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MATHEMATICAL SCIENCES
PAPER-III

Note : This-paper contains Seventy Five (75) multiple choice questions, each question

carrying Two (2) marks; Attempt All questions.

1. If Ulp, /) and L (p, ) are upper and lower Lebesgue sums of f corresponding

to p, then :

B U, H=Lp, )
(B) Up,H<Lpf
© U, 2Lp P
@ UPH=Lf@®

2. _L (log ;) dx is convergent, when :

(A)

(C)

m>0 ' B) O>m>-1

0rm>-1 D m<-1

3. The value of

is :

(A)

(&)

lim lim [-1- ' i}

x—=0 y>0 |xl IyI

0 B) -1

3 D) o

Mathematical Sciences-111 5
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4. If p is a positive measure on X, 1< p <o and fel'(n) and geLl’(p)

then :

B fegelty and If +el, <If], +1el,
B) f+gell(p and |F+gl,<{fl]8],
©) fgell(p and |Fel, =|Fl, 181,

) frgelitw and |f+gl, <|fl, +]8],

5. The metric space P is complete if :
(A) 0<p<co. ' (B). 1l<p<w
(©) iapzo . D 1>p>0
6. ‘Which of the following_ sei;s is always of i:)ositive measure ?

(A)" A non-empty perfect set
(B) An uncountable set
| (C) A set with a limit point

(1) A set with an interior point

7. Let x is any real number and S={ r:r is a rational number and r < x}.
Then :
A x=g.1.bS (B) x=infr
(€ x=1lubd8 (D) x=supr

Mathematical Sciences-IIT 6



8. The symbol J: ~ fdx will not be an improper integral if :
(A) f has singular pdint; in fa, b] and limits @, & are finite
. (B) limits @ or b are infinite and f has finite discontinuity
{(C) limits ;:z and b are finite, f is bounded
D) limits a or b (or both) are infinite or f has singular pqints
9. If Za,.I converges and Xb, di;rergeé, then X (a, + bn) :

- (A) diverges - " (B) converges

| {C) oscillates (D) does not exist

10.  Suppose that v, w are linearly independent vectors of R3. Then the subspace

of R? generated by the vectors v, w and v — w is of dimension :
@ 1 | B -1
© 2 | D) 3

11.  Suppose T:R? - R is a linear transformation such that T(8, 1) = 4 and

T(1, 8) = 2. Then T(81, 81) is :
@& 27 (B) 36
(©) 54 | @ 81
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12. Suppose v e R2, v#0. Then the subspace {x e R?/x.v =0} is of dimension

(note that “¢” denotes the inner product of two vectors in R?) :
A) -1 : (B) 1 |
© . 2 | ™ 0
13. Which one of ﬁhe following statementé is correct for | f:RoR ?
(A)  fis continuous = [ is linear |
(B fis linear = f is continuous .
(C} fis linear < f is continuous
(D) f is differentiable = £ is linear
14, Which of the following is a vector subspace of R3 ?
(A) | {(x,y,z)eR3/x+y+zZO}
(B). e, y, 20 e R¥/x*+y* + 2% <1}
(O {x, y,20eR(x,y,2)=t(0,1,5), te R}
D) {(x,y,2)eR? /(x,y,'z) =t2(0,1,5), te R}

15. Suppose that the vector space V has dimension 3 and that U and W are two-
dimensional subspaces of V. What is the greatest possible dimension of the

vector space U + W ?
@ 5 ® 2

Cy 3 D) 4
Mathematical Sciences-ITI 8



16. Let S R* bé'given by
| S ={(x,, %y, %3, x,) € R* /%, - x, = 0 and 2x, +3x, =0}
Then S s
(A) a 4-dimensional subspace of R*
(B) é 3-dimensional sﬁbspace of R4
(C) a 2-dimensional éubspace of R4
M) not é subspace of R?

17.  Consider a vector space V of all 2 x 2 real symmetric matrices. Then which

one of the fol—lowing is a basis of V ?

