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ABSTRACT  deep, stable nulling of starlight requim carchl control of the intensity and 
phases of the beams that are being combined. We are in the prooess of 
demonsbating a compensator based on a deformable mirror to correct the 
intensity and phase at each wavelength and polarization across the nulling 
bandwidth. We h p e  demonstrated intensity and phase control at a single 
,wavelength in the near-IR, and we are preparing to demonsuate wntrol with 
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WHAT IS ADAPTIVE NULLING? 
JI An adaptive nuller is a compensator that will correct the 
intensity and phase of a beam at all wavelengths and each 
polarization across the nulling bandwidth. 

J Adaptive nulling relaxes the requirements on the elements 
in the optical path and allows for deep robust nulling. 

our deformable mirror actuator in the near-IR. In parallel, we are also 
pyar ing  a demonstration in the mid-IR. 

lNTRODUCnON 

Adaptive nulling is a quasi-static correction to phase and intensity for each 
polarization (S & P) and at all wavelengths independently. Figure I is a 
ldiegnm of our approach to this problem. The uncorrected bcam enters at the 
upper left, passes through a pupil stop, and then through a birefringent 
element that splits the polarization states by a small angle. The light is then 
dispersed by a prism and is incident on a parabolic mirror that focuses the 
collimated beams onto a deformable mirror @M). At this point the input 
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Figure 1: Parallel high-oder mmpcnsator design b a d  on a deformable minor 
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INTENSITY CORRECTION 

We measure the spectrum of each1 
beam by shuttenng the other beam off 
We then use the difference divided by 
the sum of the two spectrums as n 
measure of the intensity imbalance I 
Once the coupling loss vs tip/tilt angle 
is calibrated we can apply the 
appropnate control signals to match the 
intensities at a particular wavelength 
Figure 4 shows the intensity imbalance 
before and after compensation mth the 

~ tip/tilt mirror for 850 nm 
Figure 4 Intensity wneuion 

Fieure 5: Residual ~hase measured mth BK7 mndow in m e  beam arm The Fieure 5: Residual ~hase measured mth BK7 mndow in m e  beam arm The 
c a l k t e d  residual k r n  -4 mm of BK7 matches well with the &a 

PHASE EXTRACTION 

A variant of the Hilben transform method is used as a quick and accurate 
means of determining the phase difference between the two beams as a 
hnction of wavelength. A h o w  optical path length offiet introduced using 
the separate delay line and the mrded spectrum is put through a fast Fourier 

light is spread into two focused lines, one for each polarization state, 
dispersed by wavelength Atter reflection from the DM, the light is re- 
collimated by the parabolic mirror, dedispersed and the two polarization 
states are n-combined before passing through the exit pupil stop 

The DM allows independent conml of the intensity and phase for each 
~ polarization and wavelength as illushated in Fig 2. Piston of the DM adjusts 
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the residual is or phase to be corrected. Figure 5 shows this residual with a 
BK7 window added to one beam path. The calculated residual f" -4" 
ofBK7 matches very well with the measured phase error. 

gold square at the center is the 
mirra membrane. The pnsms to 
dispcrse and recombine the 
wavelengths Csn bs s e a  on the left. 

We now have the DM in our pmof-of concept experiment (piclure above) 
and are in the process of building up our softwM to complete the pmf-of- 
concept demonshation. The DM has 140 actuators and a 3mm x 3mm 
continuous gold membrane. The dispersion from the prisms put the light 
across a line of IO achtatom. 
Our goal is to complae the pmf-of-wncept experiment by the end of this 

separately. 

The work described in this paper was performed at the Jet h p u l s i o n  
Laboratory, Califomia Institute of Technology, under w n m  with the 
National Aeronautics and Space Administration 
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Table I: Requirements for the mid-IR and pmof-of-cept experiments Figure 3 Schematic of the pmof-af-concept adaptive nuller. 




