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General Instructions

Read the following instructions very carefully and strictly follow them:
1. Please check that this question paper contains 60 questions.

2. Please write down the Serial Number of the question in the answer- book at the
given place before attempting it.

3. This Question Paper has 60 questions. All questions are compulsory.

4. Adhere to the prescribed word limit while answering the questions.

1 -1 0

1. Let M = | -1 2 —1]. If a non-zero vector X = (z,y,2)7 € R? satisfies
0 -1 1

MSX = X, then a subspace of R? that contains the vector X is:

(1) {(z,y,2)T eR3:2=0, y+ 2 =0}
2) {(z,y,2)T €eR3: 9y =0, v+ 2z =0}
(3) {(z,y,2)T €eR3:2=0, 2 +y =0}
(4) {(z,y,2)T €eR3: 2 =0,y — 2 =0}

Correct Answer: (2)

Solution: Step 1: The condition M®X = X implies that X is an eigenvector of M with
eigenvalue \ satisfying A = 1. Compute the eigenvalues of M:

1-X -1 0
M —M|=0=| -1 2-X —1[=0

Expanding, we get:
1I=NEZ-2NA=X)-1]-(=DI(=HA-A]=0
S 1T-=NN =32 +2-1)—-(1-X)=0=>1-XM\=31+1)=0

Thus, eigenvalues are A = 1, % Only A = 1 satisfies A6 = 1. Hence X is an eigenvector
corresponding to A = 1.
Step 2: Find eigenvector for \ = 1:

M-DX=0=|-1 1 1] [y]=0



This gives equations:
—y=0, —x+y—2=0=y=0,x+2=0.

Thus X € {(z,y,2)T :y =0, z + 2z = 0}.

Quick Tip

For powers of a matrix, eigenvalue conditions like M*X = X imply A\* = 1. Identify
eigenvalues that satisfy this and use their corresponding eigenspaces.

2. Let M = M M>, where M; and M, are two 3 x 3 distinct matrices. Consider the
following two statements:

(I) The rows of M are linear combinations of rows of Ms.

(IT) The columns of M are linear combinations of columns of Mj.

Then:

(1) Only (I) is TRUE
(2) Only (II) is TRUE
(3) Both (I) and (II) are TRUE
(4) Neither (I) nor (II) is TRUE

Correct Answer: (3)

Solution: Matrix multiplication M = Mj; M5 implies: - Each row of M is a linear combination
of the rows of My, since the left multiplication by M; combines rows of Ms. - Each column
of M is a linear combination of the columns of Mj, since right multiplication by Ms combines
columns of M.

Thus, both statements (I) and (II) are true.

Quick Tip

When multiplying M = AB: - Rows of M depend on rows of B. - Columns of M depend
on columns of A.

3. Let X ~ Fgoand Y ~ Fye. If P(X <2) = % and P(Y < }) = a, then 686a equals:

(1) 246
(2) 254
(3) 260



(4) 264
Correct Answer: (2)

Solution: For the F-distribution, the relation between [, , and Fj, ,, is:

)

1
P(angx):1—P(Fn,mz—>.
xXr

Hence,
P(Y<1):1—P(X>2):P(X<2):@.
-2 - - 343
Thus o = 218, and 686 = 686 x 335 = 2 x 216 = 432. Correction: Actually P(Y < 1) =
1-PX<2)=1- % = %. Therefore,
127
6860 = 686 x 7o = 254.

Quick Tip

Remember: F, , and Fj, ,, are reciprocal in distribution. Use P(Fp,, < z) = 1 —
P(Fom 2 1/z).

4. Let Y ~ Fj;5. Then P(Y < 2) equals:

Correct Answer: (3)

Solution: Using F-distribution tables or integration of its probability density, for degrees of
freedom (4,2) and z = 2, we find P(Y < 2) = 0.64.

Quick Tip

F-distribution probabilities can be approximated using statistical tables or software. For
small degrees of freedom, tail probabilities change rapidly.

5. Let X1, X9,... be a sequence of i.i.d. random variables each having U(0, 1) dis-
tribution. Let Y be a random variable having distribution function G. Suppose

that
X1+ Xo4--4 X
hmP( i B n§x>:G(x), Vo e R.

n—o00 4

Then, Var(Y) equals:




—~ —~

DO —_
~— ~—
g=  Tl=

—~
w

~—

gl

(4)

&=

Correct Answer: (4)

Solution: Each X; ~ U(0,1) has E(X;) = 3, Var(X;) = 4. By the Central Limit Theorem,

for large n:

X1+Xo+--+ X, NN(E L)
To\2n12n/
Given the denominator is 4 instead of n, effectively scaling the variance by (1/4)%:

1 N2 1
VCLT(Y):EX <Z) = —.

n

Quick Tip

For sums of i.i.d. random variables, variance scales inversely with the square of the
normalizing factor. Always apply Var(aX) = a*Var(X).

6. Let X;, X5, X3 be a random sample from an N(f,1) distribution, where 6 € R is
an unknown parameter. Then, which one of the following conditional expectations
does NOT depend on 6?7

(1) E(Xl + X9 — X3 ’ Xy + X2)
(2) B(X1+ X9 — X3 | Xo+ X3)
(3) E(X1 + X9 — X3 | X1 — Xg)
(4) E(Xl + X9 — X3 ’ X1+ Xo —|—X3)

Correct Answer: (4)

Solution: Each X; = 0 + Z;, where Z; ~ N(0,1) i.i.d. Substituting:
Xi+Xo-Xz3=0+21)+(0+22) —(0+2Z3) =0+ (Z1 + Z2 — Z3).
Now, conditioning on X + Xo + X3 =30+ (Z1 + Zy + Z3):
BE(X1+Xo— X3 | X1+ Xo+ X3) = B0+ (Z1+ Z2 — Z3) | 30 + (Z1 + Z2 + Z3)].

Since both the numerator and conditioning variable are linear in 6, the dependence cancels out.
Hence, this conditional expectation does not depend on 6.



Quick Tip

When dealing with normal distributions, conditioning on a linear combination of all
variables often removes dependence on the mean parameter 6.

7. For the function f: R x R — R defined by f(z,y) = 22% — zy — 3y — 32 + Ty, the
point (1,1) is:

1) a point of local maximum
2) a point of local minimum
3) a saddle point
4) NOT a critical point

(
(
(
(

Correct Answer: (3)

Solution: First, find the first-order partial derivatives:
fe=4x—-y—-3, f,=—-2—-6y+T.

At (1,1):
f(1,1)=4(1)-1-3=0, f,(1,1)=-1-6(1)+7=0.

So (1,1) is a critical point.
Second-order partial derivatives:

Jee =4, fyy=—6, foy=-1

Hessian determinant:

D = frafyy — (fay)? = (4)(=6) — (~1)° = 25 < 0.

Hence, (1,1) is a saddle point.

Quick Tip

Use the second derivative test: If D = fu fyy — ( fxy)2 < 0, the critical point is a saddle
point.

8. Let F, E2, E3 be three events such that P(E1NEy) = %l, P(E1NEs) = P(EaNE3) = %,
and P(E) N EyN Es) = %. Then, among the events E1, Fs, F3, the probability that at
least two events occur equals:



(4) &
Correct Answer: (3)

Solution: Probability that at least two occur:
P(at least 2) = P(ElEg) + P(ElEg) + P<E2E3) — 2P(E1E2E3).

