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PHYSICS

/

1. (@) Mechanics of Particles:

momentum, applications to rotating frafnes;
centripetal and Corlolis accelerations:
Motion under a central force;” Conserva-
tion of anguiar momentum, ‘Kepler's laws;
Fields and potentials; Gravitational field:
{.and potential due to spherical bodies,’
Gauss and Poisson equations, gravita-

duced mass; Rutherford scattéring: ‘Cen-

itre of mass and laboratory-reference
}‘frames. /

{b) Mechanies of:fligid Bodies: -

! Systern of particles; Centra of mass, angue

lar momenturn, equatiens of niotion; Con:-
seréation thearems for energy, momenturn:
ana angular mementum; Elastic and in-
*elastic coliisions; Rigid body; Degrees of
freedom, Euler's theorem, angular velog-
Iy angular momentum, moments of iner-

tia, thearems of parallel and perpendicu- -

lar axes, equation of motion for rotation;
f\@lecuéar yotations,&as ‘rigid bodias); Di

Administrative Services|

. Holograptiy and-simple-applications. |
* 3. Electricity and Magnetism:

Laws of inotion; conservation of enargy and

tional self-energy; Two-body problem; Re-:

and tri-atomie molecules; Precessional
motion; top, gyroscope. .

{c) Machanics of Continuous Media:
Elasticity, Hooke's law and elastic, con- ‘
stants of isotropic solids and their intei-re-

fation: Streamiine (Laminar) flow, viscos-

ity, Poiseuville’s equatieri, Bernouli's equa-
tion, Stokes' 'aw .and appligafions.
{d} Spacial Rolativity: S
Michelson-Mérlay experiment and its Im.,
plications; L.orentz transiormations-length
contraction, time dilation, addition of rela-
tivistic velocities, aberration and Doppler
effect, mass-energy relation, simple appli-
cations to a decay process; Four dimen-
sional momentum vector, Cova\riqngq_of :
equations of physics. : .
2. Waves and ‘Oyté
(a) Waves: .
Simple harmonic moticn, damped ascllla-
tion, forced oscillation and resonance;
Beats; Stationary waves in a string; Pulses
and wave packets; Phase and .group ve-
locities, Heflection and Refraction from
Huygens’ principle.
(b) Geometrical Optics: .
Laws of reflection and refraction from
Fermalt's principle; Matrix method in
paraxial optics-thin lens formula, nodal
planes, system of two thin lenses, chro-
matic and spherical aberdtions. )
(c) interference:
Interfarence of light-Young's experiment,
Newton's rings, interference. by thin films,*
Michelson interterometer; -Multiple beam
interference and Fabry-Perot interferom-
efar

- Displacement current

v

urkof fragtion-single sfit, double glit,

- diffraction grating,:fegolving power; Diffrac-
tion by a cgrculg{iape[ju_m and the Alry néta
tarn; Frasnsl di fraction:.half-period zones
and zore platas, cCirsulgr aperturg.
(e) Polarization aind Modern O;‘iﬂcs/ /
Producticn and detection of iinearly and

" circularly polarized light; Double refraction,”

quaner wave plate; Optical activity; Prin-
ciples of fibre optics, attenuation; Pulse.

dispersior in siep index and parabolic.in- -.

dex fibres; Material. dlspersion, single
mode fibres; Lasers-Einstein A ang B. ¢o-

efficients; Ruby and He-Ne lagers; Char- -

acteristics of laser light-spatial-and tempo-
fal coherence; Focusing of laser beams;
Three-level scheme for laser operation;’

(a) Electrostatics and -Magnetostatics:
aplace and Poisson équations in electro-
statics and 1heir-app}icatious;Energy, of a
system of charges, multipole expanslon of
scalar potential; Method of Images-and its
applications; Potential and field due to a
di;tole. force and torque on a dipole inan
ex

ernal field; Dielectrics, polarization; So- -

lutions to houndary-value protilems-gon-
dutting and dieleciric sphares in a unlform
electric field; Magnetic shell, uniformiy

magnetized sphere; Ferromagneti mate-
rials, hystaresis, Iene_sgy\lo\syw

(b) Current Blectricity:. '
Kirchhétt's laws aricl thelr applications;
Biot-Savart law, Ampere's law, Faraday’s.
law, Lenz' law; Self-and mutual-induc-
tances; Mean and r m s values in AC cii-
cuits; DC and AC circuits with R,.L and C
components: Series and paralle| reag- -
nances; Quality factor: Principle of trans-
forrer.

