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This is the initial version of an introduction chapter of a monograph devoted to the theoretical and experimental proof of the longitudinal electromagnetic waves existence. This chapter proves that the known Maxwell divergence equation works correct only in stationary fields. Its form for dynamical fields is derived. Some typical inexactitudes having led the scientists to the conclusion that the energy does not propagate in the near field are shown, and the contradictions between the Ampere law and Lorenz equation for dynamical magnetic fields acting on a charge are considered as well. As the supplement to this paper, the author published the Review to the primary experiment on radiation and reception the longitudinal EM wave demonstrated by S. B. Karavashkin
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The subject of this work seems senseless to many scientists, because we all undoubtedly think a wave in free space exceptionally transversal. However, for all external harmony of the wave theory, far from all is just like it seems in electrodynamics. I would not like to shock the readers beforehand, but at due times not so much scientific but political and pure moral aspects played a principal part in considering the nature of EM waves.

This was caused first of all by the fact that since the time of theoretical substantiation of possibility of EM waves propagation, the field theoreticians were involved in the old heated controversy of the nature of matter. Should the possibility of longitudinal waves propagation be proved in this controversy, the "emptiness" of space would be filled with the matter and, being a great relativistic stake (up to now), would disable them formulating the basic postulates of the entire Relativity ( the light velocity independence on the reference frame. But postulating the absence of longitudinal waves, it would be much easy to explain the series of negative experimental results obtained for the light velocity measuring.
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They obtained an unstable balance that finally yielded to deny the longitudinal waves, not so much because of evidence but actually rather of comfort. Because an attentive consideration would clear that, ignoring the idea of longitudinal waves, the scientists have overlooked so obvious phenomena that it cannot be understood otherwise than the reason of comfort. 

To prove it, let us analyse the link of computations making us concluding EM waves pure transversal. Consider first an issue of EM field potentials.

EM radiation is known to be a resultant of irregular motion of charges in some limited area of space. According to [1, p. 87] and noting the lag, the potential equations have the following form:
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where 
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 is the studied volume containing a system of arbitrarily moving charges; 
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 is the distance from the reference frame start to an elementary region 
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 is the distance from the frame start to the observation point. "If, however, the observation point is far enough from the system of moving charges, so that 
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 is the typical linear size of a system…" [1, p. 103], then, expanding 
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 into the Taylor series, Levich yields the following expression [1, pp. 103, 106]:
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which gives after the transformation 
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where 
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 denotes an unit-vector from 
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 to the observation point, "because the charge density is taken at the same moment at all points of the system" [1, p. 105].

This enables Levich to conclude the following [1, p. 106]:
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It automatically follows from (4) that when 
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 is at right angles to 
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, the scalar potential of charges system vanishes, though 
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 is non-zero. 

Show that just this regularity was the basis to derive the EM wave pure transversal, though we can notice that in the view of general potential equation the inference (4) is not obvious. Actually, it is no less known that a charge system to produce a monochromatic radiation, all elementary regions of the picked out region 
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(where 
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 is the velocity of charges density shift in an elementary region 
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), we can require the synchronism of 
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. Then the second equation of (1) takes the following form:
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So we come to the basically other result which in case of 
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 perpendicular to 
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 remains the value of scalar potential, only reflecting the fact of perpendicularity of 
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 to 
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 but not vanishing 
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, and this is more logic.

It is interesting that this result fully coincides with the inference for the field potential of an arbitrarily moving unit charge [1, p. 98]:
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 is the vector potential of momentary velocity of the charge. Hence there are two regularities between the potential in the conventional field theory:

the Lorenz calibration
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and 



[image: image40.wmf](

)

(

)

0

,.

v

Art

c

t

j

=

r

r

r


 MACROBUTTON MTPlaceRef \* MERGEFORMAT (6)

We can add that, as by the statement of problem the studied region 
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 does not move and the radiation is produced on the account of space redistribution of the charges density, 
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 are interrelated through a definite regularity. Therefore, in the absence of charge density shift in the region 
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, their shift velocity is absent too and scalar potential remains constant. In other words, we can introduce the condition that at
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Basing on the yielded, follow the derivation of condition of the EM wave transverseness by Landau: "Consider a plane wave going in a positive direction of the axis 
[image: image46.wmf]x

. In such wave all values, and 
[image: image47.wmf]A

r

 in that number, are the functions only of 
[image: image48.wmf]x

t

c

æö

-

ç÷

èø

. From the formulas



[image: image49.wmf]1

;curl

A

EHA

ct

¶

=-=

¶

r

r

rr


we find that
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where the prime means the differentiation with respect to 
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 is the unit vector along the wave propagation. Substituting the first equation by the second, we yield
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We can see that the electric and magnetic fields 
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 and 
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 of a plane wave are directed perpendicularly to the direction of wave propagation" [2, p. 147]. 



