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MATHEMATICS

( Honours )

Paper : MAT-HC-1026
(Algebra)
Full Marks : 80
 Time : Three hours

The figures in the margin indicate
Sfull marks for the questions.

1. Answer the following as directed :
: ‘ 1x10=10

(@) Find the polau representatlon of z=21,

(b)) fx=0andy >0, then what is the value
of t*7?

(c) Write the nega'uon of the statement ‘For
any integer n, n?>n’ in plain English
then formulate the negation using set

- of context and quantifier.

Contd.



examp_lc .

(e) SﬁPPOS'e fis a C'onfstant function frop,

i (i) ~ an "empty set /L5
'. (ii}' the whole set X

(i) a non-empty proper subset of X A
R (Choose the correct option)

2 (f) Lété X=Y=LR Let A ;X,‘ Bg Y. Draw
~ the picture for Ax B where I‘A,--?[-—l',\l] s

(g) - ’Suppose a system of .li_near equatiqns, 3
S in echelon form has a3x5 augmented
. matrix whose fifth column is a pivot
o olUmiy v L R S
. Is the system. consistent ? Julstlfy.v /

(h) If a set 'S = {Ul.-, 1}2,’,..‘., Up} 0 § 8 BN |

~ contains the & vector, is the set
| lir;early independent ? Justify.
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| y ) "4 ' X=[3], compute

(A;;)f" .

) What is the determinant of an nxn
- elementary matrlx E that has bePn 3
scaled by 7. | )

25 Answfer_' the fOllOWi‘ng Eﬁiestions E 2’?5#10 .

(a) If z=-243-2i, find the pélar'radlus
4 and po‘ar argument of 2 e
(b) IS' the filnction‘ g'f:TLP& - R ‘gii;en -by' ;

g(x)~\x 2\ one- one and onto‘D '
p Explain. Fo=d
( ) Let umvérsal sét be IR and 1hdex éet be

M e natraaber (0L

: fN-,'7-F0r a natural number n, J "=\

neN

Idenufy W1th Jusuﬁcatlon N J

- ) 5 > > ! ‘ .. d'
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linear tr '
@ by findlng a matrix that j plrm tiop

the mapping Menty
T(xl’ Xy, X3 )C4)= (O; xl t JC2, xg +x3, e 55 )
(e) A 1S a 2 x 4 matrlx Wlth tWo Pivot

positions. Answer the followmg with
justlﬁcatlon .

(i) Does Ax-= 0 have a non- trmal.
‘solution?

(i) Does. Ax =b have at least one
: solutlon for every b o RS

".

3. Answer any four quest1ons from the =~
followmg Eoab et S 5x4= 20 '

'(a) Find the poIar representatlon of the
- complex number ey -

o z=1- cosa+zszna ae[O 2fr) B

T '(b)“f "__Let A and B be subsets of an umversal
e set U. Prove—-—

e A(i)’. an B)C _ AC uBe

2 . (ll) (AUB)C_AC nBC
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. {c) vDeﬁne bl_]ectlon.

Let f.h_—>1\\7 be. f(m)-m 1 " if m1s
- even f (m) m+1 if m is odd. ShOWf
gk 1S a bgectlon and f! i f. 1+4=5

-~ W > &

(d) For vectors .7y, by,..... vp e R" define
span {5, 7, ., B,} construct a 3x 3
matrix A Wlth Nnon-zero elements and a

vector b on ]R3 such that b is not in
~ the set spanned by the columns of A.
: fodher L .2+3= 5

{e) Alka-Seltzer contains sodium. bi-

- carbonate (NaHCOj) and citric acid

- (H3CgHs07). When a tablet is dissolved

in water the following reaction produces

‘sodium citrate, water and earbon
dioxide :

= };-‘Ncho3 + H3C6HSO7 N z\ragcﬁHso7 + HQO + co2
s . Balance the chemical equatlon usmg
~ vector equat1on approach ‘ 5

(f)  Prove that an n x nmatrix A is 1nvert1b1e
- if and only if A is row equivalent to I, -
" and in 'this case any sequence of
’ elementary row operations that reduces
: A to I, also transforms I, 1nto Al
e | .5
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AnSWer any four fl"’Om the fOJOWng

