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use and that the edge effecls and gravitational effects can be neglected.)

-
49, A toy car shown in figure (a) having g
an isolated metal axle PQ, travels with
a constant speed v along a sinusoidal
path whose vertical cross-section is in
zx plane ag shown in figure (b). At time
t =0, the axle PQ coincides with the y axis.
If a uniform magoetic field of flux
density B exists throughout the region in
the +z direction and normal tc the xy plane,
the variation of the induced emf.(e) at
end P of the axle with respect to end Q,
with time {r) is best represented by, (Neglect
the effect of the Earth magnetic field.)
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50, A, B, C and D represent vertical cross sections of four identical parallef rectangular metal plales
placed normal lo the plane of the paper. Each of the plates 8, C, and O has a small hole at
its centre, The three plates are arranged so that their holes are coaxially placed as shown in
figure (a). Plate A is grounded and the entire system is in a vacuum. A stationary electron is
created at time ¢ = 0, al the position O on the axis through the holes as shown. Which of the
voltages V,, V. and V,, should be applied to the plates to obtain the velocity (v) — time (f) curve
shown in figure (b) for the electron? (Assume that the given voltages are suitable for practical
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General Certificate of Education (Adv. Level) Examination — August 2018

Marking Scheme for Physics II

PART A — Strexctmed Essay
Answer all fowr guestions on this pepes il
(Accslermtion due (o gravity, ¢ = ONEKg™)

1. An experimental sclup of Harc’s apparafus wsed in a school laborsiory is shows in
figure (1). As sbownm, x, and x, represent the heights to the mark M of the relovant
uﬁmﬁwmmumliqmdmh&w:umvdy

(@) () What is the purpose of using a clip in Hare’s appersius?

To maintain liquid columns in the arms of the Hare’s apparatus OR
To maintain liquid heights at a constant value OR

To maintain pressure inside the tubes at a constant value OR

To block the air going into the tubes from outside.

(For any correct answer)......ceeecoeeees.s. (01)
(No marks for the answers just explaining properties of the clip)

(i) The densities of water gnd the liquid are d, and d, respoctively. If h, and A,
mpmsmtthehemhbdﬁnwaterﬂmmdﬁnhqmdwlmmglwmhuu
measured from the mark M of the rospective indicators, derive an expression for
h in exms of h,, d,, x,. d, and x,.

P+ (hw + xw)dwg =P+ (hl + x;)d;g .................. (01)

(For correct expression. When awarding this mark, disregard the P or the symbol
used for pressure. However P or the symbol on both side should be the same)

2+ (B0 = 2) o OD)

(OR any other correct form of_hy;)
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(i) If the expected heights of the liguid column and the water column are significantly
different to each other. more attention has to be paid on one height than the other
when planning out 4he experiment to take a st of readings and plot'a graph. What
is the height you pay more attention (one with a smaller height or larger height)?
Explain your answer giving reasons.

Answer: Larger height

Explanation: It will reach the maximum height of the tube first OR
To obtain best possible/largest spread data points for the graph.

(For correct answer and explanation).................. 01)

(iv) Every time after changing the heights of liquid and water columns in tubes and
dmingmeclip:.rmnmdmnnkemhu-adjm:mt before taking the measurements
with regard to new heights. Write down the experimental procedure which you
should follow 1o make this adjustment.

Indicators have to be readjusted until they touch the surfaces of the water
and liquid levels in the beaker. e (1) )

{Measuring scale should be readjusted to coincide one of its marks with M)

(b} The apparatus shown o figure (2) can be used to vary A

the air pressure inside the tubes of the Hare's apparamus, - — Tap
This system works on Bemoulli's principle. The air
pressure inside the tube T can be changed by adjusting
the speed of the narrow water Jet passing through the
Stcliunrduwanmumwithﬂmhl:lpd the tap. The
posiion A of the apparntus shown in figure (2) can be
connected o the position A of the rubber wbe shown
m figure (1), to make an improved version of Hare's
apparatus.

(i} Write down the procedures used in Hare's apparatus
available in the school laboratory, and improved
version of Hare's apparatus mentioned in (&), when
establishing the liquid columns in (he lubes, Figure (2)
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Hare’s apparatus available in the schoo! :
Sucking withmouth 01)
Improved version of the Hare’s apparatus :
Adjusting the speed of the water jet, OR
By adjusting the tap. (For amy correct answer)............. (01)

(ii) Give one main advantage of using the improved sctup mentioned in (&) over the
apparatus generally available in the school laboratory.

Sucking is not necessary OR

Relative density of a poisonous liquid can be determined OR
Inhaling vapors of liquid (poisonous) can be avoided OR
Independent variable (%,) can be set to a desired value easily OR

A set of equally distributed data points can be obtained easily to plot the
relevant graph.

(For any correct answer)................... (01)

(c) A graph plotied using a set of readings obtined from the improved apparmius, mentioned
in (b) above, is shown below, The graph shows the variation of the heiphis h, and A,
_ of the liquid columns for waler and sulphuric acid respectively
h{x 10~ m),

h_{x 107 m)

(i) In this experiment you arc provided with a scale which can measure the length
with an accuracy of 1 mm. What is the maximum fractional emvor associated witt
A, mcasurements taken in this experiment?

Al 1
oo 0.01 OR 1% (No marks for other ansSwers). . vuue.{01)
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(i)} Using the two points P and § on the graph. calculate the relabive density of sulphurnic acid.

. . 3 ., a
Relative density of sulfuric acid, d—l
w

_ (480-130) _ 35 _
== 18 (1)

(For identifying gradient as 1/relative density)

Total; 10 marks

2. Figure (1) shows an incomplete diagram of an experimental setup
that can be used to verify Charles's law.

(a) Upto what level A, B, C or D should water be filled in the
cylinder in order to perform the experiment accurately?

Uptolevel A e (01)
(OR watcr level marked at the point 4 in the figure below)
(b) Draw in figure (1), the imporiant missing item, in the incomplcte

diagram (with appropriatc size} other than water that yon would
requise in this experiment.

Stirrer properly drawn as shown - 01)

(To award this mark, the handle of the stirrer should be above the water
level 4, and the size of the ring of the stirrer should be large enough to do
the stirring properly.)
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tc) Give twe advantages of using a mercury thread over a water
thrcad in this experiment.

Relatively high pressure can be obtained from a small mercury thread OR
Measurements can be obtained for relatively a large range of temperatures OR
Saturated vapor pressure of mercury is small OR

Mercury does not wet glass OR

Boiling point of mercury is high OR

Edge of the mercury thread (silver color) can be seen easily.

(For any two COITECT AMSWETS)......uueereirieeeieeeeeerseseseeseeeesanssnnns (01)

(Correct relevant negative arguments are acceptable)

{d) As the temperature is increased, mercury thread will also expand.
Explain why this expansion does not affect the pressure of the
trapped air column.

Mass/weight of mercury thread will remain constant OR
Density of mercury thread will decrease (as length x density x g constant).

(For any correct answers) ................. 01)

{e) In this cxperiment, you are asked o measure the length (/) of the trapped air coturmn
and its temperature (0 °C). Write down the main steps in the experimental procedures
which you should follow to ensure that (i) the thermometcr reading itself provides

the temperature of the trapped air column, and (ii) length l, iself is the exact length
corresponding to 6 °C.

(1)Stirring the water in the cylinder and,
moving the Bunsen burner in and out of the system.

