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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

This guide includes some examples of student responses to a
selection of questions from the summer 2018 PHO4 unit.

The question parts are reproduced, along with the final mark scheme,
student responses and a commentary from the Lead Examiner on each
of the students’ answers.
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

QUESTION

01.1

[0]1].[1] A farmer uses a wind turbine to provide power. The blades of the turbine sweep out a
circle of diameter 3.70 m_ At a given instant, the maximum power available from the
wind is 7.7 kW.

Calculate the wind speed at this instant.

The density of airis 1.2 kg m™
[2 marks]

wind speed = ms™
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

MARK SCHEME
Question Marking guidance Mark Comments
011 | Useof zmr?pv?® = 7700 ¥ 2

v =106ms'v
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

STUDENT A

m A farmer uses a wind turbine to provide power. The blades of the turbine sweep out a :
circle of diameter 3.70 m. At a given instant, the maximum power available from the :
wind is 7.7 kW. ! i |

Calculate the wind speed at this instant.

The density of airis 1.2 kg m™

r=1-15 L
P~ l'ixrtw? oh -%1,“ =P

("’3: “-1-51 wind speed = {o. G ms’

M’h [2 marks] |

EXAMINER COMMENTARY

The level of explanation in the solution is poor. The maximum power
(as avalue) does not appear explicitly anywhere in the solution neither
does the conversion from diameter to radius. The working is a jumble
of unsupported letters and numbers. Only the correct answer
appearing on the answer line saves it and allows full credit.

2 marks awarded.
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

STUDENT B

l 01 El A farmer uses a wind turbine to provide power. The blades of the turbine sweep out a
circle of diameter 3.70 m. At a given instant, the maximum power available from the
wind is 7.7 kW.

Calculate the wind speed at this instant.
The density of airis 1.2 kgm

fie. gREAEY
2P0 = ‘Tﬂx 1-95 XV

[2 marks]
4

\JB: 2650

2
\):J_ZZE_‘O‘ wind speed = 13-% _ ms'

= \%.93%3

EXAMINER COMMENTARY

Although this scores no marks, the work does illustrate how students
can make their working plain to the examiner. The correct equation is
shown but equally clear are the failuresto incorporate the density of air
into the calculation and also to square the radius of the turbine blades.

0 marks awarded.
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

QUESTION

01.2

IZl Explain why the electrical power output from the turbine is significantly less than
7.7kW.

[2 marks]
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

MARK SCHEME
Question Marking guidance Mark Comments
012 Not all of the (kinetic) energy of the wind is recovered v 2
Correct identification of a mechanical or electrical inefficiency v e g. friction at a named point or electrical heating at a
or named point
Explanation of why all of the KE is not used in terms of continuity or
Betz's Law v
8
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

STUDENT A

‘ Izl Explain why the electrical power output from the turbine is significantly less than
7.7 kW.
: [2 marks]

T 18 &.t b wiad Slmd‘l-!n'ﬁ As  Sewd
Chatbing Wl e teke (55 enegy  da b 0%y
s g Geerebny  men erergs Grom Wind , Moo
s A R Pover oyl was  Crebd W
_heblas Venlda't  mew oy H'_‘j' wWold heu b
e woy. o K Ay wind ey

EXAMINER COMMENTARY

The first sentence answers the question posed in Question 1.3 (not
shown here) but is not an argument for the reduction in electrical
power output. The second sentence is close to a sensible answer for
the inability of the turbine to recover all the kinetic energy of the wind.
However, it does not go far enough and muddles the ideas by
suggesting that a 100% usage would mean that the turbine blades
cannot rotate.

Note that ‘back marking’ (marking work that is written as a response to
the wrong question) is not used.

0 marks awarded.
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

STUDENT B

|
| E’ Explain why the electrical power output from the turbine is significantly less than

7.7 kW,
[2 marks]
As  the wind 4uchine does ot
have oo % G‘Fﬁcien_y,_ This &5 e to
WKk Sove s losk {0 the

Surounding By wind  mill  and  compambs
oF fowe, Df the  tarbines educe  the eh&rgj

produwce as it redwes the Speed

oF  {he  turbine

EXAMINER COMMENTARY

Again there is no credit here. The student is moving towards some
credit but the reference to energy losses in the turbine mechanism s
too vague.

0 marks awarded.
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

QUESTION
02.1
Figure 1 shows a hollow cube of external dimension 27 cm.

