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speed of light in free space
permeability of free space

permittivity of free space

elementary charge

the Planck constant
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rest mass of proton

molar gas constant

the Avogadro constant
the Boltzmann constant
gravitational constant

acceleration of free fall

/o

3.00

BP-728

-108ms™

40- 10" Hm™

8.85

102 F m™!

(1/(3601)) - 10° F m™"

1.60

6.63 -

1.66 -

9.11

1.67 -

.10 C

103 Js
10?2 kg
-103' kg

107" kg

8.31 J K'mol™*

6.02

1.38

6.67

- 10%mol™
102 J K

.10~ N m? kg2

9.81 ms™?

More papers at www.testpapersfree.com



Formulae

uniformly accelerated motion

work done on/by a gas
hydrostatic pressure

gravitational potential

temperature

pressure of an ideal gas

mean kinetic energy of a molecule of an ideal gas

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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A mass is dropped from rest and falls through a distance of 2.0 m in a vacuum. An observer
records the time taken for the mass to fall through this distance using a manually operated
stopwatch and repeats the measurements a further two times. The average result of these
measured times, displayed in the table below, is used to determine a value for the acceleration
of free fall. This is calculated to be 9.8 m s

first measurement | second measurement | third measurement | average

time /s 0.6 0.73 0.59 0.64

Which of the following statement best relate to the experiment?

A The measurements are precise and accurate with no evidence of random errors.

B The range of resuits shows that there are no random errors made but the calculated value
for acceleration of free fall is accurate, so the experiment was successful.

C The measurements are not always recorded to the degree of precision of the measuring
device but the calculated value for acceleration of free fall is accurate. Systematic errors
may be present.

D The measurements are not always recorded to the degree of precision of the measuring
device but the calculated value for acceleration of free fall is accurate. Random errors

may be present.

A toy rocket, initially at rest, is launched vertically from Earth with constant acceleration. After
some time, the fuel is used up and the toy rocket falls freely back to Earth.

Which of the following velocity-time graphs best represents the journey? Neglect air resistance.

A
Vi v

B
)
D

Y

N’r \t:‘

Vi \

N

3 4
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N
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A mug slides across a frictionless bar counter with constant velocity w. It tips over the edge and
falls to the ground in projectile motion.

Which of the following expressions represents the horizontal distance from the base of the bar
counter if the mug hits the ground with vertical velocity component v?

uv 2 2
A = B il c v D
g g g

uv
2g

A flagpole pivoted to a wall at point P, is linked to the wall at point R with an inextensible cable.

What is the direction of the force exerted by the wall on the flagpole?

weight of
flagpole

fromPto Q
fromPto S
from P to X
from Qto P

o0 o >

Two smooth blocks of masses 0.2 kg and 1.0 kg, are connected by a light, inextensible string
running over a smooth pulley. One block is placed on a smooth table and the other hangs over
the table via the string and pulley. Two possible cases are shown in Fig. A and Fig. B below.

0.2 kg 1.0 kg

1.0 kg 0.2kg
Fig. A Fig. B

If the blocks in both Fig. A and Fig. B are released from rest, what is the ratio of the acceleration
of the blocks in Fig. A to that in Fig. B?

[Turn over
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A 101 B 61 c 51 D 11

6 The diagrams show a metal cube suspended from a spring balance before and during
immersion in water. A reduction in the balance reading occurs due to the immersion.

7y

before during
immersion immersion

Which of the following statements is correct?

A The gravitational pull on the cube is unchanged by the immersion.
B The balance reading will be further reduced if the cube is lowered further into the water.

C The balance reading during immersion corresponds to the upthrust of the water on the
cube.

D The forces acting on the vertical sides of the cube contribute to the change in the balance
reading.

7 A uniform farm gate is 3.0 m wide and 1.8 m high, with hinges attached to the top and bottom
of the gate. A cable makes an angle of 30° with the top right corner of the gate and has a tension
of 200 N. The mass of the gate is 40 kg.

1.8 m

30m

What is the magnitude and direction of the horizontal force exerted by the top hinge on the
gate?

A 13 N to the left

B 13 N to the right
c 160 N to the left
D 160 N to the right
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For a toy car of mass 500 g to overcome the frictional forces on a horizontal rough surface and
move at a constant speed of 0.10 m s™, it requires an output power of 1.0 W. The resistive
forces are assumed to be constant at all speeds.

What is the total output power developed by the car as it moves up the same rough surface,
now banked at an angle of 30° with the constant speed 0.20 m s'?

A 20W B 25W C 28W D 30W

The diagram shows the design of a water wheel which drives a generator to produce electrical
energy. The flow rate of water is 200 kg s~'. The generator supplies a current of 32 A at a
voltage of 230 V.

water

direction of rotation

generator

Ignoring any changes in the kinetic energy of the water, what is the efficiency of the system?

A 5% B 14% C 22% D 47%

The diagram shows the cross-section of a racetrack that has the shape of an inverted cone.
On this surface the cars race in circles that are parallel to the ground.

At a speed of 34 m s, what should the value of the distance d be if the driver wishes to stay

on a circular path without depending on friction?
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The diagram below shows the relative positions of two massive bodies, P and Q. The sizes of
P and Q are not drawn to scale.

The line XY joins the surface of P to the surface of Q and the graph below represents the
variation of gravitational field strength g along the line XY.

9. i

\4

Which of the following statements is correct?

The gravitational potential is zero at point Z.
The mass of Q is greater than the mass of P.
The gravitational field strength due to P is repulsive but that due to Q is attractive.

o0 w >

The magnitude of gravitational force on a test mass due to P is equal to that due to Q at
point Z.

A satellite travels just above the Moon’s surface in a circular orbit. The acceleration at the
R

Moon's surface due to gravity is % and the Moon’s radius is 7 where g is the acceleration at

the Earth’s surface due to gravity and R is the radius of the Earth.

