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From linearity to nonlinearity and a maximum point, 
not to infinity 

 
By V. Laxmanan, Sc. D 

  
The following is a response to the interesting question posed by Prof. Derek Abbott.  

 

 
 

Derek Abbott 

University of Adelaide 

62.70  RG Score 

  

The paradox of infinity: where does the 

nonlinearity come from?  

 
Ah, the wise Prof. Abbott’s infinity paradox!  

 

I do not understand infinity (only know the definition in the calculus course 

from college), or the paradox, that you perceive, but I do understand 

nonlinearity to some extent and here's my take since it was a) the subject of 

my doctoral thesis and b) I am discovering nonlinearity once again with 

experimental data, which, interestingly are all expressed nicely as integers. 

More about this shortly.  Apologies, in advance, also for a lengthy post.   

 

First of all, let me say that the less we understand a problem, the more seems 

to be our obsession with nonlinearity and the dismissal of any explanations 

based on linearity as being just too simple-minded. Just ask the politicians and 

economists and those screaming Cramers on Wall Street. They are obsessed, 

me thinks, with nonlinearity in their attempt to understand what are, of 

course, very complex and bewildering problems. But deep insights can be 
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gained if we learn to simplify complex problems and study their individual 

components. Then, linear laws magically appear!     

 

Indeed, the most profound laws of nature are linear laws, with few notable 

exceptions, like Kepler's third law (a three-halves power law, y = kxn where n 

= 1 for linear law and n = 3/2 = 1.5 for Kepler's law) and the laws that 

governed topic of my doctoral thesis. Here's a short list of linear laws: Ohm's 

law for voltage-current relation, Hooke's law relating stress and strain, 

Charles' law for an ideal gas, Einstein's photoelectric law, the hydrostatic law, 

relating pressure p to the depth below the free surface of a liquid (applies to 

all liquids). And there are many others.  

 

In the study of fluids, especially more complex polymeric liquids (with 

complex chain like molecules), or liquid-solid mixtures, we find that the linear 

law relating shearing stress to the shearing rate, known as Newton's law of 

viscosity, breaks down. The slope of the straight line graph is called the 

viscosity and it is constant when the liquid is a "simple" one, like common 

engine or motor oils, or even water. In other words, "simple" systems produce 

linearity, while "complex" systems are nonlinear.   

 

Thus, corrections are needed to this "simple" constant viscosity behavior and 

now we have nonlinearity, which was the topic I was alluding to. My thesis 

was aimed at characterizing the fundamental deformation characteristics of a 

novel material, with a unique microstructure, in the limit of low shearing 

rates, where the viscosity becomes very large. This was the basis of an 

innovation in materials processing which has led to new manufacturing 

processes to produce a variety of metal alloy components. The graduate 

students who preceded me discovered this process and had studied the high 

shearing rate regime. Nonlinearity was evident in their studies and the 

material also exhibited a complex behavior called the hysteresis loop, which 

means that when x increases y increases but when x is decreased the y values 

do not follow the same straight line or curve and trace a complete loop that 

closes upon itself on a x-y plot.  
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This is also observed during magnetization and demagnetization of materials 

and the area of the loop (in what is called the B-H diagram) is a measure of the 

energy lost in this up and down process. An ideal material for a transformer 

must have a small B-H loop and this too was a topic that I studied in my first 

job after finishing my thesis.:)  

 

At first, in my thesis, we thought that we might see linear behavior. But, 

nonlinearity was evident and my thesis advisor declared that I should derive 

the equations that describe the nonlinearity to analyze my experimental data 

more critically! Up your alley, he said! I was taken aback. Anyway, I did derive 

them which were checked by another senior graduate student of his (who was 

already in academia and had authored a popular textbook on this topic). And, 

so I have to say I understand nonlinearity and the paper that we published out 

of my thesis is still being widely cited.  

 

And now, recently, I have again discovered nonlinearity and now we are 

dealing with (x, y) values which are all expressed neatly in whole numbers. 

(We did NOT have whole numbers in my thesis work.) So, this might just be 

the 'food for thought" that Prof. Abbott and all the folks here might find to be 

of interest.  

