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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,
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c = 3.00x108 ms’
w = Az x107Hm™
& = 885x10MmFm!

= (1/367))x 10°*Fm™

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

Me = 9.11x 107 kg
m, = 1.67x107% kg
R = 831JK'mol”

Na = 6.02 x 102 mol™’

k = 138x102 )K"

G = 6.67x10"Nm?kg>
g = 98Ims?
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Formuiae

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 fong solenoid,
radicactive decay,

decay constant,

River Valley High School
2024 JC 2 Preliminary Examinations

Page 3 of 24

‘«s=r.:t+—1~art2

2
vi=y® +2as
W = pAV
p = pgh
b=—GM/r
T/IK=T/°C+273.15

Nm

p——1--—-—<c" >
3V
3

E=—kT
2

X = Xosin wt

V= vocos of

= (¢ - X%
I=Anvg

R=R +R, +...

1V/R=1R,+1/R, +...

V= Q
4me,r
X = Xosin of
_ tol
2nd
B HNI
2r
B=pnl
X = Xoexp (-Af)
4=1n2
t,

2

H2 Physics 9749

BP-383




BP-384

Section A
Answer all the questions in the spaces provided.
1 (@) A ball is projected with a horizontal velocity of 1.1 m s~ from point A at the edge

of a table, as shown in Fig. 1.1.

ball

table 1.1ms™’

B
=7 horizontal

- ground
043 m

FTTIITTITEIETT TS

Fig. 1.1

The ball lands on horizontal ground at point B which is 0.43 m away from the
base of the table. Air resistance is assumed to be negligible.

(i) Calculate the time taken for the ball to fall from AtoB.

(i} Use your answer in {a)(i) to determine the height of the table.
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(i) Determine the angle that the path of the ball makes to the horizontal
when it reaches B.

(iv) The ball leaves the table at time ¢ = 0.

For the motion of the ball between A and B, sketch graphs on Fig. 1.2 to
show the variation with time ¢ of

1. the acceleration a of the ball,

2. the vertical component s, of the displacement of the ball from A.

Numerical values are not required.

Sy

Fig. 1.2
[2]

(b) A ball of greater mass Is projected from the table with the same velocity as the
bail in (a). Air resistance is still assumed to be negligible.

State and explain the effect, if any, of increased mass on the time taken for the
ball to fall to the ground.

River Valley High School Page 5 of 24
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2 Fig. 2.1 shows a body P supported by 3 wires under tension. The tension in each wire
is represented by T4, Tzand T». Body Q sits on a flat surface.

R
-
centre of
P mass P ™™g
T, infrontof T,
/ Q
? <t00em
\ 14.5 cm
i 20.0 cm
Fig. 2.1 Fig. 2.2

Fig. 2.2 shows the side view of the 2 structures. The mass of body P is 350 g, and acts
at a point along a vertical that is 14.5 cm away from wires under tension Tsand T».

(a} On Fig. 2.1, draw arrows to indicate the direction of tensile forces in each of the
3 wires acting on body P. 1]

(b) At equilibrium, the magnitude of tensile forces in wire 1 and wire 2 is the same,
7| =T
Determine the magnitude of Ta.

(c) Without further calcufation, explain which of the wire(s) is/are more likely to break
if a further load is placed onto the structure at location R.
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3 Fig. 3.1 shows a marble falling onto a spring when released from height of 6.0 cm above
the top of the spring. The maximum compression of the spring is 5.0 cm. The spring
obeys Hooke's law and has a spring constant of 25 N m~". You may assume that air
resistance is negligible.

6.0cm

ball just maximum compression
released of spring

Fig. 3.1

(a) By using the principle of conservation of energy, show that the mass of the ball is
0.029 kg.

1

(b) Explain, in terms of forces, why the speed of the marble continues to increase for
a period of time after hitting the surface of the spring.

..................................................................................................................... [2]
(c) Hence, determine the maximum kinetic energy of the marble.
BNeIgY = .o e, J [4]
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4 Fig. 4.1 shows the path of a charged particle in a uniform magnetic field.

= LA S S S
x x
x X
x x
x x
bt x e

Fig. 4.1

(a) Explain why the charged particle travels in a circular path.

(b) Derive an expression for the time taken T for the charged particle to complete one
full circle in terms of its mass m, charge g, and the magnetic flux density B of the
uniform magnetic field.

