‘Resolving Power’ Or The Ability To Distinguish Between Objects

The Diffraction Pattern Produced By A Circular Aperture

Whenever a wave passes through an aperture (an opening) or past an obstacle it is diffracted.  You have already come across diffraction through a single slit in Unit 2 of the AS.  When monochromatic light passes through a single narrow slit a set of interference fringes is seen.  If this pattern is rotated about the centre, the pattern for a circular aperture is produced.  It has a large central maximum called a Airy Disc, which is twice as wide as the other maxima,  (just as the central maximum from a single slit is twice as wide as the other maxima).   A plot of intensity against distance from the centre along a diameter is the same as that for a single slit.
[image: image1.emf]
The relation for the minima seen in the pattern of a single slit is:
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For example:

For a slit of width 0.025 mm and light of wavelength 620 nm, the first minimum is seen at:

sin(  = n(   =   1  (  620 ( 10-9   =    0.0248  hence  (  = 1.42(

D
   0.025 ( 10-3
The Rayleigh Criterion

Whenever light enters a telescope it is passing through an aperture of some kind.  Thus the light is always diffracted.  This results in blurring of the image and thus loss of detail.  The aperture of the telescope is assumed to be the diameter of the objective.  Resolution is the name given to how much detail a telescope can show.  A better telescope has a better resolution – it is better able to distinguish two objects that are very close together.

Consider the case of two objects that are very close together.  Whether or not the telescope will resolve them into two separate images depends on whether the diffraction pattern for each of them remains separate or whether they overlap so as to look like the pattern of a single object.

The Rayleigh Criterion is:

“Two objects will just be resolved if the centre of the diffraction pattern of one image coincides with the first minimum of the other”
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Using the equation for the minimum and the approximation that sin(  ( ( provided ( is small we obtain
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where D is the diameter of the objective
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Strictly speaking this would in fact be:
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If we take into account the circular nature of the objective.

Clearly, the larger D is, the smaller the value of ( and hence the better the telescope is at distinguishing between two close objects.

It should be noted that the minimum angular resolution of the telescope, (, calculated in this way is a theoretical value.  Other effects such as refraction of light as it passes through the atmosphere or diffraction at the secondary mirror in a Cassegrain may make this value irrelevant in practice. 

This is what you see when looking at the light passing through a circular aperture





Intensity of light received





Corresponding plot of intensity against distance from the centre along the dotted line shown





Single peak seen





Two peaks seen
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