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Abstract

To prepare for diverse career paths, students have to learn diverse fields of science and
engineering. Education a student receives in a Japanese university, however, is limited to what the
faculty and the department he/she belongs to offer. The number of instructors belonging to one
faculty or one department is quite limited in most Japanese universities, when compared to those
in the US or in Europe. This shortcoming has been preventing students to learn and be trained in
emerging new fields in the neighboring fields.

Among leading universities there is another implicit pressure among students studying
mathematics and physics that the “best” mathematics and physics take the “pure and simple”
forms. This way of thinking has been formed in the earlier half of the 20th century when several
revolutionary ideas have been proposed. For example, the 4-color theorem in mathematics was
proven by the team who had better access to multiple IBM-370, the super-computers in mid 1970s
than competitors'’. The dream proof of Fermer’s theorem took hundreds of pages. (1: Robin Wilson:
Ilinois Journal of Mathematics Vol 60 (2016), pp 149-178)

In particle physics the super-string theory has been attracting many talented scientists world-
wide. No body yet sees the ultimate theory.

Meanwhile, fields including astrophysics, medicine, molecular and biological sciences have become to
rely heavily on data analyses. The data come either from observations, measurements, or simulations.

Many developments in data science came out of physics: the famous Fermi-Pasta-Ulam note led to
the theory of solitons, the KAM theory and machine learning algorithms. Feynman-Kac formalism
is based on the path-integral in quantum mechanics. It finds hundreds application in the fintech
field. Sadly, many physicists and mathematicians do not know about these developments.

The teaching material have been prepared to catch attention of students and instructors in the
fields of science.

* Emeritus: University of Tokyo (Physics) and Stanford University (SLAC and KIPAC)
** Hiroshima Institute of Technology, Electronics and Computer Engineering
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Make Best ,
Use of your a Know you PC’ s specifications (Windows 10 and 11)
PC 2024
b Check that Hyper-V is enabled
c Download x64 or x86 depending on your PC architecture
Use WSL 2 because it runs a real Linux kernel, through a subset of
d Hyper-V features.
e Install Ubuntu on WSL2. Download from Microsoft store:
f Setup your super—user password (used when running >sudo)
Access the Windows C: file system by change directory
g cd /mnt/c/users/your user id/
h Install applications using >sudo apt install, >sudo apt update,
>sudo wget, >sudo curl
i >sudo install python3.10 or >sudo install python3.11
Intro to ) )
Astrophysic a Fits viewer fv
al Data
Analyses b Download data of Fermi Large Area Telescope y-ray observatory
c Sample Astronomical Data Analysis: Fermi—LAT + DS9
d Sample Data Analysis: Orion mol cloud (Fermi—-LAT and DS9)
e View images taken by Subaru SupremeCam with Aladin
f Crab Nebula images by Chandra (X-ray) with Aladin Sky Atlas
g Make intensity contours from the Chandra (X-ray) image
h Review for Reports on Progress in Physics: Crab pulsar
i Andromeda Galaxy (M31) B—filter image at Digitized Sky Survey
J Make a constellation map and convert to Boat—Shaped image
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Title [tem Contents
Strong
Gravitational a A complete Einstein Ring by James Webb Space Telescope
Lensing
b Einstein Cross (from Hubble and WIYN)
c Complex distorted grav. lensing image incl. a ring
d Lensing by a large galaxy cluster GAL-CLUS-022058s
e Complex Gravitational Lensing by a dense cluster of galaxies
f HST Legacy: mos_0441167 ACS/WFC F555W (mosaic)
g Strong gravitational lensing of explosive transients
JWST Do no download Data using Bulk Downloads: it takes forever. Simple
Science way No.1 is to download JWST images in jpeg and edit them.
iatT ) Simple way No.2 is to download the first release data. Set“Release
nalysts Date”btwn 2022-07-13 14:00 and 2022-07-013 16:00 and download.
Find “filter selection” and choose 444, 200, f335.
Open the 3 fits files in DS9 to make a combined false color image
Read in the 3 fits files one by one and assign an RGB color, RGB.
Transform
Cartesian to a Install ImageMagick and convert cartesian Earth map and cartesian
Ze_nith Fermi Lat All Sky maps to plots Zenith Azimuth Maps.
Azimuth Map
Planar Map Download Universal_Transverse_Mercator_coordinate_system from
; a
:;I) Spherical Wikipedia. The zoning is at a regular longitude interval (6 deg).
ap
b Calculate the two longitudinal boundaries of a UTM zones.
C Use python codes provided and boat—shaped swaths and cuts.
QGIS Shape o ]
) Learn about QGIS, the geographic information system (GIS) software
File to CSV
and Excel

