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There are more hydrogen atoms in a
single molecule of water than there are
stars in the entire Solar System.
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'The Pernnodic Table of Elements
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5 (0“=83)I8‘ = —=08 —_—=72 As=75 So=178| Br=80
6 |Rb==80 =87 ?Yt=88 Zr=190 Nb=94 Mo=98 —==100 Ru==104, Rh==104,
Pd=106, Ag==108.
7 (Ag==108)] Cd=112 In==113| Sa==118 8b=122] To=125 J=127
8 [Co==183 |[Ba=187 [2Di==188 [(Co=<140 | — - s ————
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Mendeleev (1871)




'The Pernnodic Table of Elements

The Periodic Table of Elements

IA A B IVB VB VIB VIIB VIIIB 1B 1B IMA IVA VA VIA VIIA | VIIA
1 2 3 4 5 6 7 8 | 9 | 10 | 11 12 | 13 14 | 15 16 | 17 18
+1 0
= 2 O
H He
Hydogen Helium
1.01 (] Solid 4.00
Q0 =1 +2 Ke A Liquid +3 +/-4 -3 -2 -1 0
3 4 G Atomic Number | 19 écas 5 W 7 O 9 o
Li Be Symbol | K . B C N (0] F Ne
Uthium Bonyllium Name of Element | Pomassium @ Synthetic Soeon Caton Naogen Creygen Aucdng Neon
6.94 9.01 Atomic Weight | 39.10 10.81 12.01 14.01 16.00 19.00 20.18
+1 +2 +1 | Charge on Jon +3 +/-4 Q0 -3 Q0 -2 Q0 -1 o
1 Gl & Radioactive 4 13 @4 @15 q 16 (17 |18
N M : : Al i P | A
F.cn:\a'.r'u \ugg‘n".nﬁn Diatomic oo Alusvirem Sstl!om Phorphons g.hu Cchlann-: An:_[an
2299 24 .31 26.98 28.09 3097 32.07 3545 3995
=1 <2 +3
19 @20 @ |21 22 G232 @24 D25 P26 F|27 |22 |29 @[30 G311 F|32 ﬁ'
K Ca Sc Ti v Cr Mn Fe Co Ni Cu n Ga
Potassium Caldum Scandium Tianium Vanadium Checerium MInganese on Cobalt Nl Coppet Dinc Gallium
39.10 40.08 4496 |47.87 50.94 52.00 54.94 55.85 58.93 58.69 63.55 65.39 69.72
-1 -2 =3 -43 5432 <632 76423 <236 <23 <23 =21 -2 =3
37 @38 G| (39 |40 41 |42 |43 |44 O|as |46 |47 |48 T4 T
Rb Sr Y Zr Nb Mo Tc  #B|Ru Rh Pd Ag cd In
Rubicium Syonmum Yaum Zincoedum Niobium Maybderum | Tedhnasum Rutknium Fhodium Palladium Siher Cadmium Indium
8547 8762 88.91 g1.22 9291 9594 (98) 101.07 10291 |106.42 |107.87 |11241 (11482
=1 <2 =3 -4 <53 62345 ? =7 234658 <234 <24 =1 -2 =3
55 Bse g7 72 @73 @74 |75 @76 @77 |78 |79 @lso 681 O
Cs Ba Lu Hf Ta W Re Os Ir Pt Au Hg Tl
Cedumn 8atum wacsum Halndum Tantlum Tungaxen hernium Ogamium ndum Plasrum Gold Marosy Thallium
13291 |137.33 17497 |178.49 18095 |[183.84 |186.21 | 19023 [192.22 |195.08 |196.97 | 200.59 |204.38
=1 -2 =3 -4 =5 62345 <7642 <234658 <2346 =24 =31 =21 =31
87 (@ss (PN 103 F|104 F|105 F|106 F| 107 | 108 F|109 F|110 F| 111 F| 112 F|113 G
Fr Ra r #|rf fR|Db #B[sg #|eh #|Hs fR|mt £r|Ds #LIRg #,L|cn #L|Nh
Fandum Radium Lwendum Rutkricedium | Dubedum Seaboegium Sobeium Hasdum MeiTium Daavendium | Rocrmgenium | Copemidum Nhoeium
(223) (226) (266) (267) (268) (269) (270) (269) (278) (287) (280) (285) (286)
< 1| % -2 -~ -3 | % - % - | % ks ks - | % ks - | % - | %
Metai 57 @58 F|se (Fleo (F|e1 F|le2 (F|ez (P4 (D65 (I
Metatiod . [ Ce Pr Nd Pm Sm Eu Gd Th
La nthanldes Lantanum Cartumn Prascodmiun | Neodgrium | Pometium | Samadum Eusopium Gadalinium Tartium Dypecriuen Holrium i Thedium nctium
Monmeszl 138.91 | 140.12 | 14091 [144.24 |(145) 15036 | 151.87 |157.25 [158.93 |162.50 | 164983 |167.26 [168.93 |173.05
=3 <34 <34 ik =3 <32 <32 <3 <34 <3 <3 =3 <32 <32
89 ([@|oo ([F| o1 (P92 (P|oz (o4 (|95 (P|os (P|o7 (Flos (F|9e (F|100 F|101 (102 T
f
Actinides** ﬁ'lcrm_m ;I;n:-hh_r'- E\ciar--_m 'Ejarm_m QBJIJ"?@ g.l;l:u_m$ ﬁma:’?@ CC‘_-T" @ E!ilu_m Eh‘hl'lu‘iﬁ EEu'S(.tu'--_niuﬁ Emr- @ E\tﬂ'g:(cm_m &‘L?(uf-g
(227) 23204 |231.04 [238.03 |(237) (244) (243) (247) (247) (251) (252) (257) (258) (259)
sy 3|4 -4 | % esa|%eesaz |%essas|Wessaz|Weesaz| W -3 | % ez | % ry -3 % -3 (4% -3 | % -z3




