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Introduction 

 

Descriptions of the seven laboratory works on the section of the general 

physics – wave optics - are presented in the Methodological guidelines. The purpose 

and the tasks, the method of experiment and the description of the experimental 

installation, the order of the work performing and the table(s) for introduction of 

measurement results, control questions and the list of the used literature are 

specified in each laboratory work. 

Before performing of a laboratory work student need to be prepared for it. For 

this purpose it is necessary: 

 a) to understand a problem definition, i.e. to get acquainted with the 

purposes, contents and means of the forthcoming experiments;  

b) to find theoretical justification of those phenomena and processes, 

interrelations and regularities which are the cornerstone of an experiment;  

c) to make the plan of experiment;  

d) to prepare tables for introduction of results of measurements. 

During experiment performing students need to perform measurements of the 

corresponding physical quantities and results to enter in working tables. In them 

results of calculations of the required sizes and errors determined usually by 

Student's method register. In some works results of measurements have to be 

presented in the form of the schedules. In all cases it is necessary to analyses the 

received results and to formulate the corresponding conclusions on this laboratory 

work. 

  

OSP-1. Determination the radius of the lens curvature using the 

Newton's rings 

 

Aim of the work: to study the light interference phenomenon with the help 

of the Newton's rings. 
 

Objective: to identify the radius of curvature of the lens in the system for 

monitoring of the Newton's rings.  

 

Experimental method. 

Upon application of coherent light waves, the light flux redistribution in the 

space, resulting in some places there are maxima in the other - intensity minima. 

This phenomenon is called interference of waves. Interfere only coherent waves, i.e, 

such waves whose frequency is the same and the phase difference remains constant 

over time. 

Since all natural sources emit incoherent light wave interference occurs, a 

light wave dividing into two parts by means of optical systems, causing them to 

different optical paths to pass and then bringing them back together. If the path 

difference which must be less than the length of the train of waves is an integer 

number of wavelengths (or even number of half wavelengths), in the observation 

point, wherein these waves converge, there is a maximum light intensity. If the path 
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difference of an odd number of half wavelengths fit waves coming to the 

observation point in antiphase and therefore extinguish one another, i.e. have 

minimum intensity.  

The interference pattern in the form of alternating light and dark rings 

(Newton's rings) is observed when light is reflected from the air gap formed by a 

plane-parallel glass plate and in contact with her plano-convex lens with a large 

radius of curvature. Coherent waves are reflected at the interfaces of the lens-to-air-

gap glass plate, i.e., path difference arises on the thickness of the air gap (figure 

1.1). 

Using the minimum and maximum conditions, one can obtain radius of light 

and dark rings in reflection: 

                                ,mRrm       ,...,,m 210 ; 

                               ,Rmrm 









2

1
,...,,m 321                                     (1.1) 

Odd corresponds to the radius of dark rings, even - light. Value corresponds 

to, i.e., point of contact lenses and plates in which there is a minimum intensity due 

to a change in the phase of the reflection wave from the bottom plate. 

 
Figure 1.1 

 

When observing the interference pattern in transmitted light, dark and light 

rings are swapped. From (1.1) we can obtain a formula for the radius of curvature of 

the plano-convex lens mr  

  
  2Knm

rrrr
R nmnm




 ,                                           (1.2) 

where rm - the radius of the m dark ring;   

rn - radius of the n dark ring;   

K - the magnification factor of the optical system. 
 

Description of the experimental installation. 

The light from the light bulb placed in a cage with a red filter (RF), the 

system goes to P-L (glass plate - plano-convex lens) and passes through a 

converging lens (CL) on the screen (S), which is in the focus of CL. 
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Figure 1.2 

 

The work execution’s order. 

1. Turn on the light source and directing a monochromatic light with a lens 

with a 640, micron on the plate (P-L) to obtain an interference pattern on the 

screen. To obtain the correct form of the rings on the screen for certain angle to the 

incident rays. 

2. Imposing on the screen sheet of white paper, note the diameters of the dark 

rings (1-st, 2-nd, etc., preferably not less than 5-6 rings) held along the horizontal. 

3. Turn the system P-L on 180°, receive on-screen image 1 cm line attached 

to the back of the P-L, and mark on the sheet length of 1 cm, which allows to 

determine the magnification of the optical system K. 

4. Remove the sheet of paper. With conventional line measured d  diameters 

corresponding rings, and provide half the diameter of the radii. 

5. The results are recorded in table 1.1. 
 

T a b l e 1.1 

Number of ring n d, mm r, mm 

   
 

Processing of measurement results and their analysis. 

Combining pairs radii dark rings under the formula (1.2) determining the 

radius of curvature of the lens. In this case, in order to improve the accuracy of 

results, we recommend taking the ring with the most widely differing radii. 

From the obtained 5-6 values of R and the arithmetic mean is calculated by 

the method of Student absolute and relative error. The end result can be written as: 

RRR  , m. Analyze the data and draw conclusions. 

 

Control questions. 

1. What is the interference of light? 

2. Which waves are called coherent? 

3. Spatial and temporal coherence. 

4. The optical path difference of maximum and minimum conditions. 

5. The intensity of the resulting fluctuations in the interference. 

6. How to obtain Newton's rings? Specify the path difference. 
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7. Change the interference pattern when viewed Newton's rings in transmitted 

light. 

8. Why is the radius of curvature of the lens to be great? 

 

OSP-2. Determination of the laser radiation’s wavelength  

 

Aim of the work: studying the phenomenon of light diffraction by means of 

the diffraction grating.  

Objective: determination of laser radiation’s wavelength. 
 

Experiment methods. 

Light diffraction phenomenon called diffraction light waves of obstacles 

whose dimensions are comparable with the wavelength. The observed diffraction 

(and interference) pattern obtained as a result of redistribution of the luminous flux 

upon application of coherent waves. 

There are two types of diffraction. At Fraunhofer diffraction at an obstacle 

falling parallel rays (plane waves) with Fresnel diffraction - spherical waves. In a 

plane wave front of the wave, i.e, the locus of points oscillating in the same phase, 

is the plane in spherical - sphere. 

The calculation of the diffraction pattern is made using the Huygens-Fresnel 

principle, which records the amplitude and phase of the secondary coherent waves 

allows you to find the amplitude of the resulting wave at any point in space. In some 

cases, differing symmetry, a convenient and simple method of calculating the 

diffraction pattern is a Fresnel zone method. According to this method, the wave 

front is divided into equal area zones to which vibrations from the observation 

point, which is determined by the intensity comes in antiphase, since the difference 

of the distances from the viewpoint to the two neighboring zones is λ/2. Thus, if the 

wave front is laid an even number of Fresnel zones in the intensity of the 

observation point is a minimum, since variations in the point of observation and the 

adjacent areas of equal amplitude will due to their equal areas, but of opposite 

phase. When an odd number of Fresnel zones on the wave front at the observation 

point will be highs. In this paper, diffraction is observed using a diffraction grating, 

which is a system of a large number of identical width a slits separated by opaque 

portions width b. Period (constant) is defined as a sum c=a+b. 

Monochromatic plane wave is normally incident on the diffraction grating, 

for which it is installed parallel to the "collective" CL lens and into the focal plane P 

- screen S. 

