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Section A

Answer all questions in this section.

A student was asked to determine the density of the metal in five similar coins.
Figure 1 shows the coins stacked together in a pile.

Figure 1

U

AT

|I| The student measured the diameter d of each coin using a ruler with
0.5 mm divisions. Her results are shown in Table 1.

Table 1

Coin number 1 2 3 4 5

d |/ mm 26.0 255 26.5 26.0 255

Calculate the mean diameter D of the coins and the absolute uncertainty AD of this

value.
[1 mark]
D=(0260+255+265+260+25S5)/S5=1295/S5
AD = half the range = (26.5 — 25.5) / 2
D= 259 mm
AD =+ 0.5 mm

Question 1 continues on the next page
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El The student measured the height / of the pile of coins and found it to be box
10.0 mm + 0.5 mm.

D2
She calculated the total volume V of the coins using the formula V' = D

and found
it to be 5.27 cm’.

Calculate the percentage uncertainty of this value for V.

[2 marks]

% uncertainty in h

\\

(0.5 /10.0) x 100 = S.0 %

% uncertainty in D = (0.5 / 25.9) x 100 = 1.9 %

\\

% uncertainty in V= 5.0 + (2 x1.9) = 89 %

percentage uncertainty of V= 8.9 %

. The student then found the total mass of the coins to be 35.5 g+ 0.5 g.

Calculate the density p of the metal in the coins.
[1 mark]

p=m/V=355/527

p= 6.74 gem

0 4
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E Calculate the absolute uncertainty of the value of p in question 01.3.

[2 marks]
% uncertainty in m = (0.5 / 35.5) x 100 = 1.9 %
% uncertainty in p = 89 + 1.4 =103 %
uncertainty = 0.103 x 6.74 = 0.69 g em™
absolute uncertainty of the value of p = 0.7 g cm

E Another student measured V for the same set of coins by displacing water in a
measuring cylinder.
His measurements were

volume of water =42.0cm’>+£0.5 cm’
volume of water and coins = 47.0 cm® + 0.5 cm’

Calculate the percentage uncertainty of J in this experiment.

[1 mark]
V=470 - 62.0 = $.0 cmg; AV =05 + 0.5 = 1.0 em®

% uncertainty = (1.0 / $.0) x 100

percentage uncertainty of V' = 20 %

E State and explain which of these two methods is better for finding the volume of five
coins.

[1 mark]
The first student's method (measuring D and h) is better, because the

Do not write
outside the
box

percentage uncertainty in V is smaller (3.9 % compared with 20 %), so

it Is more accurate.
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This question is about how to correct for energy transfer to the surroundings in an box
experiment to measure the specific heat capacity of rubber.
The rubber was heated to 100 °C and then put quickly into a container of water. The
water was initially at a room temperature of 17.1 °C.
There was energy transfer from the rubber to the water and from the water to the
surroundings.
The temperature of the water was measured every 2 minutes for 40 minutes after the
rubber was put into the water.
Figure 2 shows the variation in water temperature 6 with time ¢ after the rubber was
put into the water.
Figure 2
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II| Draw a line of best fit.
[1 mark]
IZ| State the maximum temperature 6,,,,x reached by the water.
[1 mark]
emax = 22‘ 7 OC
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The rate of temperature decrease was determined at 6., where 6., is the temperature
halfway between room temperature and 6,,.x. To do this the gradient of the cooling
part of the curve at 6,, was found.

The rate of temperature decrease is the gradient of the cooling part of the curve.

E Determine 0,,.

[1 mark]
0y, = (170 +22.7) / 2
0y = 19.9 °C
IZI Draw a tangent to the cooling part of the curve at 6,..
[1 mark]

E Show that the rate of temperature decrease at ., is approximately 0.20 K min .
[2 marks]

Tangent drawn at © = 19.9 °C (t = 32 min); large triangle:
from (20 min, 22.10 °C) to (40 min, 18.4S °C)

gradient = (18.45 — 22.10) / (40 - 20) = -3.65 / 20

= =013 K min”

rate of temperature decrease = 0.13 K min™ = 0.20 K min™

Question 2 continues on the next page

Turn over »
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El When there is no energy transfer to the surroundings, 6,,.x will be higher by a box
temperature difference A6.
A@ is found by multiplying the rate of temperature decrease at 6y, by the time taken for
the water to reach Opax.
Calculate A6.
[2 marks]
time taken to reach ©,,,, = 17.5 min (from the curve)
AB =018 x17.5
=32K
A6 = 3.2 K 8
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IIl A filament lamp is marked 6 V. outside the

Draw a diagram of a circuit that you would use to investigate how the potential
difference V across this lamp varies with the current / in the lamp.

