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PART A — Structured Essay’
‘Answer all four questions on this paper itself.
s (s .-.‘IO'ms':}

L. You are asked to determine the weight (W) of & small glass stopper and hence the relative

density of a liquid using the setup available in .the school -laboratory as shown in the
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(a) Name the items in the figure represented by X and Y.

X: Drawing board/Parallelogram board/Parallelogram apparatus ~ ............... (01)
" 'Y: White paper/sheet OR Photocopy paper/Sheet ..........oovoves®n.. ceereernseescenee(01)

(No marks for just stating board and paper)
(b) (i) How do you check whether the pulleys are frictionless?

Pull down weight W/stopperand @ ............ O U (01)

release to check the midpoint /intersection of strings /weight/stopper returns back to the
original position . (01)

(ii) If friction is present, how do you minimize it?_
Apply a lubricant oil OR Engine Oil OR Machine 0fl ..........c..commemmmmsmssssssseserensss(O1)

(No marks for just oil or coconut oil or grease)

() (i) Known weights P and 0, and the glass stopper of weight W are hung using light
e sgli::gs?as shown in the figure. How do you accurately mark the; positions of relevant
strings? .. Cn e TR

-
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|
.' By placing a set square perpendicular to the board and «..sse-rssssssermsrmesssmss(01)

justtouching along the strings and =~ .......ceuememmmmmenmenmensnssssssssnen (01)
|  marking two dots [STUUUUUTTUT (1) )|

|

with sufficient/maximum separation/at least 5 cm APATt .uveeerarrens cessessressansasssnassssarensas(01)
{Alternatwc answer:

1 By placing a plane mirror (strip with sufficient length) under the string and ......(01)
| Jook perpendicularly and ceerreesrenssessmessssmrssssssnrsnrs(O1)
| mark the two ends of image of the String When  .............eveeesueesmeenerenns 01)
the string covers its image. veervesssessrasmmmnsnsssmsasssssmensens(01)}
(ii) After CDHSWUC‘"“I.-‘. !hﬂ pdmllelogrmn using ‘a sultable scalc. how do you determine
the weight W?
Measure the length of the diagonal and rrerrensenensassmserersessasasnesssnsassasas(O1)
convert it into weight using the selected scale vereresenrneeesesmsessensesesesnssnsssassssa( O 1)

() (i) Now the setup is used to determine.the r:laliv;ef_'density' of the liquid. Two beakers,
water and the liquid are available. Write down the experimental steps that you would
follow to determine the apparent weight of the stopper either in' water or liquid.

Fully immerse the stopper (either in water or liquid) ...........ccoommnmnnninnscnnnen(01)
Construct respective parallelograms and measure the length of the corresponding
diagonal TP ERMNTER IR | ) §
(ii) What are the two apparent wmghts of the stopper to be. 1dcnt|ﬁad fmm the above
measurements? : .
W;: Weight of the stopper in water R RPRPNPRROR (1)
Wa: Weight of the stopper in liquid U (1) §

(Award full marks even if W, & W are interchanged)
(iii) Write down two expressions_for loss of apparent welghl.' of 'l.hP. mPper m Ierms ul’

W. W, and W,
Loss of apparent weight in water = W-W, SRRSO (1) )
Loss of apparent weight in liquid = W-W, Tt (1))

(Award these marks according to the answers in part (ii) above )

—
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(iv) Hence, writc down an exprcssm for relative density of the liquid using your
answers in (d) (iil) above.-

‘I'Ir’z 1

(Award this mark according to the answer in part (iii) above)

Relative density of the liquid =

(v} Write down a posslblc error (not relevant to mﬂrudmg the parallelogram) that

could happen in,the experimental procedure mentioned in (d)(i) above which would
affect the value of relative density of the liquid. [

Touching the stopper at the bottom/ side wall of the beaker
OR existence of air bubbles attached to the stopper cereessrenseessnmennne(02)

(02 marks for one correct answer)

2. You are asked o determine the specific latent
heat of vaparization of water using the method
of mixtares, The figure shows a copper boiler
used in the laboratory to gencrate steam. The
rubber tube B is used to take steam out. An

insulated copper calorimeter and a copper sum:r
are also provided. -

(@) (i) If the level of water-in.the boiler is
no® sufficieht; how do yon~ ;denufy it

using the tube A? . % -
Steam will come out of tube A during heating PP NRITERRRI | | 7. |

(ii) After. rectifying the- defect in’ (a) (i) ahg\'c. stcam is generated in the boiler. If the
. rubber tubc taking su.-.un out is blockcd how do you-identify it?

(Hot) water will come out of tube A during heating  ..ceeeevereereevininsnsssessnnnennsd(02)

(b)““mc"m‘“"m"“*Slmmmmgontuflhcmbeﬂdlrecuywnhmrmlhls
cxpeziment. . . _

(i) Give the reason..: :: .. |

Condensed (hot) water may come from the tube ‘Wlth steam . SPUUUUURURRN (1) )
(i) How do you comm -

A steam trap must be connected to the end of the rubber tube .......ccceeeeueerennnns(02)
OR a correct diagram in the figure,

-
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F{c] What are the other two measuring instruments that you need -for this' experiment?

Another thermometer and revsvessansessassersnsenal 01)

a four/three-beam balance [OR chemical balance OR (laboratory) electronic balance] ...(01)
(No marks for just stating balance)
(d) ARer making the correction menl‘ioncd

calorimeter. How do you correctly kee
Underline the comrect procedure.

in (b)(ii) sbove you pass steam into water in the
p the end of the glass twbe which passes steam?

Just above the water level / Touching the water level / Below the water level ................(01)

(¢) What are the temperature measurements that

t take in thi iment? Gi
them in order of me e yolur expect (o in “TIS experimen ve

& : the temperature of steam (in the boiler) [no marks for 100 °C]
6> the initial temperature of water (in the calorimeter)
6s : the maximum temperature of the mixture (of water and steam)  ....................(03)
[03 marks for all three correct au:swcrs in correct order ; 02 marks for all three
correct answers but wrong order ; 01 mark for two answers in correct order]

(Interchange of the order of & and 6; is accepted}

(f/ (i) In addition to the abové' temperature measurements what are the other measurements
that you would take: in this experiment? Give them in order of measurements.

my : the mass of the (empty) calorimeter and stirrer/calorimeter with contents

ma : the mass of the calorimeter, stirrer and water

ms : the total/final mass of the system/mixture (after adding steam)  ............ (02)
[02 marks for all three correct answers in correct order ; 01 mark for all three correct
answers but wrong order ; 01 mark for two answers in correct order]

(ii) If the specific hc.at capa'citiés of copper and _'wmf are ¢_ and ¢, respectively, write
down an expression to determine the specific Jatent heat (L) of vaporization of
water in terms of the symbols m:nlion_cd in (¢) and (f) above. Assume that there
{is no heat exchange With the surrounding. - AT S

[((my — my)ew + myc1(63 — 8;) = (m3 —my)IL + ¢, (6, = 63)] ............(03)
[01 mark for the correct L.H.S.: 01 mark for the R.H.S; 01 for equating]

{If a student has interchanged 6 and &, check the appropriate changes in the above
expression and award full marks; taking 6/6; as 100 is accepted in the expression}

——

: 2023
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() What precaution would you take in this experiment o minimize the error due to heat
cxchange with the surrounding?

