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B.S¢. Programme 5th Semester Examination, 2022

DSE1/2/3-P1- MATHEMATICS

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

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

DSE-1A
MECHANICS
GROUP-A | ei-3 | wrge-@
i Answer any four questions: Ixgd =12

- Bl erea Tea we:
HH AR UETEGEH] 9N ol —

(a) A particle deseribes a curve whose equation is £

2 =@ + b under a force 1o the

pole. Find the law of force.

R (pole) WS 2w wml (P @l et o amoalB o L= 7 + . TeR AW
Hife faefa =

Pole #T U@l doidh! WATAel US2] BV of AHERY L=¢" +b WS @6 A0+ T
W gaet Fram Ao o

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

(iR =0 =01 OB principle of virtual work TR 91 Virtual */#fo% an=fi #e |
TS U AR Virtual work @1 FHger=g @9 | Virual &1 &= 1

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

«3fs w50 7w Torg Fae SR IETIEs TG AEAT G TIRG GRS
e ==

819 body 91 FTEGH! coplanar FEPI, system WleW 84 SETIS A1 gaTE
condition Joeie X |

(d) What do you mean by constrained motion? Write down the principle of
conservation of momentum under impulsive forces.
Fhatae 51 (Constrained motion) 990E & @l 9 G1eAr7 G SHAGR MIFCER A
TrEd =)
Constrained 98l (motion) ¥=irel & 438 7 anam®F @@ (impulsive force)
THTEAT TRET TR (momentum) T HYeToTER RigaTa AW |
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(a)

(b

Explain the terms “Force of Friction” and “the angle of Friction™,

WH 7 (Force of Friction) @32 w¥ (14 (the angle of Friction) *M4foa 1 71 |

“Force of Friction™ 3119 “the angle of Friction” ¥&EE®®! J+ =Rl 7% |

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 35 respectively. Find the line of action of the resultant.

WETEE SO FACH (1, 0), (0, 2) 9 (2, 3) Rerie wafie FeAE wPRIE

wfaetea waa sfifeifee =8 w2t 4, 2h @) 34 R T I Rim

Rectangular STE®®! H=9H co-ordinates (1, 0), (0, 2) ™ (2, 3) W
: moments of a system of coplanar forces ®1 @wfrfa arr v #%

et h, 20 3 3h WG, GRTEEE @1 F1E@ W@ (line of action) vl TR

GROUP-B / fasmi-o / wp-m

Answer any four questions:
- 5rEfG 2 Tea we:
F HR RG] I o —

Three forces act along the straight lines x=0, yv—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* +v* +2" =2pz —2zx—2xv=a’.

fersfEEre st )

x=0, y—z=aiy=0,z-x=a; z=0, x—y=a 97 5% &4 = Ff7s | e
@, U ey oo e JREdie T o v IR St e swerm
TS UETE

x4+t 2t =2y —2m -2y =a’

i aaEs ava W x=0, J.-'—z“—-a; y=0,z—-x=ga; z=0,x—y=a Al act
TE | I system USe @51 UROE §0 W9 ST4@] 11, G

eyt 42 =2y 2oy - 2ay=g" A1 ARG gHuE R WO TR

Obtain the veloeity and acceleration of a moving particle referred to rectangular

axes (X and OY which are not fixed in space but rotate about the origin in their
own plane.

GITSHE WW OX SR OF 9F FCACF 7fe=ia @ 0 I %00 (space) Bh 7 g e
TH S A1 TR e 6 e fafy
Rectangular 2I88% OX o oy & w=dw yoer aftmeEs @ a9

* (velocity) SIFY WaT (acceleration) FIORT ¥ 1 space T few 87 @= s

(c)

(d)

3095

plane HT FeqRY @ (origin) IBTH G965 (rotate) |

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

e Wi Berweam o T T3 e e A I AR <%

ﬁ%ﬁ%mﬁwmuﬁuﬁ@@em@ﬁﬁ@mmﬁmm
|

A particle is projected from an apse at a distance a with the velocity
@ln+1) a™"], the central force being . Show that the equation of the
orbit of the particle is +" =a" cosn@.