The walls and lid of the cube are made from an insulating material which is 1.0 cm
thick.

Figure 1

27 ¢cm

The cube is filled with 14.3 kg of ice at 0 °C.
The outer surface of the cube is maintained at 25 °C.
It takes 2 days for all the ice to melt.

The specific latent heat of fusion of ice is 334 kT kg™

E Show that the energy needed to melt the ice is about 5 x 108 T.
[1 mark]

energy = I
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

MARK SCHEME
Question Marking guidance Mark Comments
021 Q(=ml=14.3 x 334000) = 4.7(8))(1[}6 Jv 1 Answer to 2 or more sf
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

STUDENT A

[0]2].[1] Show that the energy needed to melt the ice is about 5 x 10° J.

B [1 mark]
Q=m1l
Q= 14.3 x 334 ylo?
Q=42 1.]0‘
energy= 9. F¢ |0° J

EXAMINER COMMENTARY

This response scores full marks. This was the case for the whole
cohort of students. The working hereis clear.

Only one example of Question 2.1 is shown as answers were similar.
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

QUESTION

02.2

@ Calculate the thermal conductivity of the insulating material used to make the cube.
[4 marks]

thermal conductivity = WmK!
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

MARK SCHEME
Question Marking guidance Mark Comments
022 Calculation of surface area 4 =6 x 0.25 x 0.25 = 0.375m*v’ 4 Condone use of 0.26 or 0.27 in calculating area
Rate of energy transfer = % =27 64 W v Condone a recognisable attempt at time e.g. 24x60x60 or
2x24x60 for second mark
_ kAA®

Use of Rate of energy transfer =——v' ecf their rate and their area for third mark
k=0.025-0030Wm' K" v no ecf for final mark
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

STUDENT A
@ 5
[ I T Donot write
| @_T_}@ Calculate the thermal conductivity of the insulating material used to make the cube. i
= 4 marks’
@ Go xGox24= 364o0xz= | 230028  Hmarks]
2~ 1927 Q: L (B R
_ (_l_._ kA 2B “ = 782 xl"fm e
N ¥ % L= Ixk®
Y7 xlo -2
¥ xl0® _ kx7¥3xk% <15
| 72 800
%1072
i< = l'%?‘q*lo—s
k= [-4yln?
———
thermal conductivity = {. 4Y=nio™? wm'K!

EXAMINER COMMENTARY

In this response there are two errors:

e The calculation of surface area is incorrect (the factor 6 is missing
and no allowance has been made for the thickness of the walls).

e The answer is out of the tolerated range even though there are no
further substitution errors.

2 marks awarded.
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

STUDENT B

[0]2][2 Caleulate the thermal conductivity of the insulating material used to maks the cube.

[4 marks]
(o
o kA s | A- Td*
- . 240w
£ L o zﬂr.,?_?l‘f;obs T (2+)~
‘ b \
(Y(s33)(rs"-0") W _ o4
— ——— = Tamd - 55
() (633 25°-p° | Lx Q
b = i k:'
2% S Axfx %
2R thermal concicivy = 0 "0 : Wm'K'

EXAMINER COMMENTARY

Again, there is an error in the calculation of the area where a circular
shape has been assumed. However the continuing substitution is
correct but the answer is out of range.

2 marks awarded.
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

QUESTION

02.3

E After the ice has melted, the cube is left in the same conditions for 2 more days.
Sketch a graph to show the variation with time of the temperature of the contents of
the cube over the 4-day period.

[2 marks]

251

temperature/°C

0 1 2 3 4
time/day
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

MARK SCHEME
Question ‘ Marking guidance ‘ Mark ‘ Comments
023 Temperature = 0 °C for 2 days v 2

Curve with decreasing gradient from 2—4 days v

Wa

2 4
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

STUDENT A

@ After the ice has melted, the cube is left in the same conditions for 2 more days.
Sketch a graph to show the variation with time of the temperature of the contents of
the cube over the 4-day period.
[2 marks]
4 s w2 e W
temperature/®C
0 |l
0 1 | —
time/day N

EXAMINER COMMENTARY

The student has forgotten thatthe cube will remain at 0°C while it is
melting and that this process takes two days. Only after that does the
temperature begin to increase andthe closer the cube temperature
approaches the room temperature the smaller the gradient of the graph
will be.

1 mark awarded.