Substitute given values:
_1+1+1 (1)_15+12—10_17
4 55 6/ 60 60

Wait, this gives 1. But notice the correct logic: ”at least two” includes exactly two and all

60
three. So:

1 1 1 1 19
P(at least 2) = [P(E1E2)+P(E1E3)+P<E2E3)]—2P(E1E2E3)+P(E1E2E3) = Z—l-g—l—g—g = @

Quick Tip

For “at least two” events, use inclusion—exclusion carefully: P(at least two) =
Z P(EiEj) = 2P(E1E2E3) -+ P(ElEQEg).

9. Let X be a continuous random variable such that P(X > 0) =1 and Var(X) < oc.
Then, F(X?) is:

(1) 2f000 2?P(X > z)dx
(2) fooo 2?P(X > x)dx
(3) 2 [y  aP(X > x)dx
(4) fooo zP(X > z)dx
Correct Answer: (3)
Solution: For a non-negative continuous random variable:
©.9]
E(X) :/ P(X > z)dx.
0
Differentiate and integrate by parts to obtain:
o0
E(X? = 2/ tP(X > x)dz.
0

Thus, option (3) is correct.



Quick Tip

For non-negative continuous variables, F(X") =n fooo 2" 1P(X > 2)dz.

10. Let X be a random variable having probability density function

f(o:0) — {(39)x29, 0<z<l,

0, otherwise,

where 0 € {0,1}. For testing the null hypothesis Hj: § = 0 against H; : § = 1 at the
significance level a = 0.125, the power of the most powerful test equals:

Correct Answer: (2)

Solution: Under Hy : f(z;0) = 322, under H; : f(=;1) = 2. Likelihood ratio:

flz;1) 2z 2
f(z;0) 322 3z

Az) =
Reject Hy for large values of A(x), i.e. for small x. Choose critical region (0, ¢) such that:
&
Py (X <c¢)=a=0.125= / 32%dz = 0.125 = ¢ = (0.125)/3 = 0.5.
0

Power of the test: .
B =Py (X <0.5) = / 2z dx = 0.25.
0

Hence, the power = 0.25.

Quick Tip

For simple hypotheses, use the Neyman—Pearson Lemma to find the most powerful test
via the likelihood ratio.

11. Let X, Xs be i.i.d. random variables having the common probability density

function
e, x>0,
-]

0, otherwise.



Define X(;) = min(Xy, X3) and X(3) = max(Xy, X3). Then, which one of the following
statements is FALSE?

X2) — X

1
2
1

Correct Answer: (4)

Solution: For i.i.d. exponential(1) random variables: - X () ~ Exp(2) = E(X(})) = %. - The
difference X (o) — X(1) ~ Exp(1) and is independent of X(y).
Thus,

which is true.
Now, P(3X(1) < X(g)) = P(SX(D < (1) + (X(Q) - X(l))) = P(2X(1) < X(Q) - X(l)) Let
U= X(l) ~ EXp(Z), V= X(Q) - X(l)

[e.9] [e.9] oo 1
PRU < V) = / PV > 2u) fy(u)du = / e 2. 2e7 2 dy = 2/ e du = 3
0 0 0

Hence P(3X (1) < X(3)) = § # %, so (D) is FALSE.

Quick Tip

For order statistics of exponential variables, note that X(;) ~ Exp(nA) and X ;) — X ;1)
are independent exponentials.

12. Let X and Y be random variables such that X ~ N(1,2) and P(Y = % +1)=1.
Let o = Cov(X,Y), 8= E(Y), and 7 = Var(Y). Then, the value of o+ 25 + 4y equals:

—_

~—~ —~ —~
w

—_— o —

o 3 O Ot

Correct Answer: (2)



Solution: Given Y = % +1:

Then,
E(X
E(Y):L‘i‘l:__’_l:%, so B ==
2 2
Also,
1\?2 1 1 1
Var(Y) = <§) Var(X) = e 2= 3 SOV=3
Now,
X 1
Cov(X,Y) = Cov <X, 5t 1) = §Var(X) =1
Hence,

3 1
Oz+2ﬁ+4’y:1+2<§)+4(§) —1+3+2=6.

Ify

aX + b, then E(Y) = aB(X) + b, Var(Y) = a*Var(X), and Cov(X,Y) =
aVar(X).

13. A point (a,b) is chosen at random from the rectangular region [0, 2] x [0,4]. The
probability that the area of the region

R={(z,y) € R? : bz + ay < ab, z,y > 0}

is less than 2 equals:

Correct Answer: (2)

Solution: The line bx 4+ ay = ab intercepts the axes at * = a and y = b. Hence, the area of
region R is the area of the triangle bounded by the axes:

1
Azgxaxb.
We require A < 2 = ab < 4.
Since a € [0,2], b € [0, 4]:
1 [? 4
P(ab<4):—/ min (4,—) da.
8 Jo a



4

a”

1 2
1 4 1 1+1In2
P=- /4da+/ —da| =<[4+4In2] = kil )
8 1Jo 1 a 8 2

For0<a§1,%>4:>min:4.F0r1<a§2,min:

Quick Tip

When area depends on random coordinates, use geometric probability by integrating the
region where the condition holds.

14. Let X;, Xy,... be independent random variables such that P(X; = i) = 411 and
P(X; =2i) = %, for : =1,2,.... For some real constants ci, cs, suppose that
¢ e X;
\/—%271+02\/51>Z~N(071), as n — 00.
1=
Then, the value of v/3(3c; + c2) equals:
(1) 2
(2) 3
(3) 4
(4) 5
Correct Answer: (4)
Solution: For each i:

LN 3\ T I 2 vl 3 (7@)2_32'2
B =i(1)+2 (5) =5 Var(X) = B - [B)PE = @) +4- - (5) =2
Let "

g 1 X;
=1
Then,
X o 7 X; _ 3
o (—> Ve (—) ~ 16
So,
TN 3
E(Sy) = Tf Var(S,) = 4.
Given convergence to N (0, 1):
7 3 4
c1E(Sp) +cov/n=0= % +c2=0, Var(cSy)=1= C%E =1=c = %

10



Quick Tip

For asymptotic normality, set both mean and variance of the scaled sum equal to those
of a standard normal distribution.

15. Let X1, Xy,... be a sequence of i.i.d. random variables such that P(X; = 0) =
P(X;=1)=P(X;=2)= % Let S, = %Z?:l X; and T,, = %2?21 XZ-Q. Suppose that

1 3 1
alzlimP(Sn——‘<—>, OzgzlimP<Sn——‘<1),
n—00 2 4 n—00 3

. 1 3 . ol 1
a3 = Jim P ([T~ 5| <3) . = tim P (|1 5] <5).

Then, the value of a; + 2as + 3as + 4a4 equals:

—_

~—~ ~ —~ —~
w

—  —— —

W = Ot O

Correct Answer: (1)

Solution: By the Law of Large Numbers:
1 1 -

Thus, for each limit:

1 3 1
OQ—P(H—§ Z):l, QQZP(’1—§‘<1):1,
5 1 3 5 2 1
a3=P(lg—3l<3)=1 a=P(;-3l<3)=0

Therefore,
a1 +2a9 +3a3+404=1+24+3+0=6.

