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PHYSICS PAPER - II: QUANTUM MECHANICS
"TUTORIAL SHEET: 1

Foundations of Quantum M ~<hanics

} b
T % hat are de-Broglie waves? State the uncertainty prir~iple and explain its 1e'at10n with
deBroglie waves by considering a free particle . (1991)

Q/smg de-Broglie’s relation, deduce an expression for unjxuy val‘ues of a particle enclosed in

one-dimensional box. ‘Free elections’ in a long - chain molecule may be treated as
particles in one - dimensional box. For a long - chain molecule of length 60 A°, deduce
the lowest three energy state values in eV units.

(]99_)) .
/lsmg Heisenberg’s uncertainty principle, calculale the mass of meson bel:y echanged
between nucleons inside the nucleus, taking the range of nucleon force as 1.7 F. Distinguish

A
e
28

buwu pion and riftion? tais (1995)
Jescribe how Davisson - Germer electron diffraction =neriment contirms the de -Broglie

i hypothesis of matter wave? . (1995)
i \/‘“gmo Heisenberg uncertainty principle, ﬁnd the grour state energy and Bohr radius of ;
1 hydrogen atorn. (1997) : {l
“ .
Ao, . . : c . :
i . / ing.the uncertainty principle AxAp " estimate the minimum energy of a particle in a
‘ . , I , , . i.
wn*nle harmonic potential U = — kx? ' (1999) }
L l

l
} ) zd the de - Broglicwuvelength associated with an electron of energy (i) 10 eV and (ii) 10
|
J
\

' (1999)
M-, momentum of an electron is 600 keV/c. Determins its de Broglic wavelength znd the

| phaqe and group velocities of its de Broglie waves. (2000)
o 0 A 200 ev increase in the energy of an electron changes-its De Broglie wave lergth by a
h( tor of two. Calculate the initial De Broglie wave length of the electron. (2002)

\/}/(f) Explain what do you understantl by Heisenberg’s une <riainty principle. Using this
principle , deter mme ‘the energy of the gr ound state of & one dimensional simpls harmonic

oseillator. ;

(i1) An electron having m ener gy 2 eV is traveling in tlv‘ region where V(x) varies as 1

fhown below: _ 'L ) —
Calculate the De Broghc wave length of the electron in region I, {1 and II1. —— _p
(2003)]
(x\ If x and % are two cenjugate variables, show that
‘\% (L0 AP) 2P il ‘
B An electrcn has a speed of 4 x 10° m/s, accurate te £.71%. With what fundamental

. acwmcy can we locate the position of electron?
: . ' (2004)

o \1/7/ Calculate the wave length of neutrons at a temperature 520° C.
5 . ° (2004) '
\7/Calculate the de Broghe wavelength of an electron moving with a kinetic energy of 1MeV.
5 (2005)

.
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\)/(Calculatc the de Bloglxe wavelength of a thermal neutron at 27°C temperature.
(2006)

(i) State and explain Heisenberg’s uncen’tamty principle. Experimental data reveal that no

electron in an atom ha$ energy greater than 4 MeV. Assuming that the radius of a nucleus is

10™ m, show using Helsenberg s uncertainty principle that an electron cannot exist inside the

nucleus. ' ’

(2010)

ty




- 7 TUTORIAL SHEET: 2
Schrodinger’s ?Vave equation and applications

Urite down schrodinger’s equation in one dimension and explain the significance of the eigen values
ind eigen functions of this equation.’
Solve the Schrodinger’s equation if the potential functxon V,is given as

V (x) =V, {a constant) for |x| < “5 .

, a
! = 0 for |x| > !
2 _ :
State the boundary conditions you use along with their justification. (In the solution consider
particles incident from one side only). If the total energy E < V,, show that there is an important
difference with classical mechanics. Explain, with the help of the uncertainty principle that E <V,
dues not mean that kinetig.energy is negative. (1989)
Sat up Schrodinger’s equa*xou for a one-dimensional harmonic Oscillator. Assuming that the solution «

iz of ihe form y = Ae” ox’p (%), where f(x) is a polynomial in x. Find the energy eigen values and the

2 ground state etgen function. Comment on the relation between the ground state energy and Heisenberg’s

£ uncghainty principle. (1990)

‘ et up Schrodmger $ equation for a free particle confined in a cubical box and find the energy eigen

alues. What ‘orm will Pauli principle take for elections in such a box? Deduce the zero point energy if
the length of the box be 107'% metre and there be 10 electrons in it. (The coulomb interaction may be

. distegarded). hore o hawe mo otisn bk V4o do by didfuunid 4 method,

(1991)
jsing Schrodinger’s equatlon show that a free partlcle ina box can have only dlscrete energy values.

g e aven i e e SA LA

\S/rﬁld the energy Eigen values of a one- dlmenswnal han onlc oscillator whose Hamlltoman is given by
2
|

H=——+=kx? (1994)

/A election is confined in a one - dimensional box of 1 A° width. Draw the energy level diagram upto
three energy ctates and alse draw the corresponding normalized eigen functions. Derive the expressions
for wigen functions and eigen values used in the cfalculatlons Show that eigen fqnctlons are orthogonal.

/ (1995)
An clvcuon movmg with energy E encounters one dimensional potential step as given below:
g vV ( x) : %<0
: V (x) = x>0 ' N

@ Suppo se the elc‘,uon has the energy E > V and is incident from .-x direction, find the normalized
wave function so it corresponds to unit incident flux.
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(b) Solve the above problem for the case E < Vg and discuss the significance of the result with the help

of a suitable example. , : (199¢)
/ Writé Gown the time independent Schrodinger equation for the x-< 0 and x > 0 in case of a step

potential V(x) =0 x<0
' =V x=20
Discuss the solutions thus obtained for the case E > V,. Obtain the following relations

. 2 7 2
IR = [l—:—“—j and—~ ‘T(z = }.LL—z—)
1+p K, l1+p

[V : L : :
v where p= ——~E” R and T are reflection and transmission coefficients respectively. Other

o

symbols have their usual meanings. Plot the behaviour of R* and EK—|T|2 with .
; . .

- £1997) _
i 9/An infinite square well potential is

V(x)=0 —%<X<% ‘
a a ,
= 00 - KR
2 2 :

Solve. the time independent Schrodinger’s equation and find the closed form expressions for the eig%n -
values and eigen functions of such a potential. Give a schematic representation cf the first three
energy levels and corresponding wave functions and p_robability distribution functions. ShQw that the

ero-point energy is in accord with the uncertainty principle. (1998) (20
1#fFor a particle confined in a one - dimensional potential well of length L the wave funciion is

\|/(x) =C Sin[nzx—j 0<x<L and y(x)=0, outside.Calculate the expectation values ¢f x and p.
, : A ;

o - . ‘ (1999) |
% A 500 pA beam of electrons of kinetic energy 1.5V enter a region with a sharply defined boundary
n which their energy is reduced to 1.0eV by a difference of potential. Determine the reflected and
\t;lynitted-currents. Derive the formulae used. - (2600)
1

A particle is in a quantum system with a parabolic potential well.
i). Using appropriate method find the ground state energy. Hese (e Rare = A b/
ii) Obtain an expression for the ground state. 0 d,i{fg%,,t[d €n Inethed  (2001)
‘ - @ adroncea method
. . (7 Write down the matrix representation of the energy operator of a linear-oscillator.
w / 5(/i'/)A linear oscillator is prepared in the state given by:
Y (x '

SIS {yo (%) V2 wi (%) + V2 ya (%) }.
Evaluate the energy of the oscillator in this state. o (20011)
v . . . .' . . &
5 4 The wave function of a particle is
y(x)=Aexp(-x2/a2+ikx).
Find the expectation values of position (x) and momentum (p) for the particle . (2002)




. Solve the one dimensional Schrodmgel wave equation with potentlal
0 forx< -a '
V) =.V for —a<x<a

0 forx>a ' . N(2002)
\yoﬁ'sti.luuish between a classical and a quantum mechanical harmonic oscillator. Explain the existence &
/0 point energy (2002) -

i¥e an expressmn for its group ve1001ty , ' (2000)

. A particle of mass m, with energy E such that —Vo < E <0, is trapped in a potential well as shown
selow: \6\

(1) Write time independent Schrodinger equation in regions  { ' [ N | ) >

(L Usr™ AV o

(a)0<x<a and (b)x>a
(ii) Obtnin an expreqsibn»from which the energy eigen values can be determined.

a Vo2 -.'h? n* /8m . ~(2003)
“onsider a particle in a-ore — dimensional box of length aina qudntum state at t =0, given by

[ 4;0 < qga

]L[’(q,()):: i

i Where A = areal constant. Write the expression for y(q,?)

