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

1. A mass {m) 15 suspended by 2 helical spring with a pointer attached 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 constant (k)
by using a graphical method.

{@) (1) Wnte down an expression for periodic tume (T) of verucal oscillations of 3 mass (m)
suspended by a massless spnng of spnng constant (k).

T=20 [T eesssssssssmssssssisssssasies (02)

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

2z
?Iz — ("%’)m lllllllllllllllllll 1‘!.04!!!r¢ti-...'....lﬁliifiii(ot)

(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?

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

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

[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?

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

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

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

(ii) What is the characteristic property of the instument mentioned in (&) (i) above wluch
t;’tl ﬂﬁ fractional error of time measurement? (Let the value of this property be x.)

P . T

(iii) Let the approximate time per oscillation be . Write down an expression for the
minimum number of oscillations () that should be taken in terms of v and 7 in
order to obtain a percentage error of 1% in periodic time determination.

1 _x
=X (01)
n= mf" ..................... (01)
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(d) The student obtained the following graph in order to calculate the spring constant (k) of the
helical spring.
T3 (x1075)
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(i) Calculate the spring constant (k) of the helical spring in SI units using the above
graph. (Take 7°=10)

ar?

Gradient(m) =—— e (01)
2
(Identify the gradient as )
Sclecting points (80, 30) and (280, 80) RN, |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]
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(80-30)x10"2

Gradient = (280-80)x10~3

(for substitution)

4n® _ 50 %1072
k ~ 200x10-8

- 4X10%200x1072
T s50%1072

k=16 Nm~* OR 16 kgs™2
(or 160 N's? or 160 kg ms™)

(01 mark for the correct value only)

veerenens(02)

(ﬁ%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 relative humidity of air in the laboratory by measuring the
dew point. You are provided a copper calorimeter with polished outer surface, a thermometer.
water, a sufficient amount of small pieces of ice and a transparent glass plate. An incomplete
experimental set up that can be arranged for this purpose is shown in figure (1).

Copper calorimetef—
.
Figure (D
(a) In order to perform this experiment you have 1o pour water mto the calormmeter. Ont of
the three water levels A, B and C shown in figure (1) select the most appropriate level.

Appropriate level : B L (01)

(b) Three thermoweters P, Q and R having temperature 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 eonysril DR)
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

i

m’;}wesﬂ minimum OR sensitivity of the thermometer is high

SRR s )

(¢) What is the other important item necessary to perform this experiment wiich is not given?

Stirrer OR stirrer with a mesh S R m—— 1} 5

01 - Physics (Marking Scheme) G.C.E. (A/L) Examination 2021 (2022). . s E ’l ll
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(d) In order to determine the dew point you have to measure two remperatures, Write down
the experimental steps that you would follow to measure the first temperature accurately
with the observanon that you notice.

Experimental steps:

Add one piece of ice at a time info water 0 cccieiiicesesssesssseiiensans (01)
S_ti—iwell until it is completeli dissolved '.llII'I-'I'I-'I-....OIIl.....bllid.--(ol)

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

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

....................... ssnsssssvanesil L)
[No marks for appearance of water droplets]

(e) E r to measure the second temperature accurately write down the experimental steps
would follow with the observation that you notice.

Experimental steps:
Stepaddingice = @ = 0000 Ghesesiessemanesetsiesseniseis (01)
Continiestitting = == siessssssisisshsesseesiunsassesed (01)
Observation: Observe the shine of the calorimeter surface begins to reappear
OR observe the beginning of disappearance of dew on the calorimeter surface

........................ st}

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

May need 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

(¢) (i) Give two emors that can occur if the transparent glass plate is not used in this
experiment. (Assume that a face mask orfand a face shicld 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] R p— (i 7) |

01 - Physics (Marking Scheme) G.C.E. (A/L) Examination 2021 (2022). E}l ll
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(i) If three glass plates L, M and N with dimensions of 5cmx5cm. 20 cm x 20 cm,
and 80 cm x 80 cm respectively are available, what would be the best glass plate to
be wsed in this experiment? Give reasons for not selecting the other two plates.

Thebestplate: M e .........(02)

Reasons for not selecting other two plates:

(1) (For not selecting L): Tt does not have sufficient size/area OR it does not prevent exhale

air reaching the calorimeter surface OR it does not prevent deposition of water vapour in
exhale air on the calorimeter surface (01)

(2) (For not selecting N): It obstructs stirring OR difficult to perform stirring with it OR
d-ju:ﬁ"lcult to reach the calorimeter with it (to perform stirring) ~ cecvneniennnns (01)

(#) In this experiment the average value of the dew point and laboratory temperaturs are
found to be 260°C and 30-0°C respectively Determine the relative bumidity of air in the
laboratory, using the graphs given m figure (2). In the graph X-axis pives the laboratory
temperature and Y-axis gives the dew point. In the fipure straight lines represent different
relanve humidity values of 100%, 90%, 80% etc.

A

+ 100
30 2 g P ™ 90%

. L
T Fil - 80%
U T

- :

1
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.

Dew pom (°C
P—
A

= o - B

. 1
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Labosatory remperane (°C)
Figure (2)

—
g

Relative humidity: 80%
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3. You are asked to determine the refractive index (n,) of a transparent liquid using the apparent
displacement of the image of an object. You are provided with a twll cylinder, sufficient
amount of liquid, a travelling microscope, a small pin (0), fine plastic pieces which can
float on the liquid and a large syringe.

(a) Write down an expression for the apparent displacement ok
(d) produced by a transparent block made of material - s )>
of refractive index (#) and thickness (h) placed in air
when an object (0) is placed at the opposite side of -

the block as shown in the figure (1). Figure (1)
= =X
d=h(1-2) (02)

(b) As in figure (2) the small pin O is placed at the bottom of the empty 1
cylinder. The travelling microscope is focused from above to view a clear i ]
image of O and the reading is taken (say x). Then the liguid is poured i

i W.artam height (A).
E t you should do fo the travelling microscope to see a clear image

of the pin again? Let the microscope readmg be (y) in this situation.

