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Topics = M

/

U Introduction
U Coordinate systems
i Horizontal coordinate system
i Equatorial coordinate system
o Equinoxes and solstices
u Precession
i Galactic coordinate system Mayvggri';'i'r'?'ﬁgces
U Sidereal time of astrology
(i Observability
U Age of Agquarius
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How do we know where everything is?@

U On Earth the tectonic plates under our feet are moving

U The Earth rotates at half a kilometre a second at the
equator

U The Earth is moving around the Sun at 29 kilometres a
second

U The Sun is also moving through space at about 19
kilometres each second

U The Sun is orbiting the centre of the Milky Way at about
215 kilometres a second

u The Milky Way i1s moving towards the Virgo Cluster, which
IS also In motion

t The continuing expansion of the Universe must be included
In large-scale distance measurements
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Positional astronomy —

~— U Positional or spherical astronomy

i Used to determine the location of objects on the
celestial sphere,

i As seen at a particular date, time, and location on
Earth.

U Relies on the mathematical methods of spherical
geometry and the measurements of astrometry

U Astrometry: precise measurements of the positions
and movements of stars and other celestial bodies

U Observations of celestial objects important for:
U Religious and astrological purposes
u Timekeeping and navigation

U The primary elements of spherical astronomy are
coordinate systems and time.
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Spherical geometry | o8
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Spherical geometry q =

U Geometry of
the two-
dimensional
surface of a
sphere

U Angles of a
triangle add
up to more
than 90°
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coordinate
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The Earth

prime meridian meridia@
)','r ’ ‘ ®
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Latitude
“and
longitude




Thehorizon

Astronomical horizon

Earth
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Horizontal coordinate system
Zenith

ASTRQ
*

Q = U Alt/Az system, or
S § - the altazimuth
2 . e system

P | -~ U Uses the observer's
ol . local horizon
O

| = .
: mE gy U Measures In
5 = N ., degrees
Ob__qeruer ‘/ ........................ o N

™ U Describes the

X/ location of an object
In the sky

u As viewed from a
particular location

U At a particular
time
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Equatorial coordinate
- system

Copyright © Paul Lewis 2015 14



Celestial sphere——

e north celestial pole

e / celestial

e sphere

Earth

G

celestial
equator

\

south celestial pole
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Equatorial coordinate system @

U Right ascension (RA)

u The angle (measured in time units) eastwards along the
celestial equator.

u This parameter is called the right ascension or RA.
u The zero point on this scale is called the First Point of Aries.

U Declination (Dec)

u The angular distance (measured in degrees) above or below the
celestial equator.

u This parameter is called the declination.

u Objects on the celestial equator are at 0° whilst those at the
poles are at £90°.

u A positive value indicates that the object lies to the north of the
celestial equator and a negative value indicates that it lies to its
south.
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Position of astar— —

e north celestial pole

celestial
sphere

celestial
equator

First Point of Aries
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Celestial sphere with zenith at top @

U Some stars
circumpolar

: of celestial sphere celestial

u S_ome stars i zenith sphere
rise and set north celestial pole =y /

u North and ' |

apparent motion

south
hemispheres

U Special  horizon
cases

u Poles
u Equator

latitude
celestial

A * | _equatm‘

( ’ Observer

Earth s

south celestial pole
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Theecliptic

orbit of Earth

Earth. northern winter _ -
in ecliptic plane
Sun
N
\ \
p B
/ —-
rotation axis orbital motion

Earth, northern summer
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Zodiacal ecliptic &

+9° of
ecliptic

DAL
e L Ly = T

aApparent path of
the sun as seen
fram earth




Soltices and eguthoXxes

Arctic Circle

Tropic of Cancer s
quinox
0 D March 21-22
Tropic of Capricom — Sun vertical at equator

Solstice

Solstice

June 21-22 December 21-22
Sun vertical at Sun vertical at
Latitude 23"/’ N Latitude 23'/5° S

. Equinox
September 22-23
Sun veriical at equator 21



First/goint of Aries.