(If both procedures are correct)......cooeeuenvvnnnnnn... (01)

(ii) Ensuring a steady/stationary mercury thread in the tube (while maintaining a
constant temperature in the water/thermometer)

)] II? the lengths of the dry air column trapped inside the capillary tube of uniform bore
diameter at 0°C and ¢°C are l, and [, respectively, write down an expression for /, in
terms of Yo fpand 6, where Y, is the volume expansivity at constant pressure for dry air.
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(2) Draw a rough sketch of the expected graph with /, on the y-axis and 8 in °C on the x-axis.

ot (For straight line with positive intercept (C). No
marks if the value of C very close to 0 or straight
"”_,_-—f"“’ lines with_unacceptably high slopes)

e (01)

fi == 000 :
(1} A stdent decided to use the capillary tube shown ia figure
(2Xa) instcad of the tube shown in figure (7)(D) in this experiment,
When titing a set of readingy, is it more advaniageous or more
dissdvamtapecus? Explsin your answer. | 1“

Answer: Advantages

_ Figur: 2(n) Figore 2(b)
Explanation: FTractional error associated with length measurements can be reduced

OR For a given temperature range, change in length will be large.

OR
Answer: Disadvantages

Explanation: Taking several readings for the temperature measurements to plot a
graph will be difficult OR Mercury thread will be pushed out from the tube even
for a relatively small increase in temperature.
(For the correct explanation/s with appropriate answer/s.) .........-.zeese- (01)
(Award this mark even if a student has provided both answers)

(l')Canmwﬂmﬂﬂscrpmmﬂprweﬂymngmdmcmm:maaﬂmsmi
bumer? Explain your answer. s

Answer: No

Explanation:

Controlling the temperature of the water will be difficult OR

Keeping the temperature of the water at a constant value will be difficult OR

Heat flow fo water cannot be stopped suddenly by switching off the hot plate OR
Removing the hot plate from the set up to keep temperature constant is impractical

(For any correct eXplanation) ....e.eeeeeeeeesvereenesvveerersioereeennens (01)

| Total: 10 marks
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3. You are asked to find the
refractive index of glass using
a rectangalar block of glass and
a travelling microscope. A smali
amouynt of lycopodium powder
and A piece of white paper cut
to the size of the glass block
are also provided. A letter “X°
ts marked in the middie of
the white paper. Diagram of a
travelling microscope that can
be used in this experiment is
shown in figure (1).

(a) Identify the parts marked with A, B, C and D, and briefly state their functions.

Confidential

I Identification Function

A | Fine adjustment knob | To perf_orm the fine adjustment in vertical
| direction OR For fine focusing of the image

Adjustment knob of | To get a clear image of the object
the microscope

| B | Focusing knob/ | To focus the image of the object OR

C | Levelling screws ' To level the travelling microscope setup

D | Spirit level  To verify the leveling

(If the ‘identification” is provided under *funciion’. accept it a5 correct)

[If any three (identification and the relevant function) correct]...cveveriuiiniiirnanns

[If any two (identification and the relevant function) correct]......cccoiviiiiiiinnnen
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(b) Before starting the experiment, while familiarizing with a travelling microscope a student
observed that when the fine adjustment knob relevant to the horizontal movement was
tumed, the comrespending vemier scale did oot move. Give the reason for this.

£/Locking knob is not locked........................... (01)
(No marks for other answers)

() Anenlargcdﬁgumofthcnufnsca!candthcvcrniasmle o . giins
of a travelling microscope are shown. Calculate the Jeast |
count of this travelling microscope in centimetres. | | ' IJ | hl_
T
TITF
D 10 20 W 0

|?"(01)
=.001 cm —

(No marks if the correct derivation of the least count is not shown)

(d) Whatismead}usunmma:mperfmmmmeeyepieoebefoms:mﬁngmeexmt?

Focusing the cross wire of the microscope........................... (01)

(€) Now you are asked to place the given piece of paper on stage G of the travelling microscope
and obtain the first measurement with the microscope using the mark “X° before placing the
glass block. Write down the main steps in the cxperimental procedure you would follow
to achieve this,

(Unlock) the microscope and adjust the microscope assembly until an image of X
is seen. (Lock it) use the knob 4/B for fine focusing of the image. ............ (01)

(When awarding this mark look for underline terms in the
answers in this part or/and in part (2) below)
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() Relevant positions of the main scale and vemier scale comesponding to the measurement

mentioned in (e) above are shown below. Write down the reading comresponding to the
measurement in centhmetres.

— ~Lgm

i 1 L fom i | | | [
et | '.-:_|. e imdiilil! |:|'-|'|’|ﬁi|h|,-:l|'!|.l| l | ii_!J_l_ i |
|

(IR
i" et 'j'l:ll;'l'i,‘ ' l . H’ :
|

m M b} W W I
| |'

40 50

Reading = (4.65 + 42 x 0.001) cm
= 4692 Moo (1)

{No marks for other answers)

(8) After taking the first measurement mentioned in (¢) above, write down the important
mmmeexpﬁnnmmmmhﬁngwmmmmmmyw
need to perform.

(1) Place the glass block on the mark X and take the relevant reading of the focused

image of X (as mentioned above use 4 without adjusting the B). ...... IR (1) §

(ii) Sprinkle a small amount of lycopodium powder on the glass block and take the

relevant reading of the focused image of Iycopodium power particle......... (01)

() Reacﬁngsofﬂrerdevamthmnmsummobmimdbymhusmdmtwhm performing
this experiment are given below.

4.606 cm 5496 cm, 7206 an
Using these measarements, calculate the refractive index of glass.

7.206—4.606) _ 2,600

Refractive index = ( =
7.206—5.496 1.710

= 1.52

[Total: 10 marks |
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4. Figure (A) shows bow a dc motor is run by a pack of four 1.5V dry cells. A disc ¥ paforiod
with set of equidistant holes a5 shown in figure (B) is fixed porpesdicular (o the mle of the
tm%hﬁ:m.liﬂpﬁuﬂh%mﬁmﬁhhﬂulﬂﬂmu
ﬁﬂuﬁﬂﬂ:?.&uﬂmm.ﬂuﬂmﬁD&MMInlmm}mlwﬂuﬂ

G s 26

(Do not accept any other answer as correct)
(6) How would you change the rowtionsl specd of the disc 1?7
By X/Rheostat/changing the cutrent — ....cooocvveevicicininnnnnane. (01)

(c)Whui:thendmgetfluvingfml.SVod!:hpnﬂel?'

Current can be drawn for a longer time OR
Constant voltage can be maintained for a longertime  ......coeeveecinnnnen..(01)

(d)Tlmdischasmhdu,mdifilMSmmﬁmwmnd.wlmistheﬁupmy
withwlﬁmmelighzbumI:MPshowninﬂm(C}?

Frequency = 20 X 5 =100 Hz.....cvveevvverveene . (01)

(e)meamughskmhmmmmevdmge(V)mbythemdmuit
showninﬁgmr.(D)Mﬂﬁmﬁm(n.ﬁmmﬂmﬂnmﬂmumwuth}V.l

Vi v
3V~ -
3V
il
! OR ¢
(For identification of ¥ as a periodic function of ).........ccceeeveereennne.. (01)
(For the shape of the curve as shown above) ..............ccocevvvirinnn.. (01)
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U)Themwdmep?modindechwﬁhﬁmm)hmmdmﬂnm
the circuit shown below. Number of tums in the primary and the scomdary coils
ﬂnmsformuamlimdmm\ﬁy. Assume that the vaive of capacitance C
very large. Take Zener voltsge, V, = 75 V.

BB &

R
P o :
v  Cpe— T.‘: Y
(i) What type of transformer is used in the above circuit?
Step-up transformer I, [ (] )

Note: The diode shown in the above circuit is not there in the
corresponding circuit diagram given in the question paper under part (f).
As such it has been decided to award the total of three (03) marks assigned
for the following parts, to all candidates irrespective of whether they have
attempted the question or not.

oS (03)

Total: 10 marks ‘

Additional mformatlon for future references
Under this situation, take the Zener diode voltage (V;) as 75 V. !

