7 December, 2022

nanics D — Final exam

ich worth 6 course points. Please be sure to write
ode and date to all of your solution papers. No

> of sentences (6 p.)

verties of random walks (RW) (in many applications) are the
site X from some starting point (say Y). A classical question
 origo (assume we have a RW in discrete time/ lattice) what
‘unbiased random walk to eventually return to the origo (same
reasonable argument). Let us now take the 2D case, where the
ete set of integers (z,y) one step in z or y (negative or positive).
in this case? (1 point). You may substitute with an argument for
n the 1D case if you want.

you é,pproach the Ising critical point (say by tuning the temperature
ove/below? (2 points).

ture, we discussed how to create a (self-organized) critical system from a
random walkers. How did we do this (qualitatively) and what happens,
ssipation to the system? (2 points).

he heat death of the Universe (6 p.)

how living things might evolve to cope with the cooling and
the heat death of the Universe. Dyson ignores the survival and
ested in getting a lot of thinking in before the Universe ends.
nt being generates a fixed entropy AS per thought.

e that the being draws heat @ from a hot reservoir at
ervoir at 1.

needed per thought, in terms of AS and T>? You may
AS = Qof/To — Qu/Ty ; Q1 — Q2 = W (energy is

Dyson shows, using theory not important herg,
_as-entropy-producer is no larger than C73,

ure.
houghts per unit time dH /dt (the inverse

d Ty. (1 point)

i




. The microwave background radiation has a
ch is getting lower as the Universe expands;
An ecologically efficient being would naturally
d so wants to choose T; as small as possible. It
W, =0 = A/t

ecologically efficient being have between now and time
| the current time to? (2 points)

gs. Dyson would like his beings to be able to think an infinite
Universe ends, but consume a finite amount of energy. He
| to be profligate in order to get their thoughts in before the
they radiate at a temperature Ty(t) ~ t~*/® which falls with
ol

oling schedule, the total number of thoughts H is infinite, but
is finite. (2 points)

a link closed has a cost of 0.

5§ on for the free energy F = U — T'S of the system withn < N
f F(T) for n ranging from 0 to N. (2 points)

argue that there is a phase transition at some % —1.. What
“energy (U)? Is the transition of first or second order? (4

he molecular zipper for exercise 3.




