5(a) potential is (defined as) zero at infinity B1
proton has a positive charge and so repels another positive charge B1
work is done on two (positive) charges to move them towards each other B1
or
work is done by two (positive) charges as they move apart from each other

5(b)(i) | arrow drawn through Q in a WSW direction directly away from the centre of the sphere B1
5(b)(ii) | curve in at least one quadrant passing through (+R, +Eo) and (+2R, +Eo) B1
curve between —3R and —R of increasing magnitude of gradient B1
and
curve between R and 3R of decreasing magnitude of gradient
two lines drawn, one in the top right quadrant, the other in the bottom left quadrant B1

5(c) Er =—(1.60 x 10-19)2/[4n x 8.85 x 10712 x (5.3 x 10-1)] C1

=-4.3x108J A1
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Question 5

(a) Many candidates correctly quoted the definition of electric potential, but this alone was not awarded
credit. Many stronger candidates correctly stated that the potential at infinity is defined as zero.
Many candidates stated that the force was repulsive without explaining that this was because the
charge on a proton is positive. Very few candidates distinguished between ‘work done on the
charges’ and ‘work done by the charges’.

(b) (i) Although the majority of the candidates gained credit, many candidates were careless in drawing
the arrow (e.g. curved arrows, arrows that did not pass through Q or did not pass sufficiently close
to the centre of the sphere when extended), and some candidates had arrows which were pointing
towards the centre of the sphere.

(ii) The curves drawn were usually partly or approximately correct but often they did not have precise
detail. Examples included not using data to determine values of E (e.g. at x = 2R and x = -2R)
despite a clear numerical scale, allowing the curve to become horizontal or straight in sections and
not showing that E was negative for negative values of x.

(c) The majority of the candidates obtained the correct magnitude, but many candidates omitted the

minus sign. Typical errors were omitting one of the charges and dividing by the separation squared.
Some weaker candidates substituted the sum of the charges instead of the product.
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6(a) force per unit positive charge B1
6(b)(i) | radial lines B1
arrows pointing away from the sphere B1
6(b)(ii) |C=Q/V C1
V =83/69 A1
=(+)1.2V
6(b)(iii) | V = Q/4neor C1
r =(83 x10-2)/(4n x 8.85 x 10712 x 1.2)
=0.62m A1
6(b)(iv) | E = Q/4neor? C1
= (83 x 10-12) / (4n x 8.85 x 10-"2 x 0.62?) A1
=1.9NC1
6(c) 26 =83 exp [-t/(120 x 10 x 69 x 10-12)] C1
t=9.6 x103s A1
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Question 6

(a)
(b)

(c)

The definition of electric field as force per unit positive charge was generally well known.

The electric field pattern around the sphere was generally well drawn. The numerical questions that
followed in the remaining parts of (b) were generally well answered, with many candidates
obtaining the correct answers.

This was a difficult question, but many candidates obtained the correct answer. Weaker candidates

generally made no attempt to use the exponential equation and were therefore unable to make a
start with the question.
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5(a) work done per unit charge B1
work (done) moving positive charge from infinity (to the point) B1
5(b)(i) | potential (due to proton) = (1.60 x 10-19) / (4n x 8.85 x 10-'2 x 10 x 10-12) C1
or

potential (due to electron) = (—1.60 x 10-1%) / (41 x 8.85 x 10-12 x 110 x 10-1?)
V =[(1.60 x 10-19) / (4n x 8.85 x 10-1?)] x [(10-" = 110-") x 10?2 =130V A1
5(b)(ii) |V =[(1.60 x 10-19) / (4n x 8.85 x 10-"2)] x [(30~" — 90-") x 10'?] C1
=(+) 32V A1
5(b)(iii) | cross drawn midway between the electron and the proton B1
5(b)(iv) | line from (10, +130) to (110, —130) B1
curve getting shallower until x = 60 pm, crossing V =0 at (60, 0) and then getting steeper after x = 60 pm B1
curve passing through (30, £32) and (90, £32) B1
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Question 5

(a)

(b) (i)

(ii)

(iii)
(iv)

Most candidates had some recall of the definition. Where full credit was not awarded, this was
usually due to one of two omissions, either not making the ratio clear or not clarifying that the
charge being moved from infinity was positive.

