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Introduction

The assessment structure of Unit 4: Further Mechanics, Fields and Particles is the same as
that of Units 1, 2 and 5, consisting of Section A with ten multiple choice questions and
Section B with a number of short answer questions followed by some longer, structured
guestions based on contexts of varying familiarity.

This paper allowed candidates of all abilities to demonstrate their knowledge and
understanding of Physics by applying them to a range of contexts with differing levels of
familiarity.

Candidates at the lower end of the range could complete calculations involving simple
substitution and limited rearrangement, including short structured series of calculations, but
could not always tackle calculations involving several steps or other complications, such as
calculating range when there is a difference in height between the launch point and the
landing point. They also knew some significant points in explanations linked to standard
situations, such as electromagnetic induction, alpha scattering and linear accelerators, but
missed important details and did not always set out their ideas in a logical sequence,
sometimes just quoting as many key points as they could remember from the mark schemes
of previous papers without particular reference to the specific context.

Steady improvement was demonstrated in all of these areas through the range of increasing
ability and at the higher end all calculations were completed faultlessly, with most points
included in ordered explanations of the situations in the questions.
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Section A

The multiple choice questions discriminated well, with performance improving across the

ability range for all items.

The percentages with correct responses for the whole cohort are shown in the table.

Question

Percentage of correct responses

—

77

64

42

67

39

63

50

75

O | 0| /oo |uvu | bW N

83

—_
o

25

More details on the rationale behind the incorrect answers for each multiple choice question

can be found in the published mark scheme.
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Question 11

Most candidates were awarded at least the first mark for the use of W =mg, although some
used the mass of water flowing per second or added both masses. Nearly half of the
candidates went on to gain full marks by the application of Newton’s second law in the force
equals rate of change of momentum form.

A significant number of candidates were unsure of how to deal with a mass flow rate and
attempted some method of equating kinetic energy with gravitational potential energy
gained per second. Others attempted to calculate a relevant time and use equations of
motion.

Candidates occasionally omitted the unit for their answer and so were not awarded the final
mark as quantities required a magnitude and a unit.

Calculate the velocity of the jet of water as it leaves the flyboard. Assume the water has
negligible velocity before it leaves the flyboard.

mass of person and flyboard equipment = 175kg
mass flow rate of water = 114kgs™

g s

s o

7o N A R AN o A R
\

VsiSms Velocity of water jet = ASeas

(Total for Question 11 = 3 marks)

N
\( { ResultsPlus

Examiner Comments

3 marks.

This candidate has set out their solution very clearly in terms of
Newton's second law, arriving at the correct answer straightforwardly.
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Calculate the velocity of the jet of water as it leaves the flyboard. Assume the water has
negligible velocity before it leaves the flyboard.

mass of person and flyboard equipment = 175kg
mass flow rate of water = 114kgs™

ﬂaamlner Comments

3 marks.

The majority of candidates started with a weight calculation, but many
did not know what to do next. The number of possibilities is limited,
but this candidate has carefully carried out a dimensional analysis of
the units to confirm that dividing by the mass flow rate is valid.

IAL Physics WPH14 01 6



Question 12 (a)

The majority of candidates were able to state this satisfactorily. Those who did not usually
gave insufficient detail, stating that energy is conserved, for example, without mention of
kinetic. Conservation of momentum was often mentioned as well.

State what is meant by inelastic.
(1)

Eh%?( B 7{*4#5.%( ....... Gl g'am 72\‘2 ég/ét, %hg
% fﬁ?é/{?he/yfy 15...4@L.. (anseﬂ;:’/?ﬁ /é a// o

I\

\( &{ ResultsPlus
/'--.. Examiner Comments

0 marks.

This does not include sufficient specific detail because it does not
include 'kinetic'. The total energy is always conserved.

State what is meant by inelastic.
(1)

Theve was  ho  eneygy  conseevokon duviy Ue clligly

I\

\( ﬁ{ ResultsPlus
/'--.. Examiner Comments

0 marks.

The statement is too general in that it just says no energy conservation
without reference to kinetic energy in particular.

The line about KE1 and KE2 is not sufficient because KE1 and KE2 are
not defined and therefore ambiguous - they could just as well refer to
a single body before and after the collision as to the whole system.
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(a) This collision was inelastic.

State what is meant by inelastic.

iﬁ ResultsPlus
Examiner Comments

1 mark.

A simple but sufficient statement that is awarded the mark.
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Question 12 (b)

About a quarter of the candidates gained credit here, usually for stating that total
momentum before a collision equals the total momentum after the collision. Simply
repeating that momentum is conserved added nothing to the information already given and
was not credited. The other common credited response referred to a vector triangle, even if
there was some ambiguity about whether this was for velocity or momentum.

While candidates sometimes mentioned the equal masses, they rarely explained why this
was significant.

(b) For this situation, a scaled vector diagram showing the velocities of the balls can be
used to demonstrate the law of conservation of momentum.

Explain why.

AoWAR LR A @
Thefotal =vewmiy— memt-fompowtv&(“ﬂ‘miwr‘t\omﬂdﬂ

..wua’c...t.ame.ﬁec}........L.ﬁ.. 0N r:..w::l . ...L.z.m.e,. . a,‘(—d TMUDGJ‘LL&"NH*[ S

Ehesay {3 (owsesve endx{lssb‘oww-ﬂm.l'mm‘ema[dmcq
ockef ew 4L Lells.

——
\/ 2{ ResultsPlus

Examiner Comments

0 marks.

This response refers to total momentum conserved, but the question
stem already includes the word 'conservation', so this doesn't add
detail to that and so the mark is not awarded.

Examiner Tip

' . ResultsPlus
\\

The explanation of a term cannot rely on the use of the term itself
without further detail.
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(b) For this situation, a scaled vector diagram showing the velocities of the balls can be
used to demonstrate the law of conservation of momentum.

