ONULLFINDER Manual

Overview

ONULLFINDER is a tool for predicting the existence of null points in a computational box, and finding them if desired. It is written in (object-oriented) IDL and freely available to redistribute, modify or port to more appropriate languages.

Usage

IDL> imbalance = ONULLFINDER( bdata, /predict, $




xr=xr, yr=yr, zr=zr )

IDL> nnulls = ONULLFINDER( bdata, nulls = nulls, $




xr=xr, yr=yr, zr=zr )

Input

bdata:

fltarr(3, a, b, c)
A data cube of Bx, By, Bz 

[xyz]r (optional)
fltarr(2)

Ranges to consider (default to entire 






cube)

Keyword

/predict


Do not find the nulls, just the imbalance predicted by 



the Euler characteristics.

Output

imbalance:
int

The excess of positive or negative nulls, signed 




appropriately

nnulls:
int 

Number of nulls found

nulls:

fltarr(3,n)
Positions of null points.

Method

The null-finding method is outlined in Beveridge (2007). Molodenskii and Syrovatskii (1977) established the use of a Kronecker-Poincaré index to predict the number of null points found on and above a photospheric surface. This was developed by Beveridge, Brown and Priest (2004) to categorise the null points more clearly, resulting in the conventional Euler characteristic equations:


S + U = P + 2 







(1)


S+ - N+ = S- - N- 







(2)

where S is the number of sources,  U and P the numbers of upright and prone nulls, respectively, and positive/negative subscripts denote the numbers of positive and negative elements. These equations hold for a system with flux balance, and in which a mirror corona below the photosphere exists. In an unbounded situation, it is possible to predict the number of coronal null points, given the number and type of topological elements on the lower boundary.

Beveridge (2007) extended these equations so that they can be used on the boundary of a computational box using quasi-critical points (QCPs), at which Bx = By = 0. These are classified as sources, prone nulls and upright nulls, depending on the nearby field structure. In the following discussion, upright nulls are reclassified as sources of the opposite sign so that S* = S + U. QCPs are further classified as belonging to the ceiling or the floor, according to the sign of the determinant of J┻ . The numbers of ceiling and floor critical points are governed by the relationship


 (S* – P)ceiling = (S* – P)floor





(3)

while the imbalance in the number of nulls inside the box can be calculated as


2(N+ - N-)interior = [(S*+ - P+) - (S*- - P-)]floor – [(S*+ - P+) - (S*- - P-)]ceiling
(4)

QCPs are found by examining the edges of the box for locations where  Bx = 0 or By = 0. From each of these, a curve maintaining the component at zero is integrated across both adjacent faces of the box. Where the other component changes sign, a QCP must exist; a Newton solver is used to find these. If a QCP appears to lie only on one such curve, a second curve is integrated from it using the other component, and the process continues recursively until all QCPs are found. The modified Euler characteristics are applied and the null imbalance prediction computed.

The imbalance calculation, as its name implies, only determines the excess of positive over negative nulls in the volume (or vice-versa). ONULLFINDER can be made to find the null points by integrating curves of  Bx = By = 0 from each QCP and noting changes of sign in Bz. For each of these, a Newton solver is used to find the null point exactly. 

Finally, we check that the sign-imbalance of the nulls agrees with our prediction. If it doesn't... well, I don't know what to tell you. 

Routines included

FAQ

What does the O stand for?


- Nothing.
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