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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

v T

A S

T/K

1/R

ut + %af
u? + 2as
p av

T/°C+273.15
1 Nm
(c?)

3V

3
mk.ﬁ

Xo Sin ot
vp cos wt

Anvg

Ri+Rz+ ...

1Ry + 1/Rz+ ..
Q

4rrer

Xo sin ot

o

2nd

NI
2r

p,M
Xo exp(-A)
In2

n 1

B

[Turn over

Which length is equal to 1 dm?

A [1x10°mm _m_‘_xadaa

_o _:8,.8_

‘c Txa_oa

Answer: D

1dm=1x10" m=1x102mm=1x 10" cm

A particle accelerates from rest.

The graph shows the variation of the velocity v of the particle with time t.

W

0
0

Which graph shows the variation of the velocity v with the acceleration a of the particle?

A

<
I

o

Answer: D

The gradient of the v-t graph is pasitive and constant. Hence, the acceleration is constant with

respect {o time.

Hence, the v-a graph shouid be D such that the velocity is increasing at constant a.
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Several identical springs, each having the same spring constant, are joined in four arrangements.
A different load is applied to each arrangement.

Which arrangement has the largest extension?

6 | The energy conversions inside a power station burning fossil fuel can be simplified as shown.
chemical energy W (3 thermal energy X (I electrical energy Y

Which expression gives the efficiency of the power station?

2N

AlY B Y cC |y D Y

w W + X) X (W+X+Y)

Answer: A

Efficiency = Useful power / Input power
(Yity/ (wity
=YW

]

7 | A metal wire is stretched to breaking point and the force—extension graph is plotted.

Which graph is correctly labelled with the elastic region, the plastic region and the area
representing the work done to stretch the wire until it breaks?

6N 8N

A B
plastic elastic
elastic region plastic region

region i region
; : |

Answer: A
Let k be the spring constant of each of the identical springs.

For a spring system, Foe = Ker (€)
where Fret is the load
kett is the effective spring constant
¢ is the extension of the arrangement

For Are =2/ (0.5k) = 4/ k (largest)
ForB:e=1/{ki3)=3/k
ForC.e=6/2k=3/k
ForD:e=8/3k=27/k(smallest)

. work done work done
04 O -
G extension 0 extension
C D
plastic plastic

elastic region alastic Som_os
region / region i

|

work done

0 extension 0 exiension

[Turn over

Answer: D

The foree is directly proportional to the extension in the elastic region.
The work done is given by the area under the force extension graph. Breaking point is at the end
of the graph. Only option D fits the description.
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11

According to Newtor's 3 law of motion, the wall experiences a force equal in magnitude but
opposite in direction. If the molecule hits the wall N times per second, the rate of change of
momentum (i.e., force),
F=NxAp=Nx(2mv)

= 2mviN

12

Form the m_‘mv?Wm is bigger for liguid {7 - 10 min) than solid (1 ~ 4 min).

Since £ and m are constant, therefore specific heat capacity ¢ is smaller when liquid than when
solid.

Option B:
Q=mL
2000x3 =1xL
L = 6000 J kg
Option C:

The substance melts after an increase in temperature of 3 K from room temperature. The meiting
temperature is not 3 K.

Option Dt
Unless the graph becomes horizontal again, we are unable to determine when the substance
starts to become gasecus.

12 A piece of metat of mass m, specific heat capacity ¢ and temperature 20 °C is placed into a liquid
of temperature 100 °C. The liquid, which is in a well-insulated container, has mass 3m and
specific heat capacity 2.5¢.

What is the temperature of the liquid when thermal equilibrium is reached?
>Tm°o ‘mgmoco _n _mmco ioﬁ:oo
Answer: D
Using Q = mcAd, heat gained by metal = heat lost by liquid;
me (g, -20) = ﬂwngNm&G 00-4,3
¢, 20 =750 -7.56,
4 =81°C
13| The graph shows the variation with time ¢ of temperature change A# for 1 kg of a substance,

initially solid at room temperature. The substance receives heat at a uniform rate of 2000 J min-".
A0 TK
m r 3
ﬂ -+
6+
54
4+
3
N <+
a -
0 vt + t + ot >

01 2 3 4 5 6 7 8 9 10 ¢/mn

What can be deduced from this graph?

A | The specific heat capacity of the substance is greater when liquid than when solid.

B | The specific latent heat of fusion of the substance is 6000 J kg™".

C | The substance melts at a temperature of 3 K.

D | After 10 min, the substance is all gaseous.