(c) Electre nagnetic Waves and Blagk-
body Radistion: | / .

'd Maxwell's equa- -
tions; Wave equations.in vacuum, Poynting
thqugms. Vector and scalar potentials; Elec- -

~tremagnetic field.tensor, covariance-of: .
-‘Maxwell's; equations; Wavk equations:in: . }

isotropic. dielectrics, reflection =-and{'ﬂrefrace'~ )

. i

tian:.a}-the. baundary. a: two- dielectries; |
,Fﬁ,resnel‘s.teiatio.msg,v*]?oﬁa! intermdlrefiéctions,.<|| - Quark structure of hadrons, Field quanta,
~Normal .and® anomalous . disparsiony .|

- Raylelgh scattering;. Blackbody..radiation. |

and Planck's radlallon TawW; ST&Tan.
Qizmann-law, Wien's - displa¢ement law

 Ireveysible processes, eniropy:

leigh-Jeans’ jaw.

ermal and Statistical Physids;

Thermodynamics:

/s|of thermodynamics, rev rsidle and
Ts-other&a},

d tion and expectalion values:

adiabatic, isobaric, isochoric processes and

e-particl Mualitiy; Schrg

‘Principle; Solutions of the one-dimensional

" ‘Schroedinger. equation for a free particle -

- (Gaussian wave-packet), particle in a b,

 particle in a finite well, linear ha__j;;;ngnic 08~

cillator; Refiection_and transmission‘by a'
step potential and by a rectangular barrier;
Paiticle in a three dimensional box, den-
slty of states, free elactron theory of met-
als; Angular momentum: Hydragen atom;.
Spi phalf particles, properiies of Pauli spin
; trliies . :
2. Atomic and Molecular Rhiysics:
Stern-Gertach experiment, electron spin,
fine structure of hydrogen atom; L.-S cou-
pling, J-J coupling; Speciroscopic notation
of atomic states; Zeeman effect: Frank-
Condon principle and applicalions; El- .
ementary theory of ‘rotational, ibrafond) |
-and elsctronic spectra of diatomic: mol-
ecules; Raman ‘effect and melecular struc-
ture; Laser Raman speciroscapy; Imoor-
tance,qf neutral hydrogen a0, moiccular
hygkagen. and molecular hy drogen ian n
iy, Fiiorescence anz Phosphorss-
cence; Elementary theory and applications -
of NMR and EPR: Elementary.ideas about
Mb shift and its signiticanoy: ]
<Nuclear and Particle Phiysles;
Basic nuclear properties-size. binding en-
ergy, angular momienrum. nay, magnetic
méient; Semi-empirical mass formula and
applications, mass par@bola‘s’; Grieund ¢
state of deuteron. magnetic moment gnd—
non-central forces; Meson thac:y of nucliar -

. forces; Salient features of nuciear forces;

Shell model of the nucleus - siiccesses and
limitations; Violation of parily in beta. de-

“cay; Gamma aecay and internal conver-
. sion; Eismentary ideas about Mosshauer

dpectioscopy; Q-value i nuglear reactions; °
Nuclear fission and fusion, anergy pioduc-
tion in stars; Nuclear TLACIOrS.
Classification of. elementary patictes ang
their interactions, Conservation laws:

ot electroweak and strong interactions: EI: .
ementary ideas about unificaton of forces;
Physles of neutrinos. '

‘4. Solid State Physics, Devices and Elec+

tronics: l ,
C_rystallinle and amorphous sfructure of .

