
Introduction

This note was motivated by a Youtube video, the reference for which I have unfortunately lost, in 
which it is claimed that ignition of the fusion processes within the Sun required external influence.  
This arises from a balant refusal to admit that compression of gas under a gravitational field fully 
accounts for the temperature distribution in the troposphere of planetary atmospheres.  A refusal 
which originates from a religious belief in the greenhouse effect, which is not justified by the 
science. 

There is a certain hierarchy in the world of intellectual snobbery. Physics dealing with the processes
governing the nuclear reactions within stars, have a much higher status than more mundane and 
messy practical subjects like aerodynamics.  Astrophysicists who can pontificate on the finer points 
of quantum mechanics seem peculiarly ignorant of, say, Bernoulli’s Equation.  But it is to the ‘sexy’
science that climate science has turned, rather than to those who actually understand gas flow. 

The likes of Stephen Hawking, brilliant though they are, are not experts in gas dynamics or 
thermodynamics.  Their extensive knowledge of cutting edge physics is completely irrelevant to the
study of planetary atmospheres.

The first stages of stellar formation similarly is not described adequately by the equation governing 
radiative heat transfer.

Our objective is to apply the thermodynamic expression governing the temperature distribution 
within a planetary atmosphere to a gas cloud as it condenses to form a protostar.  This will 
demonstrate that adiabatic compression under gravity alone is all that is needed to raise the 
temperature of the gas at the core of the star.

The illogical rejection of gravitational compression as the explanation for planetary atmospheric 
temperature distribution remains a serious failing of the climate science community, doggedly 
clinging, as they do, to their debunked greenhouse effect.  It is interesting to note that if they were 
correct, the Youtube video would also be correct, and it would be impossible for stars to start 
shining.



Gravity Inside a Spherical Shell

Unlike a planet, our gas cloud does not have a solid surface, so we need to determine the 
gravitational both inside and outside it.  To begin with we expect a local nucleation site where the 
gas is marginally denser than elsewhere.  This will attract matter forming a denser cloud which we 
imagine to be fairly amorphous, but sooner or later it will form a vaguely spherical shape.  So for 
the purposes of this discussion we shall assume the condensing cloud may be treated as an infinite 
series of infintesmal spherical shells. 
 
In order to calculate the gravitational force on a particle within the spherical shell, we need to 
calculate the mass of an element. We may then integrate the force over all elements of the shell.

Figure 1: Elemental volume of spherical shell

The volume of the infinitesmal element is related to the shell thickness (t) and the increments in 
elevation (θ) and azimuth (ψ) angles (latitude and longitude increments).

δV=t (r δθ)(r cos (θ)δ ψ)  

where r is the radius of the spherical shell.

As the problem is symmetrical, we do not lose generality by considering only particles located on a 
single radiius of the sphere, e.g.  OZ in the diagram.  The net force is  expected to act in this 
direction, so the method of calculation is to find the projection of the gravitational force between 
the general particle and this element of volume and then integrating over the entire shell.

The symmetry assumption implies the density of the shell is uniform.



The plane containing the general particle (P) and the elementary volume (V) is depicted in figure 2. 
The general particle is located a distance ‘a’ along the radius.  The gravitational force (f) acts along  
VP and has component:

F=f cos (β)

Along the radius.  All transverse gravitational force components sum to zero over azimuth.

Figure 2 : Section of spherical shell 

Cosine rule applies to OPV yields:
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Also:

x sin (β)=r cos (θ)

Squaring and adding these expressions yields x as a function of θ:
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Substituting:

cos (β)=
a−r sin(θ)

x

The force per unit mass at P due to the element at V is:

δ f=
GρδV

x2

where G is the universal gravitational constant and ρ is the density of the shell material.

Since x remains constant in azimuth the integral over ψ is trivial:

δ F=2π t r cos(θ)(
Gρr δθ
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The solution requires this expression to be integrated over θ.  This is accomplished by substituting:
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and:
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Evaluating the integral:
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These are square root functions, which raises the issue of sign ambiguity.



If the term in square brackets has a finite value, the force will be infinite for the completely 
symmetrical case a=0.  This cannot be correct, because the gravitational attraction of all the 
elemental volumes must sum to zero in this case.

This result is obtainable by choosing signs such that:

f ( y1)=f ( y2)=2 r

So if the net gravitational field is zero at the centre, it must also be zero everywhere else within the 
shell.

