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ABSTRACT

This paper seeks to estabgisbdnhdbusbeetfacmofo
arithmetic sum of the power of 2 discrete sources of radiation can be demonstrated by simple
experiment.

This principle is fundamental to the claims m

This paper uses @nsple 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 éteisources of radiant
energy cannot be used to calculate a valid temperature using the Btdfamann equation in the
manner claimed by climate science introductory lectures as taught in University.

Obviously this has important ramifications for mariyhe 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 authoros knowl edge ¢ehmerfoanfed beforen &Ektensive o f
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 weditablished 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 establidghesktscientific laws.

| believe it is demonstrated as invalid.
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1. The basic claim for the Greenhouse Effect.

The Agreenhouse effecto is credited with rais
Kelvin or about minus 18 degrees C to the fAob
degrees C.

Here i s Wi kipediads defi-nition of the fAgreenh

A T hgeeenhouse effeds a process by which thermal radiation from a planetary surface is
absorbed by atmospheric greenhouse gases, aneraliaed in all directions. Since part

of this reradiation is back towards the surface and the lower atmosphere, it results in an
elevation of the averagwirface temperature above what it would behe &bsence of the
gases. o0

Below is justone ofnumerousexamplesof how t he basi c 0 phfyescitcos 0i so
taught in Universities http://www.atmos.washington.edu/2002Q4/211/notes_greenhouse.html.

Solar radiation Solar radiation Infrared radiation emitted
reaching the Earth’s surface: reaching the Earth’s surface: by the top layer of the
1370 x (1-A¥4 = 239.7 Wim2 1370 x {1-A)4 = 239.7 Wim2 Earth’s atm osphere:

E =239.7 Wim2

Atmosphere

Infrared radiation emitted
by the bottom layer of the
Earth’s atmosphere:

E =239.7 W/m2

v Y f

Infrared radiation emitted Earth Surface

b ’ Infrared radiation emitted Earth Surface
tg%he EarthiSsurHEs: by the Earth’s surface:
T4
Energy balance at the Easr‘t)ilrai .;u(;'iﬁci'g rga.:summg no atmosphere) Energy balance at the Earth's surface:
Infrared radiation emitted by the Earth’s surface Solar radiation + Infrared radiation from the atmosphere =
Infrared radiation emitted by the Earth’s surface
239.7 =oT4 4
=> T =(239.7)i(5.67x108) = 255 K 239.7 +239.7 =oT

=> T = (239.7 + 239.7)i(5.67x10°8) = 303 K

Figure 1.

The @Agr ee mlsolainsed to kefcdused hy radiation absorbed by greenhouse gases. This
heats the gases so that they radiate a portio
additionalheating of the surfaces instead of the circumstances established higereetgy simply
escapsto space.

Another claim as illustrated in the diagraus that it is valid to sum various individual irradiative
fluxes arithmetically and use that result to calculate a temperature from the Btéfanann
equation.

The StefanBoltzmann equation is accepted as a scientific law of physics and is widely used in
climate science.

The simple model illustrated by the diagrams and the text of the lectarebiguousiynakes the
following assertions:

a. The atmospherifback radiabno has the equivalent heating power as the solar radigation
This is obviously not true !

If this were true then it would be possible to induce a higher temperature in an object by
coll ecting and focusing t he ifiththecsdlar rachaton.at i o
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b. Spectral considerations do not matter !

This is obviously not true !

Power Density Wm2 pm'L.

Plot of Planck curves for the solar radiation scaled to 239.7 Wm?2,
239.7 Wm2 emitted at ~255 Kelvin and 497.4 Wm2 emitted at ~303 Kelvin.

—T=25498K
T=303.23K
——50lar=239

Wavelength pm.

