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Introduction

This paper is the first of three available at A level. It covers the following topics: Mechanics and
Further Mechanics, Electric Circuits, Electric and Magnetic fields and Nuclear and Particle Physics.
The question styles include multiple-choice, short open, open-response, calculations and extended
writing.

Learners who had prepared well and understood their physics scored high marks on this paper.

A small number of learners appeared to run out of time during the last question but the evidence
would suggest the time allowed was appropriate.

The following multiple choice questions proved relatively accessible to all learners: 3, 4, 5 and 8.
The following multiple choice questions proved highly discriminating: 2 and 7.

Most learners produced good answers to basic calculations such as Q11(a), Q13(b) and the more
challenging calculation in Q18(b).

It was particularly pleasing to note how well learners performed in the indicative content style
question Q12. This topic is difficult and yet clear fluently written answers worth 5 marks or more
were often seen.

Learners who had carried out thorough revision were well rewarded in Q15(a) and Q17(a) which
carried a total of 10 marks.

Most of the "explain" questions carried three marks such as Q15(c)(i), Q16(c) and Q18(a). Learners
often made at least one good point in these questions but then failed to develop their answer
further.

It was very pleasing to note that the responses to the "deduce" questions were much improved
with many answers including sensible comparisons with data given in the question.
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Question 11 (a)

This question tested the use of the resistivity equation.

A small proportion of learners misread diameter for cross-sectional area or omitted the unit to the
answer.

This shows an answer which confuses the diameter for the area of the wire.

11 A “metre bridge” is a circuit which can be used to measure an unknown resistance
accurately. The metre bridge includes a metre length of nichrome wire.

(a) Calculate the resistance of a 1,00 m length of the nichrome wire.

resistivity of nichrome = 1.12 x 10° Qm
diameter of wire = 4.00 x 10~ m
(112 xe-e)x|

Al
R m o RETT AN

ke ZBx0A

Resistance = Z'SX‘Oﬂ-

ResultsPlus

Examiner Comments

The equation is dimensionally incorrect - a
diameter does not have the same dimensions as
area. This answer cannot be awarded the "use of"
the resistivity formula mark.

It also cannot gain MP2 so gets 0 out of 3 marks.
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This answer shows that the learner has forgotten to square the radius when calculating the cross-
sectional area.

11 A “metre bridge” is a circuit which can be used to measure an unknown resistance
accurately. The metre bridge includes a metre length of nichrome wire.

(a) Calculate the resistance of a 1.00m length of the nichrome wire.
(3)

resistivity of nichrome = 1.12 x 10 Qm
diameter of wire = 4.00 x 10" m

ResultsPlus

Examiner Comments

As the learner does realise the area should have
units m? the "use of" the resistivity equation was
given credit.

This answer gets 1 out of 3 marks.
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This answer shows that the cross-sectional area is being calculated correctly and the resistivity is
therefore dimensionally correct.

11 A “metre bridge” is a circuit which can be used to measure an unknown resistance
accurately. The metre bridge includes a metre length of nichrome wire.

(a) Calculate the resistance of a 1.00m length of the nichrome wire.

(3)
resistivity of nichrome = 1.12 x 10° Qm
diameter of wire = 4,00 x 10 m

L T o s 10
R;I_@:ro'c(l) R

Y(lm"‘)}'” S

R el

. 3 -4
1540 Resistance = @ 9/¥0. .. . .. ..

ResultsPlus

Examiner Comments

The answer is incorrect and the unit is missing.
This answer does achieve the two "use of" formula

marks.
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This answer shows a correct method and answer with unit.

11 A “metre bridge” is a circuit which can be used to measure an unknown resistance
accurately. The metre bridge includes a metre length of nichrome wire.

(a) Calculate the resistance of a 1.00m le_g_lgg of the nichrome wire.
3)
resistivity of nichrome = 1.12 x 10-° Qm
diameter of wire = 4,00 x 10* m

..... LR pC A€ oK Cirche IS BN

3

Resistance=_._.s._agl._ﬂ-_._ _________ e

ResultsPlus

Examiner Comments

This answer gets 3 marks out of 3
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Question 11 (b) (i)

Learners were expected to explain how the potential varied along the length of a (potentiometer)
wire.

Many answers stated that the resistance of wire increases (or is proportional) with its length for
MP1.

A number of answers did not state that the potential (or potential difference) would be
proportional to the length of wire.

It was not sufficient to say that the resistance increased with length for the second mark.

Some learners opted to write down the resistivity equation and V = /R. This was not credited unless
the student had drawn out the key relationship involved, i.e. V proportional to /.

This answer scores the mark for resistance increasing with length (MP1).

(b) This metre length of wire, labelled AB, is connected to a 1.50V cell of negligible
internal resistance and a switch as shown.

A B

(i) Explain how the potential along this wire varies with distance from A when the
switch is closed.
(2)
HEA _,.____.____Rg(_,......fs___e.,,__.g_s'.? EhCIZ. [S.. No [e5/Sen®.. bethian
Hhe cell and roart 4. As the Pd. 15 meged
WO#MIT&W@!‘Q{SE,W L. i-x?’)azeese,s- —
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N
< (; ResultsPlus
V\; Examiner Comments

The learner does not make it clear that the
potential increases proportionally to length so
does not gain MP2.

\ ResultsPlus

) Examiner Tip

Make sure you address the question. In this case it
asked for an explanation of how potential varies
with distance.

In your answer, be as specific about this as you
can.
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This answer uses a slightly alternative but good approach.

(b) This metre length of wire, labelled AB, is connected to a 1.50V cell of negligible
internal resistance and a switch as shown.

A B

(i) Explain how the potential along this wire varies with distance from A when the
switch is closed.

(ncreases Since Ue corent rust s 'd""‘-*a{ ..... f’-:if'e‘x‘” .........

(ZL d, e ond since T (s Consbosl {/—é’n Vm,ﬂf&ﬁ-

taccerse b dilene increotes. e e

ResultsPlus

Examiner Comments

The student did not clearly state that the relation
between potential and length would be
proportional so achieves MP1.
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(b) This metre length of wire, labelled AB, is connected to a 1.50V cell of negligible
internal resistance and a switch as shown.

A B

| -

1.50V

(i) Explain how the potential along this wire varies with distance from A when the
switch is closed.

(2)

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

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

%Z ResultsPlus
Examiner Comments

This answer has both points and achieves full
credit.
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Question 11 (b) (ii) - (c)

Question 11(b)(ii) was correctly answered in most cases.

Q11(c) was well answered by those learners who either understood how to correctly apply V =IR or
spotted that the ratio of resistors would be the same as the ratio of lengths of wire or potential
differences.

A number of students tried to use V =IR incorrectly. A total p.d. of 1.5 Vis across the total resistance
(3.30 + R) not the 3.30Q) resistor alone.

(b)(ii) is calculated correctly.

This learner correctly calculates the current through R using a corresponding V (1.125 V) and
R (3.3 Q).

The learner then correctly calculates the total resistance of the series pair of resistors but forgets to
subtract 3.3 Q.

(i) Show that the potential difference between A and a point 75.0cm along the wire from
Ais about 1.1V,
(2)
Q3T
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(¢) The metre bridge circuit is shown, The circuit includes a resistor of resistance
3.300, a very sensitive ammeter and a resistor of unknown resistance R.

3.30Q R
1 L

O-n
* 75.0cm

+ B

A metal slider S can be moved along the nichrome wire and pressed firmly against it
to make an electrical connection.

When the switch is closed and S is 75.0c¢m along the nichrome wire, the ammeter
reads 0 A because the potential difference across the ammeter is zero.

Calculate R.
o @
....... N R 1T
. Y A%
_________________________________________ LJRIN .23 . 50 BaA
................................... TR
............................................. St Whiees T S,
R= 4\ &
(Tofal for Question 11 = 9 marks)
ResultsPlus

Examiner Comments

11(c) achieves 1 mark out of 2.
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This learner used a laborious method for (b)(ii) but it is entirely correct.

