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Mark schemes

Q1.

Q2.

(@)

d/21x102%=12x103/61V
d=4.1%x10%mV
41/15=275V

Eye can resolve the images as they are more than 2 cell diameters apart/ a
distance greater than 3 x 10-® m apart / separated by at least 1 unstimulated cell v

Marks 3 and 4 are ECF.
Three curves labelled blue, green, red from left to right v/

Roughly at correct height green, red above 2/3 green, and blue less than 1/3 green

Blue 375 to 500, green 425 to 675, red 475 to 725 ; all + or =30 V/

[7]

Mention of ear’s sensitivity starting low, increasing to maximum and then falling
again resulting in convex nature of their curve which is wrong as does not fall after 5
kHz / should fall at higher frequencies and not plateau v

Mention of 1 kHz being the reference frequency for both scales / mention of 3 kHz
being the frequency of maximum sensitivity of the ear V/

both scales should have same reading at 1 kHz which they don’t / it is wrong that
the curves cross at about 750 Hz v/

dBA curve should have maximum value at 3 kHz which it doesn’t / wrong as max
sensitivity of dBA scale is shown at 4 kHz v

Initial use of 110 dB in correct equation —
110 =10 log (I / lo)
leading to correct calculation of intensity = 0.10 (W m-2) V/
Use of equation the calculated intensity = 7.8 / 4zr2 v/
Leads to distance =2.5 m vV

Thus 2 m is slightly too close to the drill as it is less than 2.5ml v
The 4 marks are basically

1. The correct manipulation of the equation relating intensity
and power.
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2. The correct answer from this.
3. The correct use of the decibel equation.
4. A suitable statement relating numbers.

These marks can come in any order depending on how they
attack the problem. They may do 3 before 1 and 2, as in my
original mark scheme, but many are doing 1 and 2 before 3.

If 1 is wrong then this is EOP and thus 2 cannot be awarded,
but 3 and 4 are ECF and are still available.

Be aware that by using the initial power and distance quoted
in the question, the final answer for the intensity level is 112
dB. Some candidates may then say that to 2sf, this is 110 dB
which is that quoted as the safe level. This argument must
be given the credit which it deserves.

Remember that ECF is available from 2 to 3, or from 3 to 1
and 2.

The final mark is for a sensible comment based on their final
answer with some numeric comparison.

(8]

Q3.

(a) Eye lens cannot be made powerful enough / rays cannot
be bent enough / eyeball is too short v/

cannot be brought to a focus on the retina / fovea / back of
the eyeball V

Accept not strong / fat / convex enough
Do not accept fat enough — neutral answer
Accept rays would be / are focused behind the retina

v =(-) 46 (cm) V

ans to 2 sig figs V
Use of 2 and 1/24 is AE
Answer 0.46 gets 1 working mark

(c) D the eye’s unaided near point

(d) first correct ray v
completed ray diagram with two rays and ‘image’ drawn v/
labelled object, image and at least 1 principal focus. v
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Q4.
(@)

(e)

Q5.
(@)

First two marks are for a diagram showing a virtual image

Third mark is for any diagram. Do not allow f for F unless
other labelling is present.

[l

Must see positive sign in answer.
Magnification = 2.6 V/

“Long sight OR hypermetropia” v
Accept presbyopia or non-spherical cornea.
Cause: non-spherical cornea v/
Effect: focus in one plane, out of focus in plane at 90° V/

Correction: cylindrical (for correction lens) v/

1 power V/
2 axis of defect V/

[10]

minimum power needed for normal ear to hear a sound V/

at frequency of 1 kHz V/

Sensible scales V

General shape V
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Point 0dB at 1000 Hz v/

Minimum below 0 dB at frequency 3000 Hz V/

40

threshold
intensity/dB

30 100 300 1000 3000 10000
frequency/Hz

110 (107) dB V/

(8]

Q8.

(a) (1) The two images are formed on receptors / cells separated by at least one
unstimulated receptor / cell

Allow images separated by at least 2 cell diameters
(i) Cones are used as ONLY cones at fovea

(iii) Distance images apart on retina = 2 x cone diameter
Diameter = (0.130 x 103 x 52 x 103)/2=3.4 x 10° m

Allow 1 mark for correct sep of images calc.
(0.130 x 103 x 562 x 10®) in calc

Allow 1 mark for wrong distance calc divided by 2
for final answer / angle divided by 2

(b) (1) Ciliary muscles relax / suspensory ligaments contract
Producing lens of less power / greater focal length

Allow decreasing the curvature of the lens / flatter / thinner /
less spherical
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(i) Cones stop working and rods start
enlarged pupil
Accept dilated pupil
Then the third mark for
either dark adaptation — takes some mins for rods to fully
function / eye to adapt
or (Iris) circular muscles relax / (iris) radial muscles contract

Accept concentric for circular

[S=Y

[l

Q9.

