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Data

speed of light in free space,
permeability of free space,

permittivity of free space,

elementary charge,

the Planck constant,

unified atomic mass constant,
rest mass of electron,

rest mass of proton,

molar gas constant,

the Avogadro constant,

the Boltzmann constant,
gravitational constant,

acceleration of free fall,

©EJC 2024

c=300x10° ms™
gy =47x107 Hm™

£, =8.85x10" Fm™

(17 (367))x10* Fm”~

e=160x10"C
h=663x10%Js
u=1.66x107 kg

m, =9.11x10™" kg

m, =1.67x10 kg
R=831JK " mol

N, =6.02x10% mol”
k=1.38x10" JK™
G=6.67x10" Nm’ kg*

g=98Ims?
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Formulae

uniformly accelerated motion,

work done on/by a gas,
hydrostatic pressure,

gravitational potential,

temperature,

pressure of an ideal gas,

mean translational kinetic energy of an ideal gas
molecule

displacement of particle in s.h.m.

velocity of particle in s.h.m.

electric current,
resistors in series,
resistors in parallel,

electric potential,

alternating current/voltage,

magnetic flux density due to a long straight wire

magnetic flux density due to a flat circular coil

magnetic flux density due to a long solenoid

radioactive decay,

decay constant
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Section A

Answer all questions in this section in the spaces provided.

1 Fig. 1.1 shows a simple pendulum consisting of a mass m attached to a light inextensible
string of length L. The pendulum is secured to a fixed point and made to undergo oscillations

when displaced sideways by a small angle 6.

Fig. 1.1 (not to scale)

The following equation describes the period T of the oscillation:

T2 =4a'r2£
g

where g is the acceleration of free fail.

(a) GivenL=50.0+02cmandg=9.81% 0.1 m s 2 find T with its associated uncertainty.
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5
(b} A student measures the period of an oscillation using two methods.
In the first method, he measures the period of one oscillation directly.

In the second method, he measures the total time for 20 oscillations, and then divides the
total time by 20 to obtain the period for one oscillation.

(i)  The student took three readings each using the two methods.

Using suitable calculation, predict which set of data will be more precise.

(i) In reality, the student mistook the time for half an oscillation to be one period.

Explain whether calculating the period by dividing the total time taken for muitiple
oscillations by the number of oscillations will reduce this type of error committed.

[Totai: 7]
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2 (a) Define acceleration.

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

(b) An object is released from restin a viscous fluid. Fig. 2.1 shows the variation with time ¢
of the acceleration a of the object as it falls in the fluid.

a/ms? 10

[t
o=

0 2 4 6 g /s
Fig. 2.1

(i} Explain why the acceleration of the object decreases with time.

®EJC 2024 9749/J2HZ2PRELIM/2024
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(ili) Use Fig. 2.1 to estimate the speed of the object when its acceleration is zero.
Explain your working clearly.

{tv) InFig. 2.2, sketch the variation of the displacement s of the object with time ¢, from
t=0stot=8s. There is no need fo label the displacement axis.

sim ,
0 ; } ! ! >
0 2 4 6 8 t/s
Fig. 2.2
[2]
[Total: 8]
[Turn over
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3 A 12V cell of internal resistance 30 Q, a light-dependent resistor (LDR) and a 600 O resistor
are connected as shown in Fig. 3.1.

! 1|2v 00 |
! i
i |I— :

Fig. 3.1

(@) in conditions of low intensity light, the resistance of the LDR is 3000 Q.

(i} Show that the current through the LDR is 3.8mA.

[3]
{(ii) Hence or otherwise, determine the power dissipated in the LDR.
POWET = .. iiniiiiiarreeeeines W 1]
(b) The LDRis exposed to bright suniight.
State and explain what would happen to the terminal potential difference.
................................................................................................................. [3]
[Total: 7]
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4 (a) Define magnetic flux density.

(b}  Fig. 4.1 shows aloudspeaker magnet consisting of a circular north pole N and a cylindrical
south pole 8. Part C is a moving coil that coils around §, and it is attached to a spring
balance, which Is attached to an adjustable support T.

