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A 3-D invertible map generating a 4-loop solenoid attractor is presented. The attractor of the 
"standard" 4-solenoid turns out to be "fat" - that is, fractal dimensionality exceeds topological 
dimensionality by more than unity. If a fourth variable that is weakly damped is added to this 
3-variable map, a new type of attractor is generated. In a cross section it is a continuous nowhere-
difTerentiable function over a 2-D domain which is a 2-D Cantor set. Such an object can be called 
a "singular-continuous 2-D Weierstrass function". The latter can be "superfat" (dimension gap larger 
than 2). Realistic systems possessing attractors of this new type are possible. 

1. Introduction 

A "fa t" a t t r a c t o r is a n a t t r a c t o r w h o s e f rac ta l d imen-
s ional i ty exceeds its t o p o l o g i c a l d i m e n s i o n a l i t y by 
m o r e t h a n uni ty . A n e x a m p l e w a s p r o p o s e d recent ly 
[1]. I t cons is t s of H e n o n ' s [2] 2 -va r i ab l e m a p , a u g -
m e n t e d by a w e a k l y d a m p e d t h i r d v a r i a b l e t h a t is 
pass ively fo rced . A c c o r d i n g t o t he K a p l a n - Y o r k e c o n -
j e c t u r e [3], a n inc rease in a t t r a c t o r d i m e n s i o n a l i t y be-
y o n d the nex t in tege r is expec t ed t o o c c u r u n d e r th is 
c o n d i t i o n since t he nega t ive e igenva lue of t he equi l ib-
r i u m of the pass ive ly fo rced v a r i a b l e is smal le r in a b -
so lu te va lue t h a n t he poss i t ive L y a p u n o v cha rac t e r i s -
tic e x p o n e n t of t he fo rc ing c h a o s . T h i s is i ndeed the 
case. Neve r the l e s s t o p o l o g i c a l d i m e n s i o n a l i t y r e m a i n s 
u n c h a n g e d [1]. T h e r e f o r e t he a t t r a c t o r is fa t . 

In the s a m e vein, a " s u p e r f a t " a t t r a c t o r c a n b e gen-
e r a t e d : I t suffices t o a d d two w e a k l y d a m p e d va r i ab le s 
t o H e n o n ' s m a p t o get a " d i m e n s i o n g a p " b e t w e e n 
f r ac t a l a n d t o p o l o g i c a l d i m e n s i o n a l i t y of m o r e t h a n 2 
[4]. T h i s h i e r a r c h y c a n b e c o n t i n u e d . 

I n the fo l lowing , a n e w t y p e of s u p e r f a t a t t r a c t o r 
will be p r e sen t ed w h i c h is b a s e d o n a pa r t i a l l y different 
m e c h a n i s m . 

2. Smale Solenoids 

T h e simplest chaos -gene ra t ing d i f f eomorph i sm, af ter 
the 2 - D Sma le h o r s e s h o e m a p [5] a n d its re la ted 
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H e n o n m a p [2], is the Sma le so leno id [5]. I n th is 3 - D 
m a p , the z e r o t h i t e ra t e is a sol id r ing in 3-space , a n d 
t he first i te ra te is the s a m e r ing o n c e m o r e , b u t first 
e l onga t ed to twice its f o r m e r l eng th a n d t h e n p u t b a c k 
i n t o the or ig ina l r ing a f t e r " s q u e e z i n g " ( v o l u m e c o n -
t r ac t ion ) a n d o n e " w r a p p i n g up" . T h e so leno id f o r m s 
a p r o t o t y p e (everywhere e x p a n d i n g " a x i o m A") s t r ange 
a t t r a c t o r [5]. A first explicit e q u a t i o n (in m i x e d p o l a r 
a n d Euc l idean c o o r d i n a t e s ) w a s given by S m a l e [6]. A 
di f ferent ia l e q u a t i o n in 4 va r i ab les g e n e r a t i n g a re-
la ted a t t r a c t o r exists [7]. 

T h e Smale so lenoid , w i th one w r a p p i n g up , is on ly 
the first in a series. T h e o t h e r m e m b e r s invo lve m o r e 
w r a p p i n g ups . T h e nex t (in a sense) is t he "4 - so leno id" . 
I t involves t w o (consecut ive) w r a p p i n g - u p s . I t is n o n -
tr ivial because its t ime inverse p r o d u c e s h y p e r c h a o s 
( tha t is, possesses two pos i t ive L y a p u n o v cha rac t e r i s -
tic exponen t s ) [8]. I t t he re fo re gene ra t e s t he s imples t 
c h a o t i c a t t r a c t o r wi th o n e pos i t ive b u t t w o " n o n -
t r iv ia l" nega t ive e x p o n e n t s . 

