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Chapter 1
A quick overview of the telescope history

Since it was initially invented in the 17th century, the telescope has continuously evolved. From Galileo Galilei to Sir Isaac Newton to the great Edwin Hubble, some of the finest minds would all contribute to the creation of this complex scientific piece of equipment over time.

From the first documented telescope to space-based telescopes capable of seeing everything from visible light to gamma rays, we will travel through time and study 15 of the most notable telescopes in history, along with their inventors (where appropriate).

The list that follows is in chronological order but is not exhaustive.
	Who made the telescope? One such candidate is Hans Lippershey.

Although it is unknown who created the telescope, Dutch eyeglass manufacturer Hans Lippershey (or Lipperhey) was the first to patent it in 1608. According to Hans, his invention, known as a kijker ("looker"), could magnify a picture up to three times.
It was made up of a concave eyepiece and another convex objective lens. According to one tale, he got the idea after observing two toddlers in his store holding up two lenses that looked to magnify a distant weather vane.

Others alleged at the time that he stole the idea from another glassmaker from the same town, Zacharias Jansen. A few weeks after Lippershey, another Dutchman, Jacob Metius, sought a patent for a telescope. Metius sought a patent; however, both applications were denied owing to counterclaims and the official's assessment that the design was simple to replicate.

Many historians believe Lippershey invented the first telescope since he was the first to seek a patent. Lippershey and Metius seem to have developed their designs separately, but Jansen is credited with creating the compound microscope.
Both men were rewarded, and Lippershey was given a hefty commission to produce duplicates of his telescope. His telescopes would ultimately be provided to European high society, notably Henry IV of France.

It was Hans' telescope that drew the attention of Jacques Bovedere of Paris. He immediately conveyed the idea to none other than Galileo Galilei, who immediately set about building his own.

	Galileo used his telescope to gaze into the universe.

Galileo learned about Hans Lippershey's inventive apparatus through his French acquaintance Jacques Bovedere in 1609. He quickly started about constructing and fabricating his telescope, although he had never seen Han's invention.

Nonetheless, he made significant improvements in his telescope's performance, reaching magnifications of approximately 20 times. Pleased with his innovation, he later submitted it to the Venetian Senate, who honoured him by appointing him a professor at the University of Padua for life.

As remarkable as this was, he went farther, as history attests. Galileo would be the first documented individual to tilt his telescope upwards. With his telescope, he could make out the cratered surfaces of the moon, depict the moon's phases in detail, and even describe the Milky Way.

His studies also led him to find the rings of Saturn, sunspots, and four of Jupiter's moons, as well as a glimpse of diffuse light arching over the sky, which would eventually be known as the Milky Way. Galileo would swiftly grow persuaded that Copernicus's Heliocentric model was entirely accurate — a viewpoint that would ultimately have him thrown under house imprisonment by the Catholic Inquisition until he died in 1642.

	In 1611, the Keplerian telescope was invented.

Following Hans Lippershey's and Galileo Galilei's revolutionary work, other European scientists started to design and construct their telescopes. The one and only Johannes Kepler was among the early pioneers.
Kepler studied telescopic optics in-depth and designed his device with two convex lenses – the renowned Keplerian Telescope. In 1611, he constructed one, and although the design substantially enhanced the device's magnification, it also turned the seen picture upside down.

Apart from his contributions to astronomy, he was also influential in the study of optics in general. His seminal paper Astronomia Pars Optica earned him the title "Founder of Modern Optics."

This book includes his observations and rationalizations on various optics topics, such as the usage of pinhole cameras to produce photographs, explanations of refraction in the eye, and his understanding of depth perception.
Dioptric made him the first person in history to explain actual, virtual, upright, and inverted pictures and the idea of magnification in subsequent work. He would also be the first person to describe how a telescope works.
Kepler was also the first to uncover the characteristics of complete internal reflection.

	Christiaan Huygens uses his homemade telescope to locate Titan.

In 1655, Dutch astronomer Christiaan Huygens, inspired by Galileo's previous achievements, developed the most powerful telescope of his day. His massive (for the time) equipment was designed to conduct extensive studies of the planets and solar system.

Huygens' most important contributions to telescope development were the Huygens ocular and the airborne (or tubeless) telescope. He would also illustrate how useful a micrometre is.
Beginning in 1654, Huygens also made significant advances in lens grinding. After consulting with well-known opticians, he and his brother obtained the grinding plates and other equipment required to make a telescope.

A 12-foot (3.7 meters) telescope was ready for use after some trial and error. To his great delight, he would utilize it to make thorough studies of Saturn.

Huygens used his telescope to discover a brilliant moon orbiting Saturn, which he named 'Saturni Luna.' This name remained until 1847, when John Herschel renamed it, Titan. Christiaan used his telescope to study Saturn in great detail. He was the first to describe the basic configuration of the planet's rings in 1659 - they had previously been referred to as Saturn's "ears."

	The first reflecting telescope was developed by Isaac Newton.

Sir Isaac Newton would subsequently expand on the work of his predecessors, most notably Kepler, and argue that telescopes should be made up of a series of mirrors rather than lenses. He felt that this design would, among other things, alleviate the chromatic aberration problems that plagued refracting telescopes.

Newton concluded that refracting telescopes could never remedy this problem and decided to discover a new solution.

In 1668, the first reflecting telescope, the Newtonian Telescope (Reflector), was developed in response to his ideas. Newton's innovation was to utilize a substantial concave main mirror to concentrate light (objective) onto a smaller flat diagonal mirror, which projected an image into an eyepiece on the telescope's side.

Contrary to common perception, Newton did not invent the notion of a reflecting telescope. After the creation of the refracting telescope, Galileo Galilei and Giovanni Francesco Sagredo examined the potential.

Other scientists, such as Niccol Zucchi, may have conducted similar experiments in 1616. It's also likely that Newton saw James Gregory's Optica Promote, published in 1663, which described the notion of a reflecting microscope that employed parabolic reflectors.

