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Introduction

This paper examined the following topics: working as a physicist, mechanics and further
mechanics, electric circuits, electric and magnetic fields and nuclear and particle physics.

A range of question types were used including multiple choice, questions requiring a short
explanation, calculations and at least one indicative response question worth 6 marks.

The paper had 90 marks and was allocated a time of 1 hour 45 minutes. There was little
evidence of candidates running out of time.

Most question were set in a context, eg question 12 was about a cyclist and bicycle.

Almost all candidates demonstrated some sound algebraic skills. Most candidates could
substitute numerical values into equations and then rearrange them. Some questions
required graphical skills such as Q12(b)(i), Q14(b)(ii) and Q18(b)(iv). Many candidates were
less confident using graphical skills. Candidates were confident with their use of units and
their prefixes. There is still some confusion when dealing with significant figures. Answers
should not be rounded off to a number of significant figures which is less than the data given
in the question.

In previous years the indicative content question has proved challenging. The indicative
content question, requiring an explanation of the operation of a LINAC, was well-answered by
most candidates. The question required some extended writing. Many candidates responded
well and demonstrated good written communication skills.

Questions make use of a command word. The most commonly used command words were
"explain" and "calculate". It is pleasing to note that candidates are becoming familiar with
these and consequently their performance is improving. There were few examples of
qguestions being completely misinterpreted.

The front of this paper informed centres that a protractor would be required for the exam. A
number of candidates did not appear to have brought or been given a protractor.
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Question 11 (a)

This question could be solved by either considering gain in gravitational potential energy or
by resolving forces along the slope. Work done and power could then be calculated.

This example shows both approaches.

11 A student drives a go-kart up a slope.

(a) The slope is at an angle of 5.7° to the horizontal. The go-kart moves with a constant
velocity of 2.8 ms™. ‘a’

Calculate the power of the go-kart.

mass of go-kart and driver = 60kg
resistive force on the go-kart = 18N

GCE Physics 9PHO 01 4
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N / ResultsPlus

/‘--'; Examiner Comments
The resultant force has been correctly determined down the slope.
This gains two marks, mark point 1 and 2 on the mark scheme for
resolving forces.

The vertical height gained per second has also been calculated. This is
mark point 1 on the first scheme.

The formula for gravitational potential energy has been written down
but is incorrectly used.

This answer gains 2 marks on the mark scheme for resolving forces.
This is equal to the tractive force on the go-kart.

If candidates have used a mix of approaches, then whichever scheme
gives the most marks is used.

T4 ResultsPlus
\_ Examiner Tip
This answer illustrates how candidates can confuse two correct

methods.
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11 A student drives a go-kart up a slope.

(a) The slope is at an angle of 5.7° to the horizontal. The go-kart moves with a constant
velocity of 2.8 ms™.

Calculate the power of the go-kart.

mass of go-kart and driver = 60 kg
resistive rf&rg‘e on the go-kart = 18 N

The candidate has correctly calculated the component of weight acting
parallel to the slope. The resistive force has then been subtracted as if
the go-kart is travelling down the slope.

The go-kart is moving up the slope with a constant velocity. The
resultant force along the slope on the kart must therefore be zero. The
propulsion force must equal the component of weight plus the
resistive force.

h
.-/..-f |
-

L’“ ResultsPlus
\./

| Examiner Tip
In mechanics questions check which way the object is moving.
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11 A student drives a go-kart up a slope.

(a) The slope is at an angle of 5.7° to the horizontal. The go-kart moves with a constant
velocity of 2.8 ms™".

Calculate the power of the go-kart.

mass of go-kart and driver = 60kg
resistive force on the go-kart = I8N

o havatully ;. 2:6@57 = 2qamp | P M 278 e 0 e sead()

T 6yy = EOxANR 0.2

Eremy = by, §T in s .
—»  (Gramy = FrD 215 W

s = 2|§

-

ResultsPlus

Examiner Comments

This answer illustrates the energy approach to solving this problem for
full credit.

4 \
Py

ﬁ ﬂ III".
T4 ResultsPlus
\_') Examiner Tip

Mechanics questions can often be solved by either a consideration of
energy or resolving forces.
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Question 11 (b)

This questions examined the use of the equation P = I2R.

The most common errors were to substitute an incorrect power, omit the Ohms units or

rearrange the equation incorrectly.

(b) The go-kart is powered by a battery connected to a motor. The rate of thermal

energy transfer by the wiring in the motor is 55W.
Calculate the resistance of the wiring in the motor.

current in motor = 24 A

2

.55 . 12 ——R - o004y

(*z.u‘f'-

Resistance of the wiring in the motor =

ONS

(Total for Question 11 = 6 marks)

\f}g ResultsPlus
_ Examiner Comments

incorrectly.

This is a more unusual error. The answer has been rounded off

' ResultsPlus

) Examiner Tip

Leave the answer to more significant figures than strictly necessary
rather than making a mistake with the rounding.
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(b) The go-kart is powered by a battery connected to a motor. The rate of thermal
energy transfer by the wiring in the motor is 55W.

Calculate the resistance of the wiring in the motor.

current in motor = 24 A

2
b= 11 QR
s Plp 2 (= boasa
Resistance of the wiring in the motor = ..2'©% S22 .
ResultsPlus
Examiner Comments
This correct answer shows the most common way of solving this
problem.
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(b) The go-kart is powered by a battery connected to a motor. The rate of thermal
energy transfer by the wiring in the motor is 55 W.

Calculate the resistance of the wiring in the motor.

current in motor = 24 A ?
\( gy piim (2)
________________________ t=NT N
R A A R
g .

Resistance of the wiring in the motor = ....©.» Q.98 £

(Total for Question 11 = 6 marks)

N\

ResultsPlus

Examiner Comments

The problem can be solved in two stages as this example shows.

s
// I,

74\ ResultsPlus
\\J-/

| Examiner Tip

It is a good idea to show the substitution of data in formulas just in
case you make a mistake in the calculation.
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Question 12 (a)

This question is about completing a free-body force diagram.

The cyclist is moving with a constant velocity so the horizontal arrows should be the same
length (as should the vertical arrows). However, the mark scheme only required correct
labelling of forces.

The most common error was to look at the label "friction force on rear wheel" and interpret
that as the resistive or drag force on the bicycle. This force is the driving force.

12 The photograph shows a cyclist cycling at a constant velocity on horizontal ground.

(a) Complete the free-body force diagram to show the four forces acting on the bicyole.

Treat the bicycle and cyclist as a single object. One force has been added for you,
3)

Lotk
ﬁ Tgfﬁﬁmt friction force
on rear wheel

GPMWH -

3&!:’&5

N

\(/ ( ResultsPlus

/---'t Examiner Comments
There are two errors present.

