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MATHEMATICS
rfu

suB]ECT CODE f ihads : 09
Full Marks : 200
'H. :200

Instructions ..

09 q}II)

Time : 3 Hours
RE : 3 ri

The  paper  is  div.ided  into  two  sections_ FectitJr.4  and. Sectiolt  8-  Ea.:ft.
sect;o; conldrrs eigl.i questions. Candidate will ltave_ to_ answe: any f i:e
questions selecting at least one fiFom ::ac[t seftieT Eg.cP_q¥e.sti?.n ?ar:_:i_e,:.-L|dr-;:;-in.  Marirvdisiribution  Jf each  question  is  alloifed in  their  right

margin.

HFREgra7j3Bu€-AanRE-_BS¥±jH±¥S.3iTaF¥gi
TF35i*qqgaFTapREi5TREed5qFRE±feFFfawi`*3T`
a3€IFFa55riT4O-{=;pfi;jfler)riq#qua;wiFF#±witha5T*wi
FTTq; 3TTrfu a  i

Section / Egg-A

(a}     Pre`,'e fuh.at  a group  Cl  of order  pmn;  where  p  is  a prime  not  dividing  n,  has  a
subgroup of order pin.

15

¢}     Findtheanalyticfunctionwhoserealpartise-I [{£-y2)cos}i +2£ysiny].           10
(c)     Findthe minimum valueofz =4x, + 2x2,

Subject to congtralnts #[ + 2J[2 2 2, 3J:I + I:2 2 3

4*i  +3X226,Xi,X220.                                                                 15

(a)ftz€FRi3pmntiig{a5HE5Gfipm3ffifflTF3qHH§(subgroup)dr€qEip
q5en]iGqwhachnrifrfuTSrd€i

(b)FTq±q5FTifiiTTaq#ftwqTdsmTe-*[(*2-y2)cosy+2aysiny]
a iFT a I

(C)     qffi*z+21222,3x, +x223,4#, +3x226qu`J„x220$3ZchiHiFTZ=4#] + 2x2
rigrrmfflapi
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2.        (a)      Provethatevery groupoforder 143 iscyclic.

09 (PII)

Marks
3ia;

10

(b}      Provethate`Jery groupoforder l0hasauniquenormalsubgroupoforder5.             10

(C)     =etd=C„e2 :efafi:=±::ex:°ju4t::n=#L[8=t:'ax:=L: :en:Lrb3}e=s[oL°u:,So}nstem °f ]inear equntl°ns Lo

(d)     Evaluate

(c)

J
C

#wherecirclecisgivenby|Z-2|=5.

fteqftia5i433;ff±fflrfeFrfugiv€i
its * ia5 io riia a; gr ¥ affi 5 iFT 3vHng (sub8roup) ffi qu` rfu
a\Tormal}dr€1

tfdsuned[2x[-x2+2r3=2,:r,+4*2=18*finStaifa(feasible)EE#
*.=2,jL.2=4EQTTx3=iqiaifaqREEE##qftffirfui

(d)    tFTTfflt #iFTTTHimq#,qS]z-2i=5,F cfflHrfut I
G

Machines

A

8
C

D

1234

10 12 19 11

5 10 7 8

12 14 13 11

8 15 11 9

®

10

15

10

E::::e:ht¥essue:S:i[:t=g::s.fry):f{X}€Z[±nisaprlmeidealofZ[r],whgreZ[5
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{a)   qiH©ian@©a} T#drffl"firfu I
0

tb}    fi-Hlife aillat FTtqT ifflEET firfu :

rfu

i234

TT¥fi

A

8
C

D

10 12 19 11

5 10 7 8

12 14 13 11

i8 15 11 91

(c)

09 grll)

Marlrs
RE

fag rfu` f* EqHBiEq s =  {x fir) : fi{#) € z [#]}, z [x] iH qS mEq fflrfeqffl a,
ap+zgivqFTHgrti

4.       {a)     Provethat R/I  is an integral domain if and only ifl  is a prime ideal of ring R,
where I is an ideal of a commutative ring R. 15

(b}     Let ff be an element of a with minimal polynomial  I  + x + *2 over Q [r]. Prove that

dr2-1*0.Aisoexpess::=+offie!dQ{G}in_thefoma+bG.wherea,b€Q.10

(C}P:::;£dEeu:[£ddoe:a[dn?mains.ProvethatderlngofpolynomialsF(I)overfieldFis]5

(a)

(.b,

(c)

fui=q±fsRtlFTgffidrdrqftFT`faqi±IfuRfflFTTEqerTgiv€
GTIro|ffqiafihaRTRHHgiv%i

TTT] iin Ch, G H eyaqq a faffl ira qgr= 1 + x + jr2 € Q [r] % I RE # f*

tt2_i±OiTftdsQ(a)*3RE#ala+bG±FTSthREatT,ae

a, b  E  Q.

qF±alirafaqfrrfuqihaanEiREi±f5drFfa¥qlTgrtitftfuF{jr]F
iatfafinife±j

ACOME19 (09)
P.TIO.



lllllllrm'IIIHlllllllllllllllRI
09 011)b-

3i5

5.        (a)      Prove that the  function fi{z) = e-Z-4  (z±0) and fl{0) = 0  is not analytic at z= 0
although Cauchy-Rlemarm equations are satisfied at origin.

