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UNIVERSITY OF NORTH BENGAL

B.Sc. Programme 5th Semester Examination, 2024

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 ore from fiwo courses.
Candidates should mention it clearly on the Answer Book.

DSE-1A
GROUP THEORY AND LINEAR ALGEBRA
Time Allotted: 2 Hours Full Marks: 60
GROUP-A / et- / W@
L Answer any four questions: Ix4 =12
@-F 5iFf0 eiv Tea wies
T IRECT YT ST O |
(a) Show that {(0,1,-2), (1, —1,1),(1,2,1)} are lincarly independent in R, 3

A8 @ R~ {(0, 1, - 2), (1, -1, Dy (1, 2, 1)} wRFST=EA)
R AT {(0,1,—2), (1, -1, 1), (1, 2, 1)} IRgeH woer wi= g5 A 7= TR |
(b) Find all the elements of order 8 in (Z24, +). 3
(Zsa, +) (S 8 TFTAF 7751 TRy o 21
(Za4, +) AT 8 order WU | AT (elements) Ao TR |

2345 6 78

1
(c) Determine whether the permutation is even or odd. 1+2
213 5 47 6 8

Also find its order as an element of S.

1,283 5 6 7 8
permutation—f% @ oA {ree W T B’ T4
Al ™S 54 7 6 8

RIS S, -9 Hoiwi BT 2gm b fady )
Wﬁaﬂ?[l e i i 8] SEr & a1 R & g R | S, T e
P G T T i
w7 D! order IR R |
(d) Is the mapping 7 : R* — R’ defined by T(x;, x,, x3) =(x; — x,, X; +x;) a linear 3
transformation? Write the answer with proper justification.
T(xps Xy, X3)= (% —Xp5 X, +%;) ©@ T@FS 7: R? - R’ worFel & @Re
olied 2 TR e Tea wie |
T: R — R BURIT T(x,, %y, X%3) = (X — Xy, X + ;) MY T TSI ¥Rges HUT=<Ro
21 &5 815 PRUNBT O &, |
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(e) Let G be a group of all 2x 2 non-singular matrices over the real numbers. Find the 3
centre of G.

1R G 4T AT TRAR BT T 2 x 2 ST WIRCR (non-singular matrix) 85

G-4% centre-o e F¥3)

SIS 7 S gEI |

(f) Find a basis and dimension of the subspace W of R®, where 3

W={(x,y,z)eR’: x+y—z=0}

R*-&7 W subspace-159 {6 (basis) @2 Wit (dimension) <8 T @AA
Wz{(x,y,z)e]R3 cx+y—z=0}

R® ®I I Afeermsd W={(x, y,z)eR’ : x+y—z=0} T MR 31 3™

(dimension) U T |

GROUP-B / f&eti-« / wg-a

Answer any four questions 6x4 =24
I-(FA Als e Ted we
P TR THDT ITR

2, Let G be a finite group of order »n. Prove that the order of any subgroup of Gis a 6
divisor of n.

¥q G G0 p FARME FAW 7| o F9G-GF @F SHT TAD p-a7 aF0
©iEe 3[1
norderﬂWGQGET'\‘ﬂﬁﬁ'ﬂ'ﬂEW,Wﬂﬁﬁqﬁmﬂﬁfﬁ\rorder?nﬁléww
9T 10T TR |

3. (a) Let T:¥V — W be a linear transformation. Prove that ker7" is a subspace of V. (¥ 3+3
and W are vector spaces overa field F).

42 T:V > W a6 @S @S| e 4 ker T, V-99 @30 subspace. (V4R W
TerAR F field-«% ©9F vector space).
TRl T2V > W uacT IRad HUoRor 87 | ker 7 AlReT AvSe ¥ HY vSer Susfasr

HUS B AT JHIUTR |

(b) Show that £(1,2,1), (1,0, —1), (0, -3, 2)} forms a basis of R’,
@S @ {(1,2,1), 1, 0,-1),(0,-3,2)} R*-a7 936 [ (basis).
R2.3r {(1,2,1), (1, 0,—-1),(0,~3, 2)} TIT TR & ¥ FA0T 7R |

4. Show that a group G is abelian iff (ab)? = b, Y a,beG . 6
(18 (F G &5 G abelian TR W 9 @G I (ab)? = a’b?, Va, beG.
¥HE G abelian qUAH (iff) (ab)’ = a’b?, Y a,be G § Tl gHIR |

