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Background

• Two submittals were selected in ’03 for Space Theme 2:  
− Virtual Structure Gossamer Space Telescope (Edward Mettler – JPL)  
− Atmospheric Remote-Sensing Observatory at the L2 Lagrange point 

(Joseph Zawodny – LaRC)

• Study Approach:
− The “Virtual Structure Gossamer Space Telescope” selection serves as 

the focal point while  the “Atmospheric Remote-Sensing Observatory at 
the L2 Lagrange Point” selection provides the science requirement 
drivers

• Objectives 
− Develop a concept for an Earth observing capability at Earth-Sun L2
− Define the science to be conducted and the associated instrumentation
− Develop conceptual designs for the instrument, telescope, and supporting 

spacecraft
− Define an end-to-end mission architecture
− Assess the technical challenges and identify enabling technologies
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Study Team Organization

NASA Centers
Technical Support

LaRC
Science

JPL
Principal
Architect

LaRC
GSFC
GRC

Ed Mettler at JPL was the Principal Architect. He developed 
the Telescope Concept to meet the Science Requirements 
developed at LaRC by Dr. Joe Zawodney. A number of 
professionals from NASA Centers made significant technical 
contributions toward the ESL2 Telescope design

Overall study integration was 
provided by Jeff Antol at LaRC. 
Technical Integration Support was 
provided by Dr. Ram Manvi of JPL .
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Science Objectives
• Study Earth’s atmosphere as it occults 

sunlight
• Solar Occultation Best Suited for Long-Term 

Climate Change Studies
– Earth Sun L2 is the optimal place to deploy 

solar occultation instruments.
– Hourly measurements at all latitudes
– Global, high-resolution 3D maps of CO2, O3, 

O2, CH4, H2O, N2O
– Can’t be done continuously or globally from 

LEO
• Instruments include: Offner

 Imaging Spectrometers, Mid-IR & Gas 
Filter Correlation Radiometer (GFCR) 
Imager

• Observation Strategy:
– Scan around the annular ring of the Earth’s 

atmosphere at least 360 times per day for ~1° 
“longitudinal” sampling

– Sample each rotation at least 360 times to 
provide ~1° “latitudinal” sampling

From L2 the Sun is slightly larger than 
the Earth and places the annular ring of 
the Earth’s atmosphere into permanent 
occultation. Spatial sampling is limited 
only by the speed of the instruments and 
the down-link bandwidth.

1 Km = 0.137 arcsec

Earth’s Disk
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Observatory Orbit

Earth

Ref:  http://sci.esa.int/content/doc/1f/13855_.htm Earth Observatory

• Powered “orbit” near L2 to maintain observatory position within the 
annular eclipse

– Must stay within 200 km of the Sun-Earth line
• “Standard” orbits won’t work

– Lissajous and halo orbits stray far from Sun-Earth line
– Nearly rectilinear halo orbits are perpendicular to line between 

primaries, and don’t account for 4th body perturbation
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Minimum Fuel Periodic Orbit at 
Earth Sun L2

• References:
Shen, H., Kumar, R. R., and Seywald, H., "Minimum-Fuel Periodic Orbits in the 
Vicinity of a Fixed Point on the Sun-Earth Line: The Planar Case," AAS 04-247, 
14th AAS/AIAA Space Flight Mechanics Meeting, Maui, Hawaii, Feb. 8--12, 2004

Roithmayr, C. M., and Kay-Bunnell, L., "Keeping a Spacecraft on the Sun-Earth 
Line," AAS 04-246, 14th AAS/AIAA Space Flight Mechanics Meeting, Maui, 
Hawaii, Feb. 8--12, 2004. 

