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[, A _student-has decided-to measure the d

ensity of a stone with a smooth surface hut having an-irregular
shape, at home using the following items.

A rectanguiar container
A 30 cm ruler (foot ruler) with mm scale .
Asseme that he has sccess to the following items too,

A household glass measuring cylinder capable of measuring liquid volumes uptc nearest 5 ml.
Jcclmmc balance at a nearby retail shop.

(a) He started the experiment: by determining the volume of thc, container using the 30 cm ruler,
{1) What are the mugmmem he has to take?

(L ... R | N8 faneavsnsnres (say x,)
0 U .- (say x;) |
(3) ............................................ I 1:\ x3)

measurement may be less accura:c
Whai ‘is that measurement? ...

What is the reasdn for that? .vvvevevveiiienienannnn,

(b) He washed the stone thoroughly. drieti it, and kept it inside the container as shown
in figure (1). Then he filled the iemaining volume of the container upto the brim
with a measured amount of water using the measuring cylinder, Let the volume
of water measured and added to the cylinder be V.,

Figure (1)

V, =

D= ceeeeeeeee-- shscrramsrensarne anane Arssanassannan BemmsEasEEERE s

- (i) If he has the oprion to choose a container with the tame volume but having a

narrow brim as shown i in ‘igm (2), explain as to whyit is ad'\rsntageous to select
sucb a container?

© G
(ii) Hence write donrn an cxpwssmn for the density (d, } of m: stone in wrms of the symbols

defined above,

do -— e R e L T SREresiassssnsrarnanansnan

' ‘li} ‘When an ordinary 30 cm ruler (foot ruler) is used to take the above three measurements one.!
' |

(i) Write down an expression for the volume of the stone (V) in terms of V, x,, x, wnd . |

.’L-jf
7 .2 Endex No.: RTITTTa e
Do not
PART A — Structured Essay write in
Answer all four questions on this paper itself. this
. . (g 10N kg_l) column

[see page three ‘
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(d) Suppose you want to estimate the mess of & huge rock
that is situated on a flat land as shown in figure (3), using
the knDWMasa tiat you - -..ﬂ-ﬁ zained from the abowe -
cxperiment. Assume that you have ability and provisions -
to construct wooden boxes of any knmown volume, or
wooden structures of known size, and access to sufficient
quantity of finé sand instead of water,

(i) Write down the major stcps of a mclhﬂlﬁhﬂlvym wyould suggcst in order 10 measure the volume

of the rock.
.o (i) What lind of- rr&&sunng devme can be constructed {o measure the volume of said using the
i materials gwen under (d) above?

i bt h bR R B R A m R R B BB A A At a b s bR AN BRI G ARl SN NI A NN NN PR IR BRI E AR EEE

(ili) What is the other physical quantity that is needed to estimate the mass of the rock?

L e L L L L L L L L T

(iv) Suggest a method to measure the quantity mentioned in (@) (iii) above,

N I T L T BisEsRsnsE BE ssEEas BT RS IABERsERBR R

2. You are asked to perform an experiment to verify that the value of the specific latent heat of fusion
of ice is 3.3 x 10° J kg™ using the method of mixmures.
Some of the items given to you are listed below.
(1) A copper calorimeter
) A beaker n:om.ammg water heate,d to 45 °C
(3) A block of ice

(a) Prepare a list of other items needed to perform this experiment.

T TR Y NEEREETsTIRARIEERIan Y FEssssEsaman SmssEmrrsmaawErE [EEEETY T T Ty

ST IIIT] Bausidsraaianiiang B D L T T

the su:mundm 257

apdseRsitEmTeannasEnay Bessssrssrmssanaa e - . CCRTETIEAE FiBsaEsSiissaEsssamEEsER R T TR TR
sansnans - . . - e - ans . . FEERBEEEIR s a s ssss s
I TEsrsssrstessasrrasrrrtEs st rannan srasas reseean D T T e T P PP T T

i (c) If the room temperature is 30 °C and the dew point of the atmosphere is 25 °C what values would
you suggest for

(i) initial temperature of water :

(ii) minimum (EMPETAIUIE OF WALET 5 ..ceurerrreiiirnns eeenrrrrnrrrrersseneranns msnssssstons
Give reasons.

