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Introduction

WPH12 is a unit paper on the Pearson Edexcel International AS level course which covers the
topics of Waves and Electricity. As usual, the paper for this series contained 10 marks of multiple
choice questions in Section A. Section B had 8 longer answer questions which consisted of short
open responses, calculations and some extended written answers. Question 15) was related to
Core Practical activities that candidates undertake as part of the IAL course. This unit always
contains one 6 mark linkage question, which on this occasion was about how standing waves
were produced in an open ended tube. On the whole, candidate performance on the paper
during this series was broadly in line with previous series, although there are always going to be
particular questions that candidates find more challenging. In this series the questions found to
be the most difficult were Q12, Q14(b), Q16(a), Q16(c), Q17(b)ii), Q18(a) Q18(b) and Q18(d).
Candidates continue to show evidence of good preparation for the test but there are some
aspects that need more focus. As is often the case marks were lost for failing to add units to
calculations and some responses were too general and not linked to the context in the question.
The standard in this paper was similar to previous series although there were several contexts
within this paper that may have been less familiar than previous series, for example questions
13a and 14b.

Section A: Multiple Choice. Section A was generally completed very well by most candidates and
there were no particular questions that appeared to be more challenging than others.
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Question 11

This is a question that has been commonly asked over many series. However, it is normally the
case that a resistance and diameter is given to calculate a resistivity or a resistivity and diameter
is given to calculate a resistance. This time both resistance and resistivity were given in order to
determine a diameter. The first marking point was for the use of the resistivity equation to
calculate an area. This area was then used to calculate a diameter using []r2 for the calculation of
a radius and the third marking point was for a correct answer.

11. A wire has a resistance of 65m{. The length of the wire is 0.25m.
The wire has a circular cross-sectional area.

Calculate the diameter of the wire.

resistivity of the metal of the wire = 5.6 x 10°*Qm

R=% b oY e X
02K A -
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" / ResultsPlus
/--.‘: Examiner Comments

This candidate appears to be confused by what the question is asking and seems to be
attempting to use Ohm’'s Law to determine something. It was then realised that the
resistivity equation was required but the values were substituted incorrectly.

T4\ ResultsPlus
<

Examiner Tip

It is common to confuse resistance with resistivity and the terms must be substituted
correctly into the correct equation.
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11: A wire has a resistance of 65m{. The length of the wire is 0.25m.
The wire has a circular cross-sectional area.
Calculate the diameter of the wire,

resistivity of the metal of the wire = 5.6 x 10°*Qm
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Diameter= _2-62X[@ I M

a\ -
ResultsPlus

Examiner Comments

This candidate carried out all of the necessary steps to calculate a radius but needed to
double this to arrive at a diameter so only scored the first two marking points.

il
o 1

Q) ResultsPlus

Examiner Tip

Be clear about the quantity you have been asked to calculate.
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Answer ALL questions in the spaces provided.

11 A wire has a resistance of 65me2, The length of the wire is 0.25m. S ,’\\53
The wire has a circular cross-sectional area. Q 00 65

Calculate the diameter of the wire.
resistivity of the metal of the wire = 5.6 x 10°*Qm B ¢S

8 - > 0065 - 566 (o]29

Examiner Comments

This candidate substituted all values into the resistivity equation correctly and went no
further so only the first marking point was awarded.

-
z('\lll

Qj ResultsPlus

Examiner Tip

A

Even if you are unsure that you have used the correct equation it is always worthwhile to
solve it.
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11 A wire has a resistance of 65m£. The length of the wire is 0.25m.
The wire has a circular cross-sectional area.
Calculate the diameter of the wire.

resistivity of the metal of the wire = 5.6 x 10°Qm

R— oL R- pL
Rnr .-pL
Xz 2.6yl

C.zw Ibh M Diameter = S.'Z“I,I’M‘H

\( / ResultsPlus

Examiner Comments

This candidate completed all the steps correctly and calculated the correct value for
diameter. Although the unit was not provided in the answer line it was provided in the
calculation so the third marking point was awarded.

(T ResultsPlus

\ Examiner Tip

If no unit is provided in the answer line then you must remember to include a unit with your
answer unless it is a "show that" question.

Question 12(a)

This question was in two parts. The first part required the determination of an angle of incidence
from a diagram. To do this a normal needed to be drawn and the angle between the normal and
the ray measured with a protractor. The second part required the use of this angle in the Snell's
Law equation to calculate the angle of refraction in the glass block.
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12 A student uses a ray to direct a narrow ray of light onto the surface of a glassh'block,

as shown.

. air
I glass
|
(a) (i) Determine the angle of incidence.
(1)
Angle of incidence = e 3‘5.:

(ii) Calculate the angle of refraction in the glass block.

refractive index of glass block = 1.5
35 @

N, §in0 =Ny Sl W

" |.Sx S 28 Aot = Siwilo.500-)

< 0-'%.. - 59.30‘

ion= o
Angle of refraction = .2 g

ResultsPlus

Examiner Comments

This candidate made the mistake of not using the angle between the normal and the
incident ray so the marking point was not awarded. However, we allowed an error carried
forward for the second part which meant that had 35 0 been used in the Snell's Law
equation and the calculation performed correctly then both marks were awarded. However,
this candidate wrote down the correct equation to be used but did not substitute the values
correctly.
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12 A student uses a ray bs direct a narrow ray of light onto the surface of a glass block,
as shown.
air
glass
(a) (i) Determine the angle of incidence.
(1)
Angle of incidence = ... %
(ii) Calculate the angle of refraction in the glass block.
refractive index of glass block = 1.5
(2)
................................................................................................ 1.r.i..n-.--m.-.......... [T 5.“\(':.;"‘_(_'2'.)«
s;‘\/ 1%
e i (0253 30
..... OO 0 £ T 5 70 1S
Angle of refraction = 3275 .

a\ -
ResultsPlus

Examiner Comments

For part i we accepted a value between 53 and 55 degrees and for part ii we accepted a
value between 32 and 33 degrees. This candidate measured an angle within range and
correctly calculated an angle of refraction in range, so achieved full marks.

Ay
o 1

Q ResultsPlus

Examiner Tip

Even if the measured angle is wrong full credit can be given for the correct use of the
measured angle in subsequent parts.
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(a) (i) Determine the angle of incidence.
(n

Q
Angle of incidence = 3"-’ B
(i) Calculate the angle of refraction in the glass block.

refractive index of glass block = 1.5
(2)

o R e e
Angle of refraction = 2307 . R

a\ o
ResultsPlus

Examiner Comments

This candidate used the wrong angle for part i but correctly used this angle in the second
part so full credit was given.

il
___z”(--\l L

Q ResultsPlus

Examiner Tip

Credit can often be given for the substitution of incorrect values into equations.
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(a) (i) Determine the angle of incidence. .

