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Abstract: We study Oxford English dictionaries of economics, geography and psychology; look into Concise 

Oxford English dictionaries of linguistics and medical and consult Dorlands pocket medical dictionary respectively. 

We draw the natural logarithm of the number of entries, normalised, starting with a letter vs the natural logarithm of 

the rank of the letter, normalised. We find that the graphs are closer to the curves of reduced magnetisation vs 

reduced temperature for the Bethe-Peierls approximation of the Ising model with four nearest neighbours, in absence 

and presence of little temperature dependent external magnetic fields i.e. magnetisation curves for various constant 

values of βH. For economics, geography and two medical dictionaries βH is zero. For linguistics and psychology 

dictionaries βH is 0.02. Moreover, we have redone the analysis for the Oxford Dictionary of Construction, 

Surveying and Civil Engineering as well as for the Oxford Dictionary of Science and have found that the entries 

underlie magnetisation curves for the the Bethe-Peierls approximation of the Ising model with four nearest 

neighbours with βH = 0.02 and βH = 0.01 respectively.  β is  kBT where, T is temperature, H is external magnetic 

field and kB is Boltzmann constant. 

 

I. INTRODUCTION 
”Knowledge is almighty”--- Quote unknown. 

Magnetic field is omnipresent. Wherever we go, we are in the fabric of one or, another kind of magnetic 

field. This happened in our past as far as we know. Do we see imprint of magnetic field in our understanding of the 

world? To understand the world we have progressively developed system of knowledge from antiquity, have 

classified the system of knowledge into different disciplines. Do we find footprints of magnetic field in the patterns 

in which those disciplines are laid out? The enquiry led us to our investigation, [1]. We continue to pursue along that 

line into five more disciplines of knowledge in this paper. 

Tool for us is counting of the entries of a dictionary of the respective discipline. Dictionaries of a discipline come in 

various forms. Do those underlie the same pattern as seen from magnetisation viewpoint? This drove us to 

investigate, which we are going to expound in this paper, two medical dictionaries, one concise and another pocket 

written by two different set(s) of people. 

In our previous work, [1], we have found that the Oxford dictionaries of the disciplines of philosophy, sociology and 

Dictionary of Law and Administration (2000, National Law Development Foundation, Para Road, CCS Building, 

Shivpuram, Lucknow-17, India) to underlie the magnetisation curve in Bethe-Peierls approximation with four 

nearest neighbours. 

In the language side, we have studied a set of natural languages, [2] and have found existence of a magnetisation 

curve under each language. We termed this phenomenon as graphical law. This was followed by finding of graphical 

law behind bengali, [3], Basque languages,[4] and Romanian language,[5]. 

We have found, [2], three type of languages. For the first kind, the points associated with a language fall on one 

curve of magnetisation, of Ising model with non-random coupling. For the second kind, the points associated with a 

language fall on one curve of magnetisation, once we remove the letter with maximum number of words or, letters 

with maximum and next-maximum number of words or, letters with maximum, next-maximum and nextnext-

maximum number of words, from consideration. There are third kind of languages, for which the points associated 

with a language fall on one curve of magnetisation with fitting not that well or, with high dispersion. Those third 

kind of languages seem to underlie magnetization curves for a Spin-Glass in presence of an external magnetic field. 

We describe how a graphical law is hidden within six different dictionaries belonging to five disciplines of 

knowledge, in this article. The planning of the paper is as follows. We give an introduction to the standard curves of 

magnetisation of Ising model in the section II. 

This section is semi-technical. If a reader is not interested to know the relevance of the comparator curves in the 

subject of magnetisation, she or, he can start from the section III. In the section III, we describe analysis of words of 
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Economics, [6]. In the sections IV, we dwell on words of Geography, [7]. In the following section, section V, we 

study words of Linguistics, [8]. In the section VI, we deal with words of Psychology, [9]. We describe graphical law 

behind medical science in the sections VII, subjecting two different kinds of dictionaries, one concise, [10] and 

another pocket, [11] to find the same graphical law holding good behind both. To err is human, so are we. In the 

later two sections, VIII and IX, we reanalyse and replace with the correct graphical laws for the subjects 

Construction etc.,[12] and Science, [13]. This supersedes our eariler analysis in the paper,[1]. Sections X, XI, XII, 

XIII, XIV are Discussion, Summary, appendix, Acknowledgement and bibliography respectively. 

 

II. MAGNETISATION 
A. Bragg-Williams approximation 

Let us consider a coin. Let us toss it many times. Probability of getting head or, tale is half i.e. we will get 

head and tale equal number of times. If we attach value one to head, minus one to tale, the average value we obtain, 

after many tossing is zero. Instead let us consider a one-sided loaded coin, say on the head side. The probability of 

getting head is more than one half, getting tale is less than one-half. Average value, in this case, after many tossing 

we obtain is non-zero, the precise number depends on the loading. The loaded coin is like ferromagnet, the unloaded 

coin is like paramagnet, at zero external magnetic field. 

Average value we obtain is like magnetisation, loading is like coupling among the spins of the ferromagnetic units. 

Outcome of single coin toss is random, but average value we get after long sequence of tossing is fixed. This is long-

range order. But if we take a small sequence of tossing, say, three consecutive tossing, the average value we obtain 

is not fixed, can be anything. There is no short-range order. 

Let us consider a row of spins, one can imagine them as spears which can be vertically up or, down. Assume there is 

a long-range order with probability to get a spin up is two third. That would mean when we consider a long 

sequence of spins, two third of those are with spin up. Moreover, assign with each up spin a value one and a down 

spin a value minus one. Then total spin we obtain is one third. This value is referred to as the value of long-range 

order parameter. Now consider a short-range order existing which is identical with the long-range order. That would 

mean if we pick up any three consecutive spins, two will be up, one down. Bragg-Williams approximation means 

short-range order is identical with long-range order, applied to a lattice of spins, in general. Row of spins is a lattice 

of one dimension. 

Now let us imagine an arbitrary lattice, with each up spin assigned a value one and a down spin a value 

minus one, with an unspecified long-range order parameter defined as above by L = 
 

 
 ⅀i σi  where, σi  is i-th spin, N 

being total number of spins. L can vary from minus one to one. N = N++N- ,where N+ is the number of up spins, N- 

is the number of down spins. L =  
 

 
 (N+-N- ) . 

As a result,   N+=  
  

 
 (1 + L) and N-=  

  

 
 (1 - L) 

Magnetisation or, net magnetic moment, M is μ ⅀i σi   or, μ(N+-N- ) or,  μNL,  Mmax  = μN.  
 

     
 = L.   

 

     
  is 

referred to as reduced magnetisation.  