Move the travelling microscope upward (until a clear image of O is seen)  ........ (02)
(1)) Write down the experimental steps that you follow to measure the
height (1) of the liquid column. (Let the reading be z.)
Float few fine plastic pieces/powder on ligquid NEE———— | | I

and move the microscope (further) upward until a clear image of plastic pieces/powder
are seen. (Take reading z) T LT 7T O RPIRUINSSSAMRRORIG, | |

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

(1) Write down expressions for height (4) of the mmﬂn and the

apparent displacement (d) of the image using t gs x, y and ‘.
h =Z-X sEssssssananasan seesen TR . n.tolllllul..ooncll..nnu.{nl)
d=y-x i sseseevssiosnssrsiersresenisnserseseoisssolUL)

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

01 - Physics (Marking Scheme) G.C.E. (A/L) Examination 2021 (2022). E Il li
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(¢) (i) If the expression you have written in part (2) above is used to determine the
refractive index of the liquid (#) using a graphical method what is the variable

that you are going to change in it?
llI!l!lllllt..i0".‘.‘.“"'!‘.‘.{01)

h (OR The height of the liquid)  wuesseen

(ii) What will be the dependent variable of the straight line graph that you going to draw?
d (OR Apparent displacement) OOV (115

(iif) Clearly labelling the axes sketch the graph that you would expect.
A
d

S (1)

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

through (0, 0)]
g% mark for llabelli.ng d and h properly and a line with positive gradient with an
intercept. No marks for a line without labelling axes}

(d) Obtain an expression for the refractive index () in terms of the gradient (m) of the graplh

Gradient m= (i .

: — TP ||

(e) If the gradient m =020, calculate the value of refractive index () of the liqud.

m = ——(0R=2) SO (1)}
SRR (1) )

n = 1.25

01 - Physics (Marking Scheme) G.C.E. (A/L) Examination 2021 (2022). E’l l :l
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() When the height of the liquid column 15 50 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 aud the

s & .4 . . .
refractive index of water is e Calculate the height of the water column i the cylinder.

d = di + dW ..u.-u...--u-----......u......-.u.....-..-...---.-.-uua..--u-.--.--....-...........-(ﬂl)

[For identifying total displacement is equal to the sum of two individual displacement]
= ... V= b
d=5(1-3)=5x3=1cm

dy=15-—-1 (for subtraction)  ..esessssesesee NS SRS SRORS RO | | | |

d, = 0.5

05 = hy (1-3)

Eny, ., i i)

D1 - Physics (Marking Scheme) G.C.E. {A/L) Examination 2021 (2022). En U
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4, Figure (1) shows a part of an expenmental sel up to defermine the resistivity {(£2) of matenal
of a given wire with the aid of a metre bridge. The resistance value of the resistance bos is R
and the resistance of the given wire is S. The length of the metre bridge wire AB is 100 cm.

R $
D
ll Le . 1 L
; 5
A } B
] s aeo-n

En

{} v
Ky Figure (1)
(@) A centre-zero galvanometer has lo be connected between points € and D, To protec the

centre-zero galvanometer the circuit in figure (2) can be used.

el D
-
KI
Figure (23
(i) Name the type of key K @ oo s s
Plug key exnnnsss LIT)
(i} Select the suitable value for the resistance X from resistances 1 Q. 10Q, 160 €. anid
1000 €2,

1000 v (01D

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

jﬁan K> (and close key K ) sevwies (O1)
0 %e sliding key with both ends of the wire and check whether the deflections of the
galvanometer are in opposite directions e (01)

01 - Physics (Marking Scheme) G.C.E. (A/L) Examination 2021 (2022).
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(¢) When the resislance value of resistance box is R, the bialance length of the metre bridge

wire is [ (in cm). Write down an expression for -SE in terms of [. Neglect the end
corrections of the metre bridge wire. .

..s. — 0051 T T (ﬂZ)

(dh For R=9Q, 26 Q and 56 Q the balance lengths are 270 cm, 52-0cm and 70-0 cm
respectively at 30°C.
(1) What is the most appropriste value of resistance R that musl be vsed i order to
determine the value of § accurately? Give the reason.

Value : 26 Q sssssans {01)

Reason : Then balance point is in the middle of the wire which minimizes the

Sractional/percentage/end error of length measurements. scasseenn (01)

(ii) Calculate the most accurate value of § using the relevant balance length and R.

26 52
s~ 100-52

$=240 (1] )

eeeen (01)

(¢) The values of diameter measured in four different places in the given wire are
(-39 mm, 040 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 n=3.)

E 2
S=20rRp=20R p= i’fil@» ()
Avcragc ofd=(0.39 +0.40 + 0.40 + 0.41)/4 = 0.40 mm verannn (01)
24><3:-¢(-‘—"—’-‘—;7E—
p=—r—Z (for bubleW O ¢
p=60x10"Am[(6.0—-6.1)x 10750 m] wisess L)

01 - Physics (Marking Scheme) G.C.E. (A/L) Examination 2021 (2022).
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NOTE
- 9 _ _27 -
[fR=90Q, T §=243Q
24_3}:3)((-“%,::)2
— = -6
p= =" =6.075x107"0m

3 56 _ 70 -
If R=560Q, > =——§=240Q

24.0x3x(ﬂ’%‘?"—+)2 :
p= =60%x107°0Qm]

_______ ﬁx_w:‘_"_____-____.._-___E_nﬁ_

() When the above wire is kept at constant lemperafure of 100°C m an oil bath. for
R=20Q in the resistance box the balance length is 40-0 cm. Calculate the temperature
cocfficient of resistance of the material of the wire.

| P ———— A

=

Se=So(1+af) e (01)
At the room temperature 24 = So(1 + a x 30)

o o _ 20.0%60.0 _
At100°C, s = 2200 = 300 reeeen (O1)
30 = S,(1 + & x 100)
24x400 _ 1+30a
200%60.0  1+100a sseesers (01)

a=40x10"3°C" [a=(3.7—4.0)x102°C™"] —(() §

! [At the room temperature  24.3 = So(1 + a % 30)
1

1 - w g
| AL100°C, S = 2222 = 300

]

130 = So(1 + @ x 100)
I

|l 243%40.0 _ 1+30a

| 200%60.0  1+100a
I
]
]

a=37x10"3°C1]

e —— S -

Semiconductor material s (02)

01 - Physics (Marking Scheme) G.C.E, (A/L) Examination 2021 (2022).




