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PART A — Structured Essay
Answer all four questions on this paper iself.
(g = 10ms™)

1. A mass {m) is suspended by a helical spring with a pointer aftached at its lower end is
shown in the figure. A student is asked to verify the relationship between the muss (m)
with its periodic time (7) of vertical oscillations and to determine the spring constamt (k)
by using a graphical method. '

{@) (i) Wnte down an expression for periodic time (T) of vertical oscillations of a mass ()
suspended by a massless sprning of spmng coastant (k).

T=2m % ................................................... (02)

(ii) Rearrange the expression written in (@) (i) above in order to verify Lhe relationship
between mass (m) and periodic time (T) by plotting a suitable straight line graph.

. n?
Tz = (%—‘)m . estssvsveressTERESsw tonro--ttr!tlvottt'lloil!l'tl--(ﬂl)

(b) (i) If the student is provided with a set of 50 g weights, what is the other essential
measuring instrument that he needs to do this experiment?

(ii) It is advisable to nse a locating pointer in this experiment. Draw an arrow head
at the appropriate position of this pointer in the above figure.

(For drawing the locating pointer in correct POSItion) _«ceesesesssssnansscncannanns (01)

[The arrow head should be reasonably close to the pointer at the same side, same
level, arrow head should be clearly drawn pointing towards the pointer]

[No marks for drawing the arrow at any other position]
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(iii) What is the purpose of using this locating pointer?
To accurately determine the beginning and end positions of oscillations OR

To minimize the error in time measurement/to measure the time accurately

(¢) (i) Why does the accuracy in determination of the spring constant (k) depends mainly
on the accuracy in determination of the periodic time (7) of oscillation of the mass?

Small error/ uncertainty in (the measurement), T-would result a Jarge error.in.72._QR

................................................................................................ Selianan

______________________________ SRR (1) §

........................................

(ii) What is the characteristic property of the instrument mentioned in (b) (i) above wluch
ﬁ;}l %f fractional error of time measurement? (Let the value of this propenty be x.)

The lecast count of the stopwatch o eeses verrarencarensns(02)

e R

(iii) Let the approximate time per oscillation be 7. Write down an expression for the
minimum number of oscillations (n) that should be taken in terms of x and f in
order to obtain a percentage ermmor of 1% in periodic fime determinarion.

LI
_1'_0"5— nt BAAsIAESEIARERERERUES (Bl)
n= == © eeereeseneesssnnenes (01)
01 - Physlcs {Marking Scheme) G.C.E. (A/L) Examination 2021 (2022). E}I li
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(d) The student obtained the following graph in order to calculate the spring constant (k) of the
helical spring.
T*(x1075°)
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(i) Calculate the spring constant (k) of the helical spring in SI units using the above
graph. (Take st =10)

Gradient(m) =5 e 1)

4 2
(Identify the gradient as —;;—)

Selecting points (80, 30) and (280, 80) SR (1) § )
(No marks for selecting any other points)
[If the student has selected any other points which lie on the line award the rest of the

marks if the final answer is correct]

01 - Physles {Marking Scheme) G.C.E. (A/L) Examinaticn 2021 (2022}, m
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. _ (B0—30)x1072 5y
Gradient = o= (for substitution) erensensa(01)
4n? _ 50 %1072
el =~ RN (1) §)
= 4X10Xx200%10™3
T s0x1D72
k=16Nm™0R16kgs™> e (02)

(or 160N s or 160 kg ms™)

(01 mark for the correct value only)

mf?jﬁ&c reason for obtaining a non zero intercept. (Mentioning that there are errors
points is not an acceptable answer.)

......................................................................................................................
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2. You are asked to determine the relarive humidity of air in the laboratery by measuring ihe
dew point. You are provided a copper calorimeter with polished onter surface, a thermometer.
water, a sufficient amount of small pieces of ice and a transpasent glass plate. An incomplete
experimental set up that can be arranged for this purpose is shown in figure (1).

Thermomerer—————»

C
B
A
Copper calorimeter—-
| REYPPY)
=T g

Figure {1y
{a) In order to perform this experiment you have 1o pour water mmo the calorimeter, Our of
the three water levels A, B and C sbown in figure (1) selsct the meost appropriate level.

Appropriate level : B (01)

() Three thermoweters P, Q and R having temperamre scale ranges 10 to 50°C. -10 10
100°C and —10 1o 200 °C respectively are available in the laboratory. Select the most
appropriate thermometer for this experiment.

Appropriate thermometer : P OR thermometer with the —10 to 50 °C range crenens(02)

Give the reason for your selection:

The least count of P is smallest OR least count of Pis 0.2 °C OR temperatures can be

measured more accurately OR fractional/percentage error of temperature measurcment is

Jaﬁﬂﬂfloxx'esﬂminimu“@ OR sensitivity of the thermometer is high

L e R e L L S L ] i--lh--slbolll(nl)

(¢) What is the other important item necessary to perform this experiment wlich is nor given?

Stirrer OR stirrer with a mesh * sonnsensiessivasasnsrensirilU4)

01- Physics (Marking Scheme) G.C.E. (A/L) Examination 2021 (2022). ] - m
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(d) In order to determine the dew point you have to measure two temperatuces, Write down
the experimental steps that you would follow to measure the first temperatire accuirately
with the observation that you notice.

Experimental steps:

Add one piece of ice at a time into water R (1) § ]

Stir well until it is completely dissolved esevsssntesesvsusussossnsssvsselUL)

Observation: Observe the beginning of disappearing of shining of the calorimeter

surface OR observe beginning of deposition of dew on the calorimeter surface

c.-.--o--o-c---------.-loc---oul-q---(ﬂl)

[No marks for appearance of water droplets]

(@) E r to measure the secord temperatnre accurately write down the experimental steps
would follow with -the observation that you notice.

Experimental steps:
Stop adding ice sesusssisusisnassnsesenssesssuini{IL)
Continue stirring sbecasersionstssstonsasseisesveiselUR)

Observation: Observe the shine of the calorimeter surface begins to reappear

OR observe the beginning of disappearance of dew on the calorimeter surface

(f) Write down a disadvantage of using water at 0°C instead of ice pieces to perform this
experiment,

May nced a large volume of water OR calorimeter will fill up/water will spill

before reaching the dew point OR temperature drop of water in the calorimeter

may be insufficient OR heat lost by waler in the calorimeter may be insufficient

wrereessressensaeses(01)

(¢) (i) Give twa emors that can occur if the transparent glass plate is not used in this
experiment. (Assume that a face mask orfand a face shield is/are not used)

(1) Temperature near the calorimeter will be changed.
(2) The relative humidity near the calorimeter will be changed.

(3) Water vapour in exhale air striking the calorimeter surface will be condensed
[Any two above — 01 mark each] SR —— (7.

D1 - Physics [Marking Scheme) G.C.E. (A/L) Examination 2021 (2022). E?‘l l{
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@ii) If three glass plates L. M and N with dimensions of 5cmix5cm. 20 cm x 20 cm,
and 80 cm x 80 cm respectively are available, what would be the best glass plate to
be used in this experiment? Give reasons for not selecting the other two plates.