Moreover, the Ising Hamiltonian,[14], for the lattice of spins, setting μ to one, is −ɛ⅀n.n  σi σj   − H⅀i σi  , where n.n 

refers to nearest neighbour pairs. The difference of energy ,ΔE,  if we flip an up spin to down spin is, [15],  

2ɛγ ̅+ 2H, where γ is the number of nearest neighbours of a spin.  

According to Boltzmann principle, 
  

  
 equals exp(− △E kB T ), [16].  

In the Bragg-Williams approximation, [17],  ̅         sidered in the thermal average sense. 

 Consequently, 

                                                     (1) 

where,  c = 
 

  
   . Tc = 

  

  
 [18].  

 

  
  is referred to as reduced temperature. 

Plot of L vs  
 

  
 or, reduced magentisation vs. reduced temperature is used as reference curve. 

In the presence of magnetic field, c   0, the curve bulges outward. Bragg-Williams is a Mean Field approximation. 

This approximation holds when number of neighbours interacting with a site is very large, reducing the importance 

of local fluctuation or, local order, making the long-range order or, average degree of freedom as the only degree of 

freedom of the lattice. 
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To have a feeling how this approximation leads to matching between experimental and Ising model prediction one 

can refer to FIG.12.12 of [15]. W. L. Bragg was a professor of Hans 4 Bethe. Rudlof Peierls was a friend of Hans 

Bethe. At the suggestion of W. L. Bragg, Rudl of Peierls following Hans Bethe improved the approximation 

scheme, applying quasi-chemical method. 

 

B. Bethe-peierls approximation in presence of four nearest neighbours, in absence of external magnetic field 

In the approximation scheme which is improvement over the Bragg-Williams, [14],[15],[16],[17],[18], due 

to Bethe-Peierls, [19], reduced magnetisation varies with reduced temperature, for γ neighbours, in absence of 

external magnetic field, as 

                                              (2) 

 

ln γ/( γ−2) for four nearest neighbours i.e. for γ = 4 is 0.693. For a snapshot of different kind of magnetisation curves 

for magnetic materials the reader is urged to give a google search ”reduced magnetisation vs reduced temperature 

curve”. In the following, we describe datas generated from the equation(1) and the equation(2) in the table, I, and 

curves of magnetisation plotted on the basis of those datas. BW stands for reduced temperature in Bragg-Williams 

approximation, calculated from the equation(1). BP(4) represents reduced temperature in the Bethe-Peierls 

approximation, for four nearest neighbours, computed from the equation(2). The data set is used to plot fig.1. Empty 

spaces in the table, I, mean corresponding point pairs were not used for plotting a line. 

 

C. Bethe-peierls approximation in presence of four nearest neighbours, in presence of external magnetic field 

In the Bethe-Peierls approximation scheme, [19], reduced magnetisation varies with reduced temperature, 

for γ neighbours, in presence of external magnetic field, as 

                    (3) 
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TABLE I. Reduced magnetisation vs reduced temperature datas for Bragg-Williams approximation, in absence of 

and in presence of magnetic field,   c = 
 

  
  = 0.01, and Bethe-Peierls approximation in absence of magnetic field, for 

four nearest neighbours . 

 

Derivation of this formula ala [19] is given in the appendix. 

ln γ/( γ−2) for four nearest neighbours i.e. for γ = 4 is 0.693. For four neighbours, 

                                                   (4) 

 

In the following, we describe datas in the table, II, generated from the equation(4) and curves of magnetisation 

plotted on the basis of those datas. BP(m=0.03) stands for reduced temperature in Bethe-Peierls approximation, for 

four nearest neighbours, in presence of a variable external magnetic field, H, such that βH = 0.06. calculated from 

the equation(4). BP(m=0.025) stands for reduced temperature in Bethe-Peierls approximation, for four nearest 

neighbours, in presence of a variable external magnetic field, H, such that βH = 0.05. calculated from the 

equation(4). BP(m=0.02) stands for reduced temperature 
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FIG. 1. Reduced magnetisation vs reduced temperature curves for Bragg-Williams approximation, 

in absence(dark) of and presence(inner in the top) of magnetic field,  c = 
 

  
=0.01 and Bethe-Peierls 

approximation in absence of magnetic field, for four nearest neighbours (outer in the top). 

 

 in Bethe-Peierls approximation, for four nearest neighbours, in presence of a variable external magnetic field, H, 

such that βH = 0.04. calculated from the equation(4). BP(m=0.01) stands for reduced temperature in Bethe-Peierls 

approximation, for four nearest neighbours, in presence of a variable external magnetic field, H, such that βH = 0.02. 

calculated from the equation(4). BP(m=0.005) stands for reduced temperature in Bethe-Peierls approxima- 

tion, for four nearest neighbours, in presence of a variable external magnetic field, H, such that βH = 0.01. 

calculated from the equation(4). The data set is used to plot fig.2. Empty spaces in the table, II, mean corresponding 

point pairs were not used for plotting a line. 
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TABLE II. Bethe-Peierls approx. in presence of little external magnetic fields 

 

D. Spin-Glass 

In the case coupling between( among) the spins, not necessarily n.n, for the Ising model is(are) random, we 

get Spin-Glass, [20–26]. When a lattice of spins randomly coupled and in an external magnetic field, goes over to 

the Spin-Glass phase, magnetisation increases steeply like 1/(T−Tc ) upto the the phase transition temperature, 

followed by very little increase,[20, 25], in magnetisation, as the ambient temperature continues to drop. This 

happens at least in the replica approach of the Spin-Glass theory, [22, 23]. 
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FIG. 2. Reduced magnetisation vs reduced temperature curves for Bethe-Peierls approximation in presence of little 

external magnetic fields, for four nearest neighbours, with βH = 2m. 

 

 
TABLE III. Economics words 

 

III. ANALYSIS OF ECONOMICS 
”Wealth or, well being?” 

Economics is a subject which is concerned with wealth as well-being of people. GDP, inflation, interest 

rate are the commonest words of the subject. The first concrete formulation of the discipline is due to Adam Smith 

who was a professor of moral philosophy, in his ”Wealth of Nations”. There are probably as many subdisciplines, 

right now, of the discipline as there are disciplines of knowledge. It will be instructive to look for graphical law in 

each subdiscipline. 

To have a feeling, we enter into an economics dictionary, namely the Oxford economics dictionary,[6]. 

There, we count the entries, loosely speaking words, one by one from the beginning to the end, starting with 

different letters. The result is the following table, III.  

Highest number of words, four thirty four, starts with the letter C followed by words numbering three hundred 

seventeen beginning with S, two hundred ninety with the letter P. To visualise we plot the number of words again 

respective letters in the dictionary sequence,[6] in the figure fig.3. 

