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Abstract
We study the names of the places in the Tourist Guide and Map, Meghalaya, designed, car-
tographed, printed and published by Indian Map Service, Jodhpur, Rajasthan, India, in the year
2016. We draw the natural logarithm of the number of names, normalised, starting with a letter
vs the natural logarithm of the rank of the letter, normalised. We conclude that the Tourist Guide
and Map, Meghalaya, can be characterised by the magnetisation curve, BP(4,H = 0), in the
Bethe-Peierls approximation of the Ising Model, in the presence of four nearest neighbours and in

the absence of external magnetic field, m = 0 or,fH = 0.
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I. INTRODUCTION

"The Abode of Clouds”..

As it was apparently christened by one famous linguist, Meghalaya is a state in the north-
eastern part of India, with clouds hovering over us almost all through out the year. The
capital is Shillong. Tourism is one of the main sources of income for the populace. We look
into one tourist map of this state. This is the Tourist Guide and Map, Meghalaya, designed,
cartographed, printed and published by Indian Map Service, Jodhpur, Rajasthan, India,
and distributed for the North-East Region by the United Publishers, [}, way back in the
year 2016. We go over from spot to spot, place to place in this map. We study the names of
the places. We count the names of the places in the Tourist Guide and Map, Meghalaya, one
by one, to probe for the magnetic field pattern. We have started considering magnetic field
pattern in [2], in the languages we converse with. We have studied there, a set of natural
languages, [2] and have found existence of a magnetisation curve under each language. We
have termed this phenomenon as the Graphical Law. Then, we moved on to investigate,
[8], into dictionaries of five disciplines of knowledge and found the existence of a curve of
magnetisation under each discipline. This was followed by finding of the graphical law in
references from [d] to [R1].

We describe how the graphical law is hidden within the names of places appearing in the
Tourist Guide and Map, Meghalaya, [I], 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. In the section III, we describe analysis of the names of the places of the
Tourist Guide and Map, Meghalaya [1]. The section IV is Acknowledgment. The last section
is Bibliography.

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= %Ziai, where o; is i-th spin, N being total number of spins. L can vary from minus one
toone. N = N, + N_, where N, is the number of up spins, N_ is the number of down spins.

L=%(Ny —N_). As aresult, Ny = 5(1+ L) and N_ = §(1 — L). Magnetisation or, net
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magnetic moment , M is u¥;o; or, u(Ny — N_) or, uNL, M0, = N
referred to as reduced magnetisation. Moreover, the Ising Hamiltonian,[82], for the lattice of
spins, setting p to one, is —€X,, ,0,0; — HY;0;, where n.n refers to nearest neighbour pairs.
The difference AE of energy if we flip an up spin to down spin is, [83], 2eya + 2H, where
v is the number of nearest neighbours of a spin. According to Boltzmann principle, N

AE

ir)» [34]. In the Bragg-Williams approximation, [85], & = L, considered in the
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thermal average sense. Consequently,
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where, ¢ = % , T. = ve/kp, [86]. TZ is referred to as reduced temperature.
Plot of L vs TZ or, reduced magentisation vs. reduced temperature is used as reference curve.
In the presence of magnetic field, ¢ # 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.
To have a feeling how this approximation leads to matching between experimental and Ising
model prediction one can refer to FIG.12.12 of [83]. W. L. Bragg was a professor of Hans
Bethe. Rudlof Peierls was a friend of Hans Bethe. At the suggestion of W. L. Bragg, Rudlof

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, [82],[83],[84], [85],[86],
due to Bethe-Peierls, [87], reduced magnetisation varies with reduced temperature, for

neighbours, in absence of external magnetic field, as
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factor™ 5 — factor™
ln% for four nearest neighbours i.e. for v = 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(ll) and the equation(R) 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(ll). BP(4) represents reduced
temperature in the Bethe-Peierls approximation, for four nearest neighbours, computed
from the equation(#). The data set is used to plot fig.l. Empty spaces in the table, I, mean

corresponding point pairs were not used for plotting a line.



