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- Answer all four questions on this paper itself.

' . b

(g.g"xo“m-s"?) | 2 :
1. You are asked to determine the weight ( W) Of " small ,glass. Stopper and hence the relative
density of a liquid using the setup available 1n .the school laboratory as shown in the

fi gure, - | X ¥
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(a) Name the items in the figure represented by X and Y.
X: Drawing board/Parallelogram board/Parallelogram apparatus

" 'Y: White paper/sheet OR Photocopy paper/sheet ................ e, S (01)

(No marks for just stating board and paper)

(b) (1) How do you check whether the pulleys are frictionless?
Pull down weight W/stopper and ... e (01)

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

(ii) If friction is present, how do you minimize jt?
Apply a lubricant oil OR Engine Oil OR Maching 0il ..............ecoerevesrereeessssessesneene(O1)

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

(¢) " (i) Known weights P and Q, and the glass
o - strings as shown in the fi ' |
strings?

 and. the glass stopper of weight W are hung using light
sure. How do you accurately mark the positions of relevant

-

k)

—-——“'---_-—l_--.--—__-—-_--—-L - -
01 - Physics (Marking Scheme) G.C.E. (A/L) Examination 2022 (2023) = m
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: BY placing a set square perpendicular to the board and ...........«s.ereresmsrrrccre(O1)
| Just touching along the strings ang STETUORUDURUR | | | §
marking two dots ...(01)
eeeee(01)

with sufficient/maximum SCPAration/at 1east 5 CIM APAIt ....eveevesnrrerensuessucscncacans

{Alternative answer:

; :

; By placing a plane mirror (strip with sufficient length) under the string and ...... (01)

}. look perpendicularly and (OD)
mark the two ends of image of the string when ..............c.ccveereeereeireennn. (01)

the string covers its image.

=3
=

[o—

p—

-’

(i1) After constructmg the pdrallelos!ram usmg a sultable scale how do you determine
| the weight W? g GRS L LR ] '

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

N e ———

Measure the length of the diagonal and

convert it into weight using the selected scale

(1) Now the setup is used to determme (hc relatwe densnty of the hqmd Two beakers,
water and the llquxd are avmlable ‘Write down the expenmental steps that you would
follow to determine lhc appa.rem wexoht of the stoppcr euher in water or liquid.

(d)

een(01)

Fully immerse the stopper (either in water or liquid) ..
Construct respective parallelograms and measure the length of the correspondmg

diagonal
mea:surcments’?
Wi: Weight of the stopper in water ..(01)
.eee(01)

' W,: Weight of the stopper in liquid
] (Award full marks even if Wy & W- are interchanged)
(iii) Write down two expresswns for loss of apparent wexght of the smpper m terms of

l
{

:

;

{

5

|

i

!

|

; (i) What are the two apparcm wexghts of the stopper to be 1dcntsﬁed from the above
i

|

W, W and Wy, e
er=W-Wi FRVONNRCRRNFIESTIEL - 0 ST, | | | §

...(01
Ioss of apparent weight 1 D)

(Award these marks according

- L) Examination 2022 (2023) ] _____T

01 - Physics (Marking Scheme) G.C.E. (A/L)
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_omotbaminations-sdtene —
(iv) Hence, write down an _éxpfession for relative density of the liquid using your
answers in (d) (iil) above.' o A L

w-W-:
Relative density of the liquid = Wj SURNNURIUOTE PO | | |

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

(v) Write ‘down a possible” error, (not relevant to constructmg the paral!clogram) that

could ‘happen in the: gwgpe,nmema] proccdute meutmned in (d)(n) 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 PPORPRPPIAPPPURNS | | /.|

(02 marks for one correct answer)

2. You are asked to determine the specific latent 8.5 ——Thermometer
heat of vaporization of water using the method ' '
of mixtures. 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 coppcr surrer‘
are also provided. | -

Insuiating
sheet

© (a) (i) If the level of ‘water in.the boiler is
no® sufficient; how" do }ou xdentxfy it
using the tube A’ |

Ty vy

Steam will come out of tube A during heating RPN OSSN | ) | i

(!1) After recnfymg the -defect in’ (a) (1) abovc, steam 15 gcnerated in the boiler. If the
rubber tube takmg steam out is biocked how do you: 1dent1fy it?

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

(b) It is: T!Oi cotyect to mzx the - sicam commg out’ of the tube B dlrectly Wlth water in this
cxpcnmcm . . . | o e

_(1) Give the ‘reabon,.: 5 R

e Ly P N

_C_Q_lld_.@l_s.?_d. (hot) water may come from the tube with steam ...............ccccvecrrereennn(01)
(xi) How do you correct xt”

A steam trap must be connected to the end of the TUbbEr tUbE  ....veeeeeeererereeeenns (02)
OR a correct diagram in the figure.

-

01 - Physics (Marking Scheme) G.C.E. (A/L) Examination 2022 (2023)
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(¢) What are the oth 2 A m e r
| i ¢ = o Measuring Instruments that ‘you need for ‘this experiment?
|

Another thermometer and eeeesseesnesrenneee(01)

a four/three-beam balance [OR chemical balance OR (laboratory) electronic balance] ...(01)

—
A G~ — <

(No marks for just stating balance)

| (d) After making he correction mentie. eq %, ux it i o 5
| 2 calorimeter gHOW'fié ctmn mentioned in (b) (i) above you pass steam into water in the
Ko GO you 'COU'CCﬁy”’keep the end of the glass tube which passes steam?

Underline the correct procedure.

(¢) What are the'tcmperaturc'measurements that voix '.expect: to take in this experime,’n"t':"‘ Givé'

|
|
|
! Just above the water level / Touching the water level / Below the water level ................ (01)
:
:g them in order of- measurements. -

6, : the temperaiure of steam (in the boiler) [no marks for 100 °C]

& : the 1nitial temperature of water (in the calorimeter)

f &; : the maximum temperature of the mixture (of water and steam)  .......cccevennnnn.

[03 marks for all three correct answers in correct order ; 02 marks for all three

correct answers but wrong order ; 01 mark for two answers in correct order]

.~ s,

{Interchange of the order of 6 and & is accepted }

(/ (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 measuréiﬁents. |

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

m> : the mass of the calorimeter, stirrer and water

' = e o AR L U —

ms : the total/final mass of the system/mixture (after adding steam)  ............
[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]

down an expression to determine the specific latent heat (L) of vaporization of
| water 'in terms of the symbols mentioned 10 (¢) and (f) above. Assume that there
is no heat exchange withi the sumounding. - . - ' e i

- e MM“O“-~

((my — my)ew +maccl(03 —62) = (M3 =ML +6y(6; = 83)] ocoeeec
COITCCt L.H.S. S 01 Inark fOI‘ the R.H.S; 01 for equaling]

erchanged 6 and &, check the appropriate changes in the above

has 1nt . : :
(If a student d full marks; taking 6:/6; as 100 is accepted in the expression}

expression and awar

01 - Physics {Marking Scheme) G.CE. (A/L) Exam
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(8) What precaution would you tak

¢ in this expcﬁment to minimize the error due to heat
¢xchange with the surrounding?

The starting (initial) temperature of water is lowered by 5 °C (some amount) from the room
temperature by (adding ice). e —————————r A L)

and steam is passed until the maximum temperature of the mixture is 5 °C (same amount)
above the room temperature. b ———n——rsimr L)

3. The usual experimental setup 1n the school
laboratory to determine the speed of sound (v) in
air is shown in the figure. The setup includes a
glass tube 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.