{ii} Wimt ia the value of the voltage tha cap be capoored acruss the Zemer diogc?
VO = 75V
(@i Mwamghskzmhhswbnwmmvdmgnvﬁmﬂﬂwimﬁmchlﬂdim
(be magnitude of the ootpet voltege on the ¥, axis.
V
75V

'
{2} A simdent argues Lhal the exporioeest deacrided shove has provided s metod %0 otsstrect
& do it de voltage converitr, Woold you agree with thid asgumeni? Explain youwr answer,

Yes, both input voltage (1.5 V) and output voltage (75 V) of the circuit are dc
voltages.
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Bermoulli’s equation for a ftaid flow can be written as s I'-rhr: « hilg = constant, where all symbaly

have their usual meaning. Show thet the term édu‘h-rhruiﬂmrupnmﬂl yalume.

Sri Lanka has one of the most sdvinced ancicnt imigation sywems in the world, Such an irmgation

system which supplies water for farmers and villagers conslsis of throe major features a8 whown o

figure (1).

Festure 1 : The fank or ressrwiir and the
dam,

Fentwre 2 : The ouigoing wator cansl from
the tank which is expesed 10

atmosphere.

Featore 3 ;. The Bisololuwa (also known g5
cistern sluice) in a rectangular shaped vertical
wowear chamber with wolls made of stones or
bricks (see figure (1)). Whest i 1 roguired 1o relesse water fromm the wnk, e water b firet odlowed to
enter the Bisokotuwa In which the speed of (he water flow ls dmaticnlly rediced. Oine regsan for this
reduction is the sudden ingrease in the croms-sectional nren of the water flow within e Blsokotiwa. In
addmm.nsuhmnﬂaldedﬁemﬂnwisﬂwlm,ﬁﬁndnnm.dwwm
rollision of waler with the stone walla of the Bisokotuws.

r«mmmmmmwmmmmummw
wﬂmm&hsshmuhMﬂﬁnwdlhmehmmmnw.
Lonsider an irrigation systemn which consists of only the foatures
1 and 2 as shown in figure (2).

() If the height of the waler level in the tamk 15 A, derlve
an exprassion for the speed v, of the cuigoing waler m
point O in terms of & and g

(i) T & = 128m, caleniste the value of v,

i) Celculate the kinetic cnergy per tmit volume camedm?
the water st polnt Q. The demslty of water is 1000kg m.

b comieal the destructive power of the outgolng water, aaciont enginoers incorpomtad the festure 3, the

Bestsiotuwa 1o the ok m shown o Sgure (1).

il The water enders From U mmﬂmwlMNMhﬁmll}.m
that 1he nmnel is tapered, and areas of cross-sections of the tmmed &t the Inlel and owtlet are
A and 0.64 respectively. Calcalato the spesd v of the waier flow at the point 8 in the lmnel.
Taks the apoed of the water Bow ot the iniet £ of the banel 5 123ms”.

{ii mw?mgxmr,dmmmummsmmum.memwm
is §e 10" Nm?,

) Comider u point ¢ in O cutpoing water cansl where the pressure and the speed of the water
firer e o ihe valoes of 795 of F, and 65'% of v, rewpectively
(1} Wrlle down ihe valie of e prossure of water Dow fool the point C.
(2 Write down (he value of the speed of waier fow . ml the poind C.

vy Cabculute ihe spotd it of [be ciuigoing waier 3 poivg D shown in figure (1),

(¥} Calculiee the percontage loss, in kinelic energy por uplt volume carrded by the water &( point D
shown in fGgure (1) with respoct o the value ealesilated 1o &K above,

{vi) Explain briefly. how anciont engineers mamaged o contrl the destroctive poswer of the omgoing
waler flow by edding the Bisokotuwa (o the imigsiion svstem.
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1 - - - -
(a)Edv2 —»(kgm™3) (ms™)2 > kgms™2 m)(M™3) .o (01)
-y ] m_3
(Reasonable steps, using base units or dimensions, should be clearly shown in
order to earn this mark. Equating the base units/dimensions of dv? to base

units/dimensions of energy per unit volume is also acceptable)

(b)(i) Applying Bernoulli’s equation to the points S and Q,

(No marks, if additional terms appear in the equation.
Any symbol for atmospheric pressure is acceptable)

(i) v, =V2x10 x 12.8

2R O W T — (01)

(iti) Energy per unit volume = = X 1000 X 167 = 1.28 x 105 Jm™ ..(01)
(For substitution OR final answer)

(c) (1) Applying continuity equation to the tunnel,

AEUE = AB”B OR AXx12 = 0-614. X UB ..................................... (01)

(For correct expression OR substitution)

(ii) Applying Bernoulli’s equation to the points S and B,

Py +hdg = Py +dvi OR
10% + 12.8 X 1000 X 10 = Py + 5 X 1000 X 20%......c.orvcece (01)

(For correct expression OR substitution)

Pp = 2.8 %X 10*N Moo (01)
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G)MP. =075x28x10*=21x 10* Nm2. oo (01)

@ v, =065 x20ms'=13ms? e, (01)

(For correct substitution)

(iv) Applying Bernoulli’s equation to the points C and D,

Po+3dv} = B +1dv? OR

10 +2 X 1000 x vZ = 2.1 x 10* + =X 1000 x 132........(01)

(For correct expression OR substitution)

v2 = 42 + 169 — 200 = 11
v, =332ms! [3.30-3.32)m s 01)

X 100%

(v) Kinetic energy loss = ~

AKE  3d(vi-vE)
KE 1
2 1

_ (162-3.322)
162

x 100% = 96%  ..........(01)

(For correct substitution OR final answer)

(vi) By destroying a significant amount of energy of the water flow within the

Bisokotuwa. sisisazaaiinn(01)

|_Total: 15 marks |

01-Physics (Marking Scheme) | G. C. E. (Adv. Level) Examination- 2018 | Amendment should be included 27




Department of Examination Confidential
6. Read the following passage and answer the questions,

| Ovean waves are generally caused by wind and gravity. Wind-driven waves in the ocean as well as tsunarni

wares and (idal waves are some cxamples of gravity waves. When wind blows across the surface of the

acean, water surface of the ocean is comtinsously disturbed by the wirkl. Under this situation the force of
gravity tries o restore the equilibrium at the interface between water and air, As a resull. ocean waves are
craated Ocean waves can be categonzed into two main Upes. namely deep-water waves and shallow-water
waves, [he tormm. shullow.water waves ind ‘deep-wiler waves Bayve nathing o do wiihl the oe deplh of ihe
ocean The waves present in the cocan where the depii th) of the occun s greater than half the wakilengib
(A, of the wive wie il deep-witer wirves. When th depth () in the ooean i+ less than hall the wavelengrh
170, of the sive iy e called shaliow water witves, The wavelengtim of dleop-waler waves unt in [he g
of Im-1km whereas the wavelengths of shalfow-wier wives e an the moge of 10 km-300 km in the
octan. The value of the specd of propaganion » of shallow.water waves in the occan of depth f is given by

v =2k . The average deplh of 1he ocean is sbout 4km.