If a satellite, travelling just above the Earth’s surface has a period T, what is the period of the
Moon’s satellite?

2T
3

A small bubble of air of volume 1.00 cm? rises fo the surface from the bottom of a lake. The
temperature of lake at the bottom of the lake is found to be 15.0 °C.

With the volume of air bubble, atmospheric pressure and temperature at the water surface as
5.00 cm3, 1.00 x 10° Pa and 30.0 °C respectively, what is the change of pressure exerted on

the bubble as it rises from the bottom of lake to surface? Assume that air in bubble behave as
an ideal gas.

A 250 kPa B 375kPa C 475kPa D 526 kPa
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fron has a specific heat capacity that is about four times that of gold. A cube of gold and a cube
of iron, both of equal mass and at 20 °C, are placed in two different styrofoam cups, each filled
with 100 g of water at 40 °C. Assume that the styrofoam cups have negligible heat capacities
and that no heat is lost to the environment.

After thermal equilibrium has been attained, which of the following statements is correct?

The temperature of the gold is lower than that of the iron.
The temperature of the gold is higher than that of the iron.
The temperatures of the water in the two cups are the same.

There is insufficient information provided for comparison of the final temperatures of
gold and iron.

o0 W >

Which of the following statements is incorrect?

A The internal energy of an ideal gas depends only on its kinetic energy.

B When an ideal gas undergoes an isothermal change, there is no change in internal
energy.

Cc When an ideal gas undergoes an adiabatic compression, there is work done on the
system.

D The First Law of Thermodynamics states that the change in internal energy of a system
is the sum of heat supplied to the system and the work done on the system.

A mass of 2.0 kg is executing simple harmonic motion. The net force F acting on the mass
varies with displacement x as shown. What is the maximum speed of the mass?

F/N
N\
\\
i ———p X M
-04 -0.2 2 04
4N
N\
_8- N\

A 10ms? B 1.3ms’ C 14ms" D 20ms

A small source of sound transmits energy equally in all directions. The intensity of the sound
3.0 m away from the source is 0.18 W m2.

If the power of the source is tripled, what is the intensity of the sound at a distance 4.5 m away
from the source?

A 0.090 Wm? B 0.14Wm? C 018Wm? D 024Wm?
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Which of the following statements is true for a stationary sound wave?

The pressure at a displacement node is always very high.
The pressure at a displacement antinode is always very high.
The pressure at a displacement node fluctuates from high to low.

o0 w >

A stationary wave can be formed by two waves with the same amplitude and frequency,
travelling with the same velocity towards a point.

A narrow beam of monochromic light falis at normal incidence on a diffraction grating. Third
order diffracted beams are formed at an angle of 45° to the original direction.

What is the highest order of diffracted beam produced by this grating?

A 3Yorder B 4" order C 5" order D 6" order

Two point charges of +Q and +2Q are lined up along a vertical straight line as shown below.
The distance between them is r.

r +Q

I
|
r O
vox
|
I
l
Oz
i

Which set of values correctly gives the electric field strength and the electric potential at point
1
X, a distance 37 from the +Q charge?

electric potential electric field strength
3 9
A < __ ¢ downwards
2ne, T 8me, 12
3Q 9Q
B — d
2ne, T 8me, 2 upwards
3Q 9Q
C ———
8ne, T 8me, 12 upwards
3Q 9Q
D — d
8me, 4re, 12 ownwards
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A beam of protons passes through a velocity selector. The magnetic flux density, Bis 1.5 T and

directed into the plane of paper.

X X X X X X
beam of protons x x x x x x B=15T
. X X X X X X
X X X X X X
X X X X X X

v=2.00 10 ms’

If protons travelling at 2.00 x 107 m s pass through the velocity selector undeflected, what is
the direction and magnitude of the electric field applied?

BP~738

direction magnitude
A Towards upper plate 6.00x10°N C*
B Towards lower plate 6.00 x 10°N C!
c Towards upper plate 3.00x 10N C"
D Towards lower plate 3.00x10" N C

A battery is connected in series with a resistor R. The battery moves 2000 C of charge
completely round the circuit. During this process, 2500 J of energy is dissipated in the resistor
R and 1500 J of energy is expended in the battery.

What is the e.m.f. of the battery?

A 200V B 125V C 0.75V D 050V

A cell of em.f. 12.0 V with negligible internal resistance is connected to 4 resistors.

10.0 Q
400

6.0 Q
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200Q

120V
What is the current flowing through the 10.0 Q resistor?

A 059A B 10A C 53A D 11A

The diagram shows three parallel wires X, Y and Z carrying current 7 of equal magnitudes in
the directions shown. The wires are placed at equal distance apart.

X Y V4
4 1 4 7 y I
GE— ro—m
Which of the following best descri. force Y?
A  zero B towa warc D alongY
A copper disc is rotated clockwise : nstant sj in a region where there is a uniform

magnetic field perpendicular to the surrace of the aisc as shown below. The direction of the

magnetic field is into the paper. A circuit consisting of a resistor is connected to the disc at its
center O and its rim at X.

uniform
~ —1~ magnetic field
X
O
resistor

Which of the following diagrams shows a possible direction of the induced current?

A B
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The primary coil of an ideal transformer has 200 turns and is connected to a power supply of
20 V root-mean-square. The secondary coil has 1000 turns and is connected to a resistor of
resistance 100 Q.

1000 100 Q
turns

What is the peak primary current?

A

B
c
D

1.0A
1.4A
50A
71A

Which of the following statements is a correct statement of an observation of the photo-electric
effect?

A

The higher the work function of the metal, the higher the kinetic energy of an emitted
electron.

The stopping potential is the amount of energy required to stop the most energetic
electron.

