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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. coe,ﬁ'lcient.
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Normalised wave function of hydrogen atom for 1s state is
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Tag
being the Bohr radius. Calculate the expectation value of potential energy in this

state.

Y100

spectral line of 400 nm wavelength when a spectrometer whose resolution is
Y100

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.
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1.(d)

1.(e)

2.(a)

2.(b)

2.(c)
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T |

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 ¥ g Tvita avis (Sg) § el 9t 2118 om ! W foar <t ® | s
S SaTE Y AT HIAY | TTEZIS AT HT GAHT 1008 SR FA TCATY T
ZET 35-45 amu & R amu KATOND AT TS © |

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

el T TR 1 SuE aRa g fag Frf fe,
() o,0,+0,0~9; 0,0,+0,0,=0; 0,0,+0,0,=0
(i) o,0_=2(1+0,)

(i) o,+0p=io, ST&l a#p*y

Using Pauli spin matrices prove that,
(i) o,0,t0,0,=0; 0,0,+0,0,= 0; 0,0,+0,0,=0
(i) o,0.=2(1+0,)
(iii) o,+op=ioc, where a# By 8+6+6

T O F FIT A ST B YT e St Saeh fRafd 0-02 em % i fratfa i
TR | T Tl 3R T O & 31 A AT T T EY e § 15%107° cm
F AR fRae |

Find the uncertainty in the momentum of a particle when its position is determined
within 0-02 cm. Find also the uncertainty in the velocity of an electron and a-particle
respectively when they are located within 15x1078 cm. e &

wF F 50A HeE AR I IATE & THfHIT W (A1) H T W R | FE
(FFE) & Fg W 15A & SR & HraR 0 Y Gro Y FarE (rhiar)
o IR T a8 FuHt g e @ feafa J '

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 & IS @1 & €Y H ITAN Fd L TH A o A JUIsHA (TFgH) &l @
# 39807 W wrww @ fiedt @ | HieT! zoE # wW fawamm (firee) &1 wan
T | Gafiq e 3R Ut -werad arzal & fou A # a< 2= &Y aoran ifvro afe
IS 3T 64654 # |

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

TIShUT-ehell 9 ohY SATEAT HIFAT | FHHOI-TeEAT T & HIRT BTEg IoT -IHTY i
WaeH! (Fuisen) J@msi & faureq &t ==t Hifog |

Explain spin-orbit coupling. Discuss the splitting of spectral lines of H-atom due to
spin-orbit coupling. 15

Tk G FaISTehaT AT Sag T AT # QT goagrl i F e wedd €5

n1=8 11 =4 Slz

W= N

n=7 L=2 s,=
(i) L-STWA & WA §U L FT I 7 w1 A R J & A |
(i) j-j T H WA g J FT GHIAG AH A AT |

The quantum numbers of two electrons in a two valence electron atom are;

m=8 L=4 s5=1
=7 L=2's5=1
(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 -5 my & & &0 h Tfaw Fet K R, quisg 6 s@eht . dvelt acresd
frfeafaa gro faaffta 2 -

-~ e
K (K +2mgc?)]

;2 MeV TSt STt & U TAFEI & qTeed &l AT T | afg K<< myc? B
at A &1 HE FT B ?

A=
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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

1= he
VIK(K+2mec?)]

Hence calculate the wavelength of an electron of kinetic energy 2 MeV. What will

be the value of A if K<< myc®? 15

farfirfsa st & owex TF @ St Qe 1 wTfaehar 1 oET Hifrg af
ArE Ao qTETE et A @ | ge W qufse fF afe Qe st v s |
2 @ wu & Prfafea @ & arex fraea & wfiear @ 16% (wfae@) # |

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

T AR ST AT S0 &1 9ol hiforg | ewese f6 aw wrEgiee aen §
FIFEAT F FH IBT 3T € |

Describe normal and anomalous Zeeman effect. Explain how it lifts the degeneracy
in hydrogen atom. 20

gus ‘B’ SECTION ‘B’
A, T2 1 T TR RS 30° & M-IV T Tget FH & 1 RadA & [orRal
2 1 97 nm TT-3H HT THR 60° F T B W FAT HH & WEdA & [oRaT © |
71 +hifvre fr 31 fogw (W) TF @ 9@ & wrafda gid ® @t A, 1 4 91
|
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
ATARE Fo1l & A
ho
ehw/kBT 1
&1 T F<d gy ey fo smedm $ fafire o arfar fresfafaa g
frgtta %;