Major tsunimes. e cuised Iy Marseseale dighrtanoes o the o,
il ns o smderwiier carhogunkes, volcanic ETUPIOAS UCIETINg: On of
heliw the ocean Moce. and gt of & farge miseodite with ocean
A temami i o senes of ooean waves with very Lo e hebin b
ragng from [0 km-S00 km in e deop oceon. Even Heough the
Shuge of @ sunmi wave oun be approsimsted W o sinnoidal Whve
i the devp ocesin (w away' from the shore, |1 praduslly pkey o
comples form as it renches dhe shallow woter mear the ooasi s
shown an figure lin) Idepending on wheiher the fir par of (e
simamm wave which reaches the shore 8 8 crost or 4 fniiggh, iF v
ARpest as a mpidly mang or falling nide, In some vitestions, the front
of the waveform can ke 9 vers coetiphex, shape near the shoreline
s shoiwa if - figere ibd, and o nuy appear 05 o0 rapudly rodesling
il the shorddine Tollowed by an Incommng huge wave height' grown
apt B wcleral meme. The mie of yomfer of tamami wave CNETEN
ihmwigh the ocean surfiee, swiich depeiichs o bl v wave spovd
and wave heaght, remauns peaily constnd. In general, the value of ihe
hewghn I of the munimd wive 55 i enlers shillive WIRET in piven by

I, 18
M o= ,.r.r"!'x'r | . Where M is wove height in deep water, and & g
%, amc dr;.nhl-l of the shallow und deep waler respectivoly,

When tenmami waves propagire seross the ocean’ the wave crests. can Larsderg S
efiaction. i is comed by segments of the wave maving af different spoeds 08 the y
witer depeh along ihe wisve erest varies. In addition, dor 1o aneven vartion of (e
oceun fioor moar the coust jid obstiehes sueh a8 smndl rifands; reell, cie.. on the
viummme path, thess wanves undrred intererentd, and diifraction. [The diinrribrabiony of
FRuhay wave berghts was eslimated by a group of scientins aiong the comaline of
Sn Lanka after the devastuting msunami thal had oceurmed bn Decomber 26, 20014 —
Uhe femgth of (e lines in ligure (23 shows the besghts of the Bumams Wing rpesls
slong the constline. Superposition of waves From (he primery . souree and reflecied —

wnd diffracted waves fmm obstackes was reuponsible for the ermatic mrem of the

wive boghts and the varying demogpe mlong the coast]ine

fa) Explain bricfly how the acean waves are created by wind and pravity.

4 -
Bhuwid e )

[ | e

Mean seaq leved

I 1
1
. -"'--l...-\.-l"'- T ..l"‘r\"'_:r"fl'_- I"-:'_i-—““:,--'.-

I ahirgsmm _.‘ '
wWhkg _1_.__'

“—~(kecan o
___Fipure ifa)

R | | fand
g | | side

I| 1
lesef “‘:}I g lr"l"_
il‘|'|||="|}I .'I !
Shorcling ——e
Figare Ity

e
|

=3
=
i\

Figure (1)

“[h] e L =

ty What is the difference between decp-water waves and shallow-water waves exist in the ocean?
t} What are the three causes of tsunami wave formation mentioned in the passage?

Wt tdenuly the 1xvpe of the sunami waves possible in acean (deep-water waves or shallow-water waves), and
esimate the speed of tsunamy waves in ms ' in the ocean having an average depth of 4 km.

te) The height of sunami wave rapidly increases as it approaches shallow water near the coast Explain

qualitatively why this happens.

ft Calculate the herght of the sunami wave in the oecan at a placc where the water depth 1s 6250 m
Take the height of 1the wave at 3 water depth of |0 mas 5 m. Considering the wavelength of tsunam;
srobie b i difhienl o detect unami waves in the deed ocean,
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(k) Assuming that & tsunami wave tabes the shape shown In Agire (IXD) & twe shereline, axplain briefly
why ihe sboreline recedes fom the taad Just before the anival of the huge mass of water.

(hi H v amand wavefarmt menbionod in guestion (g) above can be i Tand
approxirated io pant of & singeoidel wave o3 shown in Ggure (3), culcolat: Moan .
the time dation in misols betwoen (e isatact thet e shorcfine e devel \
starts tecoding 000 the coteu and the wrrival of the witer mens ¥ the Y.
former shoreline. For the pant of siouscidal wave, ke 0= 10 5! ' _/)r
ead ] « 18 km. i

() Fige (25 shows some lcationy whers the wave beighi is very bigh W _ -
corpared lo Uit adjoining regions baving very low wave heights. ;

Wi phenomenon could be responsibie For this? Explen your acower. Figure ()

() Briedly capluin the reascn why the tmmend wavor s 2004 reschod
oven the weil cosxl of the isand 83 shown is figev (2),

(a) When wind blows across the surface of the ocean, water surface is continuously
disturbed by the wind. The force of gravity tries to restore the equilibrium at the
interface between water and air. This creates the ocean waves. ...........cc.e....... (01)

(b) Deep-water wave:
When the depth (%) of the ocean > half the wavelength (&) of the wave OR

Waves present in the ocean with wavelength () ranging from 1 m — 1 km.

Shallow-water wave:
When the depth (%) of the ocean < half the wavelength (A) of the wave OR

Waves present in the ocean with wavelength (1) ranging from 10 km ~ 500 km.

impact of a large meteorite with ocean. ... (01)
(d) Shallow-water waves ShnansR (o)
v=vV10X4 X107 =200 m S oroooeree s (01)

(For substitution OR final answer)

(e) Total energy depends on wave speed (v) and wave height (/) and it is a constant.
As wave approaches towards shallow water, v decreases. Therefore, H will
increase.

v (01)
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" by = Hg (25)"
5= H, (%)% ..................................... (01)
P B 01)

Even though the height of the tsunami wave in deep ocean is significantly
large, it spreads through a distance of /2 (few hundred kilometers) which

makes it difficult to detect. L (01)

receding of the shoreline. e 01)

3
)T = % =800 — 18x10% =30 minutes  orrernn (01)
Time duration = — = 15 MINULES.....cccrvrvrrrerirricrreeiciaene (01)

() Interference. e (01)

Superposition of waves from primary source with reflected and diffracted waves
creates constructive and destructive interference OR

Constructive interference Destructive interference

(wave from
primary source)

+ - OR
(reflected or aVa W
diffracted wave) \/\/\/

[wasie Trom
MIMATY S0uree)

; f -+
{ reflected or JI'.".I
ditfrneted wave)

(7) This is due to refraction.

(For both diagrams).........ccccoveeviiiinnenns (01)

Segments of the wave moving at different speeds as the water depth along the wave
crests varies. As a result, ocean wave crests can undergo refraction. ..............(01)

Total: 15 marks
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7 a) Concmle s a hantencd mesture of cement, sand. gravel and wmer. Reinforeed concrete structures ure

b

et

snrtures composed of concrete and steel bars Al rigid bodies, such as stee! and concrete are elastic
o sofme cxdent. Conerele is strong under compression byt weak under extension while steel is Mrong
under both sitealions As a combinaton, copcrele mainty resisis compression, amt steed bars tainfy
sustyn the sension

Uemsider o pliiy cumcrele beam luving recangular cross-section, and sy i
without steel bars. kept on 190 supports, and sudsected 1o a load W \ |
as shrwn o fygure Dy, Under this sinmbion the baneyn pant of the o
bewm will experience an exienuns while the top pan will experience | ) B
S vempresaon 35 shoan with doited fimes, * o e
izt Which Sde «of the plain concrete beam (lep or bottom; is most Yizay 1L
vulperabte 1o cvack ander the load W?

thiy T impmve the situation shown in figure 1(a), steel bars arg inserted
lerer 1t Pt ol Hhe sl oaen ot the sluction sage

an sluwn i figure 1) Rasedd on the indomation given o the Pl 11T
e — =

bcglm-:-n.- il the uestion eafilan, bow s mguoves the Togd e
. Figung 11K
hmnnp clipncily uidd peevients cacking of the Ciincitie heam

L]

The tenmle sirems (!::] - sirn [‘-}I«) refatiomsbup for mild steel (%) can be modelied, as shown n
Alg 5

figure 22}, Even though concrete is & brittle malenal, (e wenidle stress |':| Wiram |!:"I| rclationship
of the woncrete (C) under tensile force can alee be modelled a0 dsoan i figuie 2ib In reinforocd
coimeteie. stecl bars ure well bonded 10 concrete. thus they can jointly resist extemal fouds together until
cnacreie cracks.

