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" PAPER Il PART A - STRUCTURED ESSAY

(1) Figure -shows a thin, uniform meta! sheet of side a with a square hole of side b in it. a E—

and b are of the order of a few centimetres. a,b, thickness (t) and the mass {m), of the ;! . ?

sheet ae to be measured as accurately as possible. 1 !Ii’b L

(a) What is the best iaboratory measuring instrument that can be used to measure 7 (ore line) I | ' !!, I|

(b) An important check has to be made before taking a measurement using the above L | \L
instrument. Whatisit? (oneline)

(c) Youaregivena vernier caliper tomeasureaandb.

Which partof the caliper would you utilize to

(1) determine a: .o U —
(2) determine b: .. — . et e gaasin chaemsi sl
(d) What isthe mostsuitabie laboratory measur'h]g instrument that can be used tomeasurm?  (one line)

(e} Write down an expression for the density of the metal in terms of m,a,b,and ¢, (one line)

(H) Thethicknesstwas measured at five different places of the sheet and the values obtzinedare given below. ‘
Li0mm, Lllmm, i12mm, &llmm '
(i) Whatisthe leastcount of the measuring instrument used? {one line)

(ii) Calculatethe mean thickness of the sheet. (one line) _
(iii)Upto Eow many'dcr:imai places wouid you give the answer calculated above ? Explainwhy 7(2 lines)

Todetermine the volume of the sheet a student suggests to immerse the sheet in water and mezsure the volume
of water displaced. state why this is not so accurate as compared ¢o the value calculated using a,b, and t.

{one line)

)

You are asked tofind the specific latent heat of fusion of ice using the method of mixtures.

(a) Draw alabelled diagram of an experimental arrangement that you would use for this. '
(b) (i) If the ice is avaiiable in the following three forms, which form would you think is the best for this
experiment ? :
One large cube : Smailcubes: Iceincrcushed form,

(i) Give one scientific reason as to why you have rejected each of the othertwo forms. (3 lines)
(c) Whatare the threé measurements that you would propose to take before adding ice intc water? (3 lines)

(d) In this experiment, usually a certain experimental procedure is adopted to minimize the heat loss to
surrcundings. Whatisit? (2 lines) )

(e) Statethe other two measurements that you would take after mixing ice and water. (2 lines)

(£) Inthisexperiment an accurate result cannot be obtained if a small quantity of water just sufficient to dessolve
ice isused.

Give tworeasons. (2 lineseach)

(g8) When calculating the specific latent heat (L) of fusion of ice using the data taken under (c) and (e) the
temperature of ice is usually assumed to be 0°C.Ifthe actual temperature ofice is -2 °C, by what percentage
the calculated value of L is deviated from the actuai value duetothisassumption? (2 lines)

e Ve YENIANY YT S YOI D Y v wmed ﬂtﬂ-‘-&k@.

Specific heat capacity of ice = 22x10'Jkg'K"
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3. Youareprovided with a convex lens, two pins which are mounted on stands andn !‘.crecn v

(2) You are asked to determine the position of the real image of a pin formed by the cu-l.‘;.fcx len ‘ﬁf. the otl
pin. Draw an experimental arrangement of the given apparatus that you waould use E-)ft‘ﬁs 5, usi L-L: belt D{‘
objectpin as O, the image pin as/ahd the screen as S. Also mark the positionsof the focal' ol o
(3 cmm space available) X i points. '

(b) Write down the essential experin:ental steps thlat youwould foliow in the non - parallax m vich i Jﬁ
to determine the posistion ofthe image in (a). (4 lines) _ E cthod which is us

(c) Inasmillar experiment when a certain concave lens is kept in contact with the convex lens a real image cov
notbe found for any location of the object pin. : i E&

(1) Whatisthereason forthis? (one line)
(ii) Draw a ray diagram to illustrate such a situation. (7 cm space available) J}

(d) Now ifa suitable concave mirror is placed behind the lens combination mentioned in (c)above areal image
found to appear at the same location of the object pin. Lﬂ]

