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Please pick up your papers
Course grades are posted

Next TIMESTEP meeting (March 4; PAS 218)

— Resume Building and Interview Preparation

Exam #1 (March 4)

— Doodle Sheet comments
* openbook



“Journey to the Center of the Galaxy: Following the Gas to

Understand the Past and Future Activity of Galaxy Nuclei”
Dr. Elisabeth Mills (Univ Kansas)

Centers of galaxies are some of the most
extreme objects in our universe: hosting
starbursts and active supermassive black
holes that can launch jets and winds far
outside the compact galaxy nucleus. The
effects of the unique interactions between
stars, gas, and black holes that occur here
don’t just stay confined to these small
regions: they have an outsized influence on
the overall evolution of galaxies as a whole.

I will present the results of research . -~
following the gas and its properties from

kiloparsec to sub-parsec scales to Kl Si[lewal".d ObSr.rh d

understand why the Galactic center is so weekly colloquium - ursdays

quiet right now and what the future holds. (3:30 pm in room N210)
4:30 pm refreshments in the lobby
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- ~ o - We gratefully acknowledge support from
.U]‘nt.’“ Un 1\-'erg-1t_y the Simons Foundation and member institutions.
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Astrophysics (since April 1992)

For a specific paper, enter the identifier into the top right search box.
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Direct Imaging of Exoplanets

Why would an alien
be challenged to
“see” Jupiter from a
distance of 10 pc?

Sirius A and Sirius B
Hubble Space Telescope « WFPC2

NASA, ESA, H. Bond (STScl), and M. Barstow (University of Leicester) STScl-PRCO05-36a




You should be able to calculate the relative
brightness of Jupiter and Sun.

Solar energy reflected by Jupiter:
= A (Lg,, / 4nD?) nR2 = A L, (R, / 2D)?
=ALg,, (4.5 x 10°)?
= Lg,, (109)
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Figure 1. Relative fluxes of the Sun, Venus, Earth, Jupiter, Uranus,
and the companion objects to 51 Pegasi, 70 Virginis, and 47 Ursae Ma-

joris from 0.10 ym to 100 pm.



You should be able to calculate the
angular separation of Jupiter from Sun as
seen from 10 pc.

0 =52AU/10pc

max

Remember that 1 AU at 1 pc subtends 1 arcsec

0 = 0.5 arcsec



Earth’s Atmosphere Hurts !

absorbs, blurs, and even emits its own light.

~1 arcsec

Turbulence blurs & twinkles starlight. An infrared look through
“seeing” the atmosphere on a clear
variable amplitude (0.25-10 arcsec) night

frequency ~100 Hz



Speckle Patterns

Can you find Betelgeuse, the single star, and the
binary star?




The Original Speckle Images

« Orionis a Aurigae a Lyrae

Labeyrie et al.'s (1974, ApJ, 194, L147) famous set of speckle images taken with the Palomar 200-inch telescope. Betelgeuse, Capella and Vega
speckle photographs taken with a 20 nm bandpass at 500 nm. The f/ratio was 200 and the exposure times were 0.01 seconds. Note each image
shows a different speckle structure. Adapted from Walker, Astronomical Observations.



Direct Imaging
What is a “perfect” image?

AIRY DISK
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In the News
Betelgeuse

Calculate theoretical angular resolution (FWHM arcsec)
for 8.2 m telescope at A = 645 nm

Calculate expected angular diameter (arcsec) of the star
given distance = 220 pc and R = 1000 Rg,,

Jan 2019




Adaptive Optics

“removing”’ atmospheric blurring

The Galactic Center at 2.2 microns

»9

Adaptive Optics




“Strehl Ratio”

a measure of image quality

(T\ diffraction pattern

Strehl ratio =

seeing disc

cross—section through imaqge

How much more
concentrated would
light from a star’s
AO-image be than
the seeing-limited
Image?

Assume:

D = 8.2 meters
FWHM seeing =17
FWHM Airy =A/D




Adaptive Optics




AQO In Action

Without adaptive optics
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Atmospheric
Turbulence

Beam

Splitter Detector




BPichb

“coronagraphs”

debris disc

size of Saturn’s orbit around the Sun

B Pictoris b

.
:'3—' B Pictoris

location of the star




Take a Break from Telescopes



The Hertzsrpung-Russell Diagram

Hertzsprung-Russell Diagram

Effective Temperature, K
m‘mo 71!» 6,000




Stellar “Spectral Types”
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Cecilia Payne-Gaposchkin
1900-1979

She showed that the spectral sequence
was in order of stellar temperature.

Stars are made almost entirely of hydrogen
and helium even though their spectra
don’t always show strong lines of these
elements.

New discoveries in physics:
STARS: 90% hydrogen, 9% helium, trace of

. heavier elements (“metals”)
1. nuclei of atoms

2. fixed orbits of electrons;

emental Composition of the S

3. different number of electrons for
each element;

4. temperature can affect number of
spectral lines.
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Real Spectra

You will encounter such spectrain Homework
#18.

Fit blackbody profile to real stellar spectra.
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Put These Concepts Together
What causes absorption lines?

The hotter the object, the bluer its
peak wavelength and the more light it
emits.

A

peak = constant in nanometers
I
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The Spectral Sequence (Temperature)
is continuous (1.e., very smooth)
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“Oh, Be A Fine Girl (or Guy) Kiss Me!”
“Only Boys Accepting Feminism Get Kissed Meaningfully.”
“One Bug Ate Five Green Killer Moths.”




The Spectral Sequence (Temperature) is
continuous (i.e., very smooth)

06.5 HD 12993
BO HD 158659
B6 HD 30584
A1 HD 116608
A5 HD 9547
FO HD 10032
F5 BD 61 0367
GO HD 28099
G5 HD 70178
KO0 HD 23524
K5 SAO 76803
MO HD 260655
M5 Yale 1755
F4 metal poor HD 94028
M4.5 emission SAO 81292

B1 emission HD 13256



The Hydrogen Atom

Balmer series

Faschen series
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Homework #18

classify a spectrum from the SDSS

RA=14G,91375, DEC=—0.64448, MID=51630, Flate= 266, Fiber= 13
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What primarily does the "absorbing" in
the absorption line spectrum of a star?
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Which of these stars is hottest?
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Intensity
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Homework #18

two classification methods

Survey: sdss Program: legacy Target: GALAXY

RA=148.91375, Dec=-0.84448, Plate=268, Fiber=15, MJD=51830
cz=180+/-6 km/s Class=STAR AD

No warnings.
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