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It is important to identify

the various components of

solar radiation and the plane

on which the irradiance is

being measured. Let:

(b) beam,

(d) diffuse,

(t) total,

(h) horizontal plane,

(c) plane of a collector.

(*)The asterisk denotes the

plane perpendicular to the

beam.

Components of radiation

θ is the angle 

between the 

beam and the 

normal to the 

collector Surface.

θ𝒛 is the (solar) 

zenith angle

between the 

beam and the 

vertical.

The total irradiance on any plane is the sum of the beam and diffuse components:
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• Sun rise in the east and set in the west 
• “A” sees sun in south 
• “B” sees sun in north

Sun position from earth

Solar altitude angle

• Solar altitude angle (αs ) is the angle
between horizontal and the line
passing through sun

• It changes every hour and every day

Solar altitude angle at noon

• Solar altitude angle is maximum at
“Noon” for a day, denoted by αs,noon
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Zenith angle

• Zenith angle (θz ) is the angle
between vertical and the line
passing through sun
• θz = 90 – αs

• Zenith angle is minimum at
“Noon” for a day, denoted by θz,noon

• ϴz,noon = 90 – αs,noon

Zenith angle at noon

Solar azimuth angle

• In any hemisphere, solar azimuth
angle (γs ) is the angular
displacement of sun from south
• It is 0° due south, -ve in east, +ve
in west
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Solar altitude and zenith at noon

• As solar declination (δ) is the function of day 
(n) in year, therefore, solar altitude at noon can be calculated as: 

αs,noon = 90 – ø + δ 
• Similarly zenith angle at noon can be calculated as: 

ϴz,noon = 90 – αs,noon= 90 – (90 – ø + δ)= ø - δ

Solar time

• The time in your clock (local time) is not
same as “solar time”
• It is always “Noon” at 12:00pm solar time

The difference between solar time (ST) and local time (LT) can be calculated as: 

Where, 
ST: Solar time (in 24 hours format), LT: Local time (in 24 hours format) 
SL: Standard longitude (depends upon GMT), LL: Local longitude (+ve for east, -ve for west) 
E: Equation of time (in hours)
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• Standard longitude (SL) can be calculated as: 
SL = (𝐺𝑀𝑇 × 15) 

Where GMT is Greenwich Mean Time, roughly: 
If LL > 0 (Eastward): 
𝐺𝑀𝑇 = 𝑐𝑒𝑖𝑙 𝐿𝐿Τ15 
If LL < 0 (Westward): 
𝐺𝑀𝑇 = −𝑓𝑙𝑜𝑜𝑟 𝐿𝐿 Τ15 

GMT for Karachi is 5, GMT for Tehran is 3.5. 
It is recommended to find GMT from standard

The term Equation of time (E) is because of earth’s tilt and orbit eccentricity. 
t can be calculated as:


