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UNIVERSITY OF NORTH BENGAL
B.Sc. Programme 5th Semester Examination, 2023

DSE1/2/3-P1-MATHEMATICS

(OLD SYLLARUS 2018)
Time Allotted: 2 Hours Full Marks: 60

The figures in the margin indicate full marks.

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

DSE-1A
MECHANICS

GROUP-A / febt-w / wg-o
1. Answer any four questions: 3x4=12
RS - oiafd et Teg wiss
B FIY ST ITR S

(a) Define Astatic equilibrium.
Astatic equilibtium-~ R e |
IR Fger ! URANT S |
(b). State the forces which will appear in the equation of virtual work.

Virtual work TR $if¥s TwrmR 3@ 7791
TN PTDT GHIBRUAT ST G GeTg® Ieord TR |

(c) State the conditions of equilibrium of a system of forces acting on a body.
@36 53 TR &Y FTOEA T SRR ARTIFET AP e 3 7
TSTT FEHT T9T U1 FeTewmed! HUMTAT Bl F=Iei g e Seoid TR |

(d) Explain the term ‘Artificial Satellite of the Earth’.
feq Flaw Teiaz Fee & @i ¢
gedfient SIS TS IR ATET R |
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() Find the length of a simple equivalent pendutum for a circular disc of radius g, the
axis being a tangent to the disc.

aﬁaw@mmmmﬁawﬁmwwmww
T o e T

mawmﬁwzﬁraﬁwmuwalmemm e
feeapT T YT & |

(f) Find the moment of inertia of a aniform rod of length 2a with respect to an axis,
perpendicular to the rod and through its middle point.

<« 20 Tl R e TREIR 9w Baw SRS TerFer MO WA AT
wafa woe TR e 3

@m@wn@qw@mmﬁaﬁwﬁmmm@mw
& inertia @ moment T ST |

GROUP-B / fAott-4/ W g-&

R Answer any four questions from the following: 6x4 = 2
RS @-W 5P evia TETwss
1 IV AT TR I

(a) A particle describes an ellipse of eccentricity e about a centre of force at a focus.
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@t&ﬂ@rﬁﬁ%mﬂaﬁwﬁ-wﬁﬁ@@ﬂwmmwmm
T el PR Gwelre g T sifert faed =) it T TG T

Jo g2 GurmeRiE H7Igs)
T TIET PHUTSH Gt Pk TTHEHT eccentricity e T AUSTIRT AT T | Major
SPT TH I PUD AT g TN O | =af path, eccentricity Jo—ge? W
ETERENET B WA FHI0T R |

(b) Write down the equation of motion relative to the centre of inertia.
wwe! &7 (Centre of inertia) 7 FATE stfon AR Trad T
Inertia Y 5T FITEHT THIPY FHIHRON I |

(¢) State and prove the Principle of Virtual Work.
Virtual Work-93 Wifef 3% 37 @R &@H T4
“raTer T RIGT Seerd S AR |

(d) A force P acts along the axis of x and another force nP acts along a generator of
the cylinder x2+y?= a2 . Show that the central axis lies on the cylinder

n*(nx — ) +(1+ ntP2y? = n*a?
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TS I3 P, x OFF IARE 4R AT GO T 0P, x% + y? = a? ®ied 9 generator
TR IS A | (A8 (& (PR =0 (Central axis) n?(nx—1)% + (14 #2)? y? = n*a?
(B SRR FA |

TSI 9 P of 314 i oW aTe 31 ol 9t nP of fafereR x2+ 2 =4 @l
generator T TWIG U | FaT B4 RIferaR n?(x - 12 + A+ 022 y? =n*a®> M ®
o TR |

(e) Find the minimum time of Oscillation of a Compound Pendulum.

FAGED (KRR TR (REwRE e 4
weT Afites tgeraet aler (Oscillation) Y =T 9 fAofT 7 |
(f) State and Prove D’ Alembert’s Principle.

D’ Alembert-93 ol [qe 0 @32 o= 791
D’ Alembert P RIgFT ool 31N THIT TR |

GROUP-C / faepi-ai/ ag-1

3 Answer any fwe questions from the following:

AR @~ §70 2o Taa wies
T 5% DI STR O

(a) ()

(i)

(b) ()

A square lamina rests with its plane perpendicular to a smooth wall, one
corner being attached.to a point in the wall by a fine string of length equal to
the side of the square. Find the position of equilibrium and show that it is
stable.

