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Astronomy – early stages

Naked eye astronomy:
Indians, Babylonians, Greeks,
Chinese…. 

 …… until 1610 when Galileo
published his observations in
Sidereus nuncius or 
The Starry Messenger

This led to terrestrial telescopes
 



Terrestrial telescopes

Advantages:
Size , Stable
Location 
Accessibility 
Repair , Augmentation 

Disadvantages:
1. Constrained by 

Earth’s 
atmosphere

2. Non-movable
3. Weather affects 

observations
4. Observation 

limited to night 
time only 

 



        Terrestrial 
telescopes

(1)Blocks Gamma rays, X-rays, and UV rays , (2) Scatters Visible and IR



Crab Nebula through X-ray to Radio 
waves



Space telescopes
Advantage:

3. Can use the entire Electro Magnetic 
Spectrum



Space telescopes
Advantages:  1. Movable
2. Weather does not affect observations, 
3.Uninterrupted observation at certain 
locations

Eg: L1 & L2, HEO 
Disadvantages:

1. Non-stationary
2. More often non-

serviceable
3. Fixed “life”



Foreground radiation 

The sensitivity of ground based telescopes is 
limited by the enormously greater foreground 
radiation from the Earth’s atmosphere. 

On a moonless night, the sky at 0.7 microns 
(700 nm, red)  is 8 times brighter from the top 
of Mauna Kea in Hawaii than it is from Hubble. 
 At 1.5 microns (IR) it is 600 times brighter.



 Why we need Space telescopes?
Subaru 8.2-meter 
telescope  atop Mauna 
Kea. 

  Hubble 



What do space Observatories do?

Look deep into the Universe
Look through Gamma ray, X-ray, 
UV,  IR, & visible

Look for exo-planets
Look for “Life”



Look deep into the Universe 
through

Gamma ray, X-ray, UV, IR, & visible bands 



Space telescopes
Gamma ray sources
Gamma ray bursts:     
Explosions in space at random. 
Not predictable . roughly one / day , 
No fixed direction 
Few seconds to  few hundred seconds, 
very rarely  longer.
The shortest bursts :  colliding neutron 
stars in distant galaxies. 
The longer bursts:  exploding ‘super-
supernovae’, 

Diffused gamma ray bursts: Cosmic rays 
collision with interstellar gas
Center of milky way also gives out 
Gamma ray



Space telescopes
X ray sources
X-rays are the signatures of the high-
energy Universe. 

Any object heated to more than a 
million degrees Celsius will give off  
X-rays. 

Sun’s  corona. 

Binary stars. Neutron star + ordinary 
star or Black hole + ordinary star.
 
Supernova remnants are emitters of 
X-rays



Space telescopes
UV Sources

The Sun’s chromosphere, the 
transition zone and the corona. 

UV light can also be produced by 
solar flares 
In the Universe,  interstellar space UV 
is produced, 

The largest stars produce UV
Many binary star systems emit 
ultraviolet light

The gaseous debris from ancient 
supernovae shows up in ultraviolet. 



Space telescopes
IR Sources

It is the cooler objects that emit 
most strongly in the infrared.

A diffuse glow of IR  permeates 
our Milky Way galaxy. 

 The  red dwarf stars and red giant 
stars release a lot of infrared 
radiation. 

Newly forming stars shine brightly 
at infrared wavelengths.

The infrared is an important 
wavelength range for studying the 
distant and therefore early 
Universe  due to  ‘red shift’ 
 



Where are they located ?

It can be placed anywhere in space.
Location is chosen depending on many factors:

Away from Van Allen belts
Where it moves slowly
Where it can be made (relatively) stationary/quasi- 

stationary
Where eclipses by Earth and Moon can be avoided
Where it will not be blinded by the Sun
Where it can always look at the Sun ( Heliospheric )
Etc.