It takes place instantaneously as a single photon transfers all its energy to an electron.
It cannot take place unless the intensity of the radiation is above a threshold value.
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A laser-spectroscopy obtained an emission spectrum for hydrogen, part of which is shown in
the figure below.

linewidth -~» <

N

Freauencv of emitted nhoton

The emission lines represent electronic transitions between discrete energy levels. They are
not perfectly sharp, but instead display finite linewidths as shown.

Which of the following best accounts for this phenomenon?

photoelectric effect
energy-time uncertainty principle
wave-particle duality of photons

0w >»

position-momentum uncertainty principle

Which of the following statements is true of both B-particles and X-rays?

They can be deflected by electric fields.
They are used industrially for the scanning of cargo trucks.
They cause ionisations of the air when they pass through it.

OO0 mw >

They can be detected after passing through a few millimeters of aluminum.

[Turn over
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A
30 A radioactive source has activity, A, and initial activity A.. A graph of . against time for this
o

radioactive source is plotted on a logarithmic scale as shown below.

What is the half-life of the radioactive sot

0.0017 years
160 years
280 years

oo w >

420 years
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Data

speed of light in free space
permeability of free space

permittivity of free space

elementary charge
the Planck constant
unifled 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

¢ =3.00 x 10°ms™
My = Amx 107 Hm™

g, = 8.85 x 1072Fm™

(1/(36m)) x 10°F ™’

e =1.60x107"C
h=663x10*Js
u=1.66x10%kg

me = 9.11 x 10'kg
m, = 1.67 x 1027 kg

R =8.31JK 'mol™’
N, = 6.02 x 102 mol™

k=1.38x 1072JK"

G = 6.67 x 107" Nm?kg™?

g =9.81ms™
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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 fat circular coil

magnetic flux density due to a fong solenoid

radioactive decay

decay constant
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Answer all the questions in the spaces provided.

(a) State the conditions for a rigid body to be in static equilibrium.

(b) A uniform rigid rod of mass 30 kg is attached to a vertical wall by a hinge as shown in
Fig. 1.1. The other end of the rod is held to the ceiling by a cable.

Walli

Fig. 1.1

(i) Draw the forces acting on the rod in Fig. 1.1. Label all the forces clearly. [2]

(i) Show that the tension T in the cable is 127 N.

[2]
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(iii) Determine the magnitude and direction of the force acting on the rod by the hinge.

force=.....ccoiiniiiiiin, N[2]
direction = .........ooiiiiiiiiiiii [2]
[Total: 10]
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A student clamps one end of a flexible plastic ruler against the laboratory bench and sets
it into simple harmonic oscillation. The end of the ruler moves a distance of 8.0 cm as
shown in Fig. 2.1 and makes 28 complete oscillations in 10s.

(ii)

] / 80cm

[ ""-—\

clamp L] S~ .
Fig. 2.1

Calculate the angular frequency o of the oscillations of the ruler.

angular frequency = .........ccccccnninnenin rad s [1]

Sketch a graph of velocity v against displacement x for the motion at the tip of the
ruler on Fig. 2.2.

vims'

A

xim

Fig. 2.2
[2]
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(i)  Fig. 2.3 shows the variation with time ¢ of the displacement x for the oscillations.

PR TONN

®
3
1
4
*

&
e
b3
+
£
e
®
5
*

t/s

Fig. 2.3

Write down the equation for the displacement x in terms of the time ¢ for these
oscillations.

(iv)  The end of the ruler is attached with a piece of card of large surface area and the
experiment is then repeated. Sketch a graph on Fig. 2.3 to show the effect of this
change on the variation with ¢ of the displacement of the ruler. [2]

(b) When a mass m attached to a spring of force constant k is set into oscillation, the period
T of oscillations of the mass is given by

T=2rr\/ﬂ ,
K

A mass of 0.20 kg is connected to a light, horizontal spring of force constant
6.0 N m™ .The mass, which is free to oscillate on a frictionless surface, is then displaced
5.0 cm from its equilibrium position and released from rest as shown in Fig. 2.4.

%

Fig. 2.4

[Turn over
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(i) Calculate the period of oscillation of the mass.

period = ........ccciieiiiiein s [1]

(i)  Calculate the maximum speed of the mass.

maximum speed = .......cccoeeuneennn. ms’[2]

(iii) Determine the total energy of this spring-mass system.

total energy = .......ccoeeeenennnnn. J[2]
[Total: 12]
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Two charged metal spheres A and B are isolated in space, as shown in Fig. 3.1.

sphere A sphere B

-

¥
b

|

60 cm

Fig. 3.1

The centres of the spheres are separated by a distance of 60 cm. Point P is at a distance x
from the centre of sphere A along the line joining the centres of the two spheres.

The variation with x of the electric potential v at P is shown in Fig. 3.2. The potential at
x=15cmis zero.

500

VIiv

400

300

200

100

x/cm

-100 4

-200

Fig. 3.2
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(a) (i) Define electric field strength.

(b) Given that the magnitude of the charge of sphere B is 0.48 nC, determine the charge of
sphere A.

charge of sphere A= ... C 3]

(c) An electron moves along the line joining the centres of the two spheres towards sphere
B and passes x = 15 cm with a speed of 4.0x10% ms™. Calculate the speed of the
electron when it reaches x = 57 cm.

[Total: 9]

More papers at www.testpapersfree.com

BP-~754



BP-~755

11

(a) Define resistance.

(b) The resistivity of copper is 1.7 x 10® Q m. Calculate the resistance of a copper wire of
length 1.5 m and cross-sectional area of 3.2 x 10° m2.

resistance = .................. Q [2]

(¢) The copper wire in (b) is used to connect a circuit as shown in Fig. 4.1. Cell A has an
e.m.f of 12.0 V and internal resistance 1.0 Q. A 2.0 Q resistance is also connected in
series with cell A.

