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Introduction

This paper examined the following topics: working as a physicist, mechanics and further
mechanics, electric circuits, electric and magnetic fields and nuclear and particle physics.

A range of question types were employed including multiple choice, questions requiring a
short explanation, calculations and one indicative response question worth 6 marks.

The paper had 90 marks and was allocated a time of 1 hour 45 minutes. There was little
evidence of candidates running out of time.

Most questions were set in a context eg question 11 was about an induction hob.

Almost all candidates demonstrated some sound algebraic skills. Most candidates could
substitute the relevant numerical values into an equation and rearrange it successfully. Many
of the calculations on this paper required at least two stages and many candidates
responded to these well. There was good evidence for this in questions 13(a), 14(a)(i) and
16(b).

Question 17(a) was a demanding projectile question and many candidates showed an
excellent understanding of this topic with the use of three separate equations to construct a
well-sequenced answer and conclusion.

In previous years there has been inconsistent approaches to significant figures. This was
much improved this year and most candidates retained the number of significant figures
given in the question.

The indicative content question was about a d.c. motor. This was well-answered by many
candidates and it demonstrated good written communication skills.

Question 17(b)(ii) exposed an area of the specification which was generally less understood.
The question required the completion of a vector diagram. Similar questions have been set
before but could be answered using a mathematical approach or a vector diagram. This
guestion specified a vector diagram. Although a small minority of candidates were able to
complete the diagram satisfactorily, many had little idea of how to begin. The most common
answer was to draw a single line to represent two separate vectors. The front of the paper
had specified a protractor. Candidates were required to use the protractor in this question
and the evidence suggested most had a protractor.

Question 18 included a spreadsheet model. The question didn't require specific spreadsheet
skills. Scenarios in physics which involve a change in a quantity with time can be modelled
using a spreadsheet. This can be a useful additional way to look at a topic.
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Question 11 (a)

This question was about the application of Faraday's law. The use of the word "induction" in
the stem of the question was a strong hint. Although the majority of candidates recognised
that the question was about Faraday's law, a significant number missed the point and talked
about heating in general terms or in relation to electrical heating.

Those candidates that did attempt to apply Faraday's law didn't always apply it to the context
described in the question. Several answers described the changing magnetic field produced
by the coil but didn't go on to discuss the effect of this field on the steel pan.
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11 An induction hob consists of a coil beneath a sheet of ceramic material. The coil is

connected to an alternating current (a.c.) supply as shown.

K pan

ceramic
material

coil connected to
an a.c. supply

(a) A steel pan containing water is placed on the induction hob.

Explain why the pan becomes hot when the supply is switched on.
(4)
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g ResultsPlus

Examiner Comments

This answer is an example of not recognising the application of
Faraday's law.

)
R
Q) Resutt=Pus

The word "induction" was provided as a strong hint.

5 GCE Physics 9PHO 01



11 An induction hob consists of a coil beneath a sheet of ceramic material. The coil is
connected to an alternating current (a.c.) supply as shown.

pan

ceramic
material

coil connected to /{
an a.c. supply

(a) A steel pan containing water is placed on the induction hob.

Explain why the pan becomes hot when the supply is switched on.

NS

i( ResultsPlus
Examiner Comments

This answer recognised the hint in the question and wrote down "emf
induced". It does not point out that the relevant induced emf will be in

the steel pan. It then describes an electric field rather than a magnetic
field.

Ay
e

Q ResultsPlus

Examiner Tip

Induction is a term used in relation to changing magnetic fields.
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11 An induction hob consists of a coil beneath a sheet of ceramic material. The coil is
connected to an alternating current (a.c.) supply as shown.

pan

ceramic
material

coil connected to /{
an a.c. supply

(a) A steel pan containing water is placed on the induction hob.

Explain why the pan becomes hot when the supply is switched on.
4)

SAS CUTBNY paBBE3  bnouyn col k. genecaies Q  magnehc
Aelde A3 ip 1S altemOhing Cument, ol genffa’e8 a .
arging. Magaehc. fields Taus  pan. curs though. tnes OF fux._ of.
ehanging. Flux. linkage.s. Whicw... IndUCe’ . an. . emF’ and .
g (LL\ITQHI' on  teg pane A3. Hee 18  emf/

éhu&maltmgtmpqn

¢ ResultsPlus

Examiner Comments

This is a good answer. It describes the changing magnetic field
"cutting" the steel pan and understands the idea of "linkage". It
recognises that the induced emf will be in the steel pan and
consequently a current for full credit.
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Question 11 (b)

This part of the question was connected to Q11(a). A higher frequency will lead to a higher
rate of change of magnetic field. This will lead to a larger value of induced emf and currentin

the pan.

(b) The a.c. supply to the coil in an induction hob has a much higher frequency than
normal mains frequency.

Explain why this is an advantage in this case.
(2)

_wee indoction hob  will  heat vp gaseer , and will cool

doun  gaster , ahich redoceg  ¢he  charc og- an. Ngong,..

AN

ﬂ ResultsPlus
Examiner Comments

A number of answers associated the higher frequency with a faster
rate of thermal energy transfer.

(b) The a.c. supply to the coil in an induction hob has a much higher frequency than
normal mains frequency.

Explain why this is an advantage in this case.
(2)

e Gl e o mere et niger

%j ResultsPlus
Examiner Comments

A number of answers referred to an increase in the rate of thermal
energy transfer.
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(b) The a.c. supply to the coil in an induction hob has a much higher frequency than
normal mains frequency.

Explain why this is an advantage in this case.

The.. ru,ta,cg A ME

(Total for Question 11 = 6 marks)

N\

ig ResultsPlus
Examiner Comments

This answer gets full credit. It refers to a higher rate of change of
magnetic flux (or field) leading to an increase in induced emf.

Note that a complete explanation included an increase in current.
Either reference to current or emf was acceptable for the second mark
point.
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Question 12 (a)

The first part of this question examined what is meant by a vector quantity. This was
well-answered by almost all candidates.

12 An electrical conductor XY carries a current / as shown,

The current density ; is defined as j = % where A is the cross-sectional area of

the conductor.
(a) Current density is a vector quantity.

State what is meant Ey a vector quantity.

.................................. A s L3 @;Mﬁ%mwnﬁm

NS

iﬁ ResultsPlus
Examiner Comments

The most typical correct answer.
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Question 12 (b)

Most candidates knew the appropriate equation to quote and often defined the symbols.

(b) 7 is constant but 4 decreases towards end Y.

Explain how this affects the drift velocity of the free electrons in the conductor.

%QC(f‘c“fj'eC&rmﬁf“oqeﬂ‘l’*\":jw“mtiemseq.vlf)k

......... so vl the | fleguency s collisisas  of
FiQe ?lEC*‘IG.“\E

-Ww@fe Hee d(tL"’ VE[OC:FJ ~ill éetf&ﬂ.}se_

NS

ﬂ ResultsPlus
Examiner Comments

Many answers incorrectly discussed collisions or thought the charge
carrier density would change.

T\ ResultsPlus
\_/' Examiner Tip

When questions ask how a quantity would change it is often a good
idea to start by quoting the relevant equation.
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(b) 7 is constant but 4 decreases towards end Y.
Explain how this affects the drift velocity of the free electrons in the conductor.

</‘\_Z ResultsPlus
Examiner Comments

A good answer for full credit.
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Question 12 (c)

This part of the question was about showing that the units on one side of the equation
should be the same as the other side. There were several ways to do this. The most

straightforward way was to substitute the units V m™" for the electric field strength.

If candidates substituted the units N C! for field strength this leads to a more protracted
answer as shown by one of the examples below.

