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Abstract

This review article provides a comprehensive exploration of the evolution and future trajectory of telescopes for astronomical
observation. Beginning with the fundamental principles of optics governing telescope functionality, the discussion navigates
through the categorization of telescopes based on electromagnetic waves and operational strategies, highlighting their diverse roles
in space and on Earth. The journey spans from the pioneering work of Hans Lippershey and Galileo Galilei to the rich tapestry of
optical, radio, gamma, x-ray, infrared, and ultraviolet telescopes over the past century. The narrative seamlessly transitions to the
future, outlining upcoming missions like the expansion of the Event Horizon Telescope, exoplanet surveys, and ventures into dark
matter and dark energy realms. Concluding with an inspiring vision, the article underscores the pivotal role telescopes play in
unlocking the universe's enigmas, setting the stage for remarkable scientific exploration and discovery. As humanity peers into the
cosmic unknown, telescopes stand as beacons illuminating the path to extraordinary revelations.
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L. Introduction:

In the grand tapestry of scientific exploration, telescopes emerge as the indispensable lenses through which humanity peers into the
vast cosmic expanse. The pivotal role of telescopes in astronomical observation cannot be overstated. As we gaze skyward, these
instruments become our eyes, revealing the secrets of distant galaxies, unveiling the birth and death of stars, and tracing the contours
of the cosmos itself. Understanding the evolution of telescopic technology becomes not merely a historical pursuit but a key to
unlocking the mysteries that continue to captivate astronomers and stargazers alike. This review embarks on a journey spanning the
past, present, and future of telescopic technology, unravelling the intricate threads of optics, classification, historical milestones,
and the promising frontiers that await us in the celestial realms.

Our exploration unfolds on a dual axis: Optics and Categorization. The first section on Optics delves into the fundamental principles
governing telescope design. From the refraction of lenses in refracting telescopes to the reflection of mirrors in reflecting telescopes,
we unravel the intricate dance of light gathering and image formation. It's a journey into the physics of telescopes, where the magic
of distant celestial bodies converges onto our lenses. Categorization, the second pillar of our review, serves as a roadmap through
the diverse landscape of telescopic observation. We navigate through the vast array of telescopes, classified based on the
electromagnetic waves they capture and the operational realms they inhabit. From the ground-based observatories that dot our planet
to the space-based sentinels orbiting high above, we explore the telescopic universe's different dimensions.

The chronological exploration in the "Timeline of Telescopes for Astronomical Observation" serves as our temporal guide. We
traverse the epochs, from the inception marked by Hans Lippershey's pioneering work, through Galileo Galilei's revolutionary
observations, to Isaac Newton's groundbreaking contributions with reflecting telescopes. The journey extends into the last century,
witnessing the emergence of optical giants and the birth of cosmic, gamma, X-ray, ultraviolet, infrared, and radio telescopes, each
opening new windows to the universe. Peering into the future, our focus shifts to the "Future of Telescopes." Near-future missions
beckon, promising an expansion of the Event Horizon Telescope's reach, ongoing exoplanet surveys, and groundbreaking
advancements in Dark Matter and Dark Energy Observations. Casting our gaze further, we venture into the speculative realm of
far-future missions, contemplating technologies that might revolutionize our understanding of the cosmos.
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However, this review is not merely a documentation of technological evolution; it is a call to envision the future. As we recapitulate
the profound impact of telescopic observation on our understanding of the universe, we emphasize their role in unlocking cosmic
mysteries. This work, like the telescopes it envisions, challenges us to dream big, to reach beyond the stars, and to continue our
quest to understand the cosmos and our place within it.

I1. Optics: Physics of Telescopes
Principles of Telescope Optics

The Principles of Telescope Optics encompass the fundamental concepts guiding refracting telescopes, utilizing lenses, and
reflecting telescopes, and employing mirrors, each contributing distinctively to astronomical observation. Refracting telescopes,
historically referred to as the "spyglass," are foundational to telescopic technology, relying on the fundamental principle of light
refraction through lenses.!!! The inception in 1608, marked by Hans Lippershey's patent application, paved the way for Galileo
Galilei's subsequent improvements, culminating in the Galilean telescope. 1)
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Fig. 1. Legendries of Telescopic History, Hans Lippershey, Galileo Galilei and Sir Isaac Newton (From Left to Right). [Taken
from Wikimedia images]

This design, incorporating a convex objective lens and a concave eyepiece, achieved a magnification of up to three times. The
elegance of refracting telescopes lies in the simple yet effective bending of light as it passes through the lens, converging to create
a focused image . In a paradigm shift introduced by Sir Isaac Newton, reflecting telescopes utilize mirrors instead of lenses for
light gathering and focusing ). Newton's design, exemplified in the Newtonian telescope, features a concave primary mirror
gathering light and a flat secondary mirror directing it to an eyepiece or camera. Reflecting telescopes offer a distinct advantage by
eliminating chromatic aberration, a colour distortion inherent in refracting telescopes due to lens curvature. The application of
reflective surfaces empowers astronomers to overcome this limitation, thereby opening new vistas for astronomical observation.

Fig. 2. Top: The drawings of the Lunar Moon (Left) and Jupiter with its four Moons (Right) by Galileo Galilei during his
astronomical observation in 1609 ], and Bottom: The images of the Lunar Moon (Left), and Jupiter with its four Moons (Right)
captured using a small optical telescope. [7]
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Working Mechanism of Telescopes

The Working Mechanism of Telescopes is intricately linked to the vital processes of Gathering and Focusing Light. In both refracting
and reflecting telescopes, the fundamental objective is to collect and concentrate light from distant celestial objects. Refracting
telescopes achieve this through the curvature of lenses, bending and focusing incoming light rays. ! Conversely, reflecting
telescopes utilize mirrors for capturing and converging light, ensuring a more nuanced and accurate observation. ¥ The effectiveness
of telescopes in forming discernible images is crucial for astronomical analysis. Chromatic aberration, a challenge in refracting
telescopes, causing colour dispersion, is addressed by reflecting telescopes employing mirrors. Modern telescopes often incorporate
additional lenses or corrective measures to refine image clarity, providing a foundation for detailed astronomical exploration and
unveiling the mysteries of the cosmos.