&) When pufomuug ihxs expenment what steps would you take to minimize the heat absorbed from

@

A

[see page four
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/|- ++(g)In this experiment the measurements that are used to determine the mass of ice have to be taken
more carefully and mcurataly. Explain why:

3. You are asked to verify the lens formula by plotting a stitable graph, and to determine the focal length
-.-of :a-conver-lens. A partly assembied. set-up that can be used for this purpose is shown in the following
diagram. U is the object distance. You are providéd with an abject pin P.- lens L, Imatmg pins (P,
and P,; one short and other tall) and:a white scw:cn 8.

4

| l
ol [ omm \il (S
B A

(@) Considering two light rays coming from point X marked on P, draw a suitable ray diagram to
locate the image of thf- object ‘pin P,

(&) )mettwscwsmanzppmpnmplacemmeabovedlagrm
(i) What is the purpnsc of keepmg S at the. place where you have drawn -it?

R T TR T R T T

(c) () To determine the image distance (V) of the object pin P, the locating pin P,-hes to be used
and you have to place your eye at = snitable position. Label this position as E in the above
diagram.

(i) How do you make sure that the image of P, coincides with P, ?

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

LR R e T T T T T sresssrraEs ARy 1
T T T T T T T P T T T P D 1
LT Eremmarriy semssrmaiassaen srsssssansannsns . an LEE T

+
™\
(d) List all the experimental measurements that you would take before adding ice. ‘
. : s
! : v o sranssses column
(e) What pmoedum would you follow when preparing ice, adding it, and mixing with water?
Preparing : ......... ceramasnrnerasarnanrebe (PR 8 bimn absim st S, bttt rea e e tenraenanans
Adding : ... Pettaetitsramrmnasagrrar e e erweseemseassesmemAsittrnbeonnn e neeratnernsant
MIXING ©  .evveeveiiereeie s ee e iee et Snsmskinysnakiness iasnrinkadsbennasnnss snnnsssiannes anns ,

&
@

(see page five
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(d) Suppose you want to take a Tew readings with vizuel images too. Dy the object pin and the
locating pin at appropriate places for taking such a reading, and label them as P, 'F, or E "i
the following diagram (positioning them at exact" locaﬁons is not necessary) |

"
*m

(¢) (i) Draw a graph that you wouId expect to obtain on the follomng grid. Your graph must contain
data points for real images. as well as virtval images. Label the axes.-

1

f

-

(ii) What is the expected gradient of the graph? .
(iii) How do you determine -the ‘focal length of the lens from the graph?

e m et maamms e e s N e e e E G EA e e e e e R R EEERdaRaiban s

(f A student says that in the case of réal images when one pair of U/ and V: values are obtamed

answer.

I L R R T

4. Figure (1) shows an incomplete - diagram of a
potentiometer arrangement used for ‘measuring the
internal resistance of a cell. '

- {(a) In addition (o the items earrespandmg to the
symbols shown in figure (1), if you -are
provided with Ll"-c items showri in figure (‘.2)
to -perform this expenmcrt,

- Figure (2)
Item (1) Tiem (2) Item (3) Item (4)

(i) which item would you connect betwaen AB? Hoenianracthtaraneontsblnariateronnepaserenntianyren

two data points could be pmltcd. on the graph. Would you agrcc with this? Give reasms for your|

Do not
wrlte in
Tyl
c->lumn :

(ii) which item wouid you' ccmm%rbwmn CD'? YT TT TP A SN ............

o

@

J

[see page six
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Do not
(b) In this experiment, after the appmtns is setup properly, twe balance lengths must be taken. What| write in

are they?

G eevieene. e RAS AN RN SRR T A e cesisdaanisid £ B4 SR LR AN ER AR avin s aen aiaa e s dasn b st e s s ates sbbes

(¢) If the balance lengths taken by a student were 90 cm and 80 cm, calculate r. (The value of R|
' was 5€) during these measurements).

