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Introduction

The assessment structure of Unit 2, Physics at Work is the same as that of Unit 1, Physics

on the Go, consisting of Section A with ten multiple choice questions, and Section B with a
number of short answer questions followed by some longer, structured questions based on

contexts of varying familiarity.

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

familiarity.

Candidates at the lower end of the range could complete straightforward calculations
involving simple substitution and limited rearrangement, including structured series of
calculations, but could not always tackle calculations involving several steps, a choice of
variables or extra factors. They also knew how to outline standard definitions, but often

omitted key technical terms, and similarly knew the some significant points in explanations
linked to standard situations, such as interference, but missed important details and did not
always set out their ideas in a logical sequence, sometimes just quoting as many key points

as they could remember without particular reference to the context.

Steady improvement was demonstrated in all of these areas through the range of
increasing ability and at the higher end all calculations were completed faultlessly. Most

definitions were given with all the required details and most points were included in ordered

explanations of the situations in the questions.

Section A

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

ability range for all items. Candidates around the E grade boundary typically scored about 5
and A grade candidates usually got 8 or more correct.

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

Question

Percentage of correct responses

1

82

82

46

41

42

49

64

41

O[N]~ |WIN

12

=
o

47
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Question 11 (a)

Candidates had little difficulty with this question, the great majority scoring both marks.
Occasionally candidates lost a mark by not showing working clearly, as is required for a
show that question, or by using 24 m s as the speed.

(a) The speed of the water waves is 24 cm s and the frequency is 20 Hz.
Show that the wavelength is about 1 cm.
(2)

v speed of waler uve < (eguedey x waveleapbh.

_____________________________________________ V_)Cx}\
A=V

‘-If‘){
N

CAetom

Examiner Comments

Although we don’t insist on the unit for a ‘show that’ question, if it is given, the unit must
be correct for the value. This scores one mark only for using the equation correctly.

(a) The speed of the water waves is 24 cm s and the frequency is 20 Hz.
Show that the wavelength is about 1 cm.

ResultsPlus
Examiner Comments
This candidate has incorrectly converted the units of speed and

corrected the answer to match the magnitude required by use of a
factor of 100 without justification.
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Question 11 (b)

Candidates typically scored 2 for this question, for recognising diffraction and for observing
that diffraction increased with decreasing gap size or stating that it is at a maximum when
gap size is equal to the wavelength. Many stated that there is no diffraction when the gap is
smaller than the wavelength, despite diffracted waves being visible on the photograph. The
mark for the first photograph was often not rewarded because the gap size was not
compared to the wavelength.

(b) Explain what is shown by the sequence of photographs.
(4)
Ol cacklion of oy 5. Wt iy me el oo obslat|.
Psae 2R R e Mk D ACCOEASES A bLoogbion
.o.{....mmvﬂ_s. B O < = U <

Wk e @ s eSS then . At weswvElenah , Yata .

e s o Akt coceton.

ﬁ ResultsPlus

Examiner Comments

This candidate only gets one mark for identifying diffraction.
It says diffraction decreases as gap size decreases. Note the
common response that there is no diffraction when the gap is
smaller than the wavelength.
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(b) Explain what is shown by the sequence of photographs.

' So Mo B v
otal for Question 11 = 6 marks)

Examiner Comments

This answer gains credit for identifying the relevant phenomenon as diffraction and for describing the
situation when the wavelength is less than the gap size. The pattern of change with decreasing gap
size has not been described and the situation at 1.2 cm has not been related to wavelength.

The final sentence refers to ‘no or very little’ diffraction. Candidates cannot give two answers and

hope the examiner will choose the correct one, although this would not have been enough for a mark
even if it hadn't said ‘no diffraction’.
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(b) Explain what is shown by the sequence of photographs.
(4)

The. ot of. difrochn. is efested by +e_size 6. gop... tuen the. ni2e of gap
15.....@q.ua,.l.....-t.{.a....wmle:rjth,...oj..,.wa.d:ﬁ{,...1:.1.42...Mmm...QI.di_ﬁm_mm____.13..__gremtf§._f:_..__________._._.._.
When..the . s12¢...cf.. 4ap..is. much. greater. than. . waueleroth, the. amart....
of.diffrachon..is..smaller. thon +\x Jop.. 5128 15 [2em... luhen. £38 302 of
App..is..smaller_than tie wavelergth . He amant o) djrmehn. s still
Greateot. bt vl inTensity.. deereases.. Diffmetin. mears.. +1e wave. spreads.. k...
W(%admre}mh'mesaﬁw«g}"o«gaparmundanobsm

% ResultsPlus

Examiner Comments

An example of a question gaining full marks.
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Question 12

A majority of candidates scored at least 2 marks for this question, but they were limited by
lack of detail even when they had the general idea. A lot of candidates applied the standard
answers given for the photoelectric effect and there were many references to intensity,
despite this not being part of the question, including statements that the red laser had

the greatest intensity, the provenance for this assertion being quite unclear. Marks were
often not awarded because of lack of further reference to photons or a failure to establish
explicitly that violet has the highest frequency and therefore photons of the highest energy.
When the wave part was actually addressed, the idea of energy building up was often
expressed satisfactorily along with a statement relating to any frequency causing the effect.

*12 The photograph shows some toy ‘glow-in-the-dark’ stones. After being exposed to sunlight the
stones glow, emitting light.

The packaging states that the stones work with any light source. A student tests this by illuminating
the stones with light from a red laser, a green laser and a violet laser in turn. The red and green
lasers have no effect on the stones&but the glow is seen immediately when the violet laser is shone
on the stones.

