3 -l X= lo
3 1 5] 0
l' HX(D) - B L' I - 7T ' q
9 3 -l =1 8
-2 1 5 ~d
|
ST 0,5} = AU W
-0.5

39



AxG) o o1 ! 5.6
g 3 -1 |[08 | = |5
0.8 -5.9

1 (2)_ (3)
= 56 [o.qase] = A X

0.9286

AXC3)= y 1+ -l i 5.85%I
9 38 -l 0.938 | = | 5.7Iuy

-2 | 5 ~0.9986 =5.7 144

1 CYMC)
5.85%! [o.cnse] = A X
-0.9956

1)

I ) 4 ¥ 5.9513

() -
AX 9 g -l = | 5.9034

g 1 5 ] |-0.9956 - 59024

o
0
4
&)
o>

)

I
o
o
o
o
4
e
9
)
1
>




ﬂ—
!

s ﬂch)': o1 - 59836
9 3 - 0.9918 | = | 5.9673
-2 1 5] [-0.9918 -5.9693
1
-0,9993
The Jmiut dgen vodue Uy 5.9836 v 6
and eigen veekoy  ux [ ! !
0.994% | 1
-0.9993 i
& -1 0| with the inttiad approrimate elgen
-1 @ -1 | vetor (1 o0 0o]7 ond Y out
g =k & Yy iteratlons.
Ld:, H - & -l 0 ] X = |
-1 g -l 0
O -1 °
= N
.. AXCo)s & -l O r' _ &
S T N I R
| 0 -l a |l O | 0

|
: al“o.b’] = %Y
0

i



b

D
<
>
)
|
© — 2o
Do L
\
s —~ ©
e s o1 %y
r‘ l
c© -
<
L 1
]
PR
o 4
O S
{ S |

1 )
= 9.5 [0-8 = )\(n XCQ)
0.2 |
. Ax® =2 -1 o[ 2.8
- & -l 0.8 = 2.3
o -1t 2JL02 1.8
'
= 23| _ N }\(3))((&)
0.4285
o oax® o a2 <10 \ 3
__‘ & -l "l - "3-("&86
0 -1 2 )|0.u3ss ).8572
B.850
= 3.14286 [ _ } ALl ¢ ()
0.5414

s The (a'rcaut u:cdcn value 0 2.4386 and

eiaen vedkoy w [ 0.8350
-1
0.5 414

Using Rayleigh?A Powot method  4ind the
dominant  efghen volue and the covmpondm%]

tlahen  vedboy 0

i 95 1 & by taking [ OD]T o the
' $ 0 int Hal d%ﬁm veckoy
=310 =K

HY



"
v
o

0.0667
oooax@s Tas o2 [

1 3 0 O.04u4Y
& 0 -H _o.oee#

)
= @5.1349 | p.ou5 | =
[0.068%]

Ax® . [e5 1 2 \

I 3 0 H.0uh
& o0 -H 0.0688%

5.1826
. 135
. 32u3

s
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it T RN ———

;1 Dl
> W) t
96,1826 BBLET e & )\(u X(D
0. 068
AXU” i ‘Qtﬁ.li‘)alw
ooubl = | 11989
0.068U U' o6 |
(6) (b
5. 181 [o pupl | = AN X )
0.068%
Axw): ay R x “96.1881
30 O-OCM = v 1353
9 o0 U | [0.068b 11860
=  95H.183] d 1 b
' 0.0451
0.068%9 .

s The LchM{ c[ﬂen volue Uy 25139

o 4
: ecdDY W
and eigen v, S G ]
0.0 685

6. Llsmf] Power method blnd the landul mc]m
velue and conugpcnclmfd etccn vecloy of the

mad v {x :
. 6 - & i
h 9 g - bLJ -l:al«f'ml} [l r rJT
8 -1 3

R ————

by



9 91l

. AXLo)_ 6 = 6
9 3 -] 1= |9
9 -1 3L ;

oaxMo [6 -2 2 ' TR
9 3 - o) = |-9.6667
9 .4 3 || 0666 L.000! ]
= i\ _ @, )
. 3234 [-o.ae:ae = A X
D.5455
.opx®=- 6 -2 2 1 ~,8182 |
g 3 -1||-03636] = -3.6363
a -1 3)]| 0.5y55) 400007
1
3 3
= 1.8182 [—o.qaﬁl} = /\C)X”
0.5116
ay@. [ 6 -2 ][ 1 1. 4534
-9 3 -I[|-0.u6B1 [ T |-0.u6SI
9 -1 3 0.5116 0.5116
@
R (u) , Cu)
= 1983 g opag | = AKX
0.6029

ys




o

ﬂxcq): 6 'a &‘1

L ]