@5 3IF IS (square lamina) 43 7 (REATFR AR TSI GTTSII
A AR AT IS «FH @9 (Corner) (RSTER GG 73 7w T 39fiwim
e ARAHZS AT 95T S (fine) 7 AR I& | OH TS TR e
FTHR (equilibrium ) SFEH 7ol 3 @3 (edts (@ o131 (stable) TR

TSCT QDR AT AT FHAAATS FIeel! TRITTRIT o D | TP T B9
FIERD! TGS SAT Ta1g WCH TR TE AT T T AT |
FrIARDT e 0 TR T ey ReRaT 3|, |

State and prove the principle of conservation of energy under impulsive force.
9% 35 (Impulsive force)-<3 TRz *fe7 frorst sl [ige 37 gz ame 73
SR TAEE ST Forien! &0 RIgrr Seerg 1 T R |

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

the action of a central force F =¢(u) , where u = % .

F = g(u) GHITA o =1 810 01 @l e CIeTreera P JRestied fafofiorem
=FafF Trard )

12x2 =24

8+4

6+6
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(i)

(©)

(ii)

@ @

(ii)

ety 56 F = gy, & u=1 =1 ST S SR eI T BT

¥

oY e FTAH T

Obtain the velocity and acceleration of a moving particle referred to
rectangular axes OX and OY which are not fixed in space but rotate about the
origin in their own plane.

mzﬁm%gﬁﬁﬂﬁmﬂwﬁwwwmw@wmm [0),4
G OY- &3 AT (1A G Horlle] I sifsrae! @ g9l fofa =

Space AT fix TP TR TR TR AT T UREHHT T SRR JHETEH OX
T0Y mmﬁaﬂmaﬁmmwﬁﬁmﬁw

State and prove the principle of conservation of Moment orf Angular
Momentum.

Moment 3 Angular Momentum-&3 froret @l RS T4 dR &N T
Moment 37T BT Momentum A1 Ty R Seerd A ST R

Prove that in a Central orbit, the sectorial'area fraced out by the radius vector
through the centre of force to the particle per unit time is constant.

wqw@awmmmﬁm@mmwwwémﬁaw
I (O CRaTh ST TR Ol |

mﬁumwmﬁwwmmmuﬁwwﬁﬁﬂm
Freprferar ST & ReRie &0 WAl ST R |

Let AB be a rod with two different weights #; and W, are suspended from

two ends respectively. If AB makes an angle & with the vertical, then prove
bZ

o +2ab’

1 4B il 7o TR 72 ans 1 fon ee W 4R W G TR T A

that tan &=

4B 3T § (I T el 7 tan 6 = th .
a“ +2ab

qY AB g5 R ST Wi ¥ %wﬁwaﬁﬁﬁmﬁgﬁm@mm

. . 2
aﬁAB@fvenicalﬂﬂWQEﬂﬁEﬁ‘lﬁWW, tan @ = b |
a’ +2ab

Find the moment of Inertia of a rigid body about any line, given the moments
and products of inertia about three perpendicular axes.

G line-aa FCCE @B G 18 (Rigid body) &Sl 8F (Moment of
Tnertia) e =, GG ol wewa AEICF Moments G Products of inertia
(el TR

3t Y o I A nertia BT moment TR TS, &l frT AT D!
9T moment T inertia Py TR T |
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DSE-1B
GROUP THEORY AND LINEAR ALGEBRA

GROUP-A / foh-3 / 9w g-@
1. Answer any four questions from the following: 3x4=12
e @ b1l evim Tea wies
! I HIHES ST O |
(a) Prove that if every element of a group G is its own inverse, then it is an abelian group. 3

i T G, T G SRR (group) 2SS Tetw OR Ferd inverse =W, O (s 3
abelian group &I

afe I0 G B 7D element TFERT SR inverse B 9, AT TSeT abelian I & STl FH07
™I

(b) In a group G, a is an element of order 30, then find the order of P4 3
3B group G (9, o 261 9F{B TR T FH 30, A7 a'® can @ (e
9 G HT  order 30 9P TS element & ¥ a'* FT order FVRIR |