The light produced by the lasers has the following wavelengths:

- .’;h. . & A
red = 650 nm € f A ve cfk'
green = 530 nm Fs ~

violet = 405 nm

Suggest how these observations could be explained by the photon nature of light but not
the wave nature of light.
(3)
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UMY, i dee ot nete e CRuasy o il
ok He KA oy e hitho,s WIN Conkiave g Abled e
buk ARy des aot  Peppe-

ﬁ ResultsPlus

Examiner Comments

This gets both marks for the wave part of the explanation at the end of the
response.

There is no comparison between the different coloured lasers, limiting the

availability of further marks, so just one more mark is awarded for outlining the
mechanism.
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12 The photograph shows some toy ‘glow-in-the-dark’ stones. After being exposed to sunlight the
stones glow, emitting light.

The packaging states that the stones work with any light source. A student tests this by illuminating
the stones with light from a red laser, a green laser and a violet laser in turn. The red and green
lasers have no effect on the stones, but the glow is seen immediately when the violet laser is shone
on the stones.

The light produced by the lasers has the following wavelengths:

red = 650 nm
green = 530 nm
violet = 405 nm

Suggest how these observations could be explained by the photon nature of light but not
the wave nature of light.

(3)

oot lechion. can.  receivs. . onla. erd. Pheton. ok o Fioces..
Protrs oo A emny FohE g o bighe A Freguings. Ho mace.
. wj-—g .}ﬂc.!f. . .ﬂ:@'ﬁ.hmﬂ . ?/1 ). X {?!a.,}(‘..i. . MLB . .Uf.‘??]‘?.f . 04' h..a].l..,;.%_ N F_;&guemr?_ .
Cloecame ot lomanst Lrowtlensttd g Sincs... ot oot consbert c/ml;uj)
wu”.a,ue,aofuiw“"“khownms’ff-**ﬁ&jk&uﬂe%wc wso il
FtouicJ.c,. ; WW?LWJB . w>‘ P oo da clectrns. on emitmd.
ﬁ‘ﬂ-wt ﬂa—ILUftC”f]-.'t}rl"'-'f o Ploes et Uf’fn«“%\q

O Al Carrs... . SRS -H.chj jafw) ek agevmiledr

- «Hﬂb . ..f.gd...ce.nﬁ e ?a’.ém ..... (assrs  bowe o aflec are e ol froecisly

%
Results*lus
Examiner Comments
An example of one of the ways to obtain full marks. This doesn’t discuss

the mechanism in detail, but answers five of the seven possible points to
get full marks for the question.
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Question 13

Candidates too often started with the graph and did not visualise the situation set out in the
written part of the question. They described a situation where there was only movement
during the time where the graph was not horizontal and often linked the frequency directly
to the distance of the car from the observer rather than its speed. Many others seemed to
think that the command word was describe rather than explain as they just wrote about the
frequency being high and constant, then decreasing and then being lower and constant with
no accompanying explanation. Where students’ descriptions correctly linked the frequency
change to the direction of relative velocity, they did not often explain why the frequency
changed in this way.

*13 A spectator at a motor race records the frequency of the sound he hears as a racing car
drives past on a straight part of the track.

The graph shows how the frequency of the sound he hears varies with time.

frequency

The car passes the spectator at time X as shown on the graph.

Explain the shape of the graph.
(4)

Loae et ond  Congdant , but  When. S everted doo
leayﬂ,J(fne__encle.a{-::Pc’e-\cr\nr‘Ll‘ffewuﬁﬂe&%mdmﬂ%
deereoces , ond ihencbnlthue,dw\-\h\ee%‘{m%uw&
Lpde peint o Ahe  cmepi @ lne. & SAreaght
________ 'saeen_u&-c...'\he‘(fcbuueﬂ&dwmeadaﬂgﬁqmlr;md,%heﬂ
..... the langmovgdomhwwde&uaa4f¢q,uenea
tas.  decreasing. . amd .. dbhen. . agein.  Sxraipnl . line
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wExaminer Comments

This only describes what can be seen on the Be sure you know the command words and
graph and gets no credit. understand the level of required response for
each of them, e.g. explain here means the
candidate must say why it happens and not just
describe what happens.

*13 A spectator at a motor race records the frequency of the sound he hears as a racing car
drives past on a straight part of the track.

The graph shows how the frequency of the sound he hears varies with time,

frequency

M

\_

v

X time
The car passes the spectator at time X as shown on the graph.

Explain the shape of the graph.
4

The shape & e Onpn..is.dve Fo. . dopplen .
~erfed-—nhien B kpe.apprent. chame in ke
k™ of a wae b e Yo relahive moron
bereen & StaHomry obselvey 3 A wovirg.

Odertk DN _HFhe sund. comes. peue e
ligteref Ine Wpnelergbn of  Fre sowd 15&345%\1
o0 e Frequency s AIONec.  wren. Fre soind 3S
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Examiner Comments

% ResultsPlus

This gets one mark for identifying the Doppler effect and linking it to a wavelength change
for a moving object. It then goes on to describe the change in frequency in terms of
position rather than relative motion, so no more marks are awarded.

13 A spectator at a motor race records the frequency of the sound he hears as a racing car
drives past on a straight part of the track.

The graph shows how the frequency of the sound he hears varies with time.

frequency

¥

X

time
The car passes the spectator at time X as shown on the graph.

