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UNIVERSITY OF NORTH BENGAL

B.Sc. Programme 5th Semester Examination, 2021

DSE1/2/3-P1- MATHEMATICS

Time Allotted: 2 Hours Full Marks: 60

The figures in the margin indicate full marks.
All symbols are of usual significance.

The question paper contains paper DSE-1A and DSE-1B.
The candidates are required to answer any one from two courses.
Candidates should mention it clearly on the Answer Book.

DSE-1A
MECHANICS
GROUP-A / Teis-=

Answer any four questions from the following 3x4 =12
femferie @-iw 5197 e Tea wie

1. (a) What are the forces that can be Omitted from the equation of Virtual work?
Virtual work-43 7IF3e 20 & & 361 I (e @0 AN 9

(b) A particle describes a curve whose equation % =6 +b under a force to the pole.
Find the law of force.

6 P GTd TACF (pole) GF (FEI T &SN £ =9 +h TG Hol | OIFE
e I e 79

(c) Define escape velocity. Find its approximate value when g=9.8 m/s* and
R =6.4x10° m where R is the radius of the Earth’s orbit.

&R FoIce & @R 2 AW g =9.8 m/s” GR R =6.4x10° m 7T Folca g

2@ YRR Swifas M Fef 32

(d) What do you mean by a system is in astatic equilibrium under a system of
coplanar forces.
@I 930 ©F GG TSR FoTocd S% AGIER (astatic equilibrium) SR FeTCe 6
Q2

(e) Prove that centre of Suspension and Oscillation of a compound pendulum are
convertible.
Sl (aM1ed (Compound pendulum)-93 &5 &9 (centre of suspension) 3R (e
&9 (centre oscillation) & RfC |
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®

Write down the relation between pitch and wrench. What happen when pitch is
zero and infinite respectively?

Pitch @3 wrench-@3 Sy %6 Srae 91 7MW pitch-97 M *7 @R S 27 O
90 9

GROUP-B / fTeia-2

Answer any four questions from the following

Ffefie @-FW o176 @eie Sea wie

2. (a) A particle describes an ellipse of eccentricity e about a centre of force at a focus.

(b)

4. (a)

(b)

5095

When the particle is at one end of a major axis its velocity is doubled. Prove that
the new path is a hyperbola of eccentricity V9 —8e” .

e TCIHel[AE (I @b ife eI @@ 0T 2ol a6 Fell ToEIFIR 2t
Beralle | ell{D ~RICHT QPRCE (ATceT 2217 Afocal Tagel 271 & 39 Tga F%22

V9 —8e* TLFHOIRME “fIge!|

Find the moment of momentum of the body about the fixed axis.
@ @36 e S ACoieF @I €1 (1o Sl Fefy w1

A sphere of weight W and radius a lies within a fixed spherical shell of radius b
and a particle of weight w is fixed to the upper end of the vertical diameter. Prove

e W _(b=2a)
that the equilibrium is stable if - =-—7—.

b TERRE @6 EIFFR QAFF (Shell) 97 (T W ST @R ¢ JPNERFE @
OIFF SR GRS T& @IFEd SFY JIOR Sied [RMee W g @ i

FICIE IR 2N T AREIG HeMe == 3 %: (b-2a) 27

a

Three forces P, O, R act along the sides of the triangle formed by the lines
x+y=1, y—x=1, y=2. Find the equation of the line of action of their
resultant.

x+y=1, y—x=1, y=2 TaRdR @@ (e s fqgrem foalt ale e
TG P, O, R I F16 F011 22107 F1fkaced Tw=eifs Fefa 521

Write down the equation of motion relative to the centre of Inertia.

row] 7% (Centre of Inertia) @3 A2 9ifod 7w=elb Srad 3411

Find the centroid of the volume formed by the revolution of the cardioid
r=a(l+cos @) about the x-axis.

r=a(l+cos@) cardioid TB0F x SCFA ACACF (AR @ WS (volume) (0d1 = ORI
SAE 7R T

State and prove the principle of virtual work.
Virtual work-43 qifefb g F4 @R ¥ e F41

6x4 =24
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7. (a) Prove that in a central orbit, the sectorial area traced out by the radius vector
through the centre of force to the particle per unit time is constant.

AN 9 (@FHT FHAR SN (@ Tl T (TR 67 9 GG (0396 G
I @ CFATB 5N I ©f T 27|

(b) Find the equation of path when mass = M units and position of the particle is
moving in space at any instant 7 is

(at> +bt+c, , at’ +bt+c,, at’ +bit+cy)
W B MO SR (I N @I OO ¢ TN S
(af® +bt+c, , at*+bit+c, , agt’ +byt+c,) TE 0 AHE A7t fefz 11

GROUP-C / eio-4t

Answer any fwo questions from the following

faferiie - 7f6 et e wie

8. (a) A force P acts along the axis of x and another force nP acts along a generator of
the cylinder x? + y* = a”. Show that the central axis lies on the cylinder

n*(nx -1 +(1+ 112)2)/2 =n*a’

@Fh I P, x O IARF QR 7 G0 91 1P, x° + y? =a” G063 GF0 generator
[WRE FE FE @8 @ @E W0 (central  axis)
n* (nx—1)* + (1+n?)? y* = n'a? GIte o2 I

(b) Deduce the condition of stability of an orbit which is nearly circular under the

action of a central force F' = @(u), where u = %

F=¢u) G u=1 &7 T &R &l OERE @i 50 ffetemom
el Srad F41

9. (a) A particle is projected with velocity u at an inclination & above the horizontal in
a medium whose resistance per unit mass is k times the velocity. Show that its
direction will again makes angle ‘@ below the horizontal after a time

1 2ku g
klog(l+ 1 sin) .