• Must stay within 200 km of the 
Sun-Earth line, however, cyclic 
drift of +/- 5000 km along the 
Sun-Earth line is allowed to 
reduce propellant requirements 

• Without the “candy wrapper” 
orbit, a 10 year mission is not 
possible without the resupply of 
propellant 
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Observatory Architecture

• 25m Aperture primary 
membrane mirror combined with 
 a secondary Science telescope 
located 125 m away in formation 
flying configuration 

• 10 year science operations 
objective without resupply

• 24/7 100% duty cycle



8

 Reflected Solar Annulus
Surface is tapered at 45 Deg

Light Entrance 
Aperture

(5cm X 2cm)  

Electric Propulsion 
30cm Xe Thrusters

8 Total

Spacecraft Bus
(Thermal, C&DH, 

GN&C)

Electric Propulsion 
10cm Xe Thrusters

 12 Total
(Boom Length = 35cm)

 Dish Antenna

Shuttle Tile Ring

Science Telescope Spacecraft

Metrology Instruments 

Cylindrical Radiators
And Power System

Patch Antenna  

Quadrafilar Helix Antenna 

Patch Antenna  
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Outer Torus Dia = 28.0m

Aperture Spacecraft - Deployed 
Mirror Membrane 

Radius of Curvature = 250m
Outer Dia = 25.0m
Inner Dia = 7.0m

Engineering 
Module 
(Bus)

Inflatable 
Rigidizable 

Torus

Cross Section of Torus  
Dia = 1.0m
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Cylindrical Radiators 
And Power System

Stowed Mirror Membrane

Electric Propulsion 
30cm Xe Thrusters

8 Total

Electric Propulsion 
10cm Xe Thrusters

 16 Total
(Boom Length = 35cm)

Aperture Spacecraft – Pre-Deployment 
Patch  Anten
na

 

Quadrafilar
 Helix Antenna

Patch  Anten
na

 

Spacecraft Bus
(Thermal, C&DH, 

GN&C)
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• Baseline
− ELV transfer from Earth using a Lunar swingby to a small 

amplitude libration point orbit about L2, then a low thrust transfer 
to the mission orbit using spacecraft propulsion systems

• Alternative #1
− Impulsive Earth escape, then low thrust using a Solar Electric 

Propulsion (SEP) stage to the L2 point, and final impulsive zero 
velocity deployment using hybrid Chemical / SEP Carrier Vehicle

• Alternative #2:
− Launch to LEO, rendezvous/docking with a Nuclear Electric 

Propulsion (NEP) stage and then low thrust transfer to the L2 point  

Delivery to Earth-Sun L2 
Mission Trades 
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Baseline Transfer to Earth-Sun L2 

• The observatory will be deployed in a small amplitude libration 
point orbit about Earth-Sun L2

• Transfer from Earth to the small amplitude libration point orbit 
would take ~5-6 months (with a Lunar swing-by)

• The Science and Aperture spacecraft will use their low thrust 
electric propulsion systems to attain the mission orbit (same 
system to be used for station-keeping)

• Transfer from the small amplitude libration point orbit to the 
mission orbit will require ~3 additional months and will require a 
delta V of ~100 m/s
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Launch Vehicle Packaging 

Dual Manifest on a Delta-IV Heavy 
using PAF 4394-5

Launch Support Structure
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 Spacecraft Release from Support 
Structure
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 Observatory Deployment 
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Enabling Technologies

• Miniaturization of Subsystems hardware and science instruments, 3-D 
electronics, integrated structures/cabling, MEMS sensors and actuators

• Instrument and algorithm technologies
– Detectors
– Tomography

• Building of deployable large, low areal density mirrors and their associated 
structural components for operation at Earth-Sun L2 Environment

• Robust end-to-end modeling of telescope system and validation of system 
model

• Structures and Control
– Active Figure Control Concept for Membrane Primary Mirror
– Lightweight composite structural materials for Telescope and Spacecraft

• Power
– Advanced Radioactive Isotope Power Sources with high specific power efficiency
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Enabling Technologies (cont) 

• GN&C
– Combined High Accuracy Earth-Sun Sensor to maintain Orbit Tracking
– RF and Laser-Optical Metrology Systems for Formation 3-D Knowledge
– Precision Formation Flying and Orbit Navigation Methodologies