(©) Cheek whether the set S = {(x, y, 2): x* + y? = 22} is a subspace of R? or not. 3
S={(x,y, 2)eR’: ¥ +y? =2*} COO R} -« g SR &1 ©f 2351 39
Je S ={(x,y, z): x*+y? =27} R'PIsubspace 21 o BIgH 9 R |

(d) Show that a Linear mapping T:¥ = W is injective iff kerT ={6,}. 3
e (@ G5 e PR T: V> W injective T G QYA W ker T = {6,} |
Linear mapping T:V —W injective & af& A afE AW kerT = {6, } T PO R |

(¢) Prove that intersection of two subgroups of a group is a subgroup. 3
2/ 9 (@, 96 group-E<3 7% subgroup-43 (ZRe «@b subgroup TA|
AN ST ST Y TS STt et & Wl FAV R |

(f) Find all generators of the cyclic group generated by the 7" roots of unity. 3
-3 7% o e il Seol I @I ‘cyclic group’-E3 TWF ‘generators’ CAR |
Unity @1 7™ root 3TE Se9=T ST cyclic 9 T H generator & P R R |

GROUP-B / @ehi-4/ wg-d@

2. Answer any four questions from the following: 6x4=24
e @-coia 5Ef0 drsg Tea wies
T G THEHD! IR O
(a) Let GL, (R) denote the group of all 2x2 non-singular matrices over R w. 1. t. 6

b
matrix multiplication. Show that the set H :{[ ab
-b a

] ca?+ b2 =1} forms a
sub-groups of GL, (R).
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9 GL, (R) 43 group @M R-47 Tofg W 2x2 non-singular matrix-48 RAT T

b
matrix 5% @3 SATH group ZT| (R4S (A, ¥ 6 H={[ "b ] cat+b? =1}-1%
a

GL, (R) €% <3 *Subgroup’ 516+ I
A GL, (R) of <A ! <41 R AT &9 2x2 non-singular wfgaRTEnd! g9

TARD 9 A H={( . b} ca’+b? =1} AYT GL, (R) P ST B T 0T TR

-b a

(b) Prove that order of each subgroup of a finite group is a divisor of the order of the 6
group.
ot 3 @, w3 NS group-a3 S subgroup L group-E AT 9
e

Wﬁ?ﬁﬁgﬂﬁm@gﬁﬁ‘r order, Worderﬁ"fﬂﬁﬂ?'@rﬂ?ﬁmﬂ?l

(¢) Find a basis and dimension of the subspace W of R®, where 6
W={(xy2¢ecR: x+y-z=0
R subspace W ¢3 basis and dimension (%, (A=A
W={(x,y,2)eR: x+y=z=0}
R*®T S space W = {(x, y, 2) e R*: & + 31—z = 0} N basis 3 dimension T R |
(d) Let (G, o) be a group. Prove that anon-empty subset H of G forms a subgroup of 6
(G, o) ifand only if a€ H, beH = acb' eH .
43 G o7 group! @ T G-43 «F non-empty T H, (G, o) -3 3o
subgroup A FEIMGR @ NG M aec H, be H=>aob™ eH.
At (G, o) TSeT 4 &Y | G Y TIET non-empty STHE H & STIH form TE g ot e
T aeH, be H = acb™ ¢ H &% WAl VIR
(¢) A linearmapping T: R® — R’ is defined by 6
T(x, y, z) = (x+2y +3z, 2x+3y+z, 3x+y+2z) for (x,yz2)€ R’
Find the matrix of T relative to the ordered basis {(2,1,0), (0,0,1), (0,2,D)}.
T: R — R, 30 @ woerss
T(x, y,2)=(x+2y+3z, 2x+3y+2z, 3x+y+2z)

Al w@Re! {(2,1,0), (0,0,1), (0,2,1)} &FB ordered basis-g9 FAAF T-a9
it fefa

USCT linear mapping T: R — R (x»2)€ R® P @,
T(x, y,2) = (x+ 2y +3z, 2x+3y+2, 3x+y+2z)GRI YR © | G basis
{((2,1,0), (0,0,1), (0,2,1)} N e T T =yfeera fFAofa = |
(f) Show that every subgroup of a cyclic group is cyclic. 6
orete (@ 4 cyclic group-«3 &fefb subgroup, cyclic 21
Cyclic JHPT 5@ ITYT cyclic BT it FAOI TR |
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GROUP-C / [&tsi-o / wog-1

