
Mark schemes

Diagram of Cassegrain telescope with

Both mirrors correct ✔
The first mark is for a concave primary mirror and convex
secondary.
Condone lack of shading. No gap needed in primary.
Primary should not look like two mirrors
Condone flat secondary if labelled convex. Do not condone
concave secondary

1

Two rays correct. ✔
The second mark is for the two rays, initially parallel to the principal
axis, reflecting from the primary mirror to the secondary, and then
crossing (as they pass through the primary).
Ignore arrows on rays. No lens needed, but ignore rays after lens if
drawn.
Poorly drawn rays eg curved, loses mark.

1
[2]

1

(a)     power (received) proportional to area (1)
collecting area proportional to d2 (1)

(2)

2

(b)     energy per unit area at dish = (1)

total energy =  × 4π(2.5 × 1028)2 (1)

                    = 5.2 × 1038 W (1)
(3)

[5]

(a)     (i)      diagram to show:
at least two bright rings (1)
radius of central spot greater than thickness of secondary rings (1)

(ii)     two intensity or circular patterns (1)
two objects can just be resolved when central maximum
of one coincides with first minimum of other (1)

max 3

3
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(b)     D = (1)

            = 5.2 × 10–2m (1)
2

[5]

(a)     reflected rays off concave mirror towards marked F (1)
correct convex mirror and rays reflected (1)
rays cross, and pass through hole (1)
emerge from eye lens parallel (1)

4

4

(b)

 
2

[6]

(a)     ray diagram to show:
         rays reflected at concave mirror  (1)
         rays reflected at convex mirror  (1)
         rays crossing in front of eyepiece  (1)

3

(b)     different focal points for rays at different distances from axis  (1)
shortest focal length for paraxial rays  (1)

2

(c)     light of different wavelengths refracted to different foci  (1)
diagram showing refraction with blue focal length closest to lens  (1)

max 2
[7]

5

(a)      = 0.05 and λ = 1.0 m (1)

1

6

(b)     θ =  (1)

=  = 7.9 × 10–4 rad (1)

2
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(c)     advantage 1:

power  D2 much more power detected by

larger diameter telescope (1)

ratio of power detected =  = 34 (1)

advantage 2:

resolving power  D larger diameter has greater

resolving power (1)

ratio of resolving power =  = 5.8 (1)

(inverse accepted if angle referred to)
4

[7]

(a)     curved dish (to collect radiation) (*)
reflected to a focus / image or receiver (*)
collect electromagnetic radiation (*)
(*) any two (1) (1)

2

7

(b)      =0.4 m and λ2 =  = 0.02m (1)

λ2 ≈ dimensions of holes and signal reduced (1)
lower frequency gives λ > dimensions of holes, signal not affected (1)

3

(c)     λrad >> λop (1)

explanation (e.g. use of θ = ) of (res. power)radio < (res. power)opt (1)
2

[7]

(a)     three parallel rays refracting through objective (1)
rays pass through intermediate image at point labelled Fo, Fe
with fo > fe (1)
rays leave eyepiece parallel to construction ray (which need
not be shown) (1)

3

8
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(b)     (i)      separation (= fo + fe) = 0.10 + 0.50 = 0.60 m (1)

(ii)     (use of m =  gives)    m =  = 5 (1)

α = mα = 5 ×  = 0.046 rad (1)

[or α = 

α’ = 5α = 0.046 rad]

(iii)     edges of the image will appear coloured (1)
4

[7]

(a)    

 

mirrors correct – concave primary and convex secondary  

both rays correct to eyepiece  
2

9

(b)     (i)     

 

diagram to show two pairs of parallel rays being brought to
a focus, those further from the axis being focused closer
to the mirror  

1
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(ii)     (use of θ = /λ/D)

to give θ = 630 × 10–9/0.15 = 4.2 × 10–6  

rad  
2

(iii)     use of s = rθ

to give θ = 4.8 × 103/1.4 × 109 = 3.43 × 10–6  

(rad)  

claim unlikely to be valid as this angle is smaller than
the minimum angular separation calculated in (ii)  

2
[7]

(a)     Diagram showing Earth, Sun and star, with 1AU clearly marked, and 1 arc second angle at
the star, with distance between Sun and star as one parsec.

 

               Sun        1 AU        Earth

1 pc is the distance at which 1AU subtends an angle of 1 arc second
A diagram with fewer labels can be supported by a correct
statement.
If either the angle or base are incorrect, 1 max.
Right angle does not need to be at the Sun. Triangle does not need
to be a right angle.
Parsec could be the hypotenuse.
Ignore writing if the diagram is correct.
Base can be either Sun, Earth, or 1AU.
No diagram, 1 max.

2

10
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(b)     d = 1 / p

= 1 / 0.002 parsec
= 500 pc ✓
= 500 × 3.1 × 1016 m
= 2 × 1019 m ✓ 1sf ✓

Allow ce for d in pc.
If tan (0.002 / 3600) = 1AU / d used, allow ce for wrong value of
1AU.
Allow use of tan or sin.

3

(c)     (i)      Two components are 178 pc apart
or
Distance apart too great
(for gravity to have any significant effect between them)

Penalise attempts to hedge bets by references to apparent
magnitude or class.

1

(ii)     More distant star will not appear to move as much as nearest star (against the
fixed background)

Allow discussions involving parallax.
Give credit to correct diagram.

1
[7]

(a)     Both focal points labelled, on the principal axis, and coincide, with fo>fe ✓
Three off-axis rays through objective lens correct ✓
Three rays through eyepiece correct, parallel to a construction line. ✓

Accept point or length labelled. Allow single point F.
Ignore labels outside the space between the two lenses.
Rays must be off-axis to get the second mark.
Construction line does not need to be drawn.
If only 2 rays drawn, or there is no principal axis, max 2.

 
3

11
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(b)     (i)      Using
fo + fe = 21
fo / fe = 210 ✓

Evidence of both equations needed for the mark.

Gives
211 fe = 21
fe = 21 / 211 = 0.10 m
and fo = 21 m (20.9) ✓

Alternative: fo = 4410 / 211 = 0.10 m
If 210 used rather than 211 in substitution, max 1.
If the correct answer is obtained by inspection, max 1.

2

(ii)     Large diameter allows fainter objects to be viewed,
(as the collecting power is proportional to d2) ✓
Larger diameter allows better resolution (as smallest resolvable angle is
proportional to 1 / d)✓

Allow: more light, better collecting power, brighter image, able to
see more distant objects (not just further).
Allow references to more detail or clearer images for this mark.
Ignore references to magnification or field of vision.

