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Physics I J

Instructions:

& This question paper consisis of 50 questions in 10 pages.

Answer all the questions.

Write your Index Number in the space provided in the answer sheel,
Read the instructions given on the back of the answer sheet carefully.

In each of the questions 1 to 50, pick one of the alternatives Jrom (1), (2), 3), 4, (.5)
which is correct or most appropriate and mark your response on the answer sheet with

a cross (x) in accordance with the instructions given on the back of the answer sheet.

Use of calculators is not allowed,
(g=10ms?) n

-

* % % %

1. Electron volt (eV) is a unit of

(1) energy. (2) power.  (3) charge. (4) voltage. (5) force.

2. The distance between the centers of two uniform spherical masses M and m is r. What is the
gravitational potential energy of the two masses?
GMm _GMm GMm 4) - GMm 5y _GM
o in @ -Gn g @G © -
3. When 2 bull pulls a cart, what is the force that causes the bull to move forward?
(1) The force exerted on the cart by the bull
(2) The force exerted on the bull by the cart
(3) The force exerted on the ground by the bull
(4) The force exerted on the bull by the ground
(5) The force exerted on the ground by the cart

4. Two displacements of magnitude 9m and 6m can be added to give a resultant displacement of
(I Im (2) 2m. (3) 4m, 4 16m. (5) 20m.

§. Longitudinal waves do not exhibit

(1) reflection.
(4) diffraction.

6. If the absolute temperature of

(1) two times.
(4) sixteen times.

(1) active region,
(4) saturation region,

8. What is the quark composition
(1) uud (2) udd

blackbody per unit time per unit area will increase by

7. When transistors are used in digital circuits they operate in the

(2) refraction.
(5) polarization.

(3) interference.

a blackbody is increased by 2 times, the energy radiated by the

(2) four times.

(3) eight i
(5) thirty two times. ght times.

(2) breakdown region.

(3) linear regj
(5) saturation and cutoff regions. sk

of a neutron (n)?
(3) uuu (4) uun (5) dad
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9.

10.

All the heat energy supplied to an ideal gas is converted to work done by the gas

If the pressure of a given mass of an ideal gas Is kept constant, the variation of its density J
with the absolute temperature 7' is best represented by
PT PA : p
0 () ¥ v @ T 0 @ T
PA PA
0 > 0 .
' @ T T

Three thermodynamic processes are given below.
(A) an isothermal process
(B) a constant volume process
(C) a constant pressure process

Confidential

(1) only by (A). (2) only by (B). (3) only by ().
(4) only by (A) and (C). (5) by all (A), (B) and (C).
11. Electric potential of two conducting parallel plates are ~10V and 30V respectively. If the separation
between the plates is 2cm what is the electric field intensity between the plates?
(1) 1000Vm' (2 1500Vm~ (3) 2000Vm~* (4) 3000Vm! (5) 4000V m!
12. Which of following is not true about the electric field lines?
(1) Field lines start from positive charges and end at negative charges.
(2) If a single positive charge exists field lines end at infinity.
(3) Two field lines can never cross each other.
(4) Electrostaic field lines form closed loops.
(5) Field lines are imaginary lines which are used to represent the pattern of an electric field.
13. A sound source of intensity /, produces a sound intensity level of 90dB at a certain point. Another
sound source of intensity [, produces a sound intensity level of 40dB at the same point. The distance
I
from both the sources to the point is same. What is the ratio of 7" ?
|
1ms (2) 50 (3) 500 @) 102 ) 10°
14. The photoelectric threshold frequency of a metal is fy, When light of frequenéy 4f, is incident on
the metal, what is the maximum kinetic energy of the ejected photoelectrons?
(1) hf, (2) 2nf, (3) 3hf, @) 4hf, (5) 5hf,
15, A convex lens of focal length 20cm and a concave lens of focal length 5cm are kept along the
same axis with a distance d between them. If a parallel monochromatic beam of light incident
on the convex lens leaves the concave lens as a parallel beam what is the distance d?
(1) 25¢em (2) 20cm (3) 15¢cm 4) 10cm (5) Sem
— J
01 - Physics (Marking Scheme) G.C.E. (A/L) Examination 2023 (2024) 5
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' Jong a straight
M are moving in the same direction a
ed of trolley X s twice that of wolley Y. When the

ision if the speed
two trolleys collide both move together with & common velocity, Due to the collision | pe

of the wolley ¥ is Increased by 20%, what will be the ratio of Gy 7
(s @) 4 M3 (@ 2 3 |

with the horizontal, If the initial kinetic energy
of the ball at its maximum height? (Neglect

16. Trolley X of mass m and trolley Y of mass
line on a smooth horizontal surface. The spe

17. A ball is projected upwards at an angle of 60°
of projection Is X what will be the kinetic energy
air resistance)

} K
M K @ § ™ 4§ @ 4 (5) 0

18. An immersion heater made of a wire of length L and diameter d takes 4 minutes to raisc the

temperature of a given mass of water by 40 °C. How much time is lakerll for heating a same

amount of water by 40 °C using another immersion heater made of a wire \».vuh the same material,
but having length 2L and diameter 247 (Neglect heat loss o the surroundings)

(1) 05 min (2) | min (3) 1:5min (4) 2 min (5) 8min

19. Assume that the earth revolves around Sun in a circular path of radius r,with a speed of v, and
Mars revolves around Sun in a circular path of radius r, with a speed of v,.

What is the ratio of ;l?

: 2
r r T r f

Q) L 2) 2 3 2 @ 1 5)
7 - L ) |3 7

20. The variation of linear magnification (m) of real images formed by a convex lens with the image
distance (V) is best represented by

sl m m oy
M @ ¢ 3) v
" A L
0 0 >y 0 -
0 %
@) (5)

21. If a proton is projected with a velocity v along the axis of a current i ;
(1) the proton \':/il': be accelerated along the axllgs. carying long solenoid,
(2) the proton will be decelerated along the axis,
(3) the path of the proton will be circular about the axis.
(4) the path of the proton will be helical about the axis.
(5) the proton will continue to move with velocity v along the axis,

01 - Physics (Marking Scheme) G.C.E. (A/L) Examination 2023 (2024)

0001013



Confidential

Department of Examinations - Sri Lanka

22,

27.

r—

reular uniform thin sheet, The center
most likely to be found at

3 C

The figure shows a semi-ci
of gravity of the sheet s

(n A @n
@ D ) £

and B are kept on the same

Two conducting circular loops A
ing wire at cither side of it

plane with a straight current carry
rrent (1) in the wire decreases

as shown in the figure. If the cu

in magnitude, the induced current in the loops

(1) will be clockwise in A and clockwise in B. A A, B
(2) will be anti-clockwise in A and clockwise in B.

(3) will be clockwise in A and anti-clockwise in B.
(4) will be anti-clockwise in A and anti-clockwise in B.
(5) will be zero in both loops.

The figure shows a Feris-wheel rotating in the clockwise
direction. A loud speaker fixed at X emits continuous sound
waves at a constant frequency f,. Consider the following
statements regarding the pitch of the sound heard by a man
in the Ferris-wheel when he passes the positions at P, o, R
and §?

(A) The original pitch is heard when the man is at positions

Q and §.

(B) The highest pitch is heard when the man is at position P.

(C) The lowest pitch is heard when the man is at position R.
Of the above statements
(1) only (A) is true. (2) only (A) and (B) are true.
(3) only (A) and (C) are true. (4) only (B) and (C) are true.
(5) all (A), (B) and (C) are true.

Consider the following statements regarding the magnitude of the magnetic force acting on a current
carrying wire placed in a magnetic field.
(A) It depends on the length of the wire.
(B) It depends on the way that the wire is bended.
(C) It depends on the cross-sectional area of the wire.

Of the above statements

(1) only (A) is true. (2) only (A) and (B) are true.
(3) only (A) and (C) are true. (4) only (B) and (C) are true.
(5) all (A), (B) and (C) are true

The speed v of a liquid having coefficient of viscosity » passing through a horizontal tube of

inn.er radius a and length / under a pressure dilference Ap can be wrilten as v = Q%"QE Here
C is a dimensionless constant. What is the value of n? n

m 3 @ 1 ™ 2 @ 3 5) 4

A steel measuring tape has been calibrated at 20 °C temperature. A student uses this lape to
measure a length at 40 °C. The value that he reads off the tape is 50-:00 m. What is the actual
length? The linear expansivity of steel is 2 x 10-5°C™',

(1) 4996 m (2) 4998 m (3) 50:02m (4) 5004 m (5) 5006 m

01- Physics (Marking Scheme) G.C.E. (A/L) Examination 2023 (2024) 7
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- gh a horizontal pipe of inner radius

us L. If the fluid pressure and
the ‘pressure of the fluid in the

28. An incompressible, non-viscous fluld of density # flows throu

r and then passes through a narrow part of the pipe of inner radi
the velocity in the wider part are P, and v, respectively, what Is
narrow pait of the tube?

P P 2 2 ) ,_.l_é V2
) _40. ) _20_ 3 po.. .%pvo (4) I:) —%/)Vo (5) IO 7 PYy
29. Ten resistors, each of resistance R, are connected R R
as shown in the diagram. If the resistance ANW—T— AW W
between the ends AB is 50k, what is the R
value of R? i
R
(1) 12kQ 2 15kQ A3) ISRQA R B
4) 24kQ (5) I6kQ

<
<
<
<
<
P
<
<
<
<
<
<

30. A monochromatic ray of light suffers minimum
deviation D in an equilateral prism P. Three
such identical prisms P, Q and R are placed
as shown in the figure. What is the total
deviation of the ray after passing through the P R
prism combination?

m 2 @ 2 ®) D
@) 2D ) 3D

31. A sinusoidal a.c. voltage with rm.s. value of 200V is supplied to a full-wave rectifier circuit.
Each diode in the rectifier has a forward bias voltage of 0-7V. What is the peak value of the
rectified voltage? (Take /2 = 1-4)

(I) 1415V (2) 1422V 3) 2772V @) 2786V (5) 2800V

32. A ping pong ball is dropped from a height of 1 m above a table. In every successive bounce, the
ball loses its kinetic energy by the same amount. The velocity (v) —time (1) graph of the ping pong
ball is best represented by

iy Ey YA
0 J 8 ¢ 8 t
v (N ' (2) 3)
L Do

\ “ (5)

01-Physies (Marking Scheme) G.C.E. (A/L) Examination 2023 (2024)
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36.

