UG/CBCS/B.Sc./Programme/5th Sem./Mathematicsy MATHPDSE1/Revised & O1d/2023

S §F

i

iR

R o s 1 I T e L
UNIVERSITY OF NORTH BENGAL
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DSE1/2/3-P1-MATHEMATICS
(REVISED SYLLABUS 2023)

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

NUMERICAL METHODS

Time Allotted: 2 Hours

(a)

(b)

(©)

(d)

(e)
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GROUP-A / Rel-% / a9 g-&

Answer any five questions:
fesfeife @-Fiw 5fe @ese T nies
Pl GTg THPT IIR <9

Full Marks: 40

Ix5=35

If V7 =3.753627 and V,=3.7537 are the true value and approximate value

respectively, then find absolute and relative errors.

T v, =3.753627 @R V,, =3.7537 TG AdF T @R ST [ 26 absolute

@R relative woef [y w1

Al vy =3.753627 3 ¥, =3.7537 T Aol Ardl A R SFATT A A fFRUe Ffe

X gy Ffe i R |

Calculate (V-A) (x? +4x).
(V-A) (x2 + 4x) -93 Wi ff 521
(V-A) (x* +4x) Ao R |

What is a sufficient condition for the convergence of Newton-Raphson method?

Newton-Raphson 2&fef Sifewifs 2ema qc2E = & ¢
Newton-Raphson Tg[T b1 &7 TITH eigw & &l ?

Why polynomials are used for approximating in interpolation?

(1 I=2{7 ST interpolation-93 &) LS 2 9

Interpolation STFHTF T TEUSE febT FANHT B |

What are the demerits of Lagrange’s interpolation formula?

Lagrange interpolation (a3 @b efe f fF ¢

Lagrange @ interpolation Sl o) SNUES) FE?

1
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(f) What is the degree of approximating polynomial corresponding to the Simpson’s

%rd rule?
Simpson’s %rd rule-93 (@S approximating Ig7al AR @l F 9
Simpson &I % e T Feafee SR ggueed! fit & & 2

(g) What is the order of Convergence of Regula-Falsi method?

Regula-Falsi *&{o% SHRCR @ 5 9
Regula-Falsi Ggfa! 1o @7 order & P & ?
(h) Convert the following system of equations in diagonally dominant form:

e FFad ©&0eE diagonally dominant o 2B 12
fEZTDT FHIHROT TUTTerT TS 0T dominant HYHT IR TR |
x—y+5z=7
6x+y+z=20
x+4y—z=6

GROUP-B / ei-4/ wg-@
2. Answer any three questions: 5x3 =15
fafeie @-ce foafs avs T wies
Pl AT TEPT ITR <

(a) Explain the bisection method for computing a real root of the equation f(x)=0.
Also, give its geometrical interpretation.

F(x)=0 @ @3 TNFAeR @0 BT Ao w3 bisection o iant F21
ORGIe 27 Siffes i wie |

THIGRUT f(x) = 0 T ARG FeT UM T bisection TgicT R TR | JRDT AT
IR U+ TR |

(b) Solve the system by Gauss-Jacobi iteration method:
Gauss-Jacobi iteration “Tz® SN AL e
fSSTPT TUMeiTeTs Gauss-Jacobi iteration IERT GRT FHTEM TR:

xX+y+4z=9
8x—-3y+2z=20
4x+11y—z=33

(c) Given the following table, find f(x) assuming it to be a polynomial of degree
three in x.

fasferiare il oreal Wity x-a7 for Ay el AfFEmeE 4 f(x) Nl was

=1 figuat arfear a1e, f(x) @8 x AT degree foF 9@ polynomial AFT f(x)
IBLEEINE

x |0|1|213
f(x) |1]|2|11]34
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3
(d) Evaluate .[

o1

decimal places.

dx
2’
X

by using Weddle’s rule, taking 6 (six) intervals, correct upto 2

3
Weddle-93 NS &w@s F@ jldxz a7 W e 77 (A0 2 wifie == 7e) 6f6
0 +Xx

SRS 43 |

3
Weddleaﬁﬁ'&‘-‘imjldxz Pl Ui TR | 6 IeT 3R TR 31 2 GeMed places T |
0 +X

(e) Use Euler’s method, solve the following problem for x =0.4 by taking 2#=0.2.