The starting (initial) temperature of water is lowered by 5 °C (some amount) from the room

temperature by (adding ice), Gus e G s s sbdn aas A S e amaeeain -..(01)
and steam is passed until the maximum temperature of the mixture is iD_C_(ﬂmCM
above the room temperature. creeeersneaassasassnnssesnsoscnserensensnsnsssessasans(01)

3. The usual cxpcrimental setwp in the school
labcramry to deterniine the speed of sound (v) in
air is shown in the figure. The setup includes a
glass tubc opened at both ends, a tall glass jar
filled with water and a set of tuning forks. The

resonance method is adopted to determine the speed
of sound in air.

(a) What is the other measuring instrument needed to
perform this experiment?

Metre ruler

(b) Fill in the blank with the appropriute word in the following incompicte statement.

When an object vibrating at the natural frequency of another object the first object makes
the second object resonate. B RPN (11 )

() () What is the type of wave pmduced inside the twbe at resonance? Underline the
. correcl answers.

(1) longitudinal / transverse PR (1) §

(2) progressive / stationary
'f(_ii) ._‘ How is the wave that you have sclcctcd in (c} (i) abme produced?

- Superposition of incident wave with reflected wave (from the water surface)...... (01)

(d) Staté the experimental procedure in stepwise that 3ou ‘would adﬂpt in order to obtain the
resonance length comspcndlng to the first mode of vibration (fundanmmﬂ) of ‘the tube

accurazcly
Immerse the tube completely/start with the shortest length of the air column. ......... (o1)
Keep the vibrating tuning fork above the top/open end of the tube...........cceeeeeen. (01)

Raise the tube out of the water/increase the length of the air column
untila loud/maximum sound is heard (where resonANCE OCCUTS)  veecvrvescscscessns(01)

-
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(e)Youhavemmmmcwh
and the second mode of vibration f agths corresponding to the first mode of vibration

sonane Of a given wning fork of frequency /.
® thter:mlon :mle?gi: tern B W the first mode of vibmtion is /,, write down
of the tube. of the wavelength 4 of the wave and end correction €

! _1
ESE T8 iiiissaens: I (1))

(ii) :[i;lhe resonance length’ cdrrespmdmg to the second mode of vibration is L,. write
Wn an expression for I, in terms of the wavelength 4 of the wave and end cﬁfrection

e of the tube,
L, =34_
2=5 ¢ ceverererererereesessssssssssnssssessssesd(O1)

{If a student has written [; + ¢ =% and [, +e= % award 01 mark only}
(iii) Hence write down an.expression fot (,=1) in terms of A.
=2
-1 =2
(iv) What is the advantage ‘of obtaining (I, - I,)?

The end correction of the tube/e is eliminated  .......ccoeveeiniiiiiiiniininnn. (01)

(v) Substitute v and f in.the. expression wrinen in (e} (ui} above and mrmge it o
obtain a straight line graph

-1, = o aenee SRR RTRIROPRI (1) §

e
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() A graph of (1, - I} against } is shown on. the grid below. Calculate the value of speed
of sound in air v (in ms™) using thé graph. |
70 :
E
o
= 6
SO
50
40 <
30 .'
. |
ST . i
20 i |
-1:5;-. 2 '
|
pow v - .
Identifying > as the gradient PR (1) §
Selecting the lower point as (1.9,32) ..ccvvirvvnenns Amanssresesinras Sassains . (01)
Selecting the higher point as (3.9,65) ... tetisensennsiatsriasrenee (01)
[No marks for any other points)
. . _ (65-32)x10"% (65-32) _
Gradient = ———-(33_13),:10_3 R BO-1a)x10-3 “+rrreneesreseesens SRR R A SRR AP (1)

(For gradient calculation)

v= 330ms‘|‘ ...-.............................................................................-.........(01)

(If a student has obtained the correct answer for v selecting different points for gradient
calculation, award 03 marks only. i.e. for identification of the gradient, gradient calculation

and the final answer]}

-
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| Use a resonance tube with a scale attachegy or graduated resonance tube  ....oeeneeneenene (o1

(Room) Temperature (of air/lab/surrounding) ...............eeseseeeesessereresssrsaseses (01)

4. A stodent has planned an experimest to compare the electromotive forces E, and E, of two
. . ; 1 .

 cells using a potentiometer. Incomplete circait diagram that ‘can be used is shown in figure (1).
Other items that can be connected 1o the circuit are shown separately. o

B

__._'_k__. .- ST
R [P SR .'-_-‘-".'. Space | .
b LN | :
hol PRNCIIDS e E—

_ L
CE - . Space 2
- ._—b-— T‘;“I"—D
B e LA b P

- (@) Name the items shown in the figures bcluw.-_ .

. 1. >
e PEEE

(S

] ' 1y.voltmeter °F center zero galvanometer/micro-ammeter
D jockey/sliding key E (center zero mill})-¥ abeinss s aasiisnsnsaanil03)

f
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[03 marks for all correct answers]
[02 marks for any five/four correct answers]
[01 mark for any three/two correct answers]

(b) Write down the comect letter comresponding to each item given in (a) above that has to
beconnectediuSpacel,Spacez,'Spm3m§iSpace4inﬁgum(I}.

Space 1: C Space 2: F
Space 3: D Space 4: A

[03 marks for all correct answers]
[02 marks for any three correct answers]

[01 mark for any two correct answers]
() Name the type of cell which gives electromotive force (e.m.f) E, and write down its vnlue.i
1

A 2V lead-acid accumulator OR (two) 1.2 V Ni-Cd cells (connected in SETIES) vevvvnrnnens (02)
[one mark for the type and one mark for the e.m.f. value]
(d) Why Is the internal resistance of the cell of emf. E, must be very small compared to
the resistance of the potentiometer wire?

Potential drop across the potentiometer wire (4B) must be larger compared to the potential
drop across the cell

OR Potential drop across the cell must be smaller compared to the potential drop across

potentiometer wire (AB) (01)
(¢) In order to pecform this experiment certain conditions have 1o be satisfied with regards

o E,, E, and £, Whot are they? .

Eyshouldbelessthan Eg OR Eyj<Ep iiiiiiietiiteeeenenenannens (01)

E;shouldbelessthan £y OR and E;<E, eeevvnveninnne. Mudsadass b busndaseih (01)
(/N Compared to a non-ideal éoltg:q:m. a poteatiometer is considered as a suitable apparatus

for measuring an em.f, accurately. What is the resson’ for it? -

Non-ideal voltmeter measures terminal potential difference rather than an e.m.f. .......... (1))

and the potentiometer at balance_does not draw any current from the cell and measures the

em.f. OR potentiometer uses a null method at balance .........coceeveeeeciiiniiennnnnnnn. (01)

01 - Physics (Marking Scheme) G.C.E. {N'i.l Examination 2022 (2023)
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;’(S} Why should the cross-sectional area of the potentiometer wire be unifarm?
|

To obtain a uniform/constant potential drop/ OR uniform/constant potential gradient along the
wire - (01)

----------
lllllllllllllllllllllllllllllllllllllll

(h) @ :E: down the experimental procedure that must be followed to determine. E/E,

Connect one cell (e.m.f. Ey) only (using the two-way switch) and obtain the balance length

(i} If the measurements taken in (k) (i) abave corresponding to E, and E, are x, and
x, respectively, write ‘down an expression for the . E/E, ntio..

Ey _ Xy
BT n e, (01)

(No mark for writing [ instead of x)

() () ‘Another student has plannedto’ determine EJE, ratio by ‘using a graphical method
by changing the effective.length of the potentiometer wire of length 6 m shown in

the figure (2). What experimental procedure should the' student adopt?

