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Introduction

This paper was generally well answered with candidates able to attempt all question
parts and demonstrate an understanding of the physics that was being tested. All of
the question parts were accessible to the majority of candidates and all of the marks
were awarded to some candidates. There were a humber of question parts that were
more challenging and these provided good discrimination across the paper.

Candidates generally performed better on calculations and short answers and not so well on
longer descriptive questions.

Multiple Choice Questions

Question Topic %o correct Common wrong
answer

1 Nuclear structure 97

2 Momentum equations 65 B
Speed of particle in 68 A
accelerators

4 Radius of path in magnetic 74 C
field

5 Capacitors with same energy (49 A

6 Fleming’s LH rule 65 A

7 Particle interaction 69 B

8 Variation of induced e.m.f. 82 A

9 Particle tracks in detector 79 A/C

10 Energy of a particle decay 58 A

Q2. Candidates chose the answers that had s in the unit, presumably because that implies
a rate.

Q3. The clue was the mass quoted was much more than the mass of electron given in the
data, hence it must be travelling close to the speed of light.

Q4. This was a direct application of a given formula r =p/BQ. Answer C was chosen
because it was the only decrease, and candidates ignored the inverse relationship.

Q8. By choosing B candidates realised that the induced e.m.f. was increasing, but they
ignored the fact that there was a non-zero gradient at 0 so that at time = 0, there was a
value of e.m.f.

Q9. Perhaps because there was no track for the lambda particle, candidates assumed that
it was stationary despite the fact that there is clearly momentum after the decay.

Q10. In a particle interaction mass and kinetic energy are interchangeable so the reference
to total energy meant rest energy (mass) and kinetic energy, meaning that the conservation
of energy gives B as the correct answer.
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Question 11 (a)

This question required candidates to explain what is meant by an inverse square law and
40% of candidates did not score any marks. Other candidates who could explain what it
meant and so scored one mark, did not make any reference to the graph.

11  An alpha particle ;He is travelling directly towards the nucleus of a gold atom AU,
The graph shows how the force F between the particles varies with their separation r
over a short distance.

4
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L@Z) The relationship between F and r obeys an inverse square law.
With reference to points A and B on the graph, explain what this means.

Foo L F:-k 30 =k k= gpapn?

(2)

Examiner Comments

Examiner Tip

This is an example of an answer that scores
both marks. It states the relationship, finds
a value for k, and then uses that with the
other pair of readings to justify the value of
9 N.

When the question says 'with reference
to points A and B', you are expected to
use those values from the graph.
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11 An alpha particle 3He is travelling directly towards the nucleus of a gold atom YA

The graph shows how the force F between the particles varies with their separation »
over a short distance.
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(a7 The relationship between F and » obeys an inverse square law.
With reference to points A and B on the graph, explain what this means.

(2)
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ﬁ / ResultsPlus

Examiner Comments

Examiner Tip

The values from the graph need to be

This candidate has just written down
used and not just written down.

the values at A and B and hasn't

used them so this gets no credit.

Also the statement that F increases,

r decreases is not enough since that
occurs for relationships other than the
inverse square law.
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Question 11 (b)

Nearly half of the candidates scored the full three marks but the next most common

mark was zero. There were two different methods, either a calculation using Coulomb's

law and substituting values of charges and distance or using the constant found in (a).

For the first method, the most common mistake was centred around the use of 2 and 79
with the electronic charge. Using the value of the constant from (a) was possibly more
straightforward, but success was dependent on candidates getting the powers of ten correct.
Powers of ten could be ignored in (@) when deriving two values of the constant but needed
to be correct for this section.

R L W e N EE— Y Ve w T W U vEe TP T e v T MY, R = ] -
(b) Calculate the force between the alpha particle and the gold nucleus when their
separation is at its minimum value of 4.5 x 107" m,
(3)

Rk 918 (gaaxiofy Lxlex0m)@aabeS™) o o
= z TS . . M 0. N

ResultsPlus

Examiner Comments

A model answer using Coulomb's law with the correct
charges.

(b) Calculate the force between the alpha particle and the gold nucleus when their
separation is at its minimum value of 4.5 x 107" m.

(3)
ngmlaq_ kt'lqﬁao E°=Q-?§'J<\6ﬂ‘ F o

(45x0 B> w

Force = R4Uo& py

Examiner Comments

This answer demonstrates the confusion that can occur with this equation. The candidate
has put the ng /4 on the top of the equation and has omitted the value for e twice. This
scored zero marks.
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(b) Calculate the force between the alpha particle and the gold nucleus when their
separation is at its minimum value of 4.5 x 107" m

3 g2h
F ‘éts:ud' - '7 BN
i =4 r’

(3)

ResultsPlus

Examiner Comments

A 3 mark answer using the constant from (a)
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Question 12 (a)

A calculation which candidates scored well on, providing they used a correct equation and
remembered to add a unit.

(a) Initially the switch makes contact at X.

Calculate the charge stored by the capacitor when it is fully charged.
(2)

e C!?/L, e e BB G K i.c::f’.. 2O Ce2 Co
1«5

A
<Eh ResultsPlus OO ResultsPlus

Examiner Comments Examiner Tip

Remember that C is used for capacitance

Candidates still get confused between C _
and coulombs. Q is used for charge.

being used for the quantity capacitance

and the unit coulomb. This candidate
thinks the C is for charge and divides
the two pieces of data, scoring zero.

(a) Inmitially the switch makes contact at X.

Calculate the charge stored by the capacitor when it is fully charged.
(2)

LT N
Le6B= B @ el

Charge = .\ O .

