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INTERNATIONAL A-LEVEL PHYSICS (PHO5)
UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY

This guide includes some examples of student responses to a
selection of questions from the summer 2018 PHOS5 unit.

The question parts are reproduced, along with the final mark scheme,
student responses and a commentary fromthe Lead Examiner on each
of the students’ answers.
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INTERNATIONAL A-LEVEL PHYSICS (PHO5)
UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY

QUESTION
01
A class measures the time ¢ for a ball to fall from rest through a distance s for a range

of values of 5.
Figure 1 shows the vanation of 7 with 5.

Figure 1
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El Determine the gradient of the graph.

[2 marks]

gradient = 5"
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INTERNATIONAL A-LEVEL PHYSICS (PHO5)
UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY

MARK SCHEME
Question Marking guidance Mark Comments
01.1 Answer in the range 0.185 to 0.200 v/ 2

Large triangle plus some evidence of correct data extraction v
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INTERNATIONAL A-LEVEL PHYSICS (PHO5)
UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY

STUDENT A
A class measures the time ¢ for a ball to fall from rest through a distance s for a range |
| of values of 5. |
Figure 1 shows the variation of £ with s.
Figure 1
/sty
0 05 10 15 20 25 30 sm
l ‘|| Datermine the gradient of the graph.
2 marks
(0’0) 12,023/ [ ]
O -2 -0
S
[
- 0. 19167
gradient = o 19 s'mt
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INTERNATIONAL A-LEVEL PHYSICS (PHO5)
UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY

EXAMINER COMMENTARY

Although the student obtains an estimate for the gradient within the
allowed range and gains one mark for this, the student does not showthe
triangle used to obtain the gradient on the graph. In fact, the triangle used
is implicit as the student has provided the coordinates of the points that
define it. No further credit is possible, however, because the triangle used
is less than half the length of the drawn line. This is a standing rule in this
assessment.

It is crucial that students use a large triangle and that the examiner can
determine what it was. Further, students should not use plotted data
points that do not lie on the line — this is a common error.

1 mark awarded.
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INTERNATIONAL A-LEVEL PHYSICS (PHO5)
UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY

STUDENT B

of values of s.
Figure 1 shows the variation of £* with s.
Figure 1

Pl R Careas

0 05 10 15 20 25 30 s/m

21
. m Determine the gradient of the graph.
] 28 [2 marks]
- e g PN
Smd ent= ——— T
- S ey L o
gradient = o9 mt

EXAMINER COMMENTARY

In this script the triangle used for the gradient is shown on the graph — this
is the ideal situation. The hypotenuse of this triangle is greater than half the
drawn line and so can score both marks. The answer is within range.

2 marks awarded.
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INTERNATIONAL A-LEVEL PHYSICS (PHO5)
UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY

QUESTION

01

El Calculate g using your answer to question 01.1.

[2 marks]
g= ms™—
. Estimate, using Figure 1, the uncertainty in your value for g.
[3 marks]
uncertainty in g =% ms™
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INTERNATIONAL A-LEVEL PHYSICS (PHO5)
UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY

MARK SCHEME
Question Marking guidance Mark Comments
01.2 __ 2 2 Ecf from 01.1
g gradient
Answer inrange 10.0 to 10.8 v Max 1 dp
01.3 Draws another line that has max possible or min possible gradient and 3 Condone max or min gradient through the origin

finds a new value for g v

Draws 2 lines: max gradient and min gradient v Not through the origin for this mark

Uncertainty is half of the range of values of g given by their 2 extreme
gradients expect to see approx = 1.6

or uncertainty is the difference between their new g and their value for
012 v
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INTERNATIONAL A-LEVEL PHYSICS (PHO5)
UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY

STUDENT A

Ef Calculate g using your answer to question 01.1.

s 2 marks)
S zLethce BT * !
T
s kel Hz'.:ﬁ"._é-: s
arﬁ ch‘mrf-_%
o . 1a=1 Vooe s
&, ©-19
= le -9 %
o= 1o - m g
EI Estimate, using Figure 1, the uncertainty in your value for g.

[3 marks]

COJV) f"*--'ho-:?'f}

O-55_ G.zow7

e
7
oc.e37— O I‘r“‘;(?loo
P o T
é""‘\t“?-h") .
_—n—; carc) 6-"?{
-0 - 5%
uncertﬂhtyingqﬂ: o I 6'1 ms'z
EXAMINER COMMENTARY
g

In Question 1.2 the student states that a = 5 and thus gainsthe first mark

even though this is not in the exact form given in the mark scheme. The
answer is in the middle of the required range and scoresthe second mark.

Question 1.3 (refer to the graph for student Ain 1.1) shows only one line
drawn, in this case for the maximum gradient. However, even had two lines
been shown, the second marking point would not have been given as the
maximum is forced through the origin. One further mark is given because
the student quotes the uncertainty that arises from the value and does not
divide by 2 (which would have been appropriate had maximum and
minimum lines been shown).

4 marks awarded.
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INTERNATIONAL A-LEVEL PHYSICS (PHO5)
UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY

QUESTION

02

IIl An experiment was performed to measure the resistivity of a sample of the alloy

nichrome. A student used a metre ruler to measure the length L of a wire made from
nichrome. Her value for L was 521 =2 mm.

Calculate the percentage uncertainty in the measurement of L.

[1 mark]

percentage uncertainty in L = =

IZl The student then measured the diameter o of the wire using a micrometer. Her
readings are recorded in Table 1.

Table 1

d/mm 0.19 0.21 0.20 0.19 0.20

The student took five measurements at different points along the wire.
Explain why.

