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How I became interested in the 
telescopes of the future… 

 
 



William Herschel Telescope 
Its paraboloidal primary mirror is made 
of a glass-ceramic material. It has a 
clear aperture of 4.2 m and a focal 
length of 10.5 m. The mirror is a solid 
piece, with no empty cells.  



Making a glass mirror 

 

From: http://amazing-
space.stsci.edu/resources/explorations/groundup/lesson/basics/g40/ 



200-inch Hale Telescope 



Northumberland Equatorial Telescope 



Keck Institute for Space Studies 
workshop on Large Space Apertures 

November 2008 
Four key questions: 
 
1. What are the community’s needs  for (a) optical apertures 

or  (b) RF apertures in the next 10-20 years?  
2. What is the state of the art in optical and RF apertures? 
3. What are the roadblocks that prevent us from meeting the 

community’s needs, given the state of the art?  
4. What approaches could be followed to address these 

roadblocks?  



Main Findings of Workshop 

• RF antennas for space is an important and 
relatively mature field of technology 
 

• Observational astrophysics remains photon-
limited and there is a compelling case for large 
aperture UV, Optical and Near-Infrared space 
telescopes with diameters of 10-20 m. 
 



Opacity of Earth’s Atmosphere 

Most of the electromagnetic spectrum is blocked by the 
atmosphere 
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intensity from a star due to transit of a candidate Earth-
like planet. Dip is ≈2%. 
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• Observations with a telescope that has 10 times larger D 
are 10,000 times faster. 



Some of the charts presented by 
Matt Mountain 

Video and charts available from: 
http://kiss.caltech.edu/workshops/apertures2008/sch
edule.html 

Matt Mountain  
Director, Space Telescope Science 
Institute 
Going from HST to JSWT and 
Beyond: The Science Drivers for 
Large Apertures in Space  



 



 



 



 



 



 



 



Our Vision for Future Large Space 
Telescopes 

• Aperture: 
– Segmented primary mirror 
– Many segments 
– Multiple launches 
– On-orbit autonomous assembly 
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Our Vision for Future Large Space 
Telescopes 

• Aperture: 
– Segmented primary mirror 
– Many segments 
– Multiple launches 
– On-orbit autonomous assembly 

• Mirror segments: 
– Lightweight 
– Identical (nominally spherical) 

• Lower cost 
• Redundancy 
• Ease of manufacture and test 
• BUT:  Curvature errors across array 

– Adjustment capability  
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Demonstration of Key Technologies 
Small telescope mission: 

– Lightweight adaptive mirrors 
• Each 10 cm diameter 
• Mounted on Cubesats  

– Prime focus design 
• Deployable detector package  

– Autonomous assembly and docking 
• Segments detach, reconfigure and reattach 
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Autonomous Assembly of a Reconfigurable 
Space Telescope (AAReST) 

• Accomplish two key experiments in LEO by demonstrating 
new technologies for 
– Autonomous rendezvous and docking with small 

spacecraft for telescope re-configuration 
– A low-cost active deformable mirror 

• Operate as long as necessary to accomplish the 
objectives (1 month+) 

• Gather engineering data that enables the next system 
development 

• Accomplish the mission inexpensively for a 2015 launch 



AAReST Team 

• Spacecraft 
• Docking system 
• Spacecraft integration & 

mission operations 

• Deformable mirrors 
• Telescope system 
• Reconfiguration algorithm 
• Optical focus algorithm 

• Electronics and 
mirror fabrication 
support 

• Project 
management 
 



Telescope Details 

• Prime focus design, FoV 1 deg 
• Reconfigurable through the use of 

deformable mirror technology 
• Key Parameters: 

– Feff = 1.2 m 
– Dwide (compact) = 0.58 m (0.34 m)   
– F/Dwide (compact) = 2 (3) 

• Instrumentation package 
– Corrective lenses 
– Scientific instruments 
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Instrumentation 
package 