The best plate: M A vevnnnna(02)

Reasons for net selecting other two plates:

(1) (For not selecting L): Tt docs not have sufficient size/area OR it does not prevent cxhale
air reaching the calorimeter surface OR it does not prevent deposition of water vapour in
exhale air on the calorimeter surface PR () )

(2) (For not selecting N): It ghstructs stirring OR difficult to perform stirring with it OR

%‘ icult to reach the calorimeter with it (to perform stirring) SRR (1§

(1) Tn this experiment the average value of the dew point and laboratory temperaturs are
found to be 26:0°C and 300°C respecuvely Determine the relative humidity of air in the
laboratory, using the graphs given in figure (2). In the graph X-axis gives the laboratory
temperature and Y-axis gives the dew point, In the figure straight lines represent different
relanve humidity values of 100%, 90%, 80% elc. .

/
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3. You are asked to determine the refractive index (n) of a transparent liquid using the apparent
displaccment of the image of an object. You are provided with a tall cylinder, sufficient

amount of liquid, a travelling microscope, a small pin (Q), fine plastic pieces which can
fleat on the liqnid and a large syringe.

(@) Write down an expression for the apparent displacement

() produced by a transparent block made of material 0 _— > )>
of refractive index (n) and thickness (h) placed in air
when an object (0) is placed at the opposite side of i
the block as shown in the figure (1). Figure (1)
= _1
d=r(1-3) (02)
-9
(&) As in fgure (2) the small pin O is placed at the bottom of the empty :
cylinder. The wravelling microscope is focused from above to view a clear

image of O and the reading is taken (say x). Then the liquid is poured

0 wcnaiu height (/).
E at you shonld do to the travelling microscope to see a clear image

of the pin again? Let the microscope reading be (y) in this situatiou.

Mave the travelling microscope upward (until a clear image of Ois seen)  ........ (02)

(ii) Write down the experimental steps that you follow to measure the
height (1) of the liquid columm, (Let the reading be z.)

Float few fine plastic pieces/powder on liguid o (01)

and move the microscope (further) upward until a clear image of plastic piecces/powder
are seen. (Take reading z) tatresusnsts snresesssues vesanisersssessaressnssessassrsans 1)

(No marks for stating that the travelling microscope has to be focused)

(iii) Write down expressions for height (h) of the Eﬂﬂhmﬂ and the
apparent displacement (d) of the image using t gs x, ¥ and 'z

h=z-x

T T T P T T T TP T YT T =Ty YT .(Dl)
d=y-x S——(1) §

[Award full marks if h=x -z and d=x—y are written; But only 01 mark if answers are mixed]

01-Physlcs {Marking Scheme) G.C.E. (A/L) Examination 2021 (2022), E’l u
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() @) If the expression you have written in part (a) above is used to determine the
refractive index of the lignid (») using a graphical method what is the variable
that you are going to change in it?

h (OR The height of the liquid) wwssesms ereesssesssssmmsssseeseee (1))
(ii) What will be the dependent variable of the straight line graph that you going to draw?
d (OR Apparent displacement) yesoenironsuniverbidbroboiniimiaimmanns .(01)
(iii) Clearly labelling the axes sketch the praph -that you would expect. '
dh '
0 N
0 = h

ST ()

[02 mark for labelling d and % properly and straight line through (0, 0)/ appears as going
through (0, 0)]

m mark for fabclling d and 4 properly and a line with positive gradient with an
intercept. No marks for a line without labelling axes}

() Obtain an expression for the refractive index (n) in terms of the gradient (/) of the graplh,

Gradient ~ m=(1 —nlt ................................. (01)
~=1-m
L

nl = 1_m L1} LRI LI L AL R LlL]] ‘-.'Ill--llll.'llll.l'III"'II"!II'I!"‘.(UI)

(¢) If the gradient m =020, calculate the value of refractive index (n) of the Hquid.

1 1
M=z (ORTD) s s (01)
nl : 1125 llllll.ll'.ll'l.tll'll"lllll.lllllllll|'II.ﬁ!..ll.‘ﬂlliﬂi.lllllll'lli.lll'(ﬂl)
01 - Physics (Marking Scheme) G.C.E. (A/L) Examination 2021 (2022). Eﬂu
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(H When the height of the liquid column is 5:0 cm, water is slowly poured so that the liquid
floats on water. The toral apparent displacement of the image of the pin is 1'5em and the

. 4 . { .
refractive index of water is -3- Calculate the height of the water column in the cylinder.

d=d,+d, i iidtamsinass oo nsbisionmarisicbisinssisersiopisssiissmmsemsesiiioim{1)

[For identifying total displacement is equal to the sum of two individual displacement]
— ) 1_
d=5(1-%)=5xi=1cm
dw = 1!5 - 1 (fnr mbtrac‘ion} IIHIllIllll.l.lll'..lll'l'I'lII'IlI'l'.l.'l.“llI...t..lllll..llll-l.(“l)
d,, = 0.5
aay )
05= hy(1-3)

01 - Physics {Marking Scheme] G.C.E.{A/L) Examination 2021 (2022). . m
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4, Figure (1) shows a part of an experimental sel up 10 determine lhe resistivity () of matenal
of a given wire with the aid of a metre bridge. The resistance value of the resistance box is R
and the resistance of the given wire is 5. The length of the metre bridge wire AB is 100 cm.

R s
| | D
— L 2 i I K
C _ ]
A i )
1 - (1001
En
(} r
K, Figure (1)

(¢) A centre-zero galvanometer has lo be connected between points € and D, To protect the
centre-zero galvanometer the circuit in figure (2) can be used.

DAL A

) Cc—0B— D
.K:
Figure (2}
(i) Name the type of key K, 1o,
Plug key ceevenes (01)

(i) Seleet e suitable value for the resistance X from resistances 1 Q. 10Q, 160 € und
1000 £1.
I LI s . S T U PP PP PP TSP PPPE PP PP TR TRETIEEE

1000 Q ceverens (01)

(b) Before taking measurements how do you check whether the circuit is connected properly?.

jﬁan K, (and close key K ) veeness (01)
Dﬂlllflc sliding key with both ends of the wire and check whcther the deflections of the

galvanometer are in opposite directions ceeeenn (01)
01 - Physics (Marking Scheme) G.C.E. [A/t) Examinatian 2021 (2022). E 1 lu
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(¢) When the resistance value of resistance box is R, the bilance length of the metre bridge

wire is / (in cm). Write down an cxXpression for R

3 in terms of .. Neglect the end
corrections of the metre bridge wire.

ceere (02)

() For R=9Q, 26 Q and 56 Q the balance lengths are 27-0 cm, 52-0cm and 70:0cm
respectively at 30°C.
(i) What is the most appropriate value of resistance R that musl be wvsed in order to
determine the value of § accurately? Give the reason.

Value: 26Q e (01)

Reason : Then balance point is in the middle of the wire which minimizes the
Jractional/percentage/end error of length measurements. ... (01)

(i) Calculatie the most accurate value of § using the relevant balance length and R.

26 52
s 100-52 - (01}
S=240 (1))

(¢) The values of diameter measured in four different places in the given wire arc
0-39 mm, 0-40 mm, 0-40 mm and 0-4] mm, and the length of the wire is 480 cm.
Calculate the resistivity of the material of the wire. (Take x=13.)

s=2 0rp=20R p=“—”!@- cevern (01)

Avcrage of d= (0.39 +040+040+041)/4=040mm = ... - (01)
24x3x(4.m<10

p=—— I (for subsuﬁﬂ'lu everne (01)

p=60x10"0m[(6.0—6.1)x 10750 m) vaneens (01)

01- Physlcs (Marking Scherme) G.C.E. (A/L) Examination 2021 (2022}, E?It"
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]

H = 2 = 27 =

£ 90, 2= 5=243Q

] 2

! 2-1-,3>{3x(———4'”w—4)

] _ 2 — "6

P == 6.075% 1076 Qm
i - 56 __ 70 o_

EIf R=560, F=—"— 5=2400

! a2

: 24.0x3x(20x20

= 5;549—1 ) . 6.0x107¢Qm] E

| o o o -

(N When the abeve wire is kept at conslant lemperature of 100°C in an oil bath, for
R=20Q in the resistance box the balance length is 40-0 cm. Calculate the temperture

cocflicient of resistance of the materal of the wire.

