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Part 1:
Scientific Methodology
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Example 3:
Inspired by a cover of Scientific Journal published during

Islamic Golden age (~8th- ~14th a.c.)
Hadiths by Holy Prophet Muhammad (peace be upon him)

e i ‘ I |
Learning science even el Blhss 0 s i ‘S' The women and men
from long distant place -
such as China

(geographical distance

does not matter)
\/\ uo c\ C c)‘yY‘)LZ{

should try to learning
the science (Gender
does not matter )

\VV uo c\ C s)‘g.;y“)l?f.f

Ideology must not
restrict our from
learning
(Collaboration)

Learning science
from childhood to old
age (age doesn't
matter)
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e B oo A strategy

Of Shahid Beheshti University

Islamic Golden Age (~8th- ~14th a.c.):

What I've done is obligatory upon‘every human and mankind that

apply to own desired art and techniques.
i.e. we shquld gratefully accept, all efforts of our prede
improve the fechnologies that have suffered.

cessors to

And if we [ind mistakes from the past efforts fry to correct them

confidently ...
Finally what you found during Your researches should be
order to be kept for posterity forever.

recorded in

Never confine ourselves fo what explained before us, and try to

complete Them as much as we can

{ /&) ) Abu Rayhan al-Biruni

e 5th september 973- 13th december 1048

institute for Research in- Working in Physics, Mathematics, Astronomy and natural
- am al Sc ces

Sciences
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Islamic Golden Age (~8th- ~14th a.c.): A strategy

Intellectual people who find bugs and
problems in the works of their predecessors.
Therefore, they try to modify mentioned
problems and inconsistencies as much as
they can. They look with hopefulness and
optimism to works done by predecessors,
and they don’t make them disappointment
and they never reproach and blame them. 2vn 100 o5
Since they could realize mistakes of former :
researches, they never be imperious due to
this finding and success.

From the introduction part of
Algebra (al-jabr wal-mugabala) Book

Muhammad ibn Musa al-Khwarizmi
780- 850 Working in Mathematics, Astronomy and natural Sciences



It is not surprising that the

Muslims were Flagship
~8th- ~14th a.c.



It is not surprising that the

Muslims were Flagship
~8th- ~14th a.c.

why aren't they now
the flagship?



It is not surprising that the

Muslims were Flagship
~8th- ~14th a.c.
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Some keywords}

anb Hlga o La saay Ol layly) —iiS :(Science) ale -
Explormg the relation between phenomena in Nature
oy foua e Jold sl ‘aUa.t 3 peia la €sls 4l gl degans
b e S L swany o SlblS)) g (dae 9 iad Shiadly guis dinds
What and why (el 9 oican) (3o oo caraabs Sy g Al
A set of systematic findings including observation;

examination and classification of subjective and objective
facts and the relationships between phenomena that lead to

.understanding of the Nature
0 — R ——————————————
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It is scientific nature and aims to directly apply scientific
principles and laws in order to achieve wealth and added value

(Big Science) ((dS) S, ale -
(Convergence of Science & Technology) (s,slié 5 ale (oal Saa -
1 —




BIG Science

cost: "‘SlOlO time: ~decade scientists: 1000s

LHC: Large Hadron Collider

to search for Higgs particle

LISA: 3 satellites

to detect gravity waves

ITER: international £\
tokamak (fusion power) & S

Harry L. Swinney, ICTP 2013 17



Hands-on table-top science

cost: ~S1000

time: ~year(s)

scientists: ~few

* Inexpensive instrumentation EERNSNEE.

webcam
$60

''''''''
......

=", ?

,,,

./"'

Harry L. Swinney, ICTP 2013

* Inexpensive computation

|18

Arduino

$30

T 5,08 ¢ \d 53 8
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Fundamental Sciences

Applied Sciences

Emergent Sciences

0

$29lid g ple oo) Saa

' Convergence of Science and Technology |

Wold 4 42 9 b Jiwo o & ol gleollns 31 (5,419 3 0 30
T g8 Sdos

Hardware resources no

Software resources

9 (uod (eSS Sbwl (51 9 ks Sleollis (o (3193 Slons!
S1979

Network visualization

Multiscaling behaviours

Emergence behaviours

o Jluwo Jo 5ok 49 2ol (58 5595 (8 35 i) 5O

Topological Data Analysis

Universal language such as Mathematics, ... j@

Interactive approaches between educations
and researches

SRS 5551 4 g JUESH Jngud sl 41 S yiden (31 Syt
a2 slell of g b SIS ek

Forecasting

Making necessary infrastructures 1 g3 yliw A gi g (i it P!

Promoting a culture of convergence based on
common goals

Bainbridge, William Sims, and Mihail C. Roco,

eds. Handbook of science and

technology convergence. Switzerland: Springer International Publishing, 2016.

