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UNIVERSITY OF NORTH BENGAL
B.Sc. Programme 3rd Semester Examination, 2023

DSC1/2/3-P3-MATHEMATICS
ALGEBRA

(REVISED SYLLABUS 2023)

Time Allotted: 2 Hours
The figures in the margin indicate full marks.

GROUP-A / f&om-% / woig=

1. Answer any four questions:
(-1 b5 eieia Tea wies

B UTREET FHDHT IR A |
(a) Show that 0 is an eigenvalue of a matrix 4 if and only if 4 is'singular.
AT @O0, A THHCI NN M A A7 G e W4 iRl wHa =
AR A Y 0 79T eigenvalue WTATT 4 singular g8 T 0T TR |
(b) Find the values of (1+7)">,
(1+1HV? a7 Tmef Fda 39
(1+HY? PraFES g R |

(©) IfA:( .

FHifT-Z o ol JReE wE e @ 4%° =21°. 4, (@A A=(:: 2] |

-4 3 _
A =[ . 6] Y, Cayley-Hamilton 2 SUUTET SR T A0 TR : 420 =21 . 4,
(d) Prove that the composition of two mappings is associative.

il 37 A REB SeeE i w7
G¥ITT map 599! composition associative §75 W TR |

(€) Prove that 9 divides 3-4"*! =3 for all positive integers #.

A FA @ 3-4" -3 AT T AR 2R #-03 T 9 TR Rere)
G4 eI YUIRTEAT 1 T T 9 31 3. 47! — 3 7 T TS 9 SPTOT TR |

3
6] , then using Cayley=Hamilton theorem, show that 42° =2'%. 4.

Full Marks: 60

3x4=12

(f) Give an example of a binary relation which is reflexive and symmetric but not 3

transitive.
<fb (7 oA Bieael W A reflexive U2 symmetric 3% transitive w1

Reflexive 3 symmetric 81T transitive 7§ USCT f&® (binary) T4l SETERUI 5 |
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GROUP-B / [Rerl-4/wg-@

Answer any four questions: 6x4 =

-G IS 2Ava Tam wies
T IRIST THDT TR

(a) (i) Apply Descarte’s rule of sign to determine the nature of the roots of the equation

xt+16x2 +7x-10=0.
CTFOET Hren T 979 T e wiieaen feelin aofs fd e
xt+16x% +7x-10=0
Descarte PT rggoa! R GRTEHER x* +16x% + 7x 10 = 0 B JeTeve! MPiT MU TR |
(ii) Solve the equation x* —3x? —6x+8 =0 if the roots are in A.P.
X =3x% —6x+8 =0 TP T 9 TR T Neorafer e enfers A )
TR x* - 337 — 6 + 8 = 0 I T8 ST FIRT (AP) AT DN & HHAEH 0T TR |

(b) () Solve by Cardan’s method: x> ~18x-35=0.

TG *aT JI2R I x° —18x—35 =0 TN Farteieg 4|
Cardan T UGGRT TR : x> —18x—35=0
(ii) State the Fundamental theorem of classical algebra.
IR erifiren (e Sotowml Rge 721
Fundamental Theorem of Classical Algebra SeaiRg TR |
(c) Let g and b be two integers and m be a positive integer. Prove that if 2 =5 (mod m)

then a” =b" (mod m) for any positive intéger ». Is the converse of this statement
frue? Justify your answer.

R a R b O PRG 4R m TG AT PRGN AN T a=b (mod m) T
SIZE (R 4 R 7 9T WO a” =b" (mod m) TA T Foffie Bl &
7 ¢ L Teica Tea i |

a A b THEEATES 3f¥an WM G EET &1 a = b (mod m) T TRTD JoREET
n T PRI TAIT R 0™ = 6" (mod ) | T FeITpT SeeT e §70 Bt | RRAR TR |

(d) Determine the conditions for which the following system of equations has

03

oR xSef frefr e A ww fAowa e Tz
(1) unique solution,
fo W T AR
(i1} nosolution and
I T DT Al Q2R
(ili) many solutions,
AT A AP
x+4y+2z=1
2x+7y+5z=2b
4x+9y+10z=2b+1