For the purpose of exploring graphical law, we assort the letters according to the number of words, in the descending 

order, denoted by f and the respective rank, [27], denoted by k. k is a positive integer starting from one. Moreover, 

we attach a limiting rank, klim, and a limiting number of words. The limiting rank is maximum rank plus one, here it 

is twenty five and the limiting number of words is one. As a result both  and  varies from zero to 

one. Then we tabulate in the adjoining table, IV, and plot  against  in the figure fig.4. 

We then ignore the letter with the highest of words, tabulate in the adjoining table, IV, and redo the plot, 

normalising the lnfs with next-to-maximum lnfnextmax , and starting from k = 2 in the figure fig.5. Normalising the 

lnfs with next-to-next-to-maximum lnf nextnextmax , we tabulate in the adjoining table, IV, and starting from k = 3 we 

draw in the figure fig.6. Normalising the lnfs with next-to-next-to-next-to-maximum lnfnextnextnextmax   we record in  

the adjoining table, IV, and plot starting from k = 4 in the figure fig.7 
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FIG. 3. Vertical axis is number of words in the economics dictionary,[6]. Horizontal axis is the 

letters of the English alphabet. Letters are represented by the sequence number in the alphabet. 

 

 
FIG. 4. Vertical axis is lnf/lnf max  and horizontal axis is lnk/lnklim The + points represent the words of the economics 

dictionary with the fit curve being Bragg-Williams in presence of magnetic field, c = 
 

  
=0.01  
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TABLE IV. Economics words:ranking,natural logarithm,normalizations 

 

 

FIG. 5. Vertical axis is  and horizontal axis is  The + points represent the words of the 

economics dictionary with the fit curve being Bethe-Peierls curve in presence of four nearest neighbours. 
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FIG. 6. Vertical axis is and horizontal axis is . The + points represent the words of the 

economics dictionary with the fit curve being Bethe-Peierls curve in presence of four nearest neighbours. 

 

 

FIG. 7. Vertical axis is and horizontal axis is . The + points represent the words of 

the words of the economics dictionary with the fit curve being Bethe-Peierls curve in presence of four nearest 

neighbours and little magnetic field, m = 0.02 or, βH = 0.04. 

 

A. conclusion 

From the figures (fig.4-fig.7), we observe that there is a curve of magnetisation, behind words of 

economics. This is magnetisation curve in the Bethe-Peierls approximation with 
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FIG. 8. Vertical axis is and horizontal axis is lnk. The + points represent the words of the economics 

dictionary. 

 

four nearest neighbours. 

Moreover, the associated correspondence is, 

 
 

k corresponds to temperature in an exponential scale, [28]. As temperature decreases, i.e. lnk decreases, f increases. 

The letters which are recording higher entries compared to those which have lesser entries are at lower temperature. 

As the subject of economics expands, the letters like ...,P, S, C which get enriched more and more, fall at lower and 

lower temperatures. 

This is a manifestation of cooling effect, as was first observed in [29], in another way. 

Moreover, for the shake of completeness we draw against lnk in the figure fig.(8) to explore for the 

possible existence of a magnetisation curve of a Spin-Glass in presence of an external magnetic field, underlying 

economics words. In the figure 8, the pointsline does not have a clearcut transition Hence, the words of the 

economics, is not suited to be described, to underlie a Spin-Glass magnetisation curve, [20], in the presence of 

magnetic field. 

 

 
TABLE V. Geography words 
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FIG. 9. Vertical axis is number of words in the geography dictionary,[7]. Horizontal axis is the letters of the English 

alphabet. Letters are represented by the sequence number in the alphabet. 

 

IV. ANALYSIS OF GEOGRAPHY 
”A traveller who does not tell the truth, is not a traveller.”....a traveller. 

It is through the experiences of the travellers, explorers, adventurers, navigators etal. From the ancient 

times developed the discipline of geography. Marco Polo, Hiuen Tsang are the text-book travellers. Colombus, 

Vasco-da-gamma are the text-book explorers/adventurers/navigators. 

We go through one geography dictionary,[7]. From the dictionary, the author came to know that oasis is where the 

water table meets the surface in an arid area. Then we count the words, strictly speaking entries, one by one from the 

beginning to the end, starting with different letters. The result is the table, V. Highest number of words, three 

hundred thirty eight, start with the letter C followed by words numbering three hundred seventeen, start with the 

letter S, two hundred thirty five beginning with P etc. To visualise we plot the number of words against respective 

letters in the dictionary sequence,[7] in the figure fig.9. 

For the purpose of exploring graphical law, we assort the letters according to the number of 
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TABLE VI. Geography words: ranking, natural logarithm, normalizations 

 

words, in the descending order, denoted by f and the respective rank, denoted by k. k is a positive integer starting 

from one. Moreover, we attach a limiting rank, klim, and a limiting number of words. The limiting rank is maximum 

rank plus one, here it is twenty six and the limiting number of words is one. As a result both and 

varies from zero to one. Then we tabulate in the adjoining table, VI, and plot against in the figure 

fig.10. 

We then ignore the letter with the highest number of words, tabulate in the adjoining table, VI, and redo the plot, 

normalising the lnfs with next-to-maximum lnf nextmax  , and starting from k = 2 in the figure fig.11. Normalising the 

lnfs with next-to-next-to-maximum lnf nextnextmax  , we tabulate in the adjoining table, VI, and starting from k = 3 we 

draw in the figure fig.12. Normalising the lnfs with next-to-next-to-next-to-maximum lnfnextnextnextmax  , 

we record in the adjoining table, VI, and plot starting from k = 4 in the figure fig.13. 

From the figures (fig.10-fig.13), we observe that there is a curve of magnetisation, behind 
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FIG. 10. Vertical axis is and horizontal axis is . The + points represent the words of the geography 

dictionary with fit curve being Bragg-Williams curve in absence of magnetic field. 

 

 

FIG. 11. Vertical axis is and horizontal axis is e . The + points represent the words of the 

geography dictionary with fit curve being Bragg-Williams curve in presence of magnetic field,  

            . 

 

words of geography. This is magnetisation curve in the Bethe-Peierls approximation with four nearest neighbours. 

Moreover, the associated correspondence is, 
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FIG. 12. Vertical axis is and horizontal axis is . The + points represent the words of the 

geography dictionary with fit curve being Bethe-Peierls curve with four nearest neighbours. 

 

 

FIG. 13. Vertical axis is and horizontal axis is . The + points represent the words of 

the geography dictionary with fit curve being Bethe-Peierls curve with four nearest neighbours. 

 

k corresponds to temperature in an exponential scale, [28]. As temperature decreases, i.e.lnk decreases, f increases. 

The letters which are recording higher entries compared to those which have lesser entries are at lower temperature. 

