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NOTES OF APPLICATIONS OF LASER 

UNIT-V (NOE-033/043)    

CONTENT: Applications: Laser applications in medicine and surgery, materials processing, 

optical communication, metrology and LIDAR and holography.  
***********************************************************************************************  

(1) QUES:- Write an essay on applications of lasers in medical science 

ANS: -     LASER IN MEDICAL SCIENCE:-              

                        There are enormous applications of lasers in medical science such as laser diagnostics, eye surgery, 

treatment of cancer etc. For proper treatment with help of laser one should have good knowledge about 

interaction between specific laser radiations with specific tissues. The interaction depends upon the 

wavelength, intensity and profile of laser beam. 

                                Painless surgery of patient has become possible with the help of laser technology. Argon ion and 

                                             
 Lasers are used in treatment of lungs and liver. Lasers are also used in ophthalmology to reattach the 

detached retina. Lasers are successfully used in stomatology therapy, in molecular biology. Application of 

lasers in medical science is increasing day by day. 

(A) LASER DIAGNOSTICS:- 

             Laser diagnostic is most modern method of diagnosis. Both macro and micro level diagnostic 

information is possible. For 3-D view of object is possible by preparing holograms.  The problems of patient 

are diagnosed by these holograms. The advantage of this patient is not subjected to repeat testing. It is 10 

times more accurate than other method. 

 

(B) LASERS IN OPHTHALMOLOGY:- 

           Laser in ophthalmology is used to reattach the detached retina, cut, remove, shrink and stretched the 

ocular tissue and activate drugs.  

           A green laser beam of argon ion is focused on a particular point of retina. The beam is strongly 

absorbed by red blood cells of the retina and resultant thermal effect leads to attachment of retina. In this 

process the duration of exposure of laser pulses is very short, so the operation is almost painless and bleeding 

less. 

           Safety features is very important in using laser. The commonly used lasers in ophthalmology are 0.69 

micron ruby laser and argon ion laser of 488 to 514 nm range 

 

(C) PHOTOCOAGULATION:- 

             Photo coagulator device is used to treat a number of eye diseases. In photocoagulation a pulse of 

light is passed to the patient‟s eye. The need of this device has a conventional ophthalmoscope, with an 

option to select positive and negative laser, by which surgeon can view the patient‟s retina in sharp focus. 

            A light source within the head protects a set of crosshairs on the retina. These crosshairs are 

accurately aligned with the path of laser beam. When region of retina to be coagulated is selected power 

source gives a pulse. This pulse passes through an optical system in the head and is reflected into the 

patient‟s eye to perform coagulations 

(D) TREATMENT OF GLAUCOMA:- 

          Glaucoma is caused by increase in pressure inside the eye which destroys nerve cells and results loss 

of vision. The traditional surgery to treat this condition is to made this channel in the eye toto drain out the 

exess fluid, but this traditional surgery has some side effects. Laser surgery is quite effective for maintaining 

normal pressure inside. 
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(E) LASER IN REFRACTIVE EYE SURGERY:- 

          The clear vision depends on how light rays are focused or refracted inside the eye. This depends on the 

shape of cornea. A small change in radius of curvature of cornea can cause a big change in focusing light in 

the eye. These imperfections in focusing power of the eye are called refractive errors. 

 

 These are three types 

         (i) Myopia     (ii) Hyper myopia    (iii) Astigmatism     

Different types of laser surgery to replace cornea are    

 

(1) LASIK (LASER ASSISTED IN-SITU KERATOMILEUSIS):- 

             In LASIK a surgical flap is first created to expose the cornea. This allows the laser to reshape the 

cornea. This surgery takes only 10 to 15 minutes healing takes only one day 

 

(2) PRK (PHOTO-REFRACTIVE KERATECTOMY):-  

              In this type of surgery cornea is reshapes by removing microscopic amounts of tissue from the 

corneal stoma, using computer controlled beam of light. This surgery is used to correct mild to moderate 

near sightedness. This surgery can make eye glasses obsolete. This surgery is usually done by excimer laser. 

 

(3) LASEK (LASER-ASSISTED EPITHELIUM KERATOMILEUSIS):- 

               In this surgery instead of cutting or scrapping the eye, the surgeon uses an alcohol solution to create 

epithelium flap. This surgery is also used to treat nearsightedness farsightedness and astigmatism. 

 

(F) LASER IN GENERAL SURGERY:- 

(i) Laser beam is highly intense and unidirectional. These properties are used by surgeon to burn up 

brain tumors and remove tattoos. 

(ii)  Several problems in neck and head can be treated with laser radiation. 

(iii) Laser welding is used to rejoin blood vessels. 

(iv) Lasers are used in therapy and in stomatology. 

(v) He-Ne laser is used to stimulate the nerves in the wrists and ankles. 

