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BACHELOR'S DEGREE PROGRAMME 

Term-End Examination 

June, 2012 

ELECTIVE COURSE : MATHEMATICS 

MTE-02 : LINEAR ALGEBRA 

Time : 2 hours 	 Maximum Marks : 50 
(VVeightage 70%) 

Note : Q. No. 7 is compulsory. Attempt any four questions 

from Q. No. 1 to 6. Calculators are not allowed. 

1. (a) Show that the vectors V1 = (2i, 1, 0), 	4 

V2  = (2, - 1, 1) V3  = (0,1 + i, 1 - i) forma basis 

for e. Also find the coordinates of the vector 

(1,0,1) in the ordered basis {Vi, V2, V3}. 

(b) Let T be a linear operator on R3, defined by 

T(xi, x2, x3) = (3x1, x1  - x2, 2x1  + x2  + x3). Is 

T invertible ? If so, find T-1(x1, x2, x3) for 

(x1, x2, x3)ER3. If T-1  does not exist, find 

the minimal polynomial of T. 

2. (a) Consider the basis B = { (1, -1, 3), (0, 1, -1), 	3 

(0, 3, -2) of R3. Find the dual basis of B. 
(b) Give an example, with justification, of a 	2 

2 x 2 matrix which is not orthogonally 

similar to [23  -15] 

6 
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(c) Consider the real vector space 	 5 

W= (a°  + ai x + a2x2+ a3x3  I ai ER}. 

Check whether or not W-1  and W2  are 
subspaces of W, where 

W1  = fa0 +a1x+a2x2+a3x3 1a0=a2, ai ER) 

W2  = {a0  + aix + a2x2  + a3x3 I a0 — a1 F a2 — a3 
=OaieR} 

Further, for those that are subspaces, also 
find their dimensions. 

3. 	(a) Find the eigenvalues, and bases for the 	4 
eigenspaces, of the matrix 

0 1 2 
A= 2 2 —2 

1 1 1 

(b) A scientist has placed three types of 	6 
bacteria, labelled B1, B2  and B3  in a culture 
dish, along with certain quantities of 
nutrients, labelled N1, N2  and N3. The 
amounts of each nutrient that can be 
consumed by each bacterium in a 24-hour 
period is given in the table below. 

B1  B2  B3  

N1  4 2 6 

N2  3 1 2 

N3   7 5 2 
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The table tells us, for example, that each 
bacterium B1  can consume 4 units of N1, 
3 units of N2  and 7 units of N3  in a 24-hour 
period. 
Set up a system of linear equations to find 
out how many bacteria of each type can be 
supported daily by 4200 units of N1, 1900 
units of N2  and 4700 units of N3. Further, 
solve this system of equations by using the 
Gaussian elimination method. 

	

4. 	(a) Apply the Cayley-Hamilton theorem to find 	4 

-1 1 01 

A -1, where A- 2 0 -2  
1 1 0 

(b) Let V be the real vector space of polynomial 	6 
functions of degree at most from R into R 
with inner product on V defined by 

< f, g > = fol  f (t) g(t) dt .  

Apply the Gram-Schmidt orthogonalization 
process to the basis (1- t, 1 + t, t2} of V. 
Would you get the same orthogonal basis if 
you applied the process on the basis 

(1 + t,1 - t,t2}? Give reasonsfor your answer. 

	

5. 	Consider the quadratic form : 
Q(x) 3(x2 + y2 + z2) 

Find its orthogonal canonical reduction and its 
principal axes. Hence identify the geometric 
object represented by Q(x) = 10. 

10 
+ 2xy + 2yz + 2zx. 
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6. 	(a) Let f : R — > R and g : R > R be functions 	2 

defined by f (x) = 
x

2 
+ 1 and g(x) = x2  +1. 
1  

Find gof. Check whether it is one-one and 
onto also. 

(b) Let V be the linear span of 	 3 
(1, 0, 1), ( —1, 1, 0), (0, 0, 1) ). 

Complete { (2, 3, 1), ( —1, 0, 2) } to form a 
basis of V. 

(c) Find the adjoint of the matrix given in 	5 
Q. 3 (a) above. Hence find the inverse of the 
matrix. 

	

7. 	Which of the following statements are true and 10 
which are false ? Justify your answer. 
(a) Similar matrices have the same minimal 

polynomial. 
(b) Every linear transformation maps a linearly 

dependent set of vectors onto a linearly 
dependent set of vectors. 

(c) If the eigenvalues of an operator have 
absolute value1, then the operator must be 
unitary. 

(d) For any two non-empty sets A and B, 
AcAxB. 

(e) A three - dimensional vector space has only 
two distinct proper subspaces. 
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: 	WWI 7 17(1/ ;Veit 	M 9  i kci(V4/ 1 #6 7:i # 

WT?" mq-ii 	dh< Or-1N / 47tict/c)ej 	"}"FT civ-? 

