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Data
speéd 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 con’stant,

acceleration of free fall,

3.00x 108 ms™
4t x 10" Hm™?
885x10"2F m

(1/(36m)) x 10° F m™"

 1680x10°C"

6.63x10%Js

1.66 x 102 kg

9.11 x 10 kg

1.67 x 107 kg

8.31 J K" mol™’

6.02 x 102 mol™
1.38 x 1072 J K!
6.67 x 107""N m? l'_(g‘2

9.81 ms?



Formulae

uniformly accelerated motion,

work done on/by a gas,

hydros'tatic pressure,
gravitational potential, o

k displacement of partiélé in s.h.m.

velocity of particle in s.h.m.,

mean kinetic energy of a molecule of

an ideal gas

resistors in series,
resistors in parallel,
electric potential,

alternating current/voltage,

transmission coefficient,

radioactive decay,

decay constant,
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In thermal physics, the rate of flow of thermal energy, %can be found using the equation

g(jﬁ?: (TZZT’). k is defined as the thermal @:onductivity of material, A is the total cross

sectional area of conducting surface of material and T2 and T, are the temperatures across
the conducting surface of thickness L.
Deduce the Sl base unit for thermal conductivity.

A kgms3K’? B kgm?2K'. . C Wm'K?'" . D Jm2ZK'"

. The period of -oécillatio_h of a simple pendulum is given by T = ZnJg . Given that the _l_ength,'of
the pendulum, /is (20.0 + 0.1) cm, Jiang Xiao measured the period, Tto be (0.89 £ 0.02) s.

What is the best way Jiang Xiao should express the calculated value of acceleration due to
gravity, gin m s2?

A 9971050 B 99x+05 C 100+05 D 10x1

A ball is projected at an angle of 30° above the horizontal and travels a horizontal distance of
21.4m.

- -

-~ 21.4m - -

Determine the new horizontal distance travelled by the ball if it is now projected at the same
initial speed but at an angle of 45° above the horizontal. Assume that air resistance is
negligible.

A 247m B 262m C 303m D 371m

An object is projected vertically upwards in an evacuated column. It.takes time t:fo reach the
highest point of its motion, and it takes a further time t to fall back to its initial position.

The column is then filled with a dense gas so that air resistance acting on the object cannot be
ignored. The object is again projected vertically upwards with the same initial speed. It now
takes time t; to reach the highest point of its motion, and a further time t. to fall back to its
initial position.

Which of the following options is correct?

A h=bkband h<t B t<t and 1=t
C H<thand <t D #i=tand t1=t
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A lift is moving upwards and slowing down. A man of weight W is in the lift and he experiences
a normal force N from the lift.

Which.of the following. relationships is correct?

A N=2W B 2W>N>W C N=W D N<W

v A-_ball A of mass M is moving towards the right with speed 3V . Aball B of mass 2M is moving
‘towarc_!s the left with speed 1V . Both balls are involved.in a head-on elastic collision.

" Calculate the final velocities of the two balls: ~ =~ "

~ Velocity of ball A Velocity of ball B

A 2V towards the left 3V towards the right
B —V towards the right 2V towards the left

C =V towards the left 1V towards the right

D 1V towards the left 2V towards the right

One end of a uniform pole is attached to a hinge on a wall. The other end of the pole is

attached to a rope. Given that the pole has a mass of 12.5 kg, determine the magnitude of the
force that the hinge exerts on the pole.

rope

wall

30°

A 708N B 123N C 142N D 173N
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8 Anice cube containing a metal sphere is placed in a eylinder of water.

ice cube

[/

//‘

- ._metal sphere —|

Which one of the following statements correctly describes the change in water level within the
cylinder after the ice melts?

The water level remains at the same height
The water level rises
The water level drops

Not enough information is given to determine the change in" water level

oow>»

9 The engine of a boat supplies a constant power of 110 kW to propel the boat forward. The
boat attains a maximum speed of 21.0 m s™'. Given that the magnitude of the resistive force
acting on the boat is proportional to the square of the boat's speed, calculate the resultant
force acting on the boat when it is moving with a speed of 15.0 m s™.

A 267kN B 3.59kN C 466kN D 7.33kN

10 A car of mass 825 kg is going through horizontal circular motion on a race-track at a constant

speed of 33.0 m s™*. A frictional force of constant magnitude of 1.37 kN is acting in the
downslope direction as the car is moving.

Determine the radius of the circle that the car is moving in.

A 763m B 105m C 120m D 180m
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11 A car of maés 930 kg goes across a large circular pothole in the ground. The pothole has a

width of 12.4 m and a depth of 85.0 cm. The car has a speed of 11.9 m s™* when it is at the
lowest point of the pothole. '

Calculate the m.agnitude of the normal force acting on the car when it is at the lowest point of

the pothole.
- 124 m >
oo | ]
A 12.1kN B 14.8kN C 19.7kN D " 30.4kN

12 A cart slides down a frictionless track as shown in the figure below. At a height h above the
ground, the cart is moving with a speed of 4.10 m s™'. The-cart just manages to remain in
contact with the track at the highest point of the track 10.2 m above the ground.

Determine the height h.

A 119m B 144m C 162m D 246m



8

13 Star A of mass 7.22 x 10% kg is at a distance of 4.32 x 10" m away from star B of mass
1.57 x10% kg.

1.95x 10" m

432x10%m ——

Calculate the resultant gravitational field strength at point P.

5.98 x 10~" N kg™! towards the left
1.90 x 10 N kg™ towards the right
3.13 x 10°® N kg~ towards the left
3.61 x 10° N kg™ towards the right

cOow>

14 Given that the mass of the Earth is 5.98 x 10 kg, calculate the linear speed of a
geostationary satellite orbiting around the Earth.

A 3.07x103ms™ B 886x10°ms™?
C 1.20x10*ms™? D 471 x10°ms™!