Deformable 
Mirrors 
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Concept of Operations 

De-Orbit Launch 

Deploy 
Telescope/ 

Solar Arrays 
Spacecraft 
Check-out 

Telescope 
Calibration 

Re- 
configuration 

Extended 
Mission Ops 

Piggy-back launch on 
Pegasus vehicle 



Telescope and Boom 
  

 

Deformable mirrors 

Instrumentation package 

Boom 



Deployment of Carbon-Fiber Boom 
  

 
 

  
 

 

Whiffle tree gravity off-load 

Unrestrained deployment of boom with single hinge 

Restrained deployment of boom with 2 hinges 

Unrestrained deployment is 
manageable, hinge survives, small 

overshoot 

Quasi-static, sequenced deployment is 
possible with simple mechanism 

Boom weight 50 g 



Deformable Mirror Concept 

• Thin shell laminate 
– Built up on polished mold 

• Replication 
– Lightweight, stiff substrate 
– Active materials 

• Piezoceramics (e.g. PZT) 
• Electrostrictives (e.g. PMN-PT) 
• Electro-active polymers (e.g. 

PVDF) 
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Deposited layers 

Reflective surface 



Deformable Mirror Concept 

• Thin shell laminate 
– Built up on polished mold 

• Replication 
– Lightweight, stiff substrate 
– Active materials 

• Piezoceramics (e.g. PZT) 
• Electrostrictives (e.g. PMN-PT) 
• Electro-active polymers (e.g. 

PVDF) 
• Surface parallel actuation 

– In-plane strains create mirror 
curvature 

– Thin, low areal density 
 
 

Active layer 

Mold 

Deposited layers 

Reflective surface 

V 



• Alternating layers of electrodes and active material 
• 90 (fine pattern) + 16 (coarse pattern) channels 
• Mass < 5 grams (0.6 kg/m^2) 

 
 
 
 Piezoelectric 

layers 

Coarse electrodes 

Reflective coating (underside) 

10 cm Si wafer 

Deformable Mirror Design 

Mounting PCB 

Fine electrodes 

Ground 



Demonstration of a Working Mirror 



What about larger apertures? 

• Concept still valid, but… 
• Silicon wafers 

constrained to 12” 
diameters 

• Alternative substrates 
– Carbon fiber?   
– How to achieve lasting 

polished surface with 
acceptable roughness?  

 
Movie is not linked 

 



Concept of Instrumentation Package 

Collimating 
Lens 

Reimaging 
Lens 

Image 
Sensor 

Mask 
Plane 

Segmented 
Primary 
Mirror Wavefront 

Sensor 



Optical Elements 
  

 
 

  
 

 
Collimating 

Lens 
Reimaging 

Lens 

Image Mask 



Mask Mechanism 

  
 

 



Reconfiguration and Docking Concept 

 



 



Docking Interface 

 Permanent magnet provides compressive preload  
 
 Materials: steel cones and Teflon cups 
 



Testing of Electromagnets 

• Each cubesat prototype has two electromagnets 
• Used for the final docking approach and undocking 
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simulation
experiment

Forces are quite small 



Testing of Docking Maneuver 

Robotic Cubesat  
Surrogate • Frictionless 2-D environment 

• Propulsion mimicked by air jets 
• Permanent magnets for latching 
• Receding Horizon trajectory planning 

 



Current Status  

 



Only Joking, it’s a Computer Model! 
 

http://pellegrino.caltech.edu/aarest.html 



AAReST Schedule 
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Ae105 2012 Instructors 

• Behcet Acikmese (Ae105 Instructor) 

• Greg Davis (Ae105 Instructor) 

• Yunjin Kim  (Ae105 Instructor) 

 

Special thanks to 

• John Baker   Jim Breckinridge   

• Marin Kobilarov  Kobie Boykins  

• Keith Patterson  Andrew Kennett 

• John Steeves   Mark Thomson 

• Gwen Johnson   Eric Sunada 
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