Light passing through the slits is diffracted at different angles. On the S will 

be the addition of numerous bundles of rays arriving at different points of S with 

different phases (figure 2.1 shows only one observation point P is the diffraction 

angle φ), as a result there is interference. The picture on the screen S is an 

alternating highs (red spots) and minima (dark period).  
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         Figure 2.1 

The condition of the main maxima, which is the formula of the diffraction 

grating is of the form:  
 

 c·sinφ=kλ,                                                                 (2.1) 
 

where Δ= c·sinφ – is the optical path difference;  

k - order diffraction peak; k=0, ±1, ±2, … . 
Minimum condition for each slot, according to the method of Fresnel zones is 

written as: 

a·sinφ=kλ                                                                  (2.2) 

and it is the main condition for a minimum of  N slots. 

          

Figure 2.2 

Additional lows occur in antiphase addition to the observation point 

vibrations coming from the various slots, and satisfy the conditions: 
 

                                      
N

k
sinc

/
  ,                                                      (2.3) 

 

where k=1,2,...,2N-1,2N+1,…, or take all integral values, except 0, N, 2N…, 

those except those in which the condition (2.3) becomes (2.1). The number of 

additional minima equal 2N. 
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Solving the equation (2.1) with respect to wavelength, we obtain the basic 

working formula of this work: 

                                        
k

sinc 



                                                          (2.4) 

 

there are weak secondary maxima between the additional minima, of which 

between adjacent main peaks equal (N-2), they practically do not occur in the 

picture. 

Thus, the diffraction pattern will have a screen in the center of the main 

(central) maximum zero-order maximum intensity and on either side of him 

alternating dark intervals (minimum) and the maxima of the 1st, 2nd, etc. orders. 

The distance between adjacent main peaks and their intensity increases with the 

number of slots in the last N
2
 times the intensity produced in the direction φ one slit. 

Number watching k  the main peaks of the lattice period is determined by the ratio 

of the wavelength, k ≤ c/λ. 
 

Description of the experimental installation. 

The light source is a gas laser L, which is induced by radiation and highly 

coherent, monochromatic and highly directional. The laser beam passes through the 

diffraction grating and the DG gets on the screen S, giving a diffraction pattern as 

described earlier (figure 2.3).  

 

Figure 2.3 

Order of working. 

1. Set in the mandrel holder on the optical bench diffraction grating DG with 

the known constant (c=5.0·10
-5

 m). 

2. Include laser L and get on the screen S to the diffraction picture. 

3. Measure the distance between the center and one of the red spots (maxima) 

on the right, first the 1st, 2nd then etc. order. Then perform the same measurements 

on the left of the central peak and take averages. This will be the distance AkC 

between the peaks of game 0-th and k-th order. Knowing the CD (on line on an 
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optical bench), calculate sinφk  according to the formula sinφk = AkC /CD (where СD 

- the distance from the diffraction grating DG to the screen S). 
 

T a b l e 2.1 

№ 

experience 

The order of the 

spectrum k 

Distance 

СD 

Distance 

АКС 

 

sinφk 

 

  

      
 

Processing of measurement results and analysis. 

1. With the help of formula (2.4) to calculate the wavelength  . 

2. When one value CD you must take the three values AkC for different k, 

then repeat the measurement АkС, changing the length СD. Of the six values 

obtained are  . 

3. Calculate the absolute and relative measurement error at the Student 

method. The results of all measurements and computation recorded in the table.4. 

Give the final result in the form of:   , m. 

5. Analyze the data and draw conclusions. 

Control questions. 

1. The phenomenon of diffraction. Types of diffraction. 

2. Huygens-Fresnel principle. The method of Fresnel zones. 

3. The diffraction grating. Terms of highs and lows. 

4. The difference between the diffraction spectrum of the prism. 

5. Diffraction on one slit. 

6. Purpose and procedure of work.  

7. Why diffraction is not observed in large openings and large disks? 

8. Do different diffraction at the slit illuminated by monochromatic and white 

light? 

  

OSP -3. Studying light diffraction on a narrow crack 

 

Aim of the work: studying of the phenomenon of diffraction of 

monochromatic light on a narrow long crack and measurement of width of a narrow 

crack. 

Objective:  Determination of width of a narrow crack. 

 

Experiment method. 

A parallel beam (1) of monochromatic light incident normally on an opaque 

screen (2), which is cut by a narrow gap BC , has a constant width BCa   and length 

bl   (Fraunhofer diffraction) (figure 3.1). 

In accordance with the principle of Huygens-Fresnel each point of the wave 

surface in the plane of the slot, is a source of secondary spherical waves. These 

waves are coherent and can interfere with the application of forming a specific 

intensity distribution of light in space, called the diffraction pattern. 
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The observed diffraction pattern will be in the form of alternating light and 

dark spots (bands) corresponding to maximum and minimum intensity. The result of 

the interference depends on the difference between the phases of the oscillations 

excited in the given point of the waves coming from all secondary sources. The 

phase difference, in turn, depends on the diffraction angle φk light length λ and slit 

width a. 

 

Figure  3.1 

To determine the diffraction angle φk , corresponding to the maximum or 

minimum interference for a given wavelength   and slit width , it suffices to use 

the approximate method - the method of Fresnel zones. For this wave surface within 

the gap is necessary to divide the width on the Fresnel zone, having a form of 

parallel slit strips, the optical path difference from the edges to the points where the 

interference is λ/2. The path difference between the waves coming out from the slit 

edges is                              

Δ = a·sinφk.                                                  (3.1) 

The number of Fresnel zones fit into the slot, as well   


ka
m

sin2
 . All zones 

emit light in this direction the same way, the oscillations excited at kF  (Adverse 

focus) two adjacent zones are equal in amplitude and opposite in phase. Therefore, 

even if the number of zones, km 2 , where ,...,...,2,1 k the observed diffraction 

minimum (complete darkness). 

If an odd number of zones, 12  km , the maximum is observed, 

corresponding to the action of only one of the Fresnel zone. The most striking 

central peak is observed in the main focus of the lens 0kd . With the growth of 

k  the intensity of the peaks decreases rapidly, so the diffraction pattern can be 

seen, only a small number of highs (or lows), which is convenient to operate. From 

observing the minimum conditions that the width of the gap is equal to 
 

                                       
k

k
a





sin
 .                                                      (3.2) 

 

By virtue of smallness of the angles of diffraction can be taken (Figure 3.1) 
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L

d
tg k

kk  ~sin .                                                (3.3) 

Then the calculation formula for the width of the gap takes the form 

                                              
kd

kL
a


 ,                                                        (3.4) 

where  - длина волны лазерного излучения ( 750 nm); 

          L – distance from the collecting lens to the screen (in the L should be greater 

than 1 m); 

k - Order diffraction minimum (should be taken at a constant L 3-4 

minimum); 

kd - distance from the central maximum to a minimum order k. 

 

Description of the experimental setup. 

The equipment is assembled on the circuit shown in figure 3.2, consists of the 

following elements: 1 - light source - a gas laser; 2 - slit diffraction; 3 - flat screen. 

All optical elements are mounted in a special holder mandrels (raters) on the optical 

axis.  

