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QUESTION PAPER SPECIFIC INSTRUCTIONS

Please read each of the following instructions carefully before attempting questions :

There are EIGHT questions divided in TWO SECTIONS and printed both in HINDI and in
ENGLISH.

Candidate has to attempt FIVE questions in all.

Question Nos. 1 and 5 are compulsory and out of the remaining, THREE are to be attempted
choosing at least ONE question from each Section.

The number of marks carried by a question/part is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which
must be stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the space
provided. No marks will be given for answers written in a medium other than the authorized one.

Assume suitable data, if considered necessary, and indicate the same clearly.
Unless and otherwise indicated, symbols and notations carry their usual standard meanings.

Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a question
shall be counted even if attempted partly. Any page or portion of the page left blank in the
Question-cum-Answer Booklet must be clearly struck off.
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A beam of 12 eV electron is incident on a potential barrier of height 25 eV and

width 0-05 nm. Calculate the transmission coefficient.
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Normalised wave function of hydrogen atom for 1s state is
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Y100
being the Bohr radius. Calculate the expectation value of potential energy in this

spectral line of 400 nm wavelength when a spectrometer whose resolution is
state.

Find the minimum magnetic field needed for the Zeeman effect to be observed in a
0-010 nm is used. Write the answer in the nearest high integer.

25eV 913 3R 0-5nm S1eE & fawa A9 W 12V
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1.(d)

1.(e)

2.(a)

2.(b)

2.(c)
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Hif |

Calculate the Larmor precessional frequency for a magnetic induction field of 0-5 T.
Hence calculate the splitting in wave numbers of a spectral line due to normal
Zeeman effect for the same field. 10

HCI ¥ 3[g it avfse (eagw) & veeh dfth 21118 om! R foard 3t # | o
Se TS ) AT FARAT | FTEZISA TRAT BT GAHT 1:008 IR FAIIA TATY 1
ZEWT 35-45 amu & STET amu YTATI0E GoAT 3T € |

The first line in the pure rotational spectrum of HCI appears at 21-18 cm™'. Calculate
bond length of the molecule. Given atomic masses of H and Cl are 1-008 and
35-45 amu, respectively. 10

qrael TEEW sTegEl &1 Sy wxa gy fag Hifv fF,
(@) o,0,+0,0,=0; 0,0+ 0,0,=0; 0,0,+0,0,=0
(i) o,0_=2(1+0),)

(iii) o,+0p=ic, TEl a*p*y

Using Pauli spin matrices prove that,
(i) o,0,+0,0,=0; 0,0,+0,0,= 0; 0,0,+0,0,=0
(i) o,0.=2(1+0,)
(iii) o,+0p=ic, where a#f#y 8+6+6

T % G AT &1 v s S et et 0-02 em & Her fratfa
TR | U TerEE AR T T 37 A AT T Ia R S 9 15%10F om
F Wi et |

Find the uncertainty in the momentum of a particle when its position is determined
within 0-02 ¢m. Find also the uncertainty in the velocity of an electron and a-particle
respectively when they are located within 15x107 cm. 15

& w1 50A Herd sk aa S & Uferig FE (FT) A @R | FE
(FT0) & ¥ W 15A F 3iART & ek F0 H @ Hi GHEAT (Srfacar)
TorT IR ST g e gaaw Fer ot feafa 7 e

A particle is moving in a one dimensional box of width 50A and infinite height.
Calculate the probability of finding the particle within an interval of 15A at the
centres of the box when it is in its state of least energy. 15
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3.(a)

3.(b)

3.(c)

4.(a)

3637A F TAVE TG F T H ITAN Fd §YTF TA o A JUIHH (TFgH) F q@q
# 3980A W TarEd @ fyedt € | "iex! = ¥ e fargmam (faree) &1 war
TR0 | HEtid weraE dR U -2 wreAl & fou A # a3 2 iy o Fifoe afe
IS T 6465A © |

In observing the Raman spectrum of a sample using 3637A as the exciting line, one
gets stoke line at 3980A. Deduce the Raman shift in m™ units. Compute the
wavelength in A for corresponding stokes and antistokes lines if the exciting line
is 6465A. 20

