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Preface

The primary difference between an ivory tower academic and a practising field engineer, is
the former is concerned primarily with getting the sums right, whilst the latter is concerned 
with ensuring the right sums are done.  What applies to engineering applies to any multi-
disciplined subject.  The task is primarily one of identifying which phenomena are relevant 
to a particular product or area of study, and to what degree each phenomenon influences 
critical results.  This knowledge defines the level of fidelity required in our mathematical 
representation of each of the phenomena of interest.

The academic is invariably a narrow specialist, and approaches problems by trying to map 
them on to his/her area of expertise. The criterion is more a matter of how 'interesting' an 
aspect of the problem might be, rather than its relevance to the actual problem of interest.  
The fact that the area of expertise was hard to acquire and attracts much kudos from the 
uniformed layman, appears to somehow render it relevant to the problem in hand in the 
mind of the naïve.

An area of study such as climate science is essentially inter-disciplinary in nature, yet 
suffers from excessive influence from the blinkered academic outlook. The troposphere 
model based on radiative heat transfer is precisely the expertise-driven model one would 
expect from the ivory tower.  It is not so much a valid theory, more a vehicle for applying 
'sexy' science.  So many big names with impressive credentials have given support to this 
narrative, that it has passed into folklore as 'irrefutable settled science'.  

It is notable that many of the primary protagonists of the catastrophic climate change myth 
tend to the top of the ivory tower – theoretical physicists and astrophysicists to whom 
applying the equations governing stellar atmospheres to planets seems natural.  But even 
in this context, the 'irrefutable settled science' cannot explain the temperature of the Sun's 
corona, so is refuted in the very context where it has greatest alleged validity. 

The harshest critics come from disciplines such as geology and aerodynamics.  These are 
the people who actually know about planetary atmospheres, yet whose opinions are lost in
the fog of intellectual snobbery which characterises modern science journalism. 

This note presents an engineer's perspective from one familiar with aerodynamics, 
automatic control, radar and thermodynamics all applied over a forty year career to aircraft
structures, guided weapons and gas turbine engine analysis as well as to radar systems.  
However, the author's expertise is irrelevant, the discussion presented here stands on its 
own merits, its validity rests on the soundness of the science, and not on any intellectually-
challenged argument from authority. 
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Part 1 : Planetary Atmospheres
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1 Introduction

The theory presented here is mainstream physics, but not, it appears, mainstream climate 
science.

We begin by considering the source of thermal energy to the planetary body, which we 
shall assume is the star around which it orbits.  Internal sources are considered 
insignificant in comparison.  This may not be the case for bodies subjected to tidal 
stresses at distances where the solar flux is low, such as the moons of the gas giants and 
ice giants.  Our interest is mainly with the inner planets; Mercury, Venus, Earth and Mars.

Our starting point must therefore be with the heat transfer between the star and the planet 
through the hard vacuum of space.  The only known process which can transfer heat 
across space is radiation, so the characterisation of this process is essential for the study 
of all planetary bodies within the Solar System.

The simplest heat exchange problem is that between the star and the planet when there is 
no planetary atmosphere to take into account.  This introduces all the aspects of radiative 
heat transfer which are relevant to the problem

The analysis is extended to a planet having a tenuous atmosphere, such as Mars, where 
we discover that the atmosphere is largely isothermal.  This will introduce some of the 
relevant thermodynamic gas properties needed to characterise more dense atmospheres

The next class of planet considered is one with a gaseous dense atmosphere such as 
exists on Venus, this introduces the convective flow energy equation derived from the First
Law of Thermodynamics.

We then introduce the effect of vapour in the atmosphere, in order to represent planets 
having substantial oceans.

The simple model of the Earth’s atmosphere is then completed by considering the effect of
stratosphere heating due to the action of ultra violet light on oxygen.

Finally, a word on nomenclature.  Climate science is an interdisciplinary subject in which 
each discipline brings its own jargon.  What is worse, the same words have different 
meanings in different disciplines.  In this note the word ‘flux’ is used to denote what climate
scientists refer to as ‘irradiance’. This is to ensure the mode of heat transfer considered is 
not restricted exclusively to radiation. What climate scientist refer to as ‘flux’ is here simply 
called ‘power’.  The word ‘stratosphere’ follows its aeronautical use in referring to the 
entire region of the atmosphere where the gas is to be found in non-mixing layers.  Also, 
the term ‘tropopause’ is similarly used to denote the boundary between the troposphere 
and stratosphere, rather than the isothermal region of the stratosphere. 

The purists will doubtless note that the Gibb’s function is denoted with an upper case G, 
when strictly speaking it ought to be lower case, as it is an intensive property.  This is done
to distinguish it from the gravitational acceleration.
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2 The Airless World

The energy from the Sun propagates through space as electromagnetic radiation.  In 
general the radiative heat transfer between two bodies having different temperature 
distributions is potentially very complicated indeed.  Every infinitesmal area of body A 
illuminates every point on body B and vice versa, and the calculation must take all possible
paths into account.  
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If, however, both bodies are vanishingly small compared with the distance between them, 
the problem is greatly simplified.  Also, if the radiation from one of the bodies has 
negligible effect on the other (i.e. the reflected radiation from the Earth has negligible effect
on the Sun) the geometrical problem becomes trivial.

The Sun becomes a point source, and the radiative flux at the Earth is very nearly uniform 
(the rays are effectively parallel).  We are therefore justified in characterising the Solar 
radiative flux as a single value of power per unit area.  At the Earth this has a value of 
1350 Watts per square metre. The power intercepted by the planet is equal to the flux 
multiplied by the projected area of the sphere perpendicular to the incident radiation.  This 
projected area is one quarter of the surface area, so we find a mean value of solar flux by 
dividing by four.

The solar flux for any other body is calculable from the inverse square law.

q=
1350

R2

Where R is the distance from the Sun in astronomic units (multiples of the Earth orbit 
mean radius).

We may derive the same result by explicitly calculating the radiative flux at each 
illuminated point, summing it over the surface facing the Sun and dividing by the surface 
area. 
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The gravitational field ensures that planet sized bodies are more or less spherical in 
shape.  The intensity of the illuminating radiation on a surface depends on its direction.  
Away from normal to the surface, the same power is distributed over a wider area, so the 
radiative flux (the power per unit area) is reduced. 

The local flux is reduced by the cosine of the angle of incidence, this is called Lambert’s 
Law.

It follows that the local flux at a location θ (theta) latitude and φ (phi) longitude (both 
measured with respect to the direction of the Sun) is: 

q local=q0 cos cos 

The radiative flux therefore varies over the planetary surface.  The actual temperature 
variation depends on the thermal properties (specific heat and conductivity) of the surface 
material, and the rotation of the planet.  However, in order to gain an understanding of the 
fundamental processes involved it is advisable, at least to begin with, to avoid extraneous 
effects which merely serve to obscure the discussion.

In ignoring these effects, we recognise that the theory is incomplete, so we must be aware 
of its limitations.  For example, the equilibrium equations presented in this chapter cannot 
be applied to regions facing away from the Sun as they would yield the improbable 
equilibrium temperature of absolute zero.

Provided our discussion is limited to the Sun facing side between say about ±60˚ latitude, 
the results shouldn’t be too far out.
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In the extreme of a perfectly conducting sphere, we could sensibly talk about an ‘average 
global temperature’.  This is found from integrating the incoming flux over the surface and 
dividing by the surface area. The integral is written as:

qav=q0

∫
−

2



2

∫
−

2



2

R cos2
 Rcosd  d

4 R2

Where R in this context is the planetary radius.

Evaluating the integral yields the result that the average flux is one quarter that of the 
incident flux, as should be expected from our consideration of the projected area of the 
sphere.

This is meaningless for airless worlds such as the Moon, but is approximated in dense 
planetary atmospheres where heat is conveyed from the equatorial regions to the poles by
atmospheric circulation, and we are averaging over day and night.  However, even in this 
case, it is an extremely crude approximation. 

When applying the average solar flux to planets with dense atmospheres it is understood 
that we are dealing with the temperate latitudes, where it isn’t a bad approximation.

In addition to the direction of the incoming radiation we need to characterise its intensity 
somehow.  Now the energy depends on two factors, the number of photons and the 
energy per photon.  The latter, according to Quantum Theory, depends on the wavelength.

For a body at a particular temperature, the distribution of radiative intensity over 
wavelength depends on the properties of the material of the body.  We can define a body 
which radiates the maximum possible per wavelength for a given temperature, and this is 
called a black body.
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Like inextensible strings, frictionless pulleys and geometric points the black body is a 
simplification of the real world, rendering the salient issues accessible to the human mind, 
and not obfuscated in extraneous clutter.  Once the simple problem is understood, we may
move on to take account of the omissions, as and when they become relevant to the 
problem at hand.

The advantage of the black body is it permits a relatively simple relationship between the 
incoming flux and the surface temperature.  The distribution of intensity with wavelength 
for a black body is derivable from fundamental physics which lies outside the scope of the 
current discussion. By integrating this intensity distribution over wavelength, we can derive
a simple expression relating the radiative flux (in Watts per square metre) to absolute 
temperature.  This relationship is called the Stefan-Boltzmann equation.

q= T 4

Here q is the radiative flux, T is absolute temperature and σ (sigma) is the Stefan-
Bolzmann constant which in SI units has the value 5.68×10-8 Wm-2K-4.  

Many solid surfaces exhibit a black body like intensity distribution over a wide temperature 
range, but emit only a proportion of the black body value.  These are called grey bodies, 
and may be treated by including a factor called the emissivity (ε (epsilon)) into the Stefan 
equation.
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As this is a constant factor for all wavelengths, the integral is simply scaled, so the 
modified Stefan Law retains its simplicity:

q= T 4

Note that changing the emissivity does not alter the value of the irradiance, a fact which 
brings into question the common hoaxer's practice of treating changes in emissivity as 
changes in irradiance. (otherwise called 'radiative forcings').  

Gases have absorption properties that don’t begin to resemble black or grey bodies, and 
these will be considered later.

If there is a heat flux into a body, its temperature will rise until its outward radiative flux 
becomes equal to the incoming radiative flux.

We may characterise the ability to absorb radiation by a quantity called the absorptivity 
which is again a factor on the Stefan Law.  At equilibrium these incoming and outgoing 
fluxes must be the same, so absorptivity must equal emissivity for a body in radiative 
equilibrium.

In general the absorptivity and emissivity are expected to be functions of temperature, but 
at equilibrium, the total incoming intensity, integrated over wavelength must equal the total 
outgoing intensity, also integrated over wavelength.  Clearly the temperature 
corresponding to incoming and outgoing radiation cannot be different.
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When these quantities are scaled by the Stefan Law they must be numerically equal. This 
is called Kirchoff’s Law.  It doesn’t matter if, away from equilibrium, these quantities may 
be different.  At equilibrium they must be the same, otherwise there must be a net 
absorption or emission of energy.

It follows that any formulation in which absorptivity and emissivity are different cannot 
represent equilibrium conditions.  Believe it or not, there is a widely used formulation of the
greenhouse effect which is based on this fundamental error.

Radiation which is not absorbed by the surface must be either reflected or transmitted 
through the surface.  A planet is unlikely to be transparent, so that what is not absorbed is 
reflected away.  The proportion of reflected radiation of a planetary body is given the rather
arcane name; albedo (denoted ‘a’), when in every other context it would simply be referred
to as the reflectivity.

Since energy cannot be spontaneously created it follows that the absorptivity, and hence 
the emissivity, is equal to (1-a).  The temperature may now be found from the incoming flux
using a grey body representation of the planetary surface using the following form for the 
Stefan-Bolzmann Law:

q=1−a  T 4

When dealing with an airless world we can get away with a fairly simple calculation to find 
the surface temperature.  As an example, consider a point on the Moon where the Sun is 
directly overhead.  The albedo has the value 0.07, so the Moon isn’t far off being a black 
body.  The Solar flux is 1350Wm-2 so the radiation absorbed is 0.93×1350 = 1256Wm-2.  
Applying the Stefan Law, yields the temperature 386 K or 114˚C.

At 60 degrees latitude relative to this position, the flux is half this value and the 
temperature is reduced to 324K or 52ºC.

Without a gaseous atmosphere to redistribute the heat the conditions on an airless world 
may vary drastically over the surface.
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3  Tenuous Atmospheres

We may get a reasonable estimate of the temperature on the Sun side of an airless planet 
by applying the Stefan-Bolzmann Equation and Lambert’s Law and consider only the side 
of the planet facing the Sun. Using such a simple formulation we cannot say much about 
the conditions on the dark side, or about the polar regions.

Introducing gases into the atmosphere requires us to consider the spectral distribution of 
radiative intensity more carefully, because gases are selective emitters; that is they only 
absorb radiation in specific spectral bands.

The black body distribution is given by the Planck equation which is presented as a given. 
It’s derivation requires major intellectual effort, which is little more than a distraction from 
the present discussion.  To cite a well-known aphorism – when you are up to your waist in 
alligators, you tend to forget you are there to drain the swamp (only in the original the part 
of the anatomy was not ‘waist’).

The Planck distribution yields the spectrum associated with the black body.  

q=
c1

−5

exp 
c2

T
−1

where λ (lamda) is the wavelength, c1=37.4×10-15 Wm2, and c2=0.01439 m K. 

If we integrate this expression over all wavelengths, the result is the Stefan-Bolzmann Law
presented earlier.
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Since gases are selective emitters, it is useful to be able to characterise which regions of 
the spectrum are relevant to a body of given temperature.  We see that for a given 
temperature the peak of the Planck distribution occurs at a specific wavelength.  If we plot 
this peak against wavelength we can deduce the regions of the spectrum most relevant to 
the temperature of the radiating surface.

The result is called Wien’s displacement law.

maxT=0.0029m K

Where λ is wavelength.

If we look at the gases in the Earth’s atmosphere, and plot what proportion of the 
illuminating flux they absorb through the depth of the atmosphere, we can see that none 
remotely resemble a black body distribution.  Nor is a grey body, as defined for solid 
surfaces, a good model either. 

Take the absorption of carbon dioxide for example.  We see that it has a drastic effect on 
the atmospheric transparency around the 15 micron region, but has practically zero effect 
in the 0.4 to 0.8 micron region of the visible band.   Obviously we cannot apply the idea of 
an emissivity as simply a scale factor on the black body distribution, as we did for the grey 
body. One approach would be to derive emissivity as a function of wavelength.  However, 
if the variation in temperature we are dealing with is small, we see the peak of the black 
body distribution does not shift much in wavelength, so that the amount of radiation 
absorbed by the gas as a proportion of the black body value remains fairly constant over 
this limited range.

Treating the Sun as a black body at a temperature of 5777 K it is evident that most of the 
incoming radiation is to be found in the 0.4 to 0.8 micron range (indicated in yellow), 
otherwise known as the visible band.  The atmosphere gases have little effect here, so we 
ignore the absorptivity in this region. 
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Applying Wien’s displacement law we see that the temperature corresponding to the black 
body peak at 15 microns is 193 K.  Temperatures this low are not encountered until well 
above the stratosphere.  However, if we consider the actual surface temperature of 288 K, 
we get a wavelength of 10 microns.  The black body distribution tails off gradually in the 
increasing wavelength direction, so that there is still a significant amount of radiation 
potentially blocked by carbon dioxide.

In order to keep the equations simple we shall retain the idea of emissivity, bearing in mind
that we can only deal with variations in temperature of the order of 50 K or less around the 
nominal condition.

Since the atmosphere is transparent to the incoming radiation, the surface heats up.  If the
atmospheric pressure is less than 20 kPa, radiation dominates heat transfer within the 
atmosphere as well as the transfer of heat from the Sun to the planet.  The surface must 
be in equilibrium with the incoming radiative flux, so its temperature may be found from the
Stefan equation as for an airless world.

The resulting surface temperature corresponds to a region of the spectrum where 
absorptivity is significant.  The atmosphere is effectively illuminated from below by the 
planetary surface.  However, as the temperature range we are concerned with is small, the
shift in the peak with wavelength is small and the black body responses are similar.  It 
follows that the proportion of black body radiation absorbed by the atmosphere gases is 
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roughly the same for each of the curves.  We are therefore justified in treating this 
proportion as an emissivity over this limited temperature range. 

Note that we implicitly assume the greenhouse gas completely blocks the radiation in the 
absorption band.  In fact the actual absorption is expected to be less than this, so our 
analysis maximises the effect of the greenhouse gases.  In short we make the most 
pessimistic assumption possible regarding the blocking effects of greenhouse 
gases.

The transfer between atmospheric layers is found by considering a pair of parallel surfaces
separated by a small distance in which the emissivity of the gas may be taken as constant.

This is essentially a one dimensional heat flow problem.  All lateral radiation from an 
element of atmosphere is exactly balanced by that of the adjacent elements, so that only 
the vertical component is relevant to the radiation balance.

