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PHYSICSPAPER - [I:QUANTUM MECHANICS
TUTORIAL SHEET: 1
Foundations of Quantum M echanics

How Davisson - Germer electron diffraction experiment confirms the de -Broglie hypothesis of

'l
matter wave? e prsn B es® tIW& A=1-65 A (1995)

de= o9l e

|
V‘:’.’ Using Heisenberg unci y principle, find the ground state energy and Bohr radius of hydrogen
atom. Ls N 4 5 umide ejertmion = frumed — T*"mhﬁ'_ 199
A Apah] 8%

\§/Usi ng the uncertainty principle AxAp ~ > estimate the minimum energy of a partlcle in asmple
harmonic potential U = Ly AL O W e (1999)
2 Mn'l =B 'i.’ ?l o “?—E.r
\}f’rFind the de - Brogliewfaength associated with an g_lm of energy (i) 10 eV and (ii) 10 MeV
= 177 el pet Q51 MV . O%
LB & dastn qemenewmdlyy 7O T (e (3800
5,The f"an electron is 600 KeV/c. Determine |ts de Broglie wavelength and the phase il &

and group velocities of |ts de Brogl ie waves. (2000)

_ 12
r},:—-— _‘[%C.-‘: Eﬂﬂ“ IJ -t. DL‘:{iE} " ﬁ&ﬂ%ﬂ

A 200 eV increase in the energy of an electron changes its De Broglie wave length by a factor of

two. Calculate the initial De Broglie wave length of the electron. 2002
’ gg, Looflicad™s e (et b
J/ f(" Lt Faemel dsfonct :EEP
' (i)/Explain what do you understand by Heisenberg’s uncertainty principle. Using this :E!a:\

Principle, determine the energy of the ground state of a one d| mensional simple harmonic - Joitce
\)?SDlIIator ‘(ﬂ.ng.ai a_g;:mm i ﬂ“amc
(il)YAn electron having an energy 2 eV |straveI|ng inthe reglon whefe V(x) varies as “

shown below:

Calculate the De Broglie wave length of the electronin region |, 11 and I11. (2003)
V -
T ——>E=2eV K-Eepr=@4V,) eV
X fo vo- sdedtiviodic o,
- A i . O 8 e
Lk 28V S >
e U=(A-A) Le=(e—<e>) @ WPEN
J/ ig,n‘j-: O & Loff= D “E
\,(Jflf x and Px are two conjugate varlables, show that ‘.l-ﬂ]"f":-'r
(Ax) (A Py =] <[xPJ>/2i| ‘%‘ g 08
\}J/An electron has a speed of 4 x 10° nV/'s, accurate to 0.01%. With What féidg\'ﬂ%
Accuracy can we locate the position of electron? (2004)
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\_ﬂ./ Calculate the wave length of neutrons at atemperature of 20° C. - 'hg_-_ (2004)
-
\/{ Calculate the de Broglie wavelength of an electron moving with akinetic ener y of 1MeV.(2005)
e L CBNR,
. Calculate the de Broglie wavelength of a thermal neutrop at 27°C temperature (2006)
Lo o~ ic o kgt < leV

‘}Zf 1()?)’ State and explain Heisenberg’s uncertainty principle. Experimental data reveal that no electron

in an atom has energy greater than 4 MeV. Assuming that the radius of anucleusis 10 m, show
ing Heisenberg’s uncertainty principle that an electron cannot exist inside the nucleus.
Calculate the de Broglie wavelength of thermal neutrons at 300 K. (2007)

. Derive Bohr’s angular momentum quantization condition in Bohr’s atomic model from the concept

of de Broglie waves. cﬂ A= AR 1\ A= _‘-;-._,_ 3 2010)
. Calculate the wavelength of De Broglie waves associated with electrons accel erated through aP.D.

of 200 Volts. <+ W 3 S Lnoyei 05 YW, (2011)
¥ Yl Duogu B e Tyl
15 Eii Eate the size of the hydrogen atom and the ground state energy fromthe uncertai nly principle.
L = LiRide. eipnestiam — (2011) . 2

obemiprkiono,
s O o, R P ﬁnﬁjﬂ;ﬂy %= SAbss
. Use the uncertainly principle to estimate the ground state energy of a linear harmonic oscillator i
(2012)
\}% n a series of experiments on the determination of the mass of a certain elementary particle, the
results showed a variation of _+ (pl us—mlnus) 20 m(e), where m(e) is the electron mass. Estimate
the lifetime of the particle. t {ATxTadt B A =lo el (2013)

. Find the deBroglie wave length of, (i)*a neutron (iij and electron moving with kinetic energy of

500eV .(1eV =1.602x 107-19J _ . - (2014)
* delf uncednindy Prunchle | AE A &
The mean life of Lambda particleis 2.6 x 10*-10 s. What will be the uncerta:iﬁt.y inthe
+(2014)

Determination of its massin eV ? "—wﬁa
m’u.ﬂt_ bE

Qs wne. garbide. MEE 77 PRARE |
. Find the energy, "momentum and wavelength of photon emitted by a hydrogen atom making a

direct transition from an excited state with n=10 to the ground state Also find the recoil speed of
the hydrogen atom in this process. ’E..-.- Y = ;h | (2016)

. An electron is confined to move between two rigid walls separated by 10° m. Compute the de
Broglie wavelengths representing the first three allowed energy states of the electron and the

corresponding energies. g4 - “?it:— 'l\.?t _é_ '\?“" i A= wzom)

/A typical atomic radius is about 5x 10" m and the energy of B-particle emitted from a nucleus is
at most of the order of 1 MeV. Prove on the basis of uncertainty principle that the electrons are

not present in nuclei. = oo Mo/ (2016)
poral ﬂ.‘f
Laﬁgﬂiidmjrmm ﬂ_! panhcle e come
U Wowe been aﬂnw& f;w wachei

RGOV, B hmnhﬂ’hf-hdﬂnw.ﬂa:!ﬂh
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el L A ¢ t‘im = s 2016)
4 e os A e - % \BSE
\/z{ A keV electrons from a source is incident on atarget 50 O cm away. Find the radlus

PadnBw T v
. Estimate the de Brogiie wavelength of the electron orbltlng in the first excited state of the
hydrogen atom. 9= lrt_ L uxwe gonbicle diaslidy ‘ R | SR BT 017)

L Aoalis8m - g, - 1654 T~

m = h/(Av) and p = h/2, respectively, where h, A and v are Planck’s constant, wavelength
and velocity of the particle, respectively. Comment on the wavep ticle duallty from these

=21 E<Vi Woed poinks3 Beges

physical significance of these prlncit[’es in the development of Quantum Mechanics. (2019)
. For afree quantum mechanical particle under the influence of a one-dimensional potential,

:ﬁ show that the energy is quantized in discrete fashion. How do these energy values differ from
hae 1 those of alinear harmonic oscillator 2= = E{fﬂj“ﬁu} s “__E" (2019)

36. Using the uncertainty principle AxAp =h/2, estimate the gmund state energy

of the electron beamspot due tg Heisenberg’s uncertainty prm01ple (2017)
Ay 8 5B v %_ \.;GEL!E

. Show that the mass and Ilnear momentum of a quantum mechanical particle can be given by __,,&w

relations.
Q s conmisdly conjugele uw Fﬁ' r.‘mn*‘:! ’:1
- .a”‘?'?; ate and express mathematlcallytheth"'@ uncertanty prinCiples of Heisenberg. Highlight the

of a harmonic oscillator. (2020) m”ﬂ:
L Hommenic MM‘DL L shead W X

mzﬁbﬁm- Mﬂq—m
L]
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Schrodinger’s Wave equation and applications “. T = o)
S A

s

d/ Write down Schrodinger’s equation in ong dimension and explain the significance of the elgen Values
and eigen functions of this equation.'—® ¥= 1'% l_‘l%i'; -,-;ng_ i

Solve the Schrodinger’s equation if the potential function V i

V (X) = Vo(aconsiant)for|x|<— _..-\i\l'%f\ W ':iu:- \“ +%

a = 0 for |x|>%1 (9\{‘{'1

State the boundary conditions you use along with their justification. (Inthe solution consider particles eT

incident from one side only). If the total energy E < V,, show that there is an important differenc
with classical mechanics. Explain, with the help of the uncertainty princi Iethat E <V, doesnot mean
that kinetic energy is negative. ek HO-R Wi 89)
LLg ans : ollgas HE~ WFE) § gnce tif'ﬁ; -%ntm%n (ot
Set up Schr'c')%m-;g:%r S equatlon for a one-dimensional harmonic Oscillator. Assum?ng that the solttion

is of the form y = Ae” o f (x), wheref (x) isapolynomial in x, find the energy Eigen values and the 4"

ground state Eigen function. Comment on the relation between the ground state energy andt-cﬂt

Heisenberg’s uncertainty principle. -**f-. _;{_ v ._rnuiﬁ =B

Set up Schrodinger’s equation for a free particle confined in a cubical box and find the energy eig

if the length of the box be 10°2° metre and there be 10 electrons in it. (The coulomb interaction may be
disregarded). L ko indiele A R \lwm.- Bt B gl 2 (1991)
S 0= dnaltt | Lacey | =0 Se B S8 TR 140
"/ Using Schrodinger’s equation show that a free particle in a box can have only discrete energy Val ues.
(1992)

<d &

/ Find the energy Eigen Vallf? of aone-dimensional harmonic oscnlatoE WhoeLe I':-5|am| Itonlan |s glven by
2 .-u-"‘i!rﬂ-.-.:__. oA =7 2l L )=]=1 E ﬁ. e .'
H_P—+1kx Jw. ﬂ%’fiﬂ o LJ’:'JF \ (1’:‘5

2m 2 L Eys (0 ey "
\gfrAn election is confined in a one - dimensional box of 1 A° width. Draw the energy level diagram up
to three energy states and also draw the corresponding normalized Eigen functions. Derive the
expressions for Eigen functions and Eigen values used in the calculations. Show that Eigen functions

areorthogonal. T ;I vse hq,rmﬂ— E w.l’:-ﬂ} 12 'P'ﬂn,trJ.,l_ 4 ln= m} F-__ré199§)]

Fodnede 5 M== = o (adw)| —
\_//z\n electron moving Wlth energy E encounters one dlmenS|onaI potential step as given below: e
VX)=0 x<0 Fl. || At iR
V (x) = Vo x>0 S e LAt &

\(a)f Suppose the election has the energy E > Vo and'Ts |n(:|dent from -X direction, find the normalized

9 AL 1990)
2 2k SR e e

el
values. What formwill Pauli principle take for elections in such a box? Deduce the zero point energy =\

T Wﬁ'lm 23

[1
2 4

A

Wavefunct|on80|t corresponds to unit incident flux ,L‘;t_ e '}r_ 0= QEL,, BN
m -2 T

=1 = Hecwi=1 \
\‘(b{ Ivetheaboveproblem foﬂhecaseE< o ana-drscuss the signi |c result with the
help of a suitable exam 1996
P E’\ql Jd'lp\l. Efn[ah-EJiTG p\“\‘;E'-?_ (199)

W= C 4 %ﬁwﬂj
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y}./@rite down the time independent Schrodinger equation for the x <0 and x > 0 in case of a step

potential V(x) =0 x<0 be F{Iﬂ‘]‘
=Vo x>0 ﬁ%

Discuss the solutions thus obtained for the case E > V. Ohtain the following relations | Fﬁ

—_—

2 4
R’ (L—tj —|| (1+uj T4
»ps by

f V,
Wherep =, |1- E R and T arereflection and transmission coeff|C|ents respectively.

Other symbols have their usual meanings. Plot the behaviorof |R[? and K£|T|2 with pt (1997)
0

ﬂﬁn infinite square well potential is

F
a a YR (e @n w-[‘ﬁ:-'}f 3 mﬂﬁ.;»;:m} R GM ﬂé-'l_ s G

V(X)=0 _E<X<E [._J_="‘:':':-*"'}‘ﬂ§§"iﬂh =.":'-“‘ u“"-'._E"ih:' ':3'_2-‘." .'R 'lmF E T
T U
=00 i;<X<—%1 ":, ¥ ks fon-oF = a0 Ii?r.ﬂ-u‘:n "ﬂinmiwi‘h Igiw;

5 ARATL sV 3G '
Solve the time independent Schrodinger’s equation and find the closed form expressions for{%ﬁe—%ﬁgﬁ
- values and eigen functions of such a potential. Give a schematic representation of the first three
energy levels and corresponding wave functions and probability distribution functions. Show that the
zrero-poi nt energy is in accord with the uncertainty principle. (1998)

! For a particle confined in a one - dimensional potential well of length L the wave function is

y(x)=csin| = | 0<x<L and y(x)=0, outside d&qﬁ e@ﬂ‘iﬂﬂ“ '\.ﬂﬂ'.’tlfa
L

»Sellye :
Calculate the expectation values of xand p. h | " (1999)
ey LSS > amanie "y

500 pA beam of electrons of kinetic energy 1.5eV enter aregion with a sharply defined boundary
in which their energy is reduced to 1.0eV by a difference of potential. Determine the reflected and
transmitted currents. Derive the formulae used. ) (2000g

BN ﬂthen}:-%h Py S _—mimw’

Ddpdie. wpelviin— clooniiel goltide m o umse qpanlp 57975 - SR Gt
. Show that the motion of a classical particle is analogous to the motion of a wave packet, which can be waite-o
constructed by superposition of alarge number of plane waves. Construct such wave packet and derive
an expression for its group velocity.  bserutlept shey mees with g S __ (2000
A particle is in a guantum system with a parabolic potential well. k2 S,
\_(1)".69 ng appropriate method find the ground state energy J .,;m.“* 4~
-a(rfs Obtain an expression for the ground Sﬂew, = (oD H'-. : ?(nmf _ > (2001)
&}A/ Write down the matrix representation of the enég? ope'lrator of a Ilnear oscnlator
A linear oscillator is prepared in the state given by: AL
w(X) =15 {yo (X) + V2 w1 (X) + V22 (X) }. § NW’“ 2a Pm-!}ig = 14> = 2%IPy
A Evaluate the energy of the oscillator in this state. A \ S > (2001) s
j oheogy = <ty = £CEr R, + 26,) 11 hid l\ % o | T e
[Ene Y1) B, npnpnalized) > ke ES E Qe Pyl El r"ﬁ“?J .
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_ Tl da=1 & p* iﬁ%’ﬁf-—ﬂ'ﬁ - ?U'-."'tﬂ ze'qlﬂ: 1
' The wave function of a particle is Aol o T:E.
w(X) = A exp (x 2/ a2 +ikx). 3 ‘*'%;P“ L;ir;} &

Fi nd the expectation values of position (x) and momentum (p) for the particle. (2002)
O_ond {" (<7 =TR
Solve the one dlmens onal Schrodinger wave equation with potential :
0 forx<—a
V(X)= V for —a<x<a
0 forx>a (2002)

. Distinguish between a classical and a quantum mechanical harmonic oscillator. Explain the existence

of zero point energy. LaZene exengry, (pedkivuu, Mﬂﬁiﬂ 20mE, Ep.E:% ‘iﬁnﬂ HH&(ZOOZ
&1;&1347? -E“r-_'\‘ D:>1_L_’L :t«— l,—ﬂ t A eﬂ-.
T V31 b = ¥ = "

18, A particle of mass m, with energy E such that —Vo <E <0, istrapped in a potential well asshown

below: .