2

(c)     Diagram showing two focal points with blue focal point closer to lens than red
focal point.

Colours must be labelled. Allow wavelengths or frequencies if
correct way round.
Rays need to be focused.
Allow 1 ray for each colour if principal axis drawn and foci labelled.
If other colours included, they must be correct.
Allow violet for blue.
Incident rays do not need to be parallel to the principal axis.

 
1

[8]
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(a)     B brighter with support (eg diameter of B bigger) ✔

(The brightness of the image is determined by the collecting power
and) collecting power related to D2 or area ✔

Calculation of areas or d2 ✔
Allow ‘reflecting telescope’ B
An unsupported answer gains no marks
Ignore references to resolving power or unit W

1

12

(b)     Two objects will just be resolved when the first minimum/edge of the
airy disc in the diffraction pattern of one image ✔

Correct diagrams can gain both marks
1

Coincides with central maximum/centre of the airy disc of the other.
✔

Ignore references to formula
1

(c)     B is better because it has a larger diameter ✔

Minimum angular separation/angular resolution depends on 1/D
No mark awarded for an unsupported answer
The first is for arguing that B is better due to larger diameter
The second mark is for identifying the relationship between angular
resolution and diameter
Correct calculations can gain both marks, using any wavelength

Max 2
[7]

(a)     (i)      central maximum at least twice the height of adjacent maxima   
Allow graph to be above angle axis

Subsequent narrower maxima

 

Any further maxima should not get bigger.
2

13
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(ii)     Two sources will be ( just) resolved if the central maximum of the diffraction pattern of
one coincides  

Central max and first min may be labelled on diagram in ai

with the first minimum of the other.   
If they use the term 1st maximum it must be clear that it is the
central maximum
Second mark is for correct part of the second diffraction pattern.
Clearly labelled diagram can get both marks.

2

(b)     Use of          Rs = 2GM/c2

Allow ce for one from:
missing out million; missing out mass of Sun; square in equation,
but no square of speed of light in calculation

to give          Rs = 2 × 6.67 × 10−11 × 4.1 × 106 × 2 × 1030 / (3 × 108)2          
                           = 1.2 × 1010m  

            2sf   
Sf mark stands alone but must be a number (not just stated 2 sf)

3

(c)    (i)      use of          θ = λ/D
The first mark is for calculating the wavelength

to give          θ = (3 × 108 / 230 × 109)    / 5000 × 103

                        = 2.6 × 10−10 (rad)   
The second mark is for the use of the equation to give the final
answer
Allow c.e. for an a.e. in the first mark.
If frequency used treat as p.e. – no marks

2

(ii)     use of          s = rθ

First mark is for the angle subtended (5.12 × 10−11)

to give          θ = 5 × 1.2 × 1010 / (25 000 × 9.46 × 1015)   
                     = 2.5 × 10−10 (rad)   

Second mark is for showing that this is 5 × answer to c(i).

which is (approximately) the answer to ci
Alternatives:
Calculate size of object that could just be resolved at this distance,
and showing that this is 5 × radius of black hole.

2
[11]
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(a)

Arrows are not essential
Condone only one focus if it is the one used for the construction ray.
Construction ray must have focus labelled to get the mark.
Lose the second mark if the image is same size or magnified
Image line is needed for second mark.

One construction ray correct   

Other construction ray to form diminished image   

(The parallel construction ray must pass through a labelled F)

Object, image labelled correctly.   
3

14

(b)     u = 128 cm
Allow c.e. for incorrect v

v = 200 − 128 = 72 cm   
Condone u and v the wrong way round.

Use of 1 / f = 1 / u + 1 / v

To give 1 / f = 1 /128 + 1 / 72

f = 46 cm   
2

(c)     Objective.
No credit for unsupported answer.

As M = fo / fe, for magnification fo > fe   

As telescope length = fo + fe, lens must be objective (so that telescope not too long.)   
2

[7]
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(a)     (i)      (use of θ = λ gives)  (1)

 (1)

15

(ii)     use of, energy collected per sec  = area = d2 (1)

 (1)

3

(b)     (i)      correct diagram showing four parallel co-axial rays, with outer rays
brought to focus at a point closer to mirror than inner rays (1)

(ii)     (use of) parabolic mirror (1)
2

(c)     (i)      correct diagram showing two mirrors, one concave, one convex (1)

(ii)     mirror blocks light so less light hits objective mirror (1)
light diffracted passing secondary mirror affects image (1)

3
[8]

(a)     3 parallel off-axis rays through objective lens correct (1)

rays continued through to the eyepiece emerging parallel to
construction line (1)

correct position of labelled foci (1)
3

16

(b)     (i)      use of fo + fe = 3.7

and fo/fe = 50

(to give 51fe = 3.7) (1)

fo = 3.6 (m) and fe = 0.074 (m) (1)
2
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(ii)     use of s = rθ

to give θ = 23/380000 = 6(.053) × 10–5 rad (1)

use of M = θ2/θ1

to give θ2 = 50 × θ1 = 3(.026) × 10–3 (rad) (1)
2

(c)     diagram to show dispersion of different colours in the correct order (1)
rays crossing each other or principal axis correctly (1)

2
[9]

(a)     (i)      light year : distance travelled by light in one year (1)

(ii)     parsec : distance to an object subtending 1 sec of arc
to Earth’s orbit  (1)

2

17

(b)     (i)       = 123 pc (1)

m – M (= 5 log(d/10))  = 5 log(123/10) = 5.5 (1)     (5.45)

M = (5.1 – 5.5) = – 0.6 (1)

(allow C.E. for value of d)

(ii)     A       OBAFGKM is order of spectra for decreasing temperature
          (or similar reference to spectral class related to temperature) (1)

(iii)     G       same brightness/power, but A is hotter (1)
           since P = σAT, star A must be larger for smaller T (1)

max 5

(c)     θ (= 1.8 × 10–3 °) = 3.1 × 10–5 rad  (1)

(use of  gives)  = 1.6 × 10–2m (1)

2
[9]

(a)     diagram to show:
correct curvature of mirrors (1)
rays crossing in the hole in the objective mirror (1)

2

18
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(b)     (i)       (1)

= 5.3 × 10–7 rad (1)      (5.26 × 10–7 rad)

(ii)     visible wavelengths shorter (than infra red) (1)
 smaller resolving angle (  better resolving power) (1)