. Mmatter; Djfferent'qrystal systems, ispace ’

groups; Methods &f determination of crys-

talsteucture; X-ray diffraction, scannifig and -
transmission electron microscopies; Band

entropy changes; Otfcand Diesel engines, :

van der Waals equation of ktate of a real '
gas, 'crlticai,cpnslants; Maxwell-Bojtzman
distribution »f molecular vélocities, trans-
port phenoraena, equipartition and viriaj "
iheorems; Julong-Petit, Einstéin, and
Debye's the:ries of spacific heat of solids;
Maxwell reiations and applications:

Clausius- 'C apeyron equation; Adiabatic ffm(:l‘?il_g__and

demagnetise tion, Jouie-Kelvin effect and

Tiquetaciion (1 gases. L
(b) Statistice! Physics: l/

"Macro and m <ra states, statistical distriby-

tlons, Maxwc I-Boltzrann, .Bose-Eirsteln -

and Fermi-Di ac distributioris, applications
to-specific nsat of gases and biackbodly

theory 6f solids - conductors, insulatdrs and

~Gibbs’ phase rule and chemical potentiar: semiconductors; Thermal properies of sol-

ids, spacific héaf Da ) J:ﬂa e="1
tism:.dia, para and ferromagnetism; Ele-
ments ‘of supercondudtivity, Meissiier el
fect, Josephson junctions and applications:
Elemeritary ideas about high temperature
superconductivity, 7

. wd;
extrinsic semiconductors;;pr

N-p @ydln-p:n transistors; Amplifiersiand .
9s¢illaterg;Op-amps FET, JFET apd '

(,.S,,.. i Dpval -
MOSFET;'Digit,aI electronics-Baoleanridan-
titles,. De ‘Margans laws; logic gaias and -
truth 18bles; Simple loglc clrcultss her-
mistors, solar cells; Fundamentais of -miv: °
croprocessors sin: al computers. .-

LI
L el

Tures.

radiation; Ccncept of regative tempera: i
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tan® = sin®’ \/1

—r

/ cosO’ + v/c

can be derived from the velocity transformation relations. (2006)
[ \ ]

33¢" A body of rest mass m, is moving in the positive y- direction at a velocity of 0. 6 C relative to the
aboratory frame, Calculate the components of the four dimensional momentum vector in thelaboratory

frame and in the frame of an observer whq is traveling in the positive x— direction at a speed of 0.8 C

relative to the laboratory frame.
(2007)

L}/ State the postulates of the special theory of relativity and based on these obtain Lorentz as well as invers
Lorentz transformations, Hence, obtain an expression to conclude that a movmg clock runs more slowly thar
stationary clock. : (200~

y An unstable particle has a lifetime of 5 us in its own frame of'reference and is moving towards the eai
a speed of 0.8 C. What will be the lifetime of the particle to an observer on the earth ? (2007,

The length of a moving rod can be defined as the product of its veloclty and the time interval between the
mstants that both the eénd points of the rod pass a fixed mark ifi S éystem Show that this definition leads to the
space contraction - . ] (2008)

\/A’A meson of rest mass 7 comes to rest and disintegrates intg a muon of rest mass ju and a neutrino of zer«
. . " -

V22

rst mass. Show that the kinetic energy of motion of the muon is T = i-—;—’———b— (2008) .
7

\}S“OW that a four-dimensional volume element dx dy dz dt is invariant to Lorentz transformation.

(2009)
: | : .
\/396btain the relativistic equation for aberration of light using velocity transformation equations.

o ' (2009)

Mhat is the significance of the null result of Michelson-Morley expenment” Does it c\il\sprove the existence

ether? Justify. 17/19@15(4 that . eanth dﬁ7¢ ethes aﬁmj

With it . (2010)

—
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. How is an election volt connected other ynits of energy like the joule or the erg?

Determine the speed of an election of energy 1.3 Me V ‘assuming its rest energy to be .51 MeV. '

! i (1998)

\/1{7/ Prove that the expression xHy* -zt s 1nvar1ant under Lorentz transformatlon ' (1999)
\}/ Describe the set-up of Mlchelson—l\.['lorley experiment. Why was a fringe shift expected in rt‘7 How are

its negative results understood? (1999)

What is ‘Lorentz Contraction’?
A spaceship of rest length 100m takes 4us to pass an observer on Earth. What is its velocity relative

to the Earth? ‘ (2000)
Derive an expression for the mass-energy equlvalence using the principle of special relativity.
(2000)