(ii) Show that the potential difference between A and a point 75.0 cm along the wire from
A is about 1.1 V.

. . (2)
...... VR, 4\/""",',_2"2-;*?—;:54'-“‘\/'”’-"\/
) T _ ) .‘F _
............................................................................. R;‘“"‘Téﬁ,gﬂsfﬂ—
........................ isxc’ggg
............ = Tga .= LSV

(c) The metre bridge circuit is shown. The circuit includes a resistor of resistance
3.30Q, a very sensitive ammeter and a resistor of unknown resistance R.

3.30Q R
B
_ 75.0cm
A
S B
(| P
)
1.50V

A metal slider S can be moved along the nichrome wire and pressed firmly against it
to make an electrical connection.

When the switch is closed and S is 75.0cm along the nichrome wire, the ammeter
reads 0 A because the potential difference across the ammeter is zero.

Calculate R.

(2)

(Total for Question 11 = 9 marks)

ResultsPlus

Examiner Comments

The learner then used a ratio of lengths method to
calculate R for full credit in (c).
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(ii) Show that the potential difference between A and a point 75.0cm along the wire from
A'is about 1.1V.

(2)

roahe  75cm TS g0 Ry BR,
KR . : . &)

=

(c) The metre bridge circuit is shown. The circuit includes a resistor of resistance
3.30Q, a very sensitive ammeter and a resistor of unknown resistance R.

R 1-{asv o 3IsSV
3.30Q R
<:‘l

A metal slider S can be moved along the nichrome wire and pressed firmly against it
to make an electrical connection.

When the switch is closed and S is 75.0cm along the nichrome wire, the ammeter
reads 0 A because the potential difference across the ammeter is zero.

Calculate R.
)
f.fis: > o341 A

z
SR SR - L5 5 o S

S 1 lo L

»
: "

(Total for Question 11 = 9 marks)
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N
< (; ResultsPlus
V\; Examiner Comments

This learner completed (b)(ii) correctly.

They have shown the potential differences across
each resistor and correctly calculated the current.

The final use of V=R is correct for full credit.

// \
y

g ResultsPlus

) Examiner Tip

Make sure you understand that when using V=R
the potential difference has to correspond to that
resistor.




Question 12

This question provided an opportunity for learners, with a thorough understanding of Faraday's
and Lenz's laws of electromagnetic induction, to apply both laws to a novel context.

Many answers demonstrated a very sound understanding of this difficult topic.

The answer required learners to appreciate that the initial current within a magnetic field would
produce rotation of the coil. The coil would cut magnetic flux and induce an emf.

Lenz's law states that the induced current will oppose the change that caused it and reduce the
overall current in the circuit. The faster the coil rotates the larger the induced emf and hence the
smaller the resultant current.

Some answers did not associate the movement of the coil with a rate of change of flux linkage.
Simply quoting Faraday's law in isolation was not given credit.
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A number of answers did not mention that the coil would rotate.

Without a movement of the coil, the magnetic flux of the magnets cannot be "cut" and the
explanation becomes vague.

*12 A simple electric motor consists of a coil that is free to rotate in a magnetic field.

A student connects the motor to an ammeter and a battery.

The graph shows how the current [ in the coil varies with time ¢. The switch is closed at time 7.

I

.

T t

Explain why the current rises to a maximum then decreases.
Your answer should include a reference to Faraday and Lenz’s laws.

(6)

Sg'iﬁfm%f’ér‘lw,ho(gmﬁfﬁ ...........................

M 2 bange in bl laake Skar o hige
f:'tf ...... 6}01..:.. .............. LI A(,k ___________ [%_, ________ .Sm/é(;’SﬁZc((uzé/
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_________ %. W7 @I/; ﬂ_ qw{e\. 6-—A N?‘
s .94«.& ﬂ-!‘ , 7 Te. 450 Z%, wff«"c aﬂ‘yf......

(Total for Question 12 = 6 marks)

£ - AN

—

At
FZM( lméy,(, = gANCaSQ.

%Z ResultsPlus
Examiner Comments

This answer then does not gain any credit.

ResultsPlus
Examiner Tip

Although the question said include a reference to
Faraday's and Lenz's laws you need to consider
how they apply in the situation being described.
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This answer collected the first four marking points.

However, it misquotes Lenz's law.

U faa.d 08 SWiFCh 13 (losed). Bariss.....
S Corpens .. M Al (‘m/,ém,,dtﬂmdi
...... pﬂ[%ﬂulrxa{dudw«wgﬁ'e[doﬂf}(mq
e force..on Ke..coll...clockmAe. o Bupe o ...
...... Mre L aal pewe  and cuh. Magpenc flux (m .
Moy g @ Jhos.. e L. on. ok sa. C/“’Ej‘?
cy Aug” ifd/ca&e_ QA LA MO(M(M Aume. ______________________
I et f“A( as,v/.r

O Shovn. a1 Greph... MHovtrer M oot oo
¥ Ore B Leazs (v Wik o et L 4.

I emp ndued i opfaid 29 M force. crinnny Ao Heace.
lvxnt e o fW/ ARQIAY.. Ol 1 AN Ayt ¢
Held . Mo T ey A idise ) ! foss e prehuct

(Total for Question 12 = 6 marks)
% ResultsPlus
Examiner Comments

Lenz's law is about the direction of induced current
opposing the CHANGE that produced it.

ResultsPlus
Examiner Tip

Make sure you learn Lenz's law correctly.
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This answer demonstrates a good understanding of both laws of electromagnetic induction.

Woen. e et ks thed | 0 OWtlort ﬁmﬂm htg o) iy me .
_____ Nmght ’Eﬂnwrjl inthe. mil ootz O mdneﬁn od- T Th otk fied.
e Qs with ﬁed ﬂm Pemnmn’r M:ﬂm’ra .&uoldi o I 3.
IH' hind e i Mb@m acta.on the toil pfmdlm[m to. Eﬁ e dlm’clm.
iﬂ ....... aﬁ ..... et o mrdneﬂc eﬁi ke, o4 m\ﬂvnm_
The  wil4o oot Thip. reamnta chcmae i magretie Mux linkage: As
...... Mm&rﬂhhﬂlﬁ....f %&\ no-.thia. Eag mmm

Ktime.

................................................................ o |
_______________ m.lfazacin#m ﬁn&ucm m._ EMF. rnﬂw rml ‘ﬂttotdﬂ“@tulnms |

Jaw, twioemf will o 10 o dinettion thott o -t it
] Mﬂwﬁ—mu EMF _indued, iﬁm% eh Tr?'h me
In m ownﬂte ..... dine.ttim. o Hat Mﬁ&hjm@ ..... .}eemmwt .
oument focreeises oo Qoo et - The. rttaumgeumnm wmet
...hM, honce Yag Aeee t0te. uélemmaj wument decreciaed o m....)omgma |

(Total for Question 12 = 6 marks)
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\’—’ =
<7 ResultsPlus

Examiner Comments

This answer achieves the first five mark points but
does not collect the last marking point.

It suggests that the rotation of the coil gets slower
rather than faster and loses the thread of a good
argument.

M\

A\
\ ResultsPlus

) Examiner Tip

Try to keep a clear head when discussing Lenz's
law.




Question 13 (a)

This part of the question was about taking moments.

The answer required a moment of T around the pivot and a moment of weight around the pivot.
The two expressions then had to be equated.

Some answers incorrectly took moments around the right-hand end of the beam using 5.5 m as a
distance to the centre of mass of the beam.

It would have been useful to mark the weight and its position on the diagram.

A significant number of students did not appreciate that the moment of a force requires a
perpendicular component.

This answer shows an incorrect perpendicular component of force to the distance.

The steam cylinder rod exerts a force 7 on the beam. The force exerted on the beam
by the pump rod can be neglected.

Calculate the force T.

