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SECTION A
(Use a Section A answer book)
Answer ALL questions in this Section

You are advised to spend about one hour on this Section

A particular signalling systemhas the foll ow ng
probabilities for each state:

State S, S, Sg S, S5
Probability 0.18 0.12 0.35 0.15 0.20

Encode into binary using the Fano code, stating clearly the
bi nary code for each state. [ 4]

State the fornula for the Shannon-Hartley Law, carefully
defining all the synbols. [ 4]

Briefly explain why redundancy is necessary in a practical
signalling system [ 4]

State the underlying principles in the process of neasurenent
of in-plane object displacenent by neans of speckle netrol ogy.
G ve a sketch of a fringe pattern derived froma doubl e-

exposure speckl egram and coment on the rel ationship between
the fringe separation and the object displacenent. [ 4]
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5 G ve a | abelled sketch of an optical data processing system
whi ch conprises two | enses. Conmment on how the optical
system may be considered fromthe viewpoints of both
geonetrical optics and diffraction. [ 4]

6 For the follow ng two cases, how nuch menory (in bytes) is
required to store the unconpressed i nage data?

(a) 256 x 256 pixels, each digitised to one-bit data.

(b) 10 seconds of video at 24 frames (inmages) per
second, 640 x 480 pixels digitised to 24-bit RGB. [ 4]

7 A bl ack-and-white image digitised to 8 bits x 1024 x 1024
pi xel s contains unwanted "salt-and-pepper” noise. Wth the
help of a table, describe one filtering technique to process
the data file to reduce the effect of the noise. [ 4]

8 The Q paraneter, Q = 2pld/nL? is used to distinguish between

thick and thin hol ograns. Wat do the synbols |, d, n and L
represent, and what condition nust be satisfied for a
hol ogram to be consi dered thick? [ 4]
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9

10

When formng interference fringes using a gas |aser, the
followi ng can | ead to denodul ati on of the fringes;

(a) a tinme-varying wavel ength out put,

(b) a tinme-varying optical path difference between the
interfering beans,

(c) a nultinode, but stable, |aser output.

How can these effects be m nim sed? [ 4]

For what purpose is the technique of contour generation used?
Wi ch paraneters are available for change in this technique?

[ 4]
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SECTION B
(Use a Section B answer book)
Answer ONE question from this Section

You are advised to spend about thirty minutes on this Section

11(a) State the formula for the information capacity of an
uncorrel ated, error-free, epochal signalling system [ 2]

(b) Show that it is reasonable to define the information content

due to the transm ssion of an epoch in a particular state S
as

Ji = logy P

where P, is the probability of the state S occurring, and y
is an arbitrary base. [ 5]

(c) Extend the definitionin (b) to obtain a fornula for the
i nformation content of an N-epoch signal. [ 3]

(d) Using your forrmulae from(a) and (c), derive the general
definition of information content in units of bits. [ 5]
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12(a) State the Sanpling Theorem [ 3]

(b) Describe in a sem-quantitative way how the definition of
information capacity for a discrete, error-free systemmy be

extended to a definition of information capacity for a
conti nuous system [ 6]

(c)By conparison with the rigorous Shannon-Hartley |aw, explain
why the sem -quantitative approach of (b) leads to an
overestimate of the information capacity. Wat is the
maxi mum conmmuni cation rate when the signal is buried in
noi se? [ 6]
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SECTION C
(Use a Section C answer book)
Answer TWO questions from this Section

You are advised to spend about one hour on this Section

Di scuss the terns intensity point spread function and
optical transfer function as applied to an i mage-
form ng system and describe the connection between
the two functions. [ 4]

The nodul ation transfer function (MF) is determ ned
individually for a lens and for a detector which are
used to record an image. Discuss the inportance of
the MIF neasurenents, and illustrate how they may be
used to predict the resultant inmage quality. [ 4]

(b) A square-wave target having black and white bars of equal

wi dth and of period 0.01 mmis inmaged at unit

magni fi cation Min nonochromatic |ight using a

diffraction-limted |l ens of focal length 100 nm |If the

| ens aperture is changed fromdianeter 50 nmto dianeter 5

nm describe and account qualitatively for the change in

i mge quality. [ 7]

[ Assume that the effective f-nunber is the actual lens f-
nunber nmultiplied by (1 + 1/M.]
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14(a) (i) The amplitude at a point in the far-field diffraction
pattern (the Fourier plane) for a given object may be
descri bed by an equation of the form

E = Q(X Y)exp i (X + uY) dxdy.

Define the parameters in this equation, and discuss
briefly its physical interpretation in the context of
optical image processing. [ 4]

(ii) I'f the object is a one-dinensional grating with
anplitude transmttance given by 0.5(1 + cos 2pX/ d),
describe qualitatively the formof the intensity
di stribution observed in the far field, giving the
rel ati onshi p between spatial co-ordinates and spati al
frequency. |If the central (on-axis) spot of |ight were
bl ocked by a filter, describe how this would change the
i mmge of the grating object produced by an inage
processi ng system [ 4]

(iii1) Describe the properties of anplitude and phase filters,
and coment briefly on the optimumfilter which is
needed for image restoration applications. [ 3]

(b) Comment briefly on the requirenment for spatial |ight
nodul ators in optical information processing applications.
G ve an outline description of one device. [ 4]
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15(a) In the image below, the nunbers represent the grey |evel at
each of the pixels.

T
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Denonstrate how run | ength encodi ng may be used to reduce
the storage space required by the imge. [ 5]

(b) Why m ght Huffrman codi ng be appropriate after run length
encodi ng? [ 5]

¢ (c) Show one schene whereby eight grey |levels mght be
represented in a Huf fman code. [ 5]

[ H nt: Any unanbi guous set of codes is acceptable.]
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SECTION D
(Use a Section D answer book)
Answer ONE question from this Section

You are advised to spend about thirty minutes on this Section

16(a) Differentiate between Fresnel, Fraunhofer and Fouri er

(b)

(c)

t ransf or m hol ogr ans. [ 4]

Derive an expression for the spatial frequency of the
interference fringes formed by a single point object in a
Fourier transform hol ogram when a plane wave is used as a
ref erence beam [ 5]

In what way can this expression be nodified for application
to Fresnel hol ograns? [ 2]

What resolution nust a 10 cm phot ographic plate possess in
order to record, without |oss of detail, a hologramof an
object 15 cmw de, placed 20 cmin front of the plate and

illumnated by an argon |l aser (I = 488 nm, when the

reference beam in the formof a plane wave, is incident at
an angle of 60° to the plate? [ 4]
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17(a) Discuss the use of photographic emnmul sions as hol ographic
recordi ng nedi a. [ 4]

(b)(i) Obtain an expression for the reconstruction efficiency
of a plane absorption hol ogram [ 7]

(i) Eval uate the maxi mum reconstruction efficiency
for such a hol ogram [ 4]



