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speed of light in free space

rest mass of electron
rest mass of proton
the Avogadro constent

c= 3,00 x 16®ms™
Hy. = 4% 107 H!
5 =885 x 107 Fm”
(1/(36)) x 10¢F m™
a=180x107"C
pe883x 164 Js

U= 166x107kg

me=9.11 10 kg

R = 831K mol'
N = 6.02 x 16%mol”

k= 1.98x 104K
6= 667 x 10" Nrtkg?
g=981ms*
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A person is standing still on the ground.

Which value is an estimate of the pressure exerted bythe person's feet on the ground?

A 120 Pa

B 1200 Pa
Cc 12 000 Pa
D 120 000 Pa

Ball A is projected horizontally at 2.0 ms~' from the top of a vertical cliff while Ball B is
released from rest 1.0 s later from the same point. It took Ball B 3.5 s to reach the base of
the cliff.

How far from the base of the cliff will Ball A hit the ground?

A7.0m BS.0m C53m D67 m

The graph shows the variation with time of the momentum of a ball as it is kicked in a
straight line.

£ )
P4
momentum

Attime t,, the momentum is p,. Attimet,, the momentum is p, .

What is the magnitude of the average force acting on the ball between times t, and £,7

A pUp,
L
B p1 ng
t,0f,
c Pithy
t,
D P tP,
, Ot,
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4 A car of mass 750 kg has a horizontal driving force of 2.0 kN acting on it. It has a
forwardhorizontal acceleration of 2.0 m s=.

What is the resistive force acting horizontally?

A

0.5 kN

1.5 kN

2.0kN

3.5kN

§ An object, made from two equal spherical masses joined by a light rod, falls with uniform
velocitythrough air.

The rod remains horizontal.

Which statement about the equilibrium of the system is correct?

A

B

It is not in equilibrium because it is in motion.
It is not in equilibrium because there is a resultant force.
Itis in equilibrium because there is noresultant torque.

It is in equilibrium because there is no resultant force and no resultant torque.
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One end of a spindle is attached to the centre of a lever of length 1.20 m and its other end
is attached to the centre of a disc of radius 0.20 m as shown in the figure below.

A cord is wrapped around the disc, passes over a pulley and is attached to a 900 N weight
at one end.

spindle

disc-

The mass of the lever, spindle, disc, cord and pulley is assumed to be negligible. Equal and
opposite forces of magnitude F is applied to each end of the lever.

Ignoring frictional forces, what is the minimum value of F needed to balance the 900 N
weight?

A 75N

B 150 N
c 300N
D 950 N

More papers at www.testpapersfree.com



7

The variation with force Fof the extension x of a spring is shown in the figure below,

p 1]
[»]

[

0 " FIN

The work done in stretching the spring from x 1o x,is given by the area

A P+Q
B 5
C R+8
D Q

A stone, tied to a piece ofstring, is whirled in a vertical circle as shown in the figure below.
Thestring suddenly breaks at P.

Which of thepaths (A to D) represents a possible path for thestone from just before the
string breaks untiithe stone hits the ground?
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10

A small object of mass 0.050 kg is releasedfrom rest at the rim of a heavy, smoothsemi-
spherical bowl of radius 10 cm as shown in the figure below.

10 cm

When the object passes the bottom of the bowl, what is the normal force exerted on it by
the bowl?

A0.49 N B80.98 N C15N D2.0N

Taking the Earth to be a perfect sphere of uniform density rotating about its polar axis,
which of the following statements concerning the observed acceleration due to free falla at
the surface of the Earth is true?

A The value of g at the equator is larger than that at the poles.
B If the rate of rotation of the Earth decreases, the value ofa at the equator increases.
c If the radius of the Earth increases with its density remaining unchanged, the value

ofa at the poles decreases.

D If the radius of the Earth increases with its density remaining unchanged, the value
ofaat the equator decreases.
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11 Which one of the following diagrams shows the variation of gravitational force F on a point
mass and gravitational potential energy U of the mass at a distance r from another point
mass?

s R ; w e NES :
o, WEASE . dinae- eifle Bw g i : “

12 The temperature of an ideal gas is raised from 32.1 °C to 40.5 °C.

What is the percentage increase in the r.m.s. speed of its gas particles?

A 1.4 %
B 28%
c 1%
D 12%

13 The specific latent heat of vaporisation of water at 20°C is appreciably greater than the

[Turn over

More papers at www.testpapersfree.com




10

value at 100°C. This is because

A the specific latent heat at 20°C includes the energy to raise the temperature of one
kilogram of water from 20°C to 100°C.

B more work must be done in expanding the water vapour against atmospheric
pressure at 20°C than at 100°C.

C the molecules in the liquid are more tightly bound to one another at 20°C than at
100°C.

P vaporisation of water can only take place at 100°C.

14 A hollow metal cylinder floats upright in a body of water with the botiom of the cylinder at a
depth D below the water surface as shown.

The cylinder is pressed further down into the water and upon release, performs simple harmonic
motion.

Which of the following graphs (all drawn to scale) shows how the upthrustU and resultant
force F acting on the cylinder vary with the depthdof the bottom of the cylinder below the water
surface?

A UF, B U Fy

U Fa uF

16 The rise and fall of water in a harbour is simple harmonic. The depth varies between 1.0 m at
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low tide and 3.0 m at high tide. The time between successive low tides is 12 hours

30m high tide

depth
10m

low tide

time

A boat, which requires a minimum depth of water of 1.5 m, approaches the harbour at low tide.
How long will the boat have to wait before entering?

A0.5 hours B1.0 hours C2.0 hours D2.5 hours

16 When coherent monochromatic light falls on double slits, an interference pattern is
observed on a screen some distance from the slits.

The fringe separation can be increased by

A

B
c
D

decreasingthe distance between the screen and the slits.
increasingthe distance between the slits.
usingmonochromatic light of lower frequency.

immersingthe whole set up in water.

17 A guitar string of length Lis stretched between two fixed points P and Q and made to vibrate
transversely as shown below.

[Turn over

More papers at www.testpapersfree.com




12

Two pointsA and B on the string are separated by a distance s. The maximum kinetic
energies of points A and B are K, and Kg respectively.

Which of the following gives the correct phase difference and relationship between
maximum Kinetic energies of the points?

phase difference maximum Kinetic energy
3s
A —[360° Ka<K
21 A B
B 3s J360° same
2L
c 180° Ka<Ka
D 180° same

18 The images of two sources are just resolved.

Which of the following is a correct statement of theRayleigh criterion for this situation?

A The central maximum of the diffraction pattern of one source must coincide with the
centralmaximum of the diffraction pattern of the other source.

B Light from the sources must pass through a circular aperture.
c Light from the sources must be coherent.

D The first minimum of the diffraction pattern of one source must coincide with the
centralmaximum of the diffraction pattern of the other source.
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The graph shows how the electric field strength E varies with displacement x from a point A.
E/NC

A

»X/m

What is the change in potential for an electron if it is moved from x = 3.0 m to x = 5.0 m?

A13V B-13V C1.3V D-13V

An oil droplet has a charge —q and is situated between two parallel horizontal metal plates
as shown in the diagram.

+V

-V
The separation of the plates is d. The droplet is observed to be stationary when the upper
plate is at potential +Vand the lower at potential -V,

For this to occur, the weight of the droplet is equal in magnitude to

Ve AL eV p2vd
d d q q

A
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21 The graph shows how the current through a lamp filament varies with the potential
difference (p.d.) across it.

A
current

ao e

Which statement explains the shape of this graph?

A

As the filament temperature rises, electrons can pass more easily through the
filament.

It takes time for the filament to reach its working temperature.
The power output of the filament is proportional to the square of the current through
it.

The resistance of the filament increases with a rise in temperature.
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22 The variation with potential difference V of the current Zin a semiconductor diode is shown
below.

What is the resistance of the diode for applied potential differences of +1.0 V and —1.0 V?

+1.0V -1.0V
A 200 infinite
B 200 zero
C 0.05Q infinite
D 0.050 zero
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23 Six resistors, each of resistance 5 (, are connected to a 2 V cell of negligible internal
resistance.

fomebs.

1

sv T 521l 5Q

| -

-y | gon g |
T ssnen}

5Q

50

sell 5o

T 7

What is the potential diffierence between terminals X and Y?

A0.67 V B0.89 V C13V D20V

24 Particles A and B,both moving at the samespeed, enter a square region of uniformmagnetic
field as shown in the figure below. Particle A leavesat X while particle B leaves at Y.

! Uniform magnetic
_ ’/fietd (out of paper)

e & 8 e .

Ifthe ratio of charge to mass of particle A iskwhat is that of particle 57

A k B K C2k D4k

2 4
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25 A trapezoidal coil PQRS is movingwithconstant velocity in a direction perpendicularto a
uniform magnetic field as shown in the figure below.

region of uniform-_ |
magnetic field N

At the instant shown, which of the following statements is correct?

A An induced current it flowing in the coil in the clockwise direction.

B An induced current is flowing in the coil in the anticlockwise direction.

C There is no induced current flowing in the coit.

D An electromagnetic force acts on the side PQ in a direction opposing its motion.

-

26 The circuit below shows the rectification of a sinusoidal a.c. supply using two identical
diodes D, and D..

E=Egsin {ob)

Each of the diodes has the /-V characteristics as shown.

For a current to flow throughR, the value ofE,;must be at least

A 03V
B 03J2v
C o062V
D 12J2v
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Which piece of evidence about the photoelectric effect cannot be explained using a wave
model? '

A Increasing the intensity of the illumination increases the rate at which electrons are
ejected.