Fig. 2. Painting of Galileo displaying his telescope to Leonardo Donato in 1609 (Left) [ and Replica of Newton's telescope of
1672 (Right) 2!
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Fig.3. Optics of Telescopes as applicable in Refracting type telescope using Lenses (Left) and Reflecting type telescope using
Mirrors (Right). 19

In summary, the principles of telescope optics, whether relying on lenses in refracting telescopes or mirrors in reflecting telescopes,
exemplify the ingenuity of astronomical instrumentation. From the early innovations of Lippershey and Galileo to the optical
advancements of Newton, the quest for clearer, more detailed observations has driven the evolution of telescope design and optics.
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II1. Categorization of Telescopes

Categorization of Telescopes Based on Electromagnetic Wave Observation

Telescopes are pivotal instruments in the realm of astronomical observation, each type uniquely designed to capture different
wavelengths, unravelling distinct facets of the cosmos. In the optical spectrum, optical telescopes, encompassing refracting and
reflecting variations, have played a historical role since the contributions of pioneers like Hans Lippershey, Galileo Galilei, and
Isaac Newton. Galileo's ground-breaking use of a refracting telescope allowed detailed examinations of celestial bodies in visible
light. Contemporary optical telescopes leverage advanced technologies, including adaptive optics, to compensate for atmospheric
distortions, ensuring unprecedented clarity in observations. The Hubble Space Telescope (HST), a beacon in optical astronomy, has
made significant contributions, including determining the rate of expansion of the universe and providing profound insights into

the cosmos. !
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Fig. 4. Milton spectrum, showing the type of electromagnetic radiation and its characteristics (Left)!'?), the effect of the
atmosphere on electromagnetic radiation (Right). ['*], and possible spectrum windows for various telescopes in astronomical
observations, explaining the reason only visible and radio telescopes can work on Earth’s surface. 'Y [NASA Images]

The advent of radio telescopes in the early 20th century marked a technological leap, enabling the observation of radio waves
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emitted by celestial sources. George Ellery Hale's foundational work set the stage for solar dynamics studies. (']
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Fig. 5. Famous radio telescopes in the world, a) 9 metre Reber Radio Telescope in the US, b) 64 metres Parkes Telescope in
Australia, ¢) 100 metres Green Bank Telescope in the US, d) 305 metre Arecibo Telescope in the US, and e) 500 metres FAST
telescope in China. [Taken from Wikimedia images]

Notable examples include the Lovell telescope at Jodrell Bank Observatory in England %1 and Parkes Observatory in Australia [!”)
among the initial ones, and the Effelsberg telescope in Germany ['¥ and the Green Bank telescope in the USA [') among the largest
ones. The Five-hundred-meter Aperture Spherical Telescope (FAST) 2, the world's largest telescope with a diameter of 500 meters,
is located in China. Also, among the world-famous are the South Pole Telescope (SPT) 2!} in Antarctica, the Submillimetre Array
(22 in the US and the Square Kilometre Array Pathfinder in Australia [>¥], showcasing the capabilities of radio telescopes in
unravelling the mysteries of distant galaxies and cosmic microwave background radiation. Often deployed in arrays, radio
telescopes offer high-resolution imaging and detailed maps of radio-emitting celestial objects. The Arecibo Observatory 4], with
its colossal radio dish, confirmed Einstein's theory of relativity, conducted radar mapping of planets, detected exoplanets, and played
a pivotal role in the Search for Extra-terrestrial Intelligence (SETI) %], leaving an indelible mark on astronomy!2¢],
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Fig. 6. Maps of the Milky Way galaxy at ten wavelength regions, involving Radio Continuum (408 MHz), Atomic Hydrogen,

Radio Continuum (2.4 - 2.7 GHz), Molecular Hydrogen, Mid Infrared, Mid Infrared, Near Infrared, Optical, X-Ray, Gamma Ray,
from top to bottom. [NASA Images]

Beyond the visible spectrum, infrared and ultraviolet telescopes extend our observational reach. The James Clerk Maxwell
Telescope (JCMT) 27 in Hawaii and the Hubble Space Telescope (HST) 28 in orbit exemplify advancements in these categories.
HST, with its ability to capture detailed ultraviolet images, revolutionized our understanding of distant galaxies ). Infrared
telescopes, such as the Spitzer Space Telescope ?°), unveil the cool, dust-obscured regions of the universe, shedding light on star
formation and planetary systems. The Spitzer Space Telescope launched in 2003, studied a wide range of astronomical phenomena,
from the formation of stars and planetary systems to distant galaxies and exoplanets. % X-ray and gamma-ray telescopes delve into
the high-energy domains, uncovering extreme cosmic phenomena like black holes and supernovae. 3132 The Chandra X-Ray
Observatory %, Jaunched by NASA in 1999, delves into high-energy processes, studying phenomena like black holes and supernova
remnants. Chandra's accomplishments include research on supernova remnants, black hole studies, galaxy clusters' mass estimation,
and the study of stellar winds and coronal emissions 3. Gamma-ray telescopes, overcoming challenges in detection, explore the
highest-energy photons. Instruments like the Fermi Gamma-Ray Space Telescope 4, launched in 2008, contribute to the discovery
of pulsars, identification of gamma-ray bursts, and studies of active galactic nuclei 3. Cosmic ray telescopes, typified by the Pierre
Auger Observatory in Argentina 361, detect high-energy particles from space, contributing essential data for astrophysical and
particle physics research. Studying the arrival directions and energies of cosmic rays, these telescopes offer valuable insights into
the origin and impact of these elusive particles 7). Each type of telescope plays a crucial role in advancing our understanding of
the universe, contributing to significant discoveries and unveiling the mysteries hidden within the cosmic spectrum.
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Categorization of Telescopes Based on Operational Location and Surface Characteristics

Telescopes can be categorized not only based on the electromagnetic spectrum they observe but also by their operational location,
a distinction critical for optimizing observational capabilities. This categorization considers both the surface on which the telescope
operates and its location, either on Earth or in space.*® The Earth's atmosphere poses a unique challenge to certain wavelengths of
electromagnetic radiation. For instance, the atmosphere is opaque to many wavelengths of ultraviolet and X-ray radiation,
necessitating the placement of telescopes observing these spectra in space. The atmosphere's absorption and emission of infrared
radiation also impact ground-based observations in this spectrum, leading to the deployment of infrared telescopes in space. ¥ This
categorization by operation location ensures that telescopes can overcome atmospheric limitations and capture a broader range of
celestial phenomena.

Fig. 7. Most important observatories for astronomy, showing 10m Twin Keck telescopes two Optical and Near Infrared telescopes
in Hawaii US, James Clerk Maxwell Telescope a submillimetre radio telescope in Hawaii US, and Pierre Auger Observatory an
international cosmic ray observatory in Argentina (From Left to Right, Source: Wikimedia)

Fig. 8. Some prominent Space Telescopes, a) Hubble Space Telescope for deep space observations, b) Kepler Space Telescope for
exoplanet survey, c) Transiting Exoplanet Survey Satellite (TESS) for exoplanet survey, d) Spitzer Space Telescope for Infrared
observations, e) Fermi Gamma Ray telescope for Gamma Observations, and f) Chandra X-Ray Observatory for X-ray
observations. [Wikimedia Images]

