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PART A — Structured Essay write
Answer all four questions on this paper itself. in this
(Acceleration due to gravity, g = 10N kg™h) column

1. When certain objects are packed in containers they do not A
occupy the entire volume of the container. This occurs due to
the shape of the objects, and under such situations a fraction of
the container volume is always empty and filled with air. 8r

Consider a container in the form of a cubical box of side length v h
87, which is fully packed with identical solid spheres of radius r
in a regular manner as shown in figure (1). This is called regular A4
packing.
(a) Find the number of spheres packed in the container.
%

(b) Obtain an expression for the total material volume of all <€ ar >

spheres packed in the container in terms of r and . Figure (1)

..........................................................................................................................

(¢) When the container is completely filled with spheres, the ratio,

Total material volume of the spheres in the container
Volume of the fully packed container

» is called the packing fraction (f)

of the spheres and the volume of the fully packed container is called the packed volume.
Find the packing fraction, f, for the above regular packing.

.....................................................................................................................
.....................................................................................................................

.....................................................................................................................

(d) If m is the total mass of the spheres in the container, derive an expression for the ratio:

Total mass of the spheres
Volume of the fully packed container

, in terms of m and r.

This ratio is called the bulk density (d,) of the spheres,

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(H A student has decided to find the parameters J;, d, and d,, for green gram
using an experimental method. In this case green gram is packed in a random
manner and it is called random packing. See figure (2). The definitions
mentioned in part (c), {d) and (e} for fp, dy and d,, are valid for random
packing of items of any shape too.

First he inserted dry green gram into a measuring cylinder and obtained a
packed volume of 50 cm® of green gram as shown in figure (2).

Then he measured the mass of the packed volume 50 cm® sample of green gram [§
and it was found to be 3.8 x 107 kg. &

Figure (2)

»
[see page three
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Subsequently he introduced the green gram sample into a measuring — write
cylinder containing 50 cm? of water and found that the water level raised to in this
82 cm® mark. See figure (3). column
(i) What is the material volume of green gram?
(ii) Caleulate the packing fraction (f }of green gram,
(ii) Calculate the bulk density (d,) of green gram in kg m™
(iv) Calculate the density (d,) of material of green gram in kg m™
(g) A polythene bag is to be designed to pack 1 kg of green gram. Calculate the minimum volume of
the bag needed.
2. You are asked to determine the dew point of air in the laboratory experimentally, and determine its
relative humidity.
(@) Write down an expression for the relative humidity (RH) in terms of saturated Vapour pressures.
(k) In addition to a polished calorimeter with a lid and a stirrer, what other items would you require
to carry out this experiment?
(¢) Write down two factors that need to pay atiention before starting the experiment in order to
obtain a final result with better accuracy, and state experimental precautions that you would take
to minimize them.
Factors Experimental precautions
(1
(2)
(d) Small pieces of ice are used for this experiment. Give reasons for this.
_

[see page four
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(¢) What practical difficulties would you face if several pieces of ice are added fo water at a time?

.............................................................................................................................

------------------------------------------------------------------------------------------------------------------------------

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

(/) When the temperature of a certain laboratory was 28 °C, its dew point was found to be 24 °C.
Using the following table, determine the relative humidity of the laboratory.

Temperature (°C) 20 22 24 26 28 30 32
Saturated water vapoar 1753 | 1983 | 2238 | 2520 | 2835 | 3182 | 3566
pressure (mmHg)

..............................................................................................................................

..............................................................................................................................

3. Figure shows an alternative apparatus to find the speed of sound in air using a resonance tube with one
end closed. The principle of this apparatus is similar to the principle of the apparatus normally used in
the school laboratory. The resonance tube in this apparatus is a glass tube with a calibrated scale. The
water level in the resonance tube is raised and lowered by raising and lowering of a water reservoir X
which is connected to the resonance tube with a flexible rubber tube.

i N

Glass = ; X
tube g4 Water
reservoir

EEAATLAATA ALY
AR AN RS

.
Do not

write
in this
column

J
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(a) What type of wave is formed inside the tube at resonance? write
in this
column

...........................
................................................................................................

