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TEST OF MATHEMATICS AT THE 1042 LEVEL

Indian Statistical Institute

The Indian Statistical Institute is a pioneer in objective type testing in India, and, for almost
seven decades, has used this medium for selecting candidates for admission to its courses at
various levels. The B.Stat. (Hons.) course, for which the admission requirement is successful
completion of Higher Secondary (10+2) examinations, attracts thousands of applicants, from
whom a few are selected on the basis of written and oral tests on Mathematics. In response to
) growing demand from students and teachers for access to these tests, the Institute published
for the first time, early in 1992, a collection of questions of the B.Stat. (Hons.) admission
tests of the preceding sixteen years. In succeeding editions, tests given in the later years
were added and the material reorganised. In this sixteenth edition, question papers of the
B.Stat. (Hons.) and B.Math. (Hons.) admission tests of 2007 to 2011, and those of the
common B.Stat.(Hons.) and B.Math.(Hons.) admission tests of 2012 to 2016 are included.
The questions in this collection cover a wide range of difficulty levels — from the very
simple to challenging levels. They contain both Multiple-Choice and Short-Answer types of
questions. They cover the range of topics found in the curricula of most Boards. The topics

covered are:

* Arithmetic

* Set Theory

* Interpretation of Tables and Charts

* Logical Reasoning ;

* Algebra (Number Theory, Permutations, Combinations and the Binomial Theorem,
Logarithms, Simultaneous Linear Equations, Inequalities, Solution of Equations, Se-
ries, Complex Numbers)

* Geometry (Euclidean Geometry, Coordinate Geometry — lines, circles, conic sections,
polar coordinates, — Locus of a Point, Three-Dimensional Geometry)

* Trigonometry (Identities, Solution of Trigonometric Equations, Heights and Distances,
Sine & Cosine Formulza for Triangles)

* Calculus (Sequences, Functions, Limits, Continuity, Derivative, Maxima & Minima,
Definite Integrals, Primitives, Methods of Integration, Evaluation of Areas and Vol-
umes using Integration)

* Mensuration

These questions can be used by Class XI and XII students to test their comprehension
and skills in Mathematics and as a help in the process of learning Mathematics. It is
expected that they will be better prepared to face the innumerable competitive and other
examinations they have to take during and after school/junior college.
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FOREWORD

Tl_1e Indian Statistical Institute, founded by Professor Prasanta Chandra Maha-
lanobis, grew out of the Statistical Laboratory, set up by him in the Presidency
College in Calcutta. In 1932 the Institute was registered as a learned society for the
advancement of Statistics in India. The Institute has been offering formal courses
in Statistics leading to certificates and diplomas since the late thirties. Post-M.Sc.
advanced courses in Statistics were started in the late forties. In 1959, in recognition
of the role of Statistics as a key technology of the modern times and the importance
of the Institute in the development and application of Statistics, the Parliament of
India enacted the Indian Statistical Institute Act, declaring the Institute to be an
Institution of National Importance and empowering it to award degrees and diplomas
in Statistics. The B.Stat.(Hons.) and the M.Stat. degree programmes in Statistics,
and research programmes leading to the Ph.D. degree were introduced in the Insti-
tute following the enactment of this Act. Subsequently M.Tech. degree courses in
Computer Science, and Quality, Reliability and Operations Research were introduced.
The Institute also conducts a variety of courses for Diplomas and Certificates.

Admissions to all these courses are based on academic records, performance in
a test and, for most of the courses, also on an interview. The admission test forms
an important component of the selection procedure. The courses of the Institute,
especially the B.Stat.(Hons.) course, attract a large number of applicants from all
over the country and admission tests are held every year in about 20 centres across
the country, involving thousands of applicants. A majority of these tests are of the
Muttiple-Choice type, which makes it possible for the Institute to complete the task of
selection of candidates in a short time. Short-Ar_lswer type of questions are also used,
especially for courses, where the number of applicants is few, and conventional “essay
type” of tests are sometimes used. The Instntpte is a pioneer in India in Multiple-

hoice type of testing and has been engaged in the development of such tests and
their use, and in research in Psychometry since the fifties.

Professor P.C.Mahalanobis, who had a major role in the Institute’s pioneering
work in objective testing and psychometric research in India, had desired that a
question bank consisting of a large number of questions on each topic for each major
examination be organised, from which questions for a given test could be drawn
according to the requirements of difficulty level and coverage. He believed that such
a bank would also help in standardising tests and scores thereof. Although this
booklet is neither intended to be such an item bank nor large enough to be one such,
it fulfils the late Professor Mahalanobis’ desire to a certain extent. It is a happy
coincidence that this booklet is published on the eve of his birth centenary, which the

Institute will start celebrating from December 1992.

(vii)



Over the years, there has been a demand from candidates, students and teachers
for access to these tests, since, generally, the test booklets are taken back from the
candidates at the end of the tests. In response to this growing demand, the Institute
has now decided to publish a collection of questions from the past tests. This booklet
contains the questions given at the B.Stat.(Hons.) admission tests in the last sixteen
years. Besides being useful for candidates aspiring to join the B.Stat.(Hons.) course,
we believe that they can be used by Class XI and XII students to test their skills in

Mathematics. I do hope that this booklet will contribute to the process of learning
Mathematics at this level. '

These questions have been collated, checked, edited and prepared in camera-ready
form by a team of the Institute’s staff consisting of

e A.K.Adhikari e T.Krishnan e J.Mathew
e D.Roy e K.K.Roy e S.M.Srivastava

I would like to record my appreciation to them, on behalf of the Institute.

Calcutta J.K.Ghosh
December 1991 Director

Indian Statistical Institute



PREFACE TO THE FIRST EDITION

The questions in this booklet cover a wide range of difficulty levels— from the
very simple to challenging levels. They cover the range of topics found in the curric-
ula of most Boards. The topics covered are: Arithmetic, Set Theory, Interpretation
of Tables and Charts, Logical Reasoning, Algebra (Number Theory, Permutations,
Combinations and the Binomial Theorem, Logarithms, Linear Equations, Matrices,
Solution of Equations, Series, Inequalities, Complex Numbers), Geometry (Euclidean
Geometry, Coordinate Geometry— lines, circles, conic sections, polar coordinates—
Locus of a Point, Three-Dimensional Geometry), Trigonometry (Identities, Solution
of Trigonometric Equations, Heights and Distances, Sine & Cosine Formula for Tri-
angles), Calculus §Sequences, Functions, Limits, Continuity, Derivative, Maxima &
Minima, Definite Integrals, Primitives, Methods of Integration, Evaluation of Areas
and Volumes using Integration) and Mensuration. The questions are arranged topic-
wise (approximately) and within a topic arranged in order of difficulty from easy
to hard, according to our judgement of difficulty. Of course, a particular candidate
may find a ‘hard’ question easy and may struggle over what we thought was an easy
question! Also, unique classification of a question under a topic may not always be
feasible. Many questions involve ideas and terms from more than one topic; for in-
stance, a question on maxima using Calculus techniques, may relate to trigonometric
functions. Such questions have been classified under the topic in which the central
idea and the method of solution rest. Further, it is quite possible that a student solves
a question posed under one topic, using the techniques of another; for instance, one
may solve a problem posed in the language of geometry using calculus. Thus both
the ways of arrangement— topic-wise and difficulty-wise—are subject to these lim-
itations. The first section presents the multiple-choice questions. The next section
provides the correct alternatives (k_ey) to the multiple-choice questions. Candidates
are advised not to use this key until after they have made all attempts to work out
the correct alternative to a question. The last section presents the Short-Answer type
of questions. . ) ) _ )

A great deal of care has been taken to eliminate mistakes in the questions and in
the alternatives provided. However, a few mistakes may still remain. We hope that
we shall discover them before the next edl_tlon. _ ‘ .

We would like to express our appreciation to Shri Ranjan Bhattacharyya and Shri
Subhasish Kumar Pal for help in transcription of the material for computer processing

and to Shri R.N.Kar for help with his expertise in ETEX.

Calcutta Editors

December 1991
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PREFACE TO THE SIXTEENTH EDITION

The multiple-choice and short-answer type tests for B.Stat. (Hons.) and B.Math.
(Hons.) admission in 2007-16 have been included in the sixteenth edition.

The Editorial Committee consists of the following members:

¢ Pradipta Bandyopadhyay e Rana Barua e Mausumi Bose
e Goutam Mukherjee e Sumitra Purkayastha e Tapas Samanta
¢ Debasis Sengupta.

Kolkata, Editors
February 2017

Multiple-Choice Questions



. A \_;vork?r suffers a 20% cut in wages. He regains his original pay by obtaining
a rise o

(A) 20%; (B) 221%; (C) 25%; (D) 271%.

. If m men can do a job in d days, then the number of days in which m + 7 men
can do the job is .

(A) d+r; (B) Z(m +r); (©) =% (D) =d

m+r m+r’

. A boy walks from his home to school at 6 km per hour (kmph). He walks back
at 2 kmph. His average speed, in kmph, is

(A) 3; (B) 4; : (C) 5; (D) V12.

- A car travels from P to Q at 30 kilometres per hour (kmph) and returns from
Q to P at 40 kmph by the same route. Its average speed, in kmph, is nearest

to
(A) 33; (B) 34; - (C) 35; (D) 36.

. A man invests Rs. 10,000 for a year. Of this Rs. 4,000 is invested at the interest
rate of 5% per year, Rs. 3,500 at 4% per year and the rest at a% per year. His
total interest for the year is Rs. 500. Then a equals

(A) 6.2 (B) 6.3; : (C) 6.4; (D) 6.5.
. Let z1,%, ..., %100 be positive integers such that z; + z;,; = k for all i, where

k is a constant. If z;p = 1, then the value of z; is

(A) k; B) k-1 C) k+1; (D) 1.
.Ifag=1,a;,=1and ap, = an-18,-2 + 1 for n > 1, then

(A) a4 is odd and ages is even; (B) a4e5 is odd and aseq is odd;

(C) aups is even and ages is even; (D) a4es is even and ayeg is odd.

. Two trains of equal length L, travelling at speeds V; and V; miles per hour in
opposite directions, take 7' seconds to cross each other. Then L in feet (1 mile

= 5280 feet) is

157 . N(VB+Ww)T,
(A) morms (B) tiwvs vy (C) BATAT, (D) HGiEW),

. A salesman sold two pipes at Rs. 12 each. His iroﬁt on one was 20% and the
loss on the other was 20%. Then on the whole, he

(A) lost Re. 1; (B) gained Re. 1;
(C) neither gained nor lost; (D) lost Rs. 2.



10.

11,

12.

13.

14.

15.

16.

17.

The value of (256)%16(16)%18 is
(A) 4; (B) 16; (C) 64; (D) 256.25.
The digit in the unit position of the integer

+214+31+...499!
is

(A) 3; (B) 0; Q) 1; (D) 7.
July 3, 1977, was a SUNDAY. Then July 3, 1970, was a

(A) Wednesday; (B) Friday; (C) Sunday; (D) Tuesday.
June 10, 1979, was a SUNDAY. Then May 10, 1972, was a

(A) Wednesday; (B) Thursday; (C) Tuesday; (D) Friday.
A man started from home at 14:30 hours and drove to a village, arriving there

when the village clock indicated 15:15 hours. After staying for 25 minutes (min),

he drove back by a different route of length (5/4) times the first route at a rate
twice as fast, reaching home at 16:00 hours. As compared to the clock at home,
the village clock is

(A) 10 min slow; (B) 5 min slow; (C) 5 min fast; (D) 20 min fast.

If &b — ctd ¢he

b+c ~ d+ta’
(A) a=c (B) eithera=cora+b+c+d=0;
(C)a+b+c+d=0; (D) a=cand b=d.

The expression
(1+a)(1+ )1+ )1+ (1 +a°) (1 +¢*)(1+¢™),
where ¢ # 1, equals

—gb4 _ 2142446
(A) 2= (B) 54 (C) =o—;

(D) none of the foregoing expressions.

In an election 10% of the voters on the voters’ list did not cast their votes and
60 voters cast their ballot p;pers blank. There were only two candidates. The
winner was supported by 47% of all voters in the list and he got 308 votes more
than his rival. The number of voters on the list was

(A) 3600; (B) 6200; (C) 4575; (D) 6028.



18.

19.

20.

21.

22.

23.

A student took five papers in an examination, where the full marks were the
same for each paper. His marks in these papers were in the proportion of
6:7:8:9:10. He obtained (3/5) part of the total full marks. Then the number of

papers in which he got more than 50% marks is
(A) 2; (B) 3; (C) 4; (D) 5.

Two contestants run a 3-kilometre race along a circular course of length 300
metres. If their speeds are in the ratio of 4:3, how often and where would the
winner pass the other? (The initial start-off is not counted as passing.)

(A) 4 times; at the starting point.

(B) Twice; at the starting point.

(C) Twice; at a distance of 225 metres from the starting point.

(D) Twice; once at 75 metres and again at 225 metres from the starting point.

If a, b, c and d satisfy the equations
a+Th+3c+5d = 0,
8a+4b+6¢c+2d = -—16,
20 +6b+4c+8d = 16,
5a+3b+T7c+d = -—16,
then (a + d)(b+c) eduals
(A) 16; (B) —16; (C) 0; ; (D) none of the foregoing numbers.

Suppose z and y are positive integers, z > y, and 3z + 2y and 2z + 3y when
divided by 5, leave remainders 2 and 3 respectively. It follows that when z —y
is divided by 5, the remainder necessarily equals

(A) 2; (B) 1; (©) 4 (D) none of the foregoing numbers.

The number of different solutions (z, y, 2) of the equation z+y+ z = 10, where
each of z,y and z is a positive integer, is

(A) 36; (B) 121; (C) 10° — 10; @) () - (19,

The hands of a clock are observed continuously from 12:45 p.m. onwards. They
will be observed to point in the same direction some time between

(A) 1:03 p.m. and 1:04 p.m; (B) 1:04 p.m. and 1:05 p.m.;
(C) 1:05 p.m. and 1:06 p.m.; (D) 1:06 p.m. and 1:07 p.m.



24. A, B and C are three commodities. A packet containing 5 pieces of A, 3 of
B and 7 of C costs Rs. 24.50. A packet containing 2, 1 and 3 of A, B and C
respectively, costs Rs. 17.00. The cost of a packet containing 16, 9 and 23 items
of A, B and C respectively

(A) is Rs. 55.00; (B) is Rs. 75.50; (C) is Rs. 100.00;
(D) cannot be determined from the given information.

25. Four statements are given below regarding elements and subsets of the set
{1,2,{1,2,3}}. Only one of them is correct. Which one is it?

(A) {1,2} € {1,2,{1,2,3}}. (B) {1,2} € {1,2,{1,2,3}}.
(C) {1,2,3} C £1,2,{1,2,8}%: (D) 3 € {1,2,{1,2,3}}.
26. A collection of non-empty subsets of the set {1,2,...,n} is called a simplez if,

whenever a subset S is included in the collection, any non-empty subset 7" of
S is also included in the collection. Only one of the following collections of
subsets of {1,2,...,n} is a simplex. Which one is it?

(A) The collection of all subsets S with the property that 1 belongs to S.
(B) The collection of all subsets having exactly 4 elements.
(C) The collection of all non-empty subsets which do not contain any even

number.
(D) The collection of all non-empty subsets except for the subset {1}.

27. S is the set whose elements are zero and all even integers, positive and negative.
Consider the five operations: [1] addition; [2] subtraction; [3] multiplication; [4]
division; and [5] finding the arithmetic mean. Which of these operations when
applied to any pair of elements of .S, yield only elements of S?

(A) (1], 2], 3], [4]- (B) [1], 2], [3], [5]-
(C) (1], (3], [3]- | (D) (1, (2], [3]-

Directions for Items 28 to 36:

For sets P, Q of numbers, define

PUQ: the set of all numbers which belong to at least one of P and Q;
PNQ: the set of all numbers which belong to both P and Q;

P — Q : the set of all numbers which belong to P but not to Q;
PAQ=(P—-Q)U(Q— P): the set of all numbers which belong to set P alone
or set Q alone, but not to both at the same time. For ezample, if P = {1,2, 3},
Q = {2,3,4}, then PUQ = {1,2,3,4}, PNQ = {2,3}, P-Q = {13},
PAQ={1,4}.



28.

29.

30.

31.

32.

33.

34.

fX ={1,2,3,4},Y = {2,3,57},Z = {3,6,8,9},W = {2,4,8,10}, then
XAY)A(ZAW)is

A) {4,8}; (B) {1,5,6,10}; (C) {1,2,3,5,6,7,9, 10};
(D) none of the foregoing sets.

If X,Y,Z are any three sets of numbers, then the set of all numbers which
belong to exactly two of the sets X,Y, Z is

(A) (XNY)u(YNnZ)u(ZnX);
(B) [(XUY)UZ]— (X AY)AZ);
(C) (XAY)U(Y AZ)u(Z AX);
(D) not necessarily any of (A) to (C).

For any three sets P,Q and R, s is an element of (P A Q) A R if s is in

(A) exactly one of P, Q and R;

(B) at least one of P,Q and R, but not in all three of them at the same time;
(C) exactly two of P,Q and R;

(D) exactly one of P,Q and R or in all the three of them.

Let X = {1,2,3,...,10} and P = {1,2,3,4,5}. The number of subsets Q of X
such that P A Q = {3} is

(A) 24— 1; (B) 24 (@) 2%; | (D) 1.

For each positive integer n, consider the set P, = {1,2,3, ... ,n}. Let @, = Py,

Q2 = P, A Q1 = {2}, and, in general, Qn11 = P11 A Q, for n > 1. Then the
number of elements in Qs is .

(A) 1; (B) 2k — 2; (C) 2k - 3; (D) k.

For any two sets S and T', SAT is defined as the set of all elements that belon
to either S or T' but not both, that is, SAT = (SUT) — (SNT). Let A, g
and C be sets such that AN BNC = ¢, and the number of elements in each of
AAB, BAC and CAA equals 100. Then the number of elements in AU B U C
equals

(A) 150; (B) 300; (C) 230; ~ (D) 210.

Let A, B, C and D be finite sets such that |/ﬂ < H’ICI and |B| = | D|, where |A|
stands for the number of elements in the set A. Then

(A) [AUB| < |CUDjJ;

(B) JAUB| < [CUD| but |JAU B| < |C U D| need not always be true;
(C) [AUB| < 2|CUD| but |[AU B| < |C U D| need not always be true;
(D) none of the foregoing statements is true.



35.

36.

For subsets A and B of a set X, define the set A * B as
A*B=(ANB)U((X — A)N(X — B)).
Then only one of the following statements is true. Which one is it?

(A) A*(X—B)CAxBand A*x(X — B) # AxB.

(B) AxB=Ax(X — B).

(C)AxBC Ax(X—B)and AxB# Ax (X — B).

(D) X —(A*B)=Ax (X - B).

Suppose that A, B and C are sets satisfying (A — B)A(B—C) = AAB. Which
of the following statements must be true?

(A) A=C; (B) ANB = BNC; (C) AuB=BUT;
(D) none of the foregoing statements necessarily follows.

Directions for Items 37 to 39:

37.

38.

A word is a finite string of the two symbols o and 8. (An empty string, that is,
a string containing no symbols at all, is also considered a word.) Any collection
of words is called a language. If P and Q are words, then by P - () is meant the
word formed by first writing the string of symbols in P and then following it by
that of Q. For ezample, P = aBac and Q = B are words and P-Q = aBacfp.
For two languages Ly and Lg, Ly~ Ly denotes the language consisting of all words
of the form P - Q with the word P coming from Ly and Q from L,. We also
use abbreviations like o® for the word aaa,af*a® for afpBac, (a?Ba)? for
a?Bacfa(= a?faBa) and o or [° for the empty word.

IfLi={a":n=0,1,2,......} and Ly ={B" : n =0,1,2,--... }, then Ei~Ty
is

(A) Ly U Lo;

(B) the language consisting of all words;

(C) {e"B™ :n=10,1,2,--+--- m=0,1,2,----- 5

(D) {a"B":n=0,1,2,------ }.

Suppose L is a language which contains the empty word and has the ,
that whenever P is in L, the word a- P - f is also in L. The smallest gg}??ti};

(A) {Cl"ﬂm:n=0,1,2, ...... m=0’1,2, ...... };
(B) {a"B":n=0,1,2,:+-+- };

(©) {(aB)* : n=10,1,2,. -+ };

(D) the language consisting of all possible words.



39.

41.

42,

Suppose L is a language which contains the empty word, the word a and the

_word B, and has the property that whenever P and Q are in L, the word P - Q
is also in L. The smallest such I is

(A) the language consisting of all possible words;
(B) {a"B":n=0,1,2,.... .. .

(C) the language containing precisely the words of the form
a™ Mg pne .. . B,
where k is any positive integer and ny,ng,...,n, are nonnegative inte-

gers; :
(D) none of the foregoing languages.

............................................................................

. A relation denoted by « is defined as follows: For real numbers z,y,z and

w, say that “(z,y) « (z,w)” if either (i) x < z or (ii) c = zand y > w. If
(z, y) < (z,w) and (z,w) « (r,s) then which one of the following is always

true
(A) (y,z) « (r,5); (B) (y,z) < (s,7);
(C) (z,y) « (s,7); (D) (z,y) « (r,s).

A subset W of the set of all real numbers is called a ring if the following two
conditions are satisfied:

(i) 1e W and
(i) ifa,b € W thena—be W andabe W.

Let m
S = {5 | m and n are integers}

and

T = {g | p and g are integers and ¢ is odd}
Then
(A) neither S nor T'is a ring; (B) S is aring and T is not;
(C) T is aring and S is not; (D) both S and T are rings.
For a real number a, define a* = max{a,0}. For example, 2+ = 2,(-3)* = 0.

Then, for two real numbers a and b, the equality (ab)* = (a™)(b") holds if and
only if '

(A) both a and b are positive; (B) @ and b have the same sign;
(Cla=b=0; (D) at least one of a and b is greater than or equal to 0.



43.

45.

46.

47.

For any real number z, let [z] denote the largest integer less than or equal to
z and < T > = z — [z, that is, the fractional part of #. For arbitrary real
.nu_m?bers z,y and z, only one of the following statements is correct. Which one
is 1t" '

(A) [z+y+2] = [2] + [y] +[2].

B) z+y+2 =[z+y]+ [z =[z]+ [y + 2] = [z +2] + [v].
C)<z+y+z>=y+z—[y+2zl+<z>.

D) [z+y+2]=[z+yl+[z+<y+z>]

Suppose that z1,...,2, (n > 2) are real numbers such that z; = —Zn—i+1 for
1 < i < n. Consider the sum § = .3 3 z;z;zx, where the summations are
taken over all 4,7,k : 1 <i,j,k <n and i, , k are all distinct. Then S equals

(A) nlzyzy - - - Tn; (B) (n— 3)(n—4);
(C) (n—3)(n—4)(n—5); (D) none of the foregoing expressions.

By an upper bound for a set A of real numbers, we mean any real number z
such that every number a in A is smaller than or equal to z. If = is an upper
bound for a set A and no number strictly smaller than z is an upper bound for
A, then z is called sup A.

Let A and B be two sets of real numbers with £ = sup A and y = sup B. Let
C be the set of all real numbers of the form a + b where a is in A and bisin B.

If z =sup C, then

(A) z>z+y; (B) z< z+y; C)z=z+uy;
(D) nothing can be said in general about the relation between z,y and 2.

There are 100 students in a class. In an examination, 50 of them failed in
Mathematics, 45 failed in Physics and 40 failed in Statistics; and 32 failed in
exactly two of these three subjects. Only one student passed in all the three
subjects. The number of students failing in all the three subjects

(A) is 12; (B) is 4; (C) is 2;
(D) cannot be determined from the given information.

A television station telecasts three types of programs X, Y and Z. A survey
gives the following data on television viewing. Among the people interviewed
60% watch program X, 50% watch program Y, 50% watch program Z, 30%
watch programs X and Y, 20% watch programs ¥ and Z, 30% watch programs
X and Z while 10% do not watch any television program. The percentage of
people watching all the three programs X,Y and Z is

(A) 90; (B) 50; (C) 10; (D) 20.



48.

49.

50.

51.

52.

53.

In a survey of 100 families, the number of families that read the most recent
issues of various magazines was found to be: India Today 42, Sunday 30, New
Delhi 28, India Today and Sunday 10, India Today and New Delhi 5, Sunday
and New Delhi 8, all three magazines 3. Then the number of families that read
none of the three magazines is

(A) 30; (B) 26; (C) 23; (D) 20.

In a survey of 100 families, the number of families that read the most recent
issues of various magazines was found to be: India Today 42, Sunday 30, New
Delhi 28, India Today and Sunday 10, India Today and New Delhi 5, Sunday
and New Delhi 8, all three magazines 3. Then the number of families that read
either both or none of the two magazines Sunday and India Today is

(A) 48; (B) 38; (C) 72; (D) 58.

In a village of 1000 inhabitants, there are three newspapers P, Q and R in
circulation. Each of these papers is read by 500 persons. Papers P and Q are
read by 250 persons, papers () and R are read by 250 persons, papers R and P
are read by 250 persons. All the three papers are read by 250 persons. Then
the number of persons who read no newspaper at all

A) is 500; (B) is 250; (C) is 0;
D) cannot be determined from the given information.

Sixty (60) students appeared in a test consisting of three Papers I, IT and III.
Of these students, 25 passed in Paper I, 20 in Paper II and 8 in Paper III.
Further, 42 students passed in at least one of Papers I and II, 30 in at least one
of Papers I and III, 25 in at least one of Papers II and III. Only one student
passed in all the three papers. Then the number of students who failed in all
the papers is

(A) 15; (B) 17; (C) 45; (D) 33.

A student studying the weather for d days observed that (i) it rained on 7 days,
morning or afternoon; (ii) when it rained in the afternoon, it was clear in the

morning; (iii) there were five clear afternoons; and (iv) there were six clear
mornings. Then d equals

(A) 7 (B) 11; (C) 10; (D) 9.

A club with- z members is organized into four committees according to the
following rules:
(i) Each member belongs to exactly two committees.
’%lg Each pair of committees has exactly one member in common.
en

A) z =4 (B) z =6; (C) z=8§;
D) z cannot be determined from the given information.
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54.

55.

56.

57.

58.

There were 41 candidates in an examination and each candidate was examined
in Algebra, Geometry and Calculus. It was found that 12 candidates failed
in Algebra, 7 failed in Geometry and 8 failed in Calculus, 2 in Geometry and
Calculus, 3 in Calculus and Algebra, 6 in Algebra and Geometry, whereas onl
1 failed in all three subjects. Then the number of candidates who passed in all
three subjects

(A) is 24; (B) is 2; (C) is 14;

(D) cannot be determined from the given information.

In a group of 120 persons there are 80 Bengalis and 40 Gujaratis. Further, 70
persons in the group are Muslims and the remaining Hindus. Then the number
of Bengali Muslims in the group is ;

(A) 30 or more; (B) exactly 20;
(C) between 15 and 25; (D) between 20 and 25.

In a group of 120 persons there are 70 Bengalis, 35 Gujaratis and 15 Maharash-
trians. Further, 75 persons in the group are Muslims and the remaining are
Hindus. Then the number of Bengali Muslims in the group is

(A) between 10 and 14; (B) between 15 and 19;
(C) exactly 20; (D) 25 or more.

Four passengers in a compartment of the Delhi-Howrah Rajdhani Express dis-
cover that they form an interesting group. Two are lawyers and two are doc-
tors. Two of them speak Bengali and the other two Hindi and no two of the
same profession speak the same language. They also discover that two of them
are Christians and two Muslims, no two of the same religion are of the same
profession and no two of the same religion speak the same language. The Hindi-
speaking doctor is a Christian. Then only one of the statements below logically
follows. Which one is it?

(A) The Bengali-speaking lawyer is a Muslim.
(B) The Christian lawyer speaks Bengali.

(C) The Bengali-speaking doctor is a Christian.
(D) The Bengali-speaking doctor is a Hindu.

In a football league, a particular team played 60 games in a season. The team
never lost three games consecutively and never won five games consecutively in
that season. If N is the number of games the team won in that season, then N
satisfies

(A) 24 < N <505 (B) 20 < N < 48;
(©) 12 < N <405 (D) 18 < N < 42.
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59.

60.

61.

62.

63.

A box contains 100 balls of different colours: 28 red, 17 blue, 21 green, 10 white,
12 yellow and 12 black. The smallest number n such that any n balls drawn
from the box will contain at least 15 balls of the same colour, is

(A) 73; | (B) 77;

Let x,y, z, w be positive real numbers, which satisfy the two conditions that
(i) if > y then z > w; and
grii) if x > z then y < w.

hen one of the statements given below is a valid conclusion. Which one is it?

(A) If z < y then z < w. (B) If z < z then y > w.
(C) Ifz > y+ 2 then z < v. (D) If z > y + 2 then z > y.

Consider-the statement:
r(a—z) <yla—y) forall z,y with 0<z<y< 1.

The statement is true

(A) if and only if o > 2; (B) if and only if a > 2;
(C) if and only if a < —1; (D) for no values of a.

In a village, at least 50% of the people read a newspaper. Among those who
read a newspaper at the most 25% read more than one paper. Only one of the
fo%lowing statements follows from the statements we have given. Which one is
it

(A) At the most 25% read exactly one newspaper.
(B) At least 25% read all the newspapers.
(C) At the most 373% read exactly one newspaper.

(D) At least 37%% read exactly one newspaper.

We consider the relation “a person z shakes hand with a person 4”. Obviousl
if = shakes hand with y, then y shakes hand with z. In a ggthering’ of Q}g
persons, one of the following statements is always true, considering 0 to be an
even number. Which one is it?

(A) There is at least one person who shakes hand exactly with an odd number
of persons. :

(B) There is at least one person who shakes hand exactly with an even number
of persons. '

(C) There are even number of persons who shake hand exactly with an even
number of persons.

(D) None of the foregoing statements.
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64.

65.

66.

67.

68.

69.

Let P,Q,R,S and T be statements such that if P is true then both Q and S
are true, and if both R and S are true then T is false. We then have:

(A) If T is true then both P and R must be true.
(B) If T is true then both P and R must be false.
(C) If T is true then at least one of P and R must be true.
(D) If T' is true then at least one of P and R must be false.

Let P,Q, R and S be four statements such that if P is true then Q is true, if

Q is true then R is true and if S is true then at least one of Q and R is false.
Then it follows that

(A) if S is false then both Q and R are true;

(B) if at least one of Q and R is true then S is false;
(C) if P is true then S is false;

(D) if Q is true then S is true.

If A, B, C and D are statements such that if at least one of A and B is true,

then at least one of C' and D must be true. Further, both A and C are false.
Then

(A) if D is false then B is false (B) both B and D are false
(C) both B and D are true (D) if D is true then B is true.

P, Q and R are statements such that if P is true then at least one of the
following is correct: (i) @ is true, (ii) R is not true. Then

(A) if both P and @ are true then R is true;
(B) if both @ and R are true then P is true;
(C) if both P and R are true then @ is true;
(D) none of the foregoing statements is correct.

It was a hot day and four couples drank together 44 bottles of cold drink.
Anita had 2, Biva 3, Chanchala 4, and Dipti 5 bottles. Mr. Panikkar drank
just as many bottles as his wife, but each of the other men drank more than
his wife— Mr.Dubé twice, Mr.Narayan three times and Mr.Rao four times as
manly bottles. Then only one of the following statements is correct. Which one
is it

(A) Mrs.Panikkar is Chanchala. (B) Anita’s husband had 8 bottles.
(C) Mr.Narayan had 12 bottles. (D) Mrs.Rao is Dipti.

Every integer of the form (n® —n)(n —2), (for n = 3,4, .. ) is

(A) divisible by 6 but not always divisible by 12;
(B) divisible by 12 but not always divisible by 24;
(C) divisible by 24 but not always divisible by 48;
(D) divisible by 9.



13

70.

71.

72.

73.

74.

75.

76.

The number of integers n > 1, such that n,n + 2, n + 4 are all prime numbers,
is

(A) zero; (B) one; (C) infinite; (D) more than one, but finite.
The number of ordered pairs of integers (z,v) satisfying the equation

2+ 6z +y =4
is
(A) 2 (B) 4; (C) 6; (D) 8.
The number of integer (positive, negative or zero) solutions of

oy —6(z+y)=0
with z < y is '
(A) 5 (B) 10; (C) 12 (D) 9.
Let P denote the set of all positive integers and

S={(z,y) : z€ P,y € P and z* — y* = 666}.

The number of distinct elements in the set S is
(A) 0 (B) 1 (C) 2 (D) more than 2.

If numbers of the form 3'*~% 4 25"=3 + 1, where n is a positive integer, are
divided by 17, the set of all possible remainders is

(A) {1}; (B) {0,1}; (C) {0,1,7} (D) {1,7}.

Consider the sequence: a; = 10_1,a2 = 10191,a3 = 1010101, and so on. Then
ay is a composite number (that is, not a prime number)

(A) if and only if £ > 2 and 11 divides 10%+! + 1;

B) if and only if k£ > 2 and 11 divides 10%+! — 1,
C) if and only if £ > 2 and k — 2 is divisible by 3;
D) if and only if & > 2.

Let n be a positive integer. Now consider all numbers of the form 32n+1 4 92n+1
Only one of the followir_lg] statements is true regarding the last digit of these
numbers. Which one is it’

B) It is 5 for all these numbers.
C) It is always 5 for n < 10 and it is 5 for some n > 10.

Ai It is 5 for some of these numbers but not for all.
D) It is odd for all of these numbers but not necessarily 5.
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™

78.

79.

80.

81.

82.

83.

84.

85.

Which of the following numbers can be expressed as the sum of squares of two
integers?

(A) 1995; (B) 1999; (C) 2003; (D) none of these integers.
If the product of an odd number of odd integers is of the form 4n + 1, then

(A) an even number of them must always be of the form 4n + 1;
(B) an odd number of them must always be of the form 4n + 3;
(C) an odd number of them must always be of the form 4n + 1;
(D) none of the above statements is true.

The two sequences of numbers {1,4,16,64,...} and {3,12,48,192,...} are

mixed as follows: {1,3,4,12,16,48,64,192,...}. One of the numbers in the
mixed series is 1048576. Then the number immediately preceding it is

(A) 786432; (B) 262144; (C) 814572; (D) 786516.

Let (a1, as,as,...) be a sequence such that a; = 2 and a, — an,—; = 2n for all
n>2. Then a;+ags+---+aypis

(A) 420; (B) 1750; (C) 3080; (D) 3500.

The value of Y ij, where the summation is over all 7 and j such that 1 <i <
7 <10, is

(A) 1320; (B) 2640; ;. (C) 3025; (D) none of the foregoing numbers.

Let z1,Z2,. .., Z100 b€ hundred integers such that the sum of any five of them
is 20. Then

(A) the largest ; equals 5; (B) the smallest z; equals 3;
(C) z17 = xs3; (D) none of the foregoing statements is true.
The smallest positive integer n with 24 divisors (where 1 and n are also consid-
ered as divisors of n) is

(A) 420; : (B) 240; (C) 360; (D) 480.
The last digit of (2137)™* is

(A) 1; (B) 3; )7 (D) 9.

The smallest integer that produces remainders of 2, 4, 6 and 1 when divided by
3, 5, 7 and 11 respectively, is

(A) 104; (B) 1154; (C) 419; (D) none of the foregoing numbers.
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86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

How many integers n are there such that 2 < n < 1000 and the hlghest common
factor of n and 36 is 1?

(A) 166. (B) 332. (C) 361. (D) 4186.
The remainder when 3% is divided by 79 is

(A) 78; (B) 1; (@) 2; (D) 35.
The remainder when 4'%! is divided by 101 is

(A) 4 (B) 64; (C) 84; (D) 36.
The 300-digit number with all digits equal to 1 is

(A) divisible by neither 37 nor 101; (B) divisible by 37 but not by 101;
(C) divisible by 101 but not by 37; (D) divisible by both 37 and 101.
The remainder when 3!2 + 512 is divided by 13 is

(A) 1; (B) 2; (€) 3 (D) 4.
When 32002 4 72002 4 9002 is divided by 29 the remainder is

(A) 0; (B) 15 (C) 2 (D) 7.

Let 2 = 0.101001000100001 . .. + 0.272727 ... . Then

(A) is irrational;

(B) is rational but 1/ is irrational;

(C) is a root of z* +0.27z + 1 = 0;

(D) satisfies none of the above properties.

The highest power of 18 contained in (3?) is

(A) 3 (B) 0; ©) (D) 2.
The number of divisors of 2700 including 1 and 2700 equals

(A) 12; (B) 16; (C) 36; (D) 18.
The number of different factors of 1800 equals

(A) 12 (B) 210; (C) 36; (D) 18.

The number of different factors of 3003 is
(A) 2; (B) 15; ©) 7 (D) 16.
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97

98

99

100.

. The number of divisors of 6000, where 1 and 6000 are also considered as divisors
of 6000, is

(A) 40; (B) 50; (C) 60; (D) 30.

. The number of positive integers which divide 240 (where both 1 and 240 are
considered as divisors) is

(A) 18; (B) 20; (C) 30; (D) 24.
. The sum of all the positive divisors of 1800 (including 1 and 1800) is
(A) 7201; (B) 6045; (C) 5040; (D) 4017.

Let di,ds, ..., d; be all the factors of a positive integer n including 1 and n.
Suppose dy + ds + ...+ dr = 72. Then the value of

1 i 1 G 1
d = dy dy
2
(A) is &; (B) is 2; ©) is 2
(D) cannot be computed from the given information.

101. The number of ways of distributing 12 identical oranges among 4 children so
that every child gets at least one and no child more than 4 is
(A) 31; (B) 52; (C) 35; (D) 42.
102. The number of terms in the expansion of [(a+ 3b)%(a — 3b)?)2, when simplified,
is
(A) 4; (B) 5 (C) 6; (D) 7.
103. The number of ways in which 5 persons P,@, R, S and T can be seated in a
ring so that P sits between @ and R is
(A) 120; (B) 4 (C) 24; (D) 9.
104. Four married couples are to be seated in a merry-go-round with 8 identical

seats. In how many ways can they be seated so that
(i) males and females seat alternately, and

(i) no husband seats adjacent to his wife?

(A) 8; (B) 12; (C) 16; (D) 20.
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105.

106.

107.

108.

109.

110.

111.

For a regular polygon with n sides (n > 5), the number of triangles whose
vertices are joining non-adjacent vertices of the polygon is

A) n(n — 4)(n — 5); B) (n—3)(n —4)(n—5)/3;
(G 3n— 3~ 8in— 5 B D) tn — #)n — 5376
139 js

The term that is independent of z in the expansion of (3—’53 =

A) OGP ® OEF-Hs  © K% @ Q@3

The value of
@)+ ()G () )

(A) @) ® (50); © () ® ()"

OO e

zx) (50): (B) (50)™; (@) 2, (D) 2.

T - (e e

Z) (50); ®) (50)% (is0); © (8

(D) none of the foregoing numbers.

The number of four-digit numbers strictly greater than 4321 that can be formed
from the digits 0, 1, 2, 3,4, 5 allowing for repetition of digits is

(A) 310; (B) 360; (C) 288; (D) 300.

The sum of all the distinct four-digit numbers that can be formed using the
digits 1, 2, 3, 4 and 5, each digit appearing at most once, is

(A) 399900; (B) 399960; (C) 390000; (D) 360000.
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112.

113.

114.

115.

116.

117.

118.

119.

120.

The number of integers lying between 3000 and 8000 (including 3000 and 8000)
which have at least two digits equal is

(A) 2481; (B) 1977; (C) 4384; (D) 2755.

The greatest integer which, when dividing the integers 13511, 13903 and 14593,
leaves the same remainder is

(A) 98; (B) 56; (B):2; (D) 7.

An integer n has the property that when divided by 10,9,8,...,2, it leaves
remainders 9,8,7,...,1 respectively. A possible value of n is

(A) 59; (B) 419; (C) 1259; (D) 2519.

If n is a positive integer such that 8n + 1 is a perfect square, then
(A) n must be odd; (B) n cannot be a perfect square;
(C) n must be a prime number; (D) 2n cannot be a perfect square.

For any two positive integers a and b, define a = b if a — b is divisible by 7.
Then (1512 + 121) - (356) - (645) = -

(A) 4 (B) 5 (© 3 (D) 2.
The coefficient of 22 in the binomial expansion of (1 + = + 22)' is

10 10 10\ . 10
@ (V) + (2)s ®) (3): © (V)

(D) none of the foregoing numbers.
The coefficient of z'7 in the expansion of log,(1 + z + z?), where |z| < 1, is
(A) 1 (B) =5 (©) & (D) none of the foregoing quantities.

Let a1, @s, . . ., a1; be an arbitrary arrangement (i.e., permutation) of the integers
1,2,...,11. Then the number (a; —1)(az —2)...(a;; — 11) is

(A) necessarily < 0; (B) necessarily 0;
(C) necessarily even; - (D) not necessarily < 0, 0 or even.

Three boys of class I, 4 boys of class IT and 5 boys of class III sit in a row. The
number of ways they can sit, so that boys of the same class sit together is

(A) 31415!; (B) Sk (C) (3!)%4!sY; (D) 3 x 415!,
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121

122,

123.

124,

125.

126.

127.

128.

129.

For each positive integer n consider the set S, defined as follows: S; = 11}
Sy = {2,3}, Sy = {4,5,6},. .., and, in general, Sp consists of n+1 consecutive
integers the smallest of which is one more than the largest integer in S,. Then
the sum of all the integers in S, equals

(A) 1113, (B) 53361; (C) 5082; (D) 4641.
If the constant term in the expansion of (Vz — ;"g)m is 405, then k is
(A) £(3)7; (B) +2; (C) £(4)}; (D) +3.

Consider the equation of the form z%+bz+c = 0. The number of such equations
that have real roots and have coefficients b and ¢ in the set {1,2,3,4,5,6},
(b may be equal to c), is

(A) 20; (B) 18; (C) 17; (D) 19.

The number of polynomials of the form 23 + az? + bz + ¢ which are divisible by
2% + 1 and where a, b and ¢ belong to {1,2,...,10}, is

(A) 1; (B) 10; (C) 11; (D) 100.

The number of distinct 6-digit numbers between 1 and 300000 which are divis-
ible by 4 and are obtained by rearranging the digits of 112233, is

(A) 12; (B) 15; (018 (D) 90.

The number of odd positive integers smaller than or equal to 10,000 which are
divisible neither by 3 nor by 5 is

(A) 3,332; - (B) 2,666; (C) 2,999; (D) 3,665.

The number of ways one can put three balls numbered 1, 2, 3 in three boxes
labelled a, b, ¢ such that at the most one box is empty is equal to

(A) 6; (B) 24; (C) 42; (D) 18.

A bag contains coloured balls of which at least 90% are red. Balls are drawn
from the bag one by one and their colour noted. It is found that 49 of the first
50 balls drawn are red. Thereafter 7 out of every 8 balls drawn are red. The
number of balls in the bag CAN NOT BE

(A) 170; (B) 210; (C) 250; (D) 194.
There are N boxes, each containing at most  balls. If the number of boxes
containing at least ¢ balls is N; for 2 = 1,2,...,r, then the total number of balls

contained in these N boxes
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130.

131.

132.

133.

134.

135.

136.

(A) cannot be determined from the given information;
(B) is exactly equal to Ny + Na+ ..., +N;;

(C) is strictly larger that Ny + Ny + -« -+ N

(D) is strictly smaller than Ny + Ny + -+ -+ N,.

For all n, the value of (*) is equal to

() ()= () + () = () .o B0

B) ()2 () + () ok (20

© ()= +G) -G+ +E)5
(D) none of the foregoing expressions.

The coefficients of three consecutive terms in the expansion of (1+ )" are 165,
330 and 462. Then the value of n is :

(A) 10; (B) 12; (C) 13; (D) 11.
The number of ways in which 4 persons can be divided into two equal groups is
| (A) 3; (B) 12; (C) 6; (D) none of the foregoing numbers.
The number of ways in which 8 persons numbered 1,2, ...,8 can be seated in
a ring so that 1 always sits between 2 and 3 is

(A) 240, (B) 360; (C) 12 (D) 120.

There are seven greeting cards, each of a different colour, and seven envelopes
of the same seven colours. The number of ways in which the cards can be put
in the envelopes, so that exactly four of the cards go into the envelopes of the
right colours, is

A) (3); (B) 2(3); (C) 3)(5); (D) 3Y() (3)-

The number of distinct positive integers that can be formed using 0, 1, 2, 4
where each integer is used at the most once is equal to

(A) 48; (B) 84; (C) 64; (D) 36.

A class contains three girls and four boys. Every Saturday five students go on
a picnic, a different group being sent each week. Durinithe picnic, each girl in
the group is given a doll by the accompanying teacher. After all possible groups
of five have gone once, the total number of dolls the girls have got is

(A) 27; (B) 11; (C) 21 (D) 45.
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137.

138.

139.

140.

141.

142.

143.

From a group of seven persons, sevon committees are formed. Any two com-
mittees have exactly ono member in common. Each person is in exactly three
committees. Then

(A) at loast one committeo must have more than three members;
B) each committee must have exactly three members;

Cg each committee must have more than three members;

(D) nothing can be said about the sizes of the committees.

Three ladies have each brought a child for admission to a schoql. The head
of the school wishes to interview the six pcorle one by one, taking care that

no child is interviewed before its mother. In how many different ways can the
interviews be arranged? ‘

(A) 6 (B) 36; (C) 72; (D) 90.
The coeflicient of 4 in the expansion of (1 + z — 222)7 is

(A) -81, (B) —91; (C) +81; (D) +91.
The coefficient of a%*c® in the expansion of (bc + ca + ab)® is

(A) st (B) (3)3t; (©) 33; (D) 3(3)-

The coefficient of ¢ in the expansion of

1A ®
3=5)

i(SA) 10; (B) 12 (C) 18 (D) o.
The value of

(5) =)+ (5) o Gam) ()
1(1) (imy, ) (*%); (C) o; (D) (=1~ (*™).

There are 14 intermediate stations between Dusi and Visakhapatnam on the
South Eastern Railway. A train is to be arranged from Dusi to Visakhapatnam
so that it halts at exactly three intermediate stations, no two of which are
consecutive. Then the number of ways of doing this is



22

144.

145.

146.

147.

148.

149.

150.

151.

(8) (5) - () + ) () ey,
© ()= () -G @) (3) - (2) + ().
The letters of the word “MOTHER” are permuted, and all the permutations so

formed are arranged in alphabetical order as in a dictionary. Then the number
of permutations which come before the word “MOTHER” is

(A) 503; (B) 93; (C) & —1; (D) 308.
All the letters of the word PESSIMISTIC are to be arranged so that no two

.S’s occur together, no two I's occur together, and S, I do not occur together.

The number of such arrangements is
(A) 2,400; (B) 5,480; (C) 48,000; (D) 50, 400.

Suppose that z is an irrational number and a, b, ¢, d are rational numbers such
that g_’:g is rational. Then it follows that

(A)g=e=0; (B)a=candb=d; (C)a+b=c+d; (D) ad = be.
Let p,q and s be integers such that p?> = sq®. Then it follows that

(A) p is an even number;

(B) if s divides p, then s is a perfect square;
(C) s divides p;

(D) ¢* divides p.

The number of pairs of positive integers (z, y) where z and y are prime numbers
and 22 — 2y? = 1 is \

(A) 0; (B) 1 (©) 2 (D) 8.

A point P with coordinates (z, y) is said to be good if both z and y are positive
integers. The number of good points on the curve zy = 27027 is

(A) 8 (B) 16; (C) 32 (D) 64.

Let p be an odd prime number. Then the number of positive integers. k with
1 < k < p, for which k? leaves a remainder of 1 when divided by p, is

(A) 2; (B) 1 ©pr-1 (D) L.
Let n = 51! + 1. Then the number of primes among n+ 1, n+2, .., ,n+50-is
(A) 0; (B) 1 (©) 2 (D) more than 2.
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154.
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157.

If three prime numbers, all greater than 3, are in A.P., then their common
difference

(A) must be divisible by 2 but not necessarily by 3;
(B) must be divisible by 3 but not necessarily by 2;
(C) must be divisible by both 2 and 3;

(D) need not be divisible by any of 2 and 3.

Let N be a positive integer not equal to 1. Then note that none of the numbers
2,3,..., N is a divisor of (N! — 1). From this, we can conclude that

(A) (N!'—1) is a prime number;
(B) at least one of the numbers N+1, N+2,..., N! -2 is a divisor of (N!—1);

(C) the smallest number between N and N! which is a divisor of (N! — 1), is
a prime number;

' (D) none of the foregoing statements is necessarily correct.

The number 1000! = 1.2.3.....1000 ends exactly with
(A) 249 zeros; (B) 250 zeros; (C) 240 zeros; (D) 200 zeros.

Let A denote the set of all prime numbers, B the set of all prime numbers and
the number 4, and C the set of all prime numbers and their squares. Let D be
the set of positive integers k, for which

(k- 1)1
k

is mot an integer. Then
(A) D = 4; (B) D = B; (C) D=c; (D)BcDcC.
Let n be any integer. Then n(n +1)(2n + 1)

(A) is a perfect square;

(B) is an odd number;

(C) is an integral multiple of 6;

(D) does not necessarily have any of the foregoing properties.

The numbers 12n + 1 and 30n + 2 are relatively prime for

(A) any positive integer n;

(B) infinitely many, but not all, integers n;
(C) for finitely many integers n;

(D) none of the above.
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162.

163.
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" Only one of the following statements is correct. Which one is jt?

The expression

TR PN i TP 1(”)
a\1)T3le)tari\a

equals
ntl_ " et 2(2n+1-1)
() Zr; (B) 234, (©) & (o)
The value of wo, NG, W0 0¢ '
1 3 5 29
3 T4 Tg TTTTTE
is
931 930 931 _ ] 2% -1
Ay &, 2 \ D
(&) (B) 37 (D = @) =31
— K\ (M—k\ k—i M
= -1
The value of {Z(i) (i M_IOO} / (100)> Where M — k > 100, k > 100
i=0
|
and (T:)=;,(—;1"_—n)—, equals
k M k
(A) 255 (B) % (©) a7z (D) X.
The remainder obtained when 1!+ 2! ... 4+ 95! is divided by 15 is
(A) 14; (B) 3; (C) 1; (D) none of the foregoing numbers.
Let zy,Z, ..., Zs0 be fifty integers such that the sum of any six of them is 24.
Then
(A) the largest of z; equals 6;
(B) the smallest of z; equals 3;
(C) z16 = Z34;
(D) none of the foregoing statements is correct.
Let zy,7,...,Z50 be fifty nonzero numbers such that z; ] = i
1 <1<49. If 214 = a, 297 = b, then z9y + z37 equals F o=~ for all,
(A) 2(a+b) — k; (B) k+a; .
(D) none of the foregoing expressions. . (G Rl
Let S be the set of all numbers of the form 4" — 3, — 1 =
Let T be the set of all numbers of the form 9(n — 1), ,wvi/]};;enn= %’%’g’

(A) Each number in S is also in T'.
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166.

167.

168.

169.

170.

(B) Each number in T is also in S. o
(C) Every number in S is in T and every number in T is in S.

(D) There are numbers in S which are not in T and there are numbers in T’
which are not in S.

The number of four-digit numbers greater than 5000 that can be formed out of
the digits 3, 4, 5, 6 and 7, no digit being repeated, is

(A) 52; (B) 61; (C) 72 (D) 80.

The number of positive integers of 5 digits such that each digit is 1, 2 or 3, and
all three of the digits appear at least once, is

(A) 243; (B) 150; (C) 147, (D) 193.