 

Whether this leads to some kind of an infinity paradox, I don't know, but what 

I found was that nonlinearity leads to a maximum point. There is NO 

divergence to infinity!  

 

That is also what happened with blackbody radiation. A maximum point 

appeared, as a result of nonlinearity, and had to be explained. Quantum 

physics was born. Physics is different from mathematics and some of the 

questions posed in this forum seem to capture this dilemma which has 

escaped/engaged even the greatest minds in science. 

 

Here's what I found in the last few days. I plan to upload the full article 

shortly. I got interested in the topic of global warming recently. The bitter cold 

spell we are experiencing in the US got to me! Among other things that I 
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started analyzing was the precipitation (P) data and its relation to the local 

average temperature (T). Here are some numbers for Russia obtained from 

http://www.russia.climatemps.com/  

 

City No. 3 in the list (Cape Celjuskin/Fedo), T = 4 and P = 247 

 

City No.14 (Dudinka), T = 14 and P = 529 

 

Nice straight line between these (x, y) pairs and P = 28.2T + 134.2 

 

There go all the whole numbers out the door!  

 

Fractions have appeared already. Anyway, let us prepare a graph of the T and 

P values. We see an interesting behavior. The two cities here define what 

looks like the "maximum precipitation" line. For the same average 

temperature T, depending on the latitude, altitude and other geographical 

factors (in other words, complexity), we find that there is a maximum 

precipitation P. The two cities that I have listed define the limiting straight 

line. All the T and P data fall below this line. And, remember, we are dealing 

with whole numbers for both T and P, hence, my post, since the question 

starts with "whole numbers adding up", unless I have very much 

misunderstood things in which case, my sincere apologies for this post.  

 

Nonetheless, it is interesting to note how the P-T diagram evolves as we start 

adding more and more data. Although there is a deviation from the straight 

line defined by the maximum P-T line, we see no evidence of nonlinearity at 

first. There is more scatter but the data can still be satisfactorily described 

using a linear law, or the best-fit line deduced using least squares method. 

However, when we get to 35 weather stations, there is a clear evidence for 

nonlinearity and what appears to be a maximum point. Continue this for all 

the cities and there is no mistaking the appearance of a maximum point. Of 

course, some of the new data added begins to approach and fall very close to 

the max P-T line identified above. But, nothing crosses that maximum P.  

 



Page 5 of 12 
 

 
 

Figure 1: Graph of the local average temperature T (horizontal axis) versus the 

average annual precipitation P (vertical axis) for the first 15 weather stations 

for the Russian climate data, see http://www.russia.climatemps.com/ for the 

data; through Murmansk (68° 57’N). Cities in order decreasing latitudes. 

 

 
 

Figure 2: Graph of the local average temperature T (horizontal axis) versus the 

average annual precipitation P (vertical axis) for the first 35 weather stations 

for the Russian climate data, see http://www.russia.climatemps.com/ for the 

data; through Ust-Clima (65° 26’N). A maximum point is now evident.  
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Figure 3: Graph of the local average temperature T (horizontal axis) versus the average 

annual precipitation P (vertical axis) for the first 100 weather stations for the Russian climate 

data, see http://www.russia.climatemps.com/ for the data; through Tomsk (56° 30’N). The 

nonlinear (polynomial) curve was generated by the Microsoft Excel program by clicking on 

“Add trendline” and then choosing the polynomial option. Some additional (x, y) pairs are now 

seen to fall close to the maximum P-T line identified in Figure 1.  

 
Figure 4: Graph of the local average temperature T (horizontal axis) versus the average 

annual precipitation P (vertical axis) for ALL 184 weather stations for the Russian climate 
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data, see http://www.russia.climatemps.com/. The nonlinear (polynomial) curve was 

generated by the Microsoft Excel program by clicking on “Add trendline” and then choosing 

the polynomial option. Some additional (x, y) pairs are now seen to fall close to the maximum 

P-T line identified in Figure 1. Also, we see evidence now for a maximum point, which is 

confirmed by the mathematical equation for the parabolic (polynomial) trendline.   