(b) You are given a tuning fork of known frequency f and asked to obtain the resonant lengths
Iy and I, corresponding to the fundamental note and the first overtone respectively,

(i) Draw the wave patterns for the two modes of vibrations, and mark the lengths [, I,, end
correction e, Nodes (N) and Anti-nodes (AN).
(You are expected to draw the tube for the first overtone).

Fundamental note:

First overtone:

(ii) (1) If 4 is the wavelength corresponding to the fundamental note, write down an expression
for 2 in terms of, I, and e.

(2) Write down a similar expression for the wave length corresponding to the first overtone.
(3) If v is the speed of sound in air, derive an expression for v in terms of the known
and measured quantities.

...............................................................................................................

(c) Before taking the measurement for Iy the water level in the resonance tube has to be raised
upto the top. Explain the reason for this.

...........................................................................................................................

(d) Write down two major differences in the experimental procedure when using the apparatus given
in the question compared to the method adapted when using apparatus generally available in
school laboratory.

(]) B e L R L T
(2) R I R L T T T T

(e) At room temperature (28 °C), when a 512 Hz tuning fork is used, the corresponding lengths of
the resonance for fundamental note and the first overtone are found to be 155 cm and 50.5cm
respectively.

Calculate the speed of sound in air at room temperature.

[see page six
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4. The given circuit can be used in a school laboratory to experimentally . | ; write
determine the emf. (£), and the internal resistance (r) of a dry 11 '\WW 1 n I“"S
cell X using a graphical method. l - ||E : coumn
The experimental procedure consists of measuring the potential S— . X
difference V across the terminals of the cell for different values T W)
of 1 using a voltmeter with very high internal resistance.
(@) Write down an expression for V in terms of I, E, and r.
.............................................................................. ﬁ RFE:
(5) (i) Name the variable resistor that is available in the school laboratory, which could be used
for this experiment,
(iiy The key S should be used properly to obtain expected results from this experiment.
(1) What is the type of key that is most suitable to be used as S?
(2) What is the experimental procedure you adapt when operating the key?
(ili) How do you confirm experimentally that the cell has not run down while carrying out the
experiment?
(¢) A graph of V against I plotted using a set of data obtained from such an experiment is shown
below.
V(Volts)
b
5 0 1 0 S
e |
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write
(i) Use the graph to find the following. in this
(1) Internal resistance, r of the cell, column

...............................................................................................................

...............................................................................................................

...............................................................................................................

(i) Use the values obtained under (c)(i) and the expression obtained under (a) to deduce the
current (/o) through the cell if it is short circuited.

.....................................................................................................................

(d) A supply voltage in the range, 8.6 V - 9.0 V will have to be applied to operate a certain electronic
item properly. The resistance across the supply voltage terminals of the electronic item is 30 Q.
Suppose you have a choice of selecting a single dry cell battery having E = 9 V and r = 10Q
or a combination of six dry cell batteries each having £ = 1.5 V and = 0.2 Q and connected
in series, for the operation of the above electronic item. Using the data given in this part, explain
how you would select a proper battery.

...........................................................................................................................
---------------------------------------------------------------------------------------------------------------------------

...........................................................................................................................
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5. A particle of mass m, is fixed to the rim of a horizontal ring of radius r P
and negligible mass as shown in figure (1). POQ is a vertical axis passing !
through the centre O of the ring.

(@) (i) Write down an expression for the moment of inertia I, of the m,
particle about the vertical axis POQ in terms of m, and r.

(ii) Another particle of mass m, is now fixed to the rim of the ring i
which is diametrically opposite to m,, and the system is rotated 'Q Figure (1)
about the axis POQ with a constant angular speed w. If I, is
the moment of inertia of mass m, about the axis POQ, write down an expression for the total
rotational kinetic energy (E) of the system,.