(1)
. .
Angle of incidence = ... 5S
(i) Calculate the angle of refraction in the glass block.
refractive index of glass block = 1.5
(2)

Angle of refraction= ... 83 .1

a\ -
ResultsPlus

Examiner Comments

This candidate measured the angle of incidence correctly and used it to calculate a correct
angle of refraction. Unfortunately the unit was missing from the final answer.

e
/z_.-' = Ill
\

Q ResultsPlus

Examiner Tip

Always remember to include units in answers and that degrees are units.
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(a) (i) Determine the angle of incidence.

' (1)
)
Angle of ineidence = e 3 &
(ii) Calculate the angle of refraction in the glass block.
refractive index of glass block = 1.5
2)

N
\/ / ResultsPlus
/'--‘: Examiner Comments

This candidate was not awarded the marking point for part i. However, the incorrect value
was correctly substituted into the Snell's Law equation for the first marking point of part ii.
The candidate did not complete the calculation.

A  ResultsPlus
\

Examiner Tip

Always complete a calculation even if you think that your substituted values are incorrect.

Question 12(b)i

This is a question that has been asked in many previous papers and there are two alternative
marking schemes. The first marking scheme relates to planes and the second relates to
directions. Responses cannot be given credit for mixing both parts and the marks are given for
the alternative with the highest score. The question asks for the difference between polarised

and unpolarised light.
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(b) The light from the ray box is unpolarised. When reflected by glass, some of this
light will become polarised.

(i) Explain the difference between unpolarised light and polarised light.

o Uhpolarised light Vvibrate jh all

..... directiohs perpendicalar to the dirvection

AN
ResultsPlus

Examiner Comments

This is a response using directions and scores all three marks. We ignore the comment
about unpolarised light vibrating in directions perpendicular to the directions of energy
transfer. The third marking point is dependent upon the second being awarded.

Qﬁ ResultsPlus

Examiner Tip

The word "direction" must be seen for the third marking point to be awarded.
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(b) The light from the ray box is unpolarised. When reflected by glass, some of this
light will become polarised.

(i) Explain the difference between unpolarised light and polarised light.
(3)

................................. U{’dl”illgmrm!lqm -| dizets
B o PN O fﬂ\ﬂnf@al '39 Loscllalzy.. fwéh(
...................... ﬁdf&-el*“m—fg' . zLL
Un{?alw“"a’c b ’gQL Jxm w5%m3 ............ L lfm&l;;
bﬂ]’l e (QL& <. tn ( L }U; whm b ;hz’wjg

_ ResultsPlus

Examiner Comments

This script was awarded the first marking point and the remaining comments were
irrelevant. No credit is given for discussions related to intensity.
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(b) The light from the ray box is unpolarised. When reflected by glass, some of this
light will become polarised.

(i) Explain the difference between unpolarised light and polarised light.
3

..........p.a.,Lm:n.‘,s.e..a!.....1...*..nkh.t,,....pmz.:.‘,.c.ad.;...,.,.....m.w:s.,.,.,..;.n.,..,...,.,.amr..,.,....,a(é,m,c.tf.,g.n.......
Perpedidecudot teo. . the. weirt Ehavel ...

Examiner Comments

This candidate did not discuss oscillations or vibrations of the wave and scored no marks as
a consequence.

il
|
s '\I 'I
II
-
'S
!

QB ResultsPlus

Examiner Tip

Descriptions of polarisation must include oscillations/vibrations.
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(b) The light from the ray box is unpolarised. When reflected by glass, some of this
light will become polarised.

(i) Explain the difference between unpolarised light and polarised light.
yticle 3)

................................ -.mp.glq].i&.e.d...........I.ro)..ht..... Vihhte Lall

o directien. Cq L. .Pl anf]"’hqtprfpfndrmla} _______________________________________________________
........................ fo .. whw” a(dhffﬂ"m}htpmffr-'f’
S A1 " 1 .._._...,u.l.a.m.e._............T..h.«.t..,...,.,....F.re..fzend.f._cu.fq_k ________________________________
SO < T L A ¢ .!ta..»[e.fl .....................................................................................................................................................

\/ / ResultsPlus

_ Examiner Comments
This candidate used both planes and directions in their response. As we could award the
first marking point and the first alternative or the first two marking points of the second
alternative we awarded the best score.

‘f \ ResultsPlus
\

Examiner Tip

In descriptions of polarisation do not mix planes and directions.

Question 12(b)ii

In this question candidates were asked to describe what would happen if light reflected form the
glass was viewed through a rotated polarising filter. Candidates were told in part i that some of
the light reflected from the glass was polarised. The first marking point required the idea that the
intensity of the light would change. The second marking point was for an indication that the light
went from maximum to minimum as the filter was rotated through 90 degrees. The third marking
point was for describing the conditions for maximum or minimum intensity in relation to the
alignment of the filters. There were two alternatives for the last marking point and candidates
who correctly described both of these were awarded all three marks for the question.
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Question 13(a)

This type of question has been fairly common but this had a slight variation in that the pulse
duration was provided to candidates. We were also told that the pulse must return before
another pulse was emitted or the transducer would not be able to detect the crack. Candidates
were told the temperature of the concrete and a graph of velocity vs temperature was provided.
To score the first marking point candidates needed to determine a speed value of between 4110
and 4120 m/s from the graph. The second marking point was for the use of velocity = s/v and the
third was for understanding that the pulse travelled out and back and that there needed to be a
factor of 2 for time or distance. The final marking point was for a correct comparison of time
distance or speed and the correct conclusion that the crack would not be detected. <<<
image::images/WPH12_01_Q13a_405524_01.png[Screenshot of candidate
work,role=DWtemplate-screenshot]

[,
",

Y / ResultsPlus

Examiner Comments

This candidate correctly read 4115 m/s from the graph and used this to calculate a time. The
time was then doubled and compared to 200 micro seconds. As the time was smaller than
200 micro seconds the pulses would overlap and as a consequence the crack would not be
detected.

4 Plus
\ Examiner Tip

When dealing with pulse echo calculations it is important to use a factor of 2 for distance or
time.
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A pulse of ultrasound is incident on a crack in this piece of concrete. The crack is a
distance of 4.0cm from the transducer.

The temperature of the concrete is 23 °C.

Deduce whether the transducer can detect ultrasound reflected from this crack.,
duration of ultrasound pulse = 200 us

4
......................... IMS Ll S S 30 AR
(v®
........................................... T BB e
100 P
.

.......................................................... °°*;w12h1°""°oqﬁl.
Nt R I EE T Y LI
q‘is ........................................... 5 ................................... *..|...|.J .................................................................

................................................................................................................. T T A S
-'-Mlhmm'w.ﬂwkﬁ"’{ .............

a\ -
ResultsPlus

Examiner Comments

All calculations were correct and a valid comparison of distance was made. Unfortunately
the conclusion was incorrect so this candidate was awarded the first three marking points.
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A pulse of ultrasound is incident on a crack in this piece of concrete. The crack is a
distance of 4.0cm from the transducer.

