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Answer ALL questions in the spaces provided.

1 A student investigated the behaviour of a spring under tension. The spring was hung
vertically with a mass holder attached, as shown. The position of the bottom of the

mass holder was determined using a metre rule.

metre rule
\

FO

|| — spring

|| —— mass holder

(a) The position of the bottom of the mass holder was recorded. The spring was
stretched by adding masses to the mass holder and the new positions were
determined. The extension of the spring for each mass was calculated.

The results are shown in the table.

Mass/kg

0.05

0.10

0.15

0.20

0.25

0.35

Criticise the recording of these results.

Extension/m

0.019

0.042

0.058

0.085

0.1

0.14
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(b) Describe how the student should determine the extension of the spring as accurately
as possible.
3)
(Total for Question 1 =5 marks)
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2 A student was given a box of identical glass microscope slides and asked to determine
the density of the glass. She used a micrometer to measure the thickness of one of the
slides. She repeated this measurement twice in different places and calculated a mean
value for the thickness. The thickness of each slide was approximately 1 mm.

(a) Explain how she should have measured the thickness of the slides in order to
minimise the percentage uncertainty.

(b) In her report she wrote

"My value for the mass of the glass slides was precise, because I
measured the mass using an electronic balance which was accurate to
the nearest 0.01g. I reduced the effect of random error by repeating
the measurement several times.”

Comment on this statement.

(Total for Question 2 = 6 marks)
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3 It was suggested on an online forum that it would be possible to cook a chicken by
repeatedly slapping the chicken with one hand.

It was claimed that the energy transferred to a chicken in 8000 slaps would be sufficient
to raise the temperature of the chicken from 23 °C to 165 °C.

In an investigation to test the claim, the effective mass of the hand was taken as 1.75kg
and the speed of the hand just before impact with the chicken as 6.25ms™'.

(a) Deduce whether the data confirms that 8000 slaps would be sufficient.
Assume that no energy is transferred from the chicken to the surroundings.

mass of chicken = 0.875kg
specific heat capacity of chicken = 1770Jkg' K™
efficiency of energy transfer from the hand = 65%

(Total for Question 3 = 7 marks)

5

srmm MR 00 000 Turn over
P 6 9 4 4 4 A 0 5 3 6



4 The diagram shows a metronome, which includes an inverted pendulum, used by
musicians to set a tempo. The pendulum oscillates with simple harmonic motion and
makes a loud click at regular intervals.

pendulum

(Source: Getty Images)

A faulty metronome stopped making a clicking noise. A student tried to check the
accuracy of the period 7 of the metronome, using a stopwatch. The student timed the
pendulum as it moved from one extreme of the oscillation to the other.

Explain how the procedure used by the student to determine 7 could have
been improved.

(Total for Question 4 = 5 marks)
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*5  The diagram shows a ‘shaker torch’. When the torch is shaken, a strong magnet moves
forwards and backwards through a copper coil, powering a light-emitting diode (LED).

L

connection
to circuit

l
Dy

L

rubber . . rubber
magnet coil plastic tube
stopper stopper

Each time the magnet moves through the coil a current pulse is generated. The coil is
connected to a capacitor via a diode, as shown.

— Sk

- connection
to coil

O

Once the torch has been shaken for a few minutes the switch is closed and the LED
lights for a short while.
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6 marks)

(Total for Question 5

Explain how the shaker torch is able to light the LED.
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7

6 In an experiment to determine the speed of sound in air a student connected two
microphones to an oscilloscope, as shown.

loudspeaker

oscilloscope d

microphone microphone
1 2

signal generator

() dd

The microphones detect sound from the loudspeaker, converting it to an electrical
signal. The signal is displayed on the oscilloscope screen.

e0o00pe

Both microphones were initially positioned the same distance from the loudspeaker.
The two signals were in phase on the oscilloscope screen. The student slowly moved
microphone 2 towards the loudspeaker, until the two signals on the oscilloscope were in
phase again. He then measured the distance d between the microphones to determine
the wavelength 4 of the sound waves.

d=120.5cm

(a) Comment on the student’s experimental technique to determine A.
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(b) The oscilloscope trace for the signal from microphone 1 is shown below.
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The time base of the oscilloscope was set to 0.20msdiv™".

