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MEGA LECTURE

- [Unit.3) o Matrices and Determinants 159

|EXERCISE 35

1. Solvemefouowmgsystennofuneareqmnsbycmmfsmne:
Solution (i) 2x+2y+z = 3, Sx- - 2= 1, 8x + y-3¢ -.’2 ‘
26 +2)-2(-9.+ 10)+ 138 + 10)

N 2 2 1
Al= |3 -2 2] =16 2+13=27#0
- 5 1 -3 s, Solution is possn_ble. ,

wu

138 2 1
1 -2 -2 -
. 2 1 -3 _3(6+2) 2(-3+4)+1(1+4) __4:?:§_Z7__
12 3 1. ’
{3 1-2
52 -3 _2(—3+4)— (—9+ 0) 1(6—5) 2-3+1 _0 _,
y = 27 = A TTtwm T2
12 23 | |
3-21}| > _
, 5 121 2(421)-26-5 +3(3+10) _-10-2439 _Z _,
zZ =" = 21 = T
' "l(ii). 2x1—x,+x, =5, ..c«+2:z+3xa 8,351—4552 xy =8
2 -1 1 = 2-2+12)+ 14~ -9)+1(-16-6)
1Al = | 4 \2 3 = 20-13- 22=-15#0
: o\ _i A Solutlon is posslble
5 -1 1 i
8 2 3| .

. 13-4 -11_ 52+ 12) +l(--8-9) +1(-32—6) 50-17-38 1
i e - T , =T -5 3
25 1 e o ‘

48 3 .
2y = 33-1] 2-8-9)-5(-4-9 +1(12-24) —34+65-12 19
= = 3
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160 INTERMEDIATE MATHEMATICS DIGEST — Class XI
| 2-15 ’ -
4 28] | |
~_13-431  26+32)+1012-24)+516-6) . 76-12-110 46
s =715 < -15 =T 15 B
1(iii) 'h;—x,,+x, _‘i 8x1+203+2x; = 6, 11-2*2--F: =1
2 -1 1 = 2(-2+4) +1(-1-2) + 1(-2 - 2)
1Al = 1 2 2 =4-3-4=-3%0
1 -2 -1 ..~ Solution is ppssible.
8 -1 1 | |
' 6 2 2 , .
S 1-2 -1 8(-2+4)+1(-6-2)+1(-12-2) 16-8-14
oo X1 = = = - =2
-3 -3 - -8
28 1
16 2
L 11-1 2(—6 2) - 8(~1 - 2)+1(1 6) —16+24—5
X2 = , - - =<1
-3 -3 -3 A
2 -18
1 26 _ S |
_11-21 22+ 12)+ 1(1-6) + 8(-2-2) 28-5—32
*s =3 =T 3 =3 -3
Solutlon(n) x 2y+z --l 3x+y 2¢- 4,y -z =1
1-2 1|21c1+42)-3@-1) |
Here |Al= |3 1 -2|=1-8=-220(ExpbyCy)
‘ 0 1 -1 Solutlon is possible. ’
A Y
".Ii-zl 3 -2 31 Tt
v |21y ET —2 |
s AL |
| -2 1' |11 1 -2
- 1 -2 '3'_2, 3»1|_l.;¢:z,
Pl lde CEgqe
=| ~(2-1) (-1-0) -(1+0)]
(4-1) (146)
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161

1 -1 3
1 1
-1 - — T AL = -
AT = qpyadia= 51 3 -1 6
3 -1 7 _
x 71 -1 37 -1
X=aB= [y|=%|3-15f 4
' z s -1 7]l 1
x ~1-4+3 -2 !
1 1
y =:§ f3-4+5 =:§ -:2 = 1
z —-3-447 0 L Ol

Hi

= x=1,y= 1>,z=0

Solution (ii) 2#-’1+x’+&,§ 8, s1v35-%; =0, -3x|-x"| +2xy = -4

2 1 -39 =22-2)-12-6)-3(-1+3)
Here [Al= | 1 1 2 =0+4-6=-220
' -3 -1l ‘ -« Solution is possible.
B l 1~-2 ,|;1 -2 I 1 1-|,‘;t
-1N2 | Tf-3 2] |8 -1]
. 101 -8 2. -3 2 14 |
8dlA=:'|_1_ 2|v |r-3 2- ,-3'-1'|'
I 1 -3 I 12 -8 2 1
TLolr2]  Tl1-2 1] Jd
0 4 27t 0 1 17,
2 -1 1]

1 1 1
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162 INTERMEDIATE MATHEMATICS DIGEST —Class X!

