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Note: There may be more than one way of writing an answer. Such equivalent correct answers/ expressions are g
due credit.

Q1. A particle of mass m slides along a frictionletsack fixed in the horizontal plane, ahe formi =

igexp( @ wherewis a positiveconstant Its initial speedat o= 0 is Uy when—= 0. Recall thatin polar

. \ Q qQ o . . . . . . .
coordinatese= 1 », ,—m': @= = >+ | o » andP are unit vectors in the radial directi@md a direction

perpendicular to> respectively.

i) Find the—dependence of both the speed and the angiat the velocity vector makes with the radial line
connectingorigin O with the particle. 2+2)

v( & constant =y and independent of—
h ¢ = donstant = taft1/a and independent of—

h ¢ & donstant = taft® 1/a) and independent of-is alsoaccepted

i) Obtain an expression fathe rate of change of angular momen%nabout Oin termsof| and other related
quantities. (4)

dL/dt= & 03 i'® G|

dL/dt = 03 i"® d&i| is also accepted
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Q 1 b) A cylinder of mas8 and radiusYi s pl aced on an inclined

plane has acceleratiog with respect to an inertial frame as shown in the figure.

Assuming the glinder rolls without slipping,

(i) Draw the free body diagram of the cylinder in the frame of the inclined plane.

Ifh; = a/R is not shown #re is no penalizatiorOther directionof R is acceptable
provided it is consistent with, provided it is consistent with,

(i) Find the acceleratioa#of the center of mass the cylinder with respect to an inertial frame.

= Gy Gi— @ B @i'@"Ruhered) = = (¢p Gi— 0"

(2)

(8)
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2¢)(i) Consider a point charge Q at (0,0,d) near a spherical conductor of radius R < d charged
to a potential V .Find the total charge q on the sphere (2)

g=n ~(¥R-QR/d

(i)Find the forcd= on the charge Q. (1)

F=v K no((g+QR/d)/d - QR/d(dR/d)?)z

(i) If d>>R find an expression for the forEeon Q and also comment on its nature if qQ >0

(1)
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F=lj v k glld¥%

Nature of forcerepulsive

(iv) I f d=RAOHind@an expression far the foreon Q and also comment on its
nature if qQ>0. 1)

F=Q/n "o¥41%(-2)

Nature of forceattractive

(v) Briefly explain he observation on the nature of the forces in gaijtand(iv) (2)

When d>>R, the electric field at d looks like the Electric field due to a charge g. T
the force is reulsive.

When d=R#with 1 --A 0, the field at d due to the negative induced charge is larg
than the uniform field due to the conductor being charged to potential V and heng
the attraction.

10
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Q3 a). Light falls on the surface AB of a rectangular slab from air. Determine the smallest refractive
index n that the material of the slab can have so thatcidlant light emerges from the opposite face
CD. (2

3 b) (i) Consider a slab of transpatematerial of thickness,dength |and refactive index n =

22 surrounded by aifThere is a mirror M of height b/2 inside the slab at a distance d from the face
AB. The mirror is placed parallel to face AB, its lower end touching the face BC andfiasting

side towards AB. A narrow beam of monochromatic rays of light is incident at the center P of the face

AB. The incident beam has an angle of incidence i lyingvéen-- / 2 and ~/ 2. l gnorin
effectsfind the values of i such that the rays emeargeof the opposite fadeD. (6)
\ o L > D
a.
T M |
A ¢’

11
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For0 "Q
Sir*(n Sin(taff((2m)b/d)) <i < Siff(n Sin(taf((2m+1)b/d)) for m= 0, 1,2,3 etc.

For Qo0

2

Sir*(n Sin(taff((2m-1)b/d)) < i < Siff(n Sin(tarf((2m)b/d)) for m= 1,2,3 etc.

(i) What happens if the angle of incidence i*20 (2

Practically there is no single ray beam is made oflaunchof rays Hence a part of the
beamshall be reflected and part transmitted through the opposite face.

12
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3 ¢) Whenever an object is heated the dimensasnwell as the refractive
index changes. Within a range of temperatures the changes are linear
temperature differences. If the length and refractive index of a cylindr
object at room temperature (29 is0 and¢ respectively, then the change
YO @2'QYe are characterized by two properties of the bddy
%% QY = :—fY wheres"Yis the change in temperature] lis knownr
can be determined from observing the interfereratéem due to reflection
from the top surface and the bottom surface of a norniadligent Laser
beam on a cylindrical sample of length L. As the temperature change:
fringe patterns shift.