6=4 =24
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@ Apse 9@ g E (NS G0 FF 4 [(n+1) o™ SFrars gl 75 ore @
we11f5q TweeE T 53 " = 4" cosnd |

TEE WO USET apse B ui[(n+1)'a™'] B IF o THE W OWERE 75|
BRI G > €T | BT BETPT ARSI " =a" cosnd B WA WHOT R |

(e) A uniform rod 04 of length 24, free to turn about its end O, revolves with uniform

()

3. (a)

5095

angular velocity @ about the vertical OZ through O, and inclined at a constant
angle @ to OZ. Find the value of .

G W WS O TR A 2a, O ST FTOTH TS SN, O 28 ®F OF Terd @i
FACF ) (PP S (A @R O 97 FHY ¢ EI5 (BN STEH T2 | T ¢ 98 571
A @

2a TETE WU QST WEA T, AN AT O "RD R wgas U O HUY
BIE OZ A1 F9F B 47 @ & revolve TH I 07 @7 Rew B o 2
YoE Y w5 By A vy

‘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 betwaen
it and the plane, so that it may roll and not slide, is %-mna. If the cylinder be

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

a5 san Heremre wr e wrse s @ o 3w, e area Ty wE
@ T | e @ Bifrer o orER wEE o ewres s wE 5

%tann‘ e welb s ane Yis e wab arE =t o Sifeerf vl aa ose o,
w&rmm%mﬂm

TaeT AT BT cylinder MUY ey @1$ plane A1 W6l AT ©, SRS horizon
fov®! g®™e @ 1| Plane ¥ T HUH 9YU] F] least coefficient , W gfeess

T slide §a, l?tana' B A WA Y| O cylinder rE @ W@l T @
AeTg Y, W) least 7 Ltanar & e AT MR

GROUP-C / Taei-ot / sse-17
Answer any mwo questions
(-1 FfD @vea Tea wie
B §E UETEES! SN oF

Four uniform rods are freely jointed at their extremities 1o 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.

510 e SiTHE SiET A TEErE 93 wefEe 4ABCH SEE TE 9 wie | @b 4

ST HILATE JFNCA] WG o Sl WG 413 I4R— Tay _4C FB a2t wiwe | e =4
(1 95 w2 DIt Wi 7 e sde

U, 9G4S ABCD F91d+ ORae] HAH YS8E WE 930 dHEEen o)
H.GﬁdmwﬁﬁﬁlﬁﬁﬁACﬁWWHlmﬁﬂﬁﬁﬂm@
T WG] AT W U UHPT AR |

122 =24
5}
Turn Over
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(b} Deduce the condition of stability of an orbit which is nearly circular under the

4. {a)

(b)

s, (a)

(b)

6. (a)

5695

action of a central force F = @(n), where u=1.

afl Fwere AR Y @R 9 @ el F = giy), FER e W6 e
W-,W.u=%l

BT TA F=du), =1 B TR TS PE A FTHT NAGR D B,
! Rewar $7 condition Fvha 71w

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

et 9 (0 GBI 0 89 Toia FeS TS 9B @39 96 8 Couple 9 #ifHe T
U, T T qEa SR TeE A '

TFEl BT body ARl WHTE UNE] qEEGS GHE, U9El UHE ad 39 couple HT
UIRUIE BV, OIEE] 8] ded HTOc] JEHT IAIRYT B, H GHOT T |

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 2(1-2).

