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REAL ANALYSIS ONE MARKS

Unit 1
I. A set Ais said 1o be countable if there exists a function £ A—N such that

a. Tis bijective c. Tis identity map
b. fis surjective d. None of these
Explanation:By definition of countable set, it must be bijective.

2. Let A={x|xeNAx2=T7}cN. The Supremum of A is
[
a. 7 d. does not exist
b. 3
Explanation: In tabular form A={1.2}
and set of upper bouds is {2,3,4,...}. Now supremum is least upper bound 2.

3. What is not true about number zero.

a. Ewven c. Additive identity

b. Positive d. Additive inverse of zero
Explanation: zero is neither positive not negative

4. A number which is neither positive nor negative is
(O=
(A0 (D) None of these
(B) 1
Explanation: zero is number which is neither positive nor negative .

5. Concept of the divisibility only exists insetof ..............
¢. rational numbers
a. numbers d. real natural numbers
b. integers
Explanation: In integers, we define divisibility rugosely

fi. If a real number is not rational then itis ...............
a.  integer ¢. drrational number

b. algebraic number d. complex numbers
(C)Real numbers can be partitioned into rational and irrational.
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Explanation:a real number is not a rational then it can be partitioned into rational and irrational

7. Which of the following numbers is not irrational.

a n c. 3
b. V2 d. 7
Explanation: Its easy to see

8.Every convergent sequence has..............oceiine one limit.
a.  at least c. exactly
b. at most d. none of these

Explantion: Every convergent sequence has unique limit.

9.If the sequence is decreasing, then it ................
C. may converges to its infimum
a. converges to its infimum. d. is bounded.
b. diverges.
Explanation: If the sequence is bounded and decreasing, then it convergent.
12. If the sequence is increasing, then it ................

i, converges to its supremum. C.  may converges to its supremum.
b, diverges. d. is bounded.
Explanation: If the sequence is bounded and decreasing, then it convergent.

13, If a sequence converges to s, then ..o, of its sub-sequences converges to s,
a. each c. few
b, one d. none

Expanation: Every subsequence of convergent sequence converges to the same limit,

14. If two sub-sequences of a sequence converge to two different limits, then a sequence

4. may convergent. c. Is convergent.
b. may divergent. d. is divergent.
Explantion: Every subsequence of convergent sequence converges to the same limit,

DEPARTMENT OF MATHEMATICS




ST. JOSEPH'S COLLEGE OF ART'S & SCIENCE FOR WOMEN, HOSUR

15. 1. A series 1o, an is said to be convergent if the sequence {sn},where ..................

a. sn=2,., an is convergent. c. §=Y .., ak is convergent.
b. (B)sn= ¥, _, akis convergent. d. sn=},_, akis divergent.

Expanation: Series is convergent if its sequence of partial sume is convergent.
16. If the sequence is convergent then

it has two limits.
it is bounded.
it is bounded above but may not be bounded below.
d. it is bounded below but may not be bounded above,
Explanation: If a sequence of real numbers is convergent, then it is bounded.

L=

17. A sequence {(—1)n} is

a.  convergent. c. divergent.
b. unbounded. d. bounded.

Explanation: As |(—=1)n|=1<1.1 for all nEN,therefore it is bounded.

18, A sequence {In} is
c. divergent.
a. bounded. d. None of these.
b. unbounded.
Explanation:As { In} is convergent, it is bounded or it is easy to see ||| Inl] <1 for all nEN.

19. . A sequence {sn} is said be Cauchy if for €0, there exists positive integer n such that
a.  lsn—sm|<e for all n,m=0, ¢. [|sn—sm|<e for all n,m=nl),
b. |sn=sm|<n0 for all n, d. [sn=sm|<e for all n,m<n(}
Explanation: Definition of Cauchy sequence.
20. Every Cauchy sequence has a ...............
4. convergent subsequence. c. decreasing subsequence.

b. increasing subsequence. d. positive subsequence.
Explanation: Every Cauchy sequence has a convergent subsequence.
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21. A sequence of real number is Cauchy iff

a. it is bounded ¢. it is positive term sequence
b. it is convergent d. it is convergent but not bounded.
Explanation: Cauchy criterion for convergence of sequences.

22, Every convergent sequence has........ccocevvvennes one limit,
a.  at least c. exactly
b. at most d. none of these

Expanation: Every convergent sequence has unique limit,

23. If the sequence is decreasing, then it ... ..........
a. converges to its infimum. ¢. may converges to its infimum
b. diverges. d. 1s bounded.

Explanation: If the sequence is bounded and decreasing, then it convergent.

24. If the sequence is increasing, thenit ................
4. converges Lo its supremum. C. Inay converges to its supremum.

b. diverges. d. is bounded.
Explantion: If the sequence is bounded and decreasing, then it convergent.

25. If a sequence converges to s, then .........oveeeee of its sub-sequences converges to s.
c. few
a. each d. none
b. one

Explanation: Every subsequence of convergent sequence converges to the same limit,

26. If two sub-sequences of a sequence converge to two different limits, then a sequence
i, may convergent, ¢. is convergent,
b. may divergent. d. is divergent.

Explanation: Every subsequence of convergent sequence converges to the same limit.

27. A convergent sequence has only .....ooevvcvveieenn, limit(s).
a. one c. three
b. two d. None of these
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Explanation: limit of the sequence, if it exist, is unique.

28. A number L is called limit of the function f when x approaches to ¢ ifor all £>0, there exist
&=0 such that ......... whenever 0<|x—c|<8.

a. |fix)-L|=« c. |fx)-L|=e
b. |fix)-L|<& d. |f{x)-Lze
Explanation: It is a definition of limit of functions

29, If imx—fx)=L, then........ccvverenn. sequence {xn} such that xn—c,when n—eo, one has
limn—aof{xn)=L.

a. for some c. for few

b. for every d. none of these
Explantion: the limit has every sequence
30. Let fix)=x2-5x+6x-3, then limx—fix)=...........

a. -1 C.=]

b. O d. doesn't exist.
Explanation: limit has 0 value
31. Which one is not partition of interval [1,5].

a. {1,2,3,5} c. (O)1,1.1,5}

b. {1,3,3.55} d {1,2.1,3455]

Explanation: All points must be between | and 5

32. What is norm of partition {0,3,3.1,3.2,7,10} of interval [0,10].
e 38
a. 10 d. 0.1
b. 30
Explanation: Maximum distance between any two points of the partition is norm, which is
7-3.2=3.8

33 Let \(f: [0, 1] \rightarrow \mathbb{ R }\) be a continuous function such that \(f0) = f{1)}).
Which of the following statements is true?

. There exists \(c\in (0, 1)\) such that \(fic) = O).
b. There exists \(c \in (0, 1)) such that \(f{c) = 11).
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¢ L ONRN is constant Tor all Y(x \in [0, 1],

d. \(fix)\) attains its maximum and minimum values in the open interval ({0, 1)\)
Explanation:Since (f) is continuous on a closed interval and (f{0) = f(1), the Intermediate Value
Theorem implies that (f) takes every value between (f{0) and (f(1)for some (c) in ((0, 1)). Since
(Ffi0) = f1)1), the function must be constant throughout the interval.

34. What does it mean for the lmit W\lim_{n \to Yinfty } a_n\) of a sequence \(\{a_n\}\) to exist?

a. The sequence is strictly increasing.

b. The terms of the sequence become arbitrarily close to a fixed value as \(n\) increases.

¢. The sequence has a finite number of terms.

d. The terms of the sequence do not approach a fixed value as \(n\) increases.
Explanation: The limit of a sequence exists if the terms become arbitrarily close to a fixed value
as \(n\) approaches infinity.

35. Which notation is commonly used to represent the limit of a sequence?

a. \(\lim_{n \to \infty} a_n\) c. \(lim_{a_n}\)

b, \(\lim_{n \to \infty] n\) dAOim_{n \to a_n}\)

Explanation:The notation \(\lim_{n \to \infty} a_n\) represents the limit of the sequence
Wi {a_n\}) as \(n\) approaches infinity.

36, IF\(\lim_{ n \to \infty} a_n = L)), what can be said about the behavior of the sequence
\(\fa_nl }Y)?

a. The sequence is convergent, and its ¢. The sequence is oscillating,
limit is (LY. d. The sequence is unbounded.
b. The sequence is divergent.

Explanation:If the limit exists and is equal 1o \(L}), the sequence is convergent

37. What is the definition of the limit of a sequence |aan}\) being equal to L as n approaches
infinity?

a. For any €= (), there exists N such that |a, - L| < € for all \(n \geq N\).

b. The sum of the terms approaches L as n increases.

¢. The sequence has a finite number of terms,

d. The terms of the sequence do not approach a fixed value as \(n\) increases.
Explanation:This is the formal definition of the limit of a sequence.
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38, Which of the following is true for a sequence with an undefined limit?
¢. The sequence has a finite number of
a. The sequence is convergent. terms.
b. The sequence is divergent, d. The sequence is oscillating,
Explanation:If the limit is undefined, the sequence is divergent.

39.1f ¥5_, an exists, can the sequence {an} be oscillating?

a. Yes, it can be oscillating, c¢. It depends on the specific values of a,
b. No, it cannot be oscillating. d. Only if the limit is zero.
Explanation: The existence of a limit does not exclude the possibility of oscillation.

40. What is the Squeeze (Sandwich) Theorem used for in the context of limits?

a. To prove that a sequence is oscillating.

b. To determine it a sequence is bounded.

¢. To evaluate limits by comparing a sequence with two other convergent sequences.

d. To show that a sequence is strictly increasing.
Explanation:The Squeeze Theorem is used to evaluate limits by comparing a sequence with two
other convergent sequences that "squeeze” it.

41. If lim an = oo, what can be said about the behavior of the sequence a,?

T

c. The sequence is bounded.
a. The sequence is convergent. d. The sequence is oscillating
b. The sequence is divergent.
Explanation:If the limit is infinity, the sequence is divergen

42, Which of the following is true for a sequence with an oscillating behavior?
¢. The sequence is convergent.
a. The limit of the sequence is undefined. d. The sequence is strictly decreasing.
b. The limit of the sequence is zero.
Explanation:Oscillating behavior typically results in an undefined limit.

43. In the definition of a sequence’s limit, what does the parameter €> 0 represent?

a. The fixed value to which the sequence converges.

b. The number of terms in the sequence.

c. A small positive value that determines how close the terms of the sequence must be to the
limit.

d. The maximum value of the terms in the sequence.
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Explanation:The definition of the limit involves ensuring that the terms of the sequence are
arbitrarily close to the limit within a specified range represented by €.

44, What does it mean for a sequence [an} to be divergent?

a. The sequence is strictly increasing.

b. The terms of the sequence become arbitrarily close to a fixed value as n increases.

¢. The sequence has a finite number of terms.

d. The terms of the sequence do not approach a fixed value as n increases
Explanation: A divergent sequence does not have a limit; its terms do not converge to a fixed
value.

45. Which of the following statements is true about a divergent sequence?

a. All divergent sequences are unbounded.

b. All unbounded sequences are divergent.

c. Divergent sequences have a limit.

d. Divergent sequences have a finite number of terms.

Explanation:Divergent sequences can be unbounded, meaning their terms become arbitrarily
large.

46. If lim an = does not exist, what can be concluded about the sequence a,?

n
a. The sequence is convergent. ¢. The sequence is bounded.
b. The sequence is oscillating. d. The sequence is divergent

Explanation: If the limit does not exist, the sequence is divergent.
47. What is the divergence test used for in real analysis?

a. To check if a series converges. ¢. To determine if a sequence is bounded.

b. To check if a sequence is monotonic. d. To check if a sequence diverges.
Explanation: The divergence test states that if the limit of the terms in a sequence is not zero,
then the sequence diverges.

48. Which of the following sequences is guaranteed to be divergent?
¢. An oscillating sequence.,
a. A bounded and monotonic sequence. d. A convergent sequence.
b. A sequence with all terms equal to zero.
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Explanation: An oscillating sequence does not approach a fixed value, making it divergent

49, What does it mean for a sequence{an }to converge?
¢. The sequence has a finite number of

a. The sequence is strictly increasing. terms.

b. The terms of the sequence become d. The terms of the sequence oscillate.
arbitrarily close to a fixed value as \(n\)
increases.

Explanation : A convergent sequence approaches a limit as n goes to infinity.

50. If a sequence is divergent, what can be said about its behavior?

a. [t oscillates between two values. c. [t approaches a fixed value.
b. It becomes arbitrarily large as n d. It has a finite number of terms.
increases.

Explanation: A divergent sequence does not approach a fixed value; instead, it becomes
unbounded.

51. If a function fix is odd, what can be said about its graph?

a. The graph is symmetric with respect ¢. The graph is symmetric with respect
to the y-axis. to the origin.
b. The graph is symmetric with respect d. The graph is not symmetric.
to the x-axis.
Hint:

Odd functions exhibit symmetry about the origin.

52, If a function f(x)is continuous on a closed interval [a, b], what can be guaranteed about the
existence of a solution to the equation fix) = Oin the interval?

a. There is no solution. c. There are finitely many solutions.
b. There is exactly one solution. d. There are infinitely many solutions,
Hint :

Use the Intermediate Value Theorem for continuous functions.