 

(G) LASER IN DERMATOLOGY:- 

            LASER is successfully used in skin related diseases. Argon and  lasers are commonly used to 

remove birthmarks. Lasers are also used in homeostasis which means stopping of bleeding, removal of hairs, 

cell, carcinomas freckles and various growths. 

 

(H) LASER IN CARDIOLOGY:- 

             Another major medical operation of laser in the laser assisted balloon angioplasty for clearing 

blocked arteries. This method is less expensive as compared to conventional by-pass surgery. The main 

disadvantage of balloon angioplasty is that the vessel can be closed again because there is no permanent 

removal of clot.  

 

(I) LASER IN DENTISTRY:-  

             This technique is to apply lasers to control the depth of penetration in dental surgery by adjusting 

pumping power. The laser subginival curettage removes diseased gum tissue. The laser pulse destroys the 

disease causing bacteria. It is also used in treatment of serve in the mouth.  
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LASERS USE IN MEDICAL SURGERY 

S.NO. AREA OF APPLICATION TYPES OF LASER USED 

1 ANGIOPLASTY Ar
+
, ArF, XeCl (Excimer Laser) 

2 BRAIN SURGERY , Nd-YAG 

3 CANCER SURGERY  

4 EYE SURGERY Ar
+
, ArF, (Excimer Laser) 

5 BIRTHMARK AND TATTOO REMOVAL Ar
+
 

6 HOLOGRAPHY He-Ne 

 

(2) QUES: -Discuss biological hazards of the laser beam. What type of protection from such hazards can be 

taken?  
ANS: - The biological hazards are as follows 

 

(i) EYE INJURY: Because of the high degree of beam collimation, a laser serves as an almost ideal point source of 

intense light. A laser beam of sufficient power can produce more intense beam than other conventional sources. 

This intensity can cause permanent blindness. 

 

(ii)THERMAL INJURY: The intense laser can damage the tissues due to temperature rise by following absorption 

of laser beam. 

 The thermal damage (burn) is generally associated with lasers operating at exposure times greater than 10 

microseconds in the wavelength in ultraviolet region (0.315 to 0.103 μm) 

 With regards to repetitively pulsed lasers. The principle thermal effects of laser exposures depend upon the 

following factors. 

 

CONTROL MEASURES: 

(i) PROTECTIVE EQUIPMENT: There are four basic categories of controls useful in laser environments. 

These are engineering controls, personal protective equipment, administrative and procedural controls and 

special controls. The controls to be reviewed here are based upon the recommendation of the ANSI Z 136.1 

standard. 

 

(ii) MAINTENANCE: Important in all controls is the distinction between the functions of operations, 

maintenance and service. Laser system is classified on the basis of level of the laser radiation accessible 

during operation. Maintenance is defined as those tasks specified in the laser user instruction for the 

performance of the product and routine cleaning. 

 

(iii) SERVICING: Servicing includes replacing the damaged mirrors of the resonators. The safety procedures 

required for such access during servicing should be clearly delineated in the laser product‟s service manuals. 

 

(iv) STANDARD AND GUIDANCE FOR NIR: The guidelines for limiting exposure have been drawn up by 

international and national bodies. These apply in general parameter of the radiation field at a point. They are 

based on biophysical models and field observations of the biological effects. Use of NIR under safe 

conditions, though there is no precise boundary between risk and no risk. 

 

(3) QUES: - Discuss the applications of laser in material processing.  

Or 

QUES.:- Explain the following industrial application of lasers: Cutting, Welding, Drilling, melting,        

photolithography, lithography, 3-d Measurement, 3-d Stereo Lithography 
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       ANS. –PHOTOLITHOGRAPHY:  

                            Photolithography is the process used to form patterns on the surface of semiconductor wafers. In this 

process, the surface of a wafer is coated with a “photo resist” which is a light sensitive material. Selective 

exposure of certain areas of the resist to light through a circuit pattern leaves the pattern in the resist material. 

Unexposed resist material is developed and washed. After etching the semiconductor surface by chemical 

methods, the desired circuit pattern is obtained on the semiconductor surface. 

                             With growing miniaturization, smaller lines are to be made on the semiconductor wafer. The minimum 

width of the lines depends on the wavelength of the light that exposes the photo resist. The shorter the 

wavelength, the finer the features. Pulsed excimer lasers are used nowadays in making circuits with finer 

features. 

 

 

 

 

LITHOGRAPHY:  

              Lithography (stone+write) is a method for printing using stone or a metal plate with completely smooth 

surface. Lithography uses oil or fat and gun Arabic to divide the smooth surface into hydrophobic regions which 

accept the ink and hydrophilic regions which reject it and thus became the background. Lithography can be used to 

print text on to paper. Most books, indeed all types of high volume text are now printed.  