If the emissivity is ε (epsilon) it follows that 1-ε is the proportion of the surface flux that 
passes straight through the layer.  The proportion of the upward flux absorbed by the layer 
is ε, so this must be the proportion radiated both upwards and downwards. i.e. the 
upwards flux emerging from the layer (qu) is related to the upward flux into it (qi) by:

qu=1− q i qi=qi

So for radiative equilibrium, the proportion radiated upwards remains equal to the outward 
radiated flux from the layer below, and the layer must radiate a proportion ε downwards to 
balance the absorbed radiation.

Note that we are dealing with an infinitesmal layer.  The actual value of emissivity or its 
variation with altitude are irrelevant.
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The temperature of the gas is found from the fact that it radiates a proportion ε upwards 
and a proportion ε downwards.

The gas temperature is given by the Stefan Law:

QG= T G
4

The radiative flux into the gas is ε times the upward flux from the surface, so the radiative 
balance for the layer becomes:

 T G
4
=

1
2
Q u

Or:

T G=
4
Q u

2

Note that neither the outward flux nor the gas temperature is affected by the gas 
emissivity.  The temperature at each layer is the same.  There is certainly no tendency to 
‘trap’ radiation as is so frequently claimed.

The gas temperature is the fourth root of one half times the temperature obtained from the 
upward radiative flux.  As the upward flux remains the same at all atmospheric layers, the 
temperature remains constant throughout the atmosphere.

The fact that the atmosphere gas temperature differs from the surface temperature implies
there is a temperature discontinuity at the surface.

The discontinuity arises because radiative equilibrium is insufficient to characterise the 
problem adequately. We also need to consider force, and energy balance, as well as 
radiation balance.
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The lower stratosphere on Earth (between 11 and 25km altitude at temperate latitudes) is 
a region of constant temperature,  and the pressure is less than 20kPa.

The dense atmosphere below 11km tends to mix the atmosphere so that much of the 
temperature variation over the globe is reduced.  It is reasonable to use the average 
radiative flux to characterise the  temperature.  This yields a reasonable result for 
temperate latitudes around 60° North.  The average radiative flux, taking account of an 
albedo of 30%, is 0.7×1350/4=237Wm-2. 

Therefore, the gas temperature is expected to be 214 K.  The actual stratosphere gas 
temperature is 216 K.  The theory appears to fit the facts reasonably well.  In fact, we can 
account for the 2 degrees discrepancy by considering stratospheric heating, which we 
shall do presently.

Where does this value of 20kPa, characterising the boundary between a tenuous 
atmosphere and a substantial atmosphere come from?  It is an empirical observation of 
the atmospheres of Earth Venus and Titan.  The isothermal region starts at a pressure of 
20kPa, regardless of the actual atmospheric constituents, and has nothing to do with 
atmospheric transparency.

The principal result for the tenuous atmosphere is the fact that neither the outward flux, nor
the gas temperature, depends on the emissivity of the gas.

The greenhouse effect claims that the surface temperature is critically dependent on the 
emissivity of the atmosphere gases.  We have shown that to be arrant nonsense.
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4 The Tenuous Sub-Layer

We have seen that the radiative balance in a tenuous atmosphere results in a temperature
discontinuity at the planetary surface.  In other words, the temperature gradient is 
apparently infinite.

When infinities creep into the equations it is usually because the formulation is inadequate.
If there is a temperature discontinuity, heat will flow until a new equilibrium, with a finite 
temperature gradient, is set up.  This equilibrium condition is not derivable from the 
radiation balance.

We need to consider the additional equations which the gases of the atmosphere must 
obey.  The first is the hydrostatic equation.  This characterises the variation in pressure in 
a fluid at rest in a gravitational field.

Here ρ (rho) is density, p is pressure g is the acceleration of gravity for the planet.

Stated simply, the change in pressure with height is equal to the weight per unit area over 
the same (infinitesmal) height change.

For a liquid , this reduces to the simpler expression that the pressure is equal to the weight
per unit area of the fluid above the point of interest.

For a gas, we need to take into account the fact that it is compressible.  We may 
characterise the gas under the conditions of a tenuous atmosphere by the ideal gas 
equation.

p= RT

This introduces a constant for the gas of the atmosphere.  It is the universal gas constant 
divided by the mean molecular weight of the atmospheric gases, but to avoid clutter, we 
have denoted it simply by the symbol R (note that in this context we use R for the gas 
constant, not the orbit or planetary radii presented in Chapter 2).
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Evidently, we cannot solve the hydrostatic equation without knowledge of the temperature 
distribution.  For the bulk of the tenuous atmosphere, we have seen that the temperature is
constant.  Substituting the ideal gas equation into the hydrostatic equation we can get an 
equation for the distribution of pressure with height:

dp
dz

=−(
g
RT

) p

Solving for this isothermal case, we get:

p= p0 exp −
gz
RT s



Where Ts is the constant gas temperature, and the subscript zero refers to the height at 
which the isothermal region begins.

Solving for density we get

=0 exp−
gz
RT s



These yield an exponential fall in pressure and density with height.

If we differentiate the ideal gas equation with respect to height and substitute the 
hydrostatic equation we get:

−
g
R
=T

d 
dz


dT
dz

Now the rate of change of temperature with height is known as the temperature lapse rate.
We can solve this equation if we assume the lapse rate to be constant.  We shall denote it 
α.

d 
dz

=−


g
R

T 0 z


Evidently, the limiting value of temperature gradient is dictated by the impossibility of a 
heavier layer resting on top of a lighter layer, so we expect the limiting temperature 
gradient to correspond to constant density.  The derivative of density with height must be 
zero for constant density, so we have for the limiting lapse rate:

=−
g
R
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The pressure in this sub layer may then be derived from the ideal gas equation.  Since 
temperature varies linearly with height and density is constant, pressure must also fall 
linearly with height.

We know the surface temperature is calculable from the solar flux, and the gas 
temperature is found by multiplying the surface temperature by the fourth root of one half.  
Knowing these two temperatures, we can calculate the depth of this sub-layer.  

Introducing even tenuous gas into the atmosphere has brought into question the 
conventional assumption that planetary atmospheres, like stellar atmospheres are dictated
entirely by radiative heat transfer.  This is a fundamental error, which is compounded when
we consider substantial atmospheres (i.e. ones having surface pressure greater than 20 
kPa).

In order to proceed, we need to supplement the hydrostatic equation and the ideal gas 
equation, with the energy equation governing convection in a dense atmosphere.  This 
requires an understanding of basic thermodynamics.
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5 The Dense, Arid Atmosphere

Observation of the atmospheres of Earth, Titan and Venus have shown that the tenuous 
atmosphere maintained in radiative equilibrium extends down to a region where the 
atmospheric pressure rises to about the 20kPa level, and this appears independent of 
atmospheric consistency.  It clearly has nothing to do with atmospheric transparency. 

Below this level, the atmosphere is turbulent, and we must consider the effects of 
convection.

We cannot study a dense atmosphere without an understanding of the governing 
thermodynamic relationships.  What follows is a very limited exposition of the Laws of 
Thermodynamics as applied to atmospheric gases.  A more complete treatment may be 
found in any standard textbook on thermodynamics.

Up until Joule’s work of the 1840s the consensus was that heat was transferred by an 
invisible fluid called ‘phlogiston’ which illustrates the stupidity of relying on consensus, in 
preference to sound reasoning.  Joule showed that heat was just another form of energy, 
like mechanical work.  

The First Law of Thermodynamics is just a re-statement of the law of conservation of 
energy.  It states that the net heat and work transferred to a body cannot spontaneously 
disappear but must be retained as internal energy within the body.  The exact form this 
internal energy takes isn’t relevant, it simply must exist otherwise conservation of energy is
violated.
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In this chapter we only require the First Law.  In subsequent chapters we need to 
characterise changes of phase from liquid to vapour, and that will require some 
understanding of the Second Law.

The thermodynamic state of a gas is calculable from the pressure (p), density (ρ (rho)) and
temperature T.  The First Law introduces the new state; the internal energy (u), which is 
calculable from the other states.  Note that radiative flux is not a thermodynamic state.  
Radiative balance is a process running in parallel with the thermodynamic energy balance 
but does not influence it directly, as current wisdom appears to believe.  In short; Watts per
square metre cannot be equated to Joules per kilogram.

In order to understand how temperature varies in the atmosphere of a planet having no 
liquid oceans we require the steady flow energy equation.  We derive this by considering 
the change in state of an element of gas rising up through the atmosphere, between two 
layers.

It is convenient to use the specific volume (v), the reciprocal of density, in preference to the
density, as the resulting equations become less cluttered.

The energy of the element is the sum of its internal energy, its kinetic energy and its 
potential energy.  In our atmosphere model we shall consider the kinetic energy 
insignificant.  In addition, the pressure of the gas is p1, and specific volume v1.

The energy at the upper level, is the same expression with subscript 2, so we may 
calculate the change in energy of the element as it traverses these levels.  This must equal
the work done by the fluid as it expands to a greater volume in the lower pressure region.

The change in energy is:

 E=mu2g z 2−u1g z1
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where m is the mass of the packet of gas

The work done by the gas in expanding to the lower pressure is given by:

W=m  p2 v 2−p1 v1

No heat or work is exchanged with the environment, so we must have:

 E=−W
i.e. 

u2+ p2 v2+g z2=u1+ p1 v1+g z1

The quantity u+pv is known as the enthalpy of the gas, denoted h.  For an ideal gas, we 
have 

h=u+RT

For a constant volume heat addition, there is no exchange of work with the surroundings, 
so we have for the change in internal energy:

 u=cv T

Where cv is the specific heat at constant volume.  We may write the change in enthalpy as:

 h=cvTR T=c p T

Where cp is now the specific heat at constant pressure.  We note that for an ideal gas:

R=cp−cv

This derivation is usually used for the case where kinetic energy dominates and potential 
energy is negligible, so is known as the constant flow energy equation.

In the current context this appears a misnomer, so we shall refer to it as the convective 
flow energy equation, which may be expressed as:

T 0=T+
g
c p

z

From which we deduce that the lapse rate for an arid atmosphere is:

=−
g
c p



If we apply the radiative balance to the tenuous upper atmosphere of Venus, using an 
albedo of 70%, we get 204K as the gas temperature.  The dense region, has a depth of 
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60km, and the lapse rate is deduced as 8.8K per kilometre.  This yields a surface 
temperature of 738K, which is the observed value.

We can account for the high temperature on Venus by applying the convective energy 
equation. The so-called greenhouse effect is irrelevant.

A further indication that the greenhouse effect is irrelevant to Venus is the wavelength of 
the radiation associated with this surface temperature.  From Wein’s displacement law this 
is 3.9 microns, which is far from the absorption band of carbon dioxide.  Bear in mind there
is negligible amount of water vapour, it is hard to see how, even if we were to accept the 
erroneous premise of the greenhouse effect, carbon dioxide could possibly have caused 
such a high temperature.

If we apply the same formulas to the Earth, we find a lapse rate of 9.8 K per kilometre, a 
tropopause height of 11km and stratosphere temperature of 214K (it should be 216K, but 
this discrepancy will be discussed in chapter 8).  The resulting surface temperature is 
58°C, rendering life on Earth impossible.

The actual lapse rate is 6.5K per kilometre, and this is a consequence of the presence of 
water vapour.

Perhaps the most absurd claim of the greenhouse theory is that water vapour causes the 
temperature to rise, and not fall.  That is thermodynamic nonsense. If the greenhouse 
effect theory were correct, the equilibrium air temperature in the middle of the Atlantic 
Ocean should be higher than that of the middle of the Sahara Desert at the same latitude.

The desert is hot because it is dry.

For completeness, the density and pressure in an atmosphere having a constant lapse 
rate, are given by:

p= p0
T
T 0


n

and:

=0
T
T 0


n−1 

where n is the polytropic index, given by:

n=−
g
 R



The expressions for density and pressure are not expected to be reliable for the extreme 
conditions on the surface of Venus.
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The lapse rate is calculated from the First Law and does not depend on the equation of 
state.

However, the above expressions for pressure and density assume the ideal gas equation, 
which is a very poor description of gases at very high pressures.  A better (but still far from 
exact) equation of state is furnished by the van der Waals equation:

p=
 RT

1−b
−a 2

where a and b are constants.  In this context ‘a’ does not refer to albedo.

The values of the constants for carbon dioxide are:

a=0.188 N m4 kg-2

b=0.09 m3kg-1

The van der Waals equation yields a surface pressure of 85 Bar, which is much closer to 
the correct value of 90 Bar than the 50 Bar prediction obtained from the ideal gas 
equation.
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6 Static Stability of Atmospheres

If a packet of gas (imagine a bubble containing an amount of the gas) is displaced 
upwards in the atmosphere, does it tend to return to its original level, or continue upwards?

Gases are poor conductors of heat, so it is reasonable to assume that during the 
displacement it retains the temperature of the original level, but immediately adopts the 
pressure of the new level.

If the density of the bubble increases, it will tend to return to its original level, otherwise it 
will carry on upwards.

Let the temperature at the lower level be T0.  The temperature of the upper level is T0+α 
δz, where δz is the increment in height.z, where δz, where δz is the increment in height.z is the increment in height.

The pressure at the lower level is p0, and the pressure at the upper level p1 may be found 
from the hydrostatic equation:

p1= p0 p= p0
dp
dz

 z=p0−1g  z

The density of the gas bubble is found from the ideal gas equation:

b=
p1

RT 0

=
p0

RT 0

−
1g

RT 0

 z=0−
1 g

RT 0

 z

Recall  that the polytropic index is:

n=−
g
 R



We may write the bubble density as:

b=0
n1

T 0

 z

The density of the surrounding gas is:

1=0
d 
dz

 z

where:
d 
dz

=
d
dz

0
T 1

T 0



n−1

=0n−1


T 0


T 1

T 0



n−2 

the difference in density is, to first order of small quantities:

b−1=
0

T 0

n−n−1
T 1

T 0



n−2 

  z
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The temperature ratio term is, to first order:


T 1

T 0



n−2 

≈1n−2
 z
T 0

So ignoring terms of second order, we see that:

b−1=
0

T 0

 z

If the temperature gradient (α) is negative the bubble is lighter than the surrounding gases 
if displaced upwards, heavier if displaced downwards.  The atmosphere is therefore 
unstable if the temperature gradient is negative.

For positive temperature gradients the reverse is true, and the gas is stable under 
bouyancy forces.  This is observed in the stratosphere where there is minimal flow 
between adjacent atmospheric layers.

The troposphere is unstable under bouyancy forces alone.  This does not imply some form
of catastrophe is unfolding, merely that detailed consideration of the flow requires inertial 
and viscous forces to be considered.  The explicit numerical solution of the underpinning 
equations is beyond the capability of current generation computers.  We have side-
stepped the need for explicit solution of the dynamic equations by considering the energy 
state of the gas.

We have seen from the tenuous atmosphere equations that a negative temperature 
gradient must always exist near the surface of a planet having a gaseous atmosphere.

The instability implies that once conditions are set up for a negative temperature gradient, 
no matter how small, the bouyancy force will tend to amplify the underlying cause.
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7 Planets with Oceans

The arid atmosphere equations are based on the premise that the convective flow in the 
dense region of the atmosphere near the surface is entirely adiabatic, no work or heat is 
added to the layers of the atmosphere. Temperature falls because the gas acquires 
gravitational potential energy.  
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If oceans are present, there will be evaporation into the atmosphere, which will condense 
out at the higher cooler layers, resulting in precipitation.  The condensation releases latent 
heat, so the convection is no longer an adiabatic process.  Allowance must be made for 
this heating.

Curiously, the climate science community refers to this non-adiabatic condition as a ‘moist 
adiabat’.

We get a qualitative understanding as to what to expect by including a heat addition term 
into the adiabatic equation.  The additional heat compensates for the loss of enthalpy to 
increased gravitational potential energy, so the enthalpy, and hence the temperature, falls 
more slowly than it would on an arid world.

c pT=c pT 0−gz+L(z)

Note that if the heat added were greater than the gravitational term, the lapse rate would 
apparently change sign and the surface temperature would appear to become colder than
the stratosphere.  This is the antithesis of hoaxer claims.  

Actually, once the lapse rate is reduced to zero, convection ceases to be possible, and the 
lapse rate could not become positive, unless there were heat sources within the 
troposphere itself.

In order to quantify this we need to consider how much heat is released at each 
atmosphere layer.

The First Law of Thermodynamics states that heat is a form of energy like mechanical 
work.  However, that is not the full story.  There is an asymmetry in the relationship 
between work and heat.  

Stirring a fluid with a paddle raises its temperature by an amount corresponding to the 
mechanical energy applied.  This may be a continuous process.  Work can be converted 
readily into heat.  However, heat cannot be continuously converted into work when there is
only a single source.

