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Mathematical Statistics(MS)

Previous Year Solved Paper 2020

Duration : 180 minutes Maximum Marks : 100

Read the following instructions carefully.

1. This test paper has a total of 60 questions carrying 100 marks. The entire question paper
is divided into Three Sections A, B and C. All sections are compulsory. Questions in
each section are of different types.

2. Section — A contains a total of 30 Multiple Choice Questions (MCQ). Each MCQ type
question has four choices out of which only one choice is the correct answer. Questions
Q.1 — Q.30 belong to this section and carry a total of 50 marks. Q.1 — Q.10 carry
1 mark each and Questions Q.11 — Q.30 carry 2 marks each.

3. Section — B contains a total of 10 Multiple Select Questions (MSQ). Each MSQ type
question is similar to MCQ but with a difference that there may be one or more than one
choice(s) that are correct out of the four given choices. The candidate gets full credit
if he/she selects all the correct answers only and no wrong answers. Questions Q.31
— Q.40 belong to this section and carry 2 marks each with a total of 20 marks.

4. Section — C contains a total of 20 Numerical Answer Type (NAT) questions. For
these NAT type questions, the answer is a real number which needs to be entered using
the virtual keyboard on the monitor. No choices will be shown for these type of
questions. Questions Q.41 — Q.60 belong to this section and carry a total of 30
marks. Q.41 — Q.50 carry 1 mark each and Questions Q.51 — Q.60 carry 2 marks each.

5. In all sections, questions not attempted will result in zero mark. In Section — A (MCQ),
wrong answer will result in NEGATIVE marks. For all 1 mark questions, 1/3 marks will
be deducted for each wrong answer. For all 2 marks questions, 2/3 marks will be deducted
for each wrong answer. In Section — B (MSQ), there is NO NEGATIVE and NO
PARTIAL marking provisions. There is NO NEGATIVE marking in Section — C
(NAT) as well.
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SECTION-(A) MULTIPLE CHOICE QUESTIONS (MCQ)

Q.1 - Q.10 carry one mark each.

1.

Let E and F be two events. Then which one of the following statements is NOT ALWAYS TRUE?
(A) P(E n F) < max{1 — P(E®) — P(F®), 0}

(B) P(E U F) > max{P(E), P(F)}
(C) P(E U F) < min{P(E), P(F), 1}
(D) P(E n F) < min{P(E), P(F)}

Let X, X,,....,X_be i.i.d. random variables having N(u, c®) distribution, where u € R and ¢ > 0.
Define

W=l 33 (X - X,

2n 2 i=1 j=1
Then W, as an estimator of &2 is
(A) biased and consistent (B) unbiased and consistent
(C) biased and inconsistent (D) unbiased and inconsistent

The mean and the standard deviation of weights of ponies in a large animal shelter are 20 kg and
3 kg, respectively. A pony is selected at random from the shelter. Using Chebyshev’s inequality,
the value of the lower bound of the probability that the weight of the selected pony is between 14

kg and 26 kg is

3 S
4 ) 4
0 (D) 1

(A)
(C)

Let X, X,,...., X,, be a random sample from N(1, 2) distribution. If

_ 1 10 1 10 _
X=—> X and S*==>"(X - X)?,
1045 915

then Var(S?) equals

2 4
(A) 5 (B) 9
11 8
(C) 9 (D) 9

For real constants a and b, let

asinx —2x <0
f(x) = X ’
bx, x>0
If f is a differentiable function then the value of a + b is
A0 B) 1
€ 2 (D) 3
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6. The area of the region bounded by the curves y, (x) = x* — 2x? and y,(x) = 2x?, X € R.
128 129
TS ® 75
133 134
© 35 T

7. IF {x} ., is a sequence of real number such that Iniin%:0.00L then

n>1

(A {x}.., is a bounded sequence

(B {x.}.., is an unbounded sequence
(
(

)
)

C) {x.}., is a convergent sequence
D)  {x},., is a monotonically decreasing sequence
8. Let {x} ., be a sequence of i.i.d. random variables such that E(X) = 1 and Var(X) = 1, i =1,

1 n
2, .... Then the approximate distribution of ﬁziﬂ(xm ~Xo4)s for large n, is

(A) N(0, 1) (B) N(O, 2)
(C) N(0, 0.5) (D) N(0, 0.25)
9. Consider the following system of linear equations
ax+2y+z=0
y+5z2=0
by — 5z = -1

Which one of the following statements is TRUE?

(A) The system has unique solution for a = 1, b = -1
(B) The system has unique solution fora = -1, b = 1
(C) The system has no solution fora=1,b =10
(D)

D The system has infinitely many solution fora =0, b =0

10. Let X be a random variable having Poisson (2) distribution. Then E(Lj equals

1+ X
(A) 1-e? (B) ez
(C) %U—e*) (D) %e1
1. Which one of the following series is convergent?

n=1 n=1

& (5n+1Y 2 1Y
(A) Zum (®) Z@—;}

(C) isin(;j (D) iﬁ[1 —cos(%D

1/n n=1
n=1 n
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12. Let T : R®*— R* be a linear transformation. If T(1, 1, 0) = (2, 0, 0, 0), T(1, 0, 1) = (2, 4, 0, 0)
and T(0, 1, 1) = (0, 0, 2, 0), then T(1, 1, 1) equals

A (1,1,1,0 (B) (0,1,1,1)
C) (2,2,1,0) (D) (0,0, 0,0)
13. Let X, X,, ..., X be a random sample from a distribution with probability density function
_ y)o-
f(x) = 0(1—x)"", O<x<.1’ 050
0, otherwise
Totest H, : 6 = 1 against H. : 6 > 1, the uniformly most powerful test of size a(0 < a < 1) would
0 1
reject H, if
A —2109,(1=X)* <Xz 1 (B)  —2l0g,(1-X)* <%y,
i=1 i=1
(C)  ~2log(1-X)* <z, (D)  ~2log.(1-X)* <x;,
i=1 i=1

2
X1

14.  Let X, X,, X;, X,, X, be a random sample from N(O, 1) distribution and let W = ——————..
X5 + X5 + X5 + X5

Then E(W) equals

(A) (B)

Al D=
al= W=

(C) (D)

15. Let X, X,, ..., X be a random sample from U(6 — 0.5, 6 + 0.5) distribution, where 6 € R. If

Xy =min{X;, X,, ..., X}and X ; = max{X, X,, ..., X } then which one of the following estimators

is NOT a maximum likelihood estimator of 0?

1 1

(A) _(XU) + X(n)) (B) —(3 X(1) + X(n) +1)
2 4
1 1

(C) Z(Xm +3Xn) _1) (D) E(SX(H) =X —2)

16. Let X, X, ..., X be a random sample from Exp(0) distribution, where 6 € (0, o). If 7(:%2 X,
i=1

then a 95% confidence interval for 0 is

2 2
X2n,0.95 X2n,0.95
0,—/== ==
(A) ( nx} (B) {nX ‘”J

2 2
X2n,0.05 X2n0.05
(©) (°= 20X } (D) {—m =°0]
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17.

18.

19.

20.

21.

The value of the integral J%JZ]-deydx is
0 0
(A) v (B) °
9 9
© o 5
Let X,, X, ... , X be a random sample from N(u,, ®) distribution and Y, Y,, ..., Y_ be random

sample from N(u,, c®) distribution, where p, € R, i =1, 2 and ¢ > 0. Suppose that the two random
samples are independent. Define

_ n Jmn (X -
lein and W :&
N u 2
Z(Yu ~H,)
i=1
Then which one of the following statements is TRUE for all positive integers m and n?
(A) W~ 1t (B) W~ t

(C) W2~F (D) Wz~ F

m,1
Let M be an n x n non-zero skew symmetric matrix. Then the matrix (I — M) (I + M)~ is always
(A) singular (B) symmetric
(C) orthogonal (D) idempotent

2-2si
Let o and B be two real numbers. If lim tan=s 2 Sineig =B then a + B equals
x>0 x(1-cos2x)

(A) (B) 1

N|lw =

5
©) © 3

Let the joint probability density function of (X, Y) be

f(x.y) = 26" 0<x<y<w
’ 0, otherwise

Then P(X<%) equals
1 1
™ 5 B 3
2 1
© 3 © 5
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22,

23.

24.

25.

26.

a +a

2

n__ntn>2,

Let {a } _, be a sequence of real numbers such that a, = 1, a, =7 and a,,, =

nx1

Assuming that lima, exists, the value of lima, is

19

A ®)

€ 5 (D)

Let X,, X, ..., X, be a random sample from U(1, 2) distribution and let Y., Y,, ..., Y, be a random
sample from U(0, 1) distribution. Suppose that the two random samples are independent. Define

z b A<t G g
0, otherwise
: 13
[f lim P(szi -0 <ej=1, for all € > 0, then 6 equal
n—oo i—1
A 1 B .
® 7 Lo
3
(C)  log, > (D)  log2

If the volume of the region bounded by the paraboloid z = x* + y2 and the plane z = 2y is given
by

o 2y Z—V2

j_[ _[ dxdzdy
0B(y) _\zy?

then
(A)  oa=2andB(y) =Y,y € [0, 2] B) o
(C) a=2andB(y) =V¥%y [0, 2] (D

1 and B(y) = y% y € [0, 1]
1and B(y) =y, y € [0, 1]

Consider the simple linear regression model
Y, =a+ BXx + €, i=1,2, .. n,
where €’s are i.i.d. random variable with mean 0 and variance o® € (0, «). Suppose that we have

a data set (x,, y,), ..., (X, y,) with n = 20, > x, =100, >y, =50, Y x? =600, > y? =500 and
i=1 i=1 i=1 i=1

inyi =400. Then the least square estimates of a. and P are, respectively.
i=1
3 3
5and = -5 and =
o > (B) 5

3 3
5and - — -5and -—
(©) 2 (D) 2

Let Z, and Z, be i.i.d. N(O, 1) random variables. If Y = Z2 + Z 2, then P(Y > 4) equals
(A) e (B) 1—-e2
1

©) e (D) e*
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27. Let f : R?2 —> R be defined by

2x° +3y°
—, (X 0,0
f0y) =1 X ry? (x,y)=(0,0)

0, (x,y)=(0,0)
Let f (0, 0) and fy(O, 0) denote the first order partial derivatives of f(x, y) with respect to x and vy,
respectively, at the point (0, 0). Then which one of the following statements is TRUE?
(A) f is continuous at (0, 0) but f,(0, 0) and f (0, 0) do not exist
(B) f is differentiable at (0, 0)
(C) f is not differentiable at (0, 0)
(D) f is not continuous at (0, 0) but £ (0, 0) and f (0, 0) exist

28. A packet contains 10 distinguishable firecrackers out of which 4 are defective. If three firecrackers
are drawn at random (without replacement) from the packet, then the probability that all three
firecrackers are defective equals

A 5 B 55

() (0 T

29. Consider a sequence of independent Bernoulli trials with probability of success in each trial being

1
—. Let X denote the number of trials required to get the second success. Then P(X > 5) equals

3
3 16
W ® o
16 9
© 5 0 13

30. LetX, X, X,, X, be i.i.d. random variables having a continuous distribution. Then P(X, < X, < max
(X, X,)) equals

(A)

(C)

A= D=
|- W=
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SECTION-(B) MULTIPLE SELECT QUESTIONS (MSQ)

Q.31 - Q.40 carry two marks each.

31.

32.

33.

34.

Let the sequence {x}

is/are TRUE?

-1 0€ given by x = sinn—n,n =1,2,.... Then which of the following statements
- 6

1
has a subsequence that converges to

(A) The sequence {x_} 5

n>1

(B) lim sup,_ x, =1

(C) liminf  x = -1

n

1

(D) The sequence {x},.; has a subsequence that converges to ﬁ

n>1

Consider the following two probability density functions (pdfs)

2 if 0<x<1 1, if 0<x<1
foxz{x,|0x df1(x)={’lox

0, otherwise 0, otherwise

Let X be a random variable having pdf f € p = {f,, f,;}. Consider testing H, : f(x) = f(x), V x €
[0, 1] against H,: f(x) = f,(x), V x € [0, 1] at a = 0.05 level of significance. For which of the
following observed values of random observation X, the most powerful test would reject H,?
(A) 0.19 (B) 0.22

(C) 025 (D) neee™28

The arc length of the parabola y?> = 2x intercepted between the points of intersection of the
parabola y? = 2x and the straight line y = 2x equals

(A) J‘J1+y2 dy (B) J\/1+4y2 dy

1/2\/ﬁ 1/2”
(C) _([ \/%(de (D) Z[ \/;_XX dx

Let (X, Y) have the joint probability mass function

1 1 y X+1-y 16
g (lj (éj H . ¥=01..,x+%x=0,1..16
f(xy)=< vy x )\6) (6 2

0, otherwise

Then which of the following statements is/are TRUE?

