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Important Instructions
Candidates should read the undermen-
tioned instructions carefully. Violation
of any of the following instructions may
entail penalty in the form of deduction of
marks, cancellation of candidature,
debarment from further Examination of

the Commission etc.
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(a) Write your Registration Number and other
details only in the space provided in the
Question-Cum-Answer (QCA) Booklet for
candidates. [

(b) Do not disclose your identity in any
manner such as, by writing your Name,
Registration number, Mobile number,
Address, Question-Cum-Answer (QCA)
Booklet No. etc. elsewhere in the Booklet

(9]

AT $I-HE-397 U § wE ff wAt F
a"rmﬁ?ﬁwa"aﬁﬁ?ﬁ:rﬁzﬁﬁﬁ%ﬁé
A 7 & #:1¢ Ty S/ Fmm B s a
TE A 2T

Do not write in the QCA Booklet anything
other than the actual answer such as couplet,
obscene, abusive expression etc., nor put any
sign/mark having no relevance to the answer.
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Do not make any direct/indirect appeal/threat
to the examiner.
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Do not write answers in bad/illegible
handwriting. Such answers may not be
evaluated.
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Write answers in ink only. Do not use pencil
for writing the answers. However, pencil may
be used for drawing diagrams, sketches, etc.
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Do not write answers in medium other than the
authorized medium in the Admission
Certificate. Do not use mixed language either
i.e. authorize and unauthorized media together
for writing answers.

o 21 o [Reita = F aemar & oa=r
=g v o U 39 #T gegiEe |48
ST

Write answer at the specific space (right below
the question) only. Answers written elsewhere
at unspecified places in the booklet shall not be
evaluated.
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If you wish to cancel any work, draw your pen
through it and write “Cancelled” across it,
otherwise it may be valued.
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QUESTION PAPER SPECIFIC INSTRUCTIONS

Please read each of the following instructions carefully before attempting questions.

There are EIGHT questions and printed in HINDI & ENGLISH.

Questions no 1 and 5 are compulsory and out of the remaining, any THREE are to be attempted.

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 a medium other than the authorized one.

Word limit in questions, wherever specified, should be adhered to.

TNlustrate your answers with suitable sketches/maps and diagrams, wherever considered necessary. These
shall be drawn in the space provided for answering the question itself.

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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1. (a)
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A department of a company has five employees with five jobs to be performed. The time (in
hours) that each man takes to perform each job is given in the effectiveness matrix. Assign all the
jobs to these five employees to minimize the total processing time.

Employees
I I Im IV V|

A [10]5 [13]15]16]|

Jobs B |3 |9 18136‘

C'lO?lZ,E 2

D‘? 119‘? 12 |

E|7 ]9 |10]4 |12 "
/

WWWw.visionias.in 6

S ®
& Wi #
it foreem
=i
Candidates
must not
write on
this margin




WWW.Visionias.in

el &
& wim §
it e
Ll

Candidates
must not
write on
this margin



1. (b)
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& (G: K) = (G: H)(H: K)

Let G be a finite group, H and K subgroups of G such that K < H. Show that
(G:K) = (G:H)(H:K).
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Show that the series Ym=1 ( ) n® is convergent. 10
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1. (d)

ST AT T (2D° — SDD’+ 2D %)z = 24 (y — x) 1 & H 1)
Solve the partial differential equation (2D 5DD’+2D"%)z =24 (y — x).
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Express the ideal 4Z + 6Z as a principal ideal in the integral domain Z. g |
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this margin
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2. (a) | =aTzU % 99E 25X 27 AT zas TATFAF 2

Show that the groups z: X z7 and z3s are isomorphic.

WWwWw.visionias.in

16

i B
Wi #
# fora
=ity
Candidates
must not
write on
this margin




WWwWw.visionias.in

17

el &
™ whw §
& R
kg
Candidates
must not
write on
this margin




E e
@ wie &
8 e
=ifeg
Candidates
must not
write on
this margin

WWW.visionias.in

18




2.°(b) | =ATEU fF =TT et F7 vHAw TR A F FifE 6 7 71 3T A &1 g
Show that the alternating group of four letters A4 has no subgroup of order 6. 15 :gf'“
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2. (¢) | =z fF p2 a1 wwg AT &, SR p UF AATT HEAT 2
Show that a group of p is abelian, where p is a prime number.
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2. (@) | = AT R wF i qoeEEs wid (U.F.D) §, 79 fag Fifsm i R(x] t U.F.D 21 s

