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1.  For a compact operator on a Hilbert 5. Which of the following operators on a

space, zero is always : Hilbert-space is always self-adjoint ?

(A) Inthe resolvent set (A) Any Projection

(B) In the spectrum (B) Orthogonal projection

(C) Aneigen value necessarily (C) Unitary operator

(D) Outside the spectrum (D) None of the above
2. If T is a bounded self-adjoint operator 6.  For an orthogonal projection P on a

then : Hilbert-space, then norm |P| is :

(A) IT|=r(T) @) 0

(B) |T|=r(T)? (B) 1 (if P=0)

(€ [TI=0 € 2

(D) r(T)=0 (D) depends on the dimension of H
3. The residual spectrum of an operator T 7. If P is an orthogonal projection, then

consists of A such that : the spectrum o(P) is:

(A) T-—Al isnot injective A 1

(B) T—Al has dense range (B) 0,1

(C) T—Al is injective but range is ©) [-1,1]

not dense (D) o

(D) T-=Alisinvertible
8. Let M be a closed subspace of a

4. If P is an orthogonal projection on H, Hilbert-space H. There exists a unique
then forany xeH : orthogonal projection such that :
(A) [P ]=]x] (A) Ran(P)=M
(B) P,=0 (B) Ker(P)=M
(C) <P, x-P >=0 C) PH)=M"
(D) None of the above (D) P=0
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10.

11.

12.

13.

If P is an orthogonal projection on a
Hilbert space H, then the range and
null space satisfies :

(A) Ran(P) = Ker(P)

(B) Ran(P) L Ker(P)

(C) Ker(P)=0

(D) None of the above

An orthogonal projection P on a

Hilbert space satisfies :

(A) P*=1
(B) P'=—P
(C) P*=PandP =P
(D) P'P=0

A bounded operator on a Hilbert space
is automatically :

(A) Closed and continuous

(B) Compact

(C) Self-adjoint

(D) Finite rank

The spectral theorem applies to :

(A) Any bounded operator
(B) Normal operators

(C) Nilpotent operators

(D) None of the above

An operator T is positive if :
(A) <T,,x>=0 forall xeH
(B) |T|>0

€ T=I

(D) T?=T

B031008T

(4)

14.

15.

16.

17.

18.

The adjoint of an operator exists for :
(A)
(B)
©)

any linear operator

only compact operators

every bounded linear operator on
a Hilbert-space

(D)

The identity operator on a Hilbert

only self-adjoint operators

space is :
(A)
(B)
(®)
(D)

Every self-adjoint operator is :
(A)
(B)
©
(D)
If T is normal, then :
A TT =TT

B) T=T

(C) T*=T

(D) None of the above

Compact

Self adjoint and unitary
Nilpotent

Unbounded

Normal
Unitary
Compact
Nilpotent

A compact operator on a Hilbert-space
maps :

(A)
(B)

Closed set into open sets

Bounded sets into relatively
compact sets
Compact sets into bounded sets

(©)
(D)

Dense sets into closed sets
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19.

20.

21.

22.

B031008T

A projection operator P on a Hilbert-

space satisfies :

(A) P’=1
(B) P*=P
(C) P =-P
(D) [P|=0

Every unitary operator is :
(A) Self adjoint

(B) Normal

(C) Compact

(D) Nilpotent

A unitary operator U on a Hilbert

space satisfies :

(A) U’=U
(B) UU =1
(C) u=U
(D) [U,|=0

If T=T", then Tis called :
(A) Normal operator
(B) Unitary operator
(C) Self-adjoint operator

(D) Projection operator

(5)

23.

24,

25.

26.

A bounded linear operator on a

Hilbert-space is always :
(A) Closed and Continuous
(B) Continuous only

(C) Compact

(D) Self-adjoint

Which of the following is a division
algebra over R ?

(A) R

(B) C

(C) The quaternions H

(D) All of the above

If A is a Banach algebra with identity
e, the resolvent set of an element a is :
(A) Aec:a—2Xe isinvertible

(B) AreR:a=2Xe
(C) o)
(D)

The set of eigen values only

If A is a Banach algebra with identity
and a is invertible, then the set of
invertible elements in A is :

(A)
(B) Open

Closed

(C) Compact
(D)

Dense
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217.

28.

29.

30.

Let A be a unital Banach algebra. The

spectral radius r(a) of aeA is
defined as :

(A) la™]

(B) sup.|A|:keo(a)

(C) inf|A]:reoc(a)

D) a’

Let A be a Banach algebra with
identity e if |a|<1, then e—a is:

(A) Nilpotent

(B)

(©)
(D) Zero Divisor

Invertible

Idempotent

Let A be a Banach-algebra with
identity e. Then the norm of the
identity element satisfies :

(A) el=0
(B) |el=1
©) lel=1
(D) lel=1

The spectral theorem in infinite-

dimensional Hilbert spaces uses :

(A)
(B)

Determinants

Spectral measures and

projection-valued measure
©
(D)

Only eigenvalues

Jordan canonical form

B031008T

(6)

31.

