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BACHELOR’S DEGREE PROGRAMME
(BDP) (BSCG/BAG/BSCM/BAM/BSCFMT)
Term-End Examination
December, 2025

BMTE-141 : LINEAR ALGEBRA

Time : 3 Hours Maximum Marks : 100

Note : (i) There are eight questions in this
paper.

(ii) The eighth question is compulsory.

(iit) Do any six questions from Question
Nos. 1to 7.

(iv) Use of calculator is not allowed.

(v) Do your rough work in a clearly
identifiable part of the bottom of the
same page or in the side of the page

only.
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1. (a) Let Abean mxn,Ban nxk and C an
mxk matrix. Which of the following

operations are possible ?

1 AB+C

i) AC+B

For those operations that are possible,

what will be order of the matrix

obtained ? 3

(b) Find the rank and nullity of the matrix :

1 11
-1 -2 1
1 0 3
using row reduction. 3

(¢) Determine the equation of the plane
corresponding to the vector space

spanned by the vectors (1,1,1) and

(-1, 1,1). 3
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(d) Check whether the vector :

2 -1 0
A=|0 2 -1
2 0 -1

Find the corresponding eigen value. 2

(e) Define the norm of a vector in an inner

product space. Find the norm of the

vector (i,1-i,1+i)eC3, 2

(f) Find the magnitude of the volume of the
box spanned by the vectors (1, 1, 1),

(1, 1, 0) and (0, 1,1). 2
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2. (a) If the matrix of a linear transformation

T:R?> >R? with respect to the

standard basis is :

11
-1 1
find the linear transformation. 3
(b) Find the rank and signature for each of
2 2 2 2

the forms X — X5 +Xx5 —xj and

x12+x§+x§—xz. Are these forms

equivalent ? Justify your answer. 3

0

© Let V= {{Z CJ
u v

V2= {{O r}

M,(R). Prove that My,(R)=V, +V,. Is

a,c,d e R} and

u,u,r ER} be subspaces of

M,(R) =V, @V, ? Justify your answer.

3
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1 1 1 1
(d) Let :(—,—j and u :(—,——J.
R WA 2\’
Show  that U, us ) forms an
orthonormal basis for R2. Write the

vector (3, 2) as a linear combination of

u; and uy. 2

(e) Let A be a4 x4 matrix. Write down the
elementary matrices with which, when
we multiply A on the left, will perform

the following row operations on A : 2
@ Ry« 3R,
(i) Ry —>Rs-3R;

(f) Find the values of a for which the

1 1 -1
matrix |1 0 a| is not invertible. 2
a 0 1
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3. (a) Find the conditions on b;,b, and by so

that the following system of equations

1s consistent : 7
Xy +Xg+%X3—x, =b
—X) + X9 +Xq +2x, =by
X +5xy +5x5 +x, =by

(b) Find the adjugate of the matrix :

1 -1 1
A=|2 0 1|.
1 -1 -1

Further, find the inverse of A using the
adjugate. 5

(¢) Isthe matrix:

1110
0101
0110
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in Row Reduced Echelon form ? Is it in
Row Reduced form ? dJustify your
answer. If it is not in Row
Reduced Echelon form, use row
operations to reduce it to Row Reduced

Echelon form. 3

4. (a) Check whether the matrix :

1 1 1
A=1 1 -1
1 -1 -1

1s diagonalisable. If it is diagonalisable,
find a diagonal matrix D and an

invertible matrix P such that

P'AP=D. 8

() Let f:C® —>C be the linear functional

Find (y,9.¥3) € C? such that : 3
f((21,22,23)) :<(21,22,23),(3’1,y2,y3)>-
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(c) Apply the coordinate transformation

1 1
\/f \/15 to conic x2+y2+6xy:1.
2

What is the nature of this conic ? 4

5. (a) Using row reduction, find a basis B for

the vector space spanned by the set :

S = {(17 _1, 1); (_17 ]-a 2); (1, 27 4)}
such that B S. 4

(b) Show that the linear transformation
T=R? > R? given by :
T((x, y,2)) = (x,y,x +2)

1s an isomorphism. 3
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(0 Let T=R®?->R® be defined by
T((x,y)) =(x—y,x,y) and S= R? » R?
be defined by S((x,y,2))=(x+y,y-2).
Let B, and B, be the standard bases of

R? and R3, respectively. Check that : 8

[ToSIg? =[Tlg! -[SIg? -

6. (a) Find the orthogonal canonical reduction
of the quadratic form :
x2 —y2 +22 +2xy+2xz —2yz .
Also, find its principal axes. 9

(b) Find the vector equation of the plane
determined by the points (1, 1, 1), (1, 1, 0)
and (2, 2, 1). Also, check whether (2, 1, 1)

lies on it. 3
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Define the coset of a subspace. Let :

W={(x,y,2)|x+y-z=0}cR?

