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Elektrocutie

DEFINITIE  Mep spreekt van elektrocutie als er vanuit
©**°°***  deomgeving een stroom door je lichaam gaat.

Door elektrocutie kan plaatselijk verbranding
ontstaan. Ook inwendig kan verbranding

,Social competences” el

n stilvallen en

Does anybody understand it? ::

eeeesese Heteffect van de stroom wordt bepaald door 4 factoren: de grootte van de stroom, de duur,
de baan van de stroom door het lichaam en de frequentie.

®  De grootte van de stroom

Een stroom tot 1 mA merk je nauwelijks. Reeds vanaf 10 mA kan spierverkramping optreden.

hartstilstand Een stroom van 30 mA kan al fataal zijn.

drempel van

:;':“T;izrz:re De grootte van de stroom wordt bepaald door de spanning en de weerstand van het lichaam (I= U/R).
Hoe groter de spanning, hoe groter de stroom. Een spanning van maximaal 24 V is onschadelijk en
noemt men de veiligheidsspanning. Bij elektrische systemen zoals halogeenspots of een speelgoed-

:;Z’;ﬁhv:g'; treintje .. waarbij je de geleiders kunt aanraken, mag de spanning daarom maximaal 24 V zjn.

verlamming

De weerstand van het menselijk lichaam wordt vooral bepaald door de huidweerstand op de plaats waar

de stroom binnenkomt en terug buitengaat. In het lichaam zelf is de weerstand verwaarlooshaar klein,

omdat het bestaat uit water (70 %), opgeloste zouten, zenuwen ... De weerstand van de huid is
afhankelijk van het contactopperviak (raken of vastknellen) en van de vochtigheidsgraad.

2zwakke gevoeligheid

What is the ,dead-line” for AC?
GK ,Pstryczek: electricity is lethal

300 = Al—k t‘——f»fvi =
= bl e ]

spierverkramping

200
100
nks de hoge spanning van 60
"heeft het aanraken van de 40

«draad van een weide geen 20
lelijk effect, omdat dat zeer
pulsen zijn met een laag
)gen.
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Equipotentiaalopf l'.\ e ;;I\ g
De potentiaal in een punt P) *I'kl DoeS IS Serve anythlng?
van de negatieve plaat ligg | Baaroer PF'.‘:-‘o'i;' -
i

i 7 N thing. Only f
0, nothing. Only fun!
i ®  De gelijkstroommotor
Om toestellen zoals een cassetterecorder, een boormachine, een mixer, een ventilator ... §
gebruikt men een elektrische motor. Een veel gebruikt type is de gelijkstroommotor.

Ook hier is een spoeltje gewikkeld op een ijzeren kern en draaibaar opgesteld tussen de pg
een permanente magneet.

I ¥ =

Bij een homogeen veld zijn MR r I,,;;‘_

) f
{ehrfiring poirgiad
[Z peecesces Eenopperviak gevormd dogf | 1 freo L
1

'

De uiteinden van de wikkelingen zijn verbonden met twee halve ringen.

Twee koolborstels maken contact met deze ringen en geven zo de stroom door aan het spa
Door de Laplacekracht draait het spoeltje rond tot de winding Loodrecht op het veld staat.
In die positie hebben de koolborstels geen contact meer met de ringen, maar door zijn sn¢
koolborstels spoeltje verder draaien. Dan is er opnieuw contact, loopt er stroom en draait het spoeltjey

Laplacekracht.
) radiaal veld Ga de zin van de krachten [ F
H H op de windingen na.
E q u I pote n t I al s u rface -. Alle punten die op eenzelfde afstand rvan
UL MIUHIUUITTTY LYYt OO ULeC LU UL s /
De equipotenstia:?oppervlakken zijn dusyboloppervlakken die concentrisch rond de bronlading liggen.
In een vlak tekenen we equipotentiaallijnen (zie fig. b).
eeeeoees Zowel bij een radiaal veld als bij een homogeen veld staan de veldlijnen loodrecht op 1
de equipotentiaaloppervlakken. Dat geldt ook voor willekeurige velden. |
. k
Komensky: tell some funny story i
d \ v " ] ] . ] ‘gmessy
GK Ludic function in didactics -~

Emotional fixing of intelect

\
collector

willekeurig veld Equipotentiaallijnen kun je vergelijken met hoogtelijnen

GK, J, Chojnacka What is the shape of Earth ,ball”
Geography in School, 2011; Foton 2011




LAWRENCE LERNER

FISICA

4 FISICA MODERNA

y
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D2 =24 [V Ar"] (38.5)

. ’ 5 ) ~21 7 @ .
Ora eleviamo al quadrato I'equazione 38.4 per ottenere Ay = 4D/c”. Sosti-
endo in questa espressione il valore di D? dato dall’equazione 38.5, otteniamo

ZANICHELLI Time dilatation: ,,drop an eye”
(in movement)

wrnce Lerner, hyscs for scientists and engineers, Jones & Balrett, 1996
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Stephan-Boltzmann
Experimental law
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Wien law
(experimental)

Black body

Isolante
perfetto

Figura 40.1 Un corpo nero ideale. Il recipien-
te in cui & stato fatto il vuoto & circondato da un
isolante termico perfetto. Le pareti interne sono
alla temperatura T. La cavita & piena di radia-
zione elettromagnetica di varie lunghezze d'on-
da. In condizione di equilibrio termico ogni quan-
tita ¢ ) ) o e

¢l ,resonant cavity’

Perciu 1 nieiv wuipu v (eanipu uniauaciune
e pareti della cavita) & in equilibrio.

Rayleigh-Jeans

I, (W/m?)

150-10"

RS- 10

10010

s 10"

80.10"

RS- 1013

«Legge» di
Rayleigh-Jeans

Hi'analisi particolareggiata conduce all’equazione 40.5, rappr
(& nella figura 40.4.

10

gsentarta gl"dﬁCﬂ men-

/A(\A'Q[n“)

108+

so small difference
and Planck’s

\wsifarmula you will

find in internet

108F

108+

Confronto tra uno spettro del co
po nero e la «legge» di Rayleigh-Jeans (equ:
zione 40 5) | a parte (h) estende il confront

Lawrence Lerner, Physics for scientists and engineers, Jones & Barlett, 1996



Nuclear physics

Problem: lifetimes of nuclides change from second to billion
years. Why so much?

EHU e__, 234']"11 Ei_} ﬂS-IPﬂ ﬁ_} E#U a__, !Stk'rh u_}?l a__, EEERI[ a__,
—}EHPD B ?HPh Py El—lEl' EHEI' Py EHI_':,D oy EEIIIPb f__ EIDB]'_ B EIDPD a_
—~"Pb (stabilny) (3.9)

Czasy polowicznego rozpadu dla roznych izotopow moga bardzo
odbiegac od siebie: oprocz czasow _geologicznych™, jak wspommianych
=90 1K izotopy nawet tego samego pierwiastka chemicznego moga miec
bardzo rozne czasy polowicznego rozpadu'®. Wymuiemone w cyklu rozpadu
uranu, ryc. 3.6, produkty przejsciowe maja odmuenne czasy polowicznego
rozpadu: rad g;Ra — 1600 lat, gaz radon “;;Rn — 3.8 dnia, polon '33Po —
3 minuty, otéw *;;Pb — 27 minut (ten rozpada sie piZez proces B); bizmut
*33Bi — 20 minut; w kolejnym rozpadzie B powstaje ponownie polon, ale
inny izotop, ;3 Po, zyjacy zaledwie 0,16 milisekundy itd. Sposréd réznych
1zotopow nowego szfucznego pierwiastka o liczbie atomowe) Z=112 (czy-

G. Karwasz, Torunski po-recznik do fizyki. Part IV. Modern Physics and Astrophysics



because of Quantum Physics

a-decay is tunneling through a potential barrier
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: Priverimrl pemanrborarioes_| Poleznie (nm) i T r———— Polozenie (nm)
Probability of transmission depends By the way, the wave does reflect also
very strongly on barrier’s width from a well

