IR 27 4E (2015 4F) BE TEAKERE, < R ¥ —il

L CHIT)

HERYEBTHELETWS
— ChiEEZBICBAEI—

N
4
_—

H10m 9HI18H LAy vy

H— e

IC A —FicFam7a L
Al e L RTERDRT

URL: http://www.oit.ac.jp/is/ shinkai/nishinomiya

CDHEBEDNR—=Y



4
|

g

KAkl
S A5 IEE

Physics answers to “why?" in your daily life

EHGEH F

5 Ay oo T S35

ESNNEG &S, S

>
_

IS ® Bxom

\

2015 T0H6H*5E

272R—3, MR4A00=LELE, 2200 +4%




HHER @aidnew)

| RELEBRBHNS KEHELIEFI RS BN
SEERSISE EXSEELEER B () 2E@EXKES
DANLAKE (KBYAL2Y-X) BHERE CANRTINEHKS
BB RS (DHFSEEGES XS RN NOHERESNLISSE
BREESVGEMRE sRU TSBEXE BERESR) ISHNE CERR
B TEERE SRS (59 LT THERE ardrany
AU W) (ADXA)" TTES (4P LRI ERT) (MRS &
AFR*

9784334038779

1920242009007
1SBN978~-4~334-03877~9

A (F000+8)

0242 ¥900€

NN K —2 - REE - ERE 2z2r oo mxase

NN QA —= -
3B iS4 - R

| REREEBEC —coFVEE

e

MR

NO~BREN N2Y¢ 2L T ANMAYTAR | FESENgUES Y
MEW DNAN~ooRURUN | SFEERAUSSNOER W
P LR VJERESEVERED M Ao av \agoREVE
«OHUERESCUN L

#RVY BHSOESHFE~CcoRORY | SEEHBAR IS HD
URENSHOUSRYRSrQUES Y (hadhas—=) (BEEE)
(ERE) VIO MrAMATADSE | MUERKRYE L $EE”
BFEHMUSECHMUSNMIONDELUNNGMNR" BEYSRECR
RUHLOLEWLULD R " EECH R A RM N 0"

ERatn) L

774

FoC

XhR54 =, 900H+#:

OHIT06

2015%
344~

~
—
’



9 RFEZOYIE BEMSEEIRORT

RFF1= TANEHOZDEYY),
EEPNIERKEH T

1895F LYhT7Y HBHEEER
19455F [RFIRERAFR

1952%F KEIFHEFRF

1954F [FEFHESER®D (VEIN)

1806 £ 1 H 23 HiCLv >~ b
7YBEmE L EEOF O X



9.1 RFHREBEIR — BEMERR & FRUH

/ 7 7 M B A
| (BT 0 %)
BT\ |
h{ Zﬂﬁl \} R (1) IQC
\ ()T || | B A=Z4+ N 6
0@ NAE ) }
9 10-15m / T Z
- S E:E = %) 1010 (B %0
*2: 51, BT, #ETFOT-5,
=7 HAE Hi [kg] BHREu EHRWK
HT e electron | —e | 9.10938188 x1073' kg 1/1823 u 1
b £ p proton +-e 1.67262158 x107%" kg 1.00728 u 1836.15
F#F n  neutron 0 1.67492735 x107%" kg 1.00866 u  1838.68
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1s

2s

3s

4s

5s

6s

7s
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HAZR (periodic table)

