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Goals
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® Understand the meaning of the numerical
values found in the data tables of the Solar
System planets
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B Understand the main characteristics of

extra-solar planetary systems
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Solar system APHR

We look for models that provide ;;-

information,

not only arts and crafts.
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According to the content

We want models with scientific
content and those that display some
concrete points
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Activity 1: Distances from the Sun

a1 : RPE R AR R A

4 506 600 000 km

Mercury 7K 2 57900000 km | L) | 6cm| 0.4AU
Venus =& 108 300000 km | [m=) | 1lcm| 0.7AU
Earth  #hEk 149700000 km | ) | 15cm| L0AU
Mars KE 228100000 km| ) | 23cm| 15AU
Jupiter AZ 778 700 000 km | T2 78cm| 5.2AU
Saturn T &= 1430 100 000 km | [IE=2 143cm| 9.6 AU
Uranus XEZE [2876500000 km| L) | 288cm| 19.2 AU
Neptune /B E £ Imm) | 450cm| 30.1AU




Activity 2: Model of Diameters
san2: EERE

Sun A BH 1 392 000 km ﬂ[j> 139.0 cm
Mercury JKZ 4878 km | | 0.5cm
Venus & E 12180 km @) | 1.2cm
Earth bth Bk 12 756 km | =) 1.3cm
Mars XE 6 760 km | I 0.7 cm
Jupiter KE 142 800 km | Il 14.3 cm
Saturn T2 120 000 km| =) |  12.0 cm
Uranus XEZ| 50000 km| [me)

Neptune #BEE| 45000 km | [m2)




Activity 2: Model of Diameters
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T-shirt with the diameters of
the planets to scale
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Activity 3: Diameters and distances from the

Sun
L -~
Sun 1 M.O cm
Mercury 4878km| 57900000 km| EEE)| 0.1cm
\Venus 12 180 km m%%mwmm—%Oﬂm
Earth 12 756 km| 149 700 000 km| 0.2 cm
Mars 6760 km| 228100000 km| " 7| 0.1cm
Jupiter | 142800km| 778700000km| V| 25cm
Saturn 120 000 km | 1 430 100 000 km m_R/ 2.0 cm
Uranus 50 000 km| 2 876 500 000 km H[_( 1.0 cm
Neptune 45 000 km | 4 506 600 000 km | W= 1.0 cml8e

Usually a school yard only reaches out to Mars
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Activity 3: Diameters and
distances from the Sun

EBN3: KX RMWEERSIEE




Activity 4: Model in the city |
4 AR [
(Barcelona (EZEZF)

sun Washing machine Puerta Instituto

Mercury Caviar egg Puerta Hotel Diplomatic
\Venus Pea Pasaje Méendez Vigo
Earth Pea| Entre Méndez Vigoy Bruc
Mars Pepper grain Paseo de Gracia
Jupiter Orange Calle Balmes
Saturn Tangerine Pasaje Valeri Serra
Uranus Chestnut Calle Entenza
Neptune Chestnut Estacion de San a




Model in the city of Metz (France)
EE R IRE

Ptures-plandtes

" © Soleil - Plan d'eau
@ Mercure - Square Boufflers

J @ Venus - Place Saint-Martin
@ Terre - Place Saint-jacques
4 Mus-ﬂ;uhhm-w
) W.Mal'mml
6 snumnmm-ﬂ'mw
@ Uranus - Square Mondon
® Neptune - Square Mangi
9 Pluton - Place SaintThidbaul
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Activity 5: Model of times
SETNS : i e EY
¢ =300 000 km/s
The time it takes light to go from Earth to Moon is:
t = distance EM / ¢ = 384 000 km / 300 000 = 1.3 s

A ERE| #h BRI (8] i+ H

How would a

conversation
between planets
by “video” be?
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Sunlight takes to get to ...