Department of Examinations - 5ri Lanka

Etttt

5. A pile driver system is shown in figure (1). The steel arm of mass 2000 kg pivoted at point A is shown
in figure (2) with its dimensions, The centre of gravity of the arm is located at . A pulley of mass
200 kg is attached at the npper end (B) of the ann and it can be roied by an electric molor. A cable
is wound around the pulley and its free end is connected to a steel cylinder of mass 800 kg, Neglect
the mass of the cable. The lengths AR and AC are 10m and 2m respectively. The horizonta! distance
from point A to the line of action of the weight of the steel arm is 2m. The anm is opexated using a
hydraulic system. '

#
2000 kg

’;l

Steel onm

Hydraulic
system

O 1hm o tec]

T ksl

Pivol (A)

(a) Tu keep the anm and its attachments at equilibrium position a force F, has 1o be applied at pomt ¢
using the hydraglic system as shown in figure (2). The direction of F : is perpendicular to the length
AC. Caleulate the value of this force F| by taking moments about point A, For this caleulation neglect
the size of the palley.

(b) 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 4 cm” and the cross-sectional arca of the piston at point C
is 60 cm?, A force F, has to be applied to the piston of the master pump o -
in order to obtain the force F. 4 pump 5 ¥

(i) Name the principle that must be used to caleulate force F,. 2
(ii) Find the value of F,. Figure (3)
(iii) What is the pressure of the compressed oil in the hydraulic puinp?

01 - Physics (Marking Scheme) G.C.E. (AfL) Examination 2021 (2022). E i
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(c) The radius of the pulley is 10 cm. The moment of inertia / of a pulley of mass M and radius r abow
its axis of rotation can be given by I'= %Mf’. The cable moves without slipping.

(i) When the arm is at its maximum vertical posﬁ.juu as shown in figure {2) the steel cylinder is
moved upward at a constant linear acceleration of 0-5 m s by rotating the pulley. Caleulate the
lorque that must be applied to the pulley by the motor in order to raise the eylinder.

(i) When the cylinder has moved upward to a certain height the motor is switched off and the cylinder
comes to a momentarily stopafter some time. Next the cylinder attached to the cable is allowed
io drop onto the pile while the pulley rotates freely. The centre of gravity of the eylinder drops
from o height of 585 m before the cylinder hits the pile. Calculate the velocily of the eylinder
Just hefore hitting the pile. For this calculation neglect frictiondl torgues acting against rotation.

(iii) After the collision, the cylinder and the pile penetrate as a composite objeet inio the soil without
any recoil. What type of collision is this? How do you identify this type of collision in terms
of loss of kinetic energy.

(iv) Calculate the velocity of the cylinder and the pile Just after the collision. The mass of the pile
is k

(v) ll‘%ae penetrated by the pile in one hit is 20 cm, calculate the average value of the
resistance force produced by soil against penetration. [Take (6:25) = 39)

(a) Take moment about A:

G‘; Fyx2=2x2000x10+10sin30°x (200 +800) X 10  ...coevurenune. (02)

[01 mark for identifying10 sin 30° OR 5]
F; = 45,000 N (OR 45 kN) et O)
(b) (i) Pascal's principle. O ORISR [ 1 2
(1.1) Faa TR s e (01)
4560000 = % (For substitution) Enuﬂl)
F, = 3,000 N e e U= WO, . ., |

(iii) Pressure P =§

F=3000Nand A =4x 107" m?

P=_—"2 (For dividing by correct arca) NSRS (1} )

P=75x10°Pa(Nm™) (01 mark for value only) sl

01 - Physics (Marking Scheme) G.C.E. (A/L) Examination 2021 (2022). E }l II
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(c) (i) The moment of inertia of the pulley I = -;; X 200 x 0.1 = 1 kg m? et yigiisdAUL)
I=1kgm’
0-\ a
-
-

800 kg 0.5ms?

nu

8000 N

Apply F=ma for the upward motion of the steel cylinder
T, T —8000=0.5x800 s R )
T=8400N
Apply T = Ia for the rotational motion of the pulley

B
C. T—8400% 0.1 =1x g ST (1)

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

7=845Nm (01 mark for value only) ..o (02)

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

Em ...

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

%mvz +:::F w? = mgh RS e DU S)
z 23 - s
5 X 800 x v* + =% 1x Tk 800 x 10 x 5 e | L )

45012 = 800 x %

01 - Physics (Marking Scheme) G.C.E. (A/L) Examination 2021 (2022). m
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(iii)

(iv)

I:'M-!l'
Lireit
v? =100
v = 10 m s.-I -.’--lll.-.'ttuu.i!.!ll.llll'.!!lQSSOCIClIllI'"'"(‘Dl“l'.llllll!l(“l)
Alterative method:

Apply F=ma for the downward motion of the steel cylinder
1 8000 — T = BOUR: rwmrremeseeemrrs (O YRR (1) )

Apply T = la for the rotational motion of the pulley

/D Ej%ll =1x -ﬂ“—i T )

T = 100a @
®+®@; 8000 = 900a
a=3ms? s (D1
d:u=0, Jr;(l=l%ﬁm5-2 Jr;s:%m
Apply v* = u? + 2as
2 = LY B
bivP=04+2x =
o w=10msTh eeeeenn02) N
Perfect inelastic collision. TR 1)
The kinetic energy loss is maximum e T e st s )

If the velocity after the collision is vy, apply the law of conservation of linear momentum

for the collision;

v 800 x 10 = 1280 x v, (for substitution) Eﬂ.lﬂ)l)
v, =625ms™! T TSRS () )

01 - Physics (Marking Scheme) G.C.E. (A/L) Examination 2021 (2022).
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{vj Apply the law of conservation of energy 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.

=% 1280 x (6.25) = F x 0.2 SRS (1 )
F = 124,800 N = 1.248 x 105 N (1.25 x 10° N) S RIS 1
{1f potential energy is considered, > x 1280 x (6.25)? + 1280 x 10 X 0.2 = F x 0.2
L

F=1376 x 105N (138 X 10°N)  cocccrersrrrrconeeneeeen(02) }

Iternative method:

cnu

iu=625ms™, l;v=0, d:s=02m
Apply v2 = u? + 2as
Ll & G282 428 RO2 e ADL)
3 =2
a=-—--ms
Apply F = ma
= 33
& F=-1280 x —
F=124800N=1.248 X 10° N (1.25 X 10° N) ee0evrrrereree (02)

{If the weight of the combine object is considered, then

12800 - F = 1280 X a

F =1.376x 105 N (1.38 X 105 N) .oooccccrcerrriernnni(02)

01 - Physics (Marking Scheme) G.C.E. (A/L) Examination 2021 (2022).
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6. Read the following passage and answer the questions.