 

 
 
Figure 5: Re-analysis of the same data with a straight line, P = -59.28T + 3823.36, with a 

negative slope to define the maximum precipitation at any temperature T. Also, the parabola, 

y = ax2 +bx + c, with the constants a = -0.64, b = 38 and c = 100, is include to highlight the 

existence of a maximum point of the graph. This parabola, unlike the parabola of Figure 4 is 

NOT based on any statistical arguments. It is simply an attempt to explain the observations.   

 

This maximum precipitation P, at any fixed T, and the appearance of a 

maximum point on the P-T graph, as opposed to (a divergence to) the infinity 

paradox, IMHO, is of great fundamental significance for climate science, the 

data that I am analyzing now; hence also my desire to share these ideas with 

this august group of researchers, from many different disciplines.  

 

The maximum P that I have been calling attention appears to me like the 

maximum electron energy that Einstein talks about in his photoelectric law. 

Only the determination of the MAXIMUM kinetic energy of an electron, 
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produced by a photon, will yield accurate values for the Planck constant.  If E = 

hf is the energy of a photon, the maximum energy of the electron is K = E – W 

= hf – W, where W is the energy that must be given up to bring the electron 

out of the metal and overcome the forces binding it to the metals. Millikan 

reviews these points in his first 1916 paper on photoelectricity, and as we 

know, he was able to deduce the value of the Planck constant h, from the slope 

of the (x, y) graph for his experiments. Indeed, Millikan avoids statistical 

methods entirely and simple takes several (x, y) pairs and finds the average 

slope to get the numerical values of a universal constant - which is tied to the 

integral values of an elementary unit of energy.  

 

Paradoxical isn't it?  

 

Starting with (x, y) values which are NOT whole numbers, Millikan finds a 

slope which is tied to the integral multiples of a fundamental unit of energy.  

 

A generalization of the Planck-Einstein ideas to problems outside physics, has 

been my interest in recent years, and this also seems to apply to global 

warming science, based the P-T data analysis alluded to here. In the climate 

data, we start with whole numbers and find a slope that defines some kind of a 

maximum in this process. And, we also see a maximum point like they found 

in radiation physics. In fact, I have shown that the P-T data can be fitted to the 

same equation, y = mxnexp(-ax), which is known as Wien's law. Instead of the 

slightly more complicated Planck law, Einstein decides to use the simpler law 

in his 1905 paper on what is now called the quantum theory of light. After 

showing radiation, in the form of light, behaves like discrete particles which 

have the elementary unit of energy conceived by Planck, he applies this to 

explain the photoelectricity puzzle and the cut-off frequency that was 

discovered by Lenard. Thus came the photoelectric law, the idea of a work 

function W in physics, and the determination of a universal constant h, tied to 

integral and whole units of energy.  

 

A broad generalization of the Planck-Einstein ideas, to problems outside 

physics, is possible and has engaged my attention over the last few years, as 
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also evident from the P-T data analysis being alluded to here. Perhaps, the 

methods of quantum physics can be applied to explain the P-T data, and many 

other such observations from many complex systems. I see not the infinity 

paradox, but the appearance of a maximum point; hence this post.      

  

 

V. Laxmanan 

February 9, 2014 

 

 

REFERENCES 

[1]  V. Laxmanan, On the Fundamental Importance of the Global Average Temperature in 

Climate Analysis, Being Submitted for Publication (January 2014). 

[2]  V. Laxmanan, On the Importance of the Difference Between the Global Average 

Temperature Anomaly (TA) and the Global Average Temperature (T), Being Submitted 

for Publication (January 2014). 

[3]  V. Laxmanan, On the Dumb versus Intelligent Processing of Empirical Data: Analysis of the 

to-date NCDC 21
st
 Century Global Average Temperature Anomalies, Being Submitted for 

Publication (January 2014). 

[4]  V. Laxmanan, An Interesting Resolution of the 21
st
 Century Global Cooling Conundrum, 

Being Submitted for Publication (January 2014). 

[5]  V. Laxmanan, Analysis of the Daily Average Temperature data for Detroit, MI for 

December 2013 and January 2014 Reveals a New Law for Temperature-Time 

Progression: A Fresh Look at Global Warming or Climate Change, Being Submitted 

for Publication (January 2014).  

