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Objectives
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m Understand where the different elements of the
periodic table arise.

m Understand the habitability conditions necessary
for the development of life.

®m Manage the minimum guidelines of life outside

the earth.
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Formation of planetary systems

TTERARL

During the formation of a star its planetary system 1s also constituted

with the remains of material close to the star.
Spectroscopy 1s used to know the composition of the star and is also
used to know the atmosphere of the exoplanets.
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Activity 1: Formation of the planetary system
from gas and dust
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The group is divided into two: girls (gas) and boys (dust) e.qg.

(If there Is a substantial difference in the number of participants from

one group and another, it iIs recommended that the group representing

the gas be the largest, since, In a planetary system in formation, the

mass of the gas i1s 100 times the mass of the dust).
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As the participants listen to the story, they make a dynamic actions of
What they hear, for example
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Activity 1: Formation of the planetary system from gas and

dust ESJLMSEMERFIERITE RS

Text of the story:

LR SOA

Participants performance:

a2 528 EhE

There was once a cloud of All are mixed in a cloud. There are more

a lot of gas and a little participants representing gas. In the cloud, all

less dust. participants hold hands randomly, forming as

28— RKESMAEM/D anetwork.
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Then the gas began to They begin to separate. Participants

gather in the center of the representing gas accumulate in the center and
cloud and around it the  those representing dust hold hands around

dust.
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Activity 1: Formation of the planetary system from gas and

dust FEZNLMSERBIRP T E RS

Text of the story: Participants performance:

There was a lot of They begin to rotate, move, crash, vibrate, jump. Some
movement, gas particles shoot out as a result of so much movement and others
attracted gas and dust "rescue”, catch, hug those particles by identification
particles attracted dust. (gas with gas and dust with dust).
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In the center a dense opaque Those in the center (gas) accumulate and around them
core formed surrounded by a participants who represent dust in a kind of circle are
disk of dust and gas. taken by the hand.

HERHFOLERT A& Clarification: not all gas is in the center, there is

A ERAIZER, #H— 1T HS remote gas outside the circle.
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" Activity 1: Formation of the
planetary system from gas

1 and dust JEFILMSEFLE
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Activity 1: Formation of the planetary system from gas and
dust FFRILMSEMBRFERITERS
Text of the story: _________Participants performance: .

This nucleus is the one that The Sun or the parent star begins to shine so that its
would finally give rise to the Sun rays must shoot outwards in all directions.

or the parent star of an Clarification: The moment the sun or the parent star
extrasolar system. begins to shine the “loose” gas begins to move away.
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Some small planets were formed The participants representing the dust that forms the
by the union of increasingly terrestrial planets begin to group togethet.
larger and larger dust grains, Clarification: not all dust stays on terrestrial planets,
then rocks and so on until there must be some dust in the farthest regions.
terrestrial planets are made. K REEW L S HAT B AR IR 2R TR 4
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Activity 1: Formation of the planetary system from gas and

dust JEZNL:MS AL T EBITE RS

The giant planets The rest, the giant planets, begin to come
formed away from the  together: a lot of gas and some dust.
heat of the Sun or the  Clarification: The decrease in temperature

central star where the due to the greater distance from the Sun or
gas could gather without the mother star was the cause of the main
hinderence. differences between the inner rocky planets

S T2 x E KPHELRE and the outer giants.
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Activity 1: Formation of the
planetary system from gas

and dust JEFI1:MSAEFIL
BRhERITERS
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Activity 2: Emission spectrum
— i A N »
B2 1 RETIEE
Spectroscopy allows us to know some information about the chemical composition of exoplanets

and their atmospheres. We can visualize the spectrum of a light bulb with a DVD (we see the lines
of the gases it contains inside)
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Chemical aspects of stellar evolution

Elements which were produced in the first minutes after the Big Bang
Elements which were forged in the interior of stars

