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FOREWORD

Human eyes are the amazing outcome of hundreds of millions of years of evolution. They collect light through an adjustable iris, focus it onto the retina with a flexible lens, and then use special cells to convert the light into electrical signals. Our brains, which convert them into vibrant moving stereo images of the world around us, have also helped us understand that there are things the naked eye cannot see. Some objects are too faint, and others too distant to be seen in detail. We also know that there are invisible wavelengths of light that our eyes simply can’t detect. Telescopes are the main tools we use to enhance our vision and help us understand our place in our Universe.

For more than 400 years, we have been improving telescopes to collect more light, see fainter, more distant objects, make sharper pictures, and reveal the invisible. We have discovered that we live on a small rocky planet orbiting an unremarkable star, in a galaxy containing hundreds of billions of stars, itself one of trillions of galaxies, many with supermassive black holes in their hearts, spread across a vast, expanding Universe that was born 13.8 billion years ago. The centuries-long development of this cosmic perspective is something that genuinely deserves the epithet ‘awesome’.

Yet many questions remain. When did the first stars and galaxies form after the Big Bang and what did they look like? How have the galaxies evolved under the influence of mysterious dark matter and dark energy? How are new stars forming today from dense clouds of dust and gas? Do they host planets with atmospheres, hinting at the possibility of life beyond our Solar System?

Even before Hubble launched in 1990, astronomers began dreaming of a next generation space telescope capable of answering those questions: one with an enormous primary mirror to see extremely faint objects at infrared wavelengths, capable of detecting galaxies at high redshift and protostars through dust. It would need to be far from Earth, where it could get very cold and avoid the shimmer, glow, and absorption of our atmosphere. For decades, over 20,000 people at NASA, ESA, the CSA, in industry and in academia collaborated to create the astonishing machine called the James Webb Space Telescope.

On Christmas Day 2021, JWST rose above the jungle of French Guiana atop an Ariane 5 rocket and soared towards its new home, 1.5 million kilometres from Earth. In July 2022, the first incredible scientific images and spectra were revealed from this new eye on the Universe. Since then, the discoveries have come rapidly, and in this book, Tom Kerss has gathered together some of the most stunning images and insights from JWST’s first two years. This is only the beginning. JWST could operate for over twenty years, promising both new answers to old conundrums about the Universe, and surprising, unprecedented discoveries. The mission has taught us that when humans decide to work together, apply the best of our knowledge, expertise, and experience with dogged dedication over many years, we can achieve remarkable things. Given the mighty challenges facing us on our home planet, this is perhaps the most important lesson of all.

Dr Mark McCaughrean

Dr Mark McCaughrean is an Interdisciplinary Scientist on the JWST Science Working Group and an adjunct scientist at the Max-Planck-Institute for Astronomy in Heidelberg. He is the former Senior Advisor for Science & Exploration at the European Space Agency and is also the co-founder of the multi-award-winning Space Rocks. For more, visit markmccaughrean.net.






A NOTE FROM THE AUTHOR

We are living through a golden age of astronomy, in which giant super-telescopes and powerful space-based observatories have become icons. Their dazzling images of unimaginable scale and arresting beauty now permeate our culture. Who among us could deny the impact of the Hubble Space Telescope? Who hasn’t had a space image or two as the wallpaper on their laptop or smartphone? We can all picture an observatory dome on the summit of a volcano above the clouds and the jewels of the Milky Way gleaming overhead. The final frontier has never been cooler, or closer.

In 2021, the James Webb Space Telescope left Earth, never to return, becoming a household name overnight. Its mission? To lift the veil on an unknown Universe. Webb has already peered deeply into space and time, uncovering the intimate secrets of shrouded protostars, the weather on worlds beyond the Solar System, and galactic events that shaped the evolution of the cosmos during its turbulent, formative epoch. In the course of its early studies, the telescope has provided images that have wowed astronomers and the general public alike. They have exceeded all expectations. Webb is an engine of wonder, and it will be remembered forever. Thus, it is with delight that I can present these images to you, the reader, as I believe they should be seen – in print. I hope they will challenge you, excite you and move you as much as they have me.

This book is dedicated to everyone involved in Webb’s conception, creation, and operation. Your work has not only ushered in a new era of cosmic exploration, it has, more importantly in my opinion, brought inspiration and awe to billions of people. The images on these pages are among the most compelling, thought-provoking and humbling ever produced. They are marvellous works of art, made possible by your dedication and perseverance, and all of our lives are enriched by their existence. Thank you.

[image: Tom Kerrs smiles while sitting at a table with a closed laptop. He is wearing a black t-shirt featuring a hexagonal design. In the background, there is a wall decoration with a similar hexagonal pattern.]
Tom Kerss


Tom Kerss is an astronomer and author based in the UK and US. Find out more about his books and other projects at tomkerss.co.uk.






HISTORY OF THE JAMES WEBB SPACE TELESCOPE

The origins of the James Webb Space Telescope (JWST) can be traced back to the late 1980s, but it was in 1994 when the HST & Beyond committee was formed at the Space Telescope Science Institute (STScI) to start seriously mapping out plans for a powerful successor to the iconic Hubble Space Telescope (HST). At the time, HST was still young and making ground-breaking observations, but it was designed and built in the 1970s with already ageing technology, and the astronomers on the committee recognised the need for a larger, more technologically advanced observatory, dedicated to detecting infrared radiation.

