PH 481



Physical Optics


Winter  2012
Laboratory #9

Week of March 9
Read:
pp. 589-601, 253-269, 519-529, and 539-544 of "Optics" by Hecht

Do:
1. Experiment IX.1:  Determination of the position and diameter of the focal point

2. Experiment IX.2: Measurements of aberrations


3. Experiment IX.3: Fourier Transform of a Ronchi Ruling
Experiment IX.1: Determination of the beam waist and Rayleigh range
1. Use the iris alignment techniques to send the HeNe laser beam along the optical rail, and center the CCD camera (with a tube to block excess light) on the laser.
2. Filter the light with the provided neutral density filters, polarizers, or glass slides, so that the camera is no longer washed out from the laser intensity with the room lights off.

3. Set IC capture to the maximum noise reduction so that it averages over multiple frames, and save an image.

4. Measure the 1/e2 radius of the beam using ImageJ analysis in the horizontal and vertical directions.  The pixel width/height on the camera is 5.6 μm per pixel, and the size of the CCD is 640 x 480 pixels.
5. Insert a 100 or 200 mm lens in the beam path and measure the beam waist at multiple points near the focus, at least up to √2w0, where w0 is the minimum beam radius.  Does the Rayleigh range you measured agree with your theoretical prediction for the focal length you chose?  Keep in mind how the focal length is related to the angle of divergence of the beam.
Experiment IX.2: Measurements of aberrations

Spherical aberration

1. Expand the laser beam to a diameter of at least 1 cm.

2. With the flat side of the lens toward the focal spot, measure the position of the focal spot.

3. Using the camera, measure the 1/e2 diameter of the focal spot.
4. Compare your result with the theoretical predictions estimated using Snell’s law for the inner and outer rays for your particular beam size and a lens.

Coma

1. With the flat side of the lens toward the focal spot but rotated by 45 deg in the x-z plane where z is the beam propagation axis, measure the diameter of the focal spot using the narrow laser beam.

2. Compare your measurement with that obtained previously for a well-aligned lens.
Chromatic aberration

1. Image a white LED with a 50 or 25 mm lens.

2. Using red and blue filters, measure the positions of the focal planes for red and blue light.
3. Compare your result with the theoretical prediction using Snell’s law to calculate expected focal points for red and blue rays.
Distortions

1. Illuminate a grid pattern and create a magnified image using a short focal length lens (25 mm). Measure the magnification and compare it to the theoretical value, M = dimage/dobject.

2. Measure the extent of pincushion or barrel distortion in a quantitative way.
3. Use the USB camera take a picture of the distortion.

Experiment IX.3: Fourier Transform of a Ronchi Ruling

The goal of this lab is to analyze the Fraunhofer diffraction pattern of an image and compare the results with the Fourier transform of the function describing the image. Figure 1 shows a diagram of the apparatus that will be used in the laboratory exercise. 


[image: image1]
Figure 1: Diagram of optical Fourier analysis setup.


The apparatus consists of a series of lenses and mirrors that allow for experimental Fourier analysis using a Digital Micro-mirror Array (DMA). A laser beam is used as the light source for this experiment; to prevent saturation on the CCD camera, neutral density filters are used to reduce the beam intensity.  The table provided gives the percent transmission of each neutral density filter used.  

	Filter
	% Transmission

	nd30
	

	nd40
	

	nd70
	

	nd80
	


The beam is collimated using a beam expanding telescope consisting of a microscope objective, iris, and converging lens. A spatial filter (in this experiment, a Ronchi ruling) is placed in the object plane to produce an optical pattern.  A converging lens then places the Fraunhofer diffraction pattern, which is also the optical Fourier transform, onto the focal plane.  Keeping in mind that each point on the focal plane corresponds to a spatial frequency in the object plane, the DMA is used as a spatial filter in the focal plane to analyze the intensity of any particular spatial frequency. The selected spatial frequency is recollimated using another converging lens and viewed using a CCD camera.


For this experiment, a Ronchi ruling will be used as the object plane spatial filter.  Recall that the position for each spatial frequency component [image: image3.png]


 and [image: image5.png]


in the Fourier transform plane is found with

[image: image6.png]



where [image: image8.png]


 is the optical wave number and [image: image10.png]


 is the focal length of the lens (for this experiment, [image: image12.png]R = 500 mm).