                          

Figure 3.2 

Monochromatic light from a gas laser 1 passes through a diffraction slit 2 and 

hits the flat screen 3 and gives it a diffraction pattern. All measurements should be 

carried out in a darkened room.  

Order of working. 

1. Set the mandrel holder on the optical bench slit diffraction. 

2. Turn on the laser. The screen should turn a diffraction pattern, which is the 

alternation of periods of dark and red spots. 

3. Attach the screen sheet of white paper on which the resulting pattern is 

clearly visible, and note on the same horizontal level (hold on to a piece of paper a 

straight horizontal line on the red spots level) position mid-dark periods of the left 

and right of the central peak, followed by dividing by 2, can determine the value  . 

Usually you cannot use the provisions of the three - four minima, which is sufficient 

for the Student method for determining measurement uncertainty. 

4. Measure the distance L on the line scale, mounted on an optical bench. 

5. Repeat the previous measurements for the other values L and the results are 

listed in Table 3.1.  
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T a b l e 3.1 

№ 

experience 

The order 

of the 

spectrum k 

L kd  ksin  a 

      
 

Processing of measurement results and analysis. 

1. From the table to determine the value of the gap width according to the 

formula (3.4). 

2. Student's method to determine the average value of the slit width a , 

absolute ( a ) and relative ( % ) error. The final result is written in the form 

aaa  . 

3. To analyze the results and draw conclusions.  
 

Control questions. 

1. Nature of light. 

2. Diffraction of light. Types of diffraction. 

3. Fresnel principle Huygens-Fresnel zones. 

4. The diffraction grating, diffraction spectra. 

5. Terms of the main maxima and minima, additional minima. 

6. Diffraction on one slit. The difference between the diffraction spectrum of 

the prism. 

7. Do different diffraction at the slit illuminated by monochromatic and white 

light? 

          8. What the marginal gap width the intensity will be even observed lows?   

 

OSP-4. Research of diffraction of light on a reflective diffraction grating    

 

Aim of the work: research of diffraction of light on a reflective diffraction 

grating and determination of parameters of a diffraction lattice and spectral structure 

of radiation. 

Objective:  to define spectral structure of radiation of a mercury lamp; to 

define the period and angular dispersion of a diffraction grating. 

 

Theory of a method. 

Rectilinear propagation of light, which seems obvious, is easily explained by 

the theory of Newton (1704), the dominant physics of the XVIII century. According 

to this theory, light is a stream of special particles (light corpuscles), which in a 

homogeneous medium move uniformly in a straight line. 

However, experiments have shown that the law of rectilinear light is not 

universal. He is disturbed especially when light passes through a fairly narrow slits 

and holes, as well as the lighting of small opaque obstacles. In these cases, the 

screen set for opening or an obstacle, instead of clearly demarcated areas of light 
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and shadow system observed interference maxima and minima of the light 

conditions. However, even for the obstacles and openings with large dimensions, 

strictly speaking, there is no abrupt transition from light to shadow. Always there is 

some transition region, which can detect weak interference maxima and minima. 

The combination of these phenomena is due to the wave nature of light and is 

observed as it propagates in a medium with a pronounced optical inhomogeneity 

(e.g., when passing through the holes in the screen, near the boundaries of the 

opaque body, etc.) is called the diffraction of light. In a more narrow sense, the 

diffraction of light realizes bending of light oncoming obstacles, i.e. deviation from 

the laws of geometrical optics. 

In a more narrow sense, the diffraction of light realize bending of light 

diffraction occur if the size of the obstacles are commensurate with a wavelength in 

the range of several orders of magnitude. Diffraction is accompanied by the 

phenomenon of interference - coherent superposition of the diffracted waves on one 

another. As a result, in area diffracted waves can observe the alternation of maxima 

and minima of the light intensity, the so-called diffraction spectrum. 

Diffraction spectrum observed as unstained central maximum zero-order 

( 0k ) and on both sides of it - diffraction spectra of the 1st, 2nd, etc. ( ,...2,1k ) 

orders in which there is a set of lines from the blue-violet color of the inside edge to 

the red line at the outer edge. 

Diffraction spectrum may be obtained by means of diffraction gratings which 

allow study of the spectra of atoms and molecules in a wide range of wavelengths. 

In this paper we study the planar reflective diffraction grating - a set of a 

large number of narrow mirror strips width , separated by non-reflective stripes 

surface width а. Distance bad  , it is called between adjacent lattice constant 

period or (figure 4.1). 

The number of parallel strips (of the same profile), a right forming periodic 

structure, can reach up to 50 (300 to 40 mm length). Reflective gratings specially 

shaped grooves, such as below figure 4.1 allows to focus all radiation in the 

maximum of only one order. 

 

Figure 4.1 

Reflective diffraction grating light is decomposed into a spectrum, thereby 

used as a dispersing device in spectral instruments. They are manufactured as flat 

and concave gratings of various types of phase, amplitude, phase, etc. 
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Reflection gratings are more sophisticated dispersing devices than the prism 

grating and transparent material that has selective light absorption. In addition, on-

the reflectivity gratings have a large aperture.  

By virtue of these advantages, in modern spectroscopic instruments used 

primarily reflective diffraction grating. 

When a plane monochromatic wave at an angle on the grill, each element of 

its surface becomes a source of secondary diffracted waves, which will also be 

coherent and may interfere with one another. If the path of the waves to deliver a 

converging lens, the superposition of waves and consequently, their interference 

will occur in its focal plane, where depending on the difference between the 

oscillation phase, which came to a point from all element lattice will be observed 

maximum or minimum light. 
 

  

Figure 4.2  

 

To determine the maximum of all conditions select diffracted rays (figure 4.2) 

two parallel beams 1 and 2 are considered elements corresponding to each other of 

two adjacent grating bars, an angle  . The optical path difference of the rays is 

21  , where ,sin1 dAB  sin2 dCD  . 

Consequently, 

                                       sinsindCDAB 1 .                                  (4.1) 
 

From the interference theory of light is well known that the maximum 

illumination correspond phase difference of interfering vibrations k2  ,...2,1,0k , 

i.e, when the vibrations are in phase. This path difference is equal to the whole 

number of waves k . Therefore, the maximum condition is: 
 

                                              ,sinsin   kd                                        (4.2) 

where   - integer called the order of the spectrum;  

  - wavelength. 

If the incident light comprises various wavelengths, i.e. not monochromatic 

is, there will be in the expansion of its range since, according to (4.2), each 

wavelength   meet certain angles   diffraction maxima. 
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Diffraction angle   may have a plus sign (+) to the right of the normal, and 

(-) sign to the left of the normal. Therefore, in the formula (4.2) there is a sign (±). 

          In specular reflection wave direction   get the maximum of order zero 

 0k  for all the waves, which, superimposed on each other, give a bright light 

strip. From zero are high spectral lines corresponding to a maximum of 1-order, 

2nd, etc. Moreover, the line corresponding shorter wavelength (violet, blue) in each 

spectrum are closer to zero maximum. 

Reflective lattice characterized by parameters: grating period d, the angular 

dispersion D  and resolution R . 