Figure 2

| cannot even imagine just how one would add up such dissimilar quaastiee red curve
and the blue curve

The red curve is a Planck curfar 5778 Kelvini the Sun scaled by the inverse square law
to give the resulting P = 239.7 Wm

The blue curve is 239Wm™ for the equivalent temperatu 2397 _ ~255 Kelvin.
s

The green curve is 479%m™ for the equivalent temperam41/479'4 = ~303 Kelvin.
s

The University lecture is claiming that the green curve is the result of the sum of the red
curve and the blue curve.

| am uncertain how one would verify this claim either theoretically or experimentally

However the claim that one can sum up discrete radiative fluxes and calculate the resulting
temperature is widely accepted. Therefore according to this assemjioadiative
emissions can be summed algebraicalig the resultant temperatwan be calculated

Thereforeit is possible to compare Planck curves and perform proper mathematical
transformations on them provided the spectral range is similaaandtegrals are involved,

one applies the rules of calculusvery curve plotted in this paper uses the notation from
ASpectral cal co as | i siisidtroduced ihthecequatmrisesece nc e s
This equates the area under the curveTtb
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c. ITisvalid to algebraically sum radiant emissions usiagic algebra as taughttims
University lecture But is it and has it been demonstrated ?

Does 239.7 + 239.7 really equal® where T = ~303 Kelvin ?

Is the StefarBoltzmann equatiorventhe appropriate equation to attempt to penfeuch
mathemécal operations ?

Thermal ediant emission was a major challenge during tffecé@tury. The empirically
derived StefarBoltzmann equation relates the total power emitted from a blackbody at the
temperature of the bodylhe result was also derived tretically.

The other empirically derived law wgi e ta@ which described the shift in wavelength,
frequency etc. of the peak emissions with temperature.

However the only successful description of the spectral emission from &digckas
derived by Planck.

Only Pl anckdés equation describes any radia

Pl anckds Bl ackbody formula for s fusingthe a | ra
nomenclature used in the reference from Spectralsalc

Lo= 8— wWm'%sr! tpm'* (Lo.= 8— wm'2um'Y).
Wi enbs Displacement | aw i s weelethd dertvatiteof PI1 an
L.=0.

The StefarBoltzmann equation is relatedtoRla k 6 s Bl a c k bpotichgsthE or mu |l a
integral ofL..

Pi=*, 0 Q_ —Y= &T

All of the plots shown use the valld.,. Thus the area under each curve is numerically
equal *to AT
The rules of calculus for integrals state:

i . O8O0 @ Qo Q®

i. . Qw MuQw  "QwQw . QwQw

If Py (= 239.7W/nN) + P> (= 239.7W/M) = 479.4 W/ii=  fiisTtrue then thefollowing is
alsoequivalent and therefoteue:

“ D g Q.+ 0 g Q ¢ s Q_=479.4 Wnt

which of courses & T.

The red curve is 479Wm™ for the equivalent temperatu 47594 = ~303 Kelvin.
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The blue curve is 239\Km for the equivalent temperatu 2397 _ ~255 Kelvin.
s
The green curve is 479%m which is the sum of 239\¥m + 239.7Wm2.

The following graph shows the relationship.

Power Density W m2 pmL.

Planck curves for 239.7 Wm2, 479.4 Wm2 and the sum of 239.7 Wm?2 + 239.7 Wm<?2
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The area under the Blue curve is 239.7 W/m?2.
The area under the Red curve is 479.4w/m?2.

The area under the Green curve is 479.4 W/m?
- it is the sum 239.7 W/m2 + 239.7 W/m?2,

However the Green curve is not a Planck curve
and therefore:-

239.7 W/m? + 239.7 W/m? does not equal oT*.

Lot/

i/

5/

-

\
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Wavelength pm.

3000 0.

00 50.00

—T=254.98K

—T=303.23K

——Double T =
254.98 K

Figure 3
Every temperature used was calculated by the spreadsheet using this relatibhekgdue

of a graphic is that in some circumstances it clearly demonstrates what a numeric equation

cannot.

The expressio®, + P, = 479.4 Wn¥ =
fundamental relationship inherent in radiation thermodynaimtée n s !

ficdmpletely fails to account for the other

| make no claim as to what the sum represents but it clearly does not equate to any Planck
curve. Unless there is some other relationship between the laws of radiant emission then a
simple algebraic susuch as thisloes not equal .