53. Which of the following sets is countable?

a. The set of all real numbers. ¢. The set of irrational numbers.
b. The set of natural numbers, d. The set of complex numbers,
Hint :

Remember the definition of countable sets and consider the cardinality of each set.
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54, Which of the following is an uncountable set?

a, The set of rational numbers, ¢. The set of real numbers,
b. The set of algebraic numbers. d. The set of even integers.
Hint :

Consider the cardinality of different sets and their relationship to countability.

55. Which of the following sets is countably infinite?

a. The set of prime numbers. ¢. The set of positive even integers.
b. The set of integers. d. The set of odd integers.
Hint :

Think about the cardinality of different sets of integers.

56. Which of the following statements is true about countable sets?

a. The union of countably many c. Countable union of countable sets is
countable sets is uncountable. countable.
b. The intersection of countably many d. Countable intersection of countable
countable sets is uncountable. sets is uncountable.
Hint :

Use the properties of countable sets and unions.

57. Which of the following sets is uncountably infinite?

a. The set of positive integers. ¢. The set of algebraic numbers.
b. The set of rational numbers. d. The set of even integers.
Hint :

Think about the relationship between countability and algebraic numbers.

58. If Y(MY) is uncountable and \(NY) is countable, what can be said about the cardinality of \(M

\cap Ny)?
a. WM \cap N| = M|y ¢ WM \cap N[\ is countable,
b. \(IM \cap N| = N[\ d. (M \cap N[\) is uncountable.
Hint :

Consider the intersection of countable and uncountable sets.

39, Which of the following statements is true about uncountable sets?

a.  The union of uncountably many b. The intersection of uncountably
uncountable sets is uncountable. many uncountable sets is
uncountable.
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¢. Uncountable union of uncountable d. Uncountable intersection of

sets 1s countable, uncountable sets is countable,

Hint 9:
Use the properties of uncountable sets and intersections.

6. Which of the following statements is true about the set of transcendental numbers?
a. The set of transcendental numbers is countable.
b. The set of transcendental numbers is uncountable,
¢. The set of transcendental numbers is finite.
d. The cardinality of the set of transcendental numbers cannot be determined.

Hint :
Think about the relationship between countability and transcendental numbers,

1. Which of the following sets is uncountably infinite?

a.  The set of rational numbers. ¢. The set of real numbers,
b. The set of algebraic numbers. d. The set of even integers.
Hint :

Think about the relationship between countability and different sets of numbers.

62, Consider the function \( p(x) = x*3 - 4x"2 + 3x + 21). What are the x-intercepts?

a. \(x=-1,2Y e\ x=24-1,29
b. Wx=1-2% d Mx=1,2%
Hint :

X-intercepts are the points where \( y = 0 ).

63, For the function \( m{x) = \frac{2x + 1} {x - 2} \), what is the vertical asymptote?

a \(x=0V c Wy=0V
b. \(x=21) d. W(y=2Y
Hint :

Vertical asymptotes occur where the denominator is equal to zero.
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Unit-2

1. What is the Cauchy criterion for the convergence of a sequence?

a. A sequence is convergent if and only if it is bounded.

b. A sequence is convergent if and only if it is monotonic.

¢. A sequence is convergent if and only if every subsequence converges.

d. A sequence is convergent if and only if the terms become arbitrarily close as \(n\) increases.
Explanation:The Cauchy criterion states that a sequence converges if and only if, for any small
positive number, the terms become arbitrarily close beyond some point in the sequence.

2, Which of the following statements is true about a convergent sequence?
c. Convergent sequences have a finite

a. All convergent sequences are bounded. number of terms.
b. All bounded sequences are convergent. d. Convergent sequences do not have a
limit,

Explanation:Convergent sequences are bounded, meaning their terms do not become arbitrarily
large.

3. IF\(\lim_{n \to \infty} a, = L\), what can be said about the sequence \(\{an\}\)?

a. The sequence is divergent, ¢. The sequence is oscillating,
b. The sequence is convergent, and its d. The sequence is unbounded.
limit is \(L\).
Explanation:1f the limit of a sequence exists and is equal to \(L\), then the sequence is
convergent, and its limit is \(L\).

4. What does it mean for two real numbers \(a\) and \(b\) to be equivalent in the context of real
analysis?

a. \(a=bb) ¢. \(a - b\) is an integer

b. Y(al) is a rational multiple of \(b\) d. \(|a - b| < €) for any given \(\€ = ()
Explanation:In real analysis, two real numbers are considered equivalent if the difference
between them can be made arbitrarily small by choosing a sufficiently small positive value \(\E\).

5. Which of the following statements is true regarding equivalent sequences in real analysis?

a. Convergent sequences are always b. Equivalent sequences are always
equivalent. convergent.
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c. Equivalent sequences have the same d. Convergent sequences may or may not
limit. be equivalent.
Explanation:If two sequences are equivalent, their terms become arbitrarily close, and thus, they
have the same limit.

6. In the definition of a continuous function, what is the condition related to equivalence?

a. \(fix)\) is equivalent to \(f(c)\) for all . \(f(x)\) and \(f(c)\) have equivalent
W) in the domain. derivatives,

b y(im_{ % o ¢} fix)Y) is equivalent to d. ACRCON and \(fle)y) are equivalent for all
W), Wx\) in the domain,

Explanation: A function is continuous at a point if the limit of the function as \(x\) approaches
that point is equal to the value of the function at that point.

7.In the context of equivalence classes, what defines the equivalence relation?

a. Symmetry c. Reflexivity
b. Transitivity d. All of the above

Explanation: An equivalence relation must satisfy reflexivity, symmetry, and transitivity.

8. What is the equivalence relation associated with the partition induced by a real line?
¢ WK sim vy ifW(x = W)
a. V& sim oy afx <y RTERTTIRA R RTERI VR
b y(x Ysim vy if (x> W)
Explanation:This equivalence relation defines intervals on the real line.

9, Inthe context of limits, when does the indeterminate form \(\frac{0}{0}\) indicate
equivalence?

. The numerator and denominator are ¢. The limit of the numerator and
equivalent. denominator both approach infinity,

b. The limit of the numerator is zero, and d. The numerator and denominator are not
the limit of the denominator is zero. equivalent.

Explanation: The indeterminate form \(\frac{0}{0}\) suggests that the numerator and
denominator approach the same value.

10. Which property ensures that an equivalence relation partitions a set into disjoint equivalence
classes?
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a. Reflexivity ¢. Transitivity

b. Symmetry d. Equivalence class containment
Explanation: Transitivity ensures that if \(al) is equivalent to \(b\) and \(b\) is equivalent to \(c!),
then (a\) is equivalent to Y(c\), leading to disjoint equivalence classes.

11. In the context of integrals, when are two functions considered equivalent?

4. Their antiderivatives are equivalent. ¢. They have the same value at a single
b. Their difference is an arbitrary constant. point,
d. They have the same limit as the
integration interval approaches infinity.
Explanation: Two functions are equivalent with respect to integration if their difference is a
constant.

12. What is the condition for the equivalence of series in real analysis?
c. The series have the same terms in a
a. The series have the same number of different order.
terms. d. The series have the same terms.
b. The series converge to the same limit.
Explanation: If two series have the same terms, but in a different order, they are considered
equivalent.

[3. Which theorem in real analysis guarantees the equivalence of differentiable functions on an
interval?

a. Mean Value Theorem

b. Intermediate Value Theorem

¢. Fundamental Theorem of Cal.

d. Rolle's Theorem
Explanation:The Mean Value Theorem states that if a function is differentiable on a closed
interval, then there exists at least one point in the interval where the derivative is equal to the
average rate of change of the function.

14, What does it mean for two real numbers \(a\) and \(b\) to be equivalent in the context of real
analysis?

a. \(a=by c. \(a - bY) is an integer
b. Y(a\) is a rational multiple of \(b\) d. \(la - b| < \€\) for any given \(\E = O))
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Explanation: In real analysis, two real numbers are considered equivalent if the difference
between them can be made arbitrarily small by choosing a sufficiently small positive value

Wepsilon)

15. Which of the following statements is true regarding equivalent sequences in real analysis?

a. Convergent sequences are always c¢. Equivalent sequences have the same
equivalent. limit.

b. Equivalent sequences are always d. Convergent sequences may or may not
convergent. be equivalent.

Explanation: If two sequences are equivalent, their terms become arbitrarily close, and thus, they
have the same limit.

16. In the definition of a continuous function, what is the condition related to equivalence?

a. \(f(x)\) is equivalent to \(f(c)\) for all c. \(f(z)\) and \(f(c)\) have equivalent
W) in the domain, derivatives.

b. \(\lim_{x \to ¢} fix)\) is equivalent to d ACRCON) and \(f(e)) are equivalent for all
WHe). W(x") in the domain.

Explanation: A function is continuous at a point if the limit of the function as (x\) approaches
that point is equal to the value of the function at that point.

I7. In the context of equivalence classes, what defines the equivalence relation?

a. Symmetry ¢. Reflexivity
b. Transitivity d. All of the abave
Explanation: An equivalence relation must satisfy reflexivity, symmetry, and transitivity.

I8, What is the equivalence relation associated with the partition induced by a real line?
c. \(x \sim y) if \(x = y)
. \x sim oy arx < ) . Ve \simowvY) Af\(x \leg W)
b \(x \sim v af x> w)
Explanation:This equivalence relation defines intervals on the real line.

19, In the context of imits, when does the indeterminate form \(\frac{0}{0}) indicate
equivalence?

a. The numerator and denominator are equivalent.
b. The limit of the numerator is zero, and the limit of the denominator is zero.
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¢. The limit of the numerator and denominator both approach infinity,

d. The numerator and denominator are not equivalent.
Explanation: The indeterminate form \(\frac{0}{0}\) suggests that the numerator and
denominator approach the same value.

20. Which property ensures that an equivalence relation partitions a set into disjoint equivalence
classes?
¢. Transitivity
a. Reflexivity d. Equivalence class containment
b. Symmetry
Explanation: Transitivity ensures that if \{a\) is equivalent to (b} and \(b\) is equivalent to ‘(c\),
then \(a\) is equivalent to \(c\), leading to disjoint equivalence classe

21. In the context of integrals, when are two functions considered equivalent?
c. They have the same value at a single
. Their antiderivatives are equivalent. paint.
b. Their difference is an arbitrary constant. d. They have the same limit as the
integration interval approaches infinity.
Explanation: Two functions are equivalent with respect to integration if their difference is a
constant.

22. What is the condition for the equivalence of series in real analysis?

a. The series have the same number of ¢. The series have the same terms in a
terms. different order.
b. The series converge to the same limit. d. The series have the same terms.

Explanation:If two series have the same terms, but in a different order, they are considered
equivalent

23. Which theorem in real analysis guarantees the equivalence of differentiable functions on an
interval?

a. Mean Value Theorem c. Fundamental Theorem of Caleulus
b. Intermediate Value Theorem d. Rolle’s Theorem
Explanation:The Mean Value Theorem states that if a function is differentiable on a closed
interval, then there exists at least one point in the interval where the derivative is equal to the
average rate of change of the function.
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24. What does it mean for a sequence [a_n} to be bounded?
¢. The terms of the sequence do not

a. It converges to a finite limit exceed a certain value for all n.
b. The terms of the sequence are all d. It has an infinite number of terms.
positive

Explanation: A sequence is bounded if its terms do not exceed a certain value for all n.

25. If a sequence is bounded above and below, it is said to be:
c. Monotonic
4. Convergent d. Oscillatory
b. Divergent
Explanation: A bounded sequence can be convergent or divergent, but being bounded does not
guarantee convergence

26. Which of the following sequences is bounded?
c. {l/n}
a. {(-1yn d. {sin(n)}
b. {n*2}
Explanation:The sequence {(-1)*n} is bounded as it oscillates between -1 and 1

27. If a sequence is monotonic and bounded, it is:
c. Oscillatory
a. Convergent d. Unbounded
b. Divergent
Explanation: A monotonic and bounded sequence is guaranteed to be convergent,

28, What is the boundedness criterion for a sequence {a,}?

a. There exists a positive number M ¢. The sequence has a limit,

such that [as| =M for all n d. The terms of the sequence are all
b. The terms of the sequence have a positive.

finite sum.

Explanation: The correct criterion for boundedness is that there exists a positive number M such
that Jas = M for all n.

29, If a sequence is unbounded, it means that:
a. The terms of the sequence are all positive

b. The sequence has an infinite number of term
¢. The terms of the sequence do not exceed a certain value for all n
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d. There is no positive number M such that [as| <M for all n,
Explanation: An unbounded sequence does not have a positive number M such that |as] <M for
all n,

30.  Which of the following statements is true for a convergent sequence?

a. The sequence is always bounded

b. The sequence is always unbounded.

¢. The sequence may be bounded or unbounded.

d. The sequence is always oscillatory
Explanation: A convergent sequence is always bounded.

31. If a sequence is oscillatory, it means that:

a. The terms of the sequence are all ¢. The terms of the sequence do not
positive. exceed a certain value for all n.

b. The sequence has an infinite number d. The sequence alternates in direction,
of terms, changing sign repeatedly.

Explanation: An oscillatory sequence alternates in direction, changing sign repeatedly.

32, Which of the following sequences is unbounded?
c. {sin(n)}
a. {(-1)*n*n} d.  {n"2]
b. {1/n}
Explanation: The sequence {(-1)*n # n} is unbounded as it grows without bound.

33. If a sequence is divergent, it means that:

a. The sequence has an infinite number ¢. The sequence does not have a limit.
of terms. d. The terms of the sequence do not

b. The terms of the sequence are all exceed a certain value for all n.
positive.