The angular dispersion - is the attitude angle d  between the directions in the 

order of diffraction maxima k two monochromatic radiations (two spectral lines) 

with similar wavelengths 1  and 
2   to the difference between their wavelengths 

21  d . Differentiating expression  kd sin , we obtain for the angular 

dispersion 

                                                 





cosd

k

d

d
D  .                                                (4.3) 

Because the 
21, d , It is not essential for any of the wavelengths (

1 or 

2 ) the angle   defined in (4.3).  

The resolution of the grating determines the minimum difference in 

wavelength d  two radiation with wavelengths 1  and  112  dd x , peaks 

which are perceived separately. In this way, 
1  and 

2  correspond to two adjacent 

lines that are resolved (split) bars. The resolution of the grating is given by 
 

                                                  kN
d

R 



 ,                                                            (4.4) 

 

where N - the number of grooves of the grating.  

 

Fitting Description. 

Work is carried out on a goniometer - instrument designed for precise 

measurement of angles. The optical setup is shown in figure 4.3. Light from source 

1 (mercury lamp) illuminates the entrance slit of the collimator 2. From the 

collimator parallel beam is incident on the diffraction grating 3, placed on the stage 

of the goniometer. After reflection from the grating light enters the telescope 4, in 

the focal plane of the lens which forms a spectrum consisting of a series of lines. 

The appearance of the goniometer is shown in figure 4.4. Here 1 - 

microscopic screw that adjusts the width of the entrance slit of the collimator; 2 - 

the screw of the collimator is used to adjust the collimator in the parallel rays; Third 

adjustment screw to change the inclination of the collimator to the horizontal axis; 4 

- screws tilting; 5 - screw quotation telescope; 6 - its focusing knob; 7 - eyepiece 

tube; 8 - a magnifying glass, through which produce samples on the scale of the 

limb, inside the device; 9 - aliada; 10 - measuring indicator micrometer knob; 11 - 

the screw self-limb rotation.  
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Figure 4.3 

 

Figure 4.4 

Telescope is reinforced with a flexible arm - alidade 9, which can be rotated 

around a fixed axis passing through the center of the stage. Rotate the pipes is 

carried out by hand after the release of the locking screw 12. When the screw 12 can 

be fixed to produce a subtle movement of the pipe - screw 13. Lever 14 enables the 

movement of a joint or separate tube and limb. To share this lever movement should 

be lowered. The locking screw 15 serves to secure the device on the limb axis. In 

this case the screw 16 can be made thin limb movement. Locking screw 17 holds a 

table with a limb. Thus, the table can be rotated independently, together with the 

limb at a fixed telescope and finally, together with the limb and the tube. Limb 

goniometer equipped with a graduated scale (double strokes). Graduation 20'. 

Digitization of divisions made by each degree. Counting is done through a 
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magnifying glass 8. To do this, turn the knob 10 so that the upper and lower double 

strokes and limb in the left window of the field of view magnifier exactly semesters, 

as shown in figure 4.5. 

Then the number of degrees is still visible near the left from the vertical index 

of the top of the scale figure. The number of tens of minutes equal to the number of 

intervals enclosed between the upper double stroke corresponding counted number 

of degrees, and the bottom digitized double stroke, differing by 180°. The number 

of minutes is measured on a scale units in the right field box to the left of a series of 

numbers. The number of seconds - in the same window on the right row of numbers 

via a fixed horizontal index. The situation shown in figure 4.5 corresponds to a 

count of 195°46'53. 

 

Figure 4.5 

 

Order of work. 

1. Learn (scheme) with a goniometer device. In this task visual pipe and table 

should independently rotate around the axis of the instrument, and the limb is fixed 

to the axle. To do this, release the screws 12 and 17, the lever 14 to turn up and 

fasten the screw 15. 

2. Turn on the mercury lamp. Check the sharpness of the image slit and the 

crosshairs in the field of view of the telescope.  

3. Determine the straight-ahead position of the telescope and measure the 

angle    the propagation direction of the light beam from the lamp. For this 

purpose the holder and rotating the grating to achieve such a telescope their mutual 

position, at which the light beam slides along the grating surface and into the 

telescope. Combine the thread of the eyepiece of the telescope with the image of the 

slit collimator (in the form of a bright vertical bar) and make an angle of report 1 . 

4. Set the diffraction grating and the telescope in a position in which the angle 

of incidence of light on the grating is about 60 °, and the reflected beam passes 

through the telescope (figure 4.3). The telescope should be observed in a mirror 

image of the collimator slit. Combine the thread of the eyepiece tube with a mirror 

image of the slot and to measure the corresponding angle 2 . 
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5. Move the tube to the left, you should see the full range and determine the 

amount of the visible spectrum orders (in this work about two spectra observed). 

Each procedure begins with the most short-wave line (purple, blue), and ends the 

long-wavelength (red line). 

6. Measure the deflection angles  spectral lines of all visible orders. For this 

series combine the thread of the telescope with bright lines corresponding to light 

and to determine the appropriate angular positions   telescope on the scale (limb) 

of the goniometer. Simultaneously record the color of the line and order of the 

spectrum. 

7. Observations on p.3-6 spend 3 times the measurement results recorded in 

table 4.1.  
 

T a b l e 4.1 

The order of 

the spectrum k 

Count on the 

scale   

Color line The diffraction 

angle   

Wavelength   

     

 

8. Determine the average values for the angles 1 , 
2 , and  .  

9. Calculate the angle   of incidence on the grating 
 

2

21 



 . 

10. Calculate diffraction angles  .For all the observed spectral lines 

21    with the use of (4.2) to calculate the period d the diffraction grating 

2sinsin 






k
d . The calculations use the experimental data for the most striking 

lines and  1k . 

12. Calculate using the formula (4.2), mean values for all wavelengths 
 

k

d 2sinsin 



  of the observed spectral lines of the same order  k. 

13. Using (4.3), calculate the angular dispersion for the three spectral lines of 

different colors. 

 

Control question. 

1. When the interference of light occurs? 

2. The condition of the diffraction of light. 

3. The diffraction spectrum. 

4. The device goniometer. 

5. What is the difference of transparent grating on the reflection grating? 

6. What characterizes the angular dispersion and resolving power of the 

grating? 

7. Where gratings are used?  

8. Why grating decomposes white light into the spectrum?    
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OSP-5. Definition of dispersion of glass prisms by means of the 

goniometer  

 

Aim of the work: Research of dispersion of a glass prism.  

Tasks: determination of dependence of index of refraction of a prism on 

wavelength; 

- to calculate angular dispersion and resolution of a prism.  

 

Theory of a method. 

Dispersion of light is called the dependence of the refractive index n medium 

wavelength   depending on the light phase velocity   a light wave in the medium 

of its length  . Dispersion of light is represented as a function  fn   or   f , 

т.к. 
n

c
 , where c  - speed of light in vacuum. 

The dispersion of the substance is called a derivative n  by 



d

dn
, . For all 

transparent colorless substances with decreasing refractive index of the wave length 

increases, so that 0
d

dn
  negative and increases with a decrease in modulus  . If a 

substance absorbs some rays in the absorption region near the course of the 

dispersion detects an anomaly (anomalous dispersion 0
d

dn
).  