             Lithography uses simple chemical processes to create an image. For intense the positive part of the 

image would be a hydrophobic or „water hating‟ chemical, while the negative image would be hydrophilic or 

„water loving‟ chemical. Thus when plate is introduced to a compatible printing ink and water mixtures, the ink 

will adhere to the positive image and the water will clean the negative image. This allows a flat print plate to be 

used, enabling much longer and more a detailed print runs than the older physical methods of printing. 

3-D MEASUREMENT: 

         With the help of a scanning laser, it is possible to obtain the information of 3-d structure and put it in the 

computer 

3-d STEREO LITHOGRAPHY: 

          Similar to photolithography, but the laser is used to create 3-D sculpture of the information stored within 

the computer. A combination of the 3-d Measurement and 3-d Stereo Lithography enable creating 3-D models. 

Even statue of people were build with high accuracy using this techniques. 

            3-d Stereo Lithography is an additive manufacturing process using a vat of liquid UV-curable 

photopolymer “resin” and a UV laser to build parts a layer at a time. On each layer, the laser beam traces a part 

cross section pattern on the surface of liquid resin. When these patterns are exposed in UV light it became 

solidified. After pattern has been traced, the SLA‟s elevator platform descends by a single layer thickness from 

0.05 mm to 0.15 mm. now this resin now recoated with fresh material. This new liquid surface traced again. Now 

complete 3-D part is formed by this process. 

          Stereo lithography requires the use of support structures to attach the part to the elevator platform and to 

prevent certain geometry from gravity.  

      

 LASER IN MATERIAL PROCESSING  

Laser introduces excellent and inevitable tools in fields such as material processing.  The Material processing 

means the processes in which a work piece is melted or some part of its removed. 
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             In material processing, the important properties of laser used are spatial coherence, collimation and high intensity. 

The properties of monochromaticity   are important only in certain special case where absorption of Laser energy by 

certain material is to be considered. The properties of spatial coherence and collimation are important in achieving 

extremely high power density at the focal spot. The high power density is necessary in application involving removal of 

metal such as hole drilling and thermal application such as welding .Laser is an important and special tool, but it does not 

replace conventional method on a large scale. Cost, reliability and ruggedness are such reason for which conventional 

method rule the roost. The processing of materials with the help of Laser has two main advantages. 1- Laser method is a 

non contact process in which the tool does not come in contact with the work piece .This eliminates the possibility of 

contamination of work piece by the tool material .2- Laser beam can be steered to reach places, which are otherwise not 

accessible .As the Laser radiation is highly coherent, it can be focused to a tiny spot producing a very high density power. 

 

MAJOR ADVANTAGES OF MATERIAL PROCESSING: 

 

1- There is no mechanical contact between the tool and the work; hence there is no possibility of breakage or wear 

of tool. 

2- Precision location is ensured by focusing of the beam. 

3- Very small holes can be drilled in very hard material like diamond. 

4- Large mechanical force are not exerted upon the work piece 

5- Any solid material which can be melted without deposition can be cut with laser beam. 

 

LIMITATIONS OF MATERIAL PROCESSING: 

1- It cannot use to cut the material of very high conductivity. E.g. aluminum, copper etc 

2- Work tables should be made of that material which is not affected by laser beam. 

3- Output energy from laser is difficult to control. 

 

LASER CUTTING: 

              Laser cutting is the most common industrial application .Laser have been used to cut a wide range of material 

such as metals, ceramic , polymers and their composites in spite of their hardness. 

         Commonly Laser cutting may be two types,  

(i) Direct evaporate laser cutting:- In this process Laser provides the latest heat until the material reaches 

vaporization point and ablate in vapor site such as Laser cutting of organic materials paper ,cloth or polymer 

Such materials have poor thermal conductivity , a non reactive gas jet may be used to reducing charring . 

 

(ii) Laser cutting through melting or fusion:-In this cutting .Laser energy melts the target material and the gas jet 

blow the molten material away. In this way the requirement on the Laser energy is lower compared with 

vaporizing cutting .The gas jet can be reactive or non-reactive .If the gas jet reactive the Laser heat the material, 

Laser heating combined with exothermic chemical reaction with the assisting gas provides the necessary 

melting of the target material this is called reactive Laser cutting. The laser cutting is done with the assistance of 

air, oxygen, or dry nitrogen gas jet as shown in FIG. 
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            The efficiency of laser cutting can be increased by 

making use of gas jet which assist the expelling the molten 

material from cut .In some cases a highly reactive gas like 

oxygen is used. When laser heat up the material, the material 

interacts with the gas and gets burnt. The gas jet also help to 

expel the molten material .This method has been used to cut 

the hard materials like stainless steel, low carbon steel and 

titanium etc. In other case inert gases like nitrogen and argon 

are used as a gas jet which helps in expelling the molten 

material. This technique is very efficient with materials like 

wood paper plastics etc.  