• Propulsion and Control
– Advanced high specific-impulse linear Xe EP thrusters in large/small sizes
– Sophisticated, higher-order station-keeping controllers that mitigate thruster 

limitations

• Packaging & Deployment
− Packaging for delivery of the primary mirror to Earth-Sun L2, and logistics 

of its deployment
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Summary 
• A concept for an Earth observing capability at the Earth-Sun L2 was 

developed  
– Study Earth’s atmosphere as it occults sunlight 

• Powered “orbit” near L2 is needed to maintain observatory position 
within the annular eclipse
– Must stay within 200 km of the Sun-Earth line

• 25m Aperture primary membrane mirror combined with  a secondary 
Science telescope located 125 m away in formation flying configuration 
– 10 year science operations objective without resupply
– 24/7 100% duty cycle

• ELV transfer from Earth using a Lunar swing-by to a small amplitude 
libration point orbit about L2, then a low thrust transfer to the mission 
orbit using spacecraft propulsion systems

• Key technologies include lightweight membrane structures 
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Backup  
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• JPL
 Edward Mettler – Principal Eng. Invest.
 Ram Manvi – Technical Integration
 Ahmet Acikmese – Controls/Dynamics
 William Breckenridge – System Reqs
 Serge Dubovitsky – Optical Metrology
 Steve Macenka – Optical Design
 Eldred Tubbs – Form. Flying/Metrology

• LaRC 
 Joe Zawodny – Science/Instrumentation
 Jeff Antol – Study Integration
 Rosalind Echols – Mission Infrastructure 
 John Flick – Technology Assessments
 Shawn Krizan – Configuration/CAD
 Jeff Murch – Graphics/Animations
 Carlos Roithmayer/Linda Kay-Bunnell/ 

Renji Kumar/Haijun Shen – Orbital 
Mechanics

 Fred Stillwagen/Bob Stephens – Comm
 Chris Strickland – Structures 

• GSFC
 Steve Cooley/Dave Folta/Greg Marr – 

Orbital Mechanics, Transfer
 Jay Herman – Science
 Jesse Leitner – Distributed Spacecraft 
 Quang Nguyen/Ken McCaughey  – 

C&DH
 David Steinfeld – Thermal 

• GRC
 Stan Borowski – GRC Lead
 Bob Cataldo – Power 
 Melissa McGuire/Thomas Packard – 

Launch Vehicle, NEP Transfer
 Tim Sarver-Verhey – Propulsion 

Study Team 

Back to Study Team Organization 
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380nm – 980nm Spectrometer

• Offner Imaging Spectrometer with 2 focal planes
• 60m pixels in a 512 x 512 array using Silicon
• Measurements of:

– Ozone
– Aerosols & Clouds
– Tropospheric Water Vapor
– Temperature & Pressure (Oxygen A-Band)
– Altitude Registration  using (O2)2

Back to Science Objectives
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980nm – 2480nm Spectrometer

• Offner Imaging Spectrometer with 2 focal planes
• 60m pixels in a 512 x 512 array using InGaAs
• Measurements of:

– Carbon Dioxide
– Water Vapor
– Methane
– Nitrous Oxide
– Ice

Back to Science Objectives
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Mid-IR & GFCR Imager

• Combination of GFCR and Broadband channels
• 2.5 to 10.5m spectral coverage with 20 channels
• Measurements of:

– Carbon Dioxide
– Water Vapor
– Methane
– Nitrous Oxide
– Sulfate Mass
– CLOx, NOx, and HOx Members & Sources
– Temperature & Pressure

Back to Science Objectives
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Science Comparison

Item LEO* GSFC-L2 RASC-L2
Science Objectives Very Broad Range Age of Air Climate Forcing

  Low Res Dynamics Climate Response

 

  

