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PARYT A ~ Structured Essay
Answer alt four guestions on this paper itself.
{g = WmsH

¥. You are asked to determine the density of the maierial of a thin uniform wire of length
about 15 em and mass 2bout 200 mg. You are provided with the micrometer screw gauge
shown in figure (1) to measure the diameter of the wire,

anvil sp’mﬂlc

/ |
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Figure (1)

{@) Name the parts of the micrometer screw gauge marked as 4, & (not the two scales)

and C,
B A — (01)
B: Thimble e ieerieteeea s er e s (01)
C: Thimble head ' RAtChet = eeirrsitiessersrsrsrossssoressssannrersonse (01)

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

{£) 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 tun of 8 will either increase
or decrease the distance between the anvil and the s;mdie 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?

€ s i 12 L (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)

{il) What is the least couni of the micrometer screw gauge in mm?
0.01 MM cevveereereeereesessnsenreresseessssnnnnssenses (01)

{No mark for a fractional value)
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{c) Figure (2) shows the position of the circular scale when
the anvil and the spindle touch each other. Determine
the value of the zero error of the micrometer screw
gauge in mm,

a#

@

I}IIIIlHlIiII

|
( _

Figure (2}

— 0.02 mm/0.02 MM cvvesasorsarsrsosnsnseasessnsnennnarsasssesmenss (01)

(dy Afier 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
heard.  eeeeermeseesirenresae s e (01)

(2) (Rotate the wire by 90° and) measure the diameter at different/several places of the
WITE.  sesssseerssssnsssesasrensantnvsssesasasesatsasana (28]

(¢) What is the purpose of having part € 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)

................................................ (01)
() (i) Figure (3) shows the position of the circular scale when ~—pg™
the diameter of one piace of the wire is measured using oF 2
the micrometer screw gauge mentioned in (¢} above. fg—1

(1) What is the reading of the micrometer screw gauge
in mm?

(2) What is the comect value of the diameter of the wize
in mm?

e T ——————— (02)
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fii) Calculate the cross-sectional area {(in mm®) of the wire nsing the value in (f) (i) (2)
above. (Take =3

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

the wire?
(1) Length (of the Wire) = ecerreeeiiicsonnicessiasncarasennsssnannss 01)
(2) Mass (0f the WiT€)  ceeeieeieeeeene s e ssna e s enaes (01)

(i1} Name the most appropriate measuring instruments needed to obtain the measurements
mentioned in (g) (i) above.

(DMeterruler  iiiesasesesessnesarsssstsarsssensnarssesenanes (01)

(2) Four beam balance OR (laboratory) electronic balance OR ¢hemical balance

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

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

Q0001 ML uisecacussessiessaressaseinesassraeasvesansane (01)
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2. You are asked to determine the specific latent heat of vaporization (L)Y of water using the
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

Insulating
sheet

{a) {i) Water has to be poured into the steam generator. Using 2 horizontal line, mark
the appropriate level of water that must be filled inside the steam generator.

Any horizontal line between AB and CD EOCSMNFRENSC RS | 1«

(i) 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  .vvvvivviinemmansssessemened 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 experiment is 990 °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 school

..................... (0Z)

#y (1) Name the itemn that wou use to avoid mixing condensed steam into water in the
calorimeter.

A stearti trap PUCTRURAITNOPOURNROOP, | | .|
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{li) Draw the item mentioned in (b) (i) above in the appropriate place in figure (1)
with the correct connection.

OR

cen ernennesmmmmsmssssesssessssssneennd(03)

[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 calori meter]

(Overflow tube is not essential)

(¢} Two thermometers A and B are available for the experiment,
The range of thermometer 4: —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 “Cto) 60 °C L T ()1 |

(d) What are the mass measurements that you would take in this experiment? Give them
in orcler 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 addin g steam) SRR .(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]

{e) 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, AR (01)

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

L

R (1)
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() The room femperature and the initial temperature of water are #and 6, respectively.
Write down an expression for the value of last ternperature measurement {:? of water in
terms of & and & 1o minimize heat exchange with the surroundings.

6_91:62_9
8,=20-0, e, 1)

{z) {1} Isit possible 1o use a glass beaker instead of a copper catorimeter in this experiment?
Possible/Not possible {Underline the correct answer.) B—— asessrsssh L)
{11} 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

--(01)

(#) Disregard this part.

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 () 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. sk e e s )

Marking i and » on surface AC. SR )

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

Markingtheangle D  reseeieaenes (01)

{¢) Write down an expression for the refractive index (#) of matedal of prism in terms of
angle of prism 4 and D.

2

n= T@‘ ............... (02)

2

{d) Give the experimental steps peeded for adjusting the telescope of the spectrometer.

Move the eyepiece (back or forth) until a clear/sharp image of the cross-wires are clearly
seen/observed through it s s oL )

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.  .icveriennns (01)

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

Yeglagree @ =00 seeeeseeses (01)
Give the reason.

Since reflection of light is used to level the prism table a bright filament bulb can be used.
o1

{f) After adjusting all the pans of the spectrometer how do you experimenially obtain the
minimum deviation position for a monochromatic ray of light?

Use a sodium lamp (OR mercury lamp) T (11 )

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

Rotate the prism table in the increasing direction of the angle of incidence while looking
through the telescope. v (01)

The position where the image of the slit (OR face of the collimator) returns/tums back is
the minimum deviation position. ~ .eieereen. (01)
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{g) When the telescope is fixed to the minimum deviation
positon, the circalar scale and the vernier scale positions
are shown in figure (2).

What is the reading of this position?

i (02)

() After removing the prism from the prism fable, 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) PP e e e L1 B

= 39°20/ B wa(01)

(i) I the prism angle is A=60°00", calculate the refractive mdcx (n) of material of prism.
(IJse the natural sine table for your calculation.)