The dispersion, along with phenomena such as diffraction, interference, 

polarization, plays an important role in modern electron-optical systems, 

transmission and processing of information: in fiber-optic communication lines 

(FOCL) in integrated optics and spectral instruments, etc. For any transmission of 

important information systems have the following factors: the information capacity 

of the system, expressed in the number of channels of communication or data 

transfer rate; the attenuation of the transmitted power and bandwidth, resistance to 

environmental effects. The capacity of the communication system is proportional to 

the frequency used. Creating a laser was the basis for the development of optical 

systems of a large capacity, since oscillation frequency of the laser is in the range 

10
15

 Hz, which is  10
6
  times the frequency of the high frequency communication 

systems. Data are transmitted electromagnetic emitter in dielectric waveguides or 

fibers, as they are called because of the small transverse dimensions (core diameter 

ттd 51 ) and the method of preparation. 

The account the wave properties of light shows that all of the light rays within 

an angle of total internal reflection for the light guide only a limited number of 

discrete angles of rays may form directed waves which are also called waveguide 

modes. These beams are characterized in that after two successive reflections from a 

boundary "core-shell" waves should be in phase, if this condition is not met, then 

the waves interfere so that cancel each other out and disappear. Each mode has its 

distinctive structure of the electromagnetic field, phase and group velocities. 
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Depending on the number of the operating frequency propagating waves (modes) 

are divided into single-mode fibers ( ттd 51 ) and multimode.   

Consider the structure of an optical fiber through which information is 

transmitted in a modern fiber optic link. The simplest is a circular waveguide or 

rectangular dielectric rod, called the core, surrounded by a dielectric sheath. The 

refractive index of the core material 11 n , and the shell 22 n , 

where
1  and 

2 - relative dielectric constants. The relative permeability of the 

material is usually constant and is equal to unity.   

For transmission of electromagnetic radiation through an optical fiber is used 

well-known phenomenon of total internal reflection at the interface of two media, so 

it is necessary that the condition 
21 nn  . If the change in the refractive index n1 of 

the core occurs abruptly, the fiber is referred to as a step (figure 5.1). 

 

Figure 5.1 

 

Figure 5.2 

The fiber with gradual decrease of the refractive index n from the axis of the 

fiber to its envelope called gradient (figure 5.2). The figure 5.1 shows that the 

beams at angles of incidence at the end of the optical fiber cr  , undergo total 

internal reflection at the interface between the "core-shell", and therefore extend 
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along an axis substantially lossless. The remaining rays penetrate the shell. Value 

cr , according to Snell's law is given by     21

21

212

2

2

1sin   nncr
. 

The fiber gradient no reflection (figure 5.2), and bending beam occurs due to 

no uniformity of the optical medium (a change of refractive index in a direction 

perpendicular to the axis). 

The fibers of the dispersion in the transmission pulse signal after a certain 

distance impulses are expanding and there comes a time when neighboring pulses 

will overlap. Pulse Extension sets the limit speed of information transmission 

through an optical fiber with PCM. Bandwidth is determined by the type of fiber 

depends strongly on the refractive index profile of the dispersion material and 

material of the light guide. The variance is determined by three main factors: the 

properties of the fiber material, the waveguide dispersion (non-linear dependence of 

the propagation constant of the mode frequency) and modal dispersion caused by 

the difference in the group velocities propagating modes. 

Of the latter, the data should be: intermodal dispersion dominates stepped 

multimode fiber; in the single-mode fiber is not intermodal dispersion and 

dispersion as a whole is much smaller; gradient occurs in the optical fiber 

propagation time alignment of the various modes and defining a dispersion material 

which decreases with increasing wavelength. Thus, the dispersion of the most 

sharply manifested in multimode optical fibers with step refractive index profile. 

Glass prism dispersing system is: it decomposes the analyzed light in the 

range of wavelengths that are widely used in a variety of spectroscopic instruments. 

This property of the prism is because its refractive index n . It depends on the 

wavelength   light, and therefore light of various wave passing the prism is 

deflected at different angles, i.e. spatially separated (figure 5.3). 

 

                                  Figure 5.3                                            Figure 5.4 

To determine the relationship  n in the case of the prism is generally used a 

method based on the measurement of the angle of the smallest deviations. Let a 

beam of light with the length   falls at an angle 1i  on the face of the prism with the 

angle of refraction  (figure 5.4). As a result, the two refractions released from the 
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prism beam is deflected by an angle   with respect to the incident beam. Angle   it 

depends on the angle of incidence 
1i , refracting angle   prism, as well as the type 

of glass and the wavelength of light  . It can be shown that the symmetrical 

passage of light through the prism (
21 ii  in figure 5.4) the angle of deflection is 

minimal  max  .  In this case, the index of refraction  determined by the formula. 

 

                                     

2
sin

2
sin min



 

n  ,                                                  (5.1) 

 

where angle min  depends on  . Therefore, the definition of the index of 

refraction for each wavelength 
1  is reduced to measuring the corresponding angle 

of the smallest deviations. From (5.1) it follows that 

 

                                     








 d

d
n

d

dn






2
sin

2
sin1 22

.                                     (5.2) 

 

Prism as the spectral instrument is characterized by two main parameters: 

angular dispersion  D  and resolution R . 

The angular dispersion D  describes the ability of the instrument to separate 

spatially ray beams of different wavelengths. The angular dispersion is equal to: 
 

                                   









d

dn

n

D 









2
sin1

2
sin2

22

,                                   (5.3) 

 

where  - the difference in deflection angles of the light beams with 

wavelengths close 1 and 2 , 21    the difference of their wavelengths. 

         Resolution describes the device's ability to separate (resolve) the spectral 

lines, is little different wavelength. It is         

                             

                                             






R  ,                                                 (5.4) 

 

 where   - the wavelength of the spectral lines, which produce about 

measurement; 

 - the smallest difference between the wavelengths of the two lines is still 

permitted. 

Theoretically it determined that the prism resolving power due to diffraction 

of light is limited to 
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d

dn
bR 


 ,                                                        (5.5) 

 

where b  - the base of the prism, along which the light propagates. 

 

Fitting Description. 

Work is carried out on a goniometer - instrument designed for precise 

measurement of angles. The optical setup is shown in figure 5.5. 

The experimental setup consists of a light source 1 (mercury lamp), 

goniometer 3 (top view) and a glass prism 4. The goniometer consists of three main 

parts: the collimator 2, the stage W, the telescope 5. The light from the lamp 1 

illuminates the collimator slit 2 from the collimator lens parallel light beam is 

incident on the prism 4, placed on the stage of the goniometer, and decomposes on 

the spectrum, which is observed by a telescope. The telescope can be rotated about 

a vertical axis goniometer. The spectrum is observed through the eyepiece tube in 

the focal plane of the lens tube. 

 

 
Figure 5.5 

 

Order of work . 

1. In this task, the telescope and the table should independently rotate around 

the axis of the instrument, and the limb is secured with a goniometer axis. To do 

this, release the screws 12 and 17, the lever 14 to turn up and fasten the screw 15 

(see. Lab. OSP-4). Turn the telescope eyepiece ring to achieve a sharp image the 

reticule in the eyepiece.  