G FNE T[SNF 2200 o @ICet 1 MO G2 (@I IF N (RO T, @A
R A ofe @ o@ ofereE kel (il & %1og(1+27§“sina)
IR 219 el SISy SIofie 2800 o (@itel e s 2301

(b) State and prove the principle of conservation of energy under impulsive force.
9@ &1 (Impulsive force)-a3 S&wE *Ifed eyl 3afb Ko w9 @ @=id 331

(c) Express the kinetic energy of a rigid body moving about a fixed axis.

= i S AT oTie (i 75 (Rigid body) ofe#ifes siw fda 1
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10.(a) Obtain the velocity and acceleration of a moving particle referred to rectangular 6
axes OX and OY which are not fixed in space but rotate about the origin in their
own plane.
W Z T PG T ACAE (ors ©e gH0e WHN WHOCFARE THER OX GR
OY-G3 FCCTF (I 96 beria P ot @k wael fef 21

(b) Show that for a system of equilibrium under conservative forces, the potential 6
energy is minimum for stable and maximum for unstable equilibrium.
e IR SR (Pl @6 AMIFEE e (@ o7 #f& (Potential energy)
S = T3 AR fEfofNe A a3k A 2 o4 SiEfeH A |

11.(a) Let AB be a rod with two different weights Wa and Wb are suspended from two 6
ends respectively. If AB makes an angle @ with the vertical, then prove that
b2
a’+2ab
¥4 AB 9F T© T 12 &IcS 76 fo7 e Wa 9 Wh @ISl ©icz| TEeEa M 4B

2

a@%&@ﬁqwaﬂma@tanezzb—l
a“ +2ab

(b) A sphere is projected with an underhand twist down a rough inclined plane; show 6
that it will turn back in the course of its motion if 2a @ (1 —tan ) > Suu , where

tan@ =

u, ware the initial linear and angular velocity of the sphere, u is the coefficient of
friction and ¢ is the inclination of the plane.

GFf5 TPyl ToOE AT (IR T I IR ARTCOTET (Rl 2511 wLlS @ i
©iF W aAfoaid =R i T 200 (u—tana) > Spu, @A u, @ IS
CAIETCE 2N @ (HITRF @91, 1 261 Tl @oll® R o 2F ToO(e 1o |

DSE-1B
GROUP THEORY AND LINEAR ALGEBRA

GROUP-A / eie-=

Answer any four questions from the following 3x4 =12
fwfeiide - oAl 2o Ted wie
1. Determine whether the permutation 1+2=3

1 23 45 6 78
2135 47 6 8

1s even or odd. Also find its order as an element of Sg.

1 23 45 6 7 8
21 35 47 6 8
T (element) BT && RTIGR ¥ (order) e 3411

J RS ol 21 1 g 2@ o e 391 =it Sg-aq
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2. Find the dimension of the row-space of the matrix
2 0 4

o w»n W
NN
= o

TN

WifEwa Row space 43 W@l (dimension) e 1

\9}

10

S LB W N
N B
[V BNV I S

3. Let G be the group of all 2x2 non-singular matrices over the reals. Find the center
of G.

$9 G @30 2x2 non-singular I MITH-GF 7eT| G -9 center & e 541

4. Find the rank and nullity of the linear transformation L: R* — R’ such that
L(x;, x,)=(x;, x; + X5, X,)

Linear transformation L: R? — R’-43 rank '€ nullity el 994, @A
L(x;, x,) = (x;, x; + X5, X,)

5. Let G be a group. Suppose a, be G such that ab=ba , (o(a), o(b))=1. Show
that o(ab) =o0(a)-o(b).

@G 90 e WA 9 ab=ba S (0(a), o(b))=1, @A a, be G| MAE @
o(ab)=o0(a)-o(b)

6. Check whether the set of vectors S = {(1, 2, 3), (2, 3, 1), (3, 1, 2)} is linearly
independent in R’.

S={(1,23),(231),(3,1,2) 533 G50 R’ (¢ @RFOIF e (linearly
independent) 23 a1 #6311

GROUP-B / fqein-4
Answer any four questions from the following
feferiie @-= 5Ff6 etaa Tes wie
7. Using group theory prove that (1320)° = 1 (mod 7).
weTeg (Group theory)-@3 AR &l T (1320)° = 1 (mod 7) |

8. Find the linear transformation from R’ to R’ which has its range subspace
spanned by (1, 0, — 1) and (1, 2, 2).

R® @F R® (8 @36 linear transformation % % 114 range subspace (1, 0, — 1)
@R (1,2, 2) =&l afe)
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9. (1) Show that an odd permutation is of even order.
(e (3 SR R @i o0 =3
(i1) Write all the subgroups of Ss.
S; weTbR g Toiwe (Subgroups) @fe1 e T4

10. (i) IfNis anormal subgroup of order 2 of a group G, then show that N ¢ Z(G).