Newton's telescope would outperform current versions at the time in many ways:
- There is no chromatic aberration.

- Less expensive to construct

- Construction and assembly were much more effortless.

- A wider field of vision owing to the low focal length

- It was shorter and more compact than previous generations, making it more portable.

	Chester Hall uses refracting telescopes to overcome the color distortion problem.

For the following 60 years or so, small technological advancements were achieved by people like Laurent Cassegrain (who invented hyperbolic and parabolic mirrors) and John Hadley (who enhanced Newton's model). The next significant advancement occurred in 1729.

Chester Moore Hall, an Englishman, invented a new lens that substantially decreased the chromatic aberration of refracting telescopes. This lens was made of two kinds of glass bonded together: crown and flint.

With this breakthrough, Hall demonstrated that Isaac Newton was incorrect in believing that color distortion could not be rectified using refracting rather than reflecting telescopes.
Hall found his idea by researching human sight. This led him to believe that achromatic lenses had to be achievable somehow.
He experimented with many types of glass until he discovered the ideal blend of crown and flint glass for his particular needs. He constructed four telescopes with apertures of 2.5 inches (6.5 cm) and focal lengths of 20 inches in 1733. (50 cm).

In 1789, the first massive telescope was erected.
William Herschel created the first big reflector telescope in the United Kingdom in 1789. He managed the building of a 40-foot (12-meter) Newtonian-based reflector telescope.
This massive telescope was the biggest in its day and would have been quite a sight. However, as great as it was, it was far from flawless.

Herschel addressed a problem with speculum metal's low, reflecting quality, often used in Newtonian telescopes. He accomplished this by simply removing the diagonal mirror and adjusting the main mirror to let the user see the scene directly.

This became known as the Herschelian telescope.

However, Herschel's massive telescope had several flaws that led him to choose a smaller 20-foot (6-meter) telescope for astronomical studies.
Herschel used his telescopes to find various moons of the gas giants, including Titania and Oberon of Uranus, as well as Uranus itself. Herschel could locate Saturn's sixth and seventh moons, Enceladus and Mimas, using his giant telescope.

	The emergence of big telescopes in the 1800s

William Parsons (1800-1867), who was the third Earl of Rosse, erected a series of telescopes at his castle at Birr Castle in Ireland between 1844 and 1846. Today, we can regularly produce enormous mirrors, some measuring more than 29 feet in length (9 meters). However, it was a considerably more difficult task in the 1800s. Mirrors nowadays are often created by coating glass with reflecting metal. In contrast, mirrors back then were cast from speculum, a heavier and temperamental combination of copper and tin (initially devised by Isaac Newton).
Lord Rosse cast five metal mirrors, every six feet (1.8 meters) in diameter and weighing more than four tonnes.

The resultant reflecting telescope, dubbed the "Leviathan of Parsonstown," included a 49-foot (15-meter) tube perched between gigantic stone walls, seeming more like a fortress than a piece of scientific equipment.

Lord Rosse utilized this massive telescope to observe the night sky for many years. He was especially interested in 'nebulae' and was the first to detect the spiral arms of the M51 nebula.
Lord Rosse's telescope was decommissioned in 1908 after falling out of favor in the later part of the nineteenth century. The current Earl, however, rebuilt it in the late 1990s.

	Yerkes Observatory in Wisconsin exceeded the limit.

George Ellery Hale established and financed the Yerkes Observatory at Williams Bay, Wisconsin. In 1897, it became the world's biggest refracting telescope.

The telescope and housing are a fusion of science and art, frequently regarded as "the cradle of astrophysics." Yerkes represents a dramatic shift in perception of telescope exploration, from a primarily amateur pastime to a focused and severe scientific effort.

This telescope pushed the boundaries of refracting telescope maximum size by using the largest lenses feasible without causing the whole contraption to collapse under its weight. The telescope featured an extraordinary 3.34 ft (102 cm) diameter double lens, which is still the biggest of its type used in astronomy.
Because of this, many astronomers eventually concluded that mirrors, rather than lenses, would be the future of giant telescopes.

Many prominent astronomers, including Edwin Hubble, Subrahmanyan Chandrasekhar, Russian-American astronomer Otto Struve, Gerard Kuiper, and the late Carl Sagan, have utilized the facility.


	Birth of the radio telescope

When Bell Telephone Laboratories engineer Karl Guthe Jansky was entrusted with identifying the cause of static that disrupted radio and telephone services, the radio telescope was created in the early 1930s. The array of dipoles and reflectors that Jansky constructed was intended to pick up a shortwave radio signal at around 20.5 MHz.

The whole device was mounted on a turntable, allowing it to rotate 360 degrees. Jansky's "merry-go-round," as it became known, had a diameter of 98 feet (30 meters) and a height of 20 feet (6 meters).
He was able to identify three different forms of interference using this apparatus:
- Static in a nearby thunderstorm

- Static from a far-off thunderstorm

- A strange, recurring "faint hiss" could be heard in the background.

Jansky accurately hypothesized that the final source came from outside of our solar system and was centered around the constellation Sagittarius.
The work of Jansky inspired amateur radio enthusiast Grote Reber, who later created the first equipment to "see" radio waves. In 1937, he constructed the first parabolic "dish" telescope in his garden in Wheaton, Illinois, with a diameter of 29 feet (9 meters).

He confirmed Jansky's groundbreaking work by designating the Milky Way as the first extraterrestrial radio source. He then conducted the first sky survey at very high frequencies and found more radio sources.

	Lovell's telescope raises the bar for radio telescopes significantly.

In the 1950s, British astronomer Sir Bernard Lovell developed plans to construct a large radio telescope, building on the groundbreaking work of Jansky and Grote. Bernard saw the enormous scientific potential of radio telescopes in investigating the universe after working on radar during the Second World War.