Fig. 1.

Mathematically it seems to be proved. However if we assume a plane (or quasi-plane) longitudinal wave propagating in space (see Fig. 1) and vector 
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 (i. e., the formulation of the problem coincides with that considered by Landau), Landau's proof will 
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give us 
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, whereas, according to the Maxwell equation, the magnetic field must exist in this flux and must satisfy the equality
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This contradiction can be resolved in two ways: either the longitudinal wave has no wave properties or the way of Landau's reasoning is incorrect. If we agree with the first (as all physicists have done unanimously), the whole number of other contradictions connected with the displacement current 
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 will impose on this one, because any attempt of applying these mathematical operations, even in quasi-static cases (e.g., between the armatures of a discharging capacitor) will lead us to the similar result doubting the validity of Maxwell's regularity itself. But if we return to the adduced Landau's computations and take the divergence of the picked out region from the right and left parts of 
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i.e.
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and use the Lorenz calibration
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then, noting that in space free of charges 
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, we yield
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whence only one solution can coincide with the boundary condition
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Substituting now the value 
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 obtained from (12), we will automatically yield
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where 
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 is the radius-vector. This means, (9) does not define the wave process, since it follows from (14) that
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i.e., the same result that we know for the longitudinal waves.
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To the point, in this derivation the commutation of taking the differential with respect to 
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 and of the vector divergence took place, and this operation has been performed in full accordance with Landau's assumption, because if the operators are not commutative, the substitution
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is also inadmissible, and we would have to substitute the variables in (15) in accordance with dependence of 
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. This last would lead us to the result 
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 that is not easier.

Thus we see that the derivation stating EM waves pure transversal, with all its obvious mathematical elegance, suffers from the important physical defects and has the only advantage ( it is convenient. Just what we said in the beginning of the paper.

Several reasons lead the scientists to such results.
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1. Illegitimate equating the scalar potential to zero

"As we already know, as the potentials are not one-valued, we always (italicised by mine ( S.K.) can impose on them some additional condition. On this grounds, choose the EM waves potentials so that the scalar potential be zero: 
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" [2, p. 143]. The matter is here in the calibrating invariance
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where 
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 means an arbitrary function of co-ordinates and time, and the prime marks the other co-ordinate system. However the vector and scalar EM potentials are not absolutely independent values spun from the thin air as, by a strange chance, the field theoreticians are interpreting. The above relation connects them unambiguously:
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And this relation has been derived not as some abstract consideration but by formal transformation of the conventional system of the field theory basic equations with the use of standard formalism.
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Substituting (16) into (5), we yield the result non-identical to the conventional. Actually, if we multiply the second equation of (16) by 
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 and compare it with the first equality of this system, taking into account (5), we yield
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This means, given the conservation regularities of the field theory for the transition 
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 already cannot be an arbitrary function of co-ordinates and time, it has to satisfy definite differential equation.

Now imagine that by means of calibrating transformation we have reduced the field scalar potential to zero, i.e. 
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or in accordance with (17)
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Substituting (18) into (16), we yield
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that noting (5) leads us to 
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In other words, reducing to zero the value of scalar potential, we thereby reduce to zero the value of vector potential, just lifting the very possibility of EM waves investigation in the considered region of space. Thereby we have proved the assertion expressed in the beginning of this item.

Returning to the above item of strongly transversal nature of EM waves, notice that the record of equality
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in the form (9) is illegitimate too, because it is based on the above calibrating invariance of potentials. And using (9) in the form (20) even more aggravates the contradictions revealed here.
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2. Illegitimate equating to zero the divergence of vectors E and H
To prove this statement, recall the definition of divergence: "The divergence of vector function of the point 
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 is the scalar function of the point determined by the formula
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[3. P. 166].