3 49
A EY)=35 B) Var(Y)=2¢
(C)  EXY)= 2—7 (D)  Var(X) =3
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35. Consider a sequence of independent Bernoulli trials with probability of success in each trial being

1
5 Then which of the following statements is/are TRUE?

(A) Expected number of trials required to get the first success is 5.

(B) Expected number of successes in first 50 trials is 10

(C) Expected number of failures preceding the first success is 4

(D) Expected number of trials required to get the second success is 10

36. Let X, X,, X; be i.i.d. N(0O, 1) random variables. Then which of the following statements is/are

TRUE?
&»\:t ﬂ“’t
A N ®) X, + % |
(X, —X,)°
(C) (X: N Xz)z ~Fy (D) z; )(i2 ~ X;

37.  Let {X},.; be a sequence of i.i.d. random variables such that

Pog:m=%=1-mx=n

Define
U, =lZXi and V, =1Z(1—Xi)2, b =2 .
n= =
Then which of the following statements is/are TRUE?
, 3 1 .
(A) l'EElP U”_Z <ﬁ 4 (B) l'ﬂlp

(C) nmP(ﬁﬂpn—%jsq=¢@) (D) HmP(Jﬁ@@—%

n—owo n—w

u,-3
4

‘>_

e o ) Y

38. For real constants a and b, let
1 1
M=[2 2
a b
be an orthogonal matrix. Then which of the following statements is/are always TRUE?

(A) a+b=0 (B)  b=vi1-2a°

(C) ab=-5 (D) M2=1,

39. Let f : R> > R be defined by f(x, y) = x2(2 — y) — y3 + 3y? + 9y, where (X, y) € R2. Which of
the following is/are saddle point(s) of f?
A (0,-1) (B) (0,3
€ G2 (D) (3,2
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40. Let X,, X,, ..., X be i.i.d. Poisson (1) random variables, where A > 0. Define

X=— Zx andSZ_—Z(X X)

i=1

Then which of the following statements is/are TURE?

(A) Var (X) < Var(S?)

(B)  Var(X)=Var(S?)

(C) Var (X) attains the Cramer-Rao lower bound
(D) E(X)=E(S?)

SECTION-(C) NUMERICAL ANSWER TYPE QUESTIONS (NAT)

Q.41 - Q.50 carry one mark each.

11 X
e
41. The value of the integral —=dxdy equals (round off to two decimal places)

(Vh# 41+ n)2

In® +1

42, lim

n—oo

equals

43. Let the sample mean based on a random sample from Exp(A) distribution be 3.7. Then the
maximum likelihood estimate of 1 — e™ equals (round off to two decimal places)

44. The maximum value of the function y = ,XeR,is

x*'+4

45. Let X be a random variable having the Poisson(4) distribution and let E be an event such that
PEEX =i)=1-27i=0, 1, 2,... Then P(E) equals (round off to two decimal places)

46. Let U~ Fggand V ~ Fg.. If P[U > 3.69] = 0.05, then the value of ¢ such that P[V > c] = 0.95
equals (round off to two decimal places)

47.  Let X,, X, and X, be independent random variables such that X, ~ N(47, 10), X, ~ N(55, 15) and
X5~ N(60, 14). Then P(X, + X, > 2X;) equals (round off to two decimal places)

48. Let (X, Y) have the joint probability density function

3
f(x,y) = Z(y—x), O<x<y<?2
0, otherwise
Then the conditional expectation E(X|Y = 1) equals (round off to two decimal places)
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49.

50.

51.

52.

53.

54.

55.

56.

57.

The rank of the matrix

11 11
12 3 2
2 56 4
2 6 8 5

Let X be a single observation drawn from U(0, 0) distribution, where 6 € [1, 2]. To test H; : 0 =
1 against H, : 06 = 2 consider the test procedure that rejects H, if and only if X > 0.75. If the
probabilities of Type-l and Type-Il errors are a and B, respectively, then a +  equals

(round off to two decimal places)

Let f : [-1,3] > R be a continuous function such that f is differentiable on (-1, 3),

3
If(x)| SE, vx e(-13), f(-1) = 1 and f(3) = 7. Then f(1) equals

Let P be a 3 x 3 matrix having characteristic roots A, :g, A, = 0 and A, = 1. Define Q = 3P3

—P2-P+1, and R=3P3-2P. If a =det(Q) and B = trace(R), then a + B equals
(round off to two decimal places).

Letx, =1,%,=0,x;=0, X, =1, X; = 0, X; = 1 be the data on a random sample of size 6 from
Bin(1, 0) distribution, where 6 € (0, 1). Then the uniformly minimum variance unbiased estimate
of 6(1 + 0) equals

Let o be the real number such that the coefficient of x'2% in Maclaurin’s series of (x+o)e* is%.

Then o equals

Let x, = 1, x, = 4 be the data on a random sample of size 2 from a Poisson(6) distribution, where

» ek

0 € (0, «). Let y be the uniformly minimum variance unbiased estimate of ¥(6) = z":“T

based on the given data. The  equals (round off to two decimal places)

Let X and Y be independent random variables with respective moment generating functions

t\2 t\3
M (1) =88 angm )= 1E38)N o icw
81 Y 64
Then P(X + Y = 1) equals (round off to two decimal places)

Let X be a random variable having N(0, 1) distribution, where 6 € R. Consider testing H, : 6 =
0 against H, : 6 # 0 at o = 0.617 level of significance. The power of the likelihood ration test at
6 =1 equals (round off to two decimal places)
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58. Consider the matrix
100
M={0 3 2
01 4
Let P be a non-singular matrix such that P-' MP is a diagonal matrix. Then the trace of the matrix
P-1 M3 P equals
59. Let X be a random variable having U(0, 10) distribution and Y = X — [X], where [X] denotes the
greatest integer less than or equal to X. Then P(Y > 0.25) equals
60. A computer lab has two printers handling certain types of printing jobs. Printer-l and Printer-I|
handle 40% and 60% of the jobs, respectively. For a typical printing job, printing time (in minutes)
of printer-I follows N(10, 4) distribution and that of Printer-Il follows U(1, 21) distribution. If a
randomly selected printing job is found to have been completed in less than 10 minutes, then the
conditional probability that it was handled by the Printer-Il equals (round off to two
decimal places)
ANSWER KEY
SECTION-(A) MULTIPLE CHOICE QUESTIONS (MCQ)
1 2 3 4 5 6 7 8 9 10
A A A D C A B B B C
11 12 13 14 15 16 17 18 19 20
D C A A D C B A C D
21 22 23 24 25 26 27 28 29 30
C C D C B A C C B C
SECTION-(B) MULTIPLE SELECT QUESTIONS (MSQ)

31 32 33 34 35 36 37 38 39 40
AB,C AB AC AB AB,C,D | AB,C AB.,D AC CD AC,D
SECTION-(C) NUMERICAL ANSWER TYPE QUESTIONS (NAT)

41 42 43 44 45 46 47 48 49 50
1.70-1.74 4 0.22-0.26| 0.25 |0.84-0.88(0.25-0.29(0.01-0.03|0.32-0.34 3 0.61-0.65
51 52 53 54 55 56 57 58 59 60

4 2.00-2.30| 0.70 15 0.17-0.20(0.10-0.12(0.74-0.77| 134 0.75 [0.55-0.60
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Mathematical Statistics (MS)

Previous Year Solved Paper 2019

Duration : 180 minutes Maximum Marks : 100

Read the following instructions carefully.

1. This test paper has a total of 60 questions carrying 100 marks. The entire question paper
is divided into Three Sections A, B and C. All sections are compulsory. Questions in
each section are of different types.

2. Section — A contains a total of 30 Multiple Choice Questions (MCQ). Each MCQ type
question has four choices out of which only one choice is the correct answer. Questions
Q.1 — Q.30 belong to this section and carry a total of 50 marks. Q.1 — Q.10 carry
1 mark each and Questions Q.11 — Q.30 carry 2 marks each.

3. Section — B contains a total of 10 Multiple Select Questions (MSQ). Each MSQ type
question is similar to MCQ but with a difference that there may be one or more than one
choice(s) that are correct out of the four given choices. The candidate gets full credit
if he/she selects all the correct answers only and no wrong answers. Questions Q.31
— Q.40 belong to this section and carry 2 marks each with a total of 20 marks.

4. Section — C contains a total of 20 Numerical Answer Type (NAT) questions.
For these NAT type questions, the answer is a real number which needs to be entered
using the virtual keyboard on the monitor. No choices will be shown for these type
of questions. Questions Q.41 — Q.60 belong to this section and carry a total of
30 marks. Q.41 — Q.50 carry 1 mark each and Questions Q.51 — Q.60 carry 2 marks
each.

5. In all sections, questions not attempted will result in zero mark. In Section — A (MCQ),
wrong answer will result in NEGATIVE marks. For all 1 mark questions, 1/3 marks will
be deducted for each wrong answer. For all 2 marks questions, 2/3 marks will be
deducted for each wrong answer. In Section — B (MSQ), there is NO NEGATIVE and
NO PARTIAL marking provisions. There is NO NEGATIVE marking in Section
— C (NAT) as well.
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PT

E(X
Var(X)
i.i.d.
U(a, b)
Exp (1)

Special Instructions/Useful Data
The set of all real numbers
Transpose of the matrix P

X1
lix eRi=12,....,n
Xn

Derivative of the differentiable function f

n x n identity matrix

Probability of the event E

Expectation of the random variable X

Variance of the random variable X

Independently and identically distributed
Continuous uniform distribution on (a, b), —© < a <

b<wx

Exponential distribution with probability density function, for A > 0,

re ™™, x>0,
fx) = 0, otherwise

Normal distribution with mean u and variance o2

1
J2n

Central Chi-squared distribution with n degrees of f

a v
jeZdu

A constant such that P(X >t ) = o, where X has
t-distribution with n degrees of freedom
nin — 1)...... 3.2.1forn=1,2,3.....,and 0! = 1
® (1.65) = 0.950, @ (1.96) = 0.975
t =2132, t =533

4, 0.05 4, 0.10

reedom

Student's
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SECTION-(A) MULTIPLE CHOICE QUESTIONS (MCQ)

Q.1 - Q.10 carry one mark each.

1.

Let {X},. be a sequence of positive real numbers. Which one of the following statements is
always TRUE ?

(A) If {x} . is a convergent sequence, then {x }
B) If{x3

is monotone
is a convergent sequence, then the sequence {x }

nx1

does not converge

nx1 nx1l

(C)  If the sequence {|x,,, — X}, ., converges to 0, then the series > " x, is convergent

+ 1

(D) If {x},., is a convergent sequence, then {ex} _ is also a convergent sequence

n21

Consider the function f(x, y) = x® — 3xy?, X, y € R. Which one of the following statement is
TRUE ?

(A) f has a local minimum at (0, 0) (B) f has a local maximum at (0, 0)
(®) f has global maximum at (0, 0) (D) f has a saddle point at (0, 0)

If F(x) = j; V4 +t3dt, for x € R, then F'(1) equals

(W)  -3.5 B) -2(5
€ 25 (D) 3.5

Let T : R? —> R? be a linear transformation such that T([;D{H and T(HD=[?}

Suppose that [_S} =00[12}+B[12} and T([_SD{Q Then o + B + a + b equals

(A)

(D)

Wl WwlN
&
WiIN W~

(©)

2 3
Two biased coins C, and C, have probabilities 3 and 21 respectively, when tossed. If both coins

are tossed independently two times each, then the probability of getting exactly two heads out
of these four tosses is

1 37
(A) 2 (B) 144

41 49
© T4 O Taq
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6. Let X be a discrete random variable with the probability mass function
-2 , h=-1-2
n
PX=n=47d , n=0
cn , n=12
0 , otherwise,

where ¢ and d are positive real numbers. If P(|X| < 1) = 3/4, then E(X) equals

1
A 5 ® 5

1
© 3

7. Let X be a Poisson random variable and P(X = 1) + 2 P(X = 0) =12 P (X = 2). Which one

of the following statements is TRUE ?