.

g“ Q/’A Q/IA

>
o fosccanns

o ? Q/

<

A voltage is applied acnss two penallel conducting plates.
As shown in the figwe (wo charged droplets X and ¥ of

masses 2m and m respectively are atorest between the

plates. Neglect the intenction beiween X oand ¥, When |

two plates are brought closer, _';" . e
(1) X and ¥ remain st equilibrivm .[- X

(2) X and ¥ fall down with eqqual accelertions
() X and ¥ rise up with equal accelerations.

(4) X rises with groater acceleration than Y,

($) X falls down with greater acceleration than Y.

N\\n‘anAwnmmuu\eamdamrmw tube. Initially the tap at the middie of
the tube is closed and the radius of the bubble A is smaller than that of bubble B. Then the tap
is opened and the system is allowed L0 reach equilibrium without breaking bubbles. What will be
the relation between the final radil (R, Ry) and the final volumes (V,, Vy) of the bubbles?

Hnal radu Final volumes
m R, <Ry V, <V Tap

@ R <Ry Vo=V 2 ;
Q) R, = Ry V,=Vy

4) R, >Ry Vo <Vp

(5) R, =Ry Vy<Vy

Al 2 certain temperature T, a pipe open at both ends resonates at a frequency of 400 Hz. At what
fmqumcydoesmcmepipcresonateonadaywhenlhcspcedofsoundisZ%lowcrthmit
would be at T?

(1) 384 Hz (2) 392Hz (3) 396 Hz (4) 408 Hz (5) 416 Hz

Three perfectly lagged rods made of same conducting material : . )

of equal length [ are connected to make a composite rod AB ——> >
as shown in the figure. The radii of their cross-sections have XXX v % x
the ratio 4:2: | respectively. Heat flows from end A of the B

rod 10 end B. At steady state, the rate of heat flow (g—)
along the composite rod is best represented by

Secccccnes

>length O > Length

> |ength 0

E $escccrnanannnn

o D—
~Yessmssssmnnen

<
bl S,
—
<

21 R

(2)

2 L T LT

-~
-

~

—~

(LD TR
~— —

l

e rerrcnmm—-

P AP

»>length 0 p—>3 Length

— e —————

o

0 2 ¥ 0 2 M
(4) (5) _
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37. Two rtods of negligible mass each of Initial length L and
cross-sectional area A made of materials of Young's moduli f
and ¥, are connected in series to make a composite rod, One
end of the composite rod Is firmly fixed to a rigid ceiling ns
shown in the figure. A sphere of volume V made of material
of density B is connected to the free end of the rod, and the
sphere is fully Immersed in a liquid of density 2 (8 > p). What
will be the change of the length of the composite rod?

o) sy owhald
@ vada- () YLSLBL(r 4 1)

38. Four thick transparent parallel sheets are placed on top of each
=~other as shown in the figure. The refractive indices of materials
made of the sheets are nj, n,, ny and n, respectively.
A monochromatic ray of light is incident with angle @ at the
interface of sheet 1 and sheet 2 as shown, What should be
the value of @ for the ray to go along the interface of sheet

3 and 47
’ll nl !
@ 8=sin” ("’—::'1‘-) 5) 6 =sin” (:—j;zi)

39. Two capacitors of capacitance 3 uF and 6 pF respectively are connected in series with a 9V
battery as shown in the figure, What are the voltage across, the charge accumulated and the
energy stored in the 3 pF capacitor after steady state has reached?

Voltage (V) | Charge (uC) | Energy () 3pF  6pF
¢)) 3 9 27 ‘_
2) 3 9 54 | l l
@) 3 18 108
@ 6 18 27
) 6 18 54 ‘Ill—

LAY
40. In the circuit shown the internal resistance of the cell is
negligible. What is the current through the cell? 20 '
() 05A ) 10A @) 12A 5...89
@) I'5A (5) 20A ! |
sy 30 = 320
F 108
3120 -

01-Physics (Marking Scheme) G.C.E. (A/L) Examination 2023 (2024) o
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El. Two identical blocks A and B connccted by a light Ldblls W
spring are suspended by a string attached to the celling
as shown in the figure. Initially the system Is at rest and
then suddenly the string breaks, Immediately after the
string is broken, what will be the downward acceleration

of the upper block A?
(1) o @ § 3 &

@) J2g (3 28

42. A vertical container of height h contains water up to a height y. When viewed from above

.- it is observed that the container is half filled with water. The refractive index of water is %
What is the value of y?

1 1 1 4 3
(1) 2 @ 3h ®) 5k @ 2h ) 2

43. Consider the circuit shown in the figure. The 12V battery
has no internal resistance. The resistance R of the variable
resistor can be changed from 0 to 100 Q. An ideal center-zero
voltmeter is used to measure the potential difference between

points A and B. The variation of the voltmeter reading V with 12 V=og=
R is best represented by, {]

V(V)Jr V(V)A VA
+9 +91 +9
+3

0 > 0 5 0
0/25 50 75 100pq) [0 25 50 75 10gg [0 25 S50 75 100 req)
¢

=3
) 2 3)
V(V:)A V(VIA
+.
0 \ L
0 2% 350 75 100 ()
+3
0l
0 50 75 1 R(Q)
-9 -3
4 (5)

Confidential
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E. In the system shown, the two equal masses, each of
mass M connected by an Inextensible light string are
moving with a uniform velocity. The pulley is light and .
frictionless, The coefficient of dynamic friction between
the inclined plane and the mass M Is

(1) tan@ @ l-sing (3 lzsind

cosl
@ S o Leilye

45. A car of mass 1200 kg is traveling at constant speed of 20 ms™! on a horizontal straight road
with the engine power of 22 kW, To climb with the same speed on a straight identical road but
inclined at 3° to the horizontal, what should be the power of the engine?

(Take sr=3, For small angles @ in radians take sin 0= 0)

(1) 25kW @) 34KkW (3) 35 kW (4) 42kW (5) 47kW

-

46. Which of the circuits represents the truth table given below?

A|B|F
0|0
0}l |0
I ]0]1
1|1]0
A A At
(n (2 3)
A A
B r BR 7
@ - 5)

47. An equilateral triangular conducting loop of side 0-05m
passes a region of uniform magnetic field of flux density

B=0IT at a uniform velocity v=05ms-! as shown X X X X X x % x
?n the figure. What are the magnitude of the maximum X X X % x x x %
induced e.m.f, and the direction of the current in the x x x x xBy X X
loop as the loop enters the field? | SX XIX X X x x x
(J) 25 mV, anticlockwise X X X X x X x x
(2) 25 mV, clockwise X X X X x x x x

XX X % % x x x

(3) 05 mV, anticlockwise
@ 05 mV, clockwise
(5) 025 mV, clockwise

01 - Physics (Marking Scheme) G.C.E. (A/L) Examination 2023 (2024)
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48. Figure shows a conducting wire camying a current /, The wire has a non-uniform circular cmss-secﬂfm
of varying radius along the length, The variation of the drift velocity v, of electrons in the wire with
the length x measured from the left end of the wire Is best represented by

1 i
4

Ve

3

C -
@ " ® *

49. A small conducting sphere of radius a falls from rest in a viscous liquid. When the sphere attains

its terminal velocity the rate of work done by the viscous force is proportional to
(VI 2 o 3 a @) a? 5) a

50. A specially made single frictionless pulley of mass M consisting of two

parts of radii r and % is hung from a ceiling. Two light inextensible
strings are wound around on each part of the pulley and two blocks
each of mass M are hung from the free ends as shown in the figure.
The total moment of inertia I of the pulley about the axis is given

by I= %Mrz. When the blocks are released from rest what is the

angular acceleration of the pulley?

O @ % ® £
@ £ ® £
# % &

01 - Physics (Marking Scheme) G.C.E. (A/L) Examination 2023 (2024)
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PART A — Structured Essay
Answer all four questions on this paper Itself,
(¢ = 10ms?)

Confidential

1. You are asked to determine the acceleration due to gravity (g) using lh§ simple ﬁﬁdulum
shown in the figure. The oscillating length of the pendulum could be gqjyted,

/E?P

o

<=

(@) Name the additional measuring instruments and items necessary for carrying out this

experiment.
Additional measuring instruments: Stopwatch/Stop-clock, Meter ruler  ...icoievnnnnes (02)
(01 mark for each)
Additional items: Indicator/Pointer/Locating pin/Reference pin/Pin and a stand ......... (01)

(No marks for pin only)

(b) (i) Write down an expression for the period of oscillation (7) of a simple pendulum
in terms of oscillating length (/) and the acceleration due to gravity (g).

T=ZHJZ
g

(ii) What is the exact oscillating length (J) in this experiment?

reereeeennenees(02)

Distance between point of suspension and the centre of gravity of the pendulum bob
/OR centre of the pendulum bob/sphere

OR any value of / between nycm tolm

3o

vereanenesenes(01)

01-
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i i bob
© @ Undcrll.nc the correct angle of inclination at which you release the pendulum
before it starts 0 oscillate.
17 8 veesesssreseses(01)

(i) How can you avoid error in counting the number of oscillations when starting the
stop watch?

(Counting in descending order and) start_the stopwatch when counting () as the bob
passes the locating pin/reference pin

OR start counting (from 3, 2, 1) when the bob passes the locating pin/reference pin/ and
start the stopwatch when counting 0 DpPR—— ( 7 )

(No marks for start the stopwatch when the bob passes the locating pin)

(iii) How do you verify that the oscillations of the pendulum occur in a vertical plane?

Ensuring the pendulum bob/string swings without sideways motion

OR without to and fro motion of the bob/string sideways

OR look at the motion by directing the eye on the plane on oscillation........ sesesss{01)

(d) (i) Rearrange the expression written in (b) (i) above in order to determine acceleration
due to gravity (g) by plotting a suitable straight line graph.