T h e fo l lowing explicit 3 - D d i f f e o m o r p h i s m gene r -
a tes a Smale - so leno id w h e n the p a r a m e t e r N is p u t 
e q u a l t o 2, a n d a 4 - so leno id w h e n N = 4 ( the case of 
in teres t here), a n d a n AT-solenoid (with r i n g - s h a p e d 
c o n f i g u r a t i o n in a c ross sect ion) in gene ra l : 

x „ + 1 = N xn m o d 2n , 

yn+i = K yn — (l—K) cos N x „ , (1) 

zn+1 = Kzn + ( l - K ) sin Nxn. 

T h e e q u a t i o n h a s a s imple s t ruc tu re . T h e first va r i ab l e 
is t he fami l ia r c h a o s - g e n e r a t i n g c o n t i n u o u s piece-wise 
l inear m a p (Bernoui l l i shift). T h e s econd a n d t he t h i r d 
va r iab le a re l inear c o n t r a c t i o n s (with K less t h a n 
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Fig. 1. The standard 4-loop solenoid. Numerical calculation 
of (1) with AT = 4 and K = 1/3. 50 000 iterates at 16-digit accu-
racy. Initial conditions: 0.1, 1, 1. The first 5000 points were 
discarded, a) Top-down view (y vs. z). b) Side-view of the 
attractor (x vs. z). c) A cut (at x = 10 , thickness 10"5), 
25 000 points. 

uni ty) t h a t a r e pass ively fo rced by x. T h e t w o t r i g o n o -
me t r i c f u n c t i o n s of x o n t he r ight m a k e su re t h a t the 
m o m e n t a r y va lue of x d i sp laces the l oca t i on of the 
fixed p o i n t of the 2 -va r iab le l inear c o n t r a c t i o n a w a y 
f r o m the or ig in of the y, z p lane , in such a way t h a t it 
circles t he or ig in N t imes as x var ies f r o m zero to 2 n 
(cf. [3]). 

T h e s h r i n k i n g f ac to r (X) m u s t a lways be smal le r 
t h a n 1/2 t o e n s u r e inver t ib i l i ty if N = 2. Inver t ib i l i ty 
is lost b e y o n d this l imit d u e t o the f o r m a t i o n of a n 

" o v e r l a p " b e t w e e n the t w o s u b s t r a n d s f o r m e d . 
A n a l o g o u s (smaller) l imits a p p l y fo r l a rger va lues of 
N. We c h o o s e the va lues N = 4 (4-solenoid) a n d K = 
1/3, t o o b t a i n the " s t a n d a r d " 4 - so l eno id as it m a y be 
cal led. It is r e la ted to t he " s t a n d a r d " (midd le t h i rds 
r e m o v e d ) C a n t o r set, s ince the c o n t r a c t i o n o p e r a t i o n 
h a s a n effect l ike th is in t w o d i r ec t i ons (as we shal l see 
immedia te ly) . 

F i g u r e 1 s h o w s t he r e su l t ing a t t r a c t o r in 3-space. 
F i g u r e 1 a gives a t o p - d o w n view a l o n g t he x-axis . 



F i g u r e 1 b s h o w s the c o r r e s p o n d i n g side-view. N o t e 
t h a t in b o t h p ic tures , the circle of x (in Smale ' s de sc r ip -
t ion) has been " s t r e t ched f la t" (in a c c o r d a n c e w i th t h e 
m o d u l o m e c h a n i s m of x in (1)). F ina l ly , Fig. 1 c s h o w s 
a cross sec t ion (at x close to zero) . 

3. Fractal Dimensionality of the Attractor of Figure 1 

T h e s t a n d a r d 4 -so leno id a t t r a c t o r of Fig. 1 t u r n s 
o u t to be "fa t" . I t is, topo log ica l ly s p e a k i n g , a p r o d u c t 
of a n in terval a n d t w o s t a n d a r d C a n t o r sets. T h e r o t a -
t ions visible in the cross section (Fig. 1 c) d o n o t c h a n g e 
th is conc lus ion . Accord ingly , the f r a c t a l d i m e n s i o n a l -
ity of the a t t r a c t o r of Fig. 1 can b e c a l c u l a t e d : 

log 4 
D F = — 5 - + 1 = 2 . 2 6 1 8 5 9 . . . , (2) 

log 3 

whereby log 4 / l o g 3 = 1.261859 . . . is the f racta l d i m e n -
s ional i ty of t he s t a n d a r d 2 - D C a n t o r set ( " i t e ra ted 
Swiss flag"). 

