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QUESTION PAPER SPECIFIC INSTRUCTIONS

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

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

Candidate has to anempt FIVE questions in all,

Questions No. 1 and § are compulsory and out of the remaining, any THREE are to be
attempted choosing at least ONE gquestion from each Section.

The number of marks cammied 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 i the space

provided. No marks will be given for answers writlen in a medium other than the authorized
DIE.

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
guestion shall be counted even if attempted partly. Any page of portion of the page lefl blank
in the Question-cum-Answer Booklet must be clearly struck off.
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1.{a)

1.(b)

L)

1.(d)

l.e)

dus ‘A’ SECTION A’

w Hifan R Ao wEde aftd o oidn wim ® | guiEe i Rp) # 9 0 ues
R AT uEE B

Let £ be an integral domain with unit element. Show that any unit in R[x] is a unt
in R 10

3 2
TeTTHeRT ¢ f{_f X g wf fug S

- BINX 9
)

Prove the inequality : 2% -:_|' _I de < : 10
a
#

ﬁ;iﬁlﬁt{ﬁi‘:ﬁﬁ:u{:,y]={.t—l}1—3,t}'1+'3y1'ﬂ'ﬁﬂﬁ%3ﬁ?Eﬁmw
F1 ik wa w59 2 =1, 2 & =9 # aa Sifeg |

Prove that the function: w(x, ¥)=(xr—1)*—=3p?*+ 3* is harmonic and fnd its
harmonic conjugate and the corresponding analytic function f{z) in terms of z. 10
p(=0) F F% www wm o, fre fomg St

I . S
(1+a)® @2+a)® @+a)”
(i) Friere: sifimrdl agn i) s s #

G =D

Find the range of p(=>0) for which the series :
l B 1 3 L
{(1+a) (2+a)" (B3+a)”

(1) absolutely convergent and (i) conditionally convergent, 11

e S wH % U 180 79 A= F9wE, 250 24 WiEhE AT 220 T 9 @ |
o = umrdl % oW 30304 % wemE # B 1500 v wR e & AT @
AT 2402 F squa # faww = 1200 w9 9l o % gAE A W9 Wl | O
Hiaew- v e wem difim, S oz sl B sl garEr W % T,
=1 fimfi i foms 29w fAw S AET =ifee

An agricultural firm has 180 tons of nitrogen fertilizer, 250 tons of phosphate and
220 tons of potash. It will be able to sell a mixture of these substances in their
respective ratio 3 :3 : 4 at a profit of Rs, 1300 per ton and a mixture in the ratio

2 :4:2 at a profit of Rs. 1200 per ton. Pose a linear programming problem to show
how many tons of these two mixtures should be prepared to obtain the maximum

profit. 10

ey @20, 18
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2.(a)

2(6)

3.(a)

sutsy T (R, +) wigge 29 B g, wfE ae @ o 99w o et
& UETHE HHE H qegeil BT ¥ | 98 W R, Swfas dendl @ ey &
Z iRt = =T © |

Show that the quotient group of (IR, +) modulo Z is isomorphic to the multiplicative
group of complex numbers on the unit circle in the complex plane. Here IR is the
set of real numbers and Z is the set of integers, 15

frrafafas Was vioms awven =t Big M ol & == Sifie a7 gufse f awen 5
afifie suaw &a & | ¥ & oW v W AW A e fif

A Y 2 = 3x, + 53,

o R x 423,28

31] + 21’2 =12
53+ 6o, < 60,
I“IE BU.

Solve the following linear programming problem by Big M-method and show that
the problem has finite optimal solutions. Also find the value of the objective
function :
Minimize z = 3x, + 5x,
subject to x; +2x, =8

3o F2x, =12

5I| + ﬁ;’l-'z =G,

xp, % =10, 20

gaizn 6 ot R & f99 w0 (a, b)) = ofomfie oem o &, ST e F99 2
FEe & g gvise TR aft few swom en A ad | 9, 99 seme wee W g
B ST T R |

Show that if a function f defined on an open interval (a, &) of IR is convex, then

[ 15 continuous, Show, by example, if the condition of open interval is dropped, then
the convex function need not be continuous. 15

B (23, +13, %13)y TN U 43 T, FAY: A0 WG 13 T [ AYSAT 13
frefm = &, & Trens w7 & o SfE sTegEt = o e S
Find all the proper subgroups of the multiplicative group of the field (£, +5. *3)

where +; and *,; represent addition module 13 and multiplication module 13
respectively, 20
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3.(b)

3.(c)

4.(a)

4.(b)

mﬂﬂnﬁwﬁiﬁﬂtﬁﬂﬁimw&q%f z‘ﬁ”=”rn}u.
' LX +a”)
T dx n

Show by applying the residue theorem that I = ,a=0. 15

L E a4
itfafiaa e & e @@ sae § fea @l za § 7 3 @ T
=hifin |

2x; =X, +3x3+x, =0
Ay —2xy = x5+ 2x, =10

How many basic solutions are there in the following linearly independent set of
equations 7 Find all of them.