0; otherwise

0{&' 1 the value of A and expansinn coefficient of the total wave function. (2004)
. The ground ‘state wavefunction of 2 linear simple harmonic osullatm is

Y= Aexp {—2—2}—{——}

Calculate the constant A and the average values of x*and x. Given that
172

2 T ' T
g 2005
[ | 00s)

2% Consider a parucle of mass m in an infinite one dimensional potential well of width a. the partlcle is
found in the state given by

: ,
y(x)=c [sin K2 %Sin ZB(} Calculate c.
a g

a
(i) It @ measurement of energy is made, what are the possible results and what are the probabilities for
each one of them? - R ‘ . - pwmben . (2005)
o 4 v | § markd

?.\y(ﬂnstmgumh between potential well and potential barrier. Give their illustrations. Considering one
dimensional potent1a1 step, prove that sum of thP reflection and transmission coefficients is unity.
7 : | (20)°  (2006)
d 1
(b Prove that —(x) =—(p,)
dt m

Define all the terms of this relation and give its physical iffterpretation.

— (2006)




\/2/ Solve the Schrodmger equation for a linear harmonic oscillator; Obtain the eigenvalues and
the corfresponding eigenfunctions. (2007)

\/ A one — dimensional potential barrier is represented by the function V(x) 0 for x<O
. =V, for x>0 .

where V is positive.‘ Find the transmission coefficient for particles of mass m incident from the left on

ier. - (2007)
how that for the one dimensional wave function
Lo ' '
:]-_.2—;;.,|\’<(I
’ (// (A ) - .O’i'ri>”‘

\/Vi}e(e a is a real constant, the(rms uncertaint)%in momentum is infinite. - (2008)
2

Show that the probability of transmission across the step barrier represented by the potential

= { 0,whenx <0 where k;and k, are wave numbersInreglons X <O and x >0 respectively .
V), Wu~xy e T P/LOVC T= “ k"bL/(k tha)

An electron is moving freely in a one dimenswnal infinite potentlal box with ‘walls at x = 0 and
(x=a. If the electron is initially in the ground state of #he box and if suddenly the wail at x=g i¢
moved x=4a. ca]culdlev the probability of finding the particle in the ground state of the new box.
(2008)

(200

L

~

\%/ The Hamiltonian of a particle moving along the x-axis is given by
H=- ;;2

+16ax,

Where a is a real and positive constant having dimensions of energy.

() If w(x)=Ae™" | find the normalizdtion constant A. Check ‘whether i is an eigen function of . If
yes, find the correspondmg eigen value : ‘

(i) Calculate the probability of ﬁndmg he particle anywhere along the negative x-axis.
(iii) Find the eigen value of A correépoﬁldmg to the eigen function ¢(x)=xy(x), where y(x)is the
same as in part (i).
(iv) Are the wave functions y(x) and #(x) orthogonal'?

/ ' ' - (2008)
“%ow that the time-dependent part of all the solutions of the Schrodlnoer equation in one-dimension
as the structure ¢(1) = exp(—iEt/ ), provided the potential isa not an explicit function of time.

(2009)
. Consider a positron in a box. If the energy released is 60 eV when it jumps from the third excited
state to the ground state, show that the width of the potential is nearly 0.3 nm.

(2009)
l}1/0b’[a1n an expression for the probability current for the plane wave z//(x 1) = exp[i(kr - o1)]. Interpret
your result. o
(2010)

-
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. 32 4 system 1s described byethe Hamiltonian operator,

2 ,
H=——+x !
dx_
2

. NI x°. . . . .
Show that the function Ax exp ——2—' is an ¢igen function of H. Determine the eigen values of H.

1
P

‘ (2010)
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TUTORIAL SHEET: 3
Quantum Mechanics-11

he eigen states of angular moments vector’s component L, of a spherically symmetric system.
rite down any two properties of Pauli spin matrices, after defining them through suitable

expression.

\ (2001)
M ite down the eigen value and spin ‘state of an electron for the spin operator S. '
iYShow that the spin states of electron are orthogonal to each other.
11) State the spin angular momentum cogmutation relations
(iii) Give the explicit forms of all the pauli spin, matrices.

: (2001)
\\/(i) Express the Cartesian components of the angular mo.mégntum L in operator form. Show that
[Lz, L.] -0. What is the significance of this commutation relation?
(i) Show that the Pauli matrices anti-commute. %
) )

(200
|
\/Kﬁlow that the radial probability density for the ground staﬁte of the hydrogen atom has a maximum a

= a. The ground state wave function of the hydrogen atom is given by ¥(r) = 1/ Jr a*?

e, where

‘the Bohr radius. }
' o (2003).
. N number of nen-interacting electrons are confined in a cube of volume L. Obtain an expression for i
the Fermi energy. ° |
é o * o - , (2003)
\}/A hydrogen atom is in the following state ¥y (r,0) =14/ﬂ»[2 W100(r) -3%200(r) +¥322(1)]
(i)  What is the probability of finding the system in the state 200?
(i)). Whatare H and L;? '
' - c (2004)
7 Show that for the ground state of hydrogen atom the mean value of r is. 3/2 a,, where a, is Bohr
radius. ' (2004)

7 Soive the eigen value equation
L%y (6,0) =Ah?y (6,D) . -

And obtain the eigen value of L. (2004)
rite the commutation relations for the position variable x and the momentum éompqnent Px» Py and
pz. Explain the physical significance of these relations. '

- \/leﬁ“/he wave function of a particle confined in a cube of volume L? is given by

P
vy =[2] snsinsin T
o L, L L L
Calculate the average \-'al'ues of Px and pzx in the region 0<x<L. (2005)

&
I3
3
&

2009 |, .
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: I
7 Set up the fime-independent Schrodinger equation for an electron moving in a Coulomb field,
2 ‘ ' '

Vir)= s in polar coordinates. Solve the radial equation to get the energy eigen values.

4meer , .
\92’6) Explain how the problem of the hydrogen atom could be solved using Schrodinger equation. Also -
derive an expression for its energy eigenvalue and discuss the associated bound states of this case.

, (2006)

w./(i) Define angular momentum. Express it lin operator form and show that LxL =ikl Explain the
—  physical significance of this relation. - : (2007)

(ii)} Let YIm be an eigenstate of I’ and L, with elgenvalues (! +1)h' and mh, respectively. Show

that ¢ = ( +iL )Ijm is likewise an exgenstate of I” and Lz and  determine thexlgenvalues.

(2007)
W./ Determine the discrete energy lévels and the correspondmg eigenfunctions for a particle in an

infinitely deep potential well inside a cube of dimension L, i.e. assume V (x, y,z) =0 for 0<x<Lj0<y
< L 0<z<L = o elsewhere ...

RS
[
g

' , (2007)
& In the free electron theory of mctals a cbnductor is regarded as consisting of free electrons in a
“hree dimensional box. U sing the results of (a), obtain an express1on for the density of states. (2007)

) 3i
M An electron is in the spin state ¥ = A(J ‘Determine the normalization constant A. Find the

- jjicp/ectation value of the spin operator S, and also the uncertéinty in the value of S, in this state. (2008)

Write (do not derive) the formula for the energy levels of a particle in a three dimensional cubical
R ‘boﬁ of side, L. How many electrons can occupy the level having energy 66#>/8mI’?
- !

. (2008)
3)"5/ Write the commutation relations of angular momentum operator L ,L, and L, and calculate the

r ;

tA Ay

' A ra
commutators [J.H,Lz and L~,LJ].