: 0o 1 171
. Al =7Al|-ade_'= :15[4 5 1
L2 -11d )
| ro 1 173[ 3 0+0-4 °
X = A1B = =-:1-§ 4 -5 1 0 |= -_1—2 12-0-4 |
' 2 -1 1L -41 6-0-4 1
2 ] [ 0+40-4 ] -4 2
. 11 410_0- __1_ _ a4
X2 = 3L12—0—4 = 2o 16 = 4
o 6-0-4 | 2 L -
X1 i B 2 ‘
:xz 1 = -4
x3 | 1

= n =2, xn =-4,1x =-1L
Solution  (iii) x+y = 2,2 -z =1,%-3% =-1

. 11 0| =10+2-1U-6-0+0
 Here |IAl= |2 0 -1 =2+6=8 20 -

0 2 _3 »«  Solution is possible.
= 0 -1 . 2 -1 Tt
IHAE SR
oo 10 11

adj A = '2“' -3 |o-3 02‘
t | 2]

©0+2) _(-6+0) (4-9);7’; T2 .6 417"
[-(-3-0) (-3-0) (-2-0) | { 3 -3 f2]

(<1-0) —(-1+0) (0-2) ]

-2 3 -1
6 -3 1
4 -2 -2
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C[Unit.3] ] : Matrices and Determinants ‘ 163
2 3 -1 '
1 1
-1 — —— - = -
A = Al adjA = g 6 -3 1
4 .-2 =2

= x-l y=1,z=1

8. Solve the following ;ymmbymdncing thmraugmentedmah'ioesto
ﬂxeecheloniormandthenduudechennm »

Solution. (). 11-273-2‘1'3 = —1, 2%~ Sx,-c-x, =1, 5‘;-“3f3x3’- 1

(a) : Using Echelon Form:
Here A}, denotes the augmeniiéd matrix.

1 -2 -2y .1 -2 -2 =17 py i
Ab=[2 g N1 |BRJo 7 85 8| R-2Ry
5 .48 1 Lo 6 7 61 :

PR I i e
G. 2. 8 | g~ Ry " 0 2 -3 | K -6R,

.06 7 6
Sl 2 -2 -1 ] by . ‘ . '

Alg.

"Rlo 1 -z -8
[ 0 0 1 2419

‘Matrix in equation (I)bil in Echelon qum. o
Now, Ry=> %-2%-28 =-1 D),
Rg=> O+ag=~2x5 =-3 (),
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164 INTERMEDIATE MATHEMATICS DIGEST — Class XI
Ry=> 040+ =2 .0,
.Frombackwardsubstitution' @ = x3= 2.1':3— = 2%4;) -3 =—" 481557; —-19-5
8 8
and_ (1) = 5= 2n+2n - 1 =2(- 19) 2( ) 1= f“1§+ﬁ'1

-18+48-19 1
=>x1-——-r B

-(b) : Using Reduced Echelon Form:
Matrix in " (I) can further be changed to Reduced Echelon Form

1 -2 2 -1 7 10 -6 -7 J
R |lo 1 -2 ] } [o 1 =2 J(byR1+2Re)
L 0 0.1 2419 0 0 1 24/19 :

‘r100 11/19J by

R

~

B lo1-0-9n9 | Rive6Ry .. ap
[0 0 1 2419 J<Ba+2Ry -+
From equation (II) :
NOW’RI =>x1+0+ 0 =% = ‘..‘xl‘:=%
y 9 9 ‘
R1=>0+x2+0 é—E =>x2 =—‘]§ 7 »
Ri= ‘0+0+13 =~% = x5 =% .

