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BACHELOR'S DEGREE PROGRAMME 

Term-End Examination 

June, 2011 

ELECTIVE COURSE : MATHEMATICS 

MTE-2 : LINEAR ALGEBRA 

Time : 2 hours 	 Maximum Marks : 50 

(Weightage 70%) 

Note : Q. No. 1 is compulsory. Attempt any four questions 

from Q. No. 2 to 7. No calculators are allowed. 

1. 	Which of the following statements are true, and 10 
which are false ? Give reasons for your answers. 

(a) There exists an invertible 3 x 4 matrix. 

(b) No skew-symmetric matrix is 

diagonalisable. 

1 	2i+ j + 5 k  
(c) 7r--  (1- 2j), 	v30 	, and (2i + j - k) 

form an orthogonal basis of R3. 

(d) If the characteristic polymial of a matrix is 

(x -1)2  (x - 2)2, then its minimal polynomial 

can be (x -1)2. 

(e) {IGNOU, -1, 0.051 is a set. 
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2. 	(a) Let R+  = fx ER I 	01. Show that R +  is a 	5 
real vector space with respect to 0 and 0, 

defined by a s b=ab and 

aoa=a" V  a, b E R +  and a E R. 

(b) Let S and T be linear operators on R3, 
	3 

defined by S (x, y, z) = (z, x, y) and 

T (x, y, z) = (0, y, z). Show that 

{T.S}13= [1]13.1%, where B is the standard 

ordered basis of R3. 

(c) Let (V, <, >) be an inner product space. 

If W is a subspace of V, define. 

E VI<V, w> = 0 for all w E W}. 

Show that WI  is a subspace of V. 

	

3. 	(a) Let T = R4  -4 R3  be defined by 

T (x1, x2, x3, x4) = (x1 — x2, x1 — x3, x3  + x4). 

(i) Find a basis of the range space of T 

and also of its null space. 

(ii) State the rank-nullity theorem and 

verify it for T. 

	

(b) Reduce x2  — 4xy +y2  +6.  (x —  y)+ 21= 0 
	5 

to standard form. Hence identify the conic 

represented by this equation. 
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4. 	(a) Consider T : R3  -->R3, given by 	 6 

0 1 3 

MB = 1 1 2 

-1 2 1 

where B is the standard basis of R3. Is T 

invertible ? If so, find T-1  (x, y, z) for (x, y, 

Z) E R3. If T -1  does not exist, find the 

minimal polynomial of T. 

5. 

(b)  

(c)  

(a) 

Find A, where 

[ 1-i 	2-5i 

[2+5i 	1+i 

Check whether 

defined on Z 

(i) commutative 

(ii) associative. 

Find the eigenvalues, 

eigenspaces, 

the 	adjoint 	of 	A 	is 

' 

the binary operation * 

by a*b = ab2, is. 

; 

and bases for the 

of the matrix 

2 

2 

6 

2 2 1 

1 3 1 

1 2 2 

Is it diagonalisable ? If yes, find a 
diagonalisable matrix P such that P-1  AP 
is a diagonal matrix. If A is not 
diagonalisable, find Adj (A). 

MTE-2 	 3 	 P.T.O. 

A= 



(b) Use the Gram-Schmidt process to find an 
orthonormal basis of R3  from the basis 
B = {a1, a2, a3}, where al  = (0, 0, 1) ; 
a2  = (0, 1, 1) and a3  = (1, 1, 1). Do you get 
the same result if this process is used on 
la2, a3, 	? Give reasons for your answer. 

4 

6. 	(a) Verify that 0 : R4  --> R3, given by 	 4 
0 (x, y, z, t) = (x, y, z), 

is a linear transformation, and find its 
Kernel. Also, give two distinct elements of 

R4/ 
/ker (0) 

(b) If u1, u2, u3  are elements of a vector space V 	3 
such that ui  + u2 + u3 = 0, show that 
[{u1, u2ll = [{u2, u3}] = [{u1, u3}], where [5] 
denotes the linear span of S. 

(c) (i) 'The product of 2 unitary matrices 
need not be unitary'. True or false ? 
Why ? 

(ii) If T is a unitary operator with 
characteristic polynomial T2  + aT + I, 
show that T* = — (T +aI). 

7. 	(a) Use the Gaussian Elimination method to find 
the value of a so that the system of 
equations. 

x+(a+4)y+(4a+2) z=0 
2x+3ay+(3a+4) z=0 
x+2(a+1)y+(3a+4) z=0 

has (i) a unique solution ; 
(ii) infinitely many solutions. 

Further, find the solution set in each case. 
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(b) Let f : R -* R and g : R 	be functions 	2 
defined by f (x) = x3  and g (x)=x +2. 

(i) Find fog and gof. 

(ii) Is gof 1-1 or onto ? Justify your 
answers. 

(c) For a field k, prove or disprove that k x k is 	2 
a field. 
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(TR 70% ) 

TiT : 	777 ffi9ql 1 W&1 	t/ Wri* Tr- -1/ 2 #7 74. 4 

w.TT TaY 

 

3 	l (loict-)e). 	vz#77 TT4 ch7 

3-1-1777 	̀/ 

1. 	 10 

3-174 6714* rok,  chitur 

(a) •• "9"(911 4-lu1q 3 x 4 3 	i 3-1-ft? 	6)c-11 t 

(b) facer TF1111-  37-&7 rail 	441 q  	ft I 

1 	2 i + j + 5 k  
(c) (1- 	

✓
30 	3-17 (2i +1-k), R3  

31717 •Ti-A t• I 

(d) fTr'r 33)0,tt 

(x -1)2  (x-- 2)2  t, -Tq 	3iic--1{t6 

(x -1)2  t 	t I 

(e) {IGNOU, - 1, 0.05} -) 	 t I 
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2. 	(a) Tiri 	\-1 R+ =fx€R1x>01. fq-U177 
	5 

R+ sat 0 t 	1R-ciract) TirqVITITIf7 

t, 7TT. 
 