/

U Where celestial equator crosses ecllptlc plane

U Sun passes through: \'& 4
U Spring equinox |
U Autumn equinox |
U Defined by Hipparchus in 130 BC danus
U Spring equinox in Aries
U Extreme eastern end of Aries, near Pisces
U Moves eastwards at a rate of about 1° every 72 years
U Since Hipparchus, shifted by about 30°
U Currently located within Pisces
0 Near border with Aquarius
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U Earth bulges out at the equator (oblate spheroid)

U The gravitational tidal forces of the Moon and Sun apply torque
to the equator

U Attempts to pull the equatorial bulge into the plane of the ecliptic
U Instead causes it to precess - period of 26,000 years approx
U The torgue exerted by the planets also plays a role
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Galactic coordinate system —

U-Galactic equator is projection of the midplane of the
Galactic disc onto the celestial sphere

u Inclined at an angle of just under 63° to the celestial
equator

U Two galactic poles to define

u The North Galactic Pole (NGP) |
aMost easijilty vis|b |
northern hemisphere |
u NGP is in Coma Berenices
o (12h 51m.4, +27° 08°) (+90° latitude) I

iU The South Galactic Pole is in Sculptor

o (00h51m.4, 127 ° 08 °) (-90° latitude)

U This system of Galactic coordinates is Sun/Earth-centred
U Direction of rotation of the Galactic disc is clockwise when

CopyrlgA%Vy%IQems m the NGP 25




Galactic coordinates I

/

U Galactic longitude (l) is measured eastwards along the
Galactic equator

U Prime meridian
u Direction of the Galactic centre (I = 0) (O° longitude)

U Galactic latitude (b) is measured perpendicularly to the
Galactic equator

U Along a great circle through the position of the object of interest
u With positive values measured towards the NGP

u A Great Circle

U Intersection of the sphere and a plane which passes through
the centre point of the sphere

u Passes through both poles
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Galactic coordinate system =
P North Celestial Pole |

- Y First point
of Aries

Celestial equator

S Galactic Centre
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Longitude and latitude =

Direction of
Galactic Rotation

Galactic Centre |

/
— -
Uses two .angles = . ——— R, =8.5 kpc, where
Does not include distance 1 pc = 3.2 light years
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Galactic Cylindrical Polar Coordinates@
/ i

Direction of
Galactic Rotation

~

//z fﬁ\\\\

i
1

f
: Galactic Centre ]

_

Uses two distances
Plus one angle
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BISSIT S Olarcay  —aam ——
= U Apparent solar day
u Time between successive transits

o f t hhe Sun acr os s

dEart hos ol at i ogn
U Not accurate
u Elliptical orbit

gARgEe ofF Fari hos
U Use an average

iU Mean solar day

u Greenwich Mean Time
u Difference between Mean and

Apparent Solar Time
u Up to 16.25 minutes through year

ﬁ\ meridian
e ?
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Sigercal day—— —

/

@
‘e
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U Time between successive transits
of a st ar acr oss
meridian

U Or the First Point of Aries
HEal [ ae gl

u About 23 hours, 56 minutes,
4.0916 seconds

U Consequently stars appear to rise
and set 4 minutes earlier each
evening

32



Sidereal day sxc——

/

Orbital
Motion

u If Earth rotates once
per year:

U Stars transit
once per year

i Sun does not
| transit

U If Earth rotates
normally:

u Stars transit
366/year

Orbit of Earth viewed = 3 U Sun transits
365/year

from north ecliptic pole .
Extra day+3 6 5 adhs

Earth
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Greenwich Sidereal Time (GST)

~— U The Zero Point:
i Transit of the First Point of Aries at Greenwich

U Greenwich Sidereal Time (GST) is the sidereal time as
measured at Greenwich (London)

U It is 00:00 at solar-noon at the time of the vernal equinox
(approximately March 21) in Greenwich

U It is also 00:00 at midnight at the time of the autumnal
equinox (approximately September 21) in Greenwich

U When the vernal equinox crosses the local meridian,
Local Sidereal Time is 00:00

U Vernal equinox
i Where celestial equator crosses ecliptic plane

Copyright © Paul Lewis 2015 34



Local Sidereal Time (LST) .