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

Metre ruler

(b) Fill in the blank with the appropriute word in the f{ollowing Incompicte statement.

When an object vibrating at the natural frequen

cy of another object the first object makes
the second object resonate.

(¢} (1) What is the type of wave pmdu'ced

~inside the tube at resounance? Underdire the
- correcl answers, o

(1) longitudinal / transverse

(2) progressive / stationary

e n stepwise that you would adopt in order 10 obiain the
first mode of vibration (fundamental) of the tube

-

Immerse the tube completely/start with the shortest length of the air column. ......... (01)

B e L -
W. Y G, B ST PN . - - ~~.~\-'~‘~-~‘~- v
~ Ay ¢ e o SS—

N"‘.—v‘__
-—-.‘.___‘_.__.“
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(it) g}‘he resonance length cdrréspanding ‘to the second mode of vibration is 1,, write
- GOWn an expression for /, in terms of the wavelength 4 of the wave and end correction
e of the tube. L e Sl Ol £

| - 3
I S (01)
: A 34
(iti} Hence write down an.expression fot (I, —1,) in tenm of 4.
‘
|

=l B = AT e (01)
(iv) What is the advantage of obtaining (I, — )2

The end correction of the tube/e iseliminated  .......ocoveviiiiiiieeiiiaannannnn (01)
(v} Substitute v and £ .ixi'.tﬁé;.fcxpr'é%s'ién' written in (é)“(iii)' abave and rémnge it to

obtain a straight line graph. . . AT B et .
(01)

lz"'l1 =:E§%

‘ . : 2022(2023) |
01- Physics (Marking Scheme) G.C.E. (A/L) Examination | :
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) A graph of (I, - 1, against -}: is shown on.the grid below. Czliculate the value of speed

of sound in air v {in m s"‘)busing the graph.

2 i
' |
E
ogv o v - .

Identifying 5 as the gradient T s i e e (01)
Selecting the lower point as (1.9, 32) Vit sl e o W W R swn s, (UL}
Selecting the higher point as (3.9,65) ... S (01)

[No marks for any other points]

.- (65=32)x10"2 (65—32)
Gradient o R TTE e e P b S i e iy s RN b on (01)
(For gradient calculation)
e 330mEY | e Nt eeete it ehtttttenrstresusrennesnsnnensnananenas ey ....(01)

{If a student has obtained the correct answer for v selecting different points for gradient

calculation, award 03 marks only. i.e. for 1dentification of the gradient, gradient calculation
and the final answer}

01 - Physics (Marking Scheme) G.CE. (A/L) Examination 2027 (2023)
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D jockey/sliding key _E (center zero milli)

_voltmeter  F center zero galvanometer/micro-ammeter

_W
- .y ____....--.———?;n 2022 (2023)
01 - Physics (Marking Scheme) G.C.E (A/L) Examinatl
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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]

(8) Write down the correct letter corresponding to each item given in (a) above that has to
be connected in Space l, Space 2, Space 3 and Space 4 in figure (1). E

Space 1: C Space 2: F
Space 3: D Space 4: A (03)

103 marks for all correct answers]
[02 marks for any three correct answers]|

[01 mark for any two correct answers]

(c) Name the type of cell which gives electromotive force (e.m.f) E, and write down its value.;

A 2V lead-acid accumulator OR (two) 1.2 V Ni-Cd cells (connected in SETIES) ............ (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 exd. E; must be very small compared to
the resistance of the potentiometer wire?

Potential drop across the potentiometer wire (AB) 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(48) (01)
(¢) In order to perform this experiment certain conditions have 1o be satisfied with regards

to £, E, and E,. What are they? y B .

Ey should be less than Ey OR Ey<Ey, (01)

E> should be less than £y OR and Eo<E, ... et eteeennetenaennan (01)

(H Compared to a non-ideal 'v;oltgngter, & potentiometer is considered as a suitable apparatus
for measuring an eanf. accurately. What is the reason for it?

Non-ideal voltmeter measures terminal potential difference rather than an em.f,. .......... (01)
and the potentiometer at balance does not draw any current from the cell and measures the
e.m.f. OR potentiometer uses a null method at balance  .....eeeevvenevnveneeoenineeninn.. (01)

01 - Physics (Marking Scheme) G.C.E. (A/L) Examination 2022 (2023)
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|
70y Why should the ¢ross-sectinns .. v Ll s -
(8) . - Sectional aTea . of the potentiometer wire be unifarm?

To obtain a uniform/constant potentia] drop/ OR uniform/constant potential gradient along the
wire e veeevsesbsasERAS S san s N (01)

........ °

!
i
!
?
(k) () Write do “experimental P o .
() @ Whte Cown the experimental procedure that must be followed to determine Ey/E;
|

v

.................................................. (01)
|
} Then connect the other cell (e.m.f. E,) and obtain the relevant balance length............. (01)
‘ (n) If the mc?suremen‘ts'mken in(")(l)above COﬁéSpondi'ng 1o E‘ and "E: aré. ¥ '.and,
X, respectively, write ‘down an' expression for the E/E, ratio.. ' v

oy SR | e I T R i e (01)

A L - e e
| (No mark for writing [ instead of x)

() () ‘Another student has planned to. determine E/E, 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? i

each end (Bi1, s

Connect the terminal B to €acii &=
: engths
and measure the corresponding balance lengths By .
iy can be drwn i (D) sbove is m and the value
i) 1f the gradient of the graph that can Do Tt et and E,..
(), 16 e geadient o R e o rolaonshi To By o tems o m wd By .

l Ez—_:ﬂ OR Ez‘-'-‘mEl

B e o
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Answer four gns only.

oNo&:quenmpkdnnumberﬁzwcmbewriucnu&mIO‘intcienﬁﬁcnaationaﬁct
3. (@) For a steady flow of 2 nopvi . incompressible fluid, the Bemnoulli’s equation can be written as

vVisCous

l -
P#-z-pvz + hpg = constant. Here.all symbois have their usual meaning. Identify the terms in the left

hand side of the equation.
‘b’:rgwh?vmgrwsw&"%awwdm - |
Bemoale "™ 18 shows,in Figure (1) According o the Soutles
Ii’s Pmlcmlo:_3 when the a{nsmovmg at high g ¢
Speed, a downward force acs on the spoiler.

() As .shown in _Figure (2), the cross-
sectional area of an imaginary flow tube
far away from the spoiler is A and the

