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*Alguns modelos comuns
*Teoria de perturbacao
*Aplicacdes classicas
*Resposta linear
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O problema de muitos corpos
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supercondutores ferromagnetos antiferromagnetos
hydrogen helium
1 2
H He
1.00794(7) Key: 4.002602(2)
lithium beryllium element name nitrogen oxygen fluorine neon
3 4 atomic number 7 8 9 10
Li | Be symbol N O F | Ne
6.941(2) 9.012182(3) 2003 atomic weight (mean relative mass] 14.0067(7) | 15.9994(3) |18.9984032(5) 20.1797(6)
sodium magnesium sulfur chlorine argon
1" 12 16 17 18
Na Mg Al Cl | Ar
22.989770(2) 24.3050(6) 26.981538(2)  28.0855(3) 35.453(2) 39.948(1)
potassium calcium scandium titanium vanadium chromi nese iron cobalt zinc gallium germanium bromine krypton
19 20 21 4 25 27 —3'1\ 32 35 36
K Ca|Sc (Ti VJ)(Cr Mn)Fe Co Zn Ga)Ge Sel Br  Kr
39.0983(1) | 40.078(4) |44.955910(8)| 47.86 .9415(1) ) 6) 54, 55.845(2). 58.933200(9) | L 63,546 65. —Mﬂ( 72.64(1) 74.92160(2) 78.96(3) 79.904(1) 83.798(2)
rubidium strontium yttrium zirconium niobium molybdenum | technetium ruthenium ium palladium silver cadmium indium tin antimony tellurium iodine xenon
37 38 39 4 41 42 43 ﬁﬂ-—mdj\ 46 47 gy 51 52 53 54
Rb| Sr| Y Nb Mo Tc Ru|/Rh}?Pd | Ag Cd | In Sn)Sb| Tel | | Xe
85.4678(3) 87.62(1) 88.90585(2) | 91.224(2) mf—’ﬁﬁ {98} 101.07(2) | 102.90550(2)| 106.42(1) | 107.8682(2) 1124 | 114.818(3) .710(7) | 121.760(1) 127.60(3) 11 126.90447(3)| 131.293(6)
caesium barium lutetium hafnium tantalum tungsten rhenium osmium iridium platinum gold mercury thallium lead bismuth polonium astatine radon
55 56 71 72 73 74 (- e 77 78 79 "BN 83 85 86
Cs Ba|Lu <Hf Ta W Re | Os Ir> Pt Au Tl Pb) Bi Pof At | Rn
132.90545(2) . 137.327(7) | 174.9668(1) | 178.49(2) Mm: 190:23(3) | 192.217(3) | 195.078(2) | 196.96655(2)| 200.59(2) | 204.3833(2) | 07.2(1) | 208.98038(2) [210] [222]
francium radium lawrencium | rutherfordium | dubnium seaborgium bohrium hassium meitnerium | darmstadtium| roentgenium | ununbium ununtrium | ununquadium | ununpentium | ununhexium | ununseptium | ununoctium
87 88 103 104 105 106 107 108 109 110 1 12 113 114 115 116 17 118
Fr Ra|Lr Rf Db|Sg Bh |  Hs Mt | Ds Rg Uub|/Uut Uuq Uup Uuh Uuo
[223] [226] [262] [267] [268] [271) [272] [270] [276] [281] [280] [285] [284] [289] [288] [293] - [294]
lanthanum cerium praseodymium| neodymium | promethium | samarium europium | _agadolinium:|~terbium-{=dysprosium_| holmium erbium thulium vtterbium
58 59 60 61 62 /&3” 64 65 66 \61\ 68 69 70
Lanthanoids Ce Pr Nd Pm Sm{Eu Gd Tb Dy Ho)Er Tm|Yb
138.9055(2) | 140.116(1) | 140.90765(2)| 144.24(3) [145] 150.36(3) 151.964(1)7 WWWWHQ.%MZ(Z) 167.259(3) | 168.93421(2)| 173.054(5) |
actinium thorium protactinium uranium neptunium plutonium americium curium berkelium californium | einsteinium fermium mendelevium | nobelium
89 | 4 93 94 95 96 97 98 99 100 101 102
Actinoids Ac (Th Pa| U> Np| Pu/Am|Cm Bk | Cf  Es Fm Md | No
[227] 232.0 1'231:03688(2) .02891(3) [237] [244] [243] [247] [247) [251] [252] [257] [258] [259]




Quebra espontanea de simetria

A emergéncia na fisica da matéria condensada e as quebras espontaneas de
simetria, Ciencia & Cultura 65, 32 (2013)



Comportamento classico X quantico
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Ordem magnética

Paramagnetismo
Ferromagnetismo
Antiferromagnetismo
Ferrimagnetismo
Vidro de spin
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Ordem cristalina




Cristais liquidos




Ordens superfluida e supercondutora
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ExcitacOes elementares
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Defeitos:
Ferromagnetismo e dominios

Iron will become magnetized in the
direction of any applied magnetic
field. This magnetization will produce
a magnetic pole in the iron opposite to
that pole which is nearest to
Ju it, s0 the iron will be attracted
o either pole of a magnet.

In bulk material O
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Defeitos

Discordancia
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Disclinacao em cristal liquido
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Fig. 16.2 Reduced temperature vs. reduced density in the gas-liquid coexistence

region, for eight different substances.



Expoentes criticos
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Expoentes criticos

3D Ising exponents % a n p

EXPT  liquid-vapour 0.6297(4) 0.111(1) 0.042(6) 0.324(2)
fluid mixtures 0.6297(7) 0.111(2) 0.038(3) 0.327(3)
uniaxial magnets 0.6300(17)  0.110(5) 0.325(2)

PFT 6,7-l MZM [16]  0.6304(13) 0.109(4) 0.034(3) 0.326(1)
0(85) exp [16] 0.6290(25) 0.113(7) 0.036(5) 0.326(3)

Lattice HT exp [17] 0.63012(16) 0.1096(5) 0.0364(2) 0.3265(1)
MC [18] 0.63020(12) 0.1094(4) 0.0368(2) 0.3267(1)

Table 1: Estimates of the critical exponents of the 3D Ising universality class, from experiments (taken
from the review [1]), resummation of the FT 6,7-loop calculations within the MZM scheme and of O(&”)
expansions, and from lattice techniques: 25th order high-temperature (HT) expansion and Monte Carlo (MC)
simulations.

E. Vicari, Critical phenomena and renormalization-group flow of multi-parameter
@"4 field theories, PoOSLAT2007, 023 (2007)