32.

33.

34.

It T is self-adjoint, then eigenvectors
corresponding to distinct eigen values
are

(A)
(B)
(©)
(D)

Linearly dependent
Orthogonal

Equal

Zero vectors

Which of the following operators
always satisfies the spectral theorem ?
(A)
(B)
(©)
(D)

The spectral theorem for bounded self-

Unitary operator
Self-adjoint operator
Normal operator
All of the above

adjoint operators on a Hilbert space
states that T can be represented as :

(A)
(B)

A Jordon matrix
A sum of projections weighted
values

by eigen (spectral

decomposition)
(©)
(D)

It T is a normal operator on a finite-

A nilpotent operator
A shift operator

dimensional complex Hilbert space,
then by the spectral theorem :

(A) T is diagonalizable by a unitary
matrix

(B)
©
(D)

T is always nilpotent
T has only zero eigen values
T is not diagonalizable
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35.

36.

37.

38.

According to the spectral theorem,
every self adjoint operator on a finite-
dimensional inner product space is :

(A) Nilpotent

(B) Diagonalizable with real eigen
values

(C) Singular

(D) Non-invertible

The spectral theorem for finite

dimensional inner product spaces

applied primarily to :
(A)
(B)
(©)
(D)

If T is a linear operator on an infinite

Nilpotent operators
Self-adjoint operators
Acrbitrary linear operators
Rank-one operators

dimensional Banach space, then the
determinant of T :

(A) isalways defined

(B) is defined only for compact
operators

(C) isnot defined in general

(D) equal the spectral radius

If T is a linear operator with eigen

values Ay, Ao, ......, Ay, then :

(A) det(T) =2\,

(B) det(T)=max2;

(C) det(T)=mnA; (counting multi-
plicity)

(D) det(T)=0 always

B031008T

(7)

39.

40.

41.

42.

If T is a linear operator on an n-

dimensional  vector and

det(T) =0, then T is :

space

(A)
(B)
(©)
(D)

Nilpotent
Invertible
Idempotent

Singular

Let T:V —V be a linear operator on
a finite-dimensional vector space V.
The determinant of T is defined as :

(A)
(B)

Trace of the matrix of T
Determinant of any matrix
representation of T

Rank of T

Norm of T

©
(D)
The resolvent set of an operator T is :
(A)
(B)
©
(D)

c\o(T)

set of eigen values
Kernel of T

Range of T

In infinite-dimensional Banach spaces,
determinant of a general bounded

operator is :
(A)
(B)

Always defined
Defined

operators

only for normal
(©)

(D)

Not defined in general

Equal to spectral radius

Set-C



43. If T

A eo(T), then (T—Al) L is:

(A)
(B)
(©)

(D)

44. For a finite-dimensional operator T,

the spectral radius satisfies :

(A)
(B)

(©)
(D)

45.  Which of the following is always true
for the spectrum of a bounded operator

46. If det(T) =0 (finite dimensional case),

is a bounded operator and

unbounded

not defined

bounded and

defined

compact

r(T)=(T) always

r(T)=max|%;| where A; are

eigen values
r(T) =det(T)

r(T) =trace(T)

T7?

(A) o(T)cR

(B) o(T) isclosed
(C) o(T) isopen
(D) o(M=0

then Tis:

(A) Compact

(B) Normal

(C) Invertible

(D) Self-adjoint

B031008T

everywhere

(8)

47.

48.

49.

50.

If T is a compact operator on an

infinite dimensional Banach space,

then its non-zero spectrum consists of :

(A)
(B)

(©)
(D)

For

Only continuous spectrum

Only eigen values with finite
multiplicity

Only residual spectrum

Entire complex plane

a matrix AeMn(c) the

determinant satisfies :

(A)
(B)

(©)
(D)

det(A1—-A) =0 forall A

zeros of det(Al-A) are
eigenvalues of A

det(A) = trace(A)

det(A) = 0 for all singular
matrices

The spectrum o(T) of a bounded

operator T on a Banach space is :

(A)
(B)
(©)
(D)

Always empty
Always finite
Always non-empty and compact

Always countable

If T is an invertible bounded linear

operator on a Banach space, then 0

belongs to :

(A)
(B)
(©)
(D)

Point spectrum
Continuous spectrum
Resolvent set

Residual spectrum

Set-C



51,

52.

53.

Let T be a bounded linear operator on
a finite-dimensional vector space. The
determinant of T is equal to :

(A)
(B)

sum of eigen values

Product of eigen values
(counting multiplicity)
©)

(D)

Maximum eigen value

None of the above

Which of the following is a property of

the Gual'fand transform ?