Install QGIS program to your Windows 10/11

Import shape (*.shp) files from QGIS Desktop: ne_110m_coastline.shp

Simplify or smooth shape files

export OS Boundary Line shape (k.shp) files

to csv's containing the boundary line in latitude/longitude
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8 General a Data analysis: the process of using data analysis to infer properties
Statistics of an underlying distribution of probability.
escriptions of statistical models: 3 levels of modeling assumptions.
and Descriptions of statistical models: 3 levels of modell ti
Inference b . . . .
Fully parametric; Semi—parametric Nonparametric
c No one—size—fits—all method: Residual plots and Cross validation
d Paradigms for inference: Frequentist and Bayesian inferences
® Likelihood-based inference:
® Assume a specific set of parameter values (8’ s)
® Formulate the statistical model such as normal distribution
e ® Construct the likelihood function (with parameters 0’ s)
® Maximizing the likelihood function
® Assessing adequacy of the model and assess uncertainty
® Inference and interpretation
Glossary of probability and statistics; acronyms used in probability
f and statistics; Statistical distributions;
G Distribution Density Functions (plots and python codes): and
Simple and Metropolis Rejection Sampling (python codes and plots)
Birth of Fermi—Pasta—Ulam—Tsingu paradox : They added a weak nonlinear

9 Numerical a interaction and found that almost all energy in an oscillator system
Experiments come back to the lowest frequency => the FPU of FPUT paradox.
(Monte b Pursuit for the solution of the FPU paradox led to soliton science,
Carlo) in chaos science and the KAM theory.

Science - : : - —
o Discovery of solitons in Korteweg—de Vries (KdV) equation in a
computer exp by N. J. Zabusky and M. D. Kruskal
q KAM theory and stability all kinds of orbiting motion: Stability in solar
system, Saturn’ s ring, asteroid distribution in the solar system.

10 Bayes a Bayes Theorem assumes no prior. The theorem is stated in many
Inference VS different ways in the literature and terminologies are confusing.
Frequentist’ : : —

s Inference b Events E in a sample space S: A be any event in S. Then conditional

probability P(F;|A) means prob of E; given that A is observed
Statement may be written differently. Events {£}: the hypothesis.

c A E): the prior prob of hypothesis {E}; A |A): the posterior prob of
hypothesis {E}; KA | B): likelihood A occurs under hypothesis {A}.

d A graph is plotted to understand the concept above.
Bayes theorem works well when there are hidden (latent) variables:

