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Introduction

This is the first time the Pearson Edexcel International Level paper WPH13, Practical Skills in
Physics |, has been sat by candidates. The paper is worth 50 marks and consists of four questions,
enabling candidates of all abilities to apply their knowledge and skills to a variety of styles of
question. Each question tests knowledge, understanding and skills candidates developed while
completing practical investigations during their Unit 1 and 2 studies.

For this paper, the topics included materials, waves and particle nature of light. As
understanding of the core practicals is assessed by the WPH11 and WPH12 papers, the practical
context met in the WPH13 paper may be less familiar. However, it is the skills rather than the
details of the practical that we are assessing. The number of marks available for Unit 3 has
increased by 10, with an increase in the number of marks available for the demonstration of
mathematical skills, which increased the level of challenge for some candidates.

There were many questions that would be familiar for candidates who had studied previous series
WPHO3 papers, but there are some questions where performances would suggest they were
unfamiliar with the practical skills. The long planning question has been replaced with a series of
open response questions assessing the same skills. Understanding of keywords (such as
resolution) and command words (such as describe how) proved a challenge to candidates at the
lower end of the ability range. At all ability levels, there were some questions where candidates
answered in generic terms, rather than being specific to the particular practical described in the
guestion.
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Question 1 (a) (i)

This question introduced a common but perhaps unfamiliar piece of practical measuring
equipment, a digital caliper. The caliper shown matches the standard resolution of a Vernier
caliper, as stated in the specification. However, many responses gave the uncertainty or gave a
choice of answers, eg the value and the resolution.

1 During an experiment a student used the measuring instrument shown in the photograph
to measure the diameter of a small metal sphere.

measuring instrument

metal sphere

(a) (i) State the resolution of the measuring instrument shown in the photograph.
(1)
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< {ResultsPlus
|/\‘ Examiner Comments

This response gives 2 answers, so the list rule
would apply, but the uncertainty and resolution
stated are both correct, so 1 mark was awarded.
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1 During an experiment a student used the measuring instrument shown in the photograph
to measure the diameter of a small metal sphere.

measuring instrument

metal sphere

(a) (i) State the resolution of the measuring instrument shown in the photograph.
’ (1)

... b.okmwm

< ResuitsPlus

« Examiner Comments

This example shows a clear powers of 10 error, so
scores 0.

There are digital calipers with a resolution of
0.01 mm, but the one shown does not show 2
decimal places.
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1 During an experiment a student used the measuring instrument shown in the photograph
to measure the diameter of a small metal sphere.

measuring instrument

P

metal sphere

(a) (i) State the resolution of the measuring instrument shown in the photograph.

A3, 25 mm

AN

,
-

-
\V‘< ResultsPlus
Examiner Comments

This response gives the maximum value the
measurement could be with the uncertainty
added, not the resolution, so scores 0.
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1 During an experiment a student used the measuring instrument shown in the photograph
to measure the diameter of a small metal sphere.

measuring instrument

metal sphere

(a) (i) State the resolution of the measuring instrument shown in the photograph.
(N

< / ResultsPlus

« Examiner Comments

This response gives the uncertainty, not the
resolution, so scores 0.
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Question 1 (a) (ii)

For this question many candidates answered in generic terms, eg that the caliper had a suitable
range to measure the metal sphere. However, this would be true of many measuring devices that
are less suitable, eg a ruler.
Most ignored the context of the question, which asked them to justify the use of the digital caliper
shown, by suggesting other pieces of equipment that would be suitable, so scored 0 marks.

(ii) Explain why this device is suitable to measure the diameter of the metal sphere.

(2)
LN 5 5

CAa dee  Cestndind el Mhe deviee . s NVery s :TThe.

(efcoftage  uncectantty . whle  poeseud0y  the damereC

woold be \owe  Herfsce  this device 1o sultabe.

< / ResultsPlus
|/'\ Examiner Comments

This response shows the most common answer
that scored the first mark.

Many answers missed the word percentage, so did
not score the first mark as the uncertainty would
be the same no matter what size sphere was being
measured.
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(i) Explain why this device is suitable to measure the diameter of the metal sphere.

(2)
1 \ 9 : \"; )
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ResultsPlus

Examiner Comments

This response gives both marking points, though in
reverse order, so scored 2.
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Question 1 (b)

In this question, candidates were asked to perform a simple percentage calculation, which was
completed well by most.

(b) The student measured the diameter. The reading obtained was 20.5 £+ 0.05 mm.

Calculate the percentage uncertainty in the measurement of the diameter.
(1)

o.5
T O

< / ResultsPlus

« Examiner Comments

A correct calculation, rounded to 1 significant
figure, which is acceptable as the uncertainty is
also given to 1 sf.

So 1 mark awarded.

10 IAL Physics WPH13 01

Percentage uncertainty in the diameter= . ©-2.7- ...




(b) The student measured the diameter. The reading obtained was 20.5 £ 0.05 mm.

Calculate the percentage uncertainty in the measurement of the diameter.

Percentage uncertainty in the diameter = .. &7 2%%

.
* { ResultsPlus

Examiner Comments

Here a correct calculation was crossed out and
replaced with a calculation of the percentage of
the resolution, rather than the uncertainty stated.

So 0 marks.
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Question 1 (c)

The practical skill tested here is a common one, the idea that the object being measured may not
be uniform. However, for this question the candidates were told the mean was calculated, so those
that gave just the generic answer “measure in different orientations and calculate the mean” did
not score more than 1 mark.

The photo showed the digital caliper could be zeroed, so identifying the need to zero before
measuring or check for zero error would be rewarded with a mark. The shape of the sphere means
we need to ensure the measurement is taken at the widest point, so identifying this was also
rewarded with a mark.