dy _ 2 - _
a—yTx Wlth y(O)—l

Euler’s ?I@f® I @, x = 0.4 @3 S [HEAL© TG0 TN F9 @A /= 0.2

o 4 dy_ 2
g y(O)—l, E—m

Euler & UgfT GRT fGZU@T problem FHTEM R x = 0.4 &I AW 31 4 =0.2 foTw |

dy 2

dx  y+x V0) =1 &

GROUP-C / f@tot-ot / -

Answer any ftwo questions 10x2 =20

e a-=iw 76 et Tea wie
Pl §F THBT STR S

3. (a) Find a positive root of x> +x-1=0 by the iterative method, correct to two 5
decimal places.

Iterative 2&@OTe x° + x—1=0 TS0 2 5T B 217 AIF @0 @ 4w
I 21

Iterative TEHT GRT x° +x — 1= 0 &I D FeT ITH TR, §8 ST places T |
(b) Give the following table: 5

X 0 5 10 15 | 20
f(x) | 1.0 1.6 | 3.8 | 82 |154

Construct the difference table and compute f(19) by Newton’s backward formula.
fesfeiie Aadt el it

X 0 5 10 15 | 20
f(x) | 1.0 | 1.6 | 3.8 | 82 |154
Difference FRA! 5107 F9 4% Newton’s backward NG IR FE f(19) a7 3w e 41
fS3UP! TaeT T YR ©:

X 0 5 10 15 | 20
f(x) | 1.0 1.6 | 3.8 | 82 |154

Difference Caa &1 31 Newton @1 backward G a1 f(19) ol R |
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4. (a)

(b)

5. (a)

(b)

6. (a)

5095

Solve by Gauss-Seidel iteration method, the system
3x+9y-2z=11
4x+2y+13z=24
4x-2y+z=-8

upto three significant figures.

Gauss-Seidel iteration *&f® 72T @ FHGERE system B wiae 52 foq Ads
(significant) 2R (figures) #¥e

3x+9y-2z=11

4x+2y+13z=24

4x—-2y+z=-8
Gauss-Seidel iteration YGfr GRT YUITeit

3x+9y-2z=11

4x+2y+13z=24

4x -2y + z = —8 DI FHTEM TR 3 significant figures T |

1
Find the value of I %dx taking 5-sub-intervals, by Trapezoidal Rule, correct
0

upto 2 significant figures.

{5 ©{fI7 (Sub-intervals) 4T3, Trapezoidal 2 72T F&

jxdx
0

1+x

a3 Wi ff 32 ‘ﬁ"ﬁﬂ/ﬁs (Significant) RN (figures) 2@ #f3F

X
1+x

1
5 IUIR foTR J- dx T {1 2 significant figure 7 | Trapezoidal & ==
0

TIRT RR 0T ) |

Prove that: / & ¢ / JHTOT TR:

() A-V=A-V

(i) E-A=A-FE

Obtain the missing terms in the following table:
forfaiie s1adt (e oI 7R (missing term) e 341
feguen! drfere a1 &RITHT term ITH TR:

X 112] 3 4 5 6 7 8
fx) | 1| 8] — | 64| — | 216 | 343 | 512

Use Runge-Kutta method of order 2 to approximate y when x=0.1 and x=0.2
given that

=y w0)=2

3+2



UG/CBCS/B.Sc./Programme/5th Sem./Mathematicsy MATHPDSE1/Revised & O1d/2023

x=0.1 @R x=0.2 &, 72 WGK Runge-Kutta 2 I I y-a3 A+ ey 39
feTe FiwRe (P

dy _ . _ _

L—y-x, »O=2
x=0.13¥x=02 ﬁyﬂﬁqﬁaﬂqﬁﬁﬂﬁorder2 MUHI Runge-Kutta GGT TR
WIWEZ—;}:y—x,y(O)=2

(b) Discuss the Gauss-elimination method to find the solution of a given system of 5
equations.

GG HNFe OCF AN i@ Gauss-elimination A& 1= 41
gD AHPRUTRT YUITetT T HATET T Gauss-elimination Tgfd IR R |

DSE-1B
GROUP THEORY AND LINEAR ALGEBRA

Time Allotted: 2 Hours Full Marks: 60

GROUP-A / etot-3 / HHg-P

1. Answer any four questions from the following: 3x4=12
fa=eTe @-CFI9 515 elvea Ted wies
P TR JHEH TN < |
(a) Prove that if every element of a group G is its own inverse, then it is an abelian 3
group.