Ground-based telescopes, situated on Earth's surface, include optical and radio telescopes. Optical telescopes take advantage of the
relatively transparent windows in the atmosphere to observe visible light. The Gran Telescopio Canarias, also known as GranTeCan
or GTC, is a reflective telescope with a diameter of 10.4 meters (410 inches). Situated at the Roque de los Muchachos Observatory
on La Palma, part of the Canary Islands in Spain, it holds the distinction of being the largest optical telescope with a single aperture
in the world. () The Mauna Kea Observatories in Hawaii, with their high-altitude location, exemplify the advantages of ground-
based optical telescopes. 1 In contrast, radio telescopes, such as the Karl G. Jansky Very Large Array (VLA) ™ in New Mexico,
are strategically located to minimize electromagnetic interference from human-made sources. On the other side, Space-based
telescopes, like the Hubble Space Telescope (HST), operate above Earth's atmosphere, avoiding atmospheric distortions and
enabling clear observations across the ultraviolet, visible, and near-infrared spectra. The Chandra X-ray Observatory, another space-
based telescope, captures X-rays unhindered by atmospheric absorption. The spatial placement of these telescopes ensures optimal
data collection and enhances our ability to explore the universe across a wide range of wavelengths. (3]

Moreover, the surface characteristics of telescopes play a vital role in their functionality. Optical telescopes as discussed earlier, are
classified based on the type of principle used for observation, such as reflecting or refracting. Reflecting telescopes, like the Large
Binocular Telescope (LBT) 4 in Arizona, utilize mirrors to gather and focus light, while refracting telescopes, exemplified by the
Gran Telescopio Canarias (GTC) [ in Spain, employ lenses for this purpose. The strategic placement and design considerations
associated with ground-based and space-based telescopes underscore their collective impact on shaping our comprehension of the
universe.
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IV. Timeline of Telescopes for Astronomical Observation

The Past/History of Telescopes (Up to 1923)

The historical journey of telescopic technology traces its roots back to the early 17th century, marked by pivotal figures and
groundbreaking innovations. Hans Lippershey, in 1608, stands at the forefront of this narrative with his foundational contributions
to the inception of telescopic technology. % His patent application marked the beginning of a revolutionary era in observational
astronomy. However, it was the profound insights of Galileo Galilei that truly propelled telescopic observation to new heights.

Fig. 9. Top: Galilean optical refracting telescope (y —Object; y' — Real image; y” — Magnified virtual image; D —Pupil diameter on
entry; d —Pupil diameter on exit; L1 — Objective lens; L2 — Eyepiece lens; e — Virtual exit pupil), Bottom: Keplerian optical
refracting telescope (f-focal length)

Galileo's pioneering observations in the early 17th century were transformative. Using a refracting telescope, he scrutinized the
night sky and made unprecedented revelations, such as the discovery of Jupiter's moons, the phases of Venus, and the observation
of sunspots. 7 Galileo's work laid the groundwork for a more profound understanding of the celestial realm. The 17th century also
witnessed the advent of the reflecting telescope, a paradigm shift introduced by Isaac Newton. Newton's innovative design, featuring
a concave primary mirror, not only mitigated chromatic aberration but also opened a new chapter in observational astronomy. 131
The reflecting telescope, with its improved image clarity, became a cornerstone for future astronomical discoveries.

This historical journey, up to a century back from now, reflects the collaborative efforts of these visionaries, each contributing a
crucial piece to the evolving puzzle of telescopic observation.
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The Past to Present Journey (1923-2023): 100 Years of Observation

The timeline of telescopic observation from a century unfolds as a rich tapestry of scientific exploration, marked by major milestones
and paradigm-shifting discoveries that have reshaped our understanding of the cosmos.

Table 1. Important Eras in astronomical observation with the kind of telescopic observations.

Era Explanation Key Advancements & Discoveries
Ancient Silhouettes of stargazers using gnomons and | Tracking celestial movements, predicting seasons and
Era astrolabes against a starry sky. eclipses.
Galileo's A telescope pointing towards the Moon, with | Telescope invention, observations of Moon's craters,
Era Jupiter's moons and Venus phases in the | Jupiter's moons, Venus phases, phases of the Sun.
background.
Newton's A reflecting telescope reflecting sunlight, | Reflecting telescope design, improved light-gathering
Era revealing hidden celestial details. power, observations of nebulae, double stars.
Herschel's Era A telescope aiming at Uranus, with a trail of | Discovery of Uranus, systematic sky surveys,
other planets signifying its ground breaking | classification of nebulae.
discovery.
Photographic A camera capturing the faint glow of a nebula, | Recording celestial objects, spectral analysis of stars,
Era symbolizing the dawn of astronomical | discovery of invisible phenomena.
photography.
Giant Telescope | A silhouette of a massive telescope dome | Large telescopes like Lick and Yerkes, increased resolution
Era reaching towards the cosmos, representing the | and light-gathering power, detailed studies of stars and
pursuit of deeper observations. galaxies.
Space A satellite telescope orbiting Earth, sending | Observations beyond Earth's atmosphere, Hubble Space
Telescope Era back images of distant galaxies and planets. Telescope's  revolutionary  images, discoveries of
exoplanets, deep field observations.
Modern A montage of diverse telescopes — ground- | Diverse array of telescopes, multi-wavelength
Era based, space-based, radio, and optical — | observations, studies of black holes, gravitational waves,
working together to paint a comprehensive | dark matter and energy.
picture of the universe.
Future A silhouette of a futuristic telescope pointed | Next-generation telescopes like James Webb and ELT,
Era towards a swirling nebula, hinting at the | pushing the boundaries of observation, exploring the
endless possibilities for future discoveries. origins of the universe, searching for habitable worlds.

The pioneering years, spanning from 1923 to 1940, witnessed the foundational work of George Ellery Hale ['%), leading to the
completion of the 200-inch Hale Telescope at Palomar Observatory 1 in 1948. This colossal instrument, often referred to as the
Palomar Observatory Hale Telescope, became the largest optical telescope of its time, signalling a new era in observational
astronomy. The post-war period, particularly the 1950s and 1960s, saw the emergence of radio astronomy. *°! The launch of Sputnik
1 in 1957 unintentionally opened the door to radio observations of Earth's ionosphere. [*!) Notable contributions include the Green
Bank Telescope (GBT), operational since 2000, standing as a testament to the evolution of radio astronomy. ! The 1960s also saw
the establishment of the Arecibo Observatory in Puerto Rico, a colossal radio telescope that played a pivotal role in confirming
Einstein's theory of relativity, mapping planets, detecting exoplanets, and contributing to the Search for Extraterrestrial Intelligence
(SETI). 2% The late 20" century decades brought forth a new horizon in space with the launch of the Hubble Space Telescope (HST)
in 1990. %2 This transformative observatory, positioned above Earth's atmosphere, delivered unprecedented optical clarity. Its
contributions encompass determining the rate of expansion of the universe, discovering exoplanets, and capturing captivating
images of distant galaxies. Advancements in infrared astronomy took centre stage in the 1980s and 1990s. The launch of the Infrared
Astronomical Satellite (IRAS) 331 in 1983 marked a pivotal moment, providing the first comprehensive survey of the entire sky in
infrared wavelengths. 541 Subsequent missions, including the Spitzer Space Telescope and the James Clerk Maxwell Telescope
(JCMT), further expanded our understanding of star formation and the composition of interstellar dust. 535! The new millennium
ushered in revelations in X-ray astronomy with the Chandra X-ray Observatory entering service in 1999. 571 This observatory, with
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its high-resolution imaging capabilities, delved into the dynamics of galaxy clusters, explored the remnants of exploded stars, and
provided insights into the behaviour of black holes. 3%

Table 2. Timelines of famous telescopes and major milestones in Astronomical Observation during the last 100 years.