(3]

(€} The mass of the charged particle is 4.5 x 10-° kg and its speed is 4.8 » 10°ms™.
Given that the diameter of the circular path is 0.60 m, and that the magnetic flux
density of the uniform magnetic field is 0.15 T, determine the charge of the
particle.
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5 The pressure p of an ideal gas is given by the expression

where pis the density of the gas.

(a) State what is meant by:

(i) anideal gas

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

) the symbol (c?)

(lif} Use the expression above to show that the mean translational kinetic energy
of the atoms of an ideal gas is given by:

3
(Ec)=kT

where (E, ) is the mean translational kinetic energy, T is the temperature.

Define any symbols that you use.

“
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State what is meant by the intermal energy of a system

(i) Explain why, for an ideal gas, the change in internal energy is directly
proportional to the change in thermodynamic temperature of the gas.

(c) A fixed mass of ideal gas in a heat pump undergoes a cycle of changes of
pressure, volume, and temperature as illustrated in Fig. 5.1.

pressure / Pa
24 % 10° f

0.45 x 107

2.0x10°  volume/m®
Fig. 5.1

The tabie below shows the increase in internal energy which takes place during
each of the changes A to B, B to C and C to D. It also shows that in both of section
A to B and C to D, there is no heat transfer to or from the gas.

Complete the table.
Increase in intemal | Heat supplied to gas | Work done on gas
energy / J /J /dJ

AtoB 1200 0

BtoC -1350

CtoD -600 0

Dio A
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River Valley High School

(a)

A thin slice of conducting material has its faces PQRS and VWXY nomnal to a
uniform magnetic field of flux density B, as shown in Fig. 6.1.

magnetic flux
density B

uuuuuuu

direction of
motion of electrons

Fig. 6.1
Electrons enter the siice at right-angles to SRXY.
A potential difference is developed between two faces of the slice.

(i) Useletters from Fig. 6.1 to name the two faces between which the potentiai
difference is developed.

(i) State and explain which of the two faces named in (a)(i) is more positive.

.................................................................................................
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(b) Negative-charged particles are moving through a vacuum in a parallel beam.
The particles have speed v.

The particles enter a region of uniform magnetic field of flux density 930 uT.
Initially, the particles are travelling at right-angles to the magnetic field. The path
of a single particie is shown in Fig. 6.2.

negatively-charged
particles, speed v

~ arc of radius 7.9 cm

uniform magnetic field,
flux density 930 pT

Fig. 6.2

The negatively-charged particles follow a curved path of radius 7.9 cm in the
magnetic field.

A uniform electric field of strength 12 kV m is then applied in the same region
as the magnetic field. The particles then travel in a straight line.

() OnFig. 6.2, mark with an arrow, the direction of the electric field. (1]
(i) Calculate, for the negatively charged particles,

1. thespeedv,

Vo i ms’ [2]
2. . charge
the ratio harg
ass
ratio= .....cccoerviiinins Ckg' 2]
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7 (@) A sinusoidal alternating current source is connected to a diode and a resistor as
shown in Fig. 7.1 below.

a.c. source
O ,\J o
N  —
L1 |
diode resistor
Fig. 7.1
The variation with time of the potential difference in the diode is shown in Fig. 7.2
below.
Viv,
0 T 2T tls

Fig. 7.2

(i}  On Fig. 7.3, sketch the variation with time of the potential difference across
the resistor.

ViV 4

0 T 2T /s

Fig. 7.3

(1
(i)  OnFig. 7.4, sketch the variation with time of the power in the resistor.
PIW 4
0 T 2T t/s

Fig. 7.4

1]
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(ili) Given that the resistance of the resistor is 2.0 Q, and that the peak voltage
in it is 5.0 V, calculate the average power dissipated.

aVEerage POWEL = .. ....iiieieirinnreireicnaanis W [2]

(b) Fig. 7.5 shows an ideal iron-cored transformer. The ratio of the secondary tums
to the primary turns is 1:20.

A 230 V alternating current supply is connected to a primary coiland 2 7.0 O
resistor is connected to the secondary coil.

il

230V ~u primary secondary

l cail coil 7.0Q

Fig. 7.5

() Explain how an alternating current in the primary coil induces an
electromotive force in the secondary coil.

........................................................................................... [2]
(iiy Determine the current in the primary coil.
CUITENE = .oveeiienr e A [2]
River Valley High School Page 14 of 24 H2 Physics 8749
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8 X-rays are produced when electrons are accelerated through a potential difference
towards a metal target such as tungsten. Fig. 81 shows a ftypical
X-ray intensity spectrum that can be produced from an X-ray tube.

intensity, 1
A

-
Wavelength, A

Fig. 8.1

(@) Using conservation of energy, explain why there is a minimum wavelength for the
emitted X-rays as shown in Fig. 8.1.