[1 mark]

El Calculate the mean value of 4 and the absolute uncertainty in the measurement of 4.
[2 marks]

mean value = mm

absolute uncertainty = = mm
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INTERNATIONAL A-LEVEL PHYSICS (PHO5)
UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY

. Calculate the cross-sectional area 4 of the wire and its percentage uncertainty.
[3 marks]

A= m’

percentage uncertainty in 4 ==

El The student used a resistance meter to determine the resistance of the wire and
found it to be 18.8 € with an uncertainty of 1.5%
Calculate the resistivity of nichrome and the absolute uncertainty in your value of
resistivity.
[3 marks]
resistivity of nichrome = Om
absolute uncertainty in resistivity = = Qm
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INTERNATIONAL A-LEVEL PHYSICS (PHO5)
UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY

E A second student does a similar experiment with a nichrome wire of the same length
but with twice the diameter.

Explain how this affects the uncertainty in the value of the resistivity of nichrome.

Assume the absolute uncertainty in the diameter and the absolute uncertainty in the
resistance do not change.

[3 marks]
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INTERNATIONAL A-LEVEL PHYSICS (PHO5)
UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY

MARK SCHEME
Question Marking guidance Mark Comments
021 04 1 Accept 0.38
022 Reduce the effect of random errors or identify anomalous results to 1 Not just to ensure accuracy or to get a mean

reject these or confirm the uniformity of the wire

023 0.20 cao v 2
(2)0.01v
024 | 4=31%x10°v ecffrom02.3 3 | 2or3sfonly

% uncertainty in d is 5% or doubles candidate’s % uncertainty in d to

find % uncertainty in 4 v

10% cao v

02.5 1.1x10° v 3

adds the percentage uncertainty in L, Aand R v ecf

S & —6
uncertainty in p=0.1 * 10 " to 0.15 % 10 " ecf v 1or2sf
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INTERNATIONAL A-LEVEL PHYSICS (PHO5)
UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY

026 (If the wire were to be twice as thick then) 3
The percentage uncertainty in area would reduce or the percentage

uncertainty in resistance would increase

correct numerical comment about the change In percentage
uncertainty eq: percentage uncertainty in area becomes 'z of
previous value or the percentage uncertainty in R would increase
by a factorof 4 v

Correct comment about the combined effect of the changes in ) ) _
uncertainties eg this would have a smaller effect on uncertainty in p Can Qeot this mark for calculating a new uncertainty (look
since (%) uncertainty in R < (%) uncertainty in A v for 8.9%)
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INTERNATIONAL A-LEVEL PHYSICS (PHO5)
UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY

STUDENT A

[072]]2] The student then measured the diameter  of the wire using a micrometer. Her
readings are recorded in Table 1.

Table 1

Idf’nu:l‘ 0.19 0.21 0.20 0.19 0.20

The student took five measurements at different points along the wire.

Explain why. i 9
mar

Twis 1 T el s e cu rRmmEnd  Pore

_eotarare. 9 #inding e, oo OF

Aese  veies . Tue gatew dicrmeser e be ettt
e v Jifferens POATS B FRe wirt

0/2].[3] calculate the mean value of  and the absclute uncertainty in the measurement of d.

[2 marks)
ez O - lGa+0 L0 Wt E 19 4010
< »
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= e-Te .
Uﬁf.ﬂ."‘hﬁfdrf:l:-—- C!-_-.'E_l‘_:"_f_'lq featil = o |
e
mean value = o-te mm
absolute uncertainty =+ o .0/ mm

Eﬂ Calculate the cross-gectional area A of the wire and its percentage uncertainty.

[3 marks]
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o e percentage unceraintyin 4 =+ | o~
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INTERNATIONAL A-LEVEL PHYSICS (PHO5)
UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY

E‘ The student used a resistance meter to determine the resistance of the wira and
found it to ba 18.8 1 with an uncertainty of 1.5%

Calculate the resistivity of nichrome and the absaclute uncertainty in your value of
resistivity.
i [3 marks]
SferA F= 1% % rLlarle
=

2 lele3

-é
= | .1n Mo

s 1S4+ 0L ¥ O By

percenteg . = Ul s
“i
RN VA [ - Y AT
Ky 2o vres o s
- . T e )

!
resistivity of nichrome= 1. V& *tO Qm

=4
absolute uncertainty in resistivity =+ 1. 34 ¥ 10  Om

[0]2].[6] Asecond student does a similar experiment with a nichrome wire of the same length
but with twice the diameter.

Explain how this affects the uncertainty in the value of the resistivity of nichrome.

Azssume the absolute uncertainty in the diameter and the absolute uncertainty in the
resistance do not change.

[3 marks]
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INTERNATIONAL A-LEVEL PHYSICS (PHO5)
UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY

EXAMINER COMMENTARY
Question 2.1. is not included.

The student answering Question 2.2 makes a common error in focusing (in
the first sentence) on the information already provided in the question.
There are three possible answers here: variation in wire uniformity (as
here), the reduction of the impact of random errors, and the identification of
anomalous results. No credit is given.

The evaluations in 2.3 are entirely correct. The abbreviation “cao” in the
mark scheme indicates that only a correct answer is accepted irrespective
of any possible errors carried forward. 2 marks are awarded.

Question 2.4 involves the use of earlier derived data to evaluate the cross-
sectional area of the wire together with its percentage uncertainty. Note
also that students should take particular care with significant figures in
guestions in this section of PHO3. The expectation of examiners is that
answers will show the same care for significant figures that students would
show with data that they have collected in the laboratory. Thus only 2 or 3
sf were acceptable. Student A gains full credit here.

In Question 2.5 the appropriate level for the significance is 1 or 2 figures —
and this is what must be provided. Student A has given the uncertainty of
the resistivity to 3 sf and this is too great a precision even though the
answer is in range. 2 marks are awarded.

Question 2.6 demanded a clear understanding of the impact of change on
the uncertainty of the resistivity. The student fails to give this (first marking
point) and there is no correct numerical comment about the changes
(second point). Finally, the combined effect is not considered. No credit is
gained.