Explain the shape of the graph.
(4)

%heQefsaﬂ'1sexperxewcgmg.ﬂﬁa.dali’gﬂ"’
_effeck . Defore X fue car s moving fowards
e person. ¥This causes an increase jn he
oloserved  frequancy At X person expesiences
origival_Ereguency. As the car moves away,  he

dloserved feguency decraxses . oo

ResultsPlus
Examiner Comments

This candidate has explained the graph in terms of the frequency changes caused by the Doppler
effect for 3 marks.
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Question 14 (a)

Only about a quarter of the entry determined the frequency correctly. One error was
misinterpreting the prefix in ys and using an incorrect power of ten. Others got inaccurate
answers by using a single cycle rather than the four cycles on the trace. Some attempted to
apply the wave equation, believing they could use the graph to determine the wavelength.
Another frequently seen method was based on using 1 + 10 ps. Students did not remark on
it when their answers were clearly outside the range of ultrasound.

14 An ultrasound detector connected to an oscilloscope is set up near to an ultrasound emitter.

detector emitter

The following trace is recorded.

Trace 1

(a) The time-base of the oscilloscope is 10 ps per division.
Determine the frequency of the ultrasound wave. G

A
Results*lus
Examiner Comments Examiner Tip
This candidate has misinterpreted micro as x 10-*2. Be sure you know the standard SI prefixes.
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(a) The time-base of the oscilloscope is 10 ps per division.
Determine the frequency of the ultrasound wave.

=R v £ o

mﬁf’c.. .:./L.’.".,_c, :,,lﬂocb Ha

IS XLE

Frequency = Lo ole]e) Hl

o
<!

+IUS
Examiner Comments

The measurement from the graph is correct, but
an error has been made during the calculation.
The candidate might have been expected to realise
that 4000 Hz is not high enough to be classed as
ultrasound.

Examiner Tip

Compare your numerical answers to known
real-life quantities when possible and go over
your working if they don’t make sense.

Question 14 (b)

A majority of answers scored at least half of the marks, illustrating a general appreciation of
the relevant phenomenon but a lack of detail. Candidates scoring 3 typically omitted
references to either phase or path difference and did not refer to amplitude. A recurrent
error was to refer to phase difference as path difference or vice versa, e.g. the phase
difference is nA or the path difference is n. Others sometimes mismatched them, e.g. they
are in antiphase when the path difference is nA. ‘Out of phase’ was often used instead of
‘antiphase’. Some candidates write 'superimpose’, which is not sufficient for a mark.

When both emitters are connected the following trace 2 is recorded. When the detector is moved
a small distance in the direction of the arrow shown on the diagram, trace 3 is recorded.

-.-.-—.—.____

Trace 3

IAL Physics WPHO02 01 15



As the detector is moved steadily, the trace keeps changing from trace 2 to trace 3 and back
again.

Explain these observations.
(6)

o The 2 Woes ......,s,:n.ie.,_,;Dhermf_,i.,_,sa____.l_he______.El____.wa_uff_s’_____.____._aupe{_po_sE,.____Men__.»_'_‘he_..___.__.___.__._
s el ipPhace.  phase ditbiens eESEEESD s inlegel  mullipe of
"’t(kllﬂ)nﬁenCOnshuchueaupefpo\sHmcxwrsﬂvs:s -

e S0Wn. 0F Troce D - However when  flo  deck deteclor  is.mued in
e Y d.i.r.?shon?fnf; Wado poit , the  ooves . wit _meel  ankipheye Qnd
phauJ*Hese.ncew“LcoddnmﬁenMuMﬁfagﬁ(?‘/13’2‘.’15}1) |
e Then. deshuchve | Superposilion.  fakes . place . This.. . ./S Shown on. .
e hoce 83 AL which ever  point . Yhere 5. conshuchive  sypepos Jin
o O telern @ Jike shown in Trace A wil_oppear, . and. . deshuchie

; .....%u.pelp.qsi.ilm..A...fﬁ'ﬂ.'!r.\....ﬁk.... hace 3. . Ps.in deshuchve  wavel concel. .
0k ek O NG,

OO ResultsPlus

Examiner Comments Examiner Tip

Phase difference has been described in terms of
wavelength and there is no mention of amplitude,
so there are just 3 marks for coherent sources,
recognising that there is a phase difference or

Be sure you know the difference between
path difference and phase difference.

path difference and that superposition occurs.
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As the detector is moved steadily, the trace keeps changing from trace 2 to trace 3 and back
again.

Explain these observations,

Qah.yh. abspﬂn.co.msz -%p.n 1%9 one p.ﬂodaad bb,a S“m?ﬁ
posttien. 08 the wiaves rmeet.  in phode . (nAkd .

Tlmaumpmobmeal at m@wmm Aaa-;:_@::::

bmam‘u-}h& Daat?mc:ﬁwp quxﬁ}m —fméu p.&ce a.:f.

<Eﬂ ResultsPlus

Examiner Comments

3 marks also. Here, the path difference has been given in brackets after reference to
the phase relationship. This isn’t explicitly called phase difference or path difference,
so it doesn't contradict the earlier statement but it doesn’t get a mark either. *Out of
phase’ would not be sufficient to get a mark requiring ‘antiphase’.
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Question 15 (a)

A large majority got full marks for this calculation. Some lost a mark by inaccurately reading
from the graph. A minority used the gradient as some think that the gradient of any V-I
graph is equal to resistance, often after learning about fixed resistors from V-I graphs.