. (1)) Write time independent Schrodinger equation in regions d ook Imya 0.

(@0<x<a and(b)x>a b 2 :
(if) Obtain an expression from which the energy eigen values can be determined.
i) Show that for at least one bound Sateto exist a2 Vo> h2 n2 18m. [u= Ryl k= RA (2003)
i l b (5T =] "ﬂ‘@fi‘

_19. Consider a particle in aone — dlmensonal box of length a in aquantum state att = 0 given by,

A0 -
‘P(q,O) { <ae Where A = areal constant. Wntethe expron for \|l(q t) Obtaln the value .

0; otherwise
of A and expansion coefficient of the total Wavefunctlon i G 1 [ & iR~ (2004)
@QfThe ground state wave function of a linear simple harmonic oscillator isy = Ae "~ z #:(j'-t‘:;'i' =3 qj[—._"‘
e T REL
Calculate the constant A and the average val ues of x?and x. Given that j e =g (2005)

Mo deihe I 1.t -.t""j-;!l R T
Cipeo (oAd Y P 1{5 gl ll'f- ’ 3::'! "
21. Consider a particle of mass m in an infinite one dimensional potential well of width a. the particle is
found in the state given by y(x) = c{sm—x %smzix} Calculate c. If a measurement of energy is
a a

made, what are the possible reeul_ts and ant are the probabilities for each one of them? (2005)

22. () Distinguish between potenttel'well and pdtential barrier. Give their illustrations. Considering one
s 1B dimensional potentlal step, prove that sum of the reflectlon and transm|SS|on coeff|C|ents |s unlty

(b) Prove that —(x} = —< P

. Define all the terms of thls relatlon and glve its phvscal mterpretatlon (2006)
“Solve the Schrodlnger equatlon for a I|near harmonlc oscnlator obtain the eigenvalues and the
@*FM COtt%pondmg eigen functions. LTSNEIEE S [ra0de “ua o o - il meaes - (2007)

o= ([T o -) \B = aeianey Bt 0¥ a 0¥ (T umih Amen R B0
o ) s{fw»mj“‘w y

i_lr’l ,E!tﬂ}*' e Byny 5 b rhofule> = & onlgAs ‘Jrl!-}

1“1,_,2,']‘,,-:: Lk e = EW]h I:_Et.-'i'lu"}'@@—b . hﬂﬂ

AFO= -1 2 ofim=Jrny e | <atid=n




D l A' Delhi Institute for Administrative Services

India's Leading Institute for Civil Services Examination

\2}./A one — dimensional potential barrier is represented by the functionV (x) =0 forx<0 =V, for x>0
where V, is positive. Find the transmission coefficient for particles of mass mincident from the left on

the barrier. { Sowwe 05, belew) (2007)
\ﬁ./ Show that the probability of transmission across the step barrier represented by the potential
V(x)={ oforx<0is ; I where k; and k, are wave numbersinregions x <0 and x >0.
b B 1 A ool ks
nl_-r.'b— T 7 h!r"- wES e
= Bbs E_E:Lﬁ“ : 'ﬁ’hj'“ii:m"ﬁ“"‘ﬂ Wi ﬁq"ﬁ:— \y =V Q.E'w' Ly
- An electron is moving-ree o%'l’é‘dlmensonal infinite potential box with wallsat x=0and x=a

. If the electron is initially in the ground state of the box and if suddenly the wall a& x=a is moved

x=4a, caculate the probability of finding the partlc,j? in the ground state of the new box.
Ilnml'\%'z N , Aeos, nak opuosdium Sdnde aden wan sy, ““MZOOS
S A Aen & ot Gedin werbiied 3, Voluamabalby Vi 2 by o el (oo

he
27. The Hamiltonian of a particle moving along the x-axisisgiven by H = —ad—+16ax an m.ﬂmiﬂrﬁf
X° ; ]
f= L ool
Where o isareal and positive constant having dimensions of energy. : iy
= oesily,

=1-5 !,‘qflu,'l.ﬂil Lg As | &)
If yes, find the corresponding eigen value. -, & ., ?l AT g ?h“'ﬁegatlvex aXIS.':i

iy
i Calculate the probability of finding the particle anyw '”ﬂff;
un‘-!‘sm?] raesliulihy, ]
Hl‘u/ Find the eigen value of H correspondlng to the elgen fu ctl ¢ﬁ x://(x) “Where v (X)isthe
same asin part (i). ‘H-E:"- Ay ] = L Ve ey W, = ATe [yt

q_y/ Are the wave functions y(x) and ¢(x) orthogonal? (2008)
(ddn= 0 watons Meise &, zons frachilin o fiedivg W ke b sdale

2/8/ Show that the time-dependent part of all the solutions of the Schrodinger equation in one-dimension
has the structure ¢(t) = exp(—iEt/ #2), provided the potential is not an explicit function of time.(2009)

If w(x)=Ae?, find the normalization congtant A. Check whether  is an eigen function of H .
J1p(9= consiant A. Chex gen functio

3 G5 ]
\Zﬂ/Consider apositron in abox. If the energy released is 60 eV when it jumps from the third excited
state to the ground stet,gz show that the width of the potential is nearly 0.3 nm. (2009)
e T Dk = ‘f"“‘& 6o eV kTt mel 3 o Tom)

h'!i'hr-hu.n
“Obtainan expressmn for the probability current for the _plane wave y(Xt) = exp[l(kx a)t)] Interpret

It. g 0 ST\ e ked (2010
et e et PRt bt o 0

2

\}1/A system is described by the Hamiltonian operator, H ——d—+x > Show that the functlon A X

o P_@xﬁ dhsen olgekmol
exp(—— is an eigen function of H. Determine the eigen values of H a0 ey
_ A 1."". . "E'WHH% 30 o s
s 3R et %lﬂlﬁﬂ-ﬂﬂ’ﬂ
3;/Solve the Schrodinger equation for apartlcle of mass min an infinite rectangular well defined by

=0 o0zxiL=o x = 0.x > L Obtain the normalized eigen functions and the corresponding eigen
(2011)

“:wﬁ

£+

.).'
values.
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w RS e B
.33 Normalize the wave function¥’ (<) = & T - =

i; o a-l;" = i | —
ARG i TR
ﬂﬁilé;: Eeh_'n,.,_t Jrﬁereﬂfql ;i;E

Drofor e ey o [ o

&-rwmf* @ @
(bt & B -G, =hC

Consider a beam of particles incident on one-dimensional step function potential with energy E >
Vas shown in the above figure. Solve the Schrodinger equation and obrain expressions for the
reflection and transmission coefficients.

~(B) What are the limits of the reflection coefficient fo E —Voand E —%?
Discuss the cases 0 < E < Veand[E < 0} '-‘-5_""_1_"35‘*1:‘_"'{*_" el -
W0 fon @ sugimer— o HFm Vv Epl——
- Obtain the time independent Schrodinger equation for a particle. Hence deduce the time independent
Schrodinger equation. H W iw ’3_3; |3 Py T8 9 Ty 2T —F (2014)
L ' ""\-\q_“ﬁ,-'—it.,-'—\-\_ﬂ & g

L

. . . . . Jf[:ﬁﬁl . Ll
\}é Solve the Schrédinger equation for a particle of mass m confined in one dimensional pot%nhal well
of the form:V=0, when 0<x<L=infinity , when x<0 , x>L. Obtain the discreet energy values and the
normalized eigen functions. (2014)

ein e

ey, Ret & fe0 (£-2)

(2013)

. An electron is moving in aone dimensional box of infinite height and width 1 f& (Angstrom). Find
the minimum energy of electron. = Trisliace —» waide st £,2 %0 & 4 (2014)

,,§,8(Normalized wave function of a particleis given: v (X) = A exp (-x 2/ a 2 + ikx).Find the expectation

value of position. iﬁah@ﬂaij ("!g;: Eij\gi% Qe %‘Ln {F.dj!- T_} (2015)

el £X
-35. Solve the Schrodinger equation for a step potential and calculate the transmission and reflection

coefficient for the case when the kinetic energy of the particle Eo is greater than the potential energy

V (i.e, Eo>V). 1 " s (2016)
it 8 a&ﬁw_}lzﬁz %LM%MCMM

\,46'.- Calculate tﬁg lowest energy of an electron confined to move in a 1-dimensional potential well of

idth 10nm. [ 5 =
— e (T T gy &, by fo ey

.Using Schrodinger equation, obtain the eigenﬁ]ﬂ&tions and eigenvalues of energy for a 1-

iy}
f‘, dimensional harmonic oscillator. chthe gﬁrqgfil& of eigenfunctions for first three en;e{gg states.
. = AL T KT
FASRNNCIE Q:lm‘f‘% 3 E_m_lf} G %1 W= L(aada) @ MOER (2017)
{ o E%w —g )= AR ‘Luﬁot‘ﬂmﬂ
. Calculate the probability of transmission of an electron of 1.0 eV energy throu barrier

of 406V andO.lmmwidth. T= |4 + \,~ WA lnBL)y- {w‘-_ a4 E) [(2017)
AT (- & #r)

\jC{The wave function of aparticle isgiven as(x) = \/iae"’”/“. Find the probability of locating the
48 ok
particleintherange —a < x < a. [_ﬁ:':; vaiﬁ.k 2R .Eﬂ_-’mt di= G 151'&:&& - 0[1-£7)(2018)
=8 B

S

8




B (v)  (x) =Atankx = E\%@}
. W Explain your answer. (2018)

&/""“ s-component of & elsctron "P‘ng what is the probability that its

2\
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-Aff, Calculate the zero-point energy of a system consisting of amass of 1073kg connected to afixed
point by a spring which is stretched by 10~2m by aforce of 1071N. The system is constrained to

. . . 'L.= Lu-i.rf. s Pl
move only in one direction. =y 4|: l A= EL # (2018)

=Wl i
\4;5/']' he general wave function of harmonic oscillator (onedlmensonal) are of the form

e ka0
= 1 - _ 2
u, (x) = Lo aryke /2 T'H @ ﬁ— #_ ) x

Withy = / x, and coefficients a, are determined by recurrence relatloné,;;":f"1|r "-J'('FU
g = 20w ©ab, (G 1403) Z*-I:a-:::-n'Eﬂ
R+2 7 (s (kr2) K e e
(A=) = 1
Whét

Corresponding energy levelsare E,, = ( l) hw. Discussthe parity of these wave functions.

happens, if the potential for x < 0 isinfinite (half harmonic oscnlator)’> (2018
L&m% N —> mﬂtéﬁ%@;“t iiﬂmﬁ&w

Hﬂl \46/Whlch of the following functions is/are acceptable solution(s) of the Schrodinger equatwn
SO ummaek R -
g ofpnd p (i)  Y(x) = Ade ™ + Bekx » (n—ed) jika =32 R Eﬁ%y. 3
]3_ (iii)  Y(x) = Asin3kx + B cosSkx = & (Eﬂv_':ﬁ.___) a %__I:-_g.—
phodd e o ; =

(iv)  Y(x) = Asin3kx + Bsin Skx =

\}{A beam of particles of energy 9 eV isincident on apotential step 8 eV high from the left. What
percentage of particles will reflect back? QV_ E_ 1 (2018)

ot
“Write down the Hamiltonian operator for alinear harmonic oscillator. Show that the energy

eigenvalue of the same can be given by E,, = (n + l) hw, a energy state n with w, being the natural
frequency of vibration of the Ilnear oscillator. Prove that n = 0 energy state has a wave function of

typical Gaussian form. ;. _i Aty II e -: \= EE x [ 1Y-o mm;f—’-; uer{n (2019)
L= "o R e )

\}9/ Estimate the size of hydrogen atom and the ground state energy from the uncertai nty principle.(2019)
G a2dh = opidel Sale - 2

ORED bU-ﬁLULB:mM;L‘d Vigand,
3w bts "5

¢ : Jégﬂ@ﬁmﬁ Emh@'ﬂ &

/ (2= HJ 2 D

E_,__I
PYD= | W '-D#H:} D&Hn:;] %EIE

component along a direction 2’ (forming an angle 8 with z-axis) is - or ';'-"
. 2
What is the average value of spin along z°7

~

W

i
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Quantum Mechanics11 {| g3 = ) Lenle 1y
AOrhaenang M > ~ a[Be be® E?igﬁm
N -(l)' Find the eigen states of angular moments vector’s component L, of a i

etric system. r_kN’&’-E
Write down any two properties of Pauli spin matrices, after defining them through suitable ufi:!-.’n

expression. Lydmacer 0 & [-1_'3‘ F -.,,3 (2001)

blpram-
\?,rf" Write down the eigen value and spin state of an electron for the spin operator S. —‘-\H Lo, b, i "
() Show that the spin states of electron are orthogonal to each other. 5k = e r'-538 45
m State the spin angular momentum commutation rel atlons = Hdely