(A) 040<P (X=0)<0.45 (B) 0.45 < P(X =0)<0.50
(C) 050 <P(X=0)<0.55 (D) 0.55 < P(X =0)<0.60
8. Let X, X,,......oe a sequence of i.i.d. discrete random variables with the probability mass function
log, 2)"
(092 _g12...
P(X, =m) = 1 2(m!)
0, otherwise.
IfS, =X + X, +....... + X, then which one of the following sequences of random variables
converges to 0 in probability ?
S, S, —nlog, 2

S, —log, 2 Op e

© = ) og, 2
9. Let X,, X,,......, X, be a random sample from a continuous distribution with the probability density

function

f M| e_E(X_ZH)2 E . ® <X <o

(X) = 2\/5 ’ .
If T =X, + X, +.....+ X, then which one of the following is an unbiased estimator of p ?
A T B T
O I B) o

T T
© 3 ) -
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10. Let X, X,,......,X be a random sample from a N(0, 1) distribution. Instead of observing X,, X,,

X, we observe Y,, Y,,...... , Y, where Y, =¢e%,i=1,2..,n. To test the hypothesis
H,: 6 = 1 against H, :6 = 1
based on the random sample Y,, Y,,......, Y , the rejection region of the likelihood ratio test is of
the form, for some c, < c,.
(A) XY, <c or Y'Y >c, (B) ¢, <Y Y<c,
(C) ¢, <Y log,Y <c, (D) Y 'log, Y, <c, or > log,Y,>c,

Q. 11 — Q. 30 carry two marks each.

o0 6
1. Zn:4m equals.

5
A 3 B) 3
7 9
© 3 e
1+ ; +ot 1
12, lim (e 7~ equals
n"+e") " log,n
1 1
A = () -
e n
© - (0) R,

13. A possible value of b € R for which the equation x* + bx® + 1 = 0 has no real root is

20 n .
X" . Then a is :

14. Let the Taylor polynomial of degree 20 for 1—x)3 at x = 0 be

(A) 136 (B) 120
(C) 60 (D) 272

3 3
15. The length of the curve y = =x-=x®1+7 fromx=1tox =8 equals

4 8
99 117
G B 5
99 117
© 7 O
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16.

17.

18.

19.

20.

21.

The volume of the solid generated by revolving the region bounded by the parabola x = 2y? +
4 and the line x = 6 about the line x = 6 is :

781 91
T ® 35

64n 117n
© 75 (D) 15

Let P be a 3 x 3 non-null real matrix. If there exist a 3 x 2 real matrix Q and a 2 x 3 real matrix

R such that P = QR, then

(A) Px = 0 has a unique solution, where 0eR?
(B) there exists beR? such that Px = b has no solution

(©) there exists a non-zero beR?® such that Px = b has a unique solution
(D)

D there exists a non-zero beR?® such that P'x = b has a unique solution

10 1
If P = Z 5 11 and 6P~ = al, + bP — P?, then the ordered pair (a, b) is
A (32 B) (2, 3)
€ 49 (D) (5,4

Let E, F and G be any three events with P(E) = 0.3, P(F/E) = 0.2, P(G/E) = 0.1 and P(F n G/
E) = 0.05. Then P(E - (F U G)) equals

(A 0.155 (B) 0.175
(C)  0.225 (D)  0.255

Let E and F be any two independent events with 0 < P(E) < 1 and 0 < P(F) < 1. Which one
of the following statements is NOT TRUE ?

(A) P (Neither E nor F occurs) = (P(E) — 1) (P(F) — 1)

(B) P (Exactly one of E and F occurs) = P(E) + P(F) — P(E)P(F)
(®) P(E occurs but F does not occur) = P(E) — P(E n F)

(D) P(E occurs given that F does not occur) = P(E)

Let X be a continuous random variable with the probability density function
1

—xe™, x>0,
f(x) = |3 .
0, otherwise
Then the distribution of the random variable W = 2X2 is-
(A) x> (B) x
©C) x D) %
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22,

23.

24.

25.

26.

27.

Let X be a continuous random variable with the probability density function

X

e
f = 5, —0<X<owo
) (1+eX )2
The E(X) and P(X > 1), respectively, are
(A) 1and (1 + e)"’ (B) 0 and 2(1 + e)?
(C) 2 and (2 + 2e)"’ (D) 0and (1 + e)"

The lifetime (in years) of bulbs is distributed as an Exp(1) random variable. Using Poisson
approximation to the binomial distribution, the probability (round off to 2 decimal places) that out
of the fifty randomly chosen bulbs at most one fails within one month equals

(A) 0.05 (B) 0.07
(C) 0.09 (D) 0.1
. 1 1
Let X follow a beta distribution with parameters m (> 0) and 2. If P (X ng =5 then Var (X)
equals :
A 1 B s
A 10 B) 20
C Ly D 1,
©) 25 (D) 40

Let X,, X, and X, be i.i.d. U(0, 1) random variables. Then P(X, > X, + X,) equals-
S B)
- ® 5

1 1
3 S

Let X and Y be i.i.d. U(0, 1) random variables. Then E(X|X > Y) equals
AN B =
A 3 P
2 3
© 3 D)

Let —1 and 1 be the observed values of a random sample of size two from N(6, 6) distribution.
The maximum likelihood estimate of 6 is-

(A 0 B) 2

~/5-1 V5 -1

© -
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28.

29.

30.

Let X, and X, be a random sample from a continuous distribution with the probability density
function

le o X>0
0, otherwise
_ - (X +X,) . _
where 6 > 0. If X,/ = min {X;, X;} and X =5 then which one of the following statement
is TRUE ?

is sufficient and complete

(1)) is sufficient but not complete
) is complete but not sufficient

is neither sufficient nor complete

Let X,, X,,.....,.X be a random sample from a continuous distribution with the probability density
function f(x). To test the hypothesis

=
H,: f(x) = ﬁe » TP <X<® ggainst H,: f(x) = e, —0 < X < oo, the rejection region of the

most powerful size a test is of the form, for some ¢ > 0,
A D" (X -1)zc B) D A(X=1)<c
© L% 1-1)>c @) XX 1-1) <o

Let X,, X,,....,.X, be a random sample from a N(6, 1) distribution. To test H: 6 = 0 against H,:

1 <n 3
0 = 1, assume that the critical region is given by HZM X >Z' Then the minimum sample size

required so that P(Type 1 error) < 0.05 is :
(A) 3 B) 4
€ 5 (D) 6

SECTION-(B) MULTIPLE SELECT QUESTIONS (MSQ

Q.31-Q.40 carry two marks each.

31.

Let {x} . be a sequence of positive real numbers such that the series Z:;xn converges.
Which of the following statements is (are) always TRUE ?

(A)  The series > " \/x,x,., converges
(B) limnx, =0

n—w

nx1

. o0 . 2
(C)  The series >~ sin®x, converges

® X,
(D) The series Znﬂ% converges
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32.

33.

34.

35.

36.

Let f : R — R be continuous on R and differentiable on (-, 0) U (0, «). Which of the following

statements is (are) always TRUE ?

(A) If f is differentiable at 0 and '(0) = 0, then f has a local maximum or a local minimum
at o0

(B) If f has a local minimum at O, then f is differentiable at 0 and f '(0) = 0
(C) If f'(x) < 0 for all x < 0 and f'(x) > 0 for all x > 0, then f has a global maximum at 0
(D) If f'(x) > 0 for all x < 0 and f'(x) < O for all x > 0, then f has a global maximum at 0

Let P be a 2 x 2 real matrix such that every non-zero vector in R? is an eigenvector of P. Suppose

2 2
that A, and A, denote the eigenvalues of P and P [://_;}:[T} for some teR. Which of the
following statements is (are) TRUE ?
(A A=A (B) = 2
(C) .2 is an eigenvalue of P (D) /3 is an eigenvalue of P

Let P be an n x n non-null real skew-symmetric matrix, where n is even. Which of the following
statements is (are) always TRUE ?

(A) Px = 0 has infinitely many solutions, where 0R"

(B) Px = Ax has a unique solution for every non-zero LeR

(C) If Q= (I +P) (I -P)', then Q'Q =1

(D) The sum of all the eigenvalues of P is zero

Let X be a random variable with the cumulative distribution function

0 , x<0
2
1?5 , 0<x<1,
F(x) = )
3+x , 1<x<?2
10
1 , X>2

Which of the following statements is (are) TRUE ?

(A) Pl <X<?2) =

(C) P(1<X<2) =

N|— —
I o|°°
ald o|w

Let X and Y be i.i.d. Exp () random variables. If Z = max {X -, 0}, then which of the following
statements is (are) TRUE ?

1

Ay PZ=0)=73
0, z<0
(B) the cumulative distribution function of Z is F(z) = 1 .,
1 —Ee , z>0
(®) PZ=0)=0
0, z<0
(D) The cumulative distribution function of Z is F(z) = 1—e™2 750
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37. Let the discrete random variable X and Y have the joint probability mass function

e—2

PX=m,Y=n)=ymIn!’
0, otherwise.
Which of the following statements is (are) TRUE ?

(A) The marginal distribution of X is Poisson with mean 2
B The random variables X and Y are independent

m=0,12,.....,n=0,1,2,....,

(B)
(®) The covariance between X and X + /3y is 1.
(D) PY=n=mn+1)PY=n+1)forn=0,1, 2,....

38. Let X,, X , be a sequence of i.i.d. continuous random variables with the probability density

*2(*1) 1

2e \ 2, e

f(x) = 2
0, otherwise

If S, =X, + X, + ...+4X_and X =S /n, then the distributions of which of the following se-
quences of random variables converge(s) to a normal distribution with mean 0 and a finite

variance ?
A S,—-n 4 S,
™ 5 B i
_ Jn(X -1
©  ~h(%-1) o -
2
39. Let X, X,,....., X be a random sample from a U(6, 0) distribution, where 6 < 0. If T_ = min {X,,
X,,....., X }, then which of the following sequences of estimators is (are) consistent for 6 ?
(A) T (B) T -1
1 1
_ T 1-—
(C) Tn + n (D) n n2

40. Let X, X,,....,.X be a random sample from a continuous distribution with the probability density
function, for A > 0,
{2xxe“2, x>0

fx)= 0, otherwise

1 3
To test the hypothesis H: A = 5 against H: A = N at the level a (0 < a < 1), which of the

following statements is (are) TRUE ?

(A) The most powerful test exists for each value of a

(B) The most powerful test does not exist for some values of a

(C)  If the most powerful test exists, it is of the form: Reject H, if X2 + X2 +.....+X 2 < ¢ for
some ¢ > 0

(D) If the most powerful test exists, it is of the form: Reject H, if X, + X2 +.....+ X 2 > ¢ for
some c >0
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SECTION-(C) NUMERICAL ANSWER TYPE QUESTIONS (NAT)

Q. 41 — Q. 50 carry one marks each.

41.

42.

43.

44.

45.

46.

47.

48.

49.

“mx/n+1+\/n+2+ ..... ++Nn+n (

round off to 2 decimal places) equals

n—oo n\/ﬁ
2 2
Let f : [0, 2] —» R be such that [f(x) — f(y)| < |x — y[*3for all x, ye [0, 2]. If fo f(x)dx =3 then
2019, ( 1

D f(gj equals .

9 3 1
The value (round off to 2 decimal places) of the double integral Jl—d1+y3 ydx equals-

0 /x

J5 2
— —-—cC
3 3
If % g d| is a real orthogonal matrix, then a2 +b? + c® + d? equals
a b 1

Two fair dice are tossed independently and it is found that one face is odd and the other one
is even. Then the probability (round off to 2 decimal places) that the sum is less than 6 equals

Let X be a random variable with the moment generating function
2

M, (t) = 2 , —0 <t < o,

2
Using Chebyshev's inequality, the upper bound for P [| X> \/;) equals

In a production line of a factory, each packet contains four items. Past record shows that 20%
of the produced items are defective. A quality manager inspects each item in a packet and
approves the packet for shipment if at most one item in the packet is found to be defective. Then
the probability (round off to 2 decimal places) that out of the three randomly inspected packets
at least two are approved for shipment equals

Let X be the number of heads obtained in a sequence of 10 independent tosses of a fair coin.
The fair coin is tossed again X number of times independently, and let Y be the number of heads
obtained in these X number of tosses. Then E(X + 2Y) equals

Let 0, 1, 0, 0, 1 be the observed values of a random sample of size five from a discrete
distribution with the probability mass function P(X = 1) =1 -P(X=0) =1 — e™, where A > 0.
The method of moments estimate (round off to 2 decimal places) of A equals
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50.

Let X,, X,, X, be a random sample from N(u,, 6°) distribution and Y., Y,, Y, be a random sample

from N(u,, o%) distribution. Also, assume that (X,, X,, X;) and (Y,, Y,, Y,) are independent. Let
1 ? 1 ?

the observed values of Z?[Xi —§(X1 + X, + Xs):l and Z?{Yi —§(Y1 +Y, + Y, )} be 1 and 5,

respectively. The length (round off to 2 decimal places) of the shortest 90% confidence interval

of u, — p, equals

Q. 51 — Q. 60 carry two marks each.

51.

52.

53.

54.

55.

56.

57.

y n(, 1Y
NSl ) | equals .

