¢

Q.1

(i)

Sol:

2 6 =3|

2 6
let A= 0 -2
-2 5

2 6 -3

l[4=[0 -2 o
2 5 6

-2 0

5 &

|4]=-12%0

=3
0
6

) ¥ )
-2 96

Exercise 4.3

Find the inverse of the following matrices by using row operations.

As [Al # 0 so A is non-singular.

: 0%
matxixé:drjd_ﬁi./ (#*inverseZ- . Row option
¢ ULsmatrix 24 ¢ Widentity matrix¥ordersie - £
ubmpcralion,qu)'-o 4-ttidentity & Row operatione!
(Lkdidentity.;;)g); matrixi/} s2<t0 ,Matrices

Kb inverses L9

4-'(_—3)‘_02 ;2‘ = 2(-12—0)—6(0-0)_43(0—4) . ~24+12

Appending /, on the right of the matrix A, we have

2 6 =319
0 -2 0:0
2 5 6:i0
2 <6 =331
Rl0O =2 0.:0
G 113 1
[ ik 1
13 ¥ h
Blo 1 0 10
. 11 351-
.10_%512_
Rlo 1 0 ¢ O
00 3:l
L
2 = o
|10 %A
Rlo 1 o , 0
00 T
: A

T R R

0

0
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7 o'oi A
Ro10;0 - 0 byR,+—%R3
e A

Hence '

(v %5
A'=| 0 *% 0

i % K

1 2 -1
i, 0 -2 8
1 0 2
e et h 2 -
Sol: “let A=|0 -2 8 | then|4|=(0 -2 8
i 03 I 0 2
-2 8 _lo 8 0 -2
=1,0 2!-211 2l'+(_1)ll 0I=1(—4—0)~2(0—s)-1(0+2)=1(—4)-2(-s)-1(2)
=-4+16-2=10
As [A]#0 So A is non-singular
For Row operation
1 2 <1100
0 -2 8 :010
11 06 2-:0 0 1
[1 2 =1 10.0
RIO 2 8 : 0 10}byk,—3,
0 2 3 -1 0 1
o e S
glo 1 v 6 B by[-_-l-Rz]
0 2 3 = ~
: -1°0 1]
[y 5 % 000 1]
RIO 1 0 -'2—105yR,+R,
LO LN O ki
v o 5 8.0 .1
R0 1 -4: 0 -_2—10by-R,+2Ri
kel ™ WS & |
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ey 01'! g
=>R01 4.0 —: s
i\ : 3 O.l'sw(s]R3
gL sl
Lt e
100: 2 2 7]
55' L SRR
L e | PU
. 310 8 R, +4R,
S S
ho S0 e e S
2.2 7]
S K
Hence A~ = s 2
- 55Qp_5
104
Ry
1 6 -2
il. 2 13 0
0 -1 1 )
1562 S A
Sol: let A=|2 13 0| then|d4|=[2 13 0
0 -1 1 0 11
13 0 |2 0 [2 13 1
=1 -6 + =1(13-0)-6(2- ~-2-0)=13-12-4=-
|4 R e 1‘ |0 .—1‘ 1(13-0)-6(2-0)+2(-2-0) =13-12-4=-3
For Row operation.' _
'1-:6 2.3 1 0.0} 1 6 2 : 1 Qf0Od
—=R[2 13 0:0 1 0|=R0 1 —4:-21 0fbyR,-2R
(0. =11 0:00 0.+ 13 94701
[1..0°26 = 13 -6 O
=R01 4:-2 10
i | Ry +R,
00 3: 2 1 1 -
L 02 136 0 1
=R|01 4: -2 1 O by[-_?'—)R,
: & =N =)
oo 123 % 4
© studyplusplus.com



Q.2.