(i) Obtain a relation betweén and the fringe shift . 3)
_6_ .

! 2037y el
(i) In a real experiment with L=@cm., n= 1.515 anid = 7.19 X 10'°° C * a Laser beam of =
632nm.was used. The data of the fringe shift with the temperatgireis below:
m 1 2 3 4 5 6 7 8 9 10
T°C 25.4 27.0 28.9 31.0 33.4 35.3 37.6 40.0 42.2 44 .4
m 11 12 13 14 15 16 17 18 19 20
T°C 46.6 48.9 51.6 54.0 56.2 58.6 61.2 64.0 66.4 69
Plot a graph between m anfCT (4)
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Q4) The figure shows a double chambered vessel with thermally insulatedanalisartition On

each side there are n moles of an ideanoatomicgas. Initially the pressure, volume and
temperature on each side ig Mo and T, respectively. The heer in the first chamber supplies heat
very slowlytill the gasin the first chambeexpandssuch thathe pressure, volume and temperature
of the gas on the left side is,®/,, T; respectively. The pressure, volume and temperature of the gas
in the right chamber is = 27R/8, V, and T, respectively

T

[
4 2 E
Po;{;:,i-c "lv‘)T‘ﬂ ]/
7772

N

\Y

a) Complete the Table below: (5)
P, = 27R/8 V= (2- (8277 V, T, = (27141 (278)*9)T,
P, = 27R/8 V, = (8/27F" V, T, = (27/8§"T,

b) Find the work¥Yco> done on the gas in the second chanibéerms of the molar specific heat and
To. 2)

Y& = nCTo((27/87° -1)

16
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Q5 While performing an experiment with a liquid z (specific heat capacity 2.19kJ Kgak
experimentestarts with 200 ml of the liquid z in a beaker on a hot plate which is attached with scales
to measure mass on it along with time. There is no lid over the beaker and the liquid is kept exposed
to the surrounding. The experimenter inserts a thermomathrtkat it is always in contact with the

liquid near the bottom of the beaker. The experimenter turns on the hot plate at t=0 min. and records
the liquid temperature as well as the combined mass of the liquid, beaker and thermometer every
minute. After 24mins. he observes that there is no more liquid in the beaker. The observations are
tabulated below:

Time | O 1 2 3 4 5 6 7 8 9 10 11 12
(min)

Temp |24 |25 28 37 50 64 77 90 102 | 113 | 124 134 143
. (C)

Mass | 310 [ 310 |[310 [310 [310 [310 |[310 [310 [310 |[310 | 310 307 307
(gm)

Time |13 |14 |15 |16 |17 |18 |19 |20 |21 |22 |23 24
(min)

Temp| 152 [ 158 | 160 | 160 | 160 [159 |160 | 160 | 161 | 160 | 161

.(C)

Mass | 305 [ 302 [288 |264 |241 [214 [190 |165 [ 138 [110 |79 69

(gm)

Based on the above data

a) Plot a qualitative graph between the rate of change oktatope vs. temperature i@l /qptvs T.

()
(Make an appropriate Table for the plot)

t(min) | T=(T1+T2)/2C | gl =T2-T1°C | gt = t2-t1(min) | gil/qd °Cmin’
0

1 24.5 1 1 1
2 26.5 3 1 3
3 325 9 1 9
4 435 13 1 13
5 57 14 1 14
6 70.5 13 1 13
7 83.5 13 1 13
8 96 12 1 12
9 107.5 11 1 11
10 118.5 11 1 11
11 138.5 10 1 10
12 147.5 9 1 9
13 155 9 1 9
14 159 6 1 6
15 160 2 1 2
16 160 0 1 0
17 160 0 1 0

=
(o]
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b)(i) From the graphdentify the temperature T at which dT/dt becomes zero. Q)

T =166C

(ii) From(i) which intrinsic property of the liquid can be inferred ? What is the value? 2+1)

Intrinsic property: Boiling point

Value:166C

(iii) Give two possible reasons as to why the there fSfludtuation in temperature after 15 mifig)

Least cant of instrument is iC; Statistical fluctuations such as aamiform heating by
the hot plate, convective corrections, radiation etc.

¢) Plot m vs. t after t= 15 min. (4)
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