This ‘show that’ question required the working to be clearly set out, showing the addition of the two
contributory potentials. Stronger candidates clearly showed all the values used and the sign of
those contributory potentials.

Most candidates were able to successively replicate their method from (i) to the new situation.
Some weaker candidates did not realise that the distances to both charges would change, or only
considered one charge.

Many candidates were able to position the cross correctly.
Credit could be gained for identifying the key elements of a correct start and end point, an
increasing steepness of the curve away from the midpoint where there was a sign change, and the

correct plotting of a potential at 30 pm and 90 pm. Candidates who used a pencil, and could
therefore adjust their sketch where it was inaccurate, were at an advantage.
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5(a) work done per unit charge B1
work done (on charge) in moving positive charge from infinity (to the point) B1
5(b)(i) electric field strength inversely proportional to distance? C1
E=32x20x10° A1
=1.8x 106N C™'

S(b)(ii) | V=Q/4ner and E= Q/4ner* (so E=V/r) B1
r=(9.0 x 10%) /(1.8 x 106) = 0.050m = 5.0cm A1
5(b)(iii) | Q = 4naVr C1

=41 x 8.85 x 10712 x 9.0 x 10* x 0.050
=50x107"C A1
5(b)(iv) |C=Q/V C1
= (5.0 x 1077) /(9.0 x 10%) A1

=56 x 10712F
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Question 5

(a)

(b) (i)

(ii)

(iii)

(iv)

As well as defining electric potential in terms of movement of charge to or from infinity (depending
on the sign of the charge) stronger candidates were also aware of the required ratio between work
done and charge.

Candidates used a number of different methods to compare the two positions (r and 3r from the
sphere’s centre) and the relative electric field strength and potential values at each position. Each
method was equally creditworthy in deriving the field strength at the surface of the sphere. The
most common error was to invert the relationships and get a smaller value of electric field strength
at the surface than further away at distance 3r.

In this ‘show that’ question, equations for electric field strength and potential needed to first be
shown and then compared in order to progress to the final relationship between E, V and sphere
radius r. Most candidates missed this beginning and started from that final relationship, into which
values were substituted. The calculation produced a value in metres, which needed to be clearly
converted into centimetres. Some weaker candidates wrongly used the equation for parallel plates,
including an unexplained symbol d.

The rearrangement of the equation for electric field strength or for electric potential did not prove
problematic to most candidates. \Weaker candidates were not able to recognise that the precise
value of the capacitance was not exactly 0.5 uC, and so they gave their answer to only one
significant figure instead of the required minimum of two.

The majority of the candidates were able to successfully use the data provided to calculate the
capacitance of the sphere.
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6(a) plate X marked as negative and plate Y marked as positive B1
6(b)(i) E=V/x C1
= (58 x 10%)/0.041 A1
=1.4x 108N C
6(b)(ii) | ma=eE C1
a =(1.60x 107" x 1.41 x 10%)/(9.11 x 1073") A1
=25%x10"ms>
6(c)i) |eV=hcl2a ¢1
or
eV=hfand f=c/ A
(1.60 x 1071® x 58 x 10%) = (6.63 x 1073* x 3.00 x 108)/ A M1
clear conversion from m to pm leading to 4 =21 pm A1
6(c)(ii) | X-rays B1
6(c)(ii) | Any two points from: B2

e waves are passed into structure and transmitted waves detected
o different parts of the structure absorb different fractions of energy
o difference in detected/transmitted intensities used (to form image)
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Question 6

(a)

(b) (i)

(ii)

(c) (i)

(ii)

(iii)

This question was generally well answered, with most candidates recognising that negatively
charged electrons accelerate from the negative plate to the positive plate.

This question was also generally well answered, with most candidates able to calculate the correct
value and give it with a correct unit.

The more able candidates were generally able to calculate the acceleration correctly. Many of the
weaker candidates equated the product of mass and acceleration with an energy or the electric
field strength instead of the electric force, and others attempted to use an equation of uniform
acceleration.

Most candidates knew the relationship between photon energy and wavelength. Many were unsure
of how to determine the photon energy from the energy of the electron. Some candidates
calculated the energy by working backwards from the wavelength value. Of candidates that did
correctly show the working for the wavelength, some had difficulty in showing the final conversion
from m to pm.

Most candidates were able to identify the electromagnetic waves as X-rays, from a combination of
the order of magnitude of the wavelength and the method of production of the radiation.

