
 

REU 2018 Day 3 S Chepuri
Electrical Networks

DEMI A resistornetwork is a

finitegraph v E with a

specified set BCV called

boundaryvertices and a real
nonnegative weightce called
conductance associatedtoeach

edge e EE Theother vertices
are calledinternalvertices hB
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Given a network and potential
function we can use Ohm's law

Idefine all the currents
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Kirchhoff Kc

For any node in anelectrical
circuit the sum currentsflowing
in is zero

Feareinterested in potential
functions where KU holdsfor

all internal vertices
eg b
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We construct the Kirchhoff
matrix ofthenetworkas follows

Index reB as 1,2 m

and ve I as MH n

kg
11

its

Ice i j
Edges eincidentto i

f negative of 46 fromDay2
if all Cija



i

Given a potentialfunction as a

vector ve IR o then Kv gives
the current flowing intoeach vertex
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GEIEst KEE.Ed
solutionloDivichletproblem

Given x want tofind y
such that BtxtCy o

Hence
y E Bt x

NITE C is invertiblebythetheorem



We also found the currentflowing
into the boundary vertices
In fact we can thinkaboutthemap
directlyfrompotential on the

boundary vertices to the
boundarycurrents
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hair complement

DEE N The responsematrix L of
a network is theSch ur complement
ofthe Kirchhoffmatrix



InversePnublan
a Given a responsematrixand a
network with unknownconductances

when can we uniquely recover the
conductance

b Whichmatrices are

response matrices

Curtis Inger man Morrow 1998

solved this for
circularplanarresistornetworksKprn
DEEN A cp rn is a networkthat
can beembedded in a disk withall
boundanyvertices on thediskboundary
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Drawstrandsfrom
boundaryvorticestoeingthrough internalslike
DEEN A prn is

critical if the

medialgraphhastheseproperties
1 no closed loops
2 no self intersectingstrands
3 no 2 strandsintersect more

than once



THEOREM The following local

moves do notchangetheresponse
matrix
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DEEN Twooprn's are

electrically equivalent if

theyhavethe same response
matrix

FEIOREMCurtis Engerman Morrow1998

G Any pm iselectricallyequivalent
to

a criticalopen
2Any 2 electrically equivalent op

rn's

can be connectedby the localmoves

If both arecritical thenonly Y O
moves are needed

3 Theconductanceof a open
can berecovereduniquely ifandonlyif
it is critical



4 L is theresponsematrixofacprn
withB labeledclockwise if and only if

a L is symmetric
b rows sum to 0
c for any P Q CB
disjoint with PHI QI

having no acbaced
with a a EP b deQ
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We seek an analoguefornetworks
that are notquite open is

WeilI considerthose that have

all but one boundary vertex on

thediskboundary

B
Introduce a new local mare called
antennajumping

us

It's not a sequence oftheprevious
local moves but preservesresponse

matrix



If we want an analogue of 2 in

theorem we needto add antenna

jumping
ppop D N A network is
critical if ofedgescan'tbe
reducedusing a local move

Renfxacisett
show the ofedges in this
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byapplying local
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determinedbythe 6 circled
entries

using Lt L rows sum to zero

But there are 7 edgesconductance
so L can not recover them

uniquely



Sowilhtheproposed definition b in

theorem would fail
Letsintroduceanewbalmore
antenna absorption
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response matrix is unchanged



Does an analogueof 3
now hold If not how to

modify defnotcritical to fix it

e3aogue of Lme

Problenic
Find a descriptionofthe
responsematricesforthese
new kinds of networks in a cone


