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Note ;

MATHEMATICAL SCIENCE
PAPER-III

This paper contains four Sections. You are required to attempt all of

them.

Note :

(@)

(b)

(@)

(&)

SECTION 1

Answer both the questions (@. No. 1 and Q. No. 2) in 500 words each.

(2x20=40)
Show that :

x
——4——2-—,neN,xeR

1+nx

I (%)

converges uniformly to 0 on R but f,, does not converge uniformly to
0 on any interval containing 0. : 10

Suppose X, X5, ......... , X, areii.d. r.v.s. with a continuous d.f. F. Find
an expression for :

P[ min X <o, max Xj>B}. 10

1<j<n Y l1<jsn

OR

Show that A, n > 4, is generated by cycles of length 3. Further show
that all cycles of length 3 in A , n > 5 are conjugate to each other.
Finally find two non-conjugate cycles of length 3 in A, 10

Solve the following system of first order ordinary differential
equations :

4 by 4z

dt Y

dy

==X -yt

dt yra

P2 ry—2z 10
dt Yo

Mathematical Science-II1 5 [P.T.0.]
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(a)

(%)

(@)

(&)

Show that rotations of R% or R® about the origin are the linear
operators whose matrices with respect to the standard basis are

orthogonal and have determinant 1. 10
Suppose X;, X,, ......... , X, are i.i.d. geometric r.v.s. Find the distribution
n
Of Y = 2 Xi . 10
1
OR

Let u(z) be harmonic in Q, show that u(¥) is harmonic in
Q={z:zeQ}. 10
Explain trapezoidal rule to evaluate :

b

a

Mathematical Science-III 8
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SECTION 11 :
Note : Answer all the questions (Q. No. 3 to Q. No. 5) in 800 words each.
(3x15=45)
3. (@) Does Z n?¢0s3 converges ? Justify your answer. 5
n=1
(%)  Compute [ |z-1] |dz|. 5
jzj=1

(e) Let A and B be (m x n) matrices over R. Then show that B is
equivalent to A iff rank A = rank B. 5

Mathematical Science-II1 11 [P.T.O.]
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4. (@ Let n > 1. Suppose (n — 1) ! +1 = O0(mod n). Show that n is
prime. 5%

) Find the extremal of the functional

n/2

F(y(x)) = _[ (y2 — 2 - 2ysin x) dx,
0

subject to the boundary conditions

y(0)=0, y(g) = 1. 10

Mathematical Science-11% 13 [P.T.O.]
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(@)

Given x; = 1, x9 = 5 and 2 = 13 to be an optimal solution to the below

given lL.p.p.
Min. 2z = 3x; + 2x,
S.t. 9xy + xg = 10
xl, xz > 0.

Using complementary slackness properties, obtain optimal solution of

the dual of the above l.p.p.

8

Given the following distance matrix, cluster the 5 items using single

linkage hierarchical procedure. Draw the Dendrogram.

)
1 2
1 0
2 9 0
3 3 7
4 6 5
5 11 10
Mathematical Science-I1T 15
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'SECTION III

Note : Answer the following questions in 50 words each. Attempt all questions
(Q. No. 6 to Q. No. 14). (9x10=90)
6. Let f be defined by :
xsin(1/x) , x=0
flx)=+
, x=0

Find the four derivatives at x = 0.

7. Let (X, d) be a metric space. Show that if {x,} and {y,} are Cauchy

sequences in X, then {d (xn, Yo, )} is convérgent sequence. Illustrate this
result for X = R with usual metric.

Mathematical Science-II1 17 [P.T.O.]




8. Let T ¢ L(V, V) and let m(x) = py (x)7 ... p,, (x)°» be minimal polynomial
of T factored into power of distinct primes p;(x) € Flx]. Then show that there
exists polynomials {f;(x), ........ fn(x)) In Flx| such that E; = f,(T) statisfy

1=FE;+ ... + E; and V= ker(p, ('I‘))e1 Do G)ker(pm (T))em'

1
9. Let f(2)= 0-2(G-3) Find the Laurent series expansion in {z:]|z|<1)}

and {z:1<]z|<2}.

Mathematical Science-III 18




10. Let G be a group of order p.q where p and ¢ are primes :
(@) If p = g, then show that G is either Zpo or Z, x Z,.

(b) Ifp+qg, p>¢gandgq )(/ p — 1, then show that G is isomorphic
to qu.

11.  Sclve the initial value problem :
Upy = Uyy = 1
u(x, 0) = 0 and ulx, 0) = 0.

i
\
Mathematical Science-III - 19 [P.T.0.]
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12.

For a certain dynamical system the kinetic and potential energies are given
by

1 .9 .. g
T—E[(1+2k)9 + 206+ §2]

_1 9 2 . 42
and V—in [(1+k)9 + 0 J,

respectively, where 6, ¢ are the generalized coordinates and n, % are constants.

Write down the Lagrange’s equations of motion and deduce that
(é—iﬁ)+n2(1;k](0—¢)=0.