Explanation: A divergent sequence doesn't not have a limit
34, A sequence {a_n} is said to be monotone if:

b. The terms of the sequence are all
a. It has an infinite number of terms positive.
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¢. The terms of the sequence either d. It converges to a finite limit.
increase or decrease as n increases.
Explanation: A monotone sequence is one in which the terms either increase or decrease as n
increase

35. If a sequence is both increasing and bounded above, it is guaranteed to be:

a. Convergent c. Oscillatory
b. Divergent d. Unbounded
Explanation: An increasing and bounded above sequence is guaranteed to be convergent,

36. Which of the following sequences is monotone?

a. {(-1yn} c. {lin}
b. {n*2} d. {2"n}
Explanation: The sequence {n”2} is monotone, specifically increasing.

37, If a sequence is monotone and bounded, it is guaranteed to be:
c. Oscillatory
a. Convergent d. Unbounded
b. Divergent
Explanation: A monotone and bounded sequence is guaranteed to be convergent.

38 What is the monotonicity criterion for a sequence {a,}?

a. The terms of the sequence have a c. The sequence has a limit.
finite sum. d. There exists a positive number M
b. The sequence is either increasing or such that |as| =M for all n.
decreasing.

Explanation;The correct criterion for monotonicity is that the sequence is either increasing or
decreasing.

39. If a sequence is decreasing and bounded below, it is guaranteed to be:
a. Convergent c. Oscillatory
b. Divergent d. Unbounded
Explanation: A decreasing and bounded below sequence is guaranteed to be convergent.

40. Which of the following statements is true for a monotone sequence?
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a. The sequence is always convergent. ¢. The sequence may be convergent or
b. The sequence is always divergent. divergent.
d. The sequence is always oscillatory.
Explanation; A monotone sequence may be either convergent or divergence

41. If a sequence is oscillatory, it means that:

a.  The terms of the sequence are all ¢. The terms of the sequence do not
positive. exceed a certain value for all n.

b. The sequence has an infinite number d. The sequence alternates in direction,
of terms. changing sign repeatedly.

Explanation:An oscillatory sequence alternates in direction, changing sign repeatedly.
42, Which of the following sequences is monotone?

a. {(-1)*n*n} c. {sin(n))

b. {l/n) d. {n"2)

Explanation: The sequence {sin(n)} is monotone, specifically oscillating between -1 and 1.

43.  If a sequence is monotone and unbounded, it means that:

a. The sequence is always convergent. ¢. The sequence is always divergent.
b. The terms of the sequence are all d. The terms of the sequence do not
positive. exceed a certain value for all n.

Explanation:A monotone and unbounded sequence is guaranteed to be divergent.

44. What is the definition of the limit superior (lim sup) of a sequence {a.}?
a. lim n—o (supfas :k = n}) c. limn— (inf{ay : k = n})
b. sup{a.) d. None of the above

Hint :Consider the highest values approached by the sequence as n goes to infinity.

45. For a sequence {by}, if lim inf b, = lim sup by, what can be said about the sequence?
a. The sequence converges. ¢. It cannot be determined.
b. The sequence diverges. d. The sequence is unbounded.

Hint : Think about the behavior of lim inf and lim sup when they are equal.
46. If lim sup ¢q= 5 and lim inf ¢,= -3, what can be concluded about the sequence {cn}?
a4, The sequence converges to 5, ¢. The sequence is bounded between -3

b. The sequence converges to -3. and 5.
d. The sequence diverges.
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Hint : Consider the highest and lowest values approached by the sequence.

47. What is the relationship between lim inf and lim sup for a convergent sequence?
a. lim inf = lim sup ¢. liminf < lim sup
b. lim inf = lim sup d. No relationship can be determined.

Hint:Think about the behavior of lim inf and lim sup when the sequence converges.
48, If lim sup x4= oo, what can be said about the sequence {x,]7

a. The sequence converges. ¢. The sequence diverges to negative
b. The sequence diverges to positive infinity.
infinity. d. The sequence oscillates.

Hint ; Consider the behavior of the sequence as it approaches positive infinity.

49. For a bounded sequence {yy}, what can be said about lim inf and lim sup?

a. They must be equal. ¢. They may be equal or different.
b. They must be different. d. The sequence is not bounded.

Hint: Think about the relationship between lim inf and lim sup for bounded sequences.
50. If lim sup 2, = L and lim inf z,= L, what can be concluded about the sequence {2,}7

a.  The sequence converges to L. ¢. The sequence oscillates,
b. The sequence diverges. d. No conclusion can be drawn.

Hint : Consider the equality of lim sup and lim inf.
51. What is the limit superior of a constant sequence?

a. The constant value itself. c. Zero.
b. Infinity. d. Undefined.

Hint: Think about the behavior of lim sup for a sequence with a constant value

52. If lim inf pq = -o0, what can be said about the sequence {pa}?

a. The sequence converges, ¢. The sequence diverges to positive
b. The sequence diverges to negative infinity.
infinity. d. The sequence oscillates.

Hint; Consider the behavior of the sequence as it approaches negative infinity.

53. For a sequence {ga} such that lim inf gq= 3 and lim sup q.= 5, what can be concluded?
a. The sequence converges between 3 ¢. The sequence oscillates.
and 5, d. No conclusion can be drawn.
b. The sequence diverges.
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Hint ; Consider the information provided by lim inf and lim sup.

54. What does it mean for a sequence {an} to be bounded?

a. The sequence approaches zero, ¢. The values of the sequence are not
b. The sequence has a finite limit. infinitely large.
d. The sequence has a repeating pattern.

Hint :Consider the range of values that the sequence can take.

55. Which of the following statements is true for a bounded sequence?
a. A bounded sequence must converge. ¢.  Abounded sequence may converge
b. A bounded sequence must diverge. or diverge.
d. A bounded sequence has no limit.

Hint: Think about the relationship between boundedness and convergence/divergence.

56. If lim sup x, = 7 and lim inf %, = -3, can the sequence {x,} be bounded?
a. Yes, the sequence is bounded. c. It cannot be determined.
b. No, the sequence is unbounded. d. The sequence is constant.

Hint: Consider the relationship between lim sup, lim inf, and boundedness.

57. For a convergent sequence, which of the following is true?
a. The sequence is always bounded. ¢. The sequence may be bounded or
b. The sequence is always unbounded. unbounded.
d. The sequence has a finite limit.

Hint: Think about the behavior of convergent sequences.
58. If' a sequence is unbounded, what can be said about its convergence?
a. The sequence converges. ¢. The sequence may converge or

b. The sequence diverges. diverge.
d. The sequence oscillates,

Hint: Consider the relationship between boundedness and convergence.

59. What is a monotone increasing sequence?

a. A sequence with constant values. c. A sequence where each term is less

b. A sequence where each term is than or equal to the previous term.
greater than or equal to the previous d. Asequence with a repeating pattern
term.

Hint: Think about the order of the terms in a monotone increasing sequence.
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6. For a monotone decreasing sequence, what is true about the terms?

a. Each term is greater than or equal to c. The terms alternate between
the previous term. increasing and decreasing.
b. Each term is less than or equal to the d. The terms have no specific order.

previous term.
Hint; Consider the order of terms in a monotone decreasing sequence.

fil. If a sequence is monotone increasing and bounded, what can be concluded?
a. The sequence converges. ¢. The sequence may converge or
b. The sequence diverges. diverge.
d. The sequence has no limit,

Hint; Think about the behavior of monotone increasing sequences that are bounded.

62. Which of the following is true for a monotone decreasing sequence that is unbounded?

a. The sequence converges. ¢. The sequence may converge or
b. The sequence diverges. diverge.
d. The sequence oscillates.n

Hint; Consider the relationship between monotonicity, boundedness, and convergence.

3. For a sequence {za] that is neither increasing nor decreasing, what can be said about its
monotonicity?

a. It is a monotone increasing sequence. c. It is a constant sequence.
b. Itis a monotone decreasing d. Itis not a monotone sequence.
sequence.,

Hint; Consider the definitions of monotone increasing and decreasing sequences.

64. What is the limit of a convergent sequence?
a. Infinite c. Approaches a fixed value
b. Constant d. Oscillate

Hint:; Think about the behavior of a sequence as it progresses towards infinity,

65. In real analysis, what does it mean for a sequence to be Cauchy?

a. It has no repeating elements ¢. The terms get arbitrarily close as indices
b. It is monotonic increase
d. It diverges

Hint: Consider the proximity of terms in a Cauchy sequence.

fif. What is the sum of two convergent sequences?
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a. Always convergent

b. Always divergent

¢. Convergent if the individual sequences converge

d. Divergent if the individual sequences diverge

Hint: Think about combining two sequences and the impact on convergence.

7. Which property ensures that the limit of a sequence is unique?
a. Monotonicity ¢. Bolzano-Weierstrass property
b. Cauchy property d. Limit Superior

Hint: Consider the closeness of terms in a Cauchy sequence.

8. If a sequence is bounded and monotonic, what can be concluded about its convergence?
a. It must converge ¢. Convergence is not guaranteed
b. It must diverge d. It oscillates

Hint: Think about the behavior of a bounded and monotonic sequence.

69. What is the limit of a constant sequence?

a. Infinity ¢. Zero

b. The constant value d. Undefined
Hint: Consider the behavior of a sequence where all terms are the same.

70. In real analysis, what is the Cesiro mean of a sequence?
a. Arithmetic mean of the terms
b. Geometric mean of the terms
¢. Harmonic mean of the terms
d. Convergent mean of the sequence's partial averages
Hint: Think about averaging the partial sums of a sequence.

71. Can a convergent sequence have infinitely many terms?
a. Yes, always c. Yes, but with some conditions
b. No, never d. Only if it is monotonic

Hint:Consider the conditions under which a sequence can converge.
72. What is the relationship between a convergent sequence and its limit?

a. They are always equal ¢. The sequence approaches the limit
b. They are never equal d. The limit approaches the sequence

Hint: Think about the definition of convergence.
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73. Which theorem guarantees the convergence of a bounded monotonic sequence?
a. Bolzano-Weiersirass c. Sandwich
b. Cauchy d. Cesniiro

Hint : Consider the properties of a bounded monotonic sequence and the corresponding theorem,

74. What is a Cauchy sequence in real analysis?
a. A sequence with repeating elements
b. A bounded sequence
c. A sequence with terms getting arbitrarily close as indices increase
d. A divergent sequence
Hint:Think about the convergence behavior of a Cauchy sequence.

75. If a sequence is Cauchy, what can be inferred about its convergence?
a. It must converge ¢. Convergence is not guaranteed
b. It must diverge d. It oscillates

Hint: Consider the definition of a Cauchy sequence and its relationship to convergence.

76. Can a convergent sequence always be considered Cauchy?
a. Yes, always c. Yes, but with some conditions
b. No, never d. Only if it is monotonic

Hint ; Consider the properties of convergent sequences and their relation to the Cauchy property.

77. In real analysis, which property characterizes a Cauchy sequence?
a. Boundedness ¢. Terms approaching each other
b. Monotonicity d. Oscillation
Hint: Focus on the defining characteristic of a Cauchy sequence.

78. What is the significance of the Cauchy property in real analysis?
a. [t guarantees divergence . It guarantees convergence
b. It ensures the sequence is bounded d. It implies oscillation
Hint: Consider the relationship between the Cauchy property and the behavior of sequences.

79. Can a Cauchy sequence have infinitely many terms?
a. Yes, always ¢. Yes, but with some conditions
b. No, never d. Only if it is unbounded

Hint: Reflect on the nature of the terms in a Cauchy sequence.
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80. If a sequence is Cauchy, what conclusion can be drawn about its behavior?
a. [t must be monotonic c. It must be oscillating
b. It must be unbounded d. It approaches a fixed value
Hint Think about the ultimate behavior of terms in a Cauchy sequence.

81. What is the connection between a Cauchy sequence and the completeness property of real
numbers?

. They are unrelated ¢. Completeness property ensures Cauchy
b. Completeness property guarantees sequences are convergent
Cauchy sequences are bounded d. Cauchy sequences negate the
completeness
property

Hint: Consider the role of completeness in the convergence of Cauchy sequences.

82. If two sequences are both Cauchy, what can be said about their sum?
a. The sum is always Cauchy
b. The sum is never Cauchy
¢. The sum is Cauchy only if the sequences are monotonic
d. The sum is Cauchy if and only if both sequences converge
Hint: Connect the Cauchy property to the convergence of sequences.

83. What is the role of the Cauchy property in the completeness of the real numbers?
a. It contradicts completeness c. It guarantees completeness
b. It is unrelated to completeness d. It guarantees incompleteness
Hint: Think about how the Cauchy property contributes to the completeness of the real
numbers.

84, What characterizes a monotone sequence in real analysis?
a. Constant terms ¢. Terms always increasing or decreasing
b. Oscillating terms d. Randomly ordered terms
Hint Consider the behavior of the terms in a monotone sequence.

83. Can a monotone sequence be both increasing and decreasing?
a. Yes, always ¢. Yes, but with some conditions

b. No, never d. Only if it is bounded
Hint: Think about the definition of monotonicity in a sequence.

86. If a sequence is bounded and monotonic, what can be concluded about its convergence?
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a. It must converge ¢. Convergence is not guaranteed
b. It must diverge d. It oscillates
Hint: Consider the behavior of a bounded monotonic sequence.