His goal was to construct a massive radio telescope with a dish 250 feet (76 meters) diameter that could be pointed at any location in the sky. In the summer of 1957, in Jodrell Bank in the UK, it was ultimately constructed after a string of significant technical and financial issues.

Since then, this classic scientific tool has been crucial to studying meteors, quasars, and pulsars. It was also essential for tracking space missions during the beginning of the Space Age.

	The Hubble Space Telescope was a significant development in the history of telescopes.

The Hubble Orbit Telescope was one of the first telescopes to be launched into space in 1990, thanks to cooperation between NASA and the ESA in its construction and deployment. Hubble is one of the biggest and most adaptable space telescopes, while not being the first.

It has participated in numerous critical scientific projects since it was placed in low-Earth orbit. With the atmosphere of Earth (and background light) removed, Hubble can provide photographs of the stars and planets that are unmatched in terms of clarity.

A 7.87-foot (2.4-meter) mirror and various other tools for seeing near UV, visible, and near IR spectra make up the telescope. Throughout the telescope's thirty years of operation, brand-new, cutting-edge scientific equipment has been installed on astronaut maintenance flights. This significantly increased the telescope's lifespan.

It's possible that Hubble will continue to operate long into the 2030s.

	The Compton Gamma Ray Observatory was revolutionary.

A groundbreaking space telescope was launched in 1991 with the purpose of detecting photons with energy ranging from 20 keV to 30n GeV. The Compton Gamma Ray Observatory (CGRO) consisted of four telescopes mounted on a single platform that studied X-rays and gamma rays.

CGRO was launched into low Earth orbit by the Space Shuttle Atlantis during the STS-37 mission in April 1991, after a lengthy development phase. It remained in orbit until June 2000, when it was deorbited.

At 17 tonnes, CGRO was the most prominent astronomical payload ever launched at the time, and it cost roughly $617 million to create.

CGRO was one of NASA's "Great Observatories" telescopes and the Hubble Space Telescope.

	The W. M. Keck Observatory is the second-largest telescope in the world.

The W. M. Keck Observatory, now the world's second-largest telescope, is a twin-telescope astronomical observatory at the summit of Mauna Kea in Hawaii. It is constructed 13,600 feet (4,145 meters) above sea level and provides unsurpassed Earthbound vistas of the universe.

It was proposed in 1977, and both telescopes have 32 ft (10-meter) main mirrors. It was erected between 1990 and 1996. The notion of utilizing smaller, generally hexagonal, mirror parts to make an enormous continuous mirror was the fundamental innovation required to build such enormous mirrors.

Each mirror section in the Keck telescope is 5.9 feet (1.8 meters) broad, 24 feet (7.5 meters) thick, and weighs half a ton.

	The Herschel Space Observatory was the biggest infrared telescope ever launched into space. 

The European Space Agency developed it between 2009 and 2013. It was the biggest infrared telescope ever sent into orbit.
Its working window was thus restricted because of a scarcity of coolant for its critical instruments.
It included an 11.5-foot (3.5-meter) mirror and other highly specialized sensors sensitive to far-infrared and submillimeter wavebands ranging from 55 to 672 micrometers. Along with SOHO/Cluster II, XMM-Newton, and Rosetta, the Herschel Space Observatory was the last component of the Horizon 2000 program.

The space telescope was designed mainly to study the coldest and dustiest objects in space. In particular, sites of solar genesis were sought in places where dusty galaxies were anticipated to begin producing new stars.

	The James Webb Space Telescope will take over for the aging Hubble Space Telescope.

The James Webb Space Telescope, built in collaboration with NASA, the European Space Agency, and the Canadian Space Agency, is designed to replace the aging Hubble Space Telescope and, if operational, would provide unparalleled pictures of the universe.

Once in orbit, it will give exceptional resolution and sensitivity, as well as a wide variety of investigative capabilities, which should generate valuable data for astrophysicists and cosmologists.

Following several delays, redesigns, and cost overruns, NASA postponed the JWST's launch in March 2018, when the telescope's sunscreen ruptured during a practice deployment, and the sun shield's cables were not appropriately tightened. The deployment is now scheduled to begin in October 2021.







Chapter 2
Major reasons for space telescope delays
A communication breakdown between the observatory and the launch vehicle system is the cause of the delay. After the telescope was mounted on the Ariane 5 rocket that would carry it into orbit from Europe's Spaceport in French Guiana, the delay happened only a few days later. Technicians attached Webb's launch vehicle adapter to the rocket after lifting the telescope approximately 130 feet and precisely aligning it on top of the Ariane 5.

The orbiting infrared observatory is expected to usher in a new era in astronomy as it collects data on the universe's earliest stages, star formation, and whether planets outside our solar system may be habitable. It is designed to be about 100 times more sensitive than its predecessor, the Hubble Space Telescope.

"We are about to embark on this incredible voyage of discovery. Since Webb has the inherent ability to expose the unexpected, we actually mean discovery. What we anticipate seeing may be planned. But at the end of the day, we are aware that nature often surprises us, "Reuters was informed by Webb project scientist Klaus Pontoppidan, an astronomer.

A communication breakdown between the observatory and the launch vehicle system is the cause of the delay. After the telescope was mounted on the Ariane 5 rocket that would carry it into orbit from Europe's Spaceport in French Guiana, the delay happened only a few days later. Technicians attached Webb's launch vehicle adapter to the rocket after lifting the telescope approximately 130 feet and precisely aligning it on top of the Ariane 5.

The orbiting infrared observatory is expected to usher in a new era in astronomy as it collects data on the universe's earliest stages, star formation, and whether planets outside our solar system may be habitable. It is designed to be about 100 times more sensitive than its predecessor, the Hubble Space Telescope.

"We are about to embark on this incredible voyage of discovery. Since Webb has the inherent ability to expose the unexpected, we actually mean discovery. What we anticipate seeing may be planned. But at the end of the day, we are aware that nature often surprises us, "Reuters was informed by Webb project scientist Klaus Pontoppidan, an astronomer.

