
The Sun’s Movement in the Sky: 

Insolation - when the source of light is the sun the irradiance is given the name 

insolation. On a clear day the insolation reaching the surface of the Earth is about 

1000 W/m2. 

The energy reaching the Earth’s surface per hour over 1 m2 is a kW-hr/m2. This 

value can be expressed in other units as: 

kW-hr/m2 = 1 peak sun hour = 3.412 BTU/ft2 = 3.6MJ/m2 = 1 Langley/85.93 

 

Peak sun hours are the number of hours when the solar insolation is kW-hr/m2. 

For example 6 peak sun hours = 6 kW-hr/m2 or the energy received during total 

daylight hours equals the energy received if the sun shines for 6 hours with 1 kW-

hr/m2. Some hours can be greater or less than 1000 W/m2 during the day but the 

total is 6 peak sun hours. 

 Earth-sun distance and Earth tilt affects the amount of available solar 
energy. (Fig 20.2) 

 
 Earth’s northern latitudes are tilted toward the sun from June-August 

(summer) 
 

 Longer summer days and tilt of the Earth’s axis makes more solar 
energy available during summer relative to winter days. 

 
 Therefore to collect more solar energy a collector should point toward 

the southern sky (in northern latitudes). 
 

 The latitude of the solar collector site (distance north or south of the 
equator) determines if the sun appears to travel in the northern or 
southern sky. At midday in northern latitudes the sun is true south. 
The sun is at its highest trajectory at noon but it may not be directly 
overhead due to the season.  

 
 Earth is tilted on its axis by ~23.5o from vertical. (Declination Angle) 

 



 The location where the sun will rise and set on the horizon changes at 
different times of the year due to the Earth’s tilt. 

 
 At the Fall and Spring equinoxes the sun appears to rise exactly due 

east of south and set exactly due west of south. 
 

 During winter months the sun appears to rise south of true east and set 
south of true west. 

 
 During summer months the sun appears to rise north of true east and 

set north of true west. Accounts for longer days. 
 

 Altitude angle- angle of the sun above the horizon. The altitude angle 
when the sun is just rising or setting is 0o. Zenith Angle – relative to a 
reference directly overhead. 

 Altitude 0o  Sunrise 
 Zenith 90o  Sunrise 

 
 Azimuth angle – angle of the sun relative to true south. i.e. if the sun 

is at true south the azimuth angle is 0o. When the sun is at true south 
in the sky (0o azimuth) it will be at the highest altitude for the day. 
The time at which this occurs is called solar noon. 

 
 A location’s latitude determines how high the sun will appear above 

the horizon at solar noon at different times of the year. Also the 
Earth’s tilt and movement in its orbit around the sun changes the 
altitude of the sun above the horizon. 

 
 To first order best collection occurs: 

 
- One position: Tilt angle = location’s latitude 
- Winter Position: Tilt angle = latitude + 15o 
- Summer Position: Tilt angle = latitude – 15o 

 
 Tucson’s latitude: 33.30oN; Longitude: 111.67oW 



Equations to Calculate the Sun Position: 
 
Definitions: 
AZI = solar azimuth (0-360) 
ALT = solar altitude relative to horizontal (zenith = 90) 
ZEN = zenith angle, relative to vertical (= 90-ALT) 
ORI = orientation of surface normal relative to azimuth 
HSA=horizontal shadow angle 
VSA = vertical shadow angle on perpendicular normal surface 
INC = angle of incidence relative to surface normal 
LAT = geographical latitude of site (negative for southern latitudes) 
DEC = declination (between sun-earth line and equatorial plane) 
HRA = hour angle from solar noon (15o per hour) 
SRA = sunrise azimuth  
SRT = sunrise time 
NDY = number of day of year 
N = day angle 
TIL = tilt angle of surface relative to horizontal 
 
From US Naval Observatory: 
aa.usno.navy.mil/faq/docs/SunApprox.html 
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