Many candidates did well with this question and those that took the longer route often did so
successfully.
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£

(c) The resistivity p of the conducting material is given by p = 7

where E is the electric field strength.

Show that the units are the same on both sides of this equation.

ﬂ ResultsPlus
Examiner Comments

This example illustrates the most straightforward method.

i :?I
Q) ResultsPlus
Examiner Tip
A good way to approach "units" questions is to write down an equation
for the quantity being discussed. Then substitute the units as this
answer demonstrates.
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E

(¢) The resistivity p of the conducting material is given by p = ;

where E is the electric field strength.

Show that the units are the same on both sides of this equation.

% ResultsPlus

Examiner Comments

This answer illustrates how candidates could use a mix of equations
and then units.
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Thamst
(c) The resistivity p of the conducting material is given by p = E‘ )

1)
where E is the electric field strength.
Show that the units are the same on both sides of this equation.
oL " )

ResultsPlus

Examiner Comments

This answer successfully reduces the quantities to base units.
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(c) The resistivity p of the conducting material is given by p = ?

where E is the electric field strength.

Show that the units are the same on both sides of this equation.

¢ ResultsPlus

Examiner Comments

This type of answer was quite common. It correctly finds the units of /
and resistivity. It doesn't state the units of £ so goes no further.
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Question 13 (a)

This question examined reading a value from a log graph, using Ohm's law and

understanding potential divider circuits when one resistor is variable.

Many candidates were able to do the calculation to show that p.d. across the fixed resistor is
0.7 V at the required light intensity.

Only a small minority of candidates continued and considered whether an increase in light

intensity would keep the transistor on.

Some answers did not use the appropriate p.d. across a resistor or combination of resistors.

(a) Deduce whether this circuit responds as required.

__..Tu.i_n_m..mmaﬁ...ga.....;.u__._.________.__

(6)

Ut
Qogsiance v M (B0 . 08 X =SCC.

....u:@rq
B

Vo \=
M ENEG

amw"-

333

OSBRI

g U

- Q. GZ'(C.

Ebu.-. E:-Q

emnsiok @ > 35&@

/

ResultsPlus

\Cr‘:l‘. Examiner Comments

This response suggests there is 7 V across the fixed resistor.

\\V, ResultsPlus
Ohm's law will calculate the current if the p.d. across a resistor is
known.

Examiner Tip
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(a) Deduce whether this circuit responds as required.
(6)

CMES above 30 IuX , yesisteuce 15 30002
€ of circant = 83343000 .=.833%3-42. .

Curreint !N e civeuit o T 0O

<g£ ResultsPlus
Examiner Comments

This answer shows a typical correct calculation but does not check
whether the transistor stays on if the light level increases.
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/Ga))educe whether this circuit responds as required.
(6)

%W&M&QW, erkonee = JOOQSL

RO 00 o BT . ————
e e N O O AN AR i iatn i i S A
ok 30\ pdmm AL QLTS bha. e Inpeak. i 0. 69TV (3%)
08 e Qo @M uacrauh Bheoxe 30 U/ the . AU 00 ke LDR
______________ ot aeahRE. <+ R b .ol ORAERS Kho. ek WORROARA ok Hhe SOSD o Us

. utkouke bomonks , Goding Ko i gk .ok op e Sawsdkon
%0 Yo adeoe 0N L 6 graank REPASAR oX requuneel

a\_

% ResultsPlus
Examiner Comments

This answer is complete. A correct calculation and a reasoned
discussion about whether the transistor would stay on at higher light
intensities.

GCE Physics 9PHO 01 20



Question 13 (b)

This question was well answered by most candidates. Answers either referred to free
electrons or charge carriers. Either was acceptable but some candidates did not emphasise
that there would be "more" free electrons.

(b) Explain how the resistance of the LDR chah'ées as the ligl;t level increases. «. ;“';-e;;;:-{'_
(2)

L’{"jfaﬁrcﬁar{m‘fw@#rr@ﬂnﬁ{ .............. @l

o COA PO ek a5 Loy Qlecbeas. | FNnd cnry K ot tal...

Lo Ighb Ltk (nering, 3 move Scep eloctwnt 3 lonem o5 Sdunc...

AN

ﬂﬂesuﬁsﬂm
Examiner Comments

This answer gets to the point after a while "so light levels increase so
more free electrons".

(b) Explain how the resistance of the LDR changes as the light level increases.

ﬂR&suﬁsﬂm
Examiner Comments

The marks were given for mixing the terms free electrons and charge
carriers.

S
T

o ResultsPlus
\.-/

| Examiner Tip

Try to avoid "free charge carrier". A charge carrier is a free electron.
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(b) Explain how the resistance of the LDR changes as the light level increases.
(2)

The second mark point is dependent on the first. This answer
therefore doesn't get one mark.

(b) Explain how the resistance of the LDR changes as the light level increases.
o o5 bght | @)

.................. ASPMoan'dfomwmﬁomm
________________ LOR  gree . electrors. on.. che. Sulsace. .
0T A Metal SN Sacé  atl (ecedsed,

&hnﬁa ................ ¢ %r ......................... af’%a
5 v [ 7 A res
yteay v A ed 5‘/{ 9 ((rTcotnl fg',Qnutlonelgi i ]

NS

ﬂ ResultsPlus
Examiner Comments

A small number of answers confused this with the photoelectric effect.
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Question 14 (a)(i)

This questions involved taking moments about a point. It had the added challenge of a force
(exerted by rod Y) which was not perpendicular to a marked distance on the diagram.

Almost all candidates gained some credit by attempting to take moments about the end of
the rod.

23 GCE Physics 9PHO 01



14 Overhead electricity cables for railway lines are supported by structures like the
one shown.

An electric cable of mass 45 kg is suspended from a support rod X. A second support
rod Y is attached to X. X and Y are attached at one end to a column.

support rod X

< 1.3m Ny Not to scale

| e column

The masses of support rods X and Y are negligible.

(a) (i) Determine, by taking moments, the force exerted on rod X by rod Y.
4

................... SRR e NN N s e

2 ResultsPlus

Examiner Comments

This answer gains the first two marks. It determines a moment of
weight around the end of the rod.
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14 Overhead electricity cables for railway lines are supported by structures like the
one shown.

An electric cable of mass 45 kg is suspended from a support rod X. A second support
rod Y is attached to X. X and Y are attached at one end to a column.

support rod X
< 1.3m / > Not to scale

%\"ﬁ support rod Y

L 'KA | column

The masses of support rods X and Y are negligible.

(a) (i) Determine, by taking moments, the force exerted on rod X by rod Y.
(4

......... 2t Poirt A ba e paint of comtact betwesn yod X amd lumn

Yy = ge2-178

Force= SO N (o)
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e N\

N

ﬂ ResultsPlus
Examiner Comments

This answer shows a fully correct approach for 4 marks.

e N\

"’V : ResultsPlus
\

| Examiner Tip

Note the perpendicular component of force to the distance "Ysin35".

J
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14 Overhead electricity cables for railway lines are supported by structures like the
one shown,

An electric cable of mass 45 kg is suspended from a support rod X. A second support
rod Y is attached to X. X and Y are attached at one end to a column.

kﬁ%- :F‘j': U support rod X

< 1.3m L] Not to scale
cabie\l I * F
. M~
I.5m /
support rod Y
[ column

The masses of support rods X and Y are negligible.

(a) (i) Determine, by taking moments, the force exerted on rod X by rod Y.
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™
\-\.

N / ResultsPlus
/---t Examiner Comments

This answer is almost correct.

It converts the mass of cable to weight but it doesn't multiply it by the
correct distance.

It does have the correct component of the force from Y and does
multiply this by the correct distance, hence 3 marks.
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Question 14 (a)(ii)
This free-body force diagram was only completed successfully by a minority of candidates.

