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UNIVERSITY OF NORTH BENGAL

B.Sc. Programme 5th Semester Examination, 2022

DSE1/2/3-P1- MATHEMATICS

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 two courses.
Candidates should mention it clearly on the Answer Book.

DSE-1A
MECHANICS

GROUP-A / el-3 / F7-&

I. Answer any four questions: 3x4=12
@~ B1Af 2lta7 Ted wies
FH IR TTAEHD] IR o —

(a) A particle describes a curve whose equation is %=92 +b under a force to the

pole. Find the law of force.
TR (pole) WY =T Al (PIe G5B Feltes ey qeieilB 251 £ = 9 + 5. T2 W

TS e =11
Pole HT USET 9eTchl YHIdel TSCT B of WHIRIT L= 9> +b YD dh oI TE
99 ger! g9 ol TR |

(b) Write down the principle of virtual work for a single particle. Explain the term
virtual.

(IS G0 P9 (0T principle of virtual work ST&ER F1 Virtual =63 17 WS |
Tdhel HUTHT RN Virtual work &1 RIGYTT oRd | Virtual &1 SRS R |

(c) State the necessary and sufficient condition for the equilibrium of a system of
coplanar forces acting on a rigid body.

G35 Mo TET Tol FRTS TSR TR IR LAY @R AL SRS
Tt =1
3] body T TTSYHI coplanar IeTdl, system Hgel= g1 3MMaeIH M G
condition el T |

(d) What do you mean by constrained motion? Write down the principle of
conservation of momentum under impulsive forces.
i 916 (Constrained motion) IETCS & [IRI 9 WS S SR IRFFH(E WIS
T 91

Constrained T (motion) W=ITel & gf3F6 ? ATAHS il (impulsive force)
THIGAT TRBT T (momentum) BT ARETITH! RIGETT oI |
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Explain the terms “Force of Friction” and “the angle of Friction”.
9% 757 (Force of Friction) @3% ¢ @14 (the angle of Friction) * %o 127 wie |
“Force of Friction” 319 “the angle of Friction” ¥&gwd! AH AR TR |

The algebraic sums of the moments of a system of coplanar forces about points
whose co-ordinates are (1, 0), (0, 2) and (2, 3) referred to rectangular axes are
h, 2h and 3/ respectively. Find the line of action of the resultant.

RGP SCFA ACACEE (1, 0), (0, 2) 9% (2, 3) RUVTECS SIS FANGHR TS
RS (R QR sfafess AN TG 4, 24 @k 341 TR e A T 91

Rectangular 3ieT&®dI A<HAT co-ordinates (1, 0), (0, 2) 3 (2, 3) wUDI
fIgg®H moments of a system of coplanar forces ®I SISO JNT el HA
FISA h, 20 A 30 9, IROTHGET BT BrRIB! @ (line of action) Ui IR |

GROUP-B / ffoti-4 / 37g-1@

Answer any four questions:
@-@ bAD 20 Ted wiss
Pl IR TTAHD] IR o —

Three forces act along the straight lines x=0, y—z=a;y=0,z—x=a;
z=0, x—y =a. Show that if the system reduces to a single force its line of action
must lie in the surface x” + y° +z° —2yz—2zx—2xy=a".

fferie wReEArTR

x=0,y—z=a;y=0,z—x=a; z=0,x—y=a @3 T foat 37 e | malle
@, I IFREIE @I A ARSI F1 =W oiE 37 FREAD fFlerfie swerm
ToICH AP |

X +y +z0—-2yz-2zx-2xy=a’

9 goT8® AR & x=0,y—z=a;y=0,z—x=a; z=0,x—y=a ¥ act
TS | AT system Udhel ITAT TR 6 |1 BRID! NI, AT

X'+ 427 —2yz—2zx—2xy=a’ A1 fAf2d §§Q'B§ HAT JHI0T TR |

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.

RGP T OX GR OY G ACACEF SfeRet (i el %[0 (space) B 7 g (&
ST A0S #A1C3 O (@51 6 w7 e 1

Rectangular 31e78% OX 31 OY & I<=HH USel dAfeRgd! HUTHI I
(velocity) 81T WA (acceleration) 0l TR ST space W1 ReR ©F @R Mo
plane AT S<Uf @I (origin) ASHT ¥ (rotate) |

Find the motion of a projectile in a resisting medium in which the resistance varies
as velocity.