-

Sp = So(1+ af)
At the room temperature 24 = So(1+a X 30)

20.0x60.0

At100°C,§ ==

=300

30 = Sy(1 + @ % 100)

24400 _ 1+30a
20.0%60.0 1+100a

a=40x10"3°C"! [¢=(3.7—4.0)x 102°C]

[At the room temperature 24.3 = S5(1 + & % 30)

_ 20.0%60.0 _
At100°C, S =—1-—"= 300

30 = Sy(1 + a X 100)

1 243%40.0 _ 1430a

1 =
1 20.0%60.0 1+100@
1

ta=3.7%1073°C1)

I ———— el e e

(g) For a certain type of malerial the temperature coefficient of resislance is-negalive around

room temperatire. Name the type of material.

Semiconductor material

eeneenns (02)

01- Physics (Marking Scheme) G.C.E. (A/L} Examination 2021 (2022).
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5. A pile driver system is shown in figure (1). The steel arm of mass 2000 kg pivoted ol point A is shown
in fgure (2) wilh its dimensions, The centee of gravity of the arm is located at G. A pulley of mass
A0 ke is attaclee) at the vpper endd (8} of the ann wnd it ean he rotated by an efectric molor. A cable
is wound around the pulley and its free end is connecicd to a steel cylinder of mass 800 kg. Negleer
the mass of the cable. The lengths AR and AC are 10m and 2m respectively. The horizonlu! distance
lrom point A to the line of action of the wmgh! of the steel arm is 2m. The arm is operaled using a
hydraulic :.ystu'u.

B et Fl'l"ﬁy s \.I3 24 "-H.

Steel nrm ;
i b
Hydraulic |
system !
!
i

G/, 10m _— ‘“CF] /
cylinder
= =
2

rﬁl/

2m A,

5
]

Pivot (A)

!
2m

F:gum il] 5 Figure (2)

() ‘Tu keep the arm and its attachments st equilibrium position a foree #, hns o he applied at point C
using the hydranfic system as shown in figure (2). The direction of F| is perpendicular lo the length
AC, Caleulate the value of this foree F| by taking moments about point A. For this caleulation neglect
the size of the pulley.

Ab) The force F| in (a) above is provided by compressed oil of a hydraulic
pump as shown in figure (3). The cross-sectional area of the piston of the
master pump is 4cm* and the cross-sectional area of the piston at point C
is 60 cm?, A force F, has to be applied 1o the piston of the masler pump
in ander lo obtain the Joree F.

-

(i) Name Ihe principle that must be used to calculate force F:.

(i) Find the value of F,. Figure {3)
(iti) What is the pressure of the compressed oil in the hydraulic pump?

01 - Physics (Marking Scheme) G.C.E. (A/L) Examination 2021 (2022). Eﬂu
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(c) The radius of the pulley is [0cm. The moment of inertia / of a pulley of mass M and madius r abont
ils axis of rolation can be given by J= %Mfl. The cable moves withont slipping.

(i) When the arm is at its maximum vertical poaii.inu as shown in figure (2) the stec| cylinder is
moved upward at a constant linear aceeleration of 0-§ s by ratating the pulley. Caleulaie the
torque that must be applied to the pulley by the motor in ordet to raise the cylinder.

(ify When the cylinder has maved upward to a certain height the motor is swilched off and the cylinder
comes fo a monwntarily stop after some time. Next the cylinder attached to the eable is allowed
to drop onto the pile while the pulicy rotntes freely. The centre of gravity of the eylinder drops

from n height of 583 m before the cylinder hits the pile. Caleulate the velocity of the eylinder

Just hefore hitting the pile. For this caleulation neglect frictional torques acting against rotation.

(iii) After the collision, the cylinder and the pile penatratc as a composite object into the soil wilhout
any reeoil. What type of collision is this? How do you identify this type of collision in terms
of loss of kinetic energy.

(iv) Culculate the velocity of the cylinder and the pile Just afier the collision, The muss of the pile

: isH{}Lg

(v) Ir zin‘nce penerrated by the pile in one hit is 20 ¢m, caleulate the average value of the

resistunce forve praduced by soil against penetration. |Take (6:25)* =39

(a) Take moment about A:

G\; Fy x2=2x2000x10+10sin30° % (200+800) x10 ... verennne (02)
[01 mark for identifying10 sin 30° OR 5]
F; = 45,000 N (OR 45 kN) R TP RSN RTPSTRLIRTN | |7 )
(b) (i) Pascal's principle. . PR ERUIPEN: (|} §
i e T . 01
(1.1) il >A R —— - (01)
=0k (For substitution) Enon
F,=3000N S (01)

(iii) Pressure P =§

F=3000Nand A=4x10"*m?

P= ;{‘1‘:14 (For dividing by correct area) ~ .......... ereseszrmesepesrtemgreerand] (01)
P=75%x10Pa(Nm?) (0l mark for value only) .coooruenne. errersennns(02)

01 - Physics (Marking Scheme) G.C.E. (A/L) Examination 2021 (2022). _ Eﬂ U
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(¢) (i) The moment of inertia of the pulley I = % % 200 % 0.1%2 = 1 kg m*® SRR (1) §

8000 N

Apply F=ma for the upward motion of the steel cylinder
T T=8000=05X800 e (02)
T =8400N
Apply T = la for the rotational motion of the pullely

B
C\- T—8400%01=1 x% SOOI (17

3

(01 mark for using @ = % (OR g) and 01 mark for the correct expression)

T=845Nm (01 mark for value only) e, (02)

(ii)_If the velocity of the steel cylinder is v and the angular velocity of the pulley is @

Enw ..,

Using the law of conservation of mechanical energy after falling a height &,

%mv2 + —;-!m"’ =mgh sosmsenstssasersensesensessessremeateemsaseeseivebbtpsiiisisissiisi(U14)

1 2.1 ¥z 45
3% 800 X v* + 5 X 1x o 800 x 10 x = sesissiivionivisiaisisaississeresnsivmial 1)

45012 = 800 x f‘;—“
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E"b‘l-‘l L
AiFeii
v? =100
v = 10 m SHI SsABREANEER SFABARREEERAREN ll...O..DIIGIIIIllIPU-'IOtlllll‘lllllll.l{oz)
Alternative method:
Apply F=ma for the downward motion of the steel cylinder
bi 8000 =T = 800Q -rmermrrmems=@.rrrrsssssssssssssssssseess (o1)
Apply T = la for the rotational motion of the pulley
’) EJ (17 x 2 OO (11}
T =100a @
®+®; 8000 = 900a
a=TmS? e (01)
b:u=0, ¢;a=ﬂ—:ms‘2 -L;sz%Em
Apply v? = u? + 2as
i 80,4
yvi=0+2x% -
. v=10ms™ eveerssrnssersssessee(02) ]
(iti) Perfect inelastic collision. TSRO RS RPP RPN | ) § |
The kinetic energy 108s is MAXIMUM oo (01)

(iv) If the velocity after the collision is vy, apply the law of conservation of linear momentum
for the collision;

Ji 800X 10=1280 X1, (for SUbSLULON)  evroeerser Enun
v, = 6.25ms™? st ee sdies kb i mmmmiasbiinssssl L)
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(vj Apply the law of conservation of cnergy for the combined system.