T h e fact t h a t DF is n o t only l a rge r t h a n un i ty b u t 
la rger t h a n 2 is su rp r i s ing since t h e t o p o l o g i c a l d i m e n -
s ional i ty of t he so leno id a t t r a c t o r is un i ty [5]. T h e 
r e a s o n for t he p re sen t fa tness is t h a t the s t a n d a r d 
2 -d imens iona l C a n t o r set ( i te ra ted Swiss flag) is a l-
r e a d y fat itself. I t possesses a f r ac t a l d i m e n s i o n a l i t y in 
excess of un i ty (namely , log 4 / l o g 3 as m e n t i o n e d ) . 
Th i s fa tness is a s t r a i g h t f o r w a r d i m p l i c a t i o n of t h e 
H a u s d o r f f ru le fo r ca lcu la t ing f r a c t a l d i m e n s i o n a l i t y , 
cf. [9]: E a c h s u b s e q u e n t i tera te of t he (red) s q u a r e 
c o n t a i n s m o r e cop ies of the o r ig ina l set (four) t h a n a r e 
needed to fill a 1 - D r o w of copies ( three). H e n c e f r a c t a l 
d imens iona l i t y c a n n o t be smal le r t h a n un i ty [18]. 

T h e full a t t r a c t o r s imply inhe r i t s t h e fa tness of t h e 
s t a n d a r d 2 - D C a n t o r set t h r o u g h p r o d u c t f o r m a t i o n 
( added uni t in tege r in (2)). N o t e t h a t t h e a t t r a c t o r of 
Fig. 1 is smooth in spi te of its fa tness . 

4. Adding a Weakly Damped Fourth Variable 

T h e fo l lowing 4-var iab le d i f f e o m o r p h i s m di f fers 
f r o m (1) by the a d d i t i o n of a pass ive ly forced f o u r t h 
va r i ab le : 

x n + 1 = 4 x „ m o d 2n, 

yn+i = 1/3 y „ - 2 / 3 cos 4 x „ , 

zn + 1 = l / 3 z „ + 2 / 3 s i n 4 x „ , (3) 

w n + 1 = 0 .99w„ + x„ . 
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Fig. 2. The new attractor. Numerical calculation of (3). (The 
ordinate should read W instead of L.) Side-view of a 3-D cut 
(at x = 10"4 , with thickness 2 • 10"5), 25 000 iterates. Initial 
conditions: 0.1, 1, 1, 300. The first 5000 points were dis-
carded. The present side view (y vs. w) turns into the top-
down view of Fig. 1 c (y vs. z) if w is made point out of the 
plane of the paper (rotation by 90 degrees, cf. text). 

T h e w e a k d a m p i n g of t he a d d e d f o u r t h va r i ab l e (0.99 
is c lose t o un i ty) has t he c o n s e q u e n c e t h a t t he d i m e n -
s ional i ty m u s t go u p o n c e m o r e in a c c o r d a n c e w i t h t h e 
K a p l a n - Y o r k e c o n j e c t u r e [3]. 

F i g u r e 2 gives a 3 - D c ross sect ion (x c o n s t a n t c lose 
t o zero) in a 2 -d imens iona l p r o j e c t i o n (side view). O n e 
sees a b u n d l e of "ver t ica l needles" . T o be t t e r u n d e r -
s t a n d Fig. 2, it is he lpfu l t o realize t h a t it r ep re sen t s a n 
e x t r e m a l perspec t ive (perfect side view). If the c o n t e n t 
of the F i g u r e were sl ightly t i l ted f o r w a r d t o w a r d t h e 
viewer, o n e w o u l d see t h a t the "need le s" a re d i s t r ib -
u t ed in s u c h a way t h a t each is s u s p e n d e d in 3 - space 
ver t ical ly a b o v e one of the b lack pixels of F i g u r e 1 c. 
T h e "s ide v iew" of Fig. 2 a n d the " t o p - d o w n v iew" of 
Fig. 1 c b o t h descr ibe the s a m e c ross sec t ion . ( T h e fac t 
t h a t F ig . 1 c was o b t a i n e d f r o m (1) r a t h e r t h a n (3) 
m a k e s n o difference s ince w w o u l d b e invisible in t he 
p resen t p r o j e c t i o n d u e t o the w-axis p o i n t i n g ver t i -
cally o u t of the p l ane of the paper . ) B o t h p r o j e c t i o n s , 
t a k e n toge the r , numer ica l ly d e m o n s t r a t e t he ex is tence 
of a b u n d l e of para l le l " C a n t o r need les" in 3-space . 