--------- R
................................................... D T T T T T T TP R P sessaes .
.......................... B EE B S s mm e m e S EEE e e e e e SRS eSS NS g A SRR e RN
. vemrnas sassuns T sasssvsssssessRsRsRre B ve . PP e

R R T L N T T Y L L

(d) For maximum accuracy, the potentiometer must be adjusted so as to give largest possible values
for-the balance lengths.

6) ‘Wluch of the two balance lengths mentioned in (b) above must be used for this adjustment?
Give reasons for your answer.

.................................... R L R

(i) With what item do you perform this adjustment?

Y LT e B R R RS R RS RS SR AE B EA A BRI AR RE s B Ne R s

(¢) 'If an R value much larger than 5, is used in the circuit when taking measurements under + %3
above, would you expect a more accurate or less accurate value for r? Give reasons for your amsvcr.

T samsassamnnnns srabsEadssrasErsasaas Bassisnad sEssasssAEEssRES NS R RN EI ARSI A IR AAAS ISR AR B

T L L I R T T T sesmammang FERRRA IR As R A E st s R s s,

-

this
column

[see page seven
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PART B — Essay

Answer four questions only.
(g = 10N kg™

5. Inthis question, you will investigate a few basic movements of a robotic
arm shown in figure (1).
The arm-segments A and B of the robot have the ability to rotate in either
direction around joints | and 2 in horizontal planes. Joint 3 allows
segment C to move up and down. All three joints are operated by electric
fnotors. Assume that only one movement around or across a joint is
allowed at a given time and that there is no friction in any of the joints.
(a) First consider an upward motion of segment C. This motion is
described by the velocity (u) - time {f) graph.in figure (2). Mass of
segment C is 0.1 kg.

Figure (1)

(i) Calculate the acceleration of segment C during the first o
1 seconds. b (ms™)

(ii) The forces acting on C are its weight, and the force 0.1
applied by the motor for the motion of C. Calculate
the force applied by the motor during the first 2

srrands.

T

. “hat are the nagnitude and direction of the force , — 1 )

' applied by the motor on C during the last 2 seconds 0 1 2 3 4 s
of motion?

(iv) Suppose the magnitude of the maximum force the Gy
motor can exert on C is 1.2 N, If starting from rest, @3¢5
€ moves up under this maximum force for 0.5 s, how 0.5
far w1ll it move?

(b) Next consider a rotation of segment B (together with segment
C) cccuring around joint 2, The angular velocity (w) - time (f)
graph in figure (3) shows this rotation. Assume that 0 : PR— v t ()
segment A is held fixed during this rotational rﬁotign._ 2 4 6 B8
The moment of inertia of the combined sysiem of segments B Figure (3)
and C around the axis of joint 2 is 0.01 kg m?.

(i) Calculate the torque applied by the motor on B during the first 4 seconds of motion shown in figure (3).
| (ii) Calculate the angular displacement of B ﬁﬁ:‘i.ng the 8 5 period shown in figure (3).

(iii) If the magnitude of the maximum torgiie that can be applied by the motor is 0.002 N m, what is

the minimum time that will take for B to start from rest and come to rest agdin after an angular
dlsplacemeni of 3.2 radians?

(c) Now if segment A is allowed to mtatc frcely around joint 1, what would be the d:rectmn of rotation of

segment A when segment B, starting from. rut, rotatss clogkwiss. around joint 27 Glve resgons for your
answer,

isee page eizht
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6. Read the following passage and answer the questions given below,

The Doppler effect for sound waves depends on three velocities, namely the velocities of sound, the source, and

the observer with respect to the air. Normally air is considered to be stationary relative to the ground and therefore |
these velocities can be measured relative to the ground.