Determine a value for the speed of sound in air.
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Speed of sound = ... ...
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(Total for Question 6 = 7 marks)
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7 A projectile of mass 65 g is fired vertically upwards into a stationary wooden block of
mass 2.400kg, as shown.

wooden block

| projectile

(a) The projectile becomes embedded in the block. They both move vertically upwards
through a vertical displacement of 55 cm before momentarily coming to rest.

Calculate the energy dissipated as the projectile hits the block.

J
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(b) Explain how the principle of conservation of energy applies to this collision.
(2)
(Total for Question 7 = 8 marks)
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8 A teacher demonstrated the decay of protactinium using a Geiger-Miiller (GM) tube
connected to a data logger.

A sealed plastic bottle contains a solvent floating above a liquid containing a uranium
salt. Protactinium is produced from the decay of uranium and is present in the solvent

as shown.
sealed plastic
bottle
< \ solvent containing
to data logger protactinium
liquid containing
GM tube uranium

(a) Deduce whether alpha radiation or beta radiation from the inside of the bottle is
detected by the GM tube.

(b) The data logger output is shown below.
10

Count rate/s™

! ! ! ! ! ! ! ! |
0 50 100 150 200 250 300 350 400 450

t/'s

R O O ormm
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(1) Determine the half-life of the protactinium.

Half-life of protactinium = ...

(i) Explain why the count rate doesn’t reach zero.

(Total for Question 8 = 8 marks)
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9 A student is planning to collect data to produce a current-potential difference graph for a
filament lamp. Her teacher suggests two circuits that she could use.

—— - {— -

e

Circuit 1 Circuit 2

Circuit 1 uses a potential divider and circuit 2 uses a variable resistor to vary the
potential difference across the filament lamp.

*(a) Discuss the suitability of each circuit to collect the data.

16
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(b) The student sets up the following circuit with the filament lamp. The battery has
negligible internal resistance.

- - Y{

5600

&

(1) The reading on the ammeter is 17.5mA.

Calculate the value of the potential difference (p.d.) across the filament lamp.

p.d. across filament lamp = ...

(1)) When a voltmeter with a resistance of 1.5kQ is connected as shown, the p.d.
across the filament lamp decreases.

—

560Q

(Total for Question 9 = 11 marks)
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10 A student carried out an experiment to determine the viscosity of some honey. He filled
a tall glass cylinder with honey as shown, and timed a ball bearing as it fell through
the honey.

C —— cylinder

[ rubber band
[ honey

& — ball bearing

[ rubber band

(a) The student placed rubber bands near the top and bottom of the cylinder. He started
a stopwatch when the ball bearing passed the first band and stopped the stopwatch
when the ball bearing passed the second band. He repeated this several times to
determine a mean time.

Criticise the student’s method.

(2)
(b) The time ¢ for the sphere to fall through a distance of 25.0 cm is shown in the table.
t/'s
6.40 6.35 6.36 6.38
(i) Show that the mean velocity v of the ball bearing is about 0.04ms™".
3)
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(i1) The student had three different types of honey available.

Viscosity 7 is given by the following expression

_ 2r%g(py — 2y
9v

n

radius 7 of ball bearing = 5.50 x 10> m
density of ball bearing p, = 7750kgm™
density of honey p,, = 1360kgm™

Viscosity (at 20°C)/Pas

Honey A | Honey B | Honey C

10.6 12.5 13.6

Deduce which honey the student used.

(Total for Question 10 = 7 marks)
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11 A student carried out an experiment to calibrate a thermistor. She connected the
thermistor in series with a resistor and a power supply as shown. Then she placed the
thermistor in a beaker of hot water and used a thermometer to record the temperature 6
of the water.

—‘ |_ _ ‘{ I— to circuit thermometer

N -
| _—water
(V) istor— | beak
\Y4 thermistor | beaker
o/
-

The student recorded 6 and corresponding values of the reading 7 on the voltmeter as
the water cooled.