(D + A)2 =(39°20"+ 60°00")/2 (for the addition and division) ...cceccereueeeee (12)]
= 49°4()
_ sin49°40’
sin 30°
=1 82(L81+1.58)) 0 e (02)

4. Figure (1) shows an experimental setup that can be used to determine the temperature coefficient
of resistance (@) of material of 2 thin wire using a mewe bridge. An electrically insulated
uniform wire of fength 50m and diameter O-1 mm, is wound around a cylindrical piece of
plastic rod 10 make a coil. The resistivity of the material of the wire Is 15 % 108 Q m at
30°C. A suitable resistance § 15 connected across the left gap of the bridge. 5

e

o o T o,

o
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{a) Find the resistance of the coil of wire at 30°C. (Take m=3)

I
R = yal Z teersratasans -.......,....................(0 l)

=1 5% 10—

2
0.
ir ( 0001)
2

=10.00 (01)

---------------

{f) What is the measuring instrument labelled as ‘¥’ in figure (1)7

Center zero galvanometer e 1IN

{ej (i} In the space given below, draw a diagram of the circuit that showld be connected
across the gap ‘X in figure ().

AR AR A
Ty YYYY
£ 5\ ¥ b
v/

............... (01)
(i) What is the purpose of the circuit that you have drawn in (¢)(i) above?

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

................ o1)

(d) Copper wires have to be used to connect the coil of wire to the metre bridge. What
tvpe of wires are suitable for this? .

Mheblempth @ 00 e (01)

Large cross sectional arca/thick wires - (01)

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

Instrument ; Thermometer s s O1)

Item : Stirrer e (11
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() (i} If the resistance of the coil at a given temperature 8 (°C} is R,and the corresponding balance

R
length of the metre bridge wire is / {cm), write down an expression for -39» in terms of I,
Neglect end corrections of the metre bridge wire,

Rg _ 100-1 p

ST T e (01)
(i) Write down an expression for the resistance R, in terms of e, the resistance B at

#=0°C and 6.

Re= Ro(Ll+ @) eceseeeses (01)

{11} By combining expressions written in (/) (i) and (ii) above, obtain an CXPression
aeceded to draw the straight line graph of (-I—%Q— I) versus 6.

#_1:@@% SHo1=2g4 (01)

(iv) Using the parsmeters of the expression written in () (iii) above, write down
expressions for the gradient (m) and intercept (¢) of the graph,

_Ro
=" T ()

(v} Write down an expression for « in terms of m and c.

m
= = e L)
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(g} Caleulate & using the following graph shown in figure (2).

100
{; i I) BF. 3 J g} - /ﬂk
BT - : %
09 ' : -
S B e B T
4 I ol RN RS : o i BB s »
G 10 20 30 40 50 B0 70
Temperature (°C)
Figure (2} B
Selecting the lower point as (29, 0.88) S—— — (01)
Selecting the higher point as (69, 1.06) T — 1§ [
(No marks for any other points)
. 1.06-0.88 ; .
Gradient = = o (for gradient calculation) PR T 01)
— 018 0c-1
40
Intercept of the graph = 0.75
_ 0.18/40
0.75
a=60x10" %™t (0.006 °C™1) — (02)

(Deduct 0] mark for incorrect unit; K unit is not correct)

{If a student has obtained the correct answer for « 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 four gquestigns only.
(g = 1W0ms™)

« Note: For an example the number 65210 can be written s 652 x 10% in scientific notation after
rounding off 10 two dechnal places.

5. Read the following pessage and answer the questions.

e ol o
fn ice skating, the blade of an ice skate shown in figure (1) exerts pressure Fh \'i
on the jee and melts a thin layer of ice providing lubrication between the g h

ice and the Dlade. This is called ‘pressure melting’. The boftem surface of
the skare blade 15 30cm long and 1 mm wide. A human who exerts his
weight on one ice skate can creale 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 w move forward is by pushing the o

ice wall not melted with a force by the skate blade as shown in figure (2). Figure (1)

As the ice skater pushes with hig right leg from hehind, a force F is 5 T
exarted on the skate blade by the ice. The component of the force F in the dﬁé’f“m
trection of motion pushes the skater forward. At the same time, his lefi

leg with skate is either raised or gliding on the ice surface. As the skater i skute
moves forward he changes the above action o the left leg and pushes the raiced
ice with thar one while raising the right leg. The process is confinuously or gliding ° |

o ot ot i e

repeated. onthe ice F

Figure {3} shows the forces acting on 2 skater of mass m as he moves in  this skate s
a circolar path on a flat horizomal ice surface with a constant speed. Here, 7 pushing off
G is the center of mass of the skater, P is the point of contact between a the ice walt

skate and ice surface, and L is the distance between P and (. The horizontal Fioure (2}
and vertical components of the force exerted on skate from ice are F « #nd
F, respectively. The radivs of the circular path is R.

In order 1o achieve a spin motion of g skater, a special blade is used which \ //;..\:;{‘x \\ R
4 ]

has small, japged spikes af the Teonr end ag chowa in fignre (4) Spins I ;9

are made by this jagged spikes digging inio the ice and creating necessary F, 2 64 .

torgue. LI N
PE

{@) What is meant by ‘pressure melting’? Figure (3)

iy i} H a2 persom of mass 60 kg weanng 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 300em?,

{it) If he wears a skate instead of the repulay 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 bomom surface of
the skate biade iz rectanguler.

{iii} Hence, show that the pressure obtained in (5} (i) above is 20 umes i
the atmospheric pressure. {Atmosphieric presaure is 10x 17 Byl Figure 4]

{¢1 How doss o skarer move forwerd on an e sutace?

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



Department of Examinaticns - Sri Lanka Confidential

(d)

{e}

i
(g)
()

(1

(1)
1)

(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.

Is it possible for him to move forward if the angle « is zero? Give the reason for vour answer.
if the average force continuousty applied by changing legs is 180G N, determine the acceleration {a)

of the skater of mass 6C0kg along the direction of motion. Take a =30°. Assume that there are no
other resistive forces acting on him.

If he starts from rest what is his speed {¥) after accelerating for 557

Using figure (3), show that the speed ¥ of the skater moving in a circular path is given by V' = 1{-&—“‘359-
What is the purposc of having jagged spikes on the blade as shown in figure (4)?