T Wladjustment

AN
=

N

spring balance

w ﬁg

F:f

o
s

o
Ly
i

?

N7

%

(a) section view

Fig. 4.1

N
Q

=
-

%

N

(b) side view

Current was passed through the coil C, and the adjustable support T was then adjusted
'so that the coil C was restored to its original position. The readings F on the balance for

various currents I are recorded in Table 4.1 below.

Table 4.1
I7TA 0.20 0.41 0.60 0.81
FIN 1.50 2.02 248 3.05

(I} The direction of current flowing in the coil is indicated in Fig. 4.1(b). Draw two
arrows, one each at positions A and B, to indicate the direction of the magnetic

force acting on the coil. Explain your answer.

©EJC 2024
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(ii) In Fig 4.2, draw a graph using vaiues from Table 4.1 to determine the force per unit
current required to restore coil C to its original position, and find the zero error of the
balance.

FIN
A

35

3.0

25

2.0

1.5

1.0

0.5

0.0

v

0 0.1 02 03 04 05 06 07 08 09
I1A
Fig. 4.2

force per unitcument = ... N A
zero errorofthe balance = ...................ee. N [4]

(iii) Ifthe mean diameter, D, of the coil is 0.025m and the number of tumns is 50, calculate
the flux density at the coil, assuming that the field is radial.

magnetic flux density= ................ T[2]
[Total:10]
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5 (a)
(b)

(c)
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Explain what is meant by gravitational field strength at a point.

A satellite of mass m orbits a planet of mass M in a circular orbit, with orbital radius r.

Show that its kinetic energy Ex and gravitational potential energy Ep are related by
-5
K = 2 .

2]

The variation of gravitational potential 4 with distance rfrom the centre of Jupiter is shown
in Fig. 5.1.

rf108m

o 2.0 4.0 8.0 8.0 10.0 12
$/108J kg ¢

-2.0 N

-4.0 p

Fig. 5.1

() A satellite orbiting Jupiter has a mass of 8.93 x 102 kg and orbital radius
4.0x 108 m.

Determine the total energy of the satellite.

totalenergy = ............ccooeenll JI31

9749/JZH2PRELIM/2024 fl' urn over
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(i) The orbital radius of the satellite is reduced. State and explain the effect on

1. the kinetic energy of the satellite,

(i) Use Fig. 5.1 to determine the gravitational field strength due to Jupiter at a distance
of 4.0 x 10% m from its centre.

gravitational field strength = ......................... ms2[2]

[Total: 10]
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6 (a) State the first law of thermodynamics.

(b) The temperature of a sample of ideal gas is raised via two different processes.
In the first process, the ideal gas is heated up with its volume kept constant.
In the second process, the ideal gas is heated up at constant pressure.
The initial and final temperatures of the ideal gas are the same for the two processes.

Using the first law of thermodynamics, explain why the second process requires more
heat transfer to the gas than the first.

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

(c) A cartyre has a fixed internal volume of 0.036 m®. The temperature and pressure of the
air inside the car tyre are 25 °C and 2.6 x 10° Pa, respectively.

Assume that the air inside the tyre can be considered as an ideal gas.

(i) Determine the number of air particles in the car tyre.

number of air particles = ...................... [2]

©E.JC 2024 9749/J2H2PRELIM/2024 [Turn over
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(i) The average molar mass of the airis 6.5 g.

Calculate the root mean square (r.m.s.) speed of the air molecules.

r.m.s. speed of molecules = ... ms™' [3]

[Total: 10]
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7 (a) Define electric potential.

(b} Fig. 7.1is a full-scale diagram that shows a series of equipotential lines around a few point
charges. A, B and C are points within the field.

Fig. 7.1 (drawn to scale)

() On Fig 7.1, sketch the electric field line that joins points A and B. Label the line E.

Indicate the direction of the field line with an arrow drawn on the line.