T? = (ﬁ)z

- ssssismapmascasssslBE)

01- Physics (Marking Scheme) / G.C.E. (A/L) Examination — 2023 (2024)
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. . ing the following graph. Give your
i late the accelemation due to gravity (g) us . 8 grapi. -
a g::l‘c:: in SI units. (Take 7= 10). [Hint: Do not simplify the value of the gradient]

., .9
e 4 .
| | P {44 | ; 1 ‘ 4 "j“ ' t b4 4 3
P 4—4 " l ) 1 1 . --‘~ -4 ’.' '_r:_’_
¥ ] t | 1 I " I -4 l}. - i'"'/'
.. ' : 1 } 1 "t 1 : L 4 1 2 A -y
- ot 4
Jaiiauisisanwane: e nuei
RN NERRRRNRNY RE l J - -
. - - -
T TR . ow 1104
‘ t “+-1-1-1 by oqe -11 R S A t BRERES
'y - 190 .4 | F . 1* 44 ! . -,
.E L{ Q ‘{{4‘ . + t P'F*‘l' / H't ~ R
-t 4=t 4+ b . + ‘ +- 1 - -4 --4-
"ff”"’. | -114‘ . e R R o et
e -
A by e t .4 I t T*j—ﬁ I_‘* 1 tH .
e e § . . -~ - T +1
. - st -~ - 4 — [
T A T e
HE R e
b - i . 4 } -
'—:-I-{r—i— ’., PP B RS . l‘ﬁ ’ ?""L‘}"‘ j’ + r—w—-t ¥
I N s . . R s 4 -+
t»%~ + »41—1' 1 T H1 11
B G L ll T ) I . '
T " i I i 1. RN BN 2 1LL .
- ",.‘, | ! . &4 - YU .. I 4 . L{'—T ' 1:
JEHEE -4+ et} + ! -
t 2 4 B i T |
1 ot — 4 4+ — 4t 4= +- 4 40 i
1T -1 4 ) i-t . | - i e
” I LT I 10 ] H A
7 - T T
- 4 - - —pda ) - ¥ T
1 * /(r' I { t 4 11 rg - L.T XL | T + ‘LJ
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41

Gradient (m) A sesassassrsenssasa(OL)

(Identifying ig—z- as the gradient)

Selecting the lower point as (43, 1.75) sssassscsssnsases(UL)
Selecting the higher point as (89, 3.75) cosunsvasssenyssalUL)

(No marks for any other points)

3.75-1.75

Gradient = Go-ammao=  (or gradient calculation) PN (1Y

4?2 2x102

g 46
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\

_ 4X10%46

2x102 (02)
‘q = ()_2 m S"/N kg | (()‘()7 ().2()) YT LI A A

(Do not look for unit) |
ent points for gradient
jon and

{If a student has obtained the correct/accepted answer for g selecting differ bt
dient calculatl

calculation, award 04 marks only. i.e. for identification of the gradient, gra
the final answer}

(¢) Consider the conical-shaped mass shown in the figure. Writc down 2;110 A
advantage and one disadvantage of using this conical-shaped mass as €
bob instead of a spherical mass.

Advantage: Easy/accurate reference point determination during oscillation
OR reference pin could be pointed easily/accurately

OR error in counting oscillations could be minimized

OR counting the number of oscillations could be determined accurately

OR period of oscillation could be determined accurately ~  cccecevennenns

Disadvantage: Complex center of gravity determination
OR position of center of gravity is unknown
OR exact oscillation length cannot be determined
OR higher drag force acting on it due to air
OR oscillations will cease quickly e, U (1} )}
2. You are asked to determine the specific latent heat of fusion (L) of ice using the method of

mixtures. You are provided with a copper calorimeter, three thermometers (you have to select
the most appropriate one), water at room temperature, block of ice at 0°C and filter papers

(@) What are the other measuring instrument and the item that you need to do this experiment?
Measuring instrument: Four/three-beam balance OR (laboratory) electronic balanc N
marks for just stating balance) ¢ ((01(;

Item : Square — net stirrer / Stirrer with net ©

01- Physics (Marking Scheme) / G.C.E. (A/L) Examination — 2023 (2024)
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(b) It is advisable to determine the dew point of the atmosphere approximately before adding

ice. What is the reason for this?

calorimeter surface can be avoided

The error caused due to depositing of dew on the
low the dew point can be

OR the drop of minimum temperature of the mixture going be

avoided

OR ¢aining/exchanging of heat with the surroundings can be minimized

OR compensation of heat cang be done accurately sedssissveverssdB)

(¢) Parts of the enlarged scales and their ranges of three thermometers (P, Q, R) available
in the laboratory are shown in the figure.

32— ] 40—
{ —] 34— =
= = it
= W= =
i

|« x _

-10°C to 60°C -10°C to 110°C -10°C to 250°C

P Q R

(i) If the room temperature is 30°C and the dew point of air is 24 °C, select the
most appropriate thermometer that should be used to perform this experiment.

Most appropriate thermometer: P SEEIREEA AT AR (01)

(i) What is the least count of the thermometer selected in (c) (i) above?

0.2°C E— (1)

[If a student has selected Q in (c) (i) above, then the least count is 0.5 °C OR If a
student has selected R in (¢) (i) above, then the least count is 1 °C. Award this mark
appropriately]

(iii) What should be the initial temperature of water?

35.0 °C (Also accept 35.2 °C/35.4 °C/35.6 °C/35.8 °C)

OR 5 °C above the room temperature P G o (01)

01- Physics (Marking Scheme) / G.C.E. (A/L) Examination — 2023 (2024)
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take
p teps would you
@) When preparing ice, adding ice into water and mixing ice what step

to ensure proper procedure in order to determine L7

(01)

'.l"'..ll.ll..'

l’l‘l‘l’&ll'i"g ice ! Break the block ol ice into ,“'"c’l“ pieces and (01)
.‘ll"ll'..'l."

dry the picces/wipe out water using the filter papers.

i i ater in
ing i i i ime (using ¢ cer) into the wate
Adding ice : Add one picce by one /add one picce at a time_ (using a pincer) " 01)

the calorimeter

. . . . ) N . H y I ."‘ IVCd. tc-oocva-(‘,l)
while stirring, taking care to insert one piece after the previous one has disso

‘K’ n /
- e . . ioe is ingi in
Mixing : Stir with nst s!;m\r OR make sure that the piece of ice is inside water/not ﬂoz;:)f)g
v = sessssscnvsss

(Students might write above answers at different places. Award the marks accordingly
considering underlying terms)

. . $ 9
(e) (i) Whatare the temperature measurements that you would expect to take in this experiment?
Give them in order of measurements.

(1) The initial temperature of water (in the calorimeter) s Darnias .(01)

(2) The minimum/lowest temperature of the mixture/water/system ssssanssssssessdl01)

(ii) In order to measure the second temperature mentione
you could plot the variation of temperature (@) of w
curve that you would expect using the given axes,

i

d in (e) (i) above accurately
ater with time (¢). Sketch the

e

0 >t

Temperature falling part

vervenees(01)

Temperature rising part seennnn(01)

(Deduct 01 mark if the curve touches the 8= 0 time axis)

01-
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() Apart from the temperature measurements mentioned in (e) (i) above and the required
mass measurements what data would you need to determine L?

(1) Specific heatcapacity of water e (01)
(2) Specific heat capacity of copper/material of the calorimeter crersesares veen(01)

(&) (i) Ifthe added ice contained water at 0 °C with it, would the experimental value of /. be higher
or lower than the standard value?

Higher/lower (underline the correct word) cesnsesnsnsenn(01)

(i) Give reasons for your answer.

A higher mass than the correct mass of ice is taken into the calculation

OR melted ice has already absorbed heat from air

OR the initial temperature of the water in the calorimeter will not drop as far.

OR the final temperature of the mjxture will be higher.

3. A student plans an experiment to determine the focal length of a convex lens by measuring
the distance to the real image of an object pin.

(a) Before choosing suitable values for the object distance the student should know the

approximate value of the focal length of the lens. How does he find the approximate
focal length?

By adjusting the lens in front of a wall, obtain a clear image of a distant object on the wall

......... R (1))
and measure the distance between the lens and the wall by (keeping a meter ruler
perpendicular to the wall). (Also accept screen instead of wall) sexssessasvassas{01)

(b) Taking objective distance = u, image distance = v and focal length =j, write down the
equation that the student is going to use in this experiment.

< =
IS

OR L 98
v

S

1 1
2 ol P (11§

01- Physics (Marking Scheme) / G.C.E. (A/L) Examination — 2023 (2024)
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. 1 raph-
traight lin¢ 8
(¢) Rearrange the equation in (b) above to obtain @ 8

TN Y SIRUEE e L L
A G i propee
e sign convention, with prop

(@) If the readings of the experiment arc plotted using th e expected graph in the space

labelling of independent and dependent variables draw th

given below, 1
a '
of> »%
OR
(0,0) -1
u
Identification of X-axisas> — eeeesesseesesnes (01)
Identification of Y-axis as % ................ 01)
Identification of origin as (0, 0) NCTPTPppppey (01)
Straight line with positive/negative gradient ~  coveeeveeenrenn. (01)

(e) If the approximate focal length of the lens is 12 cm, taking 167 cm as the minimum
object distance and 100 cm as the maximum object distance, write down four (4) suitable
object distances in between the minimum and maximum. The length of the laboratory
table is 200 cm. (You may use 0167 x 6 = 1:0)

Corresponding u« values are 20 cm, 25 cm, 33.3 cm (OR 33.4) and 50 cm (OR 50. D...... 04)

(01 mark for each correct value)

L I e
[Explanation: Since =, = 0.06and e
0.03 and 0.02]

(A Another student took u=12'5 cm as the object
image distance. Give the reason for it w

= 0.01, intermediate i values should be 0.05, 0.04,

distance and he could not me
ith proper explanation.

The image distance is too far from the lens

asure an

OR image distance is even more than the length of the table

OR the image distance is about 300 ¢m (or larger than 200 cm)
OR the image pin cannot be placed on the table,

...........

(No marks for the image will be formed at infinity)

01- Physics (Marking Scheme) / G.C.E. (A/L) Examinatiop — 2023 (2024) —_
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(g) Complete the following diagram of the experimental setup indicating both focal points
object pin O, locating pin L, the position of the eye and the other important item.

F F ") ¢

)
¥

$ 0| L
- =~ C Both focal points F ........... (01)
Correct sides of O and L including supports and labelling soscessessencees{01)
Tips of O and L just touching the axiS ....ecceveneesn. (01)

(Tips of O and L could be represented by arrows)
Position of the eye on the axis ........ seessses(01)
Position of the screen S =~ ...vviveneneenns (01)

() One student plotted a graph with 6 points by measuring three u values only. State the
procedure that he has adopted to plot the graph and give the reason.