(i) Givethe epr|C|t forms of aII the Paulli spln matrlces iy &)= E‘ﬂl’ui fi%)
-

"-u-lﬁl tllf' - 1 4:.} 'ﬂi: ":-"-i-:"-l--n."'-.'|L L I
@/ Expressthe Cartaaan components of the angular momentum L in operator form. Show that
[L2, L/]=0. What is the significance of this commutatlon relat|0n7

) Show that the Pauli matrices anti-commute. Wﬂm ?72003)
Gy ¥y n =D
Show that the radial probability density for the ground state of the hydrogen atom has a maximum at
r = a. The ground state wave function of the hydrogen atom is given by ¥(r) = 1/ Jn a2 e™ where
the Bohr radius. 2003
,l—a,ﬁh: &ﬂxéﬁﬂ Ay Géﬂ‘r :5311 (20 QPR 3 B ( )

. N number of non-interacting electrons are confined in a cube of vol me L3, Obtain an expression for

the Fermi energy.  finiq49= FEVGE)AE D Wy ® ,g{ﬂ%[ﬁ} 2003
L_ 20 J

hydrogen atom is in the following state Wnim (r,0) =V1% [2 W100(r) -3¥200(r) +Pa22(r)]
~(}J” What is the probabili ity of finding the system in the state 20074 | Y’ fa,qf"

(i What are H and L,? {4~ & E.4 3,54 5 Eia oLy ietn LN (2004)
Show that for the ground state of hydrogen atom the mean altie of r is 3/2 ao, where & is Bohr
radius. = ¥ = iy {,ﬂ}? ﬂn e f‘-'ﬁn.‘»*. (2004)
*~J/Solve the eigen value eqﬂﬁloanY (0,0) —Khz Y (6, (D)And obtam the eigen value of Lg (2004) T !

e 'i_—‘rﬁ %Mk}%ﬁa %Y= Py T !,,.Il,n_le: =] ]’%—Jﬁ.%ﬁb‘ .E::,‘.atel:r,_’-; LT s ‘I'Ll"-'i
. Write the commutation relations for the position varlable x and the momentum component px, py and
pz. Explain the physical significance of theserelations. Trfl=a% , Talyle o 4,8 0=0 (2005)

,\9/The wave function of a particle confined in a cube of volume L3 is given by

2yl
3% ¥ AR @{ <R SRR
\V(X,y1Z) :(%j/ SnTCTXS Tcrxsnnfz {Pﬁ}'— 5- e }(ﬁ'v L?"‘

Ll -t
Calculate the average values of px and p? in the region O<x<L. g (2005)

> L0 = T | o |
\jlff Set up the time-independent Schrodinger equation for an electron moving in a Coulomb field,
2

V(- 28

neol

, in polar coordinates. Solve the radial equation to get the energy eigen values. (2005)
=22 &5 ‘“%1—1- [ 0t

a io

*4«*:
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\_m/. 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)
\_]d/(y/ Define angular momentum. Express it in operator form and show that Lx L =i#L Explain the
hysical significance of this refation. —> L it 263 a0 gteds & T dewk anrenle (2007)
Met Yimbe an eigenstate of L*and L with“teigenvajues [(I'+1)A2*andmi, respectively. Show L.

that ¢=(|—x+“- ) i likewise an eigenstate of L* and L, and determlnetheelqenvaiqes. T
¥ P SR e L "—-LLl.u -hl LU.,. S P i G Py T

" Determine the discrete energy levels and the corresponding e|g farictionsforaparticlein
deep potential well inside a cube of dimension L, i.e. assume V(x Y, ) Ofor O<x<L;0<y<lL;0<

2<L = welsawhere (Rehekidiive) (2007)

. Inthe free electron theory of metals, a conductor is regarded as consisting of free electronsin athree
dimensional box. Using the results of Q(14), obtain an expression for the density of states.  (2007)

oL LR 4)-Lof-g)
‘:L{Anelectron isinthespin state y = A( jDeterminethenormalizationconstantA. Find the expectation
f.":':,}'- 6 L “5_ Loyl =0
value of the spin operator Sx and alsothe uncertaint mthe valueof S, inthis state.
{Sal>e , BB —ara i - (2009

. Write (do not derive) the formula for the energy Ievels of a particle in a three dimensional cubical

boxof sudPL {Iow many electronscaqoccupythelevel havmg energy 667° / 8mL?* 2 (200
wndand)= GoR & S0 Ve 1
Nand) ZaE > Moty ) = ‘%t) % e La24-e 0

. Write the commutatlon relations of angular momentum operator L L andL and calculate the

r,dﬁ;@ﬂl@commutators [IL LAZ] and [IA_ I:Z] .Show that Lt ‘I ,Mm>= \/I (I +1)—m(m+l)‘| ,Mm+1>,

he quantum mechanical probability distribution function of an electron in the ground state of the

Where |I,m> is the state with definite values for L* and L :\'ﬂb\E 008)
o ﬁmﬂ;@wﬂ?m { =257 AN
-

hydrogen atom is P(r) = Nr? exp(—2br). Using the resuItIP(r)dr 1, deduce that N is

proportional to b®.
kgj)/Prove that the value of 40 kT at T =300 K isnearly 1 eV. Hence determi nethe Fermi

temperature of metal whose Fermi energy is9.4 eV.
(iit) Show that the Fermi velocity isrelated to the Fermi 'ene

%le'gs 1MeV 1/2 i_:“; r g:-;i:w v HEJ_Y 9

@,{ Prove that the most probable distance of an electron from the proton (in the hydrogen atom) isthe
Bohr radius of the hydrogen atom Consider only the ground state. 2 (2009)

=M\

'1 .

; mh@m&&&&:ﬂrﬁa&ham
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- Tt ﬂf*ﬂ‘al*ﬂzﬂ.)] f, Qowrning Hphone uaibn mhu:!. 3 n n
2e0|T s NNy 2, oneue Eﬂh
ensity of 1

‘grf Consider a particle in athree-dimensional box. Derive an expressi ‘E—,(“E) thed

states.
\/Q/éhow that —— 9( p) dE , Where g(p) is the density of states in the momentum space. Deduce that

g(E) dp’
g(p) is proportional to p*for afree non-relativistic particle. %&tﬂ ‘ij{: M‘lj (2009)

o-ch sholoy, Tt 9 1 04d¢
"";‘ N R tﬂ'ﬂ'ﬁ?mﬂﬁ"ﬂ-

L exde

\]{Show that the Pauli Spin Matri
7 Tr(e)=Tr(o,) (W DLW e hum

det (o) = det(c,) :'::L‘Z“t i mokaice G, A= ﬂﬁ fm

i Theeigenvaluesof o,and o arethesame.

Write down the y-component of the spin angular momentum matrix corresponding to an

antineutrino. 3 . (2009)
L £enungem & Selden S hﬂ% shin
22" Show that the Paullspln matrices satisfy the following: ”
ot =0l=0 =1 deb" 2 solue ;yaﬁaﬂd /M‘ﬁ*\‘ﬁw

0,0 ~=-0 0, =l0,

0,0 =—0 ,0,=10,

0,0 ,=—0,0,=io, (2010)

. 23. The normalized wave function for the electron in hydrogen atom for the ground state is

w(r) :(zaf,)_ﬂz exp[—é] Where a, isthe radius of the first Bohr orbit. Show that the most

probable position of the electron is a, ; Ir'-. "&M ".qguf. 'J%W" (2010)

\]4/ Let ¢ bethe vector operator with component equal to pauli spln matrices %x. %y, z |f a . b are

vectorsin 3D space pro etheldentlty G Gb ;; _'(_‘ ) . (2011)
@fﬂj@ﬂgj 0-b+ iT.6%8) | ai (kg GRoG=00

R e el b

For hydrogen atom, ground stateis Calculate {r) andsl{ )5 Qp (2011)

AN Vs sl wnad .
@/ Show (j) Sin (@ #)= cr)m;?ﬂ 2 %&ﬂf‘;‘&iﬂ %.: 1#@1 g <% W% (2011)
Cos (7129) = cos & e %ﬁl 0% %'( ! 2012
i) Cos( cos -).%h[g;lﬂf-}:_ 1) - @,,q(.}"u. (&) =Y) (2012)

(B
" What is the degree of degeneracy of the energy — el gen Val ues. What happened if the spin of the
electronistaken into account? 2> G s 4= %:wtn“ q SPOCe (Rowshats, exc 2012)

) 1 e — 1 B &
Ty (1._ :‘:-..) ’ﬂ-‘—&'(ﬁ_ 6] n wo %
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\28/. Solve the radial part of the time independent Schrodinger Equation for a hydrogen atom. Obtain its

pression for energy Eigen values. (2012)
\]9./j<sing the definitionL=r x p of the orbital angular momentum operator , evaluate [ L(X) , L(y)]

(2013)
. The normalized wave function for the electron for the electron in the ground state of the hydrogen

,_“Mtatomisgiven by o= fWewde = e, 5

e~"/% _Find (r) and (r?).

L (2013)
'.'ﬁ"'m& F .{&csm:ﬁm} LS = SWT‘;I i (,m.iﬁ"

.\}/ Write down Pauli spin matrices. Express Xx) , J(y) and J(z) in terms of Pauli spin matrices. (2014)

\;{u | Latll Sin [Je)= o5 4 Y By s FD=1es |

sing the commutation relations

[x, pO)] =1y, py)] = [z,p(2)]=ih
Deduce the commutation relation betwegn the 99mponents of angular momentum operator L.

[L(), LI=ihL(2) -
[L(y), L(”)]= ihL(x) and La= %t Pﬁ L‘ﬂ*lz

[L@).L()]=ihL(y) Ly=2 ﬁc'h Pz w ARIN 14)
A gersia e wsn Seme value
\yéolve the Schrodinger equation for apartlclte’ in athrge dlmensronal rectangular potential barrier.

Explain the terms degeperate and pon-degenerate states in this context. 3tz (2015
corale Siwe Sr."rmhrﬂs\ﬂm Q.q.ngilﬂi\ W=AYZ 2 _‘gq_ EI-4r

LipdrE=Rhi i) 1 o =0
\§5/A partlcletrappedlnanrnfrnrtejL sg!uarewel Wldth asawavef ctro ‘%:{u*!m

o s
2\2

W= (—j s n( j The walls are suddenly separated by infinite distance. Find the probability of_r.hed_—‘
oo e (coob(4L)dp >5g8 l-’égp—@
15)

particle having momentum between p and p-+dp —
| Rty = \col dp

6. Write down the matrix representation of the three Pauli matrices ox, oyand o-. Prove that these
n}at/iceﬁ satisfy the following identities: g
[ lopol=2ic: P Rebeaked
s F R
(c.A) (o B) A B+ic.(AXB)
If A and B commute with Pauli matrices. J (2016)

\_§?."é:alculatethe density of states for an electron moving freely inside a metal with the help of quantum
mechanical Schrodinger’s equation for free particle in a box. (2016)

38/ Evaluate the most probable distance of the electron from nucleus of a hydrogen atomin its 2p state.
What is the probability of finding the electron at this distance? E[L_ +E E-;;]r_ {ra#]2017)

Sog- AT
A x and p are the position and momentum operators, prove the commutation relation [2*, x] = -2ihp
L, vl=ih § TR,E1= AR RIY (MDA S 0o -2awp (2014)

~Ta
Vo Ag)dTs 4ot do = A m
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\?,9/ Explain why the square of the angular momentum (L?) and only one of the com onnelgts (Lx, Ly, L) of

L areregarded asconstants of motion. 53}"93 P BP0 5 G5 (20
EL%E =0S A7 \2l=o s A ened m&“ﬂ’ﬂm&
40, The ground state w ion ergpdungdl sixtulie E g

for hydrogen atom is

ret [ P(r) =

1
= Jraj
ere a, isthe Bohr radius. Sketch the wave function and the probability density as a function of
the separation distance r. Calculate the probability that the electron in the ground state is found

e—r/ao

beyond the Bohr radius. (2018)
.
‘jl/l;rove the following identities: ifa' ?‘hﬂ cE_L}_U"ﬂ 'EI':l
px’ J’]_lhpz TG '.{J'

M el(@Mo — E?Fi?r + l(gM [ ““&LIBM @&WOB)

.42/ Show that for free electron gas, the density of statesin three dlmen5|ons (3D) variesas E'/2, and this
dependence changes to E° for 2D (quantum well), E~1/2 for 1D quantum W|re) and & functlon for

0D uantum dot £ gan, fnee @ can "'3‘— o 10 e (0018
5 (q ‘., ) Ltl{ﬂ 1D 5 e I!L:m h u,,;:tga t.-nrgl.-* )
={y- Gk e = Bl -£-) ot o
\A?S’ How do you deflne da suty of ;atqesaghow that the density of statesw Wave}/‘ect_:gr' 1}e$than kina
three-dimensional cubic box of volume V can be given by deanby & ooy 1 06
dadny, pan, ik Shvogy
{gease Lol aore -3 etw-:'**

D(@) = 5 k? (i’;) -’ﬁﬁ—é}%—-“i

in the frequency spectrum between w and w + dw Here assume that the number of modes per unit G'E-u
range of k isL/(2m), L being the length of each side of the cubic box. (2019) =

il

kjl,}JED/efine Pauli spin matrices o, , 0, and o,. Using these definitions, prove the following:
(i 02=oc}=02=1
I 0,0y = 10,; 0,0, = 10y; 0,0, = i0y (2019)

%efi ne angular momentum of a particle and find out the three components of the angular momentum
operator L in Cartesian coordinates. Show that