P Q

«——1.5 m copper wire — —
Fig. 4.1

Determine the drift velocity of the electrons flowing in the copper if the number of electrons
per unit volume is 8.5 x 1022 m3,

drift velocity = ....c.cooovivieeeeeeeee m s [2]

[Turn over
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(d) (i) CeliB, agalvanometer and resistor of 4.0 Q are now placed in parallel together with
the circuit as shown in Fig. 4.2. The movable contact J can be connected to any
point along the wire PQ.

120V 10Q | 200
f—{l—cj e

Q

|- galvanometer

Show that the potential difference across the copper wire PQis 8.7 V when there is
zero current in the galvanometer.

u

(i) Calculate the balance length PJ.

More papers at www.testpapersfree.com
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(ili) The balance point is found to be too near P.

Suggest and explain how the circuit can be modified, without changing Cell B, to
improve the accuracy of the balanced length PJ.

[Total: 11]
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5 A chlorine gas consists of two types of atoms: chlorine-35 and chlorine-37, of different masses.
A researcher wants to separate these two atoms. He does this by using a device called the
mass spectrometer as shown in Fig. 5.1.

® ® ® ® ® ©®© ® ® ©
® ©@_® ®@ ®
deflection © © © @ ©
chamber ® ® ® ® ®
® ® ®@\®
E ] ©\ e
(ON MO
velocity ®|® magnetic field
lect
selector ol ®
(O} O] _
Left Right
plate plate
o , .
stream of singly positively charged
&) chlorine ions (chlorine-35 and
e chlorine-37) of various speeds
€

Fig. 5.1

The researcher first ionises all the atoms into singly positively charged ions, and then sends
the individual ions of various speeds through the velocity selector. The emerging ions then enter
the deflection chamber where they are deflected by a uniform magnetic field.

(a) The first part of the device is the velocity selector where there is a uniform magnetic field,
two charged parallel plates, and a slit to allow undeflected ions to emerge through, as

shown in Fig. 5.1.

(i) State whether the left plate is at a higher or lower electric potential, explain your

answer.

...............................................................................................................................
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(i) The flux density of the magnetic field in the velocity selector is 0.020 T. The field
strength of the electric field between the plates is 1.5 x 10*V m™.
Calculate the speed of the emergent ions as they pass undeflected in the velocity
selector.

(iii) Describe what happens to those ions that do not have the speed as calculated in
(a)(ii) and suggest why it is called the velocity selector.

(b) The second part of the device is the deflection chamber where the flux density of the
magnetic field is also 0.020 T. The two different types of ions, chlorine-35 and chiorine-37,
are deflected with different radii and hence are separated. Chlorine-35 atom has a mass
of 35u and chlorine-37 atom has a mass of 37u.

(i)  Calculate the radius of the semi-circular path of the chlorine-35 ions.

radius = ..............conl m [2]

[Turn over
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(ii) Given that the mass of the ions are unchanged, state the effect on your answers to
(a)(ii) and (b)(i) if

1. the ions are singly negatively charged,

effecton (a)(ii) : .........coooeniiiiinnn
effecton (b)(i) : ........oooieniiiiinin, 1

2. the ions are still positively charged but are doubly charged.

effecton (a)(ii) : .........cooeeneiniinin
effecton (b)(i): .......covvveieiieniin. [1]

[Total: 10]
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(@) Explain the term root mean square (r.m.s.) value of a current.

(b) An alternating current generator consists of a rectangular coil of 800 turns with the
dimensions 5.0 cm x 8.0 cm in a uniform magnetic field of magnitude 0.50 T. The coil has
a resistance of 0.60 Q and it is connected to an external load of resistance 11 Q in a
complete circuit. The coil is rotating at a constant speed of 240 revolutions per minute.

For the rotating coil, the e.m.f. induced, E is
E = NBAw sin (at)

where N is the number of turns, B is the magnetic field strength, A is the
cross-sectional area of the coil, w is the angular velocity of the coil, and ¢ is time.

() Determine the maximum voltage produced by this generator.

maximum voltage = ...................... V2]

(i) Calculate the r.m.s. current through the external load.

rms.current=.........c.ooceeeiieee... A[2]

[Turn over
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(iii) On the axes in Fig. 6.1, sketch a graph of power dissipated, P in the external load
against time, t for 2 cycles of the A.C. current.

P/W
A

0 t/s

Fig. 6.1
[3]

[Total: 8]
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In recent years, seismology and an understanding of wave motion have produced many
benefits. One consequence has been a much clearer picture of the internal structure of the
Earth. Two different types of seismic waves are generated by the sudden movement on a fauit:
P-waves (primary waves) and S-waves (secondary waves). The speed of the waves depends
on wave type and the properties of the rock; the denser the rock, the faster the waves travel.

Direction of
propagation of
P wave

Fig 7.1

P-waves, shown in Fig. 7.1, travel fastest. They consist of successive contractions and
rarefactions, just like sound waves in air. The motion of the particles in the rocks that the waves
travel through is parallel to the direction of the wave.

Direction of
propagation of
S wave

Fig 7.2

S-waves, shown in Fig. 7.2, are slower than P-waves. They are transverse waves, which means
that the particle motion is at right angles to the direction of travel. S-waves cannot travel through
air or liquids.

By studying the propagation characteristics of seismic waves we have learned much about the
detailed nature of Earth’s interior. Fig. 7.3 shows the velocity and density variations within Earth

(from the surface to the centre) based on seismic observations. The main regions of Earth and
important boundaries are labelled.

