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Abstract 
 

Diamond ring, shadow bands and coronal heating are some phenomena of great interest to concerned scientists and observers during total 

eclipse of the sun. These phenomena are explained here in a different way which is simply based on the familiar fact that the sun and the 

moon are actually spherical objects and not just plane disks. Firstly, the diamond of the diamond ring is seen here as two symmetrical 

seamless joined halves. One-half is the directly seen single spot of the sun that is uncovered by the moon just at the beginning and end of 

totality. The other half is a mirror image of that spot reflected by the edge surface of the moon. Secondly, the shadow bands phenomenon 

is explained as due to interference of light from two seamless joined hair crescents. One is the inner edge of the thin crescent sun that can 

be seen immediately before and after totality. Light from this inner edge hair crescent falling on the edge surface of the moon gets mirror 

reflected creating another hair crescent image and both are seamlessly embraced by the main crescent sun. Thirdly, during totality when 

looking at the outer atmosphere of the sun around its eclipsed face, one is actually looking through a very deep transparent atmosphere of 

the sun. The viewed depth in the outer atmosphere is geometrically hundreds of times greater than that of the photosphere at the center of 

the face of the sun. Theoretically, the solar energy gets concentrated by the integral effect of all the points along the viewed depth. This 

may, hence, stand as one of the factors to be considered in explaining the peculiar phenomenon that the temperature increases as we go 

away from the surface of the sun. 
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1. Introduction 

The idea behind writing this paper dates back to August 1999 

while watching the live TV coverage of the total eclipse of the sun 

that happened by then. The TV coverage brought wonderful live 

sights of the different phases of the eclipse of the sun from differ-

ent places around the world. The most spectacular sight to the 

author was the diamond ring that appeared just at the beginning 

and end of totality. Surprisingly, though the start of the eclipse 

was a small bite of the sun by the moon, the diamond of the dia-

mond ring was a small bite of the dark face of the moon by the 

uncovered spot of the sun at that moment. To the author, the dia-

mond of the diamond ring appeared as two symmetrical seamless 

joined halves. One-half was the directly seen uncovered single 

spot of the sun and the other was a mirror image of that spot re-

flected by the edge surface of the moon. It was particularly that 

event that was behind the different look which led to the alterna-

tive explanation, not only of the diamond ring, but also of shadow 

bands and coronal heating phenomena. 

The TV coverage was also enriched by reports and interviews with 

concerned scientists and experts. From these reports and inter-

views, it was noted that, terms such as “Face” and “Disk” were 

frequently used without any conservation. Well, it was understood 

that these improper terms were only figuratively used to simplify 

explanation of the solar eclipse and its related phenomena. Never-

theless, such improper terms may sometimes influence concepts. 

So, looking at the sun and the moon as spherical objects viewed 

by an imaginary external observer is a basic idea in the following 

discussion. 

2. Diamond of the diamond ring is composed 

of two symmetrical halves 

The diamond ring effect occurs at the beginning and end of totali-

ty during the total solar eclipse. The effect happens for a very 

short period of time when a single bright spot of sunlight is un-

covered by the moon. At that moment, our sky will become dark 

enough for the faint corona to shine out around the edge of the 

moon. The two effects together create the most striking sight 

known as the diamond ring [1], [2].  

The alternative explanation given here is different from above 

explanation in only that the diamond of the diamond ring is actual-

ly composed of two symmetrical seamless joined halves. One-half 

is the directly seen single uncovered spot of the sun just at the 

beginning and end of totality. The other half is a mirror image of 

that single uncovered spot of the sun reflected by the edge surface 

of the moon. This is clear from the left hand side image shown in 

Figure 1 below (downloaded from the web site [3]). Now let us 

complete the disk of the moon by drawing a circle around its dark 

face as shown on the right-hand side of Figure 1. The circle cuts 

the diamond into two symmetrical halves. One is outside the circle 

which is the directly seen uncovered spot of the sun. The other is 

inside the circle which is supposed to be covered by the full circu-

lar face of the moon. So, this is clearly a mirror image of the outer 

uncovered spot of the sun. The inner half is too big to be consid-

ered as one of Baily's Beads plus it does not persist. 

