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Answer ALL questions in the spaces provided.

1 A teacher is explaining the differences between accuracy and precision to her students.
She draws the following diagram, which shows different degrees of accuracy and
precision. The circles represent targets A, B, C and D and the dots represent arrows
hitting the targets.

i
|
|
|
|
|
|
|
|
|
I
A ' B
precision f-————————————- T _______________
|
|
|
|
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|
|
|
|
i
C ' D
accuracy

Explain how targets A, B, C and D represent differing degrees of accuracy and precision.

(Total for Question 1 =4 marks)
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2 A student released a ping pong ball in front of a metre rule and used a phone camera to
record the motion of the ball as it fell. The phone camera captures 60 images per second,
which may be played back one image at a time.

(a) The ball was dropped from a height such that it reached its terminal velocity as it
passed the metre rule.

(1) Explain how the terminal velocity of the ball could be determined using the
phone camera recording.

(b) This experiment could have been attempted using a stopwatch to measure the time as
the ping pong ball fell.

Explain an advantage of using a phone camera rather than a stopwatch.

(Total for Question 2 = 8 marks)

3

MR T 0 0 Turn over
P 6 1 8 6 6 A 0 3 3 6



3 A student carried out an experiment with a pendulum hung from a fixed support. The
fixed support was a distance / above floor level as shown.

o
fixed support g
| o
-
=
=
=
. m
string 5
-
b
N
h >
o
m
>
bob
/]\ [
d
\L floor

As the student was unable to measure the length of the pendulum directly, she measured
the distance d from the bob to the floor.

(a) To determine the period 7 of the pendulum, the student used the following method:

* release the bob from its highest position and start a stopwatch

* stop the stopwatch when the bob reaches the same position again.

Criticise the student’s method for measuring the period.
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( )
*4 Radium is a radioactive element. The most common isotope of radium has a half-life of

almost two thousand years. A sample of radium can remain at a higher temperature than
its surroundings for a long period of time.

Explain how a sample of radium is able to release significant amounts of energy over a
long period of time.
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(Total for Question 4 = 6 marks)
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5 The photograph shows a statue of Buddha in Sri Lanka, which is protected by a
lightning conductor.
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© Valery Shanin/123RF

(a) During a storm, a potential difference of 2.7MV was generated between a cloud and
the top of the lightning conductor on the statue. A flash of lightning passed between
the cloud and the lightning conductor, producing a current of 25kA for a time of
7.5ms.

Calculate the energy transferred by the lightning strike.
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(b) The lightning conductor is a length of copper wire with a diameter of 1.2 x 102m
and a resistance of 4.3 x 107 Q. It runs along the back of the statue from the base to
a height of 1.5m above the top of the statue.

A guidebook claims that the statue is over 30 m high.
Assess the validity of this claim.

resistivity of copper = 1.7 x 10 Qm

(Total for Question 5 = 8 marks)
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6 A student determined the latent heat of vaporisation of a liquid using an electrical heater
to boil the liquid in a Pyrex beaker.

The apparatus used is shown below.

Pyrex beaker

heater

liquid

1

balance —

(a) She connected the heater into a circuit and took measurements of the potential
difference J and the current / for the heater.

Complete the circuit diagram to show a suitable circuit.

heater

10
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(b) The student monitored the mass of the beaker and the liquid m over the time ¢ for
which the liquid was boiling. Her results are plotted on the graph.

220
210
200
190
180
170
160 1
150

0 100 200 300 400 500 600
t/'s

The student used her graph to determine a value for the latent heat of the liquid in the
beaker. She concluded that the liquid was pure water.

Liquid Latent heat of vaporisation / MJ kg!
Pure water 2.26
Weak salt water solution 2.10
Strong salt water solution 2.00

Comment on the validity of the student’s conclusion.
V=205V
I1=10.5A

1
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(c) Explain how this method might be modified to improve the accuracy of the student’s
conclusion.

(Total for Question 6 = 11 marks)
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7

7 At the end of the 19th century, J.J. Thompson used electric and magnetic fields to deflect

beams of charged particles. A photograph of his apparatus is shown.

electron source

i

© Science Museum London

Electrons were accelerated through a potential difference to produce a beam of
high-energy electrons. The beam was then deflected in perpendicular directions by the
magnetic and electric fields. The final position of the beam on the screen was determined
by the charge and mass of the electrons.

(a) Explain how electrons from the source become a beam of high-energy electrons.

(b) An electron is travelling left to right and enters a region of uniform magnetic field as
shown below. The direction of the magnetic field is perpendicular to the direction of
travel of the electron.

uniform magnetic field

|
o— N

(1) The magnetic field deflects the electron in the direction up the page.

Explain the direction of the magnetic field that would produce this deflection.

14
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(i1) Explain why the electron would travel in a circular path if no other forces acted
on it.

(¢) In a modern version of Thompson’s experiment, a uniform electric field of electric
field strength E is applied so that the electric and magnetic forces on the electrons are
equal and in opposite directions.

(1) Show that for electrons to be undeflected their velocity must be given by

E
V=—
B

where B is the magnetic flux density of the magnetic field.