[Turn over
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Fig 7.3

Several characteristics of Earth’s structure are illustrated in the Fig. 7.3. In several large regions
such as in the lower mantle, the outer core, and inner core, the velocity smoothly increases with
depth. The increase is a result of the effects of pressure on the seismic wave speed. Although
temperature also increases with depth, the pressure increase resulting from the weight of the
rocks above has a greater impact and the speed increases smoothly in these regions of uniform
composition. The atoms in these rocks rearrange themselves into compact structures that are
stable at the high pressures and the result of the rearrangement is an increase in density and
elastic moduli, producing an overall increase in wave speed.
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As seismic waves pass through the Earth, they are refracted, or bent, like rays of light bend
when they pass through a glass prism, as shown in Fig. 7.4.

the mantle, magnesium
~ {ron silicate

60

epicentre

Key
- = =« §_waves

P —waves

Outer Core, liquid
iron and nickel

Inner Core, solid
iron and nickel

Fig 7.4

Seismology is the analysis of little measurements, which allows us to understand big events —
earthquakes, tsunamis, volcanoes, and landslides. Basically, it is all about seismic waves or
vibration waves occurring naturally from earthquakes. Sometimes scientists create them by
sending energy into the ground to see how it bounces off underground layers. Geophysicists
who explore for oil, natural gas, minerals, and groundwater do this. We can also use these
techniques in other situations, such as looking for sunken treasures deep below the ocean or
finding abandoned oil tanks that can contaminate soil.

(a) Explain what is meant by

1. a longitudinal wave,
................................................................................................................. [1]
2 a transverse wave.
................................................................................................................. [1]
[Turn over
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(b) A large earthquake occurs near the surface of the Earth at a particular location and both
seismic P-waves and S-waves are produced. The P-waves and S-waves travel through
the Earth away from the epicentre of the earthquake.

The average speed of the P-waves is 7.98 km s and the average speed of the S-waves
is 4.75 km s™'. A seismograph at a different location detects the arrival of the S-waves
2 minutes 50 seconds after the arrival of the P-waves.

(i) Calculate the time taken, in minutes, for the S-waves to travel from the epicentre of
the earthquake to the seismograph,

distance = ... km [1]
(c) (i) Seismic waves produced by the earthquake are detected by seismographs in many
different countries. In certain parts of the world, however, seismographs do not detect

any of the S-waves produced by the earthquake.

Using Fig. 7.3 and other information, explain why these seismographs do not detect
the S-waves.
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(ii) Using Fig. 7.4, state where relative to the epicentre of the earthquake, these
seismographs are located.

........................................................................................................... 1]
(d) As the S-waves travel through the upper and lower mantle, the speeds of the waves
change.
(i) Describe and explain this change in speed.
........................................................................................................... [3]

(i) Describe the effect of this change in speed on the path taken through the mantle by
the S-waves.

(e) (i) Explain why there are parts of the Earth's surface, named “Shadow Zone”, at
distances between 103° and 143° in Fig. 7.4, where it is not possible for
seismographs to detect the P-waves produced by the earthquake.

[Turn over
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(ii) 1. Estimate the radius of the Earth from Fig. 7.3,

radius of Earth = ... km [1]

2. Hence provide an estimate of the length of the “Shadow Zone” for P-waves.

The temperatures and pressures within the Earth reach very high values within a few
kilometres of the surface. It is difficult, therefore, to imagine that human beings will ever
be able to reach regions further than a few kilometres from the surface. Both public and
private money are used to support the study of geophysics and seismology.

Suggest why this expenditure is justified. Your answer could take into considerations the
social, technological and economic effects of such research.

[Total: 20]

End of Paper
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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

¢ =3.00x10°ms™
Hy = 41 x 107Hm™

g, = 8.85x 1072 Fm”

(1/(36m)) x 107 Fm™

e = 1.60x107"°C
h=6.63x10Js
u=166x10%kg

me = 9.11 x 103" kg
m, = 1.67 x 10%kg

R =8.31JK 'mol™
N, = 6.02 x 10®mol™

k =1.38 x 1072JK™

G = 6.67 x 107" Nm?kg™

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 transiational 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) Derive the equation E, = mgh for the potential energy change, E,, of a mass m moved
through a vertical distance h near the Earth’s surface.

(2]

(b) Fig. 1.1 shows the variation with velocity v of the force F applied to an object. Fand v are in
the same direction.

FIN 4
20

10

N -

0 10 20 30 v/ms?
Fig. 1.1

On Fig. 1.2, draw a graph showing the variation with v of the rate of work done.

Rate of
work done/ W

— v/ms"

Fig 1.2
3]
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(a) On 16 July 1994, a fragment of the comet Shoemaker-Levy 9 entered the gravitational field
of the planet Jupiter. The fragment had an estimated mass of 5.5 x 103 kg.

Fig. 2.1 shows the gravitational field strength around Jupiter as calculated by a keen physics

student.
14 k
12

ol

gravitational field \
strength / N kg

X
N\

0 1 2 3 4 5 6

Lo O R ¢ I o o

distance from Jupiter / 108 m
Fig. 2.1

() Calculate the gravitational force acting on the fragment of the comet when it is
4.0 x 10® m from Jupiter.

gravitational force = ..........c...ocovevvvecnnn. N [1]

(i)  Estimate the amount of kinetic energy gained by the comet fragment as it moves from
4.0 x 10° m to 2.0 x 10® m from the Jupiter. Show your working clearly.

kinetic energy gained = ............ccooovveevvveinnnn. J [2]

[Turn over
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(b) (i) A new geostationary satellite called SKY 7 is to be placed in orbit above the Earth’s
equator. Show that the orbital radius for SKY 7 is 4.23 x 10* km.
Mass of Earth is 6.0 x 10% kg.

(]

(ii) Given that the mass of the satellite is 1000 kg, and Earth’s radius is 6.39 x 10°m
determine the minimum energy required to put the satellite in geostationary orbit from
the surface of the earth when it is launched from the equator.

MINIMUM ENEIgy = ....oooriimeineeneremresinaenns J [3]

(iii)  As the satellite orbits Earth, it gradually losses energy due to small resistive forces.
State and explain the effect of this change on the radius of the orbit and the speed of

satellite.