Sol:

i3
w

Note: Rank. = No. of non-
zero rows in echelon form
or reduced echelon form

DO
L1 Elementd CRowd L L/ r}vm
Rowl /1 AUA U1 L9 Elcments"l?_{',;ui 7 3
-gfﬁ:s{ic.{;a.ulﬂgfb. 1 :(Elemenu._./m’:

1 g0 ~13-8 26
833
Sl e 2 e
- S M EEN R, +4R,
N e
13- 8 . 26]
RNy
Hence A~' = 2— j -_i
i i T
2% =1 =l
ae e e W
Find the rank of the following matrices
1 -13 1
-2 -6 .1¢3
3 1.4 3§
el 3 R, +2R
RO -8 7 1 |&y? 3R'
0 4 =5 -5 B
[ (S 1
=, TR | -1
RIO 1 — —|byl—|R
A "3 3 y(S] 2
0 4 -5 -5
Ty
8 8
Rlo 1 =t =l - R +R,
SR u R, —4R,
T R e
i 2 <15
. e M e
8 .8
RlO 1 o =1 By R +R,
8 8 R,-4R,
-3 -9
S
L 2 y
R
8 8
= | =5
Be T == ==
. 3 % ;{3)33
g 9 1 3 ‘
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ii.

Sol:

Sol:

-|-1 L :i_s' 17
s R ——R,
RO gt fg e
- R+1R
00" 13 2T'g™
He;ceRank=3 K
1. =2 3]
2 -4 6
-1 0 2
A e A I
Fl =2: 37
0 0 O -
R g, o= 2R
0 1 =1
Hence Rank=3
3 =1 3 0 %
1 2 &t =3 O
2 3 4 2 1
2 5 2 -3 3
1 4 =1 2 0
| N TR L U
fla 3 4 g 1 |[PHTH
2 5 2 -3 3
FY el =00
0-6 " Boot o N
R by R, - 2R,
(T ) 2k
013 01 -3 %
[1 <4 =1 <2 0]
~F -1
30 I D = —;._by[%]
10 11 6 6 1
013 0 0 %]
O A e Sl
3 3
01 0 -_—]~ :-—I R|f4Rz
8 4(; Ii LA
00 L gl 2
6 . 3 R, -13R,
000 12 2
L 5 v

Note: Here All three rows
are non zero, so Rank=3

- -

Note: Here All three rows
are non zero, so Rank =3
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Q.3.

Sol:

e

001
000

18 o328 alL vl

818 a|L 8

He-nce Rank=4
Solve the following systems of linear equations by Cramer’s rule.
2x+y-z=1

X=y+2z=3
3x+2y+z=4

21
CA=[1 -1
15 -3

:

SlR eln w|l o|d, w|B R|E w|L w|L
L g 1 |

Here non zero are four, so
Rank=4

2 1 -l _
=1 2| 1 2 1 -1
=1 -1 2|=2 -1 +(-1) =2(-1-4)-1(1-6)-1(2+3)
e B 3 2
32
=2(-5)-1(-5)-1(5) =-1045-5=-10 = |4|=-10+0
1 1=
3 =i 2
coal_l4 2 I_=l(—-1—4)-l(3-8)—l(6+4)=—5f5—10=1=>x=1
|4] ~-10 -10 =10 .
2 1 -1
S
Jal b o€ _2(3-8)-1(1-6)-1(4-9) _2(-5)-(-5)-(-5) -10+5+5 o0
y= = = = - = —
|4] -10 -10 -10 -10 -10
7 ) |
1 -1 3
Al B 2 4 _2(4-6)-1(4-9)+1(243) 2(-10)-1(=5)+1(s)
LR o -10
St ~20+5+5 _-20+10 _ -10_l
S -0 . ~10  -10 °
$8=4(1,0.0)
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ii.

Sol:

iii.

~ sol:

X, +2x,-3x,=0
4x, —x,+x;=5
=2x,+3x,+2x, =3

-9 =3
A= 4 -1 1
55 2
a s '
i B 1R 4 -1
l4={4 -1 1 =1| ‘—2’ ‘+(—3)| |=1(—2-3)—2(.3+2)—3(12—2)
s il a2 35

