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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

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 paralle!

electric potential
alternating current/voltage

magnetic flux density due to a long straight wire

magnetic flux density due to a flat circular coll

magnetic flux density due to a long solenoid
radioactive decay
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o =47Wx107Hm?
£ =8.85x10"2Fm
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e =160x10"C
h =663x10*%Js
u =1.66x10? kg
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k =1.38x102 J K!
G =6.67 x 101" N m? kg2
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decay constant A o=
Answer all the questions in the space provided.
A car has a total mass of 1100 kg and an initial speed 18.0 m s, A set of traffic lights turn red

when the driver is some distance from them. The driver applies a braking force on the car.
Fig. 1.1 is the graph of braking force against time for the car approaching the traffic lights.

braking
force/N
18804~ — == —m e
t
i
1
i
i
]
}
I
0 } Yy
0 10
time/s
Fig. 1.1
(a) (i) Calculate the speed of the car at 10 s.
speed = ..., m s [2]

{ii) State an assumption made in your calculations above.
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(b) On Fig. 1.2, sketch a graph to show how the speed of the car changes from the instant
the braking force is applied till the force becomes zero. [3}

speed/ms™ 18-

20

L=
-
[w]

time/s
Fig. 1.2

(€) On Fig. 1.3, sketch a graph to show how the distance travelled by the car from the

instant the braking force is applied till the force becomes zero. 2]
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(a) State the principle of conservation of momentum.

............................................................................................................. 121

(b)  Afirework is initially stationary. It explodes into three fragments A, B and C that move
in a horizontal plane, as shown in the view from above in Fig. 2.1.

6.0ms™’
fragment B
2m
fragment C 5 _
g : m 4.0ms™
- ;—1 -
N
mE g fragment A
V :
Fig. 2.1

Fragment A has a mass of 3m and moves away from the explosion at a speed of
40ms.

Fragment B has a mass of 2m and moves away from the explosion at a speed of
6.0 m s~' at right angles to the direction of A.

Fragment C has a mass of m and moves away from the explosion at a speed v and
at an angle @ as shown in Fig. 2.1.

Calculate:

] the angle 6,
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(ii) the speed v.

(c) The firework in (b} contains a chemical that has mass 5.0 g and has chemical energy
per unit mass 700 J kg™'. When the firework explodes, all the chemical energy is
transferred to the kinetic energy of fragments A, B and C.

Calculate the mass m.

SAJC Prelims 2024 9749/02
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3 A sphere of radius 2.1 mm falls with terminal velocity through a liquid, as shown in Fig. 3.1.

sphere,

radius 2.1 r;rﬁ\
weight 7.2x 107N

liquid,
density o

Fig. 3.1

Three forces act on the moving sphere. The weight, W, of the sphere is 7.2 x 10~ N and the
upthrust, U, acting, on it is 4.8 x 10~ N. The viscous force, Fy, acting on the sphere is given
by

P = krv

where r is the radius of the sphere, v is its velocity and k is a constant. The value of k is
17kgm' s,

(a) Calcuiate the density p of the liquid.

D e kg m=3[2]
(b) (i) On the sphere in Fig. 3.1, draw three arrows to show the weight, the upthrust
and the viscous force. Labei these arrows W, U and Fy respectively. [1]

(ii) Determine the magnitude of the terminal velocity of the sphere.
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(a)

(b)

VEIOCHY = v M s (2]

The planet Mars has a mass of 6.4 x 10% kg and a diameter of 6.8 x 10% km. A rock,
initially at rest a long distance from Mars, traveis towards its surface.

Assuming that Mars is isolated in space, show that the speed of the rock as it reaches
the surface of Mars is 5.0 x 103m s™.

(2]
n Helium-4 may be assumed to be an ideal gas.

Calculate the temperature of helium-4 gas at which the r.m.s. speed of its
atoms is equal to the speed of the rock in (a).