AN MG SEFATER 1S [ T9 @RI @091 A A4 A4 906 |

USel UfoRIE ARTHAT TSTT U&UvTad! (projectile) T ol R i@ ufeRier o
o T |

A particle is projected from an apse at a distance a with the velocity
#ln+D'a
orbit of the particle is 7" =a" cosn@.

n+l 2n-3

], the central force being w» "~ . Show that the equation of the

6x4 =24
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@I Apse 99 g WEG (A OB FUE 10 [(n+1)'a"] ST @ol =11 @m1e @
oI5 FHILT TN 2@ " = a” cosn |

qSel B YSel apse W u[(n+1)'a"] B AT o gocd A GEIfE Y |
DT g 2" BT | BTHT BeTTDhI AHBRIT #" =a” cosnd 8 WAl YATT TR |

A uniform rod OA4 of length 2a, free to turn about its end O, revolves with uniform
angular velocity @ about the vertical OZ through O, and inclined at a constant
angle o to OZ. Find the value of « .

G35 P we 04 T WG 24, O AT ACITF FACS 7AIE, O &% (AF 0Z Tag @A
AACTF @ FOF @ @E @R 0Z 99 MY o FIF (&I B I | OIS o @3
Rt a1

2a ARITS ¥YHI UICT AN I, MU g O Arfl g9 W= U], O AR
3l OZ 9l gHH BT I @ of revolve T8 31 0Z G ReR &IvT o o
DS TS W Bl 74 o TR |

A uniform solid cylinder is placed with its axis horizontal on a plane, whose
inclination to the horizon is ¢ . Show that the least coefficient of friction between

it and the plane, so that it may roll and not slide, is %tana. If the cylinder be

hollow and of small thickness, the least value is %tana.

@3 76 MlererE o Were SIeFd MR (@9 o A4l iy, Wele Sewd e o
@I o= = o | @8 @ TSR @32 SR R T SNEd FEWE W 2@

Ttan o 79 Wb oifea (s #iiea g 720G e 1 7w Fiferer wion - zew =,

1T @ YT L %tana l

USCT WA 3 cylinder 3T 31&T AT plane T Tl JIEHI B, SAd! horizon

IRb ghS o BI'| Plane ¥ IFHT 9YUHI TYIT Bl least coefficient , ST Ufoco

T slide §aA, ttano FI WA FET TR | AR cylinder B Ae Wrepl X B

AICTS YU, DT least A %tana B 9T gHT TR |

GROUP-C / fqetal-a1 / s#gg-1
Answer any two questions

- 715 eTae Ted wis
F1 Gg UTIEHd] IR o

Four uniform rods are freely jointed at their extremities to form a parallelogram
ABCD, which is suspended by the joint 4, and is kept in shape by a string AC.
Prove that the tension of the string is equal to half the whole weight.

BIIT e OICHE ICE A JSSI G HNSRE 4ABCD WFIE I& T4l ez | A 4

2SR AT JFNC SR @R O TP 403 A &) 4 C PR =N I =ACR | @fwiet 31
@ 52 O3 BIR e 378 STl SE |

FHAFR TGYST ABCD SIS IRACT FHH ISEH Alg oRH AHABHAT SIITSUD!
B, Gl 4 91 FUSIUS! B 3 IR AC o ATPR (ASTPI B | —F AR Pl q91d T
3AISTH AT AT B |1 YA R |

12x2 =24
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6. (a)
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Deduce the condition of stability of an orbit which is nearly circular under the
action of a central force F' =¢@(u), where u = %

G I AR *$ (@@ F9 @A 2= F = g(u), R IR S 2
JOIFH, @A u =1 |
BFET 9 F=¢(u), u=1 1 990l TSl BeT S T AR ISP B,

Iz

TadT ReRAT BT condition FoTg X |

Prove that any system of forces acting on a rigid body can be reduced to a single
force and a couple whose axis lies along the line of action of the force.

2N 9 (@ (I o1 TEF T17 IS IPIF IF o @FF 791 € Couple @ #IfFs Fl
T, I SFF R FIAEAR T2 A

T3l 31 body Rl UM W& deigedl A8, USCl Uhd dd AT couple AT
RO §7, STADI el Todhl BRIB] NHMT AR B, |l YA TR |

Two equal smooth spheres, each of weight W and radius r, are placed inside a
hollow cylinder open at both ends which rests on a horizontal plane, if a(<2r) be

the radius of the cylinder, show that the least weight it can have so as not to upset
is 20 (1-2).

