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1. This question paper-cum-answer booklethas_ 48 pages and has
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33 PART/SUBPART questions. Please ensure that the copy of the question
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3. A consolidated Question Paper-cum-Answer Booklet, having space ’
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wriling the answers. Candidates shall be required to attempt answer to

the part/sub-part of a question striclly within the pre-defined space. Any Medium
attempt oulside lhe pre-defined space shall not be evaluated. " - I CN&\) L }’S” l
4. Answer must be written in the medium specilted in the admission -

N Certificate issued lo you, which musl be stated clearly on the right side. Do not write your Roll Number or Name
No marks will be given for the answers wrillen in 2 medium other than | | 3nywhere else in this Question Faper-
that specified in (he Admissian Certificate. cum-Answer Booklet.

’ 5. Candidales should attempt Guestion Nos. 1 and 5§, which are compulsory,

and any THREE of the remaining queslions selecling at least ONE

question from each Section. | have read all the instructions and shall
abide by them

6. The number of marks carried by each question is indicaled at the end
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indicate he same clearly. - CAAPMULRILAST )
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9. All answers must be written in blue/black ink only. Skelch pen, pencil or
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10, All rough work should be dona in the space provided and scored out finally,
11. The candidate should respect the instructions given by the invigilator.

12. The question paper-cum-answer booklet must be relumedinilsenlirety | | - - = = = = = = - - - - o oo - — =
1o the invigilator before leaving lhe examination hall. Do not remove Signalure of the invigilator
any page from this booklet.
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IMPORTANT NOTE:

Whenever a question is being attempled, all its parts/ sub-parts must be allempled conliguously. This means Lhat before moving on lo the next
= question to be atlempled, candidates must finish attempting all parts/ sub-parts of the previous question attempled. This is 1o be stricily followex).
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SECTION - A
"l @ In 5o let B =(13){17) (265) (289), Find an element in § | that commutes with B but is nota powerof B . (10)

(20w = (173)

(265) = (25)(26)
(289) 2 (29) (28)

@@S) (289) = @5) (26) (2928 )~
= (289¢

6*«@73) (28 96 S) |
/.
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. b , '
1. (® Consider the mapping from M,(Z) into Z given by [a ]—-) a . Prove or disprove that this is a ring
4

homomorphism. a0

@mfﬁé@”@é@@w’”

Q [A+) = Jm)+ /e

@ (A8 = P

Pl - " .
(onid 4,8 ¢ M(2) ﬂ;f]
Dlihr-a  @l8)-e 24

e [aewf _ B) = ac J«é»f
M(ﬂfﬂ) @(8)- ae

<© %o, 4 A et @ W

.,

vi T QMu-mnun.qnd-rn.g Sariul, Dofhi-50
Branch Gifica: 103106, Top Floor, Muktvries Towsr, Mukharjes Hagar, Dalhl-9
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1. (8 Afinctionfis[0,1]byRO)=1,

i 1
={-1p" — <X 22— (n=
{(x)=(-1)*" when arl x (n=1,2,3,.).

Prove that (1) Fis integrable on [0, 1], (ii) _Ef =log(4/¢). (10)

() fos infinide pbs of '\‘”‘“
WM at x= )5, (Uﬂ""

b £ beunded in [o.1] and %//M%/

sy () M 2
y M-M/

= ' , ( ) o
—1+2[[C+' -4 (14 "%.)J

- ) -l+2[12n?1492n—- [ Yn*’/a?J
M =ty Y- ¢ )(:éf_i /]

i H.uom:.:wa,ol Rafindar Hagar dakat, Dethi-83
Branch Office: 105-108, Top Floor, Mulfarjas Tewer, Mukierjes Hapx, Dalli-8
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1. (@ Provethatthe function f{z) =u+ iv, where

-y Ky .
= +i| —— £ {x, y)+ (0,0
f(z):l:«‘+y1 lx"+yz if (x 1) # (0,0)

0 if{x,y}=(0,0)

lontinsity = X Vs, &= 7l

¥20.

