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A Rough Guide to

SPOTTING BAD SCIENCE

Being able to evaluate the evidence behind a scientific claim is important. Being able to recognise bad science reporting, or
faults in scientific studies, is equally important. These 12 points will help you separate the science from the pseudoscience.

1. SENSATIONALISED HEADLINES 1. UNREPRESENTATIVE SAMPLES USED

-BAD &2 SCIENCE -

X

o

©.0.6

©

Article headlines are commonly designed to
entice viewers into clicking on and reading
the article. At times, they can over-simplify
the findings of scientific research. At worst,
they sensationalise and misrepresent them.

2. MISINTERPRETED RESULTS

News articles can distort or misinterpret the
findings of research for the sake of a good
story, whether intentionally or otherwise. If
possible, try to read the original research,
rather than relying on the article based on
it for information.

3. CONFLICTS OF INTEREST

Many companies will employ scientists to
carry out and publish research - whilst this
doesn’t necessarily invalidate the research,
it should be analysed with this in mind.
Research can also be misrepresented for
personal or financial gain.

4. CORRELATION & CAUSATION

Be wary of any confusion of correlation and
causation. A correlation between variables
doesn’t always mean one causes the other.
Global warming increased since the 1800s,
and pirate numbers decreased, but lack of
pirates doesn’t cause global warming.

5. UNSUPPORTED CONCLUSIONS

Speculation can often help to drive science
forward. However, studies should be clear
on the facts their study proves, and which
conclusions are as yet unsupported ones. A
statement framed by speculative language
may require further evidence to confirm.

6. PROBLEMS WITH SAMPLE SIZE

In trials, the smaller a sample size, the
lower the confidence in the results from
that sample. Conclusions drawn can still be
valid, and in some cases small samples are
unavoidable, but larger samples often give
more representative results.
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Shared under a Creative Commons Attribution-NonCommercial-NoDerivatives licence.

In human trials, subjects are selected that
are representative of a larger population. If
the sample is different from the population
as a whole, then the conclusions from the

trial may be biased towards a particular
outcome.

8. NO CONTROL GROUP USED

In clinical trials, results from test subjects
should be compared to a ‘control group’ not
given the substance being tested. Groups
should also be allocated randomly. In
general experiments, a control test should
be used where all variables are controlled.

9. NO BLIND TESTING USED

To try and prevent bias, subjects should
not know if they are in the test or the
control group. In ‘double blind’ testing,
even researchers don’t know which group
subjects are in until after testing. Note,
blind testing isn’t always feasible, or ethical.

O

10. SELECTIVE REPORTING OF DATA

Also known as ‘cherry picking’, this involves
selecting data from results which supports
the conclusion of the research, whilst
ignoring those that do not. If a research
paper draws conclusions from a selection
of its results, not all, it may be guilty of this.

o

11. UNREPLICABLE RESULTS

Resultsshouldbereplicablebyindependent
research, and tested over a wide range of
conditions (where possible) to ensure they
are consistent. Extraordinary claims require
extraordinary evidence - that is, much more
than one independent study!

