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Introduction: We are here to analyse a decahedron having 10 congruent faces each as a right kite (i.e. cyclic 

quadrilateral consisting of two congruent right triangles with a hypotenuse in common) & 12 vertices lying 

on a spherical surface with a certain radius. All 10 right kite faces are at an equal distance from the centre of 

the decahedron. Each of 10 right kite faces always has two right angles, 

one acute angle ( )  (           (√√   )         ) & one 

obtuse angle ( )  (                   ). Its each face has two 

pairs of unequal sides       (     √√   ) & can be divided into 

two congruent right triangles having longer diagonal of the face as their 

common hypotenuse. It has two identical & diagonally opposite vertices ( 

say vertices C & E out of total 12 vertices) at each of which five right kite 

faces meet together & rest 10 vertices are identical at each of which 

three right kite faces meet together (See  the figure 1).   

Analysis of decahedron: Let there be a decahedron having 10 

congruent faces each as a right kite having two pairs of unequal sides 

       (     ).  Now let’s first determine the relation between unequal 

sides of the right kite face by calculating the ratio of unequal sides      .  

                                                                                                                                                                                                                                   

Derivation of relation between unequal sides        of each right 

kite face of the decahedron:   Let   be the normal distance of each of 

10 congruent right kite faces of a decahedron. Now draw a perpendicular 

OO’ from the centre O of the decahedron at the point O’ to any of its right kite faces say face ABCD. Since the 

right kite face ABCD is a cyclic quadrilateral hence all its vertices  A, B, 

C & D lie on the circle & the perpendicular OO’ will have its foot O’ at 

the centre of the circumscribed circle. (See figure 2 below). Now join 

all the vertices A, B, C & D to the centre O’ to obtain two congruent 

right triangles             . Thus we have, 
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Now, draw the perpendiculars O’M & O’N to the sides AB & BC at 

their mid-points M & N respectively. Thus isosceles       is divided 

into two congruent right triangles              . Similarly, 

isosceles       is divided into two congruent right triangles 

             .   

In right        

Figure 1: A decahedron having 12 vertices & 10 
congruent faces each as a right kite having two pairs of 

unequal sides 𝒂   𝒃 (  𝒂  𝒃√√𝟓 𝟐), two right 

angles, one acute angle 𝜶 (  𝜶  𝟓𝟏 𝟖𝟑𝒐) & one 
obtuse angle 𝜷 (  𝜷  𝟏𝟖𝟎𝒐  𝜶  𝟏𝟐𝟖 𝟏𝟕𝒐)   

Figure 2: A perpendicular OO’ (normal to the plane of 
paper) is drawn from the centre 𝑶 (𝟎,𝟎,𝒉) of the 
decahedron to the right kite face ABCD at the 
circumscribed centre O’ of face ABCD with 𝑨𝑩  𝑨𝑫  
𝒂   𝑩𝑪  𝑪𝑫  𝒃     𝒂  𝒃𝒕𝒂𝒏𝟑𝟔𝒐     
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Similarly, in right        
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We know from HCR’s Theory of Polygon that the solid angle ( ), subtended by a right triangle having 

orthogonal sides       at any point at a normal distance   on the vertical axis passing through the common 

vertex of the side b & hypotenuse, is given by HCR’s Standard Formula-1 as follows 
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Hence, solid angle (      ) subtended by right        at the centre O ( ,  ,  ) of decahedron is given as 
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Now, by substituting all the corresponding values in the above expression we have  
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Similarly, solid angle (      ) subtended by right        at the centre O ( ,  ,  ) of decahedron is given as 
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Now, solid angle (     ) subtended by the right kite face ABCD at the centre O ( ,  ,  ) of the decahedron is 

given as 

                   (     )   (     ,                             ) 
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Since all 10 right kite faces of decahedron are congruent hence the solid angle subtended by each face at the 

centre of decahedron is  
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Now, by setting the corresponding values from the eq(I) & (II) in the above expression, we get  
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Now, solving the above bi-quadratic equation to obtain the values of    as follows 
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Since,              hence, by taking positive sign we get the required value of normal height   as follows 
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Outer (circumscribed) radius (  ) of decahedron (i.e. radius of the spherical surface passing 

through all 12 vertices of the decahedron): Let     be the circumscribed radius i.e. the radius of the 

spherical surface passing through all 12 vertices of a decahedron. (See figure 3)   

