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Abstract--- This article analyzes the properties of the relative positions of normals to a paraboloid surface. 

Theoretically, the existence of a region of minimum sizes in which all normals and a paraboloid intersect is found, 

and formulas for calculating the size and location of this region are obtained. 
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I. INTRODUCTION 

The main purpose of a solar high-temperature furnace is to collect a certain amount of solar energy and 

concentrate it on a small area. Concentration in this case is carried out by focusing the streams of sunlight. 

Concentrators are powered by paraboloidal lattice, parabolotylindricated discharge and drug optimization 

systems. 

The final characteristics of solar high-temperature furnaces depend on the quality of the formation of the 

reflecting surface of the concentrator and its changes during operation. As you know, the reflecting surface of the 

concentrator is formed from individual spherical facets, each of which has its own deviations from the design. 

Therefore, after installation and during the operation of the concentrator, it is required to perform alignment-

alignment of the individual facets of the reflecting surface to the required spatial position on the supporting frame 

and orientation of the normals to the center of each facet. 

II. FIELD OF STUDY 

The study relates to solar engineering and can be used to assemble surfaces with a reflective coating as applied to 

focusing heliostats and solar energy concentrators. 
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III. INFORMATION ANALYSIS 

One of the main disadvantages of a number of methods for adjusting the facet of the concentrator is the need for 

a significant number of installations of the device that sets the normal [1-9]. In order to eliminate this drawback, we 

analyze the properties of the relative position of the normals to the ideal paraboloid surface or its axial section 

(parabola). 

To do this, using the canonical parabola equation  

  
  

  
                                                                 (1) 

we obtain, according to well-known formulas [14,15], the coordinates of the center of curvature xc, yc of any 

point C (x, y) of the parabola, which at the same time are the parametric equations of the evolute. 
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Denoting the current coordinates of the centers of curvature by X = xc, and expressing У=ус must and expressing 

Y through X, we find the equation of parabola evolute 
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.                                         (3) 

Imagine that a paraboloid of rotation has specific dimensions, maybe opening and depth. This is equivalent to the 

fact that the parabola has finite dimensions with extreme symmetrical points K and Kʹ (Pic. 1). 

We compose the normal equation to the point K (XK, YK) of the parabola and find the points of its intersection 

with the evolute, for which, solving together a system of these equations 
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we get 
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Replacing, according to (1) YK, we write 
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Raising the left and right sides of the last equation into a cube and performing the reduction of such terms, we 

obtain the cubic equation 
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Denote the coefficients in front of the unknowns and the free term by a, b, c, and d, respectively. Having 

accepted 

    
 

  
                                                  (6) 

and replacing X, we bring (5) to the “incomplete” form 
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                                                  (7) 

 

Pic. 1: Layout of Normals to an Ideal Paraboloid Surface 

According to (5), the roots of equation (7) are found by the formulas: 
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To determine the value of the roots (9), we find the quantities included in U and V: 
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Therefore, the values of U and V are the same and equal: 
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From here      
   

 

  
   while X1 according to (6) will be equal to 
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Substituting the obtained value of X1 into equation (3) we find 
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Using (9), we determine the remaining roots of equation (7). Since the values of U and V are the same, then 

      
   

 

   
    

We find from (6) the value X2.3 of equation (5) 

      
   

 

   
 

     
 

     
 

  
 

  
  

After substituting the found value in the equation of evolute (3) we get 
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Comparing the obtained values of X2.3 and Y2,3 with the values of xc and уc, we conclude that the 

mathematical calculations are performed correctly, and the values of X2.3 and Y2,3 determine the coordinates of the 

center, also points A of the evolute (3) of a circle in contact with a point K of a parabola. 

Therefore, point B with coordinates X1 and Y1 is also located in evolution (3) and is the center of the 

contiguous circle for some parabola point (1) other than K. 

Having compiled the equation of the tangent to the evolute (3) at point B (X1, Y1) and solving it together 

with the parabola equation (1), we determine the coordinates of the points of intersection of the tangent with the 

parabola. 
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We find the value of the angular coefficient of the tangent to the evolution (3), for which we present its equation 

in the form: 

   
 

 
 

 
     

 
    

From here 
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Since the angular coefficient is for point B, then substituting in the resulting expression instead of X its value 

from (11), we find 
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Substituting the found value of the angular coefficient into the equation of the tangent to the evolution in (13) 

and replacing X1, Y1 and Y in it with their values from (11), (12) and (13), we obtain  
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Define the discriminant of this quadratic equation 
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Since the value of the discriminant is D>0, the roots of equation (15) are real and different. Find the values of 

these roots 
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Substituting the found root values into the parabola equation, from (13) we obtain, respectively 

   
   

  
    

  
 

            
  
 

                        

Therefore, the tangent to the evolute at point B intersects the parabola at points F and C with coordinates X1; Y1 

and X2; Y2 respectively. 

IV. RESULTS 

 Considering in a similar way all mathematical calculations with respect to the point K' of a parabola with 

symmetric coordinates with respect to the point K, also with coordinates X'K and Y'K, we get the point A' 

corresponding to the coordinates of the center of curvature for the point K', the point B 'corresponding to the tangent 

to the evolution (3) at point A' with its other branch and point C' parabolas, defined by the intersection of the tangent 

to the evolute at point B' with a given parabola, also with a normal to the parabola at point C'. 

It follows that when moving point B in a straight line to point B', we have a region BB' at the extreme points of 

which two normals to the parabola always intersect. 

At any other point, for example E, of the segment BB', three normals to the parabola intersect. One of them 

coincides with the tangent drawn through point E to the AB' section of the evolute, the second to the section BA', 

and the third to the inner branch BVB' of the evolute closest to the point E (for point E, the section of the inner 

branch of the evolute is BB). If the point E is at the intersection of the straight line BB' with the y-axis of the 

parabola, then the third normal coincides with the axis of the parabola. When the point E is closer to the point B', 

three normals to the sections BA', A'B 'and B'V evolutes are also formed. 

V. CONCLUSION 

As a result of the analysis, the following conclusions can be drawn: 

1. For any parabola symmetrically bounded by a secant line perpendicular to its axis, there exists a region with 

minimal dimensions in which all normals intersect. 

2. The boundaries of this region are determined by the intersection of the normals to the four points of the 

parabola, two of which are the extreme points of the parabola K (XK, YK), K'(–X'K, Y'K), and the coordinates 

of the other two are C and C' are calculated as: 

       
  

 
                   

  
 

                  

3. At any point in this region, three normals to the parabola are suppressed. 
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4. The distance D from the top of the parabola to the center of this region is calculated by the formula:  
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5. The length l of this area is calculated by the formula 

  
  

 

                                                      (20) 

6. The coefficient Q of the decrease of the aperture (distance ККʹ) of the parabola during transition to the 

length l of the minimum area is calculated by the formula 

                               
   

  
  

  

  
                                                     

The obtained parabola properties can be used to optimize the alignment process of the concentrator. 
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