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Laser


When an electron is excited from a lower to a higher energy level, it will not stay that way forever. It may decay to a lower energy state which is not occupied. 


If such an electron decays without external influence, emitting a photon, that is called spontaneous emission. The phase associated with the photon that is emitted is random. The individual photons would have no common phase relationship and would emanate in random directions. 

This is the mechanism of fluorescence and thermal emission.


When external electromagnetic field at a frequency associated with a transition affect the quantum mechanical state of the atom, the electron in the atom can makes a transition between two stationary states. 

Such a transition to the higher state is called absorption. 

A transition from the higher to a lower energy state produces an additional photon; this is called stimulated emission. The new photon is identical to the triggering photon; it moves in the same direction and has the same energy, polarisation and phase as the incident photon. 


The two coherent photons that emerge from a stimulated emission can go on to induce further emissions in other excited atoms in the system. Thus, the conditions exist to amplify the intensity of the radiation. 

However, the probability that a photon will induce the emission of a second photon from an excited atom is equal to the probability that it will itself be absorbed by an atom in the lower state. 

The probability for atoms (or molecules) in a gas to have an energy E at a given temperature T is proportional to the exponential factor e–E/kT and  the population of the state with higher energy is always less than that with lower energy, if a system of atoms is in thermal equilibrium.

If more atoms are in the lower energy state than in the higher energy state, the net effect is an reduction in the number of photons. 

The light amplification can only be successful if the population of atoms in higher energy states is greater than the population with lower energy. 
Achieving the population inversion required for light amplification through stimulated emission requires systems for which metastable states exist—that is, states that have long lifetimes because a simple decay is forbidden.
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Population inversion can be achieved in systems that have at least three energy levels. Atoms, in the ground state El, are excited into the E3 state from which they quickly (10-9s)  fall by non-radiative transitions into the metastable state  E2. 

The E2 state has an average life-time of about a 10-3s; the probability of spontaneous emission from this state is low. 

Thus, atoms accumulate in the metastable E2 state and within a short time its population overtakes that of the ground state El.


The second requirement for the construction of a laser:
if the photons emitted by the atoms in the metastable state triggers the emission of at least one more photon before escaping from the assembly.
 
It can be done by installing a pair of parallel mirrors at opposite ends of the device and reflecting the photons emitted parallel to the axis of the device to and fro along its length. 

With each passage of the photons between the mirrors more and more atoms are triggered into emitting a photon and the photon flux in the device increases.


If the mirror at one end is only partially silvered, light leaks out from it as a narrow highly monochromatic coherent  beam.

The key features of the light produced by a laser are: 

· its almost pure monochromacity;

· its coherence;

· its high intensity; 

· its low beam divergence. 


A few characteristics are common to practically all lasers.

· All lasers have a active medium (a gas, liquid, or solid) in which atoms can be excited to a higher energy state. 

· It must be possible to create a population inversion.

· A laser has to have a resonator cavity, usually a pair of parallel mirrors. 

· A laser has to have a means to pump energy into the active medium.

Laser Applications


The different uses to which laser light is put can be grouped under the headings of its key characteristics.

a. Monochromacity 

The lines in atomic emission spectra are not absolutely monochromatic.Typical spectral lines have a variance of about ±0,001%. However, laser light can be produced with a linewidth as fine as 10-13 nm. Such lasers have enabled the measurement of physical constants with unprecedented accuracy.


The availability of almost pure monochromatic light has had a great impact on spectroscopy, particularly since the invention of the tuneable dye laser.
Scanning a substance with the range of frequencies available from a tuneable laser, reveals the precise frequencies at which it absorbs. 


Tuneable lasers have also been used for isotope separation by means of selective ionisation. The frequency of the laser beam can be so finely tuned that it will excite one isotope in a sample but not the others.

b. Coherence


The use of the holographic technique of imaging has been greatly extended by the availability of coherent high intensity laser light. 
c. High intensity and low beam divergence


The laser beams can be focused to a width no greater than their
wavelength  with a corresponding increase in intensity of 109 kW/m2 and more.  Focused laser beams have been used to cut metals and to weld metal parts together.


The use of a focused laser beam instead of a scalpe1 in surgery has the
advantages of total sterility and the instantaneous cauterising of severed blood
vessels, thus reducing bleeding. 

Detached retinas are routinely ‘welded’ back into place using lasers. 

Using bundles of optical fibres (endoscopes), laser light can be introduced through the natural orifices of the body and aimed at specific locations within the body without the need for conventional surgery. 
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The most widespread use of laser light is in the field of information processing. A familiar application are the optical scanner, of the type seen at supermarket check-outs, that reads bar codes and  the compact optical discs used as read-only memories for computers and to provide digital audio and video signals.
Electron paramagnetic resonance


Electron paramagnetic resonance (EPR) or electron spin resonance (ESR) spectroscopy is a technique for studying materials with unpaired electrons. 