Space telescopes 
-locations

1. EO: Earth Orbit (LEO)

eg: 
Hubble

540 +/- 
km

θ =28.50

T= 96 minutes 



Space telescopes 
-locations

2. Highly elliptical orbit (HEO)

Advantage: 85% 
of 

the time it is 
outside

 Van Allen belts

eg: Chandra
9000 X 134000 

km
76.70 T= 64 hour,

XMM Newton
7000 X 114000 

km
400 , T= 48 hour,



Space telescopes 
-locations

3. ETrO: Earth trailing Orbit



Space telescopes 
-locations

4. Sun-Earth Lagrange Points

Lissageous & Halo 
Orbits:

L1- Aditya, SOHO, 
Genesis

L2: Gaia, JWST, 
Hershel, Plank, WMAP



Space telescopes 
-locations

5. Geo: Geo synchronous Orbit



LIGO (terrestrial) vs LISA (Space)
LIGO:  Laser Interferometer Gravitational 

wave Observatory in the USA separated by 3002 
km

LISA:  Laser Interferometer Space Antenna (LISA) 
separated by 50 lkh km



Space telescopes



Some Examples



Un 8

SOHO
(Solar and Heliospheric Observatory)

At L1 Observing sun

It also observed more 
than 3000 comets, 
thus the nickname  
“Comet catcher” 



Un 8

SDO
(Solar Dynamic Observatory)

Geo synchronous at 102 degree west



The Chandra X-ray 
Telescope

Un 1

ORION  NEBULE 

Click icon to add picture



The Chandra X-ray 
Telescope

Un 1

ORION  NEBULE 

Click icon to add picture



X-ray focusing using Volter method



The Chandra X-ray 
Telescope

Part of NASA’s  
“Great Observatories programme”

Elliptical Orbit:      9676 km X  1, 39000 km
Resolution:
 “A 1 cm news line in a newspaper can be read 
from 800 meters away”.

Discovered 
1. Sagittarius A black hole
2. Another black hole in M82 galaxy
3. Gave proof of “dark matter’ 



The XMM Newton 
Telescope

Un 1

ORION  NEBULE 

Click icon to add picture

Exosat, Rosat, Astra-C



ASTROSAT (India)



IR Space telescopes: Spitzer (NASA)

Earth trailing (heliocentric) orbit. 363 days period. The primary 
mirror is 
  85 centimeters (33 in) in diameter,  cooled to 5.5 K (−267.65 °C) 
using N2

Amount of Cryogen decides the life of IR telescopes



IR Space telescopes: Herschel (ESA)

Lissajous orbit at L2 of the Sun-
Earth system .  3.5 meter dia 
mirror.



IR Space telescopes

JWST:   (L2), biggest mirror



Space telescope mirrors- 
(The bigger the better) 



Looking for Life



 Search for extra-terrestrial “Intelligance” (SETI)

1. Originally proposed and carried out by 
Frank Drake

Supported by Carl Sagan
Pioneer 10, 11 
Voyager 1,2 in the 70s
Nothing came out of this.
Second SETI by
Stephan Hawking &
Yuri Milner (financier)



Viking missions to 
Mars 1976 –search
for life

Viking 
Mission

Viking  1 & 
2 didn’t find 
any 
evidence of 
life on Mars



 Search for extra-terrestrial “Life”

1. Anywhere inside the solar system Other than 
Earth
( Planets/moons already exist: search there)
Search for life  OR
Search for conditions that support life.

2. Outside the solar system
(Do not know whether planets are there or not)
Search and identify exo-planets.
Are these exo-planets in their star’s habitable zone?
Are the conditions on those planets suitable to 

support life?



 Search for extra-terrestrial life within the solar 
system

1. Tools: Interplanetary missions: Flyby, Orbiters 
& probes

(Is the body habitable now? Or was ever 
inhabitable? Both are important)

2. Search regions:
Inner planets:  Mercury, Venus
Outer planets:  Mars and others
Moons of Jupiter, Saturn & Neptune

Europa, Titan, Encilades & Triton
Big asteroids: Ceres & Vesta
Comets



What is life or what are the 
signatures of life?