Procedure: The v values corresponding to the three u values can be taken as another three u
values '

OR the v values corresponding to the three u values can be interchanged as u values thereby
six data points can be obtained

N (1) §)

Reason: The real images of a convex lens can be interchanged with respective objects

OR real image distances/v of a convex lens can be interchanged with respective object
distances/u

OR object distances/u and real image distances/v form a conjugate pair

OR any pair of object distance/u and real image distance/v can be considered as another pair
of image distance/y and object distance/u

OR since the path of the light rays are reversib

; : le the object distance/u and the relevant real
Image distance/v can be interchanged.

ceerrenreeneenns(01)

01- Physics (Marking Scheme) / G.C.E. (A/L) Examination — 2023 (2024)

23

03150000188110017

A TR



Confidential

De .
Partment of Examination - Sri Lanka

istivity of the
is connected

4. (@ T ;
(@ The meter bridge circuit shown in figure (1) I8 used ¢
across the sccond

material of g g { ire h oo
v W nd its length, A
given uniform wire a i onnected

across the first idee known resistance € : .
» gap of the bridge. Let unknow ' sion for S in
gap of the bridge be S. If the balance length is | write down an i'::Prcs
terms of R and / neglecting end corrections of the meter bridge WIFE:
R S
D
A ct G Eﬁ B
- —
00 - )
() s
\! 1
K Figure (1)
vevrersnnesenens(02)

5=R%1) (lisincm) OR S=R9l19 (lis in m)

(b) The part (X2) of the wire is covered in a box and the part (XY) is outside the box as
shown in the figure (2). Unknown resistance S is obtained from the length XZ and a

part of the wire XY.
|«&———— Resistance § —>1
1
1
1
1

*@-x-—-—}

Y X

N—- ===

Figure (2)

(i) The covered length of the wire XZ is L. If the length of the part of the wire
measured from X is x and resistance per unit length of the wire is k write down
an expression for resistance § across the second gap in terms of L, x, and k.

S=k(L+x) e eeeens(02)

(ii) By varying the length x, the respective balance length ! is measured. When
x=10cm, !=50cm and when x=30cm, /=40cm. Substituting the cx;;rcs;ion
obtained for § in (b) (i) abovc into the expression written in (a) above .a d
using the given values of x and /, determine L. i

01- Physics (Marking Scheme) / G.C.E. (A/L) Examination - 2023 (2024)
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k(L+x)=R g
k(L +10) = l\’w)—:;'—'m ------ (1) (for correct substtution)  ...veeveseeeenn. o1
OR k(L +0.1) = g 22
k(L + 30) = l\'Lm:;i! ...... (2) (for correct Substitition)  v.vvvvsvesssenss 1)
OR k(L +0.3) = U2
0.4
@ _ L+ _ 2
@ L+30 3
L=30cm@©ORO3M) eovenses (02)
(iii) If R=10Q determine the value of k.
Substituting the value of L in equation (1)
40k =R
10
k=
k=0.25Qcm' (OR25 Qm™') (Donotlook forunit) ....eeeevee.... (02)

(c) Using a suitable measuring instrument the diameter of the uncovered part of the wire
was measured at different locations and the readings obtained were 1-60 mm, 1-62 mm,

1-60mm and 1-58 mm,
(i) What was the measuring instrument used in these measurements?

Micrometer screw gauge  iieeesseessnes (02)

(ii) What is the least count of above instrument in mm?

ORIMin  gaesesneenesnid (01)
(iii) Calculate the mean cross-sectional arca (in m?) of the wire using the above readings.
Take 7z=3.
Mean diameter = 1.60 mm
Mean cross-sectional area (A) = 3 X (0.8 x 1073)? cernernenenensns(01)
(for correct substitution)
A =192%x107¢ m? vesensesneid(iL)

01- Physics (Marking Scheme) / G.C.E. (A/L) Examination - 2023 (2024)
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i 4 wire.
(iv) Calculate the resistivity # of the material of the

Since & is the resistance per unit length

....-.-...;....(01)
k=2
A

p=25%192x10"°

TR,
p=48x10"5 Qm (OR 4.8 x 10~7 Qcm)

(Deduct 01 mark for incorrect unit)

i i istivity of
(d) What is the essential parameter that must be given when expressing the res y
a material?

iteessversrssasilUB)
Temperature

01-
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Answer four questions only,
(g = 10mys™%)

e Note: 'or an example the number 65210 can be written as 6:52 x 10* in scientific notation after
rounding off 1o two decimal places

S, (a) In a cncket match, a fast bowler delivers a ball without hitting the ground (full toss ball) with horizontal

)

velocity of 350ms™ at a height of 220m from the ground level as show in the figure (1). The ball
travels a horizontal distance of 175 m before touching the bat. Assume there is no air resistance.

W*Jipplzj. & f

3

- 17:5m
Figure (1)

(i) How long will it take for the ball to touch the bat?

(ii) At what height from the ground will the ball touch the bat?

(iii) Calculate the speed of the ball just before touching the bat. Give your answer to the nearest
first decimal place in ms™. You may take v2 =141,

(iv) The ball approaching perpendicular to the bat is successfully hit by the batsman so that it
rebounds and returns in the same incoming line with the same speed as it approached the bat.
If the mass of the ball is 0-16kg and time of contact with the bat is 0-2s calculate the force
excrted on the ball by the bat. Give your answer to the nearest first decimal place in N.

Cricket batsmen use mechanical bowling machines to practise ¥
in the net for improving their skills. A certain bowling machine =
consists of two icentical heavy wheels A and B fitted with — )

rubber tyres. The radius R of wheels with tyres is 50 cm.
The top view of the setup is shown in the figure (2). Each
wheel is driven by its own electric motor but in opposite
directions. They are mounted in a horizontal plane with
a gap in hetween two wheels The gap is slightly less than
the diameter of a specially designed uniform ball.

Figure (2)
(i) For sending a spinning ball, the rotational speed of wheels A and B are set at ©,=640rpm and

w,=560rpm respectively while keeping the plane of the wheels horizontally. rpm denotes number
of rotations per minute. The linear velocity v of the centre of mass (CM) of the ball is given

, v, - v,)
by v= 91—;—"22 The angular velocity @ of the ball is given by @ = —1—2;-2- where 7 is the

radius of the ball. v, and v, arc the velocities of the surface of the ball at contact points. The
radius of the ball r=40cm. Take 7=3.
I. Calculate the angular velocities (w, and w,) of wheels in rad sl
I1. Calculate the linear velocity (v) of the CM of the ball when ejects.
[1I. Calculate the angular velocity (@) of the ball in rpm when ejects.

01- Physics (Marking Scheme) / G.C.E. (A/L) Examination — 2023 (2024)
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yoflhe

H ic ener
kinetic €neTEY. ) " ¢

IV. If the mass of the ball is m,write down an expression for the 10_‘:]’ of a uniform
ball when ejects in terms of m, r, v and @. The moment of inertl

radius r about an axis through the centre is given by /= Zmr. surface of the ball

LI
V. When the ball ejects calculate the maximum speed that a point on the

that
set equal SO
¢ wheels arc o, ot

can have.
h
eds of t he angular §

(ii) For sending a fast ball without spin the angular spe ’
@, =w,=w,. To eject a fast ball at velocity of 35ms~! what should be

each wheel in rpm?

@@ @(-u=35ms', »>s=175m

Applying s = ut in — direction
=22 - coisiuisne(03)
S
=05s rveeesnesnssns(01)

(i) 4u=0, Ya=10ms? and $r=05s

Applying s = ut +Zat? in { direction
h=0+3x10x05 ISUURPRPRRRPOON (1) §
h=125m

Height from the ground = (2.0 - 1.25) m (for subtraction) sEsEEass veeeeess(01)
=0.75m, TP (01)
Gi) u=0, Ya=10ms?, r=05s and ¥ v=1w,

Applyingv =u+at in J direction
vy,=0+10x05 . TR (1)
4 v,=5ms’ O
and »v,=35ms’!

Since v? = vZ + v?

L PPN (11 )
v? = 352 + 52 =1250
=625 %2
v=25x+v2=25x141
v=353ms'(3525-3540)m s’
oc.-ooooa-..oo..(OZ)
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(iv) In the direction perpendicularly away from the bat Ap = m(2v)  .ieeieeencccncnsns (o1)
Nruik
Y

0.16x2x35.13

('2 lllllllllll ..ll.(ol)

(for the substitution)
F=363N(S64-8366)N e eeee(02)

F =

(If a student has considered the component of weight of the ball along perpendicular
to the bat award marks/disregard it )

(b)) l. @, =640 rpm

=22rds! s o1)
(for dividing by 60 and multiplying by 2r)
=64rads™t e (01)
w, = 560 rpm
__ 560x6 -1
= e rad s
=56rads™ e 01
II. Applying v = Rw to wheels
v; = Rwq, v, = Rwy and R=0.5m
v =222 25 (64 4+ 56)
v=30ms™ e (02)
III. r=4cm=0.04m
_ (-w) 0.5 _
W= Tixo0s (64 — 56)
w=50rads™?
=500 rpm (OR50rads™!) st s pabiEe (02)
01- Physics (Marking Scheme) / G.C.E. (A/L) Examination — 2023 (2024)
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IV. Total K. E. = imv? + }(2mr2)u?

g o g gt Y Tt e S LN e eandderpus et (02)
Total K. E. = %muz + %mrzm‘ .....
(01 mark for lincar K.E. and 01 mark for rotational K.E.]
V. The rotational speed v, of the surface is given by v, = rw
senessses 02)
v?' = 0_04 X 50 s (

[O1 mark for the identifying r = 4 cm and 01 mark for multiplication of r by w]

=2ms~!

The maximum speed is on the left surface of the ball

The maximumspeed =30+2  eeceseeseessen (01)
(for the addition)

=32ms™l  eeeeeesieieenen (02)

(i) v=35ms 1andR=0.5m

Applying v = Rw, to the wheel
L Y ——— (01)

w, =70rads™?!
wo = 700 rpm (OR 70 rad s~ 1)
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6. Read the following passage and answer the questions.

Audible range of human ear extends from 20 Hz to 20 kHz. Ultrasound waves are also sound waves b}n
differ from audible sound only in its frequency. Ultrasound is used in many different areas such as in

industry, medicine, navigation, imaging, cleaning, mixing, communication and testing.

