profiles, flight stability

Thermodynamics: thermal cycles in rock pores,

increasing the concentration of nucleotides — origin

of the first RNA?
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Optlcs and mechanlcs.
the mantis shrimp has eyes
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Choose the date for your presentation
Choose your topic

A week or two before the presentation: arrange a time for discussing

your presentation with us. We'll give you feedback on the structure
and scientific content of the presentation, but also about its reception
by the audience.

Finalize your presentation

Give the talk

Write up your talk in the form of a report/essay/popular science article.

Guidelines: at least 4 pages of text alone, 1200 characters per page.
Bibliography and images are necessary, but don't enter the page count.




Topics in the Physics of Life

Structure Powering up
Locomotion Intracellular transport

Sensing Membranes

Collective behaviour

Communication

Self-organization



Topics in the Physics of Life
Structure
- mechanics of the skeleton
- mechanics of the muscles
- structure of the bone/shell material

Locomotion

- aerodynamics of flight

- swimming: macro and microscale
- adhesive motion (snails, cells)

Sensing y \ N

- vision (ultraviolet, polarized)
- mechanoreception (hearing, touch) Macro
- gravity sensing ‘ scale |

\ /

- chemical sensing (smell, taste) \\ /

—~ _



Topics in the Physics of Life

Structure

mechanics of the skeleton
mechanics of the muscles
structure of the bone/shell material

A Dynamic Walking Model

velocity

swing
pendulum
stance-leg
inverted
K pendulum

B Dynamic Walking Human

collision

coM
velocity

collision

Calcium

(a) Thin filament

(b) Crossbridge

Thick filament ‘{
> v
(c) Power stroke -

ADP and P;
released

(d)
myosin and
myosin head
detaches

Thin filament

Calcium binding

© Myosin head ? ; Cocking of
myosin head

Thick filament —




Topics in the Physics of Life

Structure

- mechanics of the skeleton
- mechanics of the muscles
- structure of the bone/shell material

Central canal

Endosteum

Periosteum

/7
Articular
Capillary and venule (sma cartilage

Concentric lamellae

Canaliculi radiating
through the lamellae
interconnect the lacunae
of the osteons with one
another and with the
central canal.

Compact
bone

Periosteum

Epiphyseal

Cancellous

N

Epiphysis

Diaphysis
shaft

Epiphysis
head

lamellae

Interstitial
lamellae

Central canal
Perforating canal
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Locomotion Tilt with respect
. . to horizontal plane Separation points
- aerodynamics of flight o
- swimming: macro and microscale Turbulent wake
- adhesive motion (snails, cells) .
Separation point moves

;"r slightly forward

e

s (T

In dynamic soaring, an albatross turns to the wind, gaining
height, then glides back down to the sea to gain speed.

Maximum lift
15° Separation point jumps
\ g (stall angle)
: ' GAINS
» ALTITUDE
- {up to 60 ft) Separated flow region expands
. s —— = and reduces lift
\ — o 20° (m
-
| = ? 2~
\ : Large turbulent wake 20 0
: GAINS SPEED (reduced litt and large pressure drag)
- {reaching 40 mph)

Wind slowed by friction at water
surface begins to regain speed
about 15 feet above it. This
gradient lifts the bird as air flows
faster over the top of the wings
than the bottom.

High speed fight
Pointed long wings

Eagle Giiding
Low aspect ratio
Slotted wings




Topics in the Physics of Life

Locomotion

- aerodynamics of flight
- swimming: macro and microscale

- adhesive motion (snails, cells)
; ~ ?} / .‘ / /’ ’ .
. 2 \3\ ‘ \ ! II‘ \

’

A

b
Bolus of liquid

Aw?
c 2 A2
P Thrust pw? A2L ’ pl2 /
«
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_____ A/L ~

S
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Skin drag p (v)V2U3/?
.

