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PART A — Structured Essay
Answer all four questions on this paper itself.

g=10m 5'1)

S

1. You are asked to determine the density of the material of a thin uniform wire of length
about 15cm and mass about 200 mg. You are provided with the micrometer screw gauge
shown in figure (1) to measure the diameter of the wire.

anvil indle

and C.
A:SleeVe eeeeescscsscsssccccctscssasescssassassasnssssnns (01)
B: Thimble = eeeeeeeresssssntercntetsasttsessessssnesscenans (01)
C: Thimble head/Ratchet =~ ceecececiiiecontncacetcrcscessscecsesescesaenens (01)

(Look for the word sleeve only. e.g. if a student has written sleeve scale accept it)

(b) The main scale of the micrometer screw gauge is made by dividing 1 mm into two.
The circular scale has 50 equal divisions. One complete turn of B will either increase
or decrease the distance between the anvil and the spindle by a value which is equal
to one division on the main scale.

(i) What is the pitch of the micrometer screw gauge in mm?

0.5 mm | B iy svsvssinmmesniiiaiaisis e asss s (01)

(Award marks without the mm unit; but if a student has presented the values with other
units look for both the correct value and the unit; Apply the same rule for other answers

as well)

(ii) What is the least count of the micrometer screw gauge in mm?
DOLEN ¢ saaasisses o MO P e R weend(01)

(No mark for a fractional value)
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(c) Figure (2) shows the position of the circular scale when 5
the anvil and the spindle touch each other. Determine 0
the value of the zero error of the micrometer screw 48
uge in mm.
gaug 40
Figure (2)
= 0.02 mm/0.02 mm  ......ccocn000es PR R (01)

(d) After determining the zero error, state how the micrometer screw gauge is used to
measure the diameter of the wire.

(1) Place the wire in between anvil and spindle by turning C/thimble head until
C/thimble head slips OR starts rotating freely OR a clicking/ tick tick sound is
hEﬂl’d. T A LR R R N R R RN R R R R YT Sisss s BB (nl)

(2) (Rotate the wire by 90° and) measure the diameter at different/several places of the
Wire. T T T T I T Ty YT LY AR AE RN AR R R RN RN EN ......(01)

(¢) What is the purpose of having part C in micrometer screw gauges?

Preventing the spindle from moving further OR avoid damaging the wire (measuring
object) OR to avoid over pressing/pressurizing the wire (measuring object)

SEBABEBRRER NS GEABESBEE FE BN B (ﬂl)
(N (i) Figure (3) shows the position of the circular scale when
the diameter of one place of the wire is measured using 0 15
the micrometer screw gauge mentioned in (c) above. 10
(1) What is the reading of the micrometer screw gauge
in mm? 0
Figure (3)
0.58 mm  .eiieee seesessensies L LT D JU e e S (02)

(2) What is the correct value of the diameter of the wire
in mm?

0.60mm  .eecenecns sossssannsenansesessasssssansasasnssa((2)
B 2EANO — o)\
1
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(ii) Calculate the cross-sectional area (in mm?) of the wire using the value in (f) (i) (2)
above. (Take 1=3))

(for substitution with 3 or m or -2?—2)

S 11 Y T (01)
g™y

(g) (i) What other measurements do you take to‘determine the density of the material of

the wire?
(1) Length (of the wire) b D T— (01)
(2) Mass (of the wire) = ceeceiiiititeninietintitetcnsscasescnnes wees(01)

(ii) Name the most appropriate measuring instruments needed to obtain the measurements
mentioned in (g) (i) above.

(1) Meter ruler [ WO\l WL 238 Ml @y eseessesesnsssenssnnttnnnenateneeecsanmmees (01)

(2) Four beam balance OR (laboratory) electronic balance OR chemical balance

(No marks for just stating balance; no marks for triple beam balance since the
least count is 100 mg)

(k) Figure (4) shows an electronic micrometer screw gauge used in industrial applications.
What is the least count of this gauge in mm?

0001 ' TN Cbedieaennsanekin sinsineiviesiereinsinssessslUL)
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2. You are asked to determine the specific latent heat of vaporization (L) of water using tl!c
method of mixtures. Figure (1) shows an incomplete experimental setup. A rubber tube is
used to take steam out. A well lagged copper calorimeter, water and a copper stirrer are also

provided. Rubber tube

N ===k
!’.ﬁr'ar-rm‘-'

Walter

Figure (1)
(@) (i) Water has to be poured into the steam  generator.. Using a horizontal line, mark
the appropriate level of water that must be filled inside the steam generator.

Any horizontal line between AB and CD I e R RO | *

(ii) A thermometer has to be inserted into the steam generator. Using a small cross (x)
mark the appropriate position of the bulb of the thermometer that must be placed

inside the steam generator.

Any indication of a cross above the drawn water level ........cocnnnmmeccnnccsnacsannne (02)

(Correct position of the bulb of the thermometer is accepted; No marks for a cross
drawn below the water level)

(iii) The accurately measured temperature of steam in this expenment is 99-0 °C not
100-0°C. What can be the reason for this?

(The temperature of steam/boiling point of water) depends on atmospheric
pressure/altitude/height (from sea level) OR the location of the experiment OR the

location of the schoo] : R TR
\ m SR EBERAERENE RN R AR RN AREE
Mw:\ea A\ e, oo ety . (02)

(b) (i) Name the item that you use to avoid mixing condensed steam into water in the
calorimeter. &t

A steam trap R m————— | - ]
WS T ‘V\@;‘\"“-
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(ii) Draw the item mentioned in (b) (i) above in the appropriate place in figure (1)
with the correct connection.

OR

R— | X )

[01 mark for the correct diagram; 01 mark for the correct connection to the rubber tube;
01 mark for lower end of the tube above the water level in the calorimeter]

(Overflow tube is not essential)

(¢) Two thermometers A and B are available for the experiment.
The range of thermometer A: ~10°C to 110°C
. The range of thermometer B: -10°C to 60°C
Which thermometer must be used to measure temperature of water in the calorimeter?

B OR temperature range (from —10 °C to) 60 °C i TETMRIT MINPISUIL (W0 BABINID (1) |

(d) What are the mass measurements that you would take in this experiment? Give them
in order of measurements.

(1) The mass of the empty calorimeter and stirrer/calorimeter with contents
(2) The mass of the calorimeter, stirrer and water
(3) The total/final mass of the system/mixture (after adding steam)  ............ (03)

[03 marks for all three correct answers in correct order; 02 mark for all three correct
answers but wrong order ; 01 mark for two answers in correct order)

(¢) What are the experimental steps that you would take to measure the last temperature reading
of water in this experiment?

(1) Stop passing steam into the water. Y. T RSRL, N wenne(01)

(2) Stir well and record the highest/maximum temperature of the mixture.

LA AR RN RN ENE iIlllllilli-i!ii‘"‘illii#l!il(ﬂ l)
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() The room temperature and the initial temperature of water are fand 6, respectively.
Write down an expression for the value of last temperature measurement 6, of water in
terms of 6, and 6 to minimize heat exchange with the surroundings.

B v 91 - 92 -0
6, =20 —0, RRSTRULENPUURTRPIPRR—— | || |
(g) (i) Isitpossible to use a glass beaker instead of a copper calorimeter in this experiment?
Possible/Not possible (Underline the correct answer.) e A A (01)

(i) Give the reason for the above answer.

The specific heat capacity of copper is very low/ The specific heat capacity of glass is
higher compared to copper OR the absorption and liberation of heat will be more from
a glass beaker compared to a copper calorimeter during the experiment OR the
temperature will not be uniform on the walls of a glass beaker OR there will be a
temperature gradient across the wall OR temperature of water will not be equal to the

temperature of the glass beaker

isiissasesss(01)

(h) Disregard this part. o\

3. You are required to determine the refractive index of material of a glass prism using a

laboratory spectrometer.

(@) Draw the path of a monochromatic ray incident on the surface AC undergoing minimum
deviation through the prism shown in figure (1). Also mark the angle of incidence (i)
and the angle of refraction (r) of the ray at the surface AC.

Figure (1)
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Path of a ray passing through the prism symmetrically (parallel to the surface CB) with
at least drawing an arrow head. R e e s (D S

Marking i/ and r on surface AC. RS KU IRY, IR | | ) |

(b) Mark the angle of minimum deviation (D) of the ray in the above figure (1).

Marking the angle D P owm—— L) &

(c) Write down an expression for the refractive index (n) of material of prism in terms of
angle of prism A and D,

in(A+D
n= sw_‘( j—) s sssadDT)
51[1(-2"

(d) Give the experimental steps needed for adjusting the telescope of the spectrometer.