Explain why. p LS dyr MO

witel 5

Sraled veker &'“Q‘"«n ﬁ;m.m\'rp‘h-‘_ Ao Lwmyvaiion ‘} ~ e W Sw o Ueth
Artangle 88 oo e oM v ot Mg e, N DT T ane N

L saomtobn akle #4007 The lga dte and Wade b \oovn
\\\Nﬂ Kve SAme Wass, Se e mos 386 net hed de b thdwied ® Yoo vethr
foogram 08 dhe MogRy Conel GO0 WWhy Ok pEwev - 50 PV e wen

_ ResultsPlus

Examiner Comments

2 marks.

This is a fairly rare example of a response scoring both marks.
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Question 12 (c)

About a third of the candidates did not appear to know how to use a scaled vector diagram
and did not attempt one. About a quarter were awarded a single mark for a labelled line with
an arrow. The remainder generally included a scale and a good proportion could complete
the triangle, although some did not have all of the arrows in the correct directions. Having
completed the required diagram, not all candidates made it clear that they were measuring
the final angle for their conclusion. Quite a few calculated the final speed but were not able
to use it to make the required deduction.

Although the question required use of a scaled diagram, a substantial number of candidates
made their deduction by calculation, for example using the cosine rule. They were allowed
one mark if they completed this correctly and made the correct conclusion without including
any of the diagram.
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(c) Deduce whether the black ball moves towards the pocket. You should use a scaled

vector diagram.
. (5)
O‘ch R wme
’ "\;5\‘5 e cas e
“{ M
. | e 8 we
?5 ?
___________ k DA = PARO O2Cen DS A YAx FCor®
L aa(e2)t = (o2 Y s Ll §
N s WEN, % R o — CD
-2 - a.alCoas3s
. . . X %8 Ces@ = ST ,wl_& 3-3. -l
So e ball A"““‘"’ weve Yous {T:talforngE:n 12 = 8 marks)
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p / ResultsPlus
/'--". Examiner Comments

2 marks.

This gets a mark for a labelled vector with a scale, but no more. A
vector triangle or parallelogram was required rather than this
situational diagram. The final mark could be awarded for deduction by
calculation, but this calculation assumes a 90 degree angle between
the balls, candidates may be familiar with from elastic collisions
between bodies of equal mass. They have already been told, however,
that the collision is not elastic.
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_ (c) Deduce whether the black ball moves towards the pocket. You should use a scaled
vector diagram.
(5)

1‘_"2 W E D A.SW

fr"l i Pl
M | et = dom

_ ResultsPlus

Examiner Comments

4 marks.

This got all the marks but the last one because the final answer is not
correct as a result of using 0.96 m s~ instead of 0.92 ms™'.
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Question 13 (a)

As well as their knowledge and understanding of linear accelerators, this question assessed
candidates’ ability to give coherent and logically structured answers, which, in most cases,
they did. Many candidates saw this question as an opportunity to give a well-rehearsed
description of the operation of linear accelerators according to the mark scheme for similar
guestions on previous papers but they did not give the wording of this question sufficient
attention to see that it actually addressed a different aspect. Accordingly, a large proportion
of candidates limited themselves to one or two marks because they explained the situation
for the drift tubes rather than for the gaps between them. The answers given for the
guestion in the candidates’ heads weren't bad, as far as rote memorisation goes, but they did
not explain what was required.

Whether they referred to the tubes or the gaps, there were some common points missing or
lacking in detail. Candidates did not always state that the acceleration of the particles takes
place in the gaps between the tubes, and some even said they accelerate between the gaps.
A large proportion of the candidates refer very simply to electrons being attracted to the next
tube by its opposite charge rather than stating that they are accelerated by the electric field
between the tubes.

Two of the indicative content points are the same for gaps or tubes and were the most
common points credited. Candidates often gained credit for stating that the frequency of the
a.c. supply is constant, although some just referred to a constant frequency and didn't say
what it was that had a constant frequency. They also often gained credit for electrons
approaching the speed of light.

The constant time was often mentioned, although most frequently for the time in the tube
rather than between tubes.

Very few candidates were able to address points 4 and 6 in detail, where they were required
to link time and speed to the gap length, even though it only required s= vt in addition to
what they had already stated.
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13 Some particle physics experiments use electrons which are accelerated to very high
energies by a linac. The diagram shows the first section of the linac.

I electron path \
a.c. supplyn L'\I-I- --(—- ---( ----( -»
electron X tube
source

*(a) Explain why the distances between consecutive tubes increase in the first section of
the linac but are almost equally spaced in the last section of the linac.

(6)
..... Rkﬁﬁ%nhd&%mﬂnﬂm&ﬁmkﬂdm
..... mmMmhhhmmﬂwbn&wpm:ﬁaththhm

almi:qually ....... s}mﬂ ...................................................................................................................................................................................

a\ o
ﬂ ResultsPlus
Examiner Comments
1 mark.

Like many candidates attempting this question, this candidate's

response is focused on the time spent while the electrons are in the

drift tubes rather than when they are between them. This does get

credit for electrons close to light speed, but that is all. There is no

credit for the distance between the tubes being the same at the end
because that is already in the question.

IAL Physics WPH14 01 16



M\ ResultsPlus

\ Examiner Tip

While past paper mark schemes can be useful revision aids, questions
will not be identical so quoting them directly is unlikely to answer a
particular question. Be sure to answer the question on the paper and
not a question from a previous paper with a similar situation.
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13 Some particle physics experiments use electrons which are accelerated to very high
energies by a linac. The diagram shows the first section of the linac.

electron path
a.c.supplyi r_\}p&g_-{ G--.{ B----( },.

electron tube
source

*(a) Explain why the distances between consecutive tubes increase in the first section of
the linac but are almost equally spaced in the last section of the linac.
e - = . . : (ﬁ]
Lrdhe linae has an.0: supply. whith alleinoks e cowent.

and h&mehtpdunkﬁaf%hbmw’fn% ned frequeney. ..

e hibe beinde has e same :}-\o\a:. as. The. . purhdf_ and."lhc ..........
iR dm Ront hes dre. opposile chw&&m#mmumvm\hnfm
+Ad Mhe spard of tra povhide  insraves , it Moveses o lovgac
Munu.mmﬂ-hmt;abdnthmﬂamihwmad’fhe_

1 Howerey , he pod on e pov hicle. appiashes Tre spasd of light ..
M sonmal ke oceloakesh fortner. 30 the distance shpa iner
Eneegy vequared Ao occelivate o parhide Then IS doo imprach®el.
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~ / ResultsPlus
/'-—-'. Examiner Comments

5 marks.

