
Test Code MS (Short answer type) 2011

Syllabus for Mathematics

Permutations and combinations. Binomial and multinomial theorem.

Theory of equations. Inequalities.

Vectors and vector spacs. Matrices. Determinants. Solution of linear

equations.

Trigonometry. Co-ordinate geometry.

Geometry of complex numbers and De Moivre’s theorem.

Elements of set theory.

Convergence of sequences and series. Functions. Limits and continuity

of functions of one or more variables. Power series.

Differentiation. Leibnitz formula. Maxima and minima. Taylor’s theo-

rem. Differentiation of functions of several variables. Applications of differ-

ential calculus.

Indefinite integral. Fundamental theorem of calculus. Riemann integra-

tion and properties. Improper integrals. Double and multiple integrals and

applications.

Syllabus for Statistics

Probability and Sampling Distributions: Notions of sample space

and probability. Combinatorial probability. Conditional probability and in-

dependence. Random variables and expectations. Moments and moment

generating functions. Standard univariate discrete and continuous distribu-

tions. Joint probability distributions. Multinomial distribution. Bivariate

normal and multivariate normal distributions. Sampling distributions of

statistics. Weak law of large numbers. Central limit theorem.
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Descriptive Statistics: Descriptive statistical measures. Contin-

gency tables and measures of association. Product moment and other types

of correlation. Partial and multiple correlation. Simple and multiple linear

regression.

Inference: Elementary theory of estimation (unbiasedness, minimum

variance, sufficiency). Methods of estimation (maximum likelihood method,

method of moments). Tests of hypotheses (basic concepts and simple appli-

cations of Neyman-Pearson Lemma). Confidence intervals. Inference related

to regression. ANOVA. Elements of nonparametric inference.

Design of Experiments and Sample Surveys: Basic designs

(CRD/RBD/LSD) and their analyses. Elements of factorial designs. Con-

ventional sampling techniques (SRSWR/SRSWOR) including stratification.

Ratio and regression methods of estimation.
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Sample Questions:

1. Let An×n =



a b b · · · b

b a b · · · b

b b a · · · b
...

...
...

. . .
...

b b b · · · a


, where a 6= b and a + (n − 1)b = 0.

Suppose B = A + 11′

n , where 1 = (1, 1, . . . , 1)′ is an n × 1 vector.

Show that

(a) B is non-singular.

(b) AB−1A = A.

2. A real valued function f is called lower semi-continuous at a real

number x0 if for every ε > 0, there exists a δ > 0 such that for all

x ∈ (x0 − δ, x0 + δ), f(x) ≥ f(x0) − ε. The function f is called lower

semi-continuous if it is lower semi-continuous at every real number x0.

(a) Show that every real valued continuous function f is lower semi-

continuous.

(b) If f and −f both are lower semi-continuous, show that f is con-

tinuous.

(c) Define the function f as

f(x) =


0, x < 0

a, x = 0

1, x > 0

.

Is there any value of a for which f will be lower semi-continuous?

Justify your answer.

3. Suppose there are n boxes labelled 1, 2, . . . , n and n balls labelled

1, 2, . . . , n. Balls are placed at random in the boxes. Let X be the

number of empty boxes. Find E(X) and Var(X).
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4. Suppose that X1,X2, . . . are independent and identically distributed

d-dimensional normal random vectors. Consider a fixed x0 ∈ Rd and

for i = 1, 2, . . . , define Di = ‖Xi−x0‖, the Euclidean distance between

Xi and x0. Show that for every ε > 0,

P

[
min

1≤i≤n
Di > ε

]
→ 0 as n → ∞.

5. Consider a set of n observations {x1, x2, . . . , xn} with mean x̄ and

variance s2. When a new observation xn+1 is added to this set, the

mean decreases, but the variance remains the same. Express xn+1 in

terms of n, x̄ and s2.

6. Consider one way ANOVA model

E(yij) = µ + τi, i = 0, 1, 2, 3, 4; j = 1, 2, . . . , ni.

It it is known that n0 + · · · + n4 = 18 and we want to estimate the

pairwise differences τ0 − τi for i = 1, 2, 3, 4, which of the following

strategies will you choose and why?

(a) n0 = 14, n1 = n2 = n3 = n4 = 1.

(b) n0 = 10, n1 = n2 = n3 = n4 = 2.

(c) n0 = 6, n1 = n2 = n3 = n4 = 3.

(d) n0 = 2, n1 = n2 = n3 = n4 = 4.

7. An ecologist collected data on pea plants in different fields. Given a

field of area x, the number of pea plants Y in the field is modelled as

Poisson with mean βx. Based on n observations {(xi, yi), 1 ≤ i ≤ n},
compute

(a) the maximum likelihood estimate of β,

(b) the estimate of β by minimizing
n∑

i=1
(yi − βxi)2.
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Compare the two estimators in (a) and (b) in terms of their bias and

mean square error.

8. Consider the problem of testing

H0 : f(x) =
1

π(1 + x2)
vs H1 : f(x) =

1
2
e−|x|

based on a single observation X with density f(x). Calculate the power

of the most powerful test of size α.

9. Consider observations on three variables X1, X2 and X3. Suppose that

X1 is regressed on X2. When the residual of the above regression is

regressed on X3, the regression coefficient of X3 is β3. When X1 is

regressed on X2 and X3 simultaneously, the regression coefficient of

X3 is β∗
3 .

(a) Show that |β3| ≤ |β∗
3 |.

(b) When does the equality hold in (a)?

10. The following describes summary statistics for performance in exam-

ination of a random sample of 50 students from a population of 250

students of a certain school.

Passed in English Failed in English

Passed in Mathematics 23 17

Failed in Mathematics 3 7

(a) Find an estimate of the percentage of students failing in exactly

one subject, and also find an unbiased estimate of its variance.

(b) If it is further known that overall 202 students have passed in

Mathematics, how will you modify the estimate of the percentage

in (a) above?

* For more sample questions, visit http://www.isical.ac.in/∼deanweb/MSTATSQ.html

5


