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The universe emits light in ALL regions of the electromagnetic spectrum!
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Telescopes ONLY take black and white images.
How do we go from bottom left to bottom right

' sAOImage ds9 X RGB _alx

File Edit View Frame Bin Zoom Scale Coloy File Align Lock

Enaty st Current View
file | edit | view | frame | bin | zoom scale | col| Red : [

= \ + ‘ toﬁt‘ zoom 1!81 zoom 1/4 | zoom 172 ”zoom1 Green B
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Telescopes ONLY take black and white images.
What does my phone camera do?
What is a Bayer filter?

Mobile phone cameras also only take black and white images but
we put a mesh of different coloured filters infront of it to make a
pseudo-colour camera
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Telescopes ONLY take black and white images.
How do we go from bottom left to bottom right
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File Edit View Frame Bin Zoom Scale Coloy File Align Lock

Enaty st Current View
file | edit | view | frame | bin | zoom scale | col| Red : [

= \ + ‘ toﬁt‘ zoom 1!81 zoom 1/4 | zoom 172 ”zoom1 Green B

50




Multi-wavelength astronomy

Not only does this allow us to get better

images, it also allows us to investigate physics!
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COOL STARS: Infrared shows SOLAR STARS: Optical light HOT STARS: Ultraviolet shows HOT GAS: X-rays are emitted
comes from stars around the the larger hot blue stars that from the hottest regions of
{| gas where atoms are ionized.

smaller cool red stars that

-|| make up most of the galaxy. size of the Sun.

COLD GAS: Radio waves reveal
regions of gas cool enough for
CO; molecules toexist.
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Gaia — Optical
It spins!

Aslrometric
field

Red & blue
photometer

detectors Sky mapper

_Jeg— s s s Gaia is amazing at cataloging all of the stars...
Sl N ,,/ ~meomee But, its only optical so, as long as they're not in

’ = ! = -'. :.7:.\’5 ?‘. e ‘\" N
Photometer —/ :
prisms
RVS grating .—/

ek s / or are otherwise surrounded in dust...

fold mirrors
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IR lets us see through dust. Parts of space are dusty.

M8 - Lagoon Nebula WG 2 ol g
HST WFC3 1 * WFCZ/IRF160W.% "+




Water vapour does block IR so why not fly above it?
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Radio Telescopes:

X . -
/e Radio waves generally dont have issue

.« travelling unimpeded through the
* earths atmosphere
However : Resolution = Wavelength/D
so to get a good resolution we need D
to be big as wavelength is already big
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Gamma X-ray

-«+—Shorter waves
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Thermosphere
(auroras)

Atmosphere

Mesosphere
(meteors burn up)

Stratosphere

(ozone layer at 20-30 km;

jets fly at 10 km)

Troposphere
(weather)

Visible

3:;::; Infrared Microwave Radio S h O rte r
(LV) (IR) Longer waves —»
wavelengths are
= )2 nearly entirely

absorbed by the
earth's atmosphere

...which is
fortunate as these
wavelengths of
light would not be
very healthy for us

Radio “window”



Fermi Gamma Rays

NuSTAR

GALEX UV

77  Wa




Fermi Gamma Rays

GALEX UV ..
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The universe
emits light in all
wavelengths,
but why do we
go to such
lengths to
detect it all?
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5000 K

Very quick physics

Spectral curves for blackbody radiators

Stars emit light.
The intensity and colour of that light
corresponds to the temperature of the star.

Increasing flux ———

BLUE STAR
Temperature: 8,000 K
Spectral type: A

1x107 5x107 1x10°% 15x10® 2x10°® 25x10°% 3x10°
Wavelength (m)

YELLOW STAR
Temperature: 5,000 K
Spectral type: G

This is called black body radiation.

RED STAR
Temperature: 3,000 K
Spectral type: M

It is why hot things glow.
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Stars emit light. Evolution of young stellar objects

The intensity and colour of that light

corresponds to the temperature of the Class 0
star. w0
v <
o g 8r
However, when a star is beingborn & [, |
o . = 1 10
it is surrounded by other things that 2 Class |
. . = | | [ I\\'_
may emit or absorb light 2 =l Al
bO_ EXCGSS_
a dark cloud b gravitational collapse c p'°t°5‘a:,;?:::r en}clopo = B l@%l |
A ] 1 10 100
o Class II
dense core 3, (:0
10,000 to 5} o
200,000 AU >/ «-10,000 AU-» time=0 [ *—500AU—> 100,000 years ‘é‘ —
d T Tauri star € pre-main-sequence star [ f young stellar system =
bi';l):\:lar planetary debris —i % 1 10 100
protoplanetary ' * digk star wn
disk g
\ (9]
E
£
100,000 to

¢—100 AU— > 3,000,000 yearsfjl<—100 AU-—> 50,000,000 yearsfil«— 50 AU —»! 50,000,000 years

(baby stars)

Young accreting protostar
Tpo1 < 70 K
M+ < Menv
< 30000 yr

Evolved accreting protostas
Toor ~ 70-650 K

M= > Menv

~200000 yr

Classical T Tauri star
Tro1 ~ 650-2880 K
Maisk ~ 0.01 Mo

~1 Myr

Weak T Tauri star
Tror > 2880 K

Maisk < 0.001 Mo
~10 Myr



¢ Optical

XRay

IM Lupi

A baby star with
a protoplanetary

disk (a disk that will
one day be that
stars solar system)

Near IR (IR closer to red) Microwave
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Thank you!

Questions?

Pelican Nebula - XRay ' Pelican Nebula -Optical + Nea IR -
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; Gamma photon

Cherenkov Telescope Array - Weird /

i Cherenkov shower

Gamma rays hit the earths atmosphere and
cause a “shower” of lower energy gamma rays T
which we can detect and do science with. ' -»
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0.1 km? “light pool”, a few photons per m?