Answer. B
Option A -
Q = Pt =mcAd

[Turn over
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15

Answer: B

Light passes through the first polarising filter.

Since the light is initially vertically polarised, the angle with the first filter's axis is 50°.
Using Maius's Law:
b = lo cOS%(B) = 8.0 % cos*{50°) = 8.0 x (0.6428)* = 8.0 x 0.4132 = 331 Wm?

Light passes through the second polarising filter.

The angle between the transmission axes of the two filters is 30°.
Again using Malus's Law:

1, =}, cos¥(30°) = 3.31 x (0.8660) = 3.3t x 0.75 = 2.5 W m*?

17

Which of the following is not an application of the Rayleigh criterion?

A Assessing the resolving power of a telescope or microscope.

B Caiculating the minimum angular separation between two point sources to distinguish them.

c Determining the angular position of the first minima in single slit diffraction.

D Predicting whether two stars appear distinct in astronomical observations.

Answer: C

Explanation/Working:

Option C refers to diffraction pattern analysis, not resolution.

Options A, B, and D are direct applications of the Rayleigh criterion, which concerns resolvability

based on angular separation and diffraction limits.

[Turn over

16
18 | A beam of electrons is directed into an electric field and is deflected by it.
Diagram 1 represents an electric field in the plane of the paper. Diagram 2 represents an electric
field directed perpendicular to the plane of the paper.
The lines A, B, C and D represent possible paths of the electron beam. All paths are in the plane
of the paper.
Which line best represents the path of the electrons inside the field?
diagram 1 diagram 2
A B
-5 \N
electric field " electric field
in the plane perpendicular to the
of the paper plane of the paper
elecirons electrons
Answer: B
Electrons are negatively charged. In the left diagram, the field points to the left, so the force on
electrons is to the right. An upward moving electron will curve towards the right -> Path B.
For the diagram on the right, electric field is either in or out of the paper. This will cause electrons
to deflect out of the plane of the paper, not along any of the shown paths which lie in the plane.
19 | An isolated point charge is placed at point Q. The electric potential at point X is measured to be

720V.

The relative positions of the three points Q, X, and Y are shown on the grid of squares below.

If the electric potential at X is 720 V, what is the electric potential at Y?

A [509Vv | B [s81V [ ¢ [720v | D JossV

Answer: A

Electric potential due to a point charge follows:

Ve 1/r
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23] A beam of protons enters a velocity selector as shown. The electric field E acts vertically
downwards, and the magnetic field B is directed into the page.
velocity sejector
Magnetic field
beam of protons beam of protons
electric field
If only protons with a particular speed emerge undeflected, which change would result in the protons
being deflected downwards?
A Increasing the electric field strength only
B Increasing the magnetic field strength only
[ Increasing both E and B by the same factor
D Increasing the proton’s speed
Answer. A
For no deflection, £ = vB. Increasing E only makes the electric force greater compared to the
magnetic force, causing downward deflection.
24| A rectangular coil of wire lies in a uniform magnetic field of 0.30 T. The field is perpendicular to the

plane of the coil. The coil is stretched from dimensions 0.20m x 0.50m to 0.20m x 0.80m in 2.0
seconds.

What is the average emf induced in the coil during this time?

A [o0.009v | 8 To.o018v | ¢ Joo27v [ b [o036V

Answer: A

Initial area = 0.20 x 0.50 = 0.10m*
Finai area = 0.20 x 0.80 = 0.16 m?

Change in fiux, A® = B x AA = 0.30 x (0.16 - 0.10) = 0.018 Wb

Average emf = AQ /M =0018/20=0008V

20
25| The variation of an alternating voltage V with time t is shown in the graph below.
ViV,
1.5+
° 12.6 sv\ s
151
Which expression best represents Vin terms of ¢ ?
A V =1.5sin(0.499t)
B V =1.5sin(2.01t)
c V=30 mmio.wawc
D V =1.5sin(12.6t)
Answer: A
X = X, sin{wt)
27 0499 rads; %= 15V
12.6
Therefore, V =1.5sin(0.499¢).
26 | An altemating current with a rectangular waveform as shown in the diagram below flows through a

10 Q resistor.

[Turn over

1/AA
104 -=-r--me———————p e e em s e e - -
0 1 2 3 4 6 7 8 9 10 ¢/ms
-2.0 1_| mmm e
What is the average power dissipated by the resistor?
A _o<< Aw_mé 7 732 _c_~m<<
Answer: C

To find Zms; Firstly, you square the graph, then you find the total area over 1 period. Next, find the
average area over 1 period, and then you will obtain the answer by taking the square root.
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Energy released = Binding energy of products - Binding energy of reactants
=1927.0 - 1763.2 = 163.8 MeV

1 MeV = 1.602x 107" J
Energy in joules = 1638 x 1.602 x 107 = 2.63 x 107" J

END OF PAPER
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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 potentiat

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

T/K

1R

ut + %at
u? + 2as

T/°C+273.15

18m 2y

3V

3
m»ﬂ

Xo Sin ot
vp cos ot

Anvg

Ri+Rx+ ...
1R+ 1/R2+ ...