Move the eyepiece (back or forth) until a clearf’sharpémagg f the cross-wires are clearly
seen/observed through it r s cnsisssansssasiL)

Direct the telescope on to a distant object and rotate the adjusting knob of the telescope
until a clear image (with sharp edges) is seen. R AT R e |1 )

(¢) A student argues that a beam of light from a bright filament bulb can be used for
levelling the prism table. Do you agree?

Yes/agree T SRR W L RSO (01)
Give the reason.

Since reflection of light is used to level the prism table a bright filament bulb can be used.

\ L.J _,\ %k g hﬁ'\h& . ""-...\Q SAA SN RANENAENAsERONANRRREES uq(ﬂl)
o N S —
-~ 3 \Q——\ﬂm ﬂﬁhgﬂ-\@ﬁ "
(f) After adjusting all the parts of the spectrometer how do you experimentally obtain the
minimum deviation position for a monochromatic ray of light?

Use a sodium lamp (OR mercury lamp) sssessnessesaniosssmsasissansssissesssa( 1)

Keep the prism in the middle of the prism table so that the angle of incidence is small
(about 10°). RS 1 R ||| |

Rotate the prism table in the increasing direction of the angle of incidence while looking
through the telescope. ST et )

The position where the image of the slit (OR face of the collimator) returns/turns back is
the minimum deviation position. s sl VL)
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(g) When the telescope is fixed to the minimum deviation 160 140

positon, the circular scale and the vernier scale positions 150

are shown in figure (2). o 'kll'

What is the reading of this position? 10 ’
Figure (2)

144°15' PR (| )

(h) After removing the prism from the prism table, the direct reading. of the telescope is
measured as 104°55°. Find the value of D. The 360° mark of the circular scale has not
crossed when taking measurements.

D = 144°15' — 104°55' (for the subtraction) e (1) '

= 39°20' cossesssssssssssssnssssssssnsansseccsanns({l])

(/) If the prism angle is A=60°00", calculate the refractive index (n) of material of prism.
(Use the natural sine table for your calculation.)

(D + A)/2 =(39°20' + 60°00")/2 (for the addition and division)

................. (01)
= 49°40'
__sin49°40'
ol sin 30° e &\\
o\
=1.52 (1.51 — 1.53) .

4. Figure (1) shows an experimental setup that can be used to determine the temperature coefficient

of resistance (@) of material of a thin wire using a metre bridge. An electrically insulated
uniform wire of length 50 m and diameter 0-1 mm, is wound around a cylindrical piece of

plastic rod to make a coil. The resistivity of the material of the wire is 1-5x 10°Q m at
30°C. A suitable resistance S is connected across the left gap of the bridge.
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(a) Find the resistance of the coil of wire at 30°C. (Take &=3.)

= Pi sisiisimsiammissO L)
=1.5x 1078 ———;
==
=10.0 Q SERIOCPTRSTSPNSPI, | |

(b) What is the measuring instrument labelled as ‘Y’ in figure (1)?

Center zero galvanometer T T—— (| ) §

(¢) (i) In the space given below, draw a diagram of the circuit that should be connected
across the gap ‘X’ in figure (1).

W WA

‘) « o

SRPPYORPUSSIPRRSUNE. | | |
(ii) What is the purpose of the circuit that you have drawn in (c) (1) above?

To protect the galvanometer (from high currents) OR to avoid passing high currents
through the galvanometer OR to prevent burning of the galvanometer.

ERRTOVI——.. | |

(d)Cnpperwireshavctobcusedtaconnactlhccoilof,wirctol.hemu'c bridge. What
type of wires are suitable for this?

Short length ST £ S oo (01)
Large cross sectional area/thick wires e, (01)

LL PR W-TO N \‘V“LE..) X

(e) What are the other essential instrument and item needed in this experiment?

Instrument : Thermometer P Sy ST oe o . O .(01)

Item . Stirrer P L DD I COSSAEee (1§

3\_ *\v\%@“tckmv\.\.o_ﬁ mﬂ\v)_*u\
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(/ (i) If the resistance of the coil ata given temperature 0 (°C) is Ryand the corresponding balance

length of the metre bridge wire is / (cm), write down an expression for —Sﬂ- in terms of /.
Neglect end corrections of the metre bridge wire.

Rg _ 100-! o I

i I rs—— ) |
(ii) Write down an expression for the resistance R, in terms of a, the resistance R, at

6=0°C and 6.

RE — Rﬂ ( 1 + 14 9) --unr-;....---u------"-u."uuu-nn(“l)

(iii) By combining expressions written in (f) (i) and (ii) above, obtain an expression
needed to draw the straight line graph of (L?Q-l) versus 6.

‘H\.v’f
100 Ro(1+af 100 R R
2o1= U(S“JOR -?——1=-“&53+?‘1 RS p— (01)

(iv) Using the parameters of the expression written in (/) (iii) above, write down
expressions for the gradient (m) and intercept (c) of the graph.

m —_— {IRJ ,....-...-....-.-...-.ll-l-lliiiulllilllllililllill({'l)
5
— & BRI RSN
C _— S XYTIEE R RN ({'l)

(v) Write down an expression for a in terms of m and c.

m
‘I —_— ? SRAAEERERE B EEERR 4uu........--.".-....-..(01)
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(g) Calculate @ using the following graph shown in figure (2).

.

—
L]
 —

=
i — il

e i - l——
=

—

T
(=]

. -

-

- - E o
' e
= =
|
H Li
- - -

=
O
- — L e R -
- ] -l L -k
- .-.!‘.l_q—'- #
e e w J———
[ - = = @ il e 3
- - - - S = ®
l' . o - - - -
- il = + -
-
— o - -

— - e
- -
& e
A - illl a——

=

Selecting the lower point as (29, 0.88)
Selecting the higher point as (69, 1.06)

(No marks for any other points)

1.06-0.88
(69-29)

Gradient = (for gradient calculation)

0.18 p
——
40

Intercept of the graph = 0.75

ﬂ.1E/4n
0.75

a=60x10"3 °%C-1 (0.006 °Cc™1)

a =

(Deduct 01 mark for incorrect unit; K unit is not correct)

{If a student has obtained the correct answer for a selecting different points on the line for
gradient calculation, award 03 marks only. i.e. for gradient calculation and the final

answer}
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Answer est only.
My

e Note: For an example the number 65210 can be written as 6:52 x 10* in scientific notation after
rounding off to two decimal places.

5. Read the following passage and answer the questions.

In ice skating, the blade of an ice skate shown in figure (1) exerts pressure
on the ice and melts a thin layer of ice providing lubrication between the
ice and the blade. This is called ‘pressure melting’. The bottom surface of
the skate blade is 30cm long and 1 mm wide. A human who exerts his
weight on one ice skate can create pressure of up to 20 times the normal
atmospheric pressure. The coefficient of friction between ice and the blade
is almost zero. Therefore the only way to move forward is by pushing the
ice wall not melted with a force by the skate blade as shown in figure (2).

As the ice skater pushes with his right leg from behind, a force F is
cxerted on the skate blade by the ice. The component of the force F in the
direction of motion pushes the skater forward. At the same time, his left
leg with skate is either raised or gliding on the ice surface. As the skater ... ..
moves forward he changes the above action to the left leg and pushes the ;¢ miced

ice with that one while raising the right leg. The process is continuously or gliding
repeated. 1 on the ice

Figure (3) shows the forces acting on a skater of mass m as he moves in
a circular path on a flat horizontal ice surface with a constant speed. Here,
G is the center of mass of the skater, P is the point of contact between a
skate and ice surface, and L is the distance between P and G. The horizontal
and vertical components of the force exerted on skate from ice are Fy, and
F, respectively. The radius of the circular path is R.

In order to achieve a spin motion of a skater, a special blade is used which
has small, jagged spikes at the front end ac chawn in figure (4). Spins

are made by this jagged spikes digging into the ice and creating necessary F_ ¥
torque. £

(@) What is meant by ‘pressure melting’?
(b) (i) If a person of mass 60 kg wearing regular shoes stands on ice
. surface with one foot, what is the pressure exerted by him on the
ice surface? The surface area of the bottom surface of one shoe
is 300 cm?.

(ii) If he wears a skate instead of the regular shoe, what is the pressure
exerted by him on the ice surface? Take the dimensions of the

skate blade from the passage. Assume that the bottom surface of
the skate blade is rectangular.
(iii) Hence, show that the pressure olxmned in (b) (i) Phove is 20 times Figure (4)
the atmospheric pressure. (Atmospheric pressure is 1:0x 10° Pa.)
(c) How does a skater move forward on an ice surface?

