L FYUGP/B.Sc/MAJ/1st Sem. /MATHMAJ101/2024

UWRSHY DF NORTH BENGAL
B.Sc. Major 1st Semester Examination, 2024

MATHMAJI01-MATHEMATICS
CLASSICAL ALGEBRA AND MATRIX THEORY

Time Allotted: 2 Hours 30 Minutes Full Marks: 60

The figures in the margin indicate full marks.

GROUP-A
1. Answer any four questions: Ix4=]2
(a) Find two integers 1 and v satisfying 54u + 24v = 30. 3
1 S
(b) Find all real values of @ for which the rank of the matrix |1 2 -1 « 3
) S 7 1 @t
is 2.
(¢) Find the remainder on division of 17'7 by 8. 3
(d) Find the solution of the equation 15 =2. 3
(¢) Checkif a* =b" (mod m) imply a=b (mod m). 3
(f) Find the number of real roots of the equation x' =6 +10x* —6x+1=0, 3
GROUP-B
Answer any four questions 6x4 =24
2 Prove that the equation x" — gx"™™ + r = 0 has two equal roots if 6
q " . _L L m
{n-mf ~{7-m)
3. For distinct positive integers a, b, ¢, d show that 6
a b ¢ d
—4—4+—+—>4
b ¢ d a
x =1 -1
-1 x =1 6
% Findtherankof| ; _, when x % -1 and when x = -1,
1 1 1
- 5. Find the roots of the equation x> —3x+1=0. 6
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=1 2

-2 1| and show that
5 6

Find the characteristic equation of the matrix A=

adl’ -

the matrix A4 satisfies its characteristic equation.

7 State the fundamental theorem of arithmetic. Prove that the eighth power of any
integer is of the form 17k or 17k + | where k is a positive integer.

GROUP-C

Answer any fwo questions

8. (a) Solve the equation 2x* + 6x° — 3x% + 2 = 0 by Ferrari"s method.

(b) Let A and B be two real orthogonal matrices of same order and det A +det B = 0.
Show that 4 + B is singular.

9. (a) Solve the system of linear congruence
x=| (mod 3), x=2(mod 5), x=3(mod 7)

(b) If P and Q are non-singular matrices, show that [F u]" [P_l ‘
i , show . = .
0 @ 0o o

10.(a) If A # 0 is an eigen value of a nonsingular matrix 4 then show that -}[ is an eigen

valueof 47! .

(b) If 4 and A, are two distinct eigen values of a real symmetric 3x 3 matrix and
v, v, are eigen vectors corresponding to 4 and A, then find scalar product of
v, and v,.

(¢) Show that AM = GM = HM . When are they equal?

11.(a) Prove that any nonempty subset of the set of natural numbers has a least clement.
(b) For what values of A and g the following system of equations

~4x+2y-92=2 , 3x+4y+z=5 , Ix+dy+z=u

- has (i) no solution (ii) & unique solution and (iii) infinitely many solutions over
the field of rational numbers.
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UNIVERSITY OF NORTH BENGAL
B.Sc. Major 1st Semester Examination, 2024

MATHMAJ102-MATHEMATICS

CALCULUS AND GEOMETRY
Time Allotted: 2 Hours 30 Minutes Full Marks: 60

The figures in the margin indicate full marks.

GROUP-A
1. Answer any fowr questions from the following: Ix4 =12
w4 |
(@) If I, = [tanxdx, show that /, + 1, , = - 3
0 -
(b) Find ¢ and b in order that lim 230 2X—0Sx _ 3
=0 X
(¢) Obtain the equation of the sphere for which the circle 3
x1+y1+32+?y—2.z+2=ﬂ: 2x+ 3y +4z = 8 is a great circle.
(d) Find the points of inflexion, if any, of the curve x = (log y)*. 3
(¢) Show that the length of the focal chord of the conic ¥ 1—ecos@ which is 3
F
inclined to the initial line at an angle « is
2
1-ecos’
(f) Show that the envelope of a family of circles whose centres lie on the rectangular 3
hyperbola xy = ¢* and which pass through its centre is
{xl + },2-}2 = lﬁCzl}'
GROUP-B
2. Answer any fowr questions from the following: 6x4 = 24
(a) Find the range of the values of x for which 6

y:x‘ —6x° + 122 +5x+ 7
is concave upward or downward,

(b) Determine the asymptotes for the curve 6
=Sty e 4yt 4 x2 -2 s ey T =0
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(¢) Show that the equation of the tangent to the conic { =1+ecos# parallel to the 6
tangent at & = & is given by
le* + ecosa + 1) = r[e:" = 1) [cos(@ — &) + e cos B