................................................................................................. [1]
(b} Explain the broad, almost continuous, spectrum shown in Fig. 8.1.
................................................................................................. [2]
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(¢) n a chest X-ray, a photographic film receives photons which have travelled
through flesh and bone from a source.
(i) Estimate the area of a film which covers the chest of an adult.
area= ...cooeeneenennns m? 1]
(i) Assume that on average, 10 x-ray photons fall on each grain of the
photographic film and the grains are about 1.0 ym apart as shown in
Fig. 8.2.
1um
e
® ® ®
1 umI
@ [ L
grains
® ® ®
o @ ® ®
Fig. 8.2
Use your estimate in (¢){i) to determine the total x-ray energy falling on the
film. Each x-ray photon has a quantum energy of 107° J.
totai energy = ...............ce J 2]
River Valley High School Page 16 of 24 H2 Physics 9749
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Section B
Answer one question in this Section in the spaces provided.
9 (a) (i) Explain whatis meant by

1.  diffraction

................................................................................. (1]

2.  ipterference; and
................................................................................. [1]

3. coherence
................................................................................. (1]

(i) State two conditions for observable interference of two waves.
......................................................................................... [2]
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(b) To help guide large ships berth properly into docks, an engineer proposed using
interference of electromagnetic (EM) waves. The proposal suggests installing
two EM wave emitters P and Q positioned 95 m apart at the edges of the dock
gates. The two emitters can be taken to be point sources and they emit radio
waves of frequency f; in phase.

The ship can be guided by searching for the strong signal radiated along the
lines of constructive interference, aiso known as anti-nodal lines. For safety, it is
impartant for the ship to ensure that it is sailing along the centre-line of the gates,
as such the ship needs to “lock on” to the central anti-nodal line.

top view

(figure not to scale)

anti-nodal lines

L
-
o
.

ehABRP PO RPRRNb LT aaa,

-.-n..n-...'.'-

dock gate e
Fig. 9.1

()  Explain why the centre-line will always be an anti-nodal line regardless of
the frequency of the radio waves used.

......................................................................................... 1
(i) State and explain why radio waves are suitable for such a system.
......................................................................................... [2]
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2024 JC 2 Preliminary Examinations



BP~399

(iff} Assuming that the ship is saifing along the centre-line, state and explain
how the intensity of the resultant signal varies as it approaches the dock
gates.

{(c) One particular large cargo ship strays off the centre-line as shown in Fig. 9.2.

top view

(figure not to scale)

250 m

95m|

dock gate
Fig. 9.2

Explain quantitatively (with calculations) whether the ship is on an anti-nodal line,
given that f; is 23.5 MHz.

River Valiey High School Page 19 of 24 H2 Physics D749
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(d)

()

River Valiey High School Page 20 of 24 H2 Physics 9749

As an additional precaution to ensure that the ship “locks on” to the central anti-
nodat line, the emitters can simultaneously emit another radio wave of a different
frequency f..

() Explain how this precaution helps to prevent the ship from “locking on” to
the wrong anti-nodal line.

(i} Discuss why this additional precaution may still not be fool proof.

The large cargo ship is carrying loads of new cars. As the cargo ship is cruising,
a car which is not secured properly starts to move. A small piece of chewing gum
is stuck to the edge of the wheel as shown in Fig. 8.3. A camera records the
motion of the car's wheel from the rear view as it is rotating. Assume that the
angular velocity of the wheel is constant.

chewing gum

Fig. 9.3

(rear view)

(i) State the type of motion exhibited by the chewing gum from this viewpoint
as shown in Fig. 9.3 when the wheel rotates.

2024 JC 2 Preliminary Examinations
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(i) The car moves at a speed of 5.0 km h-'. Determine the period of the
chewing gum, given that the wheel has a diameter of 0.45 m.

(iii) Hence, determine the maximum vertical acceleration of the chewing gum.

maximum vertical acceleration= ................. ms2 [2]

River Valley High School Page 21 of 24 H2 Physics 8749
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10 (a) Fig. 10.1 shows the variation with nucieon number of the binding energy per
nucleon of a nucleus.

binding
energy per
nucleon

a .y
nucleon number
Fig. 10.1

()  On Fig. 10.1, mark with the letter S the position of the nucleus with the
greatest stability. 1]

(i) One possible fission reaction is
25U+ In— "4Ba+ 3Kr+2/n
On Fig. 10.1, mark possibie positions for
1. the Uranium-235 nucleus (label this position U),

2. the Krypton-90 nucleus (label this position Kr). [1]

(iii) The binding energy per nucleon of each nucleus is as follows.