In 2003 every member of the International 
Society for the Study of Origin of Life was 
asked to give her/his definition. Result? 78 
different answers.

Accepted definition: “a self sustaining 
chemical system capable of Darwinian 
evolution.”

“a self sustaining chemical system” //capable 
of Darwinian evolution



Life’s signatures
Everywhere:

Earlier it was Methane (CH4) now it is Methane 
and Oxygen

Liquid water or water in some form

Outside the solar system,
Planets in habitable zone of a star
Gas giant neighbours and tilt of axis



Missions in order of scale & cost
Flagship missions:  Eg. Great observatories, 

Galileo, Cassini
New Frontiers missions: Eg. New horizon
Discovery missions: many missions including 

Mars missions
Some important missions:
(1) Viking (2) Pioneer  (3) Voyager (4) Galileo 

(5) Cassini-Huygans (6) Juno  etc



Mercury may have ice in the deep crevasses, 
but still is not considered to be habitable.

Venus:  
 Temperature - 8720 C 
 Pressure  - 92 atmosphere
 Atmosphere: 96.5 % CO2  &  3.5% N2

 Has 10,000 times CO2  than earth’s atmosphere &  3 
times N2

So is considered uninhabitable

Mercury & Venus



Mars 

Silica sedimentary 
rocks
Clay
Stream beds
C, H, O, Ph & S in Gale 
crater



Flowing water on Mars? 

Mars Reconnaissance Orbiter (MRO)



Galileo -   1989 October 
18

Galileo Facts
NASA
Orbiter

Launch:
1989 October 
18
Orbital 
insertion:
1995 December 
8

Distance 
travelled:
4,631,778,000 k
m ]

https://en.wikipedia.org/wiki/Galileo_(spacecraft)


Galilean moons of Jupiter 
(Photographed by Galileo spacecraft). 



 Europa, (Galileo’s great discovery)



Europa (Jupiter's moon)
1. Europa is in an orbital resonance with Io & Ganymede.  

2. Euorpa has an induced magnetic field.

3. Europa has a subsurface ocean about 100 km deep

4. O2 , SO2 ,  H2O2   CO2       

Europa: from inside out: 

A metallic Core,  
Rocky mantle, 
Global Ocean & 
ice shell



Cassini’s grand Finale



Cassini



Titan- Saturn’s big moon. 
2nd in the solar system 

 



Enceladas, the small moon of 
Saturn

Enceladas, the small 
moon of Saturn
Diameter 504 km

Explored by Cassini

Gysers contains NaCl, ice 
grains,   CO2  ,  H2O,  CH4   
 NH3   and perhaps H2S 

 



 Search for extra-terrestrial life outside the solar 
system

Missions to search Exo-planets
Are these exo-planets in their star’s habitable 

zone?
Are the conditions on those planets suitable to 

support life?



COROT (Convection Rotation and planetary Transits) 
is a joint mission of CNES France, ESA Brazil

Search for Exo-Planets

Un7
Kepler





Space telescopes
Kepler (NASA) first phase:

Nearly 1200 exo-planets found
12 Earth like exo-planets
About 3000 candidates



             Kepler’s field of view

Un7





The Hubble Space 
Telescope

Un 1

ORION  NEBULE 

Click icon to add picture

Hubble Facts:

1. Hubble has the pointing 
accuracy of .007 arc seconds, 
which is like being able to shine 
a laser beam on a old 1 paise   
roughly 300 km away.

2. Hubble can see astronomical 
objects with an angular size of 
0.05 arc seconds,  which is like 
seeing a pair of fireflies in  11000 
km.

3. Hubble has peered back into 
the very distant past, to 
locations more than 13.4 billion 
light years from Earth.



The Hubble Space Telescope (HST)

Pillars of Creation A Rose made of 
Galaxies

Un 9



The Hubble Space Telescope (HST)

The Mystic Mountain

Giant Jupiter bruised



Questions ?
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