As the subject of geography expands, the letters like....,P, S, C which get enriched more and more, fall at lower and 

lower tem- 
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FIG. 14. Vertical axis is and horizontal axis is lnk. The + points represent the words of the geography 

dictionary. 

 

peratures. This is a manifestation of cooling effect, as was first observed in [29], in another way. Moreover, for the 

shake of completeness we draw  against lnk in the figure fig.(8) to explore for the possible existence of a 

magnetisation curve of a Spin-Glass in presence of an external magnetic field, underlying geography words. We 

note that the pointslines in the fig.14, has a more or, less clear-cut transition point. Hence, words of geography is 

suited to be described by a Spin-Glass magnetisation curve, [20], also, in the presence of an external 

magnetic field. 

 

 
TABLE VII. Linguistics words 

 

 
FIG. 15. Vertical axis is number of words in the linguistics dictionary,[8]. Horizontal axis is the letters of the 

English alphabet. Letters are represented by the sequence number in the alphabet. 
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V. ANALYSIS OF LINGUISTICS 
”tin korosh tok badalta hai pani, sat korosh tok badalta hai bani.”....Magadhi saying. 

It is with with grammatical and structural aspects of bani or, languages, that the discipline of linguistics is 

primarily concerned with. Syllable, diphothong, phonem, morpheme, grapheme, phone are among the daily lores for 

a linguist. We read through one linguistics dictionary,[8]. Then we count the words, strictly speaking entries, one by 

one from the beginning to the end, starting with different letters. The result is the table, VII. Highest number of 

words, three hundred ninety seven, start with the letter S followed by words numbering three hundred fifty five 

beginning with C, words numbering three hundred three beginning with A etc. Moreover, we represent the number 

of words pictorially, against respective letters in the dictionary sequence,[8] in the figure fig.15. For the purpose of 

exploring graphical law, we assort the letters according to the number of words, in the descending order, de- 

 

 
TABLE VIII. Linguistics words: ranking, natural logarithm, normalizations 

 

noted by f and the respective rank, denoted by k. k is a positive integer starting from one. Moreover, we attach a 

limiting rank, klim, and a limiting number of words. The limiting rank is maximum rank plus one, here it is twenty 

six and the limiting number of words is one. As a result both and varies from zero to one. Then we 

tabulate in the adjoining table, VIII, and plot  against  in the figure fig.16. We then ignore the letter 
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with the highest of words, tabulate in the adjoining table, VIII, and redo the plot, normalising the lnfs with next-to-

maximum lnfnextmax , and starting from k = 2 in the figure fig.17. Normalising the lnfs with next-to-next-to-maximum 

lnfnextnextmax , we tabulate in the adjoining table, VIII, and starting from k = 3 we draw in the figure fig.18. 

Normalising the lnfs with next-to-next-to-next-to-maximum lnfnextnextnextmnax    we record in the adjoining table, VIII, 

and plot starting from k = 4 in the figure fig.19. 

 

 

FIG. 16. Vertical axis is  and horizontal axis is . The + points represent the words of the linguistics 

dictionary with fit curve being Bragg-Williams curve with magnetic field,  

 

 

FIG. 17. Vertical axis is and horizontal axis is lnk. The + points represent the words of the linguistics 

dictionary with fit curve being Bragg-Williams curve with magnetic field, 
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A. conclusion 

In the plot fig.19, the points match nicely with the magnetisation curve in the Bethe Peierls approximation 

in presence of little magnetic field. Hence, words of linguistics can be charcterised by the magnetisation curve in the 

Bethe-Peierls approximation in presence of  little magnetic field,m=0.01 i.e. βH = 0.02. 

 

 

FIG. 18. Vertical axis is  and horizontal axis is lnk. The + points represent the words of the 

linguistics dictionary with fit curve being Bethe-Peierls curve with four nearest neighbours. 

 

 

FIG. 19. Vertical axis is  and horizontal axis is lnk. The + points represent the words of the 

linguistics dictionary with fit curve being Bethe-Peierls curve with four nearest neighbours, in presence of little 

magnetic field, m=0.01 or, βH = 0.02..  
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Moreover, there is an associated correspondence, 

 

 
 

 

FIG. 20. Vertical axis is and horizontal axis is lnk. The + points represent the words of the linguistics 

dictionary. 

 

k corresponds to temperature in an exponential scale, [28]. As temperature decreases, i.e. lnk decreases, f increases. 

The letters which are recording higher entries compared to those which have lesser entries are at lower temperature. 

As the subject of linguistics expands, the letters like ....,A, C, S which get enriched more and more, fall at lower and 

lower temperatures. This is a manifestation of cooling effect, as was first observed in [29], in another way. Again, to 

be sure we draw against lnk in the figure fig.20 to explore for the possible existence of a magnetisation 

curve of a Spin-Glass in presence of an external magnetic field, underlying linguistics. We note that the points in the 

fig.20 do not have a clear-cut transition point for the words of linguistics dictionary, [8]. 

 

 
TABLE IX. Psychology words 
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FIG. 21. Vertical axis is number of words in the psychology dictionary, [9]. Horizontal axis is the letters of the 

English alphabet. Letters are represented by the sequence number in the alphabet. 

 

VI. ANALYSIS OF PSYCHOLOGY 
Psychology is a subject dealing with mental state of a human being in isolation or, in presence of different 

orders of societal structures. The subject got consolidated through the effort of legendary Sigmund Freud. We delve 

into the psychology dictionary,[9]. Then we count the words, strictly speaking entries, one by one from the 

beginning to the end, starting with different letters. The result is the table, IX. Highest number of words, one 

thousand thirty five, start with the letter P followed by words numbering nine hundred ninetysix with the letter S, 

eight hundred ninetytwo beginning with C, etc. To visualize we plot the number of words again respective letters in 

the dictionary sequence,[9] in the adjoining figure, fig.21. For the purpose of exploring graphical law, we assort the 

letters according to the number of words, in the descending order, denoted by f and the respective rank, denoted by 

k. k is a positive integer starting from one. Moreover, we attach a limiting rank, klim, and a limiting number of 

words. The limiting rank is maximum rank plus one, here it is twenty seven and the limiting number of words is one. 

As a result both  
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TABLE X. Psychology words: ranking,natural logarithm,normalizations 

 

and varies from zero to one. Then we tabulate in the adjoining table, X, and plot  against 

in the figure fig.22. We then ignore the letter with the highest of words, tabulate in the adjoining table, X, and redo 

the plot, normalising the lnfs with next-to-maximum lnfnextmax , and starting from k = 2 in the figure fig.23. 