4

(c)     (i)      water vapour (1) (or carbon dioxide)

(ii)     longer wavelengths absorbed (1)
shifts peak of graph to shorter wavelengths (1)
star appears hotter [or reference to appropriate equation] (1)

max 3
[9]

(a)     diagram to show:
both focal points coinciding and labelled, with fo > fe (1)
centre ray straight through objective, rays crossing at
                                        focal plane and proceeding to eyepiece (1)
rays refracted at eyepiece and emerge parallel to
                                        construction line (1)

3

19

(b)     (i)      (fo + fe = 3.5, and fo / fe = 100) estimate fo ≈ 3.5 m and fe ≈ 0.035 m (1)

(ii)     (use of M =  gives) α =  = 4.0 × 10-5 (rad) (1)

(use of α =  gives) D = 4.0 × 10-5 × 1.3 × 109 = 5.2 × 104 km (1)

(allow C.E. for value of α)
3

(c)     no chromatic aberration - mirrors do not refract light (1)
no spherical aberration - use of parabolic mirror (1)
no distortion - mirror can be supported more strongly (1)
better resolving power or greater brightness - mirrors can be larger (1)
more light gets through (image brighter) - lens absorbs more light (1)
                                        (any two)

2
[8]
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(a)

rays reflected at concave mirror (1)
rays reflected at convex mirror (1)
rays cross and emerge parallel from eye lens (1)

(3)

20

 

(b)     (i) 

rays close to axis and far from axis to different focal points (1)
correct focal points (1)
use of parabolic mirror (1)

 

(ii)     light of different wavelength (1)
refracted to different foci (1)
no refraction with mirrors, no chromatic aberration with reflection (1)

(6)
[9]

(a)     (i)      largest distance = 2.57 + 1 = 3.57 AU ✓

                            3.57 AU = 3.57 × 1.5 × 1011m

                                          = 5.36 × 1011(m) ✓
The first mark is for the correct distance in AU.
The second mark is for the correct conversion to metres. Allow c.e.

2

21
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(ii)     angle = s / r

          = 5.4 × 105 / 1.73 × 1011 ✓

          = 3.12 × 10−6 (rad) ✓
Working needs to be shown for the first mark.
At least two sf needed for final mark.

2

(b)     (i)      mirrors correct ✓
primary concave, secondary convex. No shading needed
primary mirror should be continuous i.e. not two mirrors
if no hole, evidence can be given by rays passing through
rays correct ✓
rays must cross after the secondary mirror

 
The lens does not need to be included.

2

(ii)     angular resolution        = λ / D          D = 1 × 10−6 / 3.3 × 10−7 ✓

                          D = 3.0 m    2 sf needed ✓
Allow use of factor of 1.22.
Allow 1 sf if justified by discussion of approximate nature of
calculation.

2

(c)     minimum angular resolution is better / smaller than the size of the asteroid ✓
The first mark is for qualitative comparison.

details of about 1/10 the angular size of Vesta / 50km can be seen ✓
the second for the quantitative analysis.

2
[10]

(a)     Concave mirror with parallel incident rays reflecting to different focal points. ✓
PA does not need to be drawn.

1

22

Rays further from PA brought to focus nearer the mirror. ✓
1
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(b)     The mark scheme gives some guidance as to what statements are expected to
be seen in a 1 or 2 mark (L1), 3 or 4 mark (L2) and 5 or 6 mark (L3) answer.
Guidance provided in section 3.10 of the ‘Mark Scheme Instructions’  document
should be used to assist in marking this question.
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Mark Criteria QoWC

6 All three aspects covered:

A full comparison of location
in terms of the affect of
atmosphere on the GTC,
and the difficulties of
maintaining, servicing and
obtaining data from IUE.

A quantitative comparison of
the collecting power with
conclusion that GTC has
530x collecting power of
IUE.

A quantitative comparison of
minimum angular resolution,
with conclusion that GTC is
5x better.

The student presents
relevant information
coherently, employing
structure, style and sp&g
to render meaning clear.
The text is legible

5
Two of the three aspects
fully covered, with some
detail missing from the third.

 

4 One aspect fully covered,
with some detail missing
from the other two

Or

Two aspects fully covered,
with little or no relevant
information about the third.

The student presents
relevant information and in
a way which assists the
communication of
meaning. The text is
legible. Sp&g are
sufficiently accurate not to
obscure meaning.

3 All three aspects partially
covered, with some detail
missing from each

Or

One aspect fully covered,
with little or no relevant
information about the other
two.

2 Two aspects partially
covered, with little or no
relevant information about
the third.

The student presents
some relevant information
in a simple form. The text
is usually legible. Sp&g
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allow meaning to be
derived although errors
are sometimes
obstructive.

1 One aspect partially
covered, with little or no
relevant information about
the other two.

0 Little or no relevant
information about any of the
three aspects.

The student’s
presentation, spelling
punctuation and grammar
seriously obstruct
understanding.

The following statements are likely to be present:

Location

•        light must travel through some of the atmosphere to reach GTC which affects the
amount of light arriving and resolution.

•        IUE In orbit needs its own power source,
•        and information needs to be sent to ground for analysis.
•        position of IUE inconvenient as, if something goes wrong, it is difficult to service an

orbiting satellite.

Collecting power

•        Collecting power is proportional to D 2.
•        So ratio is 10.4 2 / 0.452 = 530
•        GTC has 530x collecting power.
•        GTC better as bigger diameter telescopes make brighter images.

Minimum angular resolution

•        Minimum angular resolution is proportional to 1 / D
•        θ= λ / D so ratio of min angular resolution is (1 × 10-6 / 10.4) / (2 × 10-7 / 0.45) = 0.2
•        GTC is 5× better at resolving
•        GTC better as bigger diameter telescopes make clearer images.

6

(c)     QE. =  
1

For CCD QE> 80%✓

For eye QE = 1%✓
Both needed

1
[10]
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(a)     Principal axis drawn and principal foci shown to coincide on it ✔

three non-axial rays drawn correctly with final virtual image shown ✔
PA needs to be drawn

2

(b)     Mirrors do not suffer from chromatic aberration, ✔

Mirrors can be larger and therefore have greater collecting powers ✔

Mirrors can be larger and therefore have smaller minimum angular resolution ✔

Parabolic mirrors with axial rays do not suffer from spherical aberration ✔
4

(c)     The mark scheme gives some guidance as to what statements are expected to be
seen in a 1 or 2 mark (L1), 3 or 4 mark (L2) and 5 or 6 mark (L3) answer. Guidance
provided in section 3.10 of the Mark Scheme Instructions document should be used
to assist marking this question.