 

LASER CUTTING ADVANTAGES: 

1. Cutting edges are tight and parallel. 

2. Reduced heat affected zone 

3. Absence of mechanical distortion of the laser worked piece. 

4. No influence of the hardness of the material. 

5. Cutting is fine and precise. 

 

 

LASER DRILLING: 

             

 Laser drilling is most important industrial application. 

We can drill holes easily with laser as small as 10µm through 

the hardest of materials gemstones, ceramic etc. are hard and 

brittle in nature and it‟s very difficult to drill holes in these 

material .laser is an excellent source to drill holes in such 

material .Holes of very fine dimension, having a large hole 

depth to hole-diameter ratio can be drilled with the help of 

laser.   

 

           The laser beam has a well-defined wave front: 

either plane or spherical. When such a beam passes through a 

convex lens , it should be get focused on to a point .If λ is 

wavelength of laser  r  is radius of the beam and the focal 

length of the lens then the incident beam will focused into a 

spot of radius  b   

According the following expression:                                    b = ƒ   

 

When a plane waves having wavelength λ fall on radius r then the focal plane of the lens an intensity distribution 

occurs. The convex lens with very short focal length can be used to drill deeper holes. This is because on effect 

called” light pipe effect “ 

     Several laser can be used for drilling holes, Ruby, Nd glass, Nd-YAG AND CO2 are common examples of 

them. A pulsed laser is more preferable for drilling because vaporization of the material occurs before the deposited 
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energy spread, through conduction. 

 LASER DRILLING ADVANTAGES: 

1. It is a non contact process 

2. Problems of wear and broken holes do not arise. 

3. Process is very fast. 

4. Absence of deformations. 

 

LASER WELDING: 

       It is similar to laser cutting with the help of laser 

welding very narrow, precise and accurate welding is 

possible. There is no filter material required and hence 

contamination of the welded portion is avoided. Laser 

welding can be performed with automatic and remote 

controls. The laser radiation does not possess the 

phenomenon of inertia. Laser welding can be conduct 

even in radioactivity and other sensitive environment. 

Laser beam welding can be carried out the 

normal workshop environment. Tough material like 

quartz, titanium etc, can be welded with the help of laser. 

Welding of intricate shapes can be done by laser in the 

normal workshop environment. There are two types of 

laser welding  

 

 

 

1- Micro welding : 

               Micro welding contains many methods as butt welding, lap welding, centre welding, wire to ribbon 

welding, tee welding, cross ribbon welding, end welding, plug welding etc. Low power laser can be successfully 

used for welding of uranium vessels with thin tubes.   

2- Deep penetration welding : 

                 It is also called “high power laser welding “The deeper penetration is possible with these lasers .The 

laser beam gives energy to the surface of the work piece more rapidly than it can be removed by thermal 

conduction .As a result vaporization takes place and there will be building up of high pressure by vapors, which 

is partially in closed and then the adjacent molten region gets pushed to the side. 

 

LASER WELDING ADVANTAGES: 

 

1- Laser provides very narrow, precise and accurate welding   

2- High aspect ratio ( penetration depth and melted width ratio) 

3- Very low thermal input energy. 

4- Easy access to parts to join or weld. 

5- High mechanical characteristics of the laser weld. 

6- No filter material is required. 

7- In laser welding the material does not undergo any shrinkage, distortion, stress and strain etc 

8- Material like quartz, titanium etc can be weld. 
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LASER IN METROLOGY: 

                  Laser system is widely used in metrology. Metrology is the scientific study of measurement .Now a day‟s 

metrological laser instrument is used widely in measurement and calibration applications. For example pipe laying, 

machine tool alignment, gauging range finding, land surveying, velocity meter etc. Few applications of laser metrology 

are discussed below:  

1- Distance Measurement :  

                                                     The large coherence length, high output intensity and very low divergence properties 

of laser make them suitable for application involving dimensional measurement .This method involves dividing the 

laser beam by a beam splitter into two parts, sending them to two different paths and then making them to interference 

with each other. This is done with a laser interferometer as shown in given  

    

          The laser beam is made incident on a 

beam splitter which divides the beam into 

two perpendicular directions. One of them 

travels towards a fix mirror and is reflected 

back. The other beam is reflected by 

reflector mounted on the surface whose 

position is to be measured .The reflected 

beams are coherent and hence superimpose 

to produce interference. The interference 

may be constructive or destructive, 

depending on the path difference of two 

beams .If the path difference Δ= nλ 

(n=integer) the beam interference 

constructively and if the path difference 

Δ=(2n-1)(λ/2) ( n=1,2,3,4,……….) the 

interference is destructive . So, when the M2 

is moved, the constructive and destructive interference appears alternately, which can be detected by photo detector. 