15 A body oscillates with simple harmonic motion freely in a horizontal straight line. The total
mechanical energy of the body is E.

Determine the total mechanical energy of the body if it now performs simple harmonic motion
in a horizontal straight line with both its amplitude and period of oscillation doubled.

A 05E B E C 2E D 4E

16 Which one of the following is not true for a forced oscillation?

A The amplitude of the system undergoing forced oscillation is always constant, even when
the frequency of the external oscillatory force changes.

B When the frequency of the external oscillatory force is equal to the natural frequency of
the system, there is maximum energy transfer.

C The frequency of the system undergoing forced oscillation is the same as the frequency
of the external oscillatory force.

D The maximum amplitude of the system undergoing forced oscillation depends on the
degree of damping.
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17 Equal masses of four different liquids (A, B, C and D) at 20°C are separately heated at the
same rate. Their boiling points and specific heat capacities are shown in the table below.

Liquid | Boiling Point/°C | Specific Heat Capacity / J kg™ K™
A 50 ' 1000
B 60 530
C 80 850
D 360 140

© Which liquid will be the fast to boil? -

A Liquid A B Liquid B C LiquidC D Liquid D

18 A mass of an ideal gas of volume V and pressure P undergoes the cycle of changes as

. shown.
PI10°Pa |
X Y
3 >
F 3 A 4
2 - < '
1+
: | | : > V7103 m
0 1 2 3 4

At which points is the temperature of the gas lowest and highest?

Lowest Temperature Highest Temperature
A W X
B w Y
cC Y X
b Z Y

19 A wave has frequency of 5.0 Hz. It travels through a medium at a speed of 8.0 km s~.
What is the phase difference, in radians, between two points 2.0 km apart?

A 0O B n/4 C /2 D =
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20 Light reflected from the surface of water is polarised: A polaroid filter is used to view a water

surface.
-

polaroid filter

polarised light

. water
The polaroid filter is rotated through 180° in the plane perpendicular to the reflected light.

Which statement could describe the observations?

A The brightness changes from a maximum to a minimum.

B The brightness changes from a minimum to a maximum.

C The brightness changes from a maximum to a minimum to a maximum.

D The brightness changes from a minimum to a maximum to a minimum to a maximum.

21 Two identical sources in a ripple tank generate waves of wavelength 1. The interfering waves
produce the wave pattern shown below. : '

Along which of the labelled lines is the path difference between the waves from the sources
equal to 1.547? '

Al ' B 1 c u D Iv
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22 Magenta light consisting of a mixture of blue and red light is incident on a diffraction grating.

What is the expected arrangement of first order fringes about thé central zero order?

A B
ratin grating
, 9 9 - blue red
- - _ »—— magenta - > - magenta
© . magenta ‘ : " magenta i
. LI . red L T blue
c . : D
g o blue i red
ratin grating
S 9 red blue
- magenta » > magenta
magenta magenta
red blue
blue . red

23 Two charged plastic balls in a vertical test tube are in equilibrium a distance d apart as shown.

If the charge on each ball was to be doubled, the distance between the balls in the test tube
would become

A 1.4d B 2d C 4d D 8d
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24 X and Y are two points in an electric field. The -potentials at X and Y are Vx and Vy
respectively where Vi > Vy. A’ small positive test charge +q is placed at X.

Which of the following is the work done per umt charge by the electric field on the charge as
the charge moves from point X to point Y?

A —(W—-VWy) B +(Vx—-VWy)
C_—(Vx—Vy)/q D +(W-VWyl/qg

.25 Three small conductors on the edge of an insulating disc of radius r, are each glven a charge
~ Qas shown. The frequency of rotatlon of the dlsk is f. :

What is the equivaleht electric current at the edge of the disc?

A 30F B 3Q C  6nQf p 2
) f . Tr

26 Inthe circuit, X, Y and Z are three identical bulbs. Initially, switch S is closed.

| 1

Y
I~

X /

()

_/ 7 }S
()
_/

When switch S is open, what will happen to the brightness of bulb X and Y?

Bulb X BulbY
A Decreases Increases
B Increases Decreases
C Decreases Decreases
D

Increases Increases
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27 In the circuit $hown, determine the equivalent resistance between L and M.

A 10Q B 20Q C 30Q D 40Q

28 The diagram shows a simple potentiometer circuit for measuring a small e.m.f. produced by a

thermocouple.

driver cell R
I —
| 1 | I

0.600 m

P Q
—0
thermocouple

The meter wire PQ has a resistance of 5.0 Q and the driver cell has an e.m.f. of 4.0 V. If the
balance point is obtained 0.600 m from P when measuring the thermocouple e.m.f. of
6.00 mV, what is the resistance of the resistor R?

A 950Q B 4950 C 9950 D 1995Q
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29 A straight conductor is in the plane of a uniform magnetic field as shown. The current in the
conductor is 2.0 A and the normal of the conductor is at an angle 20° to the magnetlc field of
flux density of B. The force per unit length on the conductor due to the current in the magnetic
field is 5.5 Nm™.

Top view

/] B
7 —
R a—

2;0A//' o
J

\

Y

Y

Y

Calculate the value of B.
A 09T B 18T C 297 _ D 80T

30 An electron of elementary charge e, is moved with a constant velocity v at an angle of 6to a

magnetic flux density B. Hongting is unsure of the nature of the subsequent path of the
electron.

4

/ '

electw

Which of the following statement describes the centripetal force acting on the electron and its
subsequent path?

Centripetal force Path of
on the electron the electron
A Bevcos@ circular
B Bevsin® circular
C Bevcos6 helical
D Bevsin® helical
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31 In a region of uniform magnetic field directed vertically downwards, a metal rod falls vertically
“from rest and lands on to a slope. It contmues to roll down the slope and launches off the
- slope as shown.