01 - Physics (Marking Scheme) G.C.E. (A/L) Examination - 2024 / Amendments to be included 26

E CamScpnner

@ CamScanner
\ 4


https://v3.camscanner.com/user/download

Department of Examinations - Sri Lanka _ Confidential

(d) (i) What is the component of the force that points in the direction of motion of the skater? Write
down your answer in terms of F and «a.

(ii) Is it possible for him to move forward if the angle a is zero? Give the reason for your answer.

(e) (i) If the average force continuously applied by changing legs is 180 N, determine the acceleration (a)
of the skater of mass 60 kg along the direction of motion. Take a =30°. Assume that there are no
other resistive forces acting on him.

(ii) If he starts from rest what is his speed (v) after accelerating for 5 s?
() Using figure (3), show that the speed v’ of the skater moving in a circular path is given by v' = J;-E—R;.
(g) What is the purpose of having jagged spikes on the blade as shown in figure (4)?
(h) A female figure skater of mass 60 kg with her arms extended horizontally

as shown in figure (5), spins about a vertical axis with an angular speed ’ :
of 60 rpm. Then she fully retracts her arms, by bringing arms very close

to her body as shown in figure (6). Extended arms can he consider=d >

as uniform rods each of length 60cm and mass 7kg. Remainder of the

body without arms can be considered as a solid cylinder of mass 46 kg

and radius 20cm. The body with fully retracted arms can be considered

as a solid cylinder of mass 60 kg and radius 20 cm. The moment of
inertia of a rod of mass M and length L about an axis perpendicular to

the length at one end is given by %MI.’. The moment of inertia of a
solid cylinder of mass M and radius R about the central axis is given

by 5 MR. (Take 7=3)

(i) Determine the total moment of inertia of the female skater about the rotating axis when her arms
are fully extended. Neglect the distance between rotating axis and shoulder joint.

(ii) Determine the moment of inertia of her about the rotating axis when her arms are fully retracted.

(iii) ‘Hence, calculate the angular speed of her in rpm when she fully retracts her arms.

(iv) Name the conservation law that you have used to find out the answer to (h) (iii) above.

(v) Calculate the initial and final rotational kinetic energies of her. How do you explain the change
in the rotational kinetic energy?

(vi) Starting from rest if she takes 10s to achieve her angular speed of 60 rpm what is the torque
that has to be applied on the jagged spikes from ice? Assume that the angular acceleration of
her is constant throughout the process.

Figure kS) Flslll'l-' (6)

(ﬂ) EXEI‘IIHE. Pressure on an i[:ﬂ SurfﬂCE ﬂnd mE]ting a th]n ]ﬂ!ﬂr ﬂf ICE L u-----u-u-.".."....."..(ﬂl)

‘ _ 60x10
(b) (i) Pressure exerted = —
— 2 x"lﬂ"‘ N m'] .----i-l-!I‘llIi-illiiiil-!--iillIillilllli(nl)
45 ; 60x10
(“) Pressure exened w]th the Skatﬂ — 33;{1“—“2;.;10-3 I ---...-r---t---u""u-un"n--""n-(ol)
(for the correct substitution)
=2 x 106 Nm? R OT)

(iii) This (2 x 10°) is 20 times more than the atmoSpheric pressure. «veeeseeseseesesnmsassnserseness(01)
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(¢) By pushing the ice wall not melted by the skate blade.

(d) (1) F; = Fsina LR AP P e

(ii) Not possible

Chsins81)
sssssssi D)

OO (1))

Then the force/component of the force along the direction of motion will be zero.

SRR EE R SR e B ERRRRRRRERERRRNY

(¢) (i) Applying F = ma to the skater
180 Xsin30 =60 X a

(for the correct substitution)

a= 1-5 m 5-2 T T T R R L L LT TR LT T

(i) Applying v =u + at

s}

P

(1] )

V= 1,5 Mly ¢ SRR A AR T e i te e SES s s ssRsEEsssIsssREsseRsRERRRe ({ll)

(for the substitution)

= 7.5ms"

(/) Applying - F = ma

v

epem—(1) )

FI = m E sEsasREReREEES --u"uu"---u"n-ntu(“ l)‘

Similarly F, = mg

Taking moments about G, F, X Lsinf = F, X Lcosf /]

o2 = tang F“_ — Q_Cm.-.n

(1))

«(01)

_ |9R
V= Jtane
(g) In order to achieve a spin motion. P —oesmoeecye | (] |
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(h) (i) Moment of inertia of two arms = 2 X % X 7 X 0.6 PP AT e M. W e SR ATRL S | 1]
(for the correct substitution)
= 1.68 kg m?
Moment of inertia of the body = % X 46 % 0.2 TSl O | )
(for the correct substitution)
= 0.92 kg m’

Total moment of inertia of the skater = 1.68 + 0.92 T T—
(for addition)

= 2.6 kg m? A avisssesisms L)

(i1) Moment of inertia of the skater about when her arms are fully retracted = % X 60 X 0.22

= 1.2 kg m? PP TR IR ||| y

2.6%X60

(iii) Angular speed in rpm when the skater fully retracts her arms =

U (1) )

- (for substitution)
= 130 rpm L5 ies snibeenssismminisiisessassssrssil 01 )
(iv) Conservation of angular momentum g T T Tnm—— ) )
(v) 60 rpm = 1 revolution per second
Initial rotational speed inrads' =2x3 X1 =6rads’
Initial kinetic energy of the skater = % X 2.6 X 62
= 46.8) SCTTUTTTTTTPPPnsmsesssessenmemeenent () '
Final kinetic energy of the skater = % X 1.2 x 132
= 101.4) ssssiER s (0])
Work done by the skater in pulling her arms inwards. sis kil pissirnninnapassisadU1)
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(vi) Applying w = wy + at
6=ax10
a=0.6rads? cessesessasesssasssasssssassssssasassanss(()])
Applying T = la

1=2.6X%0.6

SR 1 e I T S —————— (01)

6. (a) If the intensity at a given point produced by a sound source is / and the threshold of hearing is /),
define the sound intensity level (f8) at the point by an equation.
(b) Sound intensity produced by an airplane engine at a point is 20x 102 Wm™. I,=1-0x 1072 W m™
and log 2=03. You may use log(ab) =log(a) + log(b)
(i) Find the sound intensity level at that point.

(1) If the airplane has two engines, what is the total sound intensity level at the same point? Assume
that the two engines are at equidistance from the point.
(¢) (1) At the beginning of World War II, there were no radar facilities
available, hence sound waves gencrated by airplanes were used to
detect airplanes. If sound intensity level at a human ear must be at
least 30dB to detect an airplane, find the corresponding minimum
sound intensity that should be generated at the ear by the airplane.

(ii) Acoustic mirrors were used to reflect and focus sound waves
to increase the sensitivity of detection. An acoustic mirror with
effective surface area of 4m? concentrates sound into an ear with
effective surface area of 10cm? as shown in the figure. What
should be the minimum incident sound intensity at the acoustic
mirror to detect an airplane? Neglect the sound energy absorption
by the mirror. Assume that there is no loss of sound energy
during the propagation between the acoustic mirror and the ear.

(i) An airplane generates a sound power of 480 W from its engines. Assume a uniform spherical
sound distribution. (Take 7=3.)

(I) If the atmosphere absorbs 95% of sound energy during the propagation between the airplane
and the ear, find the maximum distance that an airplane can be detected without the acoustic
mirror using the value obtained in (¢) (i) above. (Take V5 =224)

(I1) If the atmosphere absorbs 99.9% of sound energy during the propagation between the airplane
and the acoustic mirror, find the maximum distance that an airplane can be detected with the
acoustic mirror using the value obtained in (c) (ii) above. Assume that there is no loss of
sound energy during the propagation between the acoustic mirror and the ear.
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(d) An air surveillance person on the ground identifies an airplane, which is flying along a straight-line path
above him parallel to ground at a vertical height of 3000 m with a velocity of 125ms™. At time =0,

the horizontal distance from the airplane to the observer is 4000 m. The frequency of sound generated
by the airplane is 100 Hz. Assume the speed of sound in air is 300ms™'.

(1) Find the frequency of sound heard by the surveillance person on ground at times t=0s, r=32 s
and t=64s.

(i) Sketch the variation of observed frequency (f) against time (f) for the above situations.

(¢) A supersonic jet flies in a straight line path at velocity u parallel to the ground at a height of 3000 m.
The speed of sound in air at that height is .

(i) Draw circular wave-fronts emitted and then transmitted from the jet for situations ¥ <v, u=v and
u>v.