2ol 7 @, A @ &R (group) &Sl oimia ©iIF W& inverse 23, O @16 @6
abelian group |

I gu G B UAD element TFDT T inverse & 99, AT U3CT abelian el HEEIREIYI
NI

(b) In a group G, a is an element of order 30, then find the order of a'®. 3
@ group G (9, a 26 G0 G IF N 30, OF77 ¢!d -93 T (e
J0 G AT a order 30 9UPI U3CT element &1 9T @' T order FURI R |

(¢) Cheek whether the set S = {(x,y, z): x*+y? =2z} is a subspace of R’ or not. 3
S={(x,y, 2)eR’: x?+y? =z%} BF R’-97 9T ARC= =l ol 2177w 211
AT S={(x, y, 2): x*+y*=z*} RPN subspace & aT IZT I TR |

(d) Show that a Linear mapping 7:¥V — W is injective iff ker 7' ={6,}. 3

e (@ @ @RSF PR 7: 7 — W injective IM @R LG AW ker 7' = {6, } |
Linear mapping T':V — W injective &3S 31T afS A ker 7' = {0, } I WA0T R |

5095 5 Turn Over
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(e) Prove that intersection of two subgroups of a group is a subgroup.
2ol 1 @, G0 group-<¥d 16 subgroup-93 (T0E @& subgroup A |
queh! ggacl SUYY DI e T3t Juet & ST JHT0N R |

(f) Find all generators of the cyclic group generated by the 7™ roots of unity.

1-a3 7" o% & ! Bl FA1 @F 0 “cyclic group’-@3 T “generators’ (IS |
Unity T 7" root ST I STTT cyclic 9 &T A generator & BT (0T TR |

GROUP-B / Rein-4/ 7 g-@
2. Answer any four questions from the following:
fasferie @-ce orafe alves Teg mes
P TR THEHD] IR o

(@) Let GL, (R) denote the group of all 2x2 non-singular matrices over R w. r. t. matrix

a

multiplication. Show that the set H = {(

of GL, (R).

& GL, (R) 936 group @ R-@a3 &2 3% 2x2 non-singular matrix-9d R&Z Al

b
matrix &% @3 ACATF group W M8 @, 92 6 H:{( ab j ca’ +b? :1}-1%
a

GL, (R) @R @3 ‘Subgroup’ 51O I |

IR GL, (R) o =ATcaT UFPT T T R AT | 2x2 non-singular RATfcaRigned! Id
SAISE 9 A H:{( ¢ bj L a? +b? :1} T U GL, (R) T IuYY & T JH10 TR |
a

(b) Prove that order of each subgroup of a finite group is a divisor of the order of the

group.

bY 5 ,2_ )
:a“+b° =1; forms a sub-groups
a

2ol 1 @, G0 A group-a7 @O subgroup @G group-9d ELH GFL [FeTE=T |

T3 RAfH Jueh! Idieh SUPUST order, JUbT order T TSI B HHAT HHIUN R |

(c) Find a basis and dimension of the subspace W of R®, where
W={xyz)eR: x+y—z=0}
R*-3 subspace W @3 basis and dimension (4, LI
W={(xy2)eR: x+y-—z=0}

R*®I 39 space W = {(x, y, z) e R*: x+ y—z =0} B basis 3 dimension FoRT TR |
(d) Let (G, ) be a group. Prove that a non-empty subset H of G forms a subgroup of

(G, o) ifandonlyif ac H, be H = aob ' € H .

4" G @I group! &N FH G-93 @B non-empty AT H, (G, o)-93 @I

subgroup 5107 @ I @R FEINGIT a e H, be H = aob ' e H .

HMT (G, o) UIST U &1 | G &l TSI non-empty SURIC A of IUYT form Te Af 1f S

A acH,be H=>aob™' € H O %l TR |

5095 6
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(¢) A linear mapping 7': R’ — R’ is defined by

T(x,y,z)=(x+2y+3z, 2x+3y+2z, 3x+y+2z) for (x,y,z)eR’

Find the matrix of 7 relative to the ordered basis {(2,1,0), (0,0,1), (0,2,1)}.