Year Name of Telescope/Observatory Location

1930 First radio telescope Jansky New Jersey

1934 First 14-inch Schmidt optical reflecting telescope Palomar, California

1936 18-inch Schmidt optical reflecting telescope Palomar, California

1937 31-feet radio telescope Reber Wheaton, Illinois

1947 Jodrell Bank 218-foot radio telescope Cheshire, England

1949 Palomar 48-inch and 200-inch telescopes Palomar, California

1956 Dwingeloo Radio Observatory 25 m telescope Netherlands

1957 Jodrell Bank 250-foot steerable radio telescope Cheshire, England

1959 Shane 120-inch Telescope San Jose, California

1961 Parkes 64-metre radio telescope Awustralia

1962 Founding of European Southern Observatory Headquaters Munich, Germany

1962 Green Bank 90m radio telescope West Virginia, United States

1963 Arecibo 300-meter radio telescope Puerto Rico

1967 First VLBI images produced International Collaborations

1969 Founding of Las Campanas Observatory éﬁf:ma Desert of northern

1970 )}ii:;;tegléslciigr;;?etlelzilteescopes, & Launch of Uhuru Tucson, Arizona

1972 100 m Effelsberg radio telescope Bonn, Germany

1978 International Ultraviolet Explorer and Einstein High | United States (NASA), and

Energy Astronomy Observatory Europe (ESA)

1980 Very Large Array Socorro, New Mexico
United States (NASA),

1983 Infrared Astronomical Satellite (IRAS) Netherlands (NIVR), and
United Kingdom (SERC)

1984 IRAM 30-m telescope Pico Veleta, Spain

1987 James Clerk Maxwell '\H/I;lej/g?i Kea Observatory,

1987 Swedish-ESO Submillimetre Telescopes Eﬁﬁel‘a Silla Observatory in

1988 Australia Telescope Compact Array Narrabri, Australia
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1989 Cosmic Background Explorer (COBE) satellite United States (NASA)
United States (NASA), and
1990 Hubble Space Telescope Europe (ESA)
1991 Compton Gamma Ray Observatory satellite United States (NASA)
1993 Keck 10-meter telescope and Very Long Baseline Mauna Kea Observatory,
Array Hawaii
1995 Cambridge Optical Aperture Synthesis Telescope Cambridge, England
1995 Giant Metrewave Radio Telescope Pune, India
1996 Keck 2 10-meter telescope Maung_ Kea Observatory,
awaii
2001 First light at Keck Interferometer and VLTI Mauna Kea Observatory,
interferometry array Hawaii
2005 South African Large Telescope Northern Cape of South Africa
2007 Gran Telescopio de Canarias largest optical Canary Islands of Spain
telescope
2016 Five-hundred-meter Aperture Spherical Telescope Pingtang County, China
(FAST)
United States (NASA),
European Space Agency
2021 James Webb Space Telescope (ESA), and the Canadian Space
Agency (CSA)
. . Japan (JAXA), United States
2023 Euclid and XRISM satellites (NASA), Europe (ESA)

The 2010s witnessed a paradigm shift with the advent of multimessenger astronomy. %1 In 2015, the detection of gravitational
waves by the Laser Interferometer Gravitational-Wave Observatory (LIGO) [°! confirmed a prediction by Albert Einstein a century
earlier, opening a new window to the universe. [®! This groundbreaking discovery allowed scientists to observe cataclysmic events
such as neutron star mergers. (%2 In 2019, the Event Horizon Telescope (EHT) [®¥) achieved a historic milestone by capturing the
first-ever image of a black hole in the centre of the galaxy M87. [ This monumental achievement provided visual confirmation of
a theoretical prediction and offered profound insights into the nature of these enigmatic cosmic entities. ETH also provided an
image of Sagittarius A black hole in 2022, 63

Fig.11. Largest Milestones achieved in Astronomical Instrumentations with the largest single-aperture surface telescope Gran
Telescopio Canarias in Spain (Left), the largest space telescope James Webb (Mid), and under construction intergovernmental
international radio telescope Square Kilometre Array in Australia and Africa (Right). [Wikimedia Images]

The recent launch of the James Webb Space Telescope (JWST) [°%), is poised to push the boundaries of infrared observation. This
next-generation telescope will enable astronomers to peer into the early universe and study the atmospheres of exoplanets. [67]
Additionally, the under-construction Square Kilometre Array (SKA) [ in Australia, an ambitious radio telescope project, aims to
revolutionize our understanding of the cosmos by offering unprecedented sensitivity and survey speed. Various Very Long Baseline
Interferometry (VLBI) arrays worldwide, including those in Europe, Canada, the United States, Chile, Russia, China, South Korea,
Japan, Mexico, Australia, and Thailand, contribute to high-sensitivity observations. [*°) The European VLBI Network (EVN) stands
out as the most sensitive, uniting major European radio telescopes for weeklong sessions, with data processed at the Joint Institute
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for VLBI in Europe (JIVE). " The Very Long Baseline Array (VLBA) in the US, with ten 25-meter telescopes spanning 5351
miles, operates year-round as a versatile astronomical and geodesy instrument. [7'! Combining EVN and VLBA forms the Global
VLBI, achieving unparalleled resolution when supplemented by space-based antennas like HALCA or Spektr-R.

Event Horizon Telescope (EHT)

A Global Network of Radio Telescopes

Sagittarius A

Fig. 12. The network of Event Horizon Telescope with major telescopes partnered for deep and complex astronomical
observations (Left), and Diagram depicting the working of ETH network interferometry to produce complex results such as
images of black holes, two shown below M87 and Sagittarius A. [Wikimedia Images]

This global collaboration, exemplified in the 1976 joint observation of hydroxyl-maser sources, remains crucial, notably in projects
like the Event Horizon Telescope, focused on imaging supermassive black holes as published in recent years and also for future
observations. ") From George Ellery Hale's pioneering efforts to the emerging frontiers with JWST, SKA, FAST and the
monumental discoveries of black hole images by EHT, each era has added layers to the narrative of humanity's quest to explore the
cosmos, with milestones marked by groundbreaking discoveries and technological advancements. The next chapters in this cosmic
saga promise even more profound insights as we continue to unravel the mysteries of the universe.