Notice that in (21), with the invariable 
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 and 
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, the vector function depends only on the integrated parameters. but in the wave process 
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 but on time too. With it, should the wave processes in EM field obey the long-range postulates, the presence of the non-integrated parameter 
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 anyway could not change (21). But the practice shows the field processes obeying to the short-range regularities. Consequently, the processes in a field propagate both in space and time. This causes the time delay phases between the space-distributed processes. The brought about phase shift can be compensated neither by varying the field lines density (because in this case we should leave the stationary region 
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) nor by the time average, as Levich tried to avoid this complication, because with this not only 
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 itself. Hence, (21) is true only for stationary processes where the phase shifts of time are absent.



Fig. 2. General form of the time-variable field tube of the flux

To find the equivalent of (21) for electrodynamic processes in space, consider some flux of function 
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 propagating through a picked out source-free region 
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 (see Fig. 2). To simplify the derivation, limit 
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 from the sides by the surface coinciding with the filaments of current, and from the butts ( by the equiphase surfaces. With it, as far as the EM waves velocity is constant, the relation
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between the picked out section of the field line and the time interval is true. And for all filaments of current of the picked out region 
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 by the condition of forming the surface of the region 
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.

Introduce the time phase shift between the function 
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 entering the picked out region and leaving it by the time variable. This introduction does not mean the non-simultaneity of measuring the flux of function through the region surface, it determines the degree of process delay at the exit of region relatively to the process taking place at its entrance, so far as 
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 is determined by the linear measurement of the region and propagation velocity of the field process. Thus it cannot serve as a variable, because it would be the determining factor in case of non-simultaneous measurement of flux of the function passing through the surfaces of the selected region 
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.

According to the said, consider the flux of function passing through the surfaces of 
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. As the statement of problem, the surface 
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 consists of three components:
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where 
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 and 
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In (23) the time shift of vector function and the absence of flux through the lateral surface are taken into account. Transforming this expression in accordance with (22), we yield
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The first integral of the right-hand sum not containing the phase shift 
[image: image121.wmf]t

D

 vanishes in the source-free field, because, in this case, the condition of zero vector function divergence in stationary processes is true. The second right-hand integral generally is not zero and can be easily substituted for the integral over the space. To do so, divide the picked out region to 
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 sub-regions having the height (along the line of current) equal to
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 can be any integer number larger than 1. (Here and further 
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 determines the smallness, not variation of the value).

32

After that the under-integral expression 
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where 
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Passing to the limit at 
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 in (25), we come to the integral
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Substituting (26) to (24), we yield the required:
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Seeing Fig. 2, where on the boundary 
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We should notice that whereas 
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 is an equiphase surface, 
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 coincides with the flux vector of the vector function 
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.

Substituting (28) into (21), we yield the final expression
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Thus we have proved the theorem:
When the wave flux propagated in a source-free space, the divergence of vector function of the flux is proportional to the scalar product of this function derivative with respect to time into the direction of the vector of flux of this function.
Returning to the beginning of this item, we yield:

for the electric field strength
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and for the magnetic field strength
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Independently and at the same time as me, Prof. V.A. Atsukovsky yielded almost similar result but in some other way. He stated it in his book "General electrodynamics" (Energoatomizdat, Moscow, 1990, Russian, pp. 166(182). The difference is in application of divergence theorem to the vector flux of magnetic field which Prof. Atsukovsky did in the form
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(formula (7.79) in his book). As I see, this is not quite legitimate by a simple reason: in case when the magnetic field vector was perpendicular to the wave propagation direction, it determines not so much the vector itself or its direction in space (though it is presented in such form in this problem) as its time variation in the vector flux. (I added this paragraph in 1994 when preparing this paper for publication).
Go on considering the formulas (30) and (31). Some sceptic can notice: well, suppose this is admissible for 
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, but one of indisputable postulates of electrodynamics is that the divergence of vector of magnetic field is zero, which is determined by its pure solenoidal shape. 
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So it was though up to now. But look again at (24). The first integral of the sum determining 
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 as zero in absence of charges within the region, as well as the solenoidal pattern of magnetic field, in such or other way falls out of consideration, and the right-hand part of (31) is formed not by path-tracing the surface of a selected region, but by a simple integration over the space that includes the vector function variable within this region. So in the right-hand part of (31) 
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 appears as if in evasion of conventional reasoning and cannot vanish with the time-variable 
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. Thus we have proved the second statement. 