7 marks awarded.
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INTERNATIONAL A-LEVEL PHYSICS (PHO5)
UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY

STUDENT B

[0]2].]2] The student then measured the diameter d of the wire using a micrometer. Her
readings are recorded in Table 1.

Table 1

d/mm 0.19 0.21 0.20 0.19 0.20

The student tcok five measurements at different points along the wire.

Explain why. i &
mar

Te jﬁ‘b A allCurate pera\ks as
uch  a§ Can |
To rmirimise ormme., the shadont bk

gw A E oS Y @bk .

El Calculate the mean value of 4 and the absolute uncertainty in the measurement of «.
[2 marks]

M € gn Vﬁlur_ up d - 0 "lﬂj-(-lul'\ —“+u '1‘5-';-0*1‘:1"“3"2.{1

5
- o0-199%
v J’L,\;fjﬂ'
& mean value = ¢l mm
absolute uncertainty = + ™ ;_‘Lf__ mm

E| Calculate the cross-sectional area A of the wire and its percentage uncertainty.

‘\v(vaﬂ .
u/oga: g”{wkam{j * oo _oe g
3%t 'E'f,tiul'r'ed’ Vel ue o\18
. S_. o8 ;@

A =

- %o
T_"_i _ N\x 648 ~ 5. 020%
o 4

A= 0.036% m

percentage uncertainty in 4 = + .05 ‘:/n

[3 marks]
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INTERNATIONAL A-LEVEL PHYSICS (PHO5)
UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY

]E The student used a resistance meter ta delermine the resistance of the wire and
found it to be 18.8 L2 with an uncertainty of 1.5%

Calculate the resistivity of nichrome and the absolute uncertainty in your value of

resistivity.
[3 marks]
PL = P o R_A‘ = 12.9%6.0303 =
R-: = L o.572|
A
- .
+ 1
H\bsﬂu{‘.t_ Lﬁmiﬁr{_a'\-\'\j i 1,11'1 T o.0l5
resistivity of nichrome = |- ” Om
sbsolute uncertainty inresistiviy==  |.| ¥ a.0l¢  om

0[2].[8] Asecond student doss a similar experiment with a nichrome wire of the same length
but with twice the diameter.

Explain how this affects the uncertainty in the value of the resistivity of nichrome.
Assume the absolute uncertainly in the diameter and the absolute uncertainty in the

resistance do not change.
[3 marks]

 When ‘U\ € QJ e {F.v OF "Hbi Lutre_
bLe Conaps d culile i the yvegistouwte
of the % wire Lecames Walf.
then resistance  decrease,  the
resiebily  will alse deCreare
ond So  the UHCET'I'(K.‘M‘IJ Via the
Vdlue  of  the vegishivily of

Nichwme Lo\l decrens - o
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INTERNATIONAL A-LEVEL PHYSICS (PHO5)
UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY

EXAMINER COMMENTARY

In Question 2.2 the comment is too weak for credit. Students need to give
definite explanations rather than vague generalities aboutimproving
accuracy.

In Question 2.3 the mean is quoted to too many significant figures which
means that the full marks cannot be awarded. The number of figures
should never exceed that quoted for the data without legitimate comment.
The absolute uncertainty is correct.

The examiner exercises some judgement in awarding 2 out of the 3 marks
in Question 2.4. The evaluation has been carried through using datain
millimetres but the answer line has a printed m? unit; Student B has failed
to spot this. Normally this would mean that the response cannot gain the
mark as the student has not deleted the printed symbol to replace it with
the correct one. Instead the only mark not awarded is for the percentage
uncertainty, which is incorrect.

The response to Question 2.5 scores 1 of the 3 marks. The resistivity value
is a factor of 10° too large because the power of ten mistake in 2.4 has not
been corrected. This is not an error carried forward as the student should
have realised that the unit used in 2.4 was wrong. The calculation of
absolute uncertainty is incorrect.

In Question 2.6 the chain of argument does not include numerical
estimates of the uncertainty and the comments with respect to it are too
vague. No credit for this approach.

4 marks awarded in total.
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INTERNATIONAL A-LEVEL PHYSICS (PHO5)
UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY

QUESTION

n A burette is used to measure the volume of liquids.
A student investigated how the helght k of water flowing out of a burette varied with
time .

Figure 2 shows the apparatus the student used.

Figure 2

water level

metre
ruler

h n

=

T

water stream

2\

water level

L~
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INTERNATIONAL A-LEVEL PHYSICS (PHO5)
UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY

[0]3].[2] Piot on Figure 3 a graph of in(h/mm) against t/s.
[4 marks]

E Determine the gradient of your line.

[2 marks]

gradient =
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INTERNATIONAL A-LEVEL PHYSICS (PHO5)
UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY

MARK SCHEME
Question Marking guidance Mark Comments
03.2 Sensible scale (with appropriate label/unit) marked on the y-axis v/ 4 The line of best fit should follow the trend of the points
with an even scatter of points on either side of the line.

five points accurately plotted v Must have acceptable scales to get the plotting marks
Six points accurately plotted v
Well drawn straight line of best fit v Can get the final mark even with a poor scale

03.3 Gradient value quoted with a minus sign v 2 2 or 3 sfonly
Value in the range 0.0136 to 0.0140 (with or without minus sign) v Ignore any unit given
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INTERNATIONAL A-LEVEL PHYSICS (PHO5)
UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY

STUDENT A

|TI t‘h rn"r' } BT L e Ty .t e 5 e i B

i o R e e WAL (N R

o e I i I B S b i | i

I i

| |
g feisd b et L i

: |
l sl i
| | |
L} i
| | |

[0]3].[3] Determine the gradient of your line.
[2 marks]
L-s- & 3%
S el

Co

gradient = G 61h
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INTERNATIONAL A-LEVEL PHYSICS (PHO5)
UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY

EXAMINER COMMENTARY

The marking in Question 3.2 illustrates the need for students to be
practised in the construction of accurate and well-presented graphs. There
are several faults in the graph work that have led to the award of only 1
mark:

e The y-scale is poor and far too compressed. The range of the graph
should extend over at least half the grid in both axis directions.

e This unacceptable scale means thatthe plotting marks cannot be
awarded.

e Thelineisjust about acceptable as one point s relatively far fromthe
line compared to all others. There should be an attempt to balance
points on each side.