T: R’ — R, a3 (alRF Seors< 9l

T(x,y,z)=(x+2y+3z, 2x+3y+2z, 3x+y+2z2)

7R R&@Re1 {(2,1,0), (0,0,1), (0,2,1)} @30 ordered basis-9F AIAHE T-€F
WG S a1

03T

linear mapping 7: R — R’ (x,y,2)eR> @ @,

T(x,y,z)=(x+2y+3z, 2x+3y+2z, 3x+y+22)8RI URAMNT & | PHHGE basis
{(2,1,0), (0,0,1), (0,2,1)} AT T BT =TT f0fT TR |

(f) Show that every subgroup of a cyclic group is cyclic.
wle @ @ cyclic group-43 & subgroup, cyclic 21
Cyclic U Ydeb SUYY cyclic B HHT FHIT R |

GROUP-C / f@tot-ot / -

3. Answer any two questions from the following:

famfeiie @-eie 715 elvse Tes s
P G UHPI SR &

(a) (i)

(ii)

(b) (@

5095

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

R (G, o) @ @3B semigroup @ T cancellation W ARSI 1 O
@48 @ (G, o) @F(b group A

"M (G, o) USeT RifAd 37¢ J0 &1 SRAT g4 cancellation @1 7179 IS | (G, o)
TSCT g9 & A1 JHI0 R |

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

M (G, o) @I GF0 group IF T AN ¢, b €T &N (aob)’ =a’ob® @R
(aob)’ =a’ o b’ A T, OW@ A8 @ (G, o) &F(6 abelian group A

A (G, o) T IT AU STE Va,be G, (aob)® =a’ob® A (aob)’ =a’ ob°
@ﬂe{GabelianETﬁWﬂ?l

State and prove Fermat’s Little theorem.

Fermat’s Little S35 it @< emiie 541
Fermat @7 Little theorem Scoitd 31+ IHT0T TR |

12x2 =24
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(i)

(©) (i)

(ii)

(d) (@)

5095

(i)

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

QR I8 A’ =R ‘K’ 79 ‘G -93 MBI Subgroup | &N T @, HK T61 G-43 936
Subgroup ¥ @R TG AW HK= KH.

qM HR K, G &1 g5 IUYY &% &1 | G &l U3eT Sugd HK & gfs 3f afe |4r
HK=KH &© i T4 R |

Show that the set of vectors S ={(1, 2,3,0), (2,1,0,5), (1,1, LL1), (2,3,4,1)} is
linearly dependent in R*. Find a linearly independent subset S) of S such that
L(S)) =L(S).

CWQ“G CZI’ S = {(17 27 37 0): (25 17 05 5): (17 17 17 1)7 (25 35 45 1)} :WEC e [ ]R4_kﬂ
ks ©it@ e (linearly dependent)l S-&3 W (CF @6 FRFSIE
TSN GAGH S, & 0% (@@ I ACS L(S)) = L(S) TA!

T R OARIES B AT S={(1,2,3,0), (2,1,0,5), (L1, L1), (2,3,4,1)}
linearly dependent R*HT & | S @' linearly independent STHT MNRELEEN NH]
L(S)) =L(S)!

Determine the linear mapping 7: R’ — R’, that maps the basis vectors
1,1,0), (1,0,1), (0,1,1) of R’ to the vectors 1,0,1, (0,1,1), (1,1,0)
respectively.

3o @RS werws 7 R — R 0 39 91 R*-93 basis (859 (1,1,0),
(1,0,1), (0,1,1) @i T™AEE (1,0,1), (0,1,1), (1,1,0) & o® )

R* @ basis IReEw (1,1,0), (1,0,1), (0,L,Da (1,0,1), (0,11), (L10)
AfEMEHATS HERTTeT map T linear mapping 7 : R® — R* fofg |

