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Introduction

The assessment structure of Unit 4, Physics on the Move is the same as that of Units 1,

2 and 5, consisting of Section A with ten multiple choice questions, and Section B with a
number of short answer questions followed by some longer, structured questions based on
contexts of varying familiarity.

This was a relatively straightforward paper that allowed candidates of all abilities to
demonstrate their knowledge and understanding of Physics by applying them to a range of
contexts with differing levels of familiarity.

Candidates at the lower end of the range of achievement could complete calculations
involving simple substitution and limited rearrangement, including structured series of
calculations, but could not always tackle calculations involving several steps or other
complications, such as applying trigonometrical functions correctly or remembering to
multiply the electronic charge by two for an alpha particle. They also knew some significant
points in explanations linked to standard situations, such as electromagnetic induction,
but missed important details and did not always set out their ideas in a logical sequence,
sometimes just quoting as many key points as they could remember without particular
reference to the context.

Steady improvement was demonstrated in all of these areas through the range of
increasing achievement and at the higher end all calculations were completed faultlessly,
most definitions were given with all the required details and most points were included in
ordered explanations of the situations in the questions.

Section A, Multiple choice:

Question Answer % correct A Most common incorrect choice
1 A 77 C (pion)
2 B 66 A (out of page)
3 C 82 A (acceleration)
4 D 67 A or B (smaller p.d. or decreasing
momentum of electron)
5 D 67 B (energy)
6 o 80 D(10Vm)
7 C 68 Bor D (ddu, duorissdd
8 B 52 D (work done)
9 B 62 D (the same, greater, greater)
10 A 71 B(E /2)
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Possible reasons for some incorrect choices:

2.
3.

10.

Candidates are possibly treating the direction of the electron as the direction of current.

Acceleration is the gradient of a velocity-time graph - perhaps this was chosen because
momentum = mass x velocity.

These both mean the electron has lower momentum, so candidates may have linked
lower momentum with shorter wavelength instead of linking lower momentum to
longer wavelength.

Candidates are probably thinking of kinetic energy, which they know does not have to
be conserved, and not picking up on rest mass.

This uses the distance to the halfway point between halfway mentioned in the question
- not sticking to the idea of a uniform field.

They are not used to thinking of the correct answer, magnetic flux density, as a vector
despite needing direction for Fleming's left hand rule, for example, and using the angle
in F = Bllsin 6. Work = force x distance, so possibly it is because they know force is a
vector.

There are several ways to arrive at the incorrect answer B, but it was very noticeable
that the great majority of candidates who wrote out the formula and made the changes
got the mark for this question whereas the great majority who made an incorrect choice
did not write anything. There are no extra marks for completing questions like this ‘in
your head’, so candidates should always write them out.

For the following questions, 11 to 18, the mark awarded tor each candidate response is
shown at the end of the Examiner Comment box.
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Question 11 (a)

Few students had significant problems in completing these calculations successfully, with
about three quarters getting full marks. Those who did not get all 4 marks made a wide
variety of errors. In part (i) errors included: not halving the diameter, not showing full
substitution, using 1440/60 for the period of rotation instead of 60/1400 and not quoting
the final answer to 3 significant figures. In part (ii) errors included: not converting 1.4 g to kg,
using the value of v from part (i) as w, missing the power of 2 in their written out substituted
formula or in the calculation, not halving the diameter and not including the unit in the final
answer.

(a) (i) Show that the speed of the point X on the rotating drum is about 35 m s,

diameter of drum = 0.480 m

(2)
(ii) A shirt button remains at a single point on the drum as the drum spins.
Calculate the centripetal force acting on the shirt button.
mass of shirt button = 1.4 g
(2)

= N X 0 % e

\loeoo

Centripetal force = o4 N

This candidate seems unsure about the difference between
angular velocity and speed in circular motion. In part (i)
speed has been calculated correctly but it was initially
labelled w and given in units of radians per second. The
value has been used as angular velocity in part (ii).

2,0
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(a) (i) Show that the speed of the point X on the rotating drum is about 35 m s™'.
diameter of drum = 0.480 m
(2)
............. L B
e L 2RX 400 X 0480 = 3508 ms '
60 %
(ii) A shirt button remains at a single point on the drum as the drum spins.
fGDD_a =ty Calculate the centripetal force acting on the shirt button.
mass of shirt button = 1.4 g
(2)
.................. AT 2 S
............................. - 1.4 xMem10° x 0.430 x 14OOXAK = 0,049 N
8 bO
Centripetal force = .. Q- Q49N ..

Examiner Comments

<%Zl?esults%ﬁlus

This candidate has completed part (i)
correctly and written an appropriate
formula for part (ii) but has substituted
just w and not w2

2,0
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(a) (i) Show that the speed of the point X on the rotating drum is about 35 m s™'.

diameter of drum = 0.480 m

(2)

&.y¥o N .
(11) A shirt button remains at a single point on the drum as the drum spins.

