


Laser Principles:Lecturer-2-
The First Stage:
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	[bookmark: ENERGY_OF_A_PHOTON]ENERGY OF A PHOTON:
      A photon is the smallest division of a light beam that retains the properties of the beam. The characteristics of a photon include its frequency, its wavelength, and its energy. A photon should not be visualized as a particle that has physical dimension or a specific location in space. More accurately, a photon can be considered a "wave packet" that has a specific energy content. 
[bookmark: PLANCK'S_CONSTANT]PLANCK'S CONSTANT:
       The energy of a photon is directly proportional to the frequency of the photon and is given by Equation 1. 
Equation 1
E = h
	where: 
	E = Energy of photon in joules (J). 
 = Frequency of the photon in hertz.  
h = Planck's constant = 6.625 × 10–34 joule-seconds.



	

	Given: 
	The frequency of a photon of HeNe laser light is 4.74 × 1014 Hz.

	Find: 
	The energy of the photon.

	Solution: 
	E = h 
E = (6.625 × 10–34 J.sec) (4.74 × 1014/sec) 
E = 3.14 × 10–19 J


       The frequency of a photon is determined by the relation described by Equation 2. 
Equation 2 
[image: E:\بحوث عامة\cord\Module 1-5_files\eq5-2.gif]
	where: 
	c = The speed of light in vacuum, namely 3 × 108 m/sec. 
 = Wavelength in meters.


Substitution of Equation 2 into Equation 1 yields Equation 3. 
Equation 3 
[bookmark: _GoBack][image: E:\بحوث عامة\cord\Module 1-5_files\eq5-3.gif] 
	[bookmark: EXAMPLE_B:]EXAMPLE B: CALCULATION OF THE ENERGY OF A PHOTON OF A GIVEN WAVELENGTH

	Given: 
	The wavelength of a He-Ne laser light is 633 nm.

	Find: 
	The energy of the photon of this light.

	Solution: 
	[image: E:\بحوث عامة\cord\Module 1-5_files\ex5-b.gif]


Equations 1, 2, and 3 can be used to determine the frequency, wavelength, or energy of a photon if any one of these quantities is known. Example C is a further illustration of the use of these equations. 
	[bookmark: EXAMPLE_C:]EXAMPLE C: CALCULATION OF WAVELENGTH AND FREQUENCY OF A PHOTON OF GIVEN ENERGY

	Given: 
	A photon has an energy of 1.875 × 10–19 J.

	Find: 
	The frequency and the wavelength of the photon.

	Solution: 
	From Equation 1 
[image: E:\بحوث عامة\cord\Module 1-5_files\ex5-c1.gif]
From Equation 2— 
[image: E:\بحوث عامة\cord\Module 1-5_files\ex5-c2.gif]


[bookmark: ENERGY_UNITS]ENERGY UNITS:
      The unit of energy used in Planck's constant and in the preceding examples is the joule (J). The joule is the basic energy unit in the International System of Units (sometimes referred to as the MKS system—meters, kilograms, seconds) and is the amount of energy necessary to raise one kilogram mass (2.2 lb) to a height of 10.2 cm against the pull of gravity.  
[bookmark: electron_volt]Another common energy unit used when talking about electron motion in atoms, energy levels in atoms, and photon energy, is the electron volt (eV). It is defined as the amount of energy acquired by an electron, when it is accelerated by a potential difference of one volt, hence the name "electron volt." One electron volt of energy is equal to 1.602 10-19 joules of energy, that is, 1eV = 1.602 10-19J.  
[bookmark: The_counterpart_of_the_energy]The counterpart of the energy unit joule in the centimeter-gram-second system of units (the CGS system as opposed to the MKS system,) is the erg. The erg is a very small unit of energy. It takes ten million ergs to equal one joule of energy (1 erg=10-7J.) In the study of laser optics, you will rarely have to involve ergs in your calculation, but you may run across them in tables or scientific articles, so it's good to know they exist.  
The energy units most commonly used to specify the energy of photons, electrons and atoms, are the joule (J) and electron volt (eV). Another unit, called a Wavenumber, is used often by spectroscopists to denote atomic and molecular energy levels. But, as the next section shows, it is not a true energy unit, even though it is useful as an indicator of energy values.  
[bookmark: The_wavenumber]The Wavenumber of a photon is the number of wavelengths of that photon contained in a length of one centimeter. The Wavenumber is given by Equation 4. Here we use the symbol k to represent the Wavenumber in cm-1. It is perhaps even more common to use than the Greek letter  (Nu) to represent a Wavenumber.  
Equation 4 
[image: E:\بحوث عامة\cord\Module 1-5_files\eq5-4.gif]
	where: 
	k = Wavenumber in cm–1 
 = Wavelength in cm.