Pay a special attention that the scalar products in right-hand parts of (30) and (31) cannot vanish irrespectively of the direction of vector function, or the very idea of vector of flux through a region would lose its sense. Thus 
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determine those components of vector functions with respect of 
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 and 
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 whose vector is directed along the flux. In absence of such component (in accordance with the statement of problem) the flux and consequently the wave process are absent.

Finishing this item, I would like to add that if we use the above technique for the integral form of Ostrogradsky-Gauss theorem, for the electrodynamic process it will take the following form:



[image: image150.wmf](

)

(

)

(

)

,

1

div,.

VS

Frt

FrtndSFr

ct

éù

¶

-=×

êú

¶

êú

ëû

òò

r

r

r

rr

rrr


36

We can see that the claims to the accuracy of used mathematical tool are quite serious, and we cannot say that the shown calculations are super-complicated or super-original. We could obtain all these results with the mathematics of the beginning of 20th century and, indeed, with the wish to analyse scrupulously. And this is far from being all. We will analyse something in the further chapters, and not this is important. Important is that neither peremptory statements like "We see that the electromagnetic theory has led us at once to the conclusive elucidation of the problem that caused the extraordinary difficulties in the old wave theory of light. Actually, fine Fresnel's and Aragoe's experiments have proved the transverseness of light waves, but it was extremely difficult to interpret them in frames of conceptions of elastic waves propagation in the aether, it required to introduce a number of artificial assumptions which have extremely complicated the theory. For today this is of absolutely no importance, the light-carrying aether is inadmissible not only as a specific medium but also as an abstract reference system, and the absence of longitudinal component of a free electromagnetic wave proves to be a simple corollary of Maxwell equations" [4, p. 23] nor artificial restrictions introduced in theoretical studying of multi-polar radiation cannot and never will be able to delete out of scientists' brains the idea of factual existence of longitudinal EM waves. In a curtailed, overturned form it travels from book to book, and sometimes it is so obvious, how hard one is attempting again and again to disprove its wave nature.
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As a worthy example, consider the analysis by Kugushev of a field of elementary electric radiator with the length 
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 through which the current flows.

"Rewrite the equations in the form
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(2-3-8)

In the induction zone, where
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the expressions (2-3-8) may be rewritten as follows:
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As we can see, this field has not the wave nature and fast falls with the distance. The average value of the Pointing vector … is zero, because 
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 and 
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 are out of phase by 
[image: image157.wmf]90

o

. Thus in the field described by (2-3-10) there is no motion of energy and only the periodic exchange of the energy between the electric and magnetic components takes place " [5, p. 48].

Consider in details this transformation and conclusions made from it. Outwardly everything seems correct, except a trifle. In (2-3-10) the summand 
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[image: image159.wmf]r

b

 is small, it will be also smaller than 
[image: image160.wmf]t

w

 ( but this is incorrect. Actually, 
[image: image161.wmf](

)

cos

tr

wb

-

 and 
[image: image162.wmf](

)

sin

tr

wb

-

 are the periodic functions, so we can take a summand equal to 
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where
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Now we have to compare 
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[image: image169.wmf]r

b

 in comparison with 
[image: image170.wmf]'

t

w

? Of course, no, the more that, for example, at



[image: image171.wmf](

)

2

'0,'and'

sin'sin,

ttt

trr

pp

ww

wbb

===

-=±


but at 

39



[image: image172.wmf](

)

3

'and'

22

cos'sin.

tt

trr

pp

ww

wbb

==

-=±


(Moreover, by the condition of the field calculation 
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, consequently, 
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 does not vanish, as it exceeds the limits of solution reliability).

Proceeding from that, (2-3-10) has to take a normal form
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As we can see, (33) describes the progressive wave; it means that the longitudinal component of the field has, none the less, the wave nature, and in the view of progressive nature of wave propagation it is illegitimate to divide the field of radiator into the near and far fields. Both in the near and far fields the wave is progressive.

One would think: having determined such important characteristic, we can consider the Pointing vector for a longitudinal wave:
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However here we are running into a double complication caused again by the invalid simplifications and omissions. First, if we try substituting the corrected system (33) into the system of Maxwell equations, this will not work because of phase shift by 
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. For example, when substituting (33) into the equality
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in the left-hand part of the sum the uncompensated term
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appears, and it must be equalised to zero with all consequences. Given the derivation of field equations, conducted by Kugushev and based on the standard field theory formalism, coincides in its technique with that conventional, the incorrectness of simplifications was caused not by the author's inattention but it was a compulsory action to retain the structure of the formalism based on Maxwell's equations. This conclusion can be corroborated simply by way of analysing the second pair of Maxwell's equations
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Second, the vectors 
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, i.e., of the transversal wave vector. So for 
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is true.