Ifi-l-l.mabwn tpressi
for the speed (v, of it relative 1o the |

- . 2 ¢
. .
. .
S~ i -
NP - 4
. S Lo
- .‘ ) .
- )
e Ty N
S 1 'i o

P 8 : —
‘ : : ..“ \. '
- - ] " v } - ‘k
e . | ] .l_ 5 T = K - ;
: e P11 - L -‘.‘— A - —
X afl} b . o » -~
. e AN ISy s sty
‘ . ma e el Sk a2 gt IRl gt § FL = na S LA

o

R quca h spoiler is 02 m*, calcuisie the downward
sy, »‘g' dﬂa l.;'zkgm‘a‘

' sund from 2 .
i found from left o right with a constant velogity

“- TOCTOR 24 M :
k gecrease.” Give reasons to vour answer

L BT T T TNTTERNN——— o —— P RS -

Py @~

ST T
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;’! (b;lfj V:(()}:i;l(t;t;::);::r;i::: SY Per unit volume (from a reference level) ........... (01)
| Ctothecaris —v/ OR #/ OR v from left to right.....  (01)
: [ Vac = Vag +v5c =0~y
- WA =Aw ORAv, = 1245 (01)
| =i e (01)
[ (111])3 i:;iﬁuze:qzi t?:)rnabove and below the spoiler are P, and P, respectively, then applying
i Py +~ pv2 = P, + = pvz OR P, +- Pvz =P, +- p(1 " s g R — (01)
~ P, =2 p[(1.2v)? - v?]
= 322: ;gg (Converting km hr™ into m s™) vonveieeeiieieeeeeeee e eeeeeennns (0.1)
v =100 ms"
,l P, — P, =-X12x100%(144-1)
, Downward force acting on the car due to the spoiler = (P; — P;) X 0.2 ........... (01)
(for multiplication pressure difference and area)
_—_%x1.2x1002x0.44><0.2 ............................. (01)
(For correct substitution)
= B28 N eeeeeeereeseeeseriiii e, (01)
(i) WIll JCTEASE ~ esevensemesssipemsssssessssstsssasmastasmssnssastasssastnussastaseasanse, (01)
sncrease OR v/ v,will increase. ......coceeevvnnnnnn. (01)

Velocity of air relative the car will in
_ _" — p, where v" is the velocity of wind relative to the ground

OR vy = Vag T Vec =

(¢) (i) Dimension of force (LHS) = = MLT"*
2 = ML3LALT?
- MLT*

oooooooooooooooooooooooooooooooooooooooooooooooo

Dimensions of pAv

. C is dimensionless.

mination 2022 (2023)

Exa
01 - Physics (Marking scheme) G.CE (A/L)
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(1)) Drag force Fy == CpAv? = =X 03X 1.2 X 14X 1007 .....oveececncmrnnnenenensen (01)
(For correct substitution)
Fa = 2520 N e e (0D
(iii) Power (P) needed to overcome the drag force = L — (01)
=2520 x 100
=ZILEW (2000 W) o covonmamsmitssmmcnesserepuprussenssasesmmmsb i85 (01)
(v) Donotagree e (01)
Power (P) does not vary with v linearly OR power is proportional to v3 notto v. .... (01)
(v) The energy used to move the car by burning one liter of petrol = 4'01);;07 x15 ..... (01)
= 6 X 10° J per litre
Total power needed =252 +48=300kW ................... (01)
(for the addition)
Time that the car can travel by burning 1 liter of petrol = 52::2?6)? ............... (01)
(for the division)
~ distance that the car travel by burning 1 liter of petrol = 32::2; X100 .......... (01)
(for the multiplication by 100 or 100x 1073)
Fuel efficiency of the car in km per et =2 KR PEr HIE . cvoviinivminsesmmmemnvenms somves (01)
{ Alternative method:
Time taken by car to travel 1 km (in seconds) = - 32‘;0 ............. RS s (01)
| , : 6x10° 360
~ distance that the car travel by burning 1 liter of petrol = e .....(01)
= 2 kit per Wire...vo0ss (01))
(vi) Speed of the car relative to air = 100 + 10 (for the addition) ..........ccocovvuviiniininnnene (01)
New drag force F; = % Ah S R B R W ETL L I ———— (01)
(For correct substitution)
Power needed to overcome the drag force
P'=2X03X12X14X 110X 100 .......orvvrmrrneserernesemseissrmsinsennineissnan, (01)
(Multiplying drag force by 100)
=JOIEW R ke e G VR (01)

01 - Physics (Marking Scheme) G.C.E. (A/L) Examination 2022 (2023) |
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6. (@) (D Define angular ma cati
6. () guification (m) of gy astronomical (optical
1cal (optical) telescope.

‘ [o ’ } ‘ﬁ q

instrument?

; ‘ cbjective
length £ Jectve lens L, of focal length f, and an eyepiece L_ of focal

1) What is mean A
(t) s t By the nomg) justment of 3 telegearad
(if) Draw a clearly labe|jed ray di e Acope:
| - dlagx am f{or

ion for the angular magnification of the telescope.

‘ ; o N AT, ' ‘m(ﬂ)':a.. .

(c} (1) An astronomical- telescope ~hav§ng 7/ =100
0-.‘.

of the moon at the least~distunee - of ‘m and £ =10 cm is adjusted to form the final image

1 an angle 05 at the unaided eye ~ distinct vision of the eye, D =23 ecm. The moon subtends
moon through the telescope alyl};e alculate the angle (in degrees) subtended by the image of the
{ ) that the distance between e :fi; and.the t.mgulm'- magnification in this adjustment. Assume
| o ye €yepicce is negligible. You may use 1° = 0-018 radians.

i) With : T
() sc:een? g:liwfh:l:dlﬁg?:on ‘h? abo'tre t.elesc.ope lsusgd to take a real image of the moon on a
y diagram for this situation clearly labelling the focal points and distances.

(111) Alt:::du:: ::go:itﬁcfation mf"ﬁOHE? In (c) (i) above, if the real image is formed on the screen
51 s m irom the eye piece, calculate the size of the image {diameter) of the moon on

|

!

!

I

Z

;

!

|

i (iv) Y;kes ObSCW§wfy m Wisconsin, USA has the larpest and the oldest refracting astronomical
, : telescope functioning from 1897 to date. The observatory was the birthplace of modem astrophysics

and collected over 170 000: ghmographic plates of astronomical objects. _

The focal length of the objective lens of Yerkes telescope is 190 m. It gives a real image of the
moon of diameter '17-1 ©n on ‘a’ photographic plate placed 30 em' behind the eyepiece. Calculate
the focal length of. the. eyepiece of the Yerkes telescope “and the angular magnification in this

situation. (Give the agpular. magnification to the nearest integer)

4

i 6. (@) (1) Angular magnification m = %— ——————(equationl) .................. (01)

where  a'is the angle subtended at the eye by the rays from the final image and

a is the angle subtended at the unaided eye by the rays from the object

(both correct) s AN AR SRS (01)

(ii) The linear magnificat
' =, (01)
object.

ize of the 1mage formed on the retina (of the eye) depends only on the

However, the S by the rays coming from the image. ................ arned 1)

|
|
i angle subtended at the €Yy
nification is a better measure compared to linear
Therefore, angular mMag
i
|

magnification.

; infinity OR When the eye 1s relaxed ............ (01)
(b) (i) When the final 1mage :

A/L) Examination 2022 (2023)
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(i1)

-
-
-
-
-
-
-
. -
-
Caad

g
ot
-
-
P
=
-
-
red
o
-
=
Ko
-
4

-
-
"
-

‘f
-
-
-

Two parallel rays passing through Lo and correct ray diagram up to the image ........... (01)
Construction of parallel rays after passing through Letotheeye  ........ooueon.. (01)
Correct marking of foand fe  wvoovvveeneniiiiicee (01)
(deduct 01 mark if arrow heads are missing)
(iii) According to the diagram a = = . (2) and
o b
a = - — (3)
For any onc equation ..............cco.......o. (01)
Substuting in é (1 =Jo
geq. (1) oSl A S T ——— (01)
() @)
@ = 0.5° = 0.009 rad
For the first ima ituting ; .
ge I, substituting in eq. (2) 0.009 = IBIE' ........................ (01)
h]_ =0.9cm