]

e AT e e Y e e T

S SRS

e e

=¥

Show that _
[ ll.m >:.~K//([ -H)*nz(nﬂ-l)jl‘,mﬂ>, - . E

Where |l‘, m-> is the state with,dgﬁni{'e values for I* and L.

: (2008)
- 19.( / The quantum mecharncal probabﬂlty distribution function of an electron in the ground state of the

o hydrozc,en atom is P(r) = Nr? exp(-2br); Using the result fP(r)dr =1, deduce that N is proportional
5 T 0

>rove that the value of 40 k,T at T'= 300 K is nearly 1 eV. Hence determine the Fermi temperature
0)‘ metal whose Fermi energy is 9.4 eV.

Mhow that the Fermi velocity is related to the Fermi energy of electrons through the /

R

9
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% 1/2
Relation —F =1- 98( Ey ]
C 1MeV

(2009)
\;ﬁrove that the most probable distahce of an electron from the proton (in the hydrogen atom) is the
Bohr radius of the hydrogen atom. Consider only the ground state.

' (2009)
\//1/.( i) Consider a particle in a three-dimensional box. Dehve an expression for g(E), the density of states.
(ii) Show that ggé ; %L: , where g(p) is the density of states in the momentum space. Deduce that g(p)
&l up A

is proportional to p* for a free non-relativistic particle.
:; (2009;
\)Z{Shovuhat the Daull Spin Matrlces obey the following relation: .
() Tr(c,)=Tr(c,) Th = Tﬂm

ibdg (o) =detlor) | )A - 21|

i ,,/ he eigenvalues of o, and o, are the same.

) write down the y-component of the spin angular momentum matrix corresponding to an antineutrino.

v (2009)
. Show that the Pauli spin matrices satisty the following:
ol =0l=01=1
O-.\'G .v: ~O"' _x:o—.\‘ = fO':
0,0 ,=-6¢ ,0,=I0, ' o ‘ -
O-ZO- ,\'= —O- \'o._' = io-l’

g
(2010)

'\gﬁle normélized wave function for the electron in hydrogen atom for the ground state is
w(r) = (7m§ )_”2 exp[— —’—]

4
‘Where g, is the radius of the first Bohr orbit. Show that the most probable position of the electron is a, .
(2010)
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©ATOMIC PHYSICS
TUTORIAL SHEET: 4

.

. What did the Stern - Gérlach experiment establishes? Explain your answer. Would the experiment
succeed it it were performed with g beam of free electrons? (1989)

-7 What is meant by L - S coupling? Deduce the spectral terms, which can arise from 3pdp elebtron
_configuration. Would all these terms exist in 3p? configuration? Write expressions for the square of
angular mementum for I = 2 and also fér the component of angular momentum for mj = 2 as given
guantum mecharics. y o (1989)
What are the transitions leading to thb emission of the D lines of sodium? Deduce the expression for
the Lande splitting factor ‘g’ and calcuiate its values for the states involved in the emission of D
lines? Hence find the change of energies of these levels when a sodium source is placed in a
vapnetic field, which is not'too high. , (1990)
Give the quantum nuritbers.of the states whose energy difference accounts for the two D - lines of
sodium. Find the energy difference for D and D, lins in electron volts. (Wavelength separation =
A°, Mean wavelength = 5893 A®) ' (1991)
hat is the valie of the spin of the electron and the corresponding magnetic moment? Can these be
considered as arising from the ciassical case of rotation of a finite rigid charged body about its axis?
(ive reasons for your ansvver, d (1991)
N 6,/ Derive an expression for the magnetic moment of an electzon in an atom taking ino account electron |
spin. Explain anomalous Zeeman effect by considering the above mmagnetic moment. (1992) ' l ‘
7. fDraw energy diagram for transverse Zeeman effect for D line of Sodium 3°P,, > 3%S,, - -
|
1

73}

(1992)
What values of J quantum number many be observed in normal atoms of alkalis and alkaline earths? ,
Which of the spectral lines in alkaline earths would show normal Zeeman eftect and why?

(1993)
9/ What are the term symbols of two equivalent p electrons? Write down the term symbols in ascending
5 der of energies. ‘ (1995)
M&lha't is space quantisation? Discuss the Stern-Gerlach experiment establishing the space
5 guaniisation. : ~(1995)
| L/ aking only the spin motion of electron, proton and neutron and assuming them as point particles,
e obtain thei\wagnetic moments. How far the values thus oBtained agree with experimental values? If
e t, why? - | (1996)
Z. Explain the fine structure of Ha line of H-atom arising due to LS coupling. \ (1996)
5 %erive an expression for i.ande’s g-factor for LS coupied state : v (1997)
' S am i B
raw the energy leve! diagram and show the allowedﬁsitions for Zeeman patiern for Ni=3; — 2o f

transition line of a hydrogen atom placed in a uniform magnetic field of 1 K Tesla. Calculate th e .
doublet splitting ' (997) ..
S m—— (e

7
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15/YThe atomic number of Na is 11.

(1) Write down the electronic configuration for the ground state of thé Na atom.
(ii) Give the standard spectroscopic notation for the ground state.

(ii1) The lowest frequency in the absorptlon spectrum of Na is a doublet. What are the spectroscopic

designations of the pair of energy levels to which the atom is excited as a result of this absorption
process?

\lr/iv) What is the mechanism responsible for the splitt_in% between the pairs of energy level?

A (1998)
. Draw the energy level diagtam showing the Zeeman splitting of *P,, and ’S, levels in a Weak

magnetic field. Give the selection rules and the resultin transitions between the sublevels. Does the

gnetic interaction lift the degeneracy of the level only partially or wholly? (1998)
1 hat is spin-orbit coupling? Considering the Sodium doublet.(5890 A° and 5896 A°), Calculate.thc
ffective magnetic field experienced by the electron in the 3p state. (€417 (1999 .—
. Describe the Stern-Gerlach experiment and discuss its significance. 000)
Determine all the term symbols of p® equivalent electrons and arrange thgse states in increasing orélcr
of energy. Justify your answer. . (2000)
. What is Lamb shift? Explain it by illustrating through a suitable’ energy level diagram. Has
Lamb shift been ohserved in-agw-atom other than hydrogen?_ (2001)

\}Q/lee briefly an account on the important historical developments to establish the conceptef

‘;/{elecuon spin. . _ (2001)

(2001)
%a/erte down expressions for spin angular momentum, orbital angular momentum and total angular
omentum under L-S coupling schéme. ' nae () (2001)
M)jbtam the energy states for He atom forn=1, 2, 3 levels (nis prmmpa quanfum number).
Draw the energy level diagram. Does L-S couphng scheme hold good in Hg atom which ike He

as 2 optical electrons (6S)? Comment. NG, FT - (2001)
. What is the lowest non —zero angular momentum for an elementary particle? Name at least three
elementary particles having such an angular momentum. |~ (2002

\write the spectral symboi of the term wifg/

S=1/2,J=5/2 and g=6/7 (2002)
M)euve an expression for the spin- oxbxt mtexactlon energy in one electron system. Calculate the

gy separation between the levels P| » and Pg/z ‘ (2002)
A2 ite the electronic configuration of mercury (Z=80) .Obtath the speciral term for the normal and the
= W/é:st excited configuration on the atom. (2002)
alculate the Larmor frequency of a spin Y; particle in a magnetic field B. e (2603)
E: \)ﬁgeﬁne the gyromagnetlc ratio and obtain an exp1 ession for the Lande ‘g’ facto1 What is the

- importance of ‘g’ in spectroscopy? v (2003)
”What is Zeeman effect? How can it be understood on a quantum mechanical basis? Obtain an

“ expression for Zeeman sln t. / _ (2004)

32. Calculate the Z\eman shift observed in the normal Zeeman effect when a spectral line a wave length
5000 A° s subjected to the magnetic field of 0.4 wb/m2 / - (2004)

12
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i - M hat are the term symbols for atoms with the following S & L quantum numbers. S=1/2 and L=3? v

| (2004)

. How many lines occur in the multiplet arising from 2p3s —%) 2§10 and %P, — %Sy transitions of
lkali metal atoms placed in a weak magnetic field - and why? |

(2005)

. Describe Stern-Gerlach experiment and discuss its implications. | (2005)
"3/6)./ hat is Lamb shift ? Has it been observed in any aton) other than hydrogen ? (2007)
'\%escribe Stern- Gerlach experiment. Explain how it demonstrates the discrete nature of the magnetic
oment of an atom. (2007)

397 Explain normal and anomalous Zeeman effect. Obtain expression for Zeeman splitting of an alkali

etal spectral line, and illustrate with an example. “A ' (2008)
\/J?}]r:)r transition to the ground state what is the longest wavelength that can be emitted by hydrogen Yo

2008)

| 2

\/v hat was-the aim of Stern ~ Gerlach experiment? Why were silver atoms chosen instead of electrons
in the cxperlment’? What was the outcome of the experiment?