Turn on the mercury lamp. Turn the dial backlight toggle switch to "On", set 

the tube goniometer so that the clearly observed entrance slit collimator. Make sure 

that the reading on the scale of the limb did not go beyond the range of angles from 

90 ° to 270 °. Measure the 0 position of the telescope in which the slit image (white 

luminous narrow line) is aligned with the vertical scale of the eyepiece line meaning 

min  bring to the table 5.1. 

2. Fit the goniometer the prism table as shown in figure 5.5 and put the light 

into its spectral components. Turn the hand telescope to view the entire spectrum - 

from red to purple line. 
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T a b l e 5.1 

№    
i , (нм) 

 

i  imin  in  D  


R  

  Bright-red (right side 

of the three friends) 

640,2      

  Orange 612,3      

  Yellow 579,1      

  Yellow 576,9      

  Dark green 546,1      

  Blue 491,6      

  Indigo blue 435,8      

  Purple 407,8      

  Purple 404,7      

 

3. Set the prism table, turning to one of the spectral lines in the position of 

least deviation as follows: observing through the telescope, for example, over the 

blue line, turn table with a prism so that the line is not shifted to the position of the 

deflected beam. At a certain position of the prism in line sight begins to move in the 

opposite direction. The position of the prism corresponding to the time of stopping 

the movement of the spectral line, is the position of the smallest deviations. Fix the 

table with a prism in this position. For each spectral line to measure the angle  i , 

their respective positions then their angle of least deviation: i min . 

4. Calculate values of the refractive indices of the prism glass (up to 4 

decimal places) for each spectral line from the formula (5.1). In this paper, 

refracting prism angle 045 . 

5. Plotted  n . 

6. According to the dispersion curve  n , using formulas 5.3 and 5.5, 

calculate the angular dispersion D  and resolution 


R  instrument. 

7. To analyze the results and draw conclusions. 
 

Control questions. 

1. When an anomalous dispersion? 

2. What determines the angular dispersion and resolving power of the prism? 

3. How to set the prism at minimum deviation of the wavelength? 

          4. How is the reading on the scale of the goniometer? 

5. Why is a rainbow appears in the sky after the rain? 

6. How is the transmission of electromagnetic radiation in an optical fiber? 

7. What is the difference single mode and multimode fibers? 

8. Influence of the dispersion of light in the fiber optics.  
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OSP-6. Verification of the Malus law 

 

Aim of the work: studying of the phenomenon polarization of light. 

Task: verification of the law of Malus. 

 

Experiment methods. 

The light beam, which is a transverse electromagnetic wave, vector vibrations 


E . They occur in all sorts of directions perpendicular to the beam. These rays 

coming for example from the sun, incandescent lamps, very hot body, are called 

natural light (figure 6.1a). 

Called polarized light in which the light direction vector vibrations arranged 

in any way. There are plane-polarized (or linearly polarized) light; light polarized 

along a circle or an ellipse (respectively b, c and d in figure 6.1, where the light 

propagates perpendicularly to the plane of the figure). In the latter two cases, the 

light vector 


E  it can be rotated either clockwise, or - against. 

 

Figure 6.1 

Plane-polarized light can be obtained from natural using a polarizer. At the 

exit of the polarizer obtained imperfect light in which fluctuations in one direction 

prevail over the fluctuations of other areas. Such light is called - is partially 

polarized (figure 6.1 i). 

To characterize the magnitude of polarization is introduced 
 

                          
minmax

minmax

JJ

JJ
P




                                                 (6.1) 

called the degree of polarization. maxJ  and minJ - respectively the maximum and 

minimum intensity of the light transmitted through the polarizer is obtained by 

rotating the polarizer. For instance, for plane-polarized light 0min J  and 1P , 

and for natural light 0min J  and 0P . 

If the polarizer plane-polarized light falls with an amplitude 0A  (intensity 
2

00 ~ AJ ), pass through the device component of the vibrations with amplitudes  

cos0AA  , where   - the angle between the plane of oscillation of the incident 
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light and the plane of the polarizer. Consequently, the transmitted light intensity 

J  defined by the expression, dubbed the Malus law:  

                              

                                      2

0 cosJJ  .                                                      (6.2) 
 

When light is reflected from the boundary of the two media can change the 

character of the polarization. If the angle of incidence of light on the boundary 

different from 0, the reflected and refracted rays are partially polarized, the reflected 

beam is dominated by oscillations perpendicular to the plane of incidence, and 

refracted - parallel to the plane of incidence. When the angle of incidence
Br , called 

the Brewster angle and satisfies 
 

                                          ntg Br  ,                                                       (6.3) 
 

where n  - the relative refractive index, the reflected beam will be completely 

plane-containing light vector vibrations 



E  in a plane perpendicular to the plane of 

incidence. If it falls on the border of plane-polarized (with vector vibrations 



E  1 in 

the plane of incidence) light, while Br   the reflected beam is not at all. 

The consequence of the law of Brewster (6.3) is the fact that ( 090  Br , 

where  - the angle of refraction). Brewster's law is satisfied only by reflection from 

the boundary of two dielectrics, upon reflection from the surface of the metal is 

obtained elliptically polarized light. 

When light passes through transparent crystals except belonging to the cubic 

system is observed birefringence phenomenon due to the anisotropy of the crystal. 

Exiting the crystal (ordinary and extraordinary) rays are completely polarized in 

mutually perpendicular directions (plane-polarized). 

 

Description of the experimental setup. 

The experimental setup consists of a light source of the S, the two polarizers 

P and A, the PC photocell with a galvanometer G (A - a second polarizer which 

serves for the analysis of polarized light, called the analyzer). 

Going from the source S light after the polarizer P becomes a plane-polarized. 

A analyzer transmits only those oscillations which plane coincides with the plane of 

polarization of the polarizer. When they coincide, i. e. , A plane P and the light 

intensity is maximum in the case of perpendicular (crossed P and A) of the 

transmitted light intensity is zero. In other cases, the intensity of the light falling on 

the PC measured by the galvanometer G, will take intermediate values. The 

measurements should be carried out in a darkened room. 
 

Order of work 

1. Turn on the galvanometer G in the PC chain, set its arrow at zero. 

2. Turn on the light source. 
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Figure 6.2 
 

 

3. Turn the analyzer A maximize the galvanometer within its scale. Turn the 

analyzer 90° limb, make sure to zero the galvanometer. If crossed P and A is 

impossible to obtain a zero reading, this "background" value, due to hit on the PC 

side of light in the room should be subtracted from the measured values of the 

current in the PC chain. 

4. Measurements should start with the angle values 
2


  , 2cos , in which 

the galvanometer is zero (or minimum). Turn 10° analyzer, record the 

galvanometer. Measurements were carried out up to 360° every 10°. All data is  

recorded  in table 6.1.  

 

T a b l e 6.1 

№ experience   cos  2cos  i  

     
           

Processing of measurement results and analysis. 

1.     According to the table need to plot the strength of the photocurrent i , 

proportional to the intensity J  of the transmitted light, the square of the cosine of 

the angle  . According to the law of Malus schedule depending on which is a 

straight type  xfy  , where Jy   and 2cosx . When processing according to 

the least squares method is used (see. Appendix A). 

2. To analyze the results and draw conclusions.   
 

Control questions. 