(a) Explain, making reference to charge carriers, why V increased as the water cooled.

20
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(b) Over a limited temperature range J varies with § according to the expression
— —b0
V="Ve
where b and ¥ are constants.

(1) Explain why a graph of In J against & would give a straight line.

\

J
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(i1) The student’s data is shown in the table below.

0/°C VIV

89.0 1.9

74.0 2.9

535 4.9

325 9.1

18.5 12.6

3.5 18.7

Plot a graph of In V" against 6 on the grid opposite. Use the column provided to
show any processed data.

C))

(iii) Determine values for b and V.

. J
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(Total for Question 11 = 14 marks)
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12 In 2011, a tsunami was caused by a massive earthquake centred some distance off the
coast of Japan. The tsunami caused a cooling system failure at the Fukushima Nuclear
Power Plant. This resulted in a nuclear meltdown and radioactive materials were
released into the surroundings.

(a) A reservoir beside one of the reactor buildings contained a large volume of
water. In 2013, this water was found to have an extremely high concentration
of caesium-137.

Caesium-137 is a radioactive isotope of caesium.

(1) Complete the nuclear equation for the decay of caesium-137.

13767« v D L — 0
SSCS - Ba + B * Ove

(i1) An activity of 2.35 x 10" Bq per m® of water in the reservoir was measured.
It is suggested that a safe level for the activity of all water in the reservoir would
be 100 Bq.

Calculate the time in years for the caesium-137 to decay to a safe level.

volume of water in reservoir = 5000 m?
half-life of caesium-137 = 30 years

24
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(b) The most common radionuclide amongst the fission products in the fuel was
iodine-131, which decays with a half-life of 8.0 days to form a stable isotope of the
gas xenon.

Deduce whether enough xenon would have collected in 32 days to exert a pressure
of 1.0 x 10° Pa in a volume of 450 m?. Assume that no gas escapes.

temperature = 20°C
initial number of iodine nuclei = 1.25 x 10?®

.

J
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(c) Buildings in nearby Tohoku University suffered structural damage during the
2011 earthquake.

The graph shows how the acceleration of one of the buildings, measured on the
9th floor, varied with time during the earthquake.

10

-10 . ; . . '
80 82 84 86 88 90

t/'s
(Source: https://www.sciencedirect.com/science/article/pii/S0038080612001035)

At the time it was reported that during the earthquake the 9th floor of the building
displaced by more than 30 cm from its normal position.

Assess the accuracy of this report.

26

(Total for Question 12 = 17 marks)
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13 A student used a sonometer to investigate the properties of a stretched wire.
The sonometer is a long hollow wooden box.

A steel wire is attached to one end of the box and rests on two wooden bridges.
The wire is placed under tension 7" by hanging a mass from the end of the wire,
as shown.

wire

sonometer pllll ey

mass

bench wooden bridges

The student placed the base of a vibrating tuning fork in contact with the wire, at one

of the bridges. This set the wire into oscillation. He adjusted the position of the other
bridge until a single-loop standing wave was produced on the wire between the bridges.

(a) Explain how an antinode is produced at the mid-point of the wire between
the bridges.

\. J
27
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(b) The student repeated this for a series of tuning forks with different frequencies f.
For each fork he measured the distance L between the bridges.

The steel wire, of mass per unit length x, was placed under tension 7" by hanging a
mass of 2.10kg from the end of the wire.

(1) State one safety precaution that should be taken when carrying out
the investigation.
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(i1) The student plotted a graph of L? against 1/

Show that the gradient of this graph is equal to 41 sR858
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(i) The student’s graph is shown below.
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= The value of u for different standard wire gauge (SWG) steel wire is shown in
= the table.
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Deduce which wire the student used in the investigation.

C))
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(
(c) The student then found a value of « for a brass wire, using a different method.
(1) He measured the diameter d of the wire using a micrometer.
Explain one technique the student should use when measuring d.
(2)
L J
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(i1)) The student obtained the following data.

d/mm

0.55 0.59 0.57 0.58

The stated value of u for the brass wire used by the student was
2.14 x 103kgm™'.