(a) (Intensity) measured on dBA scale / adjusted scale which mimics normal ear (so
values around 0dBA) at all frequencies

(b) (i) Figure 2 - falling to larger values as frequency increases
Start must be between 0 and 20 dBA
must not consistently go above 0dBA
must cover the 0.125 to 8 kHz range
can go on after 8 kHz

(i) Figure 3 — falling to larger values and then going up to smaller values as
frequency increases
Maximum value at f = 4 kHz

Start must be between 0 and 20 dBA
must not consistently go above 0dBA
must cover the 0.125 to 8 kHz range
can go on after 8 kHz

(c) (i) | = lo x 10°2 or correct substitution in formula

1=1.6 x10°* W m=

(i) Use of 4 x  x 400 x 400
Correct calc to give 3.2 x 103 W
Allow ecf from previous calculation

[l

Q10.
(a) (1) Ans C; Myopia or short sight
Auto marked

(i) Concave / diverging lens drawn
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(i)  Rays diverge at correcting lens

Rays converge at eye and are focussed at retina

(b) (i) So that rays (from a distant object )appear to come from the far point
(of the defective eye)

OR to form (virtual) image at the (unaided) far point

(i) f=-0.75
P=1/f=-1.3 (D)
Do not accept -4/ 3

1 1
iy 1/u=1/f-1/v= -075 _ -0.15
u=0.19 (m)
2 sig figs

Q11.
(a) (i) The dB scale
Allow decibel scale Not DB

Equal response across all frequencies
Allow unaffected by / independent of frequency

(i) The dBA scale
Allow adjusted / adapted decibel scale Not DBA

Response depends upon frequency as ear’s response does

(b) (i) Point R has equal values on both scales (as 1kHz) is the frequency
used to define threshold value

Allow reference frequency for dBA scale

(i) Point S is at (3kHz as this is) the frequency at which the ear is most
sensitive

Allow most sensitive as at peak of curve

(c) [=1.0 %1072 x 1095
First mark for any correct initial equation

|=3.2x10% (W m?)
Only penalise 1 sig fig
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(8]
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Examiner reports

Q1.

The first part, (a), required the students to use the data provided to make a sensible
comment on whether the eye could resolve two images on the retina. This could be done
in many ways, but the final statement required a direct comparison between either two
calculated values, or a comparison between a calculated value and data quoted in the
question. In order to gain full marks, students needed to demonstrate that in order to
ensure that two images could be resolved, the minimum distance between the two images
was greater than two cell diameters. This point was missed by many students who either
used one or three cell diameters as the limiting factor. Many other students could not use
the data supplied in a meaningful way, with a surprising number trying to use the lens
equation to work out a focal length. The mean mark on this question was 0.97 out of 4,
with 8.7% of students scoring all four marks available.

Part (b) required students to sketch and label the response curves for the three colour
cones of the eye. Although most students gained a mark for drawing three curves and
naming the curves blue, green and red with increasing wavelength, hardly any gained
either of the other marks for relative heights or range of wavelengths.

Q2.

Part (a) showed a suggested graph drawn by a student to show the response of a sound
meter set to the dBA scale over a range of frequencies in relation to the curve for the dB
setting, showing constant output power of the source. The students were asked to discuss
whether the curve drawn by the student was correct. There were three main points which
were wrong, the fact that the two curves did not cross at 1000 Hz, the fact that the peak of
the dBA curve was not at 3000 Hz, and the fact that there was a 6 kHz plateau in the dBA
curve. There were many good answers to individual errors, but few were able to put all the
answers together and gain full marks. A noticeable number of students suggested that the
dBA curve was upside down. The other noticeable error was the inability to read the
logarithmic scale, suggesting that the peak of the dBA curve was 3100 or 3200 Hz.
Unfortunately, just over 45% of students failed to score on this question.

Part (b) was answered well by many students, with over a quarter of them gaining all four
marks. There were many ways to attempt this question and the examiners were
impressed with some of the approaches used by students. The marks were awarded for
different calculations which involved specific equations and a final mark for an adequate
discussion comparing either the student’s calculated answer with a value quoted in the
question, or two calculated answers. The main source of error, which led to a two-mark
penalty, was using the wrong formula for the area of a sphere when relating intensity and
power. An error here was carried forward so that the remaining marks could still be
gained.

Q3.

This question was on the defect of the eye and its correction.

In part (a) many students only provided one of the points needed. Students sometimes
lost a mark by providing a correct answer and a wrong answer for the same point, for
example ‘the eyeball was too short or the lens was too strong’.

In part (b) it was pleasing to find few students who found ‘v’, the object distance, rather

than ‘v, the image distance. However, the units in the calculation proved to be challenging
for many students. The power of lens in dioptres meant that object distance needed to be
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in metres in the calculation. The final answer then needed to be converted back to
centimetres. The most common wrong answer was ‘0.51’ which only gained 1 mark for the
correct number of significant figures.

Part (c) proved to be difficult, with the majority of students thinking that it was ‘the aided
near point’ rather than the correct answer of ‘the unaided near point’.

Part (d) required a ray diagram to be drawn, which a significant number of students were
unable to do. Students should be aware that when using a correcting lens, objects are
always real and images are always virtual. The majority of diagrams showed the formation
of a real image. Many students also failed to score the labelling mark for correct labelling
of object, image and a correct principal focus. The students who were able to draw the
correct ray diagram were, in the main, also able to correctly label the diagram.