Elements appearing in supernova explosions

Man-made elements in the laboratory




Activity 3: Periodic Table Classification

%23733 T JE

Place in each basket (blue, yellow and red) each object®

M) BIRALT &0
Ring: i &
Gold Aug

Drill bit coated with:

EER AL L Titanium Ti

Mobile /button battery: | Car spark plugs:

F H /4 0 B M Platinum PSEKLE
Lithium Li £ = 4§

Water bottle H20: Old Cooking Pan:
Hydrogen H %K :  Aluminum Al|[BRT%A:
= &

Can of soft drink: Wrist watch
Aluminum Al SB[ # TitaniumTi BiFR £k
25

Zinc pencil sharpener: Rusty Old Nail:
WET] & Iron Fe £ %55 IH 4]
YAV A B

Elements forged inside the stars (yellow)
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Gas inside a child's
balloon: Helium He
JLESEKRSHE : 8
Electric copper wire:

Copper Cu H2E: 4
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Pan scourers:ﬁ%%
Nickel Ni £

lodine solution:

lodine 15878 % :

Black Pencil Lead: Sulfur for agriculture:
Graphite C {R¥2%E: A5, Sulfur S KA
Bz

Medal: Pipe:
Silver Ag 328 4R Lead Pb 7K & 4%
Thermometer: Matchbox: NEEE

Gallium GaREit: 8% | Phosphorus P #%




Activity 3: Periodic Table Classification

EE3TRAPRS R
Drill bit coated with: | Gas inside a child’s
BEER L Titanium | balloon: Helium He
Ti ILESERANSHAE : §
Mobile/button battery:
F Hl / 440 B8 B Lithium
Li 8
Water bottle H20: Old Cooking Pan: Black Pencil Lead: Sulfur for agriculture:
Hydrogen H f#%57/K : | Aluminum AlIBRI%A: Graphite C JR45%: ‘A | Sulfur S R
= 5] &=,
Can of soft drink: Wrist watch
Aluminum Al 55 48  TitaniumTi PEFR £K
Rusty Old Nail: Matchbox: K&
Iron Fe 445 IHER4T Phosphorus P %
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Activity 4: Children of the stars
imsl4: B E T

Composition of the human body:

Abundant elements: oxygen, carbon, hydrogen, calcium, phosphorus, potassium, sulfur,
sodium, chlorine, iron and magnesium.

AEAR: FERTER: £, B8 &, &5, B & B\, 9. & 5T

Trace elements: fluorine,

Silicon Vanadium -Elements which were produced in the first minutes after the Big Bang
’ ’ Elements which were forged in the interior of stars
Elements appearing in supernova explosions
manganese’ Man-made elements in the laboratory
L]
chromium and
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Essential elements: llthlum, -mm----
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All abundant elements (except H) have been produced within the stars.
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We are children of the star
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The Sun is not first generation

ABEAFAZF—HRIEE

The first generation stars lived fast, died young and have
not survived to this day. Only with Hydrogen, Helium
and perhaps Lithium lines are visible.
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First Generation Spectrum (Artist’s impression). |-
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The Sun is not first generation
ABEFAZE—REZ

The stars with more elaborate elements means that their initial cloud
started from the remains of a supernova explosion.
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Second Generation Spectrum.
SMSS J031300.36-670839.3 with Hydrogen and Carbon lines
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The Sun is not first generation

ABEAZF—HRIEE

In the solar system many elements that are arise after a supernova
explosion are detected. Therefore the Sun was possibly formed from
an initial cloud that corresponded to the remains of at least two
supernova explosions, that 1s, it is a third-generation star.