R

U)o K 4
L lon)= A2 2%
,,u.y {0,0) = M(Ozk);—/{/{av: -1

Ux_[O/O)': 1 Uj {0,0): 1.

lim 1’@&9 rﬂ'/?@)_ t ¥ (@O +%ino) = 0. = 1 ﬁi@@‘

is continuous and that Cauchy-Riemann equations are satisfied at the origin, but not differentiable at the origin

(10)

Ll Heat OMce:2v3, OId Rafinder Hagar Markst, Demie0
Brench Gffice; 105104, Top Flonr, Mukharjes Towsr, Mukierfes Hagus, Delhis
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1. (&) Solve graphically the following LPP.
Maximise Z=3x +2x,

Subjectto x,+2x,56 — |

2x,+x, £8 - 2

-x, +X, €1 - A

2x, %2

X,,%x, 20 (10)

Intewsechion. pts >

T guon, foibts pgion. s dhoun dottd []
/he zﬁrfwc@m,w‘mé A8 au (00),+4o(-1,0)

M Head Ofica:24/2, CAd Rajindar Nagar Markel, Dalki-60
Branch Office: 105-106, Top Floar, Mukiwijse Towsr, Muktmries Hagar, Dihi-9
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2. {a) () H= {[3 :]|a, b,deR,ad =0} . IsH anormal subgroup of GL (2, R)?

(i) Construct a multiplication table for Z[1], the ring of Gaussian integers modulo 2. Ts (his ring a field ? Is itan
integral domain ? (18)

—e.

IMS Ll tasd Offica:25m, OMd Rajindier Hagar Marksl, Duih-60
Branch Offica; 155108, Top Fioor, Mukharjes Towr, Mullrise Nagas, Dekp
ESE e (W TH Ay P STHASET080T, 83998197515 ||

P.T.O.
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2. ® (@ Giveanexample of a family {I, :n & N} of non-empty closed intervals such that §, 51, 51, =... and

(ii}Give an exarfiple of a family {I, : n € N} of bounded open intervals such that L =L oL >.. and n IL=4¢.
nal

(08)

Heud Office:153, Ofd Rajlnder Hagar Markel, Dalhl-50
Eranch Qffics; 105108, Top Fioor, Mukheries Towsr, Mukharies Hagar, Dulhd-g
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2. () Show that the seres -
g™ et ot
o +H &1 converges uniformly forall x> 0. (08)

Head OiTkn:24/8, O1d Ra[inder hagar Market, Dehi-50
Branch OfTce: 105-104, Top Floor, Mukharjes Tower, Mukharfsa Hagar, Oslhd-3

P 07145629307, 0989897525 || e
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2, (d) Use the method of contour integralion to prove (hal

acosb a
———d8=2ra{l———— wherea> 1. 1
-E'a+cosﬁ \’(az—l) . o

Head Offica:25/8, 0K Raflnder Hagar Markst, Dathl &0
Branch Offica: 105105, Fop Floor, Mukheries Towsr, Mukherjes Nuger, Dathk-2

Phe OTHIS529907, 09939187625 |] manc com
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3.

@

Suppose that a finite group is generated by two elemenis a and b (ihat is, every element of the group can be
expressed as some product of a’s and b’s). Given that 2’ =b*= e and ba® = ab, construct the Cayley table for the

group. 6

Head Offce:23P, Gid Rafinder Hagar Markst, Dalhd-60
Branch Offica: 186108, Top Flan; blukimrjas Towes, Mubberjes Hagar, Dehl3

(ISST1TEIE O HATRZSATIEAL SEIES Pir. ITHIS2R9N7, 89359197625 || Emuk: komlirm 2115 f3gmall. com, werm Jorstmatha.com




IR

16 of 48
WA
1 a b
3. ® Let H=4{0 1 c¢|a,bceQ} undermatrix multiplication.
001

(0 Find Z(H).

(i) Prove (hat Z(H} is isomorphic to Q under addition.

{iii) Prove that H/Z(H) is isomorphic 10 Q& Q.