The force downwards is not gravity, it is weight.

The force to the left is the resistive force.
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12 The photograph shows a cyclist cycling at a constant velocity on horizontal ground.

(a) Complete the free-body force diagram to show the four forces acting on the bicycle.
Treat the bicycle and cyclist as a single object. One force has been added for you.

(3)
%‘“ ey
f orce
friction force
on rear wheel
¢ t;fo l'-‘:.;::i;:.e ng -
we.ss Wt

e N\

N

¢ ( ResultsPlus
/'--J. Examiner Comments

This illustrates the most common error. The resistive force to the left
has been labelled "driving force" or similar.

\. J

' \ ResultsPlus
D

| Examiner Tip

A clue was in the photograph showing the cyclist moving to the right.

J
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12 The photograph shows a cyclist cycling at a constant velocity on horizontal ground.

(a) Complete the free-body force diagram to show the four forces acting on the bicycle.
Treat the bicycle and cyclist as a single object. One force has been added for you.

(3)
A Keaodhon forCa
friction force
fn c";f mqjm on rear wheel
s ?.Jan oo *
(a.: oby ect/bedty)

W &WWM ﬁr"ﬂ-

B

Y ( ResultsPlus
_‘/""-‘- Examiner Comments

This answer correctly shows all three forces.
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Question 12 (b)(i)
This question examined the ability to sketch a velocity-time graph.

Some answers showed the motion before the brakes were applied as well as the period of
deceleration. As long as this was clearly labelled it was fully credited.

(b) The cyclist stops pedalling and comes to rest in a time of 5.2s.
(i) Sketch a graph to show how the cyclist’s velocity changes during this time.

Assume the deceleration is constant.

(2)

-

Velocity 4

v

Fi imc

_,\

V-’ ( ResultsPlus
/--..w_ Examiner Comments

The most common error was to forget the unit's'.

e N\

o
-
A

--':.."- ResultsPlus

) Examiner Tip

Graph axes almost always have units.
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LCLae &7V 2T
(b) The cyclist stops pedalling and comes to rest in a time of 5.2s.

(i) Sketch a graph to show how the cyclist’s velocity changes during this time.

Assume the deceleration is constant.
(2)

g
3
<

¢
ottt
{\@Mﬂ‘""

ResultsPlus

Examiner Comments

This answer is fully correct for both marks.
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Question 12 (b)(ii)
This question could be solved in a number of different ways.

A graphical method could be employed making use of the sketch from Q12(b)(i) to calculate
the initial velocity and acceleration.

The equations of motion could be used to calculate the initial velocity and acceleration.
An energy approach can be used along with the equation for work done.

This method appears to result in the correct answer. However, it is incorrect physics. It
assumes the initial velocity, u, is zero which is not correct.

(ii) The cyclist travels 7.80m while coming to rest.
Calculate the average resistive force on the cyclist and bicycle.

mass of cyclist and bicycle = 28.0kg
4)

Average resistive force = ...... l 6” _______________________________
O-SUANr "-&5 |- 15 (Total for Question 12 = 9 marks)

|
.-'-'
=

y ( ResultsPlus
/'--J. Examiner Comments

The use of F=ma is correct and credited.

The final answer gains a mark.
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(ii) The cyclist travels 7.80m while coming to rest,
Calculate the average resistive force on the cyclist and bicycle.
mass of cyclist and bicycle = 28.0kg

5: 7.5 L)
u =
N0 SR EORS s, MG
q: 2(ve-5s) _ 15
..... P TR0 - R uis D ORRMI . |/ .- S
. 2o-23) o
ST e R LR e R RS R A T
: s
e EpOSHA VNS
Average resistive force = ... '\ G*QN .....................
(Total for Question 12 = 9 marks)

ResultsPlus

Examiner Comments

The equation used in this answer is not given in the specification.
However, it is used correctly and is correct physics and is therefore
fully credited.
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(ii) The cyclist travels 7.80 m while coming to rest.
Calculate the average resistive force on the cyclist and bicycle.
mass of cyclist and bicycle = 28.0kg

. ©xv) VO (est)

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

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

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

ResultsPlus

Examiner Comments
This answer illustrates the energy approach.

(.

£k
4\ ResultsPlus
\_} Examiner Tip
An energy approach can be a useful alternative to some mechanics

questions.
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(ii) The cyclist travels 7.80m while coming to rest.

Calculate the average resistive force on the cyclist and bicycle.

mass of cyclist and bicycle = 28.0kg

4)

Average resistive force = *IL ..... . Z-M ..............
(Total for Question 12 = 9 marks)

B
% ResultsPlus
Examiner Comments

This answer illustrates the most commonly seen correct approach. It
uses two equations of motion to firstly calculate initial velocity then
acceleration.
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Question 13
This question is sometimes referred to as a conical pendulum.
It examines circular motion equations.

A significant number of answers did not have a measured angle.

GCE Physics 9PHO 01 20



13 A ‘tennis trainer’ consists of a tennis ball suspended by a string from the top of a
vertical pole. When the ball is hit it travels in a horizontal circle around the pole,
as shown in both the photograph and the diagram.

vertical pole
/

.............
-----
-
u

—————
-----------

tennis ball

The radius of the path of the ball is 1.2m and the speed of the ball is 3.8ms™.

Deduce whether these values are consistent with the angle between the string and the
vertical pole shown in the photograph.

ofle tmtd g by e Wb Y o blal
T S \aﬁk me% o) u«h%

\( / ResultsPlus

< Examiner Comments

Ak
UL
o

This answer does show a calculated value of acceleration towards the
centre of the circle. This gains mark point 4.
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Deduce whether these values are consistent with the angle between the string and the
vertical pole shown in the photograph.

ResultsPlus

Examiner Comments

This candidate has measured the correct angle between the string and
the vertical.

They then use the angle between the string and the horizontal for their
analysis.

This analysis is correct but predicts the angle between the string and
the horizontal so gains 4 marks overall.

P

Q ResultsPlus

| Examiner Tip
Take care with angles when resolving.
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Deduce whether these values are consistent with the angle between the string and the
vertical pole shown in the photo

s s ma e s s R R R R LR R

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

T o s g

. ” ............ Y N T arrﬂxlﬂﬁthgtfm{‘"Sf,

{'L‘-rl«ﬂt’aﬂf’l\
(Total for Question 13 = 5 marks)

‘Results’l’-"ll.us

Examiner Comments

This response is fully correct.
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Question 14 (a)(i)

This question examined f = 1/T and presented few difficulties to the vast majority of

candidates.