An ultrasound transducer converts electrical signals into ultrasound waves and ultrasound waves into electrical
signals. The key component of the transducer is a piezoelectric crystal which works on the principle of
piezoelectric effect. When a high frequency alternating voltage is applied across such a piezoelectric crystal,
it expands and contracts along one axis producing ultrasound waves. Similarly if ultrasound waves produce
a variable pressure in the crystal, a small potential difference develops across the crystal. Therefore the

same transducer is used to generate ultrasound waves and to detect the reflected ultrasound waves.

When ultrasound waves are incident on a boundary between two different mediums, a part of the ultrasound
waves will be reflected and a part will be transmitted, The amount of reflection or transmission depends
on a property called acoustic impedance (Z) of each medium and it is given by the relationship Z= pv.
Here P is the density of the medium and v is the speed of ultrasound waves in that medium. For normal

incidence, the ratio of the reflected intensity (/) to the incident intensity u,

Here Z, and Z, are acoustic impedances of the first medium and the second medium respectively.

Since the Z value of skin is large compared to that of air, when
an ultrasound transducer is placed directly on to a patient’s skin,
999% of the incident ultrasound intensity is reflected and only
(1% is transmitted into the body. In order to ensure that most of
the ultrasound is transmitted into the patient, a special gel layer
is applied in between the patient’s skin and the transducer. Since
the Z value of the gel is almost the same as that of the skin,
very little ultrasound will be reflected and this ensures effective
imaging of internal structures.

Figure (1) shows a cross-section through a part of a patient’s
body. Ultrasound is pulsed through the center of the section so
that it passes first through an organ and then through a bone.

Figure (2) shows an oscilloscope trace of the reflected ultrasound
signal received from the pel-¢kin honndary and then from the

front and back surfaces first the organ and then the bone.
(a) What is the audible range of human ear?

(b) Name three areas where ultrasound waves are used,

(c) What are the functions of an ultrasound transducer?

' ~-Z
) is given by .Iz.gz__l.)i
]‘ (ZZ+ZI)2
ultrasound
transducer
slﬁin organ bone
{ A
A B €h R
Figure (1)
8 !
| |
| D E
< l
1 N
| a0 |
| 1 '
PEEREEER
— ' :
Figure (2)

(d) (i) Briefly explain how ultrasound waves are produced in an ultrasound transducer.

(ii) If the natural frequency of the piezoelectric crystal in an ultrasound transducer is 48 kHz, what is
the most appropriate frequency of the alternating voltage that should be applied across the crystal?

Give the reason for your answer.

(e) Is it possible to apply the same equation that is used to find out the speed of sound in a medium to
determine the speed of ultrasound waves propagating in that medium? Give the reason to your answer,
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(22 -2 )2 not equal to that of (ZZ-Z')Z.

() (i) In the expression Sei! I’y , show that the dimension of / is
2,4 2)

(ii) What will be the value ;f-. if 2, = 2,1
i

(tii) What will be the value -jl. if Z, >> Z?

¢ transducer?

: i AT h
What s i i n the patient's skin and t
(9 is the reason for applying a special gel betwee P oy

(k) (i) What is the acoustic impedance Z of human skull wilhldcnsity 1600 kg m
travel through the human skull at a speed of 3750ms™7

2 o
(ii) The average acoustic impedance of the material that the brain made of is 40X 10°kgm™s

Calculate the percentage of ;L. when ultrasound waves incident on the boundary of skull and

brain. i .
() (i) Using the information given in figure (2), determine the total time interval during which the
ultrasound waves travel in the organ.
(i) Calculate the total distance travelled by ultrasound waves through the organ. Ultrasound wave
speed in the organ is 1600ms™',
(iii) Hence, calculate the thickness of the organ.
(iv) Calculate the thickness of the bone. Ultrasound wave speed in the bone is 4100ms™.
() What is the reason for sending ultrasound pulses instead of a continuous beam of ultrasound in medical
imaging?
(k) Why is ultrasound scan safer over X-rays to examine a foetus in a womb?

(a) 20 Hz to 20 kHz SO— (01)

(b) Industry, medicine, navigation, imaging, cleaning, mixing, communication, testing.

(Any three 02 marks, any twoOl mark) ... veeenea(02)

(¢) An ultrasound transducer converts electrical signals into ultrasound waves ................(01)
and ultrasound waves into electrical signals. speesesasssnens(01)
Canerele and

v e (,f;l_\/l

(d) (i) When a high frequency alternating voltage is applied across (a piezoelectric crystal in) an
ultrasound transducer it expands and contracts along one axis. (These crystal vibrations
produce ultrasound waves.) o)

01- Physics (Marking Scheme) / G.C.E. (A/L) Examination - 2023 (2024)
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(ii) 48 kHz sdpsossasensid (01)
The piczoelectric crystal resonates
OR The piczoelectric erystal vibrates with maximum amplitude. seeue iy pbINERS (02)
...... PP () §

(¢) Yes/possible
Ultrasound waves are merely sound waves but differ from audible sound only in its frequency.

o i s - ; Power| _ MLT-?L
(D (1) Dimension of mtcnsny:l = - .y

=MT"3 cosassessauntsor
Dimension of Z2 = (ML™3LT~1)?2
= M?2L™4T2
Therefore dimension of I, is not same as (Z, — Z;)2.
(i1) Ultrasound waves will not be reflected
ORI, =0

OR all incident ultrasound waves will be transmitted. CEIBEYE SR 208 (01)

(iii) All/most ultrasound waves will be reflected

OR Ir = [i
OR nothing/very little will be transmitted. AR | ] |

(g) To match acoustic impedances

OR Z value of the gel is same as that of the skin
OR to allow very little ultrasound reflection
OR to allow more ultrasound transmission

OR to ensure effective imaging of internal structures PPN (11§

01- Physics (Marking Scheme) / G.C.E. (A/L) Examination — 2023 (2024)
33



De . ‘
Partment of Examination - Sri Lanka Confidential

' vererned 01
”‘)‘.‘ /_l(*"“,“' YT LA ‘ )
TLEE LA 0'
‘(‘"\'"i'l‘v ""5' T L ( ,
('.) ,' s “, “.,,,...alcolll("',
I (e )y’
(eorrect substituting)
)I
: ;““-‘ X '"“
'L o
- ,‘l”' sasassssans’ ‘ 2,
\I'(I' :‘)“\ ....1."00.‘!0"“)',
() 20 x 107° x 1600
0.032m(3.2¢cm) JUSIPURR () )
(iii) °—‘;’1 (for dividing by 2) PO | |
0.016 m (1.6 cm) U | |
" Sx10"¢x4100
(1v)
2
0.0125m(1.25cm) SRR (02)

(j)  Ultrasound waves must be emitted in pulses in order measure the time interval between the
signal to reach the target of interest and be reflected back to the transducer before the next
pulse is emitted. Ta——— | |

(k) X-rays are ionizing radiations which could harm the foetus, 01)

whereas ultrasound waves are sound waves and they do not harm the foetus

vinnssnnianeen(01)
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7. As shown in the figure a cylindrical syringe is attached
to a cylindrical injection necdle which is used to inject a
liquid medicine into a vein of a patient. Both the syringe
and the needle are kept horizontally and completely filled
with the medicine. The internal radius of the syringe is r
and the length between points X and ¥ is 1. The Imcrnal
radius of the needle is r, and the length of the needle
is f,. The coefficient of viscosity of the medicine is 7.
When a force F is applied to the piston of the syringe, the
rate of volume flow of the medicine through the system
is Q. The end Z of the needle is inserted into the vein.
(a) Write down the Poiseuille equation for the rate of volume flow Q of a viscous liquid passing through

a horizontal narrow tube. Identify each symbol in the equation,
(b) (i) Write down an expression for the pressure P at point X due to the applied force in terms of F
and r,. Assume that the force F is uniformly distributed over the cross-sectional area of the piston.

(ii) If the atmospheric pressure is P, what is the total pressure P, at point X.

(iii) If the pressure at point Y is P,, write down an expression for (P, - P,) in terms of Q, r,, I,
7 and F.

(iv) If the pressure at point Z (inside the vein) is P, write down an expression for (P, -
of O, r, I, and 7.

(v) Using the expressions written in (b) (iii) and (b) (iv) above, write down an expression for (P, - P,)
in terms of Q, ry, /, n, 1), I, and F.

(vi) Hence write down an expression for F in terms of Q, rys l], N, Iy lz' P, and P,

(c) The pressure P, in the vein is 10 mmHg higher than the atmospheric pressure.

(i) Determine (P,-P,) in Pa. Density of mercury (Hg) is 1:36x 10* kg m™.

(i) If ’|=2'5 mm, ll =50mm, r,=010mm, 12=60mm and 7=20x 1073 Pas dele.rmine the mggnitude
of the force F needed to inject a volume flow rate of 3-0x 107 m*s™ liquid medicine into the

P3) in terms

vein. Take 7z=3. [Hint: In the determination of F, two terms having small values can be neglected].

(iii) What is the flow speed of the liquid medication inside the needle? Take n=3,

(@ In a modern jet injection method (needle free) liquid medicine is delivered into the body using
a high-pressure nozzle just touching the skin. A narrow stream of liquid medicine penetrates the skin
and delivers the medicine into the tissuc. The inner radius of the opening of the nozzle is 4 um. When
the liquid medicine is filled in the horizontal syringe, the liquid staris to release from the opening of
the nozzle at a certain pressure.

(i) Write down an expression for the excess pressure (Ap) across a spherical meniscus of radius r of
a liquid of surface tension 7.

