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CC11-MATHEMATICS
Group THEORY-II _
Time Allotted: 2 Hours Full Marks: 60
The figuoas in the margin indicare full marks
GROUP-A
L. Answer any four questions from the following: Ixd=12

(a) Give an cxample of a group G and G sueh that” G EG,. but 3

.ﬁlﬂ(ﬁ]} = A.ut{(:’:] .
(b) Prove that if G is a finite group, then G is a p-group ifand only if o(G)=p".
(c) Let o(G)=30. Show that either sylow=3-subgtoup or sylow-3-subgroup is 3

normal in G.
(d) Show that Inn(G) is a subgroup of Aul(G). 3
(e) Show that if G is non-abelign group then the mapping f:G— G defined by 3

fix)= x~! is not an automorphism.
(f) Let G be a finite group that hs only two conjugate classes. Show that order of the 3

group G i5 2. "

GROLUP-B
2. Answerany four questions from the following: 6xd =24

(a) () I¥ Z(G) be the centre of a group G, then prove that G/Z (G = lnn(G) . 33

¥ii) Find all ubelian groups (up (0 isomorphism) of order 360.
(by Show that for any prime p, there exists only two non-isomorphic groups of order 6

2
o

() State and prove Cauchy's theorem.

(d) Let G be u group. Let Aut(€s) denotes the set of oll suiomorphisms of (7 and
A€ be the sel ol all permutstions on G Then prove that AulG) I8 o subgroup
of Alls)
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(¢) Let G be any group and A be a non-cmpty set, Then Pprove that any
homomorphism from G 10 Sym(A), (where sym(d) 8 symmetric group of 4)
defines an action of G on A. Conversely eyery action of G on A induces &
homomorphism from (7 1o Symi().

(fy LetGhbea simple group of order 168. Find the number of subgroups of order 7.

GROUP-C

3. Answer any fwe questions from the lollowing:

(@) () Let G bea group of sider p?, where p is 4 prime. Then show that G

commutative.
(i) Find Aut(K,)-
(ifi) Let G be & group and S be a G-set. Show that
Gy,=1{g€ G : ga=a) is a subgroup of G.
non-commutative groups of order 8 (up 10

for all ae S. the subsct

(b) (i) Prove {hat there are only IWO
isomorphism).
(i) LetShea finite G-set, where G is & group of grder p" (p is @ prime). Show
that | =, S, |, where Sg ={uesig¢.=wgg'{'ﬂ. '
(i) Let Gben group and a € G . Prove that d & Z(G) if and only if Cl{a)={a} -
(@ () Let K bea subgroup of H and H be & subgroup of G. Suppose Kisa
characteristic subgroup of G and H/K isa characteristic subgroup of G/K .
Then show that H is a charactégistic subgroup of G.
(ii) Let G be = group of order 231. Show that 11-sylow subgroup of G 1S
contained in the centre of G,
(d) (i) lLetGbead groupofgrder pgr, where p<gq<r being primes. Prove that
some sylow @bﬁrhpp.dtﬁ is pormal. Hence show that  is not simple.
(i) Let G be ] g.rnup !‘!'ml acts on a set A, Let a€ A, then prove that
|G |=|Stablg) %] Orbit (a) |-
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B.Sc. Honours 5th Semester Examination, 2022

CC12-MATHEMATICS

NUMERICAL METHODS
Time Allotted:; 2 Hours Fqﬂ;Mﬂi‘k_gi"‘m
The figures in the margin indicate full marks

GROUP-A
I.  Answer any five questions from the following: 1 %5=5

(a) Evaluate (A%/E) () .
(b) Evaluate A'(2x* —2x+1). A has its usual meaning.
(c) Discuss the convergency of the fixed point iteration method.
(d) Find the Lagrange's interpolation polynomial fitting the data poinis fiy=56,

f(3)=0. f(4)=12 for some function f{x}.
() When does Newton-Raphson method fail 'to find a real root of the equation

f(x)=07
(f) Find the number of significant figure\in I = 1.5923 given its relative error as

0.1x107%.
(g) Calculate the absolute, relative and percentage ¢rrors by approximating 5/3 with