(4)
lé45628 = Tsin(z0) X €
Tz leuseg < goldgw
6 Sin(20)

L3:050g ... 128020000

M = 3.0Sxc®xq.81% 5.5 7 | 6US 628,

GCE Physics 9PHO 01

23



24  GCE Physics 9PHO 01

\’—’ =
<7 ResultsPlus

Examiner Comments

The moment of T around the pivot should be
Tcos20 x 6

The answer collects MP2 only for using g.

G\

& \ ResultsP
N Examiner Tip

An alternative to finding the perpendicular

component of force is to find the perpendicular
distance from the pivot to the line of action of the

force - in this case the vertical i.e. 6co0s20.




This shows a correct moment for T around the pivot for mark point 1.

The steam cylinder rod exerts a force T on the beam. The force exerted on the beam
by the pump rod can be neglected.

b
Calculate the force T. _.rﬂ‘

% " )

hemzontad il tnnee rod fo pivet: (0520 ° ca - x = 6Bcos20

2

hovizented & wWeighbn to pivet 0520 = T .. X3200520

T X6(0820 oo
__Weight : ms 3.05x(0%x (o520
e 3OS KIOY 0520 2 T BT S 2

J.esShiotcoslC

r=_2980O N

ResultsPlus

Examiner Comments

The learner has forgotten to convert the mass of
the beam to weight and forgets to multiply by the
perpendicular distance from the pivot to the
centre of mass of the beam (0.5 m x cos 20).
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This answer forgets to convert the mass of the beam to weight.

The steam cylinder rod exerts a force T on the beam. The force exerted on the beam
by the pump rod can be neglected.

Calculate the force T.

4)

.05 X ot

.bcos20

o T=a2sy6x
~ 2C40nN

205xI0" %% Cos 20" x(SS‘S)"‘*TleDFQ

ResultsPlus

Examiner Comments

It does show a correct moment for T (MP1) and
does appreciate the centre of mass of the beam is
half way along the beam - a perpendicular distance
of 0.5 x cos20 (MP3).

@ ResultsPlus
Examiner Tip

If you decide to calculate moments using a
perpendicular distance from the pivot to the force
it is useful to sketch these distances onto the
diagram.

26  GCE Physics 9PHO 01



The steam cylinder rod exerts a force T on the beam. The force exerted on the beam
by the pump rod can be neglected.

Calculate the force T.
(4)
....... 600820 5 L2Bwm  EBe B M
&
0.500620 = 0- 469, A

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

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

ResultsPlus

Examiner Comments

This answer is completely correct for full credit. It
is also well laid out and clear.
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Question 13 (b)

This question involved an energy (or power) efficiency calculation and because it was a "deduce"
guestion required learners to make a numerical comparison.

Some answers used a wrong factor for time, e.g. multiplying by 3600 to convert minutes into
seconds.

This answer writes down a correct expression for mgh but forgets to use g.

(b) The engine, which ran continuously, could lift a mass of 2500kg of water through
12 m each minute.
The engine used 1250kg of coal a day. 1kg of coal can release 22.3 MJ of energy.
The beam engine was said to have an efficiency of 10%.

Deduce whether this claim for efficiency was correct.
(5)

.......................................................................... W) 2 30,000 X164 = 2672600
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N (7 ResultsPlus
E/N Examiner Comments

They also make an arithmetical error multiplying
30000 x 1440.

The answer shows the correct method but makes
two errors.

It achieves 3 out of 5 marks.

// \
y

g ResultsPlus

) Examiner Tip

A number of formulae require the use of g. Don't
forget to multiply by 9.81 at some stage in your
calculation.

GCE Physics 9PHO 01
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This learner decides to calculate transfer of energy per second or power.

(b) The engine, which ran continuously, could lift a mass of 2500kg of water through

12 m each minute.
The engine used 1250kg of coal a day. 1kg of coal can release 22.3MJ of energy.
The beam engine was said to have an efficiency of 10%.

Deduce whether this claim for efficiency was correct.
(5)
E = mgh P= vwgh = Z500x12x5g
............................................................................................ P v S U TP —
€. 50

60xBox 2&

P, = 0 9637, = 6:52 7 EFeccceap. . R

S 42 /. aver € Frate

ResultsPlus

Examiner Comments

The calculation of power input from coal has an
error interpreting M) correctly.

This answer achieves 3 out of 5 marks.

ResultsPlus
Examiner Tip

Ensure you know the meaning of all unit prefixes:
kJ, MJ, GJ etc
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This answer incorrectly converts an amount per minute to per day.

(b) The engine, which ran continuously, could lift a mass of 2500 kg of water through

12m each minute.
The engine used 1250kg of coal a day. 1kg of coal can release 22.3 MJ of energy.

The beam engine was said to have an efficiency of 10%.

Deduce whether this claim for efficiency was correct.

(5)

Hnm ...... n .z (2Seke 22 2x\0°
%&m M‘J U“e““ _Jﬂf{ 0o

ResultsPlus

Examiner Comments

It should have multiplied by 60 x 24 to convert
from per minute to per day.

This answer achieves 3 out of 5 marks.
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(b) The engine, which ran continuously, could lift a mass of 2500kg of water through

12m each minute.
The engine used 1250kg of coal a day. 1kg of coal can release 22.3 MJ of energy.
The beam engine was said to have an efficiency of 10%.

Deduce whether this claim for efficiency was correct.
5
N Y R ks SR 2% T o mws

hf Jﬂ 24300 x 60 m wpd T
Oﬂmr}p-rg = I2sox (22 ’W} e z 71“" 7
Eﬁ{““ﬂ%- _ﬂ.i_g..m PrE HW“ o B 1524
“"*"’ e

dojal Lney ...

(kfﬁls}nrqﬁrk,'ﬁ-dyffl7'fsﬂrm¢ S

ResultsPlus

Examiner Comments

This answer shows all the stages of the calculation
with an appropriate conclusion for full credit.
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Question 14 (a)

The rocket is travelling upwards for the first 1.9 s. The simplest method of finding the height was to
calculate the area in the triangle of height 20 m and base 1.9 s.

A number of learners attempted to use SUVAT equations, almost always unsuccessfully.
A significant number of answers assumed the rocket was travelling upwards in the first 0.2 s only.

Answers that tried to use SUVAT equations were over-complicated and often had more than one
error.

14 A physics class made a toy rocket. A drinks bottle was partially filled with water and
inverted over a valve, An air pump delivered air to the bottle until the pressure forced
the bottle from the valve and the water was ejected from the bottle at high speed.

A velocity-time graph for the bottle for the first 4s after take-off is shown.

20

—
[=]

L
=

Velocity / ms™
)

o
S

1 1

(a) Determine the height to which the rocket travelled.
(2)

GCE Physics 9PHO 01
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ResultsPlus

Examiner Comments

This answer only calculates the distance moved in
the first 0.2 s. It gained a mark of 0 out of 2.

\

\ ResultsP!

Examiner Tip

When given a velocity-time graph it is usually a
good idea to use gradient = acceleration
and area = displacement.




This answer uses a correct "area under the line method" but misreads the value on the time axis.

14 A physics class made a toy rocket. A drinks bottle was partially filled with water and
inverted over a valve. An air pump delivered-air to the bottle until the pressure forced
the bottle from the valve and the water was ejected from the bottle at high speed.

;

% ' , 20 - _ , 1 1 ‘/ -

—
=

Velocity / ms™

-10

(a) Determine the height to which the rocket travelled.
(2)

'zL.’M%:xm.xlo+zx{éxw

246 =9
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ResultsPlus

Examiner Comments

This gains MP1 only.

ResultsPlus

Examiner Tip

Take care when reading values off graphs.




This method is over-complicated and results in an approximate value.

14 A physics class made a toy rocket. A drinks bottle was partially filled with water and
_inverted over a valve. An air pump delivered air to the bottle until the pressure forced
“the bottle from the valve and the water was ¢jected from the bottle at high speed.