Calculate the centripetal force acting on the shirt button.

mass of shirt button = 1.4 g

(2)

T
Fz e = mv

Y

6.74

Centripetal force = O'ZM/

This candidate has calculated the
speed correctly and substituted
all values correctly for the force
calculation but has not actually
squared the value of speed.

21

2@ ResultsPlus

Examiner Tip

When a formula requires a term to be
squared, check that you have included
the square in the substitution and
when you calculate the answer.
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Question 11 (b)

This part proved more difficult for students, with about one quarter scoring at all and very
few getting both marks. Many students thought it was sufficient to state that there was a
centripetal force, but that had already been given in part (a). ‘Centripetal force’ is the name
we use when the resultant force in a situation is at right angles to the motion of a body so
that it follows a circular path; it is not a specific type of force. The candidates were expected
to add detail, such as that the centripetal force was provided by the drum or that it was not
experienced by the water.

Candidates who considered the forces acting were able to provide the required detail, and
diagrams, where seen, helped students to interpret the situation.

(b) Explain how the drum spinning separates water from the wet clothes.
(2)

. UM bl olpum s 5/»‘””#«5 a4 Seeta oo

j ResultsP

us

Examiner Comments

This candidate answers in terms of

a centrifugal force, suggesting that
there is an outward force acting on the
clothes.

0
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A resultant cendvperal foree in e form ¢f o reau:m Poree

fom_ e dnum is neeced  to

mohm. However, the  wate does net.. fmpenencz ﬂu; /ora [

tcan._go. through ke ol n At drwm dehw s not
in_ticdar. Mok and. instad  atelicat  out wards, aww). ..

fom +Ha clothas.

(Total for Question 11 = 6 marks)

<d\ :'A,,;"r‘ us
Examiner Comments

This answer correctly describes the
action of the centripetal force on the
clothes, but again answers in terms of
an outward force for the water.

1

IAL Physics WPH04

9



10

Question 12

By applying the principle of conservation of momentum methodically, the majority of
candidates were able to calculate the correct mass in part (a). It was not always clear that
they all knew that the momentum of DART after the collision was negligible and could be
ignored when they omitted it from the calculations, but it was accepted. Part (b) really
showed why students should take a moment to draw a vector diagram for a question like
this. About a sixth of them used the correct trigonometrical function, tan, and a matching
pair of quantities, such as change in velocity and original velocity of the asteroid. The
majority used sine and the ratio of the change in velocity of the asteroid to the original
velocity of DART.

(a) Show that the mass of the asteroid is about 5 x 10° kg.

mass of DART = 300 kg
(3)

Mo Vo s BVa
1875000 _yd
i -

l/,4 3 ?5 s ﬁ' %
co "‘5 é’ le 1(!“ L. 4 7L emen fv AL
(b) Suppose that DART will collide at 90° to the direction of the asteroid’s velocity.
The asteroid is orbiting at a speed of 0.16 m s™' about a larger partner.

'”fffé;ééﬁ;;af

Calculate the angle through which the velocity of the asteroid is deflected.

(2)
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Examiner Comments
In part (i) the question gave data including the change in velocity and asked candidates to use
the information to show that the mass matched an approximate value. This candidate used the
approximate mass to calculate the change in velocity. The answer they arrived at rounds to
0.40 mm s and has an extra significant figure, so it can get credit, but it is not the quantity
required by the mark scheme, so the maximum available marks are 2 out of 3.
There is a correct diagram for part (ii), but nothing to go with it.

2,0
A
Q ResultsP
Examiner Tip

Remember that, in ‘show that’ questions like this,
students are required to state the equations being used,
substitute all values and calculate a final answer that
rounds to the approximate value in the question, quoting
it to 1 significant figure more than given in the question.

us
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longow vution. . Od romcaten  Pletore = Paghem
o berors > k250 X too = |8 FS5000
-3 ~M
.P..q.g-.m.......:......._.______0_.___f-_x__x.!_f_?_._zﬁc.?f’.....i'..r):'l?75ao.o.
N 13 #500 0'3"0:9-‘9*&1

0« tx x10°

T

(b) Suppose that DART will collide at 90° to the direction of the asteroid’s velocity.
The asteroid is orbiting at a speed of 0.16 m s™' about a larger partner.

Calculate the angle through which the velocity of the asteroid is deflected.
-3 (2)

Angle = O“'f

<%Zl?esults?’lus

Examiner Comments

This answer is fully correct. In part (ii)
a vector diagram has made it much
simpler for the candidate to calculate
the angle.

3,2

T roan

Examiner Tip

Use vector diagrams to clarify the
situation.
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Question 13 (a)

The great majority tackled this straightforward calculation correctly. The errors seen
included halving the separation, omitting the power of 2, neglecting to give the unit and,

very rarely, using the value of the Boltzmann constant k rather than the Coulomb's law
constant k.