B3]
[Total: 10]
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3 Fig. 3.1 below shows a beam of red light from a laser shone normally on a double slit of slit
separation 20.0 cm.
13.0cm
— $10.0 cm

— 110.0 cm o

—_— I double slits
1.00 m screen

<l -
|

v

Fig. 3.1

(a) 1. Draw a sketch of what you will observe on the screen.

[1]

2. Describe the changes you will observe when the screen is placed 2.00 m away from
the double slits.

2]

(b) (i) Show that the path difference of the sources at point P is 0.0257 m.

(2]

[Turn over
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(i) 1. The wavelength of the wave is 1.03 cm. Calculate the phase difference of the
waves arriving from the sources at point P.

phase difference = ..o rad [2]

2. Hence, explain what will be observed at point P.

(1]

(iii) Determine the number low intensity regions observable between point P and point O,

including point P and point O.
Show your working clearly.

number of low intensity regions = ... [2]

(c) If the red light is replaced by white light, state and explain what will be observed on the
screen.

3]

[Total: 13]
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(@ (i) Incident radiation of wavelength 444 nm is shone on a metal with a work function of
2.2 eV. Calculate the maximum kinetic energy of an ejected photoelectron.

maximum kinetic energy = .............ccoeveereveeeeeeennnnn. J [2]

(ii) Calculate the stopping potential.

stopping potential = ...............cceevvicen. VvV [1]

(iif) The intensity of the incident radiation is doubled but the wavelength is kept constant.
State and explain how this will affect your answers in (a)(i) and (a)(ii).

[2]

(b) A beam of electrons traveling the positive x-direction with speed 3.75 x 10° m s passes
through a slit that is parallel to the y-axis and 5.0 ym wide. The diffraction pattern is recorded
on a screen 2.5 m from the slit.

(i) State Heisenberg’s Uncertainty Principle.

(1]

[Turn over
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(i) In single-slit diffraction, the first minima of the central diffraction pattern occurs at
. A
sing = —

D | where D is the width of the slit. Based on the angle of diffraction of the first

minima of the central diffraction pattern, show that the maximum y-component of the
momentum of an electron just after it has passed through the slit is 1.32 x 102 N s.

[3]

(iii) Hence, estimate the minimum uncertainty in the y-coordinate of an electron’s position
just after it has passed through the slit.

uncertainty in the y-coordinate of position= ..........ccocovrieriiinnnns m [2]
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4 (c) ACD-ROMis used in an electron diffraction experiment as shown in Fig. 4.1. The surface of
the CD-ROM has tracks of tiny pits with a uniform spacing of 1.60 um. Assume that you can
use the same equation as for optical diffraction, nA = d sin 6.

Elecon
heam
Uinvacuun

Voltage sotree
Fig. 4.1

If the speed of the electrons is 1.26 x 10* m s, calculate the angle 8, in radians, of the 2™
order maxima.

(d) Fig. 4.2 (not drawn to scale) represents part of the emission spectrum of atomic hydrogen.

A/nm

91.2 95.0 97.3 102.6 121.6
Fig. 4.2

The ionization energy of hydrogen atom is 13.6 eV. The electron transition giving rise to the
emission line with wavelength 91.2 nm is indicated in Fig. 4.3.

() Calculate the photon energies, in eV, equivalent to all the emission lines marked in
Fig. 4.2.

photon energies =................... eV, v eV, ... eV, e eV [2]

[Turn over
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(ii) Using your answers in (d)(ii), map a partial energy level diagram for hydrogen in
Fig.4.3. Show, and label clearly, the electron transitions responsible for the emission

lines labelled in Fig. 4.2.

OeV

Y -13.6
eV

Fig. 4.3

[2]

[Total: 17]
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(@) Fig. 5.1 shows the path of an alpha particle as it scatters off a gold nucleus from a thin gold
foil in the Rutherford’s scattering experiment.

s

S

. camoe e T ,.,\--,A"'J
. Gold nucleus

Fig. 5.1

Alpha particle

() Explain why the alpha particle follows the path as shown in Fig. 5.1.

]

(if) On Fig. 5.1, sketch the path of an alpha particle with the same initial path, but less
kinetic energy and label it (ii). [1]

(ili) Explain why a thin gold foil is required for this experiment.

11

(iv) On Fig 5.1, sketch the path of an alpha particle if the gold nucleus is now changed to
an iron nucleus and label it (iv).
Atomic number of gold is 79 and atomic number of iron is 26. [1]

(b)

7 .
In Fig. 5.2, an alpha particle on path Q has a head-on collision with a lithium nucleus 3L'.

Q L

Fig. 5.2

The energy of alpha particle changes as it moves towards the centre of the nucleus. This
alpha particle gets to within a distance of 4.2 x10-*® m from the centre of the nucleus.

[Turn over
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() Show that the minimum energy needed by the alpha particle to get to within
4.2 x 1075 m from the centre of the nucleus is 3.3 x 10" J.

(2]

(i) When the alpha particle gets to within 4.2 x10""* m of the centre of the nucleus, the
following nuclear reaction takes place.

4 714 10 1
o,He+ jLi— 5B+ 4n

The masses of the particles involved in the nuclear reaction are as follows:

Particle mass /u
24 He 4.0015
37Li 7.0144
“B 10.0011

an 1.0087

Calculate the maximum possible energy of a neutron ejected from the target when the
alpha particles in the beam have energy of 3.3 x 10" J.

maximum possible energy = ... J [3]
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() (i) Compare the properties of a photoelectron and a B-particle by making reference to
their origin.

(2]

(i) Write down the equation which relates the rate of decay — d\/dt in a sample of N
radioactive nuclei to their decay constant A.

(1]

(iii) State the units of A.