Only one example of question 2.3 is shown as answers were similar.
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

QUESTION

03.1

. An alpha particle, with an initial kinetic energy of 8.0 MeV, approaches the centre of a
nucleus of gold—197 (133Au).

Calculate the distance of closest approach between the alpha particle and the
nucleus.

[3 marks]

distance = m
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

MARK SCHEME
Question Marking guidance Mark Comments
03.1 Use of Ex = —% v 3

dmsy R
Converts 8 MeV to J v

R=284x10"%mv
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

STUDENT A

0[3][1] An alpha partice, with an initial kinetic energy of 8.0 MeV, approaches the centre of a
nucleus of gold-—m

Calculate the distance of closest approach between the 4ipha particlg and the

nucleus.

Cl%lt}’t Qﬂc‘u (3 rudomm |18 newhows gpmm’i
o Al < 0 prevrem . N v= "k
k1% £ = \famv
2 lL2gx loo > =
omeV
B mL1an) (1o x10 "
(o]
() Ol ddaen .

¢ >1.26 r«fD]J 2% X =g L'aBSt:z‘w{Gv

EXAMINER COMMENTARY

Only 1 mark is scored in this confused account. The conversion from
8.0 MeV toits joule equivalent is correct. There is no clear attempt to
equate the electrostatic potential energy stored in the system at closest
approach to the kinetic energy of the alpha particle when well away
fromthe nucleus.

1 mark awarded.
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

STUDENT B

[073].[1] Analpha particle, with an initial kinetic energy of 8.0 MeV, approaches the centre of a
nucleus of gold—197 ('JaAu).

——

Calculate the distance of closest approach between the alpha particle and the
nucleus. oL T pr———E-

T Eeame ResGaLRS P

i\

le,ls_:_ \. ¢V ]-”'-n

3,,|o‘ 21-qy
distance = : m

EXAMINER COMMENTARY

1
Student B is attempting a solution via the use of the equation R = R A3

. However, this is not appropriate where the expectation s that the
kinetic energy and electric potential energy will be equated.

0 marks awarded.
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

QUESTION

03.2

Izl Table 1 shows the nuclear radii R of three stable nuclides measured using electron

diffraction.
Table 1
Nuclide R/ fm
$Be 2.52
¢ 2.79
50 3.02

A model of the nucleus predicts that the nuclear radius is proportional to the cube root
of the nucleon number.

Comment on the degree to which the data in Table 1 are consistent with this
prediction.

[3 marks]

Copyright © 2019 Oxford Inter national AQA Examinations and its licensors. All rights reserved. 25



INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

MARK SCHEME
Question Marking guidance | Mark ‘ Comments
03.2 Calculates two values of Rg v 3

Calculates three values of Rg v

Concludes that the values are consistent v
OR

Ignore powers of ten.

Uses one data row to calculate Ry and from that predicts the value of
R for another data row. v

Predicts the value of R for a third data row. v

Concludes that the predicted values of R are close to those in the
table. v

OR
Shows that R, / R, = A, Y3/ A, "®for a pair of data rows.v’
Repeats for another pair of data rows_ v

Concludes that the ratios support R being proportional to the cube root
of AV
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

STUDENT A

@ Table 1 shows the nuclear radii R of three stable nuclides measured using electron

Table 1
Nuclide R/ fm
iBe 2.52
e 279
't0 3.02
A model of the nucleus predicts that the nuclear radius is proportional to the cube root
of the nucleon number.
Comment on the degree to which the data in Table 1 are consistent with this
[3 marks)
7 %% T ), ,z—-q' V27 ':,o‘!: s
;_f.;':’ TF‘--: e \

ke B oyalwt fue 00 O debe i bheAwbie
)
A Om‘rme\.) clest with ﬁ‘ he.,ﬁ erpunth b2 .

“Tinert Fpn g ¥t cadinl O areperhuae) h B pube oov
b er ek Jclm- R

EXAMINER COMMENTARY

The student uses the third approach in the mark scheme and uses the
known equation essentially to calculate R, . The method is well
explained and the calculations are accurate. Full credit is obtained
from this approach.

3 marks awarded.
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

STUDENT B

DE @ Table 1 shows the nuclear radii R of three stable nuclides measured using electron

diffraction.
Table 1
Nuclide R/ fm
iBe 2.52
1% 2.79
'to 3.02

A model of the nucleus predicts that the nuclear radius is proportional to the cube root
of the nucleon number.

