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We will discuss here the other one!
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e Simon Newcomb (1881) & Frank Benford (1938)

e Benford law




Observed that the
earlier pages of log
tables are more worn
out.

Proposed that in any
list of data from any
source, the first digit
will be more often 1.




Newcomb’s conjecture

The logarithms of numbers are equally
distributed, instead of the numbers
themselves.
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Newcomb’s conjecture

It logs are equally distribute . |
prob that x has D as 15 sign










1938

 Frank Benford

e Checked it for a wide
variety of data sets.

e The law 1s known after
him, as Newcomb’s
conjecture had gone
unnoticed.
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308, 32, 32, 32,70, 913, 195, 398, 136, 189,
99, 128, 94, 602, 96, 214, 71, 325, 159, 126,
169, 202, 400, 165, 124, 145, 63, 383, 96,
192,247,268, 147, 133, 195, 294, 294, 232,
304,219, 211, 324, 20*, 303, 144*, 110,
121, 131, 172, 512, 96, 48, 16*, 96.



Total # of pages of the books on
the highest shelf of our flat

308, 32, 32, 32,70, 913, 195, 398, 136, 189,
99, 128, 94, 602, 96, 214, 71, 325, 159, 126,
169, 202, 400, 165, 124, 145, 63, 383, 96,
192,247, 268, 147, 133, 195, 294, 294, 232,
304,219, 211, 324, 20*, 303, 144*, 110,
121, 131, 172, 512, 96, 48, 16*, 96.



Frequency chart

First digit | Actual rel
frequency

1 3704

2 1852

3 1852

4 0370

S 0185

6 0370

7 0370

8 0

9 1296




Frequency chart

First digit Actual rel  |Benford
frequency |prediction
1 3704 3010
2 1852 1761
3 1852 1249
4 0370 0969
S 0185 0792
6 0370 0669
7 0370 0580
8 0 0512
9 1296 04358
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Frequency chart

First digit Actual rel  |Benford
frequency |prediction

1 3704 3010

2 1852 1761

3 1852 .1249
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9 1296 0458




Frequency chart

First digit Actual rel  |Benford
frequency |prediction

1 3704 3010

2 1852 1761

1852

.1249

0512

1296

0458




1995-1998

e Some mathematical insights into the law
have been obtained due to T.P. Hill.



Applications

 Fraud detection. Fraudulent tax return
fillings tend to have the first significant
digit as random. i




Applications

Fraud detection. Fraudulent tax return
fillings tend to have the flrst 81gn1flcant
digit as random.

Malpractices 1n elections as seen in

election results.
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Earthquake detection method

e Characteristic of seismograph pointer.
time window

e Calculate Benford violation parameter.



e Shift time window by a small value.

e Calculate violation parameter again, ...

* Plot violation vs. midpoint of window.



A glimpse of the earthquake
detection method




A glimpse of the earthquake
detection method




A glimpse of the earthquake
detection method




Sumatra-Andaman earthquake
December 2004




Sumatra-Andaman earthquake
December 2004

i Iml#l B

i L i A 1
KA signal
3B mhide - peieee Tal we bl o smliee| o Yol p-drap
St e ml b dnee o  Fasme T BT e b T
# ko
d n 2abri s Law prd el
§
o
a
E i )
\*‘-m-
T ) 1 T T ¥ ] T T




Outline
e Simon Newcomb (1881) & Frank Benford (1938)
e Benford law
e Violation parameter

e Detecting earthquakes by Benford law
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Quantum XY spin model
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Quantum XY spin model
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There r many ways to see the QPT ...



QPT of transverse Ising
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Osterloh, Amico, Falci, & Fazio, Nature 2002;
Osborne & Nielsen, Phys. Rev. A 2002.
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Violations and trivial violations

e Benford law 1s known to be not universally
satistied.

e But, some violations, like the following, are
“trivial”.
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Benford law detects QPT 1n TIM

We replace the shitting time window by a
shifting field window.
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Violation parameter for . | . |
Benford transverse magnetization
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Benford law detects QPT 1n TIM

Violation parameter for . | . |
Benford transverse magnetization
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Violation parameter for . | . |
Benford transverse magnetization

9~ Length of shifting field window
[ '1 =0.2, 0.15, 0.1
8- AL e e
1515 Shift = 0.0
i lg";\\ "«
Py s ™
7 f L \\;
| f Q«.‘anm ---..___:; ...........
6 E R . B0, o 3 i R - sy o B
TR~ .
B s\z 55
atd
3~ Al
o
s -1
W
4 I 1 1 | I |




Benford law detects QPT 1n TIM

Violation parameter for . | . |
Benford transverse magnetization
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Benford law detects QPT 1n TIM

Violation parameter for .
Benford transverse magnetization
Length of shifting field window
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Violation parameter for . | . |
Benford transverse magnetization
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Violation parameter for . | . |
Benford transverse magnetization
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Violation parameter for . | . |
Benford transverse magnetization
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Benford law detects QPT 1n TIM

Violation parameter for . | . |
Benford transverse magnetization

Transverse movement
between equilibriated plateaus of different heights
of violation parameter of a system characteristic

would indicate a transition.




Frequency distribution of 15 digits

Violation parameter 1s a characteristic of the
frequency distribution of the 15 digits.

The distribution itself hides further info.



Frequency distribution of 15t digits

a/J € (0.82,0.9) a/l € (1.1,1.18)

N = 1998



Benford law detects QPT 1n TIM

 Have also checked by using

a. nearest-neighbor classical correlations
b. single-site von Neumann entropy

C. nearest-neighbor entanglement



Finite systems
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In summary ...

 Benford law 1s interesting.

e The method of detection 1s similar to that of
detecting earthquakes.






Pictures used may not be free, and so do not
use them commercially without relevant
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