Q8.

(a) (i) A common incorrect answer was where the students talked about the
separation of the objects rather than that of the images. The separation
between the images of one receptor cell needed a statement that that receptor
was unstimulated.

(i) It was hoped that the answer of cone cells would be explained easily as
there are only cones at the fovea. However, many students failed to gain this
mark with a common answer stating ‘cones as they are only situated at the
fovea’.

(iii) The majority of students were able to gain a mark for the initial calculation
multiplying angle by distance to get separation on the retina. However, few
students were able to gain the final answer. The main mistakes in the initial
calculation were failing to use the correct units. Several students were
penalised for using the radius of the eye in the calculation which was an error
of physics.

(b) (i) Most students were able to gain one mark, but many could not give the
detail required for both marks. Wrong answers included ‘cilliary muscles
stretch the cornea’, ‘the eyeball becomes less spherical’ and ‘the cornea
relaxes’.

(i) Again the wording of answers failed to state clearly what was happening.
Examples of this include ‘the iris expands’, the iris opens up’, ‘the diameter of
the iris will change’, ‘the pupil relaxes’ and ‘the pupil contracts’. All of the
answers mentioned above failed to give an accurate credit worthy response.
Many students talked about the changes to the image rather than the changes
to the eye itself; this was a problem with reading and interpreting the question
rather than knowledge.

Q9.

(a) We hoped that students would recognise that the dBA scale was being used and
thus explain the level nature of the graph with frequency to match the ears response
with changing frequency. Most students gained the first mark stating that dBA was
used, but a few students didn’t for using ‘bda’, ‘DBA’, or any other wrong
combination of letters. Less than half of the students were then able to give the
explanation required for the second mark. Several students suggested that the flat
nature of the ear’s response was due to the scale on the hearing level axis being too
large.
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(b)

Q10.

(i)

This should have been a straight forward answer showing increased loss
of hearing with frequency. Many students failed to draw a suitable curve,
common errors involving lines which failed to cover the full frequency range,
lines which started above 0 dBA and lines which were level at a reduced dBA
value.

Most students were able to gain the first mark for showing an increasing loss
and then a decreasing loss, but few gained the second mark for showing the
maximum loss occurring at 4 kHz.

Many students were able to do this calculation. However, there are still a
significant number of students who put the correct numbers into the basic
equation, but then confused the ‘log’ function with the ‘In’ function.

There was an ecf from incorrect answers to the previous calculation, so no
student was penalised twice. However, it was sad to see that very few
students were able to answer this part correctly with many using the area of a
circle or the volume of a sphere rather than the surface area of a sphere.

This question was about the short sight and its correction.

(@)

Q11.

(i)

(ii)

Nearly all students were able to show a diverging lens was required to
correct the defect.

The instructions on the front of the paper state that all students should have
aruler. A lot of students lost marks due to the poor free-hand drawing of rays
which showed rays curving as they neared the retina to allow them to meet at
the retina. Some students lost marks as they allowed the rays to continue past
the retina and out of the back of the eye. Other students lost marks as they
drew the top ray and the bottom ray starting to diverge from different points
relative to their lens or starting to diverge away from the lens.

Many responses failed to answer the question asked. There were a
noticeable number of students who suggested that the correcting lens was to
form an image at infinity for an object at the unaided far point, whilst others
suggested that it did not matter where the object was, the virtual image would
always be formed at the unaided far point.

The majority of the students gained this mark, but it was noticeable that
some students ignored the negative sign, some even writing in the answer that
you cannot have a negative power for a lens.

As in the past, a large number of students confused the object and the
image, showing clearly that they were working out the image distance which
was an error of physics. These students were still able to gain the final mark if
they gave their answer to 2 sig figs. There was a significant number of
students who failed to gain the last mark as they gave their answer to too
many significant figures.

This question involved the readings on meters set to different sound scales measuring the
intensity level.

(@)

(i)

Many students lost marks through careless use of DB, Db, or db all of
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which showed a lack of understanding of the correct dB. Although the first
mark was lost for these errors, the students were still able to gain the second
mark for a correct explanation.

The same errors as mentioned above in (a)(i) were also evident in this part.

Many students just stated that this was where the two lines crossed and
failed to explain the significance of this frequency, 1 kHz, rather than where
they cross again at 6 kHz.

Again there were too many bald answers which failed to explain the
significance of the frequency at this point or incorrect answers which showed a
lack of understanding. These answers included ‘the maximum level that a
human ear can hear1, ‘frequency at which the ear resonates, ‘highest
frequency heard by the human ear1, and ‘the point at which rather that the
frequency at which the ear is most sensitive.

There were two main errors. The majority of students were able to put the
numbers in the basic equation, but there were a noticeable number who then failed
to get the correct answer as they went from log to a power of ‘el rather than to a
power of 10. The other error was with a minority of students who used 95 as the
intensity and then went on to calculate an intensity level.
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