Whet the curve reaches the pornt P shown in figure 2(b}, the comerete will crack.

lfr}xlﬂ’oﬁm z {E)ilif'ﬂ ™
Aly Al

} ¥

‘u;l J
.
A
p,
‘ |/
= _—— - [ -
i (K1 A ] b g Al "r‘
| ; .‘ |1 Tix

Figure 2{a} Fijprre ik
Lising the figures 2{a) and Ab),
) enleulate Younp's moduhs of mald sted Ex‘
(i) calculate Young's modulus of concrete Er
Figure 1 51 shows 4 sesnfined tmmiformn oomorede bewis ol lergtl i — = i
! hept on g righd heneonts! sarticoe. The Iewm v mvinforeed P S
with concrele und identical four wifors c¥limtnecal mild sl nr-- -
s el ol lenggh £ The jenmle siress-simin red ot erialiips i ﬁ-" ) =
cirtesptiking W the concrete and e aeel =gl mew . piven -“‘f_-.. —_—
i hgwes Mo amd 2b) respectively. Axsume th the beam i e ["' .
i subpecdod G jodal temstle foree of f, applied umformiy " steel a
thevastun the ea ol | soss Wil of e beam, and mild L!-' "l-
Heel Bars and concrete prostice same extonsion Al under Figure | ¥ = "

= brtrmile oo

BN bt b i 5 u(]“ﬂl view

(i) Write down an expressivn for the lensile force {F,
of the concrete A . land Al '

(M) Wnte down an expression [or the tensile force {F) on the four mild stecd bars in terms of E;, total
arca of crosk-section of the fonr muld steel bars 4.1 and AL

)mmmmsdﬁpmdm~mﬁﬂn
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(i} Prir 1o concrese cracking. i the wtal tensits force () is carred by buth concrete and the steel, olsain
an expresmen for the lotal wasile fonee £ on (he reinfomed concrete heam.

(i) The ama of cross-sertion A of the reinfosoed concrete beam is dh. See figure (3), For the beam, take
f= 2000 mm. radius of & cylindricat mild steed by 7= 6mm, Al=0.1 mar. = 130 mm and A=< 250 mm

(1) Physically amber whar condition the expression oftained m (¢Riny above is vajid? Lise the
duts provided above (or the rinforced concrete beam and show that the expression oltmned
in ciml s physically valid for the beam.

e - , 4,
(25 Calculate the valpe of £, (For your eafcolation, i -f— % 1% then take A, = dh. otherwsse tnke
A dh -A lake zrax 3 )

(v} Caleulate \he mimmum rensile force which cracks the reinforeed concfete berm,

(a) (1) Bottom S —— ) | |

(i1) Stecl bars experience extension at the bottom of the beam where the cracks are
most likely to be created OR

For a given load steel bars have smaller extension OR
Steel has larger Youne s modulus.

(For any correct answer)

J 3.8x100 -
. 2.0x108 ;
() E; = T 2.5 x 101 N m? 5 w0 1)

Ec Ac Al

(¢) (i) Force on concrete Fr = :

SO (1} )

EgAg Al

(ii) Force on mild steel bars Fg = .[

i (01)

(iii) Total force on the beam Fy = Fr + F; OR F; = % (Ec Ac + Es Ag)

(For addition)
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(iv) (1) Concrete must be within the linear/proportional region of the curve OR

Concrete must be below the cracking stress / (f)c <2X10°Nm2OR

Concrete must be below the cracking strain / (-%E) < 0.08 x 1073
c

(For gne correct condition)............(01)

Al 0. _
For the concrete (——-) =il 0.05 x 1073
l c 2000

: (—’i‘-‘)c = 0.05x1073 < 0.08x 1073, .............(01)

Alternative method

For the concrete f) =25x 1019 x 2L = 125 % 10° N m?
Al 2000

F

| (;)c =1.25X10°<2x10° ... (O1)

As _ 4mr? _ 4x3x(6x1073)7 _ -2 0
O = i = Gonies gt = 115 x 1072 = 1.15% ...(01)

Ag
-;4— = 1.15% < 3%

Al
F = T(Ec Ac + Eg Ag)

0.1
- —_—— 10 —2 2
F; 2000[2.5><10 X (15x107% x 25 x 1072)] +

2—%[2 X 1011 X 4 % 3 x (6 x 1073)2]

(One mark for each correct term)

F, =5x107°[9.375 x 10% + 0.864 x 108]
F, =511 x 10*N [5.10 -5.12] X 10N ......... (01)
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(v)
(Ft)min = (0.08 x 1073)[2.5 x 10™° x (15 x 1072 x 25 x 1072)] +

(0.08 x 10"3)[2x 10** x 4 x 3 x (6 x 1073)?]........ (01)
(For identification of% = 0.08 x 1073)

F, = 0.08 x 1073[9.375 X 10% + 0.864 x 108]
F, = 8.19 x 10*N [8.18 -8.20] X 10*N ........ (01)

i Total: 15 marks J

If a student has obtained the answers for (iv) (2) and (v) disregarding the
conditions stated above, use the following marking guide.

(iv) (2) A; = dh — A,
Ac=(15x1072 x25%x 107%) =4 x 3 x (6 X 107%)? = 3.71 x 1072....(01)
[3.70 -3.72] x 102N
£ = EI—Z(EC Ac + Eg As)

0.1
[2.5 %1019 x 3.71 X 1072] + ——{2 x 10 x 4 x 3 x (6 x 1073)2]

Fe = 3000 2000
(One mark for each correct term) .................... 02)
F, = 5% 1075[9.267 x 10° + 0.864 x 108]
F, = 5.07 x 10*N [5.06 -5.08] X 10*N ......... (01)
(v)

(F)min = (0.08 x 1073)[2.5 x 101° x 3.71 x 1072] +

(0.08 x 107%)[2 x 10! x 4 x 3 x (6 X 1073)?].......(01)
(For identification of% = 0.08 x 1073)

F, = 0.08 x 1073{9.267 x 10® + 0.864 x 108]
F, = 8.10 X 10*N [8.00 -8.20] x 10*N ........ (01)
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!Aawrcmpdw#dmdamﬂnerslmaaﬂmffmmm ,____'I" - _!‘
baottom as shown in ligure l(a},i‘hcnﬁpukqumnumfﬁmm i R
ﬁdddﬂuxdm:qammedmrmﬁadwwtmm:plmdﬂn P E . ;
snp. Cross-sectional view of the samic arrangement 1 alsp shown in figuee -~ |~ L "
1thy fhcchmwﬁmmﬂ«trmwm&iﬁmmﬁﬁmxdn,. n___ L L= @& |
t@) O} What un the dhirection of the mueheuc Iovee acting on the wlectnm ) P X T

oo in e 0B Ciaps the Bpute ik} o your answes P o ® I
A aed dlesrly o dins o seros on RN b indicee vhe I

st of thals R

i {1 AX tme 205 an, n the Coper alip descnbesd g g Wl atwme, There wimgld b 5
Rew equilibium sitsbon with repard b e charges residing. (op Hpore (2§ L
0 you answer seript and i s nes cquibiboum silaion ualAg “+" & %)
fepresent powstive charges md "= (0 Fepresent megultive churpes ! r h
(i) Fxplan the reason o have the equmlibiiiorm comditiou A% mentioned = FhY : &
i) Briefly describe how you would use s effoct w0 wenidy thisl holes in 4 p v :