(i) Where should the centre of curvature of the mirror be situated forthistohappen?  (oneline)

(i) In such an arrangement the distances to the object pin and to the concave mirror from the le
¢C{mbll}atmn are foundtobe 20cm and !0cm respectively. if the radius of curvature of the conca S
mirroris 20 cm, calculate the focal length ofthe lens combination. (3 lives)

{iii) Ifthe focal length of the convex lens is 20 cm: what is focal lengti: of theconcavelens? (3 lines) '

=4
. . . ., -f?‘ —
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Inthediagram shown X and Y aretwocoilsof N,andN,turnsrespectively and ABCD is anironcore.

{a) (i} If the key Kis closed suddenly, an instantaneous current will flow ti:fau\gh the resistor R. Expla

why? (4 lines) . , o :
' (ii) Indicate the dirn:lcllion-of this current in the abovediagram. L | :
(iii) State the .law which determines'tﬁ;: direction _of thils current.(No "arksw'il be given for mathematice
formuiaonly.} (3 lines) o ' _ o
(iv) What is the main purpose of the iron core ABCD? (oneline) |

- & - '. - . X [ ]
(b) if now an a.c, source voltage of V, is connected across the coil X instead of the battery and the key, and the
resistor R is removed so that the arrangement becomes a transformer, write down expression for the voltag

¥,.developed across thecoil ¥ intermsof ¥V, N, and N, (one line) : B

(¢) Inusual tranformers, power losses in the iron cores due to eddy currents are reduced by using specially made
cores. : , :
(i) Toachieve low losses, what type ofiron coreisused ? (one line)

(ii) Explain how the eddy currents are minimised in th ironcore mentioned in(c){i). (3 lines)

- - [

(d) (i)- Whattype of transformeris suitable for spot welding ? (one Hne_}

(ii) Givethereason foryourchoice. (2 lines)
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Abox of mass 100 kg is to be raised to a verticel height of 1.4.m by pushing it up an inclined plane end then to be
transferred overtoa horizpntal moving conveyor belt, as shown in the figure, it is found thata minimem force of
640N is necessary tc move the box along the inclined plane which make an angle 30° with the horizental. -

(i} Whatisthe otla work done by the above applied force in pushing the box up the inclined piane. -
(if) What isthe corresponding increase in the potential aﬂéa'gy ofthebox 7
{tif) Ifthe value abtained in (i) is different from (ii), explain the reason for it

P o .
(iv) Calculate the coefficient of friction between the box and the inclined plane.

£y H : . . e sl
(v} At the top of the inclined planie the box is tronsferred instantaneousiywith a negligibiy small speed on {0 the

belt which is moving horizontally at a constant speed 4 ms . The box acquires speed of the belt 2 s after it
touches the belt. T

{a) Whatisthe change in momentum of the box along the horizontai direction ?

(b) calculate the magnitude of the force acting on the box during the 2 s, in order to acquires
the above momentum, Explain how does this force originate. .

(¢) What is the magnitude of the externai force which should act on the beit in order to it
movingat constant speed during the above mentioned 2 s. :
Where cdoes this force come from 7 _

b} A vertical support is made of two solid co-axial metai cylinders. 4 and B each of length 5 m
asshe -nin the figure. The inner cylinder 4 is of radius 10 cm and the outer cyiinder B has -
an intecnal radius of 10 cm’ and an externa! radius of 15¢m . The lower end of the suppert
is fixedrigidiy to the houizontal floor and a horizontal plate of negligibie mass is placed on

the upperend. A weightof 2.2x lﬂi N is kept on the plate and the plate remains horizontai.
The young's moduiii ofthe materials of A and Bare 1.0 x1 0" Nm”and1 2x10" Nm” .'rgspectively.
() Whatis th'e..ra'cio of the forces acting onA and B? -
(ii) Whatisthe decreasein length'oft'he support due to the weight that is piaced on the plate 7
(iif) Suppose at a time when the weight is not present on the plate, the temperature of the support has
gone up by 20 °C . Calculate the increase in th lengths of 4 and B under this situation,

Linear expansivitiesofthe materialsof A andBare2.0x10°C'and 1.0x10° C" respect:we_!y.