15 The 2014 Nobel Prize in Physics was awarded for the development of a light-emitting diode
(LED) that emits blue light.
The graph shows how current varies with potential difference (p.d.) for a blue LED.

lm H- o f o +4- -

900

bt 4

800 -} g :

Current / mA 500 4 . i

i

[ L e .
300 4= : e
.
!

==

100 4=+5

It
} T T

0.0 1.0 2,0 3031 37540
pd./V

=

(a) Determine the resistance of the LED when the p.d. across it is 3.5 V.
3,95= 3.1 (2)

ResultsPlus

Examiner Comments

This is an example of a candidate using gradient to calculate resistance, which is incorrect. Resistance
is the ratio of potential difference to current and not the rate of change of p.d. with current.
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(a) Determine the resistance of the LED when the p.d. across it is 3.5 V.

T o o1 b T
T
R=3'S - s5-8333 xlo.
660

A

ResultsPlus

Examiner Comments

Resultst

Examiner Tip

Physical quantities have a magnitude and
a unit and both must be included in your
answers.

This has been calculated correctly but the unit has
been omitted, so only the first mark is awarded.

Question 15 (b)

A good majority scored one or more marks, those scoring one usually doing so for a general
observation that resistance decreased with increasing p.d. A substantial minority, however,
answered as if the line showed resistance rather than current, saying resistance started at
zero and increased after 2.25 V.

Candidates were only asked to describe what happens and some went on to attempt to
explain what happens.
(b) Describe what happens to the resistance of the LED as the p.d. across it increases from 0 V.
(2)

nsremses bt Corad shys ok O

ResultsPlus

Examiner Comments

The question asks about the resistance, but this candidate has
just described the variation of current shown on the graph.
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20

(b) Describe what happens to the resistance of the LED as the p.d. across it increases from 0 V.

(2)

ioul Afferene, Moreoses from OV, e reaStong, yemoly

ac Mo vo giMeeol cifferane, LRBBVL q,fwu tnam 21V,
e vessionce, St iy e eI Mo R, .

ﬁ ResultsPlus

Examiner Comments

While this answer is in terms of resistance and it is clearly distinguished from
current, the pattern described is still that for current rather than that for resistance.

(b) Describe what happens to the resistance of the LED as the p.d. across it increases from 0 V.
(2)

As lux. poknbicl . diteeacl . i0cxaiRs,, ML cesistende. . doormnes,

Tany... o€ I0URrEng @ POCROMRN.

(S I ENt  ARECROIE S o

ResultsPlus

Examiner Comments

This gets a mark for the decrease of resistance over the range of
the graph, but does not mention the sudden change at 2.25 V.
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Question 15 (c)

Slightly under half the entry gained credit for their answers to this question, unlike similar
calculations in previous sessions. Those scoring 1 often used the frequency given and the
value of h in the data list in E = hf. The question clearly described the value of p.d. being
measured from the graph, but this was often overlooked. Many candidates appear to see a
number and rush to a calculation without spending the time on the text. Only about a third
of candidates awarded 3 marks for the calculation went on to compare to h satisfactorily.

(c) LEDs can be used to estimate the value of the Planck constant A.
LEDs emit photons when electrons fall from the conduction band to the valence band.

A

g =035 0

O

A current is produced and light is emitted only when the p.d. is great enough to
supply an electron with energy equal to the gap between the conduction band and the
valence band.

The p.d. is increased from zero. The value of p.d. at which there is first a current and
light is first emitted is recorded. The frequency of the light is measured at this point.

A student records the frequency of 5.7 x 10'* Hz for the LED producing the graph.
Carry out an appropriate calculation and evaluate the success of this technique at
determining the value of the Planck constant.

E=mf

=€ € Plaak constaat = b
b ‘hio"‘b‘z

(4)

e h;ﬁ |
= (663 }o 3,‘9 X [5 7:!0"?) "'3 \f'ﬁf k/o ”J
héﬁuwﬁ })a?"f_;53}25ﬁ'i{);f?’%ﬁjéfﬁfﬁ:ﬁﬁﬁﬁffffﬁ:ﬁf ﬁ': -
s LA
s 'm kchn@u Is. swczufu}

Results+lus
Examiner Comments
This candidate has multiplied f by h and then divided by f to get h again. A

mark has been allowed for use of E = hf because candidates could use the
calculated value of hf to determine the expected threshold p.d. for comparison.
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(c) LEDs can be used to estimate the value of the Planck constant .
LEDs emit photons when electrons fall from the conduction band to the valence band.

A

“woea w0 =S 0

A current is produced and light is emitted only when the p.d. is great enough to
supply an electron with energy equal to the gap between the conduction band and the
valence band.

The p.d. is increased from zero. The value of p.d. at which there is first a current and
light is first emitted is recorded. The frequency of the light is measured at this point.

A student records the frequency of 5.7 x 10" Hz for the LED producing the graph.
Carry out an appropriate calculation and evaluate the success of this technique at
determining the value of the Planck constant.

4)
2 el 25xb b.xle 10 e x0T

ResultsPlus

Examiner Comments

This uses the correct method, but is out of the accepted range because the
graph reading was inaccurate. No evaluating comment has been made.
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(c) LEDs can be used to estimate the value of the Planck constant A.
LEDs emit photons when electrons fall from the conduction band to the valence band.

—— e e o o

A

woe w0 S o

band and the

The p.d. is n}ctused zero, The value of p.d. at which there is first m and
lightis first emitted is rec . The frequency of the light is measured at this point.

A student records the frequency of 5.7 x 10" Hz for the LED producing the graph.
Carry out an appropriate calculation and evaluate the success of this technique at
determining the value of the Planck constant.