<2009)
41/2'S,,, level in H atom is 1{)58 MHz above the 2‘P,,, level v2- - [

(1) What is this known as? 3’
(ii) Express the above frequency in em™ . f '
(iti) Calculate tliz cuergy difference between the above two levels in eV. fx §

‘ (2009) b

i) Establish that _
he=1240eV.m 4
= 1240 MeV. Fm
(i1) 11m energy levels of a hydrogen aiom are given by
E, = (=1/n").Ryd.
Where, 1 Ryd = heR. R \
Show that , R =1-097x10"m™' .What exactly is R? (2009)

1) Find the ground state total orbital (I.) and total spin {S) guantum numbers for nitro en.
(ii1) Find the L and S values of the two “first excited states” of helium atom.

e e e e T

(2009)

(b).(i) Explain spin-orbit coupling of an atomic electron.

(i1). Show that the 2p state in the %{ atom splits up 1nt0 two substates due to sp1n-01 bit coupling. -
(iii) Calculate the energy of separation in eV, resulting from the spm-orblt coupling when the
agnetic field experienced by thz electronis 0.4 T - - (2010)
\ljl/inv hat is Zeeman effect? How it can be understood.on quantum mechanical basis? Obtain an
expression for Zeeman splitting of atomic energy levels in a magnetic field B. Explain the magnetic
splitting of sodium D-lines. + (2010)
?. What is spin-orbit interaction? Calculate the energy shift due to spin-orbit interaction term in H-

like system. Discuss the si gmﬁcance of this shift in relation to the fine structure of hydrogen spectral
lines

. ° (24_)‘0)

X
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What are anti - Stokes lines? Do they occur in both Raman and Compton Scattermgs‘7 Explain how
they arise and how temperature affects their intensities?

’ (1990)
%1nan eftc ¢ differs from Rayleigh scattering. Explain. Explain quahtanvely how Raman lines e
originate. What is the difference between Raman ucattermg and Compton Scattering? |

(1992)

\/ A sample shows a Raman line at 4200 A° w1th incident radiation having A = 4400 A°. Where will
the other conespondmg Raman line fall with the samé exciting radiation? Will that line be stronger
aker than the line at 4200 A°, and why?

. (1993)

74 Give the salient features of electronic band spectra of diatomic molecules in emission. Why would

" absorption spectrum of lodine (I2) vapour has longest wavelength band at A, initial band separation
Alo, and-the bands converge at wavi length A,? Relate this data broadly to the concerned parameter
of I, molecule.

r

’ (1993)
[/3./Give the theory of vibration - rotation spectra of diatomic molecules. Explain the na'tur? of P, Q, I
branches. 8
(1594)

. V&/Discuss the gross and fine structure of electronic band spectra of a diatomic molecule. ;
/ ' (1994) -
77 E

xplain the origin of anti-stokes lines in Raman Spectra? ' ‘

. 1995
\Malculate the bond length ‘and force constant of the bond of 2C '®0 molecule, given 0 — 1 rr@@ E
line in V = 0 state is at 115.3 GHz and the wavelength of the v1brat10na1 nequency is 14.7 pm. -
: [ vibraien - sotation) | (1996)
Write in brief the differences between the IR active and Raman active bands.
(1997)
“Calculate the force constant for the coupling between H and Cl given that the fundamental frequency
of H' ¢I** molecule is 8.7 x 103 H;. Assuming the force constant of H cI*’ to be the same as that of
H' ¢, Calculate the vibration frc;quency of H cl”’. | :

' (1998)
f%) State and explain Frank - Condon principle.

(i1) In three separate pairs of electronic states (one ground and another upper excited) of the diatomic
molecules, the average distances are: -
S (i) equal (ii) Slightly greater  and (i1i) appreciably greater. -

In accordance with Frank-Condon principle, obtain most favourable transitions. State vibrational B
levels in each of the three situations. ‘ : X
Ilustrate the transitions in all the aforesaid situations by drawlng suitable energy level diagrams. b

(2001) -

i
. ]
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LT 2 Write an expression for the energy of

" a diatomic molecule executing both rotation and vibration in a given electronic state. Explain the
obgefved spectra giving a schematic diagram. What are O, P, Q, R and S branches ? (2007) -

MM Why does a spinning nucleus precess in a.-magnetic-field ? Explain the underlying principle of b
nuclear magnetic resonance (NMR) spectroscopy. ‘ (2007) L
144a) ) Discuss qualitatively the occurrence of xotauonal energy levels of diatomic molecule. Write

own jhe selection rule.

£ 1t possible to obtain pu1e rotational spectra of H2, HF, O2 and No molecules? Can one ghtain pure

tational spectra in emigsion? Comment (On both of the above mentioned querries). L~

@ InCO molecule J=0— J=1 line occurs at frequency 1.153x 10&¢'' Hz, Caleuldte the moment of

P

inertja of CO molecule. o B

(bwat is Raman effect? How does it differ from Raylelgh scatter1ng‘7 Write down its
; important applications.

{x‘ plain Raman effect with the aid of qudntum mechanical theory.

\%Nhy is Raman effect considered complﬁnentary to infrared absorption spectra? Jiy mmatisc Mdouls

Raman Stoke’s line ] is.observed at 552 nm. When a sample is excited by Hg green line of wave

length 546 nm. Calculate t e wave length of anti-stoke’s line fo J,} (2001)
\‘5/(1) A sample is irradiated by a 5000 Ad radiation to give a Raman line at 5050.5 A° Calculate the {
Raman frequency. , io ”') i

(i) Explain, both red and violet degraded bands have been observed in electronic band systems, but
rotation-vibration spectra show bands degraded to red only.

: ' (2002) ’
16 (iy Calculate the moment of inertia of Hcl molecule from the expression ;
=20.68(J+1)
¥ where J = -0,1,2,. (2002)

~ t/% diatomic gas is found to havc a number of absorption bands i 111 the ultraviolet region. Each band is
observed to have a fine structure. How can the observed spectrum be explained and analysed?
' ' (2002)

\yAxplain the nature, origin and significance of 21 cm Hydrogen line.

(2002)
y(jfalculate the change in rotational constant Bv when deuterium is substituted for hydrogen in a

hdregen molecule. (2002)
\/g What are the typical energies {ev) of the radiations, required to excite (1) electronic transitions (ii) !
vibrational transitions and (iii) rotational transitions in a molecule? ‘\
(1i) The rotational spectrum of HI consist of equidistant lines witii a separation of 12.8 cm’
Calculate the (a) M.I. and (b) bond length of HI molecule. ‘

(2003)
o V/})MU% the salient features of O, P,Q,R and S branches of electronic spectrum of diatomic

%

molecules. Which spectrum contains only branches, b®th branches and bands, branches and
progressions? $o " Aok :
. %how that a spinning nucleus processes in a magnetic field. Explain the underlying principle of NMR
' spectroscopy. The magnetic moment of a proton_is 2.793 un Calculate the radio frequency at which
nuclear magnetic resonance occurs in watr kept in a magnetic daeld of 1.5T.
: a3 ' 12(2003)
i @ ,kah,,em 2- 19 }LN L
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3.Water vapor shows Infrared ebsorption bands at 1595 cm™, at 3652 cm' and at 3756 cm™. If the
Raman spectrum is observed with the ArgOn ion laser 514-5 nm, at what wavelength would you
- expect to find the Raman - stokes lines? , (2004)

NN AL
Zay

‘% High resolution laser spectroscopy can resolve lines that cannot be resolved by conventional
spectroscopy. Justify this staternent. : (2604)
. Briefly describe rotational fine structure of electronic spec;ra of diatomic molecules.

