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Thank you!

To the EI organizers for the invitation to speak,
To my family for supporting me through 20 years of 

many trips for JWST, and for

all of you for coming to listen !
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James Webb Space Telescope (JWST) specifications

Entrance Pupil Diameter:  6.5 m, 18 segments

Field of View:  20x10 arcmin

F/#:   20

Wavelength:  0.6 – 28 μm

Design Form: 3-mirror Anastigmat (TMA)

Four primary instruments/cameras:

1. Near Infra-Red Camera (NIRCam)

2. Mid IR Camera (MIRI)

3. Fine guidance sensor and imaging slitless spectrometer (FGS/NIRISS)

4. Near Infra-Red Spectrometer (NIRSpec)
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An International 
Collaboration



JWST Science is in the infrared (IR), to look into the past…
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JWST Science is in the infrared (IR), to look into the past…
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To take the “Baby Pictures” of the Universe!



Recipe on how to get cold:

1. Get far away from Earth 
(Sun-Earth L2 point)

2. Hide in the shade

JWST must be very cold to see infrared:  30K
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SUN



Spacecraft:  >300K

Primary Mirror Segments:  
30’s to 50’s K

Sunshield Layer 5:  70-85K

Instruments:   
Near-IR 35-42K
Mid-IR:  6K (cryocooler)

Instrument 
electronics:  278K

JWST temperatures range hundreds of degrees!
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0 degrees Kelvin “absolute zero” 
= –459.7 degrees Fahrenheit
= –273.15 degrees Celsius



• 3 mirrors corrects 3 aberrations: Spherical, Coma and Astigmatism
• A 4th mirror is a FLAT fold mirror for tip/tilt pointing control
• Field of view performance is limited by higher-order blur terms

JWST is a 3-mirror telescope design, “TMA”
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1.3 m

JWST mirrors



2017:  JWST construction at NASA Goddard
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John Mather, Nobel Laureate, takes a Billion Dollar “Selfie”



2021:  Final Deployment Testing in Los Angeles
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JWST “lens cover”:  Remove before flight !!
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Done!!!   (by Larkin Carey, Ball Aerospace)
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This act immortalized in the world of Legos…
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December 25, 2021, ESA launch from French Guiana 

NASA



ESA/ArianeSpace





50 major deployments – all successful

• 178 release mechanisms – all worked

• Solar panel – deployed; providing nominal power

• High-gain antenna – deployed, turned on, and in use

Mid-course corrections and station-keeping – all successful



Sunshield deployment

• 140 release mechanisms

• 70 hinge assemblies

• 8 deployment motors

• 400 pulleys

• 90 cables, totaling 400 meters

The sunshield was 
successfully deployed!



The Telescope:

• Secondary Mirror

• Instrument Radiator

• Primary Mirror Wings

• Secondary & 18 Primary Mirror Segments



Where is Webb orbiting?
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JWST First Test Image (NIRCam):     Large Magellanic Cloud, Feb 2nd, 2022

23NIRCam works!  Now it is time to align the telescope!



JWST Alignment degrees of freedom (DOF)

• Primary mirror segment:  6 DOF + radius

• Secondary mirror:  6 DOF

• Fast Steering Mirror:  dynamic tip/tilt control for pointing stability

• Each instrument (except MIRI):  Focus control 
24

6 DOF

7 DOF * 18 = 126 

1 DOF at 
instrument

Fixed

Fixed

~133 Total DOF



JWST Alignment procedure

1. Segment Image Identification

2. Segment Alignment

3. Image Stacking

4. Coarse Phasing

5. Fine Phasing

6. Telescope Alignment Over Instrument Fields of View

7. Iterate Alignment for Final Correction
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1. Point to an isolated star to find segment images
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1
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2 Segment Alignment
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3



4 Coarse Phasing





Fine Phasing:  NIRCAM Weak Lens Data Phase Retrieval
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Images through Focus in NIRCAM

–8λ –4λ +4λ +8λ +12λ

Exit Pupil Phase Map
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3/28/2023 34

2-5 movie
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Completed Coarse and Fine Phasing5
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6, 7





Alignment Summary: 3 months in one slide
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Diffraction :     WEBB vs        Hubble
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Pupil Image:

Star images

“point spread function”



Webb Image Quality Assessment:  Diff Limited!

40

Star is 77 milli-arcseconds wide
NIRCam, 2.12 microns wavelength



Stability check over 8 days:  Fantastic!

SIMF



JWST Engineers… time to celebrate!