Q
4mesr

Xp Sin wt

bl

2nd

NI
2r

.l
Xo exp(-At)
In2

t,

2

[Turn over
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Answer all questions in the spaces provided.

40 |

piNs

30

2.0

1.0

Fig 1.1

A toy car of mass 0.42 kg is released from rest and accelerates along a straight track towards
a wall. It hits the wall and rebounds in the opposite direction. The variation with time t of the
momentum p of the toy car when not in contact with the wall is shown in Fig. 1.1

ka) | Using Fig 1.1, calculate the impulse acting on the toy car during the collision.

impulse = .................... Ns|[2]
Solution:
Impulse = change in momentum
= PP M1
=-1.80-(3.20)
=-500Ns Al
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(b)

A hollow plastic sphere is attached at one end of a bar. The sphere is partially submerged

in water and the bar is attached to a fixed vertical support by a pivot P, as shown in
Fig. 2.1.

“P
sphere,
weight 0.30N - )
~fixed
support
4
surface
of water

Fig. 2.1 (not to scale)

The sphere has weight 0.30 N. The distance from P to the centre of gravity of the sphere
is 0.29 m. The weight of the bar is negligible.

The system shown in Fig. 2.1 is part of a mechanism that controls the amount of water
in a tank. Water enters the tank and causes the sphere to rise. This results in the bar
becoming horizontal as shown in Fig. 2.2.

i 0.29m : R

b o
submerged water
portion
of sphers

Fig. 2.2 (not to scale)

At the position shown in Fig. 2.2, the system is stationary and in equilibrium. The rod R
exerts a force to compress a horizontal spring that controls the water supply to the tank.

The spring has a spring constant of 2100 N m™". R is positioned at a perpendicular
distance of 0.017 m above P.

(i) [ The radius of the sphere is 0.0480 m and 26.0% of the volume of the sphere is
submerged.

The density of water is 1.00 x 10° kg m™3.

Show that the upthrust on the sphere is 1.18 N.

[Turn over

8
[2
Solution:
Volume V of the sphere = mig
= mio.o&%
=4.63x10*m? M1
Upthrust, U = pVg = 1000{0.26)(4.63 x 1074}(9.81) M1
=118 N

(ii)

exerted on the spring by the rod R.

For the position shown in Fig 2.2, by taking moments about P, determine the force

2

Solution:

The force exerted on the spring by the rod is equal to the force exerted on
the rod by the spring. Let the force be F.

Taking moments about P,
(U - 0.30)(0.29) = F(0.017)
{1.18 - 0.30)(0.29) = F {0.017}
F=15N

M1

Al

(i)

Calculate the elastic potential energy Ep of the compressed spring.

[2]
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Solution
Using v = f 2, therefore f = < . B1
A o ' N . .
There are 1.5 wavelengths of wave formed between end P and Q for the string When they experience constructive interference, they form regions of high) 81
in Fig. 3.2. intensity and when they experience destructive interference, they form
3z regions of low intensi
Length L of string between end Pand Q: L = -
3 2 (ii) | Outline how you would use this setup to obtain the speed of sound waves in air.

Frequencyin Fig. 3.2 f= L = .Y .Y 4800 Hz c1

A2z T T D

3

For lowest possible frequency formed between end P and Q of string, it
corresponds to 0.5 wavelength.

Length £ of string between end P and Q. [ = A

Lowest possible frequency. f = .. = il M1
PR TRTRY

= 160.0 Hz Al

(b) | A loudspeaker is connected to a signal generator. It is then oriented to face a wall as
shown in Fig. 3.3. Sound waves are produced between the speaker and the wall to form | T T e
a stationary wave.

loudspeaker

Solution

A microphone is moved between the speaker and the wall to detect| B1
maximum and minimum intensities. The microphone is connected to a

cathode ray oscilloscope (CRO). The frequency is calculated from the
F ﬁ period obtained from the CRO.

signal generator wall Measure the separation between the positions of _adjacent| 81
Fig. 3.3 minimum/maximum intensities which is equivalent to half a wavelength.
- - Repeat the measur nts of the distance between these positions and find | B1
(H Explain why there are alternate regions of high and low intensity detected epe omne ane 56

the average. Multiply the average inter-nodal distance to obtain the
wavelength of the wave.

between the loudspeaker and the wail.