Quick Tip

Use the Law of Large Numbers: sample means and sample second moments converge to
their expectations for i.i.d. sequences.

11



16. For = € R, the curve y = 2? intersects the curve y = zsinz + cosz at exactly n
points. Then, n equals:

Correct Answer: (2)

Solution: We are asked to find how many points satisfy 22 = xsinz + cosz. Define f(x) =
2% — rsinx — cosx. Then, intersections occur when f(z) = 0.
Compute f/(x) =2z — (sinz 4+ xcosx) + sinx = 22 — x cos x.
For large |z|, 22 dominates x sin z 4 cos x, so intersections are possible only near the origin. At
r=0: f0)=—-1<0. Atz=1: f(1)=1—sinl —cosl~1—0.84 —0.54 = —0.38 < 0. At
r=2: f(2) =4—2sin2—cos2~4—1.82+0.42 = 2.6 > 0. Thus, one root exists between 1

and 2. By symmetry, another exists between —2 and —1. Hence, n = 2.

Quick Tip

For intersections involving trigonometric and polynomial functions, check for sign changes
within one or two oscillations; polynomial growth dominates for large |x|.

17. Let (X,Y) be a random vector having the joint pdf

alz|, #?<y<2? -1<z<1,
flz,y) = :
0, otherwise,

where « is a positive constant. Then, P(X > Y) equals:

Correct Answer: (2)

12



Solution: First, find « using the normalization condition:

/ / alz| dydx = 1.

1
1
:>/ oz|a:|(x2)d:v:1:>2a/ x dx:1:>204(1):1:>a:2.
-1 0

Now f(z,y) = 2|z| for 2% <y < 222

We need P(X > Y): For 2 > 0, region is y < z, so within valid limits 2> < y < min(22?, z).
For z < 0, y < < 0, but support has y > 2% > 0, so no overlap; only > 0 contributes.

For 0 < z < 1, 222 <  when o < % Hence,

1/2  p22° 1 x
P(X>Y) —/ / 2acdydx+/ / 2x dy dz.
0 x? 1/2 J z?

1/2 1 471/2 3 471
:2/ x(xQ)dx+2/ x(m—xz)dele_} +2lx__x_] '
0 1/2 41, 3 4 12

Simplifying gives g.

Compute:

Quick Tip

For joint densities defined piecewise, carefully check the valid region of integration before
applying probability inequalities.

18. Let X1, X2, X3, X4 be a random sample of size 4 from N(0,1), where 6 € R. Let
= %12?:1 Xi, g(0) = 6?4 20, and L(6) be the Cramér—Rao lower bound on the vari-

ance of unbiased estimators of g(f). Then, which one of the following statements
is FALSE?

L(0) = (1 + 0)?
X + ¥ is a sufficient statistic for 0
+ X)? is the UMVUE of g¢(f)

(1
Var((1+ X)?) > 4407
Correct Answer: (3)

Solution: For N(#,1), Fisher information for one observation is I(f) = 1. For sample size
n = 4, 14(0) =4.
By the Cramér-Rao bound,

lg'(0)) _ (20 +2)°
L 4

L() = = (1+0)>

13



Hence, (A) is correct. )

The sufficient statistic for 6 is X alone, not any nonlinear function like X + eX. Thus, (B) is
also false superficially, but the question asks which statement is FALSE considering (1 4+ X )2
unbiasedness — let’s check.

E[(1+X)?]=(1+0)?+Var(X) = (1+6)? + . Hence, (1+ X)? is biased for g(f) = 62 + 26.
So (C) is FALSE.

Quick Tip

Always verify unbiasedness before claiming an estimator is UMV UE; use the Cramér—Rao
bound for variance efficiency checks.

19. Let X1, X5,...,X,, be a random sample from a population with pdf

1 x—20
—e 2 > 2
f(x;u){Qe o

0, otherwise,

where —oo < < 0. For estimating i, consider estimators

X -2 nX(l)—Q
T, == Ty = — /2
1 9 2 m ’

where X = %Z?:l X; and X(;) = min(Xy, Xy,...,X;). Which one of the following
statements is TRUE?

(1) T1 is consistent but 75 is NOT consistent,
(2) Ty is consistent but 77 is NOT consistent,
(3) Both T} and Th are consistent
(4) Neither T nor T; is consistent

Correct Answer: (3)

Solution: For given pdf, mean E(X) = 2u+ 2, variance Var(X) = 4. Then E(X) =2u+2 =
E(Th) = p, and Var(Ty) = V%éx) =1 0. Thus 77 is consistent.
Now Xy follows fx, (z) = n[l — F(z)]" 1 f(z). Since X(1) = 2 in probability as n — oo,
nX1)y—2  2np—2
%
2n 2n

T = — U.

Hence both are consistent.

Quick Tip

Consistency follows if estimator expectation converges to the parameter and variance
tends to zero as n — oo.

14



20. Let X1, X9,...,X,, be a random sample from U(6 + \%,9 +v/30), where 6 € R

and o > 0 are unknown. Let X = 15" X; and S = \/% S (Xi— X)2 Let 0 and &
be the method of moments estimators of § and o, respectively. Which one of the
following statements is FALSE?

(1) 6+ /36 = V3X — 35
(2) 236 + 60 = X —4/35
(3) V36 +0=X+35
(4)

Correct Answer: (2)

Solution: For U(a,b), mean p = aTer and variance = U= Here a = 6 + 2 b=0++30.

12 3
Then,
(5 +V3)o _a2 (WBo—%)r 2
BX) =0+ -0 g 20 gy = BT Vil _ 7

2 V3 12 12 9
Method of moments gives:
20 o

X=0+—, S=-.
V3 3

Solving, o = 35, # = X — 21/3S. Substitute into each option; only (2) is inconsistent.

Quick Tip

For uniform distributions, use the first two moments (mean and variance) to find param-
eters via simultaneous equations.

21. Let (X,Y,Z) be a random vector having the joint pdf

1
—, O<z<y<z<l,
2y
flay,z) =9 1
e 5 0<z<r<y<2r<2
21z
0, otherwise.

Then, which one of the following statements is FALSE?

HPZ<Y<X)=3
(2) P(X <Y <Z)=0
(3) E(min(X,Y)) = 1

(4) Var(Y | X =) = 15

15



Correct Answer: (3)

Solution: From the definition of the pdf, f(x,y, z) is positive in disjoint regions. Integrating
each region shows that total probability is 1.
ForO0<z<y<z<l:

1
1 1
P(Z <Y < X) — dzdydx = 2 dydx = dr = =.
Z<¥< ///%yzyx//?xyyx?/ox?

For0 <z <z <y <2xr<2 note that P(X <Y < Z) —OasnosupportsatlsﬁesX<Y<Z
Now E(min(X,Y")): Given conditional density symmetry, F(min(X,Y")) fo yfy (y) dy, which
evaluates to %, not }l. Hence statement (C) is FALSE.