The telescope has already been delayed by more than ten years. Its development cost was predicted to be $8.8 billion, and operating costs are expected to add another $9.66 billion to its final cost. It was initially scheduled to launch in 2011, but Nasa kept pushing back the date.

After a 16-day sea voyage from California to Port de Pariacabo on the Kourou River through the Panama Canal, the telescope landed in French Guiana in October. The telescope will be over 1.5 million kilometers from Earth once it is launched, rendering it unusable in contrast to Hubble, which has undergone several physical repairs over the years.

Webb can see further away and farther back in time than Hubble because it has a larger light-collecting surface. "We're going to examine everything we can see in the cosmos. We're interested in discovering how the Big Bang came and how we got here. Therefore, let's have a look at "Senior project scientist for Webb, John Mather, remarked.

The telescope will also be used to study the development of stars and the planets surrounding them in addition to our solar system, particularly the outer planets. Its mission objectives include discovering how galaxies developed from their beginnings to the present and looking for the earliest galaxies or bright objects created after the Big Bang.






Chapter 3
who is James webb
The James Webb Space Telescope is one of the most creative and fascinating space projects since the launch of the Hubble Space Telescope in April 1990.

The project is a collaboration between NASA and European and Canadian space agencies to rethink our knowledge of the Earth's solar system and how the earliest galaxies evolved.

The James Webb telescope was named after a significant contribution to space research, same as Hubble was named after US scientist Edwin Hubble, who found the universe is expanding.

So, who is James Webb, and what did he accomplish to be so honored? This is all you need to know.

The early career of James Webb
James Edwin Webb was an American government official who served as NASA's second administrator in the 1960s.

From 1961 to 1968, he oversaw the embryonic space agency and was mainly responsible for its approach to and success with the Apollo program.

Webb, born in Tally Ho, North Carolina, in 1902, earned a Bachelor of Arts in Education in 1928 and enlisted in the United States Marine Corps.
He was a pilot for two years before going to The George Washington University Law School, where he graduated in 1936.

From 1932 to 1934, he worked as an aide to US Representative Edward W. Pou of North Carolina. This was to be the start of Webb's devotion to public service.

After graduating from university, Webb became secretary-treasurer and vice president of Sperry, an electronics manufacturing corporation he built with over 33,000 employees and became a key provider of navigation equipment and aerial radar systems during World War II.

He married Patsy Aiken Douglas in 1938, and the pair had two children and temporarily rejoined the Marines from 1944 to 1945 before leaving and re-establishing himself as a public worker. Before being assigned to the Bureau of the Budget, President Truman nominated Webb to serve as an undersecretary of state in the United States Department of State, a position he assumed in January 1949.

He was an undersecretary for three years before assuming a post with the Kerr-McGee Oil Corp until 1961, although he stayed in the Government's inner circles and was a democrat.
President John F. Kennedy selected him as NASA administrator in 1961.

What was his position at NASA?
Webb oversaw NASA's efforts to meet President John F. Kennedy's goal of landing an American on the moon by 1970.

Despite his initial hesitation to accept the position, he became a tremendously successful NASA administrator, transforming the organization from a small collection of aerospace organizations to a world-leading pioneer in space research.

"I thought that I had formed the pattern of my life, and I wasn't really the greatest person for this anyhow," Webb said of Kennedy's offer. Someone who understood more about rocketry and space appeared to me to be a better person."
Kennedy declared a human mission to land on the moon by October 1968 in May 1961, soon after Webb's appointment.

Webb directed the Apollo mission, and because of his government contacts, he maintained Congressional backing and government financing for the NASA program.
He stayed in his job under Lyndon B Johnson, and NASA praised him as a commander who managed to prioritize research and technology above human space exploration.

According to the US space agency, he depoliticized the space race by launching people into space before the Soviets.
Webb's transcripts of early meetings with President Kennedy and Vice President Johnson informed them: "And as far as I'm concerned, I'm not going to conduct a one-shot operation."

"If you want me to be the administrator, it will be a balanced program that serves the nation..."

Webb's vision included sustained funding in NASA's development of robotic spacecraft that examined the lunar environment so that humans may subsequently do likewise, as well as research missions launched to Mars and Venus.
His mission meant that the United States would also give the first ever picture of the outer space landscape, and by 1965, he had already made arrangements for a giant telescope to be sent into orbit. Hubble would subsequently be named after him.

Despite his dedication to the moon mission, he departed from NASA two months before the landing in July 1969.
NASA paid homage to Webb by stating that his early probe launches resulted in "more than 75 space research missions to explore the stars and galaxies, our own Sun, and the as-yet-unknown environment of space above the Earth's atmosphere."

"Missions such as the Orbiting Solar Observatory and the Explorer series of astronomical satellites laid the groundwork for the most successful era of astronomical discovery in history," it continued.

What did he do after leaving NASA?
After leaving NASA, Webb served on many advisory boards, notably as a regent of the Smithsonian Institution.

For his service to his nation, he received the Sylvanus Thayer Award from the United States Military Academy at West Point in 1981.
In March 1992, he died of a heart attack.

Who gave the James Webb telescope its name?
The James Webb telescope has been in the works since the turn of the century and was officially christened in 2002.
Despite efforts by some US scientists to change the name owing to allegations that he was anti-LGBTQ+ equality in the NASA workforce, no such proof was presented, and the decision was taken to name the telescope after him.

"It is appropriate that Hubble's successor be called in honor of James Webb," NASA Administrator Sean O'Keefe said of the telescope's designation. Thanks to his efforts, we obtained our first sight of the majestic terrain of outer space.

"He led our country on its first discovery trips, making our dreams a reality." Indeed, at NASA, he laid the groundwork for one of the most fruitful periods of astronomical discovery.

