Dlaczego szympansy nie grajg w
baseball?

Czyli o rzucaniu, ale takze
postrzeganiu | planowaniu

Grzegorz Karwasz

Torun, 13/01/2022
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Wyktady dla szkot
Budowa i podstawowe
wiasciwosci materiatow
Dydaktyka fizyki zapraszamy Panstwa na XIV Ogolnopolskie Seminarium Dydaktyki Fizyki "Komputer w Szkolnym Laboratorium Przyrodniczym”, ktore odbedzie sie w
dniach od 2 do 4 grudnia 2021 roku w formie stacjonamej i zdalnej na piatiormie WEBEX.

Szanowni Paristwo,

Dydaktyka kognitywistyczna
Dydaktyka multimedialna
Elekiromagnetyzm

Fizyka Ogoina dia AIR
Fizyka wspoiczesna

Innovative methods of didactics

Relacje nauka - wiara Czyta) dalgj

Swietine widowisko na nocnym niebie - zorza polarna nad Polska

admin, sob., 2021-10-30 14:21

Doéwiadczenia komputerowe
Laboratorium
elektromagnetyzmu Juz wnocy z 30 na 31. pazdziernika moZemy spodziewac sie, o ile dopisze pogoda, spektakularnego widowiska swietinego na nocnym nigbie nad
Laboratorium metodyki Polska.

eksperymentu

Dostrzec bedzie mozZna - wydawatoby sie zarezerwowana dla obszaréw okotobiegunowych - zorze polamal -}
Laboratorium mulimedialne

Zadania “czeskig”
Zadania problemowe
Zadania z algebry dia
studentow (I rok)
Zadania z analizy
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Physics and Toys

Fizyka i Zabawki

Physik und Spielsachen

Physique et Jouets

Fisica e Giocattoli

Physics is Fun

Commizion of the European Communities, Research Directorate-General,
Structuring the European Research Area Specific Support Action:
Science and Society Project Mo. 020772 PhysFun

@ R ¥ Q sourw

iR O Wpisz tu wyszukiwane stowa O 9 ® 7| G

g 2349
3°C Przew. pochmur.  # W 402000 %




Cztery dziaty fizyki
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Mechanika Optyka Termodynamika Elektrycznosc

I magnetyzm

b Najciekawsze

b Prawa fizyczne

b Pojecia fizyczne

- Co to jest Mechanika? Pani, ktdora pracuje w myni samochodowe;?
A Termodynamika? Rodzqi bulturystykd, tviko ze na cieplo?

- Sa to dznaty Fizyki! Mechanika to nauka o ruchu, termodynamika to nauka o cieple:

- A co to Fizyka?

- Fizvka, to wedlug takiego staroZzytnego mysliciela, Arystotelesa, nauka o Naturze,
czyli o tym co sie da dotknad.

- Czyli Fizyke da sie dothnge?

- Oczyvwidcie! A wszystko czego nie da sie dotknac, nazywal Aryvstoteles
poza-natura, czyli meta-fizvka.

- Moge sie pobawié?

- Jak najbardziej. na pewno cos odkryjesz!

Zapraszamy do zabawy, wszystkim, co sie da dotknac, czyli Fizyka. Dotknaé, przynajmniej wirtualnie
ekranie komputera.

(A czego nie da sie dotknac pozostawmy metafizykom )

b Zjawiska fizyczne

] 0

Autorzy

.czylina



Mechanika, czyli nauka o ruchu

(i bezruchu)

Mechanika

4+ Poczucie rownowagi

£
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. Pieselkiwazek

~ Wedrowny piak

2 Wahadio Newtona

s Rikd - tiki

+ Skaczace piteczki

~ Dropper - poper

&4 Krozace zwierzaki

t. Ludek na drabinie

~ Pracowity dzieciot

4 Koziotki-fikotki

4+ Wahadlo Maxwella
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Playing darts
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. 10 Tips

N For
Throwing

Better
Darts

/10-tips-for-throwing-better-darts

Tt T A

The physics and mechanics behind dart throws tell us that one of the most important
aspects to master is for the body to remain still during the release of the dart.

Only the forearm, arm, and wrist should move to ensure that the dart follows

the most accurate and efficient path through the air.

Dart flights, like arrow fletchings, provide aerodynamic stabilization to the dart during
flight. Large shapes tend to give the player a more controlled throw,

while smaller flights tend to offer faster more aggressive throws.




Playing darts

DARTS #3

TIPS FOR BEGINNERS

HOW TO
THROW
YOUR DARTS?

1:11 §

2:22

" .. With your dominant eye most of the times your dominant eye is on the same side as
your dominant hand .." More ~

https://www.youtube.com/watch?v=dMtXEiV0-gU

Celuj nieco wyzej, niz upatrzony punkt



Playing darts
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Fig. 3. Motion phases for throwing darts

of the hand’s marker goes from a minimum value
maximum value (see Fig. 3).

D. Joint torque calculation

Fig. 2. Scoring system

Tomova Tamei, Chihiro Obavashi, Tomohiro Shibata,

Throwing darts utilizes the interaction torque of the elbow joint

August 2011 Annual International Conference of the IEEE Engineering in Medicine and Biology Society.
DOI: 10.1109/IEMBS.2011.6090302




Jak ztozona jest ludzka reka...