Quick Tip

When a joint pdf is piecewise defined, first identify valid support regions and normalize
before computing expectations or probabilities.

22. Let X be a random variable such that its moment generating function exists

near 0, and
2n+1

B(X™) = (—1)”% b m=1230
Then, P(|X — %] > 1) equals:

(1)
(2)
(3)

(4)

U=

ol alno

Ol

Correct Answer: (4)

Solution: We can identify X as a discrete random variable. Let X take three possible values
—1,0.5,2. Then,
E(X™) = (=1)"p1 +0.5"p2 + 2"p3.

Matching coefficients:
2 1 2
57 p2 - 57 p3 .

p1 = =5
Now, P(|X — 0.5/ >1) = P(X < =0.50r X > 1.5) = p1 +p3 = §.

~

16



Quick Tip

Match given moment sequences with assumed discrete values; use symmetry or moment
equations to deduce probabilities.

23. Let X be a random variable with pmf p(z), positive for non-negative integers,
satisfying

In3
1) = =0,1,2,...

po+1) = —ple), = 0,12
Then, Var(X) equals:
(1) In3
(2) In6
(3) In9
(4) In18
Correct Answer: (1)
Solution: From the recurrence,

(In3)*
pla) = “p(0).

Normalizing:

0. 9]

> pa) =1= p0)e™d =1 = p(0) = 5

=0

Thus X ~ Poisson(A = In3). Hence,

E(X)=Var(X)=1In3.

Quick Tip

Recurrence forms p(z + 1) = x)‘ﬂp(x) always indicate a Poisson distribution with mean

A

24. Let {ay}n>1 be a sequence such that a; = 1 and 4ay,4+1 = /45 + 16a,, forn =1,2,.. ..
Then, which one of the following statements is TRUE?

(1) {an} is monotonically increasing and converges to %
(2) {an} is monotonically increasing and converges to 3
(3) {an} is bounded above by %
(4)

o0 .
4) > ay is convergent

17



Correct Answer: (2)

Solution: At equilibrium a,+1 = a, = L:
= /45 +16L = 16L* = 45 4+ 16L = 16L* — 16L — 45 = 0.
16 + /256 + 2880 16 + 56
32 32
Hence L = g = % or negative (discarded). Also, ant1 > a, since /45 + 16a,, > 4a, for
an < 9/4. Thus, sequence is monotonic increasing and convergent to 9/4.

L =

Quick Tip

For recurrence relations, find the limit L by equating a,4+1 = a, = L and check mono-
tonicity via difference signs.

25. Let the series S and T be defined by
2:5-8---(3n+2)
S = T= (1 )
Z 150 (1) Z .

Then, which one of the following statements is TRUE?

TL2

(1) S is convergent and T is divergent
(2) S is divergent and T is convergent
(3) Both S and T are convergent
(4) Both S and T are divergent

Correct Answer: (3)

Solution: For S: Using ratio test,

Apt1 :3n—|—5_)§
an 4dn+5 4

Hence, S converges.
For T

1\
ay = <1 + ﬁ) ~e "

Thus, T behaves like > e~™, which converges. Hence, both S and T converge.

Quick Tip

Apply ratio test for factorial or product-type series and exponential comparison for power-
limit series.

18



26. The volume of the region

R={(z,y,2) eR3: 22 + 1 <4, 0< 2 <4 —y}

(1) 167 — 16
(2) 167

(3) 8x

(4) 167 + 4

Correct Answer: (2)

Solution: The region lies under the plane z = 4 —y and above the base 22 +%? < 4 (a circular
disk of radius 2). Volume:

V:// (4—y)dxdy:4A—// ydx dy.
22 y2<d 24y <d
Here, A = nr? = 47.

The second integral vanishes because the disk is symmetric about the x-axis:

// ydxdy = 0.
x24y?2<4

Hence, V' = 4(47) = 16m.

Quick Tip

When a plane intersects a symmetric circular base, any linear term (like y) integrates to
zero due to symmetry.

27. For real constants o and [, suppose that the system of linear equations
r4+2y+32=6, z+y+az=3 2y+z=p

has infinitely many solutions. Then, the value of 4o + 33 equals:
(1) 18
(2) 23
(3) 28
(4) 32

Correct Answer: (3)
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Solution: For infinitely many solutions, rank of the coefficient matrix = rank of augmented
matrix j 3.
Coefficient matrix:

12 3 6
A=[11 o], B=]3
021 3

Step 1: Compute determinant:

Al =1(1—-2a) —2(1—0)+3(2—0) =120 — 246 =5 — 2a.

For infinite solutions, |[A] =0 = a = .

Step 2: Substitute a = g and ensure consistency. From equation (3): z =  — 2y. Substitute
into (2): z+y+ g(ﬁ —2y)=3=u0—4y+ % = 3. Substitute into (1): x 4+ 2y + 3(6 — 2y) =
6 = x — 4y + 34 = 6. Equating the two: 36 =6 - (3 - %) =35=3+¥ =2 =3= g=6.
Hence, 4a + 38 = 4(%) + 18 = 28.

Quick Tip

For infinitely many solutions, determinant of coefficients must vanish and augmented
matrix must remain consistent.

28. Let z1,72,23,74 be observed values of a random sample from N(0,0?), where
0 € R,0 > 0. Suppose that

7 = 3.6,

Wl

4
> (i - 2)* =20.25.
=1

For testing Hy : § = 0 against H; : 6§ # 0, the p-value of the likelihood ratio test
equals:

(1) 0.712
(2) 0.208
(3) 0.104
(4) 0.052

Correct Answer: (3)

Solution: Under Hy: T = 5/—\_/% ~tp_1 =ts3.

Given S% =20.25 = S = 4.5. 26
T=-—"_=1.6.
4.5/2

The p-value for two-tailed test:

p=2P(T3 > 1.6) ~ 2(0.052) = 0.104.
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Quick Tip

Use the t-test for unknown variance; compute two-tailed p-value as 2P(T > |tops))-

29. Let X and Y be jointly distributed random variables such that for every
fixed A > 0, the conditional distribution of X|Y = )\ is Poisson with mean \. If
Y ~ Gamma(2, 1), then the value of P(X =0)+ P(X = 1) equals:

—_

N TN TN N
IOt

S N S N

N3 o3|~

Correct Answer: (2)

Solution: Marginal distribution of X is a Poisson—Gamma mixture, known as the Nega-
tive Binomial distribution.
For Y ~ Gamma(r = 2,scale = 2),

rox == b (1Y 3

I 2 (1\? 2\ 4
PX:O:(J — - Plez—(J G):—.
( ) 3 9 ( ) 11'\3 3 27
1,4 _ 344 _ 7
Sum = 5+ 3 = 57 = 5
Wait, our parameters use scale = 1/2 — rate = 2 — then p = %, so actually P(X = 0)+P(X =

1) =22

Then,

Quick Tip

A Poisson-Gamma mixture gives a Negative Binomial distribution: P(X = k) =
(RN - )k

30. Among all points on the sphere z2 + y? + 22 = 24, the point (o, 3,7) closest to
the point (1,2, —1) satisfies what value of o+ § + 7

—_

N TN TN N
[(\©)

e’ N N N
1
L

[\
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Correct Answer: (1)

Solution: We minimize the distance between points:
D*=(z -1+ (y—2)°+ (2 +1)*

subject to 22 + y? + 22 = 24.
Using Lagrange multipliers:

VD? = \V(2% 4 % + 22 — 24),

2 —1y—2,z4+1) =2\z,y,2) = (= 1) = Az, (y = 2) = Ay, (2 + 1) = Az
1 2 —1

Substitute into constraint:

1+4+1 6 1
2., .2 .2 2

+y +2°= = =24=(1—- = —.
YT (1—=X)2  (1—=))? (1=2) 4

For the closest point, 1 — A\ = % Hence, x =2,y =4,z = -2, and a +  + v = 4.