This response is based on the gaps between the drift tubes, as
required. It is credited with all of the indicative content points except
for the third because it does not make a clear statement that the time
spent between the tubes is constant. That gets 3 marks and there are 2
marks for structure because it reads very clearly with fully sustained
lines of reasoning.

5\ ResultsPlus

\ Examiner Tip

Learn standard descriptions of situations and physical processes, such
as linear accelerators, alpha scattering and electromagnetic induction,
and be able apply them with sufficient detail to specific situations,
identifying the parts of the general explanation required to answer the
particular question.
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Question 13 (b)

About half of the candidates gained at least one mark, the most common being for £ = mc?
and the next being a comparison of total momentum before and after the collision. While a
lot of candidates were familiar with this comparison of collision methods, responses were
often missing significant details required for the marks, for example by referring to more
energy rather than more kinetic energy. Many candidates just said that the ‘inelastic collision’
would yield the more massive particles with no indication of which situation they thought
was inelastic.

(b) In some experiments, a high-energy electron collides with a stationary atom. In other
experiments beams of high-energy electrons, travelling in opposite directions,
collide head-on. New particles can be created from collisions.

Deduce which type of collision is more likely to produce new particles with the
largest mass.
3)

Whea  electons ane collide)  heao on all of thein  enenge is wseof fo.

 before  collision = mopertus
ofan. collision. = @ so. all of the enengy Is usesl to make news. .. ..

\( / ResultsPlus

Examiner Comments

1 mark.

This gets one mark for describing momentum before and after the
head-on collision but nothing else. There is a reference to 'all of the
energy' but we need kinetic energy to be discussed specifically. There
is no clear conclusion favouring one or the other type of collision.

lf \ ResultsPlus
\\

Examiner Tip
A non-numerical question asking you to 'deduce whether' still requires
a clear conclusion.

\. J
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(b) In some experiments, a high-energy electron collides with a stationary atom. In other
experiments beams of high-energy electrons, travelling in opposite directions,
collide head-on. New particles can be created from collisions.

Deduce which type of collision is more likely to produce new particles with the
largest mass.

in fe sdder eypeanents, He hae (Total for Question 13 = 9 marks)
2o feta) Merodtim 45 o)\ He uw.ﬁm d.unj e
Micion can be wsdd G predute

v U5 more Llelyto
produce w,fml% %

ResultsPlus

Examiner Comments

3 marks.

This is awarded full marks for a clear discussion including momentum
and kinetic energy, with a clear and well supported conclusion.
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Question 14 (a)

About one in three candidates gained full credit for this question and the great majority
scored at least one mark. The majority were able to use the diagram to measure a radius
within range and to apply the scale. When they achieved this, most candidates were able to
apply the equation and calculate the momentum, although some candidates had problems
with rearranging the equation. A few candidates did not use the pion charge in coulomb but
used the relative charge of -1 instead. Occasionally the final mark was not awarded because
the unit was missing.
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(a) Determine the momentum of the negative pion.
magnetic flux density of field in the detector = 7.0T
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\-\.

N / ResultsPlus
/---t Examiner Comments

3 marks.

The measurement from the diagram is within range, the scale has
been applied and the correct equation has been used. The only
problem is that the candidate has decided that a pion has a charge one
third that of the electron.

IAL Physics WPH14 01 24



(a) Determine the momentum of the negative pion.
magnetic flux density of field in the detector = 7.0T

25 |AL Physics WPH14 01
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[ ™, .
\/ / ResultsPlus
/---t Examiner Comments

4 marks.

The candidate has clearly shown how the radius has been determined,
although it has been labelled d, and indicated the scaling clearly. The
formula has been used correctly and the answer is within range.
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Question 14 (b)

Most candidates gained at least one of the marks. The second mark was often attempted but
with insufficient detail, for example stating that the pions have opposite charge but not
making it clear why this is relevant by reference to conservation of charge.

(b) State two ways that the diagram shows the kaon is neutral.
2)

I‘Itﬂ'oesnto\/a/pewm ). p b badd
QI}S/p);fsmta one. negobive. .
o\nd .one . pas‘;'fwe/omrl‘zc/e

N

ﬂ/ ResultsPlus
/--.. Examiner Comments

1 mark.

'It doesn't appear with a trail' is sufficient for the first mark, but 'one
negative and one positive' is not enough for the second mark without
a comment about charge conservation.

(b) State two ways that the diagram shows the kaon is neutral.

(2)

o Kaanfs pabh. . PveShonte. 10F. Shawn. .. e carcmlod purride,
e OO C WHAD o gan s Koen s neTnoeiun. Kaen ol padws et @ o

[ ol
LA oesene ettt Chadge opder deomy 15 2en s wo by canstton chenit Mo

N

S/ < ResultsPlus
/--.. Examiner Comments
2 marks.

The first two lines are similar to the previous example, but there is a
clear reference to the relevance of conservation of charge in the rest of
the response.
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Question 14 (c)

A minority of candidates gained no credit for this question with about half getting both
marks. Incorrect responses often saw the antiproton as ddd and the pion with three quarks.

(c) The table shows the charge for the up quark and the down quark as a fraction of the

charge on the proton.
Quark Charge
u Y203
d -1/3

Deduce the quark structure of the antiproton and the negative pion.

. a\ B
ﬂ ResultsPlus
Examiner Comments
1 mark.

candidate has not used anti-quarks.

