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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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¢ =3.00x10% ms™
Ho =47 x107 Hm™'
£, =8.85x107"% Fm™
= (1/(367))x10° Fm-'
e=1.60x10""° C
h=663x10" Js
u=166x10"7 kg
m, =9.11x10™" kg
m, =1.67x10% kg
R=8.31 JK ' 'mol™!
N, =6.02x10% mol™
k=1.38x10"% JK

G =6.67x10""" Nm?kg2

g=981ms?
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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 the questions in the spaces provided.
1 A small parcel is released from a helicopter which is ascending steadily at 2.5 m s,

(a) Neglecting air resistance, determine the speed of the parcel after 2.0 s.

speed = .........ccevvveremenrrinene. M ST [2]

(b) Sketch, on the same axes in Fig. 1.1, two graphs to show the variation with time of the
velocities of the helicopter (label H) and the parcel (label P} during the first 2.0 s. [2]

vims,y

0 J > t/s
0 1.0 20

Fig. 1.1

{c) Using the sketched graphs, or otherwise, determine the distance between the
helicopter and the parcel after 2.0 s.

distance = .........cooeeieienencnreeee M [2]

2024/JPJC/Prelim/9748/03
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2 (a) Explain why the gravitational field strength near the surface of a planet is approximately
constant for small changes in height.

(b) An isolated planet of uniform density has mass M and radius R.

Point P lies on a straight line passing through the centre of the planet, at a
displacement x from the centre, as shown in Fig. 2.1.

planet mass M

Fig. 2.1

Fig. 2.2 shows the variation with x of the gravitational field strength g at point P due to
the planet for the values of x for which P is inside the planet.

1.0Y ‘

2024/JPJC/Prelim/9749/03
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The magnitude of the gravitational field strength at the surface of the planet is Y.

(i) State an expression for Y'in terms of M and R. Identify any other symbols that you
use.

[1]

(ii} Complete Fig. 2.2 to show the variation of g with x for values of x, up to +3R, for
which point P is outside the planet. [3]

(i) A rock is projected vertically upwards from the surface of the planet with a speed
of 47x10° ms™. The mass M of the planet is 6.4 x10% kg and the radius R of

the planetis 3.4x10° m.

Calculate the distance travelled by the rock for it to lose half of its kinetic energy.

distance = ... m [3]

2024/PJC/Prelim/9749/03 [Turn over




3 Two charged metal spheres A and B are situated in a vacuum. The distance between the
centres of the spheres is 12.0 cm, as shown in Fig. 3.1.

12.0 cm

]
!
Lt

[
'l

sphere A P li sphere B
Qe O

]
el Lanl]

Fig. 3.1

The charge on each sphere may be assumed to be a point charge at the centre of the
sphere. Point P is a variable point that lies on the fine joining the centres of the spheres
and is distance x from the centre of sphere A.

The variation with distance x of the electric field strength E at point P is shown in Fig. 3.2.

150 177
E/10°N C™

100

50

-50

-100

L1 Lt g
[ I

-150

-200

Fig. 3.2
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{(a) State the evidence provided by Fig. 3.2 that the spheres are conductors.

................................................................................................................................. [1]
(b} The sphere A is positively charged.
(i) State and explain the polarity of sphere B.
............................................................................................................................ 2]
(if) Use Fig. 3.2 to determine the ratio z:::gz 2: Zz:ee:eeg .
Ao = . [2]

(if} A point charge of -2.0 uC is moved by an external force from x = 2.0 cm to
x = 8.0 cm, along the line joining the centres of the spheres.

Use Fig. 3.2 to estimate the work done by the external force.

workdone = ..., J [3]

2024/)PJC/Prelim/9748/03 [TUl'I'i over

BP-~713




BP-714

10

4 (a) State what is meant by magnetic flux linkage.