Tofut her
equation and use this to check the veracity of the relationship.

veri fy

t hi

S

it is p

ossi bl e

t o

The expression for calculating temperature using the plotted Planck curves is

oy

w

extr

This may seem to be redundant, even ridiculous, but it demonstrates the fundamental flaw
inherent in using simple algebra involving the SteBartzmann equationThe graphs
produced by this anmathematically corre@nd illustrative

-

C
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As is eloquently demonstrated the curves generated using a single tempesptadeice a
curve with that temperature valaeall values of wavelength (or frequency etc.) !

The curves for any algebraic swlo noti simple algebraic sums produce curves sweeping
up whilst differences produce curves sweeping downwards.

However using the equatidtyer) = U A" ") grobluces correct values as will be
demonstratecdh the analysis of the experental data

Temperature K.

Plot of Calculated Temperatures

350

—479.4 W/sqm.

——239.7 W/sqm.

239.7+239.7
250 W/sqm.

o 10 20 30 40 50 60 70

Wavelength pm.

Figure 4

The fiBlued curve fr omvduegfldr, @273 ~258Kelvinl at ed
S

produces a straight line at the value of ~255 Kelvin in Figure 4.

The fARedo curve fr omheRalugafT=¢/4793 = €3@3Kelwinl at ed u
S

produces a straight line at the value of ~303 Kelvin in Figure 4.

Clearly the algebraic sum fails agéiit cannot reproduce the correct curve for a

temperature of 303 Kelviim Figure 3and it failsto reproduce this value when graphed in
Figure 4.



Is a Back Radiation Greenhouse Effect of 33 Kelvin Possible?

This graph showthereal relationship betweeradiative emissios for different
temperatures. Itis simpBpey = G0 1 (Tof):-

Plot illustrating P(net) = o(T,* - T,*)

Power Density W m2 um™.

—T="255K

—T="303K

Wavelength pm.

Figure 5

As is obvious the shaded ay®aer), is what isrequired to add to 239.7 WMm255 Kelvin,to
produce 479.4 Wihat a temperaturef 303 Kelvin.

The areas under the Planck curves,'P = 0 'Q_=0 Textendfrom the wavelength axis

to the curve while the shaded area is clearly the differertagebe the 2 curves for 255 and
303 Kelvin.

While this area has a value of 239 it hasl T value, it is obviously the difference between
2 temperature curves, and using it as if
analyses quoted to suppdretgreenhouse effect, is simply incorrect.

This establishes the methods used to analyse the data | recorded during the experiment.
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2. Experimental Procedures.
The purpose of this experiment was to attempt to verify the claims made in the Unieetsity.

The experimental procedure could not be simpler. Anyone can replicate this experiment for
themselvesheaply The total cost was less than $30 AlUvould have preferred more

sophisticated equipment but the principle being tested does not demand it. The experiment took
place on Friday 24 May 2014.

Spotlight 1 is positioned so it is capable of inducing a certain temperature in ari dbptiack
tape on the thermometer. Spotlight 2 is positioned so it is capable of inducing a certain
temperature in an objettthe black tape on the thermometer.

Using the data producédhe temperatures| calculate the black body emissions of the tape.

Analysis is performed using both the SteBoltzmann equatio and the technique shown above
employing Planck curves.

Figure 6.

The results are unequivocal and contradict the claim shown in the University lecture and all of the
simple model seofeftfeetidgr eenhous

| placed a simple thermometer on a simple stand. | placed some black tape over the bulb of the
thermometer.

| used the thermometer tecordthe temperature each light could induce on its own. | placed a
clock next to the thermometer to reddime.

| placed each light individually in various positions until | was able to achieve a temperature
response as shown by the thermometer. | allowed significant time until it appeared no further
increase in temperature occurred.

