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RANK OF MATRICES

1. Find the rank of the following matrices by reducing them into echelon form:

1 2 3
1 4 2
2 6 5|
Ans: p=2

a)

-3

0
1
b) |3
1

2

1
c) |3 1 3

6 3 0
Ans: p=3
1 4 5
2 6 8
3 7 22|
Ans: p=3

d)

2. Find ‘b’ if the rank of
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13 4 3

3 912 3

13 4 1]
Ans: p=2

1 1 -1 1
1 -1 2 -1
31 0 1] )
Ans. p=2

N -
w W N
A O wWw D
g = DN

k)
Ans: p=2

D W N
N BN
R W w

g1 w N O

Ans: p=3

is3. Ans:b=2orb=-6.

Stream - 1
(1 -2
3 -6
7 -1
14 5
(5 6
6
11 12 13 14].
116 17 18 19
Ans: p=2
1 2 -2 3
2 5 -4 6
-1 -3 2 -2]|.
2 4 -1 6
Ans: p=4
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Unit 5: Matrices and System of Equations

1. Consistency and solution of linear system of equations:

AX =B
v |2
B=0, Homogeneous system B # 0, Non-Homogeneous system
of equation of equation
v
I - W
Always consistent Consistent Inconsistent
i p(d)=p(4:B)=r p(4)=p(4:B)
v v
Trivial Solution if Non-Trivial Solution
p(d)=r=n if p(d)y=r<n
2 L
Unique Solution Infinitely many solutions
I =n r<n
where n is number of unknowns.
1. Discuss the consistency of the following system of linear equations
X+2y+3z=0 2X—-3y+72=5
a) 3x+4y+4z=0 3x+y-3z=13
7x+10y+12z2=0 €) 2X+19y—-47z2=32
Ans: Consistent and has trivial solution. Ans: inconsistent
2X +3X, —4X%, +x%,=0 2%, + 3%, — X, =1
X =X, +%+2%,=0 3x, —4x, +3x, =-1
5% — X, + 7%, =0 f) 2x —x,+2x%,=-3
b) 7x, +8x,-11x, +5x, =0 3x, +1x, — 2%, = 4
Ans: Consistent and has infinitely many solutions Ans: Inconsistent
=(kl_7k2),X2=(6k1+3k2)aX3=k11X4=k2 X+2y+12=3
5 S 2X+3y+22=5
OX+3y+7z=4 3x-5y+5z=2
3X+26y+2z2=9 9) 3x+9y-z=4
C) 7x+2y+10z=5 Ans: Consistent and has unique solution
Ans: Consistent and has infinitely many solutions x=-1y=1 z=2
x—7_16k y—k+3 7=k 2X+6y+11=0
11 11 X+oy+Li=
Ix 2V 6728 h 6x+20y-6z+3=0
= y3+ 2_1 ) 6y-182+1=0
Xty—sz== Ans: inconsistent
d) 15x-3y+9z=21

Ans: Consistent and has infinitely many solutions
x=1y=3k-2, z=k
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Unit 5: Matrices and System of Equations

2X, — 2%, + 4%, +3%X, =9 3X+2y+2z=0
X, — X, + 2%, +2X, =6 X+2y=4
) 2% —2X, + X +2X, =3 K) 10y +3z=-2
X, =X, + X, =2 2x-3y-1=5
Ans: Inconsistent Ans: Consistent and has unique solution
x=2,y=Lz=-4
2x+y-2=0

X, + X, — 2% + X, + 3%, =1

2X+5y+72=52
. oy 2X, — X, + 2% + 2%, +6X; =2
) xeyrz=9 3%, + 2%, — 4%, — 3%, 9%, =3
Ans: Consistent and has unique solution ) X 20 T T e
Ans: Consistent and
x=1y=317=5 N :
has infinitely many solutions
X, =1 x,=2a, x;=2a, X, =-3b, X, =b
2x+3y+5z2=9
2. Find the values of 4 and £ so that the equations 7x+3y—2z=8 have
2X+3y+Az=p

(i) no solution (ii) unigue solution (iii) infinite number of solutions.
Ans: (i) If A=5and u#9 (ii) A#5and g canbeanyvalue (iii) A=5and x#=9.
X+2y+32=6
3. Determine the values of a and b for which the system x+3y+5z=9 have
2x+5y+az=>b
(i) no solution (ii) unique solution (iii) infinite number of solutions.
Ans: (i) If a=8and b=15 (ii) a=8 and forany b (iii) a=8and b=15.

4. Find the value of a for which the system X+2y+z=3; ay+5z=10; 2x+7y+az=Db hasa

unique solution. Also find the pair of values (a, b) for which it has infinitely many solutions.
Ans:

X+ay+z=3
5. Find the values of a and b for which the system of equations x + 2y + 2z =b is consistent.
X+5y+3z=9

Ans: If a=-1 and b=6 equations will be consistent and have infinite number of solutions.
If a=—1 and b has any value, equations will be consistent and have a unique solution.