The initial kinetic energy is lost for work done against frictional force (F). The change in
potential energy is very small and can be neglected.

%x 1280 X (6.25)2 = F X 0.2 o sssmssessssensssssssasssssssssens (o1
F=124800N=1248 X 105N (L25X 105 N) oo (02)
{If potential energy is considered, >x 1280 X (6.25)? + 1280 X 10 X 0.2 = F x 02

SRRSO (1) )

F=1376 X105 N (138 X 105 N)  covevrmmmrrrumersssennrerens (02)}

fggtemative method:
nu
i; u=

625ms™, ;v=0, d:s=02m

Apply v =u? + 2as

;0 = 6.252 4 28 X 0.2 cornvrrerermsrerrerensessssssssssesensssasosseasesssss (01)
3 -2
a= Mms
Apply F = ma

L F=-1280x2
0.4
F =124,800 N = 1.248 X 105 N (1.25 X 105 N) ccvvsrrverren (02)

{1rthe weight of the combine object is considered, then

12800 — F = 1280 X a

F = 1376 % 105 N (1.38 X 10° N) cooccccccrcccemerrecrnee ©2)}
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6. Reatl the follawing passage nnd answer the questions.
The Dappler effect is the apparent change in the observed frequency of a wave when there is o relative
motion between the source protucing the waves and the observer. Here all the speeds must be measured
relative o the medivm in which waves propagate. Since air is assumed 1o be at rest relative 1o the carth,
normally the relevant velocitics are measured relative 1o the earth for sound waves. The change in frequency
Af (= observed frequency - emitted frequency) as a resull of the Doppler effeet is known as the Doppler shift.
The Doppler effect occurs for electromugnetic waves (oo, such #s light waves or micro waves. If the speeds
of the observer and the sonnce are very much less than the speed ¢ of electromagnetic waves, the Doppler
effect refationships devived for sound waves could be used for electromagnetic waves by substituting &
instead of the speed of sound. .
The speeds of moving vehicles could be determined by speed
measuring the relevant Doppler shift using clectromagnetie rap —_— -—l
waves. The instrument used for (his purpose is. knuwn I
a5 a speed teap which conyists af o radar transmiiter and W
& radar receiver. Fromi the tansmitter microwaves are -
emitted in shorl pulses and nimed directly 10 2 moving
car a5 shown in ligure (1),
The emiwed microwaves reflect Irom the suduce of speeding cur and return to the receiver of the speed
trap. By measuring the resulting Dappler shift, the speed at which the car moves is determined und
recorded. In this type of applicalions, use of microwaves has nn advantage aver the other waves becayse
they can penetrate [og, light rain and smoke,
e} What is the Doppler effiec? b

Figure (1}

by Normutly he relevant velotitics in Doppler effect are measured relative to the santh for sound wuves, What

If reason for this?

] ar teunsmitter emits microwaves of frequeney Ji. The car shown in the figure () approaches
the speed trp at speed n, Wrile down an expression far the frequency 7 af microwaves teceived
by the car in terms of £, o amd ¢ considering the (ransmitter of the speed trap @ & stationary
souree und the car as a moving wbscrver, .

(i) Now the cor ncls 48 0 moving source emilling microwaves with frequency J*. Write down an
expression for (he frequency f“af microwaves detected hy Uie receiver of the speed trap in terms
of /7, & and e,

(i) Combining vxpressionps obtained in (c) (i) and (e} (i) above, derive un exprassion for /* in lerms
of fo. 1 and e,

{iv} Taking we<<e, show that the Doppler shift Af abserved by the speed trap is piven by Af = fl'ligf
V) 17 f, =31 W0 1wl Af = 000 TEe, calculnie the speed o of the car in km W',
(Take ¢ = 30~ 10 ms .

Suppose a wind is blowing towards the speed trap from the car. Does this affect the speed meusursment
of the car? Give the reason for your answer.

w,

—

() IF the speed trop is oof aimed direetly 1o the ear bur rather at an angle W it, will the speed of (he
car measured be grouter, equal or less than the, value calculated in (&) (v) above? Glve the reason
for your answer.

() Now consider a police car with the spoed trap moving at o speed V is chasing behind the car moving
with speed w s shown in higure (2). In this siwation the relationship obiained for Af in (c}(iv) nbove

has 1o be modified as ‘“f=fu2(:-")

(i) Determine Ay if V=100kmb™. Use the valve of
n ohwined in (c) [v? uhove, (Give your unswer (o v u
the nearest integer in Ha) --:SI 7

(i) Explain why Af<0 in this case. # {1
(iii} Which method 8 more accurate to tdetermine the EL@ 4CE =

speed moof (he car by considering the Doppler
shifts obiained i {c) and (f) above? Justify your
answer, *

Pigure {2)

(¢} Wrile down an advamoge of using microwaves in this type of upplications.
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(a)The Doppler effect is the apparent change in the observed frequency/wavelength of a wave

when there is relative motion between the source (producing the waves) and the observer.

ISR (17)

(b) The velacity of air is considered at rest relative to the earth/assumed to be zero OR assume
that air is not blowing (moving) OR assume that airis still ~ c.ciceiiiicinieeniinienn. .

Eu

@G0 f'=fo (”’T“) eevevereaeteaetanas et ennsanenaas (02)
i) f"' = f' (ﬁ) ....... F———— (02)
a7 =f (%) ()

"=/ (‘:—D | sbunuisicuniiraiaeibnisonbensivacimnisioiiis.  (UR)
(V) AF=F"—fo e reeerstassensnasaeeas 1)

5f=f0(ii_z)“’fn
ar = £, [(E) 1]
.«.:.l}:l' - © eeeseserenesessasaensasasnse .. (02)

.ﬂf:fuz—:- since u K ¢

2u

(v) 7000=3x 101° T (for correct substitution) evsuRuRsa s P e sne (02)
u=35ms" cassssesessprennunadbensensernrns iiBaiis (01)

u =35 x 3600 x 1073
u=126kmh! e R (02)
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En
(dNo e PO (1) §)
speed (c) of e.m. waves/micro waves do not depend on motion of wind
OR e.m. waves/micro waves do not need a medium to propagate PR ST (02)
() Tt will be less b SRRSO Er SRR R ORI disijassianasnanians R (1) §]

The measured speed towards the speed trap would be a component of the car’s speed OR
ucosf, (where @ is the angle between the direction of the car and the line joining the speed
trap) OR a diagram drawn as shown '

..... seerernensesenssenssessensaressnsseseses (02)

—
; _ 10 o 2(100-126) _ 103 . et '
N (@) Af=3x10" x=F——X= (forcorrect substitution)  .eveeveeereies (01
Af =—1444 Hz Ssisssssarostassasans ssensrennine (n2)

TEO not consider the negative sign)

e’c%Hs moving away relative to police car/speed trap OR the separation between the
car and the police car/speed trap is increasing. (Therefore the observed frequency is
less than f3)

(if)

[Do not award marks for this pari]

(iii) Method mentioned in (c) Sitissisinesissasasssssuesusnnsvsvivaviven (11)

Observed Doppler shift_in (c) is large compared to the method in (/) vveessesees (01)

Therefore the . speed of the car can be measured more accurately OR

fractional/percentage error in the speed measurement is small — woveiivecnievonnn (01)

() Micro waves can penetrate fog OR light rain OR smoke. (for one advantage)
............ (01)
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L. (@) (i) Write down an expression for the viscous force F acting on a small sphere of radius r moving
at terminal velocity v in & homogeneous fluid at rest having coefficient of viscosity .