The Future of Telescopes and Astronomical Observation

As we stand on the precipice of the next frontier in astronomical observation, the future of telescopes unfolds with promising
prospects and ground breaking missions. The Event Horizon Telescope (EHT), having etched its name in history by capturing the
first-ever image of a black hole, is poised for expansion. [**I731 Beyond black holes, the cosmic quest extends to the exploration of
exoplanets, a burgeoning field propelled by ongoing and upcoming surveys. Telescopes dedicated to exoplanet observation are set
to usher in a new era of discovery, probing distant worlds for signs of habitability and potential extraterrestrial life. "* The
advancements in exoplanet surveys hold the promise of transforming our understanding of the vast cosmic landscape, bringing us
closer to answering the age-old question of whether we are alone in the universe. 737! Simultaneously, the horizon of observational
astronomy widens with strides in understanding the elusive realms of dark matter and dark energy. Telescopes equipped with cutting-
edge technologies are at the forefront of this quest, poised to delve deeper into the cosmic fabric and decipher the fundamental
forces shaping the universe. The interplay of gravitational forces and the cosmic dance of invisible matter are poised to be
illuminated, offering profound insights into the very essence of our cosmic existence. ")

= "

.

Fig. 13. Some major observatories planned for the future, a) GMT Giant Magellan Telescope 25.4-meter ground-based telescope
in Chile (LCO-2025), b) ELT Extremely Large Telescope optical/near-infrared telescope in Chile (ESO-2025), ¢c) TMT Thirty
Meter Telescope in the island of Hawaii, d) LISA Laser Interferometer Space Antenna (ESA-2037) for Gravitational waves, )

XpoSat X-ray Polarimeter Satellite to study polarisation of cosmic X-rays (ISRO-2023/24), f) Lynx X-ray Observatory (NASA-

2036), g) Habitable Exoplanet Observatory for image Earth-size habitable exoplanets (NASA-), and h) Origins Space Telescope

for far-infrared observations (NASA-2035)
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Moving further, the trajectory of far-future missions is veiled in the potential for unprecedented advancements, both in instrumental
capabilities and conceptual frameworks. Speculation on revolutionary technologies opens avenues for envisioning telescopes
equipped with quantum sensors, advanced Al-driven data processing, and possibly even the deployment of telescopes on
extraterrestrial bodies or within intricate orbital networks. 81 Moreover, the potential for game-changing discoveries looms large
on the cosmic horizon. Imagine telescopes with the capability to discern the signatures of extraterrestrial life or unravel the mysteries
of cosmic phenomena such as dark energy in ways previously deemed unattainable. A NASA Space telescope named The Dark
Universe Observatory (DUO) is also planned which will conduct X-ray observations of galaxy clusters to find data related to dark
matter and dark energy. ") The Artemis program, set to return humans to the Moon, introduces the concept of in-space telescope
assembly within lunar craters, promising interference-free observations and revolutionizing astronomical research. 3% Collaboration
between the Lunar Crater Radio Telescope (LCRT) and Artemis envisions a lunar-based radio telescope, shielding it from Earth's
interference and potentially revolutionizing radio astronomy. 7 Advances in optical surfacing technologies further enhance large
optics manufacturing, offering precision and cost-effectiveness. 2 Looking ahead, the Moon emerges as a hub for telescope
megaprojects, boasting low gravity and minimal atmospheric disturbances. The Artemis-LCRT collaboration outlines shared lunar
infrastructure, power, communication, and resource-sharing possibilities, aligning lunar exploration with astronomical pursuits. !
The Event Horizon Telescope (EHT), a global endeavour capturing the first black hole image, exemplifies collaborative success.
The network includes observatories like Submillimetre Array (SMA), Atacama Large Millimetre/sub-millimetre Array (ALMA),
South Pole Telescope (SPT), IRAM 30-metre Telescope, and James Clerk Maxwell Telescope (JCMT). &%)

Future telescopic missions promise expansion of EHT, exoplanet surveys, and advances in dark matter and dark energy observations.
The interplay of imagination and scientific inquiry becomes the guiding force, leading us into a cosmic odyssey that transcends the
limits of our current comprehension.

Discussion: Challenges and Possibilities in Telescopic Observation

Telescopic technology, from its inception to the present, has undergone transformative innovations that redefined our cosmic
perspective. Atmospheric turbulence remains a persistent challenge, distorting celestial images and limiting observational clarity.
[84] Technological advancements, including adaptive optics and sophisticated image correction algorithms, are pivotal in mitigating
these effects. 89 These innovations enable telescopes to dynamically adjust to atmospheric conditions, enhancing resolution and
unveiling celestial details with unprecedented precision. Despite technological strides, challenges persist due to environmental
factors such as daylight, weather conditions, and geographical constraints. Daylight restrictions necessitate nocturnal observations,
and adverse weather conditions impede data collection. Geographical limitations further confine certain observatories to specific
latitudes, impacting comprehensive sky coverage. Limited observation windows pose substantial implications for astronomical
research, constraining the availability of critical data for comprehensive cosmic studies.

The financial investments and international collaboration essential for large-scale telescopes underscore a potential divide in access,
particularly affecting researchers from developing nations. The considerable costs associated with constructing and maintaining
cutting-edge observatories may limit participation, hindering the inclusivity of astronomical exploration. Balancing financial
considerations with a commitment to global collaboration is crucial for fostering a more equitable distribution of observational
resources. Collaboration emerges as a key theme, both in addressing challenges and advancing cosmic exploration. Ongoing and
potential collaborations among different space missions amplify observational capabilities. Sharing resources, expertise, and
infrastructures, these collaborations synergize efforts to tackle complex cosmic inquiries. The interplay between space missions,
like the collaboration between the Lunar Crater Radio Telescope and the Artemis program, exemplifies how joint initiatives can
broaden the scope of astronomical research.

Reflecting on possibilities, the future holds promises of major discoveries. Telescopic advancements, coupled with Al integration,
offer a comprehensive approach to exploring elusive phenomena. The pursuit of understanding dark matter, deciphering the enigma
of dark energy, and unveiling the secrets of black holes stands as a testament to the relentless quest for cosmic knowledge. As
technology evolves and observational capacities continue to expand, telescopes remain dynamic instruments propelling humanity
toward ever-deeper cosmic insights.

Summary and Conclusion

This comprehensive review of the evolution of telescopic observation holds profound relevance for astronomers, researchers, and
educators alike. For astronomers, it serves as a detailed exploration of the diverse types of telescopes across the electromagnetic
spectrum, providing insights into their historical significance and contemporary advancements. Researchers benefit from a nuanced
understanding of how innovations, from adaptive optics to advanced data analysis techniques, shape the course of telescopic
technology. Moreover, the categorization of telescopes based on electromagnetic observation widens the scope of possibilities for
future research directions. Educators find valuable material to inspire the next generation of astronomers, offering a rich tapestry of
historical milestones and contemporary breakthroughs. Overall, this review stands as a resourceful compendium, bridging the past,
present, and future of telescopic observation.

