Are we alone |n the Umverse?

Class 6

. -Emrah KaIemCI |

. ‘ekaIemci@sabahciuniv.edu
. Office: FENS G018

i 'Sé'bahC|'UniverSitY; FENS

niversi _ . | ' ‘ | ‘
R _ L(I)SKEUYL?JZ T &  High Schb'o/ASummer'Co‘urse, 2023_ S



mailto:ekalemci@sabanciuniv.edu

%

&
>

SWEEN b

What are there in the Universe?
Scales involved in describing Universe

What form of life would you look for and
how? Possibility of life on other planets.

Our planet and Solar system
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How can we look for ET life?
Atom and EM spectrum.
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How did the Solar system form?
Is it unique?
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What is life?

How did life on Earth begin? Building
blocks of life, first form of life on Earth.
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By the end of this class, you should
be able to:

Describe one exoplanets
detection method

Describe how we can study
stars’ and exoplanets’

properties using EM spectra
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https://evolution.berkeley.edu/from-soup-to-cells-the-origin-of-life/how-did-life-originate/
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“RNA world” hypothesis
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Image showing the diversity of ribozyme structures. From left to right: leadzyme, hammerhead &J
ribozyme, twister ribozyme

https://en.wikipedia.org/wiki/Ribozyme

The Nobel Prize in Chemistry
1989

https://wwwiliobelprize
.org/prizes/dlemistry/1
989/summargl/
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Sianey Aftrﬁan Thomas R Cech

Prize share: 1/2 Prize share: 1/2

The Nobel Prize in Chemistry 1989 was awarded
jointly to Sidney Altman and Thomas R. Cech "for
their discovery of catalytic properties of RNA."



https://en.wikipedia.org/wiki/Ribozyme
https://www.nobelprize.org/prizes/chemistry/1989/summary/
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“RNA world” hypothesis
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...and life starts

But the recent discovery indicates...

(J) DECEMBER 28, 2020

Discovery boosts theory that life
on Earth arose from RNA-DNA
mix

by The Scripps Research Institute

https://phys.org/news/2020-12-discovery-
boosts-theory-life-earth.html

https://link.springer.com/article/10.1007/s10531-015-0888-6

Quiz: What is the main idea of the chemical evolution theory of origin of life?


https://phys.org/news/2020-12-discovery-boosts-theory-life-earth.html
https://phys.org/news/2020-12-discovery-boosts-theory-life-earth.html
https://link.springer.com/article/10.1007/s10531-015-0888-6
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evogeneao.com

What is the chance of an intelligent life developing...”?

http://www.evogeneao.com/en



http://www.evogeneao.com/en

Drake Equation
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How do we look

for extraterrestrial g
ife?




Planet Types
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https://exoplanets.nasa.gov/
https://exoplanets.nasa.gov/alien-worlds/ways-to-find-a-planet/
https://exoplanets.nasa.gov/alien-worlds/ways-to-find-a-planet/

Transit of an
exoplanet
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https://www.eso.org/public/videos/eso50lightintensityexo/

Finding planets from the star’s wobble!

/ Orbit of
- star

\ Center of
\ mass
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\ Center of
\ mass

Planet

© 2018 Pearson Education, Inc.
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Here the observer
spectrum of the star
blueshifted . . .

>

... and here,
she sees it
redshifted.



Alysa Obertas (@AstroAlysa)
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https://twitter.com/astroalysa/status/1104794051327471616

51 Pegasi
Planet
Detectio

https://en.wikipedia.org/wiki/51 Pegasi b

Actual radial velocity
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https://scitechdaily.com/stunning-reveal-first-image-of-the-black-hole-at-the-center-of-our-milky-way-galaxy/
https://scitechdaily.com/stunning-reveal-first-image-of-the-black-hole-at-the-center-of-our-milky-way-galaxy/
https://www.nobelprize.org/prizes/physics/2020/press-release/

What is a wave?

A wave is a disturbance that propagates through space and time,
transferring energy without transporting matter.

* The disturbance could be elastic deformation, fields (electric, magnetic),

motion of particles, etc.
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©2002, Dan Russell

®2002, Dan Russell

Wave does not transport matter, only the energy.

Transverse wave

Longitudinal wave



Waves... Fundamental properties

* Periyod (T): The
time it takes to
complete one
cycle (s)

* Wavelength (A):
Distance between
two successive
peaks (crests or

trOughS) Time behavior at x=10.25 Snapshot of wave at t=27s
4 4
* Frequency (f): sz .z
Number of peaks %" g.°
. -2 -2
passing thrpugh a . .
pOInt In unlt tlme' 10 20 30 40 S0 0 S 10 15 20 25 30

time position

(1/s, Hz). Or number
of vibrations in unit
time. http://www.acs.psu.edu/drussell/demos.html



http://www.acs.psu.edu/drussell/demos.html

Light is an electromagnetic wave

Mechanical wave

M
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Speed of a wave

Speed (v) = wavelength X frequency =4 f
[m/s] [m] [1/s]

For EM (electromagnetic) waves: v =c (speed of light) =3 x 102 m/s (in vacuum)

EM waves can travel without medium! with the speed independent of wavelength or
frequency
The full range of wavelengths and frequencies makes up the “spectrum” of EM radiation

~ | =

Energy



https://scied.ucar.edu/learning-zone/atmosphere/wavelength
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GIFT of NATURE to SCIENTISTS: Quantum Physics
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Spectrum?

e

SOLAR SPECTRUM

VISIBLE PORTION SHOWING PROMINENT FRAUNHOFER LINES
D

1ttps://www.youtube. com/watch?v yrRKJMHECYE?t=35



https://www.youtube.com/watch?v=yrRkJMHEcYE?t=35
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https://www.cfa.harvard.edu/ssp/stars planets/solarspectrum.html



https://www.cfa.harvard.edu/ssp/stars_planets/solarspectrum.html

Spectral lines = Fingerprints of elements ;:/__-;:_.,-—%;5\5)

ABSORPTION AND EMISSION SPECTRA
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https://webbtelescope.org/contents/media/images/01F8GF9E8WXYS168WRPPK9YHEY
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https://i.redd.it/xk8rxdh0j06y.jpg

Absorption Spectrum of a Star

Question: Which elements are in the atmosphere of this star?

Hydrogen
Helium
Sodium
Magnesium

Calcium

Star spectrum



https://www.explorelearning.com/index.cfm?method=cResource.dspDetail&resourceID=558

