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Aristotle: „Physics”
• § 1 ·When the objects of an inquiry, in any 

department, have pr inciples, causes, of 
elements, it is through acquaintance with these 
that knowledge and understanding is attained. 
For we do not think that we know a thing until we 
are acquainted with its primary causes or first 
principles, and have carried our analysis as far 
as its elements. Plainly, therefore, in the science 
of nature too our first task will be to try to 
determine what relates to i ts pr inciples.

184 a17-184 a21 
• The natural way of doing this is to start from the 

things which are more knowable and clear to us 
and proceed towards those which are clearer and 
more knowable by nature; for the same things 
are not knowable relatively to us and knowable
without qualification. So we must follow this 
method and advance from what is more obscure 
by nature, but clearer to us, towards what is more 
c l e a r  a n d  m o r e k n o w a b l e  b y  n a t u r e .

Aristotle (384 – 322 boe)

http://www.filosofia.unimi.it/zucchi/NuoviFile/Barnes%20%20-%20Physics.pdf



Aristotle

• Further, no one could say why a thing once set in motion
should stop any-where; for why should it stop here rather than
here? So that a thing will either be at rest or must be moved ad 
infinitum, unless something more powerful gets in its way. 

(Physics, 215 a19 - 215 a21)
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First law of Newton
or principle of inertia
by John Buridian (~1300 DC)

Third law of mechanics
by Cartesius:

„In a collision, a body looses
as much of Its momentum as
the second body gains.”



Copernicus (1473-1543)

De Revolutionibus orbium coelestis, Norimberga, 1543
G. Karwasz, Toruński poręcznik do fizyki. IV Fizyka współczesna, UMK 2020.



De Revolutionibus: (first?) experimental & 
deductive treaty

http://ads.harvard.edu/books/1543droc.book/1543droc5.pdf
.

Three (?) movements of Earth Venus’s motion



Galileo Galilei (1564 – 1642)

Satellites of Jupiter

Phases of Venus

But still much like
Plato’s dialogues



Newton (1643/44 - 1727)

Written in Latin, what allowed great diffision all over Europe

He did „everything” here:

- Three laws of dynamics
- Centripetal force
- Gravity
- Frequency of a string
- Defined viscosity
- Defined aerodynamics
- Derived Kepler’s laws
- Explainted comet’s

https://books.google.pl/books/about/Philosophiae_Naturalis_Principia_Mathema.html



Sum of vectors

„Corpus” maintains its
state of „quiet” or moving
uniformly in one direction,
as long no forces change
its state.

Projectile preserves its
motion provided the air
resistance makes it
retard or the gravity does
not change it. 

Quite easy to understand.
Why modern school books
make it complicated?

Still in use, but nobody says that
it comes from Newton



It is still much „Eucleidian”, i.e. geometrical

He derived centripetal force
via geometrical reasoning.

In a similar way Archimedes
evaluated 3 & 1/7 <  п < 3 & 11/71 



but also experimental & astronomical

Concise & objective
(even funny) Newton’s
life



Primary school (Italy)

anatomy

every-day
technical
application

Tarquinia VII cent. BC
two 5-hole flutes

zoology

physical
principle

natural phenomena: echo

& its technical application

experiment to do home

M. Ersilia, I. Zanchi, M. Callieri, F. Presenza, A. Rocca, M. A. La Piana
Crescere insieme. Sussidio per 5 classe. Editrice La Scuola, Bresica 1976



Electromagnetism: Italy

Quite high mathematical skills
& high level physical concepts

This is Thompson’s
„discovery” of electron
i.e. measurement e/m



Electrostatics: Italy

Too many examples
Nadmiar poglądowości prowadzi 
do infantylności (K. Sośnicki) 



Magnetostatics: not so easy to explain



Italy: quite formal, but precise teaching

Field of a dipole ~ 1/r3 Field of solenoid is not uniform



Electromagnetism: Belgium/ France

A. Karbowski, G. Karwasz, BUILDING CURRICULA – WHAT TO DO AND WHAT NOT TO DO?

Examples On Electromagnetism From Recent Polish Textbooks Vs Mosem Project

Nature

History

Experiment

Technical
applications

Initial
notions



• The review
of German
school book



• Description of the shape of 
magnetic field lines inside and 
outside the coil. 