- * N - L] h * o
i T P e G T L AE .
AL T U T e SRy R -,
'1 .. — -
' e i T T A L 1 4 A T LR T -
# ":'.'.",'--.':'- S S DR M . - T £ ‘.‘.‘- B

— - | I

. .
el

wt
[‘ ota ot ota T T A ST O . . F
FUVRTISS N T EPTRRY
P, . PRSI T L b,
B R RN A A TN r_* B,

T I I Y T E B D L T C At SOy B
Ll T T it SARAI A X 1 MR v e s vl o M

' Figure @)

Connect the terminal B to each end (B1, Bz, Bs.......Bs) of the ODE meter Wires .........(01)
and measure the corresponding balance 1engths — oceevriniciiinininiininininnnien (01)

. e o be drawn T (D) above s m and the value
(i) If the gradient of the graph that ca e ¢ PIRC - ..
of . Is known, writedown a relaionship for £ in terms of m and E:. .

E; =2 OR E;=mkE



Angwer four quesions only.
ig= 10ms ")
» Note: For an example the number 65210 can be writien as 6-52x10" in scientific notation after
rounding off to two decimal places.
5_[q}m.mﬂownf'mmm‘wﬂnd.hwﬂ'lmmhm“
Pe £ v + hpg = constant. Here all symbols have their usual meaning. Identify the terms in the left

hand side of the equation.

(B} A racing car having a rear spoiler With a curved surface
at the bottom is shown i Figure (1). Acconding o the
Bemoulli's principle, when the car is moving at high
speed. a downward force acfh on the spoiler.

A vertical cross-secuon of the rear spailer of the racing
Car moving horizontally through air towards left with
constant velocity v relative 1o the ground is shown in

'

Figure (2).
(1) What is the velocity of air at point X
relative 10 the car” Assume that the air Figure (1)

is al rest reiative (o the ground.

() As shown i Figure (2), the cross-
sectional area of an maginary flow tube x4
far away from the spodder is A and the
corresponding cross-sectional area of the 2
same flow tube below the spoiler is A,

L

4
-___—__ﬂ
If —L=l-2, wite down an cxpression N S -
ior the speed (v.) of mr relative w© the A A
car flowing under ‘the spoler i terme
of .

Figure (2)

(it} If the effective horizontal cross-sectional area of the spoiler 15 02 m*, calculaic the downwand
force acling on the spoiler. v =360 kinh™ and density of air = [-2 kgm™.

(iv) If wind is blowing herizontally relative o the ground from left to right with a coastant velocity
will the force calculated in (B) (M) above incresse or decrease! Give reasons 10 vour answer
withou! any calculations.

(c) When & car moves at high speed, the drag force (F,) acting on the car due to air is given by F, = 1 Cpa?
Here C is known as the drag cocfficicat, p s the density of air, A is the effective frontal area of the
car facing air and v is the speed of the car relative to air. Spoilers also change direction of mirflow
on vehicles and reduce the drag cocfficient.

(i) Show that C is dimensinnless.

(i) Taking C=03, A'=14m’. »=12kgm™ and v = 360 kmh"', calculate the drag farce F, acting
on the sacing car mentioned in.(b) above. Assume that air is at rest relative to the ground.
(iii) Calculate the power (P) teeded to avercome the drag force when the car Is moving at coastant

velocity of 360 kmh™'.

(iv) The car stans from rest and achieves the speed of 360 kmh™. A student argues that the average
power needed 10 overcome air drag in this process is £, where P is the value calculated in (c) Gi)
mmmmmmmqmmmnmmrmm.

(v) The power needed 10 overcome other frictional forces acting on the car is 48 kW. The energy
released by burning one litre of petrol is 40x 107J and only 15% of this energy is used to move

the car. Whea the cur is tavelling at constant speed of 360 kmh™' determine the fuel efficiency
of the car in km per litre,

(i) H*hdts’ﬁiommu} relative (o the ground from left to right with a constant velocity
ﬂlﬂus'.m.lht"pwut?’anndmmcw.m“mmwmhmﬁ;
at constant velocity of 360 Em ' (Give your answer 1o the nearest integer in kW).

01 - Physics (Marking Scheme) G.CE. (A/L) Examination 2022 (2023)
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|

a) P - Pressure/pressure energy per unit volyme . ............... verserasssasesens ceenesane
1 pv? - Kinetic energy per unit volume ......................... e
! hpg - (Gravitational) potential energy per unit volume (from a reference level) ......c...

?(b) (i) Velocity of air at point X relative to the car is —v/ OR #/ OR v from left to right. ...

! [Vac =Vac+vec=0-v]
|

(i) A2v2 = A1V OR A0 = 124,50 cooooeneoeeoeeevveaans s rautassraransinibistse

vz = l.zv -¢lll-l.lll'!.i‘i".."..'.'

(iii) If pressures of air above and below the spoiler are P, and P, respectively, then applying

Bernoulli’s equation
1 1
Py +30v% = Po+1pv3 OR Pi+1pv? = P+ 1p(120)7 covoveonerinnnnenccinnn

P, — P, = ;p[(120)* ~ v?]

_ 360x10°
60x60

vr=100ms

(Converting km hr! into ms™) ...ccvveeeereniiiiinennriniieninnees

P,- P, =1x12x100%(1.44—1)

N

Downward force acting on the car due to the spoiler = (P; — P,) X 0.2 ...........
(for multiplication pressure difference and area)

=§x 12X 1002 X 044 X 0.2 coiiiveieeeieeeenrerenrrnrerereeernsones
(For correct substitution)
=528N  eeeenen B S SIS R TP S

(iv) WILl HICTBASE ~  aeeereesessesessusmsnssmssssstscenessntsuss sttt snssmnssensishan
Velocity of air relative the car will increase OR v/v,will increase. .............eeeeeen.s

OR Vac = Vae +VG,C =

(¢) (i) Dimension of force (LHS) = MLT2 ceeeremcnnnnnne teeeeeerteseenssseeesnennrennnsos 1)
Dimensions of p sz = L,ﬂ_"f[]‘_::]_,:’["z ........................... sesansassenas S semanss (0[)

~ Cis dimensionless.
O1-Physics (Marking Scheme) G.CE. (A/L) Examination 2022 (20%3) “
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(01)

—y" — v, where V" is the velocity of wind relative to the ground
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Applying the lens formula S22 e 1)
1 1 1
25 U 10 eeevreessesessesesssesessssssssnsssssasasssranasess (01)
(for correct substitution)
1_1,1_7
TR 10 so
Consider the second image I, @' =22 e (o1)
u
Q' = E‘% rad s ..(01)
(for substitution)
a' = 0.9%7 _.L.
so ° 0018
@' = TO(6.9°=T ) onereerereesererenesasssenssssrensen (01)
Substitute in equation (1), angular magnification (m) M=oz eecussssrsssssasens (01)
(for substitution)
=14(13.8=14)  ceerrereeeene (1)
(i)
Lo
) : two broken lines ....ccvereeenrecieesiciacnannens (01)
Locating the real image by drawing the
. the right side OF L oivioessapinssnssansanissnsrivescnssnnnsss (01)
Marking the focal point feon
___-—-"—'/-—2;] . 31
— von 2022 (20 3
01- Physics (Marking Scheme) G.CE. (A1) Examinatiol .
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(iii) v=-30cm, f=—10cm
e 1 11
Applying lens formula for eye lens for this situation =——= i
e A L ieieiaravisssenstissssiesavinsasessansrainansensinsesaans (01)
=30 u -10
(for correct substitution)
1_1_1_341
u 10 30 30
u=15cm
Linear magnification of the eye lens M = E .......................................... (01)
—30 _
=5 =
. h;
Since hy =09 cm and TR e (01)
=1BCM e (01)
(iv) For the objective lens of Yerkes telescope apply a = fﬁ
0.009 = o e e, (1)