By itself, the First Law implies work and heat are interchangeable.  That is not the case.

We can only extract work continuously from heat if we have at least two resevoirs at 
different temperatures.  The proportion of the energy in the higher temperature source 
which can be extracted as mechanical work depends on the temperature difference.

The internal energy in a gas manifests itself as the random kinetic energies of the 
molecules.  It is characterised as a statistical distribution in molecular energies.  The 
internal energy may be thought of as a measure of the mean value of the kinetic energies 
of all the molecules.  There will also be a spread in values of kinetic energy over the 
population of molecules.

It is reasonable to surmise that only those molecules in the hotter body having greater 
energy than those of the colder body can potentially contribute to external work. We can 
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characterise this excess of  energy by a quantity called the ‘entropy’ (denoted s).  The 
actual amount of excess energy is proportional to temperature.  This is dealt with much 
more rigorously in any standard thermodynamics textbook, but this is, at its simplest, what 
thermodynamic entropy is.

Using the symbols Q and W to refer to heat and work respectively, the First Law may be 
written in the form:

Q−W=dupdv

Where we denote the heat and work exchanges with deltas to indicate they are not state 
variables but  depend on the actual process.  The entropy is found from the heat added:

∮
1

2
dQ
T

=Δ s

We shall be concerned specifically with evaporation and condensation, which is 
characterised by constant temperature, from which we deduce that the latent heat is given 
by:

Q=L=T sv−s f 

where s is the entropy, the subscript f refers to the liquid phase and v the vapour phase.

Evaporation and condensation are both characterised by constant temperature and 
pressure, so it is reasonable to describe the process using a function which remains 
constant for both liquid and vapour phases.

We require a function whose change is identically zero when there is no change in 
temperature and pressure:

G=h−Ts

This is known as the Gibb’s function, or the available energy.  In differential form:

dG=vdp−sdT

(this assumes no work is applied so that the First Law may be written as:

Tds=du+ pdv )

If we change the pressure by dp, the saturation temperature will change by dTsat.  The 
corresponding change in Gibb’s function for the liquid must equal that for the vapour, 
because its value is unchanged by the change of phase.

d Gf=v f dp−s f dT sat

d Gv=vvdp−svd T sat
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Equating the two values of Gibb’s function:

vv−v f dp= sv−s f d T sat

Re-arranging:
dp

d T sat

=
 sv−s f 

vv−v f 

But recall that: 

sv−s f=
L

T sat

The liquid phase is removed by precpitation when it condenses out, and in any case is 
several orders of magnitude denser than the vapour, so vf will be ignored.  The resulting 
equation governing the change of phase is now:

dp
d T sat

=
v L

T sat

We have an expression for the change of saturation pressure with temperature as a 
function of the specific volumes of the liquid and vapour phases, and the latent heat.  This 
is known as the Clapeyron Equation.

The vapour pressure is usually very low, so we may relate the vapour pressure, density 
and temperature via the ideal gas equation.

The actual atmosphere is a mixture of gases and vapour, so in order to derive the actual 
quantity of latent heat we need to know the proportion of vapour in the mixture.  This is 
calculable from Dalton’s Law of partial pressures.  This yields the mole fraction of the 
vapour to that of the mixture, this is converted into a mass fraction by multiplying by the 
ratio of the molecular weights.

We expect the mass fraction of the vapour to be a small number, so we take the partial 
pressure of the gaseous component to equal the total pressure of the mixture, and take 
the average molecular weight as equal to that of the gaseous component.

x=
M v

M

pv

p

where x is the mass fraction, Mv is the molecular weight of the vapour and M is the mean 
molecular weight of the mixture.

The arid steady flow equation was :

dh
dz

=−g

The moist version, taking condensation into account now becomes:
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dh
dz

=−g
L


d  x 
dz

This equation may be integrated numerically for a range of values of relative humidity (i.e. 
the mass fraction of vapour is factored by the relative humidity).

The resulting temperature profiles are very nearly straight lines.  At 100% saturation the 
lapse rate is 4.5K per kilometre.  The arid value, as we have seen is 9.8K per kilometre.  
The proportion of the Earth covered in oceans is about 70%, so we should expect the 
relative humidity of the atmosphere to be 70%.  The resulting lapse rate is 6.5K per 
kilometre, which is the value observed at temperate latitudes.

We see the effect of water vapour on the lapse rate, and hence on the surface 
temperature, is very significant.  Removal of water vapour, as would happen in an ice age, 
causes a rise in surface temperature: As the water freezes, leaving a drier atmosphere, the
lapse rate increases, causing the surface temperature to rise, because the temperature at 
the tropopause is fixed by the stratosphere radiation balance.

This furnishes a much more credible explanation for the ending of ice ages than the 
nonsensical carbon dioxide theory claim of atmospheric instability.  It gives a credible 
explanation as to why the temperature rise precedes the increase in carbon dioxide 
concentration, as is actually observed in the ice core data.

More importantly, the effect of moisture in the atmosphere is to reduce the lapse rate, 
causing cooling, whilst the current theory, doggedly adhering to the nonsensical belief that 
temperature distribution in the troposphere is dictated by radiation, claims water vapour 
causes heating of the atmosphere.

The predictions of doom are based on the premise that greenhouse gases cause the 
surface temperature to rise.  Evidently, the effect of adding heat by radiation to each layer 
of the atmosphere would be to reduce the lapse rate, which actually reduces the surface 
temperature.
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However, by applying basic thermodynamics to the atmosphere we produce results which 
fit the observed facts. This implies that radiative heating in the troposphere has negligible 
effect on the equilibrium temperature distribution.  Note that the predictions we have made 
came from the theory, and were subsequently confirmed by observation.  We are not 
dealing with ad hoc reasoning to ‘explain’ observations such as the high temperature of 
Venus, as was done, and is still being done, to promote  and perpetuate the greenhouse 
effect narrative.
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8 Stratosphere Heating

In chapter 5 we noted that the stratosphere radiation balance for the Earth resulted in a 
value of 214K, when the ICAN standard atmosphere value is 216K.  The discrepancy 
might be attributable to the crudeness of the theory.

In this section we investigate the effect of ozone production on stratosphere temperature.

The isothermal layer of the stratosphere extends from about 11km up to 25km above the 
Earth.  Above 25km up to about 47km the temperature gradient becomes positive because
heat is generated by the decomposition of ozone back to oxygen

35



Ultra violet radiation interacts with oxygen in the upper stratosphere, producing ozone.  
The ozone decomposes releasing the energy as heat.  Note that the UV is blocked by the 
oxygen/ozone reaction. Ozone is an intermediate product of this reaction. Where the UV 
flux is low, at the poles, very little ozone will be formed.  There is no need to panic over 
‘holes in the ozone layer’.  The sky is not falling, Chicken Licken.  

The ozone reaction effectively down converts the UV energy to infra red where it is 
absorbed by the gases in the stratosphere.  The proportion of the incoming solar flux 
which is down converted in this way is not affected by the albedo, because the reflectors 
giving rise to the albedo (the Earth’s surface and clouds) are not present in the upper 
stratosphere.

The ozone reaction absorbs everything below 0.35 microns.  Therefore we can find the 
proportion of incoming solar flux which is down converted  to infra red by determining the 
proportion which lies below 0.35 microns.

The Solar flux is a close approximation to a black body distribution corresponding to a 
temperature of 5777K.  We find the proportion below 0.35 microns is about 11% of the 
black body total.

This modifies the radiation balance equation.  The upward flux is reduced by 0.11(1-a) or 
7.7%, but the downward flux is 11%, so there is a net increase in the IR radiation absorbed
by the atmosphere gases of 3.3%.  This is sufficient to increase the lower stratosphere 
temperature from 214K to the observed value of 216K.

36



By taking account of the heating in the upper stratosphere, the discrepancy between the 
original stratosphere temperature calculation and the observed temperature is explained.
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9 Radiation in the Troposphere

We know from the Stefan Law that the heat (power) conveyed by radiation depends only 
on the absolute temperature of the body.  This has been used to try and construct a model 
of the troposphere based entirely on the radiative properties of the gases involved.  Such a
formulation can only predict catastrophic heating, regardless of the actual gas emissivities.
The only issue with such formulations is the timescale involved before disaster occurs.

In contrast, convection is the process by which heat is conveyed as the thermal energy 
(enthalpy) of packets of matter which physically move around within the atmosphere.  The 
actual heat flux is then given by the enthalpy per unit mass multiplied by the mass flow 
rate of the process.  That is why we may determine temperature distribution by considering
only the energy of the packages of gas, without reference to the actual heat flow.

A helium balloon carrying a payload up high into the sky increases its potential energy.  
That energy must come from somewhere.  The gas expands and the temperature drops so
that the enthalpy reduction of the lifting gas precisely equals the change in potential 
energy.  The same thing happens to packages of air rising up through the troposphere.

The actual heat flux requires the mass flow rate to be known.  Near the surface, if none of 
the heat were transferred upwards by radiation, we could estimate the flow rate from the 
surface heat flux, which we have determined to be 237.5 Wm-2 for  the Earth.  The specific 
heat at constant pressure is about 1000 Jkg-1K-1 and the surface temperature is 288K so 
the specific enthalpy is 2.88×105 J kg-1.  

This represents the heat flow into the surface, the heat flow at the tropopause is 2.16×105 
J kg-1..  The net enthalpy transport is the difference of these values, i.e. 7.2×104 J kg-1. . 
The mass flow rate is the heat flux divided by the enthalpy transport, or 3.2×10-3kg s-1.  The
density of air at sea level is 1.23kg m-3, so the average convective drift rate would be 
2.7×10-3 ms-1, or 2.7 millimetres per second.

In reality, the drift is nothing like uniform over the Earth’s surface.  It is characterised by 
much larger updrafts at specific hot spots, as every glider pilot and migrating bird knows.

We have a temperature distribution determined by the thermal energy state of the layers of
the gas in the troposphere.  However, when the heat reaches the tropopause we find that 
free convection does not occur any longer, so that by the time the gas reaches the 
tropopause the heat transfer must be exclusively by radiation.

This introduces a potential discontinuity in the heat flux because it is difficult to see how 
the condition for complete conversion of the heat flux into radiation and the 20 kPa 
pressure constraint can be met simultaneously under all possible conditions. 

The perfect matching of the heat flux at the tropopause requires zero vertical gas velocity, 
but does not prohibit horizontal flow.   The density at the tropopause is 0.37kg m-1, so the 
gas velocity would be 8.7 mm per second.

The effect on static temperature is obtained from the isentropic flow energy equation 
(derived from the First Law, this time ignoring potential energy but including kinetic energy)
: This form is well known to aerodynamicists:
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T=T 01−
−1

2
M 2



where γ is the ratio of the specific heats of the gas and M is the Mach number of the flow.  
The speed of sound at this altitude is 300ms-1, so the Mach number is practically zero, and
the effect of flow rate on temperature is negligible.

We expect there to be some discontinuity in the conditions at the tropopause, but it does 
not appear to affect the temperature calculation significantly.

Since temperature distribution in the troposphere is determined from the thermodynamic 
state of the gas, consideration of the radiative flux in this region appears superfluous.
 

However, the current climate catastrophe narrative is predicated entirely on the 
assumption that radiative heat transfer determines the temperature distribution in the 
troposphere.  It is advisable to consider this, if only to identify the error in the reasoning.

If we have two adjacent atmosphere layers at different temperatures we can deduce the 
radiative flux between them.  We assume they are sufficiently close for the emissivity to be
the same for both surfaces (δz, where δz is the increment in height.ε=0). The radiative flux is that between two parallel infinite 
surfaces having the same emissivity:

 q=4


2

2 −
2 T

3
T

Since the thermal conductivity of gases is negligible, the outward flux is partitioned 
between radiation and convection.

The increment in radiative heat flux, given by the above equation, is heat which is no 
longer transported by convection.  It represents the reduction in convective heat transfer 
across the layer.

In terms of height, z, this becomes:

dq
dz

=4 


2

2 −
2 T

3
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where α is the temperature lapse rate.

As we are dealing with radiative flux, the emissivity of the gas is averaged over 
wavelengths, as in Chapter 3.  

It is evident that the bulk emissivity is proportional to the number of molecules, i.e. the 
density.

We have, for the density:

=0
T
T 0


n−1 

where n is the polytropic index.

By analogy, the emissivity is:

=0 
T
T 0


n−1

Evidently, both ε0 and the temperature ratio are less than unity so we shall ignore the 
squared term in the radiative flux equation.

dq
dz

=2 0T 0
3

T z
T 0


n2

Integrating:

q−q0

 T 0
4 =−2

0

n3
1−

T
T 0


n3



We assume the convective heat flow at the tropopause is zero, so we may find its value at 
the surface by substituting the stratosphere temperature.  For the Earth, we get:

q0=85.9 0

Even with an emissivity of unity it appears that, at best, convection would account for 
about one third of the surface heat flux.  

However, in the presence of convection, it is the enthalpy of the gas that determines the 
temperature, and not the radiative flux. 

If the opposite were true, the troposphere could not support a temperature gradient at all.

For Venus, the expression becomes:

q0≈4600 0
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Since the total flux is 181 Wm-2,  it is evident that most of the heat transfer is by convection 
up to an altitude where the value of q is equal to the total flux, above which level we should
expect radiation to take over.

The radiative heat transfer equation in its original form was integrated numerically, 
producing results which agree with this qualitative assessment.
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There is no single ‘radiative height’ where the temperature equals the value expected on 
an airless world, and to which the surface temperature can be related, in order to produce 
spurious warming.  Instead, there is a fixed pressure at the tropopause which determines 
the extent of  the isothermal region of the stratosphere.

What these expressions tell us is the more greenhouse gases are present in the 
atmosphere, the higher the proportion of heat transfer from the surface is due to 
convection.  This means that increasing the greenhouse gas concentration is expected to 
increase the flow rate of gas from the planet’s surface.

The fact that only a small proportion of the heat flow from the Earth’s surface is by 
convection is illustrated by the IR images which are possible from space.

IR (10-13 micron band) Image of Earth

A thermal image of this form for the surface of Venus is impossible, because heat is 
transferred by convection through an opaque gas up to about 30km above the surface.  

There is a temptation to assume that, because only a fraction of the heat is transferred 
through the troposphere by convection, only radiation need be considered.  However, heat 
flow is not the same as temperature.

We have seen from chapter 3, that layers in radiative equilibrium result in an isothermal 
temperature distribution.  In order to justify a temperature gradient it is necessary to 
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circumvent Kirchoff’s Law. This is attempted by pointing out that it applies only at each 
individual wavelength.  

However, we have been using the integral over all wavelengths to determine the radiative 
flux.  It doesn’t matter how the energy is distributed in wavelength, the total must be the 
same for outgoing as it is for incoming radiation.   How the two are distributed in frequency
is immaterial.  To state otherwise would be to contravene the First Law of 
Thermodynamics. 

Having contravened what must be considered to be the most fundamental principle of 
physics, we may now proceed to ‘prove’ that greenhouse gases ‘trap’ radiation and will 
cause the planet to heat up catastrophically.

The confusion of heat flux with temperature appears to be a common error in the literature.
It is an error which results in nonsensical estimates of the sensitivity of surface 
temperature to green house gas concentration.

As has been stated earlier, Watts per square metre cannot be equated with Joules per 
kilogram.

We have considered radiant heat flow to be a consequence of the temperature gradient 
caused by the  motion of gas in the troposphere, whilst the current dogma treats it as the 
cause of the temperature gradient.

One final point; if we point a radiometer at a cloudless sky, we deduce a sky temperature 
of about 216K, which is the temperature of the isothermal region of the stratosphere.  If 
radiation dominated heat transfer we should expect the higher temperature layers of the 
lower atmosphere to swamp this measurement. The fact is the lower layers radiate less, 
not more, than the stratosphere, precisely because radiation does not determine the 
temperature at these lower levels.

We see the effect of greenhouse gases is to determine the relative proportion of the 
surface heat which is transported by convection.  On Earth it appears the proportion is 
quite low, whilst on Venus, at the surface at least, it is 100%.  As with the stratosphere, 
greenhouse gases do not influence the actual temperature distribution in the troposphere. 
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10 The Abused Equation

In order to generate a spurious dependency of temperature on greenhouse gas 
concentration, reversion is made to the Schwarzschild equation.  In words this states that 
the increment in radiative flux (at each wavelength) through a layer is equal to the radiation
emitted minus the radiation absorbed.  

Ever since German displaced Latin as the language of intellectual snobbery, German 
names and terms have carried far more specious authority than mundane plain English.

