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Introduction

Optical methods of research of natural phenomena had and will have special value in development of physics. It is enough to recollect, that experience on the interferences of light lead by Michelson have led to creation of a relativity theory and works connected with research of spectrums of hydrogen, were one of the important experimental fundamentals which have begun development of a quantum mechanics.

Optical methods before occurrence of a radio spectroscopy were the most important and productive ways of research of a structure of substance. Now optical methods of research have gained a wide circulation in studying complicated medical and biologic systems. Methods of an infra-red, ultra-violet spectroscopy and a spectroscopy of visible area are used at research of the molecular mechanism of development of illnesses, biological activity of preparations, structures of biological molecules, a complicated composition of substances and tissues.

The microscopy, polarizer, spectroscopy, refractometry for a long time became usual methods in medical institutions.

At last, electromagnetic waves of an optical range in length 380 - 760 nanometers cause physiological sensation of light. 

The mechanism of the most complicated and multiphasic processes of transformation of energy of quantums of light falling on a retina of an eye, in sensation of light till now in many respects is not clear, and the understanding of the mechanism of this complicated phenomenon will demand long-term efforts of researchers of different specialties - mathematicians, physicists, chemists, the doctors knowing the nature of the light phenomena.

On modern representations light has the electromagnetic nature following from the nature, developed by Maxwell. This theory has been confirmed by experiments Герца and Лебедева. However in due course there were experimental facts, in particular, works on a photo effect which could not be interpreted within the limits of a wave theory. The explanation has been found by unusual property of a photo effect within the limits of a quantum theory of light.

Wave properties of light are most brightly shown in experiments on interference and a diffraction of light, and corpuscular properties are mainly observed at interaction of light with substance - at absorption and emission of light.


 The Important performance of electromagnetic fluctuations is frequency or length of a wave. Frequency of electromagnetic fluctuations defines the basic performances of light. The certain frequency causes sensation of light. Electromagnetic fluctuations of the certain range get high getting ability and sharply change it at interaction of property of substances and an organic fabric.

 The Present grant is written with the purpose to assist to students at studying physics and performance of experimental works.
Laboratory work 41

Definition of focal lengths of lenses by Bessel’s method
1. The purpose of work: definition of a focal length of a lens by Bessel’s method.
2. A type of lesson: laboratory research.
3. Duration: 3 academic hours (135 minutes)
4. The equipment: laser, a diffraction grating, system of lenses, a screen, an optical bench, a measuring tape.
5. The maintenance of employment: theoretical introduction; the description of installation; the control of an initial level of knowledge; self-maintained work of students; the control of a degree of mastering of a material over tests; summarizing of employment.
5.1. Theoretical introduction

The transparent body, limited by two curvilinear or curvilinear and flat surfaces refracting light beams, capable to shape optical images of subjects is named a lens. Glass, quartz, crystals serve, plastic, etc. are used as a material for lenses. Usually there are applied lenses with surfaces have the spherical shape. The basic types of lenses are represented on Fig.1. Thin and thick lenses are distinguished. The lens is named thin if its thickness can be neglected in comparison with radiuses of curvature of its surfaces.

The system consisting of one or several lenses is called aligned if the centers of curvature of all of its refracting surfaces lay on one straight line named optical axis.
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	Fig.2. Passage of the bundle of rays, converging in the first main focus F1, through a biconvex lens

	Fig. 1. The basic types of lenses: collecting: - biconvex; - plano-convex; - concave-convex (the plus meniscus), disseminating; - biconcave; 
[image: image3.wmf] - plano-concave, - convexo-concave (a negative meniscus)
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	Fig.2 '. Passage of the bundle of rays parallel to an optical axis, through a biconvex lens


Let's recollect the basic properties of the aligned system on an example of the thick biconvex glass lens which are being air.

The beams which are passing through first main focus F1, leave on the other hand of lenses a bunch parallel to main optical axis ОО (Fig. 2). The main focus is in distance - f1 from first main plane H1 which is defined as a geometrical place of cross points of falling beams with their continuations behind a lens. Hereinafter to all distances counted against a course of beams, the sign "-" (a rule of signs) is attributed.

The bundle of rays, falling on a lens of in parallel main optical axis, converges in second main focus F2, in distance f2 from second main plane Н2 (Fig.2 ').
If on both parts of a lens there is a same environment, focal lengths coincide:-f1 = f2 = f. Quantity D = 1/f refers to as optical force of a lens.

The collecting lens reduces the beams parallel to an optical axis in the real focus (f> 0, Fig.3), and has the plus optical force.

Optical force of a disseminating lens is negative, as for it a point of a convergence of parallel beams imaginary (f <0, Fig. 4).

For a thin lens it is possible to consider, that cross points of surfaces with an optical axis merge in one point named by the optical center, and main planes H1, Н2 - in one plane which is passing through the optical center of a lens perpendicularly its main optical axis.

If the shone subject is a small segment, perpendicular to an optical axis its image gained by means of paraxial beams also looks like a segment, perpendicular to an optical axis (fig. 5). Distances up to a subject and up to its image s and s, counted from the optical center along the main optical axis and taken in view of a rule of signs, submit to the equation of a lens (1). For a thin collecting lens f it is possible to calculate under this formula, having gained the real image of a subject and having measured distances s and s'.
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	Fig. 3. The collecting lens reduces a bundle of rays, parallel OO in the real focus
	Fig. 5. Build-up of the image in a thin plus lens
	Fig. 6. Build-up of the image in a thick plus lens
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; (1) f-focal length of a lens, s’ -distance up to the image, s-distance up to a subject
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	Fig. 4. The Same bunch after refraction in a disseminating lens seems starting with imaginary focus
	
	Fig. 7. Position of the main planes for various lenses


The formula (1) is fair for a thick lens too. However to take advantage of it for definition of a focal length of an any lens inconveniently as all in case of thick lenses or optical systems is necessary for counting distances from corresponding main planes (fig. 6). The main planes can lay and inside, and outside of a lens, if is absolutely nonsymmetrical rather its spherical surfaces (fig. 7), and their position, as a rule, is not known.

In the table features of images in lenses are resulted. The attitude of the linear sizes of the image and a subject refers to as linear increase in a lens. To negative values of linear increase there corresponds the real image (it - turned), to plus - the imaginary image (it - direct). 

	Lens
	Arrangement of a subject
	Arrangement of the image
	Features of the image

	Collecting
	Behind a double focal length
	Between focus and double focus on other party of a lens
	The real, turned, reduced

	
	In double focus
	In double focus on other party of a lens
	The real, turned, on quantity is equal to the subject

	
	Between a double focal length and focus
	Behind a double focal length on other party of a lens
	The real, turned, increased

	
	In focus
	The visible image is not present (the image in perpetuity)
	

	
	Between focus and a lens
	For a subject, on the same party of a lens, as a subject
	Imaginary, direct, increased

	Disseminating
	Any
	Between a subject and a lens, on the same party of a lens, as a subject
	Imaginary, direct, reduced


The combination of collecting and disseminating lenses is applied in the optical instruments used, including in medicine. So, an optical microscope has wide application in medicine. In modern optical microscopes the objective and an eyepiece consist of the system of lenses representing optical system. Quality of optical images of real optical systems can decrease because of occurrence of errors, or so-called aberrations. The basic aberrations of lenses are:

Spherical aberration;

Chromatic aberration;

астигматизм;

дисторсия.

The spherical aberration consists that edges of a lens owing to greater curvature of a surface refract more strongly, than the central part the Image of a shone point on the screen looks like a light spot. 

For elimination of a spherical aberration there are created system of the concave and convex lenses.

The chromatic aberration is observed in connection with that owing to a dispersion beams with various length of a wave (for example, red and violet) refract in a lens unequally, and focuses for them do not coincide. Thereof a line of contours in the image of subjects look like the narrow spectroscopic painted strips.

The chromatic aberration is eliminated in system of two lenses made of glass of various color with accordingly picked up dispersion. The similar system of lenses (in which it is compensated as well a spherical aberration), refers to ахроматом.

If it is great enough, there are two positions of a lens at which on the screen precise images of a subject - reduced and increased (fig. 2) are gained.

Astigmatism is a deficiency of optical system at which the spherical light wave, passing optical system, is deformed and ceases to be spherical 

There are distinguished of two types astigmatism. One of them is caused by falling on optical system of the beams making the significant angle with an optical axis (astigmatism of slanting bunches).

Other type of astigmatism is caused by asymmetry of optical system. Lenses with such aberration name astigmatic. These lenses, it is similar astigmatism slanting bunches, create the image in which contours and the lines focused in different directions, have different sharpness.

For correction of astigmatism there are created the complicated optical systems consisting of several lenses owing to what it is possible to form good images at angle of incidences of beams 50о-70о or applied the lenses limited by cylindrical surfaces. The system of the lenses (objectives) corrected on considered aberrations, refers to anastigmatic.

Distortion is caused by that the linear increase in a lens for the points of a subject which are being on various distances from a principal axis, differs a little. In this connection the direct contours of a subject laying in a plane, a perpendicular principal axis, accept the arched shape. Distortion is eliminated by selection of system of lenses with opposite character of distortion.
Convenient method of definition of a focal length is Bessel’s method used in given work which allows finding quantity f, not knowing position of the main planes of a lens.
Resolving capability of the microscope.

The optical microscope gives increase 1500-2000. To understand the reasons of such position, we shall find out concepts "a limit of a solution", "resolving power". 

The limit of a solution is such least distance between two points of a subject when these points , различимы, i.e. are perceived in a microscope as two points.