Forecast Model Input
Lowest Strat Dynamics

Upper Trop Composition
Age of Air

Strat-Trop Exchange

Vertical Resolution 0.5 to 2.0 km 2 to 4 km 1 km

Vertical Range 2 to 100 km 8 to 30 km 8 to 100 km

Altitude Knowledge 50 to 200 m 1000 m 100 m

Latitude Sampling 1 to 5 deg > 0.5 deg 0.25 to 1 deg

Longitude Sampling 1 to 24 deg < 15 deg (sparse) 0.25 to 1 deg

Global Maps 0 to 2 per Day 0 to 2 per Day 2 per Day

Continuous Global 
Mapping No No Yes

Profiles per Day from 30 to 200,000 est < 15,000 160,000 to 2,000,000

Duty Cycle (monthly Avg) 6 to 100% est ~20% ?? 100%

* LEO instruments include HiRDLS, HALOE, MLS, SAGE, ACE-FTS  
  um indicates micrometers

Back to Science Objectives
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Science Comparison (cont)

Item LEO* GSFC-L2 RASC-L2
Spectral Range 0.2 to 500 um 1 to 4 um 0.3 to 10 um

Measurement SNR 500 - 2000 500 2000

O3, H2O, CO2, CH4, N2O, O2 Yes Yes Yes

NOx, ClOx, HOx Yes No Yes

NOx, ClOx, HOx Sources / 
Reservoirs Yes No Yes

Temperature & Pressure Yes Yes Yes

Aerosols Yes No Yes

Sulfate/Water/Ice/NAT/… Yes No Yes

Needs Multiple Platforms, Increased Sampling Technology Advance

 
Instruments, & 

Techniques Larger Aperture  

* LEO instruments include HiRDLS, HALOE, MLS, SAGE, ACE-FTS  
  um indicates micrometers

Back to Science Objectives
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Cylindrical Radiators
And Radioisotope 

Power System

SRG Power System

Science Spacecraft Power System

• Requirements 
– 3 kWe for spacecraft bus, 

instruments, and thruster operation
– 100 % Duty cycle required
– Mission duration 10 years

• Radioisotope Power Source (RPS) 
selected as best option 
– Stirling Radioisotope Generators 

(SRG) with output of 3000We
• Also assessed photovoltaic (PV) 

array option
– Size of PV array makes integration 

difficult and interferes with aperture 
spacecraft.

Back to Science Spacecraft
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Cylindrical Radiators 
And Power System

(Length = 1.5m, Dia = 1m)

SRG - Power System 

Back to Aperture Spacecraft

Aperture Spacecraft Power System

• Requirements 
– 2 kWe for spacecraft bus and 

thruster operation
– 100 % Duty cycle required
– Mission duration 10 years

• RPS selected as best option 
– SRG with output of 2000We

• Also assessed PV array option
– Array on Aperture spacecraft 

interferes with thruster operation.
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Primar
y
Mirror Optical

Metrology

RF 
Metrology
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Not To Scale

RF Metrology - GPS-like range and phase measurement between transmitter and receiver, triangulated to 
get relative position and attitude of the Aperture S/C for acquisition and coarse formation control.

Measurement (1):   Range - 1cm ∆phase - 10µm

Optical Metrology - Laser range & bearing to retro-reflectors on the mirror to get precision relative 
location and attitude and mirror shape for fine formation control and Earth image location prediction. 

Measurement (1):   Range - 1µm Bearing - 10µrad

Earth-Sun Sensor - Image Earth & Sun to find points on the limbs and determine relative Earth direction, 
position offset from the Earth-Sun line and coarse Earth range. 