The vector of the magnetic field strength 
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 created by 
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 was not present in the consideration at all, though, as we pointed above, according to Maxwell's equations,
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and if 
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 had the wave pattern, 
[image: image194.wmf]?

H

r

 must exist and must have the form of solenoidal vector around the force lines 
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 was absent in the consideration just due to its axial nature, because conventionally the only component of magnetic field 
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 is a linear vector.
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Fig. 3

Third, what specifically the Pointing vector is? Conventionally, this is the vector of flux of the EM field energy. To understand its meaning better, apply the derivation proving its existence. "The first important corollary following from the system of Maxwell equations is that the energy of EM field exists. To find the EM field energy, consider a closed system consisting of some field and particles. Find the work produced by the field forces upon the particles being within the volume 
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. Taking the ratio of this work to the time unity and thinking the charges continually distributed in space, … , we can write as follows:
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(12.1)
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The work of magnetic field force is zero, as this force is perpendicular to the velocity of particle.

Transform (12.1) with the help of Maxwell's equations. Expressing the density of current in terms of field vectors… , we yield
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(12.2)"

[1, p. 46].

We see that in the chain of equalities there was made a substitution
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However we know from (12.1) that this density of current has appeared due to the charge velocity variation in the selected space under affection of the electric field strength. If following the logic of (34), this density of current (the charges shift velocity) is caused by the affection of curl of magnetic field and by the velocity of electric field variation. However from the expression used by the author himself (
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( we can easy yield other value of the density of current (
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which is more plausible than (34), because it accounts the measure of inertia 
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of the charge carrier. Furthermore, if 
[image: image205.wmf]curl

H

r

 and 
[image: image206.wmf]E

t

¶

¶

r

 are the exciters of current within the selected continued space, then at least at the transition to the direct current the dependence
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has to remain.

There is nothing new that the direct current with the density 
[image: image208.wmf]j

r

excites the magnetic field in the surrounding space, but  vice versa? Though, possibly, the drawback is not so much in (36) as in the shortage of experimental curiosity. I think, the authors of this substitution could be interesting in the following experiment.

Take the conductor 1 (see Fig. 4), insulate a part of its surface  by the insulator 2, put on it the cylindrical grommet 3 of a material having large 
[image: image209.wmf]m

 and cover the entire construction with the solid housing 4 serving as a secondary path. If (36) was true, then with the direct current passing through the conductor 1, within the grommet 3 the solenoidal magnetic field will induce; in accordance with (36) it has to excite the electric current in the secondary path, and it can be registered on the busbars 5 and 6, since, as it is easy to see, all conditions of electrodynamics based on (36) have been satisfied, and the negative result (if such) can clear this issue surely.
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Fig. 4

None the less, even without conducting this experiment, we can state with a large degree of accuracy that in the derivation of Pointing vector the following serious omissions have been made.

First, the identification of outer field 
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 on the considered space 
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 was identified with the charges and field of reaction to this affection created by the current 
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. By force of the mass inertia of charge carriers, it has to be at least phase-shifted, and in presence of boundaries of the volume 
[image: image213.wmf]V

 this inevitably leads to the origin of the EM fields with other frequencies and flux vectors.
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Second, the Maxwell equation (34) used in order to transform (12.1) in the transition to magnetostatic loses its true, since the magnetostatic field does not excite the current, though in the reverse direction this equation is still true. This allows us to conclude that the done substitutions are inadmissible.

With regard to above, the Pointing vector cannot be thought a trustworthy parameter characterising the process of motion in EM field, because in its standard derivation (which, to the point, we have not finished, because the further analysis appeared helpless) the roughest breaks of mathematical and physical logic combined with the vague and unsubstantiated substitutions took place.

On the whole, it follows from the conducted analysis that an EM field in space can be excited not only by transversal oscillations but by different types of oscillations too, including those longitudinal. With it the contradictions inflicted by the conventional theory are nothing else but restrictions caused by the insufficiently complete statement of the problem.