In conclusion, this review illuminates the transformative role telescopes play in unravelling the mysteries of the universe. From the
pioneering observations of Galileo to the cutting-edge technologies of today's space-based observatories, telescopes have
continually reshaped our cosmic perspective. The discussion on ongoing and future missions, collaborations, and innovations
underscores the dynamic nature of telescopic technology. As telescopes continue to push the boundaries of exploration, encouraging
advancements in understanding dark matter, dark energy, and celestial phenomena, their significance cannot be overstated. The
transformative power of telescopes lies not only in their ability to capture distant cosmic wonders but also in inspiring curiosity,
sparking scientific endeavours, and fostering a collective vision for unravelling the secrets of the cosmos. This review serves as
both a reflection on the monumental strides we've made and a call to embrace the ongoing journey of exploration and innovation in
telescopic technology.

IJRAR24A1121 International Journal of Research and Analytical Reviews (IJRAR) ‘ 881



© 2024 IJRAR January 2024, Volume 11, Issue 1 www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138)
References

[1]. Price, Derek deSolla (1982). On the Brink of Tomorrow: Frontiers of Science. Washington D.C.: National Geographic Society.
p. 16.

[2]. King, C. C. (2003). The History of the Telescope. Dover Publications. p.30. ISBN 978-0-486-43265-6.

[3]. Singer, C. (1941). A Short History of Science to the Nineteenth Century. Clarendon Press. p. 217.

[4]. Jim Quinn, Stargazing with Early Astronomer Galileo Galilei, Sky & Telescope, July 31, 2008

[5]. Reflecting telescopes: Newtonian, two- and three-mirror systems. Telescope-optics.net. Retrieved 2023-11-27.

[6]. Galileo and the Telescope. (n.d.). Retrieved from https://www.atnf.csiro.au/outreach/
education/senior/astrophysics/galileo.html

[7]. Jupiter and Moons — The Soggy Astronomer. (n.d.). Retrieved from http://soggy astronomer.com/jupiter-and-moons/

[8]. White, Michael (1997). Isaac Newton: The Last Sorcerer. Fourth Estate Limited. ISBN 978-1-85702-416-6.

[9]. Taylor, Harold Dennis; Gill, David (1911). "Telescope"”. In Chisholm, Hugh (ed.). Encyclopaedia Britannica. Vol. 26 (11th
ed.). Cambridge University Press. pp. 557-573.

[10]. Britannica, The Editors of Encyclopaedia. "telescope summary”. Encyclopedia Britannica, 7 Jun. 2011,
https://www.britannica.com/summary/optical-telescope. Accessed 5 November 2023.

[11]. Freedman WL, Madore BF, Gibson BK, Ferrarese L, Kelson DD, Sakai S, Mould JR, Kennicutt Jr RC, Ford HC, Graham JA,
Huchra JP. Final results from the Hubble Space Telescope key project to measure the Hubble constant. The Astrophysical Journal.
2001 May 20;553(1):47.

[12]. The lonosphere. (n.d.). Retrieved from https://radiojove.gsfc.nasa.gov/education/activities/ iono.html

[13]. EM  Spectrum Properties edit.svg - Wikimedia Commons. (2007, October 26). Retrieved from
https://commons.wikimedia.org/wiki/File:EM_Spectrum_Properties_edit.svg

[14]. Madl, Pierre & Egot-Lemaire, Stephane. (2015). The field and the photon from a physical point of view.

[15]. Wright H. Explorer of the universe: a biography of George Ellery Hale. Plunkett Lake Press; 2021 Mar 18.

[16]. Basu A, Shaw B, Antonopoulou D, Keith MJ, Lyne AG, Mickaliger MB, Stappers BW, Weltevrede P, Jordan CA. The Jodrell
bank glitch catalogue: 106 new rotational glitches in 70 pulsars. Monthly Notices of the Royal Astronomical Society. 2022
Mar;510(3):4049-62.

[17]. Robertson P. An Australian icon-planning and construction of the Parkes Telescope. arXiv preprint arXiv:1210.0987. 2012
Oct 3.

[18]. Wielebinski R, Junkes N, Grahl BH. The effelsberg 100-m radio telescope: Construction and forty years of radio astronomy.
Journal of Astronomical History and Heritage (ISSN 1440-2807), Vol. 14, No. 1, p. 3-21 (2011).. 2011 Mar;14:3-21.

[19]. Prestage RM, Constantikes KT, Hunter TR, King LJ, Lacasse RJ, Lockman FJ, Norrod RD. The green bank telescope.
Proceedings of the IEEE. 2009 Jun 23;97(8):1382-90.

[20]. Nan R, Li D, Jin C, Wang Q, Zhu L, Zhu W, Zhang H, Yue Y, Qian L. The five-hundred-meter aperture spherical radio
telescope (FAST) project. International Journal of Modern Physics D. 2011 Jun 5;20(06):989-1024.

[21]. SPT: John Ruhl, Peter A. R. Ade, John E. Carlstrom, Hsiao-Mei Cho, Thomas Crawford, Matt Dobbs, Chris H. Greer, Nils
w. Halverson, William L. Holzapfel, Trevor M. Lanting, Adrian T. Lee, Erik M. Leitch, Jon Leong, Wenyang Lu, Martin Lueker,
Jared Mehl, Stephan S. Meyer, Joe J. Mohr, Steve Padin, T. Plagge, Clem Pryke, Marcus C. Runyan, Dan Schwan, M. K. Sharp,
Helmuth Spieler, Zak Staniszewski, Antony A. Stark, "The South Pole Telescope," Proc. SPIE 5498, Millimeter and Submillimeter
Detectors for Astronomy I, (8 October 2004); https://doi.org/10.1117/12.552473

[22]. Johnston S, Taylor R, Bailes M, Bartel N, Baugh C, Bietenholz M, Blake C, Braun R, Brown J, Chatterjee S, Darling J.
Science with ASKAP: The Australian square-kilometre-array pathfinder. Experimental astronomy. 2008 Dec;22:151-273.

[23]. Ho PT, Moran JM, Lo KY. The submillimeter array. The Astrophysical Journal. 2004 Oct 28;616(1):L1.

[24]. P. A. Castleberg and K. M. Xilouris, "The Arecibo Observatory,” in IEEE Potentials, vol. 16, no. 3, pp. 33-35, Aug.-Sept.
1997, doi: 10.1109/45.609894.

[25]. Straumann, N. (1993). A Laboratory for Relativity. Europhysics News, 24(8), 191-193

[26]. Jiang JH, Li H, Chong M, Jin Q, Rosen PE, Jiang X, Fahy KA, Taylor SF, Kong Z, Hah J, Zhu ZH. A Beacon in the Galaxy:
Updated Arecibo Message for Potential FAST and SETI Projects. Galaxies. 2022 Mar 25;10(2):55.

[27]. Robson EI. The James Clerk Maxwell Telescope. Developments into the 1990’s. InThe Physics and Chemistry of Interstellar
Molecular Clouds: Proceedings of the 2nd Cologne-Zermatt Symposium Held at Zermatt, Switzerland, 21-24 September 1993 2006
Dec 26 (pp. 360-361). Berlin, Heidelberg: Springer Berlin Heidelberg.