Sy Prove that any two bases of a finite dimensional vector space ¥ have the same 6
number of vectors,

2N 7 @F % A TET vector space ¥ -9 4o 6@ (basis)-00 T RS (©FF
R

< e (dimensional) AT Frsal ¥ BT g U 55 AR Tlaaswwdl
ST HHI 78 T FHI0 R |
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6. (a)

(b)

8. (a)

(b)

9. (a)

5095

Prove that every group of prime order is cyclic.

e 9 (Sifere TRRKE 35e aboi2 56T (cyclic).
gifetd order HUHT THE FhIA §5 AT FHIU TR |

If G be a group and a € G such that o(a) =20 then find o(a'").
Tk G 4ol FA WAL ae G O o(a) = 20 S o(a') -7 7 Fefg =11
G USRI A 8131 ae G &1 TR 0(a) =20 WV o(a'") M7 |

Find the matrix of the linear transformation 7: R® — R’, defined by
T(x, y, 2)=(x+2y+3z, 2x+3y+z, 3x+y+2z) for (x, y, z)e]R3, relative to
the ordered basis {(2,1,0), (0,0,1), (0,2,1)}.
{(2,1,0), (0,0,1), (0,2, 1)} T fefen AeArs

T(x, y, 2)=(x+2y+3z, 2x+3y+2z, 3x+y+2z}, (x, ¥, 2)elR’
7Rl wERe 7 R — R R weiwabs it ffa
¥R wUFRT 72 R? — R &1 i

T(x, y, 2)=(x+2y+3z, 2x+3y+z, 3x+y+22) V(% y, 2R’ 9,
S SATER {(2,1,0), (0,0,1), (0,2,1)} BIATNEHT T BT 3TGg (matrix) Fofr = |

GROUP-C / fem-st / g1
Answer any fwo questions
A-FA 7 e Gen me
T 3 THGPT SN 8

Find the rank and nullity of the linear transformation T : R> — R? defined by
T(x, y, z) = (x+2z, x+y+2z, 2x+y+32) for (x, y, 2) R’

4+2

12x2 =124

6+6

T(x, v,2) = (x+z, x+y+22 2 +y+32), (x,y,z)cR’ @@ xafe 7: R’ — R’

R TTRT rank @R nullity e =

Waep HUFRT T: RY — R IRAMT 7'(x, v, z) = (x+2, x+y+2z, 2x+ y+32)
qT, 7 & rank A nullity Fo |

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

@A @ R4 S={(1,2,3.0), (2,1,0,5), (LL,L1D), (2,3,4,1)} c=Fa OO
wReei ffeafie (dependent) ) @RGe < taRei wifW o6 $-9a §,
TS L(S)) = L(S) |

R*TTAT §=4(1,2,3,0), (2,1,0,5), (1,1, 1,1), (2,3,4,1)} Rah ®uet T B 94
T TR | ¥R el W USer Iie §; (o R S ot L(S) = L(S) §5 |

Let £ and X be two subgroups of a group G. Show that HX is a subgroup of G iff
HK =KH .

¥ H G K, G 8027 4o Soiapei| (rdie (@ HK, G 0718 aafo Toiek! T G (HeTalig
M HK = KH |

H a1 K USeT 998 G o SUREsw &1, | HK = KH ¢ 97 (iff) G ® HK SUE
§70 T THI0T R |

6+6
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(b) Prove that every subgroup of a cyclic group is cyclic.

N T G0 BRI (cyclic) aFToR &Sl Soiarst s
THIY TE Pl B STHYE THT 78 W A R |

10.(a) Prove that the linear transformation 7: R* — R’ such that T 1,2,3)=0G,-1L7
7(1,-2,3)=(3,3,3) and T(1,2,-3)=(3,-1,1) is one-one and onto.
AN FE 7: R’ — R’ WRT TR0 43 @F-03 @2 AR (onto) oS @It
T(1,2,3)=(3,-1,7), T(,-2,3)=(3,3,3) @& T(1,2,-3)=(3,-1,1) |
T: R — R’ U3er Rae SR sQ 31 7(1, 2,3) = 3, -1, 7), T(1,—2,3)=(3,3,3).
T(1,2,-3)=(3,-1,1) 9T T one-one 3 onto §& 5t TN R |