However, this is not the situation with regard to light waves. Light as well as other electromagnetic waves require |

el B LTI S 5 H N = a ey L Sy P
.a0 medium. and ticy are Japehls of aavelling even through o vacuum, The Doppier effzct for light waves depends |

on twe velocities, namely the velocity. of light (¢) and the relative velocity () between the source and the observer, |
as measured from the reference frame of either source or the observer. i
If & certain light source is at rest relative to us, we would detect light from it with the same frequency (f,) as that |

of the source, and it is known as the proper frequency. If it is moving away from us with a speed v (v << ¢), then |

the light we detect has a frequency fthat is shifted from [, due to the Doppler effect and fis given by the following |
formula. )

Ffsfl-8 where ﬂ:%

Ht{;ﬁever, measurements involving light are usually made in wavelengths rather than'frequencies, and the above
formula canbe rewritten in terms of wavelengths in the following forny- ’

A
='1}'C where Al=A4-A,

. U/ Core of M 87

The. quantity AA is called the Doppler shift. - /

g, L } -

If the light source is moving away from us, A is longer than A, AA is positive, and the- f

Doppler shift is called & red shift. If the light source is moving toward us, then A is ' / ;

shorter than A, AA is negative, and the  Doppler shift is called a blue shift. ’ v ;
Figure (1) '

Using astronomical observations of stars, galaxies and other sources of light, scientists '8

can determine how fast the sources are moving, either directly I

away from us or directly towards us by measuring the Doppler (W m-2)

shift of the light that reaches us. :

Two regions of interstellar gas orbiting the core of a galaxy known
as MR7 at a radius r = 100 light years is shown in figure (1),
Orie region is moving towards us with a speed v and and the
other region is moving away from us with the same speed. Figure
(2) shows the variation of intensity-(f) with wavelength (1) of
light reaching us from those two regions.

3 ! Vv !
The gas is under the infiuence of the. :g':avitaﬁnnal force due 10 the 0 299 500 s01 502 s son A (am)
mass M of the core of the galaxy. This mass of the core is about Figure (2)
'two billion times the miass of our sun, strongly suggesting that a &

silper massive black hole occupies the core.

(@) () Doppler effect for sound waves depends on three velocities. Name them.
(i) These velocities are normally measured relative to the grbund. What is the reason for this?
() Why does the Doppler effect fur light depends only on two velocities?
(¢) Starting from f=f,(1- ), défive the relationship U=%f. [Hint: When. B<<l, Tf—ﬁ,=l+ﬁ].
(d) (i) From figure (2), determine the values of two wavelengths at which the intensitics are peaked.
(ii) Which peak corresponds t:a the gas moving towards us?
(iif) If the gas-~j§wr_cr|°: not movmg n:la_tiv'fc to the core, what is'the wavelen
the light that would be detected by us?
(iv) What is the Doppler shift (A%) of the light from the gas moving away from us?
(v) Hence determine the speed v of the gas. Round off your answer to the nearest integer (¢ = 3.0x 108 ms™Y).
(vi) Is § << 17 Justify your answer.
() () Determine the mass i of the core of the galaxy. (G = 6.0x 10! Nm? kg2).
(i) What is believed to be occupying the core of the galaxy?

gth A, (proper wavelength) of

R

>
'@

—— -’

[see page nine

www.alpanthiya.lk



&

-:9 - ﬁm@lﬂﬂl-ﬁuim\_%

. Figure (1) shows the stress-strain curve for a uriform steel rod. (0 1%
Identify the points A, B and C. - T = >
An underground storage (S) of length 150 m, and width 6 m is B i
to be constructed at a depth of 20 i from the grunnﬁ level.
Figure (2) shows the side view and figure (3) shows.the fi frcm
view of the storage. The weight of the soil existing above the 1
roof of the storage is to be supported entirely by 30emx30 cm / '
square steel columns (C). The soil has a uniform ?::nmty of 0 2-3 4 5 (x 107%
3.0x 10° kg m™, 150m .Strsm
' ‘: AP ST 7 g Fl.gm (1}

20'm

1

05‘
§.
z
8
~u

Roof of the

storage Roof of the

Steel cqlumns (%)

Figure (2)

20 m||:

(a) (i) Calculate the total weight of the soil that the AR &
columns must support. ~i;°
(ii) What is the number of columns néeded to keep § _
the compressive stress on each column at — Figure (3)
2% 108 N2 7 Assume that the weight of the soil 60
is equally distributed among-the columns. Neglect the mass of the roofing material.