(ii) For the situation u>v, the Mach number M and Mach angle a (half angle at the vertex of the
Mach cone) can be defined for a jet as M =" and sina=2 respectively. If the velocity of the
jet is Mach 2, how long after the plane has passed directly overhead will an observer hear the
sonic boom? Speed of sound v at that height is 300 ms™. Take V3 = 1.73.

(a) p =10log (I—’D- casassrsvETssssissvassssiril UL)

) () B =10log(Z22) SN S
= 10[log (2) + log10°] = 10 [log(2) + 10] =10 X 10.3

— 103 dB 1 18.9 B csssssssesssesssssescescessscarsssnnsanas(ll])

i) B =10log (T::‘;if) B L b i)

= 10 [log(2) + log (2) + 10] = 10 X 10.6
=106 dB resaseRustESsasimsieasassasessasrssessilU] )

(¢) (1) If7is the minimum sound intensity

30 =1010g( A ) TP PR (|) |

1x10-12

I= 10"°W m? T PP P — (1) §)'

(ii) If I' is the minimum sound intensity at the mirror

I'x4=10"2%10 x 10~* N STT O | | |
Ir = 2-5 x 10-—13 w I.rl-1 Il.ﬂlIlillIIII-I-lllllllliiiiiilllllliiliiil(ul)
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(iii) (1) If 4 is the maximum distance without the mirror
480 wl)
m@r X 0.05= 10 (02)
480
(01 mark for -~ @z’ 01 mark for the rest)
d? = 40 x 0.05 x 10°
=4x5x108
d=2V5x10*=2x 224 x 10*
d = 4.48 x 10* m (44.8 km) Binis o ol 3 S bisssonsd D)
(I1) If d'is the maximum distance with the mirror
480 _ -13
47[((1,)2 X [.]_'[__]._0—1. = 2'5 x 10 .....-.----lr-l-l"u""u""""uu-u.(‘ﬂl)
- 12
il — — 10
d = % X 10°
d' = 4 x 10° m (400 km) . I ST, |

(d) < b

(i) If V' is the velocity component of the plane towards the observer at # =0

V’ — V coS B ll-llilll|I.IiliI"lllllliillliillliilliili(ﬂ1)

VI = 125 }(E --a------u-n--'q--"---un.-uu“-uu-u-(ol)

f'=—f

300

— x 100 gl IR e EEEEEs A EREERREERERRERERERERRERERN 01
300-100 (01)
f.\" — 1 50 HZ sessetssssEEne -uuuuun-".;“;......(nl)
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At 1 =32 s, distance travelled by the plane = 125 x 32 = 4000
Therefore the plane is right above the observer,

V' =0 (for identifying V' = 0) T mm——— (1 )
sPF=000E @000 G ORI veeene(01)

At t = 64 s, the plane is moving away from the observer

v
F o
= u+v5f
300
300+100 x 100 ------t-t-r--r--un-unnuununuu(“l)
f’f — 75 Hz ---------nu---u--“-nunuu--u"u-(o1]
(11)
"(Hz
o2
|
150
125
| 100
75
- i 64 96 1 (s}

eI

(01 mark for the shape for approaching; 01 mark for the shape for receding; Labelling the
axes and marking the coordinates are not essential)
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Alternative answer:

J ol 4000 m L
<

K“‘uh‘ﬂ ?

e 3000m

S

0,

(d) ()If V' is the velocity component of the plane away from the observer at # =0

V' =Vcos@ ..."....-.......-....(01)

Vcosf =125 X< S e sanlO])

fl=—f

v+
300
ST X 100 T MR S Em— (01)
f’ — 75 Hz ...---t-illu--un-"-uununuunu(ﬂl)

At t =32 s, distance travelled by the plane = 125 x 32 = 4000
V'=Vcosé

v 8000
Vcos@ =125 X N T TTT tesassencanssncsansssssssssssssnasaccas(()1)

=117 ms'!
I
f I?'{"st
300
— A0t e T X 100 sssssssssssnnersansnsnass (01)
/30002 +80002

f' =71.9 Hz

At ¢t = 64 s, distance travelled by the plane = 125 x 64 = 8000
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(i1)

V' =Vcos@

Vcos =125 X

V300024120002

=121 ms’!

=1

300+125 x

V30002 +120002
f'=71.3Hz

SN 5 WIS, || |

- X 100 ol RSSO | |

78

76

75

74

73

712

71

70

(02 or zero; Labelling the axes and marking the coordinates are not essential)
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(e) (1)

u<y u=v u=>v

(01 mark for each correct shape; look for at least three circles per diagram)

(i)

u=600ms"'

, 300
sin(8) = o

6 = 30°

3000

OR tan(30°) = 3=

600t
V3 -_g:,%

t - 3-655 A T Y T R R R I R

tan(@) =

__ 3000

t
600

7. (a) Define the coefficient of surface tension.

W oo 1] |

saissasalOD

() Three long glass capillary tubes are vertically dipped in different liquids having the angle of contact
(i) 0°, (1) 90° and (iii) 135° so that a half of the tube is inside the liquid. Draw a sketch showing
the shape of the liquid meniscus inside the tube, the height of the liquid column and the shape of

the liquid surface outside near the tube for each case.
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(c) Derive an expression for the maximum radius (r_) of a tiny solid sphere that can be floated without
piercing the surface of a liquid with coefficient of surface tension T. The density of the material of the
sphere is f and it is greater than the density of the liquid. Assume that the contact angle between the

material of the sphere and liquid is zero. The volume of a sphere of radius r is%m’.

(d) Hay's test is done to detect the presence of bile salts in urine to identify patients having jaundice.
Bile salts reduce the surface tension of urine. Sulphur powder having uniform spherical particles is
sprinkled on a sample of urine taken for the Hay's test.

(i) Using the expression derived in (c) above, calculate the maximum radius (r_) of sphcnoal sulphur
particles that can be floated on normal unm: Density of sulphur is 2000kgm and the surface
tension of normal urine is 6:5 x 10° Nm™'. Give your answer to one decimal place in mm.

(ii) Sulphur particles will sink if bile salts are present and the person is identified as positive for
jaundice. For Hay's test according to the value calculated in (d) (i) above sulphur particles of
radius 097 _ is used. If these particles just sink in the urine sample of a patient having jaundice,

calculate the surface tension of affected urine. Round off your answer to one decimal place in
sclentific notation.

(e) If a capillary tube of radius 0-4 mm is vertically chpped in unaffected urine sample calculate the
capillary rise. Density of normal urine is 1020 kgm™. The angle of contact between urine and glass
is 30°. Give your answer to nearest integer in mm. (TakeJ' =173)

(/) Another test method can be designed using an electrical liquid sprayer gun producing tiny urine droplets
with identical radii in one second. What will be the ratio of power needed for forming droplets from

urine with bile salt sample to the normal urine sample? Assume that the densities of urine in both
samples are the same. Give your answer to two decimal places.

(a)The coefficient of surface tension of a liquid is the force acting on the surface of the liquid at
right angles to one side of an imaginary straight line of unit length in the surface of the liquid.

.(02)

(02 or zero)

(b)

1357

0° 90°

e A Sk e . )

Look for meniscus shape, height of the liquid column and shape of the liquid surface
outside the tube. If all are correct 02 marks for each. Deduct 01 mark for each mistake.
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(¢) The sphere is not submerged and therefore, up thrust does not act on the sphere.

The weight is balanced by the surface tension forces I: T
OR
o - o>
%ﬂ?}%ﬁg .=_ zmmT .q-...............""uun-nu“tu"--.(ﬂa)
'('[Ti mark for L.H.S. term; 01 mark for R.H.S. term; Q1_mark for equating)
1&— So A ‘7:..;,& e
Cso™NN LE—'\.\S 6“1\:]
! 3T
m = % csssssnassassesvasssessssessessessssnsnse(ll2)
: B 3x6.5;1ﬁ‘3.
(d) (l) Tm o Jz;:;znug,:lo --.--'---u--n---uun-u-un"-nn-"-(UZ)
(for correct substitution)
=48.75x10™* ~V49x 10™*
Tm =E-_? MM eeeeseessssstttiimistisissessassscens (02)
ré2
(ii) T = 3;39
(0.9%0.7%x1073)2x2x2000%10
= R ey = veeess(02)
(for substitution)
=53 x10"3Nm?*(0OR5.26 X 1073 Nm™) R ORI S (17}
(S b -5 3% )
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e (i) Without changing anything else, if the entire conductor is moved in the -x dlru:tmn with a constant
velocity equal to the drift velocity of electrons, what will happen to the magnitude of the Hall
voltage? Give reasons for your answer.

