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GOSTEAM Hands-on Activity Template (Informal)

Title:
Celestial coordinates

Short Description (Max 500 words):

This scenario involves the use of a planetarium as a tool to learn about the
systems developed over time by astronomers to orient themselves on the celestial
vault and place celestial bodies on it in a univocal way.

Keywords (Up to 5):

Celestial coordinates; local and celestial equator; azimuth; declination; right ascension

Information about the Implementation
9-12 12-15 15-18 18+
Age and language of the students:

] ]

Number of Lessons — Duration (per lesson):
Number of Lessons: | lor2 | Duration per Lesson: | 40' - 75’ |

Subjects:
For which subject(s) the activity is usable, is it an interdisciplinary activity?

Science

Physics Chemistry | | Biology [ | Geosciences Environmental [ | Other [ |
Technology [ |

Engineering | |

Arts []

Mathematics

Information about the Scenario

Curriculum and country:

The European Commission's support for the production of this publication does not constitute an endorsement of the contents, which reflect the views only of the authors,
and the Commission cannot be held responsible for any use which may be made of the information contained therein.



Link to the curriculum of the current activity:

Country: | | Class: | | Grade:

Topic: ‘ ‘

Objectives (Max 100 words):

Description of the learning objectives

Materials (Max 100 words):

Which resources and materials (software, hardware) are needed?

Spatial concepts, skills and abilities:
Which spatial concepts and skills are covered by the activity?

Spatial concepts:
Primitives: Identity/Name |:| Location Space/Time D
Simple: Distance D Direction l:l Connectivity D Movement I:’
Boundary [:| Shape/Area |:| Adjacency D
Difficult: Overlay [:| Buffer |:| Topology D Coordinate
Map l:l Scale l:l Shortest Path D Navigation
Surface l:l Slope/Gradient |:| Aspect D Contour |:|

Complex: Interpolation l:l Map Projection |:| Spatial Dependency I:l

Other: |
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Spatial skills:
I:l Map literacy
Navigation/orientation

|:| Estimating distances and directions

|:| Recognizing and understanding patterns/Understand and identify models of spatial
organization

Select an ideal location based on the given spatial features

|:| Visualization

|:| Understand and identify spatial correlations/ dependencies

Categorize spatial entities/ geographic features and identify hierarchies
I:I Compare spatial entities and draw analogies among them

I:I Identify/determine connections/relations

|:| Understanding scale in space and time

I:l Delineation of spatial regions/ zones based on given features/ properties
Short Description

Navigation/orientation: Finding one’s way in unfamiliar environments, interpreting and
giving walking and driving directions.

Estimating distances and directions: Measure paths, weighted distances, angles.

Map literacy: Using, interpreting/understanding, learning from, and communicating
acquired spatial knowledge from maps, comprehension of geographic features represented
as points, lines, or polygons.

Recognizing and understanding patterns/Understand and identify models of spatial
organization. Delineation of spatial regions/zones based on given features/properties:
Regionalization processes, pattern recognition and clustering identification in the 2d and/or
the 3d world.

Select an ideal location based on the given spatial features: Single or multi-criteria siting and
optimal areas identification.

Visualization: Visualizing spatial entities from written/oral verbal descriptions, from their 2d
or graphical representations or through mental transformations; such as axis rotation or
perspective taking.

Understand and identify spatial correlations/ dependencies: The ability to realize, identify
and explain patterns, clusters and relevant spatial dependencies.

Categorize spatial entities/geographic features and identify hierarchies: Identify the
hierarchical form of data and gradients between spatial entities.

Compare spatial entities and draw analogies among them: Calculate and compare different
geometric objects’ shapes, area and, boundaries.
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Identify/determine connections/relations: The ability to identify links and common
characteristics among spatial entities and between humans and spatial entities.
Understanding scale in space and time: The understanding of changes/transitions through
space and time for different spatio-temporal scales.
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Geospatial concepts and spatial abilities documentation (see Section 3.2):
http://www.gosteam.eu/wp-content/uploads/2021/05/GOSTEAM 101 Al final.pdf

Description of the activity in detail

Educational Purpose:

Let the student know and understand the main used in astronomy to locate an aster
on the celestial vault.

Cross-cutting objectives:

Become familiar with the spatial coordinates by comparing the systems used
respectively on the earth's surface and on the celestial vault.

Previous knowledge of the participants:
Good confidence with angular measurements and knowledge of general geography.
Tools and materials:

To carry out this scenario it is necessary to bring the class to visit a planetarium.
Currently this type of educational facilities are widespread in the European Union, and
their availability is also increased by itinerant facilities that can easily be brought to
peripheral locations. By way of example, all the cities in which the partner
organizations of the GOSTEAM project are based host large fixed planetariums that
are also very sophisticated from a technical point of view.