2]

(i Suggest, with a reason, whether helium-4 is found on the surface of Mars.
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(a) A progressive wave transfers energy. A stationary wave does not transfer energy.
State two other differences between progressive waves and stationary waves.

(b} A stationary wave is formed on a stretched string between two fixed points A and B.
The variation of displacement y of the particies of the string with distance x along the
string for the wave at time ¢ = 0 is shown in Fig. 5.1.

10
position of
- particles at t=0
5 y
y/mm -
:’A 4 BIS
0 1.0 2.0
xim
-5
-10

Fig. 5.1

The wave has a period of 20 ms and a wavelength of 1.2 m. The maximum amplitude
of the particles of the string is 5.0 mm.

m On Fig. 5.1, draw a line to represent the position of the string at t=5.0 ms. [2]

(i} State the phase difference between the particles of the string at x=0.40 m and
at x=0.80 m.

phase difference = .............cccoeeonni. UNit .., 1]
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10

(iii}  State and expiain qualitatively the change in kinetic energy of a particle at an
antinode betweent=0and t = 5.0 ms.
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{a) An electrician is connecting two identical electric cookers to a supply. One of the
cookers is connected to the supply using wire X, and the other cooker is connected
using wire Y. The same current flows in each wire when the cookers are switched on.

11

Table 6.1 contains information on the two electrical wires Xand Y.

wire cross-sectional area total length of wire Resistivity of wire material
X A L )
Y 1.50 A 150 L 1.58 )
Table 6.1
(i) Calculate the ratio
rate at which electrical energy is converted into thermal energy in wire X
rate at which electrical energy is converted into thermal energy in wire Y
ratio = ... [2}
(i) Suggest with a reason which wire is more suitable for connection to the cooker.
................................................................................................... [1]
SAJC Prelims 2024 9749/02
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(ili)  In practice, each connecting wire consists of a cable made up of five thin wires
which are electrically isolated from each other. Fig. 6.1 shows a cross section

of the cable.

thin wire

cable

Fig. 6.1

1. The resistance of one of the cables is measured as 0.0458 ~. Calculate the
resistance of a single thin wire.

FESISIANGE = .eeovveeeee s s remr e e e Q2]

2. Suggest why, for a cooker, a cable made of several thin wires is used rather
than a single thick wire with the same resistance.
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(b) (i) Sketch, on Fig. 6.2, the /-V characteristic graph for a filament lamp.

Ik
O —
0 14
(1]
Fig. 6.2

(in Explain, in terms of particles, why the -V characteristic graph for a filament
iamp has this shape.

(iify  Discuss whether the resistance of the filament iamp can be deduced from:

1
gradient of I —V characteristic
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(a) (i) State what is meant by nuclear fusion.

{ii) On Fig. 7.1, sketch the variation of binding energy per nucleon with nucleon
number A for values of A between 1 and 250. Label the value of A where binding
energy per nucleon is the highest.

A

binding energy
per nucleon

Fig- 7.1
(]

(iiiy On your line in Fig. 7.1, label:

1. apoint X that could represent a nucleus that undergoes alpha-decay. [1]

2. apointY that could represent a nucleus that undergoes nuclear fusion. [1]
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(iv}) A nucleus Z undergoes nuclear fission to form strontium-93 (38935r) and
xenon-139 (54139Xe) according to

Oln+Z - 3893Sr +54139Xe + 201n.

Table 7.1 shows the binding energies of the strontium-93 and xenon-139

nuclei.
Table. 7.1
nucleus hinding energy/J
3¢ 1.25 x 10710
e 1.8 x 10710 |

The fission of 1.00 mol of Z releases 1.77 x 10" J of energy.

Determine the binding energy per nucleon, in MeV, of Z.

binding energy per nucleon =

SAJC Prelims 2024
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(b)

16

Fluorine-18 (918F) is a radioactive nuclide that is used as a tracer in positron emission
tomography (PET scanning). Fluorine-18 decays to a nuclide of oxygen and emits
2 gamma-rays. The half-life of fluorine-18 is T. A patient is injected with amount of
substance n of fluorine-18.