=1(-5)-2(10)-3(10)
|4|=-5-20-30=-55

0 2 -3
5 -1 1
|4, 3 3 2] 0(-2-3)-2(10-3)+(=3)(15+3) 0-2(7)-3(18) -14-54 _68
THT S b =55 Pk TR S|
i-0 3 : '
&5 -
|4, -2 3 2] _1(10-3)-0(8+2)+(=3)(12+10) _ 7-0-3(22) _7-66 59
Gl T REE TN 55 alsiEe iSaee T R ¢
(i A ' |
4 -1 5 -
4] |2 3 3] 1(-3-15)-2(12+10)+0(12-2) -18-2(22) -18-44 _62
g AR =55 g SRt R

; 68 59 62
SS’{(E’E’EE)}

2x,—x, +x;, =1
X, +2x,+2x, =2
X, —2%x,— Xy =1

23 1

Here A=1 2 2

_ 1 =2 -1

e 2. 2 ool Ao 2 _
4=it- 2 2 \Al=2‘2 -ll—(--l)‘1 -I‘HL _2’=2(-2+4)+1(—1-2)+1(—2—2)

{7 2B e

|4]=2(2)+1(-3) +1(4) = A -3-A=-3
|[4|=-3%0
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Q.4.

Sol:

L1 1

- 8 A
Al 2 o] wzeneaoen4-2) _2-4-6 8 8 s
Y =3 -3 -3 '-33 3
) :
i 22
a1 - 2(2-2)-1(-1-2)+10-2) _ 2(-4)-1(=3) +1(-1)
SE1” Rk e =3 3
2=_8t§'1=2=>x,=2
2 -1 1
2 2 .
. __IA,,I_ L =2 1] _2(2+4)+1(1-2)+1(-2-2) _2(6)*1(-1)+}(4) 12-1-4_ 7
T Yy 3 apiEi e
-7
=2X5=—

sa-{223)

Solve the following systems of linear equations by matrix inversion method
x-2y+z =-1 .
Ix+y-2z=4

y-z=1
In matrix forms
1 =2 1|x -1
3' l —2 y = 4

A X=B=>X=A4"'B I

1 =2 1 X -1
Where A={3 1 2|, X=|y|B=|4
' 0 1 -1 z 1

1 =2 1
[4=]3 1 -2|=1(-1+2)-(-2)(-3+0)+1(3-0) =1+2(-3)+3=1-6+3=-2%0
0 1 -1 |

all
A, =(—1)1 : 1

jl:(-1+2)=1

An=(-1)" j=_(+3+0)=3

studyplusplus.com



t=()° |=(6-0)-3

4 (_l)m —12. _11\ - _I(2—l)l= -]

A=) |=(-1-0)=-1
0 I
A,J=(—1)""1 'zlz—(1+0)=-—1 '
0 1
4, =(-1)" Bl ‘=(4—1)=3
| ] =3
Ay, =(_1)3+2 :1,, jz‘ =“‘(‘2_3)_= 5
Ay =(-1)"), _12‘=(1+6)=?r
A4, 4, 4  EON (B
Cofactorof A=(4,, Ay Ay|=|-1 -1 -1
4y 4, 4y - SR |
[1 -1"3
adjd=(co~ factorof A) =|3 -1 5
3 -1 7
. i
A s o s
Al Pl iy
I=>X=4"'B
1 =1 3[=1 ~1-4+3
¥wils sl 4= a-4es
2_3 1" 7] 1 3447
_l(-z‘ 1
X="—f-2(=1
0] O

studyplusplus.com



2%, +X,+3x, =3
x, +3x,-2x,=0
-3x,—x,+2x,=4
Sol: In matrix forms

2 Lo Xlim 3
1 3 -2|x,|=|0
-3 -1 2 |lx 4
A X=B=3X=A'B————r (1)
‘  URNE .
[4={1 3 -2
-3 -1 2

=2(6-2)-1(2-6)+3(-1+9)
=2(4)-1(—4)+3(8) =8+4+24 =36

sy RS A
A=|1 -3 =2
-3 -1 2
=(- )‘*1 l (— (6-2)=4
=)y T - 0)=-1(4)=4
Ay =(-1)*|" o _3_1‘ (-1)* (-1+9)=s
=0 ey @ =-(9)--
Ay =(=1)"?|° : 3‘:(_'1) (4+9)=13
A= ey -
A, =(_—1)’*' ‘:(-1) (-2-9)=-11
= )=y - =-()=7
- _1)’*’f ;‘=(-1) (6-1)=5