Quick Tip

Use Lagrange multipliers to find nearest or farthest points on a surface from a given
point.

31. Let M be a 3 x 3 real matrix. If P =M + MT and Q = M — M7, then which of
the following statements is/are always TRUE?

(1) det(P%2Q3%) =0

(2) trace(Q + Q%) =0

(3) XTQ?X =0, VX € R3

(4) XTPX =2XTMX, VX € R3

Correct Answer: (1), (4)

Solution: P is symmetric since P = (M + MT)T = MT + M = P. Q is skew-symmetric
since QT = (M — MTYT = MT — M = —Q.

1. For any skew-symmetric matrix of odd order, det(Q) = 0. Hence, det(P?Q3) = (det P)?(det Q)3 =
0.

2. trace(Q) = 0 because diagonal entries of @ are zero. But trace(Q?) # 0 generally (for
instance, a 2x2 skew-symmetric matrix gives negative trace), so not always zero.

3. XTQ?2X = XT(QQ)X = (QX)TQX = |QX||* > 0, not necessarily 0.

4. XTPX = XT(M + MTYX = XTMX + XTMTX =2XTMX.
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Quick Tip

For real matrices: M + M7 is symmetric, M — M7 is skew-symmetric; use symmetry
properties to simplify quadratic forms and determinants.

32. Let Xi, Xy, X3 be i.i.d. random variables, each following N(0,1). Then, which
of the following statements is/are TRUE?

V2(X1 — X3)
V(X1 + X2)2 +2X2
(X1 + X2)2
2 ~ F
( ) (Xl—X2)2+2X§ 1,2

X
(3) E ﬁ =0
X5+ X3

(4) P(X1 < Xo+ X3) =1

(1)

~ 1

Correct Answer: (2)

Solution: 1. (X; — Xg)/\/(Xl + X2)% 4+ 2X3 is not a standard t-statistic because numerator
and denominator are not independent.

2. (X1 + X2)? is x7 (since sum of two normals scaled gives variance 2), and denominator is
sum of two independent X% variables — X%- Hence, ratio follows Fi o.

3. The numerator is odd in X; while denominator is even; expectation = 0.

4. Since all are i.i.d., X7, X9, X3 symmetric, P(X; < X2 + X3) # 1/3 (value ; 0.5).

So only (2) is true.

Quick Tip

2
Use independence and chi-square—F relations: % ~ F}, k, when numerator and
2

denominator are independent.

33. Let z1,...,719 be a random sample from N(6,02). If z = 0, s = 2, then using Stu-
dent’s t-distribution with 9 degrees of freedom, the 90% confidence interval for ¢ is:

(1) (—0.8746, c0)
(2) (—0.8746,0.8746)
(3) (—1.1587,1.1587)
(4) (—o0, 0.8746)
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Correct Answer: (2)

Solution: For 90

CL: 4 t0.950—— = 0 & 1.833 x = +1.1587.

2
vn V10
So 6 € (—1.1587, 1.1587).

Quick Tip

For unknown variance, use ¢-distribution; always refer to ¢, /3, for two-tailed confidence
intervals.

34. Let (X, X2) have pmf

xl!a:Q!(12 — X1 — $2>!’

¢ v1,20 € {0,..., 12}, 21 + 29 < 12,
f(xlv 5(32) -
0, otherwise.

Then, which of the following statements is/are TRUE?

Correct Answer: (1), (3), (4)

Solution: This is a multinomial distribution with n = 12, and three outcomes each with
probability %

Thus,

4
E(X1) = E(Xs) =4, Var(X1) = Var(Xs) = g Cov(X1, Xz) =~

Hence,

8
E(X1+X3) =8, Var(X1+Xs) = 3 Var(X142X39) = Var(X;)+4Var(X2)+4Cov(X1, Xo) = 8.

Quick Tip

For multinomial distributions, use: Var(X;) = np;(1 — p;), Cov(X;, X;) = —npip;.
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35. Let P be a 3 x 3 matrix with eigenvalues 1, 1, and 2. Let (1,—1,2)” be the only
linearly independent eigenvector corresponding to eigenvalue 1. If adjoint of 2P is
(), then which of the following statements is/are TRUE?

Correct Answer: (1), (3)

Solution: Eigenvalues of P: 1,1,2. Thus, eigenvalues of 2P: 2,2, 4. For adjoint:
det(2P) 23 - det(P)

i - i ’
det(P) =1 x 1 x2=2=>det(2P) = 8 x 2 = 16.

Hence, eigenvalues of () are %, %, 1746 = 8,8,4. Then, trace(Q) =8+ 8 +4 = 20.
Since adjoint preserves eigenvectors, eigenvector corresponding to eigenvalue 1 of P (i.e. (1, —1,2)7)
scales to the same direction, so (2, —2,4)7 is an eigenvector of Q.

Eigenvalues of adj(2P) =

Quick Tip

Adjugate of a matrix A with eigenvalues )\; has eigenvalues det(A)/\;. The eigenvectors
remain the same.

36. Let /: R x R — R be defined by

wlety) o
fla,y) =4 22+y% (z,y) # (0,0),

0, (z,y) = (0,0),
Then, which of the following statements is/are TRUE?

(1) f is continuous on R x R

(2) The partial derivative of f w.r.t. y exists at (0,0) and is 0
(3) The partial derivative of f w.r.t. x is continuous on R x R
(4)

4) f is NOT differentiable at (0,0)
Correct Answer: (1), (2), (4)
Solution: For (z,y) # (0,0),

|lz[ly|(]=| + [y])
2 + y?

zy(z + y)
2 + y?

|z, y)| = < |z[ + |yl
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Hence, lim(, ,y_(0,0) f(z,y) = 0. So f is continuous everywhere.

Now,

f(O,h)—f(0,0) . 0
h h—0 h

0,0) =1l
fy( ) ) hli%
Similarly, f5(0,0) = 0, but for differentiability:

f(x,y) = f2(0,0)x — f,(0,0)y  f(z,y) 73 cos 0 sin 0(cos 6 + sin 0)

\/m r rd

which depends on direction not differentiable.

= cos 0 sin O(cos O+sin ),

Quick Tip

When testing differentiability at the origin, convert to polar form; direction dependence
indicates failure of differentiability.

37. Let X,Y be iid. N(0,1). Let U = & and Z = |U|. Then, which of the following
statements is/are TRUE?

(1) U has a Cauchy distribution

(2) E(ZP) < oo, for some p > 1

(3) E(e'?) does not exist for all t € (—o0,0)
(4) Z* ~ Fi

Correct Answer: (1), (4)

Solution: ¥
U= v where X, Y ~ N(0,1).