(d) Find the equation of the cylinder whose generators touch the spheres 6
Xaytezl=4g and are perpendicular to the plane x + y -2z = 8.
(e) (1) State Leibnitz’s theorem on successive derivatives. 2
(i) If ¥ = acos(log x) + bsin(log x), show that 4
XY ea + Q4 Dxyay + (12 + 1)y, = 0
(f) Show that the entire area of the astroid 6

x¥3 4 3% = 3 s E'-J'm:

GROUP-C
3. Answer any twe questions from the following: 12x2 =24
(a) (i) If by arotation of co-ordinate axes, the expression 6

m2+25my+byi+2;pc+2_ﬁa+c=ﬂ is changed to
a'x® +2h'xy + b'y* +2g'%c + 2 fV 4 ¢’ = 0, then prove that
a@+b=a+b and ab-h2=ab-h

(i1) Show that the distance between two points in two dimensional plane does 6
not change under translation and rotation of co-ordinate axes.
(b) {i) A sphere § has points (0, 1, 0) and (3, -5, 2) as the opposite ends of a 6

diameter. Show that the equation of the sphere on which the intersection of
the plane 5x—2y+4z+7 =0 with the sphere § in a great circle is

P4+ #2242y +2242=0.

(i1) Prove that the pedal equation of the curve r™ = a"™ sinmé& + A™ cos mé@ is 6
rmtl = paa®™ 4
=@ I ::—z % =—;— represent one set of three mutually perpendicular generators of 6
the cone Syz —8zx — 3xy = 0, find the equations of the other two generators.
(ii) Reduce the equation x?+4xy+4y? —20x+10y—50=0 to canonical 6
3 form and determine the conic represented by it.
(d) (i) Find the length of the cardioide » = a(l —cos @) lying outside the circle 6
r=acosé.
(i) If py and py be the radii of curvature at the ends of two conjugate diameters 6

of an ellipse, prove that
@ + g (¥ = 2 + b2
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UNIVERSITY OF NORTH BENGAL
B.Sc. Minor 1st Semester Examination, 2024
UMATMIN10001-MATHEMATICS
CLASSICAL AND LINEAR ALGEBRA

Time Allotted: 2 Hours 30 Minutes Full Marks: 60
The figures in the margin indicate full marks.

GROUP-A / @ei-3 | 9T
L. Answer any four questions: Ixd4 =12
@- BAfS 2res TEA mres
T+ FIVEET FHEGD ST o
(a) Apply Descartes’ rule of sign to find the number of imaginary roots of 3

3x' —4x" +8=0.
Descarics &% 5% 3% &0 ¥ 35° —4x? +8 = 0 - FrefiE Fosw w1 Fefr 72
SorEreny Forer it R TR 32 —dx? + 8 = ) T Blenfa Yerewen! Hed A R |

(b) Find the values of p il 3
p 9z S ey 32 @
[ T .. rrT’
cos—4+isin—1] =-1
4 4

el
o [ms%ﬂsin%} =—| Y p @ HF Pl R

(¢) Prove that the eigen values of a diagonal matrix are the diagonal elements of the matrix. 3
ol 37 6 @ (dingonal) TR eigen TRef wiFwla 30 34 w5 Tl =)
Fapof AFEFATT eigen S O AfeaenT fAsvf FeaE® g A S0 R

ER
(d) State Cayley-Hamilton Theorem. Verify it for the matrix A =l i 1] ] 3
]l «2
Cayley-Hamilton Boioimafb e &4 .4=[ 1 j}mm%ﬂwmﬂl
i 2
HTEe-Eitere SuUTd o | AfgEd a:[ 1 3} o7 g2 e U9 TE W
3 2 -2
(€) Find the rank of amatrix |0 3 -3 |. 3
1 0 0
3 2 =2
0 3 —3| Wit rank Fefo =20
1 0 0 ;
1022_2023-24 1 Tumn Over
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5 = =3
g |0 3 -3 | #) rank Fofgaw
10 0
() If @, B, 7 be the roots of the equation x* +5x* +1=0 find the value of L, ©3

A a, By x°+5x" +1=0 ik Fer o 3L -ax am fdk
e o, B,y , WEE x° 4 52 +1=0 FTAES 9 T-L B AA Pofg R

GROUP-B / feni-4 / wg-@
2. Answer any four questions: 6x4=24
@~ BIafe ersa g wa:
T FIV THE] TR o >
(a)} Solve by Cardan’s method: x" —12x+65=0 6