87. What 1s the limit of a monotone sequence?
a. Always infinity ¢. Approaches a fixed value
b. The constant value d. Undefined

Hint: Reflect on the trend of a monotone sequence as it progresses.

§8. If a sequence is monotonic but not bounded, what can be said about its convergence?

a. [t must converge c. Convergence is not guaranteed
b. It must diverge d. It oscillates
Hint:Consider the impact of unboundedness on the convergence of a monotonic sequence.

89. Cana monotone sequence have infinitely many terms?
a. Yes, always d. Only if it is unbounded
b. No, never Answer: a. Yes, always
¢. Yes, but with some conditions
Hint: Think about the potential length of a monotone sequence.

90. What is the relationship between a monotone sequence and its limit?
a. They are always equal ¢. The sequence approaches the limit
b. They are never equal d. The limit approaches the sequence
Hint: Consider the convergence behavior of a monotone sequence.

91. Inreal analysis, which theorem guarantees the convergence of a bounded monotonic

sequence?
a. Bolzano-Weierstrass ¢. Sandwich
b. Cauchy d. Cesiro

Hint: Connect the properties of a bounded monotonic sequence to the corresponding theorem,

92. What happens if a monotone sequence is not bounded?
a. It must converge ¢. Convergence is not guaranteed
b. It must diverge d. Tt oscillates
Hint Consider the impact of unboundedness on the convergence of a monotone sequence.
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93. If a sequence is decreasing and bounded below, what can be concluded about its
convergence?
a. It just converge c. Convergence is not guaranteed
b. It must diverge d. It oscillates
Hint: Think about the behavior of a decreasing sequence that is bounded below.

94, What characterizes a monotone sequence in real analysis?
a. Constant terms ¢. Terms always increasing or decreasing
b. Oscillating terms d. Randomly ordered terms
Hint:Consider the behavior of the terms in a monotone sequence.

95. Can a monotone sequence be both increasing and decreasing?
a. Yes always ¢. Yes, but with some conditions
b. No, never d. Only if it is bounded

Hint: Think about the definition of monotonicity in a sequence.

96. If a sequence is bounded and monotonic, what can be concluded about its convergence?
a. [t must converge ¢. Convergence is not guaranteed
b. It must diverge d. It oscillates
Hint: Consider the behavior of a bounded monotonic sequence.

97. What is the limit of a monotone sequence?
a. Always infinity ¢. Approaches a fixed value
b. The constant value d. Undefined
Hint: Reflect on the trend of a monotone sequence as it progresses.

98, If a sequence is monotonic but not bounded, what can be said about its convergence?

a. It must converge ¢. Convergence is not guaranteed
b. It must diverge d. It oscillates

Hint: Consider the impact of unboundedness on the convergence of a monotonic sequence.
99. Can a monotone sequence have infinitely many terms?

a. Yes, always c. Yes, but with some conditions
b. No, never d. Only if it is unbounded
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Hint: Think about the potential length of a monotone sequence.

100, What is the relationship between a monotone sequence and its limit?
a. They are always equal ¢. The sequence approaches the limit
b. They are never equal d. The limit approaches the sequence
Hint:Consider the convergence behavior of a monotone sequence.

101, In real analysis, which theorem guarantees the convergence of a bounded monotonic

sequence?
a. Bolzano-Weierstrass ¢. Sandwich
b. Cauchy d. Cesiro

Hint: Connect the properties of a bounded monotonic sequence to the corresponding theorem.

102. What happens if a monotone sequence is not bounded?
a. [t must converge c. Convergence is not guaranteed
b. It must diverge d. It oscillates

Hint: Consider the impact of unboundedness on the convergence of a monotone sequence.

103, If a sequence is decreasing and bounded below, what can be concluded about its

convergence?
a. It must converge c. Convergence is not guaranteed
b. It must diverge d. It oscillates

Hint: Think about the behavior of a decreasing sequence that is bounded below.
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UNIT 3
1. Question:
Which of the following series is absolutely convergent?
a. E(l/n) c. X(n"2)
b, EZ((-1)*n/n) d. X(sin n/n)
Explanation:

The series £(1/n) is a convergent p-series with p = 1, making it
absolutely convergent,

2. Question:
For a series Ea,, if Zla,| converges, then Ea, is:

a. Absolutely convergent ¢. Divergent

b. Conditionally convergent d. None of the above
Explanation:

If the series of absolute values converges, it implies absolute
Convergence of the original series.

3. Question:
The alternating harmonic series Z((- 1 )*n-1)/n) is:
a.  Absolutely convergent ¢. Divergent
b. Conditionally convergent d. Oscillatory
Explanation:

The alternating harmonic series converges conditionally because the
Absolute values series converges, but the series itself does not.

4, Question:

If £)a,| diverges, then Za, is:

a.Absolutely convergent ¢ Divergent
b.Conditionally convergent d.None of the above
Explanation:

Divergence of the absolute values series does not provide information
About the convergence of the original series.

5. Question:

The series Z{({-1)*n/n*2) is:
a. Absolutely convergent ¢. Divergent
b. Conditionally convergent d.  Alternating

Explanation:
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The series Z{{-1)*n/n"2) is absolutely convergent as it is a convergent p-
Series with p = 2.

7. Question:
Which test is used to check for absolute convergence?

a. Ratio Test c. Comparison Test

b. Root Test d.  Alternating Series Test
Explanation:

The Root Test is used to determine the absolute convergence of a series.

8. Question:
The series £(1/n"2) is:
a. Absolutely convergent ¢. Divergent
b. Conditionally convergent d. Oscillatory
Explanation:

The series Z(1/n"2) is absolutely convergent as it is a convergent p-
Series with p = 2,

9. Question:
If Za, is absolutely convergent, then Ea, is:

a.  Always convergent ¢. Divergent

b. Conditionally convergent d. None of the above
Explanation:

Absolute convergence implies convergence, so the series is always
Convergent.

10. Question:
The series Z((-1)"n/n"3) is:
a.  Absolutely convergent ¢. Divergent
b. Conditionally convergent d. Oscillatory
Explanation:

The series Z((-1)*n/n"3) is absolutely convergent as it is a convergent
p-series with p = 3.

11. Question:

Which test is used to check for conditional convergence?
a. Ratio Test ¢. Alternating Series Test
b. Root Test d. Comparison Test
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Explanation:
The Alternating Series Test is specifically designed for series with
Alternating signs.

12. Question:
If E|aq| is divergent, then Za, is:

a.  Absolutely convergent c. Divergent

b. Conditionally convergent d. None of the above
Explanation:

The divergence of the absolute values series doesn’t provide information
About the convergence of the original series.

13. Question:
The series Zi(({-1)*n/n) is:
a. Absolutely convergent ¢. Divergent
b. Conditionally convergent d.  Alternating
Explanation:

The series Z((-1)*n/(2n-1)) is absolutely convergent as it is a convergent
Alternating series.

14. Question:
If Za,| is convergent, then Za, is:

a. Absolutely convergent ¢. Divergent

b. Conditionally convergent d. None of the above
Explanation:

Convergence of the absolute values series implies absolute convergence
Of the original series.

15. Question:
The series Z{(-1)*n/n*2) is:
a. Absolutely convergent c. Divergent
b. Conditionally convergent d. Alternating
Explanation:

The series Z((-1)*n/(2n-1)) is absolutely convergent as it is a convergent
Alternating series.

16. Question:
If Zla,| is convergent, then Za, is:
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a.  Absolutely convergent c. Divergent
b. Conditionally convergent d. None of the above
Explanation:

Convergence of the absolute values series implies absolute convergence
Of the original series.

17. Question:
The series Z{{-1)*n/n*2) is:
a.  Absolutely convergent c. Divergent
b. Conditionally convergent d. Alternating
Explanation:

The series Z((-1)*n/n"2) is conditionally convergent as it converges
Conditionally, but not absolutely.

[8. Question:
For the series Za,, if Ela,| is conditionally convergent, then Xa, is:
4. Absolutely convergent c. Divergent
b. Conditionally convergent d. None of the above

Explanation:
If the absolute values series is conditionally convergent, then the original
Series is conditionally convergent

19. Question:
In the metric space (X, d), if d(x, y) = 0, what can be concluded about x
And y?
a X=y c. X>Y¥
b. x<y d. No conclusion can be made

Explanation

The both metric spaces of gives d is equal
So x and y both are equal.

X=Y

20. Question:
Consider a metric space (Y, p) and a function f: X — Y. Iffisa
Continuous function, which of the following statements is true?
a. P(fix), f(y) = d(x, y)
b. P(fix), fiy}) = dix, y)
c. P(fix), fiy) = d(x, y)
d. No relation between p and d can be determined
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Explanation
The metric space only satisfying the 1* condition.

p(fix), fly)) = d(x.y)

21. Question:
In a metric space (X, d), if for every & = (), there exists a & = ) such that
Dix, a) < & implies d(fix), L) < &, then we say:
a. Fi(x)tends to a limit L as x ¢. fix) is uniformly continuous on X
approaches a d. f(x) is bounded on X
b, fix) is continuous at X = a
Explanation:
This condition corresponds to the definition of a limit in a metric space.

22, Question:

If lim (x — a) f(x) = L and lim (x — a) g(x) = M in a metric space. what

Is the limit of h(x) = f(x) + g(x) as x approaches a?
a. Lim(x —a)hix)=L+M c. Lim(x—a)h(x)=LM
b, Lim{x —a)h(x)=L-M d. Lim{x — a)h(x)=LM

Explanation:
The limit of the sum of two functions 1s the sum of their limits.

23. Question:
If lim (x — a) f(x) = L and c is a constant, what is the limit of g(x) =c *
F(x) as x approaches a?

a. Lim(x —a)g(x)=c*L ¢. Lim(x—a)gx)=c+L
b. Lim{x —a)g(x)=L/c d Lim(x—a)g(x)=L-c¢
Explanation:

The limit of a constant times a function is the constant times the limit of
The function.

24, Question:

In a metric space, if lim (x — a) f{x) = L and lim (x — a) g(x) = M,

What is the limit of h(x) = f{x) * g(x) as x approaches a?
a4 Limi{x—a)h(x)=L*M c. Lim{x—ajhix)=L-M
b. Lim({x —a)h(x)=L+M d. Lim{x—a)h(x)=L/M

Explanation:
The limit of the product of two functions is the product of their limits.

25. Question:
Iflim (x — a) fix) = L and f{x) < g(x) for all X in a metric space, what
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Can be said about lim (x — a) g(x)?
a. lim{(x—a)gx)=L c. lim(x —a)g(x)>L
b, lim{x —a)gx) <L

The limit of g(x) cannot be determined from the given information

Explanation:

If f(x) is less than or equal to g(x), and the limit of f(x) exists, then the

Limit of g(x) is at least as large as the limit of f(x).

26. Question:
In the metric space (X, d), if dix, y) = 0, what can be concluded
About x and y?

a4 X=y
b. x=<y
. X>Y¥
d. No conclusion can be made

27. Question:

Consider a metric space (Y, p) and a function f: X — Y. If fis a

Continuous function, which of the following statements is true?
a. P(fix), fiy)) =dix, y) d. No relation between p and d can be
b. .P(f{x), fly)) = d(x, y) determined
c. P(fix), fly) = dix, y)

28. Question:
In a metric space (X, d), if for every & > 0, there exists a & > 0 such
That dix, a) = & implies d(f{x). L) < &, then we say:

a. Fix) tends to a limit L as x ¢. F(x) is uniformly continuous on X
approaches a d. F(x) is bounded on X
b. F(x)is continuous at X = a
Explanation:

This condition corresponds to the definition of a limit in a
Metric space.

29, Question:
Iflim (x — a) fix) = L and lim (x — a) g(x) = M in a metric space,
What is the limit of h(x) = f{x) + g(x) as x approaches a?

a. lim(x —=a)hix)=L+M c. lim(x — a)hi{x)=LM
b. lim{x—a)h(x)=L-M d. lim (x — a) hix) = L/'M
Explanation:

The limit of the sum of two functions is the sum of their
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Limits,

0. Question:
If lim (x — a) f{x) = L and ¢ is a constant, what is the limit of g(x) =
C * fix) as x approaches a?

a lim{x —a)g(x)=c*L c. lim{x—a)gx)=c+L
b. lim(x —a)gix)=L/c¢ d. lim(x —a)gix)=L-c
Explanation:

The limit of a constant times a function is the constant times
the limit of the function,

31. Question:
In a metric space, if lim (x — a) fix) =L and lim (x — a) g(x) = M,
what is the limit of h(x) = f(x) * g(x) as x approaches a?

a limi(x —a)hix)=L*M c. limix—=a)hix)=L-M
b. lim{x —a)h(x)=L+M d. lim(x —a)hix)=L/M
Explanation:
The limit of the product of two functions is the product of
their limits.
32. Question:

If lim (x — a) fix) = L and f{x) = g(x) for all x in a metric space, what

can be said about lim (x — a) g(x)?
. lim{x —a)gx)=L c. lim(x —a)g(x)>L
b. lim(x — a) g(x) <L

The limit of g(x) cannot be determined from the given

information

Explanation:

If f(x) is less than or equal to g(x), and the limit of f{x) exists,

Then the limit of g(x) is at least as large as the limit of f(X)

33. Question:
Find the limit as x approaches 2 for the function 2f{x)=x-2x2-4.

a 2 c. 0

b. 4 d. Does not exist
Explanation:

When you substitute 2x=2 directly into the function, you get an
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Indeterminate form indicating that further simplification is needed.
Factoring the numerator, you get 2f{x)=x—2(x—2)(x+2). Canceling the
Common factor (x=2), you are left with2f(x)=x+2. Now, as x approaches
2, the function approaches 4. Therefore, the limit is 4, and the correct

34. Which test would be best to determine the convergence of Y7, w ?
nﬂ

a. Ratio Test ¢. Comparison Test
b, Alternating Series Test d. Imtegral Test
Hint: Compare with a convergent

35. What is the next term in the series: 2, 6, 3,9, 4, 12, .7

a. 5 c. 6
b. 10 d. 15
Hint: Observe the pattern between consecutive terms

36. For which value of p does the series $(—1)"(n™*)/(n” + 1)converge absolutely?

a p>2 c. l<p<2
b. p=2 d p<l
Hint: Use the limit comparison test or the ratio test.