Model: phet.colorado.edu
G. Karwasz, Torunski po-recznik do fizyki. Part IV. Modern Physics and Astrophysics



Look into detall

l_]
E 7106
E (MeV)
I (a) (b) . (c)
. F.S’
U=0 70,06 MeV v0,06 MeV
Lol § ‘ 539 MeV || VW \\» AN\
re——— r!” Ii“ —r s ot mlc\’ Y()‘I}MCV
'“5[3 MeV
logyy Ty . . . 2 > %
(Tins) Uranium isotopes lifetime — — — .
20} S psoery e
18
16
g5k Uranium 238U decay modes
g Note low energy of y-rays
sl
o Also plutonium has low y-energies
e g = (IMev] ™) But is extremely (chemically) poisonous

1 1 1
0,360 0,380 0400 0420 0440 0460 0480 0500 VK

Lawrence Lerner, Physics for scientists and engineers, Jones & Barlett, 1996
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We may check it in excellent book EEEERE
« CRC Handbook of Physics and Chemistry:
a ,Bibble” of the researcher

93m

ELVLTRCRRY
TAEZ-2A13

Table of the Isotopes 11-5
MNatural Half-life/ Particle Energy, Nuclear Elect. y-Energy/
Elem. Abundance Atomic Mass Resonance Decay Mode/ Intensity Spin Magnetic Quadr. Intensity
or lsol. (Atom %) or Weight Width (MeV)  Energy (/MeV) (MeV /™) (fe/2m) Mom. (nm) Mom. (b) (MeV /%)
N 13.0057 386 997 m B+ /2.2204 1.190/ 100, 4 0.3222
14N] 99.636(20) 1400307 4005 4 27 Mey 1+ +0.403761 +0.02044
SN 0.364(20) 15.000 10898 15 ~0.283189
N 16006102 7135 g 10415 ( 42)/6s > 61297688
1.2 bin yrs —
g 93.2581(44) 38.9637067 o~ 3/2+ +0.39146 +0.049
“K 0.0117(1) 39,9639985 1.248 z.w B- /1.3111 1.312/89. 4- ~1.29810 -0.074  ann.rad./
B+, EC/1.506 1.50/10.7 1 4608/10.5
"k 6.7302(44) 10.9618258 A2+ +0.21487 +0.071
K 419624028 12.36 h B /3.525 1.97/19. 2- ~1.1425 0.31260(2)/0.3
“Cu 69.15(15) 62.929598 352- +2.2273 -0.211
“Cu 63,9297 64 12.701 h /[j-‘-\'iﬁ.'ﬂ 29 0578/ 1+ 0217 ann.rad./35.1

B"‘ wu'l.ﬁfﬁl 065/ 1.3459(3)/0.47

https://books.google.pl/books?redir_esc=y&id=c1rNBQAAQBAJ&qg=nuclides#v=snippet&g=nuclides&f=false



Excellent also

Physical Constants of Organic Compounds

Cl
l Cl
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Crystallographic Data on Minerals

Mame
Datolite
Daubreeite
Diamond

Diaspore

MNi** + 2 e = Nj

Formula
CaBSiO (OH)
FeCr,5,

c

AIO{OH)

Keaction

PbCl, +2e= Pb + 2 Cl
H_.F'U‘ +2H* +2e=H I"H, + HO

Co*+2e=Co

il H H
| Cl M. M
(s .
1 o
1 |
10214 10215
T34 Trechdairg- 1 -bibmis 244 Tnehlorec srbanibd e
Crystal Structure
system type Z
monocl 4
cubic spinel 8
cubic diamond 8
orth !

-0.257
-0.2675
0.276

0.28

v

Ni(OH), 4

In chemistry

Cl-. :
s 1
10216

1.2.4 - Trizhlora
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127
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1

4-147

a [ Y
90.15°

Electrochemical Series

alA BA el A
962 760 1.84
9.966
35670
4.401 9.421 2.845

Reaction

NbO. +4H ' +demNb+2HO
AgS +2ewm2 Ag + 5

;’Ht}dl r'_’H_['.If_’vr—‘A-i(]', + 4 OH
2e=Ni+20H

e
—(.64%0
=0.691

0.71
0.72

https://books.google.pl/books?redir_esc=y&id=c1rNBQAAQBAJ&qg=nuclides#v=snippet&g=nuclides&f=false



Open University: Introducing Science

Energy and Light




Open University: Introducing Science




Reference to social sensitivity

Part | Climate changes

Figurs 31 Cuttings firvim sewspisper slories focusing o some of the mons sxireme COTBEGUENTY
winming

Figure 2.3 [l vou wait long
enouzh, vou too could rofl five
sives (although, admittedly it
may teke a while - on average
voi will get five sixes every
B} oF 50 colls). So, the unlikely
Figure 2.2 Photograph showing considerable damiage to houses cansed by a event does occasionally happen
tornadi in anarea of the UK S second larpest city, Birmingham, in Jalv 2005



Tranversal competences

Table 2.1 Anthropogenic emissions of carbon dioxsde o tse almosphens in
2iHM, expressed in terms of the mass of carbon in millions of onmes, and their
proparticns of the istal world emissiens. Coantries that emitied sver 100 million
tonmes of carbon are lsted individually, (Yoo moy hove nated that the peseeniage
wulues actunlly sdd up o 100.1%, This is bevause the individual values are only
yuobed ts the nenrest (1.1%, and this besds to what (s known as a rounding errar)

Muss of carbon millien

Cnantry
tennes li'lfl!":ll'.l'“

LsA 1580 2146
China nae 155
Russia 4067 ]
Tislia 347 4%
Tapan 336 A
Clermuany 220 10
Camaln 155 4l
LK 152 2.1
Santh Kires 124 L7
Taly 122 1.7
Mexion 114 L&
Iran 124 1.4
Frangs 104 E !
Al ather coumiries M1 130

Proporiien of totsl workd

Figure 1L.B  Pie chart showing
the propontion of carbon emitbed
globally into the atmuesphers

kn 2004 The pio clar has

14 slices. with 13 slioes
representing 1he 13 countrics
thal emitied more

than 100 mallion tommes

of Garbon each, and the
remaining slice nepresenting
the conributions from all other
countries combined. The

11 specified coantries accoumnt
for 67,0% of the world's 1ol
carbon crmission;

gié

11.0
105

mean
1005 temperature

75 .
1650 1700

| |
1750 1800 1850 1900

year

temperature ditference/"C

| 1 !
0.6 1920 1940
year

| I
1880 1900

,walking” everage



Requiring only what was taught

B'C_ 1FC ArC  #2C M

$|m1
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uroarakhy
Il
L 16 “C 175G
ranckam
Lrserningy
| |
15 LA il
SysHrmlc
orrar
1550 16 178

frue” lemperaiurs

Systematic
error

How to make

evaluation

Figure 3.2 Two
thermoameters, A and

H, measiaring the air
lempermtuze m lhe sa1me
place. Thermometer A has:
scale divisions of | *C
whereas thermometer B ha
scale divisons af (0] “C

{LE]}

B To how many significant figures are each of the following measurements
given: (a) 6.4 % 107 m; (b) 5,405 « 102 m; (e) 5.405 00 = 10¢ m?

L1 (&) Two significant figures; () four significant figures; (c) six significant
figures.

Box 3.2 Scientific notation and its use with
 acalculator
| ]

notation; however, it is only when written as
2.34 3 10° that it would be in proper scientific
notation.