14 Power supplies provide either alternating or direct currents and potential differences.

(a) A power supply produces an alternating potential difference (p.d.). The p.d. has a

period of 0.02 s and a peak value of 4.0V.
(i) Calculate the frequency of the supply.

ResultsPlus

Examiner Comments

This answer confuses the two pieces of data given in the question.

14 Power supplies provide either alternating or direct currents and potential differences.

(a) A power supply produces an alternating potential difference (p.d.). The p.d. has a

period of 0.02s and a peak value of 4.0V.
(i) Calculate the frequency of the supply.

ResultsPlus

Examiner Comments

Omission of the unit.

450
i

A "1/“ ResultsPlus
N

| Examiner Tip

Make sure your calculation answers have a unit.
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Question 14 (a)(ii)
This question examines the use of V rms = Vo/v2.

(ii) Calculate the root-mean-squarif.d.
25/ >4

i
Root-mean-square p.d. = ... Zg[/(i’/)

(1)

N

\;’ ( ResultsPlus

/"--a Examiner Comments

This answer has the value 2.82 V (note that the correct value to 3
significant figures is 2.83).

The candidate has then noted that the data is given to 2 significant
figures (4.0) and rounded off to two significant figures.

T\ ResultsPlus
\ Examiner Tip
You will not be penalised for leaving an answer to too many significant
figures, but it is good practise to round off to the same number of

significant figures as the data supplied.
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(ii) Calculate the root-mean-square p.d.

ResultsPlus

Examiner Comments

When asked to calculate a value. You must calculate it and not leave it
in surd form.
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Question 14 (b)(i)

This question examined the knowledge of the basic function of a diode. Many candidates
started with "a diode lets current travel in one direction" and this was given credit. The
candidates then had to describe how this arrangement of diodes created a direct current
from an alternating current. Many answers failed to express this clearly and succinctly. The
end result was often a muddle or a contradiction and difficult to award marks.

(i) Explain the operation of this circuit. Your answer should referto D, D,, D,

anqul uwr}%w} (‘}
D
. U&*ﬁr comd ot ew the Bp cd god.. /ﬁawji DL,cAM“ Xod spiRR. HM{Z

M 3B od M el T lbsd pealibr e b pralbl S [ cirevt Lom.

pag ¥
_.___r:a_m.fﬁ_e_h!'_ aa'-'.b Lﬁéﬁdﬁj /‘{"‘"U/Z Dﬁ, W Lurank b b f"‘}f"‘{mufj\

De,m%deﬁ”q%:w«}mﬂr}?oﬁm?myffﬁﬂ-‘-lx,

N

¢ { ResultsPlus
/“‘-“- Examiner Comments

This answer does a good job of conveying the route of the current
through D2 and back through D4. It gains mark point 2.
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(i) Explain the operation of this circuit. Your answer should refer to D, D,, D,

and D,.
" Thare v an abberndyg

b
ResultsPlus

Examiner Comments

This answer has marking points 1 and 3.

The discussion about the diodes themselves is not sufficient for mark
point 2.
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(1) Explain the operation of this circuit. Your answer should refer to R 0 0 B
and D,.
(3)

Liveck e avreat so tlat € Gavels fnan

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

beenvse tut cneant alio hravels frova X b

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

'\(/K ResultsPlus
Examiner Comments

This answer gains marking point 3 with a clear statement about the
resulting direction of current from Xto Y.

The discussion about the diodes is clearly presented and just sufficient
to award mark point 2.

4 L ResultsPlus

| Examiner Tip
Make sure you do not contradict yourself. This answer keeps the
description simple and clear.
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Question 14 (b)(ii)

This question examined capacitor discharge through a resistor. The expected method was to
take two values of p.d. and a time difference from the discharge part of the graph and use
the exponential discharge equation.

There is an alternate method which could be used correctly to determine C. This uses V=IR,
Q=IT and Q=CV. It needs a clear understanding of difference in p.d. AV to obtain the correct

answer.

(ii) A capacitor is added between points X and Y in the circuit.

The new graph of V| a.gamst time is shown below.

4 == ~
3
F.il¥
2
1
0
0 10 20 30
Time/ms

Determine a value for the capacitance of the capacitor.

resistance of R = 2.2kQ
(3)
v
.......... R =i =QC-'-9—
T = v
I-2 = Lwk ¢ . 903
R
............................................................................................................................... T T T
. < 1410 X\S
........ I=n11x10‘Q¢=75“l°.Fﬂfﬂkl-F
= 0.027¢C
T 142X 10‘!'1 ______________________

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

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

-3
Capacitance = ... 7.3 X VO ¢ucans..
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™,

N / ResultsPlus
/--.; Examiner Comments

This answer starts well using /=V/R to predict a current.

The value of time in Q=/t should be taken from the discharge section of
the graph which has a maximum of 8 ms.

This time should then correspond to a difference in p.d. from the start
of the discharge (4 V) to the end of the time period which would be 0.4
V if 8 ms was chosen.

This collects mark point 1.
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(ii) A capacitor is added between points X and Y in the circuit.
The new graph of V__ against time is shown below.

'o = 4 g I . ne
VEY! cand
3
VIV ]
2
1
0
0 10 - 20 30
D'F:T’ Time/ms
T 2>

Determine a value for the capacitance of the capacitor.

resistance of R = 2,2kQ)

Capacitance = Elld’F ..... o

Examiner Comments

This answer is fully correct.
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(ii) A capacitor is added between points X and Y in the circuit. Dy
The new graph of ¥ against time is shown below.

ség L == == I ~
% _

b T 1T ‘
2 E :
; .
0 - -

0 10 20 30

Time/ms

Determine a value for the capacitance of the capacitor.
resistance of R = 2.2kQ

: 5. 1
(n( *z"#)f 2P L

.................... gy
c: ZW} Capacitance = A fo.. ,U-F ............

. |
ResultsPlus

Examiner Comments

This answer has Vo = 3.5V and V=4V which are the wrong way round.
The initial p.d. is 4 V and the final p.d. is 3.5 V. The time difference
between these valuesis 8 ms not 2 s.

However, the candidate has substituted values into the exponential
equation and gains mark point 2.

LA
T4 ResultsPlus
\_} Examiner Tip
Be clear in capacitor-resistor questions whether it is discharge or
charge that is required.
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Question 15 (a)

The indicative content (IC) question was to explain how electrons are accelerated in a LINAC.
There are six indicative content points (IC) and these could be expressed in a variety of ways.
Some candidates chose to add a diagram and this was also assessed.

This candidate has used bullet points which can add clarity.