Y @G WG FEPE 07 9 W onees, e uwne e o9 ¥ oE §e
clw Wi el fewra o wing) o FRrewmm oo e 2r )20, ofYle @ 9B
s 6T A zwa-.g;. I

e wEee A vfegE g8 ot geor of @9l cylinder B gEEer wwE
smooth 3Egd gaw! e W A BT (radius) » © WfEwer w1 3@
a(<2r) cylinder ®t Boar v e sio &9 @ o9 2W(1-L) &9 W

THM 7R |

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

G I Gt s 9= =5 289 moment of inertia (7 9, (IEITA TEA 7= wrw
HANATFE T moments 93 products of inertia (P71 WG|

9 9 ¥y aEfiet @ body #1 moment of inertia Fofu x| fF wEa
sigrew MeP! moment 3T product of inertia fRETHT @ |

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 f%e"" =1,

4% TR cycloid TR =6 S T 1w =T, cycloid B #wom ke 7ams
9% vertex Freg =g wf il B2 992w cusp (VT B vertex WTH WRR W

TEEENE® e =1

Base owil wg@r ¥ ofd @ fre 9ydr cycloid el uwer w1@ @ @@ gd
TEE e | Ui cusp AT fawmd d T MR A e o9 ple =1 B0
w1 WA TR

It a rocket, oniginally of mass M, throws off every unit of time a mass eM with
relative velocity 1 and if M be the mass of the case, then show that it cannot rise

T

-8

e
at once unless e¥ > g, nor at all unless
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W M ST G A0 A wiceFE siftras v, ofe 9o i oM =7 dre @ am
T TR B M e, R orle @ «ff 93Ane Ture R A I 9 eV > g W
WMmﬁmﬂgﬁ}g =

afe q@ BUHI FEHE M USR] e Se GHIE! UHIEAT relative 3T VA
T M THES ST A case W OWEyHT M WY, @7 U6 Yo U rise

e

o 8 U9 el >g 7 T e rise 570 w4 @ ﬁ:m

(b) A body of mass m moving in a straight line encounters a resistance proportional to

{a)

(h)

5085

the velocity and this is the only force acting on the body. If the body starts with
velocity ¥, show that the distance s traversed by it in time / is given by

7 z_’f’;‘:{] — -.h.fm}

m SR G AW, 2B A 1 g @rsm e o fers FeeTan e A
O & AT @ 1o @ T8 Tom e Farm) 1% 2w 1 ofecae wEr oF I,

G (3 ¢ T S eaTE Ty ¢ & HENE A =MTV{1_e—»a-m)

USTT &M m AYH! body WY@ Y@l A1 wfeWE® @@ 4 W proportional
yftRTEre) A & &Y body W AT H1F g wAE B a4y 7 ¥ H body o

o N, THS g8 ¢ TG ¢ W GR TRET B sz'"TV(l—e"‘"'")ﬂ‘vﬁwran|

-

DSE-1B
GROUP THEORY AND LINEAR ALGEBRA

GROUP-A | faent-= / wis-&
Answer any four questions from the following:
forsfafae ca-cwiw s 2ivsa Tez wre:
T AR GEIEES! 9O o —

1 2 34 5 8 7T R
Express the permutation
% ' [ 4 51 3 2 8 6 7

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

"1 2 34 5 6 78
4 31 3% 2 867
RECA 2 T2 | Permutation 5 74 1w = B ==

| 2 34 56 7 R .
: ] g fawded (disioint) cycle &&®!

] as the product of disjoint

) permutation Bt% s 5054 (disjoint cycles) aemm

Permutati
s 1“[4513235?

TR AT SR AR | Permutation @Y order o7 | Permutation §H @1 fawm
(even or odd) & FEfor 719 |

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

IR, G G0 758 22 non-singular I R WS G 49 FF (centre)
T4

Al G USET 2%2 non-singular A% WEITE®E! mairices B group Bl G
@1 g (centre) Frotg Y

Ix4 =12

1+1+]

Tum Over
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(c) Show that {(0,1,—2),(l,=1,1). (1,2, 1)} are linearly independent in R(IR).
e @, {(0,1.-2), (1, =1, 1), (1, 2. )} oBF R'(R)-4 @RS 797 (linearly
independent) |
RY®) &7 {(0,1,=2), (1, =1, 1), (1,2, 1)} IMaw Fo91 W= © 9+ TAT 7K |

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

WA T G A @ 430 group | G-97 @ @ BAME a, b, x 9T T, (FUE (T,
ola) = o(x™ ax)

Group G @I W 9 elements a, b, x W AT ola) = o(x ax) O w7 WHTOT
|

(e) Find all elements of order 8 in (Z24, +24).