(b) Two coils, P and Q are wound onto an iron core, as shown in Fig. 4.1.

variable power

source
—0 O—

coil Q
) /|
/ /
coil P / +t— / /_\
12 cm .
iron core V
O/

Fig. 4.1
Coil P contains 1800 turns of wire, has a length of 12 ¢cm, and is connected to a variable
power supply. Coil Q contains 2400 turns of wire and is connected to a voltmeter. The
diameter of each tumn of wire for both coils is 3.6 cm.

The variation with £ of the current [ in coil P is shown in Fig. 4.2

1.5

1.0
I/mA z

e
-
e
-

05

0.0 T t/ms
0 20 10071120

L
=)
[=2]
o
o

-0.5

Fig. 4.2
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(i) The permeability of the iron core is 1.0 x 103 .

Show that the maximum magnetic flux ¢ in the iron core is 2.0x107° Wb.

[2]

(ii) Determine the maximum reading recorded in the voltmeter.

reading = ......cccoovreecee e, VvV [4]

2024/JPJC/Prelim/9749/03 [Turn over
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(iif) Using your answers in (i) and (i), draw in Fig. 4.3 the variations with time f of the
flux ¢ in the iron core and the reading V in the voltmeter.

Add a suitable scale to the vertical axis.

¢/ x10° Wb
0 t/ms
0 20 40 60 80 100 120
ViV
0 t/ms
0 20 40 60 80 100 120

Fig. 4.3
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5 Fig. 5.1 shows an ideal transformer, where the primary coil is connected to an alternating
voltage supply of 20 V. The secondary coil is connected to an ideal ammeter and a fixed
resistor R of resistance 50 Q. The number of turns in the primary coil N is 25.

pn‘m;lzry secon_cilary
coi \ coi

A

g

VUVUUTVVY

20V ~

m

Fig. 5.1

Fig. 5.2 shows the variation with time t of the current / recorded from the ammeter.

O N - REEERsasasy
I/A i S e
™ AT , i : X
X J ; H RN :
2.0 " ; f | f
\ B AT 0 I . \
{ i \ /
A o i :
frf a
Y . A N !
1 M ! : ] S\
0.0 A T 2 %3 > t/ms
0 A0+ 4204 -30- A0k 50 \60
: Ty § "
\ 4
/ ] X
-2.0 f \
- HI" ; 4 X ,J
4.0 ? S
Fig. 5.2
(a) Determine the mean power dissipated across the resistor R.
MEAN POWET = ...t W [2]

2024/JP.JC/Prelim/9748/03
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(b) Determine the number of turns in the secondary coil N;.

(c) Determine the frequency of the alternating voltage supply. Explain your working.

frequency = ..........ccccvvivienriernneenen. HZ [2]

(d) Explain how your answer in (a) will be affected if the frequency of the alternating
voltage supply is doubled, while the peak voltage of the supply remains the same.

2024/JPJC/Prelim/3749/03 [Turn over
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6 (a) State what is meant by the term threshold frequency as applied to the
photoelectric effect.

(b) In a typical set-up of the photoelectric experiment, a metal surface is illuminated with
radiation of wavelength 450 nm, causing the emission of photoelectrons which are
collected at an adjacent electrode.

(i) Calculate the energy of a photon incident on the surface.

BNETGY = ..ooeeecriissirnes s srainrenseeeas J 2]

(ii) The intensity of the incident radiation is 2.7 x 10®* Wm™ and the area of the metal
surface is 3.0 cm?,

Calculate the number of photons incident per second on the surface.

nUMber Per SECONA = .....cocicvive e [2]

2024/JPJC/Prelim/9748/03
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(iii) Fig. 6.1 shows a graph of how the photoelectric current 7 varies with the potential
difference V between the electrodes.

1/pA
i

5

0 > V/V

-1.6
Fig. 6.1

Cailculate the threshold wavelength of the metai.

wavelength = ... m [3]

2024/JPJC/Prelim/9745/03 [Turn over
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(c) The X-ray spectrum is first produced by an X-ray tube with tungsten (atomic number,
Z = 74). Another X-ray spectrum is produced using barium {atomic number, Z = 56}
and both spectrums are as shown in Fig. 6.2.