2 holkgT
C=3R ho e :
kgT ( olksT _ 1)

U=3N

78 9 fearsn £ R & T sEedia 0 fafkre e anfar ww qrowE w) e kT
& FATATE et ¢ |
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5.(c)

5.(d)

S.(e)

6.(2)

6.(b)

Using the expression for internal energy

U=3 N_L, show that Einstein specific heat capacity is given by;

h(D/kBT
e -1

2 holkgT
C=3R ho e :
kBT (eh(a/kBT_ 1)

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

e "'ksT at very low temperature. 10

p° AR K° HEH At 6 sifraR 2t 3R 2~ # @1 €1a € | awsmsy R o0 @ stea
sﬁa-«rm(mlo-ﬁs)lc% IEq Strad F1e (1071%) & gomT § Bter 741 2 |

p° and K° mesons both decay mostly to z* and 7. Explain why the mean lifetime
of p° is shorter (~1023s) compared to the mean lifetime of K°(~1071%). 10

frafafea el & s« g Ful & o w1 € 7
(@ 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

g StfsFard 71 Bt € 7 shie & wifass afwmr A, fas wWiax e sifafran
gt €, g Far 7 fyerea € 2

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

T & HEATA FT HTAGcd © 7 LA i e srared1 & forg e wfamor
@1 & WTH HIQ 3R qT3y i SR U i ald & og 7 dan @ |

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

aufsy f& aifidm Fiy & 7@ Afm Sl & 99 =) s w
ho=414""MeV BT § |

Show that in the nuclear shell model, the level spacing between major oscillator
shells is approximately Aw=414"">MeV. 15

HXS-B-PHY 6



6.(c)

7.(a)

7.(b)

7.(c)

8.(a)

i TR ¥ gRAT I 9d ¥ ? GHEEl & HER W I AR B TE FRY |

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

B=49 F WA TH n-p-n TIER ITAME IcAH yatfs faer § =10V sk
Ry =2 kQ % gy fepan wmen | afy gifirees & womes ok MUR (99) & i
& 100 kQ RS g1 gAT R A Wi WITES AT Y A0AT B | A WY
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 kQ resistor is connected between the collector and

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

aTfcadh JaedT | WAV YT ThivaH & 3d3ﬁ&rﬁwmsﬂa¢h@m%€§
FIVT I J R A7 FaTe Ture g & AT Y o Hiforg 3R I A H
0-5T % &1 & Fa® 0 91 & feya Aol &1 ot i faffca & & fog Fifog |

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~* cm F A7e TE AR 1015 cm> & TrT Wigal & MG p-3a ffawia FET
¥ forq g diecar A o ifrg | fafasta @ wrEgars 12 fargsn @

Calculate the pinch-off voltage for n-channel silicon FET with a channel width of
6x10~4 cm and a donor concentration of 103 cm™. Given that dielectric constant of

silicon is 12. 10

feamd 1 uftuy & fog .4 9R @ =t @ifea S |

Vee
20V
I}, *
§ R, ; R.=10kQ
— ] +
L Ve
Vo —
Sketch the dc load line for the circuit shown. 10
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8.(b)  UF B H Nt Al HI O "ial et @ H @ yeaw # i 47399 B ¢ |
7% A 8T o 7% 399 102 m™ €, 1K R T &Y gaehra ygta &t o A |

A solid contains a dilute concentration of Nd>* ions, each of which possess three 4f
electrons. Assuming that there are 103 m~3 of these ions, calculate the magnetic
susceptibility of the sample at 1X. 20

8.(c) AT TITaL0 1 FeAT S ATEAT I R AT TYTA UITH it IRATRG
#fe | w=t fifsg fo form ofkfeafaat & siafe swraor wfwan wecaqt &
Tt |

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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