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Using Cepheid
variable stars
and
Type 1la Supernovae
To “prove”
Hubble
Expansion constant



Galaxy NGC 5585
Hubble + JWST
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Vera R'ubin -

Observatory
Dark Energy Camera
Legacy Survey (DECaLS)




Globular Clusters
Above the galactic “bulge” =
Halo G.C.
Imbedded in the bulge or galactic disk =
Galactic Bulge Fossils



halo.
bulge /

: Sun's location
disk sl o

| 1,000 light-years

28,000 Iighi—y‘eérs R

globular clusters

100,000 light-years
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Normal Spirals
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Based on instrument data

Earliest galaxy confirmed by Hubble Maisie's Galaxy
“Universe breaker"—| JADES-GS-z11-0

“Universe breaker”
“Universe breaker”

Earliest galaxy confirmed

Present day

1,000 900 800 700 600 500 400 :300
' Millions of years after the Big Bang




JWST
Early
Galaxies 1




Spectroscopy
Review




VISIBLE SPECTRUM

HIGH ENERGY LOW ENERGY
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GAMMA RAYS _ INFRARED RADIO WAVES
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Concept of False Coloring

GAMMA RAYS | INFRARED RADIO WAVES

SHORTER WAVELENGTHS LONGER WAVELENGTHS



Squid Galaxy
M 77
AGN

Seyfert Galaxy




Infrared sensitivity of Webb’s instruments

wavetength 10 15 20 25 30

1 5

(In microns)

Mid-Infrared
llJ
Visible:  Reveals: Reveals:
The light Cooler red stars Planets, comets, and asteroids

we can see Dust is transparent Dust warmed by starlight
Protoplanetary disks




Types of Galaxies___

Barred Spiral =~ Irregullar ~  Spiral

Peculiar Lenticular

Illustration Credit:
Astronomy - ‘SPGN



Scorpion Galaxy
NGC 3165

AGN
Lenticular class




SEYFERT TYPE GALAXIES

Strong Emission lines
Usually Spiral class

Star-like center (AGN)
Bright in the infrared



F, (10 ergss™ em™ A™)

T T T [ T T T T ] T T T—T‘I T T T T

- -
-[Ne V] A3425 Seyfert 1 NGC 5548
% [0 1] 33727 =
-  (Fe VIT \3760 (O T11) 24959 (O 1] AS5007 [N 1] A6583 #1
i HP 24861 B 16563 e
(Ne 111] 13869
[ Hy 34340 |10 11} 24363 A

- He I1 14686 — —
~ [Ne I11] A3968 |
e | (S 11] AA6716, 6731 5
E | [O 1) A6364 + [Fe X] 16374 -
| He 1 15876
- (Fe VII} 25721 l T — =
He I 13587 [CaV]'lsm I
Ne V] 33346 |
iNe ¥] Ca K (abs.)
= | ] 1 | | | | l 1 | 1 | I 1 | 1
4000 5000 6000

Rest wavelength (A)



13T0IAVHLIN

Calcium Il K
This filter passes near
ultraviolet light emitted
by the calcium in the
chromosphere

Solar Filters - It's All About Wavelength!

Visible spectrum of our Sun

4500 5000 5500

Calcium Absorption Spectrum

MR T

Calcium Emission Spectrum

6500

Hydrogen-alpha

‘ 700 nm
Calcium Il Kline
3934nm

H-a
This filter passes

near infrared light
emitted by

hydrogen in the
chromosphere

H‘drogen Absorption Spectrum

Hydrogen Emission Spectrum

400 nm 700 nm
Halpha line
656 nm
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CEIENY
NGC 1097

piral

Barred Spiral
AGN

Seyfert type



QUASARS

Strong radio sources
A non-star-like spectra
(H-beta, gamma, delta)
Accretion disk UV emission
Far Away
Bright nuclei



CEIEYY
£229-15

% y Barred Spiral
AGN
Quasar
Seyfert type
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Quasar

3C 273

Hubble
Wide Field



Quasar | '
3C 273 -
Hubble Wide ‘

Field . .
Coronagraph