Measurement (1):   Limb point - 20µrad   Back to Science Spacecraft

Metrology Platform on Science S/C
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MEMS * 
Distributed 

PZT       
(Lead 

Zirconate 
Titanate)     

Patch 
(typical)

Holographic 
Retro-Reflector 
Patch (typical)

Membrane with 
One micron 
Reflective 
Coating

10 micron           
PVDF                 

(Poly Vinylidene 
Flouride) Film

10 Micron 
PVDF 
Film

5 Micron Nitinol 
Film

Primary Mirror

Active Figure Control Concept for Membrane Primary Mirror

* E-H Yang and S-S Lih, JPL , 2003 IEEE, 0-7803-7651-X/03 Back to Aperture Spacecraft 

Membrane Primary Mirror 
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Science Spacecraft Comm System

• Telemetry ground stations at SvalBard, 
Norway and McMurdo, Antarctica

– X-Band Antennas (11.3 m and 10m 
respectively, dual X,S capability)

– Command transmission to Spacecraft 
directly (during transit) and via Earth 
L4/L5 relay(s) during operations.

– X-band QPSK reception @ 50 Msps; 
effective data rate of 100 Mbps

– Downlink coverage time (8.1 hours/day)
RF Inflatable Antenna 

(1m Dia. Dish)

Quadrafilar Helix

S-Band 
Patch Dipole Antennas

20cm X 20cm
Back to Science Spacecraft

• X-Band telemetry transceiver (QPSK modulation, operating at ~100 MBPS)
– 100 Watt X-band RF Power Amplifier, ~ 50% efficiency) = 200 Watts of Power
– 1 meter inflatable antenna ( .53kg/m^2), including feed; add gimbal

• S-Band transceiver for commands and health/status telemetry
– 3 watt RF output --> requires about 15 watts
– S-band patch dipole antenna (two) for coverage

• UHF transponder for crosslink communications with Aperture spacecraft
– 110-200 Milliwatt transmit power
– Total of ~ 15 Watts of power
– Quadrafilar Helix antenna 



31

Aperture Spacecraft Comm System

Quadrafilar 
Helix

Antenna
S-Band 

Patch Dipole Antennas
20cm X 20cm

• Ground Stations at SvalBard, 
Norway and McMurdo, 
Antarctica
– S-Band Antennas (11.3 m and 10m 

respectively) for commanding
– Transmission to Spacecraft directly 

(during transit) and via Earth L4/L5 
relay during operations (if 
necessary).

Back to Aperture Spacecraft 

• S-Band transceiver for commands and health/status telemetry
– 3 watt RF output --> requires about 15 watts
– S-band patch dipole antenna (two) for coverage

• UHF transponder for crosslink communications with Science spacecraft
– Milliwatt transmit power
– Total of ~ 15 Watts of power
– Quadrafilar Helix antenna 
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Propulsion System
• Large thrusters for primary station-keeping thrust to keep spacecraft in 

position (radially) for observation 
– 1.30 kW each for maximum operation of 2 engines
– Maximum thrust of 70 mN 
– Isp = 9200 seconds, 90% efficiency

• Small thrusters for fine control per telescope requirements
– 250 W each for maximum thrust of 2.7 mN; 
– Isp = 8700 seconds, 90% efficiency

• Thruster type: primarily Gridded Ion engines
– Best choice for high specific impulse (propellant-limited) missions
– However, in Current Best Estimate case, Hall thrusters probably best choice for 

aperture spacecraft primary thrusters because of relatively low specific impulse
• Thrusters mounted on gimbals to enable some local pointing control

– Reduces demands on spacecraft orientation required to maintain proper thrusting
• Redundancy enabled by:

– Shifting thruster use to other devices in event of failure
• Vehicle operations will have to be changed to maintain thrusting capability
• Dedicated power processing and propellant management systems on each large thruster required

Back to Science S/C    Back to Aperture S/C
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• Aperture Spacecraft
– 7 meter hole in aperture prevents thermal gradients in mirror surface
– Heat from SRG’s can warm engineering module by loop heat pipes.  

Engineering section needs 140 watts of heat.
– SRG radiators can dissipate 5000 watts (total) at 60oC.

• Science Spacecraft
– 1” thick Shuttle Tiles insulate aperture disk from intense heat from mirror.  Tile 

surface = 845oC.  44oC substructure temperature.
– Aperture slit (10cm2) allows 280 watts of heat to enter.
– Mirror #1 needs to be conductively cooled by heat pipe or heat strap.
– Science instruments need 185 watts of heat for 20oC.
– Bus needs 150 watts of heat.  Supplied from loop heat pipe network from SRG 

radiator.
– SRG radiator can dissipate 5700 watts at 60oC.