(b)     Find a bilinear transfomation whieh transforms the unit circle disc izi s I onto the
unit circular disc |w| S 1.

(c)     Expandftz)=
(z+1)(z+3)

15

10

inaLaurent'sseriesvalidfortherngion 1 <|z| <3.       15

(a)ffarfuf*ngE]]f(z)=e-I-4(z±0)3irf(0)=0,ft=z=0q{FTTasap€
diF5fa=z=0qffi-trHTfledq}ri5EiF{mti

tb]i3HfRE5qfaffii#iftyt@trfina;ithtTRIiz|sirirfegr
RT !wi ± 1 ¥ 5qiife RE € I

(c)    fflfi(z)=
(z+1)(z+3)

qiifegivitEqaqftchdri<izi<3E3T5qE±i

6.       {a)      Solvethe followingL.P.P. using simplexmethed :

Map[imize Z =  107#i  + if2 + 2J:3

Subject to constraints :

141 I  + *2 -6J[3 + 3J:4 = 7

16r,+¥-6r3S5

3Xi -X2 -J[3 i 0

and x„ X2, X3, X4 2 0

th)      -u-sing duality to solve the following L.P.P. :

Marimjze Z = 2ri + X2

Subject to the constraints :

Xi+2J:2S10,I:I+X2S6,#i-X2S2,Xi-2#2S1

and *i' X2 2 0.

ACOME19 {09}
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{c)     A company has three plants at locations A, a and C, which suppl}i to warehouses

located at D, E, F, a and H. Monthly plant capacities are 800, 500 and 900 units

respectively.  Monthly warehouse  requirements are 400, 400,  500  and  800 units

respectively. Unit transpertation costs (in rupees) are given below :

To

DEFGH

A

From           8

C

5 8 6 6 3

4 7 7 6 5

8 4 6 6 4

Detemineanoptimunsolutionwhichmjnimizesthetotaltransportationcost.

(a)   fiTrfufanapfi±difirritHrfu t77REalEFE± :

3fts Z = 107x, + x2 + 2X3

RE a 3rfu :
14Xi  + i:2 -6X3 + 3r4 = 7

idr[+¥-fr3s5

3J I - r2 - X3 S 0

anx„  x2,  x3,  x4 a o

tb)   ERTfaniflHFTafiTrfuiha rfurfurfutTRTriEa a± :

3fke z = 2x, + x2

ffi a Jrdir :
x]+2=2S10,#[+r2±6,rL-.r2S2,,¥t-2x2±1anx],j#2±0.

ACOME19 (09)
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(c)

09 all)

Marks
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Fardfrffi€faA,8anciraq{fiin€chD,E,F,GanHt2riiq{itr
Tflrfi q} enti±i q5d a  I ririfi ifi qiiha agrffl€ EN:  800, 500 .an 900 pe i  I
TfiqTFffi@qTisapRE€RT¥T:400,400,500tlelT800ife¥irfegiv=5atdin

{Hffifi}iirRTftETTa¥:
i+`'

DEFGH

A

±8
C

5 8 6 6 3

4 7 7 6 5

8 4 6 6 4

H3fiiinE5qiREchgggTtsrixpimrdi

7.       (a)      State andprove cauchy'5 integral formula.

(b)     State and prove fundamental theorem of group homomorphisms.

{c)      Findthe dual offollowing L.P.P. :

Maximize Z = 2]=, + fr2 + 6x3

Subject to constraints :

5#,+6ff2-x]±3,-2]x]+x2+tr3±47

*i-5£2+3X3S1,-3l'i-31-2+7J:3S6,

and #,,  a:2,  #3 2 0

(a)    ant;tTqTREHffl3rfued5q3aftefi I
{b]   gra7fimffa*qffirfuffl3ededIr3afuafi I
(c)    f±F]fS;Tfdr L.p.p. HH3TaRE :

rfu z = 2xt + 5x2 + 6x3

alffi * rfu :
5r[+6ff2-a:3±3,-2Ii+*2+4X354,

ri-5x2+3X3S1,-3J;I-3X2+7X3S6,

an  x„  #2,  #32 o

ACOME19 {09}
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8.        (a)      Deriveapredator-preymodel.