Consider the right kite face ABCD & join all its vertices A, B, C & D to the 

centre O of the decahedron. Draw a perpendicular OO’ from the centre O to 

the face ABCD at the point O’. Since the spherical surface with a radius    is 

passing though all 12 vertices of decahedron hence we have 

                           

Now, in right       
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Since, all 12 vertices are located on the circumscribed spherical surface, Let us consider a great circles with 

the centre ‘O’ passing through two identical & diagonally opposite vertices C & E (as shown in the figure 4 

below). Hence the line CE is a diametric line passing through 

the centre O of a great circle (on the circumscribed spherical 

surface) & the vertices C, A & E are lying on the (great) circle 

hence, the          . Now 

In right       

(  )  (  )  (  )  

Now, by substituting all the corresponding values in the above 

expression we get 
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Figure 3: An elementary right pyramid OABCD is 
obtained by joining all four vertices A, B, C & D of 
right kite face ABCD to the centre O of a 
decahedron.  

Figure 4: Two vertices C & E are identical & diagonally opposite. 
Vertices C, A & E are lying on a great circle on the circumscribed 
spherical surface &  𝑪𝑨𝑬  𝟗𝟎𝒐  
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Now, equating eq(IV) & (V), we get 
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In right       (from the figure2) 
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Now, setting the value of   in term of   in the eq(III), we get 
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Above is the required expression to calculate the normal distance   of each right kite face from the centre of 

a decahedron. Normal distance   is always equal to inner (inscribed) radius (  ) i.e. the radius of the 

spherical surface touching all 10 congruent right kite faces of a decahedron.    

Now, setting the value of   in term of   in the eq(V), we have 
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Above is the required expression to calculate the outer (circumscribed) radius (  ) of a decahedron having 

10 congruent right kite faces.   

Surface Area (  ) of decahedron: Since, each face of the decahedron is a right kite hence the surface area 

of the decahedron is given as  
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Volume ( ) of decahedron: Since, decahedron has 10 congruent faces each as a right kite hence a 

decahedron consists of 10 congruent elementary right pyramids each with right kite base (face). Hence the 

volume (V) of a decahedron is given as  (See figure 3 above) 
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Mean radius (  ): It is the radius of the sphere having a volume equal to that of a given decahedron. It is 

calculated as follows  
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For finite values of a or  b    ⇒            

 

Construction of a solid decahedron: In order to construct a solid decahedron having 10 congruent faces 

each as a right kite with two pairs of unequal sides       while one of them is required to be known  

Step 1: First we construct right kite base (face) with the help of known values of       (     √√   )  

Step 2: Construct all its 10 congruent elementary right pyramids with right kite base (face) of a normal height   

given as (See figure 3 above)  

  
 

 
             √√    

Step 2: paste/bond by joining all 10 elementary right pyramids by overlapping their lateral faces & keeping 

their apex points coincident with each other such that five right kite faces meet at each of two identical & 

diagonally opposite vertices and three right kite faces meet at each of rest identical 10 vertices. Thus, a solid 

decahedron, with 10 congruent faces each as a right kite with two pairs of unequal sides of      , is obtained.  

Conclusions: Let there be any decahedron having 10 congruent faces each as a right kite with two pairs of 

unequal sides of               √√    then all its important parameters are determined as tabulated 

below 
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 Note: Above articles had been developed & illustrated by Mr H.C. Rajpoot (B Tech, Mechanical Engineering) 
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