Check whether vectors (3, 1, 2) and
(1, 1, 3) are in the same coset of W or

not. 3
Let B={1,uy,us3} be an ordered basis of
R3, where u; =(1,1,1),u,=(1,0,-1)
and u3=(1,1,0). Use Gram-Schmidt
orthogonalisation process on B to find
an orthonormal basis for R?. 5
Let B={{1,0,1),(0,1,-2),(-1,-1,0)} be a
basis of R?. Find the dual basis of B. 5
Check whether the set :

S= {(al,az,....,an) ‘ai eR,a, < 0}

is a subspace of R” or not. 3
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(d) If v,v5 and v are linearly independent
vectors in a vector space V over C, show
that v, +vg,U9 +Ug,U03+0;  are also
linearly independent. 2

8. Which of the following statements
are true and which are false ? Justify your

answer with short proof or a counter-

example : 10

(a) Eigen values of a symmetric matrix are

real.
(b) If S; =S, are subsets of a vector space

V and S3 is linearly independent, S; is

also linearly independent.
(¢) For any linear transformation :
T:R* > R®, Ker(T) = {0}.
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(d) Every unitary matrix is Hermitian.

(e) There exists a linear operator
T:R* > R* with characteristic
polynomial  (x—3)%(x-5)(x-1) and

minimal polynomial (x -3)(x—5).
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BMTE-141
FATdeh SUTTer shradehd (S, ST, °T.)

(aft, T4, i, /&, . S, /&, TE-9t, ./
o, T, uH. /&, TE-9l, T, T, 2t.)
L EIGRC I
fegwR, 2025
U 3.~ 141 : ek stemfura

oy ;3 g2 SHfeFaH 37F : 100

JT: (i) THIHATTH BT
(ii) 3TSET F¥7 FAT A &1
(iii) 97 T 1 9 7 T &3 41 B: T97 HIC/
(iv) FAFAR & T B STFAT T &1
(v) ST I FE 3G T8 F A9 A GF P AR
% T2 &Y G Tgar 7 79 97§ Hifg
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1. (&) 9F AT A Th mxn, B T nxk 3R C

o o

TH mxk IME §| Fefated § § sE-

Hferard qreg € 2
G AB+C
() AC+B
S dfward e € 39H YT ST i hife
1 BRM 2 3
1 11
(@) Ul THFET 5N ST | -1 -2 1| &l
1 0 3
Sfd & I 9T hifia | 3
(M) =|feRt (1,1,1) R (-1,1,1) gr fagga @few
e & T 9Uda 1 gHih fAuiRa

e | 3
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1
(7) sita wifve fe wfew vH e
1
2 -1 O
A= 2 —1| 1 e wiew ¥ =0 7
2 0 -1
TG S A o Ry | 2

(¥) AR oA THEME | TH ARy & AES
gfeenfem sifea ) |@fewr (,1-4,1+4) e C® 1
e Heh1feiT | 2

(=) |few (1,1, 1), (1,1,0) 3R (0,1,1) 5

forega s 1 A HIARATT FE 2 2

(%) Ifc dFk UR & 9Ny fes o

T:R? - R? &1 38 {_1 ﬂ g, 1 e+

=Ll feRTfey | 3
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(@) 9= xlz—x%+x§—xz 3R
X rxi4xioxs & WA IR fuew
feRIfeTe | oo & | ged § 7 3T ST

gfte sifsr| 3

(1) "7 &S Vl_{{a 2}

we{o ]

Stemfesr §1 fag @i fR
M,(R)=V,+V, | &1 M,y(R)=V,®V,
? 319 IW hi Gt KIS 3

a,c,d e R} AR

u,u,r € R} M, (R) Eq|

(11
@ ()
Us = (f fJIfE@TEEW{uluZ} R?
T JHME Alfelsh SR &1 |ew (3, 2) &l

u; W@ u, % THAM G999 & &9 § fafen | 2
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(%) A AT 56 A T% 4 x 4 3egE B =W
IRftve 3R i fafew et A & ad