Comment on the degree to which the data in Table 1 are consistent with this
prediction.
L - 7.p2 =->4kochkor pé 0:4Y [3 marks]

1\]_‘;. ~ 12.29 -> fachor 0F 05
1.8 > Logdoc of 05

Gﬁ: I

0'5+ 05 +044 = o-43g
4

\
> e resi(ts are

inaccurale b3y o mean yalye 04 0-48

EXAMINER COMMENTARY

The approach is confused and the calculation has no physical
significance. This method does not approximate to any of the three
mark scheme methods and scores no credit.

0 marks awarded.
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

QUESTION

03.3

@ Discuss why electron diffraction gives a more accurate value of nuclear radius than
using the distance of closest approach of alpha particles.
[S marks]
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

MARK SCHEME
Question Marking guidance ‘ Mark ‘ Comments
03.3 Alpha particles have mass of the same order of magnitude as the 3

target nucleus v/

Results affected by nuclear recoil or momentum transfer v

Distance of closest approach depends on the alpha particle energy v
Closest approach # (or must be bigger than) the nuclear radius v
The de Broglie wavelength of high energy electrons is of the order of
the nuclear radius v

Providing large diffraction angles v

Max 3
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

STUDENT A

[0]3].[3] Discuss why electron diffraction gives a more accurate value of nuclear radius than
using the distance of closest approach of alpha particles.
[3 marks]

_ Vlpeekon  diffcachon  gUows Pt e FThereT

f\.(h'gl_rf lv browel G paatn tﬂlncdfer disken~te
s & ke Cpihe A
ok Pty Ce be red o iy L b
Heon olahe  porhiles . Thir  wears  (f f st
Al L]

oA re g o "‘r-tf\' rrach e Loho't chicke ~ot _
vathed of Ha  clogrtt  apftwach . Alphn

pukelcr ere  gaso paprt Lwety ke he dettecked
|

but gk n _S:H“V"I"‘\ | ! natleaad lohere cr pleckser
- (A

ren  hevt! pgyfw}h .

EXAMINER COMMENTARY

Only one comment corresponds to the six possible points in the mark
scheme. The student suggests that the electrons can travel faster than
the alpha particle and this is close to the energy comment (marking
point three). One mark is awarded with some benefit of the doubit.

1 mark awarded.
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

STUDENT B

EE] Discuss why electron diffraction gives a more accurate value of nuclear radius than
using the distance of closest approach of alpha particles.
[3 marks]
because w.én elecdron  diFfetion
—elechrons have Very g speed and ve
_Vers  shork wovehendy~, therefore  they :
qet  much closer do  fre nesclns while
Whern we  shood  glpha por Leles on the
Nen! 3 :

B 8&):1149&“&! b;;_ He electrostatic
force  therelor we ged o distance 0f
closest  appoch and ce don# ged
o very _Qlturente  answer o

EXAMINER COMMENTARY

The ‘very short wavelength’ is not good enough for the fifth marking
point as there is lack of technical vocabulary here (no mention of the
de Broglie wavelength, for example). The comment regarding
electrostatic repulsion, although not explicitly mentioned on the mark
scheme, is good physics and a point well made. Credit is given for an
alternative correct answer.

1 mark awarded.
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

QUESTION

04

Figure 2 shows a solid sphere of uniform density with a radius & of 0.14 m. The
sphere is at the top of a ramp inclined at 30° to the horizontal. The sphere, initially at

rest, is released and rolls down the ramp without slipping. The frictional torque
produces an angular acceleration on the sphere of 25 rad s~

Figure 2

frictional
force F

weight

The mass M of the sphere is 1.8 kg.
2
The moment of inertia of a solid sphere is gMﬂz

[1] calculate the frictional force F.
[3 marks]

frictional force = N

Iz| Calculate the angular speed of the sphere 1.5 s after its release.
[1 mark]

angular speed = rad 57
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

El Show that the sphere travels approximately 3.9 m along the ramp in the first 1.5 5 of
its motion.
[4 marks]

El Calculate the reduction in gravitational potential energy of the sphere during the first
15s.
[2 marks]

reduction in gravitational potential energy = J

El Calculate the increase in the rotational kinetic energy of the sphere during the first
1.5s.
[2 marks]

increase in rotational kinetic energy = J

El The sphere is now placed on a similar frictionless ramp.

