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James Webb Space Telescope (JWST)

The First Light Machine

Who is James Webb?

James E Webb was the 
first administrator of 
NASA (1961 to 1968)

He supported a program 
balanced between Science 
and Human Exploration.

credit: NASA

https://ntrs.nasa.gov/search.jsp?R=20190025236 2019-12-26T14:59:34+00:00Z
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Three Key Facts

There are 3 key facts about JWST that enables it to 
perform is Science Mission:

It is a Space Telescope

It is an Infrared Telescope

It has a Large Aperture

Why go to Space

Atmospheric Transmission drives the need to go to space.

Infrared (mid and far/sub-mm) Telescopes (also uv, x-ray, and 
gamma-ray) cannot see through the Atmosphere

JWST
Discovery
Space
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Infrared Light

COLD

Why Infrared ?
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Impossible Stars

100 to 150 solar mass stars should not exist 
but they do.

When a star gets to 8 to 10 solar mass its 
wind blows away all gas and dust, 
creating a bubble and stopping its 
growth (see Herschel Image).

The bubble shock wave is creating a dense 
2000 solar mass region in which an 
�µ�L�P�S�R�V�V�L�E�O�H�¶���V�W�D�U���L�V���I�R�U�P�L�Q�J�������,�W���L�V��
already 10 solar mass and in a few 100 
thousand years will be a massive 100 to 
150 solar mass �±making it one of the 
biggest and brightest in the galaxy.

(Space.com, 6 May 2010)

Image of RCW 120 (ESA),
�'�L�V�F�R�Y�H�U���F�R�P�����,�D�Q���2�¶�1�H�L�O�O���� �����0�D�\������������

Credit: NASA/ESA and L. Ricci (ESO)

Orion Nebula Protoplanetary Discs

Hubble has discovered 42 
protoplanetary discs in the 
Orion Nebula
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History of Known (current) NEO Population
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Outside
�(�D�U�W�K�¶�V��
Orbit

Earth
Crossing

Scott
Manley

2006 Known
�‡340,000

minor planets
�‡~4500 NEOs
�‡~850 
Potentially 
Hazardous 
Objects (PHOs)

The Inner Solar System in 2006

�/�D�Q�G�L�V�����³�3�L�O�R�W�H�G���)�O�L�J�K�W���W�R���D���1�H�D�U-�(�D�U�W�K���2�E�M�H�F�W�´�����$�,�$�$���&�R�Q�I�H�U�H�Q�F�H���������6�H�S������

Catherine Espaillat (Boston University), Disks to Planets: Observing Planet Formation in Disks Around Young Stars, AAS 2019

Protoplanetary Disks are Ubiquitous & Diverse

Planets form in the gaps and spiral arms.
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All Stars may have 1 to 3 HZ Planets

'Billions of stars' in the Milky Way may have planets that contain alien life, Ellie Zolfagharifard, Dailymail.com, 18 March 2015

Titius-Bode law (used to predict Uranus) 
states that ratio between the orbital period 
of the first and second planet is the same as 
the ratio between the second and the third 
planet and so on. 

Thus, if you know how long it takes for 
some planets to orbit a star, you can 
calculate how long it takes for others to 
orbit and can calculate their position in the 
planetary system. 

Blue dots show planets measured by Kepler 
in 151 systems.

�5�H�G���E�R�[�H�V���S�U�H�G�L�F�W�H�G���µ�P�L�V�V�L�Q�J�¶�����������S�O�D�Q�H�W�V

Average of 1 to 3 HZ planets per star.

Nearly All Stars have Planets

Our galaxy has 100B stars of which 17B are like ours, so our 
galaxy could have 17B Earth size planets.

But only a few will be in Habitable Zone
Also, need a moon.

Nancy Atkinson; Universe Today; January 7, 2013

Credit: 
NASA/Kepler/F.Fressin
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Lane, Nature May 2006

All Earth life uses 
chemical energy 
generated from redox 
reactions

Life takes advantage of 
these spontaneous 
reactions that are 
kinetically inhibited

Diversity of metabolisms 
rivals diversity of 
exoplanets

Sara Seager (2006)

Atmospheric Spectrum

�‡ Water (900 nm) easy
�‡ Oxygen (680 nm) hard

�‡ CO2 (1570 nm) harder
�‡ Methane (1800 nm) hardest

�0�H�W�K�D�Q�H���L�V���µ�V�P�R�N�L�Q�J���J�X�Q�¶��
�2�W�K�H�U���L�Q�G�L�F�D�W�R�U�V���D�U�H���µ�U�H�G-�H�G�J�H�¶���D�Q�G���µ�E�O�X�H-�K�D�]�H�¶

Spectral Bio-Markers:
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Observatory level testing occurs at JSC Chamber A

Chamber A:
�� 37m tall, 20m diameter, 12m door
�� LN2 shroud and GHe panels

Primary Mirror 
Stability Test

PG PG

PG

SM

AOS

PM

PG

Cryo Position 
Metrology

Focus Sweep Test
(inward facing 

sources)

Verification Test Activities in JSC Chamber-A

Crosscheck Tests in JSC Chamber-A

Rogue Path Test Pass-and-a-
Half Test

Primary Mirror 
WFE Test

End-to-End WFSC 
Demonstration

Pupil Alignment Test

End-to-end optical testing at JSC July 2017 to Nov 2018

5
0
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Telescope & instrument module now at Northrop Grumman 
for integration with the spacecraft bus and sunshield

Space Telescope Transporter for Air Road and Sea (STTARS)

5
1

Integration of Telescope with Spacecraft & Sunshade at Northrop
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JWST Launched on Ariane 5 Heavy

Launch from Kourou Launch Center 
(French Guiana) to L2 

JWST folded and stowed for launch
in 5 m dia x 17 m tall fairing

French Guiana

Second Lagrange Point,
1,000,000 miles away

JWST vs. HST - orbit

Sun

56

JWST will operate at the 2nd Lagrange Point (L2) which is 1.5 
Million km away from the earth

HST in Low Earth Orbit, ~500 km up.
Imaging affected by proximity to Earth

L2

Earth

Moon











http://www.universetoday.com/wp-content/uploads/2012/08/wise-black-holes.jpg
http://www.universetoday.com/wp-content/uploads/2012/08/wise-black-holes.jpg
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JWST Science Theme #3:

Birth of stars and protoplanetary systems

How do molecular clouds collapse?
How does environment affect star-formation?

What is the mass distribution of low-mass stars?
What do debris disks reveal about the evolution of terrestrial planets?

David Hardy

�«���W�R���X�Q�U�D�Y�H�O���W�K�H���E�L�U�W�K���D�Q�G���H�D�U�O�\���H�Y�R�O�X�W�L�R�Q���R�I��
stars, from infall on to dust-enshrouded 
protostars, to the genesis of planetary systems.

Birth of Stars and Proto-planetary Systems
Deeply embedded protostar

Agglomeration & planetesimals Mature planetary system

Circumstellar disk




























































