Is a Back Radiation
Greenhouse Effect
of 33 Kelvin Possible?
by
Ross McLeod, Assoc.Dip.Health Surveying
B.Tech. (Eng.)
updated version
March 1, 2014

This is a PROM* Paper
and subject to ongoing review

* See Principia-scientific.org under 'SUPPORT/NEWS'
> 'HOW THE PROM PROCESS WORKS'

Is a Back Radiation Greenhouse Effect of 33 Kelvin Possible?
Ross McLeod, Assoc. Diploma Health Surveying, B. Tech. (Engineering)
May 29 2013
Rewritten March 1 2014
ABSTRACT
This paper seeks to establish if the claim for a “back radiative greenhouse effect” resulting from an
arithmetic sum of the power of 2 discrete sources of radiation can be demonstrated by simple
experiment.
This principle is fundamental to the claims made about the back radiative “greenhouse effect”.
This paper uses a simple experiment which is based on a model from the University of Washington
online lecture notes. This model is quoted widely as the scientific basis for the greenhouse effect.
The results lead to the obvious conclusion that the arithmetic sum of 2 discrete sources of radiant
energy cannot be used to calculate a valid temperature using the Stefan- Boltzmann equation in the
manner claimed by climate science introductory lectures as taught in University.
Obviously this has important ramifications for many of the claims about future temperature
increases, the ability to even make such predictions and the relevance of any computer program
where this untested hypothesis is used in the source code.
To the author’s knowledge the affirmation of the claim has not been performed before. Extensive
internet searching failed to locate any reference to this experiment having been undertaken
previously.
As the claim is fundamental to contemporary climate science the fact it has never been verified is
simply astounding.
This paper is not disputing any of the well-established scientific laws of radiative physics.
It is simply questioning a previously untested hypothesis that cannot be claimed as a fundamental
truth stemming from the work of the physicists that established these scientific laws.
I believe it is demonstrated as invalid.

Is a Back Radiation Greenhouse Effect of 33 Kelvin Possible?
CONTENTS

1. The basic claim for the Greenhouse Effect.
2. Experimental Procedures.
3. Experimental Results.
4. Criticisms of the experiment.
5. How much power can one 150 Watt spotlight deliver?
6. What about conduction and convection?
7. References.
8. Appendix of photographs.

Is a Back Radiation Greenhouse Effect of 33 Kelvin Possible?
1. The basic claim for the Greenhouse Effect.
The “greenhouse effect” is credited with raising the Earth’s theoretical temperature of about 255
Kelvin or about minus 18 degrees C to the “observed average” of about 288 K or about plus 15
degrees C.
Here is Wikipedia’s definition of the “greenhouse effect”:“The greenhouse effect is a process by which thermal radiation from a planetary surface is
absorbed by atmospheric greenhouse gases, and is re-radiated in all directions. Since part
of this re-radiation is back towards the surface and the lower atmosphere, it results in an
elevation of the average surface temperature above what it would be in the absence of the
gases.”
Below is just one of hundreds of examples of how the basic “physics” of the “greenhouse effect”
is taught in Universities - http://www.atmos.washington.edu/2002Q4/211/notes_greenhouse.html.
The “greenhouse effect is” claimed to
be caused by radiation absorbed by
greenhouse gases. This heats the gases
so that they radiate a portion of this
energy back to the Earth’s surfaces
causing extra heating of the surfaces
instead of the circumstances
established where this energy were
simply to escape to space.
Another claim as illustrated in the
diagram is that it is valid to sum
various individual irradiative fluxes
arithmetically and use that result to
calculate a temperature from the
Stefan-Boltzmann equation.
Figure 1.