SSEsimEeee: T
20 ™ + ;l INENESE D o \[T’/
t
w10 ; imann amnsnamsmn
E Pl
AR canas conma o= —
§ T LO0T2.0N3.0074.01 [ Time / s
3 104 :
1RSI 1]
20+
| box=z 04

(a) Determine the height to which the rocket travelled.

19 N )
______ D(&chm f?mwxda r% W
UOKOY4 =16 Swow-
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ResultsPlus

Examiner Comments

The difficulty of counting squares is that some are
not full squares.

This gains MP1 only.

Q ResultsPlus
Examiner Tip

When the graph is a straight line (or combination
of straight lines) use area of rectangle (and
triangle) formulas.




14 A physics class made a toy rocket, A drinks bottle was partially filled with water and
inverted over a valve. An air pump delivered air to the Bottle until the pressure forced
the bottle from the valve and the water was ejected from the bottle at high speed.

20 | | |
- N T
tn 10 : 1
E |
Té\ 0 s‘l'u - -
§ __4,10: S‘B_Q;:_é}{_}_:Tm_efs
;“}-' =10 4 ‘
=20
I

(a) Determine the height to which the rocket travelled.
(2)

ResultsPlus

Examiner Comments

This answer shows the simplest method of
calculation, for full credit.

GCE Physics 9PHO 01

39



Question 14 (b)

This question examined whether learners could interpret a velocity-time graph. The acceleration is
given by the gradient.

The acceleration is 100 m s for the first 0.2 s.

It then becomes -12 m s to about 2.2 s.

It then decreases in magnitude.

Many answers had the right general shape of graph but had little mistakes such as misreading the
time axis, incorrectly calculating the negative gradient or leaving the negative acceleration as
constantup to4s.

The ability to interpret a velocity-time graph was patchy with some learners unable to grasp the

meaning of a negative gradient. This meant that they often gained the first two marks but confused
their response to the second part of the acceleration-time graph.

(b) Sketch the corresponding acceleration-time graph on the axes below.

(5)

100 —4=

50
T
E s
s ol
E 1.0 2.0 . 4.0 Time / s
<

-50

-100
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< / ResultsPlus

| /< Examiner Comments

This answer achieves the first two mark points.

It does show a negative value of acceleration
between 0.4 and 4 s so collects mark point 3.

The initial negative acceleration is incorrectly
judged to be about -5 m s and it shows the
gradient increasing in magnitude in the last 1.5 s or
so.
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This answer has the correct initial acceleration for the right time period.

(b) Sketch the corresponding acceleration-time graph on the axes below.
(5

100

P

50

0

Acceleration / ms™?

ResultsPlus

Examiner Comments

The answer achieves the first two marks.

The learner hasn't correctly interpreted the
negative gradient.

@ ResultsPlus
Examiner Tip

Ensure you understand how to interpret the
gradient of a graph.
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(b) Sketch the corresponding acceleration-time graph on the axes below.

(5)
100
50
T
E
g ok -
E y £ 20 TOTTTTT4.0 Time / s -
-50
~100
AV -2
3z — : ~ IQOm3S
a* . ©:a-I10 . (Total for Question 14 = 7 marks)
(2 a= ~(Ims™ < 7
@ a= -Icww'."" Lal 7Kg= o

ResultsPlus

Examiner Comments

This answer achieves all the first four marks.

It shows the magnitude of the acceleration
decreasing but only in the last 0.5s whereas the
gradient of the velocity-time graph started to
change at about 2.2s. It therefore does not achieve
the final mark point.
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The scales on the acceleration - time graph are different to those on the velocity - time graph.

(b) Sketch the corresponding acceleration-time graph on the axes below.
()

100

50

Acceleration / ms™?
o

v
b |
=
o
=
B
-

ResultsPlus

Examiner Comments

This shows the acceleration of 100 m s but only
for 0.1 s. It doesn't gain mark point 1.

4 ResultsPlus
Examiner Tip

Take care with graph scales.
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(b) Sketch the corresponding acceleration-time graph on the axes below.

100

Ln
(=1

Acceleration / ms™
=

()

ResultsPlus

Examiner Comments

This shows an answer awarded all five marks.

Some students chose to show a step change in the
magnitude of the acceleration in the last 1.5 s
whilst others showed a gradual decrease in
magnitude. Either approach was acceptable.
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Question 15 (a)

The five marking points are taken from the specification.

Learners often listed hadrons as fundamental particles rather than quarks or omitted to mention
any particles as fundamental.

Mark points 2 and 3 were usually present for a description of baryons and mesons as was mark
point four for either stating or listing 6 quarks or leptons.

Few learners explicitly stated that each fundamental particle has an antiparticle.

This answer mentions leptons as an example of a fundamental particle but does not include
quarks.

15 The discovery of the Higgs particle was an important contribution to our understanding
of particle physics.

(a) Describe the standard model for subatomic particles. You should identify the
fundamental particles and the composition of the particles we can observe.

(5)

pacrides  Fundamentd)  parvicies  are  keprons fuchas
elecrrons whith  are  subaremiv parrides. €lecryony avealso

Newryons and  pretens ave both subatumic  parnivles ave

detay. 0N prarens (apayffvem prefWS)
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ResultsPlus

Examiner Comments

The answer goes on to give a description of a

baryon but not a meson so achieving mark point 2.

ResultsPlus

Examiner Tip

Ensure you take note of exactly what the
specification expects you to know.
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This answer does not make clear which particles are fundamental.

15 The discovery of the Higgs particle was an important contribution to our understanding
of particle physics.

(a) Describe the standard model for subatomic particles. You should identify the
fundamental particles and the composition of the particles we can observe.

ResultsPlus

Examiner Comments

It does achieve mark points 2, 3 and 4 but does not
state that each fundamental particle has an
antiparticle equivalent.
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15 The discovery of the Higgs particle was an important contribution to our understanding
of particle physics.

(a) Describe the standard model for subatomic particles. You should identify the

fundamental particles and the composition of the particles we can observe.
()

The tundamental parkicies. are. [eptans. and quarks. Quarks
mahe vp. meiend b baryena. wiith ars. elliechvCleg ...
ded. hadroma. We cannot Okithve (ndavidme] quarks,
only meaona, whith are. madd from. a queavic rant=guark. .

por,.and learyona @-9. M prdten, which are mMael fren .
S quary_or 3 anti gquerhs. There are 6 clases op ooth ..

Fer CAch motter p.puq.,
quarm..and 1€pfons. and. QatIhAeplen b quaiic e
mw;pmaugmm-;mw;erparhwwmohkmmw

mam hut opposite. charg, e.q. LLUTIN & a peoitron. This,
arrangenmunt vhews JYmml vy 2 tha parkidia. Taare are

aMo the parhcln Hhat carvy the fundanantad perie, p hotons
ter €M md,ca.bm; Hiqqs baion rev maun . alvon ter J lrovrwa Nu el

% ResultsPlus
Examiner Comments

This answer has all five mark points.
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Question 15 (b)

This question is a conversion from kg to GeV/c%.

Note that if the calculation is divided into stages then the first stage should be to multiply by c?, this
is converting kg to J. The second stage should be a division by 1.6 x 107"?, this is converting J to eV.

If the division by 1.6 x 10™"? is carried out first this is not a conversion from ] to eV. This was only
penalised if the final numerical answer was incorrect and the method was then reviewed.

Many answers combined both in one single staged calculation which was given full credit.

(b) The mass of the Higgs particle is 2.2 x 10 kg.

Calculate this mass in GeV/c2.

(3)

ResultsPlus

Examiner Comments

This answer omits the square for the speed of
light. MP2 cannot be awarded as it is not a
conversion from J to eV. This answer gets 0 out of 3
marks.

A\
Q ResuitsPlus
Examiner Tip

Write down the equation you are using before
substituting the numbers.
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This answer was seen a number of times. The learner correctly multiplies by ¢ but then goes on to
divide by .
' alb B = oA
(b) The mass of the Higgs particle is 2.2 x 10 kg, o, J‘V a—’{(ﬁq L- O.