Solution. Gi). x+2y +z =3 2+ y +8c = 1, w+3y-z =9

/(a)' UsingEchelon Form o ) - -
12 1.2 r1 2 1 2 - |
: : by '
Ap= [ 2 1 2 flJ'B [o -3 0 -5 | Ry-2R,
S 2 3 -1 9 Lo -1 -3 5 R - 2R,
[ 1 2 1 2
R 1o 1 25J by
- : Rz -4R3 >
0 -1 -3 2 2 Ba
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[Unit.3] ____ Matrices and Determinants o - 165
rtT 2 1 27 ‘ ‘
R1o 112 —25 Ry + Rys Ry

L0 0 9 -20 .
rtr2 1 2 by |
Rlo1 12 -2 1p . @

3
L 000 1 -2009 ]9

Matrix in equation (I) is in Echelon Form.

Now,R, = x+ 2y +z2 =2 ...(1),
Ry=> O4y+12 =25 ..(2),
R = 0404z = —? ‘ ...(3), .

Solving by backward substitution, using z = - 20/9,weget .
@ = y+12z =-25 = y = —25_12z= . 25'-12(—%) |

_ 5
yEBrg T3 =3,

*=2-3t9 =558 =9
donco x= 8 yo5 (N2 :
Hencex_g,y_a, Y -g

(b): Using Reduced Fcielon Form: = v
* Equation (D\can further be red'uced ‘to' Reduced echelon form :

128 27 10 238 m
OV 12 25 Rlo1 i2 -5 by
NN “9 . : . | Ry-2R,
070 1 -20/9 Lo o 1 —20m9

. 100 89 7

Rlo 1 0 asm R, +23R; .. @

Lo o 1 —2009 ] Re-12Rs ,_

 Matrix in Equation (II) is in reduced echelon form giving directly

_8 B5_5 . 2 o
¥9r Y=9=3, 2z =-%
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166 INTERMEDIATE MATHEMATICS DIGEST —Class XI
Solution. (ifi). %1 + 4% + 2% = 2, 2y 423 -20 = 9, Sxy +253-2x3 = 12

(a): Using Echelon Form:.

1 4 2 2
Ab = {.21 -2 9
3 2 -2 12
| 2

5

.

R |lo -7 -6 Ry-2R;
Lo -10 -8 6] B3R
- C 1 4 2 .2_ B by
R |lo 1 67 -51 e,
| 0 -10 -8 6 7
-1 4 2 2 ] b
R : ‘ _ y .
B 1o 1 67 -5/7 | g, 4 10R, m >
Lo o a7 -871
14 2 2 ] py
R |o 167 -657| T .0
Lo o 1 -2 147

Matrix in equation (I) is in Echelon Fom.
R1= x4 4x3-i-2x3 =2 l ...(1),
R, = O+xq+%x3 =-—g* ..(2),
Ry=> 04041  =-2 ..(8), .

Solving by backward substitution,weget
3 = x3 =-2 ‘

5 6 5 : 5 6
(2)» = xz+7.xa' .s-:’ = xz é—;i ’—-'ixs;-

(1) = n+dnedn =2 = 5 =2-dg-2
= g =2- 4D -2ADw 2-4+4u D |
Hence 2 =2 xs=l, 2 =-2

WWW.MEGALECTURE.
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[Unit.3] 'Matrices and Determinants 167
(b): Using Reduced Echelon Form : '

Equation (D can further be reduced to Reduced echelon férni :

ria4 2 2 100 107 34T

o167 -5 B |o1 67 -57| R-4R,
00 1 -2 _ _ 00 1 -2 Ry +10R,

1 0 0 1477 bym |

' =R
Rlo1o0 m | T an

6
0.0 1 -2 Ry —7Rs.

Matrix in equation (II) is in reduced echelon form givin_é directl,;
u T
fn=7=2 m=g=1, x5 ==2.