B Shining ultraviolet radiation anto a zinc surface ejects electrons.

C increasing the frequency of the radiation increases the kinetic energy of the ejected
electrons.

D There is a minimum frequency of radiation below which no electrons are ejected

from the metal surface despite increasing the intensity of radiation.

What is the de Broglie wavelength of an electron having a kinetic energy of 54 eV?

A3.7010%m B6.7010%°m C1.7010™m D2.3010%m

The table shows the ionizing effect of different types of radiation.

X Y 4
ionising effect strong weak very weak
What are the radiations X, Y and Z?
X Y Z

A Gamma Beta Alpha
B Beta Alpha Gamma
C Alpha Beta Gamma
D Gamma Alpha Beta

Which statement concerning a-particles is correct?

A Anga-particle has charge +4e,
B Ana-particle is a helium atom.
Cc Ang-particle has mass 4u.

D When a-particles travel through a sheet of gold foil, they make the gold radioactive.
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(a) The speed v of sound in a gas is given by the expression

where P is the pressure of the gas of density p and y is a constant.

(i} State the S.1. base units of pressure.

base units: ........cecoiiciiiinnnnn M

(ii) Show that y has no unit.

(2]

{(b) A student conducted an experiment to determine the speed of sound v in air which
he found to be 328.85 ms™.

()] He used a pressure gauge with a precision of 5 kPa to measure the pressure
P of air which he found to be 105 kPa.

Calculate the fractional error of P.

fractional €mor = ......ccoveviieeennnnnns [11

[ Turn over
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(i)  The density p of air is measured to be (1.2+ 0.1) kg m™.

1. Calculate the absolute uncertainty in v.

absolute uncertainty in v=......ocooooove, ms' [2]

2. State the value of v and its absolute uncertainty to the appropriate
number of significant figures.

VS oieeeceee ms™ [1]

(¢) The student repeated the experiment in {b) and obtained several values for the
speed of sound v

330ms™ 326 ms™, 334 ms™, 328 ms™, 332ms™

The theoretical value of v is 340 m s™'.

Explain whether there was a systematic error in the experiment.

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

...................... O P ORPITUPOPUR § |
[Total: 8]
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2 A long bar magnet is suspended from the free end of a helical spring. One pole of the magnet
lies within a coil of wire, as shownin Fig. 2.1. :

R b K LSl L

j o

The coil is connected in series with a switch and a 5 Q resistor. The switch is open.

Fig. 2.1

The magnet is displaced vertically and then released.

As the magnet passes through its rest position, a timer is started. The variation with time ¢ of
the vertical displacement y of the magnet from its rest position is shown in Fig. 2.2.

2.0
yiom HHHOT
1.6 1 ‘_r'- : — . > : :-— -: v
R 1 AN AR -l 3
K ] f:*:.. 4 3 1
: .:7 { |
04T * X8 328 1 * 28 gt I
QL2 0H IO A0 s 06 0E 10 HRT 9 0410.0
] H--v e e
$ ‘ 1 15V N An e 8
~10417 Al R
H B Ta 1wl ;
| &
g0t
Fig. 2.2

At time t = 4.0 s, the switch is closed.

[ Tum over
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(a, Explain why, aftertime t= 40 Scthe amplitude of oscillation of the magnet decreases.
.......................................................................................................................
.......................................................................................................................

(b) The spring is removed and an oscillator is attached to the magnet so that the magnet
undergo a periodic motion in the coil.

The switch is closed. The potential difference V measured across the resistor is given by
V=270cos (15.7 1)

V is in millivolts and the time ¢ is in seconds.

(i) Determine the mean power dissipated from the 5 Qresistor.

MeAN POWET = e W [3]

(i) Sketch the variation with time ¢ of the power P dissipated from the resistance in

[ Turn over
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Fig. 2.3. (Include appropriate values in your graph.)

P W,

Fig 2.3
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Question 3 begins over the page.

3 (a) State what is meant by coherent sources.
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................................................................................................................... {1
(b) Two coherent microwave emitters S, and S, are in phase with one another, They emit
waves of equal frequency, equal intensity and with the same direction of polarisation.A
microwave detector is placed at point P, as shown in Fig. 3.1.
Y X
|_'.,_: ----- Eﬂ' ~~~~~~~~
TS e
_____________________________________________________ — P
o
S
Fig. 3.1
The initial distances of S, and S; from P are equal. The intensity of the individual
microwaves from S, and S; atP is /.
(i) S is moved slowly away from P along the line PXY as shown.
Explain why the intensity of the microwave detected at P fluctuates.
......................................................................................................... [3]
(i)  Ssis moved from point X to Y andthe intensity of the microwave at P changes
from a maximum to a minimum. The distance XYis 8.2cm.
Calculate the frequency of the microwaves emitted by the sources.
frequency = ........ooooeeeennnn. Hz [2]
(it} Siremains at point Y,
[ Turn over
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A polariser is placed between Siand P. The direction of polarisation of the
microwave from S,is changed by 40°. The power of S, is adjusted such that the
intensity of the microwave from S, at P remains as /.

Explain, without numerical calculation, the intensity of the microwave at P.

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

......................................................................................................... [2]
{c) Fig. 3.2 shows the variation with time of the displaoement' of the microwave from S,
atP.
displacement/ 4
arbitrary units
. N
s X
k- » time
7
Fig. 3.2
(i)  The polariserin (b)iii) is removed and the intensity of the microwave from S; at
P is reduced to %L
Show that the amplitude of the microwave from S, at P is approximately 8.5
units.
[2]
(i)  Sketch the variation with time of the displacement of the microwave from S, at P
in Fig 3.2 [2]
[Total: 12]
4(a)(i) State the first law of thermodynamics.
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..................................................................................................................

(i) Suggest why there is a considerable difference in magnitude between the specific
latent heat of fusion and vaporisation.

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

. [3]

(b} The diagram below shows the P-V graph of a fixed mass of ideal gas undergoing changes
between the three states A, B and C.

Pl &
10° Pa
B
3.0
N
A\,
2.0 N
[~y
1.0
C A
00 10 20 30 40 vy
1072 m?

(i)  Show that the change A—>B is an isothermal (constant temperature) process.

[2]

(i) Describe qualitatively, with reference to molecular movement, how the changes
A — B and C—»B differ in the manner the pressure of the gas is increased.

[ Turn over
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------------------------------------------------------------------------------------------------------------------

{(iii) Estimate the heat removed fromthe gas in the changeA—B.

heatremoved=......................... J[2]
[Total: 10]

5 In a proposed fusion reactor, one possible reaction is
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4 L] 12 1
,He+ ,Be— C+gn

The binding energy per nucleon are given as follows

binding energy per nucleon / MeV
;He 7.075175
:Be 6.462767
'2C 7.675310

{a) ({i) Explain what is meant by binding energy.

(i} Calcuiate the energy released during this process.

energy released = ... MeV [3]

(b) Uranium (U) has at least fourteen isotopes. Uranium-238( “U)is an isotope and
themean radius of its nucleus is 8.9 x 107" m.

[ Turn over
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{i) Explain what is meant by an isofope.

......................................................................................................... 1]
{ii) For a uranium-238 nucleus, show that
1.  its massis 3.95 x 10 kg,
MMBSS T .ooivriiiiieeeeier e e e sesreaaeanes kg [1]
2. its mean density is 1.3 x 10" kg m™.
density = ......cccoeveiieiiie e kg m=[2]

(iii}  The density of a lump of uranium is 1.9 x 10* kg m™,

Using your answer to (b)(ii)(2), suggest what can be inferred about the structure
of the atom.

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

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

lTotaI: 10]

A photodiode is a circuit component used to convert a light signal into an electrical one.Fig. 6.1
shows an enlarged cross-section through a photodiode to illustrate how it isconstructed.

[ Turn over
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Light incident on the thin transparent conducting surface layer of the diode passes through it to
be absorbed in the insulating layer. The energy of each photon is sufficient to release one
electron in the insulating layer. The potential difference V,applied across the insulating layer,
causes these electrons to move to one of the conducting layers.

incident light

L

transparent
conducting layer

insulating layer

conducting layer

Fig. 6.1

In one particular application, red light of wavelength 6.330107 m, from a helium-neon laser, is
incident on the photodiode. The power of the laser beam is 1.0 mW.

(a} Explain what is meant by a photon.

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

................................................................................................................... {11
(b} Calculate the energy of one photon emitted by the helium-neon laser.
BNEIGY = o viiiireinrenireaie e J[2]
(¢)  Show that about 3010 photons are emitted by the helium-neon laser each second.
(1]
(d) The energy level diagram of the neon atom is shown in Fig. 6.2.
20.66 eV
20.30 eV
19.78 eV
[ Turn over
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On Fig 6.2, draw an arrow to indicate the transition that gave rise to the photon of
wavelength 6.33010 m emitted by the helium-neon laser. 1]

() ©On Fig. 6.1, draw an arrow to show the direction of motion of an electron released
at point X in the centre of the insulating layer.[1]

(ii) Experiments show that only 20% of the red light photons incident on the
photodiode release electrons in the insulating layer.

Calculate the current through the photodiode.

(ili}  Suggest one reason why the efficiency of the photodiode is less than 100%.