Use v = f A to determine the speed of sound waves in air. B1

[Total: 12]

13]

Solution

The sound waves propagate and reflect off the wall, the incident and| B1
reflected waves have the same amplitude, wavelength/ frequency/ speed

[Turn over
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(a) | An ideal gas is said to consist of molecules that are hard elastic identical spheres.
State two further assumptions of the kinetic theory of gases.
Solution
Any two of the following assumptions:
Total volume of molecules negligible compared 1o the volume of vessel. B1
No intermolecular forces between the molecules. B1
Motecules are in random mation.
Time of collision small compared with the time between coliisions.
Larger number of molecules.

(b) | The number of molecules per unit volume in an ideal gas is n.

If it is assumed that all the molecules are moving with speed vy in the x-direction, the
pressure p exerted by the gas on the walls of the vessel is given by

p=nmv?
where m is the mass of one molecule.

Explain the reasoning by which this expression is modified to give the formula

pP=

Solution

In the actual scenario, there is a range of velocities of molecules in any given | B1
direction. Thus, the average of v of the molecules should be considered.

Molecules move in random direction and can move in x, y and z-direction. Since | B1
e movement of molecules in either direction is the same,

[Turn over
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(c) | The density of an ideal gas is 1.2 kg m? at a pressure of 1.0 x 10° Pa and a temperature
of 27 °C.
(i) | Calculate the root-mean-square (r.m.s.) speed of the molecules of the gas at
27 °C.
root-mean-square speed = [3]
Solution
Nm = mass of gas
- = nm
L
Therefore, p = w.:B = o C1
aoiomnwa.mv. M1
{e")=2.5%10°
C,. =V25x10°
=500 ms” A1
(ii) | Calculate the mean-square speed of the molecules at 207 °C.
mean-square speed = .........c..coeeeiiiiiiiiiiieninns m?2s?| [2]
Solution
E =247 = Im(c?)
2 2
A nnv T
(") e 207 +273.15 i
. 27+27315
, s . \
{e?} o M 207+27315 _Am‘wxgoww
v S T 97427315 A
=4.0x 108 m? §?
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Solution:
0.6
EpaxieV :
04 -
w e
\\
0.2
e
0 e
19 2.0 2.1 22 23 24

1108 m~!

>,|_¢

With a larger work function, the threshold frequency required is larger and hence

as f; is proportional to W , the value of the x axis-intercept is larger. The gradient
gl

he, which is a constant, remains the same.

Straight line with same gradient as originat and x-axis intercept greater than
193 x 10° m™.

B1

20

(d)

in (b).

Explain why no electrons are emitted from the metal surface.

Infrared radiation of the same intensity is now incident on the same metal surface used

[Total: 11]

Solution:

infrared photons have lower energy than ultraviclet photons because they
have a lower frequency since(E = hf).

The energy of an infrared photon is less than the metal's work function, so
no etectrons have enough energy to be emilted.

B1

B1

[Turn over

Read the passage and answer the questions that follow.

Zircon (ZrSiO,) crystals found in rocks serve as reliable timekeepers for determining the age of
geological formations. These crystals readily incorporate uranium atoms into their crystal lattice
during formation but strongly exclude lead. As a result, any lead found in a zircon crystal can be
assumed to be the product of radioactive decay, making the crystal an effective record of the time
that has passed since it solidified.

Two uranium decay chains are used in zircon dating: uranium-238 (U-238) decaying to lead-206
(Pb-206), and uranium-235 (U-235) decaying to lead-207 (Pb-207). These decay processes follow
predictable rates, govemed by their half-lives: 4.47 billion years for U-238 and 704 milion years for
U-235. By measuring the ratio of lead to uranium isotopes in a zircon, geologists can determine its
age, and thus the age of the rock in which it was found.

The age of a sample of zircon can be derived from the radicactive decay equation and the measured

ratio of the ead to uranium isotopes m . For each parent isotope, the number of daughter atoms D

accumulated over time is given by:
D=N,-N
where N is the initial number of the parent atom and N is the number of remaining parent atoms.