If a>r this choice leads to the result:

f ( y1)=−f ( y2)

And the force becomes:

F=G
ρ4π r2 t
a2 =

GM
a2

where M is the mass of the shell.

We conclude that outside the shell, the force is the same as it would have been if all the mass were 
concentrated at the centre.  Inside the shell, the gravitational field is everywhere zero.

When calculating the gravitational force on a spherical body, we need only consider the mass of the 
material beneath the level of interest.



Governing Equations

The temperature of the gas is obtained from the First law of Thermodynamics, treating the process 
as adiabatic.  Ignoring kinetic energy of the bulk of the gas, the enthalpy change between two points
is equal to the potential energy per unit mass:
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Where M is the mass of matter below the level z in the cloud it is calculated by summing the mass 
of the infinitesmal shells below this position:

dM
dz

=4 πρ(z )z2

The pressure due to the gravitational field is given by the hydrostatic equation:

dp
dz

=−G
M (z )

z2 ρ(z )

The radiation pressure is given by the irradiance (q) divided by the speed of light (c):

pr=
q
c

The irradiance is related to the total power flux (P) from the nuclear reactions at the core:

q=
P

4 π z2

Or:
d pr
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=−2
P
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It appears that the gravitational pressure depends essentially on the mass of the star, whilst the 
radiaion pressure depends on the power of the reaction within the star.  These balance at the surface,
implying that the radius of the star depends on its mass and the energy of the nuclear reaction.

At present the Sun’s diameter is determined by the fusion of hydrogen into helium.  Once the 
hydrogen is used up, the star will collapse until the temperature becomes sufficient to start fusion of
helium nuclei.  This is a more energetic reaction, which once started will cause the Sun to expand 
drastically.

Knowledge of the sequence of nuclear reactions which take place within the star enables us to 
predict whether the star will merely expand or explode as a supernova.

There is an extensive literature on the subject, but this particular phemenon is well presented in 
Fred Hoyle’s book ‘Frontiers of Astronomy’.  The reader is warned, however, that Prof. Hoyle’s 
views on continuous creation and the formation of oil do not represent current mainstream beliefs. 





Condensation of Stellar Cloud

In order to obtain a solution we need to estimate the state of the protostar when the nuclear reaction 
starts to occur.

We shall assume the protostar is a geometric point compared with the size of the cloud.

The spherical region at distance ‘r’ from the centre has potential energy per unit mass:

E=γ
M
r

 

Where M is the mass of material inside the spherical region which has collapsed to form the 
protostar.  i.e.:

M=
4
3

ρπ r3  

As we have seen, we need only consider the matter inside the region to determine the gravitational 
field. 

where ρ is the density of the cloud.  The energy per unit mass of the spherical region is:

E=
4
3
Gρπr 2  

The enthalpy of the gas in this region is:

h=E+CpT

Where T is the absolute temperature of the gas cloud.  The temperature of the spherical region after 
it has collapsed on to the protostar is:



T s=
h
Cp

We shall ignore the initial temperature, so we have for the protostar temperature:

T s=
4
3
Gρπ r2

C p

Assuming the cloud is molecular hydrogen with 1012 molecules per cubic metre, ρ=3.3×10-15 kg m-3.

At temperatures of the order of a few thousand degrees Cp ≈13000 J kg-1 K-1, but at the million odd 
degrees needed for fusion reaction its value will be greater as the number of modes into which the 
energy can be absorbed increases, and the proportion of molecules in which the modes are excited 
also increases.  We shall use this relatively low temperature value.  Finally the universal 
gravitational constant is 6.674×10-11 m3 kg-1 K-1.

The extent of the gas cloud needed is given by:

r=√ 3
4
CpT s
πGρ

The initial mass of the star is then:

M=
4
3

πρr3

Substituting the numbers we get r=3.8×1016 metres. The mass of the star is 7.58×1035 kg , this is 
quite close to the mass of the Sun. 



Temperature Distribution

Nobody can actually look inside a star to decide how the heat is conveyed from the furnace at its 
core to the surface.  It is universally assumed, with neither theoretical grounds nor supporting 
evidence, that heat is conveyed exclusively by radiation and by conduction.  This assumption is 
made to render the equations soluble.  It is a mathematical convenience, and not physical fact. 
Convection is also expected to be present.