13 (a) Two point charges of 3.1 x 10°C and —2.4 x 10*C are placed a distance of 0.043 m
apart in a vacuum,.

Calculate the magnitude of the force between the charges.

Fo= kG @ 2.99%0 T X307 ) 4y

X (20283)

Force = 3.162.?‘ *'CJF("
) 2
ResultsPlus 5 -
Examiner Comments Examiner Tip

The unit has been omitted from the
correctly calculated answer so the final
mark cannot be awarded.

1

Always include the relevant unit with
the final answer.

13 (a) Two point charges of 3.1 x 10°C and -2.4 x 10*C are placed a distance of 0.043 m

apart in a vacuum, Ara praaded
Calculate the magnitude of the force between the charges.
(2)
Oppositr
~t

€2 3?3 e KB %) F | NS s 2N

TXExammer Comments

The candidate is thinking of a different
situation to that in the question. There
is a reference to diameter and the
separation has been halved.

1

Force-ngkLD N

O %

X5\ Resultst
Examiner Tip

Be sure to answer the question on the

paper and not something similar you
have done in revision.
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Question 13 (b)

(i) A few candidates made general statements about electric fields rather than electric
field strength, such as ‘a region where a charge experiences a force’. Most made the
connection with the magnitude of the force, if not the direction, saying it is the force on a
charged object, but a significant proportion did not give sufficient detail, not quoting ‘unit
positive charge'.

(i) The majority of candidates got no more than a mark for the direction going from left
to right. ‘At X' was stated twice, but there was a lot of discussion of the fields due to A
and to B in general, ignoring the effect at point X in particular. Many candidates wrote
about the field or field lines ‘moving’ from positive to negative, or about the direction in
which a positive charge would move, neither of which was creditworthy. The forces at
X perpendicular to the line AB were very rarely considered. This was, again, a question
where a simple vector diagram made the situation much clearer for candidates. They just
needed to draw the field at X due to each charge separately and then add the resultant.

(b) The diagram represents the electric field around two point charges of equal
magnitude. A is a positive charge and B is a negafive charge.

X

>@<

(i) State the meaning of electric field strength.

o fce  capianced by 4 Chorge in An @cttne beld -

(i) By considering the electric field at X due to A and due to B separately, explain
the direction of the electric field at X,

(4)

el At x A cul AN Lehe fud shegth Prards X
and 8 tamnde athactive dw fetd Jangtn Powerds B e,

o Therpry g chage 90 hom AR B ar ghown i tne diagraMm.

o dienon of ey held ab X S fwor§ .

ResultsPlus

Examiner Comments

(i) This is a general description of an electric field.

(ii) This describes the field at X due to each of A and B but does not deal with the resultant field.
0,2
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(i) State the meaning of electric field strength.
(1)

(if) By considering the electric field at X due to A and due to B separately, explain
the direction of the electric field at X,

N e feld aaned . A puink Chege B o codiel el (€= kg

. '31:"8'1;9« dwm O inedes. 46 el feld Lo b2t Fm fedrﬂv;,....

] ujm B w.s{cwt Reld ut a due b0 A will be ag,ﬁ o

<@Zl?esults?aﬁlus

Examiner Comments

(i) One of the better answers seen
because it includes 'positive'.

(i) This describes the situation fairly
well, getting 3 marks out of 4, but
does not account for the components
perpendicular to AB.

1,3
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Question 14 (a)

The question tells candidates that charge is stored on a capacitor in the meter so that the
charge can be measured. From the rest of the question it was clear that they knew that
completing a circuit in series with the capacitor would allow it to discharge. It was also clear
that they knew the voltmeter in the coulombmeter was connected across the capacitor.
They also very often wrote that a very high resistance would prevent there being a current
through the voltmeter. Despite all that, only a very small minority stated that, without a very
high resistance, the capacitor would discharge and not give a true value. Most candidates
saw ‘voltmeter’ and ‘very high resistance’ and wrote an answer to previous questions about
voltmeters in circuits. They often wrote things like ‘so the current goes through the capacitor
and not the voltmeter’ despite these being the only components connected to each other.
These candidates would probably have been helped by drawing a simple circuit diagram of
the situation.

(a) State why the voltmeter must have a very high resistance.
(1
So Anak ne . oA A0 04 PAdS. ML CompPen ent (ea

fwsrof)twvah Ang,  NOkenete

This answer suggests that the student has
answered questions about voltmeters in circuits
previously and has just repeated the answer
without considering the situation in this question.
0

A

/ ResultsPlus

Examiner Tip

A question may resemble one you have
seen before, but you should look carefully
to see if it is really about the same situation
before repeating the answer.
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S0 ek v currenk. ows . ond. Kage e e amounk of charme ¥ 0N
Cohe mpeotor  does  wek deges

ResultsPlus
Examiner Comments

This answer includes the idea of no current, but relates it appropriately to the capacitor.
1

Question 14 (b)
For part (b), a quarter of candidates got the full 5 marks and the majority got at least 3.