State and explain how the lack of friction will affect the change in rotational kinetic
energy.
[2 marks]
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

MARK SCHEME

‘ Question ‘ Marking guidance

‘ Mark ‘

Comments

041 Useof T=Tav
Useof T=Fr v

R=252NVv

042 w(=0+250x15)=375rads™" v

04.3 8 = %atz v

=28125rad v

Number of revolutions 2% =448v
Distance =448 x 2 x 7 x 0.14 = 394 m~

OR

g = %atz v
=28125rad v
Useofs =18 v
Distance = 3.94 m v

OR
(For a point on circumference) Use of v = awr v

r=525ms’ v

Use of s = (?)t Orv?= u®>+2as v

Distance = 3.94 m
v

Must see unrounded answer for final mark

04.4 AR = 3.94sin(30)= 197 m v
Loss of GPE = mgah = 34.8J v

If use s = 3.9 m from 4.3 then Loss of GPE =344 J

Copyright © 2019 Oxford Inter national AQA Examinations and its licensors. All rights reserved.
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

045 1 . 2 ecf their w from 4.2 and any previously calculated
Use of Eoy = 2 lw™ v incorrect value for |
=99Jv
04.6 There will be no (change in) rotational kinetic energy 2 Accept the (change in) rotational kinetic energy will be
reduced
There is no frictional torque producing an angular acceleration or Accept the sphere will roll or slide for second mark.
All the GPE lost is transferred into translational kinetic energy
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

STUDENT A
U_ii, Figure 2 shows a solid sphere of uniform density with a radius £ of 0.14 m. The

sphere is at the 1op of a ramp indlined at 30° to the horizontal. The sphers, initially at
rest, is released and rolls down the ramp without slipping. Tha frictional torgue
produces an angular acceleration on the sphere of 25 tad 5™

weight

The mass M of the spherais 1.8 kg.
The momant of inertia of a solid sphere is % MR

04 E Calculate the frictional force F.

[3 marks]
T=Fr Tz~
F=x 1
— T= yighlow) 25
-
- o -LSLE A
F._-: 0. 51 % __'!-':"_‘?'
G 1y wtional farce = L - 52 N
IZ| Calculate the angular speed of the sphere 1.5 s after its release.
[1 mark]
o1 w, =0 W=7 atz13 €=t.5S
W = Wy +et &
- 2 S ¥%i.5
- 27.5
angularspeed = 44 . 5 rads™

[0]4].[3] Show that the sphere travels approximately 3~ along the ramp in the first 1.5 s of
its motion. vikse =

521 vzo vz S.t5 “z1 ez S [4 marks]

(u-ﬂf}({
= (:t= }m:
T -b_q's':a-\

‘-. _— . q ™
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INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

E Calculate the reduction in gravitational potential energy of the sphere during the first

1.5s. -
Lo e S iA B0 2 2C [2 marks]
a [ it
- -z .9 SIATC
Ze WZi=
| =g Mﬂ"“'
T
= 1|87 Teteup
reduction in gravitational potential energy= 2 & -4 R

E Calculate the increasa in the rotational kinefic energy of the sphere during the first

1.5s. 5 1
G = J;!-‘.p W) [2 marks]
z i3
= LxZvt g w1l x (5?5}
T
= o .aq
increase in rotational kinetic energy = 4= At 1

IE The sphere is now placed on a similar frictionless ramp.

State and explain how the lack of friction will affect the change in rotational kinetic
energy.
[2 marks]

_—

TH | B o O . ee Frickioniess

Cemnp. Tuia (e be(ewse ;| St Ao AricHoy

L dhe Sphere. e/l Simpla S A e

t/C/""\P winou m.&c_xff\f} LAl o be A2 ‘*%i

O~ i+ cnd Avertiore nNO FOXc-+ion .
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EXAMINER COMMENTARY

This set of answers to Question 4 shows a student in full control of the
material.

For the calculations (Questions 4.1-4.5), the methodology is clear
although always expressed in equation form without definition of
symbols. However, the student uses conventional symbols as used in
the Formula and relationship sheet. Answers are quoted to three
significant figures throughout with rounding apparent where necessatry.

In Question 4.6 there is the recognition that sliding does not allow
rotational kinetic energy (this is an acceptable alternative answer to
that in the mark scheme) and therefore the quantity of energy in this
mode remains zero throughout the motion.