  From the pre-lab homework problem, you have already calculated the distance from the viewing plane’s center for each intensity maxima; use the separation of each mirror on the DMA

[image: image13.png]10.8 um
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to find the distance of each intensity maxima from the DMA’s center in pixels.


To set up the experiment, first open the IC Capture 2.2 software from the Windows 7 desktop.  IC Capture will be used to take pictures of the optical image reflected from the DMA.  Then, open the Windows XP virtual machine and open the D4100 Explorer program located on the virtual desktop.  D4100 Explorer will prompt you for a driver to run the DMA; select the “DMD_4100_FPGA” BIN file as the driver.  A Windows GUI should now open for interfacing with the DMA.

Since we seek to measure the intensity of each maxima experimentally, the correct spatial filter must be selected to transmit the desired spatial frequency component.  Click the “file” button in the top left corner and select “open script”.  First, select the “all-black” script and execute the script.  The image of the spatial filter loaded can be found in the same folder with the same name.  Before saving any data, be sure that the nd30, nd40, nd70, and nd80 filters are in place.  In IC capture, select “snap image” and save the image for reference.  Note that all of the frequency components are currently being transmitted, reproducing the Ronchi ruling’s image on the CCD camera.  


We will now experimentally measure the intensity of each frequency component produced by the Ronchi ruling using the DMA.  Using your calculated spatial frequency locations, load a script that will transmit only the zero harmonic in the focal plane (that is, the central bright spot of the Fourier transform).  How does the image produced by the zeroth order harmonic filter differ from that produced by the all-transmitting filter?


Repeat the process for next three neighboring spatial frequency components in the Fourier transform plane.   For each harmonic imaged from the center, remove the next strongest neutral density filter.  Also note a library of different shaped spatial filters is available to you; you may choose to use an annuli, two dots, or two horizontal bars as your filter shape. Which shape did you choose and why?  Be sure to save images for each spatial frequency!


Note that there are also several filters provided that do not correspond to maximum intensity peaks.  Try opening a script that will load a spatial filter designed to transmit light between the predicted maximum intensity peaks and discuss what you observe.  


We will now open the images saved for each spatial frequency and analyze the maximum intensity using ImageJ.  First, open the image of the zeroth order harmonic and use the “analyze” feature to determine the maximum intensity measured by the CCD (choose a location near the image center to analyze).  Repeat this operation with each image collected for each spatial frequency.  Use the transmission percentages for each neutral density filter to determine the actual intensity of each spatial frequency.  Plot the intensity as a function of spatial frequency ([image: image15.png]kyx)



.  How do the relative values compare with the relative amplitudes predicted in the theoretical model?

Equipment needed (1 and 2)

Item
Qty
Source (part #)


Helium-Neon Laser
1
Melles Griot 05 LHP 121


Al mirror
3
Newport 10D10ER.1


Plano-convex lens
2

Photodetector
1
Thor Labs DET1-SI


Voltmeter
1
Fluke 75


White LED
1


Red and blue filters
1 of each
Grid pattern (slide)
      1
x-y translation stage

      1

Razor blade

      1

Equipment needed (3)


Item
Qty
Source (part #)


Helium-Neon Laser
1
Melles Griot 05 LHP 121


Al mirror
3
Newport 10D10ER.1


Polarizer
1
Edmund A38,396


200 mm lens
2
Newport KPX106


500 mm lens
1
Newport KPX118


150 mm lens
1
Newport KPX100


Magnetic Lens Post
1
Newport MB-2


Mounting posts
8
Thor Labs P3


Translation Stage
2
Newport 423


Iris
1
Newport


Ronchi Ruling
1



Digital Micromirror D.
1
Texas Instruments


CCD Camera
1
Imaging Center DMK21AU04


Power supply
1
Uniphase 1205

         Neutral Density Filters         
Ronchi Ruling





Recollimating Lens





Converging Lens





Microscope objective & Pinhole





Iris





Polarizer





He-Ne Laser





DMD





CCD Camera





Neutral Density Filters