When both decay systems (U-238 to Pb-206 and U-235 to Pb-207) are measured in a singie zircon

sample, the results can be plotted on a Concordia diagram—a graph of the isotopic qmgomwwh%
., Pb-207 . " .
against dwww . The curve on this graph, known as the Concordia curve, represents points where

both decay systems yield the same age, as shown in Fig. 7.1.

p

1.50

1.00

0.50

0 20 40 60 80 100 120 207

Fig 7.1

A zircon that has remained isolated from chemical changes since its formation will have ratios of
isotopes that lie on this curve, and its age can be confidently determined. If the sample has been
altered by natural processes, the resulting isotopic ratios will not be on the curve, indicating that
further analysis is required.

To determine these isotopic ratios, geologists use a technique called Secondary lon Mass
Spectrometry (SIMS). In SIMS, a focused primary ion beam (typically O~ or Cs*) bombards the zircon
crystal, releasing atoms from its surface. Some of these atoms are ionised, forming secondary ions
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23
number of alpha decays = ..................
number of betadecays = .................. 31
Solution:
Mass number decreases fromn 238 to 208: decrease of 32 nucleons M1

Since each alpha decay reduces the mass number by 4, there must be 8 alpha
decays

Atomic number decreases from 92 to 82: decrease of 10 protons M1
Fach alpha decay decreases Z by 2: decrease of 16 protons Since only 10

protons were [ost, 6 must have been gained via beta decay

Final solution; 8 aipha decays. 6 beta decays A1l

NLD+le™
« D

e’ =—+1
N AD

D
At=In( =%
(¥

1., D
f=—in( -4
A A>\ )

i)

In a particular sample of zircon found in Westem Australia, the ratio of lead-206 to
uranium-238 isotope was found to be 0.978.

Determine the age of the zircon sample tin years.

1= years | [2]

(c} | (i) Using the radioactive decay equation and the information in the passage, show that the
age of a sample of zircon ¢ with a ratio of daughter to parent isotopes .\DQ is given by
1
f=—In( .N 1)
A N
where A is the decay constant of the parent isotope.
(2]
Solution:
The number of undecayed parent nuclei after time tisN = N,e™ M1

Since D =N, - N, therefore N,=D+N

Substituting into the first equation:
M1

Solution:
Decay constant

A= In2__0693 _,55x10 yr'
t, 44T7x10°

Using the equation from {c)(ii)
1
t=——-——In0.978 4
155x100 "0 ) M1

t =4.41x10° years A1

{Turn over

(i)

The ratio of lead-207 to uranium-235 ratio for the same sample was measured to be
76.0. Using the Concordia diagram (Fig 7.1), determine whether the two ratios agree on
the age of this zircon sample.
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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

T Svo

©

T/K

1R

ut + %ab
u? + 2as

p AV
pgh

Gm

T/°C+273.15

)

3 v

3

Xo Sin ot

vp cos wf

Anvg
Ri+Rx+ ...

1R + 1/R2+ ...
Q

4reqr

Xo Sin wf

u,d

2nd

NI
2r

Hnl
Xp exp(-At)
In2

Nl

[Turn over

4
Section A

Answer all questions in the spaces provided.

A solid iron sphere of density 8000 kgm= and volume 4.50 x 10 m® is completely submerged
in a liquid of density 800 kgm3. The iron sphere is resting on a spring, as shown in Fig. 1.1.
The spring is compressed by 10.2 cm.

iron sphere
liquid

compressed spring

Fig. 1.1

(a) | Show that the upthrust on the iron sphere is 3.53 N.

Y]

Solution
Upthrust
= pVyg
= 800(4.50x10"*)(9.81) M1

=3.5316 N
~3.53 N (Shown) AD

{b) | Hence, calculate the force constant of the spring.

force constant = ... Nm'|[2]

Solution

At equilibrium, considering forces on the iron sphere

kx + U=mg
(. ma-Y 8000(4.50x107)(9.81)-35316 .
Coox 0.102 A
=312Nm’
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7 8

(b) | The planet has mass 4.5 x 10* kg and radius of 5.5 x 10°km. The satellite has a mass Solution:
of 1500 kg.
20 , , :
Determine the total energy of satellite S in orbit. s i ﬁ |
energy T
210y
15
1.0
054 . =
total energy = ............cccoeeeieenieeeen J |21 . ; .
; by
Solution: 0o aa i e pif |
TR R R 4R
Total energy = .QME where 1 is the orbital radius and is equal to 3R for this Q distance
(6.67 x ._O,.:Xm«.—m x 1021500 B1 — Shape of graph:
= NPC M1 « Smooth curve decreasing with increasing r {concave upwards)
2 x 3(58.5 x 10°x107)
=-1.36 x 10'%J (negative sign to be included) Al 1 mark — Correct key points labelled or plotted:

« Correctly labels or plots the following values:
If students equate Eq to Ev, there must be some derivation shown to get M1 marks.