FEARBRARNENRZ o, A RE O 2R G 7
£, Rk, ANPBIREIREMEA: T 22 /02 Jyad 9 (GRS B 22 4 K 15
BRI ER, thmEil, KfHed =AVEA.

l|||||l|||l|||||||l|||l|I]IlI|||l|||I|I|I|I|l|I|I|III|I|I[I|I|I|I|I|I1I|I|I'I
450 550 650
400 500 600 7

Spectrum of the Sun. With various spectral lines
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Activity 5: Fraunhofer lines of the Sun

a5 : RPERIFHE ST BUE R

The Sun's spectrum is continuous, with
dark lines called Fraunhofer lines, which
correspond to the chemical elements
contained 1n its atmosphere.
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They can be seen with the naked eye in
the reflection of sunlight on a DVD.
Many Fe lines are observed, the Mg
triplet (1n green), the Na doublet (in

yellow)
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Activity 5: Fraunhofer lines of the Sun

5E3)5 : APRR#TT BE KL

Cut out the template, glue 1/8 of the DVD and assemble the box with the DVD
inside, folding along the dotted lines. B3 F4E#R, #5E DVD B 1/8, AFIHE
A DVD BEFHAER, RELITE,




Activity 5: Fraunhofer lines of the Sun

B35 APHRFHT BERL

Go outside on a sunny day and face the Sun.

Place the box in front of your face, with the top edge at eye level, as seen in the
photo. Looking at the DVD inside, move slowly until you see the bright,
multicolored radial reflection of the Sun on the DVD.

FEPASEBAYERY B 2= X K FH.
BFEFRESHER, s 5IREF, mErr. BEEEB DVD,
=), ERIEE DVD EEEIRHAZRN. AFMERIRSS,




Activity 5: Fraunhofer lines of the Sun

a5 : RErRI#T BE RS

Bring your face closer to the box, always looking at the reflection, which will appear wider.
When your eye is almost touching the window, you will see thin, sharp black lines in the
color area. They are the spectral lines of the chemical elements that are in the Sun.
FHRMSEIL S 7, WAEENRN, EXxRAHEY. JEMIRREL FEMEIE
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Activity 5: Fraunhofer lines of the Sun

&35 : AP ST BE RL

wavelength (nm)
460 480 500 520

1
e
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G (hydrogen) F (hydrogen) b (magnesium)E (iron) D (sodium-+helium) C (hydrogen) B (oxygen)

Many lines are seen, some more intense than others. The main one seen in the blue comes
from Hydrogen, in the green you can see three very close stripes very well, which 1s the
triplet of Magnesium, and another separate one that comes from Iron. In the yellow part

you can see a double stripe, which is from Helium and Sodium. In the red part you can see
an intense, Hydrogen.

AIUFRI 245k, Hp s R b A Z k. W EHE RN FE KSR
HE, (EAE R DR A B = A 4R SO 2R 80 e B = HE, 51—
MNEMPZSCRE . EREBEDIRAILUERINEL, EREZMNN. TELAES
7, ERILFERREIINEA.



Z.one of Habitability
— HH-
=0
Zone of habitability 1s the region around a star in which the flow of
radiation onto the surface of a rocky planet would allow the presence of

liquid watet.
carbon-based life 1s assumed the presence of liquid water)

BIET 28 A R B R X 3, 2SR S B E RE N E
E?E%ﬁ CIEATAEIRAS K o

It usually occurs in bodies of mass between and an
atmospheric pressure greater than 6.1 mbar, corresponding to the triple
point of water at




Z.one of Habitability
HIE
The zone of habitability It

the mass is greater then its temperature and brightness increase

and consequently the zone of habitability 1s increasingly distant.
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Other conditions for Habitability

HREMHEMEH

but not enough for a planet to embrace life.
Example: Venus and Mars.
TEMPUER S AL T 'R N R BRI, HibA e ik—
BT RB AR, BIEERKE. 39 9.9 .ee

The so that its gravity is able
to retain the atmosphere.

It 1s the main reason why Mars 1s not habitable at present, since it lost most
of its atmosphere and all surface water, which it had in its ﬁrst billion years.
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Activity 6: Liquid water on Mars?
E3h6: KE ERIBESK?
On Mars the atmospheric pressure is weak (0.7% of the Earth's one). Despite

this low pressure, the water form clouds at the planet's poles. But why Mars has
no liquid water on its surface?

