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1.0 Purpose

In this lab, you will try to align a 4F imaging system with an intermediate relay lens with an alignment telescope. A 4F system will be set up with three lenses, each lens having an EFL of 100mm. At the same time, an alignment telescope equipped with a CCD camera will be used to align the 4F system. That means to place all the optical centers of curvature (C of C) of all the surfaces on the system optical axis. 
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Lens Layout

2.0 Scope
Mounting optical elements in general can be difficult. This lab describes a method of alignment that can be used to define an optical axis chosen by mechanical features of a mounting schematic and how to align optics to that axis. All optical elements with spherical surfaces can be aligned to a common axis, regardless of lens wedge. 

2.1 Alignment Telescope Background
Primarily, alignment telescopes (also called "line scopes" or "line of sight" telescopes) are used to establish and maintain principal optical reference lines.  These reference lines may be used by other instruments for a variety of alignment functions (ex., to turn right angles from the reference line), or they may simply be used as measurement references themselves (ex., bore straightness evaluation).  In addition, many of them can generally provide the all-important functions of collimation,  autocollimation and autoreflection. 
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The alignment telescope

More information can be found on the mechanism and functionality at the following link, http://fp.optics.arizona.edu/opti502l/. Under lab 3 and reference material there are some notes called alignment telescope.
	
	

	
	


3.0 Procedure 
3.1 Define Optical Axis
Before the 4F system is set up, the optical axis should be defined with the alignment telescope. Use the telescope mount; set it at the end of the rail. Put the telescope on, make sure light source is plugged into an electrical outlet. Look through the eye piece and adjust the eye piece knob to make the crosshair sharp. There is a laptop connected to a CCD on the table. Open the laptop and startup the PSM2 software. Then put the CCD on the end of the alignment telescope, so the images can be seen on the screen. The PSM has a tool box in a small window off to the side of the viewing screen. This box will allow you to click on certain pixels, grab and move the screen, and zoom in and out. To zoom in, select to zoom option and click on the screen to zoom in and hold shift and click to zoom out. An iris on the rail can be used to level the telescope, use the cross hairs to align your bore sight. Adjust the knobs on the telescope mount to make the crosshair stay in the center of the iris when the iris moves along the rail. In this way, the optical axis is defined by the line of sight from the telescope. (Some tips about setting up the horizontal optical axis: use a bubble to coarsely make the telescope horizontal; displace the telescope when the iris at the near focus, and tilt the telescope when the iris at the far focus.) 
3.2 Determine Approximate Location of Center of Curvatures
After that, one of the doublets can be mounted to the rail. (Notice the configuration of the 4F system and think about how to orient the lens.) The far most lens from the telescope should be aligned first. (Notice that the telescope cannot focus any nearer than 500mm from itself, so make sure you leave enough room for the other lens.) Make the lens approximately the same height with the telescope.  The next thing is using the telescope focus to find the C of Cs (Center of Curvatures). To help find the optical C of Cs, some calculations are needed. Use Zemax or CodeV to model the setting, find out the position of CofCs, so you know where to focus generally. (Tip: put a piece of paper at the position you calculate, and focus the telescope on the paper.
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Lens prescription in Z-Max
3.3 Align First Lens
Now put the flash light on the telescope, so the circles in the telescope can be seen through the eye piece (these circles can also be seen on the outer most lens of the telescope). Turn the focus knob back and forth a little bit to find the image of the circles. Because of the uncoated curved surface of the lens and the low power of the flash light, the image could be really dim. If the image can hardly be seen, you may need a stronger light source. 
To do this, put the “Pip Generator” on the telescope. It uses a small mirror to send out reflective light. The small mirror can be tilted. A fiber light can be used as the source. Once these are set up, a bright spot can be seen through the telescope providing a better reference to the build-in circles. Then repeat the former step: find the best focus near the calculated position with the brighter source. 
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The pip generator
The C of C of first surface (the one closest to telescope) is located on the far side of the lens; the CofC of the farthest surface (the one far from the telescope) is located between the lens and the telescope. These two C of Cs should be easy to observe. These images are bright. The C of C of the cemented surface could also be seen if close attention is paid. It locates in between of the other two and appears dimmer. 
Focus the telescope where you can see all the spots (C of Cs). Tilting the lens in two directions, you’ll see all the spots moving. Make them all overlap on the center of the crosshair. It doesn’t matter if the overlapped spot is in the center of the screen. Now, C of Cs of all the optical surfaces are put on the optical axis, which means that the lens is aligned.
3.4 Align Preceding Lenses 
Repeat steps 3.1 to 3.3 to align the nearer lens starting from farthest to closest lens.
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The experiment set up
3.5 Measure separation between lenses
Now that the lenses are all aligned to a unique axis was can separate the lenses accordingly to the lens prescription with an inside micrometer. Familiarize you self with the inside micrometer. The micrometers are inside a wooden box next to the rail.  Use  the micrometers to separate the lenses accordingly to lens prescription. 

3.6 Verify the 4F Imaging System
If all goes well this imaging system should have a magnification of about “1.” Verify this by imaging an object with known dimensions. Position the object at the front focal position using the inside micrometers. View the image in the screen. Count the pixels that make up the known dimensions of the object using the cross hairs to determine imaging magnification (pixels are approximately 3 microns).  

3.7 Qualitatively view the affects of lens decentration and tip and tilt.
Now use a mirror to retroreflect the light source coming from the telescope to the CCD. Decenter one of the lens a known amount and observe changes in the image. Return lens to original position. Now 

do the same with tip and tilt. 
4.0 Equipment 
· 2 rails 1000mm

· 3 rail sliders
· 3 “x,y” decenter stages

3 Lens post holders

· 5 Lens posts

· 2 2” tip tilt lens mounts

· 1 1” tip tilt lens mount

· 2 2” 100mm focal length bi-convex lenses

· 1 1”  100mm bi-convex relay lens

· PSM CCD Computer and Hardware

· Alignment Telescope

· Inside Micrometer

· Small mirror with tip and tilt control

· Small aperture  with a post
