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height to the centre of mass of the sphere from the bottom of the vessel IS ‘.‘
‘ 0
I |
Define an inertial frame of reference- SN RV
What is meant by 4 pseudo force?
Draw any W0 pairs of forces relating to the Newton’s 3™ law in the system.
| | [0+ marks]
Write down an expression for the tension, T, of the string using given quantities.
[0+ marks]
The connected string is suddenly broken, find the time taken to reach the sphere 0 the top of the
vessel in terms of given terms. Neglect all resistive forces on this calculation.
[04 marks]
Sphere is again connected by a same string and the vessel is moved downw ard with acceleration
a, find the new tension Ta. 1 the vessel is in a free fall, what would be the tension?
[06 marks
N{ot\]v thc,vcsscl : llnovcd horizontally with acceleration ¢, {owards the right. Draw the positionl
of the sphere and he sring in a diagram Indicate atic
‘ am. ¢ the direction of he accelerati ;
Sugram the acceleration on the same
By giving necessary relations clearly explain your answer,
[07 marks]
A collision is i
ai ;
O, Acu e\;cnl in w:mh twlo or more bodies exert forces on cach other for a relatively
scording to the €oc Ticient of restitution, tl L
0 ere are (wo s ecial cases of
llision, elastic and inelastic collations. peciat 6552 ot e
>
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. What is meant by the coeflicient of restitution in relating to COHlS'(;nS:,.HC|Cs'>
ii: What is meant by the center of mass reference frame f)fﬂ SY?“”“ 0 E‘ ovi.n P o
ii. A particle of mass my moving with velocity m‘colhdc.s with another moving particje of
mass m2 with 2. Show that the total momentum is zero in C.O.M. frame. - s
b) A lerge asteroid of radius 5 kn and average density 2500 kg m'3|119ving in an opplz)sne direction
o the earth, relative 10 the sun, with the speed equal to that of the carth ma' © a hea(‘.l-on
collision with the earth. The carth takes one year to orbit the sun once on a circular orbjt of
circumference 102 m. The mass of the earth is about 6 X 1024 kg.
1. What is the momentum of the asteroid before the collision?
. What is the total momentum of the earth asteroid system?
iil. By what percentage will the collision change the earth’s momentum?

(Assume that the mass of the asteroid is added to the earth after the collision.)

[15 marks)

3. A coordinate System Xz rotates w

ith angular velocity o relative to an inertial coor
XYZ. The acceleration

of a moving particle with velocity Vg in rotatin
with respect to the initial coordinate system XYZ, is denoted by,

dinate system
§ coordinate system Xyz,

=Tt 2T 4~ (= —~ . dB
aF:aE+2waR+wx(mxr)+d—txr
where r is the position vector of the particle w.r.t. the frame XYz, at time /.

An air parcel of mass m moving

from tropic of cancer (located 309
the pressure gradient.

N) to the equator (0% under

a) Considering a time dependent vector in rotating re

ference frame, derive the above relatjon.

[10 marks)
b) Write down an expression for the real force acted on the air parce|.
o e _ [02 marks]
¢) Indicating the significance, discuss each term of the expression.
) _ - (08 marks)
d) Discuss briefly the effect of Coriolis ang Centripetal forces on the air parcel in relating to the
expression.
05 marks
. [05 marks)
a)

I What is meant by a conservatjve force?

ii.  Give one example each for 4 conservatjy
. For a particle moving under

between F and i scalar potenj

V. Apply ueneral test to determine

e force ang non-consery
4 conservatiye force, F,
al U

ative force.
write down g relationship

Whether (he following forees are conservative

>

[10 marks)
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_ (2 ke on a [rictionfess lorizontal |
ing with force constant k '
g

ass !
\ n]x‘\ ‘
b) A gwltl
gl : : B _
s st ed i (he figure. [he mass 1< pulled by )
Just o ) SIIIIS S
s i hin (he qpr' e lor distance 0.1 mand released o
qehn : ;
e sl The polcnual cnergy of the mass at any
sam 1O
it {0 5 »
ion s &Y by 7 K<
pe i otential energy yariation of the mass with the distance x.
' ¢
L what s (he (otal energy of the mass and mark the total energy variation on the same
i Y ¢
graPh n pal I . ' ‘
how (hat U oscillatory motions of the mass attached to the spring is in able
' cquilibrlum condition- |
Ifthe spring nstant = Nm', calculate the velocity of the mass when.x= 0.08 m.
. [15 marks]
jer 2 phys! pen jum made 0 fa thin uniform disk of radius r and mass 7 connected
- er ' ‘ 5 . ; :
1 COHS;' gniform rod of ss and | gth L as shown IN the figure. [he system IS pivoted from
hill I ) =3 ' .
- it and s 1ree o oscillate inaVv ical plane- Neglect any friction and possible air
the PO
esistan® ' .
iner uniform
ghow th moment of inertid of a thin :
od of mass / and length L about an axts passing
I
hrough the end perpendwular (o the rod 1S gML
(08 marks]

isk about an axis going

dicular to its

ertia of the d
perpen

b) Moment of in
plane is

through it center,
a of the physical

pendulum about an axis through pivol point 0
(he vertical plan¢: [07 marks]
0ina vertical plane a5 shown in the
r the period of small oscillatio

| L
L. Find the moment of inertl

2

figure, it

normal (0
small angle
ns of the

1 is displaced by
e an expression fo

¢) If the pendulul
ations. Deriv

performs small oscill

[10 marks]

physical pendulum.

0,
X dircction has an amplitude of Jem

4) A sinusoi
usoidal we ,
| wave traveling at 400 ms’" in the positive

and a freg
uency
uency of 300 Hz. At /=0s onc of the wave cre

st lies exactly on the x=Im lin¢ in

the X
(. Y coordinate system
1) Cal |
culate the [
¢ following quantiti
. quantifies: Waveleng (h ( ) A"gu/(lr‘/i-e([llt,'lu-p ((u) AIIA'IIIUr

Waye 4
tumber (K
, ) ’ ey
(K), Period (T) and phase con stant (§)



i) Write down the equation of this traveling wave as a function of time and position,
(i

[08 marks|

b) Consider two sinusoidal waves, y, =y, sin(ky-ar) and Yy =y, sin(ke -+ an) traveling in

opposite dircctions.

(i) Find the resultant wave by using the superposition principle,
(1) Explain nodes and antinodes,

(iii)Derive an expression for transverse speed.

(iv)Derive an expression for strain.

\
(note: sin (c)+sin(d)=25i“(%d ¢ S(C%dj :

/

(08 marks|

¢) Two sinusoidal waves combining in a medium are described by the wave functions

»=3.0 sin(7zx—~0.6z1) and »,=3.0 sin(zx+0.6771) where the amplitude and x are measured
in meters and ¢ is in seconds,

(i) Determine the maximum transverse position and maximum transverse speed of an

element of the medjum at x=0.25m.

(it) Find the first fwo smallest values of x corresponding to antinodes.

(09 marks]
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