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Where n is the number of days after the 
vernal equinox (March 21).
Also  can be found from tables ( solar tables)





1

Due -south

Due-east

Zenith angle

azimuth 
angle



Altitude (1) and Azimuth (1) angles
“Solar angles”  





• Equation of time (EOT): it is the cumulative variation of the 
solar noon. The following table shows the EOT in minutes.

• Solar Noon = 12:00 – 0:04(Longst – longloc) - EOT 

Standard Meridian 
Longitude   

Local Meridian 
Longitude   

For the observer 



• Mean Sun Time, MST = local standard time + 
0:04(Longst – longloc) 

• Apparent Sun Time, AST = MST + EOT

• Examples : Standard meridian for USA
– 75 W Long. (EST), Eastern standard meridian
– 90  W Long.(CST), Central standard meridian
– 105  W Long. (MST), mountain standard meridian
– 120  W Long. (PST), Pacific standard meridian     

Important for hour 
angle 





Solar Insolation “ID”

Definition: Solar Insolation (incident or
incoming solar radiation) is the total amount of
solar radiation energy received on a given
surface area during a given time. It is also called
solar irradiation and expressed as "hourly
irradiation" if recorded during an hour or "daily
irradiation" if recorded during a day



Solar Insolation “ID”_Inclined surface

ID   =   IDN cos s
u
n IDN



Determination of the angle between the sun’s rays and 
the normal to the surface “”

Firstly the orientation of the surface must be specified:
I. 2 : the azimuth angle of the surface. It is the angle

between the horizontal projection of the normal to
the surface and the due-south line measured in a
clockwise direction. (See the previous slid)

II. 2: tilt angle of the surface. It is the angle between
the surface and the horizontal.
 can be determined from the following equation:

Cos  = Sin 1 Cos 2 + Cos 1 Sin 2 Cos (1 - 2)





Solar Insolation Values

• Total solar energy flux, It   

• Where  ID is the direst solar beam

IDS is the diffuse component

IR is the reflected solar radiation from 
surroundings.

Note: The third component , IR,is found from the 
laws of  heat transfer by radiation. 
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Direct solar energy flux 

• In general, the direct solar energy flux falling 
on a given surface is equal to the product of 
the direct radiation falling on a surface normal 
to the sun’s rays, IDN, and cos  or:

ID   =   IDN cos 

• IDN can be estimated from:
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• Where

As is the apparent extraterrestrial insolation.

Bs is the atmospheric extinction coefficient. It depends on the 
time of year and the amount of water vapor present in the 
average atmosphere.

• Both of As and Bs are given in tables (solar tables). See next 
slids.







Diffuse component, IDS

• The diffuse component can be estimated from 
𝐼𝐷𝑆= 𝐶𝑠𝐼𝐷𝑁𝐹𝑠𝑠

Where   Cs is the ratio of diffuse to direct solar    
radiation falling on a horizontal surface. 
Its value is given in the previous tables.

Fss is the radiation shape factor for    
radiation leaving the surface that hits 
the sky. 

Fss can be approximated by

𝐹𝑠𝑠 =
1 + 𝑐𝑜𝑠𝛽2

2



Solar energy absorbed by a given 
surface

• The product of It and the absorptivity or 
emissivity of the surface or:

Absorbed solar energy flux = It * 



Solar Emissivities





Examples : Standard meridian for USA
75 W Long. (EST), Eastern standard meridian
90  W Long.(CST), Central standard meridian
105  W Long. (MST), mountain standard meridian
120  W Long. (PST), Pacific standard meridian     



Jordan's latitude and longitude

• For Jordan: 31.0167° N, 36.6167° E

• Jordan's latitude and longitude is 31° 00' N 
and 36° 00' E