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

[Totsl: i O:[
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Read the passage below and answer the questions that follow.
Law of Gravitation and Celestial Mechanics

For thousands of years, Man has studied the night sky and some ancient buildings provide
evidence of careful and patient astronomical observations by people of many different
cultures. As instrumentation has improved, so has the precision with which astronomical
observations could be made. Between 1576 and 1587, Danish astronomer Tycho Brahe
wanted to determine how the heavens were constructed and pursued a project to determine
the positions of both stars and planets.

German astronomer Johannes Kepler was Brahe's assistant for a short while before Brahe's
death, whereupon he acquired his mentor's astronomical data and spent 16 years trying to
deduce a mathematical model for the motion of the planets.

Kepler deduced three laws:
1. All planets move in elliptical orbits with the Sun at one focus.
2. The radius vector drawn from the Sun to a planet sweeps out equal areasin equal time
intervals.
3. The square of the circular orbital period of any planet is proportional to the cube of the
radius of the circle.

As a result of Kepler's work, Newton formulated the law of gravitation.

a (i) Newton’s law of gravitation partially states that the force between two masses is
inversely proportional to the square of their distance apart.
Using concepts on an object moving in circufar motion, explain how this
statement can be deduced from Kepler's third law.

[ Turn over
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(ii) Using Newton'’s laws, show that, for a circular orbit of an object about a planet,

{b) The planet Jupiter has several moons. Data faygeme of these moons are shown in
Table 7.1. T = M

where T is the orbital period of e B}

d
oo’ Bl 09« ﬁﬁ%ﬁm (e HEhire 9L cF BB bon 2Rt A1 Bl
ri10°m
Sinope 758 23.7 2.88 10.37
Leda 239 1.1
Callisto 16.7 1.88
o 1.77 0.422 .
Metis 0.295 0.128 -0.53 8.11

(i) Complete Table 7.1 for the moons— Leda, Callisto and lo. [2]

{ii) On the axes of Fig. 7.1, plot a graph of log,o ( T/days) against logsg (/m). [3]
(iiiy  Determine the gradient of the graph in Fig. 7.1. (3]

[ Turn over
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gradient = .............oeeeeiiinnen [2]

{iv} Hence, discuss whether the data in Table 7.1 support the relation given in {a)(ii).

..........................................................................
...............................
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3.0 ! T

log,, (T/days)

(rfm)

1.0

Fig. 7.1
(c) Observation shows that the moon Ganymede orbits Jupiter with a period of 7.16 days.

Use Fig. 7.1 to estimate the orbital radius of Ganymede.

orbital radius = .............................m[2]

[ Turn over
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(d) Itis reported in the media that the moon Thebe is discovered to orbit Jupiter once every
16.2 hours at a height of 2.22010° kmabove the surface of Jupiter.
Comment on the accuracy of this media report.

(e) Suggest whether Fig. 7.1 could be used to check data on the orbital radii and periods of
the moons of another planet {e.g. Saturn).

[Total: 20]

g End of Paper »
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rest mass of proton
the Avogadro constant
acceleration of free fall
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Hy = dx x 10" Hm™
& = 885 % 107Fm”
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Section A (60 marks)
Answer all the questions in the spaces provided.

1 A ball is thrown horizontally from the top of a building, as shown in Fig. 1.1.

Fig. 1.1

The ball is thrown with a horizontat speed of 8.2 m s™'. The side of the buiiding is vertical. At
point P on the path of the ball, the ball is at a distance x from the building and is moving at an
angle of 60° to the horizontal. Air resistance is negligible.

(a)} For the ball at point P,

(i) show that the vertical component of its velocity is 14.2 m s,

(2]

(i) determine the vertical distance through which the ball has fallen,

verticaldistance = ... m [2]
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(iii} determine the horizontal distance x.

distancex = ... e, m[2]
(b} The path of the ball in (a), with an initial horizontal speed of 8.2 m s™, is shown again in
Fig. 1.2.
82ms-1

Fig. 1.2
On Fig. 1.2, sketch the new path of the bail for the ball having an initial horizontal speed
() greater than 8.2 m s™ and with negligible air resistance.Label this path G. - [2]

() equal to 82 m s but with air resistance.label this path A.

[2]

(c} State and explain in which case, b(i) or b(ii), the ball will reach the bottom of the
building first.

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

[Total: 12)
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2 A ball B of mass 1.2 kg travelling at constant velocity collides head-on with a stationary ball
S of mass 3.6 kg, as shown in Fig. 2.1.

..‘m;v—z.-—m*

ball B

‘mass 1.2kg msBQﬁ'kg
Fig. 2.1

Frictional forces are negligible.

The variation with time ¢ of the velocity v of ball B before, during and after colliding with ball
S is shown in Fig. 2.2.

+4

+3

vims-

+2

+1

of 0.1 020 RT3 04 05 trs

~2

Fig. 2.2
Using Fig. 2.2, for ball B during the collision with ball S,

(a) (i) show thatthe change in momentum of ball B is 5.76 N s,

(1]
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(if) calculate the speed of ball S after the collision,

{b} Using your answer in (a){ii) and information from Fig. 2.2, deduce whether the collision
is elastic or inelastic. Support your answer with working.

[Turn over
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3 A train ride for kids in an amusement park can vary between two power selting — High or
Low. The power at Highsetting is double that of Low.

The total mass of the train and the passengers is 4000 kg. The frictional force acting on the
trainis constant at 700 N.

(a) When the train is travelling at 8.0 m s and the power provided by the train is set to
High, the frain accelerates at 0.30 m s™2.

Show that the power provided by the train is 15200 W.

[2]
{b) When the power provided by the train is set to Low,
(i) determine its maximum speed,
MAaXIMUM SPEEM = .......oooee e rcreemrcrscereaemsanes ms™ [2]

(i) determine the maximum speed when it is climbing up a slope that rises 1 m for
every 25 m of road travelled.

MAXIMUM SPEEA = ..oeveeveerricrrrecssmerars s ms [3]
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Question 4 begins over the page
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4 An amusement park ride spins customers so fast that they are ‘held’ to the sides of a vertical
wall as shown in Fig. 3.1.

A girl of mass 60 kg is spun around at a constant speed of 10 ms™ in a circular path of
radius 3.4 m.

(a) Explain why the girl is accelerating even though her speed is constant.

B M Calculate the centripetal force on the girl.

centripetal force = ... N [2]

(i) The wall of the ride exerts a frictional forcef on the girl given by
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f=uN

whereN is the normal contact force exerted by the wall on the girl anduis a
constant that depends on the roughness of the wall.

Determine the value ofu. Explain your working.

(¢} In another similar ride, the wall of the ride is tilted at an angle &o the vertical, as shown
in Fig 3.2.

Fig. 3.2

The same girl is being spun around at the same constant speed of 10 ms™ in a circular
path of radius 3.4 m. The girl's feet is not touching the floor of the ride.

Explain whether the girl can remain at constant height while the ride is spinning, if the
wall is frictionless.

fTotal: 9]
5 Two vertical springs, each having spring constant k, support a mass. The lower spring

[Turn over
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isattached to an oscillator as shown in Fig. 5.1.

oA /i"/f//:'{/;f/fff}’///ft.’/.;"]/f/ffkfx’-'//ff
Fig. 5.1
The oscillator is switched off. The mass is displaced vertically and then released so that it
vibrates. During these vibrations, the springs remain extended. The vertical acceleration a of
the mass m is given by the expression

M2Kx
a=—-—-
m

wherex is the vertical displacement of the mass from its equilibrium position.

(a) () Define Simple Harmonic Motion

(i) Show that, for a mass of 240 g and springs with spring constant 3.0 N cm™, the
frequency of vibration of the mass is approximately 8.0 Hz.

(4]

(b) The oscillator is switched on and the frequency f of the vibrations is gradually
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increased. Theamplitude of vibration of the oscillator is constant. Fig. 5.2 shows the
variation with f of the amplitude A of vibration of the mass.

'}

Fig.5.2
(i) State

1.the name of the phenomenon illustrated in Fig. 5.2,

2.the frequency 1, at which maximum amplitude occurs.

HeqUENCY = ..o Hz [1]

(ii} Explain, in terms of energy,the reason why the maximum amplitude occurs at the
frequency stated in {i) 2.

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

(iii) Suggest and explain how the apparatus in Fig. 5.1 could be modified to make the

peakon Fig. 5.2 flatter, without significantly changing the frequency f, at which the
peak occurs.

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

o [Total: 12]
6 (a) Positive ions are travelling through a vacuum in a narrow beam. The ions enter a
region of uniform magnetic field and are deflected in a semi-circular arc, as shown in

[Turn over
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Fig. 6.1.

beal

Fig. 6.1

The ions, travelling at a constantspeed 1.40010° ms™, are detected at a detector
when the diameter of the arc in the magnetic field is 12.8 cm.

{a) With reference to Fig. 6.1, state the direction of the magnetic field.

{b} The ions have mass 20u and charge +1.60010™ C (where v is the unified atomic
mass unit.)

Show that the magnetic fiux density is 0.454 T. Explain your working.

13]

(¢) ‘ons of mass 22u with the same charge and speed as those in (b) are also present in
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the beam.

(it On Fig. 6.1, sketch the path of these ions in the magnetic field of magnetic
fluxdensity 0.454 T ,[1]

(ii) In order to detect these ions at the fixed detector, the magnetic flux density
ischanged. Calculate this new magnetic flux density.

magnetic flux density = .........cccccoinivecininnn e, T[2]

[Turn over
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7 A cubical container, shown in Fig. 7.1, is filled with an ideal gas.