1 18
1A VIll A
1 +1 R¥ES |29 21| — BETE2IFLOEH 2
H THREE - Cu — TARTENREDLDIEALERSN-TEH He
K 2 wEE(BAE - @ 13 14 15 16 17 AL
hydrogen " A i%% (ﬁ%g) — copper I" A IV A V A VI A V" A helium
1.008 1 EERBILHE 63.55 ~FE¥E —FEETH 4.003
3 +1]4 +2 1@]%;‘:%” B3 B +3|6 -4|7 -3|8 -2|9 -1110
Li Be [ Jemcan ECEEET B C N o F Ne
UFI L S UDLFN 2p VES R ZHR MR IvEk E¥ 2
lithium beryllium boron carbon nitrogen oxygen fluorine neon
6.941 9.012 EI“%“;E‘G;’&W []ﬁwmamyzs Dﬁﬂz%ﬂilﬂﬁ%@ﬁh\%t&éii 10.81 12.01 14.01 16.00 19.00 20.18
1 +1(12 +2 13 +3114 -415 -3[16 -2[17 -1/18
Na Mg Al Si P S Cl Ar
Fruma | woRLYL 3 4 5 6 7 8 9 10 11 12 3P| puz=wu A% e B % 7y
sodium magnesium imB IVB VB vViB ViIB Vil B Vil B VIl B 1B B aluminum silicon phosphorus sulfur chlorine argon
22.99 24.31 26.98 28.09 30.97 32.07 35.45 39.95
19 +1(20 +2 21 +3(22 +4,32|23  +5234(24 +3,2,6|125 +2,3,4,6,7(26 +3,2|1 27 +2,3|128 +2,3|129 +2,1(30 +2 31 +3 +4,2033 -3|34 -2[[35 -1|(36
K Ca Sc Ti Vv Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
COLIR PV L 3d| zmumn Fh RSN PN Ay # 25k = 4 T P sywn | prz=sa E% Ly 2% yTRy
potassium calcium scandium titanium vanadium chromium manganese iron cobalt nickel copper zinc gallium germanium arsenic selenium bromine krypton
39.10 40.08 44.96 47.87 50.94 52.00 54.94 55.85 58.93 58.69 63.55 65.41 69.72 72.64 74.92 78.96 79.90 83.80
37 +1(38 +2 39 +3(40 +4|41 +5,3|142 +6,3,5|43 +7,46|44  +43,6,8|45 +3,4,6|46 +2,4|47 +1(48 +2 49 +3(50 +4,2] 91 +3,5052 -2 -1]54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
WESD L AbBVFIL 4d ECLULFN Jaz=ryL = ) EJITY TIRF L WTF=D L [=DASFN AP FN R HREH L 5p EPFN AX TUFEY FILIL vk Ft/v
rubidium strontium yttrium zirconium niobium molybdenum technetium ruthenium rhodium palladium silver cadmium indium tin antimony tellurium iodine xenon
85.47 87.62 88.91 91.22 92.91 95.94 98 1011 102.9 106.4 107.9 112.4 114.8 118.7 121.8 127.6 126.9 131.3
55 +1/56 +2 57—71 72 +4[73 +5|74 +6,4| 75 +7,4,6/76 +4,6,8| 77 +4,3,6/78 +4,2(79 +3,1|[80 +2,1 81 +1,3]82 +2,4(83 +3,5| 84 +4,2485 86
Cs Ba Sva/48)  Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
I RUCIN 1 5d NI= L suaL a7y | L=oa FRI9L SUCZIN B & e 6P| syms 0 ERTR #a=mn | 7zery Sk
cesium barium lanthanides hafnium tantalum tungsten rhenium osmium iridium platinum gold mercury thallium lead bismuth polonium astatine radon
132.9 137.3 178.5 180.9 183.8 186.2 190.2 192.2 195.1 197.0 200.6 204.4 207.2 209.0 209 210 222 1 k2B 3
87 +1(88 +2 89—103 104 105 106 107 108 109 110 11 112 13 114 115 116 118 TR
Fr Ra 7oF/48]  Rf Db Sg Bh Hs Mt Ds Rg Cn Uut Fl Uup Lv Uus Uuo
T L ST L 1 6d FHHR—T DL RI=r L U—R—FI L R—1)J L AVPLFN RAMRYD L (F—LREFIL| LUNFZDL | ARL=ZUDL 7P JLaED L YINEY L
francium radium actinides rutherfordium dubnium seaborgium bohrium hassium meitnerium darmstadtium roentgentium copernicum ununtrium flerovium ununpentium livermorium ununseptium ununoctium
223 226 261 262 266 264 277 268 281 272 285 284 289 288 292 293 294
57 +3/58 +3,4]159 +3,4[60 +3(61 +3/62 +3,2[63 +3,2|64 +3/65 +3,4166 +3|67 +3/68 +3/69 +3,2|70 +3,2| 71 +3
lanthanides La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er m Yb Lu
T 4f SVBEY UL T5EFT L FADL TAAFI L PEUIZN araE L HRY=H L TIVED L DY =Py FN RILED L TIILEDL PULFN AYTFIVED L WTFI L
(rare eartn metais) lanthanum cerium praseodymium neodymium promethium samarium europium gadolinium terbium dysprosium holmium erbium thulium ytterbium lutetium
138.9 140.1 140.9 144.2 145 150.4 152.0 157.3 158.9 162.5 164.9 167.3 168.9 173.0 175.0
89 +3(90 +4191 +54192  +6345(93  +5346|94  +4356(95  +34,56|96 +3(97 +3,4(98 +3199 +3(100 +3(101 +3,2102 +2,31103 +3
actinides Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
I Sf TIOF=9 L NULPFN Tar7oF =7 Ly Iy FTY= L TILb=y L VEUPAVFN FaoL IN=D)9 L\ DIRIV=D L [FAVRBRA=9L TT)LEYL AUTLED L Vo VLV N A—L YL
actinium thorium protactinium uranium neptunium plutonium americium curium berkelium californium einsteinium fermium mendelevium nobelium lawrencium
227 232.0 231.0 238.0 237 239 243 247 247 251 252 257 258 259 262