3Xx+4y+5z=a
6. Show that the equations 4x+5y+6z=b do not have a solution unless a+c=2b.
5x+6y+7z=cC
—2X+y+z=a
7. Test for consistency x—2y+z=b where a,b and ¢ are constants.
X+y—-2z=cC
Ans: if a+b+c=0 inconsistent, if a+b-+c=0, then infinitely many solution.
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Unit 5: Matrices and System of Equations

I11. Gauss elimination method:

1. Solve the following system of equations by Gauss elimination method:
2X + X, + %, =10 X, +4X, =X, =-5
a) 3X, +2X, +3x%; =18 X, + X, —6x; =—12
X, +4X, +9x, =16 ) 3x-x,-x=4
Ans: x, =7, X, =-9, X, =5,
. ? ’ Ans:xlzg, xzz—g, x3=@.
71 71 71
2X+2y+1=12 2% + X, +3%, =1
3x+2y+2z=8 9) AX, + 4%, +Tx; =1
b) 5x+10y-8z=10 2%, +5X, +9x, =3
Ans: x=_—51,y=&,z=§ Ans: x, =-1/2, x, =-1, x,=1.
4 8 4
2%, +4X, + %, =3 2% =T + 4% =9
3X, + 2%, — 2%, =—2 h) X, +9x, —6%; =1
c) —3x, +8X, +5%, =6
X, =X, +%X, =6
Ans: X, =2, X, =1, x, =3, Ans:x, =4,X, =1, X, =2
10x+2y+2=9
g 2x+20y—-2z=-44 5X +X, + X +X%X, =4
) —2x+3y+10z =22 X+ 1%y + X + X, =12
Ans: x=1,y=-2,2=3 i) X +X+6X+x,=-5
+ X, + X, +4%X, =—6
2%, + X, + 4%, =12 TR T,
Ans: x, =1, X, =2, X, =—1, X, =-2
0 8%, —3X, +2X, =20
4% +11x, — X, =33
Ans: x, =3, X, =2, X; =1.
3X—y+4z=3

2. Show that if A # —5 the system of equations x + 2y —3z=—-2 have a unique solution. If A =-5

Ans: when A # -5, x:;, y:7, z=0, when A=-5, x

4 -9

6X+5y+Az=-3
show that the equations are consistent. Determine the solution in each case.

_ 4-5k

LS

7

7

5X+3y+2z=12
3. Prove that the equations 2x+4y +5z=2
39x+43y+45z=c
equations are satisfied by x=2+t,y=2-3t,z=—-2+2t, where t is any arbitrary quantity.

are incompatible unless € =74 ; and in that case the
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Unit 5: Matrices and System of Equations

X+y+z=1
4. For what values of k the equations 2x+ y+4z=Kk have a solution and solve them completely in
4x+y+10z =k?

each case. Ans: when k=1, x=-3z,y=2z+1, when k=2,

x=1-3z,y=2z.

APPLICATIONS

1. Find the traffic flow in the net of one-way streets directions shown in the figure

y 400 4 800
X1

e > »

600 800
| B | B,

- > = | =

1000 x3 1200

Y600 #1000

2. Find the traffic flow in the net of one-way street directions shown in figure

2D (LK
l A
K
F 1 -
1) = A B 3 | 5]
I'; F .L._L-\.
[ (M) =t b ] L | 500
Ag

' I
50 50

3. Following figure represents the traffic entering and leaving a roundabout road

junction. Such junctions are common in Basavanagudi. Construct a mathematical
model that describes the flow of traffic along the various branches. What is

minimum flow theoretically possible along branch BC? What are the other flows at
that time? (The units of flow are vehicles per hour).
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Unit 5: Matrices and System of Equations

i

1{H) 150

2l

4. Balance the chemical equations by solving corresponding system of equations
a) N, + 0, - N,O:
b) H,0 - H, + 0,
c) C,Hs+ 0, » H,0+CO,

IV. Gauss-Seidel Iteration method

The solution converges if the system is diagonally dominant. Suppose AX =B is diagonally dominant
with A=(a;), X =(x) and B =(b;). Then the iterative formula is

X1n+1 =a1i(b1—aux§ _aisxer: """ )

1

1

n+1 n+1 n

X2 —_(bz_aﬂx1 _3_23)(3 ...... )
El22

n+1

X3 :asi(bs_asleﬂ_agzx;ﬂ """ )

3

Solve the system of equations using Gauss-Seidel method:

20x+y—-2z=17 2X+Yy+62=9
3x+20y-z=-18 8x+3y+2z=13
& 2x—3y+20z=25 ¢ X+5y+z=7
Ans: x=1y=-12=1 Ans: x=1,y=12z=1
5x+2y+z=12 28x+4y—z=32
b X+4y+2z=15 q x+3y+10z=24
X+2y+52=20 2X+17y+4z=35
Ans: x=0.996, y=2,z=3 Ans: x=0.9876, y =1.5090, z =1.8485
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Unit 5: Matrices and System of Equations