N Determine an expression for the initial value Ro of the rate R of production of
gamma-ray photons by the tracer, in terms of n, T and the Avogadro constant

Na. Explain your working.

(i) On Fig. 7.2, sketch the variation with time ¢ of R.

Fig. 7.2

[2]

SAJC Prelims 2024 9749/02 [Turn Over

BP-464



17

Read the following article and then answer the questions that follow.
Shielding from nuciear radiation

Since the beginning of the industrial age, the burning of fossil fuels such as coal and petroleum
has elevated the atmospheric CO; concentration to unprecedented levels. As a consequence,
the global average surface temperature has increased and the earth has experienced the
hottest years ever recorded. If we continue to consume fossil fuels at the same rate, the
resulting temperature increase will have dramatic effects on global climate.

One measure to mitigate globai warming is the use of renewable energy. Unfortunately, they
are heavily dependent on the weather. Even as the technology for utilising renewable energy
such as solar and wind improve, there are reliability issues, which present important
challenges to be overcome before the world can turn “100 per cent renewables”.

Nuclear fission reactors generate electricity without producing greenhouse emissions.
However, these power plants can pose serious safety and security problems due fo concerns
over radioactivity. Dangers associated with exposure to radiation have been recognised for
many years. As a result of these hazards, measures have been adopted to reduce exposure
to radiation to as low a level as possible. One such measure is to shield individuals from
radioactive sources using radiation absorbing materials.

Experiments have been carried out to investigate the effectiveness of materials as absorbers
of y-ray photons. One possible experiment is illustrated in Fig. 8.1.

parallel beam of
y-radiation

detector 5

J" v

absorber
<>
X

Fig. 8.1
The count-rate Cx of y-ray photons is measured for various thickness x of the absorber,

together with the count-rate Co for no absorber. Fig. 8.2 shows the variation with thickness x
of the ratio Cx/Cy for lead.
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Cx/Co 1.0k
\
0.8 ‘\
b
q
06 \\
3\
5
04 N_
k"
2y
02
S
‘ \"“T - : x/em
0.0
0.0 2.0 4D 6.0 8.0 10.0
Fig. 8.2

(a) { By providing examples, suggest possible reliability issues faced by renewable
energy sources.

....................................................................................................................... [2]
{ii) State what is meant by y-radiation.

....................................................................................................................... 2]
(ili)  Suggest how exposure to y-radiation could be dangerous.

....................................................................................................................... [2]
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{(iv)  Suggest why it is necessary to have a parallel beam of y-radiation in this
experiment,

(v) Suggest how Fig. 8.2 shows that complete shielding does not take place.

(b) Data from Fig. 8.2 are used to obtain values of In (Cx/Co). These are used to plot the
graph of Fig. 8.3.

0 x

Q.
In (Cx/Co)

.5{)'.. . i i - -~ x/em
0.0 2.0 4.0 6.0 8.0 10.0

Fig. 8.3

SAJC Prelims 2024 9748/02 [Turn Over




BP-468

20

(i) It is proposed that the count-rate Cx changes with the thickness x of the
absorber according to an expression of the form

Cx=0Co et
where p is a constant.

Exptain why the graph of Fig. 8.3 supports this proposal.

(3]

(i) The constant y is known as the linear absorption coefficient. Use Fig. 8.3 to
calculate a value of y for lead.

SAJC Prelims 2024 §748/02 _ [Turn Over



(c}

SAJC Prelims 2024
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The linear absorption coefficient ;7 has been found to depend on photon energy and
on the absorbing material itself. For y-ray photons of one energy, u is different for
different materials.