The temperature of the concrete is 23 °C.
Deduce whether the transducer can detect ultrasound reflected from this crack.
duration of ultrasound pulse = 200 us

o _ -\
1y C > Y30 ms

Examiner Comments

This candidate read the speed value from the graph incorrectly and was not awarded the
first marking point. However, the calculations were correct and used a factor of 2 correctly
so the second and third marking points were awarded. The conclusion was incorrect so the
fourth marking point was not given.

—
o )

Q) ResultsPlus

Examiner Tip

Take care when reading values from graphs.

18
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A pulse of ultrasound is incident on a crack in this piece of concrete, The crack is a
distance of 4.0cm from the transducer.

The temperature of the concrete is 23 °C.
Deduce whether the transducer can detect ultrasound reflected from this crack.

duration of ultrasound pulse = 200 ps

e e W ceodk, by oy ‘,,\,n
&ﬁ‘ht\:\' _O\itc\o? Wl“ﬂ }Le ?Jse ew %

<{ { ResultsPlus
/--.. Examiner Comments

This candidate is only repeating information from the question and no credit is given for
this.

PN

M4\ ResultsPlus
\

| Examiner Tip

No marks will be awarded for stating information provided in the stem of the question.

Question 13(b)

This question has been asked in previous papers and candidates are asked to explain why
increasing the frequency of the pulse would enable the detection of smaller cracks. The first
marking point was for an indication that the wavelength would be smaller and the second was a
statement that this led to greater resolution or less diffraction.
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(b) Pulses of ultrasound with a higher frequency can be used to find cracks of
shorter length.

Explain why a higher frequency is used.

: ResultsPlus

Examiner Comments

This candidate starts a discussion but does not finish it.

(b) Pulses of ultrasound with a higher frequency can be used to find cracks of

shorter length.
Explain why a higher frequency is used.
(2)
Vg Sergioncsy vwasous. Shockay. Noslesgbha b lucutases.

vasoltas. andl alps. fugl . Sl dedad s Cowall cvacks)

: ResultsPlus

Examiner Comments

A textbook response.

P
0\ ResultsPlus

When making comparisons of wavelength or resolution we need to see larger/smaller and
not just large/small.
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Question 14(a)

Candidates were given a circuit diagram of a cell in series with a variable resistor. There was a
voltmeter across the cell. The question asked for a calculation of internal resistance of the cell.
The first marking point was for calculation of the current in the circuit as the terminal potential
difference and resistance of the variable resistor were provided. The second marking point was
for the use of Ohm's Law to calculate the internal resistance, and the final marking point was for
a correct answetr.
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(a) One cell is removed from the battery and connected in the circuit shown.

|¢§V
]
|l

[
! @ :

[Fcias

When the resistance of the variable resistor is 1042, the reading on the voltmeter
is 1.4V.

Calculate the internal resistance of the cell.
(3)

veltmtter wadieg 219V Vigomiaal = =Ty =Vowsipy
T Tt R ey

m) SAESISFEIV

e Eonta

Internal resistance = &2/ ¥ A

AN
ResultsPlus

Examiner Comments

This candidate carried out all steps correctly and calculated the correct resistance with unit.
Ideally the response should have been to 2 significant figures but too many significant
figures is not penalised.

e |
Yy

QB ResultsPlus

Examiner Tip

A7)

Use the correct number of significant figures.
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(a) One cell is removed from the battery and connected in the circuit shown.

=

|
' (V|
Y

o

When the resistance of the variable resistor is 10, the reading on the voltmeter
is 1.4V,

Calculate the internal resistance of the cell.
(3)

a\ -
ResultsPlus

Examiner Comments

This candidate used a different approach to the mark scheme as the emf formula was used.
We do not include this calculation in the mark scheme as this formula is not provided on the
question paper. However, full credit will be given for its use. This candidate carried out the
calculation correctly but left the response as a fraction and as a consequence the third
marking point was not awarded.

//-' .\l
/

\ \ ResultsPlus

Examiner Tip

Do not provide an answer to calculations in fractions.

-]. = 5— Internal resistance = [/ %% 8. .
AN o

Int Advanced Level Physics WPH12 01
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Calculate the internal resistance of the cell.

3)
..................... A N . S
................................ T LR A2 o
..................... Y ;%‘R
...................... Y= (" ;r;_' s ”k..ha
.................... D B B
Internal resistance = ... 3.+ 3% oo

a\ o
ResultsPlus

Examiner Comments

This candidate attempted to use the emf formula but became confused and although an
answer was provided the calculation was incorrect.

Pl "-.
Ay 1
Y

M4\ ResultsPlus
\:

) Examiner Tip

Be careful using formulae that are not provided as mistakes will often result in no marks
being awarded.

24
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- -

The battery contains several identical cells connected in series. Each cell has an e.m.f.
of 1.5V. - -

(a) One cell is removed from the battery and connected in the circuit shown.

|
|
! ()

U 1

When the resistance of the variable resistor is 102, the reading on the voltmeter
is 1.4V,

-—

Calculate the internal resistance of the cell.

3)
....... A - LTSN OLSA el X - 3.."_\:..: RS I
« (5 B B.\S

Examiner Comments

This candidate used the emf of the cell rather than the terminal potential difference but was

awarded the first marking point for the calculation of a current.

Q) ResultsPlus

Examiner Tip

It is important to distinguish between emf and terminal potential difference.

Int Advanced Level Physics WPH12 01
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Question 14(b)

Candidates were told here that as the battery in an electric bicycle is used it will become warm
but that it would become hot if the bicycle was going up a steep hill. An explanation for this was
required. The first marking point was for the idea that the battery or the motor would need to do
more work or that more power was needed. The second marking point was awarded for an
understanding that to provide more power then more current would be needed and this had to
be linked to a relevant power equations. The third marking point was for an understanding that
more current in the circuit would mean more current through the internal resistance so the p.d.
across it would increase. The final marking point was for the idea that the additional heat
produced was due to the thermal energy transfer from the internal resistance. Unfortunately,
coherent responses were not often seen.

(b) The battery in an electric bicycle gets warm when the battery supplies power to the
motor in the bicycle.

Explain why the battery gets hot when the bicycle is going up a steep hill.

PR — 4)
{ waove w0 VDOME ¥ on ,up , WiBYE :l?.m.e.,.gLs ts *“m‘kw

L ROSREYL Ao Xk MARYR . SHANYEAL L ANSKERSe.,

A3 battn. Supplies. .. MeRxe

ooty 1. SOk L
Aesovdian 3o Fwaf = TCRAY) 08 eovveuk jucreoses  Aue od.

LORx0SS. . Awa . Iwtermal  XeSiSAmee . lwerenses 08 well,  Thus . 5y vsaus

MR RBAERNA NRBRA L M.

N
\/ { ResultsPlus

Examiner Comments

This candidate provided a three mark response in which they had a clear understanding of
what was causing the battery to become hot. The final marking point was not awarded as
there was no relevant discussion about the heat coming from the internal resistance.

e  ResultsPlus
\

Examiner Tip

The emf of a cell is fixed so the emf of a battery will never increase.
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(b) The battery in an electric bicycle gets warm when the battery supplies power to the
motor in the bicycle.