0134 m area of
face =
0.018 m#
Fig. 7.1

When an ideal gas atom makes an elastic collision perpendicular to a face of the container,
it experiences a change of momentum of1.85x10* N's.

{a) In one second there are the equivalent of1.49x10* collisions perpendicular to each
face of the container.

Calculate the force exerted by the gas on one face of the container.

(b) Calculate the pressure exerted by the gas.

PrESSUIE = (vt imeeeemeiint e Pa[1]
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(¢} The temperature of the ideal gas in the container is 27°C.

Determine the number of ideal gas molecules present in the container.

number of molecules = ..., 21
@ The mass of one ideal gas molecule is 6.86 0107 kg.

Calculate the root-mean-square (r.m.s.) speed of the gas molecules.
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Section B
Answer one question from this Section in the spaces provided.

8 An engineer designs a resistor made from a thin layer of graphite mounted on an insulating
base. Fig. 8.1shows the arrangement.

Connecting wire
i i
¥ 4 Base
0.25m o .
Not to scale

S T }t(

Fig. 8.1

{a) The graphite layer has a length of 0.25 m, a width of 1.0 mm, and a resistance of 1.2
kD). The resistivity of graphite is 15.0 x 107°Q0 m. The number density of electrons in
graphite is 2.2 x 10®* m™,

() Calculate the thickness ¢ of the graphite layer.

{ii} A potential difference of 9.0 V is applied to the connecting wires.
Determine the drift velocity of the electrons in the graphite.

Arift VEIOCHY = «.oooveevceeeee v eenenieens ms™[3]
{b) The engineer has also some connecting wires and a cell. The cell has negligible
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internal resistance. He wants to connect a circuit to provide a potential difference which
is dependent on flumination.

{I) State another electrical component that he needs to complete the circuit.

(i) ‘With the electrical component in (b){i}Jand the newly designed resistor, draw a
circuit diagram to show how this circuit should be connected.

Your diagram should show clearly the cell and the potential difference output.

[2)

(iii) Explain how your circuit in {b)(ii) provides a varying potential difference which is
dependent on Hlumination.

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

{c) Two of these newly designed resistorsare connected in a circuit with 2 cells and
an ammeter. The electromotive force e.m.f. of the cells are 5.0 V and 12.0 V as

[Turn over
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shown in Fig 8.2. The cells have negligible internal resistance, and the ammeter
isconsidered ideal.

——50V L

Fig. 8.2

The reading of the ammeter is zero.

(i) Distinguish between electromotive force and potential difference.

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

(i) Explain how the potential difference across XM is compared to YN such that the
ammeter reading is zero.

(iii) Determine the length L.

(iv} Explain how length Lshould be changed such that the ammeter continues fo
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reads zero current, if the 12.0 V cell has internal resistance, but not the 5.0 V cell.

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

{Total: 20]

9 (a) State the principle of moments.

[Turn over
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....................................................................................................................

(b) Fig. 9.1.shows mass A and a negatively charged sphere X balanced on a rod of
negligible mass. The rod is free to rotate about the pivot P which is at the center of the

rod.

Anocther negatively charged sphere Y is placed near sphere X.

.
=3
A
150g

FFFFT T FFFLT LT FLET FRPPL LR FELLLSLLLRIEETELFRELE,

Fig. 9.1

Mass A is 150 g and the mass of sphere X is 200g.

N Explain why sphere Y must be negatively charged for the rod to be horizontal, as
shown in Fig. 9.1.

(i) The dotted line XY shows the axis joining the centers of charge of sphere X and
sphere Y. The axis XY is 25° below the horizontal. Spheres X and Y are

assumed to be point charges.
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Calculate the electric force on sphere X

(iii) Sketch the contact force on the rod by pivot P on Fig. 9.1. Label this force N.
11

(c) Sphere X is now mounted on a rigid rod as shown in Fig. 9.2. The negative charge on
sphere X is greater than the negative charge on Y

M e ™ M N N e e T T e e e ™ e T Y

Fig. 9.2

Sketch the electric field between spheres X and Y on Fig. 8.2. [2]

(d) The distance d from the centre of charge of sphere X to a point along the line joining
the centres of the two spheres is shown in Fig. 9.3. [Turn over
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Fig. 9.3

Fig. 9.4shows the variation with the distance d of the electric potential due to sphere X
and the electric potential due to sphere Y.

electric potential / kV

a2 .l .. Voo v.LJd v.av w.a2

{0.05,0) K ===%% m.

v d/m

-100

-200

-300

-400 ” .

-500

-800
700 Sphere X Sphere Y

LL L+
1

-800

-900

Fig. 9.4

(i}  An electron moves along the line joining the centres of both spheres.
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Describe how the electric potential energy of the electron changes as it moves
fromd=005miod=035m,

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

(i} Determine the potential energy of an electron at = 0.30 m.

potenﬁal ENEITY = oo e vrnrcsserer e s s srarens J[3]

(iif}) At a particular distance beiween the charged spheres, the net electric force on
the electron is zero. Explain the relative magnitude and direction of the potential
gradient of sphere X to the potential gradient of sphere Y at this point.

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

{Total: 20]

END OF PAPER
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2
1  In this experiment you will investigate the behaviour of a sphere rolling across a sloping board.
(@) Place the thread over the top of the board and clip it in place with the spring clip.

Set up the apparatus as shown in Fig. 1.1, with the board at an angle of approximately 45° to
the bench. The length of the thread between the spring clip and the sphere should be
approximately 20 cm.

Do not remove the clamp from your bench.

spring clip

sphere

wooden strip

Fig. 1.1 (not to scale)

More papers at www.testpapersfree.com



3

{b) () Measure and record the angle 8 between the board and the bench, as shown in Fig. 1.2.
B

spring clip

Fig. 1.2 {not to scale)

45° Value of 8from 40° to 50°, to nearest degree, with unit

(ii) Push the sphere to one side. Release the sphere so that it oscillates from side to side.
(ili) Take measurements to find the period T of the oscillations.

Record T.

For 5 oscillations, t) = 6.14 5, t, = 6.32s

_ 6.14+632

75 =125s

Value of T from 1.0 to 2.0 s, with unit

Evidence of repeat readings
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(c) Change & by moving the boss and clamp and repeat (b} to take further values of g and T.

Do not change the length of the thread between the sphere and the spring clip.

6/° n (no. of t/s ta/5 T/s T-3/573
0sc)
60 5 5.55 5.60 1.12 0.721
55 5 5.66 572 1.14 0.679
50 5 5.08 598 1.20 0.5685
45 5 6.14 6.32 1.25 0.517
40 5 6.57 6.75 1.34 0.414
35 5 6.92 6.93 1.39 0.376
6 readings

Bvalues must include 35° or less and 55° or more

Column headings with correct presentation and units {column for T not required)
d.p.: t; and t; to nearest 0.01 s

s.f.: correct s.f.for T3, depending on s.f. of t; and t, ( same no. or one greater than}

Calculation T2 calculated correctly

7

(d) 6 and T are related by the expression

5’»—»-_%+b

where a and b are constants.

Plot a suitable graph to determine the values of a and b.

Plot 9 against —ggwhere a is the gradient and b the y-intercept

Using points {0.70, 57) and {0.40, 38)

.. _5B5-365
Gradient = 070-0.40

line, coordinates of points read to half a small square)

= 73.3 [1] (gradient triangle must be more than half the drawn

a = 73.3°57 correct calculation and units

y-intercept = 58.5 — 0.70 X 73.3 = 7.2 (points used must be read to nearest half a
small square)

b = 7.2° correct calculation and units
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60

ss E FEEE R e

) cigafszsezsEinRsazascatRimianccuastinil

40

35

AT i o +4H Al points plotted correctly

Correct axes/labels + large graph +
A 4] sensible scale + scale markings no
-+ ?:i':_ T TEEETHEEH more than 2 large squares apart

-+ Best Fit Line — even distribution of
1 points, at most one anomaly which
] is labelled, line must not be kinked
or thicker than half a smali square

30

0.2 0.3 04 05 06 o7
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2 Inthis experiment you will investigate an electrical circuit.

(a) () You have been provided with a resistor A of unknown resistance, an electrical
component B and a switch.

Connect the circuit as shown in Fig. 2.1.

___/

switch X

Fig. 2.1

The positive and negative terminals of component Bare indicated on component B and
must be connected as shown in the Fig. 2.1.

(ii) Switch the voltmeter to the 20 V range and close switch X.
(iii) Open switch X when the reading on the voltmeter is 0.01 V orless.

{(iv) If the readings for this question needs to be re-taken, you should repeat the procedure
starting from{a)(i) before taking the readings again.

(b) (i) Connect the battery cell to the circuit as shown in Fig. 2.2.

sSwitch Y and Switch X must not be closedtogether as this will
lead to a short circuit and a large current. 5

__/ I |

switch Y | l

—/

switch X

Fig. 2.2
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(c)

(d)

(i)
(i)

(iv)

(v)
(vi)
(M
(i)

(i)

7
Close switch Y and start the stopwatch, Switch X must be open.
Record the numericalvalue of the potential difference V, across resistor A when the

stopwatch is first started. This should be the highest value observed on the voitmeter
when carrying out the steps (b){i) to (b)(iv).

144V

Record the numericalvalue of the potential difference V across resistor A when the time
on the stopwatch reaches 10 s.

Note that the value of the potential difference should be decreasing continuously for the
10 s.

0.22 V (2d.p.and correct unit)

Allow switch Y to be closed for 1 minute.