[28]. Mould JR, Huchra JP, Freedman WL, Kennicutt Jr RC, Ferrarese L, Ford HC, Gibson BK, Graham JA, Hughes SM,
Illingworth GD, Kelson DD. The Hubble Space Telescope key project on the extragalactic distance scale. XXVIII. Combining the
constraints on the Hubble constant. The Astrophysical Journal. 2000 Feb 1;529(2):786.

[29]. Gehrz RD, Roellig TL, Werner MW, Fazio GG, Houck JR, Low FJ, Rieke GH, Soifer BT, Levine DA, Romana EA. The
NASA Spitzer space telescope. Review of scientific instruments. 2007 Jan 1;78(1).

[30]. Deming D, Knutson HA. Highlights of exoplanetary science from spitzer. Nature Astronomy. 2020 May;4(5):453-66.

[31]. Arnaud K, Smith R, Siemiginowska A, editors. Handbook of X-ray Astronomy. Cambridge University Press; 2011 Sep 29.
[32]. Pinkau K. History of gamma-ray telescopes and astronomy. Experimental Astronomy. 2009 Aug;25:157-71.

[33]. Weisskopf MC, Tananbaum HD, Van Speybroeck LP, O'Dell SL. Chandra X-ray Observatory (CXO): overview. X-Ray
Optics, Instruments, and Missions 111. 2000 Jul 18;4012:2-16.

[34]. McEnery JE, Michelson PF, Paciesas WS, Ritz S. Fermi gamma-ray space telescope. Optical Engineering. 2012 Jan
1;51(1):011012-.

[35]. Michelson PF, Atwood WB, Ritz S. Fermi Gamma-ray Space Telescope: high-energy results from the first year. Reports on
Progress in Physics. 2010 Jun 14;73(7):074901.

[36]. Abraham J, Abreu P, Aglietta M, Ahn EJ, Allard D, Allen J, Alvarez-Muniz J, Ambrosio M, Anchordoqui L, Andringa S,
Anti¢i¢ T. Measurement of the energy spectrum of cosmic rays above 1018 eV using the Pierre Auger Observatory. Physics Letters
B. 2010 Mar 8;685(4-5):239-46.

IJRAR24A1121 ‘ International Journal of Research and Analytical Reviews (IJRAR) ‘ 882



© 2024 IJRAR January 2024, Volume 11, Issue 1 www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138)
[37]. Fenu F, Pierre Auger Collaboration. The cosmic ray energy spectrum measured with the Pierre Auger Observatory. Advances
in Space Research. 2023 Jun 16.

[38]. Spitzer L. The beginnings and future of space astronomy. American Scientist. 1962 Sep 1;50(3):473-84.

[39]. Houghton JT. The physics of atmospheres. Cambridge University Press; 2002 Mar 14.

[40]. Klotz, Irene (2009-07-24). "New telescope is world's largest ... for now".

[41]. Thompson LA, Gardner CS. Experiments on laser guide stars at Mauna Kea Observatory for adaptive imaging in astronomy.
Nature. 1987 Jul 16;328(6127):229-31.

[42]. Lacy M, Baum SA, Chandler CJ, Chatterjee S, Clarke TE, Deustua S, English J, Farnes J, Gaensler BM, Gugliucci N, Hallinan
G. The Karl G. Jansky very large array sky survey (VLASS). Science case and survey design. Publications of the Astronomical
Society of the Pacific. 2020 Jan 28;132(1009):035001.

[43]. Board SS, National Research Council. New worlds, new horizons in astronomy and astrophysics. National Academies Press;
2011 Jan 4.

[44]. Esposito S, Riccardi A, Pinna E, Puglisi A, Quirds-Pacheco F, Arcidiacono C, Xompero M, Briguglio R, Agapito G, Busoni
L, Fini L. Large Binocular Telescope Adaptive Optics System: new achievements and perspectives in adaptive optics. Astronomical
Adaptive Optics Systems and Applications V. 2011 Sep 16;8149:11-20.

[45]. CANARIAS GT. Gran Telescopio CANARIAS. Obtenido de Gran Telescopio CANARIAS: http://www. gtc. iac. es/gtc/gtc.
php. 1998 Jun 3.

[46]. Moore P. The Very first Telescope. InEyes on the Universe: The Story of the Telescope 1997 (pp. 7-12). London: Springer
London.

[47]. Gingerich O. Galileo, the Impact of the Telescope, and the Birth of Modern Astronomy. Proceedings of the American
Philosophical Society. 2011 Jun 1;155(2):134-41.

[48]. Wilson C. The Newtonian achievement in astronomy. René Taton and Curtis Wilson. Cambridge: Cambridge University
Press; 1989.

[49]. Bowen IS. The Palomar Observatory. The Scientific Monthly. 1951 Sep 1;73(3):141-9.

[50]. Burke BF, Graham-Smith F, Wilkinson PN. An introduction to radio astronomy. Cambridge University Press; 2019 Aug 22.
[51]. Cracknell AP, Varotsos CA. Editorial and cover: Fifty years after the first artificial satellite: from sputnik 1 to envisat.

[52]. Kennicutt Jr RC, Freedman WL, Mould JR. Measuring the hubble constant with the Hubble space telescope. Astronomical
Journal v. 110, p. 1476. 1995 Oct;110:1476.

[53]. Neugebauer G, Habing HJ, Van Duinen R, Aumann HH, Baud B, Beichman CA, Beintema DA, Boggess N, Clegg PE, De
Jong T, Emerson JP. The infrared astronomical satellite (IRAS) mission. Astrophysical Journal, Part 2-Letters to the Editor (ISSN
0004-637X), vol. 278, March 1, 1984, p. L1-L6. Research supported by the Science and Engineering Research Council and NASA..
1984 Mar;278:L1-6.

[54]. Neugebauer G, Beichman CA, Soifer BT, Aumann HH, Chester TJ, Gautier TN, Gillett FC, Hauser MG, Houck JR, Lonsdale
CJ, Low FJ. Early results from the infrared astronomical satellite. Science. 1984 Apr 6;224(4644):14-21.

[55]. Herczeg GJ, Johnstone D, Mairs S, Hatchell J, Lee JE, Bower GC, Chen HR, Aikawa Y, Yoo H, Kang SJ, Kang M. How do
stars gain their mass? A JCMT/SCUBA-2 transient survey of protostars in nearby star-forming regions. The Astrophysical Journal.
2017 Oct 27;849(1):43.

[56]. Savage BD, Mathis JS. Observed properties of interstellar dust. Annual review of astronomy and astrophysics. 1979
Sep;17(1):73-111.

[57]. Tananbaum H, Weisskopf MC, Tucker W, Wilkes B, Edmonds P. Highlights and discoveries from the Chandra X-ray
Observatory. Reports on Progress in Physics. 2014 Jun 10;77(6):066902.