The forces were those exerted on rod X. A number of candidates drew this force acting in the
opposite direction, or to the right rather than upper left.

The third force, from the column on X, should be in a direction to create equilibrium.

(ii) Complete the free-body force diagram for support rod X.
(2)

ot "i':)

il

ﬂResu[ts?lltS

Examiner Comments

This diagram has a correct force from Y on X.

However it has two further forces from the column.

V \ ResultsPlus
\\

Examiner Tip
It is a good idea to label an angle with a value, as this candidate has
done, especially if you are not very good at using a protractor.
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(ii)) Complete the free-body force diagram for support rod X.
(2)

P

Forit
o a,-{gul. F add LT

4

weight of cable

N

ig ResultsPlus
Examiner Comments

Many answers had a vertical force from Y on X.

(i1) Complete the free-body force diagram for support rod X.
(2)

weight of cable

N

ﬂ ResultsPlus
Examiner Comments

This diagram only just got the first mark. The angle of the force (35) to
the horizontal has been drawn with little accuracy.
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(i1) Complete the free-body force diagram for support rod X.
(2)

o) sakud -
sﬁff*’ el mﬁmw

weight of cable

a\

ﬂ ResultsPlus
Examiner Comments

The force from Y is just about within tolerance for the first mark.

The force from the column could not produce an equilibrium.
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(i) Complete the free-body force diagram for support rod X.
(2)

e for
Fo c?-a:\ o
Teasion
weight of cable

AN
iﬁ ResultsPlus
Examiner Comments
The angle of the force from Y is out of tolerance.

The force from the column could produce an equilibrium so gains
mark point 2.
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Question 14 (b)

This question examined whether candidates knew the mathematical relationship known as
the inverse square law.

The typical approach was to find the product £ d? for both sets of data and see if the
constant was the same.

(b) A website gives a value of the electric field strength E, at two distances from the
electric cable.

Distance/m | E/NC™

3 1200

25 100

Deduce whether these data are consistent with an inverse square law.

ig ResultsPlus
Examiner Comments

This answer divides E by d? rather than finds the product.
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(b) A website gives a value of the electric field strength E, at two distances from the

electric cable.
Distance /' m | E/NC™
3 1200
25 100

Deduce whether these data are consistent with an inverse square law.

3
T E Sk = & Y
SOOI =< 0.0 N 7 N, = A
v Ed
Vs \ 1L 00 XD < 2o
................................................................................................................. NI ... -
Va s LOOX15 7 seco
................................................................... “"wzmmf”" I Al O “"‘"Q‘*

Z ResultsPlus

Examiner Comments

inverse square law.

This answer uses an inversely proportional relationship rather than an
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(b) A website gives a value of the electric field strength E, at two distances from the
electric cable.

Distance/m | E/NC™

3 1200

25 100

Deduce whether these data are consistent with an inverse square law.

'_ 3)
......... 'PE T 1-t‘ln.:_n£d1uc=wrw
...................... O A RO Rl e
........................ 100 X L = OO N
,,,,,, £ dtiswmrn”&qm“damr»&nmmqnma
......... JW]M
ResultsPlus

Examiner Comments

This answer is fully correct and achieves all 3 marks.
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Question 15 (a)(i)

The question asked why the delta particle could be assumed to be neutral from the evidence
in the diagram.

Some candidates discussed this without any reference to the diagram.
Most candidates wrote the straightforward response "there is no track".

15 A delta particle decays into a proton and a pion.

(a) The diagram shows tracks in a particle detector formed when the delta

particle decays.

proton

(i) State why it can be concluded from the diagram that the delta particle is neutral.
(D

MM%V@MW&AMH&W&M“
gl g wt b ngute 5 ke wak e

modol . RA aane o 10 anal hs movenlsa

N ﬁ{ ResultsPlus
/'--.. Examiner Comments

The two tracks curve in opposite directions. They do not move in
opposite directions. In fact, initially, they are moving in almost the
same direction.

L
-
o

lf ResultsPlus
\

| Examiner Tip

Be careful with the wording you use to describe particle tracks.
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15 A delta particle decays into a proton and a pion.
(a) The diagram shows tracks in a particle detector formed when the delta

particle decays.

proton

(i) State why it can be concluded from the diagram that the delta particle is neutral.
“Ene (1)

..... . %WJW«DW‘JU—«E“W v—dé}t‘-ﬂ;.)““\-e

¢ ResultsPlus

Examiner Comments

This answer would get the mark for both of the reasons stated.
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15 A delta particle decays into a proton and a pion.

(a) The diagram shows tracks in a particle detector formed when the delta

particle decays.

proton

(i) State why it can be concluded from the diagram that the delta particle is neutral.
(1)

. SN 1 ................................. 8\'hm ..... '}'ﬁ’ ........ ﬂ'\ﬂ» ........... Q)'!J \'hf)nr!adh

Z ResultsPlus

Examiner Comments

A straightforward and correct answer.
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The most common method was to state that a proton is positive.
As the delta is neutral, charge conservations means that the pion is negative.

The same conclusion can be reached by discussing the opposite curvatures of the proton and
pion.

(11) Deduce the charge on the pion.

Ll ereer  Los fLw““thwnﬁl“‘i; .

(iii) Complete the particle equation for the decay of the delta (A") particle.
(1)

-

AV 4
= P

N,
\/ { ResultsPlus
/‘--. Examiner Comments

If the answer to Q15(a)(ii) was written in numerical form as a charge
conservation equation then the marks were awarded as long as it was
clear.

A small minority of candidates did not know the symbol for a pion (in
part (iii)).
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(ii) Deduce the charge on the pion.

(2)
c‘.'-au-r! <
....... i O B o ——
q«jﬂéf& .............. LN oy A S S FCE oY —
PSR e learg® o\
= - /
............................................... Hela —> Pioa +Prefena
(ili) Complete the particle equation for the decay of the delta (A°) particle.
(1)

A © ¢ #p'

a\___

ig ResultsPlus
Examiner Comments

A good answer for both parts of the question.

T\ ResultsPlus
\_} Examiner Tip

Note that the p symbol for a proton does not need a plus sign. This
was not penalised.
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Question 15 (a)(iv)

This question tested whether candidates could apply conservation of baryon number.

An answer such as "the proton is a baryon so the delta must be a baryon" was too vague.
This type of answer needed to also point out that the pion is not a baryon.

(iv) State why the delta particle must be classified as a baryon based on the evidence

of its decay.

The

T A

N

ﬂR&suﬁsﬂus
Examiner Comments

the delta is a baryon.

This answer makes it clear that there is one baryon after the decay, so

(iv) State why the delta particle must be classified as a baryon based on the evidence

of its decay. _

]

)

(1
g Mt ks ad

N

ﬂ ResultsPlus
Examiner Comments

structure of a baryon is.

A number of answers were side-tracked by explaining what the quark
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(iv) State why the delta particle must be classified as a baryon based on the evidence

of its decay. | w PIE‘A"} 1‘ Q 1 j-g))
................. Proitr rS%{
Serhovyon nomber 10 bod Mo delfon

MySt he o~ bryen

% ResultsPlus
Examiner Comments

A small number of responses indicated that the standard model had
not been learnt.
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Question 15 (a)(v)

This question was about the application of the equation p = Bgr. The proton has a larger
radius track than the pion.

Some candidates referred to "more curved" or "less curved" but it was then easier to get the
answer the wrong way round.