'\qTﬁHWUTG‘IS x+4y+2z=1

2x+7y+5z=2b
dx+9y+10z=2b+1 3T
T ATEHDT THITAT
() TPIH Y &5
(i) FHTE 7 &

(iii) TPT ST T §5 |
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(e) (i) Prove that vi+~—i=+2. 4
AT i +v—i =2 |
TR : Vi +v—i =2

(i) Define a partial order relation and give an example of it. 2
WRE T T RS R 95 TwizEd W |
HRAB HT =4 (partial order relation) T IRHTET AT} IETERVT 495 |
(f) (i) Ifa, b, c are positive real numbers, not all equal, then prove that 4

AW a, b, ¢ Tl wITT AT A 7 T AL T 702, OIFLF LAl F
a, b, ¢ AR 49 Irafie TeEs YU TR
(a+b+c)(bc+ca+ab)>%abc

(ii) State the Cauchy-Schwartz inequality. 2
‘Cauchy-Schwartz’ Smaeadfo fage 71
Cauchy-Schwartz inequality SeeRg TR |

GROUP-C / Reit-ot / g

3. Answer any ftwe questions: 12x2 =24
@-CFI ¥fP eiras T wiee
P AT TP IR &S |

(a) (i) Find the eigenvalues and eigenvectors of the matrix: 6
frfeias miftefoa wigem w9 g3k wiRee cegreki AR T
31 -1
2 g -1
2 X 04
31 -1
Hfeaq 2 2 -1 |®eigen AFES 3 eigen ARIEH FUA R |
2 2 %

(i) If u +#v = tan(x+ i), then show that u? +v> + 2ucot2x =1. 6
W 4 +iv = tan(r + 1) T, ORTA AN @ w? +12 + 2ucot2x =1,
i+ iv= tan(x + i) 9T, TR : 2% +v2 +2ucot2x =1.
(b) (i) Find the rank of the matrix: 4
frraferis spiftfba et faefa 2

1 210
A=[2 4 § 6 |®rank R
3 6 6 3
(i) Let f:4— B and g:B — C be two mapping. If gof is bijective then prove 6

that f is injective and g is surjective.
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(iii)

(c) ()

(i)

@ @

3103

(it)

@ f:A>B @R g: B> C 2 G and 3 @ W gof AT@BE
I f TGS A GR g TS A

f:1A—> B3 g:B— CET map &6 § | TS gof bijective WY £ injective
o g surjective §79 ¥ FHITR |

Give an example of a surjective mapping which is not injective.

4 TS WHCF Trigadl WIS TR IEFS MR

Surjective &7 TR injective g TSCT map T IS & |

Prove by induction that 64 divides 9” —8r—1 for all non-negative integers #.

SICAEH 2% AT I AW I 97 — 8n— | A EPE S AR Iw-a9 T
64 Al Retey

Y IR TPRIHD (non-negative) TRITIT # @1 FFT 64 2T 9 — 8y = LTS AT TS w+it
THOTTRY

Find the ged (360, 125) and express it in the form 360s +125¢, where s and ¢ are
integers.

LA, (360,125) T I @R T2 3605 +125¢ TATHA &P 9, @A 5 @R ¢
=1 gf6 SR

ged (360, 125) @1 911 fvfa R | s S ¢ iR Mo TR S8f ged (360, 125)
= 3605 +125¢t T2

1 23 45 67 1 23 45617
Let a= and §=
3125 7.46 2 5376 41

be two elements of 8, . Examine whether # and o' are even permutations.

1 2 34 5 .6 7 1 2 3 4 5 6 7
K a= aR f=
3 142 5 7 4 6 2 53 76 41

S; R ERHIAWH | g @R 7! T2 U Ry A o Few
1234567
SCR. ¥ ; a=[3125746) g

142 3 4 5 6 7
6

25 37 6 4 l]mﬂaﬁa_15ﬂ@'pemutaﬁon§?8ﬁﬁgﬁﬁﬁfhw|

Find the inverse of the following matrix using elementary row operations.

e i form e o 47! Wefaoe, R,

01 2
A=(1 2 3
311

01 2
eIt TShr SemeRd GEa A =| 1 2 3 @ inverse FofT R
311