Open switch Y.

Close switch X and start the stopwatch. Switch Y must be open.

Record thenumericalvalue of the potential difference V, across resistor A when the

stopwatch is first started. This should be the hlghestvalue observed on the voltmeter
when carrylng out the steps {cH{i) to (c){ili).

Record thenumericalvalue of the potential difference V across resistor A when the time on
the stopwatch reaches 10 s.

0.24V (2d.p.and correct unit)

Theory suggests that

_ 10000
V=Vie R

whereR is the resistance of resistor A and Vthe e.m.f. of the battery cell.

®

Calculate the average value of R.

v 10000
n_ T e —
Vs R
_ —10000
Inl@ /Vy)
st _ —10000
1" value of R = D22 530080
nd _ =000
2" value of R = D 2A/1A0) 56000
{correct calculation of both values of R)
Average R = M = 55004} (correct calculation of average, 210 3s.f.) 2]
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(i) If you were to repeat this experiment with other battery cells of different e.m.f.,
describe the graph that you would plot to determine R.

10000

v ==Vbe R

10000
R

1 tnV = n¥, - (show linearization)

| Plot InV against in V,
(2]

[Total: 6]
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3 Inthis experiment, you will investigate the appearance of a line viewed through a beaker of water.
(a) You have been provided with an empty beaker.

The thickness of the beaker is &.

ty =0.192cm, t; = 0.217cm

Measure and record .
t = 0.205cm (repeated values, t to nearest 0.001 cm,

0.1t0 0.3 ¢m)

(b) (i) The outer diameter of the beaker is d as shown in Fig. 3.1.

Fig. 3.1

Measure and record d.
d = 6,99 cm (d to nearest 0.01 cm, correct

unit)
s PP
(i) Calculate the inner diameter D of the beaker where
D=d-2t
D= i

D = 6.99 — 2 x 0.205 = 6.58cm
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{c) (i) Addwatertothe beaker until it is approximately three-guarters full.

(i) The height & of water in the beaker is shown in Fig. 3.2.

water

AL S S 7 I

bench

Fig. 3.2

Measure and record h.

h = 6.5 cm (h to nearest 0.1 cm, correct unit)

(iii) Calculate the approximate volume V of water in the beaker using

2
Ve oD%*h
4
76.582 X 6.5
V= — = 220em?®

Correct calculation with correct unit

(v) Justify the number of significant figures that you have given for your value of V.

V is calculated using d, t and h.

s.f of h is the smallest which is 2 s.f.Hence Vis 2 5.f.

......... e o M)

More papers at www.testpapersfree.com




12
{d) Draw a straight line of approximate length 25 cm in the centre of the A4 sheet of paper.

(e) (i) Place the beaker centrally on the line as shown in Fig. 3.3.

line

@ top of beaker

Fig. 3.3

Look down on the beaker from directly above. The line should appear to pass through the
centre of the beaker as an unbroken straight line.

(i)  Move your head backwards and forwards.

When viewed through the water, the line (shown dotted) appears to move, as shown in
Fig. 3.4.

Fig. 3.4

{iii) Place the nails on the line either side of the beaker, as shown in Fig. 3.5.

top of beaker

Fig. 3.5

{Iv) For a particutar height of the nails, the nails and the line viewed through the water appear
to move together when you move your head backwards and forwards.

Raise the nails to this height.
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(9)
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(v) The distance between the surface of the water and the nails is y as shown in Fig.

3.6.

SEAS S S L7

Fig. 3.6

Measure and record y.

¥ =47emy; =46cm

¥ = 4.7 cm {repeated data, nearest 0.1 cm, correct unit)

Estimate the percentage uncertainty in your value of y.

I,

Ay = 0.5 cm{ accept from 0.2 to 0.8 ¢m)

Percentage uncertainty = % % 100% = 11% (2 5.f.)

percentage uncertainty =
Pour water out of the beaker until it is approximately half full.

Repeat {¢)(ii), (¢)(ili) and (e).

h = 4.7 cm (lower value)

V = 160 cm? (correct calculation)

h=
¥1 = 3.5cm
¥ =32cm

¥ = 3.4 cm (lower value) V=

More papers at www.testpapersfree.com
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It is suggested that the relationship between y and Vis

y=kV

where k is a constant.

()

(ii)

Using your data, calculate two values of k.

(3]

y 47

=7 = — -2
kl_V 270 0.021cm
y 34
ky=%=—=00 2
2=V~ 160 0.021cm

Two values of k calculated correctly (units not required)

first value of k=

second value of k=

Statewhether your results support the suggested relationship.

Justify your conclusion by referring to your value in (f).

0.021-0.021

Gozrsooan < 100% = 0%

Percentage difference =
relationship is supported.

(Calculation of percentage difference, test against criterion in (f),
concluding statement)

As the percentage difference is smaller than the percentage error in {f}, the
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{iy (i) Suggesttwosignificant sources of errors in this experiment.

1. Too few readings/only 2 readings not enough to draw a valid conclusion

2. Difficult to measure t with reason (curved surface, thickness not the same)

3. Difficult to judge correct position of nails {nails are too thick)

4, Difficult to measure y with reason e.g. holding the nail and rule both in
positon [2]

(ii) Suggest two improvements that could be made to this experiment to address the
sources of errors identified in (I)(I). You may suggest the use of other apparatus or
a different procedure.

1. Take more readings (for different volumes) and plot a graph/ take more
values of k and compare

2, Use travelling microscope to measure t, take more values of t

3. Use optical pins/thinner nails

[2]

4, Have scale on side of jar/ place nails on lab jacks/use marker pen instead of
nails/ clamp rule/use a marker to mark position of nail
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(il The apparent position of the line beneath the beaker depends on the properties of the
fluid in the beaker.

It is suggested that, if the water is replaced with a sugar solution, the distance y is
inversely proportional to the density p of the sugar solution.

Explain how you would investigate this relationship using the same apparatus. You may

Uuse

additional equipment that can be found in a school laboratory.

Your account should include:

» your experimental procedure

control of variables

how you would use your results to show that y is inversely proportional to p.

7.

B.
9.

10.

Use an electronic balance to measure the mass of the beaker M.

Stir some sugar into water and use a measuring cylinder to measure the
volume V of the sugar solution. (original method of estimating V is
acceptable.)

Pour the sugar solution into the beaker until it is about three quarters full
and measure the mass of the plastic container and sugar solution using
an electronic balance to determine the mass m of the sugar solution.
The density of the sugar solution is given by p = %

Place the beaker with the sugar solution centrally over the drawn line and
repeat the same procedure using the nails to determine the distance y.
Pour more sugar into the sugar solution and repeat steps 3 to 5 for 10
more sets of readings.

A ruler should be used to check that the height of the sugar solution and
its volume stays constant.

Tabulate m, V, p, y and i
Plot i against p

If a straight line graph passing close to the origin is obtained, y is
inversely proportional to p.

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

[Total:21]

4 A fairground ride carries passengers in chairs which are attached by metal rods to a rotating
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central pole, as shown in Fig. 4.1. When the pole rotates with angular velocitye, the rods make
an angle @ to the vertical.

-
e
rotating pole
medal rod
Fig 4.1
It is suggested that
g
cosJ=——
in*

where g is the acceleration of free fall andlis a constant.

Design a laboratory experiment, using a small object to represent an occupied chair, to
determine the value of I,

You should draw a diagram to show the arrangement of your apparatus and pay particular
attention to :

(a) the equipment you would use
(b) the procedure to be followed

(c) how you could determine that the angular velocities used
(d) the control of variables

(e) any precautions that should be taken to improve the accuracy and safety of the experiment.

Diagram
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Motor

Aim: To determine [

Independent variable: angular velocity w (or frequency or period of rotation)

Dependent variable: angle between rigid rod and pole, 6

Fixed variables: length of rod (ignore reference to mass)

Procedure

1. Set up the apparatus as shown above.

2. Measure the length x of the rigid rod with a metre rule.

3. Measure the height h, of the top end of the pole from the bench with a metre rule.

4. Switch on the motor.

5. The metal bob will start to turn. Allow the metal bob to stabilize at a fixed height.

8. LUse a metre rule to measure the height i of the metal bob from the bench.

7. Angle 8 can be found using the following equation: cos = ﬂ"x;h

8. Count a fixed number of revolutions n made by the metal bob and use the stopwatch to record the time

wih ok ()

f taken for n revolutions.
The period T is t/n.

. 2n
. The angular velocity @ = -
. Adjust the power to motor by changing the resistance of the variable resistor to change the angular

velocity of the motor and repeat steps 6 to 8 for 10 readings

Analysis

—

Tabulate h, cos8,T, w and 1/w?

. Plot a graph of cos@against 1/¢?.

A straight line passing close to the origin should be obtained, where the gradient = % and ! can then be
calculated from the gradient.

Safety Precautions

1.
2,

Use a protective screen in case mass detaches from the pole.
Ensure speed of mass is not too fast such that it flies off the pole.

Additional Details
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Preliminary experiment could be conducted to ensure there is a large motor speed to produce a
measurable 6.

Projection method, slow motion freeze frame video, camera with detail, i.e. what to measure using
these methods to obtain €

cosf = 3‘—’;’—" or equivalent trigonometric method

Use set-square (or other methods) to check pole is vertical

Wait for motion to be stable before measurements

When measuring angular velocity, at least 10 rotations should be used or timing of rotations should be
long enough.

When counting rotations, a mark or light gates perpendicular to the motion of objects can be used to
assist with the counting and increase accuracy of the timing t.