(iv) When the slab is stationary as shown in figure (1), F_ and E denote the magnetic force acting
on the electron and Hall electric field intensity respectively. If the charge carriers are positively
charged instead of negatively charged, what will happen to the directions of each v, F, and E?
(will change or will not change)

(b) Hall-effect sensors operate by detecting voltage changes when placed
in a magnetic field. In order to generate a uniform magnetic field, two It Iy
identical circular coils, each having the same radius, same number of
tumns, and identical currents, placed at a distance equal to the radius as
shown in figure (2) can be used. The resulting magnetic flux density
between the two coils is 1'4B,, where B, is the magnetic flux density
at the center of a single coil.

Yy

-——ry —

Figure (2)

(i) Starting from Biot-Savart law, obtain an expression for the magnetic flux density (B,) at the center
of a circular coil with number of turns N, radius R, and carrying current /. Name the other symbol
in the expression.

(i) If N=1000, I=2A and R=012m, calculate the magnetic flux density B, at the center of one
coil. (Take #=47ax107"TmA™ and 7=3) 2

(i) Referring to the paragraph given in (b) above, calculate the value of the uniform magnetic flux
density between the two coils if they are placed at a distance of 0-12 m.

(c) Hall-effect sensors are used in various applications to detect
rotational speeds of rotating objects. Figure (3) shows a rotating
wheel with four identical coils carrying identical currents
mounted at equal intervals around the perimeter of the wheel.
An additional coil (S), identical to those on the wheel carrying
the same current is placed stationary with a Hall sensor next to
it. When one of the coil$ on the rotaling wheel aligns with the
stationary coil S and the Hall sensor, a uniform magnetic field
is established, allowing the Hall sensor to generate a voltage
pulse. As the wheel rotates, each alignment produces a voltage
pulse, enabling the detection of the rotational speed. Figure (3)

(i) If the pulse frequency generated by the Hall sensor is f,, write down an expression for the
rotational frequency f of the wheel in terms of f,.
(ii) If f,=240 pulses per second, calculate the rotational speed @ of the wheel in rpm.
(iii) When the rotational speed of the wheel exceeds 7200 rpm an alarm has to be triggered. Determine
the pulse frequency of the Hall sensor at which the alarm will be triggered.

(iv) In practice, semiconductors are used instead of metals to obtain large Hall voltages. Why does a
semiconductor produce a large Hall voltage?

=
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(a) (i) eE = evyB (1) T N CRTIL WU (|| |

I = newtvy ceistalsn R srTanslO])

Substituting for v, in equation (1)

I

E= neth
BUt, EW — VH‘ L] .;-u-..ilI-i-n-"-"""--""un"u‘([}1)
IB
& Vy = == R RRTs —x  QOOS SIS | | .
i = 32x0.4
(ii) V= o i RS TAPURARTINIP PR | || |
g T
(correct substitution)
=4uV(4x10°°%V) PR ——— (| 7.) I

Qﬁﬁ) The Hall voltage disappears/ becomes zero/vanishes  .....c.ccccvvvemnsnsnsccnssnsesnenn o0

Because the electrons will be at rest with respect to the magnetic field OR the velocity of

electrons will be zero/stationary with respect to the magnetic field. ....ccccceessanssnennes
(1v) vy4 : changes 5T TR S R Lo SO | (| )
Fm :does not change saseasassasasansssssssssnsnsraseansensal 1)
) E :changes sessesassesersssssssasssssasssnsssnsscess(()])

(b) (i) / ¥
F "
1AL _SR/ Bot:Savartlaw AR = £6 =08 - sl 01)

4mR2

| o)
/

(Accept u also)

For a circular coil at the center 6 = 90° PN ET R PSR SN | |

and the Circumference nfthﬂ cnil e ZHR I'I-'-IlII-I‘.lﬂlI.'l..'llllllll."ll-llllill..(ﬂ1)
. B - Uol2TR
0T 4nR2

_ kol
Bo = 2R
For a coil with N number of turns
NI
By = 2—
0== (17)
#D — pennEﬂbility (nf free SpaCE!air) I-lll-.i..llI--llIIIIIII...IlliI'l'i'.."..'“(0l)
01 - Physics (Marking Scheme) G.C.E. (A/L) Examination - 2024 / Amendments to be included 41
Ei:';.r;-'s e


https://v3.camscanner.com/user/download

Department of Examinations - Sri Lanka Confidential

1 — 4 nxlu_?x luuux 2 ( TILR Y] llltili("l
(i) B = 2x0.12 e )
(correct substitution)

=001 T seakarssssmesmasmissiis(2)
cissdanesR e R masssississssssll
(iii) 0.014 T Q( ‘-’5115
© () f =%' sesse0esnsesasassessersssssrssessesssescl U2)
(ii) W= % X 60 PR RNSI——— | )

[Disregard the number 4 (accept any value) when awarding this mark]

= 3600 rpm cossessesessssssscssssasssassssassonseans(()])
__ 4X7200
(iii) f, = = Wr 4 W EMCSERE LR FOSURES ST U SRRk | | |

[Disregard the number 4 (accept any value) when awarding this mark]

=480 pUISES per BECORE (V2 T sisaseiiisiaresasesiiciensanks pressssses (01)

(iv) Because n/ charge carriers (electrons) per unit volume/carrier density is small /less
(compared to metals) soe8ss0eevssssnmsisivenssnssssssessess(U1)

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

(@) A thin heating element made from a conductive material of resistivity P has a shape of a rectangular
strip with length /, width w and thickness ¢, as shown in figure (1).

| o
e U~

Figure (1)
(i) Write down an expression for the resistance R of the heating element in terms of 2, [, w and f.

(ii) If /=100 mm, w=20 mm, r=5 pm and P =8x 10°Q m calculate the resistance of the heating
clement.
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(b) As shown in figure (2), a wearable heating pad is designed for
localized heat therapy, using the above thin heating elements. I
The heating elements are arranged as shown in the figure, - “' B
along with a 40 Q standard resistor. The pad is connected to
a 24V d.c. source with negligible internal resistance. Thin
heating elements are represented by rectangles. The heating
pad should produce at least 7-0 W to deliver the required
therapeutic heat.

(i) Calculate the resistance of branch AF and branch BE
of the circuit. Figure (2)

(ii) Calculate the current through the branch BE.

(iii) Calculate the power dissipated in the branch BE and the entire circuit. Does the heating pad
produce the required power?

(iv) Calculate the total power dissipation of the circuit if the thickness of all the heating elements is
halved.

(v) If the length [ is equal to the width w, show that the resistance is independent of the surface area
(Iw) of the heating element shown in figure (1).

(vi) Calculate the resistance per unit square of the top surface of the above heating element having
- thickness 5 pm. e

(c) Assume that a heating pad contains resistive elements made of two thin layers deposited on top of
each other.

Layer 1: Made of a material with a resistivity that remains constant with temperature.
Layer 2: Made of a material with same resistivity as Layer 1 initially but resistivity increases as
temperature increases. |
The heating pad operates using a constant voltage source. Giving reasons explain what will happen to
- the power dissipation of the modified heating pad over time.

(d) A d.c. source to supply power to circuits can be constructed using a suitable step down transformer.
Here, a transformer is used to step down an input a.c. voltage of 240V (rms.) to an adjustable output
a.c. voltage between 12V (rms.) and 48V (rms.). The transformer has 800 primary windings. At
the output stage, the transformer output is converted to a d.c. voltage.

(i) Write down an expression for the ratio of primary voltage (V;) to secondary voltage (V) of
the transformer, in terms of the number of windings in the primary coil N, and the secondary
coil Ng.

(ii) If the rm.s. voltage of the secondary coil can be varied between 12V and 48V, calculate the
range of number of windings required in the secondary coil.
(iii) The d.c. output voltage is 80% of the rm.s. output voltage of the transformer secondary coil. If

the desired fully rectified d.c. output voltage is 24 V, calculate the output rms. voltage of the
transformer.

(iv) The transformer supplies power to a load that consumes 120 W at 24V d.c. If the power loss

due to Joule heating in the secondary is 10% of the power consumed by the load, calculate the
rms. output current of the transformer.