3¢ 7
2 = sten (Z = 74)
B 20 1 4
= B -
£ NER N
= - i
o ] T
= 7 barium (Z = 56) -
& 10
s b
0

o 10 20 30 40 50 B0 70 BO 90 100
wavelength / 1012 m
Fig. 6.2

(i) The accelerating potential used to produce the X-ray spectra using tungsten and
barium are the same.

State a feature in Fig. 6.2 that shows how this can be deduced.

(ii) Determine the accelerating potential.

accelerating potential = ..o V 2]

2024/JPJC/Prelim/9749/03
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(a) Define
() half-life,

(b) The presence of radicactive carbon-14 ('§C) is caused by the collision of neutrons
with nitrogen-14 (*3N) in the upper atmosphere. The equation for the reaction is:

“N+Jn > C+X

Data for some masses are given in Fig. 7.1.

nucleus mass/ u
carbon-14 14.003242
nitrogen-14 14.003158
neutron 1.008665
Fig. 7.1

(i) Use the data from Fig. 7.1 to determine the mass of the particle X in u, given that
the amount of energy released in one such reaction is 0.7060 MeV.

MASS = eoviinnienneenersnereenannenns U [3]

2024/JPJC/Prelim/9748/03
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(ii) The mass of carbon-14 produced by this reaction in one year is 7.5 kg. The molar
mass of carbon-14 is 14 g. The half-life of carbon-14 is 5.7 x 10° years.

1. Determine the number of carbon-14 atoms produced each year.

numberofatoms = ... [1]

2. Determine the probability of decay of a carbon-14 nucleus in a time of 1.0 year.

probability = ... [1]

2024/JPJC/Prelim/9749/03 [Turn over
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Section B
Answer one guestion from this Section in the spaces provided.

8 (a) State what is meant by simple harmonic motion.

(b) An electric toothbrush has a circular brush head of diameter 12 mm as shown in
Fig. 8.1.

Fig. 8.1
The toothbrush has two settings.

On setting 1, the brush head vibrates with simple harmonic motion with a frequency of
33 Hz. From its leftmost position, it moves a maximum horizontal distance of 4.2 mm
as shown in Fig. 8.2.

leftmost position brush head

Fig. 8.2

(i) Using the information provided, write an expression for the variation with time ¢ of
displacement x, in metres, of the brush head from its equilibrium position.

2024/JPJC/Prelim/g749/03
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(ii) Determine the speed of the brush head when it has moved a horizontal distance
of 0.8 mm to the right from its leftmost position.

Explain your working.

(¢) On setting 2, the brush head can be considered to oscillate with simple harmonic
motion with amplitude A as shown in Fig. 8.3.

brushes

Fig. 8.3

The velocity, in m s™, of a point on the circumference of the head can be given by
the expression

v=92x102cos 77t

Determine A.

2024/ IPJC/Prelim/9745/03 [Turn over
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(d} Fig. 8.4 shows a particle of toothpaste of mass 2.5x10°® kg on the edge of the brush
head.

toothpaste

The switch is on setting 2.

(i) Calculate the maximum kinetic energy of the particle of toothpaste.

maximum Kinetic energy = .......cccoeeerecriinin e, J [2]

{i)) On the axes of Fig. 8.5, sketch a graph of the variation of the kinetic energy of the
particle with time over two periods. Appropriate numerical values are required on
both axes.

Add suitable scales to both axes.

kinetic energy / J

A J

0 time /s

3]
Fig. 8.5

2024/JPJC/Prelim/9749/03
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(iii) Determine the time interval between the maximum linear velocity of the toothpaste
and its subsequent maximum linear acceleration when both are in the same
direction.

time = e s [2]

(e) The brush head is rotated by a machine whose oscillations are simple harmonic. A
component of mass 0.0460 kg in the toothbrush was forced into oscillations when
the machine is in use. Fig. 8.6 shows how the amplitude of the oscillation varies with
frequency.