Normalising the lnfs with next-to-next-to-maximum lnfnextnextmax  , we tabulate in the adjoining table, X, and 

starting from k = 3 we draw in the figure fig.24. Normalising the lnfs with next-to-next-to-next-to-maximum 

 lnfnextnextnextmax   we record in the adjoining table, X, and plot starting from k = 4 in the figure fig.25. 

 

A. conclusion 

In the plot fig.25, the points match with the magnetisation curve in the Bethe-Peierls approximation with 

four nearest neighbours, in presence of little magnetic field, m = 0.01 or, 
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FIG. 22. Vertical axis is and horizontal axis is . The + points represent words of the psychology 

dictionary with fit curve being Bragg-Williams curve in presence of magnetic field,  

 

βH = 0.02. Hence, words of psychology can be charcterised by the magnetisation curve in the Bethe-Peierls 

approximation with four nearest neighbours, in presence of little magnetic 

 

FIG. 24. Vertical axis is and horizontal axis is  The + points represent words of the 

psychology dictionary with fit curve being Bethe-Peierls curve with four nearest neighbours. 
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FIG. 25. Vertical axis is  and horizontal axis is  The + points represent words of the 

psychology dictionary with fit curve being Bethe-Peierls curve in presence of four nearest neighbours and little 

magnetic field, m = 0.01 or,βH = 0.02. 

 

field, βH = 0.02. Moreover, there is an associated correspondance is,  

 
 

 

FIG. 26. Vertical axis is and horizontal axis is lnk. The + points represent the words of the psychology 

dictionary. 
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k corresponds to temperature in an exponential scale, [28]. As temperature decreases, i.e. lnk decreases, f increases. 

The letters which are recording higher entries compared to those which have lesser entries are at lower temperature. 

As the subject of psychology expands, the letters like ....,C,S,P which get enriched more and more, fall at lower and 

lower temperatures. This is a manifestation of cooling effect, as was first observed in [29], in another way. 

Moreover, we draw  against lnk in the figure fig.26 to explore for the possible existence of a magnetisation 

curve of a Spin-Glass in presence of an external magnetic field, underlying psychology words. We note that the 

pointslines in the fig.26, has a clear-cut transition point. Hence, words of psychology is suited to be described by a 

Spin-Glass magnetization curve, [20], also, in the presence of an external magnetic field. 

 

 
TABLE XI. Concise medical dictionary words 

 

 
FIG. 27. Vertical axis is number of words in the concise medical dictionary,[10]. Horizontal axis is the letters of the 

English alphabet. Letters are represented by the sequence number in the alphabet. 

 

VII. ANALYSIS OF MEDICAL DICTIONARIES 
A. Analysis of concise medical dictionary  

”Health is wealth”...English Proverb We count the words, strictly speaking entries, of the concise 

medical dictionary,[10], one by one from the beginning to the end, starting with different letters. The 

result is the table, XI. Highest number of words, one thousand three hundred ninety six, start with the 

letter P followed by words numbering one thousand two hundred beginning with C, one thousand 

twenty nine with the letter S etc. To visualise we plot the number of words again respective letters in 

the dictionary sequence,[10] in the adjoining figure, fig.27. For the purpose of exploring graphical law, 

we assort the letters according to the number of words, in the descending order, denoted by f and the 

respective rank, denoted by k. k is a positive integer starting from one. Moreover, we attach a limiting 

rank, klim, and a limiting number 
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TABLE XII. Concise medical dictionary words: ranking, natural logarithm, normalisations 

 

of words. The limiting rank is maximum rank plus one, here it is twenty five and the limiting number of words is 

one. As a result both and varies from zero to one. Then we tabulate in the adjoining table, XII, and 

plot against in the figure fig.28. We then ignore the letter with the highest of words, tabulate in the 

adjoining table, XII, and redo the plot, normalising the lnfs with next-to-maximum lnfnextmax  , and starting from k = 

2 in the figure fig.29. Normalising the lnfs with next-to-next-to-maximum lnfnextnextmax  , we tabulate in the adjoining 

table, XII, and starting from k = 3 we draw in the figure fig.30. 

Normalising the lnfs with next-to-next-to-next-to-maximum lnfnextnextnextmax   we record in the adjoining table, XII, 

and plot starting from k = 4 in the figure fig.31. 
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FIG. 28. Vertical axis is  and horizontal axis is . The + points represent the words of 

the concise medical dictionary with fit curve being Bethe-Peierls curve in presence of four nearest neighbours. 

 

 

FIG. 29. Vertical axis is  and horizontal axis is . The + points represent the words of the 

concise medical dictionary with fit curve being Bethe-Peierls curve in presence of four nearest neighbours. 

 

1. conclusion 

From the figures (fig.28-fig.31), we observe that there is a curve of magnetisation, behind words of concise 

medical dictionary. This is magnetisation curve in the Bethe-Peierls approximation with four nearest neighbours. 
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FIG. 30. Vertical axis is  and horizontal axis is . The + points represent the words of the 

concise medical dictionary with fit curve being Bethe-Peierls curve in presence of four nearest neighbours. 

 

 

FIG. 31. Vertical axis is and horizontal axis is . The + points represent the words of 

the concise medical dictionary with fit curve being Bethe-Peierls curve in presence of four nearest neighbours. 

 

. Moreover, the associated correspondence is, 
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FIG. 32. Vertical axis is and horizontal axis is lnk. The + points represent the words of the concise medical 

dictionary. 

 

k corresponds to temperature in an exponential scale, [28]. As temperature decreases, i.e. lnk decreases, f increases. 

The letters which are recording higher entries compared to those which have lesser entries are at lower temperature. 

As concise medical dictionary expands, the letters like ....S, C, P which get enriched more and more, fall at lower 

and lower temperatures. This is a manifestation of cooling effect, as was first observed in [29], in another way. 

Moreover, for the shake of completeness we draw against lnk in the figure fig.(32) to explore for the 

possible existence of a magnetisation curve of a Spin-Glass in presence of an external magnetic field, underlying 

words of concise medical dictionary. In the figure 32, the pointsline does not have a clearcut transition Hence, the 

words of the concise medical dictionary, is not suited to be described, to underlie a Spin-Glass magnetisation curve, 

[20], in the presence of magnetic field. 

 

 
TABLE XIII. Pocket medical dictionary words 
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FIG. 33. Vertical axis is number of words in the pocket medical dictionary,[11]. Horizontal axis is the letters of the 

English alphabet. Letters are represented by the sequence number in the alphabet. 

 

B. Analysis of pocket medical dictionary 

”Size matters”: a commoner’s perception. 