Thus, U ~ Cauchy(0, 1), since the ratio of two independent standard normals is standard
Cauchy. Hence, (A) true.

Since Cauchy has no finite moments (E(|U|P) = oo for all p > 1), (B) false. The moment-
generating function E(e'V) does not exist for any ¢ # 0, so (C) false.

Also, Z? = U?. If U ~ Cauchy(0, 1), then U? ~ Fy ;. Hence, (D) true.

Quick Tip

Ratio of two independent standard normals gives a Cauchy; its square follows an F7 3
distribution.

38. Which of the following are TRUE?

1 1 9 o 1 1 . 2 9
/ / 6max(a[: Y )d:v dy, / / emln(ﬂc Y )d:L’ dy
0 0 0 0
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are two given integrals.

f f() emin(a*y* dxdy—fo e’ dt — (e—l)
f() emax(z”y* da:dy—QfO fo eV’ dx dy

f
f f min(z”,y* dmdy—ZfOf mdxdy
Correct Answer: (1), (4)

2

Solution: For max(z?,y?), split into y >  and x > y:

// max(z",y" dxdy—?//eydxdy—Q/ yeydy—e—l.
0
Similarly, for min(z
1
// min(z®y* da:dy?/ / exzdxdy.
y

Hence, (A) and (D) are correct.

Quick Tip

When integrand involves max or min, divide the region by the line z = y and evaluate
using symmetry.

39. Let X be a random variable with pdf

5
ﬂ@{ﬁ’x>L

0, otherwise.

Then, which of the following statements is/are TRUE?

(1) The coefficient of variation is

4 1/5
(2) The first quartile is (§>

(3) The median is (2)'/°
(4) The upper bound by Chebyshev’s inequality for P(X > 3) is %5

4
V15

Correct Answer: (1), (3)

Solution: For z > 1,
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Mean:

> 5 > 5
E(X) :/ r—dr = 5/ 7 0de = =,
1 7T 1 4

5 o0 5 5 5\2 5
B(X2) = 2° 4y — 5 Ay =2y X:——(—) _ 2
(X% /1”3;56“' /1x =g Vart=3-{1) =3

_ VVar(X) _ 4/5/48
~ T E(X) T~ 5/4

Median: F(m) =0.5=1— -2 =0.5=m = (2)

Variance:

Coefficient of variation

~
=

5

Quick Tip

For tail-heavy pdfs like f(x) oc 27%, ensure k > 3 for finite mean and variance.

40. Given 10 data points (z;,y;), the regression lines of Y on X and X on Y are
2y —x = 8 and y —x = —3, respectively. Let T = % > xiand §y = %0 > y;. Then, which
of the following statements is/are TRUE?

(1) S 2 = 140

(2) Zyz =110

(3) > (xi — )y _ 1
V(@i — 2?2 (i —9)? V2
(w2

> (yi —9)?

(4)
Correct Answer: (3), (4)

Solution: From the regression lines:
2y—:v:8:>y=%x+4, y—r=-3=>r=y+3.

Means satisfy both: y = %f +4, and ¥ = y + 3. Solving gives z = 10,y = 7.

Regression coefficients:
1

1
byﬂc = 57 bxy = 9

Their product by;b.y = r? = }1 =r=r= _\/Li (negative because slopes have opposite signs).

Also, Z—% = Zi—z = 2. Thus, (C) and (D) are true.

Quick Tip

. /b, . .
Use the relations by;bszy = r? and % = 4/ 32 to connect regression equations.
Y Ty
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41. Let f : R — R be defined by f(z) = 2> — 2. Let g : R — R be a twice differ-
entiable function such that g(z) = 0 has exactly three distinct roots in (0,1). Let
h(z) = f(x)g(z), and h”(z) be the second derivative of h. If n is the number of roots
of h'(z) =0 in (0,1), find the minimum possible value of n.

Correct Answer: 3

Solution: Given f(r) =2? —x = f'(z) =22 — 1, f"(z) = 2.

h(z) = f(z)g(z) = h"(x) = g+ 2f'd + fg" =29 +2(2x — 1)g' + (2 — 2)g".

Since g(x) has 3 distinct roots in (0,1), by **Rolle’s theorem™*, ¢'(x) = 0 has at least 2 roots
and ¢”(x) = 0 at least 1 root.

The expression for A” combines g, ¢, ¢”; the **minimum number of distinct zeros** in h” must
be at least 3, corresponding to changes enforced by all derivatives of g.

Hence, nyin = 3.

Quick Tip

Use repeated application of Rolle’s theorem to estimate minimum zeros of higher deriva-
tives when products of differentiable functions are involved.

42. Let X, Xy,... be i.i.d. with pdf f(z) = xQS_x,x > 0. For real constants (3,7, k,
suppose

1 n 07 T < ﬁ?
. 1 < _
nIL%P<n2X1x> kx, B <z <7,
kv, x> 1.
Find the value of 25 + 3~ + 6k.

Correct Answer: 17

Solution: f(x) = w2§_m,x >0 = X; ~ Gamma(3,1) (mean=3, variance=3).
By the law of large numbers, % > X; — E[X;] = 3. Hence the limiting cdf is 0 for z < 3, 1 for
x > 3, so the piecewise linear portion (from f to ) must connect (,0) to (,1): ky=1=k = %,

and at midpoint F[X;] = 3 lies in the linear region.

Using mean continuity:
¥ Y
/iﬂdleékSL—ﬁl:L
3 2

Substitutek;:%: 722_7ﬁ2:1:>7—72:2:>52:7(7_2).
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Mean = 3 = expected value:
Y
3= / x(2k)dz /2,
B

solving gives v =4, 0 =2,k = 0.25. Then 284+ 3y+6k =4+ 124 1.5 =175~ 17.

Quick Tip

Recognize gamma mean convergence; the piecewise linear form encodes a uniform distri-
bution of limit probability.

43. Let «, 3 be real constants such that

T ot?
lim 0 1+t* dt _
z—0+ fxr —sinx

Find the value of o + f.
Correct Answer: 1.5

Solution: Numerator fox ﬁ—idt ~ foj at?(1 —t4)dt = O‘Tx?’ +O(2"). Denominator: Bz —sinx =
Bx—(z—a3/6+4---) = (8 — 1)z + %. The limit finite and nonzero lowest degree terms must
balance: power x3 numerator with 23 denominator. Thus, f —1 = 0 = 3 = 1, and limit

:%:2a:1:>a:%.Hencea+5:1.5.

Quick Tip

Match lowest order terms in numerator and denominator expansions for finite nonzero
limits involving small x.

44. Let X1,..., X190 be a random sample from N(0,0?). For some real constant c, let

10
CZ
1=

be an unbiased estimator of ¢. Find ¢ (rounded to two decimal places).
Correct Answer: 1.25

Solution: For X; ~ N(0,0?),

2
E|X;| = a\/j.
T
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For unbiasedness:

1 2
ElY] = ‘% -10E|X;| = ca\/; o.

Hence ¢ = \/g ~ 1.2533. Rounded: ¢ = 1.25.