19.0

h, =17.1cm

Since the size of the first image and the size of the second real image are equal OR the
linear magnification is 1 OR identification that object distance and image distance are

equal e (1)

Therefore, image distance = object distance = 2f,

1 1 . l »
OR_E'E_}E_J', ....................................... (01)
2f =30cm

fo =15 M (0.15 M) ceoerruererersiumeranssessanasens (01)
Using eq. (1), The angular magnification m = o+ X ﬁ(‘mﬁ) ........................ (01)
(01)

lllllllllll
----------------------------------------------

m = 63 (OR 63.3)

01 - Physics (Marking Scheme) G.CE. (A/l) Examination 2022 (2023)
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. (a) Young's modulus of a muberij) g defined by

Fie N
Al have their usual meaning. same
the 1erms E and E ‘ ,‘/} where all ssmbals have thewr us

I-

thy As shown in Figure (1) 5 K

by a single hck from his hee When :?:d :‘; hmlﬂ“ 4 wooden plank
heel of the player comey 1y st from ap inl:u:lci m:; u“"fﬂﬂﬂl-_"'fc
40 ms without breaking (he Plank. The leg hmPft‘ i:r[lT ..il.rn\ in
of 160 ke and the effevune CTONS-sectional yrey nlﬂrt‘h: ::j:cqmi“
0[. the leg bone 1 30 x 10 * m*. The bone maienal uf"lhc fc i:ﬁ <
withstand a4 maximum COMPRESSIVE streyy of |9y 07N o ¢ E =)
that the stress iy uniformly distribyed slong the hme' e

i Determine the mean forc N

€ acling on the leg durips .
the player comes 10 rest from HUms ' B curing the heel of \
(1) What s the maximum COMPYESSIVE stress on the bone of (he leg?
(iii) Is there a possibility 10 fraciune the bone?
ANSWer,

arate player

Give teasons for your

Figure (1)

(c) The leg bone of the Karate player iy iractuna in the process of kicking as
m:plmm:d n (h) above. He uses crutche made of wngle tube foe walking
until recusery as shown in Figure (2). The mass of player 1s 90 hp, Half

of the player's weight 1y supported by crutches and other hall is supported
by his other lee. While he iy standing each crutch makes an angle of
22* with the vertical. Exch crutch is made of hollow aluminium wbe
with inner rudius 10x 102 m und ouger radius

20x10° m respectively
Young's modulus of aluminwm is 740 x 100 N

m-.

(1) What <hould be the mimimum coeflicient of static friclion between
the end of a crutch and ground 1n order for him to sand sill
without shipping? Take 1an(22*) =04

(i) Detenmine the magnitude of the compressive torce acting on each
- cruich, Take cous(22%) =049
* Round off sour answmens for () Gin. () (iv; and () (i) below to two

decimal places in scientific notation. Sec the note given before the
question §

(iii} Calculawe the compressive siress and the compressive stram on a
crutch. Take ;1=3

(iv) If the length of  crutch is 125 cm what 1» the change in length
of a crutch?

(d) Suppose instead of the cruiches mentioned in {¢) above cml.r:he.1 mﬁ
of two coaxial hollow tubes are used by the pluyer. lnner tube of IE
cylindrical crutch is made of aluminium having Young's ":'“dul"':l 1
and the outer tube 1» made of stunless steel _h_a\-'ms ‘l‘;‘“ﬂsv*lmﬂ*: Ui
E,. Respective m:ws-srctmnal"ima.? of aluminium :u:‘ ! :rb:‘ ;s'.ls h;::-n
m.bc‘ e AI and A:‘ The cross-section af fhe Compen Aluninium Stainlesy sieel
in Figure (3).

i Figure (3
(i) Show tha the effective Young's modulus £ of the composiie tube is gure 11

H - E +£!A‘
given by f'.-"ill'iﬁ:] tt E,= 20x 10" Nm 2, 4, = 60x 104 rd I
(i) let £, = 80x10VNm* 4, = 100x 10 "m. E,= 20x 107" Nm %, 4,= 60x10*m®, The !
] = 1 .
L

th h crutch is 125 em. Determine the change in the length of the composite wbe when
length of each crute? 2 cnl. . .
the force in (chii) i apphed lo the cnie

S

{he lower end¢ of the alumimum cruiches Use physics principles
fe) Normally rubbwr up;:ﬁ :;;jdc:::ur for o person walking using these crulches with rubher caps
10 siate advantages thal w

e

22(2023)
mination 20
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o ctmce  reesereetetetarenee . —————vernreaenenaaans (01)
(a) n = stress
%_: strain  eeeessemseteeiieesneeneeeeeensensseensraesns (01)
(b) (U F= m(v - U)/t .........-.-.........-..................................(Dl)
= 24-0 tsubstitution) (01)
F=16x (4:::0-3) (for correc
F=96X% 104 | L LT L LT U (01)
.. F 9.6x10* _—
(ii) R (for SubStitution) oo (01)
£_= 3.2 X 108 N m—z .............u...........-...........................(01)
(iii) Yes (No mark for incorrect values) LT T ET TV PSR RRRORRRI (1] §'
Maximum compressional stressof 1.8 X 107 Nm~2<32x 108 Nm=2............... (01)
(c)
Fi R
F
(1) If the force aleng a single crutch is Fy,
then the frictional force F = F;sin(22°%) ................ aasanssesnssnnsantsasianrnnssss (01)
The normal reaction force R = Fy c05(22%) ......coueueeeeerreeeceeeesesevenenen(01)
Since coefficient of friction f£ =5 ....ceuivuusuueciie et (01)
# = tan(22°)
p=04 Eo e shhestsanivasanabnnssnstrsbinnkisaisisantinte (o1)
(i))Normal reaction force on a crutch Fy cos(22°) = 9““;45']
=225 225
1= e OR 2 oy
R=250N (234 -25)N v, (01)

01 -Physics (Marking Scheme) G.C.£. (/) bcaminmaozal
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' (Alternative methods:
' R= 900-450 )
=225N :F =
. HR=0.4><225=90N
A €0s(22%) + 9 i sin(220)
e 225 5t conh ) (01)
: )+9D>ctan(22°)><cos(2z°) 225%x0.9+90 % 0.4 x0.9
= 2349 N (235 N ...
o Rr= st
—MN
...................... (01) )

e to these i
I [Du alternative methods a wider range has to be assigned for final answers)

(ii1) Effective area = (22 - 12) X 10+

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

Compressional stress = —220 ___
S = T —1)x10+ (for dividing by the area) ...........cceeerereneee. (01)

— 250x10°¢ i
3xn
=2.78 5N m?
XI10°NmM* e (01)
(2.48 —2.78) X 105 N m®
. . _ 278X105
Compressional strain = = 70 %10 (for dividing by the Young's modulus) ......... 01)
=397 X 1078 e e eaaaee 01
(3.54-3.97)x 107°
(iv) Change in length of a crutch = 3.97 X 1076 x 125X 1072 ....ccovvvrvrererrnnnnn (01)
(for multiplication of strain by the length)
=496%x1073mm (496 X107 m) ....ieeeeirrennnnnnnn o1)
(4.42-496) X 1073 mm
" (d) (i) If the forces applied to the aluminum and stainless steel tubes are F; and F; , then
the tntal force Ftota[ - F1 + FZ ......................................... (01)
A E. eA
Ee(ﬂthdz) Et‘i Eief1 L 2= 2722 eeeresreseeeesteeseensessnsnses 01)
E Ay +E2A2
= (A,_-le)
= 7a/0) Examination 2022 (2023)
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(ii) If the change in the length of the composite tube is ¢

f_ﬂ. +A3) |
e — ——F’-!—--r
By Ay 4 EzA;