In a chess tournament, each of the 5 players plays against every other player.
No game results in a draw and the winner of each game gets one point and the

loser gets zero. Then which one of the following sequences cannot represent the
scores of the five players?

(A) 3,3,2,1,1. (B) 3,2,2,2,1. (C) 2:2.2:2.8. (D) 4,4,1,1,0.

Ten (10) persons numbered 1,2,...,10 play a chess tournament, each player
playing against every other player exactly one game. Assume that each game re-
sults in a win for one of the players (that 1s, there is no draw). Let w, Wa, ..., Wi
be the number of games won by players 1,2,...,10 respectively. Also, let

ly,ly, ... 110 be the number of games lost by players 1,2,...,10 respectively.
Then

(A) wf+w§+...+w§0=81—(l§+l§+,_,+lfo);

(B) wf+w§+...+w120=821+gl1+12+.2__+l§0);

(C) w¥+w%+"'+w10 =l1 +'l2.+....+l10;

D) none of the foregoing equalities is necessarily true.
& y

A game consisting of 10 rounds is played among three players A, B and C as
follows: Two players play in each round and the loser is replaced by the third
player in the next round. If the only rounds when A played against B are the
first, fourth and the tenth rounds, the number of games won by C

(A) is 5; (B) is 6; Q) is f;
(D) cannot be determined from the above information.

An n x n chess board is a square of side » units which has been sub-divided

into n? unit squares by equallyjspaced straight lines parallel to the sides. The
total number of squares of all sizes on an n X n chess board is

(A) n!n;-l!;
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172.

173.

174.

175.

176.

177.

(B) 124+ 22 +... +n¥%
C)2x1+4+3%x2+4x3+...+n%x(n—1);
(D) given by none of the foregoing expressions.

Given any five points in the square I2 = {(z,y) : 0 < z < 1,0 <y < 1}, only
one of the following statements is true. ich one is it? ‘
(A) The five points lie on a circle.

(B) At least one square can be formed using four of the five points.
(C) At least three of the five points are collinear.

(D) There are at least two points such that the distance between them does
not exceed %

The quantities £, ¢, h and m are measured in the units mentioned against each:

£: centimetre; c: centimetre per second; h: ergs x second; mc?: ergs. Of the
expressions

_chiy _mc., _L
o= (E)% ﬁ— (ﬁ) ) Y= mcl’

which ones are pure numbers, that is, do not involve any unit?

(A) Only . (B) Only 3. (C) Only 4. (D) None.
The number of distinct rearrangements of the letters of the word “MULTIPLE”
that can be made preserving the order in which the vowels (U,I,LE) occur and
not counting the original arrangement is

(A) 6719; (B) 3359; (C) 6720; (D) 3214.
The number of terms in the expansion of (z +y + z + w)™° is

(A) (s B) (5); ©) () (D) 114,

The number of ways in which three non-negative integers n;,ny,n3 can be

- chosen such that ny + ng +ng =10 is

(A) 66; (B) 55; (C) 103; (D) 3_'12?'_!1!
In an examination, the score in each of the four languages—Bengali, Hindi,

Urdu and Telugu—can be integers between 0 and 10. Then the number of ways
in which a student can secure a total score of 21 is

(A) 880; (B) 760; (C) 450; (D) 1360.

The number of ordered pairs (z,y) of positive integers such that 2 + y = 90
and their greatest common divisor is 6 equals

(A) 15; (B) 14; (C) 8 (D) 10.
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186.

How many pairs of positive integers (m,n) are there satisfying m® —n® = 217
(A) exactly one;  (B) none; (C) exactly three; (D) infinitely many.

The number of ways in which three distinct numbers in A.P. can be selected
from 1,2,...,24 is -
(A) 144 (B) 276; (C) 572; (D) 132.

The number of ways you can invite 3 of your friends on 5 consecutive days,
exactly one friend a day, such that no friend is invited on more than two days
is

(A) 90; (B) 60; (C) 30; | (D) 10.

Consider three boxes, each containing 10 balls labelled 1,2, .. ., 10. Suppose one
ball is drawn from each of the boxes. Denote by n;, the label of the ball drawn
from the i-th box, i = 1,2,3. Then the number of ways in which the balls can
be chosen such that n; < 'ng < ns, is

(A) 120 (B) 130; (C) 150; (D) 160.

The number of sequences of length five with 0 and 1 as terms which contain at
least two consecutive 0’s is

(A) 4.2% (B) (3); (C) 20; (D) 19.

There are 7 identical white balls and 3 identical black balls. The number of
distinguishable arrangements in a row of all the balls, so that no two black balls
are adjacent, is

(A) 120; (B) 89(8Y); (C) 56; (D) 42 x 54,

In a multiple-choice test there are 6 questions. Four alternative answers are
given for each question, of which pnly one answer is correct. If a candidate
answers all the questions by choosing one answer for each question, then the
number of ways to get exactly 4 correct answers is

(A) 45 — 42 (B) 135; (C)9; (D) 120.

In a multiple-choice test there are 8 questions. Each question has 4 alternatives,
of which only one is correct. If a candidate answers all the questions by choosing
one alternative for each, the number of ways of doing it so that exactly 4 answers
are correct is ‘

(A) 70; (B) 2835; (C) 5670, (D) none of the foregoing numbers.

Among the 8! permutations of the digits 1,2,3,...... ,8, consider those ar-
rangements which have the following property: if you take any five consecutive
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positions, the product of the digits in those positions is divisible by 5. The
number of such arrangements is

(A) 7 (B)2- 7 (C) 8- (D) 4- (7)5!314.

A closet has 5 pairs of shoes. The number of ways in which 4 shoes can be
chosen from it so that there will be no complete pair is

(A) 80; (B) 160; , (C) 200;
(D) none of the foregoing numbers.

The number of ways in which 4 distinct balls can be put into 4 boxes labelled
a, b, ¢, d, so that exactly one box remains empty is

(A) 232; (B) 196; - (C) 192 (D) 144.

The number of permutations of the letters a, b, ¢, d such that b does not follow
a, and ¢ does not follow b, and d does not follow ¢, is '

(A) 12; (B) 11; (C) 14; (D) 13.

The number of ways of seating three gentlemen and three ladies in a row, such
that each gentleman is adjacent to at least one lady, is

(A) 360; (B) 72; (C) 720;
(D) none of the foregoing numbers.

The number of maps f from the set {1,2, 3} into the set {1,2, 3,4, 5} such that
f(@) < f(j), whenever i < j, is

(A) 30; (B) 35; (C) 50; (D) 60.
For each integer 4, 1 < 1 < 100; ¢; be either +1 or —1. Assume that e; = +1
and €;90 = —1. Say that a sign change occurs at 7> 2 if ¢;, €;_; are of opposite

sign. Then the total number of sign changes
(A) is odd; (B) is even; (C) is at most 50; (D) can have 49 distinct values.

Let S = {1,2,...,n}. The number of possible pairs of the f i
ACB for{ subsets A}and Bof Sis P e form (4, B) with

(A) 2% (B) 3% ©) i( z ) ( oy ); (D) nl.
k=0

There are 4 pairs of shoes of different sizes. Each of the 8 sho

with one of the four colours: black, brown, white and red. I(ralS l?g\l; ll)r?a(j:) lo‘l;;eg
can one colour the shoes so that in at least three pairs, the left and th% right
shoes do not have the same colour? &
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(A) 124 (B) 28 x 128, (C) 16 x 123; (D) 4 x 123

Let S = {1,2,---,100}. The number of nonempty subsets A of S such that
the product of elements in A is even is

(A) 2°(2%°-1); (B) 210 _1; (C) 2%°—1; (D) none of these numbers.

The pumber of functions f from {1,2,---,20} onto {1,2,---,20} such that
f(k) is a multiple of 3 whenever k is a multiple of 4 is

(A) 5!-6!-9! (B) 56.15!: (C) 6°-14l; (D) 15! 6.

Let X = {ay,as,...,a7} be a set of seven elements and Y = {by, by, b3} a set of
three elements. The number of functions f from X to Y such that (i) f is onto
and (ii) there are exactly three elements z in X such that f(z) = by, is

(A) 490; (B) 558; (C) 560; (D) 1680.

Consider the quadratic equation of the form z2+4bz+c = 0. The number of such
equations that have real roots and coefficients b and ¢ from the set {1,2, 3,4, 5}
(b and ¢ may be equal) is

(A) 18; (B) 15; (C) 12 (D) none of the foregoing quantities.

Let A,, Az, A3 be three points on a straight line. Let By, By, Bs, By, Bs be five
points on a straight line parallel to the first one. Each of the three points on
the first line is joined by a straight line to each of the five points on the second
line. Further, no three or more of these joining lines meet at a point except
possibly at the A’s or the B’s. Then the number of points of intersections of
the joining lines lying between the two given straight lines is

(A) 30; (B) 25; (C) 35; (D) 20.

There are 11 points on a plane wi.t;h 5 lying on one straight line and another 5
lying on a second straight line which is parallel to the first line. The remaining
point is not collinear with any two of the previous 10 points. The number of
triangles that can be formed with vertices chosen from these 11 points is

(A) 85 (B) 105; - (C) 125 (D) 145.

Let ay, ay, as, . . - be a sequence of real numbers such that lim a,, = co. For any
n—oo

real number z, define an integer-valued function f(z) as the smallest positive
integer n for which a, > z. Then for any integer n > 1 and any real number z,

(A) f(an) < and age) 2 5 (B) f(an) < n and ay@) < z;
(C) f(an) =2 n and ayz) 2= z; (D) f(an) > n and ag(y < .
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There are 25 points in a plane, of which 10 are on the same line. Of the rest, no
three are collinear and no two are collinear with any of the first ten points. The
number of different straight lines that can be formed by joining these points is

(A) 256; (B) 106; (C) 255; (D) 105.
If f(z) = sin(log;oz) and h(z) = cos(log,, z), then

@3 [0 (%) ~htev)

equals ‘

(A) sin(log,o(zy)); (B) cos(logio(zy));
(C) sin(logyo(%)); " (D) none of the foregoing expressions.
The value of logg 31—""5’)215@ is

(A) 725; (B) 6; (C) 3125; (D) 5.
The value of log, 10 — logg 125 is

(A) 1 —log, 5; (B) 1, (C) 0; (D) 1 — 2log, 5.

If log, = X logs k = 3, then = equals

(A) K (B) K% (C) 125; (D) 245.

Ifa>0,b>0,a#1,b%# 1, then the number of real x satisfying the equation
(log, 7). (log, ) = log, b

is

(4) 0 ®)1L ©z (D) infinite.

If logy = = 10°™", then z equals

(A) 4%°; (B) 100; (C) logyo 4;
(D) none of the foregoing numbers. :

If log,, 27 = a, then logg 16 equals
33—
(A) 22 (B) 4 (353); () 32; (D) 5 (22).

a El
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Consider the number log,,(2). It is

(A) a rational number less than 1/3 and greater than 1/4;

(B) a rational number less than 1/4;
(C) an irrational number less than 1/3 and greater than 1/4;

(D) an irrational number less than 1/4.

If y=a+blog, z, then
(B) log, y is proportional to z;

(A) ;% is proportional to z*;
(D) y — a is proportional to z".

(C) ¥ is proportional to z°;

Let y = log, z and a > 1. Then only one of the following statements is false.
Which one is it?

(A) Ifz =1, theny = 0. (B) If z < 1, then y < 0.
(C) Ifz =3, then y = 1. (D) If z = a, then y = 1.
Ifp= zl':T’ then n equals

s . log(s/p) . og s
(A) log s (B) rogisy (©) mptisms (D) ZER.
If (logy z)(log, 3z)(log,, v) = log, 23, then y equals
(A) 125; (B) 25; ©) % (D) 243.
If (logs k)(logs 5)(logy z) = k, then the value of z equals
(A) K (B) 5% (C) &% (D) 3*.
Given that logpa: = a and logqx = f, the value of logp /o T €quals
(A) 2Z; (B) 5 () =4 (D) =£,.

If logzy 3 = a and logg, 5 = b, then log, 8 is equal to
(A) a+b  (B) 31-a-b)  (O) Y1-a-b) (D) Y(1-a-b)

If log, z = 6, and logys,(8z) = 3, then a is
(A) 8.5; - (B) 10 (C) 12; (D) 12.5.
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Let
4 — (108100 10) (logy(log 2)) (log (105 (256)")
log, 8 + logg 4 '
Then the value of a is
(A) -3 (B) 2; (o) O (D) 2.
If f(z) = log(;%Z), then f(z) + f(y) is
(A) ety (B) F(EL) (O c+iflas) O f@+ES
K)
If log,, a = 4, then the value of logab(%) is
17 '
(A) & (B) 2 (©) 3; (D) §-
The value of /1023161016 jg
(A) 80; (B) 20v/2; (C) 40; (D) 20.
If log, a = 10, then log,s (a®) equals
(A) s (B) 6; ©) (D) &.
If (log, z)(log, 2z) (log,, y) = log, %, then y equals
(&) 7; (B) 9; (C) 18; (D) 27.
The number of real roots of the equation

o820 (2) (oma@)" + (oma@)* =1

for values of z > 1, is

(A) 0; (B) 1; (C) 2; (D) none of the foregoing numbers.

The equation log; z — log, 3 = 2 has
gA; no real solution; _ (B) exactly one real solution;
C) exactly two real solutions; (D) infinitely many real solutions.

If (log, z)(log, z)(logs z) = (logg z)(logg ) + (lo log. 1 : ’
anézgﬁ%, then z is ) = (logy z)(log,z) + ( g4x)(og5m)+(10g5m)(]0g3£)

(A) 10; (B) 100; (C) 50; (D) 60.
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If log,(logs(log, z)) = logy(log,(log, v)) = logs(log,(logs 2)) = 0 then z +y + 2
1S

(A) 99; (B) 50; (C) 89; (D) 49.

If z is a positive number different from 1 such that log, z, log, z and log, z
are in A.P., then

(A) & = (a.c)o8a?; (B) b= %< (C) b= vac;

(D) none of the foregoing equations is necessarily true.

Given that log;y5 = 0.70 and log,, 3 = 0.48, the value of logzy 8 (correct upto
2 places of decimal) is

(A) 0.56; (B) 0.61; (C) 0.68; (D) 0.73.
If z is a real number and y = (e® — e7®), then

(A) z can be either log(y + /3% + 1) or log(y — /%% + 1);
(B) z can only be log(y + /%% + 1);
(C) z can be either log(y + /%% — 1) or log(y — /% — 1);
(D) z can only be log(y + /% — 1).

A solution to the system of equations

az +by+cz=0 and a’z+b’y+clz=0

is

(A) z =a(b—c),y = b(c—a),z=c(a - b);
(B) z = ﬂ%;sl, y= "(;_" B = E(PC_;_"), where k is an arbitrary constant;

Q) z="Fy="52="3"

(D) z = M,y = ke-a) , — k@=b) where k is an arbitrary constant.

a b c

(z + y + 2)(yz + 2z + TY) — TYz equals

(A) (v + 2)(z + 2)(z + ¥); (B) (y — 2)(z — z)(z — y);
(C) (z+y + 2)% (D) none of the foregoing expressions, in general.

The number of points at which the curve y = z® + 2% — 2 cuts the z-axis is
(A) L; (B) 2 (C) 4 (D) 6.
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Su?pose a+b+cand a — b+ c are positive and ¢ < 0. Then the equation
+bz+c=0

(A) has exactly one root lying between —1 and +1;
(B) has both the roots lying between —1 and +1;
(C) has no root lying between —1 and +1;

(D) nothing definite can be said about the roots without knowing the values
of a, b, and c.

Number of real roots of the equation 82% — 6z + 1 = 0 lying between —1 and 1,
is

(A) 0; B) 1 (©) 2 (D) 3.
The equation f;i—'l’ =5 has

(A) no solution in [0, 2J; (B) exactly two solutions in [0, 2];
(C) exactly one solution in [0, 2]; (D) exactly three solutions in [0, 2].

The roots of the equation 2z® — 6z — 5v/z2 — 3z — 6 = 10 are

(A) 3 +1vag, 2+ 135 (B) 3+ V41, 3 ++/35;
(C) -2, 5, 3 + 1v/34; (D) -2, 5, 3+ v/34.
Suppose that the roots of the equation az?® + bAz + A = 0 (where a and b are

given real numbers) are real for all positive values of \. Then we must have
(A) a > 0; (B) a=0; (C) b > 4a; (D) a< 0.

The equations 2 +z+a=0and z° +az + 1 =0

(A) cannot have a common real root for any value of a;
(B) have a common real root for exactly one value of q;
(C) have a common real root for exactly two values of a;
(D) have a common real root for exactly three values of a.

It is given that the expression az?+ bx + ¢ takes positive values for all greater
than 5. Then

(A) the equation az® + bz + ¢ = 0 has equal roots;
(B)a>0and b <0

(C) a > 0, but b may or may not be negative;

(D) ¢ > 5.
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The roots of the equation 122 + bz + ¢ = 0 are integers if

(A) & —2¢ > 0; (B) b — 2¢ is the square of an integer and b is an integer;
(C) b and c are integers; (D) b and c are even integers.

. Consider the quadratic equation (a + ¢ — b)z? + 2cz + (b + ¢ — a) = 0, where

a, b, c are distinct real numbers and a + ¢ — b # 0. Suppose that both the roots
of the equation are rational. Then

(A) a,b and c are rational; (B) ¢/(a—b) is rational;
(C) b/(c— a) is rational; (D) a/(b— c) is rational.

Let a and § be the roots of the equation z% + z + 1 = 0. Then the equation

whose roots are ; and § is
(A)z22+z+1=0; (B)z2—z+1=0;
C)z®—z—-1=0; (D) z?+z—-1=0.

If o, 2,,8 are the roots of az? + bz + ¢ = 0, then the equation whose roots are
a2, p%is

(A) a®z? + (b — 2ac)z + 2 = 0;

(B) a%z* — (b* + 2ac)z + 2 =0;

(C) a®z? — (b — 2ac)z + & =0;

(D) none of the foregoing equations.

Suppose that the equation az® + bz + ¢ = 0 has roots a and 8, both of which
are different from }. Then an equation whose roots are a7 and —251_1 is

(A) (a+2b+4c)z? +2(a+b)z+a =0;
(B) 4cz® +2(b—2c)z+ (a—b+¢) =0;
(C) cz® +2(a+b)z + (a+2b+4c) =0;
(D) none of the foregoing equations.

If a and S are roots of the equation z2+ 5z —5 = 0, then (m37)°+ (541)° equals
(A) =322 (B) (C) —5; (D) 3 + V/5.

If o is a positive integer and the roots of the equation 622 — 112 + o = 0 are
rational numbers, then the smallest value of « is

(A) 4; (B) 5; (C) 6; (D) none of the foregoing numbers.
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P(z) is a quadratic polynomial whose values at z = 1 and at z = 2 are equal
in magnitude but opposite in sign. If —1 is a root of the equation P(z) =0,

‘then the other root is

(A) §5 (B) %; (C) 1—73; (D) none of the foregoing numbers.

If 4210 — 29 — 328 4 527 + kb + 225 — 23 + kx? + 5z — 5, when divided by (z+1)
gives a remainder of —14, then the value of k equals

(A) 2; (B) 0; (C) 7; (D) —2.

A polynomial f(z) with real coefficients leaves the remainder 15 when divided
by z—3, and the remainder 2z+1 when divided by (z— 1)2. Then the remainder
when f(z) is divided by (z — 3)(z — 1)* is

(A) 2z% — 2z + 3; (B) 6z — 3; (C) z? + 2z; (D) 3z + 6.
The remainder obtained when the polynomial z + z° + z° + 2" + z°! + 2% is
divided by z? — 1 is

(A) 6z + 1; (B) 5z + 1; - (C) 4z; (D) 6z.
Let (1+z+2%)°=a+aaz+...+ 1528, Then

(A) a0+a2+...+alg=a1+a3+...+al7;

(B) ap + a2 + . .. + Qg is even;

(C) ap + aa + ... + aus is divisible by 9;

(D) ag+ g+ ...+ us is divisible by 3 but not by 9.

The minimum value of z8 — 82% + 19z — 122% + 142® — 8z + 9 is

(A) -1; (B) 9; (©) 6; (D) 1.
The cubic expression in z, which takes the value zero when z = 1 and z = -2,
and takes values —800 and 28 when z = —7 and z = 2 respectively, is

(A) 3z% + 222 — Tz + 2; (B) 3z + 422 — 5z — 2;
(C) 223 + 3z* — 3z — 2; (D) 223 + 2% — 5z + 2.

If f(z) is a polynomial in z and a, b are distinct real numbers, then the remain-
der in the division of f(z) by (z —a)(z —b) is

(—a)f(a)—(z=b)f(b), B) (E=a)f(®)—(z—b)f(a),
(A) =3 ; (B) =l :
0 -_— —b a —_ a)— P
©) & a)f(b‘)z_gz' )f(a). (D) &=l g_im b)f(0)
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The number of real roots of z° + 223 +z? +2=01is
(A) 0; (B) 3; ©) 5; (D) 1.

Let a, b, ¢ be distinct real numbers. Then the number of real solutions of
(z—a)P+(z—b)°+(z—c)®=0is

(a) L (B) 2; (C) 3; (D) depends on a, b, c.
Let a, b and ¢ be real numbers. Then the fourth degree polynomial in =

acz® + b(a + ¢)z® + (a® + b + c*)z* + bla +c)z +ac

(A) has four complex (non-real) roots;

(B) has either four real roots or four complex roots;
(C) has two real roots and two complex roots;

(D) has four real roots.

Let P(z) = az® + bz + ¢ and Q(z) = —az? + bx + ¢, where ac # 0. Consider
the polynomial P(z)Q(z).

(A) All its roots are real;

(B) None of its roots is real;

(C) At least two of its roots are real;
(D) Exactly two of its roots are real.

For the roots of the quadratic equation 22 4+ bz —4 = 0 to be integers

(A) it is sufficient that b = 0,3;
(B) it is sufficient that b = 0, +2;
(C) it is sufficient that b = 0,+4;
(D) none of the foregoing conditions is sufficient.

The smallest positive solution of the equation
(81)%'% 4 (81)"* = 30
is
(A) &; (B) %; ©) & (D) is none of the foregoing quantities.

If & and S are the roots of the equation 2* + axz + b = 0, where b % 0, then the
roots of the equation bz? + az + 1 = 0 are

(A) 3 5 (B) o, B% (©) 3. 3 (D) .5

a!? -ﬂ')
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A necessary and sufficient condition for the quadratic function ar? + bz +cto
take both positive and negative values is

(A) ab#0; (B) b — dac > 0; (C) b* —4ac > 0;
(D) none of the foregoing statements.

The quadratic equation z2 + bz + ¢ = 0 (b, ¢ real numbers) has both roots real
and positive, if and only if _

(A) b<0andc>0; (B) bec < 0and b>2c;
(C) be < 0and b? > 4c; (D) ¢>0and b< -2V

If the equation az?+ bz + ¢ = 0 has a root less than —2 and a root greater than
2, and if a > 0, then

(A) 4a +2[b| + ¢ < 0; (B) 4a + 2|b| + ¢ > 0; (C) 4a + 2|b| + ¢ = 0;
(D) none of the foregoing statements need always be true.

Which of the following is a square root of 21 — 4v/5 + 8v/3 — 44/15?
(A) 2v3-2-5; (B) V5 —3+2V3;
(C) 2v3 -2+ V5; (D) 2v/3+2— /5.

Ifz>1and z+2z"! <+/5, then

(A) 2z<V5+1,2z7' > v5—1;
(B) 2z<v5+1,227 <51,
(C) 2z>v5+1,227 <V5-1;
(D) none of the foregoing pair of inequalities hold.

If the roots of i 1 i

z+a :v+b= c

are equal in magnitude but opposite in sign, then the product of the roots is

2132
() —=%; (B) —=5%; (0) =, (D) 2.
If o, B are the roots of z?+z +1 = 0, then the equation whose roots are o*, 5*,

where k is a positive integer not divisible by 3, is

(A) 22—z +1=0; (B)z?+z+1=0; (C)z2—2—1=0;
(D) none of the foregoing equations.
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If & and B are the roots of the quadratic equation z? + z + 1 = 0, then the
equation whose roots are a?0% 5000 jg

(A) 22 +z—-1=0; (B)I:+$+1=0;
(C)z2—z+1=0; (D)z22—z—1=0.

If o, B, 7 are the roots of z* + 2z + 3z + 3 = 0, then the value of
3

a V', (B Y _7_)
(a+1) +(E_+_1) +(~/+1 J
is

(A) 18; (B) 44; (C) 13; (D) none of the foregoing numbers:

a=+bi(b#0, i =+/—1) are complex roots of the equation z* 4 gz + 71 =0,
where a, b, g and r are real numbers. Then g in terms of a and b is

(A) a? —b?%; (B) b* — 3a?%; (C) a® + b% (D) 8% — 2a°.
Let a, 3, be the roots of 28 — z — 1 = 0. Then the equation whose roots are

l1+a 148 1+~
1-a'1-B'1—7

is given by
(A) 22+ Tz —z+1=0; Bz =Tz —z+1=0;
(C)zx3+ 7 +2—-1=0; D) 2*+ 722 —z—1=0.

Let 1, w and w? be the cube roots of unity. The least possible degree of a
polynomial with real coefficients, having 2w, 2 + 3w, 2+ 3w? and 2 — w — w? as
roots is

(A) 4 (B) 5 (C) 6; (D) 8.
276.

Let z; and z, be the roots of the equation z? — 3z + a = 0, and let z3 and z4
be the roots of the equation 22 — 12z +b=0. If 2y < 2 < z3 < z4 are in G.P,,
then a - b equals

(A) 5184; (B) 64; (C) —5184; (D) —64.

If z = 3¥8Y=1 i5 4 root of the equation 223 + az? + bx + 68 = 0 where a, b are
real numbers, then which of the following is also a root?

(A) B3I (B) -8; (C) —4;

(D) can not, be answered without knowing the values of @ and b.
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If the equation 6z° — az? + 6z — 1. = 0 has three real roots a,  and 7 such that

é, % and % are in Arithmetic Progression, then the value of a is

(A) 9; (B) 10; (C) 11; (D) 12.

Let z,y and 2z be real numbers. Then only one of the following statements is
true. Which one is it?

(A) If z < y, then zz < yz for all values of 2.
(B) If z < y, then £ < ¥ for all values of z.

(C) If z < y, then (z + 2) < (y + z) for all values of z.
(D) If 0 < z < y, then zz < yz for all values of z.

Ifz+y+2z=0and 23 + 43 + 2° — kzyz = 0, then only one of the following is
true. Which one is it?

(A) k = 3 whatever be z,y and z.

(B) k = 0 whatever be z,y and z.

(C) k can be only one of the numbers +1, —1,0.
(D) If none of z,¥, 2 is zero, then k = 3.

For real numbers z and v, if 22 + zy — y* + 2z — y + 1 = 0, then

(A) y cannot be between 0 and £;

(B) y cannot be between —£ and £;

(C) y cannot be between —£ and 0;

(D) none of the foregoing statements is correct.

It is given that the expression az? + bz + c takes negative values for all z < 7.
Then

(A) the equation az® + bz + ¢ = 0 has equal roots;
(B) a is negative;

(C) a and b are both negative;

(D) none of the foregoing statements is correct.

The coefficients of three consecutive terms in the expansion of (1 + z)" are 45,
120 and 210. Then the value of n is

(A) 8; (B) 12; (C) 10; (D) none of the foregoing numbers.
The polynomials

2% — 5z* + 72° +az® + bz + ¢ and 3z® — 1522 + 182
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have three common roots. Then the values of a,b and c are

(A) c =0 and a and b are arbitrary;
(B)a=—5,b=6 and c = 0;

(C)a= —%b, b arbitrary, ¢ = 0;

(D) none of the foregoing statements.

The equations 2% + 222 - 22 + 1 = 0 and 72%° + 23% 4+ 1 = 0 have

(A) exactly one common root; (B) no common root;

(C) exactly three common roots; (D) exactly two common roots.

286.

287.

288.

289.

290.

291.

292,

For any integer p > 3, the largest integer r, such that (z — 1) is a factor of the
polynomial 227+ — p(p + 1)z + 2(p* — 1)z — p(p — 1), is

(A) p; (B) 4; (C) 1; (D) 3.

When 42'% — 29 4 328 — 527 + c28 + 225 — 2% + 23 — 422 + 6z — 2 is divided by
(z — 1), the remainder is +2. The value of c is

(A) +2; (B) +1; (C) 0; (D) —1.

The remainder R(z) obtained by dividing the polynomial z'% by the polynomial
22 —-3r+2is

(A) 210 _7; (B) (2% — 1)z —2(2% — 1)
(C) 21005 _ 3. 2100, ' (D) (2% —1)z 4 2(2% —1).
If 32* — 62 + kz? — 8z — 12 is divisible by = — 3 then it is also divisible by
(A) 322—4 - (B) 3z +4 (C) 322+ =z (D) 322 — 2.
The number of integers z such that 222 — 3(27+2) 4 25 —  ig

(A) 0; (B) 1; (C) 2; (D) none of the foregoing numbers.

1If the roots of the equation (z —a)(z — b) + (z — b)(x —c)+ (z — c)(x—a) =0,

(where a, b, ¢ are real numbers) are equal, then

(A) 8% — dac =0; B)a=b=c; (C)a+b+c=0;
(D) none of the foregoing statements is correct.

Suppose that a, b, c are three distinct real numbers. The expression
@-a)(z=b) (z=b)(z=0) (s=c)(z=a)

(c—a)(e=b) T (a=b)(a=c) " (b=c)(b—a)

takes the value zero for
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(A) no real z;

(B) exactly two distinct real z;
(C) exactly three'distinct real z;
(D) more than three real z.

If | 22 — 7Tz + 12 |> 22 — Tz + 12, then

(A)z<3orz >4 (B)3<z<4 (C)3<z <4
(D) z can take any value except 3 and 4.

The real numbers z such that z? + 4|z| — 4 = 0 are

(A) —2+v8  (B)2++v8 (C)—2+£VB,2+v8 (D) £(v8-2)
The number of distinct real roots of the equation |22 +z — 6| =3z +7=01s
(A) 0O (B) 2; (C) 3; (D) 4.

“If a is strictly negative and is not equal to —2, then the equation

?+alz|+1=0

(A) cannot have any real roots;

(B) must have either exactly four real roots or no real roots;
(C) must have exactly two real roots;

(D) must have either exactly two real roots or no real roots.

The angles of a triarigle are in A.P. and the ratio of the greatest to the smallest
angle is 3:1. Then the smallest angle is

(A) 5; (B) &; (&) (D) none of the foregoing angles.

Let z,Z2, ... be positive integers in A.P., such that z; + z; + z3 = 12 and
z4 + 76 = 14. Then x5 is

(A) 7; (B) 1; (C) 4; (D) none of the foregoing numbers.

The sum of the first m terms of an Arithmetic Progression is n and the sum of
the first n terms is m, where m # n. Then the sum of the first m + n terms is

(A) 0; (B) m +n; - (C) —mn; (D) —m —n.

In an A.P., suppose that, for some m # n, the ratio of the sum of the first m

terms to the sum of the first n terms is %;— If the 13th term of th i< 50
then the 26th term of the A.P. is e A.P. is 50,

(A) 75 (B) 76; (C) 100; (D) 102.
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Let S,,n > 1, be the sets defined as follows:

-
[
N

51 2{0}’ Sg={g, %}’ S3={%)%7?4}v S4={14§7 %: 731'77}’
and so on. Then, the sum of the elements of So is :
(A) 589; (B) 609; (C) 189; (D) 209.

The value of 1-2+4+2-3+3-4+...+ 99100 equals

(A) 333000; (B) 333300; (C) 30330; (D) 33300.
The value of 1-2-3+2:3-4+3-4-5+...+20-21-22 equals

(A) 51330; (B) 53130; (C) 53310; (D) 35130.

Six numbers are in A.P. such that their sum is 3. The first number is four times
the third number. The fifth number is equal to .

(A) —15; B (C) 9; (D) —4.

The sum of the first n terms (n > 1) of an A.P. is 153 and the common difference
is 2. If the first term is an integer, the number of possible values of n is

(A) 3 (B) 4; (C) 5; (D) 6.

Six numbers are in G.P. such that their product is 512. If the fourth numberl is
4, then the second number is

(A) L (B (©C) 2 (D) none of the foregoing numbers.
Let a and b Be positive integers with no common factors. Then

(A) a+ b and a — b have no common factor other‘ than 3, whatever be a and
(B) a;+ b and a — b have no common factor greater than 2, whatever be ¢ and

(C) a,+ b and a — b have a common factor, whatever be @ and b;
(D) none of the foregoing statements is correct.

If positive numbers a, b, ¢, d are in harmonic progression and a # b, then

(A) a+d > b+ c is always true;
(B) a+ b > c+d is always true;
(C) a+ ¢ > b+ d is always true;
(D) none of the foregoing statements is always true.



44

309.

310.

311.

312.

313.

314.

315.

The sum of the series 1 + 11+ 111+ ... to n terms is

(A) 302010° 1) + n) (B R -1 -
(©) (10" — 1) - nl; (D) $lg(10™ = 1) +n].
Two men set out at the same time to walk towards each other from points A

and B, 72 km apart. The first man walks at the rate of 4 km per hour. ’Ijhe
second man walks 2 km the first hour, 21 km the second hour, 3 km the third
hour, and so on. Then the men will meet

(A) in 7 hours; | (B) nearer A than B;
(C) nearer B than A; (D) midway between A and B.

The second term of a geometric progression (of positive numbers) is 54 and the
fourth term is 24. Then the fifth term is

(A) 12; (B) 15; (C) 16; (D) none of the féregoing numbers.

Consider an arithmetic progression whose first term is 4 and the common dif-
ference is —0.1. Let s, stand for the sum of the first n terms. Suppose 7 is a
number such that s, = r for some n. Then the number of other values of n for
which s, = r is

(A) Oor | (B) 0; Oy (D) >1.

The three sides of a right-angled triangle are in G.P. The tangents of the two
acute angles are

(A) Y3 ang VoL, ' (B) \/ Yot anq 4/ 5D,

(C) V5 and _\lf_s; (D) none of the foregoing pairs of numbers.

The m*™ term of an arithmetic progression is 2 and the n* term is y. Then the

sum of the first (m + n) terms is
(A) =32[(z +y) + 7=%); (B) Zf2[(z — y) + ZtL);
(C) 3lak + sl (D) 3[2t — =x),

The time required for anir initial amount of a radioactive substance to decrease
to half that amount is called the half-life of that substance. For example, radium
has a half-life of 1620 years. If 1 gm of radium is taken in a capsule, then after
4860 years, the amount of radium left in the capsule will be, in gm,

(A) 3 (B) % (C) & (D) L.
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The sum of all the numbers between 200 and 400 which are divisible by 7 is
(A) 9872; (B) 7289; (C) 8729; (D) 8279.
The sum of the series 12 — 22 + 32 — 42 + 52 — 62 +... — 100% is

(A) —10100; (B) —5050; (C) —2525; (D) none of the foregoing numbers.

T1,T2,Z3,... is an infinite sequence of positive integers in G.P., such that
Z1Z223T4 = 64. Then the value of z5 is

(A) 4; (B) 64; (C) 128; (D) 16.
The value of 100[75 + 55 + 2 +. .. + g5a5
(A) is 99; (B) lies between 50 and 98; (C) is 100;

(D) is different from values specified in the foregoing statements.

The value of 1-3-54+3-5-7+5-7-9+...+4+17-19- 21 equals
(A) 12270; (B) 17220; (C) 12720; (D) 19503.
The sum :
T A1 2020 4 3o Bl g4 50:- 50!
equals
(A) 51 (B) 2- 511 (C) 511—1; (D) 51!+ 1.
The value of
1 . 1 + 1 i 1 i@ 1
1-3:5 3-5-7 5-7-9 7-9-11 9-11-13
equals
(A) 2; B) 2 (C) 2o (D) &
1 1 1 1
The value of 1537 + 7345 T 3456 T - T sq0.112
is
73 . 733 3. 1
(A) 13260 (B) T1gsd’ (€) 2205 (D) 15
The value of 1 . 1 - 1
1-3-5  3-5-7 " 11-13-15

equals

(A) 2; (B) £, (OF-F (D) none of the foregoing numbers.
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The value of

22 922 3.2 15 218
T - TR A an!
equals

16-217 17 16-2"7 : 2%
(A) 2- s (B) 2- oy (©) 1-i7yrs (D) 1~y
The value of 42 +2-52 +3-62 4 ---+27-30%is
(A) 187854; (B) 187860; (C) 187868; (D) 187866.

The distances passed over by a pendulum bob in successive swings are 16, 12,
9, 6.75, ... cm. Then the total distance traversed by the bob before it comes
to rest is (in cm) '

(A) 60; (B) 64; (C) 65; (D) 67.

In a sequence ay, @y, ... of real numbers it is observed that a, = V2, a, = V3
and a, = V/5, where 1 < p < ¢ < r are positive integers. Then ay, a,, @, can be
terms of ’

(A) an arithmetic progression; : (B) a harmonic progression;
(C) an arithmetic progression if and only if p, ¢ and r are perfect squares;
(D) neither an arithmetic progression nor an harmonic progression.

Suppose a, b, ¢ are in G.P. and a? = b? = ¢". Then

(A)p,g,r are in G.P; (B) p,q, T are in A.P; (C) 11,, %,% are in A.P,;

(D) none of the foregoing statements is true.

2 2 2
El k]

Three real numbers a, b, c are such that a ¢’ are terms of an arithmetic

progression. Then

(A) a,b,c are terms of a geometric progression.

(B) (b+ ¢),(c+a),(a+Db) are terms of an arithmetic progression.
(C) (b+c), (c+a),(a+b) are terms of a harmonic progression.
(D) none of the foregoing statements is necessarily true.

If a, b, c, d and p are distinct real numbers such that
(a® + b* + c*)p® — 2(ab + be + cd)p + (b*+32+d?) <0,

then
(A) a, b, c and d are in H.P; (B) ab, bc and cd are in A.P.;
(C) a, b, c and d are in A.P.; (D) a, b, ¢ and d are in G.P.
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Let n quantities be in A.P., d being the common difference. Let the arithmetic
mean of the squares of these quantities exceed the square of the arithmetic mean
of these quantities by a quantity p. Then p

(A) is alway:: negative; (B) equals *37*d?;
(C) equals &; , (D) equals 232,

Suppose that F(n+1) =220+ g, — 12,3, and F(1) = 2. Then F(101)
equals

(A) 50; (B) 52; (C) 54; (D) none of the foregoing quantities.
Let {F,} be the sequence of numbers defined by F; = 1= Fy; Fop1 = Fot Fpy

for nl 2 2. Let f, be the remainder left when F, is divided by 5. Then fag0
equals

(A) 0; (B) 1; (C) 2 (D) 3.

Consider the two arithmetic progressions 3, 7, 11, ..., 407 and 2, 9, 186, ...,
709. The number of common terms of these two progressions is

(A) 0; (B) 7; (C) 15; (D) 14.

The arithmetic mean of two positive numbers is 18% and their geometric mean
is 15. The larger of the two numbers is

(A) 24; (B) 25; (C) 20; (D) 30.

The difference between the roots of the equation 6z? +az+1 =0 is L. Further,
« is a positive number. Then the value of « is

(A) 3; (B) 4; (C) 5; (D) 21
If 4% — 4%~1 = 24, then (2z)” equals
(A) 5V5; (B) 25V/5; (C) 125; (D) 25.
The number of solutions of the simultaneous equations

y = 3log, z,y = log,(3x)
is )
(A) 0; (B) 1; (C) 8; | (D) infinite.
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340.

341.

342.

343.

344.

345.

346.

347.

The number of solutions to the system of simultaneous equations |z+1 —i| = V2
and |z| =3 is

(A) 0; (B) 1; (C) 2; (D) > 2.
The number of pairs (z,y) of real numbers that satisfy

222 + 9yt + 20y —2y+2=0
is
(A) 0; B) 1 C) 2 (D) none of the foregoing numbers.

Consider the following equation in z and y : (z — 2y — 1) + (4= + 3y —4)* +
(x—2y—1)4z+3y—4)=0.
How many solutions to (z,y) with z, y real, does the equation have?

(A) none; (B) exactly one; (C) exactly two; (D) more than two.

Let = and y be positive numbers and let @ and b be real numbers, positive or
negative. Suppose that 2° = * and y* = z°. Then we can conclude that

(A)a=bandz=1y; (B) a = b but z need not be equal to y;
(C) £ = y but a need not be equal to b; (D)a=bifz #£y L

On a straight road XY, 100 metres long, 15 heavy stones are placed one metre
apart beginning at the end X. A worker, starting at X, has to transport all
the stones to Y, by carrying only one stone at a time. The minimum distance
he has to travel is (in km)

(A) 1.395; (B) 2.79; (C) 2.69; (D) 1.495.
o P S S

nl?:o[l-3+2-4 3-5 7 nn+2) =

(A) 0; (B) % ©) & (D) .
. 1.3 3.5 (2n—1)(2n+1), .

Il s tomt T o 1

(A) §; (B) 3; (C) 0; (D) 2.

The coefficient of z" in the expansion of —71-?!;332: is

A) (-3)" — (2)in-1; B) 2" +1; in—1 _ n.
ED; Slonz: of t(he) foregoing numberg. ) (C) 3(2) 2(3)";
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348.

349.

350.

351.

352.

The infinite sum
1 1.3 1.3.5 1:3:5-7
1+ = +...
t3t36t3 60736912
is
(A) V2 (B) V3; (C) /3 (D) /3
The sum of the infinite series
142 14243 14+2+4+3+4
1+ o1 + 30 + al
is
-1
(A) % (B) ¥; (©) 2=, B ~#
For a nonzero number z, if
. ' y? B
y=1—z+§—§+--- andz=—y—3—§-—---
then the value of log, (=) is
(A) 1—=z (B): & (C) 1+ua; (D) z.

For a given real number a > 0, define a, = (124+-2%4. . 4no)n = nh(nla
forn=1,2,.... Then ( +n%)" and b, = n"(nl),

(A) ap < b, foralln > 1.

(B) there exists an integer n > 1 such that a, < b,.

(C) ap > by, for all n > 1.

(D) t};)ere exist integers n and m both larger than one such that an > b, and
am < Opy.

Let a, = -“}%:H—l forn=1,2,---. Then

(A) for every n, ap > apir;
(B) for every n, ap < apq1;
(C) there is an integer k such that a,,x = a, for all n;

(D) none of the above holds.
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354.

355.

356.

357.

358.

Let a, b and ¢ be fixed positive real numbers. Let u, = b:‘:w for n > 1. Then

as n increases,

(A) u, increases;

(B) u, decreases;

(C) wuy, increases first and then decreases;

(D) none of the foregoing statements is necessarily true.

Suppose 7 is a positive integer. Then the least value of N for which

*+n+l 1], 1
3n2+1 3 10’
when n > N, is-
(A) 4 ; (B) 5, (C) 100; (D) 1000.

The maximum value of zyz for positive z,y, z, subject to the condition zy +
yz+ 2z =12 1is

(A) 9 (B) 6; (C) & (D) 12.
If a, b are positive real numbers satisfying a® + b* = 1, then the minimum value
ofa+b+ ;1,; is i

(A) 2 (B) 2+ V2 (©) 3; (D) 1+ 2.

Let M and m be, respectively, the maximum and the minimum of n arbitrary
real numbers Z;, Z2, . - -, Tn. Further, let M’ and m’ denote the maximum and

the minimum, respectively, of the following numbers:

T1+ T2 1+ T2+ T3 1+ Ta4...+ 2,
Ty 5 o onmiy 1
2 3 n
Then
(Aym<m' <M < M B)ym<m' <M <M,
(C)m' <m< M <M, D)m<m<M<M.

A stick of length 20 units is to be divided into n parts so that the product of
the lengths of the parts is greater than unity. The maximum possibll)é(iralllge gf

n is
(A) 18; (B) 20; (C) 19; (D) 21.
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360.

361.

362.

363.

It is given that the numbers a > 0, b > 0, ¢ > 0 are such that
| a+b+c=4

and (a+0)(b+c)(c+a) =24
Then only one of the following statements is correct. Which one is it?

(A) More information is needed to determine the values of a,b and c.

(? Even when a is given to be 1, more information is needed to determine the
values of b and c.
(C

) These two equations are inconsistent. .
(D) There exist values of a and b from which the value of ¢ could be determined.

Let a,b,c be any real numbers such that a? + b? + ¢ = 1. Then the quantity
(ab+ be + ca) satisfies the condition(s)

(A) (ab+ bc + ca) is constant;
(B) =3 < (ab+bc+ca) < 1;
(C) —3 < (ab+bc+ca)<1;
(D) =1 < (ab+bc+ca) < 1.

Let z, y, z be positive numbers. The least value of

z(1+y)+y(l+2) +2(1 +z)

VIR
is
(A) 5 (B) 6; ©€) Z: (D) none of these numbers.
Leta,bandcbesﬁchthata+b+c=0and '
a2 b2 2

£= 2a2+bc+2b2+ca ¥ 2¢2 + ab
is defined. Then the value of ¢ is
(A) 1; (B) -1, (C) o (D) none of the foregoing numbers.

Let a, b and c be distinct real numbers such that
a?-b=b-c=c—a.
Then (a + b)(b + ¢)(c + a) equals
(A) 0 (B) 1; (C) -1 (D) none of the foregoing numbers.



52

364.

365.

366.

367.

368.

369.

370.

Let z and y be real numbers such that z 4+ y # 0. Then there exists an angle ¢
such that sec? @ =-(-54-‘fyl)§ if and only if
(A) z+y>0; B)z+y>1; (C) zy > 0; (D) z=y.

. . . a?+b?+c?
= @R L fixed nonzero real
Consider the equation siné R S where a, b, c are

numbers. This equation has a solution for 8

(A) whatever be a, b, c;

B) if and only if @ + b% + ¢% < 1;

C) if and only if a,b and c all lie in the interval (—1,1);
D)if and only ifa=b=c.

Consider the real-valued function f, defined over the set of real numbers, as

f(x) = esnE*+pm+a)  _oo < 1 < 00, where p, ¢ are arbitrary real numbers. The

set of real numbers y for which the equation f(z) = y has a solution depends
on

A) p and not on g; (B) ¢ and not on p,
C) both p and g; (D) neither p nor q.

The equation z — log,(1 + €*) = ¢ has a solution

A) for every ¢ > 1,
C) for every c < 0;

(B) for every ¢ < 1;
(D) for every ¢ > —1.

A real value of log,(6z® — 5z + 1) can be determined if and only if z lies in the
subset of the real numbers defined by

(A){x:§<:{:<§}; : (B){m:z<%}u{x:z:>%};
©C) {z:z2<3}u{z:223} ; (D) all the real numbers.

The domain of definition of the function f(z) = 4/log,, (32?2) is

(A) (1,2) (B) (0,1] U [2,00) (C) [1,2] (D) (0,3).

A collection S of points (z,y) of the plane is said to be convez, if whenever two
points P = (u,v) and @ = (s,t) belong to S, every point on the line segment
PQ also belongs to S. Let S; be the collection of all points (z,y) for which

1 < z?+3y® < 2 and let S, be the collection of all points i
y have the same sign. Then ® i) Som ik meand

A) S; is convex and S, is not convex;
B) 5; and S; are both convex;
C) neither S; nor S, is convex;
D) S, is not convex and S, is convex.
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372.

373.

374.

375.

376.

377.

A function y = f(z) is said to be convez if the line segment joining any two
points A = (z,, f é’lrl{)) and B = (2, f(22)) on the graph of the function lies
above the graph. Such a line may also touch the graph at some or 8:11 points.
Only one of the following four functions is not convex. Which one is it?

(A) f(z) =2®.  (B) f(z)=e€*. (C) f(z) =log.z. (D) f(z)=T7-=.

If S is the set of all real numbers z such that |1 — z| —x > 0, then

(A) S = (00, ~3; (B) §=[-33h
(C) § = (—00,0]; (D) S = (—o0, 1].
The inequality v/z + 2 > z is satisfied if and only if

(A) —2<z<2 (B) —-1<z<2
(C) 0<z<2 (D) none of the foregoing conditions.

Ifi2+m?+n?=1and!” +m?+n2 =1, then the value of Il + mm' + nn'

(A) is always greater than 2;

(B) is always greater than 1, but less than 2;

(C) is always less than or equal to 1;

(D) does not satisfy any of the foregoing conditions.

If @ and b are positive numbers and ¢ and d are real numbers, positive or
negative, then a® < b?

(A)ifa <band c<d;

(B) if either a < bor c < q;

(C)ifa>10>1,d2>¢

(D) is not implied by any of the foregoing conditions.

For all z such that 1 < z < 3, the inequality (z — 3a)(z — a — 3) < 0 holds for

(A) no value of a; (B) all a satisfying 2 < a < 1;
(C) all a satisfying 0 < a < 3; (D) all a satisfying ; < a < 3.

Given that z is a real number satisfying
(3z% — 10z + 3)(2z% — 5z + 2) < 0,

it follows that

(A) z< §; (B) 3<z< i
(C) 2<2<3; (D) j<a<jor2<z<3.
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378. If z,y, z are arbitrary real numbers satisfying the condition zy + ¥z + 22 < 0,
and if
Y 22 +y? + 22
Ty + yz + zz’
then only one of the following statements is always correct. Which one is it?

(A) -1<u<0. (B) u takes all negative real values.
(C) 2<u< -1 (D) u < 2.
379. The inequality
|22 — |z| — 2
—_— > 2
2 — 2P =2
holds if and only if

(A)-1l<z<-2ori<z<;

B)-1<z<1;

Ci<z<1;

D)z>lorz<-lor-2<z<?2
3 3

380. The set of all real numbers z satisfying the inequality |22+ 3z| +2* —2 >0 is

(A) all the real numbers z with either z < -3 or z > 2;

(B) all the real numbers z with either z < ~2orz>4;
(C) all the real numbers z with either z < -2 or z > 3;
(D) described by none of the foregoing statements.

381. The least value of i+%+§ for positive x, y, z satisfying the condition z+y+2z = 9
is

(A) 5 (B) g (C) 3 (D) 1.

382. The smallest value of « satisfying the conditions that o is a positive integer
and that ;%5 is the square of a rational number is

(A) 15; (B) 5; (€) 6 (D) 3.
383. The set of all values of z satisfying the inequality %3325% > 2is

(A) z > 3; (B) |z| > 1; (C) either 2 > 3 or z < —1; (D) |z| > 3.
384. The set of all z satisfying |z% — 4] > 4z is

(A) z <2(vV2—1)orz >2(vV2+1); (B 9(v/3 + 1);
(C) z < —2(v2—1) or z > 2(V2 + 1); (D) none of tlzemfoiegg;fl_g-ls-etg.



55

385.

386.

387.

388.

389.

390.

If @, b, ¢ are positive real numbers and

g Pt d+d® a?+¥
T b+ec c+a at+b’

then only one of the following statements is always true. Which one is it?

A)0<ac<a. (B)a<a<a+b.
Clatb<a<a+b+e, (D) a+b+c<a<2a+b+c).
Suppose a, b, ¢ are real numbers such that a2b? + b%c® + c?a® = k, where k is a

constant. Then the set of all possible values of abc(a + b + ¢) is precisely the
interval

(A) [k k] (B) [-3.3h (©) (5] (D) [~k &].

If a,b, ¢, d are real numbers such that b > 0,d > 0 and § < 35, then only one of
the following statements is always true. Which one is it?

