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1 (Sem-1/FYUGP) MAT41MJ
2025

MATHEMATICS
(Major)

Paper : MAT4100104 MJ
( Classical Algebra)
Full Marks : 60
Time : 2% hours

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

Answer either in English or in Assamese.

1. Answer the following questions : 1x8=8

Wﬁmwmwms

(@) How many different ways can a non-
sero complex number be expressed in

polar form?

51 ey G TRUIT &I FAS et o
gt o R AR

(i) Only one way
@El @61 43T
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(ii) - Two ways

ol 4aeld

iy} Infinitely many ways

SPI 3% 4HUEITS
(iv) Four ways
DRSS!
For n>1, the sum of all distinct nth

roots of unity is
n>1 9 A 4T AN nOA Fog Y9

QAT T 1
Is the statement “The exponential and

logarithmic functions are inverse to
each other for all non-zero complex

numbers” tpue or false ?

“SpTeTl SR Gibe AR AT TSR T
FoiifRafiie Tow 3G FItR RPSTe” e
51 3 fie

If an algebraic equation is of degree n,
which of the following statements is

always true ?
% Feridern AT 9Bl n oI H, (0
OO (e Ofe I I ?

(i) It can have at most n-1 roots

B sifEe n - 1 A AR A
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(@) It has exactly n distinct real roots
2R 5% nBl o2 arwa I uing

(1) It has n roots in total, real or
complex

R PSS I+ WICE, B A Giow

(iv) It can have infinitely many roots

TR E S ARAS T AE

(¢) For a polynomial with real coefficients,
the number of positive real roots is
equal to the number of sign changes
or less by a multiple of

AET AL A< I220E R G9I9F AT o< TR

Bz *iffaeag AT 7= T qure
Fd 29 |

3 Which of the following statements is
correct about the equation

x*+2x*-3=07?

A= x? +2x2 — 3 =0 TS TF 1 (B!

iz bl ?
i} Cardan’s method can be applied,
but Euler’s method cannot

1611 Aafe aagd +f4q 2iifq, g sizare
Agqfe cialf4
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(i) Euler’s method can be applied, by
Cardan’s method is not suitable

NS TATTIN T

(iii) Both Cardan’s and Euler’s
. methods can be applied

(iv) Neither method can be applied

y ~ State whether the following statement
is true or false : |

fixfRe SR b @ i 8
®© For any two 2 x 2 matrices A and B,
‘Q(’( (A+ 3)2 — A2 +2AB + B% holds always.

.
R Wo! 2 x 2 (TR A 9% B I AR,

(A+B)2 _ A% +2AB + B? "WI¥ (3|

linear equations in n

(h) A system of m
lled inconsistent if it

unknowns is ca
has:



n B! OGN TR A m. B TR A6 2enen
<51 SeeETs I cRt = afi s

() Exactly a single root satisfying all
equations

e TN <[7e 4l 0 ot I AT

(i) No common root that satisfies
every equation

AfSCH! TN 279 I (I T =7
/A AT

(i) Multiple roots satisfying all
equations simultaneously

SRETE! AN G o7 T G
(iv) None of the above

@oqq (FIHIDIEE 72

2.  Answer any six questions: 2x6=12

Rzt gt e Ted Wl ¢
(g}~ Find the arg (z), where z=—1+iV3 -
7z =—1+iJ3 2@, arg (2) fefa =1
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Solve x2+x+1=0, using the idea of
nth roots of unity.

x2+x+1=0 MNFRIG] 70 PP I
W%WWWWI

Find the range of f(z)=e”, where zig

4 non-zero complex number.

z B! S e ey R, fz)=e® 7
AT Refy a1 |

Find the general solution of coshz = -2
coshz=~2 T g i fimy |

Using Descartegs’ Rule of Signs,
determine the possible number of real
and complex roots of the €quation

x4—3x3+3x2~x+2=0—

x*=3x°+3x% - x+2-0 ARIER e
GfbaT o TCRY et Fiefey vy

If « and B are the roots of the equation

axz—bx+c:0, express the Sum and
product of the roots in

terms of the
coefficients.



ﬂﬁﬂ'w@ﬁ W‘T ze—bx+c_—.() q &

24, (O0F N (TSP i eyefzpa I
7@ &M 9| |

() Define symmetric functions of the roots
of an equation. Give one example.
TP A0 o1 AT Togg Hzww! faw | @6
Tnizge |

() If A 1s a square matrix such that

AT = —A, what special property does A
have ? Explain briefly. :

2 A <51 5T ST CieeT o A’ =-A
=7, (% A< BT @aih! 2 e ke
41 |

(i, If a square matrix A satisfies A2=0
(the zero matrix), can A™! exist? Justify
your answer.

i Bl 2o REEE G A3 A@ AT =0
(o CETeT) @, (o A Wi AR A
ifer 7 Tearst gfez

H~ When does a homogeneous ﬁystem.ot
linear equations have only the trivial
solution, and when does it have

infinitely many solutions ?

B ntd:
15F0 009 7 Conke
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3. Answer any two of (g, (b), (c)and @, ‘either
(e) or (f and ‘either (g) or (B} : 5*4=20

O T3 (@), (b), (c) % (d)3 Rl gor (e) T2t
(f) 9= (g) @24t (h) ¢

(@) Let z and z, be non-zero complex
numbers with principal arguments 6,
and 6,. Find the principal argument of

zlzg_and explain your reasoning in
detail.

