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1. Structure of crystals
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Resistivity = specific resistance

F 4

Image credit: Omegatron (CC-BY-SA)
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https://commons.wikimedia.org/wiki/File:Resistivity geometry.svg

Electron concentrations

ELEMENT zZ n (102%/cm?)

Li (78K) 4.70
Na (5 K) 2.65

K (5K) 1.40 Be
Rb (5 K) 1.15 beryllium

091
8.47
Ag 5.86
Au 5.90

1
1
1
1
Cs (5K) 1
1
1
1
Be 2 24.7
2
2
2
2

Cu Mg 3 ‘ s

20 40.08|21 44.96|22 47.87|23 50.94

Ca/Sc|Ti|V

calcium |scandium | titanium |vanadium
38 87.62(39 88.91/40 91.22(41 9291

Sr| Y [ Zr |Nb

strontium | yttrium |zirconium | niobium

56 137.3|57-71 72 1785|73 180.9
Ba _‘ Hf Ta

hafnium | tantalum

Mg 8.61
Ca 4.61
Sr 3.55
Ba 3.15

barium

Source: Ashcroft and Mermin, Solid State Physics
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Valence of metals

Z=1 Image credit: Laszlé Németh (CC-zero)

z=2 Z=3 18

l l Z=4 7 o
| He

13 1 15 16 17| helium

Z=1 5 10816 120077 1401°[8 16009 190010 2018

B/ C N|O|F | Ne

boron | carbon | nitrogen | oxygen | fluorine | neon
1 5 2058[14 2805715 309716 320517 3545718 2935

Al |[Si| P |S Cl Ar

3 4 5 6 1 8 2 10 1 12 laluminium| silicon |phosphorus| sulfur | chlorine | argon
21 4496[22 4787[23 s094[24 5200[25 549426 55.85[27 58.93[28 5869[20 6355[30 6538%(31 69.72[32 7263[33 7492(34 78.97+[35 79.90+[36 8380

Sc|Ti|V |[Cr Mn|Fe|Co|Ni|Cu|/Zn|Ga | Ge As | Se Br Kr

| calcium |scandium | titanium iron cobalt | nickel | copper | zinc | gallium |germanium| arsenic | selenium | bromine | krypton
38 8762[39 889140 9122[a1 9201[42 9595+(43 (98][44 1011[45 1029(46 1064[47 107948 1124[49 1148[50 1187[51 1218[52 127.6[53 1269(5¢ 1313

Sr| Y [Zr |Nb|Mo| Tc ([Ru|Rh|Pd|Ag|Cd|In |Sn Sb|Te| | |Xe

strontium | yttrium | zirconium | niobium ium| rhodium |palladium | silver | cadmium | indium tin__|antimony | tellurium | iodine | xenon
56 1373[57-71— |72 1785(73 1809[74 1838(75 1862[76 1902|77 1922[78 1951[79 197.0[80 2006[81 204.4*[82 207.2[83 2090[84 (209185 [210][86 [222]

Ba Hf Ta| W |[Re|Os| Ir | Pt |Au Hg| Tl Pb Bi |[Po|At Rn

barium hafnium | tantalum | tungsten | rhenium | osmium | iridium | platinum | gold | mercury | thallium | lead | bismuth | polonium | astatine | radon
88 [2261[89-1031 | [104 12671[105 [268][106 [2691[107 [270[108 [277][109 [278][110 [281)[111 [2821[112 [2851[113 [2861[114 [289][115 [290][116 [2931[117 [294][118 [294]

Ra Rf Db|Sg |Bh|Hs Mt Ds |Rg|Cn | Nh| Fl |[Mc|Lv|Ts | Og

radium [utherfordium| dubnium |seaborgium| bohrium | hassium nihonium | flerovium tennessine | oganesson

57 1389[58 1401[59 1409[60 144261 [1451[62 150.4[63 1520[64 157365 1589[66 1625[67 164.9[68 1673[69 1689[70 173.0[71 1750

La | Ce|Pr Nd Pm|Sm Eu|Gd|Tb | Dy Ho| Er |Tm Yb | Lu

lanthanum | cerium europium |gadolinium| terbium_[dysprosium| holmium | erbium | thulium |ytterbium | lutetium
89 [227][90 2320[91 2310[92 2380[93 [2371[94 (244[95 (2431(96 [2471[97 [247)[98 (251[99 ([252][100 [257)[101 [258)[102 [250][103 (266

Ac | Th|Pa/ U [Np Pu|/Am Cm BI_( Cf |Es [Fm|Md |No| Lr

actinium | thorium_([protactinium{ uranium | neptunium |plutonium| americium | curium ifornium [einsteinium| fermium _[mendelevium| nobelium |lawrencium|
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https://commons.wikimedia.org/wiki/File:Periodic table simple en.svg

Resistivity of metals

. _ Source: Ashcroft and Mermin, Solid State Physics
Resistivity: p (1078 Q-m)

ELEMENT 77K 273 K 373 K
ne
Li 1.04 8.55 124
Na 0.8 4.2 Melted
K 1.38 6.1 Melted Z=1
Rb 2.2 11.0 Melted
Cs 45 18.8 Melted
Cu 0.2 1.56 2.24
Ag 0.3 1.51 2.13
Au 0.5 2.04 2.84 N
Be 2.8 53
Mg 0.62 3.9 5.6
Ca 343 5.0 Z=2
Sr 7 23
Ba 17 60
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Experimental technique
resistivity measurements