(A)%<§_;§<§. (B)%<%‘;<§. (C)%<ﬁ<§. (D)%<:T+§<§.
If z,y, z are arbitrary positive real numbers satisfying the equation
dzy + 6yz + 82z = 9,

then the maximum possible value of the product zyz is
(A) Kl/;; (B) %—5; (©) -g—; (D) none of the foregoing values.
Let P and @ be the subsets of the X-Y plane defined as:

P= {(z,y):2>0, y>0 and z°+y> =1},
and @= {(z,9):z>0,y>0 and 2°+¢® < 1}.
Then, PN Q is
(A) the empty set ¢;  (B) P;  (C) @; (D) none of the foregoing sets.

2 2 2
The minimum value of the quantity (IS -:22+1) (c +3C+1), where a, b and

c are positive real numbers, is

(A) %i; (B) 125; (C) 25; (D) 27.
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394.
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396.

397.

The smallest integer greater than the real number (\/5 + \/5)2" (for nonnegative
integer n) is

ey (B) 4™ (C) (VB + V3 + (VB — V3" -1,
(D) (V5 + V3™ + (V5 - v3).

The set all values of m for which mz? — 6mz + 5m + 1 > 0 for all real z is

(A) 0 <m <3 (B) m <3; (C)m >0 (D) 0 < m <j.
The value of (1" + 2" + ... +n")", where r is a real number, is

(A) greater than or equal to n" - (n!)7; (B) less than n™ - (n!)*;
(C) less than or equal to n?* . (n!)"; (D) greater than n™ - (n!)".

The value of (39 + i %)165 is

(&) -1; B) i} (€) i (D) —.
The value of the expression

(-1 + \/—3)" (—1 - \/—3)"

Tt I + ——
2 2

is

(A) 3 when n is a positive multiple of 3, and 0 when n is any other positive

integer;

(B) 2 when n is a positive multiple of 3, and —1 when 7 is any other positive

integer;

(C) 1 when nis L positive multiple of 3, and —2 when n is any other positive

integer;

(D) none of the foregoing numbers.

How many integers k are there for which (1 — %)% = 2%? (Here i = \/=1.)
(A) one; (B) none; (C) two; (D) more than two.

If n is a multiple of 4, the sum S = 142i+ 3%+ .-+ (n+1)i", where i = V-1,
is

(A)1—-14; (B) ﬂ:2t2; (C) "—2'%!‘—"; (D) n+22—m'.
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398. If ag,a,,...,a, are real numbers such that

n

(14 2)" = ag+ a1z + az2* + ... + an2",

for all complex numbers z, then the value of

(@0—ay+as—ag+...)% +(a; —az +as —ar+...)°
equals

(A) 27, (B) a2 +a2+...+a2; .y
1
399. If t, = ( 20 ) xlm*"’, for k=0,1,---,100, then

(to—t2+t4—---+t1oo)2+(t1_t3+t5—"'—t99)2
equals

(D) 2n2.

(A) (z2-1)1;  (B) (z+1)1%;, (C) (22+1)'%;, (D) (z—1)'".

400. The expression % equals’

(A) —arH, (B) i+ (C) —2:+; (D) 1.
401. The value of the sum
Cos_7r__+cos_2—7r+...+co &
1000 1000 ® 1000
is '
(A) 0 (B) 1; (C) Wloﬁ; (D) an irrational number.
402. The sum
140 ™ ecsns 2 cos20+ ...+ (" cosnf
1 2 n
equals
(A) (2cos %);‘ cos %; (B) (2cos” ),
(C) (2 cos? 22)™; (D) none of the foregoing quantities.

403. Let 1 = v/—1. Then

A) i and —i each has exactly one square root;

%B ¢ has two square roots but —i does not have any;
(C) neither i nor —7 has any square root;

(D) i and —i each has exactly two square roots.
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404. If the complex numbers w and z represent two diagonally opposite vertices of
a square, then the other two vertices are given by the complex numbers

(A) w+iz and w — iz;

(B) 3(w + z) + 3i(w + 2) and %(w +z) — di(w + 2);

(C) %(w —z)+ %-z:(w —2) and ?(w -2) - %z:(w -z);

(D) 3(w + z) + 3i(w — 2) and 3(w + 2) — 3i(w — 2).
405. Let

A= {a+bV—1]|a,b are integers}
and i
U={$EA|;€A}.

Then the number of elements in U is

(A) 2 (B) 4; (C) 6; (D) 8.
406. Let i = /—1. Then the number of distinct elements in the set

S = {z’"+i‘":haninteger}

is

(A) 3; (B) 4; (C) greater than 4 but finite; (D) infinite.
407. Let i = +/—1 and p be a positive integer. A necessary and sufficient condition

for ()P =1is

(A) p is one of 3,11,19,27, ... (B) p is an odd integer;

(C) p is not divisible by 4; (D) none of the foregoing conditions.

408. Recall that for a complex number z = z + iy, where i = /-1, Z = 2 — iy and
1
Izl = (x2 +y2)5.
The set of all pairs of complex numbers (21, z;) which satisfy

z2 — 2
<1

1—212
is

(A) all possible pairs (21, z2) of complex numbers;

(B) all pairs of complex numbers (21, z3) for which |z)| < 1 and |z| < 1;

(C) all pairs of complex numbers (z1, 22) for which at least one of the following
statements is true:



59

409.

410.

411.

412.

(i) |z1] <1 and [z] > 1,
(ii) [z1] > 1 and |2,| < 1;
(D) all pairs of complex numbers (z;, z;) for which at least one of the following
statements is true:
(i) |z1] <1 and |z] <1,
(i) |21] > 1 and |2| > 1.

21+ 22
Suppose 21, z; are complex numbers satisfying z; # 0, 21 # 22 and I 1.
1, =22
z
Then = is
: PN

(B) real and positive;

(A) real and negative;
(D) not necessarily any of these.

(C) purely imaginary;
The modulus of the complex number

2+i\/§ 1o+ 2_2_\/5. 10
2—-iv5 2+1iv5

is
(A) 2cos(20cos™ 2);
(C) 2cos(10cos™! g—),

For any complex number z = z + 1y with = and y real, define (z) = |z| + |y|.
Let z; and 2z; be any two complex numbers. Then

(A) (z1 + z2) < (21) + (22);
(B) §Z1 + z2) = (z1) + (22);

(C) (=1 +22) = (=) + (22);
(D) none of the foregoing statements need always be true.

(B) 2sin(10Acos‘l 2);
(D) 2sin(20 cos™? £).

Recall that for a complex number 2 = z + 7y, where i = /-1, 2| = (22 + yz)g
and arg(z) = principal value of tan™*(¥).

Giw.an complbex.numbers 21 =a+1, 2z = %(1 —3) 4 \_bfi(l $4), L2y =
%(z -1)- W(z +1), where a a.nd b are real numbers, only one of the following
statements is true. Which one is it?

(A) |z1] = | 22| and |22| > |z

(B) |21] = |23| and |z1] < |2a;

(C) argz; = arg z, and arg 21— arg z3 = §;

(D) arg z,— arg z; = —% and arg 23— arg 2, = #m.
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413.

414.

415.

416.

417.

418.

If ag, a4, ..., as, are real numbers such that

(1+2)"=ay+az+a2® + ... +am2™

for all complex numbers z, then

(A) ao+ar+az+...+as =27
o B o oo g ot
(C) a§ +af + a3 +.. +0,2n—2"
(D) (a0 +az+as+...)" + (a1 +ag+as +...)° = 2%,

If z is a nonzero complex number and _1—+; is purely imaginary, then 2

A) can be neither real nor purely imaginary;
B) is real;
C)is purely imaginary;

(D) satisfies none of the above properties.

Let a and b be any two nonzero real numbers. Then the number of complex
numbers z satisfying the equation |z|? + a|z| + b=0is

(A) 0 or 2 and both these values are possible;
B) 0 or 4 and both these values are possible;
EC% 0, 2 or 4 and all these values are possible;
(D) 0 or infinitely many and both these values are possible.

Let C denote the set of complex numbers and define A and B by
A={(z,w):z,w€eC and |z| = |w|}
B={(z,w):2,w€C and 2?=w?}.

Then

A)A = B; (B) AcC B; (C) B C 4;
D) none of the foregoing statements is correct.

Among the complex numbers z satisfying |z — 252] 15, the number having
the least argument is

(A) 103 (B) —15 + 25¢; (C) 12 + 164; (D) 7 + 12i.
The minimum possible value of
|2* + |2 = 3* + |2 — 6l
where z is a complex number and i = /=1, is
(A) 15; (B) 45; (C) 30; (D) 20.
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422.

423.

The curve in the complex plane given by the equation Re(%) = % isa

A) vertical straight line at a distance of 4 from the imaginary axis;
B) circle with radius unity;

C) circle with radius 2;
D) straight line not passing through the origin.

The set of all complex numbers z such that arg(zj) =1 3 Tepresents

(A) part of acircle; (B) acircle; (C) an ellipse; (D) part of an ellipse.

Let z=z+1y wheye z and y are real and = v/—1. The points (z,y) in the
plane, for which :—1‘: is purely imaginary (that is, it is of the form b where b is
a real number), lie on _

(A) a straight line; (B) a circle; (C) anellipse; (D) a hyperbola.
If the point z in the complex plane describes a circle of radius 2 with centre at
the origin, then the point z + % describe

(A) a circle; (B) a parabola; (C) an ellipse (D) a hyperbola.

The set {(z,y) : |z| +|y| < 1} is represented by the shaded region in one of the
four figures. hich one is it? ]

(A) (B)

" (0,1)

(1.0

@)

('1 !0)
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424. The sets
{(z,y): ly—-1] -z > 1}
{(z,y) : |lo| —y > 1}
{(z,y) : z - |y| <1}
{(zy):y—le—1/ 20}
are represented iby the shaded regions in the figures given below in some order.

Then the correct order of the figures is

éAg Fy, Fy, F3, F3; gB; Fy, Fy, F3, Fy;
C Fl,F4;F3:F2; F4,F1,F3,F2.
425. The shaded region in the diagram represents the relation

YA
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426.

The number of points (z, y) in the plane satisfying the two equations |z|+|y| =1
and cos (2(z +y)) =0 s

(A) 0; (B) 2; (C) 4; (D) infinitely many.

Directions for Items 427 and 428:

427.

- (A) 4
428.

. The points (2,1), (8,5) and (z,7) lie on a straight line. The value of z is

430.

431.

Let the diameter of a subset S of the plane be defined as the mazimum of the
distances between arbitrary pairs of points of S.

Let
S={(z,y): (y—12) <0, (z+y) > 0,2 +y* < 2}.

Then the diameter of S is

(B) 2; (C) 2v2; (D) V2.

Let ‘
S ={(z,y) : |=| + |yl = 2}.

Then the diameter of S is

(B) 4V2; (C) 4; (D) 2v/2.

..........................................................................

(A) 10; (B)13; . (C) 12; (D) 112.

In a parallelogram PQRS, P is the point (-1,-1), Q is (8,0) and R is (7,5).
Then S is the point
(A) (—1:4); (B) (—2,4); (C) (—2,3-;—); (D) (_1%,4).

ng through the point of intersection of the lines

The equation of the line passi
o 0 and is perpendicular to the line z +3y+1 =10

z—-y+1=0and3z+y—5=
is

(A)z+3y—1=0; (B) z—3y+1=0;
(C)3z—y+1=0; (D)3z—y—1=0.
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- 432.

433.

434.

435.

436.

437.

438.

439.

A rectangle PQRS joins the points P = (2,3),Q = (z1,11),R = (8,11),

S = (x2,y2). The line QS is known to be parallel to the y-axis. Then the
coordinates of () and S are, respectively,

(A) (0,7) and (10,7); (B) (5,2) and (5,12); (C) (7,6) and (7,10);
(D) none of the foregoing pairs.

The sum of the interior angles of a polygon is equal to 56 right angles. Then
the number of sides of the polygon is

(A) 12; (B) 15; L i(C) 30; (D) 25.

The ratio of the circumference of a circle to the perimeter of the inscribed
regular polygon with n sides is

(A) 27 :2nsinZ; (B) 27: nsinZ;  (C) 27 : 2nsin %:—’; (D) 27 : nsin 27”

The length of the common chord of two circles of radii 15 cm and 20 cm, whose
centres are 25 cm apart, is (in cm)

(A) 24; (B) 25; (C) 15; ' (D) 20.

A circle of radius v/3 — 1 units with both coordinates of the centre negative,
touches the straight lines y — v/3z = 0 and = — V3y = 0. The equation of the
circle is

(A) 2 + 9> +2(z+y) + (V3 - 12 =0;

(B) 2 + 4> +2(z +y) + (V3 +1)* = 0;

(C) 22 +* +4(z+y)+(V3-12 =0

(D) 22 + 2 +4(z +y) + (V3+ 1) =0.

Two circles APQC and PBDQ intersect each other at the

APB and CQD are two parallel straight lines. Then only
statements is always true. Which one 1s it?

points P and Q and
one of the following

(A) ABDC is a cyclic quadrilateral. (B) AC is parallel to BD.
(C) ABDC is a rectangle. (D) ZACQ is a right angle.
The area of the triangle whose vertices are (a,a), (a +1,a + 1),(a+2,a) is

(A) a®; (B) 20; € 1 (D) V2.

In a trapezium, the lengths of the two Earallel sides are 6 and 10 units. If one

of the oblique sides has length 1 unit, then the length of the other oblique side
must be _

(A) greater than 3 units but less than 4 units;
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440.

441.

442.

443.

444.

445.

(B) greater than 3 units but less than 5 units;
(C) less than or equal to 3 units;
(D) greater than 5 units but less than 6 units.

If in a triangle, the radius of the circumcircle is double the radius of the inscribed
circle, then the triangle is

(A) equilateral; (B) isosceles; (C) right-angled;
(D) not necessarily any of the foregoing types.

If in a triangle ABC with a, b, ¢ denoting sides opposite to angles A,Band C
respectively, a = 2b and A = 3B, then the triangle

(A) is isosceles;

(B) is right-angled but not isosceles;

(C) is right-angled and isosceles;

(D) need not necessarily be any of the above types.

Let the bisector of the angle at C of a triangle ABC intersect the side AB in
a point D. Then the geometric mean of CA and CB

(A) is less than CD;

(B) is equal to CD;

(C) is greater than CD;

(D) does not always satisfy any one of the foregoing properties.

Suppose ABCD is a cyclic quadrilateral within a circle of radius 7. The bisector
of the angle A cuts the circle at point P and the bisector of angle C' cuts the
circle at point @. Then

(A) AP =2r; (B) PQ =2r; (C) BQ = DP; (D) PQ = AP.

In a triangle ABC, let C; be any point on the side AB other than A or B.
Join CC;. The line passing through A and parallel to CC, intersects the line
BC extended at A;. The line passing through B and parallel to CC, intersects
the line AC' extended at B;. The lengths AA;, BB,, CC) are given to be p, q,
units respectively. Then

. — DPtq.
(A) r =L (B) r =5 (C) r = ¥H,
(D) none of the foregoing statements is true.

In a triangle ABC, D and F are points on AB and AC respectively such th
/BDC = ZBEC. Then pectively such that

(A) £BED = £LBCD; (B) ZCBE = /BED:
(C) £BED + £CDE = ZBAC; (D) £BED + ZBCD = /BAC.
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447.

448.

449.

450.

451.

In the picture, PQRS is a parallel- S R
ogram. PS is parallel to ZX and

7o equals 3. Then % equals X
(A) % (B) %;
©€) 5 (D) 5z P Z Q

Let A, B,C be three points on a straight line, B lying between A and C.
Consider all circles passing through B and C. The points of contact of the
tangents from A to these circles lie on

(A) a straight line; (B) a circle; (C) a parabola;
(D) a curve of none of the foregoing types.

ABC is a triangle with AB = 13; BC = 14 and CA = 15. AD and BE are
the altitudes from A and B to BC and AC respectively. H is the point of

intersection of AD and BFE. Then the ratio % is

A) &; (B) 13; ©) 3 (D)

=iy}

ABC is a triangle such that AB = AC. Let D be the foot of the perpendicular
from C to AB.and E the foot of the perpendicular from B to AC. Then

(A) BC® < BD3 + BE®; (B) BC®*=BD®+ BE®, (C) BC®> BD? + BE3;
(D) none of the foregoing statements need always be true.

Through the centroid of an equilateral triangle, a line parallel to the base is
drawn. On this line, an arbitrary point P is taken inside the triangle. Let h
denote the distance of P from the base of the triangle. Let h, and h, be the
distances of P from the other two sides of the triangle. Then

hy+h
(A) h= ‘142-—% (B) h = v/hihy; (C) h= hz?i%%;

(D) none of the foregoing conditions is necessarily true.

In the figure that follows, BD = CD, BE = DE, AP = PD and DG | CF.
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453.

454.

A

Then 2r€2 of AADH

00 G is equal to

(A) %; (B) %; (©) %; (D) none of the foregoing quantities.

Let A be the fixed point (0,4) and B be a moving point (2t,0). Let M be the
mid-point of AB and let the perpendicular bisector of AB meet the y-axis at
R. The locus of the mid-point P of MR is

(A) y+22 =2 B)z?+y—-2P2=4 €) (y—22 —22 =1
(D) none of the foregoing curves.

Let !4 and l; be a pair of intersecting lines in the plane. Then the locus of the
points P such that the distance of P from [, is twice the distance of P from 5 is

(A) an ellipse; (B) a parabola;
(C) a hyperbola; (D) a pair of straight lines.

A triangle ABC has fixed base AB and the ratio of the other two unequal sides
is a constant. The locus of the vertex C is

(A) A straight line parallel to AB.

(B) A straight line which is perpendicular to AB.
(C) A circle with AB as a diameter.

(D) A circle with centre on AB.
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456.

457.

458.

459.

460.

461.

462.

P is a variable point on a circle C and Q is a fixed point outside of G'f‘R i]s
a point on PQ dividing it in the ratio p : q, where p > 0 and ¢ > 0 are hixed.
Then the locus of R is

(A) a circle; (B) an ellipsc;
(C) acircle if p = g and an ellipse otherwise;
(D) none of the foregoing curves.

Let r be the length of the chord intercepted by the ellipse 9z + 16y* = 144 on
the line 3z + 4y = 12. Then

(A) r =5; (B) r > 5; (C)r=3; (D) r =T
The angles A, B and C of a triangle ABC are in arithmetic progression. AB =6
and Bg = 7. Then AC is

(A) 5; (B) 7; (C) 8; (D) none of the foregoing numbers.

ABC is a triangle. P,Q and R are respectively the mid-points of AB, BC and
CA. The area of the triangle ABC is 20. Then the area of the triangle PQR is

(A) 4 (B) 5 (C) 6; (D) 8.

Let AC and CE be perpendicular line segments, each of length 18. Suppose
B and D are the mid-points of AC' and C'E respectively. If F' is the point of
intersection of EB and AD, then the area of the triangle DEF is

(A) 18; (B) 18V2; (C) 27 (D) £/85.

In a triangle ABC), the medians AM and CN to the sides BC and AB respec-
tively, intersect at the point O. Let P be the mid-point of AC and let MP
intersect C'N at Q. If the area of the triangle OMQ is s square units, the area
of ABC'is

(A) 16s; (B) 18s; (C) 21s; (D) 24s.

Let F be a point on the side AD of a square ABCD of area 256. Suppose the
erpendicular to the line FC at C' meets the line segment AB extended at E.
Ff the area of the triangle CEF' is 200, then the length of BE is

(A) 12; (B) 14; (C) 15 (D) 20.

Consider the circle with center C' = (1,2) which passes through the points
P=(1,7)and Q= (4,-2). If Ris the point of intersection of the tangents to
the circle drawn at P and @, then the area of the quadrilateral CPRQ is

(A) 50; (B) 50v2; (C) 75 (D) 100.
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464.

465.

466.

467.

468.

469,

PA and PB are tangents to a circle S touch-
ing S at points A and B. C is a point on S
in between A and B as shown in the figure.
LCM is a tangent to S intersecting PA and
PB in points L and M, respectively. Then A

the perimeter of the triangle PLM depends L
on

(A) A,B,C and P, ¥
(B) P, but not on C;

(C) P and C only;

(D) the radius of S only.

A and B are two points lying outside a plane IT, but on the same side of it. P
and @ are, respectively, the feet of perpendiculars from A and B to II. Let X
be any point of II. Then (AX + X B) is minimum when X

(A) lies on PQ and ZAXP = /BXQ;

(B) is the mid-point of PQ;

(C) is any point of I1 with ZAXP = /BXQ;

(D) is any point on the perpendicular bisector of PQ in II.

The vertices of a triangle are the points (0,0), (4,4) and (0,8). The radius of
the circumcircle of the triangle is

(A) 3v/2; (B) 2v/2; (6} 3 (D) 4.

The number of different angles 6 satisfying the equation cos + cos20 = —1
and at the same time satisfying the condition 0 < 8 < 360° is

(A) 0; (B) 4; (C) 2 (D) 3.

ABC is a right-angled triangle with right angle at B. D is a point on AC such
that ZABD = 45°. If AC = 6cm and AD = 2cm then AB is

(A) Jzom; (B) 3v2em; (©) JEom; (D) 2cm.

)

In the triangle ABC, AB = 6,BC = 5,CA = 4. AP bisects the angle A and
P lies on BC. Then BP equals

(A) 3; (B) 3.1; (C) 2.9; (D) 4.5.

In a triangle ABC, the internal bisector of the angle A meets BC at D. If
AB =4, AC = 3 and ZA = 60°, then the length of AD is

(A) 2v3; (B) E%@; (C) &8@; (D) none of these numbers.
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471.

472.

473.

474.

ABC is a triangle with BC = a,CA = b and ZBCA = 120°. CD is the bisector
of ZBCA meeting AB at D. Then the length of CD is

+b b 24 p2 a®+ab+b?
(A) 5 (B) gt (©) 3atys (D) T3(a+t) -

The diagonal of the square PQRS is a + b. Thé perimeter of a square with
twice the area of PQRS is
(A) 2(a +b); (B) 4(a +b); (C) v8(a+b); (D) 8ab.

A string of length 12 inches is bent first into a square PQRS and then into a
right-angled triangle PQT by keeping the side PQ of the square fixed. Then
the area of PQRS equals

(A) 21(rea of I;?DZ’T) & g (B) 2(area of PQT);
area o
(©€) 3

(D) none of the foregoing numbers.

)

Instead of walking along two adjacent sides of a rectangular field, a boy took a
short-cut along the diagonal and saved a distance equal to half the longer side.
Then the ratio of the shorter side to the longer side is

(A) 3 (B) & ©) & (D) 3.

Consider a parallelogram ABCD with E as the midpoint of its diagonal BD.
The point E is connected to a point F on DA such that DF = %DA. Then, the

" ratio of the area of the triangle DEF to the area of the quadrilateral ABEF is

475.

476.

477.

(A) 1:2; (B) 1:3; (C) 1:5; (D) 1:4.

The external length, breadth and height of a closed box are 10 cm, 9 cm and
7 c¢m respectively. The total inner surface area of the box is 262 sq cm. If the
walls of the box are of uniform thickness d cm, then d equals

(A) 1.5 (B) 2% (C) 2.5; (D) 1

A hollow spherical ball whose inner radius is 4 cm is full of water. Half of the
water is transferred to a conical cup and it completely fills the cup. If the height
of the cup is 2 cm, then the radius of the base of the cone, in cm, is

(A) 4; (B) 8m; (C) & (D) 16.

PQRS is a trapezium with PQ and RS parallel, PQ = 6 " ,
R.g = 3 cm, PS = 4 cm. The area of PQRS @ cm, QR =5 L

(A) is 27 cm?; (B) 12 ecm?; "
(D) cannot be determined from the given information. (C) 18 cm;
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481.

482.

483.

484.

485.

Suppose P, Q, R and S are the midpoints. of the sides AB, BC, CD and DA,
respectively, of a rectangle ABCD. If the area of the rectangle is A, then the
area of the figure bounded by the straight lines AQ, BR, C'S and DP is

(A) 3 (B) §; (C) % (D) -

The ratio of the area of a triangle ABC to the area of the triangle whose sides
are equal to the medians of the triangle ABC is

(A) 2:1; (B) 3:%1; (C) 4:3; (D) 322

Let C) and C; be the inscribed and circumscribed circles of a triangle with sides
area of C'

3 cm, 4 cm and 5 cm. Then —f'C'larea oA, equals

(A) 2; (B) ; (C) 3 (D) 1%

An isosceles triangle with base 6 cm and base angles 30° each is inscribed in a
circle. A second circle touches the first circle and also touches the base of the
triangle at its midpoint. If the second circle is situated outside the triangle,
then its radius (in cm) is

(A) 2, (B) L, (©) V3, (D) &.

In an isoceles triangle ABC, £ZA = ZC = % and the radius of its circumcircle
is 4. The radius of its incircle is

(A) 4v3-6; (B) 4v3+6; (C) 2v3—2; (D) 2v3+2.

PQRS is a quadrilateral in which PQ and SR are parallel (that is, PQRS is a

trapezium). Further, PQ = 10, QR = 5, RS = 4, SP = 5. Then the area of the
quadrilateral is

(A) 25; (B) 28; (C) 20; (D) 10+/10.
The area of quadrilateral ABCD with sides a,b, ¢, d is given by the formula

[(s — a)(s = b)(s — c)(s — d) — abed cos? 0]3, where 2s is: the perimeter and 26
1s the sum of opposite angles A and C. Then the area of the quadrilateral
circumscribing a circle is given by

gAg tan 6v/ abed; (B) cos 8V abcd; (C) sin 6v/abed,

D) none of the foregoing formulee.

Consider a unit square ABC'D. Two equilateral triangles PAB and QCD are
drawn so that AP, DQ intersect in R, and BP, CQ intersect in S. The area
of the quadrilateral PRQS is equal to .

() 2 (8) 508 © g D) =4
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Through an arbitrary point lying inside a triangle, three straight lines parallel
to its sides are drawn. These lines divide the triangle into six parts, three of
which are triangles. If the areas of these triangles are Sj, Sz and S3, then the
area of the given triangle equals

(A) 3(S1 + S + S3); (B) (v/318z + V5255 + V5351)%
(C) (V8L + VS + V5% (D) none of the foregoing quantities.

The sides of a triangle are given by Vb + ¢Z, v/c? + a? and Va? + b?, where a,
b, c are positive. Then the area of the triangle equals

(A) 3VBE T 2 + 27, (B) 3V + 0% + &
(©) BRI T oI T I, (D) L (be + ca+ ab).

Two sides of a triangle are 4 and 5. Then, for the area of the triangle, which
one of the following bounds is the sharpest?

(A) < 10. (B) < 10. (C) < 8. (D) > 5.

The area of a regular hexagon (that is, a six-sided polygon) inscribed in a circle
of radius 1 is

(A) 253 (B) 3; (©€) 4 (D) 2v/3.

Chords AB and CD of a circle intersect at a point F at right angles to each
other. If the segments AE, EB and ED are of lengths 2, 6 and 3 units respec-
tively, then the diameter of the circle is

(A) V5; (B) 12; NG (D) V3.

In a circle with centre O, OA and OB are two radii perpendicular to each other.
Let AC be a chord and D the foot of the perpendicular drawn from B to AC.
If the length of BD is 4 cm then the length of CD (in cm) is

(A) 4 (B) 2v2; (C) 2v53; (D) 3/2.

ABC is a triangle and P is a point inside it such that ZBPC = ZCPA =
ZAPB. Then P is

(A) the point of intersection of medians;
(B) the incentre;

(C) the circumcentre;

(D) none of the foregoing points.
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Suppose the circumcentre of a triangle ABC lies on BC. Then the orthocentre
of the triangle is

(A) the point A; (B) the incentre of the triangle;
(C) the mid-point of the line segment joining the mid-points of AB and AC;
(D) the centroid of the triangle.

ABC is a triangle inscribed in a circle. AD, AFE are straight lines drawn from
the vertex A to the base BC parallel to the tangents at B and C respectively.
If AB =5 cm, AC = 6 cm, and CE = 9 cm, then the length of BD (in cm)
equals

(A) 7.5; -~ (B) 10.8; (C) 7.0; (D)-6.25.
ABC is a triangle with AB = P
I\g%/lg, BC =11 and 4B 1= 90°. 2/ 1

is an equilateral triangle with ,
sides PQ, QR, RP passing through -

the points A, B, C respectively and

each having length 2. Then the Q 9
length of the segment BR is C
(A) 725 sin 75°; : \B L

4 2
(B) 2._*_\/51 " \ R Y
(C) either 1 or 33;
(D) 2 — sin 75°.

The equation z2y — 2zy + 2y = 0 represents

(A) a straight line; (B) a circle; (C) a hyperbola;
(D) none of the foregoing curves.

The equation 7 = 2acos@ + 2bsinf, in polar coordinates, represents

(A) a circle passing through the origin;
(B) a circle with the origin lying outside it;
(C) a circle with radius 2v/a? + b,

(D) a circle with the centre at the origin.

The curve whose equation in polar coordinates is 7sin?6 — sinf — r = 0, is

(A) an ellipse; (B) a parabola;
(C) a hyperbola; (D) none of the foregoing curves.
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A point P on the line 3z + 5y = 15 is equidistant from the coordinate axes. P
can lie in

(A) quadrant T only; (B) quadrant I or quadrant II;
(C) quadrant I or quadrant III; : (D) any quadrant.

;The set of all points (z,y) in the plane satisfying the equation 52%y —zy+y =0
orms

: (A) a straight line; : (B) a parabola; (C) a circle;

(D) none of the foregoing curves.

The equation of the line through the intersection of the lines
‘ 22+3y+4=0 and 3z+4y—5=0

and perpendicular to 7z — 5y + 8 =0 is

(A)Sz+Ty—1=0; (B) Te+5y+1=0;
(C) 5z —Ty+1=0; (D) 7Tz —5y—1=0.

Two equd sides of an isosceles triangle are given by the equations y = 7z and
y = —z and-its third side passes through (1, —10). Then the equation of the

third side is
(A)3z+y+7=00rz—3y—31=0;
B)z+3y+29=0o0r -3z +y+13=0;
(C)3z+y+T7=0o0rz+3y+29=0;
(D)z—3y—31=0o0r =3z+y+13=0.

The equations of two adjacent sides of a rhombus are given by ¥ = z and

y = Tz. The dia%;)nals of the rhombus intersect each other at the point (1,2).
The area of the rhombus is

(A) 13(1, (B) 2_30; (C) -539; (D) none of the foregoing quantities.

It is given that three distinct points (z1,11), (z2,,) and (z3,3) are collinear.
Then a necessary and sufficient condition for (2, ¥2) to lie on the line segment
jOining ($3r y3) to (xl:yl) 15

(A) either 2y +y1 <za+ya < zz+y3 or T3+ Ys < T2+ ya < 2y +
(B) either z) — 41 <2 —y2 < Ty~ Y3 Or ‘Ty—y3 <y —yy < 3, — gy

(C)either 0 < =20 <1 or 0< Bzl <y

(D) none of the foregoing statements.
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Let A(zy, B(z,, C(zs, T be four points such that z;, x3, 3, 74
and y(l,gljz?lgg,y,s ;rgz oth( 1::1 s f 4Aygenot;es the area of the quadnlateral
ABCD, then _

(A) A=0; B) A>1; . (C) A<

(D) A depends on the coordinates of A, B, C and D. ‘
The number of points (z,y) satisfying (i) 3y — 4z = 20 and (ii) 2*> +y* < 16.is
(A) 0; (B) 1; (C) 2; (D) infinite.

The equatxon of the line parallel to the line 3z + 4y = 0 and touching the circle
22 + y* =9 in the first quadrant is

(A) 3z +4y=09; (B) 3z + 4y = 45; (C) 3z + 4y = 15;
(D) none of the foreégoing equations.

The difference between the radii of the largest and the smallest circles, which
have their centres on the circumference of the circle z2 + 2z + y* + 4y = 4 and

pass through the point (a, b) lying outside the given circle, is

(A)6; (B) V@+12+(0+27% (C)3; (D)+(a+1)>+(b+2)72-3.

The perimeter of the region bounded by z? + y? < 100 and z2 + y2 — 10z:—
10(2—V3)y<0is_

(A) Z(5+v6—v2); (B) *"31(1+\/_—\/-); (C) Z(1+2v6—2v2); (D)
5"(5+2\/_ 2V2).

The equatlon of the cucle Wthh has both coordinate axes as its tangents and
which touches the circle 22 + % = 6z + 6y — 9 — 41/2 is ;

(A) 2 +yP=20+2+1 . (B) e+ =20 — 2y + 1;
A circle and a square have the same perimeter. Then

(A) their areas are equal;

(B) the area of the circle is larger;

(C) the area of the square is larger;
(D) the area of the circle is 7 times the area of the square.

The equation z2 + 2 —2zxy—-1=0 represents

(A) two parallel straight lines; (B) two perpendlcular stralght lines;
(C) a circle; ' ' ~ (D) a hyperbola.
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The equation z3 — yz? + = — y = 0 represents

(A) a straight line;

(B) a parabola and two straight lines;
(C) a hyperbola and two straight lines;
(D) a straight line and a circle.

The equation 23y + zy® 4+ 2y = 0 represents
(A) a circle; (B) a circle and a pair of straight lines;
(C) a rectangular hyperbola; (D) a pair of straight lines.

A circle of radius r touches the parabola z2 + 4ay = 0 (a > 0) at the vertex of
the parabola. The centre of the circle lies below the vertex and the circle lies
entirely within the parabola. Then the largest possible value of r is

(A) a; (B) 2q; (C) 4aq; (D) none of the foregoing expressions.

The equation 16z* — y* = 0 represents .
(A) a pair of straight lines; (B) one straight line;
(C) a point; (D) a hyperbola.

The equation of the straight line which passes through the point of intersection
of the lines z + 2y + 3 = 0 and 3z + 4y + 7 = 0 and is perpendicular to the
straight liney —z =8 is ; :

(A) 6z + 6y —8 =0; (B) z+y+2=0;
(C) 4z + 8y + 12 = 0; (D) 3z +3y — 6 = 0.

Two circles with equal radii are intersecting at the points (0,1) and (0,—1).
The tangent at (0, 1) to one of the circles passes through the centre of the other
circle. Then the centres of the two circles are at

(A) (2,0) and (=2,0); (B) (0.75,0) and (—0.75,0); (C) (1,0) and (-1, 0);
(D) none of the foregoing pairs of points.

The number of distinct solutions (z,y) of the system of equations

7% = o2

and (z—a)?+y%=1,
where a is any real number, can only be

(A)0,1,2,3,40r5  (B)0,1or3; (C)0,1,20r4; (D)O,2,3o0r4
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}‘}_w number of distinct points common to the curves z2+4y? = 1 and 4z2 +y? =
is

(A) 0; (B) 1; (C) 2; (D) 4.
The centres of the three circles

z2+yz—10x+9=0, 24yt —6z+2+1=0, 22+°-92—4y+2=0

(A) lie on the straight line z — 2y = 5; (B) lic on the straight line y — 2z = 5;
(C) Lie on the straight line 2y — z = 5; (D) do not lie on a straight line.

In a parallelogram ABCD, A is the point (1,3), B is the 'point (5,6), C is the
point (4,2). Then D is the point

(A) (0,-1); (B) (—1,0); (C) (—1,1); (D) (1,-1).

A square, whose side is 2 metres, has its corners cut away so as to form a regular
octagon. Then the area of the octagon, in square metres, equals

(8) 2 (B) 2+ (C) 4(3 - 2v2);
(D) none of the foregoing numbers.

The equation of the line passing through the intersection of the lines
3z + 4y = —5, 4z + 6y = 6 and perpendicular to 7z — 5y +3 =0 is

(A) 5z+ Ty —2=0; (B) 5z — Ty +2 = 0;
(C) Tz — 5y +2 = 0; (D) 5z +Ty+2=0.

The area of the triangle formed by the straight lines whose equations are
y=4r+2, 2y=z+3andz=0,1s

(A) B (B) & (C) &; (D) &.

A circle is inscribed in an equilateral triangle and a square is inscribed in the
circle. The ratio of the area of the triangle to the area of the square is

(A) V3: V2; (B) 3v3:2 (C) 3:v2; (D) v3: 1.

If the area of the circumcircle of a regular polygon with n sides is A then the
area of the circle inscribed in the polygon is

(A) Acos?ZZ, (B) ’—;—(cos%?+1); (C) %cos"’%; (D) A(cos%’r-i—l).

n’?
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A rectangle ABCD is inscribed in a circle. Let PQ be the diameter of the
circle parallel to the side AB. If ZBPC = 30°, then the ratio of the area of the
rectangle to that of the circle is

(A) ’?; (B) &;

2m?

© & (D) E.

Consider a circle passing through the points (0,1 — a), (a,1) and (0,1 + a). If
a parallelogram with two adjacent sides having lengths a and b and an angle
150° between them has the same area as the circle, then b equals

(A) ma; (B) 2ma; (C) ima; (D) none of these numbers.

A square is inscribed in a quarter-circle in such a manner that two of its adjacent
vertices lie on the two radii at an equal distance from the centre, while the other
two vertices lie on the circular arc. If the square has sides of length z, then the
radius of the circle is ’ '

(A) 2=, ® % (©) L& (D) V2s.
Let Q = (z1,7:) be an exterior point and P a point on the circle centred at the
origin and with radius 7. Let 6 be the angle which the line joining P to the

centre makes with the positive direction of the z-axis. If the line PQ is tangent
to the circle, then z; cos @ + yy sin f is equal to

(A)r; @) O (D) L.

A straight liné is drawn through the point (1,2) making an angle 8, 0 < 6 Sg,
with the positive direction of the z-axis to intersect the line z+y = 4 at a point

P so that the distance of P from the point (1,2) is l? Then e valinef 838
(A) 1_1;3'; (B) 135 (©) ILO; (D) %r_

The area of intersection of, two circular discs each of radius r and with the
boundary of each disc passing through the centre of the other is

2 2 2
(A) 5 (B) T (C) T2 — ), (D) & (4 — 3v3).
Three cylinders each of height 16 cm and radius of base 4 cm are placed on

a plane so that each cylinder touches the other two. Then the volume of the
region enclosed between the three cylinders is, in cm3,

(A) 98(av3—m); (B)98(2v3—m); (C)98(V3—=x); (D) 128(2v3 — 7).
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‘tically inside the cone A as shown in the di-

From a solid right circular cone made of iron with base of radius 2 cm and height
5 cm, a hemisphere of diameter 2 cm and centre coinciding with the centre of
the base of the cone is scooped out. The resultant object is then dropped in a
right circular cylinder whose inner diameter is 6 cm and inner height is 10 cm.
Water is then poured into the cylinder to fill it up to the brim. The volume of
the water required is

(A) 80m cm?; . (B) 2%7[ cm?; (C) Z’%"- cm?; (D) 847 cm?®.

A right-circular cone A with base radius 3
units and height 5 units is truncated in such
a way that the radius of the circle at the top
is 1.5 units and the top is parallel to the base.
A second right-circular cone B with base ra-
dius 5 units and height 6 units is placed ver-

5

agram. The total volume of the portion of
the cone B that is outside cone A and the
portion of the cone A excluding the portion
of cone B that is inside A (that is, the total
volume of the shaded portion in the diagram)
lS -. " "

(A) 28r; (B) Bi3r; (C) Uklr; (D) Lidr.
A cooking pot has a spherical bottom, while 20 em
the upper part is a truncated cone. Its ver-

tical cross-section is shown in the figure. If

the volume of food increases by 15% durin 40 10 cm
cooking, the maximum initial volume of foo cm Y

that can be cooked without spilling is, in cc, A

(A) 14450%; ' ' (B) 19550%; 20cm
(C) a4 =, | (D) 20000%. , Y

A sealed cylindrical drum of radius r is 9% filled with paint. If the drum is

tilted to rest on its side, the fraction of its curved surface area (not counting
the flat sides) that will be under the paint is

(A) less than 55; (B) between % and 1;
(C) between } and &; (D) greater then 1.
The number of tangents that can be drawn from the point (2,3) to the parabola

y>=8cis

(A) 1; (B) 2 (C) o; (D) 3.
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A ray of light passing through the point (1,2) is reflected on the z-axis at a

point P, and then passes through the point (5,3). Then the abscissa of the
point P is

(A) 25; (B) 22, (C) 23; (D) 24.

If P,Q and R are three points with coordinates (1,4), (4,2) and (m,2m — 1)
respectively, then the value of m for which PR + RQ is minimum 18

'3
(A). 55 (B) §; © (D) 2-
Let A be the point (1,2) and L be the line z +y = 4. Let M be the line passing
through A such that the distance between A and the point of intersection of L
and M is \/g . Then the angle which M makes with L is
(A) 45°; (B) 60°; (C) 75° \2) 36°,
The equation 2% + y? — 2z — 4y + 5 = 0 represents
(A) a circle; (B) a pair of straight lines;  (C) an ellipse; (D) a point.
The line z = y is tangent at (0,0) to a circle of radius 1. The centre of the circle
(A) (1,0); (B) either (715, 715) or (—%2., —715);
(C) either (71-2-, —715) or (—%, %), (D) none of the foregoing points.
Let C be the circle 22 + y? + 4z + 6y + 9 = 0.. The point (—1,—2) is
(A) inside C but not the centre of C; (B) outside C;
(C) on C; (D) the centre of C.
The equation of the circle circumscribing the triangle formed by the points
00), (10), (0.1) i
(A) 22 +y? +2+y =0 B)z?+y*+r—y+2=0;
C)z2+y*+z-y-2=0; D)2 +y2—z—y=0.

The equation of the tangent to the circle 2? +3? + 2gz + 2 fy = 0 at the origin
is

(A) fxr+gy=0; (B) gz + fy = 0; C)z=0; (D) y = 0.
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The equation of the circle circumscribing the triangle formed by the points

(3,4), (1,4) and (3.2) is
(A) 22 —dz+y? -6y + 11 =0; (B)z?+y*—4z—4y+3=0;;
(C) 8z + 8y® — 16z — 13y = 0; (D) none of the foregoing equations.

The equation of the diameter of the circle z2 4 y? + 2z — 4y = 4 that is parallel
to3z+5y=41is

(A)3z+5y=7, (B)3z—5y=7; (C)3z+5y=-7; (D)3z—5y=-T.

Let Cy and C, be the circles given by the equations z* + y* — 4z —5 =0 and
z? 4+ 3® 4+ 8y + 7 = 0. Then the circle having the common chord of C; and C,
as its diameter has

A) centre at (—1,—1) and radius 2;  (B) centre at (1,—2) and radius _2\/3;
C) centre at (1, —2) and radius 2; (D) centre at (3, —3) and radius 2.

The equation of a circle which passes through the origin, whose radius is a and
for which y = mz is a tangent is

(A) V1+ m2(z? + y?) + 2maz + 2ay = 0;
(B) V14 m2(z* + y?) + 2az — 2may = 0;
(C) V1 + m?(z* + y?) — 2maz + 2ay = 0;
(D) V1 + m?*(z® + y*) + 2az + 2may = 0.

The circles 22 + y> + 4z +2y+4=0and 22 + 4> — 2z =0

A) intersect at two points; (B) touch at one point;
C) do not intersect; (D) satisfy none of the foregoing properties.

Let P be the point of intersection of the lines az+by—a = 0 and bz —ay+b = 0.
A circle with centre (1,0) passes through P. The tangent to this circle at P
meets the z-axis at the point (d,0). Then the value of d is

(A) a2_¢'z_l; : (B) 0; C) -1 (D) none of the foregoing values.
The circles z2 + ¥ = 1 and 2% + ¢ — 8z — 6y + ¢ = 0 touch each other

externally. That is, the circles are mutually tangential and they lie outside each
other. Then the value of ¢ is

(A) 9; (B) 8; (C) 6; (D) 4.
The circles z° + 3? + 2az + ¢ = 0 and z% + % + 2by + ¢® = 0 will touch if
(A) z+m=35 (B) a2+ 8 =¢

(C) a+b=c; D) z+3=1
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Two circles are said to cut each other orthogonally if the tangents at a point of
intersection are perpendicular to each other. The locus of the center of a circle

that cuts the circle z? + y? = 1 orthogonally and touches the line z = 2 is

(A) a pair of straight lines; (B) an ellipse;
(C) a hyperbola; (D) a parabola.

The equation of the circle circumscribing the triangle formed by the lines y =
O,y=zand 2r+ 3y =10 is

(A) 22+ 42 + 52—y =0; (B) 22 +y2 — 5z —y =0;
(C) 2 +y* -5z +y=0; (D) z? +y? —z + 5y = 0.

Two gas companies X and Y., where X is situated at (40,0) and Y at (0,30)
(unit = 1 km), offer to install equally priced gas furnaces in buyers’ houses.
Company X adds a charge of Rs. 40 per km of distance (measured along a

straight line) between its location and the buyer’s house, while company Y
charges Rs. 60 per km of distance measured in the same way. Then the region
where it is cheaper to have the furnace installed by company X is

(A) the inside of the circle (z — 54)% + (y + 30)? = 3600;
(B) the inside of the circle (z — 24)? + (y — 12)? = 2500;
(C) the outside of the circle (z + 32)% + (y — 54)? = 3600;
(D) the outside of the circle (z + 24)® + (y — 12)* = 2500.

Let C be the circle.z? +y? — 4z —4y — 1 = 0. The number of points common to
C and the sides of the rectangle determined by the lines z = 2,2 = 5,y = —1
and y = 5, equals

(A) 5 (B) L (C) 2; (D) 3.

A circle of radius a with both coordinates of its centre positive,: touches the
z-axis and also the line 3y = 4z. Then its equation is '

(A) 22 + y* — 2az — 2ay + a® = 0; (B) 2% + 2 — 6az — day + 1202 = 0;
(C) 2% + 3 — 4az — 2ay + 4a® = 0; (D) none of the foregoing equations.

The equation of the circle with centre in the first quadrant and radius % such
that the line 15y = 8z and the X-axis are both tangents to the circle, is

(A)z°+y* -8z —y+16=0; (B)22+y2—4dz —y+4=0;
(C)z?+y* —z—4y+4=0; (D) z2 + 42 —z — 8y + 16 = 0.
The centre of the circle 22 + 4 — 82 — 2fy — 11 = 0 lies on a straight line which

passes through the point (0, —1) and makes an angle of 45° wi iti
direction of the horizontal axis. The circle 8 with the positive
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(A) touches the vertical axis; (B) touches the horizontal axis;
(C) passes through the origin; (D) meets the axes at four points.

Let P and @ be any two points on the circles z? + y* — 2z — 3 = 0 and
z? +y? — 8z — 8y + 28 = 0, respectively. If d is the distance between P and Q,
then the set of all possible values of d is

(A)0<d<9; (B)0<d<S8; (C)1<d<8; D)1<d<o.

_All points whose distance from the nearest point on the circle (z — 1)?+yt=1
is half the distance from the line z = 5 lie on

(A) anellipse; (B) a pair of straight lines; (C) a parabola; (D) a circle.

If P=(0,0),Q = (1,0) and R = (3, 3?), then the centre of the circle for which

the lines PQ, QR and RP are tangents, is
@) G B) G (©) G 52 (@) G-

The equations of the pair of straight lines parallel to the z-axis and tangent to
the curve 922 + 4y® = 36 are

(A)y=-3,y=6; (B) y =3,y = —6; (C) y = £6; (D) y = +3.

If the parabola y = 22 + bz + c is tangent to the straight line z = y at the point
(1,1), then .

(A) b= —1,c=+]; (B) b=+1,c= —1;
(C) b = —1, c arbitrary; (D) b=0,c= —1.

The condition that the line £ + ¥ = 1 be a tangent to the curve z3 + y% =1is
(A)a®+8 =2 (B)a*+¥=1L (O F+gp=1 [D)a®+B=2

If the two tangents drawn from a point P to the parabola y? = 4z are at right
angles, then the locus of P is

(A) z—1=0; (B)2z+1=0; (C)z+1=0; (D)2z—-1=0.

Let A be the point (0,0) and let B be the point (1,0). A point P moves so that
the angle APB measures %. The locus of P is

(A) a parabola;
(B) arcs of two circles with centres (, 75) and (7 %)

(C) arcs of two circles each of radius 1;
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(D) a pair of straight lines.

Let A = (—4,0) and B = (4,0). Let M and

N be points on the y-axis, with M below N,

and MN = 4. Let P be the point of inter- N
section of AM and BN. This is illustrated

in the figure. Then the locus of P is

(A) %2 — 2zy = 16; P
(B) 22 + 22y = 16; %
(C) 2% + 2zy + y* = 64;

A ‘B
(D) 22 — 22y + 3 = 64.

Consider a circle in the XY plane with diameter 1, passing through the origin
O and through the point A(1,0). For any point B on the circle, let C be the
point of intersection of the line OB with the vertical line through A. If M is
the point on the line OBC such that OM and BC are of equal length, then the
locus of the point M as B varies is given by the equation

(A) y = Vx(z? + y?); (B) ¥* = z;
(C) (z*+y})z —y* =0; (D) y = z+/2% + 92

The locus of the foot of perpendicular from any focus upon any tangent to the
ellipse

2 g2
Doy
a? + b?
is
2 ;
WAL =1 )+ = 4
(C) 2% + 2 = a% (D) none of the foregoing curves.

2 2
The area of the triangle forme.d by a tangent of slope m to the ellipse 75 + %;;1
and the two coordinate axes 1s ‘

(A) (a2 + w2); (B) gk (a2 + B);
(C) l%l(a."’m2 + b?); (D) ﬁ(azm2 + b?).

Consider the locus of a moving point P = (z,y) in the plane which satisfies the

law )

= 2% 442,
Then only one of the following statements is true. Which one is it?

202 =r? +r*, where r
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(A) For every positive real number d, there is a point (z,y) on the locus such
that r = d. .

(B) For every value d, 0 < d < 1, there are exactly four points on the locus,
each of which is at a distance d from the origin.

(C) The point P always lies in the first quadrant.

(D) The locus of P is an ellipse.

Let A be any variable point on the X—axis and B the point (2, 3?. The per-
pendicular at A to the line AB meets the Y-axis at C. Then the locus of the
mid-point of the segment AC as A moves is given by the equation

(A) 22° — 2z + 3y = 0; (B) 3z% — 3z + 2y =0;
(C) 322 — 3z — 2y = 0; (D) 2z — 22% + 3y = 0.
A straight line segment AB of length a moves with its ends on the axes. Then
the locus of the point P such that AP: BP =2:1is

(A) 9(z® +y*) = 4a? (B) 9(? + 4y2) = 4a?;
(C) 9(y* + 42?) = 4a?; (D) 922 + 4y* = a.

Let P be a point moving on the straight line v/3z +y = 2. Denote the origin
by O. Suppose now that the line-segment OP is rotated, with O fixed, by an
angle of 30° in anti-clockwise direction, to get OQ. The locus of Q is

(A) V3z+2y=2; (B) 2z + /3y =2;
(C) V3z+2y=1; (D) z++3y=2.
Consider an ellipse with centre at the origin. From any arbitrary point P on

the ellipse, perpendiculars PA and PB are dropped on the axes of the ellipse.
Then the locus of the point Q that divides AB in the fixed ratio m : n is

(A) a circle; (B) an ellipse;
(C) a hyperbola; (D) none of the foregoing curves.
Let A and C be two distinct points in the plane and B a point on the line

segment AC such that AB =2 BC. Then the locus of the point P lying in the
plane and satisfying the condition AP? + CP? = 2 BP? ig

(A) a straight line parallel to the line AC:

(B) a straight line perpendicular to the line AC;
(C) a circle passing through A and C;

(D) none of the foregoing curves.

Let C be a circle and L a line on the same plane such that C and L do not
intersect. Let P be a moving point such that the circle drawn with centre at P
to touch L also touches C. Then the locus of P is
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(A) a straight line parallel to L not intersecting C;
(B) a circle concentric with C;

(C) a parabola whose focus is centre of C' and whose directrix is L;

(D) a parabola whose focus is the centre of C' and whose directrix is a straight
line parallel to L.