3. Answer any fwo questions from the following:
R - 75 2099 Ten wies
P ¥ BT TR TS

(@ O

(ii)

(b (i)

(ii)

() ()

SN95

Let (G, ) be a finite semigroup in which both the cancellation laws hold.
Then show that (G, ) is a group.

A (G, o) 9 aF semigroup (A T cancellation M &A@ ©F
@A @ (G, o) @ group T

TR (G, o) TIeT Rafr anef O 81 T 5 cancellation P PRI TS 1(G, )
TSTT U &1 9 HET R |

If (G, o) is a group in which (aob)’ =a’ob> and (asb)’ =a’ o5’ for all
a,b e G, then show that G is abelian.

W (G, o) ¥ 9FB group T ST TS g, b &AW (a0b)’ =a’ob® IR
(a°b)® =a° o b° 2IAE T, T (WA @& (G, '0) EFH abelian group T

ARG, o) WA I TE Va,beG, (@ob)=a’ob’ A (aob)’ =a’ o b
9 W G abelian &1 9HT SFI0T TR

State and prove Fermat’s Little theorem.
Fermat’s Little Boim 36l @3k et &

Fermat @7 Little theorem Sceied 31 0N R |

Let H and K be two subgroups of a group G. Show that HK is a subgroup of
G iff HK= KH.

A NS FP. IR AK T G ~a7 B! Subgroup | &N T &, HK T G-<7 &3
Subgroup I 4R (FIENG % HK=KH.

AFT HR K , G 31 g S99 8% &1 | G %I U9l S9gT HK & afy & Atk =
HK=KH &% 9 JHI0T R |

Show that the set of vectors S=1{(1,2,3,0), (2,1,0,5), I,LLD, (2,3,4,D} is
linearly dependent in R* Find a linearly independent subset S of S such that
L(S) =L(S).

e @, S=1{(1230), (2,1,0,5), (,LL1), (2,3,4,1)} co5A OO R'-q
W o) Fe98@ (linearly dependent)! S-&7 % (AT @I RS
ST G S, (@ L& @@ FAAS L(S)) = L(S) TA

T TR OAREEE B e $={(1,2,3,0), (2,10,5, ,LL1), (2,3,4,D}
linearly dependent R*WT ® 1 S @ linearly independent ST §; Fofd ® <Tet
L(S)) = L(S)I
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(ii)

(d @)

5005

(ii)

Determine the linear mapping T: R> — R®, that maps the basis vectors
(1,1,0), (1,0,1),(©0,1,1) of R’ to the vectors (1,0,1), (0, L1}, (11,0)
respectively,

@3 T s 7 RP — R® ffn 330 At R3-93 basis &1 (L, 1, 0),
(1,0,1), (0,1, 1) @fFRF TR (1,0,1), (0,1,1), (1, 1, 0) & oe I

R’ @7 basis TfReES (1,1,0), (10,1, (0,L, e (L,0,1), (0,L1), (L10)
FIGAEHATE HHATS map T linear mapping T: R® — R® g R |

Show that any two bases of a finite dimensional vector space ¥ have the
same number of vectors.

crdie (@, @3 P AP (dimension) vector space V-9 @ %5 basis-«
G RGP (O AR

AT dimensional |fEY AUSE VP T+t §F bases D T TS FRUEE T5
T I IR |

Let 7 be a linear mapping on R defined by
T(x, v, 2)=(0x, x-y, 2x+y+2)
Show that T is invertible and find 771,
T(x, y, 2)=(3x, x—y, 2x+y+z) & RARe R*-q T 930 2w wifer
27 (A8 (¥, T oot (invertible) 9% 7~ wwie 4

I T(x, v, 2)=(3x, x—y, 2x+ y+z)o tR9T T wer R® 41 YU linear
mapping ¥C T invertible 8 T THI0T R 31 7 fAoiy 7R |

X
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