Posterior muscles of the forearm

brachioradialis muscle

; i olecranon of ulna
triceps brachii muscle

common extensor tendon

anconeus muscle extensor carpi radialis longus muscle

extensor carpi radialis brevis muscle
flexor carpi ulnaris muscle
extensor digitorum muscle
extensor carpi ulnaris muscle abductor pollicis longus muscle
extensor pollicis brevis muscle
Extansor dign minimmuscl extensor pollicis longus tendon
extensor carpi radialis brevis tendon
extensor carpi radialis longus tendon
abductor pollicis longus tendon

. . extensor pollicis brevis tendon
extensor carpi ulnaris tendon

extensor pollicis longus tendon
extensor digiti minimi tendon

extensor digitorum tendons \ ‘ extensor indicis tendon

© Encyclopadia Britannica, Inc. https://lwww.britannica.com/facts/arm



Miozyna — sprezyna miesni

http://www.rcsb.org/pdb/explore/explore.do?structureld=1g8x
Attribution, https://commons.wikimedia.org/w/index.php?curid=33859




Jean Buridian (1300-1361)

Tak pisal w Quaestiones bedacych komentarzem do Fizyki Arystotelesa™:

Kiedy napedzajagcy wprawia jakies ciato w ruch, udziela mu okreslonego pedu, tj. moinosci
poruszania sie w kierunku, ktory napedzajacy ciatu nadat — czy to w gore, czy w dot, w bok lub po
okregu. Nadany ped jest proporcjonalny do predkosci. To z powodu pedu kamien porusza sie po tym,
jak rzucajacy go przestat go napedzac. Ale z powodu oporu powietrza (a takie z powodu grawitacji
kamienia), ktory dziata w kierunku przeciwnym do kierunku ruchu, ped maleje wraz z uptywem czasu.
Z tego powodu ruch kamienia bedzie stopniowo coraz wolniejszy az w koncu ped na tyle zmaleje albo
zaniknie, ze grawitacja kamienia przewazy i skieruje kamien w kierunku jego miejsca naturalnego
[czyli w kierunku srodka Ziemi]. Wedtug mnie nalezy te opinie przyjac, poniewaz inne wyjasnienia
okazaty sie fatszywe a wszystkie zjawiska s3 zgodne z tym wyjasnieniem,.

Sita grawitaciji

https://en.wikipedia.org/wiki/Jean Buridan
GK Science & Humanities, work in progress




Sktadanie ruchu (jednostajnego) w
dwoch kierunkach to np.

* wznoszenie sie jumbo-jeta (nad Tokyo)




JArystoteles™ (tak naprawde nie on):

« Woystrzelona strzata leci w gore, a kiedy straci ,rozped”, spada w doét

Gdyby tak rozumowali angielscy tucznicy pod Agincourt (1415), to by przegrali bitwe

Six hundred years ago today, on the morning of 25th of October 1415, a small band of English
archers commanded by Henry V won a great military victory in France in Hundred Years War

https://en.wikipedia.org/wiki/Battle of Agincourt
https://en.wikipedia.org/wiki/Battle_of Cr%C3%A9cy Bitwa pod Crecy (1346)




Dtugie angielskie tuki:
@ Dtugie tuki znaleziono w wykopaliskach z 2500 lat p.n.e.

6 feet (1.8 m) long, with a 3-foot (910 mm) arrow: 400—-490 newtons, 300-350 m

* Dlaczego kazdy z nich trzyma tuk pod innym katem?

https://en.wikipedia.org/wiki/English longbow

Ekreture Yeoman archersUser blog:Ekreture/Ashigaru vs Yeoman ArcherUser blog:MilenHD/Yeo




t.ucznictwo (archery)

recurve bow

bowstring~_/

target

stabilizer
/ rod
/

sight

arrow

stabilizer
rod
guard
-~ .
iw ~rri © 2014 Encyclopaadia Britannica, Inc.

https://www.britannica.com/sports/archery



Rzut ukosny

l Sita grawitacji

X: V=V, cosda
Y: V,= V,sina - gt

X: x(t) = vyt cosa (ruch jednostajny)
Y: y(t) = vyt sina - 2 g 2 (rzut w gore z v, sina)

Czas lotu: gdy y(f)=0 — &, =0, t, = (2v,sina)/g

zasieg z = (v, cosa) (2v, sina) /g = v4? (2sina cosa)/g




30 Yard Zero Kalkulator celu
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Before getting into the nitty gritty and some fun graphs, let’s first get a couple of things straight. The laws of
physics, and more specifically those of gravity and fluid dynamics, govern arrow flight and these laws do not
change. If | hear at the range or read one more claim on any message board that we have re-written or
changed the laws of physics with our advancements in archery technology, I'll personally be tempted to dig
up Sir Isaac Newton and resuscitate him so that he can beat whoever claims such nonsense with a wet
noodle (Archery Report does not condone physical violence that results in any real harm!) Our
understanding of the laws of physics and their governing equations deepens and grows, but the law
themselves do not change, nor will they ever change. Even if someone markets a bow that shoots laser

beams, it will still have to follow these same laws of physics.

http://www.bestcrossbowsource.com/crossbow-arrow-ballistics-calculator
http://archeryreport.com/2010/03/arrow-flight-fact-fiction-pin-40-yards//




Angielscy tucznicy: rozwigzanie

Zasieg z = v,? (2sina cosa)/g = (v42/g) sin(2a)

Innymi stowy: z = (2E/mgq) sin(2a) - potrzebny dtugi tuk

Maksymalny zasieg, gdy sin(2a) = 1, czyli a = 45°



t ucznictwo a fizyka
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trajectory if
aITOW were
rigid