25U :1.2191 x 1072
%Ba :1.3341 x 1072 J
a0 . —
3 Kr :1.3864 x 1072 J
Determine the energy released in the fission reaction, give your answer to
5 significant figures.
BNEIGY = -ieveeeeeevencnannes J [2]
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(iv) Hence, determine the mass equivalent of the energy

mass=..................... kg [2]

(v) Explain why a release of energy occurs during such a fission reaction.

(b) Carbon-14 is a radioactive isotope of carbon. Its presence in organic materials
is the basis of radiocarbon dating.

(i) State what an isotope is.

......................................................................................... [1]
(i}  Carbon-14 is unstable and goes through the following process.
14 14 Y -
sC—> SN+ D+v
Determine X, Y and hence state the identity of particie D.
Y = e,
X= i,
D=, [2]
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(iii) A student has a sample of Carbon-14. The student defined the half-life of
Carbon-14 as the time taken for the number of nuclei inside the box to
decay to one half of its initial value.

State and explain one reason why this definition is inappropriate.

(c) Measurements are made of the activity of a specimen of carbon from pieces of
wood found in a fireplace at an archaeological site. The specimen is found to
contain one Carbon-14 atom per 8.6 x 10'° Carbon-12 atoms. Another sample
was obtained from carbon from a modern fire, the concentration of Carbon-14
atoms is greater at one Carbon-14 atom per 3.3 x 10'° Carbon-12 atoms.

(i) Explain why the concentration of the two samples of carbon is different.

{ii)  Given that the half-life of Carbon-14 is 5700 years, calculate the age of the
wood from the ancient fire.

End of Paper
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RVHS JC2 H2 Physics Prelim Examination 3 Mark Scheme

1 (a) |(i) Itime=043/1.1
=0.39(1) s Al
L1 1
(i) s =ut+ Eatz
" C1
= -2—(9.81)(0.39)2
=0.75(0) m A1
(iif) |vertical velocity:
v=u-+at
M1
= (9.81)(0.39)
=3.8259ms"
3.8259
0 = tan-1 2 = tan-1
Uy 11 Al
= 74(.0)°
(iv) | 1. Horizontal line at a non-zero value of a. B1
2. Curved line from origin with increasing gradient B1
(b} acceleration of free fall is unchanged / not dependent on mass and Al
50 no effect (on time taken)
2 (a) T, and T, : down B1
. All 3 must be correct.
T,-up
{b) By Principle of Moments,
Taking moment about the pivot at the base of wire 1,
sum of clockwise moments = sum of anti-clockwise moments M1
(14.5)(m,g)=(10.0)T,
14.5
" =10.0(™9)
14.5 3
=155 (350%107)(9.81)
~4.98 N Al
(c) P is in vertical translational equilibrium,
R adds additional downward force.
T.is only upward force and so must provide additional tension, B1
more likely to snap.
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If method involves principle of moments, reference to a pivot must
be made known before a mark can be awarded together with the
reasoning.
3 {(a) loss in GPE = gain in elastic PE
1
mgh = —kx*
9 2
2 2
_ kx _ (25)(0.050) - 0.028950 kg M1
2gh  2(9.81)(0.110)
=0.029 kg({shown)
{b) When the spring first compresses, the magnitude of the force from B1
the spring is less than weight.
Hence, there is still a downward resultant force that causes the| B1
marble to continue accelerating.
{c) Max speed of marble happens when force from spring = weight
kx =mg
x= M9 _ (0028959981 4 54436 m M1
k 25
gain in EPE = %kx2 = %(25)(0.01 136)° = 0.001614 J M4
loss in GPE = mg(0.060 +0.01136)
=(0.028959)(9.81)(0.060 +0.01136) = 0.02027 J M1
gain in KE = loss in GPE —gain in EPE
=0.02027 - 0.001614
=0.019 J (2sf) Al
4 (a) When a charged particle is travelling in a magnetic field, it
experiences a magnetic force that is always perpendicular to its| B1
velocity (and the magnetic field lines).
Since the charged particle is travelting perpendicular to the uniform | B1
magnetic field, and that the resultant force only consists of the
magnetic force, the particle travels in a circular path.
(b) centripetal force provided by magnetic force
M1
M1
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mrao® = Bqv
s %
me*® =Bg| -
o7
mae* = Bqw
B A1
o="9
m
2z _Bq
T m
_2zm
Bq
{b) magnetic force provides for centripetal force
2
Bqv = mv
g- mv _ (4.5x107%°)(4.8x10°%) M1
Br - (0_15)(0.60)
2
=4.8x107"C A1
5 |[(a) ((i) |Hypothetical gas obeys equation of state pV = nRT (perfectly at all B1
pressures, temperature s and volume)
(ii) |Mean-square-speed (of atoms / molecules) B1
1
iy | p==p{ct)
p= NTm with N explained (m = mass of a molecule)
Or B1
p= % (M = mass of a gas)
pV =2 Nm(c?) B1
pV = NkT with p, V, T explained B1
So mean kinetic energy (E,) = %m(cz) = ng B1
(b) |(i) |Internal energy U of a system is sum of a random distribution of| B1
kinetic and potential energies associated with the molecules of a
system.
(if) |(in ideaf gas) no intermolecular forces, hence no potential energy B1
Internal energy is (solely) kinetic energy (of particies)
Since mean (translational} kinetic energy is proportional to B1
thermodynamic temperature of the gas, the internal energy is
directly proportional as well.
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{c) Increase in Heat Work done on
internal supplied to gas
energy / J gas/J /J
AtoB 1200
BtoC -1350
-600
6 (a) [(i} |PSYV and QRXW B1
(i) |electrons moving in magnetic field deflected towards face QRXW / M1
electrons accumulate on face QRXW
So face PSYV is more positive Al
(b) {(i) |Arrow point up the page B1
(i) |Eq =Bqv
_E 12x10° C1
¥ =B~ 930x10°¢
=13%x10"ms™? Al
(i) {Bqv =mvi/r c
g/m= (13X 107)/(7.9 X 102 x 930 % 10‘5)
=18x10" Ckg™? A1
7 (a) @) A1
VIV ,
| \//ZT tls
(i) A1
PIW,
T 2T t/s
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(i)