(iii) If I, represents the total moment of inertia of the above system in (a) (ii) about the axis POQ, using the
expression obtained in (a)(ii) show that I, = 1, + L,.

PART B — Essay
Answer four questions only.
(Acceleration due to gravity g = 10N kg™h

(b) Instead of m; and m,, 10 identical particles, each of mass m, are now fixed to the rim of the ring with equal
spacing. If I is the moment of inertia of a particle about the vertical axis POQ, write down an expression
for total moment of inertia (I,) of the sysiem about the vertical axis POQ.

(c) Now, the ring described in (&) above is fixed onto an axle of P
negligible moment of inertia and coinciding with the vertical axis
POQ using symmetrically fixed spokes of negligible mass as shown
in the figure (2). The system is then started rotating from rest at
time ¢ = 0 in a horizontal plane about the axis POQ with a constant
angular acceleration o and reached a constant angular speed w.

(i) (1) Obtain an expression for the time r taken by the system

to reach the constant angular speed w. Figure (2)
(2) How many revolutions have been made by the system when it reaches the constant angular
speed w?

(ii) Write down an expression for the centripetal force (F) acting on one particle when it is rotating
about the axis POQ with a constant angular speed w.

(d) The structure of the merry-go-round shown in figure (3) which is at
rest is similar to the structure of the system described in (c) above.
However, instead of fixed masses m, the system has 10 chairs occupied
by riders and hung by chains of negligible mass. The moment of inertia
of the merry-go-round, without riders and chairs, about the axis POQ
is 32 000 kg m?2.

Consider a situation where the merry-go-round is rotating about the
axis POQ with a constant angular speed of 12 revolutions per minute :
with all the chairs being occupied by riders. When the merry-go-round Figure (3)

rotates, all the chains are inclined to the vertical by an angle 8, and figure (4) shows the situation with
respect to one rider.

Use o = 3 for relevant calculations. P

(i) If the riders are of mass 70 kg each and the chairs are of 20 kg each,
calculate the total moment of inertia of the system about the axis POQ.
When calculating the moment of inertia assume that the total mass of
the rider and his chair is concentrated at a horizontal distance of
10 m from the axis POQ.

(ii) Calculate the value of 8.

(iii) What is the total rotational kinetic energy of the system?

L y —
{see page nine
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6. The effective focal length of the comea and the eye-lens can be considered as the focal
length of an eye. The muscles controlling the curvature of the lens permit the eye to focus
on the retina light from objects at different distances from the eye. The figure shows a
simplified diagram of the eye with an eye-lens of effective focal length. When the eye
muscles are relaxed the focal length of a healthy eye of a child is about 2.5 ¢m. The near
point of his eye is at a distance of 25 cm.

(Copy the diagram given in the figure and use it when drawing ray diagrams.)

(a) Draw a ray diagram for the situation where light from a far away object is focused onto the retina of
the eye of the child with healthy eye when his eye muscles are relaxed. What is the distance between
the eye-lens and the retina?

(b) Draw a ray diagram for a situation where a point source of light is placed at the near point, is clearly
seen by the child with healthy eye. Calculate the focal length of the eye at this instant.

(¢) Another child has the focal length equal to that of the healthy child when the eye muscles are relaxed and
also has the focal length calculated for the situation in (b). However, the position of his retina is located
0.2 cm behind the position of the retina of the healthy child,

(i) Using the image produced by a point source of light as mentioned in (b) above, indicate his near
point and far point by drawing two separate ray diagrams. Calculate the distances from the eye-lens
to the near point and to the far point of this child.

(i) Sketch a ray diagram illustrating as to how the required correction can be done using a suitable
lens. Calculate the focal length of the corrective lens needed.

(d) When a person becomes older the ability to change the focal length of eyes gets weaker and the distance
to the near point of the eye increases. If the child mentioned in part (c) above would face such a situation,
what is the type of additional corrective lens that the child should wear (convergent/divergent)? Give reasons
for your answer.