We count the words, strictly speaking entries, of the pocket medical dictionary,[11], one by one from the 

beginning to the end, starting with different letters. The result is the table, XIII. Highest number of words, two 

thousand eight hundred thirty three, start with the letter P followed by words numbering two thousand six hundred 

two beginning with A, two thousand five hundred seventy two with the letter C etc. To visualise we plot the number 

of words again respective letters in the dictionary sequence,[11] in the adjoining figure, fig.33. For the purpose of 

exploring graphical law, we assort the letters according to the number of words, in the descending order, denoted by 

f and the respective rank, denoted by k. k is a positive integer starting from one. Moreover, we attach a limiting 

rank, klim, and a limiting number of words. The limiting rank is maximum rank plus one, here it is twenty six and 

the limiting number of words is one. As a result both and varies 
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TABLE XIV. Pocket medical dictionary words: ranking, natural logarithm, normalizations from zero to one. Then 

we tabulate in the adjoining table, XIV, and plot lnf 

lnfmax  against in the figure fig.34. We then ignore the letter with the highest of words, tabulate in the 

adjoining table, XIV, and redo the plot, normalising the lnfs with next-to-maximum lnfnextmax   , and starting from k = 

2 in the figure fig.35. Normalising the lnfs with next-to-next-to-maximum lnfnextnextmax  , we tabulate in the adjoining 

table, XIV, and starting from k = 3 we draw in the figure fig.36. Normalising the lnfs with next-to-next-to-next-to-

maximum lnfnextnextnextmax    we record in the adjoining table, XIV, and plot starting from k = 4 in the figure fig.37. 

Matching of the plots in the figures fig.(34-37) with comparator curves i.e. Bethe-Peierls curve in presence of four 

nearest neighbours, dispersion reduces over higher orders of normalisations and the points in the figure fig.35 go the 

best along the Bethe-Peierls curve in presence of four nearest neighbours. Hence the words of  pocket medical  
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FIG. 34. Vertical axis is  and horizontal axis is . The + points represent the words of the pocket 

medical dictionary with fit curve being Bethe-Peierls curve in presence of four nearest neighbours. 

 

 

FIG. 35. Vertical axis is  and horizontal axis is . The + points represent the words of the 

pocket medical dictionary with fit curve being Bethe-Peierls curve in presence of four nearest neighbours.  

 

  dictionary   can be  characterised by Bethe-Peierls curve in presence of four nearest neighbours. 



Discipline of knowledge and the graphical law, part II 

International Journal of Arts Humanities and Social Sciences Studies             V 5 ●     I 2 ●     88 

 

FIG. 36. Vertical axis is  and horizontal axis is . The + points represent the words of the 

pocket medical dictionary with fit curve being Bethe-Peierls curve in presence of four nearest neighbours. 

 

 

FIG. 37. Vertical axis is  and horizontal axis is . The + points represent the words of 

the pocket medical dictionary with fit curve being Bethe-Peierls curve in presence of four nearest neighbours. 

 

1. conclusion 

From the figures (fig.34-fig.37), we observe that there is a curve of magnetisation, behind the words of 

pocket medical dictionary. This is Bethe-Peierls curve in presence of four nearest 
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FIG. 38. Vertical axis is and horizontal axis is lnk. The + points represent the words of the pocket medical 

dictionary. 

 

neighbours. Moreover, the associated correspondence is, 

 
 

k corresponds to temperature in an exponential scale, [28]. As temperature decreases, i.e. lnk decreases, f increases. 

The letters which are recording higher entries compared to those which have lesser entries are at lower temperature. 

As the words of pocket medical dictionary expands, the letters like ....C, A, P which get enriched more and more, 

fall at lower and lower temperatures. This is a manifestation of cooling effect, as was first observed in [29], in 

another way. But to be certain, we draw  against lnk in the figure fig.38 to explore for the possible existence 

of a magnetisation curve of a Spin-Glass in presence of an external magnetic field, underlying words of pocket 

medical dictionary. We note that the points in the fig.38, does not have a clear-cut transition point. Hence, the words 

of pocket medical dictionary is not suited to be described by a Spin-Glass magnetisation curve, [20], in the presence 

of an external magnetic field. 

 
FIG. 39. Vertical axis is number of words and horizontal axis is respective letters. Letters are represented by the 

number in the alphabet or, dictionary sequence,[10, 11]. 



Discipline of knowledge and the graphical law, part II 

International Journal of Arts Humanities and Social Sciences Studies             V 5 ●     I 2 ●     90 

C. comparison between two medical dictionaries 

We notice that the maxima fall on the same letters for both the dictionaries. Moreover, as we have observed 

in the previous two subsections, that the sets of graphs are similar. Both the dictionaries underlie the same 

magnetisation curve. It will be interesting to find that the same pattern continues if we take a third medical 

dictionary. 

 

 
TABLE XV. Words of dictionary of Construction etc. 

 

 
FIG. 40. Vertical axis is number of words in the dictionary of construction etc.,[12]. Horizontal axis is the letters of 

the English alphabet. Letters are represented by the sequence number in the alphabet. 

 

VIII. REANALYSIS OF CONSTRUCTION 
”To err is human”: quote unknown 

We take a relook in the dictionary of construction etc.,[12]. There we have counted, [2], the words, strictly 

speaking entries, one by one from the beginning to the end, starting with different letters. The result is the table, XV. 

Highest number of words, one thousand two hundred eighty nine, start with the letter S followed by words 

numbering seven hundred twenty seven beginning with P, six hundred thirty four with the letter F etc. To visualize 

we plot the number of words again respective letters in the dictionary sequence,[12] in the adjoining figure, fig.40. 

For the purpose of exploring graphical law, we assort the letters according to the number of words, in the descending 

order, denoted by f and the respective rank, denoted by k. k is a positive integer starting from one. Moreover, we 

attach a limiting rank, klim, and a limiting number of words. The limiting rank is maximum rank plus one, here it is 

twenty seven and the limiting number of words is one. As a result both  
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TABLE XVI. Words of dictionary of Construction etc.: ranking, natural logarithm, normalizations 

 

and  varies from zero to one. Then we tabulate in the adjoining table, XVI, and plot against  

in the figure fig.41. We then ignore the letter with the highest of words, tabulate in the adjoining table, XVI, and 

redo the plot, normalising the lnfs with next-to-maximum lnfnextmax , and starting from k = 2 in the figure fig.42. 

Normalising the lnfs with next-to-next-to-maximum lnf nextnextmax  , we tabulate in the adjoining table, XVI, and 

starting from k = 3 we draw in the figure fig.43. Normalising the lnfs with next-to-next-to-next-to-maximum 

lnfnextnextnextmax   we record in the adjoining table, XVI, and plot starting from k = 4 in the figure fig.44. 
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FIG. 41. Vertical axis is  and horizontal axis is . The + points represent the words of the dictionary 

of construction etc. with fit curve being being Bragg-Williams curve in presence of magnetic field, c = 
 

  
=0.01. 