You should ensure that vou can type numbers in
scientific notation into your caleulator comrectly, For
example, you should know the difference in entering,
say, —6.78 x 10° as opposed 10 6.78 x 10 {or indeed,
—6.78 = 10-%). Also, do not fall into the trap of
entering & simple pawer of ten, such as 109,

Scientific notation is a useful way of writing
nimbers, particularly very large or very small
mambers, Scientific notation relies on the fact that
asry value can be rewritten as a number that is egual
do o greater than 1 but less than 10, multiplied by
a simple power of ten, Take, for example, a number

such as 123, In scientific notation this becomes

becomes 1.2345 = 104, In these two examples,
‘the powers of ten are 1P (i.e. 100) and 10 {ic.
0 (0}, When converting values that are [ess

s negative. For example, 0.000 123 45 is

OO0 123 45 is equal 1o 1.2345 = 00001 and

s T R
ﬂ"‘“":"'"'mm:m T

that 1 and 10 can alzo be writien as powers
You know that 100 is 10% and 0.1 is 107;

123 107, Similarly, 12 345 in scientific notation

n ome into scientific notation, the power of ten

1.2345 % 10 in scientific notation, This is because

as 10 = 107 (which is actually 107). This is aveided
if you remember that 104 is actually | % 10 in
scientific notation, Finally, take care not to enter
(or write), say, 346 10% as 3.46%,

Ensure you are comfortable with entening scientific
notation and powers of ten into your calculator by
checking vou get the following answers to these
multiplications and divisions.

245109132 % 107 =T7.84 % 1012

Ix 10 6.6 % 1034 =198 = 10-%*

6666 % 10r* + 2222 x 100 =3 < 10°M

21 %10 w20 =10 =—4.41 (ic.—4.41 = 109
106 % 106 = 1012 (i.e. 1 % 1012}

10% 4+ 107 = 10% (i.e. | % 10%)

10% % 3.14 =31 400 or 3.14 x 10*

ps you can sce that the *in between” powers
are thus: 10= 10" and 1 = 107, 8o, in scientific
non, 12315 1.23 = lﬂ' mln jﬁ I,EH!W.

¢ that any number written using a power of ten
wild be referred to as being in ‘powers of ten”

n. Henee, 23.4 3 10% is in powers of ten

Scientific notation



llustrative, step-by-step, resolving doubts

B2 Amplitude

much for the periodicity of waves; what of the assertion that they transport
from one place to another? Again, waves on the sea provide a convenient
ple. Waves may be generated far out to sea by winds, where energy is

ed to the wave and transported by it until the wave finally breaks on the

, and the energy is released.

What is the evidence for this release of energy when a wave breaks on the
seashore?

When the wave breaks, kinetic energy is imparted to pebbles and other
debris, causing them to move. Also, the sound of the crash is heard, which is
further evidence for the release of energy.

How does the energy transported by a wave on the sea depend on the properties
of the wave? Again your experience probably tells you that, if the vertical
distance between the trough and crest of a wave is greater (that is, if the waves
are ‘higher’), more energy is released as they crash onto the shore. As you will
see at the beginning of the Making Waves video sequence, the waves on the sea
during a storm tend to be very high. Storms can result in a great deal of damage
1o breakwaters and sea defences; clearly, higher waves carry more energy. The
amplitude of a wave is conventionally defined as half the trough-to-crest height,
or (equivalently) the maximum deviation of the wave from its mean position.
Therefore, the amplitude of a wave is a measure of how much energy it carries. It
turns out that the energy carried by a wave is actually proportional to the square
of its amplitude, which explains why big breakers are so powerful.

The meanings of the wavelength and amplitude of a wave are summarised in
Figure 9.2.

E
wavelength

Figure 9.2 Wavelength and amplitude of a water wave.

The preceding discussion of waves in terms of natural water waves on the sea
was rather qualitative. The problem is that waves on the sea are uncontrollable;
they are not generally well behaved and regular, they are not strictly periodic,
and one wave crest breaking on a beach is often quite different in nature to
that immediately preceding or following it — just ask a surfer! This makes
them difficult to study and therefore waves on the sea are not an ideal subject

Chapter 9  Light as a wave

9.1.3 Frequency and wave speed

As you saw in the Making Waves video sequence, a wave may be characterised
. . . . : 1

by its amplitude 4, its wavelength A, its frequency f (or period 7 = — ), and

its propagation speed v. The units of frequency can be thought of as “cycles per
second’ or simply s7!, and an equivalent unit is the hertz (symbol Hz), where
1 Hz=1s7!. (Remember that A is the Greek letter lambda — wavelengths are
always represented by this symbol.)

As you discovered in Activity 9.1 Task 1, a wave may be represented gra
either by its profile in space at a particular instant of time, or by its variaf
with time at a particular point in space. Examples of these two representJ
are shown in Figure 9.5. The speed of a wave v is related to its frequencylig

wavelength by the equation:

v=if4

With A in the SI units of metres and fin the SI units of hertz (or s™), the
of the wave is expressed in the SI units of m s~!. The speed of light (and
electromagnetic radiation) in a vacuum is given the special symbol ¢ and|
is 2.997 924 58 x 108 m s7!. If light is travelling through a material such
glass, it travels at a slower speed.

http://dydaktyka.fizyka.umk.pl/zabawki1/files/mech/sprezyny.jpg

JRUp— ey e e e g e — e e

Book 1, Box 3.1 for advice on rounding).

So for light, or any other electromagnetic radiation, Equation 9.1 can be written as: ~ Figure 9.5  The space and
time representations of a wave.
c=f2 ©2)  Ineach case, the horizontal
line at 4 cm represents the
mean displacement of the
wave. (a) A graph showing
a wave profile at a fixed
instant of time, illustrating
how the displacement varies

with position. The distance
. ol between two adjacent positions
k where the profile has the same

>»
B
8
i

o 5 10 15 20 25 30 35 displacement, and where the
(a) distance/cm displacement is changing in
the same way, is equal to the
E S -l wavelength A. (b) A graph
£ sl /\ m showing how the displacement
at a fixed point in space varies
4
4
2

! and when the displacement is
changing in the same way, is
equal to the period T.

Energy and Light i

with time. The interval between
L \/ \/ two successive times when
the displacement is the same,
. . . .
1 2 3 4

0
() time/s



Figure 2.2 (a) Variations in
carbon isotopic composition
(8'3C) in organic carbon
sediments (lighter shading

in pale green) and inorganic
carbonate sediments (darker
shading in blue) over 3800 Ma
of the Earth’s history. The
height of the bands indicate the
ranges of the measured values,
and the line within the green

L - TP U o
band is the mean value. Most

of the data are from the 1988
paper by Schidlowski. The
paler-coloured box at the far
left of the diagram are data for
graphite from the Akilia rocks
taken from the paper by Mojzsis
et al. (1996). (b) Carbon
isotopic composition of various
types of living autotrophs

that fix CO, and of recent
marine organic and inorganic
sediments.

(b)
paleontology

Inter-discipl

+10
inorganic sediments (carbonates)
o- M

—10F organic sediments

i PR eSO

SRR

approximate mean

a -

5 R e

carbon isotope composition 5'3C/ %o
| |
w n
o o
T T

| Akilia rocks
Archaean Proterozoic Phanerozoic|
N . | L 1
4000 3500 3000 2500 2000 1500 1000 500 0
time before present/Ma
(a)
-50 —40 -30 =20 -10 0

T T
recent marine carbonate
marine bicarbonate I
atmospheric CO, B

recent marine
organic sediments
. flowefing plants
present-day autotrophic .

organisms
eukaryotic algae 1
cyanobacteria [
=)
photosynthetic | iz )
bacteria L EEmmmaer
| Bz )

methanogenic
bacteria L =
—85%, < =< e o] methanotrophic (Archaea)
1 1

1 1
-50 —40 -30 =2f) -10 0
carbon isotope composition §'3C/ %o

What inference can you draw from the discrepancy between the findings
of the original scientists and those of the second team working on the same
samples 10 years later?

[J That advances in instruments and techniques can completely overturn
apparently sound scientific conclusions, and so great care must be taken
when analysing tiny amounts of material.

If carbon isotope data from rocks around 3800 Ma old is no longer evidence

for the earliest appearance of life of Earth, what should we be looking for?
Perhaps fossilised microorganisms rather than their chemical traces might be

,Life in the Universe”

inary, involving

In the first part of the extract, Zahnle considers the composition of the atmosphere
immediately following formation of the Moon. In the final part of the extract,

he looks at how the presence of an ocean of liquid water would influence the
atmosphere. The details of this are not important for the purposes of this book, but
are interesting given current concerns about global warming and the greenhouse
effect.