(ii) Calculate the pressure P’ needed to be in the liquid medicine near the nozzle when a liquid
drop is just detached from the opening of the nozzle. Surface tension of the liquid medicine is

80x 102Nm' and atmospheric pressure is 10 x 10° Pa.
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i 0 o 880 oo = Bcigart. o0 et (02)
e 8nl 8nl

" ‘ ap(P1—P2) _ pressure gradient;

AP = Pressure difference or (Py — P,) = pressure difference nr-—-—t""" i: it of the tube
- e v . . = |€

*= (internal) radius of the tube; 7 = coefficient of viscosity (of the liquid); /

................ (02)
(Al four correct — 02 marks; Any three — 01 mark)
..... N (| »
®) () p= _Fz_ (02)
nry
G) P, =Py+—= ORP,=Py+P et 02)
mrf
F
[(Po'l"—_z)—'Pz]ﬂ'Tf = 4
- mry __ [(Po+P)—P]niTy
" ¢ 8nly ORE 8nly
= Pl By CEC T e vevvreens(02
ko~ Fa nry nr? ’ ©2)
. 2 QBTIZZ
(iv) P,—P; = e swssssssse(02)
(v) By adding the expressions in (b) (iii) and (b)(iv)
8nl;  Q8nl F
Py— Py = Q8n!y 2 _
0 3 nrf nr; 1r7‘12 S YSRARAMIPIPON (| 94
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; F o _e8yll Lz_] Py — P
(vi) nrf ow r,"+r§‘ + 53 0

2 , ) T |, )
F = Q8n [:—; o+ Lf—:'—] +ard(Py—Py) OR F = Q8nr{ I# + ;:;l + rE(Py = Pp)

................ (02)
©@ ((P;s=P)=10x10"3%x13.6x10*x10  eecccrernininee (01)
(Correct substitution)
(P, -P)=1360Pa esscescsssesnens (02)
N ' . 50x1073 3
(i) 2 term: " = 8x10
2 -3 2 -6
b2 (opm; S22 X258 XAT _ 375 x 10°
3 10

arZ(P; — Py) term: 3 X 2.5% X 1076 x 1360 = 2.55 X 1072

First and the third term could be neglected in comparison with the second term.

2

F = Q8n <

T2
F=30x10"7x8x2.0x10"3x3.75x 10° = /

F=18N 0 ) e 07

(iii) mnrfv=Q

9

V= @ ................ (01)
__3.0x1077

L eory-~= (01)

(Correct substitution)

v=10ms' e (02)
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-
(i) P’ —1.0x10°% = 2%8.0x1077
AX107°

(Correct substitution)

YT A

P'=1.4x10°Pa

...(02)
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ng from o hot filament §, pass through an aperture A and
he system is kept in vacuum
w0 that the cylinder is kept af

8. (a) As shown in figure (1) electrons emithi
then move along the axiy of a mellic, open ended hollow eylinder, T
A potential difference V' s applied across the cylinder and the aperture
positive potential and the aperture is kept al negative petential v Metailic
(i) If the velocity of the electrons passing through the aperture A s cylipder
negligible write down an expression for the kinetic energy K, of r
cloctrons at 8 in tetms of V and electron charge ¢ after crossing :._ e —w_)
the gap between the cylinder and the aperture, s A » -

(ii) Mence write down an expression for the velocity v, of the electrons
at B in terms of ¢, V and mass of the electron m.

(&) The setup shown in figure (1) can be modified to accelerate electrons 1o a higher kinetic energy by
placing a series of coaxial metallic cylinders in line. This type of arrangement Is known as a lincar
acoclerator (LINAC). Electrons leaving the aperture A move along the axis of a series of coaxial metallic
oylinders 1, 2, 3, 4 etc. known as drift tubes as shown In figure (2). The drift tubes are connected 1
an ac. voltage source of V=V and high frequency /. The alternate tubes have potentials of opposite

polaritios so that during one-half cycle of the a.c. source the tubes | and 3 are positive while 2 and 4
are negative. [n the next half cycle the polarities are reversed, that is tubes 1 and 3 will be negative
and tubes 2 and 4 will be positive.

High frequency

Figure (1)

a.c. source Drift tubes
\opabate
- W“
|
/[ ]
1 P 3 4
Figure (2)

Electrons leaving A accelerate during the half cycle when the drift tube 1 is positive with respect
to A. Then the velocity v, of the clectrons reaching the tube 1 is given by the expression you have
written in (a) (ii) above. The length of the tube 1 is designed so that as the electrons come out of
it, the potentiz] of the tube 1 tums to negative and the potential of tube 2 turns to positive. Therefore
clectrons are again accelerated in the gap between the tubes 1 and 2. The clectrons accelerate in the
gaps between the tubes but travel with constant velocities within the tubes.

(1) What 1s the reason for electrons to travel with constant velocities inside the tubes?

(ii) Derive an expression for velocity v, of electrons reaching the tube 2 in terms of v,.
(iii) Write down an expression for kinetic energy K, of electrons reaching the tube 2 in terms of e and V.

2 is designed so that as the electrons come out of it, the potential of

(¢) Similarly the length of the tube
ve. Therefore

the tube 2 tums positive to negative and the potential of tube 3 tums negative to a positi
electrons are again accelerated in the gap between the tubes 2 and 3.
(i) Derive an expression for velocity v, of electrons reaching the tube 3 in terms of v,.
(ii) Write down an expression for kinetic energy K, of electrons reaching the tube 3 in terms of e and V.
(iii) If there are n number of tubes, looking at the answers in (a) (i), (b) (iii) and (c) (i) above or
otherwise, write down an expression for the kinctic energy K, of clectrons leaving the a® tube.
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(d) As electrons are accelerated in the gap between (wo consecutive tubes, th‘;nixh freque
travel through tubes should be equal to hall of the periodic time wgh in €

(1) Write down an expression for time 1 taken by electrons 10 ravel thre

in terms of the frequency f of the ac. voltage. -7
(ii) Hence show that the length [ of W™ tube Is given by ",'}Jn{m '
(€) A medical linear accelerator (medical LINAC) |s the device
radiation treatments for patients with cancer. Accelerated electrons X
metal target like tungsten to produce high energy X-rays. These high "'“S:{ have @

cancer cells. The accelerated electrons coming out from a medical LI

10 MeV. Determine the minimum wavelength of X-rays emitted.

(he= 124 x 10 MeV nm)

~rays arc

rveersesennen(02)

creereeseeensene(02)

@ () K, = eV
(i) Imvi=eV

2eV

1= T

{Alternative method:

Let the acceleration of the electrons be a and the distance between AtoBisd.

The electric force on the electrons = eg veveeeenen(01)
Then applying F =ma to electrons,

eg =ma veereneneaea(01)

Applying v? = u® + 2as

v} = Z%d
2eV |
v = |7 PPN +(02)
K, = 3 Mmvi
K, =¢eV viensennnns(02) )

Confidential

ime taken by electrons to
ncy ac. voltage.

h of dnft tubes

kinetic energy of

IR .
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(b) (i) Ina metallic tube net charge lie on the outer surface of the tube OR electric filed/intensity

is zero inside a metallic tube. PR T (02)

(ii) ,-;-nwf —-;-mvf meV  sessens veeerenna(01)
domil m s

Smyy = 2eV cersssinessressd®l)

l,z = ﬁ"' l.'vl.llll.l..l.((jz)

(iii) Ky = 2eV

llllll.".l.lll.(‘)z)
{Accept similar alternative method given in (a) above)

(©) (i) %mv_f - %nw% = eV ssrssvanssresesdO1)
U3 = \/3111 -occoo-oooooaono(UZ)
(i1) Ky=3eV e (01)

{ Accept similar alternative method given in (a) above}
(iii) K, = neV (01)

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

(d) @ ¢ = o (02)

(i1) L, = v,t

v i (02)
Bu, v, =vn|— OR v, =vnv ceerreeeneenan(02)

nzev 1

L, = / .y

he
© == eveeneesenenens(02)
_ 1.24x1073

j =12 ceesrversaneness(01)
A=124%x10"*nm ceeeresneneenens(02)
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9. Answer cither part (A) or part (B) only,
Part (A)

A

of X is linearly dependant on temperature and it prod

source X with zero internal resistance Is shown in figure (1). The voltage
uces a current () from

0to20mA for temperatures ranging from 0°C to 100°C. The current is linearly
converted into a voltage between 0.5V range and is measured across the
resistance R as a output voltage (V).

(@)

(i) If R is an ohmic resistance, sketch the /-V characteristic of R

(ii) What should be the value of the resistance R?

(iii) Calculate the values of voltage and current across
the temperature of X is 25 °C. Hence find the power
the resistor.

the resistor when
dissipation 10

(b) Suppose that resistance R, is connected parallel to X and the wire segment

(c)

BC in the circuit shown in figure (1) is replaced by resistor R, as shown in

figure (2). Let R remains constant at the value calculated in (a) (ii) above.

(i) When the source produces a voltage (V), write down an expression

for the current (/) passing through resistance R.
(ii) Hence write down an expression for the source current ().

(iii) Using the expressions in (b) (i) and (b) (ii) above, state what will

happen to the ratio -IE if R >> (R + R). What is the physical

significance of this?
In a computer hard disk drive (HDD), data is stored by magnetizing tiny
regions of a thin film deposited on a flat, circular disk. As shown in
figure (3), a cylindrical rod passing through the axis of the disk is used
to spin the disk. When the disk spins, the information stored in the disk
is read as an induced emf. generated in the read/write head which is
a conducting horizontal square loop of side length d placed just above
the disk. The disk is spinning with constant angular velocity . When
the disk spins, an isolated magnetic region of the same size as the loop
located at mean distance r from the center of the disk passes under the
eondneting lnop, where 7 >»» d, The magnetic region produces a uniform
magnetic field of flux density B pointing upwards. An enlarged picture
of the square loop seen from above is shown in figure (4). When the
magnetic region is completely undemneath the loop, the magnetic field
produced by the magnetic region is directed out of the plane of the loop.

(i) Sketch the variation of the induced emf. & with time 1, as follows

1, as the time when the field just enters the loop,
t, as the time when the loop is fully inside the field, and
t, as the time when the field just completely leaves the loop.

Confidential

B C
[ e
ZR Iv
»
A =
Figure (1)
R
B 2 _C
|
Ik Y
Vs | X R, 2R 1\/
A ¥
Figure (2)

Read/Write head
Ligurc ()

d
. T ——

A

Figure (4)

CEE
dl Q_ =3

10JOIOJO)
@@@(-)l

Square loop
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(ii) Write down an expression for the magnetic flux () through the square loop in terms of B and
d, when the loop is completely within the magnetic region.

(iii) Write down an expression for the time (Ar) taken for the magnetic region to pass the loop in
terms o(; d, r and @. Assume that the magnetic region is at a mean distance r from the centre
of the disk.

(iv) Using your answers to part (¢) (i) and (c) (iil) above or otherwise, write down an expression for
the magnitude of the induced e.mf. (£) in the loop in terms of B, d, r and w.