(c) | A second satellite P is launched into orbits from the surface of the same planet with Since £, a w
an initial kinetic energy of 2.0 x 10" J. It rises to a distance of 4R from the centre
of the U_m_._m». r Ex/10™)
R +2.0

On the axes provided in Fig 2.2, sketch a graph to show how the sateliite’s orbital

kinetic energy varies with distance from the centre of the planet as it moves from R 2R 1.0
to 4R. 3R +0.67
4R +0.5
2.0 T S o T - -
o4t ) i 1 e (d) | A third satellite Q is to be launched vertically from the surface of the same planet.
energy - [ Determine the minimum speed that satellite Q must be given at the surface to escape
{107y the planet's gravitational field.
154+
1.0
0.5
EeegR=iaiisaRtisie g iRaRiL -
20+ I I A Au! I —— i I I
R R SR 4R MINIMUM SPeed = .........coooooieiieierieeae ms’|[2]
distance _Nu
Fig 2.2

[Turn over
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separation = .........ccoeeeiiciniiinii s m} [3]
Solution
D
X =
a
hp.Ammoxx.o,avﬂm.mo“‘ M1

= 215625 x 103 m
Distance from O to the second minima observed on the screen

=1.5x
= 1.5 x {2.15625 x 10%) M1
=323 x10%m At

(d)

Describe the changes, if any, that occur in the separation of the fringes and the difference
in the brightness between bright and dark fringes observed on the screen, when each of
the following changes is made separately.

(i) [ increasing the intensity of the red light incident on the double slit,

Solution
There is po change in the spacing. B1

The maxima is brighter and thus the difference in the brightness is higher. B1

(ii) | increasing the distance between the double slit and the screen.

Solution
Since D is larger, x will be larger. The separation of the fringes will increase. | B1
The maxima is dimmer/ less intense/ less bright due to the longer distance| B1
travelled by the waves. Thus, the difference in the brightness is lower.

[Total: 11]
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12
4 | A3.00 g copper coin at 20.0 °C drops 50.0 m to the ground.
(a) | The copper is said to possess internal energy.

Explain what is meant by the internal energy.

Solution

The internat energy of a system is the sum of its kinetic energy due lo the random| B1
motion of its molecules and potential energy_due to intermolecular forces of| B1
attraction.

(b) | The coin does not undergo a change in volume after it landed on the ground.
Determine the gain in temperature of the coin given that the specific heat capacity of
copper is 385 Jkg'K". Assuming that 10.0 % of the change in gravitational potential
energy of the coin goes to increasing the intemal energy of the coin.

gain in temperature = ... K| [2]
Solution
By principle of conservation of energy, decrease in G.P.E. - increase in internal
energy
0.10mgAh = mcAé
.10(8.81)(50.0
ng - 210mgah 0 0(9.81)(50.0) M1
mec 385
=013K Al
(c) | The first law of thermodynamics for a system can be expressed as
AU=q+w

where AU is the increase in internal energy of the system, q is the heat supplied to the
system and w is the work done on the system.
Use the words positive, negative and zero to complete Table 4.1 for the three terms in
the equation for each of the processes shown. You may use each word once, more than
once, or not at all.
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(ii)

The current in coil 1 gives rise to a magnetic field with a flux density that is
proportional to 7.

An electromotive force (e.m.f.) is induced across coil 2. The potential difference
(p.d.) across coil 2 is measured using a voltmeter that gives a root-mean-square
(r.m.s.) value of 4.6 V.

On Fig. 5.3, sketch a graph to show the variation with f of V, between t=0 and t =
0.08s.

10

V,/V

|

-10

Fig. 5.3

(31

[B1] - 2 cycles of a negative cosine graph (starting at {0, - 6. 5)) with a

[B1] - Minimum em fof zero att = 0.01,0.03, 0.05and 0 07 s
- Maximum {magnitude) em.f att=0, 002, 0.04, 0.06 and 0.08 s.
- period 0f0.04G s.

[B1}- V, = V2(4.6) =+- 65V at peak e.m{. times,

Use the laws of electromagnetic induction to explain the shape of your graph in

(b)(ii).

According to Faraday's law,
- Magnitude of V, is proportional to gradient of the /1 — ¢ graph (Fig. 5.2}
- Vi has maximum magnitude when gradient of the /s - { graph is the steepest.

[Turn over

16

- V. is zero when [ — t graph is horizontal momentarily at its peak and minimum
points.

