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SET-A

Answer either in English or in Assamese.

1. Answer the following questions : 1x5=5
(a) State the normalization condition of
w(x, t).
w(x, t)-9 normalization 5% ©z4 9|

(b) Mention one experiment which
demonstrates the wave nature of

matter.
ML Ol A4S e 1 B SR
feralf |

(c) What is Compton Effect ?

=5 2o fFe

(d) Write the expression for expectation
value of momentum.

SR A i el

(e) What is Hilbert Space ?
fReRIG =16 (Hilbert Space) fis?

B05 GA077A 2

i

2. Answer any five of the following questions :

2x5=10
(a) Prove that [x, Px]=in.
o € @ [x, Px]=ih.

(b) What is the physical significance of the

wave function gy](x, t)[ ?
w|(x, t)| T ST vy e

(c) State two phenomena which classical
theory fails to explain.

gl ©eg 1Y FRA GREE 707 To Semal
Sl

(d) Write down the Schrédinger equation
for a particle in square well potential

of infinite depth.

9FWGF square well potential-3 A
CufSei ATe |

(e) State the conditions for a well-behaved
wavefunction.

B! F-SI5I 1 SR FEZ G 1 |

BOS GAO77A 3 Contd.



0jj

(9)

(h)

A proton of mass 1:67 x 10~27kg is
moving with 1-38 x 10*m/s, determine
de-Broglie wavelength of it.

Given h=6-63 x 10-34Js.

<ot &’5g ©F 1:67 x 10~27kg W% Q@
1-38 x 10%m/s, TAF G794 SR steft
9|

Wl =R 8 h=663 x 10-34Js.

. Show that the momentum operator is

Hermitian.

(FRIGN FRBTS SIR@S TAIE6Y 2 oaw
(Hermitian) 3f& (g€t

The workfunction of a metal is 4-14eV.
What is the maximum wavelength of a

photon that can eject an electron from
the metal ?

Ry 43 IR T4 4-14eV| (9T 71
<5l 3R G ofe kT o1 v THifve
sy R 292

If a particle of mass ‘m’ has kinetic
energy ‘K’, then prove that the
expression for the de-Broglie
wavelength of this particle is given by :

h
2mK

A=

B05 GA 077A 4
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0)

M ‘m’ S| GBl FAT AT K =W, o

oM T (T FUGR [T-Foiet) wI0iorsd
A=—nt
2mK

Distinguish between a classical and a

quantum mechanical harmonic
oscillator.

&I O] WIF (PRGN IoReT Harmonic
Oscillator 2NRFAZ 4t |

Answer any four of the following questions :

5x4=20

(a) Define phase velocity and group

velocity. Deduce the relation between
phase velocity and group velocity for
de-Broglie waves. Which corresponds
to particle velocity ?

Phase velocity (7 (I%) ®I% group
velocity (o5 @at)-3 Azt faa | {20t wzol
A TFR Wow TF T 0| TR foeso
(IO 1T (9t (particle velocity)-3 (TS

TifFS 2
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(b)

(@)

Using the Heisenberg uncertainty
relation, show that an electron cannot
confined inside a nucleus.

TR AT T RS IR (78
@ b1 T G o foess At e
R |

Briefly describe the Davisson-Germer
experiment. What is its significance ?

(ofom-ER #3931 | 23 Oleorf SEe
341 |

Write down the Schrédinger equation
for a linear harmonic oscillator. What
are the eigenvalues and eigenfunctions
of its Hamiltonian ? Explain the
significance of zero-point energy.

af3T WMg" (s (linear harmonic
oscillator)-3 @ (XSGR TN &1

eigenvalues S eigenfunction %39 3 |
Zero point *[&q BleoR Jrait |

State Ehrenfest’s theorem and show
that

(0=

(p.)

L
m

B05 GAO77A 6

(9)

BOS5 GA077A 7

Ehrenfest-3 ©oio(v] Gz 31 9% (737
d 1
= ()= (p).

A particle is confined in a one-
dimensional infinite potential well
between x=0 and x=a, where the
potential energy inside the well is zero.
Its wavefunction is given by

. Nax
W, =Asin —,
a

Determine the normalized wave-
function.

<! 3% 9GS infinite potential wellS
x=0 9F x = a3 NS ARG WME, IS Fi
fooge e #f& %1 FABIBIF wavefunction
(T o3gs) et iR

. nnx
Yy, =Asin X
3] normalized T SR ol =11

Prove that (& &) :

Ax.Ap, 2 h
And also give its Physical Significance.