(v) The area of the circular disk with a radius of 625 mm is half filled with 10% 10" isolated
uniformly distributed square magnetic regions, There are no magnetic regions in the cylindrical

rod of radius 125 mm. Calculate the side length d of a single magnetic region. Take 7 = 3 and
V5625 - 24,

(vi) If B=10x107 T and the angular speed of the spinning disk is 540 rad s™, calculate the induced

enf. § on the loop when a magnetic region situated at the circumference (r = 625 mm) of the
disk passes under the loop.

(@ (i) v4

(01 mark for labeling the axis and 0,0)

(01 mark for straight line going through zero or seems to

[ =1
~V

go through zero)  {V and I could be interchanged}

A -
Figure (1)
(ii) R=1 ververeeeneeenea(01)
5
o -rer S R ..(01)
(correct substitution)
R=250Q

veerveensasnnens(01)
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(1) Since 235 °C is one fourth of 100 °C
v=i
T a
\ e l ‘i \ ..cu-unn-o-u-on(ol)
1= (OR125/250=5mA) o
I=SmA(OR5x 1073 A)
P=FR=(5x10"%)%x250 02)
=6.25x 1073 W (OR 6.25 mW) _ ceensanesneenes
(Deduct 01 mark for incorrect unit)
BN ¢
ISA ‘T_-
"s X Rl :F IV
A =
Figure (2)
(b) (1)
= "s "S lllll sasssssanee 02
e 250+R; v (02)
= R TS (02)

s Vs Vs Vs
i =¥ Y5 _oRZE
(1) S TR, 2504k, ~ Ry R+R;

[01 mark for V/R; term, 01 mark for summation]

(i I _ Vs Ry(R+Rz) _ Ry
i) Is R+R;  (Ry+R+R)Vs ~ (Ry+R+R3)
If R, >» (R2+R),
................ (02)

I_5=1
I

The current produced by the source is fully converted to voltage
OR the total current produced by the source pass through R (or 250 Q)

OR none of the current pass through %y .,
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(c) (1)
- OR inverse
£ et
: et (01 mark for correct times)
0 n 0 0 (01 mark for opposite polarity)

(01 mark for correct shape with equal magnitudes)

(i) Ag = Bd"

-----------

d . : , ,
(i) Ar ==, where v is the mean speed of the magnetic domain.

. A
(iv) €= =

_ Bd*ra

= d

& =Bdro

{Alternative method:
£ sulB aiaillauiid (01)

(v) Total area of the magnetic regions = 1X 10134?

Area of the disk without the rod =1 X(62.5* - 12.5%)
(OR 7 X(62.5% — 12.5)% 107°)
nx(62.52-12.52%)

—At s g ) SRS

oooooo

Area over which the magnetic regions are distributed = t

Tr><(62.52—12.52)x10'6]

[OR T

13 _nx(62.52—12,52)
X101 = ————

d=+/562.5%10"°
=24 nm (OR 24 x 107 mm, 24 X 107 m)

(vi) £=Bdrw
= (1 x10%) x (24 x 107) X (62.5 x10%) x 540
(for substitution)

=0.81nV (OR8.1X 10710V)

----------

----------

| Drawing dash lines are not essential; time £y could start at O]
..... 02)
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Part(B)

following questions,
(a) Considcn‘ng the properties of a silicon p-n junction diode, nnsm"r l:;,: st
() What is the reason for the formation of a depletion reglon In

iode is
(i) What happens to the width of the depletion region when the di

(1) forward biased and
(I reverse biased?
(ili) What is the reason for generating a very small revers

(8) If the diode current of a forward biased silicon diode Is kept con‘s:'lant.
the voltage linearly drops with temperature. The circuit with a si ;Ce:ﬂ
transistor (Vg = 07 V) and a Zener diode (%) can be used llo 'P
a constant [, current through the diode (D) when the transistor IS
operating in active mode as shown in figure (1).

(i) What is the purpose of the Zener diode in the circuit?

(i) If the Zener voltage is V,, write down an expression for Rg in
terms of /g, V, and V..

(iiii) If the circuit needs to produce a constant current of I,=20mA,
calculate a suitable value for R;.. Take V, =57V, Write down the
assumption you made during the calculation with regard to /.

(iv) Show that the circuit works as a constant current source if
Voe=+12V and V,=57V. The forward biased voltage drop
across the silicon diode is 0-7 V.

c-biased leakage current in the diode?

(c) The operational amplifier circuit shown in figure (2) can be used to

amplify a small voltage similar to the diode voltage given in (b) R,
above. Y'Y /N_—
(i) What is the op-amp configuration shown in figure (2)? v, R,

(ii) The golden rule-one states that no current flows into the input
terminals of an op-amp. What is the reason for this?

(111) The golden rule-two states that the voltage difference between M
the input terminals of an op-amp is zero. How is it achieved in
practice?

(iv) Applying the two golden rules, derive an expression for the output
voltage V, in terms of the small input voltage Vi. litl and Rz.

Figure (2)

(v) If small input voltages between 0 and 07V need to be conv
erted ;
3-5V output range, determine the voltage gain of the op-amp, 10 values between OV and

(vi) The small input voltage at 07V lincarly drops with te

m \
output voltage of the op-amp corresponding to 10°C j perature by 2mV per 1°C. Calculate the

hcrease in temperature in V.
(vii) The volzag.e gain of the op-amp circuit can be set by choosing R, ang i
However, in practice resistor values in kQ or larger range are y efdan R._, o fha Wist
is the reason for using large resistor values in the circuit? R e opamp circuit. Wha

01- Physics (Marking Scheme) / G.C.E. (A/L) Examinatiop 2023 (20
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(a) (i) Majority carriers diffuse across the junction and recombine ~ .everssseee ssseel01)
(i) (I)decreases srepEaas (o1)
(II) increases e o () b

(iii) Minority carriers in the depletion region, diffuse and drift across the depletion region.

............. ..(02)
- Fu;me(l-)
(b) (i) Eliminate fluctuations in current (/3 and/or Ip) caused by the changes in Ve
OR keep I and/or Ip constant
ORkeep Vg constant ~ eesseseeeseene ..(02)
(i) Vz=Vee—IgRe=0  eeseseeseneene (01)
Ry ={z=Ve®) (01)
Ig
(lll) RE — Vz - VBE)
Ig
Rg = (Vz—VsE)
Ip
5.7-0.7 a
= ooy dor substitution) ~ cecseeeseeeneen (01)
Re=250Q  aessessessesseen (01)
Assumption: /e =Ip ssssissassasassslOL)

(iv) For constant current operation the transistor should be in the active region as given
in the problem.

Therefore, Vc — Ve = (Vec — Vb) — (Vz— VaE)

Since Vp = VBE - ’J/L i”'—}%/bv

Ve-Ve=Vee—Vz=12-5.7
=63V r~  Lor > . (o1)
Since 12’5 6.3 ?O.l (or 0), the transistor is in active region  ..cceveienens .(01)

and therefore the circuit operates as a constant current source.
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A
v, & Ve
—AAAA
= _l_—+ ) A
(©) (i) [nverﬁng}‘;i?;g:r ............. ..(02)
(i) Op-amp has a very large input resistance/impedance cesersasanesanas (02)
(iii) By using negative feedback S T e mwma (02)
(v) ¥V, = _";;’:2. P N A Ty, (02)
(v)  Voltage gain= %T.; ...... . (01)
=5  seeseeseeen vees(01)
(vi)  Voltagedrop=2x10mV e P (01)
(for multiplication)
Vi=(07-0.02) e (01)
(for subtraction)
Vp={07=002)%8  eersvanning ...(01)
(for multiplying by 5)
Vo=34V ceeveerenseneens(01)
(vii) Input devices with large resistance can be connected to the circuit
OR to increase the input resistance/impedance of the circuit S — 02)
01- Physics (Marking Scheme) / G.C.E. (A/L) Examination - 2023 (2024)
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10. Answer either part (A) or part (B) only.

Part (A)

As a solution to scarcity of drinking water, United Arab Emirates (UAE) planned to introduce the iceberg
the sea of Persian

0’m’ in Antarctica
density of sea water and

project. The concept of the project Is to bring a massive iceberg from Antarctica to
Gulf at UAE and to produce drinking water. A huge cubical iceberg of volume 1-0x1
has to be pulled with the help of a massive tugboat, Assume that the average
ice are 1000kgm= and 900 kg m™ respectively at Antarctica and Persian Gulf.

(@) () What is the total initial mass of the iceberg?

(ii) Calculate the volume percentage of part of the iceberg submerged below the surface of the sca.
how many cubic

(iii) If 80 % ot; initial mass remains as ice when the iceberg is at the Persian Gulf,
metres (m?) of water can be produced using this iceberg?

(b) The iceberg brought to the sea of Persian Gulf is completely wrapped with an
of thickness 40 cm. The part of the iceberg above the sea water
insulating material B with thickness 40 cm. Assume that the averag
the water level is 20°C and air temperature is 30 °C. Thermal conductivity of i
is 02Wm- K-! and that of B is 0-1 Wm™ K~!. Assume that the iceberg has
the temperature of the outer layer of the iceberg is at 0°C. Neglect the mass
Assume that there are no edge effects and heat flows perpendicular to all the surfaces.

(i) Write down an expression for rate of heat flow (Q) at steady
all the symbols you used.

(ii) Find the side length (/) of the ice cube in (a) (iii) above.

e Round off your answers of parts (iii), (iv), (v) and (vi) bel
notation. See the mote given at the beginning of page 9.
(iii) Calculate the surface area of the cubical iceberg
() above the water level
(I1) below the water level

(iv) Calculate the rate of heat absorbed by the part of the iceberg from sea water below the water level.

(v) Calculate the rate of heat absorbed by

insulating material A
level is covered with an additional
¢ temperature of sea water below
nsulating material A
cubical shape and
of insulating material.

state through a material and identify

ow to two decimal places in scientific

the part of the iceberg from air above the water level.

(vi) Water produced by melting of ice in the iceberg is used to distribute for consumption. Initially

how many m® of water at 0°C is pro
of ice as 30 x 10°J kg™ and 1 day = 90 x 10%s.

duced during one day? Take specific latent heat of fusion

(a) (i) Mass of the iceberg =1 X 107 x 900 B ....(01)
=9 x 10° kg sasassessassanlOL)
(ii) Let v be the volume of the iceberg and v’ be the volume submerged,
v X 900 = 1000 x v/ ssvasssnesnsnenilUl)
The percentage of iceberg which is below the ocean = 90 % PRRRRORN (] )

(Award both marks to the correct final answer)
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; go  9x10° L ieeeseseenes (02)
(iii) Amount of water that can be produced in m* = 50 X To00.