Abstract, description:

Proceedings, description:

The term planetary refers to an optical instrument used to reproduce the celestial
vault in an extremely realistic way on a projection screen. By extension, it is also often
used to indicate the building that houses such equipment. It can also refer to some
computer software that allows you to reproduce and explore the celestial vault on a
computer monitor.

This type of structures can be more or less sophisticated both from an exquisitely
technical point of view and as regards the type of building intended to house them.
Furthermore, in recent years, itinerant planetariums have been created, usually
equipped with an inflatable hemispherical chamber for the reproduction of the
celestial vault, and which therefore favor the usability of this type of structures even
in peripheral locations far from large urban centers or due to their economic
conditions they do not allow the construction of permanent planetariums.

This scenario focuses on the two main coordinate systems (the altazimuth and the
equatorial coordinate systems) used to exactly locate and/or identify an aster on the
celestial vault.
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http://www.gosteam.eu/wp-content/uploads/2021/05/GOSTEAM_IO1_A1_final.pdf

Celestial coordinates

The position of the stars in the sky varies continuously, it is the reflection of the earth's
motion. Our star, for example, the Sun, during the year never rises and never sets in
the same point on the horizon. It is true that it rises in the east and sets in the west
but this only happens on the days of the equinoxes; moving towards the summer
solstice, the sun will make its apparent arc in the northern sky of the east-west line
and the same thing, further south, will happen in the winter solstice.

You can show the ecliptic at our latitudes and then show what happens in the Tropic
of Cancer and the suggestive midnight sun.

To determine the position of the stars on the celestial vault, as on the earth, we can
use coordinate systems.

ALTAZIMUTH SYSTEM

It is a local coordinate system in the sense that the position of a star identified with
this system has limited validity at the place of observation.

The equatorial plane is projected

It is the reference plane with respect to which the azimuth, i.e. the horizontal angle,
will be measured, the zero is located at the NORTH cardinal point and the angle is
measured clockwise until it meets the vertical circle, i.e. the great circle passing
through the nadir, the zenith and the star whose position is to be determined. For
completeness, the celestial meridian will also be projected, that is the great circle
passing through the poles.

Height drawn on the vertical circle passing through the star considered is equal to the
angle between the horizon and the point under consideration, it will be positive
towards the zenith and negative towards the nadir.

For simplicity and exercise, you can find the altazimuth coordinates of the polar star.
To make things more interesting we look for the altazimuth coordinates of a known
star (of those already mentioned in the orientation) and we show how the coordinates
change with the diurnal motion of the celestial vault (the celestial vault is rotated by
30 ° or 60 ° and the new coordinates are re-determined with the projection of the
vertical circle). We then move to another latitude, the north pole would be suggestive,
what happens to the coordinates of the star? The reasons why this coordinate system
is a local system become evident!

Zenith

Observer o
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The azimuth angle and the altitude of a celestial body in the altazimuthsystem
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EQUATORIAL SYSTEM

It is a global coordinate system whose validity is independent of the place of
observation. To make the elements of this coordinate system clear, it is necessary to
project the celestial poles, the celestial equator (which will be used as a reference
plane), the hourly circles and the ecliptic.

The point of Aries (or vernal point) will be identified on the ecliptic which will be the
origin for the measurement of one of the two coordinates, the right ascension, which
is measured on the celestial equator in hours (or degrees) counterclockwise starting
from point d 'Aries up to the intersection of the equator with the hourly circle passing
through the observed point.

Declination is measured in degrees on the hourly circle passing through the observed
star and originating in the celestial equator. It is currently the most used coordinate
system, it is completely independent from the observer and this makes it a global
system that moves with the celestial vault.

We can find right ascension and declination of the star for which the altazimuth
coordinates were found and show that changing latitude the coordinates do not
change!

North Pole

Hour
circle

Celestial equator |

Observer g

Right ascension

vernal

The right ascension and declination on equatorial coordinate system

But is it true that equatorial coordinates are immutable? They use the point of the
Aries as a reference on the equatorial plane but due to the precession of the equinoxes
this point varies. In addition to the rotation around its own axis and the revolution
around the sun, the earth makes two other movements often not considered because
they do not produce observable effects on the scale of human times or because they
are not very significant: precession and nutation.

Precession, in particular, is a slow motion (period of about 26,000 years) with which
the earth's axis describes a double cone, "pointing" over the millennia to different
stars that have alternated as a reference for the north.

an animation of the precession motion is shown

the circles formed by the double cone are shown
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the precession is due to the combined attraction of the sun and moon on the earth
which undergoes a gravitational couple due to its imperfect sphericity, it is also called
lunar sun precession.

The overall effect of this motion on the celestial coordinates is the displacement of
the line of the equinoxes and, consequently, of the point of origin for the
measurement of right ascension. The line of the equinoxes moves clockwise and the
equinoxes show up earlier from year to year that's why we talk about precession. It

can be shown how currently the point of the Aries is actually in the constellation of
Pisces.

Sustainable contact

Luigi Cerri, cerri@cittadellascienza.it

References (if any):

Assessment (if any):
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