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note

Astrometry means measuring the “position” of a celestial object in a sky.
Without telescopes, this is what ancient astronomers can do for their best.
The periodic motion of the Sun and the Moon against the star background
helped ancient people establish calendars and astrology. Therefore
astrometry has had an strong impact on our daily life. Astrometry is the
essence of the ancient astronomy.

In the modern astronomy, astronomers have more tools and techniques to
study celestial objects. Astrometry then becomes only one of sub-
disciplines of the modern astronomy. In the last few slides of this lecture,
you will find much more precise astrometry achieved by modern
telescopes. This “old” but “updated” technique would even help us find a
earth-mass planet outside of the Solar System in the future.

Basically astrometry only gives a 2-D map of the sky. Nevertheless, Tycho
adopted the idea of “parallax” to argue about the distance (i.e. the 3rd
dimension) of celestial objects. We will learn more about this in one of the
next lectures.
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The fact is...
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| TABLE 1-1 The 13 Constellations of -

WERE is
not included
in astrology

, 32 13= 7!
the Zodiac — E
Dates of Sun’s

Constellation passage through

| , SRR E
Pisces March 13-April 20 B 5 B ERE
Aries April 20-May 13 HIIEARI(FHZ=—
Taurus May 13-June 21 E= | 26
Gemini ]une Zl—July 20 http://en.wikipedia.org/wiki/Zodiac)
Cancer July 20-August 11 i ~
Leo August 11-September 18 Eﬁ%ﬁ%@%@‘é
V-irgo September 18—November 1 g?%%%§§$§%§
lera. November 1-November 22 AT A
Scorpius November 22-December 1 #FitEEERKES S

’ =] l

Ophiuchus December 1-December 19 ﬂ%@gr}@rzﬁﬁ%ﬁ@
Sagittarius December 19-January 19
Capricorn January 19-February 18
Aquarius February 18-March 13

Table 1-1
2006/ 1 O/ 11 Discovering the Universe, Seventh Edition
© 2006 W. H. Freeman and Company
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Mismatch by one sign due to Precession

Sign

Aries(Ram)
Taurus(Bull)
Gemini(Twins)
Cancer(Crab)
Leo(Lion)
Virgo(Virgin)
Libra(balance)
Scorpio(Scorpion)
Ophiuchus

Sagittarius(Archer)

Capricorn(Goat)

Aquarius(Water Bearer)

Pisces(Fishes)

2006/10/11

Astrology

Mar 21 - Apr 19
Apr 20 - May 20
May 21 - Jun 20
Jun 21 - Jul 22
Jul 23 - Aug 22
Aug 23 - Sep 22
Sep 23 - Oct 22
Oct 23 - Nov 21
Nov 22 - Dec 21
Dec 22 - Jan 19
Jan 20 - Feb 18
Feb 19 - Mar 20

2 2R - Hie o K

I

Actual

Apr 20 - May 13
May 13 - Jun 21
Jun 21 - Jul 20
Jul 20 - Aug 11
Aug 11 - Sep 18
Sep 18 - Nov 1
Nov 1 - Nov 22
Nov 22 - Dec 1
Dec 1 - Dec 19
Dec 19 - Jan 19
Jan 19 - Feb 18
Feb 18 - Mar 13
Mar 13 - Apr 20
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The ecliptic
passes only
small part of
Ophiuchus ®

Note that
the ecliptic
does not
align with
the Milky
Way.
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Astrology & Astronomy

« Ancient times: astrology was based on astronomy

* Nowadays: conflicts between astrology & astronomy ®
example |: Astrologers ignore the 13th sign of horoscope
and precession.

example |I: Marina Bai (born 1965), a Russian astrologer,
sued NASA in July, 2005 for US$300-310 million. She
claimed that the NASA probe that crashed into the
Tempel 1 comet will interfere with her astrology work
because the comet would no longer be the same,
claiming it "ruins the natural balance of forces in the
universe". =P

remark: alchemy - chemistry
astrology - astronomy

I
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The Secret Language of The Stars and Planets by G. Cornelius & P. Devereux
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Stonehenge (England)
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Earth’s axis of rotation
- ™ /—;’
changes direction jﬁ%

(precession) | (precession)
: HUER B B
Gravi;a;iorsial pull ﬁﬁﬂlﬁzﬁiﬁu
of the Sun ‘ ZGOOOEE:E‘%
) o I

Gravitational pull
of the Moon

Top’s axis of rotation
changes direction -~
(precession) '

gl el 5 5000 BC
Gravitational pull . CORONA .. URSA MAJOR
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Figure 1-21b
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The Great Pyramid (Egypt, 2600BC