The period of time that the author covers takes us up to about 3600 Ma ago, just
before we have evidence for life on Earth. The period known as the late heavy
bombardment is one of the final events of the Hadean era.

After reading the article, carry out the tasks below which give you practice at
extracting information. Have a quick look at the tasks now so that you can make
notes as you read.

Task |

Describe the probable composition of the Earth’s earliest atmosphere after the
Moon formed.

Task 2

Use Figure 2.7 to describe how the temperature of the Earth’s surface changed
through the Hadean era.

You should now read Article 3, consider your responses to the two tasks and then
compare your answers with those in the comments on this activity at the end of

" climatology
3000
2000
X
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‘E 4001~ runaway greenhouse
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=
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rock
vapour magma ocean L0, rich liquid water
atmosphere surface atmosphere  on surface
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Figure 2.7 The figure is adapted from Figure 3 of Zahnle (2006), and shows
how the Earth’s surface temperature was thought to vary during the Hadean, from
Just after the Moon-forming impact up until the Late Heavy Bombardment. Note
that both axes are logarithmic scales.



Exotic, visible real pre-life

Book 8 Life in the Universe

Activity 2.1 (continued) Earth’s timeline

We expect this activity will take you approximately 5 minutes.

You can now add two more dates to the timeline in Figure 2.1: the ages of

3850 Ma (for possible chemical trace fossils in the Akilia rocks) and 3500 Ma
(for biological tracers in the Apex Chert). Like the date for the first presence of
water on Earth, the ages of the chemical and biological tracers are uncertain and
subject to much argument, and so should be added in your second colour or text

sandstone? =~

G | u ed Wlth ? There are, however, other features present in ancient rocks that can indicate the
presence of biological matter. The first is the occurrence of stromatolites. These
are finely layered rocks (Figure 2.4) produced in shallow marine environments
by the trapping of sediments by colonies of cyanobacterial cells, forming
microbial mats (Book 6 Section 3.1).

E—————

Figure 2.4 Modern
stromatolites in Shark Bay,
Western Australia. The flat,
rounded mounds are up to about
Im across, and around 30 cm
high.

The oldest stromatolites (around 3300 to 3400 Ma) have been found in at least two
Innatinne ~n~ ot Strelley Pool in Western Australia, and the other in South Africa
Chert). Great care must be taken in interpreting features as
cause, as for the features in the slightly older Apex Chert, there

stromatolites ‘ ;
al instances where characteristics initially interpreted as being
W e St e rn Au Stra I i a »re subsequently reinterpreted as being of non-biological origin.

nvinced about the biological origin of a feature, it is clear that
relying solely on shape is not enough. The geological environment must also
be considered, i.e. were the rocks originally igneous or sedimentary? In the
case of Strelley Pool and Buck Reef, the host rocks seem clearly to have been
sedimentary, laid down in shallow seas, and thus appropriate for the formation
of stromatolites. So it looks as if the first traces of life on Earth occurred at least
aroynd 3400 Ma ago. 5

" This series Is available at IF UMK library

Chapter 2 The origin of life on Earth

bottom water, there is an instant chemical reaction and sulfides precipitate out
from the water, colouring it black. The sulfides build up rapidly to form ‘chimneys’
reaching heights of several tens of metres.

Discovery of the vents revealed that, despite the depth and darkness, parts of the
ocean floor are home to an unusual collection of animals such as clams, mussels and
tubeworms (Figure 2.8b), feeding on the Bacteria and Archaea that flourish in these
very hot conditions.

The discovery of a successful ecosystem based on chemical energy rather than
photosynthesis has raised the possibility that life may not have arisen in surface
waters, as original theories suggested. Discovering communities entirely supported
by chemoautotrophs has given the impetus to the search for life in other deep oceans,
especially on Jupiter’s satellite, Europa, where a liquid water ocean is thought to
occur below the visible crust of ice (Section 3.2.3).

Figure 2.8 Hydrothermal vents on the ocean floor. (a) Three ‘chimneys’ or black smokers; (b) vent fauna that live
around the chimneys include tubeworms, clams and mussels.

2.5.3 An extraterrestrial origin for life?

An alternative view to chemical evolution is that of panspermia, in which life had

volcanic chimneys = lab of evolution

1N€ asronomer dIT rred royle (1¥15—40U1 ) TeSOIULCLY MIdINdea udt an
extraterrestrial origin for life must be the case because it was just too unlikely that
chemical evolution could have led to life on Earth in the time available.

" See also: Nick Lane, Life ascending

[ 1t increases the time availaple. In ACUVITy 2.2, you read that tere nad been a
claim that traces of life had been found in rocks around 3850 Ma old. Given that
Earth formed 4600 Ma ago, that only left 750 Ma years to progress from a molten
Earth to an inhabited Earth (even though by bacteria). It is now thought that the
first indisputable traces of life are in rocks 3400 Ma old, a period of 1200 Ma .
since the formation of the Earth. 37



and now we move to astronomy

Chapter 3 Life elsewhere in the

The answer to Question 3.3 suggests that, at face value, life is at least possible.
But there is a serious problem for anv asoirine life forms. Anv dust particles

The most beautiful picture apart He lines

So it seems reasonable to proceed on the basis that life on, or within, the giant
planets looks unlikely. However, their satellites are a different issue. Each planet
has a number of satellites, and there are a few that are relatively large, equivalent
in size to Mercury, or to the Earth’s Moon, i.e. Ganymede, Callisto, o, Europa,
(all orbiting Jupiter; Figure 3.6a), Titan (orbiting Saturn; Figure 3.6b) and Triton
(orbiting Neptune; Figure 3.6¢). Thus, in the context of life in the Solar System
these bodies should be added to the list of interesting places to consider. All of

(b) (©

Figure 3.6 Satellites of the giant planets. (a) A collage of the four Galilean satellites of Jupiter, to correct relative
sizes. On the far left is Ganymede, then Callisto, Io and Europa; (b) an image taken by the Cassini mission of Saturn’s
largest satellite Titan; (c) an image of part of the surface of Neptune’s satellite Triton.

JLife in the Universe” =«

radial velocity

transits

T, T T T T T T T T T

planet mass/mg
5

101k
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C 1 Bt EbEl 1 R SR RS 1 Lol 1 19\\H
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key: Ground-based instruments Space-based instruments
------ WASP Kepler
------ OGLE —— MPF

Figure 4.9 A plot to show the detection limits of planet size and orbit for
different observation techniques. Radial velocity observations fall in the orange
area, those from transit techniques in the blue area and gravitational microlensing
in the red area. The solid and dashed lines define the regions on the figure within
which planets are detectable by the specified instruments. Kepler is a NASA
space telescope launched in 2009. Abbreviations: OGLE — Optical Gravitational
Lensing Experiment (uses a ground-based telescope in Chile, described in
Section 4.1.5); MPF — Microlensing Planet Finder (a proposed NASA space
telescope under consideration); WASP — Wide Angle Search for Planets (uses two
robotic ground-based telescopes, described in Section 4.1.4). The grey dots show
where our Solar System objects would lie on this diagram. The plot is adapted
from Figure 2 in Dominik et al. (2006).

Task |

Why are the space-based instruments (solid) lines lower than the ground-based
instruments (dashed) lines?

Task 2

(a) Which of the different techniques can detect the planet furthest away from its
star? (b) Why is this? (¢) Which technique will detect the smallest planet?

Now look at the comments on this activity at the end of this book.

4 Life beyond the Solar System

Many methods to search exo-planets

77



Earth’'s shape and ocean tides

o

F.=0

Kopernik: ,why water stays ¥~ ‘s
on (spherical) Earth?” -

The shape is equi-potential surface of gravity
+ centrifugal potential

On the side of Earth farthest from the Moon, the Moon's gravitational
pull is at its weakest. At the center of Earth is approximately the
average of the Moon's gravitational pull on the whole planet.

