An Ancient Tool for a Modern Time:

Constructing and Using a Sextant

History

A sextant 1s a tool for measuring the
angular altitude of a star above the horizon.
Primarily, they have been used for
navigation. However, the predecessor of
the sextant 1s the astrolabe, which was used
up to the end of the 18" century. The
earliest known description of an astrolabe is
by Johannes Philoponus of Alexandria who
lived from 490-566 CE (Current Era). As
seen here, the astrolabe was a portable
instrument made of copper or bronze, its
primary function was to determine the
elevation of the Sun or a star and to quickly
solve problems of spherical astronomy.
Essentially, the astrolabe was a mechanical
computer on which a network of azimuths
and altitudes dividing the heavens were
engraved. Around the rim of the astrolabe,
might be inscribed the hours of the day, the
days of the year, and the signs of the
zodiac. As an altitude device, the astrolabe
could also be used to find the height of
buildings, or mountains and other
topographic features.




Although the oldest astrolabe in Europe
dates from about 912 CE, its origins seem
to be connected with the armillary sphere
(pictured to the right) which was described
by Ptolemy in the 2™ century of the current
era. Much later, the sea astrolabe was
introduced about 1460, but did not see
general use until the beginning of the 16th
century. The use of the sea astrolabe
persisted until after 1670, particularly in the
fleets of the Spanish and Portuguese, where
it was in evidence early into the 18th
century.

A contemporary of the astrolabe, which
may actually have been a predecessor of the
sea astrolabe, was the simple quadrant. Like
the sea astrolabe, the mariner's quadrant
was adapted from its earlier and more
complex astronomical counterpart. In
design and function 1t was remarkably
simple. The quadrant consisted of a
triangular plate, the point of which was
fitted with a plumb bob. Along one edge,
were a pair of sighting pin holes. On the
lower edge was found a degree scale, over
which the plumb bob could hand freely. To
use, the observer sighted the celestial object
through the pin holes while an assistant read
the position of the plumb bob on the scale.

The first real ancestor of the modern-day sextant as a multipurpose nautical instrument
was the cross staff or Jacob's staff which was first described by a Jewish scholar named
Levi ben Gerson in 1342. The instrument, as its predecessors, was an adaptation from an
earlier astronomical surveying device. It consisted of a frame (staff) over 30 inches long
with scales engraved on all four sides. Perpendicular to the frame were two or more
transoms or "crosses" (hence the name). By lining up the horizon with one end of a cross
and the celestial object with the other end, the observer had a simple trigonometric
computer.



The cross staff represented a great leap
forward in the art and science of navigation,
smce 1t embodied all of the functions for
recording the altitudes of the sun, stars,
moon, and planets, as well as terrestrial
sights - a function lacking 1n the astrolabe
and simple quadrant. The next

logical step in the evolution of navigation
instruments was the development of the
backstaff or the Davis quadrant, seen here.
The instrument pictured to the right dates
from 1760 and 1s missing some parts.

The sextant pictured to the right, is an
example from the modern era (1820-1920).
Just prior to World War II, the long
evolution of the sextant culminated in the
mvention of the ball recording sextant. It 1s
ronic, and perhaps fitting, that the final
form of the sextant was not a sextant at all
but a much earlier ancestor, the true
quadrant. Developed for use at night when
no horizon was visible, the recording
“sextant" used no reflecting mirror. Rather,
the celestial object was viewed directly as
with the true quadrant. Instead of using a
plumb bob, a liquid-damped steel ball
recorded the altitude of the object on a
screen. A drum micrometer was used to
determine the precise altitude reading.
Because of its size, easy reading, and night-
time capability, the recording sextant found
favor with airplane navigators, leading to
"aircraft sextants" built on the same
principle.

You will be making a simple, but, effective sextant. You will be using it many times throughout the course, so
take care to build it correctly. The assignment of making your sextant will be graded as will future assignments
that require the use of it.



Construction

Purpose: To measure the height (altitude) of a celestial object above the horizon. To
observe the apparent motion of stars, the Moon, planets, or comets by noting changes n
altitude over a period of time.

Materials:

30 cm wooden ruler (smaller 1s ok, but must be at least 16 cm long)
protractor

tape

string

washer or paper clips

compass (for determining directions)

Procedure:
Part I:

a) Tie a washer or three paper clips to one
end of the string. Tie or tape the string
to the midpoint of the protractor, so
that the string falls across the 90 mark.
The string 1s called a plumb line.




b) Tape the protractor to the ruler to within an inch of the end of the ruler.

c¢) Sight an object by placing your eye at
one end of the ruler. The protractor
will be upside down and the plumb line
will hang down as seen in the picture.

Sight along this edge

Congratulations! You have just made your own astronomical instrument. Be aware that several lab grades will
come from the use of this. Also, the above reading is fair game for quiz and test questions.
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Using your Sextant

Five “stars” have been placed at various locations within the atrium of Oakleaf High School. These are your
celestial targets.

Find a location to stand in the first floor atrium. You should occupy about 4-9 tiles on the floor. Do not move
from this location, as your zenith and meridian, and hence your measurements, are dependent on your location.
Locate the first star. Using your sextant, determine the altitude of the star. Record this value in the table.

Once you have recorded the altitude for each star, use the app “CamSextant” on your phone to record the actual
altitude and azimuth. Record those values in the table below.

Calculate your percent error between your sextant and the app CamSextant. This is done using the following
equation (assume your CamSextant app is giving you the actual value):
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Where: E is the experimental value
A is the actual value
Write a conclusion on a separate sheet of paper and attach it to this packet. Include any sources of error and how
you might improve your sextant for more accurate results.

Sextant Activity Data Table

Star Measured CamSextant CamSextant Altitude Percent
Number Altitude Altitude Azimuth Error

Hey human, don’t be a dimwit. Remember that altitude
and azimuth are measured in degrees. That also means
your calculators must be set in degrees if you are ever
doing any calculations with alt-az or angular functions.
Isn’t that right, Groot?