ST
o o o
B
)
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18. The value of m so that 2x—x2 +my® may be harmonic is :
@ o o o® 1
€y 2 : D) 3

19. The Cauchy-Riemann equations are if u =u(x,y) and v(x,y})=v :

ou ov ou_ v

- (A) & oy &
Pu P
® a2
Pu
© &
Pu_ o

20.  The number of zeros, counting multiplicity, of polynomial 5 ;3,3 ; ;2 41 inside

the circle |z} = 2 is :
A) 0 | B) 2
) 3 Dy 5

21. The value of

21::‘ foa ze-z dz
18 :
(A) _0 B) 1
(© e | €l
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22.

23.

24.

25.

An example of a map which is conformal in the whole of its domain of definition

18 :
(A)  flz)=2° (B)  f(z)=e""?
(C)  f(2)=cosz : D)  fz)=¢"

" A Mobius transformation which transforms the upper half plane onto the lower

half plane is :

A w=z : B) w=_t
) 241

. |

€ w== D) _E
g Z—1

The number of 4 digit numbers with no two digits common is .
(A) 4536 | - (B) 3024
(C) 5040 (D) 4823

In how many ways can 6 different beads be strang together to form a

necklace ?
(A) 60 ways : | (B) 80 ways
(C) 25 ways (D) 30 ways
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26. If H and K are two subgfouﬁs of G of order 6 and 8, then order of HK is

16 if :

(A) Order of HAK is 3
(B) Order of‘HmK is 4 |
(C) Order of H~K i8 b
(D) Order of HAK is 10

27. Let G and H be two groups. Then groups G x H and H x G are 1

isomorphic :
(A) for any G and any H |
(B) only if one of them is cyclic
(C) only if one of them is abelian\
(D)  only if G and H are isomorphic
28. A ﬁolynomial flx) and g(x) are primitive po.lynomials, ‘then :
(A)  f(x)g(x) is a primitive polynomial
(B)  f(x) + g{x) is a primitive polynomial
(C)  f(x)- glx) is a primitive polynomial

D) flx)/glx) is a primitive. polynomial

Mathematical Sciences-I1I 12



29. If the riﬁg R = {0} ha;s left identity e; and right identity eq, then :
(A) e =eg
(BY e #2ey
_(.C) e, = me, (for same m > 1)
(D). e, =me, (for same m > 1)
30. Whi_(':h of the following is not true ?

(A) If Ais a compact subset of a metric space X, then A is closed as well

as bounded

B) IfAisa closed and bounded subset of a metric space X, then A is

compact
(C) IfAisa closed and bounded subset of R?, then A is compact
(D) If A is a compact subset of R?, then A is closed and bounded
31. Suppose A ={zeC/1<|z|<2l and B=.{xeR/1<|x.<2}f The.n :
(A). Both A and B are connected |
(B) None of A and B is connected
(C) A is connected but B is not

- (D) A is not connected but B is
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..32. What is the interior of the set A = {%/neN} ?
(&) Int(A) = {%/ neN}
(B) Int(A) = {%/ ne N}U 10
(C) Int(A) = {0}
(D) Int(A) = ¢
33. Which of the following is true ?
(A) Every continuous function f:R — Q is constant
(B) Every.continuous function f:Q - R is constant
.\(C) .Every continuous function f:R? 5 R is constant
(D) Every continuous function f: R - S' = {(x, e+ y?= 1} is constant
- 34. Suppose
| | L ={(x, »)eR?*/|xy|=1} and
M = {(x, y) € R? / xy = 0}
Then which of the following is true ?
(A) .L 18 connected and non-compact
(B)l M is non-compact and disconnected
(C) M is compact and connected

(D) L is disconnected and non-compact
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35. If the Hamiltonian for a system is given by :

H(r, 0, p,, p,) = _( »’ pu} B
r r

where p is a constant, then the Hamilton’s equations are :

(A) r_pr,G—;.g_ -r:O; pU:O
(B) f’=pr;9=r—2; Pr="g-—5; P =0
© i=-p; 6= fg,p,_o;p9=0

D) i=p,; 0=- pg, p,—‘?" D=0

36. Solution of the equation
u(x) + 2[]1 e u(t) dt = 2xe*
is :

| (a) ulx=¢ [21: - —3—]

#_2
B) ul)= {e 3]

-
(®) z{(x)=e [x 2]

(]j) uw(x) =2x + %

Mathematical Sciences-111 15
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37.  Solution of equation'
g(x) = Zx—m+4 E’z sin®x g(¢) d

is

. 9 . 9
(A) gx)=2x+n+ n°sin® x
n-1
2. : 2
(B) g(x)=9x— 5 %
n+1
2102
©) glxy=2x-n+ n“sinx
' n—1
: 2rsin®x
D gx}=n+
n+1

38.  Corresponding integral equation to the differential equation
y"+6y-5y'=0

1S :

@ =-1- 2-8)p @

(B)  ¢(x) = (6x-5) + [ G-60¢ de

© dw=6z-5+ [ 6 6xe5)® de

(D) ¢(x)=(5—6x)—£ (2x - &) § (£) dE
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39.