HItEAABE R

Mercury 57900 000 km| ym) 3.3 minutes
\Venus 108 300 000 km| IE=)| 6.0 minutes
Earth 149 700 000 km | 1 8.3 minutes
Mars 228 100 000 km | | 12.7 minutes
Jupiter 778 700 000 km| I 43.2 minutes
Saturn 1 430 100 000 km | =) 1.32 hours
Uranus 2 876 500 000 km | =5 2.66 hours
Neptune 4 506 600 000 km | IEE) 4.16




Activity 6: The Sun as seen from the planets

saoi6: BT E B EIrAMH

B O = tan o = radius Sun / distance to Sun

- 700 000/150 000 000 = 0.0045 radian =
0.255°

® From the Earth, the Sun measures 2 o = 0.51
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Activity 6: The Sun as seen from the planets

sEoN6: HAthiTE £ F A
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Activity 7: Model of densities
a7 B ERE

Sun 1.41 g/cm?3 u[j> Sulfur Aff&(1.1-2.2)
Mercury 5.41 g/lcm3 | [Im)| Pyrites=&H (5.2)
\Venus 5.25 g/cm3| )|  PyriteB&H (5.2)
Earth 5.52 glcm? ﬂ[ﬂ PyriteB54EH (5.2)
\ETE 3.90 g/lcm? || Blende[AJ &£ (4.0) | T 4
Jupiter 1.33 g/cm3 | Sulfurhiifg(1.1-2.2) [ ==
Saturn 0.71 glcm® | > Pine wood#275(0.55)
Uranus 1.30 g/cm?3 ﬂ[j> Sulfurfifi(1.1-2.2)
Neptune 1.70 g/cm? | I8 Clayft T (1.8-2.5)
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Rotate the stick in between your hands with
quick rotations in one direction and the other.
The centrifugal force deforms the cardboard
bands as planets are deformed.
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Activity 8: Flattening Model
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Cut cardboard strips of 35 x 1 cm.
ERK 1 EXRE
Attach them to a cylindrical stick 50 cm long

and 1 cm in diameter. Leave the lower end
loose so that it can move along the stick.
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Activity 8: Flattening Model
JEBN8: thEER

Planets (equatorial radius-polar radius)/
equatorial radius

(FEFFE-RFE) /TFEFE

Mercury 0.0

Venus 0.0

Earth 0.0034

Mars 0.005

Jupiter 0.064

Saturn 0.108

Uranus 0.03

Neptune 0.03




Activity 9: Orbital Periods model
a9 R EARE

=*Attach a weight (roll of tape) to one end of a
rope and hold the rope opposite to it. Turn the
rope over your head.

EEF— i — 1T IRE, SEEFRIH—,
RIaHELNER EF.

*As you release more rope, it takes longer to
complete an orbital period.

Aéﬁj&ﬁ MEFEKE, —EMEIHBRER
KEZ\ o

*If you shorten the rope, it takes less time.

INRKREF, EERAEEK,




Earth orbital data

HERPIE S

The average orbital velocity v=2g R /T

X NIEEE
For the Earcth X #hEk
v =21 x 150 x 10%/365
v =2 582 100 km/day = 107 590 km/h = 29.9 km/s

(The average orbital speed of Sun around the galactic centre
is 220 km/s or 800 000 km/h.)

(KRBAZERILE RN T3 PN E R E 220 km/s 5% 800 000 k lsia
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Orbital data

MNESH
Planet Orbital period Distance from Orbital Orbital
174 (days) the Sun (km) average average

PAEEE  BIKFHAEEE  speed (km/s) speed (km/h)
PR FuE PR
& (km/s) FE (km/h)

Mercury 87.97 57.9 x 106 47.90 172 440
\Venus 224.70 108.3 x 10° 35.02 126 072
Earth 365.26 149.7 x 10° 29.78 107 208
Mars 686.97 228.1 x 10° 24.08 86 688

Jupiter 4331.57 778.7 x 10° 13.07 47 052
Saturn 10759.22 1430.1 x 106 9.69 34 884
Uranus  30.799.10 2 876.5 x 10° 6.81 24 876
Neptune  60190.00  4506.6 x 10° 5.43 1958

12E



Activity 10: Model of surface gravities

SEDN10: REE HIEEER

m Surface gravity, F = G M m/d?, withm=1,d =R. Thusg=G M/
R?, where M =4/3 TR’ p

s REAENF-GMm/d, EFm=1,d=R. Fillg=GM/R2 H
A M=4/3nR°p

= Replacing: fXARfFg=4/31GRp




Surface gravity{T &£ 3R [H £ /]