If we consider a powerful, directed radiative source such as a laser shining through the 
atmosphere, at the source the irradiance is equal to the radiated power, elsewhere it is 
zero.  In the rest of the atmosphere through which the beam shines, the energy is 
absorbed and the power is attenuated.  The gas in the beam heats up, and consequently 
is removed by convection to be replaced by cooler gas, so that radiative equilibrium is 
never achieved, and the effect is simply an attenuation.  

Thus the Schwarzschild equation applies strictly to systems in which all other modes of 
heat transfer than radiation may be ignored.  Thus, its application to planetary 
atmospheres is questionable.

If the gas remained in the beam, an equilibrium state would eventually be set up by which 
the power radiated by it would equal that input into it by the laser.

We have seen that layers in radiative equilibrium are necessarily at the same temperature.
That is not satisfactory if we wish to account for the temperature lapse rate by means of 
radiative heat transfer.  We must somehow ensure that the upwards and downwards 
irradiances are different.  This is done by considering the radiative flux from a point source 
through layers of the atmosphere.  It is easy to show that the downwards irradiance differs 
from the upwards irradiance in this case.  
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However, the surface is not a point source: Integration of the upward flux over the infinite 
surface plane removes this apparent dependency on direction, yielding the result that only 
the normal direction need be considered, and the spurious difference in irradiance 
disappears.

If radiation truly is dominant, and energy is being generated within the layers of the 
atmosphere, as in a stellar atmosphere, the Schwarzschild equation furnishes an excellent
model.  However, the high temperature of the corona indicates that even in this case, it is 
not a complete description. 
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11 About Greenhouses

The appeal of the greenhouse effect to the general public arises primarily from everyday 
experience with actual greenhouses.  The interior of a non-ventilated car left in the Sun 
gets hot, so surely there must be something in this greenhouse effect theory.  It is this 
appeal to everyday experience which has perpetuated the myth that radiation can be 
‘trapped’ inside a confined space.

The inherent absurdity of ‘trapping’ radiation in a confined space becomes apparent if we 
try to catch sunbeams in a bucket in order to let them out at night.  The very idea is 
ridiculous.

A green house is a confined space within which convection is suppressed.  The heat flow 
from the surface outside the confined space is:

q0=qconv+qrad

where q0 is the upward heat flux, and the subscripts are self-explanatory.  We have seen 
that at the surface the radiation accounts for a proportion; y of the upward flux, so:

qrad= y q0
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Convection is suppressed, so the radiative flux from the green house is q0.  So we have for
the green house temperature:

q0

qrad

=
TG

4

T 0
4 =

1
y

where T0 is the temperature outside the greenhouse and TG the temperature inside.  In 
principle, measuring these values could be used to estimate the proportion of radiative 
heat transfer and hence the emissivity of the atmospheric gases.

As an example, take y=2/3 and T0=288, the potential greenhouse equilibrium temperature 
would be 30°C above ambient.  This would certainly explain the observed heating of 
confined spaces, exposed to direct sunlight.

This is likely to be a significant over-estimate, as the presence of a temperature difference 
across the thin glass of the greenhouse will lead to significant heat loss due to conduction. 

However, it is obvious that there is no suppression of convection outside confined spaces, 
so the greenhouse effect as commonly experienced, does not occur in the atmosphere. 
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12  The Bogus Theory

The author’s doubts about the validity of the greenhouse effect were initiated by noticing 
the atmosphere temperature profile presented in a certain climate science reference 
differed from the ICAN standard atmosphere which was fundamental to any aeronautics 
course.

This motivated a deeper examination of the underpinning theory, which caused ever more 
unease regarding its validity.
 
The formulation presented here is actually in use as a model of the greenhouse effect.  
The fact that it has gone unchallenged for so long speaks volumes about the competence 
and intergity of the climate science community.

The incoming flux, as we have seen is:

qi=(1−a)q0

where q0 is the solar flux, and a the albedo.

Now the sleight of hand; it is claimed the outgoing flux depends on the gas emissivity: (ε)

qu= T 4  

Equating the two we get a completely spurious estimate of temperature, which has the 
only questionable merit of showing dependency on the gas emissivity.

The surface temperature should also be calculable from the incoming flux, because the 
incoming and outgoing fluxes are the same:

 T 4
=1−aq0

Equating the incoming and outgoing flux we deduce ε=1-a, no other value is possible.  It is
therefore incorrect to simply equate the two values of heat flux with an arbitrary value of 
emissivity.  A value of emissivity other than that derived from the incoming flux implies the 
incoming and outgoing fluxes must be different -  that is nonsense.

This is the perpetuation of a piece of folklore which has found its way into the textbooks 
as, not only science, but ‘irrefutable settled science’ and is taught as fact to school 
children.

The naive description of the greenhouse effect, which may be found in Wikipedia, contains
a glaringly obvious fallacy, which appears to have gone unnoticed.

The holy scripture proclaims thus: The atmosphere is transparent to incoming short wave 
radiation (we agree).  The Earth heats up to a temperature corresponding to emission in 
the infra red (again, agreed).  Green house gases absorb the infra red radiation (agreed).  
Greenhouse gases therefore prevent the heat from escaping (arrant nonsense!!).
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From discussions on YouTube it has become apparent that a more explicit critique of 
Wikipedia is in order.  This is not intended as a critique of Wikipedia per se, whose 
purpose is to present the consensus, rather than involve itself with debate over the 
science.  The fact that it is the consensus which is wrong does not detract from the 
integrity of Wikipedia, which is acting in good faith.

 
The atmosphere is declared isothermal, although it isn’t clear precisely what the author 
means by this, as the surface temperature is different from the layer of gas considered.  
We have demonstrated explicitly that the atmosphere is isothermal by deriving the 
constancy of the upward radiative flux.

Kirchoff’s Law is invoked to deduce the correct value of gas temperature (as was done in 
Chapter 3):

TG=
1

4
√2

T S   

The outward radiative flux is then obtained as:

qu=1−  T S
4
 T G

4

This obviously results in a dependency on the emissivity.  That it is incorrect is evident 
from the fact, that as the atmosphere is transparent to incoming radiation, the surface 
temperature in this tenuous atmosphere is given by:

q i= T S
4

in order to reduce clutter we have taken the surface to be a black body.  So the Wikipedia 
formulation implies:

qu≠qi

49



And the system cannot be in equilibrium.  What is worse, if there is a variation in 
emissivity, the temperature distribution cannot be isothermal, so if nothing else the 
derivation is internally inconsistent.

Regardless of the emissivity of the gas, the outgoing radiative flux must equal the 
incoming radiative flux, otherwise we are not dealing with equilibrium conditions.

The calculation of gas temperature uses the result that the radiative flux into the layer is:

q= T S
4

This is balanced by the downward radiative flux of the layer.  This is also the flux radiated 
upwards by the layer, so the correct expression for the upward radiative flux is:

qu= 1−T S
4
 T S

4
= T S

4
=qi

Mark Twain is credited with saying that it ‘ain’t what people don’t know that makes ‘em 
stupid, it’s what they do know that ain’t so’.

As we saw in Chapter 2 atmosphere gases absorb radiation from the Earth’s surface.  By 
Kirchoff’s Law they radiate the same amount upwards as they do downwards, so the 
outward flux from the greenhouse gases is precisely equal to the upward flux from the 
surface.

The greenhouse effect in this form is only possible if somehow the greenhouse gases 
radiate more downwards than they do upwards.  The protagonists of this theory have yet 
to explain what endows the molecules of carbon dioxide with this peculiar sense of 
direction.

We appear to be in the world of Piltdown man and canals on Mars.  Telling the community 
what it wants to hear carries much more weight than sound theory and non ‘adjusted’ 
empirical evidence. Any suggestion that the theory is incorrect is dismissed out of hand as 
‘flat Earth’ crankery. Any paper so much as hinting as much is dismissed out of hand, 
without reference to the merits of the actual science contained within it.  Laymen are told 
only to look at the ‘peer reviewed’ literature (i.e. bearing the blessing of the Holy See), and 
not to reason or investigate the facts for themselves.   

As with Copernicus’ heliocentric system, the vehemence of the opposition seems 
motivated by a challenge to authority of those who are stupid enough to believe 
themselves to have a monopoly of wisdom.
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13 Application of Fourier’s Law

Time and again the internet and the mainstream media reverberate with the claim that the 
science of global warming is irrefutable.  The science is settled, it is claimed.  

The science is indeed settled, and it states that the greenhouse effect is hogwash.

The hoaxers repeatedly quote the same two authorities to justify their nonsense; Arrhenius
and Fourier.

The Arrhenius paper is cited in the references, it was debunked within 20 years of its 
publication, and indeed it is debunked by Chapter 3 of this document.

Fourier’s work on heat transfer is restricted to conduction, which explains the ridiculously 
naive references to greenhouse gases forming a ‘blanket’ around the Earth.

Conductivity in gases is significant only insofar as it contributes to convective heat transfer.
It is to be found in dimensionless groups such as Nusselt and Grashof numbers, which 
characterise the heat transfer from solid surfaces to gases within a very thin layer adjacent
to the surface.  As far as heat transfer in the bulk of the gas is concerned, conductivity is 
irrelevant.

The reason behind having air gaps in double glazing units and cavity walls apparently 
eludes the hoaxers.

Fourier’s Law of heat conduction yields a heat flux which depends on the temperature 
gradient and is really only relevant to solids:

q=k
dT
dz

where k is the thermal conductivity in Wm-1K-1.

We know the temperature gradient in the troposphere of the Earth is 6.5K per km (the 
temperature lapse rate), the thermal conductivity of air is 0.024 Wm-1K-1, so the heat flux 
due to conductivity would be 0.15 milliWatts per square metre, i.e. four orders of 
magnitude smaller than the convective and radiative components.

It is difficult to imagine what grade of delusional drug would induce anybody with even a 
rudimentary knowledge of physics to imagine that thermal conductivity has any relevance 
at all to the atmospheric temperature distribution.

Unfortunately, amongst the technically naïve, whose main experience of heat transfer is 
restricted to conduction, statements like: 'greenhouse gases form a blanket around the 
world' are meaningful, when they are, in fact, arrant nonsense. This appeal to common 
misconception is one of the many trademarks of the charlatan. 
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14 Some Speculations

Please take this chapter with a large pinch of salt.  It is pure speculation, but hopefully will 
prove thought-provoking.

The theory presented in this paper represents a major simplification of real atmospheres, 
which are extremely complex systems.  We see on Titan that the tropopause occurs at 
40km, the pressure, is about 20kPa and the gas temperature is as expected from the 
radiation balance equation.  The lapse rate which for an arid atmosphere would be 1.3 K 
per km, is close to 0.8K/km and is not constant.  As we have seen; reduction in lapse rate 
from the arid value implies the addition of latent heat.  This is a particularly complex 
process for the case of Titan because both nitrogen and methane can condense out of the 
atmosphere. Unlike the Earth, which has just a single vapour component, Titan has two, 
and that renders the calculation particularly difficult. 

Venus also presents us with an anomaly.  If we take temperature profiles obtained from the
probes sent there, we see that above the tropopause, the temperature actually falls below 
the value obtained from the radiation balance.  

We have all heard about a greenhouse effect which allegedly increases the temperature, 
but one which actually reduces it, seems anomalous to say the least.

The reason for this effect isn’t known, but the following is suggested as a possible 
explanation.  At the altitudes these anomalous temperatures are found very high wind 
velocities are also encountered.
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The effect of wind speed on static temperature may be determined from the constant flow 
energy equation in the form presented previously, in which potential energy is ignored and 
kinetic energy is significant:

T=T 0(1−
(γ−1)

2
M 2

)

where γ is the ratio of the specific heats of the gas and M is the Mach number of the flow.

We see the minimum temperature is about 173 K when a value of 204K is expected. This 
would correspond to a Mach number of 1.0.  The expected speed of sound is found from:

v son=√γ RT 0

For carbon dioxide γ=1.3, R=188 J kg-1 K-1 and the stagnation temperature is 204K, 
yielding a speed of sound of 223ms-1.  The wind speed implicit in this apparent reduction in
temperature is 223ms-1 (800km/hr).

It is known that very high wind speeds are a feature of the upper atmosphere of Venus, but
this still  appears excessive.  However, the region of interest is characterised by sulphuric 
acid mist,which implies sulphur dioxide rather than carbon dioxide is the dominant 
component.  Using the speed of sound in SO2 we arrive at a value of 660km/hr, which is 
much closer to the observed value.

The kinetic energy of this wind must sooner or later become dissipated elsewhere in the 
atmosphere.

As hot gases rise from the surface they radiate their heat.  Ideally, all the energy transport 
should be by radiation by the time the gas reaches the tropopause.  If the atmosphere 
were transparent this would be achieved.  However, greenhouse gases will prevent this 
transition from convective to radiative heat transfer, so that at the tropopause a significant 
amount of the outward flux is still being transferred by convection.  Since free convection 
can no longer be supported at the lower pressure, it is suggested that this residual 
convected heat is transformed into kinetic energy to be converted back into thermal energy
by fluid friction.

If we include both potential and kinetic energy into the convection equation we get:

T 0=T+
(2gz+u2

)

2C p

where u is the speed of the gas.  Evidently at the latitudes where the probes were sent 
very high winds were detected, which would become manifest as an apparent temperature
reduction.

If this speculation is correct, it is reasonable to surmise that the true effect of the 
greenhouse gases is not to increase surface temperature but to increase the strength of 
the stratosphere winds.  This seems to be the case on Venus.
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When using an equilibrium model to characterise a planetary atmosphere, it is evident that
we are dealing with stagnation temperatures and not static temperatures.  The theory is 
nothing like adequate to predict the stratospheric wind velocity, or its distribution over the 
planet.

We can also see that the temperature rises in the upper atmosphere of Venus. 
Presumably some form of reversible chemical reaction, akin to the ozone formation on 
Earth, is taking place, which effectively down converts short wave radiation to infra red.  A 
possible candidate is the decomposition of sulphuric acid to sulphur dioxide and water.

It is a reasonable speculation that like the Earth, the Venusian atmosphere down converts 
UV by forming ozone from oxygen.  Presumably this would involve a two stage process:

2H 2SO4 2SO22H2OO2  

At the temperature of the Venusian tropopause we should expect the water vapour to 
condense out, leaving sulphur dioxide as the dominant gaseous component.  We then 
expect further reaction of UV with the oxygen, as described in Chapter 8.

3O22O3

Unlike the Earth, however, the reflectors causing the albedo of Venus lie mainly above the 
tropopause, so the stratospheric heating in this case is not expected to influence the 
tropopause radiation balance.
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15 Atmosphere Dynamics – a Cybernetic Perspective

We have shown that under equilibrium conditions the temperature distribution within 
planetary atmospheres is independent of the concentration of greenhouse gases.  This 
has been confirmed empirically by Nikolov and Zeller,and by Michael and Ronan Donnelly.

This does not mean that greenhouse gases have no effect at all, only that any effect they 
may have is short lived.  However, when talking about the bulk of the atmosphere 'short 
lived' may still involve time scales of decades.  Indeed, it is reasonable to claim that the 
equilibrium state is never likely to be observed on the Earth at all.

We cannot hope to match the equilibrium model to actual atmospheric measurements, 
because the real atmosphere is changing all the time.  We need some representation of 
the dynamics.

The first attempt to model the dynamics of the atmosphere with a simple model was 
undertaken by Lorenz in the 1960s. His model was simple (only involved three states) 
largely because that represented the limits of the computers available at the time.  He 
discovered that small changes in his model start conditions resulted in massive changes in
the results and these results deviated from each other the longer the model was run for 
slightly different start conditions.

This was back in the days when scientists used computers to assist in their understanding,
rather than blindly handle-cranking them in the hope that insights may be gained 
fortuitously. Models are used nowadays much as the ancient priesthood used oracles to 
influence public opinion, rather than gain useful information. Sadly, the public of today are 
no less superstitious and gullible than they were in ancient times.  

Lorenz realised he had discovered a feature of non-linear equations which is actually quite
common. That feature is known as chaotic behaviour.

The Lorenz equations themselves look fairly innocuous:

dx
dt

=s x− y

dy
dt

=rx− y−xz

dz
dt
=−bz xy

where x, y and z are the state variables, s, r and b are constants and t is the independent 
variable (in the original application this was time).  With the parameter values r=27, s=10 
and b=2.6666, rather than generating a single simple trajectory in phase space, the 
solution is what became known as the butterfly instability.

We are left with the problem that if even the simplest representation of the behaviour of the
atmosphere produces a chaotic solution, how are we to believe that sophisticated 
solutions explicitly integrating the exceedingly complex governing equations are likely to 
be better behaved numerically?  The lack of agreement between the many climate models 
indicates that their solutions are indeed chaotic.
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It is this chaotic behaviour which renders long term weather forecasting extremely difficult. 
Extrapolating the solutions over several decades produces only nonsense.

