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BACHELOR'S DEGREE PROGRAMME 
(BDP) 

Term-End Examination 
December, 2017 

ELECTIVE COURSE : MATHEMATICS 
MTE-02 : LINEAR ALGEBRA 

Time : 2 hours 	 Maximum Marks : 50 

(Weightage : 70%) 

Note : Question no. 7 is compulsory. Attempt any 
four questions from questions no. 1 to 6. Use of 
calculators is not allowed. 

1. (a) Let V be the vector space of all n x n 
matrices over R. What is the dimension of 
V over R ? Further, let 

Wn={Anxn E V I Amxn is upper triangular}. 

Check whether or not W is a subspace of V. 	3 

(b) Check whether or not the matrix 
1 	1 	1 

A = 0 -2 2 

0 -2 3 

is diagonalisable. If it is, find a matrix P and 
a diagonal matrix D such that P -1  A P= D. 
If A is not diagonalisable, find Adj(A). 7 
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2. (a) Let 1v 1, v2, ..., v.) be a set of linearly 

independent vectors of a vector space 

V over R. Define T : Rn  V by 

T((a 1 , a2, ..., an)) = alv1 + a2v2  + 	+ anvn  

for all (a 1 , a2, ..., an) E 

(i) Check whether or not T is a linear 
transformation. 

(ii) Can the dimension of V over R be 

(n - 1) ? Give reasons for your answer. 3 

(b) Let 
2 1 	1 

A= -1 2 -1 

- 1 1 1 3 

Find A4  using the Cayley-Hamilton theorem. 

Further, is A invertible ? Give reasons for 

your answer. 7 

3. (a) Let T : R3  R3  be the linear transformation 

given by T((x, y, z)) = (2x + y, 3y + z, z - 2x) 

for all (x, y, z) E R3 . 

(i) Find the matrix of T with respect to 

the basis KO, 1, 1), (1, 0, 1), (0, 0, 1)1 of 

R3 . 

(ii) Check whether or not T -1  exists. If 

T-1  exists, write T -1  ((x, y, z)) for 

x, y, z E R. If T-1  does not exist, find 

the minimal polynomial of T. 
	 7 
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(b) Find the range space R(T) and the kernel 
ker (T) of the linear transformation T given 
by T : R3  -+ R2, 
T((x, y, z)) = (- 2x, 5x + y) for all (x, y, z) E R3. 3 

4. (a) Can the following system of equations be 
solved by Cramer's rule ? If it can, apply the 
rule for solving it. Otherwise, solve it by the 
Gaussian elimination method. 	 4 

3x + 3y - 5z = 3 
x + 2y + z = - 1 
2x + y - 6z = 4 

(b) Apply the Gram-Schmidt orthogonalisation 
process to find an orthonormal basis for the 
subspace of C4  generated by the vectors 
{(1, i, 0, 1), (1, 0, i, 0), (- i , 0, 1, -1)}. 	6 

5. (a) Let 

1 ai  E R and 

 

 

5 

W = E ai  x i  act  = a2  = a4  = 0, ai E R . 
0 

It is given that P5  is a vector space over 
R and W is a subspace of P5 . 
(i) Under what condition on elements 

p and q of P5  will p+W=q+W? 
(ii) Find a subspace U of P5  such that 

W ED U = P5. 
(iii) What is the dimension of U ? 6 
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(b) For a e C, let T : Cn 	Cn  be the linear 
transformation defined by T(v) = ay. Find 
the adjoint of T with respect to the standard 
inner product on Cn. Under what conditions 
on a will T be Hermitian ? Under what 
conditions on a will T be unitary ? Give 
reasons for your answers. 4 

6. (a) Find the orthogonal canonical reduction of 

the quadratic form Q = 3x2  + 2y2  — 2.5 xy. 

Also give its principal axes. Finally, draw a 
rough sketch of the orthogonal canonical 

reduction of Q = 4. 5 

(b) Find the radius of the circular section of the 
sphere Ir—cl = 7 by the plane 

r. (3i — j + 2k) = 2 ,r7 , where c = (— 1, 0, 1). 	3 

(c) Prove that if A is an invertible matrix, then 
so is Adj(A). 	 2 

7. Which of the following statements are true ? 
Give reasons for your answers. 	 5x2=10 

(a) If A E Mn(R), then rank (A) = det (A). 

(b) There is one and only one unitary matrix in 
Mn(R). 

(c) If U and V are subspaces of a vector space 
W over R, then U UV is also a subspace of W. 

(d) Given a linear transformation T from 

R4  to R6, rank (T) + nullity (T) = 6. 