/

U GST Is the local sidereal time for observers at Greenwich
London.

U Observers at other longitudes will also have their own
local sidereal time (LST)

LST = GST + Longitude

ULongitude 1 s the observer 6s
time units eastward from Greenwich

U LST is continuous, with no quantisation into time zones

U Since Newcastle is west of Greenwich, our LST is slightly
behind GST
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Example 1 = T

Question:

Assume Greenwich Sidereal time i1s 12:30. What is local sidereal
time at an observatory located at +20° (or 20° E)?

Answer:
We must convert the | ongitude
24 hrs = 360°
So 20° corresponds to (24 hrs + 360°) x 20°
= 1.333 hrs
=1hr20m

LST =GST + 2= 12:30 + 1:20 = 13:50.
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Hour angle (HA)—

east 0 Hour angle is angle of
- object past observer's
celestial equator meridian
observer’s meridian 0 LST is the hour angle
/ of the Eirst Point of

Aries
HLSEE HA+RA
U0 HA=LST T RA
U0 RA=LSTT HA

i ’ﬂf{
\north celestial pole

First Point
west of Aries
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Example 2 —

Question:

If the local sidereal time is 15:00, what is the hour angle of
a star with RA= 13:307

Answer:
HA=LSTT RA=15.071 13.5=15 hr. e
celestial equator
The star is now at an hour angle of S
1.5 hrs to the west /

| e

(Its RA is earlier than LST so it is \orth eelestil pole
now sinking towards the west)

First Point
Copyright © Paul Lewis 2015 west of A&



Example 3 e —

‘Question:
What is the RA of an object on the meridian?

Answer:
Hour Angle = 0 on the meridian.
So LST = HA + RA simplifies to LST = RA

IS BRA O observgr/c“)s

/
II
|

\ ’f’a
\north celestial pole

First Point
Copyright © Paul Lewis 2015 west of A&
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LSTﬁ Newcastle

U Newcastle is 54°5 8 NjI8¢ 6 Njw

U About 1.5° west of Greenwich i.e. Negative: -1°3 6 Nj

u (Or about 358.5° east of Greenwich)

% E :
U Convert 1.5% into time The Coat of Arms of the City
. : of Newcastle upon Tyne

U 360° = 24 hrs = 1440 mins =

U 1° = 1440 + 360 = 4 mins PN

{5 = & e

U Newcastle Sidereal Time (LST): {%' i -
6 minutes behind

Greenwich Sidereal Time

Copyright © Paul Lewis 2015 41



U Local sidereal time 00:00

“ Celostlal Equator

Observer's horlzon looking south

Vern Equinﬁx'

23

i One hour later
U Local sidereal time 01:00

[ Wit

) -
v

_ _ Observer's horizon, looking south
Copyright © Paul Lewis 2015 -—



Sidereal time: What we know —

—

U March 21st: GST 00:00 at GMT 12:00
U Every month GST advances by 2 hours ahead of GMT
U Every 15° longitude east = 1 hour ahead of GST

U Every 15° longitude west = 1 hour behind of GST

Local sidereal time =right ascension of local meridian

by 41}
ey ¥

SIDEREAL
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Sidereal time example:

“Question:
What is the sidereal time at Newcastle time 10:46 on July 29th

Solution:
1. Find GST at local noon (12:00)
Approx 4 months and 1 week since equinox
Hence GST = 8.5 hours after equinox = 08:30 GST
2. UK time is BST, so convert to GMT i.e. 09:46
3. Add on current time
09:46 Is 21 hours 46 minutes past 12:00 GMT (local noon)
GST =08:30 + 21:46 = 30:16
GST =30:161 24:00 = 06:16
4. Allow for longitude
LST = GST - 6mins = 06:10

Copyright © Paul Lewis 2015 44



~Sidereal time example: Are we right?