Planets Equat. Density Calc. Real
Radius Grav. Gravity
Mercury 2439km| 5.4 g/lcm3 H[j> 0.378 3.70m/s2| 0.37
Venus 6052 km| 5.3 g/cm3 ﬂ[j} 0.894 8.87 m/s?| 0.86
Earth 6378km| 55g/cm®| [EE) |  1.000 9.80 m/s2|  1.00
WELES 3397 km| 3.9g/cm3 H[j1> 0.379 3.71m/s?| 0.38
Jupiter 71492km| 1.3g/cm?| | 2.540 23.12 m/s? 2.36
Saturn 60268 km| 0.7 g/lcm?3| | 1.070 8.96 m/s? 0.91
Uranus 25559 km | 1.2g/cm3| | 0.800 8.69 m/s? 0.88
Neptune | 25269 km| 1.7 g/cm? ﬂ[_> 1.200 11.00 m/s?| 1.12
Moon H[j> 1.62m/s?| 0.16




Activity 11: Model of “impact craters”

Eoh R/ TR

ﬂ

Cover the floor with newspapers to prevent a mess

FE LB — 2R 4R

In a shallow box, set a layer of 1 or 2 cm of flour
with a strainer to make the surface very smoothft

— NEFAT G B 1R 2cnBE R ﬁi%

HmREFE

Sprinkle a layer of a few millimetres of cocoa

powder over the flour with the strainer

R FAE T A LT — B JLEZK B A AR

From about 2 m high, drop a tablespoon of cocoa

powder to create marks like impact craters N2KTH

g, B R KA A, BB RA
PR A o S

The used flour can be recycled for a new

experiment
FH XX A m WA ST D 4BETA 1 R FH AL e A 52 1A
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Activity 12: Escape velocity
JEBN12 : 85 E
m E. =1 mv’

O Epo = -GM m/R

t Planet Planet
mE =E. +E =0
mec in pot
_ 2
- gplanet B Mplanet planet

Then: —GMplanetm/ Ry o+ 72 mv? = ()

t

1 2 _
/2 my* = gplanetmelanet

the scape velocity results:

vV = (ZgR) 1/2




Activity 12: Escape velocity

SEEN12: R EE

Planets Equatorial Surface Escape

Radius Gravity \elocity
Mercury 2 439 km 0.378 ﬂ[j> 4.3 km/s
\enus 6 052 km 0.894| mm)| 10.3 km/s
Earth 6 378 km 1000 gmm)| 112 kmis
Mars 3397 km 0.379| (mm)|  5.0kmis
Jupiter 71 492 km 2.540| |Em)| 595 km/s
Saturn 60 268 km 1070| ymm)| 35.6 km/s
Uranus 25 559 km 0.800 ﬂ[4> 21.2 kml/s
Neptune 25 269 km 1.200 ==




Rocket launch N & A 5

s Cardboard F8 454 9 4
s Capsule film BEBE [
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Extrasolar planetary systems
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In 1995 Michael Mayor and Didier Queloz

announced the detection of an exoplanet

orbiting 51 Pegasi

19954F, Michael MayorfilDidier Queloz

A
RILT —RisE CEEES I RIMT 2 -

The first image of an

exoplanet
‘ 2003 March 16t
20135F3 A 16B R
H— A RIMTERE

3

2M1207b directly imaged (ESO)



We depend on the technology
EATKBBA

Galilei observed Saturn with his telescope in 161Q for:'
the first time. He did not see a fine ring |but
interpreted it as a star with three bodies. You h
wait for Huygens (1659) with a better telescop

according to the discovery of Galilei.

1610EANF #E 28 — IR F AL Eim B L B2l IF
BEERLEHR, MANAIER—BH =54 %
MEE. ZAWHEEN, RUAFI 16595
A EmE KR EEERN A 4T, IEFRWm, 7
BREE (1636-1638) H TE«EﬂIﬂ%' H%E'Jli’ﬂjﬂ
BRI Télzflﬁ#ﬁ%ﬁ_ﬁllﬁ -
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Names for exoplanetsR5MTERIAT 4

A letter is added after the name
of the central star starting with
"b" for the first planet found in
the system (e.g.

