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Hubble Space Telescope (HST)
Weight 25,500 lb
Length 43.5 ft
Diameter 14 ft (Aft Shroud)
Optical System Ritchey-Chretien design 

Cassegrain telescope
Primary mirror 94.5 in. dia.
Pointing accuracy 0.007 arcsec 

for 24 hours
Wavelength range     1,100 to  24,000 Å
Angular resolution    0.1 arcsec at 6328 Å
Orbit 305 nmi, inclined at 

28.5 degrees
Orbit time 97 minutes per orbit



STIS

FGS
WFPC2

ACS

NICMOS

Images from hubblesite.org

COS

WFC3



Search & DiscoverySearch & Discovery
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The 10 Most Heavily Cited Achievements of HST

• Creation of galaxies (HDF, UDF)
• Acceleration of Universe:  SN Ia
• Distance scale of the Universe: H0

• Giant black holes in galaxies
• Emission lines in active galaxies
• Intergalactic medium (QAL)
• Interstellar medium chemistry
• Gamma Ray Burst sources
• Protoplanetary disks
• Extrasolar planets

Half of Hubble’s highest-impact
scientific achievements are in areas of 
research unanticipated prior to launch.

Broadly capable flagship missions
promote the element of surprise. 

• anticipated

• unanticipated



Wild Field Planetary Camera 2
COSTAR
Gyros
Solar Arrays

Launch!
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Gyros
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Hubble Servicing Mission 4 

• Loss of Columbia

• Columbia Accident Investigation Board Report

• Vision for Exploration and Budget

• Announcement of Cancellation of SM4
( on the basis of risk and cannot comply with 
CAIB recommendations)

• Public Service, defending leaderships position



• Politics and Science 
–Priorities 
–Decadal Surveys
–Budgets
–White House (Executive Office of 
President, OSTP)
–Congress (Mikulski, Udall)
–Community (AURA, STSCI, AAS)
–Media (editorial boards)
–Individuals (Bahcall, Beckwith, Turner, 
kids, non-astronomers 
–GAO, NRC, Aerospace





AS/John Grunsfeld

Moving Forward on HST/StrategyMoving Forward on HST/Strategy

Science/Exploration

Public Outreach
Media

Legislative

Use same strategy as STS-61/SM1: intense effort to “save HST”
Engage broader team to kick start exploration effort through HST

HST Final Chapter

“triangulate”



Robot to the Rescue!Robot to the Rescue!
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Jan 03:  Columbia  Accident

Jan 04:  SM4 Cancelled

March 04:  Congressional Mandate  and CAIB letter 
recommending an in-depth Assessment

April 04:  Robotic Preliminary Assessment

June 04:  NRC Preliminary Recommendation – Service HST  (Shuttle 
or Robotic, but favor Shuttle
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August 05:  STS-114 Launched (SSP Returns to flight)  
If RTF OK, will look at SM4
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March 04:  Congressional Mandate  and CAIB letter 
recommending an in-depth Assessment

April 04:  Robotic Preliminary Assessment

June 04:  NRC Preliminary Recommendation – Service HST  (Shuttle 
or Robotic, but favor Shuttle

August 04:  Robotic Mission Turned on to meet  07 deadline

March 05:  Robotic Preliminary Design Review

April 05:  Robotic Servicing Cancelled, Deorbit Mission only…

August 05:  STS-114 Launched (SSP Returns to flight)  
If RTF OK, will look at SM4

September 05:  Looked at Orbital Lifetime, and Cancelled DM

January 2002 through January 2024
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Jan 03:  Columbia  Accident

Jan 04:  SM4 Cancelled

March 04:  Congressional Mandate  and CAIB letter 
recommending an in-depth Assessment

April 04:  Robotic Preliminary Assessment

June 04:  NRC Preliminary Recommendation – Service HST  (Shuttle 
or Robotic, but favor Shuttle

August 04:  Robotic Mission Turned on to meet  07 deadline

March 05:  Robotic Preliminary Design Review

April 05:  Robotic Servicing Cancelled, Deorbit Mission only…

August 05:  STS-114 Launched (SSP Returns to flight)  
If RTF OK, will look at SM4

September 05:  Looked at Orbital Lifetime, and Cancelled DM

May 06:  RTF going well,  started Formal assessment 
of SM4 in RTF environ

October 06:  Manifesting Decision Review at NASA HQ

November 06:  Announcement of Approval of SM4

Current  Manifest planning set August 7, 2008



Hubble Servicing Mission 4 CrewHubble Servicing Mission 4 Crew



High gain antenna

Aperture door
Secondary 

mirror

Primary 
mirror

Equipment Section
– Degraded MLI: 

Install NOBLs on 
Bays 5, 7, 8 in SM4

Fine Guidance Sensors
– FGS2R: degrading servo LED
– FGS3: degrading bearings

replace one FGS on SM4

Axial Scientific 
Instruments

– STIS, failed 8/04
STIS Repair on SM4

– ACS, failed 1/07
– Install COS on SM4

Rate Sensor Units
– Gyros 2,3 and 5 failed: 

replace all 6 gyros on SM4

Solar Arrays

Batteries
– Charge capacity trending downward; 

replace all 6 batteries on SM4
– Install OVP-Kit on SM4

Radial Scientific Instrument
– Replace WFPC-II w/ 

WFC3 on SM4

Aft Shroud
– Higher power 

instruments causing 
warming

– Install STIS Cooling 
System on SM4

HST Spacecraft HealthHST Spacecraft Health











NASA Spares No Expense to get the BEST Tool Consultants





HST is an Incredible Science Machine
Cumulative Contributions of NASA's 10 Most Productive Programs
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And in popular mediaAnd in popular media



The Moon



Pluto



Planetary Atmospheres
• Twenty years ago we new of 9 planets in the 

Universe (demoted to 8)
• Today we have discovered more than 200 

outside our own solar system




Planetary Atmosphere

Brown et. al. 2001, ApJ, 552, 699



Planetary Atmosphere





HST Images of SN Ia

z = 1.341”
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Some kind of energy (pressure) is responsible for 
accelerating the Universe of an unknown nature

“Dark Energy”

Based on the supernova observations, and 
other observations, we can estimate the energy 
content of the various forms of energy and 
matter in the Universe.



How much do we know about our Universe?

We don’t know what 96% of the Universe is made of!













HUBBLE Will be at the Apex of Its 
Capabilities After SM4 in 2008

WFC3+ACS = Most powerful 
imaging ever

COS+STIS = Full set of 
tools for astrophysics

Batteries+Gyros+FGS = 
Sustained HST Lifetime



How much do Americans spend on NASA?

Much less than our annual
Spending on Beer or Pizza!

About the same as one family of 4 
going to a feature film with 

popcorn and drinks
($54 per taxpayer).  

Exploration at what cost?Exploration at what cost?

http://beerme.com/svejk.shtml


Stay tuned for SM4, with 
CU on board!
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