Hence prove that if 8 = ¢ and 0=¢ at ¢ = 0, then 0 = ¢ for all ¢.

Mathematical Science-I1T 20




13.

14.

A sample of size 10 is used to test the hypothesis about median M;
Hy : M = M = 50 against Hy : M > M. The critical region is defined
as 8 or more values above 50. Find the level of significance of the
above test.

Construct a (2%, 22) design confounding X = ABC, B = CDE.

Mathematical Science-III 21 [P.T.0.]




SECTION 1V

Note : Answer questions (Q. No. 15 to Q. No. 19) in 30 words each. Attempt all
questions. (5x5=25)

15.  Let X, =n-— 3]:%], [m] is the greatest integer less than or equal to m. Find

lim sup x, and lim inf X, .
n—yoo n—3o0

16. Let V be the vector space of all

polynomials over R. Find a vector space W _
so that V is a subspace of W.

17.  If E a, 2" has radius convergence R, what is the radius of convergence

2n 2 .n
ofzanz and onanz ?
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18.  Show that kinetic energy T of a uniform rod of mass m, whose ends have

velocities & and 7, is given by :

T=%m[u2+v2+ﬁ.ﬁ],

where u =ju|,v=|7].

19. (@) Define recurrent state of a Markov Chain (M.C.) and state a necessary

and sufficient condition for a state i of a M.C. to be recurrent. 2
(b)  Using the above condition prove that if i and J communicate then they

are both recurrent or transient simultaneously. 3
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ANTILOGARITHMS