The Stefan-Boltzmann equation is accepted as a scientific law of physics and is widely used in
climate science.
A consequence of this law is that raising the temperature expressed in Kelvins of an object by a
factor of the fourth root of 2 causes that object to emit double the irradiative flux of the original
temperature.
The converse of this law implies that doubling the power of radiation heating an object will cause
the temperature to increase by a factor equal to the fourth root of 2.
This is clearly shown in the final line of the above diagram – 2 equal radiative fluxes are summed
and that sum is converted to a temperature.
It is obvious that 239.7 + 239.7 equal 479.4.
It is a consequence of the Stefan-Boltzmann equation that 479.4 Watts per square metre is the flux
emitted by an object at 303 K.
It is also generally accepted that an object heated by a radiative flux equal to 479 Watts per square
metre at the surface of the object being heated will cause the object to heat to 303 K.
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The missing link in climate science is actual proof that 2 discrete sources of radiant energy each of
which produce a radiant flux at the surface of an object will combine as climate science assumes.
To test this hypothesis I conducted an experiment.
The procedure is simple, I believe it to be scientifically sound and relies on nothing more than
observed temperatures and a simple application of the Stefan-Boltzmann equation.
The hypothesis to be tested is simply stated as follows:Radiation from one source capable of inducing a certain temperature in an object combines with
radiation from another source capable of inducing a certain temperature in an object and the simple
arithmetic sum of these values will heat that object to the value calculated by the Stefan-Boltzmann
equation for the simple sum of the two values.
2. Experimental Procedures.
The experimental procedure could not be simpler. Anyone can replicate this experiment for
themselves. I would have preferred more sophisticated equipment but the principle being tested
does not demand it. The experiment took place on Friday 24 May 2014.
I placed a simple
thermometer on a simple
stand. I placed some
black tape over the bulb
of the thermometer.
I used the thermometer
to check the temperature
each light could induce
on its own. I placed a
clock next to the
thermometer to record
time.

Figure 2.

I placed each light individually in various positions until I was able to achieve a temperature
response as shown by the thermometer. I allowed significant time until it appeared no further
increase in temperature occurred.
This is to give some data to work with.
Obviously I claim no real precision in measurements, my equipment is simple and not of the same
standard of laboratory equipment, but I do claim a fundamental principle is demonstrated.
I performed several experiments over a period of a week and the fundamental principle is verified
every time.
I invite anyone to try this.
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Whilst not as dramatic as heating a light bulb with mirrors or other similar flawed experiments it
provides a real effect that is verifiable, provides real data and is based on simple sound scientific
principles.
I used 2 spotlights with a rated electrical power of 150 W.
3. Experimental Results.
The experimental results are:
a) The ambient air temperature was approximately 18 degrees C or approximately 291 Kelvin.
b) The heating effect of spotlight 1 on its own induces 30 degrees C or approximately 303
Kelvin.
c) The heating effect of spotlight 2 on its own induces 36 degrees C or approximately 309
Kelvin.
d) The heating effect of spotlight 1 plus spotlight 2 induces 46 degrees C or approximately 319
Kelvin.
The question is how to analyse these results.
The Stefan-Boltzmann equation calculates the radiation emission from an object at an observed
temperature. It is an empirically derived equation confirmed by theoretical analysis by two
scientists. It has practical application in devices such as Infra-red thermometers and is accepted
science.
I did not know the radiation from the spotlights inducing the heating effect on the tape on the
thermometer and I had no equipment to measure this.
But I could calculate the emission from the tape on the thermometer using the Stefan-Boltzmann
equation and assume that the spotlights must be supplying this power.
The Stefan-Boltzmann equation is quoted in two forms:
P = ξ x A x σ TO4; and,
Pnet = ξ x A x σ (TO4 – Tb4).
Let TO be the temperature of the object in question, Tb is the temperature of the “background”, A is
the area of the object and ξ is the emissivity of the object. The calculated values are in Watts.
Using this reasonable hypothesis I calculated:
(i)

At 291 Kelvin (18 C ambient air temperature) the tape is emitting almost 407 ξ A Watts.

(ii) At 303 Kelvin (30 C ambient air temperature) the tape is emitting almost 478 ξ A Watts.
(iii) At 309 Kelvin (36 C ambient air temperature) the tape is emitting almost 517 ξ A Watts.
(iv) At 319 Kelvin (46 C ambient air temperature) the tape is emitting almost 588 ξ A Watts.
The University lecture method predicts the following quick calculation:478 ξ A Watts + 517 ξ A Watts = 995 ξ A Watts and this results in a calculated temperature of
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995 ξ A Watts = ξ x A x σ TO4 = ξ A x 5.67 x 10-8 x TO4 which yields TO = ~364 Kelvin or about 90
- 91 degrees C.
Now let’s examine what happens if we apply the “net” form of the Stefan-Boltzmann equation:Pnet = ξ x A x σ (TO4 – Tb4).
(i)

At 303 Kelvin - Pnet = ξ x A x σ (TO4 – Tb4) = ξ x A x σ(3034 – 2914) = ~71 ξ A Watts.