 

L3
5−6
marks

clear description of what is
meant by apparent
magnitude, with discussion of
logarithmic scale;
explanation of Hipparcos
scale in terms of visibility of
stars

The student presents
relevant information
coherently, employing
structure, style and sp&g to
render meaning clear. The
text is legible.

L2
3−4
marks

Either apparent magnitude or
Hipparcos scale discussed in
detail, with other not
discussed fully or containing
errors

The student presents
relevant information and in a
way which assists the
communication of meaning.
The text is legible. Sp&g are
sufficiently accurate not to
obscure meaning.

L1
1−2
marks

Either one discussed fully
and other not at all, or both
discussed with some errors.

The student presents some
relevant information in a
simple form. The text is
usually legible. Sp&g allow
meaning to be derived
although errors are
sometimes obstructive.

0 marks Little or no discussion of
relevant content.

The student’s presentation,
spelling, punctuation and
grammar seriously obstruct
understanding.

(d)     The following statements could be present
•        apparent magnitude is based on how bright a star appears on

23
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the Earth
•        this depends on how bright a star actually is and how far away

it is
•        larger values of apparent magnitude are given to dimmer stars
•        the difference of 1 on the apparent magnitude scale is

associated with a difference in brightness of a factor of 2.51.

The Hipparcos scale assumed the brightest stars have a magnitude of 1 and the dimmest a
magnitude of 6.
Magnitude 1 stars are 100 times brighter than magnitude 6 stars.

Applying apparent magnitude to the Hipparcos scale means that some stars (the brightest)
have a negative apparent magnitude.

6
[12]

(a)     (i)      Fo, Fe shown coincident (1)
objective and eyepiece correctly identified (1)

(ii)     M =  (=125) (1)

β = 6.2(5) × 10–3 rad (1)
4

24

(b)     (i)      convex mirror between objective and F1 (1)

(ii)     two rays directed towards F1 (1)
rays cross after reflection (1)
emerge parallel from lens (1)
label F2 (1)
C shown correctly (1)
if plane or concave mirror shown, mark as scheme to max 2 / 6

6

(c)     (i)      (chromatic aberration -) different wavelengths (1)
refracted different amounts [or different speeds in glass] (1)
image with coloured edges [or different focus for different colours] (1)

(ii)     no refraction (by mirrors) [or telescopes use mirrors or no chrom abber by mirr]
(1)
some chromatic aberration in eyepiece lens (1)

5
[15]
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(a)     (i)

 

correct rays through objective (1)

first image at f0 (1)

f0 and fe coincide (1)

correct construction line(s) (1)

rays emerge parallel (1)

25

(ii)     

α = 5 sec (of arc) (1)
(7)

(b)     (i) 

central maximum (1)

decreasing maxima (1)

approximate equal spacing between

minima either side of central axis (1)

 

(ii)     two intensity curves [or two Airy discs] (1)
central maximum of first coincides with
first minimum of second curve (1)

(5)
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(c)     (i)       = 4.0 × 10–6 rad (1)

angular separation of Mizar 7.0 × 10–5 rad, can be resolved (1)

(ii)     resolving power controlled by diffraction effects [ or by  ] (1)

hence increasing angular magnification does not increase resolution (1)
(4)

[16]
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Examiner reports

Much of the work on ray diagrams has been removed from the specification but the two main
types of telescope remain. Most students were able to draw this ray diagram without difficulty.
However, a large number of refracting telescopes were seen. Other issues included drawing a
convex or flat secondary mirror, or drawing the primary as two curves so they look like two
mirrors, rather one continuous curve, with or without a gap. Problems with the rays tended to be
related to where they cross with several students drawing them so they crossed before the
secondary mirror rather than after, or drawing them so that they meet at the eyepiece.

1

Answers to part (a) polarised the candidates into two groups: those who could deduce the
relationship. and those who had no idea as what to do. it was disappointing to see so many
candidates use Stefan’s law, P = σAT4, as the basis of their deduction not realising that this
referred to power emitted rather than power received.

2

The examiners were very pleased to read a considerable number of correct and well presented
answers to part (b). On the other hand, many candidates did not even attempt the question.
Between these two extremes were the candidates who produced a mass of numbers with the
correct answer at the end, with no explanation. Such answers were penalised because it states
clearly in the rubric of the paper that ‘the principles involved must be stated’. Other candidates
became confused between the d (diameter) in part (a) and the distance quoted in part (b) and
tried to find a solution starting with P α d (distance).

In part (a)(i) drawing a diffraction pattern of concentric circles would appear to be straightforward,
but a significant number of candidates drew the bands as single lines, without showing any width
to them. This aspect of the diffraction pattern needs to be stressed to candidates. Stating the
‘Rayleigh criterion’ for the resolution of two stars was answered well, with the majority of
candidates using two intensity distributions to illustrate their answers.

The calculation of the minimum diameter of the telescope in part (b) was also correctly performed
by most candidates, although there were several attempts where , after giving the correct
equation, the parameters were inverted when values were inserted in the equation. Carelessness
of this nature can cause a significant penalty in a paper where there are only forty marks
available.

3

The ray diagram for the Cassegrain telescope was usually drawn well, although a concave
secondary mirror was seen with some regularity. Very few plane secondary mirrors were
presented. The optical advantages of a reflecting telescope were well-known, except that marks
were lost by not giving a supporting reason, e.g. stating that there was no chromatic aberration
was insufficient to gain full credit unless a reason for the lack of aberration was given.

4

Part (a), which required a ray diagram of the Cassegrain telescope was, in general, answered
quite well. Candidates should, however, be encouraged to use a ruler and pencil when drawing
rays and to include arrows to show the direction of the light. Errors which occurred frequently
were: drawing the second mirror as a concave mirror and drawing the objective lens with too
much curvature, so that, with the gap, it looked like two separate concave mirrors. Candidates
who drew a Newtonian reflector were awarded only one mark and that for the first reflection.
Candidates who drew a refracting telescope gained no credit.

5
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In part (b) candidates needed to draw a correct diagram, with the rays crossing correctly, to
obtain full marks. It was common to see the focal point for the more axial rays closer to the mirror
than the focal point for rays further from the axis. Another error was the foci not being on the
principal axis. Some candidates incorrectly suggested that the aberration was due to
imperfections in the surface of the mirror and several believed that spherical aberration was the
bringing together of light to a single focus (confusing the diagram with that for a paraboloidal
mirror).