W R 2) Wz, B ST Sfe 0y, T
YU P Oy W 6,1 22,9 A4 e

iR o LR S —

(b) Letn>1 bea positive integer. Find all

real n-th roots of 1 for the cases when
n is even and when n i1s odd.

MR 0> 1 @Bl RS ofeforeay n o ey

W% n S TR (@R s 13 SR g
n-S% IFHE SfFiear |
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(¢ Use De Moivre’s theorem to expand

tan(ﬂl +6, +... + Bn) , where 6,, ..., 0, are

real, in terms of the elementary
symmetric sums of tan@, and state the
final (highest-order) term of the
numerator and denominator.

(© NI T R IR

tan (6, + 0, +...+ 6,) TIAT,T® 6,6,
AW T | TN tan 6; I (s Ao
[@5F (elementary symmetric sum) I

i BT, SR 517 < TR e (T T)
ool G 4 |

0<f<nm T, LOg[Log(cosHHsin&')] F
X + iy FoI© T WY, T x, y AT WA

(e) Solve x* _ x3 1 0x2 _ x4+1=0 using the
condition that it has four distinct roots

of equal modulus, without direct
factorization.
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-3 +2x2 — x+1=0 TR T q3 5
73R IR CﬂWWW(modulus}ﬁmﬁm
Foq A SR, (AFNBRIE ST qof,

\@ If the roots of the quadratic equation

x?-5x+6=0 are transformed such

that each root is increased by 3, form
the new quadratic equation whose roots
are the transformed roots.

I x> -5x+6=0 ﬂﬁw@ﬁwﬂm
R ARG T @ AR 3@ R
W, (08 g fqre T o T, 7]
TP R AR wrmg|

(99 Explain whether the sets of all
symmetric and al] skew-symmetric

matrices are each closed under matrix
addition.

A 2oy (symmetric) ois: fodfe-eifomy
(skew—symmetric) CTeTg ﬂﬂﬁﬂ?[{.‘i
T AR (Fas 89 (closure
property) S St @ iz aat <y )

L}y/l*‘irlri the reduce o
the following
ranl.

W echelon form of
matrix and determine its
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AfFRe Ce=mE 3o =I9E 3
(reduced row echelon) SIpfeaT o o
R TS (rank) Fdi@ed |

(1 2 3 4)

2 4 6 8

(1 1 2 3

4. Answer ‘either (a) or @ and ‘any one of
(c), (&) and (e): 10x2=20

Tt il (a) 99T (b) i (c), (d) T (e) I FeFCA
by 3
(@) (i) Prove that (exp z)" = exp(nz) for

all integers n, considering
separately the cases n > 0, n =10
and n < 0. 4

Il R nF A

(expz)" = exp(nz) 24
n>0,n=0 9% n < O (SRR 9JACH
et farapal |
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(1)

For the cubic equation
x> = 4x? +px-q=0, two of its

roots are 1 and (P—Q)- Using Only

the relations between roots and

coefficients, find the valyes of p
and gq. 6

T e x3—4x2+px—q=03‘131
™ R 9 (P-2) 1 @@ 37w

Prove that sink 2, cosh z and tanh z
are periodic functions, and

determine the period of each. 4

Sinhz, coshz W, tanh z I
¥ (periodic function) 3f& ey 21
ST ST TR (period) Fefy 7

Solve by Cardan’s method : 6
TEE s g IR ST 2w

% - 6x? + 1 lx -6=0.

(c) JH/ If AB =1 for SqQuare matrices A and

B15FO0 0091

B of the same order, prove that

B=A". 4

12



1 G F5E 3 Gees A % B 3
AB= 120, @9 ¥4t (@ B= A1

(i) Prove that the following statements
for a square matrix A are
equivalent : 6

sl 9 (T @t I e A W@
were Wl SfewER TgeD 8

« A is nonsingular.
A QIS99 (nonsingular) 2|

«  The equation Ax=0 has only
the trivial solution.

Rl Ax =0 (F9e1 SRR
KA (trivial solution) ACF|

. det(A)=0.

A3 TORRIES # R W T

(d) (i) Explain briefly how the augmented
matrix of a linear system of
equations helps in determining
whether the system is consistent.

4
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73R TR GBI &elfeT T fefe

(augmented matrix) (v CW?
R W@»‘?W‘T’f (consistent) oy @
=7 [ @I\SWWEW?U]‘?U[WI

() Test the consistency of the
following system of equations an(g
solve if it is consistent. 6

e TiTee 2enetis AesTer w15
T W R NG e SN 59

X+y+z=6,
2x+3y+z =10,
X+2y+2z=S8.

(e} (i) For a homogeneous system

Ax =0, explain how the number
of free variables in the reduced
matrix relates to the number of
possible solutions. 4

(a4 T @b SEERT 2l A = O
1 a9, QIO GTermar Yo berpy 19
AGIES AT AN (ew (peits ifow
(A% fa@ca =iy @ |
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(i) Determine all solutions of the
following homogeneous system :

6
ﬁﬁﬁﬁ—ﬂw—%wﬁﬁﬁwmm
Rl e - -

x+2/'y¥z=0

2x+5y 3z=0,
3x+8y 5z O
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