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Department of Examination
General Certificate of Education (Adv. Level) Examination — August 2018

Marking Scheme for Physics II

PART A — Structwred Essxy
Answer all four guestions on this paper itseff.
(Accelerstion due to gravity, g = 10N kg™))

1. An experimental setup of Harc's spperatus used in a school laboratory is shown in
ﬁm(!).ﬁssim.x_mdx,wthnhdﬂnnmemudﬂn;dm
indicator from the water and liquid surfaces in the beakers respectively.

Water
Figurs (1)
(@) (i) What is the purpose of using a clip in Haro's apparstus?

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 COITECT ANSWET)..ccerereerveeennnns (01)
(No marks for the answers just explaining properties of the clip)

(ii) The densities of water and the liquid are d, and d, vespeatively. If A and &,
represent the heights of the water column and the liquid column in glass tubes as
measured from the mark M of the respective indicators, derive an expression for
k in terms of &, 4., X, d,, and x,.

P+ (hy + x,)dywg = P+ (h + x)d1g e ..(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)

dy dw
h; = d—ghw + (d—ixw —xl) eeirinerineienennenennn(01)

(OR any other correct form of_ hy)
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Department of Examination
(i) If the expected heights of the liquid 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 4hc cxperiment to take a set 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
closing the clip you need to make another adjustment 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. PRI (1) §

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

(b) The apparatus shown in figure (2) can be used to vary A
the air pressure inside the tubes of the Hare's apparatus. ---- Tap
This system works on Bemoulli's principle. The air
pressure inside the tbc T can be changed by adjusting
the specd of the narrow water jet passing through the
section X of the apparatus with the help of the tap. The
position A of the apparatus shown in figure (2) can be
connected to the position A of the rubber wmbe shown
in 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 (5), when :
establishing the liquid columns in the tubes. Figure (2)
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Hare's apparatus available in the school :

Sucking withmouth e (01)
Improved version of the Hare's apparatus :
Adjusting the speed of the water jet OR
By adjusting the tap. (For any cotrect answer)............. (01)

(ii) Give one main advantage of using the improved setup mentioned in (b) 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 (4,) 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).......ou..evu... (01)

(¢) A graph plotted using a set of readings obtained from thc improved apparatus, mentioned
in () above. is shown below. The graph shows the variation of the heights & and A,
_of the liquid columns for water and sulphuric acid respectively.

h_(x 10~ m)

20 140 190 240 290 M0 30 440 40

(i) In this experiment you are provided with a scale which can measure the lengtt
with an accuracy of ! mm. What is the maximum fractional error associated witl

h,, measurements taken in this experiment?

% — IEI}F = 0.01 OR 1% (No marks for other answers)..,....(01) 1
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(if) Using the two points P and O on the graph, calculate the relative density of sulphuric acid.

d;

Relative density of sulfuric acid, 5
w

_ (480-130) _ 35 _
~ (270-80) 19

(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.
(@) Upto what level A, B, C or D should water be filled in the
cylinder in order to perform the experiment accurately?
Uptolevel 4 e 01)

(OR water level marked at the point 4 in the figure below)

(b) Draw in figure (1), the important missing item, in the incompicte
diagram (with appropriate sizc) other than water that you would
require in this experiment.

!

Stirrer properly drawn as Shown  ..cccceceernenene (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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(¢) Give two advantages of using a mercury thread over a water
thread 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 ANSWELS)uveverseersurssesrssnsssessnsans tesreennnarees (01)
(Correct relevant negative arguments are acceptable)

(d) As the temperature is increased, mercury thread will also expand.
Explain why this cxpansion 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 experiment, you are asked o measure the length (/) of the trapped air column
and its temperature (6 °C). Write down the main steps in the experimental procedures
which you should follow to ensure that (i) the thermometer reading itself provides
the temperature of the trapped air column, and (ii) length ly itself is the exact length
cofresponding to @ °C.

(1)Stirring the water in the cylinder and,
moving the Bunsen burner in and out of the system.
(If both procedures are correct).............couunnun.n..(01)

(i1) Ensuring a steady/stationary mercury thread in the tube (while maintaining a
constant temperature in the water/thermometer)  ..........coceeviennnnnnn(01)

4

) I{ the lengths of the dry air column trapped inside the capillary tube of uniform bore
diameter at 0°C and °C are /; and [, respectively, write down an expression for ly in
terms of Y, l,and 8, where Y, is the volume expansivity at constant pressure for dry air.

lg = Lo(1 + V)it (1)
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(2) Draw a rough sketch ofthcexpmwgcaphwithlemthey«aﬂsandﬂinTmﬂwx-uis.

L4 (For straight line with positive intercept (C). No
marks if the value of C very close to 0 or straight

/ lines with_unacceptably high slopes)

0 — §(°C)

}
1) A student decided to use the capillary tube shown im figure
(2)(a) instoad of the tube shown in figure (2)(b) in this experiment. l
When taking a set of rcadings, is it more advaniageous of more
disadvantspeous? Explgin your answer.

Answer: Advantages
. Figure 2{n) Figure Z(b)
Explanation: Fractional 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 pldt 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 ANSWEI/S.) cevverereecssannes (01)
(Award this mark even if a student has provided both answers)

() Can you perform this experiment properly usinganetectrichnlplmiustuddnﬂmd
bumer? Explaip your answer. ’ 1

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

(For any COrTect eXplanation) w......eeesssesssrssecmusensssssssssssssss (01)

Total: 10 marks
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3. You are asked to find the
refractive index of glass using
a rectangular block of glass and
a travelling microscope. A small
amount of lycopodium powder
and a piece of white paper cut
o the size of the glass block
arc also provided. A letter ‘X’
is marked in the middie of
the white paper. Diagram of a
travelling microscope that can
be used in this experimen is
shown in figure (1).

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

Identification Function _

A | Fine adjustment knob | To perform the fine adjustment in vertical
direction OR For fine focusing of the image
B | Focusing knob/ To focus the image of the object OR
Adjustment knob of | To get a clear image of the object

the microscope

C | Levelling screws To level the travelling microscope setup
D | Spirit level To verify the leveling
(1f the ‘identification’ is provided under ‘function’, accept it as correct)
(If any three (identification and the relevant function) COrrect]............cveuveunenn. (02)
[If any two (identification and the relevant function) correct]........c..ccveveerennen. (01)
01-Physics {Marking Scheme) | G. C. E. (Adv. Level) Examination- 2018 | Amendment should be included 20 .
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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
tarmed, the corresponding vernier scale did not move. Give the reason for this.