L — (2004) |

s \/A)V hat are the selection rules for rotatlonal spectra" Draw a neat diagram to show the allowed | lw
otational transitions. - L ¥
009

. Explain the molecular phenomenon of spontaneous emission between two electronic states of the\
same multlphuty dnd differentiate it from that of different multlphclty °

(200%5)
/'The constants B and Yo for a KCI molecule have values 1- 43 x10°% eV and §- 4 ><10'2 s”! respectively.
Determine the number of Lolallonal levels between the vibrational levels v=0andv=1.

979/ How can the pure rotation spectrum of Hy molecule be observed? If the bond length of H, molecule )
is 0-07417 nm. What would be the spacing of lines in its spectrum? '

L " (200<)
' V/Dxffmennate between Ray]elgh and Raman scattenncs Why is Raman scattering considered to be a

breakthrough in molezulax QpeCtIOSCOpr What are the advantages of using laser light in Raman - ‘
spectroseopy ? K "‘:?""“‘: ¢ |
A (2005) k
7 Obtain an expression for the vibration-rotation energy levels of a diatomic molecule in a given |
electronic state. oow B

The wave numbers of the vibrationa transitions occurring in HF, HCI and HI molecules are |
4141-3 cm™, 2988-9 cm'and 2309-5 cr.”' respectively. Compare the force constants of these three

holecules. - : (2005)
.(i) State and explain Franck - Condon Pr1nc1ple (2007)

) (ii) In three separate pairs of electronic states (one ground and another upper state) of diatomic
& molecules, the average internuclear ¢ ;stances are-
" () equal;
(1i) slightly greater;’ Y
(iii) appreciably greater.
In accordance with Franck- Conden principle, obtain most favourable transitions from the ground
state vibrational levels in each ofthe above situations. .
Illustrate the transitions by drav. ng suitable energy — level diagrams. (2007)
3. Draw the potentigl energy of a ¢ atomic molecule as a function of inter atemic distance. Mark the
vibrational and rotational energy levels. Explain the selection rule for transitition between vibrational |
fes. . ‘ (2008) ;
%
|

ssume a diatomic molecule cor sisting of two atoms of masses m, and m, , separated by a distance

r . Write down the Hamiltonian « perator for the molecule. Determine the rotational energy levels of
the mqlecule, (2008)
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%. Write full form of acronyms EPR. and NMR. Give underlying principle of EPR.
(2008) -
bxplam fluorescence and pho:phorescence in electronically excited molecules I
(2009)
M/ Discuss the vibrational spectra of a diatomic molecule treating it as a harmonic oscillator as well as
an anharmonic oscillator-and compare them.

. (2009)

38. Explain Born — Oppenheimer approximation. Discuss the intensity distribution in the vibrational
electronic spectra of a diatomic molecule on the basis of Franck — Condon principle.

. (2009)‘
\//(1) Discuss occurrence of rota’nonal energy levels of a d1atom1 molecule and show that the pure .
rotation: spectrum of such a molecule consists of a series of equally spaced lines separated by a
constant wave number difference 2B. Write down the selection rules.

{i1) Is it pessible to obtain pure rotational spectra of H,, HF, O, and NO molecules?

(iid)In CO molecule J = O —¥=1 line occurs at a frequency 1-153x10" Hz. Calculate the moment of
inerti f CO molecule. I '

S N

(2010)

N\
2 What are the advantages of using laser sources in the study
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-

v 41 /State and cxplam F1anck—Condon prmc:1ple Discuss its applications in molecular spectroscopy.

(2010) {
(2010) %

\%culate giving necessary steps, the radio frequency at wh1ch nleedr magnetic resonance
occurs in water kept in a uniform magnetic field of 2-47 . The magnetic Moment of proton is 2-793uN .

(201’(@)

P . ¢
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TUTORIAL SHEET: 6 ~—
"NUCLEAR PHYSICS

! . |

xplaining the physical meaning of each term, write semi-empirical mass formula for a nucleus. Find |

the value of atomic number of most stable nucleus for a given mass number A. GO manks I
(1997)

/ xplain the phenomenon of nuclear fission and obtain the expression for fissionability parameter.

Show that the critical value of the fis 1onab111ty parameter is 50.

¥ (1997) S

3
\

1

3/What is the ba31s of thermonuclear fusion? Estimate the order of temperature required for promoting
the fusion reaction of ligtiter niuclei. Caficulate the Q - value of the proton - proton cycle.

 4'H >'He+2%e+Q | (1998)

o é .Discuss one experimental method for the determination of energies of 8 - pdrtlc]eq emitted radioactive

isotopes. Draw a diagram of typical P - ray spectifum. : (1999)
£>. Write down Weizsaker formula for the binding energy of a nucleus. Explain the significance of each
. term. Derive an expression for the atomic number Z of the most stable nucleus for a given mass
number A. Determine the atomic number Z of the stable nucleus having A=64. (1999)
‘/6/.Using the uncertainty principle, show that the electrons cannot exist inside the nucleus. How does then .

one account of the beta decay of a nucleus? (2000)
How do you explain the continuous spectrum in beta decay of radioactive nuclei?

(2000)
\}4 nuclear reactor has an output power of 1 MW with a thermal efﬁmency of 30%. Hov/ much uranium
per day is consumed to run this reactor, if the average energy released per fission of 250 s 200

5«: MeV, and the uranium is enriched to 2% » SU? o (2000)

l/9/Descr1be important experimental facts that led Pauli to postulate the existence of neutrino particle.
’ (2001)
l iscuss briefly the concepts of fission barrier, ’excnatlon energy and activation energy on the basis of
liquid drop model. Why U is fissionable by thermal neutrons while **U is not?

(2001)
‘/ Classify the Indian power reactors into BWR, PHWR and FBR varieties, explaining the acronyms, P
type of tuel used and location for each variety. (2001)
kIQZA nuclear reactor operates at a power level of 10 M W. What v}vﬂl be the flux of neutrons required to,
maintain this power level? Given that a free neutron has an' raverage lifetime-of 103second before its
capture in a uranium nucleus and energy released per fission is 200 MeV. (2001), g

!
\/!Z/ escribe briefly the various cycles. for energy production in stars, relating them to the life history ofa—" -
star.” Fusion reactors operate in the core of stars but have not become a reahty on earth as yet”.
Comment on the staternent. _ (2001

H
i
|

cE




| ;-
\ Delhi Institute for 28A[11, Jia Sarai, Near IIT, Hauz Khas \ v
! . Administrative Services; New Delhi - 16 o

Ph: 26537353/ 9350934622

I:xplain why a neutral particle such as neutron possesses a finite value of magnetic moment, and how
it is determined? : : . ' (2002)

/Write down the configuration of
"Li, ’C and Mg,

i the ground state of the nuclear shell model. (2002)
\)’éxplain how neutrino was discovered from the 8 -decay of radioactive nuclei.

(2002) P
. Explain shell model of the nucleus. Give evidence for nuclear shell structure. What are the !
limitations of the shell model? ‘ | b

(2002)

7 Sketch ‘arc@he’ binding energy per nucleon curve for stable nuclei. Explain its salient features.

On the basis of this curve explain why fusion is possible only for low mass nuclei, whereas fission
akes place in heavy nuclei. ' (2003)

A

. List some of the important properties of deuteron and show that it is a loosely bound system and has
“only one bound state. ' (30) (2003)

J Distinguish between a nuclecu reaction énd decay Which LOHbelth]OH laws are obeyed in nuclear
reactions? Explain the s1gmhcance of value.

- Calculate the Q value for the followmg nuclear reaction
ﬁi—-]}1—+>1{e+ a I (2003)

V/ Calcuiate the fission rate of 2*U. requlred to produce 4 watts and the amount fissioning of 1kg of
B3/ . (Assuming energy released per fission of 2°U 5,200 Mev).