(ii) At 309 Kelvin - Pnet = ξ x A x σ (TO4 – Tb4) = ξ x A x σ(3094 – 2914) = ~110 ξ A Watts.
(iii) At 319 Kelvin - Pnet = ξ x A x σ (TO4 – Tb4) = ξ x A x σ(3194 – 2914) = ~181 ξ A Watts.
It surely cannot be coincidence that the final temperature measured, which was 319 Kelvin or 46
degrees C, is able to be predicted by calculating the “net” emission at each initial temperature of 30
and 36 degrees C and adding these values to the background radiation emission due to ambient
conditions!
Note this gives the correct result - ~407 + ~71 + ~110 = ~588 which is equivalent to a temperature
of ~319 Kelvin or ~46 degrees C – at least it is the experimental result.
Also note the results are completely different to the University lecture method yet is exactly the
same claimRadiation capable of inducing a certain temperature in a surface – 30 C or ~478 on the tape in the
experiment or minus 18 degrees C or 239.7 in the lecture - combines with radiation capable of
inducing a certain temperature – 36 C or ~517 on the tape in the experiment or minus 18 degrees C
or 239.7 in the lecture – and the simple arithmetic sum of these values can be used to calculate the
final temperature.
I am reasonably confident the ambient conditions did not change appreciably – if they had the final
temperature would have continued to rise instead of staying constant for almost 2 hours.
Thus I make the claim - I believe the commonly accepted “scientific” model of how the
“greenhouse effect” functions is demonstrated as invalid.
4. Criticisms of the experiment.
Many people have criticised this experiment and my analysis on many grounds.
(i)

Radiation calculations such as this are invalid except in a vacuum. (?)

(ii) Radiation calculations such as this are invalid except when observing a “cavity”.
(iii) The spotlights are only 150 Watt and are incapable of supplying the power required for
my analysis to be correct. As such each spotlight supplies only 71 and 110 “gross” flux
not “net” and the University lecture is actually validated.
(iv) It has no allowance for conduction and convection.
I hadn’t even considered any of these when performing the experiment.
Obviously I think (i) and (ii) are simply unbelievable – it is named the “atmospheric back radiative
greenhouse effect” after all. If these claims invalidate my experiment they also invalidate all of
climate science.
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And Infra-red technologies such as precision thermometers which rely on the Stefan-Boltzmann
equation in their electronic circuitry seem to function perfectly adequately.
As for number (iii) above I had always simply assumed if you heat something to a certain
temperature you need to supply the energy necessary to force it past its initial temperature – i.e.
supply sufficient energy to equal the value of the radiation emitted plus the extra necessary to
continue to heat it further.
Hence I concluded ~71 ξ A Watts “net”, for example, meant supplying 478 to something emitting
407.
But I confess I had never checked to see if the spotlights have the capacity to supply the power
necessary to deliver 478 and 517 W/m2 at the distances in the experimental setup.
Accordingly I did not record these or even attempt to measure them. But I did place a plastic ruler
and a metal tape measure to indicate I hadn’t changed the experimental setup and I took some
photographs which give approximate values for some calculations.
When initially confronted with the 150 Watt problem I almost conceded the point.
However, the answer as you will see is all in the geometry.
5. How much power can one 150 Watt spotlight deliver?
First I needed to establish some approximate distances and to do this I needed to find clues from the
photographic record of the experiment. Reasonable approximations will suffice.

Figure 3.