() (i) Determine the Young's modulus of steel from the curve given in figure (1) above.
(ii) If the height of a steel column is 4.995 m what was its original uncompressed height?

(€) 1f the columns have a circular cross-section of radius 15 cm instead of the square cross-section of 30 cmx30'cm
mentioned abave, does the number of columns calculated in (a)(ii) above would beiless, same or more?
Give reasons for your answer.

Steel columns (C)

A B

. Two metal plates_ A and B kept parallel to each other in a vacuum are connected to
a voltage source as shown in figure (1). A molecular ion of mass m and charge +q,
starting from rest from the plate A accelerates towards the metal plate B under the influence
ol il vodtige Vo mnintained between the plates.

(@) (i) Write down an expression for the kinetic energy gained by the ion when it~ —:
reaches the plate B. 3 !
(ii) Derive an expression for the velocity v acquired by the jon when it reaches v
the plate B. —
(iii) If dj, is the distance between the plates derive an expression for the time (#)taken = ,
FAnCE bt : igure (1)
. by the molecular ion to reach the plate B, A a
(b) Suppose the metal plate B is now replaced with a metal wire ! 5 —
mesh so that the jons moving through the region AB could enter
a field free region and move towards an ion detector D placed -

at a distance § from the wire mesh B as shown in figure (2). '
Consider two molecular ions 1 and 2 of mass m and charge +¢

= 3

Eﬁ
51

-- Field frae
" region” [—
suddenly being formed at time £ = 0 at distances d, and 4, from
the wire mesh B as shown in figure {2} Jf they start from rest = L
and move towards B under the e!ecmc ﬁ:lﬁ
(i) derive expressions for times 4 ‘and 1, taken by the ions
1 and 2 to reach the mesh B and ,indicate whlch ion reaches the mesh firs.!. '
(ii) derive expressions for valocm&s ‘-"1 and v, of ions 1 and 2 wh?n they reach the mb
‘mesh B, Indicate which ion has the higher vc]ocny when they reach B. E
(iii) Derive an expn:smon in terms of 1,,'t,, v, and Uy for the suitable value for the
distance § at which the detecioy D has tq be placed so that it detects both ions o
| and 2 at the same time as shpwn in figu:a (3. = Plgure (3)

...1.... A
il
m
o
5
8

B

2

e R

[see page ten
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9. Answer either part (A) or part (B) only.

AL/2G12/8L-K-18(13

|

(A) (a) Figure (1) shows a circuit powered by a 12V baitery
with negligible internal resistance. The two bulbs A
and B are rated at 3V, 0.1 A and 12V, 2 A
respccnvely C and D are two devices having internal
resisimnte ¢ & ezch.

(i) Calculate the value of resistor R, that would
provide the rated voltage (o bulb A

(ii) Calculate the voltage across C and the power dissipated in the 10 Q resistor.

(iii) In order to be able-to limit the current through D between 0.5 A and 2 A, what should be the
value of the variable resistor Ry?

(iv) Supposr: three fuses with current ratings 4 A, 5A and 10 A are given. In order to make it possible
to npe.rats all da\uccs simultanepusly, under the abové condidons, which fuse would be most suitable
to be connected to this circuit?

Figure (1)

(b) Electrical: circuits such as the one above are constructed by mounting clectrical ‘*-‘-'F‘
components on insulated boards, and joining the terminals of the components by
copper -mres In modern circuits, however, such connections are made by thin copper

strips printed on insulated boards. i |
A part of 2 printed circuit board is shown in figure (2),'and an cnlarged diagram of

one copper strip is shown in figure (3). Figure (2)
For all calculations below, take the thickness of copper strip, k, as 0.3 mm. .
(i) Calculate the resistance of a 10 mm long copper strip of width l < t‘t‘\'“'

w =-1 mm. (Resistivity of copper is 1.8x10% Q m)) i - -
- ? " § . . ) . r1q'|
(i) Calculate the voltage across this strip and its power dissipation, mu}f}__‘,'"
when a current of 0.1 A passes through it.
(iii) If all the heat dissipated in one second is accumulated in the
strip without being lost to the environment, what will be its increase in temperatu
h -1 - ] -3
eat capacity and density of copper are 400 J kg K- and 9% 10® kg m™ resp

(iv) Copper strips carrying large currents are normall)r made wider than those carrying st
Give two reasons for this.