Webb’s First Science Images
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Stephan’s
Quintet
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Deep Field
SMACS 0723

12.5 hours
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Near IR Mid IR

Southern Ring Nebula
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48

Jupiter
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Carina Nebula



JWST is for everyone !! 
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Cycle 2 proposal deadline:
January 27, 2023 by 8:00pm US Eastern Standard Time



Over 20,000 engineers and scientists contributed to JWST…
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Munich

Ireland

NASA Goddard Space Flight Center

Baltimore



Two decades of amazing teamwork!

Axsys Technologies

Brush 
Wellman/Materion

Tinsley

Ball

MSFC XRCF

GSFC OTE/CoC Team

Orbital ATK

QCI

NGAS OTE

OTIS/JSC/Harris
StScI/Ball/GSFC



It’s like raising a kid!
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THANK YOU!
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Questions?
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Backup slides
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First, how does NASA decide what to spend $ on?

• NASA engages with the world scientific community to 
determine priorities which will give the best return for the 
US taxpayer’s investment.

• This is typically done once a decade and is led by a private 
non-profit society of distinguished scholars: the National 
Research Council of the  National Academies.

• Established by an Act of Congress and signed by President 
Abraham Lincoln in 1863, the National Academies are 
charged with providing independent, objective advice to 
the nation on matters related to science and technology.
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These are the Astrophysics decadal reports…
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1972:  Hubble Space Telescope (HST)

• EPD:  2.4 m

• FOV:  14 arcmin radial

• F/#:    24

• λ:  0.12 - 2.5 μm

• Design:  RC

• Launch 1990

EPD = Entrance Pupil Diameter

FOV = Field of View

F/# = Focal Ratio, focal length/EPD

λ = Wavelength Range, bandpass

RC = 2 mirror Ritchey-Chretien
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1982:  Chandra X-ray Telescope
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• EPD:  1.2 m
• FOV:  30 arcmin
• F/#:   8
• λ:  0.12 – 12 nm
• Design: Wolter type I
• Resolution:  0.5 arcsec
• Launch 1999

EPD = Entrance Pupil Diameter

FOV = Field of View

F/# = Focal Ratio, focal length/EPD

λ = Wavelength Range, bandpass



1991:  SPITZER IR Telescope
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• EPD:  0.85 m
• FOV:  60x30 arcmin

• F/#:   12

• λ:  3.6 – 160 μm
• Design: RC
• Launch 2003

• Mission complete:  30 Jan 2020

EPD = Entrance Pupil Diameter

FOV = Field of View

F/# = Focal Ratio, focal length/EPD

λ = Wavelength Range, bandpass

RC = Ritchey-Chretien



1991:  SOFIA IR Telescope
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• EPD:  2.5 m
• FOV:  60x30 arcmin
• F/#:   20
• λ:  2.5 – 5 μm
• Design: Cassegrain
• First Light 2007

EPD = Entrance Pupil Diameter

FOV = Field of View

F/# = Focal Ratio, focal length/EPD

λ = Wavelength Range, bandpass

RC = Ritchey-Chretien
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Nancy Grace Roman Space Telescope
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• EPD:  2.4 m
• FOV:  50x25 arcmin
• F/#:   8
• λ:  0.5 – 2.0 μm
• Design: 3-mirror
• Survey 2010, Launch 2027

EPD = Entrance Pupil Diameter

FOV = Field of View

F/# = Focal Ratio, focal length/EPD

λ = Wavelength Range, bandpass

TMA = Three-Mirror Anastigmat



Who is Nancy Grace Roman?
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This space-based observatory is 
named after Nancy Grace Roman 
(1925- 2018), NASA’s first chief 
astronomer who paved the way for 
space telescopes focused on the 
broader universe.  

Considered the “mother” of NASA’s 
Hubble Space Telescope, Roman 
tirelessly advocated for new tools that 
would allow scientists to study the 
broader universe from space



Roman will study Dark Energy

Astronomers have discovered that the 
expansion of the universe is accelerating. 
That is, that all galaxies in the universe are 
moving away from one another at greater 
and greater speeds. The cause for this 
expansion is not well understood. 
Astronomers have proposed that there is 
an additional, previously unknown energy, 
or “dark energy” responsible for the 
observed acceleration.
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Roman will study Exoplanets

Microlensing takes advantage of two stars 
crossing paths in our line of sight to 
determine whether the star closest to us 
has planets. 

Coronagraph Instrument:  A coronagraph 
blocks the light of a host star to directly 
image an exoplanet. 
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Roman Space Telescope Hardware



Did NASA follow the 2010 recommendations?
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Astro 2021 recommendation:
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Astrophysics Telescopes Build times
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