7. Write down Poiseuille’s equation for the rate of flow, @, of a liquid through a horizontal cylindrical narrow
tube under a pressure difference of AP. Identify all the other symbols you used.

Under the above condition, the resistance exerted by the tube against the rate of flow of the liquid, Q, can
be defined as the flow resistance R = %‘E "

(@) What physical quantities associated with the tube and the liquid determine the flow resistance R?

(b) When a liquid flows under pressure differences of R R
AP, AP, and AP,, through three horizontal narrow
tubes connected in series as shown in figure (1), the
flow resistances exerted by the tubes are R, R, and R,
respectively. Using the definition given above for R show
that the flow resistance, R,, of the system can be written as
R, = R, + R, + R,. (Neglect edge effects.)

(¢) When a liquid flows through two horizontal narrow R,
tubes connected in parallel under a common pressure TrEITI _soccossooSoaodoo SLTTT o
difference AP as shown in figure (2), the flow ':T-—Si—::;\_dg?;_—_—;_—_~_—_~_-_-_;;-:_-? TmEes
resistances exerted by the tubes are R, and R,. R,
Show that the flow resistance R, of the system can < AP
: I _1 1
be writien as — = F?T + ~R—2- . (Neglect end effects.) Figure (2)

(d) Figure (3) shows a set of horizontal narrow tubes A, B, C, D and E connected between the point X and
a common reservoir ¥ so that a liquid can flow from X to Y. The pressures at X and ¥ are maintained
at constant values. The flow resistance of each tube is labelled in the diagram in units of mmHg s/cm®,
Tube B is divided into two tubes C and D of equal flow resistances. This simplified model may also
be used to illustrate the blood flow through arteries and veins.

[see page ten
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Give the answers to parts (i), (ii) and (iii) in terms of the given units. (Take 7 = 3)
(i) (1) Calculate the flow resistance, due to the system of tubes B, C and D between the points X and Y.

(2) Calculate the flow resistance, due to the system of tubes, B, C, D and E between the points
Xand Y.

(ii) If the flow rate of the liquid across X is 6 cm?/s, calculate the pressure difference between X and Y.
(iii) Using the above results, find the flow rate of the liquid through tube E.

(iv) If the length of tube E is 2 cm find the internal radius of tube E. The viscosity of the liquid is
4.0 x 103 Pas [Take | mmHg = 133 Pa)

() If the temperature of one of the lubes in the system given in part (d) is reduced, explain what would
happen to the flow raie of the liquid in that tube. Neglect the changes in radius and length of the tube.

8. Read the following passage and answer the questions.

Induction heating technology is of choice in many industrial, domestic and medical applications due to its
advantages such as less heating time, localized heating, direct heating and efficient energy consumption. The
operating principie of induction heating is based on the law of the electromagnetic induction discovered by
Michael Faraday in 1831. The two major components in an induction heating system are a coil of wire (often
a copper coil) producing a time varying magnetic field upon receiving a high frequency alternating current,
and an electrically conducting material that generates heat. The magnetic field also changes its direction as
the direction of the alternating current changes. When a conducting material is exposed to such a time-varying
magnetic field, current loops called eddy currents are induced in the conducting material. As the magnetic
field changes its direction rapidly the eddy currents also change their directions rapidly. The eddy currents
always form closed loops inside conducting materials in planes perpendicular to the varying magnetic field.
Eddy currents, generate Joule heat (/2R type heat) due to the existence of resistance of the material.

When the magnetic field created is stronger or when the electrical conductivity is higher or when the rate
of change of magnetic field is larger, the eddy currents that are developed become larger. The eddy currents
which are generated by high frequency alternating current in the coil will exist only within a limited thickness
near the surface of the material due to what is called skin effect.