:.r,_,, line of sight and
actual trajectory
(pointing at target)

orientation of
arrow at

re-draw position
P P bow

;\-\.\median plane of
' bow

arrow—|:

full draw

fingers
pulling back
on string

string

B

Note: arrow
deflection is
exaggerated
for clarity

L string slides off fingers

(1)

at this stage the
arrow 1s pointing
to the right of

T (moves «—
target

slightly to
the left)

during release and 3
moves to the left

(2)

at this stage the

arrow 1s pointing
directly at the ~—_]
target

string moves back

;Y\

to the right

https://lwww.real-world-physics-problems.com/physics-of-archery.html

A



t.ucznictwo na olimpiadzie

https://olympics.com/en/featured-news/archery-olympics-rules-disciplines-equipment-categories-bow-arrow



Nowy pomyst na artylerie:

Zasieg z= = (v2/g) sin(2a); 0=<a<90°

0,6

sin(2a)

0,4 -

0,2

0,0 T T T T

haubica

mozdzierz

http://www.muzeumwp.pl/emwpaedia/lekkie-haubice-polowe-le-f-h-18-i-le-f-h-18m.php
120_mm_mortar_in_Togliatti_Technical_museum.jpg




Mozemy to sprawdziC

& < | B Projectile Motion * ‘ S my O %
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< - 0O @

[ Pumpkin | VJ
Mass: 5 kg
4| Diameter: 0.37 m

| [J Air Resistance
| Drag Coefficient: 0.60

[ Velocity Vectors - |
() Total

() components

Acceleration Vectors (=

) Total

() Compenents

Projectile Motion PhET :

https://phet.colorado.edu/sims/html/projectile-motion/latest/projectile-motion_en.html



Parabola, czy krzywa balistyczna?
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Figure 5. Diagram of projectile motion in Samuel Sturmy’s ‘The Mariners
Magazine. 5: Mathematical and Practical Arts’ published in 1669. [18]. This
image was recently discussed by Stewart [19].

Aristotle, projectiles and guns

Stephen M. Walley
SMF Fracture and Shock Physies Group, The Cavendish Laboratory,

JJ. Thomson Avenue, Cambridge, CB3 UHE, UK



Jak leci strzata z tuku (a jak pitka)?
Opor powietrza — krzywa balistyczna

16| — vg=2
— Vg=6
1.2' —— UI:I — 8
_— Vg = 10 p
D-E“ .r
0.4}
G.D i i i i i
0.0 0.4 0.8 1.2 1.6 2.0 2.4

By Geek3 - Own work, CC BY 3.0, https://commons.wikimedia.org/w/index.php?curid=35727682
https://en.wikipedia.org/wiki/Projectile motion#/media/File:Mplwp ballistic trajectories velocities.svg




Strzat do matpy

Jaka predkos¢ musi miec pocisk, i pod jakim kgtem musi by¢ wystrzelony,
aby trafit w matpe?

Physics 101: The Hunter — monkey problem https://www.youtube.com/watch?v=G25Y3MJBR-0




Jak to rozwigzac?

1. Wybrac¢ uktad wspoétrzednych

(dogodny dla dalszych obliczen)

Jesli ten wybrany nie bedzie dogodny
— Zmienimy.

2, Piszemy rownania ruchu matpy i
kuli w tym uktadzie wspotrzednych

3. Matpa: x.(t)=d; y,, (1) =h-72 gt (spada pionowo)
Kula x, (f)=vtcos8; y, (f)=vitsin®—"2gf (leci po paraboli)

Jesli kula ma trafi¢, to istnieje takie f, ze x,,=x, oraz y. =V,

4. Teraz juz tylko wyrazi¢ cosB i sinB przez hi dirozwigzac (znalezc¢ t)



(przydtugi) strzat do matpy

b W) ——8 102371435

https://upload.wikimedia.org/wikipedia/commons/a/a9/The monkey and the hunter SMIL.svqg

The Hunter and he (poor) monkey https://www.youtube.com/watch?v=BXg-2qMfgxw



(Clay) pigeon shooting

SIGHT PICTURE

After firing the first shot you must.
keep your vision always aligned in
the direction of the tip of the
barrels and with a close focus.

Through peripheral attention the
eyes will perceive: -

« The residual frajectory of the
target allowing the immediate .
adjustment of The second shot in
the Trap;

The position of the second target
in the doubles in the Skeet, with

immediate realignment of the tip
of the barrels on the trajectory of

the target.

https://www.issf-sports.org/getfile.aspx?mod=docf&pane=1&inst=4958&file=2.Advanced_theoretical_elements_in_the_technique_of_shotgun.pdf



(Clay) pigeon shooting

INITAL MOVEMENT ™
SKEET — READING THE TRAJECTORY

Consciously keep the tip of the barmels within
the picture while calling;

Be sure to perceive the tip of the barrels
starting the movement;

Left hand supports the gun o begin the initial
movement toward the leading point of the

target;

Head holds the same position; eyes begin to
align with the sight line of the shotgun;

Right hand begins to lift up the stock in the
vertical axis while the body is sfill rotating.

https://www.issf-sports.org/getfile.aspx?mod=docf&pane=1&inst=4958&file=2.Advanced_theoretical_elements_in_the_technique_of_shotgun.pdf



(Clay) pigeon shooting

Visual Target Tracking in Clay Pigeon Shooting Sports:
Estimation of Flight Parameters and Throwing Range

Franz Andert’, Simon Freudenthal® and Stefan Levedag®
| insrirre of Fiighs Sysrems, Unmanned Aircrafi Depr., DR (German Aerospace Cenver), Braunschweig, Germany

YTechnische Universia Braunschweig, Brannschweig, (Germany
3 Head of the DLR-Institure of Flight Sysems, Braunschweig, Germamy

e default fight paths SEE
e - -l
high ow
housa ___-" _'-___ hausa
@v"’d point marked h""-@
o1 attha ground T
[ \ & /
| @ .
shooting 3 3 /
stands O*H-______a_____ﬂfc &m

Figure 1: Schematic overview of Skeet shooting. The clay
target is launched from the high and the low house and must
be shot from the stands 1-7. Both flight paths must cross a
point over the center marked at the ground.
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(Clay) pigeon shooting

Table 1: Flight state values, coefficients, and parameters.