(v) Explain how the momentum of the proton compares with the momentum of

the pion.
(3)

Siwoce Pebton. . W\ Wy Dgrﬁﬁvm}modwum .
P=®

N

~ { ResultsPlus
/--._ Examiner Comments

An answer pointing out the equation, the larger radius track and
correct conclusion for full credit.

| Examiner Tip

’ V \ ResultsPlus
\

It is a good idea to define the other terms in the equation, B and Q, or
at least point out that they are constant.
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(v) Explain how the momentum of the proton compares with the momentum of
the pion.

@)
Tle _momeatnwm p oF pethe probon is. much lagyer.
Haen be momentun OF ke pion as it is affected i,
chrie Field mueh (ess

ﬂ ResultsPlus
Examiner Comments

Without achieving mark point 1 or 2, mark point 3 could not be
awarded.

This answer also displays a misunderstanding of the role of electric
fields in particle detectors.

(v) Explain how the momentum of the proton compares with the momentum of
the pion.

%Examlner Comments

Some candidates incorrectly associated a less curved path with a
smaller radius.

P
P |
Pt

A ResultsPlus
\/

) Examiner Tip

A "flatter" curve has a large radius.
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(v) Explain how the momentum of the proton compares with the momentum of
the pion.
(3)

_______ . Hae decom . ¥ae U Jas oot Yy sime.
:imm\’mm Xy £nee. J“E}TA@ ”@L.o\gmoﬁ&h

N

ﬂ ResultsPlus
Examiner Comments

Answers that tried to consider momentum conservation will not be
able to answer this particular question.

Momentum is conserved, the momentum of the delta will equal the
sum of the initial momentum of the proton and pion.

This doesn't help to compare the momentum of the proton and pion,
which is why a magnetic field is applied in a detector.
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Question 15 (b)(i)

Conversions from MeV/c? to kg or vice versa are now well done by the vast majority of
candidates.

(b) The mass of the delta particle is 1232MeV/c’. Fowct
o B

(i) Calculate the mass of the delta particle in kg. £ _—
Y2 sixlet c* 3)

domarete LG8 " P Rrpogo o Lfwe”

f

ﬂ ResultsPlus
Examiner Comments

This answer appears to convert eV to J correctly. It gets into a muddle

applying m = E/c.
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(b) The mass of the delta particle is 1232 MeV/c’,

(i) Calculate the mass of the delta particle in kg.

3

i 2)24«7 s /6~

 (acoo00e)?

= ? |9022.2 xo™?

N\

o

Correctly

ResultsPlus

Examiner Comments

done for full credit.
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Question 15 (b)(ii)

This question examined the application of deltaf = deltamc?.
The rest mass of the delta is more than the total rest mass of the proton and pion.
The loss in mass has been converted to kinetic energy of the decay products.

Note that the delta particle would have some kinetic energy and this would also have been
passed to the decay products. This wasn't required for the marks as the question
concentrated on the mass difference.

(ii) The mass of the proton is 939 MeV/c” and the mass of the pion is 139 MeV/c’.

Explain why the sum of the masses of the two particles after the decay is not
equal to the mass of the delta particle.

ﬁ/ ‘\/ ResultsPlus
/‘*—-. Examiner Comments

This quotes the relevant equation. However it suggests that energy has
been converted to mass because the mass of the products is more
than the mass of the delta particle.
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(ii) The mass of the proton is 939 MeV/c’ and the mass of the pion is 139MeV/c’,

Explain why the sum of the masses of the two particles after the decay is not
equal to the mass of the delta particle.

3)
Ahe mass. G Ve Poton added (o tle mass cbHe Pon oyt

both hawe decived  coes not equal  to  the
mass @ th delta Potce. his i because as
the froton and fron de@@ed thy (eS¢ Some. mass.
s means that, Uhen odded back togethy Mf_ia
have less ms,s dw; ol enaly,

iﬁ ResultsPlus
Examiner Comments

This answer finally states that the mass of the decay products is less
than the delta particle.

P
S \ ResultsPlus

Examiner Tip
It is often easier to use a numerical argument if available. The mass
difference is 154 MeV/c?,
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(ii) The mass of the proton is 939 MeV/c” and the mass of the pion is | 39 MeV/c.

Explain why the sum of the masses of the two particles after the decay is not
equal to the mass of the delia particle.

939 %9 (0T (0T <1725

o W&“ “"“"’"?“J-CMMM&

ig ResultsPlus
Examiner Comments

This gets most of the answer correct. However it doesn't state that the
energy will be in the form of kinetic energy of the decay particles.

.-'f‘\

\_) \ ResultsPlus

Examiner Tip

Note that the candidate has written E = mc2. The "deltas" are omitted.
This wasn't penalised but the "deltas" are important and their meaning
should be understood and included.
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(i) The mass of the proton is 939 MeV/c® and the mass of the pion is 139 MeV/c’,
hy the sum of the masses of the two particles after the decay js not
el to

the mass of the delta particle.

3)
wesntun 1S consenred
. ef 6" 7S 1232 Mel/ , cmel. the
ot eners Yon.cend. pron. 5. F3Y1/89 < wF’E’MoU.
acwraﬁf ?’-:,LEP-:A: - " :NIHH e £ e %ﬁm-e%
m. sl T 1..850. IJ'M JoSt

Oéeo‘? , WWOCM ac‘w’w'ﬂ H éﬂ‘l I for uesﬂon 15 = 14 marks)

f

ﬂ ResultsPlus
Examiner Comments

This answer gets across that it is a loss in mass and has some
calculations to go with it. The equation is quoted and that the mass will
become kinetic energy of the decay products.

It also discusses momentum conservation which will apply but wasn't
required in this answer.
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Question 16 (a)

The indicative content question was about a d.c. motor.

The first three indicative content points were about applying Fleming's left hand rule to this
diagram.

The fourth was for explaining that the moment of the two forces (or couple) will cause
rotation.

The last two points were for explaining the action of the split ring.

GCE Physics 9PHO 01 52



16 Electric vehicles use a direct current (d.c.) electric motor powered by a battery for
propulsion. A simplified diagram of a d.c. electric motor is shown.

A split ring consists of two semi-circular sections that are attached to a coil. The coil is
labelled ABCD. Two brushes, made of carbon, rub against and make electrical contact
with the split ring.

*(a) Describe how this arrangement can lead to the coil rotating.

(6)
s A ondtes e dhe splic. oy i€ causes. Bt g . bre_cmalese ..
......... e “cﬂttmcnmd-daénmﬂdamhqmit{qmtpﬁhh
- 'Eamlaa 'y Lown.. Sontes s aneomb 8. cadazedh Munfh%m‘s-hlimrf
......... erpedenter...s chaope. i Pl Whan an em:S is indwad .. Lana's. low.. Stk
.......... O Corcene Wk aloe be indead., oppenicg whes chanst  rhot creawed e
........ Wﬁmxiﬂmﬁmciiﬂnwuad“‘ﬁﬁdo[rsmnﬁwrwwﬂ
........................................ Prose i charge i Bl ) Onising vt coil xe. otakt o am
................ Hax s.qrtr\ftvwhm%q:{mhﬁtaﬂch‘nnm*lgtwp.

ResultsPlus

Examiner Comments

Some candidates described the action of a dynamo rather than a
motor.
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16 Electric vehicles use a direct current (d.c.) electric motor powered by a battery for
propulsion. A simplified diagram of a d.c. electric motor is shown.

A split ring consists of two semi-circular sections that are attached to a coil. The coil is
labelled ABCD. Two brushes, made of carbon, rub against and make electrical contact
with the split ring.

split ring

(6)
Tha. Canl above.. shaddans. . 8.0 1M@an.mn&mﬁﬁh;:mhﬂwmg&

WﬂqunLﬂmﬂmﬂuﬁhﬁMmbﬁM,mmm ...........

v B AT .. YN hO.. Mol SO A HEAMATAAS oo

Qrreak. in. 0% CoL.. ook UM Coeatt. o fOMa..,. FEBILSIA3Q., ...

u'emar-huumﬁ.nhg&ms ..... and.. tas e BB il ansae. checonuxaely., .

m‘iihd.m.trmn.chcmauhjmymﬁuﬂm.nm;n}tﬁmamg.mf.m&.

ke feskes abunl Hag. Ouoeid. ,
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\( / ResultsPlus
/'--‘: Examiner Comments

A number of answers did not specify the direction of the current in the
coil.