1. Natural and polarized light. 

2. Types and degree of polarization. 

3. The Law of Malus. 

4. Brewster's law and its explanation. 

5. The phenomenon of double refraction. 

6. The optically active compound. 

7. The method of least squares.  

8. Whether it is possible for the polarization of longitudinal waves? Why? 
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OSP-7. Determination of sugar concentration in solution on a 

polarization plane angle of rotation 
 

Aim of the work: acquaintance with the phenomenon of optical activity, and 

also use of this phenomenon for determination of concentration of sugar in solution. 

Main objective: determination of concentration of sugar in solution Soleyl's 

polarimetry. 
 

Experiment methods. 
 

When plane-polarized light passes through certain substances found that the 

plane in which the electric vector oscillates (electric field intensity


E ), gradually 

turns. We say that rotates the plane of polarization. Such optically active substances 

are called, in particular, optically active substances are crystal quartz, sugar, sugar 

solution in water, turpentine, plastic, etc. 

In solution, the angle of rotation   the plane of polarization is proportional to 

the thickness of the solution layer  and the concentration of active substance C : 

aCL , 

where a  - constant specific rotation (rotational angle per unit length at a 

concentration equal to unity). 

This value depends on the nature of the substance, temperature and 

wavelength of light, i.e. it has a variance. 

The optical activity of the substance is determined by the asymmetric 

structure of molecules (for active liquids) or asymmetric structure of crystals (in the 

case of active crystalline solids). For most of these crystals were found two 

versions, by rotating the plane of polarization clockwise or anti (when viewed 

against the beam). The first modification is called positive ( 0 ) or dextrorotatory, 

the second - negative ( 0 ) or levorotatory. These modifications are mirror images 

of each other. 
 

Fitting Description. 

The paper used penumbral polarimetry, which consists of the polarizer P and 

the analyzer A. In turn, n is; two polarized prisms, large P and placed her little p: 

The main section of the prisms, and therefore the respective light-plane oscillations 

are between a small angle. Light from the source of the S, passing through the filter 

F (working with penumbral polarimetry must be monochromatic light) passes 

through R. 

Part of the light polarized in a particular plane, then passes into H sugar 

metric tube filled with an optically active compound, and then the analyzer A. The 

other part, before you get into the tube, passes through the district, so that its plane 

of polarization will change somewhat. Thus, if A is set to a complete blackout of the 

light beams, the other beam it is partly omitted. The field of view, limited aperture, 

divided thereof into two halves. 
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Figure 7.1 

  

The analyzer is set to equal A golf coverage in the absence of torque 

substance in the tube H, and then - after filling tube substance subverted. This 

oscillation plane divided vector in bundles, covering both halves of view, turn on 

the corner  . On the same angle have to turn the A with a screw. Counts angles 

produced by the eyepiece venire 
2L . 

 

Order of work. 

1. Turn on the light source. 

2. Tilt the housing wall and make sure the tube is not a solution. 

3. Ocular 2L  set so as to clearly see the section line of the field of view. 

4. Bring the analyzer A, rotating the screw, the zero position in which the two 

halves of the same field are obscured. Taking a reading on vernier, turn slightly to 

the side A, and once again bring it to zero, make new countdown. Repeat this at 

least 3 times, after which the average is zero position A ( 0 ). 

5.     By placing the tube body with a sugar solution of known concentration, 

turn And so, again, to get darken equality of both halves of the field. Repeat this 

several times and, each time assigning A to side and bringing it back to the zero 

position. Taking the average of the samples produced, we get the angle 
1

1 , at which 

the polarization plane has been rotated a known concentration of the sugar solution. 

6. The same measurements as in claim 5, produced with two tubes with a 

known concentration of the sugar solution. 

7. Finally take the receiver with a solution of unknown concentration of sugar 

and making similar measurements, determine the 1

1 . 

The measurement results are entered into the table 7.1. 

 

Processing of measurement results. 

1. According to the known values ,,, 321   where, 0

1

1   , concentrations 

C  and plotted  fC   and determining the unknown concentration thereon sugar 

in solution. All results tabulated 7.1. 
 

T a b l e 7.1 

Number tube 

and expertise 

The zero 

position А, 0  

Rotation angle 

value 1

1  

Corrected value 

of the rotation 

angles,   

Concentration 

C 
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Control questions. 

1. Device penumbral polarimetry. 

2. Polarized light, types of polarization. 

3. The birefringence. Ordinary and extraordinary rays. 

4. The rotation of the polarization plane. 

5. Why is it necessary to use a filter?  

6. Which substances are called optically active? 

7. How different the optical activity of the birefringence? 

8. How you can practically plane-polarized light to distinguish from the 

natural? 

 

OSP-8. Measurement wavelength of laser radiation with a Michelson 

interferometer  
 

Aim of the work: study of interference phenomenon.  

Main objective:  

- acquaintance with the Michelson interferometer; 

- determination of wavelength of laser radiation. 
 

Brief background. 

The phenomenon of interference of light is in the mutual strengthening of the 

light waves in certain points of space and weakening - in others when they overlap. 

A necessary condition for the interference of waves is their coherence. 

Coherence - a consistent flow in time and space of several oscillatory or wave 

processes. 

This condition is satisfied strictly monochromatic waves of a certain 

frequency and a constant amplitude. Real power does not strictly monochromatic 

light, as emission of individual atoms are not in harmony with each other, the 

phases of the waves are shifted by the random variables. Therefore, for a stable 

interference pattern required consistency over time and wave length. 

Consistency, consisting in that the phase difference of the two oscillations 

remains constant over time in a given point in space, called temporal coherence. 

The time during which the initial phase due to random changes will take on a value 

other than the initial value, called the coherence time. 

Consistency, consisting in that the phase difference remains constant 

oscillation at different points of the wave surface, called spatial coherence. The 

distance at which the phase difference values are achievable, called the coherence 

length. 

Outside the coherence time and the coherence length of the wave oscillations 

are generated not coherent. 

Consequently, the necessary condition for the interference waves are equal 

frequency and a constant phase difference in time (wave coherence). Coherent light 

waves to create using conventional light sources only one way - "cleavage" of the 

same light wave into two and then connecting them. 
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Upon application of light waves and the superposition principle is valid at 

each point of the resultant force
21 EEE


 . If the vectors 
1E


and 
2E


vary along a 

single direction, it is possible to apply the method of vector diagrams. The intensity 

of the resulting wave 
 

 122121 cos2   IIIII .     (8.1) 
 

At the points of space where   0  cos 12   the intensity 21  III   

(maximum), where   0  cos 12   the intensity of the 21  III   (minimum). 

The phase difference between the oscillations at the point of observation of 

the interference pattern 
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Where 21,SS  - the path traversed by two coherent waves from the point of 

separation to the observation point of the interference pattern; 

1  and 2  - the phase velocities of the waves in respective media with 

refractive indices 
1n  and 

2n ; 

λ0  - vacuum wavelength.  

The product of the geometric path length S of the light wave in the refractive 

index of the medium is called the optical path L length, and Δ= L2- L1 - the optical 

path difference. 

The phase difference  and the optical path length related by 
 







2

0 .       (8.3) 

 

Based on the expression (7.5), we can obtain conditions maxima and minima 

of the intensity of the resulting oscillation: 
 

maxI  when  m2 , where ,...2,1,0m ; 

and  0

0

2
2 


km  ; 

minI when  )12(  m , where ,...2,1,0m ; 

and  
2

)12( 0 m . 