1.6667.
(h) State the condition of conyergence of Gauss-Seidel iteration method for solving
numerically a systemof linear equations,

GROUP-B
. Answerany three guestions from the following: §x3= |5
(@) Construet an appropriate difference table in respect of 4 funclion flx) using the S
fallowing duta table and find f(0.5).
| x 0 12 3
» | 2 I 34

5

(hy Use the method ol separation ol symbols o prove:

Hx u,.r' o
Wt —t—————4
1! 2! §!

o L, ¥ A+ :—I K+ )
Prove that A V=4-V¥
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(€) Vse modified Euler method to compute 1(0.4) for the following initial vilue 5
problem

% =x=y, vl =1l
taking A = 0.1
(d) Show that the order of convergenee of Secant method is upproximately 1,618,
(¢) Compute v 1o four significant figures using Newton-Ruphson method,

GROUP-C

3. Answer any fwe questions from the following: 10x2 =20

(@l (1)  Ewvalsate by Trapezowdal rule toking h=1. 545

in)  Fvaluate by Simpson’s 13-~ru]e taking six intervals correct upto4 significant
figures:

jJ_ar

(k) (i) Write down the iteration scheme of chan; nmhbd and find the condition of 5+3
convergence of Secant methad.

(i1 Use Picard’s method for solving the d:ﬂqfemﬂai cquition

%z.:'-i v for v =04

piven 3 =0 when x =10
fe) (1) Fand the nissing term in tI;é*tuHumnl_. table:

'T-j.—q-—-rﬂ—a_—j—i =
nuj | & = |
iu) bind the rh.g:wnl |m.11..|u[1 o the yuadruture formnla

i {151

Ilhrf"I onstrid He peond dugree el s approsimation o
ix) l.IiI.ﬂ'l]l.r'u.Tl L)

F+ied

{ et aid Repuladals bl e Sevant )

W) What i the min dilllepenee i
R T T AT ]

ethid 10 find o neal eont ol the equation
decimil plies

il
(i Dse Ronge-Kana method of arder tw o comipute PRV Trom 7 WL ER

with vty 1 vahong A 0]
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UNIVERSITY OF NORTH BENGAL
B.Sc. Honours 5th Semester Examination, 2022

DSE-P2-MATHEMATICS
Time Allotted: 2 Hours Full Marks: 60

The flgures in tha margin indfcete fdl marks

The question paper contains DSE2A and DSE2B. Candidates are required
to answer any one from the five DSE2 courses and they should mention it
clearly on the Answer Book.

DSE2ZA
NUMBER THEORY
GROUP-A
1. Answer any four questions: Ig=12

(a) Find the inverse of 7 (mod 207. 3
{(b) Find the highest power of 11 dividing 1000, i
() Find the integer in the unit place of 2'°, 3
(d) Verify Division Algorithm for'Gaussian integers using 12+ 8/ as dividend and 4 3

as divisor.
{e) Prove that for any integer a, 33'= 0,1 or 6 (mod 7). 1
() Define Legendre Symbol, 3

GROUP-B
2, Answer any four questions: fixd =24
(a) 1Fx = '(mod 16), x = b (mod 5) and x=¢ (mod 11), prove that 6
x=385a+176b-560¢ (mod 880)

{b) Let fix)=ay+ax+ - +a,x" be o polynomial with integeal coellicients such that [

4, = 0 (mod p), p being a prime. Prove that the congruence fix) =0 (mod p) has m

most 1 incongruent solutions,
{e) 172" = | is prime, prove thil i must be s prime, 15 the converse tne? Justify. 6
() Solve: x” + Tx+10=0 (mod 1)

Turn Over
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(¢) Find ged(=3+117, 8—1) in Z[i]. Also, find x, pe Z[i] such that
ged(=3+11i,8=N=(=3+11)x+(8-1}y .