Many candidates found it difficult to answer the question that was asked here, with many accounts
given of how X-rays are produced. The idea that the image is formed by the differences in
transmitted intensities of X-rays that are detected after passing through different parts of the body
structure was not well articulated.
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2(a) (electric) force is (directly) proportional to product of charges B1
force (between point charges) is inversely proportional to the square of their separation B1
2(b)(i) charge = (+)2e A1
2(b)(ii)) | F=2x(1.60x107"°)?/[4n x 8.85x 1072 x (170 x 107'?)?]=1.6 x 108N A1
2(c)ii) | F=mre? and w=2n/T C1
F=4n’mr/ T?
T =[(4n?x%x9.11 x103" x 170 x 107"2) / (1.6 x 1078) J** A1
=6.2x 107"%s
or
v=2nr/T (C1)
T =(2nx 170 x 10712) / (1.73 x 10%) (A1)
=6.2x 107"%s
2d)(i) |ExQ/r C1
ratio =[1.60 x 107"° x (170 x 107"2)?] /[3.2 x 107"® x (340 x 107"2)?] A1

=0.13
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2(d)(ii)

resultant force slightly less (than 1.6 x 108 N) so speed lower
or
resultant force slightly less (than 1.6 x 1078 N) so period greater

B1
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Question 2

(@)

(b) (i)

(ii)

(c) (i)

(ii)
(d) (i)

(ii)

Generally, this question was answered well and most candidates earned full credit. A few
candidates referred to ‘indirect’ rather than ‘inverse’ proportion regarding the distance of separation
squared or omitted the word ‘squared’.

The most common error was to respond with a value in coulomb rather than in terms of the
elementary charge, but most candidates were awarded credit.

As always with a ‘show that’ question, marks are not awarded only for the answer, but for showing
the working that leads to the answer. The common reason for credit not being awarded was not
showing the full substitution by not substituting values for e and/or .

Most candidates used the correct starting equation for centripetal force and correctly calculated the
speed. Some candidates were not familiar with the power of ten indicated by the prefix ‘p’ for pico.

Again, most candidates used the correct starting equation or equations and earned full credit.
Although many stronger candidates earned full credit, a significant number approached the
question with the correct method but did not reach the correct answer for reasons including the
omission of one or both of the differences in charge and radius.

A common incorrect answer was that the radius of the orbit would change, but the question gave a

constant value for the orbital radius. Stronger candidates correctly explained that the change in
resultant force would result in a lower speed or longer period.
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2(a) sketch: B1
line from x = Rto x = 4R entirely in the negative ¢region
curve with continuously decreasing magnitude and with gradient of continuously decreasing magnitude, starting at ( R, £¢) B1
line passing through (2R, +'2¢) and (4R, +44) B1
2(b) horizontal straight line from t= 0 to t = 24 hours B1
line starting at (0, —¢) B1
2(c) straight line with non-zero gradient from 0 to d B1
line with negative gradient from (0, V) to (d, 0) B1
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Question 2

(a)

(b)

(c)

Candidates who knew the inverse relationship, understood that gravitational potential is always
negative, and took care over their diagrams, were generally able to achieve the marks.

Many candidates realised that, at a constant distance from the Earth’s surface, the gravitational
potential must be constant.

This question required candidates to realise two things. One, that the potential is zero at the
earthed plate and +V at the upper plate. Two, that the electric field between parallel plates is
uniform. Candidates who realised both aspects, and took care over the start and end points of their
line, were generally able to achieve the marks.
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6(a) (electric) force is (directly) proportional to product of charges B1
force (between point charges) is inversely proportional to the square of their separation B1

6(b) at least four straight, radial lines to/from surface of sphere B1
at least four straight radial lines drawn, approximately equally spaced B1

arrows pointing away from the surface of the sphere B1

6(c)(i) radius = 3.2cm A1
6(c)(i) | E= QI (4nax?) C1
Q=e.9.22x10%°x 4n x 8.85 x 10712 x 0.032? C1
=25%x10%C A1

6(c)(iii) the (positive) charge is all the way around the surface B1

a charge placed inside the sphere is pulled equally in all directions

if the field was not zero, the charges would move (until field is zero)

electric field lines go from positive charge to negative charge, and there are no negative charges inside the sphere
ny point, 1 mark

>. e o o
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Question 6

(a)
(b)

(c) (i)
(ii)

(iii)

Coulomb’s law was generally well known, and many candidates achieved full credit.