Each response earned full marks. 14 marks awarded in total.
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STUDENT B
Figure 2 shows a solid sphere of uniform density with a radius R of D. 14 m. The
sphere is at the top of a ramp Inclined at 30° to the horizontal. The sphere, initially at
rest, is released and rolls down the ramp without slippi The frictional torque
produces an angular acceleration on the sphere of(25 rad s
- b Figure 2
= W & _1
U [ 2B adk s
V= w k Wi
a= X fictional p.: oW
Te Fr (Neforce F .
-
To B 30
u = ‘o > %‘%
T = wawant s
(Vs
The mass M of the sphere is 1.8 kg. o = I

The moment of inertia of a solid sphere is %M’Rz

—n

[07a][1] calkulate the frictional force £.
F: P\-H_U'\ll_ [3 marks]

T= %”'5(\'3)(3‘“#)2 0755: 035
= 0014 614
=~2.5

(><’ = 4;) S frictional force = N

0[4][2] calculate the angular speed of the sphere 1.5 s after its release.
[1 mark]

ar 2
E 2

S
e ST T

w
A 1
- : |
95 i i_5 angular speed = W W rad s |

W=%1.5 w= r we 27 f :
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: El Show that the sphere travels approximately 3.9 m along the ramp in the frsi 1.5saf
its motion, _———

ELW:;'.HR 9.-:35] ( \
(UJM"E’) vl QZS)(I'IJ

[4 marks]

_ (Wo +tw) .
= - AT
— = W
2 £=1.5 |.&
- 4.2
E late the reduction in gravitational potential energy of the sphere during the first
1.5s. pe < Mg x n
El [2 marks]
M=l -€ ('.g)(":_s) (5-‘!)
O = ?_5
reduction in gravitational potential energy = "'-|- S- 5 J
0]4].[5] calcuate the increase in tha rotational kinetic energy of the sphere during the first
1.5s. 1T=001Y W
e | w2 o s Q'S” [2 marks]
flee” /2L \-5

2 BT
Vo, 0-018)(3Fs)*

increase in rotational kinetic energy = CI ) 8 ,1(

. The sphere is now placed on a similar frictionless ramp.
State and explain how the lack of friction will affect the change in rotational kinetic

energy.
[2 marks]

e o
b p il 5‘}1’4’“’— o
’ eheg Y Murtanee
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EXAMINER COMMENTARY

Question 4.1 scores full marks albeit for a somewhat jumbled and poorly
explained answer. The student pays heavily for a systematic lack of
coherence in the answer fromthen on.

Question 4.2 seems to use an incorrect approach and the correct answer
appears but is then discarded in favour of the value 4.2 rads™. In 4.3 the

1
proposed equation 8 = wt +Eozt2 should have led to a correct solution, but

the student appears to be mis-applying the equation with a non-zero value
for , only partial credit is given for the recognition of the method.

In Question 4.4 there is no use of the required ramp angle and zero credit
again.

Question 4.5 scores all the points as the student hasused the correct value
for o (37.5 rad s, presumably picked up from one of the results in 4.2) to
arrive at an answer of 9.84 J (benefit of the doubt was given here as the
correct value is 9.9 J).

The physics discussed in Question 4.6 is incorrect and no credit is given.

5 marks awarded.
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QUESTION

05

Figure 3 is a plot showing the vanation with nucleon number of the binding energy per
nucleon.

Figure 3

binding energy 10+
per nucleon /

MeV 8

G T T T T 1
0 50 100 150 200 250

nucleon number

|I| Explain with reference to Figure 3 why nuclear fusion can lead to the release of
energy.
[3 marks]
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@ A uranium-235 nucleus undergoes induced fission to form two nuclei of equal mass.

Calculate, using Figure 3, the energy in J released by this fission event.
[5 marks]

energy released = J

@ Describe, with reference to their energy, the role of neutrons in a thermal nuclear
reactor.
[3 marks]
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E Describe the function of the control rods in a thermal nuclear reactor.