Your circuit should include the lamp, a battery, an ammeter, a voltmeter and a way of

varying the pd across the lamp from zeroto 6 V.
[1 mark]

battery

H

T potentiometer

®
© K3

Question 3 continues on the next page
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Do not write
@ It is suggested that the relationship between the electrical power P transferred by the Ourﬁi "
lamp and [ is
Px I’

Describe how you would use your circuit to test this suggestion.
Your answer should include
¢ the method you would follow
e how you would present your results
¢ an explanation of what you would expect your results to show if the given

relationship is correct.

[5 marks]

Set up the potential divider circuit and move the slider so that the pd

across the lamp starts at zero. Increase the pd in steps and record the

voltmeter reading V and the ammeter reading | for at least six values

of V between 0 and 6 V.

Repeat the readings at least once for the same values of V and find

the mean value of | for each V.

For each value of V calculate the power P = IV and calculate 1. Record

V, |, P and I in a table.

Plot a graph of P (y-axis) against > (x-axis). If P « I the graph will

be a straight line passing through the origin.

Alternatively plot log P against log I: if P o« I? this will be a straight

line with a gradient of 3.
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A strip of wood was suspended from one of the five pivot holes along its length as
shown in Figure 3.

The distance & between the point of suspension and the centre of mass was varied by
using the different holes in turn.

The ruler oscillated with period T.

The variation of T'with 4 was investigated.

Figure 3

=

pivot rod clamped (|
horizontally N

1--Y- centre of mass

pivot holes

o

g

II| The relationship between 7'and % is

K+
gh

T=2n

where k is a constant and g is the gravitational field strength.

41
Show that, on a graph of T%h against i, the gradient will be Sl and the intercept on
g

212
the T2h axis will be

g
[3 marks]

Square both sides: T? = m?(k®> + h?) / (gh)

Multiply by h: T?h = (41% / ) (e + h?)

so T*h = (41 [ g) h? + 4%k / g

This is of the form y = mx + ¢ (a straight line), with y = T?h, x = h?,

gradient m = 41? [ g and intercept ¢ = 4T3k / g

Question 4 continues on the next page
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Izl Table 2 shows a summary of results from this experiment.

Complete Table 2.
[2 marks]
Table 2
h/m T/s I/ m? T’h/s*m
0.100 3.20 0.010 1.02
0.300 2.11 0.090 1.34
0.500 2.03 0.250 2.06
0.700 2.09 0.990 3.06
0.900 2.19 0.810 9.32
E Plot on Figure 4 a graph of 7%k against /4’.
[3 marks]
Figure 4
C 20/64.3 7
(f.o /s
3.0 4
12h/s2m
2.0
1o P&
1Ler {-,_D =10.9
0
0 0. 0.2 03 0.9 0.5 0.6 0.7 0.8 0.9
h? | m2
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E Deduce g using the gradient of your graph.

gradient from the large triangle on the graph:

gradient = (4.30 — 1.40) / (0.80 — 0.10) = 2.90 / 0.70

=414 s> m”
gradient = 41° [ 9 so g = 470 / gradient
g =47 / 414 = 39.48 / 414

=954 m s

El Determine a value for k.

g:

intercept on the T°h axis (read from graph) = 0.99 s*> m

intercept = 4T%k® | g = gradient x k?
k> =0.99 / 4.14 = 0.239 m?

k = 10.239

END OF SECTION A

[4 marks]
9.5 m s
[2 marks]
0.99 m
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Section B

Answer all questions in this section.

A small wind turbine generator (WTG) has a rotor diameter of 92 cm.
When the wind speed becomes greater than 15 m s, the WTG'’s control system
causes it to turn away from the wind, resulting in a reduced power output, as shown in
Figure 5.