Explain why the battery gets hot when the bicycle is going up a steep hill.
(4)

. yhen .ﬂr&.kﬁy.._ﬁufpfn_g..?ﬂva Ho_The motr in_the _Iz‘gdﬂ; th
. Cument becomes /wﬁe y 5:1_fthat_.mfl(..ﬁraafa_fcf._ﬁmz,.émmfﬁm,
K e bavbury fom ehectric onorny Trmsfer finesic. dnerg),
_______ There will gome. onexyy 1thmwg)@ -
o When Yhe bicyde 127 4o a.ﬁcf. hill, #he F.E WJQ’ |
T GRE , There aho will be Some energy betmes heat,

..... ey

N,

<{ /-< ResultsPlus

Examiner Comments

This candidate started well as an understanding that more current was needed was
demonstrated. However, there was no link between current and power equation and no
indication of why the current would increase and the response then lost its way.
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(b) The battery in an electric bicycle gets warm when the battery supplies power to the
motor in the bicycle.

Explain why the battery gets hot when the bicycle is going up a steep hill.
4)

Due « P = l/.L ‘Hte w(tcmmmt He tartent g/ﬁ{e Am‘cj
btense. 50 fe heat energy pester: the battery has mere
Wste energy. 30 the Jattery gets ot .

b\

ig ResultsPlus
Examiner Comments

The first two marking points were awarded but the candidate failed to expand on the
consequences of greater current across the internal resistance.

(b) The battery in an electric bicycle gets warm when the battery supplies power to the
motor in the bicycle.

Explain why the battery gets hot when the bicycle is going up a steep hill.
)

Whiik 1B iegele. 75 mrwg gty e
.@ﬁjﬂxé ﬁl’aw .. Pore.. 22 ele ??wjﬂ ________ be. . }"'t’f”éa! __________________
o frm {& L;c,,;& Ao ke M: b move. = F

50 hor. Yowrtr Wwill e mfp/fcl

e Mz{; wd il Lecore bt

b\

iﬁ ResultsPlus
Examiner Comments

A very common response where only the first marking point could be awarded.
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Question 15(a)

This question asked for the definition of diffraction and the first marking point was for the idea
that the waves spread out. The second marking point was for the idea that the waves spread out
when passing through a gap or going around an object.

15 The diagram shows apparatus used to demonstrate the diffraction of an electron beam in
a school laboratory.

_— - curved fluorescent screen W -
4+ TS
[/ -

electron beam  graphite

. graph:te dlﬂ‘ractsﬂ:e electrun beam producmg a dlﬂ‘ractlon pattern on the
fluorescent screen. -

(a) State what is meant by diffraction.

(2)

V’*W ...................... h ...... by, spilin, Hu ..... shy d) on dechan

a\ -
ResultsPlus

Examiner Comments

The first sentence was sufficient for both marks.
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A beam of electrons is accelerated by a high potential difference towards a piece of

graphite. The graphite diffracts the electron beam, producing a diffraction pattern on the
fluorescent screen.

(a) State what is meant by diffraction.
(2)

biﬂmo-b‘m Lis . he  waves - pass. -t:hmvh lb
and  wiill Je obseration.

AN
ResultsPlus

Examiner Comments

Second marking point only as there is no indication of waves spreading.

A beam of electrons is accelerated by a high potential difference towards a piece of
graphite. The graphite diffracts the electron beam, producing a diffraction pattern on the
fluorescent screen.

(a) State what is meant by diffraction.
2)

Diffkon (3 ohen Pcbdes change Mo ditectin

ResultsPlus

Examiner Comments

No marks here as there was no mention of waves.

\JResultsPIus

Examiner Tip

Some candidates described the wave as bending rather than spreading out and this is
insufficient.
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Question 15(b)

In part i candidates have been presented with a diagram of equipment used in schools to
demonstrate diffraction. They are told that the electron in the tube is accelerated through a high
potential difference and asked to show that the de Broglie wavelength of the electrons was a
certain value. The first marking point was for calculating the energy of an electron using the
equation V = W/Q. This value was then substituted into the kinetic energy equation to calculate
the velocity of the electron for the second marking point. The third marking point was for the
calculation of wavelength using the de Broglie equation and the fourth marking point was for the
correct answer.

In part ii the candidates were asked to comment on the validity of a statement from a student.
This required a calculation of a diffraction angle and a statement that the diffraction pattern
would not be seen.
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(b) An electron is accelerated through a potential difference of 4.9kV.

(i) Show that the de Broglie wavelength for the electron is about 1.8 x 107" m.
4)
-74

b3 X MO

- LTS

Deduce whether a second order maximum would be clearly visible on a screen.
The screen is placed about a metre away from the grating.

A=18x10"m

N { ResultsPlus
/---. Examiner Comments

For part i this response was more common than we would have liked to have seen. The
candidate arrived at the correct answer but with no indication of how this was calculated. It
was likely that because it was a "show" question that the candidate chose a value close to
the one required in the hope that marks would be given. There is no evidence of any
sensible calculations. For part ii no attempt was made at a calculation.

A
i

V ResultsPlus
\

| Examiner Tip
In the mark scheme the use of an equation requires substitution of correct values as
working needs to be seen.
In part i there were no correct calculations.

In part ii there was an attempt to calculate d using 500 and this was correctly substituted into the
diffraction equation for the second marking point.
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(b) An electron is accelerated through a potential difference of 4.9kV.
(i) Show that the de Broglie wavelength for the electron is about 1.8 x 10" m.

(ii) A student suggests that the beam of electrons would produce a diffraction pattern
if a diffraction grating with 5000 lines per cm was used.
/ 0.80 A

screen
eL?n beam \

Deduce whether a second order maximum would be clearly visible on a screen.
The screen is placed about a metre away from the grating,

A=18%x10"m
3)

................................... Y S
dﬁ;ﬁ"-‘h{( ................................................................................................................. R
...................... %-’“C"\:g(l&uf“\

.................................. hm:’sMwmumuqhk

Z ResultsPlus

Examiner Comments

See above.

Int Advanced Level Physics WPH12 01 33



(b) An electron is accelerated through a potential difference of 4.9kV.

(i) Show that the de Broglie wavelength for the electron is about 1.8 x 10™"' m.
ooty @

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

...................................... R~ T O

......... e LA XL eXS m
-6

............................................................................. El M:?‘.%“Klo

................................................. M -Lq,"qxls-'bf:l"‘x]u“

..... Ef‘ﬂ{f:“{"ao;\xlﬁ"“

Deduce whether a second order maximum would be clearly visible on a screen.
The screen is placed about a metre away from the grating.

