
3. Calculating Solar Angles 
 
These equations should be used keeping all of the angles in radians even though with some of the 
equations it does not matter whether degrees or radians are used. 
 
3.1. Declination Angle 
 
The declination angle is described in figure 1.5 and 1.6. The equation used to calculate the 
declination angle in radians on any given day is: 
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where: 
/� �GHFOLQDWLRQ�DQJOH��UDGV�� 
n = the day number, such that n = 1 on the 1st January. 
 

 
Figure 3.1: The variation in the declination angle throughout the year. 

The declination angle is the same for the whole globe on any given day. Figure 3.1 shows the 
change in the declination angle throughout a year. Because the period of the Earth's complete 
revolution around the Sun does not coincide exactly with the calendar year the declination varies 
slightly on the same day from year to year. 
 
 
3.2. The Hour Angle 
 
The hour angle is described in figure 1.6 and it is positive during the morning, reduces to zero at 
solar noon and becomes increasingly negative as the afternoon progresses. Two equations can be 
used to calculate the hour angle when various angles are knoZQ��QRWH� WKDW�/�FKDQJHV�IURP�GD\�WR�
GD\�DQG�.�DQG�$�FKDQJH�ZLWK�WLPH�WKURXJKRXW�WKH�GD\�� 
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where: 
&� �WKH�KRXU�DQJOH� 
.� �WKH�DOWLWXGH�DQJOH� 



AZ= the solar azimuth angle; 
/� �WKH�GHFOLQDWLRQ�DQJOH� 
& = observer's latitude. 
 
Note that at solar noon the hour angle equals zero and since the hour angle changes at 15° per hour 
it is a simple matter to calculate the hour angle at any time of day. The hour angles at sunrise and 
VXQVHW��&S) are very useful quantities to know. Numerically these two values have the same value 
however the sunrise angle is negative and the sunset angle is positive. Both can be calculated from: 
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7KLV�HTXDWLRQ�LV�GHULYHG�E\�VXEVWLWXWLQJ�.� ���LQWR�HTXDWLRQ�������&S can be used to find the number 
RI�GD\OLJKW�KRXUV��1��IRU�D�SDUWLFXODU�GD\�XVLQJ�WKH�QH[W�HTXDWLRQ��ZKHUH�&S is in radians: 
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Note that there are always 4380 hours of daylight per year (non-leap years) everywhere on the 
globe. 
 
For equation 3.4 beyond &�= ± 66.55°: 
�WDQ/�WDQ&) ����WKHUH�LV�QR�VXQVHW��L�H�����KRXUV�RI�GD\OLJKW� 
�WDQ/�WDQ&) ����WKHUH�LV�QR�VXQULVH��L�H�����KRXUV�RI�GDUNness. 
 
If a surface is tilted from the horizontal the Sun may rise over its edge after it has rise over the 
horizon. Therefore the surface may shade itself for some of the day. The sunrise and sunset angles 
IRU� D� WLWOHG� VXUIDFH� �&S') facing the equator (i.e. facing due south in the northern hemisphere) are 
given by: 
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where: 
�� �WKH�DQJOH�RI�LQFOLQDWLRQ�RI�WKH�VXUIDFH�IURP�WKH�KRUL]RQWDO� 
 

 
Figure 3.2: A tilted surface that is not facing the equator. 



Equation 3.6 may give the sunrise angle for the tilted surface that indicates that the Sun rises over 
the edge of the surface before it has appeared over the horizon. This situation is obviously wrong 
and a check must be made to find the actual sunrLVH�DQJOH�RYHU�WKH�WLOWHG�SODQH��&0): 
 

{ }'&,&min& sS0 =  

 
Note that for a titled surface facing the equator the sunrise and sunset angles are still numerically 
equal with the sunrise angle being positive and the sunset angle being negative. When a surface is 
inclined from the horizontal but not facing the equator, calculating the sunrise and sunset angles 
over the edge of the surface is complex. Such a surface is shown in figure 3.2. For such a surface 
WKH�VXQULVH�DQG�VXQVHW�DQJOHV��&S'') will not be numerically equal and the following procedure must 
be followed: 
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Equation 3.7 gives two solutions because of the ± sign, one is the sunset angle and the other is the 
VXQULVH�DQJOH��7KHQ�&0 is checked as before: 
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3.3. The Altitude Angle 
 
7KH�DOWLWXGH�DQJOH��.��LV�GHVFULEHG�LQ�ILJXUH�����DQG�FDQ�EH�FDOFXODWHG�IURP� 
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3.4. The Azimuth Angle 
  
The azimuth angle is described in figure 1.7 and can be calculated from the following equation: 
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The azimuth angle at sunrise (ASR) can be calculated from: 
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Note that that AZ is normally measured clockwise from due north although sometimes due south is 
taken to be zero and AZ  is then negative when the Sun is east from this point and positive when the 
Sun is west of this point  
 



3.5. Angle Of Incidence 
 
7KH�DQJOH�RI� LQFLGHQFH� ��i��RI� WKH�6XQ�RQ�D� VXUIDFH� WLOWHG�DW� DQ�DQJOH� IURP� WKH�KRUL]RQWDO� ���� DQG�
with any surface azimuth angle (AZS) (figure 3.2) can be calculated from (when AZS is measured 
clockwise from north): 
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This horrible equation can be simpli fied in a number of instances. When the surface is flat (i.e. 
KRUL]RQWDO����� �����FRV��� �����VLQ��� ����7KHUHIRUH�HTXDWLRQ������EHFRPHV� 
 

&& sin/sin&coscos/cos�cos�cos Zi +==                 (3.12) 
 
When the surface is tilted towards the equator (facing south in the northern hemisphere): 
 

)�sin(/sin&cos)�cos(/cos�cos i −+−= &&                 (3.13) 
 
1RWH�WKDW�LI��i > 90° at any point the Sun is behind the surface and the surface will be shading itself. 
 
 