(b)      Prove that f : (nI, +) + {rR+,.) given by fl(x) = gr is a group homomorphism. Find its
Kernel also.

(a)      Find all the basic solutions to the following system oflinear equations :
Xi  + 2#2 + Jr3 = 4, 2Xi + r2 + 5J¥3 = 5,

(a)   rfu-aFifarigr]ffiq I
(b)     fte atq iai q5EIT f . {n3, +} + {m+, ) qifi Ir aitFTfEL € q8Ta fry) = ex i  I EHiST

rfe th FT arm I
(c)    trfu died  r] + 2*2 + r3 = 4, 2*, + r2 + fr3 = 5 a iin a; rfu HFxp Edi qi

iierEj  1

9.®

section /ng -8
Find the partial differential equation of all cones which have their vertex at the
origin.  Verify that yz + zx + ay = 0  is  a surface satisfying pr + qy = z.  where

8zaz
p = E, q= 5;

Lagrangian equation of motion.

(c}      Prove the following :

(i)     .`[®3q}^(q3r)I 5to5r)"isatautology,

15

15

(b)Constl.uctLagraTgian_F_T:±!g:forasimplependulumofleng[hL.Alsouritethe]5

10

(a)

(b)

(ii)     [tovq)a(qvp)I isatautology,
where p, q and r are statements.

Hwiqffiai3ffiT53TREdiiRTFT5ftqiifeatHft=qtiaFT€irfeq±

i*qgyz+ar+ey=0,3TEREEitFTpr+qy=z#dytRE€,JET.p=g,

6zq=ri

aqT€ L S Hca ds a; ifu i@ffi qRE] d qua ri I i5E@ rfu a; iaHtRE
ETfliRE i# th fas I

(c)  i-jiiteq#,
(i)     "[®5q)A(q3r)]5tr3r)"q#ETaRE€,
{ii)     [{p -v+q} s{q `t p}]qa5zTaRE€,

5a p, q rm rRE € i

ACOME19 (09}
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10.      (a)       Solve:
dx dzEE±±-

x'-+al     ry-an    y:zj+ay

(b)      Find acomplete integral ofq ={z +pr)2.

(c)      Solve:I+s-6t=ycos#.

(a)     EfflqS:
drdy-Fii- dz

x2+a2     ry-az     a;z+ay

{b}     q = (z + pr)2 a; TffflTq5d (complete integral)i}aldqR  I

(c)     EFq±:I+s-6t=ycosx.

09 (PII)

Marks
3iq5

10

11.     {a)      Solve:trz+2i¥}dr+{z*~2z}d}i+(xy-2y)dz=0.

@)     If the Lagrmgian function L does not contain time I explicitly then prove that the
total enei-gy of the conservative system is conserved.

(c)     Definedistributive lattices` Prove the following are equivalent in a lattiee :

(i)      a^(bvc)=(a^b)v(a^c)

(ii)     av(b^c)=(avb)^{avc)

for all a, b, c €  L.

(a)     .8E]q# : {yz+2*)ch:+(zx-2z)dy+(ry~2y) dz=0.

{b)   qi±apifintEa] LEma tFTaH5Elaffla@iteifti*tihaftrifi
graltiTgred%i

tc]    fREaihaiftrfuTqTRE I iteqRfisfffi thafina;ffifREHqgrE :

{i)      a^(bvc)=(a^b)v(a^c)

{ii)     av{b^c)=(avb}^(avc}

a, b} c E L.

ACOMEl9 (09)



llmlllllillllllmllll'Illlllllllill
09 q}II)

Marks
ds

12.     (a)      A particle is moving in xY-plane under the influence of a central force depending
only  on  its  distance  from  origin.  Construct  its  Haniltonian  function  and  write
Hamilton'§ equation of motion.

(b)     A  mass  of fluid  is  in  motion  so  that  the  lines  of motion  lie  on  the  surface  of
coaxial cylinders; show that the equation of continuity is

(a)

(a)

'h:,

(c)

¥i£(pro,+i(pvz,-o
Where vo and vz are the velocities perpendicular and parallel to z.

Prove that the complex potential for a tiro dimensional source of strength 5 placed
at origin is w = -5 log z.

FfflffliTa*3Ttfl]xy-HFHaErfufflng¥iHET®a5statFTtREiFfa=a
FTffiistFTThH"%!iHa5ifetREfffiaqTtha*rfua5dind
ch ffi RE I

qi5HFTHrmaTTfa¥%f$3Hrfu7rfuiat5T€HE3]ifeaed±idiHTgiv€,a

fuaiff*3qiiREfflfflHRE#+£(pno)+£{pvz}=o€taevBantJ„

7.tler$5Tapidrfudr¥I
fu=q5ftqi*qF.fa=;q{5e]qaT*iRTchffl±iffiTapw=-5Logz
-i.,

15

15

10

13.     (a)      InaBooleanAlgehaB,provethata+¢+c)=(a+b-)+canda.@.c)=(a.b).c.
for all a, b, c E a.