   

http://creativecommons.org/licenses/by/3.0/
http://www.sciencepubco.com/index.php/IJAA


84 International Journal of Advanced Astronomy 

 

 
 

Fig. 1: Source: [3] 

 

The idea that the edge surface of the moon is that reflective is 

supported by the following examples from our daily life observa-

tion. Relatively smooth surfaces can become mirror reflective 

when light from objects is falling with very large angles of inci-

dence (close to 90°) or, in other words, when it falls almost paral-

lel to the surface. A good example is the dry asphalt road. The dry 

asphalt road is relatively smooth, but it is not a surface that you 

can see your face in. Still, from certain distances and at certain 

places where the road is smoothly depressed or inclined one can 

see mirror image of low height objects, e.g. low height traffic sign 

boards, lower parts of vehicles on the road and low horizon as 

shown by photos in Fig. 2 and Fig. 3 below. Also, night time we 

can see images of head and rear lights of cars as shown in Fig. 4. 

 

 
 

Fig. 2: (By Author). 

 

 
 

Fig. 3: (By Author). 

 

 

 
 

Fig. 4: (By Author). 

This is different from images of high objects resulting from refrac-

tion of light during hot seasons. Images by refraction need no 

surface while the images shown above were on the dry surface of 

the road and not on the rough land around it. Also, the reflection 

by the dry surface of the road can be seen night time when it is 

cool. In the photo shown above in Fig. 4, you can see head lights 

of cars and their mirror images on the road. This while the street 

lights are not reflected at that point because of their height. 

Now, going back to our basic idea, the moon is a sphere and its 

edge is hence a 3-dimensinally curved surface and not just a 2-

dimensionally curved line. Also, the moon is quite distant from 

earth and hence appears smooth. Light falling from the uncovered 

spot of the sun during the diamond ring effect falls almost parallel 

to the edge surface of the moon. Hence, like in the previous daily 

observed reflection examples, a mirror image of that spot is 

formed on the edge surface of the moon. 

3. Shadow bands phenomenon is due to inter-

ference of light from two hair crescents 

The following present description and explanation of shadow 

bands phenomenon is quoted from Earth View Inc. webpage [4]: 

“While a small crescent of the sun remains in the sky, a curious 

eclipse phenomenon is often observed. Thin wavy lines of alter-

nating light and dark can be seen moving and undulating in paral-

lel on plain light-coloured surfaces. These so-called shadow bands 

are the result of sunlight being distorted by irregularities in the 

Earth’s atmosphere, and are best observed on an open floor or 

wall.” The image shown in Fig. 5 below is from same webpage. 

 

 
 

Fig. 5: Source: Earth View Inc. Webpage [4]. 

 

So, the above reference explains the phenomenon as due to distor-

tion of sunlight by irregularities in our atmosphere. This while the 

description given in words, as quoted above, or by the image in 

Fig. 5 from the same reference show that the alternating light and 

dark lines are regularly wavy, parallel, spaced and of regular alter-

nate thicknesses. Such regularity in pattern cannot be due to irreg-

ularities.  

The alternative explanation given here is that shadow bands phe-

nomenon is due to interference of light from two seamless joined 

hair crescents. One is the inner edge of the thin crescent sun that 

can be seen immediately before and after totality. This inner edge 

hair crescent is hereafter called the source hair crescent. Same like 

for the diamond ring, light from this source hair crescent falling 

almost parallel to the edge surface of the moon will get mirror 

reflected creating another hair crescent image which is hereafter 

called the reflected hair crescent. The reflected hair crescent is 

seamlessly embraced by the source hair crescent. Both hair cres-

cents are in turn seamlessly embraced by the main crescent sun. 

So, they all appear as one whole crescent sun. As per the laws of 

reflection of light, the incident ray, the reflected ray and the nor-

mal to the reflecting surface at the point of incidence lie in the 

same plane [5]. But the normal at any point on the surface of a 

spherical body is radial. Hence the plane of the incident ray from 

any point on the source hair crescent and the reflected ray at the 

point of incidence on the edge surface of the moon will be radial 

with respect to the moon as shown exaggerated in Fig. 6 below. 
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So like that when considering point by point the image of the con-

vex side of the source hair crescent will be the concave side of the 

reflected hair crescent and the image of the concave side of the 

former will be the convex side of the latter as shown exaggerated 

in Fig. 6. The dashed circle is the assumed maximum height for 

the points to get mirror reflected. 

 

          
Fig. 6: (By Author). 