ResultsPlus

Examiner Comments

This candidate has confused nano and milli.
This scores 1 mark for use of equation.
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Question 12 (b)

The calculation was generally well answered with many candidates able to handle the
exponential equation. Weaker candidates could substitute into the equation and do the unit
conversion but struggled to manipulate the equation to get an answer. Others having found
the correct value of charge then subtracted it from the original, thereby finding the amount
of charge lost rather than the amount remaining. This lost the candidates the answer mark.
The most commonly lost mark was the last one for the comment because answers were
often too general, such as decay is exponential or charge is below 37% of initial charge.
Since the starting amount of charge was pC answers that stated amount of charge was
small were not given credit.

Question 12 (c)

Candidates struggled with this and did not realise that multiplying a charge by the number
of times it is charged per second gives you a current. Many divided by 500 and despite the
question clearly stating that it is charged and discharged 500 times per second chose to
multiply/divide by 250. Many candidates thought that they needed to use V=IR, presumably
because they did not know how to tackle this question and were randomly using an equation
that contained a current.

(c) The capacitor 1s charged and discharged 500 times per second.

Calculate the average current through the ammeter.

R=Vfr
220 = 'S
L = S = &.8xw "
220

L EOOX eBXW 3= BUA

<d\ Resuits+lus

Examiner Comments

Average current = ... 3\ A

The candidate uses the circuit values to find a
current and then multiplies by 500, so gains no
marks.
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(¢) The capacitor is charged and discharged 500 times per second.

Calculate the average current through the ammeter.
(2)
-3

=

I_ C31 _ l oflx!o . _; 51:~:lo

ﬁ ResultsPlus

Average current = .= | DMA' B
Examiner Cofnments

This candidate finds the time for one discharge and
uses this to find the current. This is corrct and scores
both marks but making it a two step calculation
increases the risk of error.
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Question 13 (a)

Candidates performed well here, remembering to add the reference to external forces.
However, marks were lost due to omission of total or sum. Only 40% of candidates scored

the 2 marks for a definition.

13 (a) State the principle of conservation of momentum.
(2)

CTee botal mnomentvon e &arﬂ.ﬂf-oulﬂ:nﬁectuqi} o tw total

T L R T L

M
ol us

Examiner Comments

Examiner Tip

Basic definitions are necessary

Scores 1 mark but no mention of
for learning.

external forces.

13 (a) State the principle of conservation of momentum.

E~MV1@F*P1-J’3+P+ s - veﬁocﬁry

constomt Lownie ~gpven. Thek wo ..

Q}Q{Q/W\e&. {o:uu Owve “kvnﬁ»/

(2)

OO ResultsP

Examiner Comments Examiner Tip

It is best to always use words for

If symbols are used for definitions they
definitions or principles.

must be defined. This scores 1 mark
for the reference to no external forces.
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Question 13 (b) (i)

This was generally well done, with the majority of candidates scoring all 4 marks. The most
common error was to fail to subtract the two initial momenta. If they had not identified

a positive direction, they could not score the last marking point for identifying the direction
of motion after the collision. The other mistake was to not add the arrow to the diagram.

(b) A head-on collision occurs between a neutron and a beryllium atom +Be. The nucleus
of the beryllium atom absorbs the neutron to form the isotope ';Be.

3250ms™’ 175ms"!
e
neutron ‘Be atom '{Be atom
(mass 1.67 x 107"kg) (mass 1.50 x 10-26kg) (mass 1.67 x 10-%kg)

(i) Calculate the velocity of the '{Be atom, indicating its direction by adding an
arrow to the diagram.

— > @)
el 6 Tokd pomectim befere o Rbe) momacbom afte

(( 7 uu”)yrzﬂv) ((l sx16"), HT) c(Lerxw )\1
28025 10 h. l6?>l’26

N 167 et — Jé#—‘”“ ~fritee

fh fhe Some clwed"w\ ol he newbro “*"‘f“‘

(o l'*‘aroﬂ.

Velocity =19 7 %h" [

ResultsPlus

Examiner Comments

Correct calculation of speed for 3 marks, but arrow
not added to diagram.
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(b) A head-on collision occurs between a neutron and a beryllium atom 3Be. The nucleus
of the beryllium atom absorbs the neutron to form the isotope ""Be.

3250ms™! 175ms™!

o— —O)

neutron 2Be atom "{Be atom
(mass 1.67 x 10"kg) (mass 1.50 x 10*°kg) (mass 1.67 x 1026kg)

(i) Calculate the velocity of the '{Be atom, indicating its direction by adding an
arrow to the diagram.
(4)
LN A MmN = MOWNL Y MV )
- 'n:.

(_\ 30 Y (3250) * (0 Smun*?“')(wﬂ T T A N
SH‘-\*SHD“W‘LVLSHQ“—Hﬂﬂol"\i
L ¥.0STS X007 S L6 10T N
B i 3 0 b N o e

Velocity = 8 T V9 ons - ®

ﬁ ResultsPlus

Examiner Comments

The common wrong answer where the intial
momenta are added. This scored 1 mark for the use
of momentum = mass x velocity.
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Question 13 (b) (ii)

The majority of candidates were able to find the total kinetic energy before and after the
collision and identified that the collision was inelastic. Error carried forward was allowed
from (b)(i) so candidates who added the momenta in (i) were able to score both marks in
this section.

(ii) Using a suitable calculation, determine whether the collision was elastic or

inelastic. o
'Tanaﬁl:E'beQw_ Collision = ——x(! E1NO ) (3:150)'1
_|,-_J2-_)<G-S_D x {o'_zé o (J‘?{) = Q. O xl0 —2! 3

Totad k. ?&Fg'liiivn;_hg,@?x,o@(fégy
— 2'3%)010—22«3‘_ tn@&s.l*"lc- Cpl'l Won

ToH& k.t’begr:—_é Tc:‘l'ﬂsﬁ ’cf@ﬂﬁr fj.nejauk{,

. :E’\eja-g% [ Cn “ ok (Total for Question 13 = 8 marks)

ResultsPlus

Examiner Comments

Correct answer for 2 marks.