¢ 2 3% ¥y 0 0
(01 mark for taking 80%, 0! mark for dividing by 1000)

p=72x10°m’

Qg a00
(h) (l) ?—I\A Al

) | . ) . at flow) ;
'(E' - rate of heat flow; A - cross-sectional area (of the object through whizei e )

’ N . ) AO ient OR
K — thermal conductivity (of the material of the object); 77 ~ temperatiys b ;

A6 = temperature difference; Al = distance between the points (where temperatures are

measured)]
................ (02)
(All correct 02 marks, any two correct 01 mark)
(ii) Initial volume of the ice cube = 1.0 X 107m?3
Volume of the iceberg at the Persian Gulf = 1%)26 x 1.0 x 107
=8 x 10 m?
If 1 is the side length of the iceberg, then [ = 8 x 10°
f=200 === sisusssssasgeass (02)

(iii) (I) Area of the iceberg above the water = (0.1 X 4 + 1) x 200 X 200 (01)

=5.60 x 10* m? RRORRMB ) |

(IT) Area of the iceberg below the water = (0.9 X 4 + 1) x 200 X 200 ....... (01)
= (3.6 + 1) x 200 x 200

=1.84 X 10° m? yehvrsansisnsi D1}
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(iv) Let the rate of heat Nlow below water level be 22,
f

D2 02X 1.84 x 108 x 20 renn(02)
' ..'[' 2 TR R R

(Tor substitution)
5:—‘ =l84x10'w verrned 02)

(v) Letthe rate of heat Mlow above water level be 22 and the temperature at the boundary
t
be 8. For the inner layer

}% o 0.2 X 5.6 X 10‘ X 0-0 PTTII ‘02)

4x10-4
(for substitution)

%x(4x10-2)=0.2x5.6x104x(0-0)

le(um‘l)
02x56x10% (0=0) e (A)

For the outer layer

B 0IXSERIO K =2o0e U ssssessessaseuss (02)
t 4x10~2

(for substitution)

%x(-txlo‘z)

e = Bl ~8) ssrgEapmaniztentic L)

.le(4x1o'2) ﬁx(4x1o’2)
¢ ¢ =30
(A)+(B)= 02x56x10* = 0.1x5.6x10%

Q2 30

Tt [4%x10"2 | 4x1072 )
(1.12 X 10% © 0.56 X 10+

0, 30 x 10°
T 1 1
(_0.2'8 + 0.14‘)
Q, 30x10°x0.28x0.14

e 0.42 + 0.14
Q, 30x10°x0.28x0.14
rn 0.42
% =280x%x10°W wvsasulil)
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sssnsnenl01)

LA

(vi). Total rate = 2.80 x 10% 4 1.84 x 107

(for adding the two rates) -
.nc-ouu( )
1 ‘...l‘ll
.I'ﬂlﬂ‘ rate l-nl' a ‘L‘.\ () (;‘J'" X |nh + ”'.4 x lnh ) % O % I"
' | 24 % 3600)
(for multiplying by number of seconds in a day of multiplying by 2

Let m be the mass of water produced,

3 L5 '; .cl"'.‘ill"lllt(’)l)
28X 10° 4+ 184 X 108) x 9 x 10* = m x (3.0 x 107)
(for multiplying or dividing by L)
21.2 X% 108 x 9x 10* = m x (3.0 X 10°)
- 21.2x10°* x9 x 10*
- 3.0 x 10°
m = 6.36 X 10° kg
6
Volume of water produced during one day = 6'316:0100
= 6.36 x 103 m® (6.10—6.36) m’ csaverisssnniBl)
01- Physics (Marking § i i
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part (B) :
mass of tissue I8 used to measure the radiation

(@) The amount of radiation energy absorbed per unit
dose. Write down the dimension of radiation dose.

(» What is meant by activity of a radioactive sample?
(¢) Write down the mdicactive decay (disintegration) law In words,
@ The symbolic notation of aucleus of atom X Is given by QX ,
(i) What is meant by 27
(i) What is meant by A?
) The fission reaction of U-235 nucleus capturing slow neutron can be writt
MU +n - ¥ pa+ B +on

(e en as follows.

Relevant Atomic masses are given below.

ny=235124u L= 1471961 u #5Br = 84930 u
p=1007u n= 1009 u 1 u=932 MeV/?
=60x 102 mol™, 1 MeV =16x 10" and c=30x10*ms™".

Take Avogadro number as N,
(i) What are the values of x and y in the above nuclear reaction?

(i) Calculate the binding energy of U-235 nucleus. Give your answer to the nearest integer in MeV.
(iii) Calculate the energy released from the above nuclear reaction. Give your answer 10 the nearest

integer in MeV.

(/) Tt has been proposed to generat
generated by hydropower is insufficient.
it can be assembled in highly advanced factories with well
where energy need is acute.

Such an offshore nuclear power plant has been designed to provide 400 MW electricity to the main
al. The nuclear power plant converts 75 % of

electricity supply using U-235 as the reactor materi
the nuclear energy into electricity and generates electricity for 10 years continuously. Take the mean

energy released per U-235 nucleus is equal to the value obtained in part (e) (iid).
Take 1 year = 33x107s,
(i) Write down Einstein’s mass-encrgy equivalence equation and define the symbols used.

¢ electricity by using a floating nuclear power plant when electricity
One of the advantage of a floating nuclear power plant is that
-trained experts and brought to the place

(ii) Calculate the corresponding equivalent mass 0 the nuclear encigy generated during 10 years.
Give your answer in grams (g) to the nearest integer.

(iii) Calculate the mass of U-235 consumed in the nuclear power plant to produce electricity during
10 years. Give your answer in Kilograms (kg) to the nearest integer.

(iv) Why is not essential to consider the decay of U-235 in the above calculation? Half-life of U-235
is 7-0 x 10® years. Avoid doing any calculation.

[energy] _ ML2T™2
[mass] - M

(@) [dose] =

e LZT-Z
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joactive

o ions (decays) of £ad
G [nm_Lh_t‘_r_Q[i"“""c srations (dec

(b) The activity of a radioactive sample -
nuclei/atoms per unit time/per s¢¢

wetive nuclei/atoms in @ sample

OR the rate of disintegration/decay of radio: "
. o of radioactive (clei/atomSessesesseettt™
OR Activity = % (ur %-':-) where N is the number of radioactive nt
; 1ioactive elements at any
(¢) The rate of disintegration /decay OR activity of a given S.nmp|%gm o it
moment is (directly) proportional to the number of radioactive NUCIEL D el02)
moment.
-oa--‘oo-o--ooo-o(ol)
(d) (i) Z = Atomic number ob
(ii) A = Mass number vasedusssesbeens
(€) 23U+n - 8La+ 33Br+yn
235 = 235.124 u 184 = 147.961 u 85gr = 84.930 u
p=1.007u n =1.009u 1u =932 MeV/c?
(i} #=81 ()Y
y=3 T O .(01)
(i) 143n+ 92p = 144.287 + 92.644 = 236.931u BRPPRRIOMPONIN | | & |
(for the addition)

B.E. = mass of nucleons — mass of U nucleus = 236.931 — 235.124 = 1.807 u
B = 1.807 X 932 veererersernnnen(01)
(for multiplying by 932)
= 1684 MeV (1684.1) MeV ceersnrennsannn(01)

(iii) Mass of nuclear products = '“La + %Br+ 3n

= 147.961+84.930+3.027 (01)

(for the addition of right hand side masses)
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=235918 u
Mass ol initial nuclei = 235,124 4+ 1,009 = 236,133
Am = 236.133 - 235918 soatesspirresei®L)
(for subtraction)
=0.215u
AE = 0.215 x 932
= 200 MeV (200.4 MeV) saas sarevenssannl (02)

{Alternative method:

Mass of nuclear products with 2n = '*3La + ¥Br+ 2n

= 147.961+84.930+2.018...c0c0ururennnns (01)
(for the addition of right hand side masses)
=234.909 u
Am = 235.124 — 234909  .cccieveriiionnn (01)

(for subtraction)
=0.215u
AE = 0.215 X 932
= 200 MeV (200.4 MeV).urueerianen wee(02)}

(f) (i) Write down the Einstein's mass-energy equation and define the symbols used.

AE =Amc® OR E=mc*> e, 01)

where AE =energy released OR E = energy

Am = mass converted into energy (OR loss as energy) OR m = mass  wovevennnrennnns(01)

¢ = speed of light (in free space)
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3 107 X 10 «eueens (01
(i) Total electrical energy produced in 10 years = 400 X 10° x 3.3 X .
s aken as 365 % 24 %X 3600)
(for correct substitution; number of seconds in a year can he taken as
8 L suerhiinaed (01)
o 7 -~ gsespans
Total nuclear energy in 10 years =400 x 10 X 3.3 % 107 x 10 %5

100

4
[for multiplying by =& (01‘ ;)l
=176 x 10'7]

176x10'7 casedriesssassne (01)
= Tox101° kg
(for dividing by ¢*)
= 1956 g (1869 — 1956) g or (1.87 - 1.96) kg seresnesansenses (01)
(iii) Energy released per U-235 nucleus =200 MeV
—=200% 1.6 X 10713 J ccueurracaans (01)
(for converting MeV to J)
=3.2x10711]
17
The number of U-235 nuclei needed for 10 years = g_’;—i’%; ................. 01)

(for the division)
=5.5% 10%7

5.5x1027
Mass of U-235 needed = oo X 0235 wniiinnnnn(02)

[01 mark for dividing by Avogadro number, 01 mark for multiplying by 0.235 or 235]

=2154kg (2058 -2154) kg

sssagsvsenresnlOR)
(iv) Compared to 10 years, half-life of U-235 is extremely large
OR 10 years is very small compared to half-life of U-235
OR7.0 x 108 » 10
OR 10K 7.0 x 108 (01)
Therefore decay of U -235 can be neglected.
01- Physics (Marking Scheme) / G.C.E. (A/L) Examination - 2023 (2024)
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