In the photo the thermometer is supported on a metal stand. The diameter of the base is ~12 cm.
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The tape on the thermometer is therefore slightly less than 6 cm from the end of the plastic ruler and
slightly less than 5 cm from the end of the metal tape.
The plastic ruler is 38 cm long. The end under the light is placed approximately where the filament
is located. This distance – front of glass to filament - is approximately 5 cm.
This means the glass of the spotlight bulb in the background is approximately 38 + 6 – 5 = ~39 cm
from the tape on the thermometer. Height adjustments in the distance calculations are clearly not an
issue as any angle from the horizontal is tiny. Let’s call it 40 cm.
The calculation for the spotlight in the foreground is more challenging. But there are some
distinctive features on the tape.
First is the kink in the left hand side about halfway between the light and the stand. The second is
the sequence of digits on the right hand side. If you zoom in you can identify single digits, two
double digits and a red mark then another double digit.
These are 8, 9, 10, 11, 12(red mark) and 13 inch marks. The kink is at approximately 19 cm or
about 7.5 inches.
This means this light is actually closer than the other but it is the light which heated to 30 degrees
C.
So 40 cm is a reasonable estimate also.
Note that in the calculations that follow I use 45 cm, not 40 cm, to err of the side of being
conservative.
The next piece of information we can gain is approximate angle of incidence.
The spotlight in the foreground is at about 45 degrees to the lines of the table while the spotlight in
the background is at about 30 degrees to these lines – a view from another angle suggests these are
reasonable.
The final information comes from the manufacturer of the spotlight globes.

Figure 4.

From the data sheet of the spotlight we have the following:Beam angle is 30 degrees.
Gross dimensions are 136 mm long x 123 mm lens diameter.
We solve for the distance from apparent point of origin to globe by “x” = 61.5/tan 15 = 229.5 mm or ~230 mm.
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We can calculate the solid angle of a cone with plane angle θ using:Ω = 2 π (1 – cos θ) sr.
Beam angle is 30 degrees therefore θ = 15 degrees or π /12.
Ω = 2 π (1 – cos 15) sr.
Ω = 0.214 sr.
The radiant intensity I = P/ Ω = 150/0.214 = ~701 Watts per steradian.
Note that 150 Watt over 1 steradian of unit area is 150 Watts per steradian equivalent to 150 W/m2.
(“A steradian can be defined as the solid angle subtended at the centre of a unit sphere by a unit
area on its surface. For a general sphere of radius r, any portion of its surface with area A = r2
subtends one steradian.
At 1 m radius the area of the sphere of 1 steradian is r2 = 1 m2/sr.”)
By definition at 68 cm (~23 + ~45) the area of the part of the sphere of 1 steradian is r2.
A = 0.4624 m2/sr.
Therefore the power in W/m2 = I/A = 701 (W/sr)/ 0.4624 (m2/sr)
Therefore the power equals 1516 W/m2.
This seems staggering but the mathematics and geometry do not lie. Of course it is the geometry
which requires this result.
Alternatively, at 0.68 m the radius of the flat plane illuminated spot is approximately equal to 0.68
tan θ.
With θ = 15 degrees we have r = 0.182 m.
Thus A = π r2 = π (0.182)2 = ~0.1041 m2.
A sphere with radius 0.68 m has an area of 4 π r2 = 5.81 m2.
Solid angle Ω = (4 pi) 0.1041 m2 / 5.81 m2 = 0.225 sr.
I = P/ Ω = 150/0.225 = 667 W/sr.
And P/A = 150/0.1041 = 1441 W/m2
(Of course this analysis isn’t quite the same as the calculation immediately above but it is more
intuitive. The calculation employing steradians should be more accurate.)
So let’s analyse the values choosing to be conservative again.
At 30 C P emitted is ~478 W/m2.
The angle of incidence of spotlight 1 to the tape on the thermometer is approximately 45 degrees.
To supply 478 W/m2at an incident angle of 45 degrees requires 676 W/m2 from spotlight 1 –
478/cos 45.

Is a Back Radiation Greenhouse Effect of 33 Kelvin Possible?
At approximately 45 degrees with power equal to 1440 W/m2
the power normal to the tape area is approximately equal to
1440 x cos 45 = 1018 W/m2.
This is approximately 1.5 times 676 W/m2.
Critics have claimed this spotlight supplies a mere ~71 W/m2
and this validates their belief that the University lecture teaches
the correct method for summing radiation and calculating
temperatures.
Figure 5.