Most candidates appreciated thatthe electric field is radially outwards, though care was needed
over the diagramto gain ful credit Radial lines are straight, so candidates should be advised to
use a ruler to drawthem. The +symbols around the sphere were a useful guide to candidates to
help them to ensure that their field lines were evenly distributed.

Most candidates deduced the radius correctly from the graph.

Candidates generally knew the correct equation for the electric field strength due to a point charge,
but care was needed over the powers of ten when substituting a pair of values correctly read from
the curved partof the graph. Some candidates chose to us e the value on the data page for 1/ 4neo
and substituted it into the denominator rather than the numerator; candidates that used the value of
the permittivity of free space generally substituted correctly.

Most candidates found it difficult to offer a plausible explanation, with many cyclic arguments
presented such as ‘there are no field lines inside the sphere, so the electric field is zero’. There was
a variety of ways in which candidates could approach the answer, and stronger candidates
generally were awarded credit.
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5(a) (electric) field equals (electric) potential gradient M1
reference to minus sign A1l
5(b) o for potential to be zero, one potential must be positive and the other potential must be negative B3
o for potential to be zero, the charges must have opposite sign
o for field to be zero, the fields (due to X and Y) must be in opposite directions
o for field to be zero, the charges must have the same sign
e the signs of the charges cannot (simultaneously) be both the same and opposite (so not possible)
Any three points, 1 mark each
5)(0) | Vk = (=) Q/4neox and W = (=) 2Q/ 4rneoy Ct
(W+ W =0s0) Q/4neox = 2Q/ 4reoy leading to y = 2x A1
5(c)(ii) | Ex = Q/4neox? A1
5(c)(iii) | By =2Q/4neo(2x)? C1
( =Q/ 8TE£0X2)
(opposite charges so fields in same direction so magnitudes add): A1

E = (Q/4neox?) + (Q/ 8repx?)

= 3Q/ 8negox?
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5(a)

work done per unit charge

B1

work (done) moving positive charge from infinity (to the point)

B1

5(b)

Any three points from:

Up to 2 points from:

e radius of sphere Xis 0.30 m

e radius of sphere Y is 0.10 m

e radius of X is treble the radius of Y

Up to 2 points from:

e charge on X is positive

e chargeon is positive

e spheres X and Y carry charges of the same sign

Up to 1 point from:
e (magnitudes of) charges on the spheres are equal
e charges on the spheres have the same magnitude

B3

5(c)

proton remains at rest (in the position of release)

M1

potential energy of proton is (already) at its minimum

?erlectric) forces (from spheres) on proton are equal and opposite
ﬁ; resultant (electric) force on proton

ro(:sultant electric field strength (at proton) is zero

A1
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Question 5

(@)

(b)

(c)

The definition of electric potential was generally well known, although it was common for omission
of important detail to result in full credit not being awarded. For example, many candidates gave a
definition of an energy, rather than an energy per unit charge.

Many candidates were awarded full credit. In answering this type of question, it is important for
candidates to be aware that they need to draw conclusions from the graph, not just describe the
graph. This question asked for properties of the spheres that could be deduced from the graph, and
the mark scheme provided various ways of achieving credit for discussing the radius of the spheres
and the sign and magnitude of the charges on them.

Candidates were expected to deduce that the proton will remain at rest at the point of release, and
the mark scheme allowed various ways of achieving credit for explaining why this is the case,
either in terms of the resultant force being zero, or in terms of the resultant field strength being
zero, or in terms of the fact that the proton is already at the position where its potential energy is a
minimum. Many candidates found this a difficult question, with many of them thinking that the
proton accelerates towards one or other of the spheres.
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5(a) force per unit charge B1
force on positive charge B1

5(b)(i) four straight vertical parallel lines, approximately evenly spaced B1
arrows downwards B1

5(b)(ii) |E =VI/d C1
E =430/0.067 A1

=6.4 x 103N C

5(b)(iii) | smooth curve within plates and straight lines outside plates B1
direction of deflection shown as upwards B1

5(c)(i) into the page B1
5(c)(ii) | forces are in opposite directions B1
(undeviated) when (magnitudes of) forces are equal B1

5(c)(iii) | Eq = Bqv C1
B =E/v=(6.4x10%/(2.6 x 107) A1

=25x10#T
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Question 5

(@)

(b) (i)

(i)

(iii)

() (i)

(i1)

(iii)

Definitions were often incomplete because of the omission of the ratio of force to (positive) charge,
indicated by words such as ‘per unit charge’.