Your answer should include one example of a suitable material for a control rod and
its properties.
[3 marks]
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MARK SCHEME
| Question | Marking guidance ‘ Mark | Comments
05.1 Correctly identifies the region of the graph in which fusion occurs v’ 3

When light nuclei fuse to make heavier nuclei they move closer to the
peak v’

There is an increase in BE per N so energy is released v
Product has less mass than the combined mass of the two parents. v
MAX 3

052 Identifies BE per N for uranium—235 at 7.5-7.8 MeV A v 5
Identifies BE per N for product at 8.6-8.9 MeV B v
Change in binding energy = (B-A) x 235 or 236 v Condone use of 233 or 234 for the candidate that

Answer in range 188-330 MeV ¥ recognises that 2 or 3 neutrons are emitted in the fission

Correctly converts their answer in MeV into J v

05.3 Release of (high-energy) neutrons from fission + 3
to cause (subsequent) fission neutrons need to be slowed +
Other relevant detail:

For example, slowing is achieved by collision with moderator atoms
or neutrons sustain the chain reaction or the number of neutrons
available controls the rate of fissions v

054 Suitable material named v 3 eq (alloys of) boron or silver or indium er cadmium or
hafnium

Absorb neutrons (without undergoing fission) +

Can be raised or lowered (into the core) to maintain the desired rate of
fission (owtte) + Candidates can get the 1 mark and then any 2 out of 3

Can be lowered automatically in an emergency shutdown v

Max 3
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STUDENT A
Figure 3 is a plot showing the variation with nucleon number of the binding energy per
nuclaon.
Figure 3
binding energy 10 &“-_‘fi;{ — {w s —
per nuclaon | J - £y
MeV g ¢
(4] 7
4 i
a : |
. ___________ |
I
24 1 |
a ; . ——
0 50 100 150 200 250

nucleon number

. Explain with reference to Figure 3 why nuclear fusion can lead to the release of

energy.
[3 marks]

Due to  the ._..__-L'Ind'nnj enerqy of the ;
Nuclews  whick s _i:)umi the enegy
yeleaged .

The  proteac of walking small vnuclei
Luce {‘Dﬁﬁ{’ha. T erlar'\e_ nuclewus .
E"’ldug f'-MEW,g F}lf ¥ h,).(‘,]emh -\’\Ck‘lﬂﬁﬁ’__')

R V\UL(_IQQ«—- fugion tshack  Providey |

the Nucleve  Nuunle C’F DJ’Vdm"'L
nuclead ot of peato n\a-m &2,

Pt act e \NS hars— more—bihding
&Ab@ Hbiijf'oh -f"lqﬂu—; Shaalle-
NUC|En
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@ A uranium-235 nucleus undergoes induced fission to form two nuclei of equal mass.

Calculate, using Figure 3, the energy in J released by this fission event.
I5 marks]

EHEUJ ;‘E‘emgecﬁ: C“i’lﬂnjff“ﬁg lﬂliv-dllhj QMF—"‘W:}’I
- QR.5Mev . T-5Mev = |Mev

ﬂuh»\LEr af nuc feon UC ronidm = 2735

(‘\n,erqj re,fea:c@f'; 2248 x ‘Nﬁd_w, £
—225 X l-€xlo xlo

= 376 x |E]5T

Z13
energy released = 3 —}6 Ao

(0]5].[3] Describe, with reference to their energy, the role of neutrons in a thermal nudlear
reactor.

[3 marks]

'P,]Qu{‘_‘r“ah_‘; ,q_ o }f’blﬂ. ;H {'11 <
Chame UE he vate of release

[\ |

ol R“SS!’EM E-lqﬂrvg__j . Aifion

_ The  vate G’.E‘ Ve ) ease C”E fQ»mQrzgj
S reduied *(3 Yo  Cantwm] wyde

Are 'im.cket\ i Laaria,

4 fkinehe €eraiel
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Il! 5 E Describe the function of the control rods in a thermal nuclear reactor.
Your answer should include one example of a suitable malerial for a control rod and
its properties. :
[3 marks]

e Rmc bown © ? the Contrnd  vods
i dthemal  nuclear peactsyr T to ‘
_ dbserh neulnns . se,  dhelp®s
dE’]D'Hf\ 18 adiusked  Butorehea [ff i
to kKeep the Number of meubsi
Ih the Core Constent . [

.jwl'f“nd:{e mcg‘k—quj : S‘i‘LCﬂf.
prpeches . - metnlg

heat and electrerty.

EXAMINER COMMENTARY

In Question 5.1, Student A uses the printed grid to provide the region for
fusion for the first marking point (going further and showing the fission region
too). There is a description of the change in binding energy per nucleon
which is also credited. However, the student has omitted any description of
the movement of the position towards the graph peak of fusion products.
Also omitted is any consideration of the mass of the nuclei before and after
the process. 2 marks awarded.