In order to avoid this problem, there has been widespread agreement that 'climate' should 
deal with variations over a thirty year timescale. This raises two issues, one theoretical, the

other practical.  

The separation of dynamic behaviour into modes having different time constants (or 
characteristic frequencies or periods) presupposes the system is linear.  The atmosphere 
equations are not remotely linear and such a modal decomposition is not valid.  What 
looks by eye to be a high frequency mode is merely part of the nonlinear solution.  Chaotic
systems may make sudden unpredictable changes, and indeed such sudden, unexplained 
changes are features of the Earth's long term climate history. 

The practical problem is that we only have about 150 years of data, from which we can 
extract five data points.  The prospects of making precise predictions on the basis of such 
little data are not good.

It might be possible, however, to construct a linear model which deals with perturbations in
atmospheric states which is more or less valid over a limited timescale. This approach is 
widely used in control system design in order to construct a linear model 
around the expected operating condition. Since the purpose of the controller is to maintain 
the system on condition, the actual closed loop plant remains near enough within its linear 
range under the action of the controller.  

It's application to simplified atmosphere models,where no such feedback control is present
is, however, a questionable activity.  Most of modern control theory concerns itself with 
how wrong the linearised equations may be before control is lost.

The very idea that the equations to be coded are anything short of the absolute gospel 
truth appears alien to modern climate modellers. 
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The process of formulating the linear model is called system identification.  This is done by
linearising the governing non-linear dynamic equations around the operating point, or by 
fitting appropriate transfer functions to observed responses to known inputs, or a mixture 
of both.

When the governing equations are awkward to linearise and there is no control over the 
system inputs, system identification  becomes particularly tricky.

Explicit Solutions

The general public is duped into believing that solving the governing equations in a climate
model must yield accurate predictions of the future climate.  Indeed there is a mentality 
common in academia which deals with the complex yet well behaved equations of 
quantum mechanics and relativity who imagine the equations governing the atmosphere 
are amenable to similar treatment.The fact that there are as many predictions as there are 
climate models demonstrates that this is not the case.

Most notorious amongst the equations which must be solved are the Navier Stokes 
Equation. Indeed, there exists a million dollar prize for anybody who can solve them.  It 
follows that anybody claiming a solution must be a charlatan.

Central to any numerical solution is the spatial interval and time step within which 
conditions may be considered uniform. The spatial interval for a solution of the navier 
Stokes Equation for turbulent flow is called the Kolmogorov radius, which characterises the
smallest eddy size in the turbulent flowfield.  We have shown that the troposphere is 
necessarily turbulent because it is statically unstable under bouyancy forces. 

At sea level we expect the Kolmogorov radius to be about one millimetre.  With this cell 
size, it can be shown that the solution time for a ten year period would take a modern 
computer somewhere in the region of 1020 years.

Aerodynamicists have been designing successful aircraft for well over a century without 
explicit solution of the Navier Stokes Equations. They have done this by employing a 
number of canonical solutions applied to specific flow regimes, ingenuity and wind tunnel 
testing. All that early explicit solutions of the governing equations yielded was the 
conclusion that flight was impossible. Fortunately, we are dealing with an area of study 
which is not so far divorced from everyday reality that its practitioners were able to note 
that windmills and sailing ships seemed to work OK, and birds did not suddenly stop flying 
(evidently as a consequence of their ignorance of advanced mathematics).

Any solution of these extremely badly behaved equations involves, as yet unknown, 
approximations appropriate to yet to be defined flow regimes. 

It is difficult to avoid the conclusion that, beyond the equilibrium solution based on the 
Laws of Thermodynamics, current model results may be taken with a pinch of salt.

The Cybernetics Approach

Perhaps it is because the purse strings are held by non-participants that the necessity for 
analysis of problems is overlooked. It is common experience that funding authorities will 
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always fund the development of models, and indeed no expense will be spared in their 
production.

This could be associated with the close affinity of software engineering and management 
science, as there is very little in the way of recognisable science that can be perceived in 
either discipline.  This perception of a model which contains adequate representation of all 
phenomena of interest is fundamentally misguided, particularly if used to study a system 
about which knowledge is incomplete, and even where equations are available, their 
numerical solutions are notoriously ill-conditioned.

Of course, non-participants have played computer games, so apparently the real world can
be modelled.  What they fail to grasp is computer games are invariably based on mythical 
physics which merely looks credible to the user.

There is a fundamental problem in trying to use a model for research.  In order to specify 
the model we must know which phenomena are relevant and how we should represent 
them. However, that is precisely the information we are seeking in our research activity.  It 
follows that the 'perfect' model is superfluous, because in order to specify it we must have 
completed the very research it was intended to support.

Like software engineers, mathematicians generally deal with equations that are 'given', 
and the objective is to examine potential solutions.  Thus the process begins with writing 
down all the equations and then solving them.  As this involves considerable abstract 
thought it encourages greater kudos from the ignorant.

Physicists and engineers deal with the real world, the former to formulate the equations 
used by the mathematician, the latter to decide which formulations are suitable for 
particular applications. In systems of any complexity, approximations must be made such 
that a single phenomenon may be described by several different formulations depending 
on the operating regime and particular aspect of behaviour of interest. It is reaching these 
formulations which lie within the grasp of the human mind which constitutes actual 
understanding of the system, rather than generating volumes of data within which the 
implicit cause-effect relationships are effectively obscured from view.

Productive study uses models which are known to be wrong.  The activity is concerned 
with finding out in which respects they are wrong and deciding the bounds of validity of the
results. Without his knowledge, the model results belong in the garbage can.

In what follows we do not claim to produce definitive answers, merely to indicate how 
study into dynamic phenomena ought to be conducted.

We have constructed an equilibrium model based on the fundamental laws of physics.  
Our suspicion remains that disturbances may cause very significant deviations from the 
equilibrium state.

In finding a formulation intended to gain understanding of the possible dynamics, we have 
adopted a cybernetic approach, that is we devise a model based on hypothetical system 
behaviour, rather than attempting to linearise the governing equations explicitly and 
proposing appropriate approximations.
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Towards a Simple Model

It would be incorrect to claim that climate scientists who are convinced of the reality of the 
greenhouse effect are necessarily incompetent.  After all, they include many of the finest 
skeptic minds, who cannot be dismissed lightly. 

The fact of the matter is that there is empirical evidence that appears to support the 
greenhouse theory.  But as already mentioned, we are observing a transient, and not an 
equilibrium state, so it is hard to draw definite conclusions about the steady state from the 
empirical evidence. 

It is quite possible for a system to behave differently over short timescales compared with 
its long term behaviour.

The classic example is the rotation of a statically stable, tail controlled, aircraft to its trim 
angle of attack.  When the pilot pulls back on the stick the elevator deflects almost 
immediately, so the transition begins with a net downwards lift.

This generates a moment around the centre of gravity causing the nose to rise.  This 
moment must overcome the inertia of the aircraft and the damping effect caused mainly by
the upwards translational motion of the centre of gravity as the wing lift builds up.  These 
contributions, particularly the damping, are usually augmented by the autopilot response. 

Finally, the aircraft reaches its trim state with the airframe now in moment equilibrium with 
the elevator moment. Most of this balancing moment arises from the upwards lift of the tail 
which cancels the lift due to the camber change caused by deflecting the elevator.  In this 
final (equilibrium) state the net lift is upwards.
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If we consider the interaction of convection and radiation in the troposphere, it is evident 

that anything which influences the radiative component takes effect pretty well immediately
because radiation travels at the speed of light.  However, adjusting the convective flow 
requires the flow field to change, which we should expect to be a much slower process.

We have qualitatively a similar situation to our trimmed aircraft, with transient behaviour 
differing significantly from the steady state.

An aircraft with an inordinately large tail might be expected to exhibit the above response. 
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We speculate that the effect of water vapour on temperature might exhibit this type of 
behaviour.

There is evidence that water vapour may enhance any greenhouse effect.  As water 
vapour is a powerful greenhouse gas any heating of the atmosphere by whatever means 
causes increases in the water vapour concentration.  This it is claimed enhances the CO2 
caused greenhouse effect.  It is this 'feedback' which it is claimed raises the potential 
temperature to worrying levels.

Climate science has a strange definition of 'feedback' which would not stand scrutiny by 
any control engineer. It deals with a modified steady state, without reference to how the 
system got there.  In a system containing phenomena which exhibit reverse action, 
feedback effects, based on observing the transient, have nothing to do with the steady 
state response.

The climate science application of the idea of 'feedback' was to the effect on steady state 
of the variation of a system parameter, using a technique called catastrophe theory. This 
was a popular mathematical fad of the 1970s and served well in characterising the 
initiation of ice ages.  Climate scientists now use it all the time, hence all the dramatic 
language of 'tipping points'.  As it deals only with local static equilibria, it says nothing 
about the system dynamic behaviour, whilst giving the impression to the naïve that it does.

In control engineer's parlance, climate scientists assume the governing dynamics are 
minimum phase.  This does not seem likely. 

The greenhouse effect implies we expect the water vapour to initially amplify the heating.  
The other effect of moisture content is to reduce the temperature lapse rate.  This  has the 
opposite effect of the greenhouse effect, causing cooling, but requires water vapour to 
propagate through the troposphere before this effect becomes apparent.  The longer term 
effect of the water vapour is then to cause cooling.  Whether the cooling process 
overshoots or simply returns to the original state remains the subject of pure guesswork.

We might expect the reverse action effect, but with the y-axis reversed, by which panic is 
initiated by the starting transient when the steady state effect might actually be cooling.

James Lovelock pointed out that even if CO2 were the cause of heating, it does not follow 
that reducing it would have any effect, once the complex dynamic process is set in motion.

The idea that CO2 concentration acts as a control knob reflects spectacular ignorance of 
dynamic systems.

Carbon Dioxide and Other Greenhouse Gases

Although water vapour is most likely the dominant influence on the atmosphere, the 
current panic is based around carbon dioxide.  Since this interacts with the spectrum band 
where the Earth surface radiates, it is likely to have a disproportionate effect on the 
outgoing flux., and consequently has become the cause of concern.  Small changes in 
emissivity in this region will allegedly cause large changes in temperature.
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We do not support the view that the effects are small because there is only a small 
concentration of CO2 . Once the greenhouse effect is accepted as the complete 
description, prophesies of doom must necessarily follow. Our position is that, in the long 
term, the concentration of greenhouse gases makes no difference at all to the troposphere
temperature distribution.

From the equilibrium equations it is evident that there is no long term influence of 
greenhouse gases, but the issue which must be addressed is; how 'long' is the 'long term', 
and what peak temperatures are likely to be experienced during the transient?

We assume that the convective flow patterns in the atmosphere change only slowly, we 
find ourselves proposing the stratified grey body model on which the theoretical 
greenhouse effect is more conventionally based.

Changes in the local emissivity affect the local radiative flux immediately, so we may 
characterise a local rise in temperature in an infinitesmal layer of gas due to changes in 
emissivity as:

 z C p
dT
dt

= T 4
4 T 3

T

where z is height, t is time, T is absolute temperature, Cp is the specific heat at constant 
pressure σ is the Stefan Bolzmann constant and ε is the emissivity as defined in the 
Chapter 3.

So we may find the rate of change of temperature as:

C p
dT
dt

= T 4 d 
dz

4 T 3 dT
dz

The steady state corresponds to:

T
d 
dz

=−4
dT
dz

Or, after integration;

T
T 0

=


0


1
4

We removed the minus sign because it is associated with the 'dz' on the left hand side of 
the equation.  Temperature varies directly with emissivity, but emissivity varies inversely 
with height.

A 2K rise in temperature at the surface would correspond to only a 3% increase in 
emissivity, so it is not difficult to see how this type of calculation can cause panic. 

However, the result is spurious, not only because of the introduction of a questionable 
minus sign, but also because the process by which the greenhouse gases are transported 
up through the atmosphere are precisely the same as the atmospheric circulation which is 
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transferring heat between layers.  For this reason, the equilibrium equation which ignores 
convection, is nonsense.

It is more reasonable to surmise that the local rate of change of greenhouse gases is what 
determines the local temperature as this may be a faster process than the compensating 
adjustment of the circulation pattern.

We may therefore set up an initial simple greenhouse effect model.

T

=

Ks
1 s

 

where K is a gain and τ is the time constant for the circulation pattern to adapt ( s is the 
Laplace transform).

We only need some idea of the structure of the governing equations to gain insights into 
the expected behaviour.  A simple linear model of the effect of CO2, based on these ideas 
might result in the step response shown below.

After an initial perturbation the system returns to its equilibrium state.  

We can see how this could cause panic, if we simply extrapolate the initial transient.

63

0 1 2 3 4 5 6

-0.5

0

0.5

1

1.5

2

2.5
Possible Step Response

Time

A
m

pl
itu

de



All the measurements characterising the atmosphere are undertaken over a period 
corresponding to a possible transient behaviour.  Even in this very simple system, these 
would yield highly misleading results if applied to static equilibria or catastrophe theory 
system descriptions.

We have identified at least one potential reverse action process.  We cannot rule out the 
presence of others with the current state of knowledge of  atmospheric dynamics.

Comment

This work is far too speculative to justify definite conclusions, but arguably is no worse 
than much that finds its way into publication, and is hyped beyond recognition by the 
media.  The quantitative results should be taken with a very large pinch of salt.  We merely
show how the analysis ought to be done.  We are weary of the proclamations of impending
doom emerging from the temple of climate science, which time and again prove false.  

It is disappointing to see alleged scientists treating their models as oracles, and not as 
tools for gaining understanding of the processes involved; that is; deciding which effects 
dominate under particular circumstances and why.  The bogus claim to arcane  secret 
knowledge, inaccessible to the trained physicist, let alone the general public, is the classic 
hallmark of the charlatan. 

At the very least we should expect to see linearisation of the governing equations so that 
eigenvalue decomposition at a range of operating points may be performed and some 
understanding of the timescales associated with particular phenomena gained.

Without this understanding, predictions of future climate belong only  in the waste paper 
bin.

The closest  to even approach this type of systems analysis was Murray Salby, who was 
ostracised for his trouble when his findings failed to support the catastrophe narrative.
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Judith Curry was ostracised for merely suggesting that our current state of knowledge of 
the climate dynamcs is inadequate to justify dogmatic assertions regarding its future 
evolution.

How likely is it that the planet could have lasted for four billion years if the climate were so 
unstable that a few parts per million of a trace gas could cause the whole system to 
collapse catastrophically? Geologists, who have observed the Earth's history over this time
period have shown that CO2 levels have been fifteen times greater than their current 
values. Indeed, over geological time there is no correlation between carbon dioxide levels 
and temperature.  Over the recent ice ages some correlation has been found but it is the 
wrong way around, temperature rises before CO2 levels.  This is readily explained by the 
effect of moisture on the lapse rate and by the out-gassing of CO2 from the warmer 
oceans.

Evidently, even if the greenhouse effect were real, the Earth has some tricks up its sleeve 
to regulate the system.  We have shown that water vapour has a massive regulating effect,
but even without that knowledge, the very survival of the Earth indicates that regulatory 
processes are in play.  These will not become apparent until the climate experiences a 
significant perturbation to stimulate the regulatory response.  So far the Earth has 
experienced super-volcanoes and asteroid impacts which have caused no long term 
climatic catastrophe. 

What credibility do predictions of doom, based on doubling of a trace gas which once had 
fifteen times its current concentration, have?
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16 Thoughts About Clouds

Myths Arising from the 'Greenhouse Effect'

In order to gain some understanding of the accepted wisdom concerning the  effect of 
clouds on surface temperature we need to know how their reflective properties vary with 
wavelength.

From the outset we reject the naïve view of clouds forming a 'blanket' keeping the heat in. 
This notion is based on widespread ignorance of the thermal properties of gases, and was 
addressed in Chapter 13.

Electromagnetic scattering from a conducting sphere (which we shall take as a model of a 
rain drop) depends on the size of the sphere relative to the wavelength.  When the sphere 
is large relative to the wavelength, the scattering cross section approaches the geometric 
optics value of the projected area of the sphere (i.e. its cross-sectional area).

When the sphere diameter approaches the wavelength, the scattering mechanism is no 
longer reflection but excitation of dipole moments in the molecules, this is known as 
Rayleigh scattering.  In this region the cross section is proportional to the fourth power of 
the frequency of the radiation.

As a rough guide we can represent these two extremes as a pair of straight lines on the 
scattering cross section versus frequency plot. The two lines intersect at a wave number 
(k) equal to the reciprocal of the diameter. Where wavenumber is defined as;

k=
2


where λ is the wavelength.

We see that droplets having diameter (a) greater than 1/6th of a wavelength may be treated
as electrically large. In the visible band this corresponds to 6.6×10-8m.  At 10 microns (infra
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red) this becomes 1.7 microns.  As we expect the electrically large scatterers to contribute 
most to the reflectivity of the cloud as a whole, it is evident that they are fewer in number at
longer wavelengths.  In other words we should expect clouds to preferentially reflect the 
shorter wavelengths.