(i1)) The beam is produced by accelerating electrons through a potential difference of
250V. The electric field strength is 1.4 x 10*Vm™'. The magnetic flux density is
1.5x10°T.

Calculate the value of the specific charge e/m for the electron using this data.

15
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(d) In his original experiments, Thompson determined the specific charge of a range of
particles. His results indicated that the specific charge of an electron is about 2000
times bigger than that for a hydrogen ion.

Deduce what conclusion can be made from this information.

(Total for Question 7 = 12 marks)
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8 A student investigated the rate at which a hot liquid transfers thermal energy to the
surroundings. He placed hot water in a Pyrex beaker and measured the temperature of the
water using a liquid-in-glass thermometer.

He obtained the following data for the temperature 6 of the water at times . He measured
¢ using a stopwatch.

t/s 0/°C
0 95
120 87
240 81
360 76
480 71

temperature of surroundings = 23 °C

Theory suggests that a liquid transfers internal energy to the surroundings at a rate
proportional to the temperature difference Af between the liquid and the surroundings.

This leads to the expression
AO =AGe™

where b is a constant and A6, is the initial temperature difference.

(a) Explain why a graph of In A8 against ¢ should be a straight line.

(b) (1) Plot a graph of In A against ¢ on the grid opposite.
Use the columns provided in the table to show any processed data.

18
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(i1) Determine the value of b.

(c) The student suggested that the experiment would have been more accurate if a
temperature sensor and data logger had been used to collect the data.

Assess the validity of the student’s suggestion.

(Total for Question 8 = 14 marks)
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9 A simple loudspeaker consists of a cone, a coil of wire and a magnet. The cone and coil
are attached to each other and are free to move. An alternating current in the coil causes
the cone to oscillate. The loudspeaker is mounted in a wooden box. A cross-section
through the loudspeaker is shown.

cone

coil

magnet

A student made the following observations:

* when an alternating potential difference (p.d.) is applied to the coil, the cone
oscillates

* the frequency of oscillation is the same as the frequency of the p.d.
* at particular frequencies, the box vibrates with a large amplitude.

*(a) Explain these observations.
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(b) The student connected a signal generator to the loudspeaker, and placed the
loudspeaker near to one end of a long tube containing sand. The student adjusted the
signal generator until the sand collected in small heaps as shown.

tube

heaps of sand

—

loudspeaker

(1) Explain why the sand collects in heaps.

(i) The student determined the distance d between the centres of adjacent heaps.

Describe the procedure she should follow to determine an accurate value for d.

23
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(i11)) Assess whether the experimental data is consistent with a value for the speed of
sound of 340ms™".

signal generator frequency = 3.25kHz.

d=5.1cm

(Total for Question 9 = 16 marks)
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7

10 A spring is made from loops of thick steel wire as shown.

There are two extra loops, one on each end of the spring.

(a) A student determined the length of steel used to make the spring by using vernier
calipers to measure the width w of the spring.
The length of wire / on each loop is given by / = tw

The student obtained the following values for w.

w/ mm 15.3 15.2 15.4 15.3

(1) Calculate /.

26

P 6 1 8 6 6 A0 2 6 3 6

V3IdY SIHL NI 31IYM LON Od

Fsiiinionaa:




DONOTWRITE IN.- THIS AREA

DO NOTWRITE IN THIS:AREA

DO NOTWRITEIN THIS AREA

(i11) Calculate the total length L of wire used to make the spring.

(b) The student measured the diameter d of the steel wire and obtained a value of 2.52 mm.

(1) Explain which instrument he used to measure the diameter.

% uncertainty in d = ...

(ii1) The student used a balance to measure the mass m of the spring.
He obtained a value of 32.0 £+ 0.5g.

Estimate the percentage uncertainty in the mass of the spring.

% uncertainty in 7 = ...

(iv) The student calculated the density p of the steel using the equation

_m
pV

Calculate the percentage uncertainty in his value for the density of steel.

27
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(v) Determine whether the data collected leads to a value for the density of steel in
agreement with the standard value.

density of steel = 7800 kg m™*

(Total for Question 10 = 16 marks)
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( )

11 Solar panels consisting of combinations of photovoltaic cells use energy in the radiation
received from the Sun to generate electricity.

(a) An advertisement for solar panels claims that the intensity of radiation from the Sun
incident at the top of the Earth’s atmosphere is more than 2 kW m™2,

Assess the validity of this claim.
radius of Sun = 6.96 x 10*m
surface temperature of Sun = 5790K

distance from Sun to Earth = 1.50 x 10"'m

V3IdY SIHL NI 31IYM LON Od

(b) The average intensity of radiation from the Sun incident at the Earth’s surface over a
24-hour period has been determined to be 164 W m™2.

Radiation ‘
from the Sun ~

30
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(1) The average intensity of radiation from the Sun at the Earth’s surface is much less
than the intensity incident at the top of the Earth’s atmosphere.

Explain why.

(i1) It is claimed that the area of solar panels needed to generate 100 GW of power is
about 0.5% of the surface area of the Earth.