[2]

©EJC 2024 9749/ J2H2PRELIM/2024 ETUI'!'I over
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(i) An electron moves from point A with an initial speed of 2.6 x 105m s, eventually
reaching point B.

Calculate the speed of the electron at point B.

(i) Using Fig. 7.1, determine the magnitude of the electric force experienced by an
electron placed at point C. Show your working clearly.

electricforce = ........ooiivreiinnn N [2]
[Total: 8]
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Section B
Answer one question in this section in the spaces provided.

(i) State what is meant by a polarized wave.

(i) Explain what is meant by coherent light waves.

A double slit consists of two paralilel slits of the same width x. The separation of the slits
is 1.40 mm, as illustrated in Fig. 8.1.

Fig. 8.1

A parallel beam of light of wavelength 590 nm is incident normally on the double slit.

A screen is placed parallel to the plane of the double slit at a distance of 2.60 m from the
slits, as illustrated in Fig. 8.2. Point N on the screen is on the central axis of the double
slit.

double slit screen
— >
——
parallel beam of light ——3—v [} ————————————————————————————————— N
waves, i
wavelength 590 nm ?
PRGN W—
2.60m
Fig. 8.2

9749/J2H2PRELIM/2024 [Turn over
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Initially, one of the two slits is covered, and a central maximum of width 30.7 mm is
observed on the screen.

(i) Determine x.

(i} Calculate the minimum angular separation between two objects, such that their
images can be resolved by the slit.

minimum angular separation = ... rad [2]

(i) Both slits are now uncovered. Describe how the central maximum changes.

(iv) The intensity at point N is Zinge When one slit is uncovered and Juouwie when both
slits are uncovered.

Determine
I

single

Idouhle

9749/J2HZPRELIM/2024



BP~517

19

(v} Another experiment is conducted, where the two siits are replaced by lights from
two separate point sources.

Suggest two reasons why the pattem in (b){iii) may not be observed in the new

experiment.
e e et e e ettt e et aan
2 e
....................................................................................................... [2]
(c)  Some electron energy levels of the mercury atom are illustrated in Fig. 8.3.
energy / eV
__________________ 0
-1.57
-5.74
ground state -10.38
Fig. 8.3 (not to scale)
(i) Explain the significance of the energy levels being negative.
................................................................................................... [
(i) State the ionisation energy of the mercury atom.
jonisation energy = eV [1]

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

(il An electron with energy 8.9 eV collides with a mercury atom in its ground state.
Consider only the three energy levels shown in Fig. 8.3.

1. On Fig. 8.3, draw arrows to show electron transitions between energy levels
that produce the emission spectrum.

[2]

©EJC 2024 9749/J2HZPRELIMI2024 [Tum over
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2. determine the longest wavelength of the spectral lines.

wavelength = nm (2]

(iv) A photon with energy 8.9 eV interacts with a mercury atom in its ground state.

For the three energy levels shown in Fig. 8.3, state and explain the number of
transition lines in the resulting spectrum.

.............................................................................................................................................
---------------------------------------------------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------------------------------------------------

[Totai: 20]
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9 (a) (i) Explain whatis meant by diffraction of light.

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

(i) A parallel beam of red light is incident normally on a diffraction grating, and a
diffraction pattern is observed. The red light in Is then replaced with blue light.

State and explain the effect on the diffraction pattern, apart from the change in color.

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

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

(b) Aloudspeaker is held above a vertical tube of liquid, as shown in Figure 9.1.

loudspeaker\ﬁé é

liquid ~——

-— lavel A - ~-— |eveal A

tube ———

~— [eve| B { «— [avel B

tap

Fig. 9.1 Fig 9.2
A tap at the bottom of the tube is opened so that liquid drains out slowly. The wavelength
of the sound from the loudspeaker is 0.30 m.
The sound that is heard first becomes much louder when the liquid surface reaches level
A. The next time that the sound becomes much louder is when the liquid surface reaches
level B, as shown in Fig. 9.2.

