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Question 1

PART A

A series of very long slits are cut into an . tre
: . opaque mask (i.e. treat
dimensional problem and assume an infinite number of slits). T

each slitis W and they are separated by a centre-to-centre distance
1T

(if)
Fraunhofer diffracted field produced by this mask.

(i) Sketch the Fraunhofer diffracted field as a function of s,
variable. Label the positions of each zero and each & func
your sketch in terms of spatial frequencies (e.g. 1/W, -2/D e

PART B

A new mask is made which still consists of an essentially infinite nu
long slits (width W), however, this time, the separation between the s
increased to a centre-to-centre distance of 3D. L B




(iv)
(V)

(Vi)

(vii)

Write a one-dimensional transmission function for this new mask.

Derive an expression for the Fraunhofer diffracted field produced
by this new mask.

Sketch the Fraunhofer diffracted field produced by this new mask
as a function of the Fourier variable s. Label the positions of each
zero and each & function on your sketch in terms of spatial
frequencies (e.g. 1/W, -2/D etc).

How does this field compare to the one in Part A?

Part C

The original mask (in Part A) is altered by covering every third slit. In this
altered mask, there are pairs of adjacent slits separated by D and each pair of
slits is separated from the next pair by a centre-to-centre distance of 3D.

3

(vili)

(ix)

(x)

Derive an expression for the diffracted field produced by this new
arrangement.

Sketch the Fraunhofer diffracted field produced by this new
arrangement.

Comment on how the intensity pattern would compare with that
produced by the original, simple mask in Part A.

Note: If you use the linearity theorem in computing diffracted fields, you must
ensure that the correct weighting factors are utilised. To avoid these
problems, it may be useful to find alternative descriptions that avoid the use of

linearity.




QUESTION 2 <1
PartA" 8

The Eraunhofer or far field diffraction pattern is I‘é ate
function of an object by its Fourier transform, Th

given by:
!x‘ ar y2 )
R, e ] i3
-
(i)  Explain the meaning of this equation, descrlb
give a numerical example.

The al?ove Fraunhofer condition arises as the result of-:an‘
made in deriving the Fraunhofer diffraction equation from the
Fresnel equation.

(ii) Explain why this condition is required to make ihﬂ
approximations that result in the Fraunhofer diffra

Several systems of variables are used to describe Fraunhofer diffraction.
These include the distances (¢,n), the angles (6,¢) and the Four
variables (u, v). o

(ii)  Define the relationships between each of these system
variables. Use a sketch to show these relationships.

(iv)  Explain their physical significance and indicate wh
useful. .

Part B

A transparency is created, showing a cartoon of alp 0

transmission function describing the octopus transp
function bounded between zero and one, where zero
regions, one transparent regions and values in
attenuation.



a function of the coordinates (¢,n). Fro‘r‘ﬁ%
the field in the back focal plane, y/(¢,n), is rela
function of the transparency by a Fourier transfo

A camera in the back focal plane records the intem ibutior
the back focal plane with the octopus transparency In

Microscope VIS h‘ .
Objective ik #
Lens

Pinhole
Spatial
Filter Lens 1 Lens 2
Transparency
(object plane)

After recording this intensity distribution, the octopus transparency is the :

rotated 180° about the optical axis. The camera then records the mten%
distribution in the back focal plane for the rotated octopus transparency

130°(C’n)' o g e
$—
10
Laser
Microscope
Objective
Lens
Pinhole
Spatial
Filter |-
Transparency
(objodplapq);. e

(v)  Show thatthe intensity distrlb - slar
identical for the original octopus i y anc 3

octopus transparency, i.e.. sh_

ﬁ How could you alter the oc!
symmetry? _