KEERRE 0 gs CRAMBRE0.7%) BARRTE IR, HAEK
R, KSR A AE . AR AT A 1R KR R B A /KAFAEE 7

We put inside the syringe
hot water close to boiling

BATTE BT 5 1 #OK I
NTEST 4%

If we pull the plunger the inside pressure lowers and the water begins to boil,
becomes steam and gradually disappears. To simulate the Martian pressure

we should have a very long syringe and to pull the plunger up to 9 m.

GnR M SN SNTE2E, PRI IR, AR T AR T s T BUK 28 B HTE K -
N TR KB RAE BATRESCERKRER 4%, B EIKRK.



Greenhouse effect

ity 7
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1vity

Act

£ A

We put dark earth inside 2 empty plastic bottles, and in a third cut lengthwise in half. We inserted
a thermometer into the stopper of each bottle. The cut bottle simulates the planet without

clouds, the first whole bottle simulates the planet with clouds
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and in the last one, we put a few
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drops of water inside it, to simulate an atmosphere with water vapor.
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Activity 7: Greenhouse effect

A 4
SEBNT  Im BRI
We put the bottles in the sun and measure the temperature inside every

5 minutes. We write down the measurements to determine how the
greenhouse effect influences.
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Photosynthesis: Oxygen production
KSR HPEES

Photosynthesis is the process by

which plants and some bacteria use
sunlight to produce glucose,
carbohydrates and oxygen from OX'GC*

carbon dioxide and watet.
HEERREYFI—LAENA B3
ANIBSEMZ 11tﬁr$ﬂ7k53ﬁ* G|
ZE., IKIESMFNEasIRE.

Molecules called photosynthetic pigments convert light
energy into chemical energy. “a
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Photosynthesis: why the leaves are green?
RXEER : ATl FER48H 2

The light that is absorbed can be used by the plant in different
chemical reactions,

Green and yellow colours are{ transmitte

One of the groups of photosynthetic
pigments are chlorophylls that typically have
two types of absorption in the visible

Chlorophyll
solution
Spe(:trum, absorbs the

- extremes of th
visible spectru




Photosynthesis: Oxygen production
YRR : A

The pigments are illuminated and transfer their electrons
that are excited by the light. Water is a donor of electrons
that jump from one molecule to another and the end result is
the production of oxygen when the water molecules break
down. This is the luminous phase of photosynthesis.

BRWIESE, FMEROCEKHE TREH L. KT
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In the dark phase carbohydrates or sugars are produced. Light is
not necessary for that part.
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Activity 8: Oxygen production by
photosynthesis

S el BRI
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Use two transparent glass jars and place blue and red

cellophane paper at the end of the ja

A2 B B I 0, o A e

T.

SV IEAN )

TS

1) B 4G & ma;




Activity 8: Oxygen production by
photosynthesis

G i

With the help of a punch, cut discs of uniform sheets
(spinach or chard avoiding veins). Put 10 discs in each jar.
PTALE T LR STHTIL GiEsesi e, @ Y
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Activity 8: Oxygen production by
photosynthesis

Ezh8: JEEIERFFERSR

Prepare a solution of sodium bicarbonate of 2 g / 1 litre of
water. Place 20 ml of it in each bottle.

Impregnate the leaf discs with the bicarbonate solution. Place
the discs in a 10 ml disposable syringe and draw in the
bicarbonate solution until the discs are suspended. |
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Activity 8: Oxygen production by photosynthesis
mal8: JEETEAFERASR

Remove as much as possible the air that has entered, leaving

only discs suspended in bicarbonate.

Seal the end of the syringe with a finger and suck tightly, trying
to make the vacuum, so in the internal spaces of the plant
tissue air 1s replaced by bicarbonate solution that will be an
available carbon source, close to the photosynthetic structures

of the leaf.
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Activity 8: Oxygen production by photosynthesis
maN8: MEERMFAERSR

Place the leat discs in each jar. Cover each of the jars with red
and blue cellophane paper.