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

(c) An enlarged figure of the main scale and the vemicr scale ,
of a travelling microscope are shown. Calculate the Jeast
count of this travelling microscope in centimetres. L f .

Minimum reading = (0.5 — %—5-) = %g
.................................. (01)
=.001 cm

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

(d) What is the ad}ustmmt that you perform on the eyepicce before starting the experiment?

Focusing the cross wire of the microscope......uoeevevevevreeeeeenennn. 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 experimental 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 (g) below)
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(H Relevant positions of the main scale and vernier scale comresponding to the measuremen
mentioned in (¢) above are shown below. Write down the reading comesponding to th«
measurement in centimetres.

(No marks for other answers)

(2) After taking the first measurement mentioned in (¢) above, write down the important
steps in the experimental procedures pertaining to the other two messurements that you
need to perform.

(i) Place the glass block on the mark X and take the relevant reading of the focused
image of X (as mentioned above use A without adjusting the B). ................(01)

(ii) Sprinkle a small amount of lycopodium powder on the glass block and take the
relevant reading of the focused image of lycopodium power particle......... (01)

(k) Readings of the relevant three measurements obtained by another student when performing
this experiment are given below.
4.606 cm 5496 cm, 7206 cm
Using these measurements, calculate the refractive index of glass.

. _ (7.206-4606\ _ 2600
Refractive index = (7_206_ e 6) iy S T— (01)

= 1.52

—

Total: 10 marks |
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4. Figure (A) shows how a dc mowr Is run by a pack of four 1SV dry cells. A disc ¥ perforated-
with set of equidistant holes as shown in fgure (B) is fixed perpendicular to the axie of the
de motor. Whea the disc rotates, light produced by LED passes through the holes and falls on »
mr.mnm(o.mmmmmﬁmm}m.wu

Y

dc molor

Figure (A)
(a) Identify the component X.

Rheostat ... Susesassusninansasssasisnsennseis (01)
(Do not accept any other answer as correct)

(3) How would you change the rotetional spesd of the disc ¥?
By X/Rheostat/changing the cumrent  ..oovenvivivsiinnnniennen, (01)

(c) What is the advantage of having four 1.5 V cells in paralflel?

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

(d) The disc has 20 holes, and if it produces 5 rotations per second, what is the frequency
with which the light beam hits P shown in figare (C)?

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

(¢) Draw a rough sketch to show how the voltage (V) produced by the photodiode circuit
showninﬁgmem)vﬁuwimﬁm(o.mﬂﬂﬂwmﬂmmvaImﬁVisSV.i

v v
4 Ll ¥
t OR ¢
(For identification of ¥ as a periodic function of £)....cccevruuevrnncnen. (01)
(For the shape of the curve as shown above) .........cceoiiicicninenn (01)
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wmmw&mephmomndcdmﬁthﬁmm)hmwmmdmmcw&
the circuit shown below. Number of tums in the primary and the secondary coils in
the transformer are 25 and 750 respectively. Assume that the valoe of capacitance C is
very large. Take Zener voltsge, V, = 75 V.

R

(i) What type of transformer is used in the sbove circuit?
Step-up transformer ' e erereeereeestessteennaeasaaaan (01)

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.

e (03)

Total: 10 marks

Additional information for future references
Under this situation, take the Zener diode voltage (Vz) as 75 V.

ﬁi;wuiaﬂrrﬂudduvdmtbmmheummmmam?
V‘D - 75V
(i) Draw a rough sketch fo show how the output voltage ¥, varies with time /. Indicate
ﬁnmgﬁtndedhmmvdmgcwmvnuis.
Vv
75V

f ]

(1Y) AMmm&ummmmwlmﬂMhm
akhtwwm.wmumaﬂhﬂsu;IM&pHnmmw.

Yes, both input voltage (1.5 V) and output voltage (75 V) of the circuit are dc
voltages. '
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8. (a) Bemoulli’'s equauon for a flud flow can be wrilﬂwn as Po%du‘ + Mg = constant, where all symbols
have their usial meaning. Show thal the ten Sdu® has the wmlt of encrgy pev unit volume.

(8) Sri lanka has onc of the most advenced ancient imiguion eysems in the world. Such an irrigat
system which <upplies water for farmers and villagers consists of three magor features as shown in

figure (1) /.;I.Blloim

Festure 1 © The tank or reservor and the
dasn,

Feature 2 . The omgoing water Gl from Oulgsng
the tank which s exposed (o m [

atmosphere.
Festore 3 - The Bisckotuwa (also knownas &, >3 &
cistern sluice) is & roctangular shaped verticonl VXTI
tgwer chamber with walls made of stones o Figure (1)
bricks (sec tigure (1)). Whea it is requined to release water from the tank, the water Is first allowed (o
enter the Bisokotuwa in which the speed of the water Bow is drastically reduced. One reson for this
vedixction i1 the sudden increase in the cross-sections] area of the water fow within the Bisokotuwa. In
addition, # subsiantial amount of energy of the water fiow i3 also lost, within the Bisokotuwa, duc 0 the
collision of water with the wone walls of the Hisokotuwa.
For your caiculations, acsume that the steady and streamiine ow conditions can be applied xlong the
dotied fine paths shawn in figures and the height of the water lovel in the tank remains unchanged,
Congider an ietigation system which consists of only the leshites
1 and 2 as shown in figure (2).

(i} i the beight of the waler fevel in the mnk s A denive i
an expression jor the speed v, of the cutpong water g Duigving £
it @ in lerms of h and 5. consd

(i) If A = 128m, cadeulate the value of v, N

(iii) Calculate the kingtic cncryy per unit volume carmed b}' T *
the water at polm {J. The deasity of water is 1000kgm™.

{r) To contral the destructive power of the oulgolig water, ancicnt engineem incorponiied the festure 3, the

Busokotuwa to the 1ank as shown wn figure (1), ,

{i} The woter caters from the tink to the Bisokotuws through a turmnel us shows in figure (1), Assume
that the tnnel is tapered, and arcus of cross-sections of the wanet ot the inlet and owtiet are
A and (L6A vespectively. Catculwte the speed v, of the water flow at the point 8 in the lunnel.
Toke the speed of the water low ot the inlet £ of the hmnet a5 12ms™,

(i) (‘almﬂalf the pressute Py of the water fiow at the point B in the tunnel. The atmospheric pressure
istx10'Nm’

(i) Consider a pount C in the outgoing water canal where the pressure and the spoed of the waler
flow gre mt the values of 75% of £, and 65% of v, respectively.
(1) Write down the value of tho pressure of water Bow Pl the point C,
(2) Write down the value of the speed of water flow v, &t the point C.