Sol:

4, Au_ A, 4 9- 8
cofactorof A=|A, A, A,|=|-5 13 -l

A, A, A4;] |-11 7 5
4 -5 =11
' AdjA=(cofactorof A) =|4 13 7
8§ -1 5§
-5 =11
e 4 137
AI 8 -1 5
I=>X-=A"B
L S
x=2{s4 13 7 (o
36_8 -1 5|4
)
124044 2 12
x=%[i2+o+2s}=—‘-[ 40]: %
24-0+20 a4 |
.-_-_g‘- = =
X, 9
x, |= 10 sox,-_s,xz-—--g, J=ll
el Sl
Bl In
19|
o )
NLD 979
X+ y=2
2x-z=1
2y-3z=-1
In matrix forms
2 SO N N | 2
=2 0 -1f|y[=]1
0 2 3|z -1
A X=B=X=A4"B__ I

Let

25 aigh
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g L
2:0 -1
0 2 -3

|4]= =1(0+2)-1(-6+0)+0(4-0)

=2+6+0=8+0
=(0+2)=2

0 -1
2 -3
-1 :

3l=—(—6+0)=6

(_])m
(_l)n:

A,

A

2
0

(=]

’:(4~0)=4

0
o,
1 9
0 -3
LS :

o 2’ (2-0)=-2

I 0 ,
i _1‘_(-1-0)_-1

i‘z(‘l“’):’

N o= DN
no

~(-3-0)=3

=(-3-0)=-3

(l)|=(0;2)=-2

adiA

A'=—r=

||

w
—

=g =3
2 3 =12
fsX=a'B=2t6 -3 1} 1

4 2 =2|=1
8 |
8=/1
8| |1

!
8

LN - N S ]

443+1
x=H12-3-1]=

1
8
8-2+2

Q.5. .

Sol:

studyplusplus.com

x
y =l Hence x=1, y=1,z=1
. :

SS{(LL1)}

Solve the following systems by reducing their
augmented matrices to the echelon form and
the reduced echelon forms.

x, +2x,—-2x, =-1
2x,+3x, +x;=1

Sx, +4x,-3x, =1
The Augmelnt_ed matrix’is

1 2 =2: -1
¢ e Nt (RO
0 g 2k
For Echelon form o ,
1. 2 =2 <) R,-2R,
RO =1 5 : 3| R,~5R
10 =% 7. 28
F1 20 <2 v -1
RO} =5:i--3 by (-1)R,
1 =6 % 6
S e ey
RO 1 -5 : -3 [byR;+6R,
[0 B .-23 ¢ =12} "
t 2€z2 : -1 :
RI0 1 Ggmel by[ijﬁ?z (1)
o0 ¥l %
i 23

Is required Echelon from where
X +2%, — 2%, =1 ()
% 5% =-3 3= i
12

23
Put (iii) in (ii)

x, —‘5(%] =-3

(i)



Sol.

60 60
xz—'2—3——3 xé=—3+§
-69+60 -9 =9

=— X, =—
23 23 23
Put in x,and X;in (i)

-9 12
bty FES
X +2[23) 2(23)
-1

_————+1=0

+—=0
% 23

19 <z 19
X~ =V = E‘
For Reduced Echelon form continue (1)

| y
12 =2: -1
RO 1 -2: -3
0.0 1: I2

! 23

— =

190~ &5
: =3l R-2K
9.0 3 r BB
£ s
9]
1 00: 23
5, R -8R,
23 R,+5R,
12 _
I 23
So,
19 9 12

h=3 RThTy

: (19 -9 12
Answeris §| —,—,—
23 23 °23

X+2p+2=2
2x+y+2z=3
2x+3y-2z="7
The augmented matrix is

)
O'
|
w

)
o
<

studyplusplus.com

oty i 1 S8
B N 28T W
23 =t 7
For Echelon form
2 142 B3R
D R R | i
0 -1 ~3: 3 2 .
o 142 T,
R[O 1 12: -13| R,-4R,
0 -1 -3: 3
[1-2° 1+ 2
RlO 1 12 -13|R,+R,
0 0 9: -10
PRy
Rlo. 1 12: =18 %R, (A)
00 °1: -10
9