The calculation in Question 5.2 uses an out-of-range value for the binding
energy per nucleon of the product and therefore the second mark on the
scheme is lost. Otherwise all steps are present and correct leading to the
award of 4 marks. This is a clear solution with all steps notated reasonably
well. 4 marks awarded.

Question 5.3 scores only 1 of the 2 marks available because the only
relevant comment is the relatively low-level point regarding the slowing down
of neutrons to what the student presumably meant to be thermal (rather than
kinetic) energies. 1 mark awarded.

The absorption properties of the control rods and the way in which control
can be achieved are seen in the answer to Question 5.4. However, steel is
not regarded as a suitable absorber (except as an alloy with an appropriate
named absorber). The technique of automatic insertion of control material in
an emergency was not mentioned by the student. 2 marks are therefore
awarded.

9 marks awarded in total.
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STUDENT B

Figure 3 is a plot showing the variation with nucleon number of the binding energy per
nucleon.

Figure 3

binding energy 10
per nucleon /

MeV el
o]
o B
2_ ............... 1
0 : | !
0 50 100 150 200 250

nucieon number

[I| E:g;in with reference to Figure 3 why nudw_n@ lead to the release of
y.
_ wher. o neucls _!,Zl\é_gc%ra Rssion Hhey
o .J_.'TT_'ILVQ.;:;%_ ad €tk pther it
\J‘Er-g k;%n speeds Yhere ford  Loher '{’k:g
Join haﬂm this relesses

binding :
A [\d mfal.:l

[3 marks]
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El A uranium-235 nucleus undergoes induced fission to form two nuclei of equal mass.

Calculate, using Figure 3, the energy in J released by this fission event.
% [5 marks]
binding enefgy e nescled n

= 5 hev
75 % 235 = \1(2.5 Mmev

-V

17625 x €xlo7® 2 9. 22k

energy released = I

. @ Describe, with reference to their energy, the role of neutrons in a thermal nuclear

reactor,
[3 marks]

o thermek  nevelenr  (eocAor  Nevhons

ore  released, 'haé oe  Hen  oplided it
e moderator ntl  tes @ o suibabie
ke fsr €& fisson o hoppen, et Hnis point Hhese
Neobrons are absarbed by U™ ond 4w
U™ spd iakd 2 smoMer abons  peleasing
Mmore  newhrons, fnese  nevhehs ey on o
_Chain  feachton  oand  produte ehergy -

m Describe the function of the control rods in a thermal nuclear reactor.
Your answer should include one example of a suitable material for a control rod and

its properties.
[3 marks]

The fonchion pf  conbrol @is is do

contvol he Plow ©f nevheors, f -Hﬂcté

ore  inserfed  deeprr Then  fhey
adhows  less  peuvtrons  do Aow

Copyright © 2019 Oxford Inter national AQA Examinations and its licensors. All rights reserved. 51



INTERNATIONAL A-LEVEL PHYSICS (PHO4)
UNIT 4, ENERGY AND ENERGY RESOURCES EXAMPLE RESPONSES

EXAMINER COMMENTARY

In Question 5.1 the only suggestion is that fusion occurs when nuclei collide
at high speed. While there is truth in this statement, there is no reference at
all to the graph (contrary to the question itself) and no credit is awarded.

Question 5.2 gives an identification of the binding energy per nucleon for U-
235thatis justin range togetherwith a conversion of this to joule. No further
identifications or manipulations are shown so 2 marks are awarded.

The release of neutrons to induce further fission is shown in the answer to
Question 5.3. However the student says that these emitted neutrons need to
‘...meet a suitable ke...” and this is not enough to imply loss of kinetic energy
or a much reduced speed. There s further detail (relating to the energy
change produced through collisions with the moderator) which is given
credit. 2 marks are given overall for this question.

In Question 5.4 no suitable control material is named, and the process of
absorption is not mentioned. Neither is there a consideration of the
emergency function. The phrase‘...if they are inserted deeper thenthey
allow less neutrons to flow' is not enough to satisfy the detail required in the
third marking point.

4 marks awarded in total.

Copyright © 2019 Oxford Inter national AQA Examinations and its licensors. All rights reserved. 52



FURTHER GUIDANCE AND CONTACTS

You can contact the subject team directly at
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