250-125710°2

= . 03)
€ 20 103 ,1007107%+ 2007102 260,39°8  TUTTUessesesssscscsessecsssosaes (03)

[One mark for substitution in F % | term; one mewk for comect substzition in
E; A4 term; one mark for correct substitution in E; A, term])

e=156x102mm(156x107°m) .o (G1)
(146 — 1.56) x 10~> mm
(e) The (maximum) force felt by the person will be lower (as it increases the time of conzzct)
OR the (maximum) impulse feh by the person will be lower (as it increases the time of coc=act)
OR energy will be stored 2s elastic potential energy of rubber which provide; cushioninz effect
OR provides good adhesion to the floor
OR coefficient of friction is increased/friction ic increased/reduce slippmgz

[Two marks for two valid reasons]

01 - Physics (Marking Scheme) G.CE- (A) Examination 2022 (2023) 25
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‘Read the following passage ang anSWer he
Black holes are one of the most cyp

ed into 8 minimal volume resulting 5
a black hole, they are invisible, .

The escape velocity (v)) from the ‘Susface of 4 . .
[GH 7 ¥ spherical obj ith uniform density and radius

R is given by z » Whers ‘G s’ the v« cal object of mass M with uniform ty
dhat a deR of masé :- _.'thc me“! Bravitational constant. This expression for escape velocity
" zgus;]suvaluc. This ;t:can;a:dfmv:;“hm 2 a black hole if its radius R is less than or equal to a cr.nain'l
| with this radius surrounding a'black hol:“f“ 0 the Schwarzschild radius R, and the surface of the sph:m
-this sphere. We cannot detect events o 's called the cven borizon. Since light cannot escape from within

Questions,
Objects in the uniyerse, They have enormous amount of matier
VLY strong gravitational field. Because no light can escape from

occurming inside jr.

; - . and pull into the black hole. This causes heating of the dust/

: i._,“i|1list:\ i:: ;l; i?ﬂn:-ms\rismiblc l:]i g: IP“mmedBclskhnua. Temperatures of dust/gas in excess of 10% K can oceur,
. 0 '*m 1. A . . . d

gas before they cruss the event harizan 1o dﬂ:q stronomers look: for these X-rays emitted by the dust/

the presence of a black hole.
There are also strong evidences for the existence of much larger supermassive black holes. One such black

- hole is found to exist at thc center of our Milky Way galaxy, 26000 light-years from Eanth in the direction
 of the constellation Sagittarius. Astrophysicists have discovered a stur designated by 54716 revolving around

' mis_bIack hole. This star c‘mﬁpllete's_ cme revoluti_m: around the supermassive black hole in a short perniod
~of time like four years, This mieans ‘that “the star s tavelling at very high specd 8-0x 10° m s~ around this

black hole. By analyzing this motion, the .mass of the unseen supermassive black hole can be calculated,
 You may ke G = 60 x 10"} Nm?kg™® and speed of light ¢ = 30 x 10" ms™,

- (@) What is a black hole? - L

(ili) Letting v, = ¢ in the expression derived in (5) (i) above, obtain'an expression for the Schwarzschild
~ radius (Ry) for a spherical object of mass Af in terms of G, M and c.
() What is the reason for defining an event horizon?
() Cam 2 black hole emit X-rays? Give reasons for your andiwer. R .
(¢) Determine the peak wavelength (A,) of radiation emitied by gasor dust with temperature 108 K swirling
: - into a black hole. (Wein’s displaceqoent. constant = 2900 pm K. AR 2 E
* Round off your answers for () (i to-two decimal places a0d-() (if) to one decimal place respectively
I scientific notation. See: the:note ‘gives before the question .- - - .0 | '
- Ce e lac o .
i e L ot e mpermasie. ek bl . e S e o s
() Using the data given in the paragraph determinc the value of 7. (Take 7t = 3)

) Calcute the Schwarzschitd rdius, Ry of be supermassive black bole,
@ Suppose. hypothetically, tbe sun suddenly becomes 3, black bolewith the same masy m. it has today.
) Would the earth -continue 1 revolve around the 40 ‘aloog the same crbit as of today? Give
: l'tmnsforyuur'npsw.' Lo . K = -
(). Could life on canth gex affected due to this? Give the mla ceason for your answrer,

(i) Show that the sun_would become nblﬂho‘;niimmmmld shrmk 0 8 sphics mf_'z.q -
“in‘Tadius, Take'the mass of the sun 2 18X ICVKE 34

——
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(a) Black holes are objects with

enormous amount of (01)
packed into 8 MiniMmALVOIIME .......v.ovuimsiurnrnmscascnssssensneseseses” (1)
(b) (i) Let the mass of the escaping body be m.

Kinetic energy Of Mass M1 = STAVE  eucvuusvusssimmmnenssssanssnsssssassenassssssssassss (01)
Gravitational potential energy of mass m = -E-";ﬁ ....................................... (o1)

From energy conservation,
Lmy2 — S = 0 (OR any Other COMECt fOMM) vvvvvvasersnssnsseennssnsssssssenssssscce (01)
(i) p = rr.R3 it veaasasasesssseesssesssessrrassssssrrssnnnanssassesessssnrnsrensmmens (O1)
Substituting for M ,= v, = B s ee st s s (01)

v, = /-ﬁ—“"- R vesieseatiensnsaonasinnasnensnsanisesabsnvisiinsasabensnsbaissdinguasnasense (o1

= v, is directly proportional to the radius R of the object.

(iii) ¢ = Dy (01)

R =20 s aa (01)

(c) Cannot detect events 0CCUITING inSide it. ....ieeveeeeneeerisessnicseniiiianiiiiinnnnnnennn (01)
) (U PO URIRPPPP P (o1)
X - rays are also electromagnetic waves like light IO A (o1
() AxT =constant OR A,T=2900 ....cccccmmmmmmminniniiiiienien (1))
Ap = 39-02 (For substitution) ............ceccoeessennsrasronerensesesssnstantassstasanie (01).

An = 29X 1073 [N cooiiiiiiiiiiaececcenseesssssaesisssnsseseesssssasesesssennns (01)

01- Physics (Marking Scheme) G.CE. (A/L) Examination 2022 (2023)
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OT=Z" ol
4X365><24X60x60____zx;;; ....................................................... (01)
BOx1gs (FOF SUDSEIULION) .....ceceeecsssrnnnnneecens: (01)
r =168 x 1014
T (1680 ~ 1.682) X 101 1 covvvvrreneeeeeersrrsseseeees (o1)
(ii) Let m be the mass of the star,
GMpm _ 1—11_.;;1'
Tl et e (o01)
Mg=ZL
B G et e e een (01)
M = (3-02106)1)(1_68x1014 )
B 6.0x10-11 (For SUBSEItUtION) ........eeeeeereeeeessrsnnssseseessennen (01)
Mp = 1.8 X 10 kg(1.79 — 1.80) X 108 Kg.....rveevrrereerrerreesresessensone. 1)
26M
(iif) Rs = —-
Re = 2%6.0x10"11x1.8x10%8
s= ORIOIE  UettTeeessresssseierscisieeneriiessesiieieeesesseessennnas (01)
(For substitution)
Rs = 28 X 10M M c.ooeeeeeeeeeeeecesesec e sesseseeemeeesssesesse s (o1)
(2.38 - 2.40) X 101 m
@) (D YES  vvvevrvererreeeenesessnssssssseassasssssssmnt st st s s e et (01)
There will be no change in the gravitational field/force experienced by the earth OR
solar black hole would exert no more gravitational pull than our Sun. .................. (01)
R O R (01)
NO lightﬂ'leat “..nl rmh the earﬂ:l. .......................................................... (Ol)
(iii) Rg value for the sun:
_ Zx&Oxlu-iixiﬂx]ﬂi -------------------------------------------------------------------- 01
ks = 9x1016 (For substitution) ' o
Rg = 2.4 x 103 m (2.4 km)
S
T— mination 20‘12 IZOB]
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9. Answer either part (A) or part (B) Olﬂf-
Part (A)

(@) The capacity of a cell is defined as the maximum constant carrent that can be drawn in one hour and
its unit is given by ampere-hour (Ah). Two' identical cells each of capacity 6 Ah and em.f. 50V are
connected to form a battery.