Resolving power usually name ability of a microscope to give separate images of fine details of a considered subject. 

The resolving power of a microscope is caused by wave properties of light, therefore expression for a limit of a solution is gained, considering дифракционные the phenomena. The objective of any optical instrument bindingly has an entrance aperture. The diffraction of light on an entrance aperture of an objective inevitably conducts to that images of isolated points of an observable subject appears any more points, and the light disks bordered by dark and light rings. If considered points (detail) of a subject are the close friend from the friend, them дифракционные images (in a focal plane of an objective) can more or be blocked less mutually.

Two close points of a subject possible to see still separately if their light disks дифракционных images are mutually blocked more than on radius. If disks are blocked more than - the device any more does not divide into radius separate vision of points becomes impossible, or as speak, does not resolve, such points.

[image: image11.png]



Fig.8. An angle formed by extreme beams of a light bunch, getting in an objective.
Calculations show, that for a microscope the limit of a solution is expressed by the formula,
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W  here - length of a wave of light; n - an exponent of refraction of the environment which are being between a subject and an objective, u - an aperture angle, i.e. an angle formed by extreme beams of a light bunch, getting in an objective. Product nsin (u/2) =А refers to as the numerical aperture, then:
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Apparently from the formula (2) for reduction of a limit of a solution it is possible to reduce length of a wave and to increase an aperture angle. For this purpose use light with smaller length of a wave (ultra-violet) and increase as an exponent of refraction of environment between a subject and an objective, and an aperture angle.

The numerical aperture can be increased by means of the special liquid environment - immersion - in space between an objective and integumentary glass of a microscope. As immersion use water (n=1,33), cedar oil (n=1,515), monobromine naphthalene (n=1,66), etc. In modern microscopes an angle reaches the greatest value equal 700. With this angle are gained of the maximal numerical apertures and the minimal limits of a solution.

 Let's estimate useful increase in a microscope, using the formula (2). If the subject has the size equal to a limit of a solution z, and the size of its image z1 and if this image is located on distance of the best sight from an eye increase in a microscope
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Substituting in this formula z from (2) it is gained
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Light microscopy

The light microscopy provides increase up to 2-3 thousand times, the color and mobile image of alive object, an opportunity of microfilming and the long supervision of the same objects, an estimation of its dynamics and химизма. Methods of a light microscopy (illumination and supervision). Methods of a microscopy get out (and are provided structurally) depending on character and properties of studied objects as the last as it was marked above, influence picture contrast. Methods of an optical microscopy:

The method of a light field in passing light is applied at studying transparent preparations with included in them absorbing (absorbing light) particles and details. It can be, for example, the thin painted cuts of animal and vegetative fabrics, thin minerals, etc. 

The method of a dark field in passing light is used for reception of images of transparent not absorbing objects, which cannot be visible if to apply a method of a light field. Frequently it is biological objects. In sight on a dark background light images of elements of structure of the preparation, differing from an environment an exponent of refraction are visible. At large particles the light edges disseminating rays of light are visible only. Using this method, it is impossible to define by the form images, particles are transparent or opaque, they have a greater or smaller exponent of refraction in comparison with an environment.

The method of phase contrast is intended for reception of images of the transparent and colorless objects invisible at supervision on a method of a light field. Alive unpainted animal fabrics concern to those, for example. An essence of a method what even at very small distinctions in exponents of refraction of different elements of a preparation the light wave which is passing through them, undergoes different changes on a phase (gets so called A phase relief). Differently, in the gained visible image distribution of brightness (amplitudes) reproduces a phase relief. The image gained thus refers to phase-contrast.

The polarizing microscopy is a method of supervision in polarized light for microscopic research of the preparations including optically anisotropic elements (or entirely consisting of such elements). Those are many minerals, grains in thin alloys, some animal and vegetative fabrics and so forth Optical properties of anisotropic micro objects are various in various directions and are shown differently depending on orientation of these objects concerning a direction of supervision and a plane of polarization of light falling on them. Supervision can be spent both in passing, and in reflected light. Light radiated by the gaffer, pass through a polarizer. Informed to it thus polarization varies at the subsequent passage of light through a preparation (or reflection from it). These changes are studied by means of the analyzer and various optical compensations. Analyzing such changes, it is possible to judge the basic optical performances of anisotropic micro objects: force of double refraction, quantity of optical axes and their orientation, rotation of a plane of polarization, dich roism. 

The method of interferencial contrast (interferencial microscopy) consists that each beam forks, entering in a microscope. One of the gained beams goes through an observable particle, another - by it on the same or additional optical branch of a microscope. In окулярной parts of a microscope both of a beam again incorporate and interfering among themselves. One of beams, passing through object, is late on a phase (gets a difference of a course in comparison with the second beam). Quantity of this delay is measured by the equaliser. It is possible to tell, that the method интерференционного contrast is similar to a method of phase contrast - both of them are based on an interference of the beams last through a microparticle and passed it. As well as the phase-contrast microscopy, this method enables to observe transparent and colorless objects, but their images can be and multi-coloured (interferencial colors). Both of a method are suitable for studying living tissues and cells and are applied in many cases with this purpose. The main difference interferencial microscopies from a method of phase contrast is an opportunity to measure differences of a course, insertion microobjects. A method of interferencial contrast often apply together with other methods of a microscopy, in particular with supervision in polarized light. Its application in a combination to a microscopy in ultra-violet beams allows to define, for example, the maintenance of nucleinic acids in common dry mass of object. To interferencial microscopies concern also methods of use of interference microscopes. 

The method of research in a view of a luminescence (a luminescent microscopy, or a fluorescent microscopy) consists in supervision under a microscope of a green-orange luminescence of microobjects which arises at their illumination by blue-violet light or not visible an eye ultra-violet beams. Two light filters are entered into the optical scheme of a microscope. One of them place before condenser. It passes from a radiant-gaffer radiation only those lengths of waves which raise a luminescence or the object (own luminescence), or the special dyes entered into a preparation and absorbed by its particles (a secondary luminescence). The second light filter which is established after an objective, passes to an eye of the observer (or on a photosensitive layer) only light of a luminescence. The method has found wide application in microbiology, virology, histology, cytology, in the food-processing industry, at research soils, in the microchemical analysis, in a defectoscopy. Such variety of applications speaks very high color sensitivity of an eye and high picture contrast of self-shone object a dark not luminescing background. Besides the information on a composition and properties of investigated substances which can be gained, knowing intensity and a spectral distribution of their luminescent radiation, has huge value.

Bessel’s method
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	[image: image17.png]




	Fig. 9. Reception of two images on Bessel’s method
	Fig. 10. Addition of lenses


On the one hand from the plus lens on its optical axis we shall place a subject which real image we shall gain on the screen located on the other hand from a lens. Distance L between a subject and the screen we shall fix. If it is great enough, there are two positions of a lens at which on the screen precise images of a subject - reduced and increased (fig. 9) are gained. We shall find these positions from the equation (3) and conditions (4). In the formula (4) we have neglected distance between the main planes of a lens in comparison with L.
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Let's express distance s through distance |s | and L from the equation (4) and we shall substitute this expression in the formula of a lens (3). The quadratic equation (5) to which should satisfy distance between a lens and a subject |s | that on the screen there was a precise image will be gained. If the discriminate of this equation is more than zero (a condition (6)), there are two solutions (7), symmetric concerning the middle of a gap a subject - the screen.
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 (7)
The condition (6) actually means, that the precise image on the screen can be gained, only if the distance from a subject up to the screen surpasses a focal length of a lens not less than twice.

Distance And between two positions of a lens, to which there correspond the increased and reduced images of a subject (see fig. 9), it is equal |s|1 and |s|2 and is expressed a difference of distances through L and f (the equation (8)).
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Solving the equation (8) concerning a focal length, we come to the formula of definition of a focal length on Bessel’s method (parity (9)). The gained formula allows to find f, having measured segments L and which lengths do not depend on position of the main planes of a lens, as is the main advantage of Bessel’s method.
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Directly by means of Bessel’s method to define a focal length of a disseminating lens it is impossible, as such lens does not give the real images of the real subject. However, if disseminating lens closely to combine with stronger collecting lens, the collecting optical system (fig. 10) will be gained. On Bessel’s method it is possible to define focal lengths of a collecting lens and the gained system, and a focal length of a disseminating lens to calculate proceeding from them. It is similarly possible to calculate a focal length of the second collecting lens if its optical force is small, and it does not shape the interfaced positions on the given base.

At addition of lenses closely their optical forces develop according to the equation (10). From this equation the formula (11) on which it is possible to find a focal length of the second lens is gained.
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where f +; f _ a-focal length of a collecting and disseminating lens;

and f - a focal length of system of lenses, it is made of them
5.2 Description of laboratory installation
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	Fig. 10. Diffraction of a laser bunch on a bidimentional lattice
	Fig. 11. Appearance of installation
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	Fig. 12. The distances used in method Бесселя
	Fig. 13. The coordinates which are a subject measurement: lattices x the Screen x/
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	Fig. 14. A course of beams at supervision дисторсии
	Fig. 15. Distribution of spots to the screen at подушкообразной and бочкообразной дисторсии


Experience on geometrical optics can be lead on laboratory installations РМС1 and РМС4. Installations have a similar design of an optical bench of rod type. Lenses in frames are placed between cores and can move along them. For a reference of distances along an optical axis the tense tape of a roulette fixed by means of special clips in racks serves. The lattice (the central zone of object МОЛ-1) is applied to imitation of a shone subject in work РМС1, shined by laser radiation bidimentional дифракционная. Because of diffraction the laser bunch behind a lattice is split on set of missing beams which give the characteristic crosswise arrangement of bright spots on the screen (fig. 10). Full appearance of installation is represented on fig.11. The laser 1 highlights дифракционную a lattice 2. The spot arising on a lattice at illumination by its laser beam, plays a role of shone "subject". The investigated lens or system of lenses 3 reduces beams missing from "subject" on the screen 4 in a spot-image. Elements of installation are placed on an optical bench 5.