Let R be a Unique Factorization Domain (U.F.D), then prove that R[x] is also U.F.D. 10 :ﬁ&m
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3. (a)

n

TUART F7H £ qF ATHT I THT FT THIT AT Z190))

Show that series Y n-q (( 1)+1 ) conditionally convergent (if you use any theorem (s) to show it
then you must give a proof of that theorem(s)). 15
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3. (b)

zerie 5 At S = B (i) 8, 79 =it x 3 P e spersr
S(x)=-2x}7- —«—1—5I

Ln2(14nx2)2 ©

Show that if S(x) = ¥, (—qﬁ) then its derivative S'(x) = 22Xy, forallx. 15
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3. (¢)

21 gt £ sarfad = i)

b2
= 1. Interpret the result geometrically. ~=———" "
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5 N 5 : & 5 R sl @
4. (a) | UF TEITET £ 57 B Femw & o s w2, A et aweft g @ 2 | e

3 e ot o forz 3 Y Pro 3t/ v # o ww & w0
t () 2| 4 | 6| 8 10 | 12| 14 |16 18 |20 Etdw
v (Feo Mo/vz1) | 16 | 288 | 40 | 464 | 512 | 32 | 176 | 8 |32 0 e

Rrera ¥ 1/3% Frge 1 30T #0F 20 ez § a7 f o7 7 g (Fre) 7 e e #fo

7 e

The velocity of a train which starts from rest is given by the following table, the time being
reckoned in minutes from the start and the velocity in km/hour:

¢ (minutes) (2] 46 8 10 |12] 14 |16 18 [ 20 |
v (km/hour) | 16 | 288 | 40 464 51232 176 | 8 32 O

Using Simpson’s grd rule, estimate approximately in km the total distance run in 20 minutes. 15
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4. (b)

T T

dx+y+2z=4

Ix+5y+z=7

x+y+3z=3

F 7 % o aree sfreer qeradt f-Rfy Ruifea $ifsm qur s afa X0 = 0 7 i

Fh AT AT LA Fom) T (feger 1) g1 off Fefor s qeerad zat & qemr
i

For the solution of the system of equations:

dx+y+2z:=4

Ix+Sy+z=7

x+y+3z=3

Set up the Gauss-Seidel iterative scheme and iterate three times starting with the initial vector X
=0. Also find the exact solutions and compare with the iterated solutions. 15
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4. (o)

qaﬁ—m?ﬁ%maqﬁvmﬁgﬁm%ﬁw (zifarEzer) afishTor xlogio x = 1.2 FT ATEATEH g
ZIHAT F A9 TATH TF Hal TUAT H10)

Apply Newton-Raphson method, to find a real root of transcendental equation xlogio x = 1 .2,
correct to three decimal places. 10
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4. (| O et NAND e T ST 7 gu fRsforfad sisr #1 anare:

g=(@+ b+ c) d(a+ e)f FETX, X ¥ T &1 41T 2
Realize the following expressions by using NAND gates only:
— — —_— - _———’l
g=(a+ b + c) d(a+ e)f where X represents the complement of x.
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(ii) (357.32)g FT zerHera qe7 14 Fifsm)
Find the decimal equivalent of (357.32)s
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5. (a) am%q&qa#wﬁf%ﬁmmrﬁ(z}m,fg(zp1—z.ﬁ.(z)—hiz),,f;(z)=§,ﬁ(z)= :

(1-2z)

ﬁ(z)=(i;i1 & qfrarfie @ ST F AGGT G = (fi. i foo foo S fo) TRATTAOT-AASA F

T 6 FITE FT TF A-AG= T T (F9E) 2

Show that the set G = {fi, /2. f. fa, /5, fs} of six transformations on the set of Complex numbers
defined by fi (2) = 2, f2 (2) = | 2. £ (2) =i . fi (1) = 3, /s () = 5, fl) = 57 s @ mon-
abelian group of order 6 w.r.t. compositiaﬁ of mappings. 10
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5. (b)

7T flz), C# D w7 FETF wom £ & sHF Im fiz) = (Re fiz)* T &2 FaT 2 CEUELRED
fiz), D ® 7= 2

If fiz) is analytic function on D in C and satisfies the equation
Im fiz) = (Re fiz))*. Show that f{z) is constant in D. _ 10
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5. (¢) %ﬁHANDwORaﬁ@mm(aﬁmﬁaﬂ)ﬁmmngaiﬁz=xy+uv%}?ﬁm m‘?