e

Bayes’ billiard table arguments (referred to a python codes)
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Pseudo
11 | Random a History of Pseudorandom Number Generators
Number
Generator b Multiplicative congruential generator (MCG)
and
Mersenne c LFSR extension, generalized feedback shift register (GFSR)
Twister Matsumoto and Kurita (1992) introduced a variant called the twisted
d  GFSR(TGFSR)
Mersenne Twister by Matsumoto and Nishimura (1998)
® It is based on the Mersenne prime number 27(19,937) — 1
€ ® [t can be implemented using a 32bit word length.
® [t is often called the MT19937-32 generator.
f Many new algorithms are proposed yearly
There are a few Assessment Test suits for RNGs are available.
g NIST's Stat Test Suite for Pseudo RNGs (2001)
h Explanation of Mersenne Twister
12 Randorfmess a NIST’s Statistical Test Suite for Pseudorandom Number Generators
test suite = Python implementation —
master by
NIST b ® Test For Frequency Within A Block
® Runs Test
® Test For The Longest Run Of Ones In A Block
® Random Binary Matrix Rank Test
® Discrete Fourier Transform (Spectral) Test
® Non—-Overlapping (Aperiodic) Template Matching Test
® Overlapping (Periodic) Template Matching Test
® Maurer’'s Universal Statistical Test
® Linear Complexity Test
® Serial Test
® Approximate Entropy Test
® Cumulative Sum (Cusum) Test
® Random Excursions Test
® Random Excursions Variant Test
13 Expt.ec’?ation a K-Means Clustering gives for a given number of clusters.
Maximizer Elbow point and Silhouette score give the best number of clusters
with Faithful
Geyser and b Expectation—Maximization Algorithms: Gaussian Mixture Model
Iris Dataset
c Approximate nearest neighbors in t—distributed stochastic neighbor

embedding (TSNE) applied to the hand—written numeral dataset,
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Title [tem Contents
Earth Orbit Earth’ s Milankovitch Cycles: the long—term, collective effects of
14 Eccentricity, a changes in Earth’ s position relative to the Sun are a strong driver of
Rotation Earth’ s long—term climate, Milankovich Cycles.
Axis and Axial obliquity (tilt) €, Eccentricity of the orbit (e), Daily—average
Milankovitch b insolation at top of atmosphere on summer solstice at 65N.
Model
c Data fitting to temperature models of late Pleistocene deglaciations:
d The 100kyr cycle and 44kyr cycle reproduced by the model.
Change in eccentricity, obliquity, precession of the Earth orbit and
€ precession is likely influenced the birth of Homo Sapiens.
Markov History leading to proposal of the Monte—Carlo Method
15 Chain Monte a @ Calculation of the chain reaction in enriched U-235 in UK during
Carlo: WWII (MAUD Committee)
History and ® Serber-Wilson method during WWII (US DoE LA-1391)
Review ® Diffusion eqn was solved numerically byT-5 desktop calculators

mostly by wives of Los Alamos scientists.

® Paper by A.A. Markov (1906) has not been explicitly cited in
publications on the Monte Carlo method.

® Nicholas Metropolis, S. Ulam: The Monte Carlo Method (1949)

® N. Metropolis, A. Rosenbluth, M. Rosenbluth, A. Teller, E. Teller;
J. Chem. Phys. 21, 1087 (1953)

b Sampling needs to be efficient: Metropolis—Hastings algorithm,

Path to the second—generation MCMC revolution
c ® Gibbs sampler (Geman, Geman,1984)

® Hamiltonian (Hybrid) Monte Carlo introduced by Duane et al.
for lattice field theory (1987) and by B.Mehlig, et al, for
molecular dynamics (1992). Desirable features for MCMC, the
time—reversal and detailed balance come out naturally

® The leap—frog method has been adopted in 2003

® No-U-Turn HMC introduced to improve sampling efficiency

Hamiltonian Monte Carlo method applied to coseismic fault model
estimation by Yamada, Ohno and Ohta in 2022

e Comparison of convergence speeds: random—walk MH vs HMC

f Possible artificial correlation: No—U-Turn, HMC, Gibbs samplers

g Unwanted correlation in sampling: Adaptive Metropolis Algorithm

Improve convergence: Delayed Rejection + Adaptive Metropolis =>
DRAM inference
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Sequential Hamilton MC vs Sequential MC

16 | Monte Carlo ® HMC performs well with continuous distri with “weird” shapes
and a ® Sequential Monte Carlo methods—also known as particle filters—
Feynman— offer approximate solutions to nonlinear state—space systems
Kac Formula The particle filters may be interpreted as mean—field particle

b interpretations of Feynman—Kac probability measures.
Importance sampling is essential. It find where the current estimation
c deviates from the target and enhances that part for next sampling.
Feynman—Kac formula establishes a link between parabolic partial diff
d egns and stochastic processes. It finds applications in finance
Feynman—Kac formula provides an integral representation for the
€ solution and hence helps to establish error estimates.