Calculate the capacity (in Ah) and the emf. (in V) ofthc banu'y if the two cells are connected
(i) in series and
(i) in parallel.

(b) An electric car battery is mm.lc uﬁmg identical 192 cells  [~="============- sremscssse
cach with emf. 40V, Eight cells are «connécted as shown.

' ;
in Figure (1) to form a. battery. medule. A total of 24 such ' .
modules are connected in series to form a 24 kWh electric !
car batlery. . ' |

Figure (1): Batecry Modulke

—

L
1
[ ]
L]
]
]
]
[ ]
[]
L]
]
L}
[ ]
L]
[ ]
L}
]
]
]
L]
]
L[]
L}
L]
[]
]
L)
L]

(i) Calculate the emf. (in V) and the capacity (in Ah) of a single module.
(You may use 1 kWh = 10"V Ah)

(ii) Calculate the capacity (in Ah) and the eam.f. (in V) of the 24 kWh electric car battery.

(c) The above electric car travelling a1 2 constant speed of 36 kmh™' on a horizonwil road experiences a
lotal resistive force of 480 N against its motion. The power consumgtion of the air conditioner (A/C)
of the car is 1-2 kW. Culculate the maximum distance that the car can travel consuming cnly 50% of
the full stored energy (in L'Whj of the battery,

(Y with A/C on for the entire jwmey. [Assumc that the power consumption of the A/C is constant
during the entire joumej'l

(if) with A/C of: for the cnurc joumcy

(d) The electrical circuit used for heating the interior of the : o' 0
above car is shown in Figure (2). When the interior of the - . A\
-car needs to be heated during cold weather, the driver can ~ © -

- set ‘a ‘switch to pass a current through the resistors Rioor “ [T+
R, (R, < R,). The current passing lhmughﬂwrenstms)‘qf | Batsery (v)
and R, dissipates power and heats up the interior. Therefore fore . | o . RS R,
resistors_act as heaters. Suppose the battery develops an * - |
interns] - resistance over time. An ammeter with rinternal (3)
reslstnnceufloﬁandantdcnlvolﬂ'nnummnmd L N
-to lest the circuit. . SR -~ Figure (2)

.(i)Thednvercancompleteﬂlecn\:mlby counectlngOPorOQ ldeuu@andmdomlhe
wmmmmlbwmahghmuofmdmpadm For example, making
“the connection OXsw:tchalhhche.a!ﬂstndmmmR and R, from the circoit,

i) Thevcltmtcrrctdmgum‘fwhmﬂnheammoff The voltmeter reading drops t 250 V and
- the' ammeter reads ;50 Awhen thecm:un is connected to R,, Calculate the emf. ufthabaneq
 the internal mﬂﬂm of lhc balluy and the value of rcs:m.noe of the resistor R,.

(iii) Calculate thc power drssupum pI thc heater opmuug in the power modc mermoud in (d) (ii)
above, _ et _

~

01 - Physics (Marking Scheme) G.C.E. (A/L) Examination 2022 (2023)
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series combinati
)@ In ihation, the current does pot change,
Th'emfom, thc capacity = 6 Ah .................................... (01)
The e.m.fs are addeq, @ veeessssessassassesaas (01)
Theref;
S St =5.0+50
S10.0V crreiiereerernernesasenansene (01)
(i) In parallel combination, the currents areadded = ...ceeeeiiecececcenecensensesennns (01)
Therefore, the capacity = 6 4 ¢
=12Ah e recsn e e (01)
The e.m.fs are not changed
Therefore, e.m.f. S50V e (01)
b @ emf.=40x4
S (XA 2 (1)
Energy stored in the full battery (24 modules in series) = 24 kWh
Energystoredinamodule =24/24  .......iiiiiiiii (01)
=1 kWh
Capacity of a module =1000/16
=625Ah e on
(i)  Capacity of the full battery = ('_,‘apacity of a single module
- 6‘2.5 Ah o (01)
e.nf of the full battery ~ =24000/62.5 '
=384V s
........................... (o1

(Alternative method
emf of the full battery ~ =16%24

e a9y 1071Y
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(c) () Usable energy = 24 x 50% (multiplying by 50%) «..ccveveuruiruasennsnseumneennsnseneees (01)
= 12kWh
Speed of the car = 36 km/h = 10 m/s (converting km/h to m/s) .....c.ceveeeereress: PP (1) )
Total power consumption in 1 hr = 10 X 480 + 1200 (for addition) ......-ssssesesessess (1)
=6kW
Total travel time =12/6 (for division) .........cccovrrernsncacecrsascncenea (01)
=2 hr
Range =36x2
=72km (OR 72000 m).....cccvuvuirnrannccccnsane (01)
(i)  Total power per | hr = 10 x 480 =4.8 kW
Total travel time =12/4.8 (for division) .....ceceeeeeeensensnsnasas (01)
=2.5hr
Range =36X2.5
=90 km(OR90000mM) ..ccmnniniiiainiineneen, (01)
@ @ For high power dissipation — OP ~  c.irrrrrieeerrceerieensesnensnns (01)
For low power dissipation — Q00 ...iiiiiiiieeieeneieeeneneenennns (01)
(1)) emf£ =255V e (01)
Let r be the internal resistance of the battery. Then Applying Kirchhoff’s law,
255=3XT=250 e ———— (02)
(01 mark for the L.H.S.; 01 mark for equating L.H.S. to 250)
P18 ettt e oo, (01)
250-5R1—=5X10=0 e (02)
(01 mark for the 5R; term.; 01 mark for rest of the equation)
Ri=40Q ' S PUURNR SR (1) )
(iif)
P =R, ' seessssseserssnssensansenceseserennnnne (01)
=35 X 5 x40 (for substitution)  ...... cererrerrtreenttetaraanaeen (01)
= 1 KW (1000 W) s (O1)

01 - Physics (Marking Scheme) G.CE. (A/L) Examination 2022 (2023)
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Part(B)
. (a) The circuit shown in g R & | .
input voltage v, yqing 2 5 1E0:Blined 1 A A :
wilh minimum urrenbap s O 20 3 g, PRI GUPUL Vollage Vo O 3 variabe

. : et . mm s = .
Ry=90Q and the Zege}! DA dnd g gie - SIStOr amangement. The circuit uses a Zever diode
‘ the - ':.;‘;;'%‘-'-YZ'REEGV s"‘ﬂﬂslgr_j_q_“sm R; =70 Q, the load resistance