As the change from a constructive to destructive interference corresponds to change of a distance equal to half a 

wavelength, hence the distance traversed by the surface on which the reflector is mounted can be measured simply by 

counting the number of interference fringes, which cross the photo detector. Using this technique, measurement to 

accuracies up to 0.1nm can be obtained. 

              The distance measurement in this method is done in terms of wavelength, so high degree of stability of 

wavelength of laser is essential. The most commonly used laser for this purpose is He-Ne laser. 

 

USES OF THIS TECHNIQUE:- 

(1) This technique can be used for accurate positioning of aircraft components on machine tools, for calibration and 

testing of machine tools 

(2) It can also be used for comparing standards. 

(3) It controls the tool motion. 

(4) For compensating errors due to wear, facilitates marking - off of points of engagement for a cutting tool. 

(5) It precisely aligns fixture in aircraft engine manufacturing  

 

Velocity Measurement: 

           It is well known that when a beam of light gets scattered by a body in motion .The frequency of scattered wave 

is different from the frequency of incident waves. The change in frequency depends on the velocity of the moving 
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body. 

          If   is the frequency of light and v is the velocity of object, then the change in frequency (Δ )between the 

incident and reflected beam is  

                                                    =                                       ……………. (1) 

Where c is the speed of light in free space and θ is the angle between the direction of velocity of body and the incident 

light Thus, the change in frequency is directly proportional to the component of velocity of moving object along the 

direction of incident beam which is known as” Doppler’s effect” in light, so by measuring the change in frequency 

suffered by a beam, when scattered by a moving object, the velocity of the object can be determined. Using this 

method velocity of the object in the range 10mm/min to 150 meter/min can be determined . 

 

Using this principal portable velocity 

measuring device have been 

fabricated. These devices are being 

used by traffic police to determine 

the speed of vehicles moving on the 

road. Usually He-Ne laser is used in 

velocity measurement .The basic 

arrangement for velocity 

measurement is shown in FIG; 

    The light beam from a continuous 

wave laser is made incident on a 

beam splitter. One of the component 

travels along moving object and 

undergoes reflection from the object 

.The beams coming back after 

reflection are coherent and 

superimpose with each other. 

Because of frequencies difference 

between two beams, the beats are 

produce .By measuring beat 

frequencies; the velocity of object may be estimated by using equation no-1. 

 

 

 

LIDAR: 

    The laser system used for monitoring the environment is known as LIDAR. The word LIDAR is an acronym for Light 

Detection and Ranging. 

    Before the discovery of the laser, the study of atmosphere was carried out using an optical beam, the source being the 

search light. One such experiment was performed by Hulbert in 1937 to study the turbidity of the atmosphere. After the 

discovery of laser as a source of optical highly coherent beam, the study of atmosphere was revolutionized. 

   A pulsed laser beam is transmitted into the atmosphere. It is scattered by a particles present in atmosphere. The scattered 

radiations are picked up by a receiver. The background sunlight is removed by using filters. The scattered light gives 

information regarding the particle present in the atmosphere. Although microwaves can also gives these characteristic but 

the result from laser beam are better in resolution and clarity. The different particles present in the atmosphere in colloidal 

form can be studied by a LIDAR. A schematic diagram of such a setup is shown in FIG:    
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     A photo detector is used for measuring the time dependence of the intensity of the back scattered laser beam .The time 

variation can be easily converted into the height from which the laser beam has been back scattered in fig. shows a plot of 

time dependence of back scattered laser beam, which corresponds to height in case of clear atmosphere with no aerosols 

ie. Back scattered is by pure molecular gases such as N2, O2, and Ar etc. These molecules have the dimension much 

smaller than the optical wavelength. 

        The scattering is of Rayleigh type fig: shows a plot of time dependence of back scattered light in the atmosphere 

contained aerosols. These particles have dimensions comparable with the wavelength of laser light this is Mie scattering. 

The curve has kinks at a point A and B, between h1 and h2. These kinks point are due to fact that between points A and B, 

there are aerosols which are responsible for a greater intensity than that for a clear atmosphere. This implies presence 

aerosols between height h1 and h2. By LIDAR, it‟s also possible to study the concentration and sizes of the aerosols 

present in atmosphere. These are very important in atmospheric pollution studies. 

 
 

 

LASERS IN OPTICAL COMMUNICATION      

          Communication means sending of information from one place and receiving it at other place through some 

means such as a cable , electromagnetic waves etc .A communication system basically contains three elements :  

Transmitter: The transmitter converts the information signal into a suitable medium called transmitter channel. The 

signal processing for transmission usually involves modulation and coding. 

Transmission channel: It is the medium that carries the information in the form of a suitable signal from one place to 

another. It may be pair of wire, a co-axial cable, a radio waves or a laser beam. Every channel involves loss of energy 
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during transmission .That is why signal power goes on decreasing with increasing distance. 