(iv) Are your proofs for paris a and b valid when Q is replaced by R ? Are they valid when Q is replaced by
Z_, where p is prime ? (12)

Wl Head OMcu:25¥®, Okd Rafinder Hagar Markst, Delhi-40
M Branch Office: 103106, Top Fioor, Nukhesisa Tawer, Nukherjed Hagar, Delhi-3
IS IRy (VAT P OTT-ASE19547, 83095187625 || mane L

PT.O.
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,;:2:

PR |
3. (0 A functionfisdefnedon(~1, 1) by [x}= X sin-,X =0
=0 x=0,
Prove that (i} if 0 <P <a - L’ is continuous at 0;

(i) if 0<o—1<P, ' is discoptinuous at 0. (14)

Hasd Offiacz¥3, OFd Rafinder Hagar Markal, Defli-0
Branch Offis; 105208, Tos Flotr, Mubherder Tomer, Hukhvrdes Hagar, Tufhis

P STHITRTISEY, BI9997T7%25 || ot ot
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3. (@ Find the oplimal solution of the following transportation problem.

D, D, D, D, D, D, a
o |1 2 | 4 5 2 |30
0, |3 k} 2 1 q 3 |50
O, |4 2 5 9 5 2
J 75 (18)
(o7 1 7 3 4 6 |20
b 20 40 30 10 50 25

Hend Cflicw:230, Oid Rajlnder Hagar Markst, Dalhi-60
Branch Cffica: 105108, Top Ficor, Muldrrjes Tower, ukharfes Nagar, Dulhi-3

BRI ey P (THISG295%7, B339NM7RTT | Emat: om0 10030mall cves, wrwt ket envn
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4. (a) LetF be the field of integers modulo 5. Show that the polynomial x* + 2x + 3 is irreducible over F. Use this to
constrict a field containing 25 elernents. (12)

r-To1,2,3 Y] -

Haad Office:25m, OFf Rafinder Hager Mariel, Dalbi-60
Braqch Office: 105-108, Top Floor. Muktries Tousr, Mukhardes Hagar, Delhig

Pl MTHIS6293M0, 092991976 ||
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Lt FIx] be th fuuld ©f polyromict
owr  F.
T, 45 f 40 40 /<7C> v

Ton,  Dfpg v o fd.
| e
Elments of  <FD g a, A ot
F’D!J ] s, 4, € F:—[O,.',Z,S,‘fj

o, %%Wwﬂx V2% 5;:5-—-25‘

4. () Prove that the function [ defined by

L1
f(x)=sm; ¥x >0

is continuons but not uniformly continuous on R*, (15)
+
Oc RY,
Lot € R o
dim  QUnlb = ;
Naynd
!
X hso

: |
= fim  sin = SN2 sgpads
% mﬂzﬁ/
»~ r /
b ain f L gK sin L sinf Jdink e

D™ hs0 X—h

. Haad OMice: 253, Oid Rajinder Hogar Markat, Pulhl-52
Brunch Offics; 105108, Top Floor, Mukbaries Tower, Mukfmrjss Nagm, Delhi9
(LB (TG R T Teateay P BTHASEZUSYT, BRS9TOTRaS || o, o
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Heard DMica: 253, Old Rajlnder Nager Market, Delhl-80
Hranch OfMcs: 105-104, Tog Floor, Bukharies Towss, Mulkterjes Nagar, Dalhi-3
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4. () Evaluate the inlegral I—T dz , where ris the circle |z |=2.
2
! (2 +1)(z-1)

+i,-0, 1, 1. |
by Gy Intepeal. fome, B :

Z dz = Dxi it ol
rj@"*%?f')Z P

f1s af.