The Doppler effect is the apparent change in the observed frequency of a wave when there is a relative
mofion between the source producing the waves and the observer. Here all the speeds must be measured
relative 1 the medium in which waves propagate. Since air is assumed to be at rest relative to the carth,
normally fhe rolevant velocitics are measured relative o the earth for sound waves. The change in frequency
Af (= observed frequency - emitred [requency) as a result of the Dappler effect is known as the Doppler shifi.
The Doppler effect oceurs for electromagnetic waves too, such as light waves or micro waves, I the speeds
of the observer and the source are very much less than the speed ¢ of elecrromagnetic waves, the Doppler
effect relationships devived for sound waves could be used for electromagnetic waves by substituting e
instead of the speed of sound. .

The speeds of moving vehicles could be determined by speed

measuring the relevant Doppler shift using electromagnetie / trap =, il
waves. The instrument used for this purpose is. known

as a speed trap which cousists of & vadar transmitter and _Wmm’@
a radar receiver. From the transmitter microwaves are -~

emitted in shord pulses und aimed directly to a moving
car us shown in ligure (1)

The emitted microwaves reflect from the surfuce of speeding cur and return to the receiver of the speed
trap. By meusuring the resulting Doppler shift, the specd at which the car moves is determined und
recorded. In this type of applications, use of microwaves has an advantage over the other waves because
they ean penetrate fog, light rain and smoke.
ta) What is the Daoppler cffect?

Figure (1)

-

(k) Normudly the relevant velocities in Doppler effect are measured relative 1o the =arth for sound wives, What

IE: reason for this?

() n%w transmitter emits microwaves of frequency _,Il',r The car shown in the figure (1) approaches
the speed wap at speed u. Wrile down an expression far the frequency 7 of microwaves received
by the car in terms of f, " and ¢ comsidering the transmitter of the speed trap a8 1 stationary
source und the car is a moving observer,

(i) Now the car acts ns n moving souree emitling microwaves with frequency j° Write down an
expression for ihe frequency (“of microwaves deteeted by the receiver of the speed trp in lerms
of /7, u und e

(i) Combining expressions obtained in () (i) and () (i) above. derive an expression for /” in lerme
of f. wand ¢

(iv) Taking u<<<e, show that the Doppler shifi A f abserved by the speed trap is piven by Af = ,'I’I-'?-

(i I fi, =302 10% Wz und Af = 000 Hz, caleulate the speed v of the car in kmh'.
(Take ¢ =30=10°ms " ;
(ef) Suppose o wind is blowing towards the speed trap from the car. Does this affect the speed messurement
of the var? Give the reason for your gnswer.

) If the speed rap is not aimed directly the car but rather @t an angle o it, will the speed of ihe
car measured be grenter, equal or less than the, value caleulated in (¢) (v) above? Give the reason
for your answer,

(A Now consider a police car with the spoed trap moving at a speed V is chasing behind the car moving
with speed & as shown in figure (2). In this siwation the relationship obtained tor Af in (c) (iv) above

has to be modified as af:fuz(:-“).

(i) Determine Af if V=100kmh™', Use the value of
1 obmined in (c) (v) sbove, (Give your unswer o
the neavest integer in Hz)

(i) Explain why Af<0 in this case.

(i) Which method 15 more accurate to determine the
speed m of the car by considering the Doppler
:I:“n‘:.c;mlalned in {c) and (f) wbove? Justify your Pigure (2)

() Write down an advaniage of using microwaves in this type of upplications.
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riv
(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.

() The velocity 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 ..

ENu

@G f'=f (““) ......... vt (02)

F el L e r R e ———— 02)

w 15 () ()

=/, (iﬁ) PO (17
g - — (01)

af=fo (=) - fo

AF=1, [(H_u) B 1]
5 ”}“ S T (02)

Af =fﬂ-§ since u K ¢

(v)  7000=3x 1010 = z:uﬂ (for correct substitution)  cccesrecenceeenens (02)
u=35ms" enrysersenns IR ARSI (01)
u =35 x 3600 x 1073
peddblEnh @300 Gasmssnosideiaies (02)
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(@NO  Ssiesesmsesssississeis sivsevasaness (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 sl 05

(e) Tt will be less

T R L LR (01)

The measured speed towards the speed trap would be a component of the car’s speed OR
ucosf, (where 8 is the angle between the direction of the car and the line joining the speed

trap) OR a diagram drawn as shown

. _ 10 ., 2(100-126) 103 ) g :
(N i Af=3x10"x e (for correct substitution)  cecieierernnens (01)

Af = —1444 Hz
]Eo not consider the negative sign)

erclat;!s 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 fj)

SRy (02)
(i)

[Do not award marks for this part]

(iii) Method mentioned in (€) =~ sessesssssessessssssssssesisnessssssesiain (01)

Observed Doppler shift in () is large compared to the method in ) s (01)

Therefore the  speed of the car can be measured more accurately OR
fractional/percentage error in the speed measurement is small — ..oiiiiiiiinnnn(01)

(g) Micro waves can penetrate fog OR light rain OR smoke. (for one advantage)
............ (01)

01 - Physics (Marking Scheme) G.C.E. (A/L) Examination 2021 (2022). m
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I. (@) (i) Write down an cxpression for the viscous force F acting on a small sphere of radius » moving
at terminal velocity v in a homogeneous fluid at rest having coefficient of viscosity 7.

(i) A small sphere of radius r made of maerial of density f is moving vertically downward at

terminal velocity v in a homogeneous fuid of density 2 (where #<B) a rest and coefficient

of viscosity ». Obtain an expression for the terminal velocity v in terms of 2, f, r, 5 and g.

(h) A mixture of spherical sediment particles has to be separated depending whether their sizes are greater
than or less than 2 jun using respective terminal velocities. The mixture is mixed and shaken well with
small quantity of water and gclstly poured on to the surface of water in a beaker, After this the height of
the water column in the hcakel is 10cm. The densities of material made of sediment particles and water
are 1900 kg m™ and 1000 kg m™ respectively. The coefficient of viscosity of water is 1-0x 10~ Pas. How
long will it 1ake to precipitate all particles having diameter greater than or equal to 2 pm? Assume that

)E particles reach their terminal velocities as soon as they are poured on to water surface.

(¢

rson without wearing a face mask or face shield releases tiny droplets of diameter 20 pm o
the atmosphere al an initial horizontal velocity of 20ms™ by coughing. If the density of droplets
is 1080 kg m™ and the density of air is negligible, what is the vertical terminal velocuy acquired
by droplets? The coefficient of viscosity of air is 2-0 x 1075 Pas. Assume that air is still.