37. Complete the series: 7, 10, 17, 26, ...7

a. 37 c. 42
b. 38 d. 45
Hint: Try to find a pattern in the differences between consecutive terms.

3% What is the next term in the series: 2, 6, 3,9, 4,12, .7

a 3 c. O
b. 10 d. 15
Hint: Observe the pattern between consecutive terms

39, Question
Given two vectors a and b in an inner product space, which of the
Following statements represents the Schwarz inequality?

a. la+bli=llall+lbil c. lla-bli=lall-bll
b, lla-bli=lall- b d.  lNa+bli=lall- bl
Explanation:

The Schwarz inequality states that for any vectors a and b in an
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Inner product space, the absolute value of their dot product is less
Than or equal to the product of their magnitudes:

la-bl=llall- bl

40. Which ufthe fullumph series is divergent?

1
L] . o
Zrt—l Zn lﬁ
. {—nﬂz
b. Xt —— d Eoig

Hint:Consider the behaviour of the Harmonic series.

41. Which test is commonly used to determine the convergence of alternating series?

a. Ratio Test c. Alternating Series Test
b. Root Test d. Integral Test
Hint: This test applies prLlrl‘.dH}' to alternating series.
42. What is the convergence of the series E”“ ?
n(ln{n}l}z
a. Divergent ¢. Conditionally Convergent
b. Convergent d. Oscillatory
Hint: Consider using the Integral Test.
43. What is the convergence of the series E’;‘ 1]'“rr
a. Convergent c. Inconclusive
b. Divergent d. Oscillating

Hint: Consider the convergence of alternating series using the Alternating Series Test.
44. Which test is used to evaluate the convergence or divergence of p-series?
a. Integral Test ¢. p-Series Test
b. Comparison Test d. Ratio Test

Hint: This test is specifically designed for series of the form ¥

n=1_p e
45. The series ¥*  is:
n=1y3
a. Convergent c. Conditionally convergent
b. Divergent d. Oscillating
Hint: Determine the convergence using the p-Series Test.
46. Which test would be suitable to determine the convergence of ¥5_,; h‘% {
a. Ratio Test ¢. Comparison Test
b. Integral Test d. Limit Comparison Test

Hint: Consider using the Integral Test for series with logarithmic terms.
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41, The series ¥= " is:

ﬂ=13nn
a. Convergent ¢. Conditionally convergent
b. Divergent d. Inconclusive

Hint: Use the Ratio Test to determine convergence.

42. For which value(s) of p does the series 3. ! converge?
n=1 nP
a. p=l c. p=0
b. p=l d. p=0

Hint: Consider using the p-series test.

43. What is the convergence of the series ¥ ' S
"=lalmn’

a. Converges ¢. Inconclusive
b. Diverges d. Conditionally Converges

Answer: b) Diverges
Hint: Try to use the Integral Test or Comparison Test.

44, What is the sum of the series 1 +IE+%+ lﬁ+ e 7

a. 2 c. 3
b, 1 d. Infinity

Hint: This is a geometric series with common ratio less than 1.

45. What is the next term in the series: 8, 6, 9, 23, 87, .7
a. 226 c. 350
b, 324 d. 411
Hint: Observe the relationship between consecutive terms and how they might be
connected.

52. Which test is typically used to check for absolute convergence?
a. Ratio Test c. Alternating Series Test

b. Root Test d. Comparison Test
Hint: The Root Test is particularly useful for determining absolute convergence.

53. If a series is absolutely convergent, then it is also;
a. Divergent c. Absolutely divergent
b. Conditionally convergent d. Absolutely convergent
Hint: Think about the properties of absolute convergence.

55. Which of the following statements is true regarding a conditionally convergent series?
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a. [Its absolute value series c. [t must be alternating.
converges. d. It must have positive terms
b. [Iis absolute value series only
diverges

Hint: Recall the definition and characteristics of conditionally convergent series.

56. Which of the following statements about conditionally convergent series is true?
a. A conditionally convergent series is always convergent.
b. Aconditionally convergent series is always divergent.
c. A conditionally convergent series converges conditionally but not absolutely.
d. A conditionally convergent series converges absolutely but not conditionally.
Hint: Think about the relationship between conditional and absolute convergence.

57. A series that is conditionally convergent is one that;

a. Converges only when c. Converges absolutely.
some condition is d. Diverges when some
satisfied. condition is satisfied.

b. Alternates in sign but
CONVErges.

58. Which test is used to determine the absolute convergence of series?
a. Ratio test ¢.  Root test
b. Comparison test d. [Integral test

Hint: Consider the nth root of the absolute value of the terms.

59.1f the limit of the nth root of the absolute value of the terms of a series is less than 1, the series:
a. Diverges
b. Converges absolutely
¢. Converges conditionally
d. May converge or diverge
Hint: This condition is a criterion for absolute convergence,
6. Which test is generally used when dealing with series involving factorials or exponential
functions?

a. Ratio test c. Root test
b. Comparison test d. Integral test

Hint: Integrate the series terms.

61.1f the limit in the Ratio Test is equal to 1, what does this indicate about the series?

a. The series b. The series
absolutely conditionally
converges converges.
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¢. The series may d. The series
converge or diverges.
diverge

Hint: The Ratio Test is inconclusive if the limit eguals 1.

2. Which of the following tests is particularly useful for series involving trigonometric functions
or powers of x7

a.  Ratio Test ¢. Comparison Test
b. Integral Test d. Alternating Series Test

Hint: The Integral Test is applicable to a wide range of functions including trigonometric and
power functions,

3. Which test can be used to determine the convergence of a series by comparing it to another
series whose convergence is known?

a. Ratio Test

=3

Integral Test

Comparison Test

L

=%

Alternating Series Test

Hint: The Comparison Test compares the given series with another series whose convergence is
known,

fd. What does the Root Test involve taking the root of?
a. The ratio of consecutive terms
b. The series itself
¢. The sum of the series
d. The absolute value of the terms

Hint: In the Root Test, you take the nth root of the absolute value of the terms and evaluate the
limit.

65.1f the integral of the function representing the terms of a series diverges, what can be said
about the series?
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a.  The series absolutely ¢. The series diverges.
converges.
d. The test fails.
b. The series conditionally
converges.

Hint: The Integral Test states that if the integral diverges, then the series diverges.
6. In the Alternating Series Test, what condition must be met for the series to converge?
a.  The terms must be decreasing. ¢.  The terms must approach
Zero.
b. The terms must alternate in
sign. d.  All of the above.

Hint: The Alternating Series Test requires all of these conditions to be met for convergence.

67. What is the first step in applying the Alternating Series Test?

a. Check if the terms alternate in ¢. Verify if the terms are
sign. decreasing.
b. Determine if the terms d. Find the sum of the series.

approach zero.
Hint: The Alternating Series Test starts by ensuring the terms alternate in sign.
68. Which of the following tests can be applied to series with non-negative terms only?
a. Ratio Test ¢. Comparison Test
b. Integral Test d. Alernating Series Test

Hint: The Alternating Series Test is specifically for alternating series with terms that may
not all be positive.

69. The series > (1/n"2) is:

Divergent

Absolutely convergent
Conditionally convergent
Convergent

peop

Hint: This is a p-series with p = 2.
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70, The alternating series test is applicable when the terms of the series:
a.  Are decreasing in magnitude
b. Are increasing in magnitude
¢.  Alternate in sign
d. All of the above
Hint: Consider the conditions required for the alternating series test.

71. If the alternating series test is inconclusive, what other test could be used to determine
convergence?

a. Integral test c. Comparison test
b. Ratio test d. Root test

Hint: Compare with a known convergent or divergent series

72. What happens if a series converges absolutely?
c. It does not converge

a. [t must also converge conditionally.
conditionally. d. It must diverge.
b. It may or may not converge
conditionally.

Hint: Remember the definition of conditional convergence

73. What is the alternating series test used for?

a To determine absolute c. Todetermine divergence
convergence d. To determine convergence
b. To determine conditional
convergence

Hint: Consider the conditions required for convergence.

74. The alternating harmonic series ¥((-1)™"/n) is:

a. Absolutely c¢. Divergent
convergent d. Not defined
b. Conditionally
convergent
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Hint: Apply the Alternating Series Test.

75. Which test is used to determine absolute convergence when the terms of the series are
non-negative?
a. Ratio Test c. Alternating Series
b. Root Test Test
d. Comparison Test

Hint: Consider the nature of the terms when applying the test.
76. Which of the following statements is true regarding absolutely convergent series?
a. Every absolutely convergent series is conditionally convergent,
b. Ewvery absolutely convergent series is divergent.
¢. Every absolutely convergent series is conditionally convergent or
divergent,

d. Every absolutely convergent series is convergent.

Hint: Recall the definition of absolute convergence.
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Unit 4
Question:
|. What is the definition of a limit in real analysis?
a. The highest value a function can attain
b. The value that a function approaches as the input gets arbitrarily close to a
certain point
c. The average value of a function over an interval
d. The minimum value of a function

Explanation:
In real analysis, the limit of a function at a certain point is the value that the function approaches
as the input approaches that point.

2. Question:
What is the derivative of a function with respect to x7
a. Slope of the tangent line c. Integral of the function
b. Area under the curve d. Average rate of change
Explanation:

The derivative of a function represents the slope of the tangent line at a given point.

3. Question:
Which theorem guarantees the existence of a root for a continuous function on a closed interval?
a. Intermediate Value Theorem ¢. Rolle’s Theorem
b. Mean Value Theorem d. Fundamental Theorem of Calculus
Explanation:

The Intermediate Value Theorem states that if a continuous function takes on two different
values at the endpoints of a closed interval, then it takes on every value in between.

4. Question:
What does the Fundamental Theorem of Calculus relate?

a. Derivatives and integrals ¢. Sequences and series

b. Limits and continuity d. Taylor series and polynomials
Explanation:

The Fundamental Theorem of Calculus establishes a connection between derivatives and
integrals.

5. Question:
In real analysis, what does a Cauchy sequence represent?
a. A sequence of consecutive integers b. A sequence of irrational numbers
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¢.  Asequence with diminishing terms d.  Asequence approaching a finite limit

Explanation:
A Cauchy sequence is a sequence in which the terms become arbitrarily close to each other as
the sequence progresses.

6. Question:
What is the definition of continuity for a function at a point?
a. The function is defined at that point d. The limit of the function exists at
b. The function has no jumps or breaks that point and equals the function
at that point value
¢. The function is differentiable at that
point
Explanation:

A function is continuous at a point if the limit of the function at that point exists and is equal to
the function value at that point.

7. Question:
What is the Lebesgue measure used for in real analysis?
a. Measuring lengths of curves ¢. Calculating volumes of solids
b. Assigning a measure to subsets of d. Analyzing the convergence of series

real numbers
Explanation:
The Lebesgue measure is a way to assign a measure to sets in a way that generalizes and extends
the concept of length, area, or volume.

8. Question:
Which of the following is a necessary condition for a function to be Riemann integrable?
a. The function is continuous on the ¢. The function is monotonic on the
interval interval
b. The function is differentiable on the d. The function has a finite number of
interval discontinuities on the interval
Explanation:

A function must have a finite number of discontinuities on a closed interval to be Riemann
integrable.

9. Question:
What does the Bolzano-Weierstrass Theorem guarantee for a bounded sequence?
a. Convergence of the sequence ¢. Monotonicity of the sequence
b. Divergence of the sequence d. Oscillation of the sequence
Explanation:
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The Bolzano-Weierstrass Theorem states that every bounded sequence has a convergent
subsequence.

10. Question:
What is the Heine-Borel Theorem related to in real analysis?
a. Convergence of series c. Compactness of intervals
b. Differentiability of functions d. Integration of functions
Explanation:

The Heine-Borel Theorem characterizes the compactness of ¢losed and bounded intervals in the
real line.

11. Question:
What is the definition of an open set in real analysis?
4. Aset with no elements
b. A set that contains its boundary points
¢.  Aset that does not contain any limit points
d. Aset where every point has a neighborhood entirely contained in the set

Explanation:
An open set is a set in which every point has a neighborhood (open interval) that is entirely
contained in the set.

12, Question:
Which theorem guarantees the existence of a maximum and minimum value for a continuous
function on a closed interval?

a. Intermediate Value Theorem ¢. Extreme Value Theorem
b, Mean Value Theorem d. Bolzano-Weierstrass Theorem
Explanation:

The Extreme Value Theorem states that a continuous function on a closed interval attains both a
maximum and a minimum value.

