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Chapter One 

Introduction 
 

1.1 Types of Energy Sources 

The sources of energy can be classified into tow broad categories:− 

 Fossil Sources 

 Renewable Sources 

Fossil sources comprise the traditional types of fuels, mainly, crude oil, natural gas 

and coal. These types will be depleted in the near future and the humanity should 

seek alternative sources. The traditional fuels also produce harmful byproducts that 

pollute the environment. 

Renewable sources are always compensated by the nature and are clean sources 

with no harmful pollutants. There are many types of renewable energies, the most 

important are: − 

 Solar energy 

 Wind energy 

 Geothermal energy 

 Sea waves energy 

 Biomass energy 

The most important type of the above five types is solar energy. Extensive research 

efforts are devoted to study, invent and test devices and systems that are operated 

on solar energy. 
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1.2 Advantages of solar energy 

 Available everywhere. 

 Simple to harness. 

 Systems require the least maintenance. 

 Suitable for variety of applications. 

 

1.3 Disadvantages of solar energy 

 Low heat flux (which requires large collection areas). 

 Not available at night and cloudy weathers (which requires effective storage 

means). 

 Inherently changing with time and location. 

 Systems are more expensive than in fossil fuels. 

 

1.4 Applications of solar energy 

Solar energy can be utilized in two major branches: − 

 Solar photovoltaic cells at which the solar radiation is directly converted to 

DC current or can be stored in batteries. Solar cells are appropriate for 

low−power applications such as lighting and small electronic devices; 

however, large areas of cell fields can produce considerable amounts of 

power. The cell efficiency in general is less than 20%.  

 Solar thermal systems at which the solar radiation is converted to thermal 

energy that can be carried by working fluids or stored in suitable materials. 

Solar thermal systems are more efficient than solar cells and can be utilized in 

various fields, such as: − 

 Domestic and industrial water heating 

 Air-conditioning and refrigeration 

 Distillation and desalination 

 Drying of food crops 

 Electric power generation 

 

1.5 The sun 

The sun is an average star with a diameter of 1.39 million km which is 109 times the 

diameter of earth at the equator. Energy is generated at the core of the sun by 

nuclear fusion where four Hydrogen atoms are united to form one Helium atom. An 

extreme small residue of hydrogen matter is converted to a huge amount of energy 

keeping the sun surface at a temperature of 6760 K. 
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The Sun Model 
       The sun is the ultimate origin of most of the energy presently 

available on earth.  

This includes the energy for direct heating, as well as wind energy, hydroelectric 

power,and energy derived from fossil fuels. Fossil fuels exist today as a 

consequence of photosyn- 

thesis, the process through which plants convert solar energy to chemical energy. 

A complete understanding of solar energy technology is only possible with a 

thorough analysis of solar radiation.  

The sun, our closest star, provides the energy to maintain life on earth and 

produces the necessary gravitational attraction to keep our planet in a nearly 

circular orbit. It has : 

The mass of sun  Mʘ= {1.99x 1030 kg (=3.3x 105 earth masses)  

and a radius of Rʘ =  6.96 x 108m   (=109 earth radius)  

The earth-sun distance varies from 

1.0167 AU (aphelion, ~ July 4)  الاوج الشمسي  

to 0.983 AU   (perihelion, ~ {January 4)  الحضيض الشمسي 

1 AU (LAU =1 astronomical unit = 1.5 x 10" m). 

The distance = 1.5 x1011m  
is believed that the interior temperature is about 15 million kelvins. 

The chemical composition of the sun mainly hydrogen with a lesser amount of 

helium 

These two elements, which account for 96 to 99 percent of the sun’s mass, are 

under enormous pressure and only the large gravitational pull of the sun keeps 

this mass together. 

Energy is generated in the interior through the nuclear fusion of hydrogen into 

helium.  The proton-proton chain reaction is one of the most important reactions 

taking place in the center of the sun, whereby hydrogen turns into helium, and it 

also takes place in the stars,. Another chain of interaction that takes place in the 

sun and stars and derives its energy from. The proton-proton interaction is 

predominant in the sun and in stars with or smaller masses of the sun. 