12. NON-PEER REVIEWED MATERIAL

Peer review is an important part of the
scientific process. Other scientists appraise
and critique studies, before publication
in a journal. Research that has not gone
through this process is not as reputable,
and may be flawed.
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1 1s k& 2 THRE(BAE) — P 13 14 15 16 17 YL
hydrogen A THRL (EE) - copper A IVA VA VIA VIIA helium
1.008 | | EERITER 63.55 ~RF¥E —IEEEITR 4.003
3 +1|4 2| | BT E | 2BxEP +3|6 -4|7 -3|8 -2|9 -1]10
Li Be HRTRMA B E K B C N o) F Ne
2 2s| uyFyL SUUL-IN 2p oPES oS =% (&S TvkR ES
lithium beryllium boron carbon nitrogen oxygen fluorine neon
6.941 9.012 ERTRIK BRIF R IR WS ERMADAMNBIESTTHR 10.81 12.01 14.01 16.00 19.00 20.18
1 +1112 +2 13 +3414 -4|15 -3116 -2|17 -1118
Na Mg Al Si P S Cl Ar
3 3s| suymn | =wrmema 3 4 5 6 7 8 9 10 11 12 3P| 7rzz=wL A% o s % 7Ly
sodium magnesium B IVB VB ViB ViiB VIII B VIl B VIl B IB IIB 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 +5,2,3,4| 24 +3,2,6|125 +2,3,4,6,7|26 +3,2|27 +2,3|128 +2,3|129 +2,1(30 +2 31 +3 +4,2833 -3|34 -2|135 -1(|36
K Ca Sc Ti Vv Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
4 4s H)o L HILT L 3d RAAVT) L FAa INFDI L Zi=FN AT % a/8)Lk =9 i o 4p 7YoL FILI=") L =3 tLv BR 20Ty
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|42 +6,3,5|43 +7,4,6| 44 +4,3,6,8|45 +3,4,6|46 +2,4147 +1|48 +2 49 +3|50 +4,2 +3,5152 -2|53 -1|54
Rb Sr Y Zr Nb Mo Ru Rh Pd Ag Cd In Sn Sb Te I Xe
O 38| eusn | xrovFes Al orywn | srazen =47 EYTFY ForFHL | LF=eL =DZWA ST L 8" AR L B fumn 2Z FUFEY FILL A%k /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 +2,4183 +3,5 +4,2085 86
Cs Ba Sv45/48] Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
6 bs L N L T 5d INTZI L BB BT RTY L=oL FTRIYL A1) L BHE il IKER 6p EULFN 22} EXTX ROo= L TRAEIFY kv
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 1951 197.0 200.6 204.4 207.2 209.0 209 210
87 +1|88 +2 89—103 104 105 106 107 108 109 110 11 112 113 14 115 116 117 118
Fr Ra FOF/AR
7 Ts| o52em4 SO L 1 6d STV I SV [ Sy [ ) A novh | =qrrunn |#—nzseFon| Lorszyn | axzom s Pl =i=nu | svoess | Eraeys | uszuss TRy FHAY
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/4K 57 +3|58 +3,4|159 +3,4|160 +3|61 +3/62 +3,2|163 +3,2|164 +3|65 +3,4166 +3|67 +3|68 +3|69 +3,2|170 +3,2|71 +3
lanthanides La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
(L77—ReE) T4HM sus DL IN T5tA L FFTL FasFos | weyss | asaess | sruzes | Faess | szgoson | #usvs TILEYL wysh | q4yvFenn | LFFeL
(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/AF 89 +3[90 +4[91 +54[92 +6345]93  +5346[94  +4356(95  +3.456[96 +3[97 +3,4/98 +3[99 +3[100 +3[101 +3,2[102 +2,3[103 +3
actinides Ac Th Pa U
t 5f TIOF= L ULPFN TOrTOF=0 L oY FTY=r) L TILh=) L TA)OD L Fal oL N=DU L | DIRILZDL [FAVREAZIL TIIVL AUTLED L /=Ry Ly A—L>im 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

EHAFR (periodic table)
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Group 1

Period

1

Periodic Table Of Elements Showing Electron Shells

3

7

9

10

11

12

13

14

15

16

17

18

1: Hydrogen 1 2: Helium 2
Key' Halogens The primary determinant of an element's chemical
Non-metals properties is the electron configuration, particularly
Metaloids of the outermost electrons (those in the valence
3: Lithium 2,1 | 4: Beryllium 22 She") . 5: Boron 2,3 | 6: Carbon 2,4 | 7: Nitrogen 2,5{ 8: Oxygen 2,6 | 9: Fluorine 2,7 | 10: Neon 28
, Noble
Alkali G
Metals et W ases In the periodic table, a period is represented by
Poor a row. The number of electron shells an atom '
Metals has determines what period it belongs to.
11: Sodium 2,81 | 12: Magnesium 282 Alkaline Lanthanides In the periodic table a group is represented by a 73 Alurminium 2,8.3 | 14: Silicon 2,84 | 15: Phosphorus 285 16: Sulfur 2,86 | 17: Chiorine 2,87 | 18: Argon 288
Earth Actinides vertical column. The number of electrons in
Metals the outermost shell determines the group.