= ——
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e

@ @R =12

8x10~°x100%10~3

tance = ——
(i1) Resistance %1085 10-6

=800

(b) (1) Rar=80+80+80

=240 Q

Ree =80Q+80Q+40Q

=200 Q

(1) Forbranch BE, 24 = Igg X 200

Ige =120 mA (0.12 A)

2
(iii) Pge = Ine2 X Ree OR -“'—E

242

s 2 -
=(0.12)° x 200 200

=2.88W

242
Parp = ==
240

=24

P = Par + Ppg + Pcp=2.4+2.88+2.4

=7.68 W

Yes (since 7.68 > 7)

(to earn this mark students should obtain ? 68 W as the answer)

 FE TR EERREERREEYTERFTIIERTIESITRNNR RN L LR 0L 0 0

(correct substitution)

(for the addition)

TR i B B Al LRl ALl Ry qy)

(for the addition)

(AR N A R R R ERERE NN LLL LYl LTyl

(for substitution)

(for substitution)*

(for substitution)

SR SRR ERR RN RERERRRERE LAl LT T

e (01)

.(01)

ee(01)

e(01)

ee(01)

(1))

(01)

ee(01)

weee(01)

SN (11|

wes(01)

i)

.(01)

RN (1§
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(iv) Making the thickness halved causes the resistance of printed resistors to increase by 2
times. Hence power in AF and CD branches becomes half of the original value.

RHE,H:W = 80 X 2 : = 80 X 2 + 4(} T T I rrrrrrrrTrr ("l)
(for the addition)
=360 Q
24\ 2
Poknew=24360 OR (5=5) X 360 S W T
=1.6 W

Prew= 2422416 PR TR R
(for the addition) ;
o & St O p— asssiossssuinevensses (01)

= - E-!' = £ E R R ERRRRR RN
(\') lfl o W: R It T t FEEE LA “i(ﬂl)

This is independent of [w.

: - 8x107°
V) R =50
=16Q Pen g e cessessnseseestattarasisssssanassasasssse (01)
(c) Power dissipation in layer 1 does not change with time §ipenss Sviiprirssmsisnsnisssssessil 1)
Power dissipation in layer 2 decreases with time reseerasentisannniinissnnsneesnressane (01)
Therefore power dissipation in the modified heating pad will decrease with time ....cusueee..(01)
: Vp _ Np
((0 (l) Fs— .hf_s T L T T (ﬂl)
(i) For 12V, Ns=Np X Vs/ V, =800 X 12 /240
= 40 turns -il-u-ulumn---uluuuuuuuu""ru(ol)
For48 V, Ns= N, X Vs/ Vp =800 X 48 /240
= 160 turns T T T T T s 1. oL op et (1) §
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(iii) Vac.= Varms. X 0.8
—_ E o '?"i -III.'.'lilII-l--illIlI-liilllilﬂl-l.i-llii(“l)

Vsems. =58 = 08 o
(for correct substitution)

=30V seunssuisssanssomssssissasssasassassar(U])
(W) Isrms. =P/ Vsgms.
0.1
| — 12“;1““ (01)
(for substitution)
v =44 A cosssesssssseesssssssssssssssasnassessens(])
w*
D= wg
l/%f.p:‘é % ?_;E =
i
Part(B)

(a) Consider the AND gate circuit made from transistors operating
as switches shown in figure (1). The circuit consists of three
npn transistors 7,, 7, and T,. Inputs A and B control the
action of the transistors T, and T,, while transistor 7 controls
the final output X. The circuit operates from a V=45V
power supply. Assume that V. =07V, £ =100, and V. at
saturation is 02 V for all the transistors. Desired collector
currents for 7, and T, are 4mA and that for T, is 4-8 mA.

(i) Consider the situation when both inputs A and B are at 5 V. Figure (1)
(I) Calculate the base current of T),. Hence, show that T, is in saturation state.
(1) Calculate the base current of 7. Hence, show that T, is in saturation state.

(ii) Consider the situation when either A=5V and B=0V or A=0V and B=5V. State the operational
state (ON or OFF) of 7, and T, for each considering the current conduction from collector to
emitter. No calculations are needed.

(iii) Calculate the base current of T, when cither T, or T, is OFF. Hence, show that 7, is in saturation
slate.
(iv) What are the values of the output voltage V, for the following input conditions? State the operating
mode (either ON or OFF) of 7, for each case.
Case |: A=5V and B=5V
Case 2: A=5V and B=0V
Case 3: A=0V and B=0V
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(b) Consider the block diagram shown in figure (2) of a logic comparator
which compares two binary digits A, and B,. The output F, becomes 1
only if A, and B, are the same.

(i) Write down the truth table of the comparator. Figure (2)
(ii) Write down the logic expression of the comparator using the above truth table. —

(iii) Write down the truth table and logic expression of an XOR gate with inputs A, and B,. Use it
to write down a logic expression for the comparator.

(iv) Draw the logic circuit of the comparator using an XOR gate and a NOT gate.

(v) Draw the logic circuit of the comparator using only XOR gates.
Hinr: Connect one input of an XOR gate permanently to logic 1 or 0 as needed.

(vi) Using the block diagram shown in figure (2) above and one additional 3-input logic gate, draw
the cumpusie diggram fu a rm_l__Jmungi comparing A, and B,, A, and D,, A, and B,.
(c) Consider logic gates P and Q of two different types. The logic voltage levels of the inputs and outputs

are given in the table.
. -m—m_
M mmm
| P |2Vw5V_|0Vw008V [27VwSV |0Vie04V
Q0 |35Vio5V]|0Viol5V [495VioSV |0VI0005V |

Logic gates of types P and Q are used to construct a logic circuit.

(i) In one circuit, the output of P is connected to the input of Q. Do you expect the circuit tc
operate properly? Briefly explain.

(ii) In another circuit, the output of Q is connected to the input of P. Do you expect the circuit tc

- operate properly? Briefly explain. _ N Lkt

. (5-0.7)
(@ () L. =005 e, (01)
=430 pA (4.3 X 107* A) PR EARRRRRRN (1) )

The required base current for saturation /c/f = 4/100 = 40 pA

-
P “.3 SlnCE: IBI = Idﬁ OR 430 l,IA > 40 ',IA ------ L L L L CL LTI LT LY LY T T n(ﬂl)
the base current is sufficient to operate 72 in saturation.
_ (5-0.7-0.2)
II. Ip1 = YR NA— () )
=410 pA (4.1 X 10~* A) IS R SED S SRR | |

The required base current for saturation /c/f = 4/100 = 40 pA

Since /g1 > Ic/f OR 410 pA > 40 pA sesssesnsssassssmssnsessssssnsssesseass((])
the base current is sufficient to operate T} in saturation
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(ii) Ford=5Vand B=0V; T2is OFF, T} is OFF

ForA=0Vand B=5V ;TiiSOFF, T2iS OFF .cccccceeecececcssssssssssosens

(5-0.7)
(9+1)x103

(ii1) I3 =

=430 pA (4.3 X 10~ A)

The required base current for saturation Ic/f = 4.8/100 = 48 pA
Since Is3 > Ic/f OR 430 pA >48 pA :
the base current is sufficient to operate 73 in saturation.

(iv) Case1:4=5Vand B=5V
Case2:A=5VandB=0QV |
Case3: A=0Vand B=0

Case 1: T31sOFFand V'x=5V

Case2: T31sONand Vx=0.2V

wee(01)

RO (1)

wrr(01)

e.(01)

s}

R ais(01)

e OT)

T—
Case3: T3isONand Vx=0.2V T I L | ]|
b) () A | Bi | Fi
0104 ]
0 |1 |0
1 |0 |0
1 11.4.1
cssssnavesnnsasnae{02)
(02 or 00)
(11) Fi=(A\B, + AiBi) e )
* (01 mark for each correct term)
48
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vesnenns(02)
" (02 or 00)
Fxor ;
i = (
2=
| i S T—
1 Al
(m) | | - WS = A;B; +
: 1 . ; ORF, =
: FF: A1$ 1 .. (02)
‘r - s
3 :
:
)
Fy Fl
(iv)
A4 j
B, j : E

(02 or 00)
2

NOo

A

x

(AN TEL lll(ﬂl)
TITIT TR TR TR0 R R 0}
} , : -.-."(01)
: EEEBNGBERRDEEEES
1] TILELEEEERE RN YL L] l
Df !? LR 'Ill- ' llﬁil(ﬁl’
| | L BT E AL TR T]
| l LA A R RN NN R LT T
Hf I L] . I | -IIIIIIIIIIII-II(U])
LEL LR TT R ]
(AR R R ER]L] l
ES ] (A EE N RN l
r ] - liillillllll(nl )
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10. Answer either part (A) or part (B) only.
Part (A)

(a) The first law of thermodynamics for a closed system can be written as AQ = AU+ AW. Clearly identify
each term.
(b) What do you mean by an isothermal process, a constant pressure (isobaric) process and an adiabatic
process?
(c) Starting from the same point and labelling it as A, sketch the above three processes in the same p-V
diagram. Mark isothermal, constant pressure and adiabatic processes as AX, AY and AZ respectively.
(i) Which process does obey Boyle's law?
(ii) Which process does obey Charles’s law?
(iii) If the volume is increased from V, to V, at a pressure P, in an isobanc process write down an
expression for AW in terms of PI. VI and Vz'
(d) The Sn‘ﬂ_ing engine converts heat to mechanical energy and that was invented by Robert Stirling in
1816. It is operated by a cyclic process of a closed system of an ideal gas by exposing it to different
temperatures. A typical Stirling cycle is shown in the given p-V diagram by abcda cyclic path.