Earth's
magnetic field

angled-top view

~ Which graph best shows the vanatlon with tlme t of the em.f. E induced in the rod, from the
time it is released?

A B

E

0 / -t - ¢
c D

E E

0 /_—t O bt — ¢

32 A magnetic field of flux density 2.0 x 104 T passes through a coil of wire as shown below. The
- field makes an angle of 60° with the plane of the horizontal non-magnetic table on which the
coil rests. The coil has 500 turns, a total resistance of 5.0 Q and an area of 25 cm?.

____________ N e ____\/.___horizontal axis

TN,

coil 20x104T

table

Calculate the amount of charge that flows if the coil is turned through 180° about the horizontal
axis.

A 43x10°C B 87x10°C C 36x10*C D 21x102C



33

34

35
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An ammeter uses the heating effect of a current to produce the deflection of the pointer. The

‘reading which is proportional to ‘the heatlng, is X when a direct current I flows through the
“meter. :

When inserted in a circuit in which an alternating current of r.m.s. value I flows, the reading is

A % because the constantly changing current produces a constantly changing heating

effect which averages to one half that of the .direct current.

. B - Jf because it measures r.m.s. cuirent whlch is obtalned by recahbratlng the scale for_

ac. use by. dnv:dmg all scale readlngs bY\/—

C X, because it measures the r.m.s. current which gives the same deflection on the scale
as the direct current.

D +/2X, because it measures the peak current which is +/2 times the direct current.

The figure below shows the circuit diagram for a half-wave rectifier. The supply to the rectifier
isratedas 50 Hz , 6.0 V.

Calculate the average power dissipated in the load resistor of R=2.0 Q.

5
A\

50 Hz
6OV ¢ . R

’e

A 90W . B 18W C 25w D 36W

When X-rays are produced in an X-ray tube, the metal anode is either cooled or is made to
spin rapidly.

Which of the following is the correct reason for this procedure?

A It reduces the intensity of the line spectrum of the metal target.

B More of the energy of the bombarding electrons is transferred to X-ray photon energy.
C Most of the energy of the bombarding electrons is transferred to thermal energy.

D It gives rise to a continuous distribution of X-ray wavelengths.
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36 The intensity of a beam of monochromatic light is doubled.

3

38

Which one of the following represents the corresponding change, if any, in the momentum of
each photon of the radiation?

A

. C

increased fourfold B doubled
halved D the same

One of the characteristic of laser light is that it has to be monochromiatic.

Which of the following:étatement-explains this charécteristic? o

>

B
C
D

" The excited electrons are in a metastable state.

The system is in a state of population inversion. :

Stimulated emission causes the emitted photon and the incident photon to be of the same
phase.

Photons of the same energy as that of the incident photons are emitted when the
electrons transit down from a higher energy level.

A p-n junction is formed when a p-type semiconductor is in contact W|th an n-type
semiconductor. The most important property of a p-n junction is that it rectifies an alternating
current.

Which of the following statements is false?

A

B

c

During reverse bias condition of a p-n junction: the p-type semi-conductor becomes less
negative.

During reverse bias condition of a p-n junction, the width of the depletion region becomes
larger as the externally applied p.d. adds to the junction potential.

During forward bias condition of a p-n junction, if the applied p.d. overcomes the junction
potential, electrons will cross steadily from the n-type side to the p-type side while the
holes will cross steadily in the opposite direction.

Under increasingly high reverse biased p.d., current can increase sharply through the p-n
junction.
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39 In repeating Rutherford’s o-particle scattering experiment, Jin Yang used the apparatus
shown, in a vacuum, to determine n, the number of a-particles incident per unit time on a
detector held at various angular positions 6.

Which graph best represents the variation with @ of n?

i

S

470 90 0 +90 +170 6

B
470 %0 0 400 +170 6P
c
-170 -00 +170 6F°
A
b /\ .
-170 -90 0 190 +170 oF

40 A radioactive nucleus emits a beta-particle. The daughter nucleus formed then .decays,-
emitting an alpha-particle. The daughter nucleus of this decay then emits a beta-particle and
gamma radiation.

How does the final nucleus compare with the original nucleus?

A ltis a nucleus of a different element of higher proton number.
B ltis a nucleus of a different element of lower proton number.
C ltis a nucleus of an isotope of the original element.

D [tis a nucleus identical to the original nucleus.
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Answers
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speed of light in free space,
permeability of free space,

permittivity of free space,

* clementary charge,.
.the.PIanc.k cor;s;tant,

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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= 1.60 x 1079 C

3.00 x 108 ms™
4t x 10 Hm™?

8.85 x 10712 Fm*

(1/(36m) x 10 Fm™

6.63x 10% Js |

1.66 x 1027 kg

9.11 x 1091 kg

1.67 x 10?7 kg

8.31 JK ' mor™

6.02 x 10> mol™" -
1.38 x 1 023 ykt
6.67 x 101" Nm?kg2

9.81m s'2 .



Formulae

- uniformly accelerated motion,

work done on/by a gas,

hydrostatic pressure,

gravitational potential, -

displacement of particle in shm

velocity of particle in s.h.m.,

mean kinetic energy of a molecule

of an ideal gas,
resistors in series,

resistors in parallel,
electric potential,

alternating current/voltage,

transmission coefficient,

radioactive decay,

decay constant,
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An elastic rope is attached to a man on one end and to a bridge on the other end. The man Exa,f,‘?,ﬁe,s
has a mass of 80.0 kg while the rope has a natural length of 25.0 m and an elastic constant Use

of 120 N m™'. The man steps off the bridge and falls vertically downwards from rest.
Assume that air resistance acting on the man is negligible.

