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Venus must orbit the Sun




£ 2 :
o fr”"&’b a7 Hor. 1S ‘?f-a‘iaybz_ﬁimwi

Neptune

o T ot raals, amidismadeu;

: tﬁ%&df%’ o, T Crmachs slteater egiore
A . 075 3 _ .’_...-""

| 200 dnia pepuaded? o, o




Earth, Manchester, 41m FOy 0,401 15.7 FPS 1612-12-28 04:27:40




RS A Rk H e lve llus




Achromatic Doublet

Single lens Crown
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— Chromatic aberrafion

Achromeaiic doublet
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Messier’s
Catalogue

* Finally included % =@
110 objects
— Open Clusters |
— Globular Clusters L
— Planetary Nebulae

— Galaxies




M45 — The Pleiades Cluster




M 13 — Globular Cluster




M?27 - Dumbbell Nebula




M31 — The Andromeda Galaxy




M&1 and MS&2




Giant Refractors
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[LLowell 24 inch

Percival Lowell
observing Mars
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* Used the Lowell
24” refractor to
measure the speeds
of approach or
recession of
galaxies




Newton’s Reflecting
Telescope

mirror




William Herschel
and his Telescope
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Uranus




The Leviathon
of Birr Castle







Showed that the

Universe was




Cepheid Variables

Henrietta Leavitt observed that
Cepheid Variable Stars had a very
regular variation in brightness.

Their brightness was a function of
their period




A Cepheid
Variable in M31

* A photographic
plate taken with
the 100 inch

Telescope.

 Hubble had
discovered a
Cepheid
Variable.




Hubble Diagram
Hubble's 1929 data
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Distance in Megaparsecs

V =H,x R where H,= Hubble’s Constant




An Expanding Universe

@ 10miles 10miles @
Start

O 20 miles 20 miles o)

After 1 hour . : .
One Dimensional Universe




Russell Porter’s
Drawings
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Hale 200" Telescope

Niiusge erente by e Thiimes Jarren, W0 Canech







The MK 1 Radio Telescope
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Linked to a small Telescope

e Signals
from a
remote
telescope
were
brought
back to
Jodrell
Bank by a
microwave [
radio link &%




The Quasar 3C 273
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Hydrogen =

Redshift




What powers these objects?




Mt Palomar
48 Schmidt

Schmidt Telescope

Curved imaging surface

CorreéN

plate Primary mirrorfspherical)







Plates are 7”’
square

5 degrees on a
side

Virgo Cluster




November 1972: 966 MHz Survey




National
Geographic
Sky Survey




“Two” Quasars and a Galaxy







Hubble’s
Constant

e Jodrell Bank Observations of Gravitational
lenses have enabled an accurate measurement
of Hubble’s constant to be made:

— 71 +/6 km/sec/Mpc




QUEST 161 Mpixel CCD

* Each area of sky
1S observed
three times at

1.5 hours
intervals
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An Ice Dwart at 88 AU — 3 times further away
than Pluto.

~1,600 km 1n diameter




Eris and Dysnomia




10 m KECK Telescopes




* Segmented Mirror using
ACTIVE Optics




Other Solar
Systems







Adaptive Optics

actuator drive signais

drivers

wavefront-distorting A -
medium o v corrected

wavefront "




[Laser Sttmulated Artificial Star
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Direct Detection: A planet in orbit
around a “Brown Dwart”

* Observed by the
VLT 1n Chile in the
infrared using
adaptive optics.

* 5x Jupiter mass at a
distance of 55 AU
from brown dwarf.




B Pictoris b

debris disc

size of Saturn’s orbit around the Sun

B Pictoris b

B Pictoris
location of the star




HR 8799 with
three planets
imaged by the
Keck Telescope




Hubble Space Telesco




Hubble Space Telescope




Secondary mirror

Optical equipment  FGS's/WFPC2 Instruments:
STIS
COSTAR
ACS
NICMOS
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Hubble Visible Image of Formahaut b










Gaseous Pillars - M16 "~ HST - WFPC2

PRC95-44a - ST Scl OPO - November 2, 1995
J. Hester and P. Scowen (AZ State Univ.), NASA







Ring
Nebula










SN1987A

-

Supemova 1987A » November 28, 2003
Hubble Space Telescope » ACS

HNALA mrel N, KEirprrer |[Harvpmd-Smdhecrsan Candss for Sairaphyaics]










Spiral Galaxy NGC 3021 HST « ACS/WFC « NICMOS

Hubble’s
Constant

 Observations of
Cepheid

Variables have
provided what 1s
perhaps the very
best value:

74.2 km/sec/Mpc

+/- 3.4
km/sec/Mpc

NASA, ESA, and A. Riess (STScl/JHU) STScl-PRC09-08a







Hubble
Deep
Field




Hubble
Ultra-Deep
Field




Robotic telescopes

1) Small wide field telescopes to
detect planetary transits




Super-WASP
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Change in brightness from a planetary transit

Brightness

*

Planetary o
Transits

WASP-12b transit 2009-01-04 18:58-23:41(UT)

Julian day

245483625000  2454836.30000  2454836.35000 245483640000  2454836.45000 245483650000
1.935
1.94 e
%
1.945 ¥
*

1.95
v
>




Sun & Jupiter




Robotic telescopes

2) High slew rate telescopes to detect
transient events such as Gamma
Ray Bursts




Swift Spacecraft




Gamma Ray Bursts




High Speed Slew Rate Telescopes




Robotic telescopes

3) Two metre class telescopes to detect
longer gamma ray bursts and find
planets by gravitational microlensing
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* Notification of burst via
downlink and internet

’
,

Liverpool Robotic Telescope e Liverpool John Moores

(La Palma) University, UK.

RINGO image




Faulkes Telescope: Siding Springs




Faulkes Telescope: Hawan







Gravitational

Light Faint Observer sees

MiCTO-lenSin from star lf:z:resgmrund N
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Light Curve of OGLE-2005-BLG-390

ESO PR Photo 03b/06 (January 25, 2006) © ESO



Five Earth Masses Icy Extrasolar Planet
(Artist’s Impression)

ESO PR Photo 03a/06 (January 25, 2006)




Interferometric Arrays

Combining multiple telescopes to
give ultra-high resolution




Telescope 1

Coudé Focus

§

Interferometry fringes

delescope 2

Masmyth focus

Coudé Focus
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Four small
telescopes
look at the
star.

Capella binary:




Binary Star System

Images of Capella taken on the 13th (left) and Z8th (right) September
1995, The separation between the stars is 55 milli-arcsec,




Mt Wilson CHARA Interferometer







CHARA " East-spinning star

Image of  Altair
a star!




VLT Interferometer

 Equivalent to a 100 metre aperture telescope




t Leptoris

* 500 Light
years from
us.

e 100 times the
size of the
Sun.




The Future

30 and 40m diameter telescopes




Thirty Meter Telescope
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Bring light to many
instruments.
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Optical astronomers have an exciting
future!