A female figure skater of mass 60kg with her arms exiended horizontally
as shown in figure (5), spins about a vertical axis with an angular speed
of 60 rpm. Then she fully retracts her amms, 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 d6kg
and radius 20¢m, 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 ead is given by LMI?. The moment of inertia of a
solid cylinder of mass M and radius R about the central axis is given

by % MR (Take 7=3)

{1}
{ii}
{iii)
(iv)
ty)

(vi)

Figure () Figute (6)

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.

Determine the moment of inertia of her about the retating axis when ber arms are fully retracted.
Hence, calculate the angular speed of her in rpm when she fully retracts her arms.

Name the conservation law that vou have used to find out the answer to (R){iii)} abave.
Calculate the initial and final rotational kinetic energies of her. How do you explain the change
in the rotational kinetic energy?

Starting from rest if she takes 10s to achieve her angular speed of ¢0rpm what is the torque
that has 10 be applied on the jagged spikes from ice? Assume that the angular acceleration of
her is comstant throughout the process,

(@) Exerting pressure on an ice surface and melting a thin layer of ice vouvvviiciiiiiiiininienencnn(01)

; _ 60%10
{b) (1) Pressure exerted = e
=2x10*Nm? (01)
. p R L 60x10
(i) Pressure exerted with the skate om0 dadpE | emeessessesis (01)
(for the correct substitution)
5% 11k T P —— (01)

(iii) This (2 X 10°) is 20 times more than the atmospheric pressure. ....coue.veeeeemesmescecenens(01)
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(c) By pushing the ice wall not melted by the skate blade. PR RATRAEER (01)
(d) (i) F, = Fsina veeree(01)
(i1) Not possible eeeeee(01)
Then the force/component of the force along the direction of motion will be zero.
............... (01)
(¢) (i) Applying F = ma to the skater
180 x sin30 =60 X a ssissisn UL}
(for the correct substitution)
g =15 mge ..(01)
(i1) Applying v =u + at
v=15%5 —(01)
(for the substitution)
=37 3-8 |- . ——— 01)
N Ap—plying - F=ma
F, = m% ............... 01)
Similarly F, = mg T TR (01)
. . 3R
B mE
Taking moments about G, F, X Lsinf = F, X Lcos@ we(01)
%’; = tand
i gR
tan @
(g) Inorderto achieve aspinmotion. e 01)
01 - Physics (Marking Scheme) (J‘-r.(‘._E. (A/L) Examination - 2024 / Amendmenig to be included 28
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() () Moment of inertia of two arms = 2 X =X 7 X 0.67  .eceeuecennenn, (01)

{for the correct substitution)

= 1.68 kg m*
Moment of inertia of the body = =X 46 X 0.2 ...ceeee, 01)
(for the correct substitution)
=0.92 kgm’
Total moment of inertia of the skater = 1.68 + 0.92 Susbanneren akssasnisssbrbansassssnsereni O1)
{for addition)
- (o1

(11) Moment of inertia of the skater about when her arms are fully retracted = % X 60 x 0.27

=T2kem® = esessssssens (01)

2.6%60

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

P L4 b
(for substitution)

=130mpm e 01y

(1v) Conservation of angular momentum L R (01)

(v) 60 rpm =1 revolution per second
Initial rotational speed inrads' =2 X3 x 1= 6rad s’
Initial kinetic energy of the skater = % X 2.6 X 6%
= 46.8) RS | |

Final kinetic energy of the skater = % x 1.2 x 132

=1014) eeereenn, 01)

Work done by the skater in pulling her arms inwards.  vvvveenvennnn.s (01)
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(vi) Applying w = wg + at
6=0ax10
=06rads® e vevrerrerensnsrsnonsroreaese{ 01)
Applying t = la
T=26X0.6

7=156Nm e aeeaes (01)

6. (a) If the intensity at a given point produced by a sound source is [ and the threshold of hearing is I,
define the sound intensity level {8) at the point by an equation.
(h) Sound intensity produced by an airpiane engine at a point is 2:0 x 107 W m™, Bo= 10X 107 2w m
and log 2=0r3. You may use loglab}=lop(a)+log(h}
(i) Find the sound intensity level at thar point.
(i) K the airplane has two engines, what is the total sound intensity leve! at the same point? Assume
that the two engines are af equidistance from the point.

¢y iy At the beginning of World War II, there were no radar facilities
available, hence sound waves generated by airplanes were used to
detect airplanes. If sound intensity level at a human ear must be at
least 30dB w0 detect an zirplane, find the corresponding mimimum
sound intensity that should be generated at the ear by the airplane.

(i) 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 10¢m® 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 absorprins
by the mimor. Assume that there is ne loss of sound energy
during the propagation between the acoustic mirror and the ear.

Acoustic Mirror

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

iy i the atnosphere absorbs 95% of sound energy during the propagation between the airplane
and the ear, find the maximum distance that an airplane can be desected withowt the acoustic
mittor using the value obtained in (¢} (i) above. (Take /3 =2:24)

({1} I the atmosphere absorbs 99.9% of spund energy during the propagation between the airplane
and the acoustic mirror, find the matimum distance that an airplane can be detected with the
apoustic mirror using the value obtained in (¢} (i} above. Assume that there is no loss of
sound energy duning the propagation between the acoustic mimor and fhe ear,
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tdj An air surveillance person on the ground idestifies an airplane, which is flying along a straight-line path
above him paraliel 1o ground at 2 vertical height of 3000 m with a velocity of 125ms™. At time 1=0,
the horizootal distance from the airplane to the observer is 4000 m. The frequency of sonnd generated
by the airplane is 100 Hz. Assume the speed of sound in air is 300 ms™.

{1} Find the frequency of sound heard by the surveillance person on ground at times t=0 s, 1=32 s
and r=645s.

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

{e) A supersonic jet flies in a siraight line path at velocity u paraliel to the ground at a height of 3000 m.

The speed of sousd in air at that height is v.