19
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The science of knowing and quantitatively studying the natural

world (not the created world) with the help of mathematical
language (the language of science and equipment).
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Scientific Methodology
Model - Observation & Experiments - Statistical analysis

23



Scientific Methodology
Model - Observation & Experiments - Statistical analysis

@etical @ Observations
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Scientific Methodology
Model - Observation & Experiments - Statistical analysis

@etical @—)Qeasums e ObSEI‘V&tiOI’lS
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Scientific Methodology
Model - Observation & Experiments - Statistical analysis

@etical @—)Qeasums e Observations
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Scientific Methodology
Model - Observation & Experiments - Statistical analysis

@etical @—)Qeasums e Observations

Simulations
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Scientific Methodology
Model - Observation & Experiments - Statistical analysis

Theoretical @—)Qeasures e Observations

Simulations
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Scientific Methodology
Model - Observation & Experiments - Statistical analysis

Theoretical @——) Measures e ObSGI”V&tIOnS

<9
4@/} odellng

Q
4
&
/%OJ\G:? l
2 % <
SRR Yo d 2
Q. Simulations <~

@ta science /

29



Big Data (3V-model) |

|
|

| S —

SIS |, Big Data cplic <€ (535 culsl dan 5 4 ey n i 4
(VA4V JLw) cos) NASA sl 84y

(Volume) cuseS &uaa 51 (g (9IS ()

(Velocity or Production rate) ,Saua aalgi Suaj (Y

(Variaty) sLy £ 430 (Y

Cox M, Ellsworth D. Application-controlled de- mand paging for out-of-core visualization. In: Proceedings of the 8th
Conference on Visualization ’97. Los Alamitos, CA: I%EOEE Computer Society Press; 1997:2335.
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Data rate (bytes/night)

104 90 TB
10" VLT:Very Large Telescope
SDSS: Sloan Digital Sky
i Survey
10 VISTA:Visible and Infrared
Telescope for Astronomy
y LSST: Large Synoptic
10 Survey Telescope
TMT: Thirty Meter
1010 Telescope
VLT SDSS VISTA LSST TMT
(1998) (2000) (2009) (2019) (2022)

Kremer, Jan, et al. "Big universe, big data: machine learning and image analysis for
astronomy." |[EEE Intelligent Systems 32.2 (2017): 16-22.
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CERN:
TS (o LIS Sy s oad dales (a2 5l Ol
((Londs (g yaa \YYY)VAOF JLluw 3))
What is the universe made of and how does it work?
Wil ya Hueuls cnLES Y8 Wl

CMS Experiment at the LHC, CERN

D‘-""‘"{"” 1 010-) 2558 839P11 GMT(04:2858 GESTY
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Square Kilometer Array (SKA) Radio Telescope
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Part 2;

The roadmap of the
statistical mechanics
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|roadmap ||
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|roadmap 2|

Reversible and Irriversible Processes)

JLQuasl-statlc Processes)
{Thermal Equilibrium)
( <
~| Thermodynamics Equilibrium}—-ﬁnechanical Equilibriumj
\

—{ Chemical Equilibrium )

39



|roadmap 3|

®

Thermodynamics

Statistical mechanics

Classical Statistics (Maxwell-Boltzmann) @

Quantum Statistics @

®

40



(Thermodynamlee )

,( Statistical mechanics)

| |deal Gas Ideal Gas |

l / —{ | Ideal Gas with internal degree of freedoms )
{ Classical Statistics (Maxwell-Boltzmann)
\ L | Magnetic system J
R(Harmomc Osccllatorj

( Quantum Statistics J @

®

41



|roadmap 5|

(Thermodynamics)

( statistical mechanics

(_Classical statistics (Maxwell-Boltzmann) | (3) | BE condensation |

//(/( Photonic gas |

/( Bose-Einestain statistics ]

(Lattice vibrationsj

l
Quantum Statistics ) //———CPauli paramagnetisnﬂ
=

\
| Fermi-Dirac Statistics |

—{ Landau Diamagnetism)

\K\\{ Electron gas)
\
\‘[Thermoionic emissionj
® \(Relativistic Fermi gas)
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|roadmap 6|

Distinguishability J

/( Gamma-space)

Phase spaces) (

&mu-space)
/@icro-canonical]
—{Canonical)
Ensembles
Grand-CanonocaO
f Density of states )
—5 Ensemble average)
S - -
Observable Quantities
e {
—| Most probable value)

Fluctuuations

<
[ Thermodynamical potentials J

Thermodynamical potentialsﬁ
(Legender transformation) ®




Distinguishability |

Phase spaces) ®

Ensembles) @

Density of states ’
Observable Quantities | ®

y

Fluctuuations j

Thermodynamical potentialsJ

Internal energy )

)

{ Helmholtz free energy)

Thermodynamical potentials :
(Legender transformation) l {_Gibbs free energy )

o~ r
— Enthalpy potentlal)
Grand potential)




TI

Non-intracting systems)

Intracting systems)

Classic vs. Quantum)

Relativistics vs. Non-relativistics (ultra-relativistics))

Collisional vs. non-collisional_)

Degenerate vs. non-degenerate)




What questions can we
answer by learning
statistical physics?
FaSal b psilss oo |y 63V w4
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From discrete to continuous fields

Pointillism technique
sl bt ilss 5
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From discrete to continuous fields
)

Pointillism technique
sl bt ilss 5
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From discrete to continuous fields

—~ - __ AR E W] f_ m"

Pointillism technique
sl bt ilss 5

painting technique in
which small, discrete
dots work together
to create a concept.

Your brain has already played as a role of TDA machine

52
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Phase transition
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Effective theory K 590 Y- 3y @ ylas

7 = /D@e_[’, L = /der[cb]‘
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3.
D0 (] B, <
Computational Cosmology Group
Of Shahid Beheshti University
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