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Part— A
Q.1 Answer the following questions 10x1=10
A According to quantum mechanics, the lowest energy of a simple harmonic oscillator with mass m and

spring constant €' is

@nfE /e CYW:3 @ L£/3. A

5. A man is standing on a dise at a distance of m from the disc’s origin. 'I‘bedisci:sch’is:v.aﬁngu
cotmanla.-:gula:spccdorsm/s.‘nu:s;mdonhcmnwilhmpectwlhcmdis 9q m/s.

c. If Ap is the uncertainty in the momeatum and Az is the uncertainty in the positior of a particle,
Heisenkerg's uncestainty principle states that
@2t OE2E  O0A)2E  @E)0g> i

. According 1o quantum meckanics, the set of values of the total encrgy of a pasticls bound inside a
patential is
(2} finite (b) continuous ey discrete {d) empty.

¢. Suppos: 2 farce fax 28+ 5 kN acis on particle at a displacernent of 7= —£ 4+ 5+ 3& m from the
origie. The torque of the parsicle around the origin is {give the vector expression)
(3)~4i455-3kNm (@} 4i-55+3ENm () ~42- 55+3kNm \M+55—3F:Nm.

f. In Newtor's rings experiment, the central isterference fringeis
(a) rectanguiar (b} dark (€) bright (d) pentagonsl,

£ A ball of mazs 3 kg is moving in the positive X direction with a spead of 2m /5. Soon, it collides

with a ball of mass 1 kgalsomwinginmeposiﬁvc){din:cﬁonv&lhaspmdonm/s. Suppose that
after collision the two balls siick together and continte moving in the positive X direction. Their joing
speed is ﬁg, mfs.

b, Tn a quantum mechnical simpie harmonic osciliator, comparedmﬂ.:cpfobahﬂityo(ﬁndingiznm
the classical endpoints of its motion, the probability of finding a particle in the ground state near the
eguilibrium position is
Y ereates () fesser () equal (@) varclated.
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aour : Nagaia:! _
1n Lo mccﬁ-mi.;; with 3 time independent Hamiltonian, the encrgy of a 2 .\\
L Loown ay an cigeastict. is ; . I ‘“ﬂmy “ato, y,
) infinite o docroasing with ume (c} increasing with time “ A \
(a) : const -
I Young's doable shil experiment, e central interference fringe Is
: (.-: »;.ga: (b dark ©) furzy (@) discontinuoas.
part-B
i Ex4
Q2 Apswor any fve questions 20
i i g i 0.4 mm apart and the screen is 4 m away
- 4er Youns's double slit experiment where the slits are .
i z::’::xirgl;sﬁ:dbﬁght frﬁmcisa:adisunccoMcmﬂomthccmuaJ or the zeroth fringe
Find the wavelength of the light.

b. F‘matbemmemoﬁnuﬁaofnminhoﬂowcyﬁndaofmass Af. mdivs R and length L around its

oW IXES,

. State the Gauss diverpence theorem in vector calculus. Do not forget to define all the terms.

& The de Broglis wavelength of a proton of mass 1.67 X 10~ kg is 10773 m. Whatis its speed? Take
the value of Planck’s constantas & = 6.6 x 207 I 5.

. Find the distance berween the thind bright ring and the dark ring just outside it for a Newton's rings
experiment with a plano convex lens of radios of curvatere R using coherent monochromatic light of

wavelength A

. State Stokes™ theorem in vector calcelns. Do not forget to define alf the terms too.
0 sjl'\(

Part-C

Q3. Answer any five questions
Sx868=230

a, [ind the ceatre of mass of a water molecule H>(. For simplicity assume the
3 simplici N
mm‘pommmananglcofmmcxhbondhasammonxm-oﬁn;ngmm*’msm'
uwlpfmmvlcrnmnh;dmscnm the oxygen
7
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Consider a simple

i pendulum consisti

"1 m, The pendolum is oscillatin Sting of a bob of s 2 kg svspended from a light sving of length

MPdmngmcwumOfiumcmglPa-@‘mmbmm angle from the vertical atiained by the

of its trajectory? You can take m?mndimsmisunchob‘sqmdmdnboummmm
the gravitational anceleration to be g = 9.8ma 2.

Draw the force diagram for masses My and
Af;. Assume that the rope docs not slip oo

the pulley. The torgue diagram for the pulley
onvenience. Recall that the

53 is given for your ¢
moment of inertia of the disc shaped pulley is
given by I, = 25 Find the accelcration &
for the arrangement shown.

d. A rubidium atom in a rubidium vapour lamp can radiate at any ﬁmcaﬂaitiscxéwd from its lowest
cnargy or ground state. The average excited atom has a lifetime of about 1077 <., i.c.. some time

during this period it cmits 2 photon and is deexcited i.c. comes back 1o its ground statc.
excited state of the atom?

wavelength of aound A = 1077
hoton, also called the natural

{a) What is the minimum uncertainty & E in the encrgy of the

() Almost all the excited rubidium atoms give out photoas 3t a
m. Whar is the fractional tncerainty in the frequency of the p
fractional width of the rubidium emission line?

Take the value of Planck's constant as h = 6.6 X 10~4 J s and the speed of lightase =3 X 108 mfs.

e. Consider the ime independent poteatial

Vs <0
! Vix)= Vo z>a
! 0 0<z=<e.

In other words, the pasticle is in a potential well ranging from = = 0 to x = a with walls of finitc

height V5.
Suppose the particle has total energy E < Vpic. the particle is a bound particle,

(i) Draw a diagram of the potential function showing the two types of regions neatly.
(i) Writc down the time independent Schrodinger equation in the region outside the well e in the
region z < 0 and z > ¢. Also writc down its gencral solution.
(i) Wr‘iwdawn the time indepeadent Schrodinger equation in the region inside the well i.c. in the
region 0 < x < a. Also write down its geaeral solution.
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£ Suppose monsse

Momschromatic vebereat light of wavelengih A = G nm 1< passed trough 3 naraw slit A
Fravnhofer diffrac ton Pattern ix formed on a <

cen 6 moawiy.
18 e distance on the <ereen between the centres of the first dark fringes on eiher side of the
cented deieht Sringe is 10 gun Whitt 25 the width « of the sJit?

bl Let Jy denote the ntensity of the central beight frnge. What is the intensity ata poiot 20 mm
Wy from the contre of the paticzn?
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