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1. Extra-solar planets
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Exoplanet: n. a planet that orbits a star




1. How can we detect extra-solar planets?

» They cause their parent star to 'wobble’, as
they orbit their common centre of gravity




Star + planet in circular
orbit about centre of mass



Star + planet in circular
orbit about centre of mass




Doppler Shift due to
Stellar Wobble
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51 Peg — the first new planet
Discovered in 1995
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51 Peg ~HIP113357

Magnitude: 5.45 (B-V:*0.67)

Absolute Magnitude: 4.52"

RA/DE (j2000): 22h57m28.2s/+20°46'08.7"
RA/DE (of date): 2_2h58m25/+20°49‘51"
Hour angle/DE: 17h42m19s/+20°49'51"
Az/Alt: +73°37'59"/+13°46'54"

-Spectral Type: G5V :

Distance: 50.10 Light Years

Parallax: 0.06510"

driangulum

Pegasi 51b

Earth, Lowestoft, 17m

FOV 50.6°

30.7 FPS

2011-07-15 22:00:00 |
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51 Peg - HIP 113357

Magnitude: 5.45 (B-V: 0.67) : Sheat
Absolute Magnitude: 4.52+ ..
RA/DE (j2000): 22h57m28.25/+20°46'08.7"

RA/DE (of date): 22h58m2s/+20°49'51"

Hour angle/DE: 17h42m19s/+20°49'51"

Az/Alt: +73°37'59%+13°46'54"

Spectral Type: G5V .

Distance: 50.10 Light Years

Parallax: 0.06510" |

Earth, Lowestoft, 17m . FOV 11.5°

15 FPS

Pegasi 51b

Sadalbari

2011-07-15 22:00:00
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Locations of Kepler Planet Candidates
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@® Earth-size

@ Super-Earth size
1.25 - 2.0 Earth-size

& Neptune-size
2.0 - 6.0 Earth-size

@ Giant-planet size
6.0 - 22 Earth-size




BRIGHTNESS

—
TIME IN HOURS












Stellar life and death

2.










Forming stars

giessine

VEersus

Bravity



Gas pressure trying

to expand the cloud FO Fim | ng Sta I'S

arAS8ine
Versus

Gravity

Gravity trying to
collapse the cloud



Stellar mass
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Hydrogen fusion — fuelling a star’s nuclear furnace
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Inside a very massive star
conditions are hot and
dense enough to
fuse even heavier
elements,

all the way up
to

Core —

H == He

He == C. 0
C == Ne, Mg
0= 51,5
5,5 = Fe









10 light years
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Periodic Table of Elements
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3. The Milky Way and other galaxies

© 2000, Axel Mellinger












S

Colliding Galaxies NGC 4038 and NGC 4039 HST « WFPC2
PRC97-34a * ST Scl OPO « October 21, 1997 « B, Whitmore (ST Scl) and NASA




Galaxies NGC 2207 and IC 2163




A long time ago,

iIn a galaxy far, far away...
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“Tadpole” Galaxies in the Hubble Ultra Deep Field
Hubble Space Telescope = ACS/WFC

NASA, ESA, A. Straughn, S. Cohen and R. Windhorst (Arizona State University), and the HUDF team (STScl)

STScl-PRC06-04
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SNR 0.9+0.1
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Hubble also measured
a shift in of s
the light from
distant galaxies.

'q Galaxy

Laboratory

QBJECT APPROACHING:

QBJECT RECEDING:
SHORT BLUE WAVES

LONG RED WAVES







Hubble’s Law
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How fast Is the Universe expanding?

Hubble space Telescope
Key Project: 1990-2000

Cepheid distances to ~30
galaxies, linking to other
standard candles
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Distant Supernovae HST « WFPC2

PRC98-02 « January 8, 1998 « ST Scl OPO
P. Garnavich (Harvard-Smithsonian Center for Astrophysics) and NASA



BIG BANG



EE Mobile News @ Sport | Weather iPIayv(er TV
NEWS SCIENCE & ENVIRONMENT /|

Home World UK England N.lIreland Scotland Wales Business Politics Health Education BsU=Ulgl

4 October 2011 Last updated at 11:02 | 301 g« Share |l FRRF=

Nobel physics prize honours accelerating
Universe find

AFP/NOBELPRIZE.ORG

The three researchers’ work has led to an expanding knowledge of our Universe






Cosmic tug of war

The force of dark energy surpasses
that of dark matter as time progresses.

Dark Matter
constrains

‘ 177/ ' " Dark Energy
“ repels

ac BN =

PAST

BIG BANG



Atoms

Dark
4.6% Energy
72%
Dark
Matter

23%




GALAXY ZGO

THE HUNT FOR SUPERNOVAE

low To Take Part Hunt For Supernovae Discoveries Authors Forum

Supernovae Discoveries

Supernovae - Asteroids - Variable stars

Candidate ID

PTF ID: 10aarz (uploaded 2010-11-08 17:50:37 UTC)
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5. Multimessenger Astronomy
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Gamma-Ray (N. Gehrels et.al. GSFC,
EGRET, NASA)

e -

Ultraviolet (3. Bonnell et.al.(GSFC),
NASA)
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Infrared (DIRBE Team, COBE, NASA)

Radio 1420MHz (J. Dickey et.al. UMn.
NRAO SkyView) SkyView)
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Gamma-Ray (N. Gehrels et.al. GSFC,

EGRET, NASA)
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X-Ray 2-10keV (HEAO-1, NASA)

X-Ray 0.25, 0.75, 1

.5 keV (S. Digel et.
al. GSFC, ROSAT, NASA)

Ultraviolet (3. Bonnell et.al.(GSFC),
NASA)

Infrared (DIRBE Team, COBE, NASA)

Radio 1420MHz (J. Dickey et.al. UMn. Radio 408MHz (C. Haslam et al., MPIfR,
NRAO SkyView) SkyView)



M1 - The Crab bula

Distance: 6300 light-years (1.9 kpc) Image Size = 6.5 x 6.5 arcmin Visual Magnitude = 8.4
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Near-Infrared: 2MASS Mid-Infrared: IRAS Far-Infrared: IRAS Radio: NRAO










Alma Observatory at high altitude in Atacama desert

Capacity: 66 antennas Array of antennas
Area: 7,240 sgm -
Altitude: 5,000m

| San Pedro de Atacama ;3-,..‘. . <
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Gravity in Einstein’s Universe

“Space tells matter how to
move, and matter tells
space how to curve”




Gravity in Einstein’s Universe
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Detecting gravitational waves with laser interferometers




Ground-based network of detectors
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Gravity: Making Waves
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The LIGO Scientific Collaboration {LSC) is a dynamic
group of approximately 7€Q scientists worldwide who
have joined together in the search for gravitational waves
from the the maost violent events in the universe. Learn
more about gravitational waves and the LSC herel
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THE GRAVITATIONAL WAVE SPECTRUM

quantum fluctuations in the very early Universe
binary supermassive
black holes in
galactic nuclei
%)
]
(=4 black holes, compact merging binary
8 stars captured by neutron stars and
7] supermassive holes stellar black holes
in galactic nuclei in distant galaxies;
. . fast pulsars
binary stars in with
the galaxy | and mountains
beyond
. AGE OF THE
Wave Period  yNIVERSE YEARS HOURS SECONDS MSEC
Frequency (Hz) 1012 10710 108 106
%)
o e, -
o millisecond
E pulsars ) :
polarization (1982-) laser tracking of laser
map of cosmic drag-free proof interfero-
S mass in spacecraft meters
background orbiting the sun on Earth

(also bar
detectors)
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