"As a result, we're rewriting textbooks today with the help of the Hubble Space Telescope, the Chandra X-ray Observatory, and the James Webb Telescope.

Chapter 4
The James Webb prediction 
On December 25th, 2021, an Arianespace Ariane 5 rocket launched the Webb Telescope into deep space, 7 to 14 years behind schedule and 2 to 10 times over budget. JWST weighed about half as much as NASA's famed Hubble Space Telescope before launch but contained an unprecedented origami-like mirror with more than six times Hubble's total collecting area. The combination of excellent bulk reduction and exceptional complexity necessary to fly such a massive mirror so far from Earth with a rocket like Ariane 5 helps to explain why the Webb Telescope took 18 years and cost $9.7 billion to design, manufacture, and construct.

Nonetheless, it happened. Most of the work was done by Ariane 5, which launched the telescope on a trajectory that would take it to the Sun-Earth L2 Lagrange point, about 1.5 million kilometers (950,000 miles) from Earth. The Webb Telescope's very complicated deployment procedure was then completed without a single significant difficulty, providing possibly the most extraordinary relief in the history of space-based observatories. The telescope, ultimately deployed, reached its operational orbit 30 days after liftoff.

In contrast, practically all JWST effort over the last four months has been concentrated on the less apparent and significantly smaller operations of alignment and calibration. Each of the JWST's 18 primary mirror segments has slowly but steadily moved into place, micrometer by micrometer, as broad swathes of the telescope cooled to ambient temperatures - crucial for best performance. All of Webb's principal instruments have simultaneously reached first light and are in the early stages of calibration and commissioning. Only when the sensors have been meticulously calibrated, the mirror has been flawlessly oriented, and critical gear has been frozen to temperatures as low as -449°F (-267°C) will Webb be able to begin seeing the cosmos and revolutionizing significant portions of space research.

The first and most crucial phase, mirror alignment, has finally been completed. Six weeks after liftoff, the alignment procedure started in February 2022. First, photos were taken with the misaligned mirror to establish its precise state. Each of Webb's 18 mirror segments was moved one at a time to establish which picture each mirror was responsible for, allowing ground controllers to appropriately focus each mirror's view of a target star. Once the 18 points of light were well-resolved and connected to a distinct mirror segment, the segments were progressively directed on top of each other to generate a single picture, a technique known as "coarse phasing."

The word "coarse" vastly understates the incomprehensible accuracy necessary to finish the procedure. Each of the Webb Telescope's mirror segments must be oriented to within 50 nanometers of each other in order for it to realize its maximum capability. "If the Webb main mirror were the size of the United States, each segment would be the size of Texas, and the team would need to line the height of those Texas-sized segments up with each other to an accuracy of around 1.5 inches," according to NASA.

Fine phasing came next, which included an even more specialized series of operations to focus the mirror as precisely as possible. The generated picture was then modified to correctly position it across each of the Webb Telescope's four primary scientific instruments' fields of vision. Finally, some of the seven phases of the alignment process were repeated or improved in order to properly optimize the mirror to the taste of its Earthbound makers and future users.

Finally, the Webb Telescope alignment was a huge success, generating a picture that was sharper and cleaner than even the engineers' "most optimistic projections." According to NASA, the image is so precise that it has essentially hit the physical resolution limit for a mirror the size of the Webb Telescope, which means it would have to break known physical laws to resolve any more information.

JWST now has just one significant barrier to overcome before scientific activities can begin: instrument commissioning. The term "commissioning" refers to the wide variety of calibration, analysis, experimentation, and optimization necessary to ensure that JWST's four primary instruments behave as predicted and do the task they were planned to do as correctly and reliably as possible.

At some point, the use of extraordinarily complex scientific instruments resembles an art form, and some level of trust must be established between scientists and their ambitious tools of the trade before they can proudly set chisel to marble and begin delving into the universe with unprecedented breadth and detail. Suppose commissioning goes as well as deployment and alignment. In that case, the JWST team may be able to collect and share the telescope's first actionable views of the universe as early as July 2022.







Chapter 5
Key facts to know about Jwst? 
	A look back in time with Webb

The James Webb Telescope will allow scientists to peer deeper into space and back in time. Astronomers want to use the new telescope to examine the universe's very earliest stars and galaxies in order to unlock its mysteries. More on it later.

	The "golden mirror" of James Webb

The new telescope has at least 100 times the power of the Hubble Space Telescope. Astronomers hope to obtain vistas of the cosmos like never before with its golden mirror. One must be in space to have the most nuanced perspective of space. That is precisely what Webb will do.

The Hubble mirror was 7.8 feet in diameter, whereas the James Webb telescope's mirror is 21.3 feet in diameter, enabling it to collect six times more light than Hubble.

	A more significant grasp of the history of our cosmos

Hubble's photographs represent not just galaxy systems but also a collection of the universe's history. Thanks to Hubble, scientists could see into galaxies that originated 400 million years after the Big Bang.

The James Webb Telescope may be able to bridge that gap by displaying photos from 250 million years after the Big Bang, bringing us closer to the beginning of our universe.
Aside from viewing galaxies, the new telescope will improve picture detail by adding spiral arms, more light, and incredible structure.

	Understanding the Cosmic Dark Ages

Before the first stars arose in the cosmos, the whole universe was virtually blanketed in a primordial gas of some type, giving rise to the term "cosmic dark ages."

Scientists think the first illumination from galaxies helped clear the cosmic fog. But, with the aid of the telescope, they aim to understand the fog better.

	Infrared illumination

While the Hubble telescope mainly gathers photographs in ultraviolet (visible) light, James Webb will primarily capture images in infrared light, providing greater information about the objects in those images than ever before.

Astronomers may be able to see into incredibly ancient galaxies using infrared photography due to a phenomenon known as "redshifting," in which light is stretched as it comes and goes, leaving a red trail behind. Webb will be able to catch very ancient galaxies that are now being pushed further away from Earth and becoming redder with infrared. That's how you go through time!