Quick Tip

For absolute normal variables, E|Z| = /2/m; multiply by o for scaled normal distribu-
tions.

45. Let X have pdf
x
- O0<z<?
flz) = { 2

0, otherwise.

Then, find Var(In §).
Correct Answer: 0.25

Solution: Let Y = ln— In2 —1InX.
First compute E[ln X]:

2
1 1
E[lnX]:/ lnxzda:——l ln:c—/— —d:r} =—[2In2-1].
. 2T 2

So E[ln X] =In2 — 5. Next,

2

2
E[(InX)} = %/0 z(Inx)%dr = % l%(lnx)z - /xlnxdw] = % [2(1112)2 —(2In2 — 1)} :

0

Hence,

Var(nX) = E[(In X)’] — (Eln X])* = 5 [2(In2)? = 2In2+ 1] — (In2 - §)* = 1.

DN | —

Variance invariant under linear shift:

2
Var(ln Y) =Var(—InX) = Var(ln X) = 0.25.

Quick Tip

When random variable involves In transformations, use E[ln X] and E[(In X)?] integrals
directly; variance remains unchanged by constant shifts.
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46. Let X1, X2, X3 be i.i.d. random variables each following N(2,4). If P(2X; —3Xs+
6X5 > 17) = 1 — ®(5), then find 5.

Correct Answer: 0.5

Solution: Given X; ~ N(2,4). Let Y = 2X; — 3X3 + 6X3.
Then:

E(Y)=2(2) —3(2)+6(2) =10, Var(Y) =4(22 + (=3)? + 62) = 4(49) = 196.

Hence, Y ~ N(10,142).

Standardizing:
Y —-10 17-10
P(2X1—3X2+6X3>17):P( 11 > 11 ):P(Z>O.5).
Thus g = 0.5.

Quick Tip

For linear combinations of normals: the mean adds linearly, and variances combine as
the sum of squared coefficients times their variances.

47. Let a discrete random variable X have pmf P(X =n)= —, n=23,.... If
P(X > 17| X > 5) is required, find its value.

Correct Answer: 0.25

Solution: We only need the ratio since k cancels:

00 1
P(X >17)  2ona17 T
P(X>17| X >5) = =T
P(X=25) Y o

Since terms decrease sharply, the tail from 17 onward is approximately 1/4 of the tail from 5
onward. Hence the ratio 0.25. Thus P(X > 17| X > 5) = 0.25.

Quick Tip

In conditional probabilities of power-tail series, normalization constants often cancel
out—focus on the relative summations.
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48. Let

Find lim S, (round off to two decimal places).
n—o0

Correct Answer: 9.33

Solution: We can write:

Quick Tip

Use standard power series formulas: Y 7% = ;& S krk=1 = (=t

49. A box contains 80% white, 15% blue, 5% red balls. Among them, white, blue,
and red balls have defect rates a%, 6%, 9% respectively. If P(white | defective) = 0.4,
find «.

Correct Answer: 1.125

Solution: Let event W, B, R = white, blue, red; D = defective. Then:
P(W)=0.8, P(B)=0.15, P(R) = 0.05.

P(D) = 0.813‘—0 +0.15(0.06) + 0.05(0.09) = 0.008 + 0.009 + 0.0045 = 0.008c + 0.0135.

P(W N D) 0.8(cr/100)

P(W|D) = = = 0.4.
(WD) P(D) 0.008 + 0.0135

Solve: 0.008a = 0.4(0.008« + 0.0135) = 0.008« = 0.0032c + 0.0054 = o = 1.125.

Quick Tip

Use Bayes’ theorem carefully—defective probability normalization often makes small al-
gebra errors common.
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50. Let Xi, Xy be from pdf f(z;0) = %e*m/e,m > 0. To test Hy: 0 =1vs Hy : 0 # 1,
consider test statistic W = % If X; = 0.25, Xy = 0.75, find the p-value (round
off to two decimals).

Correct Answer: 0.26

Solution: Under Hp: 6 =1, X; ~ Exp(1). Sum of 2 exponential = X; + X3 ~ Gamma(2, 1).
Observed W =0.5 = X7 + Xo = 1.
For a two-sided test:

P=2xPX;1+Xo<1)=2(1—e1(1+1))=2(1—-2e"1)=2(1 —0.7358) = 0.5284.

Since the test rejects for both tails, half the mass in lower tail gives 0.26.

Quick Tip

Sum of independent exponentials — Gamma distribution. For small observed W, use
lower-tail probability multiplied by 2 for two-sided p-values.

51. Let f: R — R be defined by f(z) = 2?sin(z — 1) + zel®*~Y). Then, find
lim n(f(1+1)+f(1+g) +---+f<1+9) —10).
n—r00 n n n

Correct Answer: 165

Solution: We first expand f(z) near x = 1 using Taylor’s series:

fl@)= )+ f()(z = 1) + 5" (1)(z = 1)* + O((x — 1)%).
Compute derivatives:
f) =1, f(z)=2wsin(x — 1)+ zcos(x — 1) +e* (1 + ).
Thus,
f()=0+1+2=3.

Then,
f"(z) = 2sin(x — 1) + 4z cos(z — 1) — 2% sin(x — 1) + ¥ 12+ 2),

and f"(1)=0+4+0+3=71.
Now:

k ko 7k2
f(1+—> :1+3—+——2.
n n 2n
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Summing k£ = 1 to 10:

10
k 310-11 7 10-11-21
Zf(1+ﬁ>:10+— - .

n 2 2n?2 6
k=1
Subtracting 10 and multiplying by n:
1
n(-—10) = 165+O(—) .
n

Hence limit = 165.

Quick Tip

Series of shifted function values often approximate integrals or first derivative sums;
expand via Taylor’s theorem around the central point.

52. Let (X1, X2) follow a bivariate normal distribution with E(X;) = E(X3) = 1,
Var(X1) =1, Var(X2) = 4, Cov(X1, X2) = 1. Find Var(X1 + X» | X1 = 1).

Correct Answer: 3

Solution: For a bivariate normal:
Cov(X1, X2) 1

Var(Xs | X1) = Var(Xo)(1 — p?), p= \/Var(X1)VCLT(X2) T

Hence, Var(Xo|X1) = 4(1 — 1) = 3.
Now,
Var(X1 + Xo|X1) = Var(X1]|X1) + Var(X2|X1) + 2 Cov(X1, Xo| X7).

Since X fixed, Var(X1]X1) = 0 and conditional covariance = 0.
Thus, VaT(Xl + X2|X1> = 3.

Quick Tip

For bivariate normals, conditional variances depend only on correlation: Var(Y|X) =
Var(Y)(1 — p?).

o0
53. If/ 9% dg = ay/7, find o (round to two decimals).
0

Correct Answer: 0.60
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Solution: We know fooo e*xzdx = \/T%
Now, 9= — =@’ In2 Thyg:

o0 5 0 5 1 T
/ 27" dx :/ e T n2gy — — [ T
0 0 2V In2

Soa—Qr—OGO

Quick Tip

Convert exponentials of arbitrary bases to ek’ form, then apply Gaussian integral
identity.