¢ =wnb Wt = - vE ray AT oo "V
................................. wF“‘Q
................ mas"ﬂg“b:“
. R e m""_ 3 ; .

ResultsPlus

Examiner Comments

A good calculation, still outside the accepted range, and a very
good comparison with the known value of h for 3 marks.
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Question 16 (a) (i)

Only a minority gained any credit for this question, usually for a general statement about
resistance decreasing with temperature. Many answers assumed that the line for this graph
would need to be straight, either through the origin or with a negative gradient. Some
interpreted the graph as showing an increase of resistance with temperature. There was
little evidence of any understanding of 'inversely proportional'.

16 A student carries out an investigation to determine how the resistance of a thermistor
varies with temperature.

The thermistor is placed in a beaker of water and an ohmmeter is used to measure
resistance for different known temperatures of the water.

(a) The results are shown in the graph,

16.0 ' -I |

14,0 FHH

12.0 4%
i.“ - - . . J_!. - -
g 1004\ e
< i ia _ T
2 8.04-
3’ 6.0 - :
404 3 | =' !
2.0 ! Sa. Sum P
! ! i = t
0.0 i i =

* 0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0

Temperature / °C

(i) The student states, “This graph is sufficient to show that resistance is inversely
proportional to temperature”.

Explain why this statement is not correct.
(3)

ﬂlss'}um+Ianmma:mamWo‘mMm _______

%mmw}umlmmbd-l-}mgmph*so‘gmnq'shw
o lokot veriotion of we can’} get enangh volues o

ResultsPlus

Examiner Comments

This response includes the correct general pattern for the change of resistance with temperature,
although it is expresses the other way round, but does not say how the relationship should be tested.
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(i) The student states, “This graph is sufficient to show that resistance is inversely
proportional to temperature”.

Explain why this statement is not correct.
(3)

Yo Prove... foverse. . prapestionality, R=x |
________ W...(S. .a. constant. . and Yo re\a\:h“‘é‘c\@ “‘\U\S’“ be
Teought 2\ the  time. o this case,.
ﬂ\ 8rap\\ = \mv\s (ke an . Tavesse ...

?fo?o‘(t\@(\;h@uoe\}eﬂﬁne\fa'kkkegc\‘ﬁﬂ@t

__________________ T;rcue,ﬁ\x%‘i\\x%@ﬂ\\dg\’\owg towhen R

_Wepeades, | ketperatuce  Jdecreases and e Je&za

ResultsPlus

Examiner Comments

The suggested relationship has been expressed in a way
that could be tested, but the details of how to test it are not
included, so 2 marks are awarded.
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Question 16 (a) (ii)

A majority gained some credit for this question, although only a minority scored 3 or more.
Answers often went along the lines of an increase in n causing an increase in current, so the
resistance decreased without the supporting equations or an explanation of the increase in
n. A misconception seen quite often was that an increase in energy supplied to the
thermistor increased the drift velocity of the electrons, increasing current.

(1) Explain the graph in terms of the structure of the thermistor.

_Lk_f?____]_ihi)_iin_l_f.'-&.if;.._l_n_k_f!u.bi _________ H\l ...V’.Eéf’bll‘ﬂncg c){'( feast.....

..... N khﬂﬂab{foucufflﬂ{'\nuwbtsoam\
Motk Fance  ohec reasts o

Plus

Examiner Comments

Two marks awarded for the increase in n and using I = nAvq to identify an increase in current.
There is no explanation for the increase in n and only a statement that resistance decreases.
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(ii) Explain the graph in terms of the structure of the thermistor.
(4)

e lereckes Are thesister heolbs. up

OO ResultsPlus

Examiner Tip

ﬂExaminer Comments

Two marks again, this time for the increase in n
with an explanation. It continues with the idea of
an easier flow of charge, which is not sufficient.

You can use equations to support your
explanations.
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Question 16 (b)

There were several approaches to this question and about half got 2 or more marks. The
final mark was sometimes not awarded because the resistance was given as the final
answer, the graph was not read accurately enough or the correct unit was not given for
temperature because the C was missing.

(b) The thermistor T is placed in series with a fixed resistor R in the following circuit.

1

—

12V

L I)
T//

Determine the temperature for which the potential difference across the resistor R
will be 8.5 V.

resistance of R = 5.2 kQ)
3)

Temperature = ... A [ A1 S .

ResultsPlus

Examiner Comments

The correct resistance has been determined using a potential divider
method, but the temperature has not been obtained from the graph.
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(b) The thermistor T is placed in series with a fixed resistor R in the following circuit.

+ =

12V

e I}
T}

Determine the temperature for which the potential difference across the resistor R
will be 8.5 V.

resistance of R = 5.2 kQ

v _ %S )
o VELR 1ERTTom. S heWIA -

._ < fo.d
R 12=gd =35V, Rr= —\{'_“ =r%m =M .lP.X.IO.‘}__n,. e

Temperature = ff»OC

ResultsPlus

Examiner Comments

Full marks for an alternative method involving the calculation of current.

IAL Physics WPHO02 01 29



30

Question 16 (c)

Over a third of the entry gained credit for answers to this question. Many candidates had
some idea, but didn't explain in sufficient detail. A lot of answers just stated that there
would be more chance of an error if a calculation was required. A few effectively based
answers on having poor equipment, such as a voltmeter with low resistance.

