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Pieter Breugel, 1590

Fall of Icarus




Adoration of the Magi* "
Giotto di Bondone, 13

Halley’s comet



Edmond Halley

1656-1742
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AN
Halley’s observatory INVENTOR NAVIGATOR AND FAMED FOR
In Oxford HIS RESEARCHES IN DETERMINING LONGITUDE

e LAID THE ACTUARIAL FOUNDATION OF LIFE ASSURANGE



Alan MacCollum 1990
Dark Matters

he most mysterious substance

in the universe

' Dark Matter,
T

Cornelia Parker 1991
Cold Dark Matter




Earth rise

viewed from the Moon




THEORICA TRIVNM Planetary hypothesis

othinm Solie Claudius Ptolemy 90-168 AD
Concentric rotating spheres

with different thick

Fipiprie
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Epicycles: brightness variations
retrograde motions of planets

theory survived 1400 yrs till 1543
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Epicycles became very complicated as observational precision improved
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MICOLAY COVRRMICIH
et in quo terram cum orbe lunari anquam epicydo contineri
diximua , Quintd koo V enus nono menle reducicer., Soxtem
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pulcharrimo templolimpadeom hane in alio vel meliori loco po
nerol,gulm onde totum lmul polinilluming rr::";-lqnd-rm e
frepee quidim locernam mandi ald meaten, alf redtorem vos
ant. Trimegiltosuidbilem Deum Sophodis Eleftra intuontd
omania. la profeito toquam in folio re gali Bol refidons circum
pprontem gubernat Altrorom familiam, Tellus quogy minime
fraodscur lunari minifterio , fed ve Aritotelen de animalibus
afe maximnd |una ol terra cogrutiond haber, Concipltinterea d
Eoletorra & imorepoutur annuo pariv, lnucnimas iptour fub

On the revolutions of celestial orbits
Nicolaus Copernicus 1473-1543

Retained circular orbits, needed epicycles
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Galileo 1564-1642
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observations with telescope




The final heros of classical astronomy

* Johannes Kepler (is71-1630) Elliptical orbits
* |[saac Newton  (ea21727) Theory of gravitation




Precision astronomy, without telescopes

qipur Obs, 1734
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Cheom'seongdae Observatory,
,g .,.m Korea 7th Century e 4




parallax

* Friedrich Bessell 1838
* 0.3 arcsecto 61 Cygni, 10.3 It yrs
* GAIA 2018: parallaxes of a billion stars




Stellar radii

* Arthur Eddington
e Albert Michaelson

Probably the greatest need of stellar astronomy at tle present
day, in order to make sure that our theoretical deductions are
starting on the right lines, is some means of meusuring the
apparent angular diameters of stars. At present we can calculate
them approximately from theory, but there is no observational
check. We believe we know with fair accuracy the apparent
surface brightness corresponding to each spectral type; then all

that is necessary is to divide the total apparent brightness by
this surface brightness, and the result is the angular area sub-
tended by the star. The unknown distance is not involved,
because surface brightness is indeprndeut of distance. Thus the
estimation of the angular diameter of any star seems to be a very
simple matter. For instance, the.star with the greatest apparent
diameter is almost certainly Betelgeuse, diameter -og1”’. Next

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




Michaelson’s stellar interferometer

Mirrors in middle reflect
starlight into telescope

starlight

striped interference pattern, which
carries information about the star
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' T0 27,000,000

SUNS LIKE OUR

'As for Our Litthe Earth, Betel

geuse Is as Big as Trilliens
of Globea Like .

DIAMETER 280,000,000 MILES

Moo kadncn  Mepswrss Colostus
of the Bkisa Whose Light
Comes 1o Us in 180 Yean.
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Much more depends on other conditions, = = = _ ' a .“_ 2=

especially those of climate, the kind of S V LY
work to be done and, more than all, the )
Y AR
' >
‘ ;'
I——

man behind the gun. The case is not unlike
that of a battleship. Would a thousand feet
always sink one of five hundred feet?... 4
we must hope for the next improvement
in some other direction...we have nearly
reached the limit of size of telescopes...
Edward P|cker|ng 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

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



Fund raising
P W ' _ |

g, & * Philanthropy
p .
X e State

, ' ' George Ellery Hale and Andrew Carnegie
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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




arl of Rosse’s
72inch refractor, 1845
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200 inch telescope, Mt Palomar, 1949



Thirty Meter Telescope
Mauna Kea, Hawaii, 2027







The world’s largest telescopes




Technology

Earl of Rosse ~ . /
1845 T




Radio telescopes

300 ft radio diéfh
Greenbank, WeMi inia
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Arecibo
~_ 305m, Puerto Rico




Chandra x-rayspace telescope
1.2m, 1999
Space telescopes

Herschel infrared space telescope
3.5m, 2009 .

Hubble space telescope
2.4m, 1990



Chang’e-4

Jan 3, 2019
Low frequency radio telescope
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lceCube Lab _

S~ IceTop
- B0 Stations, sach with
5m 2 lcaTop Cherenkov delector lanks
2 oplical sensors per lank
320 optical sensors

2010: 79 stings in oporation
2011: Progect complebon, 86 sirings

lceCube Aru

o | CECUBE

60 optical 6n80rs 0n each stng 2.5 km under South Pole, 5000
9190 ophecal seneon photosensors in 86 hot water-drilled

1450
” - AMANDA holes: use Earth to filter upcoming events

DeepCore 1% a km-size neutrino telescope!

B sinings-spacing oplimized fof lowdr anerg
e 360 opbcal senson

el ) it Tower

¢.;324m

2450m L

agaml_L

Badrock
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Argentina pampas, Mendoza
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A 5 km hypertelescope on the IVIoon

* Focal camera suspended tcom c.able a_ctlvely pendulated

Moon's axis

TRAPPIST 1 System First i |mages of exoplanets by 2040 40 It yrs away
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