72 _ _p2ly2p2 _ 9 (29
L©= h [T‘ v or (T‘ ar)]
Prove that the operator L? can also be expressed as

o~ 1 a ] 1 92
Bon[ 2 (s 2) 4 L2
Sind 30 00 + Sin26 092

in spherical polar coordinates (, 6, @). (2019)

14
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TUTORIAL SHEET: 4 @

1_,1{'/ What is Lamb shift? Explain it by illustrating through a suitable energy level diagram. Has
Lamb shift been observed in any atom other than hydrogen? (s & & (2001)
-1;."‘;*&.1". Ol 1 [Poudidn penodt®] hm:mm

2. Give briefly an account on the important historical developments to establish the concept of electron

in. 200
R T = J";% oW o) e o

,\’3’ On the basis of vector atom model . discuiss iefly the L-Sand J-J coHpI ng sch schemes. (2001)
Lot -

Canclade
,5/ Write down expressions for spin angular momentum, orbital angular mo n1entum andh?c}al angular

momentum under L-S coupling scheme: w Lo do | .‘ mm m‘h (2002)
y’ Write the spectral symbol of the term wﬂﬁJ [ #E

An,
S=1/2,J=572 andg 6/7 L ,-.hag&hi (2002)
= ¥ Joren -‘:ﬁ s mared fn--l#u-i-l ﬂdh’.ﬁ-’f.—ﬂ

: Denve an expression for the spin- orblt mteractlon energy in one electron system. Calculate the *"

energy separation between the levels 2Py, and %P %= Sisrgrar) € 50 (2002
T TF v ga)lfSoel L %ﬂﬂ@ :-F&E.r%ﬂu;":@-::ﬂ St | bt

l.Hll_'I '“"

. Write the electronic conflguratlon of mercury (Z= 80) .Obtain the Spectral te‘i""'i r the normal and the
first excited configuration on the atom. Z=82= Be" -r :.- i ﬂ.'i“ﬂ' % |24 'I,IE-uri-h (2002)

Lapatie .i.,-'ﬁ. i‘fl'i ":',‘_';,__"',:1'.-1 :.,5:11,5L St € o I
5hl/zp

articlein a netic field B. 003)
B ot i { e fong-bn) -“ﬁ‘w*

Define the gyromagnetlc ratio and obtain an expression for the Lande ‘g’ factor What isthe mﬂ.‘&n
importance of ‘g’ in spectroscopy? ——*Trbmbuna m"""""’""‘““’"""‘igl'ﬂ H __0_3)__, 4

Ew&yb-lm b el H‘W‘i hﬂ.ﬂ& {l"-u‘ﬁ'_ - :
.10. What is Zeeman Effect? How can it be understood on aquantum mechanlcal basis? Obtainan ', "L

expression for Zeeman shift. @ﬁf T, I, o i f*t-ai?j} Eﬂgi gﬁfgﬂl
Zoaan

5000 A° is subjected to the magnetic f|eId of 0.4 wh/
Todomlliace waith zeeman il woake o= Hfg] hbﬂubﬂ ~3 z2emaun Bk fon £40 ds
\;2/ What are the term symbols for atomswﬂh the foIIowmg S & L quantum numbers. S=1/2 and L=3?

Toumonebdy | p-di<WAS) (2004)
uﬁjﬁwei mmM ik I\ Teg, L2G,,
How many lines occur in the multiplet arising from 2Ps; — 2Sy/> and 2Py — 2Suy. transitions of alkali

. Calculate the Zeeman shift observed in the normal ZwTFn Effect When aspectral lineaw 3\]71e Iength

Q=41 e wemall 12 5200 (2004)

metal atoms placed in aweak magnetic fields why?, - Lo ¢ Sero-58L. (2005) Eg}
rotomporeits — Mdheraliollly Fray® (€ Hgk %juﬂ;ﬂ i - B ;L“;E‘tmt‘ *.-i"w'?ﬂ:“.'*ﬁ"'

MD&rlbe Stern-Gerlach experiment and discuss its implications.
[rlicadt® ) fene ol ke, s *f — ;Mm Ty Ukl & (i sl i 1913

ek 455,

(2007)

el A, Dt .._gf;_awq.#mh 2

RJE‘What is Lamb shift? Has it been observed in any at
Colsugad.y jo E}r}

. Describe Stern- Gerlach experiment. Explain how it demonstrates the discrete nature of the magnetic
moment of an atom. [ ame o 1#*‘":' (2007)
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R i& limiting value of the highest wavenumber (1/lambda) of photon that can be emitted from an

atom

M_24’.xWhat is spin-orbit interaction? Calculate the energy shift due to spin-orbit interaction termin H-like
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\Jﬂ/ _ (dowe) _ _ Cdgve) .
. Explain normal anof anomalous Zeeman Effect. Obtain expression for Zeeman splitting of an alkali
metal spectral ling, and illustrate with an example. {dgag s 1123} (2008)
> Moo fo el D As ZEANY1 am
. For transition to the ground state what is the longest wavelength that can be emitted by hydrogen

(2008)
ng‘ What was the aim of Stern — Gerlach experiment? Why were silver atoms chosen instead of electrons
in the experiment? What was the outcome of the experiment? { Sasp ax, @”\ (2009)
\39/22 S, level in H atom is 1058 MHz above the 2°P,, level
What is this known as? Lask J&uﬂ‘ vighd g M"“ﬁqﬁm'*i
ij Express the above frequency in cm™*. 5=t = G088 et
)g,l'f) Ca culat%he enerqu difference between the above two levelsin eV. (2009)
f
zi/@/E‘stabnsh that hc =1240eV.nm= 1240 MeV. Fm E,= 1252
The energy levels of a hydrogen atom are given by E. = (-1/n?).Ryd.
Wherel Ryd = hcR.Show that R=1-097 10" m * What exactly is R? (2009)

ZQL(-i')' Find the ground state total orbital (L) and total spin (S) quantum numbers for nitrogen.—'!l'?g
: . () Find the L and S values of the two “first excited states” of helium atom. 12— *=,
_(0). ()  Explain spin-orbit coupling of an atomic electron.
‘ ii‘ffShow that the 2p state in the H atom splits up into two substates due to spin-orbit coupling.
. (u15 Calculate the energy of separation in eV, resulting from the spin-orbit coupling when the
“magnetic field experienced by the electronis 0.4 T. (2009)

23. What is Zeeman Effect? How it can be understood on quantum mechanical basis? Obtain an

expression for Zeeman splitmmc energy levelsin amagnetic field B. Explain the magnetic
splitting of sodium D-lines. (2010)

system. Discuss the significance of this shift in relation to the fine structure of hydrogen spectral
lines (deme™y ~> Lok b 1,.:.!: i %y § , (2010)
i cpia-mitnd : T ™ r‘L ;.glll' '..'IJn.-\- a8 el MRS, "oy TiEAETh gl

o g Semoa. Lyl il

25 Dlscuss the fine structure of h)?drogen atom spectrum. Draw the compouf’fd doublet spectrum arising

as aresult between m&ﬂ E\?/.elj s - h J :_...:._._J: e ¢ (2011)
ggit do you mean by term symbols? Obtain term wmbolsfoigmgwmg i‘.f‘is.. (-_)L\éal a-li. '&Oifj.m i
QO?/S—ZL_E \_Q’jé—li—l \gé—g = (2011)
25, 2p, 2p,
2F.Showthat = = zlevelsof sodium spectrum are split intheratio of 3: 1: 2 due to anomalous
T W e o b b3 b e ® 0

E’ir,‘hq-; 1&’5:»5‘5:# ¥4 "5':'“{1—_[ g e
16
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\36/Sodrum doublets are produced by transitions Pf =351 (D)) g3 PE - ¥ Sl (Dz.)

Calculate the Lande’s g- factors for these levels. {Eﬁﬁl_{_uﬂ_ghﬂ )

- Ai-shs A4 s
'S?.Qf/Discuss the fine structure of sodium D Irne Draw D1 and D2 lines due to the transitions between 2P

and %S levels. 3,_ ,&1 . i (2013)
[ - '.-'..%5:' l'-
acl

Ky/A sample of certarn eIement ed in a magnetic field of flux density 0.3 tesla. How far apart is,
the Zeemen component of a spectral line of wavelength 4500 A?

=y
Given: em= 1.76 x 10* ¢/kg, ¢ = 3.0 x 108ms™. POk TR i{b - 1j (2014)

% .ﬂtﬁ'ﬂhki.—ﬁ- E‘H&[ﬁl"ﬂfﬂ*g -'h.ng;asﬁp_h
~.§f Obtai pression for the normal Zeeman shift. Illustratethe LEEHIan splitting of spectral lines of
H atom and the allowed transitions for the| = 1 and | = 2 states,  #—— =4 pee = wgh (2014)

_ura

w— =2

(2012)

\32. What is Zeeman Effect? How can it be understood on the basrs of quantum mechanrcs’?MZOlS)
(o)
Ty
@é Obtain Zeeman splitting for sodium D-lines. . ,{,L., »...r’r,.‘u
e Dehing Sbaber-r sl M, 'm.u.h'_ll m&:&ﬂ}tm Ay -t

. Find the magnetic moment of an atom in 3P» state, assuming that LS couplrng holds for this case.
By = E._ '%h‘_f (oownargeng (S cendpiing) 3 el i3 - W%ﬁwf(zmﬂ
\35/I nthe Stern- Gerlach experiment using Ag atoms, the oven temperature is 1000 K, 1=25 cm an%

43 %
az =10 Teslalm. Calculate the separation of the two components. L‘“"mm 5 (2016)2 et

Za :ME@% 6-3u 16 ™

-36/. Describe Stern-Gerlach experiment. Discuss how it has explained space quantlzatlon and electron
« Spin. Find the value of angle between the spin angular momentum S and its z- component of an

X
electron moving along the external magnetic field B. '«'-Eh-ft’-'.'&‘tsfILﬂ 1‘*“%"‘5 (2016)
i)

L)

E '~37zl'he series limit wavelength of Balmer series in hydrogen spectrum is experlmg]tally found to be
3646 A. Find the wavelength of the first IlngLOf thrs\fgres L Semaen L

mal-= 5 z@fi
;&ﬁ’ M Mt i, N Etam ifﬂ % &

@8’ Compute the allowed spectral termsfor tvww_al_eﬂ_‘tlp electrons of the basis of Pauli’s
i, n e S Al < gn ¥ sibemt
exclusion principle, ot ;ﬁmm s o die o o ek, 5.(2016)

"'""';""'".L “_-\. ﬁ-\.'. o
'\/SJEprarnrn detail L-S coupling and j-] coupllng schemes [Mm ian . it ‘*‘i * (2016)

2

-I1
2

ety 1

hat is Lamb shift? What is its significance in determining the fine structure of H, Balmer line in

o0 A pie Ragbabzse
hydrogen atom? Cexiiral belsd) N Sanirors ']" (2016)
\Arf' Calculate the radius of electron orbit for Ll++ in ground state . (2018)
del Teben's, vl (opantinalion oy T, Lani e femmpda ‘-*w uuu 2=b =
. Describe the importance of L-S and J-J coupling in atomic spectro What are exper| imental
evidences of their existence? (2018)

\f}@{ What is Zeeman effect? Discuss the f%ctorfuon which Larmor frequency IS dependent (2018)
Leeshonn %ﬂ‘ F,E-L“-HIJ* e '

bt i 3

*mm

4
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44. Discuss the fine structure of hydrogen spectrum. How is it of importance in the astronomical
observations? (2018)

L
o= z
. Define mathematicall Igthe_ﬁgﬁ radius of a hydrogen atom and who that the binding energy at state n
of this atom can be given by b anbgs et 5.“mmm P o G Dl

el Beben Moty > ooy ¢ . Ao el
tl_".i %L...,El‘i._lil. —ﬂ'ﬂ] 1 Ze? 1 "-""""T"'hi arnr.;a‘- : IH hiw el dck
En= —57—x ‘-‘*Ent -2
7 2 (a/Z) dn’me, FEats e g ok
ir ‘?m where |sth?'510m|c number of H atom. culate the numerical valu a and E; of H atom.

Wt:m | ﬁ{%

E#la. i nﬂ W .
\)6/ Aiedl E :"% : Al
48. Describe normal and angmalous Zeeman effect. xplaln how it li e degeneracy i
amom?;‘:;%m v e G o
L Cornclulle «ai y femgng Al v sy T dlen Sak)

. What is lamb shift? Discuss its significance in determining theflne structure of H, Balmer linein

hydrogen atom. (2019)
AS=G qpnit,ﬂrﬂ
s G Suinendl My ~
o g Auroc, eqpell’ 7 3,

= I Lol 4k T‘
=y —— = =

g | e :rf_ﬂ%fﬂ‘ 73 ﬁ,:‘:‘m‘ o shadiy & makion dic b
w1 -~ = ";1;:' ) &m&:m%

e Y SR L S VX 5o, Dealrierall 155 2

o He ol 48 Gz

Fan i

. NE=le DD 'fzuwmﬂ'i’?
(e S ) | _*—‘*"W‘“’& et

-L—.-h..lm mﬁ%
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1 Discuss qualitatively the occurrence of rotational energy levels of diatomic molecule. Write
down the selection rule
ii.  Isit possible to obtain pure rotational spectra of H2, HF, O2 and No molecules? Can one obtain
pure rotational spectrain emission? Comment. (On both of the above mentioned queries).
In CO molecule J=0 — J=1 line occurs at frequency 1.153x 101! Hz Calculate the moment of
inertia of CO molecule.
What is Raman Effect? How doesit differ from Rayleigh scattering? Write down its important
applications.
Explain Raman Effect with the aid of quantum mechanical theory.
Why is Raman Effect considered complimentary to infrared absorption spectra?
A Raman Stoke’s line is observed at 552 nm. When a sample is excited by Hg green line of wave
Iength546 nm. Calculate the wave length of antl stoke’s line (2002)
o atfyrd T T KT ASE S 4 steben Line Clanen j.m,-u-uﬂ! 7

T Ay
2. J"A samplelswr Raman line at 5050.5 A, Calculate the
R o -1*"} = L= fokyls v "E‘*‘E"""L&-

iii.
iv.