Z:-—L\ 2 _,_-.Z_i—-—--—- } - _._‘t:-l-———.-'—' “"' ; Jq
GG Joi™ (i) -

z— de. o oni] Lo
@-&I}(Z)
)

O
S

Ll s OMcacten, Ol Rafindar Magar Market, Delu-60
Branch Oice: 105-106, Top Floar, Multrerjes Towar, Mutherjes Hagar, Delh-3
EROTRTGEN PRI P FTHS629987. 93595197625 | £t im0ma0100ymall com, wwm temdmatrcom
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4. (@ Show by solving the following LPP by simplex method that the problem has an unbounded solution.
Maximise Z=107x +x,+2x,
subject to  Mx, +x,—6x +3x,=7
I6x, +x,-6x, £5
Ik, —n,—%, €0
XXXy X, 20 1)

Z;, A;(W/M]W/

- Z; }O??{r 4"2’2/‘!'213 - M 2/0‘--
[op o+ Xpm 65 43y + Xa = 7.
16?{1—\—’)11#6134’7(5 =5

20 A, — Az Ao -

\ LK Ay o Ko Ky Fa
FOR (L -§ 3 O- [
5116 « -6 0o 1 ©©
_ o
X O @ .| -1 © O l |
7M. \Himoto7 -M-1. 6M-2.~W-W
W 7 ) M 3 O -

AR RS
w & o W % © & -Y% o
|l -k - 0 O 4 O

-M
0
O

~7M. o -iMap 4Mond -3M o HvaﬁO“.
>. 3. 5
/‘1\.

A
2% O l "5%&/69/{7. o %5 %

v Head Officaz2%8, O Rafinder Nrgar Markst, Delhi-80
Branch Office: 105108, Top Fleor Mukherjes Tover, Mukharjes Kagur, Dalhl3

BRI AT M STa520807. 0339977626 || coaz e en.ch o
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SECTION-B
5. (@ Solve(y+zm)p+{z+x)g=x+y. (10)

dr _dy T da

HZ ZAN A+Y

dir)  dg-20 _ d(z- |
0T ey e

AQ\O _ o ()
2 (namT2) _@)

LB Head OMcazanE, Ol Rujinder Hager Markat, Delhlag
Sranch Offica: 105-108, Top Flocr, Mukheres Tower, Mukharjes Hagar, Dslhi-3
IS TR T AT b= OTHASEZ05SY, €9X3S17575 || Exmattims cam

P.-T.O.

AR

tee

e




27 of 48

Foom ) (2)
._'J-(“:-\j—- = C\ _Z____?.(- = C2
T J-e
I ] /
P30 32)-o %

5. ) Solve (D+D'-DD+D'-3)D+DVz=e""sin(2x + ) (10}

P Bl Py B

+ &, (y-0 LM plym)
> .
PI=_ | e sinQry),
(D+0%1) pra-D(b+01) —
e sin @rry)

QHNJC ) (b= (N €2) |
™)l ey

b)) bFbEaM - 8 b
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"ﬁ? (b—tbl——?) _ Qin 2“%). .
B0 T odt - /

[ (p-2) Gin2we ) 2ubtn)imn-2
Ll0u>» YUnlne)

i? B s (215 -23&7(2@

Qotwbion 1 =

)‘ 6)(@!(7*‘)9 +€3%¢L[7_x) @[ —j/‘zL

ﬂ(}m ) - 2 %nén@)) A

{306

5. () The velocities of a car (running on a straight road) at intervals of 2 minutes are given below.

Time inminutes (0|2 [4 |6 [8 |10]12
Velocity inkmv/br. [0 (22 (30 |27[18[7 |0

Apply Simpson’s mle to find the distance covered by the car. ao

Qo.,&som Hde 9
(%)
7

Head (HTice:26M, Old Rajinder Kaga' Mghet, Delhd-E0
Branch Qffiex; 195108, Top Floor, Mukherjes Towsr, ukharjss Hagar, Deihe
3 [IETIATES] i STHESEZS987, 0999918752% | emua: cam
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5. (d) A commitice of three approves proposal by majority vote. Each member can vole for the proposal by pressing
a button at (he side of their chairs. These three buttons are connected lo a light bulb. For a proposal whenever
the majority of votes takes place, a light bulb is turned on. Design a circuit as simple as possible so that the
current passes and the light bulb is tumed on only when the propoesal is approved. (10)