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

{ii) For the situation u>v, the Mach number 3 and Mach angle o (half angle a1 the vertex of the
Mach cone) can be defined for a jet as M =¥and sing=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 300ms™. Take V3 = 1.73.

(@) # =10log (%) ........ P (02)

B () =10log(22) 1)
= 10[log (2) + log10°] = 10 [log(2) + 10] = 10 x 10.3

=103 dB rerreeereereesssorsssessssssessssssssenns(0 1)

i  p=t0bg(ZT) 1)

=10 {log(2) + log (2) + 10] = 10 x 10.6
=106 dB Tt mm———————— (| ] |

{¢) (i) If /is the minimum sound intensity

i
30 =10log(——=) e (01)
I~ 107°Wm~ (01)

(i1} IT /' is the minimum sound intensity at the mirror

Fsa=10"% %10 £ 1074 S— (01)
I'=25% 10" W m? eerenaenaen (01)
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(ii1} (1) If 4 is the maximum distance without the mirror
480 _9
Ho= 107 e, (
Am(d)? x 0.05 10 (02)
(01 mark for ———: 01 mark for the rest
mark for Py mark for the rest)
d? =40 x 0.05 x 10?
=4%Ex10"
d=2v5x10*=2x 224 x10*
d=448%x10"m (44.8km) = eeeeereenns (01)
(II) If d’is the maximum distance with the mirror
480 —-132
— (
X 0001 = 25% 1072 L (01)
2 _ 4 12
d*=—Xx10
25
d' =2x106
5
d’ = 4 % 10° m (400 km) (1] )
d P 4000 m ¥ Vg L
: Jg“:‘:‘;‘_""{‘ insepl ..:&'
3000 m
v
0
(1) If V' is the velocity component of the plane towards the observeratt =0
Pi=¥eos@ e (01)
V' =125 xg ............... (01)
' v
S §
=% 100 o1
300—-100
}c.* = 150 Hz T e (01)
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At t=32 s, distance travelled by the plane = 125 x 32 = 4000

Therefore the plane is right above the observer,

V' =0 (foridentifyingV'=0) ... (01)
o f'=100Hz . — (61)

At 1= 64 s, the plane is moving away from the observer

Foa v !
fr= v+vsf
300
—_—— {
—— x 100 ai \01)
f! p— 75 I_[Z FamendsnansE e (01)

(i1)
f! (Hz)
175 s

I
I
1
1
j
|

150

125 -

100 ¢

S R e S R N (N

75 1

50

e e (02)

(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:

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

D e
[ « g

3000 m

J
[l
J
Il
.
]
v
3
4
3
.
’
Il
’
Fi
.
I
'
v
il
1l
il
Fl
Il
i
']
4
)
]
B— 8

Fr=Vas® 00 esieissaases (01)
AT S —— (01)
v
p = v+v3f
300
= a0 X 100 weerana(01)
FF=798Hz = esswsswersses (01)
 Atr=32s, distance travelled by the plane = 125 x 32 = 4000
V' =Vcosd
8000
Vecos® =125 x m ............... (01)
=117 ms’
r v
f= v+vsf
300
B T — - %100 A1)
' +/ 30002180002
F=719Hz

At £ =64 s, distance travelled by the plane = 125 X 64 = 8000
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V' =Vcos8
12000
Veosf =125 X o0 (01)
=181 ms’
fl=—=f
+vg
300
= X 100 01
3004125 x——t o
v 30002 +120002
f'=71.3 Hz
(i) _ -
80 e i o —— e —— o —— e —————
",!9 AL e e ——— et ——————— -~ ,J. e T A
fs — S ——— i o e S B et .—.._._.._.__.-____._._‘
;? e e L  —— e — o —— e — = ——— e e . e e e s
76 - - —_ —-
PR te 02)
(02 or zero; Labelling the axes and marking the coordinates are not essential)
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(e) (i)

U<y U=V =

(if)

v
< - "
u=600ms"
; = 390
sin(@) = e
6 = 300
4= DUER 300} = 3220 -
tan(d) =— OR tan(30%) = —ogr e (01)
3000
t=e V3
t=865s NS (01)

7. {a) Define the coefficient of swface tension.

(&) Three long glass capillary tubes are vertically dipped in different liquids having the angle of contact
(i) 0°, (i) 90° and (iff) 135° so that a half of the tube is inside the liguid. Draw a sketch showing
the shape of the liquid meniscus inside the tube, the height of the liquid column aod the shape of
the liguid surface outside near the tube for each case.
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(e}

(d)

(e}

h

Derive an expression for the maximum radius (7 ) 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’s.

Hay's test is done to detect the presence of bile salts in urine to identfy paﬁéms 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 (¢} above, calculate the maximum radius () of sphencal suiphur
particles that can be floated on pormal urine. Density of sulphur is 2000 kgm™ and the surface
tension of normal wrine is &3 x 10 Nm™.. Give your answer to one decimal place in mm.

(i) Sulphur particles will sink if bile salts are present and the person is identified as posiuive for
jaundice. For Hay's test according to the value calculated in (4) (i) above sulphur particles of
radius 0-9r_ is used. If these particles just sink in the vrine sample of a patient having jaundice,
calculate the surface tension of affected urine. Round off your amswer to one decimal place in
SCLedine noTation.

{f a capillary tube of radius Q-4 mm is vertically dipped in maffected urine sample calculate the
capillary rise. Density of normal urine is 1020 kg m™. The angle of contact between urine and glass
is 30°. Give your answer o nesrest imeger in mm. (Take+/3 =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

(h)
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right angles to one side of an imaginary straight line of unit length in the surface of the liquid.