(b) Show that § ={(x, y, z) €R’ : 3x— y+z =0} is a subspace of R® andfind a basis

of 8.
@8 @ S ={(x, y, z) eR*: 3x — y + z = 0}, R*-~aF 4&fB subspace @R S-4F G
T&f& (basis) T 4
R @Y § ={(x, y, z) €R® : 3x — y + z = 0} TSI IUAer HUST &S Ho1or 7= & §
I 7IeT SR g 2 |

6+6

b
11.(a) Show that the set G ={[ = b]: a,beR., a +b° # 0} forms a group under 6+6
—-a

matrix multiplication.

@A @ B 9@ AT G={[ .
Sl

%
3§ ]: abeR ., a2+b2¢0} 5T oD el

576w WS |

38 URIUSHT AT G:{[_aa z]: a,beR, a2+62¢0} o TS TR

TS T FHIUL R |

(b) Define the group (Zsy, +). Find all the elements of order 6 in (Z30, +).
(Zso, +) SR TGRS 91 (Zs, +) @ 6 TR T Tolwimafdr frfa 71
B (Z30, +) T IRTTNT 355 | 6 order TN (Zso, +) BT G Twde® MUT TR |

DSE-1B
NUMERICAL METHODS
Time Allotted: 2 Hours Full Marks: 40
GROUP-A / @eiil-% / wg-®
1, Answer any five questions: I1x5=35
-1 lf5fh era Ted whes
P U T e ST RE
(a) Round-off the number 20.17358 to three decimal places.
20.17358 RYMHTF 3 wifires =i =18 S 2w 791
<l T TR 20.17358 AT aws- 31 THERT |
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(b) What is the sufficient condition for the convergence of Newton-Raphson method?

Newton-Raphson #&(e% Sfeitem 1e =< [{ye 341
Newton-Raphson method &\ arfpegrent et wafe o & 81 2
(c) What is the geometrical significance of trapezoidal rule?
Trapezoidal fRat@ Srifsfes Slesi @74
Trapezoidal method & ST F8d FE?
(d) Write down the order of convergence of Secant method.
Secant Aaed SSHATOR @ TS ¢
Secant method BT STRFEHI 557 2TETEN |

(¢) State the condition of convergence of Jacobi’s iteration method for solving a
system of linear equations.

GeTE (AR TR T Jacobi-T RS AEex TR #eh e F4)
YReep THGARUEEP FUTEA T TeT @i Jacobi 1 TRIGRT T Sy
SOERICEEIRE

(f) Show that first order forward difference of a constant is zero,
(RS (T G 4R 2N TONR YL SRECAA NI 470

qeT ReRTEe! TfEe B AT R o 578 7 AT |
(g) Find the function whose first difference is ¢” taking #=1.
(R} S AIET 2 SO TN R ¢F (S W T, (e k=1,
e ST TTET orae! ufeal fireerell e @k =1 eI © |
(h) Prove that (1+A}1-V)=1.
emia 73 (1+A)1-V) =1.
T RN (14 A)(L- V) =1,

GROUP-B/ fets-</ wg-@
2 Answer any three questions: 5%3=15
@-coie fea it iz Teg wes
P Iy i ST ITR RTE:

(a) Use the method of bisection to compute a real root of x°—4x-9=0 between 2
and 3 and correct upto three significant figures.

f-Rerem ATT MY —4x—9 =0 TN 2 6 3-47 RS ¢ AT et
a7 T [ wid o o wide

23 B AT x°—4x-9=0 PV AP T AV Ay TEHEw T GG
bisection faIfer s e |

(b) A certain function f, defined on the interval (0, 1) is such that f(0)=0,
f (%) =-1, f(1)=0. Find the quadratic polynomial p(x) which agrees with

f(x) for x=0, %, 1.

5095 S Turn Over
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(0, 1) RIR k@IS «3f worees £ @7 @ £(0)=0, f(%)=—1, f)=0. 93
fre @R AR p(x) FfFIA x=0, 1, 1 RS f(x) -7 e et T
PRI (0, 1) |1 ufefd wwer fife wew f #% v fE f(0)=0, f(%)=—1,
£(1)=0. ferT ag7e TR p(x) e TR T ¥ =0, % 1 BA fx) W qET

Wl
(c) Solve the following system of equation by Gauss-Seidel method
x+2y-—-2z=8
x-8y+3z=-4
2x+y+9z=12

correct upto two decimal places.