BT TS (ST el IofT 1|
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(h) Explain the different quantum numbers

and discuss how they specify the state
of an electron in an atom.

fRfoq RIS AP 1A 741 S G3EIE
<! AIYS I TR ORE (@RS et
=13 Rew Siceisat 3|

Answer any one of the following questions :

(@) What is quantum mechanical

tunneling ?

(FRIG BIR (quantum tunneling) e

A particle of energy E is incident on a
one-dimensional potential barrier given
by :
¢l T4l E *f$] ©) potential barriers
fes (2R 8
V(x)=0, x<0
V(x)=V,, O<x<a
V(x)=0, x>a

Write down the time-independent
Schrodinger equation for each region
and obtain the general solution of the
wavefunction. Discuss the motion of a

particle for the case when E < V.
2+4+4=10

B0O5 GA077A 8

I

(b)

BO5 GAO77A 9

ATOCO! IR AT CNSegR AR =121 | Higige
wavefunction R4 F3t E <V, (Fg® 417

S ScETDA T4 |

What is the physical significance of the
Schrédinger equation ?

ISR TR (SO Stesy et |

Write down the time-independent
Schrédinger equation for a particle in
one-dimensional finite potential well
defined by :

GG finite potential well ©eTs Wt 47el
pRCaRIGH

V(x)=0 for -a<x<a

V(x)=V, for x<-0 andx=>a

Obtain the general form of the

wavefunction in different regions.
5+5=10

O3 CFq@ SifS T GOt FUF IE time-
independent (=fSg FNTEICH! feral | 2ol
S%eE A wavefunction TN &t |
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(c) A particle is moving in a one-

(d)

dimensional potential step given by
€61 I 1-D potential step' 5if% 3 =g,

R oot A 4=t icwife ¢

V(x)=0 for x<O
V(x)=V, for x>0

Write down the time-independent
Schrédinger equation for the particle
in the two regions and solve it. Find
the reflection and transmission
coefficient for the case E>V,.

4+3+3=10

75! fo wigeete bR e iiwad forat
GIF AN SN E >V, (o dforeq s
Felfere et e 3=t |

(i) Explain the meaning of probability
current density. Deduce an
expression for the probability
current density for three-
dimensional motion and the law of
conservation of probability density.

2+2+1=5

BO5S GAO77A 10

(@

B05 GAQ77A

(PRI =R AE probability
current density-3 5 I T
i sifSs cFa® TR (probability
current density) & IR [y 41
i IR FEw afSem )

What are operators ? Deduce an
expression for linear momentum
operator. 2+3=5

RIS RO TG [Fe ol

SRR A 2 R Refy 7y
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SET-B
Answer either in English or in Assamese.

1. Answer the following questions : 1x5=5

O RIS ©e Al ¢

(@) Which one of the following does not
support quantum nature of radiation ?

O (@Il ReER RiFeR @IS Fore
AL T2
(i) Photoelectric effect
it Ry dom
(i) Compton effect
F{5 e
(iii) Interference
I
(iv) Blackbody radiation
TR e
(b) The momentum of a photon of energy
E is
#f& E 23 5l Fo9 O T ¢
(i) Ec
(i) EZc

B05 GA 077B 2

(c) The energy of a one-dimensional
harmonic oscillator in second excited

state is 7o

GF-TGF (FRF Y (MRS i3 o1 Sraftrs
TRge #fe (202

(i) %ha}

(ii) %ha)

S
ne _h
(1ii) 5 @
(iv) Zero
(d) What does the ‘Orthonormality’

condition (¢i |¢j) imply ?
(]4;) = bl sz f gy

(i) All states in Hilbert space are
identical

f2eals Ibd TR SRYIR WS A G

B05 GA 077B 3 Contd.



(9)

(h)

()

0

A particle of mass m is described by

the wave function ' (x) = Ae™ . Find the
probability current density.

m ] o1 PP O T p(x) = Ae™ 7
30 1 TR 4 FAPIOR IR TSRt 2)iz
g Ry w0

Define the tunnelling effect in quantum

mechanics and mention one real-world
application.

CPRIBIN FTICITS BITPIR 2o et fiat o
T <51 AR 2 T =)

Define phase velocity and group
velocity. Which of these corresponds to

the actual velocity of a physical
particle ?

il &9 (Phase velocity) SI% (i @91
(Group velocity) e fiat| T foege
(PG GBI (SIfeF FAPT aFe @
sfoieg a2

Write the mathematical expressions for

position and momentum operators in
one dimension.