19: Potassium 2,8,8,1 | 20: Calcium 2,8,8,2 | 21: Scandium 2,8,9,2 i 22: Titanium 2,8,10,2 | 23: Vanadium 2,8,11,2 | 24: Chromium 2,8,13,1 | 25: Manganese 2,8,13,2 | 26: Iron 2,8,14,2 | 27: Cobalt 2,8,15,2 | 28: Nickel 2,8,16,2 | 29: Copper 2,8,18,1 | 30: Zinc 2,8,18,2 | 31: Gallium 2,8,18,3 | 32: Germanium 2,8,18,4 | 33: Arsenic 2,8,18,5 | 34: Selenium 2,8,18,6 | 35: Bromine 2,8,18,7 | 36: Krypton 28,188
37: Rubidium 2,8,18,8,1 | 38: Strontium 2,8,18,8,2 | 39: Yttrium 2,8,18,9,2 | 40: Zirconium 2,8,18,10,2 | 41: Niobium 2,8,18,12,1 | 42: Molybdenum 2,8,18, | 43: Technetium 2,8,18, | 44: Ruthenium 2,8,18, | 45: Rhodium 2,8,18, | 46: Palladium 2,8,18, | 47: Silver 2,8,18, | 48: Cadmium 2,8,18, | 49: Indium 2,8,18, | 50: Tin 2,8,18, | 51: Antimony 2,8,18, i 52: Tellurium 2,8,18, | 53: lodine 2,8,18, | 54: Xenon 28,18,
131 14,1 16,1 18 18,1 18,2 183 18,4 18,5 18,6 18,7 18,8

55: Caesium 2,8,18, | 56: Barium 2,8,18, 72: Hafnium 2,8,18, | 73: Tantalum 2,8,18, | 74: Tungsten 2,8,18, | 75: Rhenium 2,8,18, | 76: Osmium 2,8,18, | 77: Iridium 2,8,18, | 78: Platinum 2,8,18, | 79: Gold 2,8,18, | 80: Mercury 2,8,18, | 81: Thallium 2,8,18, | 82: Lead 2,8,18, | 83: Bismuth 2,8,18, | 84: Polonium 2,8,18, | 85: Astatine 2,8,18, | 86: Radon 28,18,

18,8,1 32,10,2 32,12,2 32,13,2 32,152 32,171 .18, 32,183 32,184 32,186 32,18,7
87: Francium 2,8,18,32, | 88: Radium 2,8,18,32, 104: Rutherfordium 2,8,18, | 105: Dubnium 2,8,18, | 106: Seaborgium 2,8,18, | 107: Bohrium 2,8,18, | 108: Hassium 2,8,18,32, | 109: Meitnurium 2,8,18, | 110: Darmstadium 2,8,18, | 111: Roentgenium 2,8,18, | 112: Copernicium 2,8,18, | 113: Ununtrium 2,8,18, | 114: Flerovium 2,8,18, | 115: Ununpentium 2,8,18, i 116: Livermorium 2,8,18, | 117: Ununseptium 2,8,18, | 118: Ununoctium 2,8,18,
18,8,2 32,32, 32,32, 32,14,2 32,32 32,32, 32,32, 32,32, 32, 32,32, 32,32, 32,32, 32,32,
10,2 » 16,2 17,2 18,2 18,5 18,7

Lanthanides

Actinides

18,9,

18,10,

32,25,

2592

27,82

32,30,

32,31,
82

57: Lanthanum 28,18, | 58: Cerium 2,8,18, | 59: Praseodymium 2,8,18, | 60: Neodymium 2,8,18, | 61: Promethium 2,8,18, | 62: Samarium 2,8,18, | 63: Europium 2,8,18, | 64: Gadolinium 2,8,18, | 65: Terbium 2,8,18, | 66: Dysprosium 2,8,18, | 67: Holmium 2,8,18, | 68: Erbium 2,8,18, | 69: Thulium 2,8,18, | 70: Ytterbium 2,8,18, | 71: Lutetium 2,8,18,
21,82 2582 3082 32,92
89: Actinium 2,8,18,32, | 90: Thorium 2,8,18,32, | 91: Protactinium 2,8,18, | 92: Uranium 2,8,18, | 93: Neptunium 2,8,18, | 94: Plutonium 2,8,18, | 95: Americium 2,8,18, | 96: Curium 2,8,18,32, | 97: Berkelium 2,8,18,32, | 98: Californium 2,8,18, | 99: Einsteinium 2,8,18, | 100: Fermium 2,8,18, | 101: Mendelevium 2,8,18, | 102: Nobelium 2,8,18, | 103: Lawrencium 2,8,18,