I ST W GR TGN 93 96 el (e, BR SRR orwerE A4S ¥ ale I
@I el Pifeeitr foem it etz 3fn Pifereica Iemd o (< 2r) =@, maAle @ @6F
T eoe 21 2W(1—§) |

i e AT IMREUST §d Ufe gooll AN WDl cylinder 43 ggaer waH
smooth 3fUSTI gl A W AN AT (radius) » B, ARG ©| I
a(<2r) cylinder &1 o1 ¥U IS SIS BH W DA 20 (1-) §O A

YHIOT TR

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

@ @I @R ACHTF G F{I I%F moment of inertia @ T4, @A [ 7% SCFA
ACPICHE ©IF moments €% products of inertia (TS SR

g e @ #wefiel 31 body @I moment of inertia foi TR | foe e
3teTes "l moment 31 product of inertia fST®! © |

A heavy particle slides down a rough cycloid whose base is horizontal and vertex
downwards. Show that if it starts from rest at the cusp and comes to rest at the

vertex, then u’e”” =1.

@3 BrPPl cycloid FRIRE @I il il 9T 2107, cycloid TF sfwee= fraie R
@R vertex WFYA CR | T NI 727 SRR cusp (AF $F I vertex G0 AR 27
WO @ANE @ e’ =11

Base d§l WU®T ¥ ¥Y dd foR 9U@ cycloid #R USTl 9Nl &I ol dod
TGS Tew | Ife cusp A1 59 <& Yo TR MAT ASS 99 e’ =1 B
9= AT TR |

If a rocket, originally of mass M, throws off every unit of time a mass eM with
relative velocity ¥ and if M’ be the mass of the case, then show that it cannot rise

eMV
at once unless el > g, nor at all unless V% >g.
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M M SEF G0 R0 AR WA Sfo@e v, e a5 TR eM ©F ZLT (N R
I SRR O M’ T, OIRCE @S @ Gib GFACE BT 2ARE W AWM ql el > g

WA GBI A T Al eAAjV >g Wl

I AT SUHI THHAT M YD Xheod YAD FHIDI UBISHT relative I Vol
SIAM eM TIHS Al AT case AT G&HAM M’ Y, &I Udh Yocdl UM rise

) eMV
§é'—‘| ol ¥ eV>g = d UYcdd rise g ol HH

’

>g |

A body of mass m moving in a straight line encounters a resistance proportional to
the velocity and this is the only force acting on the body. If the body starts with
velocity V, show that the distance s traversed by it in time ¢ is given by

mV —kt/m
s=—-I\l-e
LA
m O G0 TG, (S T A G0 ([ TS O Keeta I veice AT
GR & AT 9T T @G TBHa Tow Fie Facz) I @6 1 e 9l wE 0,

e (@ ¢ AR SOGIE 7 5 G 2N =T s :mTV(l_ekﬂm)

UICT GIHM m AYBT body RSl N@I AT AfeRed! el I T proportional
UfORTErT HAAT 76 M body AT A1 A doldl YHTE &1 | A 7 V o body of

o TR, T G0 5 THG ¢ W UR TRbT & s:mTV(l—e"”'”)ﬂ'rﬁWUTﬂ'\fl

DSE-1B
GROUP THEORY AND LINEAR ALGEBRA
GROUP-A / {el9-3 / W E-&

Answer any four questions from the following:
feafere @- 51Ef6 eltaix Teq nies

H IR TTAEHD] IR o —

23 45 6 7 8 .
as the product of disjoint
513 28 6 7

cycles. Find the order of the permutation. Determine whether the permutation is
even or odd.

1 23 456 7 8
4 513286 7
TP 25 T Permutation 5 30 1l o o) ey 211

2 3456 78
513286 7] arg faweaT (disjoint) cycle swT

YU | URUT TR | Permutation @I order <% | Permutation {H a1 fdwd
(even or odd) B f&IiRoT TR |

Let G be the group of all 2x2 non-singular matrices over the real numbers. Find
the centre of G.