(i)  Calculate the vertical distance between level A and level B.

diStaNCe = vovviiceiirere e m [1]

(i)  On Fig. 9.2, label with the letter N the positions of the displacement nodes of the
stationary wave that is formed in the air column when the liquid surface is at level
B.

©EJC 2024 9748/ J2H2PRELIM/2024 [TUI'I'I over

BP-519




BP-520

22
[l

(¢) Siand S: are two loudspeakers directly facing each other, emitting continuous sound
waves of frequency 1100 Hz. M is a microphone which runs on a straight track from S to

S, at a speed of 20 m s, as shown in Fig. 9.3.

54 s M Sz

track

Fig. 9.3

(i) The intensity of sound received by M fluctuates regularly. Explain.

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

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

{ii) 1f the speed of sound is known to be 330 m s™*, calculate the frequency at which
the maxima in sound are detected by M.

frequency = ..o Hz [3]

(d) (i) With reference to the photoelectric effect, explain why the existence of the threshold
frequency provides evidence for the particulate nature of EM radiation.

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

©FEJC 2024 9749/J2H2PRELIM/2024
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..................................................................................................................................................
..................................................................................................................................................
..................................................................................................................................................
.................................................................................................................................................

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

(i} Electromagnetic radiation of wavelength A is incident on a metal surface. Electrons
are emitted from the surface, with maximum kinetic energy Emax.

The variation of Ena with 1 is shown in Fig. 9.4.

Emax [ eV
A
20 SRS ke e e e L i
10
0 -+ >
"350-------400._.__ 450 500 550 2/nm
Fig. 9.4
Using Fig. 9.4, determine
1. the work function of the metal,
work function = ... eV[2]

2. the threshold frequency of the metal, and

©EJC 2024 9749/J2HZPRELIM/2024 [Turn over
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threshold frequency = ............ooooemniniinnninicnn Hz [1}

3. the stopping potential when 4 =220 nm.

stopping potential = ... V2]

(iii) On Fig. 9.4, sketch a curve to show the variation with A of Emax for a metal with a
higher work function.

(2]

[Total: 20]
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Acceleration is the rate of change of velocity.

BP-~549

()(i)

As the object accelerates downwards, its velocity increases with time.
Since the drag force (due to viscous fluid) on the object increases with speed,

net force (weight — resistive/drag force) acting on the object decreases,
hence the acceleration decreases with time.

B1

B1

(b))

Initially the velocity of the object is zero, hence the drag force is aiso zero.
The acceleration of the object is only due o its weight / gravitational force ,
hence acceleration 9.8 m s72. (Assume upthrust is negligible since given that
acceleration is 9.8 m s72)

B1

(b)(iii)

Change in velocity = area under a-f graph
v— 0 = (50 small squares){ 0.4 x 0.4) = 8.0 m s~ (range: 7.5-9.0 m s~")

One way to estimate the area under the curve is to draw a line as shown in
the diagram below. The line chosen is such that the area shaded in red is
roughly equal to the area shaded in blue. The area under the original curve is
then roughly equal to the area of the triangle, with base 1.7 and height 9.8.
Thus,

velocity = area under curve = -;- x9.8x1.7=83ms™" .

Better estimation of the area can be achieved by using more
triangles/trapeziums to approximate it.

10

o
’——:

"‘fﬁ""‘/

Some students used kinematics equations without understanding that the
acceleration graph already shows that the acceleration is not constant.

Ct
A1

©EJC 2024
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(b)(iv)

3(a)(i)

s/im

ﬂh

Ll

Gradient = 0 at t = 0 s, then gradually increasing till f~5.2s .

After £ ~ 6 s, gradient is constant (terminal velocity reached) at the value that
was reached at 6 s - no kink allowed.