(iv) Nowifthe weight(2.2x 10° N is brought back on to the plate while keepina the temperature of the
SMPEOE 35 Wi Ve LS IERIRRLW I 1E), Show that the fength oFthe supportagain becomes Jm.

[Ifyourle:tpressions in {iv) above contain terms such as (5 + Al')and if A/ is less titan 0.005 m
‘youmayneglect Al]
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Usingdimensional analysis show that the visous force F acting on asphere of radius a moving wisl: 2 VEIO¢
ina liquid of coefTicient ol viscosity Ij isgivenby ' Wit
' F=knaV

where k is a2 constant,
A sample of muddy water fromasiveriscoliccted tontell glass vesseland allowed to sediment atiime t=0 |
: . (Y L

be assumed that the mud particles attain their terminal velocities within a negligible short time. Assume tt ¢
muddy water contains equal numbers of spherical particles of al! sizes and initially the are distributed u;=i:or

the voiume.
(i} Desiveanexpression forthe terminal velocity Vof'a mud particle of radius a and density p moving d~v

water efdensity @ and coeflicent of viscosily 17.
. 3 s 3 . . .

(i) If p=25C0kgm™, o=1000Kgm™, n=8x 10° N sm” and the height of water in the vessel ,s ,
calculate the time taken to sedmient all th particles with @=8x 10 m . Assume that there are no collie n
particies inside the vessel. : )

(i) Repeat the calculation in (ii) for particleshavingradius e=3x 10°m.

(iv) Once the s:di_ﬂ!t‘:mntion cfgnr‘ticlcs having a= 811.0'6 m is over what {racticn of particies with a=3
can be found inside that sedimented layer.-

State Newton's Law of coolig
(i) Avesseiufwaterkepiinaroomol‘lcmpemttrc_BGnC istobe heatedto 106°C.
(2) When an immersion heater of 420 W was used to boil the vesse! of water it was found -
temperature cf water had not increased beyond 90 °C .Explainthereason forit.
(b) Calcuiatethe wattage of an immersion heater which is just capable of increasing the temperature o
" waterto-100"C. Assume that the evaporation of water from the surface is negligible. -

(ii) Inaprzctica! situation
(a} State whether the assumptioninade in {i)b is valid specially when the temperature of wateri el

100°C. _ _ ,
(b) briefly explain whether the wattage calculafed in (i) b issufficientto increase the temperature of w
100°c. | . _

(c) briefly explain whether the Newton's Law of cooling can be applied when there is evaporatioi.

from the surface.
(d) [f the 420 W immersion heater and another immersion hezater having a wattage equal fo =
calculated in (i)b areused together to-heat the water calcuiate the rate at which the water bol..

the vessel. | . _ _
(e) inorder to perform the calculationin (ii)d above is it necessary to make the assumption state 1
Explain youranswer. _ : . . -
- * . - 6 - -]- .
Specific latent heat of vaporisation of water=2.27x 10 J kg :
Ciearly identifying each symbol write down tie idea! gas equation. -
G

* containing dry airat27 °C are cof
. held horizontalty, the 2

Two identicai glass buibs 4 and B eachhavingavolume of 50 cm
chown, When thady

. . _ 2 :
gass tube of length 100 cm and cross sectional area 1 cm . When the system 1s
RiorEY valume centained i the tube iz found to bo at the middle of the (uhe 83

vertically, the top of the mercury column is found to be at the middle of the tube.
(1) Find the pressure inside the bulbs, when the systém is in the horizontal position, in cm of mereury:

Faln]
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(if) In the V..rLc!aI position, when the lower half of the system is main:zined at a certain temperature, 7, the
rrﬁcury column moves up so that the bottom of the column is at the middie of the tube. What is the value
of T?Neglect the expansion cfthe giass and mercury.