0 3117 0 a b = ab afiT 

aOa=aaV a,beR+  AT E R gio trfriTrfErd 

(b) 1:119. 	S3 T, S (x, y, z) = (z, x, y) AT 	3 

T (x, y, z) = (0, y, z) gRi LiRsitsfa R3.97 

	 t I1 {T.s}B =p1B.[s]B, ,07 
B, R3 	Thtgra 3TRITT t I 

(c) "RR Mnr 	 (V, <, >) T 31 	TRftz t I 	2 

q1 	W, V V- 	t 

WI = {V E VI<V, W> =0 1:13-ft W E W 	("IV, 1. 

trii-cietrff 0E-4R 

fTIT-47ft w1,v.0 	t 

	

3. 	(a) 179' ri 	T = R4  —)R3, 
	 5 

T (x1, x2,  X3, x4) = (X1 — X2, X1 — x3, x3 + x4). 

gl(I 	t I 

(i) T 	trftizr{ TITTPEZ AT v-61 Tfilitia 

aiTtITT 	ALT I 

(ii) 51A,4 f 	c11,31 	T* 

cs-R 	t-INIF-11 Vi f-A7 
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(b) X2  —4xy+y2 +6,5(x—y) +21 =0 -•"1 Hvich 	5 

Tcr 	0r-q7 -74 	Wr-11-1 	Fa, 

-1+-11m01 f*7:1 	1'1(44cl WcdT t I 

4. 	(a) T : R3 ->R3 	f7Tit. 	 : 	 6 

[T]B  = 

0 1 3-  
1 1 2 
—1 2 1 

  

,1161B, R3  'TT 

c 

MI-I 	3TRITT t I 	1I T ceph+iul1  

? 1k (x, y, Z) E R3  t Frig, T 	1(x, y, z) 

quo I -z(fq T 	I 	3-1f{71" 	-161* 	th• T 

T3 T~ -gtrq 	fic-r 

(b)  A 	-Tiff •WMF•77, 	7e. 	A 	TF7-tit7 2 

[ 1—i 2-5i 
[2+5i 1+i 

(c)  2 Fen a*b = ab2  gRI Z 1 4{ 1T11 

fgaTrq-rft 

(i) 9hiirciF-141 t 	, 

(ii) 4 t 	 
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5. (a) 3-76-7 
	 6 

2 2 1 

A= 1 3 1 

1 2 2 

3i7491:(1-9.  3 	3171)-9Tilltt * 	711c1 
■3-I I 	1 	forchuillq 	 1, err 

fachui,A41,-{ 	P 7111*InP7 f=1* r(•.1 P -1  

AP racbui ,31-r5TtrI irq A Fichui-ili 	t 	 
Adj (A) 7111 -1-r—A7 I 

(b) 	4,11 4-1-fFTZ 31-04 cll'k7k 3-717 B= {up  cc?, a3} 	4 

R3  *1 	14-1H-1 	3717 	 •714 

= (0, 0, 1) ; cc2 = (0, 1, 1) 47 a3  = (1, 1, 1) 

t." I qk 7-4r -51--o4 -A- 	cy.3, 	TTT oi,kfwzrr 
\)-N -*f 4,41 	4Ru111-1 	? 3-11214 d7R* 
ctd(ul qt-11, I 

6. (a) 	 -W1f77 k 0 (x, y, z, t) = (x, y, z) gRr 	4 

1-1Foi-rftm.  : R4  -4 R3 	tftiT •kc,Hiclkul 

31-ffZviii 	I RXcer (0) 

3T-07-31771 31-d-zrd 	qlrzicr 

(b) u2, u3  .7T Tifqw Twrr-Ez v 	3fT 	3 

t 14, 	+u2 +u3 =0 cif fq7J1- 7 rob 
[(up  10]= [{u?, u3}] = [{u1, u3}], 	 [S], S Ct.) 

fT9fd .14 r:Ic\ii41 1101 t I 

(c) (i) `:11 	2 	31-70 1-1jrir-ii:Fry 3 

t  	Tff TIT 3TTT-4? 

TEn ? 
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(ii) irq T 33f117Vfurt -4-gtrq T2  + aT +I, clic-1i 

TftT7t t, 	f- Tfil77 
T* = — (T + aI). 

7. 	(a) 	 FitIchtof ic0--T .4 a t Trri 	WIN7 	6 

f7 	-i441,1-)tur-f9-wrzT 

x+(a+4)y+(4a+2) z=0 

2x+3ay+(3a+4) z=0 

x+2(a+1)y+(3a+4) z=0 

tf (i) 3-Tr-g--47 

31-kW 	 t I 7* 3171 

3T4T ft-2.1t 14. 	 1311-€17 7111 

l'f77 I 

(b) TEN c41 	 g: R--->R,f(x)= X3 
	

2 

3-fr{ g (x)=x +2 ARE LIR`ITTFTIff 	 t I 

(i) fog 3t gof qficf Ttr77 

(ii) ctif gof 1-1 t 	3-11- 1qt t ? 3-714 671k 

(c) 	k 	 3-Tftrz 	kxktkm 	2 
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