Question:
What is the sidereal time at Newcastle time 10:46 on July 29th

Solution:
Greenwich Sidereal Time = 06:16 AB
Local Sidereal Time = 06:10 WP Duham

Coordinated Universal Time (UTC) 09:40:48
Greenwlich Local Sidereal Time Do l3:44
Durham Local Sidereal Time be sy )

Source: http://community.dur.ac.uk/john.lucey/users/Ist.ntml

Loeceal Right Ascension a 06
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Declination S
i ~

orth pole

L ocal horizon

South pole
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/AiPﬁ‘la?S

1 x airmass

A

2 X alrmass
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Observing
SEIV

e

_—

Circumpolar if:
Declination + Latitude > 90°
(Northern hemisphere) South pole
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Dawning of the Age of Aquarius

THE AGE OF SymbO“C
AQUARIUS - .
1IN presentation of
”H\HQEJ/‘?TH;'D"MENSJQN ‘ Aquarius, reproduced

from a 15th century
medieval book of
astrology



Aquarius/Let The Sunshine In —

TR 77T T
NSNS et NEN “r

PR \\V\hen the moon is in the
B Scventh House

8 And Jupiter aligns with
Mars

Then peace will guide the
planets

And love will steer the
stars

-



Aquarius/Let The Sunshine In —

TSR (7T T

Then peace will guide the
planets

And love will steer the
stars

574
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Aquarius/Let The Sunshine In —

T 7 T

PR \\V\hen the moon is in the
B Scventh House

8 And Jupiter aligns with
Mars

-



Aquarius/Let The Sunshine In —

-
S T T
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February 16th, 2009

Starry Night Backyard - 2-16:2-2

File Edit Go Sky Labels Constellations Guides

mmlumm 10:08:30 AM __2/16/2000 AD mnuu-mm

Slgns in the Heaveris ‘on February 16th,. 2009
Heralding the Dawning of the Aquarian Age

-3rd House: : ' " S £ .
Aquarius | . _.~T4th House: - - A .
' . / Capricorn = ... 5th House: Pluto besabik
=Neptune .~ g Jupiter —e-Mercury ; » <. Sagittarius, ;
4 ~ Mars - e :
7 2%, Winter Solstice . 7th.House: |
»Nunki—9 ey ' ' ' ' . Libra
i bt o~ /6thHouse:. .
i ] ‘Scorpio e
-e-Antares
e-Kaus Australis ™ o
=% 0:6haﬁ1a s o e T J ."'Ioon-[
' ‘ : __eaGirtab ' .- .
When the moon is in the Seventh House - .-~~~ - . . & .
o And.Jupiter aligns with Mars . :. . T T wsargs L/
Then peace will guide the planets Y e e N ~ :
@ And love will steer the stars! . _— - ' ®
SE ® W

This 1s the dawning of the age of Aquarius... :



Mars and Jupiterconjunctionss»

0 2015 Oct 17th 23:33 Mars and

Jupiter 23Yapart
(2018 Jan 7th 00:25 Mars and Jupiter 12' apart
U 2020 Mar 20th 10:44 Mars and Jupiter 43' apart

(02022 May 29th 11:31 Mars and Jupiter 35" apart

L2024 Aug 14th 15:58 Mars and Jupiter 18' apart
Skytools 3 Pro
56



Moon and Libra o b @

U 2015 Jul 25th 17:13 Moon and Libra 28' apart
U 2015 Aug 22th 02:24 Moon and Libra 40' apart
U 2015 Sep 18th 07:34 Moon and Libra 56' apart

gt 15th 13:51 Moon and Libra 38' apart
” 11th 19:57 Moon and Libra 40" apart
= Skytools 3 Pro