W (02)

{02 or zero)

Q° 90° 135°

R

=
=

NN
N\

_

N
\
W

s (06)

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 cach 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 g T
OR
et e, e — (03)

(01 mark for L.H.S. term; 01 mark for R.H.S. term; 01 mark for equating)

N E

Tm = E A s L

: 3x6.5x1073
(&) (1) T = ’m .............. .(02)

(for correct substitution)

=+/4875 x 10™* =49 x 10™*

T, =07Mmm = siessseseveaes (02)
o«
(i) T = L2Pd
3
_ (0.9%0.7x1073)2x2%2000%10 . ©2)
3
(for substitution)
=53x 103 Nm?(OR526 X 1072 Nm™) s (02)
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(e}

h="—— . (02)

2Xx6.5X1073x%\3

= (01)
2%x0.4x10~3x1020x10

(for substitution)
=3mm OR (2.7 - 2.8y mm (02)

(/) Energy needed to make a drop of radius 7 = 4mr?T

Since energy per second is power (p) and the radii are the same,

i
BT
s, Popapie e S0 LOT 5.26) 02
Required = ratio = = 002020202000 = P A L4
{for substitution)
=0.82 (0.81 - 0.82) L e 92)

8. {a) Consider a metal conductor in the form of a rectangular thin slab
having width w and thickness 1 as shown in figure {1). A constant
current [ flows in +x direction and a uniform magnetic field of flux
density B acts perpendicular to the plane of the slab, in +y direction.
The drift velocity of electrons is v,. After the steady state is reached
negative charges accumulate at the upper surface of the slab, leaving
positive charges at the lower surface. Then a potential difference will

be established between upper and lower surfaces of the slab which is Figure (1)
cailed the Hall voltage V.

{t: Denive an expression for the Hall voltage V,, in terms of the magneiic flux density B. the cumrent
7, the number of moving electrons per unit volume n in the conductor, electron charge ¢ and
thickness ¢ of the slab.

it Be AT [=32A, n=10% m Y, e=16% 107" C and t=2 mm, determine V.
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(i) Without changing anything else, if the entirc conductor is moved in the —x direction with a coastant
velocity egual to the drift velocity of elecrons, what will happen to the magnide of the Hall
voltage? Give reasons for your answer.

{iv) When the sleb is stationary as shown in figure (1), £ and E denote the magnetic force acting
on the electron and Hall electric field intensity respectively. If the charpe camiers are positively
charged insiead 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 operale by detecting voltage changes when placed
in a magnetic field. In order 1 generats a uniform magnetic field, two Iy ™\ 11
identical circular coils, each having the same radius, same number of YW g
tums, and identical currents, placed at a distance equal to the radius as
shown in figure (2) can be used. The resulting magnetic fux density
between the two coils is 148, where B is the megnetic flux density S/
at the center of a single coil. )

Figure (2)

{i) Staring from Bics-Savart law, obtain an expression for the magnetic flux density (8,) ai the center
of & circular coil with number of tums N, radius R, and carrying current /. Name the other symbol
in the expression.

(i) f ¥=1000, [=2A and R=012m, calculate the magnetic flux density B, at the center of coe
coil. {Take #,=d47x 107 TmA™ and 7=3)

(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 2 distance of (-12 m.

e~

{c) Hall-effect semsors are used in various applications to detect

rotational speeds of rotating objects. Figure (3) shows a rolating ) Hall sensor
wheel with fomr identcal coils carrying identical currests /N {0
mounted at equal intervals around the perimeter of the wheel. 5 l
An additional coil (), identical to those on the wheel camying _
the same current is placed stationary with a Hall sensor pext to ¥u
it. When one of the coil$ on the rotating wheel aligns with ihe - l
stationary coil S and the Hall sensor, a uniform magmetic field R

is established, allowing the Hall sensor to generate a voltage

pulse. As the wheel rotates, each aligoment produces a voitage gt

pulse, enabling the detection of the rotational speed. ) Figure (3)

(i) If the puise frequency genmerated by the Hall sensor is f,, write down an expression for the
rotational frequency f of the wheel in terms of .

Giy If fiy=240 pulses per second, calculate the rotational speed @ of the wheel in rpm.

(iii) When the rotational speed of the wheel exceeds 7200rpm an alarm has to be tiggered. 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 obiain large Hall voltages. Why does 4
semiconductor produce 2 large Hall voitage?
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(a) (1) eEmergB (1)  dassksesssss erenes(01)
I = newtvy, (01)
Substituting for v, in equation (1)
T
newt
But, EW — V‘({ devirasvibnnernn (01)
B
H=— e (02)
. 32x0.4
(i1) Vg = TNl R TeE | eeessseesseses (01)
(correct substitution)
=4uV(4x107°V) teerrennneeneseemsrasssrersnssensansens{ 12)
(111) The Hall voltage disappears/ becomes zero/vanishes — .ovvcevevnenens e—LL R
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. (01)
(1v) By sehangeR 0000 Gassesess (01)
Fm :doesnotchange e (01)
E oGeRnEE 0 seeeesas (01)
(b} (i) /"
P 4
8 o _ HolAlsin @
AL R Biot-Savart law AB = TamEE . reemeeeeeeesees (1)
j {Accept p also)
X
For a circular co1l at the center 8 = 90° SR (01)
and the circumference of the coil = 2R ........ s U L)
o Bn = Hol27TR
U0 4mp2
_ ol
07 2mr
For a coil with ¥ number of turns
et
By = - sEERE e D)
Mo =permeability (of free space/air) .eeeeeenee. (01)
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47x1077%X1000% 2

(i) B, = i ORRNIRIRISESSS (L)
(correct substitution)
=0.01T  eeeedseeernsiien (02)
(iii) 0.014 T SERROPURRERRR P 1) |
@ () F=2 (02)
(ii) w = 5:—" x 60 eeeeeenneresesssssssmesssmmessenensesas(01)
[Disregard the number 4 (accept any value) when awarding this mark]
=3600Tpm  eessesaeesesss (01)
4x7200
(i) fr="0 e (01)

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

=480 pulses per second wessssdsass sl DL

(iv) Because #/ charge carriers (electrons) per umit volume/carrier density is small /less
(compared to metals) — eseeseenieneaen : (01)

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

(a) A thin heating element made from a conductive material of resistivity £ has a shape of & rectangular
strip with Jengih J, width w and thickeess ¢, as shown in figure {1).