Why high tides occur on other side of Earth?

What is the shape of Earth?
,Geoid”? This us tautology

i Arrows represent the force of the Moon's gravitational pull on Earth. To get
, Z, J. J

the tidal force—the force that causes the tides—we subtract this average

Foton . 201 1 ’ Geog rafla W Szkole 20 1 1 gravitational pull on Earth from the gravitational pull at each location on
Earth. .
https://scijinks.gov/tides/
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Why high tides occur on the
,other” side of Earth?

ad N
aly =

Jak ten duty zacza! kryzye,
E To ten maly nie mogt zdaaye.

These are both Earth and Moon

that rotate, every 28 days, around
the common center of mass

(that is 1700 km below Earth surface

https://opencaching.pl/viewcache.php?cacheid=47297

Center of revolution Moon-Earth
S d=%R

6. Rzeczywiste ciala stale i ciekle

Ksiezyc

Rys. 6.52. Tylko dla punktu M $rodka Ziemi sita grawita-
cji Fg przyciagania Ksigzyca i sita od$rodkowa F; rota-
cji Ksigzyc—Ziemia wokét S sa réwne co do wartosci, ale
przeciwnie skierowane

tak, ze wypadkowa tych sit jest odchyleniem od row-
nowagi sit AF = Fg + F; = Fg(rp) — Fg(ro) lub
Fq(rg) — Fq(ro), ktora skierowana jest w kierunku
lezacym na prostej faczacej Ziemie i Ksiezyc o wiel-
kosci dajgcej si¢ wyznaczy¢ z (6.52) i (6.53), co przy
79> R oraz (1 + Rirg) 2 = 1 — 2R/r, daje:

m-Mxg 1
AF(r )=—G~—-(——1)f
“ 12 (1+ R/ro)? S
2m-M
%G~m—3KR~f0
o
R
— ) (6.54)
ro

W kierunku
Ksiezyca
-

=2 G m-MK(wsa)

Fac~777Re \ena

b)

Rys. 6.53. Odksztalcenie Ziemi przez ptywy (przedstawio-
ne z wielkg przesadg). Strzatki odzwierciedlajg kierunki
i wartosci liczbowe sit wywotanych ptywami

Zaréwno AF(rp), jak i AF(rg) sa skierowane
wzdtuz promienia Ziemi na zewnatrz, prowadza
wigc do wypuklej deformacji powierzchni Zie-
mi, jak to przesadnie przedstawiono na rys. 6.53.

Dla masy m lezacej w punkcie C lub D dzialajg-
ca sita grawitacji Ksigzyca skierowana jest od C do D
w kierunku wektora jednostkowego 7 punktu $rodka
Ksigzyca M (rys. 6.53b). Otrzymamy:

m-Myg
Fs(rc) = -G —5——F={F, F,}=
ré+R?
re cosa
= F 0 . 6.55
b re+R? <— sin oz) @3

Sita odsrodkowa skierowana jest jednak dla wszyst-
kich punktéw Ziemi w kierunku ry i ma war-
to§¢ Fz=—-Fg(ro), a ze wzgledu na to, ze

cosa=ro/\/re+R* i sina=—R/ re+R?, sita

wypadkowa:
L |
2 | R2)3/2
AF(rc) = Byt Fo=Fotrp) | 0+ K)
s rorsl Bl
(r3+R»)32
R(3(R
A FG(’O);‘ (2( /er)) (6.56)

o e

bedzie rézna od zera i ze wzgledu na R << ry w isto-
cie skierowana w kierunku —y, a wigc wzdhuz promie-
nia do wnetrza i dlatego zmniejsza zakrzywienie po-
wierzchni Ziemi (rys. 6.53b). Jej wartos¢ liczbowa to:

m-M
AF(e) = |Fa(re) = Fa(ro)l ~ G™—< R =
0
o |
= Fg(ro)-— = =AF(ra) (6.57)
ro 2

jest dwa razy mniejsza od warto$ci w punktach A i B.
Dla wszystkich innych punktéw na powierzchni Ziemi
wypadkowe sity 4F maja zaréwno skladowa radialna,
jak i styczng. Sktadowa styczna prowadzi np. do przy-
spieszenia wod morskich z punktéow C i D do A i B.
Linia graniczna migdzy obu kierunkami przebiega
na rys. 6.53 nieco na lewo od linii C-D, mianowicie
tam, gdzie sktadowa x sity F jest rowna

3
Fox = +§FG(r0)(R/r0) . (6.58)

-
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Why tops are flat or slim?

K. Stuzewski, G. Karwasz,
Fizyka i zabawki - wyj$¢ poza fenomenologie.O zyrogkog

5.7 Ruch obrotowy wokét swobodnej osi. Ruch baka

0% symetrii

Stozek
nutacji

mpoihodii polhodii

O$ symetrii

Chwilowa
0§ symetrii

s

Bak wydiuzony

b)

#a w czasie w ukladzie zwigzanym z brylg. Zmie-
B2 si¢ skfadowe w, oraz w,, a w zwiazku z tym
punek . Roztézmy w na skladowa @, = const
wmolegla do osi symetrii ¢ i skladowa @, gdzie

| = /@2 +w] = Ajest prostopadta do c (rys. 5.33a),

|22odnie z (5.42) prowadzi do roztozenia wektora L
|skiadowe:

L=Lw +Iw. 5.51)

| symetrii ¢ ze stala w przestrzeni osia momentu
2 zgodnie z rys. 5.33b i réwnaniem (5.50) tworzy
By w czasie kat a, przy czym:

B L yEtel A

Ena = = —=
Lo, I. o I o

mmacza to, ze o symetrii wedruje po stozku o ka-
F mzwarcia 2o wokét stalej w przestrzeni osi L
|5 5.33b15.36). Stozek ten nazywa si¢ stozkiem nu-
B Wartos¢ liczbowa predkosci katowej

o=/ +o}+w?=yA2+C2

Bak sptaszczony

__ Rys. 5.36a, b. Stozek nutacji, stozek
Ok symetril herpolhodii i stozek polhodii: a) bak
wydhuzony; b) bak sptaszczony

 stozek
polhodii

O$ symetrii

Q Chwilowa
0§ symetrii

obrotu @ odbywajacy si¢ na dwoch stozkach moz-
na przedstawi¢ za pomocg trzeciego stozka polhodii
zwigzanego sztywno z osig symetrii. Stozek polho-
dii dotyka statego w przestrzeni stozka herpolhodii
wzdtuz chwilowej osi obrotu @ i toczy si¢ po nim
(rys. 5.36). Wierzchotki wszystkich trzech stozkéw
leza w srodku masy bryty.

Linia tego styku okresla woéwczas potozenie chwi-
lowej osi obrotu @ w dowolnej chwili. W przypadku
splaszczonego baka (rys. 5.36b) stozek polhodii toczy
si¢ tak, ze stozek herpolhodii pozostaje wewnatrz stoz-
ka polhodii, a przy wydluzonym baku pozostaje on
na zewnatrz tego stozka (rys. 5.36a).

5.7.6. Precesja baka symetrycznego

Gdy na bak bedzie dziatat zewnetrzny moment sity,
to ze wzgledu na D = dL/df moment pgdu nie pozosta-
nie staly, ale bedzie zmieniat swoj kierunek. Zaleznie
od kierunku D bedzie tez zmienial swg wartos$¢ liczbo-
wa. Na poczatku rozpatrzymy najprostszy przypadek,
gdy bak obraca si¢ wokot swej osi symetrii, czyli gdy
wszystkie trzy osie: L, @ oraz ¢ leza na jednej prostej.
Nie wystapi wowczas nutacja. Jesli bgk nie bedzie
podparty w srodku masy, to np. ze wzgledu na wyste-

wame sdy cil zkoscn zaczme dzmlac oment sity
czBia miBietiEie pedu;

Fizyka w Szkole, 3/2014, 25-32.