• The magnetic filed is similar to 
that from a bar magnet.

• Where is North magnetic pole 
students should know using the 
right-hand grip rule learned in 
gymnasium few years ago.

• Next we can read what is an 
electromagnet and where it is 
applied in technics, what is 
electrodynamic force and how to 
use Fleming’s left-handle rule. 

• All this resumed on two pages. 
The book shows schemes, but 
not real examples or photos.



Physik

5th to 10th class



Physics is practical science



Physics is interdisciplinary science



Physics around us



Duden: Great scientists



Branches and applications of physics



Physics vs technology



Biomaterials

The nanostructural unity of Mollusc shells
Y. Dauphin

*
UMR 8148 IDES, bât. 504, Université Paris XI-Orsay, 91405 Orsay cedex, France 
* E-mail: yannicke.dauphin@u-psud.fr

ABSTRACT

Calcite and aragonite shell layers of the main classes of Molluscs are
composed of monocrystalline units (prisms, tablets, laths or fibres). Scanning
electron and atomic force microscopy studies show these units are composed
of small round granules with a thin cortex (amorphous calcium carbonate
and/or organic matrix). These granules are organo-mineral composites. A 
comparison of the size and shape of the granules in different taxa (Mollusca,
Brachiopoda) suggests a possible relationship with taxonomy and/or
phylogeny.

http://www.beg.utexas.edu/mainweb/publications/graphics/calcite.htm



Red abalone

http://www.gastropods.com/5/Shell_965.shtml

Haliotis rufescens ang. Red abalone

pol. Słuchotka kalifornijska – do 30 cm



Haliotis rufescens

Jiddu Bezaresa, Robert J. Asaroa, , and Marilyn Hawleyb
a Department of Structural Engineering, University of California, San Diego, CA 92093, USA
b Materials Science and Technology Division, Los Alamos National lab., Los Alamos, NM 87545, USA

Journal of Structural Biology
Volume 163, Issue 1, July 2008, Pages 61-75 

Fig. 1. (a and b) SEM images of 
fractured nacre from H. rufescens
illustrating tiles on nearly parallel
lamella. The “terrace” consisting of 
one interlamellar layer of nacre is
shown at higher magnification in
(b), where the black arrow points to 
a central region discussed below
and referred to in Mutvei (1979). (c) 
Flat pearls grown on a glass slide
inserted into the mantle of a live red 
abalone (described below). Note
the “stack of coins” arrangement
with a smaller tile (or tiles) 
nucleated at the top of each stack. 
(d) SEM image of a cross section of 
H. rufescens organic matrix, 
demineralized in EDTA, illustrating
individual and apparently porous
interlamellar layers

Macromolecular structure of the organic framework of nacre in Haliotis rufescens: 
Implications for growth and mechanical behavior



Haliotis rufescens



Sniders, molluscs …



Porcelain („china”)
Skład: 
kaolin Al.2Si2O5(OH)4 – „

Kao-Lin” main = „glue”
clay (kaolin with impurities, like Fe2O3)
„rock” (Germ. Feldspat, ang. feldspar, 

i.e. ortoklaz (K, Na)2Al2O3•6SiO2

or plagioklaz CaO•Al2O3•SiO2 ) 
- melter

quartz SiO2 assures glass-like surface

Influence of macroscopic residual stresses on the 
mechanical behavior and microstructure of porcelain tile
Journal of the European Ceramic Society
Volume 28, Issue 13, September 2008, Pages 2463-2469 
Agenor De Noni Jr.a, Dachamir Hotzab, Vicente Cantavella Solerc and Enrique Sanchez 
Vilchesc

aInstituto Maximiliano Gaidzinski (IMG), 88845-000 Cocal do Sul, SC, Brazil
bUniversidade Federal de Santa Catarina (UFSC), 88040-900 Florianópolis, SC, Brazil
cInstituto de Tecnologia Cerámica (ITC), 12006 Castellón, Spain

In baked sample see the precipitates
of quartz (dark)



Porcelain

Fig. 5. SEM photomicrographs of the base samples 
surfaces that fired at 1220, 1240, 1260, 1280 and 

1300 °C as an elevated temperature.