Although there is a gradient calculation in Question 3.3, it is negligentin a

number of ways:

e The student has used data points from the table rather than points lying
on the line. Close examination of the graph will show that the line and
the data points are not quite coincident.

¢ The sign of the gradient (negative) has been omitted in the solution.

2 marks awarded in total.
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INTERNATIONAL A-LEVEL PHYSICS (PHO5)
UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY

STUDENT B

In (h / mm)

L] B
|

J,;. .'_--:__-__;_i._._\.,. = ) _ .._ ;: +
R b L e b

ASSIRRRRLS HIS 94 = SRR B PR SRANRA RN 008

N e

i T B ML B B

[2 marks]

gradient = — it d
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INTERNATIONAL A-LEVEL PHYSICS (PHO5)
UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY

EXAMINER COMMENTARY

Student B has produced a well-crafted graph that extends well over half the
grid and that has a line drawn with due regard to giving equal weight to
each point. The lines are thin and the plotting is accurate (to within half a
square of the correct point). This question gains all 4 marks.

In Question 3.3 the answer is marred by the use of data points for the
gradient calculationrather than points on the line (as with Student A). This
is an error that students should avoid, tempting as itis. Only 1 mark is
awarded here.

5 marks awarded.
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INTERNATIONAL A-LEVEL PHYSICS (PHO5)
UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY

QUESTION
A metre ruler with a mass attached to the free end is clamped to the edge of a bench

as shown in Figure 4. The ruler oscillates when the mass is displaced vertically
through a small distance and released.

Figure 4

clamp

————mn

bench metre ruler mass

Theory predicts that the period of oscillation T of the system varies with length /
according to the equation

=i

where kis a constant.

Describe the procedure you would use to verify the equation. You may suggest the
use of the apparatus in Figure 4 together with other standard laboratory equipment.

Your answer should include details of:

the measurements to be made

the measuring instruments that you would use

how you would make the measurements accurately
how you would analyse and interpret the results.

[5 marks]
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INTERNATIONAL A-LEVEL PHYSICS (PHO5)

UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY

MARK SCHEME

Question Marking guidance

Mark

Comments

04 « Take measurements of T for six (or more) different values of [ v

s Use the metre ruler to measure [ v

« Time ten {or more) oscillations and repeat and average this
measurement v

s« Calculate the mean value of TV

« Plot a graph of T2 against I*v

The formula would be verified if
« The best-fit line is straight through the origin v

marking point

Award any four of the first four marking points plus last

Copyright © 2019 Oxford Inter national AQA Examinations and its licensors. All rights reserved.
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INTERNATIONAL A-LEVEL PHYSICS (PHO5)
UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY

STUDENT A
A metre ruler with a mass attached to the free end is clamped lo the edge of a bench

as shown in Figure 4. The ruler oscillates when the mass is displaced vertically
through a small distance and released.

Figure 4

clamp

bench meire ruler mass

Theory predicts that the period of oscillation T of the system varies with length /
according to the equation

=i

where k is a constant.

i
Describe the procedure you would use to verify the equation. You may suggestthe |
use of the apparatus in Figure 4 together with other standard laboratory equipment.

Your answer should include details of:

+ the measurements to be made
= [he measuring instruments that you would use
» how you would make the measurements accurately
« how you would analyse and interpret the results.
[5 marks]
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INTERNATIONAL A-LEVEL PHYSICS (PHO5)
UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY
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EXAMINER COMMENTARY

The mark scheme is clear about the points needed for the answer. These
can generally be condensed to:

e Whatis measured?

e How is it measured?

e What precautions are taken to improve the measurements or to check
validity?

e How the data are analysed including both the algorithm and the
graphing if needed?

e Whatthe graph is expected to show or how it would be used to derive
further data?

Student A gains a maximum score for a largely careful and sustained piece
of writing.

5 marks awarded.
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STUDENT B
A metra ruler with a mass attached to the free end is clamped to the edge of a bench

as shown in Figure 4 The: ruler oscillates when the mass is displaced vertically
through a small distance and relsased.

Figure 4

clamp

L

metra ruler mass

Theary predicts that the period of oscillation T of the system varies with length 7
according to the equation ;

=k
where k is a constant,

Describe the procedure you would use to verify the equation. You may suggest the
use of the apparatus in Figure 4 together with other standard laboratory equipment.

Your answer should include details of:

the measurements lo be made

the measuring insiruments that you would use

haw you would make the measurements accurately
how you would analyse and inferprat the results.

Onee Hae mose  ig rneleast Hre hn-'uur bg:&\_g_

Stoppec! orce 10 oscadl ecbiong mve
complebed  and  thas fime g recorded
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et that partieylar  height.
Recordd ot afferent M*ﬁ'tﬁb_l'ﬁ -‘Bs‘.i‘_ﬂ_

YL ofF Adoko.
_Ropeot pvacedime ok Last 3 limes for |
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EXAMINER COMMENTARY

Although there are 6 points available on the mark scheme for a
maximum of 5 marks, Student B scores only 2 of them. There is the
use of a metre ruler for the measurement and the ideathat the timing
period should be for a reasonably large number of oscillations.
Questions often, as here, contain a set of bullet points to prompt
students for the discussion points that the answer should contain.
Students would do well to:

¢ Read the bullet points carefully and anticipate what is required

e Draftrough notes, or plan mentally, before beginning the answer.
This question has 5 marks and therefore roughly 8 minutes for its
completion. Many students spend far less time on the answer than it
merits.