FSIShU-hET J9HA 1 STEAT HITY | FAHI-FHET T3 o6 FHIRUN BIEg o1 -IHTY] Tl
Waedt (avfsn) T@mat & faures i ==t fifsg |

Explain spin-orbit coupling. Discuss the splitting of spectral lines of H-atom due to
spin-orbit coupling. 15
Ta 31 GATSIEAT aTel T YA H AT STl Sl FeH E §;
nl =8 Il =4 =%
=1 L=2 s=3

(i) L-S T4 ! A §Y L FT GHIEGT A1 1a Hifag R J S |
(i) j T F WA €U J FT GAIfaq A TG HAC |
The quantum numbers of two electrons in a two valence electron atom are;
nl =8 Il =4 Sl =%
=1 L=2 s=%
(i) Assuming L-S coupling, find the possible value of L and hence of J.
(ii) Assuming j-j coupling, find the possible values of J. 7+8

R -gemm m, & T & A wfaw wut K 2, sty fh gweht . vt e
frefafea gra fraiffa 2 -
7 he
VIK(K+2moc?)]

3T 2 MeV Tt Sl & U SAF¢iA & areed &Y TET HIY | afg K<< myc® &
al A &1 |19 FT 8RO ?
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4.(b)

4.(c)

5.(a)

5.(b)

A particle of rest mass m, has a kinetic energy K, show that its de Broglie
wavelength is given by

he

A=
JIK(K+2moc?)]
Hence calculate the wavelength of an electron of kinetic energy 2 MeV. What will

“be the value of 2 if K<< myc?? 15

froafirfea drmal & 3k UF WA ATEdl ared i WTfdeRan &Y v i afg
AdE F9 qETE FEea # 2 | e W quize fa aft Saw st e s |
2 @ = & frwfafea @ & amex fraem 6 wifisar @ 16% (wfaea) 2 |

Calculate the probability of finding a simple harmonic oscillator within the classical
limits if the oscillator is in its normal state. Also show that if the oscillator is in its
normal state, then the probability of finding the particle outside the classical limits
is approximately 16%. 15

ATAT 3R SET AT WG &7 9via e | ewETse £ a8 erEge v |
HAWEAT 1 4 &1 ear ¢ |

Describe normal and anomalous Zeeman effect. Explain how it lifts the degeneracy
in hydrogen atom. 20
gus ‘B’ SECTION ‘B’
2, T-20 1 U TR TR 30° 3 FA-HIV 0 e A & S G & oI
2 1 97 nm TCT-35d T TFER 60° F M FHI T FAA FH & T & Towa1 € |
A1 +iftre fF 1 faRorge (W) T @ 99 & Wafda B § at A, F HE A
I
An X-ray beam of wavelength (4,) undergoes a first order Bragg reflection at a
Bragg angle of 30°. X-ray of wavelength 97 nm undergoes 3rd order reflection at a
Bragg angle of 60°. Consider that the two beams are reflected from the same set of
planes. Find the value of 4,. 10
A St & S
ho
emnt,r {
&1 seaaTe @xa gy feamsy f arseda &t fafie e arfan fafafaa g
fauffa 2;

U=3N

2 halkgT
C=3R[ kw] ( e

7 o fear fis IR @ 7 smEeda i fafire e arfiar Fw qreEE w T
& FHTATA Brdl ® |
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5.(c)

5.(d)

S.(e)

6.(a)

6.(b)

Using the expression for internal energy

ha

= show that Einstein specific heat capacity is given by;
B
e -1

U=3N

2 holkgT
C=3R( MJJ ( e

kgT ) (holksT _ 1)2

Also show that Einstein specific heat capacity given above is proportional to

e "ksT at very low temperature. 10

p° AR K° 7\ Tt & Afiak 2t 3R 2~ & &g e € | awmms fF o0 9 sitaa
Sitad &1 ((~1025) K° F 3ftaa Sfraq &1 (1071%) it goan & srer 791 2 |

p° and K° mesons both decay mostly to #* and z~. Explain why the mean lifetime
of p° is shorter (-~ 107%%s) compared to the mean lifetime of K°(~1071%), 10

Frafafaa Famal & o= g sul & qu T € ?
(@ ud (b) ud (c) dds  (d) uss

What are the properties of the particles made up of the following quarks ?
(@) ud (b) ud (c) dds (d) uss 10

e aiffsrard Fa1 et € ? wie & wifas uiwm A, fras s gaen sfifra
BIdt €, 39 741 s foerea € ?