Current wisdom, which promotes the nonsensical greenhouse effect, decrees the surface 
temperature in the presence of clouds is determined by  the 'trapping' of infra-red radiation.
The idea of trapping radiation in a closed container is ludicrous. Thus clouds are supposed
to increase the greenhouse effect.  But it is claimed they cause an increase in albedo, and 
there is a debate as to which effect dominates.

The long wave radiation reflected off the cloud back to the surface will reduce the net 
upward infra red flux, so that for thermal equilibrium  of the planet, more heat must be 
transferred upwards by convection, so it comes as no great surprise that dense clouds are 
associated with storms.  

Water droplets are electrically large at visible wavelengths and so will reflect a higher 
proportion of the incoming energy than at infra red, so we might expect the effect on 
albedo to be greater than any mythical greenhouse effect.

As we shall see,the radiative properties of clouds are irrelevant to determining their effect 
on surface temperature.  If they were the dominant influence, the Earth would be a frozen 
wasteland. 
 
A Thermodynamic Approach

Let us imagine a planet completely covered in cloud.  The immediate effect is expected to 
be an increase in albedo. For the Earth, this would be from about 0.3 to somewhere in the 
region of 0.5.  This reduces the daytime heat input, so we should expect cooling.  Is this 
necessarily true? 

It is common experience that cloudy nights,especially during winter, are usually warmer 
than clear skies. The cloud appears to prevent as much heat escaping from the surface 
into space.  In the extreme of night time heat being retained completely, the mean solar 
irradiance would be effectively doubled.  This could easily offset the effect of albedo and 
result in a net temperature rise. 

Current wisdom claims that the clouds trap infra red radiation overnight, and so augment 
the ‘greenhouse effect’.  As we shall show, a more credible explanation is the storage of 
energy as latent heat in the water vapour of the cloud.

During the day clouds increase the albedo, Let's say it increases from 0.3 to 0.5.  This is a 
reduction in mean solar flux of 67.5Wm-2, which would reduce the temperature of the 
stratosphere from 216K to about 198K. All else being equal we should expect an 18ºC 
drop in surface temperature. The clouds do have a cooling effect, but nothing like this 
drastic.

The most obvious feature of clouds is they are regions of moist, if not saturated, air.  We 
have shown elsewhere that the effect of moisture is to reduce the temperature lapse rate. 
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We should expect the temperature rise across the depth of the cloud layer to be less than 
it would be in the absence of clouds. This is expected to lower the temperature still further.

Cooling of the air reduces its ability to absorb water vapour, so sooner or later the cloud 
would be expected to disperse.

We conclude that it is impossible for water clouds to cover the entire Earth.  Visitors from, 
say, Scotland to, for example, Provence, are painfully aware of this fact.

As clouds are local effects, we can ignore the effect on albedo referred to above. Instead 
we shall assume that they are included in the 30% mean albedo value.  This effectively 
claims the proportion of cloud cover over the globe remains more or less constant. - 
changing its value effectively double-accounts the contribution of clouds to the albedo.  

It is true that we immediately notice the drop in radiation when a cloud obscures the Sun, 
but we maintain this to be a secondary, entirely subjective, effect. The thermal inertia of the
ground ensures that there is no immediate effect on surface temperature.

Clouds represent a region of saturated vapour, where we expect the local lapse rate to 
reduce from the nominal of 6.5K/km to the 4.5K/km value for saturated air. This represents
a drop in temperature of 2 degrees Celsius per km depth of cloud.  This is why the surface 
temperature falls. From ground level we can assess the depth of the cloud from the 
amount of visible light that passes through.  It is common experience that dark clouds are 
harbingers of heavy downpours.

During the day therefore the ground is cooler than it otherwise would have been.  The 
energy supplied by the Sun during this time remains unchanged, so what would have been
so called 'sensible heat', raising the surface temperature, is absorbed as latent heat in the 
cloud. 

Clouds are effective energy storage devices. A region of saturated or moist air when the 
Sun goes down releases latent heat, and in so doing retains its temperature.   

During the night, the ground initially cools until it becomes colder than the cloud.  The 
cloud maintains its temperature, so as long is there is latent heat remaining which is not 
radiated to space, it remains warmer than the surface.  The cloud is radiating into space, 
maintaining the planet's overall radiation balance.  We therefore see a temperature 
inversion where the temperature increases, rather than decreases, with height, near the 
surface.

It is common experience that the cloud cover observed in the evening is not necessarily 
dissipated by morning. In other words, the cloud does not dissipate all its stored energy 
during the night.  This implies that the effective mean solar irradiance is locally higher than 
the figure of one quarter the actual solar irradiance deduced in Chapter 2.  The result is a 
higher surface temperature than would have existed in the absence of cloud.

This has nothing to do with any ‘greenhouse effect’.  It is the short term, and localised 
storage of energy as latent heat in water vapour.  It is a dynamic effect which cannot be 
characterised by simplistic equations. The behaviour of clouds has been interpreted 
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assuming the greenhouse effect theory is valid, but that is called post hoc reasoning, 
which proves nothing.

Concluding Comments

We are willing to accept that energy can be stored as sensible heat or as latent heat, but 
the suggestion that it can be stored for significant periods of time as 'trapped' radiation is 
an absurdity. The brief population inversion in a lasing medium is the closest we have to 
'storing' radiation, but in no sense of the word can the troposphere act as a lasing medium.

The representation of clouds represents a great uncertainty in climate science models.  To 
date their behaviour has been interpreted on the assumption that the greenhouse effect 
theory is valid.  This is not how we validate theories.  

The suggestion that cloud formation is well-trodden territory is nonsense, there is certainly 
no justification in the current state of knowledge for dismissing  the compelling arguments 
and supporting evidence (for example; Svensmark et al, Soon or Corbin) in favour of the 
influence of space weather on cloud formation, particularly the influence of the Sun in 
controlling cosmic radiation. 
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17 Concluding Comments for Part 1

Since the first iteration in this work it has been found that a tropopause pressure of 22kPa, 
rather than 20kPa, results in an almost exact match with the observed pressure 
distribution for the Earth and for Venus (using the van der Waals Equation).

The results produced by considering the thermodynamic energy balance are so close to 
the observed values as to fully account for the observed temperature profile.  This would 
indicate that radiative heat transfer is irrelevant to the calculation of equilibrium 
temperature in the troposphere.

Indeed, even if it were relevant, the effect on surface temperature would be the exact 
opposite of the global warming claimed.

The greenhouse effect is based on two fallacies.  The first is that greenhouse gases can 
radiate more energy back to the surface than they do to space.  That contravene’s 
Kirchoff’s Law, and with it the Law of Conservation of Energy.  The second is the 
supposition that the temperature in the troposphere is determined by radiative heat 
transfer to and from the atmosphere gases.  Whilst it is true that radiation is the dominant 
means by which heat is transported from the surface (on the Earth, but not on Venus), it 
does not dictate the temperature distribution.

In every IPCC report to date, thermal power balance is referred to as an ‘energy balance’, 
and this assumed equivalence of energy and power appears to pervade the entire climate 
science literature.  This is more than a matter of mere semantics.  The temperature 
distribution in the troposphere is determined by the energy balance, which is the 
thermodynamic state of the gas, and has nothing to do with the actual heat fluxes involved.

Quite apart from the invalid reasoning, the greenhouse effect is an ad hoc theory, contrived
to account for the high temperature of Venus.  In contrast, we have started with the Laws 
of Thermodynamics and radiative heat transfer, deduced the theory from them, made 
predictions and confirmed those predictions with observations.  The greenhouse effect 
theory is fundamentally bad science from a philosophical perspective alone.

All of these results are reproducible by anybody with the skill to integrate the governing 
equations numerically.  QBASIC listings of representative codes are presented in the 
Appendix. 

70



18 References for Atmosphere Equations

The principal reason for not presenting this material for publication is it adds nothing new 
to science.  Any educated physicist or engineer ought to be fully familiar with the equations
presented, indeed they should be common knowledge, unless standards have seriously 
declined since the author’s graduation. No originality is claimed.

The physics has been established for almost two centuries and dates back to the work of 
Carnot and Joule. All the formulas presented may be found in any standard undergraduate
thermodynamics textbook such as Rogers and Mayhew ‘Engineering Thermodynamics, 
Work and Heat Transfer’ ISBN 0 582 44727 5.

The theory presented here has been demonstrated from empirical observations of the 
atmospheres of the planets and moons of the Solar System by Nikolov and Zeller; ‘New 
Insights on the Physical Nature of the Atmospheric Greenhouse Effect Deduced from an 
Empirical Planetary Temperature Model’ OMICS International, 2017 pp 1,2.  This work is 
much derided by the climate science community, as is any perceived attack on the sacred 
cow of the greenhouse effect.  However, the actual science is sound; it is what could 
legitimately be called ‘an inconvenient truth’.

The climate science community uses the greenhouse effect myth to try and debunk 
Nikolov and Zeller's work,and indeed, the fundamental science presented here.  One such 
refutation may be found in Dr Roy Spencer's blog.  Dr Spencer is not numbered amongst 
the lunatic fringe of the hoaxers, but even his moderate position illustrates how ingrained 
this piece of folklore is.  Indeed, even the most moderate voices of reason, such as 
Professor Happer (Princeton) and Professor Linzen (MIT) cling firmly to the greenhouse 
effect myth. 

The reader should not be swayed by reputation, only the validity of the arguments 
presented .should carry weight in forming an opinion.  Anybody who is swayed by 
argument from authority or ad hominem attacks on author's is a fool, but perhaps not as 
great a fool as the academic who imagines they have the monopoly of wisdom.  

If the impossibility of imbalance between adjacent atmospheric layers in radiative 
equilibrium doesn't demolish the accepted wisdom, the fact that it cannot account for why 
stars shine, as we show in a later chapter, ought to clinch the matter in the mind of any 
reasonable person.

The paper which provides practically all the specious academic authority for the current 
scare is; ‘On the Influence of Carbonic Acid in the Air upon the Temperature of the Ground’
by Svante Arrhenius.  (Philosophical Magazine and Journal of Science, Series 5, Vol 41, 
pp 237-276 April 1896).  The absorption of heat by the atmosphere gases is dealt with in 
some detail. Unfortunately, the fact that this heat is emitted into space by the atmospheric 
gases, was overlooked.

Since 1896 there have been considerable advances in our understanding of the 
thermodynamics of atmospheric gases, largely from the considerable investment by the 
aeronautics community.  This more recent understanding supersedes that of Arrhenius et 
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al, which is as relevant to the correct model of atmospheric temperature distribution as the 
geocentric universe is to modern astronomy. 
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Part 2 : Colonist's Primer
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19 Thoughts on the Interiors of Planets

This section carries a health warning, it is intended to stimulate discussion and nothing 
more.

In Part 1 we brought into question the scientific credibility of the greenhouse effect by 
applying long established physics to the atmospheres of planets.  This showed the 
greenhouse effect to be at best superfluous, and at worst, arrant nonsense.

The global warming scare is yet another in a whole line of anti-science, anti-technology 
movements. Its protagonists will not discuss the science, just as the 'science' of racial 
hygiene was not up for discussion in 1930s Germany, and we suspect, for similar reasons.

If the 'science' allegedly requires the most draconian measures to 'save the planet', it is of 
paramount importance that it is critically examined again and again with a fine tooth comb, 
to be certain of its validity.  Yet instead we are to accept its doctrines as religious beliefs, 
setting up what can only be described as a cross between the Nazi Ministry of Propaganda
and the Spanish Inquisition to suppress alternative views.  This is usually indicative of a 
big lie.

Remember that 'well known fact' is merely a euphemism for 'common misapprehension'.

Truly crackpot theories such as the flat Earthers are tolerated because their arguments are
readily debunked.  Unfortunately for the hoaxers the skeptic's arguments are sound. The 
hoaxers are the ones propagating the pseudo-science.

Central to the anti-technology movement is the over-emphasis on the difficulties of  an 
enterprise without reference to the benefits.  The 'goldilocks zone' for habitable planets is 
considerably wider than is currently believed.  Surface temperature depends on the depth 
of the atmosphere, implying temperate conditions could be obtained way beyond the orbit 
of Mars, provided the high surface pressure is tolerable. Since life began in the oceans, 
high pressure doesn't appear to be a show-stopper.  We show in this Part, that given a 
dense enough atmosphere, a planet out at the orbit of Mars can be readily habitable.

The notion that colonisation of other worlds entails transporting matter from the Earth is yet
another unproven block to civilisation.  This section challenges that perception.

Having challenged the establish wisdom (or more appropriately 'stupidity') regarding the 
temperature distribution in planetary atmospheres, we decided to turn our attention to 
below the surface, using a bit of old-fashioned engineering common sense, and this is the 
result.
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20 Inside Planets – The Spherical Limit

We have considered planetary atmospheres which are sufficiently tenuous for the ideal 
gas equation to apply. This needed to be extended in the case of Venus, where the 
appropriate equation of state appeared to be the van der Waals equation. Also, we were 
able to  apply the Clausius Clapyron equation to the Earth's atmosphere on the basis that 
vapour was only expected to account for typically less than 5% by mass of the atmosphere
.  In the case of Titan, where no such approximation can be made, and both nitrogen and 
methane may condense out, no simple thermodynamic solution has been attempted.

This may be a simple matter of cowardice, or laziness, on the part of the author, and the 
reader is cordially invited to examine this case, if so inclined.  However, sufficient evidence
has been presented to indicate that these fundamental equations yield a reasonable 
description of the Earth's atmosphere, leaving Titan as an academic question.

We do not need to go far in the Solar system to find conditions where the simple equations
of state cease to be valid.  Indeed, the terms solid, liquid and gas can appear to lose their 
everyday meaning.  Extreme pressure compacts gases, and hydrostatic pressure above 
the yield stress of a solid material effectively destroys the ability of solids to resist shear 
stresses, so it seems reasonable to treat matter as liquid under these conditions.

As with our dealings with atmospheres we apply these ideas in their simplest form to begin
with, before confusing ourselves with extraneous detail, and to this end  we shall use a 
rigid-plastic model of the material of a body to resolve an interesting question, namely; 
how large can a solid celestial body be before it must adopt a near spherical shape under 
its own gravity?

The material of the body is expected to distort elastically up to the yield stress (σy) , above 
which it can flow freely.
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Evidently, if any part of an irregularly shaped body experiences stresses of this level the 
body will distort until either the stress is reduced below the yield value or the stress 
distribution becomes symmetrical and no further distortion is possible.  Our criterion for a 
spherical body is for the stress at the centre to exceed the yield stress.

In order to proceed, we need to understand how the hydrostatic stress varies though a 
solid body subject to a gravitational field.

In order to calculate the gravitational force on a particle within a spherical shell, we need to
calculate the mass of an element. We may then integrate the force over all elements of the
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).) angles (latitude and longitude increments).

V=t  r r cos   

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.
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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

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

Cosine rule applies to OPV yields:

cos  =
a2
x2

−r 2

2ax
Also:

x sin=r cos 

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

x2
=a2

r 2
−2ar sin

Substituting:

cos  =
a−r sin 

x

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

 f =
GV

x2
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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) angles (latitude and longitude increments). is trivial:

 F=2 t r cos 
G r  

x2
cos  

The solution requires this expression to be integrated over θ.  This is accomplished by 
substituting:

y=r2
a2

−2ar sin 
So that:

a−r sin =
y−r 2

−a2


2a
and:

dy=−2ar cos d 

The limits θ=±π/2 correspond to:

y1= y −


2
=ar 2

y2= y 


2
=a−r 2

The integral becomes:

F=−2 t G  r2
∫
y1

y2


 y−r 2

−a2


2a
y
−

3
2


2ar
dy

Or:

F=−
G tr

2a 2
∫
y1

y2

 y
−

1
2


−r 2
−a2

 y
−

3
2


dy

Evaluating the integral:

F=−
G tr

a2 [ y


1
2


r 2
−a2

 y
−

1
2


]
y2

y1

=
G tr

a2  f  y2− f y1

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:
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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
4 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.

As we are concerned with the onset of yielding of the material, we shall assume that the 
density is roughly constant.  In most cases of interest, this is unlikely to be true, but at this 
stage in the reasoning we are merely trying to gain understanding, rather than precise 
answers.

The change in pressure across an infinitesmal thin spherical region within the body is 
equal to its weight per unit area.

Since the weight depends only on the matter within this shell, we have;
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 p=−G 
2 4

3
 r3  r

r 2    

where ρ is the density of the material.