Fizi)

¢

Figure (1)

(i} Write down an expression for the resistence ® of the heating element in terms of #, L ow and 1,

Gi) I =100 mm, w=20 mm, t=5 pm and P =3x10°Q m calculate the resistance of the healing
element.

01 - Physics (Marking Scheme) G.C.E. (A/L) Examination - 2024 / Amendments to be included A2



Department of Examinations - Sti Lanks Confidential

)

{c}

{d)

As shown in figure (2), 2 wearable heating pad is designed for
localized heat therapy, using the above thin heating elements, I 134 ¥
The heating clements are arranged as shown in the figure, L
along with & 40 Q standard resistor, The pad is connected 1o

a 24V de. source with negligibie imemal resistance. Thin 4 |- JUNSSS SUNN  SNNN— &

heating elements are represented by rectangles. The heating 400

pad should produce at least 70 W to deliver the required B ——{E—R—\/v £

therapeutic heat,

(1} Calculate the resistance of branch AF and branch BE = -*_—_—_—D

of the circuit. Figure (2)

(ii) Calculate the current through the brench BE.

(it} Calcolate the power dissipated in the branch BE and the entire circuit. Docs 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
(/w) of the heating element shown in figure (1).

(vi} Calculate the resistance per umit square of the top swface of the above heating element having
thickness 5 ym.

Assume that 2 heating pad contains resistive clements made of two thin layers deposited on top of

each other.

Layer 1: Made of a material with a resistivity that remains constant with temperanue.

Layer 2: Made of a material with same resistivity as Layer 1 initially but resistivity increases ars_

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.

A dc. source to supply power to circuits can be constructed using a suitable step down transformer.

Here, @ transformer is used to step down an input a.c. voltage of 240V (rims.) 10 an adjustable output

ac. voltage between 12V (rms.) and 48V (rms). The mansformer has 800 primary windings. At

the output stage, the transformer output is converted to a de. voltage. '
(i) Write down an expression for the ratio of primary voltage (V,) to secondary voltage (V) of
the transformer, in termus of the number of windings in the primary coil N, and the secondary

coil M.

5

(i) If the rm.s. voltage of the secondary coil can be varied between 12V and 48 ¥, calculate the
range of number of windings required in the secondary coil.

(iliy The d.c. output voltage is 80% of the rms. output voltage of the transformer secondary coil. If
the desired fully rectified d.c., output voltage is 24V, calculate the output rms. voltage of the
transformer.

(iv) The transformer supplies power to a foad that consumes 120W ar 24V de. If the power loss
due to Joule heating in the secondary is 10% of the power consurned by the load, calcnlawe the
r.ms. output currest of the transformer.
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? pl
i 222, (
(@ @R wer s 01
i) Resist __ 8x1075x100x1073 e
(i1) Resistance = e o L (01)
(correct substitution)
=802  eeeesensanns (01)
() (i) Rar=80+80+80 e (01)
(for the addition)
SO 000 s (01)
Rap =80Q+80Q+408 P TRRPRIRDONEOUD, . | ; |,
(for the addition)
=200Q  evereessesaas (01)
(i) Forbranch BE, 24=1ge X200 e (01)
(for substitution)
IBe=120mA (0.12 A)  cceeeiieeanien (01)
el kch
(iii) Psg = Ige” X Ree OR —
=(0.12)* x 200 OR Er, | 01)
-(0.12) —
(for substitution)
=2.88W  eieseesseaas 01)
242
Par = o R (01)
(for substitution)
=24
P=Par+Ppr+Pep=24+288+24
=768 W  ieeeessseees ; (01)
Yes (Bince 768 >7)  eeeeeenieeens (01)

(to earn this mark students should obtain 7.68 W as the answer)
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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.

RBE,new =80 X2+80X2+40  vieveneioeas (01)

(for the addition)

=360 Q
>y 24 \?
PiEaew = 24%/360 OR (ﬁ) X360 eevevrerenas 01
=1.6 W

Prew = ‘22._4+_'i_4+ Le s (01)

(for the addition)
—4W SSUOTROURUUURR (|} §

pl _p
= == (

) El=w =m0 s (01)

This is independent of lw.

. _ 8x107°
v R=C s
o S T (01)
(c) Power dissipation in layer 1 does not change with time  ...vceeuvaneens .(01) »
Power dissipation in layer 2 decreases with time ... voinenenn (01)
Therefore power dissipation in the modified heating pad will decrease with time ......oee.e.... (01)
: Vo _ Np
() (i) S e (01)
(i) For 12V, Ns=N, X Vi/ V, =800 % 12 /240
=40turns  reeeeeeeee.. (01)
Ford3 V. No =N, X W/ V=800 X 48 / 240
=160turns e 01)
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(iii) Vae.= VarmeX 0.8
vd.c 24
- (01)
(for correct substitution)
=30V 01)
(iV) Lerms. =P/ Vs,r.m.s‘
0.1
Lirms = % ............... (1))
(for substitution)
=44 A R (01)

Part(B)

ta) Consider the AND gate circuit made from transistors operating
a8 switches shown in figure (1), The circuit consists of three
npn tansistors 7., 7, and T,. Inputs 4 and B control the
action of the transxsmrs T, and T,, while iransistor 7, controls
the final output X, The cucuu opcrates from a V(‘c =43V
power supply. Assume that Vi =07V, £ =100, and V,, at
saturation is 002 V for all thc- wransistors. Desired collector
currents for 7, and T, are 4mA and that for 7, is 48 mA.

{i) Consider the situation when both inputs A and B are at 5 V.

{ii) Consider the situation when either A=5% and B=0V or 4=

Figure (1)
(I Calevlate the base current of T,. Hence, show that T, is in saturation state,
{1} Calculate the base cument of 7,. Hence, show that T\ is in saturation state.

=Y and B=3V. State the operational

siate (ON or OFF) of T, and ‘I; for each considering the current conduction from collector to

emitter. No calculations are needed.