e e
SESEVES48 hansoainitisnsoacesiineanatont saaBessiis fis a8 Re P
o L 553‘-&@15 iR
N R
HETRIING }}fhx..[lrfrif geasaniitists T
N R
N
) iy N jt: i
6 gAEda08 ¢ jiirriu._[d-h—riﬁ:i E: [h I :Jﬂif -:!
gRsaEDY v TR TN s puwn;
BRI R i i ﬂ[ it
i i, T R
2 R f:{ilj*iti;f;u fssstest fhisaitis Eﬂmn
FEEERERY b SE AT ERERRRRRL s HEN T
SEESEERRe pakias dqsastisdin Iadeatiun) (Sossestel besaeess
._..::.:L}l O ki, 2t28s 'i] ”}I t"?‘:"r.' :;ﬂ#}}-l
Essield I hsielt iehhinsso o6 Hit ;E**‘i“:fm $11
2 it 4.';'1.4.;.. :;HILI_: -.h ti T ERE
| 1 RS aEs a2 0e1 fadaanasss dsah l i
--------- ST S ie Et (!fsl[-'j g ] HiH
ol 8ERER Y ,:.;;l;:; g8 h:H tlfi.{l I:[I. 11 1? i
4 6 B 10 12 14 V(x10°m’)

(i) Giving reasons identify the types of four processes ab, bc, cd and da.

(ii) If the temperature at point a is 273 °C, find temperatures at points b, ¢ and d.

(iii) For a process represented by a vertical line such as bc the change in internal energy is given by
the equation wk-:%(P‘-P.)V, where P, and P_ are pressure at points b and ¢ respectively,
The volume at b is V,. Calculate the heat energy supplied to the system in processes bc and da.

(iv) Assuming ab and cd are straight lines for calculation purpose only, find the work done in processes
ab and cd.

(v) Using the same assumption in (d) (iv) above calculate the net work done in one cycle.
(vi) Using the same assumption in (d) (iv) above calculate the efficiency of the cyclic process abcda?
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W wuw PO
(@ AQ = Heat supplied to the system (No marks for change in heat) .....ceesssesssesssseees (01)
AU = Increase (or change) in internal energy RUSHMEN VDI RO | | |
AW = Work done by the system (No marks for change in work done) .eeeesessesssessersenses .(01)

(b) Isothermal process:
The temperature of the system remains constant/same throughout the process (or AT = 0)
Isobaric process (constant pressure):
The pressure of the system remains constant/same throughout the process (or Ap = 0)
ORI AI—— (| ] |
Adiabatic process: -
The amount of heat in the system remains constant throughout the process. OR No heat gain

or loss from the system throughout the process OR AQ = 0)
wsssisaintlDl)

(c)
p A
[01 mark for each line with
i correct labelling. Do not
look for (0,0) ]
>
(0,0) V
T P VRGN ., DO (03)
(1) :
Bﬂ}ilﬂ'ﬂ law: AXOR [Snthﬂmlal prﬂcﬂss e TITIIINIY SCTITI L sssaanns sasenans (01)
Charles's law: AY OR constant pressure process ssiatinitanis skl
(il) ﬂw - ;}(Vz — Vl) sesessssananss lnnu-iu-ttuu-"muuuuu(oz)
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(d) (i) For ab 12x2 = 6x4 and for cd 12x5 = 6x10. Since p;V; = PaVa  «eervnecsionuscssasasssnnes (01)
Therefore, ab and cd are isothermal (AT = 0) processes  ...esessescsrncsnrsncsnessnsecees(01)

Vy, = V- and V; = V, OR vertical lines TR TR S Fr T IR | ) |
Therefure bc and da are constant volume (isochoric) (ﬂV = U) PIrOCESSESecccescccscssssse (01)

(ii) Since ab is an isothermal (AT = 0) process,

temperature at b is 273 °C. sasnasssnsepseRvasssvsrssssissvesssssl UL )
Since bc is an isochoric (AV = 0) process % = %
and temperature at ¢ is 1092 °C. TR ar———— | | ] §

Since cd is an isothermal (AT = 0) process,

temperature at d is 1092 °C. e (1) )
(iiii) Since AW, = 0, LIN. S A |,
ﬂ%bc = AUp,
AQy. = 5(1{} —4)x10° x6x1073 @R ciiiinws imonminasiesirsesil L)
(for correct substitution)
- +5400 J IS E e s EEEEEEesIRIIRIRRRRRRIRIRENS (01)

Since AWy, =0, AQuq = AUy,

w

AQgq ==(2—5) x10° x 12 x 1073

8

= —5400] (1)
(to earn thlS mark - SIgn IS essentlal)

(iv) Work done in ab = area under ab with right to left is (-).

AW, = ‘4”;’“"5 X (6 —12) X 1073

= —1800]J R S P PO — (1) B
(to earn this mark - sign is essential)

Work done in ¢d = area under cd with left to right is (+).

AWeq = L2 5 (12 - 6) X 1073

= +4500 ] . cessesaseassosensssssssssssace{U])
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(\f) AW = ﬂWﬂb + ﬁWb,: o ﬂch + ﬂwdﬂ
Since AWy, = 0 and AWy, = 0

AW = -1800 + 0 + 4500 + 0 UL S LT N e TSRS | 1) )
(for subtraction)

= 42700 SRasT—— (|5
: : __ workdone 0 _ -
(vi) Efficiency _\heat absnrbedf 100% s i —
Efficiency = == X 100% TEENPUEII STURP N, |, |
(for substitution)
= 60%

Part (B)

'\t‘“&".\.q._
(a) The figure shows a schematic diagram of an X-ray tube. It operates at V=30kV and the flamment-
current is 4 mA.,

(i) Determine the number of electrons (n) hitting the target per second. Electron charge =16x10717C.

(ii) Calculate the total kinetic energy (K) of all electrons hiting the target per second. Assume that
the initial kinetic energy of electrons emitting from the filament is negligible.

(iii)) Out of the energy calculated in (a) (ii) above, 95% is converted into heat in the target metal.

This generated heat is taken out using a copper rod covered with a spiral copper tube connected
to running water. Calculate the mass rate m (in kg min™) of flow of water if the temperature
increase of water is 57°C. Take the specific heat capacity of water as 4000J kg™ °C™'.

(b) (i) Calculate the minimum wavelength (A ) of the emitted X-rays. Planck constant h =66 x 10%)s
and speed of light c=30x10°ms™.

(ii) Does the 4_. value calculated above depend on the target material? Give reasons for your answer.

(iii) If the filament current increases does the 4_, value calculated above change? Give rcasons for
- your answer,

(iv) The target metals are usually made of tungsten or molybdenum, What are the reasons for this?

01 - Physics (Marking Scheme) G.C.E. (A/L) Examination - 2024 / Amendments to be included 33


https://v3.camscanner.com/user/download

pepartment of Examinations - Sri Lanka Confidential

—

(c) (i) X-ray beam of intensity §x 10’ W m™ is incident on a human organ with an effective surface
area of 001 m*, Calculate the total energy delivered on to the organ in one second.

(i) If the mass of the organ is 05 kg, calculate the absorbed dose in Gray (1 Gy=1Jkg™).
(iii) What is the best material that can be used to effectively block or shield X-rays?

(iv) (1) Why is it important to measure the effective absorbed dose of radiation (in Sv) for people
~ working in radiation environment?
(I) What might be the reason that the effective absorbed dose vary between different types of
radiation, even when the absorbed dose is the same?

(d) When an atom is struck by a high-energy electron an inner electron can be ejected creating a vacancy
in the inner energy level. An outer electron can transit to this vacancy emitting a photon with energy
equal to the difference between energy levels. This process can generate X-rays with definite frequency.
If the energies of the higher and lower levels are E, and E, respectively, the frequency f of the emitted
X-ray photon is given by Af=E, - E,. Here h is the Planck constant,

(i) For aluminium if E\=-74¢V and E,=-1624 eV, calculate the energy (in eV) of the X-ray photon
emitted when an electron transition occurs from higher energy level to lower energy level.