4. 10><4\40

~

s Find the cube roots of the NUmb,

Lo

z=1+{and represent them jp the
complex pla{‘xe. _ | g 5
p Find the hﬁmber of ordered pairg
FOR e (a,b) Of.real num.bers such that
(a+ib)0%% L gjp wii e 2

(i) 1f x;y,z- be real num bers '
- such that— Sin x + siny + Sinz=0
and COSX+cosy+cosz=0, prove

' fhat sin2x + Sin2y+sin2z =0

| ‘_and CoS 2x + cos 2y + cost 0.

‘(b) (i} - Solve the. equation ,
| 200zt LR g g AT s

,-. () Find the inverse of the matrix if

0 it exists by periorming suitable
' Tow operations on the augmented
- matrix [A:]] ' g

1 O = A _
A= —3 il 4 5
' 2 -3 4 | |
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€) () I f: XY heg map and BgY,

then prove g-1 (Bc)= (f”l (B))C

3 LR 1% 3
i) A, = (——-E ;;] : Where ne N F find

lJ&rmm [VAnss i g
('iii) Let f-: R—)]E« be 'giveﬂ “ by
f(x) x? b | “
E i f (1) i (—L) i 1({0 1])
4
(d) (i) State the indLCtio'ri' principle and
i ‘use it to show that for any positive

mteger 1.+2+.3+...+1h .’l;(iill
: ‘ A
(u) erte as an 1mpi1<:at1on square of -

an even number is d1v1s1ble by 4°,

’Ihen use d1 ect proof to prove it.
| - 3
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Sy L f using c |
i) Give proof using Ontrapf’sitive

‘For an integer X if X2“51+Sis

even, then x 1s odd’. ;

(e) (i) Use the invertible matrix thegrep,
to decide if A is invertible

[1 02‘]
e Pt 6 i | 2
}Laa -1-9 |

{ii) Compute det A where

2 -86 87
3 -95 10

Arlva 0 12 4
1 -4 0 6

(iii) What do you mean by equivalence
class for an equivalence relation?
For the relation a =b mod(5) on

z, find all the distinct equivalence
classes of =z 1+3=4
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- U SOl_Vé the system of equations
| 2»x1 +2x, +9x3 =7
Xy +5x; =2

| , - 4
(i) Choose h and k such that the
system has . | 4

(a) no solution
(b) a unique solution
(c) many solutions
x;+hxy =2
4x1 + 8x2 =k

o (ui) Wr1te the general solution of
© o 10x - 3% ~2x3 =7 in parametric
- vector form. 1 | '_ SRCH B

9) I(i)_ Prove - that the 1ndexed set.‘

—

S= {vl,vg,.... up} of two or more

745 1n, yectors is linear ly dependent if and
= only if at least one of the vectors
in Sis a linear combination of the

others. In fact, if S is linearly

‘ dependent and U; ‘;tO» Vthen
”"‘some (w1thj>1) is- a linear

eomb1nat10n of the precedmg
. B ‘ i

Ve¢t0f$ 61, 172:"': vj-l-
A | , ’ Contd. |
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W)

(i)

Use Cramers rule to com

Plte the
solutions of the S ystem |

-3
~5x; +3x, =9 |
3x;~xy =-5

‘Suppose T RS » R?

~and T(x)=Ax% for some matmx

AR

B A and eac,h X in RS,

How many rows and columns does

A ‘qa_ve ? Justify. e s

Let jT;yg ,T{{Z be the
transformatlon that rotates each
point in R? about the origin

-through an angle ¢ with the
- counter-clockwise direction taken

"'_as positive. Find the standard

‘__,(ii)

matrix for this transformation.

Let 'T' ]R'“ > R™ be a linear

transformatlon

‘Prove that T is one-to-oné if qnd

only if the equation T(%)=0 has

only the trivial solution. 4




r

(i) szfd the area of the parallelogram
ose vertices are (0,-2), (6,-1
(—3 1) and (3 2) e ),

3700