(iv} Calculnte the speed v, of the outgolng waier al point D shown i figure (1),

(v} Calevlate the porcentage foss, 10 kinetic encrgy per uait volwne carvied by the water st point D
thown 1 figure (1) with rapedt o the value calenlated ia (b)) above,

(vi) Explain briefly, how ancient engineers mamaged (o control the destructive power of the outgoing
waier flow by sdding the Bisokotuws o the imigation system.

hY
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1 - - - -
(a)-z-dv2 - (kgm™3) (ms )% - (kgms 2m)(M™3) s (01)
- ]m
(Reasonable steps, using base units or dimensions, should be clearly shown in
order to earn this mark. Equating the base units/dimensions of dv? 1o base
units/dimensions of energy per unit volume is also acceptable)

(b)(i) Applying Bernoulli’s equation to the points § and 0,

O Y P T PR——— (01)

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

SN | (01)

(ii) v, =VZX10 X 12.8

(iii) Energy per unit volume = - >< 1000 X 16* = 1.28 x 10° J m™ ..(01)
(For substitution OR final answer)

(¢) (i) Applying continuity equation to the tunnel,

AEvB = ABUB OR AX12 = 0.64 X VB terenrusssunsssrosssersssssnerssnanns (ﬂl)

(For correct expression OR substitution)

(ii) Applying Bernoulli’s equation to the points 5 and B,

1 g

105 + 12.8 X 1000 X 10 = Pg +5 X 1000 X 20%..ccocccrrrsrrr ot

(For correct expression QR substitution

Pg=28X 10N M2 (o1

01-Physics (Marking Scheme) | G. C. E. (Adv. Level) Examination- 2018 | Amendment should be included 26

@ 608 008 T LR ) oo (it g (e o oyieduel £ odel odicad ¢ o 0 Bdosala www.alevelapi.com oo .



Department of Examination
Gi) (NP =075x28x10*=21x10*Nm?Z ... (01)

@V, =0.65%x20ms'=13ms? e, (01)
(For correct substitution)

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

Po+>dv} =P, +2dv? OR

105 + 2% 1000 x vZ = 2.1 x 10* +x 1000 x 132._____(01)
(For correct expression OR substitution)

vZ =42 +169 —200 = 11
v, =3.32ms"' [3.30-3.32]ms (01)

(v) Kinetic energy loss

1 2.2
AKE _ 5d(vi-vi)
—_ 0
— = ; x 100%

2
151

Z_ 2
= 08532 £ 100% = 96%  ..........(01)

(For correct substitution OR final answer)

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

Bisokotuwa. cerreremiinnenenns(01)

A Total: 15 marks
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6. Read the following pasngze snd answer the questions,
Oveun waves are venertly caused by wind and gravity. Wind-dnven waves in the veean as well as sunami
wines und tidal wures are some examples of gravinn waves. When wind blows across the surface of the
weean, water surface of the ocean s continuously disturbed by the wind, Under this situstion the force of
gravity tnes o restore the cquilitbnium At the interface hetween water and wr. As a result, accun waves ane
created. Ooean waves van be categonzed inte two main ypes, namely deepwater waves and shaljow-water
wures. The terms, shallos vater waves and deep-water waves have nothing ro do wiih the true depth of the
ecean e wives present in the ocean where the depth (8) of the ocean 1S greater than half the wavelenpth
th,of the warve are valled deep-water waves When the depth 1) tnthe ocean i« Jess than half the wasclength
iz uf the wave they sre called shallow water waves. The wavelengths of deep-water waves are in the range
of I m-1km whereas the wavelengths of shallow-waler waves are m the range of 10 km-500 km in the
acvan The value of the spred of propagation ¢+ of shallow water waves in the occan of depth & is piven by
"= \;ET: . The mverage depth of the acean is about 4km,

Major tsununns are causied by large-scale disturhances in the ocvan, Shoreline

. h"i.and
such ac underwater earthquakes. voleanic eruptions oceusting on or

-
Muean sea loved J e

helems the occan Boor, and smpact of 2 large metenrite with ocean i \.
A sunami is & sepes of ocean waves with very tong waselengihs, - er-i_»-fj/\:[}\} - g
mnging fram [0 hm-508 km in the deep ocean. Lven though the Fsunam: '

Wilky

shape of a tsunami wuve can be approvimated o a sinusoidal wave ,/‘(

m the deep oceun fur away from the shore, it gradually wkes a ~/ (kear fhxy
complex torm as i reaches the shallow wuter near the coast a8 _——— Hure 1)

chowa in figure gy Depending on whether the first pan of the

tsumarmr wane which reaches the shore is a crest or a trough, it may t'rm,ﬂ C Land
appear as a rapidiy rising or falling tide. In some situations, the front 1 | side

of the wavelorm can ke a very complex chape ncar the shoreline \

as shown i figure by, and @1 may appear as a rapidly receding I!:-‘::-:i“ ey )l L
of the shorcline follemed by an incoming huge wave haght grown = 5 1

up w seversl metres. The rate of wansfer of tsunami wave energy

thmuph the ocean surface, which depends on both 158 wave speed SHORHNG — o
and wave height. remains nearly constant. In general, the vatue of the Figun Tihy
height M of the sunami wave as it enters shallow water is given by

Troug .

Uy
e .
k, are depths of the shaflow and deep waler respectively.
When 1sunami waves propagate across the ocean the wave crests can undergo i
refraction. [t is caused by segments of the wave moving at different speeds as the |7y
water depth along the wave crest varies. In addition, duc to uneven vanation of the v
ocean floor near the coast and obstacles such as small islands, reefx, cic., on the :
1sunami path. these waves undergo interference and diffraction. The distnibuation of t
tsunami wave heights was estimated by a group of scientists along the coastline of 3
Sri Lanka after the devastating tsunam that had occurred in December 26, 2004, = —
The length of the lines in figure (2) shows the heighls of the tsunami wave crests 8 S
atong the coastline. Superposition of waves from the primasy source and reflected
and diffracted waves from obstacles was responsible for the ermatc panem of the
wave hetghts and the varveng damage dong the coastline.
i Exphain briefly how the ocean waves are created by wind and gravity. Figure (21
thy What is the difference between decp-wiiter waves amd shallow-water waves exist b the ocean?
td What are the three causes of [sunami wave iormation meniioaed in the prssage?
1y Wdenufy the nvpe of the tsunanu waves possihle in ocean (deep-water waves or shullow-water wives), amd
estimale the specd of Isunam waves moms ©m the tocan having an average depth of 3 ke
ied The heiht of tumami wave mapidiy increases as 1t approachies shallow waler near the coast. Faplain
qualitaiivels why this happens. -
oh Culculate the hoight of the sunami wave i the oocan a1 a place where the water depth 1 6250 m
Tahe Mie serghe of the wave at o warer depth of 10 moas 5 nu Considenng the warelength o 1
cwnbars why i dithenlt wy detert tsunami wases 10 the deep ocean.