In part (b) (i), quite a few carried out the correct procedure but misread the graph, for
example drawing a line across at 22 nC rather than 20.2 nC when they were determining the
time constant, so missing out on the final mark. The unit was sometimes quoted as s Q',
but only F was accepted as it is the correct Sl unit for capacitance.

For part (b)(ii), the formula sheet quotes W =% QV, but in this question candidates did not
know V. Candidates are required to be able to derive the relationship W =% Q*/ C and those
who remembered this were slightly more successful than those who determined V in order
to complete the calculation. Candidates occasionally forgot %2 or the power of 2. While some
answers to part (i) ought to have seemed unreasonable, candidates may not be that familiar
with typical capacitances. When they got answers involving thousands of volts or millions of
joules they should have had second thoughts.

60— ey e e e e e T
5S SN NN SN IS NS IR ESENR
o N

40 \ H .. .: *'L ul T '"f': T ";'"'_"'."";""_

Q
[ =] | I [HEE D I L L]
- ANES. NS NSNS NS SN NS SEN SN RSN AN SN
g 30 \' H a8
g e e e
10 :;';.;':'::!.\‘:.i:f;rt':.::.:.:;i
EEEESISES SEEEREERG: eScERAg S
0 SR EmEEAREES
0 2 4 6 8 10 12 14 16 18
time / s
5 — 0L
[ — 7N
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(i) Use the graph to determine the capacitance of the capacitor in the coulombmeter.
(3)

C= I_

Mence  8:8 . = .8 36X10"C
G« b6 %10 —_

~7
Capacitance = 8+26 X|0_F

(if) Calculate the energy initially stored by the capacitor.

(2)
v
;_L_*J_xélé’wiﬂx SSX‘DZlQ_:C
2 i&xlo v
__?“flf%&xloclj ~
——
|
e, Energy = \*.83%\0 7§

szxaminer Comments

The candidate has correctly determined the initial charge divided
by e, but has incorrectly read the time off the graph, using a
charge value of 23.5 nC rather than 20.35 nC. This is caused by
only looking at the scale value below the required value on the
graph and not the one above as well to check the scale, i.e. by
looking at 20 nC and counting up one and a half divisions as if the
next scale value is 21 nC rather than 30 nC.

2,2
A
2@ ResultsP!
Examiner Tip

When reading from a graph, students
should always check the quantity labels
above and below the point they are
measuring to be sure they apply the
correct scale.

us
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(i) Use the graph to determine the capacitance of the capacitor in the coulombmeter.

(3)
M x V=0
G 00 e"‘-t/P-L 5
03): e Hl:d.de/q.bxh

L= (a0 57 = -—4~4'/4¢l1)([a 2
A4
C=

«bxlobfnmﬁ 9 bn{p N C’N

Capacitance = quxlnC/(/
(ii) Calculate the energy initially stored by the capacitor

(2)
- 4 g

1

.

Energy = .. ,“"')Xfﬂ_’J

ResultsPlus
Examiner Comments

The calculations are all correct, but a
unit of C/V has been used instead of F
2,2

Examiner Tip

Where a quantity has a specific derived
Sl unit it must be used
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Question 14 (c)

About a quarter of candidates invoked the proportionality of capacitance and charge
with sufficient clarity, but few made the connection with equalised potential differences,
the most common statement of that nature being that ‘voltage is constant’, which is not
the correct interpretation. Those who wrote the capacitance equation to support their
explanation wrote better answers.

Explain why the charge will be transferred to the capacitor with a much higher capacitance.
(2)

Eﬁﬂ\‘ho.\ Alc'cﬁm s mt’cm\‘ p-S9..

<?/ZResults*
Examiner Comments

This gets the connection between charge and capacitance,
but only says potential difference is constant for the rest.
The required idea is that potential difference must become
the same, not stay the same.

1

s The voltage  on alt the @g’*t”"i_._.,._.iﬂ.,._" Lgireik
 pemalef—Feome—prrbher 5LaulJ lu Hve Some , 5 & erga "’“"f"‘"‘"
....."'” J"““ "—“""}‘ )“"" grell "ﬂ{“'*““ Lo mahe e yolhag

.....ﬂq/uml fhag 4 acaru”-f, B mwe “s'té::e be . Affamal

} mﬂ‘@ﬂw Ohotge s bmasloed . Q= by

Examiner Comments

An example of a good answer.
2
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Question 14 (d)

The question stated that the video was replayed frame by frame, but a majority of
candidates effectively restated it as their answer, repeating an acceptable answer to
previous questions about video recording. Many others just referred to ‘human error’.

(d) The data for the graph was obtained by using a video camera to record the
coulombmeter display and replaying this frame by frame.
State an advantage of using this method.

(1)

This answer does little more than repeat the
information in the question. It could have been
relevant if the question had not mentioned replaying,
suggesting that this is another example of giving the
answer to a previous question seen in revision.

