] e IBPHYS102

ter B.E./B.Tech. Degree Examination, Dec.2025/Jan.2026
Quantum Physics and Applications

Max Marks: 100
Note: 1. Answer any FIVE full questions, clzoosmg 01\E Sfull question ﬁ om each module.

2. M : Marks , L: Bloom’s level , C: Course outcomes.
3. VIU formula handbook is permitted.

Module 1 TR M| L | C

Q.1 Set up one dimensional t1m°~mdependent Schrodinger’s WaYe equation. 8 | 12 | co1
Write a brief note on- Physical swmﬁcance of wave function, Principle of
complementarily, Expec’tatxon value& Quantum tunnelm‘g 8 | L2 CO1
Calculate the de- Bloghc, wavelenoth a%omated Wlth an electron having a
kinetic cnergv of 100 eV. 4 L3 | CO1

OR .

Q.2 Derive a: nozmahzcd wave function-for a particle inside one dlmen%mnal
mfinite potent1a1 well. el 8 12 CO1l
State and explain Heisenberg U ncertamty principle W’ith three relationships..

Use the energy-time uncertamly to explain the broademng of Qpectlal lmes 8 L2 CO1
An electron is bound in a ;-dxmensxonal potentlal well of width | A & of
infinite height. Find. 1ts energy values n e\/ for the ground state. & the first
\ 4 | L3 | COl
two excited states. &, ® ,
-- Module" 2 _
Q.3 Define Fermi energy and Fermi factor Discuss the yar mt]on of Fermi factor
with temperature and energy ' 8 | L2 | CO2
. | What “is HaH effect? De*we an expression for Hall voltage in terms of
,Hall~coefﬁc1cnt with dll necessary dlagrams % 8 | L2 ! CO2
.| Find the temperaturc at wh:ch there .is 1% probab lity that a state with an
energy 0.5 ¢V above Fermi energy is occupled 4 | L3} CO2
¥ OR

Q.4 Explain the failure of Classxcal free electron theory of metals and list
assumptions of quantum free electron theory. 8 L2 | CO2
Derive the expression for Fermi energy in terms of energy gap of intrinsic
semiconductor. 8 | L2 | CO2
A semiconductor sample 0.5 mm thick carries a current of 5 mA in a

| magnetic he:d of 0.2 T. If the Hall voltage is 1 mV, determine the Hall 4 13! coz
coeffi cxent
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Module -3 :
()
Q.5 | a. | What are phonons? Explain the role of phonons in Cooper palr formatlon 8 12! co3
b.  Explain flux quantization with neat diagram. chcuss DC & AC Josephson
i effect. % 8 | L2 | CO3
¢. | For a superconducting samplc with critical tumpm&tuze 7.2 K and crmcal
field at 0K is 6.5 x 10 Am™, find the cr ritical field at 4 K. g 4 | L3 |CO3
Q.6 | a. | Explain Silsbee effect and hence. dérive an expression for the critical
current for a superconducting cy]mdrxcal wire. o 8 L2 CO3
b. | Define Meissner’s eifect lefcrenuate between Type I and Type II
-superconductors. . 8 L2 CO3
c. | A long thin superconductmg wire has a radius of 0. 3 mm and a critical field
of 8 kKA m™. Detcrmme its critical cur rent. 4 | L3 CO3
! Medule = 4
Q.7 | a. | Discuss stlmulatcd emission process.. Dcrlve energy denmy 0‘ radiation in
thermal equilibrium using Emste.n coefﬁments -~ 8 | L2 | CO4
- b. | Explain the construction & working of quperconductlng‘ nano wire smgle»"‘
photon detectors (SNSPDQ\ Write 1t’s any two af‘ivantageb ! 8 1.2 CO4
¢. | The attenuation of light in an optlcal fiber is e‘»:tlmated at 2.2 dB{km What
fractional itial mtens1ty remains dﬁer 7 km and after 6 k'n‘7 . 4 L3 | CO4
- ()R &
Q.8 !a. | Dcfine acccprance an°1c for an mea’l ﬁber Hence, derive the expression
for its Numencal Aperture ( NA)and arrive at the condmon for propagation. { 8 | L2 | CO4
b. Descnbe the construction and working of a semiconductor laser based on
ener. gy band dlagram * i@ " 8 | L2 CO4
c. A ﬁbez has a core r»fractwe index of 1 48 and a cladding index of 1.46.
Calculate its numcrl(:al aperture (NA) and acceptance angle 1n air. 4 | L3 | CO4
- Module 5
Q.9 | a. | State Moore’s law DlStlllgl.Jilsli 1 between classical and Quantum computing. 8 12! cos
b. | Outline the operation of the CNOT gale and define its standard matrix and
logical truth table. s 8 | L2 CO5
CMRIT LIBRARY
: BANG ’\LV.{ 5 i
€. | Given [yp) = (“1) and I(,b) ( ) Prove that (yi¢) = (gbl{ml THARL - 60 U3 4 113! cos
B OR
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Define bit and qubit. Mention four properties of a qub1t. Explain the

Q.10 | a.
representation of qubit using Bloch sphere. 8 L2 COS
b. | Mention the Pauli X and Y gate and apply these"6n the state |0 > and | 1 >
mention the truth table along with circuit syr_?rllvbol;.( W 8 | L2 | CO5
¢. | Prove, using matrix algebra, that two consg?uuve T gates are cquivaig;i to
a single S gate in quantum circuit. CMRIT LIBRARY 4 | L3 COS
BANGALORE®:560 037
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