(ii) Using a suitable calculation, determine whether the collision was elastic or

inelastic.
(2)

1 pyd

L8305 32507 Lt S0 135 <l g0 ppy

| 0049375519771 + 4140138 Ao -2
KE not conserved g0 inlashe Collision |

OO ResultsPlus

Examiner Tip

ResultsPlus

Examiner Comments

The calculations are set up correctly but
the value for final kinetic energy is wrong
and so this scores 1 mark.

Double check calculations to avoid calculator
errors.
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(ii) Using a suitable calculation, determine whether
inelastic.

the collision was elastic or

(2)

7] “Pl 54 0~ = _J__-
=

o Al wme sica 4l Bre wyier
b ols ah c[aﬁ '

¢ coll'Si1uim .
(Total for Question 13 = 8 marks)

Examiner Comments

This example calculates mv/2, neither momentum or
kinetic energy and treats it as a vector quantity, so

not surprisingly ends up with the same values . This
scored 0.

IAL Physics WPHO04 01

15



Question 14 (a)

50% of the candidates scored 2 marks with another 26% scoring one mark and 24% scoring
0. The reasons why candidates did not score both marks were as follows: stating 'produced'
rather than 'induced’, voltage or current instead of e.m.f, no indication of rate or time,
writing the equation without defining symbols, and vague answers relating to conductor
movement and magnetic fields.

14 (a) State Faraday’s law of electromagnetic induction.

o

Examiner Comments

This scored 1 mark for the induced e.m.f. The rate at
which field lines are cut is not the same as the rate
of change of flux linkage.

14 (a) State Faraday’s law of electromagnetic induction.

en@'i%c\we&\ _pyoa- pro or‘um&,\ b) @e m\t of
prop
Cha \m\’\&aﬁ'
Y e- -&Cmﬂ

(2)

N\
ﬁ ResultsPlus 4

Examiner Comments

Examiner Tip

No 'induced' so scores 1 mark. Again no
credit for the equation as terms have not
been defined.

The induced e.m.f. is proportional to the
rate of change of magnetic flux linkage.
Learn this definition.
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Question 14 (b) (i)

Candidates whose first language is not English often struggle with the descriptive context
guestions and this was seen in this question, where very few candidates scored the full 3
marks. Asking candidates to state Faraday's law gave them an indication about the physics
of this question and most candidates were able to score 1 or 2 marks. Very few candidates
identified that the cables under the road produced a changing magnetic field. Candidates
were expected to link the induced e.m.f. to the charging of the batteries. Possibly because
of language issues and the use of the word 'charging' relating to batteries, many candidates
thought that capacitors were involved. This wasn't too apparent in (b)(i) and in itself did not
stop marks being awarded but it became more of an issue in (b)(ii).

(b) Vehicles such as buses may be powered by electric motors. The motors on these
buses use batteries which need to be charged often. This is normally done by
connecting to a fixed electrical supply whilst the bus is parked.

The photograph shows a bus on a road in South Korea. This road enables the
batteries to charge whilst the bus is in motion.

Under the road there are electric cables, connected to a 440V 60 Hz supply. These
generate magnetic fields. There is a coil inside the charging device which is located
below the floor of the bus. This enables the batteries on the bus to charge.

*(i) Explain how this system works.
3)
\ Qre‘ L]
v There Mg Meagnetic fields under the

o 8:\1:3%5%&9!&@ o €ermstert emount of megnetic
o Tluxy, e tne .bms..L%&..un.der._ _motion Yhe

s« Ckcmc]e,m Fluxe  tn linked e Hhe coilfn.

the bus and accord ry“ﬁoﬁ’amc(ml’slam

| o of maan Cﬁu uces em:f whichchye
.Yi\i“{;r:{fﬁn?c_...m i etic Tlux induces "sz

ResultsPlus

Examiner Comments

This is an example that does score 3 marks but
less than 10% of the candidates scored full marks.
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(b) Vehicles such as buses may be powered by electric motors. The motors on these
buses use batteries which need to be charged often. This is normally done by
connecting to a fixed electrical supply whilst the bus is parked.

The photograph shows a bus on a road in South Korea. This road enables the
batteries to charge whilst the bus is in motion.

Under the road there are electric cables, connected to a 440V 60 Hz supply. These
generate magnetic fields. There is a coil inside the charging device which is located
below the floor of the bus. This enables the batteries on the bus to charge.

*(i) Explain how this system works.
(3)

s mepower - .E;;.{_P.P l/bs e ASEAV ﬁC Pov»’e/‘
_g,t__p_p_Laj_: Plevan thf} emtent e supplied

@&c.utfrer\}—c\nqﬂ%c 9.y AT AN

s A wakege , s o ool o induceed
A
acrce e tu\\f%) e Uehjbec)msfo

<I:ﬂ Results¥lus

Examiner Comments

This scored 2 marks. MP1 is spread over first 5 lines. Reference to AC
supply is there but the changing magnetic field is not until line 4 & 5.
MP2 lines 5 & 6. Not MP3 because it is an induced current not emf.
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(b) Vehicles such as buses may be powered by electric motors. The motors on these
buses use batteries which need to be charged often. This is normally done by
connecting to a fixed electrical supply whilst the bus is parked.

The photograph shows a bus on a road in South Korea. This road enables the
batteries to charge whilst the bus is in motion.

Under the road there are electric cables, connected to a 440V 60 Hz supply. These
generate magnetic fields. There is aé_pﬁ?inside the charging device which is located
below the floor of the bus. This enables the batteries on the bus to charge.