13. Question:
What does it mean for a series to converge absolutely?
a. The series converges to a finite value ¢. The series converges, and the
b. The series converges, and the absolute values of its terms diverge
absolute values of its terms also d. The series diverges to infinity
converge
Explanation:
Absolute convergence means that both the series and the series of absolute values converge.
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14 Question:
What is the purpose of the Monotone Convergence Theorem?
a. To determine the limit of a sequence ¢. Toanalyze monotonic sequences and
b. To study the convergence of series their limits
d. To establish continuity of a function
Explanation:

The Monotone Convergence Theorem is used to study the convergence of monotonic sequences.

15. Question:
What does it mean for a function to be uniformly continuous on an interval?
a. The function is defined on the entire ¢. The function’s derivative is bounded
interval on the entire interval
b. The function has a derivative on the d. The function’s rate of change is
entire interval constant on the entire interval
Explanation:

Uniform continuity implies that the derivative of the function is uniformly bounded over the
entire interval.

16. Question:
What is the definition of a closed set in real analysis?
a. A set with no elements
b. A set that contains all its limit points
¢. A set that does not contain any limit points
d. A set where every point has a neighborhood entirely contained in the set

Explanation:
A closed set is a set that contains all its limit points.

17. Question:
Which theorem ensures the continuity of a function on a closed interval?
a.  Bolzano-Weierstrass Theorem ¢. Heine-Borel Theorem
b. Extreme Value Theorem d. Weierstrass Extreme Value Theorem

Explanation:
The Extreme Value Theorem guarantees the continuity of a function on a closed interval.

18. Question:
What is the relationship between a point of inflection and the second derivative of a function?
a. The second derivative is zero at a b. The second derivative is positive at a
point of inflection point of inflection
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¢. The second derivative is negative at d. The second derivative is undefined at
a point of inflection a point of inflection
Explanation:

At a point of inflection, the second derivative of a function is zero, but it does not necessarily
determine concavity.

19. Question:
What is the Cauchy-Riemann equation associated with in complex analysis?
a. Continuity of a complex function ¢. Differentiability of a complex
b. Convergence of a complex sequence function
d. Integration of a complex function
Explanation:

The Cauchy-Riemann equation is a set of conditions for the differentiability of a complex-valued
function.

20. Question:
In real analysis, what does the term “dense” mean when referring to a subset of real numbers?
a. The subset contains only rational ¢. The subset has elements arbitrarily
numbers close to any point in the space
b. The subset contains no limit points d. The subset has a finite number of
elements
Explanation:

A dense subset of real numbers has elements that can be arbitrarily close to any point in the
entire space.

21. Question:
What is the significance of the Weierstrass Approximation Theorem?
a. It guarantees the existence of ¢. Itestablishes the convergence of
continuous functions with specific power series
properties d. It characterizes compact sets
b. It determines the limits of sequences
Explanation:

The Weierstrass Approximation Theorem states that every continuous function on a closed
interval can be uniformly approximated by a sequence of polynomials.

22, Question:
Which of the following conditions ensures the convergence of an improper integral?
4. The integrand is bounded on the b. The integrand has a finite number of
interval discontinuities
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c. The integrand approaches zero as the d. The integrand approaches zero as a
interval extends limit and is integrable on each
subinterval
Explanation:

For an improper integral to converge, the integrand must approach zero as a limit, and it should
be integrable on each finite subinterval.

23, Question:
What does the Leibniz Rule relate to in calculus?
a. Differentiation of products of c. Integration of trigonometric
functions functions
b. Evaluation of limits of indeterminate
forms
Explanation:

Leibniz Rule, also known as the product rule, deals with the differentiation of products of
functions. It provides a formula for finding the derivative of a product of two functions

24. Question:
In real analysis. what is the definition of a compact set?
a. A set that contains its boundary c. Aset that is closed and bounded
points d. Aset with no limit points

b. A set where every point has a
neighborhood entirely contained in
the set
Explanation:
A compact set is a set that is both closed and bounded.

23, Question:
What does the Bolzano-Weierstrass Theorem state for a bounded sequence?

a. Ewvery bounded sequence is c. Every bounded sequence has a finite
monotonic limit
b. Ewvery bounded sequence has a d. Everybounded sequence is
convergent subsequence eventually constant
Explanation:

The Bolzano-Weierstrass Theorem asserts that every bounded sequence has a convergent
subsequence.

26. Question:
What is the definition of a Lipschitz continuous function?
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a. A function with a continuous ¢. A function that is differentiable
derivative everywhere

b. A function with a bounded d. A function that is uniformly
derivative, continuous

Explanation:
A Lipschitz continuous function is one where the absolute value of its derivative is bounded.

27. Question:
What is the purpose of the Cauchy Integral Formula in complex analysis?
a. Toevaluate line integrals of real ¢. Tocalculate limits of complex
functions sequences
b. To compute the residues of complex d. To determine the convergence of
functions complex power series

Explanation:
The Cauchy Integral Formula is used to compute the residues of complex functions,

28. Question:
Which theorem guarantees the existence of a limit for a monotonic and bounded sequence?
a. Bolzano-Weierstrass Theorem c. intermediate Value Theorem
b. Monotone Convergence Theorem d. Extreme Value Theorem
Explanation:

The Monotone Convergence Theorem ensures the existence of a limit for a monotonic and
bounded sequence.

29, Question:
What is the definition of a Cauchy sequence in the context of real numbers?
a. Asequence with no repeated c. A sequence whose terms become
elements arbitrarily close as the sequence
b. A sequence with consecutive integer progresses
terms d. A sequence with only positive terms
Explanation:

A Cauchy sequence is a sequence in which the terms become arbitrarily close to each other as
the sequence progresses.

30, Question:
What does the Mean Value Theorem guarantee for a differentiable function on a closed interval?
a. The function has a maximum value b. The function has a minimum value
on the interval on the interval
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c. The function’s average rate of d. The function’s derivative is
change equals its instantaneous rate continuous on the interval
of change

Explanation:

The Mean Value Theorem states that if a function is differentiable on a closed interval, then
there exists at least one point in the interval where the average rate of change equals the
instantaneous rate of change.

31, Question:
In real analysis, what is the definition of a limit superior (lim sup) for a sequence?
4. The highest value in the sequence
b, The limit of the sequence
¢. The infimum (greatest lower bound) of the set of all subsequential limits of the given
sequence.
d. The smallest real number L such that, for any £ = 0, there are only finitely many terms of
the sequence greater than L + &,

Explanation:
It provides insight into the “long-term™ behavior of the sequence.

32. Question
Let fix) = |x — 3|, where x is a real number. What is the set of points where f{x) is not
differentiable?

a. {3} c. {x|x>3)}
b, {x|x#3) d. {x]x<3}
Explanation :

The function fix) = |x — 3| is not differentiable at the point x = 3 because it has a corner (cusp) at
that point. The absolute value function changes direction abruptly, resulting in non-
differentiability at x = 3.

33, Question:
What is the definition of a metric space?
a. A set equipped with a norm ¢ Aset with an inner product
b. A set with a distance function d. A set with a continuous function

satisfying specific properties
Explanation:
In mathematics, a metric space is a set equipped
With a distance function (metric) that satisfies certain properties,
Such as non-negativity, symmetry, and the triangle inequality.
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34, Question:
Which of the following is a valid example of a metric space?
a. The set of natural numbers with the ¢. The set of rational numbers with the
Euclidean norm cosine function
b. The set of real numbers with the d. The set of complex numbers with the
absolute value function square root function
Explanation:

The absolute value function satisfies the properties
Required for a metric on the set of real numbers,

35, Question:
What is the triangle inequality for a metric space?
a. dix.y)+d(y.z)=d(x,z) c. dixy)zd(x.z)td(zy)
b, dixy)=d(x.z)+d(z.y) d. duy)=dixz)+dizy)
Explanation:

The triangle inequality states that the distance

Between two points in a metric space is always less than or equal to
The sum of the distances between those points through an
Intermediate point,

36. Question: Which property ensures that every convergent sequence in
A metric space has a unique limit?

a. Completeness c. Compactness
b.  Continuity d. Connectedness
Explanation:

Completeness ensures that every Cauchy sequence
In the metric space converges to a limit within the space.

37. Question:
Which of the following is a necessary condition for a relation to be
Considered a function?

a. One-to-many mapping ¢. One-to-one mapping
b. Many-to-one mapping d. Many-to-many mapping
Explanation:

A function must have a unique output (range element) for
Each input (domain element).
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38 Question: If a function is even, what can be said about its

Graph?
a. It is symmetric about the x-axis. ¢. Itis symmetric about the origin.
b. Tt is symmetric about the y-axis. d. Ttis not symmetric.

Explanation: An even function satisfies fix)=fi—x), leading to symmetry about the y-
Axis.

DEPARTMENT OF MATHEMATICS

61




ST. JOSEPH'S COLLEGE OF ART'S & SCIENCE FOR WOMEN, HOSUR

S.NO QUESTION NUMBER

B

WO S0 =D O | | W R =

=

—

—
bl

—
d

=

—
Lh

>

—
|

[a—
oo

o

e
o

bt
b

b
“ad

12| !

[
Lh

]
(=2}

[
|

[
oo

b
o

&

tad
—

Lad
bl

T
fad

B

Lad
Lh

e
h

Tk
)

=
el Rt =] f==] g Rl R o] f==) == f==] f==] R o] e Rurd g Mo K] Bog R=) ==} R ] Ko ] =) R o] Rwd ] =g Rurd f==) lwr) R ] e e

Ll
oG

DEPARTMENT OF MATHEMATICS

62




ST. JOSEPH'S COLLEGE OF ART'S & SCIENCE FOR WOMEN, HOSUR

UNIT 5

1. Question
Which of the following statements is true regarding a limited subset of a metric space?

a. Ewvery limited subset is bounded. ¢. Every limited subset is compact.
b. Ewvery bounded subset is limited. d. Every compact subset is limited
Explanation:

In a metric space, a subset is said to be bounded if there exists a positive real number M such that
the distance between any two points in the subset is less than M. A subset is termed limited if it
contains a finite number of elements. The statement “Every bounded subset is limited™ is true.
The set \{x \in\mathbb{R} : 0 < x < I\ {xER:D<x<1} is limited but not bounded.

2 .Question
Which of the following statements is true about a limited subset of a metric space?
a. Ewvery closed c. Alimited subset is
Every limited always compact.
subset is closed. d. A compact subset
b. subset is limited. is always limited.
Explanation :

In metric spaces, compactness implies both closed and bounded. Therefore, any compact subset
is limited.

3. Questions
Which of the following statements about a limited metric space is true?
a.  Ewvery limited subset of a metric space is bounded.
b. A metric space is limited if and only if it contains a finite number of
elements.
c. Ina limited metric space, every sequence must converge,
d. A limited metric space cannot contain an uncountable number of
elemenits.

Explanation:

A limited subset in a metric space implies that the subset has a finite diameter, meaning all its
elements are within a certain finite distance of each other. This directly implies that the subset is
bounded, as there exists a ball of finite radius that contains the entire subset.

4 .Question

What is the definition of a limited set in real analysis?
a. A set with no elements ¢.  Aset that is bounded
b. A set with infinitely many d. A set that is unbounded

elements
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Explanation:
A set E in a metric space is limited if it is bounded, meaning there exists a number M such that
the distance between any two points in E is less than M.

5. Question
Which of the following statements about limited and metric spaces is true?
a.  Ina limited metric space, every Cauchy sequence is bounded.
b. Ina limited metric space, every bounded sequence is Cauchy.
¢. Ina metric space, a Cauchy sequence is always limited.
d. Ina limited metric space, every convergent sequence is bounded

Explanation:
In a limited metric space, every bounded sequence is Cauchy. This property is essential in
understanding completeness in such spaces.

6. Question
Which of the following statements is true regarding a limited set in real analysis?
a. Every limited set is infinite. c. A limited set is always
b. A limited set is always bounded.
unbounded. d. Limited sets don’t exist in
real analysis.

Explanation:
A limited set in real analysis is a set that is bounded, i.e., there exists a finite number M such that
the absolute value of each element in the set is less than or equal to M.

7 .Question
In a metric space, the distance function satisfies which of the following properties?
a. Non-negativity, symmetry, c. Non-negativity, the triangle
and the square inequality, inequality, and symmetry.,
b. Symmetry, the triangle d. Symmetry, the square
inequality, and non-linearity, inequality, and linearity.
Explanation:

The distance function in a metric space obeys certain properties such as non-negativity,
symmetry, and the triangle inequality.

8 .Question
In real analysis, which property characterizes a metric space where the distance between any two
points is always greater than or equal to zero?

4. Symmetry c. Triangle inequality

b. Non-negativity d. Continuity
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Explanation:

A metric space is defined by a distance function (metric) that satisfies several properties. Among
these properties, non-negativity is a fundamental characteristic. It states that the distance between
any two points in a metric space is always greater than or equal to zero,

9. Question
What is the definition of a limited set in real analysis?
a. A set that contains a finite c. A set that contains an infinite
number of elements. number of elements.
b. A set that is bounded and d. A set that is unbounded,
contains a finite number of
elements.
Explanation :

A limited (or bounded) set in real analysis is one that is contained within a finite range or
distance. It doesn’t necessarily have to contain a finite number of elements; it just needs to be
contained within a certain bound or range.

10. Question

In a metric space, what does the triangle inequality state?

d(x. v) =d(x.z)+d(z.y) for all x, y, z in the space.

b, dix, y) =d(x, z) + d(z, y) for all %, y, z in the space.
d(x. v) =d(x.z)+d(z.y) for all x, y, # in the space.

d. d(x, y) <d(x, z) + d(z, y) for all x, y, z in the space
e.

