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FIGURE 2 .  A trefoil knot with H K  = - 3 P  

obtain a collection of interlinked simple loops and figure of eights. Equation (15) still 
holds, with Q2 replaced by a product of the two fluxes present a t  a particular 
crossover. 

The external helicity of a knot we define as equalling H ,  if the knot exhibits a 
minimum of crossovers. For two linked flux tubes, the external helicity is 2L,, 0, Q2, 

where L,, gives the number of linkages (Moffatt 1969); this is a generalization of (2). 
Note, however, that, as L,, increases, the tubes must become more and more kinked, 
so that internal helicity cannot be ignored in computing the total helicity. There is 
one situation where internal helicity can indeed be neglected : one may compute the 
helicity of a configuration by approximating the field as consisting of a large number 
N of closed flux elements, each containing a small flux 6Q. In  this case, 

Note that (6Q), and the internal helicities Hi,int vary as N-2.  As N+co the 
interlinkage sum will reach a finite limit since it contains N2 terms, but the internal 
helicity sum vanishes as N-l .  

The decomposition into H ,  and H ,  depends on the angle of projection employed 
to find the crossovers. This deficiency can be removed by introducing the concepts 
of twist number Tw and writhing number Wr (Fuller 1971, 1978). Let X ( s )  be a 
closed curve, where s parametrizes length along the curve. Also let V ( s )  be a vector 
perpendicular to X ( s ) ;  the ‘t ip’ of U(s)  defines a second closed curve Y(s) ,  and the 
surface between the two curves can be visualized as a ribbon. In  the DNA application, 
X ( s )  can be taken to be the axis of the molecule, and the outer curve Y(s) to be one 
of the two nucleotide chains. Similarly, we may take X ( s )  to be the central axis of 
a magnetic flux rope, and Y(s) to be a field line winding its way along some toroidal 
surface within the flux rope. 

The linking number L,, of the two curves can be found from the Gauss linkage 
formula : 

dX(s) r dY(s’) L,, = -& $ds $ds’ ds*7 x ds’, 

where r = X ( s ) -  Y(s’). When integrated over all space, the helicity integral can be 
expressed in a similar form (Moffatt 1969, 1981 ; Arnol’d 1974). I n  Coulomb gauge 
the vector potential A is given by 

A ( x )  = - 1 S d 3 d  J(x’) 
C r 


