 Experiment No. ( 4 )

Resolving Power of Optical Instruments
Aim of experiment: 
 1- To determine resolving power of Human eyes.

  2- To determine resolving power of Telescope.    
Apparatus :-
 Telescope, iris diaphragm, resolution slides, different color filters, foot- meter  and Na-lamp.
  Theory: 
 The purpose of most of optical instruments like telescopes and microscopes is not only to give a magnified image of the objects but also to reveal a fine details or grains in them, the amount of fine definitions and details revealed in an object by an optical instrument known as its resolving power.  Put in a other way, the ability of an instrument to distinguish two very close objects as separate is known as its resolving power.
The Fraunhofer diffraction pattern formed by circular aperture of considerable importance as applied to resolve power of any optical instruments. The diffraction pattern consists of central disc, known as Ariy's disc surrounding by a number of dark and bright rings. 
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                                              Fig (14-1)
(Fig 14-1 a) shows the distribution of light intensity in a diffraction pattern after the light from a single point source has passed through a circular aperture. Fig (14-1b) shows the distribution for two closely point sources, the dotted lines are the combined intensity of two patterns, and there is a dip in intensity between the two maxima. This indicates that the two objects  just about to be resolved .
 Lord Rayleigh proposed a rule to determine whether two objects can be resolved: the two objects are resolvable if the maximum of diffraction pattern of one object falls on the first dark of diffraction pattern of the other object. The two objects resolved according to Rayleigh's criterion is shown in fig (14-1b) 
                                ∆θmin=1.22λ∕D          …………………………..(1)
Where D is the diameter of the lens , in according with relation (1) the resolution can be improved by increasing the lens diameter D and decreasing the wavelength λ which is used.
A- Resolving Power  of eye
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   The limit of  resolution due to diffraction affect the human eye which may be approximated by circular aperture (pupil) a lens, and a screen (retina) as shown in fig (14-2 ) . 
                                           Fig (14-2) . 
  Night vision, which take place with  large resolution than  that of the bright day light on which the pupil  diameter is about (2mm). Under those condition ∆θ ≈ 33.6x10-5 rad , for an average λ of 550nm.  

Method of Experiment: 
1- Clamp the resolution slide (tungsten lamp in a box with a number of slits) on the far-end of your Lab at the height 1.5m. 
2- Put your hand over one eye and view through the filter the bight lines
    of resolution slide on the wall (if you wear glasses, you should keep
    them on while doing this).

3- Move back and forth towards and away from the slits until you are at 
    distance L at which your eye just able to resolve the two bright slits.
    Measure d and calculate ∆θmin and then R.P. of your eye.

4- Repeat step (3) for each color filter and record your results in the
    following table 

Distance between two slits …………..mm

	λ/nm
	1/λ nm-1
	L(cm)
	θmin=d/L
	R=1/ θmin

	600
	
	
	
	

	
	
	
	
	

	
	
	
	
	


5- Plot R.P. against 1/λ, and find the numerical aperture (N.A) of your eye. 

B- Resolving Power of Telescope
Method of Experiment: 
1-Set up the apparatus as shown in Fig3. record the focal length of the 
   eyepiece, clamp the telescope to one lab. stand and the iris diaphragm  
   to another lab. stand.
2- Place the resolution slide and the Na-lamp at far-end of the bench a
     bout 5m from the iris diaphragm.

3- Measure the distance L from the resolution slide to the iris diaphragm
    wide open, focuses the telescope on the slide, while looking at the
    resolution slide through the telescope, close down the aperture of the
    iris diaphragm until the lines on the slide just began to blur.

 4- Start increase the aperture of iris diaphragm until the lines are just
     burly resolved.
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Fig (14-3)
5- Record the diameter (D) of a smallest aperture at which the lines can 
    just be resolved.

6- Repeat the above steps for each slides and average D at which each set 
    of line was just resolved.   

7- Calculate θmin =a/L (rad)  
   a: is the separation of lines at each slide.

   L : the  distance at which the lines resolved.
8- Plot the graph of θmin with λ/L and compare your results with
 Rayleigh's criterion prediction (1.22). 
Questions:-
1-In a single-slit Frounhofer diffraction, what is the effect of increasing (1)the wavelength and (2) the slit with
2- Why at night the resolution of eye is high?
3-Two stars have an angular separation of   1*10-6 radiant. .They both emit light of wavelengths 5770 and5790 nm .How large a diameter of the lens in telescope is needed to separate the images of the two stars ?(ans. 70.6cm).
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