(Za4, +24) -4 8 T (order) 7w Tomme® fadg o=
(Z2a. +24) AT order 8 AUHT T element % A0 79|

() For ':-rhai values of & , does the set S={(k, 1, k). (0, k£, 1), (L, 1, 1)} form a basis
of B'7?

k-9 (R ACFA T, S = {(k. 1, k). (0, k, 1), (1. 1, 1)} G518 R -9 basis 915 32|
k @ Wi 7 W, WE S ={(k, 1, k), (0, &, 1), (1, 1, 1)} R BT basis & ?

GROUP-B / faem-4 / ¥vp-q

2. Answer any four questions from the following 6=4

R @-ca 5o sivss Teg wae
T TR VETEGS] TN o —
{(a) Prove that every subgroup of a cyclic group is cyclic.
213 2 (7, cyclic-4% 2TEF6 subgroup cyclic T
Cyclic group &1 Wed® 99 group cyclic & 551 99T 71X |
(b) (i) Show that SL(2, ) is a subgroup of GL(2, R).
e @3 (A, SL(2, R) 9= GL(2, R)-92 subgroup %
SL(2, R) GL(2, R) & 99 group Bl #AT YA X |
(i) Prove that intersection of two normal subgroups of a group is a normal
subgroup.
@& @ , % normal subgroup-£3 (¥ (intersection) 9% normal subgroup
A
%9 group FT §¥ normal TT group BT WIS (intersection) normal 99
group Bl HH] WHTE 7 | i
{¢) (i) Find the centre of the group §s.
S 8% (group)-93 & (centre) AT =)
Group S ®T @ fvfg |
(ii) Prove that a non-empty subset /f of a group G 1s a subgroup of G if and only
ifabe H=ab" e H.
grdte (U, <% = Tt H e @3 group G @9 subgroup WA AW WA
=g 1 (if and only if) a.be H=ab'e H
Group G &1 WMell FATH! SUHE H TSel 39 group B i anfy afy =3
a.he H=ab" e H I

5095 6

A

3 LY

=24

A+3

3+3
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(d) Find the linear mapping from R’ 1o R? which has its range subspace spanned by 6
(1O, =b)and (1, 2,2).
R’ (et R orfw afee iR (lincar mapping) 905 (3% ¥4, ¥ range subspace
(1,0,—1) & (1, 2, 2) &= A¥S (spanned) |
Subspace @1 g/RT (1, 0, 1) 31 (1, 2, 2) & =Fwer Wew mapping R =fa
R ww fplr v
(e) Prove that the linear mapping T: R® — R’ defined by T(l.2.3)=(3, -1, 7), 6
T(1,-2,3)=(3,3,3) and T(1, 2,-3)=(3,-1.1) is one-one and onto.
et @@, T(,2.3)=(3,-17), T(l,-2,3)=(3,3.3) «=
T(1,2,-3)=(3, =1, 1) 99 @R® (defined) (2% TP (linear mapping) a3
one-one <3 onto MR (mapping) |
T(1.2,3)=3.-1.7, I(,-2,3=(3.3,3) aF 1(1,2,-3)=3,-1,1) &
aftyifie ¥Re% mapping 7': R* — R’ one-one 3™ onto 81 ¥4I T8 Y |
(f) (i) Let S={(1,4).(0.3)} be asubset of B*. Show that (3, 3) belongs to L(S). 3+3
WA T, S ={(L4).(0,3))F R’ -97 o3 TG et @, (3, 3), L($)-97
=¥ (belongs to) |
T S={(L4),(0.3)} R* & Sude B/wHm TR (3, 3) L(S) A wEfaa
L]
(i1 If v, vy, v, & V(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{{w,w}).
AW v, v, voe V(F) GHEER, v, +;-2 +v, =0 CIEFE (NS @, v, v,|9R
Wy, ¥, 998  subspace T¥T  (span) FW@ ude (e @,
Leivis v b)) =Ly, v})
e wovs, v eV (F) 58 v, +v, +v, =0 & 39, {y, v} & {v,, v} & w1
@Y space span TH WA THIT TR FATG WA W L({v,, vl =L({v, v |