32,32,

http://www.meta-synthesis.com/webbook/35_pt/pt_database.php?Button=Data+Mapping




) 7.1 [RFREBRER

ZRE p23]

[EifA (isotope)

B HZDBRAC TS, THETEBE) B TFBFEAET S, 2o zRuUuEE v, [

PARIZIE, BERZRDD EALETHDOLDICHEL T DD 5.

& 7.2 RBUFEDH

2 g (WP PEY g ) ek W0
DEL| DEX
KFE 1 (BKFE) | (H 0 | 1.0078|0.999885 |
K¥Fk | AKFE2 (BKE) |{H,D| 1 1 | 2.0141|0.000115 |
|KF% 3 (=HAKEK) |7H, T 2 | 3.0160| faliE 12.32 £ TAY T 4 3 (2
KH 12 ¢ 6 | 12 :().9393
e | RFE 13 = | 8 7 | 13.0034 0.0107
% 14 | '6C 8 | 14.0032| fsti |5730 FTHEFK 14 |2
777 234 Ll 142 |234.0409 [0.000054 (25 /3 5 T4 T k) 7 A 230
77|77 235 255U | 92 | 143 235.()439i().()()?‘z().i 7 1€ 380 AHET MY 7 4 231 N
77 7 238 =0, 146 |238.0508 |0.992742 :.14 {& 6800 T ') 74 234
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7. [8FH ) 7.0 FEFREBEHR RS p232

R T D ARR & IR

@ TR - BEAE
AT, 777 U 7Y 74 Ra DL 12, FEGE
RIETHLDHY, BB L TBL LRTRERE S L OBSRE

) AR | o a 145 2 B des L)y > Rr&eE | 81 | 82 | 83 | 84 | 8 | 8 | 87 | 88 89 90 91 | 92 | 93
LT, BDRFZIZEILT 5. DRR = HERRER E V). %S | TI | Pb | Bi |Po | At |Rn | Fr |Ra | Ac | Th | Pa | U | Np
- 7 1) A | A= | TRH¥ |, 75 4 747 F ) Ll % —F
4 B I 2 N hi = 2 - 7 k= 7 1 r - : ’ e { F
| BE | HREHR - REEE B 238 — 1 [ |
WEHRIIWME A EBTAHEL 7R FONETH A, st 234
ﬁwiﬁnwm:,aﬁa(nﬁﬁulmew¥%%n B (BT, 7%@ o8 K0 I I I I I A I
226 ,
EEOEVERE, %), X § EEOEVARTH L ERE) w IS S N N -
W | 222 S
Ly EiEh, FRERSEN R BETORBIIRES. s | | T L%
{ - ) ‘ $ ’ ‘ = . (l } 1ns . ’ ' B ’
BAHRE RO Z & A MBEEE v, ZOBENE b o7 - /.// ' o
1 214 m = m ms . '1”1-?{
WO Z L A BEMEME LS. wu £ % %) o[RBT 210 | ‘_./‘_.//_. ol || | || Hl
RIfi[fk & 9. 206 '-’“‘..4/ B HA LR
\ / m I
R7.6 HUSUHSHEDIHERN w7 238 (333U) i, o i;'f;J—;éf LThrY DA 234 (333Th) (CZ{LT
b, TO®K, BRELTTO M7 7 F=7 4 234 (351 Pa) \[ZZ(LT 5. 0% BOHERIELE BT
RWIEA DR, KELS 206 (55Pb) I2E 5.
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7. [8FH ) 7.0 FEFREBEHR RS p233

4wiH3l (half-decay time)