12

10 7
amplitude/mm

8

et

6

! P,

0 : =
0 10 20 30 40 50 60 70 80

frequency/Hz

Fig. 8.6

(i) State
1. what is meant by a forced oscillation,

(ii) Draw on Fig. 8.6 to show how the amplitude of the oscillation varies with frequency
if the component is supported on a rubber mounting.
[2]

2024/JPJC/Prelim/9749/03 [Turn over
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9 An ideal gas has a volume and mass of 500 cm® and 0.23 g respectively, at a pressure of
80 kPa and temperature of 250 K.

(a) The gas is first compressed at a constant pressure, such that the temperature of the
gas changes to 180 K.

() Determine the work done on the gas.

WOTK dONE = e J [3]

(i) Determine change in the internal energy of the gas.

change in internal energy = ..o J [2]

(iif) Determine the heat loss by the gas in the process.

heat 1085 = ....cccceveeevecceiniimrnienn, J 1]

2024/JPJC/Prelim/9748/03
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(b) The gas is then heated at constant volume, until the temperature reaches 250 K.

(i) Detfermine the pressure of the gas at 250 K.

PrESSUME = .. .ooevvcceercrecrirecerereneennennn KPA 2]

(i} Determine the specific heat capacity of the gas at constant volume. Expiain your
working.

specific heat capacity = ......coccoveeeeveeeceece e Jkg' K [3]

(iii) Determine the root-mean-square speed of the gas particles after it has been
heated to 250 K.

root-mean-square speed = ... ——— ms™ [2]

2024/JPJC/Prelim/9749/03 [Turn over

BP~731




28

(iv) State and explain how your answer in (iii) would vary if a greater amount of the
same gas were to be heated to the same temperature.

(c)} The gas now undergoes an expansion at constant temperature, until the volume of the
gas reaches 500 cm?® and the gas returns to its originai state.

In Fig. 9.1, sketch the variation with volume of the pressure of the gas as it undergoes
a cycle of the following processes:

(i) compression at constant pressure in (a),
(ii) heating at constant volume in (b},
(iii) expansion at constant temperature in (c).

Appropriate numerical vaiues are required on both axes.

., pressure / kPa
A

0 » volume / cm?®
0 Fig. 9.1

(3]

(d) State and explain whether heat is gained or lost by the gas in one cycle of the
processes in {(c).

End of paper
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Answers to 2024 JC2 H2 Preliminary Examinations Paper 3

Suggested Solutions:

No. Solution Remarks
v=u+at=-25+(3.81)2.0) [1] substitution
1@ =17.1
Speedis 177 ms™’ [1] answer
[1] helicopter:
1) horizontal
straight line (-ve
value)
[1] parcel:
diagonal straight
line (+ve
> gradient)
tis (reverse sign
accepted)
[-1] if not
labelied
1(c) Distance between helicopter and parcel [1] working
= area of right-angled triangle
= 1(2.0)(17.1+2.5)=19.6 m [1] answer
OR  From point of release,
For helicopter, upwards s = uf=(2.5)(2.0)=5.0m
For parcel, downward s = ut +1at’
= (-2.5)(2.0) + 7(9.8142.0)"
=146m
Hence their separation=5.0+ 14.6 =19.6 m
2(a) The change in height is negligible compared with radius of the [1]
planet.
GM . .
Thus, the field strength g = o remains relatively constant for
any small change in R. The gravitational field lines are effectively
parallel.
2(b)(i) 1
Y= i—? where G is the gravitational constant y

2024/JPJC/Prelim/9749/03
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be positively charged.

