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Puddle Interference The concept of interference shows up in
everyday life in bodies of water, from puddles to oceans.
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Kamioka Gravitational wave detector, (Large-scale Cryogenic Gravitational wave Telescope)
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Michelson-Morley experiment 1887
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E = mc?

ARTRHELEUVUTIRIVF—RFIZERD L, . .-

BEERAR TG 2 o C A VT —2EET A L,

c? 1 3 ot
E=m = mc® + —mv? 4+ —m— + - 3.10
V1= (W/op " M A

LB DDA ol B2EHITER T ANF 7205, 1 HIIWED
HELTWL EZICD O DEEIRNX—TH L. % 3 HL TN
FRIETH E WR 5.

AIEEETXRILF— (IRIVF—LEEOFHFMME)

E = mc? (3.11)
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E = mc?
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E = mc?
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"You think you're pretty
smart, don't you?"

E=F)

The Musical Theory of Relativity
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3. % ET R >> 3.7 BEFRERID

LRI & RFZRID

DPFESLVLDOHAEZR, EFRID
RFZDEHEZNE, =G
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RF - [RF%

O T Z HLE A
(B0 #)
>_ £ (1) 12c
HEMA=Z+N 6
I?’i%%'é% A
> 10 10m (B 7 D30
Eik =) Gl BHE BHE

R p proton | +1 | 1.67262158 x 10727 kg | 1836.15
F#F  n neutron | 0 | 1.67492735 x 10727 kg | 1838.68
HT e electron | —1 | 9.10938188 x 103! kg 1




Period

1s

2s

3s

4s

5s

6s

7s

HAZR (periodic

table)

PO

1 FERETE

1 18
1A VI A
1 +1 RFES —|29 21 — BETEL/F 2 O 2
H z%i2% | CU |- aERS/rREOLOFATARSN-TH He
Py 2 THEL(BARE) — A 13 14 15 16 17 AL
hydrogen A THRA (EE) - copper imA IVA VA VIA VIIA helium
1.008 1 EEEITH 63.55 ~F¥E —EEETER 4.003
I —
3 +1|4 2| 2BxE | £Exxl5 +3|6 -4|7 -3|8 -2|9 -1|10
Li Be [ Jwmcan [ Jespms B Cc N o F Ne
UFo L RYYry L 2 GPES % 2% BE TvER ES
lithium beryllium boron carbon nitrogen oxygen fluorine neon
6.941 9.012 Dﬁiﬂ'@;’&% Iiliwmamm I:Iﬁﬂl%ff'lilﬁlﬁ{?ko)ﬂb\%t;éi;% 10.81 12.01 14.01 16.00 19.00 20.18
1" +112 +2 13 +3414 -4(15 -3(16 -2(17 -1(18
Na Mg Al Si P S (o Ar
Frumn | wrrema 3 4 5 6 7 8 9 10 1" 12 3p| Frz=es 1% > w e SIS
sodium magnesium B IVvB VB VIB viiB vill B villB Vil B B 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 +4,3,2(23  +52,34|24 +3,2,6(25 +2,34,6,7|126 +3,2(27 +2,3(28 +2,3/29 +2,1|30 +2 31 +3|32 +4,2433 -3|134 -2/135 -1|136
K Ca Sc Ti Vv Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
Hr L HILT oL 3d RAADY L FH INFOHL Zi=FN K7V £ =VAV/S =virL ] i 4p HID L TII= L (== LY LES 9Tk
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  +4,36,8|45 +3,4,6/46 +2,4147 +1|48 +2 49 +3(50 +4,2151 +3,5052 -2/53 -1(54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
IVEDHL ARAVFI L 4d ECLULFN Ja=L =#*7 EYITY TIRFI L WT=0 L [=DAFFN NSO L iR ARSI L 5p AT L 2X TUoFEY TILIL EbES 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 98 101.1 102.9 106.4 107.9 112.4 114.8 118.7 121.8 127.6 126.9 131.3
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/|180 +2,1 81 +1,3|82 +2,4|83 +3,5|84 +4,2485 86
Cs Ba sv4/48|  Hf Ta w Re Os Ir Pt Au Hg TI Pb Bi Po At Rn
oYL UL FN T54 INTZD L "BUBIL BUT ATy L= L4 P EFN EOPIFN BHE & ke 6p FULFN £ EXTX RO=H L TREFY FrY
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
87 +1(88 +2 89—103 104 105 106 107 108 109 110 11 112 113 114 115 116 117 118
Fr Ra 7o5/48) Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Mc Lv Ts Og
eI ST L ¥ 6df SHR—UyL [ FI=uL | o—f—on| H—uva novwh | wqrrums |g—nzszsn| Lokrzsn [ asi=osn 7P| =k=su | srmEws | ®=zaess | useEysa FrLY FAFU
francium radium actinides rutherfordium dubnium seaborgium bohrium hassium meitnerium darmstadtium roentgentium copernicum nihonium flerovium moscovium livermorium tennessine oganesson
223 226 261 262 266 264 277 268 281 272 285 284 289 288 292 293 294
SUR/AF 57 +3(58 +3,4|59 +3,4|160 +3(61 +3(62 +3,2|163 +3,2|164 +3|65 +3,4/166 +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 Tm Yb Lu
(LT7T7—AEE) T4 som ILIN FotATL FAOL JasxFos | wwuvs | avaess | #ru=on | Faeos | srIgnsvn | dnavsa ILEYL s | qvFnesn | LFFoL
(rare earth metals) 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
TOF/AE 89 +3(90 +4(91 +54]92  +6,34,5(93  +5346[94  +4356(95  +3456[96 +3|97 +3,4(98 +3(99 +3(100 +3(101 +3,2(102 +2,3(103 +3
actinides Ac Th Pa ) Np Pu Am Cm Bk Cf Es Fm Md No Lr
¥ 5f] TIOF= 9L NULPFN TarTOF = Ly v FTY=9 L TILh=) L TAII L FaL IN=5)9 L DIRWV=ZD L [FAVREA=ZIL TTILIVL AUTLED LA Vana V¥ N a—Loo L
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