 

 

FIG. 42. Vertical axis is  and horizontal axis is . The + points represent the words of the 

dictionary of construction etc. with fit curve being Bethe-Peierls curve with four nearest neighbours in presence of 

little magnetic field m = 0.005 or, βH = 0.01. 

 

A. conclusion 

From the figures (fig.41-fig.44), we observe that there is a curve of magnetisation, behind words of 

construction etc. This is magnetisation curve in the Bethe-Peierls approximation 
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FIG. 43. Vertical axis is  and horizontal axis is . The + points represent the words of the 

dictionary of construction etc. with fit curve being Bethe-Peierls curve with four nearest neighbours in presence of 

little magnetic field m = 0.01 or, βH = 0.02. 

 

 

FIG. 44. Vertical axis is and horizontal axis is . The + points represent the words of 

the dictionary of construction etc. with fit curve being Bethe-Peierls curve with four nearest neighbours in presence 

of little magnetic field m = 0.02 or, βH = 0.04. 

 

with four nearest neighbours, in presence of little magnetic field, m = 0.01 or, βH = 0.02. 

Moreover, the associated correspondence is, 
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FIG. 45. Vertical axis is  and horizontal axis is lnk. The + points represent the words of the dictionary of 

construction etc. 

 

lnk ←→ T. 

k corresponds to temperature in an exponential scale, [28]. As temperature decreases, i.e. lnk decreases, f increases. 

The letters which are recording higher entries compared to those which have lesser entries are at lower temperature. 

As the subject of construction etc.expands, the letters like.... F, P, S which get enriched more and more, fall at lower 

and lower temperatures. This is a manifestation of cooling effect, as was first observed in [29], in another way. 

Moreover, for the shake of completeness we draw  against lnk in the figure fig.(45) to explore for the 

possible existence of a magnetisation curve of a Spin-Glass in presence of an external magnetic field, underlying 

words of construction etc. In the figure 45, the pointsline does not have a clearcut transition Hence, the words of the 

construction etc., is not suited to be described, to underlie a Spin-Glass magnetisation curve, [20], in the presence of 

magnetic field. 

 

 
TABLE XVII. Words of dictionary of Science 

 

 
FIG. 46. Vertical axis is number of words in the dictionary of science,[13]. Horizontal axis is the letters of the 

English alphabet. Letters are represented by the sequence number in the alphabet. 

IX. REANALYSIS OF SCIENCE 
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We are in an era of science. To understand the discipline as a layman we have picked up a science 

dictionary, namely Oxford dictionary of Science, [13]. There we have counted, [2], the words, strictly speaking 

entries, one by one from the beginning to the end, starting with different letters. The result is the table, XVII. 

Highest number of words, one thousand one hundred fifty seven, start with the letter C followed by words 

numbering nine hundred fiftyfive beginning with P, nine hundred forty three with the letter S etc. To visualise we 

plot the number of words again respective letters in the dictionary sequence,[13] in the adjoining figure, fig.46. For 

the purpose of exploring graphical law, we assort the letters according to the number of words, in the descending 

order, denoted by f and the respective rank, denoted by k. k is a positive integer starting from one. Moreover, we 

attach a limiting rank, klim, and a limiting number of words. The limiting rank is maximum rank plus one, here it is 

twenty six and the limiting number of words is one. As a result both  and varies from zero to one. 

Then we tabulate in the adjoining table,XVIII, and plot  against 

 

 
TABLE XVIII. Words of dictionary of Science: ranking, natural logarithm, normalisations 

 

in the figure fig.47. We then ignore the letter with the highest of words, tabulate in the adjoining table, 

XVIII, and redo the plot, normalising the lnfs with next-to-maximum lnfnextmax  , and starting from k = 2 in the figure 

fig.48. Normalising the lnfs with next-to-next-to-maximum lnfnextnextmax  , we tabulate in the adjoining table, XVIII, 

and starting from k = 3 we draw in the figure fig.49. Normalising the lnfs with next-to-next-to-next-to- 
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maximum lnfnextnextnextmax   we record in the adjoining table, XVIII, and plot starting from 

k = 4 in the figure fig.50. 

 

 

FIG. 47. Vertical axis is  and horizontal axis is . The + points represent the words of the dictionary 

of science with fit curve being Bethe-Peierls curve in presence of four neighbours. 

 

 

FIG. 48. Vertical axis is and horizontal axis is . The + points represent the words of the 

dictionary of science with fit curve being Bethe-Peierls curve in presence of four nearest neighbours. 

 

A. conclusion 

From the figures (fig.47-fig.50), we observe that there is a curve of magnetisation, behind words of science. This is 

magnetisation curve in the Bethe-Peierls approximation with four nearest neighbours, in presence of magnetic field 

m = 0.005 or, βH = 0.01 . Moreover, the. associated correspondence is, 
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FIG. 49. Vertical axis is and horizontal axis is . The + points represent the words of the 

dictionary of science with fit curve being Bethe-Peierls curve in presence of four nearest neighbours. 

 

 

FIG. 50. Vertical axis is  and horizontal axis is . The + points represent the words of 

the dictionary of science with fit curve being Bethe-Peierls curve in presence of four nearest neighbours with the 

presence of external magnetic field m = 0.005 or, βH = 0.01.  
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FIG. 51. Vertical axis is  and horizontal axis is lnk. The + points represent the words of the dictionary of 

science. 

 

k corresponds to temperature in an exponential scale, [28]. As temperature decreases, i.e. lnk decreases, f increases. 

The letters which are recording higher entries compared to those which have lesser entries are at lower temperature. 

As science expands, the letters like ...,S, P, C which get enriched more and more, fall at lower and lower 

temperatures. This is a manifestation of cooling effect, as was first observed in [29], in another way. Moreover, for 

the shake of completeness we draw  against lnk in the figure fig.(51) to explore for the possible existence of 

a magnetisation curve of a Spin-Glass in presence of an external magnetic field, underlying science words. In the 

figure 51, the pointsline does not have a clearcut transition Hence, the words of the science dictionary, is not suited 

to be described, to underlie a Spin-Glass magnetisation curve, [20], in the presence of magnetic field. 

 

X. DISCUSSION 
We have observed that there is a curve of magnetisation, behind entries of dictionary of economics,[6]. 

This is magnetisation curve in the Bethe-Peierls approximation with four nearest neighbours. The magnetisation 

curve in the Bethe-Peierls approximation with four nearest neighbours also underlie entries of dictionary of 

geography,[7]. Entries of dictionary of linguistics,[8], can be charcterised by the magnetisation curve in the Bethe-

Peierls approximation with four nearest neighbours in presence of little magnetic field, m = 0.01 or, βH = 0.02 like 

entries of dictionary of psychology,[9]. For entries of both the medical dictionaries, [10],[11], underlying 

magnetisation curve is the Bethe-Peierls approximation with four nearest neighbours. It opens up another line of 

investigation. Whether the same magnetisation curve underlies any medical dictionary? Whether a particular subject 

is characterised by one magentisation curve irrespective of whatever dictionaries of that subject we analyse? 

