This is extracted from Sidd’s range-gating document.  It only addresses the pulse timing, not the total flux.  Case 1 is the set of parameters Sidd used.  Case 2 uses a lower Rayleigh altitude and the correct pulse duration (according to Rich’s AMOS paper).  I believe the Case 1 parameters also define our current range-gating timing.
SYSTEM PARAMETERS

Sodium layer lower boundary:

Hl = 80 km

Sodium layer upper boundary:

Hu = 105 km
Gaussian distribution center:

X = 92 km

Standard deviation:


σ = 5 km, 10 km

Rayleigh scatter zone upper limit:

Case 1:  R = 35 km





Case 2:  R = 25 km

Telescope elevation angles:

θ = 90°, 60°, 45°, 30°, 15°
Laser macro-pulse duration:

Case 1:
P = 200 µs





Case 2:
P = 180 µs
Laser frequency:



500 Hz

CCD frame transfer time:


50 µs (CCD 39)

Speed of light:



c = 2.99793*10^8 m/s
CALCULATIONS
Earliest integration start =
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Latest integration start =
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Earliest integration stop = 
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Normal (Gaussian) distribution of Na layer =
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The earliest possible integration start for the detector is determined by the time required for the laser pulse to clear the upper limit of the Rayleigh scattering zone of the atmosphere (35km or 25km).  The signal from this event is allowed time to reach the detector at sea level.  The latest possible start for CCD integration is determined by the time required for the leading edge of the laser pulse to approach the lower boundary of the sodium layer (80km).  To maximize the return flux of the laser guide star, integration must be started by the time this image reaches the detector.  Integration continues as the pulse clears the upper limit of the sodium layer (102.5km).  When this image arrives back to the detector, integration may be stopped.  
RESULTS

The table displays the earliest possible integration start time for the detector, latest possible start time, and earliest stop time for a range of elevation angles.  Note that the boundaries of the sodium layer are approximations based on a Gaussian distribution of sodium atoms in the atmosphere.  Therefore, the exact times derived from those limited figures lack accuracy.
Case 1:

	Telescope Elevation Angle (deg)
	Earliest Start (µs)
	Latest Start (µs)
	Earliest Stop (µs)
	Longest Integration (µs)
	Shortest Integration (µs)

	90 (zenith)
	433
	534
	900
	467
	366

	60
	470
	616
	1009
	539
	393

	45 
	530
	755
	1191
	661
	436

	30
	667
	1067
	1601
	934
	534

	15
	1102
	2062
	2907
	1805
	845
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Figure 1: CCD Integration Timing

Case 2:
	Telescope Elevation Angle (deg)
	Earliest Start (µs)
	Latest Start (µs)
	Earliest Stop (µs)
	Longest Integration (µs)
	Shortest Integration (µs)

	90 (zenith)
	347
	534
	900
	553
	366

	60
	372
	616
	1009
	637
	393

	45 
	416
	755
	1191
	775
	436

	30
	514
	1067
	1601
	1087
	534

	15
	825
	2062
	2907
	2082
	845
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Figure 1: CCD Integration Timing
Choppers
The more slots there are, the smaller the aperture and the more time the beam spends partially cut off.  Alternatively, if we choose to set it so that we're looking at dark sky (no Na, no Rayleigh) during those partially cut off periods, then the more slots there are, the more background we introduce into the integration.
For 500Hz sync signal, 4mm beam (SH spots) and 50mm radius wheel:

	Slots
	Partial Time (μs)

	7
	178.34

	5
	127.39

	3
	76.43


Partial Time is the time when the beam is partially illuminated.
Commercially available chopper wheels:
	Mfr
	500Hz
	Max rps
	Fits in space
	Ext. Sync
	Wheel
	Remote Control
	Stop at open
	Cover

	Newport/Oriel
	Y
	80
	Only without cover
	Y
	7-slot
	Single TTL to stop wheel – only available with cover
	Y
	Not useable

	New Focus
	Y
	106
	Y
	Y
	7-slot or custom
	Full control w/GPIB
	N - but accepts DC voltage for freq. control and outputs signal from optical pickup
	Y

	Thorlabs
	Y
	99
	Y
	Y
	7-slot
	Full control through serial line
	N – but outputs signal from optical pickup
	N

	EOPC
	Y
	167
	Y
	Y
	3-slot
	N
	N - but accepts DC voltage for freq. control
	Y

	Scitec
	Y
	100
	Y
	N
	5-slot
	N
	N - but accepts DC voltage for freq. control
	N


There are a couple of possible timing options to implement this.

1. Set the delay in the reference signal (either at the output from Coude, or at the chopper) based on the angle of the telescope.  Near zenith down to ~45º, this only needs to be set once, but by 30º the delay becomes more important.  This allows us to minimize the background that is included in each integration.

2. Set the delay once, integrate for the maximum time required for 30º (1087us) and just accept the additional background closer to zenith.  This means for zenith and 30º that there will be Na light during the partially blocked time.  

a. Interestingly, the maximum time for 30º is very close to a 50% duty cycle.  We could make our lives a little easier and run this with a single 50% wheel.  It would mean losing 87μs out of 534μs at 30º elevation (16% time-wise).

All of these choppers require 2 wheels together to get less than a 50% duty cycle.  All but one require work to be able to stop the wheel in the open position.  All of them use optical pickups, so they require a good cover or different type of sensors to be integrated into the system.  
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