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QUESTION PAPER SPECIFIC INSTRUCTIONS

Please read each of the following instructions carefully before attempting gquestions :

There are EIGHT questions divided in TWO SECTIONS and printed both in HINDI and in
ENGLISH.

Candidate has to attempt FIVE questions 1n all.

Question Nos. 1 and 5 are compulsory and out of the remaining, any THREE are to be
attempted choosing at least ONE question from each section.

The number of marks carried by a question/part is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which must be
stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the space provided.
No marks will be given for answers written in 2 medium other than the authorized one.

Assume suitable data, if considered necessary, and indicate the same clearly.
Unless and otherwise indicated, symbols and notations carry their usual standard meaning.

Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a
question shall be counted even if attempted partly. Any page or portion of the page left blank
in the Question-cum-Answer Booklet must be clearly struck off.
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g ‘A’ SECTION ‘A’

1.(a) W oifou 6 S, 3 Z, FAW: 3 Wil H1 shH=d T9g Ud Aledd 3 JaiSrg =1 & 99g © |
gatizu foh 5, 71 2, § =2 aameRiial & sifcfier 18 o) GHsIRGT el @ |

Let S; and Z, be permutation group on 3 symbols and group of residue classes
module 3 respectively. Show that there is no homomorphism of S, in Z, except the

trivial homomorphism. 10

1.(b) e AT R IEF IoTEE! Wi € | genist R R % fawm-aem < uss TurstEt,
&I IUISES! € 99T R/P, R & FNSHVEE! P & foT 76 sEe wid § |

Let R be a prnincipal ideal domain. Show that every ideal of a quotient ring of

R is principal ideal and R/P is a principal ideal domain for a prime ideal P of R.
' 10 |

1.(c) Tag Sifsu & 9

St R O<a<] B @ft wlds et 22 & fe aqe

s _an|"‘{‘a|an —da,

FA qTAT AT (), FiSN-3FFRA ST © |

Prove that the sequence (a,) satisfying the condition

10

1.(d)  GHTHA Ic(z2 +3z)dz &, (2,0) ¥ (0,2) T % C & IHEd JAPE S|l R C I

z|=2 @, ¥ A&ty |

Evaluate the integral Ic(zz +3z)dz counterclockwise from (2, 0) to (0, 2) along the

curve C, where C is the circle |z|=2. 10

1.(e) YU.TAG. & WREME =9F 7 Waq § 9gl 6l AEGHhd-Yid gq I&l-Fds & 94l
TG H ¢he @S © | WUk ¢ i 4TS 17 T2 € | UGl dl oF s & AR
Fraggehdl TAetafad § -

7e it TR (B W) qTEvESE EE@
5

a1 —a,|<ala,—a, |, 0<a<] for all natural numbers n=2, is a Cauchy sequence.

700
9 400)
7 300

Il U9 T 9ol i dtegrzal e § | faltm ' 9 Fe W™ gwsi d " & i
T TPR FA &g Toh T - TTaW &1, T Aash MU G0 &1 W

' # fruRor g | 399 U sk g g | SR
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UPSC maintcnance section has purchased sufficient number of curtain cloth pieces

to meet the curtain requirement of its building. The length of each piece is 17 feet.
The requirement according to curtain length is as follows :

Curtain length (in feet) Number required

3 700
2 400
7 300

The width of all curtains is same as that of available pieces. Form a linear
programming problem in standard form that decides the number of pieces cut in

different ways so that the total trim loss is minimum. Also give a basic feasible
solution to it. . 10

2.(a) HHE VT G, n T @ aRkfhg wh wp € | 99 fag S f5 G % ¢(n) e
T (SRl W ¢ AWK ¢p-Fe &) |

Let G be a finite cyclic group of order #. Then prove that G has ¢(n) generators
(where ¢ 1s Euler’s ¢-function). 15

2.(b) Tag difvu f& s f(x) = sinx? A [0, oof U THEAH Had A&l © |

Prove that the function f(x)=sinx? is not uniformly continuous on the interval

[0, o] 15
2
2.(c) Fred GHTRAT HI IJTANT L, THIHA J. 1_ dO o HE Fd FIU |
3+2s1mné
0
2
Using contour integration, evaluate the integral J. : —dd. 20
3+2sind

0

3.(a) " WNT R, p(>0) A0 &1 U URMHa &3 € | guist 1% fla) = of, VaeR TR
qiRATYa wfal==v f: R—>R Udd GHIFRI € |

Let R be a finite field of characteristic p(>0). Show that the mapping f: R—>R
defined by f{a) = a?, YaeR is an isomorphism. 15

3.(b) wwwr fafa & g fafafea Was wwmm arEn == sa fifs
FAGHIGT HINT z = — 6x, — 2x, ~ 5x;