[6]  V. Laxmanan, A UNIVERSAL LAW FOR THE TEMPERATURE-TIME RELATION FOR 

THE EARTH’S CLIMATE SYSTEM,  also posted on January 28, 2014 on Facebook 

Page, https://www.facebook.com/groups/GWforlayman/ and also at Wordpress, 

http://vlaxmanan.wordpress.com/2014/02/03/evidence-for-a-universal-law-

describing-the-temperature-time-relation-for-the-earths-climate-ststem/ for a 

wider audience.  

[7]  V. Laxmanan, On a Universal Law for the Temperature-time Relation for the Earth’s 

Climate System, Being Submitted for Publication, Considers both linear and 

nonlinear analysis, with five parallels imposed through the NCDC global average 

temperature data from 1880-2013 (January 30, 2014). 

[8]   A Quick Look at the Historical Climate Data for Yakutsk, Russia, one of the coldest 

cities on earth, see also the Wordpress post on this topic, 

https://www.facebook.com/groups/GWforlayman/
http://vlaxmanan.wordpress.com/2014/02/03/evidence-for-a-universal-law-describing-the-temperature-time-relation-for-the-earths-climate-ststem/
http://vlaxmanan.wordpress.com/2014/02/03/evidence-for-a-universal-law-describing-the-temperature-time-relation-for-the-earths-climate-ststem/


Page 10 of 12 
 

http://vlaxmanan.wordpress.com/2014/02/03/the-historical-climate-data-for-

yakutsk-russia-one-of-the-coldest-cities-on-earth/ 

[9]  V. Laxmanan, Towards a New Physics of Global Warming and Climate Science: 

Evidence for a Simple Relation between the Average Local Temperature and 

Precipitation Across the Globe, Being Submitted (February 6, 2014).   

[10]  V. Laxmanan, Empirical Evidence for a Simple Temperature-Precipitation Relation 

Across the Globe, Being Submitted for Publication (February 7, 2014).  

[11]  V. Laxmanan, Global Warming for the Layman,  Group created on my Facebook page 

on January 5, 2014, https://www.facebook.com/groups/GWforlayman/   

[12]  V. Laxmanan, Bibliography –I of Articles by V. Laxmanan on the Extension of 

Planck’s and Einstein’s Ideas on Energy Quantum to Topics Outside Physics, 

compiled April 16, 2013,  http://www.scribd.com/doc/136492067/Bibliography-I-

Articles-on-the-Extension-of-Planck-s-Ideas-and-Einstein-s-Ideas-on-Energy-

Quantum-to-topics-Outside-Physics-by-V-Laxmanan  

[13]  V. Laxmanan, Bibliography –II of Articles by V. Laxmanan on the Extension of Planck’s 

and Einstein’s Ideas Beyond Physics with Examples from the observations on 

financial, economic, social, and political systems, compiled June 16, 2013,  

http://www.scribd.com/doc/147955814/Bibliography-II-of-V-Laxmanan-Articles-

on-the-Extension-of-Planck%E2%80%99s-and-Einstein%E2%80%99s-Ideas-

Beyond-Physics-with-Examples-from-the-Observations-on-Finan 

 
The reference list below includes those mentioned in the present article. Other 
relevant references are included in Part I, Ref. [10], and in the related articles above.  
 
[14]  Wilhelm Wien, Biography, http://www-history.mcs.st-

and.ac.uk/Biographies/Wien.html Quoted from biography, “The laws of nature are 

simpler than scientists realize for they only can see the infinite variety of the effects 

of the laws.”  

[15]  Wilhelm Wien, On the Laws of Thermal Radiation, Nobel Lecture, December 11,  1911, 

http://www.nobelprize.org/nobel_prizes/physics/laureates/1911/wien-lecture.html  

[16]  A. Einstein, On a heuristic point of view about the creation and conversion of light, 

Annalen der Physik, 1905, Einstein’s original paper which on light energy quanta, 

http://www.ffn.ub.es/luisnavarro/nuevo_maletin/Einstein_1905_heuristic.pdf 

[17]  D. E. Neuenschwander,  Einstein’s Quanta, Entropy, and the Photoelectric Effect, 

Excellent discussion about how Einstein arrives at his conception of light quanta by 

considering a property called entropy possessed by radiation in the form light, 

http://www.sigmapisigma.org/radiations/2004/elegant_connections_f04.pdf 

[18]  Photoelectric Effect, The Physic Hyper Textbook, http://physics.info/photoelectric/  

see nice illustration here of the movement along parallels for different metals. 