(a) Determine the maximum speed of the man after he steps off the bridge.

maximum speed = m s [4]

(b) Calculate the extension of the elastic rope when the man is at the lowest point of his
motion.

extension =




5
(c) SketCh on Fig. 1.1 three well-labelled graphs for the variation with downward
~displacement s of “
(i) the gravitational potential energy of the man, (Label as G)
(i) the elastic potential energy stored in the rope and  (Label as E)
(ili) the kinetic energy of the man. (Label as K)

Assume that gravitational potential energy of the man is zero at the lowest point .of

: _the_ man’s motion. Take s = 0.m as the start point of motion. .. Bk
EI0°S
A
0 ——  s/m
Fig. 1.1 Lowest point

of motion
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N ) ‘ . A FO
An aluminium ball of density 2.70 x 10° kg m™ falls through a column of unknown fluid with Examiner'

acceleration a. A tin ball of density 7.28 x 10° kg m™ falls through the same fluid with|
acceleration 2a. o

Determine the density of the fluid, assuming that drag force due to the fluid is negligible.

densityof fluid =.........ccoiii kg m= [4]

(a) A cube of volume V contains N molecules of an ideal gas. Each molecule has a
component ¢, of velocity normal to one side S of the cube, as shown in Fig. 3.1.

i side S

Fig. 3.1

Using the kinetic theory of gases with some simplifying assumptions, it can be shown
that the pressure p of the gas due to the component ¢k of velocity is given by the
expression

pV = Nmcé?

where m is the mass of one molecule.
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Show how the earlier expression leads to the following relation
pv= %Nm<cz> :

where <¢?> is the mean square speed of the molecules. [3]

(b) Show that the mean kinetic energy of a molecule of the gas E is related to the

thermodynamic temperature T of the gas by the expression [2]
E= 31
2

(c) The density of neon gas at a temperature of 273 K and a pressure of 1.02 x 10° Pais
0.900 kg m. Neon may be assumed to be an ideal gas.

(i) Calculate the root-mean-square speed of the neon atoms at 273 K.

root-mean-square speed = .....................coo il ms?[2]

(i) Determine the fractional change in root-mean-square speed of neon atoms
when the temperature increases from 273 K to 546 K. '

For
Examiner's
Use

fractionalchange = ... [2]
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4 (a) The electric field around a small conducting sphere is illustrated by the solid lines in
‘ Fig. 4.1. The equipotential lines are represented by the dotted lines.

(i)

(ii)

(iii)

Fig. 4.1

State and explain, using Fig. 4.1,

1. whether the sphere is positively or negatively charged, and

Explain why the equipotential lines are always perpendicular to the electric field
lines.

For
Examiner's
Use
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(b) The electric field around some conducting charged spheres is shown in Fig. 4.2.
Points A, B and C are all located at y = 0.06 m.

yIm4
0.10)-<---—-

0.08{-------

0.06{-------

A\ VU WU ANV SR |

0.021==-~~->/A5~"""""°
;
i
0.00 ’ :
0.00 0.02 0.04 0.06 0.08 0.10

(i) Anelectron is released from rest at point B.
Describe the subsequent motion of the electron.

(i) Points B and C are separated by a potential difference of 20 V.
Estimate the electric field strength midway between them.

electric field strength = Vmi[1]

For
Examiner's
Use



(a)

(b)

(c)

10

By reference to photoelectric effect, state what is meant by the threshold frequency.

Electrons are emitted from a metal surface when light of a particular wavelength is
incident on the surface. Explain why the emitted electrons have a range of values of]
kinetic energy below a maximum value. '

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

An evacuated tube contains two parallel metal electrodes, one of which is an emitter
of electrons- and the other a collector. When the emitter is illuminated with
electromagnetic radiation of frequency f, photoelectrons are emitted. The potential
difference V between the collector and the emitter is adjusted, and the photocurrent /
is measured. Fig. 5.1 shows the variation with V of 1.

I

0 %4
Fig. 5.1
The following changes are made separately to the experimental parameters.

(i) The frequency of the electromagnetic radiation is kept constant but its intensity
is reduced by half. On Fig. 5.1, sketch a graph to show the variation with V of /|
for this reduced intensity. Label the graph (i). [2]

(ii) The frequency of the electromagnetic radiation is increased but its intensity is
kept constant. On Fig. 5.1, sketch a graph to show the variation with V of I for
this increased frequency. Label the graph (ii). [2]

Examiner’s
Use
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o . . . For
6  The fusion of deuterium nuclei can be represented by the equation Examiner's
R ~ : : Use

2H + 2H — 2He

You may use the following data:

nuclide . mass / u
2H _ - 2.01419
~g|-_';e£;.' S 4.00277.

“{a) Cailculate the minimum energy released in.this reaction.

ENEIGY = ooeiee e e J[3]

(b) In a fusion reactor, the energy released in the above reaction is used to generate
electricity. This process is 52% efficient. If the average output of the power station is
5.00 MW, how long will 2.00 kg of deuterium fuel last?




When the k‘structure of the Earth near the surface is surveyed in prospecting for oil or Exa’,:,‘?’,,,efs

minerals, one frequently used method is that of seismic reflection surveying. The process Use
can be very complex because the strata in the Earth’s crust are by no means regular, and
also the quantity of data that is usually received is very large. Some of the principles behind
the practice of seismic reflection surveying are explained and used in this question. The
data have, however been simplified.

12

In a place where there is horizontal change in rock type at a cértain depth, an explosion is
set off. Fig. 7.1 shows an arrangement of eight detectors (D1 — Ds) to detect vibrations from
the explosion atsource S, a short time after the explosion. o ' ~ '

o .. surface of Earth
D D Ds; Ds S Ds Ds Dy [ Ds

Fig. 7.1

Fig. 7.2 shows the traces received from the eight detectors printed alongside one another.
Time t = 0 is the time the explosion commences.