Repeated measurements of timing t could be taken to increase accuracy.
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Data
speed of light in free space c=3.00x108ms "
permeability of free space po=drx 10 Hm™
permittivity of free space €=8.85x 10" Fm'=(1/(36m) x 10°F m™
elementary charge e=160x10"°¢C
the Planck constant h=663x10""Js
unified atomic mass constant u=1686x10"7 kg
rest mass of electron me=9.11x10™" kg
rest mass of proton mp =167 x 107 kg
molar gas constant ' R =831 JK 'mol”
the Avegadro constant Na = 6.02 x 1023 mol™"
the Boitzmann constant k=138x100 JK
gravitational constant G=667x10"" Nm’ kg"2
acceleration of free fall g=9.81m s
Formulae
1
uniformly accelerated motion S=ut+ 5 at®, V= i’ + 2as
work done on/by a gas W =pAV
hydrostatic pressure p =pgh
gravitational potential ¢ =-GMnw
temperature T/K =T/°C+ 273.15
1N
pressure of an ideal gas p= ng <c>
mean translational kinetic energy of an ideal E= 3 kT
gas molecule 2
displacement of particle in s.h.m. X = Xxpsin o
velocity of particle in s.h.m. v=v,cosat and v= i-a)\}xnz -x’
electric current I =Anvg
resistors in serles R=Ri+R:+ ..
resistors in parallel 1/R=1/Ry +1/Ry + -
) Q
. V =
electric potential dnsyr
alternating current/voltage X = xpsin ax¥
magnetic flux density due to a long straight wire B = %
. . . ) toNI
magnetic flux density due to a flat circular coil B = e
magnetic flux density due to a long solenoid B = ponl
radioactive decay x = xpexp (-At)
1=
decay constant T h
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Amanis standing still on the ground.

Whatis an sppropriste valus for the prassura his Fast exerts on the graund?

120 Pa

1200 Pa

12 000 Pa

o|Oo|wm| >

120 000 Pa

4

Ans: C — Assume area of feet is 10 cm by 25 em. Area is 0.050 m2. Take welght of man to be
65 kg.

Ball A Is projected horizontally at 2.0 m 5™ from the top of & vertical cliff while Ball B is
released from rest 1 s later from the same point. It taok Ball B 3.5 s ta reach the base of tha
cliff. How far from the base of the cliif wilt Bali A hit the ground?

A 70m

The graph shows the variation with time of the momentum of a ball as it is kicked in a straight
line. 1
[ 2]

momentum

P2

Initlally, the momentum is p4 at fime t1. At time £ the momentum is p2.
What is the magnitude of the average force acting on the ball between times & and f?

A [ St 2]
tz

B Lo St
=1y

c ptpe:
2

B 9.0m

D ntp:
-1

C 53m

D 67m

Ans: A

Both A and B will take the same amount of time and thus 3.5 5. Hence, horirzontal distance =

Ans; D, <F> = ApiAt= pr—pif (o — 1) = wpp = P/ (lz ~ By = — (P2 + pa) 7 (2 = t1). For magnitude
only, thus [D} is the ana. {7 should be interpreted as scalar by convention sines it is iteficized
and not bold.}

35x2=70m

A car of mass 750 kg has a harizontal driving force of 2.0 kN acting on i, It has a forward
horizontal acceleration of 2.0 m 82,

resistive forca

driving forca
What is the resistive force acting horizontally?

A 0.5 kN

B 1.5k

c 2.0kN

D 35kN

Ans: A-~F=ma
2000 - f = 750 {2)
F=500N
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The variation with force of the extension of a spring is shown in the figure below.

wm
Xap=mm=- W ::::::::::::: 1
Xib—mm m
R “ H
P9 .

The work done in stretching the spring from xi to x; is given by tifdirea
A P+Q
B s
(o4 R+S8
D Q
Ans: B

Area under F-x graph and thug answeris S

A stone, tied to a piece of string, is whirled in a vertical circle as shown in the figure below.
The string suddenly breaks at P.

Which of the paths (A to D) reprasents a possible path for the stone from just before the

8

5 | A smalil objact of mass 0.050 kg is released from rest at the rim of a heavy, smeoth semi-
spherical bowl of radius 10 em as shown in the figure below.
10 cm
Whan the object passes the bottom of the bowl, what is the normal force exerted on it by
the bowl?
A 049N
B 0.98 N
c 15N
D 20N
Ans: G
From energy conservation: Atthe uo#oﬂ_u“
1mp? = mgh N—mg=""
v: =2gh=2gr zu9u+%n3h+~3n
= m.ﬂn
10 | Taking the Earth to ba a perfect sphere of uniform dansity rotating about its polar axis,

which of the following statements conceming the observed accelaration due to free fall, e, at
the surface of the Earth is true?

A The value of a at the equator is larger than that at the poles.

B if the rate of ..o_.%o: of the Earth slows down, a at the equator increases.

c If the radius of the Earth increases with its density remaining unchanged, a st the
poles decreases.

string breaks untit the stone hits the ground? .

[ 7

If the radlus of the Earth increases with Its density remaining unchanged, a at the
equator decreases.

Ans: B

a=g-rof

More papers at www.testpapersfree.com




D = P USUM D = 1 PUE Jeal]| &4 Jsnw ulog

W SuUy
3/
n
4 d 0
P a/ : 0 P °
, 3.
y4n 4°n
__1._/
n d~_a 0
u/n\ 0 S
p < S
Yi'n ] Yin ¥
Lesens

J1ajem euyj Mojeq JapuIAD 2yt jo wopoq ay) yidep aul ‘o yim e Jepuils ey} uo Bupoe 4 3240}
18U puE 7 sruYdn By} MOy SMoys (B(es o) umarp |2) sydesS Suimolio) a1 JO UIUAA "LoRoL
ouolusey ajdwis suuoped ‘aseai@l uodn PUE JOjem Biy) OJl UMOP JSUUNY pessald s Jepujifa ey

‘mofeq ainfiy sy ul UMOYS S S0BHNS JBTEM DU MOf[Bd J JO Lpdep

%F L = T'S0EM KEEIEA - TSOEA ) = abUeyd %

..n.?d!:_:

v suy

% €1 a
% Tl 0
%ee a
%l v

Lsepiued seb ) Jo paads “s'wr 8y} ulL asaasoul
sBejusciad au} 51 1BYM, "De §0F 0) Do 1'ZE WOY pesies <1 526 [zep € J0 simeledwa) syt

[4)

“1a|jews Ajeouswinu s 4 ‘abie| Ajensn si 1 eous pue Jp/np- = o

L

B e J3puliAa ey} jo wWopoq AU WiM Jejem jo Apog e uijyBlidn sieoy JEpUIAD [ejaL Moo Y | i
asw] |
%0 001 VB S08d eE] AjUC LD 13YEM JO UoRESHodeA a
"D2a 00t Y
18 uew 0, 0Z 12 J8LjouB auo 0) punoq Ay eiow se pinbj| 9yl v SeINDS{OLL Ayl
"0, 001 12 UeL} 3, 0Z 18 sunssaud a
speydsount jswebe inodea selem ay) Buipuedxo uf QUOP 3G |SNL YIoM 30w
", 001 0} Do 02 WOY Jajlem jo weifo|n) U0 Jo ainjelsdw=) v
ayy ssrel 0) Alessaeoeu ASisus ay) Sapnjou| 5o 0F 18 188y juse| opeds oy
asnesaq s SIYL D. 001 12 SNEA
aiy usyy Jajealb Ajgeinaldde S| D, 0F JE J19)Em Jo uojjesuoden jo Jeay uale| oypads syt | gL

1
K]
prcet f1'd
L
n \ M‘_q
4 o £ )

bna na

Jsseu
juiod 12UpoUe W0l J BIUEISIP B JB SSEIL BY) JO 7 ABleue jejus)od jeuohensell pue ssel

Juod B UD o &010) [2uonElAR2E Jo uonELEA Bt SMoYs swesBeip Buraalio) 24} JO BUC YOIYM

bl

ar

6

More papers at www.testpapersfree.com



11

15

The rise and fall of water in a harbour is sirnple harmonic. The depth varies befween 1.0 m
at low tide and 3.0 m at high tide. The time between successiva low tides is 12 hours.

30m high tide
depth \
1.0m

low tide

tima

A boat, which requires a minimum depth of water of 1.5 m, approaches the harbour at low
tide. How long will the boat have to wait before entering?

A 0.5 hours

1.0 hours

B
c 2.0 hours
D 2.5 hours

Ans: C

0.5=cos @n/12t and thus t=2.0hrs

16

When coherent monochromatic light falls on double slits, an interference pattern is abserved
on a screen some distance from the slits. The fringe separation can be increased by

Decreasing the distance between the screen and the slits.

Increasing the distance between the slits.

Using monochromatic light of iower frequency.

OO |w|>

Immersing the whole set up in water.

Ans. C,x = »Iw._ hence decreasing D, increasing a causes x to be lowsr. Lower frequency
means higher A resulting in higher x. Immersing set up in water causes speed of lightto
decrease which in turn causes wavelength to decrease (fraquency stays the same)
resuiting in jower x.

12

17

A guitar string of langth L is stretched betwsen two fixed points P and Q and made to vibrate
transversaly as shown below.

Two points A and B on the sting are separated by a distance 5. The maximum Kinetic
energies of points A and B are K, and Kp respectively. Which of the fallowing gives the comract
phase difference and relationship between maximum kinetic energies of the points?