Symbaolis) Description

Flight State (components of x), disc hull without spin

P geodetic position: {x,y,z)7, local Caresian
¥ velocity vector: (u,v,w) ", rotated to body
& geodetic attitude: (&, 8,%¥)7, Euler angles
o rotaticn rates: (p,g.r) ", body-fixed

Constants {default values or measumed)

A disc area size: 0.0095 m?

d disc diameter: 0,11 m

mi disc mass: 0105 kg

I inertia tensor: diag(1.33,1.33,2.57)-10~* kpm®
£ gravity acceleration: 9.81 my's? (default value)

i) air density: 1.184 kg."m3 {defanlt value)

Coe flicients

F.C Lift force, lift coeficient

Fp.Cn, K drag force, drag coefficient, modeled helping constant
M, Cy pitch moment, moment coefficient

N.Cx yaw moment, moment cocffice nt

R.Cr roll moment (negle cted hem)

Other vanables

Ry rotation matrix: geodetic — Aight body

Ry rotation matrix: serodynamic — Bight body

Ry rotation matrix: Euler angle change — flight body
¥y acrodynamic speed

o angle of attack

Wy piy disc rotation (yaw rake inside holl)

i time {numberd time stamps)

Fig. 4 illustrates the factors which have an influ-
ence on the disc’s motion, being dependent on the ve-
locity, the angle of attack (i.e. the angle between the

https://www.scitepress.org/papers/2016/56746/56746.pdf

3.3 Flight Trajectory Model

The equation system X = f(X) to determine the flight
trajectory can be derived from the forces as described
in the given references. For the flight path calcula-
tions, the state X refers to an imaginary non-spinning
hull around the disc. The body-fixed x-axis i1s along
the direction of flight, i.e. it corresponds with the ve-
locity vector. The state components are geodetic posi-
tion p and attitude @, and the hull-oriented velocity v
and turn rates vectors @. Following the flight kinemat-
ics in (Lorenz, 2005), the differential equations for the
state components are denoted:

— Position (derived from velocity ):

p=Rf-v (1)
— Velocity (from forces and rotation):
1 —Fn 0
v=—-Rp| 0 |+Rp |O] —@xv (2)
" —FE. g
— Attitude (from turn rates):
¢=Rp - 3)

— Turn rates (from pitch and yaw moments, and rota-
tion):

0 0
O=T"{Rpu|[M|+ox|[0 || +(1-0)x0
0 N



(Clay) pigeon shooting

Home The Club Corporate event

See our clay shooting video here:

L |

B 0107 W) |

http://www.roueduroy.com/en/take-part-in-activities/clay-pigeon-shooting/



Czy cztowiek pochodzi od matpy?

LALBERD GEMEALOGICO DEGLI OMINOIDE
FLATIRRINE

TTIL CRIRRRING
CERCOPITECOIDES 3 JMINHOED
' T ﬁ

ILOBATEDI

DOrangulan Gonlia Scimpanzi

hearamon fiepoLs Drpopithecus

6 min
9 min

Scimmia ragno Macaco Sid
Laitern gereadogice cepll Ominoicked comprands i plecole Seimvmie
Antropomerfe (samanghi & gibtoni], (e grandi Seimmie Ardropomerte
‘rangutan, povilla & scimpaned] & Fuero. Le Seimmie Andropomore ol
Mincene furpno i gran pale spicol cischie svalulia, ma alcume sono
stade identificade come possibal antenali dedte fonme aftual & ded toma.
Pioconsul una scimymid snlrpomao’s pameiiva oel Mocene, podreabe
cifere Stalo Mwlimo andendlo comone 0eg Ominoiged wiventé;
Sivapihecus & os modll consigerafo un precursone daifprangufan;
= Dryopithecus, oppure Duranopithecus, potrabbe aver dato ongine

i 40 MILIOMI DI ANMI FA 3l Seariue Artrapamorte afncans e allunmao.
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Podobienstwo genetyczne?

Cztowiek/ szympans: ztozone funkcje poznawcze, dwunoznosg,
ztozony jezyk

PRZYKLAD: chromosom 22 szympansa: 33,3 miliony zasad
nukleinowych vs. chromosom 21 cztowieka

1,44% tego chromosomu zawiera 68 tys. wklejen lub wyciec: ta ilos¢
zmian jest wystarczajgca, aby zmieni¢ wiekszosc¢ biatek

Na 231 sekwencji, 83% z nich, wigczajgc niektde geny o zasadniczym
znaczeniu funkcjonalnym, wykazuje roznice sekwencji aminokwasow

Obecnos¢ réznego rozwiniecia niektorych podrodzin retrotranspozycji
u tych dwoch rodzajow potomkow, ktore wskazujg na rozny wptyw
retrotranspozycji na przebieg ewolucji cztowieka | szympansa

Zmiany genotypu po podziale na dwa rodzaje i ich konsekwencje
biologiczne wydajg sie byC¢ znacznie bardziej ztozone niz poczgtkowo
uwazano.