	The telescope will send itself into orbit.

Because of the technical hurdles in assembling the massive $10 billion James Webb Telescope, scientists determined it was better to fold the telescope inside a rocket, which would then be sent into space far from Earth.

The distance from Earth is significant since our planet is warm, which infrared sensors detect rapidly and which astronomers want to avoid.

	The distance from Earth is enormous.

While Hubble was just 547 kilometers from Earth, the James Webb Telescope will be millions of kilometers distant - about four times the distance between Earth and the Moon.

If anything went wrong, humans would be unable to service James Webb, as engineers were able to do with Hubble after discovering a problem with its mirror soon after launch.







Chapter 6
The effects of James Webb space telescope on astronomy
Massimo Pascale and his crew leaped into action as soon as President Biden released the first picture from the James Webb Space Telescope (JWST) on July 11.

Pascale, an astronomer at the University of California, Berkeley, and 14 coworkers split up responsibilities through Slack. The picture shows hundreds of galaxies enlarged as their light twisted around a center cluster of galaxies in a pinprick-sized region of the sky. The team began examining the picture, hoping to publish the first JWST research report. "We worked continuously," Pascale said. "It felt like being in an escape chamber."

The team submitted their study three days later, only minutes before the daily deadline on arxiv.org, the platform where scientists may post early copies of publications. "It was quite comical," Pascale remarked, missing out on first place by 13 seconds.

The winners, Guillaume Mahler and colleagues from Durham University in the United Kingdom, examined the identical initial JWST photograph. "It was simply a pure joy to be able to take this fantastic data and share it," Mahler added. "Why should we wait if we can do it quickly?"

The "healthy rivalry," as Mahler describes it, emphasizes the massive amount of information already pouring from JWST, only days after scientists began getting data from the long-awaited infrared-sensing mega-telescope.

The Beginning of Time
One of JWST's most lauded capabilities is its ability to see into the early cosmos and view some of the earliest galaxies and stars. The telescope launched on Christmas Day, 2021, is already 1.5 million kilometers from Earth and has discovered the most distant and oldest known galaxy.

When two teams independently reviewed JWST images for the GLASS survey, one of more than 200 research programs planned for the telescope's first year in orbit, they discovered the galaxy. Both teams, led by Rohan Naidu of the Harvard-Smithsonian Center for Astrophysics in Massachusetts and Marco Castellano of the Astronomical Observatory of Rome, identified two particularly distant galaxies in the data: one so far away that JWST detects the light it emitted 400 million years after the Big Bang (tying the oldest galaxy ever seen by the Hubble Space Telescope), and the other, dubbed GLASS-z13, seen as it appeared 300 million years after the Big "It would be the most distant galaxy ever discovered," Castellano added.

Both galaxies seem incredibly tiny, approximately 100 times smaller than the Milky Way. Still, they exhibit astonishing star formation rates and contain 1 billion times the mass of our sun – more than predicted for these young galaxies. One of the newborn galaxies even has a disk-like shape. More research will be conducted to dissect their light and discern their properties.

Another early-universe investigation, the Cosmic Evolution Early Release Science (CEERS) survey, has discovered "extremely distant galaxies," according to Rebecca Larson, an astronomer at the University of Texas at Austin and a participant in the survey. Only a few weeks into the study, the team has identified a few galaxies from the universe's first 500 million years, but Larson and her colleagues have yet to announce their precise results. "It's greater than I could have hoped for, and it's just the beginning," she remarked.

More early galaxies are hidden in the picture of President Biden's galaxy cluster, which Pascale and Mahler investigated. The cluster, known as SMACS 0723, is so massive that it bends the light of more distant objects, bringing them into view. Pascale and Mahler discovered up to 16 distant galaxies that have been enlarged in the picture; their ages are unknown.

The telescope zoomed in on one of the image's distant galaxies, a smear of light 700 million years after the Big Bang. JWST's spectrograph identified heavy elements in the galaxy, notably oxygen. Scientists are now hoping that the telescope will detect the absence of heavy elements in even early galaxies, indicating that these galaxies contain only Population III stars, the hypothesized first stars in the universe, thought to have been monstrously massive and composed entirely of hydrogen and helium. (It was only after those stars burst that heavier elements like oxygen were created and released into the universe.)

"We're hunting for galaxies with no heavy metals," astronomer Andy Bunker of the University of Oxford said. "That might be evidence for the first generation of stars generated from primordial hydrogen and helium." In theory, they should exist. It depends on how clever they are."

Structure of the Galaxy
JWST has already delivered valuable data to scientists aiming to understand the structure of galaxies and how stars develop inside them.

Janice Lee of the National Science Foundation's NOIRLab in Arizona leads one observational program that searches for youthful locations of star formation in galaxies. JWST saw, on behalf of Lee's team, NGC 7496, a galaxy 24 million light-years distant, whose early star-forming areas had previously been covered in darkness; Hubble's sensors could not penetrate the heavy dust and gas that surrounded these regions. On the other hand, JWST can detect infrared light that bounces off the dust, enabling it to explore near the moments when stars turned on, and nuclear fusion occurred in their cores. "The dust is literally lighting up," Lee observed.

What's most striking, she says, is that NGC 7496 isn't a "poster-child galaxy." However, it suddenly springs to life under the watching eye of JWST, revealing pathways where stars are emerging. "It's really incredible," she said.

Meanwhile, John Barentine, an astronomer with the Arizona-based dark-sky conservation organization Dark Sky Consulting, found a more accidental finding in one of JWST's first photographs. The image of the Southern Ring Nebula, which is 2,500 light-years away from Earth, was exceptionally clear. A fascinating galaxy seen on the edge-on (a unique vantage position for examining the galaxy's core bulge) popped into view off to the side, earlier misunderstood as part of the nebula itself.

"We have this extremely sensitive equipment that will disclose stuff we didn't even know we were searching for," Barentine said. "It's worth looking about in the backdrop of practically every photograph Webb shoots."