The mass of muon at rest is 207 Me where Me is the election rest mass (0.511 Me V ). The mean life
time at rest for muon is 2.2 ps. The life time of muon emerging from an accelerator is measured in the
lab as 6.9 ps. Estimate the speed of these muons in the laboratory. (2001)

/ person in a space ship is holding a rod of length of 0.5 m, the space ship is cruising at a speed V
parallel to the earth’s surface. What does the person in the space ship notice as the rod is rotated from
parallel to perpendicular to the space ship’s motion? What does an observer on earth’s surface notice?
(2001)
Two spaceships are moving at a velocrty of 0.9¢ relative to the Earth in opposrte directions. What is the

/peed of one spaceship relative to the other? © o (2002)

An observer A sees two events at the same space éaomt (x=y=2=0) and separated by t=10"s. Another
observer B sees them to be separated, by t'=3x10"s. What is the separation in space of the two events as
observed by B? What is the speed of B relagive to A? (2002)

An observer S; sees two bodies A and B having equal rest mass approach each other with equal but
opposite velecity of the body 4¢/5. To a second observer Sz, the body A is at rest. What is the velocity
of the body B as seen by observer S,? What are the kinetic energies of the body B in the frames of S;
and S;? C (2003)
ow does Dopplet effects of light in relativistic physics duahtatlvelz differ from its non-relativistic
analogue? Calculate the Doppler shift in the frequency-of/a photon traveling along y-axis, with respect
to an observer moving along the x-axis with a constant sdeed u. (2003)

A meson of rest mass m comes to rest and disintegrates to a mudn of rest mass p and a neutrino of’ze/cf)

rest mass. Show that the kinetic ener%y of motion of the muon is . !

T—(n sp)?e/ 2 m . . (2004) !
Write down the expression for the relatlvrstrc mass of a particle movmg,w1th a velocrty v in terms of its
rest s. Establish from the above expressmn Einstein’s mass energy relation E=mc’. (2004)

30.Show that the length L of an object moving with a velocrty v is given in the direction of motiom by

L=L,(1-v*/c*)'"?, - ' PWS}

Where L is the proper length and ¢ is the velocity of hght is free space.
What will be the shape of a spherical ball whlle moving under relativistic regime?
rove that two successive Lorentz transformatlons are equrvalent to another Lorentz transformation.__
ence write down the Einstein’s velocity addition relation. -. (2006)

/
32 The source S moves along the x’-axis at a speed v, and emits light at an angle 0’to the x’-axis of its own
rame. In th S-frame the emitting angle with the x-axis i$ 6. Hence x and X’ -axrs are coincident. Show thal
the exact relativistic aberration formula. ; v 4

. 10
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AN

Show from the Lor/entz transformation that two events (tl—tz) at different pomts (x1 # Xp) in reference
frame S are not in general simultaneous in reference frame S! which is moving in the +x direction with
the constant velocity V with respect to S. (1988)

What is the momentum of a proton having leeth energy 1 Be V? The energy equivalent to proton rest
mass is 938 Mev. ) (1988)

transformation. : : (1990)

f §

\/ Write down Lorentz transformation relations and prove that x*+y*+z2-c*Z is invariant under this
An event occurs at x'=60m, at t'=8x10"® s in a reference frame S'which is moving along the common X
or X' axis with a speed of 3¢/5 with reference to a statipnery frame S. The origins of two frames
coincide at t=0, t'=0. Deduce the space time coordmates of the évent in the frame S. (1990)

j/ Prove that addition theorem of velocities in special theory of relativity. Two bodies A&B are moving
away in opposité directions, each with a speed of 0.70C with respect to a stationery observer. Deduce

- the speed of B as measured by A‘? ' , ‘ (1990)

The half life of p-meson at rest is 2x10°® seconds. Determine the. half life of p-meson while traveling

with half the speed of light in vacuum. . (1992)
Write down the expression for the dependence of mass of a particle on its velocity in special relativity.
What will be the speed of a particle if its mass becomes double of its rest mass. (1992)

\/ State Lorenz transformation equations. Show that for V/c<<1, the Lorenz transformation equations
reduces to Galilean transformatlon equatlons Explain the physical significance of Lorentz
ransformations. - (1993)