- & L] -
semwonducior are positively charged curmien
. I
b Denve wn edprrssion for ikie Hall widisige V. in terms of v, W amd o ol
e currenl [ Bowung theouel g o i, el g ST, Can e wrillen s | i 2

v ReAl o Where Wl symbobi e e il mlibing
e Derive thr mguiidon f= e T
20 Db an ¢ vPresnh fed Vo fonr the LT ﬂl‘lp in lerens of nod 1 fand B
Y Uimmider o copper strip of thickaess | I in a uniform megnetic field of 05T If =483
wnd Vo | Sw 107V, culenlair the Tk F change cardiers per gt volume in copper Tauke

e=18s HI ™

() Cardiologists momitor the flow speed of blood through an artery using an electromagnetic flow meters
A schematic diagram of the sclevant parts of such a flow meter is shown in figure (3).

i fiees L,
A I.!.-g'mT.‘.r
L . I|I
— N —— . ] Y W =
i . e ¥ - — I"I ]
s . w

i
!
s . o

‘_ = I. N P I.. "l . ":hl Iil-:ul.] (i
% : ) w u !

G Fleg irviis
Cross-sectionid view

':-\. :l"|' Hirwud |1.'|-I.I. F_im {3;’

Biood plasma has a high concentration of Na* and C1” ions maving through the artery with the biood
mthesa:rmspwduandsanmdin:ttionmlhehioodﬂnw.a\ssmelh:tthcionsinﬂ:blﬂodhl‘mvc

(i When the hlood flows through the artery shown in figure (3), what is the polarity of the dectrode 7
Cive the reason for your answor,

(i) If the Rux dessity of the uniform magnetic ficld applied to the sysiem is B and the diameter of
the artery is D, write down an expeession for the magnitude of (ke valiage Voo #1085 the two
rlcc!nmPnninnmmudv.ﬂandD.

GV IV, = 160 gV, O = § mm and B=2x10" gauss (1 gauss=10" T). calcutate the value of

speed v of the Mood through the astery.
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@® | @ or OF OR e~

(ii) Same direction as in (a)(i) OR Same direction as on the electron................ (01)
(OR a figure as (a) (i)

(0) () -
o e R (0T)

(For at least one “+” and one “-”)

(ii) Electrons will move to one side of the strip due to the magnetic force acting on

them and it creates an electric field. Further movement of electrons towards the

side is prevented by the electric field. ......coccoviiiiiiiiiniiiinnnniire e, (01)

(iii) By checking the polarity of the sides of the strip using the situation described in
(a)(ii) [relative to the situation described in (a)(i} for electrons], if the right side of
the strip is positive (+) relative to the left side, the charge carries are positively
charged holes.

i’ OR

(If the diagram is given, the directions of f and
B should be indicated.)

................................... (01)
(¢) (i) If the electric field produced by the charge separation is E,
Electric force on charge ¢ = magnetic force on charge g
gE = qv;B and E= %f (For any correct expression)........... (01)
Vg =dvgB oo (01)

(If the equation is not derived, v4 should be there to award the mark for V)
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(1) (1) Consider a small time interval 7 (or At),

i——tvd—-—:p-

9 )

Current [ = % ................................................. (01)
e 1)
I = nevzA
(2) Hall voltage Vy = e d wemmli RN 01)

nedt  met
(Correct expression OR For identification of 4 =dt)

BI
Vyet

(3) Concentration of charge carriers n =

= = =102 m?......(01)

 1.6Xx10719%10"3x1.5%10~6
(For substitution OR final answer)

(d) (i) Positive (+)
Magnetic force acting on Na' irons directs them towards the P..................... (01)
(For the correct answer and the reason)

(11) Using the expression obtained in (¢)(i)

... Vpo
V= —
(ii1) a7

v = 160x107°
 5x1073x2x103x10~4

V=16 X107 m s e (01)

Total: 15 marks
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9. Answer cliter part (A) or part (B) enly. £
(A) In the circult shown In figere (1), 5 V cell has & negligible insorul resimence. Z is » resipny.
{2} Once the switch 3 is closed caiculale the power dissipation in the resistor Z when its ¥

valae is 140, :
tb]mﬁﬁhmdnndmdnmnambmmww

ABCD showa in figure (2), P e 1)

Amplitude s the width of the wolage pulse are 5V snxd 10me C— A

respectively. Once the pulse is prodisced It tuvels through the cironit

wish & speed of 2 10" ma™'. Assume that the recnguiar shape of iy

the pulse reommipy unchanged when | passes through the cirouit

(i) How Jomg does the edge AB of the voltage plce take w0 taved
acrost the length of the resisior Z of 2¢m long? Rgore (2}

() Approximmely how long does the full voitage of 5V apprar across the cntivs lengpth of the resistor 27
(Hi) Assuming that tho resistor bax a value of § K2, calcubmtr the energy dissipmnd in the resistor Z

(c}*!‘hcswitchsumchsedmdqmednpﬂmybpmummmpuvdmﬂmﬂ

in figure (33,
& ms
M T .. .
('ms

Flgare {3}

Mm@mﬁgmlm.wmuaﬂuh!muﬁﬂrpﬁiﬁd&vﬂﬂaw«miyﬁn.
Under this sitation, caloulale the power dissipated in the resistor Z whes s value & | k0.
(ﬂAWWMwMMMJ,-ﬂnnlhthw[ - i
a ing corrent ¥ enters imiive winey of ==
by a pulsating wnrce WO MeRintive w Ienml ;"L“I-_r-_-_r] :

{, wnd [, as shaen In figore (4). @_

Asume thet A the othr comnectisg wims I the cirewht have | L

mgﬂdﬂerwm.‘rumm“ﬂmdm{‘ﬂg.l !

cich hiving wen of crom-section A, zre mede of o mebwigl of |

resistivity p. Figure (4)

@ IF R and & s the resistmces of the wires of leogths | and [, respectively, write down
expreasions for R, and R,

(it} Derve expressions for the swplitades 7, ot £, of current padses through the wires of length )
and /, respectivily in tespa of [, /, and 1,

i gy —

te) A gaseous M-say detectnr consinis of o resistive anode wirn .:)x_mr e
PO of leagth L surouaded by a switshle pus a5 shown s L
figure (5). Suppose = X-my phowm is abmorbed by the || g, < ‘
pas producing 4 muvow clectron pelse In tar pas close 10 | ¥
ihe point 5 of the sande wire o5 shown in fgore (5). The L =2l .‘.n'ﬂ — J:ﬂ
siode wire has the capability of extracting this clectron pase | | X : 1
from the gas and forming an clectroa conent pulwe &t the | L ;
pofnt 5 of the apode wire PQ. Subeequandy, the elechon

wire in cither dirction with spued . Figare (5)

¥ At is the differesce in the srrival tinves of electon cweat mdscs (o reach the ends P and
© of the annde wire. derive & cxpression for x from the point P 1o the poist § where the
X-rzy photom is abworhed, in feraw of Af, v and L.