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

e @, @30 FAW MGF (dimension) vector space V-&3 @@ Fib basis-@
G MLUF (ST AR

R dimensional AT HUSE I T -1 §3 bases Bl FHIT TEITD! HCAEH 57O
T ST R |

Let 7 be a linear mapping on R’ defined by

T(x, y,z2)=0Cx, x—y, 2x+y+2)
Show that T is invertible and find 7.
T(x, y, z)=(3x, x—y, 2x+y+z) A R&R© R*-« 7 @3 @RF Mok @i
2o | (A€ @, T ReiAres@ (invertible) @R 7! 799 1
afe T(x, y, 2)=Bx, x—y, 2x+y+z)e GRTINT 7 U3eT R® AT 9P linear
mapping ¥V T invertible & i JH107 7R 31 7 fAofg 7R |

X
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UNIVERSITY OF NORTH BENGAL

B.Sc. Programme 5th Semester Examination, 2023

DSE1/2/3-P1-MATHEMATICS

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

DSE-1A
MECHANICS

GROUP-A / etot-3 / HHg-P

1. Answer any four questions: 3x4=12
fasfeiie @-iw 51afe @ese Teq nies
T IR THDT IIR <9

(a) Define Astatic equilibrium.
Astatic equilibrium-¥ e 7S |
3TRERIR F=JelrTep! YR & |

(b) State the forces which will appear in the equation of virtual work.
Virtual work TR &% FepTg 3601 411
TYITET PTD] FHIPRUMT <XT U] Fe18% Ieeid R |

(c) State the conditions of equilibrium of a system of forces acting on a body.
G I3 T 2@ IETOCE o) ORI ABTIFE AR *[Sesfer 3671 731
TSI ST THI YT deTa<e] JUITel! bl Afer & et Seerd TR |

(d) Explain the term ‘Artificial Satellite of the Earth’.

27 Flaw Totarz 7570 F @RI
Qe FAECT ST TR TRAT R |

5095 9 Turn Over
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(e) Find the length of a simple equivalent pendulum for a circular disc of radius a, the
axis being a tangent to the disc.

G ¢ IPNER JEFIF HIFfS @R FRAOF =K AR SFHEA! 4T G T TG

(I o el 4
AT  9UehT MeAThR (S DT TR ATHRYT equivalent USeTHe! eaTg MU TR, 3787
fSRepepT T el T 8l |

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

G35 2q g TR woez gRMaN aR T AR ST RN SR AACE
wefba Toel g e 41

RSP HeY fIgaTe TUDT X TS T Teferc] HUPT SHafeb! AIIEHT T3 2a HUPT O FHI
YEh! inertia ST moment IT IS |

GROUP-B / Fetl-2/ g

2. Answer any four questions from the following: 6x4 =24
fesfeiie @-Fiw 516 @eee Ted mies
P IR THDT IR <

(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 — 8¢ .

e Geparel [R#E @I @3 Afe-Sfoyd @@ IR Lol 9 ol TAFelPR A
veriel | b ~RICH @IeTe (Meee 337 oiforas fagd 231 ewid 39 a9 12
V9 —8¢? TFmeIRfE *age|

ThIehRTHT U ShUTe] JeTeh! dhraehl ATUEHT eccentricity e HUT SUSIIRT gUM Te | Major

JERPT W WSHT PURDT o §s AT §© | T path, eccentricity V9—8e? HY!
EISUREIET 878 HIT T TR |

(b) Write down the equation of motion relative to the centre of inertia.
erge| 9 (Centre of inertia) @ A2 9ifox 746 Trare 41
Inertia Y droeh! ATYEHT TfTHT FHIBROT o7 |

(c) State and prove the Principle of Virtual Work.

Virtual Work-«@3 Sifefb ige 1 @22 2w 41
TY37cT B! R Sectd A JH10T R |

(d) 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)7% +(1+ nz)zy2 =n*a?

5095 10
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@3 FET P, x OF JARK @R 7 G0 91 nP, x2 + y> =a’ G6T @F generator
IR G B | (RS (T @R SFFD (Central axis) n?(nx —1)% + (1 +n2)?y? = n*a?
(OICed OB (I |
TSl 9T P o 378 |l g ure 31 Sl gt nP o fferesR x2+ )t =a® @
generator I TG UT6 | P &7 Riferex n?(nx—1)2 +(1+n°)?y? =n*a®> M ©
AT JFHT0T R |

(e) Find the minimum time of Oscillation of a Compound Pendulum.
STAGET (RIFCFS SN (RieTerpiet foef 5411
73T Aifiieh Ugere! aler (Oscillation) & ~—gAcH d9Y fofa R |

(f) State and Prove D’Alembert’s Principle.
D’ Alembert-@3 o e 39 @3 2= F41
D’ Alembert I fIGT Seeid 31 THIN R |

GROUP-C / f@tot-ot / -

3. Answer any two questions from the following:

famfeiie @-eie 715 elvss Tes mies
Pl §3 UHDT IR &

(a) (1) 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.