9 ___State and explain variation of mass with velocity, hence find an expression for the density of a body in
- an arbitrary inertial frame of reference. _ (1994)

The density of gold in its proper frame qf reference is 19.3x10° kg/m Determine its density in a frame _

% of reference where its-velocity is O 9C, ﬂ is the velocity of light in free space. (1995)

In the relativistic region, compare the relative increase in velocity with the relative increase in energy
of a particle. = oo (1995)

Determine the speed of an ‘election, whchh has kinetic energy 1 Mev. The energy equivalent to the rest
ass of an election is 0.51 MeV. ~— ' (1995)

[ ]
The coordinates of an event in an 1nert1a1 frame S are (25m,0, 0, 5x10°®S). What will be the coordinates
f this event in another inertial frame S' movmg with a velocity 0.6C 0 in +x direction with rest x to s.

The origin of two frames coincide at t=t'=0. (1996)
4. Obtam the relativistic transformation relation for density in inertial frames. What is the equivalent
energy corresponding to | amu of mass? (1997)

cl// A p meson travels towards the earth’s surface from high uI; in the atmosphere with a speed of 0.99C. It.
decays after traveling a distance of 6km. In what time does the p meson decay as measured by
observers in reference frames (i) bound to the earth (ii) bound to the meson itself. (1998)

9
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Mechanics mqntinuous media

' \)éhow that the Bulk modulus K, Young’s modulus Y and Poisson’s ratio o are connected by the relation
Y |

T3(1-20) -

o . (2008)
\2/‘@& do you understand by streamline motion and critical velocity of a viscous liquid through a capillary

tube. Capillaries of lengths /, 2/ and —;— are connected in series. Their radii are r, % and g respectively. I

g . s - . . . . b 8
the streamline flow is maintained and the pressure across the first capillary is £, deduce the pressures across

the second and the third capillaries.
\/ - , , : ' - (2008)
¢ Show that the total energy per unit mass of liquid flowing from one point to another without any friction
remains constant throughout the .displac‘ement.

(2009)
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— i 'd Body Dynamies
Explain precessional motion of a top. A solid sphere of radius 2 cm and mass 50gm has a thin nail of
]
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ength Smm ﬁxed perpendicular tp its surface. When this sphere spins like a top with a speed of 20
v/sec. What will be its process1onal speed (1995)
Explam the precession of a spinning itop and show that processwnal velocity i 1s independent of the
angle of inclination. A top s spinning with 20 rev/s about an axis inclined at 30° with the vertical. Its
radius of gyratlon is 5 cm. The centen of mass is Tem from the pivot point. Calculate the frequency
f precession. . (1999)

3 Startmg from the definition of angular momentum of a single particle, obtain an expression for the
ngular momentum of a rotating rigid body. Hence, discuss the time derlvatlve of the angular
omentum and deduce the law of conservation of momentum. (1999)
Show: that the combined effects of translation of the center of mass and rotation about an  axis

through the center of mass are equivalent to a pure rotation with the same angular speed about an.
axis through the point of contact of a rolling body. (2000)

action of a torque N. Apply these equations to discuss the rotational motion of a symmetrical fop
n the absence of any force other than the reaction at the fixed point.
6

What do you mean by the moments and products of inertia? Show that the angular momentum
ector is related to the angular velocity components by linear transformation relations?  (2004)

% Write the Euler’s equations for the rotational motion of a right body with one point fixed, under the

DCerC Euler’s equations of motion for a rigid body rotating about a fixed point under the action of

torque. When a rigid body is net subjected to any net torque, write down Euler’s equations of
M motion of the body with one point fixed. (20606)
v

© angular momentum M of a rigid body compnsm%; of N particles and rotating with angular

elocity o is given by M Z m,‘rk (wx r,,.) where the orjigin coincides with the centre of mass.
. |
Express the components of A/. in terms of components of the inertia tensor. Hence show that the
ost general free rotation of a spherical top is a uniform rotation about an axis fixed in space.
(2007)
Derive an expression for the moment of inertia of a rigid body about any axis. What is an “ellipsoid
of inertia”? Explain clearly what you mean by the terms “principal axes” and “principal moments
of inertia”? '
Find the moment of inertia of a thin rectangular lamina about an axis passing through the centre of
the lamina and perpendicular to its plane. Hence determine the moments of inertia about axes
passing through the midpoints of its both sides and perpendicular to its plane.
(2008)
10/ Show that for any rigid body con51st1ng of at least three particles not arranged in othraigh‘f line,
number of independent degrees of freedom is six.
Define Euler’s angles 8, ¢ and i to describe the configuration of such a rigid body.