EI’ ".’:2 -+ 31-3 +.I,q :ﬁ
4.]:! _2.\'.-'2 =y + 21’4 =1L

o i 5 R e At densd ® ages § 9 o R-R s € R
i xR ¥ fire Pl wieor an g § -
(i) flx +y) =fix) + )
(i) flo) = fix) 1)
zufzn fiF i wx el T P @ F A =0T fix)=x T

Suppose IR be the set of all real numbers and f: R—JR is a function such that the
following equations hold for all x, y € R :

(i) flx + ) =flx) + f(»)
(i) o) = fix) S
Show that »x € R either fix) =0, or, fix)=x. 20

:
A1) w1 fefa 5 aE |@iew it wa S« =

(1) |zl<1
() l<jz|<2
(iii) |z{»2

15

el

Find the Laurent's series which represent the function —zl— when
(1+2*)z+2)
(1) |zf=<l

(ii) 1<|z|<2
(iii) |z|>2 - 15
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4.(c)

S.(a)

5.(b)

5.¢)

ws Had # g w0, 0,, 0y, 0, O, 741 94 FA M, My, Mg, My, Ms |
aiem o, @ 6 O, vEEE M, (,j=1,2,..,5) Wi # aReem R,
% € | A = whe @ & 0, @t Al mfm M, F1 afees = T o, W
giedt wufi M, 1 ofEeR @ e A S Eedl ® | S S A al
# | seew FroEe oo sEaw Fraem it @E I i |
3=
Machine
M, M, M; M, M,
0,[24]2918[32]19
e 02117 (2634 | 22| 21
Operator 0,27 |16 |28 | 17 | 25
0,022 |18 |28|30]24
Og|28 | 16|31 |24 27

In a factory there are five operators 0,0, 05,0, 0; and five machines
M;, M, M;, M,, M. The operating costs are given when the O operator operates
the MJ machine (i, )= 1, 2, ..., 5). But there is a restriction that O, cannot be allowed
to operate the third machine M, and O, cannot be allowed to operate the fifth
machine M.. The cost matrix is given above. Find the optimal assignment and the
optimal assignment cost also. 15

dus ‘B’ SECTION *B’
TR« a2+ 42+ 42 =4 F 3 ot wel-ae & 2w A sawe '
wra Hifi, Sy WS T e A6 §

Find the partial differential equation of the family of all tangent planes to the
ellipsoid : x2 + 4)2 + 4z2 = 4, which are not perpendicular to the xy plane. 10

e & s e 4 Fremm-ud wwen e, o Al ww f o =1, e =9,
wy = 25, u, = 55 TGT us = 105 fzn 71 2 |

Using Newton's forward difference formula find the lowest degree polynomial u,
when it is given that w; =1, wy =9, uy =23, ug =355 and us= 105, 10
UF HETET aee wae & U Em (u,vw) TS OUEE w=x2+2)2+ 322 4
ve=xly oz +ze B o B W Hel wew w w Tdfor Fifso @ifs 3 aee
T AR W | T oz w0 o we difer

For an incompressible fluid flow, two components of velocity (i, v, w) are given by
=2+ 232+ 322, v=xy 3%z + zx. Determine the third component w so that they
satisfy the equation of continuity. Also, find the z-component of acceleration. 10
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5.44d)

5.e)

6.(a)

6.(b)

oo s=em & wow B % US W & R (e 1) fafie wen (e
ﬁ}ﬂﬁﬁﬂﬁ“ﬁﬁ?iﬂﬁﬂ%%'

formme % 3 Pem & s @ wiw @ 20 feEl # =l afee ol (el )
T g |

W{ﬁ-“l’t’} i £ 4 i | 1012 (14 |16 | 18| 20
Time (Minutes)

TFaR (Ret/=2) | 10 |18 | 25| 2932|2011 | 5| 2|85
Speed (Km/!h)

Starting from rest in the beginning, the speed (in Km/h) of a train at different times
(in minutes) 1s given by the above table :

Using Simpson’s -,_}rd rule, find the approximate distance travelled (in Km) in

20 minutes from the beginning. 10
FHE ; xex— 1 =0 & fewrem-Tafl & gr, cvma & 4 ot o, B 900 & fom,
A et fafa