(wersja multimedialna)

dydaktyka.fizyka.umk.pl/zabawki1/files/mech/giro-en.html

Chwilowa oS obrotu 7] bc;dzne przesuwala si¢
| stozku o kacie rozwarcia 2 (8 — a) (stozek ten
Eywamy stozkiem herpolhodii) wokot statej osi
pmentu pedu L. Ruch osi symetrii i chwilowe;j osi

D=rxmg,

gdzie r jest wektorem migdzy punktem podparcia
a §rodkiem masy.

Domtroder, Experimental Physics



Bands in semiconductors, and metals

where do they come from?

n E(eV)
:r - EEE - 0,54
| :HH‘” s In atoms we have only
SeriePaschena R well-defined levels
Seria Balmera o
uv ‘
13,6 Stan podstawowy

Seria Lymana

Ryc. 2.22. Ukiad pozioméw energetycznych w atomie wodoru, w modelu Bohra;
lezgca w zakresie widzialnym czerwona linia serii Balmera odpowiada
przeskokom elektronow z orbity o n = 3 na orbite o n = 2. Rys. Magdalena
Sadowska



or. better, we should speak about orbitals

—1s, 2s, 2p, 2p,

1s W is non-zero
atr=0

2s is made of layers




Regular (cubic system): NaCl

Uktad regularny sciennie centrowany dla CI-(zielone)
z jonami Na* (szare) w lukach oktaedrycznych

Rya+< Rei http://pl.wikipedia.ore/wiki/STCa eI



Why does salt dissolve so easy in water?

» Because NaCl is a ionic crystal.
* And why NaCl is a ionic crystal?

https://en.wikipedia.org/wiki/lonic_radius

Sizes of atoms and their ions in pm
Group 1 Group 2 Group 13 Group 16 Group 17
T

i [Be*  BelB* B|O F F-

© |9 ‘I

134(59 90(41 827 125 119
Mg‘i,_ Mg m‘ Alls " c:‘
’130 848 102 t ,lES?

- Ca|Ga? @ Se27|Br o Br |

114'J 174{76 126|116 J 184114 J 182

5r:+-'”!f-. Sr|in '”* In | Te :“_ Teg‘l‘w; I
Why Na* is so small on this picture? 166 ’211 132‘42 94 144(135 207 133‘-»’206

Relative radii of atoms and ions. The neutral =
atoms are colored gray, cations red, and anions blue.

('J




Why Na is so big? And Na* so small?

- ' iy 2py’ .

2s is made of layers

Because 2s in
hydrogen-like
atom is huge



Why gold does form so thin wires?

Gold is ductile: It can be drawn out info the thinnest wire. One ounce of

19 — 2 km wire
gold can be drawn into 80 kilometers (50 miles) of thin gold wire, five

microns, or five millionths of a meter, thick. This sample is 0.20 millimeters

(0.008 inches) in diameter. Real-object evidence: practical application
& triggering interest

Gold is malleable, so it can be flattened info extremely thin
sheets. The walls of the Gold Room are covered with
approximately 28 square meters (300 square feet) of 23-karat
gold leaf representing 3 ounces of gold metal. Gold leafing--also
known as gilding--is an ancient technigque. Traditicnal arfisans
beat raw gold between pieces of leather until it was almost foo

thin fo be seen. One cunce of gold may be hammered thin

enough to cover more than 9 square meters (96.9 square feef) of

# . e

a surface. The gold leaf may be only 0.18 microns (seven

- ] ) ) st malleable metal—can be flattened into extremely thin sheets. The walls in the Gold
millionths of an II“IChJ ThICk, a stack of ?O 55 sheets would be no sproximately 300 sgquare feet of 23-karat gold leaf representing three cunces of gold
metal, the equivalent volume of three U5 half-dollar coins

thicker than a dime. © AMNH / Denis FEn".iP.

American Museum of Natural History
https://www.amnh.org/exhibitions/gold/incomparable-gold/gold-properties



Where, on Earth, is that gold?

iy g\

r"'ﬁr% n lr bt AuFie’n1

I78.A%0/150, 948 183 840
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:* 1253 Ezrﬁ.lJ ¢ .: L
Lantanowce EL% 5;5 Il“lﬁyg“g}‘l Pm @Eﬂr i E
r— Y i} Py AmCm Bk GO

IR (ISEEJI ﬂiﬂ!

Obviously, we have infinity of printed Mendeleyev tables, but this one is a real object



or, better, we should speak about orbitals

0.94

0.92 —
0.90 -
0.88 '
0.86

0.84 -

r(rel)/(no-rel) for the 6s

0.82

1 T T
&0 70 80 90 100 2z
Figure 1.1 Ratio of r(rel) /r(non-rel) versus atomic number for the 6s

Small (relativistic) radius
for 6s electrons

S~

Ryc. 2.36. a) Rosyjska matrioszka — jedna w drugiej jak rozktad gestosci elektronow
na orbitalu 2s w atomie wodoru (fot. M.K.); b) rzeczywisty (zmierzony -
za pomoca promieni Réntgena) rozktad gestosci elektronow w krysztale "GOId has absorptlon from

tlenku miedziawym Cu,O — orbitale d. 2.4 eV, from 5010682

Zrodto: ). M. Zuo i in. Direct observation of d-orbitals and Cu-Cu bonding in Cu,O ,Nature”
1999, vol. 401, s. 49,

[Xe] 414 5410 6s?
Principle of visualisation (GK: neo-realism) i
Three functions: fun, didacitcs and science M. Concepcion Gimeno,
Chemistry of Gold, 2008

https://application.wiley-vch.de/books/sample/3527320296 c01.pdf



Electronic structure

 Electronic structure of atoms —
Periodic system of elements:

1) Electrons in an atom occupy positions starting
from bottom

Just opposite than pigeons (in Australia, but there
also people walk with heads upside-down.)

[Attention: just a joke]

http://www.karwasz.it/modern/australia.html
Sydney park, photo GK, 2004.

From: G. Karwasz, Introduction to chemistry and physics
of novel materials, 1st year of ,Novel materials” UMK, 2009




Elektrony zajmujg poziomy
energetyczne od dotu

Opis ponizej nie jest poprawny,
ale rysunek mniej wiecej - tak:

- na nizszych poziomach miesci
sie mniej elektronéw, np. na

1° orbicie (K) dwa: 152 . !
2° orbicie (L) osiem 2s%p © iy 23Nt w bt b Al ll’a

3° orbicie (M) osiemnascie 3s2pfd10 W Uiy

".-.a— ,..n:“_ -

3.5. Bozonyf lorwf asz-

iczba bozo-
... odpowiada

Arkadiusz Goral, Meandry Fizyki



Elektrony occupy energy levels
from bottom

Jak widac na zdjeciu obok, elektrony
na okreslonej orbicie lokujg sie
kolejno na podpoziomach,
np. na 3° orbicie

- 82

- ,06

- g1

Tours, Francja, XII 2005
[zart]




But in solids we have bands, not levels:
where do they come from?

Bi Si

L3

Energy

Semimetal Semiconductor Semiconductor

Insulator Met
Figure 1 Schematic electron occupancy of allowed energy bands for an insulator, metal, semi-
metal, and semiconductor. The vertical extent of the boxes indicates the allowed energy regions;
the shaded areas indicate the regions filled with electrons. In a semimetal (such as bismuth) one
band is almost filled and another band is nearly empty at absolute zero, but a pure semiconduc-
tor (such as silicon) becomes an insulator at absolute zero. The left of the two semiconductors
shown is at a finite temperature, with carriers excited thermally. The other semiconductor is
electron-deficient because of impurities.