6 AT, G 936 7P 2x2 non-singular I FRAF WEH | G 93 FF (centre) el
4

Al G TSI 2x2 non-singular dRKfd® AEITEH™D] matrices T group 8| G
P ®= (centre) MU TR |

1
Express the permutation (4

J permutation ¢ ffo=a 5t (disjoint cycles) @eizrat

1
Permutation ( 4

3x4=12

1+1+1
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®
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Show that {(0, 1, —2), (1, =1, 1), (1, 2, 1)} are linearly independent in R*(R). 3
@8 @, {(0,1,-2),1,—-1,1),,2,1)} @606 R*(R)-4 @RFeIR@ F9F (linearly
independent) |

R*R) AT {(0,1,-2), (1, -1,1), (1,2, 1)} NRIPH SUAT W= B ¥ YA TR |

Let G be any group. For any elements a, b, x in G, show that o(a) = o(x'ax). 3

WA I G @A @A @30 group | G-93 @ @ TAME g, b, x -93 &, @S @,

o(a) = o(x'ax)

Group G BT af«r i< elements a, b, x BT AT o(a) = o(x"'ax) R W gHI0T

TR

Find all elements of order 8 in (Zy4, +24). 3
(Zoa, +24) -93 8 TG (order) I SomITasfer ey 1

(Z4, +24) AT order 8 qTHT Td element 6 AT TR |

For what values of k£ , does the set S={(k,1, k), (0, k£, 1), (1, 1, 1)} form a basis 3
of R*?

k&3 @I T &, S = {(k, 1, k), (0, k, 1), (1, 1, 1)} G766 R*-93 basis 91071 S|

k @1 Bfd 919 of, 9 S={(k, 1, k), (0, k,1), (1, 1,1)} R*®T basis §O ?

GROUP-B / {eti-4 / ag-@

Answer any four questions from the following 6x4 =24
=TS @-o 56 lve Ted wies

FH IR TTAEHDH] IR o —

Prove that every subgroup of a cyclic group is cyclic. 6
[l F9 [, cyclic-99 &TTPL subgroup cyclic T
Cyclic group &' U&& U group cyclic & 9=l JHIT TR |
(1) Show that SL(2, R) is a subgroup of GL(2, R). 3+3
23l 9 (T, SL(2, R) €= GL(2, R)-99 subgroup 2(J|
SL(2, R) GL(2, R) ®T 39 group & ¥+ YA TR |
(i1)) Prove that intersection of two normal subgroups of a group is a normal
subgroup.
@48 @ , 76 normal subgroup-@3 (=W (intersection) ¥ normal subgroup
EIGH
ﬂgﬁ group &I g‘sﬁ normal U group P UfA=E (intersection) normal 34
group B ¥HI YA TR |

(1) Find the centre of the group Ss. 3+3
S5 859 (group)-<€3 (FF (centre) e 41
GroupSgﬁ Pg AT TR
(i1) Prove that a non-empty subset H of a group G is a subgroup of G if and only
if a,be H=>ab'e H.
@Ale @, 9 S SAGH H O GI(6 group G 9F subgroup (A AM @)
@yg I (if and only if) a,be H =>ab' € H
Group G &I W@ell A¥YH! IYAC H TICT SU group Bl Ife 3Mfe IfT A
a,be H=>ab'e H |
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(d)

(e)

®

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

R’ (& R® #if® @aRF PR (linear mapping) & @& ¥4, I range subspace ©
(1,0,-1) @k (1, 2, 2) =<1 [¥© (spanned) |

Subspace @I TRRT (1, 0, —1) 31 (1, 2, 2) of afudr Red mapping R’ Ra
R® w9 ool TR |

Prove that the linear mapping 7: R’ — R’ defined by T(1,2,3)=(3, -1, 7),
ra1,-2,3)=@3,3,3) and T(1, 2,-3)=(3, —1, 1) is one-one and onto.
&g ¥ @, r1,2,3)=@3,-1,7), 7r1,-2,3)=(@3,3,3) @GR
7(,2,-3)=(3, -1, 1) %R WIS (defined) @RS T (linear mapping) 90
one-one 93X onto 2R (mapping) |
7{1,2,3)=3,-1,7), Td,-2,3)=(3,3,3) I 7(1,2,-3)=3,-1,1) o
gR¥TYT YR9F mapping 7: R’ — R’ one-one 31 onto BT 9+l THIT TR |
(i) Let S={(1, 4), (0, 3)} be a subset of R>. Show that (3, 3) belongs to L(S).
WA T4, S={(1,4), (0,3)} & R* -3 @36 TG 1 (e @, (3, 3), L(S)-9F
[e5o (belongs to)|
AT S ={(1, 4), (0,3)} R* BT IU¥C B/YAT TR (3, 3) L(S) AT FAHIf*a
O
(1) If v, v,,v,eV (F), such that v, +v, +v, =0 then show that {v,, v,} spans
the same subspace as {v,, v,} i.e. show that L({v,, v,}) =L({v,, v;}).
I v, v, v,eV (F) @A, v, +v,+v,=0 ©ORE @A @, {v,,v,} 9K
{v,,v,} @2 subspace ﬁw (span) I Tfle  @Ae @,
L({vi, v,}) =L({v,, v;})
A v, v,, v, V(F) ST&E v, +v, +v,=0 B 94, {v,,v,}d {v,, v,} o SIKI
U space span TG HT FHIUT TR 3fRATd AT TR L({v;, v,}) =L({v,, vs}) |