(iiy A small sphere of radius r made of material of density £ is moving vertically downward at

terminal velocity v in a homogeneous fuid of density @ (where -P<8B) at rest and cocfficient
of viscosity . Obtain an expression for the terminal velocity v in terms of 2. f, # 4 and g.

(h) A mixture of spherical sediment particles has to be separnted depending whether thcir sizes are greater
than or less than 2 jun using respeetive teminal velocities. The mixture is mixed and shaken well with
small quantity of waler and gently poured on lo the surface of waler In a beaker. After this the height of
the water column in the heaker 1: [0cm. The densities of material made ol sediment purticles and waler
are 1900 kg m™ and 1000 kg m™ respectively. The coefficient of viscosity of water is 1-0x 10~ Pas. How
long will it take to precipitate all particles having diameter greater than or equal to 2 pm? Assume that

,.E particles reach their terminal velocities as scon as they are poured on lo water surface.

Mnmml without weuring a face mask or face shield releases liny droplets of diameter 20 pm to
the nlmnqphue at an initial horizontal velocity of 20my™" by coughing. If the density of droplets
is 1080 kg m™ and the density of air is negligible, what is the vertical Lerminal velocity acquired
by dropleis? The coefficient of viscosity of air is 2-0x 10~ Pas. Assume that nir is still.

(ii) Sketch the velocity-lime () graphs separatcly for

(1) the vertical component of the velocity (v,) and
(1) the horizontal componenl of the velocity (v,) of a droplet.

(iti) If the beipht 1o the mouth from the ground is 1-50 m, how long will the droplets suspend in
still air? Por this caleulation assume that all droplels reach lhe;r tcrmntal velocity as soon ns
they enter the atmasphere.

(iv) Practically the evaporation of exhaled droplets while they are in air has to be considered. Giving
reasons, briefly explain what will happen 1o the horizontal dﬁplaccmcnt of the droplets as a resull
of evaporation during airbomne time. e .

{v) Low atmospheric tempernturc or high reladve homidity Loudluons cun cnuse more drupletq o
settle on the ground. Justify this statement.

7. (a) (i) F=6INrv  wesesmssessssssssnnens rssermsssiooimiiiome iimsseniisisiimsiiitssiigsoiisisnme L)

U (upthrust)
(ii)

F (viscous force)

mg (weight)
Weight (mg) =-§-m’3_ﬁ’g P PSRN PR E NP AP RS TR SRORION 1)}

Upthrust (U) = SR72pGermmurmmssssmsssssrssasmssssmsssssssmssmssssmissssssssssasssn01)

Viscous force F = 6mnnrv
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AN EVF
When moving at terminal velocity, there is no resultant force on the sphere
(OR identification of no acceleration and hence at equilibrium of forces)
OR F+U=mg o esessanens(01)
6mnry + 3nr3pg = Smr3fy reenesssmmssssesssmsmsmsmsnsnossassesessenrssenermssnesssseans(02)
(The above 02 marks allocated for mg and U can be awarded here)
4
6y = (B - p)g
v = w SANAEA NI ARSI N NS A AR NS SR SRR (02)

m
1(:‘;\@% 02 marks for (a)(ii) part if the cxpression is written without derivation)

() r=1pm=1x10°m, p=1000kgm™ F=1900kgm>and p=1.0x107 Pas

2 .
Substitute in v = 2-9&=#)

on
_ 2%(1%1075)2x10%{1900-1000) o
v= RLDRE (for substitution) sesnnnnesessansnas(02)
v=2x10"% ms™?! sesssssaserrssenseiasnesssesrssersasarresnsninsassassssssssssssssss(U2)
. _s_ 01 iy
Time t = s “o=s S (for substitution of values) | SR—— )
1=5x10"'s . cssieosesineise TR (01)

(c){iEr= 10 um=1x10"m, F=1080kgm™ and n=2.0x10°Pas
nu

z
Substitute in v = % (for identifying p= 0in the eqUAtION)  weeverssmmseens(01)
__ 2x%(1x1075)2x1080%10
l? e 9x2.0x1u__5 ...........-......--.--..........-...(02)
r=12x10"2ms™? issiceisaisisisiionsmivivericsol 02)
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(il
V4 Horizontal component
20ms’
{0, 0) f : .
(f\ward marks only for the correcl shape and no terminal velocity) — .cceevccivennnees (02)
(Do not look for the value of the velocity axis; do not consider the labeling the axis, curve
does not need to touch the ¢ axis)
v Vertical component
-1
1.2 fom oo mme e oe oo, (A line reaching the terminal velocity) ......oeooereeneeea(02)
{0, 0) t
o not look for the value of the velocity axis, do not consider the labeling the axis)
iy AP Time t =2 =—22 for substitution of values) (1)
(iif) imet = = (for substitution o e
t=125s T assessiessaesiisiineiistanion .(01)

(iv) As aresult of evaporation, the radius (diameter/ size) of the droplets reduces and the
terminal velocity will be reduced. SRRSO (11 §

Therefore, the droplets will stay a longer time in air and the horizontal distance will

INCrease.  ereeseseseseensesseenren ((12]
(v) Due to low atmospheric temperature or high relative humidity, the evagoratlon (of liqmd
from the surface) will be less. -..(01)
Therefore, the terminal velocity will not be reduced. (This cause faster settlement of
droplets than in normal situation.) wa(01)
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8. (a) A proton of mass m and charge 44 moving at speed v enters perpendicularly to a uniform mognetic
field of Mux density 4.

(i) Write down an expression for_the magnitude n’E force 7 acling on the proton due to the magnetic

feld,

(i) Due 1o the above force the proton moves in a circular path. Derive an cxpression for rudins r
of the path.

(iii) Obtain un expression for thg time 7 taken by the prmlon to camplele one cycle in terms of m,
q and B, '

(iv) Let m=1-6%107" kg, g=16x 107" C, v=96% 105 ms™ and B=30x 105 T. (Take x=23).
(1) Determine the radius (r) of the circular path of the proton.
(11} What js the number of revolutions per second that the praton makes?

(&) Now an another proton enters with the same veloeity v at an angle 8 with the dircction of the magnetic
ficld, as shown in figure (1), >

(i) Name the shape of the path of the proton. Using the parallel and

perpendicular cmponents of the velocity of the proton with respcc[ Fl,{i B
P

tw the fickl explain how you arrived at the answer.

+q, m
(ii) Using the vulues in {u) (iv) above caleulate the time required for the —-)-E#’LI

proton o complete one periodic time 7. Figore (1)

(iii) During this lime T the proton travels a distance p parallel to the magnetic field. Write down an
expression for the distance p travelled by the prowon during this tme in terms of v, 0 and 7,

(iv) If @ =30° caleulate the value of p? {Take Ji =17)

{v) IF the distance travelled by the proton along the direction of the magnetic field is 16320 km, what
is the time iaken to tmvel this distance?

Path

Figure (2)

(¢} A non-uniform matgnetic lield con be formed vsing wo current carrying coils as shown i ligure (2).
This type of moagnetic field forms a “magaetic boule™ and it is an arcangement that permits to confine
charged particles. The puth of o positive charge particle is shown in the same figure,

(i) Explain why the radius of the path of the panticle at position P is smaller than thar of ot position Q.