In work РМС4 the lamp gaffer in which case the object - an arrow put on matte glass is established is used. The image of an arrow (direct or turned it can) to be observed on the screen. Appearance of installation is resulted on the title page of the present description.

5.3 Self-maintained work of students:

The operating procedure

A. Measurements.
1. Prohonour the instruction on a workplace.

2. To clean lenses from an optical path. Turn on the laser. Check up correctness of installation of the laser, a lattice and the screen. At correct installation central дифракционное the spot should be in the center of the screen, and have the round shape. Besides at moving a lattice along an axis on 20 sm the central spot should be displaced no more than on 1мм.

3. To establish a lattice and the screen on the distance specified by the teacher and to define their coordinates х and х ' on a scale of an optical bench.

4. To establish in a path the first lens and, moving it to find coordinates x1 and x2 positions at which the lens reduces beams on the screen in the increased and reduced spot-image.

To repeat measurement of coordinate of each position five times. Results to bring in the table (see fig. 13). Last column of the table is reserved for average value of each coordinate.

	Experience
	1
	2
	3
	4
	5
	Compare

	x1
	
	
	
	
	
	

	x2
	
	
	
	
	
	


5.   To establish in a path the second lens. To make measurements of item 4 with the system made of two lenses.

6.   To take out both lenses from a holder and to establish the screen so that spots between beams of basic bright "cross" were clearly visible. To establish a holder for lenses approximately in the middle between a lattice and the screen. Placing in a path all over again one lens, then both lenses together to sketch in each case structure of distribution of light spots on the screen.
B. Calculations and the analysis
To calculate distance L.
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To find average values of coordinates x1 x2 for the first lens and system of lenses and to define on them distance and in both cases.
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3. To define focal lengths of the first lens and system of lenses under the formula (8).

To calculate a focal length of the second lens under the formula (10).

On the basis of the made sketches to define character дисторсии for system from two lenses and for each lens separately. nn
5.4. The control of a degree of mastering of a material.

Control questions

1. 
 The Lens: definition, the basic types.

2. 
 Concept of the aligned optical system.

3. 
 Optical force of a lens: definition, a designation, the formula for calculation and a unit of measure.

4. 
 The Plus and negative optical force of a lens.

5. 
 The Course of beams in collecting and disseminating lenses.

6. 
 In what an essence of Bessel’s method for definition of a focal length of a lens.

7. 
 As by means of method Бесселя to define a focal length of a disseminating lens.

8. 
 The Course of beams in systems from two lenses. The formula for calculation of increase in these systems.

9. 
 The Course of beams in a biological microscope. The formula for calculation of common increase in a microscope. A limit of a solution of a microscope.

10. 
 Aberrations: definition, types of aberrations, methods of elimination of aberrations.

Representations for self-checking

1) Lenses with the plus optical force are:

1.Collecting.

2. Not influencing a course of beams;

3. Disseminating;

4. Among answers 1-3 is not present correct

2) Lenses with negative optical force are:

1.Efferent;

2. Not influencing a course of beams;

3. Collecting.

4. Among answers 1-3 is not present correct

3) the Imaginary image have:

1. Lenses with the plus optical force;

2. Lenses with negative optical force;

3. Lenses, both with plus, and with negative optical force;

4. Among answers 1-3 is not present correct.

4) the subject usually is located On what distance in relation to a lens-objective with focal length F in the camera:

1. L> 2F;

2. F <L <2F;

3. L F;

4. L <F;

.

5) the Subject is before a collecting lens between focal and double focal in distances. What image of a subject will be gained?

1. The real, reduced;

2 the real, increased;

3. Imaginary, reduced;

4. Imaginary, increased;


 Appearance of installation РМС1 « Geometrical optics, polarization and diffraction »

Variant of assembly for experience and demonstrations on geometrical optics
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Appearance of installation РМС4 « Geometrical optics » with the light-emitting diode gaffer
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Laboratory work 42
Measurement of an angle of a wedge on interference to a picture of strips of equal thickness and definition of distance between cracks in experience of Young

1. The purpose of work: measurement of an angle of an air wedge in a backlash between glass plates on interference to a picture of strips of equal thickness, definition of distance between cracks on interference to a picturein the scheme of experience of Young.

2. A view of employment: laboratory research.

3. Duration: 3 academic hours (135 minutes)

4. The equipment:the semi-conductor laser, коллиматор, a microobjective in a magnetic frame, the screen, интерференционный object, photolithographic test-object МОЛ-1 or МОЛ-2.

5. The maintenance of employment: theoretical introduction; the description of installation; the control of an initial level of knowledge; self-maintained work of students; the control of a degree of mastering of a material over tests; summarizing of employment.

5.1. Theoretical introduction

Interference in an air backlash. Strips of equal thickness.

At supervision of an interference of monochromatic light in length of the wave, last a thin air backlash between two plane-parallel plates (fig. 1), the optical difference of a course interfering beams O and O' is in the form of:

                                                                Δs = (AD + DC) - n·BS + (1),

where d - thickness of a backlash,

n - an exponent of refraction of plates,

      - an angle of incidence of beams on border glass-air,

       φ1 - an angle of refraction.

The additional difference of a course is caused by reflections from more optical density environment in points C and D (at angles φ1, smaller Brewster’s angle, on each reflection detrusion on/2, owing to change of a phase of a wave on). Substituting in expression (1)

                                                                                         AD = DC = 
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                                                                    ВС = AC sin = 2d tgφ1 sin (3)

Substituting (2) and (3) in (1) and, considering law of Snellius n sin = n1 sin φ1, we shall gain
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	Fig. 1


Conditions of maxima and minima for interference pictures, under formation the coherent waves reflected from both surfaces in a backlash, look like

2d 
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 (5)

here k=2m, for minima and k=2m + 1 for maxima, where m - an integer.

If within the limits of breadth of a light bunch of monochromatic light thickness of a backlash d differential in different places in last light on a surface of a plate will be observed dark and light interference strips. These strips refer to as strips of equal thickness as each of them passes through points with identical values d.

The note.Similar strips can be observed as well in reflected light.

In white light the system color interference strips of equal thickness is observed.

At an interference on a transparent wedge of a strip of equal thickness will be parallel to an edge of a wedge. The breadth interference strips In (distance between two next minima or maxima) at angle of incidences close to zero (0) is in the form of:
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	Fig. 2


B = 
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 (6),

where - an angle at top of a wedge (<<1 it is glad).

The device interference object is resulted on (рис.2) Object contains two glass plates 1 and 2 which are pressed to each other by means mandrel 3 and 4. On adjoining surfaces of plates reflecting translucent coverings that contrast of an observable picture of an interference increases are raised dust. Mandrels nestle three screws 6 on a frame 5. The air wedge arises at non-uniform pressing mandrels to each other (2 screws should be attenuated).

The bundle of rays which is let out by the semi-conductor laser 1, on (рис.3) extends by means of a microobjective 2, fixed in a magnetic frame on the screen with an aperture 3, and shines interference object 4. The picture of an interference is observed on the screen 5 removed from object on distance of 500 mm. In this case for the strips localized in the central zone of the screen in the size 20x30мм2 angular divergence interference of beams makes ~3-4, that allows to neglect her and to use the modelling representations resulted above. Breadth interference strips In ' on the screen it is measured in mm by means of a scale grid on the screen. If necessary it is possible to increase distance from object up to the screen twice, having established instead of the screen 5 mirror 5' (fig. 4) and observing interference strips on the screen with an aperture 3.
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	Fig. 3
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	Fig. 4

	


interference strips In, localized in a backlash, it is necessary to count the period under the formula

                                       B = B '-2L tg 
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where L - distance from object up to the screen (see рис.4: L=484 mm or L=484+584=1068 mm depending on the collected scheme), - angular divergence of radiation after an objective (for used in РМС3 an objective =3,4).
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	Fig. 5
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	Fig. 6


Experience of Young.
One of the first scientists who observed the phenomenon of an interference was Thomas Young who in 1802 has gained interference a picture in installation shown on рис.5. Light which has been preliminary last through a light filter, passing through aperture S in the screen And fell on the screen In in which two thin cracks S1 and S2 have been done. These cracks were coherent light sources and gave precise enough picture of an interference on the screen With. In the present laboratory installation instead of a usual light source with a light filter for increase of a degree of a coherence the laser radiant of radiation is used. The scheme of experience is presented on рис.6, where S1 and S2 - radiants of coherent radiation, s1 and s2 - to a way of light from radiants up to a point of supervision Р, d - distance between cracks, L - distance between screens B and C.

The difference in phase of fluctuations raised by the waves coming to point Р from radiants S1 and S2, is equal: 
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where = ns2 - ns1; n - an exponent of refraction of environment.

From here follows, that if in the integer of lengths of waves (±mλ0) where λ0 - the length of a wave in vacuum the difference in phase appears multiple 2, and in this point will be observed интерференционный a maximum keeps within.

If in keeps within полуцелое number of lengths of waves: (± (m +
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) 0) will arise interference a minimum.