(c) Explain why it is more accurate to use an ohmmeter in this investigation than a
separate ammeter and voltmeter.
(2)
, m . . .
A ohmeter  will . give both. The  veacrgs, while
fa)
havmj LSepovede | ammeder and  voltmefer, dei it will be

olifficutt Ao Aade  two *ﬂawﬂjsﬂﬂuﬁmeouﬁ-} R

<Eﬂ ResultsPlus

Examiner Comments

This is a relevant point and gets one mark. It doesn’t go on
to explain why not taking the reading simultaneously is less
accurate in terms of the resistance.

\/‘A Explain why it is more accurate to use an ohmmeter in this investigation than a

separate ammeter and voltmeter.
(2)

L brase ot ammeter  ond yoitwers wAUl eath

ResultsPlus

Examiner Comments

An example of a good two mark answer.
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Question 17 (a)

About half of the candidates realised that the current would be very small, but very few
explained the significance of this satisfactorily in terms of lost volts. They thought that
current would be diverted from the battery by the voltmeter, clearly thinking of a circuit with
an external resistance and the voltmeter in parallel with the battery, rather than a circuit of
voltmeter and battery only.

(a) Explain why using a very high resistance voltmeter allows the e.m.f. to be measured

directly.
(2)

etteter does Mok dow. any coredt:...

e Theebore. all. Sttt pass&. Huough. e @ueomend .o
et B s Ganeecked T pacllel so Some. prd uill be occoss it and fe
e DN O€Tng Mg R0 NRRY @ME.

ﬁ ResultsPlus

Examiner Comments

This gets a mark for zero current, but seems to be describing a
situation where the voltmeter is in parallel with a component in
a series circuit. One mark awarded.

(a) Explain why using a very high resistance voltmeter allows the e.m.f. to be measured
directly.
(2)
Vc’“m%a losk semss bhe ikerna/ pesishance ...
J e cell wr”lafver‘jsmd/smcﬁw/&%a 10
or‘lecHsﬁ . Prapwfh‘wkmjkfésas\mcequdsrﬂcc’ _resishance.
VQ’ - ..M.e,.........un.ff-mexﬁ.eﬂ \5V6r’~jhma/’n LS }'W‘ﬂ . ME Uﬂ/fbw&-t

R Y Y L I

ResultsPlus

Examiner Comments

This gets the mark for very low lost volts, but doesn’t explain why.
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Question 17 (b)

A large minority scored full marks for this section, and most scored at least 5, making a slip
or two on the way, such as substituting into the efficiency equation ‘upside-down’ or using
an incorrect p.d. for the power calculation.

(b) The solar cell is connected across a load resistor. The potential difference (p.d.)
across the resistor and current in the resistor are measured,

pd. =160V
current = 12.4 mA
em.f. =204V

(i) Calculate the internal resistance of the solar cell,
(3)

e N E T WL 35,6 )

e

I

e ROl e L
2.4 418 3

Internal resistance = 2%.5 .9

(ii) Calculate the efficiency of the solar cell at transferring light energy to electrical
energy in the load resistor.

area of cell = 1.6 x 107 m?

radiation flux of the incident light = 270 W m=
4)

Powet gt LY DU S S S S —— N

Bl

powa
deloS oy eutpul
v ; 7
Yel (g
Tetal pese T Efficiency = ... 2R:6. . ...

11

O
L
(s

Examiner Comments
These score 3, 2. The power calculations are correct in part (ii), but input and output have been
reversed in the efficiency calculation.
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(b) The solar cell is connected across a load resistor. The potential difference (p.d.)
across the resistor and current in the resistor are measured.

pd.=1.60V
current = 12.4 mA
emf. =204V

(i) Calculate the internal resistance of the solar cell.

1.6 = 2.04 -(J 2. '-1 5-:\‘::"3)( v)

o'—-f"i -

— - ? -

Internal resistance = .55 °S A

(i) Calculate the efficiency of the solar cell at transferring light energy to electrical
energy in the load resistor.

area of cell = 1.6 x 10° m?
radiation flux of the incident light = 270 W m™
(4)

gL DP-= .I:hﬂ-:?-'?o:-rf.swfa"? = 0432 Ly
-.-.-.-.-........ﬁ................\..........--.-.-.-.- I R R L L LR R EE R R AR A e R R R B

P=Iv= e@h2-Uxiot)h 6o ) . 601984
../;: 0“ el oy 2 '“L O e

o Y372

Efficiency = .59

Examiner Comments

Typical full mark responses.
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Question 17 (c)

Two thirds of students were able to apply Q = It, although only about a fifth of the entry
gained full marks by going on to explain the situation correctly in terms of charge or energy,
suggesting that they were happy with the calculation but did not understand the main
concept.

(c) The battery is marked 300 mA h, 1.2 V.

A student says, “300 milliamp hours means that it stores nearly 1100 coulomb of charge.”
A teacher says “You have made a correct calculation, but your statement is not correct”.

Explain the teacher’s comment. You should include a calculation.

Yo mhh = omh rbo T e o b 1§ ¢

(3)

ResultsPlus
Examiner Comments

Q = It has been used, but the time has not been converted to seconds. The statement
about mAh referring to energy is incorrect. 1 mark

(¢) The battery is marked 300 mA h, 1.2 V.

A student says, “300 milliamp hours means that it stores nearly 1100 coulomb of charge.”
A teacher says “You have made a correct calculation, but your statement is not correct”.

Explain the teacher’s comment. You should include a calculation.
3)

Qa:T6 2 o (30008%) (eoxte) 2 @zt0t0C
he bustuy doed N0y Stoe  Ghemen.