(c) The student took further measurements of the diameter and calculated a mean.

Describe how the student should use this measunng device to make the
measurements as accurate as possible.
(2)

- Lz.Ll 'I?ePeaJiU voulls of o cuperinod
anJ fm:h{j AN AV Vot . Fem ﬂoﬂly Jfa{)k

/ ResultsPlus
|/'\ Examiner Comments

As the question clearly stated that the student
calculated a mean, the generic answer of "repeat
and find an average" was not enough to score a
mark.
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(c) The student took further measurements of the diameter and calculated a mean.

Describe how the student should use this measuring device to make the
measurements as accurate as possible.

(2)

Posirione 0F e sfPreve .

ResultsPlus

Examiner Comments

Here we can see two clear marks:
¢ zero the caliper each time

* take measurements at different positions.

(c) The student took further measurements of the diameter and calculated a mean.

Describe how the student should use this measuring device to make the
measurements as accurate as possible.

(2)

The._ grudent_sheold. tabe.... repat.. Messuements....of.. the. sehere.. Fiooa diftecent........
orenkdionn..ond... bad e mean . Nole.. o drem lo. colain e besk 5 mest cxcuiode.

2 T - R

ResultsPlus

Examiner Comments

This was the most commonly seen answer, the
idea of taking measurements in different
orientations/positions, scoring 1 mark.

However, the "find the mean" statement was not
rewarded, as the question states this.
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Question 1 (d) (i) - (ii)

This question asked candidates to demonstrate the mathematical skill of calculating a mean.
ldentifying anomalous results, results that are not in keeping with other results, is a practical skill
met in earlier years. As such, candidates that did identify an anomalous result and compensate for
this in the mean scored 2 marks for Q01(d)(i).

For QO01(d)(ii), one of the standard methods (see appendix 10) of calculating percentage
uncertainty for a repeated reading was expected. The results given allow for either of the methods
given in appendix 10 to be used giving the same answer. For those that did not identify an anomaly
in part (i), correctly following either method from appendix 10 was rewarded.

Some candidates used the method for a single measurement, which was not rewarded.

(d) The student measured the diameter of a second metal sphere and recorded the
following readings.

19.0 mm 19.1 mm 18.9mm 18.3mm 19.1 mm

(i) Calculate the mean diameter of the second metal sphere.
(2)

a2 U9 H10 RIS Y
) D LSOOI

Mean diameter of the second metal sphere = WnD'mr*m

(i1) Calculate the percentage uncertainty in the mean diameter of the second metal sphere.

. (2)

DL U 0 cnen

S VR N A (Yo ) A
\S

Percentage uncertainty in the mean diameter = 0‘63/1
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/\ Examiner Comments

An example of a full mark response.

QO01(d)(i) shows a correct calculation for 2 marks.

QO1(d)(ii) uses half the range to give a value for
uncertainty, which is then used correctly in the
calculation for 2 marks.
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15



16

(d) The student measured the diameter of a second metal sphere and recorded the
following readings.

19.0mm 19.1 mm 18.9mm 18.3mm 19.1 mm

(i) Calculate the mean diameter of the second metal sphere.

19.0 + 190+ 12.9 + 1€,2 + 19,

......... )1 4= 8 o I e ————————————r

5 - e

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

Mean diameter of the second metal sphere =} Q.28 mwm..

(ii) Calculate the percentage uncertainty in the mean diameter of the second metal sphere.

(2)
....................... Aunaaw+a_?niy='—t%§g_'x'oozill Yo o
) _19.1-12.9%
..... W nc.e_m’cmn'laz e
_________________________________________________ R T2 0 31 s W
Percentage uncertainty in the mean diameter = ... 2.12 %o
ResultsPlus
Examiner Comments

QO1(d)(i) scored only 1 mark, as all 5 results were
included in the mean.

However, Q01(d)(ii) shows a correct calculation,
using the difference between the mean and the
value furthest from the mean, so scored both
marks.
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(d) The student measured the diameter of a second metal sphere and recorded the
following readings.

19.0mm 19.1 mm 18.9mm 18.3mm 19.1 mm

(i) Calculate the mean diameter of the second metal sphere.
(2)

) e O A A ,.1.%5..1...i,.,.t,35.9 .................................................

Mean diameter of the second metal sphere = ... | .. 0R5 mm

(ii) Calculate the percentage uncertainty in the mean diameter of the second metal sphere.
(2)

Percentage uncertainty in the mean diameter = OO % .

ResultsPlus

Examiner Comments

QO01(d)(i) scored both marks for a correct
calculation, having excluded the anomalous result.

QO1(d)(ii) used an incorrect value for uncertainty
(0.01 rather than 0.1) so scored 0.
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Question 1 (e) (f)

QO01(e) required candidates to carry out a density calculation, which included demonstrating an
understanding of the number of significant figures an answer should give based on the data given
in the question. Many missed the reference to the first sphere, or used the value displayed in the
photo, rather than the diameter quoted for the first sphere. These candidates were still rewarded
for the use of equations. As the mass and diameter were given to 3 significant figures, it was
expected that candidates would give the answer to the same number of significant figures.

QO01(f) then asked candidates to determine whether the two spheres were of the same metal. Most
understood they needed to compare density, having been led in that direction by part (e).

The command word determine indicates some calculation of values is required. As is the case for
WPH11 and WPH12, a statement is required for the comparison, not just values.
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(e) The student measured the mass of the first metal sphere using a top pan balance.
The mass reading obtained was 35.6 g,

Calculate the density of the first metal sphere.