As the practical substantiation of longitudinal EM waves existence, the author has created and tested the device for radiation and reception of longitudinal EM wave. The very first experiments have already shown the essential difference of these waves from transversal waves. However, let us adjourn the analysis of the experimental data for the next papers, as this expects to create at least the initial new model, which exceeds the limits of present paper. (This paragraph was written in 1990).

1987
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REVIEW

TO THE PRIMARY EXPERIMENT ON RADIATION AND RECEPTION 

OF LONGITUDINAL EM WAVE

DEMONSTRATED BY S. B. KARAVASHKIN M.Sc.
EM field theory, formulated by a number of prominent theoretical and experimental physicists in the middle – end of the past century, has been based in fact on the Aragoe and Fresnel experiments proving EM radiation to be transverse. By force of this fact, all the theories without exception, as well as all the theoretical applications to radio-location and communication engineering, when obtained a longitudinal wave in their intermediate computations, have cut it off, meaning its propagation impossible. 

On September 20, 1990, in Moscow, in presence of A.F. Marienko, D.E., the senior research fellow of All-Union High Education Problems Research Institute, the electrophysical engineer from Kharkov S.B. Karavashkin, Ms.Sc. demonstrated me his primary experiment on radiation and reception of longitudinal EM wave. 
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This experiment was demonstrated by the conventional block-scheme: generator – radiator – receiver-indicator. The circuit was tuned to the frequency 30 kHz with the pass band approximately 5(6 kHz. A device registering the E-field, doing not accumulating the energy but having a band-pass filter, served as a receiver. The oscillograph H313 connected with the receiver by the cable PK75 served as an indicator. A closed parallelepiped containing the know-how, as said the author, served as the radiator. All devices, except the oscillograph, were hand-made in order to serve this experiment.

The author has demonstrated the following effects:

1. The longitudinal EM wave was radiated and received at the distance about three meters (because of small room where the experiment was demonstrated). The wave amplitude was 3 large points at the screen of oscillograph when the position of voltage divider was 10 and amplification 5 points. 

2. When turning the radiator about any edge, the signal amplitude at the oscillograph reduced in approximately 5 times. The radiation direction was approximately 180 degrees. As the author said, the residual radiation was caused by a very limited space of the room, and this was corroborated by the following experiment. 

3. When approaching the hand to the radiating side of radiator, the signal amplitude at the oscillograph increased by few times. Touching any other planes of radiator gave no effect. If the distance between the radiator and receiver varied while the hand kept approached, then the signal amplitude at the oscillograph varied as this distance. The same, when approaching the hand to the receiver, even without touching, signal amplitude increased abruptly. When I stood between the radiator and receiver, the signal amplitude increased. When the radiator was turned about as to the receiver, then my hand approaching to the radiating surface caused the abrupt increase of signal at the oscillograph. On the whole it corroborates the author’s declaration that the parasitic radiation reflected from the walls took place. 

50

4. I have checked the accuracy of experiment, whether the signal was received just by the receiver. For it, I have put the receiver off the input of oscillograph. The signal completely disappeared. Thus, the experiment was true. 

Because of lack of my time, I could not listen the theoretical background of the experiment and look the key-diagram of radiator, though the author suggested. As the author said and as I saw when the radiator was approached to the receiver, the radiation amplitude depended on the distance about square, though the author had the background, this regularity to become linear when using the energy-accumulating antenna receivers.
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On the whole, basing on the shown experiments, I can conclude the following. At this stage of experiment, there was generated a pure longitudinal EM wave having the properties that cannot be effected for transverse EM waves on the mentioned frequency band and by so portable device. First after the Aragoe and Fresnel experiments carried out in 1816 there was demonstrated the possibility to generate and to receive the basically new type of EM field. It opens a huge, unknown before branch of physics of phenomena and processes. It abruptly broadens both research and engineering scope for the mankind. This is the more interesting that already the primary experiment revealed the interaction of this radiation with the biological object, as well as the scope to work in the frequency bands being inaccessible before both theoretically and experimentally. When demonstrating, the author declared that he knows also the third type of EM wave. We could not discuss this item because my time was limited.

I consider the work by S.B. Karavashkin in this trend expedient and prospective and recommend him to go on with this research. I also recommend the institutions, companies, publishing houses to which he will apply for promotion to collaborate with him, because this direction being properly developed will give the way up to the priority level of research and to the basically new technologies in different fields of human activity. 

Anatoly A. Denisov, D.E. 

Professor of Leningrad Polytechnical Institute (Signature)
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