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Cume ¥ 213
Bernard McNamara

The Hyades clu

would this cluster be most suitable for
observation.

Positional Astronomy

- A m = 4 160. When
Ster is located at a = 4" 32™ §

ground based



Positional Astronomy

Learning Objectives

Familiarity with circles and angles on the Celestial Sphere
 RA/Dec, coordinates
«  Spherical trigonometry
« Astronomical time

Class 1
» Celestial Sphere
« Equatorial, horizontal and ecliptic coordinates

Class 2
* Hour coordinates
« Time
» Galactic coordinates
« coordinate transformation by spherical trigonometry.
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Loss of perception of depth

- '©2002 J.C. ‘Césado







What we see
"flat® on sky

1,000 light-years —m 40—




Distances to the

stars of Orion

Orion might look like a flat
blanket of stars, but its
components are spread over

Bellatrix
Just 250 light

hundreds of light years years away,
Bellatrix is the
Betelgeuse third brightest

star in Orion and
the closest of its
major stars.

Betelgeuse is a red
supergiant that could
explode as a supermova
any day now, and is about
640 light years away.

1800
500

1400

Orion’s Belt
1200 The three stars in Orion's Belt, from

Orion nebula
The nebula forms the fuzzy tip of

the ‘sword’ hanging from Orion’s left to right, are Alnitak, Alnilam and
belt of three stars. It is a giant 1000 Mintaka. Estimates place Alnitak at
cloud of gas forming new stars 800 light years away, Mintaka 1,300
and is 1,344 light years away. 800 light years away and Alnilam 9S00
light years away.
600

Saiph

At the lower-left ‘knee’ of

Orion, Saiph is 650 light — 400 .

years away. It is a large R|9el

The brightest star in

200 Orion is Rigel, a white
supergiant, about 860
light years away.

star that, like Betelgeuse

and Rigel, will one day e =

blow up in a supernova. e f
" -

= >
- .- . . = .
I This diagram illustrates the distances of each
—— of Orion’s stars, measured in light years

S NASA



The Big Dipper Stars Alkaid
210 light-years
from Earth

Dubhe
105 light-years Mizar
b 88 light-years

sk Phecda /
90 light-years .

78 light-years

apparent shape of the
Big Dipper traced on a plane
50 light-years from Earth

Alioth

68 light-years
Megrez

63 light-years

Earth © 2006 Encyclopzedia Britannica, Inc.



Diurnal motion




Celestial Sphere




Small

Great circles

circle



Great Circle




North Pole

XeTog
South Pole




Celestial Sphere

m(®eclestial

Celestial Pole



Equatorial coordinates

north
celestial pole

south
celestial pole






Our perception of the sky

zenith

altitude = 60°
direction = SE

meridian

horizon

© Addison Wasley Longman, Inc,



Our perception of the sky

Above the
horizon

Below the
horizon

\

Copyright © 2010 Pearson Education, Inc.
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Zenith

North Celestial Pole Meridian
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Horizon



Alt-azimuthal (Horizontal) Coordinates

Zenith

Star




Celestial Equator

North Celestial Pole

North Celestial Pole Celestial Equator

Celestial Equator

South Celestial Pole



Diurnal Motion

North Celestial Pole Part of
Diurnal Circles

North Celestial Pole

Diurnal Circles

Celestial Equator —»=

South Celestial Pole AN



Observer at the pole

MNorth Celestial Pole

= Celestial Equator



Observer on equator

Celestial Equator

MNorth Celestial Pole South Celestial Pole




Observer at arbitrary latitude

MNorth Celestial Pole




Zenith | atitude

‘\ Celestial Equator

North Celestial Pole

Latitude




\J'/ = To distant star

/!(\\\\

Sun

Earth

One day
later

To distant star

Sidereal day



Direction of
Earth's Rotation "~ __

Pointto .-~ Poikt to a
the Sun - Distant Star

+

A Distant Star

(not to scale)




et
\‘@‘

Ecliptic
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Solar path in Equatorial Coordinates
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Solar path in Ecliptic coordinates
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Ecliptic coordinates north

ecliptic
pole

south
ecliptic
pole

https://en.wikipedia.org/wiki/Ecliptic_coordinate_system



The Zodiac : Constellations arbitrarily defined on the Ecliptic

Capricorn

Aquarius




Ecliptic




Declination (deg)