3.1—/Ti TO'  e/  

1. (a) -NiNTTR f i TrN7T Vi —(2i,1,0), V2  = (2, — 1,1) 	4 

V3  = (0,1 + 1 — i) (3    3TINTT 	 f I 

d 	{v1, v2, v3} -4 Trkvr (1, 0, 1) 

(b) 9 ro 	T, 	 6 

T(X1, x2, X3) = (3x1, X1  x2, 2x1  + x2  + x3) gitt 

4 	rtalIftsiff R31TT 	ti.cbitcF tl ITT T 

01c9bH u1q t? qk t (x1, x2, x3)€R3  

T 	x2, x3) Td 1 7 I irq T-1  f 3Tr17.cd  

tt T aite:rg 	71Id 	QI 

2. (a) R3  T 3707 B= (1,-1, 3), (0, 1, —1), 	3 

(0, 3, - 2) } 	I B •Wf 	3TT 	d 7 
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(b) 	2 x 2 311uy*T -f-2-9? dqwui tf—A-R 	2 

3  1  cif Gond: [2  _5] * tv-IN t I 

(c) csit-cf gal TriT41 	g 

W= {a°  + ai x + a2x2 +a3x3  I ai ER} (11'47I 

Vf-A-R fWl  3h  W2, W t dLik,p-itt$ 

zff 	 \lir 

vvl = {a0+a1x+a2x2+a3x3 1a0 =a2, ai ER} 
W2 = {ao+aix+a2x2 +a3x3  I (20 — al + a2 — a3  
= 0, ai ER} 

71* 31T4, 	 t 374.  fad %ft ;11c1 

Vf4R 

0 1 2 

3. 	(a) a/../._&0. A = [2 2 —21 *I. aTritiwitql * 
1 1 1 

374-ffl:riff3 	31-rw 711cl --rEA-R I 
(b) 	 tglf9* 	itqtf 74z 4 B1, B2  ati{ B3  

71friff 	.)1( 	at{ RN' 4 NI, N2  
47 N3  -111-4-1ci Li)tichdeaf 4-11714 	i41.  I 24 

aTafil 4 7-4w ,Ictellfigr rtr (g 	NI TrR 

oca . 	4-1I1IL 
B1  B2  B3  

N1 4 2 6 
N2  3 1 2 

N3  7 5 2 

5 

4 

6 
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dcwut t. rzti W otrocbt -4 traT -acicti tfw, B1  

4,:telRett 24 biu2. -4.  Ni  -1.  4 ctlIV.II N2  ---1 

3 r*Ti7:113-t N3 	7 *chWillfff ..let)c-Ii t I 17-:)--  

514)R t f*--d-4 4.1-i.1R411 -g-rraf-<9 N1 	4200 

ezt71V.11, N2 	1900 ct)ivit at N3  -4.  4700 

.)1*41, 'UT 1:1--*i t•TrWr -EraT qvotroi-r-u- 

wili*Aui f,---*-r- c'ir, 	 1 TRk 3*, TR -141,41.01 

f-I-Wrzr 	c't chk4t fi.i itidk-1q Pio:twit icaT 

- 	f•prif• -1'f--A-R I 

4. (a) A-1 	4fici rnta t fii%---tfrr 	54 	1 oil 	4 

—1 1 0-  
A = 2 [ 0 —2-  _1c77  ,i ii,  

1 1 0 

(b) TIN rirsTR V R14 R -4 3-ifi-w 4 alfw- 2 'EITU 	6 

airlAltrq thdA 	cwracb 1,1f-q7T .41-11E t I V 

TR < f , g> =I  f (t) g(t) dt TRT tiftillitid 

311.-TT 1-11TritF .1.fq-7 v t 3ir417 

{1 — t, 1+t, t2} TR 711-Ni-id rtiRichlcmur -grTzIT 

--1Ntilir .41771 tirq antr qi -511.7iT V t 31Ttig 

{1 + t, 1 — t, t2} tit oil chR t E;EfT 31170 ail  
alItTR7111 il+ii ? 3Tcl-4 drlt* *Rut•-dr-47 1 

5. fort .14-1t4lcf 	 10 
Q(x) = 3(x2  + y2  +z2)+ 2xy+ 2yz + 2zx r,1FA 	t I Tfiwr 

fr-4wfar- Iff .14-ii-vil 3tiT qfl4) ttscr alkiTff --IFA-R I W 

ct 	Q(x) = 10 V{11 f-irtra•iri-icile4 cikci 	19141rii I 
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6. 	(a) 1:119. 	: R --->R 311{g : R —> f (x) — x2 	+1 	2 

ath g(x) = x2  +1 gRi qrolifisra.  Lhol t I gof 	71Ic1 

T:rk 3TP1, Ai-c4 	f ai qzrr 

t err 	it 

(b) TIN c-nrz-i V 	 3 

{ (1, 0,1), ( — 1,1, 0), (0, 0,1) cni 	 1 

V 	3-TINTT   ( (2, 3, I), ( —1, 0, 2)1 

	 --rE7 I 

(c) -&-cf-{ 3 (a) 	rqi TIT 3Tr'6- 	 5 
(.-1 	 gild 

	

7. 	F-P-irci 	ci 	.11-1 	F/Frt 3 ct 	31RFT 10 

? 311:14 7-1( rn1 	fit? 
(a) (-0- 1 3-1.16:0 	afFE- [13 --T:rq ,H4-11-1 	 t 

(b) fT1:11-  `IftAThr-  	A-fa-WU: alTNU 

Trkkt 	RIG' 	'ttr*7: 3-1Tr3M: 

Title 	ef @c11 t 

(c) 1k f*-7# 4a-> Rch 	3-749Trril 	fa-T4T 

ifF1 	c 4cHich 	II I 

(d) f 	31.17W1 	A3-fR B riAcAxB. 

(e) Trkw 	 3T-o-Tr- 

3T-d-rr -arr-4ff 6,R-14-1184i 	 
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