BW BW (c—0.01) | B (4.8 77 — O) |reduced masnctisation
(@] O O a

O. 435 | 0O0.439 O.563 O. DTS
O.4A39 | O.4A3 O0.563 O. 977
O.1291 O.A95 O. 62~ O0. 961
O.501 | O.507 O.630 O. 957
0.514|0.519 O.64s 0,952
O. 559 | 0.566 O0. 65 O. 931
O.566 | O.573 oO.7 O. 927
O0.5814 | 0.590 oO.7 O0O. 917
O0O. 601 | O. 6607 O. 722 O. 9907
O. 607 | 0O0.6613 O. 729 O. 903
0. 653 | 0. 661 O. 770 0. 869
O0. 659 | 0.663 O. 773 O0.865
0.669 |0.676 O.7sA4 oO.856
O. 679 | 0.6833 O. 792 O.847
O. 701 | O. 710 O.S807 0. 323
O. 723 |0O0.731 0. 823 0. 805
O. 732 |0.74A3 O.832 O.7TO6G
0. 756 |0. 766 oO.s845 Oo.TT=
O. 77T | O. TS O.864 O. 740
Oo.8233|0.853 0.1 1 0.651
O0.850 | 0O0.861 O. 91 1 0. 623
O. 870 |0.8835 O.923 O.5922
0.883|0.8905 0.2 O.564
O. 899 | O. 913 O.527
O. 9904 | 0.926 O.941 O.513
O. 916 | O. 963 O. 965 O.-100
O. 967 | O. 993 O. 965 O.300
O. 937 1 O.200
O. 997 T O. 100
a a a1 O

TABLE I. Reduced magnetisation vs reduced temperature datas for Bragg-Williams approxima-
tion, in absence of and in presence of magnetic field, ¢ = % = 0.01, and Bethe-Peierls approxima-

tion in absence of magnetic field, for four nearest neighbours .
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FIG. 1. Reduced magnetisation vs reduced temperature curves for the Bragg-Williams approxima-

tion, in the absence(broken line) of, BW(c=0) and the presence(inner in the top) of, BW(c=0.01),

the external magnetic field, ¢ = % = 0.01, and the Bethe-Peierls approximation in the absence of

external magnetic field, for four nearest neighbours (outer in the top).



AB|C|D|EFIG|H|II|J K|L |M [N |[OP|QR|S|T|U|VIWX|Y
South West Garo Hills |3 |3 [0 (2 |0]0(2 |0|0|2 |1 |0 |4 |1 (0|2 (0|3 |0 |O |0 [0]|O |O]|O
West Garo Hills 6 |8 |10{21{0(0|7 |1 (0|2 |2 |0 |6 (2 |32 |012(5 (9 |0 (0|1 |00
North Garo Hills 11616 |0j02 001 (0 (012 |2 (0|0 |04 |2 |1 |0 |01 |O]O
East Garo Hills 8 |2 |6 |16/0(0|1 |0 (0|3 |1 |0 |6 (7 |03 0|6 (4|0 |0 (0|2 |0]0
South Garo Hills 215 (3 ]16/0|0(9 |0]0[3 |3 0|6 (4 |01 (0]|10|2 |4 |0 |02 |0|0O
West Khasi Hills 41310 |2 |0]0|0 |0|0|2 |6 |6 |23 (54 |05 [0 |5 |8 |5 [13[0|1 |00
South West Khasi Hills|0 |2 [0 (3 |0]0[0 |0 |0{1 |1 |0 |13 |10 [0 |8 (0|2 |4 |0 |0 [0]|0 |O|O
Ri-Bhoi 1702|001 |1|1|5 (8 (10]18 |16 (0|7 |0 |6 |7 |3 |37|0 |1 |0 |0
East Khasi Hills 012 |1 1(31(0[0|0 |2|1|2 |2 |16/41 ({18 |09 |0 |4 (13|5 |4 (0|4 |00
West Jaintia Hills 1/11{0 1 1(0}0|0 |O|O|5 |5 (6 |21 {9 (0|8 |0|2 (8 |6 (3 (0|1 |00
East Jaintia Hills 01|50 1(11]0|0}0 |1]03 |3 |4 |12 |3 (0|3 |01 |8 |5 (8 |01 |O|O
Meghalaya 26(44(21|73]0 |0 (22|15 |2]29|32]42|152|126|3 |48|0 |55|61|38|65|0 [14|0 |0