From geometry fig.6 it is visible that: 

s12 = L2 + (x- 
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) 2; s22 = L2 + (x + 
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hence 

s22 - s12 = (s2 + s1) (s2 - s1) = 2 x d

Considering, that d <<L, a S1 + S2 ≈2L and having increased last equality on n - an exponent of refraction of environment we shall gain an optical difference of a course 
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Let's substitute in this expression of a condition of supervision of a maximum and a minimum of an interference; we shall gain accordingly:

xmax = ±
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xmin = ±
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The breadth интерференционной strips on the screen will be defined by a parity
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Interference of light use in interferometers - for measurement with a high degree of accuracy of lengths of waves, small distances, exponents of refraction of substances and definition of quality of optical surfaces. Interference a refractometer apply, in particular, with the sanitary-and-hygienic purposes to definition of the maintenance of harmful gases. The combination of a two-beam interferometer and a microscope, the gained name interference a microscope, use in biology for measurement of an exponent of refraction, concentration of dry substance and thickness of transparent microobjects.

The way of reception of the volumetric image of subjects-holography is based on an interference of light. It has gained practical realization after the invention of lasers - radiants of radiation with a high degree of a coherence. Интерференционную a picture formed by addition of waves and fixed on a photosensitive plate, name the hologram. The ultrasonic holography in medicine is used for consideration of internal bodies of the person with the diagnostic purpose. At a simultaneous motion in a fabric of several ultrasonic waves in the certain point of environment there can be a superposition of these waves. If during passage through biological object ultrasonic waves are crossed, in the certain point of the biological environment amplification or easing of fluctuations is observed. The result of an interference will depend on a spatial parity of phases of ultrasonic fluctuations in the given point of environment. If ultrasonic waves reach the certain site of environment in identical phases (cophasedly) identical signs and an interference in such conditions have displacement of particles promotes increase in amplitude of ultrasonic fluctuations. If ultrasonic waves come to a concrete site in an antiphase displacement of particles will be accompanied by different signs that leads to reduction of amplitude of ultrasonic fluctuations. The interference plays the important role at an estimation of the phenomena arising in fabrics around of a ultrasonic emitter. Especially the interference has great value at distribution of ultrasonic waves to opposite directions after their reflection from an obstacle. One more medical and biologic appendix of holography is connected with a holographic microscope

5.2 Description of laboratory installation
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	Fig. 7


1. 
 In case of use of installation for supervision of strips of equal thickness: as the Light source serves semi-conductor (GaAs) the laser (=650 nanometers). Radiation from the semi-conductor laser 1 falls on коллиматор 2, fixed on the screen 3. Expanded collimator the bundle of rays, shines an effective area interference the object 4 established on holder D75х15 in vertical adjusting module 5. The object is arranged in such a manner that between two plane-parallel plates is available wedge an air backlash. Being repeatedly reflected from plates, beams interfere in. On the screen 6 thus the picture of alternating dark and light strips will be observed. For measurements, on the screen the scaled paper screen is fixed. Having measured breadth and the period of strips it is possible to calculate an angle wedge a backlash.

2. 
 Supervision interference pictures from object the PIER - 1 (2): In vertical adjusting the module 2 is established object the PIER - 1 (2) in a frame. Thus the screen with an aperture 3 and interference object 4 are taken out from holders. The parallel light bunch shines photolithographic test-object МОЛ-1 or МОЛ-2 which represents a thin glass disk with an opaque covering on which on a circle in parallel pairs cracks with different distances between them are put to radius. Pairs cracks of equal breadth are incorporated in groups on four. Within the limits of groups distances between cracks vary. Light, interfere on pair cracks falls on the screen on which measurements of the period interference pictures (Δх) are spent.

The order of performance of work

Interference in an air backlash. Strips of equal thickness.
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1. 
 To include the semi-conductor laser. Rotation adjusting screws to direct a beam of the laser on the center of an aperture in the screen.

2. 
 To establish a microobjective in a magnetic frame from a underside of the screen and its motions in cross-section directions to achieve the fullest illumination interference object.

3. 
 Small turn of screws 6 (see рис.2) to adjust thickness of a backlash between glass plastics in object. ATTENTION! Categorically it is forbidden to tighten screws since it can lead to occurrence having chopped off on пластинках.Rotation of the screw should be smooth without additional efforts in final position. For occurrence клиновидного a backlash it is necessary to attenuate 1 or 2 screws.

Interference the picture can be observed preliminary visually in reflected (under an angle 45-60º) or passing light from a desk lamp or other fixture (see рис.7а). More the fine control should be spent in a laser bunch, achieving reception of straight lines, as shown in fig. 7б, 7в. For orientation of strips along lines of a scale of a scale grid it is necessary to turn a frame with object around of an optical axis before the necessary position.

4. 
 To measure coordinates of maxima interference strips not less than three next orders. Coordinates it is necessary to measure with an exactitude not less ± 1 mm. Obtained given to bring in Table 1.

5. 
 For each pair to calculate the period of strips B′ij = 
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 and to average results. The gained average value to use for calculation of an angle of an air wedge under formulas (6) and (7).

                                                                       Table 1.

	 
	Linear coordinates of strips (mm) ie coordinates пс лос (mm)

	
	В1
	В2
	В3
	Вср

	1.
	
	
	
	

	2.
	
	
	
	

	3.
	
	
	
	

	4.
	
	
	
	


Experience of Young.

1. To achieve the precise image interference strips.

2. To lead a little (about five) measurements of breadth interference strips for each of pairs cracks. Obtained given to average. Given to bring in Table 2, where - 
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 the average value of breadth interference strips.

	Table 2.

	 
	Number of pair cracks of pair щеле1 i
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3. By results of measurements, knowing quantity L (it is equal to distance between the screen and photolithographic object) and length of a wave of radiation of the semi-conductor laser (=650 nanometers) to calculate distance between cracks under the formula:
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It will be gained on one value d for each pair cracks from group. The gained results to bring in Table 3.

	Table 3.

	Pairs cracks
	
	
	
	

	d (micron)
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	Fig. 7. Examples visually observable интерференционных strips (and - it is direct on object, and in - on the screen for various angles of a wedge).


5.4. 
The control of a degree of mastering of a material.

Control questions

1. 
 Explain the phenomenon of an interference of light?

2. 
 How the difference in phase of fluctuations is connected with an optical difference of a course of beams?

3. 
 Write down a condition of maxima and minima at an interference.

4. 
 What conditions define a coherence of waves?

5. 
 Describe the medical and biologic methods based on an interference of waves.

Representations for self-checking

1. 
 The Interference is observed at addition of such waves, at которых:.

The difference in phase accepts casual values;

Average value cos is equal to zero;

The difference in phase is constant in time;

Average value cos = const.

2. 
 What refers to as breadth интерференционной strips? Distance between:

The next maxima and minima;

The next maxima or minima;

Maximum of an order zero and the first minimum of intensity;

Among answers and, in is not present correct.

3. 
 How the breadth of strips in experience of Young will vary if simultaneously to reduce in 2 times distance between cracks and to increase in 2 times distance up to the screen?

Will not vary;

Will increase in 2 times;

Will increase in 4 times;

Will decrease in 4 times.

4. 
 On what of formulas the breadth Δx strips on the screen in experience of Young, if d - distance between coherent radiants, L - distance from radiants up to the screen, - length of a wave is defined? 

;
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5. 
 On a surface of steel at training there was окисная a film of dark blue color (length of a wave of 416 nanometers, n=1,6). Choose all possible values of thickness of a film if it is known that the interference is observed no more, than the second order, and the phase of a wave at reflection from metal varies on 180:

0,130 microns;

0,208 microns;

0,260 microns;

0,520 microns;

0,832 microns.

Laboratory work 43

Definition of the basic performances of a diffraction grating 

1. The purpose of work: research of the phenomenon of a diffraction of light, definition of the period, number of strokes on one millimetre, an angular dispersion and a resolving power of a diffraction grating.
2. A view of employment: laboratory research.

3. Duration: 3 academic hours (135 minutes)

4. The equipment: the gaffer lamp, collimator, a diffraction grating in a frame, a telescope.

5. The maintenance of employment: theoretical introduction; the description of installation; the control of an initial level of knowledge; self-maintained work of students; the control of a degree of mastering of a material over tests; summarizing of employment.

5.1. Theoretical introduction
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	fig.1


Diffraction grating - an optical instrument representing set of the big number parallel, equidistant from each other of narrow cracks (strokes) of the identical shape, put па any surface. The basic property of a diffraction grating - ability to display light falling on it in a spectrum on lengths of waves. Distinguish reflective and transparent diffraction gratings. At reflective strokes are put on mirror (as a rule, metal) a surface, supervision of a spectrum is conducted in reflected light. At transparent lattices strokes are put on a surface transparent (as a rule, glass) plates or are cut out in the form of narrow cracks in the opaque screen and supervision is conducted in passing light.
Let's consider an operation of a transparent diffraction grating. Let on a lattice normally to its surface the parallel bunch of white light (fig. 1) will fall. On cracks (strokes) of a lattice, commensurable with length of a wave of light, there is the phenomenon of diffraction certain as a deviation of waves from rectilinear distribution at their interaction with an obstacle. As a result behind a lattice beams will go under different angles to all the parties from each point of a crack. These beams can be grouped in bunches of beams parallel among themselves. We shall establish behind a lattice the plus lens. Each bunch of parallel beams will gather in a back focal plane of a lens in one point (a point A for beams, diffract under an angle φ a normal of a lattice). The lens collects parallel beams of other angles of diffraction in other points of a focal plane. In these points there will be an interference of the light waves proceeding from different cracks of a lattice. If the integer of lengths of waves of monochromatic light in a point of a meeting of beams there is a maximum of intensity of light for the given length of a wave keeps within differences of a course between corresponding beams, that is
Δ= kλ, k = 0, ±1, ±2, ….
From fig. 1 it is visible, that a difference of a course between two parallel beams leaving corresponding points of the next cracks, it is equal:
Δ= (a+b) sinφ = d sinφ,
Where and-width of a crack; b - breadth of an opaque gap between cracks.