The skin effect is the tendency of any high frequency electric current to distribute itself in a conductor with the
current density being largest near the surface of the conductor and decreasing very rapidly with the depth of the
conductor. This thickness across which eddy currents are distributed becomes even smaller due the mutual attraction
between the alternating current in the coil and the eddy current loops. This is called the proximity effect. In
addition to the Joule heating, an additional heat is also produced within the material due to a phenomenon called
hysteresis effect. It occurs only in ferromagnetic materials such as some stainless steel, cast iron, nickel, etc. In
response to the varying magnetic field produced by the alternating current, the magnetic domains in these materials
repeatedly change their orientations. The energy required to turn them around finally is converted to heat. The
rate at which the heat is generated due to hysteresis effect increases with the frequency of the varying magnetic
field. Commercially available induction heating systems operate at frequencies approximately from 60 Hz to about
1 MHz and deliver power in the range from a few walls to several Megawatts.

The cookers that are available in the market as induction cookers operate on this principle. In an induction
cooker, a coil of copper wire is mounted just under the surface of the cooker top where the cooking pot is
placed, without touching i, and an alternating electric current is sent through the coil. The entire bottom of the
cooking pot itself acts as the conducting material that generates the heat. The varying magnetic field produced
by the coil enters the bottom of the cooking pot creating eddy currents and hysteresis losses, generating heat.
In order to make use of both effects for heat generation, the cooking pots or the bottoms of the cooking pots
are made of ferromagnetic materials such as some stainless steel or cast iron.

(a) State Faraday's Law of electromagnetic induction in words.

(b) Name two fields of application where induction heating is used.

(¢) Write down the two heating processes involved in the induction heating. Conducting \ . /

(d) Write down three factors which give rise to larger eddy currents. matendl. .

(€) Write down the two effects which limit the eddy currents to be within a limited i ;
@

thickness near the surface of the material.

() Copy the given diagram and answer the following questions.
The direction of the alternating current in a coil at a certain instant of time is
shown in the figure. Consider a situation where the magnitude of this current
is increasing with time. A conducting material is placed just above the coil as
shown in the figure,

.
[see page eleven
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(i) Show the direction of the magnetic field created in this situation by drawing an arrow on one field
line,

(ii) Draw onc loop of eddy current in the material near the position O and show the direction of the
eddy current when the alternating current is increasing.

(iii) Use Lenz’s law to explain how you determined the direction of the eddy current loop that you have
drawn in (ii) above.

(g) Explain how the increase of the frequency of alternating current, increases the rate of heating in the
material.

(h) Consider a situation where a time-varying magnetic field enters a disk of radius R, thickness b and resistivity
p. If the flux density B of the applied magnetic field varies sinusoidally as B = B, sin wt where B, is the
amplitude of the flux density of the magnetic field, @ is the angular frequency and  is the time, then based
on a very simplified model the average power P generated by the eddy currents in the disk can be given by

|
P =k B 0? where k = ”Tg;’l. If k=05m' Q' © = 6000 rad s and B, = 7.5 x 103 T, calculate

the average power generaled in the disk.

(1) In transformers, the core is heated up due to eddy currents and it contributes to energy loss in the form
of heat. How is this energy loss minimised in transformers?

9. Answer either part (A) or part (B) only.

(A) (@) Write down an expression for the energy (W) dissipated in a resistor of resistance R when a current of
magnitude [ is passed through it for a period of time 1.

(b) An electrical fuse is a small element consisting of a thin metal wire. Electrical fuses are connected in
series with electrical/electronic circuits fo avoid damages caused to them due to the passage of currents
larger than the recommended current for the circuits (due to over-load currents and short circuits). When
the current through the fuse in a certain circuit becomes larger than the recommended current in the
circuit, the fuse burns (melts) and disconnects the circuit from the power source. The electrical fuses
are selected so that their ratings are equal to the recommended currents in the circuits.

7 ] .. . Fuse wire
(i) Figure (1) shows how a fuse is connected to a circuit of load resistance R.

Current in a certain fuse is rated as 5A. If the length of the fuse wire is

3 cm, and its radius is 0.1 mm (area of cross-section ~3 x 10-¥m?) and the

resistivity of the material of the wire at 25 °C is 1.7x 10 Q m, calculate R
the resistance of the fuse wire at room temperature of 25 °C.