-2 3 - -0.uq12 | <
9 -1 3] | 0.50au
1
p” 7-q883 "_D‘Qqu ]
0.5001

!
0.4a43
0.5004

1.9882 |
-3.9965
3.4999 |

s The lawfdut Li(ae_n vole 4 7.9%89 v §
and  dgen vector [

!
w {.0‘6
0.5
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Additional Troblems :-

1. Jor What volues ©f A and M , the /glfbem %
ecvmﬁonfs ')L+td+%:6 , LH @ld~}-3z=lo, q+ad+)\z=ﬂ
has
i. No Solution

’i{. Unigue Solution

i - 3nbinih Solutton

=y AFYt+x=0 —
oq+y—+3x=10 —{>)
Lty + A= o —2)
\ i 4 1] | 6 |
1 o 3|1yl =\
1 a M L7 gt
AX =B
where .
n-l1 11| x=l* " |
1 & 3 Y 10 |
4 2 A Z H S
p:e) = [1 112 6| |
1 8 3 :10 i
[ A HJ Ra t Ra- Ry
4 1 4 ! 6 —1Re : Ra-Ri ;
0
| I & H
i 0 1 M A8 g o o

Yy



l.1 1 1 ¢ 6
0 4 & :'H
o o0 (»3):(M10

[}

The S%Atem ob eq/uc&fon matf have unigue
solution onlﬂ of A#3 and onYy vobue 0& -

. The SLdAl:em o)) e,qluaﬁon may have ?nﬁnﬂl’/
numMbes o) solution at A= and =10
o)

"u:ia The Stdsl:em OL eq,ua!:ion mwj have n
“Solution Dnle af A=3 and HM=F 10

&, Solve the bollowi’nﬂ ‘A\Z}A&m DIB p,cbuaﬁiom bbr
us‘inﬂ Guos- oltminodion methoda 32+ Y +&L=3;
Q1 -3y-Z= =3 and ARYt+z=H

fies B+Y + az =3 —U)
&'x—aj—Z= -3 —) ’

%+@ld+;c=H-——L?>)
= "3 4 a"’m'_ 3 |
a -3 ({9 |2
e 1)Ll 4
A% =B
(A:p] = [2 2 233
g -3 -1:73
1 & t H
Ry <— Ra

H8



18 1 iy
n 2 -3 -1+ -3
3 14 & ' 3

RQ'vRQ"QQv
N\ 12 .o “'?JQ
1 g 1 :4]"° R !
i 0 - =3 -
0 T RaslolRa
"1 @ 4 4] Ra:(-4)R2
n o 35 1555
L_O 35 - :63/
R2: Ra-Ri
BT, o
g o 35 15 155
0 0o -8 : 8

:, P(A)= f(AB) =3 =N

., The equakions  moy have unique G
A% =0
1 a 1 v H
o 25 156 | |4 |=]5%°
o O -8 Z 8
oty + ¥ =4 (u)
354 + 152 = 565(+5)
Ty + &% =1l (5)
~-8% =8 (6)

-
T~ -t l

plutions
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(6) = Ay+3() =N
#?=n+3

1

5

V!

1y
=9

(6) = w+a(a)+(~)=\

2+4h-1 =Y

K¢ .TF\Q SO\uﬁOﬂ l.,5 (X,zi N \d:& sz—i

3. Solve the aystem o} equakions by Guos -

) %"@U+31=8 ) (Q‘)L-l-td-;{zg

Joxdon method.
A+Y+2=9
> atytr=q9 —
%—§ﬂ+31=% (2)
A+ Y-%=3 —)
- r - 7]
> (4 04 1 L
1 -2 3|9 8
- Z B_J
a 4 1L !
AX =B )
LS 1 4 41 19
(A:B] =
4 -2 3 '8
9 4 -1 :BJ
r (4 14 4 9 ]
0 -3 9 -l
0 -) -3 -15
"3 0 5 Qb
e 0O -3 R -\
Lo o -l ¢ -uy

Ra: —Ra~R|
R> Ra -k
R|=3Rl + Ra

e ————

50



D e e

,'X'_:_a.J’ J "'3. ,‘Z:L'

L. Solve the SLjS’CE.m Ob L%uaft'om bg qu_a}yg »
£]imtnation method .

= - - .__i
q+&td+z=3 , 1+ Ayt X=8, A-2y-5H7

q+9y + =D —)