F T qiewe i T=ET Fie Lo

Use only AND and OR logic gates to construct a logic circuit for the Boolean expression z = xy + | Candidates
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5. (d)

e | T & 47 q9 2 AB 79T BC, B T wHUAEA (FATE & &) wAHE a9 A
Freifar (et 75) # 9w A F T[S FeATHT FAAA | G F T 8 Zorfew & yamaTT e

#1281 Wi, n? = 3£ )7

Two equal rod AB and BC, each of length /, smoothly jointed at B, are suspended from A and
oscillate in a vertical plane through A. Show that that the periods of normal oscillation are
10
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5. (e)

ARITS F [TET HTF THT T TFT F7d g0 F9720 5 |cos b —cos al< |b — al.
Using Lagrange's Mean value theorem, show that [cos b — cos a|< [b — al. 10
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6. (a)

eaz

Hﬂ‘QﬁWﬁiEﬁTmﬂaﬁfc(zﬂ}4 dz FT TEATHA AT, 2T ¢ 3T |z| = 2 81

3z

Use Cauchy integral formula to evaluate fc (;;1)4 dz where c is the circle |z| = 2.
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6+ (b)

ST - AT w1 awe w1 g stra fivm

U— U tu=0,0<x<[t>0
w0,0)=u(l,1)=0,120

wx,)=x(/-x),0<x</

Find the solution of the initial-boundary value problem
U—uatu=0,0<x</1>0

w0, =u(l,1)=0,1>0

ux,0)=x(/-x),0<x</
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6. (¢)

Frirer 1 wfewe Bl #1 @ F7 gu Rt afvees wwem F7 9o e g 2
T FIT| 29 9 FT ITER & AT J19 Fror: (O — 354, D - =)

p, |D, |D, |D, |3mgfE

6 4 1 5 14

8 9 2 |7 |16

0,
0,
o, |4 |3 |6 |2 |5
i

6 10 |15 |4

Find the initial basic feasible solution of the following transportation problem using Vogel's
approximation method and find the cost. (O — Origins, D — Destinations)

' D1 | D2 | D: | D4 |Supply

o 6 | 4|15 14
0: g9 217 16 |
| O3 41 3] 6| 2 5
.Demand 6 10 15 4
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7. (a)

afz (X, Y, z)ﬁ?ﬁwawd’t‘airmmr%w(m,”z 322”) A=+ + 2 Far R g,

T iz F10T fr g 0 H9T § AT 3 T 2498 T 91 &, aren-varE w1 e
ENEL

If the velocity of an incompressible fluid at the point (x, y, z) is given by (

3xz 3yz 3z°-T 9
rs ' S 'T) ’

x> +y* + 22, then prove that the liquid motion is possible and that the velocity potential is z/+-.
Further, determine the streamlines. 15
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ax? 2x dxady x ay? ady 12x

Reduce the following second order partial differential equation to canonical form and find the
general solution:
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8. (a)

e F1 geay Frooft F 24T FHET F7 399 g off o

gftradrsor F15m7 z = 2x¢ — 4x2 + 5%

Ford T,

X;+4x—2x3<2

X +F 2%+ 3x3<1

X1, X2, X320

Solve the following linear programming problem by the simplex method. Write its dual. Also,
write the optimal solution of the dual from the optimal table of the given problem:

Maximize z = 2x; — 4x2 + 5x3

Subjected to

X +4x:—2%352

X1 +2x+3x3< 1

X1, X2, X320 18
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8. (b)

afX T £ (2), | —al <R ¥ REAF i vF ww amen &, 7@ g Aivw o< <RF W S
'(a}=$f02”P(9)e””d6, SET P () f(a+ re'?) T aTEafa® AT 2|

If the function f'(z) is analytic and one valued in |z — a| < R, prove that for 0 <r <R,
f'(a) =£ foz'?P(ﬁ)e'f‘ng), where P (8) is the real part of f(a + re?). 16
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8.%(c)

ZeTen & UF SegaE dawd, e g M g 797 swute a 9 b §, F1 ad-ame, St
W@rg,%ﬁ-ﬁémmﬁﬁiM“zbz@m arr g Fifew B wosivaT F 23 s

ré

m%pfw,agipﬁﬁqﬂ%%ﬁﬁwsﬁmﬁm;ﬁ%l

Show that the moment of inertia of an elliptic area of mass M and semi-axis @ and b about a semi-

. . | Zp? . : . 5M
diameter of length r is 3 M arz . Further, prove that the moment of inertia about a tangent is =
p” where p is the perpendicular distance from the centre of the ellipse to the tangent. 16
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