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To detect planets transiting their 

star. 



The Kepler Mission

• Will spend 3.5 years observing 10,000 stars.

• It is expected to find between 50 and 640 
candidates with periods of roughly one year.

• It should be able to tell us how many 
planets of what type orbit stars in our 
galaxy. 





Cygnus 

search 

area





Began observations on May 2nd

2009

So 1 year and 9 months of 

observations so far.



First 5 detected planets



“Hot Jupiters”



Earth-Sized Transit



Febuary 2nd 2011

• Kepler announced the discovery of 1200 

potential planets.

• Based on observations made from May 2nd

to Sept 17th 2009  - 137 days. 

• 68 of them are potentially “Earth-sized”





An important point.

• Observation period was 137 days.

• A planet must make at least two transits for 

a period to be found.

– Preferably 3, as there could be more than one 

similar sized planet orbiting the star so two 

transits could be one each of two different 

planets.

• So, from this data, there cannot be planets 

with orbital periods greater than 137 days.





Confirmed Planets



• Habitable “Earth’s” will orbit their Sun-like 

stars at comparable distances to their star as 

the Earth does to our Sun.

• So they will have orbital periods 

comparable to that of our Earth.

• It will take at least ~1 year of data to be 

analysed to detect  a “Goldilocks” planet.



We should not have to wait too 

long.

Kepler has the observational data in 

hand!
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Edwin Hubble

• Born 1889.

• Brought up in Wheaton 

Illinois.

• Excellent both in his 

academic studies and sports.

• Gained a scholarship to the 

University of Chicago in 

1906. 



A Superb Athlete

At Chicago he 

studied Physics, 

Astronomy and 

Mathematics.

But also excelled 

at sports.



A Rhodes Scholar at Queen’s 

College Oxford

• Supported by Physics Nobel Laureate-to-be 

Robert Millikan who recommended him as “a man 

of magnificent physique, admirable scholarship, 

and worthy and lovable character.” 



Some Affectations 

on his return to the 

USA

• His sister  described him:  

“dressed in a cape, 

knickers and sported a 

walking stick. A signet 

ring graced his little 

finger, and he was 

wearing a wristwatch he 

had won for high 

jumping”.



Yerkes 

Observatory

40 inch Alvan Clark   

Refractor



A Research 

Student

• He used the 24” 

reflector at Yerkes 

Observatory to 

make photographic 

observations of 

nebulae.



Hubble’s Variable Nebula

• Hubble’s first 

scientific paper was 

about a variable 

reflection nebula  

surrounding the star 

R Monocerotis.

• Also called 

Hubble’s Cometary 

Nebula



• Many of the nebulae he studied were then 

called “White Nebulae” - which we now 

call galaxies.  



Thesis

• 123



• Immediately following his PhD Viva he 

enlisted in the army and turned down an 

offer to join the George Ellery Hale at the 

Mt Wilson Observatory. 

• His reply to Hale’s offer:

"Regret cannot accept your invitation.  Am 

off to the war." 



The Hooker 

100” Telescope

at Mt Wilson

• Hubble joined 

Hale after his war 

service and 

stayed for the 

whole of his 

career.



A fundamental question of the 

time.

White Nebula – were they within or 

beyond our Milky Way?



Harlow Shapely

• Harlow Shapely was a highly respected 

astronomer who had measured the size of our 

Milky Way Galaxy and the location of the Sun 

within it.

• He had observed novae in the white nebulae and 

pointed out that, if they were distant, the novae 

would have to be impossibly bright. 



Lowell 

Observatory

24 inch Alvan 

Clark Refractor



Percival Lowell



Vesto Slipher

• Vesto Slipher had photographed the 

spectrum of  M31, the Andromeda 

Nebula and found it to be approaching 

us at a speed of ~ 300 km/sec.  

(Assuming that the shift in the spectral 

lines was due to the Doppler shift.)

• This was far higher than any object 

known to be within the Milky Way.



A Dilemma!

• To resolve this problem what was needed 

was a direct measurement of the distance to 

one of these white nebulae.

• How could this be done?