This reaction is characterized by the release of large energy that is created 

by the nuclear fusion of hydrogen and produces helium. In this reaction, the 

mass of the resulting helium is less than the mass of hydrogen involved in the 

reaction by 1% (this decrease is called mass deficiency). This lack of mass turns 

into energy according to Einstein's equation for mass-energy equivalence, which 

is                        E = mc² 
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  الممكن من تفاعل  وهو. النووي الاندماج لحدوث  لازمة حرارة درجة أقل ند ع  بروتون-البروتون تفاعل ويبدأ

 قد  إلكتروناتها تكون أي متأينة، التفاعل في المشتركة الذرات  جميع وتكون. كلفن  درجة مليون 3 عند  يبدأ أن

 في عاليةال الحرارة توافر  وبسبب (. بلازما للمادة الحالة تلك وتسمى) العالية الحرارة بسبب  عنها انفصلت 

البلازما حالة في فيها المادة حالة تكون النجوم وفي الشمس مركز . 

 

 أنه أي. الحرارة لدرجة 6( الأس) القوة مع بروتون-بروتون  تفاعل طريق عن  الطاقة إنتاج معدل ويتناسب 

.  سبةالن بتلك الطاقة تزيد  وبالتالي% 34 بنسبة التفاعل معدل يزيد %  5 بنسبة الحرارة درجة تزيد   عنما

  ضغط وتحت   كلفن مليون 12 إلى تصل حرارة درجة عند   يجري فهو الشمس في  الجاري التفاعل إلى بالنسبة

الشمس مركز في جدا   عالي  

 

 
. 

This energy finds its way to the surface and is eventually emitted into space 

primarily in the form of electromagnetic radiation.  

The surface of the sun, the photosphere, is actually a transition region in which the 

density falls off rapidly. 

As we move from the interior of the sun to the outer part of the photosphere, we 

pass from an optically opaque medium to a relatively transparent one.  

Furthermore, the temperature falls to approximately 6000 K.  

Above the photosphere is the sun’s atmosphere, which is called the chromosphere 

because it selectively absorbs certain colors of the radiation emitted from the pho- 

tosphere. 

Most of the radiation reaching us emanates from the photosphere so that the solar 

spectrum is determined by the optical and thermal properties of the solar surface. 

The simple model being used here assumes that the sun behaves as a black body 

whose surface is maintained at T ~ 6000 K. This surface temperature is kept 

constant by a source of energy located in the interior.  

As a result of this elevated temperature, the surface glows and electromagnetic 

radiation is emitted in all directions of space (Figure 1). 
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Fig 1/  A simplified model of the sun  

Black Body Emission 
Electromagnetic radiation: is composed of waves of oscillating electric and 

magnetic fields. 

Each wave is characterized by a wavelength λ and frequency v. In free space all 

the waves travel at the same speed,C= 2.9979 x 10° m/sec.  

The frequency, wavelength, and speed of each wave are related by vλ = C 

The higher the frequency is, the shorter the wavelength and vice versa.  

 

The entire electromagnetic spectrum is shown in Figure.2 

Only a very narrow band of wavelengths, those in the range 400 nm < λ <700nm, 

are visible to the human eye.”  

Those wavelengths bor- dering the visible on the violet end (λ < 400 nm) are called 

ultraviolet and are invisible. 

Those wavelengths bordering on the red (λ > 700nm) are the infrared and are also 

invisible,  

approximately half of the solar radiation is in the infrared: the visible components 

make up less than 40 percent of the solar energy.   

 

Note 

λ nanometer (I nm)=10-9 m =10-7+cem. It is often convenient to measure 

wavelengths in microns (µm), where lµm = 10-6cm so that 1000 nm =1µm. The 

spectral range of radiation detected by the eye varies among individuals. We will 

define the visible range to include those wavelengths between 0.4 um and 0.7µm 
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