Assess the validity of this claim.
radius of Earth = 6.4 x 10°m

typical efficiency of solar panels = 25%

J
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(c) Scientists are developing a space station equipped with large solar panels. The space
station would be located in a geostationary orbit. The space station would transfer
energy to Earth as microwaves.

(1) A space station in a geostationary orbit is above the equator and has a period of
24 hours.

Explain one advantage of locating the space station in a geostationary orbit.

(i1) Calculate the height /4 of the space station above the equator when it is in a
geostationary orbit.

mass of Earth = 6.00 x 10**kg
24 hours = 8.64 x 10*s

(Total for Question 11 = 18 marks)

TOTAL FOR PAPER =120 MARKS
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List of data, formulae and relationships

Acceleration of free fall g=981 ms™ (close to Earth’s surface)
Boltzmann constant k=138 x 102 JK!
Coulomb law constant k= =8.99 x 10° Nm? C?
dme,
Electron charge e=-1.60x10"C
Electron mass m_=9.11 x 107" kg
Electronvolt leV=160x10"]J
Gravitational constant G=6.67x 10" N m? kg™
Gravitational field strength g=9.81 N kg! (close to Earth’s surface)
Permittivity of free space g, =885 10" Fm™
Planck constant h=6.63x10737Js
Proton mass m =167 x 10?7 kg
Speed of light in a vacuum c=3.00x10"ms"!
Stefan-Boltzmann constant 0=567x10*Wm?K*
Unified atomic mass unit u=1.66 x 10? kg
Mechanics Work, energy and power
Kinematic equations of motion AW = FAs
u+ v
v=u+at AE, ., = mgAh
s=ut+ %at2 p= L
t
v =u?>+ 2as W
p=—
Forces !
fici _useful energy output
LE = ma CHCIEREY = ™ otal energy input
g= F . useful power output
m efficiency = 5
total power input
W=mg

moment of force = Fx
Momentum
p=my

33
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Electric circuits

Potential difference

s
0
Resistance
LY
1

Electrical power and energy

P=TI
P =1IR

e
P=%r
W= Vit

Resistivity

Current

_A9
At
I = ngvA

1

Materials
Density
m
F=y
Stokes’ law
F = 6mnyry
Hooke’s law

AF = kAx

Young modulus

Stress o =

Strain ¢ =

o
E=—=
&

Elastic strain energy

AE, = 3 FAx

el

SN

Waves and particle nature of light

Wave speed
v =fi

Speed of a transverse wave on a string

T
v= =
u

Intensity of radiation
P
A
Power of a lens
1

Py

P=P +P,+P+..

Thin lens equation
1 1 1

u v f

Magnification for a lens
image height v
object height u
Diffraction grating
nl =d sin 6
Refractive index

n, sin 01 = n, sin 02

n=—
v
Critical angle
1

sin C =—
n

Photon model
E=hf

Einstein’s photoelectric equation

W= ¢ +3m?

ax

de Broglie wavelength

h
1=—
p
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Further mechanics
Impulse
FAt=Ap

Kinetic energy of a non-relativistic
particle

V= or
27
T=—
w
mv?
F=ma=——
r
V2
q=—
r
a=rw’
F = mro?
Fields
Coulomb’s law
oo 00,
47[801"2

Electric field strength

L F
0
0
E =
47[801”2
L
d

Electric potential

V — Q
Imne r
Capacitance
Y
V

R0 O I Turn over
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Energy stored in a capacitor

W=50V
W=5Cp?

1 O?
WZE?

Capacitor discharge

— ~t/RC
0=0¢
— ~t/RC
1 Ioe
— ~t/RC
V Voe

t
InQ=mQ, —- RC

t
In7=ln/ — ——
n no RC
my=Iny — ——
n—no RC

In a magnetic field
F = BIl sin 6

F = Bgv sin 0

Faraday’s and Lenz’s laws

_ (V)

d dt

Root-mean-square values

V
V=2
rms \/2
1
I =-t
rms \/2
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Nuclear and particle physics

In a magnetic field

_r
BQ

r

Thermodynamics
Heating
AE = mcAf
AE = LAm

Molecular kinetic theory

Ideal gas equation
pV = NkT

Stefan-Boltzmann law

L = ocAT*
L = 4nr’cT*
Wien’s law

A T=2898x10° mK

Space

Intensity

L

I fr—
A7nd?

Redshift of electromagnetic radiation

Cosmological expansion

V:Hod

Nuclear radiation
Mass-energy

AE = *?Am

Radioactive decay

A=AIN
WN_ N
dt

In2
J=—

ty,
N=N, e
A=A, e M

Gravitational fields

Gravitational force

_ Gm m,

},.2

Gravitational field strength
_Gm

2

g
r

Gravitational potential

B -Gm

grav r

Oscillations

Simple harmonic motion
F=—kx
a=—wx
x =A cos wt

v =—Aw sin wt

a =—-Aw* cos wt

_1l_2n
f o
o =2nf

Simple harmonic oscillator

r=2m |2
"k

I
T=27t\/j
g
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