I=0
0.1

0.2

route 0 A"} ,_"? :

route LTE R é;’ I

D1 D2 D3 Da Ds De D7 De
fime/s '

Fig. 7.2
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The rock through which the waves are travelling is known to have a density of 2700 kg m®
and in rock of this density, the speed of P-waves is 3.1 km s1. P-waves are longitudinal
waves and are responsible for the pulses shown in Fig. 7.2. S-waves are transverse waves
and always arrive after the P-waves. ‘

Answer the following questions, taking data from the diagrams where necessary.

“"(a) . What is meant by a longitudinal wave?

............................................................................................................... {1]
. .il(b) | The speed v of a P-wave is given b;l
v=|A
Yo
where A is a constant and pis the density of the rock.
Determine the value and unit of A.
value = . e 1]
unitof A= [1

(c) Apart from Route 1 shown in Fig. 7.1, draw, on the same figure, another shorter route
P-waves can take to get from S to detector D1. Label it Route 2. 1

(d) For the detector D4 shown in Fig. 7.2, indicate the route number corresponding to the
two routes in which the P-waves arrive at the detector in (c). [1]

(g) The amplitude for each pulse of the same detector in Fig. 7.2 should NOT be the
same. Suggest why this is so.

For
Examiner’s
Use



() | Determine

2 B the distance SDs, and

2. the distance SXDs.

14

distance =

distance =

(g) Use your answer in (f) to determine the depth of the rock in Fig. 7.1.

(h)

1. Sketch, on Fig. 7.3, the arrow pattern obtained when S-waves, travelling at

2.4 km s are added.

In Fig. 7.2, an arrow shape develops when only eight detectors are used.

.
0.17
0.2+
0.3
0.4~
0.5~
0.6
0.7

0.8~

V4 N
7 \
7 A
¥ \
7 AY
7 Y
\
A3
Y
\
A}
A
PN
s N
s \
4 AN

Fig. 7.3

[2]

For
Examiner's
Use
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B . Fof
2. Sketch, on Fig. 7.5, the arrow pattern obtained when P-waves travelled thropgh Examiner’s
“a rock of uneven depth as shown in Fig. 7.4. [1.] Uee

surface of Earth

original depth

. rock

1= QT
0.1~
0.2~ SN
0.3+ ' / \
0.4+ ! \

0.5~ TN

0.7

0.8~

Fig. 7.5

3. Name one other factor, besides those listed in (h) 1. and (h) 2. which may
affect the traces shown in Fig. 7.2.
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8 A student is investigating the angle at which a glass cylinder containing oil topples, as|examiner's

shown in Fig. 8.1. A cylinder containing a mass m of oil can be tilted through a maximum Use
angle @ from the vertical before it topples.

L /glass cylinder

- ww wm e ws W e e em . W e

!
i
{
{
{
f
!
e,

o - -

TSI TS LSS L SIS LSS b/ /h 7z
. enc

Fig. 8.1

It is suggested that the relationship between m and @ is

1 _am
tan® ~ pd3

+b

where d is the diameter of the cylinder, p is the density of the oil and a and b are constants.
Design a laboratory experiment to test the relationship between @ and m. Explain how your
results could be used to determine values for a and b. You should draw a diagram showing
the arrangement of your equipment. In your account you should pay particular attention to
(a) the procedure to be followed,

(b) the measurements to be taken,

(c) the control of variables,

(d) the analysis of data,

(e) the safety precautions to be taken.
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Paper 2

®

Man is moving at maximum speed when resultant force acting on him is zero.

mg = ke [C1]

e="0 =202 654m . M1
Applying Principle of Conservation of Energy,

Total energy before stepping off = Total energy at maximum speed
0+0+O=%mv2+ikez——mg(l+e) _ fm1]

m 80,0

= \_F‘rﬁg(“e)—kez _ J2x800x981x(250+654) ~120X6.542
=236mst . : o - A1)

Applyi’hg. Principle of Cohsewation of Energy,
GPE at hlghest pomt = EPE at lowest point

mg(l +e) = ke . B : M1

e=258m [A1]

(c)(i) At highest point,

GPE =mg(l +e) = 800x981x(250+258)

=3.99x10*J . [CO}

Straight line with correct labels on y-axis and x-axis [B1]
(ii)Exponential curve with correct start and end points [B1] -

(iii)Exo = 3mvy? = > X 80.0 X 23.62 = 2.23 X 10* J [C1]

Straight line froms =0mtos = 250m ' B1]

Curve from s = 25.0 m to s = 50.8 m, with correct label on y-axis [B1]

E/10 J
J 3
G 1 B
G E

P32 J N —K

: . L~ s/m
25.0 31.5 50.8

4]

2]

[5]



Resultant force acting on aluminium ball:

Fy =W, — Uy = paVpg — pVag = (Pa — Pr)Vadg ,. M1]
_ Fa _ (Pa=Pf)Vag _ (Pa-pPs E M1
a= mg PaVa Pa )g qn 1 [ ]

Resultant force acting on tin ball:
Fo = (pe— pr)Veg |
a, =2a= £ (pt_pf g Egn 2

me Pt

i D|V|d|ng Eqgn 1 by Egn 2:

Lo (Pazpr (__ P ) - | | M1]
2\ pa pt—Pf S : : B : >
PtPa _ . 7-28x10°x2.70%10°

P = = izt 2700 1.66'% 10% kg m™2 (citric acid) A1l - [4]

(a) Molecule has component of velocity in 3 directions
(or <G%> = <> + <¢y?> + <C2>) B1]
Random motion of molecules, so averaging gives <¢?> = <¢,/*> = <¢/*> or [B1]

1
. S0 <> 3 <c*> [(B1]
1
Hence pV = Nmc? = 3 Nm<c*> [AQ] [3]
(b) Mean kinetic energy of a molecule =% m<c?> [M1]
Ideal gas equation pV = NkT [M1]

so pV =%Nm<cz> = NKkT

1 31 3
th = — =— — = >
en E > m<c®> >3 m<c¢%> 2kT [AO] [2]
(c)Xi) From pV =% Nm<c?>:
1
=— p <2
3 pec=

