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Observing Space:
From Naked Eye to
Interstellar Vision

The history of astronomy is the history of
overcoming the limitations of our biology. This is
the story of how we evolved from stargazers
using boundless imagination to engineers
constructing eyes that can see the invisible.




FIGURE 1: ANCIENT CELESTIAL NAVIGATION. Early observations relied solely on naked-eye star
mapping for guidance and temporal tracking.

The Bounds of Biology

The Early Need: For millennia, the sky was a

calendar and a map. The position of

constellations guided sea-goers during

navigation and signaled the cycle of seasons

for agriculture. The ability to track celestial bodies

was crucial for survival and societal development.
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The Limitation: Early man possessed
boundless imagination but lacked equipment.
Observations were restricted to what the
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naked eye could resolve—essentially a ‘ceiling’ .

on discovery that lasted for thousands of :
years. The human eye, despite its complexity,
has finite resolution, unable to perceive faint
light or separate closely packed stars.
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Key Question: How do we answer ques-
tions about the stars when we cannot see
them clearly? This limitation posed a
fundamental barrier to understanding the
true scale and nature of the universe.
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The First Revolution (1608-1609)

- The Breakthrough: In 1608, spectacle
maker Hans Lippershey discovered
that placing two lenses in a sequence
appeared to bring objects closer. He
created the first telescope.

The Application: By 1609, Galileo
Galilei turned this invention to the
heavens.

— The Result: The universe instantly
expanded. Galileo realised there were
many more stars than the naked eye
could see. He discovered the moons of
Jupiter and black spots on the sun,

| proving that the heavens were
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Bending Light: The Refracting Telescope
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Objective Lens

How it Works: The Engineering
Light rays change direction (refract) Hurdle:
as they enter a glass lens. A large While revolutionary, this
‘objective’ lens collects design hit a wall. ’

maximum light, and a smaller
‘eyepiece’ creates a magnified
Image.

Eyepiece

Limitations:

1. ‘Weight': To see further, lenses must be larger. Large
lenses are heavy, difficult to manufacture, and tend to distort
under their own weight.

2. 'Size": Increasing lens size increases the telescope length,
making it unmanageable.

3. ‘Chromatic Aberration": Lenses struggle to focus all colours
at the same point, creating ‘errors of colour’ in the final image.



The Mirror Revolution: Reflecting Telescopes

Newtonian Design Cassegrain Design
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The Solution: Concave mirrors solved the lens problem. They are lighter, easier to manufacture in large
segments, and produce images with zero colour errors.

Modern Scale: The Aryabhatt Research Institute of Experimental Sciences in Nainital houses Asia’s
largest optical telescope, boasting a massive mirror diameter of 3.6 metres.



The Invisible Universe

Frequency Increases
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Wavelength Increases

The Reality: “Light” is an electromagnetic wave, but our eyes are only sensitive to
wavelengths between 400 nm and 800 nm (Visible Radiation).

The Hidden Data: Celestial bodies emit radiation across the entire spectrum. To see
the full picture, we needed to invent eyes that could “see” wavelengths as long as

radio waves (>20 cm) and as short as Gamma rays (<3 pm).



Listening to the Stars: Radio Telescopes

Receiver

Mechanism: Because radio
wavelengths are long (approx. 1
metre), we use large parabolic dishes
rather than glass lenses to reflect and
converge signals to a receiver.

Case Study: GMRT (Pune): The Giant
Metrewave Radio Telescope at
Narayangaon is a world-standard
facility.

The 'Virtual’ Giant: Instead of one
impossible structure, GMRT uses 30
separate dishes (each 45m in diameter)
spread over 25 km. The array acts as a
single ‘virtual’ dish with a 25 km
diameter, allowing scientists to study
pulsars, solar winds, and interstellar
hydrogen clouds with incredible precision.



The Atmospheric Barrier

The Problem: Even with perfect Interference: Day sunlight,

mirrors, ground-based telescopes city lights, and cloudy
face an insurmountable obstacle: weather limit observation
Earth’s atmosphere. time.
Absorption Turbulence/Twinkling
Absorption: Ideally, we want
100% of the light, but the
atmosphere absorbs significant ~—
intensity before it reaches the : - N
ground.
Turbulence: Changes in air
pressure and temperature
bend light rays unpredictably,
causing stars to ‘twinkle’ and The Solution: To get a
blurring observation images. perfect view, we must

leave the planet.



lcons of Orbit: Hubble and Chandra

R e X-Ray Vision (Chandra)

ptical Clarity ( . e) Launched in 1999 and named after the famous
Launched by NASA in 1990, the Hubble telescope Indian scientist Subramanyan Chandrasekhar.
orbits at 589 km. With a 94-inch mirror Engineering Feat: Because X-rays pass through
effectively ‘floating’ above the atmosphere, it normal glass, Chandra uses special nested
captures images of unprecedented brightness mirrors to reflect X-rays coming from heavenly

and stability. objects, revealing high-energy universe events.



India in Space: ISRO

History: Established in 1969, the Indian Space
Research Organisation (ISRO) has leveraged space
technology primarily for national and social
development.

Key Missions:
 Communication: The INSAT and GSAT series form
the backbone of India's telecommunication, TV
broadcasting, and internet services.

o Education: EDUSAT is exclusively dedicated to
interactive education via satellite.

o Resources: The IRS Series monitors natural
resources and aids in disaster management.

Website: www.isro.gov.in



ASTROSAT: A Unique Observatory

The Innovation:

A unique system equipped with
both Ultraviolet (UV) and X-ray
telescopes and detectors on a
single satellite.

The Launch:
Deployed by ISRO in 2015.

Indigenous Tech:
The majority of the components for
this sophisticated machine were exclusive data to study complex
manufactured domestically in aspects of the Universe across

India. multiple wavelengths simultaneously.

Mission:
Providing Indian scientists with



The Picture is Becoming Clearer

(Standard view) - (High energy view) (Heat/Wave view)

Summary: We have moved from the limitations of the naked eye to glass lenses, from heavy lenses to lightweight
mirrors, and finally, from the ground to the silence of orbit.

Current State: Today, we utilise the full electromagnetic spectrum—from radio waves to gamma rays—to decode the
universe.

The Future: With facilities like the GMRT and satellites like ASTROSAT, the 'Quest for Clarity' continues. Every
improvement in our tools reveals a universe more complex and astounding than the last.