2 x {B1] ~ Any 2 points above, 1 mark each
According to Lenz's law,

- The induced e.m.f produces effects that opposes the magnetic flux linkage that
causes it.

- Hence, V, changes sign when the sign of the gradient of the /, — t graph changes.

{B1] - 2™ point above

[Total: 10}
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(@

In the Rutherford a-particie scattering experiment, a-particles are emitted from a source
and travel towards a thin gold foil.

U]

An a-particle is deflected through an angle of approximately 45° as it passes near
a stationary gold nucleus. On Fig. 7.1, sketch the path of the a-particle as it passes
the gold nucleus.

Initial _um.”_,_
of a-particle
gold
nucleus
Fig. 7.1
[
Solution:

gl nuchsus

Marking points: {B1 - both have to be present)
- Deflect away from the nucleus, since like charges repel.
- Deviation through 45°.

(ii)

Only a small proportion of the a-particies incident on the metal foil are deflected
through large angle deflections greater than 90°. Explain the following
phenomenon.

[Turn over

Solution:

The atom contains a small, positively charged nucteus that is very small| g4
compared to the overali size of the atom, so only a small proportion of
alpha particles come close enough to it

These aipha particles experience strong electrostatic repulsion, which B1
can cause deflections greater than 90° since aipha particles are also
positively charged.

(i)

In the o-particle scattering experiment, a large number of alpha particles are
directed at the metal foil.

Explain why a large number of alpha particles is necessary.

Solution:

Large angle deflections are rare / ocour for only a small proportion of alpha| g1
particies.

A large number ensures that enough deflections are observed to draw B1
reliable conclusions / obtain statistically significant resuits.

(b) | An a-particle with kinetic energy 7.7 x 107 J is directed at a stationary gold nucleus
ﬁww Au). Determine the minimum separation possible between this a-particle and the gold
nucleus.

separation = ... m| [3]
Solution:
Given:
« Charge of a-particle: Q; = 2e =2 x 160 x 107 C
» Charge of gold nucleus: Q, = 78e =79 x 1.60 x 10™ C




‘uoljow sjuouuey ajdwis Yiim S8Je{|I0sOo 3l Jey) yons ‘pasesial pue
PJEMUMOP W G0 Joyuny B paoeldsip s1 }f ‘uoiisod wnuquinba s}l sayoeal Ssew ay) souQ

‘Buuds ayy uo BunysINGZ
Jo ssew e pue Buyjieo ay uo Juiod paxy e o} psyoene s) |'g ‘Bi4 Aq pequosap Buuds syl

1’8 B14
W/ UOISUaIXe
Qg0 gLo oL'o S0°0 0 0
. o't
%
0¢
0t
. N/ 92104
(14
"Buuds 3yby e 1oj ydesb uoisusixe—oo10) ay) smoys J°g B4 | (q)
18
0} UoRDaIP 631S0dA0 81 U 20O UOTISOd WNUGIIINDE 64} SPIEMO] Pejodip puy
[R:] USHISOU WNLGIINDS 6y u104) JUSWIBORIASIP 64} 0} [BUOIOT0K
SI UONed[BIIR By} uniym W uopow oppousd B s uojow owouley SduIg
uonow ojuowney sydwis suyaq | (e)

“papinosd seoeds ayy ul uoyoag sty} Loy uopsanb euo Jomsuy
g uonoes

[44

Jeao winj]

[o1 -e104]

'S8SEaI0p suoyoayap sbiue-abie| O requinu ay) 0s

Ly ‘sajfiue abse) ubnoly) pajosyep ale seed-D JaMa) ‘YNSal B Sy
USNEOM SI SNIDIONU Uoes

813 pue spilied-n sy} USBMIBG UCISINdSs DREISON0AIE BY1 (6 JOqUINU DILWoe) P|oB
LW [0y pasedwons (9 sequinu onoe) sbreyo sapsod IB{|BWS B DABY 19[ONU UOQIRD Sy

uoyniog

"abueyd pinom suonosysp sjbue-ablie| Jo Jlequinu ay) moy uieidxe pue ajelg

‘awes ay) jdey si
ABsua apped-p ay} apym .Aowpv uoques o} ? NML piof woy pabueyo si jioy [e1owW BY)

by Wy Ol xF =4
3 [uonriysqns 1oe.103]
o 0L % £°2(,, 01X58°Q)uy gy
Lg (e 0L x 09°L % 64) % (o wm x09'tx2) OO
Pt 4
0

M Ul $80 = Jd3 Ul uies)
‘ABisua jo uogeaIsSUOD Ag

‘018z 8q 0} usxe; ) Abious eueiod supeje
Ay} ‘SNBONU BY) WICY ABME I8} St Yl UBYM ‘UOHOW S ajomed Bydie oy} Jo UBS 8yl Jy

%4




23

(i)

Determine the force constant k of the spring.

k= [2]
Solution:
F 40N
k=l -2
X 0.20m M1
k=200Nm™ A1

(ii)

harmonic motion is 14.7 m s2.