162

Charles Kittel, Introduction to Solid State Physics, 8th ed. 2005




A crystal is a lattice of atoms

\E G O e e

(a)

p, probability density
ly(-)12 K’Iwml2

(b)

Figure 3 (a) Variation of potential energy of a conduction electron in the field of the ion cores
of a linear lattice. (b) Distribution of probability density p in the lattice for lys(—)I* o sin? mv/a;
[y(+)I* o< cos” mx/a; and for a traveling wave. The wavefunction y(+) piles up electronic charge
on the cores of the positive ions, thereby lowering the potential energy in comparison with the
average potential energy seen by a traveling wave. The wavefunction §(—) piles up charge in
the region between the ions, thereby raising the potential energy in comparison with that seen by
a traveling wave. This figure is the key to understanding the origin of the energy gap.

Sure, a solid is a lattice
of atoms, positioned
quite close (1 -2 A)

So, an electron ,belongs”
to more than one atom

One should consider levels
at different distances

GK: ,Didactics is finding difficulties in learning process, and solving them



S0, how the energy changes with
distance?

« We could show it (see binding energies of atoms in a
molecule)

y Second £
allowed °
band  \NB | B
Forbidden band : - TEE
First ‘A y Al e
allowed | |
band : :
k | | k
o o
a a
(a) (b)

Figure 2 (a) Plot of energy € versus wavevector k for a free electron. (b) Plot of energy versus
wavevector for an electron in a monatomic linear lattice of lattice constant a. The energy gap E,
shown is associated with the first Bragg reflection at k = *m/a; other gaps are found at higher

energies at “na/a, for integral values of n.

« But we can also show E(k), where k is the wave vector
(p=hk, and E=h?k?/2m)



Metal, insulators, semiconductors

Energy
Energy

0 -
a

k —

(a) (c)

Figure 11 Occupied states and band structures giving (a) an insulator, (b) a metal or a semimetal
because of band overlap, and (c) a metal because of electron concentration. In (b) the overlap
need not occur along the same directions in the Brillouin zone. If the overlap is small, with rela-
tively few states involved, we speak of a semimetal.

Charles Kittel, Introduction to Solid State Physics, 8th ed. 2005, p. 181



Fermi level, Fermi surface

Fermi surface nesting and magnetic structure of ErGa;

M. Biasini. G. Ferro
ENEA, Via don Fiammelli 2 40129 Bologna, Italy
G. Kontrym-5znajd and A Czopnik
W. Trzebiatowski Insiitute of Low Temperature and Structure Research,

P.O Box 937 Wroclaw, Poland.

Alore details in Phys. Rev. B (2002)

A three dimensional mapping of the Fernm Surface (FS) of the rare-earth compound ErGas
was determuned via measurements of the angular comelation of the electron-positron
annilulation radiation The topology of the electronlike FS does show nesting properties
which are consistent with the modulated antiferromagnetic structure of the system.

We determine the density of states at the Fernu energy N(Eg) and the electromic contribution
to the gamma constant to be N(Ez) =16 states/Ryd/cell and 7=2.7 (mJ/mole K7). respectively.

Figure 1. Fermi surface and
electron momentum density
of copper in the reduced
zone schema measured
with 2D ACAR.[6], i.e. with i
positron-annihilation angular

spectra

= LR

=

Densities p(k) of ErGa; and TmGas in the k=0 and k= n/a plane of the Brillovin zone
reconstructed from 2D ACAR data. . The arrow highlights the nesting feature attributed to
TmGa; [1] and ErGa; (left and right sides. respectively).

https://en.wikipedia.org/wiki/Fermi_surface
https://arxiv.org/ftp/cond-mat/papers/0209/0209196.pdf
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Theory [edi]

Consider a spin-less ideal Fermi gas of N particles. According to Fermi-Dirac statistics, the
mean occupation number of a state with energy ¢; is given by!’!

(m) :

ny) = —————
‘ elei—p)/kT 4 1’
where,

« (n;) is the mean occupation number of the i state

s ¢; Is the kinetic energy of the it* state

&

Figure 1. Fermi surface and
electron momentum density of copper
in the reduced zone schema measured
with 2D ACAR 6]

» (i is the chemical potential (at zero temperature, this is the maximum kinetic energy the
particle can have, i.e. Fermi energy Er)

o T is the absolute temperature

s kp is the Boltzmann constant

Suppose we consider the limit 7" — 0. Then we have,
1 (& <p)
{m) ~~ { " :
' 0 (& >p)
By the Pauli exclusion principle, no two fermions can be in the same state. Therefore, in the state of lowest energy, the particles fill up all

energy levels below the Fermi energy E, which is equivalent to saying that E is the energy level below which there are exactly NV
states.

In momentum space, these particles fill up a sphere of radius kg, the surface of which is called the Fermi surface.[®]

The linear reannnga af 4 me

2350
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The state occupancy of fermions like electrons is governed by Fermi—Dirac statistics so at finite temperatures the
Fermi surface is accordingly broadened. In principle all fermion energy level populations are bound by a Fermi
surface although the term is not generally used outside of condensed-matter physics.

Experimental determination [edit]

Electronic Fermi surfaces have been measured through observation of the oscillation of transport properties in
magnetic fields H, for example the de Haas—van Alphen effect (dHvA) and the Shubnikov—de Haas effect (SdH).
The former is an oscillation in magnetic susceptibility and the latter in resistivity. The oscillations are periodic
versus l/H and occur because of the quantization of energy levels in the plane perpendicular to a magnetic field,
a phenomenon first predicted by Lev Landau. The new states are called Landau levels and are separated by an
energy hw, where w, = eH/m*c is called the cyclotron frequency, € is the electronic charge, m* is the
electron effective mass and c is the speed of light. In a famous result, Lars Onsager proved that the period of

oscillation A H is related to the cross-section of the Fermi surface (typically given in A2) perpendicular to the
magnetic field direction A | by the equation

4, — 2meAH  Positron annihilation, de Haas — van Alphen effect
he we will come back to that

Thus the determination of the periods of oscillation for various applied field directions allows mapping of the Fermi
H L Wpisz tu wyszukiwane stowa . < ) 3 A 3 m d) 2 00:24 N
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Why do gold (and silver) reflect so well
light (in mirrors)?

# 0.050 ym
i.e. ~300 atomic layers

Apcllo 11 Space Helmet ReplicaGeld is highly reflective. The visors of astronaufs’ space helmets receive a
coating of gold so thin that it is partially transparent. The astronauts can see through i, but, even af that

thinness, the gold film reduces glare and heat from sunlight

€ AMNH / Denis Finnin

See, to believe:
,neo-realism”

Gold is highly reflective of heat and light. The visors of astronauts' space
helmets receive a coating of gold so thin (0.00005 millimeters, or
0.000002 inches) that it is partially fransparent. The astronauts can see

through if, but even at that thinness the gold film reduces glare and heat

from sunlight.

https://www.amnh.org/exhibitions/gold/incomparable-gold/gold-properties



Why these Berlin windows are bluish?

Observe the world: ,neo-realism”

dydaktyka.fizyka.umk.plizab  qyqaktyka.fizyka.umk.pl/izabawkiffiles/optyka/wierza.html

awkit/files/optyka/ (not gold here (TiN?), but the principle is similar
okulary-sun-en.html

The color of gold. Gold has an absorption beginning at 2.4 eV, attributed to a
transition from the filled 5d band to the Fermi level (essentially the 6s band). It
therefore reflects red and yellow light and strongly absorbs blue and violet. The
analogous absorption for silver, however, lies in the ultraviolet, at around 3.7 eV.
[M. Concepcién Glmeno, Chemistry of Gold, 2008]

With the same term ,Fermi level” we explain different phenomena



Kittel: Solid state physics

 Why gold is transparent and green in thin foils?

14 Plasmons, Polaritons, and Polarons 399

-+« Because alkali metals are transparent in UV

Figure 2 Dispersion relation for transverse electromagnetic waves in a plasma. The group veloc-
ity v, = dw/dK is the slope of the dispersion curve. Although the dielectric function is between
zero and one, the group velocity is less than the velocity of light in vacuum.