() State and prove Fermat’s two square theorem, f
GRoOup-C
3. Answer any fwo questions; 2x2=24
(@) (1) Forany two integers a and » with ged (a,1) = 1, prove that «** =1 (mod n). 6
(ii) If p and g are distinet primes, then prove that p~' + 47" =1 (mod Pq) | §
(BY (i) Prove that n is a prime iff (n—1)!=~1 (mod p) 8
(ii) Define a quadratic resldue, State Quadratic Reciprocity Law, 242
te) (1) Find the number of positive integers less than 700 that aredivisiblé by atleast one fi
of the primes 3, 5 and 7.
(i) Prove that 142434+ is a divisor of 1" +2" #.«+ " for any positive 6
integer r. '
(d} (i) Consider the linear Diophantine equation ax+'by =, where 4, b, c= Z. Show 7
that the equation admits a solution iff ged(a,b) e .
I (xg. ¥y) is a particular solution of the equation, find the general solution,
(ii) Solve: x* =14 (mod5°), 5
DSEZB
MECHANICS
GROUP-A
[ Answer uu}rfuh'rqucﬂinns: Jod = |2
) Lefine. stubleand unstable equilibrium. Write down slatement of energy test of

stabwlity.
(b1, Shis thar the momentol ellipsoid at the centre of an ellipsaid js
(B e b 00" a b vl + 52 = Constang,

Cow'Pros e that the sepuares ol the periodic times of the plunees are proportional o the oubeg
of the tmenn dystance oo the Sum >

by vt cubival bos ol wdge s i placed o the o of @ G sphere. Show that the

ledest gondlinds aad i .||1n'h. Toar whinedy Ll rthfu TR |H [ stihle is i
)

fep Sl pran ||:|]:‘ o vietul Wl

e Deling uimrunulrr:h:] walemn. Ulender  whi vorlitions  wi sintems il b

s neidal”
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GROUP-B
2. Answer any four questions: 624 =24

(a) A particle is projected with velocity u al an inclination & above the horizon In a 6
medium whose resistance per unit mass is k times the velocity. Show that its direction
will again make an angle abelow the horizon after a time.

lIt:tg{l +-!£sin ar}
k g

(b) Define compound pendulum, Show that the centre of suspension and oscillation of a 145
compound pendulum are interchangeable.
(€) A body rests in equilibrium on another fixed body being enough friction to prevent 6

sliding. The portion of the two bodics in contact are spherical and of radii rand Rand
the line joining their centres in position of equilibrium is vertical, Show.hat the
equilibrium is stable provided

b b ©

—_ e
h r R

where h is the height of the c.g. of the upper body in position of equilibrium above the
point of contact.
(d) If n heavy body rests on a fixed body, find the nirtuire, of equilibrium. 6

(¢) A straight smooth tube revolves with constant, angular velocity @ in a horizontal
plane about one extremity which is fixed. If initially a particle inside it be at a distance
a from a fixed end and moving with constant velocity ¥ along the tube, then show that
its distance at time t is

m:ucsh:mr-p-%sinh (T

(T) Three forces P, O. Ractalong the sides of a tdangle formed by the lines x+y =3, 6
2x+y=1and x— p+1=0. Find the equation of line of action of the resultant

GROUP-C

) (1) Three forces act along the straight lines x=0, y—z=a; y=0,z—x=a: 6
=0, x—y=u0. Show that they can not reduce to s couple. Prove also that if
the system reduces Lo u single foree, its Tine of wetion must le in the surface

1 q 1 - ;
x4 Yo == —1rp= a*

(i) Three equal uniform ds A8, B, C8 are freely joined and pliced in a straight ]
line o u smooth table, The rod A0 s struck ot ity ends by 0 blow which s
perpendicular to its length, Find the resulting motion and show that the veloeity
of the centre AR Is 19 times thar of €8 and its angulor veloeity 11 times that of
.
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Al

(b) (@

(ii)

(c) (i)

(1)

(d) (i)

(i)

A solid homogeneous cone of height & and vertical angle 24, oscillntes about a
horizontal axis through its vertex. Show that the length of the simple equivalent
pendulum is

2{4 +ian’ @)

The satellite Vanguard was |nunched at a velocity of 2000 km per hour at an
altitude of 640 km, If the burn out velocity of the last stage was parallel to the
Earth's surface, calculate the maximum altitude from the Earth’s surface that the
satellite will reach. Find also the semi-axes of the orbit and the orbital time.