TABLE II. The number of the names of the places of the different districts, as of 2016, sepa-
rately and taken together of Meghalaya along the English letters, in the Tourist Guide and Map,

Meghalaya, [1].

ITII. ANALYSIS OF THE NAMES OF THE PLACES IN THE TOURIST GUIDE
AND MAP, MEGHALAYA

Counting one by one the names of the places in the Tourist Guide and Map, Meghalaya,
[M], starting with different letters, leads us to the table, . Largest number of places in
Meghalaya, are with names starting with the letter M. Next comes the places with names
starting with the letter N, followed by places with the names starting with the letter D,..
To visualise we plot the number of names of the places, [I], against the respective starting

English letters, in the figure fig.D.

For the purpose of exploring graphical law, we assort the letters according to the number of
names of the places beginning with, in Meghalaya, in the descending order, denoted by f
and the respective rank, denoted by k. k is a positive integer starting from one. The lowest

value of f is two. Hence we attach a limiting number of place name one. The corresponding

Inf and Ink

varies from zero to one.
lnfmu,z lnklzm

rank, k, denoted as ky;,,, is twenty. As a result both
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FIG. 2. Vertical axis is number of the places, in Meghalaya, [1], and horizontal axis is the respective

letters, the names are starting with. Letters are represented by the sequence number in the English

alphabet.

lnll?l’:m in the figure fig.B.

We then ignore the letter with the highest number of names of places starting with, tabulate

Then we tabulate in the adjoining table, [Tl and plot lnl]?ﬁ against

in the adjoining table, I and redo the plot, normalising the Infs with next-to-maximum

Infr_maz, and starting from &£ = 2 in the figure fig. . This program then we repeat up to
k = 6, resulting in figures up to fig.B.



k |Ink |Ink/Inkyp,|f  |Inf  (Inf/infree | 0f/0 fomas | I0E/I0 fonmaz | I0E/ 10 f3pmaz | I0E/ 100 fanmas | I0E /10 fsnmaz
110 10 152]5.024|1 Blank Blank Blank Blank Blank
2 10.69{0.230 126(4.836(0.963 1 Blank Blank Blank Blank
3 {1.10{0.367 73 14.290(0.854 0.887 1 Blank Blank Blank
4 11.39|0.463 65 14.174/0.831 0.863 0.973 1 Blank Blank
5 1.610.537 61 [4.111]0.818 0.850 0.958 0.985 1 Blank
6 1.79/0.597 55 14.007|0.798 0.829 0.934 0.960 0.975 1

