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Here are some calculations of the transfer curve of the Palomar BTO quad cell Q3 at the laser launch telescope (LLT).

The concern has been that the beamsplitter used has two almost equal reflections from the front and back sides, which combined with the ~45 degree angle of incidence, makes a double spot on the quad cell.  This impacts the quad cell transfer curve for motion in the direction labeled “y”, which is north-south motion as seen on the LLT entrance iris. The transfer curve for the “x” axis, which is east-west motion, is unaffected by the double spot.  The large-amplitude spot vibration seen in the last run was almost entirely along the x axis.
Before 7/6/05, the beamsplitter used at Q3 was 0.400 inch thick, which gives a spot spacing of 7.14 mm.  Here is the transfer curve of Q3 for a 4 mm laser spot size at the LLT iris (1/e^2 diameter).  The blue curve is the x response and the red curve is the y response.  There is a significant dead band in the y response.
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For an 8 mm laser spot size, the curve is straighter, but there is still a 3:1 ratio in x slope to y slope at the lock point.
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On 7/6/05, we installed one of the beamsplitters Viswa had ordered into Q3, along with an ND filter holder.  The part number is CVI W2-PW-2025-C-425-45.  The part is 0.250 inch thick, which gives a double spot spacing of 4.46 mm.   With this beamsplitter and an ND3.0 filter, we saw 1.2 V high pulses on the sum signal of Q3, for 5.5 watts average laser power.  The pulse duration was 140 usec, the rep rate was 500 Hz.  

For a 5 mm laser spot diameter, the transfer curve of Q3 now looks like this:
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With a more normal 8 mm spot diameter, the x transfer curve flattens out nicely, and the ratio of x slope to y slope is not too different.
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The conclusion that I come to is that the double spot problem is contained well enough that there is no pressing need to modify the BTO quad cell arrangement at this time.  There will be some minor detuning of circular polarization by the 45 degree beamsplitters at Q1, Q3, Q3, but this can be compensated for in the coude room.  

Since the spot size at the LLT iris is variable over some range by translating the 400 mm lens on the laser table, it is useful to know what LGS performance to expect for different spot sizes.  Here is a calculation of brightness of the center of the spot on the 90 km sodium layer, as a function of laser spot size at the LLT iris.  As Ed has shown, the central brightness, or on-axis intensity, is a figure of merit for a laser guide star.  The vertical units are arbitrary.  The calculation includes obscuration but not turbulence.  This is a repeat of Vishwa’s calculation from some time ago.  The curve shows a broad maximum from 6 to 10 mm, with a nominal peak at 7.8 mm.  These are gaussian 1/e^2 diameters, as seen at the LLT iris.
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Still to come -- the Q3 oscilloscope observations from the last run, some control matrix calculations, and a polarization analysis for the BTO.  