151 B LSO F . 45 59040 R 1 BB
i [ A e

Place an individual light bulb (not less than 70W) over each jar
(with the paper covering it). Both lights at the same distance.

NS (IS ARE) Er AR S A i E —
M <T th\m

Better LED because others emit energy as heat.
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Activity 8: Oxygen production by
photosynthesis

Es: JA TR

.

When turning on the light and start

recording the time for the discs to
float.

Y AT, e AR o
I ] :

It is an indirect measure of the rate of |
photosynthesis.
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Activity 8: Oxygen production by
photosynthesis

8. A e
. 4 '

Wait about 5 minutes
and the discs begin to
rise (depending on the
powers of the lights and
their distance).
SRS, I
s EI (50t
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Activity 8: Oxygen production by
photosynthesis

ih3)8: SRR ERAS

The discs begin to float as they release oxygen in the form of
bubbles, which help in floating.

o5 AT VIR R AW A, B TR B

Times are different, depending on the color of light: it is faster
for blue light (it 1s the high energy component of
electromagnetic radiation, it is the most efficient in the process)
JCHIBEAE, M BRI AN R D B R — L
Cliytoe AR P REE BRI KA, e E1EH
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Activity 9: Life in extreme
conditions

E3h9: Wodm kA T HIE ar

Yeasts (fungi) transform sugar (glucose) into ethyl alcohol or
ethanol and carbon dioxide.

BERE (R R (RlaiE) Fioy CBE sl s DL —
ALK o

Fermentation 1s a low energy efficiency process, while

breathing is much more cost-etfective and more recent from
an evolutionary point of view.

R —FERE RO, MR (LR
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Activity 9: Life in extreme
conditions

E3h9: Wdm kA T HIZE M

If the presence of carbon dioxide is observed we will
know that there has been fermentation and therefore the
possibility of life has been tested.

il
a

E, BATHMAEY A REIRE,

R3] — FAR D
HHLA B BRI 2] &4 1y

In all cases of our experiment we start from a crop in which

water 1s present.
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Activity 9: Life in extreme conditions

We will use: ?I:J—%fjj93 Wﬁﬁ%%'fq:-lr E(JC‘ETﬁ?
AT H 2

1 tablespoon of yeast (to make bread). It1s a live

MICroOorganism €easy to get,

1 glass of warm water (just over half a glass between 22° and
27° C),

1 tablespoon of sugar that microorganisms can consume.
%/\_J BERE (AR R, BERE S IREHIHRARGL
— MK (2RERN27RE, 40D

—AIbE, UAAEITHEFE

The same procedure in the control experiment and the other

a3

experiments developed under extreme conditions. 09
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Activity 9: Life in extreme conditions

E3h9: Wodm kA T HIEmr

Control experiment:
F2 1| SR

In a glass, dissolve the yeast and the sugar in

warm water. The mixture obtained is quickly A
placed in an airtight plastic bag, removing all the B4
air inside and closing it. ﬂ —
BT KBS LR . 4502
ﬁKL RGN B RS, R eEs It
IJ_I jj‘ o

It 1s important not to leave any air inside the bag.
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Activity 9: Life in extreme conditions

E3N9: Wdm AR AE T R Ay

Control experiment$= | SLLS:
After 15-20 minutes you see the carbon dioxide bubbles in the

swollen bag
The presence of carbon dioxide bubbles shows that

microorganisms are alive.
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Activity 9: Life in extreme conditions
5309: HimkAE T B4 oy

Procedure on an “alkaline planet”
(e.g. Neptune or Titan both with ammon
Repeat the experiment with sodium bicarbor
ammonia

E— BB AT 27 S n i R
(Blanig+ 2uE £ 0N, —FHHAE K=y
O B PP 55 S o L.
Ph alkaline scales: Phi {4 5 F5

Sodium Bicarbonate or Baking soda: Ph 8.4
Bk B VB I3 74T phE8.4

Homemade Ammonia: Ph 11

H 1] FH Bt Ph1ﬁ1 1 If there are bubbles there s life
WRA L, SR A fE




Activity 9: Life in extreme conditions
mBN9: Wdm A T HIAE Ay

Procedure on a “saline planet”

eg Mars or Ganymede).