I, \3 ,
H =H (_L) . where H, is wave height in deep water, and A and im,
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(g) Assining that a tsuname wave takes the shape shown in figure (1}b: at the shorchine, explain briefly
why Ihe shorcline recedes from the fund just before the amival of the huge mass of water,

(h) B the tsenanu waveform mentioned B question (g) above can be
spprovimsted 10 part o & siesoudal wave as shown in Bgure (3), caleulae
the tme durathd in minmtes hetween the lnstant that the shorefine
siarts repeding into the occan and the amival of Lhe water mass al the
{ormer shorehae o the part of unusoidal wave, take v=0ms’ - -
aad A= 18km .
= /% chows uane locations whers the wave boght is very bigh LV

i uﬂ'ﬂd o thar aboining regions having very low wve heights. Soocclion sl
Wit phenomenon could be responsible Tor thus”? Explain your answer. Fawrc (1)

(D Briefly expimn the resson why the tsunami waves in 2004 reached
even the west cuasd f the idamd as shown e figune (23,

land
e

) When wind blows across the surface of the ocean, water surface is continuous!
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. ..........c.ccuenuenee (01)

') Deep-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 1 m — 1 km.

Shallow-water wave:
When the depth (k) of the ocean < half the wavelength (1) of the wave OR

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

impact of a Jarge meteorite with ocean. v (01)
) Shallow-water waves === cceeeereeens rerereernrrernsannsns (01)

v=v10X4 X103 =200ms .cccecinerenrerennnn(01)

(For substitution OR final answer)

Total energy depends on wave speed (v) and wave height (H) and it is a constant.

As wave approaches towards shallow water, v decreases. Therefore, H will

increase.
SasARErRTEEYREE I'fi(ﬂl)
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’ = ()
1
5 = Hy (Po0) s (01)
Hy = 1.0 Moo N (31

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

makes it difficult todetect. e (01)

(g) First part of the wave shown in figure 1(a) is a trough, and it appears as a rapidly

receding of the shoreline. e, (01

3
WT = % = 18“;” = 1.8 X 10%3s =30 minutes  ...oerrreeinrennns (01)
Time duration = % = 15 MINULES. ...ovorerriererrerienrereeerernens 01

. LA
(If the correct time duration calculated using the equation —-?- award the both marks)

() Interference. s, (01

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

Constructive interference Destructive interference

(wave from E (wave from
primary source) W E primary source) W
+ - : + - OR
reflected or 1 (reflected or
Siffractcd wave) E diffracted wave) \/\/\/ VAN
‘ | @
(For both diagrams)............cceeveeevenen. (01

(/) This is due to refraction.

Segments of the wave moving at different speeds as the water depth along the wav

crests varies. As a result, ocean wave crests can undergo refraction. (04
J

Total: 15 marks -
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T g Comvrete i a hardenwd smatire of coment, cund. gravet and water Ronforeed cumorete stiuctures are

strietotes comprosest of ourerele amd sieel bars Al ngid bodics, such as steel and concrete are elastic
W some eenl, Convrete is drong under compressien bt weak under extensior while sieed 15 strong
under buth sitsations., A g combimiten, concete neanly resists compressuon, and steed bars mainhy

it e fenston

Ovpsader a plaf comoeie bean having reclangutar cross section, :uld Concrrie hey "
without stoct bas kept on twes suppeorts, amd sutected o 3 load W ~ t
as sheawn an bigure 1tdos §mded s stialion the hattom pan of the [T
Beam will evprnenve w vtensnt while the top pant will eypenenece t T —

v

F e e

g LOMPRession s e it wath dedted Bves — N

iy Which side of the plain concicte beam (lop of boltom) is most Figure lear
vulnerable 1o vrack ander the foad #?

“fiiy To improve the stfiatmn shown i figare [ad, steel hars are inserted
et 1o the bonom of the concrete beam at the production stage .-
as shown g higure Jibi Bawd on the infonnanon piven ot the A
begimmng of the quostion. explan. how this miproves the load
beanng capacity and prevents crwking of the concnete beam.

Figure iy

!
fgure 2(a). Lyen though corcrete s a brinle matenial, the ensile stress {_“:L ﬂmr: (Tl relationship
of the concrete () under temile Torve can also be modelled as shown in figure 2(b). In rantorced
concrete. stecd bars are well bonded B conerete, thus they can jointly rovist eatemal lomds together until
roncrele cracks.

When the curve reaches the point £ shown in igure 2(b), the comerete will cruck.

() The tensile stresy {i}s - slran {ML relaionship tor mild steel (5) cun be modetled, as shawn i

»

HF P F P R g oS
h«}‘am’"& m [I}:ilfhm
18t
’I
b ST
0 e - LYY
T (e
Figure XNa} ngrc. by .
Using the figures 2(a) and b,
iy calculate Young's modulus of mild steet £,
(i) calculaie Young's modutis of concrete £
(¢} Figure 181 shows o resnfirasd uniform concrete beam of length __L_—-.."-”/'
F'kept on i rigd honsomst surise. The beam 1t reinforeed F_‘_’,_...—-:"‘ -
with cunerete and identical four unitorm cvlindrical mitd steet e
bars exch of length £ The tensile strvss-strin relationships ’i

vurespotiding 1o the concrete and the steed used are given ¥ \J,, e
m figwres X amd b respociively Axsume that the beam N

I

s subtectad o gl temile force of £ applicd umformly %l stoet hars
thraghout the drea of crons section of the beam, und mild L “I;ﬁ \.
el furs and conctete praduce sume extensiva Al under Fipure ¢4 R aiiag

the tensile fons
r
Ltons-spctnonial vicw

f Wate down an expression for the terwle force (F .1 on ooncrete in terms of £ arca of eross section
o the concrete A, 7 ad A

e Wrte shown an expression tor the tenude force (F 1 on the foor mild steel s in terms of E . total
e ol cross s b o the four nuld sicel bars A land Al '
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v Prve b concrene cracking, o the sl ensile foree (F s carned by both voncrete and ihe stect, oblan
n exprression for Ure 1otal teastle foree £, on the restorced conceere beans

ve Fhe spea of cnoss secion A of the renforeed conerete beant s ol Se bgure (3% For the beam. take
£ 2000 mam s oF a cyhndreeal mald steel bar = fomng, A0 T mne o 150 mm and A - 251 nirw

by Phyvacadly under whet comhition the capresiion abtaned e mirs alene ix vabid” tise the
data prosuded ahine Lor the reitoroed conerete beam angd show that the cypresaon oblgned
i sone s physacalhy svahd for the beam.