7 11.95/0.650 48 13.87110.771 0.800 0.902 0.927 0.942 0.966
8 [2.08/0.693 44 13.784/0.753 0.782 0.882 0.907 0.920 0.944
9 12.20{0.733 42 13.738|0.744 0.773 0.871 0.896 0.909 0.933
1012.30(0.767 38 13.638]0.724 0.752 0.848 0.872 0.885 0.908
11/2.40/0.800 32 13.466(0.690 0.717 0.808 0.830 0.843 0.865
1212.48|0.827 29 13.367|0.670 0.696 0.785 0.807 0.819 0.840
1312.56/0.853 26 13.258|0.648 0.674 0.759 0.781 0.793 0.813
14/2.64/0.880 22 13.091{0.615 0.639 0.721 0.741 0.752 0.771
152.71]0.903 21 |3.045/0.606 0.630 0.710 0.730 0.741 0.760
16/2.77]0.923 14 12.639/0.525 0.546 0.615 0.632 0.642 0.659
1712.8310.943 5 {1.609(0.320 0.333 0.375 0.385 0.391 0.402
18/2.890.963 3 ]1.099]0.219 0.227 0.256 0.263 0.267 0.274
1912.94|0.980 2 10.693]0.138 0.143 0.162 0.166 0.169 0.173
20(3.00{1 1 10 0 0 0 0 0 0

TABLE III. The names of the places in the Tourist Guide and Map, Meghalaya: ranking, natural

logarithms, normalisations
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FIG. 3. The vertical axis is lnlﬁfm and the horizontal axis is ; nl,?lk . The + points represent the

names of the places in the Tourist Guide and Map, Meghalaya,[l], with the fit curve being the

Bragg-Williams curve of the Ising Model, in the absence of external magnetic field, ¢ = % =0.
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FIG. 4. The vertical axis is —/— and the horizontal axis is The + points represent the

names of the places in the Tourist Guide and Map, Meghalaya,[l], with the fit curve being the

Bragg-Williams curve of the Ising Model, in the absence of external magnetic field, ¢ = % =0.



names in Tourist Guide Map, Meghalayva-2n and BPR(4d,beta H=0)
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FIG. 5. The vertical axis is lnhmif and the horizontal axis is lnll?lk . The + points represent

n—mazx

the names of the places in the Tourist Guide and Map, Meghalaya,[l], with the fit curve being the
Bethe-Peierls curve, BP(4,4H = 0), of the Ising Model, in the presence of four nearest neighbours

and in the absence of external magnetic field, m = 0 or,6H = 0.

names in Tourist Guide Map, Meghalayva-3n and BP(4d,beta H=0)
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FIG. 6. The vertical axis is lnfglnif and the horizontal axis is lnll?lk . The + points represent

n—mazx

the names of the places in the Tourist Guide and Map, Meghalaya,[l], with the fit curve being the
Bethe-Peierls curve, BP(4,4H = 0), of the Ising Model, in the presence of four nearest neighbours

and in the absence of external magnetic field, m = 0 or,6H = 0.
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names in Tourist Guide Map, Meghalayva-4n and BR(4,beta H=0)
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FIG. 7. The vertical axis is lnfjnif and the horizontal axis is lnll?lk . The + points represent

n—mazx

the names of the places in the Tourist Guide and Map, Meghalaya, with the fit curve being the
Bethe-Peierls curve, BP(4,4H = 0), of the Ising Model, in the presence of four nearest neighbours

and in the absence of external magnetic field, m = 0 or,6H = 0.

names in Tourist Guide Map, Meghalayva-5n and BP(4d,beta H=0)
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FIG. 8. The vertical axis is Wsl”if and the horizontal axis is lnll?lk . The + points represent
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the names of the places in the Tourist Guide and Map, Meghalaya, with the fit curve being the
Bethe-Peierls curve, BP(4,4H = 0), of the Ising Model, in the presence of four nearest neighbours

and in the absence of external magnetic field, m = 0 or,6H = 0.
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A. conclusion

From the figures (fig.B-fig.B), we observe that there is a curve of magnetisation, behind the
names of the places, in the Tourist Guide and Map, Meghalaya, [1], This is the magnetisation
curve, BP(4,H = 0), in the Bethe-Peierls approximation of the Ising Model, in the presence
of four nearest neighbours and in the absence of external magnetic field, m = 0 or,fH = 0.
Moreover, the associated correspondence is,

Inf M

;
lnfSn—ma:c Mma:c

Ink «——T.

k corresponds to temperature in an exponential scale, [89].
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