HH ] 1 o M . § . . " I ‘ H

(iif) Suppose the buib A contains dry air and B contains air with saturated water vapour, and the mercury column is
still found to be at the middie when the system is kept at the horizentai position.Now if the temperature of the

a * 3 - 0 0 1 . Wy w A .

system is lowered from 27 °C to 12 °C the mercury column will move by 1.5 cm from its initia! position. -
Calculate the mass of water vapour which wil get condensed in the bulb at 12 °C . Assume that the water

vapour behavesasan ideal gas _
molecularmassofwater = 18g '
gas constant R = 83J.mol'k"

Q . ' im0 . U S o 2 o
Saturated vapour pressures cf waterat27 ®Cand 12 *Care4.0x10'Nm" 2nd 1.5 10 Nm' respectiveiy.

5. Answereither part{a)or pari (b

- f— ‘:lfcm —

{a) Cross sectionofacylindrical giassrod ofiength40cm —— —
having a flat surface at one end and a convex surface. . I ' S LN \
at the other end, is shown in the figure. A cylindrical ' ‘ "
cavity of length 20 cm is located at the center of the X~ ~~[ "=~ 77T I ¥
rod. Refractive index of glass=3/2, m—— 'mmj
(i) A narrow monochromatic beam of parallel light —_——iwm ——

enters through the flat surace along tlie axis XX'
and converges to a pbint outside the cylinder, ata
distance 10 cm from the convex surface. What is the rad
ciearly the formula and the sign convention that you have used. _
(ii) Ifzsma!l light bulbis placed atihe center ofthe cavity, what is the position of the imag
itis viewed through the convex surface? s
(iii} Where should the light bulb be located inside the cavity in order to obtain 2 parailel beam of light through
the convex surface ? ' ' -

ius of curvature of the convex surface ? State

e of the light bulb if

(b} ' Angular magniﬂcaiidn is a better measure compared to linear E‘nag_'niﬁc_aiion in determining the
magnification produced by an optical instrument. 'Briefly explain the above statement. ' :

" (i) A student constructed a refracting telescope usinga cardboard tube and two convex lenses of focal length
100 cm and 20 cm. He observed the image of a distant building with the teiescope in normial adjustment.
calculate tlie magnifying power of the telescope. Derive any formula that you may use. '

he has converted the insirument into a terrestrial telescope in normal adjustent by placing another

(ii) Later ot . e AL
the objective and eye piece while keeping the distance between

convex lens of focal length 8 cm between

the objective and the sye piece asshouias possible.

(a) Why is it convenient to use the arrangement mentione
distant building ? . .

(b) What is the distance between the image formed by the objective an

length 8 cn:? ' :

Trace the paths of two rays coming from the top of the distant.

telescope to the eye. o

(6) Caiculate the distance between th
terrestrial telescope.

d in (i) over the one given in (i) to view the
d that formed by the iens of focal

(c) building through the terrestrial

e objective and the eye piece, and the magnifying power of this

6. Oncetheend correction is neglecied, the resonant frequencies, f; of 2 uniform pipe of length L closedat cneend

Can be written as e _n¥
o 4-’—}

Where I7is the velocity ufseund inain and s can take values 1.3, 5, 7 and s on.
simuiarly ifthe pipe is open at both ends, the resonani frequencies, /', are givenby
: ] .
ENd
e — JREEE Y

2L Where i can take values 1,2, 3,4 and so oi.
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(i) :;Er ::g:l ::.s:s, show that the above fo_rmulac are true for the respective I'undnmc:ttnl notes and the firs b

(ii) A uniform pi l .
apen it reso% ﬁi :a?sgg ;;_l.}l_lc end resonates at the frequency of 210 Hz. When both ends of the pipe ard

(a} Neglecting end corrections, calculate the mini i i
conditior_:s. (Velocity ofsound inairis 340m s")n R lehglhc_WhICh sitishes e ﬂbnv-uh
{b) Underthis situation,for whichtonesdo 210 Hz, and 840 Hz, correspondto?