JR % At DY 2 I

1 n HA D - A3 10.4 4y

S 16C Ep s 6 5.73 x 10° 4¢
FUHDE % 32p A TIZAIR 3 14.26 H

A1) 7 L ToK H AR I FFAE 5 1.28 x 10?2 4E

a3 K 52Co  ANLIZAMK 5 5.271 4E

AbaryFI7L 39Sr ANTAZAK 5 28.78 4

3% Bl ATICE 3 8.1 H

ST 327Cs  ANTLICAERK 5 30.07 4¢

7 K “2SRn HARITHHAE o 3.82 [

VAR 228Ra HARIHALE o 1.60 x 102 4F

77 55U IR o 7.04 x 10° 4 754

A 258U SN in o) 4.47 x 10° 4£ 45545

N
N
) mmaeie
N
e

SiE
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7.[RF7 ) 7.2 &R PEE p235
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7.[RF7 ) 7.2 &R PEE p235

IEF RIS EZR I

oOH + 0, —> 2H20 + E5 (+#) UN +4He — YO+ 'H + #
Ho
(H)H) 4
NG\ / @% He 'H
4 ~ \jﬁ_fff../"ﬂ' \ ‘t;;\ { L
O =) ’“*-fa“‘ e ~\V / = /
2 /o = <
F = ;;_ AN T
@ / \\\ e H> / fﬁ’.ﬂ \\\ \170
]
B X
2, N 2,
(a) 150 (b) $ZBs
DFESUVLDODHAEFZIL, [RFZDMBHE AL,

{LF R IG %Ity

3



7.[RF7 ) 7.2 &R PEE p235
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7.7RFAD ) 7.2 BRI RS p239

BRRDVEVLWFH CAENRATVLSDIEESE 7

A5 L42 ERHBVFETREHRZITVDDEEE?

KR DOEIFEIIF 50 BEREZEZOLNTWES., PRFEIF RGO 2 19 K, KEO T RN
— IR &) KEED T 312wz, 4, KEOFERIE 3 EELLEW) ZE Lrbho
TWih o728, BHIALFERICTHHTAIZEEFEGPRT ETWDE, FVEZEANNLVLERL
7 (von Helmholtz, 1821-94) (¥, [ KGIIRKELE TP L TWwb 720, BERIZEZIUET 5]

LWV ) e FZZH, ENTHKRKEFEE 2000 HHELD EIZEZ 2620072,

REMERST2DX, TA Y274 H1905 EITHEH L72HAHEGRICL 5, E =me? O
Thb. ZORXD5H, 1920 4, KXFAHILT 1 ~ b~ (Eddington, 1882-1944) (X, KFENHEHTHD
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EHAFR (periodic table)

FHOKBED IRAF.

LD U,

ShRIERESZBICUTD>TKE (H) DR,
E£F-TCEHLTE, KRS
BEriald, gk(Fe)EFTUMEER,

1
1A
1 +1 RT¥ES |29 21| — BETEDAA U DEH
H x%Es -] CU | nFESrREOVLOEAIARSN-TE
k3 2 THRE(AARE — 6
hydrogen A THEA(ERE) — copper
1.008 | | EERITER 63.55 ~REFE
3 +1/4 2| | €BxE
Li Be BRTRHK B I3 EIK
JFo Ls Ay Ls
lithium beryllium
6.941 9.012 IR THRIR BRIF R IR A ERIGIAD A D S7ESTTHR
11 +1112 +2
Na Mg
RS L ST ESIF I 3 4 5 6 7 8 9 10 11
sodium magnesium i B IVB VB Vi B Vil B Vill B Vill B Vill B IB
22.99 24.31
19 +1|20 +2 21 +3|22 +4,3,2|23 +5,2,3,4| 24 +3,2,6|125 +2,3,4,6,7|26 +3,2
K Ca Sc Ti Vv Cr Mn Fe
H Ls HIL L 3d S A NN FH INFO L oL By %
potassium calcium scandium titanium vanadium chromium manganese iron
39.10 40.08 44 .96 47.87 50.94 52.00 54.94 55.85

12
IIB

HRE vi—vil

18
VIII A
2
He
13 14 15 16 17 AL
A IVA VA VIA VIIA helium
—FEEEE 4.003
| 2ETEP +3|6 -4|7 -3|8 -2|9 -1]10
B C N o) F Ne
2p URPES R R &S A A
boron carbon nitrogen oxygen fluorine neon
10.81 12.01 14.01 16.00 19.00 20.18
13 +3414 -4|15 -3116 -2|17 -1(18
Al Si P S Cl Ar
3P| Frz=mu A% U i TS 7Ly
aluminum silicon phosphorus sulfur chlorine argon
26.98 28.09 30.97 32.07 35.45 39.95

TEEICTRS.