Receiver:  Receiver converts the suitable signal prepared by transmitter into actual information .Receiver operation 

include amplification of signal to compensate for the transmission loss. Demodulation and decoding to reverse the 

signal processing is performed by transmitter.   

 

LIGHT WAVE COMMUNICATION IN OPTICAL FIBERS  

 

Fiber optics deals with communication of audio and video signals. The basic elements of a fiber optical system are 

shown in fig: .It is essentially consist of 1-.A light source 2-An optical fiber and 3- A light detector .The light source 

may be a light Emitting diode (LED) or a semiconductor laser diode .the detector can be an Avalanche photo diode 

(APD) or a positive intrinsic negative (PIN) diode. A fiber optical system simply converts an electrical an electrical 

signal to an infrared signal               this is transmitted through optical fiber and finally reconverted into an electrical 

signal.  

                  In analog modulation the light source emits a continuous beam of varying intensity while in digital 

modulation the light flashes ON and OFF at an extremely fast rate .Special connector are used to couple the light 

source to fiber and from  

 

 

Fiber to detector .To overcome the problem of attenuation of light waves in fiber, repeaters are employed .These 

amplify and regenerate light signal at regular distance. 

 
  

HOLOGRAPHY        

        Dr. Dennis Gabor Laid the foundation of Holography in1947. The word Holography derived from Greek word 

(holes) means –whole, because it contains the whole information about light waves. When an object is photographed 

by a camera, a photograph records only the intensity distribution in a particular plane. In holography both the intensity 

and the phase distribution are recorded in any plane. This resulting photograph is called HOLOGRAM. For 

holography the long-ranged coherent source are required. The laser invented in1962 provides a powerful 

monochromatic and long ranged coherent light source of light.  

 

 

Basic principal of holography    

          An ordinary represents a two dimensional image of a three dimensional object. Ordinary two dimensional 

photograph is a measured of intensity distribution from different parts of object photographed .So, it carries 
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information about the mean square value of the amplitude of the ordinary light waves from the object. Since the light 

sensitive medium is sensitive only to the intensity variation and hence while recording a photograph, the phase 

distribution is totally lost. Since only the intensity pattern has been recorded at a plane of the photograph, the three 

dimensional character of the object scene is lost. Holography is a method in which one not only records the amplitude 

but also the phase of the light wave. The image produced by the technique of holography has a true three dimensional 

form. The basic principal of the holography is the following: 

                      Holography is the less photography in which image of an object is captured not as an image focused on 

film ,but as an interference pattern at the film obtained by the interference between the coherent light reflect from the 

object and combined at the film with light from a coherent reference beam , obtained by splitting the light from the 

same laser source. This recorded interference pattern , called Holograms, actually contains information not only about 

the amplitude but also about the phase of the object beam .Interference pattern recorded on the plate contains much 

more information  that focused image, and enable the viewers to view a three dimensional image which exhibit 

parallax. That is, the image will change its appearance if you look at it from a different angle, just as if you were 

looking at a real three dimensional object. 

      The full three dimensional perspective is appeared only by our freedom to change the view point and focused. An 

ordinary photograph loses both these characters, because it records the view from a single viewing points and fixed 

focus. 

 

Construction of hologram: 

      To construct a hologram, two highly directional and coherent beams are obtained by dividing a highly intense 

light beams for a laser source into two parts by means of a beam splitter in the form of a mirror as shown in FIG: 

           One part of the beam directly illuminates the object and it is called object beam .The other part called the 

reference beam. After being reflected from the mirror is collected on the photographic plate. Thus the film is exposed 

simultaneously by both reference beam and object beam .These two beams are coherently superimpose and thus gives 

a complicated interference patterns on the photographic plate or film. This film on development gives hologram. The 

intensity at any point of the hologram depend on the amplitude and phase of the interference waves reaching the point. 

Thus, the resulting hologram contains all the information needed to reproduce the exact replica of the object. 

      The hologram consists of a spackled pattern of fine dots. 

 

 

Reconstruction of image: 

            In this case this wave interacts with the interference pattern recorded on the hologram and produce diffraction 

.The diffraction of the light produce two images: one is real other is virtual. Virtual image is obtained at the original 

position of the object when the hologram was constructed. The real image can be photographed directly without using 
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lens. The virtual image observed through the hologram appears in full three dimensional images. When the viewers 

move his eyes from side to side, different sides of the object can be viewed. The nearer parts of the object seen to 

move with respect to the far part. Thus, when viewing the hologram, one sees the image depth, hence three 

dimensional effects. The real image is also three dimensional effects. The real images are also three dimensional, but 

it is invert in depth.   

        In holography, whether we used a positive or negative transparency, the viewers always see a positive image. 