Which Is required echelon form

x+2y+z= 2 (i)

y+12z=-13 B |
-10

=— i
z 9 (i)

Put (iii) in (i)

o)

40 40
L3 y==134+—
y 3 y i

S0 1
3 3
Ll
3

Putin y and zin (i)

I+2[1J—I—9=2

i 3 9

_24_2_3_184-10 6_22
9 3 9 9
22

= X=—

For Reduced Echelon form continued (A)



Sol.

12 2

Rlo 1 12: -13

00 1:-10

4 9

1 0 -23: 28

Rlo 1 12 : -13| R-2R,
00 1 :-10

8 9

’ 23_

;9

JLoo T oo
¥ R | 7”238,
00 1:(,

RN

22 1 410

So,x—g ,y—3 § S 9

A efis— [-Z—QJ-LI—QJ
nsw! 5575

x, +4x, +x, =2
3x,+ X, — Xy =12
The augmented matrix is

=4 5 : 2
- o B e,
11 =1 : 12
For Echelon form
D
| S TR | R,~2R
RIO -7- —4: 5| by
il R3"3R|
0 -11 —4: 6
[l <4 -1 2
" S
' - —| =R
e 7 2
_O -11- 4" 6
gl 2
R|O 1 $: 275 R +11R,
0 0 16 - -"_"i
i 7 7

1 4 1 2
Rlox 2.2
| R £

0 01°*° -13

A 16 |
X +Ax, +x, =2
x;’-ix =__5.

2 7 3 7
AR
TS -
put (iii) in (ii)

4[—13) -5
70 16 7

52 =5 i
T2 7 £

S
x,'-—4

I 4
'1_6& .____(M

e
(i)

R

5 =8l
16 . _
For Reduced.Echelon form continued (A)
1 0 __9 9_1
7 i 7
i =S|
RI0O 1 — : — |byR —-4R
K E : 7 Y K 2
FHoH) 1 ° ;I}_
! 16 |
1 0%, 51
: Ij R,+~:—,R3
RIO 1 0: — |by
IR, R—iR
R
So, x, e X. =2 X =20
TS YR T

. [61 1 —13)
Answer is = e Sigis ety :
16 4° 16
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Q.6.

Sol.

ii.

Sol.

Solve the following system of Homogenous
linear equation by using Gaussian elimination
method.

x+4y—2z=I0
2x+y+5z=0
S5x+2y+8z=0
The augmented matrix is
[1 4 2: 0
B2 L8 8
o . 8 50
1 4 =230 ok
Rlo =7 9 :0 22—512'
0 —1g a8 ¢ o2
(1 4 232,
TV &L
RO 1 A 0|2
0 -18 18 : O
1.4 =2 .p
RO U 9 : 0|R,+18R,
-36/ : 0
0 0 36/ :

Solve for x, yand z

36

- —2z=0=>z=0
T3 ;

y—§z=0:>y-,%(0)=0=>y=o
x+4y-2z=0

x+4(0)-(0)=0

x=0

The solutionis x=y=2z=0

which is the trivial solution

So Answers is {(0,0, 0)}

X, +4x, +2x;=0
2x,+x,-3x,=0

3x,+2x,—4x, =0
The augmented matrix is

T 4.  2=a2"0
RI2 1.3 : 0
32 4.0

Sol,

(142:0
RlI2 1 =3:0
32 4:0
i (e 2
20-47 7'0'&_2"?I
s DR R,-3R,
0 -10 -10 : O
DI M BT

10
RO -7 -7: 0of R-TK,
0 00 3.0

Solve for x,, x,and x,

“1x,=Tx; =0=>x, =—x;

X, +4x, +2x, =0=> x, +4(-x,)+2x, =0
X —4x, +2x, =0=>x, =2x;

Let x, = (anyconstant)

Then x, =2t,x, =—t, x; =1 in the solution

Wheret s any real number. This system has
infinitely many solutions. ,

x, +2x,—x;=0
X, —x,+5x;, =0

2x, +x,+4x;, =0
The augmented matrix is

[1 2 -1:0
Rl1 -1 5 :0
bR S 0N
I 2 -1 :0] _
Rl0 -3 6 :0;2__;;
0%, 6201
1 20N, : 0]
R|O =3 6 :0(R-R,
0 0 0 :0) .