15 A series of experiments was carried out in the 1970s to investigate the structure of
protons using the linac at Stanford, USA.

*(a) Explain how an electron is accelerated in a linac.

.................................... alkrmh elecktic Celd
...................................... eﬂ

Pad«d& ml'&f"iz Ce.lt‘d'fc:n#) .............................................................
aﬂJaL fo e ck:

) H{\E/ H‘o%
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\( / ResultsPlus

/'--: Examiner Comments
IC1 tubes; IC2 accelerated by an electric field; IC3 between tubes.

IC5 alternating electric field and IC6 length of tubes and time are all
present.

It is coherently communicated so this gained 3 IC marks + 2 linkage
marks =5 marks.
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15 A series of experiments was carried out in the 1970s to investigate the structure of
protons using the linac at Stanford, USA.

*(a) Explain how an electron is accelerated in a linac.
6)

..... _Oon @lection %\mtscﬁw%d&tk\\mcw%?h

O
......... ’Mmamc,emﬁm.e\eamsquasgd*hb‘vk‘\mc“u& WD

\woea’h\\a\woc, ...... ae. Connecled. to. o honvare  Volleex
Qﬁ&{mah@mmw\q ...... wtowith He o Tubes baive Sbewngy

_peoeMy eroiard. €0 Yo ones Qirectly next ot T\Ws eecks
Wegnes beveor th itk bubes  which Creedes on

........................................................................................................
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\( / ResultsPlus

/"--': Examiner Comments
This gains all indicative content (IC) points.

IC4 (adjacent tubes are connected to opposite terminals of a power
supply or have opposite polarity) was frequently missed.

However, this answer has "the drift tubes are oppositely charged to the
ones directly next to them" for IC 4.

So it gained all IC points: 4 marks + 2 linkage marks = 6 marks.

L\ ResultsPlus
o

Examiner Tip

Indicative content questions have a maximum of 6 indicative content
points.
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Question 15 (b)

This question examined specification point 136: understand why high energies are required
to investigate the structure of nucleons.

A high-energy electron beam will have a large momentum and therefore a small de Broglie
wavelength. The wavelength needs to be at least as small as the size of the particles that are

to be investigated.

(b) The electron leaves the accelerator with a high energy.

Explain why electrons need high energies to investigate the structure of a proton.
(2)

_______________ gener% needed 10 {mns,?er Y0 equal packs matter

O AN AN

AN

y ( ResultsPlus
/---.\. Examiner Comments

Many candidates confused this question. It is not about why high
energy is required to create particles in nuclear experiments.

(b) The electron leaves the accelerator with a high energy.

Explain why electrons need high energies to investigate the structure of a proton.
(2)

JEleckme o meed Wk evergien  becom e Moo b cdee b Mo
cprobonn, He  oppmile.  cheap  cepes. Mam. S0 Nah. ety i
peeded- Yo owrove. e apdsen  feee

AN

y ( ResultsPlus
/---.\. Examiner Comments

A number of answers suggested that opposite charged particles will
repel when in fact they would attract.
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(b) The electron leaves the accelerator with a high energy.

Explain why electrons need high energies to inveaﬁgate the structure of a proton.

iﬁ Examiner Comments

An answer that gains full credit.

39 GCE Physics 9PHO 01



Question 15 (c)(i)
This question required a knowledge of base units.

(c) An electron leaves the accelerator with a momentum of 20GeV/c.

(i) Explain, with reference to base units, why GeV/c can be used as a unit of

momentum.
2)
.......... GreV = T ~> hgms™ opn (WoeF-d) oeVm hyukt
c-tl M; 1 ......................................................................................
v kﬂm‘cit = h gk L Vi Moaeqbum
............ 6-.?.‘,2 =,M‘.h‘5M’M*
..... Slave  bhe  bege  UnlB. ot b Surey Ve celreSeat. K Sewe

MEAEW MM mank | Moarsa Fua

b

ResultsPlus

Examiner Comments

A fully correct answer.
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(c) An electron leaves the accelerator with a momentum of 20GeV/c,

(1) Explain, with reference to base units, why GeV/c can be used as a unit of
momentum.

ResultsPlus

Examiner Comments

This answer does not refer to or use base units.

i
W

Paip. |
4\ ResultsPlus
\_} Examiner Tip
Follow any instruction in the question. If it says, "with reference to...."

make sure that this is included in your answer.
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An electron leaves the accelerator with tum of 20GeV/c. -
(¢) An elec eaves the accelerator with a momentum o eV/ic -\ \""SN\S

(i) Explain, with reference to base units, why GeV/c can be used as a unit of
momentum,

................................ RN LG 2T

-’_FJI ; .
ﬂﬂesuﬂs@k&s
Examiner Comments

If the answer had stated that momentum had the base units kgms™
then it would gain 1 mark.

This answer muddles this by also saying these base units are the units
of energy which is incorrect.

The base units of energy are kgm?s2.
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Question 15 (c)(ii)

This question examined conservation of momentum in two dimensions. A common mistake
was to assume the proton was undeflected and would continue along the dotted line.

Both the electron and proton will move off at an angle to the dotted line after the collision.

(ii) An electron with initial momentum 20 GeV/c collides with a stationary proton.
After the collision the electron is deflected by an angle of 20° as shown and its
momentum is 9.1 GeV/c. The momentum of the proton after the collision is

11.9 GeV/c.

initial direction
of electron

v

proton

ResultsPlus

Examiner Comments

This answer takes no account of the components of momentum in the
x or y direction after the collision.
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(i) An electron with initial momentum 20 GeV/¢ collides with a stationary proton.
After the collision the electron is deflected by an angle of 20° as shown and its
momentum is 9.1 GeV/c. The momentum of the proton after the collision is
11.9 GeV/ec.

P-4

initial direction
of electron P=20

) " (3)
2, *
...................................... .BJ.”G" P.:q'l.dos&‘)
2 ! =8. SGeV
. ............................... S - ety zoir:r"q*ais ............................................................. c/(' ...............................
......... A= 7. T. | S

V=
ﬂﬂesults%
Examiner Comments

The most common mistake was to assume the proton was travelling
along the dotted line after the collision. This cannot be true as
momentum in the y direction must be conserved.

This answer has correctly expressed the x direction component of the
electron for mark point 1.

A
5

74\ ResultsPlus
\_} Examiner Tip

Remember the law of conservation of momentum applies in any
direction as well as the "obvious" one.
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(ii) An electron with initial momentum 20 GeV /¢ collides with a stationary proton.
After the collision the electron is deflected by an angle of 20° as shown and its
momentum is 9.1 GeV/c. The momentum of the proton after the collision is

11.9 GeV/c.
initial direction i ’. A 13in10
of electron 20°
G ...n.n'lm_-

\,q‘['w\l‘o

Deduce whether the law of conservation of momentum is obeyed.