In order to assess absorption of y-ray photons in matter such that the material of the

absorber does not have to be specified, a quantity known as the mass absorption
coefficient tm is calculated. 1m is given by the expression

Hm =

B IR

where p is the density of the absorbing material,

Values of  for 2.75 MeV photons and of p for different materials are given in Fig. 8.4.

material u/cm p/goem3 [T A
aluminium 0.095 2.70 0.035
tin 0.267 7.28 0.037
lead | ... M3 |
Fig. 8.4
On Fig. 8.4,
(1)) give an appropriate unit for fim, [1]
(i) use your answer to (b){ii) to complete the table of values for lead. [1]
9749/02 [Turn Over
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(d) Concrete is a common building material which is sometimes used for shielding. The
density of concrete is 2.4 x 10° kg m.

{i) Use the information given in Fig. 8.4 to calculate an average value for ym and
hence show that the linear absorption coefficient p for 2.75 MeV photons in
concrete is approximately 0.09 cm™.

[3]

{i) Calculate the approximate thickness of concrete which would provide the same
level of shielding, for 2.75 MeV photons, as a thickness of 4.0 cm of lead.

thickness of concrete = ... cm [2]

(iii)  Suggest two reasons why concrete may be used, in preference to lead, where
radioactive sources of high activity are to be shielded.

[End of Paper}]
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JC2 Prelim (H2 Physics) Paper 2 Solutions

1(a)(i)| a = dv/dt
®v = + a dt = area enclosed by a-t graph

® v = area enclosed by F-tgraph/m  (as F = ma)

= [ % (1980)(10) ] /1100
=80ms’

Vv -@v=180-90=90ms"

[1-
for ®p
or ®v
using
area
under
graph]

1

(ii) | The net force is the braking force

[1]

(b)

0 10

time/s
A downward slope with speed starting from 18 m s and end at 0

Gradient of curve starts from 0 at t=0 and increases to a max gradient at
10 s.

Gradient of curve decreases gradually from maxat 10sto 0 att=20 s

(1]
[1]

(1]

(c)

'
3

distance : s T
t

Emals

Gradient of the curve decreases non-linearly from a max at t= 0 to 0 at
t=20s.

Distance is 0 at t=0 and max at t=20

[1]

[1]

2(a) sum / total momentum before (interaction) = sum / total momentum after
or

sum / total momentum (of a system of interacting objects) is constant

[1]

if no resultant force / for an isolated system

|
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(0)(1)

3mx4=mxvsin®

(vsin® = 12)

2mx6=mxvcos O

(v cos ©0= 12)

therefore, sin ©=cos B ortan 8= 1

0 =45°

or a method using close triangle of the momentum vectors and trigo

[1]

[1]

[]

(b(ii)

mv x cos 45° = 12m
or
mv x sin 45° = 12m
or
(mv)? = (3m x 4)2 + (2m x 6)°

v=17ms™

or use pyth theorem for momentum

[1-ecf]

[1-ecf]

(c)

Chemical energy = ¥z mv? (By conservation of energy)
Chemical energy = 0.0050 x 700 or 5.0 x 0.700 = 3.5
3.5 = (0.5 x 3m x 42) + (0.5 x 2m x 6%) + (0.6 xm x 17%)
0.0050 x 700 or 5.0 x 0.700 = 3.5 = 204m

m =0.017 kg

[1]
[1-ecf]

[1-ecf]

3(a)

F=pgV
V=4/3xmx(21x 102%)* = 3.88 x 103 m?

p=48x10*4/9.81xV=1300kg m=3

]
[]

(b))

W downwards > U upwards > F, upwards.
total length up = total length down

(]

(if)

Fr=72x10%—48x10%=24x10"(N)

velocity = 2.4 x 104/ (17 x 2.1 % 107 = 6.7 x 10°ms?