0

N A Viane

(Total for Question 14 = 9 marks)

S Meore fruaf‘ij can be fekon over o rhorf
pered o pue e flo fremes can le
;Véffavu/-

This is a sensible answer and the
crossed out part has the idea of an
acceptable alternative.

1
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Question 15 (a)

The majority of students interpreted this question correctly and explained it correctly,
although they frequently missed a detail so that only a third got the full 3 marks. Itis a
standard situation and should have been learned thoroughly - an example of an occasion
where previous mark schemes are fairly directly applicable. Some just said there was a
varying magnetic field and did not relate it to the coil and some said the magnet was cutting
the magnetic field lines of the coil. There was not always a clear statement that an e.m.f.
was induced, some just saying that a current was induced and some that an e.m.f. was
produced. A statement about a full circuit allowing a current was not always included.

(a) Explain how shaking the torch produces an electric current.
(3)

Vorch
Wk Ak -q-n.f;- 15 shaken, e . ..rwjhg,.{. SnONes. . wprtind . dosn. .’!Lca.u(j\—.-. A

ol 08 Al wire. Thas  causes A coil da.. m,p?—qhdflj b A SieM Nnes o8

Mo ke eghat e W moues up and dosan:. The..repeated.. .Luﬁ%n;j_._o?_ b | VR

mognetic fleld | Ve vl cause . lechoicity Ao b inducsd o Fhereby . prodacing....

W/zExammer Comments

This answer misses two important details. It says
‘electricity’ instead of e.m.f. and does not mention a
complete circuit.

1

(3)

S\VA\“L% fo‘rt\f\ (awle 'Hm,e V\\o‘tw\ o} &r‘t 50 H-P Coil Wl\

u,d:g Pre m agnetic ﬂux[heg LNI/\‘;,L\ e a cha«ae -
mughe fetﬂlw\ lmkuga, cll»\e % e %mdaj [abw l‘Lemqqh Me
s-L Fate b+cb\0\j€oL { qxlmlcuge 8 forti w}"fb fhat ot fqd‘l(cd emt,
S0 ﬁehﬂ&c& emi iﬁdkledﬂ (a.[ dhe +o H*? doied £0t[ PMW‘U
__ dol{?pL CIHQ { f]'\erQ f: [,u.wm{ ﬂuwg i {J«@ La.e

ResultsPlus

Examiner Comments

This is a good answer scoring full marks.
3
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Question 15 (b)

The majority of students made an acceptable statement of Lenz's law, although, despite
the question saying ‘with reference to Lenz's law’, some did not make any statement. Few
made statements specific enough to the situation to gain much more credit, for example by
saying that the induced current produced a field opposing the motion of the magnet. Those
who identified a force acting on the magnet only said that work was done against the force
without relating it to motion as they could have done by quoting work = force x distance.

(b) Explain, with reference to Lenz’s law, how the magnet does work as it enters the coil.
(4)

f.ﬁ.a:ordns. 4o lenz's e, Jhe col . mobers e oment an
- oppese. Yo magnek ...
LC the. Mchnd-m moxeS cloves . )rt -R-Lc-_r_m( +B\t. ol -Gl
- eapply. O Poze i the. oppoula durechon, Yep e.HrnSIE
-mm@a&m o opposIAg. Soze. bk shil. moves. R:nuard
dusrance o, cnct. Haredert cloers porte: ool = Pxct.

W/ZExammer Comments

This candidate has a general understanding, but only gets

the last two marking points. The statement of Lenz's law is
incomplete and there is no detail on how the opposing force
arises. The statement regarding work shows the value of quoting
the relevant formula.

2

IAL Physics WPHO4

23



TP

e oels o it fuc® Ble g B
Wodle Force rdiefansee , vi?:flc v done by mognek agatm »

mogrefle eld of (o, as Yenlaan=

ResultsPlus

Examiner Comments

This is a good answer with all the
required detail.
4
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Question 15 (c)

It is probable that the great majority of candidates knew the full answer to this part, but
they did not all explain in sufficient detail to gain a second mark. They did not all make a
clear statement that an alternating current was produced or else they wrote that the diode
rectified it to direct current but did not state why this was important for the battery.

(¢) The circuit in the torch contains a diode between the coil and the battery.

Explain why the diode is needed if the battery is to charge.
(2)

The . cone . piodwed due  to  jnducton  wil  be  ateinating tuvent

But diedcavent e vequved  to  dhagp

This mentions that the current produced
would be alternating current, but does not
explicitly link the production of direct current
to the diode.

1

(c) The circuit in the torch contains a diode between the coil and the battery.

Explain why the diode is needed if the battery is to charge,
(2)

LSe et e cavrend pen 't e Andhe eppesite divecton

oot o hevies dy Flow wio e esdtery

W/ZExaminer Comments

This does not mention that an alternating current would be
produced, but it has the idea of the action of the diode. Some
answers show that students do not fully realise that, when
there is a current, net charge flows in the same direction
throughout the circuit, so charge would always flow into the
battery and out of the battery at the same rate.