Obviously I claim naeal precision in measurements, my equipment is simple and not of the same
standardaslaboratory equipmenbut | do claim a fundamental principle is demonstrated.
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| performed several experiments over a period of a week and the fundamental principfed ve
every time.

| invite anyone to try this.

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.

| used 2 spotlights with a rated electrical power of 150 W.

3. Experimental Results.
The experimental results are:

a) The ambient airamperature was approximately 18br~29115Kelvin.

b) The heating effect of spotlight 1 on its own induceSG@r~30315Kelvin.

c) The heating effect of spotlight 2 on its own induceS@®r~309.15Kelvin.

d) The heating effect of spotlight 1 plus spotlight 2 inducésC6r~319.15Kelvin.
The question is how to analyse these results.

The StefarBoltzmann equation calculates tto¢al power of theadiart emission from an object at
an observed temperature. It is an empirically derived equation confirmed by theoretical analysis.
has practical application in devices suchrdsa-redthermometers and is accepted science.

| did not know thevalues of theadiationemittedfrom the spotlights inducing the heating effect on
the tape on the thermometer and | had no equipment to measure this.

But | couldcalculate the emission from the tap on the thermometer using the Stefaoltzmann
eguation and assume that the spotlights must be supplying this power.

The StefarBoltzmann equation is quoted in two forms:
P=UA & and,
P(net) = OA lj OC '|'Tl'b4).

Let T, be the temperature of the ebf in question,Ji s t he t emperature of
the area of the object afitis the emissivity of the objecfTemperature readings are simple as the
thermometer is irradiated by the spotlights.

The calculated values aradtially expressd in Watts.
Using this reasonable hypothesis | calculated:
(i) At29115Kelvin (18 C ambient air temperature) the tape is emittin@7.5¢ A Watts.
(i) At 30315Kelvin (30° C temperature) the tape is emitting 789 UA Watts.
(iii) At 309.15Kelvin (36° C temperature) the tape is emittifg17.9 UA Watts.
(iv) At319.15Kelvin (46° C temperature) the tape is emitting88.3 UA Watts.

t
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Emissivity i Ui is irrelevant.

This should beobvious as the object is the same in every case and hence any algettiait iBa
the same and cancetsall calculations Further poof of thisis evident by simple inspection of the
graphs

For example alof 0.9, 0.8, 0.5 or whatever will simply reduce the value of each curve by that
fraction and not change the net calculation relationships.

Back calculating T provides a challenge though.

If P=UA (fthanT*=P/CA {yet T curves plotted for simplegabraic sums or differences
(multiplication or division) produce curves where T varies with wavelength, frequency etc.

Area is irrelevant.

Again this is obvious as the object is the same in every case and hence any algebraic fraction is the
same anaances in all calculations.

Hence it is valid to use units of Whbased on unit aréa my analysis of the experimental results
Applyingt he fAnet 0 f oBoltbmaarfequattiore St ef an
Prey =UA G £iTT,Y).
(i) At303Kelvin- Ppey =UA G (o' To) =UA & (.13'0 39115") = ~71.40A Watts.
(i) At 309 Kelvin- Ppey =UA G (,'T Tph=UA @ (.15'0 29115") = ~1105 UA Watts.
(i) At 319 Kelvin- Ppey =UA G (o Tp) =UA 0 (.15'1 29115% = ~1819 UA Watts.

It surely cannot beoincidence that the final temperature measured, which wa$5:élvin or
~46°C, i1 s able to be predicted by calcul~-8%G ng t
and~36°C and adding these values to the background radiation emissionabient conditions!

Note this gives the correct resut407.5+ ~714 + ~1105 = ~58.3which is equivalent to a
temperature of ~3128Kelvin or ~46T 1 a tiny fraction of a Kelvin difference !

To verify my calculations presented above | plotted theoegatures againstavelengthto produce
the Planck curves shown. Similaeduency anevavenumber Planck curvggeld the same
fundamental results

| also plotted the value of ~407 Wiplus 71.4 Wrif plus 110.5 Wri.

This expression representsing he StefarBoltzmann equatioand eliminating emissivity and
area.