Figure 5

300

250

200 T
electrical EEEEEEEEEEEEEEEREN {EEEEEL
power 150
output / W I .,/,
10011 /

| L= [ ]

50::::: ﬁ/i

0 5 10 15 20
wind speed / m s~!

II' Explain why the angular velocity of the rotor is reduced when the WTG is not pointing
directly into the wind.

[1 mark]

When the rotor is turned away from the wind, only a smaller

component of the wind's velocity is perpendicular to the rotor (smaller

area facing the wind), so the wind transfers less energy per second.

@ Suggest one reason why it is necessary to reduce the angular velocity of the WTG
rotor in this way.

[1 mark]

To prevent damage to the turbine (rotor and generator) caused by

rotating too fast in high winds.

1 4
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E Show that, at peak electrical power output, the WTG is extracting approximately 20% box
of the power available from the wind.

density of air=1.2 kgm >
[4 marks]

From Figure S: peak power output = 250 W at a wind speed of 1S m s
rotor radius r = 092 / 2 = 0.96 m

2 = 7 x 0.96% = 0.66S m?

\

swept area A
power available from wind = YspAv?

= x 12 x X046 x IS

= 1350 W

fraction extracted = 250 / 1350 = 0.186

=186 % %~ 20 %

Question 5 continues on the next page
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IZl The WTG generates alternating current. The peak value of the output voltage from
the WTG is 17 V when the wind speed is 15 ms .

Calculate the rms output current from the WTG when the wind speed is 15 m s ™.

[3 marks]
Vis = Vo / V2 =17/2 =120V
at IS m s, P = 250 W (from Figure S)
P=1l,Vos S0 Iy =250/12.0
=208 A
rms output current = 21 A

E Most generators use electrical contacts called brushes to extract current from rotating
coils. The brushes do this by rubbing on contacts at the ends of the coils.

The generator in the WTG is a brushless generator. It uses a contactless method to
transfer energy from a rotating coil to the stationary output circuit.

Suggest two advantages of a brushless generator compared with a generator with
brushes.
[2 marks]

1 No brushes rubbing, so no work is done against friction and the

generator is more efficient.

2 No wear of the brushes or contacts, so less maintenance is needed

(and no 1°R losses in the brush resistance).

16
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@ The rotor of the brushless generator carries electromagnets that are supplied with
steady dc current. As the rotor turns, electromagnets move past stationary coils.

Explain why an alternating emf is induced in the stationary coils when the rotor turns.
[2 marks]

As each electromagnet moves past a stationary coil, the magnetic flux

linkage of the coil changes, so an emf is induced.

Flux linkage increases as a pole approaches and decreases as it leaves,

so the emf reverses direction: it alternates.

. A stationary coil has 150 turns and an area of 2.5 x 10> m”.

Calculate the rate of change of magnetic flux density in the coil when the emf induced
initis 6.0 V.

State an appropriate unit for your answer.
[3 marks]

e = N dd/dt = NA dB/dt
dB/dt = €/ (NA) = 6.0/ (150 x 2.5 x 1073)

=16Ts

rate of change of magnetic flux density = |4

unit= T s~

Do not write
outside the
box

Turn over »

17

stemup.co.uk IB/M/Jun19/PHO5


https://stemup.co.uk

18

On average, the thermal fission of a uranium—235 nucleus releases 203 MeV.
In a nuclear fission reactor, approximately 180 MeV per fission heats the coolant.

|I| Explain, in terms of nuclear binding energy, why the fission of uranium—235 results in
the release of energy.

[3 marks]

Binding energy is the energy needed to separate a nucleus completely

into its nucleons.

The fission products have a greater binding energy per nucleon, so their

total binding energy is greater than that of the U-23S nucleus.

The products have less mass than U-23S + neutron; the increase in

binding energy is the energy released.

@ Describe, in terms of the products of fission, how energy from fissions heats the
coolant.

[2 marks]

The fission fragments and neutrons are released with large kinetic

energies (this carries the energy released in fission).

They collide with atoms in the fuel rod (and moderator), increasing

their internal energy so the fuel gets hot; this energy is conducted from

the fuel rods to the coolant.