Delta Cepheus

• Nearly two hundred 

years ago, the English 

astronomer John 

Goodricke discovered a 

new type of variable star 

in the constellation 

Cepheus, called delta 

Cepheid.

• The star brightness varies regularly with period 5 days, 

8 hours and 48 minutes.



Where they lie in the HR diagram



Henrietta Leavitt 1868 - 1921

• She joined the Harvard 

Observatory in 1895 – at 30 

cents per hour - and became 

head of the stellar photometry 

department.

• Discovered 2400 variable stars 

– half of those then known.



The Cepheid Variables

• Miss Leavitt observed that the Cepheid Variables 

had a very regular variation in brightness.



Some 

Lightcurves

• She plotted the 

light curves of  

these Cepheid 

variable stars.



The Magellanic Clouds

• Henrietta Leavitt 

observed many of 

these Cepheid 

variable stars in 

the Small 

Magellanic Cloud.

• These would all be 

at essentially the 

same distance.



Arequipa Observatory, Peru
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24” Bruce Refractor





The Period-Luminosity relationship

• She observed that 
the period was 
related to the 
luminosity.

• This gave a way of 
measuring 
distances to any 
“Nebula” in which 
a Cepheid variable 
could be seen.



M31, The Andromeda Nebula



Hubble at the focus of the 100”



A Cepheid 

Variable in M31

• A photographic 
plate taken with 
the 100 inch 
Telescope.

• Hubble had 
discovered a 

Cepheid Variable.



Variable No1 Light Curve



White Nebula were Extra-Galactic

• Using the Cepheid Variable, Hubble was 

able to measure the distance to M31, the 

Andromeda Nebula.

• He derived a value of ~ 860,000 Light 

Years.



A letter to Harlow Shapley

• “Here is the 

letter that has 

destroyed my 

Universe!”



Hubble had shown that the White 

Nebula were outside our galaxy.

The Universe was far larger than 

many thought!



Vesto Slipher

• Vesto Slipher measured the speeds 

of approach or recession of 14 

galaxies by measuring the blue or 

red shifts  in their spectra.

• Three nearby galaxies were 

approaching us whilst the 

remainder were receding. 



Hubble Diagram

V = H0x R  where  H0 = Hubble’s Constant 





Hubble’s Law

V  =  H0 x R

The Velocity of recession is proportional to 

the distance.

H0 - Hubble’s Constant - is the current

constant of proportionality!

Hubble’s Value ~ 500 km/sec/Mpc



An Expanding Universe



• The fact that the more distant galaxies were 

receding from us at a speed proportional to 

their distance implies that we live in an 

expanding Universe. 

• One can backtrack to the time when the 

universe had no size.

• This was (1/ H0) ago  ~2000 million years.



This cannot be right!

• The Solar System is ~ 4.5 thousand million 

years old.

• Some stars appear to be ~ 12 thousand 

million years old.

• So what was wrong?



Two Types of 

Cepheids

• There were two 

types of cepheids.

• The Cepheid 

calibration data 

were incorrect.



Walter Baade - 1952

His Value of H0:

250 km/ses/Mpc



1936 - Hubble’s Galaxy 

Classification
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Our Milky 

Way galaxy

• A Barred 

Spiral –

Type SBb.



Mt Wilson Observatory





Mt Palomar Observatory

• At an elevation of 5,600 feet on Palomar 

Mountain, 100 miles southeast of Pasadena, 

California.



Mt Palomar

48” Schmidt



Hubble at the 

guide-scope 

of the 48” 

Schmidt. 



Hubble was deeply involved with the 

design and construction of the Mt 

Palomar Hale 200” Telescope

He had the honour of taking its “first 

light” image – that of the “Comet 

Nebula” he had first studied as a PhD 

student.



Russell Porter’s 

Drawings





Edwin Hubble at 

the Prime Focus 

of the Hale 200” 

Telescope 



Hubble’s 

Cometary 

Nebula



• Sadly, on September 28th 1953, at the age of 

63 he died of a cerebral thrombosis.

• At that time Astronomers could not receive 

the Nobel Prize.

• Shortly after his death, they were able to 

receive the Nobel prize for Physics.