*(i) Explain how this system works.
(3)

L chargiug bt g the Gt oUW e @l caried oun uml

ResultsPlus

Examiner Comments

This scored just MP3. If the candidate had added 'changing' to their first sentence it would
have got MP1.
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Question 14 (b)(ii)

This was very poorly answered (59% scored zero) with candidates having little appreciation
that a battery once charged could drive the bus for a distance before needing recharging.
Hardly any candidates indicated that the battery would be repeatedly recharged. A common
answer was that the magnetic fields could spread and cover the areas where there were no
cables. Many candidates thought that capacitors were involved and referred to these being
charged. Some candidates just referred to the factors in Faraday's law that would determine
the magnitude of the induced e.m.f.

(i) It is not necessary for the cable to be installed under the entire length of the road.
The batteries used to power these buses can be much smaller than those used in
other electric buses.

Explain why the cables do not need to be installed under the entire length of the
road and why the batteries can be smaller.

3)

e corent . ofnate, he  derce i U den | Lindage .
ond dhe . dregeency. Tre corrent nduoed  does meb
on'y. demnd. on. fre emonk of cells, ik ic He
Oreney@.. . eopehe. Jlos Llnkeep. wldn Lae. G

C',{}{QC.I—Q( QUQ‘J" X Hno er?ﬂ-)/(’l‘otal for Question 14 = 8 marks)
ond. bheeloe  he choroe

ResultsPlus

Examiner Comments

An answer in terms of the factors that affect the
induced e.m.f. which scored zero.
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(ii) It is not necessary for the cable to be installed under the entire length of the road.
The batteries used to power these buses can be much smaller than those used in
other electric buses.

Explain why the cables do not need to be installed under the entire length of the
road and why the batteries can be smaller.

(3)

oo The batteries il be . Chaged  when  the  buses. moe.  As the . . . .
o dottertes . BT ehoy charged . then. e 06 they dont  need o, be. Chaged.
Cforo B Several e S8 minik Minutes o seeonds, ond . M The . emr buttedes can.
support  the . buses  move  fr. o while. . Beawse R rood .con ...
chaggﬁebmﬂmmsmtmmvmm@mef—mm

So.. the. . potteries only . need . Dbig. €nowgh . o . Support. . the . roosl . without

ﬁ ResultsPlus

Examiner Comments

This scored 2 marks for the repeated charging and
the idea that the bus could travel for a while after
being recharged.

IAL Physics WPHO04 01 21



22

(ii) It is not necessary for the cable to be installed under the entire length of the road.
The batteries used to power these buses can be much smaller than those used in
other electric buses.

Explain why the cables do not need to be installed under the entire length of the
road and why the batteries can be smaller.

(Total for Question 14 = 8 marks)

ﬁ / ResultsPlus

Examiner Comments

Another example of a 2 mark answer. Batteries charging quickly for MP2 and there is
the idea of repeated charging by reference to the battery being charged up again. The
candidate was not penalised for using simultaneously wrongly.
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Question 15 (a)

60% of candidates managed to score 1 mark with 20% scoring both marks. Some
candidates lost marks because of the manner in which they expressed their answers. A
common answer was 'there was no tension force therefore it stopped moving in a circle'.
The stem of the question asked why the sphere stopped moving in a circle so there is never
any credit for just repeating the stem. The second mark was awarded for either stating that
a force was needed to change direction or for an indication of motion of the sphere at the
instant of release. A humber of candidates stated that the path would be parabolic but this is
true only in the time after release, not at the instant of release.

(a) Explain why, at the instant of release, the sphere stops travelling in a circular path.

.Cawl\wm.w oo sﬁmgwf W fﬂ%/ﬁ 7’@

Hs..onginad . arcuthr . ok .

ResultsPlus

Examiner Comments

A 2 mark answer.

(a) Explain why, at the instant of release, the sphere stops travelling in a circular path.
(2)

p‘C&«Jnfo&kaF«n@L S (0t Y R T 7 ) SN S
gn‘fwh,([?ﬂffhﬁw ma‘[’wf f, st Hare 05

ﬁ ResultsPlus

Examiner Comments

This scored 1 mark for no force at point of release.
Saying a centripetal force is required for circular
motion is not equivalent to referring to a force
required for a change in direction.
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Question 15 (b) (i)
A calculation with 68% of the candidates scoring both marks. The most common error was
with units, many writing m s or omitting the unit.

(i) Calculate the angular velocity of the sphere.

.|
Angular velocity =1 O, bowa

OO ResultsPlus

Examiner Tip

ResultsPlus

Examiner Comments

Candidates must take care of units. The
unit for angular velocity is rad s

Candidate uses wrong unit and so
only scores 1 mark.
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Question 15 (b) (ii)

A well answered calculation where the most common mistake was confusing velocities.
Some candidates used the linear velocity as an angular velocity or vice versa.

(i1) Assuming that both the circle and chain are horizontal, calculate the force that the
athlete exerts on the chain just before its release.
(2)

e Feee® = R34 = OIN

e 139N

-l

ﬁ ResultsPlus

Examiner Comments

Equation correctly set up but there is a
calculator error, so the response scores 1
mark.
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(i) Calculate the angular velocity of the sphere. Ve J—":‘-'}—‘;‘

W

m{ (2)

o ’),{ Y Aﬁ;u-l;r velocity = 1 0«0 T 371

ey
(i) Assuming that both the circle and chain are horizontal, calculate the force that the ‘

athlete exerts on the chain just before its release.

(2)

Examiner Comments

This candidate uses the mv?/r formula but uses the
value of w as v so scores no marks.
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Question 15 (c) (i)

The adding of arrrows to the diagram was used in order to help candidates when answering
the next section. As expected it scored well, but 12% of the candidates did not score the
mark. The mark was sometimes lost because we suspect that when answering the next
section candidates added forces to the diagram as part of their workings. This lost them the
mark.