Rrota.' = Ru r

(b} +30=530 Q
600 © 3000

VLDR =V,

terminal

=¢g-—-1Ir

12
=12-(—=)30)=11.3V
(55530)

74
I = LDR
LR RLDR
11.3
=—".=3.77 mA = 3.8 mA (2sf) (shown}
3000
OR
1 1 4
C(t )" =500 Q
s = (500 * 3000
R
Ve =V, = —2
Lok = Yy R, +r xE€
__500 42113V
500+ 30
14
FANALL:
LDR RLDR
11.3
=—" =13.77 mA = 3.8 mA (2sf) (shown)
3000
OR
R,.=R,+r

(ot — )" 430=530 ©
600 ' 3000

B1

B1

M1

M1

M1

©EJC 2024
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£ 12

Ly = ——=—==0.0226 A

R, 530
600

I =—a00 g
IR = 550+ 3000 ™
x0.0226 = 3.77 mA = 3.8 mA (2sf) (shown)

800
600+ 3000

BEJC 2024
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(a)ii)

A DR ™ LDR2RLDR
=(3.8x107Y*(3000)
= 0.043 W (2sf)

A

(b}

Explanation 1 (preferred):

Resistance of LDR decreases in bright light,
thus effective total resistance of entire circuit decreases.

Total current 7,.,in circuit increases,

resulting in larger potential drop V. across the internal resistance r

V,

terminal =e-V, =g Ip,r '

Since
where Vieminal is the terminal p.d., £is the em.f. if the cell;
thus the terminal p.d. decreases.

OR

Explanation 2:

Resistance of LDR decreases in bright light,
thus resistance of the combination of paraliel resistors decreases.

By potential divider rule,
potential difference (p.d.) across parallel resistors decreases.

Since terminal p.d. is the same as p.d. across parallel resistor,
terminal p.d. decreases.

B1

B1

B1

©EJC 2024
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g per unit current per unit length on a
wire carrying a current that is normal to the magnetic field.

BP-553

bi) Both arrows point vertically downwards (in diagram). B1
The gurrent flows perpendicular to the magnetic flux density at all parts of the B1
coil. Hence the current carrying conductor will experience a magnetic force.
The direction of the magnetic force can be deduced by Fleming's Left Hand B1
Rule.
BEJC 2024 9748/)2H2PRELIM/2024
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3T
 F/N
L 3.50 . ‘
I
[NV
3.00 >
' e B1
3 e cormect
250 plots
2,00
Pl B1
© 150 — e Best fit
- - line
1.00 25
T { .Z\J,j 564
0.50
0.00
0 0.1 6.2 0.3 0.4 0.5 0.6 0.7 0.8 09
Gradient = M
0.72-0.20
_1.30
0.52
=25 B1
use of
Force per unit current = F/L= 2.5 N A" gradient
rather
than
plots,
within
Fram the graph, zero error of the balance =1.00 N range .
OR
B1
Use point {0.20,1.50) and gradient =2.50 to find the y-intercept:
1.50 = {0.20)(2.80) + C
C=0.94
Zeroerror=C = 0.94 N
il
(i) F=BIL = 1;— =BL
. F A
From (b){i), 7= 25NA",
2.5 =B(50x27(0.025)) "
B=0.637T A1

©EJC 2024
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The gravitational
attraction) per unit mass (acting on a small test mass) placed at that point in B1
the field.
(b) Gravitational force provides the centripetal force. M1
Mm v?
G—F=m—
r r
G Mm _ mv?
r
1mv2 = .1 x G m M1
2 2 r clear
algebra
Since E, = —Gm, showing
r proof
__E
Ee=—5 A0
{e)()) Fromgraph, 3= -3.2x10° Jkg™ at r =4.0x10° m. M1
E, E. m¢
Etoi =EK +Ep =—?P+EP =—2|2'=—2'
_ 8.93x10% x(-3.2x10%) M1
2
= -1.43x10°) Al
GEJC 2024 9749/J2H2PRELIM/2024
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c)(ii B1
— - eqn or
Hence, when r decrease, kinetic energy increases state
relations
E Mm
2. From {c)}(i), E, =——=-G—.
Hence, when r decrease, total energy decreases.
(c)(iii) 2.0 4.0 8.0 8.0 10 Qrf‘lo*’m 12
$1105 Jkg- Gn | . 4 . 0 ‘
] H i
~2.0%: saile s B
T (7.0,-0.8) ¥
-’4‘0 ol
~6.0 -
2.0,-4.8
0 (20,-48)
-10 ;
Method 1 (preferred as it is valid in all cases)
Using (2.0, -4.8) and (7.0, -0.8), M1
g=_2¢
ar A1
[-4.8-(-08)x10°
= 2s.t
(2.0-7.0)x10° _ (mmimum 28 )
=0.80ms?
Method 2 (discouraged; valid only in the case when Jupiter is the only planet
contributing to the potential being graphed i.e. the ¢ - rgraph is an inverse r
graph, else the relationship between potential and distance does not hold)
g= E
r
-3.2x10°
4.0x10°
080ms

