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Goals H 7[‘7}

Understand why the Moon has phases
TN 2 AR AM

Understand the cause of Lunar eclipses
T#RARE

Understand why there are Solar eclipses
TR 2FHR

Determine distances and diameters of the Earth-Moon-
Sun system
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Vision of lights and shadows

55

@ The Earth-Moon-Sun
System:

Phases and eclipses
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m Relative positions and
shadows
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Activity 1: Model of the far side of the Moon
T B S = = i) g R

2 volunteers: one in the centre (the Earth) and the other revolving
around it (the Moon)

ANEEE: —AuiE (B , B SHREE (HED

Place the Moon facing the Earth and have it revolve around the
Earth by 90° and rotate itself also by 90°. Repeat the process until
the starting position is reached
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Activity 2: Model with flashlight (Sun)
to explaln the phases of the Moon

a2 - FHE CRFED AR H M

m 5 volunteers: one in the centre (the Earth) and 4 others to
simulate the 4 phases of the Moon with masks (1 completely
illuminated, 2 partially illuminated and 1 completely dark)
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Distances and diameters of the Earth-
Moon-Sun system

EMSRZRIFEEMER
Earth Diameter 12 800 km |]| > 4 cm
Hh Bk 1 £
Moon Diameter 3 500 km 1cm
ARER =)
EM Distance 384 000 km | > 120 cm
ih A BR
Sun Diameter 1 400 000 km ﬂ| > 440cm =44 m
AHEE
ES Distance 150 000 000 km ﬂ| > 47 000 cm =0.47 km
Hih 5 &
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Activity 3: Simulation of Phases of the Moon

B33 . A EED

m Direct the small
moon of the model
to the Moon and we
can see both with
the same phase
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Activity 4: Illustration Errots
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Phases of

the Moon
depend on the
position of the
Sun
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Moon Phases and Eclipses,
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Activity 5: Lunar Eclipses
&35 AR

®m Lunar eclipses

only occur when
the Moon is full

s AR XAEEHH

Full moon

Earth
Earth’s Shadow

Lunar eclipse




Activity 5: Simulation of a Lunar Eclipse
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Activity 5: A Lunar Eclipse
&35 AR




Activity 5: A Lunar Eclipse
&35 AR

® Lunar eclipses can

be visible to half of
the Earth (night
side)

» A BREH S 1 HhEk

(REEGT) WA
WL 21 -




Activity 6: Solar Eclipses ;&3l6 : HE

m Solar eclipses occur
only when there is a
New Moon
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Sun eclipse




Activity 6: Simulation of a Solar Eclipse
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Activity 6: Solar Eclipse
&3l : HE

m Solar eclipses are
visible only in a
small region of the
Earth
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... we are feeling emotion!
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Observations ML

*A lunar eclipse when there is Full Moon
and a solar eclipse when there is a New Moon
ARREEHAR, BRREEHAR.
*A solar eclipse is seen only in a small area
of the Earth
B R R BRI — /MR E 2
*It is very difficult for the Earth and Moon to be "well
aligned”, thus an eclipse does not occur every time that

there is New or Full Moon
b Bk 1 A BB XE<IEIFXNF5>, EHF AR ERET A 2 A
SRXEBAE -
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Finally ... as an example ...
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= Next total solar eclipse in Spain: August 12, 2026 (last one 2004 in a
different area)

» TREAMFERENHEZE : 202658J5112E| (E—R2E20045F)
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= Each year there are between 0 to 3 lunar eclipses
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Distances and diameters in order
to visualize and better understand the distances to

the Sun

EEMER, AT HEEREGZE|KHEMEESR
Earth Diameter 12 800 km 2.1 cm
Bk E ”[j>l
Moon Diameter 3500 km| | 0.6 cm
ABER ?
E-M Distance 384 000 km| [E5) 60 cm
A B N
Sun Diameter 1 400 000 km H[—/ 220 cm
ABHEE =
E-S Distance 150 000 000 km| 7
A e




Painting the Sun [ A
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Activity 7: Making the large “Sun” look like
the small “Moon”
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If every month there is
a New Moon and a Full Moon .

mEEA B A —REAR—RHEA ...

Why there is not
a Solar eclipse and a Lunar eclipse
every month?
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Because ...l A A...
The plane of the Earth around the Sun and
the plane of the Moon around the Earth
are not in the same plane.

HBER SR K BH BRF TR H BRGEHER T T ASFE A — AN L

Both planes are inclined by 5°
and the angular diameter
of the Sun and the Moon is only 0.5°

AT Em¥EA5, FEHABFA TR ERS




The eclipses only can take place if the Sun and
Moon are close to the line of intersection of
the two planes.

HAR, ReERAETEN-THIAZSMIT.




Activity 8: “Flip page” eclipse simulator

1.

2.

7E38 - H ARSI E

Trim and number the pictures in order

B HBINF R B A bs LR S

Paste each picture on a spiral notebook

&5k B MR e EiL A
Turn the pages quickly to see the demonstrauon

TR A= T3




Activity 9: Determination of the Sun’s diameter -
observations and measurements
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Activity 9: Determination of the Sun’s
diameter

a9 WEXRHERE

Box or tube
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We can establish the proportion
and calculate the Sun’s diameter
'.tﬂ]ﬁaﬁ%?_d:lﬁf?ﬂ:‘& A H R ER

= 150 000 000 km Earth-Sun distance, ] = tube length,

d diameter of the Sun on semi-transparent paper 8
L =150 000 000 km B#1fEE 1= EFKE, d= FFEHERX LR HERL IR
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Activity 10: Aristarchus’s Experiment 310 to 230 BC

AE310 - [T ELH

= Established relationships between the Earth-Moon-Sun
distances and their diameters (but could not determine
any absolute value). This had to wait until Eratosthenes.

