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For any latitude l between the Arctic Circle (about 66( N) and the Antarctic Circle (about 66( S), the length-of-day function f(x) can be modeled by a sine wave with a period of 365 days, an average value of 12 hours, and an amplitude A(l) that depends upon the latitude.


One possible form of the equation is f(x) = A(l) sin(2p(x–c)/365) + 12  hours, where x is a variable representing the number of days since the beginning of the year, and c is a constant representing the day number of the first day of spring (necessary because the function requires a phase shift to ensure that the first day of spring is a 12-hour day, and that the length-of-day gets longer rather than shorter on succeeding days).


The amplitude A(l) depends upon the latitude in the following way: since days are always 12 hours long at the equator, the amplitude for 0( is zero. As the latitude increases, the amplitude increases. For example, at 40( N or 40( S, the amplitude is about 2½ hours.


At latitudes in the polar regions beyond the Arctic and Antarctic Circles (for instance, at 80( N or 80( S) there is a stretch of days during the summer when the sun never sets, and an equal number of days during the winter when the sun never rises. In these locations, the length-of-day function consists of a constant piece at 0 hours of daylight, a increasing piece shaped like a portion of a sine wave, another constant piece at 24 hours of daylight, then an decreasing piece from 24 hours back to 0 hours, after which the cycle repeats. Certain pieces of the graph may be modeled by a sine wave, but the wave is truncated by constant pieces at the top and at the bottom.
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