[1]

(iv) A certain medical treatment requires a radioactive source with an activity of
2.8 x 108 Bq at the start of the treatment. The nuclide selected has a half-life of
4.2 x 10* s and happens to be prepared 20 hours before the treatment commences.
Determine the activity of the source at the time of preparation.

activity of the source = ..........o.c.oeeveevvereeeennn. Bg [2]

[Total: 15]
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Answer one question from this Section in the spaces provided.
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Section B

(@) (i) Define acceleration.

BP-784

(a) (i) State a scenario in which an object has an acceleration but is at rest.

(]

(1]

(b) The graph in Fig. 6.1 shows the variation of the acceleration of a ball bearing being released
into a beaker filled with an unknown fluid.

Acceleration / ms-2

15
10
5
0
Eg.. G 5 ‘} 5 o}

5 /
/
45

Timels

Fig. 6.1
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(b) (i) Explain whether air resistance is negligible in Fig. 6.1.

]

(i) At the time of 2.5 s, the acceleration of the ball is zero. Explain whether this means
that the ball has reached the bottom of the beaker.

(1]
(iti) Draw a free body diagram indicating all forces acting on the ball bearing at the time of
25s.
(1]
(iv) Determine the magnitude of the highest velocity of the ball bearing.
VeloCity = ..o ms' [2]
[Turn over
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(v) Determine the terminal velocity of the ball bearing.

VEIOGIEY = oo ms' [2]

(vi) Sketch a velocity time graph for the motion of the ball in Fig. 6.2. indicate all relevant
values on your graph.

velocity / m s-1

0 0.5 1 1.5 2 25
time/s

w ¢

Fig. 6.2

(2]
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(c) Fig. 6.3 below shows part of an experiment that is being used to estimate the speed of an
air gun pellet.

trolley

The pellet which is moving parallel to the track, strikes the block with a speed of u before it
is embedded to the block. The trolley and the block then move along the smooth track, rising
a vertical height, h.

(i) Explain how the speed of the pellet u can be determined from measurements of h.

(2]

(ii) Explain whether the speed of pellet u, is an underestimated or overestimated if
frictional forces are not negligible.

(1]

(d) The following data is collected from the experiment:

Mass of trolley and block 0.50 kg
Mass of pellet 0.0020 kg
Speed of trolley and block immediately after impact 040 ms

(i) State the principle of conservation of linear momentum.

[2]

[Turn over
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(ii) Calculate the speed of the pellet just before impact.

(e) Use your answer from part (d) to show that the collision between the pellet and block is
inelastic.

[2]
[Total: 20]
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7 (a) Atthe triple point of water, the three states of water (ice, water and water vapour) coexist in
stable equilibrium. The triple point of water is 273.16 K.

Compare the average kinetic energy of the molecules in ice and water at the triple point of
water.

(2]

(b) Fig. 7.1 shows an experiment to determine the latent heat of fusion of ice. For setup A, a
12.0 W heater was turned on while for setup B, a control setup, the heater was not turned
on. The heaters used in setup A and setup B are identical heaters.

Setup A Setup B

. heater ___

ice -

. funnel —_

s

_. beaker -

melted
water

Fig. 7.1

(i) Explain why control setup B is needed.

(]

(i) The ice was allowed to melt for 10 minutes and the mass of the water collected from
each funnel is shown in Fig. 7.1. Calculate the specific latent heat of fusion of ice.

specific latent heat of fusion ofice = .............ccoeovevveeeeeeenn. Jkg' [2]

[Turn over
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(c) Fig 7.2 shows 2 containers, A and B, connected by a tube of negligible volume with a valve
installed. Container A is filled with 0.200 mol of ideal gas while there is a vacuum in container

B. The valve is closed.

)

A

)

Volume of A valve B \_/olume of B

U N

Fig. 7.2

(i) Given that both containers are kept at 27 °C, calculate the pressure of the ideal gas
in container A.

PresSSUre = ......cccoocemvremeenienninnncsnenns Pa [1]

(ii) Calculate the pressure and the amount of ideal gas in the container B when the valve
is opened assuming that the temperature remains constant and the gas reaches an

equilibrium state.

PreSSUNE = .....coovuiierrrrrennneee s Pa

amount of ideal gas = .........ccccvrrrreinninninenens mol [2]
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(iii) Container B is now heated to 100 °C while container A is kept at 27 °C. Calculate the
pressure in container B with the valve remaining open.

Pressure = ........occccevvvevviverveeeeccnnan, Pa [2]

(d) A fixed mass of ideal gas is made to undergo the following processes as shown in Fig. 7.3

below:
Pressure /x 105 Pg
F 3
hd !
¥
C
\~~~\
3.0
\~~~‘~
V ~~~‘~ 8
*“~.~.
2 0 L ~~h~-~~~._ il
- 2 B
A 1
1.0
0 » Volume/x 10* m3
40 5.0 6.0 710 8.0 9.0 10.0
Fig. 7.3

() Use the data from Fig. 7.3 to confirm that process BC is isothermal. Show your working
clearly.

[3]

[Turn over
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(i) State and explain how you would attempt to ensure experimentally that the process
BC is isothermal.

2

(ili) The temperature of the gas at C is 385 K. Calculate the temperature of the gas at A.

temperature at A= ..o K [2]
(iv) During the process A to B, 213 J of energy is supplied by heating the gas. Use the

First Law of Thermodynamics to calculate the increase in internal energy of the gas
for process A to B.

increase in internal energy = ..o, J [3]

[Total: 20]
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1 In this experiment, you will investigate the oscillations of a triangular-shaped object.

(a) You have been provided with a wire. Bend the wire to form a triangle shape so that
the length of each side a is approximately 10 cm, as shown in Fig. 1.1.

Fig. 1.1
Use the wire cutter to remove any excess wire.

(i) Measure and record a.