A correct ray diagram illustrating chromatic aberration was required for full credit in part (c). The
labelled focus for blue light should have been closer to the lens than the focus for red light.
Candidates who attributed the effect to diffraction were not given credit, although it was clear that
the candidates were confused between the meaning of the words diffraction and refraction.
Although the use of two prisms in the diagram was tolerated, because presumably that was how
the effect had been explained, the written answer had to refer to lenses. Any answer involving
mirrors in both the diagram and written part earned no credit.

In part (a) many candidates failed to gain the allocated mark because they were not aware of the
relationship between the maximum mesh size and wavelength being detected, although it is
given in the specification.

Many candidates were able to perform the calculation in part (b) correctly, but were penalised
through the use of the wrong unit. Some candidates even gave the answer in watts! It should be
stressed that the expression for resolving power gives the minimum angular separation which
can be resolved and this is measured in radians.

In part (c) many candidates were aware that the two advantages required were related to the
resolving power and the total power detectable. Again, there was evidence that the question had
not been read carefully since there were many references to detecting different wavelengths,
although the question stated clearly that the wavelength did not change. The better candidates
calculated the respective ratios of the resolving power and the power detectable for the two
telescopes.

6

Responses to part (a) were generally very good, with candidates being familiar with the basic
design and usage of both types of telescope.

In part (b) the effect of the holes in the mesh of the telescope dish was appreciated by almost all
candidates but it was only the most able who produced a coherent argument about the
respective effects of the two signals. A large number of candidates did not recognise that giving
quantitative data in the question begs for a response which makes use of that data; too many
tried to answer without calculating the wavelengths corresponding to the two given frequencies.
Many candidates tackled the problem by calculating the minimum size of mesh necessary for a
given frequency and then comparing the value obtained with the given mesh size. This approach
usually ended in complete confusion.

7

In part (c) the majority of candidates used the relation θ = λ / D, together with their knowledge of
the two wavelengths, to give the correct explanation. However, a significant number of
candidates became involved with the effect of the dish diameter, D, and ignored completely the
effect of the wavelength. A matter for concern was the appearance this year, and from more than
one centre, of candidates confusing lens power, P = 1 / f, with resolving power!
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Questions on the astronomical telescope have been set several times in past papers, so it was
disappointing to see how many candidates had difficulty with this question. In part (a), although
excellent ray diagrams were seen, many candidates still struggled to draw an adequate diagram.
The common mistakes were: rays drawn parallel to the principal axis; the central ray bending as
it passed through the centre of the objective; rays bending at the intermediate object/image; rays
leaving the eyepiece at the wrong angle and in this context it should be realised that although a
construction line is not essential, it does help complete the diagram correctly. Other more
unusual errors included the lack of a principal axis, which made the diagram quite difficult to
follow.

The mark for the straightforward calculation in part (b) (i) was usually gained by the majority of
candidates. In part (b) (ii), although most candidates calculated the angle subtended by the Moon
at the unaided eye, very few calculated the angular magnification of the telescope and hence the
angle subtended by the image. The usual unit errors associated with calculations involving
radians were in evidence. A few of the candidates obtained a value of 0.2 for the magnification of
the telescope, a value which would have been obtained if the observer looked through the wrong
end of the instrument. Many candidates were familiar with the effects of chromatic aberration in
part (iii), correctly stating that the white image of the moon would probably have coloured edges.
Those who failed to get the mark often only referred to blurring or made a vague statement about
different colours.

8

To get both marks in part (a) candidates were required to draw the curvature of both mirrors
correctly and to show the path of two rays. Although it was answered correctly by many
candidates, it was common to see a plane or concave mirror for the secondary, and rays leaving
the secondary parallel.

Some of the better answers showed the two rays crossing at the gap in the primary mirror. In
some answers, the curvature of the secondary mirror was unclear. It would be helpful if centres
encouraged the correct convection when drawing mirrors – ie that the non-reflecting surface of
the mirror should be hashed.

There was only one mark for (b)(i), and to be awarded this mark, candidates had to not only
show that the focal points were different for parallel rays at different distances from the axis, but
also get the foci the correct way round, ie the further out rays being focused closer to the mirror.
Rather than simply showing the reflection in a concave mirror, some candidates repeated their
ray diagram from part (a) and tried to show what happened to two pairs of rays. This unclear
diagram rarely gained credit.

9

The calculation in part (b)(ii) was answered well by the majority of candidates. Giving the correct
unit proved to be more of a problem, and it was fairly common to see correct numerical answers
with the degree as the unit. The use of the phrase ‘minimum angular separation’ rather than
‘resolving power’ possibly made the question more accessible, but despite that, occasionally the
watt was given as the unit.

The calculation in (b)(iii) proved to be slightly harder despite the fact that unit errors were
ignored. Many candidates correctly noticed that the resolving power of the telescope would not
be good enough to resolve the Cassini division with this telescope. Some candidates missed the
point of the question and tried to argue that there would be a telescope good enough. Answers
correctly arguing that the resolving power would be better with shorter wavelengths were rarely
seen. Worryingly, this question was left blank by several candidates.
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The diagram in part (a) presented few problems for many candidates. Common errors suggested
that it is the object itself that subtends 1 arc second, or that the base of triangle is 2 AU.

The calculation in part (b) was straightforward for those candidates who could relate the angle to
the parsec. Full marks were also achieved by those who correctly used trigonometry. Marks were
lost by incorrectly converting arc seconds into degrees or radians, or using the incorrect
conversion factor for parsecs, or AU into metres. This question also carried the significant figure
mark and it was pleasing to note how many candidates recognised that the final answer only
merits 1 s.f.

In part (c)(i) most candidates recognised that the separation of the two stars is far too great for
them to be in a binary system. However, there was evidence of candidates hedging their bets by
including discussions of apparent magnitude and class in their answers, and therefore losing the
mark.

Many candidates attempted to answer part (c)(ii) with a vague reference to parallax without
demonstrating that one star is much further away and therefore does not appear to move as
much as the other star against the background stars. Some of the best answers made use of a
diagram to explain what is happening.