(ii) Sketch the velocity-time (f) graphs separately for

(I) the vertical component of the velocity (v,) and
(I1) the horizontal component of the velocity (1-'”} of a droplet.

(i) If the beight 1o the mouth from the ground is 1-50 m, how long will the droplets suspend in
still air? For this calculation assume that all droplets reach their terminal velocity as soon as
they enter the atmosphere.

(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 displacement of the droplets as a result
of evaporation during airborne time. ot

(v) Low atmospheric tempernture or high relative homidity conditions can cause more droplets to
settle on the ground. Justify this statement.

7.(a) (i) F = émnrv R AR e s s v L)

U (upthrust)
(i1)

F (viscous force)

mg (weight)

Woight: () = SRPHHG v ossmismmmmmmsssmsnssssssmmsmpsissssfU1)

Up thrust (V) = -;mr'3pg(01)

Viscous force F = 6mnrv

01 - Physics {Marking Scheme) G.C.E. (A/L) Examination 2021 (2022).
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ATV
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 Pll=mg 0 0T sk (01)
6mnrv + %m’3pg = %nr:‘ﬁg ...................................... PRSP | \
(The above 02 marks allocated for mg and U can be awarded here)
4
6mry = smr(B - p)g-
_ 2rig(B-p)
v — 9]? ..4‘..l"'IIHII.IIII.I.ili.."Il-'..II.I...l‘llll..l.l’I.I.O(oz)

Egufé 02 marks for (a)(ii) part if the expression is written without derivation)

(B) r=1pm=1x10°m, p=1000kgm> A=1900 kgm>and n=1.0x10" Pas

2g(h—
Substitute in v = i)
o
__ 2x(1x1075)*x10%(1900-1000) T
pes s (for substitution) e (02)
v = 2 x 10---6 m 5-1 l.l-lllllllllll".l‘QlII'..llill--l'iil---l.ll.'l...!‘.0.1ll.-lllll.l..!..(nz)
pes _s_ 01 ) i
lime t = T (for substitution of values)  ...cvmenccnssannnen(01)
l, -— 5 x 104 S lllllllll LIS L] .!I!Il.'llll'.'llll'l-.l-l.ll‘.iitt-.ﬂ‘il.fl'l-...'l-r.t-(u1}

(C)ﬁhr: 10 um = 1x10" m, f=1080 kgm™ and n=2.0x10"° Pa s
nu

2
Substitute in v = 2-£¢ (for identifying p= 0 in the eqUAtion)  .uweeeeseseeeressees 1)
_ 2%(1%1075)%x 108010
v= SRS vossssssssasasssasasssssossrassanss(02)
P=12%107*ms1 AT T 4,
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(il
Y+ Horizontal component
20ms’
(0, 0) ! . ;
(Award marks only for the correct shape and no terminal velocity) —......ccovsrveenrenn(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
L2EnE Yesusnocmorssanzonsa (A line reaching the terminal velocity) .................. (02)
(0, 0) t
o not look for the value of the velocity axis, do not consider the labeling the axis)
iif) L Time ¢ = 2 =222 (for substitution of values) 01
(1] B = = e or substitution of values) .. (01)
1=125s DORORIRORRINOIY ',

(iv) As aresult of evaporation, the radius (diameter/ size) of the droplets reduces and the
terminal velocity will be reduced. T O (1)

Therefore, the droplets will stay a longer time in air and the horizontal distance will
increase. T e 1) b

(v) Due to low atmospheric temperature or high relative humidity, the evap_oratmn (of hqmd
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.) s .(01)
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8. (a) A proton of mass m and charge +¢ moving at speed v enlers perpendicularly to a uniform magnetic
field of Nux density B,

(i) Write down un expression for the magnitude of force F acting on the proton due to the magnefic

field.

(i) Due 1o the above force the proton moves in a circular path. Detive an expression for radivs r
of the path.

(iti) Obtain an expression for the time 7' taken by the prolon to complele one cycle in erms of m,
g and B, ’

(ivi Let m=1-6%107% kg, g= 16100 C, v=96%10° ms™* and B=30x 100% T. (Take 7= 1),
(1) Determine the radius () of the circular path of the proton.
(1) What is the number of revolutions per second that the proton makes?

(#) Now an another proton enters with the same veloeity v al an angle # wilh the direction of the magnetic
field, as shown in figure (1), >

(iy Name the shape of the path of the proton. Using the parallel and

perpendicular components of the velocity of the proton with respect ) » d
to the field explain how you arrived ot the answer. P >

(ii) Using the values in («) (iv) above calculate the time required for the ——D—E-n-u
proton o complete one periodic time 70 Figure (1)

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

(iv) If 6=30 calculate the value of p? (Take Ji =17

(v) IF the distance travefled by the proton along the direction of the magnetic field is 16320 km, wh
is the time taken 1o travel this distance?

FYTYYY

Path e

Figure (2)

{¢) A non-uniform magnetic held can be formed using two current carrying coils as shown in figure (2).
This type of magnetic field forms a “magnetic bottle™ and it is sn arcangement that permits o confine
churged particles. The path of a positive charge particle is shown in the same figure,

(i} Explain why the radius of the path of the particle at position P is smaller than that of at position (.

{1i) Copy the relevant points with directions of v and B from figure (2) on 1o your answer sheei and
draw the directions of the magnetic force experienced by the charge pariicle al each positions P,
@ and R vsing arrows. :

(iii) Giving reasuns prove that the charge particle may oscillate back and forth between the two ends
of the magnetic bottle. .
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(a) (i). F = quB

(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
_ mv?
quB = =
mv
==
Bq

. ; )
(iii). Time taken to complete one circle T = -—E—r—

2mm
e
Bq

(iv).(D). r= %

_ 1.6%107% x9.6x10°
3.0x1075%1.6Xx1071%

r= 32x10°m

__ Zmm

(. =2
mber of revolution per unit time f = = —&
? T Zmm

f= 3.0x107% x1.6x107"°
T 2x3x1.6x 10727

£ = 500 Hz (500 rps)

() (D).

Velocity component parallel to the direction of the magnetic field is vcos@

—(1} )

sanseens (01)

sessnine (01)

Erf?