B8AZR (periodic table)

e - Atomic Weight 1.00794 £
L . e Donsity  0.0899g/ - e
" Melting Point  -259.14°C Helum
| Boiling Point  -252.87°C S 10
| | o 3.,: o By weight, 75% of the visibie universe Is hydrogen, a “ g "hf' - OQ =3 Ném@
Na ' 11 Mg 12 coloriess gas. In space, vast quantities interact with 13 Su s 8'C 18
2 starlight to create spectacular sights such as the
Eagle Nebula (seen by the Hubble Space Telescope). &« ’f\
?odlum MagnesSium Alurrﬁnum 31 Argon
K ‘9 Ca 20 Sc Ti 22V 23/Cr 24 Mng. 25 Fe 27 Ni 28 C 29 Zn g 30 Ga 31 Ge Se / 36
® Q D | - JLICH N R I \
Potassim : u Vanadium = ChOmium @ Ma Cobait Nicked GamonT Gormanh,m SN Semaum oml Krypton
45 Pd Ag 47 Cd 48 In 49 Sn 50 Sb

“ g

S8
Rb! 37 S? 40 Nb 41 Mo 42 Tc 43 Ru 44 Rh 53
' ! “ 'ﬂ 6 @ m ¢ j
Ru m §ron'ln,m rium 2 Jum NObium Molyboanum | T atium  Ruthanium Rhodiun Palladiu Siver Cadmium Indium Antimony Telurium XJ

m
]4-]‘Hf 72 Ta 73 W 74 Re 75 Os 76 Ir 77 Pt 78 Au 79 Hg 80 Tl 81 Pb |82B|-'83Po B4 Al 85 Rn 86
@ < o ' m s @' ’z R ) ﬁ -‘ni
EEE p (a 5%;;, A “‘ Y 4 ¥ VO =
Pia ainlum Tantaum U Osmium Iidium Ptatihum Gold Thalllum Lead smuth Polorfium Astatine Hadon

88.*¢4Rf 104 Db 105/Sg 106 Hs 108 Mt 109 Ds 110 Rg 111 Cn 112 Uut 113 Uuq 114 Uup 115 Uuh 116 Uus 117 Uuo_ 118

Q\ ' ' ; . \... - m ’ 2
) ss2 - /4
Radum A %2 2 R jum Dubnium @ Seabldegium  Bohrium Hassum Aum Darmszamwm Roerfhanium ucowm m rium Ununq.;adum Ununpentium Ununhddum UnunSeptium  Unu