Consider two frames of réference, one fixed to the body and the other to the space defined as
S'=(x",y',z") and S = (x, y, Z) respectively, Show that the angular momentum (L) of the rigid
body in the two frames.are related by -

[di;j (dZJ i '
— | =|— | +axL
ar ), \ar ),

Where & is the angular velocity of rotation. ( R (2009) . ‘
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Gravitation and Central Force Motion
ﬁ L - GM
\/‘5@ Kepler’s laws of planetary motion. Assume the law of gravitation to be of the form F= —rn—n—1 where

n is some number. Find the value of n which will be consistent with Kepler’s third law. For this you may
assume planetary orbits to be circular. (1990)

A Satellite moves round the earth at a distance of 3.884x10° km from its. Centre. Find 1ts perlod of
“revolution. in days. Proceed to deduce the distance for a geo- stationery satellite.

(1990)
A body falls from a great height towards the surface of the moon. Write down its equation of motion
and solve it to determine the speed with which the body strikes the surface. Also find its numerical value.
' (1991)
4 / Deduce the magnitude and direction of the acceleration of the moon at new moon.
(1991)
v5/ State Kepler’s laws of planetary motion. Why does a missile need an escape velocity to escape from

ea 1992
jh» Calculate the speed of a satellite orbiting the planet Jupiter at a distance 108 Km, above its surgace )
(The mass and radius of Jupiter are 1.9%10?"% and 69892 Km respectively)
J ' ‘ (1992)
A Satelhte revolving in a circular equatorial. Orbit at height 1.36x 10*km from earth’s surface from
t to t appears over some spot at the equator every 6 hrs. rShqw that the- data are consistent with known
carth’s tadius 6.4x10%km and g =9.8m/ S at earth’s surface '

(1993

/ State Kepler’s laws and prove that for elhptxcal orbits the sd]uare of the period of a satellite is ?
propbrtional to the cube of the semi- major axis. : ‘ — (1995)

‘/9}){)‘b A satellite is lauached into a circular orbit close to the surface of the earih. Find an expression for the
al Velocny that has to be “1mparted” to the satellite to oVercome the gravitational pull. %
(1995)_——

A satellite has apogee and perigee heights above the surface of earth as 4000km and 640km /)
tlvely calculate the eccentricity of the orbit and semi-major axis. Radius of the earth is 6400 Km. !
A particle is moving under a central force field. Obtain the equations of motion and prove thatin
uch ield the aerial velocity of the particle remains constant. (1997)

Moving in a closed elliptical orbit, Haley’s comet goes round the sun once every 75 years. At its
oint to closes approach its distance from the sun is 8.9x 10" k. If mass of the sun is 2x10% kg, what will

be thegreatest distance of the comet from the sun - ‘ i
' : (1997)
Prove that the path of a particle movmg in a central force field is a plane curve and that the angular

entum of the particle remains ¢onstant in time. (1998)
Neptune’s period of revolution is 165 yrs. What is the average radius of Neptune s orbit in terms of

additi

un— Earth distance ? (2009)
Two bodies of masses M, and M, are placed at a distance d apart. Show that at this posmon where the
grav1tat10na1 field due to them is zero, the potential is given by

V~-%(M+M +2 MM | | l .
r/?%\o N LT w ;”J (2009)
] 4 .
7‘(:? -A
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. TUTORIAL SHEET: 2
" Rotating Frames of Reference ' '

1,/ What is understood by the term ‘Coriolis forcé’? Obtain expressions for veloc1,ty & acceleration of a

particle in rotatmg coordinate system. . . _
' (1988)

L}Ae/ﬁne Coriolis force and wrlte an expression for it, through suitable examples, explain the way this
force varies in .different parts of the earth’s surface and for different velocities of the, concerned

particle. ! ,
' (1989)
ﬁxplam what Coriolis force means. Discuss the actlon of Corlohs force on a body falling freely on
the earth at latitude ‘A° _ .
B ] ' (1994)