Cardan *FFTS FH# 372 ¢ —12¢x+65=0
' =12x+ 65 =0 7E FET! Rt TYH W™ |

(b) Ifa, b, e. d are four positive numbers, prove that f
R a, b, ¢, d; TR 419 #2227 ©(F 2499 $9
e g, b, ¢, d TRIST TARHT HEAEE T, T T

@+b+c+dia® +b° +¢ +d%) > 16abed

(c) lfx+-1—=2c95%.thenshcwmﬂt x?+i1=—2, 6
X X

W .x+l=2cc:-5—g- ﬂm%m;’-@,—:-a |
x x

I T l
% x+—=2co5— L LRI S x’ +_?'=_3‘
x 7 x

(d) Check whether the following homogeneous system of equations have non-trivial 6
solutions.

frsferfere wiReae 728 homogeneous P54 non-trivial S/ wice = 2161 32
T VT HHETT RGN AR non-trivial A §70 ? R 9Y @I B |

=Tx+2y=3z=0
x=2y=3z=0
x4+ 2y45z=10
Find them, if possible. -
% 81 2 STRLF FRTAD el

1
(e) Find the rank of the matrix | 3
4

L=
(=1

WiTEEH rank el 71

B L e
=, T -SI 6 ]
08 Lh L
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1 i 23
AT |3 4 5| B rank Bofkg e
4 6 8

1 2
() Find the inverse of the matrix 4=|2 4| by elementary row operations. 6
¥

el e

Lid

(3
=T A (elementary row) SR ST 4=|2 4 Wity fede
3 3

=l = b

[invm}ﬁ.%ﬁll
I 1 2

BREE A=|2 4 4 T row operation ¥ inverse i e |
337

GROUP-C / fstot-o / syge
i} Answer any fwo guestions: ) 12x2=24
@~ FIO 2irea Ten wias
P! GHIST THEHD! T
2 -1 1
(@) (i) Find all the cigen values and cigen vectors of the matrix 4=|-1 2 1. 6
1 -1 2

2 -1 1
A=i=1 2 -1 MHB cigen T < RBE eigen coFref fife w2,
1 =i 2

2 -1 1
: MRE 4=|-1 2 - &9 eigen T T eigen =y vy v |
2

I =

1 0 2 ~

(fi) If 4=]0° —1 1|, then using Cayley-Hamilton Theorem, find 4° and A7 6
0 1 0

1 0 2
MM A={0 -1 1| =em Cayley-Hamilton ®=oimaifs wamm 4% g2 4!
. o 1 o
fadf =
1 0 2 _
R A=|0 —1 | |9y T S vE ry A7 % 47" @y A Pl |
0 1 0
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2 3 -1 -l
, , 1 =1 =2 -4 ,
(b) (i) Reduce the matrix 4 = s 1 3 5 to the normal form and find its rank.
6 3 0 -7
2 3 -1 -l
1 -1 -2 -4
A=l & 3 -3 fEEBE normal 9 (form)—& LR F9 4R 22
6 3 0 =7
' rank f&fE =91
2 3 -1 -l
| -1 =2 -4
AT A= % 1 3 =3 ST T HYHT G T SE@ rank FORT T
3 =

6 3 0 =7

(ii) Find the values of k for which the system of equations
k-3 Wi el oa @R w0
kB Tt 51 PR TR, ST ST HUTet!

kx+y+z=1
x+ky+z=

x+ythk=1
will have (I) no solution, (TT) unique solution and (I1T) more than one solution.

v Pietube

(1) TR it (iR | (IT) @fB Wi e =we) (1) IS FRHT HITE |

&1 (1) e &5 (1) Rt S 575 (TIT) Ueh e &% HRTYES 570 |
(¢) (i) Solve by Ferrari's method: xt +12x=5=0

Ferrari #/&fo0e g @92 x* +12x—5=0

1 +12x -5 =0 = HafRE Rl g v W

-

(ii) Find the condition that the cubic equation x* — px* 4+ gx—r =0 should have
its roots in GFP.
ax el 1 Befa 39 A0S x° — pr’ + gu—r = 0 %A TAERea FreeE GP (S AT

o7 FHERr 1 — px +gx—r =0 & FEEn(GP) wafredra wmferr g Rt

R '
(d) (i) Prove that:
2 F2:
HHIOT 1L
sin[iloga*fh]z 240
a+ib) a*+b*

(i) Use De Moivre’s theorem to find all the fourth roots of unity.
De Moivre-ad Bomiies 1 «raa 594 59 (fourth roots of unity) 8 fefa w21
¥ drga ST AV CHIHET (unity) T ETES (fourth root) Fir

—_—

1022_2023-24 4
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At e Wit el
UNIVERSITY OF NORTH BENGAL
B.Sc. Minor/Dsc 1st Semester Examination, 2024
MATHMINIOI/MATHDSC101-MATHEMATICS
CLASSICAL ALGEBRA AND MATRIX THEORY
Time Allotted: 2 Hours 30 Minutes Full Marks: 60

The figures in the margin indicate full marks.