% p
_ 2005 o-’)>

%x\0? _ a )
Wt‘% \Jﬂ‘.:me_ 2;5:5(2: x}o-* E\s‘s = ?-"?3"I"-'-)(---l--G-------kq..m .......

Density of the first metal sphere =

(f) The student calculated the density of the second metal sphere to be 7.75 x 10°kgm™
with an uncertainty of 2%.

Determine whether the two spheres could be made from the same metal.

umw‘m«\«ﬁ 0\5 ci.wm}j T_..-x 195 %\0° =155 kg r(:)"i
u-?— a.wM\-j Ftw c.mon& gp\\.w :L‘?E%‘ 7‘[0‘5') lﬂam3
?’qu ko m'3

'N: 'ﬂf\:v'\ I\ ‘[‘&V\q e O l— (Total for Question 1'= 16 marks)

dmsih'es Y e_;:ond) gpkere.,' both ¢pheres
could Lo mod.e Jﬁrom the <ome wmedad .

@Z ResultsPlus
Examiner Comments

This example scored full marks.

QO1(e) shows a correct calculation including the
unit, for 4 marks.

QO1(f) shows a calculation of the range of possible
densities of the second sphere, with a clear
statement that the first sphere's density was within
that range, so scored 2 marks.

IAL Physics WPH13 01
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(e) The student measured the mass of the first metal sphere using a top pan balance.
The mass reading obtained was 35.6g.
Calculate the density of the first metal sphere.

| | @
moss 2. 0.0%6 ke I o

mu,s ..... = ( Jﬂ')’(lo"g“k ........ 9.,.{&&9 ..............................................................................

Density of the first metal sphere = ~/7 74~ B

0, i
(f) The student calculated the density of the second metal sphere to be 7.75 x &kgnﬁ’\ kﬁM
with an uncertainty of 2%.

Determine whether the two spheres could be made from the same metal.
(2)

TThe Hw Qkf?" arte. +7fnm%bae, .......... uh as) N
mig%ﬁ@ﬁm# w?ﬁ. 5 beyond he s"éwﬁ mﬁ/’" :

(Total for Question 1 = 16 marks)

ResultsPlus

Examiner Comments

This response demonstated a common error for
QO1(e).

The equations are substituted with suitable values,
but the wrong diameter was used. This example
used the diameter of the second sphere. Other
examples used the reading from the photograph
of the digital caliper. The correct diameter is the
one stated in Q01(b).

QO01(f) was correct for this candidate's value from
part (e), so both marks were awarded.
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(e) The student measured the mass of the first metal sphere using a top pan balance.

The mass reading obtained was 35.6g.

Calculate the density of the first metal sphere.

(4)

(f) The student calculated the density of the second metal sphere to be 7.75 x 10°kgm™
with an uncertainty of 2%.

Determine whether the two spheres could be made from the same metal.
(2)

7?—) o-7¥5x > .w..x..l.o.o.f/._...:,...1.,.....8,.] ................................................................

ResultsPlus

Examiner Comments

Another response that scored full marks.

Though for QO1(f) it was expected that candidates
would use the percentage uncertainty to calculate
the range of possible density values, this candidate
has calculated the percentage difference and
compared this to 2%.

There is a percentage calculation and a statement
that is consistent with the comparison of the two
values, so both marks are scored for equivalent
correct work.

IAL Physics WPH13 01
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Question 2 (a)

This question tested practical planning skills that were formerly part of the long Question 7 in
WPHO3.

Here candidates were shown the graph to be plotted and were asked to describe the practical steps
the student would be required to take to obtain the data needed. Most candidates scored 2 marks
out of 4, as their answers lacked sufficient detail, eg they did not describe how the force values
were calculated from the mass hung from the spring. High ability candidates often missed out on
the third marking point, describing the measurements and calculations, but missing the detail
relating to accuracy.
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2 A student investigated the extension of a spring to determine its stiffness.

The student suspended the spring from a fixed support and added masses to the lower
end of the spring as shown. _ ,

fixed support

spring

mass

The student used a metre rule to make measurements of the spring as the mass was increased. -

The student plotted a graph of applied force F' against the extension of the spring x.

\ ) F'a

x
(a) Descnbe what the student should do to obtain the data to plot the force-extension graph.
(4)

 Measure the araml length mQSPf nfj whing
R R

- Measure the masf-of masres added uoing
o

olonce te calcalate Ferce
- Meogu/e e extersion ujmj méhe e w/ﬁ@

mal/e) are askled,
Eﬁgj %rce(NJ extensicn /m) P ”_3(&}0}, af F;/Jﬁﬂ

-

‘__..—-

_

— .}Ax lon
HADZI254860 ) 5
AU ROER CO0E DAL A R O A A
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< ResultsPlus
/\ Examiner Comments

This response lacks key details for every mark, so
scored 0.

* "using a balance to calculate force" - most
balances measure mass, so it would need to be
clear the balance measured Newtons. As they
stated "calculate" this suggested the balance was
measuring mass, so this answer needed to
include F = mg.

* "measure the extension" - they had already
mentioned measuring the original length, so
needed to add the idea of subtracting this from
the new length.

¢ "when masses are added" - it is not clear if this is
the first masses or that additional masses are
being added.

* "using a ruler" - there is no detail of how the
ruler is orientated/how it is aligned.




........... ....??!......ﬂ..ﬁiﬁ:?s}.?_m Qe fa sbodent  could ose o veekical

.............................. i S T e

(a) Describe what the student should do to obtain the data to plot the force-extension graph.