ENCIE 2x; — 3x, + x; < 14
— 4Il L 4x2 Ll 10x3 = 46
le RS sz T 41:3 = 37

x132,x231,x333
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3.(c)

4.(a)

4.(b)

4.(c)

Solve the linear programming problem using simplex method :
Minimize z = — 6x; — 2x, 5x3
subject to 2x; — 3x, + x5 < 14
— fil:rcI + 4x, + 10x; < 46
2xl + 2x2 4.1-'3 37

X 22, x21,x,23

3 3
= -
gfe u=tan lxx—-i , TEY
. 2821‘1 82u 28213 . :
asl @ﬁ'ﬂ% X" —=+2xy + y 5 = (1 — 4 sin®u) sin 2u
ax2 a.xay a_y :
3, .3
If u=tan ' 2 T , X#EY
xX=Y
2 2 2
then show that x -a———z+2xy 98 ¥ al; = (1 - 4 sin®u) sin 2u
0x° dx dy dy

e w(r, 8) = (r—-l]smﬂ r#0,
a9 fawifts w1 f(2) = u(r, 0) + iv(r, ) TG HIT |
If v(r, 9)=[r—%)sin9, r#0,

then find an analytic function f(z) = u(r, 8) + iv(r, 8)

/2
sin” x |
dx = —1lo 1+\j§
SR T .[smx+cosx D el )
m’2
j six aoo Ly (1++2)
Show that sinx + COS.x J2 _ge
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15

15

15

0
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S.(b)

5.(¢)

5.(d)
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Find the initial basic feasible solution of the following transportation problem by
Vogel’s approximation method and use it to find the optimal solution and the

transportation cost of the problem. 20
Yug ‘B’ SECTION ‘B’

2=y f(x)+xgly) ¥ Qfss woAl f(x) T g(y) T o @ ol sEea
TG S1ST 99T FEh UG (S, Afiuadd a1 WawiE) x>0, y>0 &
# zha S |

Form a partial differential equation by eliminating the arbitrary functions f(x) and

g(y) fromz=y f(x) + x g(y) and specify its nature (elliptic, hyperbolic or parabolic)
in the region x>0, y>0. 10

w(x+1)

galsu T ‘\Eﬂﬁ_clT{UT : f(x)zcos +0-148x - 0-9062 =0

T TF A F (=1, 0) F TN TE A (0, 1) H® | HOmHh oA h AR
fafy ¥ eyele & IR ©F OF T WET ST |

w(x+1)

+0-148x - 0-9062 =0

Show that the equation : f(x) = cos

has one root in the interval (-1, 0) and one in (0, 1). Calculate the negative root
correct to four decimal places using Newton-Raphson method. 10

q |IRT g(w, x, ¥, 2)=(W+x+ p)x+F+2)i(w+y) TH JAI-H € |
g(w,x,y,z) H1 ANHAS FAEFG WET (FoiEied AR BH) WH I |
o(w, x, y, z) S Io4-T51 (B9 HF) & TH F &7 § ¥t =k FIr |

Let g(w, x, y, z) =(w+x+ y)(x+ ¥ +z)(w+ y) be a Boolean function. Obtain the
conjunctive normal form for g(w, x, y, z). Also express g(w, x, ¥, z) as a product
of maxterms. 10

ATITR 3T THISW :
(D?-2D*D’— DD’? +2D"%)z = &***¥ + sin(x — 2y);

DE—a—-—, D’:a
dx ay
& B THid |

Solve the partial differential equation :

(D -2D*D’ — DD'? +2D"?)z = ™ + sin(x — 2y);
- d

D=—. D = 10
- dx dy |
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5.(¢e) Tag B fs Brnar 9ea 4BC &7 309 oo # 4 @ SR 9 A fR o am

% S8l MMUeHd H @efd ampay #0W: B9 CA o891 ® o9 T o=t &
TSl ©

Prove that the moment of inertia of a triangular lamina ABC about any axis through
A 1n 1ts plane is

M ¢ o 2

— (B +Br +7?)
where M is the mass of the lamina and B, y are respectively the length of
perpendiculars from B and C on the axis. 10

6.(a) ATIIR  3rahel TSR

3 3
(x—y)y25§+(y—x>x2—a—§=(x2+y"-)z

¥ aF : xz=dd, y=0 T AT TR WG TN A AT I8 B T D |

Find the integral surface of the partial differential equation :

J o -
(x = y)y? -az +(y—x)x2 = = (x? +y?)z
X dy

that contains the curve: xz =a%, y =0 on it. 15

6.(b) THINW ME®: 4x+y+22=4
3x +5y +z=7
x+ty+3z=3

% B & Ty Mea-died qREd frar-fafy fuifa St oo sife afew
XO=0 ¥ 9RN &RF 91 IR gREd Hfg | garay (g i) sa ot frafio
HR GREd Tl A gl hiorg |