3G IMFR “ICF (square lamina) G5 P METNER AR THTSIE GNTSIE
A 2R @A A0oF 93 @il (Corner) MSAER G {77 7Re T& I
Ao A RS T 936 I (fine) HTA AR IS | OZF T& I TR A0S
A (equilibrium) SFEW 6 39 @38 (w28 (@ oI (stable) IR

T3T JTBR AT ST FHATATS fRieall TEieRIT ofFgad IR | TFh! U B
IPRD] TGS S oI a1g HUP! dRel Uil AT TSl forgar Sfewe! © |
AT AT 0 TR R ] ReRaT ST |

(i1) State and prove the principle of conservation of energy under impulsive force.

91 761 (Impulsive force)-a3 &% *Ife= ferel ﬁél'lcﬁ e F9 @R e 41
SR FeTe<s ST ot leh] AU RIGH Ieeikd 31 THI0T TR |

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

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

F = ) @A =L R 0T 21 &l (e (i JReviied fafodiereta
el Brad 791

5095 11
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(i)

(c) ()

(ii)

(d)

5095

(ii)

T 9T F = g(u), & u=1 PN UG ST T MNABR TBT BT

-
REIRTTPT 3TaeIT STHT 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.

W Z T 6 YRR AT ey ©ie R0 T SHOrHaeia el OX
R OY-43 AT (@I 6 HeTslie FeliF oiferast @R gael e a1

Space T fix THUSDT TR T FAHTAD! SART BT URHHT T IRAATBR TeE®w OX
T OY b7 IociRad UICT To~T U] AT ¥ HeRT Ry ) |

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

Moment Al Angular Momentum-43 felerel 3aib Ry® T4 @3k e 341
Moment 312@T BRI Momentum T AR&URT RIEd Iooikg 31 THT0 7R |

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.

2o T (LT FHAL SR (I TG Told (TR 967 T FINE (0390 G5
IR (T CFGTS N (2 Of &P 27|

U3CT BralT DHEMT TG VaeX GRT ToAdh! brgdle BUrhl Uiy Thlg AHID! fagmT

fepiercent & & RIS 78 Wit TFTUT TR |

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

two ends respectively. If AB makes an angle 6 with the vertical, then prove
b2

a’+2ab

@ AB @3 T TR 12 ey o7 g 1, @R W, QI itz SeTeed M

that tan @ =

2
AB TOf3 0 (P16l ST @l 9 tan ) = — 2

a’+2ab’
AT AB g = NS W, X W, WUaT XS & i 3hH TiTel g5 BSHT FUSIUD! © |
. . 2
AR AB o vertical ST B 0 SHSS F JHOIR, tanf=—2 |
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-99 AICH @B WG ¥ (Rigid body) &wel a%F (Moment of
Inertia) el 359, @ foa6 =7 AATF Moments @R Products of inertia
S R

P G O g1 B inertia P moment YT TG, ST8T o eaad FETE0eD!
T=SHHT moment ¥ inertia Eﬁ‘]}ﬁﬁ'@ﬁ@ I

12
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(b)

(c)

(d)

(e)

®

(a)

5095

DSE-1B

GROUP THEORY AND LINEAR ALGEBRA

GROUP-A / etot-3 / HHg-P

Answer any four questions from the following: 3x4=12

fafeiie @-pie b1fe @ris Tee wiss
P FIN THED IR & |

Prove that if every element of a group G is its own inverse, then it is an abelian group.

213l T @, v 9o &Feef (group) &Sl ofiwiel ©iF (& inverse 23, O3 (I @ {6
abelian group (|

I 9 G B UAD element TFhT T inverse & 9, IT T3CT abelian a9 HEEIREIYI
N |

In a group G, a is an element of order 30, then find the order of a'®.