Watanabe, H. et al. DNA sequence and comparative analysis of chimpanzee
Chromosome 22, Nature 429 (2004) 382-438
Cytowane w: S. Gazzaniga, Human, str. 50



Kiedy powstat gatunek Homo?
HuminidSpedesTme-If'm ;lmn LA

ramidus

I
Homo |
erechus

T
e
1
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Rdillions of Years

Australopithecus ramidus - 5 - 4 milioni di anni fa

Australopithecus afarensis - 4 - 2.7 milioni di anni fa
Australopithecus africanus - 3.0 - 2.0 milioni di anni fa
Australopithecus robustus - 2.2 - 1.0 milioni di anni fa

Homo habilis - 2.2 - 1.6 milioni di anni fa

Homo erectus - 2 - 0.4 milioni di anni fa

Homo sapiens — 400 mila — 200 mila milion1 di anni fa

Homo sapiens neandertalensis - 200 mila — 30 mila milioni di anni fa
Homo sapiens sapiens 130 mila anni fa — fino a ?



Australopithicus afarensis

Pierwsze slady chodu dwunoznego

Thus far, fossil remains of over 300 individuals
of A. afarensis have been discovered.

To date, all the remains of this species have been
found in the Hadar region of Ethiopia, part of the
Rift Valley of east Africa. "Lucy," the most
complete find, was discovered in 1974.

Hominid footprints 3.5 million years old have
been found at Laetoli in Tanzania.

Scientists estimate that A. afarensis lived from
approximately 4 million years ago (or earlier) to
around 2.7 millions years ago.




Homo erectus (wyprostowany) — 2 min lat temu

P Pl ) 149732
Chtopiec z Turkany: Robert Korzeniowski,
12- 13 lat, czterokrotny mistrz olimpijski,

trzykrotny mistrz swiata

1.65 min lat temu _ _
I dwukrotny mistrz Europy
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Homo erectus: najznakomitszy wedrowiec w
historii Ziemi
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Turystyka piesza (2 min lat temu)
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H. habilis into
America?

H. erectus
into
America?
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H. habilis left Africa (Red
arrow) reached Georgia.

Others marched on to Sunda and

across Asia (Green arrows).
H. erectus evolved in Georgia and

migrated back to Africa, into
Europe and South Asia

{Blue arrows).
H. HAEILIS Meanderthals evolved
OLDUVAI { ) and

H. EREGTUS i -then came the modern humans
ﬁ and mixed with them...

s
=

H. ANTECESSOR -




Chod sportowy (120 tys. lat temu

{.

Multiple waves
disparsal modal

Mota |
4.5 ar Maount Toba
BRI | wnigtton e epae




Homo pedonus

Lo scheletro quasi completo di un ragazzo risalente a 1.6 milioni di
anni fa fu ritrovato nel lago di Turkana in Tanzania: non era ancora un
uomo modemo. anche se perfettamente adatto alla posizione eretta ¢ a
lunghe camminate. La sua statura (da adulto) sarebbe di 180 cm. Ma
sullo scheletro. simile a quello dell’ Homo sapiens. era ancora montata
la testa dell’omunide. come quella di Lucy.

a End of grige Weaiirnuim entamal rﬂﬂ!ﬂl}l'l Relazza

-I' il.'[i Llrr
R L e 1] | |

Fig. 6.3. La capacita di caccia delle prime specie dell’ Homo furono determinate dal-
la sua fistzonomia: un bacino rotabile, la spalla larga e 1l braccio esteso. b) I sit1 di ni-
trovamento di rest1 delle prime specie dell’ Homo (erectus, habilis. ergaster) e le vie
di migrazione dell’ Homo erectus fra 1-2 milioni di anm fa. FONTE: «Nature», 498
(2013), pp. 483—486; G. GRULLON, «SCIENCE» 354 (2016). p. 958.

G. Karwasz, Scienza e Fede, Aracne Editrice, Roma, 2019



Rzut oszczepem
(300 tys. lat temu)

1.84102.53 m

The Schoningen spears are a set of
ten wooden weapons from

the Palaeolithic Age that were
excavated between 1994 and 1999
from the 'Spear Horizon' in the open-
cast lignite mine in Schoningen,
Helmstedt district, Germany. They
were found together with animal bones
and stone and bone tools. [...]
between 337,000 and 300,000 years
old, placing them at the end of the
interglacial Marine |sotope Stage 9

https://en.wikipedia.org/wiki/Sch%C3%B6ningen_spears



Juz starozytni Grecy...

Athletics
Javelin throw

German javelin thrower Thomas Raéhler in 2011

World records
Men h Jan Zelezny 98.48 m (1996)
Women h Barbora Spotakova 72.28 m (2008)

lavelin, a spear about 2.5 m

https://en.wikipedia.org/wiki/Hoplite#/media/File:Two_hoplites.jpg



Dlaczego szympansy nie grajg w baseball?

a End of stnide Maximum external rotation Release

00 Shoulder external rotation
OO 1[0 Shoulder extension II
il Eibow flexion a0 '
| _Wrist extension | [][] I A [
N. Roach et al.