As a c o n s e q u e n c e of th is g e o m e t r i c s i t ua t ion , o n e 
expec ts t he f rac ta l d imens iona l i t y of t he full a t t r a c t o r 
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to exceed tha t of (2) by unity: 

D f = 3 .261859 . . . . (4) 

This predict ion can be checked numerically. Specifi-
cally, one finds 

D F = 3 .10. (5) 

This result was obtained by using the nearest-neigh-
bor a lgor i thm [10]. The prediction (4), based on the 
Can to r needles hypothesis, is confirmed qualitatively 
- the dimension is indeed greater than 3. 

5. Topological Dimensionality of the Attractor 

As far as the first three lines of (3) are concerned, the 
topological dimensionali ty of the solenoid a t t rac tor is 
unity [5], as we saw. The full a t t rac tor generated by (3) 
still has the dimensionali ty 

Aop = 1 • (6) 

This result follows f rom the theorem that a linear 
variable tha t is passively forced by a bounded forcing 
funct ion of arbitrari ly high periodicity f ( t ) possesses a 
unique asymptot ic solution (cf. [11]). Since each point 
on the solenoid a t t rac tor (a point in x, y, z space) 
generates its own unique forcing funct ion [5], it gives 
rise to a unique asymptot ic value for w. Hence (6) 
follows (cf. also [11 a]). As a consequence, each needle 
in Fig. 2 conta ins only a single point . That is, the 
"needles" are but apparent needles (one-dimensional 
sets). 

The contradic t ion can be resolved if one realizes 
that always many needles are "bundled together" in 
each visible slot (above one pixel). No t e that every 
point in a Can to r set contains in an arbitrarily small 
finite ne ighborhood an uncountable number of other 
points of the Can to r set. Therefore, if each point in 
the C a n t o r set gives rise to a different height value 
(vv value), an apparen t "needle" can indeed form. This 
result holds t rue under the presupposit ion that the 
cor responding height values are distributed according 
to a discont inuous funct ion (uncorrelated neighboring 
height values). Unexpectedly, it still holds true when 
the pert inent function is cont inuous but nowhere dif-
ferentiable, cf. [1]. 

There is one difference between the two cases, how-
ever. In the second - cont inuous but nowhere differen-
tiable - case, the length of the apparent needles is no 
longer independent of horizontal magnification, but 

ra ther decreases toward zero according to a scaling 
law as hor izonta l magnif icat ion is increased without 
bounds (R. Wais, personal communicat ion) . This test 
has yet to be made quant i ta t ive. 

6. Fractal Dimensionality of the Attractor, Revisited 

"Fa t f ractals" [9] can arise in dynamical systems, 
not only in parameter space [12] but also in state 
space. This fact follows f rom the above example of a 
s tandard 2 - D Can to r set occurring as a cross section 
in the a t t r ac to r of a generic dynamical system; see (2) 
above. Those a t t rac tors are smooth. As ment ioned in 
the In t roduc t ion , there exists a second class of exam-
ples. These are non - smoo th since they are based on 
nowhere-differentiabil i ty [1], 

M o r e specifically, these lat ter a t t ractors are charac-
terized by "s ingular-cont inuous" nowhere-differ-
entiability [1]. This new proper ty is easy to under-
stand. It is possible to in t roduce "Can to r gaps" into a 
nowhere differentiable funct ion (Weierstrass function) 
in such a way that all m a x i m a and minima of the latter 
are preserved as far as their original height values are 
concerned. However, they are each "split up" such as 
to accomoda te a C a n t o r gap in between. An explicit 
cons t ruct ion is given in [1], The result is a new Weier-
strass func t ion whose d o m a i n (on which it is a contin-
uous funct ion) is a C a n t o r set [1]. Its g raph is a set of 
d iscont inuous points ("singular-continuous Weier-
strass function"). The topological dimensionali ty im-
mediately d rops down to zero, even as an infinitesimal 
gap size is introduced, whereas the fractal dimension-
ality stays unchanged at first, in order to gradually 
decrease as gap size is increased. In the case of an 
ordinary Weierstrass function (1-D domain and range), 
the decrease is never s t rong enough to lead to a value 
below unity, irrespectively of gap size [1]. 

