Using a Nocturnal to find the time of High Water, given the Age of Moon and the Establishment of the Port (of Liverpool).

A Nocturnal by Humfry Cole of London. Cira1575.  British Museum. Catalogue. # AN35127001.   The nocturnal has a volvelle to find the time of HW on the obverse.  This instrument has been copied by Hemisferium Instrumetos Cientificos Antiguos of Spain and sold by Mypas y Compania of Malaga, among others.

The instrument is illustrated at this website:

http://www.britishmuseum.org/research/search_the_collection_database/search_object_details.aspx?objectid=54995&partid=1&searchText=nocturnal+by+H+cole&fromADBC=ad&toADBC=ad&titleSubject=on&productionInfo=on&numpages=10&orig=%2fresearch%2fsearch_the_collection_database.aspx&currentPage=1
First find the age of the moon.  If not known, set the volvelle to approximate the amount of moon that is visible.

The volvelle has three dials.   (A volvelle is any arrangement of disks which when rotated relative to one another will reveal a relationship between sets of data.)

Top dial is the moon dial with its pointer.  It has an aperture, which reveals a portion of clear surface (the moon area) and a portion of stippled surface (the dark sector of the moon).  Rotating the dial gives a visual indication of the moon crescent waxing from new to full and waning from full to new.   It also has three sets of lines and symbols radiating from the pointer.  These are astrological ‘aspects’.  They were common knowledge at the time the nocturnal was made and astrology was widely believed.  They have no function in the operation of the nocturnal.  An astrological aspect is an angle between two planets at a point in time.  If the angle was a ‘powerful’ division of 360 degree in the Zodiac, it had implications for the astrologer’s predictions.  The * star is a Sextile or angle of 60 degrees.  The square is a Quadrile or Square or angle of 90 degrees.  The triangle is a Trine or angle of 120 degrees.  The figure that looks like an 8 should have been drawn like a dumb-bell 0-0 and is the aspect of Opposition or angle of 180 degrees.  The most ‘powerful’ aspect was Conjunction or alignment or 0 degrees.

Middle dial is the Age of Moon dial with a pointer at 30|1 days.  This pointer is the Sun pointer because age 1 is New Moon and the Sun and Moon are in conjunction.  They both cross the meridian at noon local time.

Base dial has thee concentric scales.  Outer and inner are direction in true compass degrees and points respectively.  Middle scale is hours, with 12-noon set where the bearing of the Sun is 180 T, or South.   Remember that the Nocturnal was only used in the Northern hemisphere so the Sun is always South at noon in north European latitudes.

Set the Moon dial pointer to the age of the moon.  Use the LEFT-HAND edge of the age graduation.  This instrument employs a lunar cycle as 30 days, which was convenient for mariners.  The actual cycle is 29 ¼ days.  This introduces an error to the volvelle.

Set the Sun pointer of the middle dial to South (180T).  This is noon Local Time.

Read the Local Time of Moon Transit from the conjunction of the Moon pointer and the Hours scale.  This is the time the Lunitidal interval begins.  

The Lunitidal Interval is the time elapsing between the moon transit of the meridian and the next high water.  The interval actually changes over a lunar cycle due to the influence of changes in the moon’s declination and horizontal parallax.  The sun’s tidal influence is also involved, as is the relationship between the two tidal forces as they move between conjunction and opposition.  None of this is accommodated in the prediction made by the nocturnal and this is another source of error.

Add to the time of Moon Transit the duration of the lunitidal interval, usually given as the Establishment of the Port.   The Establishment is the lunitidal interval at New and Full Moon.  Another term for these days is the Full and Change Days.  (Spring tides change towards Neap tides.)  The Establishment of the Port is an empirical value.  It is determined by repeated observations at each individual port.  Its value is determined by the topography of the place, including the depth of sea and shape of the coastline.  Extremes of atmospheric pressure and wind are averaged over many observations.

Establishment of the Port of Liverpool is 11 hours 22 minute.  Adding this to the moon transit time will give the Local Time of high water.  (Liverpool is a complex estuary and docks to seaward have an Establishment closer to 11h 15m.)

To get the GMT of HW, apply a correction for Longitude.  Allow 4 minutes time for 1 degree of Longitude.  Add East. Subtract West.  This should correspond roughly to the HW time published by the Admiralty.  It is approximate for all the reasons indicated above.  

As an example:

Date 20th December 2011.     Age of Moon.    26 days.

Time of Moon Transit.  8 hour 4 minutes.  (Note that divisions are for the degree scale and one degree is 4 minutes of time).

Add the Establishment of the Port of Liverpool.  11 hour 22 minutes. = 19 h 26 min.  This is the Local Time of HW Liverpool.  

Make the Longitude correction.  Liverpool is 3 degrees West. = -12 minutes.

Gives GMT of HW Liverpool as 19 h 14 min.

Admiralty Tide Tables gave 18 h 56 min.      

The difference is 18 minutes.  

This is reasonable for an instrument made in 1575.  The same instrument could give local time to about 10 or 15 minutes by an observation of Kochab in the Little Bear.
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