1.02 x 10° =%(o.900) <c®> - M1]

o J<c? >=583ms" | - [A1] [2)



(ii)From (b), since <cZ>a T

Csge _ |046
Co73 273 _

Root-mean-square speed at 546K = 824 m s v [M1]

824 -583 '
Fractional change = ————=0.41 [A1] 2]
583
@n | .
1. Positively charged, field lines directed outwards : [B1] 1

" 2. Field lines meet at centre of sphere when extrapolated backwards of
field lines appear to radiate from centre as if charge is concentrated at the centre

.. [B1] (1]

(ii) Direction of field line at a point indicates the direction of the resultant force experienced by
a positive charged placed at that point
At any point, there can only be one resultant force acting in one direction, so field lines

cannot cross - [B1] [1]
(iii)Electric field is the negative potential gradient 7 [B1]
Tangent to equipotential lines, potential gradient and hence component of field is zero
(B1]
So field must be perpendicular to equipotential lines
Or
Movement along equipotential line requires no work [B1]
hence such movement is always perpendicular to the field/force [B1]
Or )
Electric field is the negative potential gradient [B1]
Gradient points in the direction of greatest change of potential [B1} ‘
Gradient (field) is perpendicular to equipotential line (for greatest change) {21
(b)(i) Electron move to l_gf_t_(ag_ainst direction of field lines) [B1]
as field strength weakens, acceleration to the left decreases all while gaining speed to the
left [B1] [2]
(i) Assuming uniform field between Band C, E = %‘f

E=2000Vm" [A1] (1]



(a) Minimum frequency of e.m. radiation / a photon (nbt light)

for emission of electron from surface [B1] [1]
(b) Max KE corresponds to electron emitted from surface [B1] )
Electron (below surface) requires energy to bring it to surface, soless KEnax{B1] [2]
~ (c)(i) % intensity 2> current is reduced by half [B1]
same Vs [B1] (2]
(i) Frequency is increased but intensity is constant =» no of photons is reduced so current
~ decreases o _ -B1
3
original
(if)
(i)
0 v
(a) Applying conservation of mass-energy
2 My 6% = Mye G + energy [C1)
so energy = (2 x 2.01419 — 4.00277)(1.66 x 10-?")(3.00 x 108)2 [M1]
=3.83x10"2J [A1] 3]

(b) Number of nuclei in 2.00 kg of deuterium
2.00

= =5.98 x 10% M1
2.01419x1.66x1027 [M1]
Efficiency = Output energy
Input energy
6
0.52 = (5.00 x 10°)t -
(0.5)(5.98x10%°)(3.83x107'2)
t=12x10%s A1 [3]

(a) Alongitudinal wave is one in which the oscillation of the molecules of the wave is along the
direction of transfer of energy of the wave. [B1] {11

(b) A= pv?=(2700)(3100)2 = 2.59 x 10 [A1]
Units of A= (kg m3)(ms*)2=kgm's2=Pa [A1] 2]



(e)

(N

(9)

(c)

Route 2 i

8T Dy Dz D3 D« Ds Do D Ds

sme/s
Fig. 7.1 Fig. 7.2

The waves should be weaker after traveling longer distances, ’ [B1]
hence direct waves should show larger amplitude than reflected waves. [B1}
1. SDs t=041s

SDs = (3.1)(0.41) = 1.27 km [A1]
2. SXDs, t=061s

SXDs = (3.1)(0.61) = 1.89 km [A1]

Assume SX = XDs

Using Pythagoras Theorem,

depth d = \/(XD;)? - (0D, )?

e e
(577

=0.70 km [A1]

(2]

[2]

[1]

[l

(2]



(h)1.

RE
~0.15s 1
. 0.2+

0’3‘—.

04~

~05297

L 08

~063s |
0.7=

0.8

Graph is lower, [A1] :
at a time factor about (3.1/2.4) = 1.3 times later ) [A1] 2}

2. [A1] [1]
=0 : '

0.1+
0.2.§. 3

0.3

0.6

0.7

0.8~

3. Any one of the following:

e An extra layer of rock halfway down that can cause partial reflection
+ Double reflection before reaching detector

o Some refraction takes place at intermediate level (as a resuit.of density changes)

[B1] [1]



Defining problem

m independent / vary m P1]
{ (tan)® dependent / measure tan(9)
Keep temperature of the oil constant or
Use same (diameter) cylinder (not “same size”) [P2}
Measurement
Labelled diagram showing labelled, supported, protractor positioned to determine @ for tilted
cylinder or allow distances marked to determine @ and use of a rule . [M1]
Use of balance/scales to measure the mass of the oil/cylinder and -
Mass of oil = mass (oil + cylinder) — mass of cylinder : M2}
Use of vernier caliper / micrometer/ rule to measure d ' - [M3]
Repeat each experiment for same value of m and average @ L 4]
Data Analysis

. . 1 ,
"Plot a graph of — against m
grap tand 9 ‘

a = gradient xpd® and b = y-intercept;
Relationship valid if straight line obtained that does NOT pass through the cLiqir_\/ has an

intercept. A
a and b needed to be the subject of the formula for this mark to be scored [A1]

Safety

Precaution linked to preventing spilling oil

e.g. use a tray/lid/cloth to absorb oil (do not allow just wiping or mopping)

Or precaution linked to preventing glass cylinder breaking e.g. padding/cushion

Or use of gloves to prevent skin irritation (do not allow “because oil is slippery”) [S1]

Additional detail

Repeat measurements of d in different directions and average [D1]

Use of video with slow motion/frame by frame playback to determine @ [D2]

Use of large protractor to reduce percentage uncertainty or trigonometry relationship related to
measurements to be taken. [D3]
Slowly/gently/gradually tilt cylinder of oil/ use of rough surface [D4]

Experimental method to determine density of oil and p=m/V i.e. need to mention how the

volume of oil could be measured and then an appropriate equation to find density.[D5]
(Do not allow vague computer methods) max 4 [12]



Paper 3

1 (a) - Simple harmonic motion is defined as the oscillatory motion of a body whose acgeleration
is directly proportional to the displacement from a fixed point (the equilibrium posntion) and
this acceleration is always in opposite direction to its displacement from that fixed point.