1
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Question 16 (a)

This was done relatively well with the majority gaining 2 marks showing that they
understood what was required and half completing the algebraic manipulation successfully
to gain all 3 marks.

(a) Show that the base units on both sides of the equation are the same.
(3)

________ ______E%’:%LL"_L_TLPIH (mauns Vre e of (gt
Tkl Bt Py

T & T
. Bothsides of the equa t‘/on Swrts ........

IS vt
I/ZExammer Coments

Some candidates, like this one, attempted this
question in terms of quantities rather than units. Even
so, speed is not a base quantity, so this would not be
correct even if it had been asked in those terms.

0

Examiner Tip

Be sure that you know the difference
between base quantities and base units.
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o twnbers om0 ok wmk .

Examiner Comments

<iZResults%’ﬁlus

Candidates derived the units of energy
in different ways, this one using kinetic
energy but others using work = force x
distance. This answer has been shown
fully in the required detail.

3
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Question 16 (b)

Although part (b) seemed simpler than part (a), only a similar proportion got full marks.
Some did not start successfully because they did not make the connection between zero
velocity and zero momentum. Some did not make the final step to the most globally famous

equation in physics and left it as £2 = m?c*.

(b) Simplify the equation for particles with zero velocity.

A\ D

(OL) x -

ResultsPlus

Examiner Comments

This candidate did not take square
roots to complete the simplification.

+Ius

Examiner Comments

An example of a fully correct answer

2
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Question 16 (c)

The great majority scored at least one mark, usually for attempting to use the GeV
conversion factor, but only a third gained a second mark, most often for using £2 = m2c*

or E=mc?. About a third of those with two marks got the third mark for a comparison.
Many who completed calculations correctly did not get the comparison mark because they
were comparing an energy value with a value for energy squared. Candidates often did
not attempt to show that the equation simplifies to E = pc at the start, suggesting that they
missed the significance of the statement in the question.

A number attempted to show the simplification was justified by deriving a relativistic speed
for a 45 GeV electron, but this proof was not valid.

Show that this is correct and that the simplification is justified for an electron of
energy 45 GeV.

etk - Ecpe o m __________
Because  moss o an electron = Qflxp™>
oot vawe = (anxo) (3x0) = e300y
........ ug bev = (U)(kexp™®) = F.2x 0T
>—= rale of E o mic' s Lixio® s

ﬁ ResultsPlus

Examiner Comments

The simplification has been justified
and suitable calculations carried out
for E and mc?, but a value of energy has
been compared with a value of energy?
at the end.

3
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- FauE=asxb o

5 ey D
Sinee 7oyl is +£f thar 8 ‘i)d

r ""M(- g:;"—*":e'lt’ T I S o X &
=X K" s’m{-‘*] [ |

=2 XE e, : o

<iZResultsPlus

Examiner Comments

This is a fully correct example,
comparing energy with energy and
justifying the simplification.

4
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Question 17 (a)

Three quarters of the candidates got one mark here, but only just over a quarter got both
marks. The single mark was usually for writing in some way about the alpha particles
following a single path; the part played by lead was much less frequently discussed.
Candidates should note that the question asked them to ‘explain’, so there will be at least
two linked points. In this case they were the outcome - the alpha particle beam - and how
it was achieved - by lead absorbing other particles. Another way to consider this question
would be to note the lead box and the single small hole and to describe the part played by
each.

detector

alpha particle
source

(a) Explain why the alpha source was placed in a lead box with a single small hole.

fmwfz He . 4?//@/ m’/a/éﬁﬁ %../ﬁ M. saeric
ez ol bondds fol) as. o b .ﬁ/ A TileS... cwm/
/bfwm/ Sfhewrr  frow Seediigg.. .. Al Lrccligers..

cihal rowkd . a//{p/ //zg /Zﬂadr% ;7/ e a/;/te:/%?f"-/fi::; S . #ef
'

(2)

ResultsPlus

Examiner Comments

This answer deals with the desired
outcome, but not the part played by lead.
1

A
Q ResultsPlus
Examiner Tip

There should be at least two distinct parts
to an explanation - here they deal with
the absorbing properties of lead and the
resultant beam of alpha particles.
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ResultsPlus

Examiner Comments

This is an example of a fully correct
response.
2

Question 17 (b)

Candidates rarely got more than 3 marks here, a more typical mark being 2. Candidates
generally made a single statement of an observation linked to each conclusion, the most
common being ‘most alpha particles went straight through’ for conclusion 1. Candidates
again did not follow the instruction to ‘explain’ by making an additional statement linking the
observation to the conclusion.

Those who did not get the three marks usually did not describe the relative numbers

of alpha particles linked to each observation in the required way, for example they just
referred to some. Something corresponding to ‘most - few - very few’ was required. The
well known fraction 1 in 8000 was occasionally seen for conclusion 3.