2 marks awarded.

Copyright © 2019 Oxford Inter national AQA Examinations and its licensors. All rights reserved. 34



INTERNATIONAL A-LEVEL PHYSICS (PHO5)
UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY

QUESTION
Figure 5 shows an electrostatic precipitator that is designed to remove small dust

particles from the dirty air in a factory.

The dirty air passes through a charged, ionising grid where the dust particles acquire
a charge.

The dust particles, which are electrical conductors, are attracted to collecting plates,
removing them from the air. The clean air passes back to the factory. The
electrostatic precipitator is cleaned regularly to remove the dust particles that have
accumulated on the collecting plates. The dust particles move horizontally as they
enter a channel between the plates.

Figure 5
chaaneis accumulated
\\ dust particles
o [ \ll\ \ ] -
: —\ -
dirty air : T kN clean air
_— g — 1= _—
? L \ 1+
charged, ionising grid collecting plates

II| Explain how the dust particles gain a positive charge as they pass through the
charged, ionising grid.
[1 mark]

Izl Figure 6 shows one of the channels between a pair of adjacent clean plates.
A dust particle of mass 5.6 = 1075 kg enters the region between the collecting plates
travelling horizontally with an initial velocity of 10 m s The particle carries a charge
of 24 % 1078 C.

Figure 6

SR ] —2.5kV

+25kV

dust particle

470 mm

Show that the electrostatic force acting on the particle is approximately 2 = 1078 N
[2 marks]
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E Some particles pass through the channel without hitting a collecting plate.

Show that these particles spend approximately 0.05 s between the plates.
[1 mark]

[0]5].[4] Deduce whether all 5.6 x 107 kg particles with a charge of 2.4 « 1078 C and an initial
velocity of 10 m lare likely to reach a negatively charged plate as they pass through
a channel.

Assume that the particles are unaffected by gravity and that such dust particles have
not yet accumulated on the collecting plates. All adjacent plates have the same
potential difference between them.

[4 marks]

Are all such dust particles likely to reach a collecting plate?

E The particles gradually accumulate on the collecting plates as shown in Figure 5.
This causes the channel to become narrower by up to 5 mm before the precipitator is
cleaned.

Discuss whether the narrowing of the channels will make the precipitator more or less
effective at removing dust particles.

[3 marks]
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MARK SCHEME

Question

Marking guidance

Mark

Comments

051

The dust particle loses electron(s) leaving them with surplus positive
charge wtte v

05.2

Useoszg voruseof F=Eg v

Both seen and leading to 2.14 x 107 (N) v

To at least 2 sf

053

s = vt in some form as a symbol equation leading to 0.047 (s) v

054

Useofa=— v

3Im

Use of s = %gtz v
Leading to 48 mm v

Conclusion that particles (between 48 mm and 56 mum from the
negative plate) will fail to reach the plate wtte v

39 mm, 42 mm. 45 mm or 48 mm according to which data
is used from 05.2 and 05.3.

05.5

Any plausible conclusion with reasoning eg

Gap narrower so field strength or force greater so more particles
reach the plate v

or gap narrower so air flow obstructed so more time in which to
reach the plate v

or gap narrower so less vertical distance to travel so more
particles reach the plate v

Charged particles will be pushed closer together and be affected
by stronger electrostatic forces v

ANY 3
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STUDENT A

El Explain how the dust particles gain a positive charge as they pass through the
charged, ionising grid-

[1 mark]

Ve ere  worberded i Hie- ensrmy Sleoos,
—

Trie LACILS O gleidCong Aront  The porficics,

ey A e o Ipa_'sn'-l-';v{f, L-I-'-cft_..ll &

EI Figure 8 shows one of the channels between a pair of adjacent clean plates.

A dust particle of mass 5.6 x 10™"° kg enters the region between the collecting plates
traveling horizontally with an initial velocity of 10m s™'. The particle carries a charge

of 2.4 x 107" C.
Figure 6
R | | —25kV
56 mm 1
— .
R 1 +25kV
dust particle L_ '
‘ 470 mm

Show that the electrostatic force acting on the particle is approximately 2 x 107° N,

e 2 mark
pﬁ%’ Z g 1-Hy¥ c¥50coL [l
Setic” F
— 2. 1a vy T

— -3
= L % io i

0/5].[3] Some particles pass through the channel without hitting a collecting plate.

Show that these particles spend approximately 0.05 s between the plates.

4 = vi [1 mark]

-3
t':'.—"-}- - o 7o ko
v

I a
= 60 TS
. — 0055
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[oT5][4]

[o]51.[5]

Deduce whether all 5.6 x 10" kg pariicles with a charge of 2.4 x 107 C and an initial

velocity of 10 m s~ are likely to reach a negatively charged plate as they pass through
a channel.

Assume that the particles are unaffecled by gravity and that such dust particles have
not yet accumulated on the collecting plates. All adjacent plates have the same
potential difference between them.

<= _;L.:..g'" " [4 marks]
e= (2 wx0™)  cze
—
-E} -
= Z.\4¥ O LE . LS
— T
5'.6,1"-0

Are all such dust particles likely to reach a collecting plate? Ao

The particles gradually accumulate on the collecting plates as shown in Figure 5.
This causes the channel to become narrower by up to 5 mm before the precipitator is
cleaned.

Discuss whether the narrowing of the channels will make the precipitator more or less |
effective at removing dus! particles.

[3 marks] |
le 55
_Tr rewes  ir ~—ore esgecwice . = Lven dtougn

i Lot By dust parrag
P e pr . Hieid %m%hf =l
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EXAMINER COMMENTARY

Question 5.1 contains a misunderstanding in that the student thinks
that the electric field produces a high-energy electron beam. Although
there is a suggestion that the effects of ionisation are understood, the
false reason for this ionisation denies any credit.