4. Solv§ the following systeins of”homo’gene_ouAs liriedir équations : |

Note. In case of homogerheous sysi;em, it has noh-zero solution only if the
determinant of coeﬁ‘icients is zeyo, i.e., matrix of ceefficients is singular,
i.e., iits rank is less that the number of varisbles. That is why we use the
matrix of coefficients only for echelor foxma,

() x+2-2=0, 2+y+ iz i 0, Sx+ 4y+&=0

, 1220071 2 -2 by "
| Solution@. A= | 2 L5 DR | 0 -3 9 | R,-2R,
o L] Lo-e s) Re-SR

B0 1 -8 1.1
01 -3 )38

"1 02 27

rl 2 -2 p by ‘

Blo 1 -8 Rgb!R’@ )
L0 0 0. R

Thusrank of A= 2<3 (No. of. variables) Thercforo, (1) gives
B;=?x+2y 2"0 (i)cv-
&% y - 8‘ = O e (ii)’
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168 | _INTERMEDIATE MATHEMATICS DIGEST — Class Xl

Ry = 0z=0.. (i)

Gi) => z=t then (i) = y=3=3t
and ()gives x+6t-2=0 = z= -4t
Thus, S.5. ={t, | 3t, 4t) wheret is any real number.

REMARKS.-1. If t =1, then solutlon is {1,3,-4), if t=2,then S.S.is

{2,6,-81},ie., wecan find infinity of solutions by giving dlﬁ'erent values '

)

to t.

In fact, when the number of equations is less than the number of
variables, we have to give some arbitrary value of a varxable and get the

value of other/s in terms of that value,

2. If we are given a set of three homogewous equations they will have
{D 0,0} as obvious solution. This s¢lation is called Trivial Solution. And a
solution of the system othm thsn zero solution is called Non-TRivial

Solutmn

3. In such cases, we will use parametnc values to free variables. Free:

variales are those variales which are in the last alphabatlcs, e.g., out of x,

3, z, the free variable is z, out of xy, the free vanable isy and out of x,, X2, X3

the free ariable is x3 and paraeters are; t,s,u,v, w ete.

Solutlon(n) xl+4xg+2xs = 0, 2x, +xp- Sx;, = 0,3x1+2x2- 4x3 =0

1,4,2"’ 1 4 2 -' by : S
A=|{21-3| B jo -7 -7] Ry-2R |
3‘ 2 ‘_4_ 0 -10 -10 N R3-.-3R1
1427, by
"Rolo1 1 ff 1, 1o
[0 1 1. ST 0

Cri12 27

R 01 1 . by \

~ Ra,—Ra .(I)
L0 0 O , b

_ Thus rank of A =2 <3 (No. of vanables) Therefore, (D) gives

Ri=> medyg+25 =0 .. @,
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[Unit.3] ' .__Matrices and Determinants 169
R, = X +x3 =0 ..o (1),
RB : . ’ Qta' = 0 vee (l{i)

Gi) = %3 = ¢, thén
Gi) = X = —Xy=
and ‘(i) gives ‘
-4+ 2% =0 = x= 2.
Thils, S.S {2t, - t, t} where ¢ is any real number

Solution (iii). x;-2r,~x; =0, x +x,+5x3 = 0, 2r1 -x + 4*

1 -2 -17 ) R
A=11 1 35 B[O - 8. 6J R; -R;
2 -1 4 ‘0 3 6] Re-2R
| (1 -2 17
R 1o 1 2 (1 1
- : =Rz, 3R :
Lo 2 JAEaT)
(1 -2 -17 -~
) "R 1 % Jby ’
. ~ 10t 2] g
L0 0 &) "
Thus rank of A = 2 <3 (Nc ot\variables). Therefore I glves
v x1—2xz x3- 0 FD)x3% 2x3-.‘ (u) 0x3- 0.. (m) '

(i) = x3 = i\, then (ii) gwes xz-'-2x3- —2¢t and (i) glves
x;+4t-. ~‘U = x = -3. - .