(4)
...................... % V&‘fﬂ%ﬂ*s‘wd‘“‘cwﬂU**M’Eofw‘ﬂ
Q = WA woluav e 2 (S V¥ beC!. € wee ¢ Ak ow A

ﬂ“:'i' w [ f’u_ WA 5@ AML wvnasses G.Ckckg_d‘k\q\s

lﬂ“‘ dw o b
fle gf'm witweot  masses  then  sobilvack Bt Leom B

\ \ lMﬁm ot ‘E.-?T'w-b Lot th  wesses,

ResultsPlus

Examiner Comments

This scored 2 marks.
¢ Calculation of force using F = mg

¢ Calculation of extension by subtracting new and
original lengths.

However, it is clear they have done this for only
one mass and there is nothing about the
orientation/alignment of the ruler to reduce error.

IAL Physics WPH13 01
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(a) Describe what the student should do to obtain the data to plot the force-extension graph.
{4

#m#,ﬁq%/&/mé/wﬁéﬂzmss o/ f
) @a/ % MW/ (faaa) ‘ mufnlﬁérer MAss. w, ?“?9/"”51()
Tha e sholot  shou /o/ oo ot He amcgﬂaa/ bgth
Of <SP, m@? ﬂ 15 oéne 67 masoning.. ﬁ{( %; o .s',mug
& ﬂrﬁa ke 7 reolsdon /mm) w?ﬁo//%mss
___%/ i meesonsel oy oblly He—mosces exch
O/%%‘/ JNRSSES .. 7?;(? emy a/ﬁﬂ#ﬂ/ ( ha) ma‘$ %’2

anerdosion s collib! b sdshochy aﬂ?w R 2ol ) .

@Z ResultsPlus
Examiner Comments

This scored 3 marks (the second most common
score).

Here they have the calculation of force and
extension, along with the idea of additional masses
being added.

It only lacks the detail regarding the
orientation/position of the ruler to reduce error.
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(a) Describe what the student should do to obtain the data to plot the force-extension graph.
4)

e stcert  shdd  enswre Aot e mede . wile s in. e
verbical ,qng,mf@m.sefquafcﬂenks’w[a‘mcme
Mlﬂrkq’fm&ﬂof&n?wym@'aa&?}wmkﬂﬁ
—rv?aksue"aﬂckmmr*lmctfmmmafjmmmd
.......... m'r‘ﬂn«ﬂﬂuﬁ’g@saymzdmek@g,’aafcm'o@:mﬁ’mr{y

bmﬂ%qddﬂtm&sgwdmtmmﬂznew

........ } u!gﬂQs@ﬂe”ﬂ'&{mzﬁLtﬁ-}zﬂmﬂmegw/h
e AFernce . kefacen th oo /cggﬂy's- Pe ‘ngt‘z cwH lt

:id m%;;\,j #e moss with 981 , Femg. Then wepeat the
.

f‘"j MOsses a.v'\o’ mkub‘}( ‘#Q cma,adn'@ -‘!:r-'m amCJ !:XH'WB"S -_H;n'!” |E’L

@Z ResultsPlus
Examiner Comments

This is an example of the rare full mark answer.

It includes the often missing idea of using the set
square in the first lines.
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Question 2 (b)

This question was generally answered well, with most scoring both marks. The graph the
candidates had seen in the paper included a curved section, with data plotted for forces beyond the
limit of proportionality. As such, this detail was required for the explanation.

(b) Explain how you would use the graph to determine the stiffness of the spring.

63
AXe  uNdex. 5 £a.p. )7 W.L_.}J ______________ be .
tl:l’arlﬂt’, 5 Et fFnesS. .
o ”'""fﬁif]fiZZfﬁf[_féffé;_f;f;;;jjjjjjjfjfjfg'j.;;f""fﬁijif ..... caph and

Qsaz.}; TR éf,’v’?'t'l r E he. ia\t C. YL 1 }.‘}7 c - saden. ff'
Lvt“I){,“Oc. 9!'!' of Fne $5a
G EFness = Facce - i.asb_if_n._t ............................

w/\{ ResultsPlus
Examiner Comments

A common incorrect answer. As candidates are
asked to use the graph, many went with the idea of
area rather than gradient.
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(b) Explain how you would use the graph to determine the stiffness of the spring.
(2)

\/\{ ResultsPlus
« Examiner Comments

A typical 1 mark answer.

The use of gradient is clearly identified, so they
have answered the how part of the question.
However, as the graph given included the curve
beyond the limit of proportionality, we required
answers that explained that this needed to be
determined for the linear section of the graph.

(b) Explain how you would use the graph to determine the stiffness of the spring.
(2)

. Colculete Hhe gredent oF Hhe Gommtidentcon pemph o [inar cegron of the fore ~eckmion

geephs Make suie Fo wse Fo lacgee geiangle s e —

\/\{ ResultsPlus
« Examiner Comments

This example shows a common 2 mark answer.

Though many answers went beyond the given
writing area, it was possible for an explanation to
score both marks in a single line, which this
example did.

"Calculate the gradient of the linear region".
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Question 3 (a)

The understanding of how diffraction experiments provide evidence for the wave nature of
electrons is specification point 53. However, it was clear many candidates were not familiar with the
graphite diffraction tube experiment.

Determining the radius of a circular object is a common practical skill and one already introduced
earlier in the paper, so those two marking points should have been straightforward. However most
failed to score, with many candidates attempting to calculate the diameter using the equation

nl =d sin 6, mistaking d for the diameter.

Here we expected to see similar answers to Q01(c) with additional steps of calculating the mean
and halving the diameter.

Some identification of the difficulty of measuring diameter on a curved screen or that the ring of
light itself had a width makes the final marking point we expected.