57
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Astrological ages_

U Astrological term @

U Denotes either the current or forthcoming
astrological age

U Astrologers cannot agree upon exact dates for
the beginning or ending of the ages, with given
dates varying hundreds of years

U Depends on the method of calculation
U Represented by sign of the zodiac

U Astrologers maintain that an
astrological age Is a product of
the Earth's slow precessional
rotation
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BEWETI ol age—— ——

U fitis probable that there is no branch of Astrology upon which more
nonsense has been poured forth than the doctrine of the precession
of the equinoxes.o

20th century British astrologer Charles Carter
U Virtually unanimous consensus

u The claimed link of the astrological ages to the axial precession of
the Earth

u Commonly referred to as precession of the equinoxes

u Different ways to divide the Great Year into twelve astrological ages.
There are two popular methods. One method is to

1.Divide the Great Year into twelve astrological ages of
approximately equal lengths of around 2160 years per age

Based on the vernal equinox moving through the zodiac
2.Significantly vary the duration of each astrological age

Based on the passage of the vernal equinox measured against
. Jhe actual zodiacal constellations 59



.........

SIgAS 0T the Zodlat = mm—
~— U Sun-sign astrology

u Horoscopes
u First sign is Aries

u Followed by Taurus, Gemini, Cancer, Leo,
Virgo, Libra, Scorpio, Sagittarius, Capricorn,
Aquarius, and Pisces

i The cycle returns to Aries and through the
zodiacal signs again.

U Astrological ages
U Proceed in the opposite direction

tnhRetrograde” I n astr
i The Age of Aquarius follows the Age of
Pisces

U Spring or vernal equinox due to precession
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The Age of Aquarius [1]

/

U Traditionally, Aquarius is associated with electricity, computers,
flight, democracy, freedom, humanitarianism, ldealism,
modernization, astrology, nervous disorders, rebellion,

nonconformity, philanthropy, veracity, perseverance, humanity
and irresolution

U There is no agreement on the relationship of these recent
Aquarian developments and the Age of Aquarius

U Attributable to the Age of Aquarius

U Industrial Revolution

i American Revolution

0 Discovery of electricity :
U Astrological dates range from 1447 AD to 3621 AD
U The last Aquarian Age, at around 28-30,000 BC

(BC: Before Camera), marked the abrupt disappearance of the
oheanderthals and the sudden takeover of Cro Magnon man ez




The Age of Aquarius [2]

When the
vernal or
spring
eguinox
Crosses into
Aquarius

62



ISSues
i Tn 1928 (19307?), International Astronomical Union

(IAU) re-drew boundaries for all 88 official constellations
U Consider zodiac boundaries or constellations
U Zodiac constellations different sizes
U Extra cnstellation In zodiac (Ophiuchus‘

r s L e
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sy A A . o ir
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Skewing of the boundaries s

U In 1922, Henry Norris Russell divided the celestial
sphere into 88 official constellations

U In 1930, the boundaries between the 88 constellations
were devised by Eugene Delporte

U He used vertical and horizontal lines of RA and Dec
u Used data from epoch B1875.0

u Besselian years can be encountered in older
catalogues but are now becoming obsolete

U Borders on a modern star map, such as epoch J2000
u Already somewhat skewed
U No longer perfectly vertical or horizontal
U This effect will increase over the years and centuries
Davenhall and Leggett, 1990
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Dawning of the Age of Aquarius: C(""
= ASTRO

e *

u Jean Meeus

i Belgian astronomer I%'} .

0 Specializing in celestial mechanics” [§
i 2597 AD

U Hermann F. Haupt
u Member of the IAU

u Der Beginn des Wassermannzeitalters, eine
astronomische Frage? (The Start of the Aquarian Age,
an Astronomical Question?) - Austrian Academy of
Science, 1992

u 2595 AD
U The International Astronomical Union (IAU)

o 2601 AD LIJ
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Next month == -
What is the cosmological significance of
AHere Comes the Suno t he
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