HE, BRHARIC Fe KDEWITTEDH S DIEAIEH ?

Q3%

g%

b)

INTAL

BRENEHD

EEITH
EJRITHR

43



7.[RF7D ) 7.2 &R

IV ERFESODRELGITLRIIEZSTTSEZ?

| _ - |
5043 BREIDRFESOKXSBITRIEILEITTERL?

EREGOUEBSERS, TANVTF—MII—FLELY °Fe I TRILAELCZEEZFHBL., FHD
BEHIX, Ev N EXIETNLIRBET—2DEPOLHBTE ST eHbho>TwAH, 137 EFEHID
A EROFEHIX, HmDFRTHROM L ZM TSI NTWD, FHOBEKRE &£ b IJIREDT
THY, FRNFIELIHELTIKERICLZ>Two 2,
FHEBZLTWVAILEOKETIE, KEEANNVTLTHAS, CNHLDHANENICE-THF
HEBBETHKLTRZALAREELR AL, 2D X ) ZEMTKEIX 50 E4EM, BnuTwns, 72285 K
FEZDBN) T LI, N)VTADRYFIALIL, Lol BRETA 7V, T T ERTTL. B
0T ZPLICEL THEHL T T2Z., #ATR, FLULELOETFHES b oKL, FH
D ToOL SO EA Y

CDEZL, BHEBRRL IIINLIED—HDREREROKBETHAHLLEEZEZOLNTWVA.

([EE, 2FNHZTHLE) ODITLEKIZODWTHBHAL L.
mmdﬁxmmcé% BORKEZE2ROLDIX, BOHEEIZLEZESD (51H)
WX AT ADEHRT AT K1) OO H\wThs (IEHEIZIX, TAODEIARTDH
IANVF—ZH LTV 2L, Eé%liw¥—uﬁ@wa<mf,L7wtﬁ< s, L
BNoT, EHDEHL 2, BRELAIZKEELLI LI

BRE D% oo 7 BIIGHEWRO L., £ 35, NOZONHF LR LD TRIIMAKDSL Z
Wb (BHRERE). ECITISHET A2O0E, OIODODEOKZIIIZL--TEHEGIZL A.

e ENDHEEMVARKGHRE THNIIE, BlIw-o< ) ESHL, ﬁ%@§}J%T,T®ﬁJHF (R DHL
BFEE (white dwarf) (27445, BX £

i ol >

3 wﬁAmm
. BlaT

DFHAB/PNTANFTF—) THXZONLEMEEZE, BT

HROKESITKEERED 1/4 RENEHETLIETHS.

= . E D o I PPE oun - 2 R ARs D 2 R, - b ] F— — S S I S »

,f- ’ﬁ’_ B - 2

Akl
B AH Y

Physics answers to "why?" in your da

EHFH F
Hisaaki Shinkai

PEEE p244

%a>'.'