For any real number vy, let [y] be the greatest integer less than or equal to y and let
{y} =y—-1yl. Forn=1, 2,..., and for x € R, let

[sinx} 0 {sinx} %0
) =" % and f, . (x)=]' % :

1, x=0 1, x=0

Then legc') 22 f (x) equals

The volume (round off to 2 decimal places) of the region in the first octant (x >0,y >0, z > 0)
bounded by the cylinder x? + y?= 4 and the planes z = 2 and y + z = 4 equals

a b 0 O
3 10 2p ¢

If ad — bc = 2 and ps — gr = 1, then the determinant of [c d 0 0] equals......
2 i 2rf s

In an ethnic group, 30% of the adult male population is known to have heart disease. A test
indicates high cholesterol level in 80% of adult males with heart disease. But the test also
indicates high cholesterol levels in 10% of the adult males with no heart disease. Then the
probability (round off to 2 decimal places), that a randomly selected adult male from this popu-
lation does not have heart disease given that the test indicates high cholesterol level, equals......

Let X be a continuous random variable with the probability density function
2

ax i <HE&F|
-4
f(x) = bx , X >1
0 , otherwise

where a and b are positive real numbers. If E(X) = 1, then E(X?) equals.......

Let X and Y be jointly distributed continuous random variables, where Y is positive valued with
E(Y?) = 6. If the conditional distribution of X given Y =y is U(1 — vy, 1 + y), then Var(X)
equals .
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1
Let X,, X,,...... X,, be i.i.d N(0, 1) random variables. If T = X2 + X 2+....... + X, 2 then E(?j

58.
equals
59. Let X,, X,, X, be a random sample from a continuous distribution with the probability density
function
e M x>,
ix) = 0, otherwise
Let X, = min {X,, X,, X;} and ¢ > 0 be a real number. Then (X, — ¢, X,) is a 97% confidence
interval for p, if ¢ (round off to 2-decimal places) equals........
60. Let X, X,, X;, X, be a random sample from a discrete distribution with the probability mass
function PX=0) =1 -P(X=1)=1—-p for 0 < p < 1. To test the hypothesis
H, : p = 3/4 against H,: p = 4/5,
consider the test:
Reject H,if X, + X, + X, + X, > 3.
Let the size and power of the test be denoted by o and v, respectively. Then o + y (round off
to 2 decimal places) equals
ANSWER KEY
SECTION-(A) MULTIPLE CHOICE QUESTIONS (MCQ)
1 2 3 4 5 6 7 8 9 10
D D B A B A C B C D
11 12 13 14 15 16 17 18 19 20
D A C B A C B A C B
21 22 23 24 25 26 27 28 29 30
D D C B A C D B C C
SECTION-(B) MULTIPLE SELECT QUESTIONS (MSQ)

31 32 33 34 35 36 37 38 39 40
AC D B,C B.C,.D | AB,C,D AB B.C.D ACD AC AC
SECTION-(C) NUMERICAL ANSWER TYPE QUESTIONS (NAT)

41 42 43 44 45 46 47 48 49 50
1.22 673 1.11 0 0.33 0.75 0.91 10 0.51 4.26
51 52 53 54 55 56 57 58 59 60
0.5 50 3.61 -4 0.23 1.4 2 0.13 1.17 0.73
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Mathematical Statistics (MS)

Previous Year Solved Paper 2018

Duration : 180 minutes Maximum Marks : 100

Read the following instructions carefully.

1. This test paper has a total of 60 questions carrying 100 marks. The entire question paper
is divided into Three Sections A, B and C. All sections are compulsory. Questions in
each section are of different types.

2. Section — A contains a total of 30 Multiple Choice Questions (MCQ). Each MCQ type
question has four choices out of which only one choice is the correct answer. Questions
Q.1 — Q.30 belong to this section and carry a total of 50 marks. Q.1 — Q.10 carry
1 mark each and Questions Q.11 — Q.30 carry 2 marks each.

3. Section — B contains a total of 10 Multiple Select Questions (MSQ). Each MSQ type
question is similar to MCQ but with a difference that there may be one or more than one
choice(s) that are correct out of the four given choices. The candidate gets full credit
if he/she selects all the correct answers only and no wrong answers. Questions Q.31
— Q.40 belong to this section and carry 2 marks each with a total of 20 marks.

4. Section — C contains a total of 20 Numerical Answer Type (NAT) questions.
For these NAT type questions, the answer is a real number which needs to be entered
using the virtual keyboard on the monitor. No choices will be shown for these type
of questions. Questions Q.41 — Q.60 belong to this section and carry a total of
30 marks. Q.41 — Q.50 carry 1 mark each and Questions Q.51 — Q.60 carry 2 marks
each.

5. In all sections, questions not attempted will result in zero mark. In Section — A (MCQ),
wrong answer will result in NEGATIVE marks. For all 1 mark questions, 1/3 marks will
be deducted for each wrong answer. For all 2 marks questions, 2/3 marks will be
deducted for each wrong answer. In Section — B (MSQ), there is NO NEGATIVE and
NO PARTIAL marking provisions. There is NO NEGATIVE marking in Section
— C (NAT) as well.
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SECTION-(A) MULTIPLE CHOICE QUESTIONS (MCQ)

Q.1 - Q.10 carry one mark each.

1.

Let {a } ., be a sequence of real numbers such that a, = 2 and, for n > 1,
_2a, +1
" a, +1
Then :

(A) 1.5 < a <2, for all natural number n > 1
(B) there exists a natural number n > 1 such that a > 2
(C) there exists a natural number n > 1 such that a < 1.5

+5

(D) there exists a natural number n > 1 such that a, =%

The value of
lim (1+EJ e
n—w n
is :
(A) e? B) e
(C) e D) e
Let {a} ., and {b} . be two convergent sequences of real numbers. For n > 1, define u_ =

max{a, b,} and v, = min{a, b }. Then

(A) neither {u } . nor {v} . converges

(B)  {u}., converges but {v} . does not converge
(C) {u} ., does not converge but {v} . converges
(D) both {u}., and {v} , converge

n>1

n>1

n>1 n>1

1 3

Let M= g g . If I'is the 2 x 2 identity matrix and O is the 2 x 2 zero matrix, then :
5 5

(A) 20M2-13M+71=0 (B) 20M2-13M+71=0

(C) 20M+13 M +71=0 (D) 20M>+13M-71=0

Let X be a random variable with the probability density function

——e %P, x>0,a>0,p>0,
f(x) =4 T(p)

0, otherwise
If E(X) = 20 and Var(X) = 10, then (a, p) is :
(A) (2, 20) (B) (2, 40)
(C) (4 20) (D) (4, 40)
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6. Let X be a random variable with the distribution function
0, x<0
2
Fo =it =X gexen,
4 8
1, X>2,
Then
PX=0)+PX=15)+PX=2)+PX>1)
equals :
3 5
I (Bl
C ’ D 1
© 3 (D)
7 Let X,, X, and X, be i.i.d. U(0, 1) random variables. Then E(&] equals :
Xy + X, + Xg
I m
" 3 B) 3
2 3
© 3 D) 7
8. Letx, =0, x, =1, x, =2, x, = 3 and x, = 0 be the observed values of a random sample of size
5 from a discrete distribution with the probability mass function
9, x=0,
3
f(x; 0)=P(X=x)= 23—9, X=1,
B «-23,
2

where 0 € [0, 1] is the unknown parameter. Then the maximum likelihood estimate of 6 is :

(A)

(C)

Nl oo

(B)

(D)

ol o|w

9. Consider four coins labelled as 1, 2, 3 and 4. Suppose that the probability of obtaining a ‘head’

in a single toss of the i" ¢

o
oin is —,

4 i =1, 2,3, 4. A coin is chosen uniformly at random and

flipped. Given that the flip resulted in a ‘head’, the conditional probability that the coin was
labelled either 1 or 2 equals :

A 19
3
(C) 10

2
® 15
4
© 15
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10. Consider the linear regression model y, = B, + B,x, + ;i =1, 2, ..... , N, where €’s are i.i.d.

standard normal random variables. Given that

2
1 n 1 n 1 n 1 n
HZX‘_S'Q’ sz‘_4'2’ Ez(xj—ﬁgxi} =1.5 and

i=1 i=1 =1

the maximum likelihood estimates of B, and B,, respectively, are

17 32 32 17
—and — — and —
A) 15 75 ®) 75 15
17 43 43 17
—and — — and —
© 15 75 ) 75 15

Q. 11 — Q. 30 carry two marks each.

2 .
1. Let f:[- 1, 1] > R be defined by f(x) =%, where [y] denotes the greatest integer less
+]x
than or equal to y. Then
. : 1
(A)  fis continuous at o 0,1
(B) f is discontinuous at -1, 0, 1
- . 1 1
(C) f is discontinuous at —1, — 0, =

(D) f is continuous everywhere except at 0

COS X XSsinx

12. Let f, g : R —> R be defined by f(x) = x®2 — 5 and g(x) = 5 - Then
(A) f(x) = g(x) for more than two values of x
(B) f(x) = g(x), for all x in R
(C) f(x) = g(x) for exactly one value of x
(D) f(x) = g(x) for exactly two values of x

13. Consider the domain D = {(x, y) € R? : x <y} and the function h : D — R defined by

h((x, ¥)) = (x=2)*+ (y - 1), (x, y) € D
Then the minimum value of h on D equals

(A)

1

© 6

—
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14. Let M = [X Y Z] be an orthogonal matrix with X, Y, Z € R? as its column vectors. Then

Q = XX + YYT
(A) is a skew-symmetric matrix (B) is the 3 x 3 identity matrix
(C) satisfies Q2 = Q (D) satisfies QZ = Z

15. Let fi[0, 3] —» R be defined by
0, 0<x<1,

f(x)=1e" —e, 1<x<2,

e’ +1, 2<x<3,

Now, define F : [0, 3] > R by

F(0) =0 and F(x) :j:f(t) dt for 0 < x < 3.

Then
(A) F is differentiable at x = 1 and F'(1) = 0
B F is differentiable at x = 2 and F'(2) = 0

(B)
(C) F is not differentiable at x = 1
(D) F is differentiable at x = 2 and F’(2) = 1

16. If X, y and z are real numbers such that 4x + 2y + z = 31 and 2x + 4y — z = 19, then the value
of X + 7y + z

(A) cannot be computed from the given information

281
(B) equals ——
3
182
(C) equals —(—
3
218
(D) equals 3

1 -1 1
17.  Let M={ ]If

X X
V=:(xy,0)eR®:M|y =B} and W =:(x,y,z) e R® :M| y =B} :
0 z
then
(A) the dimension of V equals 2 (B) the dimension of W equals 2
(C) the dimension of V equals 1 (D) VAW ={0,0,0)}

18. Let M be a 3 x 3 non-zero, skew-symmetric real matrix. If | is the 3 x 3 identity matrix, then
(A) M is invertible
(B) the matrix | + M is invertible
(C) there exists a non-zero real number o such that al + M is not invertible
(D) all the eigenvalues of M are real
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19. Let X be a random variable with the moment generating function

6 et2/2n
MX(t) Z_QZn—Q’ teR.

T nxq

Then P(X € Q), where Q is the set of rational numbers, equals

(A) 0 (B)

AW A=

(D)

1
© 3

20. Let X be a discrete random variable with the moment generating function

(1+3e')’(3+e')®

M, (t) = ,teR.
(Y 1024 y
Then :
9 15
A E(X)=— B Var(X)=—
(A) (X) 265 (B) (=5
27 3

P(X21) = —— P(X=5)=_——

© PXzD=1 @) PX=9=355
21.  Let{X} , be a sequence of independent random variables with X having the probability density
function as
X ny
1 . ezx[2 j, x>0,
fn X) = 2!’]/21—* o
()= 2r(3]
0, otherwise.

Then

lim {P[Xn >%nj+P(Xn >n+2@)}
equals
(A) 1+ D2 B 1-2(2
C) @) (D)  2-o@2)

1
22. Let X be a Poisson random variable with mean 5 Then E((X+1)!) equals

1 1

(A) 22 (B) 4e?
(C) 4e” (D)  2e"

23. Let X be a standard normal random variable. Then P(X® — 2X2 — X + 2 > 0) equals
(A) 20(1) — 1 (B) 1 -2
(C)  20(1) - D(2) (D) ®©(2) - (1)
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24, Let X and Y have the joint probability density function

2, 0<x<y<1
0, otherwise

f(x, y)={

Let a=E(Y|X=%) and b:Var(Y|X=%j. Then (a, b) is

3 7 11
(A (Z’ Ej ® [Z’ 4_8J
(l l} [E Lj
42 12 D@ 7 7

25. Let X and Y have the joint probability mass function

S

m+n

P(sz,an): 21 , m=1,2,3;n=1,2,
0, otherwise.
Then P(X = 2|Y = 2) equals
A B 2
A 3 B 3
o tha |
(C) > (D) 4

26. Let X and Y be two independent standard normal random variables. Then the probability density

. X|
function of Z = MIS
/ z 1
1/2e752_5, z>0, ie‘zz’z, z>0,
(A) f(z)=1 Jn (B) f(z)=1+2n
0, otherwise 0, otherwise
1 z>0
e’ z>0, = 2y )
(C) f(z):{o horw (D) f(z)=4m(1+2°)
g Olherwise 0, otherwise

27. Let X and Y have the joint probability density function

f(x y)— e”’, 0<x<y<om,
’ 0, otherwise.