G- (FI© P ST ©IE@9 SRR
TSI 2P fovalt |

B0O5 GA 077B 6

3. Answer any four of the following questions :

Sx4=20

O QI Be WAt 2 (Rt iRy

(@) What is the Compton effect ? Give the

(b)

B05S GA 077B

expression for the Compton shift A2 in
terms of the scattering angle 6. Why is
this effect not observable with visible
light ?

Fion &t R Rzt o 9 sigsies
=65 FAE (Compton shift) AA3
NS iRt ot | e cotreea
(RIS R F~57 Ry sifRere wxe

Show position and momentum cannot
be measured simultaneously. The
maximum uncertainty in the position of
an electron in a nucleus is 2 x 1014y,
Find the minimum uncertainty in its
momentum.

W& (T ORI S SR G0t Adroig
G 71l A1 | <5t RERRIES 2 BT i
SRZIT D5 STl 2 x 10-147m fot e
B SRR TON St e 7 |
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4. Answer any one of the following questions :

o eI BT il 2 (Rt it

(@ &

B05 GA 077B

()

10x1=10

Define a linear operator in quantum
mechanics. Derive the expressions

for the Momentum Operatdr (p)

and the Energy Operator (E) in
position representation. 4

RIDN FRENS RS AN
(Linear Operator) k&l W3l | B
ToZiolN® (position representation)
IR TR (p) WE A&
weiEEe () erpTR o )
State and prove Ehrenfest’s

Theorem for the expectation value
of momentum. Show that :

_. 'd(p) =__<3V>.

dt ox

| ©H(A99 expectation value-3 I3

Ehrenfest’s Theorem GER 31 &9
9 e @ 8

d(p) =_<av>

dt ox

10

Discuss how this theorem
establishes a link between
quantum mechanics and classical
mechanics. 6

G TAAIGIR (FIRITIN RSN
Fol TRBN VTS FEWE GF T
ztﬂaw,m?ﬁWWW|

(b) vD'erive the Time-Independent

(c)

Schrédinger Equation from the Time-
Dependent Schrédinger Equation using
the method of separation of variables.
Explain the concept of stationary states
and their physical significance. '
| - 5+5=10
-GNt SRRAR (Schrodinger) A=A
oIl 5AS USRI +RS JIRT IR AR-RICow
Bl (Schrodinger) FRREACH! e Tt |

33 SRR Gl E AR (SIS i i

I

Solve the time-independent Schrédinger
equation for a particle confined in a one-
dimensional infinite potential well of
width L. Obtain the energy eigenvalues
and normalized eigenfunctions. Show
that the energy levels are discrete.
4+5+1=10

B05 GA 077B 11



(@)

GF-TEF SHTN [FoT Fo1© Siem I3t 41 (Bl
AR F-FCsr® BT (Schrédinger)
STRIRPAICD! A 35 | B w41 <1 SiRgarToe
(energy eigenvalues) &% Tffazers wags!
FEO! (eigenfunctions) R w11 oryeat
@ =&y wI@e R (discrete) 2J1I

Write down the Hamiltonian and time-
independent Schrédinger equation for
a one-dimensional linear harmonic
oscillator. Solve it to obtain the
eigenvalues and eigenfunctions of the
system. What is zero-point energy ?
Explain its physical significance.
2+5+1+2=10

GF-TfgT TRT T (T AR Qo Taw
(Hamiltonian) SI% AF-Nators w:falig
(Schrodinger) SRR vl | 3316 i
IR IRBIGT eigenvalues S
eigenfunctions 2\ 391 | X-7 *If& (zero-
point energy) ¢ 30T (Sifes ©lesif i

ol

B05 GA 077B 12
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SET-A

Answer either in English or in Assamese.

1. Answer the following : 1x5=5

woiq Teq fam s

(@) Write the name of impunity ion in
p-type semiconductor. Why it is so
named ?
P-IST SEHARRITTS At S S [
& & T2 TS e 3w o e

(b) Write the name of three optoelectronic.
devices. S
fR5! S-b-Teaie STl A i

(c) Define current gain f in transistor.
(iR eIz RId (B) I

(d) What is biasing of transistor ?
(GAferem TR e

(e) Write the full form of CMRR.
CMRR-F 7=} o1 fopt |

B05 GA 078A 2

2. Answer any five : - 2x5=10
Teq ol ¢ (Riere <oy
(a) What is the function of C-filter ?
C-Rries i 3l )1

(b) - Can we interchange emitter and
collector of a transistor ? Explain.

oIt (GRS Rl S el S-S
IR A@E? =i ot

(c) Differentiate between class-A and
class-B amplifier.

Class-A 9% class-B GfAwiAIReE More «i1eky
e

(d) How does negative feedback reduce
distortion in amplifier ?