Proten hecizondal ol 1Lt - (q sl 2 ”"‘"&rﬁﬁm\ﬂa
"BH ...... m Q{nmﬁsmﬂ.a..!..ﬁaa?@..r...ll...g...@t..aﬁ.f..w.g.a...Q.:.a.'.\{......f......

ResultsPlus

Examiner Comments

There were various alternative methods to solve the problem.

-"_"H.

)
T . Results
< Plus

Examiner Tip

This fully correct answer calculates the momentum of the proton in the

x direction after the collision. It then calculates the momentum of the
proton in the y direction after the collision and finds the resultant
momentum of the proton after the collision and compares with 11.9
GeV/c.
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Question 15 (c)(iii)

An inelastic collision is one in which the total kinetic energy is not conserved.

(iii) The collisions between electrons and the protons in these experiments are
sometimes inelastic.

State what is meant by an inelastic collision.

1)

ResultsPlus

Examiner Comments

This was given the mark but "inelastic" does not refer to momentum.

(iii) The collisions between electrons and the protons in these experiments are
sometimes inelastic.

State what is meant by an inelastic collision.

(1
Hob ol ehorey s conSertked, Sonte S Uaskd

ResultsPlus

Examiner Comments

Some answers omitted "kinetic".

(iii) The collisions between electrons and the protons in these experiments are
sometimes inelastic.

State what is meant by an inelastic collision.

ResultsPlus

Examiner Comments
This was credited although it would be helpful to add the word "total".
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Question 16 (a)(i)

This question examines the application of Faraday's law of electromagnetic induction. The
rotating magnets embedded in the plastic disk will cause a changing magnetic flux in the
copper disc and induce an emf.

16 A device called a clutch can be used to connect a motor to a load. The diagram shows a
design called an eddy current clutch.

copper disc Side view
load

plastic disc

magnet

|

S

plastic disc copper disc

Several magnets are embedded in the plastic disc and it is rotated by the motor.

(a) (i) Explain why a current is induced in the copper disc when the motor is switched on.
(2)

Uw' Yo ot o suilehd  aa, Ha mﬂuls chabe. . Pense,. ch:p;ur

M%ahwmgc 5 Sl o sl s e

19 t.lﬂ)'h)ﬂ

AN

\( ( ResultsPlus
/'-—-.1 Examiner Comments

Either magnetic flux or flux linkage was accepted for mark point 1.

This answer covers both mark points.
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16 A device called a clutch can be used to connect a motor to a load. The diagram shows a
design called an eddy current clutch.

copper disc Side view
load

plastic disc

magnet

1

AN

plastic disc  copper disc

magnet motor

Several magnets are embedded in the plastic disc and it is rotated by the motor.

(a) (i) Explain why a current is induced in the copper disc when the motor is switched on.
(2)

Examiner Comments

This answer does not mention "change" or magnetic flux for mark
point 1.

It does not state induced emf for mark point 2.

& L" '. ResultsPlus

| Examiner Tip
Faraday's law is likely to be examined on this paper - make sure you
know how to express it in words.
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16 A device called a clutch can be used to connect a motor to a load. The diagram shows a
design called an eddy current clutch.

copper disc Side view
load

plastic disc

magnet

LR |

N

plastic disc copper disc

Several magnets are embedded in the plastic disc and it is rotated by the motor.

(a) (i) Explain why a current is induced in the copper disc when the motor is switched on.
- (2)

_ooagner T odue oo coent. (perpendigudan.. . flag.. MOGAATIG....

et
ﬂﬂesuﬂsﬂtﬁ
Examiner Comments

This answer does not state change in magnetic flux or cutting magnetic
field lines for mark point 1.

It does not state induced emf for mark point 2.
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Question 16 (a)(ii)

This question examines an understanding of Lenz's law. The copper disc will rotate in the
same direction as the magnets. Lenz's law states that the result will be to oppose the change
that created it. In this case the motion of the copper disc will be to try and reduce the rate of
change in magnetic flux. It will achieve this by rotating in the same direction. If it could rotate
in the same direction at the same rate the change in flux would become zero.

(ii) Explain, using Lenz’s law, why the copper disc rotates.

.I-\\' -

Y 1/ ResultsPlus
/*-.1 Examiner Comments

Many candidates confused the words in Lenz's law. This is a good
example of this, "opposes the change in flux" would gain mark point 3.

(3)

(ii) Expla*_in, uéihg Lenz’s law, why the copper disc rotates. Cogmer o 1ik | &

Y { ResultsPlus
/--.1 Examiner Comments

This answer comes close but doesn't say which way the disc rotates.
Note that the "force opposes the magnetic flux" rather than the
change in magnetic flux.

It wasn't clear that the force results from a current within a magnetic
field (mark point 2).
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(ii) Explain, using Lenz’s law, why the copper disc rotates.

iﬁ Examiner Comments

This answer was judged to cover all three marking points.
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Question 16 (b)

This question examined angular velocity equations.

(b) The motor rotates at 500 revolutions per minute.
Calculate the angular speed @ of the motor.

u=T2002 20Tz W= 078 kamd s
W= P?Qkfﬂrd.f'

1

ResultsPlus

Examiner Comments

The angular velocity equation is incorrectly written down in this

example.
( A
A

A4\ ResultsPlus

\_/ Examiner Tip

This equation is provided at the back of the exam paper. Don't risk
writing it down from memory unless you are certain.

(b) The motor rotates at 500 revolutions per minute.
Calculate the angular speed @ of the motor.

 S0Mpep: Qo1 K=T=012s E
06,472 594

ResultsPlus

Examiner Comments

Correct use of angular velocity equation in this answer.
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Question 16 (c)

The first mark scheme point was to note that the two variables are approximately
proportional. This can be explained because if angular velocity is increased then the rate of
change of flux will increase. This will induce a larger current within the disc and hence the

force should increase.