Write down the basic algorithm for solving the equation : xex—1 =0 by bisection
method, correct to 4 decimal places. 10

sifirn Feser Wt

(Fx—2x)p + (2t —xly)g = 9227 — 373), I,

aﬁp=?+q=§—3%, T ATF T AT T, 99T T, AW a =L y=1,2=1
x ¥

# O e 9 W 98 W e i |

Find the general solution of the partial differential equation :
(Px—2%p + (29 - xy)g = 920 - 9),

where p =%‘ g= ;3 . and find its integral surface that passes through the curve :
- b 4
.Jf:f,_}':fE,EZL 15

shfuf dEt % wnge @ v wm Tt o ffie den wgf #, W@
Fifana |
(i) (111011-101), F zymea gy 4
(i) (1000111110000-00101100), 1 wZeemed g #
(i) (C4F2),, = swmd ggfy #
(iv) (418), % Fosmerd ugfy #
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6.(c)

T.4(a)

7.(b)

Find the equivalent of numbers given in a specified number system to the system
mentioned against them.

(1) (111011-101), to decimal system
(i1) (10001T1110000-00101100), to hexadecimal system
(1) (C4F2),; to decimal system
(iv) (418),, to binary system 15
o it felt gifs-fem = e
L=Lm(ax® + 2biy + 3") — L kax® + Zbay + o),

¥ g i & =@ a, b, ¢, m(>0), k(=>0) FBRF & 0%+ ac F0fEmm arfiem
=t fafae oo frem =t we=nfag |

Suppose the Lagrangian of a mechanical system is given by
L=1m(ax® + 263y + i) — L k(ax? + 2bxy + %),

where a, b, ¢, m{=0), k{>0) are constants and »°# ac. Write down the Lagrangian
equations of motion and identify the system. 20

At e getE
(2D% -5DD" +2D'% )z = 5sin(2x + ¥) + 24(y — x) + & = ga Fifom
d ol

| D= — U —
el = , D %

Solve the partial differential equation :
{21}2 —sDD +202 Yz =5sin(2x + ¥) + 24(y - x) + ey

o o
h De— | D's—,
where P 5 15
TR a, b, ¢ & wm frafe @ifs dawor-aa

ij‘x}‘i*=f'[”f{ﬂ}+bf[§]+¢ffﬁl] afirs & arfires e ahia wees W o wd
B | #0E TeA-AfE W ow oW R

Find the values of the constants a, b, ¢ such that the quadrature formula

_{jf{l’}l‘i"-'= ﬁ[“f{ﬂ"'bf(gj * f-Z.I"-I[-’I:I:| 15 exact for polynomials of as high degree as

possible, and hence find the order of the truncation error. 15
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7.(c) Tt wifer Fem s A Ho= pigy —agi +bg: - pyg; T T EtE §,
et o, b o & | dfedfas wieel @ e fefn q quig

Pr=54: _ e |
iy

The Hamiltonian of a mechanical system is given by,
H = pyq, —ag; +bgs — pagz, where a, b are the constants, Solve the Hamiltonian

equations and show that Py ;hq" = constant. 20
|

8.(a)  EHHE =
(@+b) (B +c)+b-(F+&) = sEira-soming & el @ SwEm e & § W
#ifsm | @ B woa-ardt F o fred wanma w9 # fafa |

Simplify the boolean expression ;
(a+b)- {E +c)+b-(F +7) by using the laws of boolean algebra. From its truth table
write it in minterm nommal form. 15

g(b) e TRl Rveowae & fam 3 few o=xty—nt + 107 %) F g fam
2 | x 7y Ransit ¥ smfey 3 wesl @ Frafor B | a-wE g o Fior
$ifwn g wiw Sifm fF 7= ¢ TE o R @ Fele e R o Tl

For a two-dimensional potential flow, the wvelocity potential is given by
p=xiy-—x+ %{xﬂ — ). Determine the velocity components along the directions

x and y. Also, determine the stream function w and check whether ¢ represents a
possible case of flow or not. 15

8.(c) UF YAl Swf (UHeH) 8% O<a=r<b, 0=0=2r W WA B | $6E O @19-
sl 8| aeafe Reat & am-wmg @ 0° W fER T W @ wetn aw R

Hﬂm‘flT:F:cﬂsg TR = o W R, vl K s s R awfi # ag-faem
w1 Frafor Hifs |

A thin annulus occupies the region 0<a<r<b, 0=0=2x. The faces are nsulated.
Along the inner edge the temperature 1s maintained at 0°, while along the outer edge

the temperature is held at T=K :nsg, where K is a constant. Determine the

temperature distribution in the annulus. 20
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