For the eye lens (F.), using Cartesian Sign Convention

v=+25cm, f =-10cm

01 - Physics (Marking Scheme) G.C.E. (A/L) Examination 2027 (2023)
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Applying the lens formula 1 _1_ 1
v u f ................................................... (01)
| e ol =1
l Bl U 10 e e (01)
i
(for correct substitution)
1=L+1_7
u 25 10  sq

| . (01)
' @' =220 1ad e (01)
(for substitution)
g =097 1
50 ° 0018
Q' = 7%(6.9%= 7% ceneeieeieiiieiere e aeee e e (01)
Substitute in equation (1), angular magnification (m) m = 07;0 ..................... (01)
(for substitution)
=14(13.8-14)  ............. (01)
(11)
|
: b
‘ Le
! S
| .‘; o S |77 2’2
.-.nv \' =W
. two broken lines .......cevevriininininennennaes (01)
Locating the real 1mage by drawing .
t5ide Of Le -evvvenienranmaannnnenieciiuiienenianeee. (01)
Marking the focal point fe OB the righ

3 s
E. (A/L) Examination 2022 (2023}
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111
Applying lens formula for eye lens for this situation v o I
o e R S R s et i A R (01)
-30 u  -10 N

uU=15cm

: [%
Linear magnification of the eye lens M =2

=

~~
O
et

—’

h
Since h; =09 cm and ===

= 1.8 cm

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 obj

object distance and image distance are
— T o, ¥ (01)
Therefore, image distance = object distance = 2 Je
1 1 4

OR — g R s S T (01)
2fe =30 cm

Je=15em(0.15m) «.oovoeverei (01)

Using eq. (1), The angular magnification =X 2(0R) (01)
1

TR RRERR) | (01)

01 - Physics (Marking Scheme) G.CE, (a/) Examinatiop, 2022 (2023)
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. (@) Young's modulus of 4 materia] i

defined by F
A

. ¢ .fe
the terms A and 3 /7- Where all symbols have their usual meaning. Name

, ‘

(b) As shown in Figure (1) a Karate

by a single kick Irom his heel

; " 4 wooden pl
heel of the player come When (he plank

l
!
a
|
laver ki
. S 10 res f _Plaer hits the plank, the
30 ms without break rom an Inntiaj . P
t} of 164} kg and lhrfta‘k‘mg Ve Plank. The leg h'l:PCtd of ?.al.ms -
i E ¢ oeffectye CTOSS~sectional T SHCCHVE Mikss
of the leg bone 15 3.4 x 10 4 py? 4Tea ol the smallest pan
l withstand a maxim
um ¢
h: 0 Mreesy of |- Tar )
that the stress 3x10'N m . Assume

15 untformly distributed 4long the hope

(1} Determine the me: .
the wlas © mean force acung on the tep duri
© PRAyer comes o rest from 24 yn & quring the heel of

/ (11) What 15 the Maximum COmprassive

b e Mress on the bone of the Jeg?
(1) Is there a possibility to fracture the bone? Giy . -
Pl - LIve redasons for your -
Figure (1)
(c) The leg b(mc of the Karate player is Iractured in the process of kicking as
mct'aluonf.d' In (b)‘ above. He Uses crutches made of single tube for walking
untth recovery as shown in Figure (2). The mass of player 15 90 hp. Half
of the player’s weight is supported by crutches and other half is sugported

b)-o hxs’ other leg. 'Whilc he s standing each crutch makes an angle of
22° with the vertical. Each cruteh ts made of hollow aluminium tube
with 1nner radius 10X 107 m and outer radius 20x 107 m respectively.
Young’s modulus of alumimum is 740 x 10" N mp2.

(1} What should be the minimum coefficient of static friction between
the end of a crutch and ground i order for him to stand siill
without shipping? Take tan(22°) = 04

(11) Determine the magninude of the compressive force acting on each
crutch. Take c0s(22*) =049

* Round off vour answers for (¢) (i1, (¢) (iv; and (d) (i) below to two
decimal places in scientific notation. See the note given before the
question 5.

(iri) Calculate the compressive stress and the compressive stramn on 3
crutch. Take =3
(iv) If the length of a crutch is 123 em what i» the change in Jength

of a crutch?

(d) Suppose instead of the crutches mentioned 1n (¢} above crutches made
of two coaxial hollow tubes are used by the player. Inn.er (ube ot‘ the
cylindrical crutch is made of aluminium having Young's rljodui:‘xis 'El
and the outer tube 15 made of stainless steel having Young's moduius

E.. Respective cross-sectional “areas of al:shminium :u;td :rbgﬂissst\i:ic‘:
2. . B . ) L c Com h c . i A !
tubes are A and A,. The cross-section of P Ajuminum Stainlesw steel |

in Figure (3). |
(1) Show that the effective You
. - EA+ EA,
Al rery ]

Figure (3

1
!

no’s modulus £ of the composite tube 1s
g’

10010 . E;= 20x 108 Nm %, 4, = 60x 10 m, The!

(i) Let £ = 80x (0! Nm -, A, Determine the change in the length of the composite tube when |

length of each crtch is 125 cm

g he crutch. f

sz B 1g4) 18 2 pl\Cd o 1 : o |

the foree 1 {cH P p— of the alumimum crutches. Use physics principles
ure f]!.ﬂd {0 the

W pocur for 2 person walking using these crutches with rubber caps
wol

——

(¢) Normally rubber caps
10 stale advantages that

/——f
o1 Physics (Markmg Scheme) G.C! (A}EExamination 2022 (2023)

01 - Physics (Marking Scheme) G.C.E.
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(a) _‘E T L e T — (01)
% satEalls = 00 e coeen i esaeess seseyssswnmsmyesmmsnmnns (01)
b) (1) F = MI(H —A0fE = ey ihant i s s e s s RS (01)
F =16 X ( =2 ) (for correct substitution) (01)
4x10°3
F =96 X% 104 N (Ol)
.. F 9.6x10* e
(i1) T (for sUbSHIUMIONT e vovas st ams conmmeme s (01)
£_= B2 TOBN MI™S 5555 e e s e 5 55550 s ees e (01)
(iii) Yes (No mark for incorrect values) — euerenmneiniiiiiiiiii e (01)
Maximum compressional stress0f 1.8 X 107 Nm™2<32x 108 Nm=2............... (01)
(c) A
Fi K
o2
F
(1) If the force aleng a single crutch is Fy,
then the frictional force F = F;sin(22%) ..o (01)
The normal reaction force R = F; €0S(22%) oovvivniiniio (01)
: ; .= F
Since coefficient of friction u = . EEE T OO ——— (01)
{ = tan(22°)
u=04 - B L (01)
(i)Normal reaction force on a crutch F, cos(22°) = 900'2'450
225
A e O B e (01)

C0s(22°) 0.9

F1= 250N (234 -250) N oo, (01)




.
)

i
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- (Alternative methods:
| 900-450

e D) ....... (01)
( )+90><tan(22°)xcos(22°)=225x09+90><04><09
= 234.9N (235 N) | -
......................... 01
OR F{ = 2252 4 g2 (01) w
=242 |
N ouissoees casonmmepenss (01) )

(111) Effective area = (22 — 12) x 10-*

250
(22-12)x10~4

Compressional stress =. (for dividing by the area) ..............ccceeueee. (01)

__250x10*
33X

= 2.78 X 10°> N m™ R T ——————— (01)

(2.48 — 2.78) X 10° N m™

5
Compressional strain = ;‘;ixlloom (for dividing by the Young’s modulus) ......... (01)
DR LT . e ot e i s emaminchiin ik R (01)
(3.54-3.97)x 107°