Explain how the observations from the experiments led to these conclusions.
(6)

i Come.. of ... alpha. particle _______ma__c_j______y_n_df_ﬁf;{_i’:f_cf________w_??_'i{e___;__ O My

A, ~alpha. . particle .  may. . deflected . sf@ba',yﬁverxf e
few alpha. _ pardicle... may.. . bovnces.... ol . ACClEdSn o
P P '

While others wrote more, this is a fairly typical example of

the parts of the responses not repeating the question. In this
case the first mark was not awarded because 'some' does not
convey the sense of 'most'. The last sentence got the relative
quantity correct with 'very few', but 'bounce' was not accepted.
Only the mark for 'few ... deflected slightly' was awarded.

1
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© Most. of tne. alpha.. PAILIE ... ctoben..werd... SRIGN. thaough e

| ...@a}.‘d.... %iJmeanfngﬂ«af,amm s.a2€. malnly. empty. spAce.. ...

. Qeme. alpha.. particl. .. got. deflected . At 4. smal.. A0gE............
s 5. bécavse...positive. Chaa?es'arepé}"meﬁévmgt
S conceniaUblal . At L CEACT oo
Vew{; Aew...alpha pardele. . cam<. aﬁrf‘(/f? (. . bock: This. is.. bewse.

mass of . atem.. Concentreded | ad nuelel. . and.  alphé.. particle....
CIES ABE  JMCIEUS ... e

<iZResults@Ius

Examiner Comments

This gained one mark for the first bullet point and
one mark for the third. 'Some' was not accepted
for observation 2. There is some attempt to give
an explanation. The second bullet point, however,
just deals with the presence of charge and not its
concentration and the third does not discuss the
large relative mass required for this effect.

2
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Question 17 (c)

80% got full marks for this part. Some of those who did not reversed A and Z for the alpha
particle and some used the corresponding quantities for a beta particle.

(c) The source of alpha particles in some experiments was radium.

Complete the nuclear equation to show alpha decay for radium.

226 4 222
gRa — 5 o+ g Rn

ResultsPlus
Examiner Comments

A correct response
2

Question 17 (d)

The majority scored at least 2 marks here for calculating kinetic energy and dividing by
charge, but they frequently did not remember that the charge of an alpha particle is 2e and
not just e. A first proportion used the mass of a proton and not u. They are very similar, but
not the same thing.

Determine the potential difference that would be required to bring it to rest. You may
ignore relativistic effects at this speed.

mass of alpha particle = 4.00

(3)
o B Es(eewx 0N -SOXOY)
cMooxleexs™ Y (3x0®) =qqeq@®3
IR -0 Cond G oL N
cSsAiexg®dy g4

This candidate has made two attempts
to calculate energy, but one is rest mass
energy and one is actually momentum.
0
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E=eN=3mv*
L L 2y (1.5x/07)?
— “é“l?—"[*’”‘f’b:;‘rom)=467xfo"v

Potential difference = 4‘!77Xl°bv

The candidate has applied the correct
techniques, but has only included the
charge of one proton.

2
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Question 18 (a)

Many candidates did not realise that this was about the motor effect, despite the use of

the word motor four times in the four sentences before the answer lines. Many thought
they were expected to write another explanation related to electromagnetic induction after
completing the previous long question on the topic, question 15. Virtually all of them did
use the motor effect formula in part (b) (iii). Very few candidates got more than 1 mark,

the score of just over a quarter. The mark awarded most commonly was for mentioning a
current in the aluminium, although not if they thought it was an electromagnetically induced
current, as many did. Candidates who picked up on ‘motor’ and used F = BIl as the basis of
their answer were more successful.

*(a) Explain why the motor starts to roll when it is placed on the aluminium sheet.
(4)

agnet  [here. IS 4 (Aa»j j’ Mjneﬁc f/ux
Ar\ emf 03 snoluced ..
J@. lawrert s jmemﬁeaf }X@wue (/44’? 5. ofoseo( Lortut

Ge Mﬁnwc ]qm;e acts at r’-‘}tﬁ 4\?’%5 e aﬂmﬁm
T’W(‘ﬂ 3 the c@m't‘h’)eﬁﬂl fmz ln)u WA bownrof,s erdre czf Girle.

\ZExammer Comments

This is a fairly typical example of many of the
responses seen. The first three lines could be from
question 15. This might have been eligible for a mark
if we were told a bit more about the direction in

the fourth sentence. This candidate is not alone in
referring to centripetal force in this question.

0
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 Siooos Yo Orodk i conmled. The dvein o cuna i

(It h\ﬁd %%QQ 0. the. moopely ‘Q\EQA S0 0ccorda 0
- Flamivg s St owd e, o foree b adiy. th%w
ol ok, Thera (. Gh odim fores odtha back.

A wotor due to Newton s thid dhw a:*ts%rwash

o)

Examiner Comments

<iZResultsf@Ius

This is an unusually good answer and only misses out on the
final mark by not fully answering the part of the question
that says 'starts to roll' by referring to acceleration.