Phase differance inx__”.”.“h:&n
A Wm X 360° Ka < Ka
B WIM X 360° same
€ 180° Ka < Ks
_u 180° same

Ans: C

The adjacent segments of a stationary wave on a string are in antiphase. Point B
has a larger amplitude of vibration than peint A. Thus the maximum kinetic energy
that point B can have during the vibration is greater than A,

18

The images of two sources are just rasolved. Which of the following is a correct statement of
the Rayleigh criterion for this situation?

More papers at www.testpapersfree.com

The central maximum of the diffraction pattern of one source must coincide with the
central maximum of the diffraction pattern of the other source.

B Light from the sources must pass through a circular aperiure.

c Light from the sources must be coherent.

D The first minimum of the diffraction pattern of one source must coincide with the
central maximum of the diffraction pattern of the other source.
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A trapezoidal coil PQRS is driven with constant velocity in & direction perpendicular to &
uniform magnetic fleld as shown in the fioure below.

Region of uniform-_|*@ *

magnetic field %

®
PR x

—

xo’mxx'x

At tha instant shown, which of the following statements is correct?

A An Induced current it fiowing in the coil in the clockwise direction.

B Aninduced current is flowing in the coil in the anticlockwise direction.

C There is na induced curent flowing in the coil.

D An electromagnetic force acts on the side PQ in a direction oppasing its mation.

_ Ans: C

26

The ,a__.ncs below shows the ractification of a sinusoidal a.c. supply using two identical diodes
Dy and D,. E = , sin (of)

Each of the diodes has the v characteristics as shown.

20

27

Which

plece of evidence about the photoelectric effect eannot be explalned using a wave

madal?

A

Increasing the intensity of the illumination increases the rate at which electrons are

ajected.

Shining ultraviolet radiation onto a zinc surface ejects electrons.

Increasing the frequency of the radiation increases the kinetic energy of the ejected
electrons.

D

There is a minimurn frequency of radiation below which ne electrons are ejected
from the meatal surface despite increasing the intensity of radiation.

_ _>:HD

28

What is the de Braglle wavelength of an electron having a kinetic energy of 54 eV?

A

3.7x107¥ m

67%x10°m

17x1071%m

23%107%m

Ans: C

kemE =54%16X1079 = p=397x 1072
A= w =167 x 10-10

I'mA
nv
0
123

For a current to flow through R, the value of £, must be at least
A 03V

B |oafzv

C |062V

D |12/2v

Ans: D. For A, B and C, the value of E can never be 1.2 V. So cannot be the answer.
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NJC 2019 Prelim Paper 2

2

(a)

Coherence means that the phase difference between two waves remain constant and do
not vary with time,

(o)

1]

The microwaves waves from the two sources undergo interference. The path/phase
difference at P is changing as S moves.

When the waves are in phase at P such that the path difference bhetwaen the sources Is
an jntager number of wavelengths (or equivalent statement about phase difference};
constryclive intarference occurs at P resulting in imum intensity.

When the waves are anti-phase at P when the path difference Is an infeger npurmnber of
wavelengths plus haif & wavelangth (or equivalent statement about phase difference),
destructive interference occurs at P resulting in minimum/zero intensity.

(m

path difference = XY = 3
4=0.184m

v=fA

_3.0%10° _ ’
=i = 18x 10" Hz

(i

As the microwaves from 51 and 52 are no longer have the same axis of polarization,
destructive interferance does not take place (or the waves do not cancel out).

Hence, the intensity of the microwave at P is now between the minimum and the
maximum.

£

4

(c)

)

Original amplitude of 51 = 12 units

As intensity is proportional to the square of the amplitude

New amplitude of S:= &ﬂ x 12
= 8.5 units.

"

(i

Wave in antiphase with original but with onfy 8.5 units

VIUTT UAdPTTS alt Www. TS [PapPTl SITTT . VUTIT

{a)

(i)

The increase in infemnal energy of a systam is anual to the sum of heat (or thermal energy)
supplied to the system (or heating) and the work dane on the system.

1 |{a} | (i} EHHI” = kgm~is~?
(i |Units of v = ms™?!
Units of p = kgm™
3 _ (ms™Phgm~?
Units of y = g it
= no units
(b) [} Fractional error of P = Mmlm = 0.048 (2s.)
Av _ 18F  1Ag _ 1 1,01
A__v 1. -cll.unﬂ+mlt.lmx_u.c#m+m.vnmlo.oam
Av = 0.66 x 328,85 = 21,7 = 20 ms™?
2. v=(330 £ 200ms?
{c) Yes as all the obtained values are all lower than the theoretical vatue.
2 | {a) Osclliating magnet causes a rate of change of magnetic flux linkage in the coil, by
Faraday's Law, an EMF Is induced.
Since circuit is closed, by Lenz's Law, an inducad current flows such that it produce a
magnetic field to oppose the change in magnetic flux that causes it.
AND:
This magnetic field thus opposes the motion of the oscillating magnet.
Since the motion is opposed, the amplituds Is reduced.
Alternatively:
The induced current flows through the resistor causing a heating effact.
This dissipate thermat enengy which originated from the energy stored in the spring.
Thus the motion of the magnet reduces in amplitude.
{b) [ | Vo =Vo/vZ=27.0/+Z=13.092mV
Therefore, <P> = 19.0922 /5
=73 W
) |[T=2n/w=2(114)y157=04s
Labelled cosine square graph
Po = V2R = (27 % 10°%)2 / 5 = 146 pW OR 2<P> = 146 pW

(i

Increase in volume (or Intermolecutar separafion) 8 more significant in vaperisation
compared to metting
Hence, the increase in internal energy and work done by the substance in expanding
agalnst atmospheric pressure is greater in vaporisation compared to melting resulting in
a larger specific latent heat of vaporisation compared to specific latent heat of fusion for
the same substance.

(b}

)

paVa = 1.0 % 10° X 4.5 X 102 = 4500

At point A:
peVe = 3.0 x 10% x 1.5 % 10~2 = 4500

At point B:

Since (from the equetion of stefe of an ideal gas) pV is diractly proportional to the
thermodynamic femperahire of the gas, it follows that paVa =pgVy mMmeans
the temparature at A and B are the same and hence A—B is an isothermal process
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]

gﬁ ARK3 LAKTR !

Gradient = 2.0 — (0.40) / (10.40 - 8.20) = 1.50

(il1)

(iv} | T2 =4n% f GM
T2 = 1, where k = 4x2 / GM (constant because all the moons are orbiting around
Jupiter)

gT=(32)lgr+igk

If Ig T is plotted against Ig r, the gradient should be 1.5 and this corresponds with the
graphically obtained value, Hence, the data support the relation.

fe)

Ta=7.16,1g Te = 0.86
From graph, 19 (re) = 8.05, re = 1.12 x 10°m

(d)

Tr=16.21 24 days, Ig Tr= 0.17
From graph, Ig (re) = 8.35, 1¢ = 2.24 x 10° m

re calculated is the distance of the Thebe to the centra of Jupiter. We can oniy decide on
the accuracy of the statement if the radius of Jupiter is known.

{e}

No, because the k value mentioned in (c)(ii} will be different. Orbital radii and periods of
moons depend on the mass of the planet where the moons are arbiting.
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NJC 2019 Prelim Paper 3

1

(a)

{n

horizontal speed constant at 8.2 m s~
vertical component of speed = 8.2 tan 60°
=142ms™

(a)

Direction of gir's velocity is changing

Acceleration ig the rate of changs of velocity

i

1422=2=98xh
vartical distance = 10.3 m

{im

time of descent=14.2/9.8=145¢%
x =145%x 82
=11.9m

(b}

0

P= my? - Qsh.ad

T 34

=1{760N

{b)

(U]

smooth path curved and above given path
hits ground at more acute angle

[

N = centripatal force = 1760 N
£ =mg = (60)(2.81)

=033

(i

smooth path curved and below given path
hits ground at steeper angle

(c)

Vertical component of the normal force Is directed upwards

it can balance the welght of the girl_hence no need for friction

(e}

h(fi} will take a longer time as its KE at any point is lower and thus average velocity is
lower. ,
Since, vertical distance is same, the time take is lower.

(a)

)

Simple harmanic motion is defined as the mation of a particle about a fixed point such
that its acceleration a is proportional to its displacement x from a fixed point, and is
directad towards the fixed point.

(a}

U}

Ap=AmW)=mAv  =m {vr—w)
=1.2{-0.8-4)

—-576kgms’

{in

use of a = —w?x clear

either w = ¥(2k/m) or w? = (Zk/m)
w=27f

I = (172 MV(2 x 300)/0.240)
=796=8BHz

(%)

Ball $ must have a change of momentum of 5.76 kg m s~ as well, thus
576 =m(vi—w)

= 3.8 (w-0)
Vi =1.6ms"

(b)

@

1. resonance

2 B8Hz

(b)

Retative speed of approach = Usr— Uz =4~ 0=4 ms!
relative speed of separation = va—vy =1.6 - (-0.8) =24 m 5™

Sinca they are diffarent, this is an inelastic collision.

(accept ans using KE conservation. KE; = .60 J, KEr=4.99.J)

{ii)

There is maximum energy transfer from the driver to the oscillating mass during
rasohance.

More papers at www.iesipapersiree.com

(il

(increase amount of) damping
without altering (k or) m ...(some indirect reference is acceptable)
sensible suggestion.