E Suggest why not all of the 203 MeV per fission is available to heat the coolant.
[1 mark]

Some enerqy is carried away by neutrinos, which hardly interact with

matter and escape from the reactor (some gamma and neutrons also

leak out).

1 8
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E In one type of nuclear fission reactor, the uranium—235 fuel rods heat the coolant at a
rate of 1500 MW.

Calculate the number of fissions occurring per second in the reactor.
[2 marks]

energy per fission heating coolant = 180 MeV

\

=180 x 1.6 x 1072 = 2,88 x 107" 7

\

fissions per second = 1500 x 10° / 2.88 x 107"

=521 x 10" s

number of fissions per second = $.2 x 10"

E Some of the output electrical energy of a power station is used to drive pumps that
circulate gas coolant through the core of the reactor.

Explain how some of the electrical energy used to drive the pumps will be retrieved as

an output of electrical energy from the power station.
[2 marks]

The pumps do work on the gas coolant, increasing its kinetic and

internal energy (it heats the gas); this energy stays within the system.

The extra internal energy of the coolant is transferred in the heat

exchanger to the steam that drives the turbines, so it is recovered as

electrical output.

Question 6 continues on the next page
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El The coolant pumps move gas through the reactor at the rate of 4.0 x 10° kg s
keeping the core of the reactor at a constant temperature.
The gas enters the reactor at a temperature of 290 °C and leaves the reactor at

620 °C.
Calculate the specific heat capacity of the gas in these conditions.
[2 marks]
Q/t = (mft) c A® NAB = 620 — 290 = 330 K
c = 1500 x 10° / (4.0 x 10 x 330)
=140 J kg" K!
specific heat capacity = 1140 Jkg 'K

. The containment vessel has a surface area of 2700 m*. The average temperature of
the inside surface is kept at 300 °C while the temperature of the outside surface is
20 °C.
The U-value of the containment vessel is 0.29 W m 2 K.
Show that the rate of loss of energy through the walls of the containment vessel is

not significant to the operation of the power station.
[3 marks]

rate of energy loss = VAAB = 0.29 x 2700 x (300 - 20)
=22x10°W =022 MW

0.22 / 1500 x 100 = 0.01S % of the 1500 MW output

0.22 Ml << 1500 MW, so this loss is not significant.
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n A strain gauge is made of six lengths of thin wire connected in series. box
The gauge is glued to an object that is expected to stretch. When the object
stretches, the gauge also stretches. The changes to the length and cross-sectional
area of the strain gauge cause its electrical resistance to change. The resistance of
the gauge is due to the resistance of the six lengths of thin wire. By measuring the
change of resistance the strain of the object can be found.

Figure 6 shows a strain gauge with wires of length 2.5 cm.
Figure 6

_ direction of strain

< »

/ connecting wires

]|
]|
[t -_/

25 cm

II' The cross-sectional area of the wires in the gauge is 1.2 x 107" m% When
unstretched and at room temperature, the resistance of the strain gauge is 95 Q.

Calculate the resistivity of the metal used for the wires in the strain gauge.

[3 marks]
R=pl/A so p=RA/I
total length | = 6 x 2.5 x 107 = 0.1S m
0 =95 x 1.2 x 1019) / (6 x 2.5 x 102)
=726 x10%Qwm
resistivity = 7.6 x 10°% Qm

2 2
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@ The strain gauge is now stretched, increasing its length by 2% and decreasing its
cross-sectional area by 2%.

Calculate the new resistance of the gauge.
[2 marks]

new R = p(1.02 1) / (0.98 A) = (1.02 / 0.98) x 95

=989 Q

resistance = q9 Q

. A strain gauge is used in an electronic balance. The gauge is glued to a beam that
bends when a load is added to the pan as shown in Figure 7. The length of the strain
gauge increases as the beam bends. The change in electrical resistance of the
gauge is measured and converted electronically into a value for the mass of the load.
The principle is shown in Figure 7.

Figure 7

pan LF_/

strain gauge
beam beam

load

strain gauge

The room temperature increases.

State and explain the effect on the measured value of mass when the room
temperature increases.

[2 marks]

An increase in temperature increases the resistance of the metal wires

of the gauge, so the resistance increases even with no extra load.

The balance interprets this as extra stretching, so the measured value of

mass is an overestimate (too high).