This answer has the second indicative point for force on a currentin a
magnetic field.

There is no attempt to explain the split ring.
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*(a) Describe how this arrangement can lead to the coil rotating.

(6)

........ # \hen the  bovshes fhagainst M sphr
......... ES@.,.,.,,..,.,!.,...':.._._._geﬂ6&"6 a torent  thar 1

%Z ResultsPlus
Examiner Comments

This answer has the first three indicative points.
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16 Electric vehicles use a direct curren Ed.c. lectric motor powered by a battery for
propulsion. A simplified diagram of ad.c. electric motor is shown.

A split ring consists of two semi-circular sections that are attached to a coil. The coil is
labelled ABCD. Two brushes, made of carbon, rub against and make electrical contact
with the split ring.

coil

brush

(6)

. He o
j M.!:L ........... %.JA Loae PMMML« Mﬁ'\ll:u. ......... 2. d-c.J;smwm
M" .......................................................................... e ) e

B B c.mmk bands g o CbB the vagnebicgadd
,,,,,, ﬁMAWreMkMPM“-UﬁL(D) ST N o, e
"—"BM ......... BE:: .......................... MFE’-VJ; ....... taw ...... QPPOSI'&MW ........ (E.:.CEDD
W ....... achg .......... OO AN Thic Mcmj\

k-, rgl:&b; ........ OAALt-c.‘DLL.m!JQ, .......................... Pl.d: ...... rwva ..... va\"—Qﬁl?ﬁJk ....... &pv-@lx
@u% ........ LALB ......... E w&qw ........ nol.’a.l:ag ...................

DAL S s W C ........ (evawges | Cranxr mJ,C A QP.PWLL.MQ&..}
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N
\/ 1{ ResultsPlus

Examiner Comments

This is a very well-explained answer. The diagram has been added to
and labelled.

Five indicative points are present. The only one missing is the
comment about moments causing a rotation.

M\ ResultsPlus
\ Examiner Tip
In questions where a diagram has been provided it is acceptable to

add to the diagram but make sure you label things clearly.
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Question 16 (b)

This question expected the use of equations with energy and power.

There was a lengthier way of finding the kinetic energy by deriving the equation for kinetic
energy from first principles.

(b) An advert for an electric car has the following information:
+ electric motor can develop up to 390kW output power

* car achieves a velocity of 28ms™ from rest in 4.0s at maximum power

Calculate the work done by resistive forces when the car accelerates to a velocity of
28ms’' from rest in 4.0s. = TN

e ——
[

mass of car = 1950kg

(3)
z
ke_ — Ji--u.q-" - & S*»\uso 28 S FlwwodTJ
- & _ =

e R s R

f

iﬁ ResultsPlus
Examiner Comments

A fully correct answer based on the use of energy equations.

/"*-.
.r" i

\ \ ResultsPlus

Examiner Tip
When a question refers to work done, the use of an approach based
on energy is likely to be more straightforward.
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(b) An advert for an electric car has the following information:
+ electric motor can develop up to 390kW output power P
« car achieves a velocity of 28ms™' from rest in 4.0s at maximum power v ﬁ

Calculate the work done by resistive forces when the car accelerates to a velocity of
28 ms™' from rest in 4.0s,

mass of car = 1950 kg f7

3

Work done by resistive forces =

_ ResultsPlus

Examiner Comments

A number of answers either just calculated the energy output of the
motor (as in this case) or the kinetic energy gained.
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(b) An advert for an electric car has the following information:
» electric motor can develop up to 390kW output power
* car achieves a velocity of 28ms™' from rest in 4.0s at maximum power

Calculate the work done by resistive forces when the car accelerates to a velocity of
28ms™ from rest in 4.0s.

mass of car = 1950kg

3
............. 3"°"WP’“""Fovcemaﬂ*ﬂtfe\wwo:
_____________ 26ms? in 45 1450 x (2&) = 1RbSON
____________________ =Fas  s:ubdzat® L
.................................................................................... s+ 3 x (F) A4 = Sbw
LA3630 x 56 = 1644007
Work done by resistive forces =  /AMSRBRY

Z ResultsPlus

Examiner Comments
This answer has determined the kinetic energy of the car from first
principles.
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(b) An advert for an electric car has the following information:
» electric motor can develop up to 390kW output power
» car achieves a velocity of 28ms™ from rest in 4.0s at maximum power

Calculate the work done by resistive forces when the car accelerates to a velocity of
28ms™ from rest in 4.0s. 3
P - Aox |6"Ww

mass of car = 1950 kg

Vi Zhaart R SRR T T RS
c~ be P c
______________________________ ax'-'—?mqs—'-f*‘t/z@t?f’r"g

Lo Ors

LG9 _ M

2 ResultsPlus

Examiner Comments

Many of the attempts to determine the kinetic energy from first
principles contained a mistake.

This attempt calculates the force using mg rather than ma.
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Question 16 (c)

This question was marked by using either of two approaches.

An energy approach: explaining that more energy would be transferred internally in the
battery, the battery becomes less efficient and needs to be charged more frequently.

A force/power argument: explaining that the terminal p.d. would decrease, the current would
decrease so there would be less power output or less acceleration.

(c) A website suggests that ‘fast-charging’ the battery in an electric vehicle can increase
the internal resistance of the battery.

Explain why an increase in internal resistance of a battery is a disadvantage.
3)

Tacess. Yue..irdetamd  (@SiShr an. en MoVl waoldd dotrecas

~ 3o A Wy
Q.. clﬂ-uue‘kgae . ?g[-mi—\q\ -\;H@(&nc&_ qlm Releans Y Yot
ot lowtl o Gar ol pove | Mower makay b g dismdvedesg

e 3\

N,

ﬁ/ { ResultsPlus
/--._ Examiner Comments

This answer is close to three marks for the force/power approach.

It was expected that candidates would refer to terminal p.d. The p.d.
across the internal resistance would increase.

This answer gains mark points 2 and 3.

/J,,f )

U\ ResultsPlus

\ Examiner Tip

Use correct terminology, when discussing internal resistance of a
battery. Make sure you use "terminal potential difference" to be clear

you are describing the output or useful p.d.
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(c) A website suggests that ‘fast-charging’ the battery in an electric vehicle can increase
the internal resistance of the battery.

Explain why an increase in internal resistance of a battery is a disadvantage.

. - e 15 o pd acest o
............ mﬂxahmammdﬂ],uqﬂ‘saﬂ-rfoﬁkusamw&? ol Mrﬂ
............... ﬂm LA ‘ n.... &!‘!,&QIS%

............... mmhﬁkﬂr e & Mo cleghicas euoms 8 waoaskeoh
mwmﬁaﬂﬁ wh ﬁ_ﬁ/ﬂ.&fﬁwqmim%

F ......u......n_.fu-u g T alasals
oy et pur wndk oF UStR wok hoaR e tion 16 = 12 marks)

a\__

ig ResultsPlus
Examiner Comments

This answer used the energy approach and gains the first two mark
points for describing the increase in energy transferred within the
battery.

It then gives a good alternative answer for the third mark point: costs
more per unit of useful work transferred.
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Question 17 (a)

This question tested the candidates skills at solving a projectile problem.