3
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Question 18 (b)(i)

Candidates who did not refer to specific numerical uncertainties were not able to score
on this question. About half did not gain any marks, often because they just discussed
uncertainty in general terms. Many calculated the angle using the given lengths and
compared it to the approximate value stated, but the ‘true value’ was not given so that did
not help with the comparison in their answers.

Compare this method of determining the angle, of about 1.5°, to measuring the
angle with a protractor.

ST/, Me ¥ e Con st B0l
. o- L o- ' .
RRSE" L. .\ Y wﬁ?\w@: DY = 1 W - T N PN

#
-

Examiner Comments

This is a fairly good answer, but misses the second mark
because the absolute uncertainty of the protractor
measurement is given as 0.1° rather than a scale division, 1°.
2

o. | (3)
Dend AU e = el Wy,

~as ,!L', hotuaimnl 1S (ﬁk (‘ Arrox -on raf’f-lﬁ' / 0{‘15'

Vreg }‘34 .......... Za... (.'.*.ff’.'!if ........ a  velrs  tree po
..................... Cmelle — Elea  invacrnaky, b smlle T U
c:m{ men arf,mff

Dfel AUl on vale 757 1 2 xooh = U897
< F"/fwf‘f Z&f

Examiner Comments

This is an example of a response scoring full marks by correctly
estimating the percentage uncertainty for each method.
3

IAL Physics WPHO4



Question 18 (b)(ii-iii)

A good majority completed part (b)(ii) successfully. Occasionally the wrong trigonometrical
function was used - another example of a situation where a diagram would help. A
significant minority truncated the calculated answer 0.178 N, writing 0.17, and this was not

accepted.

In part (b)(iii), nearly all students quoted either F = Bll sin 6 or F = BIl. The majority who
wrote F = Bl sin 6 then incorrectly used 1.5° as 6, possibly assuming that the field was
vertical rather than perpendicular to the aluminium sheet as it actually was so that sin 6 =1.

(ii) Show that the force exerted on the motor is about 0.02 N.

mass of motor = 69.4 g
(3)

O B S e ————————
B T TN T 1 U0 0 1 1 K T

(iii) Determine the magnitude of the magnetic flux density through the aluminium sheet.
Assume the magnetic field is uniform along the length of the aluminium sheet
between the magnets.

distance between magnets = 7.4 cm
current =34 A

B L A

Magnetic flux density = Q:366. ...

~' us
Examiner Comments

Part (ii) is completed successfully, but part (iii) is wrong in more
than one way. Sin 1.5° has been included and the rearrangement
of the formula is upside down. Substitution into an incorrectly
rearranged formula does not get a method mark for 'use of' the
formula, but this is already incorrect because of the inclusion of
the sine of the wrong angle - sin 90° would be accepted.

3,0
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(ii) Show that the force exerted on the motor is about 0.02 N.

mass of motor = 69.4 g
(3)

F=|‘5&HD ...é‘;\’im R R 1110 T R

(iii) Determine the magnitude of the magnetic flux density through the aluminium sheet.
Assume the magnetic field is uniform along the length of the aluminium sheet
between the magnets.

distance between magnets = 7.4 cm
current = 3.4 A

-\
Magnetic flux density =..0.04% AW N

<@ZResults@lus

Examiner Comments

The calculations have all been carried
out correctly to give the correct
numerical answers, but magnetic flux
density has been given units based on
F/ll rather than T or Wb m=.

3,1

IAL Physics WPHO4



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

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

+ Learn standard definitions in detail with the correct technical terms and do not omit key
words, such as ‘unit’ and ‘positive’ for electric field strength;

+ Learn standard descriptions of physical processes, such as electromagnetic induction,
and be able apply them with sufficient detail to specific situations, identifying the parts
of the general explanation required to answer the particular question;

+ Be sure to know the standard Sl prefixes and be able to apply the correct power of ten -
this is frequently required with eV;

+ Be sure you know the command words and understand the level of required response
for each of them, e.g. explain would mean you must say why something happens and
not just describe what happens. There will always be at least two linked marking points
for a question asking you to ‘explain’;

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

*  While past paper mark schemes can be useful revision aids, questions will not be
identical so quoting them directly is unlikely to answer a particular question. Be sure
to answer the question on the paper and not a question from a previous paper with a
similar situation;

+ Physical quantities have a magnitude and a unit and both must be given in answers to
numerical questions;

*  When working with components it can help to sketch the relevant triangles rather than
trying to apply them from memory;

+  When working with vectors, it can be helpful to sketch a vector diagram;

*  When describing the effects of forces, a force diagram can help to understand the
situation;

+ Do not use the mass of a proton when you are instructed to use u, the unified atomic
mass unit 9;

*  When substituting in an equation with a power term, e.g. x2, do not suddenly miss off
the power.
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Grade Boundaries

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

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