 

When applying the light oscillation, they reinforce each other at the points 

where the optical path difference is equal to an even number of half or whole 

number of waves and relax at the points where the optical path difference is an odd 

number of half wavelengths. 
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Fitting Description. 

In the Michelson interferometer light beam is split into two beams of equal 

intensity, which are then re-combined at the interferometer output. The difference of 

the optical paths of the two beams can be varied by many wavelengths 

simultaneously monitoring the interference pattern. 

The change of the optical path can be read in the interferometer and to 

determine the wavelength of monochromatic light used. 

When used as a lamp source with a broad spectrum and the corresponding 

interferometer filters can be used to determine the coherent (coherence) beams. 

Furthermore, it is possible to determine the refractive index of certain liquids, air, 

and other gases. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8.1 

 

Michelson apparatus based on a carrier (figure 8.2) includes two flat mirrors 

S1 and S2, which are perpendicular to each other. The mirror S1 is in a fixed 

position, but can be rotated around two perpendicular axes relative to each other by 

means of adjusting screws on the back side. Mirror S2 is movable in a direction 

perpendicular to its surface using a micrometer scale 10 times decrease. One 

division corresponds to the displacement of the micrometer screw mirror 1 micron. 

Partially silvered mirror S3 is at the intersection of the normals to both mirrors. It 

serves to separate the incident beam into two equal parts.  

Holder between S1 and S2 mirrors is to place the measuring cell (cell) for the 

test gas. Supplied screws can be inserted into a threaded hole in the bottom of the 

support base. 

In the application of the laser is preferable to set the lens focal length (f = 20 

mm) halfway between the laser interferometer and to obtain a broader laser beam. 
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However, before it is necessary to 

adjust the device without the lens. 

The laser beam should fall on a 

partially silvered (translucent) a mirror 

at an angle of 45 °. Both are separated 

by the beam should fall on the screen, 

perpendicularly to the incident beam. 

Use the adjusting screw so that the 

beams are precisely matched to each 

other (as reflected in two further beam 

of lower intensity, resulting  reflection  

from  the  back surface  of the  mirror, 

do  not  exert any  influence on the  

measurement).                                                                            Figure 8.2 

 

Next, put the lens for expanding the beam to the right place. As a rule, a 

striped interference pattern                 

is obtained by non-parallel installation of two mirrors. Conduct a thorough 

adjustment by means of appropriate screws for the interference pattern in the form 

of concentric rings. 

For the interferometer characteristic such adjustment with micrometer screws, 

in which way split beams are identical. 

Since the speed of light and the wavelength is also dependent on the 

environment in which it extends, a Michelson interferometer can be used with 

accessories for determining the refractive index of air and other gases and liquids 

(e.g., alcohol). 
 

Experiment methods. 

When the distance between the two light beams in 2d (figure 8.3). Imagine 

that here one mirror is turned towards the other) separated beams have a phase 

difference 
 

                                    



 cos2

2
 d .                                                        (8.4) 

 

Since both separated by the beam have the same amplitude as well, we get the 

following intensity distribution: 
 

                           
2

cos4 22 
 aI .                                                    (8.5) 

The maximum occurs at δ, a multiple of 2π. 

Then we get: 

                                   ,...2,1;cos2  mmd                                     (8.6) 

ring pictures are presented at fixed m and d, as θ = const. 
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Figure 8.3 

 

When S2 mirror position is changed so that d increases then according to (3), 

the diameter of the ring increases as m is constant for this ring. Therefore, the ring 

disappears whenever d is increased by λ / 2. 

To determine the wavelength of the light is best to start with an interference 

pattern with a dark spot in the middle. Then, when the mirror moves a distance d S2 

observed dark areas n, and the wavelength determined by the formula: 
 

                                            λ = 2d / n.                                                        (8.7) 
 

The direction in which the turning mechanism of displacement, should not 

change the time of measurement, otherwise an error occurs that causes a fatal 

backlash micrometer. If the recommended maximum value of n = 200 possible 

installation error is equal to: 
 

                       Δd ≤ (d/n) mit n = 200 Δd /d ≤ 0,005.     (8.8) 

 

Thus, determination of λ can be done with a relative error of 0.5%. 

 

Order of work. 

Since the adjustment and preparation for the work of the laboratory facility, 

which is a costly modern equipment, is a fairly time-consuming and costly 

operation time, this part of the work implements by an engineer before the lab work. 

1. When the laser source on the screen (figure 2, Screen) observed 

interference pattern in the form of alternating light and dark rings. Slight 

micrometer screw clockwise to achieve the establishment of the center of a dark 

area. For this, the value of n - dark spot number in the formula (4), to take zero. 

Measure the drum micrometer value N0, corresponding to the initial (zero), the dark 

spot. These data add to table 8.1. 
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Table 8.1 

n - the number of dark spots in the center 0 1 2 … 

N - reading micrometer, in microns     

 

2. Rotate the micrometer screw in the same direction, to get the next dark spot 

in the interference pattern, for which the number n is equal to one. Record this dark 

spots corresponding to the reading of the drum. 

3. Repeat n. 2 for the next dark spots with n = 2, etc. Total make at least 20 

measurements. 

4. Any two pairs of values can be selected from the obtained data (ni, Ni) and 

(nk, Nk) and obtain the value of the laser wavelength by the formula (4) where d = 

Nk - Ni and n = nk - ni. Such values must be at least four. 

5. Process the results obtained by the method and the Student's record as final 

result 

6. Determine the relative error of experiment. 

 

Control questions. 

1. Give a definition of the phenomenon of interference. 

2. Which waves are coherent? 

3. Temporal and spatial coherence. 

4. Explain the principle of the Michelson interferometer works on the circuit 

in figure 2. 

5. The optical path difference, the conditions of maximum and minimum. 

6. Working formulas and definitions for the laser wavelength. 
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Appendix A 

 

Least square method 
 

Let the value of y depends on the x  linear: as a result of the experiment 

received a lot of pairs of values ( ii yx , ). However, due to measurement error 

obtained points do not lie on a straight line (Figure А). How to find the most 

probable course of the desired line? 

Direct deemed carried on the received points well, if  
2

 
i

i yy  minimal 

ones. it is necessary to find such a  and b , that the expression 

   
2

,  
i

i yybaF  there has been a minimum. 

Then there should be  0
da

dF
 and 0

db

dF
. 

Substituting  baF ,  and bxay   and, performing the differentiation, we 

obtain: 

2ACN

DACB
a




 ;  

A

aNB
b


 , 

where 
i

ixA , 
i

iyB  , 
i

ixC 2 ,  
i

ii yxD ; 

N  - the number of measurements, i.e. the number of pairs ( ii yx , ). 

 

T a b l e А 

ix  iy  2

ix  ii yx     

      

A B C D a b 

 

 
 

Figure А 

 

Incrementally compute value A, B, C and D, then – values a and b. All data is 

recorded in a table. The last line of the table instead of the A, B, C, D need to write 

their numerical values.  

As known a and b. We build a theoretical straight line corresponding 

dependence bxay   in the coordinate axes ( yx, ).    
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