. (2004)

L/ Calculate Binding energy per nucleon of *,He and l680.

: (2004)
\g;./w rite down the Bethe-Weizsacker formula. Explain various terms of the formula.
: (2004)
\Zlﬁ/Expiain how energy is released in stars. ) '
E (2004)
. /
)esorib‘e\in detail one experiment for detection of Neutrino.
‘ (2004)

‘hat is the difference between neutrino and antineutrino? How is helicity of neutrino determined?
3 T ’ . (2004)
= S 2 Write the Weizacker mass formula and explain the significance of various terms.

Jcrermine the amount of 24 ‘necessary to provide a souice of % p, o-particles of

- rength 5 mC,;. The half-life of is 138 days.
(2005)

o scribe how parity violation was experimentally detected ig 6°C,) B-decay. How was the observed
. asymmetrv in the disiribution of emitted electrons explained? ‘ (2005)

' 1o

' Lam:mxw”% |
L« 1 @”t— | 8 CCquawL [ decay /Qﬂarc&

TOPRYPRS
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2 Write down the Yukawa potential and derive an expression for the mass of n-meson in terms of
: nge of nuclear force. What part of the Nucleon ~ Nucleon interaction is explained by this potential?
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ferentiate between K-capture and inverse Brdecay. L
xplain what is internal conversion and how it differs from B-decay. l
, ' (2005)

Walculate the spin and parities of the ground states of Hé¢ and 353 Zn nuclei.
: ‘ (2005)
Calculate the Q — value of'the reaction : \ e
, ’e( ;"He.iz) eC ,
Given
Mass (°Be)=9.012183u _
Mass (*He) = 4.002603u _
Mgss (C) =12.000u . S : (2007)

31. Write down the nucleonic configuration of .

"LiC O amd Al _

In the ground state of the nuélear shell model and hence calculate the corresponding ground state angular
momenta and parties. How do the observed ground state angular momenta and parties agree with those
prédigted on the basis of the shell model ? C (2007)
3260 Write down the Bethe ~Weizsacker semi- embpirical mass formula for a nucleus. Explain the
1ignificance of each term occurring in it. Discuss the stability of a nucleus against £ - decay. What is th

effectaf pairing term on stability ? . (2007
% What are mirror nuclei? How does the charge independence of nuclear force emerge from this.
oncggt? . o ) (2007
M What is - decay ? Give three examples of - decay of nuclei, Explain how neutrino hypothesis
1elped in explaining conservation of enefgy- momentum and angular momentum What is Kurie plot?
How edf one use Kurie plot to set Timits on mass of the neutrino? = (2008)
M hat is nuclear isomerism ? Give two examples and explain how this can be understood from

article shell model. - i} (2008)

‘ » (2009)
/36.  What is the simplest two-nucleon bound system? How does its study help in obtaining
information about nuclear forces? Indicate clearly how the non-central forces can be explained by the

observed magnetic\noment of this system. ‘ —
(2009)

(OS]

37.  Compare the methods of electron scattering and neutron scattering experiments to obtain
- . .
nformation about nuclear size. [ (2009)

. Calculate the packing fraction and the binding energy per nucleon for O and 3;.S» nuclei.

J =

' . (2010)
‘Atar converts all its hydrogen to helium, achieving 100% helium. It then converts the helium to
carbon via the reaction
S He+3 He+; He =y C+7-27Me '
The mass of the star is 5-0x10 kg and it generates energy at the rate of 5x 1030@}10“{ long will it

take to convert all Helium atoms to carbow at this rate?
20
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. ' = (2010y
0,XVhat are magic numbers? Discuss shell structure of a nucleus. How is this model able to explain
arious properties of nuclei? Discuss the limitations of this model.

: (2010)
_ Predict from the single particle shell model the shell configuration, ground state spin and parity for
the following nuclei:

137 17
7‘1 ,7 a‘.s ()

: (2010) -
%plain parity violation in [ -decay. Describe how parity violation was experimentally detected in ‘?
the decay of ®Co.
(2010)
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TUTORIAL SHEET: 7
PARTICLE PHYSICS

L

Discuss briefly the three types of interactions between the elementary particles and explain the
relative strength of the various kinds of interactions between elementary particles. (1988)

; \/ Write an essay on elementary particles wigh the following points:

(i) Types of particles (i)  Quantum numbers. . .
iii)Conservation laws  (iv) ~ Type of interactions. . (1993)
What are weak interactions? Mentlon the various processes in which the weak interactions play a
ominantrole. P decay > -Decay O Sbume Pasticles (1993)
What are the conservation laws of elementary particles? How are these applied to Leptons and
aryons? (1994)
~ Explain parity violation in B-decay. (1994)
M hat is helicity of a neutrino? How is it measured? (1994)
VM,State conservation laws obeyed by strong and weak interactions? '
° ' (1995)
\}A)eﬁne parity for a quantum - mechanical system. Describe an appropriate experiment proving the
parity violation in weak interaction. How can the parity violation in weak interaction be understood?
4 ‘xplain. (1996)
Mention the conservation laws violated jn the foillowing elementary particle reactions: :
i p—> e +ve @) n-opt+e [
i) K— 7r° +7° (iv) e"+e >y
. In nature, we have basically four kind -of forces in the followmg order of increasing interaction 3
strength:-
(1) Gravitational (i)  Weak
(iii)Electro Magnetic iv)  Nuclear or strong. ' .
Comment on their spatial dep:ndénce and give their reldtive strengths in terms of dimensionless
coupling constants. (1998)

11. The following__reactions do not take place: - ' I
Dn—p - iy
(i) p—= 7’ +¢ "+ ¥, Explain the easons in terms of conservatlon laws. ° (1999)

12. Which of the following reactior s are allowed? What are the conservation laws violated by the rest?

Classify the particles (fermions bosons, mesons/baryons, leptons/hadroﬁs) involved and the type of
interactions in the case of the ali >wed ones.

D2 >n"+n” . (i)n” +p—>n+n’

(g +p-—>nat+p+n +n’ (v)m® =y +y (2000)
22
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f .
[lugtrate with any five examples that production of strange particles conserves strangeness, parity and
ic spin while their decay violates all these quantities. (2001)

glblTC}‘.lﬁl‘kS. ' (2001)
/5. Distinguish between Hadrons and Leptons.
’ (IFS, 2001, IAS 2002)
 16Discuss Gellmann-Nishijima classification of elementary particles.
(IFS,2001) _
N What are quarks? List the various types of them Give the concept of coloured quarks.

(IFS; 2002)

o U ¥ Which of the fundamental interactions is present in the following nuclear process? Use the
conservatlon laws to arrive at the conclusion. s

TorAl 4y (lifetime <10 s) - (IFS ,2002)
. Which conservation laws ‘are obeyed in nuclear react10ns‘7 Explain the significance of Q value of a

nucl rreaction. . - (1AS, 2002)
v Zyga stinguish between particle and antiparticle. How antiparticle were discovered?

. (IAS, 2002)

" 21/Mention the conservation laws for strong, electromagnetic and weak interactions.

- _ ! (IAS, 2002)

: /l/:;/ Give the characteristic properties of stran(ge particles which distinguish them from non strange ones.
Write the Gellmann ~ lehunna relation and show how it is used for the cla551ﬁcat10n of elementary

parti<les. o — (2003)
5" State the conservation law which is vmlatL,d in each of the fdllowing processes:
! A)n—->p+é -I-Y‘ (ii) o+ p— kK +k
(i) ©+p —> T +k (iV)Z+k—>p+p (2003)

. Which of the following reactions are allowed and forbidden under the conservation of strangeness,
baryon number and change conservation?

D +an—r+k () n +n— g+ k"
(iii) w4 p—> W0+ k7 ' iVyrtp—m°+A (2004)

s S

State the quantum numbers I, Y and S for the uds quarks and antiquarks. What combination of these
\/{c}dato the formation of (i) proton and (ii) neutron? ' (2005)

'hat are the basic interactions in nature? Give one e\:ample for each Compare their relative
strengths and ranges. -

(2005)
/E//Gi\c some characteristic properties of strange particles which distinguish them from non — strange

ones. Write the GellMann-Nishijima relation. How is it used for the classification of elementary
r. particles?