There are a few different ways to approach this question but the most common way was to
determine the time of flight of the ball to the boundary.

Then to use s = ut -1/2at? to predict the height of the ball at the boundary and decide
whether it was within range of the fielder.
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17 In cricket a fielder is often placed at the boundary edge as shown. If the fielder catches
the ball, the batter is out.

55.0m
: >

The fielder is 55.0m away from the batter. The fielder can catch the ball providing the
ball is less than three metres above the height at which it was hit.

The ball is hit with a velocity of 23.8ms™ and at an angle of 50.0° to the horizontal.

(a) Deduce whether the fielder can catch the ball in this case.
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N / ResultsPlus
/--.‘: Examiner Comments

This method was relatively unusual. It determines the horizontal
distance to the ball when the height is 3m.

This gains all the marks except for the conclusion mark.

For this mark it needed to be clear that beyond the calculated distance
the height would decrease and therefore the fielder would be able to
catch it.

“ .':f"" . ResultsPlus
“\

Examiner Tip
State the reason for your conclusion clearly.
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17 In cricket a fielder is often placed at the boundary edge as shown. If the fielder catches
the ball, the batter is out.

e ———
-

Z" \\\
5
h fielder
batter
: 3m K
1 55.0m .
boundary

The fielder is 55.0m away from the batter. The fielder can catch the ball providing the
ball is less than three metres above the height at which it was hit.

The ball is hit with a velocity of 23.8ms™ and at an angle of 50.0° to the horizontal.

(a) Deduce whether the fielder can catch the ball in this case.
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N

ﬂ ResultsPlus
Examiner Comments

This shows the most common method correctly for full credit.
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17 In cricket a fielder is often placed at the boundary edge as shown. If the fielder catches
the ball, the batter is out.

-
- -

" path of ball \‘\
/,, \‘\\
o b
/,’ \\
fielder
batter "
’/
R
5 55.0m o
* .
boundary
The fielder is 55.0m away from the batter. The fielder can catch the ball providing the
ball is less than three metres above the height at which it was hit. _
The ball is hit with a velocity of 23.8ms"' and at an angle of 50.0° to the horizontal.
(a) Deduce whether the fielder can catch the ball in this case.
(5)

V:)':Z 3-8 xsm (s n)

3 na
Gz uk +.£a.t

3= 43 ‘?sm(so)b *‘.‘-. L q- Pjt"
.......... Q =2 43.3(siu(®s0) p t-‘l i\ t"'- 32

«3--*\/.,‘_*.& V= 238 8lkSo
= )m(sd) x 3.5u
REET NN (249)
As,,,, SU- U M b Quy Mssmm hft },(ﬂ«
Can calch  Hae LMQL
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N / ResultsPlus
/--.‘: Examiner Comments

This method was relatively unusual.

The time taken to reach a height of 3m is calculated using
s =ut-1/2at?,

The time is then used to calculate the horizontal distance the ball
travels.

-  ResultsPlus
\

Examiner Tip
This conclusion is only just enough. It would have been clearer to have
said "as the ball actually travels a little further to the boundary the
fielder will be able to catch it as the ball continues to fall".
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Question 17 (b)(i-ii)

The first part of this question was to calculate the momentum of the ball after being hit
using mv.

The second part was to complete the vector diagram to determine the momentum of the bat
after the hit.

Some candidates did not appear to know how to start the question and left it blank.
Many candidates completed a triangle. Usually their third side was unlabelled.

Only a minority of candidates realised that there were two objects moving before the
collision and the same two objects were moving after the collision. These two objects, the bat
and the ball, would need two vector lines.
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(b) The ball was bowled. Just after the bat hit the ball, the ball had a velocity of
23.8ms™ at an angle of 50° to the horizontal.

(i) Show that the magnitude of the momentum of the ball, after it was hit, was
about 3.3Ns.

mass of cricket ball = 0.140kg

0734 3332

(ii) The vector diagram below shows, accurately to scale, the momentum of the ball
and the momentum of the bat before the hit.

Determine, by completing the vector diagram, the momentum of the bat after it
hit the ball.

momentum of bat before hitting ball = 15.0N's at 25° to the horizontal
momentum of ball before hitting bat = 4.6N's at 10° to the horizontal

(3)

e

e —— — -

Prvan before

belbghi { Goprt = k éﬂ/f

Momentum of bat after hitting ball = o ﬁ ? bf:'; K'ZM/

e

atan angle of ... L to the horizontal
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A fully correct, labelled vector diagram.

AN

¥

ResultsPlus

Examiner Comments
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(b) The ball was bowled. Just after the bat hit the ball, the ball had a velocity of
23.8ms™' at an angle of 50° to the horizontal.

(i) Show that the magnitude of the momentum of the ball, after it was hit, was
about 3.3 N's.

mass of cricket ball = 0.140kg

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

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

(ii) The vector diagram below shows, accurately to scale, the momentum of the ball
and the momentum of the bat before the hit.

Determine, by completing the vector diagram, the momentum of the bat after it
hit the ball.

momentum of bat before hitting ball = 15.0N's at 25° to the horizontal
momentum of ball before hitting bat = 4.6 Ns at 10° to the horizontal
: (5)

ok

Poo

Momentum of bat after hitting ball = . 12 -ZN

[-]
at an angle of ... . 15 .................... ... to the horizontal
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\( / ResultsPlus
/'--‘: Examiner Comments

This candidate has realised there are two objects moving after the
collision.

The mistake was not to start either of their vector lines at the point
where the vector for the ball before starts.
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(b) The ball was bowled. Just after the bat hit the ball, the ball had a velocity of
23.8ms™' at an angle of 50° to the horizontal.

(i) Show that the magnitude of the momentum of the ball, after it was hit, was
about 3.3Ns.

mass of cricket ball = 0.140kg

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

(ii) The vector diagram below shows, accurately to scale, the momentum of the ball
and the momentum of the bat before the hit.

Determine, by completing the vector diagram, the momentum of the bat after it
hit the ball.

momentum of bat before hitting ball = 15.0N's at 25° to the horizontal
momentum of ball before hitting bat = 4.6Ns at 10° to the horizontal

bedt : lom =\ N (5)

Momentum of bat after hitting ball = ... 3 H’ ...... M
atanangleof . 2% . tothehorizontal
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e 3\

N &{ ResultsPlus
/--.. Examiner Comments

This answer has a small error - it is the direction of the arrow on their
P pat after vector.

However the answer satisfies all the mark scheme points to collect full
credit because their other arrow is correct.

e 3\

" \ ResultsPlus
\

| Examiner Tip

Remember to label vectors and add the arrow.
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(b) The ball was bowled. Just after the bat hit the ball, the ball had a velocity of
23.8ms™" at an angle of 50° to the horizontal.

(i) Show that the magnitude of the momentum of the ball, after it was hit, was
about 3.3Ns.

mass of cricket ball = 0.140kg

(ii) The vector diagram below shows, accurately to scale, the momentum of the ball
and the momentum of the bat before the hit.

Determine, by completing the vector diagram, the momentum of the bat after it
hit the ball.

momentum of bat before hitting ball = 15.0Ns at 25° to the horizontal
momentum of ball before hitting bat = 4.6 Ns at 10° to the horizontal
()

e - - -

Pray before
being hit
oS - (.6 10
SN IS¢
Mot o bat e hitting Ball. ot 6 s
B
at an angle of ... 3 H ........................................... to the horizontal
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\/ / ResultsPlus
/--.‘: Examiner Comments

This is an example of completing a vector triangle. No label added.

These could usually gain 1 mark by using the scale correctly, in this
case the number in the answer line does not correspond to using the
correct scale.
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Question 18 (a)(i)

This question tested the use of the root mean square equation. A rare mistake was to forget
the unit.