AT FoEE GIRTENE @FEE RS
Rgfe FuR e

(e) What is the basic principle of operation
of RC oscillator ?

RC (Mo 1T & S 2

() Write four fundamental characteristics
‘of an ideal OPAMP.

5t =< OPAMP-3 511361 &1 (A% o

BO5 GA 078A 3 Contd.



(9)

Find the output voltage of the three
input adder circuit shown in Fig. 1
below :

Pae et wiw R W 3% @bt adder
TR S S Wl
2kQ ALRARA

W ' YYVVYY

-5V O

- 3V O——k

2kQ

+2V O

Wik "

(h) Draw the block diagram 'of CRO.

i)

()

CRO-X 3= fo@ S|
What is hybrid parameter?
[T (oRIfoE &2

What is CRO ? Mention its two
application.

CRO 2 39 707 I9QT @ 31|

3. Answer the following : (any four) 5x4=20
s Oes faal ¢ (Rt sifaon)

(@)

Explain the energy band diagram of
p-type and n-type semiconductor.

B05 GA 078A 4

(b)

(c)

(d)

-SSR T n-TIS 1N TEoARIILNT ¥ iff [
IR ferat |

Explain the working of zener diode as
a voltage regulator.

ST (ST ol o ORes e 3efe
M

What is dc load line? How will you
draw dc load line on the output
characteristics of transistor ? What is
its importance ? 2+2+1=5
o e wita /e (GIRBT o @Yy
T Pl (FACT (FIS IR S SR 2 209
oY 2

An amplifier with negative feedback has
a gain of 100. It is found that without
feedback an input signal of SOmV is
required to produce a given output
wherease with feedback the input signal
must be 600mV for the same output.
Find the value of A (or A,) and B.
3+2=5

BO5 GA 078A 5 Contd.



(e)

()

YA oS T [R4S WO Ragy 100 1 (7t
I (@ FerRs Rkg 9ol WS SessB Sevim
PR 50m V Z#f5 TCFSH AT T RIS
ORI CICS AT TE69{5T N 256 A
600mV 21 AN | ¥ RILFEHIF ©rroe R
(A,) T 2o eRiE Radq (8) Rda w11

What. is the use of coupling in
amplifiers ? Draw a diagram of RC
couple transistor amplifier. 3+2=5

g iy a7 a2 RC 7@
(GTEBN +Rade (B 361 o =l |

Why and which type of feedback is
necessary in oscillator circuits ? State
and explain Barkhausen criterion for

sustain oscillation.

7 T @R USRS (e 39910 IR
77?7 A (5] @ Barkhausen-%
e ol S D 49 |

Draw the schematic diagram and derive
the expression for the output voltage
for an ideal non inverting OPAMP,

@5t &I+ non-inverting OPAMP-S 5 wiif%
R oreheg o I Bferea |

B05 GA078A 6

(h)

What is the function of ADC’s and

DAC’s ? The resolution of 12 bit ADC is

10mV. What is its full scale range ?
3+2=5

ADC I DAC-I 1 2 12bit ADC «Bi¥
TS 10mVI33R 7l (IR 2T R 292

Answer any one of the following :

O61q

(@)

(b)

Rz bt e faa ¢

What is filter ? Why it is necessary in
a rectifier ? Calculate the ripple factor
of a full-wave rectifier with resistive
load. 1+1+8=10

i Rre T<fieies <9t T eem R off
929l AT IS BIF ripple factor 5i9R}
901

Draw the circuit diagram of a single
stage CE transistor amplifier using
n-p-n transistor. Explain its working
and show that in CE amplifier the
output signal is 180° out of phase with
input signal. , 1+5+4=10
n-p-n (GIERR IR IR @Bl «FH/W CE
AfRde 76T oa it TR G =
OIF (RS (@ TR e T S e
O] Aers 180° Wit A AT |

BOS GA 078A 7 - Contd.




(c/ What is self bias or voltage divider
bias ? Draw a self bias circuit. Derive
an expression for collector current,
collector voltage and stability factor.

' 1+5+4=10

TRET IR I Srh elzer Tz [e
IRATT BT (V) Fool Theeligss oy (o)
T EFel T AP IR Tet |

(d) In inverting OPAMP where feedback
registor is inserted ? Describe the
function of OPAMP as

(i) an inverter
(i) an integrator

(iii) a differentiator.
’ 1+3+3+3=10

98! Inverting OPAMP-Y 3G feedback
(RIRFTH! TN F1 TW? OPAMP GBiI—

(i) Invertor fZ5itsl
(it) Integrator 2pitel Sis

(i) Differentiation R51sl PRI 3efy
e

B0S GA 078A 8