1
Ei
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In this question use of I°R and VI for calculating power, whenever relevant, is acceptable

coeo V225
(@) Power dissipation = BT D08 e (01)
=25 X 1072 W, (01)

2x102
2%x106

= 1078 sgisisniiiimnrmermmme(01)

() (i) Time taken to travel 2cm =
(i1) 10 ms aprsensTrsrassne(01)

(iii) Energy dissipation = f{% X10x1073=25%x10"3x10x 103

eI R (1 (01)

2
(c¢) Power dissipation= -l—;- X 1 ms X frequency

= Ve xX 1 X 1
" R Rl e

— _25%1075 s (0])

103x5x10~3

=5 X107 W' ummrasmasmenssammsssurnus(0L)

(d)(i) Ry = p% and R, = p:fz (For any expression)................. (01)
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(ii) o b

=t |

I;

— 1

Potential differences across the wires of length I, and I, are equal (say V).

L = é’i (X)) and I, = R_E e (Y) (For any expression)......(01)
1 2
I R [
Using (X) and (V) = 1=-2_2
L R
L_bL h_R
Lo L OR LR, e 01)
I =L+ L 01)
C i Iy I R,
Eliminating I, from the above equations, == or ===
IO_II Il ot 1 Rl
_ 2
L =1 [l ey 01)
- e - R
Eliminating /; from the above equations, ok _ X or LU B
IZ Il 12 R1
_ o}
L, =1 Torl, s 01)
(€) > h l L =
p X S L—x Q
ty = -E- and t, = -{J—;—x (For any expression)........c..ccuue...... 01)
At=t, —t, == (L = x)
I el T v
x =2(ac+5) 01
=3 o) e (01)

Total: 15 marks |
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(Bitap The viremit shown i figure (11 is congtructad using 4 silicon transsior 1%
of curren) gain 100 Assume thar 0.7 V is needed o (orward bias the i' -
bawe emilter junction of thy ransistor. g o
N
ti] Caleulate the maximum curnent possible through the collector resistos Vv |

(ti} Coleulae the maximum value Tor R, which enswres the condition
stiated tn o) above, for Vo= S V.

(o) ) the ransistor in the above ciroul has been rcplaced larer by a ;
Siilar transislor B having o current gain of 50, keeping &, w brpure i}
the vailde caleulaled in i) ahave .
(1) Culenlate the vollage at the outpw # for V,a 5V
12} What 15 the new mode of operiion of the uansistar?

th The dighat circuit whase Mock diagram is shown in figure (2) opereies as |

totlows Fra— =
Fach of the inputs A and B accepts binary | or 0. K, £, and ¥, are outpuis, . ="
where =

F, = 1 oaly when A « B, viherwise F,o=0
F, = 1 only when A = B, otherwise F,=0
Fos | mly when A » 0, otherwise F, = 0

Hon

L3
1) Frepare a truth table with A and 8 as inputs and F.. F, sond F, 85 outpins,
(111 Write down Boolcan eapressions for F..F and F
i) Draw a logic circunit which operates acconding 10 the condilions given mbuve, using logic gafes,

5

(a) (1) (o) max = T000 Uttt sssssss s sensassvissessssassssesarsis (1)

=5x10% A, [5 mA mwmamsasaseammm(0l)

(i) U)may = %- ................................ (01)
= 20§ 1075 Ao (01)
100

VB - VBE - IB RB OR
5-07=5X10"Rp .ccccoerrerrururrrrinnn(01)

(For correct expression OR substitution)
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(iii) (5 —0.7 = Iz x 86 x 10%)
I = 5 X 1075A oo (01)
(1) Ir=B1Iz=50x5x%x10"°
= 2.5 x1073A ..(01)
5—Ve=25x10"3%x103
Ve = 2.5V oot (01)
(2) Activemode e (01)
(&) (i) =
A|B F|F|F;
ojojo [1 [0 cereneenn(01)
o[1]1 Jo [0
tlotoTo T (For correct truth table)
1{1]o [1]o
i)y F;, =AB and F; =AB  (For any expression)........c..ceoo.... 01)
F, = AB + AB sEO1)
(iii)
o d B i 0
D i e ) R ;
k.

(If all outputs are correct).......covviiviiiiinennnennn,

(If only two outputs are COITeCt). .vvunrvnennvnnneeernnneenen.

Dy >
ﬁ (R ) (R

(OR any other correct circuit)

S (7).
O (11}

Tofal: 15 marks J
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(A} Frylngiﬁahﬂpumﬂng%ﬁq@wﬂmmmmemdmmuwumwmfm.
Y the frying is done using a large quansity of oil with respect o e quentity of food mutarin) w be fried,
I!wnhisedleddwl’ryiu.!flti!dmcwiﬂ!uwluivdynmﬂuqunhydoﬂiliicﬂhdﬂh‘ﬁyiu.
Gmﬂiydwpfryianesmmmwmwuﬂm'c-ldo‘cwmmrryhgindu
temparsiure range of 115 °C—100°C, Deep frying is expoasive, a5 & Iage quantity of oil hes o be replaced

regularly, however, in most of the cuses deep frying yields tastier food,

Ruﬂuofmmmnpjmnmmw“mdmlinmmmndﬁweﬁﬂmmmbyﬁnsa
seall quantity of oal is given befow. To incresse the beat capacity of the sysem snd there by to achieve higher
temperatuns, he has used smadl ressable solid porcelain spheres mixed with & relatively smad! quantity of olf,
(a) As the first step, the student poured 0.2kg of oll into 3 sultsble pot having outer walls covered
with én insulsting mmerial, and hested wpao 200°C uting » saft iouncrsion hester, The boater
was then removed and 02kg of by food msaterlnl was added imstamtly and mined with the
oil. i the ific heat capacitict of e oil and the food material are 1650 kg™ *C' and
i of

1600 kg™ *C~ respectively, and the i

food matettal v 30°C, celculme the final

inl
wdmmm.Amﬂmmmwwddﬂmwkmﬁiﬂmm

with 1l of oil, snd the hemt Soms o survounding
(b} Student then emplicd the pot and sdded the eeme amoumt
(2 kg) of fresh oll as in {4) above md alno & certaln S
amount of small sobld oniform porectuin spheres. Assume "
the added spheres gt packed, in e rogulor maner (rogular N -‘.-,.,.......‘.‘r
pucking) = shown in fgure (1), The spheres were addal 1o 20000800
the pot in such 2 way Swt he spaco of the yoids crealed A e
By 1be sphares when get packed occupies half the volume of
oil in the pot (sec fixure (1)),

() As the spheres we packed i the reguler manner, considering
tre unil cubes cocupied by sphores & shown in figee (20, dhow
that the totel volume of spheres s ogual 10 the volume of ofl
conteining = e voids, (Tale & = 3.)

(ii) IF the denaities of the il und porcetain ire 900 ky m™" and 2500 kg o1
wy,cﬂwmlhmﬂﬂumml. Figure (2)

-
2
]
4
L- !
%

{iti} The student then bemed the pot conmining ofl togaher with the porcetain spheres upto 200 *C. and
again added and nmhmmmzmdmmmmam'c.uma)m
If the specific heat capaciry of poroelisin 13 1000 J kg™ *C, calcutate the final temperaines of the

mixture. Neglect the heat capacity of the ey pot dod the hemt 1053 16 surrornding.

] Whmhﬂnadimwilmﬂwmmmﬂwmwinmminﬁpﬁmmuﬂ?

(a) Let 8 be the final temperature of the mixture.

Amount of heat lost by 0il (200 °C), @, = m, C, (200 —0).................... (01)

Amount of heat gain by food material (30 °C), @y = my Cr (6 — 30).........(01)
0, = Qs OR

my Co (200—0) =mp Cr (8 —30)..................(01)

0.2 X 1650 (200—-6) = 0.2 x 1600 (6 — 30)

(If all the terms in the above equation are correct, award all 03 marks.)