Then the correlation coefficient between X and Y equals

1 1
A 3 ®

1 2
© © 7
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28.

29.

30.

31.

Let x, = -2, x, =1 and x, = — 1 be the observed values of a random sample of size three from
a discrete distribution with the probability mass function

1

— xe{-6,-0+1,...,0,...., 0},
f(x; 0)=P(X=x)={20+1" <! }
0, otherwise,

where 6 € ® = {1, 2, .....} is the unknown parameter. Then the method of moment estimate of
0is :

(A) 1 (B) 2

€ 3 (D) 4

Let X be a random sample from a discrete distribution with the probability mass function

1
f(x;0)=P(X=x)= o’
0, otherwise
where 6 € ® = {20, 40} is the unknown parameter. Consider testing
H,: 6 = 40 against H, : 6 = 20

at a level of significance a = 0.1.Then the uniformly most powerful test rejects H, if and only if
(A) X<4 (B) X>4

(C) X=>3 (D) X<3

Let X, and X, be a random sample of size 2 from a discrete distribution with the probability mass
function

0, x=0

f(x;0)=P(X=x)=1, " ’

06 6)=H X)%—&X:L

where 6 € ® =[0.2, 0.4] is the unknown parameter. For testing H,: 6 = 0.2 against H, : 6 = 0.4,
consider a test with the critical region

C ={(x,, x;) € {0, 1} x {0, 1} : x, + X, < 2}.
Let a and B denote the probability of Type | error and power of the test, respectively.
Then (o, B) is :
(A) (0.36, 0.74) (B) (0.64, 0.36)
(C) (0.05, 0.64) (D) (0.36, 0.64)

SECTION-(B) MULTIPLE SELECT QUESTIONS (MSQ)

Let {a } ., be a sequence of real numbers such that

n>1

2n

a, = Z%,nzt

k=n+1
Then which of the following statement(s) is (are) true ?
(A)  {a}., is an increasing sequence
(B)  {a},., is bounded below
(C)  {a},., is bounded above
(D) {a }., is an convergent sequence
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32.

33.

34.

35.

36.

Let Zn>1a be a convergent series of positive real numbers. Then which of the following

statement(s) is (are) true ?

(A) Zr]21(an)2 is always convergent. (B) > .[a, is always convergent.

(C) ZM\/— is always convergent. )Y \/_IS always convergent.

n>1 1/4

Let {a } ., be a sequence of real numbers such that a, = 3 and for n > 1,
a’-2a, +4
A =—"—5
2

Then which of the following statement(s) is (are) true ?
(A)  {a},., is a monotone sequence

(B)  {a},., is a bounded sequence

(C) {a } ., does not have finite limit, as n — «

(D)

D lim a =2

n—w

Let f : R —> R be defined by

f(x)= x* £2+sin%j, X #0,

0, x =0.
Then which of the following statement(s) is (are) true ?
(A) f attains its minimum at 0 (B) f is monotone
(C)  fis differentiable at 0 (D)  f(x) > 2x* + x3, for all x > 0

Let P be a probability function that assigns the same weight to each of the points of the sample
space Q = {1,2,3,4}. Consider the events E = {1,2}, F = {1,3} and G = {3,4}. Then which of the
following statement(s) is (are) true ?

(A) E and F are independent (B) E and G are independent

(C) F and G are independent (D) E, F and G are independent

Let X,, X,, ..., X, n > 5 be a random sample from a distribution with the probability density
function

f(x;0)= e, x20,
’ 0, otherwise

where 6 € R is the unknown parameter. Then which of the following statement(s) is (are) true?
(A) A 95% confidence interval of 6 has to be of finite length

1
(B) (min{X, X,, ..., X} + Hln(0.05), min{X,, X,, ..., X }) is a 95% confidence interval of 6

(C) A 95% confidence interval of 6 can be of length 1
(D) A 95% confidence interval of 6 can be of length 2
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37.

38.

39.

40.

Let X,, X, ..., X be a random sample from U(0, 6), where 6 > 0 is the unknown parameter. Let

X = max{X,, X,, ..., X}. Then which of the following is (are) consistent estimator(s) of 6° ?

(A 8X] B) X
2¢n o nX3, +1
(©) [n 2is X.j O =

Let X,, X,, ..., X, be a random sample from a distribution with the probability density function
~(x-9)
f(x6) = c(8)e™, x22§,
0, otherwise,
where 6 € R is the unknown parameter. Then which of the following statement(s) is (are) true?

min{X,, X,,...,X. }
2

(A) The maximum likelihood estimator of 6 is

(B) c®) =1,forall 6 e R
(C)  The maximum likelihood estimator of 0 is min{X,, X,, ..., X }
(D) The maximum likelihood estimator of 6 does not exist

Let X,, X,, ..., X, be a random sample from a distribution with the probability density function

f(%:6) = 0°x e, x>0,
’ 0, otherwise,

where 0 > 0 is the unknown parameter. If Y = Z; X;, then which of the following statement(s)

is (are) true ?
(A) Y is a complete sufficient statistic for 6

2n
(B) — is the uniformly minimum variance unbiased estimator of 6

Y
2n-1. : . . : :

(®) v is the uniformly minimum variance unbiased estimator of 6
2n+1. : - ! : :

(D) v is the uniformly minimum variance unbiased estimator of 0

Let X, X, ..., X be a random sample from U(0, 6 + 1), where 6 € R is the unknown parameter.
Let U = max{X, X, ..., X} and V = min{X,, X, ..., X }. Then which of the following statement(s)
is (are) true ?

(A) U is a consistent estimator of 6
(B) V is a consistent estimator of 6
(C) 2U — V — 2 is a consistent estimator of 0
(D) 2V — U + 1 is a consistent estimator of 6
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41.

42.

43.

44.

45.

46.

47.

48.

49.

SECTION-(C) NUMERICAL ANSWER TYPE QUESTIONS (NAT)

Let {a } ., be a sequence of real numbers such that

n>1

a _1+3+5+...+(2n-1)
" n!

n>1.

3

Then ) _a, converges to

Let

S={(xy)eR?:x,y20, 1l4—(x—2)2 Syswlg—(x—S)z}.

Then the area of S equals

Let S = {(x, y) € R?: |x] + |y| £ 1}. Then the area of S equals

Let
1012 3
J=;j0t2(1—t)2dt.

Then the value of J equals

A fair die is rolled three times independently. Given that 6 appeared at least once, the conditional
probability that 6 appeared exactly twice equals

Let X and Y be two positive integer valued random variables with the joint probability mass
function
g(m) h(n), m,n=1,

P(X=m, Y =n)=
(X=m, n){ 0, otherwise

1 m-1 1 n
where g(m) = (Ej ,m>1and h(n) = (5] , N> 1. Then E(XY) equals

Let E, F and G be three events such that
PENFNG) =01, P(G|F)=03and P(E|FN G) = P(E|F).
Then P(G|E N F) equals

Let A,, A, and A, be three events such that

P(Ai)=%,i=1,2,3; P(A, mAj)zé, 1<i#j<3and P(ANA, ﬂA3)=%.

Then the probability that none of the events A, A,, A, occur equals

Let X,, X,, ..., X, be a random sample from the distribution with the probability density function

f(x)= %e” + %exe, xeR

)
Then HZH X, converges in probability to
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50. Letx, =1.1,x,=22andx, = 3.3 be the observed values of a random sample of size three from
a distribution with the probability density function

1
—e ™ X >0,

f(x;0)=10
, otherwise,

0
where 6 € © = {1, 2, ...} is the unknown parameter. Then the maximum likelihood estimate of
6 equals

Q. 51 — Q. 60 carry two marks each.
51. Let f : R —> R be a differentiable function such that f’ is continuous on R with f'(3) = 18. Define

atr=n(t{x+)-1(x-2)

Then Lim 9.(3) equals

52. Let M = Z; X.X{, where
XI=[1 =1 1 0],X=[1 1 0 1],XI=[t 3 1 0]and X} =[1 1 1 0]

Then the rank of M equals

53. Let f : R — R be a differentiable function with lim f(x) = o0 and lim f'(x) = 2. Then

lim (1+ f(;‘)j
X—0 X

equals

54, The value of

J'og(fox e sinx dy)dx

equals

55. Let X be a random variable with the probability density function

4x*, 0<x<1,
X2
f(x)= x—?, 1<x<2,

0, otherwise,

1 3
where k is a positive integer. Then P(§< X<§j equals

56. Let X and Y be two discrete random variables with the joint moment generating function

1 2\ (2 1)
MX,Y(t“tZ):(EeH +§) (getz +§j it eR

Then P(2X + 3Y > 1) equals
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57.

58.

59.

60.

Let X,, X,, X, and X, be i.i.d discrete random variables with the probability mass function

3n—1
P(X,=n)={ 4"’
0, otherwise.

n=12,...,

Then P(X, + X, + X, + X, = 6) equals

Let X be a random variable with the probability mass function

1
P(X=n)=110
0, otherwise

n=12,...,10.

Then E(max{X, 5}) equals

Let X be a sample observation from U(0, 62) distribution, where 6 € ® = {2, 3} is the unknown
parameter. For testing

H,:0=2againstH, : 6 =3
let o and B be the size and power, respectively, of the test that rejects H, if and only if X > 3.5.
Then a + B equals

A fair die is rolled four times independently. For i = 1, 2, 3, 4, define

vie 1, if 6 appears in the i"" throw,
"0, otherwise.

Then P(max{Y,, Y,, Y,, Y ,} = 1) equals
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ANSWER KEY

SECTION-(A) MULTIPLE CHOICE QUESTIONS (MCQ)

1 2 3 4 5 6 7 8 9 10

A A D B B C C B C D

11 12 13 14 15 16 17 18 19 20

B D C C A D C B A A

21 22 23 24 25 26 27 28 29 30

D B C D A D C B A D
SECTION-(B) MULTIPLE SELECT QUESTIONS (MSQ)

31 32 33 34 35 36 37 38 39 40
ABCD| AC AC AC AC | BCD | BCD A AC | BCD
SECTION-(C) NUMERICAL ANSWER TYPE QUESTIONS (NAT)
a1 42 43 44 45 46 47 48 49 50

5.40-550| 7.85 2 0.375 | 0.1648 3 0.3 0.3 5 2
51 52 53 54 55 56 57 58 59 60
126 3 7.39 171 | 0.8854 | 0.9835 | 0.02197 | 6.5 1167 | 05177
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Mathematical Statistics (MS)

Previous Year Solved Paper 2017

Duration : 180 minutes Maximum Marks : 100

Read the following instructions carefully.

1. This test paper has a total of 60 questions carrying 100 marks. The entire question paper
is divided into Three Sections A, B and C. All sections are compulsory. Questions in
each section are of different types.

2. Section — A contains Multiple Choice Questions (MCQ). Each MCQ type question has
four choices out of which only one choice is the correct answer. This section has 30

Questions and carry a total of 50 marks. Q.1 — Q.10 carry 1 mark each and Questions
Q.11 — Q.30 carry 2 marks each.

3. Section — B contains Multiple Select Questions (MSQ). Each MSQ type question is
similar to MCQ but with a difference that there may be one or more than one choice(s)
that are correct out of the four given choices. The candidate gets full credit if he/she
selects all the correct choices only and no wrong choices. This section has 10 Questions
and carry 2 marks each with a total of 20 marks.

4. Section — C contains Numerical Answer Type Questions (NAT). For these NAT type

questions, the answer is a real number which needs to be entered using the virtual
numerical keypad on the monitor. No choices will be shown for these type of questions.
This section has 20 Questions and carry a total of 30 marks. Q.41 — Q.50 carry 1 mark
each and Questions Q.51 — Q.60 carry 2 marks each.