A right triangle with sides 3, 4 and 5 lies inside the circle 227 + 2y* = 25. The
triangle is moved inside the circle in such a way that its hypotenuse always
forms a chord of the circle. The locus of the vertex opposite to the hypotenuse

1S
(A) 222+ 22 =1 (B)z*+y?=1 (C)a+y*=2 (D)2’ +2"=5

Let P be the point (—3,0) and Q be a moving point (0, 3¢). Let PQ be trisected
at R so that R is nearer to Q. RN is drawn perpendicular to PQ meeting the
z-axis at N. The locus of the mid-point of RN is

(A) (z+3)2—3y=0; (B) (y+3)*—3z=0; (C) 2 —y=1 D)y’ —z=1.
The maximum distance between two points of the unit cube is
(A) V2+1; (B) v2; (©) V3 (D) V2+ V3.

Each side of a cube is increased by 50%. Then the surface area of the cube is
increased by

(A) 50%; (B) 100%; (C) 125%; (D) 150%.

A variable plane passes through a fixed point (a,b,c) and cuts the coordinate

axes at P, @, R. Then the coordinates (z,, 2) of the centre of the sphere passing
through P, @, R and the origin satisfy the equation

(A) 2 +2+2=2 B)z+§+2=3

(C)az+by+cz=1 (D) ax + by + cz = a® + b% + 2.
A = (0,10) and B = (30, 20) be two points in the plane and let P = (x,0)

%:ta mowging goint on thEa :L‘-ax)is. The value of z for which the sum o(f the

distances of P from A and B is minimum equals

(A) 0; (B) 10; (C) 15 (D) 20.

The number of solutions to the pair of equations

. (z+Yy
= 0
sm( 5 )

lz[+lyl = 1
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is

(A) 2; (B) 3; (C) 4; (D) 1.
The equation r* cos 6 + 2arsin® § — a? = 0 (a positive) represents

(A) a circle; (B) a circle and a straight line;
(C) two straight lines; (D) none of the foregoing curves.

The number of distinct solutions of sin 56 cos 36 = sin 96 cos 76, in the interval
0<8<L § is

OF (B) 4 ©3 (D) 9.
The value of sin 15° is

(A) L, (B) £, (C) &t (D) ¥
The value of sin 25° sin 35° sin 85° is equal to |

@ ehe-vE o o i/i+E
The angle made by the complex number m with the positive real axis is
(A) 135°% (B) 1207 (C) 240°; (D) 180°.
The value of tan(§sin’z), —00 <& < oo, lies between

(A) —1 and +1; (B) 0 and 1; (C) 0 and oo; (D) —oc0 and +oo.
If tan(m cos @) = cot(msin @), then the value of cos(f — T) is

(A) £505 (B) +3; (©) +J5 (D) o.
If f(z) = }5=, then f(f(cos)) equals

(A)z; (B)cosz; (C)tan®(5); (D) none of the foregoing expressions.
= ¢ then atanz + btany equals

(A) (a+ b)cot T, (B) (a -+ b) tan =5,

(C) (a + b)(tan 3 + tan ¥); (D) (a+b)(cot § + cot ¥).
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Let 6 be an angle in the second quadrant (that is, 90° < 6 < 180°) with

‘tanf = —%. Then the value of

tan(90° + ) + cos(180° + 6)
sin(270° — ) — cot(—0)

is

o _ .
Wk e O (B)2:+3V13
Let P be a moving point such that if PA and PB are the two tangents drawn

from P to the circle 22 + y?> = 1 (A, B being the points of contact), then
ZAOB = 60°, where O is the origin. Then the locus of P is

(A) a circle of radius —}5; (B) a circle of radius 2;
(C) a circle of radius v/3; (D) none of the foregoing curves.

A ring of 10 cm in diameter is suspended from a point 12 cm vertically above
the centre by six equal strings. The strings are attached to the circumference
of the ring at equal intervals, thus keeping the ring in a horizontal plane. The
cosine of the angle between two adjacent strings is

(4) F (B) % (© (D) 54851,

If, inside a big circle, exactly n(n > 3) small circles, each of radius r, can
be drawn in such a way that each small circle touches the big circle and also
touches both its adjacent small circles (as shown in the picture), then the radius

of the big circle is

(A) rcosecr;

(B) (1 + cosecZ);
(C) r(1 + cosecyy,);
(D) 7(1 + cosecZ).

The range of values taken by 4cosd A —3cos A is

(A) all negative values;
(B) all positive and negative values between ~% and +3 ;

C) all positive and negative values between —1 and +1;
D) all positive values.

If-2<6< T, then cosf —sinf is

A) always negative; ) (B) sometimes zero;
C) always positive; (D) sometimes positive, sometimes negative.
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604.

605.

606.

607.

608.

609.

610.

For all angles A
sin2A cos A

(14 cos2A)(1 + cos A)
equals
(A) sin 4; (B) cos 4 (C) tan %; (D) sin A.
If the angle 6 with 0 < 6 < 7 is measured in radians, then cos@ always lies
between
(A) 0 and 1 — 16%; (B) 1 —162+0 and 1;
(C) 1— 362 and 1; (D) 1— 36 and 1.

All possible values of z in [0, 27r] satisfying the inequality sin 2z < sinz, are
given by
(A) <:z:<5§’, (B) X <x<2"and4"<:v<5:;”,
(C) <:1:<1rand—<x<27r, (D)3<a:<7rand57r<:c<21r.
If 0 < a < /2, then which of the following is true?
(A) sin(cosa) < cos(sin a);
(B) sin(cos ) < cos(sin @), and equality holds for some a € [0, 7r/ 2);
(C) sin(cosa) > cos(sina);
(D) sin(cos ) > cos(sin @), and equality holds for some « in [0, 7/2].
The value of cos* % + cos* 3 + cos* T + cos* IF is
i, ;
(4) (B) & © % (D) &

The expression
tan @ -+ 2tan(20) + 2% tan(2%0) + . .. + 2" tan(249) + 25 cot(21°)
is equal to -
(A) 2'6tan(2'69);  (B) tan@;  (C)cotf; (D) 2'°[tan(2'99) + cot(26)].

If o and 8 are two different solutions, lying between —7 and +3, of the equation
2tand + sec® = 2, then tana + tan 3 is

(A) 0; (B) 1; (C) 5 (D) &.
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611.

- 612.

613.

614.

615.

616.

617.

618.

619.

620.

Given that tanf = g, the value of acos 26 + bsin 26 is

(A) (1 — &) + 22, (B) 28, (C) a; (D) <.
It tan(m cos#) = cot(msin @), then the value of cos(d — %) is

OF (B) 545 ©) -3 (D) 575
If tanz = £, then sin 2z equals

() B (B) iIng; (C) -&; (D) none of the foregoing numbers.
If z = tan 15°, then

(A) 22 +2v3z2—-1=0; (B)2?+2V3z+1=0; (C)z=55 [D)z= vl
The value of 2sin(%) cos(3) + 4sinfsin’(3) equals

(A) sin(§); (B) sin(£) cos6; (C) sin6; (D) cosé.

If a and b are given positive numbers, then the values of cand § with0 <8 <=
for which asin z + bcosz = csin(z + 6) is true for all z are given by

(A) c = Va? + % and tanf = §; (B) c=—Va®+b? and tanf = &;
(C) c = a®+ ¢ and tanf = ;; (D) c= va? + 1% and tanf = 2.
The value of sin 330° + tan 45° — 4sin® 120° + 2 cos? 135° + sec? 180° is

(A) % (B} ©) - (D) -1
Given that sin T = cos § = 5, the value of tan 5% is

(A) —(V2+1); B) —g@ (C) 1-v2; (D) -

sin® % +cos® 5 —1+3 sin? % cos® 75 equals
(A) 0; (B) tan® 55; ©) % (D) none of the foregoing numbers.
If asin @ = bcos, then the value of ot + /22 equals

(A) 2cosb; (B) 72';—.:%; () 725.:_;; (D) 7??2?;%
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621.

622'

623.

624.

625.

626.

627.

628.

The sides of a triangle are given to be 2% + 2 + 1,22 + | and 2% = 1, Then the
largest of the three angles of the triangle is

(A) 75°; (B) 22 (©) 1207 (D) 135,

If A, B,C are the angles of a triangle, then the value of

B c
1 — (sin® a +8in? = +sin® )

2 2 2
equals
(A) 2sin Asin Bsin C; (B) 2sin 4 sin  sin &;
(C) 4sin 4 sin Zsin §; (D) 4sin Asin Bsin C.
In any triangle, if tan 4 = 2, tan £ = 2 and tan § = 2, then
(A)a+c=2b; (B)a+b=2¢ (C)b+c=2a (D) none of these holds.
Let cos(a— ) = —1. Then only one of the following statements is always true.

Which one is it?

A) a is not less than 8.

B) sina+sin 8 = 0 and cosa + cos 8 = 0.

C) Angles o and 8 are both positive. :

D) sin + sin 8 = 0 but cos & + cos 3 may not be zero.

If the trigonometric equation 1 + sin®zf = cos@ has a nonzero solution in
then z must be

7

A) an integer; (B) a rational number;
C) an irrational number; (D) strictly between 0 and 1.

It is given that tan A and tan B are the two roots of the equation 22 —bz+c = 0.
The value of sin?(A + B) is

2 b2 ) b2 S -
(A) wri=g (B) gres ©) o ) gl
If cosz + cosy + cosz =0, sinz + siny + sin z = 0, then cos (s;y) i
(A) £ (B) £3; (©) £ (D) 0.
If z,y, z are in G.P. and tan™" z,tan"!y, tan™! z are in A.P., then

(A)a:=3{=zory=:i:1;
(B) z=z; : ; ;
§C; z = y = 2, but their common value is not necessarily 0;

D)z=y=2=0.
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629.

630.

631.

632.

633.

634.

635.

636.

If « and B satisfy the equation sin « + sin 8 = v/3(cos @ — cos 3), then

gAg sin3a +sin 38 = 1; (B) sin 3 + sin 343 = 0;
C) sin3a — sin 383 = 0; (D) sin3a —sin3f = 1.
If cos 20 = v/2(cos @ — sin @), then tan6 is

(A) Jgi—Jzor 1 (B) 1; (C) Lor =1

(D) none of the foregoing values.

The lnumber of roots between 0 and 7 of the equation 2sin®*z + 1 = 3sinz
equals

(A) 2 (B) 4; (©) 1; (D) 3.
The equation in # given by

cosec?d — %\/5 cosecfsecd —sec?d = 0

has solutions

A) only in the first and third quadrants;

B) only in the second and fourth quadrants;
C) only in the third quadrant;

D) in all the four quadrants.

If tan 6 + cot @ = 4, then 6, for some integer n, is

(A) 2+ (-5 (B) nm + (-1)"&; (C) nm + 53 (D) nw — &
The equation sin z(sin z + cos z) = k has real solutions if and only if & is a real
number such that

(A) 0 <k < B, (B)2-VI<k<2+ V53
(C)0<k<2-V3; (D) 52 < k< 142

The number of solutions of the equation 2sinf + 3cosf =4 for 0 < 0 < 27 is
(A) 0; (B) L (C) 2 (D) more than 2.

The number of values of z satisfying the equation

Vsinz —

=COST

1
vsinz

(A) 1; (B) 2; (©) 3; (D) more than 3.
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637.

638.

639.

640.

641.

642.

643.

644.

The number of times the function
f(z) = |minimum{sin z, cos 2 }|

takes the value 0.8 between 27 and %7 is

(A) 2; (B) more than 2; (C) 0; - (D) 1.
The number of roots of the equation
2z = 3m(1 — cos x),
where z is measured in radians, is
(A) 3; (B) 5; ©) 4 (D) 2.

Let f(z) = sinz — az and g(z) = sinz — bz, where 0 < a,b < 1. Suppose that
the number of real roots of f(z) = 0 is greater than that of g(z) = 0. Then

(A) a<b; (B) a > b; (C) ab=m/6;
(D) none of the foregoing relations hold.

The number of solutions  with 0 < 8 < 7 of the equation
sin 760 — sin § = sin 30
is
(A) 1; (B) 2; (€) 3; (D) more than 3.

The number of solutions of the equation tan 56 = cot 26 such that 0 < 8 < 7/2
is
(A) 1; (B) 2; (C) 3; (D) 4.

If sin~" 715 atil g 7% are angles in [0, 3], then their sum is equal to
. 1 e 1
A) Z; (B) &; ©) 3 (D) sin™ .

If cot(sin~ 4/ 32) = sin(tan™" a), then a is

(A) % (B) /e (C) /15712, (D) 2.
The minimum value of sin2 — 6 for = <0 < 7 is

A -2+ . B -m C) £ -% (D) —Z.
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645.

646.

647.

648.

649.

650.

651.

The number of'solutions  in the range —Z < 6 < ¥ and satisfying the equation
sin®@4-sin? @ + sin @ — sin Asin 20 — sin 20 — 2cosd =0
is
(A) 0 (B) 1; (C) 2; (D) 3.
The number of roots of the equation
cos® 9 —sin®f =1

in the interval [0, 27) is

(A) 4; (B) 8; () 3; (D) 6.
If sin 60 = sin 46 — sin 26, then # must be, for some integer n, equal to
(A) 2=, (B) nm+T; (C) 2% or nw + E; (D) 5.

Consider the solutions of the equation v/2tan?z — v/10tanz + /2 = 0 in the
range 0 < z < 5. Then only one of the following statements is true. Which

one is it?

(A) No solutions for = exist in the given range.

(B) Two solutions z; and z, exist with z; +z; =
(C) Two solutions z; and =2 exist with z; — 29 =
(D) Two solutions z, and z, exist with z; + 2 =

RYETNETNE

The set of all values of 6 which satisfy the equation cos 26 = sin + cos 6 is

(A) =0 ;

(B) 6 = nm + §, where n is any Integer;

(C) 6 = 2nm or § =2nm— 5 or ¢ = nm — %, where n is any integer;
(D) 8 = 2nmor 6 =nm+ 7, where n is any integer.

The equation 2z = (2n + 1)7m(1 — cosz), where n is a positive integer, has

(A) infinitely many real roots; (B; exactly 2n + 1 real roots;
(C; exactly one real root; (D) exactly 2n + 3 real roots.

The number of roots of the equation
sin2z +2sinz —cosz—1=0
in the range 0 < z < 2w is
(A) L (B) 2 (©) 3; (D) 4.
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653.

654.

655.

656.

657.

If 2sec2a = tan 8 + cot 3, then one possible value of a + 3 is
(A) 35 (B) %; (C) L, (D) 0.
The equation
[3sin?@ — 2cos® 0 +y — 2sin® @ + 3cos? )% = 9,
is true

(A) for any value of # and y = 2 or — 4.
(B) only for # = Z or 7 and y = —2 or 4.
(C) only for # = Z or 7 and y = 2 or —4.
(D) only for § =0 or Fand y =2 or —2.

If the shadow of a tower standing on the level f)lane is found to be 60 feet (ft)
ionger.when f;:he sun’s altitude is 30° than when it is 45°, then the height of the
ower is, in ft,

(A) 30(1 + ¥); (B) 45; (C) 30(1 + v/3); (D) 30.

Two poles, AB of length 2 metres and CD of length 20 metres are erected
vertically with bases at B and D. The two poles are at a distance not less than

twenty metres. It is observed that tan ZACB = % The distance between the
two poles, in metres, is

(A) 72; (B) 68; (C) 24 (D) 24.27.

The elevation of the top of a tower from a point A is 45°. From A, a man walks
10 meters up a path sloping at an angle of 30°. After this the slope becomes
steeper and after wa»ll-;in%l up another 10 meters the man reaches the top. Then
the distance of A from the foot of the tower is

(A) 5(v/3 + 1) meters; (B) 5 meters;
(C) 10v/2 meters; (D) 5v/2 meters.

A man standing z metres to the north of a tower finds the angle of elevation of
its top to be 30°. He then starts walking towards the tower. After walking a

distance of %:r metres, he turns east and walks %:z: metres. Then again he turns
south and walks 3z metres. The angle of elevation of the top of the tower from
his new position is

(A) 30° (B) tan™ \/g; (C) tan™? 725; (D) none of the foregoing quantities.
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658.

659.

660.

661.

662.

663.

The elevation of the summit of a mountain is found to be 45°. After ascending
one km towards the summit, up a slope of 30° inclination, the elevation is found
to be 60°. Then the height of the mountain is, in km,

(A) it (B) Vv (©) 7 (D) Zrr

The distance at which a vertical pillar, of height 33 feet, subtends an angle of
12" (that is, 12 seconds) is, approximately in yards (1 yard = 3 feet),

864000

(A) 11000000, (B) 864000, (C) 59?00; (D) =

ér 11w

If the points A, B,C, D and E in the figure lie A

i AD
on a circle, then £5

sin(A+D)

(A) equals (4 E)’ E
sinB |

(B) equals S (% : o &
sin(B+ z

(C) equals m; B

(D) cannot be found unless the radius of the

circle is given.

C

A man stands at a point A on the bank AB of a straight river and observes
that the line joining A to a post C on the opposite bank makes with AB an
angle of 30°. He then goes 200 metres along the bank to B, and finds that BC
makes an angle of 60° with the bank. If b is the breadth of the river, then

(A) 50v/3 is the only possible value of b;
(B) 100v/3 is the only possible value of b;

(C) 501/3 and 100v/3 are the only possible values of b;
(D) none of the foregoing statements is correct.

A straight pole A subtends a right angle at a point B of another pole at a
distance of 30 metres from A, the top of A being 60° above the horizontal line
joining the point B to the pole A. The length of the pole A is, in metres,

(A) 20v3; (B) 40v/3; (C) 60v/3; (D) %

The angle (f)fdelevation off a bird from ahpolinlz h metres above a lake is o and
the angle of depression of its image in the lake from the s int i
height of the bird above the lake is, in metres, ame point is 8. The

(A) heinf-a), (B} Lanlbta), (C) hsin(B-a) (D) hsin(e+a)

sinfBcosa’ sinacos 3’ sin(a+p4) sin(f—a) °
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664.

665.

666.

667.

668.

669.

Two persons who are 500 metres apart, observe the direction and the _angula:t)'_
elevation of a balloon at the same instant. One finds the elevation to béa 60
and the direction South-West, while the other finds the elevation to be 45 and
the direction West. Then the height of the balloon is, in metres,

(A) 5004/(32£3v6), (B) 5004/ (1253+8); (C) 250v/3;
(D) none of the foregoing numbers.

Standing far from a hill, an observer records its elevation. The elevation in-

creases by 15° as he walks 1 + /3 miles towards the hill, and by a further 15°
as he walks another mile in the same direction. Then, the height of the hill is

(A) @ miles; (B) %:—i miles; (C) ﬁg——l miles; (D) none of these.

A man finds that at a point due south of a tower the angle of elevation of the

tower is 60°. He then walks due west 10y/6 metres on a horizontal plane and
finds that the angle of elevation of the tower at that point is 30°. Then the
original distance of the man from the tower is, in metres

(A) 5v/3; (B) 15V/3; (C) 15; (D) 180.

A man stands a metres due east of a tower and finds the angle of elevation of
the top of the tower to be §. He then walks = metres north west and finds the
angle of elevation to be ¢ again. Then the value of z is

(A) a; (B) v2a; (C) 7“5; (D) none of the foregoing expressions.

The angle of elevation of the top of a hill from a point A is a. After walking
a distance d towards the top, up a slope inclined to the horizon at an angle 8,
which is less than «, the angle of elevation is 3. The height A of the hill equals

(A) dsinasinf, (B) dsin(f—a)sing (C) dsin(a—0)sin(f—a) (D) dsin asin(3—8)

sin(f—a) ’ sinasinfg sin(a—6) ! sin(f—a)

A person observes the angle of elevation of a peak from a point A on the ground
to be a. He goes up an incline of inclination 8, where 3 < «a, to the horizontal
level towards the top of the peak and observes that the angle of elevation of the
peak now is . If B is the second place of observation and AB is y metres, the
height of the peak above the ground is

(A) ysin B + ysin(a — B)cosec(y — a) sin~y;
(B) ysinpB + ysin(f — a)sec(y — a)siny;
(C) ysinf + ysin(a — B)sec(a — ) sin~y;
(D) ysin 3 + ysin(a — B)cosec(a — y) sin 7.
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671.

672.

673.

674.

675.

Standing on one side of a 10 meter wide straight road, a man finds that the
angle of elevation of a statue located on the same side of the road is a. After
crossing the road by the shortest possible distance, the angle reduces to 8. The
height of the statue is

10 tanatan-ﬁ " 104/ tan? a—tan? 3
(A ety (B) Mg
(C) 104/tan?®a — tan?f3; 10

\/ gl (D) V/tan? a—tan? 8’

The complete set of solutions of the equation
sin'z =2tan"'z
is
(A) £1; (B) 0; (C) £1,0; (D) +3,£1,0.

For a regular octagon (a polygon with 8 equal sides) inscribed in a circle of
radius 1, the product of the distances from a fixed vertex to the other seven

vertices is
(A) 4 - (B) 8 (C) 12 (D) 16.

In the quadrilateral in the figure,
the lengths of AC and BD are
z and vy respectively. Then the
value o? 27y cos w equals

(A) B +d?—a?—c%
(B) b2 +a? — c* —d%
(C) a? + & — B — &
(D) a? 4 d? — 6> — &, B b

Ina triangle ABC with sides a = 5, b = 3 and ¢ = 7, the value of 3cos C+7 cos B
is

(A) 3; (B) 7 (C) 105 (D) 5.

If in a triangle ABC, the bisector of the angle ZA meets the sid
point D, then the length AD equals . eets the side BC' at the

2bccos 4 becos £ s A
S it A oo T bccos A 2bcsin &
) e s (B) RS () begmed, foy 24,
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677.

678.

679.

680.

In an arbitrary quadrilateral with sides and
angles as marked in the figure, the value of d
is equal to

(4) Bgatsins,
(B s = d
(C) Biaseap, v

(D) Dsin@sin ¢ )0 ¢

sinasing *

Suppose the internal bisectors of the angles of a quadrilateral form another
iqtiadrilateral. Then the sum of the cosines of the angles of the second quadri-
atera

(A) is a constant independent of the first quadrilateral;

(B) always equals the sum of the sines of the angles of the first quadrilateral;
(C) always equals the sum of the cosines of the angles of the first quadrilateral;
(D) depends on the angles as well as the sides of the first quadrilateral.

Consider the following two statements:

P: all cyclic quadrilaterals ABC D satisfy tan % tan g tan % tan g =1
Q: all trapeziums ABCD satisfy tan % tan 2 tan§ tan 2 = 1.

Then

(A) both P and @ are true; (B) P is true but @ is not true;
(C) P is not true and @ is true; (D) neither P nor Q is true.

Let a, b, c denote the three sides of a triangle and A, B, C the corresponding
opposite angles. Only one of the expressions below has the same value for all

triangles. Which one is it?

(A) sin A + sin B +sinC.

(B) tan A tan B + tan Btan C + tan C tan A.
(C) sin A-:si:B‘-:i-sinC’

(D) cot A cot B + cot B cot C' + cot C cot A.

In a triangle AABC, 2sinCcos B = sin A holds. Then one of the following
statements is correct. Which one is it?

(A) The triangle must be equilateral.
(B) The triangle must be isosceles but not necessarily equilateral.

(C) C must be an obtuse angle.
(D) None of the foregoing statements is necessarily true.
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682.

683.

684.

685.

686.

687.

If A, B,C are the angles of a triangle and sin? A + sin? B = sin’C, then C
equals

(A) 30°; (B) 90°; (C) 45° (D) none of the foregoing angles.

cos 37° + sin 37°
cos 37° — sin 37°

(A) tan 8°; (B) cot 8°; (C) sec 8°; (D) cosec &°.

A straight line passes through the
fixed point (8,4) and cuts the y-axis
at M and the z-axis at N as in fig-
ure. Then the locus of the middle
point P of MN is

(A)zy—4z — 2y +8=0;
(B) zy — 2z — 4y = 0;
(C) zy + 2z + 4y = 64;
(D) zy + 4z + 2y = 72.

The value of

equals

In a triangle ABC, a,b and c denote the sides 6pposite to angles A, B and C
respectively. If sin' A = 2sin C cos B, then

(A)b=g (B) c=g; (C) a = b;
(D) none of the foregoing statements is true.

The lengths of the sides CB and C'A of a triangle ABC are given by a and b,
and the angle C is 2 The line CD bisects the angle C and meets AB at D.
Then the length of 8D is

(A) 7 (B) i (©) 725 (D) 2.

Suppose in a triangle ABC, bcos B = ccosC. Then the triangle

(A) is right-angled; (B) is isosceles; (C) is equilateral;
(D) need not necessarily be any of the above types.

Let Vo = 2,V; = 3 and for any natural number k > 1, let Viyy = 3Vi — 2Vi_1.
Then for any n > 0, V,, equals

(A) 3(n® +n+4); (B) §(n® + 5n + 12); (C) 2" + 1;
(D) none of the foregoing expressions.
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689.

690.

691.

692.

693.

694.

If a, =%?!22, forn=1,2,3,..., then the sequence {a,}

A) does not have a maximum;

B) attains maximum at exactly one value of n;

C) attains maximum at exactly two values of n;

(D) attains maximum for infinitely many values of n.

Let f be a function of a real variable such that it satisfies
flr+s)= f(r)+ f(s), forall rs.
Let m and n be integers. Then f(%) equals

(A) % (B) £2; (©) 2f(1);
(D) none of the foregoing expressions, in general.

Let f(z) be a real-valued function defined for all real numbers z such that
|f(z) — f(y)| < 4|z — y| for all z,y. Then the number of points of intersection

of the graph of y = f(z) and the line y = x is

(A) 0 (B) 1; (C) 2 (D) none of the foregoing numbers.
The limit of n% i1 k(k+2)(k+4) asn — oo
(A) exists and equals }; (B) exists and equals 0;
(C) exists and equals g; ‘ (D) does not exist..
The limit of the sequence v2, V2v2, {/2V/2V2,... is
(A) 1; (B) 2; (C) 2v2; (D) oco.
. G Bl BT T

nS@l P+l w4l 0
l'l’m P, is ,
n—oo
(A) & (B) 553 © % (D) L.

Let a; = 1 and a, = n(an-1+1) for n =2,3,.... Define
1 1 1

fom (1+2) (14 £) - (1+2).
a, Qa3 ap

© L (D) co.

Then lim P, is

n—o0

(A) 1+e¢; (B) €;
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695.

696.

697.

698.

Let = be a real number. Let ay = z, a; = sinz and, in general, a, = sinds_;.
Then the sequence {a,}

(A) oscillates between —1 and +1, unless z is a multiple of ;

(B) converges to 0 whatever be ;

(C) converges to 0 if and only if z is a multiple of m;

(D) sometimes converges and sometimes oscillates depending on z.

If k£ is an integer such that
: kr\" Emr\™
i ((=T) ~[e3) ] o

(A) k is divisible neither by 4 nor by 6;

(B) k must be divisible by 12, but not necessarily by 24;

(C) k must be divisible by 24;

(D) either k is divisible by 24 or k is divisible neither by 4 nor by 6.

then

The limit of v/z(v/z +4 — /z) as £ = oo

(A) does not exist; (B) exists and equals 0;

(C) exists and equals 3; (D) exists and equals 2.

Four graphs marked G1, G2, G3 and G4 are given in the fi hi
of the four functions - e higure which are graphs

@)=z =1-1, fo(z) =|lz—1]-1],

fi@)=|z| -1, fa(z) =1-|z|,

not necessarily in the correct order.
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700.

701.

) (1, 0) ”

co o X / "
GS G4

The correct order is

§A; G2, G1,G3, Gy; éBg G3,Gy, G, Gy;
C G2,G3,G1,G4; D G4,G3,G1,G2.
The adjoining figure is the graph of

(A) y = 2€%;

(B) y = 2e7%;

C)y=¢e+€75
D)y=€e"—e*+2

Suppose that the three distinct real numbers a, b, ¢ are in G.P. and a+b+c = zb.
Then

A) =3<z<1; (B) z>1lorz < -3;
C) z<-lorz>3; (D) -1<zx<3.

The maximum value attained by the function y = 10 — |z — 10| in the range
—-9<z<9is

(A) 10; (B) 9; (C) +oo; (D) 1.
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702.

703.

Let f(z) be a real-valued function of a real variable. Then the function is said
to be ‘one-to-one’ if f(x,) # f(z;) whenever z; # x,. The function is said to
be ‘onto’ if it takes all real values. Suppose now f(z) = z* —3xz®+6z —5. Then

(A) f is one-to-one and onto; . (B) f is one-to-one but not onto;
(C) f is onto but not one-to-one; (D) f is neither one-to-one nor onto.

rIftlalt f be a function from a set X to X such that f(f(z)) = « for all z € X.
en

(A) f is one-to-one but need not be onto;

(B) f is onto but need not be one-to-one;

(C) f is both one-to-one and onto;

(D) none of the foregoing statements is necessarily true.

Directions for Items 704 to 706:

704.

705.

706.

e

A real-valued function f(z) of a real variable z is said to be periodic if there is
a strictly positive real number p such that f Sz + p) = f(x) for every x. The
smallest p satisfying the above property is called the period of f.

Only one of the following functions is not periodic. Which one is it?

(A) e, (B) torsmerons: (C) log,(cos z). (D) sin(e).
Suppose f is periodic with period greater than h. Then

(A) for all ' > h and for all z, f(z + h') = f(z);
(B) for all z, f(z + h) # f(z);

(C) for some z, f(z + k) # f(z);

(D) none of the foregoing statements is true.

Suppose f is a function with period a and g is a function with period b. Then
the function h(z) = f(g(z))

(A) may not have any period; (B) has period a;
(C) has period b; (D) has period ab.

...............................................................................

. A function f is said to be odd if f(—z) = —f(z) for all z. Which of the

following is not odd?

(A) A functionzf such that f(z +y) = f(z) + f(y) for all z,y;
(B) f(2) =35
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708.

709.

710.

711.

712.

713.

714.

(C) f(z) =z — [z], where [z] denotes the greatest integer which is less than or
equal to z; ‘
(D) f(z) = a®sinz + z° cos .

If n stands for the number of negative roots and p for the number of positive
roots of the equation e* = z, then

(A)n=1,p=0; (B)n=0,p=1; ((C)n=0p>1 (D)n=0,p=0.
In the interval (—2n,0), the function f(x) = sin(Z)

(A) never changes sign;

(B) changes sign only once;

(C) changes sign more than once, but a finite number of times;
(D) changes sign infinite number of times.

If f(-'b‘) = ag + a;cosz + azcos2z + ... + a, cosnz, where ap,ay,...,a, are
nonzero real numbers and a, > |ao| + |a1| + ... + |a,—1|, then the number of
roots of f(z) =0in 0 <z < 2m, is

(A) at most n; (B) more than n but less than 2n;
(C) at least 2n; (D) zero.

The number of roots of the equation 22 +sin?z = 1 in the closed interval [0, Z]
is

(A) 0; (B) 1; (C) 2 (D) 3.
The number of roots of the equation zsinz = 1 in the interval
0<zx<2mis

(A) 0 B) L (C) 2; (D) 4.

The number of points in the rectangle

{(z,y)| -10<z<10and -3<y< 3}

which lie on the curve y® = = +sinz and at which the tangent to the curve is
parallel to the z-axis, is

(A) 0; (B) 2; (C) 4 (D) 8.
The set of all real numbers z satisfying the inequality a*(x + 1)(x — 2) > 0 can
be written

(A) as2 <z < o0; (B) as 0 < 2 < o0
(C) as =1 <z < 00 (D) in none of the foregoing forms.
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715.

716.

T17.

718.

719.

720.

A set S is said to have a minimum if there is an element a in S such that a <t ?l;)
for all y in S. Similarly, S is said to have a mazimum if there is an elemen

in S such thatb >y forally in S. If S = {y Py = ?:23, z 2 0} which one
of the following statements is correct?

(A) S has both a maximum and a minimum.

(B) S has neither a maximum nor a minimum.

(C) S has a maximum but no minimum.
(D) S has a minimum but no maximum.

- 20+ 2/ +3Yx o
g0 24+ 4z — 3+ 8z — 4
(A) 10; (B) 3; . (C) 1; (D) 0.

lim [zvz2 + a2 — vVt + a?] is
T—ro0

(A) oo; (B) (C) a%; (D) 0.
The limit of 23{V/z2 + Vz*+1—zV2} as 2 = o0

. 3
(A) exists and equals EWeL (B) exists and equals 1 f’
(C) does not exist; (D) exists and equals \/-
If f(x) = ,/’T;c;ff:, then the limit of f(z) as z = oo is
(A) 0; (B) 1; (C) oo; (D) none of 0, 1 or co.

Consider the function f(z) = tan~!(2tan %), where —% < f(z) < I

( lxm0 means limit from the left at = and hm o means limit from the right.)
T—T—

Then

(A) lim f@)=37, lim f(&)=-

(B) lim f(z)= g Jim f(e) =
(©) ;l_rgrf(r) = 5,

(D) lim f(z) = —7.

il

3oy
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721.

722.

723.

724.

725.

726.

727.

728.

... xsina—asinz .
The value of lim is
r—a r—a

(A) non-existent; (B) sina +acosa; (C) asina—cosa; (D)sina—acosa.

The limit
I CcOSZT — SecT

zE)nO .’1:2(.’1: + 1)

(A) is 0; (B) is 1; (C) is -1, (D) does not exist.
The limit
. tanz—=x
lim e
20+ T — sinx
equals
(A) —1; (B) 0; ©) 1; - (D) 2.

1
lim (1+z): -1
20 (14 2)5 -1

(A) L; (B) 0; (@) 3 (D) oo.

A right circular cylindrical container closed on both sides is to contain a fixed
volume of motor oil. Suppose its base has diameter d and its height is h. The
overall surface area of the container is minimum when

(A) h= 3md; (B) h = 2d; (C) h=d;
(D) conditions other than the foregoing are satisfied.

is

lim (logz — )
I—00

(A) equals +00; (B) equals ¢; (C) equals —oo; (D) does not exist.

lim z tan l
z—0 2

(A) equals 0; (B) equals 1; (C) equals oo; (D) does not exist.
The limit Lo
}111—% /_1 h? + z? it

(A) equals 0; (B) equals m; (C) equals —m; (D) does not exist.
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729.

730.

731.

732.

733.

734.

If the area of an expanding circular region increases at a constant rate (with
respect to time), then the rate of increase of the perimeter with respect to time

(A) varies inversely as the radius;

(B) varies directly as the radius;

(C) varies directly as the square of the radius;
(D) remains constant.

Let y = tan™!(¥1#27=1) Then % equals

(A) sy (B) 2= (C) —Figzans (D) —32=-
If 6 is an acute angle then the largest value of 3sin@ + 4 cos#€ is

(A) 4; (B) 3(1+4); (C) 5V2; (D) 5.

Let f(z) = (z —1)e® + 1. Then

(A) f(z) >0 forall z > 0 and f(z) <0 for all z < 0;
(B) f(z) > 0for all z > 1 and f(z) <0 for all z < 1;
(C) f(z) > 0 for all z;

(D) none of the foregoing statements is true.

A ladder AB, 25 feet (ft) (1 ft=12 inches (in)) long leans against a vertical wall.
The lower end A, which is at a distance of 7 ft from the bottom of the wall, is
being moved away along the gro.und from the wall at the rate of 2 ft /sec. Then
the upper end B will start: moving towards the bottom of the wall at the rate

of (in in/sec)
(A) 10 (B) 17; €7 (D) 5.

Let
e ‘u—u—lL ifz <1

[a], if o> 1,

where, for any real number z, [a:lrdenotes the largest integer < z and } y |
denotes the absolute value of y. Then, the set of discontinuity-points of the
function f consists precisely of

(A) all integers > 0; (B) all integers > 1;
(C)-all integers > 1; (D) the integer 1.
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735.

736.

737.

738.

739.

Let f and g be two functions defined on an interval I such that f(z) 2 0 and

9(x) < 0 for all z € I, and f is strictly decreasing on I while g is strictly
increasing on /. Then

A) the product function fg is strictly increasing on I;

B; the product function fg is strictly decreasing on I;

C) the })roduct function fg is increasing but not necessarily strictly increasing
on I;

(D) nothing can be said about the monotonicity of the product function fg.

Given that f is a real-valued differentiable function such that f(z)f’(z) < 0
for all real z, it follows that

gA) f(2) is an increasing function;
B) f(z) is a decreasing function;

(C) |f(=)] is an increasing function;
(D) |f(z)| is a decreasing function.

Let = and y be positive numbers. Which of the following always implies z¥ > y*?
§A)mSeSy; B)y<e<uwz
C)z<y<Leore<y<z; D)y<z<eore<z<y.

Let f be the function f(z) =cosz —1+ ?-23 Then

(A) f(z) is an increasing function on the real line;

B) f(z) is a decreasing function on the real line;

C) f(z) is an increasing function in the interval —oo < x < 0 and decreasing
in the interval 0 < z < oo;

(D) f (:1:2‘ is a decreasing function in the interval —oc < z < 0 and increasing
in the interval 0 < z < o0.

Consider the function f(n) defined for all positive integers as follows:

“(n+1 ifnis odd,
fln) =

% if n is even.

Let f®) denote f applied k times; e.g., f*)(n) = f(n), f@(n) = f(f(n)) and
so on. Then

A) there exists one integer ko such that for all n > 2, f (ko) (n) = 1;

§B) for each n > 2, there exists an integer k£ (depending on n) such that
fBn) =1,

(C) for each n > 2, there exists an integer k (depending on n) such that f*)(n)

is a multiple of 4;
(D) for each n, f®)(n) is a decreasing function of k.
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740. Let pa(z),n = 0,1,... be polynomials defined by po(z) = 1,p1(z) = = and
Pn(Z) = TPn-1(2) — pn—a(z) for n > 2. Then p;o(0) equals

(A) 0 , (B) 10; (C) 1; (D) -1.

741. Consider the function f(z) = z(z — 1)(z + 1) from R to R, where R is the set
of all real numbers. Then,

(A) [ is one-one and onto; (B) f is neither one-one nor onto;
(C) f is one-one but not onto; (D) f is not one-one but onto.

742. For all integers n > 2, define fu(z) = (z + 1)/ — 2!/, where z > 0. Then, as
a function of z

(A) fn is increasing for all n;
(B) fn is decreasing for all n;
(C) fn is increasing for n odd and f, is decreasing for n even;
(D) fa is decreasing for n odd and f, is increasing for n even.

743. Let &
9(z) = / tf'(t)ydt for xz > —10,
10

where f is an increasing function. Then

(A) g(z) is an increasing function of z;
(B) g(z) is a decreasing function of z;
(C) g(z) is increasing for z > 0 and decreasing for —10 < z < 0;

(D) none of the foregoing conclusions is necessarily true.

(z®—z+3 for0<z<1,

744. Let f(z) =2z +1 forl <<,

241 for 2 <z < 3.
Then

(A) f(z) is differentiable at z =1 and at z = 2;

(B) f(z) is differentiable at = = 1 but not at x = 2;
(C) f(z) is differentiable at z = 2 but not at z = 1;
(D) f(z) is differentiable neither at = 1 nor at z = 2.

745. If the function BB A
fl@)y=% — gna when z # 0,
when z = (),
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746.

747.

748.

749.

is continuous at z = 0, then

(A) A=0,B=0; (B) A

The function

EAL LT
T

—_2_\/5_____ ifl'>0,

| V16+ z —4

is continuous at z = 0 for
(A) a=38; (B) a=4; (C) a=16; (D) no value of a.
Consider the function

z) = { 0 if z is rational

z? if z is irrational

Then only one of the following statements is true. Which one is it?

(A) £ is differentiable at « = 0 but not continuous at any other point.
gB) f is not continuous anywhere.

C) f is continuous but not differentiable at z = 0.

(D) None of the foregoing statements is true.

Let f(z) =zsin3, if z # 0, and let f(z) =0, if z = 0. Then fis

(A) not continuous at 0;

(B) continuous but not differentiable at 0;
C) differentiable at 0 and f'(0) = 1;

2D) differentiable at 0 and f/(0) = 0.

Let f(z) be the function defined on the interval (0, 1) by

i if z is rational,
f(z) = _
1 —z otherwise.

Then f is continuous

(A) at no point in (0, 1);

(B) at exactly one point in (0,1);

(C) at more than one, but finitely many points in (0, 1);
(D) at infinitely many points in (0, 1).
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750. The function f(z) = [z]++/z — [z], where [z] denotes the largest integer smaller
than or equal to z, is

(A) continuous at every real number z;

(B) continuous at every real number z except at negative integer values;
gC) continuous at every real number z except at integer values;

D) continuous at every real number z except at = 0.

751. For any positive real number = and any positive integer n, we can uniquely
write

r=mn-+r,

where m is an integer (positive, negative or zero) and 0 < r < n. With this
notation we define -
zmodn=r.

For example, 13.2 mod 3 = 1.2.
The number of discontinuity points of the function

f(z) = (z mod 2)* + (z mod 4)
in the interval 0 < z < 9 is
(A) 05 (B) 2; ©€) 4 (D) 6.
752. Let f(z) and g(z) be defined as follows:

T, T >
f(‘”)={0, if z<
_J 22, if >
g(x)—{ 0, if z<
Then

A) f and g are both differentiable at z = 0;
B) f is differentiable at z = 0 but g is not;
C) g is differentiable at z = 0 but f is not;
(D) neither f nor g is differentiable at z = 0.

753. The number of points at which the function
min{|z|, 2%} if —~co<z<1
fle)=9 .
min{2z — 1,2?} otherwise
is not differentiable is

(A) 05 (B) 1; (C) 2 (D) more than 2.
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754.

755.

756.

757.

758.

The function f(z) is defined as

Ii—_|, for |z| > 2

f(z) = { a+bx? for |z| £2,

where a and b are known constants. Then, only one of the following statements
is true. Which one is it?

(A) f(z) is differentiable at z = —2 if and only if a = 3 and b= —;.

(B) f(=) is differentiable at x = —2, whatever be the values of a and b.

(C) f(z) is differentiable at & = —2, if b = —4, whatever be the value of a.
(D) f(z) is differentiable at z = —2, if b = & whatever be the value of a.

gl

M|z jfzr#£0
o]

0 ifz=0

(A) is continuous, but not differentiable at z = 0;

(B) is differentiable at = = 0, but the derivative is not continuous at z = 0;
(C) is differentiable at z = 0, and the derivative is continuous at z = 0;
(D) is not continuous at z = 0.

The function

Let f(z) = z[z] where [z] denotes the greatest integer smaller than or equal to
z. When z is not an integer, what is f'(z)?

(A) 2z. (B) [z]. (C) 2[z]. (D) It does not exist.
If f(z) = (sinz)(sin2z) ... (sinnz), then f'(z) is

(A) 3 (kcos ka) £ (x);
(B) Ec:ols z)(2 cos 2z) (3 cos 3z)
(©) Z(k cos kz)(sin kz);

k=1

.. (ncosnz);

’

(D) Zn:(k cot kz) f(x).
k=1

Let f(z) = ao + a1|z| + as|z|* + as|z|* where ao, a1, a; and ag are constants.
Then only one of the following statements is correct. Which one is it?

(A) f(z) is differentiable at z = 0 whatever be ag, a,, as, a3.
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759.

760.

761.

762.

763.

764.

(B) f(z) is not differentiable at = 0 whatever be ag, a1, a2, as.
(C) If f(z) is differentiable at x = 0, then a; = 0.
(D) If f(z) is differentiable at z = 0, then a; = 0 and a3 = 0.

Cﬁnsider the function f(z) = |sinz|+| cos z| defined for z in the interval (0, 27).
Then

(A) f(z) is differentiable everywhere;

(B) f(z) is not differentiable at z = 125 and %’5 and differentiable everywhere
else;

(C) f(z) is not differentiable at z = 7, 7 and 3—2"- and differentiable everywhere
else;
(D) none of the foregoing statements is true.

A curve in the XY plane is given by the the parametric equations z = t? +
t+1, y = t2 — t + 1, where the parameter ¢ varies over all nonnegative real
numbers. The number of straight lines passing through the point (1, 1) which
are tangent to the curve, is

(A) 2 (B) 0; © 1; (D) 3.

If f(z) = (%ﬁ-)“*b‘””, then f’(0) equals

(8) B2 () (2log§ + £ (5"
ay 4 b—d?. (D) none of the foregoing expressions.

(C) 2log(§) + =25 g exp

If y = 2sin™" /(1 — 2) +sin™}(2/z(1 — 2)) for 0 < z < j then % equals

Q-z),
T

2 . =1,
(A) \—/—x—(—l_—_?)’ (B) ; (€) \/m- (D) 0.

If y = sin~' (3z — 42%), then 2 equals
(A) 3z; . (B) 3; (C) o=
(D) none of the foregoing expressions.
Ify=3ﬂ°°%§, then ‘—id% is
acos az cos b:a:b sin azx sin bz
(A) 3 cos® bx

)
(B 47~ Meia e log3;
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765.

766.

767.

768.

769.

770.

i3

(C) 3?6%%':‘ a cos azx cos br—bsin az sin bz

: cos? bz
(D)3** 1og3.

log 3;

If z = a(f —sin#) and y = a(1 — cos @), then the value of % at § = 7 equals
(A) —%; (B) —ZIE; (C) —q; (D) none of the foregoing numbers.

Let F(z) = €*, G(z) = e ® and H(z) = G(F(z)), where z is a real number.
Then % at z=01is

(A) 15 (B) —1; (C) =4; (D) —e.

Let f(z) = |sin®z| and g(z) = sin®z, both being defined for z in the interval
—%, %) Then :

(A) f'(z) = g'(x) for all z;

(B) f'(z) = —g'(z) for all z;
(C) 1'(z) = lg"(z)] for all z;
(D) g'(z) = |f'(=)| for all z.

Consider the functional ti —y) = . If f(0) =
f’(()g)m:e;, thi J ;? _1(5’31 s equation f(z — y) f (:I:)/ f(y) £(0) p and

(A) 2 (B) & (©) & (D) q.
Let f be a polynomial. Then the second derivative of f(e?®) is

(A) £(e7) - €= + f(¢); (B) £"(e) - €% + f'(z) - €%;
(©) £ (e); (D) f(e%) - € + f'(&%) - €.

If A(t) is the area of the region enclosed by the curve y = el and the portion
of the z-axis between —t and +t, then tl_i)m A(t)
1]

(A) is 1; (B) is oo; (C) is 25 (D) does not exist.

. (e*—1)tan’z
RS S

(A) do.es not, exist; . (B) exists and equals 0;
(C) exists and equals %; (D) exists and equals 1.
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772,

773.

774.

775.

776.

777.

T78.

If f(z) = sinz, g(z) = 2* and h(z) = log, z, and if F(z) = h(g(f(z))), then
d*F 1
& equals

(A) —2cosec’z; . (B)2 cosec32:c;
(C) 2 cot(z?) — 422 cosec?(z?); (D) 2z cot(z*).

A lamp is placed on the ground 100 feet (ft) away from a wall. A man six ft
tall is walking at a speed of 10 ft/sec from the lamp to the nearest point on the
wall. When he is midway between the lamp and the wall, the rate of change in
the length of his shadow is (in ft/sec)

(A) 2.4; (B) 3; (C) 12; - (D) 3.

A water tank has the shape of a right-circular cone with its vertex down. The
radius of the top is 15 ft and the height is 10 ft. Water is poured into the tank
at a constant rate of C cubic feet per second. Water leaks out from the bottom
at a constant rate of one cubic foot per second. The value of C' for which the
water level will be rising at the rate of four ft per second at the time point when
the water is two ft deep, is given by

(A)C=1+36m; (B)C=1+9m (C)C=1+4m (D)C=1+18m
Let f(z) = a|sinz| + bel*! + clz|®. Tf f(z) is differentiable at z = 0 then

A)a=b=c=0;

gB) a = b =0 and c can be any real number;
C) b=c =0 and a can be any real number;
ED) ¢ =a =0 and b can be any real number.

A necessary and sufficient condition for the function f (z) defined by

_J 2?2422 if 2<0
f(x)—{ax+b if 2> 0

to be differentiable at the point z = 0 is that

Ala=0and b=0; (B) a =0 while b can be arbitrary;
C) a = 2 while b can be arbitrary; (D)a=2and b=0.
If f(z) = log,2(e®) defined for 2 > 1, then the derivative f'(z) of f(z) is

ogz—1 , logz—1, logz+1 | og T
(A) 2_1('1%?;717' (B) (logz)?? (C) 2(log:) ) (D) l(|og:i}'

For z > 0, if g(z) = 2'%% and f(z) = e, then f'(z) equals

A) §zmﬂ°s==-l> log ) f (z); (B) (282D log z) f();
C) (1 + z)e%; (D) none of the foregoing expressions.
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779.

780.

781.

782.

783.

784.

785.

786.

787.

Suppose f and g are functions having second derivatives f” and g” everywhere.
If f(z)g(z) =1 for all z and f’ and ¢’ are never zero, then %E)l L(%)Z equals

2f'(z)

(A) %8, (B) 0; ©) -£&; (D) -
Ig f(z) = a1- €l 4+ ay - |z|°, where a1, a; are constants, is differentiable at z = 0,
then
(A) ay = ay; (B) ay = az = 0; (C) ay = 0; (D) az =0.
If y = (cos™ z)?, then the value of (1 — 22) %% — z% is
(A) —1; (B) —2; (©) 1; (D) 2.
The n'® derivative of the function f(z) = 1 157 at the point z =0, where n is
even, is

n(3); (B) 0; (C) nl; (D) none of the foregoing quantities.

xn(l s m)n . . . (k)

Let f(z) = =————". Then for any integer k > 0, the k-th derivatives f*)(0)

n!
and f(®)(1)

(A) are both 0; (B) are both rational numbers but not necessarily integers;
(C) are both integers; (D) do not satisfy any of the foregoing properties.

Let fi(z) = €%, fa(z) = e"'@, f3(z) = e .. and, in general, fu41(z) =
e/n(@) for any n > 1. Then for any fixed n, the value of £ f,(z) equals

) fn(z (B) fa(z) faa
EC) fn(z;fn l 1‘) f2($)fl(m) (D) fn(m)fn 1(.'13) fl(xge)
The maximum value of 5sin@ + 12 cos 9 is

(A) 5 (B) 12; (C) 13; (D) 17.

Let A and B be the points (1,0) and (3, 0{ respectively. Let P be a variable
point on the y-axis. Then the maximum value of the angle ZAPB is

0

> 3 (B) 30° (C) 45°% (D) none of the foregoing quantities.

(A) 221

The least value of the expression 1 , for values of z > 0, is

(A) V2 (B) 1; (C) 2v2-2; (D) none of the foregoing numbers.
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788.

789.

790.

791.

792.

793.

794.

795.

796.

The minimum value of 3z + 4y, subject to the condition z%y* = 6 and z and y
are positive, is
(A) 10; (B) 14; ©)7; (D) 13.

A window is in the form of a rectangle with a semicircular bend on the top. If the
perimeter of the window is 10 metres, the radius, in metres, of the semicircular
bend that maximizes the amount of light admitted is

20 . 10 ., 1 = 3
(A) 5 (B) 4 (C) 10=2m;
(D) none of the foregoing numbers.
ABCD is a fixed rectangle with AB = 2cm and BC' = 4cm. PQRS is a
rectangle such that A, B, C and D lie on PQ, QR, RS and SP respectively.
Then the maximum possible area of PQRS is
(A) 16cm?; (B) 18cm? (C) 20cm?; (D) 22cm?.