10

The ray diagram was drawn correctly by fewer than 25% of the candidates. A significant number
lost a mark by drawing the rays parallel to the principal axis. Although it wasn’t penalised on this
occasion, it was common to see focal lengths labelled rather than the common principal foci.
Other common errors included bending the ray as it went through the centre of the objective lens,
and failing to draw the exit rays correctly. It is helpful to include a construction line from the
intermediate image through the centre of the eyepiece to help draw these rays. It was clear from
many answers seen that a significant proportion of candidates had only a vague memory of the
ray diagram. This suggests that these candidates tried to learn the diagram without any
understanding of how the diagram is formed.

The calculation in part (b)(i) was completed correctly by almost half of the candidates. Incorrect
answers included attempts to use the lens formula or the diameter of the lens in the calculation.
Very occasionally candidates lost a mark by stating the two lenses the wrong way round. There
was also a relatively common careless error rounding the eyepiece focal length 0.09 m as 0.01 m
rather than 0.1 m.

Almost all of the candidates managed to correctly name one advantage in part (b) (ii), with
almost half naming both. There was some difficulty expressing the effect increasing the objective
diameter has on resolution. It was fairly common to see references to larger or greater angular
resolution. Although this wasn’t penalised on this occasion, better answers made it clear that the
angular resolution was smaller, and therefore better. Many candidates lost marks by stating the
same advantage twice using slightly different words or making references to improved
magnification or field of view.

To be awarded the mark in part (c) answers needed to show the dispersion correctly i.e. with the
blue focal point closer to the lens. Several candidates labelled the foci the wrong way round, or
did not label them at all. In order to show the focus it was expected that diagrams either included
two rays for each colour, one from the bottom and one from the top of the lens, or the two colours
crossing a principal axis.

11
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This question required students to compare the properties of two different telescopes. There was
evidence of confusion between collecting power and resolving power.

(a)     Many students correctly chose the correct answer, but failed to explain why. It should be
noted that, in a simple choice like this, any unsupported answer does not gain credit. Other
common errors included using the resolving power or calculating the area using the
equation for a sphere. A number of students incorrectly maintained that A was the correct
answer as the image would be smaller and therefore the light from it would be concentrated
into a smaller area. Students had a choice of approaches regarding the calculation, an
example of the expectation that students will be able to make a judgement about their
approach, rather than be directed to perform a specific calculation.

(b)     This question proved to be significantly more demanding with few students showing
anything other than a rudimentary knowledge of the Rayleigh criteria. Specifically, many
students simply quoted the equation or talked in general terms about seeing two objects
close together. Those that made more progress in terms of the diffraction patterns often
failed to gain marks due to lack of clarity, mentioning a maximum (rather than the central
maximum) or suggesting that the two central maxima need to be fully separated. For
example those that mentioned the Airy disc needed to make it clear that the centre and
edge of the discs are significant. Some good answers were seen that made use of a graph
of intensity against angle for the two sources.

(c)     A common error that prevented students from getting both marks was to make general
statements (bigger diameter means the resolving power is better), rather than more
specifically referring to the correct equation or the inverse relationship. It was pleasing to
note how many students dealt with the fact that a smaller angle is better without problem.

12

The single slit diffraction pattern required for part (a) (i) was drawn satisfactorily by the majority of
students, although there was some carelessness. Students should be encouraged to take more
care with diagrams of this kind to show that the central maximum is twice as wide as the
subsequent maxima, and that the height of the central maximum is significantly higher, and that
the height decreases for each maximum.

Part (a) (ii) proved to be a little more challenging. There was some confusion related to how
much overlap was appropriate. The best answers included a clear diagram showing two
overlapping diffraction patterns with the central maximum of one pattern coinciding with the first
minimum of the other. Students who did not include a diagram generally had difficulties
describing the situation fully.

The formula in Part (b) has been tested many times before. Unfortunately a significant number of
students lost marks by missing out the mass of the Sun, or failing to square the speed of light.
This question also carried the significant figure mark. Students should be reminded that the
answer should have the same number of significant figures as the poorest piece of data in the
question.

Part (c) (i) was answered correctly by the majority of students. The calculation of the wavelength
proved difficult for some students, however. A common error was simply using 1 / frequency or
even using the frequency itself. The latter was treated as a physics error and gained no marks.

The comparison in part (c) (ii) again proved to be quite challenging. Some students found it
difficult to convert the distances involved into a common unit. Many students made no attempt to
refer to the answer to (c) (i).

13
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Most candidates were able to draw the ray diagram correctly and obtained all 3 marks. Those
who lost one mark commonly failed to make it clear that the image was diminished, or missed a
label such as the principle focus or the image. Some candidates mistakenly labelled the principle
focus at the image position, despite drawing the rest of the diagram correctly. The best answers
used a ruler for their diagram, labelled both principle foci, and placed the object just beyond 2f.

The calculation in part (b) was also answered well by the majority of candidates. Some
candidates made some effort to use the lens formula but were unsure what value to use for the
image distance, commonly using a value of 200 cm. A small minority of candidates
misunderstood the question and tried to calculate an image distance based on a focal length of
50 cm.

Part (c) proved to be the most challenging question on the paper. Even those who correctly
suggested that the lens should be the objective of the simple telescope failed to support this
answer with anything more than a comment about relative focal lengths. Those few who obtained
both marks successfully supported their answer with reference to the magnification being the
ratio of the focal lengths, and the length of the telescope being the sum of the focal lengths.

14

This question was generally answered very well with many candidates scoring high marks. It
would be worth emphasising to candidates, that when answering a question such as that in part
(a), they need to show all their working in order to gain full credit. If a ratio is required, little credit
is available for simply dividing the two numbers provided in the question.

In part (a) (i) there was a problem with resolving power. Candidates were often unsure as to
whether the answer required the minimum angle that could be resolved, or the inverse of this
angle. Provided candidates showed what they were doing, either approach was acceptable.
Simply dividing the two diameters without any explanation gained no credit. It was common for
candidates to apparently confuse the diameters, mixing up the reflector and refractor. Another
common error occurred when the

equation  was used, substituting the speed of light for the wavelength. In part (ii)

recognising the amount d of light energy per second should be more recognisable than it was to
the candidates. Most appeared to realise that this depended on the area and therefore the
square of the diameter and obtained the correct answer. Less able candidates simply divided the
diameters again, as in part (i).

15
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To show, in part (b) (ii), how spherical aberration arises, at least four rays should be drawn
parallel to the principal axis of the mirror. Those further from the axis should be brought to a
focus closer to the mirror than those closer to the axis. There was some confusion, with the focus
being interchanged for these rays. Several candidates also showed chromatic aberration. The
most simple answer to part (b) (ii) was ‘use a parabolic mirror’.