5. In all sections, questions not attempted will result in zero mark. In Section — A (MCQ),
wrong answer will result in NEGATIVE marks. For all 1 mark questions, 1/3 marks will
be deducted for each wrong answer. For all 2 marks questions, 2/3 marks will be
deducted for each wrong answer. In Section — B (MSQ), there is NO NEGATIVE and
NO PARTIAL marking provisions. There is NO NEGATIVE marking in Section
— C (NAT) as well.
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Special Instructions/Useful Data

N Set of all natural numbers

Q Set of all rational numbers

R Set of all real numbers

PT Transpose of the matrix P

R" {(X;, Xy oy X)T | X e R, i=1,2, ..., n}

g Derivative of a real valued function g

g Second derivative of a real valued function g

P(A) Probability of an event A

i.i.d. Independently and identically distributed

N(w,c?) Normal distribution with mean m and variance 2
o F distribution with (m, n) degrees of freedom

t Student’s t distribution with n degrees of freedom
¥z Central Chi-squared distribution with n degrees of freedom

D(x) Cumulative distribution function of N(0, 1)

A° Complement of a set A

E(X) Expectation of a random variable X

Var(X) Variance of a random variable X

Cov(X,Y) Covariance between random variables X and Y

r! Factorial of an integer r > 0, 0! = 1

®(0.25) = 0.5987, ®(0.5) = 0.6915, ®(0.625) = 0.7341, ®(0.71) = 0.7612,
®(1) = 0.8413, ®(1.125) = 0.8697, d(1.5) = 0.9332, d(1.64) = 0.95,
®(2) = 0.9772
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SECTION-(A) MULTIPLE CHOICE QUESTIONS (MCQ)

Q.1 to Q.10 carry one mark each.

1. The imaginary parts of the eigenvalues of the matrix
3 2 5
P=|2 -3 6
0 0 -3
are
(A) 0,0,0 (B) 2, 2,0
(C) 1: _11 0 (D) 3, —3, 0
2. Letu,ve R*besuchthatu=(1 2 3 5Tandv=(5 3 2 1)". Then the equation uv' x =
v has
(A) infinitely many solutions (B) no solution
(C) exactly one solution (D) exactly two solutions

S0
3. Let u, = (4—1J ",neNandlet!= lim u,

n n—o0

Which of the following statements is TRUE ?

1

(A) /=0 and U, is convergent (B) [=— and U, is divergent
4
1 . . y e
(C) 1= 2 and {u} . is oscillatory (D) =1and ) r.u, is divergent
4. Let {a} ., be a sequence defined as follows :
a,=1and a,,= 7a, +11, neN.
21

Which of the following statements is TRUE ?
(A)  {a}., is an increasing sequence which diverges

11
(B)  {a},., is an increasing sequence with lim a = 12

(C) {a}., is a decreasing sequence which diverges

11
(D)  {a},., is a decreasing sequence with lim a = 12
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5. Let X be a continuous random variable with the probability density function
0, if x<0
f(x)=4x3 if0<x<1
3—5, if x>1

The P(%< X<2j equals

15 11
A 15 ® 15
7 3
© 13 )
6. Let X be a random variable with the moment generating function

Mx(t)zﬁ(met)a, teR.

Then P(X > 1) equals

N = B
A 5 B >
1 2
© 1 (O
7. Let X be a discrete random variable with the probability mass function

p(x) = k(1 + [x])% x = -2, -1, 0, 1, 2,
where Kk is a real constant. Then P(X = 0) equals

A 1 B 3
I B)
c) - D) -
©) 27 (D) 81
8. Let the random variable X have uniform distribution on the interval (%g) Then P(cos X > sin
X) is
A g B l
" 3 B) 5
c = D) -
© 3 0
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9.  Let{X}

be a sequence of i.i.d. random variables having common probability density function

n>1

xe™, if x>0
f(x) = .
0, otherwise

Let X, =1Zi11xi, n=1,2, ... Then lim P(X, =2) equals
n

n—oo

1
(A 0 ®

(D) 1

10. Let X, X,, X, be a random sample from a distribution with the probability density function

1975, if x>0

f(x|0)=40 , 0>0

0, otherwise

Which of the following estimators of 6 has the smallest variance for all 6 > 0 ?

X, +3X, + X, X+ X, +2X,
w B, e
X+ X, + X, D) X, +2X, +3X,
3 6

Q.11-30 carry two marks each.

1. Player P, tosses 4 fair coins and player P, tosses a fair die independently of P,. The probability
that the number of heads observed is more than the number on the upper face of the die, equals

7 5
T B®) 3
o o 2
©) 96 ) 64
12. Let X, and X, be i.i.d. continuous random variables with the probability density function

F(x) = 6x(1-x), O0<x<1
5 0, otherwise

Using Chebyshev’s inequality, the lower bound of PUX1 +X, 1| S%) is
5 4
A5 ® 3

3 1
(C) 5 (D) 3
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13.  Let X, X,, X, be i.i.d. discrete random variables with the probability mass function

2\ (1
p(k) {5] (EJ k=123, ..

Let Y = X, + X, + X,. Then P(Y > 5) equals

1 8
A g B 3

2 25
© O) -2

14. Let X and Y be continuous random variables with the joint probability density function

f(x,y) = cx(1-x), if 0<x<y<1
Y= o, otherwise

where c¢ is a positive real constant. Then E(X) equals

1
®

1
A 5

2 1
(C) 5 (D) 3

15. Let X and Y be continuous random variables with the joint probability density function

x+y, if0<x<10<y<i
0, otherwise

f(X,Y)={

Then P(X+Y>%j equals

23 1
A 5 ®
o Vo u
©) 12 () 24

16. Let X,, X,, ..., X, Y., Y, .., Y be iid. N, 1) random variables. Then

W20
m(Zjn:1 sz)
has
(A) 2., distribution (B) t distribution
(C)  F,, distribution (D)  F,, distribution
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17.

18.

19.

20.

21,

Let {X}., be a sequence of i.i.d. random variables with the probability mass function
l, if x=4
4
3 .
f(x)=4—, if x=8
(x)=17
0, otherwise
Let X, =1Zrz1xi, n=1,2, ....1f imPm<X, <M)= 1, then possible values of m and M are
n n—ow
(A) m=21,M=31 (B) m=32 M=41
(C) m=42,M=57 (D) m=61,M=71

Let x, = 1.1, x, = 0.5, x, = 1.4, x, = 1.2 be the observed values of a random sample of size four
from a distribution with the probability density function

f(x|e):{eex’ DS )
0, otherwise

Then the maximum likelihood estimate of 02 is

(A) 0.5 (B) 0.25
(C) 1.21 (D) 1.44

Letx, =2, Xx,= 1, X, = /5, X, = V2 be the observed values of a random sample of size four
from a distribution with the probability density function
1.
£(x | 6) = 25’ |f—63xse’e>0
0, otherwise
Then the method of moments estimate of 6 is
(A) 1 (B) 2
(®) 3 (D) 4

Let X, X, be a random sample from an N(O, 6) distribution, where 6 > 0. Then the value of k,

2 2
for which the interval (O, X + XZ] is a 95% confidence interval for 0, equals
(A) —log, (0.95) (B) -2 log, (0.95)
1
(C) —Eloge (0.95) (D) 2

Let X,, X,, X;, X, be a random sample from N(6,, c®) distribution and Y,, Y,, Y,, Y, be a random
sample from N(6,, o®) distribution, where 6., 6, € (-, ) and ¢ > 0. Further suppose that the
two random samples are independent. For testing the null hypothesis H, : 6, = 0, against the
alternative hypothesis H, : 6, > 6,, suppose that a test y rejects H if and only if >*# X > > 1Y,.
The power of the test y at 6, = 1 + V2, 6,=1andc®*=4is

(A) 0.5987 (B) 0.7341

(C) 0.7612 (D)  0.8413
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22,

23.

24.

25.

26.

Let X be a random variable having a probability density function f e {f, f.}, where

1, if 0<x<1
fo(x) = .
0, otherwise

1
—, if0<x<2
and 1(X)=)2

0, otherwise

For testing the null hypothesis H, : f = f, against H, : f = f,, based on a single observation on
X, the power of the most powerful test of size a = 0.05 equals

(A) 0.425 (B) 0.525
(C) 0.625 (D)  0.725

9 2_m 1 a(x) 2 rB(x)
] 0 fxydxdy=[  ["“f(xy)dy dx+ [ ["Tf(xy)dy dx, then a(x) and B(x) are

(A o) =x B =1+1-(x-2F (B) al¥) =x BX)=1-1-(x—2]
€ a =1+ I-(x-2F, BX) =x (D) a(¥) =1-1-(x-27.B(X) = x

Let f : [0, 1] > R be a function defined as

3 1 . )
(1) = t (1+§cos(loget )j if te(0,1]

0 ift=0
Let F : [0, 1] > R be a defined as
F(x) = onf(t)dt
Then F’(0) equals
3
(A 0 B 3
5 1
© -3 @

Consider the function
fx,y) =x>—-y?—=3x®+3y?2+ 7, %X,y € R.
Then the local minimum (m) and the local maximum (M) of f are given by
(A) m=3 M=7 (B) m=4, M= 11
(C) m=7,M=11 (D) m=3 M= 11

For ¢ € R, let the sequence {u } , be defined by

n>1
2

[+2)
LV
[>-2)
n
Then the values of ¢ for which the series Z::1Un converges are
(A) log, 6 < c < log, 9 (B) c <log, 3
(C) log, 9 <c<log, 12 (D) log, 3 <c<log, 6
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27.

28.

29.

30.

If for a suitable o > 0,
. ( 1 1 j
lim | ——-—

-0\ e -1 ax

exists and is equal to [ (|/| < =), then

(A) a=21=2 (B) o =2,
(C) a=%,l=—2 (D) a=%
Let

P:=I1 dx
Which of the following statements is TRUE ?
(A)  sin™ ( j <P< LSlﬂ (1 j (B) isin

2\2 V2 2 J2

1 1 1

(C) \/,Sln [ \/,j<P<SIn (ﬁj (D)

sin” (1j <P<—-sin"
2 2

et

ity

Let Q, A, B be matrices of order n x n with real entries such that Q is orthogonal and A is
invertible. Then the eigenvalues of Q" A-'BQ are always the same as those of

(A)
(C)

AB
A BQT

(B)
(D)  BA-

Let (x(t), y(1)), 1 <t < =, be the curve defined by

tsinz

dz and y(t)= L -z

tCOSZz
x(t)=| =

Q"A'B

Let L be the length of the arc of this curve from the origin to the point P on the curve at which
the tangent is perpendicular to the x-axis. Then L equals

(B)

NE

2
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SECTION-(B) MULTIPLE SELECT QUESTIONS (MSQ)

Q.31 to Q.40 carry two marks each.
31. Let v e R with vT v = 0. Let

w'

viv’

P=I-2

where | is the k x k identity matrix. Then which of the following statements is (are) TRUE ?

(A) P'=1-P (B) -1 and 1 are eigenvalues of P
(¢ P'=P D) (+Pv=yv
32. Let{a}, and {b} ., be sequence of real numbers such that {a} , is increasing and {b} . is
decreasing. Under which of the following conditions, the sequence {a, + b}, is always
convergent ?
(A) {a}., and {b} ., are bounded sequences
(B)  {a},., is bounded above
(C) {a},., is bounded above and {b } . is bounded below
(D) a, > b — —o
33. Letf:[0, 1] — [0, 1] be defined as follows :
X, ifxeQn[0,]
f(x) = x+2, if x e Q° m(O 1)
3’ '3
x—%, if xeQ° m(%,q
Which of the following statements is (are) TRUE ?
(A) f is one-one and onto (B) f is not one-one but onto
(C) f is continuous on Q N [0, 1] (D) f is discontinuous everywhere on [0, 1]

34. Let f(x) be a non-negative differentiable function on [a, b] = R such that f(a) = 0 = f(b) and |f’(x)|
< 4. Let L, and L, be the straight lines given by the equations y = 4(x — a) and y = —4(x — b),
respectively. Then which of the following statements is (are TRUE) ?

(A) The curve y = f(x) will always lie below the lines L, and L,
(B) The curve y = f(x) will always lie above the lines L, and L,

(©) ‘ [ fx)ax

(D) The point of intersection of the lines L, and L, lie on the curve y = f(x)

<(b-a)®

35. Let E and F be two events with 0 < P(E) <1, 0 < P(F) < 1 and P(E) + P(F) > 1. Which of the
following statements is (are) TRUE ?

(A)  P(E®) < P(F) (B) P(E U F)<P(E°UF9
(C)  P(EIF?) = P(F°|E) (D) P(E°[F) < P(F|E%)
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36.

37.

38.

39.

The cumulative distribution function of a random variable X is given by

0, ifx<O

4 o<x<d
Fx) =12

§, if 1<x<?2

9

1, ifx>2

Which of the following statements is (are) TRUE ?