Figure (1)

(B) (a) Write down the truth table for a 2-input AND gate. Use symbols A -and B for inputs and

R SE— -
B o B < F,

b

a—>— A Aol
P

Eu—--

Figure (1) Figure (2) Figure (3)
(b) The block diagram of the circuit-shown in figure (1) is given.in figure (2).
(i) Write down the truth table. for the circuit shown in figure (1).
(ii) Hénce, show that the circuit shown in figure (1) operates as follows:
F0=10nlywhenA 0 and B =0,
and  F, = 0 otherwise.

(c) Suppose now you use a 3-input AND gate in the circuit shown in figure (1) above instead of 2
-2-input AND gate, Let the third input be E. Then the block dizgram will take the form shown in

1l

figure (3).

(i) Draw the circuit diagram corresponding to the block |~ |3 |E|fo|[[A|B|E| R
diagram in figure (3). 0|0]1 0|00

(ii) B;«_f filling the two truth tables shown, show that the circuit ol olilo
will operate similar to the circuit given in figure (1) when
E =1, and the output F; = 0 when E = 0 irrespective of | 1 | 0 | | 11010
the values of A and B. NERE tlito

[see page eleven
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{h Wow dimw 2 cirenit diagram using a. 3-;;1»".:1 AND: gate g ome NOT gate ‘to operate as follows.

(e)

(&)

The output F, = 1 only when A =0, B =1 Nl E =
F, =0 when E = 0

Ik

Similarly draw two separate circuits using®? 3>t &ND gates and NOT gates, to operate as follows
(@) OQutput F, = 1 only when A = 1 andc B=0 and E = 1 N

.F, = 0 when E = 0
(i) Qutput F, =1 only when A = 1 and % =1 and E = 1
Fy =0 when E=20

Il

Now combine all four circuits drawn nnder (c)(ii), (d), (e)(i)
and (e)(ii) and draw a single circuit sz ‘that it will have only A
3 common inputs A, B and E;y-and.four outp ts F,, F F, and F,. B é—

The circuit that you have drawn should conform with the block diagram E
given in figure (4).

F
L . F

Figure (4)
Suppose you are given four devices, an elecni- fan, an electric heater, an electric kettle and an electri
motor which can be switched ON or OFF with logic signals 1 or 0 respectively.

(i) Draw a block diagram to show how yo would connect the devices M Fan
shown in figure (3) to the block diagrain given in figure (4) so that 2
any one of them can-be selected and operated, one at a time. ONIOFF | Heater
‘Write down the combination .of approjriate logic signais that you
would apply to the inputs A ard B to select cach device. ON/OFF e
(ii) How would you keep all the devices in non operative condition using _
logic signals? ON/OFF Motor
Figure (5)

10, Answer either part (A) or part (B) onily.

.
Al

L

Consider 2 pond of cross section 2 mX 2 m, .2 *d containing pure water constantly being exposed tc direct
suclight. (see figure 1) The amount of sola heat radiation falling on the pond is 1000 W m2 and
assume that it is constant for the calculations below.

Furthermore assun':m' that solar H&at is incider, normal to the water surface at all times, no heat transfer
occurs between waler and the walls of the pond and that no heat is absorbed by water directly

from suniight. All the heat is absorbed by a2 Llackened metal she&t placed at the bottom of the pond
and then Lmnsfcrrod to water’ n:ar the bottom by conduction.

(i) If the amount.of heat absorbed by the meia: sheet over a 7 minute period entirely contributed to raise
the temperature of a thin] Ia}'cr of water-uf mass 40 kg just above the metal sheet, how much will
be the temperature rise in-water? (Take specific heat capacity of water as 4200 J kg™' K)

(if) Let densities of water at 0°C ana it 8¥C bé p, and p,
respectively. Obtain an expression for p,, in terms of p,, & and
the volume expansivity of water y.