M the earth were to rotate at ‘n’ times its present speed of rotation about its axis the apparent weight
of a body at the equator would assume zero value. Find an expression for ‘n

t R (1995)

Define Coriolis force. Obtain an expression for the Coriolis force. How does it account for the
whirling of winds in opposite directions in Northern and southern Hemispheres?
. L (1996)
Obtam the equation of motion of a partlcle movmg relative to a rotating frame of reference Explain
the term representing Coriolis force in this expression. (2001)

a freely faliing body from the height ‘h’ on the surface of the earth in the northern hemisphere

7. r
(/iix a latitude °0° show that the deviation of the body towards east at the final stage is given by 1/3
w Cos(8h*/g)""%, where w is the angular velocity of the earth and ‘g’ is the acceleration due to

" gravity. A '
' (2004)

\)/ Derive the relation 7 = Vo +oxr, where V is the velocity of a partlcle located at 7 in a fixed frame

of reference S and 7’that observed in frame'S rotatmg with angular velocity o with respect to S but
: (2007)

having the common. .origin.
Q Show using the above relation that the equation of Motion of the particle in 1S gets modified in S

/glvmg rise to Various fictitious forge. Identify the coriolis force and describe its effect on the flow of
(2007)

_‘I rivers.
|
i
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20yDefine scattering cross-section.'A charged particle of mass m and charge Ze is scattered by another
charged particle of charge Ze at rest. Deduce the expression for the scattering cross-section.
(2000)
mg the rocket equation and its integral, find the final velocity of a smgle stage rocket. Given that
(a) the velocity of the escapmg gas is 2500 m/s (b) the rate of loss of mass is (m /200)/sec. (where m

ist e initial mass and 0.27 m is the final mass .)
. (2002$ Py

Derive the relationship between the impact parameter and the scattering angle for the scattering of an

alpha particle of charge + 2e by a nucleus of charge +Ze.
Calculate the impact parameter for an angle of deflection of 30 if the kinetic energy of the alpha

particle is 6x10-13 joules.
' } — (2002)

If a single stage rocket fired vertically from rest at the earth’s surface burns its fuel in a time of 30
sec and their relative velocity v=3km Sec™, what must be the'mass ratio mo/m for a final velocity is:

of 8Km /sec? . . i (2004)
\y%onsidering the scattering of a-particles by the atomic nuclei, find out the Rutherford scattering
cross- section. Explain the physical significance of the final e)gpression. (2005)
7Y Derive an equation of motlon for a variable mass. Explain how it is applied in the motion of a
rocket. "\ , _ (2006)
\AS)/W hat is center of mass? .Show that the total linear momentum of'a system of particles about the
centre of mass is zero. (2006)

29.A force field is given by I
F= (2xy+z3)f+x2j+3xzzk.
[s it a conservative fieid 7 If so, what is the scalar potential?

(2008)
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A radioactive nucleus of mass m, amu emits alpha particle with kinetic energy E,. If the
disintegration ocgurs when the nucleus is free, deduce an expression for the energy evolved (Ert)
during the disintégration. 1 , (1993)

place with another particle of mass m initially at rest. In this context show why hydrogen would be

Find the fractional decrease of kin{tic energy of a of mass m; when a head on elastic collision takes*
\ctually D0, not HO is used. Why?.

best to be used for slowing down.

: | | (1993)
Wat is centre of mass? Show that there exists only one centre of mass in a system of particle:
Discuss the usefulness of centre of Inass in studying motion of a system of particles.
' (1994
The distance betweén the centre:i of Oxygen and Carbon atoms in a CO molecule is 1.22
Determine the position of the centre of mass of the molecule relative to Carbon. (Assume aton
masses of Carbon and Oxygen as 12 & 16 respeétlvely) _
(19¢
13¥A particle of mass m, moving with an initial velocity Vo is acted on by a central repulsive inve

square force, F = 1(2— Show that the Scattering angle 6 depends on the impact parameter ‘b’as
! O