“Thus, $.8_ %Y -3¢, - 2t, t)wheretlsanyreélnumber

5. Find't%e value of A far which the following systems have a non-trivial
solution. Also solve the system for the value of A >

-Solut.lon A x+y+ 2 :0, 2r+y—lz =0, x+2- 2 =0
The system has non-trivial solution if

11 1 a
21 A =0 *
1 2 -2 |

12+ 20 - 14 FN+14-1) =0,

WWW.MEGALECTURE.COM
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170 INTERMEDIATE MATHEMATICS DIGEST — Class X, '

= 242\ +4-2+3 =0
. a5 =0 = h=-b
For the non-trivial solution ( usingA=-5 ), we have

11 171 1.1 1 by
Ab=[2 1 5]1}{0'—1 3} R, - 2R,
- 12-2) Lo 1 -3 Ry - Rs
ri11 17y 2 :

1}{0 1—3X(by-R,z>
Lo 1 -3 ,

ot L
R [o 13 | g R O
- Loo o SRR

M =>  xty +z -0, y- =0, 0z=0 => z=t
. y=38z=3t, andx+‘%ff.‘- 9,ie, x=-4 a
Thus, S.S. {—4t 3t, t}wheretis any real number

' Solution. (ii). &1 + 41z + A3 =0.2x1+xg—3w3-0 85 + by =453 =0

The systen has non-trivial solution if '
14 A

\ 21 —3‘ =0
3 A 4

14 +30) - 4(—8+9)+M27£ 3) 0

or —4+3\- 4+27»2 3A=0
or 2A?-8=0 = . 7&2—4=> A=t2

14 217
A.4[2.1-3] o
8 2 -4
1 4 by :
R [o -7 -7] R; - 2R,
0 -10 -10 Ry - 3R,
BTN S
. ‘ - (by‘gﬂ) -~ [0 0 1] ’ )nu(I)
Lo =10 -10. N by_RgR”

000
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() = x+4 +0=0=> x,=-4

Tﬁus, S.S. = { 4t, t, Ob} where t is any real number.

1 4 27 1 4 -27 by . .
A:[Z.l —3]13[0-7 1]’~R2—2R1 .
3 o |

-2 -4 R; - 3Ry

1 4 27 ' 1 4. -2 : '
B[o -7 1 ](by—RQ) R [o -7 1 -|by,1‘c—Rz)..:(I)
0 -7 1 Lo 0 C

0 -14 2

Ry =  x+4x —2x3 =0 @,
Rz=>. . 3 ~Txg +x3=0 ... @),

Letbxz = t,then :

(ii)v=> —7x2+t =\ => x2

- |C‘
®
0
o
R
I
[

o5

"(i)‘=> % +4. 5
Thus, S8S. = {(l’t E’ , t )} - where tlsanyrealnﬁmber

=1 (10t,t,7t ) } Multiplyingby 7.

For A= -2; (A) reads: -

x1+4x2 374 X3 =0, 0!23=0 \=> _ x3=k.
x2=—‘-,17x3 =—_k, and X —_‘ k- 2k =‘0, i.e.,‘ xl——-1,78-k

6. Find the value of A for which the following system does not possess a

unique solutnon. Also solve the system for the value of A

x1+4xg+lx3 =2, 2% +x3-2x3 = 11, 3.1:1+2t,—2x3 = 16.

*
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172 INTERMEDIATE_MATHEMATICS DIGEST — Class XI
‘Solution. o / :

The system does not possess a unique solution if.

1 4 A
‘21?4=0
3.2 -2 -

1U—2+4)—4(4+6) + X4-3) =0
2-8+%=0=> A=6 .

For the solution put A =6in the System, then solution is given by

, 1.4 6 27
‘A=_L2 1 -2 11]
' 3 2 -2 16
" r1 4 6 27 . by
Rlo -7 -14 7] Ry - 2R,
Lo -10 -20 10 R; - 3R,
T YA !
146 2 by LR,
Rloi1z -1} '
[ 01 2 -1 \-10Rs
14 6 2 by '
R{io12 -1| Rg-Ry ...()
| 000 ol -
R, = medn+by =3 .. 0,
Re=> N Xo+2x3 =-1 " .. (ii),.
Let x=t

G ='>"xz+“2t =-1 = x =-1-2
G)  =>x+4-1-2)+6t= 2,
=>x-4-8 +6¢ =2,
=X = 6+2t ,

Thus, SS.={6+2t ,-1-2% , t }where t‘isa'nyreal number.

€« 6 ¢ 6 €6 ¢ & & @&
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