WE G 707w W A A R F=fafad
Yferd wfgmamd S . 2
() R, 3R,

(i) Ry >Ry-3R,

() a & I HE FI A@ HifaC 596 foag sregg

-1

a | SHhHNE T ¥ 2

1
1
a 1

S O

3. (%) b,b, W by W Yfqey frwifaw g
frefafea g fem 974 ¢ : 7

Xy +Xg+%X3—%,4 =b
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1 -1 1
(@) A= A=12 0 1] %l Hg@vsSS Ald
1 -1 -1

HIST | M Fe@Ues hl FIAN Hleh A &I

FJohH H1d IS | 5
(1) I TR

o

Uferd EEG W9 ®9 H ¥ 2 o I8 Ufe

oS O
—_ =
= O
o R O

A ®9 H § ? 319 W HT gfte Hife |
g 78 Mg Ui oG S ®9 H T
g, @ Ui Gfsraett & WM | oTege w1 ufm

TG G ©9 § TG ShiTsu | 3
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4. (=) 99 HIC fo oTE

1 1 1
1 -1
1 -1 -1

faspuiig %1 afe fawoa &, @ oegg P oiR

A:

faerti oegg D fremfar e fog
P!AP=D | 8
(@) A fifste fe f:C®—C
f((z1,29,23)) =21 —izg +izg R TRATE
T W HEE B (), Yy, v5) € CC @
ifere e fera 3

f((21’22a23)) :<(21722>z3)7(y1ay2’y3)>
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(1) R a a2 + y? +6xy =1 W FETF TR

1

E R

1
2

W] HISTT | 59 Tichal bl GHRfaFNE 2 4

5. (&) 9 §HMEA ®1 ST A gL HHeEd
S={1,-11),(-1,1,2),(1,2,4)} sW faega
gfeyr gaftc & fau s e B fewifeg

g fae B S | 4

(@) feamrn fo Waw waw@s T=R? »>R3, s
T((x, y,2)) = (x,y,x +2) S URAOA &, TH

TIHIT B | 3
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(1) A difsg f& T=R®> >R’
T((x,y)) = (x - y,x,y) W URAMEG & 3FR
S=R?* 5R?>  S((x,,2) =(x+y,y—2)
g uRwfo@ ¥ W9 @S B, @R B,
Foe:;, R? 3R R® & oms omem 1 S+

hifeld T 8

[ToS]g2 = [Tl -[SI?

6. (%) fgoma Twema x% — % +22 + 2xy + 2x2 - 2yz
o1 Aifereh fafed THMEA AG HifeT | T&T 318
RIS 9

(@) fagati (1,1, 1), (1,1,0) 3R (2,2,1) ¥
i wode 1 afee gt fHefae ) 98
off Sir9 shifse fh (2, 1, 1) 39 F9aa R fera
gl 3
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() TF T H Fewe TRAE F

HH AT
W={xy2)lx+y-2=0cR’

Sita sifse & =fewr (3, 1, 2) 3R (1,1, 3)

W & T & 9e8q=ad § ¢ a1 781 | 3

7. (F) "M AT B={u,uy,u;} R® 1 wifa

MR, 5T 4y = (1,1,1),uy = (1,0,—1) R

us =(1,1,0) 1 B W UM-fAe afdetetm

fafs &1 w@m & R® &1 o= wifasw

STTYR YT hifeIy | 5

(@) A1[ «ifsT B ={(1,0,1),(0,1,—2),(—1,-1,0)}

R? &1 ©s ¥R ¥ B & g 3TN

THahTfeTa | 5
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(1) Sita HIT ff Tq==a
S={(a1,a2,....,an)‘ai eR,a, < 0}
R" &1 3Uqq=ad § A1 7 | 3
(=) AR vy,v, W vy C W TH Figw Fofte V H

fawa: @a= dfgw ¥, @ fcerd &

Uy + Uy, Uy +Ug,U5 +1; o XEeRd: @A § 1 2

. fafafea woai § @ S9-9 F99 99 € 3R

HHA-Y T ? T SW HT Gfee T o 3quf =
Ffd-SeTRR0T g HIT 10
(%) T THHT e & S A (e < |
(@) A S, < S, TH Afew gufie V & ST8q==
T @R S, feka: wa §, @ S o Haewa:

=a ¥
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(1) *E W ek wu=w T:R?* 5 R® & fou

Ker(T) # {0} |

(%) = i Ufeher T 2 &

(%) T T Hew wum T: R —» R & fowe
stfuemafrgs sgae (x—3)%(x—b)(x—1) ¥

3R ~m 9g98 (x—3)(x —5) T

X X X X X
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