18 The circuit shows a 1 mF capacitor connected to an a.c. supply. The graph shows how
the potential difference ¥ varies with time 1.

6

a2 PR P
3 VAR 4
¢ 0.005 0.01 0.015 9.)2 0.025 0.03

j N |/ tls

Ve — ImF v

Root-mean-square potential difference = ...

N\

iﬁ ResultsPlus
Examiner Comments

Don't forget units. It especially seems to happen in very
straightforward calculations.
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18 The circuit shows a | mF capacitor connected to an a.c. supply. The graph shows how
the potential difference V varies with time 7.

6
N A
24, Lok o f.\ Vi
VIV i
vV —_— - -
& ImF 0 170.005 001 0015 002 0025 0.03
-2 \ i t/s
P L
o 572
6

/ ResultsPlus

Examiner Comments
This is the rms value of time period.
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18 The circuit shows a 1 mF capacitor connected to an a.c. supply. The graph shows how
the potential difference V varies with time .

/1 N\ /

0.005 0.01 0.015 0.02 0.025 0.03

j N |/ tls

N

6
(. Pan
2
0

— 1mF

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

Root-mean-square potential difference = %thf .........................

ResultsPlus

Examiner Comments

Most candidates correctly determined the value and unit.
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Question 18 (a)(ii)
This question was about recognising:

e that the 5in the equation was to increase the amplitude to the peak value of V.
¢ that a sine wave normally has a period of 2pi so to convert that to a time period of 0.02 s,
50 x 2pi t as the frequency is 50 Hz or 50 x 0.02 =1.

(ii) The formula used to generate this graph is V' = 5sin (100 )

Explain why this formula leads to the graph above.
(3)

ke Gia. MLW B\ e mi m_._n;-fn. ‘r.ﬂ’an, The . & asreren

\{usbmifoS R TACHE . W A {,.JL %,;L FPSN S TS Wz «. 2%
ﬂi e B f‘r‘ shewa.... i SO Qﬂ'?r L

3/ { ResultsPlus
/---.. Examiner Comments

This answer was convincing for all 3 marks.
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(i) The formula used to generate this graph is V= 5sin(1007/)
Explain why this formula leads to the graph above.

s

%namtﬁ) ........................... b-a ......... e il Shuge. o

iz ResultsPlus
Examiner Comments

A good, clearly explained answer for full credit.
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(1)) The formula used to generate this graph is V' = 5sin(100n7)

Explain why this formula leads to the graph above.
(3)

Thw&&g\tn%"oﬁ S weans Hna*\/a=5

A  Showm in. He g!‘q .
e -loore e o P Sin weahs éhat

e
OS&\”&‘W‘&PW Secgmés ..-50 GSQUCJ‘\M

e (}Enc)o\ g-er l OSC\" c\i‘ g = 5";' S

= el 8 as wWe comv  Sfee
WA Pwe arc\p"‘-

i& ResultsPlus
Examiner Comments

A slightly different but equally convincing explanation for full credit.
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(if) The formula used to generate this graph is V" = 5sin(1007®7)

Explain why this formula leads to the graph above.
(3)

Ao _the Mmaximum. amphit ude 15 DV S0
mulkiply  aine graph by B Aive  arapla
Wyhalluy.. tepeats vy 7€ 2T YodianAa o
")Obu)MUHlpleﬂcﬁkbkﬁ“r‘k’ﬂpMM%
Inkrogr valms  ON THE 4ekrit GRAPH . Also by
multapluy Mg B 10D, AT didims. ou 100 5w
Ve pcxl‘?\o\p%«, o | K

<Z< ResultsPlus
Examiner Comments

This gains the first two mark points for Vmax =5 and for the idea of a
normal sin graph having a period of 2pi.

(ii) The formula used to generate this graph is = 5sin(100x/)

Explain why this formula leads to the graph above.
3

Examiner Comments

This gains the mark point only for V peak = 5V.
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Question 18 (b)(i)
This section of questions was linked to a spreadsheet.

This part examined a simple equation: Q = CV.

Candidates did have to state "where C = 0.001 F" or something similar for the second mark.
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(b) A spreadsheet is used to model how the current / in the 1 mF capacitor varies with 7.
Six rows of the spreadsheet are shown below.

A B C D E F G

tl's Atls VIV | O/ C | On /C | AQ/C I/A
7 | 0.0050 | 0.0010 5.00 0.00476 | 0.00500 | 0.00024 0.24
8 | 0.0060 | 0.0010 4.76 0.00500 | 0.00476 | —0.00024 | -0.24
9 | 0.0070 | 0.0010 4.05 0.00476 | 0.00405 | -0.00071 | -0.71
10 | 0.0080 | 0.0010 2.94 0.00405 | 0.00294 | -0.00111 | -1.11
11 | 0.009 | 0.0010 1.55 0.00294 | 0.00155 | —0.00139 | -1.39
12 | 0.0100 | 0.0010 0 0.00155 | 0.00000 | —0.00155 | -1.55

(i) Explain how cell E10 has been calculated. -

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

ResultsPlus

Examiner Comments

Some candidates tried to use an exponential equation.

4‘.%
0\ ResultsPlus

As cell E10 is being calculated try using your method. If it is correct it
should produce the number in cell E10.
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(b) A spreadsheet is used to model how the current [ in the 1 mF capacitor varies with 1.
Six rows of the spreadsheet are shown below.

A B C D E F G

tl's At/s | VIV | Quew/C| Qua/C | AQ/C | I/A

7 | 00050 | 00010 | 500 | 000476 | 0.00500 | 0.00024 | 024

8 | 00060 | 0.0010 | 476 | 0.00500 | 0.00476 | —0.00024 | -0.24

9 | 00070 | 00010 | 4.05 | 0.00476 | 0.00405 | —0.00071 | —0.71

10 | 0.0080 | 0.0010 | 294 | 0.00405 | 0.00294 | -0.00111 | -1.11

11 | 0.0090 0.0010 135 0.00294 | 0.00155 | -0.00139 -1.39

12 | 0.0100 | 00010 0 | 0.00155 | 0.00000 | -0.00155 | -1.55

(i) Explain how cell E10 has been calculated.

(2)
................................................................................ Q incke) Qe
QﬁhT ,,,,,, o —— QFM“,

/ ResultsPlus

Examiner Comments

A basic idea of a spreadsheet is that a calculation of a cell is based on
the use of numbers from previous cells. This answer cannot be correct
as it uses a number from a cell which will be calculated after E10, ie
F10.
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(b) A spreadsheet is used to model how the current / in the 1 mF capacitor varies with .
Six rows of the spreadsheet are shown below.

A B C D E F G
tls At/s | VIV | Que/C| Oua/C | AQ/C | /A
7 | 00050 | 0.0010 | 500 | 000476 | 0.00500 | 0.00024 | 024
8 | 0.0060 | 00010 | 476 | 0.00500 | 0.00476 | —0.00024 | —-0.24
9 | 00070 | 00010 | 405 | 000476 | 0.00405 | -0.00071 | -0.71
10 | 00080 | 0.0010 | 294 | 0.00405 { 0.00294
_._-
11| 0009 | 00010 | 1.55 | 0.00294 | 0.00155
12 | 00100 | 0.0010 0 | 000155 | 0.00000
(i) Explain how cell E10 has been calculated.
)
..................................................... O CN
3 B
......................................................... G=\xox3rqy =000
ResultsPlus

Examiner Comments

A fully correct answer for 2 marks.
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(b) A spreadsheet is used to model how the current / in the 1 mF capacitor varies with 7.
Six rows of the spreadsheet are shown below.