B

L&)

Explanation :

The triangle inequality in a metric space states that the distance between two points is always
less than or equal to the sum of the distances via a third point, denoted as d(x,y)=d(x,z)+d(z,v)
for all points x,y,z in the space.

11. Question:

In a metric space (X, d)(X.d), which of the following statements is true about a subset A \subset
KACX?

If A is closed and bounded, then A is compact.

If A is open and bounded, then A 15 compact.

If A is closed and bounded, then A is connected.

If A is open and unbounded, then A is compact

pEn TR

Explanation:
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In a metric space, a set A being closed and bounded implies that every sequence in A has a limit
point in A, Ina compact set, every open cover has a finite subcover. For closed and bounded sets
in a metric space, the property of being compact holds, known as the Heine-Borel theorem,

12 .Question
What is a limited set in real analysis?
a.  Aset that is bounded c.  Aset that contains infinite
b. A set that is unbounded element.

d. none

The correct answer is
a) A set that is bounded.

Explanation:
A limited set in real analysis is a set that is bounded, meaning all its elements fall within a finite
range.

13. Question

Which of the following is a metric space?
a.  Set of rational numbers with the discrete metric
b. Set of irrational numbers with the usual metric
c. Set of real numbers with the counting metric

Explanation:
The set of rational numbers with the discrete metric forms a metric space, where the metric
function satisfies the properties of a distance function,

14. Question
What is the diameter of a metric space?
a. The maximum distance ¢. The average distance
between any two points in the between all points in the
space space

b. The minimum distance
between any two points in the
space
Explanation:
The diameter of a metric space refers to the maximum distance between any two points within
that space.

15 .Question:
Define a limited set in the context of real analysis.
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a. A set with an infinite number c.  Aset with elements beyond
of elements the real number line

b. A set with elements not d. A set with elements that
exceeding a finite value approach infinity

Explanation:
A limited set in real analysis refers to a set that is bounded, meaning its elements do not exceed a
certain finite value.

16 .Question:
Which property characterizes a metric space?
a. Commutativity c. Transitivity
b. Associativity d. Triangle inequality

Explanation:
A metric space must satisfy certain properties such as the triangle inequality, non-negativity,
identity of indiscernibles, and symmetry.

17. Question :
Which of the following statements is true for a limited set in a metric space?
a. Every limited set is bounded. c. Every limited set is open.
b.  Every bounded set is limited. d. Every limited set is closed.
Explanation :

In a metric space, a set is termed “limited” if it is bounded, meaning there exists a finite number
such that all elements of the set are within that number’s distance from some fixed point.

18 .Question :
Which of the following sets is not necessarily a limited set in a metric space?
a. Aclosed interval in E.
b.  Anopen interval in £,
c. Asingle point in =,
d. A union of limited sets in a metric space.
Explanation :
Open intervals in = can be unbounded, thus not necessarily being limited. Limited sets are
characterized by bounded.

19 .Question :
For a subset S of a metric space (X, d), if every Cauchy sequence in $ converges to a point in S,
5 is termed as:

a. Aclosed set. c. Acomplete set.

b.  Anopen set, d. A compact set,
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Explanation :
A subset 5 of a metric space is termed “complete” if every Cauchy sequence in S converges to a
point in 8, indicating that the space has no “missing” limit points.

20. Question:
Which of the following is a metric space?
a.  Set of natural numbers with the metric function dix, v) =[x — ¥
b. Set of rational numbers with the metric function dix, y) = [x*2 — y*2|
c. Set of complex numbers with the metric function d(x, v) =[x + ¥|
d. Set of integers with the metric function d(x, y) = |x—vyl

Explanation:

The set of natural numbers with the metric function d(x. y) = |x — y|d(x,y)=|x—y| forms a metric
space because it satisfies the properties of a metric: non-negativity, identity of indiscernibles,
symmetry, and triangle inequality.

21. Question:
In the context of metric spaces, which of the following statements defines a limited set?
a. A set where every sequence has a ¢. Aset where the distance between any
convergent subsequence. two points is finite.
b. A set that is closed and bounded. d. none
Explanation:

A set is considered limited if it"s both closed and bounded . This property ensures that the set
doesn’t extend infinitely in any direction within the space.

22, Question:
Which of the following is not a metric space property?
a. Triangle inequality: c. Linearity: d(x, y) = |x—yl
d(x.y)=d(x.z)+d(z.y) d. none

b. Symmetry: d(x, y) = d(y,
x)d(x,y)=d(y,x)
Explanation:

While it represents a measure of distance, it lacks the triangle inequality property necessary for a
metric space. The triangle inequality ensures that the distance between two points is not greater
than the sum of distances between intermediate points.

23, Question:
In metric space X, if a sequence(x_n)converges to x and every subsequence of (x_n)has a
further subsequence converging to a point y=/x, then X is:

a. Not complete. c. Compact.

b. Complete. d. Not bounded.
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Explanation:

This scenario violates the Bolzano-Weiersirass theorem, which states that every bounded
sequence in a Euclidean space has a convergent subsequence. If every subsequence of (x_n)
converges to a point other than x, it suggests that the space X is not complete,

24, Question :
Which of the following statements is true regarding a convergent sequence in a metric space”
a. A convergent sequence is always bounded.
b. [Ina metric space, a bounded sequence is always convergent.
¢. Every convergent sequence in a metric space is Cauchy.,
d. A Cauchy sequence is always divergent.

Explanation:
This statement holds true due to the completeness property of metric spaces.

25. Question
What is a Cauchy sequence?
a. Asequence that converges to a limit
b. A sequence where the terms are unbounded
c. Asequence where the difference between consecutive terms tends to infinity
d. A sequence where all terms are equal

Explanation: A Cauchy sequence is a sequence in which the terms become arbitrarily close to
each other as the sequence progresses,

26. Question
Define an open set in a metric space.
a. A set with no limit points
A set with a finite number of elements
A set where the boundary points are included
A set where every point has an open neighborhood contained within
the set

o=

Explanation: An open set in a metric space is a set where every point has a neighborhood
contained entirely within the set.

27. Question
What is the Bolzano-Weierstrass theorem?

a. Every continuous function on a closed interval is uniformly continuous

b. Ewvery continuous function on a closed interval is bounded
¢. Every infinite bounded set has a limit point
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d. Every bounded sequence in Euclidean space has a convergent
subsequence

Explanation: The Bolzano-Weierstrass theorem states that every bounded sequence in Euclidean
space has a convergent subsequence.

28. Question:
Which property characterizes a bounded subset in a metric space?
a. It has a finite number of elements.
b. Every Cauchy sequence in the subset converges in the space.
¢. Every point in the subset has a neighborhood entirely contained within the subset.
d. The subset can be contained within a ball of finite radius around a fixed point

Explanation :

In a metric space, a subset is considered bounded if it can be enclosed within a ball (open or
closed) of finite radius centered at some point within the space. This definition of boundedness
relates directly to the notion of limitedness in a metric space.

29, Question
What is the definition of a Cauchy sequence in a metric space?

a. A sequence where the terms decrease c. A sequence where the terms are
monotonically. bounded and the distance between
b. A sequence with elements terms approaches zero.
approaching zero. d. A sequence that has a finite number
of elements.

Explanation:
A Cauchy sequence is one in which the terms become arbitrarily close to each other as the
sequence progresses, indicating that the sequence is “converging” in the space.

30. Question
Which of the following is a limited subset of a metric space?

a. Set of all integers. c. Set of all real numbers.
b.  Open interval (0, 1). d. Set of all rational numbers.
Explanation:

The open interval (0, 1) contains all real numbers between 0 and 1 and is limited since it is
bounded.

31. Question
In a metric space, the distance function satisfies which of the following properties?
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4. Symmetry ¢. Non-negativity
b. Triangle inequality d. All of the above
Explanation:

In a metric space, the distance function satisfies symmetry, the triangle inequality , and non-
negativity .

32. Question:
What is a Cauchy sequence in a metric space?
a. Asequence where every term is greater than the previous term by a fixed value.
b. A sequence where the terms eventually become constant.
¢. A sequence such that for any small positive value, there exists a point in the
sequence after which all terms are within that small distance from each other.
d. A sequence that alternates between positive and negative values indefinitely.

Explanation ;

A Cauchy sequence in a metric space is defined by the property that for any arbitrarily small
positive value g, there exists a point in the sequence after which all subsequent terms are within £
distance from each other. This is an essential concept in understanding convergence and
completeness in metric spaces.

33. Question:
Define a metric space.
a. A set equipped with a distance function that satisfies four properties: non-negativity,
identity of indiscernibles, symmetry, and triangle inequality.
b. A set equipped with a distance function that satisfies three properties; non-negativity,
symmetry, and the parallelogram law.
¢ Aset equipped with a distance function that satisfies two properties: non-negativity and
the triangle inequality.
d. A set equipped with a distance function that satisfies five properties: non-negativity,
identity of indiscernibles, symmetry, the triangle inequality, and the parallelogram law.

Explanation:
A metric space is a set X equipped with a function d:X><X—R that satisfies four properties: non-
negativity , identity of indiscernibles , symmetry , and the triangle inequality .

34, Question:
In a metric space, what is the definition of a limited set?
a. A set that contains a finite number of b. A set that is bounded, i.e., all its
elements within any given radius, elements lie within a certain finite
distance of each other.
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c.  Aset that is closed under addition d. A set that contains elements that
and multiplication, converge to a single point.

Explanation :
In a metric space, a set is considered limited if there exists a positive real number such that all
elements of the set are within that fixed distance of each other.

35. Question
What is the definition of a bounded set in a metric space?
a. A set whose elements are finite,
b. A set with a finite number of accumulation points.
c. A set for which there exists a real number M>{0 such that d(x,y)=M for
all %,y in the set.
d. A set whose closure is FINITE

Explanation: A set E in a metric space (X,d) is bounded if there exists a real number M=0 such
that d(x,v)<M for all x,.yveE.

36. Question
What is the definition of a limited set in real analysis?
a. A set with no upper bound ¢. Aset with both upper and lower
b. A set with no lower bound bounds
d. A set with unbounded elements

Explanation:
A limited set in real analysis is a set that is bounded, meaning all its elements are contained
within a finite range.

37. Question
In metric spaces, what does the triangle inequality state?

a. dix,y)=dix,z)+d(zy) c. deuy)=dixz)-dizy)

b, dix.y)zd(x.z}+d(zy)C)

dix.y)=d(x,z)+d(z.y)

Explanation:
The triangle inequality in a metric space asserts that the distance between any two points in the
space is always less than or equal to the sum of the distances of those points from a third point.

38, Question

Which property is true for a metric space?
a. The distance between any two points is negative
b. The distance between two points is not symmetric
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¢. The triangle inequality is not applicable
d. The space satisfies the properties of a metric

Explanation:
A metric space satisfies certain properties such as non-negativity, symmetry, and the triangle

inequality.

39. Question:

Which property characterizes a metric space?
a. The triangle inequality ¢. Continuity of functions
b. Closed subsets d. Density of subsets

Explanation:

This property states that the distance between two points in the space is always less than or equal
to the sum of the distances between those points and a third point. [t°s a cornerstone of metric
space theory and distinguishes metric spaces from other types of spaces.

40. Question
Which of the following statements is true regarding a limited subset in a metric space?
a. Ewvery limited subset is bounded.
b. A limited subset is always open.
¢. The closure of a limited subset is necessarily limited.
d. The union of limited subsets is always limited.

Explanation:
A limited subset in a metric space is bounded, meaning there exists a ball that contains the entire
subset.

41. Question
In metric spaces, the definition of a Cauchy sequence states that for every =0, there exists
which of the following?
a.  Aterm in the sequence such that all subsequent terms are within € of it.
b. A finite number of terms in the sequence that are within € of each
other.
¢. A subsequence that converges to the same limit as the original
sequence.
d. Aconvergent sequence with terms arbitrarily close to each other

Explanation:
This definition is fundamental in understanding Cauchy sequences in metric spaces, where the
sequence elements become arbitrarily close to each other beyond a certain point.
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42. Question
What is the definition of a limited set in real analysis?

a. A set with a finite ¢. A set that contains
number of its supremum.
elements, d. A set that is

b. A set with an bounded and
upper bound. closed.

Explanation ;
In real analysis, a limited set is one where there exists a finite bound such that all elements of
the set are within that bound. Additionally, it’s closed, meaning it contains all its limit points,

43. Question:
What is the definition of a bounded set in a metric space?
a. Aset 5 in a metric space (X.d) is bounded if there exists a real number M=0)
such that d(x, y) = M for all x,y€S.
b. Aset S in a metric space (X.d) is bounded if there exists a point X€S such that
d(x.v)=1 for all yeS,
c. Aset S ina metric space (X, d) is bounded if there exists a real number M=0
such that dix,y)=M for all x,yES.
d. Aset S ina metric space (X.d) is bounded if there exists a point X€S such that
dix,v)=1 for all ye8

Explanation:

A set 5 in a metric space is considered bounded if there exists a real number M=0 such that the
distance between any two points in S is less than or equal to M.

d4. Question

Which of the following properties characterizes a limited subset in a metric space?

Every sequence in the subset has a convergent subsequence.

The subset contains a finite number of elements.

The subset is bounded and closed.