Calculate this mass in GeV/c2.
3)

“ 0 _SVg ~—TLAE

E' met 172400 ’s‘fj (r1s107 )(3 ng@) T
- ﬂfHD&J

_‘_'_’l'f_*"ﬂ e\ ¢ I 'E‘HJD EU IZ"HID GQV

'It':-ﬂ'l-]a-“
]1'&1!0 (3”0&3 - 533‘”0

-

-
Mass = h’li’f“‘ms . GeV/e?

ResultsPlus

Examiner Comments

The answer gains both MP1 and 2.

ResultsP
Examiner Tip

Learn to convert these units as it is a specification
requirement.
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(b) The mass of the Higgs particle is 2.2 x 10 **kg.

Calculate this mass in GeV/c?.,
(3)

1Y 1 M ALY e 8 {7

R ¥ 2 1 1

ResultsPlus

Examiner Comments

This answer is laid out clearly in one stage and
achieves full credit.

This is an example of an incorrect answer.

When the method is looked at the order of the stages of conversion is incorrect.

(b) The mass of the Higgs particle is 2.2 »x 102 kg.
Calculate this mass in GeV/c?.

| 2P un € ;] 3G

] SW o3 gk:-q)? -
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ﬁ | { ResultsPlus

Examiner Comments

The division by 1.6 x 107'° does not convert J to eV.
This does not gain MP2.
The calculation does gain MP1 for multiplying by c?

Giga is incorrectly interpreted.

N\
\ ResultsPlus

) Examiner Tip

Learn to do this conversion with a single stage
calculation.
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Question 15 (c) (i)

This question was about the high energy required in particle collisions so that new particles can be
created. The Higgs particle has a relatively high mass, so a particularly high energy will be required
according to AE = Amc?.

The mark scheme also rewarded the point that energy is required to overcome the electrostatic
forces of repulsion between the two accelerated protons. However, this energy is a much smaller
scale than that required to produce new particles.

This answer confuses the strong nuclear force with the electrostatic repulsion force between the
protons.

(c) The Higgs particle was discovered using the Large Hadron Collider (LHC) in 2012.
Two beams of very high energy protons, moving in opposite directions, were made to
collide.

(i) Explain the need for such high energy collisions.
(3)

/“'\-:: ; lﬂ,ﬁh enes jj@_:,ﬂeedederdcrwauwwm
| “»2 o Sfens  noclepr . kot betleen the  protem SO
Mes  thes  collide  nskad.  Of. lepel'% eacholh..
,ALSO {}\(1 hlgh LCNASS.....enable. . WS Ao the..... Yea.chion.
down. . So.. thak. dC&bCG.hbeCOUGLP%L%GJ'

ResultsPlus

Examiner Comments

It doesn't achieve mark point 1. Answers of this
type were often vague about the type of force
between the protons.
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This answer achieves mark point 1 both ways.

(c) The Higgs particle was discovered using the Large Hadron Collider (LHC) in 2012,
Two beams of very high energy protons, moving in opposite directions, were made to

collide.

(i) Explain the need for such high energy collisions.

ResultsPlus

Examiner Comments

This answer gives both arguments for mark point 1
and also quotes £ = mc®in an appropriate context
so achieves MP2.

It doesn't specifically state that the Higgs particle
has a relatively high mass so doesn't achieve MP3.

ResultsPlus
Examiner Tip

Note that the energies required to overcome the
electrostatic force of repulsion between the
protons is relatively small compared to the energy
required to create new particles.
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(¢) The Higgs particle was discovered using the Large Hadron Collider (LHC) in 2012.
Two beams of very high energy protons, moving in opposite directions, were made to
collide.

(i) Explain the need for such high energy collisions.

ResultsPlus

Examiner Comments

This answer expresses all three mark points well
and achieves full credit.
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Question 15 (c) (ii)

This question was best approached using the equation at the back of the exam paper r=p / BQ

Some learners overcomplicated this question by first deriving the equation. Some confused the
circumference for the radius, and some substituted the charge on a proton as 1.

This example shows the circumference being substituted for radius.

(ii) The beams of protons are contained within a ring of superconducting magnets.

Calculate the momentum of a proton in a beam.

magnetic field strength = 8.3T
circumference of the ring = 27km
£~
SSN S- - o S R N B
q-

Momentum = 73 Sq"‘] D)(om

ResultsPlus

Examiner Comments

The dimensions for the substitutions in r=p/BQ are
dimensionally correct so this answer achieves MP2
for the use of the equation.

‘ ResultsP
Examiner Tip

Also note that the circumference is in km. This
needs to be changed to m when calculating the
radius using 2mr.
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The calculations are correct.
The units for momentum are incorrect.

(ii) The beams of protons are contained within a ring of superconducting magnets.

Calculate the momentum of a proton in a beam.

F-m ms' O

magnetic field strength = 83T
circumference of the ring = 27km

ResultsPlus

Examiner Comments

This cannot be awarded MP3 so gains 2 out of 3
marks.

ResuitsPlus
Examiner Tip

Make sure you use the correct units.
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(ii) The beams of protons are contained within a ring of superconducting magnets.

Calculate the momentum of a proton in a beam.

(3)
B magnetic field strength = 8.3T
1=v circumference of the ring = 27km

"=_GE- ...... P=rbBa P=4297.18 x3.3x\ 6%\
(e}
............................................................................................................ Pz S-70x0 " Ky ms
Momentum = 5'7""9-6“5’”5" .......
ResultsPlus

Examiner Comments

This shows a clearly laid out answer with correct
units for full credit.
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Question 15 (c) (iii)

The protons have equal momentum but are travelling in opposite directions, so the total
momentum is zero.

A number of learners multiplied their answer to (c)(ii) by 2. i.e. forgetting the directions are
opposite.

An example of forgetting the direction of the two momenta are opposite.

(iii) State the total momentum of the products of the collision between the two beams

of protons.
(7% aboeawwr) @

Total momentum =, I]?’le
cgms ™

ResultsPlus

Examiner Comments

This answer was awarded 0 marks.
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Question 15 (d)

This question examined the idea that at speeds close to the speed of light relativistic effects occur.
The mass of the protons will no longer be the rest mass - the equation quoted would no longer be
valid at these speeds.

Some answers simply stated that energy would be converted to mass. They were not clear that the
mass of the proton increases.

(i) The beams of protons are contained within a ring of superconducting magnets.

Calculate the momentum of a proton in a beam.

(3)
magnetic field strength =8.3T
circumference of the ring = 27km

p-(fé?xfé’ﬂ)v

(d) The LHC accelerates protons until they gain energies of about 7 TeV.

2
A student used the equation E = 2"; to predict the energy of a proton in the beam,
m

using the momentum calculated in (c)(ii), but found the energy was far higher than 7 TeV.

Explain why.

(2)

ResultsPlus

Examiner Comments

This answer achieves the proton gaining mass
mark.
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This answer initially suggests that the protons reach the speed of light which is incorrect.

ry _F

(ii) The beams of protons are contained within a ring of superconducting magnets.

Calculate the momentum of a proton in a beam. =Rl

3)
magnetic field strength = 8.3T F = BgV

circumference of the ring = 27km

1
peew ek Beeggm ERA
By e 2 e W

e

(d) The LHC accelerates protons until they gain energies of about 7 TeV.

2

A student used the equation E, = ;; to predict the energy of a proton in the beam,
m

using the momentum calculated in (c)(ii), but found the energy was far higher than 7 TeV.

Explain why.
(2)

Lot r 19

L anke  aptety. . Meenineg  bhak b Vebe oy lorer <nreadk,

1

'b._:ng Contar bv mMobh’

(Total for Question 15 = 17 marks)

ResultsPlus

Examiner Comments

It then correctly states that the velocity approaches
the speed of light and gains mark point 1.

The answer then becomes unclear - vaguely stating
that energy changes into mass - but suggesting
that the mass will be lower as a result.
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(ii) The beams of protons are contained within a ring of superconducting magnets.