(c) The diagram below shows the sphere moving in a vertical circle.
X

Z

(i) Draw arrows on the diagram to show the direction of the centripetal force on the
sphere at each of the positions X, Y and Z.
(1)

ResultsPlus

Examiner Comments

An example of a wrong answer.
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Question 15 (c) (ii)

In order to score full marks for this section candidates needed to make it clear that the two
forces acting were the tension and weight and that it was the resultant of these two forces
that provided the centripetal acceleration. This was an 'explain' type question with a quality
of written communication, and although equations were expected and credited, full marks
could not be awarded for equations alone. About a third of the candidates scored 3 marks,
the missed mark being the one identifying the resultant force as centripetal. Candidates
should not use F as the symbol for the centripetal force without defining it as such (since F
is a generic symbol for force). 27% of the candidates scored zero because they thought the
maximum tension was at the top X, so there was nothing they could write to justify this,
hence no marks.

*(ii) The tension in the chain varies as the sphere moves in the vertical circle.

State the position, X, Y or Z, at which the tension will be a maximum and the
position, X, Y or Z, where it will be a minimum. Explain your answers.

(4)
A X The tenstn will bR minmwma.
Beowse T=we-mg

S /g‘{z\ﬁt‘{'m‘ww::uf'a[ ._bg_...mm.!‘u«mm.:.. S

2 2

ResultsPlus 1\ ResultsPlus
Examiner Comments Examiner Tip
Take note of the * at the start of the

question. More words are needed to
score full marks.

The mimimum that needed to be
written for 3 marks.
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*(ii) The tension in the chain varies as the sphere moves in the vertical circle.

State the position, X, Y or Z, at which the tension will be a maximum and the
position, X, Y or Z, where it will be a minimum. Explain your answers.
(4)

e MaxiMuwm R becsuse  av  F . W T yaustowe.
e Qredker  Maan . W evder  Am provide A sewipes Al

ek feve® o VAN AOWANES AW SRVTR G
r

e Miviaa 2 X becanse e vesaWIK. | cewbriper®) .
provided by e  wet  torw

n

e MM Ty equat Y e vechor Suma ok T and W,

oevwd s s ease o WS

W

ﬁ “/ ResultsPlus

Examiner Comments

An example that scores all four marks. Equations
were not essential, it was the relative values of the
forces that were required.
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*(i1) The tension in the chain varies as the sphere moves in the vertical circle.

State the position, X, Y or Z, at which the tension will be a maximum and the
position, X, Y or Z, where it will be a minimum, Explain your answers.

(4)

wnm’fﬁa..:x\ﬂ% amwmmm

means Jhat Thio is odure. e Temsien s the moz
Ad— Z dha tension ond, weightzy cancel out ao. .i'ﬂad

e dn_ eppeaite. diectiene. - Henw the tepsien M.ﬂfm.,ﬂeaa:l-

% ResultsPlus

Examiner Comments

An answer that shows that the candidate does not
understand what is happening in this situation. This
scored zero.
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Question 16 (a)

There were a considerable number of answers referring to a force of repulsion from the
positive plate and a force of attraction for the negative plate. This was not credited. Having
studied fields candidates should appreciate that in an electric field there is a single force
acting on a charged particle. Very few candidates referred to the direction of the acceleration
and there was hardly any mention of the constant horizontal velocity which was essential

in order to explain a parabolic path. As a result, the marks of 0, 1 and 2 were achieved by
about 25% of the candidates.

16 A beam of identical positive ions travels horizontally in a vacuum. The ions pass
between two charged plates and are deflected downwards by the electric field between
the plates.

The diagram shows the path of one of the ions.

4

positive ion horizontal

path of ion

*(a) Explain the path of the ion both between the plates and when it has left the plates.
(4)

e;e_(_,ﬁic.
 field it €xpirfences an elecric

Astle jonis moving in the neasmgic

force downwords og the positive charge is attfacted tO tie fegave
plate. As te electricforce IS a resultant force, th postive on allo
accelerates towards te negalive plate  cousing the Curverte of
Lits. path tO decrease at horizental velocity remans The same fot
e verticAl velocity increases. when He ion jeaves T €lectric

€1t ho l019€er Expiriences
feld, e gloctric docceSto  te Cfectric force, therefore there

N No ree resultant force acthg Onthe particle -Dur tothis it

Continues to move With g congtam velocity: e,

ResultsPlus

Examiner Comments

An example of an answer that scored 4 marks.
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16 A beam of identical positive ions travels horizontally'in a vacuum. The ions pass
between two charged plates and are deflected downwards by the electric field between
the plates.

The diagram shows the path of one of the ions.

+

positive ion horizontal

path of ion

*(a) Explain the path of the ion both between the plates and when it has left the plates.
4

SR W B LW TS N Y S 0,72 SR A3 1 K S NS IO

uu\m ,hw e o %w{s *. wgm\ﬁm and mm'{\m

R ‘m\ _____ I o 1S e NG ‘\ Is. o smbbwrdh LN —
SR ATVAN {'MLLS Aed—owl ARy
'Sb,ﬂu-pr Jon . &’fhg.s mmN\ w\ ‘f‘fh‘ﬂ'us nooh &Tfm&wt ?ﬁi‘\

% ResultsPlus

Examiner Comments

A typical answer that scores 2 marks. There is no
reference to acceleration or the horizontal velocity.
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16 A beam of identical positive ions travels horizontally in a vacuum. The ions pass
between two charged plates and are deflected downwards by the electric field between
the plates.

The diagram shows the path of one of the ions.