Question 5.2 receives full credit with a clear equation together with a
correct substitution and an explanation of howthe final answer relates
to the value in the question.

Similarly, 5.3 shows the correct use of the definition of speed and a
rounding processto arrive at the ‘showthat’ value.

Question 5.4 is one of the multi-stage questions that trip up many
students in modules PHO3, 04 and 05. Not so here as the steps can be
clearly seen and a numerical answer is provided for each stage. Again,
full credit is awarded.

The final part needs clear thought and deduction by the student. A
narrower channel increases the field strength, restricts the air flow, and
reduces the distance to be moved vertically. All of these act to increase
the number of particles adhering to the plates. In this answer the
student (perhaps unwisely) reaches a conclusion first and then
describes the physics in these terms. It may be better to think the
problemthrough as thoroughly as possible before writing and then
describe the effects making an overall conclusion at the end.

7 marks awarded.
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STUDENT B

II[ Explain how the dust particles gain a positive charge as they pass through the
charged, ionising grid.
[1 mark]

"ﬂ«e;’ lose eleclroar  thic _MQM"&

fé_q.r?d s

@E@ Figure 6 shows one of the channels between a pair of adjacent claan plates.
A dust particle of mass 5.6 = 10" kg enters the region between the collecting plates
travelling horizontally with an initial velocity of 10m s '. The particle carries a charge

of 24 = 107'¢ C,
Figure 6
s [ ] —2.5kV
S6mm [
——
e ] +2.5kV
|
dust particle } i
—_— ey
! 470 mm J

Show that the electrostatic force acting on the particle is approximately 2 x 10" N.

i [2 marks]
2.4 xw'® ¥ 500 2
e v = 2. 1@ xce r’»--zxxa'”
Ve P 0SO
E]—_ﬁ_]m Some particles pass through Lh;a channel without hitting a collecting plate.
Show that these particles spend approximately .05 s betwaen the plates.
1 Kk
) e { mal 1% maft]
Mﬂ\n. = F x V¥ 1
myh
t_ T
- RV
-5 ’
5= lo zo

G
Y xlg'
Question 5 continues on the next page

|
L. sexptased - e
axls g lo
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[o]5][4]

Deduce whether all 5.6 x 107" kg particles with a charge of 2.4 x 107'* C and an initial
velocity of 10 m s ' are likely to reach a negatively charged plate as they pass through '
a channel.

Assume that the particles are unaffected by gravity and that such dust particles have |
not yet accumulated on the collecting plates. All adjacent plates have the same |

potential difference between them, .
[4 marks]

Becaunse parhcle 15 vroving  in

kim\-gww\ electric Reld >6"“’Hde‘!
Lild ek oo ts emevgy

51’%#‘{) not e‘ﬁ#cw O P‘W[‘Tf[ﬁ

cle Vs ‘Hte_.
The -Qrtﬁ—r on the Per e |
same a+ all l}o"ﬁwh betwee, fhe plafer,

Are all such dust particles likely to reach a collecting plate? g

The particles gradually accumulate on the collecting plates as shown in Figure 5.
This causes the channel to become narrower by up to 5 mm before the precipitator is
cleaned.

Discuss whether the narrowing of the channels will make the precipitator more or less

effective at removing dust particles.
[3 marks]

T+ i L tadre ‘H/\Q ?Y_'E('_I-Ff"i_”\.b"‘:
V€S EEECC.H\J'E_ asS  maore p_ﬂr_)fff[eg__
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EXAMINER COMMENTARY

Although not well expressed with an unclear mechanism, this answer to
Question 5.1 satisfies the mark scheme and the 1 available mark is
awarded.

Question 5.2 shows a negligent response. Only 1 mark is awarded. The
command term is ‘show that...” and this instruction means just that.
Here there is no equation quoted so that the examiner is completely in
the dark about the method in use. The one-line answer ends with the
correct value, a squiggle and the value in the question. This is not
adequate; students should be encouraged to write a link between their
value and the question value and to express their answer (as here) to
more significant figures than in the question.

The physics underlying the method in Question 5.3 is spurious — a
kinematic equation of motion is required in the solution. The answer to
the substituted equation is 0.0129 and the dimensions are not time.

A calculation followed by a conclusion is required in Question 5.4; this
is the usual meaning of the command term ‘deduce’. The presence of
numerical data in the question also implies the need for a calculation. In
the event the conclusion is incorrect following from a false argument.
No credit was given.

The answer to Question 5.5 does not address any of the three points
available in the mark scheme and leads to an incorrect conclusion. No
credit is given.

2 marks awarded.
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QUESTION
06
Figure 7 shows a steam turbine being used to drive a generator. Steam at high

temperature and pressure enters the turbine causing fan blades to rotate. The steam
expands and cools in the turbine so that 90% of it condenses. The remaining steam
is at a lower temperature and pressure.

The data for the turbine and generator are:

steam inlet temperature = 500 °C
steam inlet pressure = 100 MPa
rate of supply of steam = 16 kg 7!
output power of the turbine = 16 MW
frequency of rotation of generator = 3000 revolutions per minute
Figure 7
steam
inlet

L, - ,.—-—""f‘ 3
turbine Ml

generator

steam outlet

v

E Calculate the torque exerted by the turbine on the generator.
[3 marks]

torque = Nm
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@ The input power to the generator is 16 MW and the generator is 90% efficient.
The generator has three coils, each producing an equal power output.
The rms voltage across each coil is 8500 V.