Pressure drag p U2L
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Sensing .
- vision T e e

- mechanoreception (hearing, touch)
- gravity sensing

stereacilium

e e
ity

(a) Pigmented cells

pooer

Rt adfa "
BRO0CEODaECcn Lttt AT
vy '

Epithelial cells

2

aptation

A
o Motor

=

—=Nerve fibers

Water-filled
cavity

Optic nerve




Topics in the Physics of Life

- different metabolic pathways
- fermentation vs respiration
- proton gradients

- molecular motors
- Brownian ratchets

- organization and properties

Micro
scale
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Golgi
apparatus

Mitochondrion
Lysosome

Golgi

vesicles
Nucleolus

Rough ER
(endoplasmic
reticulum)

Nucleus

Smooth ER
(no ribosomes)

Cell (plasma)
membrane B . \

Microtubules

Centrioles (2) Cytoplasm

Each composed
of 9 microtubule

triplets. Ribosome

» Inner life of the cell vesicle transport (3:43)

Powering up

- different metabolic pathways
- fermentation vs respiration

- proton gradients

Intracellular transport
- molecular motors
- Brownian ratchets

Membranes
- organization and properties

> Inner life of the cell — realistic vesicle transport (1:16)


https://www.youtube.com/watch?v=wJyUtbn0O5Y
https://www.youtube.com/watch?v=uHeTQLNFTgU

Topics in the Physics of Life

Collective
phenomena

Collective behaviour \ /

- flocks of birds, shoals of fishes _ Self-or.gér.lization
- growth of bacterial colonies - cell division and embryo growth

- population dynamics
- transport networks

Communication - _
- origins of life

- quorum sensing
- internal communication: neural networks



Topics in the Physics of Life

Communication
- quorum sensing
- internal communication: neural networks

b )
& k‘” = -
" Ell a,
£ Surface 1 ".’]'j!la A
2| surface 2 Sl |
d-P
2
as ||
Food
£ 45 cm 3

Oettler et al., PloS ONE 8, 59739 (2013)




Topics in the Physics of Life

Collective behaviour
- flocks of birds, shoals of fishes
- growth of bacterial colonies

> Starling murmuration



https://www.youtube.com/watch?v=M1Q-EbX6dso

Topics in the Physics of Life

Self-organization

- cell division and embryo growth
- population dynamics

- transport networks

- origins of life

/7;:

T

+
EIe_ctrodes

Electrical spark
(Lightning)

to vacuum pump
gases (primitive atmosphere)

Sampling probe

Direction of water vapor circulation

Condenser

Cold water =——p

Sampling probe
ping p Water (ocean)

==

Heat source

Cooled water
(containing organic compounds)

Trap

Urey-Miller experiment (“primordial soup”)
problem: not enough complexity,
whatever is synthesized, diffuses away

DNA replication in thermal traps (rock pores)

X
- yJ
Convection Accumu-
lation
b) -
H
> 5 E &
X B~
» 2 K a
- Primer
* Annealing
&3 &
¢+ \ : 5
Dena- 2
turation :.: l
Elongation

Mast & Braun, Phys. Rev. Lett. 104, 188102 (2010)



Topics in the Physics of Life

Structure

- mechanics of the skeleton - different metabolic pathways
- mechanics of the muscles _ - fermentation vs respiration

- structure of the bone/shell material - proton gradients

Locomotion

- aerodynamics of flight _ molecular motors
- swimming: macro and microscale _ Brownian ratchets
- adhesive motion (snails, cells)

Sensing / - organization and properties
- vision (ultraviolet, polarized) _
- mechanoreception (hearing, touch) Macro Micro
- gravity sensing ‘x\ scale scale
- chemical sensing (smell, taste) \\
\\\77/
- Collective
- phenomena
Collective behaviour \ /

Self-organization

- cell division and embryo growth
- population dynamics

- transport networks

- origins of life

- flocks of birds, shoals of fishes
- growth of bacterial colonies

Communication

- quorum sensing
- internal communication: neural networks



Topics from previous editions of the seminar

“Der Vogelflug”

« “Mechanics of muscles”

