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DIAS PHYSICS OPTIONAL TEST SERIES
Test X : FULL SYLLABUS TEST PAPER - 11

Time Allowed: 3 Hours Max Marks: 250
Attempt five question in all, choosing at least one guestion per section and
question number 1 and 5 being compulsory.

{a) Find out the probability current density for a particle in swate y{xt)=2¢"""" and explain
the pnswer,

{h) In which pant of spectrum ESR and NMR lie? Find out Lande’s factor for an electron if it is
known that fixed field of %.5x10° Tesla produces ESR al frequency 340 KHz

-

Ab=y,8Br =
-'I"I.I:H

{c) Show that for Linear Harmonic Oscillator 2ero paint energy is in accord with Heisenberg's

Lid v
I" pridd i.p

uncertainty principle wave function in ground state is w (0)= e ** , Find its value in

i

slate |,

oy
Yo =xe g+ n)=vn+1in+ 1)
{ehy () Write down the commutation results satisfied by angular momentum operators. Find out

the values of [f.__..r] and [}__ . L]

{if} Show that ¢™* = cos@+ i msiné , where @ is Pauli spin operator,
(e} Derive an expression for frequency of the electron orbiting in ground state of Hydrogen atom
from Bohr's model,
(10 % § = 50 Marks)
(a) Determine the energy levels and the corresponding normalized eigen functions for a particle

in | I potential of the fom:

Fix)== a<x=i e
: o Il .l. g
F{x)=0 D<x<n P x -'"‘.I
-'.: \ -
15 the wave Tunction continuous everywhere? Show for - th states | P IT e J
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(b} Find out the total encrgy of Fermions at 0° K in a cubical box, where all terms have their
usual meaning. (30 + 20 = 50 Marks]
(a) Set up and solve angular momentum problem L'V (6.¢)=Ah"Y(6.4)
(k) What iz Born-Openheimer approximation ? Under what conditions does it break down ?
scuss the origin of O, P, (), R, 5 branches in vibration-rotation spectra? down?

(25 + 25 = 50 Marks)
{a) Find out an expression for precessional frequency of a nucleus? Why are two fields
necessary? What is chemical shifi and how can it be studied? Find the NMR frequency for O
nuclei. (g = 1404} at ficld strength of 2.34 Tesla, (7 +3+3+5)
(k) Wave number in a band system are given by o =247624+25m - 20m em™' . Deduce the
position of hand head and the values of £ and & and comment on the resulls.

() How many revolutions per second does 2 "0 molecule make when . guantum numbers

1]
are | and 10 respectively. Given inter-nuclear separation is 1,128 A . What is the separation
between the lings observed in Microwsve spectra’ (20 + 15 + 15= 30 Marks)
SECTION - B
(a) Define () of o reaction. Caleulate the (-value of the reaction:
':H-:*{fff'n*,r:']:'E' ok e,
Given: Mass (* fe)=9.012183 Sl Y5 )5
Mass |: 'H.-.'] =4 02603 u
ol s [ SO = 12000 4
(b} Show that any arbitrary rotation axis is not peemitted in a cryvstal lattice,
(¢} State the quantum numbers /. F and & for wds quarks and antiguarks. Which combination
of these leads to the formation of a (i) proton and (i} neutron

(d) Simplify the logical expression [,-IE{{ "+ BD)+ .]‘ﬁ]{ X
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(e} Differentiate between n-p-n and p-n-p transistors, Give their device structure and biasing
circuits when vsed as an amplifeer. (10 ¥ 5 = 50 Marks)

() Describe grand unification theories (GLIT).

{b) How many types of newtnines exist 7 How do they differ in their masses !

(<) What are type | and type |l superconductors? A type | superconductor with T, = 7K has
ol if o o S s o .
slope J—:‘= -25m¥ /K attransition tempersture 1, Estimate its eritical field at 6 K,

{d) Calculate the packing fraction for I."i.’:*1 nuclews. Given o =141 MeV, o, =134V,

I
a, =0bMel, a, =19MeV and lamu =93] Mel, { W0+ 10+ 15+ =30 Marks )
O7 . (a) Which selection rules allow ¥ - ransition to oceuwr? How do y - radisiions interact with

matter and how their energy can be measured?
{b) Describe an operational amplifier based integrator, Using operational amplifier integrators,
design a circuit to solve the following differential equation:

dV a8 e a

3

i il
(e) Draw the device struclure of a p-n junction solar cell ond explam how light energy s
converted into electrical energy. Deaw and explain its [-V characteristics.

{15420 +15= 50 Marks )
(a) Find an expression [or lattice specilic heat of a solid, and 1= low and high temperature limits.
What i Debye temperature 7
(b} Drescribe the motion of an electron in one dimensional peniodic potential and show that n
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 ol hand
structure?

(c) Distinguish between a superconductor and perfect conductor. Explain what is a Cooper pair,

{20 + 20 + 10 = 50 Marks)
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