The subset has an accumulation point

=

o=

Explanation:
In a metric space, a subset is termed “limited™ if it is bounded, meaning all its points are
contained within a certain finite distance of each other,
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45, Question:
What is the definition of a limit point in a metric space?
a. A point $x$ is a limit point of a set $S% if every open ball around $x% contains a point of
55% other than $x5% itself.
b. A point $x $ is a limit point of a set $55 if it belongs to $55% and every neighborhood of
5x% contains at least one point of $55 different from Sx$.
¢. A point 5x5 Is a limit point of a set $5% if there exists an open ball centered at 5x5% that
contains infinitely many points of $55.
d. A point $x5 Is a limit point of a set 385 if every closed ball centered at $x% intersects
with 555.

Explanation:
A point $x5 is a limit point of a set $5% if it belongs to $S5 and every neighborhood of $x$
contains at least one point of $8% different from $x5.

46, Question:
What does it mean for a subset EE of a metric space XX to be bounded?
a. Ewvery sequence in E has a convergent subsequence.
b. There exists a real number M such that d(x.y)=M for all x,y in E, where d is the metric on
X

¢. The closure of E is compact.
d. The diameter of E is finite.

Explanation:
This condition defines a bounded set in a metric space. It implies that all elements in the subset
E are within a finite distance of each other, as per the metric d.

47. Question
Which of the following sets is not complete?

a.  [0,1] in the metric space of real c. [0, 1] in the metric space of real
numbers with the usual metric. numbers with the discrete metric.

b. Q in the metric space of real d. [0, 1] in the metric space of rational
numbers with the usual metric. numbers with the usual metric.

Explanation: Q (rationals) is not complete in R because it contains gaps where limits of
sequences in () might not exist in Q but exist in R,

48. Question

Which property ensures that a sequence in a metric space is limited?
a. Cauchy property c. Convergence property
b. Completeness property d. Compactness property

Explanation :
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In a metric space, a sequence is limited if and only if it has a convergent subsequence. This
property of having a convergent subsequence is encapsulated by the compactness property in
metric spaces. Compactness ensures that from any sequence in a given space, one can extract a
convergent subsequence within that space.

49, Question:
In metric spaces, which property ensures that any Cauchy sequence in the space converges to a
limit within the space?

a. Completeness ¢. Connectedness
b. Compactness d. Separability
Explanation:

This property ensures that every Cauchy sequence in the metric space converges to a limit
within the space.

50. Question:
In metric spaces, the property of being limited refers to:
a. Ewvery sequence has a convergent subsequence.
Every subset 1s bounded.
Every open cover has a finite subcover,
Every continuous function is uniformly continuous

=3

e o

Explanation:

In a metric space, a set is considered limited if it is bounded, meaning there exists a finite
number such that the distance between any two points in the set is less than this number. This
definition of limitedness directly relates to the concept of boundedness in metric spaces.

51, Question:
In metric spaces. a subset EE of a metric space (X, d)is said to be bounded if:

a. Forevery x€E, there exists an open ball B(x, r) such that ECB(x,r)

for some finite r=0.

b. There exists an open ball B(x,r) such that ECB(x.r) for some finite
r = 0 and for some xEX.
For every x€X, there exists an open ball B(x, r) such that ECB(x.r)
for some finite r=0.
d. There exists a finite r=0 such that for every x€E, d(x,y)=<r for some

yEX.

Lx]

Explanation:
states that a subset E of a metric space is bounded if there exists at least one point x in the space
such that E is entirely contained within some open ball around x of finite radius. This definition
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aligns with the idea of boundedness in metric spaces, as it only requires the existence of a single
point for which the condition holds for EE to be considered bounded.

32,

33

54.

35.

Let (X, d) be a metric space and f: X—R be a function. If for every sequence {x,} in X
converging to x we have limy—fiis)=L, then f has limit L at x. This statement is known
as:

a. Bolzano- ¢ Sequential
Weierstrass criterion for
theorem limits

b. Heine-Borel d. Cauchy
theorem criterion

Hint: This criterion is fundamental in characterizing limits in metric spaces using
sequences.

In a metric space (X, d), if every convergent sequence has a unique limit, then:

The space is compact ¢. The space is complete
The space is connected d. The space is bounded

Hint: Think about the completeness property of metric spaces and how it relates to
convergent sequences.

Let (X, ) be a metric space and /2 X—R be a function. If lim.—flx)=L and lim,—.g{x)=M,
then limy—a(fla)+g(x)) is:

L+M c. max [L, M)
M d. min {L, M}

Hint: Use the properties of limits of functions to combine the limits of flx) and g(x).
Let (X, d) be a metric space and fi X—R be a function. If lim,.,fix)=L and ¢ is a
constant, then limyg—.q (- flx)) is:

a. L c. o

b, o L d. Le

Hint: Think about how scalar multiplication affects the limit of a function.

. In a metric space (X, o), if a sequence {x,} is convergent, then it must be:

Bounded ¢. Dense
Cauchy d. Infinite
Hint: Consider the properties of convergent sequences in metric spaces.
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57. Let (X, ) be a metric space and £ X—R be a continuous function. If lim,—.g(x)=5, then
limy,—a(flglx))) is equal to:

a. fib) c. b
b. fla) d. Undefined

Hint: Utilize the composition of continuous functions.

58. In a metric space (X, d), if every Cauchy sequence is convergent, then the space is said to
be:

a. Complete c. Compact
b. Connected d. Bounded

Hint: Recall the definition of completeness in metric spaces and its relation to Cauchy
sequences.

59. Let (X, ) be a metric space. A sequence {x,} in X is said to be a Cauchy sequence if:

It converges to a limit

It has an upper bound

For every e=(), there exists NEN such that o (x, x.) <e¢ for all m, n=N
It is a bounded sequence

S

Hint: Recall the definition of a Cauchy sequence in terms of the metric.

6. Let X= [0,1] with the usual Euclidean metric. Consider the sequence {x,} defined by x,
=I/n. The limit of this sequence is:

0 ¢. Does not exist
|

a.
b. d. =

Hint: Think about the behaviour of the sequence as n approaches infinity.
61. Let X=R with the usual Evclidean metric. Consider the function f: R—R defined by
fx)=1/. The limit of flx) as x approaches 0 is;

a. 0 C. @
b. 1 d. Does not exist

Hint: Analyz the behaviour of the function as v approaches 0
62. Which of the following functions is continuous at x=27
a. flxy=1x

b. gix)= W
c. h(x)=y
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d. kix)=Ix|
Hint: Check the behaviour of each function near x=2.
63. For which value of a is the function f{x)=x"- 4/x -ax continuous at x=2?

a. a=2 c. a=—2
b, a=4 d. a=0

Hint: Check the condition for continuity of rational functions.
64. Which of the following functions is discontinuous at all points?

a. flx)=sin{x) c. hix)=Ix
b. glx)=¢' d. k(x)=1/"

Hint: Consider the behaviour of each function at x=0.

65. Which of the following statements is true regarding the continuity of composite

functions?

a. Iffix) and gix) are may not be
continuous at x=a, continuous at x=aq.
then fig(x)) is c. Iffix) or glx)is
necessarily continuous at x=a,
continuous at x=a. then figix)) is

b. If fix) and g(x) are necessarily
continuous at x=a, continuous at x=a.
then flg(x)) may or d. None of the above,

Hint: Consider the conditions for composite functions to be continuous,

66. At which value of x is the function ﬂ,r}:wﬁ — x* discontinuous?

a. x=l c. =2
b. x=2 d. x=4

Hint: Investigate the domain of the function.
67. Which of the following functions is discontinuous at all integers?
a. fle)=1x c. hix)=x
b. gix)=sinix) d. Elx)=e

Hint: Consider the behaviour of each function at integer points.

68. If fix)= x>-1/x-1, then where is fix) discontinuous?
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a, x=l c. =1
b, =l d =2
Hint: Investigate the behaviour of rational functions.

69. Which of the following functions is continuous at all points?

a. flo)=x>-1/x+1 c. h(x)=x*-1/x-1
b. gix)= x*+1/x-1 d. k(x)=x+1x+1

Hint: Consider the behaviour of rational functions,
70. At which value of x is the function fix)=1/" discontinuous?

a. x=1 c. =1
b, =0 d, =2

Hint: Investigate the behaviour of the function around x=0.

71. Which of the following statements is equivalent to the Bolzano-Weierstrass theorem?

a. Ewvery bounded sequence has a ¢. Everyconvergent sequence is
convergent subsequence. bounded.

b. Ewvery sequence has a convergent d. Every sequence has a bounded
subsequence. subsequence.

Hint: Think about the definition of uniform continuity

72. Which of the following statements is equivalent to the definition of continuity of a
function at a point?

a. Forevery € = 0, there exists 6 = 0 c. Forevery & = 0, there exists a point ¢
such that [f(x) - fic)| < £ whenever |x such that [f(x) - fic)] < & whenever |x
-¢| < 8. - ¢l < .

b. For every & = (), there exists £ = 0 d. For every £ = (), there exists x such
such that |f(x) - fic)| < & whenever [x that |fix) - fic)| < & whenever [x - ¢| <
- ¢| < d. d.

Hint: Consider the properties of Cauchy sequences

73, Which theorem states that a function defined and continuous on a closed interval is
bounded and attains its maximum and minimum values?

a.  Intermediate Value Theorem ¢. Bolzano-Weierstrass Theorem
b. Extreme Value Theorem d. Mean Value Theorem

Hint: Recall the definition of a limit superior and limit inferior
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74. Which of the following is a necessary condition for a function to be differentiable at a
point?

a. The function is continuous at that ¢. The function is defined at that point.

point. d. The tunction has a limit at that point.

b. The function is differentiable on an
interval containing the point.

Hint: Think about the relationship between convergence and boundedness
75. Which theorem asserts that if a function is continuous on a closed interval and
differentiable on the open interval, then there exists at least one point in the open interval

where the derivative is zero?

a. Rolle's Theorem ¢. Fundamental Theorem of Calculus
b, Mean Value Theorem d. Intermediate Value Theorem

Hint: Consider the definition of a limit point of a set.

T6. Which theorem states that if a function is continuous on a closed interval and takes on
two values, then it takes on every value in between?

a.  Intermediate Value Theorem ¢. Extreme Value Theorem
b. Bolzano-Weierstrass Theorem d. Rolle's Theorem

Hint: Think about properties of continuous functions on compact sets.

77. Which theorem states that if a function is continuous on a closed interval and its
derivative is zero at every point in the interval, then the function is constant on that
interval?

a. Rolle's Theorem ¢. Fundamental Theorem of Calculus
b. Mean Value Theorem d. Intermediate Value Theorem
Hint: Consider the definition of a uniformly convergent sequence of functions

78. Which theorem is used to find the absolute maximum and minimum values of a
continuous function on a closed interval?

a. Intermediate Value Theorem ¢. Extreme Value Theorem
b. Raolle's Theorem d. Mean Value Theorem

Hint: Recall the definition of a derivative and its properties.

79. Which theorem states that if a series ¥ (a,) converges absolutely, then any rearrangement
of the terms also converges absolutely to the same sum?
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Rearrangement Theorem ¢. Riemann Rearrangement Theorem
Bolzano-Weierstrass Theorem d. Monotone Convergence Theorem

Hint: Think about the differentiability of piecewise functions

Which of the following statements is equivalent to the Cauchy Criterion for series
convergence?

For every & > (), there exists N such that |S, - S| < & whenever n, m > N,
For every & = (), there exists N such that |an - am| < & whenever n, m > N,

For every & = (), there exists N such that |as| < £ whenever n > N.

For every & = 0, there exists N such that |aq| - |a.| < € whenever n, m = N.

Hint: Consider the definition of a continuous function on an open interval,

Which of the following statements is true regarding the continuity of a composition of
continuous functions?

a. Composition of continuous functions is always continuous.

b. Composition of continuous functions is sometimes continuous.

c. Composition of continuous functions is never continuous.

d. Composition of continuous functions may or may not be continuous.
Hini: Think about how continuity behaves under composition.

. In a metric space X, if :X—X is continuous and X is compact. then fis:
Bijective C. Surjective
Injective d. None of the above

Hint: Use the fact that continuous functions on compact sets attain their bounds.

. What is the definition of continuity of a function f at a point x in a metric space?

For every ¢=(), there exists 4>0 such that if  (x, ¥) <d, then d(fix), fiy)) <«
For every ¢=(), there exists >0 such that if d (x, v) < ¢, then d{fix), fiy)) < d
For every d=0), there exists ¢>0 such that if o (v, ¥) <d, then d{(f{x), fiv)) < ¢
For every 4=0, there exists ¢=0 such that if d (x, y) <e, then difix), fly)) < d

Hint: Think about the idea that small changes in the input should result in small changes
in the output under continuity.

. Let X be a topological space and A be a subset of X. If A is open, which of the following

must be true?

i. Ais closed ¢. Ais connected
b. A is compact d. None of the above

Hint: Openness does not imply closeness, compactness, or connectedness.
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83. Which of the following statements about open sets is true?
a. The intersection of two open set is always open,
b. The union of two open set is always open.
¢. The complement of an open set is always open.
d. Every subset of an open set is open

Hint: Think about the definition of open sets and how intersections behave.
86. Which of the following sets is NOT an open set?

a. (0, 1)
b, [0, 1]

Hint: An open set contains all of its limit points.
87. In the standard topology on =, which of the following sets is open?

[0, 1]
(0, =)
[0, =)

a
b.
c.
d. [0,11u(2,3)

Hint: A set is open if it contains an open interval around each of its points.
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