(A) Itisanisomorphism
(B) Itis a homomorphism
(C) Itisalinear functional
(D) None of the above

Which of the following is an example
of a Banach algebra ?
(A) The space of bounded linear

operator on a Hilbert space

(B) The space of continuous
functions on a  compact
Hausdorff space

(C) The space of integrable functions
on a measure space

(D) All of the above

B031008T

(9)

54,

55.

56.

S7.

In a Banach algebra, the spectrum
o(a) is contained is :

(A)
(B)
(C) Ronly
(D) Empty set

AA|>]al

HSEY

Which of the following is a Banach
Algebra ?

(A) C[0, 1] with sup. norm and point
wise multiplication

(B)
©
(D)

Any incomplete normed algebra
Any vector space
Any Hilbert space with no

multiplication

The unitization of a Banach algebra is

needed when the algebra :

(A) isnot complete

(B) has no identity element
(C) is commutative

(D) s finite dimensional

If a is invertible in a Banach algebra,
then :

(A) Oeo(a)

(B) 0Oeo(a)

(C) o(a)={0}
(D) o(a) isempty

Set-C



58.

59.

60.

61.

The maximal ideal space of a

commutative Banach algebra consists
of :

(A) Allideals

(B) All maximal left ideals
(C) Non-zero multiplicative linear
functionals

(D) All bounded operators

A commutative Banach algebra with
identity allows the use of :

(A) Fourier transform only

(B) Gelfand transform

(C) Laplace transform

(D) Z-transform

In a Banach algebra, the spectral
radius formula is :

(A) r@=lal

(B) r(a)= lim|a"|

n—oo

1
(C) r@@)= lim|a"|n

n— oo

(D) None of the above

The resolvent set of an element ac A

is:

(A) setof eigen values

(B) set of A such that a—Ae is
invertible

(C) set where inverse does not exist

(D) empty set

B031008T

62.

63.

64.

65.

66.

If A is a Banach algebra with identity

e, then|e]is:

(A) alwaysO

(B) always infinite

(C) always 1 (in
normalization)

(D) Lessthanl1

standard

The Gelfand-Mazur theorem states that

every complex Banach division
algebra is isometrically isomorphic to :
(A) R
B) C
© R

(D) None of the above

The spectrum of an element in a
complex Banach algebra is :

(A)  Always empty

(B) Always finite

(C) Non-empty and compact
(D) Always countable

The spectral radius of an element a in
a Banach algebra is defined as :

(A) sup|r]:heo(a)
(B) inf|Al:Aeo(a)
© lal

D) |at|

Every Banach algebra is :

(A) Complete with respect to its
norm

(B) Finite dimensional

(C) Commutative

(D) Unital

Set-C



67.

68.

69.

70.

In a Banach algebra A, the norm
satisfies :

(A) Ixyl=Ix|+yl

B) Ixyl<Ix|ly]

©) IxyI=[x]ly]

(D) None of the above

A Banach algebraisa:

(A) Normed linear space only

(B) Complete normed algebra over R
orC

(C) Inner product space

(D) Metric

multiplications

space with

What is the spectrum of a self-adjoint
operator on a Hilbert space ?

(A) A subset of the real numbers

B) A

numbers

subset of the complex

(C) A subset of the integers

(D) A subset of the rational numbers

Which of the following types of
operators on a Hilbert space is always
bounded ?

(A) Self-adjoint operator

(B) Unitary operator

(C) Projection operator

(D) All of the above

B031008T

71.

72.

73.

74.

Which of the following is a property of
a self-adjoint operator ?

A T=T

(B) T=-T

€) T=T(1)

(D) T=0

What is the spectrum of an operator ?

(A) The set of all eigen values

(B) The set of all eigen vectors

(C) The set of all complex numbers
A such that (T — Al) is not
invertible

(D) The set of all bounded linear

functionals

Which of the following is an example
of a linear operator ?

(A) Differentiation operator

(B) Integration operator

(C) Both (A) and (B)

(D) None of the above

What is an operator ?

(A) A function

spaces

between vector

(B) A matrix representation of a
linear transformation

(C) A bounded linear transformation
between normed spaces

(D) A differential equation

Set-C



75.

76.

77.

78.

The operator T~ of a bounded operator

T on a Hilbert space satisfies :

(A) <Tx,y>=<x,T*y>

(B) <Tx,y>=<TXxy>

© <Tx,y>=<y,T*x>

(D) None of the above

Let H be a Hilbert space and

T:H—>H be a bounded linear
operator. Then T is continuous if and
onlyif :

(A)
(B)
©
(D)

T is compact
T is linear
T is bounded

T is self-adjoint

The spectrum of an operator is divided
into :
(A)
(B)
©
(D)

Two parts
Three parts
Four parts

Five parts

The resolvent function is :
(A)
(B)
©
(D)

Discontinuous
Analytic on resolvent set
Constant

Periodic

B031008T

(12)

79.

