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What do theoretical physicists do?

“La filosofia e scritta in questo grandissimo
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This is not a universally held view of the world.

\J

HOW DO THEY KNOW THE | [ THEY DRIVE BIGGER AND | [ THEN THEY WEIGH THE Od. T | DEAR, IF YOU
LOAD LIMIT ON BRIDGES, | | BIGSER TRUGKS ONVER THE LAST TRUCK AND SHOULDVE | DONT KNOW
BRIDGE UNTIL T BREAKS REBUILD THE BRIDGE GUESSED.

/

(see also Mayr on biology vs. astronomy!)



Why should we believe in (relatively) simple,
universal mathematical descri ins?
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http://www.efluids.com
http://www.treehugger.com
http://www.vintechnology.com
http://earthobservatory.nasa.gov
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A QUANTITATIVE DESCRIPTION OF MEMBRANE
CURRENT AND ITS APPLICATION TO CONDUCTION
AND EXCITATION IN NERVE

By A. L. HODGKIN axp A. F. HUXLEY
From the Phystological Laboratory, Unwversity of Cambridge
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dhfdt=ap(1—B) — By,

a, =001 (V+ 10)/(
B, =0-125 exp (V/80),
&, =01 (V+25)/(exp
Bn=14 exp (V[18),

20 parameters o, =0-07 exp (V/20),

V+3O
h—I/(eXp 10

Theory of Superconductivity™®

J. BArRDEEN, L. N. Coorer,f aAND J. R. SCHRIEFFER]

Department of Physics, University of Illinois, Urbana, I llmozs

(Received July 8, 1957)

Although our calculations are based on a rather
idealized model, they give a reasonably good account
of the equilibrium properties of superconductors. When
the parameters of the theory are determined empirically,
we find that we get agreement with observed specific
heats and penetration depths to within the order of
109,. Only the critical temperature involves the super-
conducting phase; the other two parameters required
(density ot states and average velocity at the Ferm
surface) are determined ifrom the normal phase. This
quantitative agreement, as well as the fact that we can
account for the main features of superconductivity 1is

convincing evidence that our model is essentially

correct.

essentially 0 parameters




What do we do about all the parameters?

2. Nature has selected mechanisms in which
parameters don’t matter: functions are “robust.”

3. The parameters chosen by Nature are special.



Before we dig in, let me emphasize fhcnL

I didnt come to these views alone.*
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*But all the nonsense is my fault.



Example: How do we use our vision to estimate the

speed of a moving object, or our own speed?
Imagine taking a slice through an Detect the lines:

image, and following it in time ... compute differences.

difference from
one moment
to the next

time

ﬁ difference between neighboring pixels



taking differences

But if our image of the makes a mess!
world is a little noisy .. L

Y 4 Noise sets a limit to the accurac v
of motion perception.
Real brains approach this limit.




Crucially, the “best” estimate always is a compromise
between systematic and random errors.

Statistical mechanics and visual signal processing. Real world data
M Potters & W Bialek, J de Physique France | 4, 1755-1775 (1994). SR Sinha & RR de Ruyter van Steveninck

difference from ‘ il
one moment
to the next

fast forward

difference between Even if you do the optimal
neighboring pixels computation, you can be fooled.

fast backward



How do animals
establish their
body plans?




Primary maternal morphogens
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parameters are
hidden in this
diagram ...

Gap genes
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zoom In on the primary ~1000 molecules

morphogens ~10% differences
/ But the cells cannot “stand outside” to look

at all the molecules.
In order to have an effect, molecules must
bind to a small target along the cell's DNA.

‘I'l ""I.

e g

size of nucleus ~ 6 microns
target site on DNA ~ 3 nanometers

suppose the nucleus were the size of
our local neighborhood, ~ 1 km

the target would be 1/2 meter in sizel



Could the parameters be chosen to squeeze
as much information as possible out of the

limited number' of molecules?
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If you put together information from all four gap
genes, the ambiguities are resolved.

0.8t 1% precision No parameters!
But is this the rule that
0.6 \ the fly uses for "decoding”?

AN

O
N

Let's look in mutants,
where we knock out one of
the primary maternal

02 04 06 038 morphogen inputs ...
Actual position (x/L)
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Decoding from mutant flies generates distorted "maps.”

O
o0

When the map points
to a position where
the normal fly makes a
stripe, the mutant
should make a stripe.

And it does.
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== Optimal decoding of information from a genetic network.
MD Petkova, G Tkacik, W Bialek. EF Wieschaus, and T Gregor,
arXiv 1612.08084 (2016).
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