2
2(b)(ii) [1] for correct
1.0Y shape of curve
Sanam from —3R to
e —R; ending at
(-R, 1.0Y)
0.5Y
2 [1] for correct
bt shape of curve
15 35 o c,( - Py from R to 3R;
T -+ 4 X o s starting at
- o (R, _1.0Y)
1' H
—0.5Y
[1] for curves
passing through
{(-=3R, 0.11Y);
' -10¥ (-2R, 0.25Y);
(2R, —0.25Y);
(3R, —0.11Y)
(don’t need to
mark for +3R)
2(b){(iii) | Initial total energy = Final total energy
1_, GMm 1{1 .\ GMm [1] for correct
M e T 2™ T equation for
conservation of
energy
1roem [l N 1)
4 R x
1 2 - 1 1 [1] for correct
2 (47x10°) =(8.67x10 ”)(3'4"1023)[5;:1?—;] : substitution
x=6.070x10°m
Therefore distance travelled
=xX-R
=6.070x10° —3.4x10°
=2.670x10° m
’ answer
3(a) The electric field strength in both sphere A (between x = 0 and [1]
x = 1.4 cm) and_sphere B is zero {between x = 11.4 and
x=12.0cm).
3(b)(i) The resultant field strength is zero at a point between the
spheres and this shows that electric fields are in _opposite [1] expl
directions in the region between the two spheres. P
This shows that the polarity of the two charges are the same.
Hence, since sphere A is positively charged, sphere B must also [1] state

2024/JPJC/Prelim/9749/03



x= 8.0 cm)

By approximation, area of triangle = area under £-x graph
(from x = 2.0 cm to x= 8.0 cm)

3
3(b)ii) | At x=0.08 m, the electric field strength due to sphere A cancels
out the electric field strength due to sphere B.
En=Eg
Q. _ Qs [1] sub
47z, (0.08Y  4ns, (0.04F
Q. _(008) _,
Q 004 [1] ans
3(c)i) The electric field strength is negative of the electric potential | [1]
gradient, i.e. E = —% don't accept
g--
dx
3{c)(ii)
150
100
A
50
0 it L
0l 2 4 16 8 110 12
-50
-100
150 :
-200
From £=-9Y - AV:—F:ME ax
dx x=2em
Hence, change in potential,
AV = negative of area under E~x graph (from x = 2.0 cm to [11AV =area

under E-x graph

[1] value of AV

2024/JPJC/Prelim/9749/03
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Av=—%(2.ex10*)(60x105)=—7.ax1o5 v

Work done = (—7.8x105)(~—2.0 x 10*) =164

[1] ans

accept 1.4 Jto
1.84J

=288V

4{(a) The magnetic flux linkage is the product of the number of turns | [1]
of the coil of wire and the magnetic flux through (each turn of}
the coil of wire.
The magnetic flux through an area is defined as the product of | [1]
that area and the component of the magnetic flux density normat
to the plane of that area.
4(b)(i) Broax = BraxA [1] substitution
= (], o) A for Bmax Only
B (1800 [ x0.0362 [1] unrounded
={1000x 47 x10 )[———0_12 J(1.05x10 )[—~—4 value for max
s flux
=2.014x10"° Wb
=2.0x10° Wb
4(b}(ii) | By Faraday's law of EMI, [1] for correct
substitution of
... A
induced dt
d(N,BA
=- -(—;t——) [1] correct
gradient from
- —NQAM Fig. 4.2
dt
dal
= —1000NQApDn~a?
dI _[1.0-(-1.0)1x 107°
dt (24 -56)x107°
(0.036) 1800\ ! [1] for correct
#(0. R bstitution of
E . _ =-(1000)(2400) ———2 [(4zx107)| —= |= su
usza = ~(1000) )[ 4 )( X }(0.12)& N,

[1] for final
answer

2024/JPJC/Prelim/9748/03
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4(b)iii) | 4/x 105 Wb [1]for ¢ —t
3 graph
[1] for V-1t
2 TS
AN, 7N graph
1 [1] for correct
A A\ Vi \ scale on vertical
axes of both
0 t/ms graphs
0 20 40 60 80 10044120
-4 /
\ /
T
-2 b
-3
viv
3
2
1
0 t/ms
1) 20 60r-+1-80--+100-++120
] J
A f }
I
i
I
-2
-3
5(a) Mean power (P) =17, (R
2
V2 [1] sub
=182W =180 W [1]ans
5(b) :
r.m.s voltage across secondary coil Vs =7, R
2.7
=| == |(50)
[ J2 ) [1] value
=955V