. . 4
td Caleulate the value of £ cbor yowr calealation, ot —f- V5 then ke A« ol otherwose ke
.1. Jk ‘1' Juke 1 as 4 :

o Caleulate the mimsmum tensile force which vtacks the semtorced ceuete hoany.,
(@ @) Bottom e, verereereeeirre e eraneeenns (01

(ii) Steel 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 Young’s modulus. ..o (01

. 3.8x10%°0 .

) () Es = v 2.0 X 10 NI e (0
B 2.0x106 g
(i) Eg = 2% = 2.5 X 10T N2 .ot (0

Ec Ac Al

= RUOUROOURO (1)

(¢) (i) Force on concrete Fp =

Eg AgAl

: ROTY

(ii) Force on mild steel bars Fg =

(iii) Total force onthe beam F, = Fo + Fs OR F; = %(EC Ac + E5 Ag)

(For additiof
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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 / G)C <2%xX10°Nm?OR

Concrete must be below the cracking strain / (i:'-t)c < 0.08 x 103

(For one correct condition).............(01)
ALy _ 01 _ _3
For the concrete ( ! )c = B00 0.05 x10

. (ALY _ -3 -3
"(z)c 0.05 X107 < 008X 107%.........c.co0. O1)

Alternative method

For the concrete G)c = 2.5 x 1010 x-z?]—":a =125 X 10 Nm?

(IF)C =1.25X105<2X 10% ... (O1)
As _ 4mr? _ 4x3x(6x1073)* _ -2 _
@7 =—= 10wz 115X 107 =1.15% ....(01)

Ag

Al
Ft = T(EC AC + ES AS)

0.1
—_— — 10 —2 ~2
F, 2000[2.5><10 X (15 X 107° x 25 X 1072)] +

S [2% 101 x4 X 3% (6 X 107%)).oooeenr 02)

(One mark for each correct term)

F; = 5x107°[9.375 x 10° + 0.864 x 108]
F; =5.11 x 10*N [5.10-5.12] x 10N ......... (01)
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(v)

( F)min = (0.08 x 1073)[2.5 X 1010 x (15 x 1072 x 25 x 1072)] +,
(0.08 x 1073)[2 x 10** x4 X 3 x (6 x 107°)?]........ (01

(For identification of iil = 0.08 x 1g~3‘l

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

Total: 15 marks

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=(15%10"2x25x107%) -4 x3x(6X 1073%)% =3.71 x 1072...(01)
[3.70 -3.72] x 1072

Al
F, = T (Ec Ac + Es As)

0.1 I . 01
pe——— b X 3. x1 11 -3)z
F, 2000[25><1(1 3.71x 10 ]+2000[2 01 x4 x3x(6x1073%)
(One mark for each correct term) ................... (02
F, = 5x 1075[9.267 x 10° + 0.864 x 10°]
F, = 5.07 X 10*N [5.06 -5.08] X 10*N ......... (0
(v)
(F)min = (0.08 x 1073)[2.5 X 10*° X 3.71 X 107%] +
(0.08 x 1073)[2 X 101 X 4 X 3 x (6 X 1073)?]........(0]
(For identification of = = 0.08 x 10
F, = 0.08 x 1073[9.267 x 10° + 0.864 x 10°]

F, = 8.10 x 10°N [8.00 -8.20] x 10*N ........ (]
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' - e .
% A copper anp of width & and thichness 7 cames & curvent / tnom top (o f‘:j;z{ g .t

bottom as showst m hpute 1 The simp o Kept ina andom magoetic Tt
ficld of Nux denan 8 direvied perpendicular iand 1nto the plane of the /,.r" o1 ;

- " - . Ta
strip. Cross-sectiongd veew of the same artangement s also shown sn figure o o Cn
1By, The charpe camers are clectrons and they deifi with dnfl speed o, ’ é,-f‘(: ' -; Do
t@) (i) Wht i the direchion of the Mlagnetic force g on the electoon ,:“-’"_,.; i 'f " i

@& shwwn o npure i Copy the figare bbbt 10 yowr answer ,r"';f‘,;‘j"' - ‘“""‘;}'—‘.
scripn and cleardy drw Ao armon on the electron o indicate the , .
bogure lags brgure Tihy

dirgction of this foice
) Now it you coplace Ihe Copper sinp shown an figuee 1bs with another sinp having poatrvely charged
cumrers. what i the direction of the nugnetc force WU0E on 3 pusitivedy charged camner!

EsTmu tme gocs ot i the Loper SN desenbed moadn ahove, ere woukd he 5
pew equithaum situation with regard 1o the charges residing. Cops bpure 20 = _jf
10 yoo answer wnp and allostrae dus pew apmlibnum wwtion uMIE ‘4 o 'f .
pepresent positng charges and -7 {0 repeesent negsiive charges .
(i} Explun the reaviwn 10 have the equabibnum condion ax mentioned 10 ibhxy f
. {iii} Briefly descnbe how you would se this effect @ verdy that holes 1m pivpe

semvonductor arc positivels charped camiers
{ﬂ "{i! Denive an expression for the Hall vidtape v, notems of v B ami d
CUHEY The curest 7 flowmg thruugh w conducton, such as copper, can be writen as Figore 421
T f= neAv,. where all symbole have theit s meaning,
{15 Derive the eguatumn 7= HeAr .
{2y Obtan an cxpreson for Vo, o the onpper <anip m tenms of /. -, I und R
(3) Consider o popper stnp of thickness | = 100 'm0 a usifom manenc el of 65T I 7= 488
and ’a#-‘- I s JL 0%\, calvulate the mimbet of charge camiers per g vidumic in copper Take
e=1H» 3V
(&) Cardiologists momitor the flow speed of blood through an artery wsing an electromagnetic fiow meters.
A schematic diagram of the relevant pants of such a flow meter is shown in figure (3).