IAL Physics WPH13 01



3 A student used an electron beam tube to accelerate electrons towards a thin slice of graphite as
shown. The electrons passing through the graphite produced a diffraction pattern on the screen.
This is similar to the effect seen when light passes through a diffraction grating.

graphite

screen

electron beam

The diffraction pattern seen on the curved screen is shown below:

(a) Describe how the student can accurately determine the radius of the first bright ring
of the diffraction pattern. ‘
. 4)
Fs He screen. is.. corvedd fte Shelend—

L messure. Jhe oliarmafes Sl fle
Qo ffe  fesoling

20N A MBS ... mye(agp_ STV
LAY T e CS....arol.-Fle... ralinl. . woeolf bo oﬂﬂucfc? &
2t ___;4/70»(?%0 dlls.. 777'5“ skl be. mﬁcmf yfﬁ

...... poould Wse a pressury

/e //q' é /!/%_
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A - .
< ResultsPlus
Examiner Comments
This is an example of a full mark response.

In addition to the standard "multiple orientations
and mean" and the extra detail of needing to halve
the diameter, it clearly identifies the issue of the
curved screen and gives suitable measuring
equipment to compensate.

(a) Describe how the student can accurately determine the radius of the first bright ring
of the diffraction pattern.

4)

%EmChecL a \xenn’?elaa\\‘\’peﬁ‘gmwc)eﬁ&f
quceﬂ‘che&cws ofrlf‘ﬂ@-\fcmﬁai&“"ipef\f

,u’ll\"\____-
’w/\{ ResultsPlus
Examiner Comments

This example came close to full marks.
Unfortunately, though readings are to be recorded
several times and an average calculated, it is
missing the key detail of repeating the
measurements in different orientations/positions.
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(a) Describe how the student can accurately determine the radius of the first bright ring
of the diffraction pattern.

(4)
ﬁ,dﬁw(ﬂ#rm@f?d/m Aol Pide.. o hp... Achetne ...

andl.. measn. The. . cbntd®. . . coldd. Ham .. otk ...

Clamelin. by 2. . get T wotin, Tk abuclond. ahoutel

.l'lll\\ e
Q&\{Results@lus
Examiner Comments

This was the most common answer, with repeats
in different orientations, calculation of a mean and
halving the diameter, so being rewarded with 2
marks.

As the screen is curved a metre rule is not suitable
equipment. If additional equipment, such as a pair
of setsquares had been added, then the first
marking point may have been awarded. There is
no identification that the screen is curved or that
the ring itself has a width, hence the need to
measure to the brightest part of the ring.

IAL Physics WPH13 01
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(a) Describe how the student can accurately determine the radius of the first bright ring
of the diffraction pattern.

R By traclag. the dffackon.
POkUcﬁfr\ onko o pxec_e «t pap&r cuwl

4

\V‘{ ResultsPlus
Examiner Comments

This example scored the first mark only, for a
suitable method of using a ruler to measure the
diameter on a curved screen.

However, it lacked any explanation of how radius is
determined from diameter or how an accurate
value could be achieved.

34 |AL Physics WPH13 01




Question 3 (b)

The understanding of how diffraction experiments provide evidence for the wave nature of
electrons is specification point 53. However, many answers failed to mention electrons at all.

Most simply stated that there was diffraction, however this fact was given in the question. The
question asked candidates to consider how the result of the practical, the diffraction pattern, gave
evidence to suggest the electrons have a wave nature.

Candidates were given the hint that the pattern is similar to that caused by light passing through a
diffraction grating, so the linking of electrons and superposition/interference was expected. Many

answers only referred to light/waves interfering or superposing, so could not be awarded the first
marking point, and most scored zero due to lack of clarity and detail.

(b) Explain how the diffraction pattern provides evidence for the wave nature of electrons.

The Dak and \]\%\'\k Pq&em shouws {\"&1‘
wrefeence  hos  occored C condrodive ond destaucive)
wwich i Anarallerishe of o wove . The  elechons
3pread ou Qd'\mmdr) Qn.& P‘bduﬁ Ynis Qm%em.

2}

B R

N { ResultsPlus
'/'\i Examiner Comments

Though this response leaves us with some work to
put the ideas together, it does link the pattern to
interference and the electrons to the pattern, so
the first mark is awarded.

It also states interference is a wave characteristic,
so scores the second mark too.
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(b) Explain how the diffraction pattern provides evidence for the wave nature of electrons.
(2)

"‘-*btmu&?(’-le't'iﬂ'bf\sd\{—mucc:.ndsﬂf#wpe\pomm
‘\“5' ftm,e al . tonghuehive and  distudkive m{o..f.nc;e
OUNS . owch %r\namt,qﬁbt. een  On Ahe ¢ (3RRN: .

B
ResultsPlus

Examiner Comments

This response links the electrons to superposition
and interference, but does not state that those
properties are evidence of wave nature, so scores
only the first mark.

(b) Explain how the diffraction pattern provides evidence for the wave nature of electrons.
2)

umﬂl. Wi don
o )

mwc-.krhm:,

ResultsPlus

Examiner Comments

This is a much clearer 2 mark answer, stating
electrons interfere constructively and destructively
just like waves.
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Question 3 (c) (i)

This question would have been quite familiar to the candidates, having appeared in many of the
previous specification WPHO3 papers. Many responses included a list of answers, more than
required by the mark indicated. In future series, we may need to apply a list rule, as the general list
of criticisms many candidates produce are not always relevant or correct. If candidates write a
general list of possible answers rather than responding to the question, then they may score fewer
marks through including incorrect or contradictory information.

Most scored full marks.

(i) Criticise these results.

Youfe ove oo Smal
mﬂ S resalss _

Hore Loy o veptinn shoen, R

< {ResultsPlus
/\ Examiner Comments

This example shows a typical answer, giving a list
of 3 criticisms for a 2 mark answer.