2 2
P =t 50 _po5w
R 2
P

P o 12.5

average 4 4

=)

=3.1W

M1

A1

(b) | (i)

When an alternating current source is connected to the primary coil,
there would be a changing magnetic flux produced.

The iron-core strengthens and links the flux through the secondary
coil. In the secondary coil, since the magnetic flux through it changes
all the time, there would be an e.m.f. induced (according to Faraday's
Law).

B1

B1

(i)

emf induced in secondary coil =230/20 =115V
current in secondary coil=V/R=11.5/7.0=1.6420 A
current in primary coil = 1.6429/20=0.082 A

M1
A1

The cut-off wavelength corresponds to the most energetic photon
that can be produced. That happens when all the kinetic energy

of an accelerated electron is lost in a single collisionfinteraction with
the target atom in producing one photon.

A1

(b)

When electrons striking the metal target interact with the crystal
lattice, forces experienced by the electrons cause them to be
accelerated, decelerated or deflected. When this occurs, their kinetic

energies are lost through the emission of Bremsstrahlung (or

“braking radiation”), which are photons of a range of energies which
can lie in the X-ray region.

Since the magpnitude of the ‘deceleration’ experienced by the incident

electrons is different for all and is not discrete, the wavelengths of
the emitted photons have a continuous distribution so the
Bremsstrahlung produces a continuous spectrum of electromagnetic
radiation.

CR

Bremsstrahlung radiation, which is emitted when high energy
external electrons coming close to the nucleus decelerate,
accelerate or deflect. This energy lost in terms of photons can be
any amount of energy less than the maximum kinetic energy of the
electrons, therefore forming continuous spectra.

Al

A1
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(e} |(i)

Al

Areaof agrain: | ?10-5 m

no of grains = %%-(Lé= 6.00x107°
107° %107
no of photons = 6.00x10" x10 = 6.00x10""

energy = 6.00x10" x 10 = 6.00 x 10* J

M1

A1

Section B

9 ) |

1. [Diffraction refers to the bending or spreading out of waves
when they travel through a small opening or when they pass
round a small obstacle.

B1

2. | Interference refers to the superposing of two or more coherent
waves to produce regions of maxima and minima in space,
according to the principle of superposition

B1

3. | Coherence refers to having a constant phase difference (and
same frequency) (between waves/sources/particles).