4 B C
o o 0
o o |
o 0
o 1|
. N, @)
~@& 1 o |
£. I O

P:\ODDI n lo l
Lopodion = 6C + 4D+ CH

PR

Hasd Office; 2578, Old Aafindar Hagar Marksl, Dulhi-82
Branch OfMce: 105-10F, Top Floor, Hukherjes Towes, buldhwries Magar, Delh3

e A R O e M STIS629987, 62999197625 || Emat e toggrall o, www ks rustie com
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5. (¢} UseHamilton’s equalions to find the equations of motion of a projectile in space. (10)

Head OfMice:281, Okd Rafinder Hagar Markst, Galhh60
EBranch Gffice: 105108, Top Floor, Mukharjes Towsr, Mukhities Nagw, Delhk3

BRI ISRV IPETOATEA]  Ph OTHASE209H), 09939187625 || ot b com
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6. (a) Form partial differential equation by eliminating arbitrary functions f and g from z = f{x* - y} + g(x* +y). (08)

-(1)

gz _ f“mﬂ - gy -G

2 _ fm&) @)

9% _1292 4 Yyx*dz
onr aon 24*

"

Hasd Offioe:248, Old Rajinder Nagar Markst, DeMi-60
Branch Bffle: 105108, Top Floar, Muktejea Towsr, Mubtarke Nagar, Dethb

SN (Y P OTHOST39%T. 29999197625 ] emat: e
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6. (b Find a surface satisfying r — 2s + t = 6 and touching the hyperbolic paraboloid z = xy along its section by the
planey=x. (12)

(Fo  ©=-2bb'+ Y=o
(b-3) =0
@, (x+Yy) + 2 @, (»

L =
o

Hend OfMlca: 250, Ofd Rajlnder Nagior barkst, Delhi-E0
Branch Office: 105-108, Top Floor, Mukherjes Towsy, Muykherjee Hagar, Dulhig
[EETR e P NSy e ATHISEI00N7, RI99S197625 || emac: com, wrwL
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Em;fm,cov
Z[/'(w)ﬂff%@(%w)ﬂ%) @

%%WWWW MW%
/MdMMmMWﬁzﬂyM@
Z = @' () + &, (xxy) + 13, (rry) + B
Zy = 0/fwp + 290

Zx;j Zy = . @Z_E

e R
Y= O, (m)*—duw)wd; ‘g + 67 D
o () + ()

_ = b, (nr) +E J7T
@ @ = -1 : Id)z,(m"j): ,a(xwz

%= O CMH x5 b (MHJ@ ot

(2x) _’91'(2_?&) 2 (6
Mﬂ%ﬁ’—\ 2 ‘L/

Wﬂﬁ?‘oﬁc =

Lw o (-32- 55)+57L"+C

zft@ mtE
A e 3 )f@[@ = ()=
S

m"ﬂﬁff'ﬁ u,hﬁ Floou:'l:.lluurfn Dn'm““l"“m nnnnnn ey 2 & |\ - }hb] ~+ ﬁ
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P 2
e

{© Reduce y*(5°2/8y*)+8%2/8x* = 0 to canonical form

Dz ¥z
o T O
RN*Sh+ T=0 7\2‘“10‘:0 > As ttY.

_@L,+g)éyj T+, 92

Y
82 _ oL tye - fyf -

) it oo -
€2t € | G 9™ 2 E T [ - yE 2y

A b 2 [Z ifen iy e |
=

— .a-x'qf .