* “Sound navigation and ranging”

* “Nanobots”

« “Control of motion — manoeuvrability vs stability”
e “Syntrophie”

e “Membrane physics”

* “Thermodynamics of life”

» “Electric fish” * “Eye development”

* “The nervous system” « “Haftung an Oberflachen — der Gecko”
 “The art of flying” * “Der Narwhal”

e “Optical sensing” e “Struktur von Exo- und Endoskeletten”

e “Using atmospheric electricity for flight” « “Physics of life in deep ocean”

e “The life of networks”
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Example: Network organization




Network organization

Starting principle: maximum efficiency

de  se ¢ e
E‘;‘;‘;‘ - -
. &i.ké‘:ﬂ Eﬂ
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Linear network: each outlet e ¢ T T
has a different pressure

Hierarchical network: equal
pressure at each outlet

M. Denny, A. McFadzean

“Engineering Animals: How life works'
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Fractal network:
- equal pressure at each outlet,
- maximizes the covered area

But: how to deal with a damage in the network?



Networks resistant to damage

maidenhair tree

Katifori et al., Phys. Rev. Lett. 104, 048704 (2010)

Model:

Network consisting of nodes k, joined by conductances C, . i

Each link ,costs’ C7 —Z Z CZJ- =1
Total ,,cost” of conductance is constant: 29 (k)

The current through the link jk, I, , is driven by the ,voltage” difference between the nodes

Jjand k:
chj(vk -V)=1
(k) 1
The functional to minimize: total power dissipation, P = Ez Z ij(Vk — VJ-)2
ko (k)



Network damage models

Moving sink

Broken bonds

a) Broken bonds
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Loops as a result of optimizing under damage

to links (left column) and under a fluctuating load (right col-

FIG. 2 (color).
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normalized by the mean pressure drop of a network optimized

for the tree model with the same 1.




Letting nature do the job: networks created by the slime mould

» Slime mould BBC

Slime mould

Tokyo railway

Tero et al., Science 327, 439 (2010)

Question to explore:

How do the different parts
of the slime mould organism
communicate?


https://www.youtube.com/watch?v=GY_uMH8Xpy0

Topics in the Physics of Life

Structure

- mechanics of the skeleton - different metabolic pathways
- mechanics of the muscles _ - fermentation vs respiration

- structure of the bone/shell material - proton gradients

Locomotion

- aerodynamics of flight _ molecular motors
- swimming: macro and microscale _ Brownian ratchets
- adhesive motion (snails, cells)

Sensing / - organization and properties
- vision (ultraviolet, polarized) _
- mechanoreception (hearing, touch) Macro Micro
- gravity sensing ‘x\ scale scale
- chemical sensing (smell, taste) \\
\\\77/
- Collective
- phenomena
Collective behaviour \ /

Self-organization

- cell division and embryo growth
- population dynamics

- transport networks

- origins of life

- flocks of birds, shoals of fishes
- growth of bacterial colonies

Communication

- quorum sensing
- internal communication: neural networks



M. Denny, A. McFadzean “Engineering Animals: How life works’
M. Denny “Air and water’

M. Lisa “The physics of sports’

R.P. McCall “Physics of the human body’

|. Stewart “The mathematics of life"

Ed Yong “Not exactly rocket science’
“I Contain Multitudes: The Microbes Within Us and a Grander View of Life"

“An Immense World: How Animal Senses Reveal the Hidden Realms Around Us"

2006-2008 https://notexactlyrocketscience.wordpress.com/
2008-2012 http://blogs.discovermagazine.com/notrocketscience/ (defunct)
2015-present  https://www.theatlantic.com/author/ed-yong/

R. Phillips et al. “Physical biology of the cell’

D. Dusenbery “Living at Micro Scale: The Unexpected Physics of Being Small’
C.Zimmer “Microcosm: E. coli and the new science of life"

H. Berg “Random walks in biology"

P.M. Hoffmann “Life's ratchet: how molecular machines extract order from chaos’
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