Back to Science S/C    Back to Aperture S/C

Thermal System
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• Fully redundant (one string shown)
• Uses system-on-chip technology
• Memory banks can be powered down 

when not needed
• Separate dedicated networks for 

different functions
• Smart subsystems will reduce C&DH 

mass & power
• Configurable sub-processor provides 

for adaptability
• Dedicated local networks to save power
• Scalable design
• Science data rate (2.2Tbit/day)

– C&DH data storage baseline 
~2.2Tbit

Primary
Processor

(With Configurable
Sub-Processors)

Science
Data

Memory
Bank 2

Network
Processors

House
Keeping

Science
Data

Memory
Bank N

Low
Voltage
Power

Science Net
(>100 Mbps)

Smart
Subsystem Net

(<100 Mbps)

Comm Net
(>100 Mbps)

Spacecraft
Sensors

Spacecraft
Power

Science
Data

Memory
Bank 1

Science Spacecraft C&DH

Back to Science S/C  
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• Scaled down from science spacecraft 
reusing major components

• Fully redundant (one string shown)
• Uses system-on-chip technology
• Separate dedicated networks for 

different functions
• Smart subsystems will reduce 

C&DH mass & power
• Configurable sub-processor provides 

for adaptability

Primary
Processor

(With Configurable
Sub-Processors)

Network
Processors

House
Keeping

Low
Voltage
Power

Smart
Subsystem Net

(<100 Mbps)

Comm Net
(<100 Mbps)

Spacecraft
Sensors

Spacecraft
Power

Aperture Spacecraft C&DH

 Back to Aperture S/C
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Figure

Star 
Tracker

E-S 
Sensor

E-S
Sensor IMU

IMU

Star 
Tracker

 Decentralized
Inertial

NAV

G&C
Decentralized 

Inertial
NAV

Sensor Observatory
Optical 
System
 Model 

Estimator

LASER

Retro-
Reflectors

Figure
Sensor

Centralized 
Formation

State 
EstimatorG&C

G&C

Observatory Optical 
Parameter Corrections 

To Formation G&C 
Positioning Controllers 

On Both S/C

Observatory Optical  
Reference Model

Primary Mirror 
Figure Errors To   
Distributed PZT 

Control System On 
Aperture S/C

APERTURE S/C

SCIENCE S/C

Observatory Flight 
System GNC 
Executive On 
Science S/C

Formation GNC Concept 

Back to Science S/C    Back to Aperture S/C
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• Primary Aperture is 25 m diameter to satisfy science 1 km resolution 
at Earth over broadband spectrum, i.e., Diffraction limit of 67 
micro-radian at 10.5 microns. Theoretical size is 19 m with added 
margin for membrane boundary conditions.

• Earth-Sun are extended objects viewed from L2 and require a 
Spherical Aperture system or Schmidt Telescope concept to handle 
wide angle and high resolution

• Separated S/C optics are required by the desired Primary f/10 focal 
ratio (to minimize aberrations) with 250 m focal length and 500 m 
center of curvature (c-c).

• The Schmidt spherical aberration Corrector Mirror, normally 
located at the (c-c) in a monolithic system, must be re-imaged to 
locate inside the secondary (Science) S/C Telescope. This is called a 
“Reduced Schmidt” design and adds complexity.

Optics Design Drivers
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• However, the desired f/10 optics creates an excessively large (2.5 m) 
Solar Light Annulus image at the Primary focal plane. 

• Constrained to a practical f/5 Annulus size of 1.25 m in order to keep 
the Science Telescope optics and S/C size/mass within realistic limits. 
The f/5 mass is < 1/10 th the f/10 Telescope.

• Faster f/5 Primary is more prone to spherical aberration and less depth 
of field tolerance.