The "range are too small" is too vague to score, but
is not incorrect. The other two criticisms offered
clearly match the mark scheme.
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(i) Criticise these results.
(2)

~No_.endones. d. segals or ne wgiode hown, Qg

,u’ll\"\____-
’w/\{ ResultsPlus
Examiner Comments

This example shows a typical answer, giving a list
of 4 criticisms for a 2 mark answer.

All 4 are on the mark scheme, so even if we did

apply a list rule, this response would still score 2
marks.

(i) Criticise these results.

,u’ll\"\____-
’w/\{ ResultsPlus
Examiner Comments

This example shows a typical answer, giving a list
of 3 criticisms for a 2 mark answer.

The "too few readings are taken" was accepted as
an alternative wording for "only 5 sets of results".
"No evidence for repetition" clearly matches the
mark scheme.
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Question 3 (c) (ii) - (iii)

These two part questions would also have been quite familiar to the candidates, having appeared
in many of the previous specification WPHO3 papers, testing mathematical skills C.3.2 and C.3.4.

QO03(c)(ii) has one more mark than in previous series, as candidates were asked to calculate sin 6,
from data that was given to 3 significant figures. As such their calculated values should also have
been rounded to 3 significant figures. However, it was very common to see calculated data rounded
to only 2 significant figures.

The marks for the graph were awarded using the same criteria as in previous specification WPHO03
papers. However, there remain the same issues highlighted in previous reports: unsuitable choices
of scales, inaccurate plotting and unbalanced lines of best fit. In this case, scales including the origin
were not useful as they prevented the plots being “spread over half of each axis”.

QO03(c)(iii) asked candidates to calculate the gradient. This basic mathematical skill proved to be a
considerable challenge to most. It was common to see answers that were in the correct range, but
lacked the powers of 10 from the y-axis, so could not be awarded the second marking point. Many
candidates forgot to include the unit.

| a0tm | 6/° sin@ |

3.47 | 19.2 0329 ~;

| 3.2 : 17.7 | 2. 3,111 1

I s e - .!_. e e e

! | .

2,93 | 16.1 | 0.27 |

—_— e {

2.44 l 13.7 L 0.3

- — _._.l . . . — JI e )

oo em
(i1) Use the results in the table to plot a graph of 4 on the y-axis against sin @ on the x-axis
on the grid provided. Use the right-hand column of the table for your processed data.
(6)
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(iii) Determine the gradient of the graph.

AP . . (1

xl %
2622 @l

&2 0312-0.9¢

Gradient = 't:l=bm ()

< ResuitsPlus
/\ Examiner Comments

QO03(c)(ii) - 6 marks

The sin 8 values are correctly calculated to 3
significant figures, the axes are labelled correctly
and the plots are accurate to within Tmm, so 4
marks can be awarded.

The scale does not start at the origin, meaning the
plots cover the full range of each axis and the
divisions are sensible (going up in 2s on the 2cm
lines).

The line is also well balanced, with 4 plots on or
slightly below the line, with one above a little
further away.

QO03(c)(iii) - 3 marks

The gradient calculation is performed correctly
with a large triangle clearly drawn. The value is
given to 3 significant figures which is within the
acceptable range with the correct unit given.

IAL Physics WPH13 01 41



A/10"m 8/° sin@
347 19.2 0.%29
32 17.7 0. 304
2.93 16.1 0.27%
2.44 13.7 0.2 0%
1.9 109 0189

(i) Use the results in the table to plot a graph of A on the y-axis against sin@ on the x-axis -
on the grid provided. Use the right-hand column of the table for your processed data.
' C : a . (6)
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QO03(c)(ii) - 4 marks

The sin B values are correctly calculated to 3
significant figures, the axes are labelled correctly
and the plots are accurate to within 1mm, so 4
marks can be awarded.

For the scale, although the divisions are sensible
(going up in 5s on the 2cm lines) the plots cover
less than half the available space on each axis.

The line is also unbalanced, with all three plots on
the right being above the line.

QO03(c)(iii) - 2 marks
The gradient calculation is performed correctly and
the value is given to 3 significant figures with the

correct unit.

However, the value is outside the range accepted.

IAL Physics WPH13 01

(iii) Determine the gradient of the graph.
(3)
e U 2 MY 2 2,50 2104 X107 m
o SU 0.235- 0
Gradient = . |0 1. % 10 .r. AN




/10" m 6/° sin@
347 19.2 .é% 037
3.2 17.7 0204 O30
2.93 16.1 g%h?.%
244 13.7 g_._cg_g—;,l_o.zq
1.9 109 51249 0419

(ii) Use the results if the table to plot a graph of A on the y-axis against sin # on the x-axis
on the grid provided. Use thé right-hand column of the table for your processed data. .

(6)
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(iii) Determine the gradient of the graph.
3)
........................................ ot 2 . 92.-9%—-1:9
028 -0
.S ) A= E
Gradient= ... (B ¢f ...................
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QO03(c)(ii) - 2 marks

The sin 8 values are correctly calculated but are
rounded to 2 significant figures (if the crossed out
values had not been replaced, the first mark point
could have been awarded).

The axes are labelled correctly and the line of best
fit is well balanced (3 points on the line, 1 above
and 1 below) - so 2 marks can be awarded.

Points need to be plotted to within 1 mm of the
value in the table. As this graph paper has small
squares that are 2 mm by 2 mm, plotted points
that fill a small square, so are themselves larger
than 1 mm, cannot fulfil this criteria - so no marks
for plotting could be awarded.

For the scale, though the divisions are sensible
(going up in 1s on the 2cm lines), the plots cover
less than half the available space on each axis.