. Explain lepton number conservation and why it is necessary to distinguish.between different types of
neutrinos? (2008)

4
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.

9. Give the hypercharge and isespin of the quarks and anthuarks What are the quark contents of thcu_
mesgns: 7*,7°, 77, K", K°, K™ and n? : (2008)

. At what energies do we anticipate the unification of strong and electroweak interactions? What will
happen. to coupling constants. of these interactions in this situation ? How does unification indicate the
decay of proton and existence of leptoquark? —

' (2009)
3X. What are the field quanta of weak and electromagnetlc interactions? Show that weak ifitétaction is a
“short range force while electromagnetlc interaction is a long range one.
: : (2009)
* LA 3. State the quantum number 1 ,Y and S for the uds quarks and antiquarks. Which commnatlon of these

leads to the formation of (i) proton and  (ii) neutron‘7

(264 0)
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: , TUTORIAL SHEET: 8

‘SOLID STATE EHYSICS
SUPERCONDUCTIVITY D ( ’L &)
Senpad Lk motals ( "9 e

e
HEEPTSANN]

1. What is Super conductivity? In what kinds of materials is it found to occur‘7 Name some parameters
which characterise a super conductor. Cite any two major uses if we succeed in making Super'
! conductors with Tc not far below atmospheric temperatures? (1990)

W Write a shori note on Super conductivity.

(1992)
/ Explain the basic dlstmctlcn between a perfect Conductor and a Super Conductor.
ey : (1997)
4, What is Meissner effect? Superconducting tin has a crifical temperature of 3.7K in zero magnetic
field and ¢ritical field at OK is 306 gauss. Determine the critical field at 2K. (1999)

\S/gxplain why superconductors are perfect diamagﬁets.

e \(iYObtain reciprocal lattice to normal BCC lattice
‘ (ii) Describe Josephson junction and the effect. How is it exploited in the formation of a SQUID?

- Write down the applications of a SQUID? . (2001)
v Give a qualitative account of BCS theory of superconductivity. ,
| ' (2001)
W Explain Meissner effect and Josepheson effect Describe their applications in the field of
superconductmty (2002)

9 What are high temperature superconductors? Give two examples indicating t }err transition
temperature; :
Differentiate between the conventional and high temperature superconductivity. (2003)

14" What is a Josephson junction? dlSCLlSS DC and AC Josephson effects and obtam the relation
v=2eV /h, where synibols have their usu’al meanings. (2003)

‘I)/Determine the reciprocal lattice vectors of an fcc lattice. .

(2005)
What is Josephson etfect? Discuss briefly DC and AC effects. Give some practical applications
re of Josephson junctions. : (2007)

7 Distinguish between ‘soft’ and ‘hard’ superconductors. Explam how penetration depth varies with
- magnetlc field strength and temperature. .

(2008)
4 Show that the reciprocal lattice of a hexagonal lattice is a hexagonal lattice with a rotation of axes
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(2009) “-
\Jé . A type-II superconducting material with superconducting transition temperature 7, is placed in a
magnetic field. What is the material state (normal or stiperconducting er mixed) for

T

() T <T;H>Hg (i) T>T;H<H; ym |
(i) T<T;H.<H<H. WT>T;H>H,. , ‘ 3
4 " 8 2009)

. What is Josephson tunneling? Distinguish between a.c. and d.c. Josephson effects.
‘ ’ (2010)
. Explain the reduced zone scheme of plotting the energy bands in solids. On the basis of E vs k curve
distinguish between conductors, semiconductors and insulators.
(2010)
18 What is nearly free electron approximation? On the basis of this approximation explain the formation
of energy bands in solids.
\ ' ~ (2010)
\t?mistihguish between Einstein and Debye models of specific heats of solids. Obtain an expression for
e specific heat of a solid-on the basis of Debye model. Discuss the results for low and high temperature
ranges. .
- ° (2010)
Distinguish between classical and quantum theory of paramagnetism. Explain the paramagnetism of
ee electrons on the basis of F.D. distribution.

(2010}

26 l
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Distinguish between intrinsic and extrinsic semiconductors. Explain the concept of ‘hole’.
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PHYSICS PAPER — II ; ELECTRONICS
'~ “TUTORIAL SHEET: 9
 Band theory of solids

]
State the difference in the electronic energy states in an isolated atom and in a solid. Hence

explain difference between a conductor, an insulator and an intrinsic semiconductor. What is the
role of impurities in so called extrinsic semi conductors?

(1989)
‘Why do the electronic energy levels in a solid form bands? Describe in terms of th¢ band theory
the difference between a conductor, an intrinsic semi conductor and an insulator.
How do. the energy levels change when some impurities are introduced in a Semi-conductor?
Explain how by doping you can have both n-type and p-type semi conductors starting with pure
Germanium. . .
The band gap in case of Germanium is about 0.8 eV at 0°K. Neglecting the variation of band gap
with tempetature make a rough estimate of the temperature at which the resistance of a pure
Germanium sample will be reduced to —étime-s its value at 300.X.

(1991)
Phosphorous is doped-in a silicon wafer. The impurity concentration is 10" per cm’. If all the
denms are active. Calculate its resistivity at room temperature. The mobility of electrons is 1250
cm?*/V- second :

(1999)

| (2001)
Discuss the variations of free carriet concentration with temperature of intrinsic and extrinsic
semiconductors.

S o | (2002)
Show that the condition ot perlodlclly of lattice leads to the Block theorem. What is a Block
function? (2004)
By drawing E vs. k curve, distinguish between metal, insulator and semiconductor.
. : (2004)
(i) Discuss briefly the concept of effective mass in semiconductors and explain the significance of
negative effective mass. .
(ii) In 1solated atoms, the electrons have discrete and definite energles but in solids they have
bands of energies. Explain why. (2005)

10. Discuss the motion of an electron in one-dimensional periodic potential and show that it leads to
e formation of bands of allowed and forbidden states in the electron energy spectrum. How are the
insulators, semiconductors and conductors discriminated on the basis of band structure?

11.

(2005)
An In As semiconductor sample is cut in the form of a small bar of size 1.0 cm x1-0 mm

x2-0mm. Its lengthwise resistance is 1:25 Q. A Hal! field of 1.7 V/m develops when a current of 0-12 A
27 '
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is passed lengthwise and a magnetic field of 0-05T is applied normadl to its length as shown abbve.
Calculate the carrier density. . , " " (2005)
12. Draw the device structure’of a p-n junction solar cell and explain how the light energy is converted

» - into electrical energy. Define the ‘short-circuit current’, ‘open-circuit voltage’ and ‘efficiency’ of a solar
cell. '

N

(2007)
13. Silicon is the most popular semiconductor material used for the fabrication of electronic devices and
integrated circuits. Why? Give at least five reasons.

| : . (20(19) . -

ssetine s
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TUTORIAL SHEET: 10
SEMI CONDUCTORS f
\ .

What is a P-N junction? Describe with energy Jevel diagram the formation of double layer of |
charges, which generates a potential difference (V) agcross the junction. Hence show that the s
capacitance of the double layer C=K V™%, where K is a.constant. State some practical use of this Y
relation between C & V.
' (1988)
What is a Zener dlode? Explain’ what function it performs in the circuit given below as the load
resistance Ry is varied. What is the purpose of introducing resistor R; in the circuit? (Vs and Rs
represents source voltage and resistance respectively).
: (1989)
How is a p-n Junctlon prepared? Explain the charge and potential distributions in such a junction
in open circuit. Explain how a p-n junction can be used to build a solar cell. Describe the .
mechanism of the increase of conductivity of Germanium by doping it with Arsenic.
St (1990)
Explain the formation of potential barrier in an unbiased p-n junction.