L».h.
adiated by a5000 A° radlatlon to gi
Raman frequency. peal TS

ii. Explain, both red and violet degraded bands have been observed in electronic band systems, but Wt Sy
rotation-vibration spectra show bands degraded to red only. (2002)

3/ Calculate the moment of inertia of HCI moLecuIe from the expression= 20. 68(J+1) cmwhere J= W"M

0,1,2,.. Lp adl" = s comd ol qoumand T
’ “ = ABGHD ol 3 ok doerd Tt '}\_IF’ -.g:iim-& Ef; Jé}q‘%

4. A diatomic gasis found to have a number of absorption bands in the ultraviolet region. Each band is

observed to have a fine structure. Howncan the observq} s.pectr
o sln Y et | fpolbine (5

Explainthe n d signifi f 21 H
\/5 p "_’,?Iure anglnan SlQL.I icance 0 4&T~
L MM i, pral®

)eri
6"'( Calculate the

um be explained and analysed?(2002)
l‘i.{n*{é.:-:j_n Bou) pE=1 jnvichl"on pSdo

ogen Ilnemmm mm Roses (2002)
mad, g cmie) | Lerenpuat. 4 i
chaﬁge in rotational constant Bv when euterlum

ks m‘

Js substituted for hya'Bgen in aermnclude

hydrogen molecule. Bor G Ledans ﬁi’_}““‘i‘h E_ i 2002)
I —R V el & 07 E’ﬂ % {ﬂ'}(
7. hat arethe typical energies (ev) of the radlgmons, required to excite ('i)felectr?nlc transmons @r)’
V|brat|0nz"a5l| transitions and (jjt) rotational H‘ﬁnsft" ns in amolecule?
(i) The rotational spectrum of HI consist of equidistant lines with a'separation of 12.8 cm™.
Calculate the (a) M.1. and (b) bond length of HI molecule. (2003)
8. Discussthe salient features of O, P,Q,R and S branches of electronic spectrum of diatomic
molecules. Which spectrum contains only branches, both branches and bands, branches and
progressions? (2003)
9. Show 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 water kept in a magnetic field of 1.5 T. (2003)

19
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10. Water vapor shows Infrared absorption 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)

11. High resolution laser spectroscopy can resolve lines that cannot be resolved by conventional
spectroscopy. Justify this statement. (2004)

12. Briefly describe rotational fine structure of electronic spectra of diatomic molecules. (2004)

13. What are the selection rules for rotational spectra? Draw a neat diagram to show the allowed
rotational transitions. (2004)

14. Explain the molecular phenomenon of spontaneous emission between two electronic states of the
same multiplicity and differentiate it from that of different multiplicity. (2005)

15. The constants B and Vo for a KCI molecule have values 143 x10° eV and 84 x10'? s? respectively.
Determine the number of rotational levels between the vibrational levelsv=0and v = 1. (2005)

16. How can the pure rotation spectrum of H> molecul e be observed? If the bond length of H> molecule
is0.07417 nm. What would be the spacing of lines in its spectrum? (2005)

17. Differentiate between Rayleigh and Raman scatterings. Why is Raman scattering considered to be a
breakthrough in molecular spectroscopy? What are the advantages of using laser light in Raman
spectroscopy? (2005)

18. Obtain an expression for the vibration-rotation energy levels of a diatomic molecule in agiven
electronic state. The wave numbers of the vibrational transitions occurring in HF, HCI and Hi
molecules are34143 cm?, 29889 cmrtand 23095 cmit respectively. Compare the force constants of
these three molecules. (2006)

M State and explain Franck — Condon Principle. L&Wﬂﬁ:'
(i¥) In three separate pairs of electronic states (one ground and another upper sate) of diatomic
molecules, the average inter nuclear distances are-
(@) equal; )
(i) slightly greater;
i) appreciably greater.
In accordance with Franck- Condon principle, obtain most favourable transitions from the ground
state vibrational levels in each of the above situations.
Illustrate the transitions by drawing suitable energy — level diagrams. (2007)

20. Draw the potential energy of a diatomic molecule as a function of inter atomic distance. Mark the

vibrational and rotational energy levels. Explain the selection rule for transitition between vibrational
states. (2008)
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21. Assume a diatomic molecule consisting of two atoms of masses m and m, , separated by a distance

r . Write down the Hamiltonian operator for the molecule. Determine the rotational energy levels of

the molecule, (2008)
22. Write full form of acronyms EPR and NMR. Give underlying principle of EPR. (2008)
23. Explain fluorescence and phosphorescence in electronically excited molecules. (2009)

24. Discuss the vibrational spectra of a diatomic molecule treating it as a harmonic oscillator as well as
an anharmonic oscillator and compare them. (2009)

\‘2}5./ Explain Born — Oppenheimer approximation. Discuss the intensity distribution in the vibrati

electronic spectra of a diatomic molecule on the basis of Franck — Condon principleise, 009)

26. Calculate, giving necessary steps, the radio frequency at which nuclear magnetic resonance occursin
water kept in a uniform magnetic field of 2-4T . The magnetic moment of protonis2-793uN .

(2010)

27. (i) Discuss occurrence of rotational energy levels of a diatomic 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.

(if) Isit possible to obtain pure rotational spectraof H,, HF, O,and NO molecules?

(iii)In CO molecule J = O —J = 1 line occurs at a frequency 1-153x10" Hz. Calculate the moment of
inertia of CO molecule. (2010)

28. What is Raman Effect? How does it differ from Rayleigh scattering? Explain Raman Effect on the

31. (a) (i) Treating a diatomic molecule as a simple oscillator, obtain its energy (vibrational) levels.
(i) The observed vibrational frequency of the Co molecule is 6.42 x 10*% Hz. What is the effective

force constant of the molecule? (C= 12u.0 = 16u )
(b) (i) Discuss pure rotational spectraof linear molecules
- (W What is Lamb shift? (2011)

32. Why should rotational Raman spectrum show a separation of the first Raman line from the exciting

line as 6B ¢ ™', While the separation between successive lines is equal to 4B ¢ ™. when B isthe
rotational constant? (2012

21

basis of quantum mechanical theory. How is Raman Effect experimental| ed’7 What arethe 5%
3 1 advantages of usi ng Iaser sources in the study of Raman Effect’) 1:;1, 11‘;,,}1[1 (2010) -
Tq,fh — l.mhu-l‘. .»Jr:;# hnt
;_uuii'@gtate and expelgn ranc ! o t""%;rlnmp e Q Its appr'd‘ ions,in ec Iar spect[o e s ey
g an g % ginﬂ-h'ﬂf o 10),{_#”‘_”:,___,
BN Jtanivg wlouenic & Eak & R
On the Basis of inertiala. e and Iceach aboutX Y and Z axes respectively, can you classify " Em-ﬁ»d*
molecules? (2011) E*;".
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33. What will happen to the energy level of an unpaired electron when subjected to an external magnetic
field? Find the condition for electron spin resonance. (2013)

34. (a) With proper selection rules, construct the energy level diagram and allowed transitions for ESR
spectrum of hydrogen atom. (b) Why are Raman active vibrations and infrared vibrationsin
CO2molecule complementary to each other? (c) In a Raman spectrum of linear triatomic molecule,
the first three lines are 4.86, 8.14 and 11.36cm. Calculate the rotational constant, B and the moment
of inertia of the molecule. (Given h = 6.626 x 10?"J.s, C = 3.0 x 10*%nvsec.) (2013)

35. Discuss the vibrational spectra of a diatomic molecule treating it as an anharmonic oscillator. (2014)
36. Explain how the nuclear spin | depends on the mass number A and atomic number Z of atoms.(2014)

37. (i) Obtain an expression for the resonance condition in NMR.

(if)Explain the relaxation processes in NMR SPectroscopy. (2014)
e = J..gm ‘:hjg e\ -m
\Qﬁ/éstablish that: hc=1240 MeV. fm * . | 4an, Lnm mlﬂi 52015)
Toda> hm{ﬂ-ﬁ-n'ﬁ.nm@pﬂ' - Lﬂ' e-nm | 120 N i, ohers

39. Hydrogen Frolecule 1S o d&om?’c Obtain the rotational energy levels of this molecule. Write down the
selection rules. Obtain the smallest energy required to excite the lowest rotational mode. (2015)

ﬁ The observed vibrational frequency of CO moleculeis 6.42x10° Hz. What is the effective force
constant of the molecule? Veff= A _';15; e iyt & Po® gim—u (2015)

-q_aﬂ.“l'l-ﬁ“&h S0 o ' e Ih

41. S_h"mat eﬂ#es in the absorption spectra corresponding to the rotational transitions from two
adjacent energy levels of a medium sized molecule at room temperature have comparable intensities.
(2017)
42. Given the force constant of HC1 molecule = 516 Nm ™1, determine the wave number of the
fundamental mode of vibration of the molecule. How many transition lines one can expect in the
vibration spectra of HC1 molecule at room temperature? (2017)

43. Explain Stokes and anti-Stokes Raman scattering with the help of energy level diagram. For a
diatomic molecule, obtain expressions for transition energies of its Raman spectra with rotational
fine structure and hence the wave numbers of the Stokes lines. (2017)

44. Explain why lines in some Raman spectra are found to be plane polarized to different extents even
though the exciting radiation is completely unpolarized? (2017)

45. State Franck-Condon principle. Define Franck-Condon factors. Using schematic diagram, explain the
decay of excited states leading to the phenomena of fluorescence and phosphorescence. (2017)

46. Explain the principle of Nuclear Magnetic Resonance (NMR) with the help of an energy level

diagram. Give examples of nuclei which exhibit NMR. What major inferences can be drawn from an
NMR spectra? (2017)
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47. In an NMR experiment, hydrogen atoms are subjected to a magnetic field of 5.0 T. Determine the
difference in energy (kJ/mol) between two spin states of the nuclel of hydrogen atom and the

frequency of radiation required for NMR. (2017)
48. What is nuclear precession? How is it used in the principle of working of NMR? (2018)

49. Discuss the theory of rotational and vibrational spectraof diatomic molecules. What is the difference
between fluorescence and phosphorescence? (2018)

yELE g oo ﬁi" 4] "-um meaﬂ cerline
ng E‘-rn - M-rul‘“l- n.--r_-d‘ ‘ﬂﬁﬂ -E % 'w’"'n ki mhhmﬁuﬂw
hat Is Ifranck Condon prlnC|pIe Discuss the |ntenS|ty dlstrlbutlon in the vibrational electronic

(2019)

spectra of a diatomic molecule on the basis of this principle. ¢ dimsky A&

rlé. hv‘-%,lh.:‘
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TUTORIAL SHEET: 6 @ﬂm&nﬂf&‘\h&ﬂ*]

NUCLEAR PHYSICS

\Jz./ Explain why a neutral particle such as neutron po afinite value of magnetic moment, and how

it i determined? i) Ny v Lotgan = e lSud=>"mue (200)

v | LB ey
tﬂ-?ﬂmﬂ;é. Write down the co |gurat|on of’Liz *3C.and *Mg,in the ground state of’th\e nuclear sheII mode). . . henu
Vi Lagt shdll ﬂg "o ~1L'-.1, 5 dentes T3007)
3.0 (10 Fm':f L
‘_,,3/ Expl_“wﬁow neutrln d| ered romtheﬁ d of radioactivenucie.,
= SR “mﬂ‘iﬁfy[l;% Remgyarcar @ @[
. Explam shell model of the nucleus. Give evidence for nuclear shell structure. What arethe . *|afY, T
limitations of the shell model? 4 ,\;ﬁj:‘}i'i""‘“‘ 7L e 3%22) e

U i qﬂul-:&;g\ 24

Qe Ll 3#'*-*"':‘ .ﬂ"&lﬂ.M| T dnesnd malth [Aacrt o et ,,:.uja‘

: ™
Sketch carefuIITy the bil ndlng energy per nucleon curve for sable nuclei. Explain its salient featu @1—‘;—’
On the basis of this curve explain why fu%‘(’)n is ?ee QIe only for lo L‘ muclel whe i

takes place in heavy nuclei. h{a e 1o e A RaGiny

6. List some of the important properties of deuteron and show that it isaloosely bound sy ——————
only one bound sfate. [pgste i s Guoesmben L3 (e LD "@[ “F*jiﬂgzoos) t,L.,.:’I_.‘
Ty-sipeatellm 8- o prem I_L"""‘*'“ i ﬁhj III L ::‘7@ T
{,%@M between a nuclear reactlon and‘decay. Which coneervatlon laws are obeyed in nuclear ,!.-.z_;: TR
eactions? Explain the significance of Q value. Calculate the Q value for the following nuclear B
nnn12H +.2H =-3He+n hwﬂ’:& 1 ,hhj,._i.% (@) .comdodian g Ma%,  (0003)
=] Qzoleeogd) e ﬂm..gﬂ sl i aac)esn seachen
4 Calculatetheflssmn rate of “*U. required to produce 4 watts and the Etnouﬁ f|SS|on|ng of 1kg of

= . (A$um| ng gy released per fission of 2°U js 200 Mev). 3,1“ (2004)

L3 oh VI 2 2500 uckes | Qoo ME 3 L fgson ﬁln@ E= tf_'u:un ey raclegrn

o Calculate Blndlng energy per nucleon of 4zHe and 1550, Umasd et (2004)
e bk obad | g md!r m &, W) <2

\;9’( Write down the Bethe-We| zsacker formula. Explain varlous ormula (2004)

\_jzf/llEprain how energy is released in stars. -3 Exdplioen Busien WM (2004)

= @uarkum ﬂ%}ﬂtm;ﬁm s,

. Describe in detail one experiment for detection of Neutrino. 004)
a_lms.gm i ) ll-uu!nq tn" '.Elnm..mdh‘-“"?

