
ECE 333 Green Electric Energy 
 

 
 

Homework 6 
 

 
Quiz Date: Tuesday, November 28, 2017 during class 

 
 

The quiz is based on the following material: Lecture 12, Lecture 13, Lecture 14, and the 

problems in Homework 6. 

 

Problem 1: 6.1, 6.2 (skip part c), 6.3 (skip part c), 6.6, and 6.8 from the textbook. 
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Problem 2:  

a. Calculate the extraterrestrial solar irradiation on January 15 and July 31 by using the 

approximation on Slide 21 of Lecture 12. State all the units. 

b. State the reason of why, in the Northern hemisphere, the extraterrestrial solar irradiance 

is higher on a winter day than it is on a summer day. 

c. State three factors that causes the variation of solar position in the sky. 

 

Solution: 

a. 𝑖"|$ = 1,367	[1 + 0.034	cos	(2𝜋 $
789
)] 

For January 15, d=15. 𝑖"|<9 = 1,367	 1 + 0.034 cos 2𝜋 <9
789

= 	1,412	𝑊/𝑚@ 

For July 31, d=212. 𝑖"|@<@ = 1,367	 1 + 0.034 cos 2𝜋 @<@
789

= 1,326	𝑊/𝑚@	 

 

b. We observe that in the Northern hemisphere, the extraterrestrial solar irradiation is higher 

on a cold winter day than on a hot summer day. This phenomenon results from the fact 

that the sunlight enters into the atmosphere with different incident angles; these angles 

impact greatly the fraction of extraterrestrial solar irradiation received on the earth’s 

surface at different times of the year.  

 

 

c.  
• the specific geographic location of interest;  
• the time of day due to the earth's rotation around its tilted axis;  
• the day of the year that the earth is on its orbital revolution around the sun 

 

 
 

 

 

 

 

 

 



Problem 3: Approximate the total direct beam radiation at solar noon on a clear November 15 in 

Chicago at latitude l=0.731 radians. 

Solution: 

𝑑 = 319	for November 15.  

The apparent solar irradiation is given by the formula: 

𝑎|$ = 1,160	 + 75	𝑥	sin	(2𝜋 $H@I9
789

)]. For 𝑑 = 319: 

𝑎|7<J = 1,160	 + 75	𝑥	sin	(2𝜋 7<JH@I9
789

)] = 1,211.53	𝑊/𝑚@	. 

The solar declination angle is computed by the formula: 

𝛿|$ = 0.41	𝑥	sin	(2𝜋 $HL<
789

)]	. For 𝑑 = 319 

𝛿|7<J = 0.41	𝑥	sin	(2𝜋
319 − 81
365 )] = 	−0.335	𝑟𝑎𝑑𝑖𝑎𝑛𝑠 

The altitude angle at solar noon is given by the formula: 

𝛽(0)|$ =
S
@
− 𝑙 +		𝛿|$	. For 𝑑 = 319 

𝛽(0)|7<J =
𝜋
2 − 0.731 +		 −0.335	 = 	0.505	𝑟𝑎𝑑𝑖𝑎𝑛𝑠. 

The air mass ratio is given by the formula: 

𝑟(ℎ)|$ = [708	sin	(𝛽(0)|$)]@ + 1,417	 −	708	sin	(𝛽(0)|$). For 𝑑 = 319 

𝑟(ℎ)|7<J = [708	𝑥	sin	(0.505)]@ + 1,417	– 	708	𝑥 sin 0.505 = 2.062 

The optical depth is given by the formula: 

𝑘|$ = 0.174 + 0.035	sin	(2𝜋 ($H<"")
789

)]. For 𝑑 = 319. 

𝑘|7<J = 0.174 + 0.035	sin	(2𝜋
319 − 100

365 )] = 0.149 

The clear-sky direct beam radiation is given by the formula: 

𝑖X(ℎ)|$ = 	𝑎|$	𝑒HZ|[\(])|[.  For 𝑑 = 319 

𝑖X(ℎ)|7<J = 1,211.53 𝑒H ".<^J @."8@ = 891.05	𝑊/𝑚@. 

 

 

 