GROUP-C / Tetol-at / gg-1

Answer any two questions from the following
famfeiie @-PI 715 @ess Tee wies
§1 gsacl UTEwH] SR o —
(i) Show that Z(S))={/} (n=3).

@AE @, Z(S,)={I} (n=3)

UATOT TR Z(S)={I} (n=3) |
(i) Prove that HK is subgroup of G iff HK = KH .

(A8 @, HK, G-49 <6 subgroup 2 I &<k @yiq I (iff) HK = KH =1

HK group G &1 3U group 8 IfS Al AT A3 HK = KH TS A1 YA
TR |

(i1i1)) Prove that L(S) is the smallest subspace of V' containing S.
23lel 1 (T, S (F 499 T G FLos subspaceld 251 L(S) |
S TS contain 79, ¥ &I 9T A SU space L(S) & A9l YA TR |

3+3

12x2 =24

3+6+3
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(i)

(iii)

(©) ()

(i)

(d) @)
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(ii)

(iii)

Show that V' =W, @ W, & V =W, +W,, W,N\W, ={0}.
A, V=W, oW, & V=W, +W,, W, W, ={0}
U TR V=W, oW, V=W,+W,, W,(\W,={0} |

Prove that a subgroup H of G is normal iff Ha # Hb = aH # bH for
a,beG.

eWld M @, G-99 subgroup H ¥ normal I @R wN@ W (iff)
Ha # Hb = aH # bH @G a,be G

G P SU group normal B AT W IC A Ha = Hb = aH # bH
a,be G & ANfY|

If H and K are two normal subgroups of a group G such that H (K = {e}
then show that hk=kh Yhe H, ke K .

I H @R K, G-93 46 @« normal subgroup, @ H N K ={e} , SI2C
MAC @A, hk=kh Vhe H, ke K

I group G &I H AT K g8acl normal 3T group WY, S8l HNK = {e},
hk=kh VYhe H, ke K & 9l YA TR |

Prove that every permutation on a finite set is either a cycle or it can be
expressed as a product of disjoint cycles.

2SI 9, AN GIBF T89S 3 permutation T @FH 5& (cycle) WAt @b
fifoze b@aT[a7 (disjoint cycles) e SFICH 2F] 501 A |

AAT AePl TP permutation IT cycle B IfqdT Is faw8a cycle
g0d] [UFhel Al oked Aihs Al JHUT TR |

Show that the set {1, 1+x, x” +2x} is a basis for P, (R), the vector space of
all polynomials of degree <2.

@€ @, {1, 1+x, x* +2x} GO P, (R)-93 &= @ basis 204, @A P, (R)
231 q25R I G 2-93 FA-7 91 vector space |

Ae {1, l1+x, x*+2x} P/ (R) &I basis & I YAV TR| P,(R) degree
<2 HUDI ggUSHI vector space Bl |

Prove that every group of prime order is cyclic.

@l (¥, e (NfeRF SR group, cyclic 2|

Order prime YUHI UAH group cyclic & WAl YA TR |

Let @ and S belongs to S,. Prove that Sx ™' and & are both even or
both odd.

A A, @ dR f T S -7 TEfe| @AE @, fx S ER o T TOEE IA
Gl GO SN |

AMED @31 B S, W FHEY TS| fx BT N o g HH 3ferar favH Bl
T YA TR |

Show that the vectors (1, 2, 3), (0, 1, 2) and (0, 0, 1) generate R>.

@S @, (1, 2, 3), (0, 1, 2) €3k (0, 0, 1) (532 2@t R? 90 (generate) 271
(1,2,3),(0,1,2) 31 (0,0, 1) & R’ TS I~ TS {1 FHUT TR |

X

6+3+3

6+6

4+4+4
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