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Historical Context

Navigators have been able to determine thatitude at sea
for centuries. Bulongitudecan only be obtained when the
accurate time is known.

Without longitude, shipwrecks occurred far too often. On
October 22, 1707, a fleet of 21 ships under the command of
Admiral Sir Clowdisley Shovell of the Royal Navy were
returning from Gibraltar to England. After 12 days at sea, 4
ships struck on the rocks of the Scilly Isles and sank. Nearly
2000 lives were lost.

This event in particular focused attention on the need to
Improve accurate time keeping methods.



What Time Is It?

Two competing methods for determining and maintaining
accurate time emerged starting in the early"M@&:ntury.

Astronomergpromoted the Lunar Distance Method which
uses the predicted positions of the Moon and other celestial
bodies for calculating the accurate time.

Clockmakersvorked to build chronometers which would
retain high accuracy over long intervals even when
subjected to the adverse conditions while underway.




Lunar Distance Method

Nevil Maskelyne, the!™Astronomer Royal, embraced this
method to calculate time. The arc distance between the
Moon and another celestial body such as a star, planet, or
the Sun is measured with a marine sextant. The Greenwich
time of the observation is determined by matching the
measured lunar distance with the predicted distance found
In an almanac prepared by astronomers.

The idea is straightforward, but carrying out the
observations, and making the necessary corrections, was
time consuming for early navigators. Another complication
iInvolved the difficulty for astronomers in making accurate
predictions of the complex motion of the Moon.



Marine Chronometer

Clockmakers faced many challenges in the design of a clock
to be used at sea. The clock needed to operate properly on
a rolling and pitching deck, in all kinds of weather, and in
various temperatures and humidity.

In 1764, a chronometer built by John Harrisord)Hvas

carried on board thdartardeparting from Portsmouth. It
arrived in Barbados after a voyage of 47 days, and was later
judged to have kept the time during the voyage with an

error of only 39 seconds.



Apparent Time

Based on the apparent motion of the Sun. Sundials display
apparent time. Greenwich Apparent Time (GAT) reflects the
apparent motion of the Sun observed in Greenwich, located
on the Prime Meridian. Local Apparent Time (LAT) reflects
the apparent motion of the Sun observed from any other
location.

Mean Time

Based on apparent time, but with corrections due to the
equation of time. Greenwich Mean Time (GMT) is used in
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on marine chronometers.



Dead Reckoning

On the open ocean, navigators keep close track of their
course and speed. But the effect of winds and ocean
currents on position can be difficult factors to estimate.
Without regular corrections (or fixes), the position recorded
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Early navigators relied on celestial navigation to correct their
position. And the results from the sight reductions were
also very useful for evaluating their dead reckoning skills.



Sight Reduction

Armed with 2 new ways to maintain accurate time on board,
navigators derived various methods for determining their
geographic position on the open ocean. These methods
require knowing the precise time, but also some way of
measuring, calculating, and comparing various angles.

Observed angleare based on the angles measured with a
sextant. Calculated angleare determined using data
contained in the Nautical Almanac and must be reduced
using spherical trigonometry.



Measuring Altitudes: Marine Sextant

The sextant is an instrument designed to precisely measure
angles, and is used primarily to measure the altitude of a
celestial body above the sea horizon.
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directed from the celestial body with a mirror fixed to the
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eyepiece Is from the horizon. When the celestial body
appears aligned with the horizon, the altitude is simply read
from the degree scale and the arc minute drum.

A vernier scale helps the observer estimate the altitude to a
precision of 0.1 arc minutes.



Calculating Angles: The Nautical Almanac

The daily pages of the nautical almanac contain the hourly
LINSRAOUAZ2Y & F2NJ I OSft SaidAal f
prime meridian. This is known as the Greenwich Hour Angle
(GHA). The declination (Dec) of each celestial body is also
Included.

GHA and Dec can therefore be found for the Sun, Moon,
Venus, Mars, Jupiter and Saturn, First Point of Aries, and for
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The Nautical Almanac was first published in 1766 (for the
year 1767), and has been produced in various versions
annually up to the present time.



Calculating Angles: The Navigational Triangle

The navigator relies on a special triangle, which like all
spherical triangles, has 3 vertices and 3 arc angles. The
navigational triangle is constructed by placing the vertices at
the north celestial pole (N), the assumed position of the
observer (AP), and the geographic position (GP) of the
celestial body being observed.

Once the navigator knows the values for 3 of the 6 angles,
spherical trigonometry can be applied to calculate any of the
remaining 3 angles.
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3 Vertex Angles
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