[58]. Weisskopf MC, Brinkman B, Canizares C, Garmire G, Murray S, Van Speybroeck LP. An Overview of the Performance and
Scientific Results from the Chandra X-Ray Observatory. Publications of the Astronomical Society of the Pacific. 2002;114(791):1.
[59]. Bartos I, Kowalski M. Multimessenger astronomy. Bristol: 0P Publishing; 2017 Apr 1.

[60]. Abbott BP, Abbott R, Adhikari R, Ajith P, Allen B, Allen G, Amin RS, Anderson SB, Anderson WG, Arain MA, Araya M.
LIGO: the laser interferometer gravitational-wave observatory. Reports on Progress in Physics. 2009 Jun 30;72(7):076901.

[61]. Barish BC, Weiss R. LIGO and the detection of gravitational waves. Physics Today. 1999 Oct 1;52(10):44-50.

[62]. Fernandez R, Metzger BD. Electromagnetic signatures of neutron star mergers in the advanced LIGO era. Annual Review of
Nuclear and Particle Science. 2016 Oct 19;66:23-45.

[63]. Ricarte A, Dexter J. The Event Horizon Telescope: exploring strong gravity and accretion physics. Monthly Notices of the
Royal Astronomical Society. 2015 Jan 11;446(2):1973-87.

[64]. Event Horizon Telescope Collaboration. First M87 event horizon telescope results. 1V. Imaging the central supermassive
black hole. arXiv preprint arXiv:1906.11241. 2019 Jun 26.

[65]. Ramakrishnan V, Savolainen T, Collaborat EH. First Sagittarius A* Event Horizon Telescope results. Il. EHT and
multiwavelength observations, data processing, and calibration.

[66]. Gardner JP, Mather JC, Abbott R, Abell JS, Abernathy M, Abney FE, Abraham JG, Abraham R, Abul-Huda YM, Acton S,
Adams CK. The James Webb Space Telescope Mission. Publications of the Astronomical Society of the Pacific. 2023 Jun
26;135(1048):068001.

[67]. Espinoza N. Exploring new frontiers in exoplanetary science with the James Webb Space Telescope. Bulletin of the American
Physical Society. 2023 Apr 15.

[68]. Mazumder A, Datta A, Rao MS, Chakraborty A, Singh S, Tripathi A, Choudhury M. Synthetic observations with the Square
Kilometre Array: Development towards an end-to-end pipeline. Journal of Astrophysics and Astronomy. 2023 Mar 13;44(1):19.
[69]. Schuh H, Behrend D. VLBI: A fascinating technique for geodesy and astrometry. Journal of geodynamics. 2012 Oct 1;61:68-
80.

[70]. Zensus JA, Ros E. European VLBI Network: Present and Future. arXiv preprint arXiv:1501.05079. 2015 Jan 21.

[71]. Chatterjee S, Brisken WF, Vlemmings WH, Goss WM, Lazio TJ, Cordes JM, Thorsett SE, Fomalont EB, Lyne AG, Kramer
M. Precision astrometry with the very long baseline array: parallaxes and proper motions for 14 pulsars. The Astrophysical Journal.
2009 May 19;698(1):250.

IJRAR24A1121 International Journal of Research and Analytical Reviews (IJRAR) ‘ 883



© 2024 IJRAR January 2024, Volume 11, Issue 1 www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138)
[72]. Galison P, Doboszewski J, Elder J, Martens NC, Ashtekar A, Enander J, Gueguen M, Kessler EA, Lalli R, Lesourd M, Marcoci
A. The Next Generation Event Horizon Telescope Collaboration: History, Philosophy, and Culture. Galaxies. 2023 Feb 15;11(1):32.
[73]. Johnson MD, Akiyama K, Blackburn L, Bouman KL, Broderick AE, Cardoso V, Fender RP, Fromm CM, Galison P, Gdmez
JL, Haggard D. Key Science Goals for the Next-Generation Event Horizon Telescope. Galaxies. 2023 Apr 24;11(3):61.

[74]. Impey C. Worlds Without End: Exoplanets, Habitability, and the Future of Humanity. MIT Press; 2023 Apr 11.

[75]. Dick SJ. Life on other worlds: the 20th-century extraterrestrial life debate. Cambridge University Press; 2001 Mar 19.

[76]. Vakoch DA, Harrison AA, editors. Civilizations beyond Earth: extraterrestrial life and society. Berghahn Books; 2022 Dec
3L

[77]. Bailes M, Berger BK, Brady PR, Branchesi M, Danzmann K, Evans M, Holley-Bockelmann K, lyer BR, Kajita T, Katsanevas
S, Kramer M. Gravitational-wave physics and astronomy in the 2020s and 2030s. Nature Reviews Physics. 2021 May;3(5):344-66.
[78]. Fluke CJ, Jacobs C. Surveying the reach and maturity of machine learning and artificial intelligence in astronomy. Wiley
Interdisciplinary Reviews: Data Mining and Knowledge Discovery. 2020 Mar;10(2):e1349.

[79]. Dark Universe Observatory. (n.d.). https://web.archive.org/web/20041205073418/ http://epo.sonoma.edu/duo/index.html
[80]. Smith M, Craig D, Herrmann N, Mahoney E, Krezel J, Mcintyre N, Goodliff K. The artemis program: An overview of nasa's
activities to return humans to the moon. In2020 IEEE Aerospace Conference 2020 Mar 7 (pp. 1-10). IEEE.

[81]. Bandyopadhyay S, Mcgarey P, Goel A, Rafizadeh R, Delapierre M, Arya M, Lazio J, Goldsmith P, Chahat N, Stoica A,
Quadrelli M. Conceptual design of the Lunar Crater Radio telescope (LCRT) on the far side of the moon. In2021 IEEE Aerospace
Conference (50100) 2021 Mar 6 (pp. 1-25). IEEE.

[82]. Kim D, Choi H, Brendel T, Quach H, Esparza M, Kang H, Feng YT, Ashcraft JN, Ke X, Wang T, Douglas ES. Advances in
optical engineering for future telescopes. Opto-Electronic Advances. 2021 Jun 20;4(6):210040-1.

[83]. Johnson MD, Akiyama K, Blackburn L, Bouman KL, Broderick AE, Cardoso V, Fender RP, Fromm CM, Galison P, Gomez
JL, Haggard D. Key Science Goals for the Next-Generation Event Horizon Telescope. Galaxies. 2023 Apr 24;11(3):61.

[84]. Roddier F. V the effects of atmospheric turbulence in optical astronomy. InProgress in optics 1981 Jan 1 (Vol. 19, pp. 281-
376). Elsevier.

[85]. Tyson RK, Frazier BW. Principles of adaptive optics. CRC press; 2022 Feb 27.

IJRAR24A1121 International Journal of Research and Analytical Reviews (IJRAR) ‘ 884