This is because the eye is insensitive to a 180
0
 phase change- the phase change by which the positive and negative 

transparencies differ.  

 

TYPES OF HOLOGRAM: 

1- Reflection Hologram 

2- Rainbow hologram 

3- Transmission Hologram 

4- Embossed Hologram 

5- Real image Hologram 

6- Dichromate Hologram 

 

CHARACTERSTICS OF A HOLOGRAM:  

       A hologram has a few exciting characteristics: 

1- The light from a reconstructed image, from a hologram, reaching to observe eye is the same as that would come 

from original object. One can see the holographic image the depth, parallax and different perspective in the actual 

object. The Image is thus more realistic. 

2- The destruction of any portion of an ordinary photograph image causes a permanent removal of information 

corresponding to that pair of object. But in holography the damage of a part of the hologram does not disappear any 

information. It is due to fact that, in holography, the information about a point object is recorded over the entire area 

of the hologram. 

3- A hologram can be constructed from even a small piece of the original hologram. If we cut hologram into a 

several pieces, each piece carries full information as that with the original one. 

4- The two images pseudoscopic and arthroscopic can be constructed from a hologram. 

5- A cylindrical hologram provides a 360
0
 view the object. 

6- It is possible to store more than one independent scene in the same photographic plate and can be viewed one at a 

time, without any cross talk. 

 

APPLICATIONS OF HOLOGRAPHY: 

1- Hologram are used for security in many industries and are commonly found on a host products, packing, compact 

disc computer software cosmetics, watches and sporting goods. 

2- Holography can be used for data storage and has the potential to become next generation storage media. 

3- Holography is actively used in medical science and such as CT scan, endoscopies, eye surgery, urology, 

pathology orthopedics. 

4- Holographic lenses are used in super markets scanner to read the bar codes. 

5- Holographic interferometer is used for testing stresses, strains and surface deformation in object. 

6- Microwave holography is used to detect the deep images and information of radio waves. 

7- Holographic optical elements are used in air craft head-up-display to give instruction to fighter pilot. 

8- Holographic optical elements used with laser diodes are used in beam shaping and correct divergence and 

astigmatism of the beam. 
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GENRATION OF SHORT PULES OF HIGH POWER 

 

     There are basically three different technique for obtaining high power pulses from a laser .They are following : 

1- Q-switching 

2- Cavity dumping 

3- Mode locking  

Laser can work in two mode, continuous mode and pulsed mode In both case out put power is generally low for many 

of the practical application. We require large power even if for a short time. To produce large power of laser beam for 

a short time is known as short pulse generation. It may be achieved by following method: 

Q-switching:   

            Since a laser a an optical oscillator its resonator cavity may be characterized by the quality factor Q , Q may be 

expressed as: 

                                                      Q=2       =     

            In the technique of Q-switching laser pulses of extremely short duration (neno-second)of very high power can 

be generated .That is why they are called „Giant pulses, this technique was first proposed by Hall warth. 

 

 

OPRATION OF Q_SWITCHING 

                When the pumping starts in the medium a high population inversion established in the medium, when the 

laser start oscillating the population inversion drop, back to the three should value of the steady state condition. Hence 

it is necessary that oscillations should be delayed until largest possible numbers of atoms accumulates at upper level. 

Q-switching operation follows 4 steps: 
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The Q-switching operation may be achieved by 3-different devices: 

1- Mechanical shutters 

2-  Electro-optical shutters 

3- Acousto-optic shutters  

 

MECHANICAL SHUTTERS: 

           IN this device Q-switching is done by rotating one of the mirrors. Which are face to face at each end of cavity? 

If one of the ends mirror is mis- aligned it cannot reflects incident photons back into the active medium and there for 

stimulation. Emission cannot take place. Consequently, the pumping process can built up the population  inversion to 

a very high value in the medium , Now if the ends mirror is aligned suddenly it reflect photons into the laser medium 

.The feedback of photon triggers‟ a chain of stimulated emission and built up very rapidly .Thus laser oscillation set 

up and cavity Q increased abruptly. All the energy stored in cavity is emitted in a single giant pulse with very high 

peak power.  

These pulses are very short time because upper energy level depopulates very quickly. 

Eg: For a ruby laser with an upper laser level life time of 3ms, the mirror would have completed one full turn in 

3ms.It requires a rotation speed of 20000rpm which is very high .The required speed can be brought down if use 

hexagonal shaped mirror assembly on a rotating shaft. Such that for every 1/6 of rotation of the shaft ,a mirror would 

be aligned with the laser cavity and output mirror In such a case the shaft would have to rotate 1/6 turn in 3ms,Hence  

required speed of rotation will be : 

      V= 20000/6 = 3333ms (revolution /min) 

This method of Q switching is very cheap and reliable but very slow. 