-

Calculate the fﬂﬂowing'j'ﬂ._ v i * Stppose V. = 23 v
ﬁ] Vu (Takﬂ V.. = 0:". ”t‘?j‘&-"""" Il .
@ Camen g, =7V e

(i) Current /, and

(iv) 1. corresponding 1o e LV =Y
f:nermm'.g ‘hm‘mﬂmﬂl v

(c) The circuit in Figure ﬂ)uf:,j AT AR
load resistance. = -, o Tegulate 3 Volngevmnn in ¥V, due to an i in outout

| Lo S A .
) Wiite down ihe ‘opecitional inodé-of the operational amplifier in the abave cire <, ¢
- .. cholces, (loverting amplifier, non-mverting amplifier. comparaior) circuit from the given
1) Under bright sunlight. R, 1s adjusted"to groduce 14 V' cutput vy :
. : __R,nsmfu.rthgompuibfﬂfeopfm'mh:poﬂli?glymmd;c‘i“n:ut‘mw?: R,-gmmd
. mﬂﬂmuirj'.\'oh'asg V:‘ forﬂﬁZ:me%MHh;m ' .1h mﬂ!‘lw
(i) I the ‘outpy turates for 100 BV volage di Fo

. put of the op-amp s ifference between ]

_input and the inverting input, calculate the open-loop volige gain of the on: the 00D -inventing

e T e e e i TR i e

' below the supply volage. -

g v
L,

%) Briefly explain the action of thé opamp and the mansiswor jy
Produces less than 14 V undef weak sanlight. . .

T T T 1 e ——
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(a)(i) Voo =VedWoz, cesdedeiciesaiemios (01)
=83407 (foraddition) e (01)
Ve =9V e (01)
@ L =VaaRL  eessseseeeesscssssssesesseecnessaesees (01)
I =9/90 (fordivision) e (01)
I —0.0A = eesescscccscescecscscccssssccssrenesens (01)
() Is =Va=Vead/Rs e o1
Is =(23-9)/70 (for division) . S (o1
Is =02A  eeececcciessscccssssssssscsssanaseseas on
(v) s ) N o /TSP (1)}
Ic =Is —-IL-1Iz
Ie =0.2 - 0.1 - 0.01 (for subtractions) ............ e bsdrasaniie ae s sann s on
Ic =009A rrrirreeseeseaccesssearnnas (01)
51G) P =VAR(ORIR)
P=28W PP UURRUOR (¢1 4
P=€3W R ORRURURURTY (| ) §
(i)  The output voltage is constant across the Zeper and Transistor. ................ (01)
When the input volr.agelschangcd.the m——L_MMDEL_
resistor R; (as heat) i iiiiaiesiasiseshinsaestionen s ee e (01)
©@G@ L=ktilc+i
If the load resistance is increased, the load current decreases.
Therefore, [ should increase - D)
Increase of [; allow additional amount of current pass through the transistor
Therefore, [ will incregse (o1)

01 - Physics (Marking Scheme) G.CE. (A/l) Examination 2022 (2023)
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(d)

(ii) The output Voltage jg COnstan
t

When the loaqg resistance ;. : ACross the Zener and Transistor.
through the transistor kgepi:fg ?Creased. I, increases to allow more current to pass
S constant.
The excess power i diss: tant
V““ﬂr@\%ﬂw to provide a constant output :
.................................... (01)
(i  Comparator
oV 02)
@ v = Viuax X [Ra / (R, + Ry)]
= 14 X 5I549) (substitution) ~ ....vuooeere e seeneens 1)
L 2O (©1)
i) A4  =VulVi-V) ettt ©1)
=(14-2)[(100 X 10%) e (01)
A = 120,000 teerrerrensannesnsensanrasesnsncascanes (O1)
(iv)  When there is less sunlight, the voltage at the positive terminal of the op-amp

decreases below SV. e (o1)

‘This causes the output of the op-amp to goes to zero volt ........................ (01)

This causes the transistor to go to the cutoff mode (transistor is off). ........... (01)

Therefore,

the voltage appearing across the solar panel will be the same as the
voltage across the battery:

cevereresrerenes (O1)
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10. Answer either part (A) or ‘part (B) aaly.
Part (A) Foii it

‘“’Mmmnﬂwm.mmaWrumwmumﬁvﬁ?‘?’d‘
(b)mmmdaﬁmmusmmwdmh:mtﬂ_ldlyi’;;fci_‘,‘
‘hﬂmﬁngmdﬂfhd:aﬁamm.thuzpvdmupmﬁrhyanﬂ?’ﬂM“ from
wdtbcduui:yorpauﬂ'cnmx;m-*..uwhmmumummdpwd
the filling suation. ’ .
(i) What is the mass of 20 Lzes of perol &2 7°C? () o = 1000 litres) |
(ii) If the temperatze of 1 ° of pered 2 7°C increases to 27 °C, calcalate its new volume. (Round
off your answer 1 three decize? places is o) -

(i) What is the density of pewrot-a 27 °C? [Take 745 = 7-164. Give your answer to the pearest
integer io kgmi]-- - S

(v) Calculaze the muass ¢f 20 Eo=s of perol 2 27°CL

'l")fh'l'm::ym:Enpmd’ptuﬂwmﬂlh:mguifmlh:tsdpﬁxolisﬁﬂedlL?'C
insead of &1 27 °C fron the &fng susica.

{l-‘)Atukd;mmsmd:dmirdﬁzwmd&mkkﬁmmﬂni
7°C. b a bot day. tie te—penat== of perol 20d the tank became 27 °C 2nd the tack was ;
filled by the pero! due o G expossice. The averpe volume expensivity of petol is 96x 107 °C' |

and Enear expemsiviry of mem! o IS x T T L |
® Rocod off your rimess far foi D). i) i53 &zmd (& (v belew 10 twp decimal places in sciertific |
notation. See the note givex tefors T gm=bou £ I
(i} Cakuliste the appares voizze agesingt o pouol n the ank. t

141-776x10 "

i) Sow pmch beat b 22s0tel b fe 1l @l et foo sutside w ikT=ese e temuperzivre from
7°C o 70T Mees of e ooy oF Se empmy mol B 2€x 107 k3. Specific hear capaides of
ment and e T M Jept T ol 2207 Jiegt KT respectively.

(ivi Suppose 3 7 C me ixd = tul {52l ol peool 2nd e o with air at atmnsphenic pressure of
10x10* Pa and s=aie?. Sucxme? wpny presso= of povol &8 27 °C is 747 x 10* Pa. Determine
the tctl pretsee B4 3 umk £ T T Negist G volume expamion of mewl and petrol for
this calonluson.