P x x
x  x Yot ‘
Blowsd Hom,
x x
<
;\ Hecuade . .
y Blood flow Figure (1) Crows-sectional view

Bload plasma has o high concentration of Na* and (17 ivns foaving through the artery with the blood
& he same speed @ and ssme direction as the blood flow. Assume that the ons in the blood hehave
as charge camiers,
(11 When the blood flows through the arery shown in figure (31, what 1s the polunty of the clectrde
(itne the reason for vour answer

i I the fluy density of the uniform magnenic ficld applied to the system 1s 2 and the diameter of
the areny is O, write down an expressiont for the magnitude of the valtage V. actoes the two
electrodes I and (2 in tems of e, Rand D "

iy J i',c, TN D < 5 mmoand 8=2x 10 gauss (1 gauss= 107 T), calculate the value of
spevd & oaf the hlood threugh the anen |
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@@ | © oR ©» OR e>

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

(€)X 0) B e
T Tl ——— (01)
I - (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. ...oiveninnininie 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.

{! OR

x B

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

+ + + +

+

(¢) (i) If the electric field produced by the charge separation is E,

Electric force on charge ¢ = magnetic force on charge g
' v
gE = qugaB and E = -f' (For any correct expression)........... (01)

Vg = AUB «...oevcccreresnnnrerevesseenensnnsn(O1)

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

tvy -
9 )
_Q
Current | = s (01).
I =nevzA
Bld Bl
(2) Hall voltage VH =;;&E ZE S (01)

(Correct expression OR For identification of 4 =dt )

Bl
Vyet

(3) Concentration of charge carriers n =

0.5x48 29 .
= =10%"m3...... 01
1.6%X10~19x10~3Xx1.5%x107° ( )

(For substitution OR final answer)

(d) (i) Positive (+)
Magnetic force acting on Na* irons directs them towards the P.......o.cevcevcnne (01)

(For the correct answer and the reason)

(ii) Using the expression obtained in (c)(i)

Vpg = UDBucoerrernrsorssnsesvesinsns (01)
Vpg
v = DB
160%x107%
... . S v i (01)
5x10-3x2X10°X10 .
(For correct substitution)
2 = 1.6 X 107 M 8 rooeereremmsrmssssessssessssssssssssssssssssnsanns (01)
Total: 15 marks
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9. Answer either part (A) or part (B only.

(A) In the crcudt shown in figure (1.5 V cedl has 8 acgligible intermal resimance. 7 is » resisior, _s
{a) Once the switch § i closed calculate the poser dissipation In the retistor Z when its 55V
value is |k, z
() The switch is now closed and openod ance 1 produce the rectanguinr voltage
ABCD shown in figure (2). - . Figare ()
Amplitude 3nd the width of the voltsge pulse are SV and 10ms B
respectively, Once the pulse is produced it trivels through the cincuit
with 2 speed of 2x 10® ms™'. Assume that the roctangolsr shape of I v
the pulse remains unchanged when it passes throngh the circuit. 0
(i) How long does the edge AR of the voitage pulse take ® travel b o4

across the leagth of the resistor Z of 2om loag? Figore (2)

(i} Approximatcly how long does the full voltage of 5V appoar across the catite length of the resistor 27

(iii) Assuming that the resistor has 2 value of | &, calculse the energy dissi in the resistor
by the voltege pulse. - £

(€ The switch § is vow closed and opened regularty 10 produce he rectangular volige waveform shown

in figure (1}
3|
27 H I I
I'ms Figure (3)

As shown mﬁgﬂl’&lnpﬂ'ﬂﬂhdiwﬂkIm.ﬂ&m&'ﬁiﬂn’mmhjn_
Under this situstion. calculate the power dissipsted in the resistor Z whow its vebee is [ kO,

(d) A rectangular copent pudse of amplitude £, and width T, gracrated
by o pulsating curent source ¥ enters two resistive wires of lengths

[, und [, us shown in figurc (4). _ @ ’aj_f_ﬁ_ |}f.
’I

Assume that all the other comnecting wires is the circuit have ¥

negligible resistance. The two resistive wires of lengths /| and [,

cach having wea of croms-section A, are mede of o meterial of

resistivity p. Figure {4)

(i) IF R, and R, wre the resistances of the wires of lengths /, and I, respectively, wrile down
expressions for R, and R, .

() Derive expressions for the smplitudes /, end 1, of current puises through the wires of length
and {, respectively in terms of [, [, aod 4.

{ed A gaseous Xomy detsctor consists of a resistive snode wire X-ray photon
PQ of length L sumounded by 2 suitable gus as shown i
figure i5). Seppose an X-ray phobon is cbaorbed by the
pns producing u narrow clectrogt puise in the gas closo o
the point § of 1he snodc wire s shown i figure (5). The
made wire has the capability of extacting this clectron pelse
from the gas and forming an eleciron current pulse &t the
point § of the anode wire PQ. Subsequendy, the clecuon
current pulse gets divided indo two and move through the
wire in cither direction with speed o. Figre ($)

If M is the dilference In the arvival times of the two clechion cwiresd pulses 0 reach the ends P and
Q «of the amode wire, derive an expression for the dismnce x from the point P o the poist § where te
X-ray photon is absorbed, in terms of Ar, v and L.

e
—

|

|

a

=

!
SRy~ Rt

W e e g e e

-
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In this question use of PR and VI for calculating power, whenever relevant, is acceptable
v 25

L2 ettt (01)

R 10

(a) Power dissipation =

=25%x10"¢ W

2x107? -
(b) (i) Time taken to travel 2cm = X0 _—10"%s

e LT — 01)

(ii) 10 ms Y (1)}

(i) Energy dissipation = —5 X 10 X 1073 =25 X 107 x 10 x 1073

= 2.5 X 107 T sssssesesssisssssessssnrsssans (01)
ek v2
(c) Power dissipation= — X 1 ms X frequency
VZ
=—X1ms X
R Period
25x1073
— W ........................ (01)
=5x1073W ... eeeeeeeeese et (01)
l l .
(d)(i) Ry = pi and Rp;= p-ﬁ- (For any expression).................(01)
01-Physics (Marking Scheme) | G. C. E. (Adv. Level) Examination- 2018 | Amendment should be included - ;;9
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(i1) I

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

14 4 :
I = e (X) and I, = -;?:.....(Y) (For any expression)......(01)
1
L R, I
Using(X)and (¥) = —==2=2
b R |
h_ L h_ R
i OR L TR, e (01)
I = 1 A D (01)
. . . I - [, Iy R3
Eliminating I, from the above equations, == 0or —=-=
IO_II !1 fn—fj_ R]_
_ L2 '
L =1 [al, s ——— (01)
Eliminating /; from the above equations, ool L4 or iz =R
I I I R,
_ 7 _h
L =1 r bissnsessismrereneonspassutes (01)
(6) -I-;- [ l L, ".f;'
P x S L-x g
t, = E and t, = %—E (For any expression)...................... (01)
At =t —t, = : (L — x)
St 2y v
— E(At + .I_')
X =3 ) e (01)

Total: 15 marks
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Wi Phe covn -heswn s Ppame D as vonstructed] usaing @ sthicon [ransisty Y
of curtenl pin HOO0 Assine thit 07 Vo peeded o forwand has the
baase enuter qumction of e trsashor ¢
. K
e e stlane she mavimi untent pessible through the collecton resistor 1,...__,,,,; _ r‘
s Cadeuiane the mavimmm vidve b K, which: ensures the comditon ~
shdedd v v abwnvge oy i',‘, RN

G I the anssne o the above ool has been replaced Titer by o ’
sinlar tansetor bul baving o current gan of 80, keeping K, it Figure (11
the valoe caloslaed ot abave
1 adenlate the voltage @ the oulput # for ¥, 3 5 V.