(c) The table shows how the turning effect exerted on a load varies with @ for a
particular distance between the copper disc and the plastic disc.

w/rad s' | Turning effect/Nem

52.4 1.0
104.7 2.0
157.1 2.8

Explain the trend shown by the data.
' 4)

m&mﬁmMa&Mwmek}enwuhmmﬂa%d- ................
raceases, hewsoee iy s nek abwac sucresar, Thinn. beaaise Famsday s
W\MMM\MMMWA adarvtec i coeabey  \dmer s el

M%t%%tﬁkc%ikm\t '..f'{g,:.,nmu.mﬁ...m..mf&\.,.tmm. & MG
zﬂﬁm\%mm ..._e.m-F?......mlw‘ﬂ.x‘.:.mlm.\,.m‘Ix......M.hm&. e

...... Y& MWmmho%Mca\rmuﬁdk?dAm}a&\ﬂ%ef

ResultsPlus

Examiner Comments
This answer covers both mark point 2 and mark point 3.
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(c) The table shows how the turning effect exerted on a load varies with o for a
particular distance between the copper disc and the plastic disc.

w/rad s | Turning effect/Ncm

524 1.0

104.7 2.0

157.1 28

Explain the trend shown by the data.
“4)

g2u-Gey 10 001903 By g i valow 3 ooy
v "2"_, C lagwT | shewy (e dipue

2 o  Tre tonng efrd Nem
E?-?’g“ 29 . 00012 inceww Uready, ank o
“l%lmr«r proportaa with H

l“ﬂdlwr sm m Mf‘l M“‘g

-
" ( ResultsPlus
Examiner Comments

Some answers completed a numerical discussion of the relationship
and gained one mark.
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(c) The table shows how the turning effect exerted on a load varies with @ for a
particular distance between the copper disc and the plastic disc.

@/rad s | Turning effect/Ncm - S
524 1.0
104.7 2.0
157.1 28
Explain the trend shown by the data.

L)

Fr-eovder, (Total for Question 16 = 11 marks)

Examiner Comments

This answer was judged to contain all four marking points for full
credit.
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Question 17 (a)

The process of writing a nuclear equation is well understood by most candidates. There were
very few candidates that didn't use the symbol 1. A few candidates couldn't or forgot to mark

the charge on the pion as +.

17 A cosmic ray, consisting of a fast-moving proton, collides with a proton within the
nucleus of an atom in the upper atmosphere. Three particles, a proton, a neutron and a
pion result from the collision.

(a) Write a particle equation for this collision.

@
........................................... I LR ST s oS ST .
\(}Kﬂesuﬂsﬂtﬁ
Examiner Comments
Correct for full credit.
17 A cosmic ray, consisting of a fast-moving proton, collides with a proton within the
nucleus of an atom in the upper atmosphere. Three particles, a proton, a neutron and a
pion result from the collision.
(a) Write a particle equation for this collision.
1 ()
........................................................... A 5 1 T ) S

ﬂ ResultsPlus
Examiner Comments

Some candidates only started with one proton. The negative charge is
also incorrect even from an error carried forward point of view.
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17 A cosmic ray, consisting of a fast-moving proton, collides with a proton within the
nucleus of an atom in the upper atmosphere. Three particles, a proton, a neutron and a
pion result from the collision.

(a) Write a particle equation for this collision.
(2)

-'-FJI - 1
ﬂﬂesuﬂs@h&s
Examiner Comments

Some candidates showed all the charges on the particles which is
sensible and helps to work out whether the charge balances for the
whole equation.

& V ResultsPlus

| Examiner Tip
Indicate all the charges on a nuclear equation. It helps you to check for
conservation of charge.
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Question 17 (b)

This question examines that baryons are three quarks and mesons are a quark-antiquark

pair.

(b) The table shows the properties of two quarks.

Quark Charge/e
u +2/3
d =143

Give the quark structure for each of the particles produced by this collision.

ResultsPlus

Examiner Comments

The most common mistake was to get the pion (meson) incorrect.
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(b) The table shows the properties of two quarks.

Quark Charge/e
u +2/3
d -1/3

Give the quark structure for each of the particles produced by this collision.

3)
.................................................... A Q3 PFOEON
................................................... TO-Y: D 170 s
................................................... OLCS:V’“CCLEO”S

ResultsPlus

Examiner Comments

The pion (meson) is a quark-antiquark pair.

T

Q ResultsPlus

| Examiner Tip

Check that the charges add up. In this case to +1.
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Question 17 (c)

This question examined the conversion between eV and kg. This specification point is now
well-understood by the vast majority of candidates.

(c¢) The mass of a pion is 140MeV/c?.
Calculate the mass of the pion in kg.

z 3

ResultsPlus
Examiner Comments
This gains mark point 1 for converting eV to .
(c) The mass of a pion is 140MeV/c?.
. »
Calculate the mass of the pion in kg,
3)
........................................................................................ MO X - GX\0 e
(310%)
1
Mass=....2. "H'“Jt ....... kg
ResultsPlus
Examiner Comments
Completely correct for full marks.
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(c) The mass of a pion is 140MeV/c?.

Calculate the mass of the pion in kg.

ResultsPlus

Examiner Comments

This gained mark point 2 for attempting to convert J to kg by dividing
by c2.
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Question 17 (d)

This question examined the mass-energy conservation principle and the ability to discuss it
using quantities measured in eV and eV/c2. There were two aspects to this question.

Applying mass-energy conservation, the extra mass after the collision is the pion which has a

mass of 140 MeV/c2. This extra mass will require the initial proton to have a kinetic energy of
140 MeV.

However, momentum conservation tells us that as the initial moving proton has momentum
so the three particles must have momentum after. As they have momentum, they must also
have kinetic energy. If the initial proton had just 140 MeV of energy, then all of it would be
required to create the pion and the resulting three particles would have no kinetic energy.
These three particles must have some kinetic energy so more than 140 MeV is required.

GCE Physics 9PHO 01 62



(d) The mass of a neutron is about the same as the mass of a proton. A student suggests
thatﬂzemmimhneucwthemcmypmmnwmﬂdmedmmﬁe
pion in this collision is 140 MeV.

Discuss whether this suggestion is correct. Your answer should include reference to
the laws of conservation of momentum and conservation of energy.

“@

e Sk ey wold. euﬁ&@ e L
.................. @ ol Phkmlmma&ﬂ uP e gutn. b

Wmﬁm .......... @ qrm,ntum .............. WR(QuSe  dhee  in0.m amlm
ke Yo b fom e @t ooving gk kB
wpedle_ B axtoben_ }z_ﬁm ................. agan._offr. Truckie, the
yelic & il

(Total for Ouestion 17 = 12 marks)

;‘ResultsPlus

Examiner Comments

This gains mark point 1 and mark point 3.
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(d) The mass of a neutron is about the same as the mass of a proton. A student suggests
that the minimum Kinetic energy the cosmic ray proton would need to create the
pion in this collision is 140 MeV.

Discuss whether this suggestion is correct. Your answer should include reference to
the laws of conservation of momentum and conservation of energy.