Question 7 continues on the next page
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IZI Figure 8 shows a magnetic force restoration balance.

When an object is placed on the balance, the beam turns clockwise about the pivot.

A position sensor detects this movement and produces a current in the coil that is
attached to the beam.

The coil carries current with a direction that is always at 90 degrees to the magnetic
field produced by the permanent magnet. The coil experiences a force that moves the
coil and beam back to their original positions.

Figure 9 shows a plan view of the coil in the radial magnetic field provided by the
permanent magnet.

Figure 8
N ‘ 9 cm ; 4cm :
position | I |
| |
Se”S”E | i ﬁ/object
I |
I I AN /
pivot B=am
coil
permanent magnet
Figure 9
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The magnitude of the current I needed to restore the beam to its original position is
proportional to the mass of the object.

Show that the current / is given by:

_ 2mg
9BNmr

where r is the radius of the coil, B is the magnetic flux density of the permanent
magnet, N is the number of turns of the coil and m is the mass of the object.
[3 marks]

Force on the coil: F = BIL, where the total length of wire

L =N x2mr, so F=BIN2mr

Principle of moments about the pivot (beam back in its original position):
clockwise moment = anticlockwise moment

mg X Gem=Fx9qcm

Gmg = 9 x 21trBIN = I8TrBIN

| = amg / (18BNTr)

| = 2mg / (4BNTUr)

Question 7 continues on the next page
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El A magnetic force restoration balance has a coil with 20 turns and a radius of 1.2 cm.

With a magnetic field of flux density 400 mT, the current in the balance can be
measured to + 0.1 pA.

Deduce whether or not the balance can measure mass to within 1 pg.
[3 marks]

| = 2mg / (4BNTtr)  so m = 9BNmr |/ (2g)

smallest current change: | = 0.1 pA =1 x 107 A

m = (9 x 0400 x 20 x 7T x 0.012 x 1 x107) / (2 x 9.3])
=138 x 10% kg = 13.3 g

I ug =1 x 1077 kg

No: the smallest detectable mass (1.4 x 10°% kg) is greater than | pg

( x 107 kg).

Do not write
outside the
box

END OF QUESTIONS

2 6

stemup.co.uk IB/M/Jun19/PH05


https://stemup.co.uk

27

There are no questions printed on this page

DO NOT WRITE/ON THIS PAGE
ANSWER IN THE/SPACES PROVIDED

2 7

stemup.co.uk

IB/M/Jun19/PH05

Do not write
outside the
box


https://stemup.co.uk

28

Do not write
outside the
Question Additional page, if required. box
number Write the question numbers in the left-hand margin.
2 8 IB/M/Jun19/PH05

stemup.co.uk


https://stemup.co.uk

29

Do not write
outside the
Question Additional page, if required. box
number Write the question numbers in the left-hand margin.
2 9 IB/M/Jun19/PH05

stemup.co.uk


https://stemup.co.uk

30

Do not write
outside the
Question Additional page, if required. box
number Write the question numbers in the left-hand margin.
20 IB/M/Jun19/PH05

stemup.co.uk


https://stemup.co.uk

31

Do not write
outside the
Question Additional page, if required. box
number Write the question numbers in the left-hand margin.
31 IB/M/Jun19/PH05

stemup.co.uk


https://stemup.co.uk

32

Do not write
outside the

There are no questions printed on this page box

DO NOT WRITE/ON THIS PAGE
ANSWER IN THE/SPACES PROVIDED

Copyright information

For confidentiality purposes, acknowledgements of third-party copyright material are published in a separate booklet rather than including them on the
examination paper or support materials. This booklet is published after each examination series and is available for free download from
www.oxfordagaexams.org.uk after the live examination series.

Permission to reproduce all copyright material has been applied for. In some cases, efforts to contact copyright-holders may have been unsuccessful

and Oxford International AQA Examinations will be happy to rectify any omissions of acknowledgements. If you have any queries please contact the
Copyright Team, AQA, Stag Hill House, Guildford, GU2 7XJ.

Copyright © 2019 Oxford International AQA Examinations and its licensors. All rights reserved.

I Kadsdn
32

stemup.co.uk IB/M/Jun19/PH05


https://stemup.co.uk