-+

positive ion horizontal

path of ion

*(a) Explain the path of the ion both between the plates and when it has left the plates.
4

o When fhe fon s betuoen te phles F moves # feds the )
o ARgabvely . Chagged pﬁ,%&z:‘mr@k&'@ﬁmﬂm;ﬂak
.................. cod obracked fy e Pgakive phte. . when. the. .. ion. keve..
____________________ fhe. plates, ﬁz w Skt ﬁmwntg o .a. d@y&/ ... é«f

e lrger, o zonfollge. H—tt—

ResultsPlus

Examiner Comments

An example of the repulsion and attraction type of
answer that scored zero.
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Question 16 (b) (i)

A lot of candidates were unable to differentiate between fields and forces and gave answers
about the two fields needing to be equal. The clearest answer was that the electric and
magnetic forces needed to be equal and in opposite directions. Some candidates tried to
give the direction of the magnetic field which was an alternative method but had to be
correct. Stating that the fields had to be perpendicular, whilst correct, was not specific
enough to identify the correct field direction. Over 50% of the candidates scored zero.

(b) Whilst the electric field is still acting, the path of the ions can be returned to the
horizontal by applying a magnetic field over the same region as the electric field acts.

(i) Explain the conditions under which the ions have no overall deflection as they
pass between the plates.
(2)

8y I a magnetic Field i5 dreced MO fle paper, by Flemngs lecthand

5, r‘éj;l’- force . -
rwe,,qmi-mﬁ—""”“mu?ww’ds on the positive yon, - LF

this maﬂheﬁc_ force is egual Fothe Clectric ﬁnrte,{-l-qg wll caxcef/otlb,

Tleresore Hare Wont e a resulbant force Of tiejonk, So it Will move Mﬂow_...........
dwgdi on -

<EF ResultsPlus

Examiner Comments

An answer that identifies the field direction and
scores both marks.

(b) Whilst the electric field is still acting, the path of the ions can be returned to the
horizontal by applying a magnetic field over the same region as the electric field acts.

(i) Explain the conditions under which the ions have no overall deflection as they
pass between the plates.

(2)
The ’*“"‘3"\’;\"3 'P'dﬁt G-‘Tr\t.ﬁi'{‘h must he ecbmk o the ?-U.c:{m o

Fidd strensth . The u{lm\ foreee will lu.ar the Tons in wLw“ an

ﬁ ResultsPlus

Examiner Comments

The statement that the field strengths had to be equal meant that
this scored zero marks, even though there is a later reference to
equal forces, since these are contradictory statements.

34 IAL Phvsics WPHO04 01



Question 16 (b) (ii)

Q16 was about the path of ions in magnetic and electric fields and nowhere was there any
indication of the charge on the ion. This means that candidates could not make assumptions
about the value of charge. Candidates were required to work with the data provided. They
needed to equate a magnetic force and an electric force, both of which depend on the
charge of the ion, to derive an equation that was independent of charge. Candidates who
chose to assume a value of charge were limited to MP1 for the use of E=V/d. Nearly 40% of
the candidates managed to score 4 marks with zero being the next most awarded mark.

(ii) The ions have a velocity of 260 km s™'. The plate separation is 4.5 cm and the
potential difference across the plates is 60 V.

Calculate the magnetic flux density required so that there is no overall deflection
of the ions.

(4)

- VYV, _
Loy T § .
Fe 5 3000 ) @ALO L E Q8 AN T M

.r;waffﬁrcmm@qvea

.................. R - S F  SO000 T

%9V Leato' g@60A03

Magnetic flux density = &

ResultsPlus

Examiner Comments

This answer has taken the charge to be e and so
scores only 1 mark.
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(i1) The ions have a velocity of 260 km s™'. The plate separation is 4.5 cm and the
potential difference across the plates is 60 V.

Calculate the magnetic flux density required so that there is no overall deflection
of the ions.

(4)
Fz Bqv E =% = F = Es
S B m BN E= Bv. - . e = X
= ¥= Sv - O = B.x 2o xts”
_— YLl

................................................................. = Rz CoetT & . 5-T.

—1

Magnetic flux density =..... SV .

ResultsPlus

Examiner Comments

A well laid out answer that is clear to follow and
scores 4 marks.
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Question 16 (c)

40% of candidates scored 1 mark on this question, and 40% scored zero. The main reason
why full marks were not awarded was because candidates made no reference to the path

in the electric field despite the question asking for the differences between the two paths.
Candidates did not seem to appreciate that the direction of the electric field remains
constant whilst the direction of the magnetic field continually changes. Often answers were
too vague to be given credit. When describing the magnetic force as being perpendicular to
the velocity of the ions, they often said it was perpendicular to the direction of the particles.
Direction is not a quantity so this did not get a mark. Direction of motion was acceptable,
but not direction alone.

(c) State and explain how the path of the ions in just.the magnetic field would be
different from the path in just the electric field.
3)

Qﬁt"\ fﬁ“ﬁwaé b9 fon i m[dmh“c fleld ﬁntj iJ_. Ctreular,
.Qé‘...._ 0. mugaefic. ﬁd‘l N appiod | perpaditular b Y djathun ok
Yooy of peative Jun e mogierte B thor dghr ongy
h rt‘* h\k t‘\mﬂ.ﬁan 0k vetuu\j \owurﬂj | Umkr [t’d\uk it h ranh'efthiJ
__I\anh [m,uma i v o Crealor pat!a (enn\kmsk muqmmu oF wwcﬂg

Ny CUN"[}W S dimﬁm“ d\ﬂl\qa 0y It twelliag Clyeator mﬂa Nnk ‘Hﬂf‘ﬂfftc&ﬂ

eld
Rukin on 2\@1‘:& CINVYIRR | 21 G N IR ambchr ij (_Potubolq)

Examiner Comments

This scored 2 marks for the first 3 lines of the
answer and the 3rd mark in the last line. Only 4% of
candidates scored 3 marks.
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(c) State and explain how the path of the ions in just the magnetic field would be
different from the path in just the electric field.

