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PART A
Discuss: pricfly, the validity of Newton’
1
- " reference on's second law o.f motion in mertial et aprp e A
@ Consider a rocket (Fig. 1) at ala ; /
. U 1 1 /
from the ground and an astronaut “C.h-mL. pad just before taking off /
on balance. The ; weighing his weight from 3 step
_The weights of the astronaut 2nd the bal 80} 1 £
and 5 kg, respectively. mccare 0kE |
() Clearly draw all forces actin] -
4 calculate hem. C1 ng on the ba!ancc and on the astonast | st
o gnitude of s carly indicate action-reaction pairs. What s | 1
gnitude of the force acting on the astronaut by the balance? t 14 |
(b) Consider the instant when the rocket takes off with an acceleration =
of g/2. Fig. }
(1) Calculate all forces and pseudo-forces acting on the balance _
and on the astr t as determi / ! :
e astronaut as etermined by the astronaut. : 3
(i1) Calculate the reading on the balance at this instat in units of v . g
| < -

kg?
e rocket moving in a circular orbit of radius 7
fant speed v 83 shown it gig 2

(c) Now consider th
(Mass = Mj) at a cons

around the earth

figure 2.
(i) Draw and label all f0rees acting on the rockel as Jetermined by //—\
an observer on the earth. . "
(i) Find all forces and P o-forces acting Of the balance and the Mz
astronaut s determined D he astronaut e
(i) Caleulate (he reading O" he balance &t (his instant in units of kg’
{ masses /1

o0 of two objects @
in the sam¢ direction

cxpcrimcmal la

nd 2 respectivcly. Assume th

and m, and speeds 412



. i l . < 1
d Let v/ and v, be the speeds after the collision. How would you apply this |y, o
and u; > u; Let v, v |
a perfectly elastic collision?

. tum for the perfect]
: ion of linear momen X Y elastiall
: ssion using conservation o A idity of this relqy; R
i Wllll'te' a:l oefo:g qasbovc twé> objects. Discuss, briefly, the validity latmnshlp for
collisior
inclastic collisions.

. : v and vy in termg . .
(b) I the collision is perfectly elastic, obtain expressions for v, 4 MS of giye g
uantities, s of earth (Mg) and Speed
(c) qunsidcr a meteorite of mass one tenth of the ma§s.0£ e t(hc Garth, Housy i mes
the speed of the earth (1r) making a head-.on c.olhsntothe it the
Speeds of both objects were in the same direction a

I~ i ression for t y
objects move as a single object after the collision, obtain an exp he COmmo:
Speed just after the collision,

four timeq

. in all the forces
- The earth is rotating about its axis with the angular speed . Explain a ficcess

eront
to describe the motion of a particle of mass m and speed v by' an observer on the carth,

(a) A low pressure region is developed in the atmosphere of the southern he
earth. Explain, with reasons, th
region.

(b) Consider 3 coordinate system

misphere of the "
e development of wind patterns around the low pressyre

xyz of the earth. The angular velocity of the earth is

@ =4k relative to ap inertial coordinate system S. The position of a particle on the earp,

. . o m B 2 Foo

at time ¢ with respect to frame xyz is givenby ¥ =(2° +1) Calculate,
L. apparent velocity of the particle.
ii. true velocity of the particle.

What is meant by p

recession? Explain
precession of a spinp;

, with reasons, the

4
;

Pins at the rate of 4 rev/s. Indicate
ion,




£
!
!
i3 . 0
"‘wi‘e dJown @ condltll'on “;ill must be satisficd by 4 con '
WAle T conservative foree. State f a conservative force
bl 2 . State four examples, (v ¢ force. Prove that any central
;vfon pvative forces. 8, two cach for conservative and :
: , i * and non-
i ) which of }he fnll(lwmg forces are conservative? p "
(i) Y +4y’xj i ative? Prove your answer
() yxi+4xyj '

© () The polcmml of a diatomic molecule can be writ
en as

U(ry=U, (f‘i« ”~2 nY

() Find the force F.
(i1) Find the value of 7 at the minimum of the potential

where r, and [/, are constants.

¢ (ke Gauss’ theorem for gravitational ficlds,
¢ denstty of the carth is given by p; and p, in the regions r < a and a < r < b

s cctivels where b is the radius of the earth

: sion for the gravitation: 1
5) Obtain an expression. gravitational field intensity at a dist:
( o o o e lGwing cases ensity at a distance r from the center

i r= ﬂf ) (ily a<r<b (i) r>h
' ression for the gravitational i j i

(b) Derive an exp g ional potential V(r) ata >

e iy (r) at a distance r (> b) from the

PART B

disk of radius R and mass M is attached to the end of a
mniform rigid rod of mass m and length L as shown in the figure. The
system 1 pivoted from the point 0. Neglect any friction at pivot point
and possible air resistance.

(a) Show that the moment of
Jength L about an axis perpen

rod is lmLz.
3

A uniform

inertia of a rigid rod of mass m and
dicular to the plane of the rod

passing through one end of the

ent of inertia of the disk with mass M about an axis

(b) If the mom
f mass perpendicular to the plane of

passing through the center 0
nt of inertia perpendicular 1o the plane of the rod

the disk is%MRz, find the mome

plus disk system about the pivot point 0.
small angle ¢ in a vertical pl

(c) If the system is displaced by a $ na
figure, write down the equation of motion for oscillations. i
¢ above system 1s given by

(d) Show that the period of oscillation T for th
[,'3. m+ ML+ ;»MRZ +2

ane as shown in the

MLR

gl MR+ (’:’; + M)L]



, ircction has an amplit,t. |
8. A sinusoidal wave traveling in the positive X (.J;m:c“f the u:avc at Tpfl)”'UdL °f 29
: \:r;;‘-;~lc-n‘gl?l of 30 m and frequency of & Hz. A snapshot o y é 15 Shown, ;

in |
figure.
igure i
(a) Calculate the following quantitics. ) ;
(1) Wave number, k
(ii) Period, T’ U
(i) Angular frequency, m { 1 T“**rﬁu >,
(iv)  Wave speed, v - b ‘
(v)  Phase constant, @
Write down a general cquation for the wave. —2o0
(b) A vertical pipe, open at both ends, is submerged in water as shown in the’ figure. A flmii
fork vibrating with an unknown frequency is placcq near the end of the Pipe. The [engy,
of the air column can be adjusted by moving the pipe vertically while keeping the bottg
end submerged in water.

The smallest value of L for which a peak oc

CUrS in the sop
intensity is 10 cm. |

—<

(1) Draw the corresponding diagrams for this harmonic
and find the frequency of the tuning fork.

e—

(if) Draw the diagrams for next two resonant conditions R
and find the corresponding values of /., i

(iii) When the wind blows through a cylindrical pipe of —
length

s which is open at both ends, it makes a |
howling noise. Determine the frequencies of the first three harmonics of the pipe.

(b) A submarine traveling

frequency of 1400 Hy,
towards south along th

towards north under water gt a speed of 8 ms™ emits a sonar at
The speed of sound in water is 1533 ms™, A whale is swimmin
¢ same line towards the submarine with a speed of 9 ms™.

(1) What is the frequency of the sonar detected by the whale?

(i) As the whale
sent from the
again. What js

and the submarine are approaching cach other, some of the sonar wa
submarine reflects

from the whale’s body and returns to the submarin
the frequency of ¢, ed waves detected by the submarine?
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