63
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‘He + 3.5 MeV

n + 14 1 MeV
4p — “He + 2e™ + 2v, + 2 255U +on — %55U — '55Ba+ 52Kr + 3¢n
RS S
(nuclear fusion) (nuclear fission)
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Helmholtz, H. L. F. 1821-94) i3 [ KFIIRZZENTPRMEL T 56720, FEICEZKIET S]] Lw
IMEERTH, TN THKBEFEX 2000 HEL LI Z 520072,
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IRNTHAE. TORDDH, 1920 F, RKIX¥FEHLT 4 ~ b~ (Eddington, A. S. 1882-1944) X, KN
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EIZhY, 1930 FRICYHEFEE T ¥ ~ F 77— )V (Chandrasekhar, S. 1910-95) & X—7 (Bethe,
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The Corona

- The lonized elements within the corona glow in
The Convection Zone c — it ‘
Energy continues to move toward the surface Ng e T NASA instruments can image the Sun's corona at
through convection currents of heated and - "0 .. these higher energies since the photosphere is
cooled gas in the convection zone. = .

EY S :
m‘:mn (i Wy oy ®ude T ¢ e LA
- S | = ; ’
1Mmbmm N T £ D W L o Y : 7
mu'umsmmgmm o " ;.; -JQ -2 _,‘-':9'0;,.“ N _<‘ Energy Is generated by thermonuciear reactions
zone. | R T a e el M A creating exireme temperatures deep within the
: | B A e 0N ,{ AR vy o M s core - 6
) l ... o;, .4‘~ (’{'r - ‘4-~ ."E_ﬂ ‘."_‘\‘- ";:' ) “ .,’ :. . o f 4
» o £ i AT A R o g
xXw % |, w 4T x5 ) »
) 3 ‘r’"\' L“l.‘)'/‘." ..' - 3 . p "* > 0- 3 .
. ",“ - -""- . o o‘ P ‘ : ‘\ X . ) > . .
\ PRE L PR g & B 2 S The Chromosphere
I e e v R T s g % A% Sl =