L ar

. What is the difference between neutrino and antineutrino? How is heI|C|ty of neutrlno determined? L
(20

M rite the Weizacker mass formula and explain the significance of various terms.
Determine the amount of p, necessary to provide a source of %3, a-particles of

strength 5 mCy.  The half- Ilfe of is 138 days. ﬁ'ﬁ' =Sy dautd\ ' = 'EFHE' (2005)

=AM m.‘}tﬂn" ™ By
. Describe how p ity violation was ex aﬁ")’/ detected in *C, B-decay. How was the observed
asymmetry in the distribution of emitted electrons explained? L-!:— |I E
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o s, s s Soloargon)
MNeutron stars are formed when a massive stgrams out of fuel and collapses. The very
central region of the star ?e.mmﬁ— collapses, making every p_l_'gpn & electron into a
neutron. (collpase occurs™as afteriron, sudden stoppage of energy generation causes the
core {o collapse and the outer lavers E]; he é%r to fall onto the core.)Gravity constantly
works to try and cause the star to coll@pse. The star's core, however is very hot which.
creates pressure within the gas. This pressure counteracts the force of gravity, putting the
star into what is called hydrostatic equilibrium. When the qu_)uns’ out of hydrogen to fuse,
the balance tips in the fa@; of.gravity; and the star. starts to collapse. But compacting a star
causes it to heat up again and it is able fuse what little hydrogen remains in a shell wrapped

around its core.This burning shell of hydrogen expands the outer layers of the star. When
this happens, Sun will becopnea red giant; it will be sq_ﬁig that Megaury will be

C.mmm&;ew swallnwe Maost ne ars are observed as pulsars. Pulsars are rotating
- pulses of radiation al very regular intervalythat typically

range Qom millise : ONGE>A pulsar. (from @UTSe and -aras . quasar )| 1] is a
highly magngﬂ;ed rotating mmpan:t star {usuaily neutron stars but alsowhite dwarf&} that
emits beams of elecirnmagnﬂﬂc radiation out of its magne:h:_pnies.—
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4a)/ ifferentiate between K-capture and inverse 3-decay.
-r(brgxplain what is internal conversion and how it differs from -decay. (2005)

k}l/(:alculatethesprn and arltlesoftheground stat%of 4Heand Znnucler 2, Hienad i,,.(2005)

.17/ Calculate the Q — value of the reaction : $Be( ;He, n) 120

Given Q:&n et Mhe) = (Mt Ma ) =

Mass ( g|3e) =9.012183u
lvlass( 4He) = 4.002603u
Mass(**C) =12.000u (2007)

\JAVrite down the nucleonic configuration of “Li,>C," O and * Al In the ground state of the nuclear
shell model and hence calculate the corresponding ground state angular momenta and parties. How
do the observed ground state angular menta and parrtr& agree with those predicted on the basis of
the shell model 7 oy &Oh% (2007)

.(d’fWrite down the Bethe —~Weizsacker semi- emplrlcal mass formula for a nucleus. Explain the W

significance of eachtermoccurrlnglnlt Discuss the stability of apu cleusagalnst f - decay. What is

r.(;r)'What are mirror Qus:lel’) How doesthe charge mdepend,ence of nuclear force emerge from this

concept? LAeme [\ g/ o ‘::“”:,,.b i 1, 0 (2007)

ﬁt"l-ma

ZM What is ﬂ decay? Give three examples of /- decay of nuclei. Explain how neutrino hypothesis
helped in explaining conservation of energy- momentum and angular momentum,What is Kurie plot’)

; partrclesr'}al_m* wﬁ%_m hl diﬁ'mﬂ?ﬂ M(Zl(fﬂh

o SEaR 0
2. Write down the YukaNagotermal and derl\?e‘ an expression for the mass of 7-meson in terms of
= range of nuclear force. What part of the Nucleon — Nucleon interaction Is explained by this potential?
.4(“} - Fs's'.- —"_“.rh:-«-wh A e (2009)
'F"h:l j..h_hﬂg ll'l-hﬂ-.l.i.ru.
Em'—r""fw -.-J.-w.-:-c:‘.-'ﬁ.'”-‘fi' -
~23. What isthe ' simplest two-nucleon bound system? How does its study help in obtaining information

: _pﬁ-. about nuclear forces? Indicate clearly how the non-central forces can be explained by the observed
e, agnetic moment of this system. M \"'I'!Lhﬂ"" [}A;N‘gw 2009)
i ———— " !& é Geve

I L s = nA0D
;...P 24/ Compare the methods of electron scattering

and neu tI’OI"I SC&[ eriments tO obtain information
i ¢ (2009)
S LY L

- T W h i
g,B Calculatethe pacl |ng fraction and the bi ndlng energy per nucleon for 16O and §;Sr nuclei. (2010)

= (ML 1) vdveve M= o of rucled
ﬁ, e Q%@QF_MMM (et ety
25

=N D_':.

the effect of pairing term on stability? ‘*"H}ﬂﬁ' ""i} : Y] O ¥=(1g 3 A0 J'L.. Ao T4

bl
*hﬁmﬂd‘ﬂ' -ﬁﬂ* '}12, LE‘#‘ —.}!" }r#i._ Iﬂ:u;i‘;{ E.']-I-“'""\-"-'-‘\-"‘!" [N

How can one use Kurie plot to set limits on mass of the neutrino? F7+<l-.
@}(\-—}HEW .I'IE] @,ig‘. P Ve L h_*l&;j
What is nuclear isomerism? Give two exampl tgﬂland explain how, this can be understoo bl

&

-
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\ﬂ/’ ﬂF-Pqﬂﬂ[‘ﬂ@mjﬁﬂ.hﬂw*ﬂmﬁ»wm&
26. A

star converts al its hydrogen to helium, achieving 100% helium. It then converts the helium to
carbon viathe reaction 2 He+2 He+: He -2 C + 7-27MeV The mass of the star is 5-0x10% kg and it

generates energy at the rate of 5><1030 How Ion will it take to convert all Helium to carbon at
this rate? 1_*_1 =9 A7 utdi rhaee emd ] (2010)
st ﬂn m—l & <sdnlees

. What are magrc n mbers Discuss shell structure of a nucleus How is this model able to explain

various properties of nucler? Discuss the limitations of this model 2 10
. =  Colmeadydne) oo {L_lﬂ_g_-ll_) -
. Predict from the single particle shell model the shell configuration, ground state spin and parity for

the following nuclei: N ;' O [i.S-«.JI R A0, san=90: %=1 (2010)

\29./Explain parity violation in /5 -decay. Describe how parity violation was experimentally detected in
the decay of ®Co. (derfie alnﬁaiva- (2010)
2 Greovang align ek

'\3(( Find the total kinetic energy of electron and antielectron neutrino emitted in beta decay of free
neutron. (The neutron-proton mass difference is 1.30 Mev and mass of electron is 0.51 Mev) (2010)

N20re vy WoBlhn = Ma=(mgrmed) = 0TI MV M “":L )
ﬂ:& 31. What are chain reactions? What do you mean by critical size of the core in which charn |on i
ot

takes place? What is critical mass?  cinaun e-9- ¥ et b e (2010)
mﬁ".ﬁ Conin- v fon SO SRR 1) mﬂh
*““;‘"‘\}Q/Z‘%U yields two fragments of A =95 and A = 140. Obtain the energy distribution of the fission ¢ Jgne all=
products. Assume that the two fragments are ejected with egual and opposite momentum. (2010)

prendl, vﬂﬂ\*ﬁ“ 1@&
‘35( Show that nucleusis aquant E‘l E ?E% W (2011)

\gy)' What isthe |mportance of study of I H@ﬂ ? Obtain t% solution of Schrodinger equation for
ground gate of deuteron and show that deuteron Is aloosely bound

1 ::l. a-3
.\g.rf What do you mean by non- central forc&s”ﬁmu b0

,\gp)’@,)fﬂf\lhat are chain reactions? What do you #ﬁtrcal size of the core In which chalg

reactions take place? What is critical mass

ity U 235 yields  fragments of A= 95 and A= 140. Obtain the energy distribution of the
fission products. Assume that the two fragments are ejected with equal anc:ImEposrte moments.(2011)

Loct st BN,
\gb/ Write down the Bethe- Weizsacker Semi-empirical Thass formula for a nucleus. Explain the

significance of each term. Discuss the stability of anucleus against 5 — decay. What jsthe effect

of pairing term on stab|I|ty’) (Aave
NMP\?IVhat are mir r'rd'r hl]cTe| How does the charge independence of nuclear force emer 6 from this

2l ab-e)= Nee (X =0 V=0 "'“’*"ﬁ'“‘ -; ﬁ%ﬁ:l-ﬁ}
concept? | STW dens) —ﬂuﬂﬁ

. Calculate the recoil energy of 26 Fe nucleus when it emits agamma photon of energy 14 KeV.

Pden = 0= EY B = %:4-%9&& @—u@ ~af (2012)

Vel
\}{ Calculate the Q -value of the reaction: iBe( >He, n)12 C

Given: T (deve Mﬁ'
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Mass(4 ) = 0.01283 u g ) oy

Mass(EH ] — 4.002603 u : g T!"E!.H_E.u et ey o i
Mass(lzf:) = 12.000 .| j_"a': = Mﬁ ;"“ s iy

Mass (1) = 1.0086652 u ' NamsnEEy  013)

\;6(‘ Write down the nucleonic configuratioﬁ of, ‘Li, *C, *'O, and “’Al in the ground state of the nuclear

'«.D

shell model and hence calculate the corresponding ground state angular momenta and parities. How
do the observed ground state angular momenta and parltles gﬂem:h those predicted on the basis of

jell model? | W lebe hacs s g oregpcan ] oo

What is the role of neutrino in the weak interaction of radioactive nuclides? Explain the experimental

detection of nwtrlwwm h‘%&&fﬂm\m (2013)

1, ..AO’ 'Explain parity violation in 3-decay. Describe how parity violation was experimentally detected in the
$5ne

Lafials, k-
+E—+%§ca %Co. Mention any other decay process in which the parlty V|olat|on been demonstrat
etk mé%  coddl

oo Al | § aRi

. Explain why stablgrght nucle| have equal number of protons d neyutrons w eavy nuclei have
6'}'&1% aherle) énﬁp_ mﬁg

excess of neutron. d@h&n 55—"'—‘*!.":' (2014)

o 30,28,50,%2,1
\_4{ What arethe maglc numbers innuclei? List the exgerlmental ewdenci mdlcatmg their existence.

&“ﬁg‘“ S o H ons
It is possible to esimate the nuclear radius from the study o adecay? Ex Ialn how. 42014
&—ﬂgﬁhd-ﬂ:! 'lp+1ﬂ{'ham'~i Pn!w&.ﬂlttmm m-&n:ﬁlmz A Sl

% % barneing, oy walbing, e
\94’.-State e m of single particle shell model. How do the centrifugal and spin-

remove the degeneracy of athree-dimensional spherical harmonic oscillator? (\gmﬂﬂ%‘, (2016)

orbit terms

'\A(Predict the spin and parity of ground states of the following nuclei on the basis of shell model:
o (dgme ox oheve)
o, .
Gy vt (2016)

148" Explain why the deuteron has no excited state. { d&g. ﬂhm (2016)

\j‘/ Estimate the order of nuclear radius of lead (Z= 82) using the Iarge angle (back) scattering of alpha
particles of energy 10 MeV incident on atarget (lead). mﬂ w 130
[Given: (4m €,)"1 =9 x 10° Nm?C 2]

017)
2=92 4o leed 27 m@gik

Comnclsniamn > Fain gex obpmenimeke fickse , accunde !Jﬂlu.ﬁ Con hewe
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\48/ Distinguish between charge independence and charge symmetry of nuclear force. Give one example
of each of these. (Gelydhion an ek bew) (2017)

49. Describe briefly how parity violation in f — decay was experimentally observed? What do you

understand by the statement, ‘neutrinos are left-handed’? HEE ; 5,”.' (2017)
H GO 3. R 3N !’J'PW

SR Y roii

. Given that the deuteron magnetic moment operator (in units of nuclear magneton) can be expressed as

Deskoen 1 dovel sdle >5- 7%

- - - 17

Ha = UnOpn t HpOp + El ’
Where [ is the relative angular momentum between neutron and proton ¢,, and 6,, are the Pauli spin
operators and u,, and u,, are the respective magnetic moments. Find out the D-state probability of

deuteron wave function. (e
[Given: uy = 0.857 uy, up, = —1.913 uy and Hp =, 2. 793 Un; ,uN(nuclear magneton)] (2017)

| M) =lmg (-2 -0 5) ﬂ;_,m% i, 0ol s
“57, Write the semi- empirical mass formula pointing out the role of volum
TeL Ty f
ﬂff ——« | coulomb and symmetry energy correction terms. Ay e T "
RoFERo| B = 0A- 0N 0 M0 —g KA 2P0 K fis? Suphimba~ b -
Baloackist /(0= TS e, O, 1 i, gt M, By S, 0 = 19 M) B¢ i

M ) Draw a schematic diagram of the single particle energy levels in a shell model including the effect of

spin-orbit coupling. Show how it explains magic numbers in nuclei. Give two examples to show how

é"’ﬂs scheme predicts the spins and particles of odd A nuclel \Q.L i& (2017)
g Lo o7 > sghn= 5., holy= 419, 7N S S8

-\58"‘ Write the semi-empirical mass formula for nuclel and onits ba5|s draw mass parabolas for odd and
even isobars. What would be the most stable isobar in each case? (##me M} (2018)

core. Usethisto ?Iculatethe magnetic moment of 307 nucleus. 2 (2018
G = > @ due 8 veudown (15,3 Gl 00T 10651052, 12
. Nuclear forces are mediated by exchange of m-mesons of rest mass 140 MeV. Estimate the range of

f\ Lb:IL hnuclear forces. ﬂ..;" o g.‘ AE A ™ nEj?. % DE gﬁ—m‘h (2018)

sl it i TD'& s
- %6’ Assuming that the neutron-proton interaction has a square well form . o= Ao\ N
;i L--E-.-.J._h.."m SRS e = V(‘r) = _VO fOT'T'Sb %’T'ﬂ
& s W wer || =0forr>bh Lbﬁ‘:ﬂ wifo ¥ey

[ . ) = -__-.'l..n-'l."ll J0
| bl 4 | deuteron nucleus is given as M
e RE R oy el e ?Eﬂ"

e T s Y(r) = Asinkr forr <b

{ {ﬁl —3‘5'1-.1 =
nﬂt'f'}é(. Obtain ar? expressh%ﬁ)f‘_r the magnetic moment of a nucleus having one nucleon outside the clo M ’“pj"'l
k5 1%d

2

=

Ao 28

e L A T L
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.u,}, Lu...uw;{:Q

= (et L 5) L




o=

L ﬁﬂ.'.'\l thestrengt of spip-orbit interactio is observed that 1 d/, level islower than 1 d5,, level.(2019)
SR s S maﬂm IR,

E-B gk A s, T (O _f“:_‘&t'-*—“‘"‘“
A Pl S0 w]' “#,*LHHHF‘“ ———
Delhi > wusss oo T s
India's] ng ol L
iy s vy
e R

=Ce " forr>bhb

Wherek = /%(V0+W) andy = /’:’I—W

Here M is the nucleon mass, W is the binding energy of deuteron and A and C are constants.