FE—Rl& T B B sSERd =
(Blan K BERAR T =)

Repeat the experiment dissolving

sodium chloride (common salt) in the

watet.

A EAeey CEEgh) &
/E;L‘E{I_L

Ganimede /A .=, Credit NASA

If there are bubbles there is life
MERESIEHI, WHEEMAFE




Activity 9: Life in extreme conditions

E319: WdmaklE T R4 Ay

Procedure on an “acid planet”
(eg Venus that has sulfuric rainfall):

E— MY

FRENNEE)
Repeat dissol
the cultivation watet.

TG BT IR 33 55 W B S e i A
Ph Acid scales: Phig 435 #5

Vinegar: Ph 2.9 fifi: Ph{E2.9

Lemon juice:

ATE” LRSS (Bl

ving vinegar or lemon juice 1n

Venus % &, Credit NASA

Ph 2.3 75 1T: PhiE2.3

If there are bubbles there is life
MRASWHI, WA A mAE




Activity 9: Life in extreme conditions
E3h9: Wmaki T R4

Procedure on an “icy planet”

(eg Europa or Trapist-1 h)

£ UKIGRAT B BRI SERT R
(A B =B Trapist-1h)

Place the bag in a container full of

ice or use a freezer
TR REER R A UKAE B G H A SASERE
UKFE VK% -

If there are no bubbles there is no life

IR S, e —



Activity 9: Life in extreme conditions

w9 WA THER

Procedure on a “planet with UV?”
(eg Mars) |
FE— A MRS T B ESCR e, 8
(AR S
Perform experiment but with the bag
under UV light

FAbSEIO AR % AR A0
BRI SR ST T RSt

If there are no bubbles there is no life

AR, A o




Activity 10: Looking for a second Earth
E3010: FR7—HLER

Earth is the only known planet with life. Let’s look for an
exoplanet with similar conditions. But what parameters are
important?

B AE CRIME— A A AT 2. 1EIRATRT 3 —M
AHEFISRERRIMT R . (HUFLESH S 2 e ?

O Radius and Mass 420 i =

O Habitable zone H &7

O Host star BEE A




Radius and Mass (exoplanet)

:I-“'/f_%*n)ﬂ_é_ gﬁl"ﬁig)

The radius and mass of the planet must be considered to
assess an adequate density.

B EAT R EE, DARE R EEAR &

Using the Kepler Mission criteria: X 8455 HIt5
fH
4 Earth-sized planets must have a radius of less than 2
Earth radii. R<2Re

MR /N AT B LR AR 6 200N T PR s LR A%
R<2Re
d 10 Earth masses are considered an upper limit for
super-terrestrial planets M<10Me

a2 AT B2 B i ERR V1015 Bk i &=




Habitability Zone

The main sequence stars have a direct correlation between
brightness and temperature. The hotter the surface temperature
is, the brighter the star is and the further away is the habitable
zone.

i?MEM%fﬁmfz@ﬁaﬁmm%%%o%*mf
W RE A, JLEW oK, HE Eharih B SHE R kT

Spectral Type Temperature K Habitability Zone AU
g i (K) HEHER (AU)

o6V 41 000 450-900

B5V 15 400 20-40

A5V 8 200 2.6-5.2

F5V 6 400 1.3-2.5

G5V 5 800 0.7-1.4

K5V 4 400 0.3-0.5

L% A 3 200 0.07-0.15




Host Star Mass
HMEE R

The evolution and life of a star depends on its mass. The
energy that a star can obtain from hydrogen fusion is
proportional to its mass. And the main sequence time is
obtained by dividing this energy by the luminosity of the
star. Using the Sun as a reference, the life of a star in the main
sequence 1s