(ii) When the fuse is operated at the rating mentioned in (i), at steady state, the

entire heat generated by the fuse wire is dissipated to the surrounding without Hgare{l)
burning the fuse. Calculate the power dissipated by 5 A fuse in that manner. Take the '
average value of the resistance of the fuse wire over the temperature range is equal to

five times the resistance calculated under (b)(i). I

(iii) A test performed by manufacturers of electrical fuses is to determine the amplitude of
a current pulse needed to melt (burn) the fuse wire approximately in one millisecond.
Considering the rectangular current pulse of one millisecond duration shown in the
figure (2), calculate the peak current I, of the pulse needed to melt the fuse wire given "1_;;
in (b)(i). Assume that the heat dissipation to the surroundings under this condition is Figure (2)
negligible. Take the mass of the fuse wire given in (b)(i) as 7.5 x 10 kg, and the
average value of resistance of the fuse wire as five times the resistance calculated under (b)(i). Specific
heat capacity of the material of the fuse wire is 390 J kg™ °C'. Melting point of the material of the
fuse wire is 1 075 °C.

(iv) Consider a sitvation in which a load circuit with an applied voltage of JA ¥
230 'V as shown in the figure (3) is short circuited at X¥. Calculate the current
through a 5 A fuse under this situation. Using the results obtained in ()(iii),
show that the fuse will melt before 1 millisecond. (Assume that the current 230V R
produced is a rectangular current pulse.)

(v) A rectangular narrow cuirent pulse of 500 A occurring for a duration of
1 ps passes through a 5 A fuse. In this situation, will the fuse get burnt?
Justify your answer using an appropriate calculation.

Figure (3) ¥

-t
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A
(B) Figure (1) shows the circuit symbol of an operational amplifier having | VA Py
open loop voltage gain A. ' v
(@) Write down the expression for the output voltage V, in terms of v ?
V,, V,, and A. ? .~ Figure (1)

(b) If the positive and negative output saturation voltages of the operational amplifier are = 15V and A = 10°,
calculate the minimum input voltage difference which will drive its output info saturation.

() (i) Draw the output voltage waveform when the

V+
given triangular voltage signal of peak amplitude
5V is applied to the + input of the circuit as 5\"{/\ /\
0 >

shown in figure (2), and label its peak voltage ¢ +

values. l \/ Y
(ii) The circuit in figure (2) is now modified as -

shown in figure (3). When S, is closed and

S, is open the circuit will produce the output Figure (2)

waveform shown in the figure (3) for the input

triangular signal. Considering the actions of circuit elements in figure (3), explain the reasons for
differences, if any, between the output voltage waveform shown in figure (3) and the waveform
drawn by you in (¢)(i). What is the peak voltage of the output in figure (3)?

Ve Yo

5V
0 t

0 t

L

g

(iii) Now a voltage of +3V is applied to the —input of the operational
amplifier in figure (3) by opening S, and closing S,. When a hypothetical 2V
voltage waveform shown in figure (4) is applied to the + input of the
operational amplifier, draw the output waveform expected from the
circuit and label the magnitude of the output voltage. 0 Figure (49

(d) A certain blood cell counting system operates as follows. The blood is diluted by a known proportion in
a proper type of solution, and allowed to flow through a small aperture X of the order of 50 pm diameter
placed in between two electrodes S and T as shown in the figure (5). Blood cell counting is based on the
fact that the electrical resistivity of blood cells is higher than the electrical resistivity of the solution.