 

So, now except at the tips of the two horns of the whole crescent 

sun and on the seamless joint, each and every point on the source 

hair crescent will be seen as two points separated by a wedge-

shaped space as shown below in Fig. 7. It is evident that the re-

flected light path of any given point on the source hair crescent is 

longer than its direct light path as shown below. 

 

                  
Fig. 7: (By Author). 

 

Same as in the Michelson interferometer according to Skinner [6], 

or as in the famous two-slit experiment according to Hawking [7], 

this difference in path lengths results in interference pattern. But 

in the Michelson interferometer all the mirrors and the ground 

glass in front of the extended source of light are plain. And in the 

two-slit experiment the partition between the light source and the 

screen is a plain partition with two narrow straight parallel slits. 

That is why in both the Michelson interferometer and the two-slit 

experiment the result of light interference is a characteristic pat-

tern of straight light and dark fringes. But in the case of shadow 

bands the source of light and its reflected image are crescent-

shaped. That is why the fringes resulting from interference of light 

from the two crescents will, to some good extent, take the shape of 

a crescent but not exactly. In the Michelson interferometer if the 

movable mirror is displaced so that the difference in path lengths 

of the two beams of light changes by one wavelength of light, a 

new fringe will cross a given point on the field of fringes [6]. The 

difference in path lengths of a beam light from a point on the 

source hair crescent and the beam of light from its image is a func-

tion of the product of the direct light path length and the wedge 

angle. In equation form, Let L1 be the direct light path length, L2 

the reflected light path length and (α) the wedge angle as shown 

below in Figure 8.The difference in path lengths (∆L) is then 

simply related to the direct path length L1and the wedge angle (α) 

as follows: 

  

             
 

Fig. 8: (By Author). 

 

∆L = L2 – L1 = L1 sec α – L1 = (sec α – 1) L1                                (1) 

 

From above equation, for a constant wedge angle the difference 

(∆L) is directly proportional to the direct path length (L1). And for 

a constant path length the difference (∆L) is proportional to the 

wedge angle (α). Now let us see the effect of the two factors on 

the difference of path lengths of the direct and reflected light 

beams of the points along the two crescents. Bearing in mind the 

basic idea that the sun and the moon are spherical objects then it 

can easily be imagined that the mid-point of the two crescents is a 

little bit closer to the observer on earth than the two end points. 

Moving left or right from the mid-point towards the end points 

then the direct light path length gradually increases and hence the 

difference (∆L). On the other hand and as roughly shown in Fig.6, 

the wedge angle for about two thirds of the distance from the mid-

point towards the respective end point is almost constant. For the 

last third of the distance the angle gradually decreases till it reach-

es zero at the end point. Hence in the last third of the distance the 

gradual increase in (∆L) due to gradual path length increase is 

accompanied by a gradual decrease due to decreasing angle. Ac-

cordingly if we put a crescent-shaped line on the field then the 

crescent fringes will deviate from that crescent line in one of two 

possible unit patterns as shown roughly below in Fig. 9. 

                   
Fig. 9: (By Author). 

 

Now for the full picture one would like to go back to childhood 

when the moon used to share playing one puzzling game with the 

children. In that game the children used to run in randomly differ-

ent directions. Each child in turn used to suddenly change direc-

tion, speed or suddenly stop and restart while kept looking at the 

moon. The amazing result was that the moon was just following 

each and every child in whatever direction and at whatever speed 

exactly same like it was every child’s own moon. When grown up 

we have come to know that it was the distance of the moon that 

was behind the amazing game. Of course the same is more accu-

rately true about the sun which is many times more distant. So 

from any point in some normal human activity field the hair cres-

cents can be seen the same way. Considering the distance of the 

sun and the distance and real size of the moon then one can imag-

ine that there will be a vast surface on the edge of the moon for a 

wide range of intersecting reflective curves as shown in Fig. 10.  

 

 
 

Fig. 10: (By Author). 
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The combined unit patterns from the pairs of hair crescents related 

to each of the reflective curves make the total shadow bands pat-

tern. 

4. Coronal heating phenomenon and the 

viewed depth in the solar atmosphere 

Since it was demonstrated in the 1940s, coronal heating has re-

mained as one of the most puzzling problems in astrophysics. The 

temperature on the visible surface of the sun (photosphere) is 

around 6000 degrees Kelvin. Unexpectedly, going away from the 

surface the temperature increases. It reaches more than one million 

degrees Kelvin in the corona which is the outermost layer of the 

solar atmosphere that is normally visible during the total solar 

eclipse [8]. For the last more than seven decades, several different 

mechanisms have been proposed to explain how the heat is trans-

ported to the corona. But till date there is no one definitive answer 

for why the corona is 200 to 500 times hotter than the photosphere. 