A B C D E F G

t/'s Atis | VIV | Quw/C| Oua/C | AQ/IC | 1/A

7 | 0.0050 | 00010 | 500 | 0.00476 | 0.00500 | 0.00024 | 0.24

8 | 0.0060 | 0.0010 | 476 | 0.00500 | 0.00476 | —0.00024 | -0.24

9 | 00070 | 00010 | 405 | 0.00476 | 0.00405 | —0.00071 | —0.71

10 | 00080 | 0.0010 | 294 | 0.00405 ~0.00111 | -1.11

11 | 00090 | 0.0010 | 155 | 0.00294 | 0.00155 | ~0.00139

12 | 0.0100 | 0.0010 0 | 0.00155 | 0.00000 | —0.00155 | -1.55

(1) Explain how cell E10 has been calculated.
(2)
............ 000 1% 2 A 2 2R R A e
........................... LE S VA A
ResultsPlus

Examiner Comments
The value (0.001 s) in cell B10 also looks as if it might have been used.

The equation Q =V delta t is not dimensionally correct, so this is an
error of Physics.
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Question 18 (b)(ii)
This question is similar to Q18(b)(i).
The relevant equation is / = delta Q/ delta t.

The spreadsheet accentuates the need for the correct "Q" and "t". Just Q and/or t on their
own are not correct.

(ii) State the formula used to calculate cell G11.
(1)

..... :l:—-—Tne":&

N
\( / ResultsPlus

< Examiner Comments

As in the last question, a number of answers contained exponential
equations.

“ .':f"" . ResultsPlus
\

Examiner Tip
The point of using a spreadsheet is that it removes the need for
exponential equations.

Using a small enough interval of time for each row will produce an
equivalent set of values compared to using an exponential model.

93 GCE Physics 9PHO 01



(11) State the formula used to calculate cell G11.
(1)

1=S--
' o

_J::\' —
ﬂ/ i{ ResultsPlus
/--. Examiner Comments

This is incorrect as the current is equal to the change in charge divided
by an interval of time.

The "deltas" are important.

Resuﬂsﬁlus
\

Examiner Tip
Using a spreadsheet as a model for various situations in Physics is a
great way to learn and understand more detail.

(i) State the formula used to calculate cell dﬁ' z ¥ K 6\4 = Wikt m

Srray

/AN

L

y / ResultsPlus

Examiner Comments

I
{

dor delta was perfectly acceptable.

This candidate also explains which cells are used to calculate cell G11.
This would have been acceptable in its own right.
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Question 18 (b)(iii)

This final question on the spreadsheet examined the use of any of the "energy stored by a
capacitor" equations.

As the question asked for the maximum energy, candidates needed to look for the correct
row in the table.

The vast majority of candidates recognised this corresponded to 5 V. Some did not use the
correct "Q" ie charge on the capacitor.

(iii) Calculate the maximum energy stored on the capacitor.
(2)

S QN = -z.x 0.00500x § = O/DI2ST

Maximum energy stored on the capacitor = 0.0) ’ng

.J::\ —
ﬂ/ &{ ResultsPlus
/--.. Examiner Comments

This method is perfectly correct for full credit.

(iii) Calculate the maximum energy stored on the capacitor.

z (2)
Ct/
3

*’ch:: X 5' 0*0-‘25}’

a w-

i
ol
J

‘9..

00|57

Maximum energy stored on the capacitor = . & S0 T2 7

.J::\ —
ﬂ/ i{ ResultsPlus
/--.. Examiner Comments

Most candidates quoted and used this equation. This answer is fully
correct.
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(iii) Calculate the maximum energy stored on the capacitor.

Vo W &
B W

________ RSP ¢4 SRR __*Q..._. ., O e (el

Maximum energy stored on the capacitor = W 2 0

iﬁ ResultsPlus
Examiner Comments

This answer uses a correct equation. But it uses an incorrect value of
charge from the spreadsheet. This value is not the maximum charge
(0.005 Q) at this potential difference.
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Question 18 (¢)

This final question proved challenging for many candidates.

The current and potential difference graphs both show changes in sign from + to - .
Note that although both are initially +, after 0.005 s, the pd is + but the currentis -.
Power therefore changes sign and does so every quarter cycle.

Sometimes the capacitor is storing energy and sometimes it dissipates it.

Overall the two cancel and there is no net dissipation (or storing) of power in the capacitor.
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(c) The spreadsheet data are used to plot a graph to show how / varies with #. This is
shown as a dashed line below.

6

2N P28 B
4 VIV
2 / L ¥ N . / ---- I/A
0 '\“ 'f -

The corresponding graph of  against ¢ is also shown as a continuous line.

Deduce whether the capacitor dissipates power over one cycle of the a.c. supply.

g ResultsPlus

Examiner Comments

A number of answers went one step further than the example above
and went on to say that no power is dissipated by the capacitor over a
cycle. This then gained mark point 4.
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(c) The spreadsheet data are used to plot a graph to show how / varies with . This is

shown as a dashed line below.
i // \\ /f - VIV
7 e I | AR e - S --=- IIA
0 = - -
" 0.005-- 0.01 --0.015 0.02 0.025 0.03
= tls
s \\1//
P 2

The corresponding graph of V" against / is also shown as a continuous line.
Deduce whether the capacitor dissipates power over one cycle of the a.c. supply.

(4)
Py
nen ootencaQ\ Al ieence (St moaxmum

OOINES |

(Total for Question 18 = 13 marks)

TOTAL FOR PAPER = 90 MARKS
ANy POWE LVNEN CurTent N PSENTQ)

Al PEIER. OR INTRASING A AATAINY.
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™
\-\.

< / ResultsPlus
/--.‘: Examiner Comments

Some candidates offered answers in which they attempted to use
P = IV with a pair of corresponding values of Vand /.

These answers could usually gain two marks (mark point 1 and mark
point 2).

They often involved recognising that / = 0 when Vis a maximum (or
vice versa).
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(¢) The spreadsheet data are used to plot a graph to show how 7 varies with 7, This is
shown as a dashed line below.

The corresponding graph of ¥ against 7 is also shown as a continuous line. e -Avea
Deduce whether the capacitor dissipates power over one cycle of the a.c. supply.

(4)
G?\t %f_\ .......... = O ..... O&S ..... e
e e N
V= Meen bebeen b0 b ond ks
........ L. = oA toe.z\:meaé\o\stea\ﬁa Ne
S WA VSR N W AV
6o Qodved (-’*“Q- (Total for Question 18 = 13 marks)

TOTAL FOR PAPER =90 MARKS

Becwuse 680 Cunves
@ %\\M\‘ww\ Qfoove ook
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Auea %ee\"w“h Uines =il

Ne Sower s Seded
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™
\ o

~ / ResultsPlus
/--.'. Examiner Comments

Very few answers explained the situation convincingly however this
example is a very good answer.

An alternative to substituting values into P = /V for mark point 2 was to
recognise the symmetry of the graph(s).

The examiner then considered that this answer says enough about the
area above and below the line to recognise the idea of positive and
negative power.

It gained full credit.
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Paper Summary

Based on their performance on this paper, candidates should:

e Remember that energy can provide an alternative approach when solving a mechanics
question.

e Write down the relevant equation when carrying out a calculation and then substitute the
numerical values, before rearranging the equation.

e Consider that momentum conservation questions can be solved elegantly using a labelled,
vector diagram. This method is usually quicker than a calculation.

e Note that free-body force diagrams are not as straightforward as people think.

e Consider that spreadsheets can be an interesting way to model a number of scenarios in
Physics.
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Grade boundaries

Grade boundaries for this, and all other papers, can be found on the website on this link:

https://qualifications.pearson.com/en/support/support-topics/results-certification/grade-
boundaries.html
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