@3 group G (9, a 2 G0 G2AMIT I & 30, O™ '8 -3 @ (e |

JU G AT a order 30 9UPI U3CT element &1 T @' T order FURI R |

Cheek whether the set S ={(x, y, z): x>+ y> =z} is a subspace of R® or not.
S={(x,y, 2)eR’: X2 +y? =z%} BF R’-93 9T ARC =l ol 2187w 211
AT S={(x, y, 2): x> +y* =z} R*PI subspace & aT g I T |

Show that a Linear mapping 7': ¥V — W is injective iff ker7 = {6, }.

AS @ G (@RF IR 7:V — W injective IM R ©LNT AW ker T = {6, } |
Linear mapping T':¥ — W injective & 3¢ 31 afS A ker T = {6, } I 0T R |
Prove that intersection of two subgroups of a group is a subgroup.

2ol 1 @, GIF(6 group-¥F 16 subgroup-93 (TS @F G subgroup A |

Juep! ggacl SUYY I Ui USel Juet &1 HHT JH10N TR |

Find all generators of the cyclic group generated by the 7™ roots of unity.

1-a3 7" o & =l Tl FA @I 0 “cyclic group’-@3 7 “generators’ (IS |
Unity @1 7" root dT€ I~ 9@ cyclic 9 1 I generator &6 dI AU TR |

GROUP-B / Fetl-2/ g

Answer any four questions from the following: 6x4 =24

=TS Q-9 51D 2ltaa Ted wies
P IR THEHD] IR < -

Let GL,(R) denote the group of all 2x2 non-singular matrices over R w. . t.

b
matrix multiplication. Show that the set H :{ ab j ca’+b? =1} forms a
-b a

sub-groups of GL, (R).

13 Turn Over
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(b)

(c)

(d)

(e)

5095

®

€ GL, (R) @30 group @B R-AF T (W 2x2 non-singular matrix-93 RaZ Al

b
matrix 859 @3 ACTF group | MRS @, €2 (6 H:{ ab j ca’+b? :1}-1%‘
a

GL, (R) @R @3 ‘Subgroup’ 51O I |
afe GL, (R) of =Ticed UHT F==AT R AT A9 2x2 non-singular RTfeagend! 0

Gﬂﬁgﬂe{@E’H:{ ¢ bj L a? +b? :1} T gu GL, (R) T I9gY & ST JHT01 TR |
a

Prove that order of each subgroup of a finite group is a divisor of the order of the
group.

o 9 @, 9 AR group-a &fel subgroup FG group-«a @Ha @b
Rees|

vt R Jue! Hedieh IUYUePT order, JUeb! order DT TP &1 HHT AU R |

Find a basis and dimension of the subspace W of R’, where
W={(xy,2)eR: x+y—z=0}

R’-3 subspace W @3 basis and dimension (4, I

W={(xyz2eR: x+y—z=0}
R*&I 39 space W = {(x, y,z) e R*: x+ y—z =0} B basis 3T dimension FoRT R |
Let (G, o) be a group. Prove that a non-empty subset H of G forms a subgroup of
(G, o) ifandonlyif ac H, be H = aob ' € H .
g G @30 group! &N I G-93 @I non-empty ©AGG H, (G, o)-43 G
subgroup 5107 @ I @R FENGIT a e H, be H = aob' e H .
qHEr (G, °) QBET%WET I GaﬁQBETnon-empty WH?WformWHﬁ@lﬁaﬁ
a4 acH,be H=aob™' € H O Wl FHII R |
A linear mapping 7' : R’ — R’ is defined by

T(x,y,z)=(x+2y+3z, 2x+3y+2z, 3x+y+2z) for (x,y,2) eR’
Find the matrix of 7 relative to the ordered basis {(2,1,0), (0,0,1), (0,2,1)}.
T: R’ — R, a3 afds sierss ol
T(x,y,z)=(x+2y+3z, 2x+3y+2z, 3x+y+2z2)

7R wR&@Re1 {(2,1,0), (0,0,1), (0,2,1)} @30 ordered basis-93 AIAHE T-€F
WG R

U3el  linear mapping 7: R — R’ (x,2)eR’ @ AT,
T(x,y,z)=(x+2y+3z, 2x+3y+z, 3x+y+2z) RN YRVINT © | sh9eg basis
{(2,1,0), (0,0,1), (0,2,1)} T ATIEHT 7 Bt =ifeay ol R |