3

I deﬁ.g‘rn pt.t,u ‘Hﬂ. lons. H.QM/:.!‘ ffﬂl’aﬁf ... Cleetiler.. 'm::l'é .....................

%L‘-Aash ...... heacaaass....... H'« ......... @(q ....... Lrpe clanctd. to...a.. Mjﬂdt.ﬁg{ﬁ{ ..... LS
n’wfﬁcwixmbrln%d|stmaj ..... ok e ioon R, o

wpmn"'fhm(#‘pﬂﬁel'rq{jﬁlfﬁﬁ\ﬂtauté ...... |'1[ .............................................. e [

ResultsPlus

Examiner Comments

This scores 1 mark for the idea of circular motion but
the reference to displacement is wrong.

. £
(c) State and explain how the path of the ions in just the magnetic field would be

different from the path in just the electric field.
(3)

e Re uj vrelic ‘Re_lcj)'—biew\wjre-‘ﬂc.&rc@

W?[{ﬂc'ﬁwfwar\’bfsmﬂiwr”mm{t‘et]-.e?bn
......... JC oufwvrroft;rkerﬁ‘éfefkssa?atkw*“c:urvﬁ‘
M{)vﬂ’trafﬁ whemrs in. . en electric fielsd , the ...

W’I

% ResultsPlus

Examiner Comments

Another 1 mark answer for the idea that the path will
curve upwards.
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Question 17(a) (i)

Many candidates, rather than adding to the circles on the power supply, chose to add + and
- to the tubes. This showed the correct polarity, and was therefore acceptable. A significant
number of candidates added nothing to the diagram thus losing out on a mark, while
others labelled one tube positive and the other end of the same tube negative. Candidates
could state that the field was from C to B, but if they answered in terms of repulsion and

attraction they had to refer to both tubes and not just C.

electron path

(L el7tron

N

a.c supply »
tube tube tube
electron A B C
source

(i) An electron is shown between tubes B and C.

The circles on the diagram indicate the terminals of the a.c. supply.
Indicate on the diagram their polarity when the electron is between

tubes B and C.

Explain your answer.

(2)

o The dledon accelerates i o the gops bedween te obes. . So due
e the abemaliqy. Coment......oben... Be...eledon. moves ook of B, C beeors
o Positve . ben B becants . negakiy. . Aecelmbing. it vk kbe C........

A
ﬁ ResultsPlus OO ResultsPlus

Examiner Tip

Examiner Comments

This scored the diagram mark only. Stating
that C was positive and D negative is just
a repetition of what has been added to the

carefully.

Candidates should read the question

diagram. Since the question was about
particle accelerators there was no credit
for merely referring to an acceleration.
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L

tube

electron A

source

tube
B

electron

tube
C

o o J-L I~

electron path

N

tube
D

(i) An electron is shown between tubes B and C.

The circles on the diagram indicate the terminals of the a.c. supply.
Indicate on the diagram their polarity when the electron is between

tubes B and C.

Explain your answer.

(2)

o Xo be  obe Yo pvide o Poke on e eleden
AC&‘,&{&M&#@E \whgaleﬂ—hmﬁ’ﬂe}h'ﬁswuu |

Another one mark answer which explains why a field
is necessary but not why the polarity is as shown.

ResultsPlus

Examiner Comments
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electron electron path
" - / + \
I
-Q f tube  tube tube tube
electron A B C D
source

(i) An electron is shown between tubes B and C,

The circles on the diagram indicate the terminals of the a.c. supply.
Indicate on the diagram their polarity when the electron is between
tubes B and C.

Explain your answer.

/]1"5;5%5&‘“96%%%59&25@]7%40 vell Tle elechon

so W dees nek come beak avd hlie € hos o be posibve
....... "f‘Q o&whﬂ‘&_“k@'\'

ResultsPlus

Examiner Comments

A 2 mark answer.
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Question 17 (a) (ii)

Only 68% of candidates scored this mark.
(ii) Explain why it is necessary for the tubes to increase in length along the linac.
(1)
e TR RRANC AR Ietueen ndoes . cowsg.. el o, OAPRIONe. s AnEs oS

o AnoeQe. m_.terg_’m.s:__ﬂm__e.\ec.m LAre. AN same. G &f hme i each e
-~ CONSAT\\tvie Foen vend” s

ResultsPlus

Examiner Comments

A good answer that scores the mark.
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Question 17 (a) (iii)

A number of candidates did not take time to read the question carefully and so calculated
the energy in one gap. This scored 1 mark and was awarded to 40% of the candidates.
22% of the candidates appreciated that the acceleration and gain in energy occurred in the
gaps and so had a factor of 3 in their calculation and so scored the full 3 marks. Credit for 2
marks was given to candidates who used a factor of 4 since this showed an appreciation of
the increase in energy in stages along the accelerator.

(iii) The peak voltage of the a.c. supply is 250 kV.

Calculate the increase in electron kinetic energy, in joules, as the electron moves
from tube A to tube D.
(3)

W= Qu w290 x10®x e 280000 4 1%6x(07"

40t @ X3z 120107

i -3
Increase in kinetic energy =l2’X'OJ

ResultsPlus

Examiner Comments

A correct answer for 3 marks.

(iii) The peak voltage of the a.c. supply is 250 kV.

Calculate the increase in electron kinetic energy, in joules, as the electron moves
from tube A to tube D. D

Kt:eV e

(3)

o _ Lo
Increase in kinetic energy = V. T 7]

ResultsPlus

Examiner Comments

The common wrong anwer where the energy for one gap is found, scores 1 mark.
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Question 17 (b) (i)

Those candidates who understood the nature of matter and antimatter were able to score
this mark. Both particles needed to be correct for the mark to be awarded. Three quarters of
the candidates scored the mark.