“4)
BT - YU B B o - SVARCIE Yo W VIR G SRV ey opiy A S

Thf..&w&ﬁﬁ&hm ....... rsoancoyreck  aa Yhe  miomum.
....... Lineds ¢ e 301-*&9_ mﬁ?’\oefo\-ehpﬂhhcﬂaa}v
...................................... | mMﬁVuthM%MSM:ﬂ

% Examiner Comments

This gains mark point 3 and 4.

P
__/"f | J

W4\ ResultsPlus
\_} Examiner Tip

The question said using conservation of momentum (which is clearly
discussed in this answer) and energy.

It would be worth making two subtitles: momentum and energy to
ensure both are fully discussed.
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(d) The mass of a neutron is about the same as the mass of a proton. A student suggests
that the minimum kinetic energy the cosmic ray proton would need to create the
% pion in this collision is 140 MeV.

Discuss whether this suggestion is correct. Your answer should include reference to
the laws of conservation of momentum and conservation of energy.

ResultsPlus

Examiner Comments

This muddle discussing energy in MeV/cZ and mass in MeV was
common.
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(d) The mass of a neutron is about the same as the mass of a proton. A student suggests
that the minimum kinetic energy the cosmic ray proton would need to create the
pion in this collision is 140 MeV.

Discuss whether this suggestion is correct. Your answer should include reference to
the laws of conservation of momentum and conservation of energy.

Examiner Comments

This answer gains marking points 1, 3 and 4.
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(d) The mass of a peutron is about the same as the mass of a proton. A student suggests
that the minimum kinetic energy the cosmic ray proton would need to create the
pion in this collision is 140 MeV.

Discuss whether this suggestion is correct. Your answer should include reference to
the laws of conservation of momentum and conservation of energy.

LT The Svasenkion S bacemeck B

e KE i Hag iwiteel Sedktak collision. (Hhe kG oo
................... te fast  movina  poben) Must be  wied fo e
Podire Ha mMavy of the (Total for Question 17 = 12 marks)

T (Heovgh A6 = dme?)

> Howener, At b e law of e — amevakion og
Memzinkom (memwhe&?om = mmhm\f'ﬁ;ﬁ"u/ s
4 camtank  pecker tn a dded  System Whed 1 adtemy
foe, act)  Hre pduths  munt be MWiﬁg/hM&
MMM > (e ay The K- INIHRL  omeabum Way >
Ows ). < ey

€
befone = &SR
—:ﬂz e, e prdinks Mk hmwm
As Ineryy (rest mawy + k&) S comraved, Hi wmidinum
amonk oL k€ Vezded by He fagk moving Peia,

W hame o ke
yeate Han  te  peyt man
oF He & pan Yo awomt o e ke
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ResultsPlus

Examiner Comments

This answer gains full credit.

GCE Physics 9PHO 01 68



Question 18 (a)

This question examined the use of the resistivity equation for a conductor with rectangular
cross-sectional area.

18 A potential divider circuit may contain a component known as a potentiometer. One
type of potentiometer consists of a track with terminals X and Y at either end. There is a
sliding contact that can move along the track connected to a terminal Z as shown.

track end view of track
) L 115mm ~
X
sliding contact 5.0mm —>
Z 5.0mm

The length of the track is 115 mm and the width is 5.0 mm.
(a) The resistance of the track between terminal X and terminal Y is 12.0k<Q.

Calculate the thickness 7 of the track.

resistivity of track material = 0.49Qm

0-L A% Ileu)

A L = 4615 % ot ot
3 1L oo
- SOT—
ol b Bl s R L R AR T

ResultsPlus

Examiner Comments

This answer assumes the cross-sectional area is a circle but still gets
mark point 2.
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18 A potential divider circuit may contain a component known as a potentiometer. One
type of potentiometer consists of a track with terminals X and Y at either end. There is a
sliding contact that can move along the track connected to a terminal Z as shown.

trac{ end view of track
115mm

x&*@v -It

o ' : 5.0mm . e —
sliding contact 7z 5,0mm

The length of the track is 115mm and the width is 5.0mm.
(a) The resistance of the track between terminal X and terminal Y is 12.0k<.
Calculate the thickness ¢ of the track.

resistivity of track material = 0.49Qm
3)

05 x103m S¥16  \2XI62 pa4q

54078 = 04K x UlSm_ci_?)t,’g*O\ L\\_Sm_o'g) 28

g0 0 weeee

R= ¢C = :Ax6T0
A |

: o-aa xl\Sxc?)
} ' 12,09% T Tlgnet)
ke
Q- rC ‘
A

ResultsPlus

Examiner Comments

This answer omits the units so loses the final mark point.

e A
Py

e |
A

34\ ResultsPlus

O
\_} Examiner Tip

Don't forget numerical answers will have units.
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18 A potential divider circuit may contain a component known as a potentiometer. One
type of potentiometer consists of a track with terminals X and Y at either end. There is a
sliding contact that can move along the track connected to a terminal Z as shown.

track end view of track
N 115mm

v

sliding contact” 5.0mm

- The length of the track is 115mm and the width is 5.0 mm,
(a) The resistance of the track between terminal X and terminal Y is 12.0kQ.
Calculate the thickness f of the track.
resiﬁtivity of track material = 0.49Qm

l 2 okgqx o its
...................... ooo_g rAQUL.

= __________________ I,Z..,.C?Q.O. ............................................. — e

)

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

t= OQQ-MM(W} .......

ResultsPlus

Examiner Comments

A fully correct answer.
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Question 18 (b)(i)-(ii)

Q18(b)(i) examines the idea that the p.d. along a length of conductor is proportional to the
length along it.

Q18(b)(ii) examines the analysis of a series circuit.

(b) The potentiometer is used to monitor the displacement of a moving tool on a
machine in a production line. The tool is attached to the sliding contact. The
potentiometer is connected to a resistor of resistance R and a potential difference is

applied as shown. The tool moves through a maximum displacement of 60 mm from
end X, producing a maximum potential difference of 5.0V between Z and X.

R
=
12v | Y
S
. S
= ov
(i) Show that the potential difference between X and Y is about 10V.
(2)
T omm o T T~
i v v
.......................... O o RS S
.................................................................................... s
o ALY =
PP R RSO RSR % ¥\WS = A.58Y  fed
(ii) Calculate the value of R,
3)

- + 2 |
VAl 1= 2% pon = Fqaxie™A

O gt G Y [ 0t 2 N i . S T e
................................................................................................ F=% = M aarg - -
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B
Y ( ResultsPlus

_‘/---a Examiner Comments

This answer gains full credit for Q18(b)(i) and Q18(b)(ii). The method
employed in Q18(b)(ii) is to determine the current and apply V=/ R to
calculate the resistance.
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(b) The potentiometer is used to monitor the displacement of a moving tool on a
machine in a production line. The tool is attached to the sliding contact. The
potentiometer is connected to a resistor of resistance R and a potential difference is
applied as shown. The tool moves through a maximum displacement of 60 mm from
end X, producing a maximum potential difference of 5.0V between Z and X.