(ili) Explain why convection currents Wil sccur when water is 3
heated .as mentioned in (a) (i) shove. Figure (1)

. _J

[see page twelve
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(B} A solar pond is a pond used to collect and store solar e-+rgy as heat. Solar heat b
reaching the bottom of such a pond is trapped by sup 1 s

. press ng convection currenls. 2 LT :f':,,‘:— .
A very simple model of a solar pond with a 2 m % 2 m are: is shown in figure (2). éﬁ‘ Ry
It has three distinct layers. The top layer has relatively rure water. The bottom Ay s
layer has a very high salt concentration resulting a high density: The density is /7777 iraweas

uniform throughout that layer. In thc middle layer, the sa't concentration and

Figure (2)
density decreases gradually with height.

PG Tolio T g pails, ssume tnat the initial temperatur= of water throughout the pond is 30 °C.

(i) In a practical solar pond, the temperature of the boticm layer can reach about 90 °C. If the mass
of water in this layer is 6000 kg and if it recc’ ;s heat radiation at the constant rate of
1000 W m™, how long will water take to reach % “C? Assume that this heat is entirely used
to increase the temperature of water, and that salt \/ter has the same specific heat capacity us
pure water.

(i) Taking p, = 1554 kg m™ for salt water, calculate '.: dénsity of salt water at 90 °C. (Volume
expansivity of salt water-is 4 x 10~ K1) ' -

(iii) If the top layer remains 2t 30 °C, can there be convection currents from the bottom to thetop
layer under the above condition? Jusﬁﬁ'-:wi:im—“a‘.nsw or. (Take density of pure water at 30 °C as
1000 kg m™.)

(iv) (1) When the temperature of the: battom:layer incii..ze from 30 °C to 90 °C, calculate the amount

of heat stored in that layer.
(2) Suggest a method. to use .this energy:for a ;-actical purpose.

(v) In a practical solar pond, heat Idss tkrongh the walls must be minimised, If a styrofoam layer
of thickness 10 cm is used as an.imnsulation betv-3:a water and walls of the pond, and if the
temperature of the walls stays st 40°C while' wat~r is at 90°C, whar will be the rate of heat
loss per m? through stvrofoam? (Heat conductivity' of styrofoam is 0.01 Wm™' K1)

(B) In 1924 Louis de Broglic proposed that a particle having a lin.;:ar momentum p can be described by a muatier
~ wave known as a de Broglie wave. 2
(@ (i) Write down an cxpression for the de Broglie wavelerath (4), in terms of the Planck corstant & and p.

(ii) For a particle of mass m and Kinetic energy

E, rewrite the' above expression in terms of h, m
and F. ' S

(b) A vessel is filled with helium gas at temperature ol a.thiorspheric pressure of 10° Pa.
(i)fWritE down an expression for the mean kinetic ene v E of helium atoms in terms of the Boltzmann
-~ constant k and T.
. (ii) Using the expression derived in (a) (if) above wrii : down an expression for the mean de Broglie
wavelength A of helium atoms in terms of h, k T and mass m of a helium alom.
(iif) Calculate A at T = 27 °C. (The numerical value: of the constants are given at the end of the
question.) [Take 8.4 =3]
(iv} If @ is the mean distancq’,‘l_:)ctwucn helium atoms, by ..ixing the total volume of helium gas to be Nad,
where N is the number of helium aroms present in b vessel, determine.a. Consider helium to be an
ideal gas. [Take 360 = 4].
(v) Can the helium atoms be.treated a5 particles under Liese eonditions? Give reasons for your answer,
(vi) If the volume of the gas could be decreased withoi t changing its pressure by cooling it down, at a
certain temperature T” the mean de Broglie wavele :3th of helium atoms can be made equal 1o the
mean distance between helium atoms. Derive an evoaression for 77, in terms of 4, m and k.
(Planck constant h = 6.6 x 107 I's; Mass of a hel'um atom m = 6.0 x 107 kg;
Boltzman constant & = 1.4 x 1072 J K1)
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