[B2]
(b) (i) mradians/180° [A1]
@) l"mm_'
: 'ﬂ" _
11
- T T T T T E— eyt _I ———— - = = ‘> tI s
\/ 0.25
-1+ )
Correct shape . [B1]
Correct labelling of values [B1]
(iil) v=tox>—x
= +(87)y/(11x107°)? —(3x107)? [M1]
=0.27ms" [A1]
(iv) For the needle to be in contact with the cloth, x must be 3 mm.
Let the times at which this occurs in one cycle be t; and t,.
Therefore,
3=11cos (87t) [M1]
t;=0.0515sand,=0.1985s [C1]
Hence duration of time = 0.1985s - 0.0515s5s=0.15s
Or0.25-(2x0.0515)=0.15s [A1]
2 (a) charges in metal do not move (in electrostatic equilibrium) [M1]
No (resultant) force on the charges so no electric field. [A1]

(b) AV is area under the graph
AV =3.9x 10°V (allow 4.2 to 3.6) [C1]
Gain in KE = Loss in PE



Or

Lmv: =1.6x 10" x 3.9x 10°

1% (9.11 x 103"W2=6.24 x 10 J [C1]
v=37x10"ms? : ' [A1]

Eave = (25 + 60) x 10* =425 x10* ‘
ave = q Eave = (1.6 X 1079) (425 x 10% ~ ' : [C1]

Gain in KE = work done = Faye X displacement
% mv? = (1.6 x 10°) (42.5 x 10%) x 0.01 [C1]
v=3.86 % 10" ms"’ [A1]
(a) Electromotive force of a source is the work done per unit charge when non-electrical energy

(b)

is transferred into electrical energy when the charge is.moved round a complete circuit..

Potential difference between two points in a circuit is the work done per unit charge when
electrical enerqgy is transferred into non-electrical energy when the charge passes from.one
point to the other.

work done per unit charge for both [B1]
distinguish between two points in circuit and source [B1]
_distinguish conversion of different energy forms [B1]

(i) internal resistance of the cell or the resistance of the ammeter is not zero or the

resistance of the voltmeter is not infinite [B1]
9.98
(if) resistance = —————==2495Q . [A1]
4.00x10
(ifi) The current used in (ii) is not the current through the component and it includes the
current through the voltmeter. [B1]

(iv) From (ii), the voltmeter and the component are in_parallel [B1] with an effective
resistance about 2.5 kQ. Using the formula for resistors in parallel,

t 1,1 . M1
I:zeffecﬁve Rwire Rvoltmeter

since the resistance of the component is about 5.0 kQ, the resistance of the voltmeter
is about 5.0 kQ [A1]

v) 1. E

mA




(a)

(b)

(a)

_ he _ 6.63x10734x3.00x10% _ 1n-14
Ep = o SoToz = 1.0468 x-107* J
 =65428keV |
" E, =55250keV | o IR e .
E, = —8.20 — 65.428 = —73.63 keV | A1)
. E; = —73.6 +55.250 = —-18.38 keV- - - S : A1
Intensity
f 3
> A/ pm
19.0 225
_Higher cut-off wavelength and intensity lower than the original [B1]
Same wavelengths for characteristic peaks. [B1]
The count rate will be a fraction of the activity. [B1]
The activity is equal to the total number of disintegrations in the source per unit time,
whereas the count rate (as recorded by a. GM tube and a rate meter) is a fraction of the
activity of the source and denotes the number of particles detected per unit time. [B1]
(i) Decay constant is the probability of decay of a nucleus per unit time. [B1])

(b)

2. Ammeter connected in series with R to measure current in R only [B1]. The
voltmeter measures the p.d. across R and ammeter. However, the p.d. across
the ammeter is negligible as the resistance of the ammeter js much lower than
R. [B1].

. 7 In 2
(i) 1. —T=151 s [A1]



2. C=Ce™
(8.3x10% —2.0x102) = (7.6x10° = 2.0 x102)e™* 17" M1]
t= 2489 s = 41.5 minutes [A1]

(iii) Factoring in background count:
Count rate = 1000 — 200 = 800 per second

Application of inverse square law: %959- = 88.9 counts per second M1]

Factoring in background count: Count rate = 200 + 88.9 = 289 s™ [A1]
T fa) (i) ¢= —-% = —5.37 x 1010

mp+-my? = . | _ - M1]

v =,/-2¢=V2x537 x 1020
= 3.28 x 10° - ' [A1]

(i) An atmosphere can be found around the planet, so energy is lost when the satellite
does work against resistive forces. [B1] This means that the satellite must have
greater kinetic energy at launch or

There are other planets or stars near the planet. [B1]

GMm , GMm

(iil) mg+-mv? =—

r 2r
1 GM .
p+5v? =—22 . : [M1]
_ __GM
T 2p+w2

6.67x10"11x4,13x10%7
2X—5.37%10104(2.78%105)2

=9.15x 10°m A1]

(b) () Ep=Up+Ep=mg,+ %mvpz

= (~10.26 X 10%)m + >m(4.02 X 10°)?

