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Answer any five of the following cight questions

o Consider aparticle in the potential V() xfor O and o Loand
Vie)y  Ofor o< o< [,

. . : o)
a. Show that for such svsten. the momentnm operator (- /h

C Vs Hermitian
[

when the wave functions have same valune ar end points.
b Argue why cigenfunction of momentnn operator cannot be o possible
state of the particle,
¢ Phe wave function of the particle o 4 0 e followine:
) N VI &
() ' cos( / ) =i )
v .

(1) Find the possible resilis of cherey mcasurenment and their corresponding
prohabilitios.
(1) Find the wave hanction a1 7

B2 (52
2 Two operators aand o can be defined in e s of position and momenting
operatorsin such o way that the Thaniltonian of linear harmonic oscillator
can be expressed as

1 {(/;(l %,Al)/\\’ur;//

1 Show that . I hea
) Find the cicomvalies ol // by finding the ciocomvalues of ain,
i) Show that for il CHOTEN Clocnstale:
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3. Consider o two qubit prre state o)y and forr nnitary operators {0
.25, 1} acting on the st particle 4 anch that 10 Tle) v 12 301
form an orthogonal set.

() Show the states {U, o)y 12038 Powhere Uy 10 o0, Uy

a, and Uy o o an orthoeonal setwhere Jo )

(a) Show that the state [o) g s necessarily cntangeled.

,is o the following Bell

slate:

o Lo
o) .)J()()) RN

¢) Discuss how the result can be nsed to send two bits of mformation by
transforring o =ingle qubit it the qubit is entangled with another qubit with
recoiver represented by the above mentioned Bell state,

L Consider a fimetion (40010 > {001}

Lot there bhe a mnitary oate O which acts in the following way:

O R K IV AR

where ¢ L0 and g ¢ {001}
a) Show that the following velation holds.

L) Consider o function [ Loo 0 > {0 o where the function [ is ceither
constant or balanced D f(r) O for hall of the possible input values). Dis
cus= how the munber of queries inercases with oo to fearn the nature ol the
frunction by using deterministic classical computation,

¢} Describe the quantim aloorithm by which the inetion can he shown 1o
Lo either constant or balanced withont calenlating the hunetion at Varions

points.
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S0 Consider the Tollowing two qubits density natris:
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Show the vanee of pfor which the state is entangled,

by Consider the following two qubits density matris:

[ /)l(,)l >(’u' P bl /))j(,‘)‘ \\,<()‘ % )< p< |

;
where
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Find the range of p for which the state violates Bell's ineqgualiny
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(. Consider a source that produces pair of particles that reach Alice and 1
<tationed in labs that ave far apart. Alice and Bob both can perform one of
the three possible measirenents namely V0 Vo and My chosen vandomly
At cach tin The possible rneasirenent ontcomes are band L The
<tatistics collectod satislv the following conditions,

a) For satme meastrement = chiosen on boths sides. the onrcomes are sane.

L) The probahility of having same ontcomes on both sides for differem choice
!
.
DOShow that this statistics is incompatible with local realistic theory

ol measurcments is
i) Provide an exanple of quanting state that o produce the above statis-
1ies.

(I

7 Consider the followine three gubits state <hared berween Alice. Bob and

Charlie stationed at distant Taboratornes:
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where (05 and (1) Torm an orthogonal hasis in two dinensional Hilhert space.
A Lot Alice is oiven another qubit whose state is not known to hers She hax
o prepare the state in Bob's Tihe Show how this task can be made snecesshul
if all three parties cooperate by Tocal operation and classical commmmmication.
b) Show that [o) e is an cigenstate of the following operators: 0,00,
7,00, 0,0,0,and o000 Find the corresponding cipenvalies.

¢) Argne why no local realistic theory can reproduce measirement statisties

of those spin measureimcts performed locally,



< Consider the following general state <shared between Alice. Bob and Fve

LY ar - alO0) 4 slom) i P OO0 aplom ) e 1 cl10) 4 Opa) e b AV o

where Alice and Bob cach Tias one qubit and o, )= refer to states of Fve's
<vstemn which may be associated with hicher dinensional Tilhert space. L
the statistics obtained T Alice and Boby satisfyv the following conditions:

i) The results of Tocal spinmeasurernents by Alice and Bob along any divec
Hons. are completelv randon.

i) Alice and Bob's vesnles are fully correlated when they hoth measnre spin
cither alone Z-axis o1 V-axis.

a) Show that Alice and Bob actuallyv share a two-qubit maximally entangled
state which is completely uncorrelated with Fae's systen.

) Avene how a protocol can be desioned 1o snarantee secire kev between

Alice and Bob by exploiting the above resulis,
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