13 What i the mew mede oF opertion o the immsision !

i The shptal cocan whose Block duageam oy shown in figure (2) opemtes as R .
[ ]

iaf

fullows Fra—

Fach of the mpots A and B oaccepts inary L or O F, FI and F,oare ompts, g

whete —oF
Fooc 1 oniy when A« B otherwise Fo2 @
F, o 1 only when A < R otherwise £, = 0
Foo L only when 4 > H, otherwise !-': =0

Figure 1)

0l Prepare o tuth table wali A and 8 as puts and F F, and Foas outpuis.
(n Write down Boolean cxpressons for F, F, and F,
aitt Draw a opje crrenit which operates acconding to e conslitivns given above, using logiv mirles.

@@ Udmax = Tz errmmsrssimrssmssismensmssees(O1)

=5X1073A. [SMALcrrrrrrsiineisrisnsrnnesssessessensensens (01)

(i) (Ig) max =%‘ eeermmeseessesseseessneeneen(O1)

5x1073
100

VB'—VBE =IBRB OR

= 5 X 1075 Aeeereeeeeeeereeereeeesesseseessesrennnn(01)

5—07=5x10"5Rg....... e (o1)

(For correct expression OR substitution)

Rg = 86 KQ...occormecrsmrcrsoreirsrsorn rvreererens(O1)
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(iii) (5— 0.7 = Iz X 86 x 10%)
Ig = 5 X 1075A ccvecrnrcesssnescnnnrennnn(01)
(1) Ic=f1Iz=50%5x107°
= 25x1073A (01)
5—Vp =25x107%x 10°

Ve =25V et (01)
(2) Activemode e (01)
b) (i
Gl A|B|Fi|F2|F;5
010[0 [1 [0 | et (01)
0j1(1 [0 |0
11olo0 |0 |1 (For correct truth table)
1(1(0 |1 |0
(i) F; =AB and F3= AB  (For amy expression).................... (01)
(iii)
#IB ({1'3 1? PB

D.- Fi .,tD'—' Fi ) F

) F; : F F
OR OR

_D'i'D_ Fs »——D——D__ Fs 4 F;

(OR any other correct circuit)

(If all OULPULS ArE COMTECE)....vvereenersmrnemsinsenecennannannennnns(02)
(If only two OULPULS Are COITEC). .. vvvvreneseeermsmmssnssmsmscssensnanens(01)

Total: 15 marks

-
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10. Answer either part (A) or part (B) oaly.

(A1 Frying 1s a foud processing technique which involves the use of hot oil s heating madium 10 prepare food.
If the frying is dome using & large quastity of oil with respect to the quantity of food material w be fried.
then it is called deep frying. If it is donc with & relatively smaller quantity of ail it 1s called stir frying.
Generally decp frying takes place in the weenperature range of 190°C-140°C and the stir frying in the
temperatire ange of 115 °C~ 100 °C. Decp frying is expensive, 8 a large quantity of oil has 1o be roplaced
regulardy, however. in mom of the cases deep frying yields wastier food.

Resulis of am investigation cundaciod by a student in an atiempt fo achieve higher icmperatures by using 2
sasalf yuanlity of vit 1s given below. Ta increase the heat capacity of the system and there by © achieve higher
tempermtures. e has used saall reusable solwd poroelain spheres mised wath & relatively small quanily of o,
t#) As the firt step. the student powred 0.2kg of ol o 8 swisble pot having ower walls covered
with an insulsting matenial, and heated upto 200°C wsing & small immersion hester. The heater
wai then romoved and 0.2kg of dry food materidl was added instanlly and mined with the
oi. i ihe specific heat capacities of the oil and the food muerial are 1650Jkg” *C' and
16005 kg™ *C~ respectively, and the initiel tomperanre of food matedal is 30°C, calculste the final
tempermture of the mixture. Assume that the heut capacity of the capty pot is negligibie compered
with that of ol and Use heat Soas @ surrounding B abso negligible.
(5} Student then cmipticd the pot snd added the same amount
(0.2 &) of fresh ol as in (a) shove and also 2 cerin
amount of small solid uniform porcelmn spheres, Assume that
the added spheres get pached, in the rogular manner (regulsr ¥
packing) as shown in figure (). The spheres were added o
the pol in suth a way tat the spece of the voids created
by the spheres when get packind occupies bl the volume of
@il in e pot (see figure (1)),
{i} As the sphercs are packed in the regulsr manncr. considering
the unit cutws occupied by sphores a8 shown i Hgone (2), show
that the total volome of spherwn is cqual wo the volume of o
conptaining B the voids, (Take x = 3}
(ii) If the denaitics of the oif and poreetain are 900 kg m~* and 2500 kg a1’
respectively. calcutatc the mass of the porceiain spheres. Fipare
{iif) The studeni then beated the poi contaising ol togother with the porcelain spheres upto 200 °C, and
again added and mixed the snme smoust (0.2 k) of the sems food meterdal st 30 *C, a8 in (a) above,
If the specific heat capacity of porosiata ix 1000 J kg™ “C™', calcudste the Somd temperature of the
mixiure. Neglect the heat capacity of the empty pot and the heat {oss 1o surrormding.
(c) What is the advamage if smellcr porceiain sphercs. than those used in the above investigation are wsed?