However, how the heat is transported is largely irrelevant, as it does not determine the temperature 
distribution.

This belief that conduction and radiation actually determines the thermodynamic state of the 
atmosphere is so ingrained, that is no  longer questioned.  It is this assumption which the climate 
alarmists claim to be ‘irrefutable settled science’.  It is clearly nothing of the sort.

The usual treatment may be found in any standard reference on astrophysics.  The approach adopted
here follows that of the analysis of planetary atmospheres, where it is found that for most of the 
dense atmosphere radiation dominates the heat flow but the temperature is found from the 
thermodynamic state of the circulating gas.

This asumption that temperature and irradiance are directly related may well explain why the 
temperature of the corona remains a mystery.

It is difficult to see how hydrogen fuel can permeate into a core consisting of denser helium without
turbulent mixing. Plasmas are not exempt from Archemedes Principle.  So the fact that the Sun 
continues to shine indicates that conditions within the it are highly turbulent.

Now, explicit solution of the equations of motion of an electrically neutral gas over planetary sized 
regions is beyond the capabilities of modern computers, introducing the electromagnetic effects 
expected of a plasma raises the complexity of the problem to positively nightmarish proportions.

As for the planetary atmosphere, we must restrict ourselves to a quasi-static thermodynamic 
description.

When considering planetary atmospheres, we determined that temperature is dictated by radiation 
when the gas pressure was below a certain threshold.  Above that threshold the atmosphere is 
unstable under bouyancy forces and temperature is determined by the thermodynamic state of the 
gas.

This region is given the rather arcane name ‘photosphere’. The temperature of this radiating layer is
obtained from the irradiance from the lower levels.

The limiting pressure governing the transition from stratified to turbulent mixing has been found to 
be about 22kPa for planetary atmospheres.  The region of the star where the pressure is lower than 
this is very thin compared with the diameter, so we shall treat this layer as the surface condition.  In 
fact what we choose to define the boundary of the star in the absence of a solid surface, remains 
somewhat arbitrary.

The temperature of the photosphere is given by:

T p=
4√ q2=4√

P
8 π r2



The conditions outside the core are considered adiabatic which from the First Law of 
Thermodynamics yields the variation in temperature:

dT
dz

=
GM (z )

C p z
2

The pressure within the star is expected to rise rapidly to a point where the ideal gas equation ceases
to be even approximately valid.  The van derWaals equation may serve as a more appropriate state 
equation in this context.

p=
ρ RT

(1−bρ)
−aρ2

The pressure is obtained from the hydrostatic equation:

dp
dz

=−G
M (z )

z2 ρ(z )

It appears that we are stuck with a two point boundary value problem.  We wish the reader the best 
of luck in trying to solve it.



Conclusions

The belief that temperature distribution within at atmosphere depends on the energy flow through it 
appears to underpin the accepted science of both planetary and stellar atmospheres.  That it is not 
the case in the lower regions of planetary atmospheres is readily found by direct measurement of the
thermodynamic state of the gases of the troposphere.  What happens in the depth of a star’s 
atmosphere is a matter of speculation.

We have shown elsewhere that although radiative heat transfer accounts for most of the surface heat
flow for the Earth, it does not determine the actual temperature distribution, as those unfamiliar 
with the process of convection appear to believe.

Plasmas within stars have high thermal conductivity, so it is little wonder that there is widespread 
belief that radiation and conduction are the principal processes of heat transfer for both stellar and 
planetary atmospheres.  This indeed is no more than a matter of faith, rather than science.  It is this 
speculation which constitutes the ‘irrefutable settled science’ on which the greenhouse effect is 
based.

This over reliance on a radiative model to determine the temperature distribution outside of the 
chromosphere renders the initial ignition of the star a complete mystery.  Our rather crude 
calculation indicates that adiabatic compression under gravity will raise the temperature at the 
centre to a level needed for fusion of hydrogen to begin with a mass of interstellar gas equal to a 
typical star.

Since adiabatic compression appears to start the ball rolling, it appears absurd to suggest that it is 
magically suppressed once the fusion reaction begins.

The much vaunted ‘irrefutable settled science’ on which the greenhouse effect is based, is no more 
than an assumption justified by mathematical convenience to render the govering equations 
tractable. 