S O T Ry A L N P -

mers Rt Py T e AP A T The relatively thin layer of the Sun called the
Coronal Streaisy NP e W T s = chromosphere is sculpted by magnetic field lines

X ) . . . - ", . -
The outward-flowing plasma of the corona S S ot tatrestrain the electrically charged solar plasma.
is shaped by magnetic field lines into tapered S D W 7t s &7 Dccasionally larger plasma features—calied
forms called coronal streamers, which extend ¥ a e W ST © _«  prominences—form and extend far into the very
millions of miles Into space. . ' tenuous and hot corona, sometimes ejecting
. < material away from the Sun.

© NASA



Period

1s

2s

3s

4s

5s

6s

7s

BHAZR (periodic table)

PO 1

1 18
1A VI A
1 +1 R¥ES |29 21| — BETEL/4 L Ol 2
H z%i25 - CU |- 2xES/AREOLOFAIERINITR He
K& 2 THRE(BEE — & 13 14 15 16 17 NN
hydrogen A THRAL (KB - copper A IVA VA VIA VIIA helium
1.008 1 EERETEH 63.55 ~F¥E oEERTE 4.003
3 +1(4 2| | #BTE | £ExElS +3(6 -4|7 -3(8 -2(9 -1(10
Li Be [ Jumcas [ Jessenn B C N o F Ne
UFH L RUDIFN 2p] HwvE k& =% [ 5 TvEk ES
lithium beryllium boron carbon nitrogen oxygen fluorine neon
6.941 9.012 Dﬁiﬂ‘ci&% l:liﬁliéﬁm'léﬁ I:Itﬂl%?'l‘?ﬂﬁﬁso)ﬁb“‘otéii% 10.81 12.01 14.01 16.00 19.00 20.18
1" +1(12 +2 13 +3114 -4(15 -3(16 -2(17 -1(18
Na Mg Al Si P S Cl Ar
Frumn | <oxema 3 4 5 6 7 8 9 10 " 12 3P| Frz=wu A% v ik 5% Fray
sodium magnesium inB IVB VB VvViB Vil B 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|123  +523,4|24 +3,26|25 +2,3,4,6,7(26 +3,2|127 +2,3(28 +2,3(29 +2,1(30 +2 31 +3|32 +4,2033 -3|134 -2l[35 -1|{36
K Ca Sc Ti \' Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
HUY L ATy L 3d RO TY L FHY NFOHL Z1=FN HY #% =V =y il E:iX ) 4p HUD L FILR=r) L (== LY 2% 9Tk
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  +436.8(45 +3,4,6|146 +2,4|147 +1(48 +2 49 +3(50 +4,251 +3,5052 -2|53 -1|54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
WESD L AbAVFIL 4d ECLULFN naz=oL =) EYITY TIORTF L WTF= L asr L AP PN R ARSHL 5p EDAPFN 2ZX TUFEY FILIL ElES e
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 98 101.1 102.9 106.4 107.9 112.4 114.8 118.7 121.8 127.6 126.9 131.3
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 SUB/AR Hf Ta W Re Os Ir Pt Au Hg Ll Pb Bi Po At Rn
R S2FFN JAUL-FN T 54 INTZ=T)Ls 20 BV RTY L= L ARIYL EUPIPFN Be 3 KR 6p EDLZFN A EXTR RO=rL TREFY IrY
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 | EEETHR
87 +1/88 +2 89—103 104 105 106 107 108 109 110 11 112 113 114 115 116 117 118 lﬁEi%
Fr Ra 7o7/48)  Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Mc Lv Ts Og
eI IN SYL ¥ 6d SHR—UYA | FI=wA | s—m—®ua | w—ymL novnk | wardumn [#—nzeFon| Loks=ya | asi=sya TP| =#=ws | sumews | ERaE9L | uszEusL FHY FHIY
francium radium actinides rutherfordium dubnium seaborgium bohrium hassium meitnerium darmstadtium roentgentium copernicum nihonium flerovium moscovium livermorium tennessine oganesson
223 226 261 262 266 264 277 268 281 272 285 284 289 288 292 293 294
FUB/AF 57 +3]58 +3,4[59 +34]60 +3[61 +3[62 +3,2[63 +3,2[64 +3]65 +3,4[66 +3[67 +368 +3[69 +32[70 +3,2[T1 +3
lanthanides La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
(LT T —ARERE) T 4] Su8Y L JLZFN TS5tFT L RADL TAAFY L RIEULZIN aaEY L HEY=H L FILES L SRTAYY L RILEY L TILEDL PULIVN AYTILES L WTFF9 L
(rare earth metals) 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
TOF/AL 89 +3[90 +4[91 +54|92 +634,5(93  +534,6(94  +4356(95  +34,56[96 +3[97 +3,4(98 +3[99 +3(100 +3(101 +3,2(102 +2,3(103 +3
actinides Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
¥ 5f FIOFZIL ) L TarToF= L o3y RIY=H L TIb=9 L FHAOI L EEUA N IN=D)5 L HIRWZD L [FAVREAZIL  TZUEIL AUTLED L Vo VLwFN A—L2i L
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
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Period