S,
i 0
J; Vv

Figure (3)

1

6 mA Plzm 1 000 & 6 mA 1000 € 6 mA
— AW AWM

Figure (5) Figure (6)
A constant current of 6 mA is passed through the system as shown in figures (5) and (6). Currents
through 1000 Q resistor and the electrodes when the solution passes through the aperture X is shown in
figure (5). Figure (6) shows the currents through 1000 © resistor and the electrodes when a blood cell
is going through the aperture X. The point P of the circuits shown in figures (5) and (6) is connected to
+ terminal of the operational amplifier in the circuit shown in figure (3) with S, open and S, closed.
The output V,_ is connecied to a pulse counter. (Not shown in the figure.) /
(i) What are the voltages at point P in figures (5) and (6)? i
(i) If the situation in figure (5) occurs before (6), draw the voltage waveform at P for such situations.
(iii) Draw the output voltage waveform of the circuit in figure (3) relevant to (i) above.
(iv) What does the counter output indicate if a diluted blood stream is allowed to flow through the

l?
aperture X' »
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10. Answer either part (A) or part (B) only.

(A) (@ (i) Briefly explain how heat is absorbed when the physical state of a material is changed from solid
state to the liquid state.

(i) 10 mega Joules of excess thermal energy produced by a certain thermal power plant is to be
stored as latent heat in an insulated solid block of zinc which is maintained at its melting point
of 420 °C. If the entire excess energy is used to melt zinc, calculate the minimum mass of solid
zinc necessary for this purpose.

Specific latent heat of fusion of zinc is 1.15 x 10° J kg

(b) The temperature inside a certain outdoor closed storage room in a cold
country is to be maintained at 0°C when the outside temperature is
at =30°C. The room is thermally insulated with 20cm thick concrete
walls. The inner surfaces of the walls are in contact with a uniform
water layer of sufficient thickness maintained at 0°C as shown in the
figure. Water is stirred internally to avoid formation of static frozen
ice layers. (Assume that the stirring process does not add any heat
to water.)

(i) Explain briefly how the temperature of the room can be mainfained in 0°C upto sometime using
this method.

(i) Calculate the minimum mass of the water layer which will ensure that the 0 °C temperature is
maintained in the room upto 10 hours and only 25% of the mass of water is converted to ice during
this time period.

Total mean surface area of all the walls is 120m?, _
Thermal conductivity of concrete = 0.8 Wm™! °C-1. Specific latent heat of fusion of ice = 3.35x 10° Jkg1,

ice layer of thickness Scm is formed on the inner surface of concrete walls. Calculate the rate at which
the heat from the 0 °C room begins to flow out as soon as the ice layer is formed. Thermal conductivity
of ice = 2.2 W m™' °C-1. For calculations, assume that the total mean surface area of the ice layer through
which the heat flows out is also 120 m?2.

(B) Radioisotope Thermoelectric Generators (RTGs) are used to generate electricity in space-crafts, satellites ete.
An RTG consists of two subsystems.

(1) Thermal source;
It is a container of alpha particle emitting radioactive source. The kinetic energy produced by all
the alpha particles is converted to thermal energy and absorbed by the container.
(2) Energy conversion system:
It is a thermoelectric generator which converts thermal energy absorbed by the container into
electrical energy.
Consider an RTG of a certain space-craft which uses **®Pu in the form of plutonium oxide (PuO,) as the

radiocactive source. The radioactive source contains 2.38 kg of PuO, for which the fraction of **Pu in
PuO, is 0.9 at the Jaunch of the space-craft. The thermal energy absorbed per radicactive decay of Z®Pu
by the container is 5.5 MeV. Half life of 2*®Pu is 87.7 years and the corresponding decay constant is
0.0079 y! (= 25x 1070 s7), Avogadro number is 6.0x 102 atoms per mole.

(i) Find the initial activity in Bg of the radioisotope source at the launch of the space-craft.

(ii) If the efficiency of conversion of thermal power into electrical power is 7%, find the electrical
power in the RTG at the launch of the space craft (1 MeV = 1.6x 1073 J).

(ii)) Find the activity of the radioisotope source by the end of the 10 years mission of the space-craft.
(Take ¢ %07 = 092)

(iv) Find the electrical power produced by the RTG at the end of the mission.
(v) Find the percentage loss of the electrical power after the mission.
(vi) Give one advantage of using RTGs in space-crafls. /

* ok

(iii) Suppose the above mentioned entire water layer is frozen due to some unforseen reason and a uniform |