Quantity d = a + b refers to as the period, or a stationary value, a diffraction grating. Hence, the condition of occurrence main интерференционных looks like maxima of a lattice:
d sinφ =Δ = kλ 

 (1)
In a focal plane of a lens for the beams which have not tested diffractions, it is observed the central white maximum of an order zero (φ= 0, k = 0), to the right and to the left from which color maxima (spectroscopic lines) the first, the second and the subsequent orders of an interference (see fig. 1) settle down. Intensity of maxima strongly decreases with growth of their order, that is with increase in an angle of diffraction.
The equation (1) allows to calculate the period of a diffraction grating d if the angle of diffraction corresponding a spectroscopic line for which its length of a wave and the order of a spectrum are known is measured.
Knowing the period of a lattice, it is easy to calculate number of the strokes put on one millimetre of breadth of a lattice:
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 (2)
One of the basic performances of a diffraction grating is its angular dispersion. The quantity defined by an increment of an angle of diffraction at change of length of a wave on unit refers to as an angular dispersion of a lattice,
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 (3)
The dispersion defines angular distance dφ directions of two spectroscopic lines differing on length of a wave on 1 nanometer (dλ = 1 nanometer), and characterizes a degree of prolixity of a spectrum near to the given length of a wave. The formula for calculation of an angular dispersion of a lattice can be gained at differentiation of the equation defining position of the main maxima d sinφ = kλ, whence
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 (4)
From this expression follows, that the angular dispersion of a lattice the is more, than the order of a spectrum is more. It expansion of a spectrum of one order at lattices with growth of the order speaks.
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	Fig. 2


For lattices with the different periods the breadth of a spectrum is more at a lattice with the smaller period. Usually within the limits of one order cosφ inappreciablly (especially for lattices with a small number of strokes on millimetre), therefore the dispersion within the limits of one order does not vary almost. A spectrum gained at a constant dispersion, will stretch in regular intervals in all area of lengths of waves, that favourably distinguishes a spectrum of a lattice from a spectrum given by a prism.

In a spectroscopy it is considered to be, that the optical instrument has resolved two lines of a spectrum if images of these lines in the spectrum gained by means of the given device, are visible separately. If images of two lines merge in one speak, that the device has not resolved them. The same lines of a spectrum can be resolved by one device and are not resolved by another. It is connected with breadth of maxima of intensity of these lines.
Under Rayleigh’s offer which confirmed and has been checked up by experience, it is considered to be a solution full when the maximum of intensity of one of lines coincides with a minimum another (fig. 2). If maxima settle down more close, than shown on рис.2, images of lines λ1 and λ2 merge in one - lines are not resolved. When maxima are carried further, lines are confidently resolved.
The resolving power (or) can be named resolving force ability of a lattice to allow to see separately on the screen in the field of λ lengths of waves of a wave Δλ lengths, excellent from each other on. The Resolving power is quantity dimensionless. Than it is more, the device is capable to resolve waves of a line especially close on length. By Rayleigh’s criterion the resolving power of a diffraction grating is defined by the order of a spectrum and full number of strokes of lattice N:
R = k N 

 (5)

The method based on diffraction of monochromatic X-rays on atoms of a crystal lattice, widely apply in the X-ray diffraction analysis of biological molecules and systems to an establishment of structure of substance. Appreciably by means of the X-ray diffraction analysis the structure of many macromolecules of the fibers which are a part of living tissues (collagen, миозин, hemoglobin, etc.) has been established.

At distribution of ultrasonic waves the phenomena of diffraction, an interference and reflection also are possible. Diffraction takes place when length of a ultrasonic wave сравнима (or more) with the sizes of an obstacle being on a way.

The holography - a method of record and restoration of the volumetric image, based on an interference and diffractions of waves allows to fix and reproduce fuller data on object in view of amplitudes and phases of the waves disseminated by a subject. (ultra-violet, infra-red and x-ray), it is possible to restore the hologram formed by invisible electromagnetic waves visible light. As conditions of reflection and absorption of electromagnetic waves by bodies depend, in particular, on length of a wave this feature of holography allows to use it as a method of intravision, or интроскопии. On the basis of helium-neon of the laser with use of fiber optics are developed гастроскопы which allow to shape holographically the volumetric image of an internal vacuity of a stomach.

5.2 Description of laboratory installation
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	Fig. 3


Installation is mounted on two composite warrants on which are fixed: a radiant of radiation a mercury lamp in a casing 1, collimator 2 types MГТ 2.5x17,5 on a rack and goniometric a little table 5 with a telescope 6 fixed on its alidade. On a casing of a lamp is available прорезь on which the crack is established. Investigated object (S (diffraction grating) it is fixed in a frame with the pasted magnets and is established on the warrant goniometric a little table. The reference of angles of turn of a little table is made on an angular scale with vernier a reference. Radiation from the mercury lamp, filling a crack, will be transformed by collimator to a parallel bunch which goes па a diffraction grating established on a little table of a goniometer. Radiation is observed visually by means of a telescope focused on "perpetuity" that allows to restore the image of a crack. The angle of a deviation of radiation is measured on отсчетной to a scale of a little table. Reference of the whole degrees to make on a scale limb against zero vernier. To these data it is necessary to add quantity of the tenth shares which have been removed on a scale the vernier-first division vernier, conterminous with any division of a scale limb.
The spectrum of radiation of a lamp contains the lines inherent in pairs of quicksilver and helium. Lengths of waves are resulted in the Appendix. Lines can visually be observed not all.
5.3 Self-maintained work of students:

Preparation for work

1. 
 Make external survey of units РМС - 5 and be convinced of their integrity, reliable fastening of fixing screws, integrity of connecting cables and sockets.

2. 
 Collect installation as shown in fig. 3. The rack with collimator should be exposed preliminary on a vertical at a level of the center of a crack and a little table of a goniometer so that the optical axis of a telescope was below an optical axis коллиматора on 10-15 mm. In installation the telescope with reverse motion of beams is used (peripheral sites of the first lens objectives work as actually a lens, and the central site has a mirror covering and works as an internal mirror. Therefore the working bundle of rays and, accordingly, investigated object should be established on 5-10 mm below an optical axis of a telescope). On a lamp the casing in which the target crack is established should be established. The lamp should be screwed so that the shone tube has been located opposite to a target crack.

3. 
 Check up and if necessary make focusing коллиматора a measuring pipe in following sequence:
· 
 Focus at the optical stand by means of an autocollimator a pipe on "perpetuity". At absence of an autocollimator it is possible to focus visually a pipe on the removed subject in a corridor or behind a window.

· 
 Establish an alidade of a goniometer coaxially with an optical axis коллиматора. Rotation of a focusing motion коллиматора achieve the sharp image of a crack.

· 
 Establish investigated object on a subject little table and check up presence дифрагировавшего or the rejected radiation.
The order of performance of work

1. To include a light source, to turn an eyepiece so that its optical axis coincided with an axis коллиматора. Thus in sight an eyepiece of a telescope there will be an image of an entrance crack коллиматора. Rotating an eyepiece it is necessary to achieve the sharp image of a crack. To establish the image of a crack in parallel отсчетной strings of an eyepiece turn of a pipe in an arm around of an optical axis, preliminary having attenuated tightening the screw.
2. On a subject little table to put a diffraction grating of perpendicularly axis коллиматора. Thus in sight an eyepiece a series of spectroscopic lines of the first, the second and the subsequent orders on both parties from the central white maximum (k = 0) will be observed. For definition of a required angle φ it is necessary to combine a vertical string in an eyepiece with the chosen spectroscopic line in a spectrum of the first order all over again to the right of a zero maximum. On limb and vernier to remove reference N1, (degrees - on limb, and the tenth shares of degree on vernier - the first concurrent risk vernier with mark of limb). Then, moving an eyepiece aside a white maximum and further to combine a string an eyepiece with a line of a spectrum of the first order to the left of a zero maximum. To remove reference N2. Hence, a required angle of diffraction φ= (N1-N2). An angle φ it is necessary to measure three times, to find average value φ and to calculate the period of a lattice under the formula resulted earlier. To deduce the formula of an error for the period of a lattice and to estimate its value according to the quantity. To fill table 1.
	Table 1

	 
	λ, nm
	k
	N1, degree.
	N2, degree.
	φ, degree.
	Sin φ
	d, mm
	Daverage, mm
	Δd, mm

	1.
	
	
	
	
	
	
	
	
	

	2.
	
	
	
	
	
	
	
	
	

	3.
	
	
	
	
	
	
	
	
	


2) Knowing the period of a lattice to calculate number of strokes on 1 mm of breadth of a lattice under the formula (2).

2. To make measurement of an angle of diffraction for other spectroscopic lines from recommended below under orders of the teacher. To calculate an angular dispersion of a lattice, knowing angles of diffraction on different spectroscopic lines (formulas 3, 4). To compare results of two ways of an evaluation and to draw conclusions. To fill table 2.