Solve for x,and x, in terms of x,

=3x, +6x;, =0=x, =2x,

X, +2x, —x;=0=>x,+2(2x;)—x, =0
X, =~3x,

Letx, =I (é'ny constant)

Then x; ==31,x, =24, x, =1

The solutionis x;, ==31, x, =2t , x, =t

Where . ‘is any real number. This system has
infinitely many solutions.
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Q7.

Sol.

Q.8.

Sol.

-1.0
" transformation matrix. |: .

A triangle has vertices at 4(4,1), B(-2,5) and
C(0,-3). Find the vertices of the reflected

triangle over the y-axis uslng' a transformation
matrix.

To reflect a point across a certain axis or line, we
have multiply the point as a column vector by the

.corresponding transformation matrix. Here, to

reflect the given points over the y-axis we use the

V.

Write the points as column matrices

ool eo[}

Thr:_- vertex A’ of the reflected triangle
_—_l 0 4_—4+0=4=(_4’!)
10---1]{1 0+1} 1 -

The vertex B’ of the reflected Triangle
-1 ol[-21 [2+0]

2
— — = =2’5
0 1|5 | [0+5 ;5} (2:5)

Th; vertex— (;' of“the reflected image

-1 oo ] [o+0] [0 ] -

= = =" [=(0,-3)
0 1f-3] [0-3] [-3

Thas the v:artlce_s of the reflected triangle are
A'(-4,1) , B'(2,5) and C'(0,-3)

. Coding is the process of converting a message

into a specific format using a code. A code is a
system of symbols, words or signals used to
represent other words meanings. It’s often used
to hide the actual meaning of a message.

The point A is mapped to (30,20,-5) by the

S 0 0
scalingmatrix p=| 0 -5 0
0 0 -5
Find the coordinates of A.
=5 0.0
Given P=| 0 -5 0
0O 0 -5
x - 30
let A=|y|and 4'=|30
ix =3

If Ais mapped to A’ by scaling

Q..

“l-

Matrix P, then AP = A’

PA=A :
T i A O ||
Now, )
:l— 0 . 9
5
P'=|0 _—I 0
5
6.0 B
8 3 J
Putvalues Aand P'in (i)
-A=.?-]A' i
_?1 O S
1 30
A=l 0" =
=, 0 2(;
Rl e il
? 5
'—Ix30
3 -6
A= -_5—1x20 =|—4
1
-_—lx—S
L3

: —6 |
Hence the coordinate of Ais A=| 4
1

Find the equation of the image of the curve with
equation y = x” under the transformation with

t
d

This transformation matrix represents linear
transformation that maps the original curve to its

-image. To find the equation of the image, we

need to apply the transformation to the original
curve equation. Let’s denote the original

coordinates as (x,y)and the transformation
coordinates as(ir', ¥'). The transformation

matrix maps the original coordinates to the
transformed coordinates as follows.

Xmxxdy " i)

y'=3x+4y (i)

studyplusplus.com <



Q.10.

Sol.

Now, substitute the original curve equation -

¥ = x"into the transformation equation.
¥ =3x+4x"

Yy =3x"- 2y'+4(x"2 -2x'y'+ y'z]

Put x = y'—2x" by solving (i) & (i)

~ Simplify the equation to get the image curve .

equation.
y' =3x"-2y' +4x" -8x'y' + 4"
This is the equatioh of the im‘age_ curve under the
given transformation. _
oS Gl
Use the matrix 4 =|2 -1 1 |to encode the
0 1 2

message: KEEP IT UP, where letters A to Z are
corresponding to the numbers 1t0 26 .
Here
Al B: CJ .D-‘-I E.“,
JIG K” LI: Af” NH 0]5‘ PI{: QIT RIH
SIQ T:O 'UJI V:! ¥ WZ] Xu };25 zﬁ
Divide the letters of the message into groups of
three,

KEE H PIT s up ;
Assign the numbers to these letters and convert
each pair of numbers into 3x 1 matrices. -

K -] [P feed v i
E|=|51] |I]|=[9 |,|P|=|16

BrG H I

LE] I5] |r] [20] |@] lo

Q.11.