A particle moves on the outside of a smooth elliptic cylinder whose axis ig
horizontal. The major axis of the principal elliptic section is vertical and.the
eccentricity of the section is e. If the particle starts from rest on the highest
generator and moves in a vertical plane it will teave the cylinder at a paint whose
eccentric angle is given by ¢* cos’ @ =3cosg - 2.
A smooth solid circular cone, of height / and vertical angle 2, s at rest with its
axis vertical in a horizontal circular hole of radivs ‘a’. Show that if
I6a> 3hsin2a, the equilibrium is stable and there are two, other positions of
unstable equilibrium and that if 16a < 3ksin 2, the equilibrium is unstable and
the position in which the axis is vertical is the only position of equilibrium.
Find the C,G. of & hemisphere whose density varicy.as the distance from a point
on its plane edge. '
A force P act along the axis of x and othér force nP along a generator of the
evlinder x* + p? = 4° . Show that the central axis lies on the cylinder

ntnx — .r}’ + {'1-3;1- ") _1-'z =pnta".
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UNIVERSITY OF NORTH BENGAL

B.Sc. Programme Sth 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 fwo courses.
Candidates should mention it clearly on the Answer Book.'

DSE-1A
MECHANICS

' GROUP-A / Fsm-= / 77e-&
L. Answer any four questions:
@-GTI BIAfT ety Tag el
@ AN UFEHG! 9N od —
(a) A particle describes a curve whose equation is =6 +b under a force 1o the
pole. Find the law of force.
I (pole) WS 207 W @ G e TR TRl @ £ =67 + b SR
ife et =
Pole 1 TIET A YAIGS! QIS B @ WABT L=47 + b ATH TH qUA TH
w3 o) e ek
(b) Write down the principle of virtual work for a single particle. Explain the term
virtual.
T 6 e O principle of virtal work BT8Y 34| Virtual * Ge T AT |
gae U] @R Virtual work Y FRYEST 9% Virtual Y =@wE Y |
(c) State thé meressary and sufficient condition for the equilibrum of a system of
coplanar-forces acting on a rigid body.
5 i T T IS TSN P AR STEA R W S
et =)

B body ¥ FTETHI coplanar 4!, system Wiod & MEe A guiE
condition Feerd@ TN |

{(d) What do you mean by constrained motion? Write down the principle of
conservation of momentum under impulsive forces.
FHraam 9@ (Constrained motion) 99708 [ @RI ¢ Q=T SHF SHE0e HFTH AN
Gre o3|
Constrained 7T (motion) W=TTal @ A 7 SN Ford! (impulsive force)
OUTEH] UYET TG (momentum) 1 FRETORET ST o1 |

3095 | Turn Over
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(e)

(N

]

(&)

(b)

fc)

(el

30us

Explain the terms “Force of Friction™ and “the angle of Friction™.
Wi 99 ( Foree of Friction) @3t w3 e (the angle of Friction) "Pﬁ‘tﬁﬂ | He|)
"Force of Friction™ 31 “(he angle of Friction” ¥rewma! A9 @& 77|

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. 2/ and 34 vespectively. Find the line of action of the resultant.

TR R AT (1, 0), (0, 2) @9t (2, 3) Ferne St SRRy SEeTes

ST w R e am f, 20 aw 31 Al aee T e e

Rectangular SEEWST W co-ordinates (1, 0), (0, 2) &= (2, 3) Imﬁ
& moments of a system of coplanar forces ™1 framforia I B wA

T 20 AR 30 WY, GRoEET @ @rdw YT (line of action) Fvfa TR

GROUP-B / f&ist-ot / 313jg-79
Answer any four questions:
(E-FW 66 ore Bae was
T AR FEEGD] SN o —

Three forces act along the straight lines x=0, ¥—z=a; y=0,z—x=a;
z=0, x— y=a. Show that if the system reduces to a single foree its line of action
must lie in the surface x* + 37 + 2" — 2z — 2z~ 2y =g’

e s

x=0, y—z=a; y=0,2—x=a; z=0ax=y=qa @ T2 oalb <= orfae | mdre

1, AW werEs o e ofiadte w3 = oree tw eriEil Fefe svers
Eoa T

X4y 4 -2y —2ax=lxy=a*

T ael8s ave vl x:#j',-iy—z=a: y=0,z—x=a: z=0,x—y=a ™ act
i | AR system THe Ao GV B 99 @@ van, |6

X4yt 2t —2pe e 2xy =o' W Bl EE o wEmr

Obtain the velocity and acceleration of a moving particle referred to rectangular
axes (X and @Y Which are not fixed in space but rotate about the origin in their
own plane.