- AR HhER- A BR-APEE

TE
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2I8 31031230 BC

T RMEZNMEEXR, BXEN
BEAfE, BE3ERIRNFTEE.

1) Distance of the Earth to Moon and the Earth to Sun

3th A B A0 B thEA
2) Radius of the Moon and of the Sun

A EXFIAPHRI S

1%

3) Earth to Moon distance and the Moon’s radius

ith A R R0 A BRF1E

4) The Cone of the Terrestrial Shadow HbEBkEZ
5) Relate them all T}FTH SRSk




1) Distance Earth-Moon and Earth-Sun
3th A ER A0 B 3t B

m cos o = EM / ES therefore | ES = EM /cos AL
(H )




1) Earth-Moon and Earth-Sun
Distances

Mo A BB F0 B Mo ER

C AT B 525 58 B
m Aristarchus o = 87°

then ES =19 EM

® Now o = 89° 51’
thereforel ES = 400 EM

(DAERIED
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2) Radius of the Moon and of the Sun
ABRFAPRRIF 2

® From the Earth, lunar and solar diameters are
observed to be equal to 0.5°

MHER BF, ARAMAHBER#RZ0.5°

s Therefore, the
radius is

« FHt, FER:
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3) Earth-Moon Distance and Moon’s Radius
i H BEE A H BRE A
B Moon’s diameter from the Earth is 0.5 °

s MHLER EF H BRI B2 20.5 °

m With 720 times this diameter, we can calculate the
circular trajectory of the Moon

n HERF BN E FHE 2
1B RI7200%

m 2RM 720 =271 EM

m EM = 720 Rm/ 70

Rosa M. Ros



3) Earth-Sun distance and Sun radius

H Hiu R B A PH 442

m By analogy 2K
m [5S =720 Rs/ 7

Aristarchus’s
15t Heliocentric
model
Bl 7| Hr 15 52 A9
E—1THIDEE




4) Cone of Terrestrial Shadow
HUER ) B ¢

Aristarchus observed that the
time required for the Moon to
cross the shadow cone of the
Earth was twice the time
necessary for the surface of the

Moon remain covered (i.e. 2:1) shodswt

®m In a Lunar eclipse,

shadow's
cone

Moon

MOOF\

m Itis actuall)l 2.6:1

s E—KHES, FTREHE N
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BRRARZ EE ] (REERIAYE) 1
Pifs (Bp2:1) .

n ESEMNIZ%S 2.6:1
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5) Relate them all FFrESHRBERK

x+EM+ES)/Rs = (x+EM) / Re = x/(2.6 Ru)




Solving the system shows ##anTf#

(everything related to Earth’s radius):
(EYAERT T HIER 42D

m Rv = (401 / 1440) Re

m EM =401/ (27m) ) Re

= Rs = (2005 / 18) Re

m ES = (80200 / ©) Re
If we assume (MEENEE) Re= 6 378 km then (#4)
Rm =1776 km (actual 1738 km)
EM = 408 000 km (actual 384 000 km)

Rs = 740 000 km (actual 696 000 km)
ES = 162 800 000 km (actual 149 680 000 km)




Activity 11: Eratosthenes’ Experiment
280 to 192 BC

Eah1l: BhFEt B ilie 2802192 BC

SIZE OF THE EARTH AS MEASURED BY
ERATOZ;%ENES
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Activity 11: Eratosthenes

SEBN1L ; E

again
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B IT'wo cities on the same

meridian
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B Simultaneous observations
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Different shadows ...

AERIIEF...

m Then the Earth is a sphere!
n Elitk, HERZBKHAS !




Activity 11: Eratosthenes
again

RN

B T=m—a+pP+y

m therefore [ y=o— [ SEZH1] -
where o and B are measured in radians

Ly

(180 degrees = T radians)
TEIX B o B DL R =

Rosa M. Ros



Activity 11:
Eratosthenes again

EmEh  EERNFEE)E

= We measure the length of
the plumb line (or stick)
and its shadow

s WATNEHEL (B ME
i)

( ﬁé? ) ( ﬁ ) Rosa M. Ros



by proportionality
R 5 LE

2nRe /2n=d /Yy
is deduced #HEH

Ro = d/y

Y we know (in radians)
EA1mE (HNETE)
y=a-p

d is the distance between
cities - using a map
dEWh ZFFEEE, ERH
E & .

Activity 11:
Eratosthenes again
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Our results with the
method of Eratosthenes

RATH HIRPFEE B T ERI SR

4.1

m Ripoll- Barcelona ER/R-EED
= o = 0.5194 radians () '
= B = 0.5059 radians ——
m Y= 0.0135 radians
md=89.4 km

= Re = 6600 km (actual 6 378 km) T
( Eiﬂﬁ ) | Librevill

Rosa M. Ros



Conclusions

LEif

We now understand the eclipses

HNTETHAR

Have established size relationships for the Earth-Moon-
Sun system

BT T hER- A BR-KPHR SR PREHR

It is verified that by observing and analysing the data
obtained, we can learn much more about the universe
LT EENTRICEE, SO AT AR
BATRER T R LR T FHBIAR.




Many Thanks

for your attention!




