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General Instructions:
| M P: Verify that you have received the question paper with the correct course, code, branch etc.
1. This Question paper comprises of three Sections -A, B, & C. It consists of Multiple Choice
Questions (MCQ’s) & Subjective type questions.
2. Maximum marks for each question are indicated on right -hand side of each question.
3. lllustrate your answers with neat sketches wherever necessary.
4. Assume suitable data if necessary.
5. Preferably, write the answers in sequential order.
6. No sheet should be left blank. Any written material after a blank sheet will not be
evaluated/checked.

SECTION-A 20
1. Attempt al parts:-
(1.1 The set {(1,0),(0,1)} isabasis of: (CO1,K2) 1
@ R4
(b) R?
(0 R
(d R3
(1.2) Following is a vector space over R...(CO1,K2) 1
(@ Setof al 2x2 matrices under addition and scalar multiplication
(b) Set of all positive integers under addition

() Setof al polynomiasof degree = 3 under addition and scalar
multiplication

(d) Both(A)and (C)

(1.3) If A isan eigenvalue of A, then eigenvalue of A2 is; (CO2,K2) 1
(@ 2A
(b) A
(c LA
(d) A2
(1.4) The following matrices is always diagonalizable.. (CO2,K2) 1

(@ Any sguare matrix

(b)  Any symmetric matrix
(c) Any triangular matrix
(d) Noneof these
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(1.5) The expectation value of an observable gives the measurement result.
(CO3, K3)
(@) average
(b)  minimum
(c) maximum
(d) random
(1.6) The completeness relation in Hilbert space isrelated to . (C0O3,K2)
(@) orthogonality
(b) boundary conditions
(c) basisexpansion
(d) normalization only
(1.7) A mixed state is a statistical mixture of . (C0O4,K2)
(@ operators
(b) eigenstates
(c) measurements
(d) gates
(1.8) Quantum entanglement refers to . (CO4, K2)
(@ independent states
(b) local copies
(c) separablejoint states
(d) non-separable joint states

(1.9 Quantum parallelism allows simultaneous computation on . (CO5, K2)
(& A qubit
(b) A classica hit
(c) Both
(d) All basis states
(1.10)  Quantum circuits exploit interference by states. (CO5, K3)
(@ Deleting
(b) Combining
(c) Ignoring
(d) Repesting

2. Attempt all parts:-
(2.1) Define Rank and nullity in vector Space. (CO1,K1)
(2.2) 1 2 3
A=10-42
Write characteristics equation of given matrix 007 (CO2,K3)
(2.3) Explain matrix elements in Dirac notation. (CO3. K2)
(2.4) Derive the position-momentum uncertainty relation. (CO4, K3)
(2.5) Explain the difference between classical and quantum gates using examples. (CO5,
K?2)
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SECTION-B
Answer any one of the following:-

(3.1 Find thevalueof A for which the vectors (1, —2,4), (2,—1,5) and (3, = 5,74) are
linearly dependent(CO1,K3)

(3.2 Find the basis and dimension of the subspace W of R* generated by (1, 4, -1, 3), (2,
1,-3,-1) and (O, 2, 1, -5). (COL,K3)

Answer any one of the following:-
(3.3

2 -1
A=
Find the Eigen values and Eigen vectors of the following matrix [5 =2 ]
(CO2,K3)

(3.4) Reduce the quadratic 3x* + 5y* +32% — 2xy — 2yz +22x form to the canonical form
and find the nature of the equation. (CO2,K3)

Answer any one of the following:-

(3.5 Discuss Hermitian operators in guantum mechanics. (CO3, K2)

(3.6) Describe the eigenvalue equation of an operator. (CO3, K2)

Answer any one of the following:-

(3.7) Examine the relation between density matrix and expectation values. (CO4, K4)
(3.8) Differentiate between separable and entangled states. (CO4, K4)

Answer any one of the following:-

(3.9 Explain the effect of applying a Hadamard gate on |0) and |1) and visualize
on the Bloch sphere. (CO5, K2)

(3.10)  Discuss quantum parallelism. Give an example of how it allows computation on
multiple states smultaneoudly. (CO5, K2)

SECTION-C
4. Answer any one of the following:-

(4.1) Let v=R?=(xy):x;y ER and F=R_Define the addition and scalar multiplication

inR2 as follows X1¥1) + (5,y,) = (x; + 2.y, +¥2) gng alx,y) = (ax,ay). Check R2 is
avector space over R or not. (CO1,K3)

(4.2) Show that the set W of the elements of the vector space ‘*TEERJ of theform
(x, x, x) wherex € R s a subspace of V,(R), (CO1,K3)
5. Answer any one of the following:-

(5.2 12 -3
A=103 2
Find the eigen values of 3A3 + 5A2 = 6A + 2I where 00 =2{ (cozk3)
(5.2 Find the eigenvalues and eigenvectors of the linear transformation T:R* = R?

defined by T(xy,2) =(x+32, 2x+y—2z,x—y+2). (CO2,K3)
6. Answer any one of the following:-
(6.1) Examine how probabilities are obtained in quantum mechanics. (CO3, K4)
(6.2) Test orthogonality of quantum states. (CO3, K4)
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7. Answer any one of the following:-

(7.1)
(7.2)

Relate the Born rule and itsrole in probability calculation. (CO4, K4)

Test how repeated measurements on the same system behave in quantum
mechanics. (CO4, K4)

8. Answer any one of the following:-

(8.1)

(8.2)

Critically evaluate the difference between classical probabilistic mixtures and
guantum superposition. Use Bloch sphere and/or circuit-based arguments to explain
why interference is possible in the quantum case but not in a purely classical
random mixture. (CO5, K5)

Consider atwo-qubit entangled state, such as a Bell state. Explain how
measurement of one qubit affects the state of the other. Support the state effect with
mathematical derivation of post-measurement states for all possible measurement
outcomes on the first qubit. (CO5, K5)

Page 4 of 4

10
10

10

10