Calculate the rms current in one of the coils.
[3 marks]

rms current = A

_ Explain, in terms of electromagnetic induction, why a torque is required to turn the
generator at a constant angular velocity.
[4 marks]
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MARK SCHEME
Question Marking guidance Mark Comments
06.5 Uses P=Tw ¥ 3

Uses w = 2nf v
5.00 % 10*Nm v

06.6 14.4 MW seen v 3
Uses power =V < I+
S65 AV

06.7 4

Emf induced in coil v

Causes current in coil v

Current carrying conductor in magnetic field experiences a force v
Torque = force distance or mention of Lenz's law v
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STUDENT A

[0]6].[5] caloulate the torque exerted by the turbine on the generator.
- [3 marks]
U | BOOY rEsS —Fhos

peTw
T=¢ ot
e Bl e
T
{moh__b%)
]
torque= 5. 1910 Nm

. Tha input power to the generator is |6 MW and the generator is 90% efficient.
The generator has three coils, each producing an equal pawer oulput.
The rms voltage across each coil is 8500 V.

Caiculate the rms current in one of the coils.
[3 marks]

bxtofraa = jwovofw
[X-2=

I -H*ﬁlu‘-‘

&
Yl - msrio
=t
Twr gwme S F=vI
TEle o o Gwio
v w500

—seb.7
rms current = Sbo A

[0]€].[7] Explan, interms of electromagnetic induction, why a torque is required to tum the
generator at a constant angular velocity.
[4 marks)
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Fievd i  oreehd  snie  oppres
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EXAMINER COMMENTARY

Questions 6.5 and 6.6 merit full marks here. In both cases the
equations that underpin the solution are clear and the substitutions are
both correct and obvious. The answers are expressed to an appropriate
number of significant figures.

Question 6.7 can command up to 4 marks; this student gains 3 of them.
The omission is a common one; the student provides no mention of the
induced EMF. Many students go straight to the presence of an induced
current in the coil forgetting that the prime effect in any electromagnetic
induction is the production of the EMF. Indeed, if the circuit is not
complete there will be an induced EMF but no current.

9 marks awarded.
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STUDENT B

[0]6].[5] Calcuate the torque exerted by the turbine on the generator.

- [3 marks]
par = o \ xmj'é‘u
ok~ e =
Tura(mt:. _%-—f—q:e“‘_‘]" 2660

torque= 55)3 I) Nm

[0]6.[6] Theinput power to the generator is 16 MW and the generator is 90% efficient.
The generator has three coils, each producing an equal power output.
The rms voltage across each coil is 8500 V.

Calculate the rms current in one of the coils.

“} [3 marks]
. OWA PV o
fg%“"f"“‘:} o - F o
& = oudped P
T leHw Y MW
o puer owhpt = 01 X 16 M) =
? = \) ks £ rms current = ‘qu’ A
g ale
T=J %0
_ 144 A

[0]6].[7] Explain, in terms of electromagnetic induction, why a terque is required to turn the
generator al a constant angular velocity.
[4 marks]

The GEHEWI‘I:'»- W three Coilg
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‘plf’\d . Se a {‘Mﬂue IS veguired to

{‘*A_h Jd’h" jgﬂekﬂ{{bp 4}[‘ C.:,T.QV.\S-‘"P\M\\{‘
__cxmmy Uelua{j Le cauge (4 oves
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EXAMINER COMMENTARY

Question 6.5 begins with an error, the power =torque x wie, the
angular frequency rather thanthe frequency in Hz. Consequently, the

student goes straight to the substitution (so two errors already) and is
awarded zero marks here.

In Question 6.6 there is a correct use of efficiency and the output power
is seen as 14.4 MW. The manipulation of the P=VI is seen but then the
student forgets that there are three coils and therefore only one-third of
the currentin each one. The answer is therefore three times too large
and the third marking point cannot be awarded. 2 marks.

In order to gain marks in Question 6.7, a student must begin froma
description of the induced EMF leading to a current that is in the
direction to oppose the motion of the coil. Thereis no identifiable
feature from this sequence in the answer of Student B and no marks
are gained here. The last sentence does not merit a mark as it is not
clear that this current arises from the induction effect. 0 marks.

2 marks awarded.
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QUESTION
07
n The transducer shown in Figure 8 produces pulses of ultrasound. When an

alternating current is passed through it, the piezoelectric crystal oscillates with the
same frequency as the alternating current. This crystal resonates at a frequency of
2.0 MHz.

A damping material behind the crystal stops the oscillations at the end of a pulse.

Figure 8

acsignal &

piezoelectric crystal
damping material

II' Describe what is meant by resonance.

[2 marks]

E State what is meant by damping.

[1 mark]

E The intensity of a pulse decreases as it travels through tissue.
L=Ie™

Where Iy = initial intensity of pulse
I = intensity of pulse after travelling through x cm of tissue
a = absorption coefficient for this tissue = 1.2 em™

In this case, only 34% of the pulse intensity is reflected at the tissue boundary 3.5 cm
below the skin.

Ix
Determine I—forthe ultrasound received by the transducer.
0

[4 marks]

Ix
Io
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E The absorption coefficient for a tissue is approximately proportional to the frequency
of the ultrasound in the tissue. It is common to use ultrasound of frequency 2 MHz
with adult patients but a frequency of 7 MHz with young children.

Suggest why.
[3 marks]
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MARK SCHEME
Question Marking guidance Mark Comments

071 Large amplitude oscillations ...v 2
Driving frequency matches natural frequency (of oscillating system) v

07.3 Removal of energy from an oscillating system 1 Allow reduction in amplitude of an oscillating system

07.5 Substitution into equation I, = Ige 22*7 v 4 Accept 1.2 x 3.5 or 1.2 ¥ 0.035 or 1.2 % 0.070 as the
224107 v exponent for the 1% mark
Uses 66% or 34%
7.6 %107 v

076 Smaller distances involved for babies or larger distances for 3 Accept adults having thicker skin, hence need to use
adults v lower frequency to limit attenuation in skin
Too much attenuation at higher frequencies for large distances /
adults v
Larger frequency used for babies since resolution or detail is better
with high frequency +
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STUDENT A
u 7 The transducer shown in Figure 8 produces pulses of ultrasound. When an

alternating current is passed through it, the piezoelectric crystal oscillates with the
same frequency as the alternating current. This crystal resonates at a frequency of
2.0 MHz.