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

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

Amount of heat gain by food material (30 °C), @ = my Gy (6 — 30).........(01)
Qo = Qf OR

my C, (200 —8) = mp C; (8 —30)..c.c.ccn.eennnn(01)

0.2 X 1650 (200 — ) = 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)
6 =1163 °C [1162-1164]°C ......(01)
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(b)Gi) S,
'h‘ 2r ;r'
e
2r
4
Volume occupied by a sphere ;m'a __4x3xr? (01)
Volume of aunitcube  (2r) 243 CTTTTTTITTITTTIm
1
T2

= 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,,

m,=Vd, and m,=01= vd, (For any expression)................ (01)
01, _ 01
my, = ;:dp = 555 % 2500 i (01)

m, = 0.28 kg [0.27-0.29] Kg......covveerreerrrnnne(01)

Alternative method

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

d
moed »—2=2¢

m, g (on)
.E'E - 2500 01
m, = 0.28kg [0.27-0.29]Kg rerrcrrrrernrnn (01)
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(iii) Let 8' be the final temperature of the mixture.

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

Amount of heat gain by food material (30 °C), @ = m; C; (6’ — 30)
{(For any expression)............... (01)

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

Qo +0p = Qs OR
m, C, (200 — 8") + m,, C, (200 — 8") = m; C; (8" - 30)...........(01)

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

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

1.65 x (200 —6") + 1.4 x (200-6") = 1.6 (6' — 30)
6’ =1415 °C  [140.5-142.5]°C ....(02)
(02 OR 0)

(¢) Heat can be transferred to oil very quickly RPN (|1 §

Total: 15 marks

-

S

01-Physics (Marking Scheme) | G. C. E. (Adv. Level) Examination- 2018 | Amendment should be included ' 45

ovel e oo o e e s) Do 00a0 ang B g oya0ea & ndd odionl ¢ o 80 Bdsadia www,alevelapi.com ode .




Department of Examination
Light heam

Buas The diagram gonen o hgure D shows the essential pants of & setup -
fevessany e carry out the phatoelectoe clfea eypenment RN
i The part marked as 82 13 a volage supply What are the two main f )
tewtures, 1 shopld have in order W ehtain photoelectnc curtenl i A ;ff f
(- potentad ditference (0 charsctenstsce? f T i
g Name the purts Gabelied as A4 and B : ‘:'{‘___“@ T
My -

tan Two monechnnane light beams, green (wavelength 4 | and red =
fwanelvngth e 2 ] colowss with same mtensiies measuted o Vidtmeter
W T wie alloned o uetdent on A, one beam at o ume. The
frexpiencies of the hght beams are higher than the threshold frequency of the material made of A
vl Do . rough shelch to mdicate the vamion of Fwith ¥, for bt green and ned colours in the
same sraph Fhe ennves tor green and ed colours should be clearly Babelled i 6 and X respectinely.
Assnnne thal same percentape of incident green and red colour phaotons cant photodectnons
120 1 the ditterence belween the slopping potentiabs 15 AV and the difterence hetween the frequencies
v AL Tor eroen apd red oolours, obiin an epression Lor the ot :{ Cam teranes of Phanek s
comstait h o magnitude of the electronic charge ¢ usng the Fanvem’s phitoedectne effect

vt

Frgure (1)

thy A ceraun phooelectrie smoke alarm system munnly
consiste of 2 T-shaped chamber fitted with a monochromatic
fight emiting diode (LED). 2 photocathode and an
clecironic alarm as shewn in figure 202}
Under the normal smohe frec condition, the photons
of the LED light beam travel throagh the chamber and
move away without striking the photocathode as shown
m figure 240 When smioke entens the chamber, some Figure Xa)
of the photons collide with the smoke parucles and
move i different directions without change in their wavelength as shown in figure by The number of
phutons thay collides s proportionat to the aumber of smoke panticles present i the chamber. Ont of the
colfided photons. a certain number ts incident on the phutocathixde and genenites a small photoclectric
current. When a suthaent aumber of photons 1< incidem
on the photocathode o generates an adequate current 0 ___[:_
acinvate the clectronic alarm. T

- SMOKE IR

(is If the wavelength of the photans emitted by the
U—LD_n-. R2S nm, coleulate the encrgy of i piwion Figure 2(h) i___‘:-
m ch L
Tahe h=0nx 10 Ss, speed of Dhght in vacuum ¢ = 3x Ims - and LeV=loxio?)

o ameed

() Twer photocathodes X oand ¥, made of miaterials with work functinas 1.4eV and 166V respectivey,
are avaslable o you. Whieh photocathode (8 of 1) i swiiable to construct 2 smoke alarm sy stem
with the [HD mentwoned 0 (i) above? Justfy your answer.

ik Power of the TR s 10 mW 6 only 39 of coergy gocs into produce light of wavelenpgth of
825 nmy, cibeulate the number of photons emidted by the LED per second

it Photocathode shoudd recenve at least 209 of the ematted photons per second from the TED 10 activite
the alurm. Cafeulate the snemum number of photons per second that shouhd he incidemt on the
photocathade o activate the dlanm.

(vi When photens are incident on the photoeathode . ooy 3 part of the incidemt pheotens contnbutes to the
emisson of photoelectrans Assuming that only 10% of iwident photuns enuls photoclectmns, catenlite
the minmum phitoclectne corrent that shourhd he gmcmlcd by the photocathode 1 genvate the alsrm
Tahe ¢ = Lo 1077 C
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(B) (a) (i) dc, variable and reversible (Any twe correct)................(01)

(ii) A- Photocathode/Cathode and B- Ammeter (Both correct). ........... 01)

(iip)(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 Vi and Vg, be the stopping potentials for red and green respectively,
and fp and f; be the frequencies for red and green respectively, If work
function of the cathode material is ¢,

Forredcolor, eVp =hfp — ¢ oo vev e o (X)

For green color, eV = hf; — ¢ ..o ... (¥)
’ [For either expression (X) OR (Y)].....ccveeveveren s (O1)
(¢ can be written as hf;)

(N-X) - e(aV) = h(Af)

@) _e
av)  hn
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. he 6.6x10734x3x108
(b) (i) Energy of a photon E = R T Y P IT =D SRRSO (1)

=15 eV (01)

(ii) X, To produce photoelectrons,
work function (or ¢) of the cathode material < energy of an incident
photon (or 1.5 eV). ORI (1) )

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

n5==10x1ﬁ-3QiJ RO (1))

100
(For correct substitution)

If the energy of a photon E = 1.5eV

10x1073x0.03
= : 1'2 x 15 -’t.
N = Tsxiex10-1 SX10™sm.............(01)

(iv) Minimum number of photons = (1—"}’5) X 1.25 % 1015 =25 x 1014 ¢!

(For correct substitution).” (01)

10
(v) Number of electrons generated by the photons = (ﬁ) X 2.5 x 1014

=2.5x 1013 5., (01)

Photoelectric current = e X number of electrons emitted per second

=1.6X10"%x25%x10%3 ... (01)

(For correct substitution)

=4 X107 A e, (01)

Total: 15 marks
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