2
cot(gj. = Moy, - (1990)
2 k

A particle of mass m; moving with a velocity V; undergoes an elastic collision with a particle of
mass m; at rest, in laboratory - frame. After the collision the first particle moves at a certain angle to
the direction of its initial velocity, and this angle is © in laboratory-frame and ¢ in centre of mass-
frame. Ifthe ratio of masses 1{2—2 is A, showthat0 & ¢ are related as tan6 = sm_(b_’

L cos o

(1996)
In the NH3 molecule, the three hydrogen atoms forms an equilateral triangle. The distance between -
the centre of this triangle from each _hydrogen atom is 0.939°A°. The nitrogen atom is at the apex of
the pyramid with the three hydrogen atoms formmg the base The distance between the hydrogen nd
nitrogen atoms is 1,014°A°. Find the position of the centre of mass relative to the nitrogen atom.

‘ (1997)
\l/ﬂéw do we infer the law of conservation of linear momwent m from Newton’s laws of motion?
A sﬂatlonery bomb explodes and on explosion, it fragments into three parts. Two of these parts,
which are of equal masses, fly apart perpendicular to each jother with a velocity of 60m/s each. The
third part has a mass four times the other two. Find the m gmtude and the direction of the velocity
of the third part !

(1999)
{/l%onmder the motion of a rocket in a grav1tat10nal field and detive an expresswn for its final velocity
when the fuel burns at a constant rate till it is fully ¢onsumed.
— (1999)
The mass of the moon is about 0. 13 times the mass of the earth. The distance from the center of the
moon to the center of the earth .is 60 timies the radius of the earth. Taking the earth ¢ s radius to be
6378 km, find out the distance of the center of mass of the earth- -moon system from the center of the -
earth.
L , : (2002)
yj/Ram and Shyam are two skaters weighing 40 kg and 60 kg respectively. Ram traxéling at 4 m/s
meets Shyam traveling at 2 m/s in opposite direction and collides-headon.
a.If they remain in contact; what is there final velocity? -
b.How much kinetic energy is lost? i (2000) . {

n|!
!
/

- .
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TUTORIAL SHEET: 1
Conservation laws

hat is the recoil energy in electron - volts of mass 10 2 om after emlsswn of a 7‘ ray of energy
f1 Mev? ' (1990)

Define differential scattering cross-section: Write down the dependence of Rutherford scattering
cross-section ¢ (), on the scattering angle 6 and sketch this dependence graphically. In the present

case the total scattering cross section ¢ = f5(8) dQ turns out to be infinite. Comment on this result.
(1990)

\//:

eutron of energy 1 MeV collides with a statlonery helium nucleus and is scatt?/ed Deduce the
momentum of the neutron and of the helium nucleus in their center of mass system.

(1990
4) /Define differential scattering cross section for a scattering process. The differential scattering
cross-section for neutrons scattered elastically from a s?hd is of the form |

B(Kn Kf)
o(6)=Ae where A & B are constants and Kland Kf are respectively the wave Vectojs
of the incident and scattered neutron Determine the total Scattering cross - sections, given——

&= 124. ' o (1991)

%)ve thatif Eand E' are respectively the neutron energies in the laboratory systém, before and
after collision with a nucleus of mass number A, then
B 1 + A% +-2A Mc . | o
E  (L+a) |
Where Mc is the cosine of the scattering angle in the centre of mass.system. (1991)

What do you mean by centre ‘of mass of a system of particles?  Derive expressions for the
instantaneous position vector and velocity of the centre of mass of such a system of particles
(1992)

/)/Using Rutherford’s observation that the number of a - particles scattered at angle ¢ and falling (Il
)

. 4
unit area of the screen varied as {coSe c(%)] , deduce an expression for the probability

scgitering between angles ¢ & ¢ +d¢d .
(1992)
8 A rocket of mass 1000 kg. is ready for a vertical take off. The exhaust velocity of its fuel is 4.5
km/s. Deduce v ) .
(a) The minimum rate of fuel ejection so that the rocket weight be just balanced
(b) The velocity acquired in 8 seconds if the fuel ejectlon rate- is 2.50 kg/s (You may neglect the
effect of changing mass of the rocket in the given condltlons) - . (1993)
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