B2 B — ZE AL FE MO T Ho . [HA R NER
AL e MRS Re S R E R EL B . iz e = ER PATE 2 1
JGIE, it RMEA AT M BRI T . LUK N2,
—RUEE AT 3 B Be RIS [y -

t+/ts= (M=/Ms)/(L*/Ls)




Host Star Mass

MMER =

For the main sequence, the luminosity is proportional
to the mass according to L. a0 M>

NTEFE, CRESREREHIERRN

tx/ts= (Mx*/Ms)/(M*>-/Ms>)=(Mx*/Ms) >

t*/ts=(Ms/Mx)2>

As the life of the Sun tS=10"years, the lifespan of a star

is:
KPR 75 i 910104, T4 B 1Y) 75 i 9
tx~1010 (Ms/M*)%> years




Host Star Mass

MMER =

Let’s calculate the upper limit for the mass of the star so
that the residence time in the main sequence is at least
3 x 10° years to give time for life to evolve.

BAPRHAE—TEERNFRE LR, PMRIEERL
BB =D IEH 3 x 10° KT 18] LA ariEik

lii

ENaE

M* = (1019 x £)"4 Ms
M* = (1019 x 3000000000)* Ms
M* =< 1.6 Ms



Looking for a second Earth F IR H— A HLBK

Star MassBHEE Jfi |Star Spectral

Exoplanet
Name

RIMTE
Beta Pic b 4100

HD 209458 b pARKIY

HR8799 b 2226

| (G0 SEEYA Y unknown A &

Kepler-78 b FK:Y,
Luyten b 2.19
Tau Cet ¢ 3.11
TOI 163 b 387
Trappist-1b  [0K8

TW Hya d

et unconfirmed

HD 10613 b 12.60
Kepler-138c FK%

Kepler-62f 2.80
Proxima
Centauri b 1.30

HD 10613 b  g¥XY

N

MassRE (HLEK
JiE&E) in masses
of Earth

Radius}¥4&
GhEkE)

in Earth radii

18.5

15.10

14.20

1.59

1.20

unknown A Kl

unknown A Kl

16.34

1.09

unknown A Kl
2.39
1.20
1.41

1.10
2.39

Distance

to star 5 EHE E [
BB (AU)
in AU

B (KRB

in masses of the
Sun

Type/sutface
temperatureﬁ’ﬁi“é‘ﬂ /
2R [ {5




Looking for a second Earth F IR H— A HLBK

. ~ 1
MassFilt (MIBR |Radiusipfp ~ |DoStance Star MassBHEE R |Star Spectra

B tostar SEHEER |B CKHERR) Type/sutface
GBIRFAL) R (AU) in masses of the temperature 1% & /

in AU Sun RIAEE

Exoplanet
Name JiE&E) in masses
RIMTE of Earth in Earth radii
Beta Pic b AHed

HD 209458 b o]

HR8799 b 2226 1420

| S S EYAY unknown A&l 1.59
1.69 1.20

L 2.19 unknownsR &1

3.11 unknown A&l

TOI 163 b 387 1634

Trappist-1b (IR 1.09

TW Hya d

HD 10613 b  Ez2zE) 239
Kepler-138c §R¥j 1.20

Kepler-62f 2.80 1.41
Proxima
Centauri b 1.30 1.10

HD 10613 b  Ex2zcE] 239




Conclusions

ik

d Know the concept of habitability zone.

d Introduce the concepts of astrobiology.

4 Show how it is possible to generate oxygen and
obtain carbon dioxide.

. How to locate a second Earth.

Q [ EEEw RIS

O N ARV

I N R T A R R T e = K
O 7 AEA S F T — N HER




Thank you very much
for your attention!

1A
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