The pion is correct. For the anti-proton the charge is correct, but the

IAL Physics WPH14 01 28



(c) The table shows the charge for the up ﬂuark and the (h._w_g_ggrk as a fraction of the

charge on the proton. ,
Quark Charge
u +2/3
d -1/3

Deduce the quark structure of the antiproton and the negative pion.

o sz I (2)
_______ Pmo ue  op - oddd
T m—— ..}
Quark structure of the negative pion ... Q!G(d .................

¢ ResultsPlus

Examiner Comments

1 mark.

anti-quark.

The anti-proton is correct, but the candidate has given the pion 3
quarks that have a total charge of -1 rather than a quark and an

29 |AL Physics WPH14 01



Question 14 (d)

About half of the entry were awarded full marks. A minority divided by ¢ and multiplied by
the electron charge instead of doing the opposite. Some candidates made power of ten

errors when converting their calculated eV/c2, forgetting that giga means 10°.

v a Y
(3)

(d) Calculate the mass of a proton in GeV/c’.

CLer ke Tk ! x bk - q.apa@®t

. Q'q“m-sq . GeV/c?

Mass = .

ﬂﬁ‘esu[ts?llﬁ

Examiner Comments

0 marks.

This has been done 'upside-down' as this sequence of operations
would have been used for calculating mass in kg.

lf \ ResultsPlus
\

Examiner Tip

Practice the conversion from kg to GeV/c2 and vice versa to be sure to
multiply and divide by the correct factors for the different conversions.
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(d) Calculate the mass of a proton in GeV/c?.
(3)

M p E G2 MO Ky
67X 3xik = S0l %107 T fer
o> 3 eVer
D 3.3 x10°7 GeN/eo o

Mass = 313?(('0-9 ............ GeV/c?

ﬂ ResultsPlus
Examiner Comments
0 marks.

The quoted formula has a squared term, but it has disappeared when
the formula is applied.

(T ResultsPlus

\_} Examiner Tip

When substituting in an equation with a power term, eg c2, don't
suddenly miss off the index when substituting or forget it in the
calculation.
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Question 15 (a)(i-ii)

In Q15(a)(i) the graph was rarely completed well. Many candidates drew it as a discharge
curve. Others drew what was almost a straight diagonal rapidly curving to level off which did
not relate to an exponential function. Another common error was to start at time T. The value
5V was often omitted even when the shape was correct, so that the most common mark
awarded was for levelling off after 4 or 5 time constants.

In Q15(a)(ii), of those who said it was an exponential decrease, few added ‘from 5V’ or ‘to OV'.
Candidates did not often explain the decrease by referring to the sum of the p.d.s and, where
they did, it was usually written in symbols.

(a) (i) Sketch a graph to show how the potential difference V_ across the capacitor
varies with time ¢ as the switch is closed. The time constant T for this circuit is
marked on the time axis.

(2)
A
<
T >
0 T t
(ii) Explain how the potential difference ¥, across the resistor varies with time after
the switch is closed.
(2)

Pokenbio\ difTerenc €
Lkl the g across the resister je Sv but Y&

When tne  Poletkid A Pecence acemss e capacMor is ..
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Y / ResultsPlus
/---t Examiner Comments

Q15(a)(i) 1 mark.
Q15(a)(ii) 1 mark.

Q15(a)(i) - the graph is sufficient, with 5V marked, for the first mark,
but has too steep an increase for the second mark.

Q15(a)(ii) - this gets the first mark for exponential decay from 5V to
0 V. There is a hint of the second mark, but there is insufficient detail.
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(a) (i) Sketch a graph to show how the potential difference ¥ across the capacitor
varies with time ¢ as the switch is closed. The time constant T for this circuit is

marked on the time axis.
(2)
VoA
3ab -+
l _}
0 T 4
(i) Explain how the potential difference ¥, across the resistor varies with time after
the switch is closed.
(2)

feshter
ptewtiny i fEeaw  peeoss (opamit decrtasy apunﬂqlk‘ to OV

..................................................................................................................... B T T e e e L C IR L LI LI L L L Lo T ITRT TR TT T T T T T T PP PP,

(Vo= Vo i ) |

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

AN

ig ResultsPlus
Examiner Comments

Q15(a)(i) 1 mark.

Q15(a)(ii) 2 marks.

Q15(a)(i) - this graph missed out on the first mark because 5V wasn't
labelled.

Q15(a)(ii) - this is one of the better responses for full marks.
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Question 15 (a)(iii)

Only about a quarter of the candidates made much headway with this question, with many
merely quoting the equation given with Vg in place of 5 and then replacing Vp with 5 again.

On the other hand, a number of candidates gave a more detailed proof, starting with the
equation for the exponentially decreasing current in the capacitor.

(iii) Show that V_is given by the equation
Vao=3—0 %

where R is the resistance of the resistor
and  Cis the capacitance of the capacitor.

N
\( { ResultsPlus

Examiner Comments

0 marks.

No credit has been given for copying the equation and replacing Vg

with 5 and then reversing it.
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Show that V_ is given by the equation ¢
V.=5-5¢w
where R is the resistance of the resistor VD = In g P‘

and  Cis the capacitance of the capacitor.

EMF=VerVg ) NV =65 - ch-*/ﬂt

Ve = 5§ —RIe” 7ee

N\

ﬂ ResultsPlus
Examiner Comments

2 marks.

This is well done and justifies the final term in more detail than was
usual by referring to the exponentially decreasing current in the
charging circuit.
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Question 15 (b)

A good majority were able to substitute values into the given equation, but a large number
reverted to a simple discharge equation without the initial 5 V. These candidates were only
able to gain a mark for taking logs. Candidates who had substituted correctly often had
problems with this part because they did not subtract 3.3V from 5V first.

Some candidates completed the calculation correctly but did not make a choice of capacitor.
Others gave their answer as 4.7 microfarad rather than 4.77 or 4.8 so it was not certain that
they had actually carried out the calculation and they were not awarded the final mark.

(b) The input to the integrated circuit should be 3,3V at a time 3.5 seconds after the
switch is closed.