• Smaller size relay and corrector elements are more difficult to design 
(Lagrange invariant ) for required performance.

• Ratio of 25 m to ~ 1 m pupil magnification increases distortion.
• Greater number of optical elements required reduces broadband 

energy throughput of optical train.
• Required Corrector Aspheric is more complex to design/fabricate.
• FSM (fast steering mirror) required for beam stabilization.
• Science Instruments mass, volume, interfacing optics space constraints.

Optics Design Drivers (cont)
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Optics  Implementation Trades

•  All f/10 optical system was designed with excellent performance, however 
it was found to be extremely large and massive, i.e., not feasible for the 

L2 Observatory concept which must fly a powered orbit near L2.

•  A much smaller and lighter Reduced Schmidt design was developed to 
work with an f/5 Primary Aperture. This allowed the Science Telescope to 
have an f/5 Front End with an f/10 Back End which recovers most of the 
original performance, albeit with a more complex optical train, transfer 
optics, and aberration corrector.

•  The following diagrams depict the true to scale unique optical design of 
the receiving Secondary Telescope in the Science Spacecraft.
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ENTRANCE BEAM
AND RELAY MIRROR

FIRST
FOLD
MIRROR

SCHMIDT CORRECTOR
SECONDARY MIRROR

SCIENCE PRIMARY
MIRROR

BUS  (STATIONARY)

TELESCOPE (ROTATING)

INSTRUMENT OPTICAL BENCH

SPECTROMETERS (3)

SUPPORT ELECTRONICS
•DATA ACQUISITION
•POWER CONVERSION
•THERMAL CONTROL

FSM CALIBRATION
DETECTOR

Science Telescope Optics Design
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STABILIZED BEAM

BEAMSPLITTERS

SUPPORT ELECTRONICS
•DATA ACQUISITION
•POWER CONVERSION
•THERMAL CONTROLUV-VISIBLE, NEAR-IR,

MID-IR SPECTROMETERS

FOLD MIRROR

FSM CALIBRATION  DETECTOR

SCIENCE
PRIMARY MIRROR

Science Telescope Optics Detail
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VERTICAL TO HORIZONTAL 
FOLD MIRROR

FIELD ELEMENT

PUPIL RELAY

REIMAGER

FAST STEERING
MIRROR
STABILIZATION

HORIZONTAL TO VERTICAL 
FOLD MIRROR

STABILIZED BEAM

INSTRUMENT
OPTICAL BENCH

SCIENCE
PRIMARY MIRROR

SCHMIDT CORRECTOR
SECONDARY MIRROR

SCHMIDT CORRECTOR

SECONDARY MIRROR

BEAM  BEFORE 
STABILIZATION

Science Telescope Optics Detail
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• A direct transfer trajectory using Solar Electric Propulsion 
(SEP) was briefly analyzed

• Large amplitude L2 libration point orbit would not require a 
Lunar swingby but would require a launch vehicle C3 of app.    –
0.6 km^2/s^2 and an increased delta_v for transfer from the 
large amplitude libration point orbit to the mission orbit

• However, as the assembly approaches the target orbit it will 
enter Earth shadow (apparently for some time) and decrease the 
Solar array power available for the SEP thrust.  
– Both spacecraft would need to be deployed prior to Earth shadow 

entry to complete the final portion of the trajectory using their 
propulsion systems

SEP Transfer to Earth-Sun L2 

Back to Mission Trades
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NEP Transfer to Earth-Sun L2 
• Direct low thrust transfer to Earth/Sun L2 (ESL2)
• Use Low thrust (NEP) stage to transfer the Observatory from 

Earth to the ESL2  point
– L2 telescope delivered to LEO of 1000 km by Delta IV H and docked 

with NEP transfer stage in orbit
– NEP Transportation Stage assumed to be already on-orbit, previously 

delivered to Nuclear Safe LEO (1000 km)
• Time to ESL2 arrival = 494 days

Back to Mission Trades
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