©F.JC 2024
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6a The increase in intemal energy of a system is equal to the sum of the heat B2
Supplied to the system and the work done on the system.
6b Since the temperature increases by the same amount for the same amount of
gas, the increase in internal energy (Al) is the same. B1
(First process} When heated at constant volume, no work is done on the gas
(W=0). By first law of thermodynamics, heat transferred to the system is solely
to increase its internal energy (Q=AU)). B1
(Second process) When heated at constant pressure, the gas expands, and
work is done by the gas (W<0). By first law of thermodynamics, heat is
required for the increase of internal energy AND the work done by the gas B1
AU=HW= Q = AU-W>AU, since W<0).
Hence, to increase the temperature by the same amount, the heat required
at constant pressure is greater than heat required at constant volume.
6ci Using equation of state for ideal gas:
pV =NKT
(2.62x10°)(0.0360) = N(1.38 x 1072)(273.15 + 25) M1
N =229x10* =2.3x10%* A1
== —3
Scli | hass per molecule m = 8:9x10° M1
6.02x10% -
{or finding
n)
By kinetic theory,
pV=%Nm<cz>
1 6.5x107°
2.62x10°)(0.0360) = —x2.29x10%* x —— — __<¢c?> M1
( X ) 3 6.02x10%
Cpms =1070m 5™ A
GEJC 2024 §749/J2H2PRELIM/2024
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7a Electric potential at a point is the work done (by an external agent) per
unit positive charge to move a small test charge from infinity to that
point.

7bi
The field line must be perpendicuiar to all the fieid lines from A to B.
The direction (as indicated by the arrow) is from B to A.
The field line must be reasonably smooth.
—1 for each mistake (to a minimum of 0).

7bii By Principle of Conservation of Energy., c1
Gain in Kinetic energy = Loss in Electric Potential Energy Statement
vrLmvi-temui=e(Vi- Vi) defr:ase
Y% (9.11 % 10302 — %% (9.11 x 103')(2.6 x 10°) = -1.6 x 107%(-3-2) in EPE
v=28x10°ms" (2.92x 10°) At

7biii
Considering the distance between the nearest two equipotential lines around
point C {0V and —-2V)
d = 1.8 cm (accept 1.7 to 1.9cm)
E = AV/d = (2-0)/(1.8%1072)
F=eE = 1.6 x 10 x (2-0)/(1.8x102) c1

=1.8%x 10" N

©EJC 2024
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BP-559

polarised wave, the oscillations are along one direction only,

in a single plane that is normal to the direction of enerqy transfer of the wave B1
8(a)(ii) ! Light waves that have a constant phase difference. B1
8(b)() sing=2
X
For small angles,
sinf ~tan@
1
A_2”
x D
1 -3
590x10-9_5(307x10 ) c1
X 26
x=1.0x10" m A1
8(b)(ii) A 590x10° C1
9 >—= _'—“—_4
x  1.0x10
~0.0059 rad Al
8(b)(iil) | The continuous central maximum is replaced by an interference pattern of B1
equally spaced bright and dark fringes within the single slit envelope. B1
B(b)iv) | 7, 2
Zsingle iz Ao 0.25 B1
Tiowe K(RAY 4
8(b)(v) | 1. Waves from both sources of light might be polarized in perpendicular B1
planes. B1
2. Waves from both sources of light do not have constant phase difference
OR are not coherent OR have different wavelength/frequencies.
3. Waves might have different amplitudes. (The resulting interference pattem
will have less contrast due to incomplete cancellation at the minima.)
Any two above.
8(c)(i) Negative energy levels indicate that the atom is a bound system - electron B1
cannot escape from the atom.
OR
Energy must be supplied to the system to bring the electron to infinity.
OR
The potential energy is taken to be 0 at infinity, and negative work needs to
be done to move the electron from infinity to a point. Hence, the electric
potential energy is negative.
8(c)(ii} | 10.38 eV B1
B(c)(iii}(1) | Downward arrows B1
All three arrows B1
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BP-560

