
 

LECTURE 38 APPLYING THE DISCRETIZATIONS

OUR BASIC SET UP

EACH EDGEe DISCRETIZED THE EENDED GRID

OF Nj 2 POINTS
THE DISCRETE 2ND DERIVATIVE OPERATOR IS

A RECTANGULAR NjX Nj 2 MATRIX L

WHICH MAPS TO THE INTERIOR GRID WHERE

ALL EQUATIONS ARE SATISFIED EXCEPT VERTEX

CONDITIONS
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SOME NOTATION
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2 EG NEXT MATRIX OF ZEROES

TO SOLVE PROBLEMS UNIQUELY NEED SQUARE MATRIX

DEFINE 4ft Luc
NT

Mvc

Po
PINT
0 Pre

WILL USE THESE FOUR MATRICES TO DISCRETIZE
A VARIETY OF PROBLEMS

TO SOLVE AU f ON G

SUBJECT TO HOMOGENEOUS VERTEX

CONDITIONS

LET VECTOR OF f VALUES ON NEXT

UNKNOWN VECTOR OF U VALUESON NEXT

SOLVE BOTH

LINT PINT NINT EONS INNEXT VARIABLES
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CONCATENATE

Lva w̅ POI
EXAMPLE IN SLIDES



EIGENVALUE PROBLEMS ARE VERY SIMILAR

LINT w̅ A PINT ON EXT

Mvcñ
CONCATENATE

Lvcñ Poñ
THIS IS A GENERALIZED EIGENVALUE PROBLEM

AT BT

Po IS SINGULAR SO WE CAN'T JUST LEFT

MULTIPLY BY PO TO GET A STANDARD
EIGENVALUE PROBLEM

EXAMPLE IN SLIDES
STATIONARY NCS

DX 44 243 0 Note 4 G IR

ASSUME AGIR IS GIVEN

RECALL NEWTON'S METHOD f IR IR

GIVEN A GUESS ns.t fix 0

Let at at 8

fixar flat 8
fixn Df xn's

let 8 SOLVE Dfl 8 fixn

SET Xut Xn tf



FOR OUR PROBLEM

fit DX at 243
f 4,1 Δ A 642

OF COURSESIS SUBJECT TO VERTEX CONDITIONS

Δ A 64 8 Dtn An 24m

DISCRETIZE TO THE INTERIOR POINSTS

int PINT_ 6Diag4u AI 7 8 Lin 4 Pint AI 2DIAG4m

VERTEX CONDITIONS

Mac 8 0

EXTEND LINT ON LEFT WITH Mve ALL OTHER

MATRICES WITH ZEROES



TIME STEPPING FOR EVOLUTIONARY PDE
ON QUANTUM GRAPHS

RECALL SOME BASIC TIME STEPPING
ALGORITHMS FOR flu

uc.ru

Fix heal LET tn nh n 0,112
Un Ulta

FORWARD EULER

t.tn I
t
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fan

Unt Unth f un
AN EXPLICIT METHOD

LOCAL TRUNCATION ERROR 01h2 GLOBAL h

LET'S TAKE f U µΔU ON A QUANTUM
GRAPH G

CONTINUOUS IN SPACE Unt Un thµΔUn

NOW DISCRETIZE THIS MUST HOLD ON THE

INTERIOR GRID

PINT Unt PINT µ LINT Ñn

BUT Ñn MUST ALSO SATISFY DISCRETIZED

VERTEX CONDIT I TIONS

Mucin



STACK THE TWO EQUATIONS

III int P gE ñn

Pvc int Pothylo uT
THIS IS IMPLICIT UNI GIVEN AS THE

SOLUTION TO A SYSTEM OF ALGEBRAIC EQNS

THE IMPLICITNESS IS LINEAR IN THE UNKNOWN INT

THE MATRIX Pvc IS WELL CONDITIONED

ALL ITS SINGULAR VALUES ONLY VARY BY

A FEW ORDERS OF MAGNITUDE

STILL THE UNDERLYING EQUATION IS STIFF

THE RHS HAS LARGE NEGATIVE EIGENVALUES

NEED TO TAKE A 4 1 FOR STABIL ITY

RECALL WHY SCALAR EXAMPLE

1 Xx 4 0

EXACT SOLUTION
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sum up Xn the Xo

NEED yXn 0 11th.SI I
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THE SOLUTION IMPLICIT METHOD

ON ODE at Xnthf nti

MODELPROBLEM at Xu hdXnti CO

1 hx Xnt Xn

unn an hug

E

ISCRETIZE TO INTERIOR GRID PintEat PintIn bipelining
Pint hylint Ñnt Pintti

EXTEND WITH VERTEX CONDITIONS ON Unt

nt ff.fi Jin i Poun

THIS WON'T HAVE STEPSIZE RESTRICTIONS BUT

IS STILL ONLY FIRST ORDER IN h

CRANK NICHOLSON 2ND ORDER IN TIME

ON THE QUANTUMGRAPHS EVALUATE AT tnt

Untifts Aunt sun

Unti ΔUnt Untf Dun
DISCRETIZE ON INTERIOR

Pint Elint Ñn Pint Lint UÑ

VERTEX CONDITIONS Mue It 0

n t Ñ Rotho uT



EQUIVALENTLY

Puc Luc Int Po to uñ

QUESTION FOR NEXT TIME
HOW CAN WE EFFICIENTLY SIMULATE

int but oluru o