GROUP-C / f&sto-ot / weg-11

3. Answer any fwe questions from the following 122 =24
fersfafere ca-corm #6 v e wes
T GEAC] UTTEG®! IOV o —
(a) (i) Showthat Z(S,)={/} (n23). 3+6+3

orarE (T, Z(S,)= {1} (n=3)

WA TR Z(S,)={I} (n23) |
(ii) Prove that HK is subgroup of G iff HK = KH .

wete (4, HK, G-93 @37 subgroup 203 I @3 wygwie 1 (iff) HK = KH 24

HK group G #1 99 group 81 Ifa a#fy aft 93 HK = KH &8 w1 w\mr
=y

(11) Prove that L(S) is the smallest subspace of V' containing §.
A1 4 (2, § (F 479 FH 99 BEEH subspace 2 L(S))
S @18 contain 79, F 1 W4T W1 99 space L(S) & 9+ wHOT 9|

5095 T Tum Over




(i)

(iid)

(e) (i)

(i)

(d) (1)

3095

(11)

(i)
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(b) (i)

Show that V=W @W, e V=W, +W,, W, NW,={0}.

RS, V=W, @ W, = ¥ =W+ W,, W N, =0}

T TR V=W, @ W, e V=W, +W,, W,(\W, ={0} |

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

HA PR @, G-98 subgroup H T normal TR @ eqmE W (i)
Ha # Hbh= al # bH @A a, he G

G @ @9 group normal B IE M AR W Ha = Hb= ol # bH
a;ﬁEG'ﬂ’ﬂﬂFﬁl

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

W H &R K, G-43 9 @5 normal subgroup, AT H K = (e} , SiEw
MEE, hk=kh Vhe H, ke K

afd group G B H 3 K gdaer normal 99 group #Y, SE HK = e},
hk =kh ¥he H. ke K & 9= 9907 7% |

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

51 3 0, FHA 5% TS 7 permutation 20 &F B 5 (cycle) Wl @b
fafvzm saFwares (disjoint cycles) @eres S erem a7 4 |

e dest ThF permutation T cycle B aerET THETE BT oycle
E] qUEAHE AT e \ihas 9 gAY AW |

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

e @, {1 14 &, X7 +2x) OB P (R)-~99 &) 937 basis 23, @RI £ (R)
= T AR B 263 F9-7 95 vector space |

HE {l l4x, x'+2x] P (R) B basis 8 w9 gam 71w P, (R) degree
< 2 WYPHT FEUSH! vector space & |

Prove that every group of prime order is cyelic.

(PRI (I, 3% (e WA group, cyclic ZA|

Order prime HUH! ¥ group cyclic 81 W FHIT 7 |

Let @ and § belongs to S,. Prove that x4 and @ are both even or

both odd.

WA T, O f T S -am weTE) o8 @1, fx e o Tewg g
W TorE W)

ot aufy g5\ wEEe T fxf G o §F w9 ewar RwE 8@
A= WAL T |

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

(S, (1, 2. 3), (0, 1, 2) @ (0, 0, 1) csFaafer o=t R’ 559 (generate) 281
(1,2,3),00, 1, 2) 31 (0,0, 1) & R @ acq=1 7¢ =41 ymyor 72|

6+3+3

6+6

4+4+4