B1

(i)

Any two of the following:

1. The waves must overlap to produce regions of maxima and
minima.

2. The sources must be coherent.

3. The waves must have the same amplitude or approximately the
same amplitude.

4. The waves must be unpolarised or with the same plane of
polarisation (for transverse waves).

B1
B1

(b) | (i)

Since the two radio waves emitters are in phase, along centre-line
and path difference is always zero, hence constructive interference
always oCccurs.

B1

(i)

Radio waves have long wavelengths, hence the
anti-nodal lines will be far apart enough for the ship to differentiate

A1
M1

(iii)

Since the intensity of each individual wave is inversely proportional
to the square of the distance, the intensity of each individual wave
will increase as the ship goes nearer, hence the resultant intensity
will increase.

CR

Since the amplitude of each individual wave is inversely
proportional to distance, the amplitude of each individual wave will
increase as the ship goes nearer, hence the resultant amplitude of

M1
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the superposed wave will increase. As intensity is proportional to
the square of the amplitude, intensity increases.

Hence, the intensity of the resultant increases as the ship
approached the gate. -

Al

{c)

8
=82 300 o m
- 235x10

95Y 95"
Path difference = \/(395)2 + [250 + ?) - \/(895)2 + (250 - ?]

= 25527 m

~ 24,

Since the path difference is approximately 214, the ship is on an
anti-nodal line.

AD
Note: using x = ? will earn no credit.

C1

M1

A1

(d)

i ship is on the central anti-nodal line,
it should detect maximum signals from both frequencies / the

maximum signal will be stronger.
OR

If ship is on wrong anti-nodal line,
only one of the frequencies will show a strong signal.

B1

(i)

Higher orders _of maxima from both frequencies may _still
coincide/overlap.

Hence the ship could still detect maximum signals from both
frequencies even though it is not on the central anti-nodal line.

B1

{e)

Simple harmonic motion

B1

(it)

50kmh'=139ms"
V=ro

_ 27(0.225)

1.39
=102s

M1
A1

(iii)

2
a, =0°X,

- [2—”J2 (0.225)
1.02) ‘'
=8.57 ms?

2
(Alternatively, use a = Kr-to solve.)

M1
Al
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10 [(a) |(i) |S shown on the peak B1
(i) |Krand U are right of peak in correct relative positions (Kr on left of B1
U; both on right of S)
(1ii) [Energy released = Binding energy of products — binding energy of
reactants C1
= (144 x 1.3341 x 10712 + 90 x 1.3864 x 107'%)
— {235 x1.2191 x 107'%)
= 3.0398 x 107! ] A1
(iv) |E = mc?
_3.0398x 107 C1
™ = 3,00 x 109)2
= 3.38 (3.3776) x 10728 A1l
(v) |The products have greater stability and therefore greater binding
energy.
OR B1
With a increase in binding energy, the mass of the products will be
less than that of the reactants, by the mass-energy equivalence /
mass loss, there must be a release of energy.
{vi) [Neutrons are single particles, they have no binding energy_per B1
nucleon.

{b) [(i) |!sotope is one or more forms of the same element, with the same
atomic/proton number but with different number of neutrons in their| B1
nuclei / different nuclecn number

(iiy (Y=0
X=-1 B1
D = electron / beta-paricle B1
(iii) {Radioactive decay is a random process M1
thus the time taken to decay by half will fluctuate. / should consider
average time taken. A1
or M1
Carbon-14 will decay into Nitrogen-14
Wrong, to state that the number of nuclei will decay be half / therefore
the total number of nuclei in the box remains the same / Should state A1
“number of carbon-14 nuclei®

{c) (i) |Since carbon-14 will decay into nitrogen 14, the sample from site will
have lower concentration as more time has passed for it.

B1

Sample from site has undergone more decay as more time.
(i) |Calculating of concentrations or number of nuclei. c1

_ In2
~ 5700 M1
1 1 n2
= 5700
§6x10-0 33x10-10° M1
t = 7900 years (7880) Al
(i) |1t cannot be used for very old samples. B1
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As the activity will be very low after a long period of time and the B1
results of the calculation will not be accurate/reliable.
It cannot be used for things that are still living B1
Carbon-14 could have been gained/ lost via other means. B1
Activities from other samples. B1
Assumes that the wood will have the same concentration of Carbon- B1
14 {o Carbon-12.
Any two of the above, provided explanations are sound.
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