The following capacitors are available:
47uF  10pF  154F  47pF  150pF

Deduce which capacitor should be used.

R = 68kQ
. e e (3)
S0 = T Zax e’ &
dn 33 =lng = =35 i 2 x0T R
658000 C -

£R000C

§v000 x—0O: LTS

™ .
\( 2{ ResultsPlus
/'--.. Examiner Comments

1 mark.

In this response the formula used is for the resistor rather than the
capacitor. One mark has been allowed for applying logs correctly.
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(b) The input to the integrated circuit should be 3.3V at a time 3.5 seconds after the
switch is closed.

The following capacitors are available:

4.7yuF 10 uF 15 uF 150 uF

Deduce which capacitor should be used.

R = 68kQ

........ GIZVIOSE = 4Fuf

(Total for Ouestion 15 = 9 marks)

% ResultsPlus

Examiner Comments
3 marks.

This has been done correctly, although the final conclusion could have
been made clearer than just circling the chosen value.
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(b) The input to the integrated circuit should be 3.3V at a tim onds after the
switch is closed.

The following capacitors are available: I ¥t

4.7 uF 10 uF 15uF 47uF 150 uF
Deduce which capacitor should be used.

R =68kQ
i 3)
@ - RC
R&*-,&anﬂfr-]"w .................. S 052 )" 3_ ....... § 5.'-0. ..................................... B
RCoz 6,9%00° %.10.%0078 2 0 bByt'iEi: ........ o
...R.C.;, ........... 6..5'...5.._:.& ..... X ..r_.s..zs._._i_.a._f..: ..... LB o Q—_‘lﬂg_ ....... T

5. ‘
RG; = vépg %1072 x.150.%00702.00, 21&‘*3)&?

.................... FIE o ClUA T 0 B 200
Snmé'@,}c@mmm ...............................................................................................

[
iﬁ ResultsPlus
Examiner Comments
3 marks.

This is an alternative way to determine which capacitor to use. The

candidate has determined the time constant value required to give

3.3V at 3.5s. They have determined the time constant for each

capacitor in series with the resistor, then selected which RC value is
closest.
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Question 16 (a)

Candidates were clearly familiar with this experiment but did not always include sufficient
detail, so the median mark was 3. The great majority referred to most alpha particles passing
straight through, although some just said through and some missed most, and these
candidates usually gained credit for ‘'mostly empty space’. Reference to small angle scattering
was not so clear, with a lot writing about large angles up to 90 degrees. Candidates did not
always seem to appreciate the small proportion of alpha particles that did not pass straight
through and just said ‘some’ rather than ‘few’ or similar. Even so, they usually got the linked
conclusion of a concentration of charge, although some said ‘all of the charge’ when it is
clearly half of the charge only as it was already known that there is both positive and
negative charge. Similarly, the proportion scattering through more than 90 degrees was often
called few, rather than ‘very few’ or similar, although the well-known fraction 1 in 8000 was
sometimes seen. This third observation was generally linked to a concentration of mass.

Candidates who wrote each observation followed by the corresponding conclusion had more
success than those who wrote all of the observations first because for the latter it was harder
to link the pairs unambiguously.
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16 In the early 20th century, experiments were carried out in which alpha particles were
directed towards thin gold foil.

A simplified diagram of the apparatus used is shown,

vacuum
detector
alpha particle
source
lead box
gold foil

(a) State three observations and the corresponding conclusions made from the alpha
particle scattering experiment.

- Mok o\gnar po:\{c)es gn&se&

Alledon , Yws . Shoas Vo wes \: .......... d; \\\e-
o\ wes mp\3

a\&c\q (ﬂ‘\-\d@. WSS 5\@\\:& ed mere
_____ um ﬁ\O-QQ\&\\dA Saows MM

\m%(:mc&&q Cperdes  pee defleded  wore -
e QOQYD\)NQM“‘E& ............ 19 0. nudleus w.\\r\.__
wmoss. ond ck:{:ﬁ . Ye  cete f Ve B Gl
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~ / ResultsPlus
/--.'. Examiner Comments

2 marks.

This gains marks for most alphas with no deflection and 1 in 8000
deflected more than 90 degrees. The first paragraph refers to the foil
being empty, rather than atoms. The second says 'some' when we
really need to know that it is a relatively small number. 'Most' could be
51%, so 'some' could be as much as 49%. Neither of the final two
conclusions have sufficiently correct detail.
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16 In the early 20th century, experiments were carried out in which alpha particles were
directed towards thin gold foil.

A simplified diagram of the apparatus used is shown.

vacuum
detector
alpha particle
source
lead box
gold foil

(a) State three observations and the corresponding conclusions made from the alpha
particle scattering experiment.

(6)
"fmitdplw ................ W—.ﬂ'cq.d ............... b Lieele 4o vo.. Lelleods,  Aaanh
....... -f'{'t'ﬁ.'ft'#&tﬁﬂ@‘"}fﬁé”@ﬁ'tgja{:%_ipam
Sere.......alde .. puecdes. Mleceed . qpme. mglas
........ S ﬁm%%amvﬁ*‘”ﬂt“%mﬂ
........ (Mf,q,ﬁtg,,gccf«, e 1

/ ResultsPlus

Examiner Comments
4 marks.

This is a typical 4 mark question that misses the other 2 marks by not
describing the small fraction of the alpha particles scattered through
larger angles.
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16 In the early 20th century, experiments were carried out in which alpha particles were
directed towards thin gold foil.

A simplified diagram of the apparatus used is shown.,

vacuum

alpha particle

lead box
gold foil

(a) State three observations and the corresponding conclusions made from the alpha
particle scattering experiment.

ctlat o Shacher  cathin On e 4ot bad o« lor OF
s Mk Clisr e CONSOARRMRA  FLRA oo
U"'!f‘«&uankf-mﬁ'ﬁ‘«appfhf-f-@&wﬂciiﬁ(fcﬁdﬁa"

L]
Qfem, )08 Wy Sl Gvee | Com
AR LRI i
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/--.. Examiner Comments

6 marks.