51 Pegasi b).

TERGIPHIE—FITE 80
4 73 B B E 1A PR E
— 1 FED” (30 KSEES51b)

The next planets are named following the alphabet: ¢, d, ¢, f, etc.
(51 Pegasi c, 51 Pegasi d, 51 Pegasi e or 51 Pegasi f).
BETERMITEERRIML c. d. e, f FFH,

(§SmE51c, €EZ/51d, €5B51e, 26 §S5/E51f)




Methods used to detect exoplanets
ERMNRIMTENTTE

Many methods are used, e.g. :

NEAEHERZH, Hlan:
0 Radial velocity or Doppler eftect
FEREES ZE M
0 Transit Method
K&
0  Microlensing

WMEl JIEE
0 Others

H fih




Detection Method: Radial Velocity
RN 2 - T ) B

The variation of the radial velocity of the star when orbiting the
barycenter of the planet and star system is measured using the
Doppler Effect. It was with this method that the first exoplanet 51
Pegasus b was detected.

FIRZEHMNAILINEBES
uﬂﬁﬁmm

2NTE CSEES1bELZEFI X T A EER N E]#4

| IEE-1TERFMBIDEN
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DOPPLER 5 ~
SHIFT A
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60000 51000 62000 53000

JD~-2 400 000 (d)



Activity 13: Doppler Effect
iEBl13: 223 BRI

The Doppler effect is the change of the wavelength of the sound or the light
when the source is in motion. It has been reproduced by inserting an alarm clock
Into a cloth bag tied with a rope. The clock is then rotated in a horizontal plane. You
can hear that: When the clock approaches the listened, the wavelength is
shortened and the sound is higher pitched. When it moves away, the wavelength
lengthens and the sound is a lower pitch.

The one in the center of rotation does not detect any variation.

Z MM LR SIEKIEFIN, FRBOGKE KRS REZR.
EMIE AT LIRS — R RBAA T R R EEI
kR W B B AR AR K TH A e .
BATI e T 2.

LRI, FREKEREERAR;
SR ErER, FREKEKERER.
(B T e % Ao PR Wy = U Wi AS 2IE AT AR AL




Activity 13: Doppler Effect
m313: BN

In the case of light waves: TG %(R

when the light source moves away, the apparent
wavelength increases, the observed light shifting to the

red part of the visible spectrum.¥ Ytlimasnf, FRIMN R K
L, A LGRS A)

when a source approaches us, the apparent wavelength
decreases, the observed light shifting to the blue pagt of
the visible spectrum. ”a
L SESESE R, BEMKEEETE, MRS o




Detection Method: Transits
TN 5. BEE

During the transit of an exoplanet, the brightness of the star undergoes a
small decrease.

For solar-type stars and Jupiter-sized planets, the brightness decrease is

approximately 1%, in the case of Earth-sized planets the decrease is
around 0.03%.

UM ARIMTEERTERERE (BE) K, BHEEFGCE S
T B PA—OR BHE 2 — iR B AT B IEE NG, BHE A
I RZ) N FR1%; & RAERER 2 — P T2, NWEHEE
116 K2 T F%£0.03%
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Activity 14: Transit simulation

WEBh14: FEEEH

Using two balls: one large for the star and one small for the exoplanet orbiting the

star.

With the observer in the same plane of the orbit and observing from that place, you
will see the exoplanet passing in front of the star and the brightness of the star
decreasing.

But if the observer is not in the same plane of orbit, no change in the brightness
curve will be observed.

MWL, RKIRAREE, MRERERESEHNHNRIMTE
SMNECFTENER, NWALIBHTEAEENEET, BENEESTE;
{E4n B30 B, %BAEEH‘J:‘»‘&FEH%E‘%T REFAZE

Observer in the plane of the orbit Observer out of the plane of orbit

AN B AR e oIBER ] WL A2 A T 22




Detection Method: Micro Lensing

W TTHE: W5 &SR

There is an enlargement or distortion
that highlights the star-exoplanet
system, due to the alignment of the
system with a star or object that makes
the gravitational lens.

MR RIMTE ARG AT IE
ERITHE RIEEZE, BB
JIEG, BAEIUME FEERE
AP ZR AR BOKER D BUAT LA
RILZRIMT ERIFHAE

MAGNIFICATION

SOURCE

\

/

$3STAR oo

PLANET |

LENS
STAR

£

(=

T—OBSERVATORY

LENSED IMAGES

MAGNIFICATION

There must be complete visual alignment between the three

bodies (earth, object-lens and star-exoplanet).