(A) The random variable X takes positive probability only at two points
5

(B) P(1sXs2)=§

C E(X 2

©)  EX) =3

4
D) PO<X<1)=g

Let X,, X, be a random sample from a distribution with the probability mass function
1-6, ifx=0
f(x|0)=< 6, if x=1,0<0<1.
0, otherwise
Which of the following is (are) unbiased estimator(s) of 6?

X+ X, X3+ X,
A = S —2

X2+ X2 X, + X, - X2
© =5 0) ;

Let X,, X,, X, be a random sample from a distribution with the probability density function
1 -x/0 R
ix|0)=1® * T*>0 4.9
0, otherwise

If 5(X,, X,, X,) is an unbiased estimator of 0, which of the following CANNOT be attained as a
value of the variance of 6 at 6 = 1 ?

(A) 0.1 (B) 0.2
(C) 03 (D) 05

Let X,, X,, ..., X, (n = 2) be a random sample from a distribution with the probability density
function

X /0 ;
X f
fx|0)=iZ® ° X0 gop.

0, otherwise

Let )_(=1Zi”:1 X.. Which of the following statistics is (are) sufficient but NOT complete ?
n

A) X (B) X?+3
C)  (X,=",X) D) (X, X)
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40. Let X, X,, X,, X, be a random sample from an N(6, 1) distribution, where 6 € (—w, ). Suppose
the null hypothesis H,:6 = 1 is to be tested against the hypothesis H,:0 < 1 at a = 0.05 level
of significance. For what observed values of XX, the uniformly most powerful test would reject

H, ?
A - B) 0
(C) 05 (D) 0.8

SECTION-(C) NUMERICAL ANSWER TYPE QUESTIONS (NAT)

Q.41 to Q.50 carry one mark each.

41. Let the random variable X have uniform distribution on the interval (0, 1) and Y = -2 log, X. Then
E(Y) equals
42.  IfY = log,, X has N(u, o2 distribution with moment generating function M,(t) = €°*?" , t e (o,

), then P(X < 1000) equals

43. Let X,, X,, X;, X,, X, be independent random variables with X, ~ N(200, 8), X, ~ N(104, 8), X,

X+ X, Xy + X, + X
~ N(108, 15), X, ~ N(120, 15) and X, ~ N(210, 15). Let U = 5 and V = — 3

Then P(U > V) equals

44, Let X and Y be discrete random variables with the joint probability mass function.
1y
p(x,y)=—(x“+y°), if x=12;,y=0,1, 2.
25
Then P(Y =1 | X = 1) equals

45. Let X and Y be continuous random variables with the joint probability density function

f(x.y) = 8xy, O<y<x<1
Y= 0, otherwise

Then 9Cov(X, Y) equals

1:1 it

46. LetX, X, X, Y,Y,Y,Y,beiid. N(u, o random variables. Let X :% S X and Y = l

If k / (X-Y) has t, distribution, then (v — k) equals
7SO - X T (Y, - V)

47. Let f : [O,ﬂa R be defined as

f(x) = ax + B sin x,

where a, B € R. Let f have a local minimum at x = z with f(%jz

4 42"

Then 82 o + 4B equals
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48. The area bounded between two parabolas y = x* + 4 andy = —x®> + 6 is

49. Forj=1,2, .., 5, let P, be the matrix of order 5 x 5 obtained by replacing the j" column of the
identity matrix of order 5 x 5 with the column vectorv=(5 4 3 2 1)". Then the determinant
of the matrix product P, P,P,P, P, is

18n+3
50. Let u_ = ,n e N. Then =* equals
" Bn-1@ne2 - Znt Un €QU

Q.51 to Q.60 carry two marks each.

51.  Let a unit vector v = (v, v, v,)" be such that Av = 0 where
5 1 _&
6 3 6
A=l A
3 3 3
L
BENGI=G6

Then the value of 6 (|v,| + |v,| + |v,]) equals

52. Let F(x) = j:e‘(tz —3t-5)dt, x > 0. Then the number of roots of F(x) = 0 in the interval (0, 4)

is

53. A tangent is drawn on the curve y = %\/xi"j (x > 0) at the point P(L%] which meets the x-axis

at Q. Then the length of the closed curve OQPO, where O is the origin, is

54. The volume of the region
R={(X,y,2) e RR:Xx+y+2<83,y2<4x,0<x<1,y>0,z>0}

55. Let X be a continuous random variable with the probability density function

5, if0<x<2
8
k
—, if 2<x<4
f(x)=< 8
6-X ta<x<s6
8
0, otherwise

where Kk is a real constant. Then P(1 < X < 5) equals
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56.

57.

58.

59.

60.

Let X,, X,, X, be independent random variables with the common probability density function

2e®,  if x>0
f(x) = .
0, otherwise

Let Y = min {X,, X,, X}, E(Y) = H, and Var(Y) = oyz. Then P(Y > M, + Gy) equals
Let X and Y be continuous random variables with the joint probability density function

1
—e ¥, if <x,x>0

0, otherwise

Then E(X | Y = —1) equals

Let X and Y be discrete random variables with P(Y < {0, 1}) = 1,
3
P(X:O)ZZ’ P(X=1)=

3 7
P(Y=1|X=1)=—=, P(Y=0|X=0)=—.
( | ) 4 ( | ) 8

Then 3P(Y = 1) — P(Y = 0) equals

Let X, X,, ..., X, be i.i.d. random variables with E(X,) = 0, E(X,?) = o®, where ¢ > 0. Let S =

100

% X. If an approximate value of P(S < 30) is 0.9332, then o2 equals

Let X be a random variable with the probability density function

FX[HA) = ——xTe™ x 50,450,150,
(r—1)!

If E(X) = 2 and Var(X) = 2, then P(X < 1) equals
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ANSWER KEY

SECTION-(A) MULTIPLE CHOICE QUESTIONS (MCQ)

1 2 3 4 5 6 7 8 9 10
A B D D A A C D A C
11 12 13 14 15 16 17 18 19 20
C C B C A D D B C B
21 22 23 24 25 26 27 28 29 30
D B B A D B B A D X
SECTION-(B) MULTIPLE SELECT QUESTIONS (MSQ)

31 32 33 34 35 36 37 38 39 40
B,C AC A,D AC A,C,D Cc,D AB,C AB,C Cc,D AB,C
SECTION-(C) NUMERICAL ANSWER TYPE QUESTIONS (NAT)

41 42 43 44 45 46 47 48 49 50
2.0 0.15 0.97 0.25 0.16 3.0 4 2.66 120 0.25
51 52 53 54 55 56 57 58 59 60
4 0 0.018 2.1 0.875 0.13 2 0.125 4.0 0.26
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Mathematical Statistics (MS)

Previous Year Solved Paper 2016

Duration : 180 minutes Maximum Marks : 100

Read the following instructions carefully.

1. This test paper has a total of 60 questions carrying 100 marks. The entire question paper
is divided into Three Sections A, B and C. All sections are compulsory. Questions in
each section are of different types.

2. Section — A contains Multiple Choice Questions (MCQ). Each MCQ type question has
four choices out of which only one choice is the correct answer. This section has 30
Questions and carry a total of 50 marks. Q.1 — Q.10 carry 1 mark each and Questions
Q.11 — Q.30 carry 2 marks each.

3. Section — B contains Multiple Select Questions (MSQ). Each MSQ type question is
similar to MCQ but with a difference that there may be one or more than one choice(s)
that are correct out of the four given choices. The candidate gets full credit if he/she
selects all the correct choices only and no wrong choices. This section has 10 Questions
and carry 2 marks each with a total of 20 marks.

4. Section — C contains Numerical Answer Type Questions (NAT). For these NAT type
questions, the answer is a real number which needs to be entered using the virtual
numerical keypad on the monitor. No choices will be shown for these type of questions.
This section has 20 Questions and carry a total of 30 marks. Q.1 — Q.10 carry 1 mark
each and Questions Q.11 — Q.20 carry 2 marks each.

5. In all sections, questions not attempted will result in zero mark. In Section — A (MCQ),
wrong answer will result in NEGATIVE marks. For all 1 mark questions, 1/3 marks will
be deducted for each wrong answer. For all 2 marks questions, 2/3 marks will be deducted
for each wrong answer. In Section — B (MSQ), there is NO NEGATIVE and NO
PARTIAL marking provisions. There is NO NEGATIVE marking in Section — C
(NAT) as well.
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Special Instructions / User Data

R Set of all real numbers

R {(x1,...,xn):xi eR,i=1...,n

P (A Probability of an event A
i.i.d. Independently and identically distributed

Bin (n, p) |Binomial distribution with parameters n and p

poission (@) |Poission distribution with mean 0

N (1, g?) |Normal distribution with mean (/and variance g?
The exponential distribution with probability density function

_[a -Xx, 0,
Exp ()) f( XIX)—{Oe o)t(h:;rwise’ &

th Student's t distribution with n degrees of freedom

xn Chi-square distribution with n degrees of freedom
Ana A constant such that P ( W > %4.) = o, where W has 2 distribution

@ (x) Cummulative distribution function of N (0, 1)
¢ (x) Probability density function of N (0,1)
A€ Complement of an event A

E(X) Expectation of random variable X

Var (X) [|Variance of a random variable X

1
B(m, n) j x™ 11 =x)""'dx,m>0,n>0
0

[x] The greatest integer less than or equal to real number x

f Derivatives of function f

®(0.25)=0.5987, ®(0.5) = 0.6915, ®(0.625) =0.7341, ®(0.71)=0.7612,
®(1)=0.8413,®(1.125) =0.8697, ®(2)=0.9772
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SECTION — A MULTIPLE CHOICE QUESTIONS (MCQ)

Q.1 to Q.10 carry one marks each.

1. Let
1 2 0 2
-1 -2 1 1
1 2 -3 -7
1 2 -2 -4

Then rank of P equals

(A 4 B) 3
€ 2 (D) 1
2. Let a, B, ¥ be real numbers such that g # 0 and y # 0. Suppose
o p
P = 980
and P-' = P. Then
(A) a=0and gy=1 (B) a+x0and gy=1
(C) a=0and gy=2 (D) a=0and g y=-1
3. Let m > 1. The volume of the solid generated by revolving the region between the y—axis and the
curve xy = 4, 1 <y < m, about the y—axis is 157 . The value of m is
(A) 14 (B) 15
(C) 16 (D) 17
4., Consider the region S enclosed by the surface z = y# and the planes z = 1, x = 0, x = 1,

y=-1and y = 1. The volume of S is

A 1 B Z
™ 3 B) 3
4
(C) 1 D) 3
5. Let X be a discrete random variable with the moment generating function
M= ter
Then P (X < 1) equals
3
(A) e -1/2 (B) E e -1/2
1
(C) Ee 112 (D) e ~e-n2
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6. Let E and F be two independent events with

P(E|F)+P(F|E)=1,P(EﬂF)=%andP(F)<P(E).
Then P (E) equals

N2 B o
™ 3 B) 5
2 3
© 3 © 5
7. Let X be a continuous random variable with the probability density function
1
f(x) :Tz)s/z, X € R.
Then E (X?)
(A) equals 0 (B) equals 1
(C) equals 2 (D) does not exist
8. The probability density function of a random variable X is given by
ax®", 0<x<1 -
FE 0, otherwise

Then the distribution of the random variable Y = log, X is

2 1 2

(A) X2 (B) EXz
(C) 2% D) x
9. Let X, X,, ..... be a sequence of i.i.d. N (0,1) random variables.Then, as n — «, —Z
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Q.11 - Q.30 carry two marks each.
11. Let (X,Y') have the joint probability density function

Mathematical Statistics (PSP-2016)

1 2 - .

—ye if0<y<x<owo
f(X, .y) =
0, otherwise

Then P(Y <1 | X = 3) equals

N B) -
A 81 (B) 27

Q) - D) =

© 3 D) 3
12. Let X, X, ..... be a sequence of i.i.d. random variables having the probability density function

1 3
x{ 1-x),0<x <1,
f(x) =<K 6,4)
0 otherwise
X 1
Let ¥, = 7o and U, = — X
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15.

16.

17.

18.

Let X and Y be two independent N (0, 1) random variables. Then P(0 < X2 + Y?< 4) equals
(A) 1-¢2 (B) 1-¢*
(C) 1- ¢ (D) e?

Let X be a random variable with the cumulative distribution function

0, x<0

X 0sx<2,
F(x) = g
1—,25X<4

1, x24

Then E (X) equals

12 13
A 3 (B) <&,
31 31
©) 5 S
Let X, ..... , X_be a random sample from a population with the probability density function

f(x) = ie'lxl/e,xl R,6> 0.