(v) How cxmy oxles of peon vapowr presem jmside the bowser al 27 °C I the situation () (iv)
sbove? Usiversal g2 comtxt =83 Jomol X7 Assume that the petrol vapour behaves as an
l’ Iﬁ - -

(i) Heoce akuhis te viize o pxd (o teesy 2 700 (Tole =053]

-Physics (Marking Screme)} GLE (WU Eamirato: 2072 (223
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Vz -V]_

WTw0:-0) e (01)

, is the volume at temperg .
: Mperature 6, ang V2 is the volume at temperature Bz .....eeecesesee” (1))
)OMassof201ofpetiol =20x 103 739 e (01)
SHSkg s (01)
@Var =VILHYQT=D) i (01)
Vp=1+96X1074x20] i 01)
Va7 = L010 I e (1Y)
-~ (iii) Density of petrol at 27 °C = 1:_‘:13: (for SUbStItUtion) .....vvvvrereereesensarseeeeeeesensans (01)

3 . — -_p,._

{ Alternative method: p57 T727-7)

730
= m ......(01)}

=TIOKEM® s areaaes (01)
(iv) Mass of 20 I petrol at 27 °C =716 X 20 X 1073 (for substitution) .........ece........ (01)
=143kg(1432KE)  oorrererereeeeeeee e, (01)
(v) Extra mass = 14.6 —14.3 (14.32) (for substitution) ........ccceuireirninininnnnnenne, (01)
=0.3kg(OR 0.28kg) ...................................... (01)
e — (1)
r=ta 0x10™*=3X24X10°5 ... (01)

svity = 96
Apparent volume expansivity (for substitution)
i =888%107* °C™t (01)
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e L eessssenenets (01
@V =V,[1+888x 10" x(27-7] e )
25,000 = V,[1 + 1.776 x 1072]
V - -—25—'0.01._. ................ sennssrseae (0])
7 1+1.776x10~2 0]
V2 =24500litres 000 eesseeseeesenemnnmos D
(i) Q=mMCAG  eeesssenrersssnnsensasssnranets (01)
Q = (mcl6) perro + (M'’AD metal
\Q=245%730x22%10% X (27— 7) +2 X 103 X 5 X 102 X (27 = 7)-eecvece (02)
(01 mark for each substitution)
=807X108]  eeeeeeeeeereresrrnnsnrssiesessseans (1))
(8.00-8.07)x 103
(iv) If the air pressure at 27°C is Pyyqyr
1.0 X10° _ Paar
v pha—ve— DT (1)
Pa7air = 1.07 x 10° Pa
Total pressure = PZTHRS + szir PrEEE e e e N e ia s At i a s rsanessennsnns (0])
=7.47 X 10*+1.07 X 10° (for addition) ..............ervernnn..nn, (01)
Py7eorat = 182 % 10° Pa . USSR (1)) |
(1.81 - 1.82) X 105
(WApplying PV =nRT forpetrol vapour ~ eeeeiiiiiiinienrnins e, (01)
7.47 X10* x12.5 "
Tyapour = “gax(z73¢27) (for substitution) ................ovvvevevnniiii (01)
Myapour =375m0l v, (01)

01 - Physics (Marking scheme) G.CE. (A/L) Examination 2022 (2023)
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e o GmiCaTiTINZA e e T mDvmeml o ocmomg =cme toONT™ A IR 'he enaspy of The
Sadiam & G TATE IO Wi pmmew 3 =3 -zic:::z ne mt aneg M e T of ik
gpd e e 4 SR ¢ jrTRImS W Te mmmsSy I D0 111-'-'-”“5 g e SR W spoead
v, s dmiind. ufE 3 Tictenf £ DCOSX 2 3 D ssmve Srac ant oslt oz & wesk Cuent.
$adiny Wt ok 2 anplel gl Tememr

} (gt B AT Spade? <36 . W T LCET pmizng Iaren. Adworter planes oade of oo TASCrIAlS
e piark, Ot 147 T Gepmmme Te Dpe of odinten rmendient ot 3 GM oo

() Wike lrow? fiwns 7pope o Tdluns T oz yyITe IT.

(hy ‘Wits rms af wbratage f @ WCTFr GuIDEE OV passive dosimessT.

(r) ‘Tiw wisity £ & padicansive maesel oL 20550 | Bogr i oeasured by a GeigenMilker counter.
i Ga itk 'f;ﬂ.rmhfﬁamwmnm&mmmﬂsm

Uy Yo 1 # pasitle. e, lete B tyge ol doeizng raditicn incident ca 3 Geiger-Miller counter using
Aillesset Whrantmt Goates™ = PR

S Taa’

(5) A 11A) Gerimimter exsits Wue Jight of wzvelength 400 nm with 20 iptensity of 198 aW. Assume that the
ewitted Tight I Inciderd rexmatly on a photo sensitive surface made of cesium with a work function of
20 &Y. (Manek comstant 667 1077 33, speed of light =30x 10' m s, electron charge = [-6 e,
eV = 162 0070) |

(1) Detetmine the number of photoms of blue light incident on the photo sensitive surface per second.

() I 10 electrems ate cjecied for each 100 photons incident on the photo sensitive surface, determine
e cuttent produced by the photo sensitive surface.” .

(itf) Calculate the maximum kinetlc encrgy (in J) of the ejected photoelectrons from the photo sensitive
surface. : :

(0 A CT scadner takes n sories of X-my images from different angles around a human body, The
CT sannet In a medical Iaborawy. aperates full-time for a research purpose. A TLD dosi y.

pedr the CT scanntr has recorded nadiation dose of 250 mSviyear.
() A radistion scieatist Y thé-"operatoe room of the CT scanner can be exposed :
during the operutich. Calculato the maximum dose in mSviyear that the scientist mh ;um‘td ndim:n
T sl exposed to.
(i) The occupationsl dose. limit (or a mdistion worker is 20 mSv/year. If the scientin works 6 houn

a day for 146 days:in a, yex that ; .

occepation dose limit, )P"l""& the radiaticn exposure be receives does not exceed the
(B0 I the mass of the sdientist it

vear?

(For X-rays, dose fn Sv e dose ia Gz 1 Gy =1 J1g)

15 kg, how moch rdizion eocrgy (@ J) doos be cxpose in &
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(a) Alpha/q, Beta/p and Gamnm!ymdiatiom.xmy TR (1 7)

(Any three of above; one mark for two correct answers)

(B) Active dosimeter can be used to get a (real-time) exposure value

OR -
Active dosimeters measure radiation levels in (real time) veerersensrennnennn (02)
(c)
A=L
A-1 (02)
A=l
rSnt~ AT (01)
A=8 e, (01)
(award full marks for the correct answer)
(d) Due to different penetration ability/power of radiation
OR
Depending on the type of radiation absorber plates can be used to stop/absorb radiation
SRR (17)
(e)
(). If nis the number of photons incident per second
n X6.6 X10~3*x3x108 g i
0010 =198x10-° * (02)
(01 mark for L.H.S.; 01 mark for equating)
n= 4x10"photons/ secod (02)
(ii). No of electrons emitted per sec. =1 x 4 x 1012 . (01)
(for taking 10%)
=4 X 10'° electrons/ seconds

01 - Physlcs (Marking Scheme) G.CE. (A/L) Examination 2023 (2023)
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b
- Current produ =
E’:f p Ced I = 4 109 % 16 X 10719 e eeieeeessensnes (01)
k Gl
: for substitution)
£ I=6.4x10-94 e (01)
;i (award full marks for the correct answer)
&
B i = . h
E 00 APRYE Knax = hf—¢ (R%-g) 1)
— 6.6X1073%x3x 108
K = - -19
max 200%10-9 20x1.6x107" ... (02)
(01 mark for the substitution in the first term; 01 mark for the second term)
=175X10719 7 e, (01)
0]
. . - _1_(?_
(i). Maximumdose= 250 X 06 - Tl m0 | essessessesssmsssassssenses (01)
(for taking 10%)
= 25 mSv/year SR (11§
(ii).
.. 146 _ 6
Radiation exposure = 25 X T 28 e, (03)
(01 mark for 313 fraction; 01 mark for E'-:- fraction; 01 mark for the multiplication)
=25mSviyear e, (01)
This value is less than 20 mSv/year v, (01)
(ii).
Radiation energy exposed by the scientist
=75 X 25 x 1073 (for multiplication) (01)
= 0A875] e (01)

(1.87-1.88)x 1071 ]



