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So much universe, and so little time (4

Due: Friday, February 10, by 11:59 pm
https://pdodds.w3.uvm.edu/teaching/courses/2022-2023pocsverse/assignments /17 /
Some useful reminders:

Deliverator: Prof. Peter Sheridan Dodds (contact through Teams)

Assistant Deliverator: Dylan Casey (contact through Teams)

Office: The Ether

Office hours: See Teams calendar

Course website: https://pdodds.w3.uvm.edu/teaching/courses/2022-2023pocsverse
Overleaf: LaTeX templates and settings for all assignments are available at
https://www.overleaf.com /project/631238b0281a33de67fclc2b.

All parts are worth 3 points unless marked otherwise. Please show all your workingses clearly

and list the names of others with whom you eenspired collaborated.

For coding, we recommend you improve your skills with Python, R, and/or Julia. The (evil)

Deliverator uses (evil) Matlab.

Graduate students are requested to use IATEX (or related TEX variant). If you are new to IATEX,

please endeavor to submit at least n questions per assignment in IATEX, where n is the
assignment number.

Assignment submission:

Via Blackboard.

1. Derive Murray's law.
Per lectures, find the minimum rate of energy expenditure working from the
assertion that:
2 81l 2
P:Pdrag+Pmet = _4+Cmetr ga
mr
where met stands for metabolic.

We are interested in how P varies with the tube radius 7.

Per lectures, we defined the ‘parent’ branch’s radius as 7parent, and the ‘offspring’

branches as having radii 7ofspring1 @and Tofispring2 (Which need not be the same).

Show that minimizing energy expenditure leads to 73

— 53 3
parent Toffspringl + ToﬁspringQ'
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Note that in the BTEX settings for assignments, various derivative notations are
included.

Here, you will want to use partial derivatives, and here's a start.

Note the code-like formatting as expounded on here (4. Far easier to create, edit,

debug, read.
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2. Derive the equivalent of Murray's law for branching networks where material
moves by diffusion. Perhaps surprisingly, this connects the inner workings of
insects, electrical networks, and search on networks.

For diffusion, the impedance of a vessel is now Z = cqglr 2 where cqg is a
constant, £ is vessel length, and 7 is vessel radius.

In terms of general impedance, the expression for the rate of energy expenditure is:

P = Parag + Puet = ®°Z + cper?L.

3. Now derive the generalized version of Murray's law for a generalized impedance
7 = cimpfr”a, where ¢y, is a general impedance constant, £ is vessel length, and
r is vessel radius.

We can assume « > 0 as impedance should decrease with wider vessels.

We choose 2% because cross sectional area 72 can be considered the essential
parameter here, and because we skipped to the end of the book and decided to
rewrite the start.


https://pdodds.w3.uvm.edu/writings/2015-05-13better-writing-editing-thinking-with-line-breaks/

4. Murray's law for real data.

See if you can track down a data set for real branching networks where Murray's
law might reasonably apply, and then test how well Murray's law holds up.

Could be blood vessels, trees, .. [1, 2, 3].

As always, you are welcome to collaborate. Feel free to share data sets on Teams.

5. (3+3)
Let's start on trying to reproduce reproduce Bohn and Magnasco's Figs. 2a and
2b in [4].
A profound physical result. For movement of stuff, when should networks exist?

Preliminary work:

» Construct an adjacency matrix for the underlying hexagonal lattice where the
side number of nodes is a variable n.

= Plot the n = 8 version to match with the grids underlying the figures below.
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