QO03(c)(iii) - 0 marks

The gradient calculation is performed correctly, but
used values from a triangle that included less than
half the line.

The value given has been calculated with a powers
of 10 error, as the 10™"" factor from the y-axis has

not been included.

The answer has been rounded to 3 significant
figures, but no unit has been given.

The value is outside the range accepted.




Question 3 (c) (iv)

Linking the equation given to the equation nl = d sin g and that of a linear graphy = mx + cwas a
standard question on the previous specification WPHO3 papers. As such candidates were expected
to be able to demonstrate this link to be awarded the first marking point and most did so, with the
best answers showing the link clearly (eg by circling equivalent parts of the equations).

However, very few added the additional detail that n = 1 and that d was a constant.

(iv) The diffraction occurs as the electrons pass through the thin slice of graphite.
The atoms in the graphite are arranged in layers,

The position of the rings in the diffraction pattern can be approximated by the equation
nd=d sinf
where d is the spacing between the layers.

Explain why the spacing between the layers is given by the gradient of the graph.

In the first line there is a comparison between a
rearranged version of the equation and y = mx.
This was commonly seen.

This response also includes the additional detail,
that d is therefore constant and that n = 1. As such
this scored both marks.
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(iv) The diffraction occurs as the electrons pass through the thin slice of graphite.
The atoms in the graphite are arranged in layers.

The position of the rings in the diffraction pattern can be approximated by the equation
ni =d sind
where d is the spacing between the layers.

Explain why the spacing between the layers is given by the gradient of the graph.
(2)

%= dshhe = dsing

A= r;lﬂ ¢ . d.r H\Laﬁdm b od u'l-:s comnt  ad  ceo

ResultsPlus

Examiner Comments

This response is much clearer in the comparison
between the equation given andy = mx + c.

As n =1 was identified earlier in the answer, the
comparison did not include n.

This response also includes the additional detail,
that d is therefore constant so scored both marks.
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(iv) The diffraction occurs as the electrons pass through the thin slice of graphite.
The atoms in the graphite are arranged in layers.

The position of the rings in the diffraction pattern can be approximated by the equation
ni=dsinf

where d is the spacing between the- layers.

Explain why the spacing between the layers is given by the gradient of the graph.

(2)
........................................................................ = A
! 4 Km ....................................................................................................................
™
B> = W & S A G e L
- oA NS d..:md& p:npcshem._tu ..................

o : +he
5_?_“‘_1-- +he &rac\mﬁ* 4""@"‘“ A fveo (Total for Question 3 = 19 marks)

B
ResultsPlus

Examiner Comments

This response is more typical of the answers seen.

It was less clear in the comparison between the
equation given and y = mx +¢, but given the layout
of the rearranged equation and the identification
that c = 0, it was enough to earn the first marking
point.

However, n is still shown in the equation, with no
statement that n=1. Nor is d identified as being a
constant (as the gradient is constant).

IAL Physics WPH13 01

51



52

Question 4 (a)

This calculation would be familiar to candidates who had performed the standing waves on a string
practical. However, this was an opportunity to demonstrate basic mathematical skills.It was
generally performed well, with most calculating the correct value.

Just under half of those that did correctly calculate the value were not awarded full marks due to
the lack of a unit. The question stem introduced p as the mass per unit length, so a unit of kg m™
was expected.

A quarter of responses scored only 1 mark, as they did not correctly convert the length given to the

wavelength, despite the diagram clearly showing wavelength was 2/3 of the length of the string.
The most common error was calculating A = length x 3/2 or A = length + 2/3.
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4 A student carried out an experiment to determine the mass per unit length y of a string,
using a standing wave. The standing wave produced is shown in the diagram.

=
-

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

Frets
.......
........
---------------------------

.......
v o
----------------------------------

variable frequency

M= 0.00Fas™ = .32 0o

ResultsPlus

Examiner Comments

Here the wavelength was calculated incorrectly
using A = length + 2/3.

This meant the only mark that could be awarded
was the use of the equation.
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vibration generator
m
The student recorded the following data.
Length of string / 1.25m
Frequency f 105Hz
Mass m 0.25kg
(a) Calculate u given the equation below.
78 - 11
7
]—'- 3
—?i L g 2ol W e
................................................. ,-L
S
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(a) Calculate u given the equation below.

™8 _

I,

5 —
)
« { ResultsPlus
Examiner Comments
In this example, the wavelength was correctly
calculated using A = length x 2/3.

However, the equation was incorrectly rearranged,
so only one mark could be awarded.
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Examiner Comments

This answer shows a correct calculation, including
the final value.

However, as no unit was given the final mark could
not be awarded.

(a) Calculate x given the equation below.
me _ A
7
3
Lo v
.................................................. l%ﬂ.).(fﬁj R
....................................................................... ‘. ,,_f‘"
........................................................... e
...................................................... BETAMC
....................................................... 25 b O .. O 0 RN
(tos) n( §41-29)
9' S Q-f b -y
11035 RO . p= Geamio”l
q_.H&!J'
3 G5ty
5 & 1A ID-
ResultsPlus
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(a) Calculate 1 given the equation below.

(3)

ResultsPlus

Examiner Comments

This example shows a correct calculation, this time
with the correct unit. So full marks could be
awarded.
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Question 4 (b)

This question tested practical planning skills that formerly were part of the long Question 7 in
WPHO03.

For QO04(b)(i) it was common to see a list of answers. However, as we had identified the student’s
measurements earlier in the question, responses that identified uncertainty in measurements
other than length, frequency or mass were not considered. It was common to see answers
suggesting issues in measuring the position of nodes or the wavelength.