2024/IPJC/Prelim/9749/03
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Turns ratio,

(25)(95.5)
20
=118=120

Ns=

[1] ans

5(c)

For the current in the secondary coil,

50x107°
3

Period T = =1.67x107

1

1.67x107?
=60 Hz
Hence, the frequency of the alternating voltage supply is 60 Hz

since it is the same as the frequency of the current through the
secondary coil.

Frequency f =

[1] comrect T

[1] ans and
statement

5(d)

The values of the root-mean-square current and voltage of the
alternating voitage supply are independent of its frequency.
The mean power due to the alternating voltage supply is
constant. Since the transformer is ideal, the mean power
dissipated across R remains unchanged.

(1]

[]

6(a)

Threshold frequency refers to the minimum freguency of the
illuminating electromagnetic radiation that will cause a
photoelectron to be ejected for a particular metal.

(1]

6(b}(i)

Energy of a photon,

g_he_ (6.63x 10*’4)(3.00x105)

3 25010 =4.42x107"° J
X

[1] sub
[1] ans

6(b)(ii)

Power incident on metal,
P=(27x10%33.0x 10 =0.81W

:(EJE
t
N_P__ 081 _ia3xi0®s”
t E

P
-
4.42x107"°

[1} value

[1]ans

6(b)(ili)

Max. K.E. = eVe = (1.6 x 107'%)(1.6) = 2.56 x 10*° J
Applying Einstein Photoelectric equation,

Work function,
¢=hf -max. KE.=4.42x107 - 2.56x107" =1.86x107"° J

[1] value

[1] value

2024/4PJC/Prelim/9748/03
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Threshold wavelength,
6.63x107°*}{3.00 x 10®
ate i . ) 10710 m Mlans
@ 1.86x10”
8(c)n From the graph, A, is the same for both spectra. t
he he
eV = = V=
;Lm'rn ejmin
B(c)(ii) From the graph,
Ain =16x1072 m
-34 B [1] sub
_ he _ 6.63 ><10_19 % 3.00 x 1Ml132 _78x10° V
84, 1.60x107°x16x10 [1] ans
7(a)i) The half-life of a radicactive nuclide is the time taken for the
activity of a sample to reduce to half its initial value. [1] answer
7(a)(ii) The decay constant is the fraction of the total number of nuclei
in a sample that decay per unit time. [1] answer
- E=Am ¢ = 0.7060 MeV = (0.7060)(1.6 x 107'3)
O 1206 x 1013 ( !
E _1.1296x10™"
-30
125500 _ 7 5609 x 10 u [1] convert kg to
1.66x107% u
My + My — (Mc + Mx) =7.5609 x 10* u
- Mx=1.00858 v - 7.5609 x 10~* u=1.007825 u = 1.01u [1] answer
7(b)(ii)1. | Number produced == (6.02x 102y =32x 10 [1] answer
. The probability of decay of the nucieus in a time of 1.0 year is
7(b)(ii)2- the decay constant of the nucleus in that pericd of time. [1] answer
In2 In2
Decay constant, A =—=——__ =122 x 10 year’
y f. 5.7x10° Y
8(a) Simple harmonic motion occurs when the acceleration of the | [1]
object is directly proportional to its displacement from its
equilibrium position and the acceleration is towards the | [1]
equilibrium position/opposite to its displacement.
8(b)(i) [1] correct
w=2nf =27(33) =667 amplitude and @
- -3 g
X =2.1x10 sin[ (6671 | [] any correct
eguation
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A distance of 0.8 mm to the right means the brush head is