Carefully drawn sketches of the electric field lines using a ruler made it more likely that they were
evenly spaced and started and finished on the plates, as was required. In most cases the field
direction was given correctly.

Where the correct starting equation was stated, most candidates were able to go on to calculate
the electric field strength. A common incorrect starting point was to use the equation for the field
around a point charge.

Most candidates correctly sketched a path deviating in the correct direction. Common errors seen
included an electron path that remained undeviated for too long within the plates, a curved path
once the electron was beyond the plates, and the electron hitting a plate. The last error could have
been avoided with a more careful reading of the question.

Stronger candidates were able to identify both the correct plane and correct direction of the
magnetic field for an electron. Although not required or assessed, Fleming’s left-hand rule was
sometimes quoted indicating its use to answer the question. Weaker candidates had the magnetic
field direction opposite to that of the electric field. This error was then generally repeated in (ii).

Most candidates were able to explain the equality and opposite direction of the two forces. Weaker
candidates equated opposite fields rather than forces.

Where the starting equation was correctly shown, candidates were usually able to progress to a
correct final answer for full credit. Many candidates tried to apply the equation for the force on a

current in a wire. Whilst it is then possible to derive the correct equation from that starting point, it
was rarely done successfully.
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5(a) any 2 points from: B2
e (angular) displacement
e velocity
e momentum
e (centripetal) acceleration
e (resultant) force
5(b)(i) | Bgqv=mv2/r M1
v=2nr/T M1
completion of algebra leading to B=2nmm/qT A1
5(b)(ii) | B=(2nx4x1.66x1027)/(2x 1.60 x 10719 x 2.5 x 10-6) C1
=0.052 T A1
5(b)(iii)y | either the same because T is independent of r B1
or the same because B, g and m are unchanged
or the same because both radius and speed have doubled
5(b)(iv) | QE = Bqv C1
E =Bv=0.052x1.1 x 108 A1

=5.7x10*NC
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4(a)(i) | amplitude =12x7.2x 107" A1
=3.6x10""m
4(a)(i) | @ =2rn/(0.20 x 1079) A1
=3.1x10"rads™

4(a)(iii) | vo = wxo C1

Vw=31x10"x36x10"=11x10"ms™ A1

4(b)(|) In = nAwe C1
=85x10®%x43x10%x1.1x107x1.60x 107"°

=0.64A A1

4(b)(ii) | sketch: two cycles of sinusoidal curve of amplitude Iy and period 0.20 ps B1

correct phase, with I = +Ipatt=0 B1

4(b)(iii) | equation of form I = I, cos wt M1

value of Ip used matches answer to (b)(i) and value of @ used matches answer to (a)(ii) A1

[if (@)(ii) and (b)(i) correct then I = 0.64 cos (3.1 x 107 1)]
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4(b)(iv)

Ir_m_s_ = IO/\/Z
=0.64/2

=0.45A

A1
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Question 4

(a) (i)

(ii)

(iii)

(b) (i)

(ii)

(iii)

(iv)

This question was generally well answered. Among candidates that did not give the correct answer,
the most common mistakes were misreading the scale, omission of the 10~'° factor, or forgetting to
halve the peak—trough height.

There was some confusion among weaker candidates between frequency and angular frequency,
but otherwise this question was well answered.

Most candidates knew or were able to deduce the correct relationship between maximum speed
and amplitude for simple harmonic motion.

Most candidates realised that a substitution into I = nAvqg was required. The common mistake
among the more able candidates was a power-of-ten error in the unit conversion for the area.
Some of the weaker candidates attempted to square the area, and a small number did not know
that the value of q required was the elementary charge.

Most candidates realised that a sinusoidal curve was required with an amplitude Io and a period of
0.20 us. Many candidates found it difficult to draw the curve with the correct curvature in the
different parts of the graph. The stronger candidates were generally able to deduce that the current
has the largest magnitude when the electrons are moving with the fastest speed and therefore
draw a curve with the correct phase.