	Table 2

	 
	λ, nm
	Δλ, nm
	k
	d, mm
	N1, degree.
	N2, degree.
	φ, degree.
	Δφ, degree.
	cosφ 
	D1
	D2

	1.
	
	
	
	
	
	
	
	
	
	
	

	2.
	
	
	
	
	
	
	
	
	
	
	


2) To calculate a resolving power under the formula 5, to find full number of strokes of a lattice, knowing number of strokes on 1 mm and having measured breadth of the cut part of a lattice. To fill table 3.

	Table 3

	k
	n
	L
	N
	R

	
	
	
	
	


	Type of a lattice
	Lines recommended for experiment

	
	The order
	Colors of lines

	50 line ruling /mm
	k=1
	Violet - 407.8 nanometers, blue - 491.6 nanometers, green-546.0 nanometer, yellow - 579.0 nanometers, orange - 587.6 nanometers, red - 610.8 nanometers

	
	k=2
	Violet - 407.8 nanometers, blue - 491.6 nanometers, green-546.0 nanometer, orange - 587.6 nanometers, red - 610.8 nanometers

	
	k=3
	Violet - 407.8 nanometers, blue - 491.6 nanometers, green-546.0 nanometer

	100 line ruling /mm
	k=1
	Violet - 407.8 nanometers, blue - 491.6 nanometers, green-546.0 nanometer, yellow - 576.9 and 579.0 nanometers, orange - 587.6 nanometers, red - 610.8 nanometers

	
	k=2
	Violet - 407.8 nanometers, blue - 491.6 nanometers, green-546.0 nanometer, yellow - 576.9 and 579.0 nanometers, orange - 587.6 nanometers, red - 610.8 nanometers

	
	k=3
	Violet - 407.8 nanometers, blue - 491.6 nanometers, green-546.0 nanometer

	300 line ruling /mm
	k=1
	Violet - 407.8 nanometers, blue - 491.6 nanometers, green-546.0 nanometer, yellow - 576.9 and 579.0 nanometers, orange - 587.6 nanometers, red - 610.8 nanometers

	
	k=2
	Violet - 407.8 nanometers, blue - 491.6 nanometers, green-546.0 nanometer, yellow - 576.9 and 579.0 nanometers, orange - 587.6 nanometers

	
	k=3
	Violet - 407.8 nanometers, blue - 491.6 nanometers, green-546.0 nanometer, yellow - 579.0 nanometers


The note.

By virtue of design features of the lattices made on plane-parallel glass plastic in the holographic way the additional dim lines are observed, in particular at greater angles of diffraction. For measurements lines with the precise bright image get out. This effect is swept most up for two close located yellow lines - first two a deviation of the central maximum (k=0) observable lines with sharp borders are required.
5.4. The control of a degree of mastering of a material.

Control questions

1. 
 Explain the phenomenon of a diffraction of light?

2. 
 What is the diffraction grating and its views?

3. 
 Write down a condition of the main maxima for a diffraction grating.

4. 
 How the dispersion characterizes a resolving power?

5. 
 Describe the medical and biologic methods based on diffraction.

Representations for self-checking

1. 
 Supervision of diffraction is possible in the event that:

Light monochromatic;

The sizes of inhomogeneities are commensurable with length of a wave of light;

Light not monochromatic;

Light waves когерентны.

2. 
 Than quality of a diffraction grating as spectroscopic device is defined?

Dispersion;

Resolving power;

Dispersion and resolving power;

дисторсией.
3. 
 What line in a spectrum of the first order of a mercury lamp is visible under the least angle:

Violet;

Green;

1-st yellow;

2-nd yellow.

4. 
 What physical quantity will not vary, if on a diffraction grating to increase number of strokes by 1 sm:

Angle of diffraction;

The period of a lattice;

Length of a wave;

The maximal number of maxima.

5. 
 Choose the true statement.

At illumination by white light of a diffraction grating occurs …

Change of length of a light wave;

Decomposition of light in a spectrum for all maxima, except for central;

Change of frequency of light;

Change of an oscillation phase in all beams.

Laboratory work 44

Research of law of Malus and passages of polarized light through a phase plate

1. The purpose of employment

Check of Malus’s law and the analysis of the polarized light which has been last through a phase plate.

2. A view of employment: laboratory research.

3. Duration: 3 academic hours (135 minutes)

4. Equipment: the semi-conductor laser, the analyzer and a photodetector.

5. The maintenance of employment: theoretical introduction; the description of installation; the control of an initial level of knowledge; self-maintained work of students; the control of a degree of mastering of a material over tests; summarizing of employment.

5.1. Theoretical introduction

 From the electromagnetic theory of light follows, that the light wave is cross-section, that is three vectors: strength of electric field Е, strength of magnetic field Н and a wave vector 
[image: image77.wmf]С

 are mutually perpendicular. Light from usual radiants consists of set wave train, light vector Е which is focused in a cross-section plane by casual image, fluctuations of various directions are equiprobable. Such light refers to natural or not polarized. 
[image: image78.wmf]
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 - a vector showing a direction of a light beam of distribution.

Light in which directions of fluctuations of a light vector are ranked somehow, refers to polarized. Process of reception of polarized light refers to as polarization. If fluctuations of vector Е occur in one plane light is considered plane-polarized (or linearly polarized). Light in which there is a primary direction of fluctuations of vector Е, name partially polarized.

Plane in which the vector of strength of an electric field of a wave and a vector 
[image: image80.wmf]С

 lays, name a plane of fluctuations or a plane of polarization.

Polarization of light is observed at reflection, refraction and at passage of light through anisotropic substances. Any device serving for reception of polarized light (irrespective of the physical effects used at it), refers to as a polarizer. Visually polarized light cannot be distinguished from not polarized. Research of polarized light carry out by means of the same device named in this case by the analyzer.

Elliptic polarization of light

The polarized radiation of light has generally elliptic polarization. Thus orthogonal components of light vector Е for the chosen frame (axis Z is parallel to a direction of distribution of light) are described by expressions of a view:
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Addition of orthogonal fluctuations of a view (1) and (2) on plane XY gives a projective picture of an ellipse. Thus the shape of an ellipse is defined by parameters:
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 - A difference in phase, (3)

                                               
[image: image84.wmf]0

0

/

Y

X

E

E

tg

=

Y

 - The attitude of amplitudes. (4)

At 
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, equal to zero or 
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, the ellipse degenerates in a straight line and linearly polarized light is gained. At 
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 and equality of the amplitudes, put waves the ellipse turns to a circle - light polarized on a circle is gained.

Depending on a direction of rotation of vector Е distinguish the right and left elliptic polarization. If in relation to a direction of a beam vector Е rotates by a rule of the right screw, polarization refers to right, otherwise - left.

For the description of the shape of an ellipse often use other pair the parameters having more evident geometrical interpretation (рис.1):
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 - An azimuth of orientation of a semimajor axis of an ellipse in the chosen frame;
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 - An ellipticity - the attitude of semiaxes of an ellipse.

Communication between parameters 
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, 
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 and 
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, 
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 is set by formulas:
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	Fig. 1


Representation of an ellipse of polarization in two pairs parameters and parity between them have the important practical value. Directly measured parameters in the majority of metering circuits are quantities 
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 and 
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, for physical interpretation of results of measurements parameters 
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and 
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 (for example are often more convenient, at build-up of mathematical model of object with use of laws and formulas of Fresnel for processing results of measurements).

Law of Malus 
Let light on the way passes through a polarizer and the analyzer, and the angle between their planes of polarization makes 
[image: image103.wmf]j

 (рис.2). After a polarizer there will be light intensity 
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. According to Malus’s law after the analyzer we shall gain light which intensity is defined by expression
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It is easy to be convinced of validity of this expression, having recollected, that intensity is proportional to quadrate of amplitude.
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	Fig. 2


If partially polarized light to pass through the analyzer intensity I of last light will vary depending on position of a plane of a polarizer of the analyzer. It reaches the maximal value if the plane of polarization of the analyzer and a plane of primary fluctuations of partially polarized light coincide. If these planes are perpendicular each other intensity of light which has been last through the analyzer, will be minimal.

Passage plane-polarized  light through a crystal plate

At passage of light through transparent crystals the phenomenon of the double refraction, consisting that the beam which has fallen to a crystal is divided inside of a crystal into two beams - ordinary and unusual can be observed. Researches show, that besides other distinctions these beams are completely polarized in mutually perpendicular directions connected with figure axes of a crystal. An optical axis of a crystal name some allocated direction, concerning which property of a crystal possess a symmetry.

Let's consider the crystal plate which has been cut out along an optical axis. At falling ordinary and unusual beams are spread to such plate of linearly polarized light on one trajectory, but get a difference in phase caused by various values of exponents of refraction for an ordinary and unusual beam. If thickness of a plate is those, that at passage through it beams will get an optical difference of a course 
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 (m=0,1,2 …) the difference in phase for them will make 
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 and equality of amplitudes of electrical fluctuations in both beams polarization of light becomes circular (circular). Such plate refers to as a plate in a quarter of a wave (рис.3).
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	Fig. 3


Plate for which 
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, refers to as a plate in half-waves. It brings a difference in phase equal 
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, and last light in this case appears linearly polarized, but already in a plane which are distinct from initial.