I say that the claim the spotlight can provide a mere ~71 W/m2 is simply unbelievable!
Similarly for spotlight 2 we have similar power from the light of approximately 1440 W/m 2 at about
45 cm from the thermometer.
At 36 C P emitted is ~517 W/m2.
Incident angle of spotlight 1 to the tape on the thermometer is approximately 30 degrees. To supply
517 W/m2at an incident angle of 30 degrees requires ~600 W/m2 from spotlight 2.
With angle of incidence approximately 30 degrees with power equal to 1440 W/m2 the power
normal to the tape area is approximately equal to 1440 x cos 30 = 1247 W/m2 - more than double
the requirement.
Critics have claimed this spotlight supplies a mere ~110 W/m2 and this validates their belief that
the University lecture teaches the correct method for summing radiation and calculating
temperatures.
I say that the claim this spotlight can provide a mere ~110 W/m2 is simply unbelievable!
I only need to show there is sufficient power to support my theoretical analysis. Thus far it seems
to be supportable.
6. What about conduction and convection?
This leaves the question of conduction/convection of the air in the room.
Obviously the tape is losing energy in this manner. It is also impossible for me to measure during
the experiment.
So again I choose a reasonable approximation.
An experiment involving radiation cooling in a vacuum versus cooling in air suggests radiation
alone is responsible for ~64% of the energy loss in “normal” air – i.e. still air with minimal forced
convection.
http://www.physics.ucc.ie/staff/Didfyz%20paper.pdf
This means that at the temperatures in the experiment I conducted:Pe-s1 therefore equals approximately 478 W/m2/0.64 = ~747 W/m2 (<< available 1018 W/m2); and,
Pe-s2 therefore equals approximately 517 W/m2/0.64 = ~808 W/m2 (<< available 1247 W/m2).
We have already calculated there is ample power available to supply this power “demand”.
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Also note that 747/1018 W/m2 represents ~73 % absorption and 808/1247 W/m2 represents ~65 %
absorption of the potential available power from the spotlights.
The tape is black cloth tape and as such would have a high absorption co-efficient.
The percentages also allow for a significant “wastage” of power through “spread” of the beam – the
light produces a circle of illumination with a central bright spot with a much larger circle of
significantly lower illumination levels surrounding it.
There is more than enough power available to support my claim that calculating a temperature using
the Stefan-Boltzmann equation by a simple sum of “gross” discrete fluxes does not represent
reality.
Simple experiment falsifies this claim!
Calculating the “net” power is not only correct theoretically but gives realistic results which are
supportable by simple experiment.
The only variable measured is the temperature and the only power calculated is radiation at that
temperature using standard accepted science.
I assert my analysis is valid.
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8. Appendix of photographs.

Figure 6.

This photo above was taken at the conclusion of the experiment and illustrates the procedure.

Figure 7.

Figure 8.

These photos show spotlight 1heating the thermometer to 30 degrees C or about 303 Kelvin.
As can be clearly seen the time is 10:17 am and the thermometer is reading 30 degrees C.
The fact that it is the light on the left is demonstrated by the illumination on the left hand side of the
tape on the thermometer although the whole of the tape is obviously illuminated.
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The position to achieve this temperature had already been carefully determined.

Figure 9.

Figure 10.

Then I turn off light 1 and turn on light 2. The time is approximately 10:19 am.
This series shows spotlight 2 heating the thermometer to 36 degrees C - ~309 Kelvin.
As can be clearly seen the time is 10:29 am and the thermometer is reading 36 degrees C.
The fact that it is the light on the right is demonstrated by the illumination on the right hand side of
the tape on the thermometer although the whole of the tape is obviously illuminated.

Figure 11.

I then turned both lights on. The time is clearly 10:33 am.
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Figure 11.

Figure 12.

The clock clearly shows 10:48 am.

The clock now clearly shows 11:25 am

After 15 minutes the temperature has
increased to a little above 45 degrees C or
~318 Kelvin.

The thermometer clearly shows ~46 degrees
C or ~319 Kelvin.
This represents a rise in temperature of less
than 1 degree in more than 37 minutes.
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Figure 13.

The clock now clearly shows 11: 50 am.
The thermometer clearly still shows ~46
degrees C – 319 K.
No increase in temperature in a period of 25
minutes.
I had to go out at this time and left the
experiment in a closed room for another 55
minutes.

Figure 14.

Upon my return the clock clearly shows 12:
45 pm.
The thermometer clearly still shows 46
degrees C – 319 K.
I decided to finish it at this time having
recorded less than one degree increase in
temperature in almost 2 hours after the initial
reading of 45 degrees C – 318 K recorded at
10:48 am.