In the limit this becomes:

dp
dr

=
−4
3

 
2Gr

From which we deduce the pressure at the centre is:

p=
2
3
 

2Ga2

The universal gravitational constant is 6.674×10-11 m3 kg-1 s-2, and we shall assume 
material properties similar to concrete:

density ≈ 2400 kg m-3

yield stress ≈ 3 MN m-2  (value in tension – assume this corresponds to failure
in shear)

This yields a value of 61 km radius, or 122 km diameter.  

Using the compressive yield stress we deduce a value of 386 km.  Examining the 
asteroids and moons within the Solar System, it is evident that the spherical limit does 
indeed fall in this range.

It appears that a rocky body having mass less than a 122 km sphere may adopt an 
irregular potato shape, even a flat disc, but above 386km we should expect a reasonable 
sphere.  It does not seem likely that the demarcation between the two classes of body 
would be sharp, there are plenty of spheroidal bodies out there which fall within this range 
and fit neither category.  

80



21 Larger Worlds

If the planet is substantially larger than the spherical limit, it is evident that the material 
deep within it is stressed beyond the yield point.  The extreme hydrostatic stress is 
expected to compact the material. It isn't long before we are outside the comfort zone of 
the practical engineer.

What happens to materials under really extreme pressures such as occurs in the centre of 
the Earth depends on the specific material in question.

There is no simple universal law such as the ideal gas equation to characterise the 
behaviour, indeed it isn't until we get to the extreme pressures at the centres of stars that a
more general theory of degenerate pressure arises. As always, the inhabitants of Laputa 
remain skilled at predicting phenomena eons in the future or light years away, but the here 
and now a mere hundred kilometres beneath our feet remains very much a mystery.

Our knowledge of the internal structure of the Earth has come about more by ad hoc 
reasoning to explain observations than applying knowledge of material properties to 
predicting what those measurements should be.

Applying the rigid/perfectly plastic model to the Earth's crust, we deduce that the yield 
stress is reached by a depth of between about 100 metres and a kilometre.  There are 
mines far deeper than this which show no sign of collapsing, although it is possible that the
plastic flow of the rock is so slow as to be manageable by regular maintenance.

As is often the case, finding useful information about material behaviour at the very high 
pressures within a planet has proved difficult. A simple general theory appears elusive.

Although the general public may have greater confidence in the opinion of the august 
institutions which tell us about the events of the big bang or what will happen to the Sun in 
3 billion years time, the knowledge we actually require resides in the minds of humble 
engineers whose task it is to design rolling mills and the like.  It is unfortunate that the 
public in general only has intellectual snobbery to go by, particularly as such snobbery is 
conspicuous by its absence from most actual institutions of higher learning (at least 
regarding subjects that are worth studying).

The yield stress limit may seem very shallow, but the plastic behaviour of the rocks of the 
crust is essential for tectonic plate motion and the formation of sedimentary rocks. 
However, apart from the large scale and gradual motion of the crustal rocks, there is little 
evidence of noticeable plastic flow taking place.  More importantly, there is no evidence of 
any loss of shear strength, which would manifest itself as an inability to support transverse 
wave motion.  The one thing that seismic measurements tell us most clearly is that 
stiffness in shear is maintained right throughout the mantle.

This is where we show our ignorance by speculating. Failure in shear requires unequal 
components of direct stress in three orthogonal directions, this is not possible under pure 
hydrostatic pressure. Failure takes place by the movement of imperfections in the structure
of the material; called dislocations. Without these imperfections the failure stress would be 
of the order of the modulus of elasticity: typically a thousand times the yield stress under 
more familiar conditions.
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It seems a reasonable guess that under extreme hydrostatic stress all the movement 
which can take place does so; this yields a structure which has close on the theoretical 
strength.  The constrained material under hydrostatic pressure may be expected to acquire
a strength up to one thousand times its everyday value. At plate edges, where the stress is
no longer purely hydrostatic, the material is expected to flow, rather like a highly viscous 
liquid.

With this assumption, the material is expected to maintain its 'solid' characteristic (i.e. its 
ability to support shear)  to a far greater depth. With a constant gravitational field, this 
would be 1200 km, but the actual depth of the Earth's mantle,  obtained from long 
established seismic measurements, is 2900km.

In order to proceed,we must take account of the variation in gravity with depth and also the
variation of density.  
 
We derived the equation for hydrostatic pressure in the previous section.  The change in 
density is based on the assumption that there is minimal flow of the material.  This means 
the material distorts elastically.  Unlike working material above its yield stress as in sheet 
metal rolling, wire drawing or extrusion, there is no permanent set in the material. In 
principle, if the hydrostatic stress were removed, the material would revert to its original 
state. 

The expressions for the orthogonal components of strain under hydrostatic stress σ are 
given by expressions of the form:

e=
1−2

E
   

where ν is the Poisson ratio and E is the Young's modulus. So we expect the change in 
volume under hydrostatic pressure to be:

V
V

=3
1−2

E


In terms of density:
 

0

=3
1−2

E


where ρ0 is the original (unstrained) density. Re-arranging, we have an explicit expression 
for density as a function of hydrostatic stress:

=13
1−2

E
0

The variation of planetary mass (M) below the level of interest (z) is given by;

dM
dz

=−4  z 2
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The pressure (hydrostatic stress) is given by:

d 
dz

=−G 
M

z2

Although we know the mantle rocks are hot, we shall ignore the effect of temperature on 
the problem.

For the Earth, the boundary conditions are the surface conditions:

z(r)=r=6.35×106 m

GM r = gr2 = 9.81× 6.352×1012=3.96×1014 m3s-2

ρ(r)=2400 kg m-3

σ(r)=0

In order to get some form of agreement with observation the value of Young's modulus 
used was 140 GPa, which is typical of an ordered crystalline structure such as in typical 
metals. This is consistent with the premise that the effect of the extreme pressure is to 
force a more ordered configuration of the atoms or molecules concerned.  However, when 
all is said and done, this is really ad hoc reasoning, and not really scientific.  Unfortunately,
there is much that presents itself as science nowadays which is no better.

Using these values we deduce that the mantle extends down to about 3000km, which isn't 
too far out, considering the crudeness of the theory.
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We see the depth at which we get the complete failure of the bonds within the material 
corresponds to where we expect the mantle to meet the core.  The density of the material 
at this point is 2.5 times its value on the surface. 
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22 Extension to Other Worlds

Our hypothesis is that under the symmetrical constraint and hydrostatic pressure matter 
will tend to organise itself into the strongest possible structural configuration.  Using values
of failure strength comparable to the Young's modulus and a value of Young's modulus 
consistent with a crystalline structure, we obtain estimates of the depth of the Earth's 
mantle which aren't too far out by applying elasticity theory.

The same theory is readily applied to other planets in the Solar System.

Mercury
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Venus
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Mars
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The Moon

Beneath the mantle pressures are so high that the bonds between atoms themselves fail 
and the elastic theory breaks down.  The material can no longer support shear stresses, 
so that only longitudinal wave motion is possible.  In this sense the core is liquid.

The extent of the core evidently depends on the size of the world.  On the Moon it is tiny, if 
not actually non-existent.  On smaller worlds we should not expect a 'liquid' core at all.

The pressure plots indicate that much deeper mines can be dug on the smaller worlds, 
perhaps giving easier access to whatever mineral wealth is available.

This assumption of a perfect lattice structure of the mantle material implies that where 
imperfections occur there will be local plastic yielding and flow of material. The pressure 
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gradient is upwards, so any material which weakens the lattice behaves like a liquid and 
will tend to be squeezed upwards, like toothpaste squeezed out of a tube.   

Perhaps this is the reason the crust of the Earth contains so many deposits of relatively 
dense materials. A  naïve theory would deduce that the heavy stuff must necessarily sink 
to the centre of the planet under gravity. The great mineral wealth of the Earth 's crust 
indicates that the naïve theory is quite wrong.  Dense material would sink to the centre if 
the mantle rocks behaved like a liquid.  The fact that they can support transverse (shear) 
waves shows that is not the case. If the same process operates on other worlds, it is 
reasonable to expect many useful minerals to be accessible from the surface, as they are 
on the Earth, but since deeper mines can probably be dug, the accessible mineral wealth 
might even be greater than that of the Earth..

Where the lattice is weakened by the presence of weaker material, the local pressure falls 
causing the weaker material to concentrate as it rises. Although it is filled with solid matter 
under very high pressure, we shall call this concentration of lighter material a 'void'. The 
very idea of an actual empty space surrounded by material at such a colossal pressure is 
ludicrous.  

The surrounding material must flow in to fill the void and the material above it must be 
displaced. At a depth of about 700km the pressure is about 14 Gpa. This is expected to be
the failure stress of the surrounding material before it is compacted, and corresponds to a 
region where the structure is changing to a more robust configuration.  Perhaps, the 
collapsing of a void at this depth and higher might be a violent affair. After all, earthquakes 
generally originate at depths less than 700km, and are associated with the rising of lighter 
material to the surface (i.e.  vulcanism). The work done on the rising material by the time it 
reaches the surface may well be sufficient to melt it, but this, like the remainder of this 
paragraph, is only speculation.   

We deduce the mantle and core of the Earth are very hot because the material emerging 
at the surface (lava) is molten at atmospheric pressure. It is not inconceivable that this 
heating could be no more than the consequence of the work done on it by the surrounding 
rocks as it is squeezed upwards.  After all, we have no direct measurement of the 
temperature of the interior of the Earth. The absence of volcanic activity on the Moon or 
Mars might indicate the absence of a hot core on these worlds.  It might also indicate that 
the transport of minerals from the depths is largely complete.  There is clear evidence of 
historical volcanic activity, particularly on Mars. 

The upflow of the weaker materials might be expected to stop where the crustal rocks 
have their more usual yield strength.  The depth at which this occurs depends on the 
surface gravity of the planet   The lower the gravity, the deeper we may need to dig.  More 
to the point, the harder it will be to locate mineral deposits.

Deposits might still be found at shallower depths because in this non-yielded region actual 
voids (true empty spaces) may exist which could act as resevoirs for material extruded 
from deeper layers.
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Body Minerals Depth (km)

Mercury 0.26-2.7

Venus 0.12-1.2

Earth 0.1-1.0

Mars 0.25-2.5

The Moon 0.6-6.0

The low gravity planets are noted for having little or no atmosphere, so it would appear 
unwise to construct colonies on the surface exposed to all manner of potentially lethal 
radiation.  Digging a mine both as a biological shield and to find local sources of useful 
materials would appear sensible until such time as a protective atmosphere could be 
generated.

If the flow of material from the mantle to the surface were a cause of earthquakes, then 
earthquakes should be expected on other worlds.  According to this criterion we should 
expect earthquakes to originate on other worlds at depths less than those given in the 
following table.

Body Active Depth (km)

Mercury 1019

Venus 540

Mars 1071

The Moon 1434
 

Apart from flowing of material upwards, which we assume involves relatively little energy, 
the elastic assumption indicates that heat is not generated in the mantle. All the energy of 
compression is potentially recoverable.  However, on the Earth at least, it is universally 
claimed, that the mantle is hot, very hot. 

It is  believed that this heat is generated within the core itself through nuclear reactions.  
The core is also expected to be the source of the magnetic field, so has been studied 
comprehensively elsewhere.  Many mysteries remain unsolved, however.

Judging by the almost absence of a core on the Moon, geothermal plant there is likely to 
have disappointing performance. 
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23 Comments on Planetary Structure

There is a world of difference between materials science and what engineers call 'strength 
of materials' or 'stress analysis' or simply 'structures'.  The former is concerned with 
deriving the properties of engineering materials and explaining them in terms of their 
structure and chemistry and devising materials with appropriate properties for a wide 
range of  engineering applications.  

The study of the material which makes up the interior of planets, under the conditions of 
temperature and pressure to be expected, is a lifetime's activity for a dedicated researcher,
who doubtless would find the extremely crude assumptions made here quite laughable. 
However, it is surprising how often crude assumptions can yield deep insights, particularly 
when dealing with complex systems.  Very often the results are fairly robust to the 
omission of detail.

Engineering 'Strength of materials' takes a highly simplified model of the material 
scientists' work, and uses it to derive stress and distortion of objects of given geometry 
under different loading conditions, and to devise optimal shapes to withstand particular 
load distributions.  In applying such methods care is taken to ensure that designs do not 
contravene the simplifying assumptions implicit in the formulation. When performance 
cannot be achieved within this constraint, a more sophisticated representation of the 
material may be needed.  But such refinements are rarely needed.

We have adopted the structural engineer's approach and made a number of simplifying 
assumptions based on simple elasticity theory and from them derived results which seem 
credible for the Earth. But a sample size of one proves nothing.  Verification requires 
seismic measurements on a range of celestial bodies.

If this theory is correct, the prospects of colonising other worlds appear good, as we can 
expect the material resources needed for civilisation to be accessible within a few 
kilometres of the surface, without the prohibitively expensive process of transporting 
matter from the Earth.
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24 Terraforming

Apart from Venus, we should expect initial colonisation of planets and moons of the Solar 
System to begin underground to provide protection against the hostile surface conditions.  
There remains however a dream to convert these other worlds into copies of the Earth.  
Whether this desire will still exist in a culture which has grown accustomed to living 
underground over the timescale in which the capability is developed, and a feasible 
atmosphere can be generated and maintained, remains a moot point.  

In deciding what is required we find that the greenhouse effect theory is quite useless. It is 
based on the absurd premise that the down welling flux from greenhouse gases differs 
from the upwelling flux, contrary to Kirchoff's Law.

Let us for the moment consider the consequence if this assertion were true.  In order to 
maintain radiative balance of the planet as a whole, the convective heat flow would need 
to increase by the same amount.  The  extra heat is convected away so that the surface 
radiative balance isn't affected.

In order to get a temperature rise, we must assume the convective component is 
unchanged.  As the upward welling radiation is allegedly less than the down welling 
radiation the downward heat flux must be greater than the solar irradiance, in other words 
the greenhouse gas would be spontaneously generating heat.  That is a direct 
contravention of the First Law of Thermodynamics.

The tortuous arguments presented to justify the greenhouse effect are reminiscent of 
those used by crank inventors of perpetual motion machines or reactionless drives, or the 
'systems' employed by compulsive gamblers.

What is truly amusing is the way this garbage science has been used to 'debunk' the 
correct theory, presented here in the chapters on planetary atmospheres.  The premise, 
which we have shown to be incorrect, is that temperature distribution in the troposphere  is
determined by the irradiance. Such a theory as  we have shown, must contravene 
Kirchoff's Law and/or the Law of Conservation of Energy.  These are not very impressive 
credentials for what is allegedly 'irrefutable settled science'.

It could be that those who actually understand the dynamics and thermodynamics of gas 
flow have lucrative employment in engineering concerns such as the development of gas 
turbine engines, as opposed to post doctoral academic posts living on a pittance and 
relying on government handouts. As in all other areas of life, you get what you pay for.

If radiation from an external heat source, rather than gravitational compression, 
determined the temperature distribution in a planetary atmosphere, the Sun would not 
shine, as the following section shows.  Also there is no empirical evidence for the 
greenhouse effect to be found in the planets of the Solar System, analysis of  actual 
terrestrial based radio sonde measurements,or data taken over the geological history of 
the Earth.  What we do have is interpretation of data on the assumption of the correctness 
of the greenhouse effect (what is known in the trade as confirmation bias).

So with absolutely no apology to the purveyors of scientific humbug, we shall proceed to 
calculate what is needed of the atmosphere to achieve temperate pressure and 
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temperature conditions on the surface.  We do not specify which gas is employed to 
provide the atmosphere.  The greenhouse effect is nonsense so all we require is a gas 
that obeys the ideal gas equation.

Our starting point is to adjust the heat input to the planet. This is only really possible by 
adjusting the albedo somehow. We need to reduce the input irradiance  to 910 W m-2 if 
possible. We may trade off surface pressure, and to a lesser extent temperature if this is 
not achievable.  So we can calculate the required albedo for the inner planets from the 
solar flux.

Body Irradiance (W/sq
m)

Desired Albedo

Mercury 8670 0.9

Venus 2486 0.63

Mars 560 Not possible

The Moon 1300 0.3

Evidently Mars is too far away from the Sun for albedo alone to control the surface 
temperature, so some compromise of atmospheric pressure and temperature will be 
necessary. The albedo of the Moon may have an influence on the Earth.  It is not clear 
what the effect of having a Moon three or four times brighter than it is at present would be.

Assuming no widespread oceans, the atmospheres will be assumed arid so the 
temperature lapse rate is given by the acceleration of gravity divided by the specific heat at
constant pressure, which we shall take as  1000 J kg-1K-1.  The stratosphere temperature is
found from the radiation balance, which, if the albedo is achieved will be 214K for all 
except Mars. We shall assume an albedo less than 0.1 is not achievable, so we expect the
Martian stratosphere temperature to be 183 K.  Using these figures we may derive the 
depth of the troposphere needed for a surface temperature of 288 K..