[bookmark: The_unit_of_wavenumber]The unit of Wavenumber is the reciprocal centimeter (cm–1). 

	EXAMPLE D: CALCULATION OF WAVENUMBER

	Given: 
	A photon has a wavelength of 514.5 nm.

	Find: 
	The Wavenumber of the photon.

	Solution: 
	Determine the wavelength in cm: 
[image: E:\بحوث عامة\cord\Module 1-5_files\ex5-d.gif]


Although the Wavenumber of a photon is not actually a measure of the energy of the photon, it is proportional to the energy and often is utilized to express the energy of a photon or the energy level within an atom. 
[bookmark: CONVERSION_OF_ENERGY_UNITS]CONVERSION OF ENERGY UNITS:
Table 1 lists the conversion factors for converting a quantity of energy expressed in one unit to an equivalent expression in another unit. The table features only the most commonly used energy units—the joule, cm–1 and eV. To use this table, locate the original energy unit in a row along the left column of the table, then move horizontally along the row to the right to the column headed by the desired energy unit. The factor located in the box at the intersection of horizontal row and vertical column is the desired conversion factor. Multiplication of the original expression by the conversion factor listed yields the equivalent energy expressed in the desired unit. Examples E, F and G illustrates this procedure. Each of these Examples indicates the importance of tracking units carefully (doing a "dimensional analysis") and using the correct conversion factors.  
TABLE 1. CONVERSION FACTORS FOR ENERGY UNITS
	Unit
	joule
	electron  
volt
	cm–1

	joule
	1
	6.24 × 1018
	5.034 × 1022

	electron  
volt
	1.602 × 10–19
	1
	8065.73

	cm–1
	1.9864 × 10–23
	1.24 × 10–4
	1



	EXAMPLE E: CONVERTING ENERGY IN JOULES TO CM-1

	Given:
	A He-Ne laser photon has a wavelength of 632.8 nanometers

	Find: 
	(a) Photon energy in joules 
(b) Photon energy in cm–1

	Solution: 
	(a) With Equation 3, find energy of He-Ne laser photon in joules. 
Where h=6.625 10-34J sec 
c=3 108m/sec 
 =632.8nm=632.8 10-9m 
Use Table 1 to convert 3.14 10-19 joules to cm-1. Locate "joule" in the first row in the left hand column. Follow this row over to the column headed "cm-1." At the intersection of the row and column, find the conversion factor 5.034 1022 cm-1/joule. Multiply this factor by 3.14 10-19 joules to change the energy from joules to cm-1. 
The "joule" units cancel, and you get E=15,806.8cm-1





	[bookmark: EXAMPLE_F:]EXAMPLE F: CONVERTING ENERGY IN CM-1 TO JOULES

	Given: 
	In energy notation involving the unit cm–1, the energy of a Nd:YAG solid state laser photon is given as 9398.5cm–1