The diagram is a representation of a hydrogen atom and an anti-hydrogen atom.

electron — e P — 1 e e.ort-.rm.

&
!
[
I i 1
1 I I
] ] )
[ \
LY /! ‘.\
\\‘ ‘,’ S
proton - Proken

Hydrogen atom  Anti-hydrogen atom

(i) Use the boxes in the diagram to identify the particles in the anti-hydrogen atom.
(1)

ResultsPlus

Examiner Comments

An example of the matter names being used.

IAL Phvsics WPHO04 01



Question 17(b) (ii)

This was generally well answered with 65% scoring both marks. The most common error
was to say that the charges were different rather than opposite. Different charges could
mean different magnitude or polarity so this is not not sufficient for the mark.

(i1) State one difference and one similarity between the electron and its corresponding
particle in the anti-hydrogen atom.

(ka:jg s differenf St may 5 fhe game .

ResultsPlus

Examiner Comments

An example of the use of the word 'different'.

(ii) State one difference and one similarity between the electron and its corresponding
particle in the anti-hydrogen atom.
(2)

Lot e obeeoee
Lo e ek vy e ewwss

ResultsPlus

Examiner Comments

Another way in which candidates demonstrate a lack
of understanding of matter and antimatter.
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Question 17 (b) (iii)

The idea of annihilation was required and since the command word was stated, that was the
answer required. 73% of the candidates scored this mark.

Question 17 (c) (i)

This question part was poorly answered because candidates did not appreciate that all
charge is defined in terms of the charge on the electron and not the charge on the proton.
Also the command word was 'explain' and not just 'write'. Candidates were required to use
the word 'positive' or say that it was the opposite charge to the electron. Because it was an
'explain' question, any symbol used had to be defined.

The most common answer was 'it is 2/3 the charge of the proton'. This scored zero which
was the mark given to 66% of the candidates.

(i) Explain what is meant by a charge of +2/3.
(2)

2 oS T2 ca 252 ;ho\nfje R

42 ¥ . S . — 19
N O VX Abx 10 s 4 10T xI0 C.

ResultsPlus

Examiner Comments

This scored zero because the 'e’ has not been
defined.

(i) Explain what is meant by a charge of +2/3.
(2)

T s e chaneg ye\atve SO charae & elechon. Swee.
eechon has L Chewge [ 1 2/3 dhage eons Opeosie

ResultsPlus

Examiner Comments

An example that scored 2 marks.
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(i) Explain what is meant by a charge of +2/3.
(2)

LT eans dhat e cher er‘sposftwemhcirb
(twe 'H'ni'm‘) J cL

IS%ﬁEF{LeCLmjea-pﬁProtcm,@

ResultsPlus

Examiner Comments

A 1 mark answer for the use of the word positive.
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Question 17 (c) (ii)

Because of what was asked in (c)(i) the unit e was omitted from the table. Candidates
needed to use the table to decide in their answers for the mass and charge of the quark and
so the units of mass were expected in the answer, since they were in the table. There was
no requirement for the e to be added to the value of charge. Candidates should have written
the words 'mass' and 'charge' to identify which of the values related to those quantities. If
the words were omitted, it was assumed that the first number written down was the mass
since that was asked for first in the question.

(ii) State the predicted mass and charge of the G quark.
(2)

Examiner Comments

A fully correct answer with the quantities identified.

(ii) State the predicted mass and charge of the G quark.
(2)

B

o wmass el o

ceemange. K O = T A3

ResultsPlus

Examiner Comments

No unit for mass so 1 mark only.
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(ii) State the predicted mass and charge of the @i quark.

B

(2)

ResultsPlus

Examiner Comments

OO ResultsPlus

Examiner Tip

If you are asked for two quantities it is
sensible to state which one is which.

No words, so first value taken as the
answer for the mass. This scored zero.
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Question 17 (c) (iii)

This is a standard unit conversion that proved challenging for less able candidates. The most
common errors were to fail to square the value ¢, to divide and later multiply by c¢*> and to
divide by e and multiply by c2.

(iii) Calculate the mass of the 8 quark in kg.
(3)

masy = 80 v 08 x 16yl 2o U2y a0t e

2%
Mass= -4 v to ~ kg

ResultsPlus

Examiner Comments

A model answer for 3 marks.

(iii) Calculate the mass of the § quark in kg. ¢r=1xw

(3)

90 K (avi0) > 2-3x0'E Moy

(e xief x Lexw 2 lssen

CUSroon 2 xwh -y x0Tty

Mass =.. l}sxw e K

ﬁ ResultsPlus

Examiner Comments

This candidate has multiplied by c? as
well as by e. Scores 1 mark.
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(ii1) Calculate the mass of the § quark in kg.

(3)
............................................ -"*AC@G#L&.QMQSH'TD
...................................................... o (B x 107 o
Y SO TP < . T S 28 W O 1= L —

ResultsPlus

Examiner Comments

This candidate multiplies by e and divided by c? but
goes on to divide by c? again. Scores 1 mark.
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Paper Summary

Based on their performance on this paper, candidates should:

Use words in calculations to explain what they are calculating. They should not just
write a series of numbers.

Answer in terms of the context and not in general terms (in context questions).

Read the question carefully and look for instructions when they are asked to add to the
diagram.

When writing descriptive answers candidates should use short sentences and check that
the subject of the sentence is clear.

Look at the command words. 'State' means the candidates need not write too much, and
that often only one word is needed. 'Explain' means 'mainly words', and any symbols
used require definition.
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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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