http://vlaxmanan.wordpress.com/2014/02/03/the-historical-climate-data-for-yakutsk-russia-one-of-the-coldest-cities-on-earth/
http://vlaxmanan.wordpress.com/2014/02/03/the-historical-climate-data-for-yakutsk-russia-one-of-the-coldest-cities-on-earth/
https://www.facebook.com/groups/GWforlayman/
http://www.scribd.com/doc/136492067/Bibliography-I-Articles-on-the-Extension-of-Planck-s-Ideas-and-Einstein-s-Ideas-on-Energy-Quantum-to-topics-Outside-Physics-by-V-Laxmanan
http://www.scribd.com/doc/136492067/Bibliography-I-Articles-on-the-Extension-of-Planck-s-Ideas-and-Einstein-s-Ideas-on-Energy-Quantum-to-topics-Outside-Physics-by-V-Laxmanan
http://www.scribd.com/doc/136492067/Bibliography-I-Articles-on-the-Extension-of-Planck-s-Ideas-and-Einstein-s-Ideas-on-Energy-Quantum-to-topics-Outside-Physics-by-V-Laxmanan
http://www.scribd.com/doc/147955814/Bibliography-II-of-V-Laxmanan-Articles-on-the-Extension-of-Planck%E2%80%99s-and-Einstein%E2%80%99s-Ideas-Beyond-Physics-with-Examples-from-the-Observations-on-Finan
http://www.scribd.com/doc/147955814/Bibliography-II-of-V-Laxmanan-Articles-on-the-Extension-of-Planck%E2%80%99s-and-Einstein%E2%80%99s-Ideas-Beyond-Physics-with-Examples-from-the-Observations-on-Finan
http://www.scribd.com/doc/147955814/Bibliography-II-of-V-Laxmanan-Articles-on-the-Extension-of-Planck%E2%80%99s-and-Einstein%E2%80%99s-Ideas-Beyond-Physics-with-Examples-from-the-Observations-on-Finan
http://www.nobelprize.org/nobel_prizes/physics/laureates/1911/wien-lecture.html
http://www.ffn.ub.es/luisnavarro/nuevo_maletin/Einstein_1905_heuristic.pdf
http://www.sigmapisigma.org/radiations/2004/elegant_connections_f04.pdf
http://physics.info/photoelectric/


Page 11 of 12 
 

[19]   Early Photoelectric effect data,  http://hyperphysics.phy-

astr.gsu.edu/hbase/mod2.html  

 
References dealing with Least Squares Methods 

 
[20]  Adrien Marie Legendre, On Least Squares,  Quoted here from the introduction, “If 

there are the same number of equations as unknowns, there is no difficulty in 

determining the unknowns, and the error E can be made absolutely zero. But more 

often the number of equations is greater than that of the unknowns and it is 

impossible to do away with all the errors. In a situation of this sort … of all the 

principles which can be proposed for that purpose, I think there is none more 

general, more exact, and more easy of application, that of which we made use in the 

preceding researches, and which consists of rendering the sum of squares of the 

errors a minimum. By this means, there is established among the errors a sort of 

equilibrium which, preventing the extremes from exerting an undue influence, is 

very well fitted to reveal that state of the system which most nearly approaches the 

truth. http://www.stat.ucla.edu/history/legendre.pdf ; see nice worked example 

here, http://academic.sun.ac.za/mathed/174WG/LeastSquares.pdf  

[21]  S. M. Stigler, The History of Statistics: Measurement of Uncertainty  Before 1900, Harvard 

Univ. Press (1986),  

[22]  S. E. Feinberg, A Brief History of Statistics, http://uni-

leipzig.de/~strimmer/lab/courses/ss09/current-topics/download/fienberg1992.pdf   

[23]  Johannes Kepler and the Door Science: Discovery of Ceres, 

http://www.keplersdiscovery.com/Asteroid.html R. Miller In Mathematics of Planet 

Earth, article on Asteroids, see discussion about least squares methods and Legendre-