WER. RIMTERG. BEEREE=FENLTT HLI™

FEHEFI R — K E 2%




Activity 15: Simulation of microlenses

With only one wine
glass foot, nothing is
seen.

P i — 5 5 AR
B, BEEMARIR

WEBN15: TE J1IEE R

.= | .
ﬁ'&\' =

Yith a pair of wine glass feet

Then we pass one over the other and a point
emerges and then even two.

B —XREAERE, — BT, &mm
RREH IR, £ERHD




Detection Method: Direct

W7 BEBAR

Gemini/GPI

The image of the star is
studied to determine the
exoplanets around it. % e

LR B ST L PR S o g /
Wi R T A A7 B B e L2 ) w7

10 AU

Due to the amount of light emitted by the star, it is not easy to carry out.

B EEICEE RS, ZXMIMEEREERIFAE 5




2013 known
exoplanets
according to the
different detection
methods
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Models for Exoplanetary Systems
RIMTERGIEE

More than 2000 exoplanetary systems have been confirmed to date
BRIEZUEIA T B 20008 %R 5HTE
Jet Propulsion Laboratory (NASA; http://planetquest.jpl.nasa.gov/)

The masses of the discovered exoplanets are often compared to the

mass of Jupiter (1.90 x 10?7 kg) or similar to Earth (5.97 x 1024 kg)
BEFRRMTENRESKE(1.90 x 1027 k) sk HhER (5.97 x 1024

kg) ﬁ ﬁ tt B‘E ) .
- technical limitations

BN BR il




Activity 16: Scale models of exoplanetary systems

E3016: RIMTERGHLBIREL

Distance 1 AU =1m
Diameter 10000 kmm = 0.5 cm




Activity 16: Build Solar System:
im16: BEANHR

Solar System Distance | Diameter B2 Model Model
K BA & B km Distance Diameterf&

\§) i 7 B B RERA
Mercury/K B 0.39 4 879 40 cm 0.2 cm
Venus& 2 0.72 12 104 70 cm 0.6 cm
EarthiEK | 12 756 1m 0.6 cm
Mars /K B2 1.52 6 794 1.5 m 0.3 cm
Jupiter/ K2 5.2 142 984 5m 7 cm
SaturnT 2 9.55 120 536 10 m 6 cm
Uranus KR EE 19.22 51118 19 m 2.5 cm
Neptunifg £ 2 30.11 49 528 30 m 2.5 cm

Host Star Sun G2V, Diameter of the Sun in the model is 35 ¢,

BEE K, RAEG2v, HEEIF KA EZN35cm
Distance 1 AU =1 m Diameter 10000 km = 0.5 cm




Activity 16: Build 1st exoplanetary system:
mlle: BEE—TRIMTERS

Upsilon Andromedae | Discovery | Distance | Diameter | Model Model
Titawin year /< 3 PEEAU | Effkm | Distance | Diameter

(i £z BEw) FA8 ) R | e

Ups And b/Saffarfil 1996 0.059 108 000 6 cm 5.5 cm

Z FEUb

Ups And c/Samhfll 1999 0.830 200 000 83 cm 10 cm

ZBEUC

Ups And d/Majritifll 1999 2.510 188 000 2.5 m 9 cm

ZFEUd

Ups And e/Titawin e 2010 5.240 140 000 5.2 m 7 cm

fil %z FEUe

Host Star Ups And F8V is at 44 l.y. in And.,

Diameter 1.28 of the Sun in the model is 45 cm

BHE BN EEU, RAFSV, FEE4OEFE, BERNL28N KB, Hd45cme
Distance 1 AU = 1 m Diameter 10000 km = 0.5 cm
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Activity 16: Build “terrestrial” planets

EoNG: BE R ITE

Gliese 581 | Discovery | Distance | Diameter | Model Model
WL | year kI AUBEE kmEf: | Distance | Diameter
581 | AR fripEg | RAERE
Gl.581 e 2009 0.030 15 200 3 cm 0.8 cm
G1.581 b 2005 0.041 32 000 4 cm 1.6 cm
Gl1.581 c 2007 0.073 22 000 7 cm 1.1 cm

Distance 1 AU = 1 m Diameter 10000 km = 0.5 cm

Host star Gliese 581 M2,5V is 20,5 l.y. in Libra,
Diameter 0.29 of the Sun in the model is 10 cm

