
















Block Diagram of Optical System after BEX JPL 
(for 1 Telescope) 
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High Bandwidth Pointing1 Shear and 
Piston Sensors 

The high bandwidth pointing1 shear sensors A, combination of2 mirrors in 3 cm space 

operate in 3 cm beam space. The shear 
sensor images onto the mirror that controls 
tilt and the tilt sensor images the far field 
image. Both sensors use the metrology beam. 

MMZ 
Almost any two small mirrors can be used 
for this function. The shear mirror has to be 
before the pointing mirror and both mirror cma m m  Combiner 8 Chopper 

have to be before the sensors. 

Nulls from Other Telescope Pair 

The high bandwidth piston sensors uses h g e s  from the metrology beams located at the metrology source on the collector and control the 
piston mirrors in the MMZs. The fringe sensors shown here, are low bandwidth and use wavelengths h m  the target star that are shorter 
than the bandpass of the science sensor. The phase plates are only achromatic in the bandpass of the science camera and therefore 
produce grey fringes in these fringe sensors. The fringe sensors off the MMZs, control the piston bias of the mirrors in the MMZs. The 
fringes from the 2 finge sensors are 7t12 radians apart, allowing the use of quadrature sensing. The fiinge sensors off the combiner 
beamsplitter, equalizes the OPD between this MMZ and the other MMZ. These 2 sensors are also use out-of-band wavelengths and are 
nl2 radians apart. 
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ei This sensor controls pointing and of the beam from the telescope (collector) to the combiner. Pointing am 

shear control requires 2 mirrors. The first mirror (controlling beam shear) is the last steering mirror on the 
collector. The second mirror (controlling beam pointing) is the first big steering mirror on the combiner. The 
shear sensor images the metrology beam on the combiner steering mirror. The pointing sensor images the far 
field image of the metrology source. 
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Delav Lines 

This delay line shows one roof mirror. The design developed for the 
SCI used 2 roof mirrors moving in opposite directions. This was a 
reaction less design that produce and OPD = 6 times the motion of 
one roof mirror. Moving the pair of roof mirrors has the same effect 
as moving a single roof mirror. (lm at 0.1 HZ.) 

Large strokes at low bandwidth can be corrected for by translating 
the pair with a translating stage. Smaller strokes at lower bandwidths 
can be corrected with voice coil actuators moving the 2 roof mirrors 
in opposite directions. (20rnm at a few Hz.) Delays at higher 
bandwidths are called piston errors and are controlled by the piston 
mirrors. 

The delay l i e  in the FFI works similar to the scan mirror (comer cube) of a Fourier Interferometer Spectrometer. In a Fourier 

w Spectrometer, a HeNE laser is used in counting fringes to measure the relative position of the scan mirror. When the scan 
mirror, in one arm of the interferometer, passes through equal path length of the 2 arms, the detector will see a signal that goes 
to -zero and then back up again. This is called the white light fringe. The same thing happens in the FFI, the metrology 
system counts fringes to measure the relative location of the delay lines. When one delay is scanned to achieve equal path 
length between the two telescopes, the signal will go through a null at that location. The metrology system knows where that 
location was so it can drive the delay line back to the null position. Using the beam blocks, the process can be repeated for 

A NASA each telescope, in pairs, leaving one telescope as the reference. The detector, in this case, would be the science camera. 
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Science Camera 

The main function of the science camera is to collect intensity and 
spectroscopy data on the target star. 2 of the nulls transmit the 
chopper beamsplitter and 2 are reflected off. The reflected nulls are 
id2 radians out of phase with the transmitted nulls. The pair of 
transmitted nulls can be added, after the modal filter, to form one 
linear image onto the detector array. The same is true for the 
reflected nulls. This would yield 2 linear arrays of detectors. An 
alternative is to keep two arrays per pair and to use cross polarizers 
between them. 

Shuttering the beams allows the science detector to be used for 
calibration of the adaptive nuller.These are the only function of the 
science detectors. It can consist of a 2D linear array, 2 linear arrays 
or 4 linear arrays. 2 linear arrays use the minimum number of 
detectors and should produce the best signal to noise ratio. 

Science Camera 
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Electromagnetic Formation Flying 
(EMFF) 
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