Gauss priority dispute and the earth’s close encounter with an asteroid earlier in 2013, 

http://mpe2013.org/2013/02/20/asteroids/ 

[24]  J. Tennenbaum and B. Director, How Gauss Determined the Orbit of Ceres? p. 4, 19 

observations over 42 days from Jan 1 to Feb 12, 1801, after which Ceres disappeared 

http://www.schillerinstitute.org/fid_97-01/982_orbit_ceres.pdf  

[25]  L. Weiss, Gauss and Ceres, History of Mathematics Term Paper, Spring 1999, describes 

the method of least squares used by Gauss.  

http://www.math.rutgers.edu/~cherlin/History/Papers1999/weiss.html  

[26]  G. F. Serio, A. Manara, P. Sicoli, Giuseppe Piazzi and the Discovery of Ceres, 

http://www.lpi.usra.edu/books/AsteroidsIII/pdf/3027.pdf 

 
References for Einstein’s Photoelectric work, Millikan’s experiments, 

and the Generalization of Planck’s law (Posted as non-peer 

reviewed Internet Publications) 

http://hyperphysics.phy-astr.gsu.edu/hbase/mod2.html
http://hyperphysics.phy-astr.gsu.edu/hbase/mod2.html
http://www.stat.ucla.edu/history/legendre.pdf
http://academic.sun.ac.za/mathed/174WG/LeastSquares.pdf
http://uni-leipzig.de/~strimmer/lab/courses/ss09/current-topics/download/fienberg1992.pdf
http://uni-leipzig.de/~strimmer/lab/courses/ss09/current-topics/download/fienberg1992.pdf
http://www.keplersdiscovery.com/Asteroid.html
http://mpe2013.org/2013/02/20/asteroids/
http://www.schillerinstitute.org/fid_97-01/982_orbit_ceres.pdf
http://www.math.rutgers.edu/~cherlin/History/Papers1999/weiss.html
http://www.lpi.usra.edu/books/AsteroidsIII/pdf/3027.pdf


Page 12 of 12 
 

 
[27]  R. A. Millikan, The electron and light quanta from experimental point of view, Nobel 

lecture, May 23, 1924, 

http://www.nobelprize.org/nobel_prizes/physics/laureates/1923/millikan-

lecture.pdf 

[28]  R. A. Millikan, Isolation of an Ion, Precise Measurement of its Charge, and the 

Correction of Stokes’ Law, Phys. Rev. 32, pp. 349-397 (1911) 

http://web.ihep.su/dbserv/compas/src/millikan11/eng.pdf  

[29]  R. A. Millikan, On the Elementary Electrical Charge and the Avogadro Constant, Phys. 

Rev. Series II, 2, pp. 109-43 (1913).  

[30]  R. A. Millikan, Einstein’s Photoelectric Equation and Contact Electromotive Force, 

Phys. Rev. 7, 18-32, (1916). This is the first of two papers on photoelectricity 

published in 1916; see Figure 2 with only two measurements with lithium. 

http://hermes.ffn.ub.es/luisnavarro/nuevo_maletin/Millikan_1916_1.pdf  

[31]  R. A. Millikan, Direct Photoelectric Determination of Planck’s “h”, Phys. Rev. pp. 355-

88 (1916) http://hermes.ffn.ub.es/luisnavarro/nuevo_maletin/Millikan_1916_2.pdf 

Interestingly, Millikan does not present the data for both sodium and lithium on a 

single graph probably because the slopes are slightly different.  Using Millikan’s 

tabulated data, the following linear regression equations can be obtained.  

a. For lithium V0 = 0.4126 f – 3.593, from 1st paper published in 1916  

b. For lithium V0 = 0.4223 f – 3.922, from 2nd paper published in 1916  

c. For sodium V0 = 0.4069 f – 4.288, from 2nd paper published in 1916 

[32]  M. S. Longair, Theoretical concepts in physics, Cambridge Univ. Press (1984), 

http://catdir.loc.gov/catdir/samples/cam041/2002073612.pdf  

[33]  M. H. Shamos, Great Experiments in Physics, Dover Publications (1959), Compilation 

of extracts from original papers, from Galileo to Einstein, including full text of Planck’s 