40.

Consider the system as shown in the following figure. Total length of the

cord is [. What are the generalized coordinates for the system ?

VIS TIIITIITIIIIIN

ds
L |e
my
] b 4
Om1

A) ¢4
(B) 71> 92
(C)  (xyq, y1) Cartesian coordinates of position of mass m,

M)  (xq, ¥1, X9, ¥g) Where (x5, ¥1) and (xy, yo) are Cartesian coordinates of

position of m, and m,

A particle of mass-m is falling vertically under the action gravity. If x is

the distance measured downward and no resistance forces are present, then

the Lagrangian function for a such system is .;

(A) -Q—mx (B) mgx
1 22 . 1 .9
(C) me —mgx (D) . -imx + mgx + constant

Mathematical Sciences-I11 17 [P.T.O.]



41.

42.

If we wish to prove mathematically that the shortest path between two points

(xq, ¥4} and (xg, y5) is a plane is a straight line using techniq_ues of calculus

~ of variation then which one of the following variational problems need to be

solved ?

Find a continuous_ly differentiable function y(x) which :

(A) Minimige I =xj‘ 1+y™)* dx

x

(B) Maximize I = I (1+y%)" dx

X

X

(C) Minimize I=._1_ [ y(1+ )% dx

2n -
X

11.

T
X

(D) Maximize I=—2;—~ - y(.1+ 3;'2)”'{‘ dx

Given a function f defined on [a, ] and a set of nodes a = X <Xy < evenee <x,=b

which ones of the following conditions must be satisfied by a cubic splihe

interpolant ?

(@) S(x) is a piecewise cubic polynomial on “the intervals
[xj_l,xj],j=1, 2,...,n. _ -

@  Sx)=flx) forallj=0,1, 2, .. , .

(it} 8 must be continuous on [a, b]

(w) S must be twice continuously differentiable on [, b]

(v} S must be three times continuously differentiable on [a, 5]

(i)  S"xy) =8"x,) =0

Wii)  8"(xy) =8"(x,) =0

(A) @), Gi), Gid)

B) @), G@), @)

C) M), G, ), iD)

(D @), G, Gv), (vi)
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43.

45.

2
- The approximate value of J x%dx obtained by Trapezoidal rule and Simpson’s

Q

3 rule for n = 2 are .............. and ... respectively.
(A 6 &6 (B) 83 &3

(C) 3 & 8/3 (D) 8/3 & 8/3

Consider the initial value problem y'=y-x?+1, 0<sx<2 and y(0)= 0.5.

Then ¥(0.2) computed by Runge-Kutta method of order 2 considering step size

h=021s:
(A) 0.826 (By 0.828
(C) 0.82929 - D) 0.82924

The general solution of xp + yg =2z is :

x y|_
A F{y,z] 0

(B) F(x,y)=0

©) F(x,y2)=0

D Flx-2y-2)=0
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46. Complete integral of the equation p?x + ¢’y =2 is :

A JAt+a)z=+ax +Jy +b
(B) (1+a)z.= ax +y +.b |
(9] z:x.+ ¢, 1+ xy)

@ z=x-¢(1-xy)

47. The equation ot ol oyt

J is called :
(A) Laplace’s equation
(B) Two-dimensional wave equation
(C) 'Two-dimensional heat equation
(D) La'grange’s equation
48. In a particular equation #* + #y'+ (¥2-n%)y =0, one would like to have
another parameter & in addition to n. Hence, we set % = kx and appiy chain

rule, which results into which Sturm-Liouville equation out of the following ?

2

@A) LT+ -—2—2+7\x y=0
2

®) |7+ —fx—ﬂx y=0
2 .