Detailed concepts for what had been called the Next Generation Space Telescope (NGST) emerged in 1996. Scientists determined that the primary mirror would need to be an unprecedented size to achieve fine resolution and extreme sensitivity at long wavelengths, well beyond the visible part of the electromagnetic spectrum. Initially, a segmented mirror with a 10-metre diameter was proposed. It was also thought that the observatory would benefit from being situated far from Earth for uninterrupted views of the sky, and would require a large sunshield to stay ultracool.

Early design work in the late 1990s focused on developing lightweight, yet durable, mirror technology. A silicon carbide layer with thin glass was proposed, but a novel design using gold-plated beryllium, which could maintain an extremely precise shape, to within one millionth of an inch, was ultimately selected. The mirror, which was now set to be 6.5 metres wide, would also be segmented into 18 hexagons to reduce cost and manufacturing time. Another key innovation was the advanced, five-layer sunshield that would deploy to block light and heat from the Earth, Sun, and Moon. This would allow JWST’s mirrors and instruments to operate at cryogenic temperatures around -230 °C, no more than 50 degrees above absolute zero.

One of the biggest obstacles in the early planning stages was deciding where to locate NGST for optimal performance. Many ideas were evaluated, including orbits around the Earth at varying distances, all the way out to the Earth-Sun Lagrange Point 2 (L2) nearly one million miles away – four times further than the Moon. Scientists settled on L2 as the ideal space vantage point. NGST would be stationed in a halo orbit around this gravitational dead zone in space, in order to remain outside of the shadows of both the Earth and Moon. In this thermally stable environment, the dark side of the sunshield would experience minimal temperature changes, protecting the precise alignment of the mirror system.

[image: Space telescope with a large, gold hexagonal mirror and a pink sunshield, set against a starry background.]
Artist’s impression of the James Webb Space Telescope.

NASA GSFC, CIL, Adriana Manrique Gutierrez


[image: Diagram showing the Sun, Earth, and Moon with Lagrange Points labeled L1, L2, L3, L4, and L5. An orbiting satellite is positioned near L2.]
Webb orbits around a point in space called L2. Its halo orbit takes 168 days to complete.

NASA, STScI


In 2002, NGST was officially renamed the James Webb Space Telescope (JWST) after the former NASA administrator, James Edwin Webb (1906-1992), who led the US space programme through most of the 1960s, including the development of the historic Apollo missions. NASA’s partners, the European Space Agency (ESA) and the Canadian Space Agency (CSA), signed on in 2004 and 2007 respectively, to contribute critical components and expertise as part of an international collaboration.

Throughout this period of the early 2000s, the mission’s science goals, core technologies, and design requirements were continually refined as costs started to become a major concern. Perfecting the technology to precisely fold and stow the large, segmented mirrors and five-layer sunshield into a rocket payload for launch proved to be an immense engineering challenge. There were delays and major cost overruns, but the project persevered, surviving a proposed cancellation in 2011, as scientists worldwide eagerly awaited this next great leap in space-based observational astronomy.

[image: Webb Space Telescope logo with a honeycomb-shaped mirror design.]
The official James Webb Space Telescope mission logo.

NASA







CONSTRUCTION AND LAUNCH

In 2003, TRW was awarded the contract by NASA to build the JWST. The company was acquired by Northrop Grumman the same year and became Northrop Grumman Space Technology. In 2004, fabrication of the telescope began in California. However, Webb’s design could not be finalised until key technologies, critical to the project, had matured to a degree that were considered low risk to implement. Thus, the construction of components accelerated after this milestone, which was met in 2007. By 2011, the 18 mirror segments of Webb’s iconic primary mirror were completed and tested, and in the years that followed, its science instruments – built in various locations – were delivered for evaluation and assembly. In 2012, the Mid-InfraRed Instrument (MIRI) was completed. In 2013, the Fine Guidance Sensor and Near Infrared Imager and Slitless Spectrograph (FGS-NIRISS) and Near-InfraRed Camera (NIRCam) arrived, as did the Near-InfraRed Spectrograph (NIRSpec.), The following year, all were installed into the Integrated Science Instrument Module (ISIM.)

[image: Scientists in protective suits work on the James Webb Space Telescope with its golden hexagonal mirrors reflecting the laboratory environment.]
Engineers inspect the optical assembly structure that holds Webb’s mirrors in place. The reflection of the secondary mirror can be seen in the primary mirror.

NASA, Chris Gunn


Between 2015-2016, Webb’s enormous primary mirror was assembled, along with its much smaller secondary and tertiary mirrors, and installed in the telescope. Cryogenic testing of the instruments and mirrors commenced in March 2016, and in November, engineers completed final assembly. Webb was ready. But not for launch. Not yet. First, the telescope had to undergo extensive testing. It experienced an anomaly in vibration testing which was swiftly resolved


[image: A technician in a cleanroom suit works on assembling a large yellow and black scientific instrument.]



[image: Workers in protective suits inspect a satellite with reflective gold and black panels inside a cleanroom.]



[image: The Ariane 5 rocket carrying Webb blasted off from French Guiana on 25 December 2021.]


[image: Two images of hexagonal mirror segments are shown side by side, illustrating the alignment of the James Webb Space Telescope.]
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[image: Two images of hexagonal mirror segments are shown side by side, illustrating the alignment of the James Webb Space Telescope. The left image depicts the mirrors before alignment, appearing blurry and misaligned. The right image shows the mirrors after alignment, reflecting light uniformly, demonstrating clear alignment.]
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