Elastic energy storage in the shoulder and the evolution of high-speed throwing in Homo
June 2013
Nature 498(7455):483-486



Mechanika rzutu oszczepem/ pitkg
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Figure 1 | Model of elastic energy storage. a, Arm-cocking and acceleration —10,000} _
phases of the overhand throw. Light grey text boxes show the relative timing of i i
the ‘cocking’ motions; dark grey boxes indicate the relative occurrence of the —-12,000¢ Elbow flexion or extension 1—300
opposing ‘acceleration’ motions. Short boxes illustrate variation in timing of T A A L .
onset and cessation. b, ¢, Humans (right) and chimpanzees (left) differin arm STR BD% B0% 40% 20% MER BEL C A
abduction and elbow flexion during throwing (b; a free-body diagram shows Time
the torso (cylinder), arm and forearm, with black dots representing segmental
centres of mass and t vectors showing input torques), because of differences in Figure 2 | Shoulder rotation and elbow flexion-extension power. Mean

Throws are powered by rapid, sequential activation of many muscles, starting in the legs and
progressing through the hips, torso, shoulder, elbow and wrist. Torques generated at each joint
accelerate segmental masses, creating rapid angular movements that accumulate kinetic
energy in the projectile until its release. It has been shown that internal (medial) rotation around
the long axis of the humerus makes the largest contribution to projectile velocity.



Energia potencjalna sprezystosci
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Figure 4 | Humeral torsion and throwing performance. a-c Low humeral
torsion shifts the shoulder rotational ROM externally (a), enabling increased
negative work during arm-cocking to be stored as elastic energy (b}, and
resulting in faster projectile speed (c). d, Humans and chimpanzees show
comparable degrees of torsion®, although throwing athletes show reduced
dominant-arm torsion™ consistent with low torsion in Australopithecus and

Homo sapiens non-throwing am
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Homo erectus”. Chimpanzees are a combined sample as they do not show arm
dominance, whereas human values are split between dominant and non-
dominant arms as they show arm dominance. In d, the black and grey boxes
and whiskers show torsion-angle quartiles, and the red dot shows the torsion-
angle mean.

Homo erectus sprawniejszy w rzucaniu niz Homo sapiens?



Baseball — sport narodowy
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https://www.youtube.com/watch?v=v9GnCkDZS3c



Dzisiejszy rzut oszczepem

Javelin redesigns [edit]

On 1 April 1986, the men's javelin (800 grams (1.76 b)) was redesigned by
the governing body (the IAAF Technical Committee). They decided to change
the rules for javelin design because of the increasingly frequent flat landings
and the resulting discussions and protests when these attempts were
declared valid or invalid by competition judges. The world record had also
crept up to a potentially dangerous level, 104.80 m (343.8 ft) by Uwe Hohn.
With throws exceeding 100 meters, it was becoming difficult to safely stage

b 1
Lwe Hohn

the competition within the confines of a stadium infield. The javelin was
the "eternal world record” with a throw

of 104.80 m as a new type of javelin
was implemented in 1986.

redesigned so that the centre of gravity was moved 4 cm (1.6 in) forward. In
addition, the surface area in front of centre of gravity was reduced, while the
surface area behind the centre of gravity was increased. This had an effect
similar to that produced by the feathers on an arrow. The javelin turns into the
relative wind. This relative wind appears to originate from the ground as the javelin descends, thus the javelin turns to
face the ground. As the javelin turns into the wind less lift is generated, reducing the flight distance by around 10% but

also causing the javelin to stick in the ground more consistently. In 1999, the women's javelin (600 grams (1.32 Ib))
was similarly redesigned.['?]

https://en.wikipedia.org/wiki/Javelin_throw
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Juz nie kij, ale dzida

Fig. 1. (Ato M) A sample of KP1 complete retouched points. All are banded ironstone except (A) and (C)
{(bladk chert). Additional points are presented in figs. 53 and 54.

16 NOVEMBER 2012 WOL 338 SCIENCE

established weapon fips from Holocene residen-
tial sites (Fiz. 2E, 1’ = 1,337, df = 1, P=0.287).

Impact experiments with similar points made of

banded fromstone also exhibit these diagnostic
fractures (832, 25.084) (26).

About 13.0% (23/177, excluding distal frag-
ments) of the KP'| points (fig. 85) show evidence
of modifications near their bases. Typically, be-
tween two and seven flakes were removed from
the base of each basal-modified KP1 point. This
working could reflect intentional removals to

shape the pomnt to allow haftmg. The frequency of

basal modification 1s similar to those reported for
MSA assemblages with evidence for hafted spear
tips { 20, 33).

To test the feagbility of KP1 pomts as spear
tips, we reproduced points from the same raw
matenal as most of the KP1 points (banded iron-
stone) and hafted them onto wooden dowels. We
then thrust them mto two culled springbok car-
casses, using a calibrated crossbow to simulate a
thrusting spear and keep force consistent (246).
These pomts performed well and adequately pen-
etrated the target. Most of the 32 replicated points
had to be shot mulaple times before exhibiting
any visible damage, and only two mals resulted
in catastrophic damage that prevented the reuse
of the pomts (table 35).

Orverall, the sizes of the KP1 points are sim-
ilar to those of MSA hafted pomts. The @p cross-
sectional permmeter (TCSP) has been used to
approximate the size of the wound that would
be created by pomnts (17). KP' 1 points have TCSP
values shghtly larger than but overlapping with
those of MSA points that have been nterpreted
as spear iips (Fig. 3A) KP1 points are much larger
than amow or dart fips.