Most of the researchers in this field believe that the answer is not 

just one definitive answer but a mix of different answers [9], [10].  

As well, the View Concentration Ratio (VCR) presented here is no 

definitive answer. It is just one simple factor to be added to the 

pack of the several different explanations of this vexing phenome-

non. The VCR is the ratio of the product of the viewed depth and 

the average energy flux throughout the viewed depth in the outer 

solar atmosphere to the product of the same along the depth of the 

photosphere at the centre of the solar disk. Bearing in mind our 

basic idea that the sun is a spherical object as viewed by an imagi-

nary external observer, then we will find that the VCR is related to 

the way we view the eclipsed sun. Fig. 11 roughly illustrates the 

difference between the way we normally see the totally eclipsed 

sun (left-hand side hand side) and the way we see it in view of an 

imaginary external observer as shown sectionalized on the right-

hand side. 

 

            
 

Fig. 11: (By Author). 

 

On the left-hand side, the dark disk is the moon blocking out the 

bright visible face of the sun (photosphere). The reddish ring 

around the dark face of the moon is the chromosphere which is 

part of the outer solar atmosphere just atop the photosphere. The 

faint white outer ring is the corona which is the outermost layer of 

the solar atmosphere. These two layers of the solar atmosphere 

become visible during the total eclipse of the sun, but during nor-

mal times are not possible to see with the naked eye against the 

overwhelming brightness of the photosphere. On the right-hand 

side, the orange disk is the opaque sphere of the sun containing the 

core which is the nuclear reactor providing the solar energy by 

radiation and then by convection to the solar surface. The white 

ring around it represents a sectionalized view of the photosphere. 

The reddish and the outer faint white rings are sectionalized views 

of the chromosphere and the corona respectively. 

So, as illustrated on the right-hand side of Fig. 11, when looking 

around the moon at any point on the surface of the outer atmos-

phere we are actually looking very deep into the optically very 

thin outer solar atmosphere. As it is physically connected to the 

surface of the sun, the outer atmosphere is considered here as a 

source of energy and not just a medium that scatters and absorbs 

some of the photons emitted from the photosphere. Every point in 

the solar atmosphere is considered as a source point of energy at 

some level. How much deep the line of sight goes into the outer 

atmosphere is a measure of the sum of energy of all the points, 

from the hottest point deep into the atmosphere to the coolest at 

the exterior surface, on that part of the line of sight. Hence came 

the term View Concentration Ratio (VCR). 

However, the coronal heating phenomenon has not been found in 

that simple direct approach of energy concentration nor by direct 

temperature measurement. Coronal heating was concluded from 

some spectral lines in the spectrum of the corona which were 

found to originate from ions of heavy elements such as iron at 

very high stages of ionization, something that can only happen at 

very high temperatures [11]. Presently, space launched high tech 

instruments observe the solar atmosphere by tracking properties of 

material over a wide range of temperatures [12]. Furthermore, the 

solar atmosphere above the photosphere is known to be spatially 

highly non-uniform and very dynamic time wise. It consists of 

plasma (electrons, protons and ions) and is shaped by the structure 

of the magnetic field in the solar atmosphere. Shooting up jets of 

plasma, known as spicules, rise from the chromosphere and can 

extend up to 10,000 km into the corona. In the corona there are 

also regions which are hotter and denser than their surroundings 

contained in complex magnetic loop structures that are anchored 

in the photosphere [13], [14].  

So, though the calculated VCR values for the selected range above 

the photosphere, as will be shown later, are found to match the 

ratio of the temperature in the corona to the temperature of the 

photosphere ((200 to 500), still, the VCR does not look suitable 

for explaining the coronal heating phenomenon in the highly ac-

tive regions such as chromospheric network, spicules, flares and 

magnetic loops. It looks more suitable for explaining the phenom-

enon in the less dynamic and somewhat uniform balance of the 

outer atmosphere that constitutes by far the major part of the vol-

ume of the solar atmosphere. 