This is an example of a full mark response. Note the use of 'most’, 'few'
and 'very few'.
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Question 16 (b)(i-ii)

In Q16(b)(i) nearly all candidates successfully converted MeV to J. A lot of candidates then
tried to make use of the equation for radial electric field strength, confusing E for energy.
Another incorrect method was the use of Coulomb’s law with various ways of trying to
calculate the force and apply it to the kinetic energy equation. Those candidates realising
they needed to use V = kQ/r usually combined it with W = QV into one equation to proceed to
the correct answer. Some candidates omitted one or both of 2 and 79 for the charge of the
helium and gold nuclei respectively.

Q16(b)(ii) was generally well answered, but some tried to use E = V/d, mistaking E for electric
field with E for energy and substituting their value of 4.7MeV in J.
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(b) One experiment used gold foil made from the gold isotope 77 Au. The alpha
particles had an initial kinetic energy of 4.7 MeV.

(i) Show that the closest distance these alpha particles can get to a gold nucleus is
about 5 x 107m,
4)

. #7 MeV > 4.7x10%eN 2. 7-Sz xio3T

(79x'.‘#“:_'.’,)”x..,c*zxmelﬂ) ...............................................................

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

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

(ii) Calculate the strength of the electric field due to the gold nucleus at
this distance.

7 95l 6 x07? ”
......................... e ‘f‘#tkfi'ﬁmb'“'x@xr@‘*el

3)

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

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

Sirength of electric ficld = .. F- 85107
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/--.‘: Examiner Comments

Q16(b)(i) 1 mark.
Q16(b)(ii) 2 marks.

Q16(b)(i) - the conversion from MeV to | is correct, but then the
candidate uses the equation for Coulomb force rather than for electric
potential.

Q16(b)(ii) - the calculation is correct, using the 'show that' value, but
the unit has been omitted, so the final mark has not been awarded.

i ResultsPlus
D

Examiner Tip
Physical quantities have a magnitude and a unit and both must be
given in answers to numerical questions.
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(b) One experiment used gold foil made from the gold isotope '5; Au The alpha
particles had an initial kinetic energy of 4.7 MeV.

(i) Show that the closest distance these alpha particles can get to a gold nucleus is
about 5 x 107*m.

Wt xUbxio™ - F0x0™ 7T

(4)

_&J.=_E_. M t}‘ixibglﬁﬁ) ('lxlﬁxlb'"i)

x‘ﬂlt o B ik (8 m"ﬁ

(11) Calculate the strength of the electric field due to the gold nucleus at
this distance.

(3}

-4 ;Lu lo"*) Hﬁsw‘NC‘

1 pye)
Strength of electric field = 1+ §S x 10 WC™

/ ResultsPlus

Examiner Comments
Q16(b)(i) 4 marks.

Q16(b)(ii) 3 marks.

This is an example of a response gaining full marks.
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Question 17 (a)(i)

About half of all candidates gained both marks and most of the rest were awarded one mark,
usually for weight as they drew tension diagonally upwards, in the opposite direction to that
required. These diagrams looked like those expected for a conical pendulum. Some
candidates did not get the mark for weight because they labelled it as g or gravity. A few
added a third horizontal force labelled centripetal, which was an incorrect addition as that
would be a resultant force rather than a separate force. This did demonstrate a general
misunderstanding of the situation because the incorrectly added centripetal force, when
seen, was not in the direction of the resultant force.

(a) (i) The tension in the chain, acting on the sphere, is T.

Draw the free-body force diagram for the sphere at the position shown in
the diagram.

Torsion .

™
™, "

N / ResultsPlus
/'-—-'. Examiner Comments

1 mark.

This is a free-body force diagram for the sphere, but the tension has
been drawn here in the opposite direction to the correct one, as if it is
the force acting on the athlete's hand.
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(a) (i) The tension in the chain, acting on the sphere, is 7.

Draw the free-body force diagram for the sphere at the position shown in
the diagram.
(2)

3
ension
.-IIII\_ —F
ﬂ ResultsPlus
Examiner Comments

1 mark.

Tension and weight are correct, but a force labelled centripetal has
been added as well, even though it should be the resultant of the other
forces.

™\ ResultsPlus

\ Examiner Tip

'Centripetal force' is not a separate particular type of force but the
resultant of the forces acting in a situation that results in circular
motion.
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(a) (i) The tension in the chain, acting on the sphere, is T.

Draw the free-body force diagram for the sphere at the position shown in
the diagram.
(2)

Temgron g
y

_ ResultsPlus

Examiner Comments

2 marks.

This is a correct diagram for comparison.

IAL Physics WPH14 01 52



Question 17 (a)(i

i)

Only about one in ten candidates seemed to understand that it is the resultant force that
acts as a centripetal force, with the majority of candidate talking about components of
tension and/or weight acting at 90 ° to the motion, probably thinking of a conical pendulum.

(i) Explain why the sphere moves with circular motion.

2)
s of . Yvaon ok WPt

retm\fa@wﬂ\m{ﬁuﬁhw&mmuwaw

iR U Al TS W T S TS )

¥

0 marks.

This cand

horizontal plane, like a conical pendulum.

ResultsPlus

Examiner Comments

idate is assuming that the path of the sphereis in the

(i) Explain why the sphere moves with circular motion.

(2)

1 mark.

Although

motion.

stating that there is a resultant force perpendicular to the direction

Examiner Comments

a lot of the rest is incorrect, in this response the credit is for
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Question 17 (a)(iii)

The majority of candidates completed this successfully for 3 marks. A common error for the
others was to take the frequency of 2.8 revolutions per second as the time period. A few
candidates halved the radius given in the data. Some candidates dropped the square
partway through their working and the unit of speed was sometimes given rather than the
unit of acceleration.

