
62      Revista Española de Defensa April 2022

IT is a universally accepted truth that, since time began, humans 
have always been in search of answers to the questions defi-
ning their very existence. What are the origins of the universe? 
How did life begin on Earth? Are we alone in the universe? In 
the early 1990s, astrophysicists around the world witnessed 

one of the cornerstones of astronomical research: the launch of 
the Hubble Space Telescope. Since then, Hubble has been able to 
capture fantastic images of the distant universe, in regions of space 
previously thought to be empty.

Human beings are always pushing their boundaries. As soon as 
Hubble began to operate properly, scientists set to work on a new 
project, an instrument that could look further and try to discover the 
origin of the universe as we know it. And so began the plans for the 
James Webb Space Telescope (JWST). The telescope took nearly 
thirty years to design and build and cost almost ten billion dollars.

Finally, Christmas Day 2021 arrived. At 13:20 CET, after several pos-
tponements, millions of people followed the live broadcast of the 
launch of the telescope from the spaceport in French Guiana aboard 
an Ariane 5 rocket of the European Space Agency (ESA). The whole 
world let out a sigh of relief when everything went perfectly.

Webb can be considered the most powerful space observatory ever 
built. NASA, ESA and the Canadian Space Agency have collabora-
ted on this project. The primary mirror is composed of 18 hexagonal 
segments, each with a diameter of 1.32 metres. Each of these seg-
ments has a microscopic gold coating on top to reflect up to 98% of 
all light in the infrared spectrum, the wavelength that the JWST will 
observe. The overall diameter of the primary mirror is 6.5 metres, 
and it is so large that it was folded to fit inside the rocket during the 
launch phase. The colour and shape of the JWST segments give 

the telescope a honeycomb appearance. A sunshield protects the 
telescope and all its instruments from the sun’s rays. The sunshield 
is made up of five layers of a lightweight material called kapton. 
Each layer is coated with aluminium and the two layers closest to 
the sun are also coated with doped silicon. This sunshield cools the 
telescope and keeps it at a constant temperature. The sun-facing 
side of the telescope can reach a temperature of 85°C, while the 
opposite side, where the instruments are located, can descend to a 
temperature of -233°C. These temperatures mean that the infrared 
signal emitted by the telescope will not interfere with the faint signals 
from the objects to be studied.

Webb travelled for a month to reach its final destination on 24 Ja-
nuary. This destination, known as the L2 Lagrange point, is 1.5 mi-
llion kilometres away from the Earth, in the opposite direction to 
the sun. During its mission, which will last longer than the ten years 
originally planned, it will address four key themes in modern astro-
nomy.

>PLANETARY SYSTEMS AND THE ORIGIN OF LIFE
Ever since they first looked up to the sky, humans have wondered 
if they were alone in the universe. The first step in answering this 
question is to find out whether there are any planets with Earth-like 
conditions that could support life as we know it. In the last ten years, 
astronomers have discovered thousands of planets orbiting other 
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stars in our galaxy (exoplanets). The JWST will study the atmos-
phere of many exoplanets for traces of substances such as water, 
oxygen, carbon dioxide and other complex organic molecules.

>THE LIFE CYCLE OF THE STARS
How are stars born and how do they die? How does their death 
impact the environment around them? Webb will try to answer the-
se questions by investigating how clouds of gas and dust collapse 
and form stars, transform into giant planets or even become brown 
dwarfs. Webb will be able to investigate the early life stages of a star. 
At the same time, the telescope will investigate the final life stages of 
massive stars.

>THE EARLY UNIVERSE
What did the early universe look like? When were the first galaxies 
formed? Thanks to its infrared observation capability, Webb will 
observe the first galaxies that emerged shortly after the Big Bang. 
Using the telescope’s data, it will be possible to investigate the for-
mation and growth of supermassive black holes and how they in-
fluenced the formation and evolution of the early universe.

>THE EVOLUTION OF GALAXIES
The universe as we know it is full of galaxies, objects made up of 
billions of stars of different shapes and sizes. With Webb, the oldest 
galaxies can be observed. By comparing them with the nearest ob-
jects, we will be able to obtain some clues about how they were 
formed and how they evolved.

The JWST observatory has four instruments mounted on a science 
module just behind the primary mirror. The Near Infrared Camera 
(NIRCam) is primarily designed for imaging studies and the detec-
tion of faint objects. The Near Infrared Spectrograph (NIRSpec) is 

the first multi-object spectrograph for a space telescope. It will be 
able to capture the spectra of more than a hundred galaxies at a 
time The Mid-InfraRed Instrument (MIRI) will be essential in studying 
the oldest and most distant galaxies. The last instrument is the Near 
Infrared Imager and Slitless Spectrograph (NIRISS), which enables 
spectra of all objects in a wide field of vision to be obtained.

NIRSpec was built by ESA with Airbus Defence and Space as the 
prime contractor. ESA also commissioned Spanish companies 
such as CASA, CRISA (now part of the Airbus group) and Iberes-
pacio to develop components such as the control electronics, the 
cryogenic cabling system and the optical system cover. Spanish 
researchers from the Spanish National Research Council (CSIC) and 
the Astrobiology Centre (CAB, CSIC-INTA) in Madrid, were involved 
in the development of the NIRSpec instrument during all its phases.

MIRI was built 50/50 between NASA and ESA. The company Lidax, 
with a group of engineers from the Space Optics Department of the 
Spanish National Institute for Aerospace Technology (INTA), deve-
loped the MIRI Telescope Simulator (MTS). This is an optical instru-
ment that was designed to simulate the JWST signal in deep space 
conditions. It was used in all calibration tests carried out before the 
final delivery of the instrument to NASA in 2012.

The CAB was one of the Spanish centres most involved in the 
JWST. In addition to having collaborated on the construction of 
two of the instruments (NIRSpec and MIRI), its scientists, both 
permanent and contract staff, are leading and participating in 
many projects that will produce data in the next two years. We do 
not yet know what exciting discoveries the JWST will bring. For 
the moment, we have no choice but to wait six months to see the 
first impressive images.
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