For a suitable constant K, the critical region of the most powerful test for testing
H,: 6 =1 against H, : @ = 2 is of the form

A 2 IXI>K B 2 IXI<K

D S D) > — o

© & xS ALY

Let X, voooe, X, X, X, voes X, (N> 4, m > 4) be a random sample from N (x4, 6°); u €R,

b 1
o> 0. 1f X; and — b
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19. Let X , X (n>1) be a random sample from a Poisson (6) population, >0, and T = in-
i=1

Then the uniformly minimum variance unbiased estimator of 62 is

T(T - 1 T(T-1)
w ® e
T(T - 1) T2
© ey © =

20. Let X be a random variable whose probability mass functions f (x | H)) (under the null hypothesis
H,) and f (x | H,) (under the alternative hypothesis H, ) are given by

X = x 0 T 2 3
f(x|Ho) 0.4 0.3 0.2 0.1
f(x|H,) 0.1 0.2 0.3 0.4

For testing the null hypothesis H, : X ~ f(x | H ) against the alternative hypothesis

3
H, : X~ f (x| H,), consider the test given by : Reject H  if X > .

2
If « = size of the and g = power of the test, then
(A)  a=03and p=03 (B) a=03and g=0.7
(C) a=07and =03 (D) a=0.7and g=10.7
21.  Let X, ..., X, be a random sample from a N (26, 6% population, & > 0. A consistent estimator

for 0 is

1/2
I$x S$x2
IR B) [ﬁZK]

1o, 1n21/2
©  ga2X (D) &—ZKJ

22, An institute purchases laptops from either vendor V, or vendor V, with equal probability. The
lifetimes (in years) of laptops from vendor V, have a U (0,4) distribution, and the lifetimes (in
years) of laptops from vendor V, have an Exp (1/2) distribution. If a randomly selected laptop in
the institute has lifetime more than two years, then the probability that it was supplied by vendor

V, is
2 1
A 3. B Tie
1 2
©C) 1o D) o el
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23. Let y (x) be the solution to the differential equation

dy
X*gx +4Cy+sinx=0;y(n)=1,x>0

T
Then y (Ej is

A) 10(1;: n*) 8) 12(17; n*)
©) 14(11; n*) D) 16(17; ')

24. lLeta =e*sinnand b= e"r? (sin n)?for n > 1. Then

(A) ann converges but Z_;bn does NOT converge

© ©

(B) an converges but Zan does NOT converge
n

n=1 =1

(C)  Both Z]an and Z]bn converge
(D) NEITHER Zan NOR an converges
n= n=1

25. Let

xsin® (1/x),x# 0, x(sin x) sin (1/ x),x =0
0, x=0

Then

(A) f is differentiable at 0 but g is NOT differentiable at 0
(B) g is differentiable at 0 but fis NOT differentiable at 0
(C) f and g are both differentiable at 0

(D)  NEITHER f NOR g is differentiable at 0

26. Let f: [0, 4] — R be a twice differentiable function. Further, let f(0) = 1, f(2) = 2 and f(4) = 3.

(A) there does NOT exist any x, <(0,2) such that f* (x,) =

(B) there exist x, €(0,2) and x; (2,4) such that f’ (x,) = f (x,)
(C)  f’(x)>0 forall x «(0,4)
(D)  f’(x) <0 for all x «(0,4)

Contact Us : Website : www.eduncle.com | Email : info@eduncle.com | Call Us : 9829489592 8



@. Eduncle.com Mathematical Statistics (PSP-2016)

27.

28.

29.

30.

Let f (x, y) = x2 — 400 xy? for all (x,y) e R2 Then f attains its
(A) local minimum at (0,0) but NOT at (1,1)

(B) local minimum at (1,1) but NOT at (0,0)

(C) local minimum both at (0,0) and (1,1)

(D) local minimum NEITHER at (0,0) NOR at (1,1)

Let y(x) be the solution to the differential equation

d’y dy
4d? +12d_x +9y=0,y(0)=1,y0)=-4

Then y (1) equals

Let g : [0,2] > R be defined by

(x-t)e' gt

Ot x

g(x) =

The area between the curve y = g” (x) and the x-axis over the interval [0,2] is
(A) e -1 (B) 2(e2 - 1)
(C) 4(e*-1) (D) 8(e* 1)

Let P be a 3 x 3 singular matrix such that Py, = y for a nonzero vector ,, and

1 2/5
plOl-| O |
-1 -2/5
Then
1 1
(A) P = 5 (7P?— 2P) (B) Pe = 1 (7P?— 2P)
1 1
(C) P = 3 (7P?— 2P) (D) P = 2 (7P2— 2P)
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SECTION — B MULTIPLE SELECT QUESTIONS (MSQ)

Q.31 to Q.40 carry one marks each.

31.

32.

33.

34.

35.

For two nonzero real numbers a and b, consider the system of linear equations

ool b= e

Which of the following statements is (are) TRUE ?

(A) If a = b, the solutions of the system lie on the line x + y = 1/2
(B) If a = —b, the solutions of the system lie on the line y — x = 1/2
(C) If a # £ b, the system has no solution

(D) If a # £ b, the system has a unique solution

For n>1, let

n2", if nis odd
& = 1.3 if nis even

Which of the following statements is (are) TRUE ?

(A) The sequence {a} converges (B) The sequence {| a, [""} converges
(C) The series Z1an converges (D) The series Z1|an| converges
n= n=

Let f : (0,0) — R be defined by

f(x) = x (e”xs -1 +i3]

X

Which of the following statements is (are) TRUE ?

A M fx) exists

X—> 0

(B) Xlﬁnw xf(x) exists
)  lIm xz f(x) exists

(D)  There exists m > 0 such that lim x™ f(x) does NOT exist.

X—> 0

For x e R, define f(x) = cos(n x) + [ X2] and g (x) = sin (r x). Which of the following statements
is (are) TRUE ?

(A) f(x) is continuous at x = 2 (B) g (x) is continuous at x = 2

(C) f(x) + g (x) is continuous at x =2 (D) f(x) g (x) is continuous at x = 2

Let E and F be two events with 0 < P(E) < 1,0 < P(F) <1 and P(E | F) > P (E). Which of the
following statements is (are) TRUE?

(A P(F[E)> P(F) (B) PE|F°) > P(E)
(C) P(F | E®) < P(F) (D) E and F are independent
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36.

37.

38.

39.

Let X, ..... , X, (n > 1) be a random sample from a U (26 — 1,20 + 1) population, <R, and
Y, =min {X,, ..., X }, Y = max {X, ...., X}. Which of the following statistics is (are) maximum
likelihood estimator (s) of 6 ?

1
@A g Y +Y)

1
(B) s Y, +Y + 1)

1
(C) 8 (Y,+ 3Y - 2)

.y a o (Yn - 1) (Y1 + 1)

(D) Every statistic T (X,,....,X) satisfying 5 < T (X,...X) < 5

Let X,,.....,X be a random sample from a N (0, c® population, ¢ > 0. Which of the following

testing problems has (have) the region {(XU'""Xn).Rn :inz > Xﬁ,a} as the most powerful critical
i=1

region of level a ?
(A) H, : *=1 against H, : ¢°

0

(C) H, : o= 2 against H, : ¢®

0

I
N
ES

4
0.5

H, : 6®*=1 against H, : ¢*

H, : o®*=1 against H, : ¢°

Il
—
—_~
O
=

Let X,,..., X be a random sample from a N (0, 26%) population, 6 > 0. Which of the following
statements is (are) TRUE ?

(A) (X,-..., X)) is sufficient and complete
(B) (X,-..., X)) is sufficient but NOT complete
(C) Z X? is sufficient and complete

i=1

1 n
(D) %Z X3 is the uniformly minimum variance unbiased estimator for 62
i=1

Let X,,.....,X be a random sample from a population with the probability density function

fe®, x>0 520
fx196) = 0, otherwise’

Which of the following is (are) 100 (1 — a)% confidence interval(s) for 6 ?

2
Xgnﬂ —al2 X%n,a/2 0 X2n,a

(A) n ’ n B ’ n
2 X 231X B 25X

1= 1= i=

n n
5 5 22:Xi 22:Xi
Xont-ar2 X2na/2 =1 =1

(C) i X, ’ Zn: X, (D) Aonarz Toni-ar2
= =
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40.

The cumulative distribution function of a random variable X is given by

0, X <2
F(x) = %[ngj 2<x<3
1, X >3.

Which of the following statements is (are) TRUE ?

(A) F(x) is continuous everywhere (B) F(x) increases only by jumps
1 5
(C) P(X=2)=g (D) ,D( =§|2SX33J=0

SECTION - C NUMERICAL ANSWER TYPE (NAT)

Q.41 — Q.50 carry one mark each.

41.

42,

43.

44.

45.

1 6
Let X,,.....X,, be a random sample from a N (3,12) population. Suppose Y, = s Z X and
i=1

i Xy (oo Ye)

1
2= 7 has a y2 distribution, then the value of « is
i=7 a

Let X be a continuous random variable with the probability density function

2x
fx)=149

0, otherwise

, 0<x<3

Then the upper bound of P(|X — 2| > 1) using ChebysheV’s inequality is

Let X and Y be continuous random variables with the joint probability density function

é*Y  —w<xy<0,
Fxy) = 0, otherwise

Then P(X < Y) =

Let X and Y be continuous random variables with the joint probability density function

1 —(x2+y2)/2
foxy) =5, € , (X, y) eR2.

Then P(X > 0, Y < 0) =

1
Let Y be a Bin (72,§j random variable. Using normal approximation to binomial distribution, an

approximate value of P(22 < Y < 28) is
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46. Let X be a Bin (2,p) random variable and Y be a Bin (4,p) random variable, 0 < p < 1. If

5
PX2 1) = g, then P (Y2 1) =

47. Consider the linear transformation
T(X,¥,2)=(2X+y + 2, X+ 2z 3X + 2y + 2).
The rank of T is

. -n 1 1
48. The value of rlllmo n {e cos(4n) + sin (Eﬂ is

49. Let f : [0, 13] > R be defined by f(x) = x'* —e* + 5x + 6. The minimum value of the function
fon[0,13]is

50.  Consider a differentiable function f on [0,1] with the derivative f' (x) = 2./2x . The arc length of
the curve y = f(x), 0 < x <1, is

Q. 51 - Q. 60 carry two marks each.

m1 1
51. Let m be a real number such that m> 1. If ”; e’ dydxdz=e—-1,then m=
10

x

=3 3
0 -5 6
0

52. Let P = . The product of the eigen values of P is

53. The value of the real number m in the following equation

12-x2 n/242
[ J(x®+y*)dydx= [ [ rPdrde s
0 x mn 0

1 = 1 1
54. Leta, =1anda =2 - — forn>2 Then Z a2 52 converges to
1 z n n=1 n ar|+']

55. Let X, X,..... be a sequence of i.i.d. random variables with the probability density function

4x> e, x>0 n : 3n
- ’ ’ - X. lim p|S <= ++3n|j
f(x) {O, otherwise andlet S = ; i. Then T P( "= ] is

56. Let X and Y be continuous random variables with the joint probability density function
2

CLS, O<x<1,y>1
fx oy =17 _
0, otherwise

where c is a suitable constant. Then E(X) =
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57. Two points are chosen at random on a line segment of length 9 cm. The probability that the
distance between these two points is less than 3 cm is
58. Let X be a continuous random variable with the probability density function
X*1 _j<x<1,
X -
T 0, Otherwise
1 1
—_<X?<_—|_
Then P(4 2} =
. 1
59. If Xis a U(0,1) random variable, then P(mm (X, 1-X) =< Z) =
60. In a colony all families have at least one child. The probability that a randomly chosen family from
this colony has exactly k children is (0.5); k=1, 2,..... . A child is either a male or a female with
equal probability. The probability that such a family consists of at least one male child and at least
one female child is
ANSWER KEY
SECTION-(A) MULTIPLE CHOICE QUESTIONS (MCQ)
1 2 3 4 5 6 7 8 9 10
C A C B B C D A C B
11 12 13 14 15 16 17 18 19 20
B C B C A D A C A B
21 22 23 24 25 26 27 28 29 30
D A D C B B D B A A
SECTION-(B) MULTIPLE SELECT QUESTIONS (MSQ)

31 32 33 34 35 36 37 38 39 40
AB,D ACD |AB,C,D B,D AC AB,C,D AB B,C,D AB C,D
SECTION-(C) NUMERICAL ANSWER TYPE QUESTIONS (NAT)

41 42 43 44 45 46 47 48 49 50

5 0.5 0.5 0.25 0.53 0.80 2 0.25 5 2.167

51 52 53 54 55 56 57 58 59 60

4 -0.50 0.25 0.75 0.97 0.75 0.55 0.20 0.50 0.25
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