{ii) Calculate the base cument of T, when either T, or T, is OFF. Hence, show that 7, is in saturation

state,

{iv) What are the values of the output voltage ¥, for the following input conditions? State the operating

made (either ON or OFFj of T, for each case
Case 11 A=3V and B=5V
Case 2t A=5V and B=0V
Case 3 A=0V and B=0V
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{&) 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 A
only if A, and B, are the same. % Ay=B; =F,

1 sl

(1) Write down the truth table of the comparator. Figure (2)

(ti) Write down the logic expression of the comparator using the above rruth table.

(st} 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 composite diagram fur 2 3-Uil cotipatatos comparing A and ), A, and D, A, and B,.

(¢) Consider togic gates P and Q of two different types. The logic voltage levels of the inputs and outputs
are given in the table.

Input Output
Logic I Logic 0 Logic 1 Logic 0
P ZViwesSV 0Ved8V [27VioSV {(O0Vwi4V
0 35VioSV [OViol'SV |495VI0SV 10Viw0005 Y

Logic gates of types P and Q are used to construct 2 logic circuit.

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

(it} In another circuit, the output of Q is connected to the input of P, Do you expect the circuit tc
operate properiy? Brieflv explain.

Logic Gate

_ . _(5-0.7)
{a) (i) I 1w T (01)
=430 uA (4.3 X 107 A) SRRSO | ;

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

Since sz > Ic/ff OR 430 pA > 40 pA T 2 (01)
the base current is sufficient to operate 7> in saturation.
__(5-0.7-0.2)
It Im = TTowir . e ; (01)
=410 A (4.1 X% 107* A) N—— (01)

The required base current for saturation o/ =~ 4/100 == 40 pA

i Since Ip1 > Ic/ff OR 410 pA > 40 pA SRR . || ),
the base current is sufficient to operate 7 in saturation
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(i) Ford=5VandB=0V; Tais OFF, T1iSOFF .ecvrrsesneessismmmsssssssssssssss(01)

Ford=0Vand B=5V ; T1is OFF, T2 is OFF ............... (01)

- (5-0.7)
(111) I3 e 8090900 0 2 e J(01)
=430 pA (4.3 X 107 A) T mr—— e Y

The required base current for saturation /o/ff = 4.8/100 =48 pA
Since 73 > Ic/f OR 430 pA > 48 pA ST (|} )
the base current is sufficient to operate T3 in saturation.

(iv) Casel: 4=5VandB=35V
Case2: A=5Vand B=0V
Case3: A=0Vand B=0V

Case l: T3 s OFFand Fx=5V = ciiieerreerenns (01)
Case2: T3isONand Fx=02V  creeeiverrinse 01)
Case3: T3isONand Vx =02V  eeeiriennnes 01)
(b)) (D) A Bl Fi
0 [0 |1
0 1110
1 [0 |0
1 11
............... (02)
(02 or 00)
(ii) Fi=(AB1+AB1) e (02)

(01 mark for each correct term)
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(iii) A1 | By | Fxor
0 |0 |0
11 1o (02 or 00)
F1 =A;XORB; OR F;= A/®B; ORF, = A B, + A;By vevroossessnesereone (01)
(iv)
Al _A' Fl
B, —} ERRRRSUGUSRO | | -
(02 or 00)
(v)
A
: :j F,
B,
1 RS ATS  hmnsensaness (02)
(02 or 00)
[XOR gates can be drawn as D ]
(vi) |
AL
=
Ay 7T ‘ﬂ\_
B, _4‘ . By
)
Bs &1 :
T 01
()
i  No ; (01)
Logic high output voltage levels of P are outside of logic high input voltage levels
(i)  Yes SRRSO | | '

Logic output voltage levels of O are inside/within the logic input voltage levels of
P T
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10, Answer either part (A) or part (B) anly.
Part (A)

fa) The first law of thermodynamics for a closed system can be written as AQ= AU+ AW, Clearly idemtify
each term.

{6 What do you mean by an isothermal process, & consiant pressure (isobaric) process and an adiabatic
process?

(¢} Siarming from the same point and labelling it as 4, skeich the above three processes in the same p-V
diagram. Mark isothermal, constant presswre and adisbatic processes as AX, AY apd AZ respectively.

{t} Which process does ohey Boyle's law?
{ity Which process does obey Charles’s faw?
{Hi) If the volume is increased from V¥, to V, at a pressure P, in an isobaric process write down an
expression for AW in terms of P, V, and ir'z.

(¢ The Stirling 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 cyele is shown in the given p~V diagram by abeda cyclic path.

P10 Pay

10

0

4 & £ 10 12 14 V10 1)

{i} Giving reasons idensify the types of four processes ab, be, ¢d and do.
(i) If the temperatre af point @ is 273°C, find wemperatures at points b, ¢ asd 4.
{iti} For a process repmsemed by a venical line such as be the change in internal energy is given by
the equation &, =3 (P - POV, where Py and P are pressure al poinis b and ¢ respectively,
The volume at b is V Calculate the heat energy supphex:i to the sysiem in processes be and da.

{iv) Assuming ab and ¢d are straight lines for calculation purpose only, find the work done in processes
ub and cd,

{v) Using the same assumption in (&) (iv) above calculate the met work done in one cycle.
{vi) Using the same agsumption in {4) {iv) above calculate the efficiency of the cyclic process abeda?
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{a@)  AQ -= Heat supplied to the system (No marks for change in heat) ..... (01)
AU = Increase (or change) in internal energy o {94
AW = Work done by the system (No marks for change in work done) (01)

(&) Isothermal process:
The temperature of the system remains constant/same throughout the process (or AT = 0 )
............... 01D

Isobaric process {constant pressure):
The pressure of the system remains constant/same throughout the process (or Ap = 0 )
.............. (01)

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)

............... (01)
(o)
p A
A Y [01 mark for each line with
correct labelling. Do not
look for (0,0) ]
Z X
— >
(0, 0) v
............... (03)
(1
Boyle's law: X OR isothermal process  ievivenennnns (01)
Charles's law: A} OR constant pressure ProCess  eeecveseesesones (01)
(if) AW = p(V, — 1) WPRERARRISRTDIPRY | | ) |
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(d) (1) Forab 12x2 = 6x4 and for ¢d 12x5 = 6x10. Since p1V; = D2Vo  .evimvvvrrrsvsserassnensnns (01)
Therefore, ab and cd are isothermal (AT = 0) processes  .vvvennns (01)