RHEEME 24581, KEIM2,5V, MTRERE, FEE20.5)64,

HAENO2NMAKBHER, BEAIHA10cm




Activity 16: Build "habitable terrestrial' planets

FEON13:BI“EREEMITE

Kepler 62 Discovery | Distance | Diameter | Model Model
iz %h 62 year Rl | AUFEE | kmE4E | Distance | Diameter
AR A (RAER
Kepler-62 b 2013 0.056 33 600 5.6 cm 1.7 cm
Kepler-62 c 2013 0.093 13 600 9 cm 0.7 cm
Kepler-62 d 2013 0.120 48 000 12 cm 2.4 cm
Kepler-62 e 2013 0.427 40 000 43 cm 2 cm
Kepler-62 f 2013 0.718 36 000 72 cm 1.8 cm

Host star Kepler 62 K2V is at 1200 Ly. in Lyr,.
Diameter 0.64 of the Sun in the model is 22 cm

SHERETFEH62, RAK2V, MTREE, BEE1200065F,
T/ N0.CANARPHER, M ER22cm

Distance 1 AU =1 m Diameter 10000 kmm = 0.5 cm




Possible habitability of exoplanets
RKRIMTEV R EJEN

In the habitable zone of Kepler-62: the two exoplanets could have liquid water
on their surfaces. For Kepler-62¢, which is near the interior of the habitable
zone, this would require coverage of reflective clouds that reduces the radiation
that heats the surface. Kepler-62f, on the other hand, is in the outer zone of the
habitable zone

FEE B2 HET N : AR IMT 2R A RSK. X THEH
62eRYi, HTHIETEETAM, BEEHG RN S HBEERBOTER
32 B RSEST #EE. H—T0H, FE#e2ArT B EHKISMI.

Kepler-62 System

L}i

Solar System



Activity 16: Build “habitable terrestrial”’planets

HiE<“HEISITAE

Trappist-1 | Discovery | Distance | Diameter | Model Model
Ihr B2 Br-1 | year KN AU kmEf | Distance | Diameter
AR FE s | HEER
Trappist-1 b 2016 0.012 28 400 1.2 cm 1.4cm
Trappist-1 c 2016 0.016 28 000 1.6 cm 1.4 cm
Trappist-1 d 2016 0.022 20 000 2.2cm 1.0cm
Trappist-1 e 2017 0.030 23 200 3.0cm 1.2cm
Trappist-1 f 2017 0.039 26 800 3.9cm 1.3cm
Trappist-1 g 2017 0.047 29 200 4.7 cm 1.5cm
Trappist-1 h 2017 0.062 19 600 6.2 cm 1.0 cm

Host star Trappist 1 M8V is at 40 l.y. in Acuarius,

Diameter 0.1 of the Sun in the model is 4 cm
BHE E 4RI R T, 5RIM8VY, LT EHREE, FEE40L4E
EENOITKEER, HEE2EZ4cm

Distance 1 AU =1 m Diameter 10000 km = 0.5 cm




Possible habitability of exoplanets
RIMTE R BER H &

In the Trappist-1 system are rocky and could have large amounts of water on their
surface, either liquid, in the form of steam, or as an ice crust. In the habitable zone of
Trappist 1 is Trappist-1e which appears to have a dense nucleus, comparable to Earth
which seems to indicate that of all the planets in this system, this is the most Earth-like
and is likely to have a protective magnetosphere.

LI R R RATE, WTRITE KK, Tt
BETEAERIKENE AT, ERANLEEN, 7R
A&Wﬁwg¥%ﬁﬁ%m&,S%ﬂﬁwtﬁ—ﬁﬁ%EﬁA%
GRATHTTRST, 1oL SRR, RUfeh R

b M

TRAPPIST-1 System

S )

Inner Solar System

AN
Mercury Venus Earth




Conclusions
25 4
IS

m Knowledge is more "concrete” of planets

m SN CBARET T RAT AR AR
m Relationships establish "parameters” that allow a
better understanding of dimensions

m ERE SIS “ ST WM B A A B A R

® The solar system "is empty«

n KPHREARR “20H”

® Introduction of exoplanets

n [ RRIMTE




Thank you for your

attention!
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