7. Answer either part(a) or part(b) ) Db
(a) A resistor network consisting of three series connect i i
. ' e ed resistors R, R,and R,is placed acrossal00 v
;:;:\Ely W};h R, adjacent to the positive end A and R, adjacent thtIie;ncgati\:c c‘:ld D. T:: junction
appli::::es ,San:ndﬂfs and that tb::jn;aen R, a;d R, are denoted by B and C respectively. Two tlectrica
connected between B and
i ; 5 nd D, and C and D draw curretits of 19 mA a4 20 mA
(i) If the 300 V supply delivers 50 mA to the network ni
. ! ani the voltages across BD and CD are 208,
. and 150V respectively, find the values of theresistor. ., R,nndgﬂ, e e

~ (i7) Calculate the internal resistances of S, S
(iii) If S, isdisconnected whatwill be the voltage appearing across S, and the currentdrawnby §,7 A

(iv) f:r“ S5, to operate P'Dpﬂl'ly.lhc input power given to it must lic between +5% ofiherate Wwvalue.

: _ hen S, isremoved, verify whether S, will continue to work properly or not.

(b) Write down Biot - Savart law in the form of a mathematical expression cicarly idenutyng ali theg
symbois you have used. Show in a diagram the directions of al! the variables associatd with the
expression. "

Write down an expression for the magnetic flux density B ata point which is situated atadstance

!'rom'a thin straight conductor of infinite length carrying a current Po _

A wire XY bentto form two rectangular loops as shown in the figure and carrying a curreatel 10 A

placed symmetrically between two long straight parallel wires AB and CD so that their leegsides ru

paralleito ABand CD. All wire secions of XY, which are parallel to the two iong wires haylength o: .

20 cm and 2 separation of 10 cm as indicated on the diagram. Assume all 4 ¢

the wires lie on the same plane. o

(i) !fthe wire A8 carriesa current of 20 Ain the upward direction (BA)
find the magznitude and the direction of the resultant force exerted on
the wire X7 by the magnetic field ductothe current inwire AB.

(ii) Is the actual magnitude of the resultant force acting on X7 equal to the
value caleulated in (1) ? Explain your answer.

(iii) Now in additicnto the wire AB, the wire CD als. .arries acurrentof 20
A but in thz oppoite direction  (CD) find the magnitude of the
resultant forze acting on the wire X7 by the magnetic ficlds due to the
currents in ABand CD. You may arriveat your answer even without a calculation puaschcases

abriefexplanation iy required

(iv) Comment on the resultant magnetic
the right of point /.

field produced by the pair of wires belonging 1o frobch lie

I ]
Ho 10410 TmA
a1T .
A charge Q is distributed uniformly aver a than spherical shell of radius A. 7
electnic field intensity any whers o -f k..

Use the Gauss' theorem to show that the
ze () were concentrated atthe center of el t

outside the shell isthe same asafthe charg o
the shell. Find the electric Field intensity inside the shell. A\
A particle of charge =q is released from rest frompoint Ao wardsauniformly  &—1
' - ()  Asshowninthe .
. ’

. . o P S .
charged thin sphenical shel of radius R carrvingcnargs .
figure the particle s initially atadistance o fr “the shell, and when released 17

the surface of the shell, witho#

the two small holes situated dia metrically ©

shell.
(i) Whatistheelestric potential energy ofthe chargedp-.ticle
(2) When itisat point 4 and (b) When itreaches lhe':;cntm .
(ii) Whatis thekinetic energy ofthe particle when itisatthe cenies of the shell”
metorestagain?
se, or remain constar’

(iii) How far from the center of the shell does thepat.zleco

{iv) State whether the velo. ¥ of the particle will increase, decrea

A tc B, B 1o C, andbey end C.

¥
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