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

....... . (01)

01 - Physics (Marking Scheme) G.C.E. (A/L) Examination 2021 (2022).
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Velocity component perpendicular to the direction of the magnetic field is vsing

Velocity component/ vsinf is perpendicular to the magnetic field. Therefore due to
v sin@ particle moves in a circular path

........ (01)
The resultant of above two paths gives a helical path. cssanens (0F)
t . Zam
(ii). | T= 5o

_ 2x3x%16%107%7
3x105x1.6 % 10719

-1

T'=2%10"s sevise 101)
(iii). p = velocity X period of the motion .
p = Tv cosf Enp2
(iv). p = 9.6x10° X 2 X 1073 x cos30° wweveaen HO)
p=9.6210" %107% % 1.7
p=1632m sasessa LOL)
v). 16320 x 10 = 9.6 x 10° X cos 30° X t sevisens (01)
_ 16320x10° -3
OR't = =—— x2x10
Timetakent=20s . . (01)

(J-:*‘J} 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)

B2q%r? B _mo
oo — constant (ORr= Eq)
1
re= e (01)
B is stronger/higher at P and weaker/less at O eeene (01)

Therefore, at position P radius is smaller than that of at position O

01 - Physics (Marking Scheme) G.C.E. (A/L) Examination 2021 (2022). Enu
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v F
R "
B : /C<
P B B
Q F
F v
Only the correct direction of F is accepatble R (1)

[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

m Therefore, charge particle oscillates back and forth between the two ends
agnetic bottle)
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9, Auswer either part (A) or part (B) only.
Part (A)

{a) A conducting metal wire of length [ and arca of cross-section A has n number of free clectrons per
unit volume. Electron charge is e.

(i) Write down an expression for the total number of free electrons available in the wj
nm the

(i) When a potential difference s applied across the ends of the wire a current If
wire. Derive an expression for the drift velvcity (v) of electrons in the wire in terms of L n, ¢
and A,

(b) An electrician uses two metallic wires X and ¥ made of same material having the same length (/)
but different cross-sectional areas A, and A,. They are connected in series and then in pamilel w the
same constant vollage source separately.

(i) Write an expression for the ratio of respective drift velocities of electrons [%ﬁ-) moving in the
wires X and Y when they are connected in series. ¥

(ii) Wrile an expression for the ratio of respective drift velocities of electrons ({-’-L} moving in the
wires X and ¥ when they are connected in parallel. L3

(iii) Plot two praphs separately to show the variation of respective drift velocities (vy, and v)) along
the !.csnglh (D of sbove series and parallel wire combinations. (Take A > A,)

(¢) (i) A copper wire has a cross-sectional area of 2:5x 1077 m?. Caleulate the drift velocily of electrons
through the wire when the current is 4.0 A,
(¢ = 1-6x 10-'?C: Number of free electrons per unit volume in copper = 8-0x 10% m™

(i) In a conductor, free electrons have random motion and the random speed (mean thermal speed) at
a given temperature can be calculated considering the mean kinetic encrgy and mean thermal energy
:E}?i. clectrons @t thit wemperature. The mean thermal energy of free clection at wemperatie 7

=4 My —:gk'.“' where & is the Boltzmann constant, Calculste the mean thevmal spead of frec

4

electrons in copper mi emperature of 27°C.
(Take mass of electron = 90x 107" kg, Boltzimann constant = §-4 x o Ik
(Take Jl_-1 =1-18)
(iii) The mean thermal speed of free electrons in a conductor is typically very large compared fo the

drift velocity, Bul why do the free electrons with their mean thermal speed in a conduclor can
not cause any current flow without applying an external electric field?

(d) The mobility () of charge carriers in a conductor is defincd as the magnitude of the drift velocity
per unit extemnal electric field intensity that is being applied.

(i) Caleulate the mobility of clectrons in the copper wire mentioned in (¢) (i) above if an electric
field of intensity 50V m~' is applied along the wire.

(i) In the development of orgenic light emilting diodes (OLED) mobilitics of charge carriers of
organic materials are increased (o lower the applied clectric field and there by achieving a higher
efficiency. What is the percentage reduction of applied electric field intensity if the mobility and
drift velocity of charge carriers of an organic material are increased by 20% and 10% respectively?
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(a)  (i). Total free electrons in the wire=nld e (01)
(ii).
Total charge flowing in the metallic conductor during atime t=nelAd ......... (01)
B yede 0000 e (01)
I
V= Sk @ emam (ﬂ]]
(b)  (i). Series
=l 00T s o e ..(01)
(For identifying that same current flows through both wires)
?‘1 E Al vx = n E Az v}y ew na.-oo(ﬂl)
Vx ey Az
Ny Enon
(ii). Parallel
Vi=V, e (01)
(For identifying that same voltage appear across both wires)
I R‘l - szz ......... (01)
nu
e gy s
nA; v p e WP E
Vx
V_y =0, il (01)

[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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re
(iii) Series
S
. OR " -
W e v, =7 Enu(nz)
[for identifying v,> v, — 01 mark]
Parallel
v
U e (02)
l
© Ettu
= Bx10%8 x16x10-39 x2&x10~7 o e (01)
B 1
Y T 8x 10
=128 msE s (02)
(ii).
Kinetic Energy = % ¥Gx 1070 x p2 000 . isessse (01)
Thermal Energy = 32 Xx15X 10723 x300 eeeeses (01)
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| B
y oy §
2x9x 107 x v? = $x14x1078x300 e (01)
(for equating L.H.S. with R.H.S)
v =14 X120
v=118 x10° ms" cernennna(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)
@ ().

e Enspo

p= 1220 i)
p=25%10"° m*V's' (02 marks for the correct value) e (02)
(i).
—-120% andv - 110%
chv,l %‘ === mwo e (01)

New FE as a percentage = % x100=91.6 %

Percentage reduction = (1 — %) % 100 (for taking the difference)  oovvnnes (01)

~83% [8-9%] e (01)
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Part(B)
Figure (1) shows the current () — voltage (V) characteristic curve for a diode.
I
() Name the diode which 15 represented by figure (1).
(b) Figures (2) and (3) show silicon diodes and two resistors with resistances
R, and R, A and B wputs can be OV or 5V For all the caleulations v,
use the characteristic curve given in figure (1). 0| 07V
+5V
; A—P
R Figure (1)
<l BO—M—'——"F(V)
ao—K——F¥p 2z
ro—f— =
Figure (2) Figure (3)

(i) For different combinations of input voltages given below, determine the output voltages V, at F
and complete the following table for the citeuits given in figure (2) and figure (3) respectively.
{Furmispmpusecop}fthcmbktwicemmwurmmsheeﬂ

AV B(W) v,V

. 0 0 "
0 s 1 Enu
5 0
5 5

(i) When considering the output F only, if 5V (or close 10 5 V) represents binary 1 and OV (ox
close 1o 0V) represents binary 0, name the tespective gates corresponding to the circuits shown
in figure (2) and (3) above and wate down their truth tables.