(b)     Draw a Karnaugh map to represen"he Boolean function AC' + A'C + B.

(c)     Definc bi-prrtite graphs. Prove that the maximurn number of edges in a complete

bipartitegraphwithvverticesis£.4

(a}    ifeft ffi i±:E!; TTq 5Pe 3rfu a a fira # iS a + (b + c) = (a + b) + c i]t]T
a . (b . c) = (a . b) - c, a, b, c €  a.

(b)   5REffl Act + A'c +Bq}fREedwhq5rfeinen 3rfafflT€ I
(c)    ng-qTEte qiT5 da qftrm ftTfaq i its ifeia5 v di nd q5pife FT-qTrfe iTms E

qFTIrafizfrin±an€{

ACOMEl9 (09)
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14.     (a)     Prove that a cormected graph G is anEuler graph if and only if every vertex in G

is of even degree.

{b)     Suppese that a rigid body is turning about a fixed point 0 with angular velocity
;=Wr?+wyf+w£.ProvethatitskineticenergyTis

T=±[Awx2+BW},2+CWz2-2Fwywz-2GWzW*-2Hwrw},.

Where A, a, C and F, G, H are moments and product of inertia for x, y, z ares
respectively.

(c}     Provethata treewith nverticeshas n-1 edges.

(a)    fag qfi ia; FF5 fflfrfu i7Tq5 G (comected graph} 3HFT rm dr a aft FT`affl
Ff±Gfi.;EnflffiEfiianHFchai

(b)

(c)

15

qi]iiniirFE5ftefiRI.ng0a5qft5:£REdraqFTgr€ifisqfi*
3EE@grTrfaErdT=i[Aw*2+Bwy2+cwz2-2Fwywz-2Gwzwx-2H

wrwy€,qS£=wr?+wyf+wzfianA,a,C,F,G,H3Fq¥l:r,y,z3Idia5ide
RE:aprmFTenEgi%1

fteq±ia;n]flfiqTaflgrree}En-igrT€an€i

15.     (a)      IfAand B are anytwo eventsand are notdisjoint thenprovethat

P(A u a) = P(A) + P{B) -P(A n 8}

Where P(jc) denotes the probability of event I.
15

¢)    gTrob±anbt:i€;risatctg:°;:::g:: {#£t:sTbtg:;6fi:rrst8 t?W°  hundred  digits.  What  is  the [s

(C)      If E„ E2 ,...., En are mufualiy disjoint events with P(B,) ± 0 (i =  i, 2 ,...., n), then
n

foranyarbitraryeven[Awhichisasubsetof{.g,E{suchthatP(A)>0,wehave

P(Ei/A) -

AcoMEig {as)

Pqi)P(AIEi)
n

£Pfl3j,P!Affif)
E"

10
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(a)    qi±AapT Bq*aqzFT€€aniifeT3%alfteE±fis
P(A u a) = P(A) + P(B} - P(A r` a)

i:;rgT+p(I),qz]TriftHrfined"HHTfi

tbjFrferiRT200ffiEaiinfirffuFFT%iHrfeiftETfroffl€
ch 5 IT 8 a frfu a 7

(c)     qft E[, E2 ,...., Enq{HliREHffl€¥"-p{Ej}* o (i= I, 2 ,...., n)alfantaias
n

i;:]i;f:;ITA,chjg,E;ffl3qHgrF€HaIEaafSp{Aj>0,fafaq

P(Ei/A) -
P(Ei)P(Aft,.)

£pq3,,P(Auti,
I"

S`.lI'  a   I

16.     (a}      Provethatthe geometric rneanG of the distribution :

dF = 6(2 -:I) (r - 1)dr, I i I S 2

(b)

(c)

(a)

(b)

15

isgivenbyG=±el9/6

For  any  continuous  distribution,  show  thflt  the  mean  deviation  is  least  when
rrieastircd fiem mL§diali.

Without  using  truth   table,   prove  that  statements  i(p  v  {1   p  A  q)  )  and
(1p)A(1q)arelogicallyequivalent,where1pdenotcsnegationofp.

fterfufSiindF=6(2-x)(I.~i}dr,isxs2fflEafaTTftzlG,

G = i elgl`6FT rm dr a I
16

iREthqaafin±fuqfteqrfu=fi*HngHTffroamTfflaT%@TITEFfaEffl
FTdr3 ,

(c)HfflwhairdFT±iinia€qjftqf*58FTTdrv(Tp^q))an{Tp)^(Tq)
€Tq;jif}rfutFTEH5EH€,q¥Tp,i=8]]p±i5qHingandHffiqF{aT%I

ACOME19 {09)
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