Show that for ajust bound state of deuteron L . ;_TL u%*
w22 [midingon-s beurdos ~Clodel 0 Ne S

V0b2 =

Uy Ermin g, ™

oM S el shate, (oML ] W 3 BN gy TtV TR
Explain why deuteron is a loosely bound extenpded st'r'ﬁcture:h} i @

> w31

\5{ Explain the various methods of finding the size of the nucleus. How will you determine the nuclear

2018)

radius from the observation of beta rays resulting from nuclear transition when the initial and final

nuclei are mirror nuclei? E’E._-_ DRE-= Ga(2zx1) - 3et £1 (2019)
ARE = e —C """'IP—"""-{]I) TR Es Ry

Q(Gwen that the single particle energy atlcﬁn bet 1ds,, and1ds,, in 70 is5MeV. Calculate

2z ;
59. Why isit not possible to detect the parity violation in weak interaction by observing only the beta decay

rate’) Justify your answer.

L_,’%E:]”:,E .ia&ﬂﬂﬂ:gt ann Mﬂﬂh £

(2019)

nuclear force hasdehargesymimetsy.’ which

means that we can makeamoveraibswitsh
———

between protons and neu wit
changingiferces@among them. For instanceinn
& pp scattering are the same fexcept for the
obvious difference due to the electric charge).
For example SMif@rnuciel” which are related
by switching protons andneutrons, have very
similar excitation spectra. Examples include

13C and 13N, 170 and 17F, etc. 29

A stronger version of the
charge symmetry is "charge
independence NoUORIRN
and pp scattering are the
same, but also np scattering
issalsosthesami@under the
“same configuration”,
specified using the concept
‘ ofisospin.
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TUTORIAL SHEET: 7
PARTICLE PHYSICS

1/ lllustrate with any five examples that production of strange particles conserves strangeness, parity
and isotopic spin while their decay violates all these quantities. (2001)

\_2/ Discuss the significance of Gellmann-Nishijima relation in strange particle production and decay.
= Give-examplesin support of your answer. Obtain quark quantum numbers using the modified

relation for quarks. |¥oad 57k New) (2001)

.\_;9./ Which conservation laws are obeyed in nuclear reactions? Explain the significance of Q value of a

nuclear reaction. e, I (2002
N4 AL afines
. Distinguish between particle and antiparticle. How antiparticle were discovered? (2002)
sarng Mavshint Taodin
. Mention the conservation laws for strong, electromagnetic and weak interactions. (2002)

\ﬁ'./ Give the characteristic properties of strange particles which distinguish them from non strange ones.
Write the Gellmann — Nishijima relation and show how it is used for the classification of elementary

particles. (2003)

. State the conservation law ww isviolated in each of the following processes:

‘((fo)‘:“éﬂ U i R824 + p= k' + ko (Byswin nack: comaeed]

f)n +p=X"+k M X+k=p+p
Tayhgn nal i (B Soin; Ty i -convewed)
Which of the following reactions are alowed and forbidden under the conservation of strangeness,
baryon number and change conservation?
G +n=2+k G 37+ = ko + k'
@) m+ p=2°+k* Mr+p=m°+A° (2004)
f“’{.i','.l_}l]& by My -24) EE’"E
\9/. State the quantum numbers |, Y7and S IEQ[J?Q u d and s quarks and antiquarks. What combination of
these leads to the formation of (i) prot'bh and (1) neutron? (2005)
Liuud sudd
0. What arethgaa{.sic ierj_]teractionsl_Li].r?i nature? Give one example for each. Compare their relative r?t_rrengths
and ranges. =M lia ) | Sineng 0, 112005
9% o (4599 | e (35" ) M&q b;mhhi\\% ) )

. Give some characteristic properties ok Strange particleg which distinguish them from non — strange
ones. Write the GellMann-Nishijima relation. How is it used for Ege classification ofﬁlementary
particles? = Toid o Toblit -'] S=d - 2 slnonge L. (2007)

W ;Hﬂ%rr‘.rr.ﬁ N i
. Explain lepton number conservation and why it is necessary to distinguish between different types of

nelirinos? Eﬂ%w EELE__EHF?E‘\‘B‘)EE ﬁ-—%f;h:?%ﬁ: M&eﬁffos)

. Give the hypercharge and iso spin of the quarks and antiquarstIthat are the quark contents of

themesons: 7", 7%, 7, K, K®, K~ and 77? cﬂ.i% %ﬂ.‘ (2008)
L7 L]

o b\ L N S
% g = 30

(2003)
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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 | P lento quark? . a&g" (2000)
h%&ﬁw% > g€ Cantoev)

L aa
. What are the field quanta of w |ectromagnetic interactions? Show that weak interaction is a
short range force while electromagnetic interaction is a long range one. (2009)
\}6. State the quantum number |, Y and S for the u d s quarks and anti quarks. Which combination of
these leads to the formation of (i) proton and (ii) neutron? '[.%3] (2010)
\}i Expain conservation of Baryon Number. Comment on the stability of proto 2010)
00k & % Ve peonilel cxi '5“%
\yf Which of the following reactions are permitted o[ forbidden by various conservation laws?
WE +P- 040 5% '—'i R o i 2 LT
K +n-T 41 SR i )
b ey w ' L
T +P K 41 A E ot T
iv) T +n s K™+ n® s 2 ]
1%?‘+P—>A“+K° % SR 4 b ZH“"}‘
— -
T +P K +1 s 2 s 2

G4 (2012)

_‘ﬁ State the quantum |, Y and S for the u d s quarks and antiquarks. Which combination of these leads to
e formation of (Jy proton and ) neutron? (2013)

- In the following reaction indicate with an explanation, whether they proceed by strong,
electromagnetlc or weak interaction or they are forbidden:
m__,“ + V f‘ﬁﬂﬂm-—ﬂ {

p—n+ettve - Qoadem an hg’r\hﬂ'-hwﬂﬁtlﬂ"“& m@ﬁjﬁ“
uﬁ’ PR SR sdemochon (2013)
1,05

x}f.(nghat are sdient f%ﬂé mﬂtiﬁu&{-{ﬂ V—)l
Discuss Yukawa’s theory of nuc eai orceil‘-g X ?E OO (2014)

J/ How does liquid drop model explain fission? m_‘)(ﬁ -0 G

”?

MA@*%I arethe Ilmltatlons of sheII mogjerl;z; e LM WZOM) r{gg
38( Describe gran'ﬂ%n’h catlon*]eorles (G E.ﬁ uﬁ (2015)
\_2;{ How many types of neutrinos exist? How do they differ in their masses? (2015)

“1‘]”]

\_z,r/@)% yuiPe Lmﬁﬂkj

(||)/\ _)pH[;i_':.mb; i
(|||) K™= u +v, AR %ﬂ Qﬁﬂ-"“‘a‘"‘% (2015)
03

{{ State the quantum numbers I, Y and S for uds quarks and antiquarks. Which combination of these
leads to the formation of a\)fproton andw neutron? (2015)

31
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ol o b ki, SO g
:\2/7’What are elementary particles and how are they classified? Describe i in brlef the different types of

%_ﬂ&_ﬁ_‘f‘:ﬂ b gt B el o b, o] e gl o Briata o o
interactions that can occur between the elementary particles. (2016)

Q&/Explain the various Ieptonic family members. What is Ieptonlc number conservation? Based on this
;mb[ \s=0 = iLe=6
conservation N e state whether the]'followmmtlon are poseb eor not. J

(i) A-u+3 = L=0 '-%11'5?1 Lﬁ'E-—'
n—=P+e + 1 ﬁLrD-ﬁL!—li"'L}f‘i 4

(ii) (2016)

888

f Write down the quark structure of the following hadrons:4™*. 27, and ’"L_..-_;. wds
Write down the follo .?:“I ng decays in terms of quarks
+ e” + 48

@y@% e o8 k" puksaed mk&p_:md-
it (B - B (2016)
uay val WTHE < wdeol de ooy

@9( Explain nification of electromagnetic and weak interactions. What is Z°-boson? What isits relevance

in electroweak unification? (2016)
ket ﬁmbh ?"’"%M

. State the three characteristic properties of strong, weak and elegtromagnetlc forces distinguishing one
from the other. C”'&Ejm} o LRwod) L”t . (2017)

Fangis T8l
32. Point out the mteractlons in which the following conservation laws are obeyed or violated
(& Isotopic spin LodSean) 1. T,% downg/eM
(8 Hyper charge w (4= &+9)
~(e) Lepton number '-0“’;5'-1
~ (e Charge conjugation ;_r-;,!;mﬁﬂf EI“-_:‘; (2017)
L, geadriclon Jg u&t?u&a%
\,3{ Write down the quark constituents of each of the following:
(@ mt, (b) K™, () A*, (d) Z°, () Q~ (2017)

U dag, uds S8

. Which of the following elementary particle reactions/decays are allowed under various conservation
laws? If allowed , write down the type of interaction and the characteristic time by which it would

proeed
p+n - A%+ 2*

(ijf mt+n > AP +K*
M p+n - K"+t

(i >y +y
y flop+et+, (2018)

32
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TUTORIAL SHEET: 8

Crystal Structure & its Determination _
14 AR ei] B B e 2 & LIk 1 B

\/ btain reciprocal lattice to normal BCC lattice. (2001)
Determine the reciprocal lattice vectors of an fcc lattice. (2005)
‘__ﬁf" Show that the reciprocal lattice of a hexagonal lattice is a hexagonal lattice with arotation of axes
W= 4 @A R4q) ;B daind) Pacd (2009)
Derive Bragg dlffractlon condition in vectorial form using incident and diffracted wave vectors and
' reciprocal lattice vector. | Zale (2 —k = 24800 2(2d 0= 1)) . (2010)

~§/An electron beam of 4 Kev is diffracted through a Bragg angle of 16° for the first maxima. If the
energy isincreased to 16 keV, find the corresponding Bragg angle for diffracti } : 4 (2010)

M= ]%E Ad sing =7
&

Jyi8

2C

xxla 3/2b
A crystal plane is shown in the above figure. Find its Miller indices and interplanar spacing.

Gy

‘/ Explain the working of SEM and TEM hlgi% ght the major differences in principles. Draw neat

schematic diagrams. (2014)
-\.&" What is the reciprocal Iat%hy fs“’ﬁ] 90’7 Derive the relationships for the primitive
translation vectors O;f the regiprocal lattice in terms of those of the direct Iattlce iﬁl 14) \
ol L o L
\9/ How does he ener erconductors differ from he energy g%m in Qr? How does it )
vary with temperature'for sup ﬁo ductors’? E palen. g& - “mm (2014) %

\LQ'/ Obtain Laue’s equations for X-ray d dlffractlon by crystals Show that th&ee are consistent with.the
Bragg’s law. 7!‘.'; — 16 L % % (2016)
B A= o= 105w A=l \s 2sln . )

“The primitive translation vectors of-a two-dimensional Talticcarea=21+], 0= 2 |. Determlne the
primitive translation vectors of its reciprocal lattice. (2016)

‘],Z'f Deduce the Miller indices of the close-packed planes of atoms in the f.c.c. lattice. (2019

i) R (14,1) Sos@aris
" EhK 5

33
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HYSICSPAPER — 11 : SOLID STATE PHYSICS
L" TUTORIAL SHEET: 9
Band theory of solids
Show that the condition of periodicity of Iattlce leads to the Bloch‘s theqrem. What is a Bloch
function? L%W W= Py ﬁm‘ E"'-“’LL 3 1“’3 (2004)
Ly
By drawing E vs. k curve, di mggl fy_veen metal insulator and £m n uctor. (2004)

F

3 Wy

NN

o

Discuss briefly the concept of effectlve mass in semiconductors and %(plaln the i‘%nlflcance of
negative effective m 1B @k of Ex WE o Rora-
(i)’ Inisolated atoms, the'electrons have discrete and deﬁ nlfe energiesbut in solldsthey have bands

of energies. Explain why. W\W pmﬂs& R ﬁi& (2005)

Discuss the motion of an electron in one-dimensional penodlc potential and show that it leadsto
formation of bands of all owed and forbidden states in the electron energy spectrum. How are the
Insulators, semiconductors and conductors discriminated on the basis of band structure? (2005)

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)

What is nearly free electron approximation? On the basus of this approxi matlon explain the

formation of Srﬁr% bandsin SO|IdS g.! ﬁgﬂ . Cﬁ},n{la)g: 1&&— &%5010)

Starting with the expfession for the density of sthIkeﬁ for electrons in a band, show that the Fermi
energy of an intrinsic semiconductor is at the middle of the band gap. Use these results to estimate
the electron density at 300K (Assuming Eq= 1 eV and the rest masses of electron and hole as me
and mp). (2013)

Describe the motion of an electron in one dimensional periodic potential and show that it leads to
formation of bands of allowed and forbidden states in the electron energy spectrum. How are the
conductors, semiconductors and insulators discriminated on the basis of band structure? (2015)

What is the difference between direct and indirect band gap semiconductors? Which oneis
suitable for use in solar cells? (2016)

The Energy (E) and wave vector (k) for a conduction band electron in a semiconductor are related
asE= isthe free electron mass. Calculate the effective mass

my
of the electron. nnf'r = = (2017)
L.. el
Consider a face-centred cubic lattice of side a. Deduce —

'\(X{ The primitive translation vectors, —»

34
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(1 The volume of the primitive cell;

W The reciprocal primitive translation vectors,

_\(j’\;)f' The volume of the reciprocal lattice

!
!