(iv) Change in length of 2 crutch = 3.97 X 1076 x 125 X 1072 ...iciiiniiiiiniinanns (01)
(for multiplication of strain by the length)

_296x 103 mm (496X 1076 M)  .eocrurnreanensneasen (01)
(4.42—4.96) X 1073 mm

E,eA
EE(A1+A2) _ E1eA1 + __Z-l-—\z' .......................................... (01)
' l
l
E1A1+E2A2
= (A1+Az)

_‘ T £xamination 2022 (2023)
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(1i) If the change in the length of the composite tube s ¢

1= F1413 5242 % o w L1t

-

(Ai4h;) [

Fri
EijAi4E7A,

e =

250712571072
e =

Wi augmell = CorsspssiveoveesverIreseedrir e (03)
207 10 £1007107%4 200710 26 07104
[One mark for substitution in F %[ term: one mzrk for comect subetzimion in

ElAl term; one mark for correct substitution in EzAz tffm]

e=156x10"mm(156x10°my .~ (1)
(146 — 1.56) x 10~ mm

(e) The (maximum) force felt by the person will be lower (as it increases the e of contact

.—-—C-vt,
CUR the (maximum) impulse felt by the person will be lower (z< It increases the time of oozt

}.

OR energy will be stored 2s elastic potentizl energy of rubber which provides cushioning effact

OR provides good adhesion to the floor

OR coefficient of friction is increased/friction i- increased/reduce slipping
..................................... (G2)

[Two marks for two valid reasonsj
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Read the followmg passagc

Universe, They have enormous amount of matter
' loci & oA gmv“m‘mal ﬁcld Because no light can escape from
The escape velocity (v ) from et iy _

“‘*“‘mal constant; This expression for escape velocity

radius R is less than or equal to a certain
ild radmsR and the surface of the sphere;

1zon, Smcc light cannot escape from wnhmi

| ut alsg X. mperatures of dust/gas in excess of 10° K can oecur,
- gas befom they cmss the e t R mys Astronomers look: for these X-rays emitted by the dust/
; Dl honzon to detect the presence of a black hole.

- There are also strong evidences for the. existence of

3 much larger supermassive black holes. Onc such black
e i found, o, st e cemter ahour Milky Wy gangye 5001 e s o
ianus. Astmphvs;cms have discovered a Star designated by 54716 revolving around
~ts black hole. This star complew- one

revolutton around the supermassive black h
. of time like four vears. This mieans’ permass k hole in a short penod

that the star is travelling at h d
- ‘black hole. By analyzing this. very high speed 80 10" ms™ arcund this

motion, the .mass of the unseen supermassive black hole can be calculated,
- You may ke G = 60 x 107" N m? Lg"“ and speed of hght c=30x 10° ms™!,

- {a) What is a black hole? 28 e

_(b) (i} Starting from first prmcnplcs denve the expressxon for the escape velocuv v, - ~,,-—-_26“"

- |
(1) For a sphe n\at objec: thh umform dcnsrw P show thnt v, 'is du'ecd) proportional to the radius

R.-of the oblect. <250 > " , t

(iii) Letting v = ¢ in the crpressmn denved in (b) (1) above obtzun an expms:on for the Schwarzschild
radius (R} for a -sphcncal object of mass M in terms.of G M and e,

3 (c) What i is the reason for deﬁmm. an event honzon" ; 2 g

(d) Can a black hole emit X“mys" Gwe masons for your ”5“’*1‘ 2305 A

o (e) Dctcrmme the peak wavclength (jh) of radtatwn emttted by ga:;{ or du;t w:th temperamrc l(l6 K sw:rlmg

.+ into a black hole. (Weins, displacerent ¢ popstiat . 2900 pm RB). 05 2 B S '

. 4 decxma! places and> U) (n) to one dccxmal pIaCt respecmc]y

'. ' Round oﬁ' your answers: for - (ﬂ (" 1o tw | i

t!on ‘3
m sc:ennﬁc ncnatxon Sea &e nme S“""“ b°f°"° the ques

: su rmasmve black hole in a cm:ular path of mdms r.
| (f) Assumc tiut the sm 84‘”6 ri?i;?gm,mmd mic bll::k hols ‘are Sphencal in shapc with uniform density.
Funher assumme that the stat A

detcrmmc ma valuc of 7. (Tnke = 3)
. Usmg the dam g;ven in_ the pamgﬁp" ; b{ o
(i) chce calculatc the mass Ms' of the S“Pc"“assw a¢ .

pqmasszve black hole
ﬁzi) Calculate the Scbwarzschﬂd "“d‘“s RS’ o mc "

B, ddenly w;om& 8 bIaCk ‘ol with the same mass as it has today.
B (8) Suppose hypolheucalfy the sun su m — the sun along the same orbu &s of today" Give
b Vo | .

() Would the carth contmné “’ “’ o . | |
- I¢asons for Y‘Om' anSWCf P §? G;ve lhe mam rcason for your answer. .

octcd due W thi -
(i) Could lee on czﬂh 8“ aff hol€ if us ma%s could shrmk to a sphcre of 2ﬂ km

' a bl&k g
- (iii) Show that- t:\kecsr;; W‘d Wunmt3)‘m g -
m ‘radius. T "13-"5
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(a) Black holes are objects with

.... (01
enormous amount Of 467 | 1) ——————— 2 Ll S Ll e ( )
packed into 2 minimal VOIUME ............o.uiiuiiiimnarnnrmnneeneneeees (01)
(b) (i) Let the mass of the escaping body be m.

Kinetic energy of mass m = _21_mv82 ......................................................... (01)
Gravitational potential energy of mass m = — -@% ....................................... (01)

From energy conservation,
é—mvf - 6_1;4?32_ = 0 (OR any other cOITect fOrm) .......cuvunenreeeeeneeeeseesnsennnsasnsensss (01)

_ |26mM
e~ J R
. M
(i1) p = Bl RN 0GR ARSI A0 XD RS 05 A o e s s (01)
o 26*/3mpR3
Substituting for M ,= v, = R veewewes semvssENRSANSS SHES SAAERER SANER RS s suRs (01)
__ |8Gmp
Mt iy RS o X e S (01)
* Ve 15 directly proportional to the radius R of the object.
_ [zom
(i) ¢ = R ettt tsutse s tas st sa e e st te st n e s sare s ra st nenatenannns (01)
2GM

RS — ""C'_"z_' ...................................................................................... (01)
(c) Cannot detect events occurring inSide it. ....o.....coeeeeeereeeeeoonnnnnn. (01)
(@) NO. oot (01)
X - rays are also electromagnetic waves like ] S G o (01)
() AmT =constant OR 2T =2900  .....cocooeeeemnerenmoo (01)