Many candidates found this question difficult. Partial credit was awarded to candidates who
substituted their values from (a)(ii) and (b)(i) into I = Io sin wt but, as with (b)(ii), it was generally
only the stronger candidates that realised it was a cosine rather than sine equation that was
required here.

This question was generally well answered.
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5(a) (electric) force is (directly) proportional to product of charges B1

(electric) force (between point charges) is inversely proportional to the square of their separation B1

5(b) F=CP/4nex® C1
6.3 x 1077 = Q?/[4n x 8.85 x 1072 x (3.8 x 107)?]

charge =3.2x 10 C A1

5(c)(i) negative B1

5(c)(ii) four straight lines perpendicular to the plates, starting on one plate and finishing on the other B1

lines equally spaced B1

arrows indicating direction downwards B1

5(c)(iiy | E=V/d C1

mg = EQ C1

mass = (1200 x 3.2 x 107'%)/(9.81 x 0.052) A1

= 7.5 x 1076 kg
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Question 5

(a) This question was well answered, with most candidates able to give a correct statement of
Coulomb’s law.

(b) Many candidates made a correct substitution into the equation, but some candidates then had
difficulty with the subsequent arithmetic (often forgetting to take the square root of Q?). A common
mistake among weaker candidates was either to confuse the equation for force with the equation
for field strength, thereby starting with Q rather than @2, or to think that the two charges should be
added (giving 2Q) rather than multiplied.

(c) (i) Most candidates realised that, for the droplet to be held in equilibrium, the electric force must be
upwards leading correctly to a conclusion that the droplet must be negatively charged. A small
number of candidates did not seem to understand the situation and concluded that, despite having
calculated a charge in (b), the droplet is uncharged (and so the sign is neutral).

(i)  This question was generally well answered. In most instances where full credit was not awarded,
this was due to carelessness with drawing the diagram rather than the candidate not knowing what
the pattern should be.

(iii) Most candidates realised that the electric field strength between the plates can be calculated from

the potential gradient. The more able candidates realised that the electric force needed to be
equated with the weight of the oil droplet, and many then went on to calculate the correct mass.
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work done per unit charge

B1

work (done on charge) moving positive charge from infinity (to the point)

B1

Any three points from:

Up to 2 points from:

e radius of sphere Xis 2.0m

e radius of sphere Yis 4.0m

e radius of Y is double the radius of X

Up to 2 points from:

e charge on X is negative

e charge onY is positive

e spheres carry opposite charges

Up to 1 point from:
e magnitudes of charges on the spheres are equal

B3

particle is attracted to X or repelled from Y
or
resultant force on particle is towards X/away from Y /to the left

B1

particle accelerates towards X/away from Y /to the left

B1

(magnitude of) acceleration of particle increases

B1
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1(a)(i) force per unit mass B1
1(a)(ii) force per unit positive charge B1
1(a)(iii) similarity: B1
e inversely proportional to distance (from point)
e points of equal potential lie on concentric spheres
e zero at infinite distance
Any point, 1 mark
difference: B1
e gravitational potential is (always) negative
e electric potential can be positive or negative
Any point, 1 mark
1(b)(i) g=GM/r M1
E=Q/4rnsr? M1
algebra showing the elimination of r leading to M/ Q = (1/4nG&) (g/ E) A1
1(b)(ii) a=1/(4n x 6.67 x 107" x 8.85 x 10-?) = 1.35 x 10%° (kg? C?) A1
or
a=(8.99 x 10°)/(6.67 x 10~'") = 1.35 x 10%° (kg? C?)
1)) | E =agQ/M c1
=(1.35 x 10%° x 9.81 x 4.80 x 105)/(5.98 x 10%%)
=106 NC" or 106 Vm™ A1
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1(c)(ii)

same (direction)

B1

9702_s23 qgp_41_qu_001 MS




Question 1

(a) (i)

(ii)

(iif)

(b) (i)

(ii)

(c) (i)

(i)

Only a minority of candidates knew the syllabus ‘bookwork’ that defines gravitational field as force
per unit mass. Many candidates did not give the definition of a quantity but instead answered a
different question, asking what is meant by the concept of a gravitational field. As this was such a
common misunderstanding of the question, the Examiners did award credit on this occasion for
responses that answered the latter question. However, teachers should be aware that candidates
are expected to know the syllabus definition that gravitational field is a vector quantity, given by the
force per unit mass on an object.