Deduce whether the student’s data supports this value for u.

density of brass = 8700kgm™ + 200kgm™

(Total for Question 13 = 19 marks)

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

Acceleration of free fall

Boltzmann constant
Coulomb law constant

Electron charge

Electron mass

Electronvolt 1eV=160x10"7J

Gravitational constant
Gravitational field strength
Permittivity of free space
Planck constant

Proton mass

Speed of light in a vacuum
Stefan-Boltzmann constant

Unified atomic mass unit

Mechanics

Kinematic equations of motion

(u+ v
S:—
2
v=u-+tat

! 2

S =ut+ Sat

V2 =u?+ 2as
Forces

>YF =ma

e

W=mg

moment of force = Fx
Momentum

p=my

32

g=981 ms™

g=9.81 N kg!

(close to Earth’s surface)

k=138 x 102 JK!
=8.99 x 10° N m* C?

e=-1.60 x 10" C
m_=9.11 x 107" kg

G =667 x 10" N m? kg

(close to Earth’s surface)

£, =885 10" Fm™
h=6.63x10737Js

m = 1.67 x 10?7 kg
¢=3.00x%10*m s
0=567x10%W m?K™*
u=1.66 x 102" kg

Work, energy and power

AW = FAs

1
= — 2
Ek S my

AE = mgAh

grav

w

~

useful energy output

ffici =
CHictency total energy input

useful power output

efficiency = -
Y total power input
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Electric circuits

Potential difference

s
0
Resistance
LY
1

Electrical power and energy

P=7I
P =1IR

-
P=%
W= Vit

Resistivity

Current

_A9
At
I = ngvA

1

Materials

Density
m
Py
Stokes’ law
F = 6nyry
Hooke’s law
AF = kAx

Young modulus

Stress o =

Strain ¢ =

o
E=—=
&

Elastic strain energy

AE, = 5 FAx

el

AL

VA 0N 0 Tur over
P6 9 4 4 4 A0 3 3 3 6

Waves and particle nature of light

Wave speed
v =fA

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 Cu
Diffraction grating

nl =d sin 6
Refractive index

n, sin 91 = n, sin 02

C
n=-—
v

Critical angle

) 1
sin C =—
n

Photon model
E = hf

Einstein’s photoelectric equation

W= ¢ +3m?

ax

de Broglie wavelength

h
) =—
p

33



Further mechanics
Impulse
FAt = Ap

Kinetic energy of a non-relativistic
particle

V= or
21
T="—
w
mv?
F=ma=——
.
VZ
q=—
r
a=rw’
F = mro?
Fields
Coulomb’s law
oo 00,
47[807‘2

Electric field strength

o F
0
L0
47:80r2
sV
d

Electric potential

V= 2
Ame
Capacitance
Y
14

Energy stored in a capacitor

W=50V
W=5Cr

1 O?
W=5?

Capacitor discharge

0= Q ek
0
]=]Oe—t/RC
V = Ve tRC
0
t
InQ =1In O_R'
t
In/=Inl ——
n no RC
t
an—anO—R’

In a magnetic field
F = BIl sin 6
F = Bgv sin 0

Faraday’s and Lenz’s laws

_ (V)

g dt

Root-mean-square values

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

In a magnetic field

_ P
BO

r

Thermodynamics
Heating
AE = mcAO
AE = LAm

Molecular kinetic theory

Ideal gas equation
pV = NkT

Stefan-Boltzmann law

L = cAT*
L = 4nr’cT*
Wien’s law

A T=2898x10° mK

Space

Intensity

L

I =
A7d?

Redshift of electromagnetic radiation

Cosmological expansion

V:Hod

Nuclear radiation
Mass-energy

AE = *’Am

P 6 9 4 4 4 A 0 3 5 3 6

Radioactive decay

A=IN
WN_ N
dt
In2
i _—
1y,
N=N, e M
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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