(ii) Estimate the percentage uncertainty in your value of a.

percentage uncertaintyina = ...............cccceens 1]

(b) Suspend the triangular-shaped wire as shown in Fig. 1.2. The pin should be held
firmly in the clamp and the wire should be able to pivot about the pin freely.

clamp boss
pin
wire
stand
7 bench
Fig. 1.2
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Gently displace the wire and release it so that it oscillates about the pin.

Take suitable measurements to determine T, the period of the oscillation.

(c) Remove the triangular-shaped wire from the pin. Form a new triangle shape from the
wire so that a is approximately 8 cm.

Use the wire cutter to remove any excess wire.

Repeat (a)(i) and (b).

(d) Itis suggested that

where k is a constant.

Use your values from (a)(i), (b) and (c) to determine fwo values of k.
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() State whether the results of your experiment support the relationship suggested in

(d).

Justify your conclusion by referring to your answer in (a)(ii).

.............................................................................................................. [2]
(g) The acceleration of free fall g near the surface of the Earth is given by
4 2
g= ﬁ nk
Use your first value of k to calculate a value for g.
= e [1]

[Total: 12]
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2 Inthis experiment, you will investigate the forces acting on an object.

(a)

(b)

Place a cylinder on top of a wooden block. Place some blue-tac at the base of the
cylinder to ensure that it does not roll off the wooden block. Place a metre rule on
the cylinder.

Hang the rubber bung on the metre rule 15.0 cm away from the pivot. Ensure that
the metre rule is balanced by placing a 20 g mass on the other side of the pivot, as
shown in Fig. 2.1.

20 g mass

metre rule 15.0 cm b /
string ~_ cylinder \_leue-tac

rubber - wooden block

bung ]
/bench

b is the distance between the pivot and the centre of the 20 g mass.

N

Fig. 2.1

Measure and record b.

Place a beaker under the rubber bung and pour approximately 250 cm? of liquid X
into the beaker until it is completely submerged. Adjust the position of the 20 g mass
so that the metre rule remains balanced, as shown in Fig. 2.2.

cis the distance between the pivot and the centre of the 20 g mass when the rubber
bung is completely immersed in liquid X.

20 g mass

metre rule 15.0cm c < :
l N R - st
i cylinder -
; \_é /?‘blue tac

| wooden block

™ A

a
=
5
Q@
J/

rubber bung

beaker \U
\

liquid X ———

bench

Fig. 2.2
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(i)

(if)

(iii)

(iv)

(v)

Measure and record c.

Estimate the percentage uncertainty in your value of c.

percentage uncertainty in €= ... [1]
The density of liquid X, px, b and ¢ are related by the expression
Py =Z(b-c)
where Z = 0.0296 g cm™.

Calculate px.

....................................................................................................... [1]
Suggest an improvement that could be made to the experiment to reduce the
uncertainty identified in (b)(iv).

You may suggest the use of other apparatus or a different procedure.
....................................................................................................... [1
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(c) The expression given in (b)(iii) suggests that the density of the liquid in the beaker
in Fig. 2.2 has a linear relationship with c.

Explain how you would investigate this relationship.
You would be provided with liquids of different densities.
Your account should include:

¢ your experimental procedure

 control of variables

* how you would measure the densities of the liquids

e how you would use your results to show that the two variables are linearly related

.............................................................................................................. [4]

[Total: 11]
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3 In this experiment, you will investigate an electrical circuit.
(a) You have been provided with metre rule Y, with a resistance wire attached.

() Record the resistance per unit length of the wire attached torule Y, r.

(i) Take measurements to determine the cross-sectional area of the wire attached
torule Y, av.

(iii) Calculate the resistivity of the wire attached to rule Y, py
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9
(b) Set up the circuit shown in Fig. 3.1
E
~_ 1t
[ | I |
metre rule Y wire
/
{ / |
L 1
X X
(V)
O/
Fig. 3.1

H is a crocodile clip that is free to move along the wire.
The e.m.f. of the cell is E. The value of the resistance of X is Rx.
d is the distance between the end of the rule and H, as shown in Fig. 3.1.

(i) Measure and record E.

(i) Record Rx.

(iii) Close the switch. Adjust the position of H until d is 50.0 cm.

Record the voltmeter reading that measures the potential difference
across X, Wx.

(iv) Calculate the resistance of the length d of the resistance wire Ry using
information from (a)(i), and the following expression

Ry=rd
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(v) Vary d, obtaining a suitable range of values, and repeat (b)(iii) and (b)(iv).

Present your results clearly.

(5]
(vi) Vx Rx and Ry are related by the expression
Vi (Rx+2Ry)=pRy+q
where p and g are constants.
Plot a suitable graph to determine values for p and g.
P = e
= e [6]
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(vii) Theory suggests that
g=RxE
where E is the e.m.f. of the cell.
State and explain whether the results of your experiment support the suggested

relationship. Justify your answer by comparing your experimental results with
the value of Rx recorded in (b)(ii).

(viii) Itis also known that p decreases when E decreases.

Assuming that the relationship stated in (b)(vii) is true, sketch a new line on
your graph grid to show the results you would expect if the experiment is
repeated with a smaller E.

Label this line as T. [1

[Total: 20]
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4 A typical dragon boat requires 20 paddiers, 1 drummer and 1 steerer. Every time a crew
member steps onto the dragon boat, it experiences vertical oscillations in water.

The frequency f of the oscillations of an object (such as the dragon boat) with mass m in
solution of density p is given by the equation

f=kmp’
where k, x and y are constants.
Design an experiment to determine the values of x and y.
You are provided with a bucket, a small empty plastic box, sugar and some small pebbles.
Draw a diagram to show the arrangement of your apparatus. Pay particular attention to:

o the equipment you would use
e the procedure to be followed

» how the frequency of oscillations and density of solution is measured
e the control of variables

* any precautions that should be taken to improve the accuracy of the experiment

Diagram
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[Total: 12]

More papers at www.testpapersfree.com