44



Period

EEAZ% (periodic table) KRIE vivi

1 18
1A VIII A
1 +1 RF&EES —|29 21| — BETEDMA DM 2
H xzxme - CU |« Zxm2rREOLORAIEHINITE He
1s k3= 2 THRE(BAE) — vy 13 14 15 16 17 NILIA
hydrogen A TERA(ERE) — copper A IVA VA VIA VIIA helium
1.008 | | EERETHR 63.55 ~BEFE —JEEETHR 4.003
3 +1(4 2| $Exx | 2ETEP +3|6 -4(7 -3(8 -2(9 -1110
Li Be HETERK T NEE RN B C N (@) F Ne
2s JFY L AUDIZFN 2p RPES m& =5 £ JvEk EE
lithium beryllium boron carbon nitrogen oxygen fluorine neon
6.941 9.012 IR TR BRI BRI MR WEHERGIIAD A NS ETTHE 10.81 12.01 14.01 16.00 19.00 20.18
1 +1112 +2 13 +3114 -4|15 -3|16 2|17 -1118
Na Mg Al Si P S Cl Ar
3s|  FrymL TG R L 3 4 5 6 7 8 9 10 11 12 3p[ Fiz=mai bA% 5% R S 7Ly
sodium magnesium B IVB VB ViB ViiB VilI B VIl B VIl B IB B aluminum silicon phosphorus sulfur chlorine argon
22.99 24.31 7 26.98 28.09 30.97 32.07 35.45 39.95
19 +1(20 +2 21 +322 +4,32|23 +52.3,4|24 +3,26|25 +2,3,4,6,7/26 +3,:
K Ca Sc Ti \'/ Cr Mn Fe
4s H L HhILSH L 3d RAHhoo L NFOHL oIV
potassium calcium
39.10 40.08 w i D ‘
27 +1128 +9 i l

chfchERZABIC deJ 2> CIKE (H)HFEAK.
SEXOTENTE, KBS TEEICTKS.
LD U, ZiEE, #X(Fe)EFTUDMEREWL, e
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GWI170817
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Gamma rays, 50 to 300 keV GRB 170817A

Counts per second

Gravitational-wave strain GW170817

Frequency (Hz)

0

Time from merger (seconds)
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E2ERIEFESHE ENRRL, Z<OXXSHI(EEFEA

STROPHYSICAL JOURNAL LETTERS, 848:L12 (59pp), 2017 October 20 Abbott et al.
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Figure 2. Timeline of the discovery of GW170817, GRB 170817A, SSS17a/AT 2017gfo, and the follow-up observations are shown by messenger and wavelength
relative to the time 7. of the gravitational-wave event. Two types of information are shown for each band /messenger. First, the shaded dashes represent the times when 4 |7
information was reported in a GCN Circular. The names of the relevant instruments, facilities, or observing teams are collected at the beginning of the row. Second,



GWI170817

E2EREFESH BNRRL, Z<OXRXEDEFES

On August 17, 2017, 12:41 UTC,
LIGO (US) and Virgo (Europe) detect
gravitational waves from the merger
of two neutron stars, each around
1.5 times the mass of our Sun. This is

the first detection.otf spacetime ripples

from neutron stars

FIRST Cosmic EVENT OBSERVED

IN GRAVITATIONAL WAVES AND LIGHT
Colliding Neutron Stars Mark New Beginning of Discoveries

Within two seconds, NASA's

Fermi Gamma-ray Space Telescope

detects a short gamma-ray burst from a
region-of the sky overlapping the LIGO/Virgo
position. Optical telescope observations

pinpoint the origin of this signal to NGC 4993,

a galaxy located 130 million light years distant

Collision creates light across the

entire electromagnetic spectrum.

Joint observations independently confirm
Einstein's General Theory of Relativity,
help measure the age of the Universe,
and provide clues to the origins of

heavy elements like gold and platinum

Zl IGO  Seges mil?fc. "%
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[F&%] Time Lapse Map of Every Nuclear Explosion Ever On Earth

/min

Japanese artist Isao Hashimoto has created a beautiful, undeniably scary time-lapse map of the 2053 nuclear explosions which have taken place between 1945 and
1998, beginning with the Manhattan Project’s “Trinity” test near Los Alamos and concluding with Pakistan’s nuclear tests in May of 1998. This leaves out North
Korea’s two alleged nuclear tests in this past decade (the legitimacy of both of which i1s not 100% clear).

Each nation gets a blip and a flashing dot on the map whenever they detonate a nuclear weapon, with a running tally kept on the top and bottom bars of the screen.
Hashimoto, who began the project in 2003, says that he created it with the goal of showing”the fear and folly of nuclear weapons.” It starts really slow — 1f you want
to see real action, skip ahead to 1962 or so — but the buildup becomes overwhelming.

http://memolition.com/2013/10/16/time-1apse-map-of-every-nuclear-explosion-ever-on-earth/ 5 ]
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https://www.youtube.com/watch?v=G4Zz6C9x73c
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Collected and Edited by Alice Calaprice

£ - Education is what remains after one has forgotten
' what one has learned in school.
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