(ii) Copy the relevant points with directions of v and B from figure (2) on 10 your answer sheet and
draw the directions of the magnetic [orce cr.pcrienced by the charge paricle at each positions P,
@ and R using armows.

{iii) Giving reasums prove that the charge panicle may uac:uatc buck and forth between the 1wo ends
of the magnelic boule,
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(a) (i). F =quB R (173

(ii). To move the charge particle in a circular path F = quB acts as a centripetal force
towards the center

When moving in a circular path the magnitude of centripetal force is equal to that of the
centrifugal force

quB = "‘T"z ........ (01)
_m
TS e (01)
(iii). Time taken to complete one circle T =2 sevenees (01)

Zmrm

=% Emnp?y

I mv
(iv).(I). r=10
1.6 % 10727 %9.6x10°
30x10-5x1.6x10-2* o e (01)
r= 32X 10° m evaees ([]1}

2nm
(). ="
mber of revolution per unit time f = = = -+
T Zmm
3.0x1075 x1.6x101*
== . e (01)

f = 500 Hz (500 rps) seneness (01)

(0) ().
Velocity component parallel to the direction of the magnetic field is vcosé

Due to the magnetic field there is no effect on the parallel velocity component, therefore

it pushes the charge particle to travel along the field direction e . (01)
01 - Physlcs (MarkingScheme) G.C.E. {A/L) Examination 2021 (2022). Eﬂu
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Velocity component perpendicular to the direction of the magnetic field is vsiné

Velocity component/ vsin@ is perpendicular to the magnetic field, Therefore due to
v sinf particle moves in a circular path

LE LR} 1] (01)
The resultant of above two paths gives a helical path. ' b sesessse 02)
i - Znm
(ii). | T= ¥
' 2x3 x1.6%10727
T= 3%10~5%1.6 X 10-19 « (01)
T=2x10"3%s . (01)
(iii). p = velocity X period of the motion . . .
p = Tv cos@ ) EnuOZ)
(iv). p = 9.6x10° X 2 X 1073 X cos30° SO (1) )]
p =9.6x10° x 1073 x 1.7
p=1632m e (01)
). 16320 x 103 = 9,6 x 105 X cos30° X t veerrens (01)
— 16320x107 -3
ORt = T X 2x10
Time taken t = 20s S _ veeenens (01)

(-:Ea} gnce the magnetic force is perpendicular to the velocity there is no work done
OR, kinetic energy is constant OR %mvz = constant OR speed is a constant ...... (01)

B2g?r? -

= = Y.
—— = constant (OR r = Bq)

rm% ...... (01)

B is stronger/higher at P and weaker/less at 0 seaane (01)

Therefore, at position P radius is smaller than that of at position O
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AJTEEEF
v F
Vv
5 - K
P B B
. Q F
F Vv
Only the correct direction of F is accepatble vereenns (03)

[01 mark for each correct diagram]

(iii). The components of the force F at P and R along the direction of the axis of the
bottle vary with position and always directed towards the center plane of the
E&z? Therefore, charge particle oscillates back and forth between the two ends

magnetic bottle)
........ (02)
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9. Auswer cither part (A) or parl (B) only.
Part (A)

() A conducting metul wire of length { and arca of cross-section A has n number of free electrons per
unit volume. Electrun charge is e,

(i) Write down an expression for the fotal number of frec electrons available in the Wy
\“EIM‘ the

(i) When a potential difference ts applied across the ends of the wire & current [ flo
wire. Derive an expression for the drift velocity (v) of clectrons in the wire in terins of I, n, ¢
and A.

{b) An electrician uses two metallic wires X and ¥ made of same material having the same length (1)
but different cross-sectional arcas A, and A,. They are connected in series and then in pamilel 10 the
same constani vollage sourve scpurately.

(i) Write an expression for the vatio of respective drifi velocities of electrans [-‘-’L) moving in the
wires X and ¥ when they arc connecled in series. r

{ii) Writc an expression for the ratio of respective drift velocities of electrons (T'L] moving in the
wires X and ¥ when they ore connected in parallel. r

(iii) Plot two graphs separately to show the variation of respective drift velocities (vy and v} along
the length (N of ubave series and parallel wire combinations. (Take A > A,)

(¢) (i) A copper wire has a cross-seclional area of 25 x 17 m% Caleulate the drifi velocily of electrons
through the wirc when the cument is 40 A,
(¢ = 1-6x 102 C: Number of free clectrons per unit volume in copper = 80 0% m

(i) 1n a conductor, free clectrons have random motion and the random speed {mean thermal speed) o
a given temperature cun be calculated considering the mean kinetic energy and mean thermal energy
Erec clectrons i that lemperature. The mean thenmal cnergy off Tree electron al temperanie T

n%y %ﬁ'T where & is the Bollzmann constant, Caleulate the mean thevmal speed of fiee
electrons in copper ai tempermure of 27°C,
(Tuke mass of clectron = 90x 107 kg, Bolizmann canstant = 1+4 5 107 JK™)
(Take 1.}‘1-4 =1-18}
(ii1) The mean thermal speed of free electrons in a conductor is typically vesy large compared o th

drifl . veluzity. Bul why do the free clectrons with their mean thermal speed in a conduclor can
not cause any curienl flow without applying un extemnal electric fiekl?

() The mobility () of charge carriers in a conductor is defined as the magnitude of the drilt velocity
per unit extemal electric ficld intensity that Is being applied.

(i) Culeulate the mobility of electrons in the copper wire mentioned in (¢) (@) above if an electric
fieki of intensity SOV m™' is applied along the wire,

(i) In the development of organic light emilling diodes (OLED) mobilisics of charge curriers of
organic materials are increased to lower the applied electric field und there by achieving a higher
efficiency. What iy the percentage reduction of applied electric field intensity il the mobility and
drift velocity of charge carriers of an organic material are increased by 20% and 10% respectively?
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(8)  (i). Total free electrons in the wire=nlA e (01)
(i).
Total charge flowing in the metallic conductor during atime f=neld ......... (01)
1=222= nedv weeereeens(01)
ot
v — ﬂe{l -------- .(n])
(b)  (i). Series
!1 = lrz ------- un(ﬂl]
(For identifying that same current flows through both wires)
TI e A'l ‘I'Jx =T E Az v}r -0-0.--00(01)
Vx A
s Enzon
(ii). Parallel
Vi=VW, T daseeenns (01)
(For identifying that same voltage appear across both wires)
LRy=LR, e .(01)
nu !
Aty p—= nA;v,p—
nay Uy a 2Vy P
Vx
e 1 R (o1)
[If a student argues that the electric field acting along both wires is the same and
therefore the corresponding drift velocities are the same award all 03 marks]
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Entt
(iii) Series
| NS L |
; ; Es2/0»

[for identifying v,> v, —01 mark]

Parallel

© Effu
_ 4
T Bx10%8 x1.6x10-1? XZ.5x10°7

_ 1
T 8x10?
v =1.25%x 1073 ms™?

(il).

v

Kinetic Energy = % X9 x 10731 x »?