1
(]
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[Turn Over

BP~502



3
4 (a)| From infinity to Mars, |KE gain| = |GPE loss|
Thus, [ Y2 mvZ— 0| = | Msuface - M) | [1]
=| (-2 - zero |
Uspeed of rock v = 2—‘;"—‘- where M=6.4 x10%kg, D=6.8x10°m
2
=50x10° ms" [1]
(b)(i) | “am <c?> = 3/2 kT
2 -3
O temperature T = m;: 2 where mass of 1 atom, m = ff—llﬂﬂ ,
A
<¢®> = [Ans in (a) 2 = 2.5 x 107 m?s2
=4.0x 107K
e [1m]for mass of 1 atom, m = #¥10"kg (1}
A
* [1m, ecfv & m]forcorrect caln of T [
(i) | 1. The speed in (a) is the escape speed fr surface of Mars.

2. Since surface temperature of Mars is (much) fower than the

temperature in (b} (i), [1]
3. rms speed of He-4 is (much) lower than the escape speed.
Thus, helium-4 gas is found on surface of Mars. [1]

5(a}| Progressive: all particles have the same amplitude

Stationary. maximum to minimum/zero amplitude M
Progressive: adjacent particles within one wavelength are not in phase
Stationary: waves particles are in phase between adjacent nodes and/or | [1]
wave particles between adjacent nodes are in antiphase to wave particles
in the next adjacent nodes.

(b)(i) | wavelength = 1.2 m(zero displacement at 0. 0.60 m, 1.2 m,1.8m,24m) 7
either peaks at 0.30 m and 1.5 m and troughs at 0.90 m and 2.1 m or vice -1
versa (but not both) ]
maximum amplitude 5.0 mm [

{ii) | 180° or U rad [1]

(ifi} | t =0, particles has KE as particle is moving [1]
t = 5.0 ms, particle has no KE as particle is stationary (1]
so decrease in KE between t = 0 to 5.0 ms.
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4
6(a)(i)| R=pL/A
P=I?2R
Therefore rate of heat loss, P pL/A
Px/ Py = (wdy) X (Ly/Lv) X (Av / Ax)
= (1/1.58) (1/1.50) (1.50) [1]
=0.633 [1]
(il) | Wire X because there is lower rate of energy loss as thermal energy in 1]
the wire.
(iii)1. | The cable is made up of 5 thin wires in parallel. Let resistance of a
single thin wire be R.
1/0.0458=5(1/R) 1
R=0.229Q 11
2. | Any one: [11
Several thin wires are more flexible than a single thick wire
Thin wires have more surface area and thus dissipate heat more
effectively/better dissipate the heat (Note: both wires have the same
heat production but heat dissipation from the wire can be different)
Cable remains workable even when one wire is broken
(b)(i} current {1
valtage
Note: The line must not be horizontal at high voltage. Hence do not
overdo the decreasing slope. The graph near the origin should be
linear.
(i)
With increasing magnitude of V, more heat is dissipated and
temperature of filament rises, [1]
Lattice metal ions vibration amplitude increase,
Collision frequency between metal ions and electrons increase, 1
Resistance increases (and the current increases at a decreasing rate.) | [11
SAJC 2024 Prelims / 9749 [Tum Over
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5
(i) | No, the equation is only true where the |-V graph is a straight line (1]
passing through origin (chmic conductor) but this |-V graph is not.
OR
No, as the resistance is represented by the inverse of the gradient of a
line connecting that point to the origin. It is not the inverse of the
tangent at that point because the resistance is the ratio of the potential
difference to the current.
7(a)(i}| Nuclear fusion is the process where two light/small nuciei are combined I1]
to produce a heavier/large nucleus with the release of energy.
(i) [1]
A
binding energy
per nucleon
0 f ‘
1 56 250 A
line with a peak at A=56
line with steep initial positive gradient on the left of peak and gentler
negative gradient at all points to the right of peak and line does not
return to 0 binding energy
(iiN1. | X shown at value of A to the right of the peak 1
(iii)2. | Y shown at value of A close to 1 {1]
{iv) | energy from 1 nucleus = (1.77 - 10%)/(6.02 - 102} =2.94 - 10~ J [1]
nucleon number of Z=93 + 139+ 2 - 1 = 233
Energy Released = Total Binding Energy Final — Total Binding Energy Initial [1-
equation
294 .10 J=[(1.25+1.81)- 10" - binding energy of Z to for
energy
released]
binding energy of Z = [(1.25 + 1.81) - 109 - 2.94 . 10-!1
=277 -107'°Y
binding energy per nucleon [1-Jto
={2.77 - 10-%)/(233 - 1.60 - 10-"%) = 7.43 MeV MeV]
SAJC 2024 Prelims / 9749 [Turn Over
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| (b))