(e) The relation R, defined on the set of lines in 
R2  by '1 1  R /2  if 11  and l2  intersect', is an 

equivalence relation. 
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07* / 

1. () 1:1F W-47 V, R 	n x n 34TRO 
TrITR t I IFER V *1 	-471 t ? 	t.14> 3T14, 
1:17 -41-PA7 

wn=fAnxnEvIA..ndi-aftspti 
qta 0* -1* 	 zrr R-ef I 	3 

(ii) q'tq *rf4R 	aTraW rciehuf-nti zri 
Tei : 

1 	1 	1-  

A = 0 -2 2 

0 -2 3 

t, c tit alraM P 3 	Wag D TM' 
*tf* -NkTk re.m P-1  AP=D I lift A fcbui-Ilq 

t, c Adj(A) 	*ri* I 7 
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2. () 	#rr-A7 {v1, v2 vn), RtIT Trftvr V 

truwa . :  	 ' I1Ttit 

(ai, a2, ..., 

T((a1 , a2, ..., anvn  
an) e Rn * f Ml 

an)) = alv1 + a2v2  + 	+ 

-> V t tiftlIffird Alf7R qiti T: Rn  

(i) 	419*I-rAR% t zrr 

? 
3 

R 7 V t f 1Hl (n - 1) t (144 

3714 

(C4) iffq #11-47 
3rIt 	ctaul elci 

( 2 	1 	1 \  

A= -1 	2 	-1 

-1 	1 	3 

(41 .i 51  el TKT A4  Tilcl tf* I 

374, '4711 A ocst-diunei ? 3 	39T cbltui 

ft-11W I 
	

7 

3. () 	#1.1-47 T : R3  -› R3 , Tfif1 (x, y, z) E R3 	(..** 
T((x, y, z)) = (2x + y, 3y + z, z - 2x) TU .  cell 

7.zIT 711Zsich    t 
(i) R3 * 3717T 1(0, 1, 1), (1, 0, 1), (0, 0, 1) 

1744T T alTRZ 7lici 4117R I 

(ii) T-1  T 3 	c1 t 71t 4.  1 

eirc T-1  i1 3 	cd t, 	x, y, Z, E R 

c'R T-1  ((x, y, z)) 'FAR I 7It T-1  

R-ef t, c T alfATR5 	rm 

SRI 
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NO 	(x, y, 	E R3  i r1L T : R3 	R2, 
T((x, y, z)) = (— 2x, 5x + y) ART '40-1TRIff 

ct) 	T TritfIT Nqf R(T) 4k 3TR 
ker (T)Tff *AR I 	 3 

4. () 	Tf PHICIRsid tofichtui-Achlei 	11-1( 1-404 1-1 
TO. 	 ? eirc RAI q-r 	t, 

	

cbt 	 Ple1 1 1 	01 11, *r* 
aPrifiT, 	+11.404 PUchtul -PA A 	*AR 1 4 

3x + 3y — 5z = 3 
x+2y+z=-1 
2x + y — 6z = 4 

(V) 11'1-1 41 	C11IcAchtuI 	WIT 1) eoll 
11,0, 1), (1, 0, 0), 	0, 1, -1)1 ART Apo 
e4 	 rz..R 3R-Him-el 044) 31111TK 

	

*rrA I 	 6 

5. 1:17 -4P4R 

    

P5  

5 

Eai xi 

= 0 

ai R 4k 

    

E ai xi  a0 = a2 = a4 =0, ai E R 

= 0 

.7M Ren ITzfr i* P5 , R R 1i ti 41 

W, P5  At 	t 1 

(i) ti TrNtz i aT%ftq P5 	3wzr-41 
p 	q* 1.C.R p+W=q+W .)10 ? 

(ii) P5  *r   UTM-  A:1NR "Nffk 
rtiwEDu=p5 . 

u*r ram :Err ? 	 6 
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Ni) a E C  	#11* T : Cn  Cn, 

T(v) = avTKT tetiiTiirff 164) 	t I Cn  

W-A-RI cc IR 	 Aid 4111 3Ttft-4 Wra 
Mich 31-i-d Tfriti)ci * 1 i T T titSiS•71 

	 ? a TR 1.i ANITI i aitq T -* 

4ii 	 ? 3TEA .3111 	cblkul GICIIW I 	 4 

6. () forth k1111Ic1 Q 	3x2  + 2y2  — 	xy it 

oil"..t) leo 	Ta.  AT4R I *4‘14 TSel 

aikT Gicw 	Q = 4 * 1ctleo 

 	(.40 r i 	61-11W 

4 1)(s Ir—el =7W WicIo 

r. (3i —j + 2k) = 2 .srl 1v 11R 	ei 

	Tff Atr4R, Wei c = (— 1, 0, 1). 	3 

(ii) -1:Zrz *AR 	/fR A 	cejc-9bilunel 31TuF t, 

Adj(A) 	cgsto-luile4 ' I 	 2 

7. PH csi tgo 	4-4-14 W FiFf ? 3TEr4 
cnikui Gicw I 	 5x2=10 

() zrR A E Mn(R),cTf AG' (A) = det (A). 

Mn(R) 	4-Am 	alraz Ala 	i - 

(1T) /TR U 3 tt V, R TIT tiRkl P1I 	W 

	t, U U V* W*1. 	t 

164) 	 T * 	 d (E) %I:ft R4  R6  
(T) + 	 (T) = 6 t I 

(;) 
R2  *1131T-tilEriei 	R /2  zrik afR 440 

1 1 3* 12  31 	ct)t -  r, 	tritiTrErd4-4t1 R, 

gFrdT*IT t I 
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