2900 -
A, = o6 (For substitution)
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4x365X24X60><60= 2)(3‘)(‘; ....................................................... (01)
8oxyoe (FOrsubstitution) ... . (01)
r=1.68 x 1014
m
. VS0 - 082) X 10 m ..o (01)
(1) Let m be the maggs of the star,
GMgm _ p2
T
F S e A e S et e e (01)
Mp =T
B s e s 5y i it et eSS et e (01)
M. = (8:0x10°)%x168x1014
B eoxio-ii—— (For SUBStItUtion) .....oeevvvvieeeeeeeee e (01)
Mp = 18X 10 kg(179-180)x10% kg ... (01)
2GM
(lll) RS - c2
2X6.0x10711x1.8%1038
Rsz—_W_""""'“f ................................................... (01)
(For substitution)
B = 24 5 100 L« i alionson bo oo st iR o s Ak st s ambomammiion (01)
(2.38 — 2.40) x 10" m
................................................. 01
(@) () YES  evvnrrnevnnremnmnnnnennnmssnnanunsnnnsnees (01)
. : +ational field/force experienced by the earth OR
There will be no change in the grazlr: gravitational pull than our Sun. .................. (01)
solar black hole would exert no Imo
.............................................................. (01)
() YES  ceveveerenmmsnsnsnononerenset®
FL uvveseesensennnnsete et (01)
No light/heat will reach the earth. ---
(iii) Rg value for the sun:
-11y1 8X1030 ............................................................... (01)
R¢ = W A (For substitution)
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9. Answer either part (A) or part (B) Onb’
Part (A)

r and
the maximum constant current that can be drawn in one hou

(@) The CaPaC!fY of a cell is dcﬁned as f capamty 6 Ah and em.f. 50 V are

its unit is given by ampere-hour (Ah). Two identical cells each o

connected to form a battery. \ nnected
Calculate the capacity (in Ah) and the c.mf (in V) °f thc battery SO0 B i |

() in series and
(11) in paranel

-~ - -
AP AP S W th ws W A o AP AR G B N AR U AN AN o W o

(6) An electric car battery is madc wng Jidentical 192 cells

each with emf 40V Eight cells are «connected as shown. B, g
in Figure (1) to form a. battcry module. A total of 24 such ___E D__
modules are connected in series to form a 24 kWh electric .

car battery.

- e - e e g
T E R - o oW W wm

- Figure ( 13: Battery Module

(1} Calculate the emf. (in V) and the capacity (in Ah) of a Smgle modulc
(You may use 1 kWh=10"V Ah)

(11) Calculate the capacny (in Ah) and the e.mf. (in V) of lhe 24 kWh electric car battery.

B e e -

(¢) The above electric car traveiling at a constant speed of 36 km %' on a horizontal road expenences a
total resistive force of 480 N against its motion. The. ‘power consuniption of the air conditioner {A/C)|
of the car 15 1-2 kW. Calculate the maximum distance that the car can travel cansuming oaly 50% of
the full stored energy (in L.Wh} of the battery,

(Y with A/C on for the- cmme joumcy (Assume that the ‘power consumption of the A/C is constant
during the entire. _;oumey7 '

{11) wnh AJC oﬁ for lhe cmxre |oumcy

() The elccmcal circuit used for- heating the mtenor of e - A, i s
- above car is shown in Figure (2). When the interior of the - - Q Q
- car needs to 'be ‘heated durmg cold weather, the driver cap - 3
- set 'a switch fo pass a current through the resistors R, or |
i R (R <. Rz) The current passing through the remszors R1 Rk Battery 0 |
and R2 d:ssxpatcs power and heats up the interior. Therefare e
resistors act as heaters. .Suppose the baitery develops ‘an
internal - resistance -over time. An ‘ammeter with ;intemal "
resistance -of ‘10 Q and an ideal Voltmcter are connected 2 j' e O
to test the circuit. S R e el _'-- : -'ff '_. Fignre (2)

(i) The dmcr can complete the cxmmt by connecting OP or OQ Idennfy and
write down the
appromate connections to get a low and ‘a high rates of power dissipation. For €xample, making
“the coanection’ OX switch. off 5115. beaters and- disconnects ‘R, and R, from the circuit,

- (ii) ‘The voltmeter readmg is’ .55 V when thc heaters are off. The vohmetzr readmg drops t 250 V and
- g‘w ammeter reads 50 Acwhen the circuit .is connected to" Rx' _Calculatc the emf. of the banery.
¢ mtemal n:sxstance of the’ bancry and the value of n':sxstancc of the tesxstor &

. et

01 - Physics (Marking Scheme) G.C.E. (A/L) Examination 2022 (2023)




ayrtment of Examinations < gp Lanka
oot

) (1) In series Combinatiop the Currept

Therefore, the Capacit

CRAL s iesenen et e (01)
Jeembuweag T e (01)
Therefore, e.m.f =504+50
=100V (01)
(1) In parallel Combination, the curents are added ... (01)
Therefore, the Capacity = 6 + ¢
=12Ah e (01)
The e.m.fs are not changed
Therefore, e.m.f. =00 Ve (01)
B (@) em.f. =4.0x4 ‘
' e LR e (01)
Energy stored in the full battery (24 modules in series) = 24 kWh
........................... (01)
Energy stored ina module =24/24  .............
=1 kWh
; 1 = 1000 /16
e SEESAD e e e (01)
: Ingle module
= Capacity of a sing
i i e R TUNRITIIR - AN (01)
il 2625AR e, )
ry = 24000 /62.5
batt€
e.m.f. of the ful SHBAV conmmsmisrins s ks s (01)
ive method
(Alternative Ik _ 16 X 24
e.m.f. of the full battety 384V eereeieeen (01)}

5022 (2023)

on
-5 fA/L) Exam'nati
U s -
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(c) (i) Usable energy = 24 X 50% (multiplying by 50%) ......coovummermmmmmmmnemmnmneenmeneee? (01)
=12 kWh
Speed of the car = 36 km/h = 10 m/s (converting kKm/h to m/s) .......oeoerenranencnerneees (01)
Total power consumption in 1 hr = 10 X 480 + 1200 (for addition) .........coeeeerees: (01)
=6 kW
Total travel time =12/6 (for divisSIOn) .........cceviinrrenneeeinnencceenn (01)
=2 hr
Range =36 X 2
=72km (OR 72000 m).....cccovvvvirerinnnnnncnnn (01)
(1)  Total power per 1 hr = 10 X 480 = 4.8 kW
Total travel time =12./4.8 (TordIVISION): sawssvsswn sasuans.anns mws o (01)
=2.5 hr
Range =36 X 2.5
=90 km(OR 90000 m) .....covvvneneenaennnnn.n., (01)
(d) (1) For high power dissipation— OP ... (01)
For low power dissipation—- 0Q ... (01)
DS eE =255 VEtimiiinins s et te st (01)
Let r be the internal resistance of the battery. Then Applying Kirchhoff’s law,
SH=IMP=EN R e S e emss (02)
(01 mark for the L.H.S.; 01 mark for €quating L.H.S. to 250)
r=1%Q | e, (01)
250 -5R1-5x10=0 Ak b 48 B e s s (02)
(01 mark for the 5R; term.: 01 mark for rest of the equation)
Ry =40 Q L T e R e cevee RS reeermnss (01)
(i11)
Bl . T et (01)

=3 X5X40 (for substitution)
= 1 kW (1000 W) S e (01)

01 - Physics (Marking Scheme) G.CE. (A/L) Examination 2027 (2023) | e, .
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Part(B) 4

- (@) The circuit show
input voitage V.. in ﬁgurc (1) 15}

v",

with minimum cumﬁfﬁlzgm M mlﬂ ampnate output voltagc Voo from a vmable
R, =90 Q and the zCﬂer'vo. v and;g SRS . SIor amrangement. The circuit uses a Zever diode
L é"YZ - 3'3V. sm*.q*&m Fesistance R =70 Q, the load rcsxstancc
Calculate the fol]owmg gyt o TPRC V=B .
(1) Vou (Take v, = 07 vx et ‘ g
(it) Current 1, St ).. |

- s

(111) Current /. ang

(iv) Iccmndin to the m;i ‘
Zener cumxit.g Cmun@m |

=  Figure (1)

- (b) The circuit in Figure (1) can " l
(1) Calculate the. amount : of ate a VOltage mu"“ in the inpul to maintain & constant Vo

(ify Using your calcu{ahoms }mm msmm actoss the- Ry resistor when V, =23V and 30 V

_ regulated by thc Clrcmt £ f?)ji) above, bﬁeﬂ)’ CXpIzun how a changc in the input voltzge is

, .:’,;-:-:*:, .:--.J. ..'.
v b2 Y sty '.. T

(c) The circuit in Fi 1 B P
oo o g e ¢ )can 2150 regulate a vo!tagc vananon in V- due to an increase in output

&' f T
g "-v v

- {)) If the load resistance is mcrcased what wnll happen to Zener current 7, and /.? Explain your
answer,

(i) Briefly explain how the Zener diode and transistor comb:mnon rcgulate the output voltage when.
the load resistance is increased.