\i1) Caleulate the suitable values of R, and R, wiuch linits (-5 mA of total current flowwng through
both diodes in each ciouit.

&) A studest wants to build a logie circuit that will nng an alarm al 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
as follows.

Inputs: Time: T = 0 (dunag office hours), T = 1 (after office hours).
Door- D = 0 (door is closed), D = | (door is opened).
Window: W = 0 (window is closed), W = 1 (window is opened).
Ompvmf=0(aja:mnmﬂngh:g).}'=1{almﬁnging)
(i) Using logical variables T, D, W and F mentioned above, write down a troth table that will satisfy
the required conditions.
(i) Obtain the comesponding logical expression for F.
(iii) Simplify the logical expression that you have written in (¢) (i) above. (You may use the identiues
W+ W =1 and DW+D=D+W).

(iv)anmmﬁmloglw.dmnﬂﬂnlunheuudfmmispmpm.
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Lreer
(a) (Hypothesized) silicon diode/(practical model of a) silicon diode ~ ..ooiiiiiiiinnn (02)
(6) (i)
AV) | B(V) Vr(V)
E1414
0 h, *ERRENTY
0 5 07V
5 0 0.7V
5 5 5V
........................ (02)
[For any three entries correct — 01 mark]
AV) | B(Y) Ve(V)
0 0 ov
0 5 43V
5 0 43V
5 5 43V
......................... eees (02)
[For any three entries correct — 01 mark]
(i) ~  Fig.(2) AND gate cosssesuensereesIsarnsassses (02)
Fig. (3) OR gate sessssersrstsasssssasasaaTere (02)
A B F
JU
0 0 0
0 1 0
l 0 0 ------ BEssssREasaREREN sasmmEEE (02)
1 1 1
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E-l-‘ "
it
A B| F
0 0| 0
0 1 1
: - l — S—— (02)
E 11
R | 1
(iif)
_ (5-0.7) (or 43)
Ri — uIleo-_a FAABERARARESENENEENEEERERRRERRAERERES (ul)
R,=86kQ OR 86x10°Q  cerennneine SR ossse: (1)
_ (43-0)(or 4.3) .
Ry =UEDOTED T R (01)
R,=86kQ OR 86x10°Q e AR, ATV (01)
(e) ()
T | D | W] F
5 5 . 0 I 0 |0 | 0
0 1 0 | 0 o& |1 0 (1 |1
1 gy ! | 1|
i 131 |8 i1 = (1}4)
1 I ! 1 [ 01 mark for each correct row with 7= 1]
i
F=TDW +TDW+TDW  ceeeeseeaens R (03)
[01 mark for each correct term]
(iii) F = TDW + TD(W+ W) i
F=TDW +TD =T(DW + D)
F=T@+W) e (02)
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(iv)

RSO LB e R R TS (03)

[No marks for any other circuit]
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10. Answer either part (A) or part (B) only.
Part (A)

When exercising, human body produces energy and a ﬁigh percentage of this energy is converted into
heat. If this heat is not removed the body temperature will rise. In order to mainminEnwm body
temperature, heat is dissipated by evaporating the water in sweat, The heat of evaporation ol water is
provided by the body.

(@) When a person of mass 75 kg is rﬁng an exercise bike the rate of energy produced is 800 W. Oui 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?

(i) In order 10 release this heat, what is the mass of water that should be evaporated? The specitic
heat of evaporation of water ai body temperature is 2-4 x 10°) kg™, (Equation Q = mi can be
used for this.)

(iii) What is the volume of water in millilitres which corresponds to the mass caleulated in («) (i)
above? The density of water is [-0% 107 kg m->,

(iv) Caleulate the temperature rise of the body during the 30 minutes period il this amount of hewt
is not released from his body. Average specific heat capacity of the body is 3600 T kg K,

(5) The above person inhales a volume of 45 x 0% m® of air at atmospheric pressure and at 27°C in
ench breath. The respiration rate of the person is 20 breaths per minuie. At the lungs, inhaled air is
heated up to 37°C.

(i) Determine the final volume of air inhaled inside the lungs afier a breath, Assume that the pressure
of inhaled air inside the lungs is equal to the atmospheric pressure.

(i) Caleulate the rate of work done by the lungs in order to remove all the air inhuled while
exhalation. (Atmospheric pressure = 140 x 10° Pu)

() A closed gymnasium has several exercise bikes. When people are not exercising in the gynmasiom,
temperature of the gymaasivm is 30°C and the relative humidity is 75 %. Saturaled vapoinr prossure
of i’?r at 30°C is 32 mm Hyg.
7 Write down an espression for relative humidity -in terms of water vapour pressures.
(i) Detormine the walcr vapour pressure existing in the gymnasium,

(iii) What is the mass of waler vapour present in the gymnasium? At 30°C absolute hunidity of
saturated water vapour is 30 g m?, The volume of the gymnasium is 600 m’.

(iv) Suppose four people are riding exercise bikes in the gymnasium. Assume thal the temperature
of gymnasium does not change and the mass of water vapour released by ecuch person during
30 minutes is equal which is same as the value obtained in (a) (ii) above. What is the new
relative humidity in the gymnasium afier 30 minutes?

(v) Once the riding of bikes is over the gymnasium is cooled to 20°C and some of the water vapour
is removed by an air-conditioner. The mass of water vapour removed by the gir-conditioner is
6300 g. What is the final relative humidity of the gymnasium at 20 °C? Absolute humidity of
saturated water vapour at 20 °C is 20 g m™.
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Department of Examinations - 5ri Lanka

(a). (i).
Amount of energy produced in 1 s =800 ]

Amount of heat produced in 1 s= 800 X %

Amount of heat produced in 30 min =800 X % X 1800

=1.08 x 10%]

(ii). Heat @ =mlL
1.08 x 106 = m x 2.4 x 10°

En _ o4 ke

(iii). Volume of 1 kg = 1000 ml
Volume of 0.45 kg =0.45 x 1000 ml

Volume of water = 450 ml
(iv). McA8 =mL
E 3600 x A8 = 1.08 x 10°
emggrta‘mrc rise of the body during the 30 minutes period A@ = 4.0°C

Vi _ Ve
o T

(b).().