Stone tools used for cutting become less syme-
metnical as one edge 15 preferentally resharpened;
thus, small points are expected to be les sym-
metrical than large points in an archaeological
assemblage of pomts used mamly as cutting or
scraping tools ( 34). In contrast, spear tips are

500 tys. lat temu
Ksthu Pan
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Discobolus

Discobolus in National Roman Museum Palazzo Massim alle Terme
https://cultura.biografieonline.it/auguste-rodin-il-pensatore/



Pchniecie kulg, rzut mtotem

~ o

m=7.26 kg, rekord 23.37 m

m=7.26 kg (4 kg), rekord 86.7 m (82.98 m)

https://sites.google.com/site/lekkoatletykarunning/rzuty/pchniecie-kula
https://sport.interia.pl/aktualnosci-sportowe/news-rzut-mlotem-konkurencja-nielubiana-przez-iaaf,nld,582694




Genom cztowiek/ szympans

,Badania porownawcze genomu szympansa i cztowieka majg zasadnicze
znaczenie dla zdefiniowania zmian genetycznych, ktore doprowadzity do
zdobycia typowych charaterystyk cziowieka, jak wysoko rozwiniete funkcje
poznawcze, dwunoznosc¢ czy uzywanie ztozonego jezyka. W niniejszej pracy
przedstawiamy podsumowanie wysokiej jakosci sekwencjonowania DNA z
33,3 Mega-zasadami chromosomu 22 szympansa. Porownujgc catosc
sekwencji z odpowiednim chromosomem cztowieka, 21, odkrylismy, ze 1,44%
chromosomu zawiera 68.000 zmian pojedynczej nukleo-zasady, wstawien lub
wyciec.

Te rbéznice sa wystarczajgce, aby wywofaC zmiany w Wiekszosci
syntetyzowanych biatek. | tak, na 231 sekwencji, 83%, w tym wigczajgc
niektore geny funkcjonalnie istotne, zawiera roznice na poziomie sekwenciji
aminokwasow.

Ponadto odkrylismy roznice w rozwinieciu w niektorych podrodzinach retro-
transpozycji w dwoch rzedach potomnych, ktére sugerujg rézny wptyw retro-
transpozycji na ewolucje cztowieka i szympansa.

Zmiany genomu po rozdziale gatunkoéw i ich konsekwecjie biologiczne wydajg
sie znacznie bardziej ztozone niz to wczesniej przypuszczano.”

Watanabe et al. DNA sequencing and comparative analysis of chimpanzee
Chromosome 22, Nature, 429 (2004) 382 [trad.z wtoskiego GK]



DNA mitocondriale

LA CELLULA ANIMALE

Orologio dell’evoluzione di Homo sapiens

11- 12 mutazioni
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Fig. 1. Schematic representation of the worldwide phylogeny of human mtDNA.
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Fig. 2. Tree of 51 mtDNA sequences belonging to haplogroup M1. The
tree is rooted using the reference sequence (rCRS) (27) as an outgroup.
The sequencing procedure and phylogeny construction were performed as
described elsewhere (4, 28, 29). mtDNAs were selected through a pre-
liminary sequence analysis of the control region and a restriction fragment
length polymorphism survey in order to include the widest possible range
of internal variation of the haplogroup. All M1 sequences are new except
for 17, which is the same sample as 25 in Torroni et al. (3). Mutations are
shown on the branches; they are transitions unless a base is explicitly
indicated. Suffixes indicate transversions (to A, G, C, or T}, indels (+, d) or

15 DECEMBER 2006 WVOL 314

TT£36ky aurc

heteroplasmy (h). Recurrent mutations are underlined; pathological mu-
tations are in italics. The ethnic or geographic origins of mtDNAsS are as
follows: Italy (1, 5 to 9, 23, 24, 28, 31, 42, 44, 45, and 47 to 49);
Berbers of Egypt (2 and 3); Egypt (4, 29, 32, and 37); Ethiopian Jews (10
and 11); Ethiopia (12 to 17, 26, 27, 33 to 35, 38, and 40); Greece (18
and 19); Iragi Jew (20); Druze (21); American (USA) of European ancestry
(22); Berbers of Morocco (25, 30, 46, and 50); Kenya (36); Somalia (39);
Mauritania (41); Bedouin, southern Israel (43); and Iragi (51). For
additional information regarding the tree, see the supporting online
material (SOM).

SCIENCE www.sciencemag.org



Fig. 2 Y-chromosome phylogeny inferred from genomic sequencing.This tree recapitulates
the previously known topology of the Y-chromosome phylogeny; however, branch lengths
are now free of ascertainment bias.
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Table 1. Tygca and N, estimates for the ¥ chromosome and mtDNA. Pop., population.

¥ chromosome

mtDNA

PRI m-DNA
asoot Al 93 124 (99-148)  9soot VS-

Method
Pﬂp. n rugu*
Molecular cleck  All 69 139 (120-158)
GENETREE* San 6 128 (112-144) 3800 Nzebi 18 105 (91-119 11,500

Baka 11 122 (106-137)

1800 Mbuti 6 121 (100-143) 3700 Y D NA
*Employs mutation rate estimated from within-human calibration point. Times measured in ky. Flses Watterson's -

estimator, 8,. $Each coalescent analysis restricted to a single population spanning the ancestral root (1),

Fig. 3. Similarity of

0.010

Tmrca does not imply
equivalent A, of males
and females. The Tyaca
for a given locus is drawn
from a predata (ie, prion
distribution that is a func-
tion of Al,, gerertion time,
sample size, and demo
graphic history. Consider
the detibution of pessble
Twans for a set of 100
uniparental chromosomes,
Although the Mbuti mtDNA
N, is teice & lame as that
of the Baka Y chromasome,
the corresponding predata
Trca ditributions overlap
considerably.