A=18x10"m
3)

(Total for Question 15 = 9 marks)

“)-:_ duh‘we
ne Sl

>
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\( / ResultsPlus

Examiner Comments

This candidate was able to calculate the energy of the electron in part i but was unclear how
to proceed from there. There was an attempt to use the photon energy equation but this
was not relevant to this context. In part ii there was an attempt to calculate the slit
separation and although this was incorrect it was sufficient for the first marking point.

In part i the correct value for energy of the electron has been calculated but the candidate
thought that this was momentum and scored no further marks.

In part ii the correct angle was calculated but no statement made about the validity of the
student’s comment, so the third marking point was not awarded.

(b) An electron is accelerated through a potential difference of 4.9kV.,

(i) Show that the de Broglie wavelength for the electron is about 1.8 x 10" m

=kaxlo*y peb p=\1
)\:Jlg—-. -_L:*.-a-.g_.

(4)

N
Tabo™ p=1. (,xl'e ‘“")El{.ﬁxlfﬁ
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Deduce whether a second order maximum would be clearly visible on a screen.
The screen is placed about a metre away from the grating.

A=1.8x10"m

= T %é—g"-f-., wo'tm T

' w'""l ol
| 0= sint %XIG Jul 03![0’3

(Total for Question 15 =9 marks)
<g§ ResultsPlus
Examiner Comments

See above

3

A model answer for both parts.

(b) An electron is accelerated through a potential dih{e nce of 4.9kV.

(i) Show that the de Broglie wavelength for the electron is about 1.8 x 10 "' m.
H

=\ = -qu( o
iﬁlb}hﬁéﬁ”ﬁqﬁk“"\““w"%lw S

CTandmews
= s e
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(ii) A student suggests that the beam of electrons would produce a diffraction pattern
if a diffraction grating with 5? lines per ¢ was used.

9“"‘7(1.»];,4 oo 0 /qu '

electron beam

A 4

7 (1

diffraction grating

L.
Deduce whether a second order maximum would be clearly visible on a screen.
The screen is placed about a metre away from the grating,

A=18x10"m

! = S

b= [ 03 W 4 vsullMe da
g e T pulChe o j
W= ¢, 4090 (€m = !a% “{"’ L
(Total for Question 15 = 9 marks)

& to00 Wm0

Z ResultsPlus

Examiner Comments

See above.
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(b) An electron is accelerated through a potential difference of 4.9kV.
(i) Show that the de Broglie wavelength for the electron is about 1.8 x 10™"' m.
4)

B art? i Y omieel ke A S

AT e
X —~——°——
vl lS’ .......... NS I T T

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

................................... 3-(1'5-)((0-&%[?&(_@,“
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(ii) A student suggests that the beam of electrons would produce a diffraction pattern
if a diffraction grating with 5000 lines per cm was used.

elec/ton beam \

= R

diffraction grating

Deduce whether a second order maximum would be clearly visible on a screen.
The screen is placed about a metre away from the grating.

A=18x10"m

o s ble
(Total for Question 15 = 9 marks)

a\ -
ResultsPlus

Examiner Comments

A model answer for part i. In part ii there was an attempt to calculate n using a diffraction
angle of 90 degrees which was a perfectly acceptable method. However, there was a power
of ten error in the calculation so the final mark could not be awarded.

Question 16(a)

This was a slight variation on the usual question of asking for a definition of emf. In this case
candidates were asked for a specific definition of what an emf of 6V meant and this proved to be
more of a challenge than was expected.
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(a) State what is meant by an e.m.f. of 6.00V.

(1)
...................... The, OMmount of  chemice) enmg: mm&“* .
LYo eRerrical  per  unit. navge wm—n ....... c,h.gmz ....... Posses. .

.'\ -
ResultsPlus

Examiner Comments

This response started well but tried to give a generic explanation without mentioning the
significance of 6.

A common response where the suggestion is that 6V is the work done per coloumb. However 1V
is 1 Joules per coloumb so the work done per coloumb here is 6 joules.

(a) State what is meant by an e.m.f. of 6.00V.
(1)

~ Work ofme. Per wnit. Oharge. gf bV ﬁr ‘Z?m/gmg Gther foms of
63\8{1\5 ito % elegfiieal ohagy.

.'\ -
ResultsPlus

Examiner Comments

Remember to answer in terms of the context of the question.

(a) State what is meant by an e.m.f. of 6.00V.
(N

.'\ -
ResultsPlus

Examiner Comments

A perfect response.
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Question 16(b)

In this question candidates were presented with a circuit and asked a number of questions
divided into three parts.

Part i was a "show" question which required the calculation of a c current to verify the value on
the ammeter. The first marking point was for calculating the p.d. across a 200 Q resistor and
using this in the Ohms Law equation to calculate the current for the second mark. The final mark
was for a correct current.

This part was generally well answered but some candidates used the emf value from the battery
and were limited to the second marking point.

Part ii required the resistance of an unknown resistor in the parallel section of the circuit to be
determined. The first marking point was for a calculation of resistance using Ohm’'s Law to
determine the resistance of the parallel section. The second marking point was for the calculation
of the resistance using the parallel resistance formula and the final mark was for the correct
answer. This was again well answered but many candidates struggled with arranging the parallel
resistor formula correctly.

Part iii was for the calculation of a power but many candidates used the wrong p.d. value.

W/
(b) The reading on the voltmeter is 1.64 V. 5
(i) Show that the reading on the ammeter is about 20mA. '201((0 A’

/"' 3)
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(if) Determine the resistance of resistor X.

Resistance of resistor X = L[éém
(iii) Determine the power dissipated in the 100Q resistor.
(2)

Power= .. @04/ ..

N,

<{ < ResultsPlus
/---. Examiner Comments

Part i: There was no attempt to calculate a potential difference or to use Ohm'’s Law. Part ii:
This was a successful calculation, showing the value of current from part i and this is
perfectly acceptable for full marks. Part ii: The first marking point was awarded for the
correct use of a power equation but 20 mA was not the current across the 100Q) resistor.

.-"'. \-

4 ResultsPlus
\

| Examiner Tip

If you are unable to calculate a correct value in a "show" question then always show that
value in any subsequent calculations.
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(b) The reading on the voltmeter is 1.64V.
(i) Show that the reading on the ammeter is about 20mA.,

................................................................... v, rg= LR3.25 T2 O.0UA Y 2BmA

Int Advanced Level Physics WPH12 01

43



(ii) Determine the resistance of resistor X,

= {po t}oj‘lﬁ 11.0“ i
.............................................................. R 000638 e N

Power = 7{"{ z?""-w ...........

Examiner Comments

A full response to all parts and all marks were awarded. There was a little confusion in part i
to confirm the steps taken but all working was shown. The emf formula can be used in this
paper although it is not provided on the formula sheet.

/\B ResultsPlus

Examiner Tip

If using a formula not provided then all steps must be correct for any marks to be awarded.
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(b) The reading on the voltmeter is 1.64 V.
(i) Show that the reading on the ammeter is about 20mA.