Thermal Energy = % X 1.5 X 1072% X 300

01 - Physics (Marking Scheme) G.C.E. (A/L) Examination 2021 (2022),
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E#l
>Xx9x 1073 x v? = 2X14x1078 %300 e (01)
(for equating L.H.S, with R.H.S)
v?=14 x101°
v=118 x10° ms" | envesenn(01)
(iii).
The average thermal velocity of free electrons is zero OR Free electrons are moving
in all (random) directions OR Net velocity of free electrons is zero .+(02)
@ ()
_ v
k=3 Enpy

__ 1.35%107%

= - svsnesnns {01)
p=25%x10"5 m?*V?s' (02 marks for the correct value) veeernens(02)
(i).
—-120% andv — 110%
Ncg%éﬁ::—;g ceeeneees(01)
New E as a percentage = -1—; x 100=91.6 %
Percentage reduction = (1 — -:—l) % 100 (for taking the difference)  .eeeees .(01)

=83% [8-9%] e (01)
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2T
Part(B)
Fgure (I) shows the current ([) - voltage (V) characteristic curve for a diode.
I
(a) Name the dioda wiuch s represented by figure (1).
(b) Figures (1) and (3) show silicon diodes nnd two resistors with resistances
R, and R,. A and B mpwts can be OV or 5V. For all the caleulations v,
nse the characteristic curve given in figure (I). 0] 07V
+5V¥
A
F 1
R, B FOvp igure (1)
A Fvp) R.
B L

Figure (2) Fignre (3)

(i) For different combinations of juput voltages given below, determine the output voltages V, at F
and complete the following table for the circwits given in figure (2) and figure (3) respectively.
(For this purpose copy the table twice on 10 your answer sheet)

AV BV Ve (V)

« 0 )
0 5 'F'«”
S 0 ki
5 5

(i) When considering the output F only, if 3V (or close to 5V) tepresents binary 1 and 0V (or
close 10 DV) represents binary 0, name the respective pates corresponding to the circuits shown
in figure () and (3) above and write down their lruth tables.

(i) Caleulate the suitable values of R, and R, winch limits 0-3 mA of total curtent flowing through
both diodes in each cuowit,

o) A student wants to build a logie circuit that will fing nu alarm at an office with one door and one

window if the door or window or both are opened after office hours. The related logical variables are
ay follows.

Inputs: Time: T"= 0 (doring office hours), T = 1 (after office hours).
Door: D = 0 (door is closed), D = 1 (door is opened).
Window: W = 0 (window is closed), W = 1 (window is opened).
Outputs: F = 0 (alarm not finging), F = 1 (alarm finging)
(i) Using logical variables T, D, Wand F mentioned above, write down a trath table that will satisfy
the required conditions.
(ii) Obtain the comespondiug logical expression for F.

(ili) Simplify the logical expression that you have written in (¢) (ii) above. (You may use the identities
' W+ =1 and DW+D=D+W).

(iv) Draw the simplest logical circuit thal can be used for this purpose.
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LIt
(a) (Hypothesized) silicon diode/(practical model of a) silicon diode vererererarannrenens(02)
() M
AV) | B(V) Vr(V)
E-‘ti ]
0 ekl S NAY
0 5 07V
5 0 0.7V
5 5 5V
cannsversoerissrorereass (02)
[For any three entries correct — 01 mark]
AV) | B(V) Ve(V)
0 0 oV
0 5 43V
5 0 43V
5 5 43V
amsnasy SEssssERNIsEERRRES [TTER] (02)
[For any three entries correct — 01 mark]
() Fig. (2) AND gate ssssssessnseeseRRstsRTRRRbGIE (02)
Fig. (3) OR gate aesssnenins ieesssitsonbassnne (02)
A B F
LU
0 0 0
0 1 0
l 0 0 asseNERiaREsRRRRRRR RS (EL L L L (l}z)
1 1 |
01- Physics (Marking Scheme) G.C.E. (A/L) Examination 2021 (2022). Enu
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j

(179
A B F
0 0 0
0 1 l
ssssdanswn teEEFAPR RS R EREAS (02)
1 0 1
E 114
] "1 1
(iii)
__(5—07) (or 43}
Rl - ﬂ.sxlﬂ_ﬂ AssEssaRENIRES LR R R AL R AL L Ll (01)
R, =86kQ ORB6X10°Q  seeereeeineens ssssnsnsinnssive (O1)
= (43-0)(or 4.3) N
Rz — D.Exlﬂ'i LI R LI I T ] FENNEEEEEERTIESA (01)
R,=86kQ OR 86x10°Q e sesesenina R—— (01)
(c) (0
T D W F
0 [0 |00 31" ? ;’7 *g
0 0 | 0
0 I 0 0 OR 1 0 1 1
1 0 0 0 1 1 | 1
I 114 ! ]
I =TT e (04)
1 1 ! 1 [ 01 mark for each correct row with 7'=1]
(i1) _ B
F =TDW + TDW+ TDW cesrasarann passeaseserrenarats (03)
[01 mark for each correct term]
(iii) F = TDW + TD(W+ W) )
F=TDW +TD =T(DW + D)
F=T+W) e N (02)
01- Physics (Marking Scheme) G.C.E. (A/L) Examination 2021 (2022). Eﬂ U
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(iv)
T
F
D
W
TR IR ETR RN RAR R RN R R L L0 (03]
[No marks for any other circuit]
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10A

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

When exercising, human body produces energy and a ﬂigh percentage of this energy is converted into
heat. If this heat is not removed the body temperature will rise. In order to maintain al body
temperature, heat is dissipated by cvaporaling the water in sweat. The heat of evaporution ol water is
provided by the body.

.,
(@) When a person of mass 75 kg is riding an exercise bike the rate of energy produced js 800 W. Qui of
this energy 75 % is converted into heat. Neglect the loss of heat due to respiration process.

(i) What is the amount of heat produced by this person during 30 minutes of cycling?

(ii) In order 10 release this heat, what is the mass of water that should be evaparated? The specilic
heat of evaporation of water al body temperature is 2-4 x 1083 kg™, (Equation @ = mL can be
used for this.)

(i) What is the volume of water in millilitres which corresponds to the mass caleulated in () (ii)
above? The density of water is [-0x 10%kg m~>,

(iv) Caleulate the temperature rise of the body during the 30 minutes period if this amount of heat
is not relensed from his body. Average specific heat capacity aof the body is 3600 Tkg K™,

it) The abuve person inhales a volume of 4-5 x 104 m® of air at atmosplieric pressure and at 277°C in
each breath. The respiration rafe of the person is 20 breaths per minute. At the lungs, inhialed air is
healed up to 37°C.

(i) Determine the final volume of air inhaled inside the lungs after a breath. Assume that the pressure
ol inhalec wir inside the Jungs is equal to the atmospheric pressure.

(i} Calculate the rate of work done by the tungs in order to remove all the air inkuled while
exhalation. (Atmospheric pressure = -0 X 10° Pa)

() A closed gymmasinm hus several exercise bikes. When people are not eaercising in lhe pyinasiom,
temperature of the gymnasium is 30°C and the relative humidity is 75 %. Saturaled vapour pressure
afgeraler at 30°C s 32 mm Hy.

0 Write down an expression for relative homidity -in terms of waler vapour pressuces.
(i) Determiine the water vapour pressure existing in the gymnasium.

(iii) What is the mass of waler vapour present in Ihe gymnasium? At 30°C ubsolute humidity of
satirated water vapour is 30 g m, The volume of the gymnasium is 600 m.

(iv) Suppose four people are riding cxercise bikes in the gymnasium. Assume that the temperature
of gymnasium does not change and the mass of water vapour released by cach person during
30 minules is equal which is same as the value obtained in (@) (ii) above. What is the new
relative humidity in the gymnasinm afler 30 minutes?