(iii) The sphere completes 2.8 revolutions per second. T2 3T
| ' o

Calculate the acceleration of the sphere.

distance from sphere to centre of circle = 1.5m

(3)

< b I
D —s g L' ENR X DB

& a6 ad ™

‘

N { ResultsPlus
/---.. Examiner Comments

0 marks.

A lot of candidates used 2.8 incorrectly. In this response it has been
used as angular velocity.
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(iii) The sphere completes 2.8 revolutions per second.

Calculate the acceleration of the sphere.
g ki

distance from sphere to centre of circle = 1.5m

_______________________________ iRt SR
..................................... “0\. -‘-(\6')2'55"“)
v -?2"_?—' ":’-?‘%@-T\ = Ul 27T

Acceleration = L\(O'Lla’n,\';,

AN
ig ResultsPlus
Examiner Comments
2 marks.

The calculations are correct, but the final unit is for speed rather than
for acceleration.

55 [|AL Physics WPH14 01



Question 17 (b)

About a fifth of the candidates were able to work this through to the end and draw a valid
conclusion. Nearly all candidates were able to take components, and many could use an
equation of motion and use s = vt.

A common error was to fail to take into account the initial height of 1.5 m above the ground.
Some candidates used the centripetal acceleration they had calculated for the sphere. Some
attempted to use conservation of energy, forgetting that the sphere still had kinetic energy at
the top of its path.
vE somwpyr
(b) The athlete finally releases the sphere with a velocity of 28ms~' at an angle of 40° 25
to the horizontal. She releases the sphere at a height of I'5m above the ground.

The women’s Olympic record distance for the hammer throw is 83 m. f-'ﬁu

Deduce whether this throw would break the record.

ARstumn g clvsed System widh ho eXtowal pastne foe
u

T )
Verteal Velwit, B3 = 28 X smbp < 7y~
horrute Vﬂfbﬂij' yH' 2% X o' '2'% et

v Cungterd d'uwn er Cid’t‘f&ﬂrhm 93 - 9.§) ms"z

CTutel
T'Me speat m Gir t

Ll S bt g_af
s L7 Gqe)t J'M *Ué
4-‘?051-, --I'I ‘?'i%{-. +I' 5"" __ 50-"'"!“? HM’, Guedar equetyr
£:3 £e3s £ ﬁosr; % refected.
" Humtmt) ostoct tavelled, Sy = (2! 444 )MZ 5?3)=~ 74 35.,,,
e s P e
NOT breqlt  regurd. (Total for Question 17 = 12 marks)
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) &{ ResultsPlus
/---. Examiner Comments

3 marks.

This is very nearly correct but for a missing minus sign. This method
assumes that the sphere ends up 1.5 m above its launch height rather

than below it. There is a clear comparison and conclusion, but this is
only credited if the values are correct.

4\ ResultsPhus
<2

| Examiner Tip
Where you are asked to come to a conclusion by command words such
as ‘deduce whether’ using numerical data, you must complete your
calculations, then explicitly compare the relevant values and then
make a clear statement in conclusion - ‘Calculate, Compare, Conclude'.

(b) The athlete finally releases the sphere with a velocity of 28 ms ' at an angle of 40°
to the horizontal. She releases the sphere at a height of 1.5m above the ground.

The women’s Olympic record distance for the hammer throw is 83 m.

Deduce whether this throw would break the record.

(5)

S 48 (o)t 51

L B 375888 f-00itly.)

o Mo Broem = d8as4o(t) = Lo 4S 0837 m M0 5m

K X1 ST

oW ke e
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/'-—-t Examiner Comments
5 marks.

Candidates using this 'one-step' approach to time found the calculation
quite straightforward. There is a clear comparison of values and
conclusion, as required when a numerical question says 'deduce
whether'.
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Question 18 (a)(i-ii)

In Q18(a)(i) the great majority of candidates completed this successfully, although a few did
not give their final answer to the required 2 s.f. for this ‘show that’ question where the
required quantity was stated to 1 s.f.

In Q18(a)(ii) the majority of candidates gained full marks for this part, using their previous
value for momentum or for speed. The percentage part caused more difficulty than the
physics, with a fair few using 10% instead of 90%. A few struggled with rearrangement or
omitted the square root.

(a) (i) The vehicle was given a push. The aluminium plate took 0.19s to pass through
light gate 1.

Show that the momentum of the vehicle was about 0.3 Ns.

vd
f.,

length of plate = 15.0cm
mass of vehicle = 0.40kg

(ii) The vehicle then moved between the poles of the magnet before passing through
light gate 2.

The magnet caused the kinetic energy of the vehicle to reduce by 10%.

Calculate the velocity of the vehicle at light gate 2.
3)

(U
ke = o111y ¢ (ce =_V*
e QLAY B T

2 X 0'%]0city=...O.-.T.S.lm,f.s..:.‘..........,.....
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Examiner Comments
Q18(a)(i) 2 marks.
Q18(a)(ii) 2 marks.

Q18(a)(i) - the final answer has been truncated to 0.31 Ns which is not
acceptable because the calculated answer is 0.3158 Ns.

Q18(a)(ii) - there is a clear calculation of the initial kinetic energy and
determination of the final kinetic energy, but not the final velocity.

(a) (i) The vehicle was given a push. The aluminium plate took 0.19s to pass through
light gate 1.

Show that the momentum of the vehicle was about 0,3 Ns.

length of plate = 15.0cm
mass of vehicle = 0.40kg
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(ii) The vehicle then moved between the poles of the magnet before passing through
light gate 2.

The magnet caused the kinetic energy of the vehicle to reduce by 10%.

Calculate the velocity of the vehicle at light gate 2.

Velocity = &e1s "M /¢-

- J\ B
iﬁ ResultsPlus
Examiner Comments

Q18(a)(i) 2 marks.
Q18(a)(ii) 3 marks.

Q18(a)(i) - the answer has been given as 0.3 Ns, which is the same as
the 'show that' value in the question and does not have the required
additional significant figure.

Q18(a)(ii) - this is fully correct.