P =/, férI8° C(~407.50A) .
plusPpey = &' Tb') (~71.4U0A).
plusPpey = ol (Tof) (~110.50A).
That is:

Poum)= 0 Forask’ +  Gob1dk' 1 Too1ask®)  + 3008sk” T Tao1.15¢") = ~589.3 Wrif at ~46°C.
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Planck Curves for Each Temperature and the Net Sum using P, = £ o(T,* — T,%)

Area Under Curve Values.
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Figure 7
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Power Density W m2 Hz!

Planck Curves for Each Temperature and the Net Sum using P, = € o(T,* = T,%) .

25E-11
Area Under Curve Calculations [W rn'z'_l
T=2591.15K T=303.15 K T=31015 K T=315.15K Sum MetValues
AOTEHI2 A TBEHN2 S 1TEHI? S5.87EHI2 S.88EHI2
2E-11
15E-11
1E-11
5E-12
0 +— L e o L S e e e e o I B s e L e s e S S —r—T— —— ——
0.E+00 1E+413 2.E+13 3.E+13 4E+13 S.E+13 6.E+13

Frequency Hz

—T=20115

T=303.15K

T=310.15K
—T =319.15K

=== Net Sum

Figure 8
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Temberature K.

360

350

330

310

290

270

260

Plot of Temperatu

res

—

20

Wavelength um.

30

a0 £y

- Sum
T=319.15k
T=31015K

T=303.23k
T=29115K

Figure 9

Figure 7 is a plot of L For the values of 18°C, 30°C, 36°C, 46°C and the sum of net values. Figure 8 is the same plot using frequency as the
variable. Figure 9 is the plot ofY w

for the various temperatures and the faimet values Compare the values in figure

9 with figure 4 Each plot in figure 9 shows a constant temperaflire net sum valuecurve is revealing. At low wavelengthonly the309.15
K values are significant. As wavelength increases the 303.15K values increase and the dotted curve begins at 308tiEIKfaredl i mb s 0 .
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Curves calculated using emissivity = 0.5

25

20

£

3 s

£

S o

3 Sum

= T=319.15K
B T=310.15K
-4

& —T=303.15K
g 10

g —T=291.15K
o

(7]

Wavelength pm.

As is readily observable the relationship between each temperatureloes/aot depend on emissityi. Calculating the temperature using the
StefanBoltzmann equation involves dividing the power by emissivity thus preserving the relationship as if one simply ignorgtyemissi
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However, while applying emissivity of 0.5 to the Planck equation doedtaotfze ratios between the various temperatures and does not affect

StefanBoltzmann equation calculations for temperaturec al cul ati ng the temperature using
equation produces strange results even thaugpviously works for black body temperatures. What this means is debatable.

Plot of Temperatures for emissivity of 1 and 0.5

- —=Sum,e=1.
—T=319.15K,e =1,
—T=309.15K,e=1.
—T=303.15K,e=1
—T=291.15K,e=1.
Sum, e =0.5.
—T=319.15K, e =0.5.
T=303.15K, e =0.5.
T=310.15K, e = 0.5.
T=291.15K, e =0.5.

Temperature K.

0 10 20 30 40 50

Wavelength um.

Figure 11

The graph shows, as has been shown previously, that algebraic sums, differences, multiples and quotients de aotqmetiudemperature
result Inthee=1curvesaboveh e di v i s o rnobecemdfiecexpressieily t e—€- 0 . Notice theii 2io the

denominator whicliransforms the e = 0.5 tdhe e = 1 curveshown at the top of the graph Calculating temperature using the Stefan
Boltzmann equation for emissivity of 0.5 requires #at0.50 “and T = 2P/(. Note that the factor of @ust go into the In() expressiori
this is unequivocal suggestinghd treating emissivity as a simple algebraic manipulatiay be incorrect.

t he
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There is one further interesting point to this analysis that directly refutes the claim shown in
the University lecture.