(v) Once the riding af bikes is over the gymnasium is cooled 10 20°C and some of (he water vapour
is removed by an air-conditioner. The mass of water vapour removed by the gir-conditioner is
6300 g. What is (he final relative humidity of the pymnasium at 20 °C? Absolute humidity of
saturated water vapour at 20°C is 20 g m™.
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B
(@. ().
Amount of energy produced in 1 s =800J
Amount of heat produced in 1 s= 800 X % (1) )
Amount of heat produced in 30 min =800 X % X 1800
=1.08 % 10°] R (01)
(ii). Heat Q=mL
1.08x 10 =mx24x10% e (01)
Eny, _ o4 ke T e (1)
(iii). Volume of 1 kg = 1000 ml
Volume of 0.45 kg=0.45 x 1000 ml e (01)
Volume of water = 450 ml . (01)
(iv). McA@ =ml
:i::x 3600 x A8 = 1.08 x 10° (1) )
cmggryturc rise of the body during the 30 minutes period A8 =4.0°C ... (01)
. V, _Va
®).(0- noT
45x107% _ vy
WA om e .. (01)
Final volume of air inhaled inside the lungs after abreath=4.65x 10% m* ... (01)
Gy, W=PAV . (01)
work done by lungs = 1.0x10° x 4.65 x 10 cevenene (01)
Rate of work done by the lungs = 15'2%20 (award this mark for x %) vee (01)
Rate of work done by the lungs = 15.5W .(01)

01 - Physics [Marking Scheme] G.C.E. (A/L) Examination 2021 {2022).
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(€).().-
Water vapour presure at a temperature
Relative humidity = x 10
o Saturated vapour presure at the same temperature 0
pour p p
OR
Saturated water vapour presure at dew point
Relative humidity = X 100
Y= Saturated water vapour presure at the room temperature
........ (02)
(ii).
water vapour presure ata temperature -
Relative humidit X 100
i Saturated vapour presure at the same temperature
75 = vﬂpﬂugﬁm”e ........ (01)
Vapour pressure in the room is =24 mm Hg , E’.ndﬁ])
(iii). Relative humidity — Absolute humidity of air inside the gymnasium 100 - (01)

Aabsolute humidity of saturated water vapour

5 absolute humidity of air Inside the gymnasium

100 30 %100

Absolute humidity of waler vapour at room {emperature = % x30gm™3 ... (01)

The mass of water vapour in the gymnasium = % % 30 x 600 R (1] )

=13500 g (13.5 kg) R (1) §
(iv). Eaporated mass of water = 0.45 X 4 kg
o’t’a{‘llgmount of water in the room after 30 minutes = 1800 g + 13500 g=15300¢g

. (01)
Amount of water vapour in 1 m’ =3%Bm- =255g T i (01)
Relative humidity = % x 100% " cereeen (01)
Relative humidity = 85% o e (01)
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(v). Amount of water vapour in 1 m* S —— = 15.0g

(for subtraction 01, correct substitution 01)

‘El,g;qifg[ative humidity = % % 100 % (for substitution)

Final relative humidity of the air at 20 °C = 75%
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Part (B)

Figure (1) shows o hollow cube with four different types
of metul surfaces. The cube filled with hot water is ysed
(0 demonstrale (he intensity variation of thermal radintion
emitled from differcat surfaces with temperoture, Four thermal

Hollow cube
Shiny black

P

Shiny silver

. Mau
detectors are kept st same distance from each surface to \, . white
measure the lempernture of the surface.

[Let Stefan constanl o=64% 10" Wm2K™, A

Wien's displacement constam = 2900 pm K] 7 N

For following calculations yon muy use Tuulariom e Mart. black

00y = Bx 10%, (310)° = 92 10%, (360)* = 16% 107, Figure (1)

wd (373)F = 1Wx 0¥, _ '

() (i} What tre the {actors allecting absorption und emission of thermal radiation from a surface?

(i) The measuring range of a thermal detector is from 2001C w 400 K. Calculate the peah wavelenglhs

FLm (waveleapth at the maximum intensily) corresponding 1o the minimum wnd the nuximurn
temperatures of a blackbody surfuce that can be measured using the thermal detector.

{iif) Name the region of the cleciromagnetic spectrum that the peak wavelengths obisined in {a) (i} above

E belengs ta.

(18] m"%ﬁ cube consists of four differemt 1ype of surfaces of matt white, matt black, shiny silver. and
shiny black. Thermal detectors display the readings of (not in order) K7 °C, T2°C, 47'C and 3770
corresponding 1o the surfaces of the cube.

(1) Tdentify and writedown the temperature readings correspondiug (o ench surfuce.

(i) Which surface has the maximum surface emissivity?

(i) If the ruom temperature is 27 °C, assuming the emissivity of the surface identified in (h) i)
phove 16 be |, caleulate the relative emissivily of the shiny silver surface.

(¢} Net rate of radiation heal transfer per wnil aren (Q) belween twa parallel surfaces with emissivities ¢,
und e, and emperures 7 and ', (7, > 'T,) respectively is given by,

~ a(?;‘-'r;]

[-l- + I:!‘ a i ]
t"l !..‘I:

A speciel box type Thiermos Mask consists of three walls A, B, and C a3 shown in figure {23, The
outer sinface of wull A and the inner surfuce of wall # are coated with silver. Walls A and B ore
separated by 1 vacuum,

(i) What is the reason for maintaining o vocuum in between walls
A and 7

(i) Why silver couled surfaecs are used for walls A and B?

(i) Calculate 1he net rate of mdiation heal transfer per nnit urea
between outer wall of A and inner wall of B if the cmissivity of
the silver couted surfoces is 0402, Assume that the temperature off Vacuum
the outer wall of AI and inner wall of 8 are 100°C and 27°C, A
respectively. (Take E!-—[H”) 5
(iv) [f the heat transfer between the outer A and inner B walls is
due to conduction, instead of radiation, calevlaie the thickness of +—C
an insalator material of thermal conductivity 66 x 10 Wm™'K-1

that must be used o obtain the same rate of henl transfer per
unit area caleulated in (o) (iii) above. Here assume steady state Figure (2)
condilions.
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(a) (i). Nature of the surface/emissivity, area of the surface, surface temperature, material

(Any two of above factors)

(it).
(For correct substitution)
Am = 14.5 pm
M = o

(For correct substitution)

Am = 7.25 pm
(iii). Infrared / IR

(b) (.

(ii).
(i),

Matt black: 87 °C
Shiny black: 72 °C
Matt white: 47 °C
Shiny silver: 37 °C

Matt black

Tﬁciaﬁre of the Matt black surface= 273 +87 =360 K
Temperature of the Shiny silver surface =273 +37=310K
Temperature of the Room Temperature =273+ 27 =300K
Relative emissivity (€shiny silver) 0 the shiny silver surface

_ (310%-300%)

(360*-300% )

{9%10%-8x10%)
(16x10%=Bx10%)

0.125 (0.13)

veeene (02)

ceeees (O1)

ceense (OT)

e (01)

e (O1)
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(¢) (i). To reduce the heat transfer by conduction and convection e (02)
(01 mark for conduction and 01 mark for convection)
(ii). Prevent heat loss via radiation e (02)
(iif).
_ o(n* -1")
Tyl 1
& + 5 1)
6x1073(19x107-8x10%)
Q= e (02)
(eestas) ,
(substituting correct temperatures in Kelvin - 0 ma?k’j‘
R ©1)
. =6.6Wm? (correct value 01 mark only)  .eveenes (02)
- (iv).
Q_ 0
o k T e (02)
66 =66 x102x2 L (01)
-2 I 73
<
[ =73 cm cervananed02)
D1 - Physles (Marking Scheme) G.C.E. (A/1) Examination 2021 (2022). _ E’l’ll
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