.l'/_f H'
P

T\ ResultsPlus
\_/' Examiner Tip
When a calculation question starts with 'show that', you are required to

give your final answer to at least one additional significant figure.
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Question 18 (b)(i)

About half of the candidates were awarded 2 marks, aided by having three marking points
that could be credited. Most answers referred to all three points, but not always in sufficient
detail, particularly relating to the change in flux linkage where they frequently omitted
‘linkage’ or ‘lines’.

(b) (1) Explain why a current was produced in the aluminium plate as it passed between

the poles of the magnet.
(2)
gmb 45 Pgw d_j.p(.id/ L0 the Ohﬁunc,g, &b«
ﬁwﬁ = MNAK

JI'I\ —

’yngesuits’Plus
Examiner Comments
0 marks.
This is only 2 words away from 2 marks. Emf should be 'induced' rather
than 'produced' and it should be the change in flux 'linkage'.
(b) (i) Explain why a current was produced in the aluminium plate as it passed between
the poles of the magnet.
(2)

- When . Hu plade passeal hroigh the magnet Here was
féaw(fﬂmj‘: ehicCh. induced ..

e. m/d_ Mﬁ!hﬁe the. f.’a..-l—c 15 & cose.. .
ezl

ﬂ ResultsPlus
Examiner Comments
2 marks.

There were three possible marking points and this response has all
three, being awarded 2 marks.
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Question 18 (b)(ii)

About a third of the candidates made relevant comments in their answers. Most tried to
explain using Lenz's law, but often applied it to opposing the induced emf rather than a force
opposing the plate’s motion. Few candidates attempted to explain the origin of the force in
terms of the motor effect.

Al
(ii)) The kinetic energy of the vehicle decreased as the aluminium plate moved

between the poles of the magnet.

Explain why.
(2)

Cuo. o m o T corrent induced jn T
prafe’mf!fﬁw?ﬁo@n magqrenc er
which  wil  gppllt e grigind fmﬁm 06

Qlimintvon  plate ﬁ’ﬂm’ﬂq Troven Te mcfaw-;a
fouarcly  (eft D eneray  9Cf  Janrferted

ﬂ“’"’” Line J7¢ eneé; 19 A  ClchHodtahre

Crevy 7
_ellll\_ —f
ﬂ ResultsPlus
Examiner Comments
0 marks.

The statement about the magnetic field opposing the motion is not
sufficient without reference to force.
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(i)) The kinetic energy of the vehicle decreased as the aluminium plate moved
between the poles of the magnet.

Explain why.

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

2. éﬂ-ﬂA .............. {'6? ................... -&'{ﬁ ........ ZM ....... )%-@ ........................................

do reduce fhe.. chan o Magnl M%«Mdﬁp
mﬁwF mﬁpﬂmpwﬁanw ety m,

<Q_Z ResultsPlus
Examiner Comments

2 marks.

This is a relatively rare example of a full mark response including all
the relevant points.
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Question 18 (c)(i)

There were many possible approaches to this question and the great majority of candidates
used one of them to gain 2 marks.

(i) Show that the percentage reduction in kinetic energy is pmportlonal to the

thickness of the plate.
22 _ % _V© (2)
B - T
WS warny Mk oy Me Maickens

. rtﬁﬂ’*y reddion . sdweni Nt pm
" e 2T P

|'II\- T F
%j ResultsPlus
Examiner Comments
0 marks.

This is a relatively rare non-scoring response. Candidates were
required to calculate an appropriate ratio. This candidate has just

written down the three ratios and stated that they are equal without
performing any calculations to justify that.

(i) Show that the percentage reduction in kinetic energy is proportional to the
thickness of the plate.
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2 marks.

This is one of a wide range of successful approaches. Note that this
candidate has converted the percentage reduction in KE values to
decimal numbers before calculating the ratios.
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Question 18 (c)(ii)

Only a small proportion of the candidates described an increased current caused by
decreased resistance. Most candidates mistook increasing thickness for increasing length or
width, leading them to write about increased rate of change of flux linkage, due to an
increased area, and therefore increased induced emf. Some candidates wrote about
increased numbers of charge carriers without linking this to decreased resistance.

(ii) Suggest why the percentage reduction in kinetic energy increases as the
thickness of the plate increases.

’_4{ (3
anca  Meyeogs 6 the

e _,.N(omj ere @ * GM P onen e-al _.
o Ew Pothe Prea bf Coxox sete t

g tbshﬁ»

b“wv} ?&l\j wﬁt-q,-f =l siute L LT

(Total for Question 18 = 15 marks)

ﬁ/ &{ ResultsPlus
/--. Examiner Comments

0 marks.

This is a detailed response, but the thickness of the plate does not
affect the area of the plate linked with the magnetic flux, so it is based
on an incorrect assumption.
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(ii) Suggest why the percentage reduction in kinetic energy increases as the
thickness of the plate increases.

iy [xaﬁ) 3)

ResultsPlus

Examiner Comments

1 mark.

This response includes a reference to decreased resistance due to
increased cross-sectional area, for 1 mark. The mark for increased
current has not been awarded as it has been attributed to increased
emf.
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Paper Summary

Based on their performance on this paper, candidates should:

e show all steps and substitutions clearly in derivations and start from standard basic
formulae.

e address all points specifically mentioned in questions, such as the use of a scale diagram.

e |earn standard descriptions of physical processes, and required procedures, such as linear
accelerators, and be able to apply them with sufficient detail to specific situations,
identifying the parts of the general explanation required to answer the particular question.

e note that when substituting in an equation with a power term, eg square root, don't forget
it in the calculation.

e be sure to know the standard Sl prefixes and be able to apply the correct power of ten.

e remember that there are no extra marks for completing multiple choice questions ‘in your
head’, so candidates should be ready to write them out on the paper.

e be sure you know the command words and understand the level of required response for
each of them, eg 'explain’ would mean a candidate must say why something happens and
not just describe what happens. There will always be at least two linked marking points for
a question asking you to ‘explain’.
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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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