ResultsPlus

Examiner Comments

2 marks for the correct calculation. The bare statement that
the battery does not store charge is not sufficient.
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(c) The battery is marked 300 mA h, 1.2 V.

A student says, “300 milliamp hours means that it stores nearly 1100 coulomb of charge.”
A teacher says “You have made a correct calculation, but your statement is not correct”.

Explain the teacher’s comment, You should include a calculation,

%MAMMM&W@JA&J?U .......
*‘M‘Z_‘E‘WMW;—%’A&‘MM il

(ﬁ# WW A2 7030 M&uﬁ..&fo‘ﬁ?ﬁﬂifﬂé%

Y;z«f, « 300610 OO~ Ol J&,&@m ryaf,4mw.,

WMIZW@M»{@

ﬁ / ResultsPlus

Examiner Comments

This is an example of the best answers where charge and energy have both
been calculated and the statement has been discussed.
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Question 18 (a)

About a fifth of the entry scored for this question. Typically candidates can describe
oscillations in a single plane, but in this context they didn't link it to the plane of
polarisation. Having described a single plane, the usual majority of students said that the
plane is perpendicular to the direction of polarisation or just described oscillations
perpendicular to the direction of polarisation. A number of candidates only referred to light
travelling in the plane of polarisation and did not address oscillations.

(a) Describe what is meant by the plane of polarisation of polarised light.
(2)

palaried... g~ parhiles. .. os Cillaie: in. Owe.. plane...perpendichly

e Oiyed A o2 .W.‘.W.t..‘]YQVLL.......f].qh{...5_.'...Fb.lar.;.j.qe],g}n...{J..ib’L...PJq.m

ﬁ ResultsPlus

Examiner Comments

This defines the plane of polarisation for one mark, but says the plane is
perpendicular to the direction of wave travel where it should say that the
plane includes the direction of wave travel .

(a) Describe what is meant by the plane of polarisation of polarised light.
(2)

B CN A N S ZR VX% VRN - -V Y 4

ﬁ ResultsPlus

Examiner Comments

This successfully says that the plane includes the direction of
energy transfer, but does not make an explicit statement about
the plane of polarisation.
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Question 18 (b) (i)

A majority gained at least one mark for light being absorbed or, more commonly, blocked.
Half went on to explain this satisfactorily. Those that didn’t generally knew that 90° was
relevant, but couldn’t describe exactly what was perpendicular to what, often referring to
direction of travel.

' - ~ QM#

(b) The diagram represents the parts of a polarimeter. The polariser and analyser are »l

both polarising filters.
polariser analyser W

H be frlfer

light glass tube containing
source solution

In an experiment to determine the concentration of a solution, the following steps are used.

1. The polarimeter is set up with no solution present. Light from the source is
polarised by the polariser.

The analyser is rotated until light from the source can no longer be seen.
The solution is placed in the tube between the polariser and analyser.

The analyser is rotated until light from the source is again no longer seen.
The angle through which the analyser is rotated after placing the solution
between the filters is measured.

kW

(i) Explain why light from the source can no longer be seen in step 2.
(2)

L '-E_em%hj‘#%haﬂg\{ Eﬂwcz.

'“*”“S"&"%“"" 5 oyadu. Ko 907
hj\k (Bf,ﬁ ...... mkmfj....‘ﬁlceﬁa’

ﬁ ResultsPlus

Examiner Comments

Candidates sometimes chose explanations unconnected to
polarisation, despite words such as polariser, polarising,
polarimeter and polarised appearing in the question.
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(b) The diagram represents the parts of a polarimeter. The polariser and analyser are

both polarising filters.
polariser analyser
light glass tube containing
source solution

In an experiment to determine the concentration of a solution, the following steps are used.

l. The polarimeter is set up with no solution present. Light from the source is
polarised by the polariser.

The analyser is rotated until light from the source can no longer be seen.
The solution is placed in the tube between the polariser and analyser.

The analyser is rotated until light from the source is again no longer seen.
The angle through which the analyser is rotated after placing the solution
between the filters is measured.

Wk

(i) Explain why light from the source can no longer be seen in step 2.
(2)

...&e.;.m.i.c.......dﬁ.....1.h.4t......I.t.\s*.‘..mi._....d.h.e._._._.li.q.h.’.c_._._._{mmm)_...ihﬁ.....dm'ssp.e.r...,...hﬂﬁ......ns;'s.u.-l.’ﬁ.nns._.m...._._
mr.,...p:‘sme....nnis.}._....b.e.;msﬁ.._._.'s.\_._._hd_t._._.b.ee_n___pqhﬂ_sg_d.-....fIh.e.i.e.....".s....m.....!&qhi.....aeen....mhg.n.....ffhﬁ .............
andlegertsperpendicatar o Ahe  pWoe of  polastudion of Ahe gt

ResultsPlus

Examiner Comments

The perpendicular planes are identified, but it just repeats that
no light is seen and does not refer to absorption.
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(b) The diagram represents the parts of a polarimeter. The polariser and analyser are

both polarising filters.
polariser analyser
light glass tube containing
source solution

In an experiment to determine the concentration of a solution, the following steps are used.

1.

Ll ol o

The polarimeter is set up with no solution present. Light from the source is
polarised by the polariser.

The analyser is rotated until light from the source can no longer be seen.
The solution is placed in the tube between the polariser and analyser.

The analyser is rotated until light from the source is again no longer seen.
The angle through which the analyser is rotated after placing the solution
between the filters is measured.