Given the existence of these two principles to gener-
ate fatness (one smooth , one nonsmooth) , it is tempt-
ing to guess that the a t t r ac to r of (3) may obey both. 
This conjec ture turns out to be correct. 

7. Structure of the New Attractor 

As already mentioned, a picture of a singular-con-
t inuous Weierstrass funct ion looks like a Can to r bun-
dle of parallel needles, in 2-space. A product of two 
singular-continuous 1-D Weierstrass functions (a "2-D" 
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s i n g u l a r - c o n t i n u o u s Weie r s t r a s s func t ion ) l o o k s like a 
C a n t o r b u n d l e of para l le l needles - in 3 -space . Th i s 
s t ruc tu re , t a k e n as a " p r e d i c t i o n " , exact ly m a t c h e s the 
s t r uc tu r e of the presen t a t t r a c t o r as f o u n d in Figs. 2 
a n d l c . 

Th i s fact cou ld still be a co inc idence . T o es tab l i sh 
the c o n n e c t i o n , it w o u l d be necessary t o s h o w t h a t 
the re exists a " l imi t ing case" t o (3) fo r w h i c h t he pres-
ent needles " g r o w t o g e t h e r " la tera l ly to f o r m a c o n -
t i n u o u s su r face tha t is n o w h e r e d i f fe ren t iab le - a 
Weiers t rass f u n c t i o n ove r a c o n t i n u o u s 2 - D d o m a i n . 

Such a l imi t ing case i n d e e d exists. I t o c c u r s w h e n 
the fo rc ing so lenoid (first t h r ee va r i ab les of (3)) be-
c o m e s "d iss ipa t ion- f ree" . T h i s occu r s w h e n t he c o n -
t r ac t i on f ac to r K in (1) is p u t e q u a l to 1/2. W e s u p p o s e 
here fo r s implic i ty t h a t t h e e q u a t i o n b e h a v e s l ike the 
ideal 4 - so leno id [8] u p t o a rb i t r a r i l y low d i s s ipa t i on 
values. (It m a y t u r n o u t t h a t a m o r e c o m p l i c a t e d ver-
sion of (3) is needed to cove r th i s l imi t ing case explic-
itly b u t th i s m a k e s n o d i f ference in t he p r e s e n t exis-
tence context . ) 

T h e fo rc ing c h a o s b e c o m e s volume-f i l l ing ( " H a m i l -
t on i an" ) in the presen t l imit . A " H a m i l t o n i a n " fo rc ing 
s i tua t ion w a s first s tud ied by K a p l a n et al. [13]. T h e 
a u t h o r s e m p l o y e d o r d i n a r y c h a o s (plane-f i l l ing case) 
to force a weak ly d a m p e d t h i r d var iab le . Specifical ly, 
they used A r n o l d ' s [14] ca t m a p , b u t t hey c o u l d as well 
have used H o p f s [15] b a k e r ' s t r a n s f o r m a t i o n , w h i c h is 
a lso a plane-f i l l ing b i jec t ion . (The p resen t volume-f i l l -
ing l imi t ing case of the 4 - so leno id is a s t r a i g h t f o r w a r d 
genera l i za t ion of H o p f s m a p [8]). K a p l a n et al. [13] 
f o u n d t h a t a n a t t r a c t o r is f o r m e d which possesses a 
" n o w h e r e d i f fe ren t iab le" c o n t i n u o u s c ross sec t ion . 
Specifically, the nowhere differentiabil i ty appl ies a long 
the 1 - D s tab le m a n i f o l d of t he fo rc ing c h a o s whi le 
s m o o t h n e s s appl ies a l o n g t h e u n s t a b l e m a n i f o l d [16]. 