Gauss-Seidel Rea ARG s Wl AAPaegR TN T4
8x+2y-2z=8
x-8y+3z=—
2x+y+9z=12

B T 72 e e o e

Gauss-Seidel method TT 58 ST TR g FeTeT o TER;
8x+2y—2z=8
x-8y+3z==4
2x+y+9z=12

correct to 5

¢ odr
(d) Find the value of |——
o l+x
significant figures.

[0, 1] Rew@ 50 ot Kew I Trapezoidal faeR A 5B il ow s
1
I & e R

1+ x?

N Y 7 e TR, 5 JU-SRIeER (e, Trapezoidal 7 T, 5

e, —

01+x
HETIUT T |
(¢) Find y(4.4), by Modified Euler’s method, taking #=02 from the differential
equation d—y=2;ﬁ,given y=latx=4.
dx 5x

Modified Euler *@fed vmw e e TR (A y(4.4) R Hae

dy _2-y°
ews y(d)=1, h=02
T Sx Y&

dy_2-y

Modified Euler’s method gRT, 3F@d qHE ——=——"—, 9, h=02 TR

dx S5x
Y(4.4) ETIREN, x =4 TR y=1.
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GROUP-C / [&tot-ot / s
Answer any two questions
- 7fo evee Tea e
P uftr gF e ST RE
3. (a) Prove that,
o 9,
HHIUT T
() A-V=A-V

(i) ns%(Elf‘%E—”z)

(b) Estimate the missing term in the following table:

TR AR (R e i fovefa s

PR STTRAERHT BRTUEY 16 AT TaIT:
% 0|1]2|3] 4
Sy | 1319|181

4, (a) Prove that Newton-Raphson method has quadratic convergence.
2/l T (7, Newton-Raphson {6 Sfeaie R8s |
SHTOT TN 3 Newton-Raphson method &7 foee $Tep~< 575 |
(b) Compute »(0.8) by Runge-Kutta method cotrect upto five decimal places from

the equation % =xy, y(0)=2 taking #7=0.2.

Runge-Kutta *fea ML s wifie 2= 48 w& 3(0.8) -4z W et 32 ewe

dy
2oy, p0)=2, h=02\
Y y(0)

Runge-Kutta method ‘@RI »(0.8) TUFT THer, ofer Sufies TURIH, FHiomor

5. (a) Using Lagrange’s interpolation formula, find 7(6.60) from the following data:
Lagrange-<7 interpolation & S92 I w2 O (L% £(6.60) e w3
Lagrange’s 39 Gl SRINT TR, BT STATE £ (6.60) hefT IT{E;

X 6.54 6.58 6.59 6.61 6.64

f(x) | 2.8156 | 2.8182 | 2.8189 | 2.8202 | 2.8222

(b) Using Newton-Raphson method, find a real positive root of the equation

x*=2x-5=0 cotrect upto three significant figures by choosing the initial
approximation as x, =2,

ARET APEIE x, =2 & Newton-Raphson “&f&d Agwa foa zaid o ~fe
X} —2x—5 = 0 FNTAAR I 4TS e Aew 3901

- R T TR, RO x° — 2x—5 = 0 T ARAID HBIIHD T T
TSR, X, =2 BT ST TRFHD GRTPe 7o TR A Tewqe SeaRi= Fel g7 |

5095 7
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0.7
6. (a) Evaluate j(e" +2x)dx, by Simpson’s 1/3rd rule, taking #=0.1 and correct upto 5
0.1

five decimal places.

Simpson-97 ¢F-POARY WG AW h=0.1 F@w o5 wifie 27 e vz

0.7

f(e* +2x) b S i fr

0.1

0.7
e TR [ (e +2x) dx, Simpson’s FRFSFRIR, /= 0.1 forgeI < uler gurfdes
0.1
TS T &Y |
(b) Explain the method of fixed point iteration with the condition of convergence for 5
numerical solution of an equation of the form x = #(x).

x=¢(x) SPER TSR numerical solution FTTAET fixed point iteration
#HST s e et 741

x=¢(x) mmwmmﬁaﬁéﬁ?mwﬁ%ﬁ-ﬁg
Tmfen fafty samea e i

]
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