Calculate the momentum of a proton in a beam.

-9 (3)
magnetic field strength = 83T B Ql-exlo™(

circumference of the ring = 27km

r:"E‘ - . = BQI"" oM 2;1-r"2?x.’9;
F=21X({0%

PR3 X wro-““x 4297

Momentum = 5.7',”0-'5-":3’“1-’

(d) The LHC accelerates protons until they gain energies of about 7 TeV.

2

A student used the equation E, = 23— to predict the energy of a proton in the beam,
m

using the momentum calculated in (c)(ii), but found the energy was far higher than 7 TeV.

Explain why.
(2)

In. the LNC protema. aphf9Qth fhe dped g light,
z
So._Fheir _menn. increa greaHyJomEx””:,g _______________
Ek 2 axmv’ e trurgy wall greatly jacrees.
Reg latiithe o vahom muwt be VLA ra@ay
,,,,, om redlahnihe Ypect i ontenng ot sk Jpad.

(Total for Question 15 = 17 marks)

B | S 4297mmmmmmm

ResultsPlus

Examiner Comments

This answer achieves full credit.
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Question 16 (a)

There were three marks for this question. The first two marks were for lines representing a field
which is radial in nature and an arrow pointing outwards.

The last mark was for using a ruler and making sure the lines were equally separated by angle.

The third point was the most difficult with many answers showing lines that were not equally
spaced.

16 (a) Sketch the electric field around a positive point charge.
(3)

e
S

ResultsPlus

Examiner Comments

This diagram was judged to be on the border and
the mark MP3 was given.

The answer was awarded a total of 3 marks.

\\ ResultsPlus

Examiner Tip

Use a ruler when drawing field lines which should
be straight.
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The radial lines had to be equally spaced and this diagram does not show equally spaced lines.

Rl sl
gy 4 C J'V

16 (a) Sketch the electric field around a positive point charge. dava

ResultsPlus

Examiner Comments

This gains 2 out of 3 marks.

ResultsP
Examiner Tip

Take care when drawing field diagrams
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This answer shows both equipotential lines and electric field lines.

It was possible to ignore equipotential lines if they were dotted or labelled.

16 (a) Sketch the electric field around a positive point charge.

66 GCE Physics 9PHO 01
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ResultsPlus

Examiner Comments

In this case the examiner has been given a choice
and therefore marked it incorrect.

4 ResultsPlus
Examiner Tip

Answer the question and keep the diagram as
simple as possible.

(3)



Question 16 (b)

The question provided a graph of potential against distance.

The most appropriate method to calculate field strength at a point is to use the gradient of the
potential-distance graph.

Another way is to use both equations for £ and Vin a radial field.

Once learners had a numerical value for E they had to compare this with the given value from the
question.

This answer does not use a correct method.

It also does not compare the calculated value with the value given in the question.

(b)mgraphshowshuwpownﬁalvaﬁeswithdimﬁomﬂu@mofnchuged
sphere.

6x 10°

5% 10°

a 4x10°
E 3% 10°
2x10°

m

1 % 10¢ Saane

-
-
|+
f——

0
0 0.2 04 0.6 0.8 1.0

Distance / m
Air molecules will be ionised if the electric field strength exceeds 3 x 10°Vm.

Deduce whether air molecules will be ionised at a distance of 30 cm from the centre
of this sphere.

4
g |-6v(0f V

E:-!: Iy 0 =
........d.............pya.......4.-1.4...

N Sx 0 é V ™!
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ResultsPlus

Examiner Comments

This gained 1 mark for using the graph to find a
correct value of V.

MP3 for the answer so achieves 2 out of 4 marks.
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This shows a tangent and correctly calculates the gradient.

(b) The graph shows how potential varies with distance from the centre of a charged
sphere.

6 x 10°

11
4

0 02 °3 04 0.6 0.8 1.0
0cm
Distance / m

Air molecules will be ionised if the electric field strength exceeds 3 x 10°Vm™.

Deduce whether air molecules will be ionised at a distance of 30cm from the centre
of this sphere.

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

GCE Physics 9PHO 01

69



70 GCE Physics 9PHO 01

ResultsPlus

Examiner Comments

The learner does not compare their value explicitly
with the value of E given in the question.

This answer achieves the first 3 marks.

/’\\ “
Q Results#
Examiner Tip

In "deduce" questions remember to compare your
answer with that given in the question explicitly.




This method includes the use of both radial field equations.

(b) The graph shows how potential varies with distance from the centre ofa charged
sphere.

6x 106

5% 10¢

> 4x10¢

:g Ix 100

g 2x10°

Ix10°

LAl )
L1l

0
0 0.2 0.4 0.6 0.8 1.0

Distance / m
Air molecules will be ionised if the electric field strength exceeds 3 x 10°Vm™.
Deduce whether air molecules will be ionised at a distance of 30cm from the centre

of this sphere. \.f‘l'-—:- Q = kv V*"”% 1.5*' @)
............ Febps = ovshewme keganaet
.................. . gamug , ETRT g Cendr P L gynsS
= 5333067 Fmmen

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

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

................................................................... o Molecdes Mwill  be lended
ResultsPlus

Examiner Comments

It does not explicitly compare their value of E with
that given in the question.

This answer gains the first 3 marks.
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Question 16 (¢c)

This question was set to test the idea that there must be zero potential gradient within the suit,
therefore the field strength within the suit is also zero. However, very few learners gave this
answer.

The two examples below were common and gained some credit.

(¢) A magician did a trick which he claimed was the most dangerous ever. He positioned
himself midway between two charged spheres which were separated by a distance of
about two metres. Each sphere was charged to a potential that would cause ionisation at
a distance of one metre. He wore a protective suit of chain mail and a helmet consisting
of a metal cage. The protective suit and helmet were earthed to a potential of 0V.

A scientist said “there is no danger in this and I would happily do it tomorrow™.

Explain whether this statement is justified.
(3)

the sclentist 1S justified. The soit acks
_as. O focdlay e coad protects the
M&Q‘C%&F\Sgc’ot"\ v dQC/HtCnLyT}TQ.
cocrent  enttrs. e Magicians’ 80k aud.
Ne  magician vihormed

(Total for Question 16 = 10 marks)
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=
N (ResultsPlus
E/N Examiner Comments

This answer gains MP2 and MP4 for 2 marks.

48
y \

&34\ ResultsPlus

\ Examiner Tip

When there are 3 marks there will be 3 distinct

mark points.

"Explain" questions at the end of a question are
often based on the topics previously tested within
the question. In this case on electric field strength

related to potential gradient.
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| The Prolechen

f}-}‘huﬁ—lad ___________ v kaMQWWFLMmRH_L
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<ZZ ResultsPlus
Examiner Comments

This answer gains MP4 for 1 mark.
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Question 17 (a)

Three methods for proving this equation were commonly seen.
Two approaches appear in the mark scheme.
A neat use of similar triangles simplifies this proof as shown in the first example below.

All proofs require a trigonometrical approximation to be made. This wasn't always pointed out in
the answer.
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This shows another method for this proof in addition to the two given in the mark scheme but it
contains one error and one omission.

17 A centrifuge is a machine which rotates.
A/particle in a centrifuge moves in a circle of radius r, centre O, with a constant speed v.

The diagram represents two positions of the particle.

2
Derive the equation for centripetal acceleration a = — by considering the velocity at
r

these two positions.

—

Your answer should include a vector diagram.

3

v At
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N

N,
<N / ResultsPlus
?/\ Examiner Comments

There is an assumption being made that the
circular arc of the motion is approximately the
same as the straight line representing change of
velocity.

This is true for small angles and needed to be
indicated for the fifth mark.

Also note that the direction of the arrows on the
velocity vectors is incorrect. This was not penalised
on this paper and the answer gains 4 out of 5
marks.

Av is the difference between the two velocities so
the arrow on v, should be reversed.

