Recovering GMT
Take and work a time sight in the morning. You won't get accurate time from it, not unless the sun was due east, or the DR latitude correct, but you'll get it close enough to know, within a few minutes, when to start monitoring the sun's altitude for the noon latitude. Anyone who's tried to get noon latitude with only vague idea of when the sun will "dip" will appreciate the value of this first, approximate, working of the time sight.

Once you've got the correct latitude, work the time sight again to find exactly how fast or slow the watch is on local apparent time. Be sure to write that down because, until you get the next time sight, it will be the basis of your calculations.

That's all the regular "sight reduction" you'll have to do, and the only thing you took from the Almanac was the sun's declination. At the very most, that never changes more than 1' per hour. Your estimated GMT would have to be a long way from the truth to get you in trouble.

Now let's say you get a set of distances of the sun from the moon. If you are able to take the altitudes before and after the set of distances you can go ahead and clear it, find, from the Almanac, the GMT that fits, and apply the equation of time to convert GMT to GAT.

To the average watch time of the lunar observation apply the correction you found with the time sight: so many hours minutes and seconds to be added or subtracted to convert watch time to local apparent time. The difference between the LAT and GAT of the lunar is the longitude of the place where you took the time sight.

Keep that in mind. The time you're using is specific to the meridian where you took the time sight, so the longitude you find is specific to that meridian also.

You've found latitude and longitude, and the lack of accurate GMT was no hindrance whatever in working the observations. Besides the noon latitude and lunar, which took no more work than if you'd had accurate GMT, you've worked a time sight twice, using different latitudes. That's exactly what was required in order to plot one Sumner line, using an accurate chronometer.

Modern navigators find this hard to swallow. In the system they've been taught, everything is founded on, and must begin with, accurate GMT. They've come to accept, as a bedrock truth, that to work observations

successfully you have to have accurate GMT. If you don't have it the only hope, in their view, is to flounder toward it by iteration.

Bruce Stark
Time Sight

A time sight is the 20th century  name for the classic sight used in navigation from the late 18th century through  the 1940s to determine local time at sea. It is, in many ways, a remarkably  simple thing. Taking a time sight turns your sextant into a sundial. When we use  a sundial, aligned to the correct latitude, we read off the Sun's local hour  angle in hours and call it the time. A sundial also has to be aligned exactly north-south, but we can live without that alignment if we have an almanac available. From the almanac, we can get the Sun's declination (we still need the correct latitude for a time sight, just as with a sundial), then the Sun's  altitude, which can be measured accurately with a sextant, automatically yields the Sun's local hour angle. This hour angle is exactly the same thing as the observer's local apparent time. In other words, if I measure the Sun's altitude,  and do a little math on it (see below) and get, for example, 45 degrees, then the local apparent time is just 3pm exactly (or 9am if the Sun is east of the meridian). 
So what's the math that converts a measured altitude into an  LHA? This is an easy spherical triangle problem. The Sun's local hour angle is  the angle measured at the elevated celestial pole between the observer's  meridian and the arc from the pole to the Sun (draw it!). To calculate that  angle, we can use the three sides of the spherical triangle made by the Sun, Zenith, and the Elevated Celestial Pole. I won't spoil the fun. You try it out for yourself. Draw that triangle and solve for LHA using the cosine formula.  That's it! On a calculator, it's easy. Note that it was popular in the logarithms-paper-and-pencil era to solve this triangle using the haversine  formula instead of the cosine formula. It's a little longer, but you don't have to worry about as many "cases”.
After we've done our time sight with our  sextant (or read our sundial), and we have learned that the local apparent time  is, say, 3pm exactly, what next?  As we know, the difference between local time  and absolute time, typically GMT, is exactly the same thing as the difference in  longitude between the observer's location and the absolute time location, typically Greenwich. But there's a catch. Local apparent time runs a little fast or slow during the year compared with accurate clocks. That difference is the  so-called "equation of time". So if you use a sundial and you want to know if  it's accurate, you need to have a table of the equation of time handy. Many  sundials in public settings have tables or graphs affixed to them or posted  nearby (unfortunately, for most people, these tables usually create the impression that the sundial is "broken"). For out time sight, if we're going to  determine longitude by getting GMT from a clock, then we need to correct the  time sight by adding in an equation of time correction taken from the almanac.  Before chronometers came along, there was an alternative approach. With lunar  distances, it was easy enough to tabulate predicted geocentric lunar distances  directly in "Greenwich apparent time", in effect making the celestial "lunar  chronometer" read apparent time instead of mean time. That way, if it's 3pm by a  local time sight and 9pm by a lunar distance sight, the longitude difference is  simply 6 hours (or 90 degrees) exactly. No correction required. Until 1834, the  tabulated lunar distances in the Nautical Almanac were listed for every three  hours of Greenwich Apparent Time. After that year, they're published for every  three hours of Greenwich Mean Time, for better comparison with chronometers.
Notice that a  time sight, like a well-adjusted sundial, requires accurate knowledge of  latitude. This dependence on latitude is minimized if the Sun bears nearly due  east or nearly due west. Alternatively, you can take a sight to determine  latitude simultaneously with the time sight, but this was rarely done in  practice until the 20th century. Time sights started to become obsolete with the  rise of the "New Navigation" (line of position navigation) in the late 19th  century, but they were still widely practiced as the standard sights for  determining local time, and hence longitude, as late as the 1940s.

One  more time:

Sun's measured altitude (corrected) ---> cosine formula --->  Local Apparent Time

Local Apparent Time + Equation of Time ---> Local Mean  Time

GMT (from chronometer or lunar) - Local Mean Time --->  Longitude

Frank Reed

You know how to calculate LHAs generally, right? For any object, the simplest equation for the LHA is


   cos(LHA) = (sin(alt) - sin(dec)*sin(Lat)) / (cos(dec)*cos(Lat))

For your amusement, here is a method given in Bowditch in the 19th century for performing the same calculation:
First, calculate the Sun's polar distance: pdist = 90 - dec.
Next take half the sum of the altitude, the latitude, and the polar distance. Call that the "half-sum". From the half-sum subtract the altitude. Call that the "remainder". To the constant log 9.6990, add the following four logarithms: logsec(Lat), logcsc(pdist), lcos(half-sum), logsin(remainder). That sum is equal to the logsin(LHA). So we look up the sum in the logsin column and take out the corresponding angle (many tables included this in time units, but if not you convert to time by dividing by 15 degrees).