IM N @I G0 7o G @3 2 @ARMRE normal T2 (subgroup) 2 SIRCE (w8
AINCZ(G)

(ii) Let T 'be a linear operator on R® defined by
T(x,y,2)=0Cx, x—y, 2x+y+2)
Show that 7'is invertible and find 77" .
@ R’ (9 T @3 linear operator @Y T'(x, y, z)=Bx, x—y, 2x+y+2z)
(48 @ T invertible-9 QOIS 77 % A a1

11.  Let G =R x R be the group under binary operation * defined by
(a, b)*(c,d)=(a+c, b+d)

Let H ={(a, 5a): ae R}. Show that H is a subgroup of G. Describe the left
cosets of Hin G.

¥9 binary operation * @ WHCF G=R x R @0 7w, @AE
(a,b)*(c,d)=(a+c, b+d) | GRS 4 H ={(a, 5a): aeR}. @A @ H, G
WER @& T2 (subgroup) | GRCIE G (5 H @3 left coset @& 3¢t 771

12. Find dimU, dimV, dimU NV and dim (U +V'), where
U={(x,y,2): x+y+z=0}
V={(x,y,z): x+2y—-z=0}
dimU, dimV, dimU NV @& dim(U + V) 0 3, @
U={(x,y,2): x+y+z=0}
V=A{(x,y, z): x+2y—z=0}

GROUP-C / feial-at
Answer any fwo questions from the following

faferiie - 7f6 et e wie

13.(a) Prove that a group G is abelian iff (ab)’ =a’h’> Va, beG.

Mg F9 G Wb abelian 23R IM @R @G M (ab)’ =a’h* @A
Ya,be G

5095 6

3+3

3+3

3+3

12x2 =24



UG/CBCS/B.Sc./Programme/Sth Sem./Mathematics/ MATHPDSE1/2021

(b) Let 7: R* — R’ be defined by T(x, y, z)=Q2x+y—z, y+4z, x—y+3z).
Find the matrix of 7 relative to the ordered basis {(0, 1, 1), (1, 0, 1), (1, 1, 0)}.
@ R — R @ foge, @i T(x,y,z)=Q2x+y—z, y+4z, x—y+32)1
©izeE {(0, 1, 1), (1, 0, 1), (1, 1, 0)} ordered basis @ MCATF T @3 SMGH (matrix
of 7) & faefa =1

a

b
14.(a) Show that the set G = { bj ca,beR, a*+b* # 0} forms a group under

—a
matrix multiplications.
b
mae @ G:{( 4 bj: a,beR, a*+b° ;tO}Cﬂ@B i wow afeam AcE
—a
{6 7 (group) 5 41

(b) Show that every set of three vectors in R? is linearly dependent. Also show that
(1,0, 0), (1, 1, 1) and (1, 2, 3) are linearly independent in R’
mate @ foafs (e3@a G5, R? @3 W& linearly dependent (ARSI freeien) =7
aglets, @i 39 (1, 0, 0), (1, 1, 1) @ (1, 2, 3) , R® @3 W& linearly independent
(@RS SfTSe) |

15.(a) Find the basis and dimension for the subspace S of R® defined by
S={(x, y, 2)eR’ | x+2y=2z, 2x+3z=1y}
S={(x, y, 2)eR’ | x+2y =2z, 2x+3z=y} R’-47 (subspace) GG Jfwam
(basis) @R @I (dimension) f& e 1
() Find fg, 7', g7', where

s (L34S (123456
24356 1)°% (164532
1 2345 6 12345 6
T f= , g= wWew fz, g™
S5l 4356 1)°% 1645 32 Jg. /g

Qg 91

(c) Prove that an infinite cyclic group has precisely two generators.
2o 7 @O STAW bepe 7ol (Infinite cyclic group)-a¥ (PTG 716 generator A |

16.(a) Let (Z, +) be the group of integers. Let N ={3n| ne€Z}. Then show that N is a
normal subgroup of Z.

W (Z, +) @ ‘*’ffﬂ‘{?m?l’ e @R N = {3n| neZ}. &N F9 N, Z 99 936 normal
subgroup 2([|

() InR?%, a=(@3,1), f=(2,-1). Determine L{c, f} and show that L{a, B} = R
R*-&3 S @ a=(3,1), =2, -1)| O=F Lia, f} & 39 @k @mae @
Lia, B} = R*|

(c) Find all elements of order 6 in (Z30, +30).
(Z30, +30) WG 7561 6 @3 (order 6) Tomiesfer fefT w1

X

5095 7