{d) The ctrcuit shown in Figure (2) is used to charge a bmcry from a scla: panel with an internal |
resistance (r) that can generate up to 15 V. The output voltage of the circuit should not exceed 14 V.

.t
W

- choices. (invaﬁﬂg ampiil e pmducc 14V ‘output - voltage. When R = 9 kQ and
adjusted 't0
(u) Under bright stmhsh‘ sz;sm Jop- amp 10 be positively saturated, calculate the most appropriate

f chﬂ diode Z, should have. .

mum voltage Vt, o thal caturates for 100 ;;.V VOlullge dxﬂ‘uen?ethbct;een the hl:on u::vcmng
amp $4 -Joop voltage gain of the op-amp when the output

(‘m) If the output Of e, L, calﬂmth:ham output saturation voltage of the op-amp is 2V

iy s (he supply vollﬂse' f;hc iy :c: the Wt in thxs .cu’cun when the solar- panel
(). ;%;%ngﬂm‘:: ]”:vo“ undcf yeak O sunlight.

MNa - - - L.~



....................................... (01)
(a)(i) Vo =Vi+ VaE
= 83+0.7 (foraddition) e (01)
Vie =9V  eeerreeceiesiiciccceieacaataananns (01)
(i) I 2VomdlE. === seeeeesessessssssmssssasssssassees (01)
I =9/90 (for divisSIon) e eeeeaaaan (01)
I =0.1A et e (01)
() s =M= Vad By 0 sisseeesemesriadsn i s s namm (0D
Is = (23 -9)/70 (for division) R A S R A (01)
Is =0Z2A 0 sssssessssssssssas s g s a (01)
(iv) s =Iz+Ic+L. e (01)
Ic =Is -IL.-Iz
Ic =0.2-0.1-0.01 (for subtractions) ............ ... (01)
Ic S St (01
(53 P =VYR(ORI?R)
£ =28W T ———— (01>
R . e —————— e (01}
(n)  The output voltage is constant across the Zener and Transistor. ... (01)

When the input voliage is changed, the excess power is dissipated throuch the
resistor R; (as heat) S N e s e L (01)

@) Is=Iz+Ic+I

If the load resistance is increased, the load current decreases.

Therefore, I, should increase (01)
Increase of I; allow additional amount of current pass through the transistor
Therefore, I. will increase (01)

- 01-Physics (Marking Scheme) G.CE. (A/) Examination 2022 (2023)
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(1) The Outpuyt Voltage . .
OStant 5
When the load Tesist : 1SS the Zener and Transistor
through the transiggo, g oC 1 Incregse
Stor keepip Ie n Iz increases to allow more current to pass
The CXcess OWer js g 8 s COnstant
voltage. SS1pateq ¢ .
5 Wrough the transistor to provide a constant output
@ (01)
() Comparato;
................................................. (02)
(11) Vi = Vmax X [R, / (R + R)]
=14 % 5/(5+9) (Substitutiony (01)
bl LIy g s (01)
(u) A e oul R B e . e (01)
LU D R (01)
— LAEREIY - R s o S e S T (01)
(iv)  When there is less sunlight, the voltage at the positive terminal of the op-amp o
decreagses Below 3 V. -« 3200 ccssscocssecccssesessossss s
........................ 01
‘This causes the output of the op-amp to goes to zero volt (01)
1stor i  rexmamancncacn o 01
This causes the transistor to g0 to the cutoff mode (transistor is off) (01)
he voltage appeariﬂg across the solar panel will be the same as the on
R e .  rere——r L
voltage across the batiery:

e
e 'A_
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10. Answer either part (4) or part (B) ozly.

Part (A) ' vity (7
liquid. eregia day'is 7°C I

.° 0 vz, the femperature of | m 2 . !
e e o 1 e o ot e volme apaiviy of pesl 8 96X [71°C
aﬂd!hcdmityorpecuarcamkzm".Awismwbcmuzohmo
(i) What is the mass of 20 Lrres of pewrol 22 7°C? (1 o' = 1000 litres) ..
(i) I the temperatare of § = of pewrel 2 7°C increases to 27 °C, calculate its new volume. (Round

off your answer to three decimal places iz £1.) R
(i) What is the deasity of petrol-z¢ 27 *C7 [Take T%% = 7.164. Give your answer 1o the pearest

integer iz kgm>]-—- —~--—— - T
(v) Calculate the mass. of 20 Eoes of petrol & 27 °C.

(“)Howmycmh‘bgn:sdmdmldth:wgaifmﬁmofpamlisﬁﬂedﬂ?‘c
insizad of & 27 *°C from (e SlEog station, ‘

(c) A tnk of 2 petrol bowser is —ade of mew] 2o the imtemal volume of the tank is 25 000 hitres até
7°C. In a het day, the teopemters of peol and the lank became 27 °C and the tank was completely
filled by the pewrol due o the expamvics. The zverzpe volume expansivity of petrol is 96x 107 °C' |
and hinear expemsivity of st & 2<Sx 7 CL.

° R"m_‘f off your aswers far foi Y i) (550 zmd () {v) below 1o two decimal places in scientific .
notation. See the rote given befirs T guetion S, }
(i} Cakculate the appores: scizze =ageoiid®y of peto] in the apk i
(i) Heoce caleslae the volime o pend (o Boensy 22 7°C. {Toke — 1 = 0.05] |
= | 5 Py 131-776x10 ~ g
1) ..‘i:w‘ - aag Sff f* z:m Tr T bog w38 peivol fom outside 10 increese e teruperzivre from ’
7°C 1> 27 °C7 e oF G ooy’ of foe ey ok 35 2€x 107 k2. Snecific hear aides of |

et aad petst e T3 MR et KT oo 22 x 0 Jpes 10 e Pa——

- ‘o - - S W A P . (g a“an mﬂ’?t}}.. '