5.2 Description of laboratory installation

	[image: image113.png]




	Fig. 4


The scheme of installation is resulted on рис.4. In the first part of work (at research of Malus’s law) installation includes the semi-conductor laser, the analyzer and a photodetector. In work the laser on which target diaphragm it is established дихроичный a film polarizer and, thus, target radiation is used is linearly polarized, its intensity corresponds to a designation 
[image: image114.wmf]0
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 in the formula for Malus’s law. The angle 
[image: image115.wmf]j

 varies rotation of the analyzer. Light which has been last through the analyzer by intensity gets on a photodetector (photo diode) connected to a multimeter. Indications of a multimeter are proportional to the light stream getting on the photo diode.

Indications should be removed from a multimeter in a mode of measurement of a current as the performance gained in this case is linear.

In the second part of work between the laser and the analyzer the phase plate from mica is located.

In figure appearance of the laboratory installation РМС1 is resulted, the similar optical scheme can be collected also in complete set РМС7.

5.3 Self-maintained work of students:

The order of performance of work

I. 
 Research of Malus’s law.

The order of performance of work:

1. 
 To establish a multimeter in a mode of measurement of current I, мА and rotation of the analyzer to establish position maximal пропускания. To expose on a multimeter a necessary limit of measurements at which there is no indication of an overload.

2. 
 To block a beam of the laser оптически an opaque material and to remove a reference black current of a photodetector
[image: image116.wmf]T
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. To establish the analyzer in the position corresponding 
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. To take readings of a multimeter in a mode of measurement of current I, мА. Then, turning the analyzer through 
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 to fill tab. 1 for I.

3. 
 To make the specified measurements twice (or greater number of times under orders of the teacher) and to calculate average values 
[image: image119.wmf]I

by results of measurements.

4. 
 To construct schedules of dependences 
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5. 
 To explain the gained results.

Table 1.

	Angle 
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II. Work with a phase plate.

1. 
 Rotation to establish the analyzer in such position completely to extinguish light getting on a photo detector.

2. 
 To place in front of the analyzer a phase plate.

3. 
 Rotating a plate about the axis to be convinced available such its four positions in which full clearing of light will be observed again. These positions correspond to orientation of one of figure axes of a plate of perpendicularly plane main пропускания the analyzer.

4. 
 Having chosen any of such positions to turn a plate on 
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 and to fix it in this position. In the specified case we gain, that the plane of polarization of falling radiation is focused under an angle 
[image: image125.wmf]0
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 to figure axes of a plate, and, thus, amplitudes of ordinary and unusual beams are identical.

5. 
 Rotating the analyzer to take readings from a multimeter of similarly first part of work and to fill table 2.

6. 
 To construct the schedule of dependence 
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7. 
 To find average values 
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[image: image128.wmf]max

I

.

8. 
 To calculate an ellipticity equal to the attitude of small and big semiaxes of an ellipse, it will be expressed as follows: 
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9. 
 At performance of a condition of orientation of axes of a phase plate under an angle 
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 to a plane of polarization of falling light (п.4) a difference in phase 
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 are connected among themselves by a simple parity: 
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as it has been described above, the ellipse degenerates in a straight line - the ellipticity addresses in a zero or perpetuity (or) 
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 and the ellipse turns to a circle.

10. 
 At known thickness of a plate from mica it is possible to calculate a difference of exponents of refraction of ordinary and unusual beams.

5.4. The control of a degree of mastering of a material.

Representations for self-checking

1. 
 What nature of light?

Radiation of the Sun;

Short-wave electromagnetic radiation;

Electromagnetic radiation with length from 380 up to 760 nanometers;

Radiation нагретых bodies;

2. 
 Formulate Malus’s law:

Intensity of light which has been last through a polarizer, is proportional to intensity of light falling on the analyzer and quadrate of a cosine of an angle between optical axes of a polarizer and the analyzer;

Intensity of light which has been last through the analyzer, is proportional to intensity of light falling on the analyzer and quadrate of a cosine of an angle between optical axes of a polarizer and the analyzer;

Intensity of light falling on a polarizer, is proportional to quadrate of intensity of the past through the analyzer of light and to a cosine of an angle between the analyzer and a polarizer.

Intensity of light which has been last through the analyzer, is proportional to quadrate of the intensity, light falling on the analyzer and a cosine of an angle between a polarizer and the analyzer.

3. 
 How it is possible to gain polarized light?

Passing through a triangular plate;

Using light filters;

Passing through the unloaded gases;

Passing through anisotropic crystals.

4. 
 On what velocity of light in substance depends?

    From an exponent of refraction of environment;

    From electrical and magnetic performances of environment;

    From density of environment;

    From capacity of a radiant of radiation of light.

    5. Linearly polarized light is gained at:

    Or 
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6. The plate refers to as a plate of a half wave, if:

;
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7. Circular polarization is gained at:

And 
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 equality of amplitudes;

And 
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And 
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   The test 2.

1. 
 Write down expression of Malus’s law:

; 
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2). Law Брюстера:
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3) Velocity of light is defined under the formula:
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Researches of absorption spectrums and transmission spectrum.

1. The purpose of employment: Check of Malus’s law of and the analysis of the polarized light which has been last through a phase plate.

2. A view of employment: laboratory research.

3. Duration: 3 academic hours (135 minutes)

4. Equipment: 

5. The maintenance of employment: theoretical introduction; the description of installation; the control of an initial level of knowledge; self-maintained work of students; the control of a degree of mastering of a material over tests; summarizing of employment.

5.1. Theoretical introduction


 Researches of a composition of substance and structure of molecules has special value for medicine, the most reliable methods of research of medical and biologic processes and diagnostic methods are based on definition of a composition and structure of molecules. One of the most modern methods of a solution of these problems are methods of a spectroscopy. Atoms and the molecules which are being stationary power states, do not radiate and do not absorb energy. Change of a state of atoms and molecules is connected with changes of energy of these systems. At transition of atoms and molecules from one state in another they in steps pass from one stationary state in other stationary state. Transition between stationary states is connected by absorption or emission of quantum of energy. If there is a transition from bottom in higher power state there is an absorption of quantum of energy. At return process emission. Energy of quantum is equal to a difference of energy initial En and final state Ек  
                                                                    h = Ek-En.

 Stationary states of atoms and molecules are a lot of therefore value of quantum hν varies over a wide range frequency of radiated or absorbed electromagnetic waves, hence, varies. Depending on frequency of electromagnetic fluctuations it is accepted to allocate a radiospectroscopy where frequency is within the limits of a radiorange infra-red (IR), waves lay in an infra-red range, a spectroscopy of visible area, etc.

 Spectrums of atoms and molecules are strictly individual, that is there are no two different molecules having identical spectrums. This property of spectrums enables to define a composition of molecules of substances. This метод is referred to as a qualitative spectrum analysis. Intensity of spectrums depends on quantity of atoms or molecules; hence, there is an opportunity to define quantitative parities of a composition of substance. Methods of an establishment of structure of molecules and changes of their structure, an electronic structure are more complicated at various processes. At a solution of medical and biologic problems most often there is a necessity to remove and analyze molecular spectrums.


 Molecular spectrums (emissions and absorption) arise at quantum transitions of molecules from one from one power level on another and consist of set more or less wide strips which represent closely located lines. Complexity of molecular spectrums in comparison with nuclear is caused by greater variety of motions and, hence, power transitions in a molecule.


 Frequency radiated or absorbed by a molecule is described by expression:
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Here one or two strokes concern, as it is accepted in a molecular spectrum analysis, to the top and bottom levels accordingly. It is necessary to mean, that ΔЕel>>ΔЕosc>>ΔЕrev. If ΔЕel =0 and  ΔЕosc = 0 but ΔЕrev ≠ 0 which small frequencies answer, they are observed in far infra-red area and especially in microwave. Length of a wave of the order 0,1 - 1 mm.

 If ΔЕel = 0, and ΔЕosc ≠0, usually simultaneously and ΔЕrev≠0, thus there is a vibration-rotation spectrum. It consists of the vibrational bands which are breaking up at a sufficient solution of the spectroscopic device on separate circumrotatory lines. Infra-red vibration-rotation spectrums observe in close infra-red area.


 At ΔЕel ≠0 usually simultaneously ΔЕosc ≠0 and ΔЕrev≠0. Are formed vibronic, to be exact - vibronic-rotationally-oscillatory spectrums which consist of various strips, and strips - closely located lines corresponding circumrotatory transitions.


 Vibronic-rotationally-oscillatory spectrums of emission and absorption observe in visible and ultra-violet areas.


 Very important performance of a spectrum analysis is that for work is enough to have quantity of substance nearby 10-8 - 10-9 gramme.

Absorption of light.


 Absorption (absorption) of light refers to the phenomenon of loss of energy of a light wave at its passage through substance owing to excitation of fluctuations of electrons of environment. This energy partially passes in internal or in energy of secondary radiation.

 Absorption of light in substance submits to law Bouguer & Lambert:

                                                               I = I0e-al
Where I, I0 - intensity of a flat monochromatic wave falling and the past through a layer of substance of radiation accordingly, - linear coefficient of absorption (показатль absorption) light the substance, depending on length of a wave (or frequencies) light, the chemical nature and a state of substance and independent of intensity of light, l - thickness of an absorbing layer.


 The coefficient α for different substances. For one-nuclear gases and pairs metals where atoms are located on the significant distances from each other, - 0 and only in narrow spectroscopic areas (10-12) sharp maxima (линейчатый an absorption spectrum) are observed. These areas of sharp absorption of atoms correspond to frequencies of own fluctuations of electrons inside of atoms.


 Fluctuations of atoms in molecules expand an absorption spectrum, forming absorption bands (nearby 10-10-10-7).