	Find: 
	(a) The energy of the photon in joules 
(b) The wavelength of the photon

	Solution: 
	(a) Using Table 1, as in Example E, the conversion factor from cm-1 to joules is found to be 1.9864 10-23 joules/cm-1. Multiplying the value 9398.5cm-1 by this conversion factor to change cm-1 to joules gives the photon energy in joules. 
After cancellation of the cm-1 units, the result is E=1.87 10-19joules. 
(b) The wavelength (in meters) is obtained from the equation E=hc/ which when solved for the wavelength  gives  hc/E 
where          
h=6.625 10-34J sec 
c=3 108m/sec 
E=1.87 10-19J 
So,  = 1.063 m 












	EXAMPLE G: CONVERTING ENERGY IN JOULES TO eV

	Given: 
	A Nd:YAG laser photon of energy 1.87 10-19joules

	Find: 
	Photon energy in electron volts (eV)

	Solution: 
	Solution: Using Table 7.1, as indicated in Examples E and F, locate "joule" in the left column and follow its row over to the column labeled "electron volt." At the intersection of the row and column, find the conversion factor 6.24 1018 eV/joule. Multiply the given energy in joules by this factor to get the desired energy in electron volts. 
E=(eV) = (1.87 10-19J)(6.24 1018eV/J) 
E=1.17eV 
 


[bookmark: ENERGY_LEVELS_AND_TRANSITIONS_IN_ATOMS]ENERGY LEVELS AND TRANSITIONS IN ATOMS:
ENERGY LEVELS IN ATOMS:
     Generally, atoms consist of a positive nucleus surrounded by a cloud of negative electrons. Each electron in the cloud may possess only very specific amounts of energy. The total electronic energy of the atom is the sum of the energies of all its individual electrons. If the electronic energy of the atom is such that it contains only the minimum allowed energy, the atom is said to be in the "ground state." If the total energy content of the atom is greater than the ground state energy, the atom is said to be in an "excited state."  
    Figure 1 is a partial energy level diagram for a mercury atom. The ground state is the energy level denoted as E1. When in this state, the atom has an electronic energy labeled as zero. This zero does not mean that the atom contains no energy but, rather, that it contains its minimum allowable energy and that no electronic energy can be removed from it. 
[image: E:\بحوث عامة\cord\Module 1-5_files\m1-5f1.jpg]
Fig. 1 of mercury -Some energy levels
 
       The higher energy levels indicated (E2, E3, etc.) indicate specific amounts of energy that the atom may contain. Each of these levels corresponds to a particular configuration for the electrons around the nucleus of the atom. In general, an electronic configuration which, on the average, has its electrons further removed from the nucleus than others, will possess a higher energy state, hence a higher atomic energy level in Figure 1. A single atom may occupy only one of these energy levels at any one instant. In order to move from one energy level to another, the atom must gain or lose an amount of energy exactly equal to the energy difference between the two levels. Such a change in energy level such—as that shown by the arrows in Figure 1 from E5 to E2 or E1 to E8—is called an "atomic transition," and this change may occur in several ways.  
[bookmark: An_atom_in_an_excited_state][bookmark: atomic_lifetime][bookmark: but_there_are_large_variations]       An atom in an excited state—that is, any state above the ground state—will not remain there indefinitely. Atoms tend to release their excess energy and return to the ground state or by a series of transitions to successively lower energy levels, ending at the ground state. The atomic lifetime of a particular energy state is the time required for half of the atoms initially in that state to make a downward transition without benefit of outside influence (such as stimulated emission). For example if 1012 mercury atoms were initially in energy state E6 of Figure 1, only 5 × 1011 atoms would remain in that state after a time interval equal to the atomic lifetime of that state. The atomic lifetime, therefore, is a measure of the rate at which atoms leave a given energy level by releasing some of there energy. The average atomic lifetime is about 10–8 seconds, but there are large variations. Atomic lifetimes may be as short as 10–11 sec or as long as 10–2 sec. Energy states having atomic lifetimes of 10–6 sec or longer are called "metastable states." 
[bookmark: SPONTANEOUS_EMISSION_OF_A_PHOTON][bookmark: RADIATIONLESS_TRANSITIONS]
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