8(c)(iii)}(2) | Longest wavelength corresponds to the lowest transition energy:
-1.57-(-5.74)= 417 eV
se=TC
A
34 8
4471 6x 107 = 8:83x107 x3x10 B1
A
A=2.98x107 m=298 nm 81
8(c){iv) | Since the energy of the photon (8.9 eV) does not match the energy
difference between any two of enerqy levels, the electrons will not be B1
excited.
B1

Hence, there is no spectral lines.
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BP~261

9(a)(i) g g
passes through a slit or past an edge of an obstacle.

9(a)(ii} | Wavelength of blue light is less than wavelength of red light B1
Hence more orders seen OR B1
each order is at a smaller angle than for the equivalent red either

statement

9(b)(i) A 0.30
d=5=7=0.15m A1l

9(b)(ii) | N labelled at A and B, and nowhere else B1

8(c}(i} | As Mmoves, path difference of between S:M and S:M changes continuously. BO
When path difference between S:M and S:M is integer number of B1
wavelength, constructive interference occurs, a loud sound is received by M
When path difference between S;M and S:M off integer number of half
wavelength, destructive interference occurs, a soft/no sound is received by
M. B1
OR OR
The waves from S, and S:are of the same type, wavelength, frequency and B1
amplitude. They travel opposite to each other, overlap and form a stationary
wave, with displacement nodes and antinodes at regular intervals.

M detects a large sound at displacement nodes, and soft (or no) sound at B1
displacement antinodes.

OcNi) |v=fa
330=11004 C1
A=0.30 m wavelength
distance between consecutive max (displacement nodes c1
or pressure antinodes)=0.30/2=0.15m distance

between
max
No. of max M passes throughin1s = BZTOS_ =133 =130 (2 sf) Al
Hence frequency of the fluctuation of the sound is 130 Hz.
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40
9(d)(i) | This can be explained if the EM radiation is quantized, with each photon
having energy equal to hf, / being the plank’s constant and f being the B1
frequency of the EM radiation.
Each electron absorbs energy from a single photon (Af). B1
If the energy of photon is less than the work function of the metal (hf<®),
the eleciron will not be emitted, no matter how many photons there are or B1
how long the electron is exposed to the EM radiation.
9(d)(ii){(1) | Method 1
When Ensx=0, ¢ - . M1
%
Hence, @ 16 _ 8:83x107% x3x10°_ 463 1010414 eV A1
Ao 300x107°
Method 2
Using E, .. = %E —&: As A approaches infinity, Emax approaches ®
asymptotically.
From Fig. 9.4, the (dotted) curve approaches —4 eV asymptotically.
Hence, ® =4 eV.
9(b){(ii)(2) ¢ _ 3x10° 15
fn_ﬂ.n_300x10'5_1-0><10 Hz B1
a(b)(ii)(3) | According to Fig. 9.4, Emax = 20 €V when 4 =220 nm. M1
Using Spax =eVs, orV, = E’:" = 20:V =20V A1
9(c) The same curve shifted downward {smaller x-intercept). M1
Part of curve below the axis has to be dotted, same as the original curve.
Curve must be reasonably smooth, A1
and must not intersect with the original curve and the y-axis. -1 for each
The part of the curve below the horizontal axis must be dashed. mistake
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