+ The SetretsLanduage of Thé__Sté:ré.énd Planets’by G. Comelius & P. Devereux

This cross-section shows the stellar alignments of the shafis of the Great associated with the Egyptian god Osiris), while the north shaft aligns to
Pyramid. Leading from the King's Chamber, the south shaft has been Thuban — the Pole Star to the ancient Egyptians — at its culmination ( the

discovered to align with Zeta Orionis in the belt of Orion (the constellation highest point it reaches in the sky, shown here as 31°).
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Direct & Retrograde(:¥17) Motion

TEEEWE) planet (Greek) means wanderer  ERE(H )

' PISCES

Ecliptic
October 1 : November 1

September 1

L ]

;E"IIG;IRE -1 Thct:ath of I\?Iars in 2005-2006 From July 2005 through February 2006, ﬁiﬁiﬁﬁ-%}i
Mars moves across the constellations of Pisces, Aries, and Taurus. From October 1 through ﬁbiﬁ% */E F]

a| —™

December 12, 2005, Mars's motion will be retrograde.
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e Ptolemy’s geocentric model

Planets (7 &

For more info: among stars (}& £)
http://aeea.nmns.edu.tw/AEEA/contents _list/universe concepts.html (KA E &R )

I
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Explanation of Planetary Motion
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theory

Tycho
(1546-1601)
Half helio +
& Half geo
&

. Kepler

& (1571-1630)
= 3 laws

Unnumbered Figure pg 43b
ing the Universe,

Discovering iverse, Seventh Edition —l
20\ © 2006 W, H. Freeman and Company %‘l:ll:l[:l El : =HHE .

Copernicus
(1473-1543)
Heliocentric

Astronomers (A.D.1500-1700)

Galileo
(1564-1642)
First use a
telescope

to watch the
sky

Newton
(1642-1727)
Law of
universal
gravitation

29



Parallax

(i =)
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Her view of mountains  His view of mountains
behind nearby tree behind nearby tree

Figure 2-6
Discovering the Universe, Seventh Edition
© 2006 W.H.Freeman and Company
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Parallax of a Nearby Object in Space

Apparent
locations of
] supernova

Actual location
of supernova

Celestial
sphere

B measure
distance:
B Modern

! astronomers
use parallax
to estimate
the distance
of nearby
stars.

- - ,‘\_}"Prdp?'sed o
W locationof .-

Iy supernova = -

Figure 2-7
Discovering the Universe, Seventh Edition
© 2006 W.H.Freeman and Company
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Tycho’s cosmology

Tycho used parallax
argument against
heliocentric concept.

Science is based

upon proofs.

Sometimes many

models can exist

because the
experiments/observations
are not precise enough

to distinguish models.
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Barnard’s Star (1916)

2nd closest star system (1stis alpha Centauri)
angle: 1 circle=360° 1° (&)= 60" (3h%) 1" = 60" (3A#)

10.3” per year BNk SRR RSN

Barnard's Jupiter

star

The Sun

Wikipedia.org:
0.17 solar masses
http://www.solstation.com/stars/barnards.htm 5.96 light years away
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Hipparcos Satellite (space astrometry)

http://www.rssd.esa.int/Hipparcos/

{/ L S //
\ e

http://www.rssd.esa.int/hipparcos/Pleiades distance.html

y

-

- Z ‘: \

B3, LA

Pleiades (5pfg &
Subaru, distance=400 light years)

animation generated using
Hipparcos data. This is an 8x6
degree field. The movement of

1989-1993  A#T K : 0.001” the stars over 120,000 years is
shown.
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ik MR ?

Star G1 876 without planet: Moves in straight line

Y

S — > 8 — > 8 — > 8 — >0

Star GI 876 (visible) with planet (invisible): "Wobble" detected

A e
[:j'\.ﬂ'\.ﬂ’\‘.ﬂ-\*./y (SIM) fast &t

milliarcsec 4. 4,. T 4, T 1, 4

Period = 61 days

A BRI LA AR Eo)— REGR(M
P ER10°7) - AR T FHRKRL -
THRERAIOLFERUN -

LR T ERE TROGRMTE -
BERFRAGTEAER -
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Summary
* 4+ &astrometry?

c JofTHMEEARZENHME ?

- BHBAEB?AHBARE ?

- BAHRBAEFT—FF 5 K7AHEA BF?

- HEREEFEE?

- BAHEBHELGEAGNLEREITH?

- AHBILBEREELARSILRE?

+ FEBERNILBERRRALANILEE?

s AHBRAwWEAABREEWNERR?

- AHBELHGEHETFUEBRF?2ENABHRERNS?
- LESFRKREBERIBREER EREXTHAE?

s HERZAFHI2/13E?2H5HBR EEZA2TCRARERGAERK
L%E$ﬁ§9

. AR ERE X IEAA MR R A2
* HERRBATEARRK EHETRAR?
- Tycho A4TR#k A 43 & R (Copernicus) #3683 ?

- BEATHEYRBRLEAEBG ? TARBMAMAZE A
R LG £ZR?
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