To find out the VCR values at different heights above the photo-

sphere let us first make the following assumptions: 

1) As mentioned above, the highly active regions such as 

chromospheric network, spicules, flares, prominences, cor-

onal holes, coronal loops and coronal mass ejections, are 

excluded. The VCR is limited to the bigger balance of the 

volume of the solar atmosphere which is assumed uniform 

and static for the selected range above the photosphere. 

2) The solar energy flux ratio at any spherical level (or simply 

the energy level) in the outer solar atmosphere is the inverse 

ratio of the square of the radius of that sphere to the square 

of the radius of the top of the photosphere. The energy level 

is assumed unity throughout the photosphere. The VCR, as 

defined earlier, is the ratio of the product of the viewed 

depth and the average energy level along the viewed depth 

in the outer solar atmosphere to the product of the same 

along the depth of the photosphere at the centre of the solar 

disk. 

3) Consequent on point 2 above, the paradoxical increase of 

temperature with height above the photosphere, which is 

normally observed from outside the solar atmosphere, is an 

integral energy effect of all the points along the viewed 

depth. The temperature of the individual elementary points, 

like in nature, decreases as we go away from the photo-

sphere. 

4) In agreement with the second law of thermodynamics 

(Holman [15]), the heat outward flow is from the highest 

temperature point at the maximum viewed depth to the low-

est at the outer surface of the selected range of solar atmos-

phere. 
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5) Since the chromosphere and the corona can be distinguisha-

bly observed during total eclipse of the sun, the VCR values 

are separately found for the chromosphere from just above 

the photosphere to near its maximum average height with-

out considering the coronal layer above it. And for the coro-

na from a little above the transition region (the thin layer be-

tween the chromosphere and the corona) up to a little below 

the selected maximum height. The transition region is as-

sumed a gradual overlapping of the two distinguishable lay-

ers, and the VCR in this layer is only graphically found.  

6) The lines of sight from the observer on earth to all the 

points within the selected range above the photosphere are 

assumed parallel. 

7) The outer solar atmosphere is optically very thin and hence 

the viewed depth is only geometrically found. 

Considering the above assumptions let us divide the outer solar 

atmosphere into spherical energy levels as shown below in Fig 12. 

 

        
Fig. 12: (By Author). 

 

Now let us consider looking at any point on the outer surface of 

the solar atmosphere at some radial distance R from the centre of 

the solar disk and hence through the atmospheric depth behind it. 

As shown in Fig. 12, the energy level gradually increases as the 

line of sight goes deeper into the solar atmosphere. It reaches its 

maximum energy level (the hottest) at the point where the line of 

sight becomes tangential to the spherical energy level of radius R 

from the centre of the sun. Going further up beyond this point the 

energy level gradually drops. With the assumed parallel lines of 

sight, this point is on the central plane of maximum energy points 

on which all the parallel lines of sight have their respective hottest 

points. For the integral effect of energy along the viewed depth, 

we have to consider the direction of heat flow from the highest to 

the lowest temperature point, and hence the effective viewed depth 

is from the point on the outer surface to the central plane only. 

Another important note is that each point on the viewed depth (see 

Fig. 12) individually gets its respective energy level radially from 

the surface of the sun. 

In equation form the energy level at any height h above the photo-

sphere is as follows: 

 

É= R0
2 / (R0 + h) 2                                                                          (2) 

 

Where, É is the energy level as defined in above assumptions, R0 

is the radial distance from the centre of the sun up to the top of the 

photosphere and h is any height above the photosphere. 

From equation (2), the energy level versus height above the photo-

sphere is shown graphically in Fig. 13 below.  

 

 
 

Fig. 13: (By Author). 

 

As an inverse square function, the energy level drops with the 

height. The chromosphere has an average height of only around 

2,000 Km with very slight drop of energy level from 1 at the bot-

tom to around 0.995 at the top of the chromosphere. But the coro-

na is known to extend for many times the solar radius. At about 

only one and a half solar radius the energy level considerably 

drops to less than 0.200. 

However, considering the main objective of explaining the coronal 

heating phenomenon and for simplicity, the selected maximum 

height in the corona is limited to 50,000 Km above the photo-

sphere. In this range the energy level drops almost linearly from 

0.995 at the top of the chromosphere to around 0.870 at the outer 

surface of the selected maximum range. So, the average energy 

level throughout any viewed depth in the chromosphere and with-

in the selected coronal range can reasonably be taken as the arith-

metic mean of the highest at the maximum viewed depth and the 

lowest energy level at the outer surface. 