= (-2.18 x 10')m _ core [M1]
Ep < Uy [M1]
Object will land on planet A. [A1]

(i)  Applying Principle of Conservation of Energy,
Exp +Up = Exy + Uy
Exa = (8.08 x 10*%)m + m(-10.26 x 10'%) —m(—19.15 x 101%) M1]
= (1.70 X 10*1)m

vy =V2 X 1.70 X 1011 = 5.83 x 105 [A1]




©

(i)

(iv)

(i)

(i)

(iii)

g = gradient of graph =0 m s72

F=mg=0N

The negative gradient of a point on the graph gives the resultant gravitationai field
strength at the point. [CO]

For resultant gravitational field strength to be zero at point Q, the gravitational field
strength of planet A at Q must have the same magnitude as the gravitational field
strength of planet B at Q. [B1]

Because planet A is more massive, point Q has to be further from planet A for its
field strength to have the same mag_nitude as that from planet B. - [B1]

Gravitationa| force acting oh either star must poihtvtowards the centre of mass at
all times to provide the required centripetal force. [B1] This means that both stars

- must be on opposite sides of the centre of mass at all times. [B1] Hence both -~ =~

stars must travel through the same anguiar displacement per unit time.

Fc=Fp
m 2 __ 2
cTc@W™ = MpTpw

re _ mp _ 7.11x10%° 711

D mg  2.64x1031 264

e +1p =d =150x10*2.

p =118 X 102 m . [M‘I]
Gm;.zmc — mDrD wz .
_ |Gm¢ __ 6.67%X10-12x2.64x1031
©= \[7'1)!12 - \/1.18x1012x(1,50x1012)2 . [M1]
=2.57x10"8 rad s* . A1]

When the planet and star C are on opposite sides of star D, resultant force acting
on the planet is large. [B1] When the planet and star C are on the same side of star

D, resultant force acting on the planet is lower in magnitude. [B1] Hence, the orbit of
the planet will not be a perfect circle.



(a) progressive: all particles have same amplitude.

stationary: maximum (antinode) to minimum/zero amplitude (node) [B1]
progressive: adjacent particles are not in phase’
stationary: wave particles.are in phase (between adjacent nodes) [B1]

(b) (i) correctly identified particle (labelled O)

any point on the wave with positive displacement. [B1]
(ii) arrow drawn at X pointing vertically upwards [B1]
(iii) distance =2 x 0.06.cm = 0.0012 m : o - [AT1]

(] (i) ~ Sound wave travels down the tube and is reﬂected in oggosne

~ direction. from the water surface -~ oo ' L [B1]
Incident and reflected waves of the same freguencylwaveIengthlgenod and speed
superpose/ meet/ oyelag to give standing wave - - [B1]
(i) %%A=65.0cm [C1]
Speed = 0.650x 2 x 256 =330 m s [A1]
dy () 1 path difference = 5.2 x 10 x sin 10° = 9.03 x 107 m [A1]
2 dsin® = A '
sin@= (5.9 x 107) /(5.2 x 10%) [C1]
6 =6.51° [A1]
3 dsin® = nA .
. n=(52x10%/(5.9x107)=8.8 [C1]
Number=8+8+1=17 [A1]

(e) (i) progressive: energy is transferred/ propagated through the water/
wave profile/wavefronts move [B1]

(i) to produce coherent waves/ waves with constant (zero) phase difference [B1]

(iif) minimum distance is A, 20 mm [A1]

(iv). 1.. path difference is A [B1] , so water vibrates with amplitude about 2 x 3.2 mm

[B1]
2. path difference is %2 A, so little/ no motion/ displacement/ amplitude [B1]




(a)

(b)

)

(i)

(i)

0

(i)

Thé magnetic flux density of a magnetic ﬁeld is defined as the force per unit length
per unit current acting on a straight conductor placed normal to field. [B2]
Magnetic force provides the centripetal force.
Bev=mro’
Bero =m o’
2zm
Be=—=%
T
T 27m,
- Be
T =mm TR
2 Be
Time taken: »
| 11x107
_zm, _ (9.1 ><0_1)9 (1]
Be 0.050(1.6x1077) :
=3.6x10"%s . ‘ A1
The electron collides with the air particles in the medium. It thus loses kinetic energy
and its velocity decreases. [B1]
From the equation, r = r—;zas v decrease, r decrease. Hence r decreases
q
continuously and a spiral path would be formed. [A1]
Accept path that shows a decrease in radius. [A1]
As the disc rotates, it continuously cuts the magnetic field lines. [B1]

According to Faraday’s law of electromagnetic induction, since there is a rate of

change of magnetic flux, there will be an induced e.m.f. generated between the axie
and the rim of the disc. [B1]

Consider a point at the rim, as the disc rotates, applying Fleming’s left hand rule,
these electrons move out of paper, giving rise to conventional current into paper. The
direction of the induced current is from the rim to the axle. [M1]

Hence, the axle will be at a higher potential than the rim. [A1]



(c)

- (i)

(iv)

E=-

dt
Magnitude of e.m.f. induced = BAF
0.025=0.50x7(0.09)* x f ™1]
f=1.96 Hz . [A1]

The e.m.f. induced in the disc is opposite in polarity compared to that of the cell,
where the former drives current through the resistor from the right to left, while the
latter drives current through the resistor from left to right. [B1]

When the speed of rotation is small, the induced e.m.f. is small and so current flows

in the direction dictated by the cell. -~ - - _ [B1]

- However, as the speed of rotatlon increases, the rate of cuttlng of fluxes increases,

(ii)

and so the induced e.m.f. across the rim and axle increases. If it is large enough
then the current will flow in the opposite direction, due to the stronger induced e.m.f.

compared to that of the cell. ' . ' [B1]
Ne Vo 8
Ne Vg 3
Therefore, V, =V (g) _ M1]

230000 =240 (%)
n=6.999

Number of transformers required = 7 [A1]

Peak power = average power X 2

2
_ 240 2
60
= 1920 W
Period =0.02 s

PIW

4 Correct shape of graph - [B1]
1920 Correct labelling of peak power  [B1}]