(200 — 6)1.65 = 1.6 (8 — 30)
8 =116.3 °C [116.2 - 116.4]°C

(01)
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(bX(®) A

. | | &
=
b3 |

4
Volume occupied by a sphere 57"3 _ 4x3xr?

Volume of a unit cube T (2r)? 2493 (01)

~ Total volume (V) of oil within the voids is = Total volume of the spheres ...(01)

(ii) Let d, and d,, be the densities of oil and porcelain respectively. If the mass of
the porcelain spheres is m,,,

my, =Vd, and m,=01=Vd, (For any expression)................ (01)
0.1 0.1
my, = ;O-dp = 563 X 2500 e {01)

m, =0.28kg  [0.27-029]Kg.......cccoerrernee(01)

Alternative method

Since the total volume of oil within the voids and total volume of porcelain are equal,

m d
med - —+2=-"L

T2 =T (O1) |
My _ 2500

< OOURSROUURRR 1} )
my, = 0.28kg [0.27-0.29] Kg ..cooovvvrens (01)
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(iii) Let 8 be the final temperature of the mixture.

Amount of heat lost by oil (200 °C), @, = m,, C, (200 — 8') OR

Amount of heat gain by food material (30 °C), Q@ = my C; (6" — 30)
(For any expression)............... 01)

Amount of heat lost by porcelain (200 °C), @, = m,, C,, (200 — 8’)..........(01)

Qo + Qp = Qf OR
m, Co (200 = 6" +m, C, (200 — 6") = my C; (6" — 30)...........(01)

0.2 X 1650 (200 — 6) + 0.28 x 1000 (200 — ")
= 0.2 X 1600 (8’ — 30)

(If all the terms in the above equation are correct, award all 03 marks.)

1.65 X (200 — ") + 1.4 x (200 — 8") = 1.6 (8" — 30)
8’ =1415 °C  [140.5-142.5]°C ....(02)
(02 OR 0)

(¢) Heat can be transferred to oil very quickly O (1) )

Total: 15 marks |
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Lighs beam
Bitay The diagram given in figore (1) shows the essential pants of p setup L
necersary t <arry out the photoelectne effoct experiment, ;
(i'}Thepuﬂmarkudasﬂisavdngcwppl)',whalmlhtMmainI.'. gt it
features, {3 shoutd have in order 1o obiain pholoeleciric curren f )
(N - potential difference 7V} characseristic? == : -
i) Name the parts Inbelled as A and B, [ e
1in Fwa monochromstic bight beams, groen |wavelengis ﬁ.‘] U e
[wavelengtb i}[} 4 3 wodiiars sl same ininsGes measgned in
W m, are ﬁllnwea o inculent onoA, one boami gl B ome, The
frequencics of the light heams are higher than the threshold frequency of the nisterial made of A
(13 Draw a rough sketch o indicate the variption of | with V., for both green and red colours in ihe
same graph_ 1'he curvies for green and red colouns should be clearty labelled us G and R respectively.
Assumw Lhst same porventage of incident green and red colour philons emit photoelectrons.

21 if the difference belween Uk stopping potetigls is AV, and the difference between the frequencicy

15 Af for green and red colours, obtain un eapression for the catio %{;- in {oems of Planck's
constant A and magnitude of the clecionic charge » using the Einsicin’s photocleciric offect
e,

(A} A cermain photocleciric smoke alarm systom  mainly o T-ahaneel chastr
cunsists of A 1-shaped chamber fitied witk a rxnochromatic =
fight emiting diode (LED), a photocathode and an = EE=Sme——
clectronic alarm as shown in figure 2(a). + :

Under the nomal smoke-free condition, the photons LED A ithnathende

of the LED light beam travel shrough the chamber and et Hhectoui

move sway without siriking the pholocathode as shown — o

in figwre 2{a). When smoke enters the chamber, some Figure Z{T)

of the photons coflide with the smoke pasticles and

move in different directions without change in their waveleagth as shown in figure 2(b). The number of
phutons thus colhdes is proportional to the number of smoke particles present in the chamber Dt of the
caollided phetons, a cermin number s incidem on the photocathode and generates a small photoclectric
current, When a sufficicst nuimber of photons i9 incident
on the phutocathode it gonerates an adequale current o
#clivate The clectronic alsm,

" Wi ey

Py (15

Smoke 1n

(i) if the wavelength of the pholons emitted by the
LED is 825 nm, calculste the encsrgy of a photon Figure 2(b)
im ooV
Take A=6bx 101, speed of light in vacusm c=3x108ms™! and |1eV=16x107"),

{it) Two photocathodes X ond ¥, made of matetials with work fimctions 1. d4eV and | 6eV nespectively,
are evailable 1o you. Which photocathode (X or 1) 15 suitable to construct 5 smoke alarm system
with the LED mentioned in (bXi) above? Justify your answer.

(il Power of the LED is 10 mW If only 3% of cnergy gocs into produce light of wavelengith of
825 am. caleolaie dre number of photons emiied by the LED per second,

(iv} Photocuibhode should receive st least 20% of the emitled photons per second from 1he 1LED to activale
the alarmm. Calculate the minimum number of photons per second that should be inciderd on the
photocathode to activate the alarm.

{v) When phaotons are incident on the photocathade. enly 2 pan of the incident photons contributes o the
cmussion of photoelectrons. Assuming 1that ondy 10% of incident phidons emits photortectrons, caleulate
the minithum phosociectric current that should be generated by the photocathode 1o activate the atarm,
Take ¢ = (6% 10 " C.

01-Physics (Marking Scheme) | G. C E. (Adv. Level} Examination- 2018 | Amendment should be included 46



Departiment of Examination Confidential

(B) () (i) dc, variable and reversible (Any two correct). ...............(01)
(ii) A- Photocathode/Cathode and  B- Ammeter (Both COITECt). ........... (01)
(i)(1)

Photoelectric current (I), when V >0
Curve for red (R) should be above the curve for green G) ... (01)

Stopping potential (V), when V < 0 and at I = 0:
Curve for red (R) should be behind the curve for green Q) ... 01)

(To earn these marks, at least one curve and one axis must be labeled. If both
axis are not labeled deduct one mark.)

(2) Let Vg and V;; be the stopping potentials for red and green respectively,
and fr and f;; be the frequencies for red and green respectively. If work
function of the cathode material is ¢,

Forredcolor, eVg = hfg —¢ .o o e .. (X)
For green color, eV = hfg — ¢ oo (V)
[For either expression (X) OR (Y)].....ovvovvnenenn ... SRR (1) §)

(¢ can be written as A fp)
() -(X) - e(AV) = h(Af)

afn e
@) R et (01)
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: he 6.6X1073%x3x 108
(6) (i) Energy of a photon E = T T 53510 I eRIgoTD e (01)
=15 eV (01)

(i1) X, To produce photoelectrons,
work function (or ¢) of the cathode material < energy of an incident
photon (or 1.5 V). O PPPORRRINY (| 1§

(iii) Let # be the number of photons emitted by the LED per second.

nE =10 x 1073 (1—33) ...................... (01)

(For correct substitution)

If the energy of a photon E = 1.5 eV

__ 10x1073x0.03
© 1.5x1.6x10~19

=1.25x10" s ... ........(01)

(iv) Minimum number of photons = (=) x 1.25 x 10'% = 2.5 x 10 "
(For correct substitution).” = (01)

0
(v) Number of electrons generated by the photons = (1}56) x 2.5 x 1014

=25x 10351, (01)

Photoelectric current = e X number of electrons emitted per second

= 1.6X10719 %25 x 10%3 .. ... (01)

(For correct substitution)

| Total: 15 marks

01-Physics (Marking Scheme) | G. C. E. (Adv. Level) Examination- 2018 | Amendment should be included 48