10x+2y+2=9 k. Startwith (2,2,-1) and solve
. 2x+20y—-2z=-44 S5X —X, +X; =10

—-2x+3y+10z =22 2%, +4x, =12

Ans: x=1,y=-2,72=3 X, + X, +5%, =—1

83x+11y —4z =95 Ans:x, =2.5555,x, =1.7222, x, =-1.0555
f 7x+52y +13z =104 10X, + X, + X, =12

3x+8y+29z=71 2% +10X, + X, =13

Ans: x=1.06,y=1.37,2=1.96 . 2x, + 2%, +10%, =14

54x+y+2z=110 Ans: X, =X, =%, =1
0 2X+15y +62=72 27%, +6X, — X, =85

—X+6y+272=85 6X, +15X, + 2X, =72

Ans: x=1.926, y=3.573, z=2.425 m. X, +X, +54%, =110

5% —x, =9 Ans: x, =2.4255, x, =3.573, x, =1.926
h =X 9%, — X3 =4 X, —8X, + 3%, =—4

X +5% =6 2X, + X, + 9%, =12

Ans: x, =1.99, x, =0.99, x, =-1 n. 8x, + 2%, —2x, 8

8X, +X, =X, =8 Ans:x =X, =X, =1
2% + X, +9%; =12

i 2 -1 0 Ofx| |0
X =X, +2%; =—4 -1 2 -1 O0j|y]| |0
Ans: x =1x,=1 x,=1 o 0 -1 2 -1llz171o
4x +2X%, + X%, =11 0 0 -1 2ju 5
—X +2X, =3 Ans: x=1,y=2,z=3u=4

2X, + X, +4%, =16
Ans: x, =1, X, =2,% =3

V. Characteristic values (Eigen values) and characteristic vectors (Eigen
vectors)
If A isasquare matrix, then A is said to be an eigen value of the matrix if there exists a non-zero vector
X suchthat AX =AX . X is called the Eigen vector corresponding to the Eigen value A .
AX = 21X = (A-A1)X =0. We seek non-trivial solution of (A—A1)X =0.
X is non-trivial if p(A—A1)<n=|A-1l|=0.
If A is matrix of size 3x3then —A° +Tr(A)A* =) MF?1+|A/=0.

Find the Eigen values and Eigen vectors of the following matrices:

11 3 31 4
151 0 2 6
311 b. |0 0 5
a. Ans:1=-2,3,6;x =[-k,0,k],. Ans: 1=2,35 x =k][1,-1,0]
X, =[Kk,—k k], x; =[k, 2k, K] X, =K,[1,0,0], X, =k,[3,2,1]
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Unit 5: Matrices and System of Equations

8 -6 2 3 10 5
6 7 4 2 3 -4
C. 2 -4 3 3 5 7
Ans:1=0,315 x =[12,2], Ans:1=2,2,3
X, =[2,1,-2],%, =[2,-2,1] X, =X, =[5,2,-3], %, =[L1,~2]
201 2 2 2
0 20 1 1 1
d [1 0 2 1 3 -1
Ans: 1=1,2,3 x =[10,-1] K. Ans:1=22-2
X, =[0,1,0],x, =[1,0,1] X, =X, =[0,1,1] x, =[-4,-11]
-2 2 -3 3 -2 -5
2 1 -6 4 -1 -5
-1 -2 0 -2 -1 -3
e. Ans:1=5-3-3 x =k[1,2,-1]. . Ans: 1=-5,2,2
X, =[3k, — 2K, ,K,, k] X, =[3,2,4], X, =%, =[1,3,-1]
6 -2 2
-2 3 -1
2 -1 3

f. Ans: 1=8,22; x =[2,-11],.
X, =[1,0,-2], %, =[1,2,0]

2 1 -1
1 1 -2
-1 -2 1

g Ans:i=1-14; x =[2,-11],.
X, =[0,1,1], X, =[-1,-1,1]

1 2 2
0 21
-1 2 2

h. Ans:1=12,2; x =k][11,-1],.
X, =K,[2,1,0],%, = k,[2,1,0]

2 21
1 31
1 2 2

i. Ans: A=511x =[111],.
X, =[1,0,-1], %, =[2,-1,0]
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Dept. of Mathematics, BMSCE Unit 3: Linear Algebra

VI. Rayleigh Power Method to find Dominant Eigenvalue and eigenvector

Find AX; and express AX; =|4|X,,,; where |4 is the numerically largest element of X;. Iterate until
desired accuracy.

AX_, X
Largest/dominant Eigen value is given by A = M :
(Xn X3
. Find the dominant Eigen value and the corresponding Eigen vector of following matrices.
1 2 -2
1. A=[1 1 9 ] with the initial vector [1 0 0]"
0 1 9
25 1 2
2. A=| 1 3 0 |bytaking initial vectoras [1 0 O]T
2 0 4
-05 05 -1
3. A=| 05 -05 1 |by taking initial vectoras [1 1 1]T . Ans: 1 ~~-2.Others are 1
-1 1 0
and 0
8 0 12
4, A=|[1 =2 1 |withtheinitial vector [1 0 0]7
0 3 0
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