(1¥] fm ;1‘ ‘2 m;u:::-.“r& T {.“5:5 Wt poool 2nd the rewl with zir at almosphenic pressure of
m.:c;.;;;fxzr;: g prssemr of petrod @ 27 °C is 747 x 10° Pa. Determine

o5 : o 2 7 T - ‘
&_- total prisen: ' “C. Negiece &: volume expansion of metal and petrol for
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[) y = V1(92-91)

iS the vol ....................................
V1 uIme at temperature 0 - o T (01)
L ANAV, is the Volume at t
. ENIDEEANIEE D s prersiscemsemsionsni (01)
b) (1) Mass of 20 [ of _
Petrol =20 x 193 i
_—y g Tmm———— (01)
(ii) Vo = V51 + y(27 — s (01)
.................................................. (01)
Vo7 = 1[1 + 9.6 x 1074 « 20]
.................................................... 01
V27 = 1.019 m3 ( )
........................................................ (01)
s : S0
3 (i11) Density of petrol at 27 °C = :;f: (for SUbSHHULION) «.vvvererernenrrieeeeaenieienenennns (01)
{ Alternative method: pp7 = a—%—;;
730
T 1496x1074x20 (01);
=TI6KEM™® e (01)
. _3 Tdt
(iv) Mass of 20 I petrol at 77 °C =716 X 20 X 1073 (for substitution) .......cccceeeevneen. (01)
= 143kg (1432Kg)  cerieinine e (01)
B 4.32) (for SUbSHULION) ceevrvnrrnernnriniiniinninnnninee, (01)
(v) Extra mass = 14.6-143 ¢ (01)
....................................... (01)
(©) () ¥r = Ya + 34 00 X 107 =3 X 2AX10 oo (01)
nsivity = bstitution)
Apparent volume exP* ] 8(;0; Sluo-il . S Fr e (01)

WA, R e e 4
r % s S -



contiderntal

................. (01)
(i) V27 = V,[1 + 8.88 x 10~ x (27 — 7)]
- x 1072
D 4 LT S (01)
V _ 25000
mearn (01)
V7 =24500litres
................. (01)
(ill) Q — chg .........................
Q = (mCAQ)petm, -+ (m,C’Ag)metal
Q=245x%x730x%22 %103 x (27 =7)+2x 103 x5 x 102 X (27 = 7)......... i)
(01 mark for each substitution)
=807x10%y (01)
(8.00-8.07)x 1081
(1v) If the air pressure at 27°C is P, ;..
10X10° _ Py, .
T—— e T U (01)
P27air = 1.07 X 105 Pa
Total pressure = b G (0D
_ 5 3
=747 X10*+1.07x 10° (for WY 12 emsscors o (01)

Py total = 1.82 X 105 Pa e R s Y e v
(8118105 1 0 e (01)

(V)Applying PV = nRT for petrol vapour

..................................... (01)
__ 7.47 X10* x12.5 EP3s,
Nyapour = m I (01)
e < .~ U (0
......................... 1)

01 - Physics (Marking Scheme) G.CLE. (A/L) Examination 205, (2023)
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Lt & 1S’ BT L8 T Ipesare : '
ooy TECIESR 0 o L : e .
{ TR HIT TR

i AT AR & —
| oufhuns WY IOrT L 0SSR TRERUT {n- e Ay
iy 4 reniatinne TNPRUN

o L RS si Tl ETAY EZ e EVT e bt
PP . nEtores T gemve Orarmeene TEe O el A0
PN Uslatleas Tl S IO - ) | < - il
AT — = IESECR 2 IENCR bt ko SIRLA TN L & el o e A
S o : . he
’ o : - r ._m =3 o & fﬁ)
- - mcm PR by

b o WSATSTATAZSE. TSI T wmums ¢ smowg =t Bt uni s fhe @negy o the
g hm anik; A SER 1 smpnens w S nEmstr F D cmizms gigpion dhe oyl W e
i, Lk badeilef. MCR 2 20 7 T 1 - ko By oradict & wopsl CuTent.

§udly Goa fnd 2 aniifet 20 TeRSOEL

/ 'r"?tf”-"%’ﬁ” raaler <6 w vl T dee yourng NISEEn.

aasorter plames ovadie of Glere el
il yaEhnh, eSS 7 oot o 3 GM OOURRT

(5 Wike Grws Tes Tr)e of mfiinns SoX cm YODT= IT.

cwer 3 passive dOSITRII

(r) T wieiky f i@ pInnasve SEEDE T v a GeigenMaller counter.
(f Gt witedlh sroset 058 1 G4 copmts per secncd, calcue the count rae after 3 hours.

(dy Ve e o (ynsiwie deiser o bype of ootTing rzition iocident oo 3 Getger-Millier counter using

ftasant dmorbey poses? = T T
by HVSL - TF P o -t
wive surface made of cesium with a work function of

erfitted Tight 15 ineidens pexmally o0 3 Poolo Seas
ight = 30x 108 ms™!, electron charge = 16 % 10" C.

14 €V, (Manek comstant = 667 (% J s, speed of light
Lo = 1 1070 ' _
(1) Detetmine the autnber of photons of plue light incident on the photo sensitive surface per second.

(1) 1 10 electrons are cjected for each 100 photons incident .o.n

e cutfent produced by the photo sensitive surface.” . -
cuimum kinetic encrgy (in J) of the ejected photoelectrons from the photo sensitive

the photo sensitive surface, determine

(itly Caletilate the

(0 A CT scaner kes B sories of X-pty images from different angles dround a human body. The

C'1 scannet in A medical lubo:augﬁy‘,\qg(atgs full-time for a research purpose. A TLD dosimeter placed
pedr the CT scanner hos recorded radiition dose of 250 mSv/year.

() A radiation mimgigt-jm"n\é;‘nm;bc' room of the CT
cation. Calculate the maximum dose in mSv/year that the scientist could be exposed to

during the ope .
(@) The occupational dqfle‘“.n\i!:fbh-i rndistion worker is 20 mSv/year. If the scientit works & how
a day for 146 days:in a, yeac prove that the radiation exposure be recer ' excesd -
G T the maxt of the stientist & 73 s how much radistion emergy (i cxpose
(Ror X -tays, dose fa Sv = dose ia Opt Gy=171k")

e
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e 600
.............................

- rq
(a) Alpha/a, Beta/f and Gamma/y radiat10n5s Xray

ansSwers
(Any three of above; ONe mark for tWO correct )

(b) Active dosimeter can be used to geta (r eal-time) exposure value

OR

Active dosimeters measure radiation levels in (real time) ~ ceeeeeeeennnennnenee (02)
(c)
A _ 1 ieeeesseeennaeaees (02)
A 2
4 2
== e (01)
A=8 sesesscsensesssesss (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
.................. (02)

(e)

(i). If n is the number of photons incident per second

n X6.6 X1073*x3x10% ., .
400102 — 198 X 10—9 G X e U S (02)

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

n = 4 X 10! photons/ second

........................ 02
(ii). No of electrons emitted per sec. = <2 4 x 1011 &
| 100 R e se— (01)
(for taking 10%)
=4 X 10" electrons/ seconds

01 - Physics (Marking Scheme) G.C.E. (A/L) Examination 2022 (2
023) i
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Current produced J — 4 % 1010

XL6X10712 e (01)
=64 1094 (for substitution) it
award
(award full marks for the corpect answer)
(iii) Applying K;qr = hf — he
max =hf-¢ (0R%E-¢) . (01)
K _ 6:6X1073*x3x108
max w00t 20X 1.6 X 1 L e (02)

(01 mark for the substitution in the first term; 01 mark for the second term)

L7 ] O — (01)
()
(i). Maximumdose= 250 X f(—)%— ........................... (01)
(for taking 10%)
= PEmSyfyear. === @@= - - TeoslERii g seeveeessseasadds (01)
(11). o
Radiation exposure = 25 X -;-gg- M | RMES v seseasenmeress (03)
(01 mark for -}-ss- fraction; 01 mark for -2—6; fraction; 01 mark for the multiplication)
3
A EwmSyiver - ek reemsssesaenesi (01)
This value is less than aomSviyear e (01)
(111).
Radiation energy exposed by the scientist
— 75 x 2.5 x1073 (for multiplication) ~ eeeeeeeeeeennees (01)
................... (01)