FIG: 

 
 

SHORT PULSE GENRATION BY CAVITY DUMPING: 

       A cavity dumping laser employs two full reflecting mirrors, one on each end of cavity, when dumping of the 

rasing medium is done, power inside the cavity built up due to stimulated emission. The continuously operating pump 

maintains the population inversion above the threshold oscillation, but the radiation is confined within the cavity, 

because the mirror present the light from escaping, thus the cavity operates at high Q. The cavity contains a beam 

deflects the beam deflector or other components that briefly deflects the beam outside of the laser. Thus the energy 

within the cavity dumped off the cavity in a single pulse. 

      In Q-switching mode, the energy within the cavity is low and if Q is low, oscillation do not start in the initial state 

, when the cavity is switched to high value, oscillation start and short intense pulse passed through the semitransparent 

output mirror, As the cavity Q-rise from a value to a high value. 

      In case of cavity dumping mode, the cavity is already within the high Q-condition and therefore the out put pulses 
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from very quickly. The length of cavity dumped pulses is 2µL/C for a 30ns.  

Cavity dumping generates lower energy pulses then that of Q-switching .Laser that cannot be Q-switching are 

operates in cavity dumping.  

 

MODE –LOCKING FOR ULTRA SHORT PULSES:    

        Laser oscillation consist of numerous mode, the laser radiation consist of frequencies, which are closely spaced 

with respect to the oscillating modes, the overall output of laser, when treated as a function of time, depends on 

frequencies amplitudes and relative phases of all the mode of oscillation, when frequencies are equally spaced, with 

affixed phase relationship between these modes, the laser termed as a mode locked or phase locked laser. 

      Mode locked pulses have very high degree of peak power and comparatively small pulses duration. The peak 

values of power of mode locked pulses are longer then that can be achieved by Q-switching .In case of mode locked 

pulses, the power is in term of Gwatts as against megawatts, in case of Q-switching pulses. 

 

ELECTRO-OPTIC SHUTTERS  

     An electro –optic shutter can serve as a voltage controlled gate with rapidly, switches the cavity from a high loss to 

the low loss condition .It consist of a crystal that becomes doubled refracting when an electric field is applied across 

the crystal. The electro-optic shutter along with a polarizer is arranged inside the optical resonator. 

:  

 
 

SHORT PULSES GENRATION AND MEASURMENT:     

Generation of short pulses: 

     Q- Switching produce grant pulses of duration about 10
-7

 to 10
-8 

sec. The technique of mode locking allows the 

generation of pulses of laser duration of about 10
-11

 to 10
-12.

. The matching of phases of different modes is called 

mode-locking .An essential requirement for mode locking is existence of multimode operation in the active medium. 

Technique of mode locking : 

     The most commonly used method s of mode locking consist of either mode locking by modulating the loss of the 

cavity externally or mode locking by means of satiable absorber placed inside the laser cavity. There are two types of 

mode locking techniques:  
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1-Active mode locking: 

       In this technique an acoustic or electro-optics modulator is driven by an external signal. 

       The electro-optic shutter, namely keecell or pocket cell, or acousto-optic shutter can be used as modulators for 

achieving mode locking .Let us consider a laser resonator where an electro-optics modulator ((EOM) is kept inside the 

cavity. Let the frequency of one of the axial modes be the frequency of modulation be equal to Δv, since the signal 

with  

 

frequency Δν is applied to the electro-optic modulator, the loss of the laser cavity is modulated at the same frequency 

Δv, consequently, the amplitude of the mode corresponding to Vm is also modulated at Δv, this generate two side 

bands at  

Frequencies Vm+ΔV and Vm-Δv. These new frequencies conduce with two modes located on either side of Vm .The 

three modes locked in phase. The process is continues and at the end all modes are forced to osculates with a definite 

phase relationship, which interference and produce high energy pulses for very short time duration.   

 

2-Passive mode locking: 

                In this technique saturable absorber whose absorption coefficient varies non-linearly with light intensity 

.The saturable absorber is placed within the laser cavity .The saturable absorber consist of an organic dye dissolved in 

a solvent. The solution has the property of becoming more and more transparent as the intensity of the light falling on 

it increased .Let us consider the case of a cell containing a saturable absorber placed adjutant to one of the resonant 

mirror. Initially, the laser medium emits spontaneous radiation which forms with in the cavity radiation field 

consisting of fluctuation of the intensity having a noise like structure, some of the intensity peaks within the 

fluctuation beach the saturable absorber more than the other components and pass through. They get amplified in its 

round trip through the active medium, which produce high power pulses.  

 

Measurement of short pulses:  

      Ordinary photo multiplier and fast photo diodes are used for observing Pico-sound pulses. The ultra fast streak 

camera has been applied to the measurement of back ground intensity of Pico-sound pulses from a passive, mode –

locked method. 

 

 

 

 

 

 

 

 

 

 

 