ResultsPlus

\ Examiner Tip

Be careful about the direction of vectors. Reverse
the arrow indicating direction to show a negative
of a vector .
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This proof uses components of velocity at the two positions.

17 A centrifuge is a machine which rotates.
(a) A particle in a centrifuge moves in a circle of radius r, centre O, with a constant speed v.

The diagram represents two positions of the particle.

2
Derive the equation for centripetal acceleration a = }’;_, by considering the velocity at

these two positions.

Your answer should include a vector diagram. ®)
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ResultsPlus

Examiner Comments

This includes a reference to the small angle
approximation and gains full credit.

ResultsPlus

Examiner Tip

Use a labelled diagram to illustrate your working -
this is an excellent example.
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Question 17 (b) (i)

The following two examples show two alternative correct approaches.

(b) The United States’ space agency, NASA, uses a centrifuge to test whether equipment
will operate when experiencing large forces. The equipment to be tested is attached to
the end of the frame of the centrifuge, which rotates around a vertical axis at its centre.

The centrifuge rotates at 50 revolutions per minute with a radius of 8.8 m.,

(i) Show that the angular velocity of the centrifuge is about 5rads™.
1 T o (2)

<ZZ ResultsPlus
Examiner Comments

This correctly calculates time period T and then
substitutes it in

w=21/T

The answer gains full credit.
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(b) The United States’ space agency, NASA, uses a centrifuge to test whether equipment
will operate when experiencing large forces. The equipment to be tested is attached to
the end of the frame of the centrifuge, which rotates around a vertical axis at its centre.

The centrifuge rotates at 50 revolutions per minute with a radius of 8.8 m.

(i) Show that the angular velocity of the centrifuge is about S5rads™'.

£ s50: 60 (2)
s_‘lz : ' - "'!
..................... ws?-wf—-s*-unf-é

ResultsPlus

Examiner Comments

This example calculates frequency and uses
w = 211f for full credit.
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Question 17 (b) (ii)

This question was about this centrifuge. The angular velocity of this centrifuge is small whilst its
radius is large.

The best approach was to use F = mrw?to explain that the force is large as the radius at which the
equipment is placed is large.

The use of the equation F=mv?*/r does not help with the argument unless the student makes it very
clear that they are discussing linear velocities being large because the radius is large (from v = rw).

This answer uses the right circular motion equation and refers to a large radius for full credit.

1L

(ii) Explain how the centrifuge applies large forces to the equipment under test.

 Grode .force appUeJ
M 2 g K oad g e cmr@t W
e mquagigj N abamul-e/ mmm(’ .

a 2 T

P@gwa_?gra—kff‘

ResultsPlus

Examiner Comments

The answer refers to the end of the centrifuge
having a large radius for the second marking point.

This answer illustrates how using the other circular motion equation leads to confusion.

(ii) Explain how the centrifuge applies large forces to the equipment under test.

(2)

e

Fe o

LETAOSS L omeh L Ve ety Gt Cmatreaat o CRCIRASE  Atal

W EORALT e e CEERE L SR mRYaN BB e
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,@««"g/\(*ﬁ -
N / ResultsPlus

‘v| < Examiner Comments

The radius is actually large and this leads to the
linear velocity of the equipment under test being
large.

This answer was awarded 0 marks.

/7

\
\

<O\ ResultsP

\ Examiner Tip

Look at whether the previous question has helped
to guide you in thinking a particular way about a
situation. The previous question was about angular
velocity and was a prompt to use F=mrw?

y
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This answer uses the right equation for MP1.

(ii) Explain how the centrifuge applies large forces to the equipment under test.
(2)

o ordlen for the e 'pmm’r fo.mwe ..o cicle, Hune vt b o @i petud frig
ﬂﬁﬂ o it éﬁw& 1S ﬂwen ba_F MY < 1adA - As the. nhl&*l'[armym}.

atmm&mah mgu(m mh& lunqe T

Jonga. 002 tlpFli it

%Z ResultsPlus
Examiner Comments

The answer refers to a large angular velocity rather
than to the large radius so does not score the
second mark.
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Question 17 (b) (iii)

This question was best solved using the formula a = rw?

If the student used their calculated value from (b)(i) they should arrive at a value of about 25g and
therefore suggest the claim is correct.

If they use the "show that" from (b)(i) then they arrive at an answer which is significantly less than
25g so they should state that the claim was incorrect.

This shows a fully correct example.

(iti) The NASA website says the centrifuge can be used to test whether the equipment
can withstand accelerations of up to about 25g.

Deduce whether this claim is correct.

(2)
08,0.8(= 24C 25wl %arwl
?-41 26 Mﬁ-

Z&L cé’/JJM Ma}m .. z,qc zx zat 14

ResultsPlus

Examiner Comments

This gains full credit.

ResultsP
Examiner Tip

You should show a comparison of your value with
that given in the question, as this does.
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This example shows an incorrect conclusion from a correct calculation.

(ili) The NASA website says the centrifuge can be used to test whether the equipment
can withstand accelerations of up to about 25g.

Deduce whether this claim is correct.
(2)
s L

LECW = A BxE B 2285 % TR
LSy = WS 2SS, S D RRR
Lo The... @QUIPMENt.... o w0 0. RSg

ResultsPlus

Examiner Comments

The learner has calculated a numerical value of
25g - this should strictly have the units of
acceleration.

This gained MP1.

ResultsP
Examiner Tip

Note the word "about" and use common sense to
consider its meaning. These two values are only
2% different.
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This answer calculates the acceleration in terms of g.

(iii) The NASA website says the centrifuge can be used to test whether the equipment
can withstand accelerations of up to about ZSE.

Deduce whether this claim is correct.

(2)

B @ Wt ol G i L85 x 247 = Tul2sk@abd
Al - 24562446 S TS &5 ol.. \e Lsg...

ResultsPlus

Examiner Comments

This shows that the answer rounds to 25g and this
approach tends to lead to a sensible conclusion.
Both marks awarded.

This answer uses the "show that" value from Q17(b)(i).

(iii) The NASA website says the centrifuge can be used to test whether the equipment
can withstand accelerations of up to about 25g.

Deduce whether this claim is correct.
(2)

Uz w8 Bx 5T =220u"% o
e @ 9. 8mT QZOF—@Q‘??!- 22, 4,

/J(ﬂ(lﬁ orv@ QZaé‘\_cj{. Cleina. . F.incomedh. .09,
ton _ahéy. wWIT 2 R

ResultsPlus

Examiner Comments

This leads to a significantly smaller value
compared to 25g.

This answer then draws the correct the conclusion
for full credit.
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Question 18 (a)

This question was about

(i) the acceleration caused by a magnetic force on a ball bearing

(i) momentum conservation at a collision

(i) the nature of elastic collisions.

These three points of increasing difficulty were expected for full credit.

This learner does not clearly identify which ball bearings are being discussed.

The answer is vague about the term energy and does not clearly identify kinetic energy until the last
few words.

18 A ‘Gauss gun’ can be made from five ball bearings of equal mass and two magnets, as shown.

Pairs of ball bearings are placed to the right of two strong magnets. A single ball bearing
is released from the left, as shown. The ball bearing is attracted to, and collides with, the
first magnet. This and all subsequent collisions can be assumed to be elastic.

(a) Explain what happens to make the last ball bearing on the right subsequently move
off with a large velocity.

-L— L - mL i A deesed  de M ek

?L‘W%J’L o ﬂ‘ . 1241

RN S N PR WA B R
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y
_—

< / ResultsPlus

| /< Examiner Comments

This answer was close to being awarded mark
point 3. The answer states that all the kinetic
energy is transferred to the last ball but should
have said from the third ball.

There is an acceleration and therefore increase in
kinetic energy as the third ball is attracted to the
second magnet.

This answer did not collect any of the mark points.

<A\ ResultsPlus
\ Examiner Tip

When discussing elastic collisions be clear that it is
all the kinetic energy that is conserved.
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This answer leaves some confusion about which balls are being discussed.