2z
1422

The curve y = has

(A) exactly three points of inflection separated by a point of maximum and a
point of minimum; ) ) )

(B) exactly two points of inflection with a point of maximum lying between
them;

(©) exactly two points of inflection with a point of minimum lying between
them;

(D) exactly three points of inflection separated by two points of maximum.

2_
As z varies over all real numbers, the range of the function f(z) =Z 3z .o

z24+3z+4
WET  ®-3T% @R O (-o07)u(T )
The minimum value of f(z) = 2® + 2% —2* —22% — 22 — 21 + 9 is
(A) 5; (B) (©)0; (D) 9.
The number of minima of the polynomial 10z° — 242° + 15z% + 4022 + 108 is
(A) 0; (B) 1; (©) 2; (D) 3.
The number of local maxima of the function f(z) =z +sinz is
(A) 1, (B) 2; (C) infinite; (D) 0.

The maximum value of logo(42® — 1222 + 11z — 3) in the interval [2,3] is

(A) logyo 3; (B) 1+ logyo 5; (C) =5 logyo3; (D) none of these.
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797.

798.

799.

800.

801.

802.

803.

The maximum value of the function

1 4 7)03
fay =1
in the interval 0 <z <1 is '
(A) 1; (B) 297 : (@) 2% (D) none of these.
The number of local maxima of the function f(z) =z —sinz is
(A) infinitely many; (B) two; (C) one; (D) zero.

From a square tin sheet of side 12 feet (ft) a box with its top open is made by
cutting away equal squares at the four corners and then bending the tin sheet
so as to form the sides of the box. The side of the removed square for which
the box has the maximum possible volume is, in ft,

(A) 3; (B) 1; (C) 2; (D) none of the foregoing numbers.

A rectangular box of volume 48 cu ft is to be constructed, so that its length
is twice its width. The material to be used for the top and the four sides is
three times costlier per sq ft than that used for the bottom. Then, the box that

minimises the cost has height equal to (in ft)

(4) £ (8) £, (©) 2; ™) 8.

A truck is to be driven 300 km on a highway at a constant speed of z kmph.
Speed rules of the highway require that 30 < z < 60. The fuel costs Rs. 10 per

_ litre and is consumed at the rate of 2 + Ezoio litres per hour. The wages of the

driver are Rs. 200 per hour. The most economical speed to drive the truck, in
kmph, is

(A) 30; (B) 60; (C) 30v3.3; (D) 20v/33.

Let P be a point in the first quadrant lying on the ellipse %3 - -’1% = 1. Let

AB be the tangent at P to the ellipse meeting the z-axis at A and the y-axis
at B. If O is the origin, the minimum possible area of triangle OAB is

(A) 4m; - (B) 9; (C) 9; (D) 12.

Consider the parabola y? = 4z. Let P and @ be the points (4, -—4? and (9,6) of
the parabola. Let R be a moving point on the arc of the parabola between P

and Q. Then the area of the triangle RPQ is largest when

(A) ZPRQ = 90°; (B) R = (4,4); (C) R=(3:1);
(D) condition other than the foregoing conditions is satisfied.
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804.

805.

806.

807.

808.

809.

Out of a circular sheet of paper of radius a, a sector with central an_glef 0 is (l:qt
out and folded into the shape of a conical funnel. The volume of this funnel 1s

maximum when @ equals

(A) Z; (B) 2/ ©) & (D) .

Let f(z) = 5—4(¥z — 2)>. Then at z = 2, the function f(z)

(A) attains a minimum value;

(B) attains a maximum value;

(C) attains neither a minimum value nor a maximum value;
(D) is undefined.

A given right circular cone has a volume p, and the largest right circular cylinder

that can be inscribed in the given cone has a volume g. Then the ratio p : g
equals

(A) 9:4; (B) 8:3; (C) 7:2; (D) none of the foregoing ratios.

2

If [z] stands for the largest integer not exceeding z, then the integral / [z]dz
-1

is

(A) 3; (B) 0; ©) L (D) 2.

For any real number z, let [z] denote the greatest integer m such that m < z.

Then i
/ [z — 1]dz
-2

equals
(A) 23— v3-V2); (B) 2(5—v3 - V2);
(C) 2(1- V3 —V2); (D) none of these.

Let f(z) be a continuous function such that its first two derivatives f'(z), f"(z)
are continuous. The tangents to the graph of f(z) at the points with abscissa
¢ — a and = = b make with the X-axis angles T and § respectively. Then the

b
value of the integral / f'(z)f"(z) dz equals

(A) 1-V3; (B) 0; ©) 5 (D) —1.
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810.

811.

812.

813.

814.

815.

816.

817.

100
The integral / e*Fldz is

(A) S5ots (B) —:1—‘ (C) 100(e - 1); (D) &%+
If S = [ £dt then [, ;<" dt is
(A) Se; (B) Se~%; (C) —Se™*; (D) —Se.

2 e
If the value of the integral / ¢* dz is , then the value of / V/log zdx is
e

1

(A% et —e—a (B) 2¢f —e—o; (C) 2(e* —€) — o
(D) none of the foregoing quantities.

m™
The value of the integral / |1+ 2cosz|dz is
0

(A) 5+ V5, (B) 3 +2V3; (©) § +4v5; (D) & +4v3.
The value of the integral / \ /1+sin g dr, where 0 <u<m,is

0
(A) 4+4(sm— —cos ¥); (B) 4+4(cos— = ging):
(C) 4+ 3(cos § —sin §); (D) 4+ % (81n- —cos ).

The definite integral / equals

dzx
1 + (tanz)'o
(A) m; (B) % (€) 0; (D) .

If f(x) is a nonnegatwe continuous function such that f(z) + f(3 +z) =1 for
all ,0 < z < 4, then fo f(z)dz is equal to

(A) 3; (B) 3 ©) 1; (D) 2.
The value of the integral
/ * log, (1 + tan6)do
0
is
(A) & (B)  log.2; (C) 1 (D) 2log, 2 — 1.
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818.

819.

820.

821.

822.

823.

Define the real-valued function f on the set of real numbers by

1 2
f(:z:)=/; s+ 5

2—t
Consider the curve y = f(z). It represents

(A) a straight line; (B) a parabola;
(C) a hyperbola; ; (D) an ellipse.

n—1

i 18 ()

=

(A)is L (B) is 0; (C) is 2; (D) does not exist.
VI+V2+---+vn—1, |

lim is equal to

n—+co n\/ﬁ
(A) 3 (B) 5: (©) 2 (D) 0.
The value of

n
y 1 .
B3 5 [V,
where [z] is the largest integer smaller than or equal to z, is

(A) 3; (B) 3; ©) 3 (D) none of the foregoing numbers.

2,024 .12
Let o = lim l_i:a_ﬂ,
n—oo

3_12 3_02)4 1(n3—pn2?
lim (13-1%)+(2 24)+ +(n n)-

n—oo n

and B =
Then

(A) a=B; (B) a < B; (C) 4a — 38 =0; (D) 3a—4B8 =0.
The value of the integral
|z — 3|dz

-4

(A) 13; (B) 8; (C) 25 (D) 24.
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824.

825.

826.

827.

828.

829.

The value of [, |z(z — 1)|dz is
(A) 1 (B) % © % (D)

«l3

3/2
/ |z sin rz|dz is equal to
i

| - . 3r—1
(A) = (B) = (©) 75 (0 ===,

The set of values of a for which the integral / (|z—a|—|z—1|) dz is nonnegative,
A 0
is

(A) all numbers a > 1; (B) all real numbers;
(C) all numbers a with 0 < a < 2; (D) all numbers a < 1.

a

The maximum value of [ +11 e~@=1? gz where a is a real number, is attained

at
(A) a=0; (B) a=1; (C) a=-1; (D) a=2.
Let . .
¥ ={ L5+ —yl}dy ifz>2
S5z + 1 ifz <2
Then

(A) f(z) is continuous but not differentiable at z = 2;
(B) f(z) is not continuous at z = 2;

(C) f(z) is differentiable everywhere;

(D) the right derivative of f (z) at = = 2 does not exist.

Consider the function f(z) = / [t] dt where = > 0 and [t] denotes the largest
0 '
integer less than or equal to . Then

(A) f(z) is not defined for z = 1,2,3,.. ;

(B) f(z) is defined for all z > 0 but is not continuous at z =1,2,3,.. ;

(C) f(x) is continuous at all z > 0 but is not differentiable at ¢ =1,2,3,.. ;
(D) f(z) is differentiable at all z > 0.
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830.

831.

832.

833.

834.

Let
2 fogesl,
fl@y=49
3 flcr<g
Define g(z) = [ f(t)dt, for 0 < z < 2. Then
(A) g is not differentiable at z = 1; (B) g'(1) = 2
(€) ¢(1)= g (D) none of the above holds.

Let [z] denote the greatest integer which is less than or equal to . Then the
value of the integral
/4
/ [3tan® z|dz
0
is
(A) m/3— tan“l(\/g); (B) m/4— tan‘l(\/g);
(Cy 3=l (D) [3= 2.

Consider continuous functions f on the interval [0, 1] which satisfy the following
two conditions:
(i) f(z) < /5 for all z € [0,1]; and

(ii) f(z) < 2 forall z € [},1].
1
Then, the smallest real number a such that the inequality / f(z)dz < a holds
0
for any such f is
(A) V5; (B) L2 +210g2; (C) 2+ 2log X5, (D) 2+1log L.

Let »
f(z) =/ e ¥dt, foral z > 0.
0

Then for all z > 0,

(A) ze™** < f(z); (B) z < f(=2); (€) 1< f(z);
(D) none of the foregoing statements is necessarily true.

Let f(z) = / cos(‘2+§t+1)dt, where 0 < 2 € 2. Then
0

(A) f(z) increases monotonically as = increases from 0 to 2;
(B) f(z) decreases monotonically as z increases from 0 to 2;
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835.

836.

837.

838.

839.

840.

841.

(C) f(z) has a maximum at z = a such that 202 + 4o = 57 — 2;
(D) f(z) has a minimum at = = o such that 2% + 4a = 57 — 2.

The maximum value of the integral
a+1 .
. dx
ay 1+ 2B

(A) exactly at two values of a;

(B) only at one value of a which is positive;
(C) only at one value of a which is negative;
(D) only at a =0.

is attained

The value of the integral [ coslogz dz is
(A) z[coslog z + sinlog z|; (B) %[coslog z — sin log z;
(C) §[sinlog z — coslog z]; (D) : Z[coslog z + sinlog z].

If u, = fo% tan™ zdz for n > 2, then u, + u,_o equals

(A) 55 - B (©) 7 (D) 7 + 7
fol tan~! zdz is equal to

(A) Z —log, V2; (B) § + log. v2; (€] §: (D) log, V2.

sin

foﬁ2 Wdz equals
(A) T (B) % (©) 3%; (D) =
The indefinite integral [ V%dx equals

(A) Zsin (f)2 + C, where C is a constant;
(B) cos‘l(i) + C, where C is a constant;
(C) Scos™ (% )2 + C, where C is a constant;
(D) none of the foregoing functions.

The value of the integral [,°° £¥&=1dy is

e*+3

(A) 4m; (B) 4; ©) 3 (D) 4 — .
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842.

843.

844.

845.

846.

847.

848.

The area of the region {(z,y) : z* <y < |z|} is

)
(A) 3 (B) & (C)

bl

B =

The area bounded by the curves y = 1/ and y = * is

(A) é; (B) 1; (®) §;
(D) none of the foregoing numbers.

The area bounded by the curve y = log, z, the z-axis and the straight line z = e
equals

(A) e; B) 1; (B
(D) none of the foregoing numbers.

The area of the region in the first quadrant bounded by
2y—1 bz—m

y=sinz and

v3i-1
equals
(A) &1 — 24(f+ g (B) Bt - Z(V3-1);
(C) L_(l -z (D) none of the above quantities.

The area of the region bounded by the straight lines z = % and z = 2, and the
curves given by the equations y = log, 2z and y =27 is

(A ),&2(4+\/—) jlog.2+3;
(B) . (4 — v2) — §log. 2;

(C) g4 —Vv2) —3log.2+ 3
(D) is not equal to any of the foregoing expressions.

The area of the bounded region enclosed between the curves y°® = z? and
y=2-1z%is

(A) 255; (B) 1353 (©) 2&; © (D) 218
The area of the region enclosed between the curve y = 1z? and the straight line
y = 2 equals (in sq. units)

(A) % (B) §: © % (D) 2
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849.

850.

851.

852.

853.

854.

n 22 " )
The value of the integral [*; e” = sinzdz is

(A) £=1; (B) %; (C) V2m; (D) none of the foregoing numbers.

2 7
The area of the region of the plane bounded by max(|z, |y|) < 1 and zy =< 3 is

(A) 3 +1log2; (B) 3+ log2; (C) 73

(D) none of the foregoing numbers.

The largest area of a rectangle which has one side on the z-axis and two vertices
on the curve y = e " is

(A) %e‘%; (B) Le2; (C) V2e73; (D) v2e~2.

2
Approximate values of the integral I(z) = [; (cos t)e"T0dt are given in the
following table.

z [w/2] w |3m/2] 2m
T(z) | 0.95 | 0.44 [ 0.18 | 0.22

Which of the following numbers best approximates the value of the integral

2
j:”“(cos t)e~Todt?

(A) 0.16; (B) 0.23;

The maximum of the areas of the isosceles triangles lying between the curve
y = e~® and the z-axis, with base on the positive z-axis, is

(A) 1/e (B) L; (©) 1/2; (D) e.

The area bounded by the straight lines z = —1 and z = 1 and the graphs of
f(z) and g(z), where f(z) = z3 and

z° if-1<z<0,
9(z) = ,
¢ if 0<z<]1,

(C) 0.32; (D) 0.40.

(A) 1/3 (B) 1/8; (©) 1/2 (D) 1/4.
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855.

856.

857.

858.

A right circular cone is cut from a solid sphere of radius a, the vertex and the
circumference of the base being on the surface of the sphere. The height of the
cone when its volume is maximum is

(A) % (B) &, (©) a; (D) &.

For any choice of five distinct points in the unit square (that is, a square with
side 1 unit), we can assert that there is a number ¢ such that there are at least
two points whose distance is less than or equal to c. The smallest value c for
which such an assertion can be made is

(A) % (B) %; ©) 3 (D) none of the foregoing numbers.

The largest volume of a cube that can be enclosed in a sphere of diameter 2
cm, is, in cm?,

(A) 1; (B) 2v/2; (C)ym; - (D) 525.
A lane runs perpendicular to a road 64 feet wide. If it is just possible to carry

a pole 125 feet long from the road into the lane, keeping it horizontal, then the
minimum width of the lane must be (in feet)

(&) (B — 64); (B) 61; (C) 27, (D) 36.
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B.Stat. (Hons.) Admission Test: 2007

Multiple-Choice Test
Time: 2 hours

. Let = be an irrational number. If a,b,c and d are rational numbers such that

::—Ig is a rational number, which of the following must be true?

(A) ad=bc (B) ac=bd (C) ab=cd (D) a=d=0.

2 ’If“;lt z = z+iy be a complex number which satisfies the equation (242)z = 2+4:.
en

(A) y==2 (B) z=+2; (C) z=+3; (D) y ==+l

. Suppose a, b and n are positive integers, all greater than one. If a" + 0" is
prime, what can you say about n?

(A) The integer n must be 2;

(B) The integer n need not be 2, but must be a power of 2;
(C) The integer n need not be a power of 2, but must be even;
(D) None of the above is necessarily true.

. For how many real values of p do the equations z?+pz+1 = 0 and z*+z+p = 0
have eractly one common root?

(A) O (B) L; (C) 2; (D) 3.
. The limit g (l)
i ()
is
(A) oo; B) L (C) e (D) 4.

. Water falls from a tap of circular cross section at the rate of 2 metres/sec and
fills up a hemispherical bowl of inner diameter 0.9 metres. If the inner diameter
of the tap is 0.01 metres, then the time needed to fill the bowl is

(A) 40.5 minutes; (B) 81 minutes;
(C) 60.75 minutes; (D) 20.25 minutes.

. Let AB be a fixed line segment. Let P be a moving point such that ZAPB is
equal to a constant acute angle. Then, which of the following curves does the
point P move along?

(A) a circle; (B) an ellipse;
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©

10.

11,

12.

13.

(C) the boundary of the common region of 2 identical intersecting circles with
centres outside the common region;

(D) the boundary of the union of 2 identical intersecting circles with centres
outside the common region.

A circular pit of radius 7 metres and depth 2 metres is dug and the removed soil
is piled up as a cone with the bottom of the pit as its base. What proportion
of the volume of the cone is above the ground level?

2 rd
(A 3 B) o © T ©)

The algebraic sum of the perpendicular distances from A (x1,31), B (T2,¥2),
C (z3,ys), to a line is zero. Then the line must pass through the

(A) orthocentre of AABC;
(B) centroid of AABC;

(C) incentre of AABC;

(D) circumcentre of AABC.

The value of the integral

5m/2 eten ! (sinz)
\/1;/2 etan~1(sinz) +etan"'(cosz) dx

equals

(A) 1; (B) m; C) ¢ (D) none of these.
If the function f(z) = (z;::)_(-z—"a, for z # a, takes all values in (—o0, ), then
we must have

(A) a<l;  (B) a>%  (C)a<lora>2% (D) 1<a<2.

In how many ways can you choose three distinct numbers from the set
{1,2,3,...,19,20} such that their product is divisible by 4?

(A) 795 (B) 810; (C) 855; (D) 1665.
Consider the function f(z) = €** — z%. Then

(A) f(z) =0 for some z < 0 but f(z) # 0 for every z > 0;
(B) f(z) =0 for some z > 0 but f(z) # 0 for every z < 0;

(C) f(z1) =0 for some z; < 0 and f(z;) = 0 for some z5 > 0;
(D) f(z) # 0 for every z.
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14.

15.

16.

For k > 1, the value of

(1) (17

equals
(A) (”:f_zl) (B) (n+k+1)(Z:’1€);
(i <n:i-{-1) - (n+:+1).

In a triangle ABC, angle A is twice the angle B. Then which of the following
has to be true?

(A) a®=b(b+e¢); (B) v =a(a+c);
(C) =a(a+b); (D) ab=c(a+c).

The point (z,y) on the line z +y = 10 for which min{4 —z,5— y} is the largest
is

(A) (%, %‘)» (B) (5,5); (C) (171,%); (D) none of these.

17. The value of

1 5 2 8
. =1 e T ]2 -1, [4 i O
8in™" cot [sm { 2 (1 \/; ) } + cos \/; + sec \/; ]

(A) 0 (B) =/6; (C) m/4; (D) w/2.
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18. Which of the following graphs represents the function

VT
f(-’17)=/ e ¥/*du, for z>0 and f(0)=07
0

(A) | (B)

(C)

19. Consider a triangle ABC with the sides a, b, c in A.P. Then the largest possible
value of the angle B is

(A) 60°; (B) 671% (6) 75° (D) 821°.
2 2\ 2 2 2\ "
20. 1fa,,=(1+l2)(1+2—2) <1+3) -(1+n—2>,then
n n n
lim a V™
is
(A) 0; (B) 1; (€C) & (D) e/2.

10
dz 710
(A) L (B) =L (C) 10; (D) 32.

22. Consider a circle with centre O. Two chords AB and CD extended intersect at
a point P outside the circle. If ZAOC = 43° and ZBPD = 18°, then the value
of ZBOD is

(A) 36° (B) 295 (€ 7 (D) 25°.

23. Con51der a trian l%le ABC. The median AD meets the side BC at the point D.
A point E on AD is such that AE : DE = 1: 3. The straight line BE extended
meets the side AC at a point F. Then AF : FC equals

(A) 1:6; (B) 1.7 (C) 1:4; (D) 1:3.

21. If f(z) = e®sinz, then — f(z) - equals
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24.

25.

26.

27.

28.

29.

30.

A person standing at a point A finds the angle of elevation of a nearby tower
to be 60°. From A, the person walks a distance of 100 feet to a point B and
then walks again to another point C such that ZABC = 120°. If the angles of
elevation of the tower at both B and C are also 60° each, then the height of
the tower is

(A) 50 feet; (B) 50V/3 feet; (C) 100V/3 feet; (D) 100 feet.

A box contains 10 red cards numbered 1,...,10 and 10 black cards numbered
1,...,10. In how many ways can we choose 10 out of the 20 cards so that there
are exactly 3 matches, where a match means a red card and a black card with
the same number?

o (0 @ (G0 © @ o ()

Let P be a point on the ellipse 2? + 4y® = 4 which does not lie on the axes.
If the normal at the point P intersects the major and minor axes at C' and D
respectively, then the ratio PC : PD equals

(A) 2 (B) 1/2% (C) 4; (D) 1/4.

Let o denote the absolute value of the difference between the lengths of the two
segments of a focal chord of a parabola. Let 8 denote the length of a chord
passing through the vertex and parallel to that focal chord. Then which of the
following is always true?

(A) o =26, (B) a =26 C) a=45; (D) B2 =2e.
The directrix of the parabola traced out by the centre of a moving circle, which
touches both the straight line y = —z and the circle (x — 3)2 + (y —4)? =9, is
(A) y=-z+3; (B) y=-2-3; (C) y=-z+3v2; (D) y=1x-3V2

For a real number z, let [z] denote the largest integer smaller than or equal to
z and (z) denote the smallest integer larger than or equal to z. Let f(z) =
min(z — [z], (z) — z) for 0 < z < 12. The volume of the solid obtained by
rotating the curve y = f(z) about the X-axis is

(A) = (B) 4m; (C) m/2; (D) /4.
For a real number z, let [z] denote the largest integer smaller than or equal to
100
z. The value of / [t%] dt is
~100

(A) 0 (B) 100; (C) —100; (D) —100.
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B.Math. (Hons.) Admission Test: 2007
Multiple-Choice Test
Time: 2 hours

. The number of ways of going up 7 steps if we take one or two steps at a time is

(A) 19; (B) 20; (C) 21 (D) 22.

. Consider the surface defined by 2+ 2y —52% = 0. If we cut the surface by the

planeé given by the equation x = z, then we obtain a

(A) hyperbola; (B) circle; (C) parabola; (D) pair of straight lines.

. Let a, b be real numbers. The number of real solutions of the system of equations

z+y=aand zy =>bis
(A) at most 1; (B) at most 2; (C) at least 1; (D) at least 2.

{lf :d fair coin is tossed 100 times, then the probability of getting at least one
ead is

(A) 7% (B) %; (@) 1=ap (D) 1- 5%

Let f(z) be a degree five polynomial with real coefficients. Then the number
of real roots of f must be

(A) 4 (B) 2or4 (C) 1or3ers;
(D) none of the above.

The number of ways in which 3 girls and 2 boys can sit on a bench so that no
two girls are adjacent is

(A) 6; (B) 12; (C) 32 (D) 120.

Let R, =2+ \64. /2 + ...+ V2 (n square root signs). Then lim R, equals
n—oo
(A) 4 (B) 8 (C) 16; (D) €.

Let a,, be the sequence whose nth term is the sum of the digits of the natural
number 9n. For example, a; = 9, aiy = 18 etc. The minimum m such that
a, = 811is

%A; 110111112; (B) 119111113; (C) 111111111

D) none of the above.
lim [2log(3n) — log(n® +1)]
n—oeo

(A) is 0; (B) is 2log3; (C) is 4log6; (D) does not exist.
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10.

11.

12.

13.

14.

15.

16.

17.

Let S = {z € R | 1 < |z| < 100} be a subset of the real line. Let M be a
non-empty subset of S such that for all z,y in M, their product zy is also in
M. Then M can have

(A) only one element; (B) at most 2 elements;

éC) more than 2 but only finitely many elements;
D) infinitely many elements.

An astronaut lands on a planet and meets a native of the planet. She asks the
native “How many days do you have in your year?” He answers “It is the sum
of the squares of three consecutive natural numbers but it is also the sum of
the squares of the next two numbers”. The answer to the astronaut’s question

1S
(A) 365; (B) 1095; (C) 30000; (D) 10%.

Let a; = 2 and for all natural number n, define a,+1 = an(an +1). Then, as
n — 00, the number of prime factors of a,

(A) goes to infinity; (B) goes to a finite limit;

(C) oscillates boundedly; (D) oscillates unboundedly.
Suppose that the equation az?® + bz + ¢ = 0 has a rational solution. If a, b, ¢ are
integers then :

(A) at least one of a, b, c is even; (B) all of a, b, c are even;

(C) at most one of a,b,c is odd; (D) all of @, b, c are odd.

Let S = {1,2,3,4}. The number of functions f : § — S such that f(i) < 2: for
allie Sis

(A) 3% (B) 64; (C) 128; (D) 256.
Let f : R — R be a function defined by f(z) = z* — 1:% Then

(A) f is one-one but not onto; (B) f is onto but not one-one;
(C) f is both one-one and onto; (D) f is neither one-one nor onto.
Define the sequence {an} by a1 = l,a2 = §,a3 = 9,04 = %,.... Then
lim, 00 @n 18

(A) O; (B) 1; G &5 (D) infinite.

Let C be the circle of radius 1 around 0 in the complex plane and z; be a fixed
point on C. Then the number of ordered pairs (21, z2) of points on C such that

2+z21+2=0Iis
(A) O; (B) 1; (C) 2 (D) oo.
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18

19.

. The number of real solutions of €* + 22 = sinz is
(A) 0 (B) 1; (C) 2; (D) oo.
The set of complex numbers z such that |z + 1| < |z — 1| is the half plane

(A) of complex numbers that lie above the real axis;

(B) of complex numbers that lie below the real axis;

(C) of complex numbers that lie left of the imaginary axis;
(D) of complex numbers that lie right of the imaginary axis.

20. lim cos(sinz) is

z—0

(A) -1 (B) 0; (C) 1/ (D) 1
21. The number of rational roots of the polynomial z® — 3z — 1 is

(A) 0; (B) 1; (©€) 2 (D) 3.
22. f: ’7‘1—7 equals

n=1

(A) e (B) 2e; (C) € (D) oc.

1 n

23. Let n > 1 be a natural number and let A = ( 0 1 ) Then

24.

25.

(A) A" = Id; (B) A™+l = Id; (C) A™+ = Id;

(D) none of these numbers.

The number of ways of breaking a stick of length » > 1 into n pieces of unit
length (at each step break one of the pieces with length > 1 into two pieces of

integer lengths) is
(A) (n—1) (B) nl—1; () 22 (D) 21-1.

Let ABC be aright angled triangle in the plane with area s. Then the maximum
area of a rectangle inside ABC' is

(A) s/4 (B) s/3; (C) s/2; (D) s.
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B.Stat. (Hons.) Admission Test: 2008

Multiple-Choice Test
Time: 2 hours

. Let C be the circle 22 + y% + 4z + 6y + 9 = 0. The point (—1,—2) is

(A) inside C but not the centre of C; (B) outside C;
(C) on C; (D) the centre of C.

. The number of distinct real roots of the equation
2
1
(x+l) —5(z+—) +6=0
T x :
is

(A) 1; (B) 2; (C) 3; (D) 4.
. The set of complex numbers z satisfying the equation

(84 T7i)z+ (10— 2{)z+ 100 =0
represents, in the Argand plane,

(A) a straight line; (B) a pair of intersecting straight lines;
(C) a pair of distinct parallel straight lines; (D) a point.

. Let X be the set {1,2,3,...,10} and P the subset {1,2,3,4,5}. The number
of subsets @ of X such that PN Q = {3} is

(A) 1; (B) 2% (C) 25 (D) 29.

. The number of triplets (a,b,c) of integers such that @ < b < ¢ and a, b, ¢ are
sides of a triangle with perimeter 21 is

(A) 7; (B) & (C) 11 (D) 12.
. Suppose a, b and ¢ are three numbers in G.P. If the equations
ar? + 2bz + ¢ = 0 and dz? + 2ex + f = 0 have a common root, then
d e f .

—, —and = arein

a b c

(A) A.P; (B) G.P; (C) H.P; (D) none of the above.

1

. The number of solutions of the equation sin™' z = 2tan™'z is

(A) 1; (B) 2; (C) 3 (D) 5.
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9.

10.

11.

12.

13.

14.

15.

Suppose z2 + pz + q = 0 has two real roots o and 8 with |a| # |A|. If a* and

:34 are the roots of 2 + rz + s = 0, then the equation z? — 4gz + 2¢* +7 =0
as

(A) one positive and one negative root; (B) two distinet positive roots;
(C) two distinct negative roots; (D) no real roots.

Suppose ABCD is a quadrilateral such that ZBAC = 50°, ZCAD = 60°,
ZCBD = 30° and ZBDC = 25°. If E is the point of intersection of AC' and
BD, then the value of ZAEB is

(A) 75° (B) 85, (©) 95°; (D) 1107
Let R be the set of all real numbers. The function f : R — R defined by
f(@)=2*-322+6z—-5 is

(A) one-to-one, but not onto; (B) one-to-one and onto;

(C) onto, but not one-to-one; (D) neither one-to-one nor onto.

The angles of a convex pentagon are in A.P. Then, the minimum possible value
of the smallest angle is

(A) 30°% (B) 36°; (C) 45°% (D) 54°.

The number of points (b, ¢) lying on the circle z2 + (y — 3)? = 8, such that the
quadratic equation t* + bt + ¢ = 0 has real roots, is

(A) infinite; (B) 2 (C) 4 (D) 0.
Let L be the point (¢,2) and M be a point on the y-axis such that LM has

slope —t. Then the locus of the midpoint of LM, as ¢ varies over all real values,
is

(A) y=2+22% (B) y=1+2% (C) y=2-22% (D) y=1-2"
Suppose z,y € (0,7/2) and z # y. Which of the following statements is true?

(A) 2sin(z + y) < sin2z + sin 2y for all z,y;

(B) 2sin(z +y) > sin 2z + sin 2y for all z,y;

(C) There exist z,y such that 2sin(z + y) = sin 2z + sin 2y;
(D) None of the above.

A triangle ABC has a fixed base BC. If AB : AC = 1: 2, then the locus of the
vertex A is

(A) a circle whose centre is the midpoint of BC';

(B) a circle whose centre is on the line BC' but not the midpoint of BC;

(C) a straight line; (D) none of the above.
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16.

17.

18.

19.

20.

21.

22.

Suppose e~*sinz — e~ cos z + cosz = () for some z > (0. Then

(A) sinz >0; (B) sinzcosz >0; (C) cosz>0; (D) sinzcosz <0.

Let f(z) = 2% — 322 — 10. The set, of all values taken by f(z) as = varies over
the interval [-2,2] is

(A) [-12,-10]; (B) [~10,42); (C) [-12,42); (D) [-10,12).

N is a 50 digit number. All the digits except the 26th from the right are 1. If
N is divisible by 13, then the unknown digit is
(A) L (B) 3; ©€) 7 (D) 9.
If f(x) = 2" 'logx, then the n-th derivative of f equals
(n—1)! n (n—1)! 1
A) e, £ P R\ /o ) i e A =
@w= @i D) -
Suppose a < b. The maximum value of the integral
b
‘/a (g —zT= :1:2) dzx
over all possible values of a and b is
3, 4 3. 2
F >5 thevalueofl+l+l+- 1 li
or any n > 5, 513 + 1 ies between
n n
(A) 0 and 7 (B) > and n;
(C) n and 2n; (D) none of the above.

Let w denote a cube root of unity which is not equal to 1. Then the number of
distinct elements in the set

{1+w+w’+--- 4™ : mn=1,23,...}
is

(A) 4 (B) 5 <€) 7 (D) infinite.
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23. The graph of a function f defined on (0,2) with the property xl_if& f(z) =

Jcl_igl_ f(z) = oo is as follows :

0 1 2

The graph of the derivative of the above function looks like :

(A) 0 1 2 (B) /

(C) y / ) (D)

24. The value of the integral

—
LS

/’ 3 odz

2 loge T
(A) is less than 2; (B) is equal to 2;
(C) lies in the interval (2, 3); (D) is greater than 3.
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25. A hollow right circular cone rests on
a sphere as shown in the figure. The
height of the cone is 4 metres and the
radius of the base is 1 metre. The vol-
ume of the sphere is the same as that
of the cone. Then, the distance be-
tween the centre of the sphere and the
vertex of the cone is

(A) 4 metres; (B) V17 metres; (C) V15 metres;

26. For each positive integer n, define a function f, on [0, 1] as follows:

i 0 if z=0

1

sin1 if O<es—
2n n

2 1 2
sin =% if —<z<Zl -
2n n n

i 92
FlEI=5 ™ ¢ 2gpel
n n

.nm .. n—1
sin— if ——<az<1.
\ 27! n

1
Then, the value of lim fol(z)dz is
n—00 0

(A) m (B) L; (&)
27. The limit g

1 n+n
nlg{olo (1 t @ + cosn)

(A) does not exist; (B) equals 1; (C) equals e;

(D)

(D) 5 metres.

3o

(D) equals €.
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28.

29.

30.

Let K be the set of all points (z,y) such that |z| + |y| < 1. Given a point A in
the plane, let F4 be the point in K which is closest to A. Then the points A

for which F4 = (1,0) are

(A) all points A = (z,y) with z > 1;

(B) all points A= (z,y) withz>y+1landz>1—y;
(C) all points A = (z,y) with z > 1 and y = 0;

(D) all points A = (z,y) with z > 0 and y = 0.

In a win-or-lose game, the winner gets 2 points whereas the loser gets 0. Siz
players A, B, C, D, E and F play each other in a preliminary round from which
the top three players move to the final round. After each player has played four
games, A has 6 points, B has 8 points and C has 4 points. It is also known that
E won against F. In the next set of games D, E and F win their games against
A, B and C respectively. If A, B and D move to the final round, the final scores

of E and F are, respectively,
(A) 4 and 2; (B) 2 and 4; (C) 2 and 2; (D) 4 and 4.

The number of ways in which one can select six distinct integers from the set
{1,2,3,---,49}, such that no two consecutive integers are selected, is

@ (5)-5() o) o) o)
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B.Math. (Hons.) Admission Test: 2008
Multiple-Choice Test
Time: 2 hours

. Let a,b and ¢ be fixed positive real numbers. Let u, = ﬁ:‘Tc for n > 1. Then
as n increases,

(A) u, increases; (B) u, decreases;
(C) u, increases first and then decreases;

(D) none of the above is necessarily true.

. The number of polynomials of the form z* + az?* + bz + ¢ which are divisible by
z? + 1 and where a,b and ¢ belong to {1,2,...,10}, is

(A) L; (B) 10; (C) 1%; (D) 100.

. How many integers n are there such that 1 < n < 1000 and the highest common
factor of n and 36 is 17

(A) 333; (B) 667; (C) 166; (D) 361.
. The value of ¥ij, where the summation is over all 7 and j such that 1 < 1,35 < 10,

is

(A) 1320 (B) 2640; (C) 3025;

(D) none of the above.

. Let dy,ds,...,dx be all the factors of a positive integer n including 1 and n.
Suppose d; + ds + - - - + dx = 72. Then the value of

1,11
dy  ds dy
(A) is L_;%; (B) is 2 (C) is 7;2; (D) cannot be computed.
. The inequality v/z + 6 > 7 is satisfied for real z if and only if
(A) -3<z<3; (B) -2<e<y
(C) -6<z<3; (D) 0<z<6.

. In the Cartesian plane the equation z%y + zy® + zy = 0 represents
P

(A) a circle; (B) acircle and a pair of straight lines;
(C) a rectangular hyperbola ; (D) a pair of straight lines.
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10.

11.

12.

13.

P is a variable point on a circle C and Q is a fixed point on the outside of C.
R is a point in PQ dividing it in the ratio p : ¢, where p > 0 and ¢ > 0 are
fixed. Then the locus of R is

(A) a circle; (B) an ellipse;
(C) acircle if p = q and an ellipse otherwise;
(D) none of the above curves.

. ABC is a right-angled triangle with right angle at B. D is a point on AC' such

that ZABD = 45°, If AC = 6cm and AD = 2cm then AB is

(A) 75 cm; (B) 3v/2 cm; (C) % cm; (D) 2cm
The maximum value of the integral

a+1 1
I L
a—1 1 +

(A) exactly at two values of a ;
(B) only at one value of @ which is positive;
(C) only at one value of a which is negative; (D) only at a =0.

is attained

Let f be a function from a set X to X such that f(f(z)) = z for all z € X.
Then

(A) f is one-to-one but need not be onto;
(B) f is onto but need not be one-to-one;
(C) f is both one-to-one and onto;

(D) none of the above is necessarily true.

The value of the sum
2 AT 19987
©os 7000 T 1000 T T 7000,
equals
(A) -1; (B) 0; C) 1; (D) an irrational number.
A box contains 100 balls of different colours: 28 red, 17 blue, 21 green, 10 white,

12 yellow and 12 black. The smallest number n such that any n balls drawn
from the box will contain at least 15 balls of the same colour is

(A) 73; (B) 77; (C) 81; (D) 85.
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14,

15.

16.

17.

18.

19.

20.

The sum
(1 1) A= (2020 - (3 81) 4 oo+ o (6O - HOI)

equals

(A) 511 (B) 2.5 () Bll-1; (D) BILI,
The remainder R(z) obtained by dividing the polynominl 2! hy the polynominl
2 —3a+2is

(A) 2 _ | (B) (2'™ -~ 1)z - 2(2’“1" ~1);
(C) 21005 — 3. 2100, (D) (2' = 1)z 2(2%7 - 1).

If three prime numbers, all greater than 3, are in A.P., then their common
difference

(A) must be divisible by 2 but not necessarily by 3;
(B) must be divisible by 3 but not necessarily by 2;
(C) must be divisible by both 2 and 3;

(D) must not be divisible by any of 2 and 3.

Let P denote the set of all positive integers and

S ={(x,y) € P x P:a®—y*=0666}.

Then S
(A) is an empty set; (B) contains exactly one element;
(C) contains exactly two elements; (D) contains more than two elements.

For any real number z, let [z] denote the greatest integer m such that m < z.
The number of points in the open interval (—2,2) where f(z) = [z? — 1] is not
continuous equals

(A) 5 (B) 6; ©) 7 (D) oo.
The equation logg z — log, 3 = 2 has

(A) no real solution; (B) exactly one real solution;
(C) exactly two real solutions; (D) infinitely many real solutions.

Let I, and l; be a pair of intersecting lines in the plane. Then the locus of the
points P such that the distance of P from ![; is twice the distance of P from I,
1s

(A) an ellipse; (B) a parabola;

(C) a hyperbola; (D) a pair of straight lines.
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21.

22.

23.

24.

25.

26.

27.

28.

Ifc fol zf(2z)dz = f: tf(t)dt, where f is a positive continuous function; then
the value of ¢ is

(A) 3 (B) 4; (C) 2; (D) 1.
The equations z3 + 222 + 2z + 1 = 0 and 2% + 2" + 1 = ( have

(A) exactly one common root ; (B) no common root;
(C) exactly three common roots; (D) exactly two common roots.

The set of complex numbers z such that z(1 — z) is a real number forms

(A) a line and circle; (B) a pair of lines;
(C) aline and a parabola; (D) a line and a hyperbola.

The numbers 12n + 1 and 30n + 2 are relatively prime for

(A) any positive integer n; (B) infinitely many, but not all, integers n;
(C) for finitely many integers n; (D) no positive integer n.

Let f,g : R — R be two differentiable functions. If fla)=2, f'(a) =1, g(a) =
—1, ¢'(a) = 2, then the limit

i 90)/(@) ~ 9(@)f (@)

T—a r—a

(A) 2 (B) 3 €) 4 (D) 5.
Let f : (—1,1) = (—1,1) be continuous, f(z) = f(z?) for every z and f(0) = 3
Then f(3) is

(A) & ®) /3% ©) %; (D)

The number of ways in which a team of 6 members containing at least 2 left-
handers can be formed from 7 right-handers and 4 left-handers is:

(A) 210; (B) 371; © (4 D) (3)-

)

The sum of the coefficients of the polynomial (z — 1)?(z — 2)*(x — 3)% is
(A) 6; (B) 0; (C) 28 (D) 18.
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29.

30.

Let f: {1,2,3} — {1,2,3} be a function. Then the number of functions
9:{1,2,3} = {1,2,3} such that f(z) = g(z) for at least one z € {1,2,3} is

(A) 11; (B) 19; (C) 23; (D) 27.
The polynomial p(z) = z* — 4z2% + 1 has

(A) no roots in the interval [0, 3];

(B) exactly one root in the interval [0, 3] ;
(C) exactly two roots in the interval [0, 3] ;
(D) more than two roots in the interval [0, 3].
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B.Stat. (Hons.) Admission Test: 2009
Multiple-Choice Test
Time: 2 hours

Group A

Each of the following questions has exactly one correct option
and you have to identify it.

If k times the sum of the first n natural numbers is equal to the sum of the

squares of the first n natural numbers, then cos™ (225%) is
a T ®) %; © D) %

Two circles touch each other at P. The two common tangents to the circles,
none of which pass through P, meet at E. They touch the larger circle at C'
and D. The larger circle has radius 3 units and CE has length 4 units. Then
the radius of the smaller circle is

(A) 1 - ®) % ©€) % (D) 3

Suppose ABCDEFGHIJ is a ten-digit number, where the digits are all dis-
tinct. Moreover, A > B > C satisfy A+ B+C =9,D > E > F are consecutive
even digits and G > H > I > J are consecutive odd digits. Then A is

(A) 8 (B) 7; (C) 6; (D) 5.

Let ABC be a right angled triangle with AB > BC > CA. Construct three
equilateral triangles BCP, CQA angi ARB, so that A and P are on opposite
sides of BC; B and Q are on opposite sides of CA; C and R are on opposite

sides of AB. Then

(A) CR> AP > BQ; (B) CR < AP < BQ;
(C) CR= AP = BQ; (D) CR?*= AP?+ BQ>.
The value of (1 + tan1°)(1 + tan2°)--- (1 + tan44°) is

(A) 2; (B) a multiple of 22;
(C) not an integer; (D) a multiple of 4.

Let y = /(1 + z), where

2009~ upto 2009 times
T = w2009

and w is a complex cube root of 1. Then y is

(A) w; (B) —w; (C) w?; (D) —w?
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10.

11,

12.

The number of solutions of @ in the interval [0, 27 satisfying

(log./3 tan 6) \/@ma 3+log 53V3=—1
is

(A) 0; (B) 2; (C) 4; (D) 6.

; A-building with ten storeys, each storey of height 3 metres, stands on one side

of a wide street. From a point on the other side of the street directly opposite to
the building, it is observed that the three uppermost storeys together subtend

an angle equal to that subtended by the two lowest storeys. The width of the
street is

(A) 6v/35 metres; (B) 6+/70 metres;
(C) 6 metres; (D) 6+/3 metres.

. A collection of black and white balls are to be arranged on a straight line,

such that each ball has at least one neighbour of different colour. If there are
100 black balls, then the maximum number of white balls that allows such an
arrangement is

(A) 100; (B) 101; (C) 202; (D) 200.

Let f(z) be a real-valued function satisfying af(z) + bf(—z) = pz® + gz +r,
where a and b are distinct real numbers and p, g and r are non-zero real numbers.
Then f(z) = 0 will have real solution when

(A) () < f:—,; ' (B ()<
© 2 & )

A circle is inscribed in a square of side &, then a square is inscribed in that
circle, a circle is inscribed in the latter square, and so on. If S, is the sum of
the areas of the first n circles so inscribed, then, lim,, o, S, is

(A) Ef—z; (B) 12—2; (C) %; (D) nz?.
Let 1,4,... and 9,14, ... be two arithmetic progressions. Then the number of

distinct integers in the collection of first 500 terms of each of the progressions
is .

(A) 833 (B) 835; (C) 837 (D) 901.
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13

14.

15.

16.

17.

18.

-19.
- abc = d, bed = a, cda = b and dab = ¢’

Consider all the 8-letter words that can be formed by arranging the letters in
BACHELOR in all possible ways. Any two such words are called equivalent if
those two words maintain the same relative order of the letters A, E and O. For
example, BACOHELR and CABLROEH are equivalent. How many words are
there which are equivalent to BACHELOR?

(A) (3) %34, B) (8 x5 ©) 2x (3% (D) 5!x 3! x 2L
The limit
lim l+i+i+_1_+...+ 1 )
n—oo \6 ' 24 ' 60 ' 120 n®—n
equals
. , i
(A) % (B) ©) L (D) 1.

Let a and b be real numbers satisfying a®+b% # 0. Then the set of real numbers
c, s%ch that the equations al + bm = c and {? + m? = 1 have real solutions for
[ and m is

(A) [-Va?+b? Va2 +b?;. (B) [~|a+d],|a+bl];
(C) [0,a®+b?]; (D) (=00, ).

Let f be an onto and differentiable function defined on [0, 1] to [0, T, such that
f(0) = 0. Which of the following statements is necessarily true?

(A) f'(z) is greater than or equal to T' for all z;
(B) f'(z) is smaller than T' for all x;

(C) f'(z) is greater than or equal to T' for some z;
(D) f'(x) is smaller than T' for some z.

The area of the region bounded by [z| + |y| + |z +y| < 2 is
(A) 2 (B) 3 €) 4 (D) 6.

Let f and g be two positive valued functions defined on [—1,1], such that
f(=z) = 1/f(z) and g is an even function with f_llg(:c)dz = 1. Then I =

[, f(z)g(z)dz satisfies
(A) I21 (B) I<1; C) i<r1<3; (D) I=1.

How many possible values of (a, b, c,d), with a,b,c,d real, are there such that

(A) 1 (B) 6; © 9 (D) 17.
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20.

21.

22.

23.

24.

25.

26.

What is the maximum possible value of a positive integer n, such that for any

choice of seven distinct elements from {1,2,...,n}, there will exist two numbers

z and y satisfying 1 < z/y < 2?7

(A) 2xT; (B) 2" -2 (C) 7 -2 (D) 77 —2.
| Group B

Each of the following questions has either one or two correct options
and you have to identify all the correct options.

Which of the following are roots of the equation z7 + 27z = 07

(A) —V3i; (B) P(-1+ V3i);
(C) —E(1+i); (D) P(V3-i)
The equation |22 —z — 6| = z + 2 has

(A) two positive roots; (B) two real roots;
(C) three real roots; (D) none of the above.

If 0 < z < 7/2, then

(A) cos(cosz) > sinz; (B) sin(sinz) > sinz;

(C) sin(cosz) > cos; (D) cos(sinz) > sinz.
Supgose ABCD is a quadrilateral such that the coordinates of A, B and C are
(1,3

, (—2,6) and (5, —8) respectively. For which choices of coordinates of D
will ABCD be a trapezium?

(A) (3,—6); - (B) (6,-9); (C) (0,5); (D) (3,-1).

Let 2 and y be two real numbers such that 2log(z — 2y) = log z + log y holds.
Which of the following are possible values of z/y?

(A) 4 (B) 3; (C) 2; (D) 1.
Let f be a differentiable function satisfying f’(z) = f'(—z) for all z. Then

(A) f is an odd function;

(B) f(z)+ f(—z) = 2£(0) for all z;

(C) if(z)+3f(y) = f(3(z+y)) for all z, y;
(D) If f(1) = f(2), then f(-1) = f(-2).
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27.

28.

29.

Consider the function

minq 2,7

1, when z = 0.
Then
(A) Jim f(@) =
(B) lim f(z) =0;

(C) f(z) is continuous for all z # 0;
(B) f(z) is differentiable for all z # 0.

Which of the following graphs represent functions whose derivatives have a
maximum in the interval (0,1)?
0 1
0 1
(A) (B)
(C) (D)
;
0 1 0 1

A collection of geometric figures is said to satisfy Helly property if the following
condition holds:

for any choice of three figures A, B, C from theczollection satisfyin

ANB#0,BNC # 0 and CNA # 0, one must have ANBNC # 0.

Which of the following collections satisfy Helly property?

(A) A set of circles;
(B) A set of hexagons;

(C) A set of squares with sides parallel to the axes;
(D) A set of horizontal line segments.
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30. Consider an array of m rows and n columns obtained by arranging the ficst mn
integers in some order. Let b; be the maximum of the numbers in the i-th row
and ¢; be the minimum of the numbers in the j-th column. If

b= min b and ¢'= INAX C;,
1<i<m 1<5<n

then which of the following statements are necessarily true?

(A) m<g (B) n>b (C) e¢>b; (D) e<b
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B.Math. (Hons.) Admission Test: 2009

Multiple-Choice Test
Time: 2 hours

. The domain of definition of f(z) = —log(z? — 2z — 3) is:

(A) (0,00) (B) (—00,—1) (C) (—o0,—1)U(3,00) (D) (—o0,—3)U(1,00).
ABC is a right-angled triangle with the right angle at B. If AB = 7 and
BC = 24, then the length of the perpendicular from B to AC is

(A) 122 (B) 6.72; (©) 72 (D) 3.36.
If the points z; and z, are on the circles |z| = 2 and |z| = 3, respectively and

the angle included between these vectors is 60°, then lza1+2| equals

z1—22|
(A) /% (B) V19; (C) VT; (D) V133.

Let a, b, ¢ and d be positive integers such that log,(b) = 3/2 and log.(d) = 5/4.
If a—c=09, then b — d equals ) / 8(d) /

(A) 55; (B) 23; (C) 89; (D) 93.
1—z—e*>0for:
(A) all z € R; (B) noz € R; (C) z>0; (D) z<0.

If P(z) = az? + bz + ¢ and Q(z) = —az’® + bz + ¢, where ac # 0, then the
equation P(z)Q(z) = 0 has:

(A) only real roots; (B) no real root;
(C) at least two real roots; (D) exactly two real roots.

lim |\/::2+z—z| is equal to
00

(A) 3 (B) 0; (C) oo; (D) 2.

2 g
im S sin (37 i
.n_mzn‘zlsm(zn)lsequalto
J=

(A) 0 (B) m; (C) 2; (D) 1.
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10.

11,

12.

13.

14.

15.

16.

17.

18.

Let f: R — R be given by f(z) = z(z — 1)(z + 1). Then,

(A) fis 1-1 and onto; (B) f is neither 1-1 nor onto;
(C) f is 1-1 but not onto; (D) f is onto but not 1-1.

The last digit of 22%2 is:
(A) 2 (B) 4; (C) 6 (D) 0.

The averaie of scores of 10 students in a test is 25. The lowest score is 20.
Then, the highest score is at most

(A) 100 (B) 30; (C) 70; (D) 75.
o 6 3

The coefficient of ¢3 in the expansion of (%) is

(A) 105 (B) 12; (C) 8&; (D) 9.

Let pn(z), n > 0 be polynomials defined by py(z) = 1, p1(z) = z and p,(z) =
ZPn—1(T) — Pn—2(z) for n > 2. Then p;0(0) equals

(A) 0; (B) 10; (€). 1; (D) -1.

Suppose A, B are matrices satisfying AB + BA = 0. Then A%5B? is equal to

(A) 0; (B) B*A% (C) —B245; (D) AB.
The number of terms in the expansion of (z + y + z + w)?0% is
Aa) (%) B) (") ©) (*%%); (D) (2010)*.

If a, b and-c are positive real numbers satisfying ab + bc + ca = 12, then the
maximum value of abc is

(A) 8 (B) 9; (C) 6; (D) 12.
If at least 90 per cent students in a class are good in sports, and at least 80 per

cent are good in music and at least 70 per cent are good in studies, then the
percentage of students who are good in all three is at least

(A) 25 (B) 40, (©) 20; (D) 50.
If cot (s’in‘1 \/13/17) = sin (tan™! §), then 6 is

(&) (B) /%, © & (D) 2.
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19.

20.

21.

22.

23.

24.

25.

26.

27.

Let f(t) = &}, Then f(f(2010)) equals
(A) %(1)_;; (B) 2010; (C) 25 (D) none of the above.