HREGHE O OX 4R OY 97 AF ST @fa 71 1 (space) =T 1w fow T
T G A ST 1 e gwe T

Rectangular 38E% OX 31 O ® w=fw oo wfres woe) O

(velacily) A W7 (acceleration) Fvf "R @Y space W Rer ¥ Tv e

r;iam: | Feid @ (origin) ST 0 (rotate) |

Find the motion of & projectile in a resisting medium in which the resistance varies
a5 velogity.

“idies ez Sermeitea 1@ Feham i s it turm »fass v

el Wil e Gael WETOREY (projectile) TR Frokr T wiel ofyde an
FTer s |

A particle w projected  from on upse ot o distaice o with the velocity
‘HFHH': 1y |, the central foree being 47", Show that the equation of the
ortil of the particle is " = ¢" cosng

64 =24
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(e)

(f)

@ Apse 97 g YTy (I O TS [+ Dyt s ot %91 cire o
i el WEEe 9E " =a" cosné |

TS FU U apse <@ pi[(n+1)a™] W ATH o gOE A WEE T |
T TS " B | T FEH] WEHBIO " =a' cosnf B HA FA TR
A uniform rod 04 of length 2a, free to turn about its end O, revalves with uniform

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

G5 W We 04 WE TG 2a, O HITER FETF TS A0, O = 4E OZ THT G
AP o GRS 0 (02 O OZ 97 AY o 2R CEI0 S 0 | WA o J9 6E
e =41

2a TS WOH YS! WA TS, AT A 0 Wl g WA el O Wi

S 0Z T WA w0 A @ o revolve T8 S 0Z @ Far T o @
HHS TH H1 B 7 v T

A uniform solid cylinder is placed with its axis horizontal on a plane; whose
inclination 1o the horizon is @ . Show that the least coefficient of friction between

it and the plane, so that it may roll and not slide, is -:l,:tau a. Tf the cylinder be
hollow and of small thickness, the least value is Jtana.

R e o o | (e BiEeR g SrER SR IE e e 1 99

Liana 7 welb o e ofica e wad g A FireRm e o 7o 2,
et B mm%mm

TEET WA &1 cylinder I 8 18 plane W AW WA B, WES! horizon
feF gFTS o €| Plane T HM HUS WO B least coefficient . W Wi
o clide E&9, Luna B R A W] AR cylinder fE we wWHH X TH

Arerg Y. wrEE! least T Lwno 8 AT

GROUP-C / Fstel-#t / TE-
Answer any fwe questions
(u-ceW 10 et Taw we
T §E WEEE® oY o

3. () Fouruniform rods are freely jointed at their extremities 1o form a parallelogram

5005

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,

BTG e B R A JEeitd 9@t FEie ARCD TR TE Sl S A 4
I FICHTR YAl S0 R IR T 409 i S AC o wrE del wie) e 9w
4 % s BT I ST ST S

AT SIS ABCD T197 IRGEl T @EE o1 99 HIEeA SifeueT
W, W A W YIS B A R AC d 3R Reus! o) e an B adad O
SO W ST B A WEI |

12%2'=24

T Civet
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ib)

4. (a)

(b

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

action of a central force F =g(u), where u =Fl ;

9aTs Tweren FEEEE W6 @@ T8 @6 Ao F=g(n), @En T ulid Sm

m,mn{d
B ad F=g(u),u=_ F wme TS TE S AT NEER S 8
wrEs Remar &1 condition Fvfg 7%

Prove that any system of forces acting on a rigid body can be reduced 1o 8 single
force and a couple whose axis lies along the line of action of the force.

st a9 0 G 13 4% T e wees Wl @ % 6 Couple & A J1
U, T W I PHEEE Som A

Tael @ body Wl WA TS TelEwET WHE, User G 4ol AT couple T
ORI g7, ST 38 FoE ST YETaT sEftad v, W WET AN

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

the radmus of the cylinder, show that the least weight it can have $0 as not 1o upset
is 2W(1-3).