In part (c) (i) the diagram was expected to show a large concave primary mirror, with a hole on
the axis, and a convex secondary mirror in front of this hole. Commonly the secondary mirror
was drawn as a lens, or a concave mirror, or the primary mirror appeared as two mirrors rather
than one continuous mirror, with a gap. A useful way of drawing this correctly is to see it as two
concentric arcs, one much smaller than the other. Few candidates picked up both marks for part
(c) (ii). The context of the question stated that the secondary mirror made the image less clear
than a similar diameter refractor. Good candidates stated that diffraction occurs as light passes
the secondary mirror and that some of the light is blocked. Other responses suggested that the
secondary mirror caused some spherical aberration or absorbed some of the light. Some
candidates demonstrated a lack of understanding by suggesting that the centre of the image
would be missing.

In part (a), although the ray diagram for an astronomical telescope is fairly standard, relatively
few candidates achieved all three marks. Common errors included drawing axial rays, failing to
draw a principal axis, not labelling the common principal foci, rays emerging from the eyepiece
with no regard to their direction, rays bending on the principal axis at the centre of lenses and
rays being interrupted at the intermediate image. The position of the principal foci also caused
problems. Several candidates put the point closer to the objective lens, or half way between the
two lenses.

The calculation in part (b) (i) proved to be far more accessible, with many candidates achieving
both marks. Of those candidates who did not achieve this, many knew the equation for the
magnification but could not express the relationship between focal length and the distance
between the lenses. It was also fairly common to see answers which assumed a value of 3.7 m
for the objective lens focal length, calculated a value for the eyepiece focal length, and then
subtracted this from 3.7 m to obtain a corrected objective lens focal length. This iterative method
was deemed worthy of some credit, but did not gain both marks.

16

The two step calculation in part (b) (ii) caused more difficulties for many candidates. It was fairly
common to see incomplete answers, where candidates failed to multiply their unaided angle by
50. Candidates using the arcsin or arctan function to calculate the angle often gained full credit,
and it was pleasing to see that most of them handled the use of radians successfully.

In part (c), a common problem with the diagram to show dispersion was that many students
confused chromatic aberration with spherical aberration. A diagram with red and blue light
entering the lens along separate paths and being focused in different places was fairly common.

This response was not awarded credit. Other candidates made no reference to colour or
wavelength, or failed to complete the diagram to show some form of focusing, either by rays
crossing the principal axis, or by drawing a pair of rays crossing from the top and bottom of the
lens.
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Many candidates achieved very good marks in this question, although very few obtained the
maximum available. In part (a) the mark for the definition of the light year was gained by virtually
all candidates, although some failed to express themselves sufficiently clearly. Very occasionally
answers which suggested that a light year was a measure of time rather than distance were
seen. By contrast, very few candidates were awarded the mark for stating what is meant by the
parsec. This is clearly on the specification although trigonometric parallax is not longer required.
The best answers stated the relationship between the angle, the AU and the parsec, and
included a diagram to make it absolutely clear.

A calculation using apparent and absolute magnitude is a common feature of this paper and
most candidates responded well to this example in part (b). However, far too many failed to
convert the distance (given in light years) into parsec before making the substitution in the
equation. The use of incorrect units was a common feature in the paper this year. Some
candidates mixed up the apparent and absolute magnitudes. This was treated as a physics error
and was therefore heavily penalised. In part (ii) most candidates correctly identified that spectral
class A is hotter than spectral class G. The best candidates justified their answers by quoting the
OBAFGKM range, giving typical temperatures for the two classes. Part (iii) required more careful
justification. There was some clear confusion as to whether the stars were the same brightness.
The best answers correctly identified star A as the smaller, comparing the temperatures of the
two stars, and using Stefan’s Law to justify the answer.

Questions on resolving power are another common feature of this option. In part (c) the correct
expression was generally used but most candidates lost a mark by not converting the angle
quoted into radians before substitution.

17

Many candidates found this question difficult, and very few obtained the maximum available
marks. In the Specification, ray diagrams are required for only two types of telescopes. In part
(a), diagrams of the Newtonian reflector were still being submitted by candidates. The objective
mirror was usually correct, but the curvature of the second mirror was often the wrong way
round. Sometimes this mirror was drawn as a lens or even as a 3D mirror. Credit was given if this
shape acted as a mirror. Care should also be taken to show that the objective is only one mirror
and not two concave mirrors as sometimes drawn.

18

Astrophysics has many anachronisms and unusual conventions. One of these is the concept of
resolving power, the value of which was required in part (b) (i). It should be stressed that what is
actually calculated is the minimum resolving angle. How good a telescope is at resolving (not
actually asked for in this section) is related to the reciprocal of this angle. The correct unit for the
resolving angle is the radian and examiners expect it to be part of the answer. It is quite
depressing to realise that at this level there are some candidates who, when they see the word
power, assume the unit is the watt. Confusion over the reciprocal nature of the resolving power
led many students to suggest erroneously in part (ii) that visible light has longer wavelength than
infrared and therefore gave a larger resolving angle. The examiners would like to stress that the
concept of resolving power is an important topic in astrophysics and can be taught in the context
of many different wavelengths.
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Part (c) was very poorly answered by many candidates. Infrared absorption is mainly due to
carbon dioxide and water in the atmosphere and giving either of these gained the allocated mark.
Ozone is not responsible and other gases only have a small effect. In part (ii), it should be noted
that black body radiation curves peak at a wavelength which is related to the temperature of the
source. Good answers to this section correctly stated that a shift in this peak can occur due to the
absorption of longer wavelengths, resulting in a peak at a shorter wavelength thereby giving rise
to an apparently higher temperature. Very good answers also related this to Wein’s Law. No
credit was given for answers that simply suggested that a lower temperature would be measured
because the star would appear dimmer.

Part (a) was considered to be a fairly straightforward exercise but it was not answered as well as
had been hoped for. Common errors included: failing to label the focal points, or labelling the
point where the top ray crossed the principal axis as a focal point. Also, although many
candidates did not draw a construction ray, the better answers showed clearly the rays emerging
from the eyepiece parallel to an imaginary construction ray. Several candidates drew the bottom
ray parallel to the principal axis as though it had passed through the focal point of the objective.
This method of drawing the diagram was not penalised provided the central ray appeared to go
straight through the objective lens.