Show that every subgroup of a cyclic group is cyclic.
@418 @ GI(6 cyclic group-«a3 &fol subgroup, cyclic 21
Cyclic Jue! T IUYJ cyclic B HT FHIUI TR |

14
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GROUP-C / freisi-st / g

3. Answer any two questions from the following: 12x2 =24
famfeiie @-eie 715 elvse Tes s
P G UHPI SR &
(a) () Let (G, o) be a finite semigroup in which both the cancellation laws hold. 6

Then show that (G, o) is a group.
R (G, o) @9 «F semigroup @ T cancellation Wi &SI O
@S @ (G, o) @F group TR

"M (G, o) USeT RifAd 37e Ju &1 SRAT g4 cancellation @1 7179 W | (G, o)
TSI 9 &1 9T JHI0 R |

(ii) If (G, o) is a group in which (aob)® =a’ b’ and (aob)’ =a’ ob> for all 6
a,b e G, then show that G is abelian.
I (G, o) @ &I group AR T FIB g, b 97 & (aob)’ =a’ ob® &R
(aob)’ =a’ ob’ AWEY T, O@ M8 @ (G, o) I abelian group A1

A (G, o) T JT AU STE Va,be G, (aob)® =a®ob® 3 (aob)’ =a’ ob°
@ﬂe{GabelianETﬁWﬂ?l

(b) (i) State and prove Fermat’s Little theorem. 6
Fermat’s Little oy afat @<k aistis 1)
Fermat @ Little theorem SceRd 37 JHI0N R |

(i1)) Let A and K be two subgroups of a group G. Show that HK is a subgroup of 6
G iff HK= KH.
QR I8 ‘A’ =R ‘K’ 79 ‘G -9% MBI Subgroup | &N T @, HK T61 G-43 936
Subgroup ¥ @R TG AW HK= KH.

qH HI K, G &1 g5 SugU 86 & | G @l U3el Sugy HK & afe 31 afs om0
HK=KH 8 %=1 T4 TR |

(c) (i) Show that the set of vectors S ={(1,2,3,0), (2,1,0,5), (,LLL1), (2,3,4,1)} is 6
linearly dependent in R*. Find a linearly independent subset S; of S such that
L(S) = L(S).

@e @, S={(1,230),(210,5), 1,LLI), (2,3,4,1) 3= BB R*-q
afks ©itd WeaRe (linearly dependent)l S-&3 W (AF @6 FRFSIE
TSN GAGG S, & 0% @& I ACS L(S)) = L(S) TA!

T R OARAEw B W S ={(1,2,3,0), (2,1,0,5), (1,1, 11), (2,3,4,1)}
linearly dependent R*#T & | S @ linearly independent SUHE S, i R SrEr
L(S) = L(S)!

5095 15 Turn Over
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(ii)

(d) (@)

5095

(i)

Determine the linear mapping 7: R’ — R’, that maps the basis vectors
1,1,0), (1,0,1), (0,1,1) of R’ to the vectors 1,0,1, (0,1,1), (1,1,0)
respectively.

a3 @RS werws 7 RP — R 0 39 91 R*-93 basis (859 (1,1,0),
(1,0,1), (0,1,1) @i T™EE (1,0,1), (0,1,1), (1,1,0) & Hb® )

R* @ basis IReEw (1,1,0), (1,0,1), (0,L,Da (1,0,1), (0,11), (L10)
AfEMEHATS HERTTeT map T linear mapping 7 : R® — R* fofa |

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

e @, @30 FAW MGF (dimension) vector space V-&3 @@ Fib basis-@
G2 MLUF (ST AR

R dimensional AT HUSE T -1 §3 bases Bl FHIT TEITD! HCAEH 57O
T THTOT R |

Let 7 be a linear mapping on R defined by
T(x, y,z2)=0Cx, x—y, 2x+y+2)
Show that T is invertible and find 7.
T(x, y, z)=(3x, x—y, 2x+y+z) A R&R© R*-« 7 @3 @RF Mok @i
2o (WIS @, T Ry (invertible) @R 77! 3799 391

I T(x, v, z2)=Bx, x—y, 2x+ y+z) URAAT 7 T3 R’ AT YU linear
mapping ¥V T invertible & ¥ ¥H107 7R 31 7 fAofg 7R |
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