T T W ST T - 97 7 W e, Fig S et O Y o IF
@ e B e gt v 1 Bl e o (< 2r )5, OG0T S5
weig ewa A 2W (1- 1) |

o wwae W ofeve g8 R Ween e Wil cylinder P gEEer WA
smooth ST hw doE WA T (radivs) » B UfEGEHT w| A
a(<2r) cylinder 1 From g awe Siom &9 9 39 2W(1—2) §9 o0
THT R |

5. {a) Find the moment of inertizof a rigid body about any line, given the moments and

(b)

6. (a)

3095

products of inertia aboutthree perpendicular axes.

0 T TR HeeE <30 3 787 moment of inertia G T, (I BTG =% wrwn
HICPCHE OTE moments @ products of inertia (P61 WL

4 uft d@ wnfid 5% body @ moment of inertia Fvfa v fiw eraaa
HaEw AEIHE moment 3 product of inertia EZTET W

A heavy 'pﬁ:ﬁc!e 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

verex, then i’ =1.

F T S cycloid TRE Q=ib SIF 1 A% *mR, cycloid B @i s az
A vertex AT =mE T Tl T STEE cusp (0T OF AE vertex I0H WRAR
o[ W RGO pte! T =1

Base ¥l AUS! ¥ ¥ @@ RR WUS cycloid W wwer wil @ww o aw
YoES TEB | AR cusp W1 [ANIH Sl gT TR A e A e =) §9
A=) WAV TR |

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

eMV
aronee unless ¢l > g, nor at all unless oy &
4

4

f
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(b)

(2)

(b)

5095

Permutation (

nf# M S 93 WAt 1w ofFmn v, o o T oM TN WS O @
o S S8 AT, OTE e o 9 uFRAnE TorE R I AW A eV > g T

] AR = A Eﬁf’bg =

af% A WO FEAM M WUDI e Wout wHIm UHiAl relative & VR
TEA oM TOTRW AT W case HT TEOAA M WY, ©Of U Yoo@l W rise

BE Wa U™ el > g 7 9 Yedw rise 80 o T %-}gl

A body of mass m moving in a straight line encounters a resistance proportional to 6
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 1 is given by

3=%(1-e'“"‘]
m LA G0 99, 1 A T T9hA @R FaenET O Wets FEa 5y A
a7 & 4R @ 35 @l 3w o e e 1 =l p b T % e,
TG G ¢ eI ST A ¢ 5 i 20 5:%":(1,&_;.,“]

TSl FEHE m WUH! body WYE Y@l W1 OfeRE@! @0 9 W proportional
RGeS | &8 A body M 1 A weE) wara B 4f% U ¥ A body &

Lo R, T G 5 T 0 AR W @ = D) o

DSE-1B
GROUP THEORY AND LINEAR ALGEBRA
GROUP-A | [ait-3 | 375-5

Answer any four questions from the fuifnwing: 3x4=12
freferfae c-ce o1af etz Tea wies
T G TEESS 9T oOF —

" oo fIN273 4 5678
Express the permutation %5 1 328 6 1

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

-
( 1 23 4% 6 BJ permutation Tor% ffPs 5054 (disjoint cycles) @

] as the product of disjoint ~ 1+1+1

4 5 1.3 .2 8 6 7

1 23 45 6 7 8
4 513286 ?}ﬁﬁﬁﬁ{dlslumﬂcyclew

1 o TR | Permutation @7 order ¥ | Permutation ¥H 37 fawm
{even or odd) B e 7|

Let & be the group of all 2%2 non-singular matrices over the real numbers. Find 3
the centre of G.