The comments for (a)(i) are also relevant here for the definition of electric field. Candidates are
expected to know the syllabus definition that electric field is force per unit positive charge.

There were many correct similarities and differences stated here. Some candidates gave
responses that were correct for forces or fields rather than potentials, such as “both are inversely
proportional to distance squared” or “one is attractive and the other is repulsive”.

This proof proved to be challenging for many candidates. A significant number of candidates
started with the definition of electric field strength as F/Q which is correct, but they needed to
extend it to the field due to a point charge. Some candidates were attempted to equate the two field
strengths, when they have different dimensions so cannot be equated.

Candidates who did not reach the required expression in (b)(i) were unable to show the numerical
value for o here. They did not know the combination of constants that was represented by «. It
should be noted that full substitution is required in ‘show that’ calculations, including all constants.
Here it was necessary to see the numerical values for & and G being used to determine the value
of a.

Many candidates used the expression stated in (b)(i) to calculate the electric field strength at the
surface of the Earth. However, some then gave their answer to two significant figures when the
data were given to three significant figures. The requirement for a unit also proved challenging to
many candidates. Weaker candidates often tried to answer this by starting once again from first
principles, only to find that they did not have enough information to do this.

There were many correct answers here comparing the directions of the two fields. Some
candidates did not realise the significance of the information at the start of (c) that the charge
carried by the Earth is negative. Some gave the general case and said the direction of the electric
field could be towards or away from the surface of the Earth. Some candidates said the directions
were opposite, presumably assuming that the charge of the Earth was positive.
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4(a) (electric) force is (directly) proportional to product of charges B1
force (between point charges) is inversely proportional to the square of their separation B1
4(b)(i) arrows showing tension upwards in direction of string, electric force horizontally to the right and weight vertically B1
downwards and all three labelled
4(b)(ii) Foo _ 96x 0 x 6j2>< 107° 2 C1
4x7x8.85x107'“x0.080
(=8.63x 10°N)
either angle to vertical =sin™' 0.080/1.2 C1
(=3.82°)
weight = Fg/tan 3.82 = 8.63 x 10~3/tan 3.82 C1
(=0.129N)
mass = 0.129/9.81 A1
= 0.013 kg
or Tsin #=mg and Tcos &= Fc or tan 6= mg/ Fe (C1)
tan 6=1.2/0.080 (C1)
m = (1.2 x 8.63 x 107%)/(0.080 x 9.81) (A1)

= 0.013kg
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4(b)(iii)

E_QQ _ 96x107° x64x107°
P Are,r 4x7x8.85x1072x0.080

A1

=6.9x10%J
4(c)(i) towards the top of the page / towards plate P B1
4(c)(ii) F=QEand E=V/d C1
F=1.6x10"x250/0.018 A1
=2.2x107"°N
4(c)(iii) either the force is not (always) perpendicular to the velocity B1

or the force is always in the same direction
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Question 4

(a)

(b) (i)

(ii)

(iii)

(c) (i)

(ii)

(iii)

The maijority of candidates were able to correctly state Coulomb’s law. A small proportion omitted
the squaring of the separation or used indirectly in place of inversely in the relationship. Indirectly
covers a range of relationships, but only inverse square is correct here.

Candidates struggled with this force diagram. Some did not include all the forces, some added
quantities that were not forces. Finally, the direction of the correct forces was sometimes incorrect
— the electrostatic repulsion was drawn perpendicular to the string and the weight was drawn
parallel to the string.

This multistage calculation proved to be challenging to most candidates. Many candidates were
able to determine the magnitude of the electrostatic force. However, only the strongest candidates
were able to resolve forces and apply the equilibrium conditions.

This calculation of potential energy was correctly carried out by most candidates. Some incorrectly
squared the separation, and a few halved the separation.

The direction of the force was correctly stated by many candidates but there was a range of
incorrect responses including downwards, to the right and to the left.

The stronger candidates were able to combine the two necessary formulae. However, a significant
number used the incorrect expression F = V/d.