Table 1 Ultraviolet transmission limits of alkali metals, in A

Li Na K Rb Cs
A, calculated 1550 2090 2870 3220 3620
A,, observed 1550 2100 3150 3400 —

; ; Berlin ash-tray with Au-nanodroplets
- (object & photo GK)

0.05 0.10 0.15 0.20 Figure 3 Reflectance of indium antimonide
Photon energy, eV withn = 4 X 10'® cm™. (After J. N. Hodgson.)



Kittel: Solid state physics

14 Plasmons, Polaritons, and Polarons

The dielectric function of the free electron gas follows from (6) and (7):

(8)

The plasma frequency w, is defined by the relation

(9)

GS) wf, = 4mne’/m ;

plasma is a medium with equal concentration of positive and negative
irges, of which at least one charge type is mobile. In a solid the negative
wrges of the conduction electrons are balanced by an equal concentration of
jitive charge of the ion cores. We write the dielectric function (8) as

w2
elw)=1- ;’; y (10)

tted in Fig. 1.
If the positive ion core background has a dielectric constant labeled ()
entially constant up to frequencies well above w,, then (8) becomes

€(w) = &() — 4me*/mw’® = €(®)[1 — @y /w?] (11)
ere w, is defined as
tice thate = 0at w = @,
ipersion Relation for Electromagnetic Waves

In a nonmagnetic isotropic medium the electromagnetic wave equation is

3S) °D/ot* = PVE ;

look for a solution with E o exp(—iwt) exp(iK - r) and D = €(w,K)E; then
have the dispersion relation for electromagnetic waves:

3S) e(wK)w® =K ; (14)

s relation tells us a great deal. Consider

real and > 0. For o real, K is real and a transverse electromagnetic wave
ropagates with the phase velocity c/e'’2.

real and < 0. For o real, K is imaginary and the wave is damped with a
haracteristic length 1/|K]|.

complex. For w real, K is complex and the waves are damped in space.

397 4. Helicon waves 425
5. Plasmon mode of a sphere 425
6. Magnetoplasma frequency 425
7. Photon branch at low wavevector 426
8. Plasma frequency and electrical conductivity 426
9. Bulk maduluc of the Farmi aac Ao

Plasma reflects EM radiation

So the ionosphere allows radio transmission in
short-wave range over the globe

Dielectric constant may be negative (or better: is
always complex number)

,plasmons” = collective oscillations of electrons

Plasma resonant frequency

e(w)

05 V 1 15

Fle
Fao b

-1

ok
Figure 1 Dielectric function €(w) or €(w, 0) of a free-electron gas versus frequency in units of the

plasma frequency w,. Electromagnetic waves propagate without damping only when € is positive
and real. Electromagnetic waves are totally reflected from the medium when € is negative.



De Haas — van Alphen effect

De Haas—van A]p__hen effect

From Wikipadia, the fres ercyclopedia

The de Haas—van Alphen effect. oft=n sbbreviated to dHvA, iz 3 guartum mechanical ffect in which the magnetic susceptiility of 3 pure metsl crystal osci
increased. Other guantitizs also ozcfMate, such as the electrics] resistivisy (Shubn@ov—de Haas effzct), specific heat, and scund atenuation and speed

s

at=s as the intensity of the magnetic field 5 is
It is named after Wander Johannes de Haas and his
student Pister M. van Alghan ¥l The dHvA effisct comes fram the arhital motion of itinerant electrons in the material. An equivalent phenamenan at low magnetic fields is known as Landau diamagnetism.

Contents [ride] |

e is a quantum mechanical effect in which the magnetic

History

al susceptibility of a pure metal crystal oscillates as the
intensity of the magnetic field B is increased.

Description [edi]
The diffzrential magnetic susceptibility of 3 matzrial is definad as

= oM
g&H
where I is the applied extzmal magnetic field and A the magnatzation of the material. Such that B = o { H + M), whers g is the vacuum permealility. For practical purpeses, the spplisd and the measured
fizld are approximately the same B & ug H §f the material is not ferromagnetic)
The ozcilistions of the differental susceptinility whaen plohted against 1/ B, have 2 period P (in tesias” ' that is inversely proportional to the area § of the external orbit of the Fermi surface {m™=), in the direction of
the zpplied figld, that is
et

P(BY) - 35 Even in wiki so little!

where Ji is Planck constant and ¢ is the elementary charge./®

The modern formulation sllows the experimental determination of the Fermi surface of 3 matal from measurements performed with differert orientations of the magnetic field around the sample

History [es:

Experimentaly it was discovered in 1930 by W.J. de Haas and P.M. van Alphen under carsful study of the magnetization of a single crystal of bismuth. The magnetization oseil¥fated as a function of the fizld. ™ The
inspiration for the expeiment was the recently discovered Shubnikov—da Haas effzct by Lav Shebnikov and d= Haas, which showsed oscillations of the alectncal resistivity as function of a3 strong magnetic fisld Ce
Hazas thought that the magnetoresistance should behave in an analogous way ™

The thearetical prediction of the phenomencn was formulated before the experiment, in the same year, by Lev Landau, ™! but he discarded it as he thought that the magnetic fiskds neceseary for its demonstration
could not yet be created in a laboratony BT The effect was deseribed mathematically using Landau quantzation of the electron energies in an applied magnetic fizld. A streng homopensous magnetic fisld —
typically several teslas — and a low temperature are required to cause a material to exhibit the dHwA effece. /™ Later in Ffe, in grivate discussion, David Shoenberg asked Landau why he thought thatan
experimental demonstration was not possible. He answered by saying that Pyotr Kapitsa, Shoenberg's advisor, had convinced him that such homopensity in the fizld was impractical ™

After the 1060s, the dHvA effiect gained wider relevance after Lars Onsager (1852),"" and independenthy, ya Lifshitz and Arnold Kosevich {1856), 1'% pointed out that the phenomenon could be used to image the
Fermi surface of a metal®

References [edt)

S % Kitlel, Chasles (2005). Il
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Messwing FE using the de Haas-wan Alphen




JLandau — Lifsh‘it
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BHIGOp HIKHEro NpeJiesia HHTErPUpOBAHIS 110 de (yCnOBHO TIONIOXKEH-
HOTO PaBHBIM HYJTIO) Ge3pasimien, Tak KaK B MHTErpaje Bee PaBHO
6yfieT CyIIeCTBEHHA, JIMIIL OKPECTHOCTD SHAYEHHA € = Lo
Tockombky dynxmus n(e, k) Beuka, SKCIIOHEHIAAIbHBI MHO-
JKWTETb B TOJBIHTErPATBLHOM BBIDAXKEHWH B (63.8) — bricTpo OC-
mwumpyiomas GyEKimma kz. DTy OCHULISIUE NOramaloT HHTErpas

InA. 17 ean Mam Aown wmn w (A3.4) aren cymmbl F(0) cromr ¢ xoahdu-

Einstein: this is experiment which verifies the validity of the theory
Karwasz: no valid experiment is posible without reading some theory before




Conclusions (on books)

Books present infinity of didactical and cognitive
solutions

Book, ordered on a shell is the quickest (apart from own
brain) the source of information

Reading a book brings usually unexpected surprises

,2Didactics” = searching of nodes in learning, can be
beautifully executed by ,random” comparison of books

Do not hesitate to search in unknown sectors

Some books, like ,Feynman”, ,Landau-Lifshitz-Pitaevski
are classics, like Dante and Shakespeare

Own library is a treasure, more than bank account

bh

Thank you



Didactical conclusions (from books)

Good books follow the principles of didactics, independently from
their level: elementary or PhD

First, attention of the student must be caught: for ex.

by a ,touchable” evidence, like shining gold

The problem, must be explained step-by-step

Obviously, one can say: ,Principle of Pauli assures...” or ,Fermi
surface means...”

But giving pictures, funny o colourful, for sure will fix better in
memory.

Teaching must be inter-disciplinary: from the structure of concrete in
architecture to oyster shells and ceramics.

Careful and constant observing of the world is essential for being
interdisciplinary (and interesting)

And, last but first, teaching must be pleasant. i
Thank you again