WS 23/24 Metal as classical gas



Two-probe vs. four-probe

Analog
meter

Resistor

Two-probe method

Image credits: wdwd and Libretexts (CC-BY-SA)
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https://commons.wikimedia.org/wiki/File:Multimeter Strommessung.JPG
https://workforce.libretexts.org/Bookshelves/Electronics Technology

Two-probe vs. four-probe
tro %

Resistor
/
i ?
1]

|

Two-probe method

. Four-probe method
contact resistance

Image credits: wdwd and Libretexts, SpinningSpark (CC-BY-SA)
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https://commons.wikimedia.org/wiki/File:Multimeter Strommessung.JPG
https://workforce.libretexts.org/Bookshelves/Electronics Technology
https://en.wikipedia.org/wiki/File:Wenner electrode array.svg

Image credits: Seyed Majid Mohseni (PhD thesis); Archives Biochem. Biophys. 581, 122 (2015); npj 2D Mater. Appl. 4, 7 (2020)
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http://doi.org/10.13140/2.1.1191.3282
https://doi.org/10.1016/j.abb.2015.02.009
https://doi.org/10.1038/s41699-020-0145-z
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Lorenz number

273K 373K
ELEMENT K k/cT K x/cT
(watt/cm-K)  (watt-ohm/K?)  (watt/cm-K)  (watt-ohm/K?)
Li 0.71 222 x 1078 0.73 243 x 1078
Na 1.38 2.12
K 1.0 2:25
Rb 0.6 242
Cu 3.85 220 3.82 2229
Ag 4.18 2.31 4.17 2.38
Au 3.1 2.32 3.1 2.36
Be 23 236 1.7 242
Mg 1.5 2.14 1.5 2:25
Nb 0.52 290 0.54 2.78
Fe 0.80 261 0.73 2.88
Zn 1.13 2.28 1.1 230
Source: Ashcroft and Mermin, Solid State Physics
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Person
Paul Drude
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Paul Drude

@ 1880’s: studied mathematics and physics in Gottingen

@ 1887: PhD on reflection and diffraction
of light in crystals

@ 1894-1900: associate professor in Leipzig
@ 1890’s: optical properties of metals

@ 1900: formulated first theory of metals
(Drude model)

Paul Drude
1863-1906
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Physics Institute in Leipzig

new building
(LinnéstraRe)
opens 1905

botanical garden

old building
(TalstraRe 35)



http://doi.org/10.1002/andp.200610210

Paul Drude

@ 1880’s: studied mathematics and physics in Gottingen

@ 1887: PhD on reflection and diffraction
of light in crystals

@ 1894-1900: professor in Leipzig
@ 1890’s: optical properties of metals

@ 1900: formulated first theory of metals
(renowned Drude model)

@ 1901-1905: professor in Giessen

@ since 1905: director of the Physics Institute in Berlin

@ 1906: member of the Prussian Academy of Sciences

Paul Drude
1863-1906
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Albert Einstein
1879-1955

Paul Drude
1863-1906

“What you say about German professors is unfortunately true.
Drude discarded two objections, which | raised against
his theory and which demonstrate a direct mistake in his
about Paul Drude: conclusions, by pointing out that another (infallibe)

colleague of his shares his opinion.

Albert Einstein

Authority gone to one’s head is the greatest enemy of truth”

English translation per Ann. Phys. (Leipzig) 15, 449 (2006)
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Physics Colloquium

Tuesday, 12 Dec 2023 at 16:30

Prof. Dr. Krzysztof Wohlfeld

University of Warsaw

Spinons or magnons? A quest for the correct
quasiparticle description of quantum magnets

One of the main paradigms of quantum magnetism is = = —
that collective excitations in systems with long-range order, : N
such as ferro/antiferro-magnets, are well described in terms
of bosonic quasiparticles — magnons. This approach is
extremely successful, since these magnons interact very
weakly. On the other hand, once the long-range order
collapses, for instance due to geometric frustration of spin
couplings, magnons interact and such a description seems
to fail. In contrast, the low-energy magnetic excitations are

typically described in terms of fermionic spinons.
Unfortunately, the latter quasiparticles are less intuitive, for they carry fractional quantum
numbers and, most of the time, they also do interact.



Material

Thermoelectrics

Exp. Physics 5 — Solid State Physics, WS 23/24 Metal as classical gas: Drude model



Thermocouple (Seebeck effec
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https://commons.wikimedia.org/wiki/File:Thermoelement-Thermometer Omega (1).jpg
https://commons.wikimedia.org/wiki/File:Intermediate temperature thermocouples reference functions.svg
https://www.tec-science.com/thermodynamics/temperature/how-does-a-thermocouple-work/

Peltier effect

Metal A

Cold Junction -

electrons
slowed down

Hot Junction
Metal B

electrons
sped up

Current

Electricity 2, 359 (2021)
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http://doi.org/10.3390/electricity2030022
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Image credits: Energies 13, 3142 (2020); Processes 7, 98 (2019); Hustvedt (CC-BY-SA)
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