Ernest Rutherford’s Atom (1911)
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Inside the atom

Structure within
the Atom

Quark

Size <1079 m

Electron

Nucleus : 1
Size < 1078 m

Size = 10719 m

e

Neutron
and
Proton

Size =~ 107> m
Atom
Size = 10710m '
If the protons and neutrons in this picture were 10 cm across,

then the quarks and electrons would be less than 0.1 mm in
size and the entire atom would be about 10 km across.




Particle discoveries galore!

1890 1900 1910 1920
IlllllllllIlllllllll{llllllllll
e P

1920 1930 1940 1950

IIllllllllIlllllllll{llllllllll
R, F. 4]
n et [Thes n- K-

1950 1960

I111111111I111|

AUEEAETY

0A05* pv%z0A0 p v, @ ...and many

Kfa=s— T =0 oén more!




—

. — - e ————— e — - — . e e . . i . 4 --.-.-.—.—.—-—_—1.

Modern Day Colliders

Jetterson Lab
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Proton Neutron

'The Standard Model

Higgs
boso|




'The Pernnodic Table of Elements

The Periodic Table of Elements
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Many particles contain quarks, but some particles are
fundamental (as far as we know).

The Quark Idea
(up, down, strange) (char n(1l)30ttom)
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Particle Interactions

Electroweak
m Electromagnetic = messsss——— \\ogk ——
Charged Neutral
N\ T VARER e e o
/7 N\ \
e q e
e* \ / e’
e e
Range =, relative strength < 10° Range ~10'® m, relative strength 10'*

esssssm——— Strong =————

Q\QN/

XX

Range ~ 107" m, relative strength = 1
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Proton Neutron

'The Standard Model
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Higgs to the rescue!
(and Brout, Englert, Guralnik, ...)







T'’he Higgs Boson

Just as photons are particles of the electromagnetic

field, Higgs bosons are particles ot the Higgs field.
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The Particle Zoo ‘

Proton Neutron |

® &

Everything we !

Leptons

understand in the
universe 1s made of |
these

5% of the energy in
the universe
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