R
—
12V | i
;o
<07
X ov
@howthatthepownﬁnldiffmccbetmeaninsaboutlﬂ‘vi
e ©
. 2 = 2.5y
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..

Y / ResultsPlus

/“--t Examiner Comments
Q18(b)(i) This answer was seen a number of times with slight
variations. The candidate has approximated the position of the divider
as half way rather than using the lengths given in the question. This
normally leads to an answer of 10 V. This answer further confuses the
points and the potential differences.

), "
)\ ResultsPlus
\ Examiner Tip
In a "show that" question your answer will round off to the value given
in the question. If your answer is equal to the "show that" value, then

something is wrong.
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(b) The potentiometer is used to monitor the displacement of a moving tool on a
machine in a production line. The tool is attached to the sliding contact. The
potentiometer is connected to a resistor of resistance R and a potential difference is
applied as shown. The tool moves through a maximum displacement of 60 mm from
end X, producing a maximum potential difference of 5.0V between Z and X.

PI—
ISV

X

ov

(1) Show that the potential difference between X and Y is about 10V,

T T R RS N =77 SIS LRPRE ;:2 L QB R O

-

.V bebhaean X and )!: ‘T.éV
sl

(ii) Calculate the value of R.

R (3)
VIN =VouTt X R‘...g._) _ _

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

Rzl = 3 Z'E'JL
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\/ / ResultsPlus

/"--: Examiner Comments
Q18(b)(i) is an unusual approach but is correct.

In Q18(b)(ii) the potential difference (12 - 9.6) across R is found for
mark point 1. There are then two mistakes with the ratio of p.d.s to the
ratio of resistances.

Mistake 1. The ratio is inverted incorrectly: the (12 - 9.6) should
correspond to Ry rather than Ry + R.

Mistake 2. The 12 V must correspond to the total series resistance
which is 12000 Q + R.

a0\ ResultsPlus
oy

Examiner Tip

Be clear to use the potential difference and corresponding resistance.
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Question 18 (b)(iii)

This question examines the concept of internal resistance of a battery and the use of
associated terms such as terminal potential difference.

(iii) When the circuit is assembled, using the correctly calculated resistance value
and a battery of e.m.f. 12V, it is found that the maximum output from the

potentiometer is slightly less than 5.0V.
Explain why the maximum output is slightly less than predicted.

3

Anis. conses Mrere. Ao be  10SY . NolYs.o
ond QS o rveswlt  of Y

b
% ResultsPlus
Examiner Comments

This answer gains mark point 1 and mark point 2.
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(iii) When the circuit is assembled, using the correctly calculated resistance value
and a battery of e.m.f. 12V, it is found that the maximum output from the
potentiometer is slightly less than 5.0V,

Explain why the maximum output is slightly less than predicted.

(&)
sbecawse. of. fhe. . teia)  exinance
e f0e \oc;uHe:j .......................................................................................... e
Rl S VA S
~the andenad\ ey VDIMCe Cleaded R NolrauQ
______ sepeare. wom e potentiomere meuniny v
........... S O TN

-

ResultsPlus

Examiner Comments

This gains mark point 1. Had the equation been rearranged so it was
clear that V (the terminal potential difference) was being referred to, it
would have been awarded mark point 3.

(iii) When the circuit is assembled, using the correctly calculated resistance value
and a battery of e.m.f. 12V, it is found that the maximum output from the
potentiometer is slightly less than 5.0V,

Explain why the maximum output is slightly less than predicted.
3)
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ResultsPlus

Examiner Comments

All points made so full credit awarded.
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(iii) When the circuit is assembled, using the correctly calculated resistance value
and a battery of e.m.f. 12V, it is found that the maximum output from the
potentiometer is slightly less than 5.0V.

Explain why the maximum output is slightly less than predicted.

A3)

ResultsPlus

Examiner Comments

This gains mark point 1. The "output voltage" is not enough for mark
point 3.

74\ ResultsPlus
\_} Examiner Tip

Use technical terminology, in this case "terminal potential difference",
as it is defined in the specification.
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Question 18 (b)(iv)

This question examined features of a distance-time graph. The gradient of this graph gave
the velocity at that particular moment.

(iv) The tool on the machine should not travel with a speed any larger than 0.8 ms™.
The graph shows how the displacement varies with time for the downward

stroke of the moving tool.
60
Displacement/ mm
: : 1] - --ﬁ
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Deduce whether this speed is exceeded by the moving tool.

e NCEOROCR. the gpeRd

S '} @xceedoad Cw MO Vi ey
" (Total for Question 18 = 15 marks) 1":%1

ResultsPlus

Examiner Comments

This is an attempt to find an average gradient (velocity) for the whole
time period. It was given mark point 3.

(W4 ResultsPlus

\_} Examiner Tip

Remember the gradient of the tangent on a distance-time graph gives
velocity.
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(iv) The tool on the machine should not travel with a speed any larger than 0.8 ms™.

The graph shows how the displacement varies with time for the downward
stroke of the moving tool. ' '

- e
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Deduce whether this speed is exceeded by the moving tool.
4)
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ResultsPlus

Examiner Comments

This answer gains full credit.

ResultsPlus

Examiner Tip
Note that in a deduce question you should compare your answer with
the one given in the question.
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(iv) The tool on the machifie should not travel with a speed any larger than 0.8 ms™.
The graph shows how the displacement varies with time for the downward

stroke of the moving tool.
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85

Deduce whether this speed is exceeded by the moving tool.

'
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N

\( 2/ ResultsPlus

/"--: Examiner Comments

This answer attempts to calculate various gradients (mark point 3)
without using a tangent. Because there is a choice of answers for the
maximum velocity, mark point 4 cannot be awarded.
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Paper Summary

Based on their performance on this paper, candidates should:

e improve on their graphical skills, such as how to use a tangent to find a gradient at a
particular time.

e remember that energy can often be used as an alternative approach to solving mechanics
questions.

e improve their understanding of Lenz's law. It appeared to have been rote learnt but not
necessarily understood.

¢ not round off answers unnecessarily to one significant figure.

o distinguish and be able to discuss energy measured in eV and mass measured in eV/c2.
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Grade boundaries

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

https://qualifications.pearson.com/en/support/support-topics/results-certification/grade-
boundaries.html
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