Sol:

[1 0 17[21] [21+0+0 21
2 -1 1{16]|=|42-16+0|=|26
101 20 0+16+0 16
So, the derived coded message is,
[16.][367[21°
22 || 43 || 26
|15 ][ 49| 16
11 || 25| 22
Decode the message| 20 |{ 10 || 14 | that was
43 || 41 || 41
1 1 -1
‘encoded using matrixA=({1 0 1 |where
e 11

the number 1 to 26 are corresponding to the
letters Ato Z, and 27 is representing space or “-”
The encoding matrix A is

1 1 <1
A=(1 0 1
Bk <)

Each number in the decoded vectors corresponds
to a letter from A (1) 0 Z(26)

First we need to find A~ 1,
I 1 =1

l4] =1 L{=1(0=1)=1(1-2)+(=1)(1-0)

L4 L 2 1 1
So the message in 3x1matrices is |A|=—l+l—1 == |A|‘= &
(117167217 0 1
519 |[16 A,,:(-l)'*'| I:(1)2(0_1)=_
|5 J|20]f0
Now to encode, we multiply on the left each A,=(- l)w & =(—-.])3 (1-2)=1
matrix of our message by the matrix A i.e 2 1 ' ;

<111 :
1.0 A rrisoes 16 TR 0\=(—1)‘(1—0)=1
2 -1 1 =(22-5+5|= e

|

g F 2 0+5+10| |15 1> =l=I¥ gy

7| Low A=) -2
2 -1 1|9 |=/32-9+20[=(43 4 =(-1)" 5 1{=(“1) (1+2)=3
0 1 220 [0+9+40 | |49 o

A23 LSS (__1)21-3

=0
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Ay =) =) a-2)=1
Ao =) Tl= () =2
e N, e e
Ay =) = (1) 0-1)=-1
(A, A, 4y
Co-factorof A A=| 4,, A4,, A,
(A Ay Ay
2% il S
1 8 Tl T
0 -2 -1
=
Adj A=(Co - factorof 4) =| 1 S,
' R I
A"=""—‘3’3'1=L 11 32 —12
S AR
§ o2l
Al - 3

-1 -1 1

Now, we multiply each encoded vector by A™ to

get original message vector.

11
First Encoded vector =| 20
43

i) [1 2 =1

Original 4A7'[20|=|-1 -3 2|20

43] [-1 -1 1 /{43
[11+40-43 | [8
=[-11-60+86 |=|15|
- |-11-20+43] |12
So the first original vector is | 15

12

25

Second encoded vector: | 10
41

25 P2 =1}25

. Original =A7'[10 | =[-1 -3 2 (|10

41 -1 -1 1 {41
25+20-41 4
Original =| —25-30+82 |=| 27
-25-10+41 6

" We notice that 27 is outside our (1 - 26) range for

letters. Indeed it’s 27. We need to consider
module 26: 27 mod 26 = 1

, 22
Third Encoded vector: | 14
41
22
Original =47'| 14
41 _
Bl

" Original =[-1 -3 2|14

1-1 -1 141
[22+28-41 ] [9 ]
=|-22-42+82|=[18

| —22-14+41] [5 |

9
So, the third original vector is | 18
5 -
So, adjusted originaf vectors:
8 4 9
1. 15 p 2 27 A 18
12 L6 5

Now, map each number to its corresponding
letter (4=1, B=2, ....2=26)

First vector: H =8, O=15, L=12
secondvector: D=4, A=1, F=6

Third vector: /=9, R=18, E=5

Combining the letters. Putting them together in

-order HOLDFIRE . :

Final Answer: Thus, decoded message is:
HOLDFIRE :
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