[1] comrect x

(BN | 4 3 mm from its equilibrium point.
X =2.1x107 sin[ (667t |
1.3x107° =2.1x 107 sin[ (66 )¢ |
t=32x10"s
v =(2.1x10*)(667)cos| (667 )t | [1}bcct:_rtrett_:t
’ SUDSTITUTION
=(2.1x107)(667)cos| (667 )(3.2x10) ]
=034 ms’ [1] correct ans
_ [1] correct v,
B(C) V= 92x10 2 cos7 Tt SUbStitUtion
v, =wx, =9.2x107
(77)x,=9.2x107 [1] correct
x,=12x10" m answer
. = -2 1 E.
maxK.E.= - mvZ =(2.5x10°)(9.2x10) =1.1x10" J
2 2 [1] correct
answer
8(d)(ii) kinetic energy / J
b
1 0 X 1 ONB AW A
0.5x10°® f f
L1
-3
0 ! N Xy :
0.08 0.16 time /s
-0.5x107®
-1.0x107%

[1] for correct shape over 2 periods
[1] for correct calculation of period T
[1] for correct labelling of both axes

w=2—ﬂ=77
T

T=0082s
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8(d)(in) Frequency is f=z~7~ Hz. [1] for ET
27 4
3(2 [1] ans
The time interval is ?'-T 3. ( ”) =0.061s.
4 Af A(7T)
8(e)(i)1. | A forced oscillation is one which is driven by an external force | [1]
such that energy is supplied to the oscillation.
8(e)(i)2. | The effect illustrated is called resonance. [1]
8(e)(ii) | same starting point and Jower graph peak [1]
maximum amplitude at same / lower frequency within original
shape {1]
. At constant pressure, [1] for correct V2
9(a)(i) s
v, T [for
v, = T substitution
S00 = 250 [1] for answer
v, 180
V, =360 cm®
work done on gas =-pAV
=—{80'x 10°)(360 — 500)=x10®
=112J
9(a)(ii) Using pV=nRT, [1] for
3 - bstitution
n= z_‘; _ (80 1803)1()?226‘)10 ) _0.01925 mol Substll
(®. (1] for answer
Change in internal energy,
AU = gnRAT _ %(0.01925)(8.31)(1 80 — 250) = —16.8 J
OR
Change in internal energy,
3 3
AU ==nRAT == pAV
2 2P
. %(80><103)(360 ~500)x10° =—16.8 J
9(a)(iii) Using first law of thermodynamics, [1] for answer
AU =Q+W (must be
Q=AU-W positive)
=-16.8-11.2
=-28.0J
Hence, the amount of heat lost is 28.0 J.
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9(b)(i) Using pV=nRT, [1] for
' p = nRT _(0.01925)(8.31)(250) _ 111KkPa substitution
v (360x10°°)
[1] for answer
- Change in internal energy, {1] correct
A0 U = 3 nRAT = 2 (0.01925)(8.31)(250 - 180)=16.8 J explanation and
AU =2 nRAT =2(0. )8.31)(250 - 180) =16. application of
Since there is no work done on the gas as volume is constant, | AU=Q
AU=Q
Q =mcAT =16.8 []for
16.8 substitution
°= 023 10_3)'(250 180) =1043~1040 J kg™ K™
. X -
[1] for answer
1] substitution
o(b)iii) | 3 1 [
) 2R =2 M {c?)
} \FnRT _ [3(0.01925)(8.31)(250) 1] answer
rms m (0.23x107%)
=7222~720ms™
. The root-mean-square speed of the particles would remain the | [1]
9{b}(iv)
same.
This is because the root-mean-square speed for each particle is | [1]
only dependent on the temperature and not on the amount of
gas, given that the mass of each particle is the same.
9(c) [1] for each
process
pressure / kPa
+ [-1] for missing
M- axis fabels
N (c)
{b)
80F--—- < ,
| (a) | \
0 ' i» volume /cm
0 360 500
9(d) Since the work done by the gas during expansion is greater [1]
than the work done on the gas during compression, there is a
net work done by the gas in each cycle.
Since there is no change in internal energy in each cycle, the [11
gas gains heat in each cycle.
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