—_

;J

35

(2019)

|
s Rnereic dodocshesnor

ey Q (§R) e
B Q¢ 2D
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TUTORIAL SHEET: 10
Thermal and M agnetic Properties of Solids

Distinguish between Einstein and Debye models of specific heats of solids. Obtain an expression for
the specific heat of a solid on the basis of Debye model. Discuss the results for low and high
temperature ranges. (2010)

2. Distinguish between classical and quantum theory of paramagnetism. Explain the paramagnetism of
free electrons on the basis of F.D. distribution. (2010)

\3‘.’ Find an expression for lattice specific heat of solids, and its low and high temperature limits. What is
Debye temperature? (2010)

\9./ Find an expression for lattice specific heat of solids and its low and high temperature limits. What is
Debye’s temperature? (2011)

j./ The velocity of sound in f.c.c. gold and f.c.c. copper is 2100nV/s and 3800 /s respectively. If the
Debye temperature of copper is 348 K, then determine the Debye temperature of gold. Take the
densities of gold and copper as 1.93 x 10°kg/m*and 0.89 x 104 kg/m® respectively. (2014)

\@,—/Find an expression for lattice specific heat of a solid, and its low and high temperature limits. What is
Debye temperature? (2015)

J Write down the salient features of the Einstein’s theory of lattice heat capacity. Further write down
the expression for specific heat in Einstein’s theory and explain its high and low temperature limits.
(2016)
In a semiconductor, the effective masses of an electron and hole are 0.07 m, and 0.4 m,
respectively, where m,, isthe free electron mass. Assuming that the average relaxation time for the
hole is half of that for the electrons, calculate the mobility of the holes when the mobility of the

electronsis 0.8 m?volt st o= nelt _ NejL :'55_, jr=eT \ (2017)
m*" —
\49( Derive an expression for lattice specific heat in Debye model. Find its low temperature limit (Debye
T3 law). (2018)

© bﬂﬂ B L“ QE)#] S kce 3 Hll-u;
gkmfa.pmgm E*"u!ﬁ i ESW&—-;—& Lm::.. :]
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SOLID STATE PHYSICS
TUTORIAL SHEET: 11
SUPERCONDUCTIVITY

Q'I/Describe Josephson junction and the effect. How is it exploited in the formation of a SQUID? Write g

down the applications of a SQUID? E - Mﬂﬂ
- e - gneen —¢°
VZ/ Give aqualitative account of BCS theory of superconductivity. ﬂ:c Tﬁ.i!!- Gﬁﬁ\ 001)

Va/’ Explain Meissner effect and Josepheson effect. Describe their appllcatlons |n the field of
superconductivity. W8 (e19) 3 1203 [uaden igh P (2002)
~ s un:‘.uh."ma"l YD 760 Cle= 128
‘\14/ What are hlgh temperature superconductors? Give two examples indicating their transition
temperature. lei%r‘entlate between monventlonal and hlgh temperaturesu erconductiyi ty.
(2003) 3 Higa T =
T loe - cedpan golns \"2 ‘-—,u:m«.‘-!:l::ﬁe:&mﬂ &CS Yhemsy,

j‘.’ What is a Josephson junction? Discuss DC and AC Josephson effects and obtain the relation
v=2eV / h, where symbols have their usual meanings. (2003)

What is Josephson Effect? Discuss briefly DC and AC effects. lee some practical applications of
Josephson junctions. raosmerist o WLy 20
Sepnson] B 'r,*p:mgn w fo 2;‘ EMM

\]"f Distinguish between ‘soft’ and ‘hard’ superconductors Explain how | penetratlon depth varies with

magnetic field strength and temperature. F’L ~ 1{1 = Gr'}ij] E.Ekm‘ Helo) U‘ hﬁ- 2008)

A type-ll superconducting material with superconductmg transition temperature T_is placed in a
magnetic field. What isthe material state (normal or superconducting or mixed) for

QT <T;H > He, (gnea) T >TiH <H [ﬂmwj

G T<TiHg <H<Hg  WT>T H>H (_Namandl) (2009)
(G

\_SV. Describe the characteristic properties of a superconductor. Derive London equation for a
superconductor and hence explain Meissner effect. (2010)

\;Iz( What is Josephson tunneling? Distinguish between a.c. and d.c. Josephson effects. (2010)

‘o .A_:? L LTy L

. Describe the Characteristics properties of a superconductor. Derive London equation for a super
conductor and hefice explain M eisshereffect-— ditumageithic, nipdh &, podon, (2011)

\1}" Explain the variation of Magnetisation of Typel and TypeII s&ﬁ&&ﬁ u sa?é ction of

applied magnetic field '"i[ : {Suﬂm"lmﬂﬁ ﬁ f {?-q.m 'iun-a.&;ﬁj (2012)

\15 Cooled to 4 K and then magnetic field is applled With schematic dlagrams explain path of

magnetic field linesin all these situations: {C:}?f‘ ﬁm'i"'.'-ﬁ:'fc; (2013)

34./Lead in the superconducting state has critical temperature of 6.2 K at zero magnetic field and a
critical field of 0.064 Mam™at 0 K. Determine the critical field at 4 K

. £(2014)
37 F"n_':-’: '::;'1‘&-“ H{‘_ Hml& %
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&} Wy
W E"' 2 ﬁ%-ﬁ A
\]75./ Distinguish between a superconductor and perfect conductor. Explain what is a Cooper pair. (2015)

. o " Loe " grprert- € Qosn
. With the help of a schematic diagram, show how entropy and specific heat vary with temperature for

a superconductor. { TuP-= - -E: E }, l;a’{h %I] 2, %‘E-— :{::Fﬁ (2016)

\_J,f Obtain the expression for penetration degth using London’s ﬁquation of superconductivity and explain
its significarice.” ; = : ufeiin & cown  (2017)
(Y f_hmmc&wt)ht F)‘. L A mﬂf_ ir_E

\1/8/ What are type | and type Il wpercongucfc.)ﬁs? Give exampl iscuss and compare Meissner effect
and perfect diamagnetic behaviors for type | and type |1 super conductors. (2018)

T Qodbico condasd O, g a’
0= Qe M"“& -2 ﬂ?

& fasrhen W X mﬂ.ﬂ;.:—;@?%h <
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Electronicsy TUTORIAL SHEET: 12
Semiconductor §/Solar cell

g;k./ Draw the device structure of a-p-n junction solar cell and explain how light energy is converted into
electrical energy. Draw and explain its1-V characteristics. (2015)

. A silicon semiconductor sample at T = 300 K having cross-sectional area of 0.5 ym? has a pentavalent
donor doping profile given by (x) = 5 x 106 e(=*/I») cm~3. Given, the mobility of the electronsin
the sample is 1250 cm?V ~1s~1 and the diffusion length of the electrons, L,, , is 4 um. Calculate the

diffusion current in the sample at distance x = 2 ,um (Vr= D-26Veld ) (2019)
Up=Hep N7 [d%-; e Dnd0, h
A silicon semiconductor sample isdoped with 6 X 1 m~3 of aluminiumand 7 x 10*°cm ™3 of

hosphorus atoms. Given at T = 300 K, the intrinsic carrier concentration, n; = 1.5 X 101%m™3; the
t—t;%d gap, E; = 1.1 eV; the electron mobility, u, = 1250 cm?V~1s~* and the hole mobility, p, =

480 cm?V~1s71,

Determl ne in the sample of the following:

The type of the semiconductor, nor p ﬁ_‘ﬂu} H&%“\} o= 2 L
e oo o) o QESSRE eyl
—_—
&) The position of the Fermi level in the %1mp|ewi ' tothe hottom of the conduction band

The conductivity of the sample "' h (201.59) ) E“‘@

= He
5 cm? Ge solar cell with adark reverse saturation current of 2 nA has solar ra |at|on |nC|dent upon it,
producing 4 x 107 electron-hole pairs per second. The electron and hole diffusion lengths are given to

be 5um and 2um, respectively. Calculate for the cell of the following:
(i) The short-circuit current Sdar. ol oms ng@m ;h-’.n ﬂgig;_‘?:ﬂ))
(i)  Theopen-circuit voltage o

el ooy o wadkidion sl

“aww.wmﬂ % S——

o shonedll, T dromeboidtc e

[I —‘s.-q*rtﬁ%r_d T

r_-—-—ﬁ'

s i ook [ |
1
Fom when cimiukd, l | II
T=n Lwl“!.\"ﬂhlﬁ' i
oo TAGT dnl Aoy |
| _'1*- . -"rl-.lli:.“:"l}“
e iih.‘ Il-.i.w,ul' e T 'l'“-.l-hl:'
Ame ET_‘E i __.. Bt
L 9 s, S | iv-iwlh
&ty 1;‘-!.1' Ln! !| i
:'L'i" = Bna ﬂ-FJ Cah g o Loy = 150 r;'.'-pﬂ'

"711i.|5.|.'w.-. Re b

_rr*:lh‘?&'g, Sngr, ':"-':'il"'"&'w B

g~ Moy = A o 1




N\

Delhi Institute for Administrative Services
India's Leading Institute for Civil Services Examination

TUTORIAL SHEET: 13
TRANSISTORS (AmplifiargOscillators)

'_\

. 1. Circuit as shown in the figure. It is designed to establish the quiescent potential at V ce = 12V, Ic =
1.5 mA and stability factor S <3. Find the values of resistors Rg, R1 and R> where symbols have their
usual meaning. (2004)

N

Explain the working of a phase-shift oscillator. Draw the circuit diagram of a phase-shift oscillator
using either atransistor or an op-amp. What are the conditions which must be satisfied to achieve
stable oscillations?Calculate the frequency of oscillationsfor R=1kQ and C=01u F. (2007)

3. Explain the difference between n-p-n and p-n-p transistors. Give their device structure and biasing
circuits. Draw acircuit for a single-state common-emitter amplifier. (2007)

4. Draw the circuit diagram of atwo-stage RC-coupled common emitter transistor amplifier. Show how
the magnitude and phase of voltage gain vary with frequency. Define bandwidth of this amplifier. An
amplifier with open loop voltage gain, A, =1000+100 isavallable. It is necessary to have an
amplifier whose voltage gain varies by no more than +0-1%. Find the reverse transmission factor S
of the feedback network used and the gain with feedback. (2008)

5. A certain colpits oscillator uses a tank circuit with L=20mH; C, =200pf and C, =200 pf. What is

the frequency of oscillation? = . Ceatp = Q‘-':}_, (2008)
5- ;"T.'-. E I—CEH’ = G

. (i) “Transistors are current operated devices, while vacuum tubes are voltage operated” — Explain.
(if) Why are junction transistors called bipolar devices? (2008)

(o2}

7. Draw the common-base amplifier circuit, using an n-p-n transistor and briefly discuss its working.
(2010)
8. Draw and explain the collector characteristics of abipolar junction transistor in common emitter
configuration. Using the plot, explain how the transistor can be used as an ON-OFF switch.  (2013)

©

Explain how the circuit shown above can be a source of oscillations. Use this circuit to construct a
transistor oscillator and explam itsworking. What is the frequency of oscillations of this circuit?

T il o

10. Differentiate between p-n‘p and n-p-n transistors. Give their device structure and biasing circuits
when used as an amplifier. Ty o, o (2015)

11. Design atransistor based Colpitt oscillator-which canc%%aate at 9 MHz. Explain how the
oscillations are created and sustained. H (2015)

c&’uﬂ_ &Eﬂiﬂ? i
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TUTORIAL SHEET: 14
Digital Electr onics/M icr opr ocessor s

Simplify the equationY =[ AB(C + BD) + ABC] Using Boolean algebra. Give the logic circuit for

the equation before and after the simplification. (2007)
Give the Boolean expression and the truth table for an XOR gate. Why are NAND gates called
universal gates? Realise OR and XOR gates employing only NAND gates. (2007)
-..__3’./ How can the NAND-gates be combined to perfg;m the OR — operation? 4 (2008)
b= TE A-SST P
J’ Simplify the logical expresson AB + AB + ABC using a karnaugh map. (2010)
2 - Y= ARLA ML= AR

\5.// Simplify the logical expression (A + B) (B+C) (A + C) and draw the logical circuit to implement
it, t= B+ A c) (A+C) = AR RCHAC (2010)
.\,6./ Construct adigital circuit to add three bits A, B and C and provide theipsum and carry as-outputs.
Show approprlate Booll%n IE:Ilexl%reaﬂor';.,':‘, &nd truth table to justify the outputs. _ (2013)

an ~ BR= ) = A B
\)./ Give the two forms of the De Morgan’s theorem 8= A+ %L
What is the principle used in ‘half —adder’? Give the truth table for it. (2014)
8= A®E L= AR

/' Simplify the logical expression [AB (C + BD) + A B] C. (2015)

Why are NAND and NOR gates called universal gates? Give the logic diagram, Boolean equation
and the truth table of NAND gate. (2016)

== Ze" 2
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	[L2, Lz]=0. What is the significance of this commutation relation?

	TUTORIAL SHEET: 5
	TUTORIAL SHEET: 6
	NUCLEAR PHYSICS

	TUTORIAL SHEET: 7
	PARTICLE PHYSICS