80.

81.

82.

The resolvent operator is defined as :

(A) (T+AD

(B) (T-al™
(©)

(D)

TA
T2

For a bounded operator T, the

spectrum is :

(A) closed

(B) open

(C) always infinite

(D) empty

Zero is always in the spectrum of a

compact  operator on infinite

dimensional space because :

(A) Itis self-adjoint
(B) Itisnormal

(C) Itisnot invertible
(D) Spectrum is empty

The non-zero spectrum of a compact

operator (on infinite dimensional

space) consists of :

(A) finite elements only

(B) eigen values with finite
multiplicity
(C) only zero
(D) continuous spectrum only
Set-C



83. If P is an orthogonal projection, then P 87. In a commutative Banach algebra with

is - identity, maximal ideals correspond to :
(A) eigen values

(A) Self-adjoint and idempotent . _
(B) continuous homomorphism

(B) Unitary (C) zero operator
(C) Compact always (D) compact sets
(D) Invertible always 88. Gelfand Naimark theorem is related to :

(A) Banach algebra

84. A unitary operator preserves : _ ) _
(B) Differential equations

(A) Normonly (C) Group theory
(B)  Inner product (D) Number theory
(C) Determinant 89. A banach algebrais:
(D) Eigen values (A) A complete normed algebra
(B) A group
85. If T is self-adjoint, then its spectrum (C) A metric space only
liesin: (D) An inner product space
(A) Complex plane 90. The spectral radius formula is :
(B) Unitcircle (A r(M=|IT|
(C) Real line (B) r(T)=Ilim|T"||” (Wn)

(C)  r(T)=det(T)
(D) r(T)=Trace(T)

(D) Imaginary axis

86. An operator T is normal if :
91. The spectral radius r(T) is given by :

(A) TT=1
o (A)  max|| Tx||
| TT =TT (B) sup{|x|: A espectrum (T)}
€ T=T ©) T
(D) T?=T (D) min{|x[}

B031008T (13) Set-C



92. The resolvent set of an operator T

consists of A, such that :

(A)

(B)

(©)
(D)

(T—Al) is not invertible

(T=Al) is invertible and
bounded
A=0

T=Al

93. The spectrum of a bounded linear

operator T is :

(A)
(B)
(©)
(D)

94.

In finite dimensional

always finite
always empty
a non-empty set

infinite only

spaces, every

linear operator is :

(A)
(B)
(©)
(D)

Compact
Self-adjoint
Unitary

Normal

95. An operator T is compact if :

(A)

(B)
(©)
(D)

B031008T

It maps bounded sets into
relatively compact sets

It is invertible

It is finite dimensional

It is self-adjoint

(14)

96.

97.

98.

99.

100.

A projection operator P satisfies :
(A) P’=P

(B) P'=-P

(C) Pexists

(D) P?=1

A unitary operator U satisfies :
(A) U =U

(B) UU =1

(C) U’=1

(D) u=0

An operator T on a Hilbert space is
self-adjoint if :

A T=T"

B) T-=T

(C) TT=1

(D) T°=T

Every Hilbert space is a Banach space

because :
(A) Ithasanorm
(B) It is complete with respect to the

norm induced by inner product

(C) Itis finite dimensional

(D) Itis compact

A Hilbert spaceis a:

(A) Normed linear space

(B) Complete inner product space
(C) Metric space

(D) Linear space

Set-C
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10.

11.

12.

Impt.

Four alternative answers are mentioned for
each question as—A, B, C & D in the
booklet. The candidate has to choose the
correct answer and mark the same in the
OMR Answer-Sheet as per the direction :

Example :

Question :

Q1 ® @ © ®
Q2 & ® @ ©
23 ® @ © ©

lllegible answers with cutting and
over-writing or half filled circle will be
cancelled.

Each question carries equal marks. Marks
will be awarded according to the number of
correct answers you have.

All answers are to be given on OMR
Answer Sheet only. Answers given
anywhere other than the place specified in
the answer sheet will not be considered
valid.

Before writing anything on the OMR
Answer Sheet, all the instructions given in it
should be read carefully.

After the completion of the examination
candidates should leave the examination hall
only after providing their OMR Answer
Sheet to the invigilator. Candidate can carry
their Question Booklet.

There will be no negative marking.

Rough work, if any, should be done on the
blank pages provided for the purpose in the
bookilet.

To bring and use of log-book, calculator,
pager and cellular phone in examination hall
is prohibited.

In case of any difference found in English
and Hindi version of the question, the
English version of the question will be held
authentic.

> On opening the question booklet, first check that all
the pages of the question booklet are printed properly.
If there is any discrepancy in the question Booklet,
then after showing it to the invigilator, get another
question Booklet of the same series.
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