Moreover, behind entries of construction etc.,[12], magnetisation curve is the Bethe-Peierls approximation with four 

nearest neighbours, in presence of little magnetic field, m = 0.01 or, βH = 0.02 whereas, behind entries of 

science,[13], magnetisation curve is the Bethe-Peierls approximation with four nearest neighbours, in presence of 

magnetic field m = 0.005 or, βH = 0.01. 

We note that in the approximation scheme due to Bethe-Peierls, [19], reduced magnetisation 

varies with reduced temperature, for γ neighbours, in absence of external magnetic field, as 

 
 

 for four nearest neighbours i.e. for γ = 4 is 0.693. In the two beginning papers, [1] and [2], an error crept in 

advertantly in the form of 0.693 appearing in place of  for all γ, in the numerator, though this is correct 
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only for γ = 4, invalidating all the magnetization curves being termed as Bethe-Peierls curves excepting for 

. This was detected by the author few months back. Whether the above relation with 0.693 appearing in place of 

 for all γ in the numerator, is a valid another approximation of Ising model or, not is not known at least to 

the author. This necessiated the reinvestigation of the dictionaries of construction etc and science which appeared 

earlier in the paper, [1]. We have taken up the reinvestigation of the languages which were labelled by Bethe-Peierls 

curves for  in the paper, [2] already. 

It will not be surprising if graphical law emerges in other kind of dictionaries like dictionary of place names, 

dictionary of street names, dictionary of names of people etc. 

 

XI. SUMMARY 
Graphical law: Oxford Dictionaries and Dorland’s Pocket Medical Dictionary 

 
 

where, BP(4;βH = 0) represents magnetisation curve under Bethe-Peierls approximation with four nearest 

neighbours in absence of external magnetic field i.e. H is equal to zero and BP(4;βH = 0.02) stands for 

magnetisation curve under Bethe-Peierls approximation with four nearest neighbours in presence of external 

magnetic field i.e. βH is equal to 0.02. Moreover, we recall from [1], 

 

Graphical law: Oxford Dictionaries and Dictionary of Law etc. 

 
 

Moreover, the steps in finding a graphical law are as follows: 

(i) Count a dictionary from beginning to end word( entry) by word along the letters. 

(ii) Arrange the numbers of words in descending order. Denote by f. 

(iii) Assign an increasing rank i.e. a sequence starting from one to a limiting number with the sequence of decreasing 

number of words. The limiting number corresponds to last word number, put by hand if not there, being as one. 

Denote the sequence as k. k=kd or, klim, for f=1. 

(iv) Take natural logarithm of f and k. Normalise lnk i.e. consider  

(v) Normalise lnf i.e. consider  and plot  against  

(vi) Superpose comparator curves of section II one by one onto the plot and find which one is the closest to the plot. 

(vii) Leave fmax . Normalise lnf i.e. consider    and plot against  and superpose comparator 

curves of section II one by one onto the plot and find which one is the closest to the plot. 

(vii) Leave fmax  and fnextmax . Normalise lnf i.e. consider  and plot   

against  and superpose comparator curves of section II one by one onto the plot and find which one is the 

closest to the plot. 

(viii) continue and adjudge which one is the best fit between a plot of a normalised lnf vs normalised lnk with a 

comparator curve. 

(ix) Refer the best fit as the magnetisation curve behind the dictionary. 

 

XII. APPENDIX 
A. Bethe-Peierls approximation in presence of magnetic field 

Let us consider an Ising model of spins with γ nearest neighbours for each spin and subjected to a constant 

external magnetic field H. Let us pick up one spin and its nearest neighbour-hood in the lattice. Let P(+1, n) be the 

probability of n spins in the up state and γ-n spins in the down spin state when the central spin is in the up state. Let 
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P(−1, n) be the probability of n spins in the up state and γ-n spins in the down spin state when the central spin is in 

the down state. 

 
 

where qH  is a normalisation factor fixed by the condition that the total probability to get one particular spin among 

the neighbours either up or, down is one i.e. 

 

 
 

where, 

 
 

This determines 

 
 

where, z introduces coupling of a spin and the nearest neighbourhood with the rest spins of the lattice. Moreover, 

 
 

Again, ⅀n=0
γ
  nP(+1, n) is the average number of pairs with the central spin up and another spin up in the nearest 

neighbourhood forming a pair. Total number of pairs with the central spin in one end and another spin from the 

nearest neighbourhood is γ. Hence average probability to find an upspin in the nearest neighbourhood pairing with 

the central spin being in the up state is 
 

 
  ⅀n=0

γ
  nP(+1, n).   Similarly, ⅀n=0

γ
  nP(-1, n) is the average number of pairs 

with the central spin down and another spin up in the nearest neighbourhood forming a pair. Total number of pairs 

with the central spin in one end and another spin from the nearest neighbourhood is γ. Hence average probability to 

find an upspin in the nearest neighbourhood pairing with the central spin being in the down state is  

 
 

 
  ⅀n=0

γ
  nP(-1, n). 

Therefore, average probability to find an up spin in the nearest neighbourhood of the central spin is 

 Moreover, distinction made in describing one spin as 

central and another spin as one in the neighbourhood is artificial with respect to the lattice. 

This implies probability of finding an up spin at the center is the same as the average probability of finding an up 

spin in the nearest neighbourhood. Consequently, 

 

 
resulting in, 

 
Moreover, this ensues 
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which in turn implies 

 
 

From which follows on taking natural logarithm on both sides, 

 
 

Again, reduced magnetisation, L or, is given by 

 
 

which leads to 

 
or, 

 
or, 

 
This results in 

 
 

   B.  critical temperature, Tc 

 

 
 

Setting H = 0, as critical temperature, Tc , for  is taken to be that of H = 0 case, one 

gets 

 
One writes this as 

 
where, 
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Obviously, z = 1 is a solution of this equation. is also a solution for T < Tc . Moreover, 

where, kB  is Boltzmann constant. Again, 

 
Consequently, 

 
Moreover, when 

 
 

f(z) intersects the z = z line at z = 1 and other two points. This is a different phase, occuring for T < Tc . The onset of 

phase transition, hence, is at 

 
 

which implies after some algebra, 

 
 

which on taking natural logarithm of both sides, reduces to 

 
which finally yields with the result of previous subsection, 

 
i.e 

 

 

 where,  and Joule/Kelvin. 
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