Show that the maximum acceleration of the mass when it is oscillating in simpie

13
Soiution:
At amplitude position
F.,. = kx —mg [mark for setting up F,,, correctly}
F,. =(20.0)(0.10+0.15)-2.0 M1
F... =3.0 N [mark for the correct value] ¢
ma=3.0N
%%m =3.0 [mark for correct substitution in ma] M1
a=147ms> AD

#

{iii)

Hence, determine the period of the oscillation.

24

period = ... s

{31

Solution:

using a = -a&’x

a, =-o’x,

-14.7 = -0*(0.15)
, 147

' =——=98
0.156
2

w=990rads"' ===
T

T=063s

M1

M1

At

[Turn over

(c)

On Fig. 8.2, sketch the variations with time of the displacement x, the velocity v and
the acceleration a of the object for two complete oscillations, starting at ¢ = 0. Take
upwards as positive.

Include an appropriate scale on the axes.
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9 [(a) | Two point charges A and B are placed in a vacuum 10.0 cm apart, as illustrated in Fig. 9.1.
(i) [ State and explain how the extension of the spring system compares with that of A point P fies on the line joining the charges, at a distance x from charge A. The variation
the original single spring when the same 2.0 N mass is suspended from it. of electric field strength E with distance x is shown in Fig. 9.2.
charge A charge B
// p
Bomrmmmmemmnen $rommmmmommsmmommossnes
Solution: X
Effective spring constant doubles for springs in parallet M1 ;
pring prings in p ; 10.0em
Extension is halved Al
_ Fig. 9.1
(ii) | The mass is again displaced by 0.15 m and released to oscillate.
State and explain how the period of oscillation of the new system compares with ERRINE S ﬁ ,m 4 4 v
the period found in (b)(iii). - ; e
25717 i A RSO R DRSS E o
pem!
E/MOANC 4 S R
I ;
B ARRRAR :
2.0 i N I
il i : . /| i
! i I Z
i : ” 7 ; '
| NIt VA : :
15 Seebe e
] | ] _ 1 ! :
A | ;
Solution: L ! g
1.0 [ Ll
Higher k means resultant force is higher, acceleration is higher and 0 2 4 6 8 10
angular frequency is higher. M1 x/em
. Fig. 9.2
Hence, period decreases. At
State and explain whether the charges A and B:
[Total: 20] (i) | have the same, or opposite, signs.

Solution:

The electric field does not change direction/ always positive / field| M1
strength does not become zero along the line between the charges.

The charges have opposite signs. Al

[Turn over
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Therefore, the electric field is directed up the page (same direction as
electric force on a positive charge).

A1

32

(o)

With the electric field still switched off, a proton enters the same uniform magnetic fieid,
but at an angle of 30° to the magnetic field lines as shown in Fig. 9.4.

region of uniform

m—me . aagnetic flux
e density
, 97 %1027
T A —————
300 % -
\ . lllilllllllll{:[

proton

Fig. 9.4.

(i) | Describe the resultant path of the proton in the magnetic field.

Solution:

It follows a helical path. Itis a helix. B1

(i) | Determine the speed of the proton if it experiences a magnetic force of
47 x10° S N.

speed = ... ms’|[2]

(i) | The electric field is now removed so that the positively charged particle follows a
curved path in the magnetic field. This path is an arc of a circle of radius 4.0 cm.
Calculate, for the particle, the ratio w.

ratio = .Ckg| (2]
Solution
Magnetic force provides the centripetal force.
mv?
— Bgv
9.v
m Br
g (1.6 x 109 M1
m (9.7 x 1024.0 x 103}
=41%10"Ckg™ Al
(iii) | Determine the time taken for the particle to complete one full circle.
time taken = .........oooiiiiini s| [2]
Solution:
7= Znr 2n(0.040) M1
R CER
T=1587x10"%s Al

Solution:
Magnetic force provides the centripetal force
BqvsinG = 4.7 x 10

Fo_ 4rx10® M1
8gsind  9.7x107 (1.6x10° ™  Jsin30

Y=

v=6.0x10°ms" Al

[Yurn over

END OF PAPER