Keeping an Eye on the Stars and Planets
Smaller targets, including planets in our own solar system, are also in JWST's sights. Jupiter emerged magnificently as part of the initial set of photos, obtained in a 75-second exposure.

Astronomers understand that Jupiter's top atmosphere is hundreds of degrees hotter than its lower atmosphere, but they don't understand why. JWST was able to view the heated upper atmosphere gleaming as a red ring around the planet by detecting infrared radiation. "We have this layer a few hundred kilometers above the cloud decks that is glowing because it is heated," Henrik Melin, a planetary scientist at the University of Leicester, said. "On a worldwide basis, we've never seen anything like this before." That is a wonderful sight."

In the following weeks, Melin's group intends to employ JWST to investigate the cause of this atmospheric heating.

The volcanic moon Io interacting with Jupiter's aurora, causing a slight bump in the aurora, is hidden in JWST's view of Jupiter. According to Melin, the picture shows "material arriving from Io running down the magnetic field lines." The effect had previously been seen, but JWST detected it with a single glimpse at the planet.

JWST is also looking for planets in other star systems. The telescope has already seen the renowned TRAPPIST-1 system, a red dwarf star with seven Earth-size planets (some possibly habitable), but the data is currently being evaluated. Early observations of a less hospitable planet, a "hot Jupiter" termed WASP-96 b, on a 3.4-day orbit around its star have been revealed.

JWST discovered water vapor in the planet's atmosphere, confirming previous evidence of water obtained by Chima McGruder of the Harvard-Smithsonian Center and colleagues using a ground-based telescope. However, by analyzing WASP-96 b's carbon-to-oxygen ratio, JWST may be able to answer a baffling puzzle concerning hot Jupiters: how they achieve such tight orbits around their stars. More oxygen indicates that the gas giant developed close to the star, while a greater carbon ratio indicates that it evolved in more carbon-rich areas farther away.

Meanwhile, JWST may have seen a transitory light in the sky that was not originally planned to detect. Mike Engesser, an astronomer, and colleague at the Space Telescope Science Institute in Baltimore, Maryland (the JWST operations center), observed a bright object not seen in Hubble photographs of the exact location. They believe it is a supernova, or exploding star, 3 billion light-years distant, proving that the telescope can detect such occurrences.

JWST should also be able to detect even more distant supernovas, giving it another ability to act as a probe of the early cosmos. It may also discover stars being ripped apart by supermassive black holes at galaxies' cores, something no previous observatory has discovered. "We'll be able to peek into these really deep, black areas for the first time," said Ori Fox, an astronomer at the Space Telescope Science Institute who heads the team investigating transients.

Transients, like other astronomical phenomena, are on the verge of being redefined. JWST has taken to the skies after decades of planning and building. The problem today is keeping up with the continual assault of research flowing down from a machine that is so complicated yet flawless that it defies the belief that human minds developed it. "It's working, and it's ridiculous," Larson remarked.







Chapter 7
How many light years can the James Webb telescope see?

SMACS 0723
[image: ]
Credit: NASA/ESA/CSA/AP/TIME

Webb's cameras can see far into space and far back in time. Webb has the capability of seeing 13.6 billion light years into space, which will be the farthest distance we've ever seen. This picture of the SMACS 0723 galaxy cluster comprises hundreds of galaxies, some of which are as far away as 13.1 billion light years. (A single light year is about 6 trillion miles.) Because light takes a long time to travel such a large distance, we are viewing galaxies not as they are now, but as they were 13.1 billion years ago. Bluer galaxies are more developed, with more stars and minimal dust. The redder galaxies have more dust, which is still generating stars.

Carina Nebula
[image: ]
Credit: NASA, ESA, CSA, STScI/TIME

Stars, like ourselves, are born, grow old, and die, and the Carina Nebula, situated 7,600 light years from Earth, is one of the universe's major star nurseries. The cliff-like structures are huge peaks of dust and gas, some as tall as seven light years. The Hubble Space Telescope has previously observed Carina, but never in the spectacular detail that Webb has delivered. Young stars are forming in this tumultuous area, merging from the surrounding material. As stars develop, they emit vast quantities of energy, which contribute to the overall structure of the nebula. The red spots in the picture represent energy jets released by the developing stars.

Stephan’s Quintet[image: ]
Credit: NASA, ESA, CSA, STScI/TIME

Webb acquired the best photograph yet taken of Stephan’s Quintet, a cluster of five galaxies, originally observed by astronomers in 1877. The quintet is really more of a quartet, with the leftmost galaxy being in the foreground, 40 million light-years from Earth, while the other four are located a considerably more distant 290 million light years away. The four densely packed galaxies interact, with dust and stars gravitationally dragged from one to another—commingling their material. Clusters of newborn stars show as dazzling sparkles in the picture while hundreds of more-distant galaxies are seen in the background.

Southern Ring Nebula
[image: ]
Credit: NASA, ESA, CSA, STScI/TIME 

A fading star may be a remarkably lovely thing—and two such stars can be twice as spectacular. Webb took a photograph of these pair of old stars circling each other roughly 2,500 light years from Earth. As the stars reach the end of their life, they throw off gas and dust that create the nebulae, or clouds, that surround them. Webb has the power not merely to picture the Southern Ring Nebula, but to investigate its chemistry, knowing more about how stars lose their stuff as they die. The brighter of the two stars is younger than the other and has yet to produce as much material. As the stars circle one other they effectively agitate the gaseous nebula, giving it its distinctive form.