 The сoefficient of absorption for dielectrics is insignificant (the order of 10-3-10-7 m-1) because of absence mobile electrons, however in conditions of a resonance at the compelled fluctuations of electrons in atoms and atoms in molecules there is a continuous absorption spectrum.


 For metals value α is great (103-105 sm-1) as because of existence of mobile electrons light energy quickly passes in internal.


 The сoefficient of absorption α depends on wavelength the therefore absorbing substances are painted. For example, the glass poorly absorbing red beams both strongly absorbing dark blue and green beams, at illumination by white light will seem red, and at illumination by dark blue and green light - black because of the strong absorption. This phenomenon is used in light filters which depending on a chemical compound pass light only the certain lengths of waves. Thus, than it is more α for the given length of a wave, easing corresponding sites of an absorption spectrum especially will more distinctly be found out.

Spectral characteristics of glasses.


 The Spectral characteristic of glasses is characterized by numerical values of an exponent of absorption kλ or optical plane Dλ for different lengths of waves and spectroscopic curves of coefficient пропускания τλ, optical density Dλ and the logarithm of an optical density lgDλ.

 The Exponent of absorption of glass kλ for light in length of a wave λ is defined from expression:
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 Where τλ- coefficient пропускания glasses thickness l (mm) for monochromatic light in length of a wave λ.


 Optical density Dλ of mass of glass for monochromatic light in length of a wave λ is connected with an exponent of absorption kλ and transmission coefficient τλ a following parity:
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 At calculation of an optical density of a light filter it is necessary to consider, except for absorption of light, loss on reflection from two surfaces of glass and to enter the corresponding amendment.

 The transmittance τλ a light filter thickness l (mm) at perpendicular falling monochromatic light of the wave given lengths is equal:
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 Where p - coefficient of reflection.
Optical density D, a light filter for the given length of a wave is equal:
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 Where Dp - the amendment on reflection of light from two surfaces of glass.
The amendment on reflection is defined from expression:
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 Where the coefficient of reflection p is defined under the formula of Fresnel:
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 Usually coefficient of reflection p conditionally is accepted to a stationary value for glass of each mark the quantity depending only from an exponent of refraction of this glass in visible area of a spectrum nD. Actually the exponent of refraction is changeable and depends on length of a wave of passing light. Most considerably the exponent of refraction differs from nD in ultra-violet and infra-red areas of a spectrum. It brings an error in definition of coefficient of reflection and the amendment on reflection from surfaces of glass. The greatest this error will be when the working area of a light filter is outside a visible spectrum, and quantity of an exponent of absorption is small, т. е. сравнима with quantity of coefficient of reflection.
5.2 Description of laboratory installation


 Laboratory installation consists of following units:
· 
 Monochromator МУМ-01,
· 
 Unit of a light-emitting diode emitter, 
· 
 Flask clamp,
· 
 Photoreception unit,
· 
 The Block of processing of a signal,
· 
 The Multimeter.
In unit of an emitter the special light-emitting diode of white light radiating in a range 400 … 700 nanometer (distribution of a spectrum of radiation corresponds to schedules of signal U0 resulted in the appendix) is established. The unit of an emitter is fixed directly ahead of an entrance crack монохроматора on its case. Behind an entrance crack the objective formativing a parallel bunch, passing кюветное separating and getting on the photo diode of photoreception unit is established.

The function chart of the block of processing of a signal is resulted on fig. 1.
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Fig. 1. A function chart of laboratory installation.

For increase of a parity a signal/noise and elimination of influence of constant flares 

A feed of a light-emitting diode of an emitter is carried out by the modulated current frequency ~20 кHz, set by the generator Г The signal from the photo diode of photoreception unit amplifies preliminary amplifier ПУ and acts on an input of synchronous detector СД on which the signal of basic frequency from the generator a voltage Developed by the synchronous detector also moves amplifies and moves on an input of the measuring device (multimeter). Simultaneously this voltage acts on an input of the comparator To on which second input reference voltage U оп acts.. Quantity of a reference voltage corresponds to the top border of a dynamic range of a photoreception path (within the limits of this range linearity of the light performance of a path is kept). At excess by a measured signal of a level of a reference voltage the comparator includes light-emitting diode and sound indication. In this case by means of switch VK it is necessary to change (to reduce) a current through a light-emitting diode of an emitter that leads to corresponding reduction of capacity of a radiated light stream.

The optical scheme of installation is resulted in figure 2.
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Fig. 2. The optical scheme of laboratory installation.


 As dispersing and a focusing element in monochromator the concave diffraction grating with variable step of cutting and curvilinear strokes that enables considerably is used to compensate a defocusing and other aberrations. Radiation from a light-emitting diode 1 gets on an entrance crack 2 and by means of a mirror 3 gets on a diffraction grating 4. The Diffraction grating builds the image of an entrance crack 3 in a plane of a target crack of 6 Mirrors 3 and 5 carry out a break of an optical axis of system for more compact accommodation of elements in the case. Besides the mirror 3 can is deduced from a course of beams by means of the handle on the case монохроматора. In this case as an entrance crack the crack 10 (in the present work this mode is not used also a crack 10 is reserve) can be used. Behind a target crack 6 the optical system from lenses 7 which shapes the parallel bunch directed through кюветное separating with object established in it of research 8 on photo diode of 9 photoreception units is established. Scanning of a spectrum is carried out by turn of a lattice 5 around of an axis 0 on an angle φ within the limits of from φ0 =6054/ up to φк =28044/. The law of a motion of a lattice is provided with the sine mechanism in which for moving a basic surface the screw serves. The sine mechanism is connected by system of tooth gearings with a lattice the handle located on a face wall монохроматора, and the digital mechanical counter which has been built in in the case монохроматора by means of which the direct reference of lengths of waves with an exactitude ±0,2 nanometer is carried out. 

 The Basic spectral characteristics:

    Working range of lengths of waves монохроматора 290-800 nanometers.

    Working range of lengths of waves спектрофотометрического a path (radiator- monochromator -photodetector) of 370-700 nanometers.

    Quantities of a return linear dispersion - 3,2 nm/mm.


 Cracks at an output and an input монохроматора replaceable, constant breadth. For reception of greater spectroscopic cleanliness of allocated radiation at work in the field of a spectrum from 330 up to 660 nanometers entrance and target cracks are established in position I, and at work in the field of a spectrum from 200 up to 260 and from 730 up to 800 nanometers of a crack are established in position II, in areas from 260 up to 330 nanometers and from 660 up to 730 nanometers входная-in position I (II), and target in position II (I). In the present work the photoreception path works in a range of 370-670 nanometers, therefore entrance and target cracks can be left in position I.


 The Investigated sample place in a tube with a closed cover. As objects for research light filters from color optical glass are applied. Examples of transmission spectrums of filters are resulted in the appendix.


 Attention! Cited data have demonstration character. Real spectrums and curve Г0 can differ from resulted.

5.3 Self-maintained work of students:

                                                The order of performance of work.


 The Order of performance of measurements:
1. 
 Turn on the power supply and the voltmeter. Establish on a multimeter a limit of measurements 20 Century

2. 
 Establish entrance and target cracks 0, 25 mm in position I.

3. 
 Wait not less than 5 minutes for stabilization of a thermal mode of the receiver of radiation.

4. 
 Make calibration of optical system. For this purpose follows at an empty tube кюветного separatings to remove dependence of indications of a multimeter (U0) from length of a wave λ in a range of lengths of waves from 370 nanometers up to 830 nanometers with step of 5 nanometers. If necessary switch limits of measurement of a multimeter (20 V, 2 V, 200 мV).

5. 
 Place in a tube кюветного separatings serially applied light filters and remove corresponding dependences of indications of a multimeter (U1) from λ for each light filter in the same range of lengths of waves (the length of a wave is recommended to be established with the same step, as in item 4).

6. 
 Switch off the power supply and a multimeter.

· 
 If the voltage measured by the voltmeter make less than 0,1 In, it is recommended to establish cracks of greater breadth or to remove a crack before a radiant of radiation.

· 
 At greater light streams the overload of the receiver of radiation is possible. Thus the red blinking indicator of an overload joins and the sound signal is distributed. In this case it is recommended to reduce capacity of a radiant of radiation, having translated the switch on the block of processing of a signal in position 0.

· 
 The Receiver of radiation and the block of processing of a signal are sensitive to influence of the strong variable electr«magnetic field, therefore it is not recommended to have РМС nearby from radiotransferring devices (in particular, mobile phones)-it can cause errors in measurements.

7. 
 Construct schedules of dependence of coefficient пропускания a light filter of radiation from length of wave I (): 
                                                                  Т=U1/U0
8. 
 Draw corresponding conclusions, characterize color of the filter on the spectral characteristic gained for it.

As the additional representation it is offered to calculate and construct schedules of dependence of coefficient of absorption and an optical density from length of a wave. For simplification of calculations of loss on reflection on entrance and target sides of a light filter it is offered to accept equal ~3 % and not dependent on length of a wave. Thickness of a light filter to accept equal 2 mm.

5.4. The control of a degree of mastering of a material.

Representations for self-checking

1. 
 In a bottom of a spectrum analysis lays:


 A constancy of structure of a molecule;


 Stability of an electronic state;


 Individuality of spectrums of all molecules.

2. 
 The Quantitative spectrum analysis enables to define:


 A composition of complicated substances;


 Structures of molecules;


 Numerical value of a parity of the molecules which are a part of substance;


 A miscibility of different substances.

3. 
 The Qualitative spectrum analysis enables to define:


 Presence of those or other junctions in substance;


 Bioactivity of preparations;


 An electronic structure of molecules.
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