(C) [x'y']'+(£l—+l y=0
*r

2
(D) [xy‘]'+['_1——7uc y=0

X .
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49.  The surface, which passes through lines z =x =0 andz - 1=x -y =0

and satisfies D% -4DD'+4D™ =0, 1is given by :

(A)

(&)

2x+y)=x (B) ‘z(2x+y)=3

2(2x+y) = 3x D) 2(2x-y)=3x |

_ g |
50, The linear form of the differential equation (x+y+a) Ey =y*+b is :

(A)

(B)

(&)

- (D)

dy _ y'+b

dx x+y+a

(y.2 +"b)-(-i-‘y—vx=y+a
dx
dy 2
: Y _ -
(y+_a)dx ¥

(y2+b)£i!——x=y+a
- dx

2

. _
51. A particle moves in space with Lagrangian L= sm (%% + ¥*) - V + %A + yB.

Then the equations of motion are :

(A)

(B)

©

1)

Mathematical Sciences-TII 21
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52. Given the joint density :

6x , O<x<yxl
flx, y) =
0 , elsewhere
What is E(Y/X) ?
(A) Q+x)/2 : B A+w/2

C)y @Cx+y)/3 _ @Oy (x+2y)/3

53.  For a given A, X follows Poisson with parameter A. If A has a prior distribution :

fm—"p APl A 0.r50 p>0
_Ee ] » ’p

then the variance of X is :

P p(r+1)

(A) :f (B) 2
r+1) r+1)
or | ® 7

54. Given a bivariate density function as :
3x+y) .
flx, v) = 0 e*7, 2>0,3>0

What is the correlation -coeﬂiciént between X and Y ?
(A) -0.112 (B) -0.810

© 0792 (D) 0.149
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55. Let Xy Xy X, be a ra_ndom sample from the pdf :
f(x 0) = i e—(x—[])r‘SO x .> 0
’ 30 S
Then -
(A) ¥ is moment estimator of 0
(B) X is MLE of 6
(C)  Min(Xy, X,, ..., X} is sufficient as well as MLE of 6

D) Min (X, X,, ...., X,)) is MLE but not sufficient for 6

56. Suppose X and Y are independently distributed as exponential with mean
0 and 20 respectively. To test H,:0=1 against H; : 8 <1, at level a, the

UMP tést_reject H,, when :
(A)  2X + Y is large
B) 2X +Y is small
(C) X + 2Y is large

D X + 2Y is small
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57. Consider the following statements about class of UMP tests :

(1)  Atest §X) is said to be admissible in a c.lass A, if there exists no other

test which is uniformly better than §X).

(2) A class of tests is said to be minimal complete if it is complete and

contains no subclass of it which is complete.

(3)  If the class of admissible tests is complete it must be minimal

complete.
Which of the above are correct ?
(A) Both (1) and (2) are correct
(B) Both (1) and (3) are correct
(C) Both (2) and (3) are correct
(D) All are correci:

58.  Let X, and X, constitute a random sample of size 2 from the population given
by :
-1

, O<x<1

0 s 0.W,

f(x;B)—{

N 3 .
If the critical region *;xy 2 4 s used to test the H;: 6 =1 against H, : 0 =2,
what is the power of the test at 8 = 2 ?
(4)  0.089 - (B) - 0.114

© 0127 | D)  0.148
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59.

60.

Consider the following statements pertaining to Likelihood ratio tests :-

1 The likelithood ratio criterion offers a method of constfucting tests

of significance which do not fall within the pﬁrview of Neyman-

‘Pearson Lemma.

(2)  The likelihood ratio test statistic A is the ratio of the supremum of
the likelihood under Hj to the supremum of the likelihood in the

unresticted parametric space.

(3) The critical region of the likelihood ratio test is the left hand tail

of the distribution of A.

Which of the above statements are correct ?