: (1992)
Show that in the non-degenerate approximation the Fermi level in a n-type semiconductor is
slightly below the bottom of the conduction band and in p-type it is slightly above the top of the i
valence band, but in both cases it remains within the b%nc_:l gap.
(1993)
Descri[)e and explain the theory and operation oi the zener diode. Explain whai is meant by
a. ., Avalanche break down ;
b. Zener break down .
(1993)
How does built in potential appear across a p-n junction? Explain under what biasing conditions '
drift and diffusions currents respectively dominate. \
aps) |
:
ﬂ
|
t

What is the photovoltaic mode of operation of a photodiode? Describe the construction and
working of a silicon solar cell. |

(1998)
Discuss the different breakdown mechanisms for a reverse biased Zener diode.
. o (2000)
Do these mechanisms have different temperature coefficients? Explain. AN {
Which one of thése mechanisms shows a negative dynamic resistance? Why?
(2000) l

A Zener diode of 1 W power has a dynamic resistance of 10 mQ at the breakdown voltage of 3
V. What will be the fluctuations in the current through the dlode if the voltage fluctuates by 100
mV? What will happen to the diode? Why‘7 :

(2000)
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TUTORIAL SHEET: 11

, (TRANSISTORS)

1. (a) What is the role of transistor in an amplifier?
(b) If a signal from a hlgh impedance source is to be amplified, which configuration is preferred
and why? :
(c) What will happen to output voltage of an amplifier if a part of the output is returned to the
input (i) in phase (i) 180° out of phase?

(1992)
2. Describe the characteristics of grounded  emitter transistor amplifier circuit and determine
expressions for
(a) Input resistance (b) Output resistance
(¢) Current gain (d) Voltage gain (d) Power gain
: (19933
3. Establish the two Barkhausen conditions for sustained sinusoidal oscillations. Sketch the circuit
of Wien’s bridge oscﬂlator and explain its working. ' '
- (1995)
4. ASiBJTis connected as shown in figure. Show that it is in active region and works an amplifier.
Calculate its mid frequency gain, given that BJT has hg = 100, hie = 1IKQ
hre = hoe =0, lco=20mA °* '
5. Draw the circuit of an emitter-follower and find in voltage gain.

| ' (1997)
6. Explain the working of N-P-N transistor. Derive expressions for the current and voltage gains. b
(1998)
7. A junction diode in series with a parallel combinatio ofa large resistor and a capaciter acts as a
linear detector of'amplitude-modulated waves. Explain the acuon T (1999)
8. Explain the effect of negative and positive voltage fe dback on an amplifier characteristics.
(2002)

¥ .
Derive the various current components in a p—n—p transistor when it is actively biased. Using Eb@ls
~Moll model, show that for the common —emitter configuration

V .
e =-alg=- 1(:0 (é C /VT - 1} -
\ . 1
Where the symbols have the usual meaning. ' " _ " (2003)
/ : (2003)
10. Draw a circuit diagram o+ an R —C phase shift oscillator. Explain its working Derive an
expression for its frequency. :
(2004)

I1.A transistor with B =50, ""gg = 0.7V, Vcc = 22.5V and Rc=5.6kQ is used in biasing circuit as
shown in the figure. It is des1 ned to establish the quiescent potential at Vcg =12V, Ic = 1.5 mA and
stability factor S < 3. Find tle values of res1stors Rg, Ry and R, where symbols have their usual
meanings. . f
v (2004)
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| 3
12 Explain the working of a pnase-shift oscillator. Draw the circuit d1agrarn of a phase-shift o

. oscillator using either a transistor or an op-amp. What are the conditions which must be satisfied
to achieve 'stable oscillations?

Calculate the frequency of oscillations for R =1kQ and C = 01 u F. AN f;
(2007)
j3. Explain the dlifuence between n-p-n and p-n-p transistors. Give their device structure and
biasing circuits.Draw a ciecuit for a single-state common-emitter amplifier. 3
- 007) |

.- . ] ) l B
14. Draw the circuit diagram of a two-stage RC-coupled common emitter transistor amplifier. Show B
how the magnitude and phase of voltage gain vary with frequency. Define bandwidth of this

amplifier. An amplifier with open loop voltage gain, 4, = =1000+200 is avallable. It is necessary

to have an amplifier whose voltage gain varies by no more than +0-1% . Find the reverse
transmission factor £ of the feedback network used and the gain with feedback.

: (2008) i
. TIS ‘A certain colpits oscﬂlator uses a tank circuit with £=20mH; C, =200 pfand C, =200 pf. What 1
is the frequency of oscillation? ' 'i

o (2008) *

16. (1) “Transistors are current operated devices, while vacuum tubes are voltage operated” — Explain.
(i) Why are junction transistors called bipolar devices?

‘ . _ . (2008) 1
] . TUTORIAL SHEET: 12 }
. | (LOGIC GATES)' !
1. Draw a circuit using AND, OR and NOT gates to reahze the followmg truth table: v
Input . _ . Output 5
A B c, D
7 0 0 0 Y
0 0 1 1 :
0 1 j0 1 ",
] 0 0, 1 ;‘
? 1 1 0
0 1 0 ;
: ! I 0 0 g;
1 1 1 1
2. Define ex-OR. Give its truth table and draw the possible logic blocks ' ‘
‘e v (1996)
3. Simplify the following logic function and draw the corresponding logic gates:

. Y = AB+BC+ AB + AC + BC+ABC + ABC

' (1997)
4. Simplify the following logic function and draw the corresponding logic diagram:-

31 “




6. (a) Combination switching circuit can pérform an addition of the numbers held in two registers.
Q) Write down the truth table for the addition of two bits.
(i)  Write down a Boolean expression for ht necessary circuit functions.
(iii)  Arrive at the Exclusive —OR function.
(iv)  Draw the Jogic djagram for the circuit which performs the addition.

(b) (i) What is sequential switching circuits? '

(i) Describe a simple sequential circuit.
(iii) Describe a clocked RS Flip —Flop.
(iv) Briefly descrlbe ROM:s.

e
DTAS Delhi Institute for | .28RA/1, Jia Saral, Near IIT, Hauz Khas : \"»?‘i’
R Administrative Services New Delhi- 16 ' P
: ]  Ph: 26537353/ 9350934622 ' 3 .
Y = (A+B). (A+C). (B+C)
(1998)
5. Simplify the glven Booleam expression and draw the correspondmg loglc circuit using NAND
gates .
Y=(A+B+ C).(K +B+C) .
(19$ Yo . o

(2001)
7. Show that a negative loglc OR gate is like a positive logic AND gate.
(2002)
8. Explain.the operation of the following circuit as a gate. Draw the truth and find the operation
carried o\ by this gate neglecting the source impedance, —_

Junction satulanon voltages and diode voltages in forward direction. Find the minimum value of he.
, (2003)
9.' (a) Give the two forms of the De Morgan’s theorem.
(b) What is the principle used in ‘half —adder’? Give the truth table for it.
- (2004)
10. Simplify the equation ! |
Y =[AB(C+BD)+A4BC] ‘ | -‘
Using Boolean algebra. Give the logic circuit for tht equation before and after the simplification.
(2007)
11. Give the Boolean expression and the, truth table for an XOR gate. Why are NANI gates called
universal gates? Realise OR anc/l XOR gates employing only NAND gates.

(2007)
12, How can the NAND-gates be co nbined to perform the OR — operation ?
- ' (2008)
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TUTORIAL SHEET: 13
Electrdnics: Miscellaneous

——— |

) (a) FET have a unique prop,ert’iesI méx.ke BJTs not suitable for some impdrtant applications. What
are these most important FET applications?
(b) Briefly describe FETs available resistors.
' (2001)
?) (a) What are the main applications of JFET? Dfiscuss their advantage over bipolar transistors.
Explain the working of a n —channel JFET with the hel‘p of schematic diagram.
(b) Write down the characteristics of an idea operational amplifier. Explain the term virtue

. . . '
greund in an operational amplifier.

) , ' - (2002)
3) Calculate the gain ofthe following amplifier circuit:

Given that g, = 10 mV/A, 1y = 1 MQ and Z;, = 10 kQ.

. (2003)
(4) The following information is included on the data sheet for an N —channel JFET:

¢

N —channel JFET: ‘
I[)ss =20 mA, Vp = -8V and gno = 500(@ [R]

Determine the value of drain current and Tran covnductan‘cr: at Vgc =—4V.

t . l |

-
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