3. Calculating Solar Angles

These equations shoud be used keegoing al of the angles in radians even though with some of the
equationsit does not matter whether degrees or radians are used.

3.1. Declination Angle

The dedination angle is described in figure 1.5 and 1.6. The eguation wsed to cdculate the
dedinationangle in radians on any given day is:
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where:
0 = declination angle (rads);
n = the day number, such that n = 1 onthe 1% January.
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Figure 3.1: The variation in the dedination ang e throughout the yea.

The dedination angle is the same for the whole globe on any given day. Figure 3.1 shows the
change in the dedination angle throughou a yea. Because the period d the Earth's complete
revolution around the Sun daes nat coincide exadly with the cdendar yea the dedination varies
dightly onthe same day from yea to yea.

3.2. TheHour Angle

The hou angle is described in figure 1.6 and it is positive during the morning, reduces to zero at
solar noonand becomes increasingly negative & the dternoon pogresses. Two equations can be
used to cdculate the hou angle when various angles are known (note that 6 changes from day to
day and o and A change with time throughout the day):
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where:
o = the hour angle;
o = the altitude angle;



Az=the solar azimuth angle;
0 = the declination angle;
¢ = observer'slatitude.

Note that at solar noonthe hou angle equals zero and since the hour angle changes at 15° per hour
it is a simple matter to cdculate the hou angle & any time of day. The hou angles at sunrise and
sunset (ws) are very useful quantities to knowv. Numericdly these two values have the same value
however the sunrise angleis negative and the sunset angle is pasitive. Both can be cdculated from:

Cosmg = —tang tam (3.9

This equation is derived by substituting oo = 0 into equation 3.8. ®s can be used to find the number
of daylight hours (N) for a particular day using the next equation, where osisin radians:
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Note that there ae dways 4380 houws of daylight per yea (nonleg yeas) everywhere on the
globe.

For equation 3.4 leyond ¢ = £ 66.55°
(tand tan¢) > 1 there is no sunset, i.c. 24 hours of daylight.
(tand tang) < 1 there is no sunrise, i.e. 24 hours of darkness

If a surfaceis tilted from the horizontal the Sun may rise over its edge dter it has rise over the
horizon. Therefore the surfacemay shade itself for some of the day. The sunrise and sunset angles
for a titled surface (ws) fadng the equator (i.e. fadng due south in the northern hemisphere) are

given by:
cosm'= —tan( — ) tand (3.6

where:
B = the angle of inclination of the surface from the horizontal.
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Figure 3.2: A tilted surfacethat is not fadng the eguator.



Equation 3.6may give the sunrise angle for the tilted surfacethat indicates that the Sun rises over
the alge of the surfacebefore it has appeaed ower the horizon. This stuation is obviously wrong
and a dhedk must be made to find the adua sunrise angle over the tilted plane (mg):

®, = min{a)s,ws'}

Note that for a titled surfacefadng the equator the sunrise ad sunset angles are still numericdly
equal with the sunrise angle being paositive and the sunset angle being negative. When a surfaceis
inclined from the horizontal but not fadng the eguator, caculating the sunrise and sunset angles
over the edge of the surfaceis complex. Such a surfaceis sown in figure 3.2. For such a surface
the sunrise and sunset angles (ws") will not be numericaly equal and the foll owing procedure must
be foll owed:
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Equation 3.7gives two solutions becaise of the £ sign, oreisthe sunset angle and the other isthe
sunrise angle. Then w is chedked as before:
0, = min{u)s,cos"}
3.3. The Altitude Angle
The altitude angle (a) is described in figure 1.7 and can be calculated from:

Sino = siNdsing + coSd COSm COSy (3.9

3.4. The Azimuth Angle
The &imuth angle is described in figure 1.7 and can be cdculated from the foll owing equation:

Sing = S|n@coss _ SIN® COSd 3.9
sinf, cosu

The a&imuth angle & sunrise (Asr) can be cdculated from:
SINA ¢z = —SiN®¢ COSS (3.10
Note that that Az is normally measured clockwise from due north although sometimes due south is

taken to be zero and Az isthen negative when the Sunis east from this point and pdsiti ve when the
Suniswest of this paint



3.5. Angle Of Incidence

The angle of incidence (0;) of the Sun on a surface tilted at an angle from the horizontal (B) and
with any surface aimuth angle (Azs) (figure 3.2) can be cdculated from (when Azs is measured
clockwise from north):
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This horrible equation can be smplified in a number of instances. When the surfaceis flat (i.e.
horizontal) =0, cos =1, sin 3 =0. Therefore equation 3.11 becomes:

COsH, =COosH, =COSOCOSP COSv + SINGSING (3.12
When the surfaceis tilt ed towards the equator (fadng south in the northern hemisphere):
COos; = Ccosdcosg —P)cosw +sindsin(p — ) (3.13

Note that if 0; > 90° a any point the Sunis behind the surface ad the surfacewill be shading itself.