(A) Both (1) and (2) are correct
(B) Both (1) and (3) are correct
(C) Both (2) anﬂ (3) are correct

(D) All are cbri‘ect

Let Xy, Xo, ... , X,, be a random sample from N(O, o°). The test statistic to

' 22 . L2 2 i .
test H,: 0" =c; agamnst H,: 0o #Gg 18

@ which has X7, .,
Sx? ~
(B) 3, which has X2,

0

S =02
y(X,-X
© —-(—2——), which has X?, ,,
o |
fo -%°
(D) —-——Gg , which has XZ,
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61. Let x,, x,, x, are three independent observations from N,(3, X} population

1 2 |
with 0'=(0,0) and £ = {2 7]_ If D=2 + 2% + %%, then E(D) is :
| 2 4 | (7 =2
Ay 14 N
- 7/3 -2/3 | 3 6
© lg/s 13 B P

- 62. Let X follows bivariate normal distribution with mean vector 13' =(1,, B,) and

o : o po,G, .
dispersion matrix X = o |- Further let X =5X, + ¢, b,>0,
PC%y - Py : '

'1=1,2. Then the correlation coefficient between X, and X, is given by :
(A) ) I ' (B) blbg P.
©  uHp | D) Job, p

63. Let x;, %y, ...y 3525 be a random sample of size n = 25 from N (11, ¥) population.

- The distribution of (x, —.]:1)'2‘1 (%;-p) is :
(A) chi;square With 25 df
(B) chi-square with 24 df
(C)  chi-square with 5 df
(D)  chi-square with 6 df
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64.

65.

66.

“An office manager feels that for a certain kind of business the daily number

of inc.oming telephbne calls is a random variable having a Poisson distribution, .
whose parameter has a gamma prior distribution with o = 50 and B = 2.
Being told that one such business had 1.12. incoming calls on a given. day.
What.would Be her estimate of that particular business average daily number

of incoming calls ?
(A) 100 B) 112
(€ 106 (D) 108

If the p-th variable of the primal is unrestricted in sign, then the p—th'constrajnt

of the dual 1s :

(A) Equality type

(B) Less than type

(C) More than type
(D)  Not necessary equal type

In usual notations, the average number of customers, E(n) in the queueing

system (M/M/1) is F
A)  p/1-p? ® p/A-p)

©  p/(1-p) | D  p/1-p?
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67. Among 500 marriage license applications chosen at random in a given year,
there were 48 in which the woman was at least one yeér older than the man,
and among 400 marriage license applications chosen at randoimn six years later,
there were 68 in which the woman was at least one year older than the men.
What is the 99% confidence interval for the difference between the

“corresponding true proportions of marriage license appliéations in which the

woman was at least one year older than the man ?
(A)  (-0.015, —0.005) B (0115, -0.025)
©  (-0.125, -0.020) D) (-0.133, -0.015)
Given Z,, = 2.58 for o =.01.
68. The following are the statistics of a trivariate distribution :
| 01 =3, Og=4, 03=5
rig = 0.7, rig = 0.61,: ros = 0.4.
What is the value of b9 4 ?
@ 038 (B) 046
(C) 041 | (D) 0.62

69. If R? is the coefficient of multiple determination of the general linear

model, then the adjusted R2 is given by :

(&) '1—[n’_1p](1—32)  ® 1—(::;](1‘32)

o e o {3ew)
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70.

71.

72.

To test Hy : p =0 against H, : p # 0, an experiment is conducted at two time

points, and the results are as follows :
n =10, Zx = 86.7, 3x? = 771.35, Ty = 88.8,
zyi-’ = 819.34 and Xxy = 792.92.
What is the test statistié value to test the above hypothesis ?
(A) 1.8 ' (B) 29
(Cy 45 ™ 56

In a sequence of 48 objects having two types of symbols, 30 are of type-1
and remaining are of type-2. What is the variance of total number of runs

R for this sequence ?
(A) 987 | (B 10.29
(C) 1241 (D) 15.62

Two diet plan _with 6 observations each is tested using Mann-Whitney-Wilcoxon

test. What is the large sample variance of the test ?
A) 39 | By 42

C) 56 | D) 62
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73.  Let Xy, Xgyp e ,» Xy be a type-II censored sample when n items are
put on life test. Which of the following statistics is called total time on

test (T‘I‘T) :

(A) T, = Z X =Xip) Xy =0
i=1 _ .