Vy = V. and V; = V, OR vertical lines ~ coicevceiennnas (01)
TI:lerefore, be and da are constant volume (isochoric) (AV = 0) pProcesseS..eeeseessneses (01)

(i1) Since ab is an isothermal (AT = 0) process,

temperature at b1s 273 °C. aiieeeresennses (01)
Since he is an isochoric (AV = 0) process % = 1;—2
1 2
and temperature at ¢ is 1092 °C. D — 1
Since cd is an isothermal (AT = 0) process,
temperature at d'is 1092 °C. i (o1
LR e o | A —— 01)
AQpe = AUy,
Alp =0 —H X WPREXITT errsascannes (01)
(for correct substitution}
=45400F e (01)
Since AW, =0, AQgu, = AUy,
BQue =32(2—5) x 10° x 12 x 1073
= =300 Gussieaeeesu (01)

(to carn this mark - sign is essential)
(iv) Work done in ab = area under ab with right to left is (-).

AW, = EEX10 5 (6 - 12) x 1073

=-1800J e (01)
(to earn this mark - sign is essential)

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

AW,y = L2290 5 (12 - 6) x 1073

= 45000 e (01)
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(V) AW = ﬂWab -+ AWbC + ﬁWM + AWdQ
Since AWy, = 0 and AW, = 0
AW = —1800+0+4500+0 s (01)
(for subtraction)
= 42700 A R AR Y weeen(01)
w ; _ workdone o
(vi) Efficiency = T e 2 100%
Efficiency = 2= x 100% ..., SRRSO (1} )}
(for substitution)
= 60% R— T (01)

Part (B}

fa} The hgure shows a schematic diagram of an X-ay tube. It operates ar V=30kV and the filament
current 1S 4mA,

copper  water
target rod i
By ' {

I

4 mA \\ .

¥
. water
v Out

(i} Dewerinine the number of electrons {n) hitting the target per second. Electron charge =16 x 10719¢,

{ity Calenlate the roml Kinetic energy (K7 of Al eleetrons hining the warget per second. Assumie that
the initial kinetic energy of electrons emitting from the filament is negligible.

{iily Ot of the energy calculated in (@) (i) above, 95% is convered imo heat in the targe!l metal,
This generated heat is taken out using @ copper rod covered with spiral copper wbe comected
to running water. Calculate the mass rte m (in kgmim™) of flow of warer if the temperanire
increase of water is 57°C. Take the specific heat capscity of water as 4000 Jkg™ °C,

{fy (1) Calculate the minimum wavelength (},m) of the emitted X.rays. Planck constant h=6&6x 1073
and speed of light c=30x 10%ms™,

{iiy Does the 7 vadue calculated above depend on the target materfal? Give reasons for YOUE answer,

{iii} If the filament current increases does the e

o value calculated above change? Give teasons for
YOUT Answer,

tivy The target metais are usually made of tungsten or molybdenum. What are the reasons for this?
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(e

(d)

{e}

(i) X-ray beam of intensity 5x10° Wm™ is incident on a human organ with an effective surface
area of 0:01 m?. Calculate the tota! energy delivered on to the organ in ome second.
(ii3 ¥f the mass of the organ is 05 kg, calcolate the absorbed dose in Gray (I Gy=1Jkg™.

(1} 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 Svj for people
working in radiation environment?
(Il) What might be the reason that the effective absorbed dose vary between different types of
radiation, even when the absorbed dose is the same?
When an atom is struck by a high-energy electron an inner electron can be ejected creafing a vacancy
in the inmer 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 fower levels are E, and E, respectively, the frequency f of the emitted
X-ray photon is given by Af=£ ~E,. Here k is the Planck constani.
() For aluminium if £=-74eV and E,=-1624 &V, calculate the energy {in eV) of the X-ray photon
emitted when an electron transition occurs from higher energy level to lower energy fevel.

{it) Determine the corresponding wavelength of the X-ray photon produced. Take Ac= 1240¢V nm.

How do hard X-rays and soft X-rays differ from each other in terms of energy, wavelength, and
penetrating power,

(@) (i) I=ne
_ wao
1.6x10~19
=Z.5% 10'°
(i) KE of asingle electron=¢eV (01)
Total KE of all electrons = neV
=25%10%" x 1.6 x 10719 x 3¢ x 108
=120J1s' (W)
(i) 120 x % =m’' x 4000 X 57 B (02)
(01 mark for taking 95% ; 01 mark for R.H.S)
m=m'x 60 e (01)
(for multiplying by 60)
=0.03 kg min™
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- n
B () Agip = ;5 ............... (02)
__ 6.6x1073*x3.0x10%
He—lmmee—s e (01)
(for correct substitution)
=4.125%x 10" m [(4.12 — 4.13) X 107 m] 01)
(i1) No R 01)~

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. TR > (01)

(iii)Ne e (01)

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

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

....... (02)

{01 mark for each)
(c) (i) Total energy =5 x 10° x 0.01

S50 sensamseme (01)
(ii) Absorbed dose = j—‘; ............ (o1)

(for the division)

=100 Gy enmssesep TR

(iil) Lead/tungsten/tin/bismuth/antimony OR concrete avevenns (02)
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(iv) I. The effective dose depends on both the absorbed dose and the biological impact of
different types of radiation. vereresserssnnrasessernsrsnesssnssesennal 1)

II. The RBE factor/ quality factor/Q factor may have different values depending on the

radiation type.  ieeeeennees (01)
(d) (1) Energy ofthe Xray=—74 — (—=1560)  .iiiieiinnen 01)
= 1486 eV T a4
(i) A=Z . |
1240
=T e (01)
(for substitution)
=084mm (B4 1079 m) 0 Geveesesenss (01)
(&) Energy: Hard X-rays have higher energy than soft X-rays.  ......... (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

..... (01)

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

............... (01)
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