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The Making of the The Making of the ChandraChandra  
X-ray Observatory:X-ray Observatory:

  The Project Scientist’s PerspectiveThe Project Scientist’s Perspective



The Beginning The Beginning 

1963



    My Introduction to X-Ray My Introduction to X-Ray 
AstronomyAstronomy

SEX = Super EXplorer

PIG = Principal Investigator Group

1969



The ProposalThe Proposal

1976

For the Study of the 1.2 
Meter X-Ray Telescope 

National Observatory



The CompetitorsThe Competitors

MSFC and SAOMSFC and SAO
JPL and Cal TechJPL and Cal Tech
GSFCGSFC

1976/77



First SWGFirst SWG

R. Giacconi – ChairmanR. Giacconi – Chairman
M. Weisskopf – Vice ChairmanM. Weisskopf – Vice Chairman
A. Opp (NASA HQ) – Ex OfficioA. Opp (NASA HQ) – Ex Officio

E. Boldt (GSFC)E. Boldt (GSFC) S. Bowyer (UCB)S. Bowyer (UCB)
G. Clark (MIT)G. Clark (MIT) A. Davidsen (JHU)A. Davidsen (JHU)
G. Garmire (CIT)G. Garmire (CIT) B. Krasheur (Wisc)B. Krasheur (Wisc)
R. Novick (Columbia) R. Novick (Columbia) S. Shulman (NRL)S. Shulman (NRL)
H. Tananbaum (SAO) H. Tananbaum (SAO) A. Walker (Stanford)A. Walker (Stanford)
K. Pounds (Leicester) K. Pounds (Leicester) J. Truemper (MPEJ. Truemper (MPE))

1978



Einstein ObservatoryEinstein Observatory

1979



The Decadal SurveyThe Decadal Survey

Major New Programs:

#1: An Advanced X-
Ray Astrophysics 
Facility (AXAF) 

1981



InstrumentsInstruments

ACISACIS
HRC HRC 
LETGLETG
HETGHETG
FPCS – Focal Plane Crystal SpectrometerFPCS – Focal Plane Crystal Spectrometer

Removed in 1988Removed in 1988
XRS – X-Ray (Calorimeter) SpectrometerXRS – X-Ray (Calorimeter) Spectrometer

   AXAF-S - 1991AXAF-S - 1991
   Removed in 1993Removed in 1993

1985



The Second SWGThe Second SWG

1985



The Second SWGThe Second SWG

1985

Andrew WilsonAndrew Wilson

Andy FabianAndy Fabian

Jeff LinskyJeff Linsky

Harvey TananbaumHarvey Tananbaum

Alan Bunner Alan Bunner 

Steve HoltSteve Holt

Martin WeisskopfMartin Weisskopf

Riccardo GiacconiRiccardo Giacconi

Bert BrinkmanBert Brinkman

Steve MurraySteve Murray

Gordon GarmireGordon Garmire

Leon van SpeybroeckLeon van Speybroeck

Claude CanizaresClaude Canizares

Richard MushotzkyRichard Mushotzky



BrochuresBrochures

1986



And Disappears!And Disappears!

Space Station AppearsSpace Station Appears



Technology Mirror AssemblyTechnology Mirror Assembly

1985-1989



The Next HurdleThe Next Hurdle
P1/H1 – uncoated and uncutP1/H1 – uncoated and uncut

  Needed Test Facility at least one Needed Test Facility at least one 
year earlier than scheduledyear earlier than scheduled1990



XRCFXRCF



XRCFXRCF



XRCFXRCF



XRCFXRCF



XRCFXRCF



XRCFXRCF



XRCFXRCF

X-Ray Sources

Focal Plane Detectors



XRCFXRCF



VVerificationerification  EEngineeringngineering  TTestest  AArticlerticle

1991



VETA - HiccupVETA - Hiccup

•1G Effects!



VETAVETA



RestructuringRestructuring

1992



RestructuringRestructuring

Servicing DisappearsServicing Disappears
Assured by new orbitAssured by new orbit

But benefitsBut benefits
EfficiencyEfficiency
ThermalThermal
 IridiumIridium

At a priceAt a price
Loss of two mirrorsLoss of two mirrors
Ultimately “loss” of AXAF-SUltimately “loss” of AXAF-S



Clusters and S-ZClusters and S-Z



S-ZS-Z
John Carlstrom & Marshall Joy to the Rescue

Consolidated Array for Millimeter Astronomy

1992



X-Ray CalibrationX-Ray Calibration

1996-1997



X-Ray Calibration X-Ray Calibration 



X-Ray Calibration X-Ray Calibration 



Integration with the S/CIntegration with the S/C

1998



On to the CapeOn to the Cape

1999



Mate with the upper stageMate with the upper stage



At the LaunchAt the Launch



Three Launch AttemptsThree Launch Attempts

Tue July 20Tue July 20

Sensor spike hydrogen in the engine compartmentSensor spike hydrogen in the engine compartment

Thurs July 22Thurs July 22

LightningLightning

Fri July 23Fri July 23

LaunchLaunch



The Launch The Launch 

      Beyond the SkyBeyond the Sky
Words and Music by Judy CollinsWords and Music by Judy Collins    

  “  “And we will fly beyond the skyAnd we will fly beyond the sky
Beyond the stars beyond the heavensBeyond the stars beyond the heavens
Beyond the dawn we'll carry onBeyond the dawn we'll carry on
Until our dreams have all come trueUntil our dreams have all come true
To those who fly - we sing to you”To those who fly - we sing to you”



In the Control CenterIn the Control Center



Door OpeningsDoor Openings

August 8 --- ACIS HousingAugust 8 --- ACIS Housing
Had failed during ground testHad failed during ground test
Needed to see a 70Needed to see a 70º readingº reading
18º would indicate the seal was broken18º would indicate the seal was broken

Pulse 1 - no motion
Pulse 2 - 13º
Pulse 3 - 19.5º

Pulse 4 - 36º

Pulse 5 – 71.5º



4"4"

Leon X-1
A type 1 AGN at z = 0.3207A type 1 AGN at z = 0.3207

The Real First LightThe Real First Light



The First Pointing &The First Pointing &
Focus AdjustmentFocus Adjustment



It Really Works!It Really Works!



      