If each side of a cube is increased by 60%, then the surface area of the cube
increases by

(A) 156%; (B) 160%; (C) 120%; (D) 240%.
If a > 2, then
(A) log,(a) +log,(10) < 0;  (B) log,(a) +log,(10) >0;  (C) e* <1

(D) none of the above is true.

The number of complex numbers w such that |w| = 1 and imaginary part of w?
is 0, is

(A) 4 (B) 2; (C) 8; (D) infinite.
Let f(z) = c-sin(z) for all z € R.- Suppose f(z) = —"-’i;k—")- for all z € R.
Then

(A) e=1; (B) ¢=0; (C) e<0; (D) c=-1

The number of points at which the function f(z) = max(1+z,1— z)ifz <0
d
??:v) =min(l +z,1+ x?) if z > 0 is not differentiable, is

(A) L; (B) 0; ©) 2% (D) none of the above.
The greatest value of the function f(z) = sin*(z) cos(z) is

(A) 3% (B) /3 © % (D) %
Let g(t) = [*,4(a + 1)!°dz for all ¢ > —10. Then

(A) g is not differentiable;

(B) g is constant;

(C) g is increasing in (—10, 00);
(D) g is decreasing in (—10, co).

—

Let p(z) be a continuous function which is positive for all 2 and | ; p(z)dz =
cfozp (2k4) dz. Then

(A) c=4 (B) c=1/2; (C) c=1/4; (D) c="2
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28.

29.

30.

Let f : [0,1] = (1,00) be a continuous function. Let g(z) = 1/z for z > 0.
Then, the equation f(z) = g(z) has

(A) no solution;

(B) all points in (0,1] as solutions;
(C) at least one solution;

(D) none of the above.

Let 0 < 0, ¢ < 27 be two angles. Then, the equation sin #+sin ¢ = cos 0+cos¢

(A) determines 8 uniquely in terms of ¢;

(B) gives two values of @ for each value of ¢;

(C) gives more than two values of @ for each value of ¢;
(D) none of the above.

Ten players are to play in a tennis tournament. The number of pairings for the
first round is

(A) % (B) 2% (@ 9 (D) B,
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B.Stat. .(Hons.) Admission Test: 2010
Multiple-Choice Test
Time: 2 hours

1. There are 8 balls numbered 1,2,...,8 and 8 boxes numbered 1,2,...,8. The
number of ways one can put these balls in the boxes so that each b_ox gets one
ball and exactly 4 balls go in their corresponding numbered boxes is
(4) 3x (3); (B) 6x (3); (C) 9x () (D) 12x ().

2. Let a and S be two positive real numbers. For every integer n > 0, define

" o
n = d
. /ﬁ u(u® + 2 +u=) “
Then lim,,_, a, is equal to
(A) i | B) 5=
©) 5= (D) £

3. Let f : R — R? be a function given by f(z) = (z™,z"), where z € R and m,n
are fixed positive integers. Suppose that f is one-one. Then
(A) both m and n must be odd;

(B) at least one of m and n must be odd;
(C) exactly one of m and n must be odd;
(D) neither m nor n can be odd.

. z2 _ 2z

4. lim,_,» (‘z—_;—')%;; equals
(A) G (B) 1; ©€) 2 (D) 3.

5. A circle is inscribed in a triangle with sides 8, 15 and 17 centimetres. The radius
of the circle in centimetres is
(A) 3 (B) 22/7; ©) 4 (D) none of the above.

6. Let a, 3 and ~y be the angles of an acute angled triangle. Then the quantity
tan a tan [ tan+y
(A) can have any real value; (B) is < 3v/3;

(C) is = 3V3; (D) none of the above.
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7. Let f(z) = |z|sinz + |z — 7| cosz for € R. Then

10.

(A) f is differentiable at z = 0 and z = 7;

B) f is not differentiable at z = 0 and z = m;

C) f is differentiable at z = 0 but not differentiable at z = ;
D) f is not differentiable at z = 0 but differentiable at z = .

Consider a rectangular cardboard box of height 3, breadth 4 and length 10
units. There is a lizard in one corner A of the box and an insect in the corner
B which is farthest from A. The length of the shortest path between the lizard
and the insect along the surface of the box is

(A) /52 + 102 units; (B) V7% + 10? units;
(C) 4+ 3%+ 102 units; (D) 3+ /102 + 42 units.

. Recall that, for any non-zero complex number w which does not lie on the negative

real azis, argw denotes the unique real number @ in (—m, ) such that
w = |w| (cos @ + 7 sin B).

Let z be any complex number such that its real and imaginary parts are both
non-zero. Further, suppose that z satisfies the relations

arg z > arg(z+1) .and argz > arg(z +1).

Then cos(arg z) can take

(A) any value in the set (—1/2,0) U (0,1/2) but none from outside;
(B) any value in the interval (—1,0) but none from outside;

(C) any value in the interval (0,1) but none from outside;

(D) any value in the set (—1,0) U (0,1) but none from outside.

An aeroplane P is moving in the air along a straight line path which passes
through the points P, and P,, and makes an angle o with the ground. Let O
be the position of an observer as shown in the figure below. When the plane
is at the position P; its angle of elevation is 30° and when it is at P; its angle
of elevation is 60° from the position of the observer. Moreover, the distances of
the observer from the points P, and P, respectively are 1000 metres and 500/3

metres.
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11.

12.

13.

14.

15.

16.

Then « is equal to

(A) tan—(Z05); (B) tan~(24=3);
(C) tan~}(2E32); (D) tan™!(3757)-
The sum of all even positive divisors of 1000 is (A) 2170; (B) 2184; (C)

2325; (D) 2340.

The equation z* + g:v + £ = 0 has two real roots & and B. If a > 0, then the
area under the curve f(l‘) =z 4 %1; + a‘i between o and [ is

3/2

(A) Estae, (B) E=ta”,
(C) _gbz_g:qslz. (D) 52_4“'

The minimum value of z? + 23 + 73 + 73 subject to z; + T2 + T3 + T4 =@ and
x1—$2+$3—$4——b18

(A) 24, ® 24,
(C) (et _ (D) G’
The value of -

ll r—O( )3

n—00 Zr—o (2r+1) 3r
is
@ o @ ©) V3 0) %2
For any real number z, let tan~"(z) denote the unique real number 6 in (—7/2,7/2)
such that tan® = z. Then
"1
t R —

Ag is equal to m/2; (B) is equal to m/4;
gC does not exist; (D) none of the above.

Let n be an integer. The number of primes which divide both n2 — 1 and
(n+1)*—1is

(A) at most one; (B) exactl
. y one,;
(C) exactly two; (D) none of the above.
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17.

18.

19.

20.

21.

22.

23.

The value of

n
lim .
n—o0o | On? —r?
is
(A) 0; (B) logd; (C) log2; (D) log2.
A person X standing at a point P on a flat plane starts walking. At each step,

he walks exactly 1 foot in one of the directions North, South, East or West.
Suppose that after 6 steps X comes back to the original position P. Then the
number of distinct paths that X can take is

(A) 196; (B) 256; (C) 344; (D) 400.

Consider the branch of the rectangular hyperbola ay = 1 in the first quadrant.
Let P be a fixed point on this curve. The locus of the mid-point of the line
segment joining P and an arbitrary point @ on the curve is part of

(A) ahyperbola; (B) a parabola; (C) an ellipse; (D) none of the above.
The digit at the unit place of (1! — 2! 4 3! — . .. 4 251)(=2+31—425)) jg
(A) 0; (B) 1 (C) 5 (D) 9.

Let Ay, Ay, ..., A, be the vertices of a regular polygon and A,A4 , AxAa, .
A,_1A,, ALA; be its n sides. If . RS

111
A1A2 A1A4 - A1A3’

sy

then the value of n is
(A) 55 (B) 6 ©) 7 (D) 8.
Suppose that a and  are two distinct numbers in the interval (0,m). If
sin & +-sin 8 = v/3(cos & — cos )
then the value of sin 3a + sin 34 is

(A) 0; (B) 25sin m; (C) 2 cos .3_("2;31; (D) cos 3!0;5! .
Consider the function h(z) = 2? — 2z + 2 + 7573 T € R Then h(z) =5 =0

has

&Ag no solution; . (B) only one solution;
C) exactly two solutions; (D) exactly three solutions.
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24.

25.

26.

27.

28.

29.

Consider the quadratic equation 22 + bz + ¢ = 0. The number of pairs (b’, c) for
which the equation has solutions of the form cos o and sina for some a is

(A) 0 (B) 1; (C) 2; (D) infinite.

Let 01 = 27", 92 = 171, 03 = 1—12’ Then

(A) (sin 01)Sin91 < (sin 02)sin92 < (Si[l os)sinog;
(B) (sinf)*™% < (sin6;)"nf < (sin f3)5in%;
(C) (sin 03)Sin03 & (Sil’l el)sinax < (sin ez)sineg;
( ) (sin el)sinal < (sin 03)8in03 < (sin 02)3in92,

Consider the following two curves on the interval (0,1):
Ci:y=1—-2* and Cy:y=+V1—122

Then on (0, 1)

(A) Cj lies above Cs; (B) C; lies above Cy;
(C) C; and C; intersect at exactly one point;
(D) none of the above.

Let f be a real valued function on R such that f is twice differentiable. Suppose
that f’ vanishes only at 0 and f” is everywhere negative. Define a function h

by h(z) = (z — a)® — f(z), where a > 0. Then

(A) h has a local minima in (0, a);
(B) h has a local maxima in (0, a);
(C) h is monotonically increasing in (0, a);
(D) h is monotonically decreasing in (0, a).

Consider the triangle with vertices (1,2), (=5,—1) and (3,-2). L t
the region enclosed by the above tr(xangle. Consider theg funct)ion e}: AAd e_r;o“g
defined by f(z,y) = |10z — 3y|. Then the range of f is the interval

(A) [0,36]; (B) [0,47]; (C) [4,47]; (D) [36,47)-

For every positive integer n, let (n) denote the integer closest to vn. Let
Ai = {n>0: (n) = k}. The number of elements in Ay is

(A) 97; (B) 98; (C) 99; (D) 100.
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. : g
30. Consider a square ABCD inscribed in a circle of radius 1. Let A’ and C’ be
two points on the (smaller) arcs AD and CD respectively, such that A’ABCC’

is a pentagon in which AA’ = CC’. If P denotes the area of the pentagon
A’ABCC' then

(A) P can not be equal to 2; (B) P lies in the interval (1, 2];
(C) P is greater than or equal to 2; (D) none of the above.
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B.Math. (Hons.) Admission Test: 2010

Multiple-Choice Test
Time: 2 hours

The product of the first 100 positive integers ends with
(A) 21 zeroes; (B) 22 zeroes; (C) 23 zeroes;

Given four 1-gm stones, four 5-gm stones, four 25-gm stones and four 125-gm
stones each, it is possible to weigh material of any integral weight up to

(A) 600 gms; (B) 625 gms; - (C) 624 gms; (D) 524 gms.

(D) 24 zeroes.

. The function f(z) = |z| + sinz + cos® z is

(A) continuous but not differentiable at z = 0;

(B) differentiable at z = 0;

(C) a bounded function which is not continuous at z = 0;
(D) a bounded function which is continuous at z = 0.

The sum of the first n terms of an arithmetic progression whose first term is a

(not necessarily positive) integer and the common difference is 2, is known to
be 153. If n > 1, then the number of possible values of n is

(A) 2 (B) 3 ©) 4 (D) 5.

Consider a cubical box of 1 m side which has one corner placed at (0,0,0) and
the opposite corner placed at (1,1,1). The least distance that an ant crawling
from the point (0,0,0) to the point (1,1, 1) must travel is

(A) V6 m; (B) v5m; (C) 2v3m; (D) 1++v3m
Let z; < —1 and zp,41 = iﬂ: for all n > 1. Then

(A) {z,} = —1 as n — o0; (B) {z, - :
(C) {za} 025100 A

The number of perfect cubes among the first 4000 positive integers is

(A) 16; (B) 15 (C) 14 (D) 13

. The roots of the equation z* 4 22 = 1 are

(A) all real and positive; (B) never real;

(C) 2 positive and 2 negative; (D) 1 positive, 1 negative and 2 non-real



165

10.

11,

12'

13.

14.

15.

. If (22)® + 9 as £ — 00, then a =

(A) 3% (B) log3; (C) log9; - (D) 3.
The number of multiples of 4 among all 10 digit numbers is

(A) 25 x 108 (B) 25 x 107; (C) 225 x:107; (D) 234 x 10".
The larger diagonal of a parallelogram of area 8 must have length

(A) at least 4; (B) equal to 8; (C) at most 4; (D) equal to v/8.

Let {an} be a sequence of positive real numbers such that
lim,, 00 2™(ay, + apy1) is finite. Then :

(A) {a,} converges to 1;

(B) {a,} converges to 0;

(C) {an} converges to 1/2;
(D) {a.} converges to 1/+/2.

Consider the following two statements about a positive integer n and choose
the correct option below.

(I) n is a perfect square.

(I) The number of positive integer divisors of n is odd.

(A) I and II are equivalent; (B) I implies IT but not conversely;
(C) II implies I but not conversely; (D) Neither statement implies the other.

For triangles ABC and PQR, it is given that AB=PQ,BC=QR and the angle
ACB equals the angle QRP. Then, the triangles ABC and PQR

(A) are congruent; (B) cannot be congruent;
(C) need not be congruent but must be similar;
(D) need not be similar but, if they are, then they must be congruent.

A particle starts at the origin and travels along the positive z-axis. For the first
one second, its speed is 1 m/sec. Thereafter, its speed at any time ¢ is at the

most (9/10)-ths of its speed at time ¢ — 1. Then

(A) the particle reaches any point z > 0 at some finite time;

(B) the particle must reach z = 10;

(C) the particle may or may not reach z = 9 but it will never reach z = 10;
(D) dnothing of the above nature can be predicted without knowing the exact
speed.
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16

17.

18.

19.

20.

21.

22.

23.

Let f(z) = min (e, &%) for any real number z. Then

(A) f has no maximum;

(B) f attains its maximum at a point where f'(z) = 0;

(C) f attains its maximum at a point where it is not differentiable;

(D) M := max (f(z) : z real ) < oo but there is no number o such that
f(xo) = M.

If 4 is an acute angle, the maximal value of 3sinf + 4cos#@ is
(A) 4 (B) 5; (C) 5v2; (D) 3(1+v3/2).

I sold 2 books for Rs.30 each. My profit on one was 25 per cent and the loss on
the other was 25 per cent. Then, on the whole, I

(A) lost Rs. 5; (B) lost Rs. 4; (C) gained Rs. 4; (D) neither gained nor lost.

Suppose z is an irrational number and, a, b, ¢, d are non-zero rational numbers.

If ‘:%g is rational, then we must have

(A) a=c=0; (B) a=¢b=d; (C) ad = bg; (D) a+d=b+c

If a,b,c are real numbers so that z° + az® + bz + ¢ = (2% + 1)g(z) for some
polynomial g, then

(A) b=1l,a=¢ (B) b=0=¢ (C) a=0; (D) none of the above.

The average of scores of 12 students in a test is 74. The highest score is 79.
Then, the minimum possible lowest score must be

(A) 25; (B) 12 (C) 19 (D) 28.

If z > y are positive integers such that 3z + 11y leaves a remainder 2 when
divided by 7 and 9z + 5y leaves a remainder 3 when divided by 7, then the
remainder when z — y is divided by 7, equals

(A) 3 (B) 4 (C) 5; (D) 6.
The set of all real numbers which satisfy %;% >2is

13

(A) the set of all integers;

(B) the set of all rational numbers;

(C) the set of all positive real numbers;
(D) the set of all real numbers.
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24.

25.

26.

27.

28.

29.

300

Let ABC be a triangle such that the three medians divide it into six parts of
equal area. Then, the triangle

(A) cannot exist; (B) can be any triangle; (C) must be equilateral;
(D) need not be equilateral but must be isosceles.

From a bag containing 10 distinct objects, the number of ways one can select
an odd number of objects is

(A) 2% (B) 29 (C) 104 (D) 5.

Consider the two statements:  (I) between any two rational numbers, there is
an irrational number;

i éII) between any two irrational numbers, there is a rational number.
en

(A) both (I) and (II) are true;
(B) (I) is true but (II) is not;
(C) (I) is false but (II) is not;
(D) both (I) and (II) are false.

Let f(z) = az®+bx+c where a, b, ¢ are real numbers. Suppose f(z) # z for any

real number z. Then the number of solutions of f(f(z)) = z in real numbers z
is

(A) 4; (B) 2 (C) o - (D) cannot be determined.
Let s=) o ne™™. Then
(a) s<1 (b)1<s<oo (¢) s is infinite (d)s=0

Let f(z) = az® + bz? + cz + d be a polynomial of degree 3 where a, b, ¢, d are
real. Then

(A) f(z) = o0 as T — o0;

(B) f is 1-1 as well as onto;

(C) the graph of f(z) meets the z-axis in one or three points;
(D) f must be onto but need not be 1-1.

Let ay,--- ,a, be arbitrary integers and suppose by, -- - , b, is a permutation of
the a;’s. Then the value |a; — by| + |a2 — bo| + -+ - + |an — b,

(A) is less than or equal to n; (B) can be an arbitrary positive integer;
(C) can be any even nonnegative integer; (D) must be zero.
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Group A

Each of the following questions has exactly one correct option
and you have to identify 1t.

. The limit )
lim 1 — cos(sin® ax)
z—0 T
(A) equals 1; (B) equals o; (C) equals 0; (D) does not exist.
. The set of all z for which the function f(z) = log1 (z* — 2z — 3) is defined and

monotone increasing is

(A) (—o00,1); (B) (—o0,—1); (©) (1,00); (D) (3,00).

. Let a line with slope of 60° be drawn through the focus F' of the parabola

y? = 8(z +2). If the two points of intersection of the line with the parabola are
A and B and the perpendicular bisector of the chord AB intersects the z-axis
at the point P, then the length of the segment PF is

(A) % (B) & (C) &5, (D) 83

Suppose z is a complex number with 2] < 1. Let w = }_i: Which of the
following is always true?

[Re(w) is the real part of w and Im(w) is the imaginary part of w.|

(A) Re(w) > 0; (B) Im(w) > 0; (C) |w| <1 (D) |w|>1.

. Among all the factors of 4567218, the number of factors which are perfect squares

(A) 240; (B) 360; (C) 400; (D) 640.

Let A be the set {1,2,...,20}. Fix two disjoint subsets S; and S, of A, each
with exactly three elements. How many 3-element subsets of A are there, which
have exactly one element common with S; and at least one element common
with S37

(A) 51; (B) 102 (C) 135 (D) 133.
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7. In how many ways can 3 couples sit around a round table such that men and

10.

Tl

women alternate and none of the couples sit together?

(A) L (B) 2 (C) %, (D) none of these.

The equation z3 + y® = zy(1 + zy) represents

(A) two parabolas intersecting at two points;
(B) two parabolas touching at one point;

(C) two non-intersecting hyperbolas;

(D) one parabola passing through the origin.

Consider the diagram below where ABZP is a rectangle and ABCD and
CXY Z are squares whose areas add up to 1.

A D p
X 1 2
B c Z

The maximum possible area of the rectangle ABZP is

(A) 1+ J (B) 2-v%; ©) 1+v3; (D) 2
Let A be the set {1,2,...,6}. How many functions f from A to A are there such

that the range of f has exactly 5 elements?
(A) 240 (B) 7205 (C) 1800, (D) 10800.

Let Cy, Cs and Cj be three circles lying in the same quadrant, each touching
both the axes. Suppose also that C; touches C; and C, touches Cs. If the area
of the smallest circle is 1 unit, then the area of the largest circle is

@ (895 ® D © eevDE oo
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12

3
. Let [x] denote the largest integer less than or equal to z. Then fon [x" + n] dz
equals

n n n—1
(A) n?+ Zi%; (B) 2n'F — Zi%; (C) 2n'% — Zii; (D) None of these.
i=1 i=1

i=1

13. Consider the function
_ Jz(z—1)e*, ifz <0,
fle) = {x(l —x)e 2, ifz > 0.
Then f(z) attains its maximum value at
(&) 1= (B) 1+ () —~5 D) .
14. Consider the function f(z) = ﬂln—_!rﬂ, where n > 1 is a fixed integer. Let f*)
denote the k-th derivative of f. Which of the following is true for all k£ > 1?
(A) f®(0) and f®(1) are integers;
(B) f®)(0) is an integer, but not f*)(1);
(C) f®(1) is an integer, but not f®)(0);
(D) Neither f®(1) nor f*)(0) is an integer.
15. The number of solutions of the equation sin(cosf) =6, —1<6<1,is
(A) 0; (B) 1; (C) 2 (D) 3.
16. Suppose ABCD is a parallelogram and P, Q are points on the sides BC and
CD respectively, such that PB = aBC and DQ = BDC. If the area of the
triangles AABP, AADQ and APCQ are 15, 15 and 4 respectively, then the
area of AAPQ is
(A) 14 (B) 15; (C) 16; (D) 18.
17. Consider an equilateral triangle ABC with side 2.1 cm. You want to place a
number of smaller equilateral triangles, each with side 1 cm., over the triangle
ABC, so that the triangle ABC is fully covered. What is the minimum number
of smaller triangles that you need?
(A) 4 (B) 5 (C) 6 (D) 7.
18. A regular tetrahedron has all its vertices on a sphere of radius R. Then the

length of each edge of the tetrahedron is
(A) R; (B) ¥R, (C) iR, (D) 22R.
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19.

20.

21.

22.

Consider the L-shaped brick in the diagram below.

If an ant starts from A, find the minimum distance it has to travel along the
surface to reach B.

(A) V5 (B) 2v5; ©) 5, (D) 3v/5.

Let f(z) = (tanz)? — 3tanz + v/tanz. Consider the three integrals

1.3 1.5

1
L = / f(z)dz, I, = f(x)dz, I3 = f(z)dz.
0 0.3 0.5

Then,
(A) 1 >L,>1I3; (B) >h>1I3y (C) i>h>I; (D) L>I3> 1.
Group B

Each of the following questions has either one or two correct options
and you have to identify all the correct options.

Let a < b < c be three real numbers and w denote a complex cube root of unity.
If (a + bw + cw?)® + (a + bw? + cw)® = 0, then which of the following must be
true?

(A) a+b+c=0; (B) abc=0; (C) ab+bc+ca=0; (D)b= <2

Suppose f is continuously differentiable up to 3rd order and satisfies

1
/0 {6f(z) +2°f"(z)} dz = f"(1).



172

23.

24.

25.

26.

27.

Which of the following must be true?
(A) f1)=0; (B) F()=2f1x (C) f(V)=/Q); (D) fFA)=0.

Let f(z) = az® + bz + ¢ for some real numbers a,b and c. If f(=5) = 10,
f(—3) < 6 and f(2) > 7, then which of the following cannot be true?

(A) f(3)=6; (B) f(3) > 16; (C) f(4)=5; (D) f(4)>6.2.
Consider the sequence z,, n > 1, defined as:

b
2 —n
Tp = (1 + ;;) nt

where a, b and ¢ are real numbers. Which of the following are true?

(A) ifb<a, z, > 0asn— oo
(B) ifa<b, 2z, — 0asn— oo;
(C) ifa=band ¢> 0, z, = co as n — oo;
(D) fa=band c<0, z, = 00 as n — 0.

The value of nx — 1

(A) tends to 0 as n — oo;

(B) is greater than '_2;&11*_ for all n > 3;
(C) is greater than logn for all n > 3;
(D) is greater than = for all n > 3.

If the complex numbers 1 + ¢ and 5 — 3¢ represent two diagonally opposite
vertices of a square, which of the following complex numbers can represent
another vertex of the square?

(A) 5+2;  (B) 3+2v2—4;  (C)1-3; (D) 4+ 22+ 2V/2i.

Suppose = and y are two positive numbers satisfying the equation zv¥ = v~
Which of the fol?owing are true? fying L v

(A) hF(l)gl all z > 1, there always exist a ¥y > z such that the above equation
olds;

(B) For all z > e, there is always a y > z such that the above equation holds;

(®) hF?rri all 1 < z < e, there is always a y > z such that the above equation
olds;

(D) If z < 1, then y must be equal to z.
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28.

29.

30.

Consider 6 points on the plane no three of which are collinear. An edge is a
straight line joining one point to another. Two points are called connected if
one can go from one point to another through edges. Suppose you are only
told how many edges are there in total, but not where they are. Which of the
following are true? .

(A) If you are told that there are 7 edges, you cannot be sure that all pairs of
points are connected; '

(B) If you are told that there are 9 edges, you can always ensure that all pairs
of points are connected; -

(C) If you are told that there are 12 edges, you cannot be sure that all pairs
of points are connected; .

(D) If you are told that there are 13 edges, you can always ensure that all pairs
of points are connected.

Suppose f : R — R is differentiable everywhere. Which of the following condi-
tions imply that |f(z)| is also differentiable?

(A) f(z) =0 whenever f'(z) =0;
(B) f'(z) = 0 whenever f(z) = 0;
(C) f'(z) never takes the value 0;
(D) f(z) never takes the value 0.

Let the coordinates of the centre of a circle be (—5,2v/2). Then the number
of points (z,y) on the circle such that both z and y are rational

(A) cannot be 3 or more; (B) at least 1, but at most 2;
(C) at least 2, but infinitely many; (D) infinitely many.
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The equation of the circle of smallest radius which passes through the points
(—=1,0) and (0, —1) is:

(A) 2 +y°+ 22y =0;

(B) 22 +y’+z+y=0;

(C) L +y*~z—y=0

D)2 +y*+z+y+1/4=0.

The function f(z) = z%¢71*! defined on the entire real line is

(A) not continuous at exactly one point;
(B) continuous everywhere but not differentiable at exactly one point;

(C) differentiable everywhere;
(D) differentiable everywhere.

Let ¢; and c; be positive real numbers. Consider the function

. f(z) = { Q(?f’m),

If f is continuous and fol f(z)dz = 1, the value of ¢, is
(A) 2 (B) 1 © 3 D) L.

Mr. Gala purchased 10 plots of land in the year 2007, all plots costing the same
amount. He made a profit of 25 percent on each of the 6 plots which he sold in
2008. He had a loss of 25 percent on each of the remaining plots when he sold
them in 2009. If he ended with a total profit of Rs. 2 crores in this project, his

total purchase price was
(A) 8 crores; (B) 40 crores; (C) 10 crores; (D) 20 crores.

wi= O
IAIA

T
T

s 0 1

IA A

Let f(z) = zsin(1/z) for z > 0. Then

(A) f is unbounded;
(B) f is bounded, but zli’ngo f(z) does not exist;

(C) lim f(z) =1;
(D) lim f(z) =0.
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10.

11.

12.

Let

’

(@) = { z?sin(1/z), ﬁfg

Then

(A) [ is discontinuous at z = 0; (B) f is differentiable, and f’ is continuous;

(C)_ f is not differentiable at z = 0; (D) f is differentiable at every z, but f’
is discontinuous at z = 0.

Let P(z) = ag+az+- - -4-a,z" be a polynomial of degree n with real coefficients
a;- Suppose that there is a constant C' > 0 and an integer k& > 0 such that
|P(z)| < Cz* for all z > 0. Then

(A) n must be equal to k; (B) the given information is not sufficient to say
anything about n;

(C) n2>k; (D) n<k.
. Let f be a strictly increasing function on R, that is, f(z) < f(y) whenever

T < y. Then

(A) f is a continuous function; (B) f is a bounded function;

(C) f is an unbounded function; (D) the given information is not sufficient
to say anything about continuity or boundedness of f.

The minimum value of % + y? subject to z +y =1 is

(A) 0 (B) 1/2; (C) 1/4; (DY 1.
The number 2532645918 is divisible by

(A) 3 but not 11; (B) 11 but not 3; (C) both 3 and 11; (D) neither 3 nor 11.

Let p > 3 be a prime number. Which of the following is always false?

(A) p+ 2 is a prime number;

(B) p-+4 is a prime number;

(C) both p+ 2 and p + 4 are prime numbers;
(D) neither p+ 2 nor p + 4 are prime numbers.

By a diagonal of a convex polygon, we mean a line segment between any two
non-consecutive vertices. The number of diagonals of a convex polygon of 8

sides is:
(A) 15 (B) 20; (C) 28; (D) 35.
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13

14.

15.

16.

17.

18.

19.

The coefficients of three consecutive terms in the expansion of (1 + t)* are
120, 210, 252. Then, n must be

(A) 10; (B) 12; (C) 14; (D) 16.
If 2sec(2a) = tan() + cot(B), then a + § can have the value
(A) m/2; (B) w/3; (C) w/4; (D) o.

Consider the unit circle z2 + y> = 1. The locus of a point P such that
the tangents PA, PB at the points A, B respectively of the circle are so that
ZAOB = 60°, where O is the origin, is

(A) a circle of radius % with centre O;

(B) a circle of radius v/3 with centre O;
(C) a circle of radius 2 with centre O;
(D) a pair of straight lines.

Let z, y be integers. Consider the two statements: (I) 10z + y is divisible by 7,
and, (II) z + 5y is divisible by 7. Then

(A) (I) implies (IT) but not conversely;
(B) (II) implies (I) but not conversely;
(C) the two statements are equivalent;
(D) neither statement implies the other.

The number of solutions of the equation 6m + 15n = 8 in integers m and n are

(A) zero;

(B) one;

(C) more than one but finitely many;
(D) infinitely many.

Let A, B be real numbers both greater than 0. The graph of the function
f(z) = Bz’ + 2Az + Asin(2z) passes through the two points P = (—1,2) and
Q = (0,1) for

(A; finitely many values of A and infinitely many values of B;
infinitely many values of A and infinitely many values of B;
(C) no values of A or B;

(D) none of the above.

A triangle in the plane has area 1. Then its perimeter (=sum of the lengths of
its three sides) p must satisfy

(A) p<1; (B) <2 ©C) p>2; (D) p=2.
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20.

21.

22.

23.

24.

25.

A sequence {a,} is defined by a; = 1 and the inductive formula a,+1 = /1 + @},
where § is a real number greater than 0. If this sequence converges to a finite
limit then § must be

(A) >0 (B) >2; (C) <2; (D) =2.

Let a, b, c be three nonzero real numbers. If f(z) = az®+ bz + c has equal roots,
then a, b, ¢ are in

(A) arithmetic progression;
(B) geometric progression;
(C) harmonic progression; (D) none of the above.

Let a,b,c be real numbers such that 3b > a®. Then the function g : R — R
given by g(z) = 23 + az? + bz +c is

(A) one-one and onto;

(B) onto but not one-one;
(C) one-one but not onto;
(D) neither one-one nor onto.

Express the polynomial f(z) = (2+z)" as f(z) = ¢o + 12 + cax® + - - - + 2™,
where n is a positive integer. If Z;';o c; = 81, then the largest coefficient c; of
fis

(A) 64; (B) 16; (C) 24 (D) 32.
Let I, m,n be any three positive integers such that I + m? = n2. Then,

(A) 3 always divides mn;
(B) 3 always divides Im;
(C) 3 always divides In;
(D) 3 does not divide lmn.

Let a; = 10, a; = 20 and define an41 = an-1 — ﬁ for n > 1. The smallest k for
which ar =0

(A) does not exist;
(B) is 200;
(C) is 50;
(D) is 52.




178

B.Stat. (Hons.) & B.Math. (Hons.) Admission Test: 2012
Multiple-Choice Test
Time: 2 hours

1. A rod AB of length 3 rests on a wall as follows:

B

P is a point on AB such that AP : PB = 1: 2. If the rod slides along the wall,
then the locus of P lies on

(A)2z+y+zy=2

(B) 4z* +y* =4

(C) 4z* + zy + y* =4
(D) z?+y*—z—2y=0.

2. Consider the equation z? + y? = 2007. How many solutions (z,y) exist such
that z and y are positive integers?

(A) None
(B) Exactly two
(C) More than two but finitely many
(D) Infinitely many.
3. Consider the functions fi(z) = z, fo(z) = 2+log, z, = > 0 (where e is the base
of natural logarithm). The graphs of the functions intersect
(A) once in (0,1) and never in (1, 00)
(B) once in (0,1) and once in (e?, c0)
(C) once in (0,1) and once in (e, €?)
(D) more than twice in (0, 00).
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. Consider the sequence

Then the limit of u,, as n = oo is
(A) 1 (B) 2 (C)e (D) 1/2.

- Suppose that z is any complex number which is not equal to any of {3, 3w, 3w?}
where w is a complex cube root of unity. Then

1 4+ 1 + 1
z2—3 z-3w z-—3w?
equals
32243 2 2 2
(A) E5¢ (B) 3t3e () 5w (D) %%

. Consider all functions f : {1,2,3,4} — {1,2,3,4} which are one-one, onto and
satisfy the following property:

if f(k) is odd then f(k+1) is even, k =1, 2, 3.
The number of such functions is
(A) 4 (B) 8 (C) 12 (D) 16.
. A function f : R — R is defined by

Then
(A) f is not continuous

(B) f is differentiable but f’ is not continuous
(C) f is continuous but f'(0) does not exist

(D) f is differentiable and f’ is continuous.

. The last digit of 9! 4 39966 jg
(A) 3 (B)9 (C) 7 (D) 1.
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9.

10.

11.

12.

13.

Consider the function

222+ 3z 41
=  _ 2<3L53.

Then

(A) maximum of f is attained inside the interval (2, 3)
(B) minimum of f is 28/5

(C) maximum of f is 28/5

(D) f is a decreasing function in (2, 3).

A particle P moves in the plane in such a way that the angle between the two
tangents drawn from P to the curve y? = 4az is always 90°. The locus of P is

(A) a parabola (B) a circle (C) an ellipse (D) a straight line.
Let f : R — R be given by
f(z) =|z*—-1|, z €R.

Then

(A) f has a local minima at z = £1 but no local maximum

(B) f has a local maximum at z = 0 but no local minima

(C) f has a local minima at z = &1 and a local maximum at z =0

(D) none of the above is true.
The number of triples (a, b, ¢) of positive integers satisfying
20 —57°=1.
is
(A) infinite (B) 2 (C)1 (D) 0.

Let a be a fixed real number greater than —1. The locus of z € C satisfying
|z —ia| = Im(2) + 1 is

(A) parabola (B) ellipse (C) hyperbola (D) not a conic.

14. Which of the following is closest to the graph of tan(sinz),z > 07
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15.

16.

17.

@ ®
1
e I

@ (D)W\HI
l

0
0 n I

Consider the function f: R\ {1} = R {2} given by

Then

(A) f is one-one but not onto
(B) f is onto but not one-one
(C) f is neither one-one nor onto

(D) f is both one-one and onto.

Consider a real valued continuous function f satisfying f(z + 1) = f(z) for all

z € R. Let ;
9(t) =/0 f(z)dz, t€eR.

Define A(t) = limp—c0 ﬂ%ﬂ, provided the limit exists. Then
(A) h(t) is defined only for t =0

(B) h(t) is defined only when ¢ is an integer

(C) h(t) is defined for all # € R and is independent of ¢

(D) none of the above is true.

Consider the sequence a; = 24'/3, an41 = (an +24)3,n > 1. Then the integer

part of ajp0 equals
(A) 2 (B) 10 ‘ (C) 100

(D) 24.
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18

19.

20.

21.

22.

Let z,y € (—2,2) and zy = —1. Then the minimum value of

4 + 9
4—-x2 9-—192

is
(A) 8/5 (B) 12/5 (C) 12/7 (D) 15/7.
What is the limit of

(1+ 1 )n2+\/'_‘

n:+n
as n — oo?
(A) e (B) 1 (C)o (D) oc.
Consider the function f(z) = z* 4+ 2% +z — 1,x € (—00,c0). The function

(A) is zero at z = —1, but is increasing near z = —1
(B) has a zero in (—oo, —1)

(C) has two zeros in (—1,0)

(D) has exactly one local minimum in (-1, 0).

Consider a sequence of 10 A’s and 8 B’s placed in a row. By a run we mean one
or more letters of the same type placed side by side. Here is an arrangement of
10 A’s and 8 B’s which contains 4 runs of A and 4 runs of B:

AAABBABBBAABAAAABB

In how many ways can 10 A’s and 8 B’s be arranged in a row so that there are
4 runs of A and 4 runs of B?

(4)2()() ®) () © (9)¢) (D) (2)()-

Suppose n > 2 is a fixed positive integer and
f(z) =z"|z|,z € R.
Then
(A) f is differentiable everywhere only when n is even
(B) f is differentiable everywhere except at 0 if n is odd

(C) f is differentiable everywhere
(D) none of the above is true.
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23.

24.

25.

26.

27.

The line 2z 4+ 3y — k = 0 with k > 0 cuts the z axis and y axis at points A and
B respectively. Then the equation of the circle having AB as diameter is

(A) 2+ 3% -z — by = k2
(B) 2 +4® — fx — ky = k2
C) 2 +y* -z —Ly=0
(D) 2 +4® — sz — &y = 0.
Let o > 0 and consider the sequence

O i O
(2a)"

Then lim,,_,, z, is

(A) O for any a > 0

(B) 1 for any o > 0

(C) 0 or 1 depending on what o > 0 is

(D) 0, 1 or oo depending on what « > 0 is.

If 0 < 8 < /2 then

(A) 6 <sinf

(B) cos(sinf) < cos@

(C) sin(cos @) < cos(sin6)
(D) cos@ < sin(cosf).

Consider a cardboard box in the shape of a prism as shown below. The length
of the prism is 5. The two triangular faces ABC and A’B’C’ are congruent and
isosceles with side lengths 2,2,3. The shortest distance between B and A’ along
the surface of the prism is

(A) V29 (B) v28 (C) V29— V5 (D) V29— /3

Assume the following inequalities for positive integer k:

1 : 1
Py OO )
Whal - T Wi

The integer part of
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equals

(A) 198 (B) 197 (C) 196 (D) 195.
28. Consider the sets defined by the inequalities

A={(z,y) eR?:2* +y? <1}, B={(z,y) e R*: 2% +¢* <1}

Then

(A)BC A

(B)ACB

(C) each of the sets A— B, B— A and AN B is non-empty

(D) none of the above is true.

29. The number
2]0 11
£
is

(A) strictly larger than (110)2(120)2(1;))2(1;’)2(150)
(B) strictly larger than (110)2(120)2(1:?)2(140)2 but strictly smaller than -

e
(C) less than or equal to (110)2(120 )2(130 )2(140)2
(D) equal to ()" () ()" ()" (5)-
30. If the roots of the equation z* + az® + ba? + cx + d = 0 are in geometric
progression then

(A) b? = ac (B) a*=b (C) a?b? =2 (D) 2 = a’d.
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1. Let i = v/—=Land S = {i+i*+ ... 4" :n > 1}. The number of distinct real
numbers in the set S is
(A) 1 (B) 2 (C) 3 (D) infinite.

2. From a square of unit length, picces from the corners are removed to form a
regular octagon. Then, the value of the area removed is

(A) 1/2 (B) 1/V/2 (C) v2—-1 (D) (V2 —1)2

3. We define the dual of a line y = ma + ¢ to be the point (m, —c). Consider a set
of n non-vertical lines, n > 3, passing through the point (1,1). Then the duals
of these lines will always

(A) be the same (B) lie on a circle (C) lie on a line

(D) form the vertices of a polygon with positive area.

4. Suppose «, 3 and 7y are three real numbers satisfying cos« + cos 8 + cosy =
)
1

0 = sin & + sin B8 + siny. Then the value of cos(a — ) is
1 1 1
(A) =3 (B) -7 ©) 5 (D) 5

5. The value of lim (3% + 7%)= is
=00

(A)7 (B) 10 (C) € (D) co.
6. The distance between the two foci of the rectangular hyperbola defined by

zy=2Is

(A) 2 (B) 2v/2 (C) 4 (D) 4V/3.
7. Suppose f is a differentiable and increasing function on [0,1] such that f(0) <

0 < f(1). Let F(t) = [; f(z)dz. Then

(A) F is an increasing function on [0, 1]

(B) F is a decreasing function on [0, 1]

(C) F has a unique maximum in the open interval (0,1)

(D) F has a unique minimum in the open interval (0,1).
8. In an isosceles triangle AABC, the angle AA‘BC' = 120"_. Then the ratio of two

sides AC : AB is
(A) 21 (B) 3: 1 (©) Va:1 D) V3:1.
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10.

. Let z,y, 2 be positive real numbers. If the equation
22+ + 22 = (zy+yz+ zz)sind

has a solution for #, then z,y and z must satisfy
Az =y =z (B) z2+y*+22 <1

(C)zy+yz+z2x=1 (Dyo<s; 4, 2 < 1.

Suppose sinf = ¢ and seca = I where 0 < § <  and —F < o < 0. Then
sin(f + ) is

3v33 3v33 16 + 3+/33 16 — 3+/33
Ry IR e D 16 +3V/33 16 —3v33
N 0 =g (B) =35

11. Let i = v/—1 and 21, 2o, . . . be a sequence of complex numbers defined by z; = ¢

and Zn+l1 = 272; + i forn > 1. Then |22013 = 21| is

(A) 0 @)1 (€) 2 (D) VB
12. The last digit of the number 2% 4 5190 4 81%0 is

(A) 1 (B) 3 (©) 5 (D) 7.
13. The maximum value of |z — 1| subject to the condition |22 —4| < 5is

(A) 2 (B) 3 (C) 4 (D) 5.
14. Which of the following is correct?

(A) ex < e for all z. (B) ex < €” for x < 1 and ex > €* for z > 1.

(C) ex > €* for all z. (D) ex < €e” for z > 1 and ex > e* for z < 1.
15. The area of a regular polygon of 12 sides that can be inscribed in the circle

22+y?—6z+5=01is

(A) 6 units (B) 9 units (C) 12 units (D) 15 units.
16. Let f(z) = \/log; z — 1+ }logy 2°+2. The set of all real values of z for which

17.

the function f(z) is defined and f(z) < 0 is
(A)z>2 (B)z>3 (C)z>e (D) z > 4.
Let a be the largest integer strictly smaller than %b where b is also an integer.
Consider the following inequalities:

(1) Zb—a <1 2) Th-a > 3
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18.

19.

20.

21.

- 22.

and find which of the following is correct. ?
(A) Only (1) is correct. (B) Only (2) is correct.

(C) Both (1) and (2) are correct. (D) None of them is correct.
1000
The value of lim — is
T——00 k!
k=1
(A) —o0 (B) 0 (©) 0 (D) e~

For integers m and n, let f,, denote the function from the set of integers to
itself, defined by :
Jmn(z) =mz +n.

Let F be the set of all such functions,
F = {fmn : m,n integers }.

Call an element f € F invertible if there exists an element g € F such that
g(f(z)) = f(g9(z)) = = for all integers z. Then which of the following is true?

| (A) Every element of F is invertible.

(B) F has infinitely many invertible and infinitely many non-invertible elements.
(C) F has finitely many invertible elements.
(D) No element of F is invertible.

Consider six players Py, Py, Ps, P4, Ps and FP;. A team consists of two players.
(Thus, there are 15 distinct teams.) Two teams play a match exactly once

if there is no common player. For example, team {Py, P,} can not play with
{ P, P3} but will play with { Py, Ps}. Then the total number of possible matches

18
(A) 36 (B) 40 (C) 45 (D) 54.

The minimum value of f(6) = 9cos? 6 + 16sec?f is
(A) 25 - (B) 24 (C) 20 (D) 16.
The number of 0’s at the end of the integer

100! — 101! 4 - - — 109! + 110!

is
(A) 24 (B) 25 (C) 26 (D) 27.
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23.

24.

25.

26.

27.

28.

V(\i/e denote the largest integer less than or equal to z by [2]. Consider the
identity

(1+2)(10 + 2)(10% + z) -+ - (10 + z) = 10° + 10°z + agz® + - - - + anz'.

Then
(A) o] > 1) (B) [o] = [ and a > b
(C) [a] <[] (D) [a] = [b] and a < b.

The number of four tuples (a,b,c,d) of positive integers satisfying all three
equations

=
d = &
c—a = 64
is
(A)O (B) 1 (C) 2 (D) 4.

The number of real roots of e* = z? is

(A)O (B) 1 (C) 2 (D) 3.
Suppose oy, &g, a3 and o4 are the roots of the equation 28+ 224+ 1=0. Then
the value of o + od + of + af is

(A) =2 : (B)0 | (C) 2 (D) 4.

Among the four time instances given in the options below, when is the angle
between the minute hand and the hour hand the smallest?

(A) 5:25 p.m. (B) 5:26 p.m. (C) 5:29 p.m. (D) 5:30 p.m.

Suppose all roots of the polynomial P(z) = a1z’ + agz® + - - - + a1z + ao are
real and smaller than 1. Then, for any such polynomial, the function

10z eQz

e - T
f(2)=am—ﬁ+aﬂj+”'+ale + apz, T >0

(A) is increasing (B) is either increasing or decreasing

(C) is decreasing (D) is neither increasing nor decreasing.
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29. Consider a quadrilateral ABCD in the XY-plane with all of its anglges less than
180°. Let P be an arbitrary point in the plane and consider the six triangles
each of which is formed by the point P and two of the points A, B, C, D. Then
the total area of these six triangles is minimum when the point P is

(A) outside the quadrilateral

(B) one of the vertices of the quadrilateral

(C) intersection of the diagonals of the quadrilateral
(D) none of the points given in (A), (B) or (C).

30. The graph of the equation z*® + 3z%y + 3zy? +® — 22 + y? = 0 comprises
(A) one point (B) union of a line and a parabola
(C) one line (D) union of a line and a hyperbola.
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B.Stat. (Hons.) & B.Math. (Hons.) Admission Test: 2014
Multiple-Choice Test
Time: 2 hours

1. The system of inequalities

1 1 1

1
RS b >Z o—B>5. d—a*>= has
ab_4,b c_4,c d_4,d &2
(A) no solutions (B) exactly one solution
(C) exactly two solutions (D) infinitely many solutions.
2. Let log,, 18 = a. Then log,, 16 is equal to
8 —4da 1 4a—1 8 —4a
A — D 1
=0 5—a (B)3+a ( )2+3a (P) S+a

3. The number of solutions of the equation tan z+secz = 2cos z, where0 < z <,
is

(A) 0 (B) 1 (C) 2 (D) 3.

4. Using only the digits 2, 3 and 9, how many six digit numbers can be formed
which are divisible by 67
(A) 41 (B) 80 (C) 81 (D) 161

5. What is the value of the following integral?

2014 =1
tan™
/ dz

1 Z

2014

(A) g log 2014 (B) % log 2014 (C) wlog2014 (D) % log 2014
6. A light ray travelling along the line y = 1, is reflected by a mirror placed along

the line z = 2y. The reflected ray travels along the line

(A)4z-3y=5 (B)3z—-4y=2 (C)z-y=1 (D)2z-3y=1

7. For a real number z, let [z] denote the greatest integer less than or equal to z.
Then the number of real solutions of |2z — [z]| =4 is

(A)1 (B) 2 (€)3 (D) 4.

8. What is the ratio of the areas of the regular pentagons inscribed inside and
circumscribed around a given circle?

(A) cos36° (B) cos? 36° (C) cos?54° (D) cos? 72°
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10.

11.

12.

13.

14.

15.

16.

. Let 21, 2, be nonzero complex numbers satisfying |z + 22| = |z1 — 22| The

circumeentre of the triangle with the points 21, 2o, and the origin as its vertices
is given by

1
(A) ‘;‘(21 — 23) (B) %(zl + 23) (C) %(21 + 29) (D) 5(21 —za);

In how many ways can 20 identical chocolates be distributed among 8 students

so that each student gets at least one chocolate and exactly two students get
at least two chocolates each?

(A) 308 (B) 364 (C) 616 (D) (2) (177)

Two vertices of a square lie on a circle of radius r, and the other two vertices
lie on a tangent to this circle. Then, each side of the square is
3r 4r 6r ar
= B = D) —-
(4) 3 (B) 3 O3 )3

Let P be the set of all numbers obtained by multiplying five distinct integers

between 1 and 100. What is the largest integer n such that 2" divides at least
one element of P?

(A) 8 (B) 20 (C) 24 (D) 25

Consider the function f(z) = az® + bz? + cx + d, where a, b, ¢ and d are
real numbers with a > 0. If f is strictly increasing, then the function g(z) =

f(z) = (@) +f"(z) is
(A) zero for some z € R (B) positive for all z € R
(C) negative for all z € R (D) strictly increasing.

Let A be the set of all points (h, k) such that the area of the triangle formed

by (h, k), (5,6) and (3,2) is 12 square units. What is the least possible length
of a line segment joining (0,0) to a point in A?

(A) —4\/.-5. (B) % © = (D) %

t P = {abc: a,b,c positive integers, a® + b* = ¢?, and 3 divides c}. What is
tI,llfe larges{t integer n such that 3" divides every element of P?

(A) 1 (B) 2 (C)3 (D) 4

Let Ap = @ (the empty set). For each i = 1,2,3,..., define the set A; =
Ai—1 U {Ai-1}. The set As is

(A) 0 (B) {0} (C) {0,{0}} (D) {0.{0}, {0, {0}}}
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T

18.

19.

20.

21.

22.

23.

Let f(z) = -x—l_—z The graphs of the functions f and f~! intersect at

(A) (1+v2,1+v2) and (1 — V2,1 - V?2)
(B) (1+v2,1+v2) and (vV2,-1 - )
(C) (1 - v2,1-+2) and (—V2, -1 + J)
(D) (v2,-1— %) and (—v2,-1+ %)

Let N be a number such that whenever you take N consecutive positive integers,
%?least one of them is coprime to 374. What is the smallest possible value of

(A) 4 (B) 5 (C) 6 (D)7
Let Ay, Ay, ..., Ajs be the vertices of a regular polygon with 18 sides. How

many of the triangles AA;A;Ax, 1 <1 < j < k < 18, are isosceles but not
equilateral?

(A) 63 (B) 70 (C) 126 (D) 144
The limit li_r):% S T exists only when
xT
(A)a=>1 B)a=1
(C) |l <1 ' (D) « is a positive integer.

Consider the region R = {(z,y) : @* + ¥* < 100, sin(z + y) > 0}. What is the
area of R?

(A) 25 (B) 50m (C) 50 (D) 1007 — 50

Consider a cyclic trapezium whose circumcentre is on one of the sides. If the
ratio of the two parallel sides is 1 : 4, what is the ratio of the sum of the two
oblique sides to the longer parallel side? '

(A) vV3:v2 (B)3:2 (C) v2:1 (D) V5:V3
2
Consider the function f(z) = {loge (4 +;/%) } for z > 0. Then,

(A) f decreases upto some point and increases after that
(B) f increases upto some point and decreases after that
(C) f increases initially, then decreases and then again increases
(D) f decreases initially, then increases and then again decreases.
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24.

25.

26.

27.

28.

What is the number of ordered triplets (a, b, ¢), where a, b, ¢ are positive integers
(not necessarily distinct), such that abc = 1000?

(A) 64 (B) 100 (C) 200 (D) 560

Let f: (0,00) = (0, 00) be a function differentiable at 3, and satisfying f(3) =
3f(3) > 0. Then the limit
3 T
f (3 + —)
N F)

= @
(A) exists and is equal to 3 (B) exists and is equal to e
(C) exists and is always equal to f(3) (D) need not always exist.

z—%‘ = 2. What is the

Let z be a non-zero complex number such that
maximum value of |z|?

(A) 1 (B) V2 (©) 2 (D) 1+ V2.
The minimum value of

|sin:z:+cos:c+tan:1:+cosec:z+secx+c0t:v| is

(A) O (B) 2v2-1 (C) 2v2+1 (D) 6
For any function f: X — Y and any subset A of Y, define

fH(A) ={z € X: f(z) € A}.