The Zeeman effect is the effect of splitting a spectral line into several components in the presence of a static magnetic field. Transitions between different components have different intensities with some being entirely forbidden.


The separation between the lower and the upper state is  

 ΔE = gμBB
for unpaired free electrons, where  g  is so-called g-factor,  μB is the Bohr magneton.

Equation implies that the splitting of the energy levels is directly proportional to the magnetic field's strength.

An unpaired electron can move between the two energy levels by either absorbing or emitting a photon of energy  such that the resonance condition is obeyed. This leads to the fundamental equation of EPR spectroscopy:
hv = gμBB.

[image: image5.emf]The majority of EPR measurements are made with microwaves in the 9–10 GHz region, with fields about 0.35T. 

EPR spectra can be generated by varying the external magnetic field B0  while holding the photon frequency v constant. By increasing an external magnetic field B0,  ΔE is widened until it matches the energy hv of the photons. At this point the unpaired electrons can jump between their two spin states. 

Since there typically are more electrons in the lower state there is a net absorption of energy, and it is this absorption that is converted into a spectrum. 

The upper spectrum is the simulated absorption for free electrons in a varying magnetic field. The lower spectrum is the first derivative of the spectrum. The latter is the most common way to record EPR spectra. 

In real systems, electrons are normally not solitary, but are associated with one or more atoms. There are several important consequences of this:

1. If an atom with which an unpaired electron is associated has a non-zero
nuclear spin, then its magnetic moment will affect the electron. This leads to splitting the EPR resonance signal into doublets, triplets and so forth.

2. Interactions of an unpaired electron with its environment influence the shape of an EPR spectral line. Line shapes can yield information about, for example, rates of chemical reactions.
3. The g-factor in an atom or molecule may not be the same for all orientations of an unpaired electron in an external magnetic field. This anisotropy depends upon the electronic structure of the atom or molecule in question, and so can provide information about the orbital containing the unpaired electron.


EPR spectroscopy is used in biology, chemistry and physics, for the detection and identification of free radicals; in other cases EPR is used to provide information on a radical's geometry and the orbital of the unpaired electron.


Medical and biological applications of EPR also exist. Specially-designed nonreactive radical molecules can attach to specific sites in a biological cell. EPR spectra can then give information on the environment of these so-called spin-label or spin-probes.


Material extracted from the teeth of people during dental procedures can be used to quantify their cumulative exposure to ionizing radiation. 

Radiation-sterilized foods have been examined with EPR spectroscopy to determine if a particular food sample has been irradiated and to what dose.

Nuclear magnetic resonance


The basic concepts of NMR are analogous to those of  EPR. 

Atomic nuclei possess an intrinsic angular momentum I, called nuclear spin, that arises from the combination of the intrinsic angular momentum (spin) of their

constituent nucleons with their motion inside the nucleus.


For NMR spectroscopy, the corresponding resonance equation is 

hv = gNμNB.

The quantity 
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is called the nuclear magneton, its value is 1836 times smaller than the Bohr magneton,  gN depend on the nucleus under study.

Nuclear Absorption Resonance

[image: image6.emf]
This technique involves measuring the nuclear absorption of the energy carried by radio waves whose oscillating magnetic field supplies the 'tipping' B' field.

In nuclear absorption NMR spectrometer The primary field, B, is varied by means of the sweep coil. Changes in the intensity of the radio waves are recorded as a function of the primary field B.
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The material under examination is irradiated with radio waves of a fixed frequency. At resonance nuclei in the sample absorb energy from the oscillating field. This is indicated by a sharp attenuation of the intensity of the radio waves. 

The recorded spectrum shows the intensity of the radio waves as a function of the magnitude of the primary field. Absorption peaks correspond to resonance between the field and the nuclei.


The effective field experienced by the nuclear magnetic moments is the resultant of the applied field B, and the induced field, Bin:

Bef = B + Bin

The nature of the induced secondary field, Bin, depends on the electronic configuration of the system. In general,

Bin = σB
where σ is a constant characteristic of the nuclear environment called the shielding constant. It follows, that the effective field is
Bef = B(1- σ)

The frequency of the photons absorbed and emitted by a nuclear magnetic moment depends on Bef, which in turn depends on its electronic environment. 


Thus, any change in the electronic environment of the nuclear magnetic moments will result in a shift in the photon frequency. This is the basis for the use of NMR spectroscopy in the study of molecular structure.


Nuclear magnetic resonance has become a standard research and diagnostic tool. Initially, its major application was in the study of molecular structures. A vast quantity of detailed and accurate information could be obtained about the shape and environment of molecules.


Important information concerning the structure of biological membranes and the proportions of phospholipid vesicles and micelles has been obtained from the NMR spectrum of the 1H, 2D, 13C and 31P nuclei incorporated in these species. 

Using the NMR spectrum of 31P, phase transitions from bilayers to other configurations have been identified in membranes. Increases in the viscosity of phospholipid membranes caused by cations Ca++, Mg++ and Na+ have been found.[image: image2.png]
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