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Introduction

The exposure of the shutter can be determined on orbit using stars in the field of view. During the collaboration meeting Roger Smith suggested a better way to determine the exposure in orbit. The idea is to make two exposures. The first exposure will have the shutter open for a long time (until the wells fill to about 80,000 e-). The second exposure will also fill the wells to about 80,000 e-, but it will be done by cycling the shutter open and closed many times. A major advantage is that nonlinearities in the detector will not affect the exposure determination much. A schematic of the exposure scheme is shown in Figure 1.
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Figure 1 Schematic of the multiple exposure method. The red curve is the shutter profile for the case of one long exposure. The blue curve is the case for multiple short exposures. Each should have about the same signal.

If the shutter motion is consistent, then the exposure versus location on the focal plane can be determined. The signals obtained for each star in the field for both exposures are:
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where Smany is the signal obtained with many short exposures for star i, Sone is the signal obtained with one long exposure for star i, Tnom is the nominal short exposure, n is the number of openings, Tdev(i) is the deviation from the nominal exposure for star i, E is the efficiency of the Telescope, and Fi is the flux of star i. Solving for Tdev(i):
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There are many stars in the SNAP field at one time. Each star can be used to determine the exposure. Table 1 lists the average number of stars in the north field for each magnitude. There will be hundreds of stars, and therefore locations on the focal plane, that can be used to determine the exposure.

Table 1 Number of stars in an average 0.7( field.

	Stellar Magnitude
	Number of stars in field

	14
	54

	15
	92

	16
	144

	17
	206

	18
	379


Results

The RMS exposure error for various star magnitudes is shown in Figure 2. This is for one star only. The exposure can be determined to a much better than 1 millisecond accuracy.
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Figure 2 RMS Exposure Error for 14th through 18th magnitude stars.

The length of the longest exposure is shown in Figure 3. Exposures of less than 100 seconds are required for stars down to 18th magnitude.
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Figure 3 n*Tnom (long exposure time) versus the nominal short exposure.

The number of shutter openings is shown in Figure 4. If the number of short exposure cycles is limited to 20, then the exposure can be determined to 0.12, 0.04, 0.1, 0.25, and 0.6 milliseconds for 14th, 15th, 16th, 17th, and 18th magnitude stars respectively. 
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Figure 5 Number of shutter openings versus Tnom.

Conclusion

The exposure can be determined too much better than a millisecond for hundreds of locations on the focal plane. It will only take several hundred seconds of exposure and two images to determine the exposure. This can be repeated as often as we need. The shutter motion will also be recorded and sent to the ground. This can be used to check if the shutter motion is changing.
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