........................................ 320022 A = 2mh A 2w

(ii) Determine the resistance of resistor X.
(3)
2

1 P

Resistance of resistor X = .. €Qeo

(iii) Determine the power dissipated in the 100€2 resistor.
2)

o P=TR = 0@ yuwo = 00484 o)

3 Power=..0:942% o/ .

Int Advanced Level Physics WPH12 01
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N { ResultsPlus
/'--.. Examiner Comments

Part i was clearly done correctly Part ii; The calculation was correct and the resistance
rounded to 300 Q which is correct. We do require a unit which this candidate failed to add to
the answer. However, as the unit was used in the resistance calculation on the first line then
this was accepted as the unit for the final answer and all marks were awarded. Part ii: The
wrong current was used but a correct power equation meant that the first marking point
could be awarded.

V ResultsPlus
\

| Examiner Tip

If in doubt always provide a unit for any quantity calculated.

(b) The reading on the voltmeter is 1.64 V.

-—

(i) Show that the reading on the ammeter is about 20 mA. T\000

- 3)

o8eo SN E W6

NEER . R TaN - NG . AV X000,
S 2 60
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(i) Determine the resistance of resistor X,

3)
Nge = Ny X Rae LR =6.00XNOO
Q{l le) (x4 00)
AT i S

_at\o0 = 6o
L. 64

Q’_..nﬁm ....... .400"166 %

LB

Resistance of resistor X = 9»65'q—ﬂ-

(iii) Determine the power dissipated in the 1002 resistor.
(2)
L

?:'_\32_. .......... = .\_‘_&L_':OtOl—!\AJ

Power = ... Oe OLT\N)

N

<{ < ResultsPlus
/---. Examiner Comments

Part i and part ii were both correct. In part ii this candidate attempted to use the ratio of
resistances to the ratio of p.d. but was unclear about what values to use or how to use the
ratio correctly.

| Examiner Tip

-~ v \ ResultsPlus
)

This ratio would be acceptable as an alternative method if correct values were used and the
calculation performed correctly.

Question 16(c)

This question required a comment on what would happen if two of the resistors in the circuit
were swapped. The first marking point was for an indication that the resistance of the parallel

Int Advanced Level Physics WPH12 01

47



section would increase and the second for suggesting that this would mean the parallel
combination would receive a greater share of the p.d. The first marking point was usually
awarded but the second very much less so.

Discuss the scientist’s prediction.

You do not need to include calculations in your answer.

ot @)
When resifors e switded . Then N resistonce

in Fe twao pordlel  resistor  will  iagresse S0
Cpd dor Mt will increwg S0 madiny willingese

g0 1 IS tomed

N { ResultsPlus
/---. Examiner Comments

A common response for the first marking point. Simply stating that the voltmeter reading
would increase was not sufficient for the second marking point.
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(¢) The student makes the following prediction.

If [ switch the positions of the 1004 resistor and the 200 resistor,
then the reading on the voltmeter will increase.

Discuss the student’s prediction.
You do not need to include calculations in your answer.

‘éuﬁ“{
Lhe ke resnbance of pue eircnl will Mecrouey sohy

"“"“‘"""’"“‘é andl  the  pur cesistance.af . pellel . re;éwa .,f
Cf"“*éh""EM’GQTPFO‘é“*‘{fi‘}‘“”’{“’;ﬂ;upffa?("m'(“/@f

S"mlia,gpamoqr;@qmﬂe"reczonn/fmcre-wf*wlﬁwip—

reqs?(-‘ﬂdzmcmwgei%ﬁ@fﬂffdﬂﬁ7;“9”;9;.5

_ ResultsPlus

Examiner Comments

The first marking point is clear and the second almost there but not quite enough. There
needed to be an indication that the share of parallel combination resistance to other

resistance increased.
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Discuss the student’s prediction.

You do not need to include calculations in your answer.
. 2)
‘[h A SM.-.,; C'-lfc.uuf' Hw. Voltmg wm e

th qc,c_oniuw.) +‘o m V‘c.g.uj-z\h(_(' w.ha as sw;,;.,.
C,D\.’H‘U\)v,hcj g tpos-?}ﬁ‘]w -.‘— h,.{_ \1#4'" m‘_.l)-urs_

will »;{,;- ctw-,c, e *‘MJ-"-"Q ™ m_ Lolbnere,.

ResultsPlus

Examiner Comments

This was a general comment that was not worthy of any credit.

Discuss the student’s prediction.

You do not need to include calculations in your answer.
(2)

S Hesholont suitohes e pociing o fop ar/ 2000 resisters A
ol vty o e rantors sl vl renge s Ate P“'M
wenktoes N o claily o oveater catrilauton bo 1ofal resisercy of Y,
J"Gufb % \)‘lv R‘SG h‘we ! l«.tghe.r }w'\w‘l“fq{ wmu\h;j &CAroys l'}'
fs shdech predicron :valtche todig A berag (s ored

ResultsPlus

Examiner Comments

A textbook response.
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Question 17(a)

This was the indicative content question. The first indicative content (IC) mark was for stating that
the tuning fork generated a wave. The second was for suggesting that this wave reflected off the
end of the tube and the third for stating that this reflected wave interfered with the incoming
wave. The fourth IC mark was for correctly linking amplitude with phase and the fifth for linking
amplitude with node or antinode. The final IC mark was for a statement that there would be a
node at the closed end or an antinode at the open end.

This was a very good response for 5 marks and missed the final IC mark. There was a lot of
information provided and this answer contained a lot of irrelevant material. IC marks can be
awarded for concise response.
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*(a) Describe how a stationary wave is formed inside the tube.
(6)

........ aves. forn Hhe fanin @rt_{-rmelalu L Ehe open-ended .
tube _and relies off 4 the zud of fhe hude.

TInis yelecred  wave ,  will jnroftre withfre
¢mmicted e ﬂ’om the *’“"‘:{7 ﬂ;( ord they

waltinderfery  (on)trathily  of dajtracrinety
fotingnodes_and Prviroddes, Morcorer, fbe

.............. W) are 10 Obale_and bure o phar difenns

Y Y ond g pos)e i ot of 20T Fhey. ...
....... Wit interfre. comtracivery. ( Pmpliwde of e
...... Ly are s the  sumd  fhe $wo tuas combined)
/f'iamphf'ua’f(i"‘*ﬂmmww_7”'_, o
Wf”/&ﬁdﬂ-ﬁhﬂﬁfm“ﬁw’M/:WﬁﬂﬁﬂML(MMIMWﬂ
oanv bl dplotuan. On the obver werd, (F tre
Wares O omiwjj(' our a\- p»m-f. W YW oo ‘
path d?ﬁ’umz 2f C/H‘D g il ol €0 desy(utivl
X Wt v “ole (¢ ndd up
)M(,l?\’-r(ml e (| winea 4w LAy Qe Y or
A0 cane( owr {%fm‘z:j arees of no abpleaera” ®

d
Oy (ogey) | |1, o Stutionacy Wave the plrox
0 bBW"EEL h—zhz_ nole r w;(c Hta *E&DL{* R Prer  Ond QRS

0t owt eyt J
ResultsPlus
Examiner Comments

Remember to link relevant comments to the context. There is no need to overemphasise
points already made.