Many candidates appear to think that magnetic fields are the only type of field that can give rise to

circular motion. Some candidates stated that there is no centripetal force, but only the stronger
candidates were able to articulate the reason why there was no circular motion.
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5(a) work done per unit charge B1
work done (on charge) in moving positive charge from infinity (to the point) B1
5(b)(i) radius = 0.060 m A1
5(b)(ii) | V= Q/4nax C1
Q= (-) 850 x 47 x 8.85 x 1012 x 0.060
or
Q= (-) 850 x 0.060/8.99 x 10°
(any correct pair of V and x values from curve)
Q=-57x10°C A1
5(c)(i) Er = QP/4nax C1
=(5.67 x 1079)2/ (4n x 8.85 x 1072 x 0.46)
=6.3x107J A1
5(c)(ii) force is repulsive so spheres move apart B3

force in direction of motion so speed increases

potential energy converted to kinetic energy so speed increases

force decreases with distance so acceleration decreases

momentum is conserved (at zero) (and masses are equal) so velocities are always equal and opposite
ny three points, 1 mark each

>. e o o o
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Question 5

(a)
(b) (i)

(ii)

(c) (i)

(ii)

Most candidates could be awarded at least partial credit for this definition.

Whilst there were many candidates who found this question difficult, most realised that they had to
read off the value of x at the point where the horizontal straight line ends and the curve begins.

Most candidates were able to correctly read off a set of values for V and x from the curve and then
to substitute these values into the equation for the potential due to a point charge. Comparatively
few candidates appreciated that the negative nature of the potential curve meant that the sign of
the charge on the sphere must be negative. A common mistake in substituting for the permittivity of
free space is to use the data given on the data page for 1/4neo but to incorrectly substitute it as the
value of 4neo.

Most candidates realised that they had to use the equation for the potential energy between two
point charges from the formula page, but many experienced problems with using it. Common errors
were to double, rather than to square, the charge, to use the charge on an electron rather than the
charge on the spheres, and to use the radius of the spheres rather than the distance between
them. A small number of candidates who did reach the correct numerical answer gave the potential
energy as negative, not appreciating that the energy stored between two negative charges must be
positive.

Most candidates found it difficult to give a complete answer to this question. Candidates were
expected to draw upon their knowledge of the AS Level part of the syllabus and to realise that,
when describing motion, the concepts of displacement, velocity and acceleration need to be
considered, and that the concepts of force or energy need to be used to explain them. The mark
scheme was structured in such a way as to enable various ways of accessing the credit, but very
few candidates attempted to go beyond the fact that the spheres move apart because the force
between them is repulsive. Some candidates did not appreciate that ‘opposite directions’ is not
enough to convey the idea of the spheres moving apart because it could equally well mean towards
each other.
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4(a) (field line indicates) direction of force B1
force on a positive charge B1
4(b)(i) one straight line perpendicular to plates, starting on one plate and finishing on the other B1
five straight lines perpendicular to plates between the plates, uniformly spaced B1
downwards arrows on lines B1
4(b)(ii) | E=VId C1
=2400/0.046 A1

=5.2x 10N C-'
4(c)(i) smooth curve in region of field and straight line outside field B1
direction of deflection shown as downwards in region of field B1
4(c)(ii) helium nucleus has double the charge but four times the mass B1
velocity parallel to plates same and acceleration perpendicular to plates smaller (for helium) B1
final speed is lower (for helium) B1
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Question 4

(a) Many candidates stated that electric field lines go from positive to negative rather than what the
field lines indicate.

(b) (i) The field pattern was drawn well by most candidates. A few candidates had the arrow pointing in
the opposite direction and a few drew lines that did not reach the metal plates.

(ii)  There were many correct answers here. Weaker candidates sometimes used the formula of the
field strength around a point charge, which is incorrect physics in this situation.

(c) (i) Candidates found drawing the path of the proton challenging. Most candidates gained credit for the
correct direction of deflection. However, many did not have the proton beginning to deflect near to
the point where the region of the electric field began and many did not draw the path as a straight
line after leaving the region of the electric field.

(ii)  This explanation was challenging. A significant number of candidates correctly stated that the final
speed of the helium nucleus is less than the final speed of the proton. However, it was not clear
that the candidates realised that the speed was the combination of the constant horizontal velocity
and the increasing velocity perpendicular to the plates. Some candidates realised that the charge-
to-mass ratio was important in this question but very few candidates separated the velocities into
their vertical and horizontal components. A number of candidates thought the helium nucleus was
not charged so would not be affected by the electric field at all.
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