• But it cannot be given posthumously so he 

never receive the honour he so richly 

deserved.  





The Hubble Space Telescope



Lyman Spitzer

• 1946 – “Astronomical 

advantages of an 

extraterrestrial 

observatory”



Two Main Advantages

• 1)  The angular resolution would be limited 

only by the size of the mirror (assumed to 

be optically perfect), rather than by the 

turbulence in the atmosphere.

• 2)  A space-based telescope could observe 

in the infrared and ultraviolet light 

wavebands which are strongly absorbed by 

the atmosphere. 



Deployed by Discovery in April 1990





In a very low orbit ~350 miles high





A problem with 

the mirror!



M100 - Quite an Improvement!



Replaceable Instrument Bays



M100 – WFPC2 



2002 - Smaller Solar Panels





2009 – Final Servicing Mission



Hubble Science



The Distance Scale of the 

Universe

A Hubble Key Project



Milky Way and Magellanic Clouds



Large Magellanic Cloud Cloud



Tarantula 

Nebula



Supernova 1987A



Hubble Image December 2006 



Radius of the ring in light travel time

=  232.5 days

= 6 x 1012 km

Angular Diameter of the ring as measured by 

the HST

= 17.2 arc seconds

Simple Trigonometry gives a distance of

1.4 x 1018 km  =  170,000 Light Years



A Cepheid 

Variable in 

the LMC



A Cepheid Variable 

in an Eclipsing 

Binary System



A Cepheid in M100 



NGC 3021 

• Cepheid 

Variables 

and site of a 

Type 1a 

Supernova 

observed in 

1995.



SN1995al





Type 1a

• Decay of Ni-

56 followed 

by the decay 

of Co-56







Our Solar System and Extra-solar 

Planets

1) Mars, Pluto and Comet Shoemaker-

Levy 9



Mars at Closest Approach







Pluto



Comet Shoemaker-Levey 9





Hubble 

observed the 

fireball







Our Solar System and Extra-solar 

Planets

2) Visual Discovery of the planet 

orbiting Formalhaut.
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Our Solar System and Extra-

Solar Planets

3) Discovery of 16 planets towards 

the Galactic Centre



SWEEPS

Sagittarius Window Extra-

solar Eclipsing Planet Search



Astronomers wanted to find out if 

planets were also to be found orbiting 

stars near the centre of the galaxy.





A problem - Dust





Baard’s Window





SWEEPS

• Hubble monitored 180,000 stars within 

Baard’s Window continuously for a seven 

day period in 2004 looking for the slight 

dimming of light due to planetary transits.



SWEEPS Movie







• Two of the 16 

observed 

planets have 

been 

confirmed by 

radial velocity 

measurements.



SWEEPS 4

Period ~4 days  Mass ~ 3.8MJ



SWEEPS 11

Period ~1.8 days Mass ~ 9.7 MJ



Our Solar System and Extra-solar 

Planets

4) Investigating the atmospheres of 

exoplanets



HD 20945b







Dark Matter and Dark Energy







Bullet Cluster



Probing the effects of Dark Energy





Not was expected!



It appears that the rate of 

expansion of the Universe is 

increasing.

The effect we believe of “Dark 

Energy” - giving rise to a pressure 

exerted by the vacuum of space.



Galaxy Formation

The Hubble Deep Fields



Hubble 

Deep 

Field 

(North)



Hubble 

Deep 

Field 

(South)



Hubble 

Ultra 

Deep 

Field



1 million second exposure! 

• The faintest galaxies gave 1 photon per 

minute!

• Galaxies in the distant past were smaller 

and more irregular than those we see nearby 

(and hence more recently).

• Star formation peaked some 9 billion years 

ago and has now dropped to ~ 1/10th its 

maximum value.



Helped our understanding of 

what is “Dark Matter”

• It showed that red dwarfs were not common 

in the Galactic Halo – only 20 stars were 

observed in the field.

• It had been thought that faint stars might 

make up a substantial part of Dark Matter. 



The most distant galaxy known – seen 

just 600 million years after the origin 

of the Universe.



Hubble Heritage Images

The Beauty of the Heavens
