@B TL= Z Xoytn-r) X,

i=1

© T =Z Xp+m-r X,
i=1

(D) T, = Z Xy — Xpy), Xigy =0

i=1

74. In a 23-factorial design with n replicates, the sum of squares for any effect

18 :
(A) (contrastV/8n (B) (contrast)?/8n
3
(C)  (contrast)¥n o) Zlcontrast)
n
2 1 1

75. Let x~N3(,2), where 0'=(3,1,2) andZ={1 3 0. The .distribution

1 0 1)
of ¢'x where ¢'=(1,1,-1) is :
A) N@, 4 | (B) N(IZ, 6)
(© N2, 6) o - .(D)_ N(-2, 4)
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ANTILOGARITHMS

Mean Dilterencas
D 1 2 a 4 5 .6 7 8 ¢ v 2 313 E 8l7 8 9
50 [[3162 1 3170, 3177 | 3184 {3192 | 3199 | 3206 {.az14 { 3221 jazes|+t 1 203 4 als 6 7
51 413236 [ 3243 | 3251 | 3258 {3266 | 3273 ;3281 | 3289 | 3296 {8304 |1 2 213 4 515 & 7
.52 ||33171 | 3319 | 3327 | 3934 [ 3342 | 3350 | 3357 | 3365 {3373 [3381{1 2 2|3 4 s5l5 & 7
-53 13388 {3306 | 3404 | 3492 [ 3420 ] 3428 | 3436 {3443 3451 134501 2 2i3 4 5i6 6 7
A4 [[3467 [ 3475 1 3483 | 3491 | 3499 | 3508 | 3516|3524 | 3532 (35400t 2 2/3 4 8|5 68 7
B85 13648 | 3556 | 3560 | 3573 | 8581 | 3580 | 3507 {3606 1 3614 [3622§1 2 23 4 516 7 7
.56 |13631 | 3630 | 3648 | 3656 | 3864 | 3673 {3681 | 3690 | 3698 (3707 |1 2 33 4 s|6 7 8
57 ||3715 13724 1 3733 [ 3741 |a750 | 37568 [ 3767 [ 3776 | 3784 13783 §1 2 313 4 5{6 7 8
58 (13802 j 3811 | 3819 | 3828 | 3837 | 3846 | 2855 ]0664 | 3873 (3882 (1 2 3}4 4 5|6 7 8
.59 [}3860 | 3899 | 3906 | 3917 {3926 | 3936 | 3945 | 3954 | 3063 [ 397201 2 3l4 5 56 7 8
80 13981 | 3980 | 3959 [ 4009 {4018 | 4027 | 4036 | 4046 | 4055 (40841 2 3|4 5 B6:6 7 @
61 [14074 14083 | 4093 [ 4102 14111 4121 { 4130 | 4140 | 4150 [4158 |1 2 3|4 5 8|7 8 9
.62 |I41€9 14178 | 4188 {47108 [ 4207 | 4217 | 4227 | 4256 [ 4246 (4256 (1 2 3i4a 5 617 B 8
83 (14266 | 4276 | 4285 | 4295 [4305 | 4315 | 4326 14335 | 4235 {43551 2 3|4 5 6{7 8 9}
64 [14365 | 4875 | 4385 | 4305 [ 4406 | 4416 | 442644365 | 4446 {4457 |41 2 3:4 5 8|7 8 9
-85 }14467 [ 4477 | 4487 | 4498 4508 4519 | 4520 14539 | 4550 (456011 2 314 5 6|7 8 9
.88 {4571 | 4581 | 4592 | 4803 {4613 | 4624 | 4634 {4645 4656 | 4667 [1 2 3[4 58 67 9 10
B7 [|4677 | 4688 | 4609 [ 4710 [ 4721 | 4732 | 4742 4753 | 4764 |4775|1 2 314 -5 7|8 & 10
88 ||4786 | 4797 | 4808 | 4815 [ 4831 | 4842 | 4633 ap6d | 4878 (4887t 2 8|4 6 7i{8B 9 10
68 14898 14009 | 4920 | 4832 [ 4943 | 4955 | 4966 | 4977 | 4589 (5000 |t 2 35 6 7|8 9 10
-70 15012 | 5023 | 5035 | 5047 {5058 | 5070 | 5082 {5093 | 51056 [5117f1 2 4{5 6 7|8 9 11
71 5120 | 5140 | 5182 | 5164 (5176 | 5168 | 5200 [ 6212, 5224 [5236{1 2 45 ¢ 78 1011
72 {|5248 | 5260 | 5272 | 6284 | 5297 | 5300 | 5321 | 5333 | 5346 | 5358 |1 2 4|5 6 7|0 1011
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