GROUP-A / frurr-s | Mest-=

1. Answer any four questions: Ix4 =12
@~ BIF eivem Bua wies
T Y AHER 9T o
(a) Find the remainder when 2x* — 6x° + 7x% —5x + | is divided by (2x=3). 3
2t — 6t 4 Tx? = 5x 4+ 14F (2x - 3) T o1 FATe (@ s = v fadz o)
2t — 633 + 7x? —Sx 41 FE (2x —3) 7 T ST O T T |
(b) Find the rank of the matrix B 3
1 2 3
2 3 4
3 45
1 2 3 )
2 3 4| wifEsie rank e 73
4 5
I 2 3
SMEGE |2 3 4| B rank 9T T |
3 4 5
(¢) Show that the equations x+ y+2z =9 and 3x -2y + 4z = 3 are consistent. 3
S x+ 4z =9 & 3x -2y + 4z = 3 A= ANEH7 (consistent).
_ HHIEES x + y+z =9 Hﬁ'HI—Ey+4:=3'\"{3“Tf$I'EF[Wml
(d) Solve the equation x"+x2—~.2x+ﬁ=U.itiagiventha{f{+:'} is a root. 3
x4 xt = 2x 4 6 = 0 HiEHEE UM I, EUH 2WE WI0E (1 + 1) 359 9T Fen
G x! 4+ 1% — 2+ 6 = 0 BT FH T G (1 + 1) WY THEATE T TR |

Ead

Lk

1 2 1
(e) Verify Cayley-Hamilton theorem for the matrix [I -1 1 ]
2 3 -l

1 2 1
[l =3 l]mﬁmmcwley-ﬂanmm%ﬂwmaﬁn

2 3 =1
1 2 1
FEgE (1l -1 L | STEM Cayley-Hamilton 792 Wit 7w |
2 3 =1
1079 1080 1

Turn Over




FYUGP/B.Sc/MIN/DSC/1st Sem/MATHMIN101I/MATHDSC101/2024

(f) 1f a, b, x are real and mod (a+ib) =1 prove that (@ + ib)* is purely real. 3
% @, b, x FECA NF SR mod (a+ib) =1 TH O I I (a+ ib)™ B 72
%7 (purely real).
af2 g, b, x AEARI® Y mod (a+ib) =1 W (a + ib)* AYH I (purely real)
B 9T THI0 T |

GROUP-B / fiyrr.a / fsmi-4
2. Answer any four questions: 6x4=24

- At 2 Teg wes
P TR THEED] TN IF

(a) If logsin(@+id) =@ +if then prove that 2cos2f= e 1 e ~4¢* and 6

cos(@— B) = &* cos(@ + f).
T logsin(@+ig) = o +if T =A@ o T 2cos20 =6 +e T —4e™® @GR
cos(@ — B) = e* cos(@ + B).
gfe logsin(@ +if) =a +if T WEOT W Zeos20=e +e ¥ — 4 FF
cos{ﬁ—ﬁ}=£2’ms{§+;ﬁ.
(b) If x, y. z are positive real numbers and x+ ) +z =1, prove that 6
‘*lﬁx,y.z; FEFE AT ABT AN G| y+y+z =1 7 TF HuE T
T2 x. y, z U GREID SEES 3 1+ y + 2z = | HUHATR

8z < (-x)(1-)y)(-2Fs 3

(¢) Find the range of values of k for which the equation x* —26x% +48x—k =0 has 6
four unequal roots.
oo TR T T TR TR af - 26x° +48x— k = 0 Wgaeiba vl e W

G ¢~ 2657 +48x—~ k=0 H) RIS FWENT TAEH W k P AIEED T

Ol ok |
(d) Obtain the fully reduced normal form of the matrix 6
£ S (- S|
1 3 1 0 3
2 6 4 2 b
3] 2 4 2 10
0o 0 t 2 1]
; g }; E gmﬁﬁmwmwﬁ#wﬁ{hﬂymﬂmdmamm)ﬁﬁw
3 9 4 2 10] "
o 0o 1 2 1
C{I'IE!;E; 2 ‘11 g gﬁ@mmwwmﬂlymﬂmﬂmmm&rm)m
3 9 4 2 10
™|
() Solve by Cardon's method x* —12x+ 65 = 0. 6