The characterisation of paper composite 
porcelain in a fired state by XRD and SEM 
Journal of the European Ceramic Society
Volume 24, Issues 15-16, December 2004, Pages 3823-3831 
Kim Jeoung-Ah , , 
School of Design and Crafts HDK, Gothenburg University, Box 131, 405 
30, Gothenburg, Sweden

Baking allows formation of
filaments of Al2O3 assuring hard
structure



Dental alloys

Popular palladium–silver dental alloys for metal-ceramic restorations typically 
have compositions ranging from about 50–60% Pd and 30–40% Ag, and contain 
small amounts of low melting point metals, such as Zn, In and Sn, to improve 
castability by increasing the fluidity of the molten alloy; In and Sn also promote 
strong bonding to dental porcelain [1, 2, 3 and 4]. 

Transmission electron microscopic investigation of a Pd–Ag–In–Sn dental alloy 
Biomaterials Volume 24, Issue 10, May 2003, Pages 1705-1712

W. H. Guoa, 1, W. A. Brantley , , a, W. A. T. Clarkb, P. Monaghana, 2 and M. J. Millsb
a Section of Restorative Dentistry, Prosthodontics and Endodontics, College of Dentistry, The Ohio State University, 305 West 12th Avenue, 
Mailbox #191, P.O. Box 182357, Columbus, OH 43218-2357, USA
b Department of Materials Science and Engineering, The Ohio State University, Watts Hall, 2041 College Road, Columbus, OH 43210, USA

Table 1. Microstructural phases in as-cast Super Star Pd–Ag alloy



Dual structure: filaments and filling

Fig. 3. Dark-field micrograph of heat-treated 
Super Star, showing discontinuous fct
precipitates, which have rectangular platelet 
morphology. Dislocations are present in both 
the adjacent fcc palladium solid solution matrix 

and within the precipitates.

Fig. 2. Morphology of fct precipitates in the fcc palladium solid solution matrix of as-cast S-S. 
(a) Bright-field micrograph. (b) Higher-magnification bright-field micrograph of the striations 

within the precipitates.

Fig. 1. Dark-field micrographs showing the 
morphologies of a dendrite (a) and the eutectic 
structure (b) in as-cast Super Star. For the two-
beam condition used to obtain (b), the fct
lamellae of the eutectic structure have a bright 
appearance and the fcc lamellae (i.e., the dark 
regions between the fct lamellae) are not 
imaged. 

Fig. 4. Bright-field micrograph showing 
dislocations in the palladium solid solution 
matrix of Super Star after heat treatment 
simulating the firing cycles for a dental 

porcelain.



Physical quantities



Atomic structure of matter



Measurement and interpretation



Reality → model → mathematical description →
solution → interpretation → reality



P. Hewitt „Physics around us”

P. Hewitt, Conceptual Physics, 1967
Wyd. pol. Fizyka wokół nas, PWN 2012

G. Karwasz, M. Sadowska, K. Rochowicz
Toruński poręcznik do fizyki, UMK 2010



II (and III) Law of Newton

Podczas zderzenia samochodu z ciężarówką siły 
ich wzajemnego oddziaływania są jednakowe. Czy 
uszkodzenia są takie same? @ P.G. Hewitt, 
Fizyka wśród nas

Siła odrzutu armaty jest taka sama jak siła 
wywierana na pocisk. Dlaczego zatem pocisk ma 
większe przyspieszenie? @ P.G. Hewitt, Fizyka 
wśród nas

ma
m a ma

m a

ma = m a

- AKCJA – REAKCJA PRZY różnych MASACH: deskorolki?



Fyzika around us

Many more on:
http://dydaktyka.fizyka.umk.pl/zabawki1/index-en.html