)
-y —0)

hi



(A:] = |¥ 3 13
23- 2 1 3
1

1 -2 -5 ¢
Ra: Ra-2Ri
Ra : Ra—Ri
1 @ 42
~ 0 -H -Q -6
0 -4 -6:-4
Ra: (-7)Ra
: d
1 a 1:3 RZ-('Q)Qa
;e b & 1 3
0 9 3° 1
R3 : Rz- Ra
14 2 4 .3
n 0 2 1 ' 2
©o 0 a -3
p(A) = P(AB) =3 =N
The cd‘ivm aquatfom aze unique golutions ;

T s
ok
TR
|
—
Nec W
1
PN
e

ax=-2 —3)
[Zz=-1

58




@)= ay+(-) -3 () & %+ gy + 2" 3
&,d_lgs ‘)L+&C&)’i=3
&Equ A+ 4 -1 73

= A=3"3
[a=2] Eat

5. 82+ ly -4z =95, 3+8y+ &2= 3, A+ 53y 131
| = 104 using Guams- sddel ’cakl'nta (0,0,0) as
initial app'vo'zima_‘ct'on.
= 83+ Y- hZs a5
dU + 8«1 + 297 =7l
d2 + 53y +132 =10k

The (divm aq,uaﬁom ave not In dfacaonal,bd
| dominont 1™ - P"j fwewdw{nﬂ the 8'nve,n eq’uaﬂom

lwe bhave,

, 83'1+lltj- nz=a95 —
i T + 5y +13 = 10U —(2)

32+ 8y +89x=A —)

= = _! -
M= % .%—?)[45 y + 4Z]

5> y- —éa[IOLl-—‘—(‘x—II&Z] i

T-0) o= 95 - 1uye
- 83

yv = [0y ~=(1u6) =13(0)] = 1.8L59

53
O .;5:? [41-3(114u46) -8( 1.8u59)] = 1.8206

53



\I '\'J

e

M, “

APy AT i) b nnog) | = 000846
| Ny "

‘,(ﬂ) PR | ))m” = }((“,'lu‘:’h) 1 “ff(-'ﬁﬁl)l)(li)]" [ Lgiie]
\ i) '

w@ e oL [ %(U:ﬂ"ﬂﬂ>c-u(hhuﬂﬂn WL
11

O 'r)qtf.«ll('lv'lll'l') | u/‘v.rm(.(,fl:j AL
o v

TIE RS I S (106 ) = 151666y ] = 12047
\/ "vlmj :

pw(8) & L I’z“ " ',',( hw,u{) }{('1...'/,/,'1'4);] v 19619
2 AVAY I

t"(") & ‘ -— l,("ﬂ) e (1'“-"(;"?;') o) I,(ll"ﬁ"‘)] £ Iaf,,_‘)li}“/()

14
GO0 Lo =t (1 06) <48 (L) 120
\ i
0 e a(10676) < B( 1262)] = 1961

0

The Goludfon Jda 0 s LOLHG

l’ B ' REICN )

\

e OO

\




6. aqx+61d-z =85, O6A+ 15y 4+ 8%=T2 , q+y+54z2=
10, Using Guom - Sddel 'fﬂ«kina (0,0,0) o initlad
Ctppfroodmaﬂon.

=  gia+ by- = 85 —H)
6%+ \'Std +9z= 3 —2)

A+ Y+ SHL= 110 —+3)

) = 7('2—-&'—:{-[85—6%-{-:(:[
RS 7‘5— [+2-6x -2%]
3) = 'Z:ﬁ [no-x-y]
T-0U)
s jé;,‘(35'6(0)+ 0] = 2148l
‘ﬂm= —"5 [43- e(s.man)-—:z(o)] = 3.5u09

z" = _:'74 [no— e,msl-a.suoﬂs 1.9131
o

a-(2)

() - 1 N . ~
oL 2 [85- 6(3-5407) + 1131 = 2.H33]
4 ._|'5_ [ 22-6(9.4201) - 2 (1.9121)] = 3.5730

z() - _%': [110- 2.u331 - 3.5980] = 1.92585
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3L-(2)
9@- ) [g5-6(2.5180) + 1:9258] = 9.Ha%56
o

y . L [fa-6(2-uase) - 8 (1:958)] = 3.6739
15

Z_Ca) - —sl:ii [nt)- Q. 456 — 3.5#360 —~ 1.9259

T- (W)
L& 1 [85-6(a.57ad) + 1:9259] = 9.4359
E

tjCQ) ) ['—7&" 6(@.14&55) "'a(l-qa58)] = 3.5930
15

L0 - 1 [o- 24855~ 3.5720] = 1:4251
hYy
The SO\(A:HOH ave A= 8.4955
Y= 3.5730
K= 1905649

. 0 Qe
AT g
Y &
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