Let A¢ denote the complement of A in Y. For subsets A;, A; of Y, consider the
following statements:

(i) £71(As N Ag) = (f71(A1)° U (F7'(A2))°

(11) If f_l(Al) = f_l(AQ) then A; = As.

Then,
(A) both (i) and (ii) are always true
(B) (i) is always true, but (i) may not always be true
(C) (ii) is always true, but (i) may not always be true
(D) neither (i) nor (ii) is always true.
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29.

30.

Let f be a function such that f”(z) exists, and f”(z) > 0 for all z € [a,b]. For
any point ¢ € [a, b], let A(c) denote the area of the region bounded by ¥ = f(z),
the tangent to the graph of f at 2 = c and the lines z = a and = = b. Then

(A) A(c) attains its minimum at ¢ = {(a + b) for any such f
(B) A(c) attains its maximum at ¢ = 1(a + b) for any such f

(C) A(c) attains its minimum at both ¢ = a and ¢ = b for any such f
(D) the points ¢ where A(c) attains its minimum depend on f.

In AABC, the lines BP, BQ trisect ZABC' and the lines CM, CN trisect
LACB. Let BP and CM intersect at X and BQ and CN intersect at Y. If

LABC = 45° and ZACB = 75°, then /BXY is
A

(S
o

(A) 45° (B) 47 (C) 50° (D) 55°
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B.Stat. (Hons.) & B.Math. (Hons.) Admission Test: 2015

Multiple-Choice Test
Time: 2 hours

1. Let C denote the set of complex numbers and S = {z € C | Z = 2%}, where Z
denotes the complex conjugate of z. Then S has:

(A) two elements (B) three elements
(C) four elements (D) six elements.

2. The number of one-to-one functions from a set with 3 elements to a set with 6
elements is

(A) 20 (B) 120 (C) 216 (D) 720.

3. Two sides of a triangle are of length 2 cm and 3 cm. Then, the maximum
possible area (in ¢cm?) of the triangle is: :

(A) 2 (B) 3 (C) 4 (D) 6.

4. The number of factors of 215 x 310 x 56 which are either perfect squares or perfect
cubes (or both) is:

(A) 252 (B) 256 ' (C) 260 (D) 264.
5. The minimum value of the function f(z) = 2% + 4z + % + Il—z where z > 0, is
(A) 9.5 (B) 10 (C) 15 (D) 20.

6. The minimum area of the triangle formed by any tangent to the ellipse f;- + 15- =
1 and the coordinate axes is

(A) ab (B) =3
() B (D) 22tabit?

7. The angle between the hyperbolas zy = 1 and z% — y? = 1 (at their point of
intersection) is

(4) 5 (B) 3 ©) (D) .

8. The population of a city doubles in 50 years. In how many years will it triple,
under the assumption that the rate of increase is proportional to the number

of inhabitants?
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(A) 75 years (B) 100 years
(C) 50 log,(3) years (D) 50 log,(3) years.
9. We define a set {f1, f2,..., fa} of polynomials to be a linearly dependent set
if there exist real numbers c;, ¢z, . . ., ¢n, not all zero, such that C}f 1W(z) + -+
cnfu(z) = 0 for all real numbers z. Which of the following is a linearly depen-
dent set?
(A) {z,2? 2%} (B) {2? — z, 2z, 2 + 3z}
(C) {x,22%,52%} (D) {z® — 1,2z + 5,2* +1}.
10. A set of numbers S is said to be multiplicatively closed if ab € S whenever both
a€ Sand be S. Let i = v/—1 and w be a non-real cube root of unity. Let
Sy = {a+bi | a,b are integers} andS, = {a + bw | a, b are integers}.
Which one of the following statements is true?
(A) Both S; and S, are multiplicatively closed.
(B) S; is multiplicatively closed but S; is not.
(C) S, is multiplicatively closed but S is not.
(D) Neither S; nor S, is multiplicatively closed.
11. When the product of four consecutive odd positive integers is divided by 5, the
set of remainder(s) is
(A) {0} (B) {0,4} (C) {0,2,4} (D) {0,2,3,4}.
12. Consider the equation z2 + y? = 2015 where > 0 and y > 0. How many
solutions (z,y) exist such that both z and y are non-negative integers?
(A) None (B) Exactly one
(C) Exactly two (D) Greater than two.
13. Let P be a point on the circle z2 4+ y> — 9 = 0 above the z-axis, and @ be a
point on the circle 2% + y% — 20z + 96 = 0 below the z-axis such that the line
joining P and @ is tangent to both these circles. Then the length of PQ is
(A) 5v/2 units (B) 5v/3 units (C) 5v/6 units (D) 6/5 units.
14. Let S = {(z,y)| z,y are positive integers} viewed as a subset of the plane. For

every point P in S, let dp denote the sum of the distances from P to the point
(8,0) and the point (0,12). The number of points P in S such that dp is the
least among all elements in the set S, is

(A) 0 (B) 3 (©) 8 D) 1
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15.

16.

17,

18.

19.

20.

21.

Let A, B and C be the angles of a triangle. Suppose that tanA and tanB are

the rloots of the equation z? — 82 +5 = 0. Then cos2C — 8 cosC sinC + 5 sin’C
equals ;

(A) -1 (B) 0 (0) 1 (D) 2.

Let A= {ai,0a,...,a10} and B = {1,2}. The number of functions f : A — B
for which the sum f(a;) + - - - + f(ay) is an even number, is

(A) 128 (B) 256 (C) 512 (D) 768.
1 ifz>0
Define sgn(z) = { =1 ifz <0
0 ifz=0

Let f:R — R be the function given by f (mt) = (z + 1)sgn(z? — 1) where R is
the set of real numbers. Then the number of discontinuities of f is:
(A) 0 (B) 1 @2 - (D) 3.

Suppose X is a subset of real numbers and f: X — X is a bijection (that is,

one-to-one and onto) satisfying f(z) > z for all z € X. Then X cannot be:
(A) the set of integers (B) the set of positive integers
(C) the set of positive real numbers (D) the set of real numbers

The set of real numbers z satisfying the inequality

4* <2x+9
(1-vIF2z)
is:
(A) [-3,00u (0, % (B) [-3,0) U (%5, 0)
(C) [-3,0) U (0,00) (D) (0, %) U (%, ).

Let ABCDEFGHIJ be a 10-digit number, where all the digits are distinct.
Further, A>B>C, A+B+(C=9, D>E>F >QG are consecutive odd
numbers and H > I > J are consecutive even numbers. Then A is

(A)8 (B) 7 (€)6 (D) 5.

Let A = ﬁ(a,b, ¢) : a,b,c are prime numbers,a < b<c,a+b+c = 30}. The
number of elements in A is

(A)0 (B) 1 (C) 2 (D) 3.
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22

23.

24.

25.

26.

27.

| sinz |

Let f(z) = - ff:v;éO
1 ifz=0

Then f_ll f(z)dz is equal to

(A) F (B) = (C) 2 (D) 0.
Let f : (0,2) U (4,6) — R be a differentiable function. Suppose also that
f'(z) =1 for all z € (0,2) U (4,6). Which of the following is ALWAYS true?
(A) f is increasing
(B) f is one-to-one
(C) f(xz) =z for all z € (0,2) U (4, 6)

(D) £(5.5) — f(4.5) = f(1.5) — £(0.5)

Consider 50 evenly placed points on a circle with centre at the origin and radius
R such that the arc length between any two consecutive points is the same. The
complex numbers represented by these points form

(A) an arithmetic progression with common difference (cos(2%) + 4 sin(1))
(B) an arithmetic progression with common difference (Reos(%£) + iR sin(22))
(C) a geometric progression with common ratio (cos(%) + i sin(22))

(D) a geometric progression with common ratio (Rcos() + iR sin(42))

Given two complex numbers z, w with unit modulus gi.e., | z |=|] w |= 1), which
of the following statements will ALWAYS be correct

(A) |z+w|<V2and |z—w|< V2
(B) |z+w|<v2and | z—w|> V2
C)|lz+w|>V2o0r|z—w|>V2
D) |z+wl|<V2or|2z—w|< V2

The number of points in the region {(z,y) : 22 + y* < 4} satisfying tan'z +
cot®z + 1 = 3 sin?y is

(A) 1 (B) 2 (€) 3 (D) 4.

If al}) the roots of the equation 2* — 82% + az? + bz + 16 = ( are positive. then
a+ :

(A) must be —8

(B) can be any number strictly between —16 and -8
(C) must be —16

(D) can be any number strictly between —8 and 0
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28.

29.

30.

Let O denote the origin and A, B denote respectively the points (—10,0) and
(7,0) on the z-axis. For how many points P on the y-axis will the lengths of
all the line segments PA, PO and PB be positive integers?

(A)0 (B) 2 (C) 4 (D) infinite.

Let G(z) = ff:a f(t)dt, where z is any real number and f is a continuous

function such that f(t) > 1 for all real ¢t. Then,

(A) G'(0) =0 and G has a local maximum or minimum at z = 0.

(B) For any real number ¢, the equation G(z) = ¢ has a unique solution.

(C) There exists a real number ¢ such that G(z) = ¢ has no solution.

(D) There exists a real number ¢ such that G(z) = ¢ has more than one solution.

There are 2n + 1 real numbers having the property that the sum of any n of
them is less than the sum of the remaining n + 1. Then,

(A) all the numbers must be positive

(B) all the numbers must be negative

(C) all the numbers must be equal

(D) such a system of real numbers cannot exist.
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B.Stat. (Hons.) & B.Math. (Hons.) Admission Test: 2016

1;

Multiple-Choice Test
Time: 2 hours

The largest integer n for which n + 5 divides n® + 5 is

(A) 3115 (B) 3120 (C) 3125 (D) 3130.

. Let p, g be primes and a, b be integers. If pa is divided by g, then the remainder

is 1. If b is divided by p, then also the remainder is 1. The remainder when
pa + gb is divided by pq is

(A) 1 (B) 0 (C) -1 (D) 2.
The polynomial z7 + z? + 1 is divisible by

(A)z® -zt +22—z+1 (B) z° +z* +1
C)z*+z*+22+x+1 (D) z° -zt +2?+z+ 1

Let o > 0. If the equation p(z) = 23 — 92 + 26z — o has three positive real
roots, then o must satisfy

(A)a<27  (B)a>81 (C) 2T < a< 54 (D) 54 < & < 81.

The largest integer which is less than or equal to (2 + V3)4is

(A) 192 . (B) 193 (C) 194 (D) 195.

Consider a circle of unit radius and a chord of that circle that has unit length.
The area of the largest triangle that can be inscribed in the circle with that
chord as its base is

1, V2 1. V2 1 V3 1 V3
- B) -+ — C) = +— 2 i D
(A) 5+ (B) 5+ (G 5%~ B =
Let z; = 3 +4i. If 2 is a complex number such that |z,| = 2, then the greatest
and the least values of |z, — z;| are respectively

(A) 7and 3 (B) 5and 1
(C) 9 and 5 (D) 4+ V7 and V7.

Consider two distinct arithmetic progressions (AP) each of which has a positive
first term and a positive common difference. Let S, and T}, be the sums of the

S

first n terms of these AP. Then lim —T—" equals
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10.

11.

12.

13.

(A) oo or 0 depending on which AP has larger first term

(B) oo or 0 depending on which AP has larger common difference
(C) the ratio of the first terms of the AP

(D) the ratio of the common differences of the AP.

Let f(z) = max{cosz,2?}, 0 < z < Z. If z, is the solution of the equation
T
cosz = z? in (0,5),

then

(A) f is continuous only at zg

(B) f is not continuous at z

(C) f is continuous everywhere and differentiable only at zo

(D) f is differentiable everywhere except at zo.

The set of all real numbers in (—2, 2) satisfying

2|:| R |2:r—-l - ll == 21:—11 ey |
is
(A) {-1,1} (B) {-1}U[1,2)
(C) (_2’ _1] U [172) (D) (—2! _1] U {1}
Let S(k) denote the set of all one-to-one and onto functions from {1,2,3,..., k}
to itself. Let p, ¢ be positive integers. Let S(p,q) be the set of all 7 in S(p + q)

such that 7(1) < 7(2) < --- < 7(p) and 7(p+ 1) < 7(p+2) < --- < 7(p+q).
The number of elements in the set S(13,29) is

(A) 377 (B) (42)! (C) (ﬁ) (D) %

Suppose that both the roots of the equation 2% + az + 2016 = 0 are positive
even integers. The number of possible values of a is

(A) 6 (B) 12 (C) 18 (D) 24.

Let b # 0 be a fixed real number. Consider the family of parabolas given by

the equations
y*=4daz +b, wherea€R.

The locus of the points on the parabolas at which the tangents to the parabolas
make 45° angle with the z-axis is

(A) a straight line (B) a pair of straight lines
(C) a parabola (D) a hyperbola.
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14.

15.

16.

17.

18.

Consider the curve represented by the equation

az® 4+ 2bzy +cy’ +d =0
in the plane, where a > 0, ¢ > 0 and ac > b%. Suppose that the normals to the
curve drawn at 5 distinct points on the curve all pass through the origin. Then
(A)a=candb>0 ' (B)a#candb=0
(C)a#cand b< 0 (D) None of the above.
Let P be a 12-sided regular polygon and T be an equilateral triangle with its

incircle having radius 1. If the area of P is the same as the area of T', then the
length of the side of P is

(A) V' V3cot 15° (B) v/V/3tan 15°
(C) V3v2tan15° (D) v/3v/2cot 15°.
Let ABC be a right-angled triangle with ZABC = 90°. Let P be the midpoint

of BC and Q be a point on AB. Suppose that the length of BC'is 2z, ZA )
o, and ZAPQ = 3. Then the length of AQ is

3z 2z
W 2cot a — cot 3 (B) 3cota2—200t,8
s &
(D)

(C) cota — 2cot 2cota —3cot 8’

Let [z] denote the greatest integer less than or equal to z. The value of the

integral .
/ [z)7 ) de
1

is equal to
g8 92 3¢ 3 - 1)" —1)n-1
NI R U U o3 R )
log, 2 lo%e 2  log,3 log, 23 log,(n—1) log.(n—1)
n —
Pt e e + ————————
(B) 14 fog.3 " Tog, 3 T T g, (n— 1)
) §+ 3 n+1
. 23_1+34_23+ .+nn+1_(n_1)n

Let « > 0,8 > 0 and f : R = R be continuous at 0 with f(0) = 8. If
g(z) = |z|*f(z) is differentiable at 0, then

(A)a=1land g=1 B)0<a<land =0
(C)a>1and B=0 (D) > 0and 8 > 0.
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19.

20.

21.

22.

23.

24,

Let f: R — R be a differentiable and strictly decreasing function such that
f(0)=1and f(1) =0. For z € R, let

F(z) = /0 “(t = 2)£(t) dt.

Then
(A) F is strictly increasing in [0, 3]
(B) F has a unique minimum in (0,3) but has no maximum in (0, 3)
(C) F has a unique maximum in (0, 3) but has no minimum in (0, 3)
(D) F has a unique maximum and a unique minimum in (0, 3).

Let f : R — R be a nonzero function such that lim -f(%:,’y) exists for all ¥y > 0.
=00
Let g(y) = xll’rgo % If g(1) =1, then for all y > 0
(A) g(y) =1 (B) 9(y) =y
(©) g(y) =¥ (D) g(y) = °.

Let D = {(z, g) € R?: 2% + y?> < 1}. Then the maximum number of points in
D such that the distance between any pair of points is at least 1 will be

(A) 5 (B) 6 (C) 7 (D) 8.
The number of 3-digit numbers abe such that we can construct an isosceles tri-
angle with sides a,b and c is

(A) 153 (B) 163 (C) 165 (D) 183.
The function

flz)=22 -3z + 24 g >0

(A) has more than two zeros
(B) is always nonnegative
(C) is negative for 0 <z < 1
(D) is one-to-one and onto.

Let X = {a++vV-5b:a,b€ Z}. Anelement z € X is called special if there
exists ¥y € X such that zy = 1. The number of special elements in X is

(A) 2 (B) 4 (C)6 (D) 8.
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25.

26.

27.

28.

29.

For a set X, let P(X) denote the set of all subsets of X. Consider the following
statements.

() P(A)nP(B)= P(AN B).
(I) P(A)U P(B; = PéAU B;.
éIII; P(A)= P(B) = A=B.
V) P(0) =0.

Then

(A) All the statements are true

(B) (1), (II), (III) are true and (IV) is false

(C) (I), (III) are true and (II), (IV) are false
(D) (II), (III), (IV) are true and (I) is false.

Let a, b, ¢ be real numbers such that a + b+ ¢ < 0. Suppose that the equation
az? + bz + ¢ = 0 has imaginary roots. Then

(A)a<Oandec<0 (B)a<0Oandc>0
(C)a>0andc<0 (D) a>0and c> 0.

For a € (0,2), define 2, = (n +1)® — n®. Then lim z, is
n—o0

“ (A) 1forall a

(B) 1 or 0 depending on the value of a
(C) 1 or co depending on the value of a
(D) 1, 0, or oo depending on the value of a.

Let f be a continuous strictly increasing function from [0, c0) onto [0, 00) and
91-1: f7! (that is, f(z) = v if and only if g(y) = z). Let a,b > 0 and a #£ b
en

) /Oaf(w) dw+/0bg(y) dy

is
(A) greater than or equal to ab
(B) less than ab
(C) always equal to ab

(D) always equal to %;bg@.

o0
The sum of the series 5 n%™" is
n=1
e? e’ +e

(A) =P (B) e (C)

N w

(D) oo.
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30. Let f:[0,1] = [-1,1] be a non-zero function such that

f(2z) =3f(z), z€[0,3].

Then 1_ig)1+ f(z) is equal to

(A) 3 (B) 3 (©)

(D) 0.
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13.
17.
21.
25.
29.
33.
37.
41.
45.
49.
53.
57.
61.
65.
69.
73.
77.
81.
85.
89.
93.
97.

»P QU0 QPO OQQrET>PQUOQPTZTEQE>»QAOQOQ

KEY TO MULTIPLE-CHOICE QUESTIONS

10.
14.
18«
22.
26.
30.
34.
38.
42.
46.
50.
54.
58.
62.
66.
70.
74.
78.
82.
86.
90.
94.

98.
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11.
15.
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43.
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59.
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67.
(
75.
79.
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87.
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12.
16.
20.
24.
28.
32.
36.
40.

48.
52.
56.
60.
64.

68.
T2.
76.
80.
84.
88.
92.
96.
100.
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101.
105.
109.
113.
117,
121.
125.
129.
133.
137.
141.
145.
149.
153.
157.
161.
165.
169.
173.
b 4 £
181.
185.
189.
193.
197.
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102.
106.
110.
114.
118.
122.
126.
130.
134.
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166.
170.
174.
178.
182.
186.
190.
194,
198.
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103.
107.
111.
115.
119.
123.
127.
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135.
139.
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159.
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167.
171.
175.
179.
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187.
191.
195.
199.
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104.
108.
112.
116.
120.
124.
128.
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136.
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144.
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160.
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168.
172.
176.
180.
184.
188.
192.
196.
200.
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201.
205.
209.
213.
217.
221.
225.
229.
233.
237.
241.
245.
249.
253.
257.
261.
265.
269.
273.
277.
281.
285.
289.
293.
297.
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202.
206.
210.
214.
218.
222.
226.
230.
234.
238.
242.
246.
250.
254.
258.
262.
266.
270.
274.
278.
282.
286.
290.
294.
208.
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203.
207.
211.
215.
219.
223.
227.
231.
235.
239.
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247.
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255.
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267.
271.
275.
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287.
291.
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299,
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208.
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216.
220.
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268.
272.
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300.
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509.
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KEY TO 2007 B.STAT.

1.

9.
13.
17
21.
25.
29.

> 0O > mQa»

2.

10.
14.
18.
22.
26.
30.

aoaQaQaaQQwo»

ADMISSION TEST:

3.

T
11.
15.
19.
23.
27.

MULTIPLE-CHOICE

4.

8.
12.
16.
20.
24.
28.

Q» »» 00w
WQU»»oEW

KEY TO 2007 B.MATH.

Ls

13.
17.
21.
25.

QrF QprwmwaaOQ

2.
6.
10.
14.
18.
22.

ADMISSION TEST:

D 3. B 4. D
B 7. A 8. C
B 11. A 12. A
C 15. D 16. D
A 19. C 20. D
B 23. D 24. A

MULTIPLE-CHOICE

KEY TO 2008 B.STAT.

1.

13.
17.
21.
25.
29.

>WWAPAQE >

2.

6.
10.
14.
18.
22.
26.
30.

ADMISSION TEST:

o0 QUWW»AQ

3.

T
11.
15.
19.
23.
27.

MULTIPLE-CHOICE

4.

8.
12.
16.
20.
24.
28.

QU rBwWaU
wroUoUwr O
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KEY TO 2008 B.MATH.

2

9.
13.
17,
21.
25.
29.

Wow»we»Q»

2.

6.
10.
14.
18.
22.
26.
30.

QrPp0ORFQODOQOE

ADMISSION TEST:

3.
7
11.
15.
19.
23.
27.

MULTIPLE-CHOICE

A 4. C
D 8. A
C 12. A
B 16. C
C 20. D
B 24. A
B 28. B

KEY TO 2009 B.STAT. ADMISSION TEST: MULTIPLE-CHOICE

1. B 2. C 3. A 4. C

. D 6. B 7. B 8. A

9. D 10. D 11, ' CG 12..D
13. B 14. C 15. A 16. C
17. B 18. A 19. C 20. B
21. A, D 22. A, C 23. A 24. B, D
25. A 26. B, D 27. B, C 28. A, B
29. C,D 30. D

KEY TO 2009 B.MATH. ADMISSION TEST:

| €
5.
9.
13.
17.
21.
25.
29.

WP OEOoOOoOwWAO

2.

6.
10.
14.
18.
22.
26.
30.

>PQQ0wwaw

3.

T
11,
15.
19.
23.
27.

MULTIPLE-CHOICE

4.

8.
12.
16.
20.
24.
28.

Tomwaa» >
aaQ»»» 00
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KEY TO 2010 B.STAT.

1.
5.
9.
13.
17.
21.
25.
29.

WO QU »WPEQ

2.

6.
10.
14.
18.
22,
26.
30.

ADMISSION TEST: MULTIPLE-CHOICE

car0aQoa»

3.

T
5 B S
15.
19.
23.
27.

4.

8.
12.
16.
20.
24.
28.

> U Wwaw
WOoOwW» QWA

KEY TO 2010 B.MATH.

ADMISSION TEST:

MULTIPLE-CHOICE

1. D 2. C 3. A 4. D
5. B 6. C 7. B 8. D
9. B 10. C 11. A 12. B
13. A 14. D 15. C 16. C
17. B 18. B 19. C 20. A
. ¢ 22. D 23. D 24. B
25. B 26. A 27 G 28. B
29. D 30. C

KEY TO 2011 B.STAT. ADMISSION TEST: MULTIPLE-CHOICE
1. C 2.B 3. A 4. A

5. C 6. C 7. B 8. A

9. D 10. D 175 A 12. B
13. C 14. A 15. B 16. C
17. C 18. D 19. C 20: D
21, D 22. B " 28. A, C 24. B, C
25. A, B 26. C Vo0, D 28. A, D
29. B, D 30. A
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KEY TO 2011 B.MATH.

ADMISSION TEST:

MULTIPLE-CHOICE

1. B 2. © 8. C 4. B

5. C 6. D 7.D 8. D

9. B 10. C 11. € 12. B
13. A 14. C 15. A 16. C
17. A 18. C 19. '€ 20. C
21. B 22, A 23. D 24. B
25. D

KEY TO 2012 B.STAT-B.MATH. ADMISSION TEST:
MULTIPLE-CHOICE ’

1. B 2. A 3 'C 4. B

5. D 6. C 7.D 8. B

9. C 10. D 11. C 12. D
13. A 14. B 15. D 16. C
17. A 18. B 19. A 20. D
21. A 22. C 23. C 24. D
25. C 26. A 27. B 28. B
29. A 30. D

KEY TO 2013 B.STAT-B.MATH. ADMISSION TEST:
MULTIPLE-CHOICE

1. B 2. D 3. C 4. A

5. A 6. D 7. D 8. D

9. A 10. D 11. C 12. D
13. C 14. A 15. C 16. D
17..C 18. B 19. B 20. C
21. A 22. B 23. D 24. C
25. B 26. A 27. A 28. B
29. C 30. B
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KEY TO 2014 B.STAT-B.MATH. ADMISSION TEST:

MULTIPLE-CHOICE

1. B 2. A 3 4. C

5 B 6. A s D 8. B

9. C 10. A 11. D 12, €
13. B 14. B 15. D 16. D
17. A 18. C 19. C 20. A
21. B 22. A 23. B 24. B
25. B 26. D 27. B 28. D
29. A 30. C

KEY TO 2015 B.STAT-B.MATH. ADMISSION TEST:
MULTIPLE-CHOICE

X © 2. B 3. B 4. A

5. B 6. A 7. A 8. C

9. B 10. A 11. B 12. A
13. A 14. B 15. C 16. C
17. B 18. B 19. A 20. A
21. C 22. D 23. D 24. C
25. C 26. D 27. A 28. B
29. B 30. A

220
KEY TO 2016 B.STAT-B.MATH. ADMISSION TEST:
MULTIPLE-CHOICE

1. A 2. A 3. A 4. A
5 B 6. C 7. A 8. D
9. D 10. B 11, G 12. B
13. D 14. D 15. A 16. A
17. B 18. C 19. D 20. D
21. C 22. C 23. B 24, A
25. C 26. A 27. D 28. A
29. B 30. D




Short-Answer Type Questions



221

1. A vessel contains z gallons of wine and another contains y gallons of water.
From each vessel z gallons are taken out and transferred to the other. From the
resulting mixture in each vessel, z gallons are again taken out and transferred
to the other. If after the second transfer, the quantity of wine in each vessel
remains the same as it was after the first transfer, then show that z(z+y) = zy.

2. Find the number of positive integers less than or equal to 6300 which are not
divisible by 3, 5 and 7.

3. A troop 5 metres long starts marching. A soldier at the end of the file steps out
and starts marching forward at a higher speed. On reaching the head of the
column, he immediately turns around and marches back at the same speed. As
soon as he reaches the end of the file, the troop stops marching, and it is found
that ltlh?i ;;roop has moved by exactly 5 metres. What distance has the soldier
travelled! :

4. The following table gives the urban population in India and percentages of total
population in rural and urban centres for the decades during 1901-81.

URBAN AND RURAL PoOPULATION OF INDIA: 1901-1981

Urban Percentage of
Year Population Total Population
in million ~Rural — Urban
1901 25.8 89.0 11.0
1911 25.9 89.6 10.4
1921 28.0 88.7 11.3
1931 33.5 87.8 12.2
1941 44.1 85.9 14.1
1951 62.4 82.4 17.6
1961 78.9 81.7 18.3
1971 108.9 79.8 20.2
1981 162.2 76.3 23.7

Verify the following statements against the given data and classify each state-
ment into one of the following categories: (A) True ; (B) False; (C) Does not
necessarily follow from the given information.

[Note: Do not make any additional assumptions. Use only the information

given.]
(i) The percent increase in urban population during 1901-81 is about 2.5 to 3
times the percent increase in total population in that period.

(ii) Tglsel %elrmity of population in urban centres has increased by 160% during
1951-81.

(iii) The largest rate of increase in urban population in a decade during 1901-
1981 occurred in 1971-81.
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6.

(iv) The smallest rate of increase in urban population in a decade during 1931-
1981 occurred in 1931-41.

(v) The relative degree of urbanization (i.e., change in the percentage of urban
population) was highest in 1941-51 and 1971-81.

. In a study of the disparities in the levels of living in rural areas among different

states in India, estimates were obtained for the per-capita household consump-
tion expenditure on all items per month, (denoted by PCE) in the years 1963-64
and 1973-74. They are presented in the table below.

(i) Which state has a PCE closest to the all-India PCE (a) in 1963-647
(b) in 1973-74?

(ii) Suppose the overall disparity among states is measured by the ratio of the
largest to the smallest of the state PCEs in a year. Has disparity among
states increased or decreased between 1963-64 and 1973-747

(iii) By considering the ranks of the states according to PCE, separately for
each year, find out which state has improved its rank most and which state
has declined most between the two years.

PER CAPITA MONTHLY HOUSEHOLD CONSUMPTION EXPENDITURE
IN RURAL AREAS BY STATES, 1963-64 AND 1973-74

State PCE in 1963-64 PCE in 1973-74
Andhra Pradesh 20.91 50.69
Assam 26.28 52.01
Gujarat 22.69 54.54
Himachal Pradesh 25.75 71.85
Jammu & Kashmir 27.99 54.14
Karnataka 20.35 52.29
Kerala 20.45 55.32
Madhya Pradesh 23.21 50.84
Maharashtra 2175 52.91
Manipur 22.20 52.88
Orissa 19.47 42.61
Punjab & Haryana 29.11 75.09
Rajasthan 23.27 63.98
Tamil Nadu 23.52 47.68
Tripura 23.66 50.15
Uttar Pradesh 21.37 51.50
West Bengal 23.83 4747

INDIA o 22.38 55.00

The following table gives the distribution of the worke

rs in :
sex and type of work. a community by age,
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FREQUENCY DISTRIBUTION OF WORKERS BY
AGE, SEX AND TYPE OF WORK

Type of Work
Age in Years Manual Non-manual
_(last birthday) “Male Female Male Female
0-10 8 1o 0 0
11-15 10 20 0 0
16-20 22 20 25 5
21-35 35 45 65 25
36-50 25 35 45 15
51-65 20 15 15 5)
above 65 10 5 0 0

? similar table that was produced for the same community ten years ago is as
ollows:

FREQUENCY DISTRIBUTION OF WORKERS
BY AGE AND TYPE OF WORK

Age in years Type of Work
(last birthday) “Manual Non-manual
5-10 15 0
11-15 35 0
16-20 40 40
21-35 50 80
36-50 70 65
51-65 20 15

above 65 10 0

The break-up of workers by sex is not given in the old table. Assume that the
male-female ratios in both the ‘35 and below’ and ‘above 35’ age-groups have
remained the same over the last ten years for manual as well as non-manual
workers. In which of these two age-groups has the number of female manual
workers increased more?

. The following table gives the natural logarithm of the bodyweights (in Kg)
for five individuals going through a weight-loss programme f}:)? five successive
weeks.

w5 D 1 2 8§ 4 5
A 174 400 3.75 350 3.40 34
B 432 415 3.90 3.95 6.30 3.40
C 424 410 3.80 3.50 3.45 3.60
D 4.38 4.40 4.25 4.30 4.10 3.95
E 438 430 4.35 420 3.80 3.85
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10.

11

12.

(i) For each week identify the individual for whom there are equal numll)le?r
of individuals with higher and lower bodyweights, respectively. Call this
individual the midperson for that week.

(ii) Plot the logarithm of the bodyweight of the midperson for each week
against the week (in plain paper).

(iii) What is your prediction for the logarithm of the bodyweight of the mid-
person for the sixth week? Give reasons.

(iv) Comment on any unusual observations that you find in the table.

(v) Write a brief report (in about five sentences) on how effective the weight-
loss programme has been on different individuals.

In a club of 80 members, 10 members play none of the games Tennis, Bad-
minton and Cricket. 30 members play exactly one of these three games and 30
members play exactly two of these games. 45 members play at least one of the
games among Tennis and Badminton, whereas 18 members play both Tennis
and Badminton. Determine the number of Cricket playing members.

Let ¢ = (xh T, . .- 7x'n)a Yy = (yla Y2, .- )yn)1 where T1,22y---3,%n, Y1, Y2, -+, Yn
are real numbers. We write > y, if for some k, 1 < k < (n — 1),
Ty = Y1,Tz = Y2, ..., Tk = Yk, DUt Zx41 > Yr41. Show that for u = (uy, ..., u,),

v = (V1 .e0y V), W= (Wy,...,w,) and z = (21,..., 2,), if w > v and w > 2z, then
(u+w) > (v+2).

We say that a sequence {a,} has property P, if there exists a positive integer

m such that a, < 1 for every n > m. For each of the following sequences,
determine whether it has the property P or not. [Do not use any result on

limits.|
(i)

o 0.9+ 22 if n is even
S - if n is odd

(ii)
_ l+ﬁ if n is even
a"‘{l " ifnis odd.

Let z and n be positive integers such that 1+ + 2% + ...+ 2" is a prime
number. Then show that n is a prime number.

Let
2n—1

2n

Pp = :

S
16

el
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Then show that

forall ni=1,2.3;::. «

13. (i) In the identity

n! "\ A
2z +1)(z+2)...(z+n) =§m’

A= (-1)* (:)

prove that

(i) Deduce that:
(8)1%"(32%““(g)ﬁ_“*(_l)n(;l) n+ 1)1(n+ 2) nqlhz‘

14. Show that

3 i 4 4 5 PR n+2
124 " 235 346 ' nln+1)(n+3)
1:29 4 1 1

6'6 n+l n+2 n+3]'

15. H?ow many natural numbers less than 10® are there, whose sum of digits equals
77

16. Suppose k,n are integers > 1. Show that (k- n)! is divisible by (k).

17. If the coefficients of a quadratic equation az® + bz 4+ c =0, (a £ 0 1
integers, show that the roots cannot be rational. (a #0), are all odd

18. Let D = a®+b” +c?, where a and b are successive positive integers and ¢ = ab,
Prove that v/D is an odd positive integer.

19. Prove that

n 1
"Co+"C3+"Cs+ -+ "Cy < §(2"+2),

where n is a positive integer and k is the largest integer for which 3k < 7.
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20

21.

22,

23.

24.

25.

26.
27.

28.

29.
30.
31.

32.

Let up = (34+V5)"+(3—v5)"forn=1,2,....

(i) Show that for each n, u, is an integer.
(ii) Show that u,,; = 6u, —4u,_, for all n > 2.
(iii) Use (ii) above, to show that u, is divisible by 2".

For a natural number n, let a, = n?+ 20. If d,, denotes the greatest common
divisor of a, and a,;;, then show that d, divides 81.

Let n > 2 be an integer. Let m be the largest integer which is less tl_lan or
equal to n, and which is a power of 2. Put [, = the least common multiple of
1,2,...,n. Show that [,/m is odd, and that for every integer k < n, k #m,ln/k
is even. Hence prove that

1 1
1+ -4+ =
9 n

is not an integer.

By considering the expression (1 + v/2)" + (1 — v/2)", where n is a positive
integer, show that the integers [(1 + v/2)"] are alternatively even and odd as

n takes values 1,2,.... Here for any real number z, [z] denotes the greatest
integer less than or equal to z.

If » is a positive integer greater than 1 such that 3n + 1 is perfect square, then
show that n + 1 is the sum of three perfect squares.

Show that for every positive integer n, v/n is either an integer or an irrational
number.

Show that 22" — 3n — 1 is divisible by 9 for all n > 1.

Suppose that the roots of 22 +pr+q = 0 are rational numbers and p, g are
integers. Then show that the roots are integers.

Let f(z) and g(z) be two quadratic polynomials all of whose coefficients are
rational numbers. Suppose f(z) and g(z) have a common irrational root. Show
that g(z) = rf(z) for some rational number 7.

Show that for every positive integer n, 7 divides 32"+! 4 on+2,

Show that if n is any odd integer greater than 1, then n® — n is divisible by 80.
If k is an odd positive integer, prove that for any integer n > 1, 1428 ... 4 n*
is divisible by 2L

Show that the number 11...1 with 3" digits is divisible by 3",
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33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Let & be a fixed odd positive integer. Find the minimum value of 2%+ y?, where
x, y are nonnegative integers and = +y = k.

Let f(x,y) = 2® + y*. Consider the region, including the boundary, enclosed
by y = 3 y=—3 and 2 =y*>+1. Find the maximum value of f(z,y) in this
region.

(a) Prove that, for any odd integer n, n* when divided by 16 always leaves
remainder 1.

(b) gfl;ce or otherwise show that we cannot find integers ny,na, ..., ns such
a
n} +nj+...+ng = 1993.

Let a1, as,- - ,a, be n numbers such that each a; is either 1 or —1. If
Q1090304 + Qsa3a4as + - - - + @pQ10203 = 0,
then prove that 4 divides n.

Suppose p is a prime number such that (p—1)/4 and (p+ 1)/2 are also primes.
Show that p = 13.

Show that if a prime number p is divided by 30, then the remainder is either a
prime or is 1.

Two integers m and n are called relatively prime if the greatest common divisor
of m and n is 1. Prove that among any five consecutive positive integers there
is one integer which is relatively prime to the other four integers. (Hint: For
any two positive integers m < n, any common divisor has to be less than or

equal to n —m).

(i) If k and ! are positive integers such that & divides [, show that for every
positive integer m, 1+ (k + m)l and 1+ ml are relatively prime.

(ii) Consider the smallest number in each of the () subsets (of size r) of

S = {1,2,...,n}. Show that the arithmetic mean of the numbers so

. 0 §
obtained is 237.

Find the number of rational numbers m/n, where m,n are relatively prime
positive integers satisfying m < n and mn = 25!

Let f(x) be a polynomial with integer coefficients. Suppose that there exist
distinct integers ay, a, as, a4, such that f(a1) = flaz) = f(as) = f(ay) = 3.
Show that there does not exist any integer b with f (b) = 14.
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43

44.
45.

46.

47

. Show that the equation
3+ 7z —14n*+1)=0
has no integral root for any integer n.
Show that if n > 2, then (n!)? > n™.
Let J = {0,1,2,3,4}. For z,y in J define z®y to be the remainder of the usual
sum of z and y after division by 5 and z ® y to be the remainder of the usual

product of z and y after division by 5. For example, 4® 3 = 2 while 4©®2 = 3.
Find z and y in J, satisfying the following equations simultaneously:

Boez)®(20y) =2 (2oz)e(@dey) =1

A function f from a set A into a set B is a rule which assigns to each element z
in A, a unique g)ne and only one) element (denoted by f %a:)) in B. A function
f from A into B is called an onto function, if for each element y in B there is
some element z in A, such that f(z) = y. Now suppose that A = {1,2,...,n}
and B = {1,2,3}. Determine the total number of onto functions from A into
B.

. For a finite set A, let |A| denote the number of elements in the set A.
(a) Let F' be the set of all functions
f:{1,2,...,n} —{1,2,...,k} (n>3, k>2)

satisfying
f@) #fG+1) foreveryi, 1<i<n-—1.

Show that |F| = k(k —1)*"..
(b) Let ¢(n, k) denote the number of functions in F' satisfying f(n) # f(1).
For n > 4, show that
e(n, k) = k(k = 1)"' —c(n — 1,k).
(c) Using (b) prove that for n > 3,

eln, k) = (k= 1)" + (=1)"(k — 1).

48. Find the number of ways in which 5 different gifts can be presented to 3 children

so that each child receives at least one gift.
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49. z red balls, y black balls and z white balls are to be arranged in a row. Suppose
that any two balls of the same colour are indistinguishable. Given that z +
y + z = 30, show that the number of possible arrangements is the largest for
z=y=z2=10.

50. All the permutations of the letters a, b, ¢, d, e are written down and qrr?nged
in alphabetical order as in a dictionary. Thus the arrangement abede is in the
first position and abced is in the second position. What is the position of the
arrangement debac?

51. (a) Given m identical symbols, say H’s, show that the number of ways in
which you can distribute them in k boxes marked 1,2,...... , k, so that no

box goes empty is (7).

(b) In an arrangement of m H’s and n T’s, an uninterrupted sequence of one

kind of symbol is called a run. (For example, the arrangement H HHTHH
TTTH of 6 H’s and 4 T’s opens with an H-run of length 3, followed
successively by a T-run of length 1, an H-run of length 2, a 7T-run of
length 3 and, finally, an H-run of length 1.)

Find the number of arrangements of m H’s and n T’s in which there are
ezactly k H-runs. [You may use (a) above.]

52. (i) Find the number of all possible ordered k-tuples of non-negative integers

k
(ny,n2,...,nk) such that Zni = 100.
i=1

(ii) Show that the number of all possible ordered 4-tuples of non-negative
4

integers (ni, ng, n3, ny) such that E"i < 100 is (124)-

i=1

53. Show that the number of ways one can choose a set of distinct positive integers,
each smaller than or equal to 50, such that their sum is odd, is 249,

54. Let S ={1,2,...,n}. Find the number of unordered pairs A, B} of sub
S such that A and g are disjoint, where A or B or both mgy be mei‘;. sets of

55. A partition of a set 5 is formed by disjoint, nonempty subsets of S whose
union is S. For example, {{1,3,5}, {2}, {4, 6}} is a partition of the set T =
{1,2,3,4,5,6} consisting of subsets {1,3,5}, {2} and {4, 6}. However, {{1,2,3 5}
{3,4,6}} is not a partition of T. Bl
If there are k nonempty subsets in a partition, then it is called a partition into

k classes. Let S stand for the number of different partitions of a set with n
elements into k classes.

(i) Find Sp.
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56.

57.

58.

59.

60.

61.

62.

63.

(ii) Show that Sp+! = Sp_; + kSp.

Show that the number of ways in which four distinct integers can hfr.:_t,;hﬂﬂf!n
from 1,2,...,n,(n > 7) such that no two are consecutive is equal to ( 4 )
so that

How many 6-letter words can be formed using the letters A, B and C
each letter appears at least once in the word?

In a certain game, 30 balls of k different colours are kept inside a sealed box.
You are told only the value of k, but not the number of balls of each colour.
Based on this, you have to guess whether it is possible to split the balls into 10
groups of 3 each, such that in each group the three balls are of different colours.
Your answer is to be a simple YES or NO. You win or lose a point according as
your guess is correct or not. For what values of k, you can say N O and be sure
of winning? For what values of k, you can say YES and be sure of winning?
Justify your solution.

Consider the set of points
S = {(z,y) : z,y are non-negative integers < n}.

Find the number of squares that can be formed with vertices belonging to S
and sides parallel to the axes.

Consider the set S of all integers between and including 1000 and 99999. Call
two integers = and y in S to be in the same equivalence class if the digits
appearing in z and y are the same. For example, if z = 1010, y = 1000 and
2 = 1201, then z and y are in the same equivalence class, but y and z are not.
Find the number of distinct equivalence classes that can be formed out of S.

Solve
2
6z2—25x+12+~—5+% =0.
T  m
Consider the system of equations z +y = 2, ax +y = b. Find conditions on a

and b under which

(i) the system has exactly one solution;
(ii) the system has no solution;
(iii) the system has more than one solution.

If any one pair among the straight lines
ar +by=a+b, bz —(a+by=—a, (a+b)z—ay=1»

intersect, then show that the three straight lines are concurrent.
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64.

65.

66.

67.
68.

69.

70.

71.

72.

If f(2) is a real-valued function of a real variable z, such that 2f(z) + 3f(—z)
= 15 — 4z for all z, find the function f(z).

Show that for all real =, the expression az? + bz + ¢ (where a,b,c are real

constants with a > 0), has the minimum value M Also find the value of z
for which this minimum value is attained.

If ¢ is a real number with 0 < ¢ < 1, then show that the values taken by

the function y —%, as x varies over real numbers, range over all real
numbers.
Describe the set of all real numbers z which satisfy 2log,,. 37 < 1.

(i) Determine m so that the equation
o' — (Bm+2)z? +m? =0

has four real roots in arithmetic progression.
(ii) Let a and b be two real numbers. If the roots of the equation

2—ar—b=0

have absolute value less than one, show that each of the following condi-
tions holds:
(i) 6] <1, (i)a+b<1 and (iii)b—a< 1.

Suppose that the three equations az? —2bz +¢ = 0, bz® — 2cz +a = 0 and
cz? — 2az + b = 0 all have only positive roots. Show that a = b = c.

Suppose that all roots of the polynomial equation

T — 4t +act +br+1=0
are positive real numbers. Show that all the roots of the polynomial are equal.
Consider the following simultaneous equations in & and y:

z+y+ary = a
z—2y—zy’ = 0

wlhere a is a real constant. Show that these equations admit real solutions in 2
and y

If o, B, are the roots of the equatxon 2® +pz? + qr 4+ r = 0, find the equation

whose roots are a— ﬂ7, - 5 and - ﬁ,
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73.

74.

75.

76.

T

78.

79.

80.

81.

Consider the equation #® + Gz + H = 0, where G and H are complex numbers.
Suppose that this equation has a pair of complex conjugate roots. Show that
both G and H are real.

The sum of squares of the digits of a three-digit positive number is 146, while
the sum of the two digits in the unit’s and the ten’s place is 4 times the digit in
the hundred’s place. Further, when the number is written in the reverse order,
it is increased by 297. Find the number.

Show that there is at least one real value of = for which ¢/z + /& = 1.

Find the set of all values of m such that y = % can take all real values.

n—

For z > 0, show that £=1 > nz"7", where n is a positive integer.
For real numbers z, y and 2, show that

lz| + |yl + |zl € |z +y— 2|+ [y +z—z| + |2+ 2 —y|.

Let 6,,60,,...,01 be any values in the closed interval [0, 7]. Show that

F = (1 +sin?6;)(1 + cos® ;) (1 + sin? 62)(1 + cos?6,) . ... . ..

(1+ in® G5 (1 + cos?Bio) < (%)10.

What is the maximum value attainable by F' and at what values of ,,6,, .. ., 8,
is the maximum value attained?

If a, b, c are positive numbers, then show that

B+t A+ad® | a®+ b

>
b+c i c+a a+b 2atb+te.

Find all possible real numbers a, b, ¢, d, e which satisfy the following set of equa-
tions:

3a=(b+c+d)?
3b=(c+d+e),
3¢ = (d+e+a)®

3d = (e + a + b)*,
3e=(a+b+c)
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82. Let a,b,c,d be positive real numbers such that abed = 1. Show that
(14+a)(1+b)(1+c)(1+d) > 16.

83. If a and b are positive real numbers such that a + b = 1, prove that

B e 1\?2_ 25
=i = > .
<a+a> +(b+b) B>

84. Show that there is exactly one value of  which satisfies the equation

2cos’(z® + 1) =2+ 27"

85. (i) Prove, from first principles, that
(cos@ + isin @)™ = cosnf + isinnb,

for every positive integer n.
(ii) Prove that
(cos@ + isin#)" = cosnb + isinnd,

for every negative integer n.

86. Sketch the set AN B in the Argand plane, where A = {z : [Z3| < 1} and
B={z:|2] -Rez<1}.

87. Let P(z) = az® + bz + ¢, where a, b, c are complex numbers.

(a) If P(z) is real for all real numbers z, show that a, b, ¢ are real numbers.

(b) In addition to (a) above, assume that P(2) is not real whenever z is not
real. Show that a = 0.

88. A pair of complex numbers z, z; is said to have property P if for every complex
number z, we can find real numbers r and s such that z = rz) +sz,. Show that
a pair 21, 2 has property P if and only if the points 2, z; and 0 on the complex

plane are not collinear.

89. Let a be a non-zero complex number such that |a| # 1. Let P be the point a in

the complex plane, and let @ be the point 1/a. Let C; be the circle {z : [2] = 1}
and let C, be any circle passing through P and Q. Show that C; and C; intersect
orthogonally. [Two circles are said to intersect orthogonally if the tangents

at a point of intersection are perpendicular to each other.

90. Draw the region of points (z,y) in the plane, which satisfy |y| < |2| < 1.
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91

92.

93.

94.

95.

96.

97.

98.

- Show that a necessary and sufficient condition for the line az + by + ¢ = 0,

where a,b, ¢ are nonzero real numbers, to pass through the first quadrant is
either ac < 0 or be < 0.

Let a and b be real numbers such that the equations 2z+3y = 4 and az—by =7
have exactly one solution. Then, show that the equations 12z — 8y = 9 and
bz + ay = 0 also have exactly one solution.

Let ABC be any triangle, right-angled at A, with D any point on the side AB.
The line DE is drawn parallel to BC to meet the side AC' at the point E.
F'is the foot of the perpendicular drawn from E to BC. If AD = z,, DB =
T9, BF = x3, EF = x4 and AE = 15, then show that

T + To _ T1x3 +.’II4$5

Ty Ty T3T5 — .’E11‘4.

Consider the circle of radius 1 with its centre at the point (0,1). From this
initial position, the circle is rolled along the positive z-axis without slipping.
Find the locus of the point P on the circumference of the circle which is on the
origin at the initial position of the circle.

Let the circles
2?2 +y* —2cy —a®* =0 and x2+y2—2bx+a2=0,

with centres at A and B intersect at P and Q. Show that the points A, B, P,Q
and O = (0,0) lie on a circle.

Two intersecting circles are said to be orthogonal to each other, if the tangents
to the two circles at any point of intersection, are perpendicular to each other.
Show that every circle through the points (2, 0) and (-2, 0) is orthogonal to the
circle 22 +y* — 5z +4 =0.

Consider the circle C' whose equation is ;
(z—272+@y-8)>2=1
and the parabola P with the equation
y2 =4

Find the minimum value of the length of the segment AB as A moves on the
circle C and B moves on the parabola P.

Let sx, y) = zy, where z > 0 and y > 0. Prove that the function f satisfies
the following property:

SOz + (1= N)z', Ay + (1 = A)y) > min{f(z, y), f(2, )
for all (z,y) # (z',y') and for all A € (0,1).



235

99.

100.

101.

102.

103.

104.

105.

106.

107.

If a circle intersects the hyperbola y = 1/z at four distinct points (z;,%:),7 =
1,2,3,4, then prove that z;2s = y3ys.

Consider the parabola y? = 4z. Let P = (a, b) be any point inside the parabola,
ie., b? < 4a, and let F be the focus of the parabola. Find the point Q on the
parabola such that FQ + QP is minimum. Also, show that the normal to the
parabola at @ bisects the angle FQP.

Let E be the ellipse with centre at origin O whose major and minor axes are of
length 2a and 2b respectively. Let 8 be the acute angle at which £ is cut by a
circle with centre at the origin (i.e., @ is the acute angle of intersection of their
tangents at a point of intersection). Prove that the maximum possible value of

; A2 17
0 is tan™' (%2

Suppose that AB is an are of a circle with a given radius and centre subtending
an angle 6 (0 < # < 7 is fixed) at the centre. Consider an arbitrary point
P on this arc and the product /(AP) - [(PB), where {(AP) and /(PB) denote
the lengths of the straight lines AP and PB, respectively. Determine possible
location(s) of P for which this product will be maximized. Justify your answer.

Let P be the fixed point (3,4) and @ the point (z,v/25 — 22). If M(z) is the
slope of the line PQ, find ;1_1% M(z).

Let A and B be two fixed points 3 cm apart.

(a) Let P be any point not collinear with A and B, such that PA = 2PB. The
tangent at P to the circle passing through the points P, A and B meets
the extended line AB at the point K. Find the lengths of the segments
KB and KP.

(b) Hence or otherwise, prove that the locus of all points P in the plane such
that PA = 2PB is a circle.

Tangents are drawn to a given circle from a point on a given straight line, which
does not meet the given circle. Prove that the locus of the mid-point of the
chord joining the two points of contact of the tangents with the circle is a circle.

The circles €4, Cy and C3 with radii 1, 2 and 3, respectively, touch each other
externally. The centres of C, and C; lie on the z-axis, while C; touches them
from the top. Find the ordinate of the centre of the circle that lies in the region
enclosed by the circles C}, C5 and C3 and touches all of them.

If a,b and c¢ are the lengths of the sides of a triangle ABC and if p,,p, and
ps are the lengths of the perpendiculars drawn from the circumcentre onto the
sides BC,CA and AB respectively, then show that

a b c abe
2 —_—t == .
P11 P2 p3 4mpeps
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108.

109.

110.

111.

112.