As candidates were specifically asked for 2 significant sources of uncertainty, a list rule was applied
so additional incorrect responses were considered when determining the final mark.

It was common to see answers for Q04(b)(i) written as part of the answer to part (ii), so the two
parts were read and marked as one. However, repeating the same idea did not result in two marks,
eg mentioning parallax error in length scored 1 mark for part (i), but for part (ii) we needed the
extra detail explaining how this could be reduced.

Many responses scored zero marks as many answers gave generic statements regarding
uncertainties, rather than being specific to the context of this question.

(b) (i) Identify two significant sources of uncertainty in the student’s measurements.
(2)

Par allax error ..fn.rﬁuol.;}:jz....oéf the .(ﬁﬂ?H] of e .m[.rr??y from He
mhre (ule, and Zerp. &yror.on e kop pan. balance when Measuring

J(hﬁ,mmudcl&ﬂ o

(ii) For each of these sources of uncertainty, describe an experimental technique the
student could have used to obtain an accurate measurement.

4)

To redvee parallox eror, he student should Aven off 4he vibyetion
9@1%&0@0.9& %ﬂ...s%ring..is...n.o% Q‘.)“ciuajciﬂy/ and U a melre rde 4o e

the [ength of dhe string from. the. vibrotiogeneraar 4o the .fu((gz. abep leel,
T order fo obtain an_accurake meascremnt of mass, 4he. staddent stodd

.dﬁg.k..ﬁi%p..pﬂn bolarce for zero error becve p{mcr'ng_H,e_ _mus;...ana(#en_cm{..

eir reading of mas, S
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QO04(b)(i) - 2 marks

Two clear sources of uncertainty given for the
measurements listed in the question.

QO04(b)(ii) - 3 marks

The description of the technique to compensate
for parallax was well written and scored 2 marks.

The idea of checking the balance for zero error was
enough for one mark, but "correct their reading"
was not sufficient for the additional detail.
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(b) (i) Identify two significant sources of uncertainty in the student’s measurements.
(2}

__ pa[‘a.“ X effel what megsis. meesilling ffdg}k e.e!f s}ﬁnﬂ
OrC  &rfof \A Lwimfr uﬂnen Mg,a.dufl&g m&s@
Susl'zruh‘tc el in vibladiox ﬁmfraérf\

zete efrod n balance o meswtng mess m Chg)yo

(ii) For each of these sources of uncertainty, describe an experimental technique the
student could have used to obtain an accurate measurement.
(+4)

W}\cmﬂcuuflnj1tndl‘L - Js'fmlj mkffwﬁejmr %cﬂf@u
_..xf.ﬂ(.....‘}.lr..\.&._f.c.a,‘.t. MJ( . ‘Hnt SJ'(Mj . ...1'..5......5..47.‘:4!’ ﬁ\&l’l—;.mrmﬂr N p-auruMm uy,
Yo aveid faadkon 4irars in blance. E’ped-/éf Cand talke pewn
Jorall ua.\m;afuﬂ'wdc}-aﬂce Mﬁ.ﬂsﬁq ol volwess

B
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Examiner Comments

QO04(b)(i) - 2 marks

Two clear sources of uncertainty given for the
measurements of length and mass.

There was a list of 4 answers given, but the others
simply lacked detail, rather being incorrect, so the
two marks could be awarded.

QO04(b)(ii) - 3 marks

The description of the technique to compensate
for parallax was well written and scored 2 marks.

The idea of correcting the balance for zero error
("fix zero position") was enough for one mark, but
repeating and averaging the balance reading is not
a correct technique as zero error is not a random
error.

IAL Physics WPH13 01

59



60

(b) (i) Identify two significant sources of uncertainty in the student’s measurements,

2)
pm#ﬂx ' C R
..................... Thee  could Lo sesbeme wwdzcwnw’wmm)@

(ii) For each of these sources of uncertainty, describe an experimental technique the
student could have used to obtain an accurate measurement.

............ . measwe g&nﬁﬁmﬁ#’cﬁ'ﬂ@rﬂm
........... tfs:mmc'kf'fukm:?’w‘l?{‘o’wm’nmhﬁand}n‘?‘wy
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This response is more typical, with 2 marks being
the most common mark awarded.

QO4(b)(i) - 1 mark
Only parallax error in length was rewarded.

Zero error would be more significant on the
balance, which would be a systematic error rather
than random.

It is unlikely the metre ruler did not start at zero.
QO04(b)(ii) - 1 mark

The description of the technique to compensate
for parallax was well written but lacked the idea of
measuring this while the string is stationary and
straight.

Repeating mass measurement and averaging
would help if the error in mass was random, but as
only a single mass was being measured this is
unlikely.
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Paper Summary

This paper provided candidates with a range of practical contexts from which their knowledge,
understanding and skills developed within this unit could be tested.

A sound knowledge of the subject was evident for many, but the responses seen did not reflect this
as the language lacked precision and its ambiguity prevented some marks from being awarded.

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

* Ensure answers are specific to the context of the question, rather than generic statements
supplied as a list of answers.

* When plotting graphs your plots must use at least 50% of the graph paper in either direction so
make sure your scale is large enough. Lines of best fit should be continuous and thin.

¢ Avoid unusual scale divisions (power-of-10 multiples of 1, 2 and 5 per 2 cm are the standard) and
start scales at a suitable value; it is not always necessary or useful to start a scale at 0 if this
makes the plotted region small.

* When using a graph to determine a gradient, the points taken for the gradient must actually sit
on your line of best fit. If a plotted point does not sit on the line of best fit then it should not be
one of the points you use for the gradient.

* Review appendix 10 of the specification, particularly the keywords listed in the glossary and the
methods for calculating uncertainty.
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