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How astronomy changed our view 
of the cosmos



Pieter Breugel, 1590

Fall of Icarus

Icarus



Adoration of the Magi
Giotto di Bondone, 1305

Halley’s comet



Edmond Halley
1656-1742

Halley’s observatory
In Oxford



Cornelia Parker 1991
Cold Dark Matter 

Alan MacCollum 1990
Dark Matters

Dark Matter,
the most mysterious substance 
in the universe 



Earth rise
viewed from the Moon



Planetary hypothesis
Claudius Ptolemy  90-168 AD

Concentric   rotating spheres
with different thicknesses

theory survived 1400 yrs till 1543

Epicycles: brightness variations  
retrograde motions of planets



Epicycles became very complicated as observational precision improved



Robert Fludd
1574-1637



On the  revolutions of celestial orbits
Nicolaus Copernicus 1473-1543

Retained circular orbits, needed epicycles



Comets, supernovae 

Galileo 1564-1642

Tycho Brahe  1546-1601 

observations with telescope



The final heros of classical astronomy

• Johannes Kepler (1571-1630)                         Elliptical orbits
• Isaac Newton       (1642-1727) Theory of gravitation 



Cheomseongdae Observatory,
Korea, 7th Century

Mayan Observatory, Chichen Itza 
906

Dengfeng Observatory, 1276

Jaipur Obs, 1734

Precision astronomy, without telescopes



parallax

• Friedrich Bessell 1838
• 0.3 arc sec to 61 Cygni, 10.3 lt yrs
• GAIA  2018: parallaxes of a billion stars



Stellar radii

• Arthur Eddington
• Albert Michaelson

Betelgeuse, 1000 solar radii or 3 au, 0.05 arcsec: 1920 
220 pc distance



Michaelson’s stellar  interferometer





in co-operative scientific work, special importance should be attached to the encouragement of 
individual initiative, no less than to the accomplishment of big projects for routine work.  
George Ellery Hale 1904

Much more depends on other conditions, 
especially those of climate, the kind of 
work to be done and, more than all, the 
man behind the gun. The case is not unlike
that of a battleship. Would a thousand feet long 
always sink one of five hundred feet?...
we must hope for the next improvement 
in some other direction…we have nearly 
reached the limit of size of telescopes… 
Edward Pickering 1909

the undertaking of large pieces
of routine work, and the 
employment of numbers of 
Inexpensive assistants, whose
work is in a great measure
mechanical, such as copying 
and routine computing



Fund raising

• Philanthropy
• State

George Ellery Hale and Andrew Carnegie

This led to the era 
of big telescopes



Galileo and 
Doge of Venice
Giuseppe Bertini, 1858



Size counts
telescope diameters

• Galileo, 2 inch, 1610
• Earl of Rosse, 72 inch, 1845
• Mt Wilson, 100 inch, 1917
• Mt Palomar, 200 inch, 1949
• TMT, Mauna Kea, 30 m, 2027
• ELT, Cerro Amazones, Atacama, 

39 m, 2025



Earl of Rosse’s
72inch refractor, 1845
Ireland



200 inch telescope, Mt Palomar, 1949



Thirty Meter Telescope
Mauna Kea, Hawaii, 2027



Extremely Large Telescope
39m
Atacama  2025



The world’s largest telescopes



Technology

Earl of Rosse
1845

Hubble Space Telescope 2005



Radio telescopes

1988

1962

2000

300 ft radio dish
Greenbank, W. Virginia



Arecibo
305m, Puerto Rico
1963

FAST   500m  China  2016



Chandra x-rayspace telescope
1.2m, 1999

Herschel infrared space telescope
3.5m, 2009

Hubble  space telescope
2.4m, 1990

Space telescopes



Chang’e-4
Jan 3, 2019
Low frequency radio telescope



Neutrino telescopes
Superkamiokande in Japan: 50 000 tons of purified water + 10000 photubes
Hyperkamiokande: 20x larger, 2025, 1000m under Mt  Ikeno



:

ICECUBE
2.5 km under South Pole, 5000 
photosensors in 86  hot water-drilled 
holes: use Earth to filter upcoming events

Itनs a km-size neutrino telescope!






Ultrahigh energy cosmic ray telescope

1660 tanks, each with
60000 gallons H2O
over 1200 sq miles
Argentina pampas, Mendoza



Percival Lowell 1855-1916

NY Times 1911



Labeyrie 2017

A 5 km hypertelescope on the Moon

Shackelton crater
near lunar south pole

First images of exoplanets by 2040 40 lt yrs away
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