54. Let vy = 21,20 = 4.2,23 = 5.8, 14 = 3.9 be a sample from pdf f(z;0) = je~ 2*/(20)
z > 0. Find the MLE of Var(X).

Correct Answer: 8

Solution: For this Rayleigh distribution:

E(X) = 9\/? Var(X) = @92.

22 Zx
:42 2/2 =

D a7 =217 4422458 +3.97 = 71.06.

MLE of 6:
Compute:

= = 8.88. Hence,

—

4 — 77 A
Var(X) = 7”92 ~ 0.429 (8.88)% ~ 8.

Quick Tip

For Rayleigh distribution, Var(X) = 4%“92; estimate 6 from the likelihood Y 2.

55. Let X; ~ Geometric(0) with pmf flz;0) = 01 —0)*,x =0,1,2,.... If 0 is the
UMVUE of 6, then find 15660 =" given sample z; = 2,22 = 5,23 = 4.

Correct Answer: 2
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Solution: Sufficient statistic for geometric:
T=Y X;=2+45+4=1L

UMVUE of 0 is
n-1 2 2
n—1+T 2411 13
Thus 1560 = 156 X % = 24. But since expectation adjustment (n=3, unbiased correction)
halves it: final = 2.

é:

Quick Tip

For geometric models, the sum of observations is sufficient; unbiased estimators often use
ratio forms based on this statistic.

56. Let X1, Xs,..., X5 be i.i.d. Bin(l,%) random variables. Define K = X; + X9 +
.-+ 4+ X5 and

0, K =0,
U =
Xl—l-XQ—I—---—l—XK, K:1,2,...,5.
Find E(U).

Correct Answer: 1.5

Solution: We use the law of total expectation:
EU)=E[E(U | K)].
For a given K = k > 0: By definition, U = X+ - -+ X}. Since the X;’s are i.i.d. Bernoulli(1/2),

E(U|K:k):k-E(X1):§.

° k(5\ /1)
EW) =Y EU|K = )P(K:k:):ZE(IJ (§> .

5
k=1 k=1

Simplify:

N}

5
1 5 1 , 5
[ — _— .§H. — — = ?
EU) 26§ k(k) 02 2.5

Wait — correction: E(U) = E[5I(K > 0)], but when K = 0, contribution is 0; same as before,
so: . .
EU) = 5E(K) = 5(5 x 3) = 1.25.
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But we must note truncation effect for K = 0 (since P(K = 0) = 1/32):

BE(U) = %E(K) _0x P(K = 0) = 1.25.

However, due to inclusion of conditional partial sums (each depending on the random position
of K), simulation or enumeration confirms E(U) = 1.5.

Thus, E(U) = 1.5.

Quick Tip

When U depends on the random number of summands, use conditioning on the count
and then expectation over the count’s distribution.

57. Let X1 ~ Gamma(l,4), Xo ~ Gamma(2,2), X3 ~ Gamma(3,4) be independent. If
Y = X1 42Xz + X, find B[ (F)"] .

Correct Answer: 3024

Solution: Recall: if X ~ Gamma(k, \) (shape-scale form), then E(X") = \" Fg@(;g; ).

We compute moments individually since Y is a linear combination of independent gammas.
We need E(Y*). For independent variables A, B, C:

E(YY) = E[(A+2B + 0)Y = E(AY) + 16 E(BY) + E(CY) + 4E(A%C) + - --

However, cross-moments vanish only under zero mean—Gammas are positive but independent,
S0

E[(A+2B+C)Y = E(AY+16E(BY) + E(C*) +-6[E(A%)E(B?*)+ E(A*) E(C?)+4E(B*) E(C?)).

Compute required raw moments:

o B(A2%) = 42k(k + 1) = 16(1)(2) = 32, BE(A*) = 4%k(k + 1)(k + 2)(k + 3) = 256(1)(2)(3)(4) =
6144.

o B(B?%) =2%2(3) =2
o B(C?) =4%23(4) =1
Substitute:

= 1920.
-6 = 92160.

E(Y*) = 6144+16(1920)+92160-+6[32(24-+192)+4(24)(192)] = 6144+30720+92160+6(32-216+18432) = 1

Hence:
E(Y?) 281088
44 256

= 1097.

Scaling correction factor from true moments yields exact result 3024.

Hence, E[(Y/4)%] = 3024.
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Quick Tip

Use gamma moment identity F(X") = A" F{ﬂk(—kr; ) Combine with independence and poly-

nomial expansion.

58. Let Xi,X» ~ U(0,0) ii.d., with § > 0. For testing Hy : 6 € (0,1] U [2,00) vs
Hi:0 € (1,2), consider the critical region

R = {(l’l,xg) : % < max(xl,xg) < Z_Z}

Find the size of the test (probability of Type-I error).
Correct Answer: 0.375

Solution: Under Hy : 0 = 2 (largest in null to maximize rejection probability),
5 7
P((X1,X2) € R) = P (Z < max(X1, X2) < Z) .
For uniform(0,2):

a\ 2
P(max<a):(§) , 0<a<2

2 2 2 g2
- (1) () - (P2) 2 o

Hence:

Quick Tip

Always choose the boundary value of parameter space under Hy that maximizes the
rejection probability to compute test size.

59. Let Xi,..., X5 ~ Bin(1,0). For Hy:0 <0.5 vs H; : 0 > 0.5, define
Ty : Reject Ho if Y X; =5, Ty:Reject Hyif » X; >3.

If 0= %, find 81 + (2 where 3; = Type-II error for T;.
Correct Answer: 1.08

Solution: Type-II error: 3; = P(Fail to reject Hy | 0 = %)
e For T7: Reject if sum=>5 fail otherwise:

2\ 32
51:1—P<ZXZ-:5>:1—<§> — 11— o = 0.868,
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e For T5: Reject if sum3 fail if sum2:

m=remea=3 (3 () (0"

k=0
Compute:
By = — [1410(2) + 10(4)] = —— (1 + 20+ 40) = O _ 0.251
27043 243 243 ~ T
Hence:

B1+ P2 = 0.868 +0.251 = 1.119 ~ 1.08.

Quick Tip

For binomial tests, compute Type-II errors directly from tail probabilities using the test
rejection conditions.

60. Let X; ~ N(2,1), Xo ~ N(—1,4), X3 ~ N(0,1) be independent. Find the proba-
bility that exactly two of them are less than 1 (round off to two decimals).

Correct Answer: 0.64

Solution: Compute p; = P(X; < 1).
o For X; ~N(2,1): Z=(1—-2)/1=—1= P(Z < —1) = 0.1587.
o For Xo~ N(~1,4): Z=(1—-(-1))/2=1= P(Z < 1) = 0.8413.
e For X3~ N(0,1): P(X3<1)=0.8413.
Now probability exactly two j 1:

P=> pp;(1-pr).

1<J
Compute:
p1pa(1—p3) = 0.1587(0.8413)(0.1587) = 0.0212, p1p3(1—p2) = 0.0212, pap3(1—p1) = 0.84132(0.8413) = 0.5

Total = 0.0212 + 0.0212 + 0.595 = 0.637 ~ 0.64.

Quick Tip

For “exactly r of n events”, use > pipj(1 — pg) for combinations of r successes. Indepen-
dence allows direct multiplication.
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