Experiment No. (1)
Fraunhofer Diffraction from a circular aperture
Aim of the experiment:- 
  The aim of this is to study the diffraction pattern of a circular aperture and finding the diameter of the pinhole.

Apparatus:-  
  He-Ne laser, pinhole targets, pinhole holder, light detector, optical bench, linear translator. 
Theory:- 
 For the circular aperture of diameter (D) the diffraction pattern consist of a concentric rings. The intensity profile for this pattern can be found in the same way as for a single slit , but because the aperture is circular the integration have to be run over the area of  the hole (see your text book ). The intensity profile of the pattern is given by 
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                                                                  Fig(17-1)
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                                      ------------------------------- (1)
Where
 Io is the intensity of the central maximum (γ=0 or θ=0).
 J1 (γ) is the Bessel function of the first kind and γ = 1/2 k D sin θ
The first dark ring occur when 

γ =3.832

Or   D sin θ =1.22 λ                                  1st minimum   ------------------ (2)

The diffraction pattern is shown in fig (17-1). The central maximum is a circle of light, and is called Airy disc. 

The angular radius (angle between the central axis and 1st dark ring) of Airy disc is give as 
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                                             --------------------------------- (3)
 λ is the wavelength of the  used light.
Experimental methods :

1-Mount the pinhole of D=0.5 mm in the holder and measure the distance between pinhole and the screen..
2- Direct the laser beam to the center of the pinhole. The diffraction pattern observed consists of concentric rings a round Airy's disc. 

3- Measure the radius of the 1st dark ring and use eq. (3) to determine the diameter of the aperture.  
4- Fix a sensitive photometer of small aperture translator and move the linear translator every 0.1mm a cross diameter of 1st dark ring and record its intensity. This step help you to draw the intensity profile of the diffraction pattern. 
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                                                                          Figure (17-2)
5- Expand laser beam using telescope and place two mirrors on the bench as shown in the fig.(17-3) place a light detector on the pinhole and center the laser beam over the 0.5 mm hole.

6- View the diffraction pattern on the screen, close the screen to the aperture and then move it a way slowly and record your observations.  

                                                                          Figure (17-3)

Results

1- Find diameter of the pinhole at a known distance of screen from circular aperture of D=0.5 mm.

2- Draw I as a function of distance (x) across the diffraction pattern and find the diameter of Airy disc.

3- From the description of fraunhofer diffraction and step 5, see if you can determine at what distance a way from the aperture fraunhofer diffraction begins.
4- Use the pinholes of 0.7 mm,1mm and 2mm and records the difference between the diffraction patterns.
Question:

1- Derive equation (1).

2- As a practical rule of thump. Fresnel's diffraction occurs when.
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.  .where s ,s' are the source and screen distance respectively and D is the diameter of the aperture. In this experiment a point source of λ=633 nm is used. The distance from the source to the hole is 10m, and the hole diameter is 1mm .Determine wither Fresnel or Fraunhofer diffraction applies when the screen to a hole distance (a) 1 cm, (b) 2m.

3- Write the condition of 2nd dark ring in the circular aperture diffraction pattern.

4- What is the difference between the sin(γ)  function and Bessel function j1(γ) 
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