70 Lu

57 Ce 58 Pr 59 Nd Pm \61 62 Eu 63 Gd 64 Tb 65 Dy 66 H 67 Er 68 Tm
( g! y * nulium %

Promethium Samanu EL oo-um Gac)ounmm Tarbu,m Dysprosium Erblum Lutetium
93 P 96 Bk 97 Cf 98 Es 99 Fm 100 Md _ 101 No 102 Lr 103

Np, /-'*
R 4 @ @ ; k. e £ ﬁ? &h 9
Thorium : NefiUnlum = Piud Amererurr Curlu Berksllum = Callofium  Einsteitium emiulh M num aum

http://periodictable.com
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The Corona

- The lonized elements within the corona in
The Convection Zone ——— / mxmmmm';ummu:;n.
. . NASA Instruments can image the Sun's corona at

mi_plmlutbmm
ﬂnb?dh&lﬁﬂlhm
2008, .

n..
~ s‘ '.. b ".
IStroa“ ; NG i Mo ST Vg e ' The relatively thin layer of the Sun called the
Corona mers R e w2 el G < iV
- . PRl e vy .3 is ed field lines
- P Ot B s Tl T Y S mw bqunet:m
The outward-flowing plasma of the corona N . T o = A restrain the electrically charged plasma
s shaped by magnetic field lines into tapered R Y s o - . Docasionally larger plasma features—called
forms called coronal streamers, which extend - b iy x prominences—form and extend far into the very
millions of miles Into space. o tenuous and hot corona, sometimes ejecting
. - material away from the Sun.

© NASA



Star collapses

DIEHARD.FORGINGTHEHEAVIESTELEMENTS

Iron fusion requires more energy to be put in than it releases. Once a star has iron in its core, it is doomed. Fusion reactions elements into space
shut down and the star is at the mercy of gravity. It is in a star’s death throes that the heaviest elements are created.

-

Core layered with
unburned elements

Iron inner core

Blue supergiant star

Red giant star ————
As the star ages, it
cools, expands and
becomes a red giant.

Core blast wave Shock wave

1. By the time iron is created, 2. Unable to fuse iron, fusion 3. Moments later, the rest of
a star’s core resembles a shuts down for the last time the core follows suit and all
giant onion - layered with the and the iron inner core those leftover elements fall
unburned remnants of all the violently collapses under its towards the collapsing inner 4. The rest of the in-falling Elements in core
elements it has created. own weight. core. But the iron core can e ateaihicahe layers thrown
only collapse so much and, mautien belll and rEheuncs outwards

once it has been squeezed - releasing a blast wave of 5. Core material packed full of heavy

into a ball of solid neutrons gravitational energy. elements is carried with the blast wave.
its collapse halts.

Shock wave

6. The rest of the star also collapses and,

where it meets the out-bound blast wave,
it creates a shock wave where stellar
material is compressed and super-heated.

This triggers one last wave of fusion that
creates heavy elements like gold, lead,
mercury, titanium and uranium.

7. The shock wave tears through the
remaining stellar material and the star
explodes in a powerful supernova
explosion that throws everything the star
has made duringits lifetime out into space.

Inner core collapses But that isnft the end of the st that
Within seconds an inner core one-and-a-half ut that isn’t the end of the story —tha

times the mass of the Sun is compressed to a Restorh Neut c o Neutron core remnant Blast wave leftover ?a” of neutrons might still have a
sphere just 12km in diameter, est of the core eutron core ore materia part to play ...

collapses remnant ‘bounces’ back

Ben Gilliland, How to build a Universe
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SN 1006
Supernova Remnant

Image credit: Chandra, Hubble, and NRAO teams,
retrieved from heasarc.gsfc.nasa.gov.
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mean free path, 40 nght—_y'eqrs: ' 9™

- -

I\. SN"1006 Supernovg Remnant
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30 light-years :

rce; Park et al

(2012), NASA, ESA
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MMTEZE (Crab Nebula, M1, NGC1952)
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MMCEZE (Crab Nebula, M1, NGC1952)
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