Many candidates in part (b) were aware of the relationships between the two focal lengths and
could derive the correct answer, but very few realised that the length of the telescope could be
approximated to the focal length of the objective. In part (ii) many candidates correctly calculated
the diameter for Titan based on the given data but a few candidates included the magnification of
the telescope in their calculation. Use of trigonometric functions meant that some candidates
confused radians and degrees.

Confusion arose in part (c) between optical advantage and the explanation. For example, a large
diameter was not accepted as an advantage, although it was accepted as the explanation for
better resolution or brighter images. Answers to do with the heating of the atmosphere were not
accepted.

19

The ray diagram for the Cassegrain telescope in part (a) was known well and the majority of
candidates gained full marks. The usual sources of error were using a concave secondary mirror
and not showing the rays crossing before entering the eyepiece lens and emerging as a parallel
beam. No credit was given for drawings of a Newtonian telescope.

20

Spherical aberration was understood well in part (b) and there were many clear diagrams.
Unfortunately, many candidates described spherical aberration in a lens and not in a mirror, for
which no credit was given. The use of a paraboloidal mirror was known well but explaining
chromatic aberration proved to be more difficult. Chromatic aberration is the effect of dispersion
in a lens, causing the different wavelengths or colours to be focused at different distances from
the lens. Many candidates did not earn full credit because they considered dispersion in a prism.
Although there was considerable confusion between refraction, diffraction and dispersion in this
section, it was generally understood that this form of aberration did not occur with mirrors and so
was not present in reflecting telescopes.
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The conversion from AU to metres was correctly carried out by most of the students and this
gained them the first mark. A lot fewer students added the 1AU to account for the Earth’s orbit,
however. The calculation of the subtended angle was carried out successfully by the majority of
students. It should be noted that, when a question asks students to “show that” a quantity has a
certain value, examiners expect to see evidence of the final calculation. This can be achieved if
students write their answer to one more significant figure than the value given.

The ray diagram of the Cassegrain telescope was drawn correctly by the majority of students.
Common errors included: the wrong curvature on the secondary mirror; the curvature of the
primary mirror making it look like two mirrors rather than one; the rays crossing before reaching
the secondary mirror; the rays bending as they leave through the hole in the primary mirror. In the
best answers, students drew the primary as one curve with a small gap in its centre, the rays
crossed in this gap as they left the telescope and they used a ruler to help draw the rays. The
calculation of the diameter proved to be more demanding. Students commonly used the wrong
wavelength, or failed to give their answer the 2 significant figures suggested in the data.

In 1(c) students were expected to compare the two values of the angle in 1(aii) and 1(bii).
Although many could correctly state that, as the angle subtended by Vesta is larger than the
resolution of the telescope, the surface of Vesta could be resolved, fewer went on to discuss
what this meant in terms of detail. The best answers stated that details down to about one tenth
the diameter of Vesta, or about 50 km, may be resolvable.

21

Part (a) was well answered and many candidates scored full marks. The large majority of
candidates drew a ray diagram for part (a)(i), which was not required by the question. Common
errors included confusion between focal point and focal length (almost universal) and a failure to
identify which lens was which. A few candidates drew perfectly good ray diagrams, but diagrams
which had no lens labels and no identifying values to identify the diagram with the question set.

24

Parts (b) and (c) produced answers of a wide-ranging quality. There were some very good
answers with very clear ray diagrams and statement of facts about chromatic aberration. Even in
these answers, hardly any candidate correctly stated (or showed) the correct position for the
centre of curvature and its position was variously shown anywhere from the lens to the right hand
side of the page. Among weaker answers, the most common error was to show M as a concave
mirror. Many diagrams were correct in other respects but incurred a substantial penalty for a
major physics error. Other diagrams failed to show the rays reflected from the objective
converging towards its focal point.

In part (c)(i), the meaning of chromatic aberration was well-known but relatively few candidates
gave a complete answer to the question. Many candidates stopped short of stating the effect of
the aberration on the image. In answer to part (c)(ii), a few candidates confused chromatic
aberration and spherical aberration, stating that paraboloidal mirrors do not suffer from chromatic
aberration (which is true but irrelevant to this question). Many candidates gave seemingly correct
answers by inference. For example, a number of candidates stated that “the telescope does not
suffer from much chromatic aberration because it uses mainly mirrors”. Unless further qualified,
this leaves rather too much for the examiner to infer.

This question targeted the telescope, angular magnification and resolving power with a final
discussion on the factors involved in both angular magnification and resolving power. The
question was generally answered well and, although certain sections were weak, high marks
were gained.

25
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In part (a) the ray diagram often earned maximum marks, but in many instances the diagram had
clearly been learned rather than understood. Unfortunately, many candidates drew rays from the
object parallel to the axis, even though the question did state non-axial rays. It should also be
pointed out that the correct intermediate image cannot be obtained without drawing the ray
through the centre of the lens, and this was omitted by many candidates. Although almost all
candidates seemed to be aware that the focal points of the two lenses coincided, many omitted
the construction line from the intermediate image through the centre of the eyepiece lens.
Consequently, although the emerging rays were invariably drawn parallel to each other, their
direction was very often wayward. The many wrong answers to the simple calculation resulted
from inversion of the ratio of the angles or omission. or use, of wrong units.

In the majority of cases the curve showing the variation of intensity with radial distance in part (b)
was drawn in a very sloppy manner and many diagrams showed successive minima lying on
some sort of envelope which gradually approached the axis. Very often the magnitude of the first
secondary intensity peak was far too large in relation to that of the central maximum which again
was often shown as being non-symmetrical. The spacing between the minima was frequently
erratic. The secondary minima should have been equally spaced at a distance equal to half the
base of the central peak. The examiners were concerned to note that very often the peaks of the
secondary maxima followed the envelope produced by a diffraction grating, showing that
candidates were obviously confused between diffraction produced by a grating and diffraction at
an aperture.

Judging by the answers to part (b)(ii) many candidates had never heard of the Rayleigh criterion
for resolving two point sources. A significant number of candidates drew two sets of fringes
representing Airy discs which, although acceptable, is a very difficult method of illustrating the
Rayleigh criterion graphically. Examiners were puzzled by the fact that many candidates drew the
intensity curve correctly when describing the criterion, but produced the wrong intensity curve in
part (b)(i).

Part (c) provided some interesting answers. The majority of candidates obtained the correct
numerical answer to the calculation (units wrong in many cases) but would draw the incorrect
conclusion as to whether the two stars could be resolved or not. The problem here was not new;
candidates confused resolving power with angular separation. It should be stressed that high
resolution is synonymous with low angular separation.
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