Now, from equation (2) and with the aid of Fig 14 below, the 

VCR in the chromosphere and the corona is simply found as fol-

lows: 

 

 
Fig. 14: (By Author). 

 

1) In the chromosphere: 

 

Viewed depth (d) = d1 = ((R1
2 – (R0 + h1)2)1/2                              (3) 

 

Highest energy level = Éh = R0
2 / (R0 + h1) 2                                (4) 

 

Lowest energy level = Éw = R0
2 / R1

 2                                          (5) 

 

Average energy level = Éa = (Éh + Éw)/2                                     (6) 
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VCR = d1* É a /H0                                                                         (7) 

 

Where, R0 is the radial distance from the centre of the sun up to 

the top of the photosphere and R1 is the radial distance up to the 

top of the chromosphere, h1 is any height h above the photosphere 

and below the top of the chromosphere and d1 is the corresponding 

viewed depth d in the chromosphere. Éh, Éw and Éa are respective-

ly the highest, the lowest and the average energy level throughout 

the viewed depth and H0 is the depth of the photosphere at the 

centre of the solar disk with an assumed average energy level of 

unity. 

 

2) In the corona: 

 

Viewed depth (d) = d2 = ((R2
2– (R0 + h2)2)1/2                                (8) 

 

Highest energy level =Éh = R0
2 / (R0 + h2) 2                                  (9) 

 

Lowest energy level = Éw = R0
2 / R2

2                                          (10) 

 

Average energy level =Éa = (Éh + Éw)/2                                    (11) 

 

VCR = d2*Éa/H0                                                                          (12) 

 

Where, R2 is the radial distance up to the maximum selected 

height in the corona, h2 is any height h above the photosphere and 

below the maximum selected height and d2 is the corresponding 

viewed depth d in the corona. 

As can be noted from above equations, the two sets of equations 

are mainly different in the values of the constants R1 and R2. The 

VCR, the viewed depth d and energy level versus height h above 

the photosphere as shown below in Table 1 are found by substitut-

ing the height h and the following provided constants ([13], [16], 

[17]) in equations (3, 4, 5, 6 and 7) for the chromosphere and 

equations (8, 9, 10, 11 and 12) for selected range of the corona: 

 

Radius of the opaque sphere of the sun = 696,265 Km. 

Depth of the photosphere = 400 Km. 

R0= 696,265 + 400 = 696,665 Km. 

Depth of the chromosphere = 2,000 Km. 

R1= R0+ 2,000 = 696,665 + 2,000 = 698,665 Km. 

Depth of transition region = 100 Km. 

Selected maximum height of the corona as assumed above = 

50,000 Km. 

R2 = R0+ 50,000 = 696,665 + 50,000 = 746,665 Km. 

 
Table 1: VCR, Viewed Depth and Energy Level vs. Height 

 

h in Km D in 10^3 
km 

Éh Éw Éa VCR 

C
h

ro
m

o
-

sp
h
er

e 

0 52.827 1 0.994 0.9971 132 

600 44.207 0.998 0.994 0.9963 110 

1200 33.425 0.997 0.994 0.9954 83 

1800 16.716 0.995 0.994 0.9946 42 

C
o

ro
n
a 

2200 262.862 0.994 0.871 0.9321 613 

3000 260.725 0.991 0.871 0.9310 607 

4000 258.026 0.989 0.871 0.9296 600 

6000 252.528 0.983 0.871 0.9268 585 

8000 246.892 0.977 0.871 0.9240 570 

10000 241.108 0.972 0.871 0.9212 555 

12000 235.165 0.966 0.871 0.9185 540 

14000 229.050 0.961 0.871 0.9158 524 

16000 222.749 0.956 0.871 0.9131 508 

18000 216.247 0.950 0.871 0.9104 492 

20000 209.523 0.945 0.871 0.9078 475 

24,000 195.322 0.935 0.871 0.9025 441 

28,000 179.915 0.924 0.871 0.8974 404 

36000 143.912 0.904 0.871 0.8873 319 

40000 121.792 0.894 0.871 0.8825 269 

46000 77.184 0.880 0.871 0.8753 169 

 

 

The VCR versus the height h is shown graphically in Fig. 15 be-

low. The graph is generated from Table 1 by taking the height h 

values and the corresponding VCR values, continuously from 0.0 

at the top of the photosphere to 20,000 Km within the maximum 

selected range in the corona. The difference in the constants R1 

and R2 is behind the horizontal shift of the curve in the chromo-

sphere from that in the corona. In the transition region, which is 

assumed a gradual overlapping of the chromosphere and the coro-

na, the maximum height is gradually increasing from R1 at near 

the top of the chromosphere to R2 at the bottom of the corona as 

shown above in Fig. 14. That is why the part of the curve in the 

transition region can be considered as a continuous series of points 

shifted horizontally from the maximum in the corona to the mini-

mum point in the chromosphere.  