December 14, 1900, which laid the foundations of modern quantum physics. Planck’s 

derivation of the average value U = UN/N can be found here; see also Longair’s 

treatise; click here for online version.  
http://books.google.com/books?id=NwkXXyXmQdcC&pg=PA305&lpg=PA305&dq=shamos+max+plan

ck+december+1900+paper&source=bl&ots=Wm32Xvz-tD&sig=npauK0maa5WDFg15RH9l2-

ekQQI&hl=en&sa=X&ei=P431UoDSKIzNsQS2l4Ao&ved=0CF4Q6AEwBg#v=onepage&q=shamos%20m

ax%20planck%20december%201900%20paper&f=false  
[34]  C. A. Gearhart, Planck, the Quantum, and Historians,  Phys. perspect. 4 (2002) 170–

215 http://employees.csbsju.edu/cgearhart/Planck/PQH.pdf  

[35]  Max Planck’s Derivation of the Black body radiation law, http://bado-

shanai.net/map%20of%20physics/mopPlancksderivBRL.htm  

 

 

http://www.nobelprize.org/nobel_prizes/physics/laureates/1923/millikan-lecture.pdf
http://www.nobelprize.org/nobel_prizes/physics/laureates/1923/millikan-lecture.pdf
http://web.ihep.su/dbserv/compas/src/millikan11/eng.pdf
http://hermes.ffn.ub.es/luisnavarro/nuevo_maletin/Millikan_1916_1.pdf
http://hermes.ffn.ub.es/luisnavarro/nuevo_maletin/Millikan_1916_2.pdf
http://catdir.loc.gov/catdir/samples/cam041/2002073612.pdf
http://books.google.com/books?id=NwkXXyXmQdcC&pg=PA305&lpg=PA305&dq=shamos+max+planck+december+1900+paper&source=bl&ots=Wm32Xvz-tD&sig=npauK0maa5WDFg15RH9l2-ekQQI&hl=en&sa=X&ei=P431UoDSKIzNsQS2l4Ao&ved=0CF4Q6AEwBg#v=onepage&q=shamos%20max%20planck%20december%201900%20paper&f=false
http://books.google.com/books?id=NwkXXyXmQdcC&pg=PA305&lpg=PA305&dq=shamos+max+planck+december+1900+paper&source=bl&ots=Wm32Xvz-tD&sig=npauK0maa5WDFg15RH9l2-ekQQI&hl=en&sa=X&ei=P431UoDSKIzNsQS2l4Ao&ved=0CF4Q6AEwBg#v=onepage&q=shamos%20max%20planck%20december%201900%20paper&f=false
http://books.google.com/books?id=NwkXXyXmQdcC&pg=PA305&lpg=PA305&dq=shamos+max+planck+december+1900+paper&source=bl&ots=Wm32Xvz-tD&sig=npauK0maa5WDFg15RH9l2-ekQQI&hl=en&sa=X&ei=P431UoDSKIzNsQS2l4Ao&ved=0CF4Q6AEwBg#v=onepage&q=shamos%20max%20planck%20december%201900%20paper&f=false
http://books.google.com/books?id=NwkXXyXmQdcC&pg=PA305&lpg=PA305&dq=shamos+max+planck+december+1900+paper&source=bl&ots=Wm32Xvz-tD&sig=npauK0maa5WDFg15RH9l2-ekQQI&hl=en&sa=X&ei=P431UoDSKIzNsQS2l4Ao&ved=0CF4Q6AEwBg#v=onepage&q=shamos%20max%20planck%20december%201900%20paper&f=false
http://books.google.com/books?id=NwkXXyXmQdcC&pg=PA305&lpg=PA305&dq=shamos+max+planck+december+1900+paper&source=bl&ots=Wm32Xvz-tD&sig=npauK0maa5WDFg15RH9l2-ekQQI&hl=en&sa=X&ei=P431UoDSKIzNsQS2l4Ao&ved=0CF4Q6AEwBg#v=onepage&q=shamos%20max%20planck%20december%201900%20paper&f=false
http://employees.csbsju.edu/cgearhart/Planck/PQH.pdf
http://bado-shanai.net/map%20of%20physics/mopPlancksderivBRL.htm
http://bado-shanai.net/map%20of%20physics/mopPlancksderivBRL.htm