¥ —12x + 65 = 0 FE2HIF Cardon HHCS FAHW T4
Cardon ® IZRERIGIEA T x —12x+65=10

1079_1080 2
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by using elementary row operations. 6

o O

L
(f) Find the inverse of the matrix A4=]3 2
I 3

1 2
ifefii fE WA (elementary row operation)-&9 FE A={3 2 wifehe
111

By -

#@1® (inverse) WifGEH A w1

\| 2
eI TS TR WeETeTe WS A=|3 2 FT inverse T &I |
11

B o e

GROUP-C / fRrarrar / faept-a
Answer any fwo questions 12x2 =24
i-catR ¥ib eitds Ted wie
P 5% HYEGS SN B

3. (a) Solve the equation x* +3x* +x* —2=0 by Ferrari's method, 6
Ferrari 2608 x° +3x° +x° = 2 =0 FAT00E FwE= F91

Ferrari @ faftr ot weftemor o 4327 +x° -2 = 0 1 T =)
(b) If @&, &, ------, ,, are n-distinct roots ofthe equation x” —1 = 0, then prove that 6
(@+ba)(a+ba,) (a+ba,)=a"+(-1)""b"
AR ), oo @y ¥ =1 = 0 AR 0 RYS ¥0% e T e a7 79
(a+ba)a+ba,) - [n+ba‘n'}:ﬂ“+[-l}”_’b"
e oy, 00,000, 2, TABE 1" “1=0 Y -3 HAEH Y, FHIT R

(@a+ba)(a+ba,) - (a+ba,)=a"+ (=)™

4. (a) Determine the conditions of g and b for which the system 6
x+y+z=1
x+2y—z=b
Sx+ Ty +az = b
admits of (i) only one solution.
(i) no solution.
(iii) mamny solutions.
x+y+z=1 ®
x+2y—z=0b
Sx+Ty+az = b
e () wywe ol FEHE Wi
(i) G FIHE 2
(iii) I FME =i
N g 63, b-uE WWek f w3
a Y b B e Prafor R St e SHER E
$+y+r=1
x+2y—z=bh
Sx+ Ty +az = b

Tum Over
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B (i) [T EEEE §5

(i) HHE g
(iii) Es=T e FEE 7 |
1 00
(b) If A=[1 0 1
01 0
then show that for every integer n (23), A" = A™* 4+ A* — 1 . Hence evaluate 4°".
1 0 0
At g={1 0 1|20 2ol PRl o (23) 0% A &9 79
010
AT = A" 4 40 1, TH e 4 gz e T R
1 00
R 4=|1 0 1| W @™ f& @ of sg'm a (23) @ @
010

A" = A"+ 4" -] FB ) A T TR

5. (a) fx= lugtan{%+—i—] where # is real, prove that f?:—ilugmn[-i-n-;:].

uf x=ln31an[f+%].mm 6 af 3, TrErE oW I e:—flugm[%+:§].

afg x=lugm(—g—+%] Y, Fal @ aRfae g1, W R 6:—f10gtan[%+r‘-§-]
(b) Ifa, b, c.d>0and a+b+c+d =1. prove that
Wha b, e, d>00R a+b+e+d =1 T & T4
aZa b.c.d>08F atb+c+d =1 TUIHNITR
a b ¢ d 4

+ + +
l+bstec+d l+a+c+d 1+a+b+d l+a+h+e 7

6. (a) Solve the equation x*—4x’—4x?—4x—5=0 given that two roots @, £ are
connected by the relation 2a + f =3.
st —ax® —4x? —4x—5=0 AT HUYF T @A 2WE WL 40 TS o aX
B 2a+ f =3 7N 9@ YT
ZEae] HOE® o, f WY 2o+ f =3 T MEGH TR 1! — 4o’ —dx” ~4x-5=0
HTE FHEE T |
(b) Find the eigen values and the corresponding eigen vectors of the following real

matrix:
fasfos area e cigen T @3 MR cigen (eB0f fada w2

2 2 1
1 3 1
1 & 2

2 & 1
TEE [l 3 1] a’reig;nqﬁﬁ?mﬁmﬁﬂaeigenﬂﬁmwml
' 2 2.0
1079_1080 4

442