 

 
 

Fig. 15: (By Author). 

 

Limiting the height h in Fig. 15 to 20,000 Km only within the 

50,000 Km selected range is to allow comparison with the temper-

ature and density versus height graph of Wikipedia contributors 

[14], shown below in Fig. 16.  

Now taking some liberty of considering the VCR as a direct repre-

sentation of the ratio of temperature in the outer solar atmosphere 

to the average temperature in the photosphere, let us compare the 

two graphs. In both graphs the highest rate of increase is within 

the thin transition region layer. In Fig. 16 the temperature (the 

solid white curve) increases very rapidly from about 10,000 at the 

bottom to about 1.0 million K at the top of the transition region. 

Then the temperature continues to gently increase in the corona 

reaching more than 1.0 million K at the height of 18,000 Km 

above the photosphere. In Fig. 15 the VCR increases very rapidly 

from around 50 to around 500 within the thin transition layer. In 

the corona and at the height of 18,000 Km, the VCR is still at a 

high value of about 500. But unlike in Fig. 16, it reaches this value 

at a noticeable decreasing rate from about 600 at the bottom of the 

corona. This noticeable rate of decrease is because of the approx-

imation made by limiting the corona to only 50,000 Km range. 

Theoretically and as per equations (8, 9, 10, 11 and 12), the VCR 

curve is going towards zero at the outer end of the selected range. 

But in actual fact we know that the corona extends for several 

million kilometres above the photosphere. So, if we select a very 

wide range with more accurate energy level values, the VCR 
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curve in the corona for the compared range of height will then 

look flattened. 

 

 
 

Fig. 16: Source: Wikipedia Contributors [14]. 

 

However, in the chromosphere the two graphs do not make good 

comparison. If we accept the VCR as a direct representation of the 

temperature ratio as mentioned above, then in the chromosphere 

the VCR values of more than 100 at the bottom to around 50 at the 

top are too big when compared to the ratio of temperature in the 

chromosphere to that in the photosphere. It seems that the assump-

tion that the outer solar atmosphere is optically very thin is not 

reasonable for the chromosphere. The chromosphere is just atop 

the photosphere. The photosphere, though overwhelmingly bright, 

is known to be considerably opaque [18]. It seems that the effect 

of opacity of the photosphere, to some less extent, is affecting the 

chromosphere. So, generally speaking, opacity in the chromo-

sphere will reduce the viewed depth and hence the VCR values 

versus height to some reasonable values. However, as mentioned 

earlier, the main objective of this study is to show the integral 

energy effect of the viewed depth as one of the explanations of the 

coronal heating phenomenon. 

One last important note is about the non-uniformity of the outer 

solar atmosphere indicated roughly by the spicules rising from the 

chromosphere into the corona as shown in Fig. 16. It is interesting 

to note that the temperature curve trend does not seem to follow 

these changes in property of layer but rather follows the height. 

5. Conclusion 

Reflection of light by the edge surface of the moon when light is 

falling almost parallel to it gives good alternative explanation of 

both the diamond ring and shadow bands phenomena. The reflec-

tion phenomenon is supported by photos of similar daily life ob-

servation reflection examples. The most puzzling phenomenon, 

coronal heating, alternative explanation is excluding the highly 

active regions of the outer solar atmosphere. The paradoxical in-

crease of temperature with height in the outer solar atmosphere as 

compared to the solar surface is explained as due to the integral 

effect of energy along the viewed depth through the optically very 

thin outer atmosphere of the sun. This explanation is found to be 

more appropriate in the corona than in the chromosphere. Being 

limited to the non-active balance of the volume of the solar at-

mosphere, this alternative explanation does not criticize nor does it 

stand as an alternative to any of the present explanations which are 

rather related to active regions of the solar atmosphere. 
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