(-JLLZM + (-1 )_,{LZZ,M,LL - V?"Z\,V_- vV Zy,
A .-m 2 23 ZLLV
32_/33 _ Zuet 4z 2’3;’ Zuule™)+

29* —
Hedirg =) /ZJJ-VZJAV ~MZu ~VZpy =0

o 2 Y= CW*:M%J
@/%@JV% Tl MJ

- a& : az_ - -ye' ZMH]@I) w.i

36

K”/// 'aU?N
' ' -t

- +Z0 + (e
\flazz - /HLZA'M + VZZVV :{'2{4’: /(/! Zyy +V ZVV+2UVZ"'-

ax)

Haad OfMce:25m, Old Rajinder Hagar Markat, Delii§0
Branch Otfles: 105106, Top Fioor, Mukherjes Towsr, Multrerjss Nagar, Dalhla

Pl OTHATE 20307, 0999919TEYS || Enad: bemaiern 28104kl o, worwe ez eeaton com
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6. (d) Adlighilystretched elastic string of length /, with fixed end points x =0 and x = { is initially in the position given
by y=Csin® (mx /1), C being constant. It is released from the position of rest. Find the displacement y(x, 1).

The wane tguation f Hhi wadon .
Y . Ly

ur  Cr T

%Mwy Solution 20 V= XCOTCE)

2 WY e N
X)) e (+) T
P48 peal

R 9 Xm0 = ca pre ¢ inpe )6 88 cpt + 0
Cruncpt). -

5 | ] o ot
k= 52 X0 T(+) :@, el et /f@ ePlhce %
—k"——O = X_f)[)T(_-L) :@[ X‘\‘d:)) Cj't—\— t‘t) _@
Lpiven conahtions =,

Tt J=-14t)=06"
A (x0) = 0. \Y(70)= Con’ ()
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7. (@ Solve the following system oflinear equations correct io bwo decimal places by Ganss-Seidel method.
10x+2y+2z=9
2x+20y—2z=-44
2x+3y+102=22

\O. - 431,(,5{:? i
Y = ~YM -2 2zZ é}o,@‘

20

Z= z2x2x3

{O-

{

"

7= 2L e jam(ar) -  n)uE)

(15
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e j Z.
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O-j -2:2 30677
. OS] -1 Oy 2-912
0988 -1 99 2-996Y
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Honee .- Solution. Jonds o oxact vatees

\(H/ (»Www

- Mg Soludion

~
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% ® Given Loy’ whorey =0 whens 0, 6ad 0.2 YO Handy 0) | a9
Using  Eudoe' s mahad,
hoo.o L= 1+y°
= Mo b o s )
H(02) = O+ 1+0*) =[0:2]

Y(o1)= 02+02 (/+o-_2")

|
/ )
Y(0:6) = 0408 +02 (1 +0-108" )

12 @ Y,
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7. (¢} Converl:
{} 46655 given to be in the decimal system into cne in base 6.
(i) (11110.01), into a number in the decimal system. (06)

1 —_

166°5 @)  [5s55555] M
1295 Zn B

FZrs & G

EER &

U

OOy Oy oy Oy
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O% |+ 1x2 4+ 1x27x 127+ 1 x2™

{)

7. {d) Drawaflowchart for Lagrange’s interpolation formula

AA

//&ad all pan a/ 22‘;}/

‘§ET F_’oU{—~o’;\ INTER <O ; ]
L=y Je2 O

A, vi ) ae Jrom Guwn.: @i, %) pae
(@iaij’ﬁﬂ@) To oureuT : Plyramid
o . ) WWM@.

- (15}
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8. (@ Two equal rods AB and BC, each of lengih smoothly joined at B are suspended from A and escillale in a

2 .
vertical plane through A. Show that the periods of normai oscillations are ?n , where n” = [3 * iJE 16)

-—-ﬁ !-
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8. () Ifnrectilinear vortices of the same strength k are symme trically arranged along generators of a circular cylinder

2.2
of radius a in an infinite liquid, prove that the vortices will move round the cylinder uniformly in time _(Sn T) ’
n—

and find the velocity at any point of the liquid. {16)
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8. (9} Aninfinite mass of fluid zcted on by a force ur~? per unit mass is direcled to the origin. If initially the fluid is a
rest and there is a cavity in the form of the sphere r=c in it, show that the cavity will be filled up after an interval
oftime (2/5p)' cM, €}:4)
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ROUGH SPACE
)ﬁ& \jz-‘—"O A= T Uy_ )

- Ay
Y 1Y

By il b et
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