17 Self- - a Two roots led to the Self-organizing maps: one comes from Teuvo
Organizing Kohonen (1982) and the other comes from J. Hopfield (1982, 1984).
Maps and Kohonen map: sort objects (eg. MINST) by shapes and group them.
Hopfield b Hopfield network fills in missing parts or remove noises (eg. MINST).
Network Because Hopfield net is single—layer, it can be trapped in local min.

Demonstration python codes:
C ® Traveling Salesman Problem
® Clustering using shape (MIST)
® Correct shapes to match the example
Raspberry

18 | Shake and a
Anatomy of
the Earth b

c
d
e

19 Thermo- a A complete set of drawings to make an inexpensive thermo—vacuum
Vacuum former do—it—yourself way. (Material cost less than 200USD).
Former of ) )

Tactile b Decompressor: Thin vacuum chuck; Vacuum box; High power
Sheets to vacuum cleaner

Enhance ) . .

Accessibility c Heating plate assembly: Aluminum heat reservoir

to lData Photos showing working procedure, step—by—step, to transfer
Science d

tactile graphics to A4 size Brailon sheets.




TR O L TR T — 734 T2 AEM

Appendices

HEE 1 ETFHERIFES SEEIA
ATo 72k

- DS9 R ffio 2 FH T — ¥ DPIEE

- ImageMagick % ff - 7z W& 1.

* QGIS % fifi > 7= ik L K O

- QGIS & ffi 5 7o — b~ v T OHfE

CATEZE

RIS HOFEHzE L. 7— 5 O, —Bl%RZ &
PHEMPRILEFTET Y=V T bEflioTIT) 2 LA
TELILEMoT, Thfits 77 A NVR gis e EDfFA
BIERDOT—% 7 7 4 VWD ThHIL, & 525 ENAO
% OBMDHIRIEEINT VD Z L 272, HRfEIHT
WBETF— Y TRELRLDEANE I L THZT— 7 &21F
ikt AT,

- SHBRoOBRE

SR QGIS % A 4 Y ICTEB 24T > C& 7225, F72
F— I EENFHIFLL VDI L LATETCW o727
OEREMHT LT —FICFEZMAT o L HIWIZH - 72
F=¥ NS X I L2 BAAICIZSH DN — R
XY T T L [BKDBEEI VG DLEIITTEH] v
TENTEDL LT LIz,

%!

ZOFEEE LT BT EFTHNT I 2o /250
WOF—5RY 7 Mt 2N TE, 5F CHKEE
FroTWhnro/Z LICHKEZ LB, HOHY DA
EWPLT LN TELLE S FRIZHRERDMES 72 QGIS
BHWETF—=FICE > TARBIZZL EADIENTES T
DR EHICLTBL AL LEE T2, BEHD I —
TA YT THOBEDNH oA, EFBICOMHHT LI LT
57200 TELIERZMR L2,

Z 2 E TOWEEIE T ORBERHEROME 2 AT 2 Vi

R hotz B,

HwEE2 EFERIES BN JF
RISC & ARM 22w\ T

BT RISC & ARM IZDoWTE ZDMBREHRT L
RISCIZCPUT —F7 27 FvO—HT, BHLGN%
EHICEBH T LT T - v AR &R S
7T—%77Fx¥TL7.

F72, RISC &xtic%m b7 —F 527 F % & LTCISC 2¢
HYFLA CISCIIHEMLUEELZ TX 520w s

M TS EIE TR I+ = Y ARMESEELT—F
T27FxTL7 CISCIZTRARZ by Iy arR, A—
N=a Y ¥a—47% EOBIEREARD 5N 5 BE T
SNTVET.