Northern Hemisphere Seasons

Right ascension (hr)

18 12 6 0 18
30 T T . T
e summersolstice .
20 —
10 Autumnal Vernal ~
. i equinox equinox ()
-10
=20
30 - Winter solsticeI : IWinter solstice’
Dec 21 Sep 23 Jun 21 Mar 20 Dec 21

(Approximate dates)




Declination (deg)

Southern Hemisphere Seasons

Right ascension (hr)

18 12 6 0 18

30 T 1 . T
i Winter Solstice )
20 —
10 - Spring Autumn o
ol__Eaumox / cunex. ()
-10
=20
30 - Summer Solstice : Summer Solstice -
Dec 21 Sep 23 Jun 21 Mar 20 Dec 21

(Approximate dates)
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Jo J .‘ll‘l.)llnl
ny ‘Par ‘ |
v 1 Partment: « umulative Exam #7299

24" April, 2004

Paper: 75,

Las ¢
et al. 200;. e Camp‘”lus Ir

l =1,P.3J. McCarthy
ApJ, 560, 131,

Lirare, Yo zan " sd >
frared Survey: Early-Type Galazy Progenitors Beyond Z

I (a) At midnig

Campanas

I ¢ = . . overhead at Las
1t on November 12, one of the four target fields lay OV

- What is its right ascension and its declination? (5 pts)

L)
For style points ane :
style points and eztra respect: name the field.

Hubble Deep Chandra Deep
Field South Field South

-

SSA 22 NTT Deep Field

a=22h 33m a=3h 32m a=22n 17m a=12h 05m
0=-60° 33’ 0=—-27° 48 o0=+00° 15’ 0=—-07° 44’



Coordinate Systems

Horizontal Coordinates Ecliptic coordinates north

ecliptic
pole

Observer e
Horizop,

south
ecliptic
pole

3/wiki/Ecliptic_coordinate_system

Equatorial coordinates

north
celestial pole

|

south
celestial pole



Coordinate Systems

Galactic coordinates

Hour coordinates

NI Z
W
&>
g North Galactic Pole
7 X culminates 590’ lat

| 180° long

1-90° lat
South Galactic Pole




Hour Circle

North Celestial Pole

Hour Circle

North Celestial Pole

oL

Celestial Equator —»=

Hour Circle

South Celestial Pole



Hour Coordinates

X culminates




Local Sidereal Time

Meridian

\>__ Celestial _“_
Equator Y

Celestial Pole

Celestial Equator



north
galactic
pole

Celestial equatof

https://commons.wikimedia.org/w/index.php?curid=20028939



North Galactic Pole
1 90° lat

- 180° long

L B
.

1-90° lat
South Galactic Pole




Galactic coordinates - elements

North cclestial pole

(= 123.00°

North galactic

pole
6=274°

)
18h  y6h/  18h
=12h49m ¢

/ N

\ a= ISh 49m
(node)

/

Galactic center
{approx)



Stars in the local 13

solar neighborhood
move randomly L
relative to one another. . . ‘
Y, G
M TR T - while the galaxy's
... Totation carmies them
around the galactic
center at even higher

speed.




.The “Teapot”

SSgK

_ 4 o, Antares
® Galactic center :

Scorpius







921 BATSE Gamma—Ray Bursts
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The Spherical Triangle

| A
C
B b
a
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Sum of angles > 180
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The dual triangle










Hour Coordinates and Horizontal Coordinates

North
Celestial Pole ,




Hour Coordinates and Horizontal Coordinates

North
Celestial Pole .




Horizontal Coordinates and Equatorial Coordinates

North
Celestial Pole

- Hori

Celestial
Equator



sun

High Noon -
the sun is on the
meridian




June solstice December solstice

Sun
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(not to scale)
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View Looking East

) Celestial
Summer Equator

Equinoxes

|  Vinter







The ecliptic and tropic circles



Ecliptic

north celestial pole
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south celestial pole



North Celestial Pole

Ecliptic

Vernal Equinox

South Celestial Pole

Ecliptic

Ecliptic

North Celestial Pole ¢ Celestial Equator

Vernal EQuinox



N.M.S.U. Astronomy Department: Cumulative Exam #368
18" February 2012 — Nicole Vogt Sxsal

iilz:le start a new page for each problem, and when you are done staple the
Yo er. Keep your work clear and organized, state all assum ‘#

U may use your calculators only as simple calculating machines (
other than 7 and e, and do not access stored formulas).