45x107% ¥,
300 310

Final volume of air inhaled inside the lungs after a breath = 4.65 x 10 m’

(ii). W =PAV
work done by lungs = 1.0x10° x 4.65 x 10™

46.5%20

Rate of work done by the lungs = ——— (award this mark for x -

2y

60

Rate of work done by the lungs = 15.5W

veeveen (01)

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

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

e (01)
reee (01)

........ (01)
SRR (11)

essssenr (01)

vesasins (O1)
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(©).(0).

) o Water vapour presure at a temperature
Relative humidity = X 100
Saturated vapour presure at the same temperature

OR

Saturated water vapour presure at dew point

Relative humidity = 100
Y= Saturated water vapour presure at the room temperature
........ (02)
(i).
water vapour presure at a temperature
Relative humidity = il o E % 100
Saturated vapour presure at the same temperature
__ vapour presure
75 = el eessesss (01)
Vapour pressure in the room is =24 mm Hg Eﬁaﬂl)
" . 3:o.. _ Absolute humidity of air inside the gymnasium
(i), Relative humidity = Aabsolute humidity of saturated water vapour X100 eveees (01)
75 - absolute humidity of air inside the gymnasium % 100
100 30
Absolute humidity of water vapour at room iemperature = :TSG X30gm™  Geeen (01)
The mass of water vapour in the gymnasium = % % 30 x 600 sewsgons (L)
= 13500 g (13.5 kg) sasssese{03)

(iv). Eaporated mass of water = 0.45 X 4 kg
o’tgllalmount of water in the room after 30 minutes = 1800 g + 13500 g = 15300 g

s (00)
Amount of water vapour in 1 m* = 12320 =255¢g wasra 0D
Relative humidity = == X 100% L e (o1
Relative humidity = 85% e (01)
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(17}
(v). Amount of water vapour in 1 m’ =}$ =180 = seaw (02)
(for subtraction 01, correct substitution 01)
Eigzl’félaﬁve humidity =222% 100 % (for substitution) ~ wuueen (01)
Final relative humidity of the air at 20 °C = 75% St (11
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Part (B)

Figure (1) shows a hollow cube with four different types
‘of metal surfaces. The cube filled with hot water is used
{0 demonstrate the intensity variation of thermal radiation
emitted from different surfaces with temperature, Four thermal
detectors are kept at same distance from each surface to
measure the temperature of the surface,

[Let Stefan constant g=60x 10% Wm 2K,
Wien's displacement constant = 2900 pm K]

For following calculutions you may use

(300! = 8% 10", (310)° = 9% 10%, (360)* = 16 % 107,
und (373)* = 19x 10",

Hollow cube

o

-

Shiny silver

L

7
Insulation surface Matt black

Figure (1)

() (i) What are the lactors alfecting absorption und emission of thermal radiation from a surface?

_Enu

Shiny black

Matt
white

(i) T‘hc measuring range of a thermal detector is from 200K o 400K, Calculate the peah wavelengths
o (wavelength at the maximum intensity) cormesponding to the minimum and the maximum
tcmpt,mtms of a blackbody surfuce that can be measured using the thermal detector.

(i) Name the region of the electromagnetic spectrum that the peak wavelengths obiained in (a) (i} above

belongs to.

(0 ’ik‘c cube consisis of four different type of surfaces of matt white, matt black, shiny silver. and
shiny black. Thermal detectors display the readings of (not in order) 87°C, 72°C, 47 “C oand 37°C

corresponding 1o the surfaces of the cube.

(i) Wentfy and writedown the temperature readings corresponding to ench surfuce.

{ii) Which surface has the maximum surface emissivity?

(i) If the room iemperature is 27 °C. assuming the emissivity of the surface identified in /) &b
above to be |, caleolate the relalive emissivity of the shiny silver surface.

)
and ¢, and emperatres T and 7, (7} > T5) respectively is given by,
o(r'-7,")
Q__
[f 4 —‘\!
g< i

A specinl Box type Thermos flask consists of three walls A, B. and C as shown in figure {2)
outer surface of wall 4 and the inner surfuce of wall B are coated with silver. Walls A and B o

separated by a vacuum.

(i) What is the reason for maintaining @ vacuum in between walls

A and A7

(i) Why silver conled surfuces are used for walls A4 and 87 —

(i) Caleulate the et rute of mdintion heat transfer pev unit area
between outer wall of A and inner wall of B if the emissivity of -
the silver couted surfaces is 0:02. Assume that the temperature of B
the outer wall of A and inner wall of 8 are 100°C and 27°C, o T

Enu1 *

respectively. (Take ﬁsn 01

(iv) If the heat tansfer between the outer A and inner B walls is e
due o conduction, instead of radiation, calculaie the thickness of e P i
an insalator material of thermal conductivity 66 x 1077 Wm 'K~ R AT
that must be used to obtain the same rate of heal tansfer per

unit area caleulated in {¢) (iii) above. Here assume steady state Figure (2)

conditions.

Net rate of radiation heat transfer per unit area (Q) between two parallel surfaces with emissivitics ¢

I
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(a) (i). Nature of the surface/emissivity, area of the surface, surface temperature, material

(Any two of above factors)

(ii).
o 200
A = 200
(For correct substitution)
Ay = 14.5 um
2900
A = 00
(For correct substitution)
Am = 7.25 um

(iii). Infrared / IR

(b) ().
Matt black: 87 °C
Shiny black: 72 °C
Matt white: 47 °C
Shiny silver: 37 °C

().  Matt black
(iif).

Tegaperature 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 =300 K

Relative emissivity (€sniny siver) Of the shiny silver surface

_ (310%*-300% )
(360%-300% )

(9%10?-8x10%)
(16%10°-8x10%)

0.125 (0.13)

oo (01)

.. (01)
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EM-’ I
=Tt
(c) (i). To reduce the heat transfer by conduction and convection . (02)
(01 mark for conduction and 01 mark for convection)
(ii). Prevent heat loss via radiation e (02)
(iif).
Co(Tt-TY)
= oy 1)
€1 &z
6x1078(19x10%-8x10%)
Q= " sesessees (02)
(E&?"a.nz 1)
(substituting correct temperatures in Kelvin - OlEr'r‘lﬂk%l
g= ﬂ_.;é_;;”_oﬂ ________ (01)
. =66Wm~ (correctvalue 01 mark only)  .eeveren. (02)
(iv).
Q _ 20
i k I I (02)
6.6 =6.6 x 1072 x 22 eenenenn(01)
= )
5] et
l=Bem e (02)
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