0,008

0,006

Probability Density
0.004
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Baka males - N, =1800, g = 31.5
m Mbuti females: N,=3700,g=265

Time (ky)
The ¥ chromosome and the mitochondrial genome have been used to estimate when the common
patrilineal and matrilineal ancestors of humans lived. We sequenced the genomes of 69 males
from nine populations, including two in which we find basal branches of the Y-chromosome tree,
We identify ancient phylogenetic structure within African haplogroups and resolve a long-standing
ambiguity deep within the tree. Applying equivalent methodologies to the Y chromosome and
the mitochondrial genome, we estimate the time to the most recent common ancestor (Typea) of
the ¥ chromosome to be 120 to 156 thousand years and the mitochondrial genome Typea to
be 99 to 148 thousand years. Our findings suggest that, contrary to previous claims, male lineages
do not coalesce significantly more recently than female lineages.




Neandertaler: nasz brat?

Neandertal sites e . -
130,000-30,000 years b.c.e. Elilftgj i

Neandertaler: mézg 1340-1520 cm3
(Homo sapiens 1300 cm3)
Malowat ciato, chowat zmartych
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Homo sapiens: 40 tys. lat temu

Early spread of modenn human
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Hypothesized West Asian source
area of modern northem

i i Ewrasizgns and north Africans,
Hypothesized east African source area
of modern humans, 80,000 to 50,000-45,000 years ago
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Homo sapiens: 10 tys. lat temu
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ponownie Australia (psy dingo)

R. L. Cann, Science, 2/03/2001

Fig. 2. Map showing
the correlation be-
tween the Austrone-
sian language family
and the use of outrig-
ger canoes [modified
from Roger Green's es-
say on the Lapita cul-
tural complex (57)].
The dashed line shows
the distribution of
Austronesian languag-
es, and the solid line
shows the distribution
of outrigger canoes.

2013



Homo Sapiens: rytuaty pogrzebowe, Sztuka

Rosja
Don River: Kostenki

Lascoux
25.000-14.000

,Jna Terra per 'Uomo”



Homo Sapiens:
sztuka abstrakcyjna

,Jna Terra per 'Uomo”



Homo Sapiens: mitologia

29.000-25.000 BC

https://fr.wikipedia.org/wiki/Doln%C3%AD_V%C4%9Bstonice



Muzyka Magdalenska (17-12 tys. lat temu)

Iy oSAPIEMNS SAPIEMSS, LE MODERME

Les premiers artisans du monde

L'ivaire de mammouih a servi de marériau nohle

aux chazseurs qui ponvaient se le procurer, guand e
puissant animal parcourait leurs pavsages ¢ peut-Cu
anssi leur unagindine comme co témoignent Seurines
ef représcniations pariciales, La parare
auripnacicnne (d'Aurignae, en Haute-
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Le sacre du ehasseur
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The earliest dated image from Maros, with a minimum age of 39.9 kyr,

is now the oldest known hand stencil in the world.

In addition, a painting of a babirusa (‘pig-deer’) made at least 35.4 kyr ago

is among the earliest dated figurative depictions worldwide, if not the earliest one.
http://www.nature.com/nature/journal/v514/n7521/fig_tab/nature13422_F3.html
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Blombos cave (RPA)

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

Skul and Qafzeh, Israel,[61][62] Oued Djebbana,
Algeria,[62] Grotte des Pigeons, Rhafas, Ifri n'Ammar
and Contrebandiers, Morocco[63] .[64]



Blombos cave: bardzo daleko,
bardzo, bardzo dawno

 |n 2002 the recovery of two finely engraved ochre pieces —
both deriving from the Still Bay units (M1 phase) — was
reported in Science Magazine.[10] The surfaces of both
pieces were intentionally modified by scraping and grinding,
and the engraved pattern formed a distinct cross-hatched
design in combination with parallel incised lines.

« In 2009, six additional pieces of engraved ochre — this time
recovered from entire Middle Stone Age sequence dated to
between 70,000 and 100,000 years old — were announced.[9]

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



Blombos cave: bardzo, bardzo daleko,
bardzo, bardzo dawno

* In 2008 an ochre processing workshop consisting of two toolkits
was uncovered in the 100,000-year-old levels at Blombos
Cave, South Africa.[3] Analysis shows that a liquefied pigment-
rich mixture was produced and stored in the shells of two
Haliotis _midae (abalone), and that ochre, bone, charcoal,

grindstones and hammer-stones also formed a composite part
of the toolkits

Naszyjnik z muszli

Mozdzierz z muszli do ugniatania ochry



Neuropsychologia

,Nasza samica szympansa nie moze mowic, nigdy nie nauczyta sie
rozniecaC ognia, nie umie gotowac, nie rozwineta talentow
artystycznych, muzycznych ani literackich, nie jest specjalnie
szczodra, nie jest monogamiczna i nie umie uprawia¢ zadnych
roslin.”

,7Ale pocigga ja mocny partner, rozumie swoje potozenie, jest
wszystkozerna i lubi socjalizowac sie, wyruszac na polowanie,
dobrze zjesc i utrzymywac bliskie kontakty ze swoim partnerem.”

,ozympansy, kruki i delfiny potrafig uzywac kije, trawe i ggbki jako
narzedzia. Ale jak dotad, zadne z nich nie zdotato skonstruowac
Maserati.”

,10 bytoby na tyle! Ide pielegnowac mojg winnice. Moje winogrona
Pinot dadzg wkrotce znakomite wino. Jestem po prostu szczesliwy,
Ze nie urodzitem sie szympansem.”

Michael Gazzaniga, Humans, 2008



Gli soffido nelle narici un alito vitale e
'uomo diventd una creatura vivente
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