M1 AR, G @10 FE 2x2 non-singular T199 WA TIGW | G @3 @ (centre) AeE
4|

T-l'f‘ﬁ G 99l 22 non-singular ¥EIAE GETES®] matrices ®] group B G
T Fn (centre) iy RIES

5 Turn Over
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(€) Show that {(0, 1, —2), (1. —1, 13, (1, 2, 1)} are linearly independent in R'(R). 1
®s @, {(0,1,-2), (1, 1,1, (1, 2, 1)} GO R(R)-~a THRTERI FA (lincarly
independent) |
RAR) AT {0, 1,—2), (1, -1, 1), (1, 2, 1)) ¥Rew S W § T 7707w

(d) Let G be any group. For any clements a, b, x in G, show that o(a) =o(x lax). 3
WA TG @ W ST group | G-9 (1 W BT a, b, x —97 T, (NG 0T,
ola)=olx"ax)

Group G I ] uf¥ elements a, b, x T 0 0(5]=0f1_iﬂx} TH A T
™|

(e) Find all elements of order 8 in (Zsa, +14). ' 3
(Za4, +24) -9% 8 BT (order) F= Betptaf B =4
(Z24, +24) AT order 8 TUH! T4 clement 55 g TR

(f) For That values of k , does the set §={(k, L k), (0, k, 1), (1, 1, 1)} «form a basis 1
of R"?

JeT8 T ST, S = {(K, 1, k), (0, k, 1), (1, 1, 1)} GO0 R basis #o7 #7|
k @I WA AT @, WE S ={(k, 1, k), (0, k, 1), (1,1, )} BRI basis &0 7
GROUP-B / faetsl-4 / ¥iE-@
2. Answer any four questions from the following x4 =24
el @-m s1ald e Te wre:
B gR TIEed! Suv o| —
(n) Prove that every subgroup of %_-eye'iic group is cyclic. 6

e 2 (3, cyclic-«% et subgroup cyclic A
Cyelic group 7 We&% F9 group eyclic B 5+ g=mor 73|
(b) (i) Show that SL(2, R}'is a subgroup of GL(2, ). 343

S %4 (¥, SL(2, B) 9=(0 GL(2, R)-43 subgroup 71
SL(2, R) GL{2, R) 7 TY group & #-T ¥197 7% |

(ii) Prove that intérsection of two normal subgroups of a group is a normal
subgroup.,
Crate (4, 7% normal subgroup-<7 (& (intersection) 4% normal subgroup
LA
1 group FT ¥ normal I group P AREITT (intersection) normal =9
group B W1 FHIT N |

{c) (i) Find the centre of the group 5. 343

S5 &% (group)-93 CF (centre) M 72
Group S ®1 @2 iy 1R

(ii) Prove that a non-empty subset H of a group G is a subgroup of & if and only
ifabe H=ab'e H.
crte U, @dl W BUOT H O 99 group G @7 subgroup %= UM W
wyarE 1 (if and only if) ¢,.he H = ab™' e i
Group G @1 @Nell YS! SUNE H USET I group &Y aft s ufe wr
abe H=ab'el |

5095 L0
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(d) Find the linear mapping from R’ to R® which has its range subspace spanned by
(1,0, ~1)and (1, 2, 2).

R’ (& R #ife @ 1B (linear mapping) 409 @@ =4, 1 range subspace
(1,0,—1) &% (1, 2, 2) w1 @F® (spanned) |

Subspace @1 AT (1, 0, 1) &7 (1, 2, 2) o TFUD WeF mapping R’ 2R
I’ s v T

(¢} Prove that the linear mapping 7: B’ — R’ defined by T(l,2,3)=(3, -1, 7),
7Q1,-2,3)=(3,3,3) and T(1,2,-3)=(3, —1,1) is one-one and onto,
e ¥ o®@  T(,2,3)=06,-1,7), 7(,-2,9=03.3,3 «=n
T(l,2,-3)=(3,—1, 1) %8l #@Fs (defined) TR+ WPrM (linear mapping) <M
one-one ST onto MiER (mapping) |
'(l,2,3)=(3,-1..7), T(1,-2,3)=(3,3,3) & 7(,2,-3)=(3,-1,1) @&
affEs 3w mapping 7: B® — R’ one-one 31 onto 21 % waM |
() () Let S={(1,4),(0,3)} beasubset of i’. Show that (3, 3) belongs ta L(S).
T W, §={(1, 4), (0, 3)} = R -7 @6 Tl 07YIE (3, 3), LS9
%@ (belongs to) |
A S={(1,4),(0,3)) R 1 SR BHAM TR (3,3)L(S) T TG
1|
(ii) If w, v, v;e ¥ (F), such that v, +v,+v, =0 then'show:that {v,v;} spans
the same subspace as {v., v,} Le. show that L{{ﬁ; i':ﬁ--—n'L{ vy, ¥}
o v, v, v eV (F) R, v +v,+v=00 SR oie 0, {y, ;) o
{v,,v,) 9%  subspace [F®  (span) . T Tefie ol @,
L {v . vy ) =L{{v,. w}) )
aAx vy, vy, vy €V (F) TE v+ 43,20 8 F {y, v)d {ve, vy} & ET
WY space span T8 WA THE T FUW WT T L({v, v b =Ly, i) |