[
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*(a) Describe how a stationary wave is formed inside the tube.

U A vibration d Auny  forfe

vtube,

O whn 'ﬂq, wae -tyaue/ 7£Amf'f_f'_: Hoth
'tw}l&

@ The fowJ e, and zﬂ\g_r—@ﬁe#@?/ e

e i% wil] P uo. M@{a a,f'ffﬂfﬁ'fﬁ
: WAOI mde, ,ﬂ-»H/é’/ 'tl/.b{)

iﬁ ResultsPlus
Examiner Comments

This is an example of a concise answer which scored IC 1 2 3 and 6. No comments were
made about amplitude or phase.

f’ ‘.

- “"‘ \ ResultsPlus

Examiner Tip

For standing waves phase is important so try to include references to it in your responses.
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*(a) Describe how a stationary wave is formed inside the tube,

(6)

ol k&*m
...................... fook and M waves vellected from close end indecder
@%mﬁ?ﬂ&mﬂhﬁuﬁgm&ém VQLBMF
T . T pewnds . tahese. chh»ein\mg-meam@s,
......................... He waves meed in antiphose Dphose Stgonce=n cubon
gﬂe,pmhm%?&wmmﬁ{ﬁmqum% LS
ﬂgm&mm@uﬂt e Nove. 2o Asplacement

P“\'pa\nku\-mmmﬁ\e\n&fgﬂ LGS e, et
....................... \o. phose Dobose” differerce = O vodlors ). Hexe peiodr. o waximum.
________________________ Seplacermen as arplitde aled antissdes oxs fewed TThe dese

ehéaba»%eﬂmsan&%m&)ﬁgngenmx\%mmmﬁmé&

% ResultsPlus
Examiner Comments

A perfect response which used all but no more of the space provided.
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Question 17(b)i

To answer this part correctly it was important to understand that the simplest wave formed in a

n

open ended tube will produce an antinode at the open end so a quarter of a complete wave is

produced. The wavelength could then be calculated and used in the wave equation.

(b) When the length of the tube was 20.4 cm, the simplest possible stationary wave was
formed inside the tube,

(i) Calculate the frequency of the sound produced by the tube,

speed of sound in air = 340ms™

(3)

AL _ DYoo

=) —

.................................................. /\.—Gglﬂ

= ;)4.&‘11,@-@'*{%&@ .........
o AL BIRINEL L -

ResultsPlus

Examiner Comments

This candidate provided a textbook response and rounded the answer to 420 Hz.

T
LR
A
Pl

(M4 ResultsPlus

\_, Examiner Tip

Remember to include units in the answer.
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(

(b) When the le fl_'lﬂ.h of the tube was 20.4cm, d\@m’;@possible stationary wave was
formed inside the tube. -

(i) Calculate the frequency of the sound produced by the tube.
speed of sound in air = 340ms’

(= EN (=FA
BN 'ﬂ-ﬂm ___A—_' N“ xkzosb

- }w o
R IR e L oW
Frequency = [MS-OHZ.. o

_ ResultsPlus

Examiner Comments

A common error where the incorrect wavelength was calculated. This meant that only the
first marking point could be scored.

56
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This candidate rearranged the wave equation incorrectly.

formed inside the tube.

{Lndementa®

(b) When the length of the tube was 20.4 cm, the simplest possible stationary wave was

(i) Calculate the frequency of the sound produced by the tube.

speed of sound in air = 340ms™
v

1]

X e

/

_ ResultsPlus

Examiner Comments

Make sure to check rearrangement of equations.
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(b) When the length of the tube wa&;mign, the simplest mssible stationary wave was
formed inside the tube.

(i) Calculate the frequency of the sound produced by the tube.
speed of sound in air = 340ms"

(3)

& =% A=Al , [=oe2m A=aym.

Frequency = . 428HZ . .

N
ResultsPlus

Examiner Comments

This candidate rounded the lengths of the pipe which resulted in the wrong answer so did
not score the last marking point.

58
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Question 17(b)ii

This question required some lateral thinking. This is related to end correction which is not in this
specification but was not required to score the marks. It should have been obvious that if the
frequency was smaller then the wavelength was greater for the first marking point. The second
was for some indication that the wave would therefore not fit in the tube.

(i) The actual frequency of the sound produced by the tube is slightly less than the /
calculated value.

Suggest why.

ResultsPlus

Examiner Comments
A very clear response that did not require any knowledge of the concept of end correction.

(ii) The actual frequency of the sound produced by the tube is slightly less than the
calculated value, .Q(

Suggest why.

ResultsPlus

Examiner Comments

Some candidates attempted to answer in terms of the speed of the wave but this would not
change in this experiment.
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(ii) The actual frequency of the sound produced by the tube is slightly less than the
calculated value.

Suggest why.

2)

(Total for Question 17 = 11 marks)

a\ -
ResultsPlus

Examiner Comments

No mention of antinode so the second marking point only.

Question 18(a)

Variations of this question are common in this paper. The marks were awarded for the idea that
electrons will move up energy levels if they receive a correct amount of energy and will emit this
energy as photons when they return to their original energy level.

Explain why the mercury atoms emit photons.

col\igon oA ) ele rronlS to  hi9hr

e R ¢

a\ o
ResultsPlus

Examiner Comments

This candidate understood that the electron would jump an energy level but did not
describe the return of the electron to its original level correctly.
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the tube. ¢ ’
These mercury atoms then emit photons. !

Explain why the mercury atoms emit photons. P(b \)A \Q, \@V@D ! jﬂ%‘%\k

a1t N

_ ResultsPlus

Examiner Comments

Many attempted to answer this question in terms of work function but that has not
relevance in this context.

Aimprawvaas rTas) waaw seswswowms ] wEacssss wassss fresa sassws

e
W_waves —orrrateT ~tew—be

TL!'I[-H pmrqj 9‘: J‘L'Q

» “nP G‘ec“wm m“d! '-‘*L\ JfLe q‘tw_a ond. “rﬁm"rﬂr neIgy .
i} "' 'l“'\: yoprcy g, o 'kw \mo‘mg "n e\«‘\mm Lc(ug. eKcAfJ Yo L\‘q\m eneray. ..

tavals anad P [ S (R AP | IR |

_ ResultsPlus

Examiner Comments

This candidate scored both marks but the answer was outside the answer space. This is not
a problem for examiners but it best to keep within the answer space or indicate that there is
more of the response elsewhere.
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Question 18(b)

This question required that candidates show the value for the energy incident on a phone screen.
This value was then used in part ii to calculate the number of photons released from an
ultraviolet light.

For part i the area of the screen was calculated for the first marking point. For the second
marking point the power of the lamp had to be calculated. This power was used to calculate a
value for energy for the third marking point and the final mark was for the correct answer.