Inemjw{bummmmﬂn 0. Lawrw’cl w e Yo 7 ball

Asall o) te coluins awe c KE s onned 0 ww
baﬂkmmﬁ dll ot aH bt g KEor Uu%&

ResultsPlus

Examiner Comments

This answer covers momentum conservation well.

It also looks to discuss conservation of kinetic
energy but compares the final ball bearing with the
kinetic energy of the "first" ball bearing. It isn't
clear whether the student means the original ball
bearing which was released or what is in effect the
third ball bearing which left the first magnet.

The final ball bearing will have more kinetic energy
than the first because work is done by the second
magnet.

This doubt means that the answer gains 1 mark.

ResultsP
Examiner Tip

Some students labelled the ball bearings in the
diagram to help their explanation.
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18 A ‘Gauss gun’ can be made from five ball bearings of equal mass and two magnets, as shown.

Pairs of ball bearings are placed to the right of two strong magnets. A single ball bearing
is released from the left, as shown. The ball bearing is attracted to, and collides with, the
first magnet. This and all subsequent collisions can be assumed to be elastic.

(a) Explain what happens to make the last ball bearing on the right subsequently move
off with a large velocity.

3)

Wer tle foes§ boell bats b forst megnels. the boll R roves

OHr L—ﬂa\ fLe Sme |eneblc energo 04 e ;f.mjf M Lmﬁ{
M%ba&d’mﬁﬁkﬁhfwwﬁwdmﬂmmm%

[10,(,(& i ovcelereted € ok Oe ool mc«jﬂef ol
fl—e /"md"c Bl 0o ke I W Q lwf )Qeﬂ:re a%w([ow»ﬁ.ﬂec‘vm

dﬂmsw&%aﬂm‘*’wwdﬁgwﬂw%%wﬂék/
Combined Ey of Brod Yo [oost betl

%ZResults@lus
Examiner Comments

This is a good answer with all three points.

ResultsPlus
Examiner Tip

This avoids the confusion of discussing different
balls by labelling them on the diagram.
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Question 18 (b) (i)
The answer could be calculated either using W = 1/2 C/?
or a combination of Q = CV followed by W= 1/2 QV.

Learners could use Q = CV and then subsequently 1/2 QV.

(b) A student set up the apparatus shown to measure the speed of the last ball bearing.
The ‘Gauss gun’ was placed at the end of a bench, so that the ball bearing left the gun
and broke two strips of metal foil which formed part of an electric circuit.

two strips of @
metal foil

T
Gauss \ i
gun - \ 40,F
bench ball
bearing :,5 0k {

1.5V

As the ball bearing left the gun, it broke the first foil strip at its centre so that the
capacitor started to discharge. When the ball bearing broke the second foil strip the

capacitor discharge stopped.
(i) Calculate the energy stored in the capacitor when it was fully charged.

-8 @)

6 0) x TSve 6.X0°5
Q\J(osm ...... 5 Xko 109 BG5S

Energy stored = ... BK\QFSO'
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ResultsPlus

Examiner Comments

This answer shows a confusion between
capacitance C and charge Q.

It was awarded 0 marks.

N\ _
Results#
Examiner Tip

Be careful with capacitor questions not to confuse
Q with C.
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This shows the approach using Q = CV followed by 1/2 QV.

\. s

»
Q
I
N
<
1
3
X
Q.
<
X

Energy stored =

ResultsPlus

Examiner Comments

Note that the learner incorrectly interprets the
meaning of the prefix p and achieves 1 mark.
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(b) A student set up the apparatus shown to measure the speed of the last ball bearing.
The ‘Gauss gun’ was placed at the end of a bench, so that the ball bearing left the gun
and broke two strips of metal foil which formed part of an electric circuit.

two strips of /;\‘
metal foil \IJ
Gauss gun }\ | | .
P 40uF
bench ball

beari 5.0kQ

|\

| |

1.5V

As the ball bearing left the gun, it broke the first foil strip at its centre so that the
capacitor started to discharge. When the ball bearing broke the second foil strip the

capacitor discharge stopped.

(i) Calculate the energy stored in the capacitor when it was fully charged.
(2)

w:Jif?Vw;)é.c,vQ: ......... walvaﬁ_'ﬁjz:usm'%

ResultsPlus

Examiner Comments

This shows the approach using W = 1/2 CV* and
achieves full credit.
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Question 18 (b) (ii) - (iv)

The first part of this question required the use of the exponential discharge equation.

The other two parts tested an understanding of projectile motion.

Learners should show all their substitutions when carrying out a "show that" question as in (b)(ii).

A number of answers to b(iv) substituted a value for initial velocity in s = ut + 1/2 at?and did not
achieve the 2 marks.

A number of answers to (ii) showed a calculation of time constant only.
(ii) The voltmeter reading halved in the time taken for the ball bearing to travel
between the two foil strips.

Show that the time taken for the ball bearing to travel between the two foil strips

was about 0.1 s.
(2)

RC=T = 4oxéxSxo =025
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(iii) The two foil strips were 0.50 m apart.
Calculate the horizontal velocity of the ball bearing.

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

(iv) The student positioned the second foil strip with its centre 8.0 cm lower than the
centre of the first foil strip.

Deduce whether the ball bearing broke the.mond foil strip at its centre.

Assume the ball bearing was travelling horizontally as it broke the first foil strip.
(2)
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N
< (; ResultsPlus
V\; Examiner Comments

In part (iv) the candidate has rounded the answer
too far - to just one significant figure. It isn't clear
how they arrived at this answer as they do not
show the values of s and t substituted into the
equation.

The marks were awarded as follows:
(i) O (iii) 2 (iv) O

A\

-
y

4 A
pr \

-  ResultsPlus
\\_} Examiner Tip

In general, write answers to at least two significant
figures.




This shows a fully correct example.

(i) The voltmeter reading halved in the time taken for the ball bearing to travel
between the two foil strips.

Show that the time taken for the ball bearing to travel between the two foil strips

was about 0.1s.
(2)
................ tws thea e My w02 RC
T oAl x Sel0Tx aOx/07 - 01386
............................................................................................................................................................................ T o148 .
(iii) The two foil strips were 0.50m apart.
Calculate the horizontal velocity of the ball bearing.
(2)

U= o vr S5 = 606 ms”
.......................................................................................... V7SS 01‘5552“36m
.................................................................................................................................................................... 2.3%8)

Horizontal velocity = ... 3'61m$4 .....................

(iv) The student positioned the second foil strip with its centre 8.0 cm lower than the
centre of the first foil strip.

Deduce whether the ball bearing broke the second foil strip at its centre.

Assume the ball bearing was travelling horizontally as it broke the first foil strip.
)

Q0 NO, Wk M4 nit breake k at US  @Alre .
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ResultsPlus

Examiner Comments

The marks were awarded as follows:
(i) 2 (iii) 2 (iv) 2

Q ResuitsPlus
Examiner Tip

Show all the values substituted into the formula.




Paper Summary

Based on their performance on this paper, students are offered the following advice:

* when carrying out a calculation write down the equation, substitute the values then calculate the
answer

¢ ensure unit prefixes are understood - this particularly affected Q15(b) prefix G and Q18 prefix p

the answer to a "show that" question (e.g. Q18(b)(ii)) should be written to at least one more
significant figure

* a "deduce" question will usually require a numerical comparison of the student's answer with a
value given in the question.

New topics on the specification such as the application of moments in Q13 and the proof of the
circular motion equation in Q17(a) presented difficulties. Ensure your revision covers every
specification point.

Many answers to Q15(a) demonstrated a very sound knowledge of the standard model. However
some students appear to have learnt considerably more than the specification requires and this
sometimes led to a confusing answer. Take note of exactly what the specification requires you to
know on this topic.
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Grade Boundaries

Grade boundaries for this, and all other papers, can be found on the website on this link:

http://www.edexcel.com/iwantto/Pages/grade-boundaries.aspx
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