GROUP-C / st/ -1

3. Answer any fwo questions from the following
il - §1P dom ST e
o ey STTESE! T oW -
(a) (i) Show.that Z(5,)={/} (nz3).
'ﬁﬂfm. Z(s,)={1} n23)
gwor X Z(S,) =} (n23) ]

- i h—gt(]ll[} ufGlfHK:m
) ;Tnve;a;fﬁx;:mmbgnupﬁwﬁm ayiE i (iff) HK = KH &)
al, HK, G-

ngmup{;a‘flﬂﬂgmup?lﬂﬁalﬁﬁmi HK = KH &9 1 umm

o taining §.
(iii) Prove that L(S) is the smallest subspace of I containing

FHEH subspacel® 21 L{S)
Mﬂﬁ,swmﬁﬁilﬂ::ﬂwmwmm L(S) B T T e

5095

3+3

122 =24

3+6+3
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(b) (i) Show that ¥ =W, @i, = I/ =, + W, ¥, W, ={0].

(i)

(11i)

(c) (1)

(1)

(d) (@)

5095

(i)

GRS T, V=W aW, < V=W +W., WNW,={0}

T TR V=W, e W, = V=W, +W,, ¥ ¥ =[0} |

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

oW ¥ (I, G-44 subgroup H T normal W« eymE T (i)
Ha # Hb=> aHl # bH (%5 a, be &

G ® BT group normal & AR & AR AE Ho# Hb=> aH # bH
a,be G @ @l

If H and K are two normal subgroups of a group G such that A MK ={e)
then show that hk=kh Vhe H, ke K.

% H @® K, G-a3 76 @¥ normal subgroup, CRIA H MK = {e), R
e, hk=kh Vhe H, ke K

afk group G @ i A K 49T normal I group WY, el H NK ={e},
hk=kh Yhe H, ke K &9 %9 qqm7 73|

Prove that every permutation on a finite set is either @ €yéle or it can be
expressed as a product of disjoint eycles.

S TR, FAH L5 WEE T permutation S B (cycle) Wl aforE
TR 53°n0ER (disjoint cycles) 4= ST <o w1 )

fiffm Wedt 79% permutation =1 cycle &Y s aHad fegET cycle
o] [T AT P i a gEare

Show that the set (1, 1-+x, " # 2x} is'nbasis for P, (R), the vector space of
all polynomials of degree <2, 1

RS, {1, 1+x, & +2x} GO0 P (R)-9% = 93 basis T3, @A P, (R)
75 qEA] U W 297 TA-7 MW veotor space |

WE (I, L+ x, x*+ 20} PAR) B basis 8 0 B TR| P (R) degree
<2 YUSHI WE9G@] vecior space & |

Prove that every gratip of prime order is eyelic,

(R1G G, He (T 3R 0H group, cyclic %A

Drdu.rpﬁmﬁ"?'qﬁ’r W group cyclic B W1 gy uEd|

Let @ and f belongs to S,, Prove that Ax A" and & are both even or

_both odd.

AR T, qa T f TS, a0 ) s o, fx A an a T TemE g

iy

aerr Ters wmg

T e fOS A wmw s g gt ey e T W s gy @
WA AT R
Show that the vectors (1, 2, 3), (0, 1, 2) nnd (0, 0, 1) generate i

@G, (1, 2, 3), (0, 1, 2) @& (0, 0, | ) CETmalE v e (sicine

: rate) 29
(1.2,3),00,1, )3 (0,0, 1) & ' s T

e WY s |

X

GrF3+3

4+4-+4