(ii) Determine the comresponding wavelength of the X.ray photon produced. Take Ac = 1240 eV nm.
(¢) How do hard X-rays and soft X-rays differ from each other in terms of energy, wavelength, and

penetrating power.
(@) 1) I=ne
__ 4x1073 &
= Tex10-19 (q-(’\
= 2.5 X 101° ’
(ii) KE of a single electron = eV P TSI ROTTRRIPRMEC IO (| | |
Total KE of all electrons = neV
=2.5x 1016 x 1.6 X 1012 x 30 x 103
=120Js1 (W)
9% i
(iii) 120 X—==m X 4000 X 57 TS SR o s el s L[%_)__
(01 mark for taking 95% ; 01 mark for R.H.S)
m=m'X60 e e e B S e S
Ly
(for multiplying by 60)
=0.03 kg min!
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B) () Amin= i _ SLoede b e o L)

n 6.6x10"34%3.0x108
T 1.6X10-19%30x%103

SPURPRRORIORES | =

(for correct substitution)

=4.125% 10-11 m [(4.12 — 413) x 1011 m] PR TEm———— ( | ) |

(li) No sesssssssnanns u--."-"u--.u-nu.--"(0l)

Minimum wavelength occurs for electrons stop at once upon colliding with the target OR
when electrons loses all of its kinetic energy in a single collision. Therefore A, does

not depend on the target material. SRR UL }

(ili) No cssessssssasnss ..........................(l]1)

Increase of filament current does not change kinetic energy of electrons. (It merely
increases the number of electrons hitting the target)  ...c.ccecerceseemsnscssnsnsssssensasess(01)

(iv) They are chosen because they have high melting point and higher atomic number.
(01 mark for each)

(¢) (i) Total energy = 5 % 10° x 0.01

=501 cesesssunestseaseseasssesssssssssssssssesiU])
(ii) Absorbed dose = E% sistpsgensistsnsmnngensisssd V1)

(for the division)

= 100 Gy LA R TR I.lllI-lii.l.l.ll‘lllﬂ.l-l-"-‘.".‘(0l)
(iii) Lead/tungsten/tin/bismuth/antimony OR concrete A 22
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(iv) 1. The effective dose depends on both the absorbed dose and the biological impact of

———

different types of radiation. siasssassesnnssivassssussasorsessevorssol U1}

Il. The RBE factor/ quality factor/Q factor may have different values depending on the
radiation type. sesessaniasinsssssisssanssssssssiasissalll)

Vol

(d) (1) Energy of the X ray = =74 — (—1560) ssnasasseabesestsnsssmsmssrscsssascasl il )
2 IBEEY v e et o M bt SR (02)
\s6©
i) A=% (1))
1240
\SSo
A0 (for substitution)
% +\O
=0.84 nm (8.4 X 1071° m) oy A L SRR, (| |,
R
e

(¢)  Energy: Hard X-rays have higher energy than soft X-rays.  ...ecceeemmmncisscscsscssaccenen(01)

Wavelength: Hard X-rays have shorter wavelengths whereas soft X-rays have longer
wavelengths OR Hard X-rays have shorter wavelengths compared to soft X-rays OR vice
versa

AR |

Penetrating Power: Hard X-rays can penetrate deeper into materials OR penetration
power of hard X-rays is higher compared to soft X-rays OR vice versa
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| B0 o)X cHSn o (C0S o) Bmma - 2024
01 -en98m Bgnid

(A) Q(1) (g) (ii) (I) OR half meter ruler ews ©©8OS e=gd

Q(2) (a) (iii) OR pressure inside the steam generator is less than the standard atmospheric pressure (1
atm/1.0 X 10° Pa) o/ ¥CEHIDE BEBADH® ®dnm DigerdBe BOmHwWD
DE&» gfw(1 atm/1.0 X 10° Pa)

(e) (i) Stop passing steam (into the water); (8CwO) ¥YDCw 8O HOFO=I.
Q(3) (e) OR colour separation does not occur ews dEen eDSIDV B¢ ez1EDd
(f) No marks for a monochromatic lamp; &2 €505 e3¢0 CR€R ©5»M®

Rotate the prism table in the increasing direction of the angle of incidence while looking through the
telescope; ¢ebes RES DS vom eiencs 8D Bndd Eed® e®esx

DODO5IB.
(i) = —-___S'L‘i:’;:f T LRNY Vo - O B W || |
(for the substitution;3oed®@c3 £3¢®9)
=152 (1.51=1.53) Tl S T (01)

Q(4) (e) Give 01 mark only if instrument and item have interchanged; COWOMB 68 3EHOG
900 & idm® caa| (1= sR¥eax A el

]
%ﬁ — 1T—N{} mark; €5 ™. But mark can be awarded for part (f) (iii)

5 (f) (iii) @206 e6H CRA/ C 8w WD

(B) Q(5) (), (h) el en/gabens DO HD168 S©5I5

(h) (vi) Applying w = wg + at @8ge®x3

6 — 4 » 10 '-ilill-l--i-----“--“.nu"i---“iiilinnu(ﬂl)
a = 0.6 rad s
“MMM} | geme. (c.oog) Bomoa - 2024 | gdu oecldn gIres e gI° 1= 1
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Q6) @ OR omfp =}

®) G) OR endp = g(o=)

= [log (2) + 1og10°°]) = [log(2) + 10] =1

M""—“—'—————m!

---—--—.--—-——-——-——-——.—m;’

03

=103B I ——
() OR ow/B = log( ORP——
= [log(2) +log(2) + 10] = 106
R Lk Y e e {BT)
L 480 iy -
() YD) $os X 0.05 = 10 A N D)
() 4&1“,)2 x0.001= 25x10"% .. el —

Q(7) (b) For 6 = 135°, if a student has drawn the sketch with a capillary rise po marks for that pas
6 = 135%¢0 Bereun =G> clodnas 85D =0vm g I3 @ S8

@06 B CR AR /D

(@) (ii))= 5.3 x 103N m? [(5.26 — 5.30) X 103N m]

Q(8) (a) (iii) Remove the 02 marks assigned to part (a) (iii); (@) (iii)) @=00=0 ¢ oS cnea

@O DOz
(b) (i) Biot-Savart law;@ec — 00 Be®aAB =L s (02)
- ol
% =7R

If a student has written By = “—:——-;" ithout deriving award the mark for the expression;

Bexewn) Oxtlosisy BEORST emdd By = E;!i&c.:a HIDO JRZS QD
CR OB DOBIZ)

(iii) 0.014 T iRt
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8 @2 Beond eieline®uigd doen eddamnal.

Q(9) (A) (b) (vi) = 16 Q (ohm per square) es®OR3e3E20 OO

Q(9) (B) (a)(i) (I) The required base current for saturation Ic/f = 4 mA/100 = 40 pA
Insert mA in other places as well; geH= EHHOE ¢ MA g1 505D

(ii) For A =5 V and B=0 V ; Tz is OFF, ThereforeT; is OFF
A=5VewvB=0V acw ; 1,8 Oanid, O80Hen T 50and

ForA =0V and B =5 V ; T is OFF, Therefore T> is OFF
A=0V eso B=5V esemn; T is B0an&, ©@Beso T3 1S B0amn3

Q(10) (B) (a)(i) I = ne SN |
o AR
T 1.6x10-19
= 2.5 % 10'°

(ii) KE of a single electron ; 228 @eCHeTDHB OHCH® AFBB=eV  .ccvrrireenne. (01)

Total KE of all electrons; 81 E® 9o HHOcE sdyubies Sem @B w= neV
= 2.5 %10 x 1.6 X 10719 x 30 x 103

=120JsT (W)

(iii) 120 X — = m’ X 4000 X 57 O <SP CRMCRRRRU e

(01 mark for taking 95% ; 01 mark for R.H.S) (95% o B® esex Ceq 01; (2peques 6
6w Ceg 01)

m = m’ x 60= 0.03 kg min’!

{** If a student attempted this part (a), but could not proceed or left blank award all 04 marks;
Besewnzn 0®® (a) ezndes BBOD ¢ nE DY 9aB8wd WD 2B feod H®

owl 8LO nd eSO C €y 04 © yoHHZIW IBIBI** )

(d)(i) Energy of the X ray; X B0emed @B = =74 — (—1624) .ccvievvrnrencccnnancnnns (01)
Bt 7, v ¥ s SIS

(i) A = EEE ATAS RS e D1

A — :izz(fnr Sl.lbﬁlimtiﬂﬂ; qa@¢@w mqwﬂ) ----- Sessusesnanss tsssssassssNsEBRAnS (“l)

= 0.8 nm (8.0 x 10~1% m) B Y ROYR RSO C U (| )
_—;f--ﬂ 2l AArnMin) | n@amm (o -nn\_l'hwn- : qm-T.n....r v« ubea semard ma Q@ I 3
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