The exam comprises 100 points. I anticipate a passing score

1. The Canaries Great Telescope is located on the islan
of 18°W and a latitude of 28°N.

(a) If while observing you notice the third_"
what is the month, approximate day of the r

(b) Could you observe the Galactic Center dur
" time, and where would it lie in the sky? ¥



Waning
Crescent

New Moon

Waxing
Crescent

Third Quarter

First Quarter

Waning
Gibbous

Full Moon

Waxing
Gibbous

© timeanddate.com




Descending node

Earth
MONTH

Moon's path

@
O~

Ascending node YEAR




Equatorial to Ecliptic

North
Ecliptic Pole



True Sun vs Mean Sun: The analemma
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True Sun vs Mean Sun

North Celestial Polg

Autuymnal Equinox ¢

Harizon

tial Equator

Ecliptic



Effect of Orhit Eccentricity Effect of Obliquity
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Minutes (60 x [a — apm])

Equation of Time
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Equatorial to Galactic

North Celestial Pole

North Galactic Pole

Galactic Circle

| Celestial
Equator

Q (Ascending Node)

alactic
Center



N.M.S.U. Astronomy Department: Cumulative Exam #368
18" February 2012 — Nicole Vogt Sxsal

iilz:le start a new page for each problem, and when you are done staple the
Yo er. Keep your work clear and organized, state all assum ‘#

U may use your calculators only as simple calculating machines (
other than 7 and e, and do not access stored formulas).

The exam comprises 100 points. I anticipate a passing score

1. The Canaries Great Telescope is located on the islan
of 18°W and a latitude of 28°N.

(a) If while observing you notice the third_"
what is the month, approximate day of the r

(b) Could you observe the Galactic Center dur
" time, and where would it lie in the sky? ¥



Waning
Crescent

New Moon

Waxing
Crescent

Third Quarter

First Quarter

Waning
Gibbous

Full Moon

Waxing
Gibbous
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Descending node

Earth
MONTH

Moon's path

@
O~

Ascending node YEAR




Equatorial and Ecliptic

z




Right-handed coordinates (x xy = 2)

Left-handed coordinates (y x x = 2)



Hour and horizontal coordinates
(both left-handed)

Celestial Pole\,




27=7"=7" Hour and equatorial

Hour : left-handed
Equatorial : right-handed

_ Celestial
Equator



Equatorial to Galactic
T 7 (both right-handed)

North Celestial Pole

North Galactic Pole

Galactic Circle

Celestial
Equator

alactic
Center



Lunar Parallax

For very close objects, their position relative to the stars
will change depending on the position of the observer.

Montreal, Quebec, Canada
Latitude 45.5000N, Longitude 73.5830W

Selsey, West Sussex, United Kingdom®
Latitude 50.7340N, Longitude 0.7850W

®c

Montevideo, Uruguay, South America
Latitude 34.9167S, Longitude 56.1667W

This image is a composite of three images of an eclipsed
Moon taken at the same time (03h30m £11s UTC) from
three distant locations on the Earth - Montreal - Quel
Canada ntevideo - Uruguay - South America and
Selsey - West S X - UK

The Moon being ~400,000km distant shows a
‘parallax-shift’ n the three im: re superimposed
in this manner. The surfas great: le) distance

Poter C/M///, Montreal Canada between the imaging sites is:

0km, A-C: 9,121km, B-C: 10,967km

Gerardo Addiégo, Monteyideo, Urngnay, South America

Lunar Parallax Demonstration Project - Update 2004 October 28
http://www.DigitalSky.org.uk/lunar_parallax.html
Upper Moon - Gerardo Addiego Pete Lawrence,
Lower-left-hand Moon - Pete Cleary
ground stars, s ight-hand Moon and image composition - Pete Lawrence 36/«5‘6% HK




Coordinate Translation




Convert from geocentric to “spacecraft” coordinates

S