What are chain reactions ? What do you mean by critical size of the core in which
chain reaction takes place ? 10

T & HEATT &1 791 Heed © ? S ohi Toefam sraean & forg Aifer avfia
&1 B W Hifg 3R quizsy for sRTn & da s A ag da arar 2 |

What is the importance of study of deuteron ? Obtain the solution of Schrédinger
equation for ground state of deuteron and show that deuteron is a loosely bound
system. 20

sy fo& il wiw & g Afem @it F Am wR) s o
ho=414"MeV BT % |

Show that in the nuclear shell model, the level spacing between major oscillator
shells is approximately how=414"">MeV. 15
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6.(c)

7.(a)

7.(b)

7.(c)

8.(a)

iR waR & gfeAt ad Wd ¥ 7 ToEHEl & IR W I FA B T FRC |

How many types of neutrinos exist ? How do they differ in their masses ? 15

=49 F TT TE n-p-n Zifoeek INAE Seasis wads faar & 7, =10V 3R
Ry =2 kQ ¥ wra ya fepan wman @ | afy gifreex & wumes o e (44) & s
T 100 kQ WRRIGE T €A1 © @ Aq GUTed 4RI Y v Hifg | 7 wfg
Vge=0 |

An n-p-n transistor with =49 is used in common-emitter amplifier mode with
V..= 10V and R, = 2 kQ. If a 100 k< resistor is connected between the collector and

the base of the transistor, calculate the quiescent collector current. Assume V= 0.
20

arfoues saeaT # FHAY 4T SHeaH & 34 JURIY A TF UHd Fa9gi eral ¢ aﬂg
FIOT T J AR A7 Fdred i g & At 6t ToEr Fifrg R 3 A F
057 %ﬁwﬂmm%ﬁgﬁwaﬁwﬁaﬁﬁﬁﬁam%ﬁmaﬁﬁm

In the metallic state the transition metal scandium has a single electron in 3d
subshell. Calculate the values of total angular momentum J and the Lande splitting
factor g and use these values to determine the energy of the lowest energy dipole
moment in a field of 0-57. 20

6x10~4 cm & e 9TH 3R 1015 em™ & 2raT Gigal & @19 n-=9a fafas= FET
¥ forq wg=m dreear & o Hifvig | fafesta @ wragas 12 fargsn 2

Calculate the pinch-off voltage for n-channel silicon FET with a channel width of
6x10~* cm and a donor concentration of 10'3 cm. Given that dielectric constant of
silicon is 12. 10

framd m wfay F fog <4, R Y@ Fi aifea fifvg |

Vec
+
k) 20V

§R, §RC=IOkQ

Sketch the dc load line for the circuit shown. 10
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8.(b)  UF 314 H Ng>* et i aq qigan grdt ¢ el d vds d fim 4f @i e € |
7g Wd g T a8 A 108 m= €, 1K R TR &Y gaahr wgfa it aoEn hifsrg |

A solid contains a dilute concentration of Nd>* ions, each of which possess three 4/
electrons. Assuming that there are 10 m= of these ions, calculate the magnetic
susceptibility of the sample at 1K. 20

8.(c)  ATalteh ®YTaXw I FeAT FI ATEAT HIT HR AR TG VTS Sl IRATG
#ifme | s=f fifse & fea ofifeafaat § smafe swmor afen secagd @
STt ® |

Explain the phenomenon of internal conversion and define the internal conversion
coefficient. Discuss under what conditions the internal conversion process becomes
important. 20
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