The data is:
(1) T,=ambient air temperature =18°C =291.15 K
(2) T2= Spotlight Induced temperature =30°C =303.15K
(3) T3= Spotlight2induced temperature =36°C =3®.15K

(4) T4=CombinedSpotlight temperature =46°C = 31915 K

The analysis presented hetearly shows thafFigures 7 and 8)
0B+ (M'-Te) + FTTeY) =0T
And we can write this in ternf radiationpower per unit areain Wm2as :

Pay=0 Fr=20115) =~4075Wm?; and,

Po= &-hosisk =~47.9Wni? and,

Pe =0 Fr=s30015) =~517.9Wm?~,

Therefore the expression above, whigkequivalent to:
Pw * (P@ - Pw) + (P - Pa) = Pu)

whichthe experiment confirmis true.

Obviously this reduces to:

P + P -Pw) = P!

This result is clearly differentto the claims mddg peopl e whose fal se
result in higher temperatures because they misapply the &efeamann equation, to the
assertions contained the 20@ University lecturenotesand i s al so fAat odd
University lecture notewhich clearly states:

http://www.atmos.washington.edu/20010Q1/211/notes for 011001 lecture.html

AA multi-layer atmosphere

Suppose that we pile on another perfectly absorlzipgr on top ofthe one that we've
already considered. Using the short cut we infet the radiation emitted from the top
layer of the atmosphere musdill be E; the radiation emitted upward from the bottom layer
of theatmosphere must be equal to 2fldahe radiation emitted from tisairface must be

3E. It's not difficult to extend this simple analysisdditional layer

There you have it Just add up any numbers you like in the wrong manner and teach
that as science !


http://www.atmos.washington.edu/2001Q1/211/notes_for_011001_lecture.html
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4. Criticisms of the experiment.
Many people have criticised this experiment and my analysis on many grounds.

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

This is ridiculous for exanple InfraRed thermometers work !

(i) Radiationc al cul ati ons such as this are inval:.

Again, this is ridiculous.

(i) The spotlights are only 150 Watt and are incapable of supplying the power required for
my analysis to be correcCritics haveassemtdthateach spotlighsupplies only-71 and
~110 Agrosso flux not fAnetodo and the Unive

The only mechanism whereby this assertion could possibly be true is if the power
emitted by the Spotlights is diminished by the Inverse square law.

Using 3000 Kelvin as the temperature of the spotlight filament it is emitting ~4.6 million
Wm2 True, the emitting area of a filament is tiny.

| had always simply assumed if you heat something to a certain temperature you need to
supply the energy necessanyforce it past its initial temperatuid.e. supply sufficient
energy to equal the value of the radiatiis alreadyemitting plus the extra necessary

to continue to heat it further.

Calculations to examine this possibility are shown later.

(iv) It has noallowance for conduction and convection.

This is irrelevant.

a. Firstly, the difference in either of these over the small range of temperatures is
likely to have little variatom nd i s t her eéndr e a fAconst a

b. Itis well accepted science that an objectemperaturelemitsP =UA &1 T

5. What is a reasonable approximation for the value of the radiation incident on the
thermometer?

First | needed to establish some approximate distances and to do this | needed to find clues from the
photographic recordf the experiment. Reasonable approximations will suffice.

In the photo the thermometer is supported on a metal stand. The diahteéebase is ~12 cm.

The tape on the thermometer is therefore slightly less than 6 cm from the end of the plastrruler
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 distandefront of glass to filamentis approximately 5 cm.

(
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Figure 12

Thus the glass of the spotlight bulb in the backgroungpsaimately 38+ 67 5= ~39cm from
the tape on the thermometer. Height adjustments in the distance calculations are clearly not an
issueas any angle from the horizontal istiny e t 6 s 40cm.| | it

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 dig 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 mans this light is actually closer than the other but it is the light which heated to 30 degrees
C.

So D cm is a reasonable estimate also.

Note that in the calculations that follow | use 45 ¢not 40 cm, to err of the side of being
conservative.

The nextpiece 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 theseiliaesew from another angle sygsts these are
reasonable.