A=|[NandlL=In2/T

Since the number of moles of fluorine-18 is =,
the initial number of fluorine-18 nuclei: N=n-Na

Ao = ANp

2 photons produced from each decay, so
Ry=2 Ao

=2 ANo

=2 L n-: NA

=(2IN2)nNa/T

(1

(1}

(i)

t

exponential decay curve fromt=0tot= 27, starting at (0, Ro) and with
a negative gradient of continuously decreasing magnitude

line with negative gradient passing through (T, Ro/ 2)and (2T, Ro/ 4)

[]

1]

8(a)(i)

1. Solar energy can be affected by cloud cover, OR is only present in
the day.

2. Wind speeds can vary for wind power

3. 1tis difficult to efficiently store excess energy generated for use ata
later timing when the supply of energy falls.

{any 2 of the above)

12]

(if)

y-radiation is high energy/high frequency/short wavelength
electromagnetic radiation / photons

(1]
[]

(i)

y-radiation can penetrate the skin/go through human/has high
penetrating power

ionizing powers can cause damage to DNA/ cells / organs /tissue or
cause cancer or death

i
(1]

(iv)

To ensure that all y-radiation would travel the same distance x through
the absorber.

[11

v)

The curve reaches an asymptote at the x-axis.
OR
The (ratio of the) count rate does not go to 0.

1l

(b)(i)

CxfCo= e,
Taking In on both sides,
in (Cx / Co) = -pix

(1]
[1]
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As Fig. 8.3 is a graph of In (Cx / Co) against x with a straight
line/constant gradient,

passing through the origin,
it indicates a relationship Cx/ Cp = e

(1]

(ii)

gradient = -y
gradient=-4.5/10=-0.45
Hence, = 0.45 cm™'

[1]
(1

(c)(i)

units of tm = units of ¥/ units of p
=cm'/gem®
=g'cem?

(1]

(if)

For lead, 1= 0.45 cm™'
Um = tlp =0.45/11.3 = 0.0388 = 0.040 cm? g

(]

(d)(©)

average pm = (0.035 + 0.037 + 0.040) /3 = 0.037 cm2 g~

For concrete, 4 =um p = 0.037 x 2.4
=0.037 x 2.4 x 103 % 10%/ 100°
=0.0888
= 0.09 cm™

[1]

[1]
(1]
[0]

(i)

Cx/ Ca= e"”‘,

For same shielding effect, value of Cx / Cy is the same. Hence, value of

ux must be the same.
(]JX)ooncrete = (ﬂx)lead
(0.09) x = (0.45) (4.0)
x=20cm

OR
From Fig. 8.2, when x =4.0 cm, Cx/ Co = 0.16
Using Cx / Co = e**,
In (Cx / Co) = -ux
In 0.16 =-0.09 x
x=20cm

(1]
[l

(1]
[1]

(i)

1. Concrete is cheaper OR more available than lead.
2. Concrete is a stronger material than lead
3

. Concrete can be easily used in building compared to lead as it

can mould into various shapes and forms
4. Lead is toxic compared to concrete.

(any 2 of the above)

[2]

End of solutions
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