For the solution of the system of equations : 4x + y + 2z = 4
3x + 5y +z=7
x+y+3z=3
set up the Gauss-Seidel iterative scheme and iterate three times starting with the

initial vector X9 = 0. Also find the exact solutions and compare with the iterated
solutions. 15

URC-B-MTH 6



https://prepp.in/

www.prepp.in

prepp

Your Personal Exams Guide

6.(c) UF T fiweh! Weld m g, 22 + 32 = R?, Wef W R FR B, o1 gRAfT So| w iy
& fou spafig 8 | 0T feieg B SR S = S o we fag 0 ¥ s
e, U widaia B | 99 F=—k#, 9ol W &k =R 8, & far w2

By writing down ‘the Hamiltonian, find the equations of motion of a particle of
mass m constrained to move on the surface of a cylinder defined by x2 + 32 = R2,
R 1s a constant. The particle is subject to a force directed towards the origin

| and proportional to the distance r of the particle from the origin given by

F =—kr’, k is a constant. 20
7.(a) SIS STaehe] HIEROT .
%, d
z=3(P*+q")+(p-x)g~)); p=—, g=Z
dx dy

H T A WD SR x-3181 § oRal ® |

Find the solution of the partial differential equation :

0z 3z
ox> 1" 3y

z=3(p" +q*)+(p—x)Ng-y); p=
which passes through the x-axis.

7.(b)  &=F&AT & fau

]
| ax
f SO Ty = a O+ @ f(F) e 1)

15

A _
SR 98 A A AW HINC S siftrenan wE wa % seae & fog gaan (Rege
I

3F) & | @ w Imw f L (o ¥ A e o wd) e
 foru i | o 0
Find a quadrature formula

1
dx_ .

J.f(l') Tr1-N =0y f(0) + o, f(?;')‘*'aa*f(l)

) |

which 1s exact for polynomials of highest possible degree. Then use the formula to
1
dx

evaluate
gy

- (correct up to three decimal places). 20

7.(¢) & felaiia gaa-vare & A fawa o(x, ) =xy+x>—3? oo foar T 21 =4 PEIf
FT HRI-%A FTd T | ' -

A velocity potential in a two-dimensional fluid flow is given by
¢(x,y) = xy+x" — y*. Find the stream function for this flow. 15
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8.(a) Wlélﬁ‘ﬂﬁ@ﬁﬂéﬁ%ﬂﬂ?ﬁ@ﬁmwﬁmngﬁaﬁwwqgﬂ
x= lqtam%larr{ﬁrqﬁaawﬁs%x- farg A U@ diweR D S AileR Ag
x-ya—ﬁhwéé;%rgﬁmmém%%eﬁﬁ?@xwwnﬁﬁaﬁ

frmTeRT ¥ B % 9, | faen y @ F| R )
afast o=

U e e g S AL

One end of a tightly stretched flexible thin string of length / 1s fixed at the origin

[ .
and the other at x = /. It is plucked at x = 3 S0 that it assumes initially the shape of

a triangle of height 4 in the x-y plane. Find the displacement y at any distance x and

. .. horizontal tension
at any time ¢ after the string is released from rest. Take, = g%,

mass per unit length
d 20

8.(b) famalt xp, xgte a9 x; &% W@ dF-ferg SRRTA-3Fdy wgde o fafaa |
SRR RSERY limit £ >0 T W feratalaa Ty & Tiva ﬁﬁﬂl

Oy =) 51 =2%0) iy g TN ZE) 4 B %) £(x)+ EG)
X0)

(xl _x{]) ( X~ ) (.I1

set W E(x)=1(x—x0)> (x—x)f (&) - g 3R

~gATAH (xy, Xg+E, x1) < E < I=AdH (X, Xgt+E, X1 )

Jf(x)=

Write the three point Lagrangian interpolating polynomial relative to the points
Xy, Xo+& and x,. Then by taking the limit £—0, establish the relation

Pl ( x)(x+x12—"2x0)f( )+ (x—xg)(x; — X) f,(x0)+(x—x0) Fx)+ E(x)
(%) — %) (x1 = xp) (X1 = Xp)

where E(_x)=%(x-—x0)2(x—x1)f"‘-'(§)

is the error function and min.(x,, xo+€, X;) <& <max.(xy, Xo+&, X;) 15

8.(c) %aﬁ%ﬁaﬁa@lﬁ, et (1a,0) w B €| fEm &6 3@ 2+)2=0? & f
Wt formg ™ W - F GARR Ty F FSHATIIET € |

Two sources of strength g- are placed at the points (£a, 0). Show that at any point

on the circle x>+ y?>=4?, the velocity is parallel to the y-axis and is inversely
proportional to y. 15
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