(i) Explain why light from the source can no longer be seen in step 2.

2)

....................... The... (&mafpa{w.zn_ﬂana-ﬁ”gkfj‘sprefﬂmd/cafar
}o’/ﬁf/o,fm-(ﬂfﬂpéwzq:ﬁahOfgam(}Su‘m@fﬁ%m

ResultsPlus

Examiner Comments

A straightforward correct answer.
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Question 18 (b) (ii)

About a fifth of candidates suggested a suitable angle, but successful explanations were very
rare. Students often thought that this was about further rotation of the filters. Incorrect
angles included multiples of 55° and angles derived from 180° or 360° minus 55°.

(ii) When making measurements on a particular solution the angle measured in step 5 is 55°.

Explain why the plane of polarisation of the light may have been rotated by more
than 55° and suggest another possible angle of rotation.
3)

_____.s?_c?_k._;_.l...b..ksﬁ . a.vxgl.e_cbm\kba LR2T°

Possible angle of rotation ..~ A

ResultsPlus

Examiner Comments

A correct angle has been stated, but mentioning adding 180
degrees isn't sufficient explanation for a second mark.
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(ii)) When making measurements on a particular solution the angle measured in step 5 is 55°.

Explain why the plane of polarisation of the light may have been rotated by more
than 55° and suggest another possible angle of rotation,
3)

Bﬁwux“t!rﬁluntfatﬂlsucﬁ 180

SS* 0" = 23S beause

been.. . cokated

Fiwes . MA'LC l Mz(fj B (T

235

Possible angle of rotation ... .=

ﬁ ResultsPlus
Examiner Comments
A correct angle has been stated along with the idea of the plane being

the same every 180 degrees for two marks. The answer doesn’t refer
to the angle between the planes being 90 degrees again.
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Question 18 (b) (iii)

About a quarter of candidates appreciated the advantage in terms of zero intensity being
easier to identify, but only about a fifth of them linked this to accuracy. Other candidates
just stated the need to measure the angle when the plane of polarisation of the emergent
light is at 90°.

(iii) The experiment would produce the same results if the filters were arranged to
give maximum intensity in step 2 and step 4.

Suggest the advantage of rotating the analyser until no light is seen.
(2)

O SR SRR C I < W SVS KRR =S PR TSR S E S LI S SRS & S
ek e G s b hide o de ber i

ResultsPlus

Examiner Comments

This states that it is easier to identify zero intensity, but
doesn’t refer to decreased uncertainty or improved accuracy.

(iii) The experiment would produce the same results if the filters were arranged to
give maximum intensity in step 2 and step 4.

Suggest the advantage of rotating the analyser until no light is seen.
(2)

- Defesring, o MoxituM s Inosdes Aron Geleckin o
B9 A minwum%eamuﬁwubbtcnbﬁmm'ted\wmm B
QS“‘I& seen . Glile. v oL M oA Hae acwmmu.muaﬂmab
Most be . oo tely. et Twmined tmusmmhm\shumu%m -

Examiner Comments

A typical two mark answer.
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Question 18 (c)

Surprisingly for such a standard situation, half of the candidates did not gain any credit,
possibly as they did not expect it as part of a question based on polarisation. As usual, some
students described aspects of the photoelectric effect. Others, possibly because they saw
‘monochromatic’ or have used sodium lamps with diffraction gratings, discussed interference
effects.

Those answering the right question did fairly well, with half getting at least half of the
marks, usually for the discussion of levels and changes of levels. Candidates sometimes
omitted a reference to discrete levels or didn't mention photons or link photon energy to the
difference in energy between the levels. The final reference, to only specific energy changes
being possible, was made infrequently.

(¢) A sodium lamp is frequently used as the light source because the two bright spectral
lines at 589.0 nm and 589.6 nm effectively create a monochromatic light source.

Explain how the spectral lines are created with specific wavelengths.

Eadn Slement hczu; » dxgbmm: %a%td ..... lﬁmﬂ.
each . elochien \rm, . aasgdes  abseroed  In

ﬁ / ResultsPlus

Examiner Comments

This response describes the process of excitation and photon emission
for 3 marks. Discrete levels aren’t mentioned and neither is E = hf.
Specific energy level changes aren’t mentioned.

IAL Physics WPHO2 01

43



(c) A sodium lamp is frequently used as the light source because the two bright spectral
lines at 589.0 nm and 589.6 nm effectively create a monochromatic light source.

Explain how the spectral lines are created with specific wavelengths.

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

Examiner Comments

A relatively concise answer that is awarded 5 marks. The
only part missing is the reference to only specific energy level
changes being possible.
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Paper Summary

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

Learn definitions in detail so they can be quoted fully, using the required terminology.

Know the difference between path difference and phase difference and learn the
relationship between them.

Check that quantitative answers represent sensible values and to go back over
calculations when they do not.

Learn standard descriptions of physical processes, such as spectrum formation, the
Doppler effect and interference, and be able apply them to specific situations, identifying
the parts of the general explanation required to answer the particular question.

Be sure to know the standard SI prefixes.

Be sure you know the command words and understand the level of required response for
each of them, e.g. explain would mean a candidate must say why something happens
and not just describe what happens.

Explanations can often be supported by reference to formulae on the data, formulae and
relationships sheet.

When reading from graphs, look at the scale values either side of the point of interest to
be sure to interpret the scale correctly.

Physical quantities have a magnitude and a unit and both must be given in answers to
numerical questions.
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Grade Boundaries
Grade boundaries for this, and all other papers, can be found on the website on this link:

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