In part ii the first marking point was for the use of the wave equation and the second was for the
calculation of photon energy and the final two marks were for the correct calculation of the
number of photons released.
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(i) Show that the total energy incident on the glass screen during this time is
about 1301J.

(ii) Determine the number of photons incident on the glass screen in this time.

. ELN I
wavelength of UV light = 395nm

/ ResultsPlus

Examiner Comments

For part i this candidate provided a textbook answer but was very confused about photon
energy in the second part and attempted to use an equation related to current in a wire
which had no relevance here.
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(i) Show that the total energy incident on the glass screen during this time is
aboutB_(_}_J.

© 4)

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

(ii) Determine the number of photons incident on the glass screen in this time.
wavelength of UV light = 395nm
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N / ResultsPlus
/'--.t Examiner Comments

This candidate completed all of the correct steps in part i but gave the final answer as 130)
which is the "show that" value. This does not score the final marking point as at least one
more significant figure is required in a "show that" question. In part ii only the first two
marking point were awarded as the candidate was unsure as to what to do with the photon
energy value.

s ResultsPlus
<

Examiner Tip

Provide at least one more significant figure to "show that" calculations.
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(i) Show that tl€ total energy incident on-the glass screen during this time is

about 13017,
4)

| 1=‘£’ o PRIA = Tex ot x 19 % &2 00748 X0 “]=aabw,

(ii) Determine th€ number of photons indident on the glass screen in this time.

wavelength of UV light = 395nm  E7 f = 4 Erimos

h-x 1;-—3‘ 4)

bebge [ ——-ﬂ;qi',q, SRR S LR B

.04 >‘l"

%
Number of photons = 1 bxo’

N
ResultsPlus

Examiner Comments

A textbook response to part i but another example of a candidate who calculated photon
energy but did no know what to do with it.
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(i) Show that the total energy incident on the glass screen during this time is
about 130].

(4)
P Sonet A & < 1W) <

g

(ii) Determine the number of photons incident on the glass screen in this time.

wavelength of UV light = 395nm
(4)

_& 5 ﬂ"?

:‘,7‘3C’“(°w"ﬂ .

ey
bbby )T e

= Sloj] T‘IWH |C7J Number of photons = ... .

| 32
o wio™")

m= 1(6\3— r(bw.
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ResultsPlus

Examiner Comments

A perfect response to both parts.
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Question 18(c)

This question required candidates to have an understanding that energy levels in atoms are
discrete and that only specific wavelengths of photons could be emitted by the mercury atoms.
There were two possible answers to this question because not enough information was provided
in the question to allow for an answer that was more definitive than the other. The idea was that
either the electrons had already reached their maximum energy level and could not emit higher
frequency photons or that the electrons could be excited further so could release higher
frequency photons.

(c) The potential difference applied between the electrodes in the UV lamp is increased.

Explain the effect this would have on the frequency of the UV light produced by
the lamp.

_m@,ﬁmm@ e Mﬂl deQ%m@ woaes e

........ d lethons 20 norees e G

of c,o\)u‘&@m% _dethors aud cw@ 9. |
%‘tqm&%w &Ensv\?m%mm M o e\ (BQ 150 p&fﬂn&ﬁ%

.'\ o
ResultsPlus

Examiner Comments

This response contained nothing about energy levels so was not awarded any marks.
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(¢) The potential difference applied between the electrodes in the UV lamp is increased.

Explain the effect this would have on the frequency of the UV light produced by
the lamp.

T @
,d‘w..dc:,}mm::..wfll_h.a_r.t...mgm_m%_.;Tot,__,(;,._,d,{..s..fn@rwcf..CY?.%)...’......

J‘Wﬂ&omhe‘mhﬂ"b'h ..... Ve o rgry obwsmgob‘f@’ﬂf _________________________
...... gy \evtls, This weans  Hak- tharc isagreake-ouryy difjerescepwen

(1 _
bgwaergg‘mls“fhﬁh dechon docscitts, (& omth, Jrolons, wit tivey ol lr e ugw ..
"ot diifernc N ourdy ke phelon digy %;.ﬂ‘!ﬂﬂ&%‘ bigh iyl e

_ ResultsPlus

Examiner Comments

A perfect response for the second alternative of the mark scheme.

70 Int Advanced Level Physics WPH12 01



(c) The potential difference applied between the electrodes in the UV lamp is increased.

Explain the effect this would have on the frequency of the UV light produced by
the lamp.
(2)

Memg }'us fred onery lewe!, photan oneryy guals to
onergy. leve difference ; so maij ot change e

\( / ResultsPlus

Examiner Comments

This candidate was awarded the first marking point for the first alternative of the mark
scheme. However, the second part could not be awarded and the candidate said the
frequency might stay the same. Had the candidate said the frequency would stay the same
both marks would have been awarded.

' . ResultsPlus
\

Examiner Tip

Stating that something may or may not happen is not credit worthy. The answer must be
specific.

Question 18(d)

Moving the lamp closer does not increase the intensity of the light emitted from the lamp but it
does increase the intensity of the light received by the phone screen and this subtle difference
was important for the first marking point to be awarded. For the second marking point the idea
of a rate of photons arriving on the screen was needed.

Nothing of any relevance to this context.
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(d) Suggest why the hardening time of the glue is reduced if the UV lamp is moved
closer to the mobile phone screen.

(2)
A | Y Y " St B NGHE.. ALY

.................. rufl.kmgu*‘-twwm”oﬁrfﬂg_rwﬂglu

AN
ResultsPlus

Examiner Comments

See above.

# Suggest why the hardening time of the glue is reduced if the UV lamp is moved
closer to the mobile phone screen.
)

.......... diStarce  Yetween  phone  aad (v i)
Aeduced . Znkasty  Recved iS5 ogrer

Examiner Comments

It was clear that the intensity referred to the light received by the phone and not emitted by
the lamp. No reference to photons so the second mark was not awarded.
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(d) Suggest why the hardening time of the glue is reduced if the UV lamp is moved
closer to the mobile phone screen.
(2)

7\33 w\uw:»*r\ﬁ x\\&mmg““’...w. 228

; O&'\ N\ 5\\\ :ﬁ’
Rr\Crf-

0 Ca [a\xem& AL \QQ_ Cejﬁ Roval 6.

...... Rz & Se. tie 5 rtdaced .

ResultsPlus

Examiner Comments

The power received increase was an acceptable alternative to rate of photons received.
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Paper Summary

Based on their performance on this paper, candidates should:

Always remember to include relevant units in calculation questions.
Make sure that in 'show that' questions, one more significant figure is added.

When making asked for a deduction use phrases such as "is" or "will" rather than "may" or
"maybe".

Always show the numbers you are substituting into calculations as these could gain credit
where a wrong answer is provided.

When answering indicative content questions try to form a logical structure to your answers
before writing anything down. Also remember that it is not always necessary to write long
descriptions of physics.

When using equations to help explain concepts always define the terms of the equation.
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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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