ARM I Advanced RISC Machines ® 3H - % I - 7
LDOT, RISC7—%727FxO—HTLA. ARM i&—
ey 72 RISC 7—F 7 7 F x L I, KN HEEILICHL
L7#&FHI > TBY, FRCENL VTN, 2Dy T
) —F R IR T 2 oRELITbITwE . ARM
BAR— 7R/ — b8V ay, #EHnr—agilo
ENAL VTN A, MZIET—Fa -4y b
T—=27%ED T HEHICHHHINTHET

RO T —~Th b [BRILER AD ZH#i25 O IKIH
BEE] LoBEE LT, RICY AT AR E %
RIzL & FUINVTANER, BHREEERT L0
i CPUZBBLAZTNER ORI LbHEHEHER
ENHOT, HHTLZ7—F77F v & LCIE [MEHEE
Jb) BRI L% ARM 7 —F 727 Fx 2§52 &
Wbl EZONET.

HEIN—FY 27 HEY)OTF—< %2R L TV L0, &
BV 7 by 27O L 2E2 a0 0VH) £H
ATLZA, SGRloiEz @ LT, £k Tlicy-o
VAT AEBET L2012, SHNAHEE DD, e
BAEPOYRELAEZ ZITNELROLVWEREF LA £
7o, BILGA ORGSR HAOHN OB O % 13 50 7%
PHLBED VB 5 720T, L THEKE, 72T
T, R KFBRICHEST 27200k E TICP LR S 5
7o, WFEOMMEEED T, 7a— NVITHERTE 5 AM
2N XHHRY 9. SHIEHELEEZTHE, A4
WKHhhL)TSnF Lk,

WEEI EFEHRIER HERHE

FITFH D 7 — % % Phython # 245 T plot L THF
L7z, T=F3 WA T7T7—=h4 ThL#ip%E D T L
T Phython TII/RT A Z LN TEXDT, HJPOHWIE
FERLFE L7

41X Phython 2 b - &2 2 X H TR L 72w &
BoTwEd. i, AN EREEZ RO TwsETs
T3, Python i3 & THEM LY —V72E, ZOEEZ
HWLTOAPo72DT, TREHHLTWA WAL Z &IHk
BRLTOWEZWEEZTVET.

HEE 4 EFERIFR FRXM

BBEEEOT 7 ) 7 T TIZBMLIz& o, 77/
77 T ORATEEHEA R THBIN L 22mz T, b
& EFHICHED D - 720 TENICH T 270 % #KE L



BILHU - AR

THRIZVEB ST TY. ROICETAAEDER %
LT, HFETH-VEMYLRNETH-72), HHFZDOD
ARERELE Lo ZFXCTHRILTZ 2 75 7ORh#ERM
BT RNA AR ERWREE, AT T—h A TRA
VOV RS LTORE Lz, RS2 TR
AR THGBVWEMBET ZNEV) I EZ, ZOREBRP
HRAOEIT DX —LI—F 4 V7 THOTL
720 TDOI—T 4 Y TTIE, B4 L SHARLA DI 2
R WP BATHIR S TALRIVEMo TWVZD DN
2> TwE T,

Ll RITAGCAA T T —=H A THhDS fits 774 WV

¥ ya—FLT, N4V TMI6E W) BBHEN %
Ty bLEL TATT—IATHhOLELRT—F %
WMoTHFyru—FL2), "4V Y TOHRKNGRT—%
DFE AR TR LD, for LTOTF—F D—§7
oy M EIZFCE L

DX BRHEERT, SETHIATI hhos/zZ i
WO#MHT, LTCHHRELDIDOICARDF LA BEOI—
F A YT TREEOHEIZOVTALZTHICMNAS Z &
TETHELLS/2TY. Fh NV VIIEFERRE
THUDOYR—- I TELZ DM T L7