Body Stratosphere 
Temp (K)

Lapse Rate (K/km) Depth (km)

Mercury 214 3.7 20

Venus 214 8.5 8.7

Mars 183 3.8 27.6

Moon 214 1.6 46.25
 
The tropopause pressure is 22kPa, so we may calculate the surface pressure from the 
polytropic equation. For an arid atmosphere, this has the value Cp/R, where R is the gas 
constant for the gas.  Expressed in terms of the ratio of specific heats (γ), this becomes:

C p

R
=



−1

93



For air this has a value of 3.5, but for carbon dioxide we should expect a value 4.333.  The
surface pressure for all except Mars is therefore expected to be 62kPa for air, 80kPa for 
carbon dioxide.

For Mars we get 108 kPa for air 157 kPa for carbon dioxide.

These pressures should be quite acceptable for human habitation, ranging from 0.6 
Earth's current sea level pressure to 1.6 times Earth's surface pressure.  The low range is 
comparable to the cabin pressure of a passenger aircraft, the high range corresponds to a 
dive of about 6 metres in the sea.

Note that the increased pressure associated with a carbon dioxide atmosphere has 
nothing to do with the so-called greenhouse effect.

The final calculation in this section is concerned with the amount of gas needed to be 
produced and maintained.  

The mass of gas contained in unit area of an infinitesmal layer of atmosphere is:

m= z

where ρ is the density of the layer and 'g' is the acceleration of gravity.

It follows that:
dm
dz

==−
1
g

dp
dz

The mass of gas per unit area of the planet's surface is the surface pressure divided by 
the acceleration of gravity..  The amount of gas needed per square metre is given in the 
following table.

Body CO2(tonnes/sq m) Air(tonnes/sq m)

Mercury 28.4 21.6

Venus 9.6 7.4

Mars 36.9 28.4

The Moon 50.5 38.8

Where all this gas is coming from remains an open question, except in the case of Venus, 
where we start with 1060 tonnes per square metre, and the problem becomes one of 
somehow sequestering 99% of the existing atmosphere.
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25 References for Part 2

As with Part 1, the results are derived from first principles and not merely copied from the 
work of others, as appears to be the trend in modern academia, which is notable mainly for
its almost total absence of original thought. 

Newton's Law of Universal Gravitation surely doesn't need a reference. It is to be found in 
any elementary physics book.

The equations of elastic/plastic deformation are likewise well known. The author used the 
following references:

Spencer G C Introduction to Plastcity, Chapman and Hall, 1968

Case J and Chilver A H Strength of Materials and Structures, Edward Arnold, 1972
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Part 3 : Why the Sun Shines   
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26 The Debunk

The 'debunking' of Nikolov and Zeller's work is based on the premise that the temperature 
distribution in the troposphere is dictated entirely by radiative balance, and not by 
gravitational compression, as has been demonstrated in Part 1.

This assertion is immediately disproved by every helium balloon that has ever been 
launched.  The increase in gravitational potential energy as it rises must come from 
somewhere. The gas expands, and in so doing it cools, so that the reduction in thermal 
energy (enthalpy) equals the increase in potential energy. Likewise, air circulating in the 
troposphere converts enthalpy to gravitational potential energy, hence it cools as it rises 
and warms as it descends. We have shown that this yields the correct value of 
temperature lapse rate for both Venus and the Earth.

A more compelling reason for discounting the 'debunk' as so much contrived nonsense is 
the simple fact that, if it were correct, the Sun would not shine.  

As we shall see the consequence of this belief is neither the Sun, nor any other star would 
shine because the external radiation source needed to raise the temperature of a gas 
cloud to the ignition point of the nuclear reactions, does not exist.

In this part we derive the mass of material which must be compressed under its own 
weight to raise the temperature to the ignition point.  It should not be surprising that the 
resulting mass is typical of an average star.

Since gravitational compression determines the initial temperature distribution in a 
protostar it is reasonable to assert that it is also responsible for the temperature 
distribution in planetary atmospheres.

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.  
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27 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:

c p  z1T 1−c p z2T 2=G 
M  z 2

z2

−
M  z1

z1



Where M is the mass of matter below the level z in the cloud  (we have shown that only 
the material below this radia position need be considered). This mas is calculated by 
summing the mass of the infinitesmal shells below this position:

dM
dz

=4 z z2

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

dp
dz

=−G
M  z 

z2  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 z2

Or:
d pr

dz
=−2

P
4 cz3

It appears that the gravitational pressure depends essentially on the mass of the star, 
whilst the radiation 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.  It is 
gradually becoming brighter and larger as the reaction zone around the core moves 
outwards.  This is largely compensated for by the compression of the helium core, which is
maintained by means of a process known as degenerate pressure. The Sun is expected to
reach about three times its current brightness. Once the hydrogen is almost used up, the 
degenerate pressure will not be sufficient to support the core and 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.
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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 phenomenon is well 
presented in Fred Hoyle’s book ‘Frontiers of Astronomy’.  The reader is warned, however, 
that apart from Professor Hoyle's excellent presentation on the evolution of stars, much 
of .the remainder of the book may be taken with a pinch of salt. 
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28 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=G
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
 r 3  

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
G r2  

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:
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T s=
h
Cp

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

T s=
4
3
G 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
C pT s

G 

The initial mass of the star is then:

M=
4
3
 r 3

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. 
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29 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 hoaxers 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 assumption 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 Archimedes Principle.  So the fact 
that the Sun continues to shine indicates that conditions at the boundary with the core 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.
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The temperature of the photosphere is given by:

T p=
4 q

2
= 4

P
8 r 2

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 der Waals equation might serve 
as a more appropriate state equation in this context, but even this will lose its validity fairly 
quickly..

p=
 RT

1−b
−a 2

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.
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30 Concluding Comments

The belief that temperature distribution within an 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 in Part 1 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.

It is claimed, with good reason that heat is transferred by radiation in the centre two thirds 
of the star.  But since observation of the surface clearly indicates strong turbulence, it is 
claimed that the outer third conveys heat by turbulence.

The temperature gradient from the core to the surface is clearly negative (otherwise the 
Sun would be hot enough to fry Pluto).  We have shown that a gaseous atmosphere under
a negative temperature gradient will be turbulent.  But that does not mean the majority of 
the heat is conveyed by turbulence.  It is quite likely that although the atmosphere is 
turbulent, radiation may dominate the actual heat flow throughout.

This confusion of irradiance (power), with the thermodynamic state of the plasma (energy) 
appears practically universal.

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.

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 
governing equations tractable. 

If gravitational compression didn't cause the temperature of a gas to rise, the Sun would 
not shine.
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Appendix A

Example Code Listings

1)  Listing of Mantle Calculation (C)

#include <stdio.h>
#include <stdlib.h>
#include <math.h>

const int nstates=3;
double x[4],xn[4],xd[4],xd1[4],xd2[4],xd3[4];
double dt;
double rho;
const double nu=0.25;
const double E=14e10;
const double FourPiG=8.386796e-10;
const double rho0=2400.0;
void Init(void);
void Dynam(void);
void Integ(void);
void RunModel(FILE* outfile);
void main(void)
{
   FILE* outfile;
   outfile=fopen("moon.txt","w");
   if (outfile !=0)
   {
   RunModel(outfile);
   fclose(outfile);
   }
   else
      printf("couldn't open output file \n");
  getchar();
}
void RunModel(FILE* outfile)
{
   int cntr,prtr;
   const double depth=1.0e4;  
   Init();
   dt=10.0;
   cntr=0;
   prtr=0;
   do
   {
      Integ();
//   printf(" %f %f %f \n",x[0],x[1],x[2]);
      if (prtr>1000)
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      {
         fprintf(outfile,

"%f %f %f %f %f %f \n",x[0]*0.001,x[1]/3.96e14,
x[0]*0.001,x[2]*1e-9,x[0]*0.001,rho*0.001);

         printf(
"%f %f %f %f %f %f \n",x[0]*0.001,x[1]/3.96e14,
x[0]*0.001,x[2]*1e-9,x[0]*0.001,rho*0.001);

         cntr++;
         prtr=0;
      }
      prtr++;
   } while ((cntr<4000) && (x[0]>depth) && (x[2] < E));  
}
void Init(void)
{
/*   x[0]=6.35e6;
   x[1]=3.96e14;  earth 
   x[0]=2.419e6;
   x[1]=3.7*x[0]*x[0]; mercury 
   x[0]=6.14e6;
   x[1]=8.54*x[0]*x[0]; venus 
   x[0]=3.321e6;
   x[1]=3.83*x[0]*x[0]; mars*/
   x[0]=1.734e6;
   x[1]=1.619*x[0]*x[0];
   x[2]=0.0;
}
void Dynam(void)
{
   //double rho;
   /* states:
   x[0] = z
   x[1] = GM
   x[2] = sigma
   */
   rho=rho0*(1+3*x[2]*(1-2.0*nu)/E);
   xd[0]=-1.0;
   xd[1]=-FourPiG*rho*x[0]*x[0];
   xd[2]=rho*x[1]/(x[0]*x[0]);
}
void Integ(void)
{
   int i;
   for(i=0;i<nstates;i++)
   {
      xn[i]=x[i];
   }
   Dynam();
   for (i=0;i<nstates;i++)
   {
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      x[i]=xn[i]+xd[i]*dt*0.5;
      xd1[i]=xd[i];
   }
   Dynam();
   for (i=0;i<nstates;i++)
   {
      x[i]=xn[i]+dt*xd[i]*0.5;
      xd2[i]=xd[i];
   }
   Dynam();
   for (i=0;i<nstates;i++)
   {
      x[i]=xn[i]+dt*xd[i];
      xd3[i]=xd[i];
   }
   Dynam();
   for (i=0;i<nstates;i++)
   {
      x[i]=xn[i]+dt*(xd[i]+xd1[i]+2.0*(xd2[i]+xd3[i]))/6.0;
   }
}
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2) Moist Lapse Rate Calculation (BASIC)

REM calculate the lapse rate
REM ------------------------
REM state variables:
REM             1       height
REM             2       mixing ratio
REM             3       temperature
REM---------------------------------
DIM x(3), xd(3), xn(3), xdn(3)
REM
REM  parameters
REM
g = 9.81
Cp = 1008
x01 = .017
T0 = 288
R = 287
Rv = 461
L = 2257000!
rho0 = 1.23
REM 100m increment to tropopause
dz = 100
zmax = 12000
nz = INT(zmax / dz + .5)
PRINT nz
REM relative humidity
beta0 = 0
betaMax = 1
dbeta = .1
nbeta = INT((betaMax - beta0) / dbeta + .5)
FOR ib = 1 TO nbeta
    f$ = "temp" + LTRIM$(STR$(ib)) + ".txt"
    OPEN f$ FOR OUTPUT AS #1
    GOSUB psat
    beta = beta0 + (ib - 1) * dbeta
    x0 = beta * x01
    GOSUB init
    FOR iz = 1 TO nz
       GOSUB integ
       IF (x(2) < 0) THEN
          x(2) = 0
       END IF
       PRINT x(1), x(2), x(3)
       PRINT #1, x(1) / 1000; ","; x(3)
    NEXT iz
    CLOSE #1
NEXT ib
END
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psat: REM calculate the surface mixing ratio
   ps = 2738 * EXP(L * (.00347 - 1 / T0) / Rv)
   x01 = .0000062 * ps
RETURN
init: REM initialise the state variables
   x(1) = 0
   x(2) = x0
   x(3) = T0
   ssq = 0
RETURN
update:  REM expressions to integrate
   dtdz = -g / (Cp + x(2) * L * (L / (Rv * x(3)) - 1) / x(3))
   xd(1) = 1!
   xd(2) = x(2) * (g / (R * x(3)) + L * dtdz / (Rv * x(3) * x(3)))
   xd(3) = dtdz
RETURN
integ: REM 2nd order Runge-Kutta
   FOR i = 1 TO 3
      xn(i) = x(i)
   NEXT i
   GOSUB update
   FOR i = 1 TO 3
      x(i) = xn(i) + xd(i) * dz
      xdn(i) = xd(i)
   NEXT i
   GOSUB update
   FOR i = 1 TO 3
      x(i) = xn(i) + .5 * dz * (xdn(i) + xd(i))
   NEXT i
RETURN
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3)  Van der Waals Pressure Distribution (BASIC)

'
' van der Waals calculation of 
' pressure on Venus
'.
Dim As Double x(2),xd(2),xn(2),xdn(2)
Dim As Double a,b,R,g,alpha,npoly
Dim As Double dz,denom,numerator,c
Dim As Double p0,T0,T,p,z0,p1
Dim As Integer counter,i
npoly=4.333 'polytropic index
g=8.8
alpha=g*1e-3    'Lapse rate
a=0.188
b=0.0
R=188.92 'gas constant for CO2
z0=60000.0      'initial height
x(1)=z0
p0=20000        'tropopause pressure
T0=204 'tropopause temperature
'
'  At the top of the troposphere assume that the ideal gas equation
'  applies
'
x(2)=p0/(R*T0)   'density
dz=-5
counter=0
Open "Waals5.txt" For Output As #1
Do While ((x(1)>0) And (counter<64000))
   Gosub Integ
'
'  calculate temperature and pressure from height and density
'
   T=T0+alpha*(z0-x(1))
   p=x(2)*R*T/(1-b*x(2))-a*x(2)*x(2)
'
'  ideal gas equation result
'
   p1=p0*(T/T0)^npoly
   Print x(1)
   Print #1,x(1)/1000;",";p1/1000;",";p/1000
   counter=counter+1
Loop
Close #1
End
Integ:
   For i=1 To 2
      xn(i)=x(i)
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   Next i
   Gosub Dynam
   For i=1 To 2
      x(i)=xn(i)+xd(i)*dz
      xdn(i)=xd(i)
   Next i
   Gosub Dynam
   For i=1 To 2
      x(i)=xn(i)+0.5*dz*(xd(i)+xdn(i))
   Next i
Return
Dynam:
   T=T0+alpha*(z0-x(1))
   c=1-b*x(2)
   denom=(R*T/(c*c)-2*a*x(2))
   numerator=-(alpha*R/c + g)*x(2)
   xd(1)=1.0
   xd(2)=numerator/denom
Return
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4)  Proportion of Convective Heat Flow (BASIC)

Rem
Rem   proportion of convection in the troposphere
Rem
Dim As Double epsilon0,epsilon,T0,LapseRate,g,sigma,Rgas,qmax
Dim As Integer i,j,counter
Dim As Double x(3),xd(3),xn(3),xdn(3),dz
Dim As Double ratio,T,polyIndex,deltaE,qOut
Dim As Double Outdata(100,10),zOut(110)
Dim fname As String*80
sigma=5.68e-8
LapseRate=-6.5e-3 ! Earth
LapseRate=-8.8e-3 ! Venus
Rgas=287.0  ! Earth
Rgas=188.0  ! Venus
g=9.81 ! Earth
g=8.8  ! Venus
polyIndex=-g/(LapseRate*Rgas)-1.0
qmax=236.25  !Earth
qmax=196.0   !Venus
dz=10
T0=288   ! Earth
T0=738.0 ! Venus
deltaE=0.1
fname="radiative.txt"
For j=1 To 10

epsilon0=deltaE*j
Gosub Init
counter=0
While ((x(1)>0) And (counter<1000))
    For ii=1 To 60

Gosub RK2
Next ii
If (x(2)<qmax) Then

If (x(2) >0) Then
qOut=x(2)

Else
qOut=0

End If
Else

qOut=qmax
End If
counter=counter+1
If (counter<101) Then

zOut(counter)=x(1)/1000
Outdata(counter,j)=qOut/qmax

End If
Wend
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Next j
Open fname for Output As #1
For i=1 To 100

Print #1,zOut(i);",";
For j=1 To 9

Print #1,Outdata(i,j);",";
Next j
Print #1,Outdata(i,10)

Next i
Close #1
End
RK2:
Rem  Second order Runge-Kutta
Rem

For i=1 To 2
xn(i)=x(i)

Next i
Gosub Dynam
For i=1 To 2

x(i)=xn(i)+dz*xd(i)
xdn(i)=xd(i)

Next i
Gosub Dynam
For i=1 To 2

x(i)=xn(i)+0.5*dz*(xd(i)+xdn(i))
Next i

Return
Init:
Rem begin integration at the tropopause
Rem convection is assumed zero here
Rem

x(1)=11000.0  ! Earth
x(1)=60000.0  ! Venus
x(2)=0.0

Return
Dynam:
Rem governing equation

xd(1)=-1.0 
T=T0+x(1)*LapseRate
ratio=T/T0

epsilon=epsilon0*ratio^(polyIndex)
xd(2)=-4*(epsilon*epsilon/(2*epsilon-epsilon*epsilon))*sigma*LapseRate*T^3

Return
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