I n t he p resen t a n a l o g o u s case, the s a m e resul t nec-
essari ly still appl ies a l o n g t he s tab le m a n i f o l d of the 
forc ing chaos . H o w e v e r , th i s s i t ua t i on n o w app l ies 
twice, d u e t o p r o d u c t f o r m a t i o n , since t he s t ab le m a n -
ifold n o w is t w o - d i m e n s i o n a l [8]. H e n c e t he r e a r e n o w 
t w o d i r ec t ions a l o n g w h i c h nowhere -d i f f e ren t i ab i l i t y 
appl ies i n d e p e n d e n t l y ( the t w o 1 - D "e igend i r ec t i ons" 
of the 2 - D s tab le mani fo ld ) . 

To p i c tu re this l imit ing a t t r a c t o r , it suffices t o r e t u r n 
to Figs. 1 c a n d 2 a n d i m a g i n e t h a t all t he visible C a n -
to r g a p s (white) a re s h r u n k d o w n to zero . I n t h e l imit , 
the 1 - D u n s t a b l e m a n i f o l d ( the c h a o t i c th read) , w h o s e 
o r t h o g o n a l in te rsec t ions w i th t he 2 - D s t ab le m a n i f o l d 
gene ra t e t he b lack pixels, b e c o m e s space-f i l l ing (so 

t h a t the gaps vanish). O n e t h e n h a s a c o n t i n u o u s 
n o w h e r e d i f ferent iable 2 - D sur face (2 -D Weie rs t rass 
func t ion ) as a n a t t r a c t o r in the l imit, a s a non t r i v i a l 
genera l i za t ion of the 1 - D Weiers t rass f u n c t i o n f o u n d 
by K a p l a n et al. [13]. T h a t is, t he needles h a v e " g r o w n 
t o g e t h e r la te ra l ly" as r equ i red . 

A r e m a i n i n g p o i n t c o n c e r n s the poss ib i l i ty t h a t the 
p resen t C a n t o r gaps (at K = 1/3) m a y p r o v e " t o o 
l a rge" a l r eady t o still s u p p o r t a d i m e n s i o n a l i t y in ex-
cess of 3 (as val id close t o the limit). E q u a t i o n (5) 
s h o w s t h a t th is fear is unjus t i f ied . 

8. Discussion 

A simple 3 - D m a p gene ra t i ng a 4 - so leno id h a s been 
c o m b i n e d wi th a weak ly d a m p e d f o u r t h va r i ab le to 
gene ra t e a new a t t r a c t o r . T h e la t t e r was i n t e r p r e t e d to 
be a p r o d u c t of the g r a p h of a Weiers t rass f u n c t i o n 
over a 2 - D C a n t o r set a n d a 1 - D in terval . As such, it 
c o u l d be e i ther " s u p e r f a t " o t " fa t" . F o r t he p a r a m e t e r s 
c h o s e n it was super fa t . 

I t a p p e a r s t h a t a t t r a c t o r s g o v e r n e d by a s ingula r -
c o n t i n u o u s 2 - D Weiers t rass f u n c t i o n r ep resen t a n e w 
class of gener ic ob jec t s in d i f fe ren t iab le d y n a m i c a l sys-
tems. N e w q u a n t i t a t i v e ques t i ons can be a d d r e s s e d 
since these a t t r a c t o r s u n d e r g o m a n y in te res t ing t r a n -
s i t ions as a f u n c t i o n of p a r a m e t e r s (especially K). B o t h 
n e w scal ing laws a n d ref ined tests of t he K a p l a n - Y o r k e 
c o n j e c t u r e c o m e i n t o sight. 

Is the new class of a t t r a c t o r s a l so of p rac t i ca l in ter -
e s t ? Real-l ife sys tems like chemica l r e a c t o r s f r e q u e n t l y 
g e n e r a t e a t t r a c t o r s w h o s e numer ica l ly d e t e r m i n e d 
d imens iona l i t y is g rea te r t h a n 3 (cf. [17]). Also, c o n -
t i n u o u s d y n a m i c a l sys tems g e n e r a t i n g so leno id- l ike 
a t t r a c t o r s exist [7]. Th i rd ly , weak ly d a m p e d add i -
t i ona l var iab les a n be a d d e d , b o t h in s i m u l a t i o n s a n d 
in exper imen t s . I t t he re fo re is a p rac t i ca l necess i ty to 
k n o w w h a t types of a t t r a c t o r to expect in pr inciple . 

T o conc lude , a s imple so l eno id -based a t t r a c t o r h a s 
been descr ibed a n d i n t e rp re t ed in t e r m s of a Weier-
s t rass f u n c t i o n t h a t is s i n g u l a r - c o n t i n u o u s in t w o di-
m e n s i o n s s imul taneous ly . 
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