113.

114.

115.

116.

Inside an equilatéral triangle ABC, an arbitrary point P is taken from which
the perpendiculars PD, PE and PF are dropped onto the sides BC, CA and

PD+PE+PF does not depend upon

BD + CE + AF
the choice of the point P and find its value.

Let P be an interior point of the triangle A ABC. Assume that AP, BP and
CP meet the opposite sides BC, CA and AB ar D, E and F, respectively.

Show that
AF  AE _ AP
FB ' EC PD’

Let ABCD be a cyclic quadrilateral with lengths of sides AB = p, BC' = g,
CD =r and DA = s. Show that

40 _potar
BD ~ pg+rs’

AB, respectively. Show that the ratio

AB is a chord of a circle C.

(a) Find a point P on the circumference of C' such that PA.PB is the maxi-
mum.

(b) Find a point P on the circumference of C' which maximises PA + PB.

A rectangle OACB with the two axes as two sides, the origin O as a vertex is
drawn in which the length OA is four times the width OB. A circle is drawn
passing through the points B and C and touching OA at its mid-point, thus
dividing the rectangle into three parts. Find the ratio of the areas of these three
parts.

Find the vertices of the two right angled triangles each having area 18 and such
that the point (2,4) lies on the hypotenuse and the other two sides are formed
by the 2 and y axes.

Let PQ be a line segment of a fixed length L with its two ends P and Q slid-
ing along the X-axis and Y-axis respectively. Complete the rectangle O PRQ
where O is the origin. Show that the locus of the foot of the perpendicular
drawn from R on PQ is given by

223 4 23 = 213,

sin? z cosz _ _1_ sz costs L
If 2 5~ = =5 then show that ®5* + < = o

If A, B, C are the angles of a triangle, then show that sin A+ sin B — ¢os ¢ < 3.
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117.

118.

119

120.

Let [x] denote the largest integer (positive, negative or zero) less than or equal
to x. Let y = f(x) = [z] + /2 — [2] be defined for all real numbers z.

(i) Sketch on plain paper, the graph of the function f(z) in the range
-5<x<5.

(ii) Show that, given any real number yp, there is a real number zo, such that
Yo = f(wo).

Let X be a point on a

straight line segment AB

such that AB - BX =

AX2. Let C be a point

on the circle with centre

at A and radius AB such )

that BC' = AX. (See fig- A < | B
ure.) Show that the an- /
gle BAC = 36°.

In the adjoining figure CZ is per-
pendicular to XY and the ratio
of the lengths AZ to ZB is 1:2.
The angle ACX is o and the an-
gle BCY is . Find an expression
for the angle AZC in terms of « i p

and . X c v

(i) If A+ B+ C = nm where n is a positive integer, show that
sin2A +sin 2B +sin 2C = (—1)""'4 sin A sin Bsin C.

(ii) Let triangles ABC and DEF be inscribed in the same circle. If the trian-
gles are of equal perimeter, then prove that

sin A +sin B +sinC =sin D + sin E + sin F.

(iii) State and prove the converse of (ii) above.
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121.

122.

123.

124.

125.

126.

127.

128.

Let {z,} be a sequence such that z; = 2,2z, = 1 and
2¢, — 3Tp_1 + Tpo=0
for n > 2. Find an expression for z,.

Sketch on plain paper, the graph of the function ¥ = sin(z?), in the range
0 <z <4,

Let [z] denote the largest integer less than or equal to z. For example, [43]

= 4; [4] = 4. Draw a rough sketch of the graphs of the following functions on
plain paper:

(i) f(z) = [z];
(ii) g(z) =z — [z];
(iii) h(z) = 2.

Sketch, on plain paper, the graph of y = -:—:-—‘_t}

Let f : IN — IN be the function defined by f(0) = 0, f(1) = 1, and f(n)

= f(n—1)+ f(n—2) for n > 2, where IN is the set of all non-negative integers.
Prove the following results:

(i) f(n) < f(n+1)foralln>2.
(ii) There exist precisely four non-negative integers n for which f(f(n))

= f(n).
(iii) f(5n) is divisible by 5, for all n.

Sketch, on plain paper, the regions represented on the plane by the following:
(i) |y| =singz;

(ii) |z = Iyl = 1.

Find all (z,y) such that

sinz +siny =sin(z +y) and |z|+ |y| = 1.

Draw the graph (on plain paper) of
f(z) = min{|z| = 1,|z = 1| = 1, ]z — 2| = 1}.
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129. Using calculus, sketch the graph of the following function on a plain paper:

_5—3:v2
T 1—g?

f(z)

130. (a) Study the derivatives of the function

r+1
flz) = @-1)z-7)

to make conclusions about the behaviour of the function as z ranges over
all possible values for which the above formula for f(z) is meaningful.

(b) Use the information obtained in (a) to draw a rough sketch of the graph
of f(z) on plain paper.

131. ‘(S_ketc)h the curve y = 42® — 3z + a on plain paper and show that the equation
in z
4z -3z +a=0,
(where the real constant a is such that 0 < |a| < 1) has three distinct real roots
all of which have their absolute values smaller than 1.

132. For the following function f study its derivatives and use them to sketch its
graph on plain paper.

z—-1 z+1
x+1+x~1

f(z)= for = # —1,1.

133. Use the derivatives and the left and right limits at points of discontinuities, if
any, of the function
e = z z+2
z+2

to make conclusiong aboqt the behaviour of the function as z ranges over all
possible values. Using this, draw a rough sketch of the graph of the function
f(z) on plain paper.

134. Using Calculus, sketch on plain paper the graph of the function
1 1
flz) =:c2+:z+5+§ for z#0.

Show that the function f defined as above for positive real numbers attains a
unique minimum. What is the minimum value of the function? What is the
value of z at which the minimum is attained?
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135.

136.

137.

138.

139.

140.

Suppose f(z) is a continuous function such that f(z) = / f(t)dt. Prove that
0

f(z) is identically equal to zero.

Consider the function

sin(%(x - [:z:])) if [z] is odd, z > 0

f(z) =
cos(%(l —-z+ [:z:])) if [z] is even, z > 0

where [z] denotes the largest integer smaller than or equal to z.

(i) Sketch the graph of the function f on plain paper.

(ii) Determine the points of discontinuities of f and the points where f is not
differentiable.

For a real number z, let [z] denote the largest integer less than or equal to z
and < z > denote z — [z]. Find all the solutions of the equation

13[z] + 25 < = >= 271.

For any positive integer n, let (n) denote the integer nearest to \/n.

(a) given a positive integer k, describe all positive integers n such that (n) =

(b) Show that
®_ on) 4 9=(n)

= =8

n=1

Find all positive integers z such that [z/5] — [z/7] = 1, where, for any real
number ¢, [t] is the greatest integer less than or equal to ‘.

Consider the function

. log,(2+ ) — z™sinz
f(.’l)) - nllbnolo 1+ 20 2

z > 0.

(i) Is f(z) continuous at z = 1? Justify your answer.

(ii) Show that.f(z) does not vanish anywhere in the interval 0 < < I, and
indicate the points where f(z) changes its sign.
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141.

142.

143.

144.

145.

146.

147.

Consider the function f(t) = e~t,¢ > 0. Let for each positive integer n, P, be
the polynomial such that ;‘t—: flt)= Pn(%)e—% for all £ > 0. Show that

Pryi(z) = 22 (Py(z) — %Pn(x))

Study the derivative of the function
f(z) =2° - 32° + 4,
and roughly sketch the graph of f(z), on plain paper.
Study the derivative of the function
f(z) =log,z — (z — 1),for z > 0,
and roughly sketch the graph of f(z), on plain paper.

Suppose f is a real-valued differentiable function defined on [1, 00) with f(1) =
1. Suppose, moreover, that f satisfies

1
, T cr—
f(a) 2 + f2(z)
Show that f(z) < 1+ m/4 for every z > 1.

Let f(z) be a real valued function of a variable z such that f'(z) takes both
positive and negative values and f”(z) > 0 for all z. Show that there is a real
number p such that f(z) is an increasing function of z for all z > p.

Suppose f is a function such that f(z) > 0 and f’(x) is continuous at every
real number z. If f'(t) > 1/ f(t) for all ¢, then show that

Vi@ > VD + %(z ~1).

forall 2> 1.

A function f : R — R is called periodic if for some constant a > 0,
f(z + a) = f(z) for every real number z. Show that the function

f(z) = cos z + cos(?m)

is not periodic.
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148. Show that there is no real constant ¢ > 0 such that cos/z + ¢ = COS vz for
all real numbers x > 0.

s o

149. Consider the real-valued function f, defined over (—oo,00) by f(z) = 2° +
bzd + ca? + dz + e, where b, ¢, d, e are real numbers and 3b? < 8c. Show that the
function f has a unique minimum.

150. Find the maximum among 1,22, 31/3 41/4 ...

151. Let = be a positive number. A sequence {z,} of real numbers is defined as
follows:

1 ;
= .2.(3; + g), Ty = %(1‘1 + a%)’ ...,and in general,

1 5
Tl = 5(:1:,, + x_) for all n > 1.

n

n—V0 —v5)\2™
(a) Show that, for all n > 1, ;n+£ = i+£) :

(b) Hence find lim z,.
n—oo

152. Let ag and by be any two positive integers. Define ay,, b, for n > 1 using the
relations a, = @n—1+2bp—1, by = @p—1+b,_1 and let ¢, = 2,forn=0,1,2

(a) Write (V2 — cat1) in terms of (V2 — c,).
(b) Show that |V2 — cata| < 251V2 = cal.
(c) Show that nll)rgo en = V2.

153. Suppose z; = tan™12 > z, > 3 > - -+ are positive real numbers satisfying
SiN(Zny1 — o) + 2" sinzasinzan =0 forn > 1.

Find cot z,. Also, show that lim z, = L
n—o0 4

154. Find the maximum and minimum values of the function f (z) =22 —zsinz, in
the closed interval [0, §]. ’

155. Evaluate

lim { : + . + .

nso'n+1 n+2 7 n+n}'
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156.

157.

158.

159.

160.

161.

162.

163.

A man walking towards a building, on which a flagstaff is fixed vertically, ob-
serves the angle subtended by the flagstaff to be the greatest when he is at a
distance d from the building. If 8 is the observed greatest angle, show that the
length of the flagstaff is 2d tané.

Evaluate

T {1+ ) (14 D)1+ ) (1 2 )}

1
n 2n 2n

11 dCC
/2 1-z

A= [ Gosmdz, then show that

™/2 ginz cos x 1.7 1
RSt W (i L= R |
/0 ) ©=3Gts )

Find the value of

Prove by induction or otherwise that

/"/2 sin(2n + l)xd
— g
0

iy
sinx 9

for every integer n > 0.

Show that "
/

250
AVBT-1) < % < 2(v/250).
k=1

sin nz
T

2 1 1
s s el (5 (O B O
_W(+2+ +n).

Show that

. g . Tdt
Using the identity logz = f 3 F > 0, or otherwise, prove that
1

1 1 1
1_108(1'*' ) <

for all integers n > 1.
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164.

165.

166.

167.

168.

169.

170.

171

172.

Show that the area of the bounded region enclosed between the curves ¥y =z

and y = 2 —z?, is 2%.

Find the area of the region in the zy-plane, bounded by the graphs of
y=ztr+y=2and y=—/7.

A cow is grazing with a rope around her neck and the other end of the rope is
tied to a pole. The length of the rope is 10 metres. There are two boundary
walls perpendicular to each other, one at a distance of 5 metres to the east of

the pole and another at a distance of 5v/2 metres to the north of the pole. Find
the area the cow can graze on.

Show that the larger of the two areas into which the circle z% + y* = 64 is
divided by the curve y* = 12z is (87 — V/3).

Out of a circular sheet of paper of radius a, a sector with central angle 8 is cut
out and folded into the shape of a conical funnel. Show that the volume of the

funnel is maximum when & equals 21r\/§.

A regular five-
pointed star is
inscribed in a
circle of radius 7.
gSee the figure.)
how that the
area of the region

inside the star is
1072 tan(w/10)
3—tan?(/10) *

Let {C,} be an infinite sequence of circles lying in the positive quadrant of the
XY -plane, with strictly decreasing radii and satisfying the following conditions.
Each C, touches both the X-axis and the Y-axis. Further, for all n > 1, the

circle Cp41 touches the circle C, externally. If C, has radius 10 cm, then show
that the sum of the areas of all these circles is 722" sq cm.

Let ABC be an isosceles triangle with AB = BC =1 ¢m and ZA = 30°. Find
the volume of the solid obtained by revolving the triangle about the line AB.

Suppose there are k teams playing a round robin tournament; that is, each
team plays against all the other teams and no game ends in a draw. Su’ppose
the it team loses /; games and wins w; games. Show that

k

k

Z 2_2 2
li . w".

i=1 i=1
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173.

174.

175.

176.

177.

178.

179.

180.

Let Py, P, ..., P, be polynomials in x, each having all integer coefficients, such
that P, = P2+ P2+...+ P2. Assume that P, is not the zero polynomial. Show
that PA=1land L=FP;=...=P,=0.

Let P(z) = 2 + aa® + ba? + cx + d, where a, b, ¢ and d are integers. T}le sums
of the pairs of roots of P(x) are given by 1, 2, 5, 6, 9 and 10. Find P(3).

Let P(z) = 2" 4+ ap12" P+ ap_ga™ 4o ve e + ap2 + ag be a polynomial with
integer coefficients, such that, P(0) and P(1) are odd integers. Show that:

(a) P(z) does not have any even integer roots.

(b) P(z) does not have any odd integer roots.
Suppose that P(x) is a polynomial of degree n such that

k

i for B=0,1;sx%

P(k) =

Find the value of P(n + 1).

There are 1000 doors D, Ds,. .., Dyooo and 1000 persons Py, Pa. ..., Piooo- Ini-
tially all the doors were closed. Person P goes and opens all the doors. Then
person P, closes doors Dy, Dy, ..., Digoo and leaves the odd-numbered doors
open. Next, P; changes the state of every third door, that is, D3, D, ..., Dagag.
(For instance, P closes the open door D3 and opens the closed door D, and so
on.) Similarly, P, changes the state of the doors D,,, Doy, D3 -, Dy - - -
while leaving the other doors untouched. Finally, Pygo opens Do if it were
closed and closes it if it were open. At the end, how many doors remain open?

Let [, b be positive integers. Divide the ! x b rectangle into /b unit squares in the
usual manner. Consider one of the two diagonals of this rectangle. How many
of these unit squares contain a segment of positive length of this diagonal?

Let X = {0,1,2,3,...,99}. For a,b in X, we define a * b to be the remainder
obtained by dividing the product ab by 100. For example, 9 * 18 = 62 and
7 %5 =35. Let z be an element in X. An element y in X is called the inverse
of z if z * y = 1. Find which of the elements 1, 2,3, 4,5, 6, 7 have inverses and
write down their inverses.

Each pair in a group of 20 persons is classified by the existence of kinship
relation and friendship relation between them. The following table of data is
obtained from such a classification



246

181.

182.

183.

KINSHIP AND FRIENDSHIP RELATION AMONG 20 PERSONS

Friendship — | Yes | No
Kinship |

Yes 27 | 3l
No 3 1129

Determine Swith justifications) whether each of the following statements is sup-
ported by the above data:

(i) Most of the friends are kin.
(ii) Most of the kin are friends.

Suppose that one moves along the points (m,n) in the plane where m and n
are integers in such a way that each move is a diagonal step, that is, consists of
one unit to the right or left followed by one unit either up or down.

(a) Which points (p,q) can be reached from the origin?
(b) What is the minimum number of moves needed to reach such a point (p, ¢)?

In a competition, six teams A, B,C, D, E, F' play each other in the preliminary
round—called round robin tournament. Each game ends either in a win or a
loss. The winner is awarded two points while the loser is awarded zero points.
After the round robin tournament, the three teams with the highest scores move
to the final round. Based on the following information, find the score of each
team at the end of the round robin tournament.

(i) In the game between E and F, team E won.

(ii) After each team had played four games, team A had 6 points, team B
had 8 points and team C' had 4 points. The remaining matches yet to be
played were

(i) between A and D;
(ii) between B and E; and
(iii) between C and F.
(iii) The] teams D, E and F had won their games against A, B and C respec-
tively.
(iv) Teams A, B and D had moved to the final round of the tournament.

Let N = {1,2,...,n} be a set of elements called voters. Let ¢ = :

be the set{of all sub}sets of N. Members of C are called coa,litions{.SL'e'tS gble}[g.
function from C to {0,1}. A coalition 5 C N is said to be winning if f(é3 =1;
it is said to be a losing coalition if f(S) = 0. Such a function f is called a,.
voting game if the following conditions hold.
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184.

185.

186.

(a) N is a winning coalition.

b) The empty set ¢ is a losing coalition.

c) If Sis a winning coalition and S C §’, then S’ also is winning. ;

d) Ifboth S and S are winning coalitions, then S S’ # ¢, ie, S and §
have a common voter.

Show that the maximum number of winning coalitions of a voting game is ‘—?:"1.
Also, find a voting game for which the number of winning coalitions is 2""".

Let S be the set of all sequences (ay, as, . ..) of non-negative integers such that
(i) a; > az > ...; and

(ii) there exists a positive integer N such that a, = 0 for all n > N.

Define the dual of the sequence (ay, a3, ...) belonging to S to be the sequence
(b1, bg, . ..), where, for m > 1, b,, is the number of a,’s which are greater than
or equal to m.

(i) Show that the dual of a sequence in S belongs to S.

(ii) Shol\;r that the dual of the dual of a sequence in S is the original sequence
itself.

(iii) Show that the duals of distinct sequences in S are distinct.

An operation * on a set G is a mapping that associates with every pair of ele-

ments a and b of the set G, a unique element a b of G. G is said te be a group

under the operation *, if the following conditions hold:

(i) (a*b) xc = a * (bxc) for all elements a,b and ¢ of G;

gi) th(;are is an element e of G such that a x e = e x a = a for all elements a of
; an

(iii) for each element a of G, there is an element a’ of G such that a *x o’ =

a xa=e.

If G is the set whose elements are all subsets of a set X, and, if * is the oper-
ation on G defined as A+ B = (AUB)\ (AN B), show that G is a group under *.

(For any two subsets C and D of X, C\ D denotes the set of all those elements
which are in C but not in D). ‘ T,

At time 0, a particle is at the point 0-on thereal line.: Attime 1, the particle
divides into two and instantaneously after division, one 'particle moves 1 unit
to the left and the other moves one unit to the right. At time 2, each of these
particles divides into two, and one of the two new particles moves one unit to
the left and the other moves one unit to the right. Whenever two particles
meet, they destroy each other leaving nothing behind. How many particles will
be there after time 2'* 41 ?
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187. Suppose S={0,1} with the following addition and multiplication rules:
0+0=14+1=0 0-0=0:1=1-0=0
0+1=140=1 1:-1=1

A system of polynomials is defined with coefficients in S. The sum and product
of two polynomials in the system are the usual sum and product, respectively,
where for the addition and multiplication of coefficients the above mentioned
rules apply. For example, in the system,
(+1)-(P+2+1) =2+ 1+ )2 +(1+1)z+1 =240z + 0z +1 = 2> +1.
Show that in this system z° 4z + 1 is not factorizable, that is, one cannot write
B +z+1=(azx+b)-(cz®+dz+e),

~ where a, b, ¢, d and e are elements of S.

188. Consider the squares of an 8 x 8 chessboard filled with the numbers 1 to 64
as in the figure below. If we choose 8 squares with the property that there is
exactly one from each row and exactly one from each column, and add up the
numbers in the chosen squares, show that the sum obtained is always 260. -

1|23 |4af5]|6]|7]8

9 | 10| 11| 12| 13| 14| 15| 16
17| 18| 19| 20| 21| 22| 23| 24
25|.26| 27| 28| 29| 30| 31| 32
33| 34| 35| 36(37|38|39] 40
41| 42| 43| 44 45| 46| 47| 48
49| 50| 51| 52| 53| 54| 55| 56
57| 58| 59| 60| 61| 62| 63| 64

189. Let a;,ay, ..., 6100 be real numbers, each less than one, satisfy

a; +agz+ -+ ap > 1.
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(i) Let ng be the smallest integer n such that

ai+az+---+a, > 1.

Show that all the sums @y, @ny + Ang—_1, - - -, any + + - - + @1 are positive.
(ii) Show that there exist two integers p and g, p < g, such that the numbers

Qq, Qg+ Qg—1y...,8q + -+ + Qp,
1
Ap; Gp + Apy1y- - Ap+ 0+ ag

are all positive.
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B.Stat.(Hons.) Admission Test: 2007

Short-Answer Type Test
Time: 2 hours

Suppose a is a complex number such that
1 1

> +a+-+5+1=0.

a a%? | ;

If m is a positive integer, find the value of
1 1
a®™ + a™ -i-a—m-l"a—z;-
Use calculus to find the behaviour of the function
y=e"sinx —00 <z <400

and sketch the graph of the function for =27 < z < 2. Show clearly the
locations of the maxima, minima and points of inflection in your graph.

Let f(u) be a continuous function and, for any real number u, let [u] denote
the greatest integer less than or equal to u. Show that for any z > 1,

x =] z
J b+ 0fwdn=23 i [ fan

=1

Show that it is not possible to have a triangle with sides a, b and ¢ whose
medians have lengths 2a, 2b and fc.

. Show that

—2 < cosf(sinf + Vsin?9 +3) < 2

for all values of 8.

Let S = {1,2,--- ,n} where n is an odd integer. Let f be a function defined
on {(¢,j) : i € S,j € S} taking values in S such that . e

(i) f(s,r)= f(r,s) forallr,se€ S
(ii) {f(r,s):s5€ S} =S forallr e S,

Show that {f(r,7) : 7 € S} = S.
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. Consider a prism with triangular base. The total area of the three faces con-
taining a particular vertex A is K. Show that the maximum possible volume of

the prism is /K3/54 and find the height of this largest prism.

. The following figure shows a 32 x 32 grid divided into 3? subgrids of size 3 x 3.
This grid has 81 cells, 9 in each subgrid.

Now consider an n* x n? grid divided into n? subgrids of size n x n. Find the
number of ways in which you can select n? cells from this grid such that there
is exactly one cell coming from each subgrid, one from each row and one from
each column.
. Let X C RR? be a set satisfying the following properties:
(i) if (z1,31) and (z2,¥2) are any two distinct elements in X, then

either z; >z, and y; > y,

or >z and ys > yy;
(ii) there are two elements (a;,b;) and (ag, b) in X such that for any (z,y) in
X, '
a1 <z <0y and b <y < by;

(iii) if (z1,%1) and (29,y,) are two elements of X, then for all \ € [0,1],
(/\-’51 +(1=Azz, Ay +(1— '\)yz) € X.

Show that if (z,y) is in X, then for some X € [0, 1],

z=2Aay+ (1 —Naz, y=2Ab+ (1= \)b.
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10. Let A be a set of positive integers satisfying the following properties:

(i) if m and n belong to A, then m + n also belongs to A;
(i) there is no prime number that divides all elements of A.

(a) Suppose n; and ny are two integers belonging to A such that np —n, > 1.
Show that you can find two integers my and msy in A such that 0 < mg —

m; < ng —nNg.

(b) Hence show that there are two consecutive integers belonging to A.

(c) Let ng and ng + 1 be two consecutive integers belonging to A. Show that
if n > n? then n belongs to A.
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10.

B.Math.(Hons.) Admission Test: 2007

Short-Answer Type Test
Time: 2 hours

. Let n be a positive integer. If n has odd number of divisors (other than 1 and

n), then show that n is a perfect square.

Let a and b be two non-zero rational numbers such that the equation aa:"’-i-b_y2 =
0 has a non-zero solution in rational numbers. Prove that for any rational

number ¢, there is a rational solution of the equation az?® + by? = t.

For a natural number n > 1, consider the n — 1 points on the unit circle

e*™*/"(k =1,2,...,n — 1). Show that the sum of the distances of these points
from 1 is n.

Let ABC be an isosceles triangle with AB = AC = 20. Let P be a point inside
the triangle ABC such that the sum of the distances of P to AB and AC is 1.
Describe the locus of all such points inside ABC.

. Let P(X) be a polynomial with integer coefficients of degree d > 0.

(a) If @ and j are two integers such that P(a) = 1 and P(8) = —1, then prove
that |8 — ¢ divides 2. :

(b) Prove that the number of distinct integer roots of P%(z) —1 is at most d+2.

. In ISI Club each member is on two committees and any two committees have ex-

actly one member in common. There are five committees. How many members
does ISI Club have?

Let 0 < 6 < %. Prove that sinf > 2.

Let P : R — R be a continuous function such that P(X) = X has no real
solution. Prove that P(P(X)) = X has no real solution.

. In a group of five people any two are either friends or enemies, no three of them

are friends of each other and no three of them are enemies of each other. Prove
that every person in this group has exactly two friends.

The eleven members of a cricket team are numbered 1,2,...,11. In how many
ways can the entire cricket team sit on the eleven chairs arranged around a
circ.t?xlar table so that the numbers of any two adjacent players differ by one or
two!
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. Suppose S is the set of all positive integers. For a,b € S, define

B.Stat.(Hons.) Admission Test: 2008

Short-Answer Type Test
Time: 2 hours

. Of all triangles with a given perimeter, find the triangle with the maximum

area. Justify your answer.

. A 40 feet high screen is put on a vertical wall 10 feet above your eye-level. How

far should you stand to maximize the angle subtended by the screen (from top
to bottom) at your eye?

. Study the derivatives of the function

y=vVzd—4z

and sketch its graph on the real line.

. Suppose P and @ are the centres of two disjoint circles C; and C; respectively,

such that P lies outside C; and Q lies outside C;. Two tangents are drawn
from the point P to the circle Cy, which intersect the circle C at points A and
B. Similarly, two tangents are drawn from-the point @ to the circle Cy, which
intersect the circle C; at points M and N. Show that AB = M N.

. Suppose ABC is a triangle with inradius ». The incircle touches the sides BC,

CA and AB at D, E and F respectively. If BD = ¢, CE = y and AF = z,

then show that . i

= —.
T+y+z

: 1 2n
Evaluate: lim — log ]
n—oo 2n n

. Consider the equation z° + z = 10. Show that

| (a) the equation has only one real root;
(b) this root lies between 1 and 2;
(¢) this root must be irrational. .

In how many ways can you divide the set of eight numbers {2,3,...,9} into 4
pairs such that no pair of numbers has g.c.d.. equal to 27

_lem.(a,b) 4
Al g.c.d.(a,b)
For example, 8 % 12 = 6.

Show that exactly two of the following three properties are satisfied :
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(i) Ifa, b€ Sthenaxbe S.
(i) (axb)*c=ax*(b*c)foralla,bce S.
(iii) There exists an element i € S such that a*i=a foralla € S.

10. Two subsets A and B of the (z, y)-plane are said to be equivalent if there exists
a function f : A — B which is both one-to-one and onto.

(i) Show that any two line segments in the plane are equivalent.
(ii) Show that any two circles in the plane are equivalent.




256

B.Math.(Hons.) Admission Test: 2008

Short-Answer Type Test
Time: 2 hours

. Let f: R — R be a continuous function. Suppose

$@) =7 [ (fa+s) - f@)ay

for all z € R and all £ > 0. Then show that there exists a constant ¢ such that
f(z) = cz for all z.

Sup_ppse that P(z) is a polynomial with real coefficients such that for some
positive real numbers ¢, d and for all natural numbers n, we have

enf® < |P(n)] < dlnf?.

Prove that P(z) has a real zero.

2 .3

Let z be a complex number such that z, z are collinear in the complex

plane. Show that z is a real number.

y R

Let aq,...,a, be integers. Show that there exists integers k¥ and r such that

the sum
Ak + Qky1 + 0+ Qyr

is divisible by n.

If a polynomial P with integer coefficients has three distinct integer
show that P(n) # 1 for any integer n. B e

Let (',:) denote the binomial coefficient #ik),, and F,,, be the mth Fibonacci
number given by Fy = F; =1 and Froy2 = Fop + Fp i for all m > 1. Show that

Z (:) = F1 forallm>1.

Here, the above sum is over all pairs of integers n > k > 0 with n + k = m.

Let
C = {(i,5) | 4,7 integers such that 0 < ¢, 5 < 24},

How many squares can be formed in the plane all of whose vertices are in C
and whose sides are parallel to the x-axis and y-axis?
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8. Let L il
a2+ =1 c+d®=1, ac+bd=0.

Prove that
ad+ct=1 b +d*=1, ab+cd=0.

9. For n > 3, determine all reeﬂ solutions of the system of n equations:

1
T1+22++ 21 =—
, Tn

.........

To+ "+ Tp1+Tp =
Ty -

10. If p is a prime number and a > 1 is a natural number, then show that the
2=1 i either 1 or p.

greatest common divisor of the two numbers a — 1 and %=
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1.

B.Stat.(Hons.) Admission Test: 2009
Short-Answer Type Test
Time: 2 hours

Two train lines intersect each other at a junction at an acute angle 6. A trainis
passing along one of the two lines. When the front of the train is at the junction,
the train subtends an angle a at a station on the other line. It subtends an
angle 8 (< ) at the same station, when its rear is at the junction. Show that

e = 2sinasin 8
~ sin(a—f)

Let f(z) be a continuous function, whose first and second derivatives are con-
tinuous on [0, 27] and f”(z) > 0 for all z in [0, 27]. Show that

2
f(z)coszdz > 0.
0

Let ABC be a right-angled triangle with BC = AC = 1. Let P be any point
on AB. Draw perpendiculars PQ and PR on AC and BC respectively from P.
Define M to be the maximum of the areas of BPR, APQ and PQCR. Find

the minimum possible value of M.

A sequence is called an arithmetic progression of the first order if the differences
of the successive terms are constant. It is called an arithmetic progression of
the second order if the differences of the successive terms form an arithmetic
progression of the first order. In general, for £ > 2, a sequence is called an
arithmetic progression of the k-th order if the differences of the successive terms
form an arithmetic progression of the (k — 1)-th order.

The numbers
4,6,13,27,50,84

are the first six terms of an arithmetic progression of some order. What is its
least possible order? Find a formula for the n-th term of this progression.

A cardboard box in the shape of a rectangular parallelopiped is to be enclosed
in a cylindrical container with a hemispherical lid. If the total height of the
container from the base to the top of the lid is 60 centimetres and its base has
radius 30 centimetres, find the volume of the largest box that can be completely
enclosed inside the container with the lid on.

Let f(z) be the function satisfying
#f(a) = logz; for z > 0.

Show that f™(1) = (=1)"*'nl (1+ 1+ + 1), where f()(z) q th
n-th derivative of the function f evaluated at z." () denotes the
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10.

Show that the vertices of a regular pentagon are concyclic. If the lgn%th of eacll
side of the pentagon is z, show that the radius of the circumcircle is 3 cosec36°.

Find the number of ways in which three numbers can be selected from the set
{1,2,...,4n}, such that the sum of the three selected numbers is divisible by
4.

Consider 6 points located at Py = (0,0), P, = (0,4), P> = (4,0), Ps = (=2, f2),
Py = (3,3) and Ps = (5,5). Let R be the region consisting of all points
in the plane whose distance from P, is smaller than that from any other F;,
1=1,2,3,4,5. Find the perimeter of the region R.

Let z,, be the n-th non-square positive integer. Thus, z; = 2, z, = 3, 23 = 5,
z4 = 6, etc. For a positive real number z, denote the integer closest to it by
(z). If £ = m + 0.5, where m is an integer, then define (z) = m. For example,

(1.2) =1, (2.8) =3, (3.5) = 3. Show that z, =n + (\/n).
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10.

B.Math.(Hons.) Admission Test: 2009

Short-Answer Type Test
Time: 2 hours

. Let 2,7, z be non-zero real numbers. Suppose a, 3,7 are complex numbers such

that | o |[=| B |=]v|= 1L Ifx+y+z=0=oza:+ﬁy+'yz, then prove that
o= = .

. Let ¢ be a fixed real number. Show that a root of the equation

z(z+1)(z+2)---(z+2009) =c

can have multiplicity at most 2. Determine the number of values of ¢ for which
the equation has a root of multiplicity 2.

Let 1,2,3,4,5,6,7,8,9,11,12,... be the sequence of all the positive integers

integers which do not contain the digit zero. Write {a,} for this sequence. By
1

comparing with a geometric series, show that ) -~ < 90.

Qan

Find the values of z,y for which z? + y? takes the minimum value where (z +
5)2 + (y — 12)? = 14.

Let p be a prime number bigger than 5. Suppose, the decimal expansion of 1/p
looks like 0.@jas - - - @, where thQ line denotes a recurring decimal. Prove that
10" leaves a remainder of 1 on dividing by p.

Let a,b,c,d be integers such that ad — bc is non-zero. Suppose by, b, are in-
tegers both of which are multiples of ad — be. Prove that there exist integers
simultaneously satisfying both the equalities az + by = by, cx + dy = b,.

Compute the maximum area of a rectangle which can be inscribed in a triangle
of area M.

Suppose you are given six colours and, are asked to colour each face of a cube
by a different colour. Determine the different number of colourings possible.

. Let f(z) = az®+bz+c where a, b, c are real numbers. Suppose f(—1), £(0), f(1) €

[-1,1]. Prove that | f(z) |< 3/2 for all z € [-1,1].

Given odd integers a, b, ¢, prove that the equation az® + bz + ¢ = 0 cannot have
a solution z which is a rational number.
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B.Stat.(Hons.) Admission Test: 2010

Short-Answer Type Test
Time: 2 hours

. Letay,as,...,a,and by, by, ..., b, be two permutations of the numbers 1,2, ..., n.

Show that . ‘ i}
Zz(n-{- 1 —2) < Zaibi < Z:’l,2
i=1 i=1

i=1

. Let a,b,¢,d be distinct digits such that the product of the 2-digit numbers ab
and cb is of the form ddd. Find all possible values of a + b+ c+d.

. Let I, I, I; be three open intervals of R such that none is contained in another.
If I, N I, N I5 is non-empty, then show that at least one of these intervals is

contained in the union of the other two.

. A real valued function f is defined on the interval (—1,2). A point zg is said to
be a fixed point of f if f(zp) = zo. Suppose that f is a differentiable function
such that f(0) > 0 and f(1) = 1. Show that if f'(1) > 1, then f has a fixed
point in the interval (0, 1).

. Let Ange the set of all functions f : R — R such that f(zy) = zf(y) for all
z,y € K.

(a) If f € A, then show that f(z +y) = f(z) + f(y) for all z,y € R.

b) For g,h € A, define a function go h by (go h)(z) = g(h f .
( )Prov%thatgohisinAandisequaltohog_ )(z) g(h(z)) for z € R

. Consider the equation n® + (n + 1)* = 5(n + 2)3.

(a) Show that any integer of the form 3m + 1 or 3m + 2 can not be a solution
of this equation.

(b) Does the equation have a solution in positive integers?

. Consider a rectangular sheet of paper ABCD such that the lengths of AB and
AD are respectively 7 and 3 centimetres. Suppose that B’ and D’ are two Points
on AB and AD respectively such that if the paper is folded along B’D’ then
A falls on A’ on the side DC. Determine the maximum possible area of the
triangle AB'D'.



262

., n} consisting of 7 elements. Let

8. Let 1 < r < n. Consider all subsets of {1,2, ..
bsets.

F(n,r) denote the arithmetic mean of the smallest elements of these su
(For example, when n = 4 and r = 2, the subsets are {1, 2},{1,3},{1,4},{2,3},
{2,4},{3,4} and F(n,r) = 2132x241x3 — 5/3.) Prove that F(n,r) = 2.

9. Let f : R2 — R? be a function having the following property: For any two
points A and B in R? the distance between A and B is the same as the distance

between the points f(A) and f(B).
Denote the unique straight line passing through A and B by £(A, B).

(a) Suppose that C, D are two fixed points in R2. If X is a point on the line
¢(C, D), then show that f(X) is a point on the line L(f(C), f(D)).

(b) Consider two more points E and F' in R? and suppose that £(E, F) inter-

sects £(C, D) at an angle . Show that £(f(C), f(D)) intersects £(f(E), f(F))
at an angle . What happens if the two lines £(C, D) and 4(E, F) do not

intersect? Justify your answer.

10. There are 100 people in a queue waiting to enter a hall. The hall has exactly
100 seats numbered from 1 to 100. The first person in the queue enters the
hall, chooses any seat and sits there. The n-th person in the queue, where n
can be 2,...,100, enters the hall after the (n — 1)-th person is seate(’i. He sits
in seat number n if he finds it vacant; otherwise he takes any unoccupied seat
Find the total number of ways in which 100 seats can be filled up, provided the

100-th person occupies seat number 100.
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B.Math.(Hons.) Admission Test: 2010

Short-Answer Type Test
Time: 2 hours

1. Prove that in each year, the 13th day of some month occurs on a Friday.

2. In the accompanying figure, y = f(z) is the graph of a one-to-one continuous

function f. At each point P on the graph of y = 2a?, assume that the ar-
eas OAP and OBP are equal. Here %A, PB are the horizontal and vertical

segments. Determine the function f.

y=f(x) y=2x 2

0 | (0,0)

3. Show that, for any positive integer n, the sum of 8n + 4 consecutive positive
integers cannot be a perfect square.

4. If a,b,c € (0,1) satisfy a + b+ ¢ = 2, prove that (—l_a)—(;‘ﬁm > 8

5. Let a; > az > - -+ > a, be positive real numbers.
Compute lim,o0(af +a3 + -+ + ar)Vm,

6. Let each of the vertices of a regular 9-gon (polygon of 9 equal sides and equal
angles) be coloured black or white.
a) Show that there are two adjacent vertices of the same colour.
(b) Show there are 3 vertices of the same colour forming an isosceles triangle.
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7. Let a, b, ¢ be real numbers and, assume that all the roots of a:?+a$2 +bz+c=0
have the same absolute value. Show that a = 0 if, and only if, b = 0.

8. Let f be a real-valued differentiable function on the real line R such that
limg_,g %f—) exists, and is finite. Prove that f'(0) = 0.

9. Let f(z) be a polynomial with integer coefficients. Assume that 3 divid:ss the
value f(n) for each integer n. Prove that when f(z) is divided by z° — =z,
the remainder is of the form 3r(z), where r(z) is a polynomial with integer

coefficients.
10. Consider a regular heptagon (polygon of 7 equal sides and equal angles) ABCDEFG.
(a) Prove si:; = s-mlgz + sin13—"'
7 t

(b) Using (a) or otherwise, show that -z = 7z + 45- (See the figure appearing
in the next page.)
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B.Stat.(Hons.) Admission Test: 2011

Short-Answer Type Test
Time: 2 hours

A thlet T1,T3, ..., Tn be positive real numbers with z; + - - - + » = 1. Then show
that

n

I; n
22—1‘,- 2211—1'

i=1

. Consider three positive real numbers a,b and c. Show that there cannot exist
two distinct positive integers m and n such that both @™ + ™ = ¢™ and
a™ + b" = c™ hold.

. Let R denote the set of real numbers. Suppose a function f : R — R satisfies
F(f(f(x))) =z, for all z € R. Show that

(a) f is one-to-one,

(b) f cannot be strictly decreasing, and

(c) if f is strictly increasing, then f(z) = z for all z € R.
. Let f be a twice differentiable function on the open interval (—1, 1) such that

f(0) = 1. Suppose f also satisfies f(z) > 0, f'(z) < 0 and f"(z) < f(z), for all
z > 0. Show that f/(0) > —v/2.

. ABCD is a trapezium such that AB is parallel to DC and g—g = o 2% 1,
Suppose P and @ are points on AC and BD respectively, such that

AP  BQ a-1
AC  BD a+1
Show that PQCD is a parallelogram.

. Let a be a complex number such that both o and a + 1 have modulus 1. If for
a positive integer n, 1 + a is an n-th root of unity, then show that « is also an
n-th root of unity and n is a multiple of 6.

(a) Show that there cannot exist three prime numbers, each greater than 3,
which are in arithmetic progression with a common difference less than 5.

(b) Let k > 3 be an integer. Show that it is not possible for k prime numbers,
each greater than k, to be in in arithmetic progression with a common
difference less than or equal to k + 1.

. Let I, = fi” ‘f—ii;-dx, n = 1,2,3,4. Arrange I, I3, I3, I in increasing order of

magnitude. Justify your answer.
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9. Consider all non-empty subsets of the set {1,2,...,n}. For every such subset,
we find the product of the reciprocals of each of its elements. Denote the sum

of all these products as S,. For example,

Bebitpia o s g I
=1 23713713 23 ' 123

(a) Show that S, = £+ (14 3)Sn-1.
(b) Hence or otherwise, deduce that S, =n.

10. Show that the triangle whose angles satisfy the equality

sin? A +sin’ B +sin’C
cos? A +cos2 B+ cos2C

is right-angled.
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B.Math.(Hons.) Admission Test: 2011

Short-Answer Type Test
Time: 2 hours

. Let a > 0 be a constant such that sin(y/z + a) = sin(y/z) for all z > 0. What
can you say about a? Justify your answer.

. Let f(z)= e~* for-w >0. Define a function g on the nonnegative real numbers

as follows: for each integer £ > 0, the graph of the function g on the interval

[k, k + 1] is the straight line segment connecting the points (k, f (k)) and (k +

}, ¥ (.’(ci +1)). Find the total area of the region which lies between the curves of
and g.

sgio s 135 2n—1 1
. For any positive integer n, show that 5.3.5.- " ﬁ_'_;n_l < T

. If ay,...,a; are not necessarily distinct real numbers such that 1 < a; < 13 for
all 7, then show that we can choose three of them such that they are the lengths
of the sides of a triangle.

. For any real number z, let [z] denote the largest integer which is less than or
equal to z. Let N; = 2, N2 = 3, N3 = 5,... be the sequence of non-square

positive integers. If the nth non-square positive integer satisfies m? < N, <
(m + 1)?, then show that m = [y + 3].

. Let R and S be two cubes with sides of lengths r and s respectively, where r
and s are positive integers. Show that the difference of their volumes equals the
difference of their surface areas, if and only if r = s.

. Let ABC be any triangle and let O be a point on the line segment BC. Show
that there exists a line parallel to AO which divides the triangle ABC into two
equal parts of equal area. (See the figure in the next page.)
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8. Let t; < o < --- < tog be real numbers, and consider the function f : R — R
be given by f(z) =| z—t |+ |z —t2 | +---+ | £ — tog |. Show that
min.cr f(z) = f(ts0)-




269

B.Stat. (Hons.) & B.Math. (Hons.) Admission Test: 2012
Short-Answer Type Test
Time: 2 hours

1. Let X,Y, Z be the angles of a triangle.
(i) Prove that
e, Y X Z Z ¥
= = jelad = = — = 1.
tan 2 tan2 + tan 5 t'.a.n2 +tan2tam2

(i) Using (i) or otherwise prove that

2. Let a be s real number. Consider the function
9(z) = (a+ | z |)?e® 1 —00 <z < 00 00.
(i) Determine the values of & for which g is continuous at all z.
(ii) Determine the values of a for which g is differentiable at all .
3. Write the set of all positive integers in triangular array as

1 3 6 10 15

2,507 9 14
4 8 13

7 12 -

11 -

Find the row number and column number where 20096 occurs. For example 8
appears in the third row and second column.

4. Show that the polynomial 28 — 27 + 22 — z + 15 has no real root.

5. Let m be a natural number with digits consisting entirely of 6’s and 0’s. Prove
that m is not the square of a natural number.

6. Let 0 <a<b.

(i) Show that amongst the triangles with base a and perimeter a + b the
maximum area is obtained when the other two sides have equal length %

(ii) Using the result (i) or otherwise show that amongst the quadrilateral of
given perimeter the square has maximum area.
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7. Let 0 < a < b. Consider two circles with radii a and b and centers (a,0) and
(0,b) respectively with 0 < @ < b. Let ¢ be the center of any circle in the
crescent shaped region M between the two circles and tangent to bot}} (See
figure below). Determine the locus of c as its circle traverses through region M

~~ maintaining tangency.
L6
/ )
A d B ’ }
Ao

\

el /
8. Let n>1, and S = {1,2,...,n}.For a function f: S — S, a subset D C S is
said t be invariant under f, if f(z) € D for all z € D. Note that the emptyset

and S are invariant for all f. Let deg(f) be the number of subsets of S invariant
under f.

(i) Show that 'there is a function f : S — S such that deg(f) = 2.

(i) Further show that for any k such that 1 < k < n there is a function
f: S — S such that deg(f) = 2*.
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B.Stat. (Hons.) & B.Math. (Hons.) Admission Test: 2013

Short-Answer Type Test
Time: 2 hours

1. Let a,b, ¢ be real numbers greater than 1. Let S denote the sum
S = log, be + log, ca + log, ab.
Find the smallest possible value of S.
2. For z > 0 define .
f(=) = T+ 2cos(z)
Determine the set {y € R: y = f(z),z > 0}.

3. Let f: R — R be a function satisfying

If(z+y) - flz—y)—yl <9’
for all z,y € R. Show that f(z) = £ + ¢, where c is a constant.

4. In a badminton singles tournament, each player played against all the others
exactly once and each game had a winner. After all the games, each player
listed the names of all the players she defeated as well as the names of all the
players defeated by the players defeated by her. For instance, if A defeats B
and B defeats C, then in the list of A both B and C are included. Prove that
at least one player listed the names of all other players.

5. Let AD be a diameter of a circle of radius 7. Let B, C be points on the semi-
circle (with C distinct from A) so that AB = BC = I. Determine the ratio of
the length of the chord C'D to the radius.

6. Let p(z),¢(z) be distinct polynomials with real coefficients such that the sum
of the coefficients of each of the polynomials equals 5. If (p(z))® — (q(z))? =
p(z®) — g(2%), then prove the following:

1. p(z) — g(z) = (z — 1)*r(z) for some integer a > 1 and a polynomial r(zx)
with (1) # 0.

2. s? =31 where a is as given in (a).

7. Let N be a positive integer such that N(/N — 101) is the square of a positive
integer. Then determine all possible values of N. (Note that 101 is a prime
number).

8. Let ABCD be a square with the side AB lying on the line y = z 4+ 8. Suppose

C, D lie on the parabola z? = y. Find the possible values of the length of the
side of the square.
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1. A class has 100 students. Let a;, 1 < i < 100, denote the number of friends the
i-th student has in the-class. For each 0 < j < 99, let ¢; denote the number of
students having at least j friends. Show that :

100 99
E a; = E C.
Jj=0

i=1

2. It is given that the graph of y = 24+ az® +bz? +cx +d (where a, b, ¢, d are real)
has at least 3 points of intersection with the z-axis. Prove that either there are

ezactly 4 distinct points of intersection, or one of those 3 points of intersection
is a local minimum or maximum.

3. Consider a triangle PQR in R2. Let A be a point lying on APQR or in the
region enclosed by it. Prove that, for any function f(z,y) = az + by + ¢ on R2,

f(4) < max {f(P), f(Q), f(R)} .

4. Let f and g be two non-decreasing twice differentiable functions defined on an
interval (a,b) such that for each z € (a,b), f"(z) = g(z) and g"(z) = f(x).
Suppose also that f(z)g(z) is linear in = on (a,b). Show that we must have
f(z) =g(z) =0 for all z € (a,b). ‘

5. Show that the sum of 12 consecutive integers can never be g perfect square.
Give an example of 11 consecutive integers whose sum is a perfect square.

6. Let A be the region in the zy-plane given by

'

' A={(x,y):x=u+v,y=v,u2+v2Sl}_

Derive ;ihe length of the longest line segment that can be enclosed inside the
region A.

7. Let f : [0,00) = R be a non-

: ' decreasing continuous function. Show then that
the inequality

(z—r)]f(U)duZ (Z—y)]f(U)du

holds for any 0 < z < y < 2.
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8. Consider n (> 1) lotus leaves placed around a circle. A frog jumps from one
leaf to another in the following manner. It starts from some selected leaf. From
there, it skips exactly one leaf in the clockwise direction and jumps to the next
one. Then it skips exactly two leaves in the clockwise direction and jumps to
the next one. Then it skips three leaves again in the clockwise direction and
Jumps to the next one, and so on. Notice that the frog may visit the same leaf
more than once. Suppose it turns out that if the frog continues this way, then
?)11 tl:ﬁl leaves are visited by the frog sometime or the other. Show that n cannot

e odd.
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1. Let 0 <@y < ap < --- < a, be real numbers. Show that the equation

ay as an
-t

4 . = 2015
ay—T ay—= a, — T

has exactly n real roots.
2. Let R denote the set of real numbers. Find all functions f : R — R, satisfying
|f(z) — f) =2z -yl
for all z,y € R. Justify your answer.

3. Three circles of unit radius tangentially touch each other in the plane. Consider
the triangle enclosing them such that each side of the triangle is tangential to
two of these three circles. See picture below:

Find the length of each side of the triangle.

4. Let a and b be real numbers. Define a function f : R — R, where R denotes the
set of real numbers, by the formula f(z) = z? + az +b. Assume that the graph
of f intersects the co-ordinate axes in three distinct points. Prove that the
circle passing through these three points also passes through the point (0,1).

5. Find all positive integers n for which 5" + 1 is divisible by 7. Justify your
answer.

6. Let p(z) ="+ 2%+ bsz®+ --- +bjz+b and g(z) = +eztt - fozto
be polynomials with integer coefficients. Assume that p(i) = q(4) for integers
i(z) 1,2,( . .).,6. Then, show that there exists a negative integer r such that
p\r)=q\T).
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7. Let S={1,2,...,1}. For every non-empty subset A of 3, let m(A) denote the
maximum element of A. Then, show that

D om(A)=(1-1)2'+1

where the summation in the left hand side of the above equation is taken over
all non-empty subsets A of S.

, i i 1
8. 1. Let my < my < -+ < my be positive integers such that ,,—an, "%2, e, b

are in arithmetic progression. Then prove that k < m; + 2.

2. For any integer k > 0, give an example of a sequence of k positive integers
whose reciprocals are in arithmetic progression.
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. Suppose that in a sports tournament featuring n players, each pair plays one

game and there is always a winner and a loser (no draws). Show that the players
i_:anatl)le arranged in an order Py, P, - - - , P, such that player P; has beaten P,
orallz=1,2,--- n—1. -

. Consider a cubic polynomial p(z) = az® + bz? + cz + d where a,b,c,d are

integers such that ad is odd and bc is even. Prove that not all roots of p(z) can
be rational.

Given the polynomia.l
f(z) =2"+a1z" +azz™ 2 + -+ + @y,
with real coefficients, and a? < ay, show that not all roots of f(z) can be real.

Let d be a positive integer. Prove that there exists a right-angled triangle
with rational sides and area equal to d if and only if there exists an arithmetic
progression z2,y?, 2% of squares of rational numbers whose common difference
is d.

Let ABCD be a square two of whose adjacent vertices, say A, B, are on the
ositive X-axis and the positive lf—a.xxs, respectively. If C' has co-ordinates
fu, v) in the first quadrant, determine the area of ABCD in terms of u and v.

Let a, b, ¢ be the sides of a triangle and A, B, C be the angles opposite to these
sides respectively. If
sin(A— B) = = j_ bsinAcosB =2 cos Asin B,

then prove that the triangle is isosceles.

Let f be a differentiable function such that f(f(z)) = z for z € [0, 1]. Suppose
f(0) = 1. Determine the value of fol (z — f(z))*'% dz.

Let {an}n>1 be a sequence of real numbers defined recursively by
A 3an
m+l = 2 + a"’

foralln > 1.
(i) If 0 < ay <1, then prove that {a,},>1 is increasing and lim,_, a,, = 1.
(ii) If a; > 1, then prove that {a,},>) is decreasing and lim, o, a, = 1.