{a)

Resultant Force, Fr = ma = 4000 (0.30) = 1200 N
Applied foree, F = Fg + = 1200+ 700 = 1800 N
Therefore power = 1900 (8.0) = 15200 W

(a}

into the page / into the {plane of) paper.
{Do not accept into the plane unless candidate specify which plane they ara referring to)

(k)

Applied force, P = Fv
7600=700v F =1 sincemaxspeed, a=0
Vv=108ms?

)

sin30 = 125

Total opposing force fr = f + mg sin O = 700 + 39240 (0.04) = 2270 N
P=Fv
v=7600/2270=335ms"

(b)

Magnetic force (acting on ions) provides the cenfripetal foree (or centripetal acceleraton)

By = ﬁ or  Bqlvsing) =28 !

20%1.66%10~27)(1.40x10°5
(1.60x10-2%) -,

= 0.4539 = 0.454 T (shown)

{c)

(U]

Proper semi-circla with slightly larger diameter
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(e)

(d}

The potential energy of the decreases as it is moved from d = 0.05 m
and reaches a minimum potential energy in betwean d = 0.06 mto d = 0.36 m.
It then increases as It is moved towards d = 0.35 m.

m

Potential due to X = - 150kV
Potential due to Y = - 370 kV

Total potential = - 150 — 370 = - 520 kv

Potantial energy = qV = —520000 x (—1.6 x 1071%) = 8.32 x 10~1%/

fiil}

Negative potential gradient is the electric fleld strength

Since net force is zero, the net electric field strangth is zero.

Hence, the magnitude of the potential gradient of X I equal to that of Y at this point
The direction of the potentiai gradient of X is opposite to that of Y st this point.
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Higher 2

SENIOR HIGH 2 PRELIMINARY EXAMINATION

CANDIDATE
NAME

REGISTRATION
SUBJECT
CLASS NUMBER

PHYSICS
Paper 4 Practical

Candidate answers on the Question Paper. |

Additional Materials: As listed on Instructions.

9748/04

22 August 2019
2 hours 30 minutes

READ THESE INSTRUCTIONS FIRST

Write your subject class, registration number and name in the spaces
at the top of this page.

Write in dark blue or black pen on both sides of the paper.

You may use a HB pencil for any diagrams, graphs or rough working.
Do not use staples, paper ¢lips, glue or correction fluid.

Answers sll questions.

You will be allowed a maximum of one hour to work with the
apparatus for Questions 1 and 2, and a maximum of one hour for
Question 3. You are advised to spend approximately 30 minutes on
Question 4.

Write your answers in the spaces provided on the question paper.
The use of ar approved scientific calculator is expected, where
appropriate.

‘You may lose marks if you do not show your working or if you do not
use appropriate units.

Give details of the practical shift and laboratory where appropriate in
the hoxes provided.

At the end of the examination, fasten all your work securely together.
The number of marks is given in brackets { ] at the end of each
guestion or part quaestion.

Shift
Laboratory
For Examiner's Use
1 116
2 18
3 124
4 112
Total
{55m)

This document contains 20 printed pages, including this cover page.

In this experiment you will investigate the behaviour of a sphere rolling across a sloping board.

(@

Place the thread over the top of the board and dlip it in place with the spring clip.

Set up the apparatus as shown in Fig. 1.1, with the board at an angle of approximately 45° to the
bench. The length of the thread between the spring clip and the sphere should be approximately

20 cm.

2

Do not remove the clamp from your bench.

-

Fig. 1.1 (not fo scale)
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6
2 In this experiment you will investigate an electrical cireuit.

{8 () You have been provided with a resistor A of unknown resistance, an electrical component
B and a switch.

Connect the circuit as shawn in Fig. 2.1.

switch X

Fig. 2.1

The positive and negative terminals of component B ara indicated on component B and
must be connected as shown in the Fig. 2.1.

{li} Switch the voltmeter to the 20 V range and close switch X.
{iil) Open switch X when the reading on the voltmeter is 0.01 V or less.

{iv) If the readings for this question neads to be re-taken, you should repeat the procedure
starting from (a){l) before taking the readings again.

{b) (i} Connecithe battery cell to the circuit as shown in Fig. 2.2

Z5Switch Y and Switch X must not be closed together as this
will lead to a short circuit and a large current. 4>

7 |

]
switch Y u

A|+_m‘|lﬂ. %,_ﬁ

|\

switch X

Fig. 2.2
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Question 3 begins on the next page

10

3 Inthis experiment, you will investigate the appearance of a line viewed through a beaker of water.

(a)

(h)

You have been provided with an empty beaker.

‘The thickness of the beaker is {.

t; = 0.192cm, t; = 0.217cm

Measure and record f.
t = 0.205cm (repeated values, t to nearest 0.001 cm,

0.1t00.3cm)

{ll  The outer diameter of the beaker is d as shown in Fig. 3.1.

]
\,_

Fig. 3.1

Maasure and record d.
d = 6.99 cm (d to nearest 0,01 cm, correct

unit)

(liy Calculate the inner diamster O of the beaker where
D=d-2t

D =699—2x0.205 = 658cm
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{v} The distance between the surface of the water and the nails is y as shown in Fig. 3.6.

Measure and record y.

wn=47cmy, =46cm

y = 4.7 ¢m (repeated _.._2! nearest 0.1 cm, correct unit}

(A}  Estimate the percantage uncertainty in your value of y.

Ay = 0.5 cm { accept from 0.2 to 0.8 cm)

Percentage uncertainty = m.w X 100% = 119% (2s.f)

percentage uncerainty = .....................
(@) Pour water out of the beaker until it is approximately half full.

Repeat (c){ii}, (c){iil) and {g).

h = 4.7 cm {lower value)

V = 160 em?® (correct calcuiation)

¥ = 3.5cm
¥, =32cm

¥ = 3.4 cm (lower value) V=

i

M

14
It is suggested that the relationship between y and Vis
y=kV
where k Is a constant.

{i)  Using your data, caiculate two values of k.

=247 _ -2
ky=3=-0 0.021cm

=t=328_ -2
ky = == Teo 0.021cm

Two values of k calculated correctly (units not required)

firstvalueof k= ..........

secondvalue of k= ........ooviviiveninnennee [1]

(i) State whether your results support the suggested relationship.

Justify your conclusion by referring to your valtue in (f).

0,02I=0.021

(0,021+0.021)/2 X 100% = 0%

Percentage difference =

As the parcentage difference is smaller than the percentage error in (f), the
relationship is supported.

(Calculation of percentage difference, test against criterion in (f},
concluding statement)

R 4}
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4 A fairground ride catmries passengers in chairs which are attached by metal rods to a rotating

central pole, as shown In Fig. 4.1. When the pole rotates with angular velocity o, the rods make
an angle 8 to the vertical.

(2]

<

rotating pole

metal nod

ATl P77 A7 E S TP Y
Flg 4.1

#t Is suggested that

cosf=-

Im?
where g is the acceleration of free fall and { is a constant.

Dasign & laboratory experimeant, using a small object to represent an cccupied chair, to determine
the value of L.

You should draw a diagram to show the arrangement of your apparatus and pay parficular
attention to

(a) the equipment you would use

{b} the procedure to be followed

(¢) how you could determine that the angular velocities used

{d) the control of variables

(@) any pracautions that should be taken to improve the accuracy and safety of the experiment,

18
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Rigid rod with one
end tied to the end
f the pol
Pole attached to @ pole Power O v Motar
axle of the supply Q
motor
A
Small metal bob
Mator attached to one

end of the rod

Aim: To determine !
Independent variable: angular velacity w {or frequency or period of rotafion)
Dapandent variable: angle between rigid rod and pole, 8

Fixed variables: length of rod (ignore reference to mass)

Procedure

1. Setup the apparatus as shown above.

2. Measure the length x of the rigid rod with a metre rule.

3. Measure the height hy of the top end of the pole from the bench with a metre ruie.

4, Switch on the moter.

5. The metal bob will start to turn, Allow the metal bob to stabilize at a fixed height.

B. Use a mefre rule to measura the haight h of tha meatal bob fram the bench.

7. Angle & can be found using the following equation: cosé = L_|

8. Count a fixed number of revolutions n made by the metat voc and use the stopwaich to record the time

t taken for n revolutions.
8. The period T is tn.
2x

. 10. The angular velocity « = -

11. Adjust the power to motor E_ changing the resistance of the variable resistor ta change the angular
valocity of tha motor and repeat steps 6 to 8 for 10 readings

Analysis

-

Tabulate h, cos8, T, and 1/w?

Plot a graph of cos@ against 1/w?.

3. A straight line passing close to the origin should be obtained, where the gradient = m and i can then ba
calculated from the gradient.

L

Safety Precautions

1. Use a protective screen In case mass detaches from the pols.
2. Ensure speed of mass is not too fast such that it flies off the pole.

Additional Details

ad

N @osw

22

Preliminary experiment could be eonducted to ensura there is a large motor speed to produce a
measurable 8.

Projection method, slow motion freeze frame video, camera with detail, i.e. what to measure using
thase :ﬁﬁ:onm te obtain @

cosg =P gr equivalent trigonometric method

Use mmﬁ.wncma {or other msthods) to check pole is vertical

Wait for motion to be stable before measurements

When measuring angular velocity, at least 10 rotations should be used or timing of rotations should be
leng enough.

When counting rotations, a mark or ight gates perpendicular to the motion of objects can be used to
assist with the counting and increase accuracy of the timing t

Repeated measurements of timing t could be taken to increase accuracy.
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