A damping material behind the crystal stops the oscillations at the end of a pulse.

Figure 8

acsignal 3

piezoelectiic crystal
damping material

[0]7].[1] Describe what is meant by resonance.
[2 marks]

e wriaxinauua am?\(“\‘uﬂ‘-f- ‘Fbr'mgck d»riv\.s_:, an
optimtimy  OScillafion . When angihde ok Aessigrel
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I_T_I State what is meant by damping.

[1 mark]
E:Mm&_msc‘.\\ac“ﬂn 4o & Swp or .Shw'\ﬂfj_ ¥ dsvony

@ The intensity of a pulse decreases as it travels through tissue.
L=le™

Where I = initial intensity of pulse
1. = intensity of pulse after travelling through x cm of tissue
a = absorption coefficient for this tissue = 1.2 cm™

In this case, only 34% of the pulse intensity is reflected at the tissue boundary 3.5 cm
below the skin.

Determine i—’fur the ultrasound received by the transducer.
L]
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INTERNATIONAL A-LEVEL PHYSICS (PHO5)
UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY

o . The absorption coefficient for a tissue is approximately proportional fo the frequency
of the ultrasound in the tissue. It is common to use ultrasound of frequency 2 MHz
with adult patients but a frequency of 7 MHz with young children.

g [3 marks]

1y A wacd una

IMA rmeroesmes.  awplitude amd cood\ cawse
ww Swce Hey have Laxk oyowing
cmﬂ_ﬁqg—%“‘* IMaz & osed. op Xve M
15 rucdn \swer - Adally on e Sher bhownd As B\ hame
o wauch on CeNg undevegivg VSN So chhonges R Gflivg |
Comcar W~ o\l g W-h‘t&n\m LM%, s osed

EXAMINER COMMENTARY

In Question 7.1, a description of resonance involves a consideration of the
amplitude of the oscillation and the connection between the driven and the

driving frequencies. Student A refers only to the amplitude issue. The
frequency referenceis incorrect and only 1 mark is awarded.

It is important in this topic to use language of an appropriate technical
nature and at a correct level. Student A does not do so in Question 7.3 and
writes neither about the energy changes in the system or the reduction in
amplitude. ‘Slowing it down’ is a physics error as this has no meaning in
the context of an oscillating system. No marks are awarded.

In Question 7.5, 1 mark is awarded for the first line where the student
correctly substitutes into the exponential expression. The working then
becomes obscure as the exponent is not evaluated correctly and the next
line is implausible.

The suggestion in Question 7.6 that ultrasound causes cancer is incorrect.
The answer should focus on the balance between attenuation and
wavelength. Less attenuation can be tolerated in adult diagnosis. No credit
is given here.

2 marks awarded.
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STUDENT B
The transducer shown in Figure 8 produces pulses of ultrasound. When an

alternating current is passed through it, the piezoelectric crystal oscillates with the

same frequency as the alternating current. This crystal resonates at a frequency of
2.0 MHz.

A damping material behind the crystal stops the oscillations at the end of a pulse.

Figure 8
ac signal & ; :
piezoelectric crystal
damping material __
[0]7).[1] Describe what is meant by resonance.
[2 marks]
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[0][7].[3] state what is meant by damping.
[1 mark]

o Are Pedaathes o Fke axmg\ﬂ-m&’ o v weve .

[0]7].[5] Theintensity of a pulse decreases as it travels through tissue. ‘
= Ioe™ ‘

Where £y = initial intensity of pulse
I. = intensity of pulse after travelling through x cm of tissue
a = absorption coefficient for this tissue = 1.2 cm™'

In this case, only 34% of the pulse intensity is reflected at the tissue boundary 3.5 cm
below the skin.

Determine %fcrthe ultrasound received by the transducer.
LH
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INTERNATIONAL A-LEVEL PHYSICS (PHO5)
UNIT 5, PHYSICS IN PRACTICE EXAMPLE RESPONSES WITH COMMENTARY

. The absorption coefficient for a tissue is approximalely proportional to the frequency
of the ultrasound in the tissue. It is common to use ultrasound of frequency 2 MHz

with adult patients but a frequency of 7 MHz with young children.

Suggest why.

[3 marks] |
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EXAMINER COMMENTARY

The two aspects, large amplitude and matching frequency, are discussed
well in the answer to Question 7.1 and gain both marks.

Although the examiners prefer the answer to Question 7.3 to be couched

in terms of energy removal, reduction in amplitude is also possible as an
approach. Thatis the case here and this response receives 1 mark.

As with student A, only the first mark is given in Question 7.5 as the
substitution is correct. Students are, in general, poor at carrying through
calculations involving powers of e. This is an area in which they appear to
require more practice.

Question 7.6 only gains 1 of the 3 available marks. This occurs in the last
two lines where the student writes that a greater amplitude may be lost in
adults, although the underlying reason for this is not clear.

5 marks awarded.

Copyright © 2019 Oxford Inter national AQA Examinations and its licensors. All rights reserved. 57



FURTHER GUIDANCE AND CONTACTS

You can contact the subject team directly at

Please note: We aim to respond to all email enquiries within two working days.

Our UK office hours are Monday to Friday, 8am - 5pm local time.

OXFORD

INTERNATIONAL
AQA EXAMINATIONS

OXFORD INTERNATIONAL AQA EXAMINATIONS
GREAT CLARENDON STREET, OXFORD, OX2 6DP
UNITED KINGDOM

enquiries@oxfordagaexams.org.uk
oxfordagaexams.org.uk

Copyright © 2019 Oxford Inter national AQA Examinations and its licensors. All rights reserved.


mailto:english@oxfordaqaexams.org.uk
mailto:enquiries@oxfordaqaexams.org.uk
https://oxfordaqaexams.org.uk/