Meoan Difterences

o 1 2 3 4 5 5 17 8 ¢ Mz 3l7a 6%l 89
50 [3162 | 3170 | 3177 | 3184 | 3192 | 3199 | 3206 {32144 3221 [3228}1 1 2|3 4 4|5 6 7
51113236 13243 | 3251 | 3258 {3268 | 9273 | 3281 {3289 [ 3296 {3304 )1 2 2|3 4 5|5 6 7
52 113311 | 3319 | 3327 | 3334 3342 ) 3350 | 3357 | 3365 | 9373 [3281§1 2 2|3 4 s5l5 6 7
53 |(3288 } 3396 | 3404 | 8412 13420 | 3428 [ 343613443 | 3451 (3488 |1 2 23 4 5{6 8 7|
54 (13487 13475 | 3483 TMS‘T“’” 3508 | 3516} 3824.| 3532 |3540}1 2 2|3 4 5|6 8 7
.55 13548 | 3566 | 3565 | 3573 13561 | 3580 | 35¢7 | 2606 | 3614 [Re22 |1 2 2|3 4 5|6 7.7
-56 13631 [ 3630 | 3648 | 3656 |-3864 | 3673 | 3881 13690 | 3608 |3707f1 2 3|3 4 5|8 7 8
57 ||3715 | 3724 | 3733 | 3741 {3750 | 3758.| 3767 {3770 | 3784 javes 1 2 als 4 s5la 7 8
58 (13802 13811 | 3810 | 3626 | 3837 | 38468 | 3856 } 3864 | 3873 [3882[1 2 3[4 4 5]6 7 8
-50 ||3800 | 3899 | 3008 | 9917 | 3926 | 8938 | 2945 [ 3954 1 3963 {3s72f1 2 314 5 56 7 8
480 ;3981 13990 | 3999 | 4008 {4018 | 4027 | 40368 14046 | 4055 (4084t 2 3[4 5 6|6 7 3
81 14074 14083 | 4093 | 4102 {4111 | 4121 | 4130 J4140] 4150 {2158 ]1 2 3|4 5 6|7 8 @
£2 [[4169 14178 ; 4188 | 4198 | 4207 | 4217° | 4227 4236 [ 4246 | 4256 {1 2 3])a 5 6|7 8 ©
63 114266 | 4276 | 4285 [ 4205 [ 4305 4315 [ 4325 | 4335 { 4345 ({43551 2 si{4 B8 B{7 8 o
B4 14365 | 4375 4366 | 4305 14408 | 4416 | 4426.{ 4438 | 4446 {4457 |1 2 3|4 5 6|7 8 9
65 14467 | 4477 | 4487 | 4498 [4508"| 4510 | 4520 | 4830 4550 (46801 2 3[4 5 6|7 8 9
| -88 {4871 14581 | 4592 | 4803 [ 4813 | 4624 | 4834 [48457 4658 |4867.[1 2 8|4 5 617 9 10
A7 1|4677 14688 § 4699 { 4710 | 4721 | 4732 [ 4742 | 4753 | 4764 |4775 |1 2 3|4 5 7{8 & 10
-88 [|4766 14797 | 4808 | 4810 1 4831 | 4842 | 4853 [ 4064./' 4875 (4087 |1 2 a4 6 7|8 B 10
-89 114898 14000 | 4020 {4932 | 4943 | 4965 | 4966|4677 | 4989 [5000.}1 2 3[/6 6 7|8 9 1
70 ||5012 | 5023 | 5035 | 5047 | 5058 | 5070 | 5082 §5083 | 5105 [ 61171 2 4|5 6 7|8 @ 11
71 |[6129 | 5140 | 5152 | 5164 {5176 | 5188 | 5200 | 5212.| 5224.| 5236 {1 2 4|5 & 7[8 1011
72 |15248 | 5260 | 5272 | 52e4 [5297 | 5308 | 5321 | 5333 | 5246 |s53s8)1 2 4{5 6 7|0 1011
<73 ||5370 [ 5383, 5395 | 5408 | 65420 | 5433 | 5445 | 5458 | 5470 |5483{1 3 4|6 & 8|9 1011
-74 5496 | 6508 | 5521 | 5534 | 5546 | 5559 | 5572 | 5585 | 5588 |5610|1 3 4{5 6 8|9 1012
-75 ||5623 | 5636 | 5649 | 5662 | 5675 | 5689 | 5702 | 5715|5726 5741113 4|5 7 8|0 1012
70 [|5754 | 5788 | 5781 | 5794 | 5808 | 5821 {5834 15846 | 5881|5875 |1 3 4|5 7 B9 111
77 ||5888 165902 § 5916 | 5020 | 5943 | 5957 | 5670 | 5984 | 508 [e012'f1 3 4.5 7 810111
-78 ||6026 {6031 { 6053 { 8067 16081 | 8095 | 6109 | 6124 ; 6138 ;615211 3 4|8 7 s8l1w011 13
.78 116166 | 6180 | 6194 | 0200 ['6223 | 8237 [ 6252 [6266 [ 6281 |6295]1 3 4|6 7. 9101113
B0 116310 | 6324 | 6339 | 6953 | 6368 | 6383 | €397 |6412 | 8427 |6aaz2ft 3 a|le 7 9 |i012 13
-81 16457 | 6471 | B486 | 6501 [ 6578 | 6531 | 6546 | 6501 [ @577 |esez|2 3 s |8 8 9 |11 1214
B2 ||6607 | 6622 ) 8637 | 6a53 | 6668 | B6D3 | 66001 6714 {6730 Jd748f2 3 s5is 8 »1112 14
-83 l|6761 [ 6776 | 6792 | €803 |6823 | 8830 | 8655 | 6871 | 6887 |6902]2 3 518 8 9 (111314
84 {16018 .16934 8650 | 8086 | 6982 | 6008°| 7015 [ 7031 | 7ou7 {7083 f2 3 5|8 .8 to[11 1315
-85 (17079 7006 | 7112 [ 7120 | 7145 | 7161 {7170 ' 7194 | 7211 | 7228 {2 3 57 8 tol1213 15
86 ||7244 | 7261 | 7278 | 7205 | 7311 | 7208 | 7345 | ras2 737917396 |2 3 &)7. 8 10§12 131
87 [|7413 | 7430 | 7447 | 2484 | 7482 | 7400 | 7618 { 7534 | 7551|7688 {2 3 5|7 9 10|12 14 16
88 17586 | 7609 | 7621 | 7638 | 7666 | 7674 L7691 | 7200 | 7727 {77452 4 s|7 © 11{1214 16
89 |7782 | 7780 | 7798 | 7816 | 7834 7862 | 7670 | 7838 | 7907 {78252 4 517 5 1113141
-90 {17943 | 7962 ' 7080 | 7998 | 8017 | 8035 { 8054 | 8072 | 8001 (811002 4 B!7 B 11[13 15 17
91 !e123 8147} 8168 | 8185 [ 8204 | B222 [ 8241 | 8260 | 8279 (8209 |2 4 8|8 9 11{13 1517
92 116316 | 8337 | 8356 |-8375 | 6395 | 8414 | 8433 | 8453 [ 8472|6492 2 4 6|8 10 12[14 1517
83 [|8511 [ 8531 | 8551 | 8570 | 8590 | 8610 [ 8630 |eas0 8670 jes20 |2 4 618 1012|1418 18
-84 J18710 | 8730 { 8750 | 8770 | 8720 | 8810 | 8831 18851 [ ‘8872 |ap92]2 4 6|8 1012[14 16 18
-95 (18013 | 8033 | BI54 | 8974 (8095 | 0016 | 9036 | 9057 | 9078 |0098 f2 4 6|8 10 12/15 17 19
-968 119120 19141 | 9162 | 9183 19204 | 9226 | 0247|9268 | 9290 [9311}2 4 6{6 11 1311517 19
7 19339 | 8354 | 9376 | 9397 | 9410 | 9441 | Dae2 [ 9484 | 9506 95282 4 7|8 11 13)18 17 2
-98 419550 19572 | 9654 | BUTG |'9638 | 0661 | 0683 [ 0705 (0727 (475012 4 ¥ {9 11 13{18 18 20
99 HO772 1 9795 | 9817 | 9840 | 9863 ) D886 | 0906 9931 | 9954 190772 5 719 11 1a[16 182
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