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Introduction:  In preparation for the upcoming decadal 

review NASA has commissioned four concept studies.  

The possibility for the existence of life elsewhere in the 

universe is a top science priority for three of these stud-

ies. Identifying planets that can support life is a very dif-

ficult challenge, requiring large space telescopes and 

utilizing innovative technologies to image and spec-

trally analyze the candidate exoplanets.  In addition to 

the exoplanet mission, flagship observatories must also 

satisfy the role of a General Observatory for the astro-

nomical and astrophysical communities. 

As a result of the technological challenges, we are 

exploring a paradigm shift for astronomical observato-

ries from filled circular apertures to incoherent synthetic 

optical apertures, using a rotating (or rotatable) filled 

non-isotropic (e.g. rectangular, or elliptical) aperture 

telescope. Incoherent rotating synthetic apertures 

(RSAs) offer substantial advantages for astrophysics 

over circular apertures:  Greater effective diameter and 

resolution for a given mass to orbit, simpler packaging, 

and superior signal to noise ratio for a properly config-

ured system.   

As a concept example, figure (1) depicts an 18.2m 

by 2.3m RSA that can be packaged into an existing 

Delta IV long fairing (19.8m x 5m diameter) dynamic 

envelope.  The collecting area of approximately 42m2 is 

1.7 times greater than JWST, and the telescope offers a 

maximum Rayleigh resolution that is 3.4 times better 

than JWST. The primary mirror assembly will also be 

6.3 times less massive than an equivalent resolution cir-

cular aperture. The simpler deployment compared to 

circular apertures is indicated since the telescope only 

requires three optical deployments (a single rotation de-

ployment for each of the primary mirror segments and 

the secondary mirror tower). NASA’s Space Launch 

System (SLS) would permit an effective aperture diam-

eter equal to the length of the RSA primary mirror of  up 

to approximately 40m. 

Throughout the paper we will be presenting updated 

scaling laws and providing performance calculus 

[1,2,3], as well as preliminary assessments for a Mid-

Wave spectroscopic mission [4], and a novel high reso-

lution balloon experiment(s) [5]. 

We recommend that NASA and the upcoming Astro 

2020 Decadal Survey consider synthetic apertures for 

future flagships.  We also suggest that astrophysicists 

consider synthetic apertures for all future missions from 

cubesats, to balloon borne telescopes to astrophysical 

probes to flagship missions; including assembly in 

space. 
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Figure (1) depicts a 18.2m x 2.3m aperture with the col-

lecting area of a 42 m2 unobscured circular aperture. 

(The solar shade is not shown for clarity.) 
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