1s

2s

3s

4s

1 18
1A VIII A
1 1 R¥&ES - |29 21| — BETEZ/4 O 2
H THREE - Cu — TERESHFREOLDFALEHIN-TE He
2 — - 13 14 15 16 17
K% 4 (BXE) — Lo} AL
hydrogen A ET—B?@% (&E) copper 1A IVA VA VIA VIIA helium
1.008 1 EEBETHR 63.55 ~E¥E —EERExTHE 4.003
3 +1]4 2| | EFBxTH | 2T +3(6 4|7 -3|8 -2|9 -1(10
Li Be [ Jeacan [ Jemisrsn B C N (o F Ne
UFo L Ry L 2p GvES S 2H (€5 TvEk E
lithium beryllium boron carbon nitrogen oxygen fluorine neon
6.941 9.012 [:]%ﬁf%% [:]i%ﬁﬁﬁﬁ% [:]H%ﬁ@ﬁ%w%#%ﬁéii 10.81 12.01 14.01 16.00 19.00 20.18
11 +1]12 +2 13 +314 -4(15 -3(16 -2(17 -1/18
Na Mg Al Si P S Cl Ar
Frumn | woRemL 3 4 5 6 7 8 9 10 11 12 3P| Fus=wa A% o s % SO
sodium magnesium mnB IVB VB ViB ViIB Vil B Vil B Vil B 1B B aluminum silicon phosphorus sulfur chlorine argon
22.99 24.31
19 +1|20 +2 21 +3|22 +4,3,2(23  +52,3,4|24 +3,26(25 +2,3,4,6,7|26 +3
K Ca Sc Ti \' Cr Mn Fe
Hhro L HILoy L 3d S Ly NN FHY NFToL 2J=FN K% E73
potassium calcium scandium titanium vanadium chromium manganese iron
39.10 40.08 44.96 47.87 50.94 52.00 54.94 55.85
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Einstein

I &K E =me2 DiErRAA

It followed from the special theory
of relativity that mass and energy
are both but different
manifestations of the same thing —
a somewhat unfamiliar conception
for the average mind.

Furthermore, the equation E = mc?,

~ in which energy is put equal to

mass, multiplied by the square of
the velocity of light, showed that
very small amounts of mass may
be converted into a very large
amount of energy and vice versa.

The mass and energy were in fact
equivalent, according to the
formula mentioned before.

This was demonstrated by
Cockcroft and Walton in 1932,
experimentally.
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http://www.nhk.or.jp/meicho/famousbook/17_einstein/index.html#box01
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