WASP 96 b
[image: ]
Credit: NASA, ESA, CSA, STScI/TIME

A scientific graph is not quite as spectacular as a cosmic snapshot, but in this instance, the graph has a tale to tell. Webb is examining exoplanets—or planets that orbit other stars—particularly the make-up of their atmospheres. As the planet passes in front of its parent star, Webb may scan the starlight flowing through the atmosphere, seeking the chemical signatures of life. In this graph, Webb investigated the atmosphere of WASP 96 B, a Jupiter-like planet that resides 1,150 light years from Earth. Webb did not detect biology, but as the graph indicates, it did find lots of water in the planet’s clouds—and water is the crucial component for life as we know it.







Chapter 8
A neat trick to see back in time
In addition to peering further across space than any previous observatory, the James Webb Space Telescope can go farther back in time than any other telescope, studying faraway stars and galaxies as they looked 13.5 billion years ago, not long after the birth of the universe as we know it.

What makes this possible? How can a machine "go back in time"? It's not magic; it's simply the way light works.

"Telescopes may function as time machines. Gazing out into space is similar to looking back in time "NASA scientists discussed their findings on WebbTelescope.org (opens in new tab). "It may seem wonderful, but it's rather simple: Light need time to travel through huge lengths of space to reach us."

All of the light you see takes time to reach your eyes, from the sparkling of faraway stars to the illumination of your desk lamp a few feet away. Fortunately, light travels at such a quick rate — around 670 million mph (1 billion kph) — that you won't see it moving from, say, the desk lamp to your eyeballs.

When you gaze at things millions or billions of kilometers distant, as most objects in the night sky are, you're witnessing light that has gone a long, long way to reach you.

Take, for example, the sun. The distance between Earth and its home star is about 93 million miles (150 million kilometers). That implies light travels from the sun to Earth in around 8 minutes and 20 seconds. So, when you stare at the sun (though you should never gaze directly at it), you're seeing it as it was more than 8 minutes ago, not as it is now — in other words, you're gazing 8 minutes in the past.

Because the speed of light is so essential in astronomy, astronomers prefer to measure enormous distances in space in light-years rather than miles or kilometers. One light-year is the distance that light can travel in one year, which is about 5.88 trillion miles (9.46 trillion kilometers). Polaris, for example, is around 323 light-years away from Earth. When you view this star, you're looking at light that's almost 300 years old.

So you don't even need a sophisticated telescope to go back in time; you can do it with your own eyes. Astronomers need telescopes like JWST to see genuinely deep into the past (say, back to the universe's beginning). JWST can not only zoom in on distant galaxies to see visible light from millions of light-years away, but it can also detect light wavelengths that are undetectable to human sights, such as infrared waves.

Many objects, including people, emit infrared radiation. This energy is invisible to the human eye. However, when studied with the proper technology, infrared rays may disclose some of the universe's most difficult-to-find objects. According to NASA, since infrared radiation has a far longer wavelength than visible light, it may travel across thick, dusty portions of space without being dispersed or absorbed (opens in new tab). Many distant, dim, or veiled stars and galaxies release thermal energy that may be detected as infrared radiation.

This is one of JWST's most useful techniques. The telescope's infrared-sensing equipment allows it to peek across dusty parts of space to examine light released more than 13 billion years ago by the universe's most primordial stars and galaxies.

JWST obtained its renowned deep field picture in this manner, and it will aim to gaze even farther back in time, to the first few hundred million years (opens in new tab) following the Big Bang. The stars shown by the telescope may be long-dead today, but as their ancient light travels throughout the cosmos, JWST provides us with a one-of-a-kind time travel exhibition.





Chapter 9
The life expectancy of Jwst and what to know about the damage
The James Webb Space Telescope is one of the most spectacular feats in space travel, but how long will it be operational for advanced research? Soon after Hubble's debut in 1990, scientists and astronomers began work on its replacement. The objective was to build a more robust and capable telescope than Hubble, giving humanity an even more excellent tool for peering into the mysteries of the cosmos.

The path to creating and deploying Hubble's replacement was not straightforward, as has been extensively chronicled throughout the years. In 1996, it was known as the 'Next Generation Space Telescope,' but in 2002, it was renamed the 'James Webb Space Telescope.' The JWST was successfully launched on December 25, 2021, after years of development and billions of dollars invested. Its purpose is to go 930,000 miles from Earth and examine some of the universe's earliest galaxies using powerful imaging technology. If the JWST project is successful, it will effectively enable astronomers to go back in time and view what galaxies were like hundreds of millions of years ago.

Given the James Webb Space Telescope's great potential, many people wonder how long it will endure. Every space telescope/orbiter/probe has a limited quantity of fuel it can carry with it, resulting in a fixed length of operating time. NASA has established two approximate targets for JWST before its launch. James Webb was projected to live for 'at least' 5 and 1/2 years. However, NASA was expecting a lifetime of 10 years or more. What's the most thrilling part? It's possible that it'll be much longer.
On December 29, 2021, NASA revealed that the JWST's Ariane 5 rocket's enormously successful launch had conserved most of the telescope's onboard fuel (as had the telescope's accurate course correction burns). As a result of these factors, NASA said that James Webb "should have adequate fuel to sustain scientific activities in orbit for substantially more than a 10-year science lifespan." On January 8, 2022, another update revealed even more fantastic news. "Roughly speaking, it's roughly 20 years," mission systems engineer Mike Menzel said of James Webb's remaining fuel.

While that figure is susceptible to change in the following months and years, it is an inspiring milestone to look forward to. This telescope has been in development for more than two decades and has cost NASA more than $10 billion. It would have been amazing to get 10 years of scientific operations out of it but possibly double its lifetime, and anticipating 20 years of work is extraordinary.

Will James Webb achieve his 20-year goal? Nobody can tell for definite, but the chances are in its favor. In addition to the extraordinarily seamless launch and setup procedure, NASA has a habit of underestimating the longevity of its equipment. Following its launch in 1990, the Hubble Space Telescope was expected to survive roughly 15 years. The telescope is still functioning in 2022 and should stay until 2030 or 2040. Given how vital the James Webb Space Telescope will be in expanding our knowledge of the cosmos, this is nothing short of thrilling.
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