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Dielectric losses at 50 Hz

e 10%*tgé
Air 1 0
Polyethylene 2 0
Teflon 2 0
Nylon 5 15
Glasses 2-20 1-200
Water 80 >100

BaTiO3 1500 15

Image credits: Simon Koopmann and CMBJ (CC-BY-SA)
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https://commons.wikimedia.org/wiki/File:Electrical wire.jpg
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Image credit: LibreTexts (CC-BY-NC)
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https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps
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Lorentz and Lorenz
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Hendrik Antoon Lorentz
1853 — 1928
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https://commons.wikimedia.org/wiki/File:Lorentz force - mural Leiden 2, 2016.jpg

It may well be said that Lorentz was regarded by
all theoretical physicists as the world’s leading
spirit, who completed what was left unfinished
by his predecessors and prepared the ground for
the fruitful reception of the new ideas based on
the quantum theory.

Nobel Foundation

Hendrik Antoon Lorentz
1853 — 1928
electrodynamics, special relativity

1902 Nobel Prize in Physics

Image credit: Vysotsky (CC-BY-SA)

Exp. Physics 5 — Solid State Physics, WS 23/24 Dielectric properties


https://commons.wikimedia.org/wiki/File:Lorentz force - mural Leiden 2, 2016.jpg

Lorentz or Lorenz?

Hendrik Antoon Lorentz Ludvig Lorenz
1853 — 1928 1829 - 1891

derived the equation in 1878

“ . . " derived the equation in 1869
a curious case of coincidence
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Material

water and ice
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At least 80% water molecules 1
in the Ocean are hydrogen-bonded

Image credits: DevizK (CC-BY-SA) and J. Biosciences 43, 499 (2018)
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https://commons.wikimedia.org/wiki/File:Ocean Water.jpg
http://doi.org/10.1007/s12038-018-9771-4

2-in-2-out (ice rule)

Conventional ice (1)
features residual entropy
of Rln% due to random

positions of hydrogens

Image credit: Mystery of water (CC-BY-SA)
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https://mini.physics.sunysb.edu/~marivi

Water vs. ice
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Image credit: Martin Chaplin (CC-BY-NC)
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https://water.lsbu.ac.uk/water/microwave water.html
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https://www.intechopen.com/chapters/40869
https://commons.wikimedia.org/wiki/File:2018-04-20-16-52-10-IMG 7029 (39792860053).jpg

Dielectric constant, dimensionless
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Image credit: Mi ials Ch ization and Eric Fischer (CC-BY-SA)
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https://www.intechopen.com/chapters/40869
https://commons.wikimedia.org/wiki/File:2018-04-20-16-52-10-IMG 7029 (39792860053).jpg

Image credit: Scientific Finger Food
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https://scientificfingerfood.wordpress.com/2014/06/14/your-microwave-is-a-physics-laboratory-you-will-c/

Microwave oven: operation manual

o At 2.45GHz,
large dielectric loss for water

o Microwaves reflected by the
conducting walls (Faraday cage)

o With the wavelength A ~ 12c¢m,

1 veasebeled
mfetal grid on the dc?or prevents '”“““““\‘\“.\.\.\& >
microwaves from going out T Tt It I IO

LT TS TE T TE R RYC TR RYC IR
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Image credits: DromoTetteh (CC-BY-SA) and Baran Ivo (public domain)
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https://commons.wikimedia.org/wiki/File:MICROVAVE.jpg
https://commons.wikimedia.org/wiki/File:MW door.jpg

Microwave oven: operation manual

o At 2.45GHz,
large dielectric loss for water

o Microwaves reflected by the
conducting walls (Faraday cage)

o With the wavelength A ~ 12c¢m,

1 veasebeled
mfetal grid on the dc?or prevents '”“““““\‘\“.\.\.\& >
microwaves from going out T Tt It I IO

LT TS TE T TE R RYC TR RYC IR

HA00000 \
e Never run an empty oven, 00 L *.Oom.q. ®

the energy of 600 — 1000 W ®
will be discharged into nowhere

Image credits: DromoTetteh (CC-BY-SA) and Baran Ivo (public domain)
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https://commons.wikimedia.org/wiki/File:MICROVAVE.jpg
https://commons.wikimedia.org/wiki/File:MW door.jpg

Microwave ovens: operation manual

o Defrost option should be used
for frozen products
(gentle heating, low power)

Image credits: heb@Wikimedia Commons and Benrei is (CC-BY-SA)
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https://commons.wikimedia.org/wiki/File:MW on fire.jpg
https://commons.wikimedia.org/wiki/File:Microwave oven Post box.JPG

Microwave ovens: operation manual

o Defrost option should be used
for frozen products
(gentle heating, low power)

@ Do not microwave
dry products, they will burn

Image credits: heb@Wikimedia Commons and Benrei is (CC-BY-SA)
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https://commons.wikimedia.org/wiki/File:MW on fire.jpg
https://commons.wikimedia.org/wiki/File:Microwave oven Post box.JPG

Microwave ovens: operation manual

o Defrost option should be used
for frozen products
(gentle heating, low power)

@ Do not microwave
dry products, they will burn

@ Do not microwave
metallic objects

Image credits: heb@Wikimedia Commons and Benrei is (CC-BY-SA)
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https://commons.wikimedia.org/wiki/File:MW on fire.jpg
https://commons.wikimedia.org/wiki/File:Microwave oven Post box.JPG

Microwave ovens: operation manual

o Defrost option should be used
for frozen products
(gentle heating, low power)

@ Do not microwave
dry products, they will burn

@ Do not microwave
metallic objects

o Broken microwave ovens
may be re-used

Image credits: heb@Wikimedia Commons and Benrei is (CC-BY-SA)
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https://commons.wikimedia.org/wiki/File:MW on fire.jpg
https://commons.wikimedia.org/wiki/File:Microwave oven Post box.JPG

Experimental technique

dielectric spectroscopy
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Dielectric measurem

BNC Connections
to LCR Meter

Wire to Upper Plate

Ground Geometry with Dielectric
Ceramic Insulation Accessory
Mount

Smart Swap™
Connection

BNC Connections

to LCR Meter ——0..

Image source: TA Instruments (fair use)
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https://www.tainstruments.com/dielectric-measurement/

Cole-Cole plot
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Image credit: Martin Chaplin (CC-BY-NC)



https://water.lsbu.ac.uk/water/microwave water.html

Quality control
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Image credit: K. Watanabe et al. EMC'09, Kyoto
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https://sciendo.com/pdf/10.2478/v10048-009-0025-3

Study of glaciers
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Image credit: Remote Sensing 12, 4105 (2020)
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https://doi.org/10.3390/rs12244105

Upcoming colloquium

Physics Colloquium

Tuesday, November 14, 2023 at 16:30

Claudius Gros
Goethe University Frankfurt

Should physics pay attention to attention?

At the core of the current Al hype is the attention mech-
anism, which powers transformers and hence all mod-
ern large language models, such as ChatGPT.
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